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HmMuTanimoHHOe MOJEIMPOBaHNEe — HauboJIee MOIIHBIA M YHUBEPCAIbHBIN METO UCCIEAOBAHMS U OLECHKU
3¢ (EKTUBHOCTH CHCTEM, MOBEACHHE KOTOPHIX 3aBHCUT OT BO3JEHCTBHA ciaydallHbIX (akTtopoB. K Takum
crcTeMaM MOKHO OTHECTH M JIETaTeIbHbIH anmapar, ¥ MOMyJISLUI0 )XUBOTHBIX, U MPEeINpUaTue, padboTaroliee B
YCIIOBUSIX €1a00 PETYIUPYEMbIX PHIHOYHBIX OTHOIICHUH.

B ocHOBE MMHUTAIIMOHHOTO MOJEIUPOBAHUS JIEKUT CTAaTUCTUYECKUI aKcnepuMeHT (MeTol Monte-Kapio),
peanu3anysi KOTOPOro IMPAKTHYECKH HEBO3MOXKHAa 0e3 NPUMEHEHHS CPEJCTB BBIYMCIUTEIBHONW TEXHUKH.
[TosToMy mr00asi IMUTAIIMOHHAST MOJIENb MPECTABISET COOOH B KOHEYHOM cueTe Oosiee MM MEHee CIIOKHBIN
IIPOrpaMMHBIN IIPOJYKT.

KoneuHo, kak u mo0ast apyras rnporpamma, UMUTAllMOHHAs MOJETIb MOXeET OBbITh pa3zpaboTaHa Ha JOOOM
YHUBEPCAIBHOM SI3bIKE MPOrpaMMHPOBAHUs, Jake Ha sA3bIke Accembiepa. OnHako Ha MyTH pa3padoT4yHMKa B
3TOM CIIy4ae BOSHHKAIOT CJIEIYIOUIHE TPOOIeMBbI:

* TpeOyeTcs 3HaHUE HE TOJBKO TOM MPEeIMETHOM 0071acTH, K KOTOPO OTHOCHUTCS HCCieLyeMasi CUCTeMa, HO U
SI3bIKA IPOrPaMMHUPOBAHUS, IIPUYEM HA JOCTATOYHO BBICOKOM YPOBHE.

* Ha pa3paboTKy crneuu(puUecKux MpoLeAyp OOECIeYeHHs CTAaTUCTHUYECKOTO SKCIEpUMEHTa (TeHeparius
CIly4aifHbIX BO3JCUCTBUI, IIIAHUPOBAHUE SKCIIEPUMEHTa, 00pabOTKa Pe3yNbTaTOB) MOXKET YUTH BPEMEHH U CHJI
HE MEHBIIIE, YeM Ha pa3pabOTKy COOCTBEHHO MOJIEIH CUCTEMBI.

W nakoHuel, emie ojHA, MOXalyW, BaXHeWmas mpobdiremMa. Bo MHOrMX MpakTHYECKUX 3aladax HHTEpecC
MPEJCTABISET HE TOJBKO (M HE CTOJBKO) KOJMUYECTBEHHAs OIEHKA 3((EKTUBHOCTH CUCTEMBI, CKOJBKO €€
MOBEJCHHE B TOW WJIM HMHON cuTyanuu. s Takoro HaOJIOACHUS MCCIENOBATENb JOJDKEH pacIojiaraTh
COOTBETCTBYIOIUIMMHU «CMOTPOBBIMH OKHaMH», KOTOpPbIE MOXHO ObLIO OBl NMPH HEOOXOAMMOCTH 3aKpPHITh,
MIEPEHECTH Ha JPYroe MeCTo, M3MEHUTh MacIiTad u GopMy IpeACTaBICHUs HAOII0AAaeMbIX XapaKTEPUCTHK U T.
1., IPAYEM HE JOKUIAsACh OKOHYAHUS TEKYIIETO MOJEIBbHOIO DKCIIEPUMEHTA.

Peanu3anus TakuxX BO3MOXHOCTEM HA YHMBEPCAJIBHOM S3BIKE MPOrPAMMHPOBAHMS — JI€JI0 OYEHb HE
IIPOCTOE.

Bmecte ¢ TeM B HacTosllee BpeMs HAa POCCUMCKOM PBIHKE KOMIIBIOTEPHBIX TEXHOJIOTMH €CTh IMPOAYKT,
MO3BOJISAIOMIMKA BechbMa 3(PQPEeKTHBHO pemiath ykazaHHble mpoOnembl — maker MATLAB (Bepcum 5.%),
COJIEp’KallMi B CBOEM COCTaBE MHCTPYMEHT Bu3yaiibHOro moaenuposanust SIMULINK.

SIMULINK — 53TO MHCTpYMEHT AJi <JICHUBBIX» B XOPOLIEM CMBICJIE 3TOrO CJIOBa, T. €. I JIOACH,
YMEIOIIMX IIEHUTh CBOE BPEMs  CPABHUBATH OXKHIAeMbIH 3(h(PeKT ¢ 3aTpaTamMu CHII Ha €ro JTOCTHKEHHE.
Nwmeromuecs wm3nanus, nocesiieHHble onucaHuio MATLAB, opueHTHpoBaHBl Ha €ro HNPUMEHEHHME IS
pelIeHHs pacueTHBIX 33/1a4 ¥ aHATUTHYECKOT0 MOJICTIMPOBAHUSA. 3HaHUE 3TUX 0COOEHHOCTEH, KOHEYHO, MOXKET
BO MHOTHX CIIy4yastX OKa3aTbCs MOJE3HBIM U Aaxke HeoOXoauMbiM. OHAKO OCHOBHas 3ajada MpeajaracMoin
KHUTH — TI0Ka3aTh BO3MOXHOCTH M ocoOeHHocTH ucnoib3oBanus SIMULINK kak cocTaBHOM uyacTu makera
MATLAB B pamMKax TEXHOJIOTMA UMUTAIMOHHOTO MOJIEIMPOBAHUSI.

B cooTBeTCTBHH € ’TUM KHUIa pa3[ecHa Ha ABE OTHOCUTEIBHO CaMOCTOATENbHbIE YacTh: «MonaenupoBanue
Kak HayKa» 1 «MozenupoBaHue KaK UCKYCCTBO». B nIepBoi U3 HUX ONMCAaHBbI 3TAIlbI IPOLECCAa UMUTALUOHHOTO
MOJCJIIMPOBAHUS M T€ MaTEMaTUYECKUE METOJbI, KOTOPBIE IOJIOKEHBI B OCHOBY UX peanusaunuu. Uurareins,
3HAKOMBIH C 3THUMHU BOIPOCAMHU, MOXKET MaTepuall NEepBOM YaCTH MPOITYCTUTHh U OOpAIIaThCs K HEMY TOJIBKO B
TEX Ciy4yasX, KOTJa BO3HUKHET HEOOXOIUMOCTh YTOUHUTH TOT HJIM MHOH TEPMHH, OTHOCSIIUICS K TEOpUHU
MMUTALMOHHOI'O MOJEIUPOBAaHUs. B CBA3M € 3TUM IIPEACTABIIAECTCS YMECTHBIM CleAyrolee 3amedanue. Teopus
MMUTALMOHHOIO MOJEJIUPOBAHUSA OTHOCUTEIBHO MOJIOJA, W B PAa3IMYHBIX H3JAHUSAX MOXKHO BCTPETUTH
HECKOJIBKO OTJIMYAIOIICECS TOJKOBAHME OTIEIbHBIX IOHATHM M TEPMHUHOB. T€ HCTOYHMKHU, Ha KOTOpPBIE
OIMpaJIcs aBTOpP, IPUBEIEHBI B KOHLIE KHUTH (B CIIMCKE JIUTEPATyphl K EPBOM 4acTu). B HUX ynuTaTeNIb MOXKET
HaiiTu u 6osiee MoAPoOHOE U3IOKEHNE MATEMATUYECKHX OCHOB UMUTALIMOHHOTO MOAEITUPOBAHHUS.



Bropas yacTh KHUIM HENOCPEACTBEHHO MOCBALIEHA TEXHOJIOIMH IpUMeHeHus cpeacts naketa MATLAB (B
nepByto ouepeab — SIMULINK) ajist UMUTaIIMOHHOTO MOJIETUPOBAHUS CUCTEM PA3TUYHBIX THIIOB.

B Hacrosiee BpeMs, KOTa Kpyr IOJIb30BaTEIEH IEPCOHAIBHBIX KOMIIBIOTEPOB IOCTOSHHO PACIIUPSAETCS,
BEChbMa CJI0XHO BBIOpaTh YPOBEHb W3JIOKEHHs MaTepuana, KOTOPbIM yIOBJIETBOPHI OBl BCEX MOTEHIHMATBHBIX
YUTATEJIEU: OJHUM JOCTATOYHO IOJYyYUTh IIPEACTABICHUE O HA3HAYCHUU OCHOBHBIX MHCTPYMEHTOB U KOMaHJ,
JIpyruM TpeOyeTcsl MOSICHUTH BBIMOJIHEHUE BCEX ONepaiuii «oT u 1o». [loaToMy nmpu H3/I0)KEHUH MaTepuasa
WCTOJIb30BAaH TPAIUIIMOHHBINA CIIOCOO 00YyUEHHSI «OT MPOCTOTO K CIoXKHOMY». [Ipencrasisiercs, 4To npu Takom
MOJIXOJIC YMTATEIIO MPOIIEe CaMOMYy BBIOpaTh TOT YPOBEHb, KOTOPBIH COOTBETCTBYET €ro MOAroToBKe. Jpyroi
OPUHLOMO OO0y4YeHUs — «aenail, Kak s» — Hallel CBOE€ OTpPak€HHE B MHOTOYHUCICHHBIX IPHMEpax,
MOSICHSIOUIMX HCIOJIb30BaHUE pa3nuuHblX MHCTpyMeHTOB SIMULINK. Ilpu sToM mocTpoeHue Kakaou H3
paccMaTpUBaEMbIX MOJENEH MPOUCXOAUT «HA TJa3ax y UYUTATeNs», C MPHUBICYEHUEM Bce 0oJiee CII0XKHBIX
CPEICTB U METOJOB.
3HaynTeNbHAS YaCTh NMPHUBEICHHBIX B KHUTE IMPUMEPOB OTHOCHTCS K OOJIACTH BBIYUCIUTEIBHOW TEXHUKH,
OJTHAKO OIMCAHHbIE B HEH NMPHEMbl MOJICIUPOBAHUS MOTYT OBITH 0e3 OONBLIMX 3aTPyJHEHUN IEepeHECEHBI B
TMO0YI0 IPYTYIO 00JIACTh ACSITETLHOCTH.



YACTb 1
MOAEJINMPOBAHUE KAK HAYKA

IJIABA 1
POJIb MATEMATUYECKOI'O MOAE/IMPOBAHUA
B ITPOIIECCE NPUHATUA PEINEHUNI

— Bcio u3iib Tel 01 I1yNocTH rosopuitis. Y ay-
PANKHE COBETH JIaelllb. DTO MeHst He YIAUBASET.
A BOT HIOYCMY TBOM [JIYHOCTH BCETXA HPABUIbHBIMU
ObIBaIOT, ITOTO 5 HOHATH 1i€ MOTY.

3. ¥enencxuii

1.1. OBILIAI CXEMA ITPOIIECCA IPUHATUS PEIIEHUN

B Teuyenue Bcelt cBOeH XKU3HH, OT IEPBLIX LIATOB U A0 IOCJAELHETO B3J0Xa, Y€JOBeK
BBIHY>/IeH IPUHUMATD Te HJIX MHbIe DellIeHIs: KaKoil noAapok nonpocuts v lena Mopo-
34, KyZia TIOITH YIUTHCsI, KaK JIyylile TTIOTPATHTh JHIIHUe (MU [ToC/IeHHe ) TeHbIH U T. 1.

Ecnu onpezenentHas curyaius, Tpedylouiast MPUHATHS PELIEHUs, TOBTOPSIETCA
OCTATOYHO YaCTO, TO PelleHue TPUXOANT caMo coboil, aBToMaTHuecKu. Eciu ke cu-
Tyauus HeIOCTATOYHO 3HAKOMA UJIH 9eIOBEK He PacnoJiaraeT Bceil Heo6xonuMoi HH-
dbopmalueil, TO IPUHSATHE pelileAus] CYIECTBEHHO YCA0oXKHseTcA. B Takux cinydasnx oH
BBIHY’K/IEH, KaK IPaBHJIO, CPABHUBATb MEXKITY COO0M HECKOJIBKO BO3MOKHBIX BapHAH-
TOB U BHIOUPATH TOT, KOTOPHIH KAKETCS eMy HanOoJlee PeANOYTHTEAbHBIM (MIIH Ha-
MeHee ONaCHBIM).

Hanpumep, npenctasum cefe TaKy1o CHTYaLUK: HeKUE 100POCOBECTHEII CILyKaIMil
olasabpBaeT Ha paboTy; K OCTAHOBKE, KOTOPasi HAXOLUTCs Ha IPOTHBOIIOJNOXKHOI CTOPO-



He VI, TOAXOMHT aBTO6YC, a cBeTO(hOP CHAET KPacHbIM CBETOM. Y GefHATH ECTh IBA
BapMaHTa JeNCTBUIl — Tepecedb YJIHIY C PUCKOM AJIsl )KM3HU HAa KPACHBIH CBET HJIH M0-
exarb Ha caeayioimeM aBrodyce. [l7ist IPpUHATHA pellleHns oH JOKEH 3HATh, KOI/a H0-
SABUTCA CAeAYIOIMH aBTo6YC, 2 TAKKE COOTHECTH MOTEPH OT OIO3/AHHUA 1 BOSMOKHOIO
HEYIAYHOTO TIepeX0/a YIHIIbL :

B npuBexeHHOM NpHUMepe CIyXKalluil caM IPUBUMAET pelieHue, U caM ke Oyaer
IPETBOPATD €r0 B )KU3Hb. 3HAYHUTEJbHO H0Jiee BaKHbIE OCTEACTBUSA MMEIOT TAK Ha-
3bIBaeMble ynpaeasroujue pewenus. OHu XapaKTePH3YIOTCA TeM, YTO BbIOOD U pea-
JIM3alMs pelleHUs BO3JIaraloTcs Ha Pa3jinyHble 3JIeMeHTH eJHHOM, KaK IIPABUJIO I0-
CTAaTOYHO CITOXHOM, cucTeMbl. [IpuHMMaeTCa pelleHre ynpap/IsIOmIM OPraHOM, a
peanusyeTcs — ucnoJHuTeNbHBIM. CHcTeMa, cpencTBaMu KOTopoit GopMuUpyeTcs u
peanuayercs penieHue, MOKeT ObITh OPTaHU3aLNOHHOH, TEXHHYECKOT TNG0 cMelan-
HO# (kom6uHMpoBaHHOU ). [IpMEpPOM OPraHH3aLNOHHOM CHCTEMBI MOXKET CIYXKHTb
ni060e yuebHOe 3aBefieHre. B HeM YNpaB/isION[MM OPraHOM ABJSETCA PEKTOpaT, a
HCHONHUTENbHBIM — NPOdheccopCKo-TPEnoJaBaTeNbLCKUA U HHKEHEPHO-TEXHUYEC-
KHH coctas. BecnuioTHbiM camMoseT-60M6apANPOBUIMK — 06pa3el] YUCTO TEXHUYEC-
KO# cucTeMbl (yIpaBAsAOMMIA oprad — GOPTOBOI KOMIIBIOTED, HCIIONHUTENbHbIH —
cuctema 6oMbomeranus ). Hanbosiee pacnpocTpaHeHHBIME B HACTOSIUIEE BPEMS 5B-
JISIIOTCS CMEIlaHHbIe CUCTEMBI, KOTOPble HHOTZIa Ha3bIBAIOT ellle «4eJI0BEKO-MalliH-
HBIMHU» cucTeMamu. K TakuM cucTeMaM OTHOCHUTCH, B YACTHOCTH, N060€ COBpEMEH-
HOe IPOMBILITEHHOE IPEeAIPUATHE.

OnuuM U3 BaxHeHIINX aTpHOYTOB CI0KHON CHCTEMBI SIBJIAETCS HaTUYHE LiesleHa-
MpaBJIeHHOTO oBexeHus. B pouecce TOCTHX EHH e CUCTeMa TaK MJIM HHAYe B3au-
MOZENCTBYET C BHELIHEN CPenoil, KOTOpast MOXeT OBITb MO0 «APYKeMOOHOMH», TH60
«Bpakae6HOI>, b0 HelTpanbHOM. OYeBUAHO, YeM CIOKHEE CHCTEMA H 4eM CJIOXKHEe
€€ B3aNMOZENCTBHE Co Cpenol, TeM 60Jiblile CYIECTBYET Pa3/IMYHAIX BADHAHTOB JIBUKE-
Hust K wead. OHu MOTYT GBITE JTyulile, APYTHE — XYK€, TPEThbH BOOOIIE MOTYT IPHBECTH
K Pa3pyLieHHUIO CHCTEMBL. A MOXET OTBICKATbCs OJHH, CaMbIii-CaMbIil, [IPU KOTOPOM M
BOJIKH CBITBI, ¥ OBLIBI IIEJIBL.

Wrak, 4To6s! M00ast CUCTEMa JXIWIA JOJTO ¥ CYACTIIMBO, HeOOXOIMMO YMETh, BO-TIep-
BBIX, OLIEHUBATH KAYECTBO BCEX BO3MOXHBIX CITOCOOO0B JIOCTHKEHHA HE/U H, BO-BTOPBIX, BBI-
6UpaTh U3 HUX HAWJIYYIINIT C TOYKH 3PEHHs HHTEPECOB cHCTeMBI (100, 110 KpaiiHeit Mepe,
OZIMH W3 MPUrOAHBIX ). JI71s1 pelieHns yKa3aHHLIX 33124 pa3paboTaHa CIeLHATLHAS TeOpUs,
KOTOpas Tak Y Ha3bIBAETCS — Meopus npurnamus pewenutl. Jlis nayibHeHAIIETO N3I0KEHUS
HaM NoTpefyeTcs psa/ TEPMUHOB U TIOHSTHH, HCTIOTb3YEeMBIX B 3TOH TEOPUH.

B ocHOBe NpuHATHUS pelleHust JIEXHUT uccredosanue onepanuu. llon onepanueii B
JaHHOM CJIydae MOBMMAeTCs TpoIece JOCTIDKEHUS Led CHCTeMoi (¢ yIeTOM ee B3au-
MozelicTBuA ¢ BHeIHeH cpenoit). ViccrenosaHne onepaiuy 3aKa04aeTcs B OLEHKe U
CpaBHEHHH BO3MOXKHBIX CIIOCOGO0B ee MPOBEAEHHS C YYETOM HMEIOIUXCS OTPaHHYEHMI.
OrpaHnueHns, Kak IIPaBUJIO, CBA3aHBI C BpeMEHHBIMH, MATEPUATbHBIMH, JTIOACKUMH WIIH
APYIUMH BHIAMH PeCcypcos, KOTOPhie HaXOAATCS B PACIIOPSKEHUH OIlepHpYIOLLe cTo-
pousl (cy6sexma onepayuu). Takum 06pasoM, Crocod NPOBEAEHHS ONepPAIHH ONpene-



JISIeTCSl CTpaTeTHell HCIOIb30BaHUS NMEIOMINXCS pecypcoB. [109ToMy BMECTO BhIpaske-
HHS «CTI0c00 MPOBEIEeHNs ONepalinil> Yanle UCIONb3YIoT TEPMUH cmpamezus. Takas
TEPMUHOJIOTHUs 0HYCIOBIIEHA elile M TEM, YTO II0SABJIEHHE 3TOTO Pa3fe/ia MATEMATHKH
CBA3aHO C MCCIIeA0BaHNEM BOEHHBIX onepauuil. CTpareruu, yI0BAETBOPAION[HE HAJIO-
JKEHHBIM OTPAaHUYEHHAM, Ha3bIBAIOTCA donycmumbimu. IIoHsTHE <IOMyCTHMAs CTpaTe-
THs1» ABJISIETCSA OTHOCUTEILHBIM: MHOKECTBO JOMYCTUMbIX CTPATErtil U3MEHSIETCS, €CIIH
M3MEHAIOTCA OTpaHYeHUs (MM pacliojlaraeMble PECYPChI ).

Peanuzanusa Toit win #HO ZOMYCTUMOI CTPATETUY NPUBOAKUT K PA3JINIHBIM HCXO0-
dam onepayuu. KauecTso npoBe/ieHUs ONMEPalliH, €€ <yCIENIHOCTb> OLIEHUBAETCS C
no3uLui auua, npunumaruezo pewenue (JIIIP). JITIP — aTo coBceM He 06s3aTeb-
HO KOHKDeTHBIH YeJsloBeK ope/ie/leHHOH HallMoHaAbHoCcTH. [1o1 5TUM TEPMUHOM B TO-
pHH NPHHATHA pelieHHH NOHNMaeTcs JMoO0H YNpaBasIouUil OpraH, NePCOHANbHbIH
WM KOJUIETHA/IbHBINA, NMEIIHIT OHOIOTHYECKOe M TEXHHYECKOE BOIIomeHue. B
YKa3aHHOM CMBICJIe OLIeHKA Ka4eCTBa IIPOBeAEH OT€PALMU BCET/[a ABIIETCS CyObeK-
THBHOM. TeM He MeHee 19 Oy YeHIs TaKO OLleHKH JOJIKHBI HCIIOJIb30BAThCS 00BeK-
THBHBIE METOMBI.

Mepoii adphexTUBHOCTY IPOBEAEHHS ONlEPALIUHU CLYKUT nokazameis 3¢ pexmua-
Hocmu. B o611eM ciyyae OH OTpaskaeT Pe3yJsbraT IPOBeNeHHs ONepalvu, KOTOphIi, B
CBOIO 04epeib, ABJAeTCs (PyHKIMel Tpex GaKTOpOB: MoJesHoro a¢hdexta onepauuu (q),
3aTpar pecypcoB Ha [IPOBeIeHHUe Ollepalluy (C) i 3aTpaT BpeMEHH Ha ee TIPOBEReHHe (2).
3HaYEHHA BEJUYMH ¢, C U  3aBUCAT OT CTPaTerud NpoBefeHns onepaluuu (u). B ¢op-
MaJIbHOM BH/IE CKa3aHHOE MOKHO 3aITHCATh TaK:

“Yon = Y{q(u), c(u), t(u)). : (1.1)

B 3aBucuMoOCTH OT TOr0, KaKye CTOPOHBI IVIAHUPYEMOii OTepallii NHTEPECYOT
JIIIP, cniucox aprymenToB B Bripaxenud (1.1) moxer sunousmenarscs. Hanpumep,
ecnn 3¢ (PeKTUBHOCTD ONMEPAlUK He 3aBHCUT OT €€ JJINTEbHOCTH, TO GaKTop Bpe-
MeHHU t(u) MoxeT 66Th omyieH. W Hao6opoT, hakTopsl, HanboJIee CYUIECTBEHHEIE
¢ Touxu 3peHus JINP, no/kubl 6BITH AeTaNH3UPOBaHbl. B wacTHOCTH, 3aTpaTht Ha
NpoBefeHNe onepanuu ¢(i) MOTYT OBITh TIPEACTaBJIeHH B BUAe BeKTopa {c1(w),
c2(u), ¢3(u), ...}, kKaxknass KOMHOHEHTA KOTOPOTO COOTBETCTBYET ONPeNeIeHHOMY
THILY PECYPCOB.

Heobxoaumo 0TMETHTD, 9TO PaKTOPHI 4, £ ¥ E MOTYT HOCHTb HE TOJIBKO KOJTHIECTBEH-
HBIY, HO U KavecTBeHHbIH Xapakrep. [Ipryem popMa X ONHCAHUS 3aBUCHT KaK OT ce-
PHI JesITEeNbHOCTH, K KOTOPOH OTHOCHTCS paccMaTpuBaeMast onepaus (WK, Kak roBo-
PAT, <IIPEIMETHOM 061ACTUY ), TAK U OT BO3MOXKHOCTH M TpeOGOBaHMI K TOYHOCTH MX
olleHKU. Pasymeercsi, KOJMYECTBEHHbIE OLEHKH BO MHOTHX Cly4YasX ABJISAIOTCS Honee
0OBEKTHBHBIMH, OJIHAKO TPU PEIIeHHH HEKOTOPHIX 3aa4 OHM JINBO MTPOCTO He HYXKHBI,
160 UX MOJIyYeHre SIBJSIETCS CAMLUIKOM TPYAOEMKHM, a BBOAUMBbIE YIIPOLIEHNA UCKa-
JKAlO0T CYUHOCTDb penraeMolt 3anaqm.

B xauecTBe MLTIOCTPALIUH K M3TOKEHHOMY PaCCMOTPHM CUTYAITHIO, KOTOPast Ha TIPO-
Ts>)KEHUH MHOTHX JIeT IOBTOPSIeTCS B 3UMHee BpeMs Ha BoLoeMax, OKpyXatomux CaHKT-



ITerep6ypr. Peub uznet 06 onepanusax no cnaceHU o pplOakoB, YHOCUMbIX OT Oepera Ha
OTOPBaHHBIX JbANHaX. OYEBUAHO, YTO KaK/1as1 TaKas Olepaliisi MOXKeT OBITh IpoBese-
Ha 1160 Gotee, 6O MeHee YCIelHO B 3aBHCHMOCTH OT BHIOPAHHOM CTpaTeruu nouc-
Ka II0TEPNEBIINX, UCTTOJIb3YEMBIX CHJI U CPEACTB U T. . 11pH Kon4ecTBEHHOH OlleHKe
pesyJisrarta onepauuu ¢GakTopsi B BbipaxkeHu# (1.1) HOMYYaOT CleAyoOLUyI0 UHTED-
[IPETALHIO;

q(u) — 4UCIIO CIaCeHHbBIX PHIOAKOB;

¢(4) — CTOMMOCTb CTiacaTeNbHBIX paboT (B py6ax);

(1) — BpeMst Ha TPOBEREHIE OepaliHu (B 4acax).

VMest BO3MOXKHOCTD PACCUNTATH YKA3aHHBIE BEJTHYHHDI, MOXKHO ITOJIYYHUTH AOCTATOY-
HO 06bEKTUBHYIO OLIEHKY 9(bbeKTUBHOCTY BBIOPAHHOR CTPATErHN U IPOBEIEHNUS criaca-
TesIbHOM onepannu. OMHAKO He MEHEe PeaTUCTHYHYIO OLIEHKY MOKHO TIOJTYYXTh U TIPU
UCTIONIb30BAHMU KAUeCTBEHHBIX 3HAYEHUH TEX XKe BeTHYUH:

q(4) — cOXpaHss TOT e CMbBICI, IPUHUMAaeT TOJIbKO OJHO U3 BYX 3HaYeHHH — yzAa-
JIOCh CIACTH BCEX WM HET;

¢(u) — TaK>Ke UMeeT [Ba BO3ZMOXKHbIX 3HaUeHUs1 — OyIeT MpeBbllIeHa CMeTa Ha I1po-
Be/leHHe paboT WIH HET;

t(u) — ynacTcsi 1 3aKOHYUTD ONIEPALHIO 10 HACTYIIEHHS TEMHOTDL

HecMmoTps Ha onipeieieHHbIE IPEUMYIECTBA KaY€CTBEHHOT0 OX0/a K OLEHKE
pe3yJbTara ollepaliy, CpaBHeH e TAKMX OLIEHOK CBA3aHO CO 3HAYUTEIBHBIMU TPY-
HOCTAMH. [lyid MX npeososieHns co3/aHa Cliel[UajbHas TEOPUS ~— MEOPUA OMHO-
wenuil. Onvcanue UCTIOMb3yeMbIX B Heil METOOB BHIXOAUT 32 PaMKU JAaHHOH KHHU-
ru. [ToatoMy Bce mocnenyoniee H3JI0XKeHUE OTHOCHUTCS K TAKMM 3afa¥aM HOMCKa
pelieHus, B KOTOPbIX MoKaszaTeab 3G ¢pEeKTUBHOCTH HMeeT KOJTHYeCTBEHHOE BhIPa-
JKEHHE.

Urak, nokasarens abdexrusroctu (I1D) nosponser oueHUTs (TOUHEE, ONNCATH)
pe3yJbTaT ONepaluy, NOJYyYeHHBIH NPYU UCTIOIb30BAHNA KOHKPETHOH cTpaTeruu.
OnHaKo gaxe ecau Takue OlleHKH OYAYT MoJydeHs! s BCETo MHOXKECTBA AOIyC-
THUMBbIX CTPATETHH, 3TOTO €llle He JOCTaTO4YHO, YTOOBI BHIOPATh OAHY U3 HUX, TY, KO-
topas bynet peasinzosana. HanpuMep, np# olieHKe 3arPy>KEHHOCTH BEIYMCINTEIb-
HOIl ceTH 0Ka3an0ch, YTO KoadpuunenT ucnoabsoBanusd paseH 0.7. Xopouio ato
miu ioxo? YToOw 0TBETHTH Ha TOA0GHEIH BOIIPOC, HEOOX0AUMO chOPMYIHPOBATH
11paBI0, no3Bosiowee JIIIP cpaBHUBaTE MeXk 1y c000f CTPaTernH, XapaKTepusy-
IOI[MeCcs PAasINYHBIMH 3HadeHUAMH [13. B ogHux ciydasx npaBU/IO CDABHEHUS
MOXeT 6bITh OY€Hb HPOCTHIM, B IPYTHUX JK€ ero BooOIle He yAaeTcss HalTH U NPHXO-
AUTCS U3MEHATH (YTOYHATH) MoKasaTenab addexruBHocTU. CKaXeEM, €CH aBTOMO-
6uab OXHOU U TOI Jke MapKH B [BYX Pa3HbIX aBTOCAJIOHAX MPOAAETCS N0 Pa3HbIM
ueHam (IpH NIPOYMX PAaBHBIX YCIOBUSX), TO MPaBUJIO BIOOpa calloHa HalpalliBa-
ercs camo. CoBceM Apyroe Aesio, KOraa aBTOMOGHMIN pa3inyalnTes CTOMMOCTHIO,
UPMOIi-H3rOTOBUTE IEM, AU3aiTHOM, OpraHu3alnell TAPAaHTHIHOTO 06CTYKHBaHIs
u T. &. [lpu 9TOM nepBoil 0Ka3LIBACTCA MPEANQYTUTEIbHEE [10 OTHUM MOKA3ATENAM,
BTOPOi1 — mo APyruM. B Takoil cuTyauuy nmokynatens ZOJKeH CHavala onpene-
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JINTH IIPAaBUJIO BHIOOPA M TOIBKO MOCJIE 3TOTO CPABHUBATH MEXAY COO0H paziudHbIe
BapUaHTHI.

B Teopuy IpUHATHS pellieHK i TPAaBUJI0, HA OCHOBAHWY KOTOPOTO NPON3BOMHTCs BIGOP
crparerun, orseyatoiieit unTepecaM JIIIP, HaseiBaerca xpumepuem sppexmusrnocmu.

TakuM 06pasoM, nokasarendb 3bekTUBHOCTH U KpUTEPUH 3 (HEKTUBHOCTH B CO-
BOKYIHOCTH OTPakaloT 1{eJIy, KoTopsle npecienyet JIIIP npu npoBenennu nanHoi
omepalyH, a TakKe HauboJjiee NpeanoYTUTENbHbIH A1 HEro cnocod A0CTHKEHHS
ATOH Lenu. _

Yurareso, BEPOSTHO, U3BECTHA TParefusA OypuaaHOBa 0CJia, KOTOPBIH OrH6 OT ro-
710713, TAK ¥ He BRIOPaB 0HY U3 ABYX 0Xanok ceHa. [loyemy sTo npousonino? [a noromy,
4TO He OBIIO y HETO HU MOKAa3aTess HU KpuTepus 3pMEKTUBHOCTH, OTPAXKaIOU{UX €r0
NpeanoYTeHuns. ’

Ecnu cucrema npeanoutenuit JITIP obnanaer cBoficTBaMy MOJHOTHI M HalpaBJIeH-
HOCTH, TO MOXET OBITb TOCTpoeHa Modens npednoumenuti JIIIP. Cnoso <Mozenp» B
IAaHHOM CJiy4ae o3Hayaer POPMIN30BAHHOE OMMCAHUE COOTBETCTBYIONIMX KaTeropui,
KOTOpOoe 00ecniednBaeT TOBTOPEHNE NPOLIeAYPbl BEIOOPA B OHOTHITHEIX CUTYAIMSX TPU
Pa3sIMYHbIX HCXOAHBIX NaHHbIX. KpoMe Toro, Mozess npeanourenuii JITTP moxer ObITh
HCIIONIb30BaHa /ISl aBTOMATU3ALNY TIPOLIECCA IIOUCKA PEIIEHHS.

Tenepb MOSICHUM CMBIC] CBOICTB [IOJIHOTHI M HAIIPaBIIEHHOCTH.

Cucrema npexnoutenuit JIIIP obnanaer ceoticmeom noanomor na Muoxectse D
2JIEMEHTOB BbIOOPA , €CJIH OHA MO3BOJISIET CPABHUTD MEXIY coOol N0bbIe [Ba 3/1eMeHTa
dl1, d2 € D v BbIHECTH 0/{HO U3 TPEX JIETEPHATHBHBIX CYXXIEHUIL: a) d1 peanoyTHTe b
Hee d2; 6) d1 n d2 paBHOUEeHHb]; B) d2 npeanoYTUTebHee di.

Ceoiicmeo nanpaeaennocmu o3HauaeT cienyouiee. Ecny, HanpuMep, npu cpapHe-
uun snementos dl u d2 JHIP BeiHOCHT cyxzaenne «d1 npenmourutensuee d2», a Ipu
CpaBHEHUM 271eMEHTOB d2 U d3 — «d2 npexnioututensHee d3», TO NpU CpaBHEHUU dJi€-
MenToB d1 1 d2 ero BEIBOZ DOKEH OBITh OAHO3HaYeH: «d1 MpeanouTHTebHEE d3>.

Heo6xoauMo oTMeTHTh, 4TO Ha NpakTuKe npeanouterns . JIIIP HemocTosHHb 1 MO-
I'YT MU3MEHATLCS AaKe B OJIHOM M TOW e CUTyanuy BeGOpa. B CBA3M C 5THM BaKHOE
3HAYEHME UMEET IIOHATHE KOHUENUUU PauuoHansnozo nogedenun JITTP. Ta iunus no-
BenieHus («KOHUENMA» ), KoTopoit npuaepxusaercs JIIIP, i onpenenser Bui6op npaBu-
Jla, Ha OCHOBE KOTOPOTO OYAYT CPAaBHUBATHCA CTPATETHH.

CorsacHo Teopun npunATUs pemennit, JITTP moxer ncnonb3osars oqHy U3 Tpex KoH-
Uenuuii paquoHaIbHOTO HOBEIEHUS: TPUTOLHOCTH, ONITHMANBHOCTH WJIY Al THBHOCTH.

[1pu HCIONb30BAHUN KOHYENUUU NPUZOOHOCMY TIPHEMIIEMO# CHUTAETCS JI00ast CTpa-
Terusi, obecreunBatomas 3Havenve [19 He xyske 3aganHoro.

Konuenyusa onmumansrnocmu tpebyer, yToObl U3 BCETO MHOKECTBA HOMYCTHMBIX
cTpaTernii Opi1a BHIOpaHa TOJIBKO Ta, KOTOPasi IPUBOAUT K HAMIYYIIEMY ( «IKCTPEMATIb-
HOMY> ) 3Hauenno [19.

Konuenuus adanmuenozo nosedenus npeanosaraet, 4To NPaBUio BEI60pa MOKeT
U3MEHSTHCS B COOTBETCTBUH C UBMEHSIIONIUMHCS XapaKTePHUCTHKAMY PaccMaTpUBaeMOH
CUTYaHMM.



TlosichiM pasnnuune B HCNONb30BAHUHN PA3MHYHBIX KOHIEIIHI PallHOHANIbHOTO 110-
BeeHNA, BOCTIOJ/Ib30BABIINCH IPUBEACHHBIM PaHee NPIMepoM (OlieHKa 3arpyKeHHOCTH
cetu). IycTb UMEIOTCSl TPU AJIBTEPHATUBHbBIE CTPATerHY OPraHU3aLUK PabOTHl CETH.
ITepBas obecneunBaer 3navenue Koaddumenra sarpysku (K3), pasroe 0,6, BTopas —
0,7, Tperps — 0,9.

{lpu MCTIOIB30BAHMT KOHUETIMA NPUTOAHOCTH A0JIKHO OBITH 3a[aHO MUHHMAIBHOE
Tpebyemoe 3Havenue K3, Eciu ono pasuo 0.7, a ouenxa crpareruif nposousiach B 11o-
psifiKe HX HyMepalHu, TO B KaYeCTBe YIPaBJAIolero pelenns Oyuer Boibpala BTOpast
(x0Ts1 IpM U3MEHEHUH NIOPSIIKA OLIEHKK Ha ee MeCTe MOXKET OKa3aThbCsl M TPEThs).

IIpu KCTIOIb30BaHIH KOHIIENLMH ONITUMATBHOCTH BBIOOP B pacCMaTpHBaeMOi CHTY-
anuym GyIeT BCeTA2 O/IHO3HAYeH — B Ka4eCcTBe CTPaTerHH YIpaBJeHUs paboTHl CETHIO
OyneT IPUHUMATHCS TOABKO TPETh.

. axe Ha ¢oHe 3TOro MpOCTOTro MPUMEPA MOXKHO AaTh KPaTKYI0 CPaBHUTEAbHYIO
OlleHKY [epPBBIX JBYX KOHUEMUHI: KOHLENUMsA NPUroIHOCTH TpebdyeT, Kak IpaBuiIo,
MEHbUINX 3aTPAT BPEMEHU Ha IIONCK PeleHHs U 06J1a1aeT OnpeesieHHOo rHOKOCThIO,
3aTO KOHIIETIIH ONITUMAJIbHOCTH FapaHTUPYeT BbIOOP HAMIYYIIETO PEuleHHs U3 YUC-
JIa IOy CTUMBIX.

Ee 6osbn1eit ruGKoCThI0 061a1a€T KOHIENIUA afAal TUBHOCTH. [JIs1 IpUBEAEHHOTO
puMepa OHA MOXKeT GBITh PeATN30BAHA TAK: IQIYCTUMBIN YPOBEHB 3arPy3Ku ceTu Oy-
JleT U3MEHATbCA TTPH H3MEHEHHH NTapaMeTPOB ceTH (B Y4CTHOCTH, ee KOHGUTypanun), a
" BMeCTe ¢ HuM OYZET N3MEHSITBCA 1 CTPATErHs YIIPaBJIeHN CEThIO.

U BoT Temepd MBI BEIHYXKAEHB CHOBA BEPHYTHCS K MOHATHIO Pe3yJibraTa onepa-
(MU U CBSA3aHHOMY C HUM II0Ka3aTeno addextuHocTH. UTOOB CPaBHMBATDL MEKLY
coboli pa3HYHbIE CTPATErNHU, HEOOXOMMO PacIoNaraTh HX KOJHIECTBEHHBIMH OLlEH-
KaMH (T. €. COOTBETCTBYOIMMHE 3HadeHusamu [13). Kakum 06pazom onu MoryT 651Th
nonydens? CaMblit HanexXHbIN CIOCO0 — 5TC M3MepeHYe PE3YILTaTa ONepalui Moc-
Jle ee PeaTbHOr0 NPOoBeieHusd (IIPU 3TOM NOK U3MepeHHeM MOXKeT NOHUMATLCS oA~
cYeT, XpOHOMETPaX, B3BeluBaHue U T. A.). OueBHAHO, UTO TaKOH NOAXOZ CBA3aH C
1IEJIBIM PSZOM 1POGIIEM.

Bo-nepBbix, AaJIEKO He BCeTia MOXKHO TIOBTOPHTH OEPALHIO B OJHUX U TeX e YCJIO-
BUAX (TI0roia M3MEHWIACh, UCTIOJIHUTENY YCTAIN UIH BBIIJIH U3 CTPOS U T. I.), 4TO, €C-
TECTBEHHO, He TT03BOJIAET FOBOPUTH 00 06beKTUBHOCTH BHIOODA.

Bo-BTOpbIX, MHOTHE OIiepaLli¥ IPOCTO HEBO3MOKHO IPOBECTH IIOBTOPHO, MCIIONb3Y S
ApyTyIo cTpareruio (Hanpumep, Kypckyio 6uTsy).

B-Tperbux, peaiibHOe BOIJIOLIEHME CHCTEMBI, UCHOJIb3YEMOIl TPH NPOBEAECHUH
onepanny, Kak TPaBUJIO ABJAAETCA BECbMa JOPOTOCTOAIMM M TPYLOEMKHM ZEJIOM,
a ecay pedb MAET O CPABHEHHUH NPOEKTHBIX WY KOHCTPYKTOPCKUX PemeHui, To
3aTPATHi CPEACTB  BpEMEHH BO3PacTaloT NPONOPUHOHATbHO YHCTY CDAaBHUBAEMBIX
BapUAHTOB.

Cnucok npobiemM MOKHO 61710 ObI IPOAO/IKATD, HO U IPUBEAEHHBIX BIHOJHE 10CTa-
TOYHO, YTOObI CAAEJIATH BBIBOJ: METOLY U3MEPEHHI 10JIKHA CYLIeCTBOBATL KaKasi-TO ajlb-
tepHaruBa. M BOT 371eCh Ha MePBOE MECTO BBIXOAHUT MOASIHPOBAHHE.
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IToka orpaHUYHUMCsL IOCTATOYHO O61Iel TPAKTOBKOM JaHHOTO MOHSITHS.

Modenupoeanue — 510 3aMelIEHUE UCCIENYEMOTO 00bEKTA (OPUIHMHANA) €70 YCIIOB-
HEIM 00Pa30M WU APYTUM 0OBEKTOM (MOZENBIO) ¥ H3YYeHHE CBOMCTB OPUTMHAJIA TyTeM
HCCIIeI0BAHUS CBOHCTB MOZEJIH.

JloCTaTOuHO 04EBHAHO, YTO JeHCTBUTEBHAS [IOJIB32 OT MO/IEJIMPOBAHMUS MOKET ObITh
HOJTy4€HA TOABKO TIPH COOITIOAEHNH IBYX YCIOBUiA:

& Mojiens obecrieyBaeT KOPPEKTHOe (MJIH, KaK FOBOPST, aIeKBATHOE ) 0TOOpaKeHue
CBOUCTB OPUrHHANA, CYIECTBEHHBIX C TOYKHU 3pEHHsI HCCIIeAYeMOii Onlepanuy;

® MoJieJIb O3BOJISIET YCTPAHUTH IPOOJIEMBI, TPUCYUIME IPOBEIEHHIO H3MEPEHHH Ha
peajibHBIX 00beKTax (MepeYnc/IeHb! BhIlIe).

O toM, KaK 06ecIeuuTb BHITIONHEHNE STHX YCIOBUM, MONAET peusb B MOCHEAYOMHX
rJaBax. A IOKa elile OHO TIpe/IBapUTeIbHOE 3aMedaHue.

B 3aBrcHMOCTH OT c1oco06a peansaliiiy Bce MOIEIH MOKHO Pa3iesiuTh Ha 1Ba 60JIb-
mux knacca: Gu3ndecKue U MaTeMaTH4YecKue.

Dusunecxue Modeau TPEAIIONATAIOT, KAK IPABUJIO, PEAJIbHOE BOTLIONIEHHE TeX Pu-
3MYECKUX CBOUCTB OpUruHaa, kotopsie uHTepecyiot JITIP. Hanpumep, npu npoektupo-
BaHMH HOBOTO CAMOJIETA CO3/AETCS €r0 MaKeT, 001aMaloNHil TEMM JKe A3poanHaMUdec-
KMMH CBOICTBAMU; NP IVTAHHPOBAHUH 3aCTPONUKH apXUTEKTOPHI M3TOTABJIMBAIOT MAaKeT,
OTpaXaMoLIMi MPOCTPAHCTBEHHOE PACIIOIOKEHUE €€ 3/IeMeHTOB. B ¢Bsi3u ¢ a1uM dusu-
4eCcKoe MOJe/IPOBaHKe Ha3bIBAIOT TaKJKe MAKETHPOBAHHEM.

Mamemamuuecxan Modens NPeNCTABASET co60i GOPMATHZOBAHHOE OTHCAHUE CH-
CTeMBI (MJIH ONEPALHH ) C TIOMOILBIO HEKOTOPOTO aGCTPAKTHOTO SI3bIKA, HAIIPUMED B BUJE
COBOKYITHOCTH MaTeMaTHYECKHX COOTHOMIEHHH UK cXeMbl anroputMa. [lo 6onnmomy
cuety, moboe MaTeMaTHYeCKoe BhIPaXKeH1e, B KOTOPOM (pUTypHpYIOT hHU3MYecKye BeU-
YUHbI, MOJKHO PACCMAaTPUBATh KAaK MaTeMaTHYEeCKYIO MOJEb TOrO MK HHOTO NpoLecca
WK siBJIeHUS. B 4acTHOCTH, M3BECTHOE BCeM ellte k3 HayalbHOI IKOJIbl ypaBHeHue S=Vit,
TipeacTaBsieT coboi MoziesTb pABHOMEPHOTO NPAMOIHHEHHOTO ABrxKeHus. IMeHHO Ma-
TeMaTHYecKye MOJIeJIM MBI i 6y/IeM paccMaTpUBaTh B lajIbHel1ieM KaK OCHOBHO HHCT-

PYMeHT olleHKH 3¢ HeKTHBHOCTH AIETEPHATUBHBIX CTPATeTHEL.

ManoxenHoe B IaHHOM paszielie MOXKHO NPEJICTAaBUTD B BHJIe Cleayroiel cxeMsl (puc 1. 1)

Hanbosee npuMeyatebHHIM B IAHHOI CXeMe SBJISIETCS TO, YTO TIPOLIECE TOMCKa (BHIGOPA)
PpelueHusT HOCUT UMKIHYecKuil xapakTep. MiMeercs B BUIY, 4TO M0G0 U3 BXOIAIIMX B HETO
3TAIOB MOXKET IOBTOPATHCSI HEOJHOKPATHO /10 TEX IO, I10Ka He OYieT HAMEHO pelleH e, yA0B-
nersopsitoinee TpebosarusaM JITTP (71160 He vicTedeT BpeMst, OTIYILEHHOE HA IPUHATHE peLie-
Hyst). [IpraToM MOTYT YTOUHATECS LeTH U YCJIOBUS TIPOBEIEHHS OIIEPalVH, KOPPEKTUPOBATHCA
Mozesb npeanoutennii JIIIP 1 Moznesns camoii onepauui. O4eBUIHO, UTHTEHHOCTD H yCHEX
HOVICKA 3ABUCAT HE TOJIBKO OT 3HAHHI M HABBIKOB UCCJIEI0BATes, HO M OT TOTO, KAKHE MHCTDPY-
MEHTBI OH UCTIO/Ib3YeT B CBoeH paboTte. IMEHHO 1109TOMY OCHOBHOE BHUMAHHKE B KHUTE yiesie-
HO OTHCAHHIO CPEACTB BU3YalbHOro MoziesipoBanus — nporpavMme SIMULINK, sxozsimeit
B COCTaB YHMBEPCAIHHOTO MaTteMarndeckoro rnakera MATLAB.

W Bce-TaKu AaoKe CAMBIH XOPOIIHIT MHCTPYMEHT JaeT HAWTY Il pe3yJITaT TOJIbKO B TOM
CcIIy4ae, KOT/ia ero 0b1afiaTesib 3HaeT GOJIblLe, YEM HAMKMCAHO B HHCTPYKIMM [0 9KCIUTYaTALHH.
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MNpobnemHasn cutyaumn

}Af
OnpepaeneHne
Lienin N ycnoBun

npoBeaeHUs onepaumm

BeiGop nokasaTens U Kputepus
abPpexTUBHOCTH (NOCTPOEHNE
Mopenun npeanoytenui JMNP)

l

dopmMupoBaHne MHOXECTBa
LONYCTUMBIX CTpateruin

1

TMocrpoexue mopenu
onepaumm

MogpenvipoBaHue ucxogos
onepauuv

1

CpaBHeHue cTpaTterumn

Crpaterus
HalhaeHa ?

Peanuzauna pelserus

Puc.1.1. Obwmas cxema npoilecca DPUHATUS pEIIEHHA
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1.2. KMACCU®UKAILIVS 3A/1AY [TPUHATHA PEINEHUN

Ox1o u3 HanboIee BAXKHBIX YCIOBUN COKpANTEHH 3aTPAT BPEMEHH U CIJI IIPH TTIOUC-
KE peleHusa — 3TO yMEHUeE PaBIJIbHO BLIOpAaTh METOZ MOKCKA. 32 BpeMs CyLecTBOBa-
HUSI TEOPHU MPUHATHS PELIeH i /s Hanbosiee 1acTo BCTPEYaoUInXcs 3a1ay ObLIM pas-
paboTaHbl METO/IbI, YYHTLIBAIOIIHE UX XapaKTepHble 0COOEHHOCTH,

[pakTryecku gobas cuTyauus, Tpebyouas NPUHATHS PEHIEHHS, MOXKET ObITb OT-
HeceHa K TOMY HJIM HHOMY M3BECTHOMY KJIACCY, ¥ HCCIIEIOBATENIO OCTAETCS TONBKO «y3-
HaTb» ee. {1 aTOTO TpEbyeTCs, 10 KpallHeil Mepe, UMeTh NpPeACTaBIeHHE O XapaKTep-
HBIX MPH3HAKAaX PasJUYHBIX KJaccoB. B HacTodlliee BpeMsi OTCYTCTBYET eAuHasA
VHHUBEpCaNbHAsA KlaccH(HUKAIMOHHAS cXeMa 3a/1a4 IPUHATHS PelleH i, OAHAKO IIPaK-
THYeCKY BO BCeX H3JAaHUAX, IIOCBSIEHHBIX 3TUM BOIPOcaM, GUTYPUPYIOT ClieAyIoHIne
KJ1acCH(UKAUNOHHBIE TPH3HAKHU:

® YICJIO JIMI, IPHHIMAIOIUX PelileHHe;

® Bu/l oxasaTenst 3 hexTHBHOCTH;

® cTerneds OTNPeeeHHOCTH HH(pOPMAIUU 0 TPoGIeMHON CHTYal M,

® 3aBUCUMOCTDb XapaKTePHCTHK IPOOIEMHON CHTyallMi OT BpEMEHM.

Mo npusnaky wucaa JIIIP pasnuuaroT 3agaui HHAMBUAYAIBHOIO U IPYIIIOBOTO [IPH-
HsTHs petenuil. TIpu rpynnosoM BeI60Ope pellie il ONpeeSI0ILy0 POIb KIPaeT Mpo-
fJieMa COTIIacOBAHYS MHAMBUAYAIbHBIX HPEANOYTEHHH YIEHOB TPYIIILL.

o Buay 13 3agauu IPUHATHSA pelileHUs ITOAPA3AeAIOT Ha 3a1aYH CO CKaTSAPHBIM 1
BeKTOPHBIM [10.

Ipu ucnons3oBannu ckaysipaoro I13 npeanonaraercs, uro JITIP unrepecyer Tonn-
KO OZIHA M3 COCTABJIAIOINIX PE3yJIBTaTa Onepailny (T. €. TOJBKO OJHA H3 XapaKTEPHCTHK
CTpaTernu), HApUMep, ee JTUTEIbHOCTb. DTO Hanbolee IPOCTON crydall npy BeIbOpE
crpareruu. Ho 310 He 03HauaeT, YTO ONpeIe/IUTh 3HaYeHNe ckaxsapHoro 113 Toxe nerko.
IIpakTUYecKH BCE METOBI MATEMATHYECKOTO MPOrPAMMHPOBAHKS IPeIHAZHAYEHbE /IS
IOMCKa PELIEHA N KMEHHO N0 CKAISIPHOMY NoKa3zaTtesiio, Heobxoanmo oTMeTuTs, 4To HpH
KCII0JIb30BaHKUK 3THX METO0B B PONTU ITOKa3aTe s 3 (heKTUBHOCTH BRICTYIIACT Lie/leBas
yHKIHSL.

TIpu cpaBHeHUM cTpaTerui Mo BeKTOpHOMY 13D MOFyT ObITh MCIOIBL30BAHEL CIIELH-
AJIbHBIE METO/IBI, TTO3BOJIAIONI e CBECTH BeKTOPHBIN TIOKa3aTeb K cKajisipHomMy. Hekoro-
phie U3 HUX OyAYT PACCMOTPEHBI B CIIEAYIONIEM pa3ielie.

Boobiite e BBIG0p MoKazaTesst 50 HeKTUBHOCTH SIBASETCS GAHUM U3 HanboJiee Bax-
HBIX H CJIOJKHBIX STANOB [OMCKA PELIEHNSI B TPEOYET OT MCCIIEIOBATENS HE TOJIBKO OTIbITa
H 3HaHUA PACCMATPUBAEMOIl TPeIMETHOM 06JIaCTH, HO U 3NeMEHTOB TBopyecTBa. Hau-
6osiee pacnipocTpaHeHHbIE i [TOe3Hble B MPaKTHYecKoM cMbice hopmbt [13 Takxke Hy-
IyT PACCMOTPEHBI B CJIeYIOLIeM Pasfelle.

Ilo crenmeny onpeaeneHHoCTH MHGOPMAIIK O TIPOGIEMHON CUTYaLlM pas3inyaroT
3ajauy IPUHATHSA pelleHHE B YCIOBUSX ONIPEAeTIeHHOCTH U 33/Ia4H NPUHSTHSA PelleHHi
B YCJIOBUAX HEOTIPE/Ie/IEeHROCTH.
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3agauy NpUHATUS PELICHUH B YCA0BUAX ONPEOENEHHOCMY XAPAKTEPUIYIOTCH Ha-
JUYHEM TONHON U AOCTOBepHO# NHMOPManuK 0 TPoOIeMBOI CUTYal UK, HeNsX, orpa-
HHYEHHUAX U MOCJAEACTBHUIX NPUHIMaeMbIX pemieHuil. B Taknx 3agavax 3apaHee, 10 Ha-
Yyaja OIepaliy, U3BeCTHO, K KAaKOMY MCXOJY NpHBeAeT KaXAas U3 CTpaTerwil. J1o, B
YaCTHOCTH, 03HAYAET, YTO BCe BHelmHue (hakTOPbI H3BECTHBI, YYTEHBI, U OHH He MOTYT
KaKHUM-H60 HeNpeaBUAEHHBIM 06Pa30M MOBAUATH HA UCXOJ ONlePALlHH.

Xapaxteprnas ocoOennocTb BeeX 3anay 1P B ycnosusx neonpeodenennocmu co-
CTOHUT B TOM, YTO HCXOX ONEPalMH 3aBUCHT He ToaAbKO oT cTpaTteruit JIIP u dukcn-
poBaHHBIX (aKTOPOB, HO M OT HeONpejeJeHHbIX (PaKTOPOB, He KOHTPOJUPYEMbIX
JIIIP 1 He M3BECTHBIX €My B MOMEHT HPUHSATHA pemleHus (M1 HeJOCTOBEPHO U3-
BeCTHBIX). B pesysisraTe Kakas cTpaTerus OKa3piBaeTCs CBA3aHHO C MHOXKECTBOM
BO3MOKHBIX UCXO/(OB OTIEPAIlMH, UTO CYUIECTBEHHO OCIOXKHSIET IPOLECC BHIPAGOT-
KU PEUIeHM. |

3ajayy IPUHATYA PElieHUil B YCIOBUSAX HEOIpeZle/IeHHOCTH NTOAPasfesIsaioT Ha 3a-
ZIayH CTOXACTHYECKOH H HECTOXaCTUUeCKOH HeollpeieIeHHOCTH.

B cnyuae cmoxacmuyeckoii HeonpedenenHoCmu Kax 01 CTpaTeruy COOTBETCTBY-
€T HEKOTOPO€E KOHEYHOE MHOXECTBO HCXO/IOB, IPUYEM HCCIEROBATENIO H3BECTHBI HX
BepOSITHOCTHbIE XapakTeprcTuku. Ho faxe ecin on 6yner OpueHTHPOBaTHCS HA Hal-
Gosee BEPOATHBII HCXOZ, 9TO HE 03HAYAET, YTO ONepauus OyAeT pa3BUBaTbCA UMEH-
HO 10 IaHHOMY clieHapuio. [ToaToOMy 3atayn TakoTo THIIa HAa3bIBAIOT TaKKe IIPUHA-
TUEM pellieHuil B yenosusix pucka. OHH HMEIOT MeCTO B TeX CIy4asiX, KOra Ha HCXO0/
onepanuy MOryT MOBJMSTH Te UM MHble ciydaiinbie daxkTopet. Hanpumep, ecnau
BCTPEYAIOTCS Be MPUMEPHO paBHbIe MO cyiaM ¢GyTOONbHEIE KOMAH/BI, TO BO3MOX-
HBI TP Pa3JMYHBIX Hcxoaa MaTya (6o mobexaaer nepsast KoMaHa, 1160 BTOpasd,
160 BCTpeYa 3aKaHYNBAETCA BHUYBIO ); BEPOSATHOCTD KaXI0TO M3 MICXO0B M3BECTHA
(paBHa 1/3), Ho kaxoii uMeHHO OyAET peanTu3oOBaH, OCTAETCS 3araiKoH MPaKTUYECKH
[0 OKOHYAHHUS UTPBL.

3anauu [P B ycroBusix Hecmoxacmuuecxoli HeonpedereHHOCmU TOAPA3ENAIOT-
cs1, B CBOIO O4epeb, Ha 3aftadu I1P B ycioBuAX mpupoAHoii 1 NoBeAeHIecKON Heotpee-
JIEHHOCTH.

Taxvie 3a71aun BO3HUKAIOT B TeX caydasx, koraa JIIIP He pacnonaraer BeposiTHOCT-
HBIMH XapaKTePUCTHKAMH BO3MOKHBIX HCXO/0B OIEpaLyH, 1160 OHU BoOO1Ie He ABHs-
10TCA CTydaiiHpIMy. B siyuiem ciiyyae U3BeCTHbI JINIIb JHANTA30HbI UX 3HAYEHHH.

Ecnu orpannyeHHOCTs HHGOPMALMK 06YCI0BIeHa HEIOCTATOYHOH N3ydeHHOCTHIO
NPUPO/IBI PACCMATPUBAEMBIX SIBJIEHHH, TO TOBOPAT O 3a7a¥ax € «IIPUPOAHONR» HEONpese-
nerHocThio. Eciu ke HenocraTok nHbOpManuy 00ycIoBIeH BIUsSHIEM Ha X0 OHepa-
unu apyrux cyonexros momumo JITP, To uMeeT MecTo 3a1a4a «IOBEXEHYECKOH» Heo-
npesnenensoctu. [Ais penieHHs 337a4 C <HOBeJAeHYECKOH» HeonpeAeJeHHOCTHIO
HCIIOJIB3YIOTCA METOLBI TEOPHH HID.

ITo xapakTepy 3aBHCUMOCTH TPOGJIEMHON CUTYAIMH OT BpEMEHH PasJIMyaloT CTaTH-
veckue U fuHaMudeckue 3aaaqu 11P. B anHaMuyeckux 3agayax napaMeTphl (XapakTepu-
CTHKH) MPO6IEMHOM CUTYal{K UBMEHSIIOTCS BO BPEMEHH.
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Knaccuduxauus 3agay [P no nepeuncienaeIM npru3HakaM DPUBOAUT K pas3jiny-
HbIM KOMOUHALUUAM TUIOB 3a1a4. HanpuMep, BBIGOp BapruaHTa aTaky JETYUKOM HC-
TpebuTeNA-IePeXBAaTINKA MOXKET ObITh KAacCH(PUUMPOBaH KaK AMHAMHYECKas CKa-
JApHas 3ajlada MHAMBUAYAJSBHOTO NIPUHATHS PElleHUA B YCIOBHAX NOBEJEeHYECKOH
HeoNpeJeeHHOCTH, IOCKOJILKY B JaHHOM c1yyae B Kadectse J1D ncnosbsyercs se-
POATHOCTH YHUYTOXKEHHS HeJMu U s JTi060i BHI6paHHO CTPATerny UCXOIBI CIIy-
vaiiHb1, YTO 06YCIOBAEHO HatnyKeM (paKTopa HeOlpeneeHHOCTH — NOBeJeHHeM T1Po-
TUBHUKA.

1.3. OIIMCAHUE NPEAIIOYTEHNN JINIIA,
[MPUHMMAIONIETO PEIIEHUE

Kak 6b1710 10Ka3aHO B NPEABIAYIIEM pa3szelie, Moaenb npeanoutennit JITP cayxut
OCHOBOH [/ IPHHSTHSA PeuleHus, T. €. A1 BbIOOpa Takoil cTpaTeruy, KOTopas B Hau-
Gosplell CTeneHU COOTBETCTBYET ero MHTepecaM B IUIaHMpyeMoil onepainuu. B cBoo
ouyepens, npeanourenys JIIIP MoryT G5ITh BHIPaXKEHBI TOCPEACTBOM BbIOOPa COOTBET-
CTBYIOLIUX NT0KA3aTeIs ¥ KPUTEPHs 3(h(eKTUBHOCTH.

B npocreituiemM BapnanTe KaxJA0# CTpaTernd MOXKET HHITh MOCTABIEHO B COOT-
BeTCTBHE 3HayeHHe ckaaspHoro I19 (azech NprMeHUMBl METOABI MaTeMaTHY€ECKO-
TO nporpammuposanus). bosnee cnoxHas (4 6onee pacipocTrpaHeHHAsA HA MPAKTH-
Ke) CHTyalHsi — KOIAa KaXAas M3 HAOMYCTHMbIX CTPATErHil XapaKTepu3yercs
BekTopHbIM [13. TpyauocTu Br16OPa eilie Gosiee BO3paCTAOT B YCIOBUSIX HEOTIPEe-
JIEHHOCTH, [IPH OTCYTCTBUM OJHO3HAYHOI'G COOTBETCTBHUA MEXKAY CTPATETHAMH U UX
BEKTOPHBIMY OIl€HKaMH.

Ho B nio60oM citydae 715 yCIEUIHOTO PellieHNs 33£a4H BEIGOpa HeOOXOAMMO BbISIBUTb
¥ U3MepuTh npeanourenus JIIIP.

Ilon evisanenuem npednoymenuii JIIIP nonuMaioT npoiecc HoiydeHus nHpopMa-
uuy o cyxaennsax JIIIP otHocutenbHO BO3SMOXHBIX Hexoq0B onepaunn. CymecTByer
IBa MOAXO0/a K BHIABJIEHHMIO npeanoyternit JIIIP:

® Ha OCHOBe MH(OPMaINH O PaHee NIPUHATHIX PeHIeHMAX (IIPH MHOTOKPATHOM IO~
BTOpEHUH BbIG0PA B HEU3MEHHBIX YCIOBHAX );

¢ fo npunsTus pemeHus JIIIP — nmocpenctBoM creunanbHoil Mpoieaypsl ONMpoca.

Hsmepenue npednoumenuii ecrb 0ToOpaxeHNe albTepHATHBHBIX BADHAHTOB pelle-
HUIT Ha YHCJIOBYIO OCb.

B cydae onmcanus cTpaTeruil ¢ noMomsio ckaaspraoro [19 usMepenne npeanoure-
HUIi He Bhi3bIBaeT TpyAHOCTEN. MIHOTIa MOXeT OBITh fT01y4eHa GYHKIUMOHANIbHAS 3aBH-
CHMOCTb MeXAY YacTHbIMU 113 ¥ pe3yJisTaToM olepanui, YTo MO3BOJISAET NPEJCTABUTh
pe3yJIsTaT B BUAE CKATSIPHON BEJTHYUHDL.

B 6oJ1ee c10KHBIX CTYYasix UCTIOJIL3YIOTCA APYTHe CIIOCOO M3MEPeHHs TPeNoYTEHHI.
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[Ipesx/e yeM MepeiTH K UX ONMCAHUI0, BBEAEM NOHATHE LIKAIbl U3MEPEHM.

HIcana uamepenuii — >ro cuctema 00o3HAYEHNH, BO3BOJISIONIAs IOCTABUTH B COOT-
BEeTCTBHE 00bEKTY HEKOTOPBIN MPU3HAK U HCII0Ib30BATh €T0'B ajIbHeeM /15 CPaBHe-
HUA 00HEKTOB MEXITY COOOL.

Haubosbuiee pacnpocTpaHeHye MOy YUIA METPHYECKHE, TOPSAKOBBIE H HOMHHAJIb-
HBIe KA. PaccMOTPUM HX B IOPsiike BO3PACcTaHMHs BO3MOKHOCTEH.

Homunansnas wxana (WIv MKaJa HAUMEHOBAHUY ) — 3TO, TIO CYLIECTRY, KaueCTBeH-
Has wkaga. Ee npuMeHstoT i 0603HaYeHHs TPHHA/VIEKHOCTH 0OBEKTOB K OTlpe/ie-
JIeHHBIM KJaccaM. OHa M03BoJIsET ONHCATH OTHOIEHUE 9KBHBATEHTHOCTH H PA3JIHMYHL
Mexay obbextamu. OHaKO NpearodYTeHne Mexkay oObeKTaMH H MekKIy KIacCaMu He
ycraHasnusaercs. Yucna B 9T0H niKasie MCOIb3YIOTCS TONBKO U151 0003HAYEHUS K1ac-
ca 00bekToB. [IpuMep HCNob30BaHIA HOMUHANBHOMN KA — HOMEP LieXa WV [IPOH3-
BOJCTBEHHOIO Y4acTKa Ha NPeANPUsTHA.

Hlopsadxosan (panzosas) wxana nprMeHsieTcs 1713 M3MePEHNS YIIOPAIOYEHHOCTH
00bEKTOB MO OHOMY NPU3HAKY WJIH 110 UX COBOKYIHOCTH. Yucsa B HEH 3aa10T TOIBKO
HOPSIOK CIEA0BAHUS 0OBEKTOB, HO HE NO3BOJISIIOT ONPE/IETUTh, HACKOIBKO OANH OOBEKT
MpeAnoYTHTeIbHee IPYToro.

IIpuMepamu MpUMeHeHYs PAHTOBOH LIKA/IBI ABJIAIOTCA: pacrpe/iesieHue MecT B 3CTa-
detHol ronke (KOTAa UHTEpeC NPeACTARILLT TOALKO HOPAAKOREIN HoMep Ha huHUe, 3
He Pa3Hila BO BpEMEHM ); Ha3HaYeHHe PHOPUTETOB 3a5BKaM, IOCTYHAIIUM Ha 00cy-
JKUBAHUE B BBIYHCIUTENBHYIO CUCTEMY H T. I

Mempuuecxue wxanvt spnsorcs Hanbosee coepienasiMit. Ha nmpaktuke npume-
HAIOTCA CEAYIONIHE HX BIIBL

® WKANA UHMEPEANO8, KOMOPAs UCTIONb3YeTCs A1 OIMUCaHHs Pa3InYUsi CBOUCTB
00LEKTOB B BHAe pasHocTu. VismepeHus B AaHHOH IIKaje MO3BOIAIOT ONpPeNenTD,
HACKOJIbKO OuH 00beKT nyunte apyroro. [Ipyu sTom obs3aTensro sananTes MaciuTab
H3MepeHNH M Havaso oTcyeTa. B urkane HHTePBAIOB N3MEPAIOTCA, HAIPUMED, CDOKU
BBITNIOJIHEHUS PA3JINYHBIX PaboT, rapaHTUIHBIE CPOKH CYKOBI yCTPONCTB, 06beM 3aT-
pat Ha npoBeJeHHe ONepPalny;

® Wwrana OmHoweHUli — JaCTHBIN cyIy4yall IKaabsl HHTEPBAJIOB IIPH BHIGODE Hyneaon
Touyku oTcdera. OHa sBseTCs GoNee COBEPUIEHHOM], TOCKOIBKY O3BONSAET ONPEENsTh
He TOJIbKO PasHOCTb, HO U OTHOlIeHNe Mexay 3Hadenuamu [19. ITokasarenu, uamepen-
Hble B LIKae OTHONIeHKH, Hanbosiee pacpocTpaHeHbl B TEXHUKe 1 MaTeMaTuke. K Hum
OTHOCATCS, HaPUMED, JTHHA, Macca, HapPsiKeHue U T. A.;

® afconomnas wKand, KOTopyio IPUHATO CYUTATL HauboJee CoBeplieHHO. B aToi
IIKaJIe UCTIOJIb3YETCS HYIEBas TOYKA OTCYETA U eMHUYHBIM MacuiTab. ITO 03HAYaeT,
4TO H3MePeHHs B Hell MOTYT ObITh TPOU3BENECHBI eIMHCTBEHHBIM ClIocoboM (B OTAMYHeE,
HalpuUMep, OT LKA bl OTHONIEHHH).

B abcomoTHOl mKae oNpeaenseTcs, B YaCTHOCTH, KOJIHYECTBO 0OLEKTOB (TIpenme-
TOB, COOBITHIT), KOTOPOE MOKET OBITh U3MEPEHO eNHMHCTBEHHBIM 00Pa3oM C MOMOIIbIO
pAia HATyPaNbHBIX YHcert. AGCOMIOTHBIMUY ABJISIOTCS  HATPUMED, LKA TEMIIEPATYP I10
KesbBuny, nikasa 3HaqeHUN BEPOSTHOCTH COOBITHA U T. 1L.

16



Huxe paccMOTPEHBI HEKOTOPEBIE BUE TOKasaTtesteil achdbekTUBHOCTH, HanboIee yac-
TO MCTIONb3YeMble Ha TpakTHKe. BuiGop koukperHoit opmpt [12 BO MHOTOM 3aBHCHUT OT
Crocoda ONMCAHNSI HCXO/IA OTlePaLni.

1. e onepalyiy OMUCLIBALTCS CAYYAHBIM COOBITHEM A, HACTYIJIEHUE KOTOPOTO
SIBJIAETCS JKeJIATeNIbHBIM Pe3yabTaToM (11e/1bi0) onepanuu. BeposaTHOCTh HacTy e
aToro coburrusa Pu(A) 3asucut ot crpaterun u. B atom cayyae I1D ecrb BeposATHOCTD
Hactyrets cobnitusa A: W(u)=Pu(A).

B xavecrse npumepa Takoro 1139 MOKHO Ha3BaTh BEPOSITHOCTD BHIUTPHIIA B IPOTPaM-
Mme «Pycckoe 10T0>.

Yacro paccmarpuBaemoe cobbitre A BaKJII0YAETCs B UICTUHHOCTH O/IHOTO M3 CO-
OTHOMIEHUH:

A=Yon(u) < Ymp unmn A=Ympl< Yon(u)<Ymp2,

T. €. OIlepaliyd CUNTAeTCs] YCIEeIHOH, ecy ee pe3yJsbTar JIEXKUT B HEKOTOPOM 33JaHHOM
Anala3oHe (BCIIOMHUTE KPUTEePUIl IPUTOAHOCTH ).

[pu arom [19 TpakTyeTcs KaK 6epoAMHOCMHAA 2apanmus BLITIOHEHHs OCTAB-
JIeHHOH 3324 u:

W(u)=P(Yon(u) < Ymp).

Takoit mokasaTejb MOKET ObITh MCIOJIB30BaH AN OLeHKH 3G bEKTHBHOCTH pac-
cMaTpUBaeMoOil ollepaluyl C TOYKU 3PEHMS CPOKOB ee IPOBEAEHU: B KadecTBe Ymp
BBICTYTIAET 3a/1aHHaA [UTHTeTbHOCTD BBINONHEeHNs paboT, a B kayecTse Yon — peailb-
Hble 3aTPaThl BpEMEHH.

2. Ecnu wenb onepanyy BhIpaxkaeTcst YHCAOBOU TepeMeHHONR, 3aBUCAINEN OT ciiyuali-
HBIX PAKTOPOB, TO MOKET OBITH HCIIONL30BAH elle OUH MoKa3aTe b 3PPEKTHBHOCTH —
noxazamens cpedrezo peaynvmama: Wu(u)=M[ Yon(u)].

3Has quanasoH uaMenenns 119, vccnenoBaTesIb MOKET CpaBHUBATh 3HAYEHHE CPEI-
Hero Pe3ysbTaTa C IPaHNYHBIMHU (JOMYCTHUMBIMH ) 3HAYCHUSIMH Pe3yJIbTaTa Olepalyii.

Kax 651710 0TMeEU€HO paHee, BHIOOD CTPATErHH 3HATUTENHHO YCIOKHSIETCS, ECIU
MCXOJ Ollepalliil OLEHUBAETCs C IIOMOLIbIO 6exmopHoeo 119 (M MHOXKeCTBa CKa-
aapubix [19). 310 00bACHSAETCS TEM, YTO HEKOTOPOE PENleHHE MOXKET IPEBOCXOAMTD
ocTanpHble IO OOHUM IIOKa3aTeJIAM U YCTYIaTbh UM 1O ADYruM. B Takux ycroBusx
TPYLHO ONPENENUTD, KOTOPas U3 cTpaTeruil 60ee npeanoyTUTENbHA, HE FTOBOPA YKe
06 ee onTumanpHOcTH. Ecau B 3agavax I1P no ckansipaoMy nokasareno ocHoBHas
CIOKHOCTH COCTOUT B Pa3paboTKe MK BBIOODE METO/IA ITOHCKA IKCTPEMYMaA, TO B 3a-
nauax IIP no sexTopHOMy IOKa3aTesio IIaBHOe BHUMaHHUE y/essieTcs BhpaboTke
peuanuiezo npasuaa, OCHOBAHHOTO HA KOMITPOMUCCE MEK /Y 3HAUEHUAMH KOMIIO-
HEHT BEKTOPHOTO NOKa3aTenA.

Taxum 06pa3oM, cnoxHOCTb 1pobiembl TP mo BekTOpHOMY 110Ka3aTesTIo Aaxe B yc-
JIOBHSIX OTIpe/IeJIEHHOCTH CBsl3aHa HE CTOJBKO C TPYAHOCTSMH BBIYHCJIECHHS, CKOJIBKO C
06OCHOBAHHOCTHIO BHIOOPA «HAWUAYYILEro» pelenvis. HeBO3MoXHO CTPOro MaTeMaTu-
YeCKH JI0Ka3aTh, YTO BBIOpAHHOE PEIlleHHe SBJAETCS HAWIIYyUYIIUM: J106oe penlerre u3
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YUCJ/I2 HEAOMUHHUPYEMBIX (He yyqlllaeMbIX OZHOBPEMEHHO 110 BCeM MOKA3aTENsAM) MO-
JKeT 0Ka3aThCs HAaMyYLIUM st KOHKpeTHOro JITIP B KOHKPETHHIX YCI0BUAX. JTO SB-
JIs1€TCsl OCHOBHOM akcroMoii [TP o HeckoJIbKMM IIOKasaTeslaM.

B 3aBucuMoctu ot criocoba dopMuposanus pemaomiera npasuna Meroast 1P mo
BEKTOPHOMY ITOKa3aTeJII0 MOKHO YCJIOBHO Pa3fenTh Ha ABe rpynnsl. K nepsoii rpynme
OTHOCATCA 38pucmuveckue menmoodst, 8 Koropsix JIIIP onpenenser BUA CBEPTKH KOM-
HoHeHT BeKTOpHOro [1D B ckasApHBIit Ha OCHOBE «3/IPaBOFO CMBICAAy (M HHTYHINN).
Mertozas! BTOPO#H rpynilbl — axcuoMamuyeckue — OCHOBaHbE! Ha UCTOJIb30BAaHUH JONO-
HHTEIbHON MH(MOPMAIMH 0 KOMIIOHEHTaX BeKTopHoro [13.

PaccMoTpuM HeKoTOpBie HanbosIee PaciipOCTPaHEHHBIE METOBI, OTHOCSILIHECS K ITep-
B0O#1 rpy1nine.

1. Meroz 060061eHHOTO IOKa3aTe .

Ecnu ncxons us xapakTepa 382494 MOXHO JIOILYCTHTE, YTO aOCOIIOTHOE YMeHblle-
HU€ OHOTO U3 TI0Ka3aTeNeil KOMIEHCHPYETst CyMMapHbIM abCOTIOTHBIM yBe/INYeHNEM
Apyrux (MOKa3aTeau 0AHOPOAHBIE), TO B Ka4ecTBe 0600IEHHOTO OKa3aTe sl MOXKET ObITh
IpHHATA CyMMa TaKoro BUAA:

W, = ’i‘gi' W,

rae g, — k03 bUIMenT OTHOCUTEIbHOM BAXHOCTH YacTHOTO NoKaszatesns W,

Wnorzaa nonycrumoii cunraercss He abCOJTIOTHAA, 3 OTHOCHUTEIbHAsA KOMIIEHCAIUS
HM3MeHEeHUs ONHUX NOKa3aTenei APYTUMM.

Ipumep: TIpu onenke a¢ppexTUBHOCTH 60EBBIX AEMCTBHI NCTPEOUTENBHOMN aBHALIAY
MOTYT ObiTh UCIIONB3OBAHKL IBA YACTHHIX MOKA3aTens — MaTeMaTU4YecKoe OXHUAaHHe
(MOJX) uncna yanuroxennsix ueneit (W,) u MOJK noteps coux camoneros (W,):

W,=ZgW,

roei=1, 2.

2. Meron «3arpaTsl — 3hdeKT».

Ecnu u3 cymecrsa 3aauu cJeyeT, 4TO OTHY [10KA3ATEH JXKeJJaTeNbHO YBeIndu-
BaTb, a APyTHe YMeHbUIATh, TO B KadecTBe 00061menHoro I12 ncnob3yor creayoniee
OTHOUIEHHE!

mi m
W,=11W,/ W,

i=1 i=mi+1

rae i=1, ..., m1,— Homepa NnokazaTeseil, 3HaYEHMsT KOTOPHIX KeJNaTeIbHO YBeITHYNBATh;
i=m1+1, ... m — HOMepa noka3areJiell, 3HaueHUA KOTOPBIX KeJIaTeIbHO YMEHbIIATb.
Yacro nepBas rpyrna noxasareseil 0TOXAECTBIAETCS C LeneBBM 3¢ deKkToM, a BTO-
pasi — € 3aTpaTaMM Ha eTo AocTHXeHue, IIpu 9TOM [oKasaTesnn He 0013aTeIbHO JOKHbI
OBbITH OIHOPOIHBIMH.
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3. Meroz 1e1eBOro MpOrpaMMHPOBaHHUSL.

OcHOBOI METOZIA ABJISETCs CBepThIBaHue YacTHRIX 11D B 06001eHHbIN T0Ka3aTe b,
MMEIONTNI CMBICJ PaCCTOSIHUA 10 «MAE€AIBbHOI» TOYKU B IIPOCTPAHCTBE 3HAUYEHUH TOKa-
sarena apdexTrBHOCTH. B KauecTBe «uieanrbHON» 0OBIYHO BHIOMPAIOT TOYKY, OTBEYAl0-
myio npeacrapienusm JITTP 06 vneanrbHOM UCXO/IE ONEPALIUHL.

B sToMm ciryuae W, BrraucIsA€TCSA, KaK PAaBUIIO, CIEAYIOMIM 00pa3oM:

W,=Lg (W-W,),
i=1

rae W, — aneanpHoe 3Ha4€HHE YaCTHOTO 115 w.

B kauectBe cUTYyaluy, WUTIOCTPUPYIOLel MIPUMEHEHHE JaHHOTO T0X0/2, PACCMOT-
PUM BBIOOP OHOTO U3 JIBYX MECT PaBOoTHI, KAXI0E U3 KOTOPHIX XapaKTEepU3yeTCA BeJIH-
unHOM 3apnaatel (W, ), anutesnsHOCTEIO oTiycKa (W, ) 1 BpemeneM, 3aTpaunBaeMbIM Ha
nopory (W,). Eciu oibupatomuii onpeaesi A cebs xeslaeMoe 3HaYeHue ISt KX K0~
ro u3 aTux nokxasarenei (coorsercrsento W, , W, u W, ), T0 obobmennniit [13 6yner
BBITJISI €T TaK:

W= 3Z‘gi' (W-W,)%,
i=1

B atom ciyuae Syner BHIGPaHO TaKoe MeCTO paboTht, I KOTOPOIO OTKJIOHEHUE pe-
ANBHBIX XaPAaKTEPUCTHK OT 2KeJIAeMBIX SIBIISIETCS] HAUMEHBUIUM.

4. MeTop r1aBHOTO MOKa3aTess.

Ecnu JITIP cuuraet, uro ueneBoi addeKT JOCTHKHAM B OCHOBHOM BCJIEACTBHE yBe-
JINUEHUs OJHOTO («INaBHOTO» ) yacTHoro 13, To ucxoaHas 3agaya MoxeT ObITh CBEAEHA
K 3ajlaye ONTUMH3AHUH 10 STOMY 110KA3aTeNIO TPY YCIOBIH, YTO 3HAYEHHS] OCTAIbHbBIX
OyIyT He HUXe 32JAHHBIX.

O61uM HEZOCTATKOM MEPEYUCAEHHBIX METONOB SIBJISIETCA TO, YTO OHKM OCHOBAHBI
Ha HEKOTODPHIX 3BPUCTHYECKUX JOMylieHusx, 3agaBaemsrx JITIP, u Moryr He obecre-
YUTb IeHCTBUTEIBHO ydnieil cTpaterny. VIX JOCTOMHCTBO — OTHOCUTENIbHAS ITPOCTO-
Ta peaqn3alni.

B Tex cnydasx, Korza HEBO3MOXHO TIPOM3BECTH CBEPTKY BekTopHoro 113, Heobxoau-
MO HCIIOJIb30BATh OUH U3 aKCHOMATHYECKHX METOMOB.

ITU METO/BI OCHOBaHbl Ha MCIIOJIb30BAHUH TOHITUS napemo-onmumaivrnocmu (1o
pamunuu utanpsickoro skoHomucta B. Ilapero). Ctpaterus HassiBaeTcs mapeTo-on-
THMaTbHOH (3 PeKTUBHOI), €CITH OHa I10 BCEM II0Ka3aTesAM He XyKe ToHoH cTpaTernu
13 IOITyCTMMOTO MHOYKECTBA H JIYYILlle XOTs OBl 10 OHOMY M3 HUX (IIpM B3aUMHOIi He3a-
BHCUMOCTH YacTHhX [1D). [1st Toro 4ro6sl BHIOpPaTh OAHY U3 HECKOAbKHX 3 dEKTUB-
HBIX CTpaTernit, HeOOXOAUMO PactioaraTh JOMOJIHUTENbHOM HHOpManueit. ITa nHpOp-
Mallus 10/KHa no3Bouth JITIP ynopsmouurts yacthbie [13 no ux BaskHOCTH, IIOCJIE YETO
MOI'yT OBITh HCIIOJIb30BAHDI, HAIPUMED, METOAB! CBEPTKH, PACCMOTPEHHBIE BHIIIE.
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1.4. OCHOBHBIE IIOHATHMA TEOPUY MOAE/IMPOBAHMA

Wrax, 4ToOb CpaBHUTL MeXKAY COOOH pasnnyHbie CTpaTerny MPOBEIeHUs Ollepa-
uuH (UK peleHus ), HeoGXoAUMO MONYIHTD IJIs1 HUX O:KHAaeMble 3HaueHHs! 10Ka3a-
tens addextusroctu. s aTOT0, B CBOIO 04epe/(hb, OJIEZHO UMETh MATEMATHYECKYIO
MOZEND HcciiefyeMoit onepauny. Takum 06pa3oM, oCHOBHAS TpobIeMa 3aKII0YAeTCA B
TOM, TA¢e €€ B3ATh. KOH€‘IHO, MOJXHO IIOIIPDOCHUTD Y 3HAKOMBIX U Y POOCTBEHHUKOB, HO
BPSII JIX Y HUX €CTb II0J PYKOH MMEHHO TO, YTO BaM HY#HO. B n060m ciiyyae nyvuie
BCEr0 pacCYUTHIBATH HA COOCTBEHHBIE CUJIbI, TOYHEE — Ha COOCTBEHHBIE 3HAHUS U OIIHIT.
W ecinyi ONBIT IPUXOAXT TONLKO CO BPEMEHEM, TO COOTBETCTBYIOUINE 3HAHUSA MOXKHO
TIOJIYYHTD IIPSIMO celyac. .

Haunem ¢ TOTO, 4YTO paCCMOTpHM OCHOBHbIC IIDUHIUIIBI MOJE/IMPOBAHUA, B CXKaToH
¢dhopMe OTpaKaIoLIMe TOT JOCTATOYHO GOTaThIM ONMBIT, KOTOPBIH HAKOIJIEH K HACTOSLIe-
My BpeMeny B 061acTy Pa3pabOTKH U UCHOJIH30BaHNs MATEMATHIECKIX MOZENEN.

Hpunyun undopmavuonnoii docmamounocmu. Tlpu noaHOM OTCYTCTBMA HHGOD-
Mariun 0b uccaenyeMoll cucreMe TOCTPOEHHE ee MOJeNH HeBoamoXHO. [Ipu Hannuuu
oMHOHM HHGOPMAaLHH O CHCTEME ee MOJE/IMPOBaHUe JIHIIEHO cMbica. CyllecTBYeT He-
KOTOPBI KPUTHYECKUN YPOBEHD ANIPHOPHLIX CBeleHHH 0 cucTeMe (YpOBEeHDb MH(pOPMa-
LMOHHOH JOCTaTOYHOCTH ), IIPH AOCTHKEHHH KOTOPOTI'G MOKET OBITh IOCTPOEHA €€ alleK-
BaTHast MOZEb.

IIpunyun ocywecmeumocmu. CosgaBaeMasi MoeNb AOKHa 0becrnednBaTh J0CTU-
KeHUe [I0CTABJIEHHOU LeTH NUCCNEI0BAHUS C BEPOSITHOCTHIO, CYWECTBEHHO OT/IHYAIOMEl -
¢S OT Hy I, ¥ 3a KOHeyHOe BpeMs. OGbIYHO 3a/1a10T HEKOTOPOe IOPOroBoe 3HaveHue P,
BEPOSATHOCTH JOCTIDKEHMSA 1ieJIM MogeInpoBanus P(t), a Taioke npueMieMyo IpaHuLly
t, BPEMEHU AOCTHXKEHNUs 3TOH 1enu. Moziesb CHUTAIOT OCYWEeCTBUMON, eCiiu ORHOBpe-
MEHHO BbITIOJIHCHEBI ABa HEPpABEHCTBA:

P()2P; t<t,

Hpunyun muoxcecmeennocmu modeneii. Jananii IpUHLNI, HECMOTPS Ha €ro 1mo-
PSAAKOBBIM HOMED, ABJIAETCS KJI0YeBbIM. Peup UaeT o0 ToM, 4T0 co3maBaeMas MofieNb JOJ1-
’KHa OTpaXkaTh B IIEPBYIO OYepenb Te CBOHCTBA PealbHON cucTeMbl (MJIH ABIEHUS ), KO-
TOpbie BAUAIOT Ha BHOpaHHbI! nokasdatenp 3ddexTuBHocTH. COOTBETCTBEHHO NPH
UCTIOJIb30BAHIH JII000I KOHKPETHOM MOZIE/IM TO3HAIOTCS JIMLIb HEKOTOPbIE CTOPOHBI pe-
anbHOCTH. [l1s1 GoJiee MOTHOTO ee MCCe0BaH sl HEOOXOIUM Pl MOJIeNeH, O3BOJISTIO-
LIKMX C pa3HHIX CTOPOH M C Pa3HOM CTeleHbI0 AeTATBHOCTY OTPAXKATh PACCMATPHBAEMBIi
MPOLIECC.

IIpunyun azpezuposanun. B 6onb1nHCTBE C/IyYaes CA0KHYI0 CHCTEMY MOMKHO TIpej-
CTaBUTb COCTOSLIEH U3 arperaToB (TIOACUCTEM ), 7SI aIeKBATHOTO MATEMATHUYECKOTO OITH -
CaHMsi KOTOPBIX OKA3bIBAKOTCS IPUTOAHBIMY HEKOTOPEIE CTARHAAPTHbIE MaTEMATHYEeCKHE
cxemsl. [IpUHIUI arPerNPOBaHUsA TO3BOIAET, KPOME TOIO, AOCTATOYHO IubKO IepecTpa-
HMBATh MOZEJIb B 3aBUCUMOCTH OT 33124 MCCJIeOBAHHUS.
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Hpunuun napamempuzauyuu. B psize cyyaes MOIeTUpyeMasi CHCTEMA UIMEET B CBOEM
COCTaBe HEKOTOPBIE OTHOCHTENBHO H30JIHPOBAHHEIE IIOCHCTEMbI, XapaK TEPU3YIOIHECST
OIpeIeJIeHHbIM TapaMeTPOM, B TOM YHCJIEe BEKTOPHBIM. Takue moacHCTeMbl MOKHO 3a-
MEHSITh B MOJIE/IN COOTBETCTBYIOIIMMY YHCTOBBIMH BEJTUYMHAMI, a He OTIMCHIBATS [PO-
necc ux GpyHKIMOoHNpoBanyst. I1py He06X0AMMOCTH 3aBUCMMOCTDb 3HAYEHUI STUX BEJIH-
YUH OT CUTyalM MOKET 3aJaBaThCsl B BUAE Tabauisl, rpahiKa Uy aHaIMTUYECKOFO
BhipakeHus (dopmy.isl). [IpHHIUD TapaMeTpU3ally NO3BOJISIET COKPATUTD 0OBEM U
MPOMO/LKUTENbHOCTDb MojeIupoBanua. OfHaKo HAaZO UMETDh B BUAY, YTO NapaMeTpraa-
LMA CHIDKAET aleKBATHOCTh MOJEH.

Crenens peanusaliyy fiepedrCAeHHBIX MPUHIIHUIIOB B KaX/0M KOHKPETHOM MO/Ie/TH
MOJKET OBITh Pa3/IUYHOIL, IPHYEM 3TO 3aBHCUT HE TOJIBKO OT XeJIaHus pa3paboTunKa, HO
1 0T cOOIOIEHUA UM TEXHOIOTHH MOZIETHPOBAHUS. A M0Has TEXHOOTHS IIPEATIONATaeT
HaJIMYHeE OTIpeNeNIEHHON OC/IeI0BaTe/IbHOCTH AeHCTBUIL

Cl0BO «KOMIILIOTEP» TIOKA B HaIlleM IOBECTBOBAHMH HE HCIOJB30BAIOCH. TeM He
MeHee paHO WJIM NO3[HO OHO JOJIKHO 6bLI0 nosBUThCA. Haunem co ciosocoueranus
" «KOMITBIOTEPHOE MOJIEIPOBAHIE>, KOTOPOE BCe Yallle HCIOIb3YeTCsl B COOTBETCTBYIO-
uzeit iuteparype. Camo no cebe 3TO MOHSITHE BeCbMa HIMPOKOE, U KaK IbIi aBTOP TPAKTy-
€T ero mo-cBoeMy. BeTpeualoTcs, HapUMep, TaKue BHIPaXKEHUSI: <KOMITbIOTEPHOE MOJLE-
JIMPOBaHMe BEPXHEHN OfeXKIbl», «KOMIIBIOTEPHOE MOIETUPOBAaHME TPUYIECOK» U T. 1. B
CBSI3M C 9TUM €CTb HE0OXOLUMOCTb YTOYHUTD, YTO Ke Mbl OyZeM MOHUMATh HOJ ITHM
TepMuHOM. Tak BOT, B JAaHHOM CJIy4ae KOMAbIOMEPHOe MOOCIUPOCAHUE — 30 MAMEMA-
Mueckoe MoOeaUposanue ¢ UCNOAb308AHUEM Cpedcms soiuucaumensuou mexuuxu. CooT-
BETCTBEHHO, TEXHOJIOTHsI KOMNIBIOTEPHOTO MOJIe/TUPOBAH U IIPE/III0JIATaeT BhINOTHEHHE
CIIeNYIOINAX AEUCTBHI:

1) onpenenexue eI MOAEIUPOBAHNA;

2) paspaboTKa KOHLUENTYaJbHOH Moieny;

3) dopManuzanms MoLeny;

4) mporpaMMHas peasid3allusi MOJAeH,

5) nTaHuIpOBaHHie MOAEIBHBIX SKCTIEPHMEHTOB;

6) peanuzaius 1JaHa SKCIEPUMEHTE;

7) aHa/Ii3 ¥ NHTEPIIPETALHs Pe3YIBTATOB MOJENTMPOBAHMS.

Conep:xaHue TiepBHIX ABYX 3TANOB PAKTHYECKH He 3aBUCUT OT MaTEMaTHYECKOTO
METO/, TOJNOKEHHOTO B OCHOBY MOJIEIHPOBAHUS (M axke Ha060pOT — KX pe3ynsrar
onpezessier BLIOOP MeToa). A BOT Pean3alliisa OCTA/IBHBIX IECTH 3TAIOB CyIleCTBEHHO
pasnYaeTcs ANg KaKA0TO H3 IBYX OCHOBHBIX NTOJIXOJ0B K IIOCTPOEHUIO Mozei. MMe-
HVIOTCS 9TH IOIXO0/Ibl B Pa3HBIX KHUTAX II0-PA3HOMY, Mbl HCTIOIB3VEM /718 UX 0003HAYE-
HUS TEPMUHBI «QHATHTHYECKOEY U <IMHTALUOHHOE> MO/IETINPOBAHHE.

Ananumuvecxoe Mo0eaUPosanUe PEANOTATAET UCTIOIb30BAHHUE MATEMATHYECKOU
MOZENH peanbHOro 06bekTa B hopme anrebpandeckix, qubdepeHIMaTbHBIX, HHTETPATb-
HBIX H JIPYTHX YPaBHEHUH, CBSI3BIBAIOIIX BEIXO/JHbIE IEPEMEHHBIE C BXOAHBIMHU, OO
HEHHBIX cHcTeMoll orpaniyeHuii. [Ipu aToM npeanosaraercs HaauYHe OAHO3HAYHOHN
BBIYMCIUTEIbHOR IPOLe/LyPB! HOTYYeHNs TOUHOTO PEINeHUs YPABHeHUH.
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Ipu umumauuonnom Modeauposanuu NCNOIb3yeMas MaTeEMAaTHIECKAs MOJEIIb BOC-
TPOH3BOAUT JOTUKY ( <aNTOpUTM» ) PYHKUNOHVPOBAHMS UCCIEyEMOM CCTEMBI BO Bpe-
MeHH NpY PA3TUMHBIX COUYETaHUAX 3HaUeHNH TapaMeTPOB CUCTEMbI U BHELTHEH Cpe/bl.

IIpumepom npocreiineii aHAMTHYECKON MOJIENIH MOMKET CAYKUTh yXKe YTIOMUHAB-
Hreecsl ypaBHeHHeE NIPIMOIHHEHHOTO PABHOMEPHOTO ABMXKeHuA. 11pH ucciegoBanun Ta-
KOTO HPOLIECCa C TIOMOIIbIO MIMUTALIMOHHOM MOZEH JOJIKHO ObITh PeaTH30BaHOo HabIo-
JeHyie 3a U3MeHeHeM NIPOHAeHHOro TyTH ¢ TeYeHKUEM BPEMEHH.

OueBuzHO, B OOHUX CiyYasx 0ojiee NPEANOYTUTEBHBIM SBISETCS aHATUTHIECKOE
MOZETHPOBAHHE, B IPYIHX — UMUTAIKOHHOE (WX COYeTaHHe TOTO U APyroro). Utobs!
BBIOOP OB yAAUHBIM, HEOOXOAMMO OTBETHUTD Ha ABA BOIPOCA:

¢ ¢ KaKo# Le/IbI0 IPOBONUTCA MORETHPOBAHMUE;

® K KaKOMY KJIacCy MOXeT ObITb OTHECEHO MOAENIHUPYEMOe ABJIeHNeE.

OTBeTsl Ha 06a 3TH BOTIPOCA MOTYT OBITH MOMYYEHH! B XO/i€ BHINOJHEHUS ABYX TIep-
BHIX 3TAllOB MOJIE/IMPOBAHHUS.

Obuas nes» MOAEIMPOBAHUA B IpoLiecce PUHATHS peleHus 6suta copMynupo-
BaHa B pasnene 1.1 — aTo onpezenenre (pacyer) 3HAYeHHH BHIOPAHHOTO MOKA3aTeNsA
9 $HEKTUBHOCTH VIS Pa3/IMYHBIX CTPATeruii IPOBEIEHHS ONepaluy (UM BADUAHTOB
peain3aluy NpoeKTHpyeMoii cucteMsl). IIpu pa3paboTke KOHKPETHOH MOJEIH LETb
MOZ€ETPOBAHUA JOMKHA YTOYHATHCA C YI€TOM HCIOJIb3yeMoro Kpurepus 3¢ dekTus-
HocTH. [Iisi KpUTEPHs TIPUTOAHOCTH MOZIENb, KAK IIPABIJIO, I0JDKHA 0becredrnBaTh pac-
yer 3Hauenui [1D a5 Bcero MHOMXeECTBA ZOIYCTUMBIX cTpaTernit. I1pu Henoab3oBaHuu
KPUTEPHS ONITHMAJBHOCTH MOZE/Nb NOJIKHA TI03BONATH HENOCPEICTBEHHO ONPeAessaTh
HapaMeTpsl HCCIeRyeMOro 00BeKTa, AA0LNe 3KCTPeMaIbHOE 3HaYeHue [19.

Takum 06pa3oM, LeJb MOAENMPOBAHHS ONIPEAEISETCS KaK LeJIbI0 HCCIEAYEMO omte-
palMy, TaK U NIAHUPYEMBIM CIIOCOOOM MCIIONBE30BaHUS PE3YIBTaTOB HCCIEAOBAHUA.

~ Hanpumep, npobnemHast cutyauus, Tpebyiolas IpHHATHA pelieHus, GopMyIHpY-
eTcs creayomum obpa3oM: HaliTH BapHaHT MIOCTPOEHMS BRIYHCIUTENbHOMN CETH, KOTO-
phIit 067121271 661 MUHUMAIBHOM CTOUMOCTBIO TP COOTIOREHNH TPeGOBAHMIA TIO IIPOU3-
BOJUTEILHOCTH ¥ MO HAXEXKHOCTH. B 3TOM coryuae Helblo MOJENTUPOBAHUS SBISIETCS
OTBICKAaHME [IaPaMEeTPOB CETH, 00eCneYnBaOINX MHHIMAIbHOe 3HaveHue [13, B posu
KOTOPOTO BBICTYIIAET CTOUMOCTb.

3agaya Moxert ObITh chOPMYTHPOBaHa HHAYE: U3 HECKOIBKHX BADHAHTOB KOHDUIY-
paiyy BLIYUCIMTEIbHOM ceTH BoIOpaTh HanGoJiee Hafex s 3aech B Kadectse [13 BbI-
GupaeTcs OAMH U3 OKa3aTeNlel HAeXXHOCTH (CpeaHsisa HapaboTKa Ha OTKa3, BEPOSITHOCTb
6e30TKa3HOU PabOTH U T. A1), a IIEIBI0 MOIEJIMPOBAHUA SBJISIETCS CPABHUTEIBHAS OLIEH-
Ka BAPHMAHTOB CETH M0 3TOMY ITOKAa3aTeo.

TlpuBeaeHHBIE IPUMEDPDI TO3BOJISIOT HATOMHUTD O TOM, YTO CaM 110 cebe BbIGOp 1mo-
Kasatesnst 3G QexTUBHOCTH elie He ONpeRenseT «apXuTeKTypy» Oyayuiei Mozeny, no-
CKOJIBKY Ha 9TOM 3Tarle He c(hOopMY/THpPOBaHa ee KOHIETLUA, HJIH, KaK TOBOPAT, He OTpe-
JlesieHa KOHIleNTya/lbHasi MOZiesIb UCCAeAYeMOl CHCTEMBL.

Konyenmyanvnas (conepxarenbHas ) Modeas — 3T0 abCTpaKTHAs MOJie/Ib, OTIpeze-
JA0Mad CTPYKTYPY MOAENHPYeMOi CUCTeMBI, CBOHCTBA ee 3J1eMEeHTOB U NPHUYHUHHO-
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cJeNCTBEeHHDIE CBS3HU, IPUCYIUE CHCTEME U CYIECTBEHHBIE JJIs JOCTHKEHUS eIl MO-
AeTUPOBAHMUSA.

ITocTpoeHne KOHLENTYATbHON MOJIE/IN BKJIIOYAET CIeAYIOLINE 3TAIBL:

1) onpezneneHue TUIIA CUCTEMBI;

2) onucanue paboyell HATPY3KH;

3) ZeKOMIO3HIHIO CUCTEMEI.

Ha nepBoM aTane ocyiecTsasiercs c6op pakTHIeCKUX JaHHbIX (Ha OCHOBE paboTh
JIUTepaTypoil U TeXHNYECKOH JOKYMEHTalNel, TPOBeIeHA HaTyPHBIX 3KCIIEPHMEHTOB,
cbopa aKkcrepTHON NHGOPMAIIKH 1 T. 1), & TAKIKE BLIZBUKEHNE TUIIOTE3 OTHOCHUTENBHO
3HaueHU{ apaMeTPOB U TIEPEMEeHHBIX, [I/IsT KOTOPBIX OTCYTCTBYET BO3MOXKHOCTD MOJTY-
yeHns HakTHYEeCKUX AaHHBIX. Ecii nosyyeHHble pe3ysIbTaThl COOTBETCTBYIOT PUHIIH-
nam MHQOPMALMOHHOM J0CTATOYHOCTH U OCYLIECTBUMOCTH, TO OHU MOTYT CJIY>KUTH OC-
HOBOU /17151 OTHECEHUSI MOAENUPYEMOIT CCTEMBI K OHOMY M3 U3BECTHBIX THUTIOB (KJIACCOB).

Hau6oee BasxHbIE B 9TOM OTHOILIEHHMH KIACCU(bUKALMOHHBIE TIPU3HAKA TPUBEAEHBI
HUXKe.

OIHUM U3 HUX SIBJISIETCS MOWHOCMb MHONCECMEA COCMOAHUI MOIETUPYeMOH CHC-
TeMbl. [10 3TOMY npu3HaKy CHCTEMHI [IeJIAT Ha CTaTHUeckye 1 uHamuieckue. Cucrema
Ha3bIBAETCSA CTATHYECKOH, €CJIM MHOXKECTBO ee COCTOSHU COEPKUT OOWH aneMeHT. Ecn
COCTOSTHMIA GOJIBLIIE OHOTO, U OHY MOI'YT U3MEHSTHCS BO BDEMEHH, CUCTEMA HA3BIBAETCA
JVHAMHUYECKOH.

PaznuyaroT 1Ba OCHOBHBIX TUIA JUHAMUYECKUX CUCTEM:

® C TUCKPETHBIMH COCTOSHUAMH (MHOKECTBO COCTOSIHUI KOHEYHO HJTH CYETHO);

® C HellpepHIBHBIM MHOKECTBOM COCTOSIHUI.

B03MOXHBI CMeIIaHHEBIE CTyYau.

IMpoiiecc cMeHBI COCTOSIHUI HA3BIBAETCS QGUNCEHUEM CUCTEMDBL.

CMeHa COCTOSTHUN MOKET IIPOUCXOAUTH MO0 B (PUKCHPOBAHHBIE MOMEHTHI BPEMEHH,
MHO>ECTBO KOTOPBIX JUCKPETHO U 3apaHee ornpeaesieHo (HallpuMep, MOCTYIIEHHe HO-
BBIX NAPTHIl TOBapa Ha CKJIaxn), TMO0 HerpepsBHO (M3MeHeHHe KYPCOB BaioT B XO/le
ToproB). [Ipy 3TOM passuyaloT AeTepMUHUPOBAHHbIE CUCTEMBI M cToXacTHdeckue. B ne-
TEPMHHHPOBAHHBIX CUCTEMaX HOBOE COCTOSIHUE 3aBUCHT TOJIBKO OT BpEMEHH U TeKylite-
TO COCTOSIHHA cUCTeMBl. [IpyrMMu cjI0BaMU, eCJIH UMEIOTCA YCIIOBHs, ONpeAessIonye
TIepeXojl CUCTEeMBI B HOBOE COCTOSIHUE, TO /ISl JeTePMUHHPOBAHHOI CHCTEMbI MOXHO
OTHO3HAYHO yKa3aTh, B KAKOe HIMEHHO COCTOSTHHE OHA MepeHzIeT.

[ns cToxacTiueckoit cucteMbl MOXKHO YKa3aTh JIMIIb MHOXECTBO BO3MOXHBIX CO-
CTOSTHUH nepexo/ia H, B HEKOTOPBIX CIyYasX, BEPOATHOCTH Nlepexo/ia B KaKI0e U3 3TUX
COCTOSTHMIA.

PaccMmoTpennas cxeMa KIacCu(pUKAINKN CHCTEM BaXkHa He cama 1o cebe. Ha arane
Pa3paboTKU KOHIIENTYaNlbHOM MOJIE/N OHA, BO-TIEPBHIX, O3BOJIAET YTOYHUTD LIETH U 3a-
Nlauy MOJETHPOBAHMUS ¥, BO-BTOPBIX, 00/1€r4aeT nepexo K stany hopManti3allyu Mozie-
. KpoMme Toro, 3HaUHTENBHO MO3XKe, Ha 3Tare OLeHKH KauecTsa pa3paboTaHHOI Moje-
JIM, 3HaHUe KJIacCU(PUKAIIFOHHBIX IPU3HAKOB JaeT BO3MOKHOCTb OLIEHUTDb CTENEHb ee
COOTBETCTBHS MEPBOHAYATHLHOMY 3aMBICITY pa3paboTymKa.
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Heo6x0n1uMo 0TMETHTD, YTO PACCMOTPEHHBIE K1aCCH(DUKAITMOHHBIE IPU3HAKY [IPH-
MEHHMMBI U JUIA ONpeJesieHus THNa paspabaTriBaeMoil Mojesd. TIpyu 5TOM Hccaexnye-
Mas CUCTeMa U €€ MOJEeb MOr'yT OTHOCHUTCS KaK K OHOMY, TaK M K Pa3HbIM KJaccaM.
Hamnpumep, peanbHas cucTeMa MOXeT OBITH M0ABepPKeHa BO3IAEHCTBUIO CAyYaHHbBIX
(aKTOPOB M, COOTBETCTBEHHO, OYZET OTHOCHUTBCA K KJIACCY CTOXaCTUYECKHX CHCTEM.
Ecnu paspaboT4uk Mozesiv CYMTAET, YTO BAMAHNEM 3TUX DAKTOPOB MOXHO Npexed-
pedb, TO co3aBaeMasi MoJieib OYIeT peCTaBIsATh COOOH IeTEPMUHNPOBAHHYIO CHC-
TeMy. AHAJIOTHYHBIM 06Pa30M BO3MOXKHO OTOGPAKEHNE CHCTEMBI C HEPEPHIBHBIM Bpe-
MeHeM CMeHbI COCTOSAHUN B MOZEJIb C IUCKPETHBIMA IlepexoaMy M T. 1. Pazymeercs,
NPUHAJIEKHOCTh PEATbHON CUCTEMBI ¥ €€ MOJIENIH K OJJHOMY KJIACCY TOBOPHT O KOP-
PEKTHOCTU MOZEJIH, OXHAKO C TOYKH 3DEHUSI HHTEDECOB HCC/IeA0BaHNA TAKOe «3€PKab-
Hoe 0ToOpakeHue» JANEKO He BCET/a BJISIETCS M0/1e3HBIM (BCTIOMHUTE IIPUHIIMIT MHO-
xecrseHnocTu Mozeneit). [oapoGuee a1oT BOMpoC OYIET PAaCCMOTPEH 1pu 60CyKAeHN
aTana 1eKOMIMO3UIUN CHCTEMBL.

Iipu nccnegosanuy s ek TMBHOCTH ONIEpaiuy BeCbMa BaKHY10 POJIb UTPAeT KOp-
PeKTHOe oIicaHue yCJI0BHI ee MpoTekanus. Kak npasuso, oHo npescrasisieT coboit
repevyeHsb ¥ XapaKTePUCTUKH BHEITHAX (aKTOPOB, BO3AeHCTBYIOIUX Ha HCTIOJHUTEb-
HYIO IOACHCTeMY, ucnoJibayemyio JITIP ans noctuxenus unesneit onepauun. Ecau npu
CP2BHEHHUH Pa3JNYHBIX CTPATErni ApYyrie BUAK MaTePHAJIbHBIX PECYPCOB HE PACCMAT-
PHUBAIOTCA, TO 3ajlaya UCCIeN0BaHus 3¢ PeKTUBHOCTH OlIePALUH MOXKET ObITh chopmy-
JIMPOBaHa KaK 3aa4a OLeHKH 3¢ PeKTUBHOCTH UCIIOTHUTEIBHOH MOACUCTEMBI (MMEH-
HO B 3TOM CMBICJIE DaHee Hapsaay ¢ noHATHeM <«3(hObEeKTHBHOCTL ONepanuns
KCIO0JIb30BAJIOCHh HOHATHE <3((PEKTUBHOCTD CUCTEMBI» ). B 3TOM ciiydae BMecTo ycto-
BUi1 IPOBeleHN onepanun yAobHee paccMaTpuBaTh pabovuyio Harpy3Ky COOTBETCTBY-
1011e CUCTEMBI.

Urtak, pa6ouas nazpysxa — 5T0 COBOKYITHOCTb BHEUIHUX BO3IEHCTBHH, OKa3bIBaIO-
UIMX BIHstHYE Ha 3¢ eKTUBHOCTD IPUMEHEHHs JaHHOH CHCTEMbI B PaMKaX IPOBOAH-
MO ofepaluu.

Hanpumep, 1ycTh OLeHMBAETCS TPOU3BOAUTENBHOCTH GOPTOBOI BHIYUCIMTETBHON
cuctemst (BC) npu ynpas/ieHuM MoJIeTOM KOCMHYeCKOTO Kopabuia. B kavectse napa-
MeTpoB paboueit Harpysku Takoi BC nenecoobpasHo paccMaTpUBATh HOTOK MHGOP-
Mauuy, nogrexameit 06paboTke, 1 MOTOK OTKA30B, IPUBOISIIHUI K HAPYLUIEHHIO BbI-
YyHCAUTENbHOTO nponecca. OueHkyu npoussoanTeabHocTd BC 6yAyT UMETh CMBIC
TOJIBKO B TOM CJIyYae, €CJH U3BECTHO, /JIsk KaKOH pabodeil HArPY3KH OHHU NOJIYYEHDI.
ITO yTBEPXKAEHHE CIPABEAIHBO sl JI000H 3a1a4n IPUHATHA PELIEHNUs, K KAKOH OB
npeaMeTHON 06J1acTH OHA HU OTHOCHJIACh. Hesb3si TOBOPUTH O NMPOYHOCTH MOCTa, He
yKa3blBad, Ha KaKyl0 MaKCHMaJIbHYIO HAarpy3Ky OH PacCYMTaH; TOYHO TakK e HeKOp-
PEKTHO COOOIIATh MAKCHMATBHYIO CKOPOCTh aBTOMOOMJIS, HE YTOYHHUB, B KAKUX YCJIO-
BUsIX OHa OblyIa JOCTUTHYTA.

Onwcanne paboueil Harpy3Ku ABAAETCS He TOJDKO BAXKHOM, HO ¥ IOCTATOYHO CIIOXK-
Hol 3agaveil. OcoOeHHO B TeX CiydasX, KOT/a MPUXOAUTCS YYUTHIBATH BJIMAHUE CIIy-
qaitHbIX (GaKTOPOB, MM KOTZa pedb UAET 0 paboueil Harpy3ke NPOEKTUPYEMOIL TPUHITN-
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nUanbHO HOBOH clicTeMbl. B CBA3M ¢ 3TUM MHOTHE aBTOPbI BBOAST MOHATHE MOJEJHU pa-
6oyeit Harpy3KH, TOAYEPKUBAsi CONOCTABUMOCT YPOBHS CIOKHOCTH ONMCAHKSA COOCTBEH-
HO CHCTEMBI 1 ee paboueil HArpy3Ku.

Mozens paboueit Harpysku (PH) noskHa o61a1aTh Cle 1y oMMy OCHOBHBIMH CBOH-
CTBaMHU:

® COBMECTHMOCTBIO C MOZIEJIBIO CUCTEMEL;

® IPelCTaBUTENBHOCTHIO;

® YIIPaBIAEMOCTBIO;

® CHCTeMHO He3aBUCHMOCTBIO.

CBOICTBO cogMecmumocmu IpeAtoiaraeT, YT, BO-IIEPBHIX CTENeHb AeTaJN3allil
onucanua PH cooTBeTcTBYeT AeTanm3aliuy ONMCaHUsA CUCTEMBI; BO-BTOPBIX, Moaens PH
I0JiKHA OBITH CHOPMYINPOBAHA B TEX K€ KATErOPUAX MPEAMETHOM 061acTH, YTO U MO-
nesnb cucTeMsl. HammpriMep, ec/iu B MOZE/IN CHCTEMBI HCCIIEAYETCS MCIIOIb30BaHKE pe-
cypcos, T0 PH noskna 65iTh BeipakeHa B 3anpocax Ha Pecypes;

ITIpedcmasumenvrocme monenu PH onpenensercs ee cnoco6HOCTBIO afeKBaTHO
npeactasutb PH B cooTBeTCTBUY C NensiMu HccsefioBanust. [|pyruMu cI0BaMH, MOZEb
PH nomxna oTBevaTh LeJIAM Mcclef0BaHuA cuctembl. Hanpumep, ecny onennBaercs
HPOIYCKHAsI CIOCOBHOCTB, 10JPKHA BoIOMpaThes PH, «Hachimamomas» CUCTeMY.

Hon ynpasanemocmobro noHNMaeTCA BO3MOXHOCTh U3MEHEHHs [TaPaMETPOB MOJe-
s PH B HekoTOpOM A1anasoHe, ONpeaessieMOM LETSIME UCCIeA0BAHNUA.

Cucmemnan He3asucuMocms — 3T0 BO3MOXKHOCTH Ieperoca Mogenun PH ¢ oxuoit
CHCTEMBI Ha IPYTYIO C COXPaHEHHEM ee ITPeACTaBUTENLHOCTH. JlaHHOe CBOUCTBO Hanbo-
Jiee BASKHO TP pellieHHH 331a4 CPAaBHEHHS! PA3IUYHBIX CUCTEM KU Pa3IMYHbIX MOAM-
¢ukaumit oxHoi cucremul. Ecu Mozens PH saBucur ot xondurypauuu uccnexyemoit
CUCTEMBI UJIU IPYTHX €€ NaDaMeTPOB, TO UCIIOIb30BaHKE TAKOH MOJE/H [J1s pelieHNA
3a/1ay¥ BEIGOPA HEBO3MOKHO.

U HakoHell, 06paTHMCA K 3Tany, 3aBepLIAOIIEMY [IOCTPOEHKE KOHIIENTYaTbHON MO-
JIeJTH CUCTEMBI — ee TeKOMTIO3UIHN.

Hexomnozuyus cucmemot TIPONU3BOIUTCS UCXO/S M3 BHIOPAHHOTO YPOBHS AETANH-
3aI[H¥ MOZEJH, KOTOPBIH, B CBOIO OYepe/ib, ONpenessIeTcs TpeMs (haKTOPaMH:

* 11eJ15IM1 MOZETUPOBAHNUS;

® 06BEMOM anPUOPHOI MHGOPMAINH O CUCTEME;

® TpeGOBAHUAMU K TOYHOCTH ¥ JOCTOBEPHOCTHU PE3YJIBTATOB MO/E/TPOBAHMAL.

YpOBHH feTanH3aMK MHOT/IA HA3bIBAIOT CMPamamu, a Ipoltecc BeLIe/IeHUS YPOBHEH —
cmpamuduxayuei.

[leTanuzanys CHCTEMBI JOJBKHA TPOU3BOAUTHCS 0 TAKOTO YPOBHS, YTOOHI A KaX-
JIOT0 3JIeMeHTa ObUIN U3BECTHBL WK MOTJIM OBITh MOJIyYeHB 3aBUCHMOCTH €r0 BHIXOI-
HBIX XapaKTEPUCTHK OT BXOAHBIX BO3AEHCTBUH, CyNIeCTBEHHBIE C TOYKH 3peHHs BHIO-
paHHOTO NoKa3aTens 3P PeKTUBHOCTH.

TIoBbILIEHNE YPOBHS AETAIM3ALMK ONIMCAHUS CHCTEMBI T103B0JIAeT NoNyduTh bomee
TOYHYIO €€ MOZ[eJIb, HO YCJIOKHSET IIPOUECC MOIETHPOBAHUS U BeIeT K POCTY 3aTPaT Bpe-
MeHU Ha eT0 MpOoBeIeHHe.
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Hanpumep, eciin MOAETUPYETCSl JUCKPETHAS CUCTEMA, TO 60Jiee eTaTbHOE ee OIHCa-
HHe 03HaYaeT yBeJIYeHIe YHCIa Pa3IMIHbIX COCTOSHII CHCTEMbI, YYUTHIBAEMBIX B MO~
IEJTH, H, KaK CJIeCTBHE — HeU30exHbI pocT 06beMa BEIYHUCTEHIH.

TToaToMy npu BLIGOPE YPOBHSL ONIUCAHMS CUCTEMBI 11€/IECO00Pa3HO PYKOBOACTBOBATD-
Cs CIEAYIOUIMM TIPABHJIOM: B MOZEJIb ZI0JKHBI BOMTH BCe apameTphl, KOTophle obectie-
YUBAIOT ONpefeNieHe UHTEPECYIOWMX UCCIel0BaTeN s XapaKTePUCTHK CUCTEMBL Ha 3a-
JaHHOM BPeMeHHOM HHTepBale ee (GYHKILHUOHHPOBAHUS; OCTAJIbHbIE MapaMeTphl MO
BO3MOYKHOCTH CJIelyeT UCKIIOUUTD U3 MOZEITH.

TIpy NIMUTALMOHHOM MOZETUPOBAHUH [IJIs1 GLIEHKH BHIODAHHOTO YPOBHS I€TAIN3a-
L[MF MOKHO HCHOJIb30BATh CIeLHaNbHbIEe KPUTEPHH.

IlepBb1it U3 HAX — OTHOLIEHNE PEANLHOIO BpeMeHH QYHKIIMOHHPOBAHUSI CUCTEMBI K
BpeMeHH MO IEPOBaHuA (T. €. K 3aTpaTaM MallMHHOTO BpeMeHH, HEOOXOMMOTO Ha 11po-
BeJleHHe MOJIEJIbHOTO 3KcnepuMenTa). Hanpumep, ectv IpU OAHUX U TeX e MOAX0NaX K
NPOrpaMMHO# pean3aluy MOAEN MO/IeIMPOBaHUe OIHOTO Yaca PabOThI CHCTEMBI TPE-
OyeT B OAHOM ciiy4ae 3 MUHYTBI MAIUMHHOTO BDEMEHH, a B ApyroM — 10 MUHYT, TO BO
BTOPOM CJIydae CTeleHb AeTaTU3aluy Onucasns Boie (cooTHomeHue 3:10).

Bropoii KpuTepuii — paspeniamoias cnocoOHOCTb MOJEH, B TOM YHCIIE:

paspeuiaoias CloCoGHOCTD 710 6pemeHu — MOXeET ObITb ONpeseieHa KaK KpaTdaii-
WK MHTEPBAI MOJENILHOTO BPEMEHU MEXY COCEHUMU COORITUAMY;

paspelIaoias CHOCOOHOCTD 710 uHGopmayuu — HauMeHblas HIeHTUDUIMpyeMast
nopuusi ”HGOPMAIUH, IPeACTaBIMas B MOZEH (7151 BBIYUCANTEIbHBIX CUCTEM, HallpH-
Mep, TAKUMH TIOPLUAMHE MOTYT OBITh CJIOBO, CTPAHUIA, IPOTPAMMa, 3a1aHKe).

Tperul KpUTEPHI — YHCNIO PA3JIUYHBIX MOJENHPYEMBIX COCTOSIHHH CHUCTEMBI (MIIH
THUIIOB COOBITHI).

J1J151 TeX KOMIIOHEHTOB, OTHOCHUTEIBHO KOTOPBIX U3BECTHO HUJIH IIPEAII0IaraeTcs, 4To
OHY CHJIbHEE BJIUAIOT HA TOYHOCTD PE3YIIETATOB, CTEEHb IETAIBHOCTH MOKET OBITh BHILIE
IpYTHX.

HeobxonumMo OTMETUTS, YTO C YBETHYEHHEM AETAIbHOCTH BO3PACTAET YCTONYHBOCTD
MOJI€JIH, HO BO3PACTAIOT M 3aTPAThl MANIMHHOIO BpEMeHM Ha NPOBeieHUe MOAEIbHOTO
SKCIEepUMEHTa.



IJIABA 2
OCHOBbBI TEXHOJIOTNHU
NMUTAITMOHHOTO MOJAEJINPOBAHUS

— 51 B3MaxIty pyKkoii u 3akpuyy: «A-a-a». Kak Tonbko
Bbl YBUAMTE MO€ MaXalue... TO eCTh Mallelyc... Cpa3y
IIyCKajiTe BOT 9TOT CTapUHHbIA cekyHaoMep. Bel yBu-
AMTe, uTo «A-a-a» Oy/IeT JIETETh 10 BAC POBHO TPH ce-

Kynzasl. U Te, KoTopbie He BepsT, cpasy NoBepsT.
3. Yenencxuii

21. TIOHATUE CTATUCTUYECKOI'O OSKCIIEPUMEHTA

ConepxaHnue npefbiIyieid [JIaBbl MOXKHO, 110 GOJIbLIOMY CYETY, yMECTUTD B OIXHOM
(dpase; YTOOBI CPABHUTD Pa3NUYHbIE PELIEHNS MEXAY COOOH, HX TPeOYeTCs «M3MEPUTh>,
. a caMbIM yAOOHBIM U3BMEPUTEIBHBIM HHCTPYMEHTOM SIBJISIETCS MaTEMaTHYECKOE MOJe-
nuposanue. Kakyio posib B 3TOM NPOLECCE HIPAET IKCIEPUMEHT?

Korzia BB mmocte n0THOTO 06ea BCTaeTe Ha BEChl, YTOOBI MPOBEPUTH BO3HUKIIIEE
[OJ03PEHHE ~~ TO IKCTIEPUMEHT, HO KOT[a PeYb UAET O TPOBEAEHUH PACYETOB Ha aHAIH-
THYECKOH MOJIENH, CJIOBO <IKCIIEPUMEHT IPEACTABIISIETCS He BIOIHE HOAXoAsmuM. Jeit-
CTBUTENILHO, TPYAHO HA3BaTh HKCIIEPUMEHTOM HPOLIEAYPY, B X0/l KOTOPOH pa3 3a pa3oM
6y/eT MOMyYaThCsl OMIUH U TOT JKe PE3YJIETAT, CKOJIBKO OBl e HU TIOBTOPSLIIL.

O KaKoM e 3KCIIepUMEHTE HAeT pedb?

Peus uzeT 06 oueHKe 3¢ HeKTUBHOCTH CHCTEMBL € TIOMOILBIC UMUTAITHOHHOTOMOJIEe-
JMpoBanus. B JaHHOM c1yyae CMBICI TEDMHHA B OJHOM MEPE COOTBETCTBYET NPOUCXO0-
JAIIEMY, IOCKOJIbKY MIMUTAIIMOHHOE MOIEIMPOBaHUe NIpeCTaBIseT coboil HabmoaeH e
TI0Be/ICHHsI MOZIE/I CHCTEMBI IO BJUSTHHEM BXOAHBIX BO3eHcTBUM. IIpu 9TOM yacTb u3
HUX (a MOXeT ObiTh, U BCe) HOCAT ci1ydaiiHblif XapakTep. B pesynbrare Takoro Habmione-
HHS MCCIIE0BATENb IOTyYaeT Habop 9KCIIEPUMEHTAbHBIX TaHHBIX, Ha OCHOBE KOTOPBIX
MOTYT OBITh OlIEHEHb! XAPAKTEPUCTHKH CHCTEMBL.

OueBUIHO, YTO AHATHTHIECKHE MOIETTH /1S IPOBENEHHUS MIMHTAIMOHHOTO 3KCIIEPH-
MEHTa He TOAATCA, ¥ 3/1eCh HyKHa CTIEIIHATbHAS «<MMUTAIIOHHAS» MOJEIb.

Takas MOZIe/Ib JOJI)KHA OTBEYATh ABYM OCHOBHBIM TPeGOBAHMSAM:

® BO-TIEPBbIX, OTPAKATH JIOTHIKY (YHKIMOHUPOBAHMS HICCIIEAYEMOIT CHICTEMbI BO BDEMEHH;

® BO-BTOPBIX, 00ECTIEYMBATH BO3MOKHOCTD IPOBEIEHHS CTATHCTUYECKOTO SKCIIEPUMEHTa.

MeTob OMHCAHUA B MOJEH JIOTHKY (DY HKIHOHUPOBAHMS CUCTEMBI OYAYT PacCMOT-
PEHbI HEMHOTO THO3KE.

Celiuac OCTaHOBHMCs Ha MOHATHH «CTATHCTUYECKUI IKCIIEPUMEHT>.
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B ero ocHOBe JIE3KNUT METO CTATUCTUYECKHX UcnbITaHul (MeTox MouTte-Kapio). Cyts
€T'0 COCTOUT B TOM, UTO PE3YJILTAT HCIIBITAaHUS CTaBUTCS B 3aBUCUMOCTD OT 3Ha4eHUs HeKO-
Topo# cayyaiHoi BennuuHel (CB), pacripenesieHHoi 1o 3agannoMy 3akony. Ilostomy pe-
3YJIBTAT KQXKIOr0O OTAE/IbHOTO UCIIBITAHUS TAKXKe HOCHUT CIIy4alHBIH XapaKTep.

IIpoBens ceprio UCTIBITAHU, TONYYAIOT MHOXKECTBO YACTHBIX 3HaUeHUH Habonae-
'MOM XapakTepucThKy (TO ecTh BRIOOPKY ). [TonydeHnbie CTaTHCTHYeCKHE anHbie 06pa-
5aTHIBAIOTCA U TIPEACTABIISIOTCS B BUE COOTBETCTBYIOLIUX YHCIEHHBIX OLEHOK HHTEpE-
CYIOIMX MCCIEOBATENA BEJIMYUH (XapaKTEPUCTHK CUCTEMD).

TeopeTnueckoil 0CHOBOH MeTOa CTATUCTHUYECKUX UCIBITAHUN SBJIAIOTCS NpeaesbHbIe
TeopeMbl TeOPUH BepoATHOCTEH (Teopema Yebbiiesa, Teopema Bepiyiu, Teopema Ilyac-
cona). [lpuanunuanbHOe 3HaUYCHME TIPe/IesIbHBIX TEOPEM COCTOUT B TOM, YTO OHY FapaHTH-
DYIOT BBICOKOE Ka4€CTBO CTATHCTUMECKUX OLIEHOK IIPK BeChMa GOIBIIOM YHC/IE NCTIBITAHMA.

BasxHo 0TMETHTB, YTO METO/ CTATUCTHUECKHX UCTILITAHNI NIPUMEHUM I UCCe0-
BaHM KdK CTOXAaCTUYECKUX, TAK 1 IeTePMUHUPOBAHHBIX CHCTEM.

Eule onHOM BaxHON 0COGEHHOCTHIO JAHHOIO METO/IA SIBAETCS TO, YTO ero Peaau3a-
M IIPAKTHYECKH HEBO3MOXHa Oe3 ncnonnsosanus IBM, uny, kak Tenepns npunaro
TOBOPHUTH, KOMITBIOTEPA.

B kavyecTBe WLTIOCTPAllK K M3JIOKEHHOMY PACCMOTPUM IIPHMEHEHUE MeTO/Ia CTaTU-
CTUYECKMX MCTIBITanuM 7IA BEIMICIIEHYS TJIONIafK KPYTa 3afaHHoTO paanyca. Jarnas
3a/1aya ABHO OTHOCHTCA K KJIACCY AETEPMUHMPOBAHHKIX, TOCKOJBKY BEChMa CJIOKHO TIpefl-
cTaBuTh cebe ciayyaiiHbie (GaKTOPHI; HOM BAMAHMEM KOTOPBIX IIOaAb HEIOABHKHOH
reoMeTpuuecKoi GUrypsi Moria 6nl mamensaThesa. VI TeM He Mehee...

TlycTs Kpyr MMeeT paiiyc r=>5, U €10 IIEHTP HaXOAUTCA B TOUKeE ¢ koopAnHaTamu (1, 2).
YpaBHeHHe COOTBETCTBYIONIE OKPYKHOCTH UMEET BUJL

(x—1)? + (y~2)? = 25,

st pemenna 3anadu MerogoM Monte-Kapno BnuireM Kpyr B kBanpaT. Ero BepinnHb
GynyT umets koopauHathl (—4,-3), (6,-3), (-4,7) u (6,7). JIiobast Touka BHYTpH KBajipaTa
W7 Ha ero rpaHulie A0JKHA yIOBJAETBODATh HePaBeHCTBaM —4 <x <6u-3<y <7,

[1pu petteHuH JaHHOH 3a1a4K €CTECTBEHHO HCXOAUTD U3 TOTO, YTO BCE TOUKU B 3TOM
KBaJIpaTe MOI'YT MOSIBISATLCS C ONUHAKOBOI BEPOATHOCTHIO, TO €CTh X U if PACIIPENEIEH B
PABHOMEDHO C IJIOTHOCTAMHU BEPOSTHOCTH

1/10 mns1 -4 <x<6
) =

(0 B IpOTUBHOM cJIy4ae;

1/10 ina -3<y <7
@) =

(0 B IpOTHBHOM ciIy4Yae.

[IpoBens HEKOTOPOE KOANUECTBO UCTIBITAHMH (TO eCTh IOJNYYIB MHOXKECTBO CAy4aii-
HBIX TOYeK, IPUHAAAEKALIMX KBA/PATY ), HOACYUTAEM YHCAO0 TOYEK, TONABLUINX BHYTPD
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KpyTa MJIM Ha OKPYKHOCTh. Ecsin BEIGOPKA COCTOUT U3 # HaGNIOAEHUH U m U3 N TOYeK
[OIATH BHYTPb KPyTa UM Ha OKPYKHOCTb, TO OLIEHKY IJION[AAM KPYTra MOKHO TIOJy-
YUTh U3 COOTHOIIEHUSA

Skp = SxB - m/n =100 -m/n.

B Tabsie npuseseHsl OleHKH SKp, HOTYYEHHBIE /Ui Pa3HbIX 3HAYEHHH N, pUYeM
JUIS1 KQXK/IOTO Nl BRITIOJIHAJIOCH 3 IIPOTOHOB (TOYHOE 3HavYeHne Skp = 78,54 cm):

Tabauna 2.1
PeayabraThl O11eHKH TIJIOMAJH KPyTa METOIOM CTaTUYeCKHX MCIbITaHWH
Ouenxy mwomanu kpyra (Skp)
“I:zr::a Yuciio ucnbitanuii (n)
100 200 1000 5000 10000
1 78 795 77 795 77
2 70 77 78 188 788
3 81 773 802 795 798
4 70 7912 129 7822 786
5 79 7172 7776 79 7826
Cpennee 756 03 7877 7823 7888
Jucnepcus 273 7863 7821 78544 01

TIporoHst OTMYAIOTCSA APYT OT APYTa NOCAE0BATENLHOCTAMH CYYallHbIX YHCE, U3
KOTOPBIX (POPMHPOBATHCH KOOPAHHATHI TOYEK.

Ha ocHOBaHMH TOJIyYEHHBIX PE3YJIBTATOB MOI'YT ObITH CAE/aHbl BHIBOIbI, KOTOPHIE
CNIpaBe/IIMBLI 47151 TI060T0 MIMUTALMOHHOTO SKCIIEPHMEHTA HE3aBUCHMO OT (PU3HIECKOM
TIPUPOIBI U THITA MOZETMPYEMOI CHCTEMBI:

e Kasaniii MPOTOH MOJENH MOKHO PAaCcCMaTPUBATEL KaK O/THO HaOMOeH e B IPOBO-
JINIMOM 9KCTIEPAMEHTE Ha MOAEJIH.

¢ C yBesnueHHeM IPOAOKUTENBHOCTH IPOTOHa (TO €CTh TPOAOIKUTEIbHOCTH Ha-
Os1I01e RS ) OTKJIOHEHHE U3MepsieMOi BEJIMYHHBI OT ee TOYHOTO 3HAYEHUS YMEHbIIaeT-
cs, TIOCKO/IbKY HabmojaeMas CHCTEMA ITEPEXOAUT B CTallIOHAPHOE COCTOSIHUE.

¢ BinsiHue NepexoHBIX YCJIOBHHI MOKHO YMEHBIIUTD, €CTH YBETUYUTh KOJHYECTBO
IPOTOHOB MOJE/H (TO €CTh KOJHYECTBO DKCIIEPUMEHTOR ).

¢ CyuecTByeT npezes, 3a KOTOPBIM YBeJIHUYEHHE IIPOAOJDKUTENLHOCTH IIPOTrOHA
MOJEJIH yKe He [[aeT CYHIeCTBEHHOTO NOBIIIEHNA TOUHOCTH Pe3yJIbTaTa, U3MePAeMO
IUCTIepcueil.

OcHoBHas lieJIb PAaCCMOTPEHHOIO NpHMepa — NPUBJIeYb BHHMAHHE K TOMY (akry,
YTO MMUTAIIMOHHOE MO/IEJIPOBaHYE He OTPaHNYNBALTCs Pa3paboTKOM MOIe Ty 1 Hany-
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CaHHEM COOTBETCTBYIOLIEH TIPOTPAMMEI, a TPeOYET IIOArOTOBKY Y POBEXEHMS CTATHC-
THYECKOTO KCIepuMeHTa. B CBA3M ¢ 3TUM pe3yssTaThl HMHUTALHOHHOTO MOIENUPOBa-
HUS CIIeAYET PACCMATPUBaTh Kak 9KCIIEPUMEHTAIbHbIE JaHHbIE, TPEOYIOIIME ClIeNnaIb-
HOI1 06paboTku U aHanu3a. B yactaocTH, A/ 1I060r0 MOZIENBHOTO 3KCIEPHMEHTA
HeoOX0AMMO OTBETHUTD HA CJIeAYIOIIHE BOIPOCHL:

1. KakoBa nosmkHa 6bITh TPOXOIKUTENLHOCT IPOTOHA U151 JOCTHKEHUS CTALUOHAP-
HBIX YC/IOBHH?

2. Kak oy 4uTh cTaTUCTUYECKY He3aBHCUMBble HAOMIOeH A ?

3. Ckosbko HabmogeHni HeobxoauMo 1ist obecreyeHus TpeGyeMoit TOYHOCTH?

OTBeTH Ha 3TU BOIPOCH! OYAYT AaHbl B HOCAEAYIOMMX Pasaesax.

2.2. OBJIACTb TIPUMEHEHUS U KJIACCUDUKALIS
VIMUTALIMOHHBIX MOJETEN

Jlo cux mop peys HuIa 0 TOM, YTO MOAENHPOBAHKE MOXKHO CYMTATh OCHOBHBIM HHCT-
PYMEHTOM, 00€eCIIeYHBAICIIIUM TIPHHSITHE CBOEBPEMEHHDIX ¥ OOOCHOBAHHBIX PELICHHH.
Tem He MeHee OCHOBHOM TeMO# KHUI'H ABJIAETCS He CTOJIbKO caM IIPOLIECC IPUHATHUA Pe-
1IEHHUH, CKOJIBKO TEXHOJIOTHS IPUMEHEHHs IMUTAIIMOHHOTO MOJCTHPOBAHMS B PA3/IHY-
HBIX 061aCTSAX Ye/I0BevecKOH AesTeNbHOCTH, [109TOMY TIPHIILIO BPEMS HECKOIBKO pac-
UIUPUTH KPYT 00CYKAaeMBIX BOITPOCOB 1 IOTOBOPUTB O TOM, YTO K€ NPeCTaBIIsteT coboit
[IOJIHOLIEHHAS UMUTALMOHHAS MOJe/Ib U B KAKUX CJIy9asX OHA MOXKET OKa3aThCs AeH-
CTBUTEJIbHO TIOJIE3HOM.

HaureM c Toro, 4ro nomnbITaeMcs chopMyIUpOBaTh OCHOBHbBIE XaPAKTEPHBIE YEPTH
Halllel «TEPOMHN».

Hmumayuonnan modenv (IM) — sto ¢popmanbHOe (TO €CTh BHIIOIHEHHOE Ha He-
KOTOPOM (hOPMAIILHOM sI3bIKe) OIMCaHuUe JOTMKH (QYHKIHOHUPOBAHUS HCCIEAYEMOH CH-
CTeMBI ¥ B3aUMO/IEHCTBHSA OT/E/IbHbIX €€ 2JIeMEHTOB BO BpeMEHH, y4HUThIBalonIee Hanbo-
Jlee CYI[eCTBEHHble NPUYMHHO-CJHEJCTBEHHBIE CBSI3W, NPUCYLUIHE CHCTEMe, U
obecneynBamllee NpoBeeHNE CTATHCTHIECKHX 9KCIIEPUMEHTOB.

IIpu paszpaborke VIM ocTaioTcst cipaBe/INBHIME OCHOBHbIE TIPHHIIUIIBI MOJETUPO-
BaHMs, pACCMOTPeHHbIe B paszene 1.4.

B kavecTBe CIeACTBUA M3 3TOTO YTBEPKACHUS HEOOXOAUMO OTMETHTD [Ba BaXKHBIX
00CTOATENBCTBA:

1) B3aMMOCBs3b MeX Y OTACTBHBIMH 2JIEMEHTAME CUCTEMbI, OIIMCAaHHBIMU B MO-
IeJiu, a TAK)Ke MeXKAY HEKOTOPBIMH BEINYHHAMY (TIapaMeTpaMu ) MOXKeT ObITh Ipes-
CTaBJIeHA B BUJie aHAMTUTHUYECKHUX 3aBUCHMOCTeH (HanpuMmep, IPU MOJEIHPOBaHHU
ToJIeTa yIpaBIsieMoii pakeThbl 0TpaboTKa MOCTYNAnmKX Ha GOPT KOMaHA MOXKeT ObITh
OMICaHA Ha YPOBHE JIOTHKH, 2 BO3HUKAIONIE NePErpy3KU PACCYHTHIBAIOTCS aHAIH-
THYECKH); :
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2) MOfteJ1b MOXKHO CYMTATh PEATI3YEMOI 1 IMEIONIeH NIPaKTUYECKYIO LIEHHOCTD TOJIbKO
B TOM CJIydae, eCI B Hell OTpakeHbl JINIIb Te CBOMCTBA PeabHOR CUCTEMBI, KOTOpbIE
BJKSAIOT Ha 3HaYeHUe BHIOPAHHOTO NoKa3aTess 3¢ eKTUBHOCTH.

Kax 6b110 oTMeueHo Boiuie, 1 UM npakTHuecku oTCyTCTBYIOT OrpaHMYeHMs Ha
0651acTb UX IpUMeHeHUs (110 THUILY MOZIEJIUPYEMO CHCTEMBI ), M PEYb MOKET MATH TOJIb-
KO O 11e71eco00pa3HOCTH HCTob30Banusa UM B nanHoO#M npeaMeTHOM 061acTH 1 06 06be-
Me TPy/03aTpaT Ha ee pa3paboTKy.

ITockonbKy OCHOBOM UMHTALMOHHOIO MOJIETMPOBAHUS SBJISETCS METOJ CTATUCTH-
YeCKUX UCTIbITAaHH, HanbonbLinii 3 PeKT OT ero npUMeHeHUs TOCTUTAETCS IPH UCCIe-
JOBaHMH CTIOXKHBIX CHCTEM, Ha (PYHKIIMOHHPOBAHHUE KOTOPBIX Cy].ueCTBeHHOC BJIMAHME
OKa3bIBaIOT CJIy4aiiHble GaKTOPHL.

IIpumeHeHye IMHTALIMOHHOTO MOAETHPOBAHUS LIE7IECO0OPA3HO TAKIKE B CICAYIOIUX
CIIyYasx:

1) ec1n He cylecTBYeT 3aKOHUEHHOH NTOCTAHOBKY 33Aa4M Ha MCCIIeOBAaHUE U HAET
IpOLIECC NO3HAHNUS 00bEKTa MOAETNPOBAHHS;

2) ecny XxapakTep IPOTEKAOLINX B CHCTEME IIPOLIECCOB HE NO3BOJISAET OTIHCATE 5TH
IIPOLIECCH B AaHATTUTHYECKOI (opMe;

3) ecnu Heobx0A¥MO HaGTIOAATD 32 IOBEAEHUEM CHCTEMBI (M/IH OT/IEJIbHBIX €€ KOM~
TIOHEHTOB) B TeYeHUE OIPefleJIeHHOTO IIEPU0/Ia, B TOM YKCe ¢ HI3MEHeHHeM CKOPOCTH ;
IPOTEKaHUsA POLIECCOB;

4) Tipy U3y4eHNH HOBBIX CHTYauuil B cucreMe 1ubo [ipu oueHke (byHKHPIOHHpOBaHM“
€€ B HOBBIX YCJIOBHSIX;

5) eciu uccneryeMasi CUCTEMa SIBAETCA 37eMEHTOM oJ1ee CII0KHON CHCTEMBI, npy-
TUe 3JIEeMEHTHI KOTOPOH MMEIOT PealbHOe BOMJIOIeHHE; e

6) xoraa HeoOXOAMMO HCC/IEA0BATD NIOBEIEHUE CHCTEMBI ITPY BBEICHUH B Hee HOBME
KOMIIOHEHTOB;

7) 1pH NOATrOTOBKE CIeLlHaIMCTOB U OCBOEHUH HOBOW TEXHHUKH (B KauyecTBe rpe-a
HaXkepoB). gt T

ITpuBeneHHbI! CNIUCOK BO3MOXKHDBIX 06/1aCTef NPUMEHEHHA HMUTAIIOHHBIX MU# -
neneil (KOTOPHI OZHOBPEMEHHO MOXHO PaCCMaTPUBATh M KakK [lepeyeHb UX AOCTHH
WHCTB) HEBOJIbHO BBI3BIBAET BONPOC: A 3a4€M XKe B TAKOM CJIyYae Hy>XHbl OCTaAk:
Hble BUAB Mozeneil? K coxaleHHo, MMATATUOHHbIE MOJENIH UMEIOT UeJibii: paR
HeZocTaTKoB. [1epBblif, M BecbMa CyHIECTBEHHbII, 3aKII0Ya€TCA B TOM; YTO pagpa-
6oTka IM, xax npasuio, Tpebyer 60bUINX 3aTPaT BpeMeHH i cui1. Kpome 1080,
M06ast UMUTAIIMOHHAS MO/Eb CIOXHOM CHCTeMBI 3HAYHTETbHO MeHee «0OheKTiS-
Ha», 4eM aHaTUTHIECKasi MOJEb, TIOCKOIbKY OHA NIPEsK/Ae BCEro OTpaKaeT CyOuem-
THUBHBIE IPEACTABIEHNs Pa3paboTunKa 0 MOAeAHPYeMOi cucTeme. [Tpudem Ousaer
JAOCTATOYHO CJIOXKHO KaK ONMPOBEPTHYTH, TaK H 000CHOBATH aleKBATHOCTh COMZAH-
soit UM, ocobeHHo ecnu peyb MAET O TPOEKTUPYEMOM cucTeme. VI, HaKOHEH,; e
OIHO 06CTOATENBCTBO. Pe3ynbTaThl UMUTAIMOHHOTO MOAEAHPOBAHNS, Kak H-ApH
11060M YHUCIEHHOM METOJie, BCerja HOCST YacTHHIH Xxapakrep. [[ins oy deHHR 060
CHOBaHHBIX BHIBOZOB HEOOXOAMMO IPOBEIeHNE CEPUN MOJIEIbHbIX IKCIIEPHMEHTOB:
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a 06paboTka pe3yabTaToB TpedyeT MPUMEHEHUs CIENHaJbHBIX CTATHCTHYECKUX
npouenyp.

Kaxum sxe 06pazoM MOKHO [IPEOIOJIETh YKa3aHHble HEOCTaTKK ?

Bo-nepBsix, COBpeMeHHOE COCTOSTHUE BLIUUCIUTENLHON TEXHUKU U €€ TPOTPAMMHO-
ro obecrieyeHns TO3BOJIAJI0 BOOPYHKHTD «MOJIeIbepOB» TAKHMH MOIIHBIMA HHCTPYMEH-
TaJbHBIMH CPENCTBAMH MOAEMUPOBaHUs (K KOTOPBIM, B YACTHOCTU, OTHOCHTCS ITaKet
MATLAB), yTo 110 Mepe HAaKOILJIEH!s! ONbITA B UX MCIOJAb30BAHUH BO3MOKHDIE TPYAO-
3aTpaThl «CTPEMATCS K HYJIIO»; TO K€ CaMoe MOKHO CKa3aTh O CPe/ICTBaX CTaTUCTHYEC-
KOTO aHaJ/IM3a. 11 BU3YATU3AI[HH MOJYyUeHHBIX Pe3yJIbTaTOB.

Bo-BTOpBIX, «06BEKTHBHOCTH> CO3/IABAEMOI MO/IETH MOKeET ObITh 0beceueHa B TOM

-CJlydae, KOTZa pa3paboTuHK ACHO NpeacTaBiisier cebe, Kakie HMEHHO XapaKTepUCTHKH
HCCIIEyEMOM CUCTEMBI €70 MHTEPECYIOT: IVINTE IbHOCTH BBLIIOIHEHIS ONPe/iesieHHbIX OTie-
panuii, BeposiTHOCTD IEPEX0/la CUCTEMbI B HEKOTOPOE COCTOSIHEE, BO3MOKHOCTD KOH(p-
JIMKTA MeXAY OTAEJbHBIMH MOACUCTEMAaMH | T.1. /€10 B TOM, YTO /11 KOXKJOr0 BapuaH-
Ta NIOCTAHOBKH 33/[a41 MCCIEI0BAHMS MOKET OBbITh BRIOPAHa COOTBETCTBYIOMIAs CXeMa
HOCTPOEHMSA MOJIEIH.

B 5TOM OTHOLIIEHHY 3HAHHE CYHIECTBYIOIHX CXeM OCTPOEHUS UMATAIIMOHHBIX MO-
Zesieil iB/geTCA BeChbMa [I0Ie3HbIM.

HauGosee BaxHblii NpU3HaKk — cnoco6 npedcmasnenus 6 modeau ounamuxu (0su-
scenus) cucmemsv. OHa MokeT OLITH OIHCAHA TTOCPEACTBOM CODBITHI, paboT (aKTHBHo-
CTeil), IPOLIeCCOB U TPAH3aKTOB. .

Jlpyro¥i BaxHbIH IPU3HAK — CROCO6 UMeHEeHUA MOOENbH020 8pemenu. 110 sToMy
MPU3HAKY PA3IMYAIOT MOJIe/IMPOBAHHE C [IOCTOAHHBIM IIarOM H MOJe/THPOBaHHeE 110 0CO-
OBIM COCTOSTHHSM.

Bce aTH NOHSTHSA SBASIOTCS OCHOBOIOATAIONIUME B TEOPUH UMUTAIIHOHHOIO MOJe-
JIAPOBAHUA, U UX JOCTATOMHO TOAPOOHOMY TOIKOBAHIIO MOCBSIIEHD! COOTBETCTBYIOUME
paszesnsl KHUTH.

B GonpIIMHCTBE CIyYaeB KOHEUHOH [{ETBI0 MOAETHPOBAHMS SIBJISETCS OIITUMU3AINA
TeX WM HHBIX NapaMeTpoB cucreMsl. OIHaKO, Kak Gb110 OTMEUEHO BbILIE, IOTEHITHAIb-
HbIE BO3MOKHOCTH HMHTAIIMOHHOTO MOJIETHPOBaHUs CYLIeCTBeHHO mupe. B 3aBucumo-
CTH OT 9TAlNa Y HA3HAYEHUS MPOBOJHMBIX HCCIENOBAHUH IPUMEHSETCS OMUH U3 TPex
HanOoee PaCIpOCTPAHEHHBIX BUAOB HMUTAIIIOHHBIX IKCIIEDHMEHTOB;

1) rceenoBatiie OTHOCHTENBHOTO BIMSIHS PA3inyHbIX (PaKTOPOB Ha 3HAYEH IS BBl
XOAHBIX XapaKTEePHCTHK CUCTEMDI; '

2) HaXOXKAEeHUE AHATUTHYECKOIT 3aBICUMOCTH MKy HHTEPEeCYIOUIMMH HCCTeR0Ba-
TeJIsl BHIXOJHBIMH XapaKTePHCTHKaMH H haKkToOpaMu;

3) oTbICKaHIMe ONTUMAJIbHBIX 3HAUCHHUH MapaMeTPOB CHCTeMBI (TaK Ha3bIBAEMBIH «9K-
CTpeMabHbIH 9KCTIEPHMEHT» ).

Bun sKcnepuMeHTa BAUSIET HE TOAbKO Ha BIOOD CXeMBI ee (HDOPMATH3AI[HH, HO TAKKE
Ha [I0CTPOEHHE IJIaHa IKCIIEPUMEHTA 1 BBIGOP MeToa 06paboTKY €10 PesyIbTaToB.

C To4KM 3peHIs OPraHu3allii B3AaUMOEHCTBHS MCCIeJOBATENS C MOJENBIO B X01€
akcniepuMenTa UM fensTcs Ha aBTOMaTHYeCKHe U JUA/IOTOBhIE.
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Aemomamurecxumu HaszpiBaoTcs YIM, B3anuMoielicTBHE NOMB30BATENS C KOTOPbI-
MU CBOAMTCS TOJIBKO K BBOLY UCXOZHOU HH(PODPMALIMH 1 YITPABIAEHUIO HAYaJIOM U OKOH-
yagueM paboThl Moze/iel.

JMuanozoesvimu HaspiBaioTcs MM, no3Bossole UCCASTOBATENIC aKTUBHO ynpaB-
JIATb XO/IOM MOJIEJTUPOBAHMUSI.

23. OIIMCAHUE ITIOBEJEHNA CUCTEMbI

Onuncanye TUHAMUKY CUCTEMBI, WJIH, TIPOLLE TOBOPS, e MOBEAEHNs, COCTABJISET OC-
HOBY OO0 UMUTAITMOHHON Mozie/i, B KayecTBe MCXOIHBIX MOCKLIOK [ pelleH s STOM
3a7]a4M MCHOIb3YIOTCS PE3yJIBTATHI, [TOJYYEHHbIE Ha ATaMe Pa3paboTKH KOHUENTYyallb-
HOI Mozenm cucTeMbl. K HUM oTHOCSTCS:

® onpejiesienue NPUHAIERHOCTH Monennpyemon CHCTEMBI OHOMY U3 U3BECTHBIX
KJIaCCOB;

® onucaHue paGoyel HarPY3KU CUCTEMBI .

® BBIGOD YPOBHS IETATH3AIUY IPEICTABIEHUS CUCTEMBI B MOJIE/M 1 €€ IEKOMTIO3UIIUS.

Bce nocnenyromuire AeHCTBIS UCCAEAOBATENS 110 CO3LAHUI0 MOIEIH MOTYT OBITh OT-
HeCeHHl K 3Tany ee GOpMaN3alii, KOTOPHIH B 0011eM Cilydae MPeAToIaraeT:

¢ BbI60OD METO/Ia OTOOPAXKEHUA TUHAMUKH CHCTEMBI (HAa GCHOBE COBBITHH, TTPOLECCOB
WJIV TPAH32KTOB);

¢ dopManbHOe (MaTeMaTH4YeCKOe) ONHUCAHKe CIyYalHbIX (aKTOPOB, MOAIEXKANUX
YUYETY B MOZEM;

® BBHIOOP MEXaHN3Ma H3MEHEHNA U MacTaba MoZebHOTO BPEMEHH.

HauneMm ¢ onpeneneHus MOHITUH «TPOLIeCC», «paboTa», «COBRITHEY, «TPAH3AKT».

Paboma (axmuenocms) — 510 eAUHUYHOE JEHCTBIE CUCTEMBI N0 0OpaboTke (npe-
06pa30BaHMIO) BXOAHBIX AaHHBIX. B 3aBUCHMOCTH OT IPUPOZIbI MOZETHUPYEMOT CHCTEMBI
Ol BXOAHBIMH [IJAHHBIMU MOTYT IIOHUMATHLCS MHGOPMAMOHHbLIE JAHHBIE WIH KaKue-
J60 MaTepUaTBHbIE PECYPCHL.

Kaxpas u3s paboT XapakTepu3yeTcsi BpeMeHeM BLITOJIHEHU U 10TpebiseMbIMu pe-
CypcaMHu.

Tlox npoyeccom MOHNMAIOT JIOTHYECKU CBA3AHHBIA Habop pabot. HexoTopbie mpouecch
MOLYT PacCMaTPUBAThCSL, B CBOIO OYEPEh, KaK paboThl B rpoliecce Hos1ee BHICOKOTO YPOBHA.

JTo6oit mpolece XapaKTepH3YeTCss COBOKYITHOCTBIO CTATHYECKHX U IHHAMHYECKHUX
XapaKTepUCTHK.

K cmamuuecxum xapaxteprcTnkaM HpoLecca OTHOCSATCS:

® [JINTENbHOCTS;

® De3yJIbTaT;

* norpebIisieMble PECYPCHI;

® yCJIOBHS 3al1yCKa (aKTUBU3ALUN );

® yCJIOBUS OCTAHOBA (IIPEPBIBAHUA ).
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B obuiem cayyae craTUHECKHE XAPAKTEPUCTUKH ITPOLIECCA F°& NBMEHSIOTCS B XOJI€ €r0
peayM3aliuy, OHaKO NPH HEOOXOAMMOCTH J00ast U3 HUX MOXKET OBITh IIPEACTABJIEHA B
MOJeJTH KaK CyyaiiHas BeJIMYUHA, Pacnpesie/ieHHast 110 3alaHHOMY 3aKOHY.

Hunamunecxoii xapaxmepucmuxoii npoLecca sBJsSeTCs ero COCTOAHNe (aKTHBEH
WY HAXOMUTCS B COCTOAHUM OXHUIAHMS ).

MonenupoBative B TepMHHAX TIPOLIECCOB IIPOU3BOUTCS B TEX CTydasx, KOILA CUCTe-
Ma OLEHUBAETCS 110 KaKMM-JUG0 BPEMEHHBIM MIOKa3aTelsM, Tub0o C TOUKU 3peHus Ho-
TpebJIsieMBbIX PECYPCOB.

Hanpumep, npu oleHKe NPOU3BOAUTENBHOCTH BBIYMCIUTENBHON ceTH 06paboTka
3aaHUi MOXeT ObITh MPEACTABAEHA B MOJETH KaK COBOKYIHOCTb COOTBETCTBYIOINUX
TIPOIIECCOB, UCTIOJIB3YIONINX PeCYPChl ceTy (ONepaTUBHYIO NaMATh, IPOCTPAHCTBO Ha
KECTKHX AUCKAX, IPOLIECCOPHOE BPeMsI, IPHHTEPH 1 T. [.).

B ToM ciyuae, ecni MOZIeNb CTPORTCS C 11€/IbI0 U3y4E€HHsI TPHYMHHO-C/IeICTBEHHBIX
CBsI3€H, IPUCYIIMX CHCTEME, AUHAMUKY CHCTEMBI 11€JIeCO06PA3HO OMUCHIBATH B TEPMH-
Hax COOBITH.

Co6vimue npeacrasiser cob0it MTHOBEHHOE H3MEHEHUE HEKOTOPOTO 3/leMeHTa CHC-
TEMBI WJIH COCTOSTHUSA CHCTEMBI B LIEJIOM.

ColriTHe XapaKkTepu3yeTcst:

® YyCIOBUAMHU (MY 3AKOHOM ) BOBHUKHOBEHUS;

® TUIIOM, KOTOPHIH onpenensieT opsaaok 06paboTk (IUCHMITIMEY 06CHyKUBAHUA )
JIAHHOTO COOBITHUS;

® HYJIEBOU AJMTENBHOCTHIO.

O6514HO COOBITHS NOAPABAENSAIOT HA IBE KATETOPUH:

coBbimua credoeanus, KOTopbie YIIPaB/IAIT HHAIIHATH3AIHEN IIPOLIECCOB (mm oT-
[eNbHBIX PabOT BHYTpPY IpOLECCa);

COOBIMUA UsMENEHUS COCMOAHUN (3TIEMEHTOB CHCTEMBI WK CUCTEMDbI B LIENIOM).

Kak 6b1710 OTMEYEHO, MEXAHN3M COOBITHH HCIIOIB3YETCS B KAYECTBE OCHOBBI ITOCTPO-
eHUs MoZIesiel, IpeIHA3HAYeHHBIX JUIS UCC/IeOBAHMS IPHYMHHO-CJICACTBEHHBIX CBSI3el
B CHCTEMAX IIPY OTCYTCTBUHM BPEMEHHBIX Orpannyenuii. K TakuiM 3azagaM MOXHO OTHe-
CTH, HATIPUMED, HEKOTOPbIE 33/IaYH 110 OLIEHKE HAZIEXHOCTH.

Eme oanH cnocob MMUTANMOHHOTO MOJEINPOBaHKHs CHCTEM OCHOBAH Ha MCIOMb30-
BaHUH TTOHATHS TPAH3AKTA.

Tpanzaxm — 310 HeKoTOpOE coobuIeHue (3asiBKa Ha 06CTyKMBaHHUE), KOTOPOE 1O~
CTYNIaeT U3BHE Ha BXOJ CUCTEMBI M TIOIEXUT 06paboTKe. B HEKOTODHIX ciiyvasx, Ha-
TIpUMep, TIPH MOJe/TMPOBAHMY aBTOMAaTU3MPOBAHHEIX CHICTEM YIIPaByIeHus, bomee yao6-
HO TPOCHAEIUTh HYHKUHOHUPDOBAHUE CUCTEMBI UMEHHO OTHOCHTENBHO aJTOPUTMA
o6paborku Tpausakra. B pamkax onuo#t UM MOTYT pacCMaTPUBATHCS TPAH3AKTHI He-
CKOJbKUX TUTIOB. KaX b1l TPAH3AKT XapaKTEPU3YETCs COOTBETCTBYIOLIMM aITOPUTMOM
06paboTKu ¥ HeOOXOMUMBIMH JIUISL €70 PEATTM3AIIUY PECYPCAMH CHCTEMBL. YUNUTHIBaA 3TO,
MIPOXOK/IeHUE TPAH3AKTA [10 CHCTEME MOXKHO B HEKOTOPBIX CIyYasiX pacCMaTPUBATh KaK
TIOC/IE0BATENBHYI0 aKTHBUBAIIMIO TIPOILIECCOB, peausyomux ero obpaborky («obeny-
XUBaHYe 3a9BKU ).
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B cBsi3u ¢ yIOMUHAaHHEM TEPMUHa «00CIy KUBaHUE 3asIBKM» YMECTHO BCIIOMHUTD O
CYLIECTBOBaHHH TEOPHH MacCOBOTO 0bCayxuBanus. Ecav unrarens ¢ Heil 3HaKOM, TO
0CTaeTCA TONMbKO H00ABUTD, YTO [IPH Pa3paboTKe ¥ UCCNENOBAHUN UMHUTALMOHHBIX MO-
JieJIell Ha OCHOBE TPaH3aKTOB 1e1ecoobPa3HO UCTIOIB30BATL METONUKY M TIOKA3aTeNH,
npuMeHseMble DU aHa/TH3e CHCTEM MacCOBOTO 06CykuBanns. Bo BTopoil 4acTi KHUIH
IPUBOIATCS MPUMePB], IOSICHAONINE TaHHBIH TOX0A.

2.3.1. MOJEJINPOBAHIE CJIYYAVHBIX PAKTOPOB

Ewge pas ormetnm, uto 1M Mo3BOJISET HCCIeI0BaTh TOBeAEHUE PA3JIAIHBIX CHCTEM
€ YYETOM BIUSAHUA CJIy4aHHBIX PakTOPOB. DTH (PaKTOPH! B 3aBUCUMOCTH OT UX IPHPO/IbL
MOTyT OBITb OTPasKEHB! B MOAEJIH KK CIIyYailHble COOBITHA, ClTydaliHble BETMYUHBI (nc-
KpeTHbIE /I HellpepBIBHbIE ), HIIH KaK ClyvaitHbie pyHKuMM (IpoLeccs!).

HanpuMep, eciu ¢ TOMOIIBIO CO3/jaBaeMOil IMUTAIHOHHOM MOJIENIX TIPEAIIONAraeTCs
HCC/IEN0BATD HaAEXKHOCTD BHIYHCIUTENbHOM CHCTEMbY, TO BOSHMKHOBEHUE 0TKa3a OGyaer
APEACTABIEHO B MOIEJIHN KaK c1y4aiHoe cobuitre. Eciu ke Momenb npenHasnauera s
OLIEHKH BPeMeHHBIX NTAapaMeTpPOB Ipoiecca 00CIyKUBaHUS KIMEHTOB B aBTOMACTEPC-
KOi1, TO MHTEPBAJI BpeMEHH /IO OABJIEHUA 04ePEAHOr0 KJIMEHTa yAoGHee BCEro ONMUCATh
KaK CIy4ailHyI0 BeIUYHHY, pacipeesieHHYIO 10 HEKOTOPOMY 3aKOHY.

B ocHOBe Bcex MeTOZOB U IPHEMOB MOLETUPOBAHU CIyYaHBIX (GAKTOPOB JIEXHUT
HCIOJIb30BaHME CIYYaiHBIX YHCel, IMEOIUX PaBHOMEPHOe paclpeiesieHNe Ha HHTep-
Baze [0; 1].

«UctnaHo» cayyaiinblie yncaa GoOpMUPYIOTCS € IOMOUIBIO AHAIOTO-LIUPOBBIX TIpe-
obpa3soBateseil Ha OCHOBE CHTBAJIOB (PU3MYECKUX TEHEPATOPOB, HCIIOIb3YIOUINX eCTe-
CTBEHHBIE HCTOYHUKY CAYy4ailHBIX IIYMOB (PaZMOAKTUBHBLHA PacIal, LIyMBl SIeKTPOH-
HBIX U TIOJIyTPOBOJHUKOBBIX YCTPONCTB U T.IT.).

Cayuaitnble yica, reHepHpyeMBble allllapaTHO Wi MporpaMMHo Ha 3 BM, HaspiBaoTCA
nceBaoc/yqaiHpMu. OTHAKO UX CTAaTHCTHYECKHE CBOMCTBA COBNAZAIOT CO CTATUCTHYECKH-
MU CBOYCTBAMU <HCTUHHO» CJYYalHBIX Yrcesl. B coctas IpakTHYECKHU BCeX COBPEMEHHBIX
CHCTEM IIPOrPAaMMHPOBAHIS BXOAAT ClIENUATbHBIE OYHKIMY FeHePALMH CTyYaHHBIX YKCe)],
KOTOPbI€ 0OBIYHO HA3BIBAIOT JATIYMKAMU, WIM FeHePaTOPaMH, CJIYYalHbIX YHCETL.

Haubosee npoctoit MeTO MPOrpaMMHON reHepaiiyl CIyYaiiHbIX YHCET — MYJIbTH-
TIJIMKATHBHBIH; B €T0 OCHOBE JIEXKHUT CJleAylolilee peKyPPeHTHOE COOTHOLIEHHUE:

a=(A-a , +C)modM, 2.1

Iie a, a,, — OYEPENHOE 1 NPebI/yIee CIydal Hble YKcia COOTBETCTBEHHO;
A, C — KOHCTaHTHI,
M — noctaTouno OOJILIIOE LIENOE NOTOXKHUTENbHOE YCI0 (4eM Oosbme M, TeM AIHH-
Hee HeloBTOpsieMasi TOCIeA0BaTebHOCTD ).
JlOCTOMHCTBO METO/a 3aKJII0YAETCS B TOM, UTO IIPH OAHUX U TeX JK€ 3HAYEHUAX BXO-
QAKX B BhipakeHue (2.1) BeIUIHH MOKHO TOJTHOCTHIO BOCIIPOHU3BECTH SKCIIEPUMEHT.
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ITpakTyKa MOKA3bIBAET, YTC PE3YIBTAThl UMUTALMOHHOTO MOIE/ITPOBAHUS CYHIECTBEH-
HO 3aBHCST OT KAaYeCTBa UCIOJIb3yEMBIX MOCJIEA0BATEIbHOCTEH NICEBAOCTYYalHbIX YHCEL.
Ilostomy npumMensiemsie B UM reneparopst CH go/KHBI TIPOUTH TECTH! Ha IPUTOIHOCTD.

OcHOBHBIE aHATU3UPYEMbIE XaPAKTEPHUCTUKH '€HEPUPYEMBIX aTYHMKOM I0CIe0Ba-
TeJbHOCTEH:

® DAaBHOMEPHOCTS;

® CTOXaCTUYHOCTD (CJIy4ailHOCTD);

® HEe3aBUCUMOCTb.

PaccMOTpUM METOZBI POBEEHUS TAKOTO aHAIN3A, HanboJIee YacTo NpUMeHsieMbIe
Ha TIPaKTHKe.

IIposepxa pasnomeprocmu MoxeT OBITH BHIITOJIHEHA C TOMOLIBIO THCTOTPAMMEBI OT-
HOCHUTEJbHBIX 4acToT renepupyemoit CB. [[11s ee moctpoenns untepsai [0; 1] pazbusa-
eTCs Ha /m PaBHBIX 9acTell U MOACYNTHIBAETCS OTHOCUTENBHOE YHCJIO IONaaHUH 3Have-
uuit CB B xaxsiii untepsan. (Bosee mogpoOHO aJrOPUTM IOCTPOEHMS THCTOIPAMMBI
OTHOCHTEJIbHBIX YaCTOT paccMaTpuBaeTcs B pasaene 2.6). Uem 6mske orubamouas ruc-
TOTPAMMBI K IIPSIMOA, TeM B H01bIel cTenen reHepupyMast oCIeN0BaTeNbHOCTh OTBe-
qaeT TpeGOBaHUIO PaBHOMEPHOCTH pactpenesienust (cM. puc.2.1).

Plr

|77/ W R SV Sy—, S E——

.
Lt

Y

Puc. 2.1.YacrorHas rucTorpaMMa nocnegoBarensaoctn CY

IIposepxa cmoxacmuunocmu. PaccMOTpUM OIMH M3 OCHOBHBIX METOZIOB IPOBEPKH —
MeToz komOunauuil. CyTb ero cBoautes K cienyionieMy. Boibupator goctatodH0 6071b-
LIYIO MOC/IeI0BATENbHOCTD CTy9aliHbIX YHCEN X, 1 [JI1 Hee ONpPeZesIsSioT BEPOSTHOCTh
TI0ABJIEHHUA B KaXIOM U3 X; POBHO j euHuiL. I1pu 3ToM MOTYT aHa/IM3HPOBAThCA KaK BCe
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pa3pAmbl YUCIa, TAK U TONLKO [ cTapux. TeopeTudecky 3aKoH NOABIEHU j eMHAL B [
paspsaax IBONYHOTO YHCIa MOKET OBITh ONTUCAH Kak OMHOMUANBHBIN 3aKOH pactipesie-
JieHnst (MCXOZist U3 HE3aBUCHMOCTH OT/AENbHbBIX PaspsAIoB).

Torna npu anuHe BEIOOPKU N 05KHIaeMOe YHCIIO OABICHHET CITyYall HBIX YHCEN X, C j
EIUHULAMH B IPOBEPIEMBIX [ :

n=N- ij(i)

rae C — yrcso KoMOUHALM (coueTanuil) j enuHun B / paspanax,

p (1) — BEpPOSATHOCTb NMOSIBJCHUSI eIUHHIIB B IBOUYHOM pa3psige, p(1) = 0.5.

7151 nosmy4yenHoOU NOCIeI0BaTENbHOCTH ONIpelesisieTcs 3Ta e XxapakTepuctuka. IIpo-
BEpKa COOTBETCTBUS PeaJbHOIO 3HAYeHUS TEOPETUYECKOMY BBITOJHSAETCS C MIOMOILbIO
OJTHOTO M3 CTATUCTUYECKUX KPUTEPHER COTIACHSI.

Ilpoeepxa nezagucumocmu NpOBOUTCS HA OCHOBE BBIYUCIEHUS KOPPEJALHNOHHOTO
MOMEHTA. :

Hanomupm, uTo ABE Cily4aiiHble BETUYUHBI ¢ ¥ b HA3BIBAIOTCSA HE3ABUCUMBIMH, €C/IH
3aKOH PacIpe/ieIeHNs] KaX /10l M3 HUX He 3aBHCUT OT TOTO, KAKOe 3HaueHMe TIPHHSIA
npyrad. [ns nesasucumoix CB xoppesiiHOHHBIE MOMEHT PaBeH HYJIIO.

Jl71st OLleHKHY He3aBUCUMOCTH 3JIEMEHTOB MOCIEA0BATeIbHOCTH NOCTYIAOT CeNYI0-
UM 06Pa3oM.

BBozst B paccMOTpeHye I0TOJIHUTEIbHY IO TOCEN0BATENBHOCTD Y, B KOTODPO#M Y, =X+,
re ¢t — BeJHYHUHA CIBUTA NIOC/IEA0BATENbHOCTH ¥ OTHOCHTEIBHO HCXOAHOM TOCIeA0Ba-
TeTBHOCTH X.

BoruucasgioT ko3 hbuLneHT KOppersuy CIyvYaiHbIX BeMudrH X u Y, 171 yero uc-
MOJIL3YIOTCS CIENHaNbHbIE paCYIeTHBIE COOTHONIEHUSI.

Einte ozna Baxknas xapaktepuctuka gatiuka CH — gmHHa 0Tpeska anepHoaun4HoCcTH L.

Ecnu B 0cHOBY-pabOThI aTYMKA TIOJIOKEH MYJIBTUIIMKATUBHEIA METO/I, TO OLIEHUTD
L HecnoxHo: oOHA oNIpeAENIAeTCs BeTHMYMHOM KOHCTaHTh M.

Modenuposanue cayuatinbix coboimuii. J[n1s1 Mofe HpOBaHUs CIIy4aiiHOro cobbI-
T A, BEPOSITHOCTH KOTOPOro paBHa Pc, 10cTaTouHO chOPMUPOBATH OMHO YUCJIO 7, PaB-
HOMEPHO pacnpeaeneHHoe Ha uHTepBase [0,1].

[Tpu nonananuu r B uutepsai [0,Pc] c4UTAIOT, 4TO COOBITHE A HACTYNIUIIO, B TPOTUB-
HOM CJIy4ae — He HaCTYTHIIO, T. €.

1, ecma r e [0,Pc]
0,ecmu re }Pc1).

Jyist MoeTMpOBaHus IOMHOH TpyInst N HECOBMECTHBIX COOBITHIT A={A1, A2, ..., AN}
€ BEPOATHOCTAMHU cOOTBeTcTBeHHO P1, P2, ..., PN Takse JOCTATOYHO OMHOIC 3HAYEHUS 7:
cobpITHE A, 13 TPYNIbl A CYUTAETCA HACTYTUBIINM, €CJIU BHITIOJIHAETCA yCIIOBHE

n-A n
A=AJZP<r<XP;n-1N (13)
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Ecnu rpynma coOBITHI A He TIOJHA, TO BBOAAT QUKTUBH e cOOBITHE A

cToio P, , TakoH, yTO

~+1 © BEPOATHO-

N+1
Sp-

i=0

T. €. ZOTIIOJHAIOT IPYINIY A 10 NOJHOH.

[locie aTOro renepupyIoT YUCIO 7 ¥ ipoBepsatoT ycosue (1.3). Ilpu A=A, , cuura-
0T, YTO HU OZHO COOBITHE U3 HCXOAHOM IPyINbl A He HACTYIUIO.

Moodenuposanue duckpemuvix caysatinsix éeaunun. Hanbomee yacto ncnosibsy-
IOTCS IBa METOA;

® MEeTOJ [TOC/IEI0BATEIbHbIX CPABHEHHIA;

® MEeTOJ HHTEPIPETAL[UH.

Memod nocnedosamenvtivix cpasnenuii. Yucio r nocae0BaTENbLHO CpaBHI/IBaIOT
€O 3HaYEeHUEM CYMMBI

P1+P2+..,

rae P1 — BeposaTHOCTb HauMeHbliero 3HauyeHusA CB Y,
P2 — BeposATHOCTH BTOPOTO IO BeTUYHHE 3HAUEHUSI.
IIpu nepBoM BEIMOJTHEHUH YCIIOBUS

r>nZPi

=1

TNpoBepKa npekpauaerca u AuckperHas CB Y cuutaerca npunsasuieit 3HaueHne y..

IIpoiiecc MOXKHO YCKOPUTD, IPUMEHA METOZBI ONTHMHU3ALMH niepefopa: AMXOTOMHH,
paHxupoBanua P uT. A,

BenuuuHel P, pacCYMTBIBAIOT 110 QYHKUHMAM PacIpeaeeHUs BEPOATHOCTH, COOTBET-
CTBYIOLIUM MOZEIHNPYEeMOMY 3aKOHY.

Memood unmepnpemauuu ocioBad Ha PU3NYECKOI TPAKTOBKE MOJIEAHPYEMOTO 3a-
KOHa pacnpefesiennda. Hanpumep, 6UHOMHaIbHOE paclipeesieHie ONUCHIBAET YUCIIO
YCIIEXOB B 72 HE3aBUCUMEIX UCIIBITAHUAX C BEPOATHOCTHIO YCIIeXa B KaXKAOM HCIIbITAHHN
P u BeposiTHOCTBIO Heynaun g = 1-P.

ITIpy MozenupoBaHUM 3TOTO paclIpefesieHHs C IOMOLIBI0 METONa MHTEPIPETANN
BhiOMparoT 1 Hedapucumblx CY, paBHOMEPHO pacrpenesieHHbIX Ha uHTepsaie [0, 1], u
NOACYUTHIBAIOT KOJIMYECTBO TE€X U3 HUX, KOTOpBIE MeHbllIe P. JT0 YHCIIO U SIBISIETCA MO-
nenupyemoii CB.

Modenuposanue nenpepvisuvix CB. Ilpu Mmonenuposanuu HenpepsisHbix CB ¢ 3a-
JaHHBIM 3aKOHOM paclipezie/IeHUs MOTyT UCTIO/Ib3YIOTCA TPH METOAA:

® MeTO/ HeJTMHENHBIX TPe0Opa3oBaHH;

® MeTOA KOMITO3UIIH;

® TabIMYHBIA METOI.
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TlepBbie nBa MeTONA TPEOYIOT OT Pa3paboTYHKa MOJIEIH BECHMA CEPbE3HOM MaTeMa-
TMYECKOM MOATOTOBKH U B JAHHOU KHUT'e He pacCMaTpuBaloTcs. Tpetuil MeTox, yCI0BHO
Ha3BaHHBIH «TabIUYHBIM», OCHOBAH HA 3aMeHe 3aKOHa paclpefe/IcHUS HeNpephIBHOM
CB cnenuaabHBM Paci€THBIM COOTHOLIEHHEM, KOTOPOE MO3BOJISIET BHIYMCIATD 3HAUE-
Hue CB 1o 3Ha4eHuI0 CIy4aliHOT o YKCJ/ia, PABHOMEPHO PACIIPeesIeHHOTO BCE HA TOM XKe
unrepsaie [0,1]. Takue cooTHOLIENNS HOTyYeHb! IPAKTHYECKH U1 Beex Hanbolee pac-
HpPOCTpaHEHHBIX BUOB Paclipeie/ieHUi U IPUBe/[eHbl B CIIPABOYHOMN auTeparype. B kd-
YJeCTBE NPUMepa HUXKe JJaHbl pacieTHble COOTHOIIEHN /IS IBYX 3aKOHOB paclipeaesie-
HHUA — [10Ka3aTelbHOro

1
x=—— -ln(r),
y (r)

r1e A — mapaMeTp MOKa3aTebHOTO pacipeneseHns,
r — paBHOMepHO pacnpeznenedHoe CU,
1 HOPMJIBLHOTO

12
x=m+s[l_21:ri—6],

m, s — mapaMmeTpsl HOPMAJIbHOTO 3aKOHA pacnpesiesieHus,

r, — paBHOMepHO pacnipesenentoe CH.

B omnoil 1 Toit e MMHUTALMOHHON MOZEeX MOTYT (DHUIyPHUPOBaTh PasNUyHbIE CIIy-
qaiHbie (PAKTOPHI , OHA MOTYT OBITH [IPEACTABIEHB! KaK CJlyJaiiHble COORITHS, APYTHe —
KakK CIy4aiiHble BEIHYHHBL, G0JIee TOTO, eClMH MOAETHPYETCS NMOBEAEHHE JOCTATOYHO
CJIO/KHOM CHCTEMBI, TO ee (PYHKI[MOHUPOBAHNE MOXKET OBITH CBA3aHO ¢ BOSHUKHOBEHUEM
HECKOJIbKMX THIIOB COOBITHI K y4eTOM GOBIIOTO Y¥Ca Cy4alHbIX BEIMYKH, PacIpe-
JleJIeHHBIX 110 PA3IMYHBIM 3aKoHaM. Ecin xe MozienTnpoBaHue BCex CIydailHbIX (haKkTo-
POB OCHOBAHO Ha MCITOJIB30BAHMH OJHOTO JAaTYMKA, FeHePUPYIOLIEro OfHY «0binyio»
NOC/EAOBATENBHOCTD CTYYaHHBIX YHICEI, TO C MATEMATHYECKOH TOYKH 3PEHHA HX HEJIb3A
CYUTATh HE3aBUCHMBIMH. B cBA3M ¢ 3TUM 17151 MOJeTUPOBAHMST KAXKIOIO CAYYAHHOTO
(akTopa cTaparoTCs UCNOAB30BaTh OTAEIBHEIN reHePaTop, Wiy, 1o xpaitneil Mepe, obec-
NeYHBaTh CO3JaHNe HOBOH NOCIeN0BATEIbHOCTH CIy4yaiiHbiX ynces. Bo MEOTHX crienna-
JIN3UPOBAHHBIX SI3bIKAX U MaKeTaxX MOAEINPOBAHHSA TaKasi BO3MOKHOCTh TIPENYCMOTpe-
Ha. ITO OTHOCUTCH, B YaCTHOCTH, U k nakety MATLAB.

2.3.2. YIIPABJIEHWE MO/JEJIbHBIM BPEMEHEM

IImeynaﬂ K U3YIECHUIO MEXAaHN3MOB YIIDABJAECHUA MOIEJIbHBIM BpEMEHEM, YMECTHO
IIOTOBOPUTD O TOM, KaKyIO pOJIb B006IIIe UTpaeT BPpEMA B MUMUTALITHOHHOM MOJEINPOBa-
HHUU. HpI/I 3HAaKOMCTBE C UMUTAIMOHHBIM 3KCIIEPUMEHTOM MBI OTMEYaJIH, YTO OH Ipea-
cTaBasgeT coboi Haémoaelme 3a [IOBEJCHHEM CHCTEMBI B TEYCHHE HEKOTOPOI'O IIpOMe-
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KyTKa BpeMenu. KoHeuHO, naeko He BO BCEX CTAaTUCTUYECKUX UCTBITAHUAX GakTop
BPEMEHU UTPAET BEAYULYIO POJib, 2 B HEKOTOPHIX ¥ BOOOILE MOXKET HE PACCMATPUBATHCS.
BcriomMHuHTE, HANPHUMEp, 33124y O BRIYHCIEHUH IJIOIALM KPYTa; I0JIYYeHHbII pe3yJIsTaT
He 3aBHCEJ OT TOTO, CKOJIb IOJITO MBI «GOMOIMIN> KBAAPAT C/Ty4alHBIMM TOYKAME (PEYb B
JAHHOM CJIy4ae He HZET O KOJuYecTBe 3TuX Todek ). Ho sHauurenbHo 60JIblle TaKuX 3a-
7134, B KOTOPHIX olieHKa 3 PeKTUBHOCTH MOACTTHPYEMOM CHCTEMbI HAIIPAMYIO CBI32HA C
BPEMEHHBIMU XaPaKTepHUCTHKAMU ee PYHKIUOHUPOBaHUA. K HUM OTHOCATCS yIIOMHHAB-
LIMECS YKe 3aaUH M0 OlleHKe IPOH3BOAUTENBHOCTH, HEKOTOPbIE 33/1a4H 110 OLEHKE Ha-
JIEXXHOCTH, KayecTBa paclipenieNIeHus] PeCypCoB, a TAKKe BCe 3a[aYH, CBA3AHHBIE C HCCIIE-
noBanueM 3¢ GEKTHBHOCTH [IPOLECCOB 06CIyKuBaHUA. XapaKTepHO# 0COOEHHOCTHIO
GONBUIMHCTEA IPAKTHYECKUX 337129 SIBISIETCS TO, YTO CKOPOCTb NIPOTEKAHNS PACCMaTpH-
BaeMBIX B HUX IIPOLECCOB 3HAYUTEIHHO HIKE CKOPOCTH PEAIH3allK MOIE/IbHOTO IKCIIe-
pumenTa. Hanpumep, eciiu Mozieupyercsi paboTa aBTOpPEMOHTHON MacTEPCKOl B Tede-
HUe HeJIeJIH, BPsZL JT1 KOMY-TO IIPUAET B TOJI0BY BOCIIPOM3BOAUTE ITOT IIPOLIECC B MOIEJIH
B TAKOM K€ MaciTabe BpeMeHH.

C Apyroii cTOpOHBI, JaXke T€ UMUTALHOHHbIE SKCIEPHMEHTHI, B KOTOPHIX BpeMeHHble
napamMeTpsl pabOThl CHCTEMBI HE YYUTBIBAIOTCS, TPEOYIOT U1 CBOEH peaiusalui Olpe-
JIE/IeHHBIX 3aTPaT BpeMeHN PabOThl KOMITBIOTEPA.

B cB31 ¢ 3TUM NIpH pa3paboTKe IPAKTHYECKHU NI0O0H MIMUTALMOHHON MOZETH U TLia-
HUPOBAHUW TIPOBENEHNUA MOAEIBHBIX 3KCTIEPHMEHTOB HEOOXOAUMO COOTHOCHTD MEXKIY
cOBOM TPU IIPECTABIEHHS BDEMEHH:

® peasbHOE BPeMs, B KOTODOM ITPOUCXOAUT PYHKUNOHUPOBAHUE UMUTHPYEMON
CUCTEMBI;

® Mofie/IbHOe (MM, KaK €ro ellle Ha3bIBalOT, CUCTEMHOE ) BpeMsi, B MaciTabe KOTopo-
ro OpraHusyercs paboTa MoIeIy;

® MallMHHOE BpeMsi, OTpaXKaouiee 3arpatsl BpeMenu IBM na npoBegenne umu-
TalKH. “

C noMoIb0 MEXaHU3Ma MO/IENIBHOTO BPEMEHN PEIalOTCs CeAYIOIUE 3a1a1H:

1) oro6pakaeTcst NEPEXO MOLENUPYEMOI CHCTEMBI U3 OTHOTO COCTOAHUS B IPYTOE;

2) npOM3BOAUTCS CHHXPOHU3ALUS PAGOTH KOMIIOHEHT MOZENH;

3) usMensieTcsi MacuiTab BpeMEHH «KU3HU» ((DYHKINOHMPOBAHUSA) UCCIELYEMOR
CHUCTEMBI;

4) IpPOW3BOAUTCS yIPABIEHUE XOAOM MOAETBHOTO SKCIIEPUMEHTA.

5) MOZIeIUPYETCS KBAa3HIapaLIebHAs PEIU3alus coObTHI B MOJEH;

TlpucraBKa <KBasu» B JJaHHOM CJydae oTPaXkaeT I10C/Ie/I0BaTEIbHbIM XapaKkTep 06-
paboTku cobuitmit (mpoiteccos) B IM, KOTOPBIe B peaibHOU cucTeMe BO3HHUKAIOT (IIPO-
TEKAIOT ) OXHOBPEMEHHO.

Heo6xoauMocTs pelieHns noceiied 334K ¢BsA3ana ¢ TeM, YTO B PACIIOPAKEHUH
HCCIIe0BaTe s HAXOAUTCS, KaK NPAaBUJIO, OXHONPOLIECCOPHAS BRIYHUCIUTENbHAS CUCTE-
Ma, a MOZIeJTb MOXKET COZlepkKaTh 3HAUMTEIbHO OOJTbIIIee YHCIIO OIHOBPeMeHHO paboTaio-
mux nogcucreM. IlosToMy neiicTBuTeNbHO MapamienbHas (OMHOBPEMEHHAsS ) peaii3a-
UM BCEX KOMIIOHEHT MOZeNH HeBO3MOXHA. JlaXke €C/Ii UCTIO/Ib3y€eTCA TaK Ha3biBaeMast
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pacnpellesieHHas! MO/JeJlb, PeajlN3yeMasi Ha HECKOJIbKHUX y3/1aX BBIYMCIHTENBHON CEeTH,
COBCEM HeoOsA3aTENbHO YMCIIO0 Y3710B OyIeT COBINafaTh ¢ YUCIO0M O[HOBPEMEHHO Pabo-
TAOUMX KOMIIOHEHT Mozesit. Hemuoro 3aberas Bnepes, ciefyeT 0TMETHTB, YTO Pealy-
3aUMA KBAa3UHAPAIETbHON PaBOTH KOMITIOHEHT MOETH ABIAETCA JOCTATOYHO CJOKHOM
TeXHUYECKOi 3afaueil. HexoTopble BO3SMOKHBIE METOIb] €€ PellleHNsI PACCMATPUBAIOTCS
B CJIeAyIOUIEM pasjiesie, 2 YT NMOJHOTO U306aBleHus OT STOH MpoBIEMBI C IIOMOIIBIO
nmakera MATLAB — Bo BTOPOI1 YacTH KHUTH.

Panee 6p111 Ha3BaHbI 1Ba METO/a PeATU3AIMH MEXAHIU3MA MOJIEIbHOTO BPEMEHH — €
TIOCTOSTHHBIM ILIATOM H 110 0COGBIM COCTOSHUSIM.

Bribop MeTona peanusalny MEXaHN3Ma MOZIEIbHOTO BPEMEHH 3aBHCUT OT HasHaye-
HYSA MOJIENH, €€ CJIOKHOCTH, XapaKTepa UCCIeyeMbIX MPOLECCOB, TPeGYeMOil TOUHOCTH
pe3yJIsraToB U T. .

Ilpu vcnosp3oBaHNY METO/I2 NOCMOARNHO20 WiaA2A OTCYET CHCTEMHOIO BpeMeHY Be-
nercs uepes (hUKCUpOBaHHBIE, BHIOPAHHBIE UCCIIEN0OBATEIEM UHTepBasbl Bpemeru. Co-
OBITHA B MOJEJH CYMTAIOTCS HACTYNMBIIMMH B MOMEHT OKOHYAHUS 3TOTO MHTEpBasa.
ITorpeurHocTh B M3MepeHHY BPEMEHHBIX XapaKTeDUCTHK CUCTEMBI B 3TOM CJIy4ae 3aBH-
CHT OT BEJIMYMHBI 11ara MOZAETUPOBaHUs Al.

Meroa MOCTOSIHHOTO 1Iara MPeANOYTUTEIbHEE, ECITH:

® coOBITHSI TOSBJISIOTCS PEryJISIPHO, X PaCIpeie/ieHue BO BpeMeHH JOCTaTOYHO paB-

HOMEDHO;

® YCJI0 COOBITUM BETHKO U MOMEHTDI UX TTOSIBJIEHMS OJIU3KH;

® HEBO3MOXHO 3apaHee ONpeeuTh MOMEHTH OSBJIEHUS COOBITHH.

JlaHHBII METO] YIIPABIEHUS MOJEIBHBIM BPEMeHeM JOCTATOYHO IPOCTO PEaM30BaTh
B TOM CJIy4ae, KOTZ2 YCJIOBHsI IIOSIBJIEHNS COOBITHH BCEX TUIIOB B MOZIE/IA MOKHO IIPefi-
CTaBUTH KaK (PYHKIMIO BPEMEHM.

[TycTb, HarIpUMep, COOBITHE COCTOUT B TOM, YTO JIETALIUI CAMOJIET TepeceKkaeT HeKo-
TOPBIN BO3IYILHbIH pybexk, pPACCTOSHUE A0 KOTOPOoro pasHo R. Eciu camoser apmkeTcs
0 IPSIMO#i ¢ TOCTOSTHHON CKOPOCTBIO V, TO MOKHO BHIYUCIISITH IYTh, IPOMIEHHbIA CaMO* |
JIETOM, C UHTEPBAIOM BpeMenu At §=5+V - Af. CooTBeTcTBEHHO COOBITHE CYNTACTCR
HACTYNMBUINM, €C/IH BHITIOJIHAETCS YCI0BHE S > R, a MOMEHT BpeMEHH HaCTYILIEHHS CO-
OBITHS IPUHUMAETCSI PaBHBIM 7+ Af, TZle 7 — HOMeD IaTa MOJeMPOBaHMsl, Ha KOTOPOM
YCIJIOBUE CTAJI0 UICTUHHBIM. )

B obuleM BHe anTOPUTM MOZAETMPOBAHMS C IOCTOSIHHBIM NIATOM ITpe/icTaB/ieH ﬁa
puc. 2.2 (tm — Texyuiee 3Ha4eHHe MOJIEILHOIO BpeMeHH, Ta — MHTepBajl MOLENHPO-
BaHUs).

C 1eJ1bI0 HEKOTOPOTO «OKUBJIEHHSI» IPUBENAEHHOMN BbIIIIE CXEMBI BEpHEMCS K TPUMe-
Py ¢ camosieToM. BBeseM B paccMaTprBaeMyio CHTYAIMIO elile OIHO coOBITHE, KOTOPOe
COCTOMT B TOM, 4TO JHCIETIEP, HADIIOAAIOIMH 32 CAMOJIETOM, BBOAHT JaHHbIE O HEM B
HeKylo CucreMy ynparieHus. [Iponecc BBozma 3akiovaercs B Habope Ha KJIaBHATYDE
onpe/ieJIeHHON TEKCTOBOM HH(popMaluy. VI3BecTHa A/nHA TeKCTa (B CUMBOJIax ) K cpe_’n"
Hs15 CKOPOCTD BBO/IA O/THOTO CUMBOJIA. B X071e MOZesbHOTO SKCIieprMenTa TpebyeTca o=
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(Haqano paboTbl }

YcTtaHoBka tw=0
¥ HaYanbHoro
COCTOAHNA Z(1m)

-
-

npOD,BVI)KeHI/Ie MO4ENbHOIO
BPEMEHMU
tm=1tm+ At

na

tm>Tm

HeT

Onpepgenexve HOBOro
COCTOsIHWA Z(Im)

HeT
cobbITnA ecTb?

Y
( KoHey paboTtsl )

O6paboTtka
cobBbITHiA

L

Puc. 2.2, AIropuT™ MOZENUPOBAHNS C IOCTOSTHHBIM IIaTOM

PeIeTUTh, 3aKOHIHUT JIN AMCIIETYEP BBOA TEKCTA 10 NIePECeYeH s CaMOJIETOM 32AaHHOTO
py6exa. AIropuT™ ynpaBJieHHs! MOJieJIbHBIM BPEMEHEM U151 PACCMATPHUBAEMOTO IIPHMe-
pa mokasa Ha puc. 2.3. _ '

O4eBHIHO, YTO 062 PACCMATPHBAEMBIX ITpolecca (T10JIET CaMoIeTa M BBojl MHGOopMa-
LIH) OJDKHBI OBITH «IIPHBsA32HBI> K €[MHON OCH MOZEJIBHOTO BpeMeHH. Bmecte ¢ Tem
Kask/Ibll M3 HUX XaPaKTEPU3YETCs Pa3indHON CKOPOCTHIO, Pa3HO# CTENEHbIO AUCKPET-
HOCTH U T. . B Tako# cUTyallun A/ pasjiuYHbIX 3HAYEHUI Lara MOJEIMPOBAHUS At
SKCTIEPUMEHT MOJKET 1aTh Pa3Hble Pe3ybTaThl. IIpiudeM eciu wmar 6yAeT caumKoM 601b-
1ITMM, TO PE3YJIBTAT, CKOPEe BCEro, 6yeT HEBEPHBIM: MOMEHT OKOHYAaHUS BBOAA UHGOP-
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( Ha4ano paﬁoTbl)

]
YcraHoBka tv=0 1

WMCXOAHOTO NOMAOXEHUs
camoneTa z(tw)

|
|l

MNpoasuxeHne MOAeNbHOr O
BPEMEHN
tw=tm + At
|
Onpenenenvie HOBOro
NONOXEHNS camoneTa h yicna
BBEAEHHbLIX CUMBONIOB

Aa

Aa

Beop,
3aKOHYeH?

-
%

Y

QOHGU. paﬁOTblj

Puc. 2.3. IIpiMep MOIeMUPOBAHUS € IOCTOSTHHBIM HIATOM

Manuu 6yeT BCerzia COBIaAarh C MOMEHTOM NepecedeH sl CaMOJIETOM 3aIaHHOTO pybe-
sa. Takas cuTyauus nokasaHa Ha pHC. 2.4.

t, t, t t, ts Is
l l l | l |

Y

Y

>l -
-

tm
tMO At tM] th

Puc.2.4. TpuMep NpUBS3KH COOHITHI K OCH MOZEILHOTO BPEMEHHU
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[TpuBeaeHHDII IPUMEp NPU3BAH, KPOME BCETO TPOUEro, 00paTHTL BHUMAaHHE YH-
TaTeJsl Ha TO, YTG BHIGODP BEJMYMHBI HIara MOAETHUPUBAHUS ABISIETCI HEJETKUM H
OYeHD BAXHBIM J1€JIOM. YHUBEPCATIbHOM METOAUKY pelitenus 3Toi npobieMsl He Cy-
WIECTBYET, HO BO MHOTHX CJIyYasX MOXKHO UCIIOIb30BATh OIMH U3 CJIEAYIOIUX N0 -
XOI0B:

® IPUHMMATD BeJIMYMHY IIara PAaBHON cpefHeH MHTEHCHBHOCTH BO3HHKHOBEHUS CO-
GBITHIT pa3/INYHBIX THIIOB;

* BBIOUpPATD BEJINYMHY Af PaBHOU CpenHeMy NHTEPBaLly MeX/y Hanbosiee YaCThIMH
(wn Hanbos1ee BaXKHBIMHI ) COOBITHAMH.

[Ipy MOZENUPOBAHUHU 1O 0COGBIM COCMOAHUAM CHCTEMHOE BPEMST KaXKIblH pa3 13-
MEHAETCA HA BEIWYUHY, CTPOTO COOTBETCTBYIONIYIO UHTEPBALy BPEMEHH O MOMEHTa

Yctanoska tw=0

=

MNporHoanposaHue
6nuvxanlero
cobbiTus

na

HeT

Y

MpoaswvxeHne

MOAENbH. BPEMEHM ( KOHew, paboThi )
tm = teos,;

€CTb OOHOBPEMEH.
cobbITUA

\

KBa3unapannenoHas O6paboTka
obpaboTtka cobeiTuit coBbiTuA

Puc. 2.5. AnropuT™ MoaeMpOBaHHs 0 0COOBIM COCTOSIHUSAM
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HACTYTLIEHUSA O4€epefHOro coObITHsL. B aTOM ci1yyae coObITust 06pabaThiBaioTCs B IIOPSA-
K€ UX HACTYIJIEHUS, & OMHOBPEMEHHO HACTYMHUBIIUMH CYUTAIOTCA TOABKO T€, KOTOPHIE
ABJIAIOTCS OAHOBPEMEHHBIMM B IEHCTBUTETHHOCTH.

Metoz MOJeTNPOBaHNS 10 OCOOBIM COCTOSIHHSAM CJIOKHEE B Peann3allli, Tak KaK
215 Hero TpebyeTcs pa3paboTKa CeUHaIbHOM NPOLEy Phl INTaHUPOBaHus COOBITHI (TaK
Ha3bIBAEMOTO KaJleHAAPs COOBITHIA).

Mopgenuposanue 1o 0coObIM COCTOSHUSIM LENECO0OPa3HO UCTIOIb30BATh, ECJIM:

® coOBITHSA PACTIPeNeNsioTCsi BO BPEMEHHM HEPABHOMEDHO WJIM UHTEPBANIBI MEXIY
HUIMY BEJTHKY;

® [IpeABABIAIOTCA NOBbIIIEHHbIE TPEOOBAHUA K TOYHOCTH ONIPEAENEHHUS B3AUMHOTO
TOJIOKEHNs COOBITUH BO BpEMEHH;

* He00XOIMMO PeaTI30BATh KBA3HIaPAILIENbHY0 00paboTKY OIHOBPEMEHHBIX COOBITHIA.

JonoyavTensHOe ZOCTOMHCTBO METOA 3aKJII0YAETCS B TOM, YTO OH NO3BOJISET 3KO-
HOMUTb MAUIMHHOE BPEMsl, 0COOEHHO IIPY MOZIETMPOBAHUY CHCTEM NEPUOINYECKOTO feii-
CTBHS, B KOTOPBIX COOBITHS [UTUTEIBHOE BPEMST MOTYT HE HACTYITATD.

O60061menHas cXxeMa aIropuTMa MOAETUPOBAHUA 110 0COOBIM COCTOSHUAM MIPEACTaB-
JIeHa Ha PUC. 2.5 (teos, — MPOTHO3UPYEMbBIA MOMEHT HACTYIIJIEHHA i-TO COOBITHSL.

YTo6bl yUTATEND CMOT <[I0YYBCTBOBATH Pa3HUIlY» B UCIIOIb30BAHUH JBYX METOAOB
yIIpaB/IeHusi MOZEIbHBIM BDEMEHEM, BEPHEMCA ellle Pa3 K TIPUMEPY € JIETAIINM CaMoJIe-
TOM U CUESIIAM AUCTIETIEPOM.

Ha aToT pas nepen pa3apaboTYNKOM MOJEM BCTAET MHAs TpobyiemMa: 9TO HOHHU-
MaTh IO «0COOBIMHU COCTOSIHMSIMU», KOTOPBIE IOJKHBI BAUATD Ha H3MEHEHHE MO-
neybHOTO BpeMenn? Ha mpakTuxe o6bIYHO BMECTO COCTOSHUI paccMaTpUBAOT CO-
OBITHSI, OTIpeAeTIAIOMKe CMERY COCTOSIHIEI MOZeHpyeMoro pouecca. [las npouecca
BBOZIa MH(OPMAIIUH JHCIIeTYEPOM TaKOH MEePEXOA BHLIONHSIETCS JOCTATOYHO IPOCTO:
COOBITHE ~— HTO BBOZ OUEPEIHOTO CUMBOJIA; APYTUMH CJIOBAMH, BBOJ 0YEPETHOTO CHM-
BOJIa <IIPOJIBUTAET» MOJIETIbHOE BPEMsI Ha COOTBETCTBYIOIMI HHTepBas. Bee Tak npo-
CTO IOTOMY, UTO NPOLECC BBOAA SBJISETCS TUCKPETHBIM. A YTO 1€/1aTh C HENPEPHIBHO
NETSHIIM caMoJIeTOM? 371eCh BO3MOKHBI /1B BAPUAHTa: TUOO YBA3aTh PaCYeT HOBOTO
MONOXKEHUsA CaMOJIeTa ¢ MOMEHTOM BBO/a OYEPEAHOro CMMBOJIA, JTUOO U3MEHUTD B
MOJIe/IN IIPe/ICTABICHUE T10JIETA C HEIPEPHIBHOTO HAa AMCKPETHOE (Hampumep, pac-
CMaTpHBATh lEPeMeElIeHIe He CAMOT0 CaMoJIeTa B BO3AYXe, a ero «06pa3a» Ha dKpaHe
HHIMKATOPA).

Anroput™ paboThi MOZEH IS IEPBOTO BapHaHTa IPUBEEH Ha puc. 2.6.

A KaK GbITh B TOM CJIy4ae, KOTZa U IOJIET CAMOJIeTa, ¥ paboTa Aucneryepa noasepxe-
HBI BIUSHMIO CTy4afHbIX HakTopoB? Mbl 0TBETHM HAa 3TOT BONPOC I HE OYeHb CJI0XK-
HOT0, HO BEChbMa PACIPOCTPAHEHHOTO B IPAKTHKE MOIEIMPOBAHUs BapHaHTa, KOT/a pac-
cMaTpHBaeMble TIPOLECCH MOTYT ObITh ONMUCAHBI ¢ TOMOIIBIO CyYaliHbIX BEJIHNYMH,
pacrpefiesieHHbIX 10 33JaHHOMY 3aKOHY.

Jlnis1 camoJieTa TakOH BeJIMYMHOH OyEeT CIyKUTb CKOPOCT M0JIETa, a AJIs AucieTde-
pa — CKOPOCTB BBOAA CUMBOJIOB. B 93TOM Cilyuae MamMeHeHne MOZENTBHOIO BpeMEHH H pac-
YeT HOBOTO MOMOKEHHsS] CAMOJIETA TAKIKE MOXKHO YBSI3aTh C BBOIOM OYEPEAHOTO CUMBO-
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YctaHoBka tm=0

[

|
MporHosuposaHue
MOMEHTa BBOAA
oyepenHoro cumeona

Beopg
3aKOHYEH 7

MNpoasnxerne
MOJIEJ/IbHOFO BpEMEHH
tm = teos,;

T

Pac4eT HOBOIrO nonoxeHus
caMosieTa Ha MOMEHT
tCO6.i

Aa

ha

HeT

Y

C KoHeL, paboThbl j

Puc. 2.6. TIpuMep paboThl MOZENH IO OCOOBIM COCTOSHHAM

na. Jlorrka paboThl Takoil MOZEJIH NO-TIPEXKHEMY OYZIET COOTBETCTBOBATH AITOPUTMY,
n3obpaxeHHoMy Ha puc. 2.6. OTIYMe 3aK/II049aeTCst IMLIb B TOM, YTO IPOTHO3 BPEMEHH
BBO/a OYEPEHOTO CMMBOJIA BHITIONHSETCS Ha OCHOBE (DYHKIIUY pacipefiefieHus CooT-
BETCTBYIOLIEH CIy4yaiiHOM BeJIMUUHEL Tak, eci CKOPOCTb BBOJAA CIMBOJIOB TOAYHHSAET -
sl HOPMaJIbHOMY 3aKOHY C IIapaMeTPaMH 7 U d, TO OYepe[HOE i-e 3HaYeHHe MOJETbHOTO
BPEMEHH {M, OTIPE/Ie/IACTCA CIENYIOUM 06pasoM:

tM, = tm, + norm(m, d).

46

B aTom Bbipaxkenuu ciaraeMoe norm(m, d) o3Hayaet obpailieHue K FeHepaTopy ciy-
YAHBIX YHCEJI, pacripe/ieJIeHHBIX 110 HOPMaJIbHOMY 3aKOHY.




IloaBeeM UTOTH U3JIOXKEHHOMY B 3TOM pasfiere.

* Bribop MexaHH3Ma U3MEHEHUS MOJIEIBHOTO BPEMEHU OTPENENAET U TEXHOIOTHIO
pean3aly UMUTAIMOHHOM MOAEH.

¢ Ha BbI60p METO/I2 MOAETUPOBAHYS BJIUSAET LEJBIH psia GaKTOPOB, OHAKO Ope/e-
JISIOIIAM SBJISIETCA THIT MOZEJHPYEMOi CUCTEMBIL: /71 IUCKPETHBIX CHCTEM, COOBITHS B
KOTOPBIX paclipefielleHbl BO BpeMEHH HePaBHOMEDHO, Hosee YAOOHBIM ABSIETCA N3ME-
HeHME MOJELHOTO BPEMEHH 110 0COOBIM COCTOAHMUSM.

Ecnu B Moneny 10/KHb OBITH IIPEACTABIEHbI KOMITOHEHTHI PEATbHON CHCTEMBI, Pa-
60Ta KOTOPBIX I3MEDSETCS B PA3HEIX eIMHUI[AX BPEMEHH, TO OHH AOJIKHbI OBITH HpesiBa-
PUTENbHO IPHBEAEHDI K €IUHOMY MaciuTady.

2.4. MOAEJIMPOBAHUE ITAPAJIJIEJIBHBIX ITPOITECCOB

TpakTudecku mobas Gojlee WM MeHee COXKHAA CHCTEMA UMEET B CBOEM COCTaBe
KOMIIOHEHTHI, pabOoTaIoNIne OMHOBPEMEHHO, MJIH, KAK MPUHATO FOBOPUTDH Ha sA3BIKE TEX-
HUKH, NapaienbHo. HasepHaKa YuTaTeb CaM MOXKET IPUBECTH MAcCy IPUMEPOB Ta-
KUX CHCTEM U3 OJIM3KOM eMy 00J1acTH AesiTeNbHOCTH. MBI k€ HATOMH{M TOJIBKO OZIMH,
B3ATHIH U3 MOHOsI0ra M. JKBaHENKOro, TOCBANIIEHHOr0 paboTe THKEPO-BOAOYHOTO 3aBO-
na. Cyzis 1o CIOKeTy MOHOJIOTa, BCE LieXa 3TOr0 NPpeAnpUsiTHs paboTanu abCoMOTHO Na-
PaLIeNIbHO U HE3aBUCHUMO APYT OT IPYyra.

Hrax, ec/ii B COCTaB€ CHCTEMBI MMEIOTCS KOMIIOHEHTHI (TIOJCHCTEMbI ), BBITTOJHSIIO-
1(re cBou (PYHKIMH OHOBPEMEHHO, TO MOXHO YTBEPKAATh, YTO B TAKOU CUCTEME CyLie-
CTBYIOT NapasuiesibHble poreccsl. [TapasuiensHo paGoTaoniye IoICHCTeMb! MOTYT B3a-
MMOZENCTBOBATb CAMBIM Pas/IYHbIM 00pasoM, 11160 BooO1ie paboTaTh HE3aBUCHMO APYT
ot npyra. Crioco6 B3anMOeCTBIA IOACKCTEM OTPeeisieT BU/ Mapa/IeIbHBIX IPOLec-
COB, IPOTEKAIIKX B CHCTeMe, B CBOIO 0uepe/ib, BUI MOAEAUPYEMbIX IPOLECCOB BIHAET
Ha BBIOOD METO/a NX MMUTALIM.

2.4.1.BUABI HAPAJJIEJIBHBIX ITPOLHECCOB B CJIOXHbBIX CI/ICTEMAX ;

ACUHXpOHHBLII NApannensHblii NPoYecc — Tako# MpoLEece, COCTOSIHUE KOTOPOTO He'
3aBUCHUT OT COCTOSIHUA JPyroro napaienbHoro npouecca (I111).

Ilpumep acunxponnsix 1111, npoTexaomux B paMKax OQHOM CUCTEMBI: IOATOTOBKA Y
npoBeieHHe peKJIaMHOM KaMmnaunu Gupmoi 1 pabora c60poYHOro KOHBelepa; npuuéﬁ
13 00/1aCTH BHIYMCIUTE/BHOM TEXHUKH: BBITIOJHEHHE BBIYMCIIEHUIT POLIECCOPOM U Bk
Boa MHPOPMAlKK Ha [IeYaTh. "

Cunxponnwiii IIII — Taxoil mpoiiecc, COCTOAHME KOTOPOTO 3aBUCUT OT COCTQAHAA
B3aUMOeHcTBy o HX ¢ HuM [1I1
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IIpumep cunxporHoro IIIT: pabota TOProBoi opra=4u3anuy 1 JOCTaBKA TOBAPA €O
cKJaza (HeT ToBapa — HeT TOPrOBJIH). )

OpuH U TOT JKe TPOoHece MOKeT OBITh CUHXPOHHBIM I10 OTHOIIEHUIO K OTHOMY U3 aK-
teBHBIX [IT] ¥ ACMHXPOHHBIM IO OTHOIIEHHIO K APyromy. Tak, npu paboTe BHIYUCIH-
TEJbHOM CETH IO TEXHOJIOTHH «KJINEHT-CEPBEP> KAXIBIH U3 Y3/I0B CETH CHHXPOHH3UPY-
eT cBoW0 paboty ¢ paboToit cepBepa, HO He 3ABUCUT OT PabOTH APYTHX Y3JI0B.

Hloowunennouii ILIT — cozpaercs n ynpapisieTcss APYTUM IponeccoM (6oiee BHICOKO-
IO YPOBHSI).

BecbMa XapaKTepHBIM IIPEMEPOM TAKUX TIPOLECCOB ABJAETCA BeleHNe O0EBHIX ek -
CTBUI HOAYMHEHHBIMHU NIOIPa3/ieIeHUSIMH.

Hesasucumbviii I — e 9B71sieTCss TOAYMHEHHBIM HU /UL OZHOTO U3 IPOLECCOB,

CkaxeM, mocJie 3allyCKa HEYIPaBsieMOH 3eHUTHOH pakeThl ee MOJIET MOXKHO pac-
CMaTpUBaTb KaK HE3ABUCHMBIH IIPOIIECC, OMHOBPEMEHHO C KOTOPBIM CaMOJIET BEZET Hoe-
Bble AeUCTRUS [PYTUMM CPEACTBAMU.

Crioco6 opraHusaniy apajijie bHBIX TPONECCOB B CHCTEME 3aBUCHT OT (pU3NYECKOl
CYI[HOCTH 3TOH CUCTEMBI.

OcTaHOBUMCS HECKOJIbKO MOAPOOHEE Ha 0COOEHHOCTSX PealU3aliiy Napalie/IbHBIX
MPOIIECCOB B BHIuKCANTENbHBIX cucTeMax (BC). 1o obyciosieno crenylouieii npuyu-
HOM. '

Paspa6oTka u ucnosiszosanue 10608 M npeanosiaraet ee mporpaMMHYIO peajinsa-
M0 ¥ UccaenoBanue ¢ mpumeHenreM BC. [ToaToMy fs peanusanuy Mozeneil, HMHTH-
PYOMIUX TIApasyieibHbIE TIPOLECCH, B HEKOTOPBIX C/IyYadX NMPUMEHVUMbI MEXaHU3MB,
HCIOJIb3yeMble IPU BRINOJHEHUH NapaJlyie/IbHbIX BRIYUCIEHH.

Bmecre ¢ TeM, peanuzaims mapaiieabHbIX mpoiieccoB B BC uMeeT cBor 0COGEHHOCTH:

® Ha ypOBHeE 33124 BHIYKMCIUTEIBHBIE TPOUECCH MOTYT OBITH HCTUHHO MAPAJLIETbHEI-
MH TOJIBKO B MHOTonponeccopubix BC M/H BBIYUCIUTENBHBIX CETSIX;

¢ myorne [1I1 renonb3yioT oxny U TE XKe pecypcsl, no3toMy Aaxe acunxponsnsie 11
B npenenax oaHoit BC BHHYXIEHB! COTIaCOBBIBATH CBOU AEHCTBHS PH 0OpalIEeHHH K
obuuM pecypcam; _

¢ 3 BC 10onoTHUTENbHO KCTosb3yeTcs elle ABa uaa I111: poaurensckuil u fovep-
uuit ITIT; 0c06eHHOCTb HX COCTOHUT B TOM, 4TO HPOLIECC-DOAUTEND He MOXKeT OBITh 3aBep-
[ieH, TTOKa He 3aBepIliaTcs BCe ero ouepHye NpoLleccHl.

B cuny nepeuncieHHbIX 0COOEHHOCTEH [/t OPTraHH3alUK B3aUMOLEHCTBUA TTapai-
JIENBHBIX polieccos B BC Hcno/b3yoTCs TPU OCHOBHBIX TOIXOMA:

® Ha OCHOBE «B3aMMHOTO UCKIIIOUEH US>,

® Ha OCHOBE CHHXPOHU3AIMY [T0CPEACTBOM CUTHATIOB;

® Ha 0CHOBe 0OMeHa nH(popManueii (coobeHUAMH).

<«B3aumnoe uckaronenue» npeAnoaraeT 3anpeT A0CTYIA K 00IIMM pecypcaMm (06-
UM JaHHbBIM) 1Uist Beex T1T1, kpome OHOTOo, Ha BpeMsi ero paboThl C TUMH pecypcaMu
(IaHHBIMY ).

Cunxponuzayus nonpasyMeBaeT oOMeH CUTHAJIaMH MEXY ABYMs WIH 6oJiee ipo-
L[eCCaMH 0 YCTAaHOBJIEHHOMY HPOTOKOJY. Takoil «CHrHam» paccMaTpHUBAeTCs Kak
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HEeKOTOpoe COOBITHE, BHI3bIBAIOIIEE Y TIOTYIUBIIETO €r0 IPOIECCa COOTBETCTBYIOUHE
neHicTBUA.

Yacto BO3HUKAET HeOOXOAUMOCTE TepesiaBaTh oT onnoro I apyromy Gonee nox-
pobHYI0 HH(POPMALMIO, Y€M TPOCTO «CUTHAI-COOBITUE>. B 9TOM ciiyyae npopuecchl co-
FJIaCYIOT CBOIO paboTy Ha OCHOBE 0OMEHA COOOIIEHUAMMI.

[lepeuncnennble MeXaHU3MHBI peasin3yioTces B BC Ha ABYX YPOBHSIX — CHCTEMHOM U
NIPUKJIATHOM.

Mexanuam B3aumoseiictus Mexay I111 Ha cucteMHOM ypoBHE OlpeliesiseTcs eme
Ha sTane pazpaborku BC 1 peannayercs B OCHOBHOM CPeICTBAMM OTIEPALIIOHHON CHCTe-
MbI (YaCTHYHO — C HCHOJ/Ib30BAHHEM AIIIaPaTHBIX CPEACTB).

Ha npuknagnom yposHe B3auMozeiicTsre Mexay 1111 peanusyercsa nporpaMMiucToM
CPEACTBaMMU SI3BIKA, HA KOTOPOM pa3pabaThIBaeTCs POrpaMMHOE 0becIIedeHNE.

Hau60o1b1uMu BO3MOXHOCTSIMA B 9TOM OTHOIIEHHH 0OJIa/IAl0T TAK HA3bIBAEMBIE SI3bI-
KM peasibHOro BpeMeHH (APB) u s13p1kH MoeTnpoBaHus.

S3piky peanbHOTO BPEMEHH — 3TO A3BIKY, peHa3HAYeHHbIe Ui CO34aHUs NPo-
rpaMMHOro obecnedenus, paboTaIerc B pealbHOM Macuitabe BpeMeHH, HallpUMep
1ist pazpaboTKy Pa3IMYHBIX ABTOMATH3NPOBAHHEIX CUCTEM yIIpaBjaeHusl (Ipeanpusi-
THEM, BO3AYUIHBIM ABIDKeHUEM U T. A.). K HuM, B 4acTHOCTH, OTHOCATCS: S3bIK Adq,
s13651K Modyna v IpaKTHYeCKY efMHCTBEHHBIH OTeYeCTBEHHHBIH SI3BIK PEAbHOTO BpeMe-
HU — Inb-76 (MCTIONB30BABIINIICA B MHOIONPOLECCOPHBIX BHIYMCIUTENBHBIX KOMII-
JieKcax ceMeicTBa «Dabbpycs ).

2.4.2. METO/IbI OIIMCAHWA HAPAJIJIEJIBHLBIX ITTPOTECCOB B
CUCTEMAX U A3bIKAX MOJEJIMPOBAHUA

SI3BIKHM MOJIE/TUPOBAHHSI 10 CPABHEHMUIO C I3BIKAMH PeajibHOIO BpeMeHY TpeOyioT oT
pa3paboT4nKa 3HAYMTENHHO MeHee BEICOKOTO YPOBHS NOATOTOBKY B 06J1aCTH POrPaM-
MMPOBaHusA, YTO 0OYCIIOBIIEHO ABYMsI OOCTOSATELCTBAMU:

® BO-IIEPBBIX, CPEICTBA MOAETHPOBAHHS H3HAYATBHO OPHEHTHPOBAHbI HA KBA3HIIa-
pasLIeNbHy 0 06paboTKy NapaiebHbIX IPOIECCOB;

® BO-BTOpBIX, MexaHH3MeI peatnsatiuu HII orHocsTCS, Kak paBmiIo, K BHYTpeHHel opra-
HM3AI1M CHCTEMBI (SI3BIKA) MOJIENIMPOBAHMUS 1 UX pab0Ta CKPBITA OT NPOIrPaMMKCTA.

B npakTike UMMHUTAIIMOHHOTO MOJEIHMPOBAHUS OJUHAKOBO IHPOKO HCMIOIb3YIOTCA
KaK IPOIECCHO-OPUEHTHPOBaHHbIE A3BIKM (CUCTEMBI) MOLENUPOBAHUS, HAIPUMED
SIMULA, Tax 1 sI3BIKH, OPUEHTHPOBAHHbIE Ha 06pabOTKy TpaH3aKTOB ( HallPUMED, A3bIK
GPSS). B Tex v ApYTHX HCHOJb3YIOTCS aHAJIOTHYHBIE METOABI PEAIH3alliK KBa3unapal-
JIeJIM3Ma, OCHOBAHHBIE Ha BEIEHHUH CIICKOB COOBITHH. B NpolleccHo-0pHEHTHPOBAHHBIX
CHCTEMaX MCIIO/Ib3YIOTCS CIIUCKY COOBITHI CIEAI0BAHUSA, @ B TPAH3AKTHBIX CUCTEMAxX —
CIKCKU COOBITHI H3MEHEHUS COCTOSHUI.

CospeMeHHbBI€ A3BIKH 1 CUCTEMBI MOZETUPOBAHUS], CPUEHTHPOBAHHbIE HA MCIIOJIb30~
BaHHE B CPe/le MHOTO3a/lauHbIX ONEPAMOHHBIX cHcTeM Tha Windows, yacTiHuHO Hc-
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[OJIB3YIOT UX MEXaHW3MbI YIIPABJIEHHs IPOIECCaMH, " TO JeJlaeT MX TpUMeHeHue elfe
6onee apbextunnpim. B makete MATLAB Taxske uMeeTca cOOCTBEHHBIN A3BIK MOJIETH-
pOBaHUs, U K HeMy B NTOJTHOM Mepe MOXKHO OTHECTH CKasaHHoe Bblie, TeM He MeHee BO
MHOTHX CJIy4YasiX OKa3bIBA€TCS NOJIE3HBIM 3HaHUe 061i1ero Mexanuama peanusaiuu 1111 8
SI3BIKAX MOJIETUPOBAHHUA.

PaccMOTpHM ero IPHMEHUTENbHO K MOIEIMPOBAHNIO HAa OCHOBE TPaK3aKTOB.

B aToM ci1ydae oz coGbITHEM TOHUMAETCS JI000€ IepeMelleHHE TPAH3aKTa 110 CHUC-
TeMe, a TaKKe U3MEHEHHe ero CoCTOSHUA (00CIyKUBaeTCs, 3a0JI0KUPOBaH U T. 11.).

CoObITHE, CBA3aHHOE C TAHHBIM TPAH3AKTOM, MOJKET XPaHHTLCS B OMHOM U3 CIEAYIO-
LIKX CITMCKOB.

Cnucox mexyuux codbimuii. B 9ToM cincke HaXonATcs COOBITHS, BpEMsI HACTyILie-
HUSI KOTOPBIX MEHDBIIIE UM PABHO TeKylleMy MOZenbHOMY BpeMeHn. COOBITHS ¢ «<MeHb-
LIM> BPEMEHEM CBSI3AHBI C MePEMELIEHUEM TeX TPAH3AKTOB, KOTOPbIE AO/KHbI Gbiu
HAYaTh ABUrATHCA, HO GBLTH 3a6I0KHPOBAHEL.

Cnucox 6ydyuwux cobbimuii. ITOT CIUCOK COAEPKUT COOBITHS, BPEMS HACTYILIE-
HHS KOTOPBIX 60JIbILE TEKYIETO MOAETLHOTO BPEMEHH, TO €CTb COOBITUS, KOTOPbIE A0
KHBI IPOU30UTH B Oy y1ieM (yCIOBHS HACTYIUIEHHS! KOTOPBIX YK€ OTIpeiesIeHbl — Ha-
HIPHUMEP, U3BECTHO, YTO TPAH3aKT OyAeT 0OCIYKUBATHLCA HEKOTOPHIM yCTpoiicTBoM 10
€AUHUI[ BpEMEHH ).

Cnucox npepvieanuii. JlaHHbIN CIIHCOK COLEPIKUT COOBITHS, CBSI3aHHbIE C BO30OHOB-
nerneM 06pabOTKY MpepBAHHEIX TpaH3akToB. COGBITHS U3 3TOTO CIIMCKA BHIOUPAOTCA B
TOM CJiy4ae, eCciii CHATHI YCIOBHA TIPEPbIBAHMA.

B criucke Tekymux coObITHH TPaH3aKThl PACIIOJIOKEHbI B TIOPsiiKe YOBIBAHUS TIPU-
OpUTETa COOTBETCTBYIOMNX COOBITHIL; IPH PABHBIX IPUOPUTETAX — B MOPAAKE HOCTYII-
JIEHUA B CTIMCOK.

Kaxmoe cobuiTie (TpaH3aKT) B CIHCKE TEKYIUAX COOBITHI MOXKET HaXOAUThcsA THO0
B aKTUBHOM COCTOSTHHH, MO0 B COCTOSIHUM 3a/lepKKH. Ec/iu cOOBITHE aKTUBHO, TO COOT-
BETCTBYIONUIMI TPAH3AKT MOXKeET ObITh MPOJABUHYT 110 CHCTEME; €CJIN TIPOABUXKEHHE He-
BO3MOXKHO (HalpuMep, U3-3a 3aHATOCTH yCTPOICTBA), TOo coObITHE (M TPAaH3aKT) nepe-
BOIMTCA B COCTOAHNE 32/IEPIKKU.

Kak Tonbko 3aBepuiaerca o6paboTka (IPOABMKEHHE) OYEPETHOTO aKTHBHOTO
TPaH3aKTa, IPOCMATPHBAETCS CHHCOK 3aIePKAHHBIX TPAH3AKTOB, U DA U3 HUX Ie-
PEBOJIUTCS B aKTHBHOE cocTosinue. IIpolienypa moBTOPsETCS 10 TeX NOp, OKa B CIIKC-
Ke TeKyniux cobniTuii He 6yayr o6paboTans Bce akTuBHBIE cobpiTHA. [Tocae sToro
IIPOCMATPUBAETCS CIUCOK Oy AyUIUX cOOBTHIL. MOZEIbHOMY BPEMEHH TIPHCBANBAET-
Cs1 3HaYeHMe, PABHOE BPEMEHU HACTYILIeHus Oankaitinero us aTnx cobeituii. Jlannoe
coObITHE 3AHOCUTCS B CITUCOK TEKYIIUX COOBITHIH. 3aTeM MPOCMATPUBAIOTCS OCTANIb-
Hble coObITUS ciMcKa. Te U3 HUX, BpEMsI KOTOPBIX PABHO TEKYILIEMY MO/IEJIbHOMY Bpe-
MEeHHU, TAKKe HePENUChIBAIOTCS B CIIUCOK TEKYIUX coburtuid. IIpocMoTp 3akanyuBa-
eTCsl, KOT/Ia B CIIHCKe OCTalOTCs COOBITHS, BpeMeHa KOTOPBIX GoJblie TEKyLU[ero
MOJIEJIbHOTO BpEMeHH.

B kauecTBe WIMIOCTPAIKH K H3JI0KEHOMY PACCMOTPUM HEOOIBIIOH TIPUMED.
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Ilycrhs B cHCTEMY ITOCTYNAIOT TPAH3AKTHI TPEX TUIOB, KAXKIBIH 13 KOTOPHIX 06CIy-
JKHUBAETCS OTAENBbHBIM YCTPOACTBOM. V3BECTHHI 3aKOHBI IIOCTYIJIEHUS] TPAH3aKTOB B
CHCTEMY H JUIMTELHOCTh UX 06CTyKUBaHUsA. TakuM 06pa3oM, B CUCTEME CYLIECTBYIOT
TPHM Mapa/UIeIbHBIX HE3aBUCHMBIX rpoliecca (P1, P2, P3).

BpemenHas quiarpamMma paboThl CHCTEMBI TPH 00CIyKHBAHUHA OIHOTO TPAH3AKTa KaXK-
JIOTO THIIA NTOKa3aHa Ha puc.2.7.

Ha pucynke cobbITHSA, OTHOCSIINECH K nponeccy P1, obosnadenst kak C1, oTHOCA-
muecs x P2 u x P3 — coorsetcTBeHHO Kak C2, u C3. MoMeHTbI BpeMeHH ¢ax U £Bbix COOT-
BETCTBYIOT Ha4a/ly ¥ OKOHYAHHUIO 0OC/TYKUBAHUS TPAH3AKTA.

ci1 c12 C13
L L >
I | g
N J 4
l : tax teuix
| |
} L ca21 c22 c23
| - ' —
! l | | 2
| = ! C31 Cc32 C33
! ! l | - | -
i | i T 1 1 >
| | | ' | | t3
| | !
| [ | | | |
| ! ! L L 1 >
0 t11 21 31 132 133 M

Puc. 2.7. BpeMeHHas auarpaMma HapajjiesibHbIX TIPOLIECCOB

s Kaxgoro npoiiecca CTPOUTCA CBOA 1leltb COOBITHH, GAHAKO CIIHCKH COOBITHI
ABIAIOTCA 00WKMY A5 Beeit Moaen. DopMupoBaHye CIUCKOB HAYHHAETCS C 3a-
NoJHEeHUsA cnucka Oyaymux coboituii. Kak 651710 OTMeYeHO Bbillie, B 3TOT CIIUCOK
noMemaKnTcsa coOLITHS, BpeMs HACTYIIEHHS KOTODBIX NPEBBIIIAET TeKyllee 3Haue-
HME MOJIENbHOTO BpeMeHu. O4YeBHAHO, YTO Ha MOMEHT 3aM0JIHEHMS CIUCKA BpeMs
HaCTYIJIEHUS NPOTHO3UPYEMBIX COOBITHH A0KHO OBITh M3BecTHO. Ha nepBom Liare
tu=0, 1 B ciMcoK 6yayuux cobsiTHit 3an0carca cobutus Ci1, C21, C31. 3arem
cobbITHe ¢ HANMEHBIIUM BpeMeHeM HacTyIieHns — C11 — nepeHocuTCs B CIUCOK Te-
KYIUX COOBITHIY; EC/IM OHOBPEMEHHbIX C HUM COBHITHI HeT, To oHO obpabaThiBaeTcs
M MCKJII0YaeTCa U3 CIUCKA TeKYyuuxX cobuituit. Ilocsie 3Toro BHOBb KOPPEKTHPYET-
¢4 CIIMCOK 6YAYIUX COOBITHI U T.A., IOKA He UCTeYeT 3aflaHHbIH UHTEePBAI MOJe-
JIMPOBAHUA.

-JluHaMuKa U3MEHEHNU CIIMCKOB TEKYLIHX B 6YAYINX cOOBITHI /IS PACCMOTPEHHOTO
npuMepa OTpajkeHa B IPUBEAEHHOM Hibke Tabmune (Tabn, 2.2)
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Tabanua 2.2

H3MeHeHHE CHUCKOB COOBITHI

t Crcok TeKymux coObITHil Crnincok Oyaywux coGbiTuii

ci1
0 0 c21
(3.
c21
ti1 ci1 C31
C12
C31
21 c2 C12
C22
C12
t31 C31 C22
C32
C22
12 Cc12 32
C13
C32
22 c22 C13
C23
C13
£32 €32 €23
C33
C23
t13 C13 33

C23

t23 033

MHorue aBTOpH KHUT 110 IMUTAIIMOHHOMY MOZIeTMPOBAHUIO, CTABUIHX YK€ KIACCUKOH,
CYMTAIOT, YTO 3HAHME MEXAHU3MA BEJEHMSI CTIMCKOB COOBITHI NPOCTO HEOOXOAMMO paspa-
HOTYMKY MOJENH; YMEHHE IPOC/IENUTh B THHAMUKE LENb NPOUCXOAAIIUX B MOJIETH COOBI-
THI BO-TIEPBBIX, TIOBBIIIAET YBEPEHHOCTh CO3/ATENSI MOZIE/IH B TOM, YTO OHA paboTaeT rpa-
BUJILHO 1, BO BTOPBIX, CYIIECTBEHHO 00IEIYaeT IPOIECC OTAAIKM U MOTU(HUKALIMN MOTIEIIHL.

2.4.3. IPUMEHEHME CETEBBIX MO/IEJIEY JIJIs1 OTIMCAHUS

ITAPAJIJIEJIBHBIX ITPOITECCOB

Csenenuist, npUBeeHHBIE B IPEABIAYIIEM Pasliesie, KPOMe BCEro MpoYero A0MKHE
OpLIM yOEqUTh YUTATES B TOM, 4TO PA3paboTYHKY UMHUTAILIMOHHON MOJIEIHN He00X0-
JIUMO MMETD XOTA Gbl MMHUMAJbHbIE 3HAHUA U HABHIKK B 06J1acTH IPOTPaMMMpPOBa-
Hust. M X0Ts BTOpast 4acTh 3TOH KHUTH B OCHOBHOM [OCBSILIEHa TOMY, YTOOBI passe-
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ATb 3TO Blle4aT/IeHHE, TeM He MeHee CyIecTByeT npobiiemMa, KOTOPYIO MBI He CMOXKEM
oboiTi. Peus 1€t 0 TOM, 4TO 5TANy HPOrPaMMHOI peasn3aluy Moge/H (T. €. ee Olu-
CaHUIO Ha OTHOM U3 A3BIKOB IIPDOrPaMMUPOBaHUA ) IOJIKeH NPeJiIeCTBOBATh TaK Ha-
3pIBAaeMBIIl 9Tal ajaropuTMUsanuu. Jpyrumu ciosamy, Ipexjae YeM IPeBpPaTUTD
UMHUATAUUOHHYIO MOZEJb B paboTAIONUIYI0 KOMIBIOTEPHYIO IPOTPAMMY, €€ CO3JaTeNb
IOJIKEH BOCIIOIb30BATHCSA KAKUM-TO MeHee hopMaibHbIM 1 OoJiee HarJISAHBIM CPell-
CTBOM OTMCAHUS JOTHKM paboTsl Oyayuieit nmporpaMmel. Pasymeercs, a1o TpeboBa-
HUE He ABJIAETCS 00513aTeJIbHBIM [ BCEX pa3pabOTYNKOB U /7SI BCEX CO3/1aBAEMBIX
MoJlesIell: Ipy HanU4YNH JOCTATOYHOTO OIBITA IPOrPaMMa He OYeHb CJI0KHOI Monenu
MoKeT OBITh HAaNKCaHa ¢pa3y. OIHAKO IPAKTUKA TOKA3bIBAET, UTO YEI0BEYECKHE BO3-
MOKHOCTH He O€3rpaHHYHBI, ¥ [[PH MOAETUPOBaHUH G0ee CIOKHBIX CHCTEM [AXKE
OmbITHBIE Pa3paboTYnKY ObIBAIOT BBIHYX/JEHBI HEMHOI'O «IIPDHTOPMO3UTDb» Ha 3Talle
anroputmuszanuy. s onucanus JOrukH paboThl MOJLEJH MOTYT OBITh HCIOIb30Ba-
HbI Pa3/IMYHbIE CPEACTBA: TUO0 PYCCKHH A3BIK (YCTHBIH MM ITMCbMEHHBIH ), Tu60 Tpa-
IUIHOHHBIE CXEMBI aITOPUTMOB (TaKue, Kak Ha pucyHkax 1.3, 1.4), mibo xaxue-To
ApYTHE «TIOIpyYHble» cpeAcTBa. IlepBhle Ba BapuaHTa IBAAKOTCA, Kak IPaBUJIO, Hau-
6oJiee 3HAKOMBIMHU 1 HanboJIee YacTo UCnoab3yeMbIMU. OHAKO eCliy BB Ionpobye-
Te OIKCATh B BUJIE CXEMBbl aJITOPHTMa MOZe/b Jaxe TaKoH NPOCTOH CHCTEMBI, KOTO-
past NCIIOJIB30BANAach B IIPEABIAYIEM NIPUMepe, TO 3TO OKAaXKeTCsT HapacHo# TpaToi
BpeMeHH u cul. Ilpexze BCero m0ToOMY, YTO TaKue CXE€MBl COBEPUIEHHO He MPHUCIIO-
cODJIEHB! /71 OTIMCAHUSA NAPAIENbHBIX TPOIECCOB.

WMmenHo nosToMy TIpeACTaBaseTCs HEOOXOAUMBIM [T03HAKOMHTD YUTATEJIS C OMHHAM
13 HauboJiee 3/IETAHTHBIX ¥ BEChMa PaCIPOCTPAHEHHbBIX CPEJCTB OMUCAHUS HapaJlieib-
HBIX TIpolieccoB — cemamu Hempu. VM noceaimeno J0CTaToOYHO GOMBINOE YMCIO N3Ha-
HUI, NO3TOMY MBI OTPAHUIUMCS M3JI0KEHHEM TOJBKO TeX OCHOBHBIX CBEJEHULL, KOTO-
prie HeOOXOMUMBl C TOYKH 3DEHHUS Peajn3aliil TEXHOJOTHH MMHTAIIMOHHOTO
MOZIeJTHPOBAHHUA NapajlieabHbIX IPOLECCOB.

OnHO 13 OCHOBHBIX JOCTOMHCTB anmnapara ceteil [leTpu sakiogaeTcs B TOM, 4TO OHH
MOTYT OBITh HPEACTaBEHb! KaK B rpadudeckoit gpopme (4To obecnieurBaet HATIAAHOCTS ),
TaK ¥ B aHATUTHYECKOH (YTO MO3BOJIsIeT aBTOMATH3MPOBaTh IIPOIECC X AaHATH3a).

IIpu rpadudeckoil MHTEpNpeTauK ceTh [leTpu npeacrasisier coboit rpad oco-
60r0 BHAA, COCTOALIUN 13 BEPUIMH ABYX THIIOB — NO3UYUT U Nepexo0os, COeNHEH-
HBIX OPUEHTUPOBAHHBIMU AYTAMU, TPUYEM KaXKAas AYTa MOJKET CBSA3BIBATD JIUING Pas-
HOTHUIHBlEe BEPIIMHE ([O3ULHUI0 C NMEPEeXOAOM UJIH NEPexXoj ¢ No3ulueil).
Bepmmnsl-no3uunu 0603Ha4al0TCSA KPYKKaMHU, BEPUIHHBI -TIEPEXObl — YePTOYKaMH.
C cofepkaTebHOM TOYKH 3PEHUS, IEPEXO/IBI COOTBETCTBYIOT COOBITHSM, IPUCY M
ACCHAEeAYEMON CHCTEME, a TIO3UIMY — YCIOBUAM X BO3HUKHOBeHNA. TakuM o6pazoMm,
COBOKYHHOCTH IIePEXOJ0B, MO3ULNI U AYT IT03BOISIeT ONNCATh NPHYHHHO-CIeICTBEH-
HBIE CBA3M, MPUCYIUE CUCTEME, HO B cTaThKe. UTo6b! ceTh [leTpu «oxuna», BBOAAT
elile OUH BUT OOBEKTOB CETH — Tak Ha3blBaeMble uwku, v MeTku nosuumii. Ile-
PEXO0J CINTALTCA aKTUBHBIM (COOBITHE MOKET TPOMIONTH ), €CJIN B KaKA01i eTo BXox-
HOI1 TIO3UITMH ECTb XOTs ObI OfiHA (hUIIKA.
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Pacnionoxenune ¢uiiek B NO3MUKUIX CETH HA3BIBAETCH pa3memxoti cemu (pumep
nepemerneHns GUIIEK TI0 CETH IPUBENEH Ha puc.2.8).

M0=(150)Os 011)

d, — akTuBeH 2) M;=(0,1,1,0,1)
d;, d; — aKTUBHbI

Puc. 2.8. TIpumep uameneHust pasmeTxu cetu Iletpy npu cpabaThiBaHiY MEPEXOA0B

B ananutuyeckoit hopme ceTh IleTpu MokeT OBIT TPEICTABJIEHA CIEAYIOUIMM 06 pasoM:
P=(B,D, I, 0, M),

rae B = {b} — KOHeYHOE HelyCcToe MHOXECTBO O3ULHI;

D = {d} — xoHeYHOE HemyCTOe MHOXECTBO NIePEXO/IOB;

I: BxD —> 0,1 — Bxoanas byuxnus (npaMasi GyHKIUs AHIWIEHTHOCTH ), KOTOpas
JUTSL K&KAOTO Hepexo/ia 3a1aeT MHOXKECTBO eT0 BXOJHBIX ITO3UIIHH;

O: DxB —> 0,1 — sbixogHas ¢pynKius (o6parHas pyHKIUA MHUUAEHTHOCTH ), KOTO-
past ZJist KaXK/IOTO Mepexofia 3a/faeT MHOXKECTBO €T0 BXOAHBIX MO3UIIMIY;

M — dyuxnus pasmerku cetu, M : B —> 0, 1, 2,... — cTaBUT Kax10i MO3UIIVH CETH B
COOTBETCTBUE HEOTPUIIATEIbHOE 1[e/I0e YHUCIIO.

C y4eToM BBe[leHHBIX 0603HaYEeHUHN HEOBXOAMMOE YCIoBUe CpabaThiBaHKA Hepexoia
dj MO3KeT GBITH 3AIMICAHO CEAYIOMIM 00pa3oM:

V b,e I(d){ M(b)) 2 1} (1171 Bcex BXOAHBIX NO3MINMH PA3METKa AOTKHA ObITh 21).

CpabaTbiBaHue epexoa a'] u3MeHseT pasMeTky cetd M(B) Ha pasmerky M'(B) no
caenyoueMy IpaBuiLy:

M(B) = M(B) - I(d) + 0(d),

TO €CThb MEPeXO] d] M3bIMaeT 110 O/IHOI METKe U3 KKIOU CBOeH BXOAHOM No3uLiMK U 106aB-
JISIET TIO OHOM METKE B KaXKIYIO M3 BEIXOAHBIX Mo3uimil. CMeHy pasMeTKH 0603HAYAIOT TakK:

4
M, M’
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Bxoanas u BoixonHast ¢pyuxiuy cetu [erpu (I u O) no3BossiOT onucaTh M00y0
CETH C TIOMOIIBIO IBYX MaTPHILL pa3Mepa m X n (MaTPUIl BXOAHBIX ¥ BBIXOAHBIX MTO3UITHH ),
HMEIOIIUX CIIEYIOYIO CTPYKTYPY:

d, d, d d,
b, 1 0
b, | 1 1 0 1
15] 0 1 0 1
b |1 0 1 0

m

OcHoBHble HanpaBaeHu:A aHanK3a cetu IleTpu cienyromue:

1. lIpobrema docmuscumocmu: B cet IleTpu ¢ HavansHoii pasmerkoit M, Tpebyercs
OTpeNeNUTh, AOCTHXKUMA JIM IPUHIMIINATBHO HEKOTODas pasMeTka M us M.

C TOYKHU 3peHMS UCCIENOBAHUS MOAETUPYEMOU CUCTEME], 3Ta IIpobieMa WHTEp-
OpeTHPYETCA Kak NpobieMa TOCTHKUMOCTH (PeajinsyeMoCTH ) HEKOTOPOro cOCTOs-
HUS CUCTEMBI.

2. Ceoticmeo xcusocmu. 1o KUBOCTBIO IEPEX0/a IIOHMMAIOT BO3MOYKHOCTD €r0 cpa-
6aTbIBaHUSA B JAHHOH CETH IIPU HadaslbHOM pasMerke M|,

AHann3 Moziesid Ha CBOMCTBO KUBOCTH II03BOJISIET BHIIBUTH HEBO3MOXHBIE COCTO-
SIHUA B MOZEINPYeMOil cucteme (HapuMep, HENCIOJIHsIEMble BETBU B IPOrpPaMMe).

3. besonacnocmo cemu. bezonacHoil sABnsAeTcs Takas ceTs [leTpy, B KoTOpOit HU Npn
KaKHX YCJIOBHUAX HE MOXKeT TOABUTLCS 60JIee OHON METKH B KaXK10i1 U3 IO3UIIHH.

Jlns uccieayeMoi CUCTEMBI 3TO O3HaYaeT BO3MOXHOCTD (GYHKIMOHUPOBAHUS €€ B
cTaluoHapHOM pexkime. Ha ocHOBe aHamM3a IaHHOTO CBOMCTBA MOTYT GBITh ONpeesie-
HB1 TpeboBaHus K 6y(QepHEIM HAKOTUTEISIM B CHCTEME.

Hrtax, nocrouncrsa cereii [leTpu 3ak1i04aoTcs B TOM, YTO OHU:

1) nosBositor MopenvpoBarth 1111 Bcex BO3MOXKHEIX THIIOB C Y4€TOM BEPOSATHBIX KOH-
(bMKTOB MEXIY HUMH;

2) 06/1a1a10T HArJIATHOCTHIO ¥ 00€CIIeYHBAIOT BO3MOKHOCTh aBTOMAaTH3NPOBaH-
HOTO aHalN3a;

3) Noe3BOJISIOT MEPEXOANTD OT OJTHOTO YPOBHS AETANH3ALNH ONHUCAHUSA CHCTEMBI K
apyromy (3a cueT PaCKpBITHS/3aKPbITH TIEPEXONOB).

BwMecre ¢ TeMm, cetu [leTpy MMeIOT pAJ HeIOCTATKOB, OTPAHUYHBAIONIHX X BO3MOXK-
Hoct. QOCHOBHOM M3 HUX — BpeMsl CpabaThIBaHMS TIEPEX0/la CYUTAETCS paBHBIM 0, 9TO
He TI03BOJIAET UCCIEN0BATh € IIOMOUIBIO ceTell [leTpu BpeMeHHble XapaKTEPUCTHKH MO-
ZeTNPYEMBIX CHICTEM.
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B pesynrrare pasuTns annapara ceteit [letpu Obi1 paspaboTaH psAl pacluupenuit.
OnHo u3 HanboJIee MOLHBIX — TaK HasbiBaemble E-ceTu (evaluation — «BbryncieHns»,
<OLIEHKA» ) — <OLEHOUHBIE CETH.

B ornuuue or ceteti [lerpy, B E-ceTax:

1) MMEIOTCSI HECKOIBKO TUIIOB BEPINHH-TIO3UIHIA: TPOCTHIE TO3UIIAH, TO3NHU-0Ye-
pen, paspellalne TO3UINH;

2) puiuku (METKH ) MOTYT CHAbKaThCs HaOOpOM I‘IpI/IBHaKOB (arpubyToB);

3) ¢ KAKIBIM IIEPEXOIOM MOKET OBITh CBA3aHa HeHYJIeBas 3aIePKKa U PYHKIHS TIpe-
oOpazoBanms aTpuOyTOB (HIIIEK.

4) BBEIEHHI IOTIOJIHUTEIbHBIE BUB] BEPLIMH-TIEPEXOI0B.

5) B 1100y10 NO3UIIMIO MOXKET BXOAMTD He 00JIee ONHOW IYTU U BBIXOJAUTD TAKKe HE
6oJiee oHOM.

B ¢BA3H ¢ 9THM 100601 TIePeX0f MOKeT OBITh ONUCAH TPOHKO# TapaMeTpoB:

d,= (S, 1(d), p(d)),

rae S — TUI mepexoza,

t(d ), — GYHKUMA 3aIEPKKH,

(d ) — byukuusa npeobpazoBaHust aTpHOYTOB

Basostie nepexonsl E-ceTy onucans! HUXe.

T-nepexon («UCIOJIHEHUEs, <IIPOCTOM IIEPEXO» ).

Ero rpaduyeckoe npenctabieHne aHAIOTAYHO TPEICTABICHUIO BEPIIMHBI-TIEPEX0Aa
ceru [leTpu:

Hepexoa Cpa6aTbIBaeT PV HAJINYHUH METKU BO BXOJIHOﬁ TIO3VINHU N OTCYTCTBHH €€ B
BBIXOZHOH MO3UIKUH. (DOpMaJII)HO 9TO MOJKHO 3aIIUCaTh TaK!:

T

T-mepexo/ 103BOJISAET OTPA3UTh B MOZEIHN 3aHATOCTh HEKOTOPOIO yCTpoiicTBa (mos-
CHCTEMBI) B TEUEHHE HEKOTOPOI'O BPEMEHH, ONPeIeisieMOro TapaMeTpoM t(d).

F-nepexon («pa3BeTBIEHHUES ).

Ipaduueckoe mpeacTasieHue:
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CpabaTbIBaeT IpU TeX JKe YCAOBHUAX, 4TO U T-Nepexo:

F
(1,0,0) ’——(0,1,1)

C conepxarenbHOil TOYKU 3peHus F-mepexon otobpaskaeT pa3BeTBIeHUE MOTOKA
nHbopMaIiHu (TPaH3aKTOB) B CHCTEME.

J-nepexon («obvenunenues ).

I'pacduueckoe npeacTapacHue:

Hepexozl cpa6aTb1BaeT IIPpHU HAJIMYWUU METOK B obenx BXOJHBIX ITO3UIUAX:

J
(1,1,0) l-—(o,o,n

OH Mozenupyet o0belHHEH E IOTOKOB M1 HATNYKE HECKOJIbKUX YCIOBHH, OTIpee-
JIAOUIMX HEKOTOPOE COOBITHE.

X-nepexop («Iepekniodareiny)

1o cpaBHeHUIO € TPEMA IPEAbILYUIMMHU TUIIAMU MTEPEXOACB OH COAEPIKUT AOMOTHH-
TeJbHYIO YIPaB/IIOIYIO («Pa3PeNIaloNyios ) O3KMINI0, KOTOpast rpadideckn 0603Ha-
4aeTcs 0OBIYHO MO0 KBALPATUKOM, JUO0 IHECTHYTONBHUKOM:

Jloruka ero Cpa6aTbIBaHI/IH 3a/laeTcAa CIeAYIoUIMMA COOTHOIEHUAMU.

X
(0,1,0,0) —— (0,0,1,0)

X
0,1,0,1) — (0,0,1,1)

X
(1,1,0,0) —— (0,0,0,1)
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X
(1,1,1,0)'— 0,0,1,1)

X-nepexol u3MeHsIeT HallpaBJeHNe OTOKa HHpopMaluy (Tpau3akTos). B obiem
cJlydae pa3pelnaniiasi Ipoieaypa MoKeT ObITh CKOJIb YTOAFD CJIOKHOM, HO CYIHOCTb
ee pabOThI 32KII0YAETCs B IPOBEPKE BHIMOJIHEHKsS YCIOBHH Pa3BeTBIEHUA IOTOKA (C
TOUKH 3peHUs NIPOrpaMMHUCTa paspeliaonias NO3ULMA aHAJIOTHYHA YCIOBHOMY OIle-
patopy Tumna if).

Y-nepexon («BBIOOP», «TIPHOPUTETHEIA BHIOOD» ).

ITOT Iepexol TAKKe COAEPKUT Pa3pellaioIyIo MO3HIHIO:

O~
O*ﬂ

Jloruka cpabatsiBanus Y -nepexona:

Y
(0,1,1,0) — (0,0,1,1)
Y
(0,1,0,0) — (0,0,0,1)
Y .
(0,0,1,0) F— (0,0,0,1)
Y
(1,1,1,0) — (0y1)0)1)
Y
(1,1,0,0) —— (0,0,0,1)
Y .
(1,0,1,0) = (0’0)0)1)

Y-nepexon oTpaskaeT APUOPUTETHOCTD OJHUX NOTOKOB MHGOpManH (TPaH3aKTOB)
IO CpPaBHEHMIO ¢ ApyruMH. I1pu 3ToM paspemanias npoleaypa MOXeT ObITh onipese-
JIeH2 Pa3MUYHBIM 00pa3oM: KaK olepaiius CpaBHeHUA (BUKCHPOBAHHBIX IPUOPUTETOB
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METOK; KaK (QYHKIHUs OT aTpUOyTOB METOK (HANPUMeED, YeM MeHbIlle BPeMs 00CIyKu-
BaHMs, TEM BBIIIE IIPUOPUTET).

B HeKOTOpPOM cMBIC/IE OH paboTaeT aHAIOTUYHO OIepaTopy BrIOOpa THIIA case.

B E-certu Bce nepexopt 061aal0T CBOMCTBOM HE30IIaCHOCTH. JTO 03HAYAET, YTO B
BBIXO/IHBIX ITO3MLHAX (KOTOPbIE B CBOIO 0YEPEIb MOTYT ObITh BXOAHBIMH JJI CEAyIOIIe-
IO IIEPEX0/Ia) HUKOTAA He MOXKeT ObITh G0o/Iee OIHOM METKH. ,

Bwmecre ¢ TeM, B E-ceTsx cylIeCTBYIOT IOHATHSA MAKPONEPexo0a U MaKponosunuu,
KOTODBIE TI03BOJIAIOT 0TOOPaXkkaTh B MOJIE/N TIPOLECCH HAKOILIEHHS 06CTyKHBAEMBIX
TPaH3aKTOB B T€X UJIM HHBIX Y3J1aX CUCTEMBI.

PaccMoTpuM HekoTOpHIE U3 HUX.

Maxpono3uuus ovepeds npecrasiisier CoO0M TMHERHYIO KOMITO3ULWIO BEPIIHH-M0-
3unuii 1 T-nepexo/10B; KOJUYECTBO BEPIIUH-TIO3UIII OIIpeeNsIeT «EMKOCThb» OYepelH:

MaKpOTO3HIIMs 2eHepamop NIO3BOIISET TPECTARTIATD B CETH HCTOYHHK METOK (TPAH3AKTOB):

F

IA
1<

Ecnu Heo6xoa1MO 3aaTh 3aKOH POPMHUPOBaHKS METOK, TO «T€HEPATOP» MOKET OBITh
ZIOTIOJTHEH paspeularoneil Mo3uiuei. ]

ITockosnbky B E-ceTH HeJIb3s1 «HAKAIIMBaTh» METKH, TO BBOAUTCA MaKponosynms[
N02NOUEHUS.

J
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B nesnsx nopbiiieHnss KOMIIAKTHOCTH U HarsaxsocTy E-cetu a1 06o3HaYeHH s MaK-
pOHOSI/ILII/II;’I HUCTIONB3YIOT ClielIUAJIbHBIE CHMBOJIBI

— «TE€HEPATOP»;

— “AKKyMYJATOpD».

AHanornyHbIM 06pa3oM myTeM KoMIo3uui N OTHOTHITHBIX [IEPEXOOB MOTYT OBITH
TI0J1y9€HBI MAKpoIlepexoasl Beex Tunos: X, Yy, J,.

Paccmorpentsle 0co6eHHOCTH E-ceTel CyIIeCTBEHHO PACUIMPSIOT MX BO3MOMKHOCTH
JU1S1 MOETTUPOBARKISA JIMCKPETHBIX CUCTEM BOOOIIE U TTapasl/iebHbIX IIPOLECCOB B 4aCT-
HocTH. Hioxe npuBéeH npuMep onucanys B Bue E-ceTu MyIbTHII POTpaMMHOI BRIYHC-
NUTeNbHOM cucTeMbt. O6paboTKA MOCTYNAIIINX 320aHIH OPran30BaHa B HEW 110 IPUH-
LAy KBAHTOBAHUSI BPEMEHU: KAXKJAOMY 3aJJaHUIO BBIEJISETCS PABHBIN OTPe30K (KBAHT )
MPOLECCOPHOr0 BpEMEHH; €CJIH 3a/laHUE BBIIOJIHEHO, TO OHO MOKHUAAET CUCTEMY, €CJTH Xe
BpeMEHHU 0Ka3ajloch HeJOCTAaTOYHO, TO 3alaHHe BCTaeT B ouepelb U XAET OBTOPHOTO
BbIJIeJIeHYs] KBAHTA BPEMEHHL.

ds

d d,

A 4

L

Ouepenb

P,

Puc. 2.9. [Ipumep onncanus BHIYUCAUTETBHOM cUCTEMBI B BUIE E-ceTn

' Ha prcyHKe mepexo/ibl, COOTBETCTBYIOIIHE OTIPeeeHHbIM COOBITHAM B CHCTEMe (d),

UMEIOT ceyiomue 0003HAYCHUSL.:

d, — nmoCcTaHOBKa 3a/1aHKA B O4epefb;

d, — BBITIONIHEHHE 33/JaHKUA B TeYeHHe OJHOTO KBAHTA BPEMEHH;

d, — aHa/IN3 CTeNeHHU 3aBePITeHHOCTH 3aJaHHUSL.

ITomMumo 0ueBUARBIX 10CTOMHCTB E-ceTell, TpOsiBIEHHOE K HUM B IIEPBOM 4aCTH KHU-
I'd BHUMaHKE OOBACHSIETCA E1Ile U TEM, YTO TeXHOIOTUs1 MOIETMPOBAaHMS CHCTEM B BUHIE
E-cereii BecbMa apdexTUBHO peanusyeTrcs ¢ nomolbio mHcTpyMenTa SIMULINK, Bx0-
naniero B coctas naketa MATLAB. CooTBeTcrByIouIre BOpocs! pACCMOTPEHBI BO BTO-
pOH 9acTl KHUTH.
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2.5. IIJTAHNPOBAHUWE MO EJIbHbBIX SKCITIEPUMEHTOB

B KayecTBe BCTYIJIEHHS XOTEJNOCH ObI IPUBECTH HEHOMBUION IPUMED, TPU3BaHHBIN
CMSITYUTh HEKOTOPYIO CYXOCTb, HOSBUBILYIOCS B U3/10KEHUML

TTpeanoIoKIM, TPH FOHBIX HATYPAIHCTA PEHIFIIN H3YINTh TIOBA/IKA HEKOM TITHYKH, 0OMTa-
o€l B cpeiHei rosoce (Kakoro-Hubyab 30/mka). [lepBbiil cTan HabMonaTh 3a [TIHYKO# 110
yTpaM, BTOPOil — KOTZIA IPHAETCSL, & TPETHH BOOOIIE OTI0KIII 3TO 3aHATHE 10 oceHu. Kak Bb
AyMaeTe, KTO 13 HUX TOTYYUT Haufosiee TIOHOE U JIOCTOBEPHOE KU3HEOIHCAHHUE 3A0TMKA?
Eci BBl 3HAKOMBI € OPHUATOJIOTHEH (HAYKOH 0 IITHLIAX ) HA YPOBHE aBTOPA, BPS JIM BaM yAac-
TCsl PABIJIBHO OTBETUTD Ha 3TOT BoIIpoc. [louemy? [ToToMy, 4TO MBI CIIMIIKOM MAJIO 3HaEM O
IITULEX BOOOIIE U 0 350IMKAX B 4aCTHOCTH. MOKeT ObITb, 9Ta IITHI[A OTJINYAETCS YIMBUTE b~
HBIM MOCTOSHCTBOM M HE3aBUCHMO OT Ce30HA ¥ BPEMEHH CYTOK 3aHUMAETCs OJHUM 1 TEM XKe
(HanpuMep, BHICIKVBAET ITEHLOB). A MOXKeT, B30AIMOUIHEN ee B JIECY HIKOTO HET: CETOMHs
OHa B CpelHell oJIoce, HAa3aBTPa yJleTeNa B TeflJIble KPas, a 1OC/Ie3aBTPa OKa3aIach ele Iie-
nubyb. M Kaskapiii fierb TprayMbiBaeT cebe HoBoe 3aHsTHe. Tak B KAKOe BpeMsi 3a Hel Hy/KHO
HabIIOAaTh ¥ HACKOJILKO JOJITO, YTOOBI MOTYYUTh PEATIBHYIO KapTHHY ?

Ha nopoOHe1e BONPOCH! NIPUXOAUTCS OTBEYATD HE TOIBKO IOHBIM HAaTyPaIMCTaM, HO H
TOMY, KTC 32aHUMAeTCst HMHUTALIMOHHBIM MOIETUPOBAHHEM.

Bo-nepsrIx, Hccie0BaTeNb U HA 3Tarle NJIaHWPOBAHU SKCIIEPUMEHTA ZOJIKEH Mo-
MHHTB, K KAKOMY KJIACCy OTHOCHTCS MOJEIUpPYeMasi CHCTeMa (CTaTU4YeCKast MM AUHA-
MUYecKast, IeTePMUHUPOBAaHHASI MJIH CTOXaCTHYECKas U T. I1. ).

Bo-BTopbiX, OH JOJKEH ONPENEUTD, KAKOH peXuM paboThl CHCTEMBI €0 HHTEPECY-
€T: CTAUMOHAPHBIH (YCTAHOBUBITHICS ) MTY HECTAITMOHAPHBIM.

B-Tperpux, HEOOXOAUMO 3HATh, B TEUEHHE KAKOTO MPOMEXKYTKA BPEMEHHU CIIEAYET
HabmonaTh 32 oBefeHneM (G YHKIHMOHIPOBAHHEM ) CUCTEMBI.

W, HakoHEN, B-4€TBEPTHIX, XOPOWo Ob110 66 3HATH, KAKOM 0OBEM UCTIBITAHUI (T. €.
FOBTOPHBIX 9KCHEPUMEHTOB) CMOXKET 0DeCTiednTh TpeOyeMyo TOYHOCTS OIEHOK (B CTa-
TUCTHIECKOM CMBICTIE) UCCACAYEMBIX XaPaKTePUCTHK CUCTEMBI,

PasymeeTcst, MOXKHO IIOUTH IO TAKOMY TIYTH: He 0COGEHHO 3afyMBIBasACh Hal Iepe-
YHCJIEHHBIMY BOIIPOCAMH, B3STh OT MOJEJU BCE <110 MAKCUMYMY» — HUCCJIEL0BaTh pa-
60Ty CHCTEMBI BO BCEX PEKUMAX, IS BCEX BO3MOXHBIX COYETAHUI BHEMIHUX U BHYT-
PEHHHX apaMeTPOB U IOBTOPATH KaX /b1 9KCIIeDIMEHT 110 COTHe pa3. OfHaKo nosib3a
OT TaKOTO MOJEJNPOBAHUS HEBEJHKA, TIOCKOJIbKY MOJIyIeHHbIe TaHHble OyIET OYEHD
cnoxHO 06paboTaTh ¥ NPOAHAIN3UPOBATD, @ €le TPyAHee MPHHATD ¢ X MOMOIIBIO
Kakoe-J100 KOHKPeTHOe peltenye. /la 1 3aTpaTel BpeMeHu Ha MOAeHPOBaHIE, IaXe C
y4eTOM OBICTPOLEHCTBHS COBPEMEHHBIX KOMIIBIOTEPOB, OKaXYTCS YPESMEPHBIMH.

Takum 06pa3oM, JIAHUPOBAHKIE MOAENbHBIX 9KCIIEPUMEHTOB IIPECTIEAYET ABE OCHOB-
HBIE LIETH:

e coxpaliienue 06uero o0beMa HCIBITaHUi pH cobmoaernn TpeboBanuit K [OCTO-
BEPHOCTH M TOYHOCTH UX Pe3YJIBTATOB;

® NIOBbillEHKE HHOOPMATUBHOCTH KAXKIOTO U3 SKCTIIEPUMEHTOB B OTAEIbHOCTHU.
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ITouck mianHa 9KCIepyMeHTa IPOU3BOAUTCS B TaK Ha3biBaeMOM (DaKTOPHOM HpO-
CTDAHCTBeE.

Daxmoproe npocmpancmseo — 5T0 MHOXKECTBO BHEITHUX W BHYTPEHHHX NapaMer-
POB MOJIEJIY, 3Ha4€HM: KOTOPBIX HCCTIe0BaTeb MOXKeT KOHTPOJIMPOBATh B XO/I€ IOAT0-
TOBKH U NPOBeeHN MOZETbHOTO 3KCIIEPUMEHTA.

Iockonsxy dakTops MOTYT HOCUTD KaK KOJHYECTBEHHBIH, TaK M KadeCTBEHHbIH Xa-
paKTep (HalpuMep, OTPaXaTh HEKOTOPYIO CTPATErHIO YIIPABJICHN ), 3Ha4eHHA (HaKTo-
POB OOBIYHO Ha3bIBAIOT Yposuamu. Eciiv 1py poBeeHH SKCIepUMeHTa HCCIeJoBaTeb
MOKET U3MEHSITh YPOBHHU (DaKTOPOB, SKCIIEPHUMEHT Ha3bIBAETCA AKMUGHBIM, B TIPOTHB-
HOM CJIy4ae — NACCUBHbIM.

Baezem elre HeCKOJIBKO TePMHHOB, HCIIOJIb3YEMBIX B TEOPUH IIJIAHUPOBAHUS 3KC-
MepUMEHTa.

Kasxzp1it 13 GakToOpoOB MMeeT BePXHUI U HUXKHUI YPOBHH, PAaCNIONIOXKEeHHble CHM-
METPHYHO OTHOCHTEIbHO HEKOTOPOro HyJeBoro ypoBHA. Touyka B pakTOPHOM Ipo-
CTPaHCTBE, COOTBETCTBYIONIAs HYJIeBbIM YPOBHSM BCeX QaKTOPOB, HA3bIBACTCA YeH-
mpom naaua.

Humepesanom eapvupoeanus paxkropa Ha3pIBaeTCsl HEKOTOPOe YHciao J, npu-
6aBieH1e KOTOPOro K HyJIEBOMY YPOBHIO laeT BEPXHHI yPOBEHb, a BHIYUTAaHHE —
HUKHUH. '

Kak npasuso, ny1an akcrepuMeHTa CTPOUTCS OTHOCHTENBHO O4HOTO (OCHOBHO-
r0) BBIXOZHOI'O CKaJsPHOTO napaMeTpa Y, KOTOPbiil Ha3bIBaeTCs Habaodaemoii ne-
pemennoti. Ecntu MonennpoBaHye UCIOAB3YETCA KAK UHCTPYMEHT NPHUHATHA De-
IIeHUs, TO B POJHu HabiogaeMoil epeMeHHON BBICTYNaeT IoKa3aTesb 3ddex-
THBHOCTH. 4

IIpu sToM npennonaraetcs, YTo 3HauYeHye HabMOTaeMOH NIepeMEeHHOH, IOy YeHHOe
B X0/le 9KCIIepUMEHTa, CK/IaJbIBaeTCA U3 IBYX COCTABJIAIOMINX:

y=f(x) + e(x),

rze f(x) — gyukius oTkauKa (Hecaydaiinas GyHKiusa GakTopos);

e(x) — ommbKa sxcrepuMeHTa (CyJaiiHas BEIMYHA),

. x—TOYKa B (aKTOPHOM ITPOCTPaHCTBe (ONpeneieHHOe COUeTaHe YPOBHeH (haKTOpOB);

OueBUIHO, UTO Y ABISAETCS CAYIalHOI MepeMeHHOM, TaK KaK 3aBUCHUT OT CJIy4aiiHOii
BeIWUMHBL e(x).

Hucnepcus Dy nabaronaeMoil nepeMeHHOM, KOTopasl XapaKTepUsyeT TOYHOCTb U3+
MepeHUH, paBHa AuCIepcHy omubKH onbita: Dy = De.

Dy Ha3zpiBaioT Mucnepcreil BOCHPOM3BOAMMOCTH aKcIlepuMeHTa. OHa XapakTepusy-
€T Ka4eCTBO 9KCIIepUMeHTa.

IKCIepUMEHT Ha3blBaeTCA uaeanbHbiM 1pu Dy = 0.

CyuiecTByeT 1Ba OCHOBHBIX BApHaHTa TOCTAHOBKH 3a3/]a4# IIJIaHMPOBAHUA HMUTALY-
OHHOTO 3KCIIepHMEHTa: :

1. VI3 Bcex IONMyCTUMBIX BBIOPATh TAKOM T/1aH, KOTOPbIH II03BOHII ObI TOIYYHUTH HAHOO-
Jiee IOCTOBEPHOE 3HaYeHNEe HYHKIUNH OTKIHKA f(x) npu (UKCHPOBAHHOM YHCJIE OIIBITOB.
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2. Boibpathb TakoM AOMYCTUMBLH IJIaH, IPY KOTOPOM CTATUCTHYECKAs OlieHKa ByH-
KIIMK OTKJIMKA MOKET OBITH MOJIyYeHa C 3aaHHON TOYHOCTBIO IPY MUHUMAIbHOM 06be-
Me UCTIBITaHUH.

PeureHue 3a1ayyt MJIaHUPOBAHUS B TIEPBOH MOCTAHOBKE HA3LIBAETCS cmpamezuyec-
KUM NJGHUPOBAHUEM IKCNEPUMERMA, BO BTOPOH — MAKMUMECKUM NIAAHUPOSAHUEM.

2.5.1. CTPATETMYECKOE INIAHUPOBAHUE UMUTALIMOHHOIO
IJKCIHEPMMEHTA

Wtak, nenp METOAOB CTPATETMYECKOT0 IVIAHUPOBAHISA NMUTAIOHHBIX 9KCIIEDUMEH-
TOB — MOJy4eHHE MAKCUMAJIbHOTO 00beMa uHbopMaluu 00 HccaenyeMol cucreMe B
KakI0M 9KcriepuMenTe (HabsofeHuu). [{pyruMu CloBaMu, CTPATETMIECKOE TIJIAHUPO-
BaHHUe [03BOJISIET OTBETUTH Ha BOIIPOC, IIPY KAKOM COYETAHNH YPOBHE BHEITHUX 1 BHYT-
peHHUX (haKTePOB MOKET OBITH MOJIyYeHa Hauboree MoJIHAS U JOCTOBEPHas UH(OPMa-
VA O TIOBEIEHUH CHCTEMBI (MIH IITHYKH 3501MKa). \

ITpu cTpaTern4ecKoM MJIaHNPOBAHUH IKCIIEPUMEHTA IO/IKHbI OBITh PEIIEHB! IBE 0C-
HOBHBI€ 3aJa4H:

1) unentudukauns GakTopos;

2) Bribop ypoBHeH (hakTOpPOB.

Mon udenmugpuxayueii paxmopos NOHNMAETCs X PAHKUPOBAHHUE 110 CTENEHH BJIH-
AHUA Ha 3HAYeHKEe HabN0aeMOH TepeMeHHO# (ToKasaTess 3G PEeKTUBHOCTH ).

ITo uroram uaenTUGUKAIUH LieTeco06pa3Ho pasaeTuTh Bee GaKTOPH Ha IBE IPYI-
1Bl — NepBUYHbIE U BTOpUYHLIe. Ilepguynsie — 370 Te HaKTOpHI, B UCCTAENOBAHMH BIIH-
SIHHASI KOTOPBIX 9KCIIEPUMEHTATOP 3aMHTEPECOBAH HENIOCPeACTBEHHO. Bmopuunvie —
(akropst, KOTOpBIE He SIBJAAIOTCS NMPeIMETOM HUCCIIE[OBAHNS, HO BIUSHUEM KOTODHIX
HeNb3s mpeHebpeys.

Buifop ypoeneii paxmopos 1pOU3BOIUTCA C y4ETOM IBYX POTUBOPEYHUBBIX TPe-
GoBauwmit: -

® ypoBHU (PaKTOpa AOJIKHBI NEPEKPHIBATH (3aIIOHATH ) BECh BO3MOKHBIIM IHAMIA30H
€r0 U3MEHEHHS;

» ob1itee KOJIMYECTBO YPOBHEH 110 BceM (haKTOpaM He ACJKHO IPHBO/IMTD K 4pe3Mep-
HOMY 06'BEMY MOJIE/TH POBAHHUSI.

OThickaHHe KOMITPOMUCCHOTO PELieHH S, YIOBAETBOPSIONIEr0 9TUM TPeOOBaHUAM, U
SIBJISIETCA 3a/jadel CTPATernueckoro MIaHHPOBAHUS SKCIIEPUMEHTa.

IKcnepuMeHT, B KOTOPOM PEATTH3YIOTCS BCE BOBMOXKHBIE COUETAHMSA YPOBHEH (hakTo-
POB, HAa3BIBAETCSI NOAHBIM Paxmoprvim axcnepumenmom (11DIJ),

O61mee YykCIO pasanyHbiX kKoMOuHaimik yposrent B 1M ana k Ppakropos MOKHO
BBIYUCIUTD TaK:

N=l-L-1- .1,

rae [ — yucno ypoBHeii i-To hakTopa.
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Eci unciio ypoBHeill uis Beex hakTopoB onuHakoBo, To N= L* (L — uyncio yposseit).

Henocratok TP — Hosblike BpeMeHHbIE 3aTPATHI HAa MOATOTOBKY ¥ MPOBEEHHE.

Hanpumep, eciv B Mozesin oTpaskensl 4 haktopa, BAUAOLIME HA 3HAYEHVE BHIOPAHHO-
ro mokazatesist 3 heKTHBHOCTH, KAKABIN U3 KOTOPHIX HMeeT 3 BO3MOXKHBIX YPOBHA (3Ha-
ueHus ), To tad nposenenus [1MI byxer Brarouats 81 axkcriepument (N=34). Eciu npu
5TOM KaKIBIH U3 HUX JUIMTCS XOTsI Obl ONHY MUHYTY (C YYETOM BDEMEHH Ha U3MeHeHMe
3HadeHu#t HhakTOPOB), TO Ha OHOKpaTHyIo peanuszaiuio IMD I norpebyerca Gonee yaca.

[Moatomy ucnons3obanue 1M nenecoobpasHo TOILKO B TOM CJIydae, €CJIH B X0AE
VMUTAIMOHHOTO SKCIIEPUMEHTA HCCIEAYeTCs B3aUMHOe BIMSTHUE BeexX (pakTOpoB, (u-
TYPUPYIOUINX B MOJICIIH.

Ecnu Takue B3auMOLECTBUA CYUTAIOT OTCYTCTBYIOIIUMH HITH UX 3¢ dEKTOM IpeHe6-
PETalOT, IPOBOMAT ¥acmuutsiil haxmopuviii sxcnepumenm (1D I).

W3BecTHH U IPUMEHSIIOTCS Ha IPAKTUKeE Pa3IMYHble BADHAHTH! TOCTPOEHNUS MIJIAaHOB
HYD3. Mbl paccMOTPHM TOJIBKO HEKOTOPBIE U3 HUX.

1. Pandomusuposannviii nuan — npeanonaraer BEIOOP COYETAHMS YPOBHEHN /I Kax-
JIOTO [IPOTOHA CAYYaiiHbIM 06pasoM.

2. Jamuncxuti nnan («1aTUHCKUA KBaIpaT» )— UCIIOJAb3YETCSA B TOM CJIydae, Koraa
HIPOBOAUTCS IKCHEPUMENT ¢ OTHUM MEPBUYHBIM (PAKTOPOM M HECKOJIBKMMH BTOPHYHBI-
mu. CyTh TaKoro IJIaHHPOBAHMS COCTOUT B cienyoiieM. Eciu mepsuunsiii dakrop A
umeeT [ ypoBHEH, TO /IS KaXK/I0r0 BTOPUYHOTO (aKTopa Takxke BhiOupaercs [ ypoBHEH,
Brui6op kombuHanuK ypoBHe# HaKTOPOB BLIMTOIHAETCS Ha OCHOBE CIIEIHATbHON IIPoile-
IypHl, KOTOPYIO MBI PACCMOTPYM Ha IIPUMepe.

ITycTb B 3KCIIEPUMEHTE UCTIOIb3yeTC s TePBUYHBIN (hakTOp A U 1Ba BTOPHYHBIX (aK-
topa — B u C; uuciio yposHeii ¢pakTopos / paBHO 4.

CoOTBeTCTBYIOIINH IJIaH MOXHO IIPEJCTaBUTh B BU/Ie KBaJAPAaTHON MaTpHULbI Pa3Me-
pom [ X[ (4 x4) oTHOCHTENBHO ypoBHe# hakTopa A. TIpu 5TOM MATpHIIAa CTPOUTCS TAKKM
06pa3oM, 4ToObI B KXKIOHU CTPOKE M B KAKAOM CTO/IONe faHHbIKE ypoBeHb (pakTopa A
BCTpeYasICs TONBKO OfiuH pa3 (tabu. 2.2):

Tabanua 2.3
Ipumep raTHHCKOTO HIaHa
(1?:::;:; 3uauenue ¢akropa C
Cc1 2 3 C4
B1 Al A2 A3 A4
B2 A2 A3 A4 Al
B3 A3 A4 Al A2
B4 A4 Al A2 A3

B pesysbrare umeeM I1aH, Tpebyrouinii 4 X 4 = 16 nporouos, B otauune ot 1M 3,
JUIS1 KOTOPOro HyKHO 4° = 64 nporoHa.
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3. Jxcnepumenm c uamenenuem Paxmopos no ooHoMmy.

CyTb €ro cOCTOUT B TOM, 4TO OJAMH U3 (AKTOPOB «IpoberaeT» Bce [ yPoBHEH, a
ocTajbuble 72— 1 PakTOPOB MOAKEPKUBAIOTCSA NOCTOSTHHBIMU. TaKOoi muTaH obecneyn-
BaeT uccnenosanue 3¢ PeKToB KaxI0ro paxkTopa B oraenbHocT. OH Tpebyer Beero
N=1[ +1[,+ ..+ nporonos (/,— uucno yposHeil i-ro pakTopa).

[lns paccMorperHoro Bhlte npumepa (3 daxrtopa, uMmelonmue 1o 4 ypOBHs)
N=4+4 +4=12.

Ewre pas nogyepkHeM, 4TO TaKOH T1aH npuMeHuM (Kak u 11060t YD) Tonbko npH
OTCYTCTBUH B3aUMOAEHCTBUS MeXIY akTOpaMu.

4. [po6uviii paxmopuviii sxcnepumenm.

Kaxzprii hakTop UMeeT ABa YPOBHSA — HIKHUE ¥ BEPXHUH, M0STOMY 0fllee 910
BapUaHTOB dKcnepumenTa N=2% k — anciio paxtopoB. Marpuiel niano Ak =2un k=3
NpHBeleHB HIKeE.

f

Tabauia 2.4
Marpuua niana Apo6HOro GakTOPHOro IKcnepuMeHTa s k = 2
HoMmep 3xcniepuMeHTa 3HayeHue (akTopos

' x1 x2
1 0 0
2 0 1
3 1 0
4 1 1

Tabauna 2.5
Marpuna mwraHa Apo6noro pakTopHOro sKcnepuMenTa s k = 3 '

Howmep axcnepumenra 3uayenue dakropos

xl x2 x3

SNlojlaldlwIiIN -~
—_ OO |~ OO
O~ =lOl~|©O

8 1 1 1

I1naHs1, NOCTPOEHHBIE 110 TAKOMY [TPUHLAITY, 06JIANAI0T OTipe/IeeHHBIMU CBOACTRA®
MH (CHMMETPUYHOCTH, HOPMHPOBAHHOCTH, OPTOrOHATIBHOCTH U porarabenpHOCTH), 0bec-
NeYUBalcUIMMH IIOBBIIIECHHE KaYeCcTBa HPOBOIHMBIX 9KCIIEPUMEHTOB.
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2.52. TAKTUUECKOE IIVIAHUPOBAHUWE DKCIIEPUMEHTA

CoOBOKYIHOCTH METO/IOB YCTAHOBJIEHHS HEOOXOAUMOTO 00beMa UCITBITAHME OTHOCST
K TAKTHYECKOMY IJIAHUPOBAHUIO 3KCIEPUMEHTOB.

ITockonbKY TOYHOCTH OLIEHOK HABIIOMAEMO IEPEMEHHO XapaKTepU3yeTcs e JHC-
nepcueii, To OCHOBY TAKTUYeCKOro IJIAHWPOBAHUS 3KCIIEPHMEHTA COCTaBJSIOT TaK Ha-
3bIBaeMble MEeTO/IbI MOHMKEH NS JUCIIEPCUU.

B ¢Bs13u ¢ 3TUM JUTA BOCIIPHUATHS TTOCAEAYIONUIEr0 MaTEPHAIa YMTATENIO TTOTPeOYIOT-
€51 HEKOTOPble 3HaHH 13 00JIACTH MATEMATHYECKOU CTaTHCTHK.

TTocKoMbKY MMUTAIIMOHHOE MOIETUPOBAHKE MPEACTABAET COOON CTATUCTUYECKH T
IKCIEPUMEHT, TO [IPH €r0 IPOBEAEHUH HEOOXOAUMO HE TOJILKO MOJLYYUTh JOCTOBEPHbIN
PE3yJIbTaT, HO U 0OECTIEYUTD Er0 <U3MEPEHHES C 3aAaHHOM TOYHOCTDIO.

Paznuyne NOHATHH «I0CTOBEPHBLIA PE3YJIETAT> U «TOYHBIH PE3YIBTAT» MOKHO IIOSIC-
HUTD C IIOMOIIIBIO TIPUBEAEHHOro prcyHKa (puc. 2.10).

Y m—— } bo

Puc. 2.10. Paznuune B nOHATHSX <AOCTOBEPHBIN PE3ybTaT» U «TOYHBIH PE3YJIETAT».

Ha pucyHke WCTIONB30BaHbI CIEAYIONIHE 0603HAYEHHUS:

Y, Y, — NCTHHHOE ¥ 01NO0YHOE 3HaYeH s HabI01aeMOH ITepeMEeHHOH ¥;

b, b, — nopepuTesbHbIe MHTEPBAIbI H3MEPEHHNS BEJIUYMH Y 1 Y.

B obuiem cityvae 06beM HCIIBITAaHUH (BeJTMYUHA BEIOOPKH ), HEOOXOMUMBIIL 111 T1OJTY-
YeHMs OLIEHOK HaBMI0aeMOit TepEMEHHO € 32/[aHHOM TOYHOCTBIO, 3ABUCHUT OT CIEAYI0-
mux GpakTopos:

 BU/Ia pacTIpesiesienst HabmoKaeMol TepeMeHHOM i (HATTOMHIM, TIPH CTATUCTAYECH
KOM 3KCIIEPUMEHTE OHA ABJISIETCA CAY4alHON BeJNIHHON );

® KOpPETMPOBAHHOCTH MESKIY COOO0M 5/1eMEHTOB BLIOOPKH;

® HAINYUS U JTUTETbHOCTH NEPEXONHOI0 PeXXUMa (D YHKIIHMOHUPOBAHUS MOAETHPY-
MO CHICTEMBI.

Ecnu uceneosarens ne obagaeT nepevncieHHoil HHgopmanueit, To y Hero uMe-
€TCSl eUHCTBEHHBIN CHOCO6 MOBBIIEHNS TOYHOCTH OLEHOK MCTUHHOTO 3HAYEHUS
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HabJIIOA2EMOI ITepeMeHHON — MHOTOKPATHOE OBTOPEHHE IIPOTOHOB MOJEAH UL Kax-
JOr0 cOYeTaHUs ypoBHel GaKTOpOB, BHIOPAHHOTO Ha 3Talle CTPAaTernYecKoro mIaHupPo-
BaHUA 9KcIepuMeHTa. Takoi IIOX0/ OTy4 M Ha3BaHHe «(hOPMHIPOBaHUE IIPOCTOH CIIy-
yaiiHo# BRIOOpKU» (coxpamento — [ICB). [Ipyrumu cnoBami, Ipu uctiosniszosanuu IICB
KXK/IbIH «<ITYHKT» CTPATErNYeCcKOro MJIaHa IIPOCTO BHINOIHAETCs] IOBTOPHO OIIpeAeneH-
HOE YKCJIO Pas3, U 3aTeM TIOJIyIeHHBIE Pe3YIIBTAThl YCPEAHSIOTCS ( BBIYHCSIOTCA MaTeMa-
THUYECKOE OXKH/IaHHE U Jrucnepcus HabimogaeMol tepeMerHoit). I1pu TakoM moaxone 06-
1Ile€ YKCJIO TIPOTOHOB MOZIEH, HEOOXOMUMOE [JIsl JOCTHXKEHUS €N MOAETUPOBAHMS,
paBuo npoussenennio Ne X Nr (Nc — yuciio coueTannii yposHel (hakTOPOB 110 CTpaTeru-
YeCKOMY TIaHy; Nt — 4UC/I0 IPOTOHOB MOJEJIH JIJIs1 KaXK/I0TO COYETAHM, BEIYHCIIEHHOE
[PH TAKTHYEeCKOM [LJIAHUPOBAHH ).

Hanpuwmep, ecniu 1715 mosHoro daxroproro sxcnepumenta Nc = 81, a nis obecneue-
Hus TpebyeMOoil TOYHOCTH oLieHOK Nt 10JKHO 6bITh paBHO 20, TO 06LI€€ YHCIO IPOTOHOB
mojienn — 1620. Tpebyemoe BpeMst s MPOBEAEHUs BCEX MCTIBITAHMIL (10 MUHYTE Ha
Kaxkmoe) — 6onee 20 yacos. To ecTb «Mofenbep» TOKEH TPYAUTHCSA TTOYTH CYTKH Oe3
CHa ¥ OTABIXA. TAKOH PEXUM PabOTHI MOKET BBIBECTH U3 CTPOSI HE TOJIBKO YeI0BEKa, HO B
kommbiotep. [loaromy nasxe nipu ucnosbsosanud IICB 1o Havana McHbITAHMI HEOOXO-
JIVMO OTIPEIE/TUTL TOT MUHUMAJILHEII 06beM BriGOpKH, KOTOPBLH o0eciieynT TpefyeMyio
TOYHOCTb Pe3yJIETATOB.

PaccMOTpUM HECKOJIBKO OCHOBHBIX BADMaHTOB BhIMCIIEHNs HeoOXoauMoro obbema
HCIBITaHU (BeHInHy Nr).

1. Ecsiu cayuaiiible 3HAYeHUS HAbOMIONaeMOM NIEpEMEHHON HE KOPPEIHPOBaHbL U UX
pacrpeneneHne He U3MEHSIETCS OT IIPOrOHA K IPOrOHY, TO BIOOPOYHOE CpeHee MOKHO
CUNTATh HOPMANbLHO pacnpe/ic/IeHHbIM.

B atoM ciryvae 4ncao nporonos Nr, HeOGXOAUMOE AJIsi TOTO, YTOOLI MCTUHHOE CPel-
Hee y NEKaNo B HHTepBase ¥ T b ¢ BeposITHOCTHIO (1 — ¢ ), ONpenesieTcs] e yIomuM
obpasom:

Z? -Dy
Nr= ——, (2.2)
b 2

rie Z — 3HayeHHe HOPMUPOBAHHOTO HOPMAILHOTO pacnpe/iesIeHys], KOTOPOE OHpesesis-
€TCS IO CIIPABOYHOU TabIHIiE TIPH 33[aHHOM YPOBHE 3HAYHMOCTH 0/ 2;

Dy — nucnepcus;

b — nosepuTeNbLHBIH UHTEPBATL.

Ecau Tpebyemoe 3HaueHue mucnepcun Dy [0 Hadana 9KCIEDHMEHTA HeH3BECTHO,
11e71ec000Pa3Ho BbIIOJIHUTD IPOOHYIO CEPUIO M3 L MPOrOHOB 1 BEIYUCIUTD Ha €€ OCHOBE
BeIOOpOUHYIO fucHepcuio D

D=_._1___L2( _ )2'
[ =

rae y, — BLIOOPOYHOE Cpejitiee 110 Pe3yJIbTaTaM L IporoHoB.
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3uavenue Dy noactasnaoT B (2.2) ¥ NoiyYaoT NPeJBapUTENbHYIO OLEHKY YHCia
nporoHoB N1. 3aTeM BBIIOMHAIOT ocTapuInecsi N — L IPOrOHOB, NEPUOANYECKY YTOUHSI
OlIeHKY 4MCJIa IPOTOHOB NT.

2. Ecnu HabofilaeMast TlepEMEHHAS — BEKTOP, TO OIIEHKY HEOOXOIUMOTr0 YHCJIa IPo-
TOHOB BHIMOJHAIOT OTAETBHO A KasK[0# KoMIIOHeHTH BekTopa. Hanbosbuiee u3 nosy-
YeHHBIX 3HAYEHMH Ni IPDUHUMAIOT B KaueCTBE YHICJIa TPOToHoB Nr.

OcHOBHOM HEXQCTATOK METOAOB MIAHWPOBAHUA, OCHOBAHHBIX HA WCNOMb30BARUN
POCTO# CTy4aitHOM BBIGOPKH — Me/lJIEHHAast CXOAUMOCTb BEIGODOYHBIX CPEAHUX K MC-
THHHBIM CPEIHHM C POCTOM 06beMa BIOopKY NT (IIPOTIOPLUHOHATBHO 3HAYEHHUIO VNT).
ITO TIPUBORUT K HEOOXOAUMOCTH HCIIOJIb30BAaHUS METOAOB YMEHbBIIEHHsI OIINOOK, He
Tpebyromux ypenwuenvst Nr. Takue MeTObi Ha3bIBAIOTCs MEMOOAMU NOHUNCEHUS OUC-
nepcuu v NeNsTCsA Ha TPU TPYIIIBL

axmusnbie (IIpefyCMaTpUBaIOT GOPMUPOBAHUE BBIOOPKH CIEIHANTBHBIM 00pa3oM);

naccuetvte (IPUMEHSIOTCS IOCJIE TOTO, KaK BbIOOPKa ysxe cHOPMHUPOBaHA);

KOCB8ennble (B KOTODBIX /7151 TIOJIyY€HNs OLLeHOK HabII01aeMoli ItepeMeHHOM HCTI0b-
3YI0TCA 3HaYEeHUS HEKOTOPHIX BCIIOMOTATENbHBIX BEIMUUH).

AKTMBHBIX METOIOB NOHWKEHHS TUCHEPCHU U3BECTHO NOCTATOYHO MHOTO. Buibop
KOHKPETHOTO METOAa ONPeesIsieTcs], Kak IPaBUIo, CIelI(p UK MOIe/H ¥ LIeJISIMU 3KC-
neprMeHTa. PaccMOTPHM Te M3 HUX, KOTOPble HallpaBJIeHbl Ha CHIKEHYe BIUAHHS Iepe-
XOZHOTO Heprofa. Beibop 06bIcHsIETCS TeM, YTO HaTHYHe U IITUTETbHOCTD IIEPEXOHO-
I'0 PEXHUMa OKa3bIBAET CYNIECTBEHHOE BAMAHYE Ha Ka4eCTBO Pe3yIBTaToOB MOJIE/TMPOBaHUs
(B cMBIcae TouHOCTH). BMecTe ¢ Tem, 6oabumHcTBO UM Henonbayercst ans uaydenus
(OYHKUHOHUPOBAHNS CUCTEMBL B YCTAHOBHUBILIEMCS peKHMeE.

CyuiecTByeT TpY OCHOBHBIX METO/Ia YMEHBIIEHNSA OLIHOOK, 0GYCIOBIEHHBIX HAJTH-
4yyieM NePeX0HOTO epHOoa :

1. 3HaYuTENHHOE YBETUYeHUE ANUTEIbHOCTH NPOToHa.

2. VickmroueHne U3 paccCMOTPEHHMs [TepeX0HOTO NePHOJIa.

3. Muimanusayus MoJeiv IIPY HEKOTOPBIX CNEIHaIbHO BLIODAHHBIX HAYalbHBIX
VCJIOBUSX.

Ha npaxTyke cHUXEHWs BAUAHUS TIEPEXOJHOTO NEPHOLA OOBIYHO TOOUBAIOTCS O/1-
HUIM M3 CIeAYIOUIHMX Ciocobos:

® METOZOM IIOBTODEHUS;

® METOAOM MOABIHTEPBAJIOB;

® MeTOZOM IIMKJIOB.

Memod noemopenus

ITpu ucnonp30BaHUM 3TOTO METOAA Kakaoe HabII0eHNe TOAYYaeTCA IPY TIOMO-
1M OTAEJIBHOIO MPOTOHA MOJE/H, IPUYeM BCe IIPOTOHB HAUHHAIOTCS TIPH OJHUX U
TeX JKe HavaabHBIX YCIOBUAX, HO HCIOJIb3YIOTCA Pa3JIHYHBIE NTOCAEA0BATENbHOCTH
CHy4ailHbIX YHCeJL.

TlpenMyniecTBOM METO/Q SIBJISIETCS CTATUCTUYECKas HEe3aBHCUMOCTD MOJYYaeMbIX
Habmonenul. HemocTaToK COCTOUT B TOM, 4T0 HaO/MIOKEHMS MOTYT OKa3aThCsA CHIIbHO
CMEIIEHHBIMH 1O/l BTUAHUEM Ha4aJIbHbIX YCAOBUH .
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Memoo nodvtnmepeanoe

JlaHHBIH METO/1 OCHOBAH Ha Pa3OUeHNH KaXI0TO NPOTOHA MO/IE/IU HA PABHBIE TPOMe-
AyTKY BpeMeHH. Hauano kaaoro MHTEpBaia COBNAAAET ¢ HAYalOM OYEPEIHOTO ITamna
Habronenuii (puc. 2.11, Q — inua ouepeny 3asBOK).

Q MomeHTh Havana perncTpaunn gaHHbIx

| { 1 [

B I B

| | I
0 5 10 15 20

t

Puc. 2.11. IlpnMep HCIIONb30BaHMA METOAA HOABIHTEPBATIOB

J[OCTOMHCTBO METOAA COCTOHT B TOM, YTO BIUAHHE NEPEXOAHBIX YCAOBHI CO BpeMe-
HEM yMEHBINAEeTCs 1 HAGMIOAEHNs TOYHEE OTPAKAIOT OBEEHHE CUCTEMBL B CTAIIMOHAD-
HOM pexxume. HefocTaTok B TOM, 4TO 3HAYEHHS HabII0laeMBIX TIEPEMEHHBIX, TOTyYeH-
Hble B HavYajle OYepeJHOr0 MHTEPBAIA, 3aBUCST OT KOHEYHBIX YCJIOBHI IPEAbIIYILIETO
uHTepBasa (T. €. MeX/y UHTeDBANIaMH CYIeCTBYeT aBTOKOppeJISIIII/IH)

Memoo yuxnos

[Tpu ncrnop30BaHUM MeTOA IKJIOB BIIHSTHIE ABTOKOPPE/ISIIMK YMEHBIIAETCS 33 CYET
BIGOPa MHTEPBAIOB TAKAM 00Pa3oM, 4T0ODI B X HaUaIbHBIX TOUKAX YCJAOBUST OBLIE OIH~
HakoBbIMH. HampuMep, B KauecTBe TAKUX YCAOBUN MOXKHO paccMaTpUBaTh AJIMHY ode-
peau 3aABOK Ha obcayxuBaHue. B a1oM cayyae y06HO BhIOpaTh Havyaio 049epeRHOIO
MHTEPBAJIa COBIIAATOLINM C MOMEHTOM, KOT/Ia JUTHHA oYepesy CTAHOBUTCS PaBHOI HYJIO.
HenocratkoM MeToja siBJISeTCS. MEHbBILee 110 CPaBHEHHIO ¢ METOAOM MOABIHTEPBAJIOB
YHCIIO TOTyYaeMbIx Habmonenuit (em.puc.2.12).

Q MoMmeHThI Havana perncrpaunn aaHHbiX

A I

I I I
0 5 10 15 20

Hv

Puc. 2.12. TIpumep ucnonp30BaHUs METOIA [IUKJIOB
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Haccuenvie MemoOvt BIAAIOT HA [IOATOTOBKY U IPOBEIEHIIE SKCIIEPUMEHTA, HO pea-
JIM3YIOTCS Ha dTalnle o0pabOTKH U aHaNn3a PE3YJIBTaToB MogenupoBanus. Mx 10BonbHO
MHOT0; paCCMOTPUM HanboJ1ee IPOCTOM U PACTIPOCTPAHEHHBIN — MeTOI cmpamuguyu-
poeannoii 8b160pKuU.

CyTb METOZIA COCTOHUT B CJIEAYIOLIEM.

Bribopka pasaenseTcs Ha yacTH, HasbiBaeMble cJI0AMH (cTpatamu). [Ipu aTom Heobxo-
IIKMO, YTOOBI 3HAYEHHSI SNIEMEHTOB BHIGOPKH KAK MOKHO MEHBIIE Pa3/INYanuch BHYTPU
OJIHOTO CJIOS ¥ KAK MOXKHO BOJIbIIe — MEX/LY Pa3sNuYHbIMK CJIOSIMU. BHYTPH Kay/10r0 ¢J10st
TIPOM3BOAAT CTydJaiHbIif OTOOP 371EMEHTOB M BBIYUCIIAIOT CpefHee 3HadYeHue ciod y,. Ilo-
JiydeHHbIe OLEHKH HCIIOb3YIoT A1 BeraucaeHust MOXK no BeiGopke B uenom:

1 k
y=— Y Ny,
N =1
rae N, N — 06beM Beelt BEIOOPKH U -TO /1051 COOTBETCTBEHHO,
k — gucio cioes.
Ecnu c4uTaTh, 4TO OLIEHKH i, HE3ABUCHMBI, TO AUCTIEPCHS 10 BEIGOPKE B 11€/10M PaBHa:
i

1k
Dy-—— 2N,-D,
N =1

rae Dy, — nvicniepcist Jist i-10 COsA.

IIpu ynaunom Beibope cioes Beanynssl Dy, 6yayT Majibl, a 3HAUHT, U BHIOOPOYHas
nucnepcus Dy Gynet npeanoururesnbaee, YeM U1 OUEHKH, TTOTYIeHHONH METOMAMH T1PO-
CTO#1 C1y4aifHOM BBIGOPKH.

Koceennvie Memodst TOHNKEHWS TUCIIEPCHU OCHOBAHBI HA TOM, UTO 3a4aCTYIO
HEKOTOPHIE N3 BEIXOHBIX XapaKTePUCTHK MOJEITH MOAYYUTH ( BRIYMCINTD ) JIerye, 4em
apyrue. X vcnonb3oBaHue MpeAioaraeT He TOJAbKO BechMa ryGokoe 3HaHUe cy1n-
HOCTH HPOIIECCOB, IPOTEKAOMINX B CUCTEME, HO U Hanudue GopMaabHOTO ONHCAHUA
B3aMMHOI 3aBUCHMOCTH NapaMeTpoB Moze . OCHOBHbIE METOBI aHATH3a TAKOH 3a-
BUCHMOCTH PAcCMaTPHUBAIOTCA B CileiylolleM, 3aKJII0YHUTENbHOM, pasfiese NMepBoil
9acTH KHUTH.

2.6. ObPABOTKA 11 AHAJIN3 PE3YJIBTATOB
MOIEJTUPOBAHUA

Pemenuist, TpHHUMAEMBbIE HCCIIEOBATEEM [0 PE3YJ/IETATAM HMUTAL[MOHHOTG MOETAPO-
BaHUS, MOTYT ObITh KOHCTPYKTHBHBIMH TOJIbKO TIDH BHITOJTHEHUH IBYX OCHOBHBIX YCJIOBHIA:

® [oTyYeHHbIE pe3yJIBTaThl 00NaatoT TpefyeMOol TOYHOCTBIO ¥ JOCTOBEPHOCTBIO;

® WCCHIeAOBATEND CIOCOOEH TIPAaBUILHO HHTEPIIPETHPOBATD HOJIyYEHHbBIE PE3YIbTa-
ThI 1 3HAET, KAKMM 06Pa30M OHH MOTYT GBITH UCIEOb30BAHBL.
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Bo3MOKHOCTb BHIMOJIHEHHS TIEPBOTO YCIOBHA 3aKI2/IbIBAETCs, B OCHOBHOM, €lle Ha
aTane pa3paboTKY MOZIENH M YACTHYHO — Ha 3Tarle IJIAaHMPOBAaHUs sKcnepumenta. JJocto-
BEPHOCTD PE3YJIBTATOB MOLETHPOBAHUS NPEAIIONAraeT, 4T0 MOZIE b, C IOMOI[bIO KOTOPOH
OHH T1OJTy4€HbI, HE TOJIBKO SIBJISIETCS «IIPABUILHON>, HO OTBEYaeT ¥ HEKOTOPBIM AOTIONHU-
TeJLHBIM TPeGOBAHUAM, MIPEAbSIBISEMBIM K MMUTAIMOHHLIM MoAeNaM. Iy TpeboBaHuS
7 METO/IbI OLIEHKH COOTBETCTBUS UM CO3JaHHOM MOJIEIN PaCCMATPHUBAIOTCS HIKE.

CriocoOHOCTE NCCTeIOBATENS TPABIIBHO HHTEPIPETHPOBATD M0TyYeHHBIE PE3YJTb-
Tathl M MPHHUMATS HA MX OCHOBE BaKHbIE DELIEHHs CYNIECTBEHHO 3aBUCHT OT CTENEHH
COOTBETCTRUS (POPMBI MIPENCTABIEHNS PE3YJIBTATOB Le/IsM MOAECTHPOBAHHA.

Ecnu pa3paboTYuK MOZIENH YBEPEH, YTO TIOMyYeHHbIE PE3yAETaThl 6YAYT NCIOIB30-
BATbCSA B COOTBETCTBUM € OJHOM, Y€TKO OIpe/le/ieHHOM 1ebio, popMa UX peACcTaBJe-
HHUS MOXKeT ObITh OnpesiesieHa 3apaHee. B 3ToM ciydae npeobpasoBaHue IKCIIEPAMEH-
TaJIbHBIX TAHHBIX K TPEGYEMOMY BHILY MOXET IIPOU3BOIUTHCS THOO B X0/Ie BKCTIEPUMEHTA,
100 cpasy nocsie ero 3apepiueHus. Takoi NOAXO/ TO3BOAET YKOHOMHTD TAMATD KOM-
nbIOTEpa, HEOOXOAMMYIO /I XpaHeHUs BOJIBIIOro KoJINYecTBa HeobpaboTaHHbIX JaH-
HBIX, @ TAKXKE COKPATUTb BPEMS Ha aHANM3 PE3YJIbTATOB U NPUHATHE PEenIeHKs.

Ecnu e 3apaHee KOHKPETH3UPOBATD 11€JIb MOAETMPOBAHUA CJI0XKHO UM LieIei He-
CKOMIbKO, aHHbIE JOJDKHBI HAKAIIMBATHCA B Oa3e ZaHHBIX H 3aTeM yXKe BbIAABAaThCS B
Tpebyemoii popMe 1o 3anpocy noss3oBaress. Kak npaBuio, no TakoMy NpUHIIMIY CTPO-
ATCS CUCTEMBI aBTOMATH3AHK MOJIeTUPOBAHMS,

Bo Bropoii yacTu ranHoro pasznena 6yner moka3ano, Kak IpH NpaBu/IbHOM opraHusa-
1un 06paboTKH SKCIIePUMEHTAIBHEIX JAHHEIX MOTYT OBITh OTYYeHbI AOTIOTHUTENbHEIE
CBEAEHHS O MOJEIPYEMOH CUCTEME.

2.6.1. OLIEHKA KAYECTBA UMUTAIIMOHHOM MOJIEJIV

Ouenka KaueCcTBa MOJEJIH ABJLIETCS 32BEPUIAIONIMM ITaNlOM ee pa3pabOTKU U Npe-
cIenyer ABe LesH:

1) npoBepHTH COOTBETCTBHE MOJIE/IH €€ NPeAHasHAUEHUIO (LeJIsIM UCCIIeIOBaHM );

2) OLIEHUTH IOCTOBEPHOCTD U CTaTHCTUYECKHE XapaKTepHCTUKU Pe3yIETaToB, nony-
JaeMbIX IPY NPOBEIEHUH MOHEIbHLIX SKCIIEPUMEHTOB.

[Ipu aHaMUTUYECKOM MOMAETUPOBAHUHU AOCTOBEPHOCTD PE3YJIBTATOR ONpENessieTcs
IBYMst OCHOBHBIMH (haKTOpaMH: .

1) xoppeKTHBIM BEIOOPOM MaTeMaTHYeCKOro ANITAPATa, HCIOIb3YEMOTO JIJIS onncaj’f,,
HUst HCCIIELYEMOM CHCTEMBI

2) MeToarYecKo OmnOKOoit, NPUCYIEN JTaHHOMY MaTeMaTHYECKOMY METOLY.

[Ipu UMHUTALOEHOM MOZEIHPOBaHUH Ha JOCTOBEPHOCTL Pe3YJIbTaTOB BAUSET ueﬂﬂﬁ
PAI AOTOHUTEIBHBIX (PAKTOPOB, OCHOBHBIMY U3 KOTODBIX SIBISIIOTCS:

® MO/eIMPOBAHKE CIYIalHbBIX GAKTOPOB, OCHOBAaHHOE HA HCITOb30BaHHH naﬂﬂmﬁ
CY, KoTOpble MOTYT BHOCHTh <«UCKaKE€HUSI» B IIOBEEHUE MOZEJIH;

® HaJIMYKe HECTALIMOHAPHOIO PeXnMa paboThl MOLENH;
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® KCIOJB30BaHUe HECKOJIBKUX PDA3HOTHITHBIX MaTeMaTHieCKHX METOAOB B PaMKax
OJTHOH MOJIENH;

® 33BKCHMOCTD PE3YIIBIATOB MOAENPOBAHMS OT NJIaHa SKCIIEPUMEHTA,

® HeoOXOAMMOCTb CUHXPOHU3AUMHI PabOThl OTAENbHBIX KOMIOHEHTOB MOJIEIH;

® HaJYHe MoZe M paboyeil Harpy3KH, Ka4eCTBO KOTOPOH 3aBUCHT, B CBOIO OY€EPEIb,
OT Tex ke (HaKTOPOB.

IpuroarocTs MMUTALMOHHOMN MOJEITH /151 PEHIEHN 3a/jay UCCIeI0BaHHS XapaKTe-
puU3yeTcsi TeM, B Kakoil cTelleHH OHa 00J1ajaeT TaK Ha3bIBAEMbIMU YeJle8biMU CBOCmea-
Mu. OCHOBHBIMH U3 HUX SIBJISTIOTCS:

® a/IeKBaTHOCTE;

® YCTOHYHBOCTD;

® yyBCTBUTE/NbLHOCTb.

Hue paccMOTpeHs! HEKOTOPbIE CIOCOOBI TPOBEAeHNS OLEeHKY MOZIE/IH 10 KAXKIOMY
13 HHX.

Ouyenxa adexsamuocnmu modeau. B obuieM ciayyae noj aieKBaTHOCTHIO MOHUMAIOT
CTeTIeHb COOTBETCTBIS MOJIE/IM TOMY PEATbHOMY SIBJICHUIO MM OOBeKTY, UIst OMUCAHUs
KOTOPOI'O OHa CTPOHTCS.

Bumecre ¢ TeM, cozgaBaemasi MOZeJIb OPHEHTHPOBAHA, KaK [IPaBUJIO, Ha HCCIe[0BaHHe
ONpeie/IEHHOrO IIOIMHOKECTBA CBOUCTB 9T0r0 00BbeKTa. [103TOMY MOKHO CUUTATD, YTO
aZIEKBaTHOCTb MO/IEJIH OTIPE/IENIAETCS CTENEHBIO ee COOTBETCTBHSA He CTOJIbKO PeasibHo-
My 0OBEKTY, CKOJIBKO LieJIsIM UCCIlefioBaHus. B Hanbosiblieil cTeneH 310 yTBepKICHNE
CIIpaBe//TIBO OTHOCUTEJILHO MOZIeNIeH IIPOEKTHPYEMbIX CHCTEM ( T.e. B CUTYalusX, KOI-
fia peanibHast CHCTEMa BOOOIIE He CyIeCTBYeT).

Tem He MeHee BO MHOTUX CIY4asiX NM0JE3HO HMeTh GOPMaTbHOE MOATBepXK/AeH e (MITH
060CHOBAHME) AIEKBATHOCTH paspaborannoil Mojenn. OxuH u3 HanboJiee pacnpocTpa-
HEHHBIX CIIOCOGOB TaKOro 0OOCHOBAHMA — HCIIOJIb30BAHHE METONOB MaTeMaTHYeCKOH
craticTHKU. CyTh 3THX METOOB 3aKJI0YaeTCsl B IPOBEPKe BLIABMHYTON THIOTe3H (B
IaHHOM Ciydae — 00 afeKBaTHOCTHM MOJETH) Ha OCHOBE HEKOTOPBIX CTATHCTHYECKHUX
KpUTEPHEB.

3ameuanue: npy 1poBepKe THIOTE3 METOAAMH MaTEMATHIECKOH CTaTUCTUKHU HEO6-
XO[IMO UMETD B BULY, UTO CTATHCTUYECKIe KDUTEPUH HE MOTYT I0Ka3aTh HU OJHOMH '~
TIOTE3bI: OHH MOTYT JIMIIb YKa3aTb Ha OTCYTCTBHE OIIPOBEPKEHU .

WTtak, kakum xe 00pa3oM MOXXHO OLEHHUTH afleKBATHOCTb pa3paboTaHHON MOIETH
peasibHO CYLeCTBYIOIIel cucteMe?

ITponenypa oLieHKH OCHOBaHA Ha CpaBHeHHU M3MEPEHMU Ha peasbHOM cUcTeMe u
Pe3YJITATOB HKCIIEPUMEHTOB HA MOZEJTM M MOXKET NPOBOLMTHCS PA3JIMIHBIMU CrIOC0ba-
mu. Hanbosnee pacnpocTpaHeHHbIE 3 HUX:

® 110 CpeIHUM 3HAYEeHUSIM OTKJIUKOB MOZEIH U CHCTEMBI;

® 110 AUCTIEPCUAM OTKJIOHEHHH OTKJIMKOB MOZEJIHY OT CPEAHEro 3HayeHus OTKIIMKOB
CUCTEMBI;

® 110 MaKCUMAJIbHOMY 3HaY€HUIO OTHOCUTEIbHBIX OTKJIOHEHUH OTKJINKOB MOZIEJTH OT
OTKJIMKOB CHCTEMBL.
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Haspannble crioco0bl OUEHKH Z0CTATOYHO OIH3KH MexAy co60il IO CyTH, TTOITOMY
OIpaHU4YMMCSI PACCMOTPEHHEM NTEPBOTO U3 HUX.

TIpu sToM c1ocobe IPOBEpsieTCst TUIoTe3a 0 GJM30CTH CPEAHEro 3HaYeHUsS Habm0/a-
eMoil iepeMeHHOoH Y cpeHeMy 3HaY€HUIO OTKJIMKA PEATBHON crcTeMbl Y*.

B peaynsrate No OTIBITOB Ha PEANTbHON CUCTEME TTOITY4AI0T MHOXKECTBO 3HAUEHWH (BHI-
Gopky) Y*. BeimosiuB Na 9KCIIEPUMEHTOB Ha MOJEJIH, TAKXKe HOJyYaloT MHOXKECTBO
3HaueHuH HabaonaeMol iepeMeHHo Y,

3aTeM BBHIUMCIAIOTCA OLEHKH MaTeMaTH4YeCKOTO 0XKUIAHUs ¥ AUCTIEPCHH OTKIHKOB
MOJIETH 1 CHCTEMBI, TIOCJIE 9€T0 BBIIBUTAETCS THIIOTE3a O BIN30CTH CPEIHUX 3HAYCHHH
BesnuuH Y* u Y (B craTicTYeckoM cMbIcie). OCHOBOH [7is ITPOBEPKY IUIIOTESB SIBJIS-
ercsi t-crarucTuka (pacnpenenenvie CtoiofenTa). Ee 3Hauenune, BBIYUCAEHHOE IO PE3YJTh-
TaTaM HCHBITAHUI, CPABHUBAETCA C KPUTUIECKHUM 3HAYEHUEM txp, BRATHIM U3 CIIPABOY-
HOU Tabsuibl. Eciin BHIIIOTHAETCS HEPABEHCTBO ¢ < fxp, TO TUNIOTe3a NPUHNAMAETC.

Heobxonnmo eilie pa3 NOA4ePKHYTE, 4TO CTATHCTUYECKHE METO/IBI IIPUMEHUMB TOJIb-
KO B TOM CJIy4ae, eC/IU OLeHUBAETCS aleKBAaTHOCTh MOJENH CYIieCcTBYIolel cucreme. Ha
TIPOEKTHUPYEMOi CUCTeMe ITPOBECTH U3MEPEHMU I, eCTECTBEHHO, He MPEACTABIIAETCS BOBMOX-
HHIM. E/IMHCTBEHHbIH CITocob NpeoiosieTh 3T0 NPeNATCTBHE 3aKAI04aeTcs B TOM, 4ToOb!
IPUHATH B KAY€CTBE STAIOHHOTO 00BEKTA KOHLENTYANBHYI0 MO/Ieb IPOEKTUPYEMOIT CHC-
teMbl. Toraa oneHKa aleKBaTHOCTH IIPOrPaMMHO PeaIN30BAHHOM MOZIE/N 3aKIII0YAeTC s B
IPOBEpPKe TOr0, HACKOJIbKO KOPPEKTHO OHa OTPaXaeT KOHLeNTyaTbhyio Mofieb. Jlannas
npo6JieMa CXO/IHA C TIPOBEPKOI KOPPEKTHOCTH JIF0G0H KOMIIBIOTEPHO# TIPOrPaMMBI, U €€
MOXHO peliaTh COOTBETCTBYIOIHMH METOAAMH, HATIPHMED C IOMOLUbLIO TECTHPOBAHUSA.

Ouenxa ycmotinusocmu modenu. LIpui oileHKe aiIeKBATHOCTH MOJIETTM KAK CYIIECTBY-
I0Iiel, TaK ¥ HPOEKTUPYEMOH CHCTEME PeaslbHO MOXKeT OBITh MCIOJIb30BaHO JINIb Orpa-
HUYEHHOE IT0IMHOXK€eCTBO BCeX BO3MOXKHBIX 3HaUeHNH BXOAHBIX TapaMeTpoB ( pabodei
HATPY3KH ¥ BHEIIHeH cpelbl). B CBA3H ¢ 3TUM A1 000CHOBAHKA JOCTOBEPHOCTH MOy
9aEMBIX PE3YJIETATOB MOMENNPOBAHUS GOJBIIOE S3HAYEHHE MMEET IPOBEPKA YCTOHIHUBO-
cTu Mozienn. B Teopyn MozieiupoBanus 3TO IOHATUE TPAKTYETCA CIIELYIONHM 00pasoM.

YcTOHYIMBOCTD MOZIENM — 3TO €€ CIOCOOHOCTh COXPAaHATH aleKBaTHOCTb IIPH UCC/e-
noBauuK 2 HeKTUBHOCTH CHCTEMBI HAa BCEM BO3MOXKHOM fanasoHe pabouel HATPY3KH,
a TaKKe MpY BHECEHWH U3MEHEH I B KOH(UTYPALHIO CHCTEMBI.

Kakum 06pasom MoKeT GbITh OlieHeHa yCTOHYMBOCTSL MOZIEN? YHBEPCAILHOM TpoLiety-
bl IIPOBEPKH YCTONYMBOCTH MOZENH He CyLIecTBYeT. PaspaGoTunk BeiHy:KeH npuberaTh K
METOMIaM «[JIsl JAHHOTO CJIy4dast», YACTUYHBIM TECTaM M 3[PABOMY CMBICITY. YacTo GbIBaeT 1o-
JIe3Ha aIocTepHOpHast Tposepka. OHa COCTONT B CPaBHEHHH PE3YJILTaTOB MOAEHPOBAHHA 1
Pe3yJIBTaToB H3MepeHHH Ha CHcTeMe TI0cyle BHeCEHUs B Hee u3MeHeHWid. Ecin peaynsraTet
MOZIETMPOBAHNS IPHUEMJIEMbI, YBEPEHHOCTD B YCTOMYHBOCTH MOZIENTH BO3PACTaeT.

B o6imem ciryyae MOXKHO YTBEDKAATS, YTO YeM GIIHIKE CTPYKTYPa MOJIENIH CTPYKTYPE
CHICTEMbI 1 Y€M BBILE CTeNeHb eTaTH3aI I, TEM YCTOHYIBEe MOJIEb.

VeToHunBOCTE pe3yNbTaToB MOCTHPOBAHNA MOXeT ObITh TAKAKE OLleHeHa METOLAMH
MaTeMAaTH4eCKO# CTaTHCTURY. 371eCh YMECTHO BCTIOMHNTH GCHOBHYIO 33/1a4y MaTeMaTH-
yeckoi cratucTuky. OHa 3aKII04a€TCs B TOM, YTOOBI IIPOBEPHTH THIIOTE3Y OTHOCHTENb-
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HO CBOHCTB HEKOTOPOTO MHOXECTBA 9/IEMEHTOB, Ha3bIBAEMOT0 FeHepaJbHON COBOKYII-
HOCTBIO, OLIEHHMBAs CBOHMCTBA KAKOTO-TM00 TOAMHOXKECTBa reHepaibHON COBOKYIIHOCTH
(t.e. BBIGOpKK). B renepanbHOM COBOKYITHOCTH UCCIIEOBATENS OOBYHO HHTEPeCyeT He-
KOTODBIH MPU3HAK, KOTOPBII 00YC/I0BIIEH C/LyYallHOCTBIO M MOKET MMETh KaueCTBeHHEIH
HJTH KOJIMYECTBEHHBIH XapaKTep.

B nannoMm ciyyae HMEHHO YCTOHYUBOCTD Pe3yJIBTATOB MOZETHPOBAaHHUs MOXHO pac-
CMaTpUBaTh KaK IPU3HAK, TIOAJIEXAINH oLeHKe. [l TPOBEPKU TMITOTe3b! 00 yCTOHYH-
BOCTH Pe3yJIETATOB MOKET ObITh MCIIOJIb30BAH KPUTEPUH YHIIKOKCOHA.

Kpurepuit YHIKOKCOHA CIIYKUT [J1s1 TIPOBEPKU TOTO, OTHOCSITCS JIU [IB€ BEIOOPKU K O/I-
HOI ¥ TOM JKe TeHePaIbHOH COBOKYITHOCTH (T. €. 001aa10T JIM OHU OJ{HKM ¥ TeM ke CTaTHC-
THYECKUM TIpu3HakoMm). Hanpumep, B BYX NapTusax HEKOTOPOU NPOAYKIMM BaMepaeTcs
OTIpe/ieIEHHBII MPU3HAK, ¥ TPEOYETCs TPOBEPUTH TUIIOTE3Y O TOM, YTO 3TOT IIPU3HAK MeEeT
B 00enX NapTHAX OMHAKOBOE pacTipeiesieHue; APYTHMU CJI0BaMH, HeOOXOANMO YOenuThCs,
4TO TEXHOJIOTHYECKHH IPOLiecC OT HapTHH K TAPTHH M3MEHSICTCS HeCYHIECTBEHHO.

IIpu craTucTHuecKkoil OlleHKe YCTOHYMBOCTH MOJEIN COOTBETCTBYIOINAs THIOTe3a
MOXeT 6biThb chOPMYITHpOBaHa CleAyOHMM 00pa3om: PN U3MeHeHNH BXOAHO#H (pabo-
Yell) Harpy3KH wix CTPyKTypbl UM 3aKoH pacnpeznesieHust pe3yasTaToB MOZEINPOBa-
HUA 0CTAeTCsA HEU3MEHHBIM.

ITpoBepKy yxazaHHOU runoressl H MpoBOAST Npu CEAYIONIMX HCXOAHDBIX FAHHBIX |

ecTb aBe BRIOOPKU X = (X,, .., x,) U Y = (y,, ..., ¥, ), IONy4eHHbIE /I Pa3THYHBIX
3HavyeHuil pabodeil HArpy3KH; OTHOCHUTEIBHO 3aKOHOB pacripezesiedns X U Y HUKakux
IIPEATIONOXKEHUH He Jle1aeTcsl.

3uayenust 06enx BHIGOPOK YIIOPSIA0YMBAIOTCS BMECTE MO BO3PACTaHMIO. 3aTeM aHa-
NM3UPYETCA BIANMHOE PACHonokenne x; 1 y. B ciydae y, < x; roBopsT, 4To napa 3Hade-
HEH (X, yj) 06pa3yeT HHBEPCHIO.

Hanpumep, nmycts 15t n = m = 3 nocsie ynopsa04nBaHy MOJIyYn/Iach Takas Mocje10-
BaTEJIbHOCTD 3HAYEHUI: Y, X, Yoy X, Y, X,; TOT/la MMeeM HHBEPCUM : (x,y), (XY ), (%, ¥,)
(xy !/,)r (xgi yz)r (xy yg)

HoacuursiBatoT niosHoe yucso nasepcuit U. Ecmu runotesa BepHa, To U He 10/xHO
CHJIBHO OTKJIOHATBCS OT CBOETO MaTeMaTU4eCKOro OKUAAHUS M:

Ot runote3ssl oTkassiBaoTcs, ecnu [U — M| > Ukp (Ukp onpenendior o Tabnmie ans
32JaHHOTO YPOBHSI 3HAYMMOCTH ). !

Ouenxauyecmeumenvrocmu HM. OueBnaHO, YTO yCTOHUHBOCTD SBJLIETCS TIOJIOKUTES b=
HBIM CBOHCTBOM Mozeny. OHAKO ecyi H3MeHeH e BXOAHBIX BO3NEHCTBHE WK IapaMeTpoB
Mozenv (B HEKOTODOM 3aZaHHOM JHalla3oHe) He OTPaKaeTCs Ha 3SHAYEeHMSIX BBIXO/IHbIX I1apa-
METPOB, TO 107132 OT TAKOM MO HeBeNNKa (ee MOXKHO HA3BaTh «0ecuyBCTBenHoi»). B
CBSI3M C 5TMM BO3HHKAET 33/1a4a OLlEHMBAaHHA YYBCTBUTEIbHOCTH MO/IEJIH K M3MEHEHHUIO NTapa-
MeTpoB pabodeit HATPY3KH M BHYTPEHHHX apaMETPOB CaMOH CHCTEMBL.
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TaxyIo OlleHKY IPOBOAAT 110 Kax oMy napaMerpy X, B oraenbHoctu. OcHoBana
OHa Ha TOM, YTO OOBIYHO [MATIa30H BO3MOKHBIX M3AMEHEHUH MapaMeTpa U3BECTEH.
Oana n3 Hanbosee NPOCTHIX ¥ PACTIPOCTPAHEHHBIX HPOLEAYP Ol HUBAHHS COCTOUT
B CJIEAYIOLIEM.

1) BpIYMCASIETCA BETMYKMHA OTHOCHTENIBHOTO CPEAHEr0 NPUpaNieHus napameTpa X,:

(X/tmax - kmm) 2
AX = . - 100% ;
(kaar kmm)

2) n1pOBOAKUTCA Mapa MOAEJbHBIX DKCIIEPUMEHTOB Npu 3HayeHuax X, = X, u
X, =X, ¥ CDEIHUX QUKCHPOBAHHDIX 3HATCHUAX OCTaJIbeIX MapamMeTpoB. Onpeaenx—
10TCSA 3HauYeHna oTkanka motesn Y, = (X, yuY,=f(X, )

3) BBIUKCIALTCS ee OTHOCUTENIBHOE ITPUpAllleHHe Ha6mozxaeMoﬁ nepeMeHHoOH Y

Y, - Y,)-2
AY = ——— 100%.
(Y, +Y7,)

B pesy.1sTare a5 k-ro napamMeTpa MOJI€/IM UMeIOT Napy 3Hauenuil ( AX,, AY,), xapak-
TePU3YIOILYIO YyBCTBUTEIbHOCTh MOJEIH NIO 3TOMY IT2PAMETPY.

AnanornuHo GOpMHUPYIOTCA Taphl IJIA OCTAIBHBIX MapaMeTPOB MOENH, KOTOphIE
06pa3yioT MHOKeCTBO {AX, AY,}.

JlanHble, TONYUYeHHbIE IPU OLlEHKe YYBCTBATENBHOCTH MOJEJH, MOTYT OBITD HC-
NOJb30BaHBL, B YaCTHOCTH, NPH MJIAHUPOBAHUN KCIEPUMEHTOB: H0/blee BHUMa-
Hile JIOJKHO YAEAATHCA TEM IapaMeTpaM, 110 KOTGPBIM MOJE/b ABAeTcA bosiee 4yB-
CTBUTEJbHOI.

Kanubpoexa modenu. Ecnu B pe3ynsrate NpoBeA€HHOU OLEHKHN Ka4eCTBA MOJEIH
0Ka3aJI0Ch, YTO ee LelleBble CBOHCTBA He yAOBIETBOPAIOT pazpaboTunka, HeoOGX0AUMO
BBITIOJIHUTD €€ KAAUGPO6KY, T. €. KOPPEKIIHIO ¢ LEeAbIO IPUBELEHNs B COOTBETCTBHE
NpebABISIEMBIM TPeGOBAHUAM. '

Kak npaBuio, npouece KanuOpoBKH HOCUT UTEPATHBHBII XapaKTep U COCTOUT U3 TPeX
OCHOBHBIX 3TAIIOB!

1) rnobansHble U3MeHeHns MOAeNH (HanpuMep, BBeZeHIe HOBbIX MIPOIECCOB, H3Me-
HEHVe THIOB COOBITHH U T. 11.);

2) noxanbHble U3MEHEHUS (B YaCTHOCTH, H3MeHEHHE HEKOTOPBIX 3aKOHOB pacnpese-
JIeHUs1 MOETIUPYEMbIX CJIYIAWHBIX BEJIUYMH);

3) n3meHeH¥e CHelHaIbHBIX TAPAMETPOB, Ha3bIBa€MbIX KATMOPOBOYHBIMH.

Ha r1epBbIi B3rJIsAMT, CTPYKTYPHBIE U3MEHEHH MOAETH, Kak 60J1ee CJI0KHEIE, JIOJIKHBL
PaccMaTPUBATLCS TOJIBKO TIOCTIE TOTO, KaK BCE MONBITKM OTKATUOPOBATh MOJENDb TyTeM
HU3MeHeHHs] IapaMeTpOB U JIOKAIbHBIX Moanbukanuil okaxyrcs 6esycnemssimu. Ox-
HAKO TaKas CTPaTerusi MOXeT CKPbITh CTPYKTYPHOE HECOOTBETCTBHE UJIH HEZOCTATOY-
HYIO CTeIleHDb AeTATLHOCTH Mo/ie . B aToM cMBIcie HaYMHATH KAMUOPOBKY ¢ BHECEHHA
r/106a1pHbIX H3MEeHeHNH 3HaYNTEbHO Ge30mackee.
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Boobuie uenecoobpasio 00benHUTD OlIEHKY HeJIeBbIX ¢BoiicTB M 1 ee kannbpos-
Ky B eMHBIA mpotiecc. ViMeHHO Takast cTpaTerust NPHHTa B CTATUCTHYECKOM METO/e
KaJIMOPOBKH, OIIMCAHHOM HIKE.

[porenypa KamuOpOBKH COCTOUT M3 TPeX IIIaroB, KAXKIBIH U3 KOTOPBIX ABJISIETCA UTe-
paTuBHBIM (puc. 2.13).

—»| CpasHenue > 5 -
BKa >
BbLIXOAHbIX anaHcupo OnTuMmusauus

. Mogenm Mogenu
[-> pacnpegeneHini —I [—V —] E

Puc.2.13. Cxema npouecca xanubposku MM

Hlaz 1. CpasHeHUE BHIXOAHBIX PaclipesieieHuii.

Ilens — onenka agexsaTHocTyt M. Kputepnu cpasnenust MOTyT G5ITh pa3JiiyHbL, B
JaCTHOCTH, MOXeT HCIIONIb30BAThCs BeJHMUHMHA PA3HOCTH MEX/Y CPeAHUMH 3HAUCHUSIMU
OTKJIUKOB MOZENH U CUCTEMBIL.

YerpaneHue pa3iuy il Ha 3TOM lifare OCHOBAHO Ha BHECEHNH rNI06ANBHbIX UBMEHEHUH,

Hlaz 2. BanascupoBKa MOAEIIH.

OcHoBHasi 3a1a9a — OIIEHKa YCTOIMHUBOCTH U 4y BCTBHTeIbHOCTH MozieH. [To ero pesysib-
TaTaM, KaK IPaBUIIO, POU3BOATCS JTOKILHbIE H3MEHEHHs (HO BO3MOXKHBI H ITTODaTBHEIE).

Hlaz 3. OnTuMU3aIKa MOJEIH.

Iiens atoro atana — obecredenne TpeGyeMoit TOYHOCTH Pe3yJibTaToB. 3AECh BO3MOXK-
HBI TPU OCHOBHBIX HAIIPABAEHUA PaboT:

MOTIOJIHUTENbHAA IPOBEPKA KavecTra natunkos CY;

CHIDKEHME BJIUAHNA IEPEXONHOTO PEXKIMA;

[pYMeHEHHE CIIeINATbHBIX METOI0B IOHXeHHS AUCTIEPCHM.

2.6.2. IOJBOP TAPAMETPOB PACTIPE/IEJIEHUI

B HEKOTOPHIX CHIYYasX MMUTALUNOHHAS MOJENDb CIOKHON CHCTEMBI MOJKET OBITH pea-
NU30BaHa B BU/le Habopa OTAeNbHBIX Mojesnell ee noxcucteM. [Ipu nposenenuu axce-
PHMMEHTOB € TAKOH MOJIEJIBIO B LIE/IAX COKPAUIeHHs 3aTPaT BpeMeHH ObBaeT HeoOX01IMO
3aMeHsITh MOAENMPOBanue PaboThl OHOH U3 TTOACHCTEM HEKOTOPHIM YHCIOBbIM Mapa-
MeTpOM (BCTIOMHUTE TIPHHIMIT NapaMeTPU3AiH ), THO0 Cay4aliHOi BEIMIHHON,pac-
peaenenHod o 3agarnoMy 3akoHy. YToOw! Takast 3aMeHa Obisia BhIoJIHEHA KOPPEKTHO,
HCCJIe10BaTeb OJKEH PACIIOJIaraTh OIHUCAHNEM 3aBUCHMOCTH JAHHOTO YHC/I0BOIO 11a-
paMeTpa OT BpeMeHH U IpYTHX QaKTopoB, GUrypHPYOIUX B MOKENY.

[Ip1 MMUTAIMOHHOM MOZETHPOBAHIN T0AO0D 3aKOHOB pactipe/ie/ieHUH BHIMOJHSAET-
Cs1 HA OCHOBE CTATUCTHYECKUX HAHHBIX, TIONYYEeHHBIX B X0OZIe 9KCIIEPHMEHTA.

B ocHOBe npouezyps! OTPICKAHUSA 3aKOHA PACIpeAeIeHHs] HEKOTOPOH BEJTHYMHBI 110
IKCIIEPUMEHTILHBIM TaHHBIM JIEKUT IIPOBEPKA CTATHCTHYECKUX THIIOTES.
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Cmamucmuvecxas zunome3a — 3To yTBepkaeHne OTHOCUTEILHO 3HaueHui oiHOro
unu GoJlee MapaMeTPOB paclpeiesleHNsA HEKOTOPOI BeJIMYHHbL WIH 0 caMoi GopMe pac-
nipeneneHns.

OOBIHO BHIOMPAIOT /BE MCXOHbIE FTIOTe3D!: OCHOBHYT — H 1 ansrepuarnsuyio eit — H,.

Cmamucmureckas npoeepxa zunome3sl — 5TO IIPOLeAYyPa BLISICHEHH, CJIeAyeT JIX
HPUHATb OCHOBHYIO rurnotesy H, win oTBeprayTs ee.

Ecny B pesy.isTate npoBepky rumnotesa Hj ommub09HO OTBEPraeTcs, To HMEET MECTO
omubka I pona (xapaxrepusyiolasics 6oee TAXeNbIME TOCTEACTBUAMH ); €CJIH FHITOTe-
sa H npunumaetca npu uctunnoctu H, — ato omnbra BTOporo poxa.

BepositHoctu omubok 1 v Il pona (ot u B) 3aBUCAT OT KPUTEPUS, HA OCHOBAHUH KOTO-
poro GyzeT BeiGnparsest ofHa u3 runoTes. QueBH/HO, YTO BEPOSITHOCTH 3THX /(BYX OLIH-
GOK B3aMMOCBSI3aHb, TO €CTb 4eM H0/IbIIE 3HAYEHUE o, TeM MeHbIne B, u HaobOPOT.

OO6b14HOE pellieHHe 3TOH JIIeMMEL COCTOUT B TOM, YTO BHIOMPAIOT HEKOTOPOE (DUK-
cupoBaHHOe 3HaveHne o (kax npasuio 0.05, 0.01, 0.001) u Hagetotcs, yto BOyaer Tak-

- ke maio. OUKCUPOBAHHOE 3HAUEHNE (L HA3BIBAETCS YPOBHEM 3HAYUMOCTH.

[l BEIOpaHHOTO 3HAYEHUS O OTIPEIE/ACTCS TAK Ha3blBaeMas KpUTHYecKast 061acTh

B, yrosJieTBOpsOas ycAaoBUO

P(Z € B |H, sepra) < o,

rie Z — KOHTPOJibHAs BeuYiHa (KpUTepHit), npecrabisioumas co0oii HekoTopyo GyH-
KIMIO OT BbIOOPKH (pe3yIbraToB SKCIIEPUMEHTA).

[IpoBepka runoTessl COCTOMT B cileayouieM. [IpousBoaurcst BEIOOpKa (IPOBOAUTCS
DKCIIEPUMEHT ), Ha OCHOBAHUH 4ero BRIYUCIIAETCS z — YACTHOe 3HaueHue Kpurepus Z.
Ecau z € B, To oT runoressl H0 oTka3biBatotcsa. Ecad z He nexur B B, TO TOBOPSIT, 4TO
nosydeHHbIe HAOMIOeHNA He IPOTHBOPEYAT NPHHATOM THIOTE3E.

Pasymeetcs, npesk/e yeM BbIABUIATh TMIIOTE3y OTHOCUTEIBHO 3HAYEHHI MTapaMeT-
POB pactipe/iesien st, HeoGX0ANMO OTIPENIETUTH BHJI CAMOT0 3aKOHA pacnpenencnus. Hau-
HoJiee pacpoCTpaHeHHbIH Ha MPaKTHKe M J0CTAaTOYHO 3(deKTHBHBIA MeTox moabopa
3aKOHa pPacipe/iesieHiA OCHOBAH Ha UCII0J1b30BaHHK rpadyecKoro mpeacTapieHus K-
CIIEpUMEHTAJIbHBIX JAaHHBIX.

Ouu 0TOGPaXKAKOTCS B BUJIE TAK HA3bIBAEMOM TMCTOIPAMMbl OTHOCHTEJIHHBIX YacTOoT,
KOTOpasdg MOXeT ObITh MOCTPOEHA KaK BPYYHYIO, TaK U C TOMOWIBIO COOTBETCTBYIOUIHX
UHCTPYMEHTANBHBIX CPEICTB, BXOISIIIX B COCTaB 60/IbLIMHCTBA TAKETOB MOAETHPOBa-
Husl. BHEUTHIH BHA THCTOTPaMMBbI TIOKa3aH Ha puc. 2.14.

Ins a¢pderTuBHOTO HCTIONB30BaHYS rpaduveckux cpencts nakera MATLAB, koto-
poMy mOCBstiieHa HoJibilas YacTh KHHUTH, IOJIE3HO 3HATh METOJMKY TOCTPOEHHS THCTOT -
paMMBbI OTHOCUTENBHBIX 4aCTOT.

Hlaz 1. Beruncnsiercs BeJIMYMHA MHTEPBAJIA MTMCTOTPAMMBL U3 CJIEYIONIEro COOTHO-
wenws:d=(y, —y, /n,tae(y,, ~Y,,) — IMana3oH HaMeHeHA HabI0aeMoii mepe-
MEHHOI!, 7 — YHCJI0 HHTEPBAJIOB, BHOPaHHBIX UCCACHOBATEIEM.

Hlaz 2. 1lo pesynsrataM (MM B NIPOIECCe) MOAETUPOBAHIS OHOPENENACTCS YUCI0
nonajJaHuil 3HaueHHH ¥ B 1-11 HHTEPBaJI.
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Puc. 2.14. TIpuMep rucTorpaMMbl OTHOCHTEJBHBIX YaCTOT

Ilaz 3. BeruycnseTcsa OTHOCHTENLHAS YACTOTA HOTAZAHM HAGMIOAEMOH TIepeMeH-
HOM B KaX[blil WHTEPBAJL:

G,=R/N,

rae Ri — 4uicno nonazanuil B i-it HHTEPBAJ,

N — obuee yucsio usmeperuit (06beM BHIOOPKH ).

Hlaz 4. Ha xaxnoM i-M MHTepPBaJie CTPOUTCSA IIPAMOYTOJIBHUK CO CTOpPOHaMu d XG .

CymMa nomazeit NpaMOYroNbHIKOB THCTOTPAMMEI PaBHa EAUHULLE.

s Haubonee 4acTo UCOIB3YEMBIX CTATUCTUYECKUX TUNOTES pa3paboTanbl KpuTe-
pHH, TI03BOJIAIOUINE IPOBOAUTD KX IPOBEPKY ¢ Hanbosbuiei octoBepHocThio. PaceMot-
PHUIM OCHOBHEIE U3 HUX.

t-xpumepuii CIyKuT 4715 IPOBEPKY THIIOTE3b! O PaBEHCTBE CPEIHUX 3HAUCHUH ABYX
HOpMasbHO pacnpezenentsx CB (X u Y) B npeanonoxeHun, 4T0 IUCIEPCHH X PABHBI
(x0Ts1 v Hen3BecTHHI ). CpaBHUBAEMEBIE BBIOOPKH MOTYT HMETh PasHbIi 00beM.

B kauecTBe KpUTEPUS UCIIOJIB3YIOT BETUYHHY

-y nomy (n+my~*)
Jo =)D _+(my -1 D, n +ny (2.3)

Bennuuna T nogunnsiercs t-pacipezenenuio CTeIONEHTA.

Kpurnueckoe 3HadeHue is (-KpUTEPUs OIIPeIeAeTcst 1o Tabiune A1 BhOpaHHOTro
3HAuEHHs O W YHC/Ia CTeneHei cBo0oasl k=n,+n, — 2.

Ecau Beranciennoe no (2.3) sHayenue yoBjaeTBopsAeT HepaBeHCTBY T 2 tKp, TO Ti-
notesy H orseprawor.
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I10 OTHOLIEHWIO K NIPEATIOIOKEHHUIO O «HOPMAIbHOM PacIpeAe/ICHHOCTH> BEIHYUH X
M y t-KpUTEpPHH He O4eHb yyBCTBUTEeH. ET0 MOXHO PUMEHATH, €C/TU pacTipeesieHus
CB He UMEIOT HEeCKOJIbKMX BEPUINH 1 He CAULIKOM aCMMMETPHYHbIL.

F-xpumepuii Ciy>WT Ui IPOBEPKH TUNIOTESBI O PaBeHCTBe Aucnepcuii D u D, npu
YCJIOBHH, YTO X 1 Y PaclpesieNieHbl HOPMaJILHO.

TnnoTessl TakoTo poa HMEIOT H0JIbLIIOE 3HAYEHHE B TEXHHKE, TaK KaK JHCIIEPCHS eCTh
Mepa TaKHX XapaKTePUCTHK, KaK MOrPEIIHOCTH U3MEPUTENbHBIX NPHOOPOB, TOUHOCTH
TeXHOJIOTHYECKUX IIPOLIECCOB, TOYHOCTD HABEACHUS IIPY CTPEIb0E U TaK aasiee.

B kxauecTBe KOHTPOJbHON BEJMUYMHBI HCIOJNbL3YETCS OTHOUIEHHE NUCHEPCHH
F=D /D (umuD /D — 6onblias AUCHepCHs RO/IKHA ObITh B YHCIUTENE).

Besnnuuna Fnoguunsercs F-pacnpeaenennio (Pumrepa) ¢ (m,, m,) CTeNeHAMH CBO-
6onwt (m, =n, — 1;m,=n, - 1). IlpoBepxa rUNOTE3B! COCTOUT B CIIEAYIOLIEM.

Jlna BemyMHbL @ = O¢/2 ¥ BeJTUYHH m,, m, N0 Tabauue F-pacnpenesienus BHOUpaOT
suavenna F, . Ecnu f, Boraucientoe 110 Bbi60pKe, 60J1biIe 3TOr0 KPUTHYECKOTO 3Ha-
YeHHs, THIIOTe3a I0/KHA ObITh OTKIOHEHA C BEPOSTHOCTHIO OMIMOKH ¢,

Kpumepuu coznacus — 3T0 KPUTEPHH, C TOMOIIBIO KOTOPBIX IIPOBEPSIOT, YAOBJIETBO-
psieT i paccmarpusaeMast CB naHHOMY 3aKOHY pacnpesieeHusl.

Kpumepuii coenacus Hupcona ()* ) cryxur a5 nposepku runotesst H,o ToM, 4T0
Ey(y) =F(y),rne Fy(y) — uctunHoe pacnpenenenue CB y; F(y) — runorernyeckoe pac-
npezeaeHue.

IIpoBepka IPOU3BOANTCA CAEAYIOLIUM 06PA3OM.

1) Obnacts suavenuit CB y pazbusaetcs (npousBoibHO) Ha k Henepecexanumuxcs
MHOJKECTB ( «KJIAaCCOB» ).

2) B pesynurate n onbitos popMupyercs Beibopka (y,, ... ¥, ).

3) BoluncisieTcsi KOHTPOsIbHAS BENIHHA xX*

k 2
xzz M_l. -n

i=1 np; ’

rae M f — YUCJ0 3HAYEeHHe Y, TIONIaBUIUX B i-i1 Kilacc

p, — TeopeTuyeckas BepoaTHOCTH (/151 Fy(y)) Tonananus sHaYeHus y B i-i Kiacc.

4)I1o Tabnuue Y >-pacnpenesneHnii HAXOAAT KPUTHUECKOE 3HAUYEHHE)Y 2 11/ yPOB-
HsA 3HAYMMOCTH O u m = k — 1 cTemeneit ceoboant. Ecam 22 2, To runortesa or-
BepraeTcs.

Kpumepuii Koamozopoea — Cmupnoea. Ilpu ncnonbs30BaHUY TaHHOTO KPUTEPHS
MMEIOLIYI0Cs BBIOOPKY (¥,, ..., ¥,) YIOPAZOYHBAIOT 10 BO3PACTAHHIO H CTPOST CJIEAYIO-
(Y0 HMITUPHYECKYI0 PYHKUNIO pacIpeieNieH A

0, -eo<y<y
Fy(y)=4i/n y;, Sy<ypi=1..,n-1
1y, Sy<eo
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KonTponbnoii BenmuuuHoil ABNgeTCS
D=maxlF ()~ F,(w)
Y

I'inoresa H ; F(y)= F (y) orBepraercs, eciy BePOATHOCTD NONA/AHMS COOTBETCTBY -
IOUIETO KPUTEPUA B KPUTHIECKYTO 001aCTh OKAa3bIBAETCSI MeHbIITe BHIOPAHHOTO HCCAeA0-
BaTeJIeM YPOBHA 3HAYUMOCTH O

KpuTudeckoe 3HadeHHe KPUTEPHsI, KaK M B NMPEILIAYITHX CIYYasxX, HAXOAUTCS 10
Tabane.

PazyMeercs, IPOBeIEHHE BPYYHYIO PACYETOB, HEOOXOAHMBIX /7151 TIPOBEPKH CTATHC-
TUYECKUX THIIOTES, TpeOyeT 3HauMTesbHBIX 3aTpaT BpeMeHH u ciil. [loaToMy MHOrHe
COBpEMEHHLIE MaTeMaTHyecKre IIaKeThl HMEIOT B CBOEM COCTaBe CPeACTBa, NI03BOJISIO-
I[HE CBECTH K MHHUMYMY YHCJIO ONEPaltii, BHIMOIHIEMBIX I0Ib30BATE/NEM BPYIHYIO.
MeTo/uKa MPOBEPKHN CTATUCTUYECKUX FHTIOTES, MCIOJb3yeMast mpu paboTe ¢ MakeToM
MATILAB, 6yaet paccMoTpeHa B IATOR rase.

2.6.3. OHEHKA BJIMAHUA 1 BBAUMOCBA3U ®AKTOPOB

Kak paBuuio, Kom14ecTBeHHAS OlleHKA CTeNeHH BJAHSIHHUS TOTO UM HHOTO BhakTopa
Ha 3HayeHws1 HabsonaeMol nepeMennoii (nokasartens abheKTHBHOCTH ) BHI3BIBAET 3HA-
UHTEBHYIO CJIOKHOCTh, 0OCOOEHHO ITPH HATHYUY B3aUMHOTO BAusHus (hakTopos. Hau-
6osee TpoCTOi ¥ IOCTYIMHLIN cocod pelitenuts aToil npobaeMbl COCTOMT B HCIIOIb30BA-
HUM PE3YJIBTATOB OLEHKH YYBCTBATEIBHOCTH MOENH.

OnHaKo 9TH Pe3y/IBraThl CI0XKHO NPEICTABHTEL B (POpMe aHATUTHYECKOMN 3aBUCHMOCTHL
Takoe npencTaBIeH e MOKET OKA3aThCs! BEChMA IIOJIE3HBIM JJIST MHOTHX TPAKTHYECKHX 337124,
CBSA33HHBIX KaK C paspaboTkoit Mozeneit (peus OusTh-Taky UAET O TPUHITATE IApAMETPU3a-
UM ), TaK U HENOCPEACTBEHHO ¢ HPUILSITHEM PEIEHUE 110 9KCIIePUMEHTATBHBIM JaHHBIM.

OTbICKaHTE aHATUTUIECKIX 3aBHCHUMOCTEH, CBAZBIBAIOLINX MEXAY COOOH pasziuyHbpie
napaMeTpsbl, QUTYPUPYIONINE B MOAE/IH, MOKET ObITh OCHOBAHO HAa COBMECTHOM UCIIO/Ib-
30BAHHU FPYIUTB] METOIOB MATEMATHYECKOH CTATHCTHKH: AUCTIEPCHOHHOTO, KOPPEJISIIU-
OHHOTO U PErpecCMOHHOT0 aHan3a. 110ApOOHOMY 1 CTPOTOMY OIHCAHUIO COOTBETCTBY-
OIINX TIPOIHEAYD TOCEANIEHO OFPOMHOE KONMYECTBO KHUT yueHHOTO, HAYYHOrO H
CIpaBoYHOTO Xapakrepa. [ToaToMy OCHOBHAS Leb HATOKEHUS [TOCTEAYIOMETO MaTEPU-
aJ1a CBORUTCS K TOMY, YTOOBI II0KA3aTh POJIb H MECTO YKA3aHHBIX METOJIOR IIPH IPOBETIe-
HUU AHAIM32 JAaHHBIX, TOJIYIeHHbIX B X076 IMUTALMOHHOTO 3KclepiMetita. Kpome Toro,
HaIHYMe KPATKOH XapaKTePUCTHKH METOJ0B CTATHCTHIECKOTO AHAIN3A JAHHBIX B T1ep-
BOM 9aCTH KHUTY «Pa3BsIKET PYKU» aBTOPY IIPH ONTMCAHUH TEXHOJIOTHH aHAIN32 PE3YJlb-
TaTOB MOAeNHpoBaHus cpencTBaMu naketa MATLAB Bo BTOpoii ee uactu.

Odnoaxmaprsiti ducnepcuoHHbll AHAIUS

Ero cyThb CBOAUTCA K ONPEICACHUIO BANSHUA Ha PE3YJILTAT MOAETHPOBAHUSA OAHOIO -
BBIGpaHHOTO (haxTopa.
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IlycTe, HanpuMep, MCCIENOBATENs UHTEPECYET CPEAtAs HHTEHCMBHOCTH OTKAa30B
KOMIIBIOTEPA, ¥ B CO3AHHON UM MOZEIH YUTeHbI CIleAyIoiine GakTopbl: MHTEHCUBHOCTD
HOCTYIJIEHHA 3a[aHUIT T0Ib30BaTeNeH, HHTEHCUBHOCTD 0OPAlleHHIT B ONEPATHBHYIO
[IaMATh, BPeMEHHbIE XaPAKTEPUCTHKY PEIaeMblX 337124 ¥ HHTEHCHBHOCTD 00PalleHn i K
JKeCTKOMY IcKy. Ecay npenBapuTesibHble JaHHbIE TOBOPSAT O TOM, UTO OCHOBHOM TIpH-
YMHOM OTKA30B ABIAETCS HeHaIeKHasd paboTa JKeCTKOTO IUCKA, TO B KAYeCTBE AHATTM3H-
pyemoro dbakTopa 1esecoodpasHo BIOPATh MHTEHCHBHOCTL obpanennii k Hemy. 3agaya
(paKTOPHOTO aHAIN3A B JAHHOM CJiy4ae COCTOUT B TOM, 4TOObI OIleHHTh BJIMSHUE YKA3aH~
Horo hakTopa Ha cpeiHee IICII0 OTKA30B.

DopMaTbHO OCTAHOBKA 331241 OAHO(AKTOPHOTO AUCIEPCHOHHOTIO aHAIN3a COCTO-
ut B cnegyouem. [lycts nurepecyromnit Hac daktop x umeet ! yposueit. J{1s kaxaoro
W3 HUX NOJlyYyeHa BEIGOPKa 3HaueHUH HabIIo1aeMoii iepeMenHoM ¥ y(1),y(2), .. y}.(l),
7=1, ..., n, n — 06beM BBIGOPKH (WHCI0 HAOMIOIeHU ).

Heobxomumo nposepuTs runotesy H, o pasencTse cpeAHNX 3HaUYeHNH BBIOGOPOK (T.€.
0 HE3aBHCHUMOCTH 3HAYeHUH ¥ OT 3Ha4eHUH HCCIe/lyeMoro (pakTopa x). YpaBHEeHUE OJi-
HODAKTOPHOTC AHCIEPCUOHHOTO AHANN3a UMeeT BU/I:

y,=m+ar+ e

rie Y, — j-€ 3HaYeHHUe ¥ B i-i CepUM ONBITOB,

m — TeHepaJIbHOE Cpe[iHee CyYalHoIl BEJIMUUHE ¥ (T. e. cpeJHee 3HayeHHe HabIII0-
MaeMoii epeMeHHOH, 00YCJIOBIEHHOE €€ «CYIIHOCTBIOS ),

@, — HEM3BECTHDIN NapaMeTp, OTpaxKaromuii BusaHue Gaxtopa x («addexr» i-ro 3Ha-
yeHH: PaKTopa x),

e, — OLINOKA H3MEPEHNS Y.

Hnsa nposepku runotesst H, ncnonp3yiot F-kputepuii ¥ mepexosr ot nposep-
KW 3HAYMMOCTH PA3THUIMH CPeJIHUX K IIPOBePKe 3HAYUMOCTH PasAuynil ABYX AMC-
nepcuii ‘

* reHepanbHOl (00yCI0BIEHHOI NOTPEMHOCTAMY H3MepeHuit) — D,;

* axtoproi (06ycroBaenHol H3MeHeRneM (akropa x) — Dx:

3HaveHue F-kputepus Boiuncasercs Kak oriomenue Dx/Do mnu Do/Dx (B aucim-
TeJie OJIKHA CTOSATH GOJIbLIast U3 AUCHEPCHi] ); 3aTeM o 1o Tabmuite F-pacnipenenenuii
HAXOSIT er0 KPUTUUecKoe 3HaveHre FKp /s 3a1aHHOr0 yPOBHS 3HAYMMOCTH ¥ YHCAA
creneneit cobons m,=n — I, m,=l - 1.

Ecima F> Fxp, To runotesy H OTBEPraioT, T. €. Pa3AHYHA ABJIAIOTCS 3HAYMMbIMH (hak-
TOp X BAUsIET HA 3HAUCHUS ¥).

Mmnozogpaxmopnutii ducnepcuonnviii ananuz(MJIA) no3Bonser oleHUBATD BN -
HHe Ha HabJ1i0gaeMyIo IIePEMEHHYIO Y7Ke He OHOTO, a IPOM3BOJIBHOTO 9Hcia paKToOpoB.
Tounee, MIA 1103B0JISI€T BHIOpaTh U3 IPYIIBI (PAKTOPOB, YYACTBYIOU[MX B 9KCIIEPUMEH-
Te, Te, KOTOPbIe IeHCTBUTEILHO BIUAIOT HA €0 PE3YJIBTAT.

MeToauky nposenenys MHOTO(aKTOPHOTO AMCIEPCUOHHOTO aHANN3a PACCMOTPHM
IPUMEHHUTENIBbHO K YaCTHYHOMY (haKTOPHOMY 3KCIIEDHMEHTY, TTIPOBOIMMOMY B COOTBET-
CTBUMY C IATUHCKUM IJIAHOM.
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IIycThb B 9KCHEPHMEHTE PACCMATPUBAIOTCSA OMUH ITePBHYHBII (DAKTOP U [BA BTOPUY-
HBIX, KOXK/BIH U3 KOTOPBIX UMeeT 72 YPOBHeii (T. e. 06beM UenibiTanuii pasen N = n?).

Ob6osHaumm yepes y, j» PE3YJIBTAT 3KCIIePUMEHTA MDY YCIOBUH, 4TO (haKTOp @ Ha-
XOJMJICS HAa YPOBHE i, dpaKTop b — na yposHe j, hpaxTop ¢ — Ha ypoBHe k. MHOXKeCTBO
3HaYeHHUH, KOTOPble MOKeT NPHHUMATD yropsaouenHas Tpoiika (i, f, k), 06o3nadum
yepe3s L.

.B aToM ci1yuae ypaBHEHHE IUCTIEPCMOHHOTO aHAJIM3a BBIIVISIIUT CJEAYIONIUM 00pa3oMm:

yi)k—m%—a + b, +gk+guk,

rze m — reHepajJbHOe CpefiHee C/Iy4ailHOH BEJTHYMHEI Y,
a, bj, g, — HensBecTHble NapaMeTphl («3ddexTri» COOTBETCTBYIOIIMX (HaKTOPOB).
Pelrenye 3a1ayy ARCTIepCUOHHOTO aHAIN3a 3aK/II09a€TCA B IPOBEpPKe TMIIOTE3 O He-
3aBUCUMOCTH Pe3y/ITaTOB u3MePeHHi oT QakTopos a, b, ¢:

Ha:a,=0,i=1n

Hb: b 0,j=1mn;
He: gk 0,k=1,n
s storo o Merony HanmMeHbinX kBaaparoB { MHK) HaxoasT onenku mapamer-

poBm, a, b, g, MURNMU3NPY: N0 YKa3aHHLIM NlepeMeHHBIM (11004epesH0) PyHKLMIO
= — 2
S5S %(yijk m+ai+bj+gk).

3atem 110 kaxxaoMy GakTopy BelUHCAsIeTCs F-craTucTika. Besnunaa F ecTs Mepa
noteps npu NpHEATHKN runotesst H,. Uem 6onbiie F, TeM XyXe MOjie/ib, OTBEPraiomas
BJIMsIHME COOTBETCTBYONEro hakTopa. Takum 06pasoM, €Cliu BRIYUCIeHHOE 3HaYeH e F
Gonbite FKp, HallZleHHOTO 110 Tab/INIIE 11 HEKOTOPOTO YPOBHSI 3HAYMMOCTH, TO THIIOTE-
32 OTBepraercs.

Heo6xoxuMo OTMETUTD, YTO AMCHEPCHOHHBI} aHAIN3 MOXET MCIOIb30BAaTLCS A
OLEHKH BIUSIHUS (haKTOPOB, UMEIOIMX KaK KOJIM4eCTBEeHHBIH XapaKTep, TAK 1 KaUeCTBeH-
HBIH, TOCKOJIBKY B ypaBHEHHUHM JAHCIIEPCMOHHOTO aHa/13a (PUTYPUPYIOT He caMt QaKTo-
PBbi, @ TONBKO UX <3P EKTHI».

B ToM ciyyae, ecin Bce haKTOPBI HOCAT KOJIMYECTBERHBEH XapaKTep, B3aMMOCBA3b
MEX/Ty HUMH H HabJi01aeMoii TepeMeHHOM MosKeT ObITh OTTHCAHA ¢ TOMOIIBIO YpaBHe-
HUsi perpeccuu.

Koppenauuonnwiti u pezpeccuonnviii ananus. I1o n8a OIU3KIX METO4a, KOTOPbIE
00BIYHO HCII0b3YIOTCSA COBMECTHO UL HCCACROBAHMS B3aUMOCBA3H MEXY ABYMS 1IN
60o1ee HeTIPEPBIBHBIMY llepeMeHHBIMU.

MeTo/iBl KOPPENAUUOHHO20 AHAAUIA TIO3BOJISIOT 1€J1aTh CTaTUCTUYECKUE BBIBOABI
0 CTeNeHH 3aBUCHMOCTH MEXAY ITePeEMEHHBIMH.

BenyduHa imHENHO 3aBUCHMOCTH Mé)my IBYMs NepeMEeHHbIMU H3MepA€eTCS 1IoCcpe/]-
CTBOM npocmozo K03 ¢uienTa KOppesisluy, BeJIIMHa 33aBUCHMOCTH OT HECKOJIBKUX —
NOCPEACTBOM MHONCECMEEHH020 KoaddunyenTa KOppeIsaLHH.
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B KoppessiLiiioHHOM aHATH3e UCTIOIb3YEeTC s TaKXKe IIOHITHE HacnmHoz20 Kod(hpuLn-
€HTa KoppeJsisAIyK, KOTOPHII H3MepsieT THHEHHYIO B3aMOCBSA3b MEX Y ABYMA TiepeMeH-
HBIMM €3 yueTa BJIHSHIAS APYTHUX ePEMEHHBIX.

Ecii KoppesisiinOHHbI{ aHAJIA3 [T03BOJIMJI YCTAHOBUTD HAJIMYHE THUHEIHOM 3aBUCH-
MOCTH HabJIIOIAeMON TepeMEHHO OT OHOH mitu GoJiee He3aBUCUMBIX, TO (OpMa 3aBH-
CUMOCTH MOKET OBITb YTOUHEHA METONAMU PETPECCUCHHOIO aHA/IN3A.

7151 3TOr0 CTPOUTCS Tak HA3bIBAEMOE YPAGHEHUE PEe2PEeCCUU, KOTOPOE CBA3BIBAET 3a-
BUCUMYIO [TEDEMEHHYIO ¢ HE3aBUCUMBIMU U COAEPKUT HEM3BECTHBle mapaMerpsl. Ecnu
ypaBHEHMeE JIMHEHHO OTHOCUTENBHO 1apaMeTpoB (HO HeoOa3aTeIbHO JIMHENHO OTHOCH-
TEJIbHO HE3ABUCHUMBIX TIEDEMEHHBIX ), TO TOBOPSIT O JAUHEHHOU PETPecCHH, B IPOTUBHOM
CIIy4ae perpeccus HeauHeuna.

PaccMoTpuUM npocmoii xoppenauuonnslit ananul, T. e. MeToL onpeleieHus B3au-
MOCBA3HU MEXK/LY ABYMSI lIepeMeHHBIMU.

O6o3HauuM uX x # y. HezaBucuMO 0T ciocoba nonyieHns BHIGOPKH UMEIOTCS /IBa
IpeBapUTesIbHBIX 11aTa A7 OIIpeAesIeHNs CYIeCTBOBAHUS Y CTENIEHH JIMHENHON 3aBU-
CUMOCTH MeKAY x H . [lepBbiil ar 3akiouaeTcs B rpaduuecKoM oTOOpakeHNH TOYEK
(%, y,) Ha LIOCKOCTH (X, ¥) — T. €. B IOCTPOEHNU OUAZPAMMbL PACCEAHUA. AHATIN3UDYS
IviaTPaMMy paccesiHUs, MOKHO PEIIHTb, AOMYCTUMO JIU NIPEAIIoIoKe e O THHEHHOM
3aBHUCHMOCTH MeKAy X Uy (cM.puc.2.15).

Eciur, ne paBeH HYJIIO, TO Ha BTOPOM 11are BEIYUCJIAETCS eI'd TOUHOEe 3HaYeHHe.

Yenm Gonplite o abCOIMOTHOMY 3HAYEHHIO 7 TEM CHIbHEe THHEHHAS 3aBUCMMOCTD MEK-
xy nepemerHbMi. Hpulr WI 1 mmeeT MecTo (byHKLII/IOHaJIbHaﬂ JIAHelHas 3aBUCHMOCTb MEXKIY
xuyBugay=b,+ b x, npuuem ecu 7,,~ 11, TO TOBOPSIT O OJIOKMTEIIBHON KOPPEIAILINN, T.€.
Gosbie 3Haqu1/m OMHOM BEJTHIHHADI COOTBETCTBYIOT GOMBIINM 3HAYEHHUAM APYTOH; TIPH

r,,~ — 1 umeer MecTo oTpuLaTebHAs Koppessiuus; pu 0 <7, <1BeposiTHa 6o muHeitHas
KoppenAnus ¢ paccesauem (puc.2.15, 6), mibo HeHeHAs Koppensumx (puc.2.15,2).

Ilpu ananuse pesynsraroB VUM He0OXOQMMO MMETb B BH/Y, YTO €CIH JaXE YAAN0CH
YCTAHOBUTD TECHYIO 3aBUCHMOCTb MEXKAY ABYMs! TIePEMEHHBIMH, 3TO elle He ABJIAETCA
TIPSIMBIM HOKA3ATETbCTBOM HX IPUYMHHO-CNEACTBEHHON CBA3M. BO3MOXKHO, MeeT MecTo
CTOXaCTUYeCcKast 3aBUCUMOCTh, 00YCIIOBIEHHAsI, HATIPUMEP, KOPPETHPOBAHHOCTHIO NOCIe-
JIOBATeNIBbHOCTE} ICERA0CITYUaiHBIX YHCesI, UCTTOMb3yeMbIX B MMUTAUWOHHO MOZIeTH.

ITosToMy pe3yasTaThl KOPPEIALHUOHHOTO aHANIN3A LEeAeCO0OPA3HO YTOYHUTS, IPOBe-
[ perpecCUOHHBIN aHAH3.

Pezpeccuonnuiii ananus no3BoJisieT pemarh Be 3aJauu:

1) ycTanaBnvBaTh HaMUYMe BO3SMOXHOM IPHYNHHON CBA3H MEXY NepeMEHHbIMH;

2) mpencKaspiBaTh 3HAYEHMS 3aBUCUMOH ITepeMEHHO N0 3HAaYeHUAM He3aBUCHUMBIX
NepeMeHHBIX. ITa BO3MOKHOCTE 0COOEHHO BaXKHA B TEX CIYYasix, KOTAA IPSIMbIE H3Me-
peH¥s 3aBUCUMO TepeMeHHO 3aTPyIHEHBI.

Ecnu npenrnonaraeTcs aMHeliHas 3aBUCHMOCTD MEKAY X M f, TO OHA MOXKET ObITh OIH-
caHa ypaBHEHHUEM B

y,=b,+b, -x+e (i=1,.,n n— obbeM ucHbITAHMIT), KOTOPOE HA3LIBACTCSA NPOCMOU
JUHEUNHOU pezpeccuell Y no X.
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v4 vt
X X
a)ry =0 6) 1= 1
A b
X X

B) 0 <7y<1 0)0<r, <t
Puc. 2.15.I'paduueckoe 0ToOpaxeHe KOPPeIALIH TePEMEHHBIX

Besmunsst by n b, ABIATOTCA HEU3BECTHHIMH TTADAMETPAMM, a €, — CTydaitHble OmO-
KH UCIIBITAHUH.

Henwv pezpeccuontozo ananuza — HaTH HAMTYYIINE B CTATHCTHYIECKOM CMBICJIE OIIEH-
KN 11apaMeTpoB b, 1 b, (Benmauny b, o6bIYHO Ha3bIBAIOT K03 Punuenmom pezpeccuu).

3Has 3HaveHns by u b, MOXHO HAITH OLIEHKY IePEMEHHOH i IPH X = X, :

Fa¥ A A
y,=b,+b x.

Kakuum xe 06pazoM noiyueHHoe ypaBHeHve (MM, Kak TOBOPAT, PerPECCHOHHAST MO-
Ienb) MOXeT OBITH UCNO/Ib30BAHA /I [IPOTHO3UPOBAHUS 3HAYCHUI 3aBUCHMOM Tiepe-
MeHHOH y?

YTo6er OTBETUTH HA 3TOT BONPOC, BOCTIOIbL3YEMCS IPHBOANBIINMCS yKe MpHMe-
POM, CBSI3aHHBIM C OLIEHKOM HAKEKHOCTH KomIbioTepa. [Ipeanonoxum, nccnenona-
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TEJIIO YAATIO0Ch IOCPEACTBOM AUCIIEPCHOHHOTO aHaln3a YCTAHOBUTD Halldyue 3aBU-
CHUMOCTH CPEIHErO YHCAa OTKA30B OT MHTEHCUBHOCTH 0OPAIleHUH K KeCTKOMY ANC-
Ky. IlpeanonoxumM Takxe, YTO KOPPEIALMOHHBIH aHa/IU3 MTO3BOJINI ONpefeNHTh JIU-
HEHWHBIH XapakTep 3TOH 3aBUCUMOCTH. B aToM ciyyae, iiMes ypaBHeHHe perpeccun,
CBSI3BIBAIONIEE YKA3aHHBlE BETUYHHBI, MOXKHO JUISI KaXKIOTO KOHKPETHOTO 3HAYEH s
WHTEHCUBHOCTH 0OPANeHU K AMCKY «CHPOTHO3HPOBATh» COOTBETCTBYIOIIEE CPEJl-
Hee YHCJIO0 OTKA30B.

Pasnuua Mexzy HabmofiaeéMbiM M OLEHEHHBIM 3HAYEHHUEM Y IIPH X = X, Ha3blBAETCA
omxionenuem (unu ocmamrom) d. =y, — y. BemmunHbl OTKIOHEHUH MOTYT OBITH HC-
TI0JIb30BAHBI 7151 IPOBEPKU afAeKBATHOCTH MOJIYyYeHHO# Mofenu. [ls1 atoro cTpourcs
rpaduk d = f(y) win d=f(x) (cMm. pic.2.16), 1 110 €ro BuLy AeNaeTcsi TPeABAPUTEIBHOE
3aKJIIOYEeHHE O CTeNIeHH aIeKBaTHOCTH PerPeCCUOHHOR MOIENHU.

v a1

a) 6)

Puc.2.16. Ipadudeckoe npejcrasiesne HyHKHMY OTKIOHEHUIT:
a — MoJeNb afeKBaTHa; 6 — HEOOXOMMMO BBEAEHHE NONOIHHTEIbHON He3aBUCHMOIT e peMeHHOI.

B crydae HECKOJIBKHUX HE3aBUCHMBIX IIEDEMEHHBIX HMEET MECTO MHOMNCECMBEHHAA
AuHelHAR pezpeccust:

y=btbx +.+bx te.

B aToM cirydae A OTBICKAHHUA ONEHOK b, TaKxKe MCII0Mb3YeTCs METOX HaHMEeHbIIHNX
KBaJIPaTOB.

B ciiyyae HenuHeIHON perpeccy 0CHOBOU ISt IIOCTPOEHUS PETPECCHOHHOI Mogenn
onsiTh-Taku spiasiercs MHK. Oxnako B 3ToM ciiydae st OTbICKAHHMS OLIEHOK bj CTPOWT-
Csl cCHCTEMA HeTMHEHHBIX YpaBHeHUH (OTHOCUTEIBHO bj), a JUia ee peliCHUs HCIOJb3Y-
FOTCA Pa3inYHble HTePAlIMOHHBIE METOABIL.

Kax yoxe 661710 0TMeueHO paHee, 23 dEeKTHBHOE HCIIOIb30BAHME TPOLEAYD CTATUCTH-
JECKOTO aHAIH3a SKCIIePHMEHTANBHDIX JaHHBIX BO3MOXKHO TOJIBKO B TOM CJIy4ae, eCJIU B
paclopsiKeHUH UCCIIeOBaTeNA HMEIOTCA COOTBETCTBYIOIHE HHCTPYMEHTANbHBIE CPeJl-
CTBA, K OMMCAHUIO KOTOPBIX MBI Tellepb MOKeM IIepeiTH.



Ho npexze HoABeneM KPaTKHi HTOT 13J0KEHHOMY B TIepBOM YacTH KHHIH.

¢ [Ipu cpaBHEHUH ANBTEPHATUBHBIX PELIEHUI OZHUM 13 Hanbosee 3 HeKTHBHBIX
HWHCTPYMEHTOB UX OlIEHMBAHUA ABJIAETCS MATEMATHYECKOE MOJEIMPOBAHHE.

® B cBOIO O4EPEB, B TEX CIy4asx, KOIa 3HaueHs! OIleHOK 3aBUCAT OT BO3/IeHCTBUA
6o1bUIOTo Ycna cAyYalHmX PakTopoB, MO0 UHTEPEC HpeCcTaBaseT PasBUTHE chya-
LMK BO BpeM€EHH, YI06Hee BCETo ACMO/b30BATH MMHUTAIMOHHBIE MOIEH.

o Co3paHyie HMUTAIMOHHON MOJEJH CA0XKHON cucTeMBbl, QYHKIIHIOHUPOBaHKE
KOTOPOH MpeAlojaraeT Hajludhe NapajjieNbHbIX NPOLUEcCoB, ABISETCS BEChbMa
CTI0XHBIM J€JI0M, TpeGYIoUuM 0T pa3paboTuynKa He TOJIbKO XOPOLIEero 3HaHUA pac-
cMaTpuBaeMOH NpeIMeTHON 061acTH, HO JOCTATOYHO NPOYHBIX HAaBBHIKOB B HpPO-
rpaMMHpOBaHHUU.

¢ Pe3ynpTaThl IMUTAIMOHHOTO 9KCIIEPUMEHTA MOTYT ObITh UCITOIB30BAHBI TSI IIPH-
HATHA peneHyst TUIb NIPH YCJIOBHH X KOPPEKTHON cTaTHCTHYecKoH 06paboTku, 410
HpeAbABASAET K YPOBHIO IOATOTOBKH HCCIEIOBATENS IEIbIH DA ONOIHUTELHBIX Tpe-
OoBaHUN.

W, nakoretr, riaBHbIH Boibog. CylecTBEHHOE OBbIIIEHHE TEXHOAOTHIHOCTH MO/~
TOTOBKH, TPOBE/IEHUS H aHAIM3a PE3YAbTaTOB HMUTAIIMOHHOIO MOZIE/IMPOBAHNUS BO3-
MOKHO B TOM CJIy4ae, eC/Ii B PacliopsaKeHUU UCCAEI0BATEN S UMEIOTCA COOTBETCTBY-
JOLIHE HHCTPYMEHTaAbHblEe CPENCTBA.

HIMeHHO IIPH BBITIOJIHEHIH 3TOTO YCIOBHA CKYYHOBATASA U [IOTOMY HE BCEra ITOHAT-
Hag HAY KA npespamaercs 8 MCKYCCTBO.



YACTb II
MOAE/IMPOBAHUE KAK
NCRYCCTBO

IJIABA 3
OCHOBHbIE HHCTPYMEHTbDI

... B3SUL IMCTOK OYMAri M HApHCOBAT Ha HCM, UTO Kyaa:
T/IC BXOJI, I'/IC BbiXOJL, TAC OJCBATHCS, T/C KOCMONABTA
HPOBOXKAIOT U TAC KHOIKY HOKMMATD... ¥ 5 1AXC HPUAY-
MaJI, TIe €My yMbIBATLCs, H U306pés 11t 9TOrO camo-
BbIJ[BUTAIOLIMECS BEAPA, YTOOB1 Ol B 1THX COGHPA AOXK-
JICBYI0 BOZY.

B. Apazyncxuii

3.1. ObUINE CBEAEHNMA O ITAKETE MATLAB

Hcropus cymectBoBanns nakera MATLAB, HazpaHWE KOTOPOTO IPOMCXOAUT OT €10~
pocoueranusi Matrix Laboratory (Marpuutas jiabopaTopis) HacUUTHIBaeT yxKe Oosiee
JIBYX AECATKOB JeT. TakuM 06pasoM, MOXKHO CYHUTaTh, 4To passuriae MATLAB «uuio B
HOTY» C Pa3sBUTHEM CPE/CTB BHIYUCIUTENbHO TEXHUKH: OT «bosibplnx» IBM ¢ masieHp-
KMMH HHTEPAKTHBHBIMY BOSMOKHOCTAMH X0 HACTONbHBIX KOMITBIOTEPOB, N03BOJIAIOLIHNK
MCII0Ib30BaTh B paboTe BCe ATH (@ HHOIARA U LIECTh ) coco60B BOCHpUATHS HH(DOPMar
uny. V1, HecMOTPS Ha JOCTATOYHO BLICOKYIO CKOPOCTh CMEHBI TOKOIEHHI BbIUNCITUTE b
Hoit Texuuxy, MATLAB ycneBas BnuthiBaTh Bce Haubo1ee HEHHOE OT KLKAOTO U3 HHX::

B pesynpraTe K HacTosiiuemy Bpemennt MATLAB npencrasisier coboii Becbma yaads
HOE COYeTaHMe BO3MOXKHOCTEH MATEMATUKH € IOCTeHHMH JOCTIKEHUSAMH B 001aCTH
BBIYHCIHNTEAbHON TEXHUKH.
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OnHO U3 OCHOBHBIX JIOCTOMHCTB [TAKETA COCTOUT B TOM, 4TO JUIA pabOoTHI MOJNB30-
BaTeJII0 IOCTATOYHO 3HATh O HEM POBHO CTOJBKO, CKOJIbKO TpedyeT pelllaeMasi 3afia-
ya. Tax, B npocreiimiem ciysae MATLAB Moxet coIirpath posib 0OBIKHOBEHHOTO KaJlb-
KyJAsTOpa, AJs HNCHOJB30BaHUS KOTOPOTO HOCTATOYHO [OMHHTL 3HAKH
MaTeMaTHYeCKHX onepauui. Eciu Ke peliaemMas 3aj1a4a TpebyeT CO3MaHUA KAKMX-'
aubo cnenuaiblHeIX UHCTPYMeHTOB, MATLAB npenoctapasieT B pacnopsiKeHHe
MOJb30BATENS NPAKTUYECKH YHUBEPCANBHBII SI3bIK 00BbEKTHO-OPUEHTHPOBAHHOTO
HPOTPAaMMIPOBAHUS B COUETaHNY ¢ UHTEPAKTHBHBIMU CPeACTBAMU OT/AKHU cO3/a-
BaeMbIX IIPOrPaMM.

N Bce-taku B nepByio ouepeab MATLAB — 370 cpenctBo MareMaTHiecKOro Mo-
nenupoBaHus, obecredrBaroliee IPoBeAeHUe HCCAe0BAHIHA NPAKTHIECKH BO BCEX H3-
BeCTHHIX 06/1acTAX HayKH M TexHUKH. [Ipu 9TOM CTpYyKTypa makera II03BojseT a¢-
(hexTUBHO coueTaTh 062 OCHOBHBIX NOAX0/a K CO3MAHHI0 MOMIe/IN: aHATUTHIECKUI 1
MMUTALHOHHBIH.

MmenHo B cpepe Matematudeckoro mopennpoanus MATLAB nossossier nanfosnee
TIOJTHO MCIT0JIB30BATh BCE COBPEMEHHBIE IOCTHKEH A KOMIIBIOTEPHBIX TEXHOJIOTHIA, B TOM
yyciie CPeACTBa BU3yATUu3alui U ayauduxanny (03ByIUBaHMs ) JAaHHBIX, 4 TaKXKe BO3-
MOJKHOCTH 0OMeHa JanHbiMu 110 cetn Internet. Kpome toro, nonb3osatesb umeeT Bo3-
MOKHOCTB co3faBaTh cpeactBamMu MATLAB co6ctsennsiiil rpadudeckuii uutepdeiic,
OTBEYAIONIHH KaK ero BKycaM, Tak 1 TpeOOBaHMAM peliaeMoii 3a1auu.

Kak crefyer u3 HasBanus akeTa, OH OPHEHTHPOBAH B IEPBYIO 0Yepe/h Ha 06paboTKy
MAaCCHBOB JaHHBIX (MATPUI] ¥ BEKTOPOB). ITO O3BOJIMIO €0 pa3paboTYMKaM CyIleCTBEH-
HO IIOBBICUTE 3 PEKTHBHOCTD TPOLEYD, PAOOTAIOINX ¢ YKA3AHHBIMU TUIIAMH IAHHBIX, 110
CPaBHEHHUIO C SI3LIKAMH TIPOTPAMMHUPOBaHUS «001ero HasHauenus» (Pascal, Cut.1.).

C touku 3penus nonssosareis MATLAB npencrasisiet coboit 6orateiimyio 6u6-
smoteky byukuuii (8 MATLAB 5.2 ux okosio 800), ennHcTBenHas npobiema paboThi ¢
KOTOPO# 3aKJII04AETC B YMEHUN OBICTPO OTHICKATD Te U3 HUX, KOTOPbIE HYKHBI 15
pellleHus NaHHOW 3aauH.

Jnsa obneryenus noucka 6ubamotexa pyHKUnH pa3buTa Ha pasgensl. Te us Hux,
KOTOPble HOCAT GoJiee 06UMH XapaKTep U HCIOIb3YIOTCSA HauboJlee 4acto, BXOAAT B
cocras sagpa MATLAB. Te xxe ¢pyHriuy, KoTOpble ABAAIOTCSA CHElH(bUIECKUMEI 15
KOHKPETHOM 06J1aCTH, BKIIOYEHB! B COCTAB COOTBETCTBYIONINX CEIMaTH3UPOBaHHbIX
paszenoB. Ity pasuensl HazpiBaiotcst B MATLAB Toolboxes (Hncmpymenmu). Kax-
IBIA M3 HUX MMEET CBOe COGCTBEHHOE HA3BAHHE, OTPAKAIOLIEE ero Npe/iHa3HauYeHHE.
onuas komitekranms nakera MATLAB 5.2 comepxut okoso 30 uHCTpyMeHTab-
HBIX IPUIOKeHUA. B UX 41C/Io BXOAST KaK J0CTAaTOYHO CTAHAAPTHBIE IJIsE MATEMATH-
YeCKUX MaKeToB cpefcTBa (pelienus AubdepeHIIHATBHEIX 1 aTTeOpandecKux ypas-
HEHWH, MHTETPAJbHOTO MCYHUCTIEHHS, CUMBOJIBHBIX BBIYHCJIEHUN U T. 1.), TaK U
HeTPaAUIIMOHHEIE, CHOCOOHbIE [IPETEHIOBATH HA ONIPEIeIEHHY 0 YHUKANBHOCTD B CBO-
eM poze: cpefcTBa wHbPoBoil 06paboTKi H306pakeHul, IOMCKa PeuleHHi Ha OCHOBE
HEYeTKOH JIOTHKY, aNlNapat NOCTPOeHMs U aHANIN3a HelPOHHBIX ceTell, cpencTBa dhu-
HaHCOBOTO aHa/NK3a U LeJAbl pan Apyrux. KpoMe Toro, UMEIOTCS CPENCTBA B3aUMO-
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JENCTBUS C IOMYJIIPHBIMK OUCHBIMU NpoaykTaMu gupmst Microsoft — MS Word u
MS Excel (1714 Brmiouenns B cocTaB paboueit KoHQUTypainy NaKeTa TOro WK HHOTO
HHCTPYMEHTATLHOIO HPUIIOXKEHUS TPeOyeTCs HaTuYMe COOTBETCTBYIONUIETO TULEH3U-
OHHOTO COTJIallleHust ).

Ocoboe MeCTo cper MHCTPYMEHTAIBHBIX IPUIOKEHHI 3aHUMAET CHCTeMa BU3YaTb-
Horo MozenupoBaunust SIMULINK. B onpeaenennom cmpiciie SIMULINK mosxHO pac-
CMaTpPUBATh KAK CAMOCTOSATEbHBIA NPoAYKT dbupmbl Math Works (kotopriii 1ake B He-
KOTOPBIX CYYASAX MPOLAETCS B <MMEHHOM» YIIAKOBKE), O/[HAKO OH PabOTaET TOBKO IIPH
Hanuuu aapa MATLAB u ucniosnb3yer MHorne GyHKIMM, BXOIAIIIE B €T0 COCTAB.

VIMeHHO 1o3TOMY B IIepPBBIX MOJpas/ienax aHHO IIaBbl H3/1araoTca oblne cBese-
uust 0 nakete MATLAB, Heo6xXouMble JIJ1s1 3ayCKA M MCTI0JIb30BAHKS CHCTEMBI BU3Y-
armpHoro Mogenuposanuss SIMULINK. Bonee riy6oko Bonmpochl B3auMOAEHCTBHS
SIMULINK c saxpom MATLAB 11 ero HHCTpyMeHTAIbHBIMH IPUJIOKEHUSAME PACCMAT-
pusatotca B [nage 5.

B cBow ouepens, 10MOTHUTEIBHBIE CBEIEHHS O BO3MOXHOCTAX siipa MATLAB u
HEKOTODPBIX HHCTPYMEHTAIBHBIX NIPUIOKEHUH, HETIOCPEACTBEHHO He CBI3aHHBIX C HC-
nostb3oBanueM SIMULINK, MoXHO NOyepIHyTh B CIIPABOYHBIX U3AAHUSX, CITUCOK KO-
TOPBIX IIPUBEJIeH B KOHIIE KHUTH.

Heobxogumo orMmetuth, yTo B MATLAB ncrnosnb3oBaHa TEXHONIOTUSA aCCONHUATHB-
HOU 06paboTKu (ailics, NoAAep)KUBaeMas ONepalMoHHoIH cuctemoit Windows. Ona
3aKJIIOYAETCA B TOM, YTO KAXKIOMY TUIY (DailJIOB CTABUTCS B COOTBETCTBHE (2CCOLMUPY-
€TCsI C HUM ) ONIpefieJIEHHOE MTPUIIOKEH e, obecneunBawilnee 06paboTKy XpaHAITUXCS B
HeM faHubIX. Hanpumep, daitnt ¢ pacmnpenyem .doc accOUNMPOBAHBI € TEKCTOBBIM
penaxropoM MS Word.

B MATLAB wucnonssyercss HeCKONBKO THUMOB ($aNOB, U KaXA0T0 U3 KOTOPBIX
ollpeiesieH CBOM JOMyCTUMBIA HAGOD OnepaIiuii ¥ peanusyiolue ux cpeacTsa. Ilpu pa-
6ote ¢ SIMULINK B 0CHOBHOM HCIIONB3YIOTCS (hailflbl TPeX THIOB:

M-daiinnr (uMetonivie paciiupenyre .m) — gaiinsl, cogepxaliie TEKCT HPOrpaMMbl
Ha sa3vike MATLAB; B Bune M-daiinos peanuzoBannt Bce 6ubMMOTEYHBIE DYHKIMH
MATLAB; mo ymonuanuo M-baiinsl OTKpRIBAIOTCA ¢ HOMOILBIO cobcTBeHHOTO Pedak-
mopa/Omaaduuxa MATLAB;

Mdl-¢aitnst (Paitast ¢ pacmupenuem .mdl) — daitns mogeneit SIMULINK; moryr
ObITH OTKPBITH 160 ¢ nomonbo SIMULINK (8 Buze rpaduveckoro okHa ¢ 610K-1H-
arpammoit), 1u6o ¢ nomousio Pedakmopa/Omaaduuxa MATLAB;

MAT-daiine (¢ pacuipenyem .mat) — daiinsl, cogepkalye JaHHbIE B IBOMTHOM
KOJIE; IOCTYTI K HUM BO3MOsKeH 1100 13 komanaHoro okia MATLAB, nu6o ¢ noMombio
crennanbabIX cpencts SIMULINK.

Heobxonumo tak:ke 106aBUTH, YTO XOTS N3JIOKEHAE MAaTEPUAIa OPHEHTHPOBAHO Ha
pabory ¢ nakerom B cpege Windows, MATLAB siBistetcst ninatdopMHO-He3aBACHMOH
CHCTEMOH, U MoXeT paboTaTh MO YIPABJEHHEM M APYIHUX OMEPAMOHHBIX CHCTEM —
UNIX u MacOS. Ipu aToM TexHo10TUs MoenpoBanus ¢ nomoisio SIMULINK oc:
TaeTcss HEM3MEHHOM. '
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311 MHCTAJUIAINS 1 SATPY3KA

Bosmoxna au6o ceresad, 1160 ToKanbHast ycranoska makera MATLAB. O6bem na-
MATH Ha KecTKoM aMcke (B zanpHeinieM — HD), HeobxoauMBlil 217151 YCTAHOBKY siApa
MATLAB, 3aBucur oT napameTpos aliIoBON CUCTEMBI, yCTAHOBJIEHHBIX Ha BallleM KOM-
nbloTepe (TOYHEE, OT pasMepa KjiacTepa) U cocrasisier ot 30 xo 80 M6.

s yeranoskn MATILLAB B nos1HO# KoMILTEKTauy HeoOGxoauMo okos1o 350 MO (Bxtio-
yas daiier oMoy, 06w 06bem KoTopsix npeBsimaer 140 M6; noxpobHee o cpefcTBax
oMoty Gyzer ckazaHo Hipke). [101p30BaTeNb MOXET 33/1aTh HHAMBH/LY JIbHYIO KOHPUTY-
DAL CUCTEMBI, OCTABHEB B [IPEJIaraeéMoM CIIUCKE TOJIBKO Te Pa3Zestbl, KOTOPBIE €ro HHTe-
pecyiot. [l7s1 «BbIYePKUBAHUSI> PA3flesla U3 CIIMCKA IOCTATOYHO YOPaTh «[ITHIKY» B COOT-
BETCTBYIOLIEN CTPOKe, IeJIKHYB Ha Heil eBoil kHonkoi mpriu (JIKM). Hanmuuune B cniicke
snpa MATLAB nipu 11epBoHauaIbHOM YCTAHOBKE SIBJIETCS 00sI3aTEbHBIM.

J17151 OCBOEHS TEXHOIOr MK MMUTALIHOHHOTO MOAETUPOBAHNSL, U3JI0KEHHO B KHHUTE, 10-
CTATOYHO YCTaHOBUTH Tpu KoMmroneHTs:: MATLAB (sinpo cucremsr), SIMULINK (tpeGyer
oxosio 7 M6 na HD) 1 cpencrBa cratucTHYecKoro aHammaa Statistics Toolbox (emme 2 M6).

ITpu n3ameHeHnu noTpeGHOCTEH MOIb30BaTe NS (MM €T0 UHTEPECOB) HCXOAHAst KOH-
(urypanusa Moxer 6BITh CKOppeKTHpoBaHa. /[y sToro norpebyerca NOBTOPUTS 11po-
LHeaypy HHCTAIALUY, BHeCS B CTMCOK pasaenoB MATLAB cooTsercTByfolINe n3Me-
HeHust (JIPU 3TOM YoKe YCTaHOBJIEHHBIE Pa3/iesTbl B CIIUCOK BKJHOYATh HE HYXKHO).

Heobx0a1M0 OTMETHTS, 4TO NpakTHYeCcKu Bee pasaensl MATLAB cozepxar cpen-
CTBA BU3YANU3aAUUU MOAETUPOBanMs, peannayemsle ¢ nomousio SIMULINK. ITosto-
MY BKJIOYeHHE B Pabouyio KOHUIypaluio J060To pasaesa NPUBOAUT K IIOIOJHEHHIO
6ubnuotexu 60xoB SIMULINK. Bee 6/10kxu, BKIO4eHHBIE B cOCTaB 6UOIMOTEKH, B-
JIAIOTCA <PaBHOMPABHBIMU» ¥ MOI'YT OBITh MCIOIB30BAHbI IIPH pa3paboTKe 10601 Mo-
Q€T He3aBHUCHMO OT TOTO, K KakoMy paszeny MATLAB orHocuTes KaXaplil U3 HUX.

Tpu 3aepuiennu uHcrauAnuy MATLAB ua nasenu sagay Windows aBromatnyec-
K CO3/Ia€TCs1 COOTBETCTBYIOIAS IIPOTPAMMHAsI IPYIIIA, COAEePIKaIlas TPU KOMIIOHEHThL:

« sipibik 3anycka MATLAB;

* SIpJIBIK pesn3-daia;

* apuslk mporpammbl yaaneruss MATLAB u3 cocrasa mporpammuoro obecnedenns

xomneiorepa (UnInstall MATLAB).

Ilna sanycka MATLAB Heo6X0auMo BEIOpaTh EPBYIO KOMIIOHEHTY, ABAMK/bI LIEJK-
HYB Ha He#t JIKM.

IIpn naTencusuoM ucnosb3oanun MATLAB yno6uee npousBosuTs ero 3amyck He-
nocpencTeento ¢ «Paboyero crona» Windows. [liist storo Ha «Pabouem crone» caemyer
CO3/IATh COOTBETCTBYIOUIUI SPJILIK, BBITIOJIHUB CIEIYIOUINE AEHCTBUS:

Hlaz 1. TTomectuts Kypcop Ha cBobonHoe MecTo «Paboyero cTona» U e KHYTD pa-
BOi1 kHonkoi Mbimn (ITKM). '

Hllaz 2. B nosiBUBLIEMCS CIIMCKE AeHCTBU BBIOPATh KoMaHy Co30amb, a B OTKPHIB- -
eMcst 10CJIe 9TOTO LOTIOHHUTEIbHOM OKHe — Spavix 1 HaXaTh JIEBYIO KHOIKY MBILIH.
Ha skpate oABUTCs [uanorosoe okHo Cozdarniie Apavika.
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a2 3. B xoMaHAHOM CTPOKE OKHA BBECTH (11O0 BPYYHYIO, MO0 ¢ IOMOUIBIO KHONKH
O630p) nionHbI yTh K (paiiny matlab.exe, nocse yero «Haxars» knonky Janee.

Illaz 4. Beectu HazBave spibika (10 yMouaHnio — matlab.exe) u «HaxaTb» KHON-
Ky lomoeo.

Tlocne 3aKphITH [HANOTOBOro OKHa Ha « Pabo4eM CToJe» MOSABUTCS SIPJIBIK CO CTaH-
gapruoi nuktorpammoit MATLAB B ¢popme TpexmepHOoro rpaduka.

3.1.2. TZIABHOE MEHIO. HACTPOMKA CUCTEMBI

3anyck MATLAB npusoauT k nosBienuio Ha 3kpane 3acraBki (puc. 3.1). 3a-
TeM OTKphIBaeTcst KoMaHAHOE oKHO npunoxenus (MATLAB Command Window)
(puc. 3.2), cocrosiilee U3 IBYX OCHOBHHIX YacTell: TIIaBHOIO MeHIO HO/Ib30BaTes U
pabogero noJs. PaccMOTpyM Kakayio U3 HUX B OTAEIbHOCTH,

MATLAB

The Language of Technical Computing;

Version 5.2.0.3084
January 17, 1998

License Number: Demo

gak
pr2
Copyright 1984-1998
The MathWorks, Inc. All Rights Reserved T

Puc. 3.1. Jlorotun makera MATLAB
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To get started, type one of these: helpwin, helpdesk, or demo.
For product information, type tour or visit www.mathworks.com.

Puc. 3.2. Komangnoe okio MATLAB

I'maBHoe MeHIO IO pOPMe aHATOTHYHO MEHIO NOJb30BaTeNs aioboro Windows-
MPHIOXEHUs.

B MATLAB rnaBHoe MEHIO COIEPXKUT CJEAYIOUINE Pa3esibl:

* File (komamapt paboThi ¢ haiiziaMil ¥ OIIIUKY HACTPOUKH CHCTEMBI );

* Edit (xoMaH/(b1 pelakTUPOBaHst NH(OPMaIyH, OTOOPaKEHHOU B paboyeM MoJIe OKHA);

» Window (c1rivicOK OTKPBITBIX OKOH NMPUJIOKEHHUSA );

* Help (xoMaHIbI BRI30BA IOCTYNHEIX CPEACTB MTOMOMIH ).

Huske cTpOKH 0CHOBHOTO MEHIO PACIIONOKEHA TAHEIb KHOTIOK, 00eciedUBaIoIux Obi-
CTPBIH IOCTYTI K HAHOO0 1€ 4aCTO HCII0/Ib3YEMBIM KOMAH/IaM U3 PasiesioB MeHio (puc 3.3).

- Puc. 3.3. Hanenp uncTpyMenToB KoManaHoro okaa MATLAB

Kaskaast 13 KHOTIOK cHabeHa «BCIVIBIBAIOLIEH> TOJICKa3KOH, KOTOpasi IOSIBJIAETCA Ha
SKpaHe, KOr[a KyPCop MBbILIH HaXOZUTCS HA U300paKEHIH COOTBETCTBYIONIEN KHOMKHM:

1 — cosganue HOBOTO M-(haiiia;

2 — oTKpbITHe cyllecTBYIOmero M-daiina;
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3...5 — CTAHIApTHbIE OTIEPALIH PENAKTUPOBAHHA (8bIpe3amb, KONUpOBams, 6CMAGUMD);

6 — Undo — oT™MeHa npeabIAyIIero JeACTBUs (KOMaH b );

7 — Workspace Browser — RpOCMOT] COREP)KUMOTO paboueit obmactyi namsata MATLAB;

8 — Path Browser — BbIBOJ Ha 5KPAH [UAJIOTOBOFO  OKHa HACTPOWKH ITApaMeTPOB
paboTsl ¢ (raitiaMy U arIKaMy IPHJIOKEHNS;

9 — New Simulink Model — 3anyck SIMULINK;

10 — BbI30B cnipaBoyHuKa 1o ¢pynkuusm MATLAB (Help Window).

W3 nepeynceHHbIX BBIIIE Pa3iesioB MeHI0 HauboIbIui MHTepPeC TPeACTaBsIeT pas-
nen File. Cogepxauiuecsi B HeM KOMaHIbI pa3buThl Ha HECKOIbKO rpyri (puc. 3.4):

ATLAB Enmmand Wm

Puc. 3.4. Ilepeuens komany paszgena File
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e komaHIb! paboTsl ¢ aiinamu (New, Open, Open Selection, Run Script);
® KoMaHABl paboTs! ¢ paboueii o6nacteio MATLAB;

® OMIIHK HACTPOMKHU CUCTEMEI;

® KOMaH/Ibl BBIBO/IA HA MeYaTh;

® CIHCOK (hailnoB, OTKPBIBABIINXCS B ITOCE[HEe BPEMS;

KoManza Beixoga ns MATLAB.

B nannoM pasznene 6yayT pacCMOTPeHsI TOIBKO OMUUHE HAcTPOHKHU cucremsl. Oco-
6GeHHOCTH IPUMEHEHUST KOMAH, OTHOCSIIIUXCS K IBYM T1€DBBIM IPYIIITaM, H3J1araloTcs B
riasax 4 1 5 npumenutenbHo k pabore ¢ SIMULINK.

Bropas wacTtb okHa — pabouee nose. QOHO ABJIsIETCSt OCHOBHBIM CPEICTBOM B3aHMO-
RefiCTBYS TTOJIB30BATENSL C CUCTEMOMH U obecrieuynBaeT BeleHMe JHATIOTA TOCPECTBOM
xomangHoro sissika MATLAB. Oto o3navaer, yto n106as MHGpOpManus, BBoAUMAs
[0JIB30BATENIEM B aKTUBHOH CTpOKe (HauWHAIOLIeHCsl CHMBOJIOM «IIpUIJIalleHue» >> 1
MEPIAIIHM KYPCOPOM B (hOpMe BEPTHKAJILHON Y€PTHI), BOCIPUHUMAETCS CHCTEMOM
KaK KOMaH/a, HOAIeXalas NCIOTHEHUIO,

B Hauae kaxnoro ceanca pa6otsi ¢ MATLAB B paGoueM noJie BHIBOAKTCS co0blLe-
HHe-NI0ICKa3Ka:

To get started, type one of these commands:

helpwin, helpdesk, or demo.

(/s Havana BBeOHTE 01y M3 cnenyronnx komana: helpwin, helpdesk unu demo).

[lepBas 13 yxasaHHBIX KOMaHI 0OecreYrBaeT BbI30B CIPABOYHUKA IO (QYHKLHAM
MATLAB, Bropas — oTkpbiBaeT ¢haitn momoiu B popmate HTML, a komanna demo nipen-
HasHayeHa 15 AeMOHCTPAlK OCHOBHBIX BoaMoxkHocTeit nakera MATLAB. Bonpocsr, ces-
3aHHBIE C NCIOIb30BAHUEM STHX TPEX KOMaH, 00cy K 1atoTcs nogpoGHee B maparpage 3.1.3.

KpoMe Hux B KauecTBe KOMaH/ MOXHO HCIOIb30BATh!

apudMernyeckue BripaxkeHus (Hanpumep 2+2; x/3);

nmeHa 6ubnnoreunsix GyHkunit MATLAB (1. e. umena M-daitnoB) c cooTBeTCTBY-
IOMUMU apryMerTamu (Hanpumep, Sin(3));

umena Mdl-gaiinos, pacioioXeHHBIX B TEKYIIEM AMPEKTODHY;

HEKOTOPBIE OTIEPATOPHI si3bika nporpamMmuposanus MATLAB;

uMeHa HabOPOB MaHHbIX (KOHCTAHT, CKAJSIPHBIX TIEPEMEHHBIX, MATPHIL).

Ecnn BBefieHHOE BHIpAKEHYE He ABASETCS AOMYCTUMOH KOMaH/IOM WIH COAEPIKUT CHH-
TaKCHYECKYIO OIIHNOKY, CUCTEeMa BBIIAET COOTBETCTRYIONIEE JMATHOCTHYECKOE COODIIEHHE.

Ecnu xoMaHa He 3aKaHIMBAETCS CAMBOJIOM (;), TO OHA BBINOJIHSAETCS Cpasy XKe Moc-
Jie HaXKaTus Kaapuinn <Enter>.

Vcrionb3osanie (;) MO3BOISET BBOAUTD B paboueM II0JIe HOCAeI0BATENBHOCTD KO-
MaHJ, PE3YJIETAT BLIIIOIHEHUA KOTOPOI OY/IeT BEIBeieH Ha 9KPaH TOJMBKO B TOM CIyUae,
ecJIy IocyIe OYepeHOI KOMaHIbl He CTOUT TOYKA C 3anATOMH.

Eciy BrinosiHenMe KOMaH/(bI TPUBOAUT K BRIYHUCIIEHHIO HEKOTOPOTO 3HaUeHus (CKa-
JISIPHOTO MJIM MAaTPHIIBL), TO OHO 3arioMUHaeTcst B paboueit obmactu MATLAB B iepemen-
HOH ¢ UMeHeM ans (OT aHIVIMICKOTO CJI0Ba answer — OTBET). 3HaYeHHUe, 3aHeCEHHOE B
NepeMeHHYIO ans, BBIBOANTCS HA 9KPaH cpa3y I1ocie BEIYHCIeHNA B opMe ans =...
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ITepemeHHasi ans MOXKET ObITb UCIIOJIB30BAHA TIPY BBIIOJHEHUH MOCAENYIONHX KO-
mana. Hanpumep, Beipaxenvie ans+4 6y1eT BOCIPUHATO CUCTEMOM Kak KOMaH/a, Tpeby-
I01l1asi YBEJIMYUTH 3HaYeHHeE ITepeMeHHoi ans Ha 4. [Tpu HeobxomuMocTH peayJIbrar Bbl-
IIOJIHEHHS KOMaHIbl MOXeT OBITh COXpaHeH MoJib3oBaTeNieM B paboueil obaacTh nox
J1:00bIM IMEHEM C TOMOIIBIO OTiepalliu npricBanBanus. Hampumep, BbloiHeHHe KOMaH-
JBLTES = ans + 4 IPUBOIUT K 3aNIKCH B pabouyio 06/1aCTb Pe3yNETaTa CHOKEHHS 10T UMe-
HEM res. AHAJIOrMYHO MOXET ObITh CO3/1aH 11060 Habop nannbiX. B uactHOCTH, KOMaHa

vector=[246 8]

I103BOJISIET CO3/{aTh ¥ TOMECTUTD B pabouyio 06J1aCTh MACCHB U3 YETBIPEX 3IEMEHTOB.

Jlnst BBIBOMIA HA BKPaH JAHHBIX, XPAaHAMUXCA B pabodeil 061acTH, JOCTATOYHO Ha-
Gpath UMs COOTBETCTBYIONEH IIepEMEHHON U HaxaTh Kiaasuiry <Enter>,

BuiBoz nHGopMauuu B pabouee 1osie IpOM3BOAUTCS B PEXKMME IPOKPYTKY, T. €. IPU
BBIBOJIE Ha 9KPaH 0UepeHOro coobitenus 6onee cTapas nuH(QOPMAalLUs CIBUTAETCA BBEPX.
Best nndopManusi, BBeIEHHAs MTOJIb30BATENIEM HJIH BhIBELleHHAA B pabouee I1os1e cucTe-
MO, COXpaHsIeTCs B TeUeHHe Bcero ceanca pabotst. IIpyu HeoOXomumMocTs ee MOXKHO IPO-
CMOTDETb, UCTIOIb3Y 1 ITOI0ChE BEDTHKAIBHOHN 1 FOPU3OHTAIBHON NPOKPYTKH.

Ecnu oiBenenHast uHGopMaiys 6osee He Hy:KHa, pabodee MoJIe MOKHO OYUCTHTD C
noMmolusio KoMauasl Clear Session u3 pasnena Edit riiaBHOTro MEHIO.

Komanipl, BBoLUMbIE IIOJIb30BATEIEM B TeYeHME CeaHca paboThl, COXpaHsOTCs B Oy-
¢depe komana. BeloTHABIIYIOCS paHee KOMAHIY MOKHO BBIIIOJHHUTL 6€3 MOBTOPHOIO
Habopa, BLI3BAB ee Ha SKpaH ¢ TOMOM[bIo KaaBuu yrpasienus kypcopom( T mmu 1).

HacrTpoiika cucremMsl

Oniny ¥ KOMaH/b!l HACTPOHKHU cUCTEeMBbI Hax0oAATCs B pasaesie File rnaBHOro MeHIo.
K HuM oTHOCATCS:
e Show GUI Layout Tool (Bb130B cpencts pa3paborku rpadgudeckoro uurepdeiica
nonbsopatens: (GUI-Graphics User Interface);
 Set Path... (Be160p paboueii manku);
* Preferences... (yCTRHOBKa IPEANOYTHTENBHBIX 3HAYEHUH 1APAMETPOB CHCTEMBI ).
PaccMoTpuM HCnob30BaHNe Ha3BaHHBIX CPEACTB B HOPSAKE UX YCAOKHEHUS.
Set Path. Onuus obGecriedrBaeT BHIGOP aKTUBHOTO KaTasiora (TIafkH ), KOTOPbIi 1o
YMOT4aH¥io GyIeT UCTIOAb30BAThCS IIPH BHIOHEHUY oniepallnil paboThl ¢ daiiiamu,
Bri6paB aTy OMIHUIO B CIIHCKe M ABAX/IbI HEJIKHYB JIeBOI KHOMKOH MBIIIH, BBl OT-
KpOETe COOTBETCTBYIOIIEE JHATIOTOBOE OKHO, GOPMAT KOTOPOro IPUBEEH Ha puc. 3.5.
Oxuo MATLAB Path conepxur:
® pegakTupyemyto crpoky Current Directory, conep:aniyio noaHbii NyTh K aKTHB-
HOH TaIke;
® okHO Path, B koTOpOM 0TOOpaXKaeTCs CHMUCOK MyTel A0CTYNA K pasjienam GyHK-
uuit MATLAB, Bxoasuux B pabodyio KOH(PUrypanuio;
® okHO Files in..., B XKOTOPOM 0TOOpaXKaeTCsI CIUCOK (haiiios, CoAepKalnXxcs B BhIe-
JIEHHOM KaTaJore.
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addpath.m

1 binpatch.m

cdm : e
clear.m : : , ﬁ'ef(avsh:
computer.m

1 Contents.m

1 dbclear.m

1 dbocont.m

dbdown.m

1 dbmex.m

I dbquit.m

| dbstack.m

] dbstatus.m

dbstep.m

dbstop m

d \maliab\toolbo:-c\matlab\ops
d:\matlab\toclboximatlabMang
d:\matlab\toolboximatlabelmat
d:\matlab\toolbox\matlabelfun
 d:\matlab\toolbox\matlabh\specfun
d:\matlab\toolboximatiab\matfun
_ |d\matlab\toalboximatiab\datafun
1d:\matlab\toolbox\matlabpolyfun
d:\matlab\MookbozimatlabMunfun
d:\matlab\toolboxtmatiabhsparfun
- | d:\matlab\toolboximatlabhgraph2d
d:\matlab\toolbox\mattabhgraph3d
d:\matlab\toolbox\matlabhspecgraph
d:\matlab\toalbox\matiabhgraphics
d:\matlab\toalboximatiabhuitools

5 15 YUEVIURG'Y ) W W WS | DN Y Y IR L [ VN Ay

nm@mmﬁﬁﬁmmgﬁmﬂﬂﬁ

s

Puc. 3.5. Oxno MATLAB Path

Briaenutb MOKHO TMO0 OMUH U3 KaTalIoroB ciiucka Path (ycTaHOBUB Kypcop MBIIIH B
COOTBETCTBYIOHIEH CTPOKE M HAKAB JIEBYIO KHOIKY MBIIIH), TUOO TEKY AN KATAJIOr B CTPO-
‘xe Current Directory, nepeBeis Ha Hee KyPCOD M ABaKZbI HAXKAB JIEBYIO KHOTKY MbIIIIH.
VameHuTs Tekyu katanor B crpoke Current Directory MoxHO 1100 BDyYHYIO, BBE-
[ TIyTh ¢ KJIABUATYPBI, THOO ¢ IOMOIIBIO KHONKY Browse... . [Ipu ee «HaxaTuu» OTKpbI-
BaeTCs ONOAHUTENbHOE Auanorosoe okno Change Current Directory, KOTOpOe 1O CTPyK-
Type IIOX0Ke Ha OKHO TPOCMOTPa KaTtanoros Joboro Windows-npunoxenus. (puc. 3.6).
OT1uuMe COCTOUT B AONOJIHUTENBHOM nepexiouarene Add to Front / Add to Back,
KOTOPBIH HO3BOJISET YCTAHABIMBATD HPUOPUTETHOCTD KAaTAIOra, COAEPKAIEro hyHK-
i MATLAB (110 ymom4asuio nouck 6u61otedHEIX GyHKIMT, UCTIOAB3YEMBIX B IPH-
JIOKEHHX, IPOM3BOANTCS B katanore matlab\toolbox...).
B npasoii uactu oka MATLAB Path pacnosioxeH BepTUKAIbHBIA Psi/l KHOMOK:
Add to Path... — nobasnenue paspena 6ubnauorexu Gyuxnuit MATLAB B cincok
Path; vaspanue paszesna U IMOJIHbIH IyTh ZOCTYIA K HEMY YKa3bIBAETCsA B OTKPBIBAIO-
memcs JuanorosoM okue Add to Path, umerournmM Takoi xe popmar, Kak u okno Current
Directory.
Remove from Path — ynanenvie BolfieneHHOM CTPOKH U3 crincka Path.
Undo — ot™eHna npensiny e onepaiiuu o6HoBIeHUA ciiucka Path; mociie «<Haxatusi»
HasBaHME KHOIKY MU3MeHsteTcsa Ha Redo (T. €. MOXHO IIPOH3BECTH 0OPATHYIO OTMEHY ).
Refresh — BoiBOA B OKHO Path 06HOBAEHHOTO CITHCKA.
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: Change Current Directory

Dlractun&
- di\matlabtoolbos).. 'xgeneral

| ta .ﬁ-.dd to Fn:-nt‘
é r Add to Back

Puc. 3.6. OKHO H3MeHeHUs TEeKYHIero AHPeKTOPHs

Save Setting — coxpanenue BHeCeHHbIX H3MeHeruH Ha HD (B dailie pathdef.m).
Restore Defaults — BoccTaHOBJIEHHE NPEABIAYIIIX 3HAY€HWI ITapaMeTpoB omnunu Path.
Close — 3axpwrtiie okHa MATLAB Path.

Preferences... Onuns obecnieyuBaet BEIOOP (hOPMATOB IpeACTaBICHUSA YHCI0BON H
TEKCTOBOU HH(BOPMALHI B KOMaHAHOM OKHe, JOpMAaTa KOIpOBaHUA 1aHHBIX B Oydep
obMeHa U HACTPOUKY PALA APYTUX IAPAMETPOB CUCTEMBI.

Bce BO3MOJKHBIe HACTPOIKH BBLIMOAHSIOTCA C HOMOIIbIO AHATIOMOBOTO OKHA
Preferences, oTKpBIBAIOIIETOCS NOCTE TBOUHOTO HaxaTHs JIKM.

Oxno umeeT Tpu BKIaxH: General (oburie mapametput cucremnt ), Command Window
Font (Buibop wpudta st komargHoro okua MATLAB) u Copying Options (onunu Ko-
TIHPOBAHUS ).

Bxnanka General (pic. 3.7) naetT BO3MOKHOCTD IPOU3BECTH HACTPOUKY CHEAYIO-
HIHX [TapaMeTpoB.

1. @opmar BLIBOAA YHCAOBBIX JAHHBIX ( Numeric Format); monp3oBatesnio npejiiara-
eTca BeIOpaTh oauH 13 10 BapuanTos:

e Short — BBIBOJ B popMare ¢ PUKCHPOBAHHON TOUKOH, BEIBOAUTCA 5 3HAUAUILMX

1ihp (MCHOTB3YETCs 110 YMOTIaHHUIO ),
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Preferences

- Browse.

#

i

Puc. 3.7. Biianka General oxua ycrauosku napaMerpos MATLAB

¢ Long — oozt B hopmarte ¢ GUKCHPOBaHHOH TO4KOH, BeiBoAUTCS 15 3Havaumx uudp,

¢ Hex — mecTHaguaTepUIHbII HOpMaT,

* Bank — dopmar 111 BBIBOAA IEHEAKHBIX CYMM ¢ HCIIOMB30BAHHEM 3HaKa Jo/1apa $,

® Plus — BbIBO TOIOKUTE/ILHBIX M OTPHIIATEIbHBIX YHCEJI CO 3HAKOM (MHUMAst 4aCTh
Y1CIa HTHOPUPYETCst),

® Short E — BoiBoji ApoOHbBIX yices B popMaTe ¢ ABAIONIeH 3an%Tol ( B DKCIOHEH-
[{MAIbHOH hOpME), MAHTHCCA COAEPIKUT 5 3HAYAIHX Hubp,

® Long E — BuIBO/ APOGHBIX YUCEN B DKCIIOHEHIIHATBLHOI hopMe, B APOOHON YacTH
MaHTHCCH! BEIBOAUTCA 15 3Havamux yudp; ‘

JUIsA BLIBOJIA TIOPAIKA YHCTIA B IBYX ITOCTEHIX (POPMATAX HCIIOMb3YETCS TPH 3HAKOMECTA;

* Short G — «ynyumeHHbiil> KOPOTKUii (hopMar, B APOOHOI YaCTH YHCIA BEIBOLUT-
€5 OZIHA JIOIIOJHUTeNbHAS 3HAYaas undpa;
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o Long G — «yyylleHHbIi» AMHHHBIA (OPMAT, B APOGHOMN 4aCTH YKCJIa TAKKE BbI-
BOIWTCS OfHA NOTOJHUTEIbHAS 3HaYamas uudpa;

® Rational — dopmMat, TPK UCNIOIB30BAHKUHU KOTOPOTO APOGHBIE YHCITA MPEACTABIsA-
I0TCS B BHIE TIPOCTHIX APOBel (YNCInuTeNb/3HaMeHaTeNb ); eCIIN YUCTUTEND GOJb-
Ile 3HAMEHATeNs, 11eJ1ast 4acTb He BhIAE/ISETCH.

2. DopMart HCnosb30BaHMs pabovero nojisi KoMaHAHOTo OKHa. MoXer OBITh YKa3aH
160 Loose — «cBoGOmHbBII» (MCIOJb3YeTCs M0 yMOaYaHuio), tubo Compact.

[Tpu ncnonbsosanuu Gopmara Loose BEIBOAUMbIE CUCTEMOH coo0IeHusa (OTBETH)
pasnensoTcsa ogHo# nycroil crpokoit. opmar Compact obecriednBaeT BLIBOI COOOIIE-
HYi B K2XKJI0H ¢TpoKe pabouero nojg.

3. Editor Preference (BbiO0Op HCII0J/Ib3YEMOTO peAaKTOPa IPOrpaMMHBIX (ailios).

MO3KHO MCTIOIb30BATh IGO0 BCTpoeHHbIH pepakTop MATLAB (ecan nepeknoya-
Tesb YCTAHOBAEH B NOJNO)eHuH Built-in), nu6o ykasaTh Kakoi-HUOYAb APYTroW, BBERS
MMl COOTBETCTBYIOLIETO (paliia U HyTh JOCTYNA K HEMY B CTPOKE PeZaKTHPOBaHU (UM
BPYYHYIO, WJIM IPUMEHHB KHONIKY Browse...).

4. Help Directory.

Onuus no3BoOJAET YKA3aTh KATajor, cogepxainii help-dainnt cuctemnt B pop-
mare html.

IlyTb AOCTY1IA K KATAIOTY MGXKET ObITh BBE/IEH B CTPOKE PENAKTUPOBAHHUS THOO0 BPYY-
HYI0, 1100 € TIOMOLIBIO KHONKH Browse.

5. Echo On — ¢raxok, MO3BOJA0INY BKIYUTS/BBIKIIOUATH GYHKIUK 0TOGpaxKe-
HUsA B paboyeM I10Jie BBOAUMBIX [1071b30BaTeIEM KOMaH.

6. Show Toolbar — naxox, M03BONAMHKI NOKA3aTh/yOpaTs MaHe b KHOIOK IJ1aB-
HOTO MEHIO, ‘

7. Enable Graphical Debugging — dbnaxoxk, 103BoNAI0MNEA pa3peluTh/He pa3pelinThb
HCIONb30Batue rpagMYecKUX CPEICTB MPpH paboTe OTIaAYMKA. :

Bxnanka Command Window Font (puc. 3.8) obecnieunBaeT BbIOOD LBETa, CTHISA .
U pasmepa mpudTa coobienuit 8B komauauom okne MATLAB, a taxkxke usera poHa
pabouero noss.

Bu160p IPOU3BOAHUTCS TAK ke, Kak ¥ B APYTHx Windows-IPpHIOKEHHAX — C TIOMO-
11O CMUCKOB M BIMAJAIOIINX MeHIO. B HHKHel yacTi 0KkHa HaxoauTcs (aaxkok Display
Fixed Pitch Fonts Only, upH ycTaHOBKe KOTOPOTO B CIIUCKE THIOB WIPH(TOB OKHA Mapa~
merpoB MATLAB ocrarorcs ToMbKO IPHTHI C AUCKPETHLIM U3MEHEHHEM pa3Mepa CHM-=
BOJIOB,

Bxsianka Copying Options N03BOJISeT yCTAHOBATD TAaPAMETPbI MJIs Onepalinil Ko
nupoBanus (puc. 3.9).

1. Clipboard Format — Br160p dopmara konupopauus s Oydep oOMena:

» Windows Metafile — W MF-dopMat; Mcronb3yercs N1 XpaHeH!s BEKTOPHBIX PHn

CYHKOB. ’

* Windows Bitmap — BMP-dopmar; obecriesrisaeT XpaHeHHE PacTpOBbIX u3obpaxesHik

2. ®aaxok Honor figure size properties 1io3sosisieT BoiGpath CI10cod KOTMPOBAHUS
rpadnueckux okoH MATLAB:
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Prefererces
:'Eene‘ral E CG}inuﬁquﬂdyUN FUfﬁ l‘Eopy{rg Dpl[ong] .

;Font - ‘t'.!le . Gize

}@ Garamand
'31‘ Haettenschweile
‘T lmpad

Backqmund Color

i]l:lnllfer 3

G L aapbbyz

™~ Display Figéﬂ Pitch Fonts Only-

Ornena | [pumerums

Puc. 3.8. Bxnagka Command Window Font

IIpI1 YCTAHOBJIEHUHN (PIa:KKa ITOIb30BaTEIb MOXKET 33AaTh pasMep H pacnoiiokeHne
rpadiuka npy HeyaTy,

ecii (PAAKOK CHAT, Ipaduueckoe oKHO OYAET BBIBEAEHO Ha HEYaTh B TaKOM BHIE,
KaK OHO BBIIVISIAUT Ha 9KpaHe.

3. @nasxox White background ycranasnusaet 6esbiii LBeT (poHa rpachiyecKOro OKHa;
0py cHsATOM (QIIaKKe LBeT (POHA 33/Ia€TCA 0JIL30BATEIEM.,

Paspabomrka epauuecrozo unmepeiica noavzosamens (GUI) B cpexe
MATLAB B0 MHOTOM CXOJHA C TeXHOTOrHe pa3paboTKu nPUIOKeHHil ¢ ToMo-
HIBIO TAaKUX HICTPYMEHTOB BIH3yabHOI0 NporpaMMupoBannd, kak Delphi, Visual
Basic v Visual C. U xotsa cozparenn MATLAB nocTapamics MakcuMalbHO.06-
JIETYHTDH NOAb30BaTeAAM PadoTy 10 peanusauun coOCTBeHHOTO HHTepdelica, Tem
He MeHee 17151 3 hexTUBHOTO HCNIOIH30BAHNA UMEIOIIHXCA HHCTPYMEHTOB Tpe-
OYIOTCS 3HAHIA OCHOB OOBEKTHO-0DHEHTUPOBAHHATO MPOTPAMMUPOBAHIA HA S3bI-
ke MATLAB. PaccaoTpeHne cOOTBETCTBYIOUMX BONPOCOB BHIXOAHUT 33 PaMKu
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Plefrences El

' Gereral | Command Window Font  Copying Options % |

¢ Clipboard Format -

[~ Honor kigure size propérties

Select this ophior to copy the hgure using the hgure's
- “'PapeiPosition’’ property to determine the size:or

leave it unchecked to copy the flgure: as it appears on
the zoraen

f“ W‘hlte background

Select this ophon to copy the hgure wnth a whnte
baclrgmund

i

Puc. 3.9. Bruaaka Copying Options oxua ycranoBku iapamerpos MATLAB

naHuoit KHUTH. IT03TOMY MB! OTpaHHYNMCS AL KPATKOH XapaKTePUCTUKON BO3-
MOXHOCTEHN, KOTOpHIe npegocTapageT nonssosarensm MATLAB nipu paspabor-
ke GUIL

Kak ysxe ObLIO cKa3aHo, BLi30B cpeacTB cozgaig GUI BoaMokeH U3 KOMaHIHOIO
oxkaa MATLAB ¢ nomouso xoxauast Show GUI Layout Tool mettio File. B peaynbrate
ee BLINOJIHEHHsI OTKPBIBAETCS JHAIOTOBOE OKHO, COACPsKalllee BCe OCHOBHbIE HHCTPY-
MEHTBI, HeoOxoauMble Iad KoMnonosxu snementos GUI (puc. 3.10).

Kuonka Property Editor 3anyckaeT pelakToOp XapaKTePUCTUK IPadUIECKUX
06beKkTOB (OH MOKET OBITh BLI3BAH H HEMOCPeACTBEHHO U3 MeHIo File xoMaHnoi
Show Graphics Property Editor), xotoptiii T03BOJSET B IOIIOJHITETBHOM AHATIO-
rOBOM OKHE U3MEHsTh MapamMeTps!l koMnoueutoB GUI (pasMep, uBer, og0KeHNE
UT I.).

Jlna cozganng HoBoro rpaduueckoro okua (8 MATILAB onu HaswiBatotcs Figure)
HeoOXO0MO «HaKaThy> KHONKY Add Figure.
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[1pu 3TOM CTaHOBATCA AOCTYNHBI KHONKH a71eMenToB GUI, PACIIONOKEHHDIE B HUK-
Hel YacTH OKHA — OCeH /IS [TOCTPOeH s rPauKOB, NEPEKIII0YaTeNeH, MEHIO U T. /1.

Yro06n1 106aBATDH 371eMeHT NHTEpdeiica B rpadHuecKoe OKHO, JOCTATOUHO «HaKaThy
C TIOMOIIbIO MBIIIH COOTBETCTBYIOUIYIO KHOIIKY, 3aTeM MePEMEeCTHTb Kypcop B rpacu-
yeckoe OKHO M ekHyTh JIKM B ToM MecTe, rie ZoKeH HAXOAUTLCA HOBBIH 3IeMeHT.
M3meHeHMre pa3MepoB 1 lepeMellieHe 31eMenToB NHTepdelica B ripeeiax rpaduyec-
KOI'o OKHa TaK:Ke MPOU3BO/ATCS C [IOMOLIBLIO MBILIY.

TIpu nocnenyomKux BHI30BaX CPEICTB co3xaHus WHTepdeiica Bce paHee CO3AaH-
HBIE [10/Ib30BaTeNeM rpahYeCKIe OKHA ABTOMATHYECKH BRIBOAATCS B ciucKe Guide-
Controlled Figure List. BoibpaHHO€ B HEM OKHO CTAaHOBUTCSA LOCTYITHBIM JUISt PEAKTH-
POBaHUA.

[] Guide Contiol Panel

Property | Callback - Alignrnent Meny
Editor ! Editor : Tool Editor

Controlled #1

Puc. 3.10. OxHo rpadunyeckoro pegakropa GUI
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3.1.3. JEMOHCTPAIIUA BO3MOXHOCTEN CUCTEMBI. CPE/ICTBA
HOMOUIN IOJIb3OBATEJIO

Campiit MPOCTOli ¥ JOCTYMHBIHA CIIOCOO TO3HAKOMUTBCS ¢ GCHOBHBIMH BO3MOMKHOC-
tamu cucteMbl MATLAB 3axirouaeTcs B MpoCMOTpe AEMOHCTPALIMOHHEIX (ailnoB, BXO-
AAWHX B cocTaB naxeta. /1A 3anycka npouecca AeMOHCTpalny HCIIOIb3YETCA KOMaH-
1a demo, KOTOPYIO HY’KHO BBECTH B aKTHBHO CTPOKE KOMAHIHOTO OKHA.

BrinosnHerue 3101 KOMaHB! IPUBOANT K OTKpbITHIO OkHAa MATLAB Demos (puc. 3. 1 ).
B n1eBoit yacTH 0KHa BBIBOAUTCA CITHCOK Pa3/e/IOB ¥ MHCTPYMEHTANbHBIX HPHJICKEHHH
MATLAB, /151 KOTOPBIX MOKHO IPOCMOTPETH AeMOHCTPAIMOHHBIN POJIHK. STOT CITH-
COK 3aBHCHUT OT paboueii konourypaiyn MATLAB.

ATLAB Demo w dow

-MALaH s ool for modelng. analgm
Mctrices and g physical and mathe
Numerics ; ir
Yisualization
Language/liraphics
Gdlery
Games
Miscellansous : ' ic
Tolcam rore... wehile ubwi-‘g‘ 0“ of “;‘kTW &3 gonc«rcé

+T ooltoxes :

New in Sinulink 2 Chnnsa a subtapic rn PR A i&t nf demng
Simple models
Conplex models
Advanced Mroducts
.| +Blocksets
{+Statelow

Puc. 3.11. OkHo BH60Opa ZeMOHCTPALMOHHBIX (HaliIoB

Yro6nt BHIOpaTh HHTEPECYIOUMH Pa3/Ies, JOCTATOYHO YCTaHOBHUTh KYPCOp HA COOT-
BETCTBYIOLIYIO cTPOKY ¥ Haxats JIKM. [Tpu aT0M 06HOBIISIETCA COMEPKUMOE OKOH, pac-
MOJIOKEHHBIX cIpaBa. B BepxHeM NpaBOM OKHe NOSIBIAETCS TeKCTOBBIA KOMMeHTapHii
K BLIOpAaHHOMY Da3/lefy, a B HIDKHEM — CIIMCOK AEMOHCTPAIIMOHHBIX QaliIoB, TOACHAIO-
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X 0COOeHHOCTH ero UCITOIb30BaH s, Bb16op (hailia B 3TOM CITHCKE BBITTOTHIETCS aHa-
JIOTHYHO OIUCAHHOMY Boilite. ViMa BeibpatiHoro daiisia mosasisiercs Ha KHotike Run...,
pacrnonokeHHoH nox cnuckoM Paitios. «Haxatiies ee npuBOANT K 3a1lyCKY COOTBET-
CTBYIOINIEr0 IEMOHCTPAIIIOHHOIO POTHKA.

Brinonnenye npakTHYECKH BCeX AeMOHCTPALIMOHHBIX (DaiifloB CONPOBOXKAAETCS OT-
KPLITHEM AOTOJHUTENbLHDLIX IHAJIOTOBBIX OKOH, € TOMOLIBIO KOTOPLIX IOIL30BATENb MO-
JKET yNpaBIATh IPOLECCOM TeMOHCTPAL[UH.

Hapsizy co cpenctsamn neMonctpaunu BoaMoxuoctelr MATLAB, cynecrsenuyo
HOMOIIb B €ro H3yYeHHH MOTYT OKa3aTh TEKCTOBLIE 31eKTPOHHbIE CIIPABOYHbIE CHCTe-
MDI, BXO/JAIIIHE B KOMILIEKT ITOCTABKH. TAKHUX CHCTeM TPU: THIIEPTEKCTOBASI CUCTEMA HA
ocHose (raiiios B popmare HTML (HiperText Markup Language), cipasounas IoKy-
menTatius B popmare PDF (Portable Document Format) 11 BCTpoeHHAS CIPABOYHAS CIi-
crema no cpyukiusamM MATLAB. [Tepsble 1Be 13 Ha3BaHHbIX CUCTEM SABJIAIOTCS B IOCTa-
TOYHOMH CTEMEeHH aBTOHOMHBIMH 10 oTHoIteHHI0 Kk MATLAB u noss3osatens npu
UHCTAIALME MOXKET CaM ONpPele/UTh UX COCTaB, IPHUUEM OH He 00513aTeJIbHO JIOKEH
COBNaAaTh C TIEPEYHEM YCTAHABIMBAEMbBIX KOMIIOHEHT NakeTa. B oTinuMe oT HuX, co-
cTaB BCcTpoerHoro cnpasoubnka MATLAB onpenensier aBToMaTHUeCKY, HCXOMS U3 Me-
PeYHs yCTaHABINBAEMBIX KOMIIOHEHTOB.

Cnpaeounan cucmema ¢ popmame HTML

1151 paboTDI € Hel Ha KOMOBIOTEPE JTO/IKHO ObITH yCTAHOBIIEHO OJIHO U3 IBYX CPENCTB
npocmotpa HTML-daitnos: Microsoft Explorer (Bepcuu 3.0 u Boie) unu Netscape
Navigator. Bsi30B 1aHHOM CIPaBOYHOM CHCTEMBI BO BpeMst ceatca paborsl ¢ MATLAB
MOKeT ObITh BHIIOJIHEH JIHO0 HENOCPEACTBEHHO 13 KOMAHIHOrO OKHA ITyTeM BBO/A KO-
manzst Helpdesk, nn6o ¢ TOMOLIBIO TO e KOMaHAbI, HO BLIOpaHHOH U3 Pasziesa MeHio
Help. TIpn He0OXOMUMOCTH 5TY KOMAaHY MOKHO BBITOTHUT, 1 paboTas co BCTPOEHHBIM
copasounnkoM MATLAB (noapo6aee 06 aToM 6y€T CKa3aHO HEMIOTO [TO33KeE).

Cnpasounasn cucmema 8 popmame PDF

Jlns mpocsmoTpa fokyMeHnTanuH B (popmate PDF HEOOX0AHUMO yCTAHOBUTD CIIEIH-
aJIbHYIO TIPOrpamMMy uTeHus ¢aityioB Takoro (opmara, KOTopas HasbiBaercs: Acrobat
Reader n3 cemeficta npoxykros Adobe pupmir Adobe Systems Inc. Ita nporpamma
BXOJUT B KOMIUIEKT mocTraskn MATLAB u MoxeT OBITh YCTAaHOBJIEHA 10 KEJAHMIIO
110JIb30BaTENIS B Mpottecce uHCTaIauuH makera. Mopmat PDI smiasiercs, noxanyi,
nanbosiee yAOOHBIM IS TIOMYYEHHs «TBEPAOH> KOIUM JOKYMEHTALHH 110 HHTEpeCyo-
ueMy pasgeny (eciau, KOHeYHO, y Bac 10 KaKo#-To MPUIHHe He 0KA3aI0Ch O PYKO
TIPEAOCTABAAEMOT0 BMECTE C IPOrPAMMHDIM IIPOLYKTOM KOMILIEKTA ZOKYMEHTAIMI).

Cnpaeounux no pyuxyusm MATLAB

CrnpaBoUHUK COEEPKUT CBEAEHMs 0 Ha3HauUeHNH U TapaMeTpax, a TAKKe IPUMEPDI
ucnoyb3opanua pyakuuit MATLAB, sxozsuux B coctas paboyei KoHGUTYpaIy Ma-
KeTa. MameHerue KOHGMUTYPAHH IPUBOANT K M3MEHEHHIO CNIHUCKA (PYHKUIUI, 110 KOTO-
PBIM MOKeT ObITh TOJIy4eHa clipaBKa.

OTKPBITH CIPABOYHUK MOKHO TPeMst CIIOCOBAMIL:

* HA)KaB COOTBETCTBYIONIYIO KHOIKY Ha NaHeH MEHIO KOMaHIHOTO OKHa;
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» BuIOpaB komauay Help Window w3 pasnena Help rnasHoro Menio;

* BBE/s KOMaHAY helpwin B aKTURHOU CTPOKE KOMAHAHOTO OKHA.

(MDopMaT 0CHOBHOTO OKHA CIIPABOYHUKA NMoKa3al Ha puc. 3.12. IIpu oTkpuiTHH
CTIPaBOYHIKA HA €70 MepBoil CTpaHuIle MPHBOAUTCA CIIHCOK pa3faenos 6ubiunore-
k1 Gynxunit MATLAB, kak BXOJAUMX B AP0 MAKETa, TAK H OTHOCALINKCA K yC-
TAHOBJCHHBIM MHCTPYMEHTAJBHLIM NPHIIOKEHUAM, ¢ KPATKOH XapaKTepHCTUKOMH
KaKIOro pasjea.

§[- JMATLAB Help Window His=]E3

’ METLAB Help Topics [ aivs 2l ot Help Desk

l i l, Home | . oo Tips } Close
=

HELP topics
natlabNgeneral — Genexral purpose commands.
nat lab™ops - Operators and special characters.
natlab™~lang - Programming language constructs. ;
matiabselmat - blementary matrlces and matrlx manipulatic::
matlab™Nelfun - Elementary math functions.
nat labN\specfun — Specialized math functions.
natlabynatfun - Matrix functions - numerical linear algsbs
natlabxdatafun ~ Data analysis and Fourijer transforms.
matlab~Nfunfun — Function functions and QODE solvers.
natlab™Naparfun - Sparse matrices.
nat lab~graph2d - Two dimensional graphs.
matlabNgraph3d ~ Three dimenszional graphs.
mat lab™specgraph - Specilalized grarphs.
natlab s graphics —- Handle Graphlcs.
natlab™uitools — Graphical u=zer interface tools.
matlab striun ~ Character strings.
matlab™iofun - File input/output.
natlabNtimefun - ?ime and dates.

Piic. 3.12. IlepBas «crpaniua> BCTpoeHHOro cnpaBounika MATLAB

Y10o0b! TONYIHTD TONHYIO HHPOPMALHIO IO HHTEPECYIOIIEMY DA3/IeNy, HeODX0MH-
MO YCTAaHOBHUTD KyPCOP Ha COOTBETCTBYIOIYIO CTPOKY M ABAKAH! HaxkaTh JIKM. B nose
[POCMOTPA MOABUTCS CIHCOK QYHKIUI, BXOASWHX B 3TOT Pas/ies, ¢ yKazaHHeM Ha3Ha-
ueHMs Kaxkaoi us Hius. BeIOpas B criricke HyKHYIO QYHKIMIO # leaKHYB JIIKM, MoxHO
NoJyyuTh 0 Hell Goee oApodHblE CBeneHNs.

HaszsaHue IpocMaTpuBaeMOTo pa3/ieia CPaBOYHKKA 0TOOPaXkKaeTcsl B CTPOKe pe-
MAKTHPOBAHHS, PACIIOIOKEHHOI B JIeBoM BepxiieM yriy okHa MATLAB Help Window.

CTpoKy pelaKTUPOBAHI MOXKHO UCIIOB30BATE [ULsI IEPEX0/1a K IPYTOMY pPas3ziesty
cnipaBouHuKa. Jl71s1 3TOTO ciefLyeT HabpaTh B Heil HazBaHue ITOTO pas/eia (I UMS.
(byHKIITH), BRIBECTH KYPCOP 3a iIpefessl cTpokd u Hakats JIKM (mibo xiasuiny
<[Enter> ua KJIaBHatype).



CHucox AOTOIHUTENbHOM HHDOPMAINH, OTHOCAIEHICst K TPOCMATPUBAEMOMY pa3-
JeJly, BHIBOAWTCS B BLJle BHINIAAAIOLUIETo MEHIO B OKHe See also (Cmompu maxace), pac-
TIOJIGKEHHOM TIpaBee CTPOKY pefakTupobanud. UToOul BHIBECTH HA 3KPAH 3Ty m{(bop-
MalMIO, Hy>KHO PaCKPbITh MEHIO ¥ BLIODATh B HEM HYXKHbIH MYHKT.

JLnst iepexo/ia MeXk Ly paseliaMu, KOTOpbie GBUTN OTKPBITHI paHee, UCIIONb3YIOTCS KHOTI-
ki Back (Hasaod) u Forward (Bneped), pacrionoKeHHbie 0 CTPOKOH PeIaKTHPOBAHUSL.
Kuonka Home (/[omo1l) 103BONSET BEPHYTHCA HA MIEPBYIO CTPAHUILY CIIPABOYHUKA.

B npaBom BepxHeM yIiIy OKHA MIMEIOTCA elile TPH KHOTIKHU:

Go To Help Desk — nepexoa x ronosromy aily runeprekcToBoil cuctemsl 8 Gop-
mate HTML;

Tips — OTKpBIBAET OKHO TO/CKAa3KHU [0 TPeM KOMaHIaM BbizoBa nomouu: Help,
HelpWin v Helpdesk.

Close — 3aKpBITH CIIPABOYHUK 10 GYHKLIHAM,

Cymectsyer u apyroi crocob pocryna k uadopMaiuu, XpaHsiieics BoO BCTPOeH-
HOM CIIPABOYHUKE, — C [IOMOIIbIO COOTBETCTBYIONI X KOMAH/I, BBOAUMBIX B KOMAHIAHOM
okHe. Takux KomaHz ase: help u lookfor.

Komanza help umeer bopmar help <uma M-gynxuuu> v no3Bosnser BHIBECTH He-
MOCPEACTBEHHO B KOMaHAHOE OKHO MH(DOPMALIMIO 10 3anpalinBaeMoil byHkiuu. Eciaun
MM (DYHKIIUY OIyLIEHO, B OKHO BBIBOAUTCS CITHCOK Pa3/iesIoB CIIPaBOYHMUKA (B TOI Xe
¢popme, Kak Ha ero nepsoi crpaHulle).

Komanna lookfor obecrieunsaeT MOUCK 1 BbIJaYy CMIPABOYHON MH(MOPMALIUHY 10 KO-
yeBoMy cioBY. Ecin nannas xoMaHaa ucnosssyercs B popmate lookfor <xawouesoe cao-
60>, TO IIPH [OMCKE NMPOCMaTPHBAETCA TOJBKO NePBast CTPOKA KOMMEHTApUst, K OHA e
BBIBOJMTCSA HA SKPaH, eCJIH B Helt BCTPETHIIOCH KJI0YeBoe c/10B0. BBoA koManpl B hop-
Mare lookfor <kmouesoe cro60> — all 103BOMIsIET UCTIONB30BATE NIPH MOKCKE W BBIBO-
IUTH HAa SKPaH BCe CTPOKU KOMMEHTAPHSL.

3.2. SIMULINK — UHCTPYMEHT BU3YAJIBHOTO
MOJAEJNPOBAHUA

3.2.1. OBILIASA XAPAKTEPMCTUKA. AEMOHCTPAILIVSI BO3MOKHOCTEM

Paspabortka mozaeeli cpexcrBamu SIMULINK (B nanbueiiiem S-mozeseit) ocHo-
BAHA Ha UCHONb30BaHNH TexHonoruu Drag-and-Drop (Ilepemawu u Ocmaesy). B xaue-
CTBE «KHPIMUYHUKOB» 5 IIOCTPOEHUS S-MOAENH UCHONIB3YIOTCA MOAYIH {(Unu 6710KK),
xpansamrecs B 6ubianorexke SIMULINK.

SIMULINK xopoi Tem, 4T0, ¢ 0fHO CTOPOHDI, 06eCHEYHBAET T10Ib30BaTeNI0 10C-
TYT KO BCEM OCHOBHBIM Bo3MoxxHOCTAM nakera MATLAB, a ¢ apyroit — ssasiercs noc-
TATOYHO CaMOCTOSITEIbHOI €70 KOMIIOHEHTOMH, B TOM CMBICJIE, 4TO NPH paboTe ¢ HUM He
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06s13aTeILHO HMETh HABBIKM B UCITOJIb30BAHKHN IPYTHX MHCTPYMEHTOB, BXOAANIUX B CO~
CTaB MAKeTa.

B0y, BKJIIOYaeMble B CO34aBAEMYIO MOAEJIb, MOTYT OBITb CBSI3aHbl IPYT C APYTOM
Kak 110 HHPOPMAIUHY, TAK 1 10 yiipaBaeHuio. TU cBsay 3aBUCUT OT TuIa 610Ka U JIOTH-
ku paboThl Mozeau. /laHHble, KOTOPLIME 0OMEHHBAKOTCS OJI0KH, MOTYT OBITh CKasIsAp-
HBIMH BEJMYMHAMH, BEKTOPAMHU I/TH MATPHLAMHI TPOU3BOJIbHON PasMEPHOCTH.

Jlio6as S-Momenb MOKET UMETb HEPAPXUUECKYIO CTPYKTYPY, TO €CTh COCTOSATh U3
Mozesneil 6onee HU3KOTO YPOBHs, TIPHYEM YHCJIO YPoBHEHR nepapXuu MPaKTHYECKH
HE OrpaHH4€eHo.

Hapsizy ¢ ApyruMy iapamMeTpaMy MOAeTHPOBAHNA TI0Jb30BaTe b MOXET 3a/1aBaTh
€11ocob H3MEHEH S MOENbHOTO BpEMeHH (€ TTOCTOSTHHBIM MJIM IIEPEMEHHBIM MAarom), a
TaK’Ke YCAOBHSA OKOHYAHUSI MO/Ie/IHPOBAHHSL.

B xome MOIETMPOBaHIsT IMEETCST BO3BMOKHOCTb HAOTIONATh 3a TIPOIleccaMy, ITPOMCX0-
ASMWUMH B cucteMe. {7151 9T0T0 HCIo/Ib3YIOTCA CellHalbHble «CMOTPOBBIE OKHA», BXOZLS-

ek T

Sy i

Puc. 3.13. IlycToe oKHO AJIs CO3AAHHS OTOK-AHATPAMMbBI MOJETH CA
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mue B coctas budimorexn SIMULINK. Murtepecyrotiiie 10J1b30BaTesI XapaKTePUCTHKY
CHCTEMBI MOTY'T OBITD TIPEACTABIEH BT KAK B UHCJIOBOI, Tak 1 B rpadirieckoil popme. Kpome
TOTO, CYIIECTBYET BO3MOKHOCTD BKJLIOMEHIIA B COCTAB MO/IC/IH CPECTB aHMMALMH,

Eme oqno paxmoe gocronuctso SIMULINK zaxmogaercs B ToM, YTO OH sIBJSIETCS
OTKPBITOH CHCTEMOI1: cocTaB OHOJIHOTCKI MOKET OBITD IIOHOIHCH [TOJIH30BATENEM 32 CUET
paspaboTki cobCTBEH HLIX OI0KOB.

3anyck SIMULINK M03kHO Hpoi3BecTH JIUHO HAKAB COOTBETCTBYIONYIO KHOIKY
Ha [aHea’ MeHI0 KOMangHoro okHa, 1ubo BuiOpas koMmanny New Model B pasnene File
[JIABHOTO MEHIO.

ITpy sanycke SIMULINK oTKpbIBatoTCst 1Ba OKHa:

* nycroe oKNo untitled (3aroToBKa Asidg Co3Maius HOBOH S-Mopenn) (puc. 3.13)

« okHO Library: simulink, conepskaniee riepevenb OCHOBHBIX pas/esIoB OUOAHOTEKH
SIMULINK (pic. 3.14).

062 0KHAa UMEIOT CXOHYIO CTPYKTYPY U COJIEPKAT CTPOKY MEHIO, MAHETh HHCTPY-
MENTOB, CTPoKY coctosnus (Tonbko MATLAB 5.2) u paGouee 1o.e.

Library: simulink xl
File Edit- View w1 Format
AT
n F
AR <11
(?a\\_} __;:a;;_ y - Minl Dutt
y Tt
\l/ 4 s 1 1 ‘II"
Sourses Sinles Discrete Lirear Honlinear  Connedions
Blodksets & Simulink Block Library 2.2 Demos
Tonlbowes Capyright (¢) 1990-1392 by The Mathitoms, Ine. =

Pric. 3.14. Oxuo pasaenos 6nbmorexn SIMULINK

Meuio cofep:KuT Ceyoniie pasiesb:

File — komanast paboret ¢ mdl-daiinamu,

Edit — xoMauan! pefaxTupoBaHug OJ0K-/MArpaMMbl H OTIHHE Jiis1 paboThl ¢ 6HO-
JIMOTEKOH,

View — xomauinl uamenenis popmata oKHa ([OKa3aTh/yoparh NaHe b HHCTPY-
MEHTOB 1 CTPOKY COCTOSIHIHS );

Simulation — KoManab! yIpaBieHis MOAEIHPOBAHIIEM,

Format — koamanam pegaxtnporaniist hopMata (T. e. BHelIHero 0b/mKa) 6J10K0B 1i-
arpaMMBbI 1 OJI0K-AHATPAMMDBI B TLETOM.

Ha nmanens MHCTPYMEHTOB BBIBEEHDI CISAYVIONIHE KOMAH/BI Meitio (puc. 3.15):
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Puc. 3.15. llanens HHCTPYMEHTOB OKHA BIOK-ZHArpaMmbl

1 — OTKPBITDH HOBOE (I1yCTOE) OKHO BI0K-TIArPAMMEBT;

2 — OTKpLITh cymectsyomui mdl-gaiin;

3 — coxpanutb mdl-dailn na qucke;

4 — BBHIBOJL Ha EYaTh OIOK-[HATPAMMBI;

5.7 — KOMaubl peAaKTHPOBaHHA OJIOK-AUATPaMMBl {8oipesamy, KORUPOGAmD,
8CMAGUMD ),

8 — OTMEHHTD TIPeBIAYILYIO OTePAIHIO PeJaKTHPOBAHIS,;

9 — BOCCTAHOBUTD NPEABLAYILYIO ONEPALKIO DETAKTHPOBAHMS;

10 — 3anyck Mozeiy Ha UCONHeHue (KoMaHzAa Start); mocje 3amycka MOJIeIN Ha
n300paKeHUN KHOIKY BBIBOXUTCS CUMBOJ || 1 eif cOoTBeTCTBYeT yike koManna Pause
(1IPUOCTAHOBUTH MOZIETNPOBAHHE);

11 — 3aKoHYHUTH MOZleTpoBanne (KoMaHaa Stop); KHOIIKA CTAHOBUTCS HOCTYIHOM
o UCTEYEHHH HHTEPBaIa MOIEJIHPOBAHYS 1 IOCJIE BBHITIOIHEHH KOMauab Pause.

Ecin B coctas paboueit kondurypaunn MATLAB sxinioyeno npuioxenue Real-Time
Workshop, To Merio pononusietcst pasaenoM Tools, comepxauinm cpencTBa paGoTh ¢ HIM.

Jlna sepcuit MATLAB 5.0 u 5.1 eqvinCTBeHHBIM OTIHYHEM OKHA OUOAMOTEKH OT OKHa
6JI0K-AMATPAaMMBI SIBJISIETCSA TO, 4TO B IEPBOM HEAOCTYNEH pasziesl MeHto Simulation.

B MATLAB 5.2 cymectyer eltie OZHO pas/udie: B HIDKHEH 4acTH OKHa GJIOK-IHarpaMm-
MDI UIMEETCs CTPOKA COCTOstHE Mozie/in. OHA CONEPKNT CIEYIONIHE 0Jist (C/IeBa HANpaRo ):

¢ texcrosoe nose coctosinnsg SIMULINK; moxer nmers 3nauenue Ready (Iomog)
unu Running (Buinoanenue); KpoMe TOTO, IPH «HaXXaTOH» KHOMKe NaHeJH HHCTPYMEeH-
TOB B 9TOM I10JIe BBIBOAMTCS ee Ha3HAYeHUE;

® MHIVKATOD CTENEHHN 3aBePLIEHHOCTH CEaHCA MOAETNPOBAH S ( «BK/IIOYAETCA» IIPH
3aIyCKe MOZIen ),

® [10J1€ TEKYIICTO 3HAYEHHS MOJIETIBHOTO BPeMeHH (BHIBOAMTCS TAKXKE TOJILKO MOC-
Jie 3aIyCcKa MOJeTH );

® LICIOJIb3YEMBIH aJITOPHTM PACUETAa COCTOSIHII MOZETH.

ITpuMeHeHHe KOMAH/] MEHIO, He BbIBEICHHBIX Ha IaHEeJ ;> HHCTPYMEHTOB, OyzieT pac-
cMOTpeHo HeMHOTo n1o3xe. Ceifuac OCTAHOBUMCS HA ONHMCAHIH OCHOBHBIX BO3MOKHOC-
teit SIMULINK.

YroObl NOMYYHTH TIPENCTABIEHIE O TOM, YTO TAKOE MOZEN b, pas3paboTanHtas ¢ 1o-
motitbio SIMULINK, M0KHO BOCHONB30BATHCS JAEMOHCTPAINOHHBIMI CPEJACTBAMMU
MATLAB, o xotopsix Obi10 ckaszano Beiite. s otkpeitus okua MATLAB Demos w3
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cpenst SIMULINK nocratouno BeiGpats B okHe Library: Simulink none Demos, nax-
A5l letKHYB Ha HeM JIKM.

[pu orkpuituu okaa MATLAB Demos u3 cpenst SIMULINK conepskanue demo-
paszmesioB 0TOOPAKAETCS B HECKOJIbKO H3MEHEHHOM Bule (110 CPABHEHHIO C IIPHBE/EH-
HBIM Ha puc.-3.11).

IToab30BaTe b UMEET BO3MOKHOCTh BHIGPATh OIMH U3 CIEAYIOUIUX NYHKTOB, BXOAA-
X B pasgen Simulink-demo:

» New Simulink 2 — winocTpanys NONOJHUTENbHBIX BO3MOXKHOCTEH BepCHit

Simulink 2.X no cpaprenmio ¢ Bepcueii Simulink 1, Bxomsameit B cocras MATLAB 4.

* Simple models — npuMepsI IPOCTHIX S-Mozxeel.

« Complex models — pumepsi 6o7ee CIOKHBIX S-MORENeH.

» Advanced Products — BRIBOJ CTIPaBKH 110 HCTIOJIb30BAHHUIO IBYX JOTOTHHTENbHBIX
Moxynen gst pabotsi ¢ SIMULINK: Accelerator (cpenctso noBBIIIEHNS CKOPOCTH MO-
nenvuposanus) u RTW (Real Time Workshop — CpencTBo reHepaunu Kofia 5a sasike C
13 OJIOK-AHarpaMm).

Gravity Vel o city .@
981 Valocity Scape
1 1
r———————b Y- P —
18] 5 | E . .
. = Bounting Ball Dizplay
Pasition
1
Elasti sity
-0.8

Bouncing Ball Model -~ Double click
(Double click on the "7 far more infs) ) here for

Simulink Help

Tao start and stop the simulation, use the "Star¥Stop”
zalection inthe "Simulation" pull-down menu

Puc. 3.16. Ilpumep 610K-THATPAMMEBL MOZEIH
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[Tpu Bo16OpE OMHOTO U3 PA3/EJIOB B IPABOI YaCTH OKHA BBIBOAMTCS CIIUCOK BXOASA-
WX B HEro IpUMepoB S-Moxeseil. B ¢Bow o4yepenb Ha3BaHHME OTMEYEHHOU B 3TOM
CHHCKe Moeau 0TobpaxaeTcs Ha KHonKe Run..., pacnonoxenHoi Hixe. « Haxatue»
3TOH KHOIIKH IPHBORAUT K TOMY, YTO OTKPBIBAETCS OKHO, cofepskallee 610K-auarpam-
MY BBIGpanHOil MOJIENN.

Yro xe nipezicTabser coOOH S-MOJeND, KOTOPOH IIPEACTOHT CTATh IMIABHBIM [IEPCOHA~
JKeM ZasbHelHIero nosecTBoBanug? YTobul coCTaBUTE o Hell nepBoe, 110Ka Bechbma 00-
1iee, BreyaTjieHHe, BOCIOMb3YEMCS OJHHUM H3 NPHUMEepOB, BKIIOUYEHHBIX aBTOPaMH
MATLAB 8 paznen Simple Models (IIpocmuie modenu). Bribepute 3TOT pas/ies B 1EBOM
cninicke okHa MATLAB Demos. Kak creniyeT u3 KOMMEHTapHsI, MOSBJISIOUIET0CA IPY 9TOM
B OKHe CNpaBa, IPUMEPBI U3 JAHHOTO pa3/iesia IOMOTYT YSICHITb OCHOBHBIE KOHLEITITHE
SIMULINK, 1 ecit Bbl He ObI/IN paHee ¢ HM 3HAKOMbI, HAUMHATh HYKHO UMEHHO OTCIO-
xa. B ciicke nprumepos Bbibepure Mogens Traching a bouncing ball, nozonsionryo nosy-
YHTb TPAEKTOPHIO NPhIraiomero Maua. «Haxmute» KHonky ¢ Haxnncnio Run Traching a
bouncing... Ha axpaHe nosiBaTcs aBa okHa. [lepBoe 13 HUX comepKUT GJI0K-IUarpaMMmy
Mo/IeJIH ¢ KoMMenTapusimMu (puc. 3.16), apyroe npeacTasnser coG0U MpUMep OHOTO U3
«CMOTPOBBIX OKOH», 00eCIIedHBAIOLINX HAO/IIOEHHE 32 TOBEIEHMEM MOIETTUPYEMOH CH-
cTeMbl. JTO OKHO Ha3biBaeTCst SCOPE U 110 BUAY HANIOMUHAET 9KPaH 3JIEKTPOHHOIO N3Me-
putensHoro npubopa (puc. 3.17). [lo Hayana MoieIMPOBaHKs HAa HEM HHYETO HeT, KpoMe

Puc. 3.17. «CMoTpoBoe OKHO», co3aBaeMoe 610KoM Scope
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H3MEPUTEIbHON HIKAL 1 KHOTOK NaHenu ynpasieHust, C TouKy 3pesus CTpyKTypst S-
MOJIEAN TaKoe «CMOTPOBOE OKHO» — OJIMH H3 OJIOKOB miarpaMubl. Kak ynpasiasath ero
napamerpaMu, OyIeT CKazano HEMHOTO TIO3Ke.

Bephencs k okny, cofepskaiiemy Oaok-aunarpammy mojtenr. OHa npeactaBiser co-
60i1 Habop GJIOKOB, CoeANHEHABIX MeK/Ty coOO0i HTHAMIL cBa3u. Hanpasienue asnxe-
Hust HHGOPMAITHOHHBIX ¥ YIPABASIONINK CUTHAKOB Ha AHarpaMMme 0003HAMEHO CTPes-
kamu. JI100asg THHUA CBA3H MOKET MMETh MPOU3BOJIBHOEC YKCJIO OTBETBIEHHH, Ha4am0
KaQKAOTO M3 KOTOPBIX 0003HauaeTcs TouKoil. Yuca0 BXon0s 1 Bhixon0B OJ0Ka onpese-
JISIE€TCA €T0 THIIOM H 3HAYEHUAMH TapaMeTPoOB HacTpoiiku Gioka. [l obecneueHHs Ha-
IJIAAHOCTY AMarpaMMBl BXOASNIHE B Hee GJIOKH He TOJILKO Pa3andaioTced IpapHYecKuM
NpeacTaBIenneM, Ho W cHaOKaTes (11PN HeOOXOANMOCTI) MHANBAAYATLHLIMUA HMe-
HAMH, KOTOpbIe BRIONpaloTcs moap3oBatenieM. Ha Bo6op 1iMeHn He HaK7abIBaeTCs HU-
KaKHX OTPaHHYEHUH, OHO MOKET NPEACTABISITh co00l nake uenymo dpasy.

Bce 610ku, BXOA411IHE B GJI0K-IHATPAMMY, MOKHO YCI0BHO PA3NENUTh Ha ABE TPyli-
bl hYHKIMOHAIbEHbBIE OJOKH H «CMOTPOBBIE OKHAa». ~

B cocras paceMarpuBaeMoil S-MoZeNH BXOJAT IBa «CMOTPOBBIX OKHa» Thia Scope. OqHo
13 HUX yoKe yaoMuHanocs seinie. Ono HadbiBaercst Bouncing Ball Display (/lemoncmpayus
npblearolyez0 Ma4a) 1 OTKPHIBAETCS aBTOMATHYECKH 1IPH OTKPBITHH (paiina Moenu. Bro-
POE «CMOTPOBOE OKHO» TIPEICTARIEHO Ha fuarpamme Gnokom Velocity Scope (Mnouxamop
cxkopocmu). ITo0bI €ro OTKPHITD, HY/KHO ABaKAB! MiesKHY T JIKM Ha n3o6pakennn 6J0ka.
J10 Hauaa MOIEeIMPOBAHHS 3TO OKHO, TaK e, Kak I IIepBoe, MyCTo.

OcranbHble 6I0KH MOAEIH ABIIIIOTCS (DyHKIHOHATBHEIMU. J{BoiH0f menwok JIKM ra
J1060M 13 HUX TPUBOAMT K TOMY, fITO OTKPBIBAETCS OKHO HACTPOHKH napaMeTpos O/I0Ka.

Toka GymeM CUMTATE, YTO 3HAYEHMS 1RPAMETPOB, 3a/[aHHbIe Pa3padOTYHKAMH MO-
JIeJIH, HAC YCTPAUBAIOT.

Ciienytourt aTan 3HAKOMCTBA C S-MOZEJIbIO COCTOUT B TIOMBITKE MPOBECTH ¢ Hell
MOZIEILHBIH SKCTiepHIMENT (TO eCTh 3aCTaBUTH ee paboTats).

[penBapuTebHO PACTIONOKUTE BCE TPU OKHA Mofienn (/IBa okHa Scope u 610K-xu-
arpamMMy) Ha 9KpaHe Tak, 1T00bl OHU He MePEeKPLIBAIIN APYT APYTa (1IpH HeoOXOAUMOC-
TH MOKHO U3MEHHTD Pa3Mep KKA0ro U3 HHUX).

CrenaiiTe aKTHBHBIM OKHO ¢ OJI0K-IHarpaMMoi M 3ailyCTHTE MOJIe/Ib ¢ MOMOLIBIO
kHouku Start, pacnonoxkeHHoi Ha Navean UHCTpyMeHToB okua. [locsne Havana Moze-
JUPOBAHMA TPACKTOPHSA ABIKEHNS IIPHIraoLiero Msita 0To0pakaercsa B «CMOTPOBOM
okHe» Bouncing Ball, a namenenne ero ckopoct — B okue Velocity Scope.

He moxuzasace, moka M4 IepecTaHeT «IPbIraThs, BRINOAHUTE KoMauny Pause («ua-
’KaB» COOTBETCTBYIOIYIO KHOTIKY Ha NaHeJ H HHCTPYMeHTOR). IIpu aToM Mozennposa-
HUE IPHUOCTAHaBAMBaETCs (MY «3aBUCACT»> B OKHE).

Bo Bpemst mayspl Ha HCTIOTHEHME MOXKeT OBITh 3aiylela Apyras MOAeb WK Bbl-
NOJHEeHb Kakue-aubo neiictersg B koMangHoM okae MATLAB.

[Ipu NOBTOPHOM «HAKATHI» BCE TOW e KHONKM (Terepb oHa COOTBETCTBYET KO-
manze Continue (HPOJOJEKHTD ) MAY MPONOJIKIT ABIKeHUE. Moneab 3akoHuT pabory,
KOTHA MY OCTAHOBHTCS (€0 CKOPOCTb CTaHeT PaBHa HYJII0).
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B paccMarpyBaeMOM IpHMeEpe YCIOBHEM OKOHYAHHSA MOJIe/INPOBaHuUs sIBJgeTcd Ha-
CTyILTIEHIE OTIpeiesIeHHOTo COGBITHS — 0cTaHOBKa Ma4a. Ho ycoBrem okoHYaHus Mo-
JIETBHOTO SKCIIEPUMEHTa MOXKET CIIYKHUTh TaKKe HCTEeUCHHE 33JaHHOT0 HHTepBaja Mo-
nennposanna. SIMULINK no3Bossier ucions30Bath M TaKYI0 BOSMOKHOCTD. [laBaiiTe
nonpoOyeM e10 BOCIIONb30BATHCSL.

[1pu 3aaHHLIX MapaMeTpax Mozenn (YIpyroctu Msda 1 HadalabHOH CKOPOCTH 110~
JieTa) MY 1epectaet IpbIraTh yepe3 20 ¢. ITOT OTpE30K BPEMEHH COBINaJaeT B HCXOM-
HOIl MOJIE/IM ¢ MHTEPBAJIOM MOJIEJINPOBaHUA, JIHTENLHOCTh KOTOPOTO 0TOOpakaeTcs
Ha FOPM30HTAIbHOU IlIKajie OKOH Scope.

M3MeHUM HapaMeTphl ABKEHUS MSUa, OCTaBHB MTPEXKHUM HHTEPBAJI MOJIe/IMPOBAaHMSL.

Haiinnre Ha 6i0K-auarpamMmme ajieMeHT B (popMe TpeyroibHiKa ¢ umeneM Elasticity.
OH nosBoJisieT 3a1aBaTh 3HaYeHUe KoadduuenTa yrnpyroctu Ma4a. Tekymiee 3Haue-
HHe 3TOTO KoadduirenTa, pasaoe —0.8, BHIBOAUTCS BHYTPH u300paxenus 6joka. Oue-
BUIHO, 4eM GoJiee yIpyruii Msiy HaM TTOTIageTcst, TeM A0JIbiue ol OyaeT npeirats. B nan-
HOH MOJIE/IH YBETUIEHUIO YIIPYTOCTH Ms4a COOTBETCTBYET yBeslideHue abCoMOTHOTO
sHavenns koadbunuenta Flasticity. 3amennte —0.8 ma —0.9. {1151 sT0T0 11ESIKHATE ABAXK-
a6t JIKM Ha nsobpaxenun 6soka. B oTkpbiBaonieMcst OKHe HACTPOEK [IPOU3BELITE CO-
OTBETCTBYIOILME U3MeHeHus (puc. 3.18).

=4 Elasticity
~Qan e S

| B

i

3 Scalaror vectorgain v =k *u

Reveit

Puc. 3.18. luanoroBoe OKHO A/ H3MeHEeHHs YIPYTOCTH MsIya

«Haxwmures nocnenosarensno kuonku Apply (Ilpumenums) u Close (3axpvimy).
OKHO HACTPOEK 3aKPOETCS, HOBOE 3HaYeHKe Koa(hduineHTa Oy/IeT BbIBEIEHO Ha M306-
paskeHuu 6s10Ka. 3anMyCcTHTE MOJENh Ha UCIIONHEHHe KoMaHIo# Start. s nabnrone-
HUA 32 MAYOM ONATh Bocnosb3yeMcs okHamu Scope. o nctevenun 20 ¢ May eure
MIOJIOH 9HEPTHH (KUHETHUeCKOoil), Ho... Bpems MoaennpoBanns ucTekio, H pabora
MOJIEJIM OCTAHOBJIEHA. JTO MOATBEPKAAET U KOPOTKUI 3BYKOBOM CHIHAJ, H3/laBae-
MBIl KOMITBIOTEPOM.

Ha sTOoM nepBoe 3HAKOMCTBO ¢ S-MOJEJ/IbIO MOKHO 3aKOHUUTH H TiepelT K 6osiee
JeTaabHOMY onucanuio soamoxnocted SIMULINK.
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3axpoiite OKHO ¢ 6II0K-arpamMmoii MoJenn (6e3 coXpaHeHHs! BHECEHHbBIX U3MeHe-
nui). Ipy 3TOM «CMOTPOBBIE OKHay 3aKpplBaloTcsa asToMaTHdeckd. Okno MATLAB
Demo Taxxe 3aKpoiTe, 0CTaBUB Ha 3KpaHe OKHO Library: Simulink, comepxainee nepe-
YCHD OCHOBHBIX Pa3/enoB OHOIHOTEKH.

3.2.2. BUBJMOTEKA MOJIYJEN (BJIOKOB)

Bubanorexa 6nokos SIMULINK npeacrasisier cofoit Habop BU3YATbHBIX 0OBEKTOB,
HCII0JIb3Y st KOTOPbIE MOXKHO COOUPATD, KaK U3 KyOUKOB, IPOH3BOJIbHY 0 KOHCTPYKLHIO.

[na moboro 6J10ka MOXHO H0JTy4aTh TpebyeMoe YMCI0 KON U HCTIONMB30BATD KaXK-
QY10 M3 HUX abCOJIIOTHO aBTOHOMHO. BoJiee TOro, npakTHYecKH A/ BeeX BI0KOB Cy-
I[ECTBYET BO3MOXHOCTb HHAMBHAYATbHOH HACTPOHKH: NI0Ib30BaTEIb MOXKET H3Me-
HUTb Kak BHYTPEHHHE MapaMeTpsl 610KOB (Hanpumep, KOJIHYIeCTBO BXOJOB), TaK U
BHelIHee odopmieHue (pasMep, UBET, uMa U T. 4.). IToapobuee 3Tu Bonpock obcyx-
JawoTcs B pasgene 4.1.

Ha nopsnox coepnenust 610KOB APYT C APYTOM TaK)Ke He HaKJIabIBAeTCs HU-
Kakux orpaHuyeHnit. Koneuno, npu cBsi3biBaHUM 6J1OKOB HEOOXOAMMO COOIIORATH
OTpefeneHHbIE IPABIIIA, O KOTOPHIX OyAET CKA3aHO YyTh 11033e, OAHAKO OHK 0byc-
JIOBJIEIIb B OCHOBHOM JIOTHKOH paboThl caMO#l MoJesH, a He clielualbHbiMU Tpebo-
panusimp SIMULINK.

Ilna yno6eTsa paboTsl onbaoBaTens 6nbianoTeka 6J10K0B pa3buTa Ha ceMb pasze-
JioB. lllects M3 HIX ABAAIOTCA OAa30BBIMU 1 HE MOTYT H3MEHSITHCSA TMOJb30BaTeeM (3a
HCKIIIOYeHreM BHEUIHEro ohopmIeHus ):

® Sources (Mcmounuxu),

e Sinks ([lonyuameau),

e Discrete (/[uckpemunie snemermut),

® Linear (Jluneiinoie snemenmoi),

e Nonlinear (Henunetinoie snemenmot),

® Connections (Coedunenus).

CeabpMmoii pasaen — Blocksets & Toolboxes (Habopui 610x08 u uncmpymenmot) —
conepxHuT OJI0KH, oTHOCATHEeCA K KomrmoHeHTaM MATLAB, Bkiro4eHHBIM 1071b30Ba-
TeneM B pabouylo kondurypanuio nakera. I1pn atom A Kaxkaol KOMIOHEHTH CO-
3naetcs ceol nmoapasaen dbubauorexu. [Ipu MunuManbHo# pabovedl Konburypamu,
onucannoii B 3.1.1, B paanene Blocksets & Toolboxes uMeeTcst TONBKO OLUH NOAPA3TET
— SIMULINK Extras (lononnenue xk SIMULINK). 10T nozipaszeJ, B CBOIO ouepeb,
pasbuT Ha [IeCTh YACTeH, TPU M3 KOTOPBIX SIBJAIOTCS AONOMHEHNEM K ONHOMMEHHbIM
OCHOBHBIM pasfesaM O6uOIHOTEKH, a TPU APYTHX HMEIOT CAMOCTOATENbHOE 3HAYeH e
(puc. 3.19). Iro Habopsl 6okos Transformations (610K nepecyeTa KOOPAUHAT U KA
temnieparypst), Flip-Flops (6:10K3, COOTBETCTBYIOLINE OCHOBHBIM TUIIAM TPUITEPOB)
n Linearization (COLEPKNT eAMHCTBEHHBIH GJI0K, peaiu3y ol G yHKUHIO JTHHEHHO
ATIPOKCIMAINH).
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3 Library: simulink_extras

Additional  Additional  Additional Transformations Flip Flops  Linearization
Sinks Discrete Linear

Puc. 3.19. /lononHuTenbhbie pasaens 6UOAHOTEKH

Yro6bi OTKPHITH MHTEPECYIOIUI pasesn OubIHOTEKH, JOCTATOUHO ABAXK/IbI 1HEIK-
HyTb Ha HeM JIKM.

Kaxaptit 6110k, BXOAAUIMI B OUOINOTEKY SIMULINK VIMeeT ITo Kpatinel Mepe O H
napaMerp HacTpoiikn. 3afaBad TpebyeMoe 3HaueHue apaMeTpa (MU BhIOUpPas ero 13
NpeaiaraeMoro MeHo), NoJIb30BaTeNlb HMEET BO3MOXKHOCTb CKOPPEKTHPOBaTh (BYHK-
LUIO, Peann3yeMyto TaHHBIM 6710KoM. UTOOb! OTKPHITH OKHO HACTPOHKH NapaMeTpOB,
HYKHO ABaXABI 1lenKHyTh JIKM Ha nzobpakennn 610ka. O THAKO BO3MOKHOCTE U3Me-
HATH 3HAUCHWs TTAPAMETPOB TOSBIISETCA TOJIBKO MTOCHE TOTO, KAk 610K OyAeT HOMEIeH
B OKHO OJIOK-IHarpaMMBbl.

OxHa HacTpOHKH MapamMeTpoB BeeX GHOIMOTEUHBIX GJIOKOB HMEIOT MAEHTHYHYIO
CTPYKTYDY M COAEPKAT KPATKYIO XapaKTepHcTHKY 6JI0Ka, IO BBOAa (MK BHIOODa)
3HAYEHUH TapamMeTpoB 6I0Ka U 4 KHOTIKL;

® Apply — TpUMeHNUTS;

® Revert — BepHYTH NPEABIYIIEE 3HAYEHUE IIaPAMETPOB;

* Help — Bpi30B (aiina nomoinu B popmate html;

e Close — 3aKpBITH OKHO HACTPOEK.

H3MeHennble 3HAYEHH TTaPaMeTPOB BCTYIAOT B CHJY I1OC/E «HAXKATHA> KHOMKH
Apply. Ytobpl 3a11yCTUTH MOEb HA UCIIOJHEHHE C HOBBIMU NIapaMeTpaMy, 3aKPhIBATh
OKHO HACTPOEK He 0053aTeIbHO.

BepreMmcs k ocHoBHBIM paszenam 6ubnnorteku SIMULINK. Kak y:xe 65110 ckasa-

" HO, MIX LIECTb.

ITpesx e ueM NEpERTH K OIUCAHMIO COCTABA ¥ HA3HAYEHUS GIOKOB, BXOJAIIMX B Kax-
IBIH 13 paszieioB, HeOOXOAMMO CAeNaTh CIEAYIONIee 3aMedaHue.

ToT acnexT BU3yaIbHOTO MOZEIMPOBAHI, KOTOPbI PACCMATPUBAETCA B JJaHHOK KHU-
re, fajeko He ucdepnbiBaeT Bcex BoaMmoxkHocteit SIMULINK. B yacrnoctit, MHOrHE
ero 6:10ku (a Takke ucnonbayemas paspadorunkamu SIMULINK repmunosnorus) opu-
€HTHPOBAHbBI HA MO/IEJIMPOBAHME CHCTEM aBTOMATUYECKOIO YIIPaBJIEHUS U PEryInpo-
pafus. [ToatoMy B ZanbHelmeM oCHOBHOE BHUManue GyzieT yAeneno TeM 610KaM, KO-
TOpble HeOOXOAMMBL [J1S1 PEANTN3aliH [I0IX0/I0B, H3JI0KEHHbIX B YacTu | kHuru.
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Paznen Sources (Hcmounuxu)

B oxue Library: Simulink naiinure pasnen Sources 1 OTKpOHTe €ro, ABAXK/BI 1[EJK-
HYB Ha ero usobpaxennu JIKM.

brnoku, Bxojguige B 9TOT pasjell, MpeHasHaded bl IS (POPMHPOBAHUS CHIHATORB,
obeciiednBaONINX ypasiaeHue paboToil S-MoJem1 B 11e7J0M UJIH OT/[e/IBHBIX €€ JacTeil.
Bce 610Ku-HCTOUHUKH UMEIOT 110 OZTHOMY BLIXOAY H He HMEIOT BX0/10B (puc. 3.20).

- 10]x]

B Libwary: imulinkISourcs

Flle Edt Format ~ Toals
R
aoan
b (50
Lz
Constart Sigrial Step
Generator

/b B MW

Ramp Sire Wawve  Repeating
Sequence

ﬂﬂ un /H‘JWI

. Discrete Pulse  Pulse Chirp Signal
Generator Generator

@ 1224 |

Clock Digital Clock
untitled. mat [T, U1 >
From File From

- Warkspace

T

Random Uniform Random Band-Limited
Number Humber ‘White Hoise

Puc. 3.20. Paznen Source (Mcmounuxu)

3amenanue. Tepmunonorus, ncnoisayemas apropaMi SIMULINK ana onncanus
OJIOKOB HTOTO M APYTHX Pa3esioB OUOIMOTEK , TOBOPHT O TOM, YTO B OCHOBHOM HMEOT-
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€4 B BILLY 3JIEKTPHYeCKie CUrHasbl. Tem He MeHee dusnyecKkass MHTEpIpeTalis MOHs-
THS «CHTHA» B KAKIOM KOHKPETHOM CJIydae PassiMuHa 1 ONpele/IsieTcs B IEPBYIO oue-
pezb (bU3ULecKOoil IPHPOAOI MOAeTHDYEMOH CHCTEMBI.

Wrtak, B KauecTBe HCTOYHUKOB CHTHANIOB ( BXO/[HBIX BEJTUYMH ) MOTYT HCIIOIb30BATDL-
CA CAEYIONIHE OIOKH:

Counstant — GopmupyeT NOCTOSHHYIO BeTHIHHY (CKAISAp, BEKTOP WM MATPHILY );

Signal Generator — co3aeT HelIPepbIBHBII CHIHAJ IPOMB3BOJILHOMN (hOPMBI;

Step — reHepupyeT eANHIMYHBIN AUCKPETHBLI CUTHAN C 3aIaHHBIMH MTapaMeTPaM;

Ramp — cosnaet auneiino Bospacrawomuil (yObIBAIOMIMIT) CHTHAT,

Sine Wave — resepatop rapmosndeckux xonebanuii,

Discrete Pulse Generator — renepaTtop JHCKPETHBIX HMITYILCHBIX CHTHAJIOB;

Chirp Signal — rexepaTop rapMoHIuecKUX KosebaHuil epeMeHHON 1acTOT

Clock — HCTOUHHK HerPepPhIBHOTO BPEMEHHOTO CHIHAJIA,

Digital clock — dbopmupyerT qucKkpeTHBI BpeMeHHOH cHrHa;

Random Number — HCTOUHHMK AUCKPETHOIO CUTHAJA, AMILTHTYIAa KOTOPOTO SIBJISI-
eTcst CAyJalinoll BeIMYHHON, PaclipeeIeHHOH 110 HOPMaTbHOMY 3aKOHY;

Uniform Random Number — ncroununk auckpernoro curnana, aMIinTy/1a KOTOPO-
O SIBJSIETCSA PABHOMEPHO Paclipefie/IeHHOH cIVUaitHOl BeTHYMHOM;

Band-Limited White Noise — rerepatop «6e/10ro mwyMa» ¢ OrpaHAYEHHOI T1010COL.

Caenywouiue aAa 6yoka 13 pasaena Hemouruky 0TINYAIOTCS OT lIePEYHCAeHHBIX
TeM, 4TO 00eCIeYynBalOT HCITOJIB30BAHIE B MOIE/IH PA3JAHYHBIX YHCIOBLIX TaHHBIX,
noJy4JeHHBX paHee kak ¢ noMoupio SIMULINK, Tak u ApyrumMu cpeacrsaMu
MATLAB.

[Tepssrit 13 HUX — From File — n}ﬁeJ:[HasHaqu JUIST BBOJIa B S-MOJie/Ib AaHHBIX, Xpa-
uampxcs B MAT-daiine.

Bropoii — From Workspace — obecreqnBaeT BBOJ B MOJeNb AAHHBIX HeTocpe-
cTBeHHO 13 paboueii obnactn MATLAB.

Crpykrypa nauupix 8 MAT-daiine npencrasisier coboit MHOTOMEPHBII MacCHB
C mepeMEeHHBIM YHCJIOM CTPOK, KOTOPOE ONIpeiesiseTcs YHCIOM PETUCTPUPYEMBIX I1e-
peMeHHbIX. DJIeMeHTHl 11ePBOH CTPOKY COePKAT MocIe[0BaTeNbHbIe 3HAYEHU S MO-
LeJIbHOTO BPEMEHM, 3JIEMEHTBl B I[PYTHX CTPOKAX — COOTBETCTBYIONIHE UM 3Haye-
HIIsE [TePEMEHHBIX.

Kax 1 apyrite 6ubnoreunsle H710KH, 6IOKH — <HCTOYHHKHY» MOTYT HACTPaHBaThCA
nosp3opaTeseM (3a nckmodenneM tiioka Clock, pabota KOTOPOro OCHOBaHA HA HCIIOMb-
30BaHNH aNINIAPATHOTC TaliMepa KOMILIOTepa).

PaceMoTpun 0co6eHHOCTH HAacTPOHKH TeX 67I0KOB, KOTOPbIE NOHAZ00ATCS HaM B
JaspHelieM npH paspaboTKe cOOCTBEHIBIX S-Moeneii.

Baok Step. On obecnentuBaeT HopMHPOBAHYE eIHHHYHOIO YIPAB/AIONIEr0 CHIHA-
J1a, KOTOPBIH MOKET HCIIOIb30BATbCsA B JII060iT Touke Momesnn. Biok uMeet 3 mapaMeTpa
Hactoiikn (puc. 3.21):

o Step time (lllaz spemenu) — onpenenser INHUTENLHOCTh CHIHANA, HCXOAHOE 3HA-

yeHie napaMeTpa pasHo 1.
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Outputz astep.

i Parameters
Step time:
1

Initial value:
0

. Final value;
1

Apply l (He;ferl:;':‘;””“ '.He|p: I i Close

Puc. 3.21. Okno HacTpoek 6soka Step

e Initial value (Hauarvuoe snavenue) — 3aAaeT 3HaYeHUE AMIUTUTYIIbE CUTHAZIA B
HauaIbHBIN MOMEHT BpeMeHU; HCXOAHOe 3HavYeHne — 0.

¢ Finalvalue (Koneunoe snauenue) — 3aaeT 3HaY€HUE AMITUTY/IBI CHTHATA 110 HC-
TEUEeHHH 1ara MoAeJIMPOBAHIS; HCXOAHOE 3HAYeHHE ITOTO apaMeTpa passo 1.

YrobBt yBHAETH, YTO NPEJCTABJISET COOOU CUTHAJ, CO3laBaeMblii 610koM Step, 1
KaK Ha Hero BIUAIOT 3HAUeNHs yKa3aHHLIX NapaMeTPOB, BOCIIONb3YyEMCA yKe 3HAKO-
MBIM HaM OKHOM Scope.

[ocnenosarensHocTs ReHCTBHI NI AOCTHOKEHIS NOCTABJIEHHON 1€ TAKOBA.

1. B pasneiie File xomananoro okua MATLAB BribGepute mociefoBaTensHOCTD KO-
maun New — Model, Otxpoercst (M1 CTAHET aKTHBHBIM) ITyCTOE OKHO AJISL CO3/IaHMA
HOBOI HJI0K- AMATPAMMBL.

2. B paszene 6udmiorexu Memounuxu (0H OTKpHIT) HalinuTe 610K Step, HaxmuTe
JIKM u, He oriiyckas ee, fepcraure KOHTYp 010Ka Ha ¢cBOGOIHOE NOJE OKHAa untitled.
Otriycture JIKM. B okiie nosButcst 6510k Step — nepsbiii 6710k Oyayuiei nuarpaMmb.

3. B oxne 6ubanorexn SIMULINKa otkpoiite pasen Sinks (Hoayuamenu), npax-
ABl WeJIKHYB Ha ero usobpaxkennn JIKM. Haligurte B Hem 0710k Scope 1, Haxas JIKM,
[epeTaliTe ero KOHTYP Ha ¢Bo6o/Hoe 1ose okHa untitled. Ornyerute JIKM. B okue
nosisutcst 6710k Scope.
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4. Jlns yrobuoro coenuterust 6J0KOB PACIIONOKHUTE UX TaK, UToObI BXOI 6710Ka Scope
HAXO/IHJICA HATPOTUB BbIXOAa 610Ka Step (1a mobom paccrosuum).

5. IoiBeANuTe KYpCOP MBI K BRIXOZY Gi10Ka Step. Kypcop npumer ¢opmy kpectrka.
Haxmute JIKM u, He oTiyckas ee, iepemectute Kypcop k Bxogy 6;10ka Scope. Kak Tonbko
KPECTUK CTAHET ABOMHDLIM, OTIYCTUTE KHOTIKY MbIIIH. Meskmy 610kamu obpasyercst u-
HUA CBA3H CO CTPEJIKOH, YKa3bIBaIOWIel HalpaB/IeHNe Nepenadn curuaia (puc. 3.22).

1

Step . Scope

~ Puc. 3.22. lloaxmoyenue 610xka Scope

6. Otxpoiite oxHO Scope, nBa b MeTKHYE Ha Hem JIKM. Teneps MoxHO «O3X11-
BUTDb> MOJIY4EHHYIO 6JI0K-AHArpaMMY, COCTOALYIO U3 NBYX 2/1€MeHTOB. /Ly aT0r0, Kax
1 TIPH HAG/TIOAEHMH 32 <IIPHITAIONIIM MAYOM», HY>KHO BLINOIHUTD KoMaHay Start. Chop-
MHPOBaHHbI CHTHa/l 0TOGPaXaeTcs B OKHe Scope (puc. 3.23). U3 pucyHKa BULHO, YTO
NP1 MCXOAHBIX 3HAYEHUAX TapaMeTpos 6710Ka Step Besnuuny Step time MOKHO UHTED-
NPeTUPOBATDb KaK IepHOJ 3aIePKKH CUTHAJA.

Pric. 3.23. Bpemenuas muarpamMma pabots! 6;10xa Step co CTaHAAPTHLIMH NapaMeTpaMH
3aMennTe 3uaverne napaverpa /nitial value na «1», a mapamerpa Final value — na

«0» u nosTopuTe MOAEAMpOoBanne. PopMa curHaia H3MEHMIACH (puc. 3.24). Teneps
BEMIYHHA Step time onpeaenseT JIMTELHOCTD VIPAB/ISIONIEro CHIHAMA. VIMEHHO Ta-
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KO NOAX0/ K ucnonb3osaiuio 6ioka Step okasbiBaeTcst 60ee yI06HBIM TIPH paspa-
60TKe MHOTHX S-Mozeeil.

Puc. 3.24. Bpemennaa auarpaMma paGoTsl 610Ka Step ¢ H3MEHEHHBIMU ApaMeTPaMH

Heo6xonuMo oTMETHTD, YTO 3HAUEHUS BCeX TPeX HapaMeTpoB GJI0Ka MOTYT 3aja-
BaTbCsl HE TOJBKO B (hOpMe KOHCTAHT, HO M B BH/IE BBIYHC/ISIEMBIX BbIPAKEHHUIT, B TOM
uncie coepxamux pynxunn. Ilogpobnee aror sonpoc obcyxnaerca B 1. 4.3.

bioxk Discrete Pulse Generator. Otsinure ero 8 pasaene Mcmounuxu n ¢ moMo-
LIbIO IBOHHOTO LIeJTYKA OTKPOIITE OKHO HacTpoek H/10ka. OHO MO3BOJIAET U3MEHSTh 3HA-
YeHUS IATH napameTpos (puc. 3.25):

® aMNHTY OB curdaia (Amplitude),

® BeJMYMHBI epuoga curnana (Period),

® pHHLL uMnynabca (Pulse width),

* BeJMYHHBI 3aiepxku curnana (Phase delay),

® [ar U3MEHEH s MOZeJIbHOTO Bpemenu (Sample time).

3HaveHna napamMerpos 2...4 J0JKHbI 3IaBaTbCA KaK I1EJI0€ YHCIO UIATOB MOJIEIbHOTO
spemennt (number of samples). Tlostomy BLGOp 3HAYEHHMIT ITApaMETPOB HII0KA Le1ec006-
Pa3HO HAYMHATD C BBI6OPA BeMTIHHbI Sample time. Pasmep mara MO)HO yKa3aTh Kak B (hop-
Me KOHCTaHTBI, TaK H B (JOPME BBIUHCIIAEMOTO BLIPAKEHIS. EC/II BLIMHICISHHOE 3HAUEHIE
ABJIAETCS APOGHDBIM, OHO OKPYTTIETCSI /IO 11e710r0. AHAIOTHYHO MOJKET ObITh 3a/[alio H 3Ha-
YCHHUE aMILTHTY/IBI, HO B CiIydae APOGHOIT BEIHYIHDI OKPYITICHHE HE MPOH3BOANTCA.

bnok Random Number o6eciieqnsaet popMHUpPOBaHie CHIHAIOB, aMILIUTY A KO-
TOPbBIX ABNACTCA CJLYYAUHOH BETHUHHOM, Pacnpee/ICHHOH 0 HOPMAILHOMY 3aKOHY
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+*% Discrete Pulse Generator | x|

-~ Digcrete Pulse Generatar

Generate pulses at regular intervals. Specify parameters
as integer multiples of the sample time. - :

- Parameters

Amplitude:
1

-

Period (number of samples};

2

Pulse width (number of samples};
R

‘F‘hase delay [number of samples};
0

Sample time:
1

...........................

Apply l Revert ‘ Help | || Close

............................

Puc. 3.25. Oxno nacrpoek 610ka Discrete Pulse Generator

¢ 3alaHHBIMU TTapaMeTpaMu. BIok nMmeeT yeTsIpe napaMeTpa Hacrpotiku (puc. 3.26).
Ilepsbie 1Ba — Mean u Variance — sBIAIOTCS TapaMeTPaMU HOPMaJbHOTO 32KOHA
(cpeanee u gucniepcusi), Tpetnit — Initial seed — 3anaer navanbHoe 3HaUEHHE AJA
MHULMAIM3AI MY TeHEepaTopa [0C/Ae0BaTeIbHOCTH caydalHbIX uucen. 1lpu dukcu-
POBAHHOM 3HAYEHUH DTOrO IIApaMeTpa reHepaTop BCeraa BhIPadaThIBaeT OAHY U TY
xe nocnegosarenprocts CYU. YersepTriit mapametp (Sample time) vicnionpsyercs Tak
e, KaK U B pACCMOTPEHHBIX paHee OI0Kax.

bnox Uniform Random Number o6ecnieunsaer hopMupoBanue cCHruaios, aMil-
JINTYA KOTOPBIX ABJsIETCSA CIyvTaliHOoN BeANYUHOM, pacHpee e HHON PaBHOMEDHO B
33/laHHOM UHTepBaje.



H Handom Number

,puts a nurmally [Gausman] dis
utput is repeatable for . & given se

| Sample time

Puc. 3.26. OxHo Hactpoex 610xa Random Number

B 6710ke MMEIOTCS TaKkke Ke napaMeTpbl HacTpoliku Initial seed v Sample time, xax
u B Random Number. Eue gpa napaMeTpa (Minimum v Maximum) 3a1310T THaNa30H
pacnpenenenus CB.

Brox Digital Clock. 1ot 610K uMeeT eAMHCTBEHHBIHA TapaMeTp HaCTPOKY — Be-
JIMYMHY Iara U3SMeHEHUst MoJie/IbHOTO Bpemenu (Sample time). BenuunHa mara 3a-
JaeTcs TakuM ke obpasoM, kak u B Osoke Discrete Pulse Generator. Eciu Bennunna
ara 3alafa BbIPaXKeHHEM, TO OHO BBIYUCIIAETCS TOMDKO OIHAK/BI, U MOJYYeHHOE 3Ha-
YeHHe UCIIOIB3YeTCA Ha BceM HHTepBasle Monennposanust. OcobenHocts butoka Digital
Clock cocTouT B TOM, YTO 03 He TOJIBKO GOPMUPYET BENUYMHY 1IaTa, HO ¥ BHIYHCISAET
HOBOE 3HaYeHMe MOJAEIbHOrO BpEMEHH, KOTOPOE UCIOJIB3YETCs A IPOBEPKH YCII0-
BHsT OKOHYaHNA MofenpoBanus, Ouepennoe 3HaYeHIE MOAETbHOTO BPEMEHH BLIUHC-
JIAeTCsl KaK CyMMa ITPeIBIIY IEro 3HaYeHY s U BEIMYMHBL IIAra MOJACTHPOBAHHUS.

bsiox From File umeer B kauectBe napamerpa HacTpoiiku nmst MAT-dailia, 13 ko-
Toporo OyAyT CUATHIBAThCA Tpebyemble aHHbIe. EC/IH yKa3piBaeTcsl TOAbKO UMst (aii-
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Jla, To nouck (haityia TPON3BOAUTCA B OTKPHITOI nanke. I1py Heo6X0AMMOCTH MOXKHO
ykasaTb MOJIHbIH My Th focTyna K daiiny. [Tocne 3akpuITHst OKHa HacTpoek UM (haitna
BBIBOAUTCA Ha H300pakennu 6oka. HemHoro 3aberass Bliepes 0TMETHM, YTO B pasjiese
6ubnuorexu Hoayuamenu umeercst 610k To File, koTopblil BHINOHSAET 3alIHCh PE3YJib-
TaTOB MoJienpoBanus B MAT-daiin.

Brok From Workspace, kak 66110 cKazaHo panee, 06eCiednBaeT NcIoNh30BaHIe B
S-Momen TaHHbIX, XpaHamuxcsa B paboueit obmactu (COOCTBEHHOH onepaTHBHOH na-
matn) MATLAB. brok nMeeT 01H cOCTaBHOM mapaMeTp HACTPOUKH, KOTODBIi TIpeji-
cTasJisieT coboil yIops10ue HHBIH CIIUCOK MCTIOJIb3yeMblX IAHHBIX, 3aKJII0YEHHDIA B KBa-
parubie ckobxu (puc. 3.27).

-+ From Workspace

-From 'W'orkspace s

Feads time and output values from specuhed matnx in
MATLAB's workspace The matrix must contain time
values in column one. Additional columns correspond to
nutput elements !nterpolates betwe.en [OWS.

Parameters

Bevert

Puc. 3.27. OkHo HacTpoek 6710ka From Workspace

CrucoK J0KeH COMEPKATh HE MEHEE IBYX 9/IEMEHTOB, TIEPBBIM U3 KOTOPBIX SBJIfA-
€TCsl BEKTOP 3HAYEHMI MOJIEJIbHOTO BPEMEHH ¢ nMeHeM fout. OCTasbHble 97IEMEHThI CIIHC-
Ka [PeACTaBIAIOT cOO0i BEKTOPHI 3HaY€HUI BBOAMMBIX U3 paboyell 061acTH BeTAYHH.
JInuHa KaX0TO U3 3THX BEKTOPOB [0JDKHA ObITh paBHA ATHHE BeKTOpa tout. Kak npa-
BUJI0, B KAYECTBE HJIEMEHTOB CIIMCKA JIaHHBIX HCIOAL3YIOTCS BE/THYMHBI, TOMEIEHHbIe
B pabouy1o obmnacts MATLAB ¢ nomomswo 650xa To Workspace, BXOZIAALLIETO B pasfiest
6ubnuorexu Sinks (IlToryuamenu).
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Pasnen Sinks (Ilorywameau)

HanomuuM, 4To pasnesn 6ubanorekst Sinks Mbl yiKe OTKPBIBATH, YTOODI «0CTATh>
u3 rero 6110k Scope.

Broku, cobpaiHbie B 3TOM pasfielle, ZOCTATOUHO CYLIECTBEHHO PA3THYAIOTCA MO
¢hyHKIIHOHAILHOMY TTPeAHa3HaueHHIo (pHC. 3.28).

43 Library: simulink/Sinks [BE[=]

Eile Edit . Format
Tools o
Scope XY Graph
]

Display

rtitled.mat A simout

To File To Workspace

Stop Simulation

Puc. 3.28. Pasnen dubnuorexu Sinks

YcA0BHO HX MOKHO Pas3/lelTh Ha TPH BUAA:

1) 6710KH, NCTIONb3YEMBIE TIPH MOJIEINPOBAHUN B KAYECTBE «CMOTpOBbIX okon». K |
HUM OTHOCATCS:

6510k Scope, KOTOPBIH YKe YIIOMUHAJCS BhILIE;

650k XYGraph, obecrednBaonni cosianyue IByMePHBIX Pa(pUKOB B TPAMOYTOTb-
HOI cHCTeMe KOOP/JNHAT;

6a0x Display, npesnasnade bl 7151 0TOGPasKe st THCIEHHBIX 3HAYCHUH BeIMYHH;

2) 610K1, 0becneyUBaIOLIKE COXPAHEHUE IIPOMEKYTOUHDIX U/HMJIH BBIXOIHBIX PE3YJlb-
TaTOB MOJIEIMPOBAHHUS:

6ok To File;

610k To Workspace;

3) 610k ynpaBienust MoxeauposanneM — Stop Simulation, xoTopniii 103B0-
NisteT MPePBaTh MOAENUPOBAHHE DU BLLIOMHEHHUN TeX MU UHBIX VCIOBHM. Brok
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cpabaThIBaeT B TOM CJIyuae, eC/IM Ha €T0 BXOJ IIOCTYNAeT HeHyaeBo# curHan. [o-
CKOJIbKY 3TOT OJIOK He MMeeT 11apaMeTPOB HACTPOIHKHU, TO MBI K HEMY BEPHEMCs
TOJbKO B pasfese 4.3, rae peus NOHAET O CpeACcTBaX YIpPaBIeHHs MOAeIUPOBaHU-
eM. OcobeHHOCTH UCTTOJIb30BAHMS OCTANLHBIX GJIOKOB pasaena PACCMOTPHUM IIOJi-
pobHee yike celdac.

Brok Scope. Hanomuum, 4T0 5T0T 6710K M03B0JIAET B MPOIECCE MOAEAUPOBA-
HUA HabAI04aTh JHHAMUKY H3MECHEHUs HHTEPeCYOUX HCCIeL0BaTeNsd XapaKTe-
pucTuk crcremsl. Co3aBaeMoe ¢ €ero NOMOMBI0 «CMOTPOBOE OKHO» HAIOMUHAET
3KPaH H3MEPHUTEILHOTO Tpbopa. OTKPHITH OKHO SCOPe MOKHO TONbKO IIOCJIE TOTO,
Kak OJI0K roMelileH Ha 110J1e 6JI0K-AHarpaMMsl (I[eJKHYB IBaKAbl HA €ro H306pa-
xkeunu JIKM). PasMep H nponopiuyu oKHA MOKHO HU3MEHSITh [[POM3BOJIbLHO, HC-
110JIb3YS1 KYPCOP MBI .

[lo ocu OpAMHAT MIKAJALI H3MEPEHME OTKIAbIBAOTCA 3HAYEHUs HabmogaeMoi
BEJIMYHHBI, 10 0CH abCUUCC — 3HAYEHHS MOJENbHOTO BpeMeHu. [lo ymMmonvanuo
JJIsL OCU OPAMHAT UCIOAB3YETCS [Uana3oH [—-5; 5], a /i ocu MOJIE/IBHOTC BpeMe-
Hu — [0; 10].

Baok-grarpaMMa MOKeT OBITh MOCTPOeHa TakuM 00pa3oM, 9ToOb Ha BXOA 6J0Ka
Scope nocTynana BeKTOpHas BeHUNHA. B 9T0M cryyae 1 KaXKIOro 371eMeHTa BeKTO-
Pa B OKHeE CTPOHUTCS OT/AebHas KPHBas, OTpakalollast AMHAMUKY €ro uaMeHeHus. Boli-
BOAUMbIE KPUBbIE PA3THYAIOTCA LIBCTOM, KOTOPBIN YCTAHABIMBAETCS aBTOMATHYECKH.
OnuoBpeMeHHO B OKHE Scope MoskeT 0ToOpaxKkaTbes 10 30 KPUBBIX.

/l1s ynipaBieHHs apaMeTpaMH OKHA Scope B HeM HMeeTcs [aHe b MeHIo, cojep-
JKalasi ceMb KHOTOK (pHc. 3.29):

1 2 3 4 5 6 7

Puc. 3.29. ITanens uncrtpyMeHToB 6J10Ka Scope

| — usmenenue macilitaba oceil rpaduka;

2 — u3menenHe MacwTaba no ock abeumce;

3 — naMeneHue MacuiTada 1o OCH OP/IHHAT;

4 — aBTOMaTHYECKAs YCTAHOBKA ONTHMAILHOIO MaciTaba ocelt (aBTOUIKANBPOBAHUE);

5 — coxpaHeHHe YCTAHOBIEHHOro MacinTada oceit;

6 — BBI30B AMAOTOBOTO OKHA HACTPOUKH napaMeTpos Hioka Scope;

7 — eyaTh COAEPKUMOro OKHA Scope.

Kuouku 1...3 4BAI0TCA aNIbTEPHATUBHLIMY, T. €. B KKALIH MOMEHT BPeMeHH MOXKET
ObITb <HaKaTa» TOJLKO OJIHA U3 HUX.



[lnst usMeHeHus Maciitaba 110 BhIOpaHHOM 0CH KOOPAUHAT HEOOXOIHMO
® <HAKATb» COOTBETCTBYIOUIYIO KHOTIKY M3MeHEHHs MaciiTaba

® [IOBECTH KYPCOP MUK K TOMY Y4aCcTKy rpadpuka, KOTOPHIH A0JDKeH OBITh 0TO-
OpakeH B HOBOM Macuitade;
¢ nakath (oau pas!) JIKM.

ITepsoe naxkarre JIKM npuBOANT K 4€THIPEXKPaTHOMY YBEJINYEHIIO MACIITaba, Kax-
JI0e TIOCTIEYIONIeE aeT yBelnuenye Maclitaba B ABa pasa

IIpn «HaxkaTun» KHONKH 6 OTKpHIBaeTcs OKHO Properties. Scope, cofepskalliee Be
Bkaanku (puc. 3.30):

operties: Scope
Axes | Seltings ]

Default limits

‘f‘max !5 | Time rangeﬁiﬁji aﬁt? | ‘.::j \
‘f’mm rTﬁ—_ Ta s

- I Hide tick labels

Puc. 3.30. OkHo nacrpoex 610xka Scope (BKiagxa Axves)

® Axes (ocu), NO3BOJIAIONIAA YCTAHABIMUBATD MApaMETphI oceil rpaduka

3
e Setting (ycmanoekuy), npefHasiadeHHas /s BBOA 3HAYEHUH I0TIOIHUTEbHBIX
napameTpoB 6s0Ka Scope.

B HuxHeR yacTH OKHA PAcoNIOKeHb] KIOTKY, aHaIOTHYHBIE KHOIKAM OKOH HAaCTPOii-
KH [TapameTpos ApyTix Oubnnoreunsix 610ko8: Apply (IIpumenums); Revert (Bepnymo
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ucxoonvie snauenusy; Help (Buizos nomousu 8 popmare HTML); Close (3axpuvimp oxno).

Ha Bxaanke Axes umetorcs nose Default limits (Huanasonot oceit) u dnpxox Hide
tick label (Ckpvimy 0603nauenue oceil).

B none Default limits yeranasnupalorcs Bepxusist (Y max) v vubkaas (Y min) rpa-
HUI(BI OCH OPAMHAT, a TAKXKe HauOoJIblilee 0TOOPAKAEMOe 3HaYEHHE MOETHHOTO BpeMe-
Hu Ha ock abeuuce (Time range).

OTHOCHTENILHO OCH BPEMEHH HEOOXOIMMO CAe/1aTh IOMOMHUTENLHOE HOACHEHME.

Ecnu Benunumna 3a1anHOTO MHTEPBAJIA MOAETUPOBAHHS He NPEBLINIAET 3HAYCHUEe
Time range (u, clefOBaTENbHO, BECH IPOLIECC «YMELAETCS» B OKHE Scope), TO oA rpa-
¢ukoM B ctpoke Time of fset: BoiBonutcst (.

Ecin e nnTepBan MOIeNHPOBaHNA IIPEBLIIAeT 3HaveHne Time range, T0 B OKHe
0TOOpaKAETCS TONBKO OTPE30K BpeMeHw, paBublil Tn—n X( Time range), rne Trv— nmi-
TEJILHOCTH MHTEPBaa MOLETHPOBAHNS, 1 — wesoe yuco. [Ipu atoMm B cTpoxe Time offset
BBIBOAUTCS BEJIMYNHA «CKPBHITOrO» MHTepBasia BpeMenu (anunoi n x(Time range)).

Hanpumep, ectu 3navenne Time range paBHO 7, a AIUTENBHOCTD HHTEPBAJIA MOJIEe-
JIApOBaHMA cocTaBJisgeT 16 equHuI BpeMeHH, TO B OKHe Scope Oyer BoiBeeH rpaduk
MO/IEJIMPYEMOTO POLIECCa 32 NIOCTIERHNE 2 e/MHULILI BpEMEHH, A CTPOKa IO rpahikoM
Oyner umers sun: Time of fset: 14. ‘

Onaxox Hide tick label no3ponser namennts Gopmy BeiBofa rpaduKa B okne Scope.
Ecutvt oH ycTaHoBJIeH, To ocu Tpaduka He oTobpaxatorcs, u rpad ik 3aHUMaeT BCIO pa-
6ouyIo 061acTh OKHA.

Yr1o6bl ycTaHOBIEHHbIE 3HAYEHUS TaPAMETPOB BCTYIIHIIN B CUTY, HeOOXOAUMO «Ha-
XKaTby KHONKY Apply, pacnionoXeHHYIO B HUKHEH YacT okHa Properties.

Ha Bxnanke Setting uMmerorcs cienyomue nomis (puc. 3.31):

1. llone General obecniednBaeT BBIGOP AMCKPETHOCTH U3MEPEHUs OTOOPAXKAEMBIX
BEJTHMHH (XapaKkTepUCTHK CHCTeMB] 1 MOEIbHOTO BPEMEHH ).

YcTaHOBKA AUCKPETHOCTH H3MEPCHS XapPAKTePHCTHK CHCTEMBL H BPEMEHU BbIIT0JI-
HSCTCS Pa3aeasHo. Bei6op mMpoOUsBOAMTCS C ITOMOIIBIO BLITAAAIONIEI0 MEHIO, COAEPKA-
niero ABa IMyHKTA!

Decimation — ycTaHOBKa AMCKPETHOCTH U3MEPEHHS XaPAKTEPHCTHK CHCTEMBI,

Sample time -~ ycranoBKa JHCKPETHOCTH U3MEPEHIS MOJEIHLHOTO BPEMEHH,

s BBos1a TpebyemMbIX 3HAYEHUH HCIOMBL3YETCA CTPOKA PEIAKTHPOBAHHS, PACIIONO-
JKEHHAsI CIIPaBa OT MEHIO.

o ysMonuanmo 1715t usMepsieMbIX XapakTepHCTHK IHCKPETHOCTb paBiia 1, a a4 Mo-
AeMBLHOTO BPEMEHH — HYJTI0. DTO 03HAYACT, UTO 3HAUEHHe HADIIOZaeMOll XapaKkTepiic-
THKH [3MePAETCA Ha KakoM UIAre MOJIEJMPOBAHUSA, 3 MOAEABLHOE BPEMsi CUMTACTCA
HerpepsIBHbIM. [cain napametp Decimation yCTaHOBUTL PABHBIM, HapumMep, 3, To 3ua-
YeHHe UCCIIelyeMOli XapAKTEePHCTHKY Oy IeT ONpeAesIAThCA TOIBKO 1 pas B Teuckne Tpex
utaroB Mogenuposanus. [lapamerp Decimation MOXKeT IPUHHMATD TOJIBKO 104 HCIEH-
Hble 3HaUCHM. [[HCKPETHOCTD H3MEPEHISt MOJIETIBHOIO BPEMEHH — 3TO (DAKTHYECKH Be-
JIYHHA Iara Mmogennposannd. 1o ymonuanuio ona pasua 0,02. /lna auckpetHsx cric-
TEM BEJIMUMHA llIara MOKeT ObITb 3a1aHa 71160 B BUAE NOI0KUTENbHOIT KOHCTAHTH], THOO
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Properties: Scupe
‘Axes i SEttiﬁgs l
General

Decimation ___ll 11

,Daté hisbjiy - :
{v Limit rows to last; ]_5000

T Savedatato w‘ﬁrkspéce

Puc. 3.31. Bknagxa Seftings oxua Hactpoek 6j10ka Scope

B (popMe BBIUHCIAEMOTO BblpakeH L. JJUCKPETHOCTh HM3MEHEHUS MOEbHOIO BPEMEHU
OTIpeENIAeT MOMEHT OKOHYAHHS BbIBOJA NAHHDBIX B OKHO Scope: eciu ouepeaHod uH-
TepBaJ 3aKaHYMBACTCS 32 IIpeielaMi OKHa, TO JaHHbIE JJI HETO He BHIBOMATCH.

3ameuanue. Tlapamerp Sample time nMeeTcsa npakTHYECKH BO BCeX 6H6IHOTEY-
ubIx 6510kax SIMULINK. st kaxxoro 6s10ka 3HaueHMe 3TOTO TapaMeTpa yCTaHaB-
JauBaercst HHAUBUAYaAbHO. Eciu 610K peanusyer HeKOTOPYO (GYHKIMIO, TO Hapa-
meTp Sample time onpenenser AUCKPETHOCTL BblucaeHuil. IoaToMy ans
KOPPEKTHOIT paboTH MOJEJIH HEOOXOIHMO COrIACOBBIBATH yCTAHOBKY TIapaMeTpa A1
B3aHMOCBSI3aHHBIX GJIOKOB.

2. lone Data history 1103BONAET 3a0aBaTh MAKCUMAbHbBIA 00bEM 1 CTIOCO0 XpaHe-
HHUSA 0TOOpaxkaeMbIX B OKHe faHHBIK. O6beM coxpansembix gaHubix ( Limit rows to last)
BBOZIUITCS B CTPOKe PedaKTHpoBaHHs. Criocob XpaHeHHs yKa3biBaeTCsl C TTOMOIIBIO (h1ask-
ka Save data to workspace: ecv OH yCTaHOBJIEH, TO 0TOOpakaeMble B OKHe Scope faH-
Hble COXpaHsoTes B paboueil obmactu MATLAB B Buse MaTpHIIBI, aHAJIOTHYHOI 11O
ctpykType MAT-dailny. Mima MaTpHLB yKa3piBaeTcsl B CTPOKE pefaKTUpoBaHus (110
ymosdanuio — ScopeData).
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3. ®naxok Floating Scope npenHasHayeH A1 U3MEHEHUs COCO62 MCIONB30Ba-
Hus 6510Kka Scope B 6s0k-uarpamme. [Ipu ycranosienHom daaxkke Scope orobpa-
skaeTcs Kak 6710k 6e3 BX0J1a, ¥ /iy OH OBl CBA3aH 110 BXOAY C ApyrumMu B10KaMH, To
3TH CBA3H «0OPHIBAIOTCS».

Brok XYGraph. 31or 610K Takke OTHOCHTCA K «CMOTPOBBIM OKHaM». OH mpen-
cTaBiAeT coOOH yupoienHblil BapuaHT 6;10ka Scope 1 obeclieyBaeT NOCTPOEHHE TPa-
$1KOB 3aBUCHUMOCTEH IPOU3BOJIBHBIX BEJIMYUH, GUTYDUPYIOUIMX B MOZieNH. biiok ume-
€T 1Ba BXO/1a, TEPBII U3 KOTOPHIX IPeiHA3HAYEeH JJIs1 BBOJA apIYMeHTA, BTOPOi — IJisl
BBOjIa 3HaYeHUH PYHKLMY 3TOTO APryMeHTa. '

Ha puc. 3.32 nokaszan praewrnuil Bug okda XYGraph, conepmamero rpaduk GyHK-
1wy sqrt(t), riae t — TeKyulee 3Havenve MoJesbHoro Bpemeny. Oxkuno XYGraph orkpsi-
BaeTCsl ABTOMATHYECKH NPH 3arycke Mozies. OHo uMeeT cOGCTBEHHOE MEHIO, coZiepika-
uee 4 pasnena:

4 B B0
X Axis

Puc. 3.32. Buewnuii Bug okaa XYGraph

¢ paanen File BxntouaeT cTangapTHble KOMaHABI PAOOTHI € halinamul, a TAKKE ONMLIY
BBIBOJIA TPahHKOB Ha I1€9aTh;

* pasnen Edit conep:xiT eIMHCTBEHHYIO TOCTYNHYI0 KoMaHuny — Copy Figure, koto-
pasi NO3BOASET KOTIUPOBaTh conepxnMoe okna X YGraph B 6ydep obmena;
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® cozmtepxanue pasaenos Window n Help coBnamaer ¢ coaep:KaHeM OJHOUMEHHBIX
paszesioB MeHK KoMaHAHoro okHa MATLAB.

Biok XYGraph uMeer cieyiolie mapaMeTpsl HacTpoiku (puc. 3.33):

Puc. 3.33. Okuo uactpoex 610ka X YGraph

*® quanas3onsl ocelt rpaduka (X-min, X-max — nns ocu abeuuce u Y-min, Y-max —
L1 OCH OpAUHAT);

® f1ar MOZeIbHOTO BpeMenH (Sample time), no yMoMAHKIO €10 3HaYeHNe paBHo —1.
ITO 03HAYAET, YTO BEJIMYHHA 111ara COBHAAET C YCTAHOBJICHHOH AJIsi MOJIE/H B IIeJ10M
(/60 co 3HayeHMEM OJ{HOMMEHHOTO MapaMeTpa MpeRIECTBYIOEro 6JI0Ka).

brok Display. On npeanasHaye st BHIBOAA HA 9KPAH YMC/IEHHbIX 3HAYEHUIT BEIM-
4yuH, GUrypupyomnx B Mogenn. biok umeer 4 napamerpa HacTpoiiku (prc. 3.34).
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=~ Par

Decimation:
1

I Floating display

Puc. 3.34. Okuo Hactpoek 6110xa Display

[epsoiii — Format — 3anaeT GopMat BbIBOAQ; (OpMAT BBIOUPAETCA € MOMOIIBIO
BBIIAJAIONIETO MEHIO, COZIepKaLIEro 5 IyHKTOB: short, long, short_e, long _e, bank. Tpex-
JaraeMble (POpMaThbl BBIBOZIA AHAOTHYHEL POPMATAM, HCIOIb3YEMBIM B KOMAHIHOM OKHE
MATLAB. Cnenyouiste ABa TapaMeTpa HCIOJIb3YIOTCS TaK e, KaK U OJHOMMEHHbIE
napamerps 6710Ka Scope:

Decimation — onpegenser nepuoUYHOCTh BbIBOZA 3HauUeHu# B okHe Display;

[epexnwouatens Floating display nossonsier ykas3piBaTh Cnocod HCNOIb30BAHUS.
6no0xa Display B 6si0k-1uarpamme;

Mone Sample Time 3anaet BeIMYHHY [IATa MOJETLHOIO BDEMEHY, T. €. IUCKPETHOCTD
BBIBOJA IAHHEIX B OKHO Display.

Baok Display Moxer ucIo1630BaThCs 1S BHIBOJA KAK CKAISAPHBIX, TAaK H BEKTOP~
HBIX JaHHDLIX. EC/i oToOpakaeMas BeJIYMHA ABJIAETCS BEKTOPOM, TO HCXOHbIA dop-
Mart 6/10Ka usMensieTcs aproMarudeckn. Q6 namenennu hopMara roBOPUT MaIeHbKHH
yepHLIi TPEYTOJIbHUK, TIOABJIAIONIMICA B HUKHEM PaBOM YTy 6J10Ka. [lis kaxaoro
a/leMeHTa BEKTOPa CO3/1aeTCA CBOE MUHH-OKHO, HO YTOObI OHM CTaJIH BUAUMBI, He0bX0-
JIUMO «PacTAHYTh» H306paskeiine 610Ka. [[J1s1 5TOro cJieiyeT BhLIEIUTD OJI0K, TOABECTH
KyPCOP MBIILUY K OZHOMY 3 ero Y1108 (KyPCOp NP1 9TOM NPHMET (opMy IBOMHOH CTpes-
ku), Haxatb JIKM, 1, He oTniycKas ee, pacTsaHyTh u3oOpaskeHnue 6j0ka. [Toce Toro Kak
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JIKM Gy et oTiyilieHa, Ha 9KPaHe NOSABATCA ZOTIOJHUTE/bHbIE OKHA C BHIBEIECHHBIMU B
HUX 3HAYEHHAMH 3JeMEHTOB BEKTOPa. Eciu x0T 6Bl 0HH 371€MEHT BEKTOPa OCTaICH
«3a KagipoM», Ha uzobpaxennn 6moka Display no-npextemy npucyTcTByeT depHbii
TpeyronbHUK. B aTOM CiIydae onepaLuio «pacTaruBanus» 6I0Ka CAeIyeT HOBTOPUTD.
Y6enutecs B BoamoxkHOCTAX Oi1oKa Display camocTosaTenbHo, NCTIONb3YS B KA4ECTBE
ucrounuka curnana 6ok Constant.

[MTocneqoBaTenbHOCTD AEHCTBHH IIPH STOM JIOJIKHA OBITh HOYTH TAKOM XKe, KaK IpH
3HAKOMCTBE ¢ 6710KoM Scope:

® oTKpoliTe pasnen.bubnuoTeku Sources (Memounuku) 1 nepeHecute U3 HETO HA
cBobonHoe ose HoBo# S-Mozenu 6ok Constant;

* u3 pasnena Sinks (ITonyuamenu) «ueperamunres nzobpaxenue 6noxa Display u
nomecTtute ero psagom ¢ Constant;

e nepemenas kypcop ot Beixona Constant k ssixony Display, coequnnre nx Mmex-
1Ly coboii;

® BLINOJIHUTE KOMaHy Start.

Tlocne 3aBepmenns pabotul «Monenu» B okie Display nossurca undpa «1»
(puc. 3.35).

11— 1]

Constant Display

Puc. 3.35. llpumep ucnoassosanus 610ka Display

* YTo0bl mONYUNTS H300pAKEHNE INEMEHTOB BEKTOPa, OTKPOIiTE OKHO HacTpoek 610~
ka Constant ¥ BBeINTE B KAYECTBE HOBOTO 3HAYCHHUS JTIOOYIO TOCIEN0BATEIbHOCTD Y-
ceJl, 3aK/II0YEHHYI0 B KBaJipaTHble CKOOKH (4HCIa L0JIKHBI ObITh pasaeseHsl npobea-
M 1 3anaTeiMn). [locse «Ha)aTus> KHOTIKU Apply (npumenums) onars sribepure
komauay Start. Ilocne 3aBepriernst paboThl MoJes Ha usobpaxenuu 610ka Display
MOSBUTCA YIOMUHABIIHICS BbILe YePHBL TpeyroJphudek. «Pactsianres 610K U ybe-
JIUTECH, YTO 3HaucHHs BekTopa Constant BbIBeAEHBI TpaBu/ibHO (puc. 3.36).

[246] ——®

Constant

Display

Puc. 3.36 Buisoz ¢ nomouibio 6aoka Display BextopHbix Bemyun
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Brok To File. Kax yse Obliio ckasaHo, 3TOT GJI0K UCTIONB3YETCA B Mape ¢ GJ0KOM
From File us pasnena Sources.

On obecnieyusaer 3anuchk B MAT-daiiyl faHHBIX, HOJIyYeHHbIX B X0/I€ MOIeIUpPOBa-
Hus. Dok uMeet cieyioline napameTpsl KacTpolku (puc. 3.37):

To Flle
'W'ntes time and input to spemﬁed MAT flle in row format

Tlme isinrow .

Pai‘@fnetérs -

Filename:
untitled. mat

Variable name:
-ans

Decimation:
S

Sample Time:
-1

Aoy ]

Puc. 3.37. Oxxo Hactpoek 6s0ka To File

Revert l

File name — vvs MAT-datina, 8 KOTOPBIil OYAYT 3aNUCHIBATLCS JaHHBIE (MOXET
ObITh YKa3aH ITONHLIN Y Th AOCTyIA K hailiny, no ymosuannio — untitled.mat); nms dait-
Jla BHIBOJMTCA Ha H300paKeHu 6J10Ka B OJI0K-IHArPaAMME;

Variable name — 1iMs1 iepeMeHHOH, TI0 KOTOPOMY MOKHO 0OPAlaThCs K JAHHBIM,
3anMCcaHHbIM B (haitsie (17151 TOro, HanpuMep, YTo0bl IPOCMOTPETh WJIM M3MEHUTH UX B
koMaHaHOM oKHe MATLAB); no yMo/19aHHIIO HCIOIL3YEeTCsl CTAHAAPTHOE UM Gns,

Decimation — IUCKPETHOCTDb 3aNICH NAHHBIX B (ailn; npu Decimation=1 3anuch

NPOH3BOAUTCS Ha KaXKIOM LIare MOJAEIMPOBAHNS; lTapaMeTp MOKeT MPHHUMATD TOJIBKO
LEeJOUYHCJIeHHbIC 3HAaYEHN A,

Sample Time — BenuuriHa Wara MOJeTUPOBAHUS JJIsl JAHHOTO HJI0KA.
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Brok To Workspace. Ou Takxe nmeet «napy» u3 paszena Sources — 610k From
Workspace u npegHaszHaueH /15 COXpPaHeHUs AaHHBIX, TOJYYEHHBIX B IIpolecce
MoJennpoBanus, B paboueit obmactu MATLAB. /lanHbie COXPaHAIOTCSA B BUIE MaT-
pHLbL, CTPYKTYPa KOTODOH OT/IHYaeTCq OT CTPYKTYPhl LaHHBIX B MAT-paline tem,

YTO.
® 3HAYEeHHsI COXPAHAEMbIX BEIMIHH PaCIIOJIOXKEHH! 10 CTPOKaM, a He 110 CTOJI6IIaM;

® HE PETHCTPUPYIOTCA 3HaYE€HU A MOJIEeJIbHOIO BPEMEHH.

brok umeer 4 napamerpa nacrpoiiku (puc. 3.38):
Variable name — vims1, o KOTOPBIM JaHHBIE COXPAHAIOTCS B paboueit o6mactu (110

yMoJT4aHuio — Simout);

“t To Workspace

Puc. 3.38. OxHo HacTpoek 610ka To Workspace
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Maximum number of rows (Maxcumanvnoe Koruvecmso cmpox) — NpeenbHo 10~
IIyCTUMOE YHKCJIO MIATOB MOJAENUPOBAHMA, [/18 KOTOPOTO PeruCTpUPYIOTCA aHHbIE (TI0
YMOJTYAHHIO 33/[A€TCsA KOHCTAHTO# inf, TO eCThb JaHHbIe PErUCTPUPYIOTCS HAa BCEM HH-
TepBaJjie MOJAEeTUPOBAHII );

Decimation — nuckpeTHOCTb PETHCTPALUN JAHHBIX;

Sample time — BenuunHa wara (AUCKPETHOCTD U3MEHEHUS ) MOJE/IBHOTO BpEMEHH.

JlBa mocjeqHUX MapaMeTpa UMeIOT TOT JKe CMBICIL, UTO ¥ OJTHOMMEHHEIE TTapaMeTPbl
6noxa To File.

Pasnen Discrete (Juckpemivie anemermot)

Batot pasaes BXogAT 6JIOKI/I, C IIOMOINBIO KOTOPLIX B MOZE/IN MOXKET OBITH ONUCAHO
MOBEAEHUC JUCKPETHBIX CUCTEM. Hamomunm, uto Pal3/invyarT JABa OCHOBHbLIX THUIIA Ta-

A - A —
z z-1

Unit Delay Discrete-Time
Integrator

of [Wp A b

Zero-Order First-Order
Hold _ Hold

yinFECx(nHDu(n)
*(n+1 FAx[nBUn)

h.V4

Discrete State-Space

1 1
>
142z z+0.5

Discrete Filter Discrete
Transfer Fcn

___[2-1] > :
2(z-0.5)

Discrete
Zero-Pole

Puc. 3.39. Pasnen 6ubauorexn Discrete
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KHMX CHCTEM: CUCTEMBI C [HCKPETHBIM BPEMEHEM H CHUCTEMBbI C JUCKPETHBIMU COCTOSHH-
samu (eM. gacTs 1 1. 1). Biioky, BXoAsiliue B paccMaTpUBaeMblil pasien 6ubauoTexu
SIMULINK, obecreuuBaroT MOJEIMPOBAHHE KAK TEX, TAK U APYTHUX.

Pasnen cogepxut 8 6mokos (puc. 3.39):

1. Unit Delay — 6510k 3anep:xku curaasa.

2. Discrete-Time Integrator — mucKpeTHbIT cyMMaTop (CUETYHK ) BPEMEH.

3. Zero-Order Hold — akcTpanoistop HYIeBOTo NOPALKa.

4. First-Order Hold — sxcTpanosigatop nepsoro nopsiika.

5. Discrete State-Space — 610k GOPMUPOBAHHS COCTOSHHS CUCTEMBIL.

baoxu, obecreunBaomiye Z-11peobpasoBanue BXOQHOTO CUTHANA:

6. Discrete Filter.

7. Discrete Transfer Fen.,

8. Discrete Zero-Pole.

C TOUKHN 3peHHs WILTIOCTPALIUE TEXHOJIOTUI UMUTA{HOHHOTO MOJETUPOBAHUSA HH-
Tepec PeAcTaBIAIoT nepBbie nBa 6JI0Ka B3 paccMaTpuBaemoro pasaena. [losnako-
MIMCA ¢ HUMU TobnuKe.

biox Unit Delay ofecriesusaer 3a/1epKKy BXOIHOTO CUTHAJA Ha 3aJanHoe YHCIO
nepuoJoB (I1aroB MOIETbHOTO BPEMEHH).
Tlapamerpamu HacTpoliku AJs aToro Hoka sBisiiotes (puc. 3.40):

~"% Unit Delay
UnuDehy
Sample and hold wnth one sample penod delay

Initial condition:
0

~Sample time:
1

Apply i Heverﬂ

Puc. 3.40. Oxuo nactpoex 610ka Unit Delay
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1. Hauansuoe 3nauenite curnaia (Initial condition) — snaueHvie aMIUIUTY b CHUT-

HaJla B MOMEHT aKTHBU3alluy OJI0Ka; OHO MOXeT OBITh 3anaHo b0 B BUJE YHCTOBOH
KOHCTAHTE!, 1160 B BUJE BHIYHICISIEMOTO BHIPAXKEHHS.

2. Bennuwna sanepxxu (Sample time) — onipeessieT 41C/I0 [AroB MOAEABHOTO Bpe-
MEHH, B TEYEHME KOTOPOTO COXPAHSIETCS 3HAYeHHe CUTHAIA, TIOCTYHBIIEro Ha Bxo/ 6J10-
Ka; KaK U MEePBbIH napaMeTp, MOXKET 3a/1aBaThCsA B JIOO0H dopMe, HO 3HAYEHHE Napa-
METPa HOJIKHO OBITh TOTOKUTETLHBIM.

Bnox Discrete-Time Integrator BoinosnHsAeT CYMMUPOBaHNE HHTEPBAIOB BpeMEHH
MeXKIY MOCTYIIEHNIMU BXOMHOTO CUTHAMA. B/IOK MOXeT OBITh MCHOJIb30BAH AJIS YII-
PaBJIEeHHSs JOTHKON paboTH OT/e/IbHBIX KOMIToHeHTOB MM 1iu Mozienu B esioM. B ya-
CTHOCTH, CYMMapHas AJTUTENLHOCTE PaboThl HEKOTOPOH NOACUCTEMBI MOKET CYKHTb
YCJIOBHEM «/IOCPOYHOTO» OKOHYAHM MOIe/ITMPOBAHUS.

Biox uMeert cnepyiomue napaMeTpsl HacTpoiku (puc. 3.41):

® UCOJb3yeMBli MeTOn MHTeTpUpoBanus (Integrator method); ¢ TOMOUIbIO BRINA-
AAIOLIEro MEHIO N0JIb30BaTelb MOXET BHIOPATh OMH M3 TPEX METO/I0B: IPAMOI METOL
Jiinepa; oOpaTHLIN MeTO DiJlepa; METO TPaleluii;

® NOAKTIOUEHHE JOTOTHUTENBHOTO yrpaBistomero curdana ( External reset);

® MCIIOJB30BaHUE BHeUIHeH YCTaHOBKH HAYa/IbHOTO 3HAYEHHSA BXOJAHOTO CUTHAIA
(Initial condition source).

Boi6op 3HaYeHUH BYX NOCAENHUX 1APAMETPOB TaKXKe nponssoamc;{ C MTOMOIIBIO
<BBINAJAUINX> MEHIO.

[Tapametp External reset MOXeET IPUHUMATH CJIE/YIONINE 3HAYECHNS:

none — NOMOJIHUTENbHBIH ynpaBﬂmomml CUTHAJ He HCIIO/IL3YeTCsE; .

rising — JUi yrpaBJeHus chonbsyeTca ‘facapaCTanmHH CUTHAJ, #t il#f o7 . il/" g koo

falling — nns ynpasienus ncnom;syé’rcn HCTAAIOMHIT CHTHAT, o w3 g L s .

either — Ha paboTy 6110Ka BausieT n11060€e nsMeHeHngﬁmmmynm ynpaBJmIo‘mero
CUTHAJA.

Hapamerp Initial condition source npuHUMAET OLHO U3 ABYX 3HAYEHMIL:

internal — wenonbayercst coOCTBeHHast yCTAaHOBKA HAYa bHOTO 3HAYEHHS CyMMaTOPa;

external — ycTaHOBKa HAYAJIBHOTO 3HAYEHUS TPOUBBOANTCS H3BHE.

Ecnu BbiGpanHbie TOAB30BATEIEM 3HAYEHUA ABYX PACCMATPHUBAEMBIX TAPAMETPOB
NPeANOJIAraloT Haaudie TOTOJHHTENbHBIX BXOAHBIX CHTHAIOB, TO HAa rPpagpHuecKoM
u30bpakeHHH HI0KA IOABSIOTCS AOTOJTHUTE/BHDbIE BXOAHbIE MOPTHI ([I0CHEe HAKATHA
kHonkM Apply B okHe HacTpoek 610Ka);

e navanbHoe coctosrnue cymmatropa (Initial condition); snauenue BBOAUTCA B
CTpOKe PeaKTHPOBAHNA 10O KaK YNCI0BAS KOHCTAHTA, THOO B BHIE BHITHCIISIEMO-
TO BHIpAKEHH;

o Qnaxok Limit output (Ozpanuuenue 8bix00H020 3HaueHUs cymmamopa) onpere-
nseT, OYAYT M UCIIOJIB30BATLCA CIEAYIONIHE HIDKe 4 TapaMeTpa HACTPOHKY;

® pepxHee IpesienbHOe 3Havenie BpeMent ( Upper saturation limit); no ymonuanuio —
He orpanndeHo (inf);
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'y Discrete-Time Integrator

[ Show saturation

7

Puc. 3.41. Oxno HacTpoek 6n0ka Discrete-Time Integrator

® HuKHee npeaenbHoe 3HaucHUe BpeMeHn (Lower saturation limit); o ymonya-
HUIO TapaMeTp UMeeT 3HadeHune —inf;

® daaxok noxazamv nopm nacoiuenus (Show saturation port),

¢ pnaxox noxkazams nopm cocmosnus (Show state port).
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[Tapametpst 5...9 ucnonbayiorcs ciaenyomum obpasom. Eciu guaskok Limit output
YCTAHOBJIEH, TO IIPH NIePexo/ie 3HA4YEHNs CYMMATODA YePe3 BEPXHUIA MK HUXKHUH npe-
[esl Ha OTOMHUTENbHBIX BoIxogax baoka (saturation port v state port) bopmupyercs
eAMHUYHBIN CHIHAJL.

YT06bI HTOT CHTHAT MOXKHO OBLJIO HCIOIL30BATD AJI yIpaBieHus paboToi S-Moze-
nu, bnaxku Show saturation port u Show state port fOJXHbBI OBITH BKIIOYEHH (TIPH 3TOM
Ha rpaM4ecKoM H300paxeHrH 610K NOSBJIAIOTCA 0603HaYeHust nopToB ). OcoberHocTh
TIOpTa state port COCTOUT B TOM, 4TO CHUMAEMDII C HET'G CUTHA MOXKET ObITh HCIIOAb30-
BaH TOJILKO U1 IIPEPhIBAaHUS anreOpandecKoro IUKJIa WK 7S COrIacOBAHUSA COCTOS-
HUsA NOJICUCTEM MOJENH.

Paanen Linear (Jlunetinvie s1emenmuot)

Pasjen conep:kuT 6J10KH, KOTOPbIE MOXKHO YC/IOBHO Pa3/eIuTD Ha JIB€ TPYIIILL: 6710~
KU, HEITOCPe/ICTBEHHO NTpefHa3HaYeHHbIE AJIS ONMCAHUA TUHEHHBIX HeNMPEePHIBHAIX CUC-
TeM, U 610KU 001IEr0 HA3HAYEHHUA, KOTOPblE MOTYT OBITh UCIIO/Ib30BAHBI B MOAEH JTI0-
6011 cucrembi (puc. 3.42).

K nepBoii rpyiiie OTHOCATCS:

1. Gain — «JInHEIHbIN yCHIUTeNb» (YMHOXKUTEND ).

2. Transfer Fen — «nepenatouHoe 3BeHO».

3. State-Space — 610k GOpPMMPOBAHUA COCTOAHUSA CUCTEMEL.

4. Zero-Pole.

5. Derivative — 670K BBIYHC/IEHIS TTPOU3BOAHO BXOAHOTO CUIHAJIA 10 BpeMer (du/dt).

6. Dot Product — 610K BbI4UCIIEHHS CBepTKH (CKAIAPHOTO IPOU3BEAEHHUSA ) IBYX
BXO/[HBIX CUTHAJIOB.

7. Matrix Gain — MaTpuyHbiil ycuanuTens (YMHOXHUTENb) BXOAHOIO CUTHAJA.

Bo Bropyio rpyuny BXoaAr tpu Goka:

1. Integrator — cymMmMaTop HellpepLIBHOTO BpEMEH!.

2. Sum — 610K CYMMUPOBaHUSI BXOJIHBIX CHTHA/IOB.

3. Slider Gain — 610k u3MeHeHus KO3GhGUUNEHTA YCUTEHUSL.

B coorBercTBUY ¢ 001e# KoHLeNIHeH Kaury 6osee noapobHo GyAyT PacCMOTpeHbI
6710KH, OTHOCAIIMECS KO BTOPOH IPyIIeE.

B0k Integrator IpOM3BOMT BEIYHMC/ICHHE «BPEMEHH CYILECTBOBAHIST» BXOLHOIO CUIHA-
118, 1, nonodHo 6noky Diserete-Time Integrator, Moxer GbITh HCIIONb30RAH /1A ONIPEIese-
HUS BPEMEHIIBIX XaPaKTEPUCTHK MOJETUPYEMOii CHCTeMBI (HJTH OT/IE/IbHBIX €€ IOAICUCTEM ).

TTapameTps! HacTPOiTKH 610K OIHOCTBIO MAECHTHYHBI [IAPAMETPAM HAaCTPOHKH 610~
ka Discrete-Time Integrator, paccMoTpenspiM paree. HekoTopoe oT/M4MeE UMEET JHLb
TIOCTIe{HUI U3 HUX: BMECTO IMCKPETHOCTH CYMMHPOBAHHUS B IaHHOM caydae TpeGyercs
VKa3aTb TOYHOCTH Beruncaenuit (Absolute tolerance).

baok Sum MoxeT HCIIONb30BaThCS B ABYX PeXKKMax:
® CJI0KEHHS BXOJHBIX CUTHAJIOB (B TOM UHCJIe C PA3HBIMII 3HAKAMH );
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s s+1
integrstor Transfer Fcn

X' = f+Bu (s-1)
y= Cx+0u 2(5+1)

Stste-Space Zero-Paole

du/dt 7 -

b
Derivative bat Product

K ¢ 711 P
Matrix Slider
Gain Gain

Puc. 3.42. Pasaen 6ubamorexu Linear

® CYMMUPOBAHUS 3JIEMEHTOB BEKTOPA, IOCTYIAKIIET0 Ka BXOX OJI0Ka,

JL1s1 yripaBiieHUs pexkuMaMi paboThl 610K HCITOIB3YETCA SIMHCTBEHHbIH apamMeTp
Hactpoiikit — List of sings (Cnucox 3naxog) (puc. 3.43).

3HAUEHMS STOTO napaMeTpa MOTYT 33aBaThCst OAHUM 13 Tpex cinocoGoB:

® B BHjl€ NOCJIEAOBATENBHOCTH 3HAKOB «+» H «—»; [[PH 3TOM YUCJO 3HAKOB ONpEne-
JIET YUCJI0 BXOROB G/10Ka, & CaM 3HAK — NOJIIPHOCTD BXOJHOTO CUTHAJIA;

* B BUZE 11671081 TOTOKUTENBHON KOHCTaHTHI (60Tbine 1); ee 3HaUeHHE PaBHO YHCITY
BXOR0B OJI0KA, A BCE BXOJBI CUUTAIOTCA TTONOKUTENLHBIMH (HanpuMep, BBOJ KOHCTaH-
Tl 4 aHAJIOTHYEH BBOAY «CITHCKa 3HAKOBy B hopme ++++);

* B BuZe CHMBOJA «1», KOTOPBIil yKa3biBaeT Ha HCHOJIb30BaHUE OJI0KA BO BTO-
pOM pexuMe.

Baok Slider Gain sipsisieTcs 0AHUM U3 51€MEHTOB B3aUMOIEHCTRIS TONIb30BATES C
MO/ICJIBIO B IPOLIECCE MOAEAMPOBAt Y. B aKTHBHOM COCTOAHMH OJIOK HPEACTABIISET CO-
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Add or subtract inputs. Specify one of the following:
a) +of - for each input port [e.q., ++-+)
b) scalar greater than T sums all input ports

c] 1 sums all elements of single input vector

Parameters

Ligt of signs:
++

 Apply ! - Revert l Help ’

.

Puc. 3.43. OxHo HacTpoek 6moka Sum

60it AnasoroBoe OKHO, 0GeciieynBalollee yCTAHOBKY 3HAUEHHS HEKOTOPOTO NapamMeTpa
MOJIENH € TIOMOTIBLIO «TI0JI3YHKOBOTr0» PETyasiTopa (puc. 3.44).

Biaox Slider Gain cTaHOBHTCSA aKTUBHBIM [IOCJE TOrO, Kak Oyier MoMelieH B
OKHO BA0K-AMAaTpaMMBbl co3gaBaeMoit Momeni. YToOL OTKPEITh OKHO € PeTyJIsaTo-

Puc. 3.44. Okno ynpasnenus, cosgasaemoe 6aokom Slider Gain
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pPOM, He0OXOAUMO ABAXKABI IENKHYTh Ha U3obpaxenuu 61oka JIKM: Oxuo Slider
Gain uMeeT TPYU NOJAS BBOAA: [Jis YKa3aHNs HUXHero ypoeHdA napamerpa (Low),
BepxHero yposus (High) u Texyuiero snavenus. Tekyllee 3HaYeHHE JOKHO Ne-
’KaThb BHYTPH AHaNa3oHa [Low, High]. Oxtako npu Bpibope HOBOTO IHaazoHa He-
00X0A¥MO CHayaja yKa3aTh HOBOE 3HAYEHHE lapaMeTpa, a 3aTeM M3MEeHMTD Ipa-
HUIIB! AMANa30Ha.

‘ Jul P © N sin p e b fteor p 3 min

Abs  Trigonometric  Math Rounding MinMax
Function  Function  Function

A b _ -
q = #[;::]> JAND D) == b

Product combinatorial  Logical  Relational Sign
Logic Oparator  Operator

; (=i

Rate Limiter  Saturation  Guantizer  Coulomb &
Viscous Friction

>$P / ; ]’C> >EL

Backlash Dead Zorne  Look-Up Look-Up
Table Table [2-D)

L JG} ﬂ%{:» aﬁ%{?

: Memory Transport  varisble Hit
: Delay  fransport Delay Crossing

MATLAB
b f{u) & Function & system £
Fen MATLAE Fen S-Function
:\\-D Hbo—-> H
= - o
Switch Marual Switch ’r—
Multiport
L[— Solwve -
f = Switch
1 ® fz)=0 2P

i Relay Algebraic Constraint

Puc. 3.45. Pasjen 6ubsmorexu Nonlinear
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Paszen Nonlinear (Heauneiiniote anemenmei)

I1o cocTaBy 31€MEHTOB 3TO CAaMBIH GOJMBIION M, TOKaMY A, Hanbo1ee 10JIe3HBIIH IS UMH-
Tal[HOHHOTO Mole/IpoBanms paszen 6ubamorekn SIMULINK. O cogepxut 30 6510KoB,
KOTOpDI€ YCJAOBHO MOKHO Pas/ieINTh HO HA3HAUEHHIO Ha HECKOIBKO rpynnt (puc. 3.45).

[lepayto rpytiy o6pasyioT 6ok, peayuayloliiue dSNeMeHTapHbIe MaTeMaTHYeCKHe
dbyaxnuu. K Takum 6710KaM OTHOCSITCS:

1. Bsiox Abs — dopMupyer aGCOMIOTHOE 3HaYEHHE BXOAHOIO CUTHA/A (ITOT OJI0K He
HMeerT 11apaMeTPOB HACTPOMKH).

2. bnok Trigonometric Function obecneunBaer npeo6pa3oBarue BXOIHOTO CHT-
HaJIa ¢ TTOMOLIBIO OXHON M3 TPUTOHOMETPUYeCKUX QyHKIUN; BEIOOp Tpebyemoil pyH-
KIMH TPON3BOAUTCA B OKHE HACTPOMKH MapaMeTpoB OJI0Ka ¢ IOMOIIBIO «BhITAAAI0-
HEero» MeHIo (OHO CTAHOBUTCS LOCTYIIHBIM TOJILKO TTOCJIE epeMellieHus 610Ka B 1ojie
610K~ AT PAMMDI).

3. baox Math Function mo3sBoisieT ¥CI10/1b30BaTh A IPe06PasoBaHUsa BXOLHOTO
CHTHAJIa 3/IeMeHTApHble HeTPUTOHOMeTPpHYecKHe GhyHKIUH (BRIYMCIeHUEe 9KCIIOHEeH-
ThI, HATYPAJIBHOIO U AeCATHYHOTO JOTaprudbMOB, BO3BEJCHHE B CTeleHb, H3BIEYEHHE
KBaJIPaTHOro KOPHs U T. 11.). HyskHas GyHKUMS BHIOHPAETCA C MOMOIIBIO «BBINALAI0-
LIero» MEeHIO.

4. Bnok Rounding Function cozepxut paznuyunbie GyHKIMM OKPYTIEHNS 3HaYe-
HUSA aMIUTATY/B! BXOJHOTO CUTHa/a; BHIOOP KOHKPETHOTO METO/IA OKPYTJIEHHS BBINOJ-
HSIETCS TAK)KE C IOMOILIBIO <BHINATAIOIET0> MEHIO,

5. Baok MinMax o6ecne4nBaeT ONCK MUHMMATBHOTO WM MaKCHMAJILHOTO 3JIe-
MeHTa BXOZHOTo BekTopa. [lenb noucka 3aaercsi B oKHe HacTpoek 6sioka. Bropoit na-
paMeTp HACTPOHKH — YHCHO BXOJA0B OJI0KA.

Jlns 610K0B 2...5 nMs BHIOPaHHO GYHKIHHN BHIBOAATCA Ha rpaduyeckom usobpa-
xKenun 6J10Ka.

6. Biok Fen — 2T0 yHUBEPCANBHBII <BBIYUCAUTEIbHBIA> OJIOK; B KadecTse Napa-
MeTpa HacTpOoiKH HI0Ka MOXKHO BBECTH JTI000€ BEIYMCISEMOE BEIPAXKEHNE, APIyMEHTOM
KOTOPOTO ABAACTCA 3HAYEHNE BXOAHOTO CUTHANa; 0coDEHHOCTD 3TOr0 610Ka COCTOUT B
TOM, YTO APTYMEHT BHIPAKEHHU N0JIKEH ObITh YKasaH ABHO. /[ 0603HaYe NS BXOJHO-
O CHUrHaJIa HCIIONb3YeTCs CMMBOJ #. EC/IM BXOAHOM CUTrHA SIBJISAETCS BEKTOPOM, TO [JIs
OIepalftii, BEIMOTHAEMBIX Ha/l OTAIbHBIMHU €ro 371eMEeHTaMU, apTyMEHT TakoKe JODKeH
OuITh 3afian sBHO. HalpuMep, cIoXeHHe IBYX 3JIeMEHTOB BXOAHOIO CHIHaA JOJKHO
OuITh 3anucano B TakoM Buje: #(1)+u(2) (puc. 3.46).

3ameyanue. Brruuciisemoe BpaxKeHHeE JOKHO JaBaTh TOJIBKO CKASIPHOE 3HAYE-
HHe. ITO orpaHHYeHre CHUMAETCs IpK ucnosib3osanuu 6oxka MATLAB Fen.

7. biok MATLAB Fen 110380J151€T IPHMEHUTD K BXOAHOMY CHIHaTY Jii00YI0 TIOATIpOr-
pammy 06paboTKH, peasiM30BaHHy o B BUte M-(ailia. 310 MoxeT ObITh Kak OMOInoTeYHasA
¢dynxuus naxkera MATLAB, tak 1 noanporpamMma, co3iaiias pa3paboTYuKoM S-MO/Ienu.

B niepsom cayyae ucnonbsoBanune 610xka MATLAB Fen aHanoruaHo uenosis3osa-
Huw O10ka Fen. BoruucasieMoe BulpaxeHne BBOAUTCS B OKHE HACTPOEK OJI0Ka B CTPOKe
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ral expression block. Usé""u".'

Exs Qez sm{uﬁ] * expl(2.3 u[21]]

Expression:
ufl ]+u[2] )

Puc. 3.46. Oxno nacrpoek 6s0xa Fen

MATLAB function. Ecax 0HO cCOfEpKUT TOJIbKO obpaniedse K GUGIHOTEYHOH (DyHK-
LY, TO ee apTyMeHT MOXHO SIBHO HE yKasbiBaTh. Hanpumep, 1A BelYUCTIEHUS KBA-
PATHOTO KOPHSA BXOAHOTO 3HAYEHNS JOCTAaTOUHO BBeCTH MMt QYHKIHUH SG7T.

Jpyroit, 6onee cymecTrernO, ocobennocTbio Hioka MATLAB Fen apnsercs nanu-
4pie BTOPOTO TapamMeTpa HacTpoiiku — Output width ([Tupuna evixoonozo cuznana). Ito
03HAYAET, UTO PE3YJILTATOM PabOTH OJI0Ka MOXKET GBITH HE TONBKO CKAMAP, HO M BEKTOP.
Yucio ero 51eMeHTOB [OKHO OBITh PaBHO 3HaueHuio mapamerpa Qutput width.

8. Biok Product 103B01€T BLIIOJIHSATL YMHOXKEHHE WIIH JeJIeHHUE HECKOJIbKUX BXO/I~
HBIX CHTHAJIOB (BesinuiH ). B kauecTBe mapaMeTpoB HaCTPOMKN MOTYT YKa3bIBATbCS YHC-
Ji0 BXOJIOB OJI0Ka U BHJI BBIOJTHAEMOM OTIEPAITHH.

3amaHne 3HAYEHNH 9THX TAPAMETPOB aHAJIOTMYHO HACTpoiike 610ka Sum u3 pasze-
na Jlunetinvie snemenmul. B KxauecTBe 3HaKa ONEpallMil YMHOMKeEHHSI UCTIONb3YETCs CHM-
BOJU «x», & A1 YKA3aHUA ONEePAlH IeTIeHNst — CUMBOJ «/».

Ecan B KauecTBe 3HAYEHUA TApaMeTpa HACTPOIiKK Gsioka BBecTH «1», To OyIeT BhI-
YHCIIATHCS IPOM3BEIEHNE 3JIEMEHTOB BXOAHOTO BEKTOPA (B 3TOM chiydae Ha uaobpaxe-
Huu 6J10Ka BEIBOJUTCA CUMBOJT P).

Bropyio rpyrminy o6pasyior 610ku, 06ecieuHBaOIIIEe JOrYeCKy o 06pabOTKY BXO-
Horo curHaia. Hanbosee BAXKHBIMIE ¥ TI0I€3HBIMH U3 HUX ABJISIOTCS C/IEAYIOIINE.

1. Bsiok Logical Operator cozepxnt HabOp OCHOBHBIX JIOTHYECKHX oniepainit: AND
(onepanus nornueckoro ymHOKeHMs «k»), OR (oriyeckoe cioxenne < 1J1W» ), NAND
(«A-HE»), NOR («MJIN-HE»), XOR (cnoxenne no moaysmo 2), NOT (onepanus jo-
rudeckore otpruanus). Buibop tpeGyemoil HyHKIMYM BHITIONHAECTCS ¢ HOMOUIBIO <BbI-
[aAanIero» Mexto; uMsa GyHKuMKM 0ToOpakaeTcs Ha HKOHKe OJioKa.

JlpyruM mapamMeTpoM HACTPOHKH 6GJIOKA SIBISAETCH YUCHIO apTYMEHTOB JOTHYECKO
ofepaliH, TO ECTh YHCIIO BXOAHBIX NopToB 6s0Ka (Number of input ports). Ero snaye-
HU€e BBOAUTCS B CTPOKE PEAAKTHPOBAHUS H TOJDKHO OBITh HATYPATbHBIM YHCI0M. Mak-
CHMAJIEHO IONYCTHMOE YUCJI0 BXOA0B GJIOKA TPAKTHYECKHU He OrPaHHYIEHO.

144



2. baok Relational Operator peanusyer onepauuu OTHOIEHUs HaJ ABYMs BXO/-
HBIMH CHTHAJIAMU: >, <, 2, <, = =(ToKIecTBeHHO0), = (1e pasHo). KonkperHas onepa-
11U BHIOMpaeTcs Npy HACTPOUKE MapaMeTpoB OJI0KA MOCPENCTBOM «BbINAAAI0NIEros»
MeHI0. 3HaK ollepallMi BRIBOANTCA Ha M300paxkeHun 6oka.

3. Biok Combinatorial Logic oGecneynsaer rpeofpasopaHue BXOAHOTO CHTHANA B
COOTBETCTBUM C 3a4aHHOM Tabn1eit HCTHHHOCTH. [0 CBOMM (hYHKIMOHANILHBIM BO3MOJX- .
HOCTSAM 3TO OYeHb MOIHEIA 6710K. C €ro MOMOUIbI0 MOKHO ONMCATh Ha YPOBHE «BXO/-
BBLIXO/» IOTUKY PabOThI J1I000T0 yCTPOHCTBA MITH cCHCTeMBbl. EAMHCTBeHHOE OTpannyeHue
3aKJIIOYAETCA B TOM, YTO BXOJHBlE JTAHHbBIE U PE3YJIBTAT AO/KHB ObITh IPEACTABYMBL B
dopme bynepix BemuuuH. HaromMEuM, uTO OyJieBa BeTHYMHA NPUHAMAET TONBKO ABA
sHaveHust: « 1» («rctunas ) wan «0» («10xb» ). Ha caMmoM neste 9T0 0ueHb «MsITKoe» orpa-
HMYEHHE, TAK Kax J11060€e IeUCTBIE, yTBEPKACHKE WK Pe3y ILTaT MOKHO OLIEHHTD I10 JIBYX-
GanabLHOM 1IKaJE: eCiu AeHCTBIE IIPOM30ILTO (MIIH €C/TH HEKOTOPOE YTBEPKAEHHE HaM
HPABUTCSA) — CTABUM eMy <«1», eciIH oke HeT — OHO HoJIyyaeT oleHKy «0».

Haripumep, BkodeHrne HAaCTONBHOM JIAMITBL MOXKHO ONHMCATh ¢ TOMOUIBIO 3aKOHOB
(DUBKKH, 2 MOKHO — C IIOMOIIBI0 OYIIeBbIX BEJTNIUH:

«HaXaJI BRIK/IOUATENb> («1») — «IaMna 3axriaaces («1»),

«He HAKaJI BoIKAoYaTesiby («0») — «n1amna He 3axxrnach» (<0»),

HJTH «HAKaJ BBIKJIOUaTeNby («1») — «j1aMma He 3axrnack» («0»).

IMocsiennuil BapuaHT BO3MOXKCH, €CJIV JIaMIIa HEUCTIpaBHa.

I1Ipu TakoM MOZXOJIE ONMUCHIBAEMOE YCTPOIICTBO PACCMATPUBAETCA KAK «4EPHBIH ALIKK>,
KOTOPBIIA IIPH IOCTYIJIEHUM BXOHOTO CUTHA/Ta (POPMUPYET HEKOTOPBII BBIXOAHOM CUTHAJ.

B xubepHeTHKE UL OMHUCAHYS H UCCIIEA0BAHMS PabGOTH «YePHBIX SITNKOB» CO3/1a-
Ha clleqUajbHasi TEOPUsT — TEOPUsS aBTOMATOB. Temepp, Bo3Bpamasch K 00Ky
Combinatorial Logic, MOXHO CKa3aTk, 4TO OH NpeACTaBJsieT coOH0i 0600MEeHHy 10 MO-
Iesb KOHeYHOro AeTePMUHUPOBAHHOTO aBTOMATa. [I7ish Takoro aBromMara sapaHee us-
BECTHBI BCE BO3MOJKHbBIE 3HAUEHHS BEIXOJHOTO CUTHAJMA, i Ha0bop ux orpannyeH. Ipu-
4eM KaK/[0e BBIXOAHOE 3HadeHUe OAHO3HAYHO COOTBETCTBYET OIlIpeAe/eHHOMY
BXOJIHOMY BO3/IEHCTBHIO.

Ha Bxox 6;10Ka MOXKeT NOAABATHCS KaK CKaIAPHBIN, TaK M BEKTOPHBIN cUrHasl. Cka-
JISIP B IaHHOM CJlyyae HHTEPIPeTHPYeTCs Kak ofHa OysieBa BEJIMYMHA, 2 BEKTOP — KaK
UX COBOKYTIHOCTb. [Ipu 970M M1060€ HeHyieBOe 3HaYeHue BXOMAHOIO CUTHAJA COOTBET-
CTBYeT 3HAUEHUIO «CTHHAY.

Baok 1meeT eAMHCTBEHHBI TapameTp HacTpoitkn — Truth table (matiuya ucmunno-
cmu), KOTOPHIH IIpeAcTaBisieT coO0i CIUCOK BO3BMOXHEIX BBLIXOIHBIX 3HAYCHUIT aBTOMAa-
ra. [Ipy 3atan i TaBMITB! MCTHHHOCTH HEOOXOMUMO COBITIONATH [1BA OCHOBHDIX 1PaBUJIa:

1) ymcsio cTPOK TabJIHIIb JOKHO OBITh PABHO 27, T/Ie 72 — YHUCJIO BNEMEHTOB (pa3-
MEPHOCTH ) BXOJHOTO CUTHANA;

2) BXOZIbl TaOMUIIB CYUTAIOTCS 3a[AHHBIML.

Hanpumep, ecan Ha Bxoz 610xa Combinatorial Logic nomaercs BexTophbiit curnan
¢ n=2, To napamerp Truth table npepcrasnsier co6oi CNIUCOK U3 YETHIPEX 3J]EMEHTOB,
uwanpumep takoit: [0;1;0;1] (puc. 3.47).
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+!! Combinatorial Logic

Puc. 3.47. Oxuo Hactpoek doka Combinatorial Logic

ﬂ]lﬂ IPpUBEAECHHOTrO IIpUMepa HOJIHaf[ T3.6]II’ILIB UCTHHHOCTU 6yz[eT BHITJIAAETE Che-
aytomym obpasom (tabi. 3.1):

Ta6bnuua 3.1.
Ipumep nonuoii TaGaunpl HeTuHHOCTH A1 6:10Ka Combinatorial logic

Bxonnoit cursan

1-1i DJEMEHT -1 DIIEMEHT BrixoaHoi curaan
0 0 5
0 1 )
1 0 5
1 1 .

Taxum oOpasom, napamerp Truth table onychiBaeT TONBLKO 3HAUEHHA BHIXOAHOIO CUTHAJA.

Pa3panHoCcTh BHIXOAHOTO CUTHATA, 2 TAKXKE 3HAYEHHe KaK0TO ero pa3psana Buibu-
paroTCs MOJIb30BaTEIEM Ha OCHOBE COOCTBEHHBIX NIPEACTABIIEHM O JIoTHKe paboTH co-
31aBaeMo S-MozLenu.

PaccMoTpuM cozepKaTeabHbIH IPUMED, HITIOCTPUPYIOUUH 0COOEHHOCTH HCTIO Ib-
30Baius HJI0Ka.

Myctb  fepyuike Male cobuparTes nocsaTaTbhCs ABa MOJIOABIX YeloBeKa — Baca
u Ilers. He sHas, koMy OTAaTh nipegnodrenne, Mama peutaer: «Kro npuzer ¢ Oyke-
TOM LBETOB, TOro u BelOepy. A ecu upurecyT oba — Toraa [lero». B awoboM ciyuae
Maiiia foJKHa COODUINTD 0 CBoeM Bribope poxurensaM. Onpenenus A1 cebst IMHHIO
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nosefenus, Malla HauMHAET AefiCTBOBATh KaK KOHEYHbIIl JeTePMUHUPOBAaHHbIH aB-
tomat. OnucaTth ero paboTy MOKHO C HOMOLIBIO IPHBEIEHHOH HIKe TabIH1Ib HCTHH-
HocTH (Tabn. 3.2).

Tabauua 3.2.
Ta6aua HCTHHHOCTH, ONTHCBIBAIOINAs Hoseaenne Mamu

Ha Bxozne Ha Brixone
Y Bacu usetst | ¥ Ileru userst | Otser Bace Orser Ilete ggzglrl;}:;f
0 0 0 0 1
0 1 0 { 1
1 0 1 0 i
1 1 0 1 1

Ilnst paccmarpuBaeMoli cHTyaluy 3HaueHve napamerpa Truth table 6ynet Buir-
JSETD CeAYIoUIM 06pazom:

[001; 011;101; 611}

[Tonesno eile pa3 OTMETHUTE, 4TO JN0O0e HEHYIEBOE 3HAYEHHE CUTHANA B GJIOKe
Combinatorial Logic TpakTyeTcst Kak <HCTHHA». ITO OTHOCUTCSA U K BXOLHOMY, M K Bbl-
xogHoMy curhany. [ToatomMy npu He06XOAUMOCTY IPHBEAEHHAS BbIIIe TabAU1a MCTHH-
HOCTH MOTJ1a Obl BBIT/ISLAETh HECKOJIbKO HHAYe. Ec/i nonoxutensbhblii oTeeT. Mau us-
6pannnky TpebyeTcs BHIPasUTh Yepe3 YHCIO0 mouesiyes (Hanpumep, 3), a coobuieHne
POAMTENSIM — Yepe3 CTOUMOCTh 1 MHHYTHI TesiepOHHOTO pasroBopa (Hanpumep, 4 py6-
n51), T0 B crpoke Truth table Hysx1o BBeCTH:

[004; 034; 304; 034].

CopMMPOBaHHLIH BLIXOMHOH CHUTHAJ MOXKeT OBITh UAH BHIBEAEH B Kakoe-nnbo
«CMOTPOBOE OKHO», WM TTepefiaH Ha Apyrue OI0KU S-Moaen.

Crenyioutue yeTbipe 0J10Ka MOXKHO PaCCMaTPUBATh KAK BAPUAHT MoZuQUKaLiH 6710~
ka Combinatorial Logic 1711 HenpepsIBHOTO BXOHOTO CHTHAA.

Dead Zone (Mepmsas 3ona) — 3aMeHsieT 3HA4YeHUe BXOJHOIO CUTHAJIA, JieXalliee B
3a/laHHOM JIUANA30HE, HYJIEM;

Look-up Table (Ta6ruya noucka) — BylIOJIHIET TUHEHHYIO HHTEPIOIALHIO BXOI-
HOTO CUTHATA B COOTBETCTBUH € 33[aHHON TabaMuHOM hyHKIHEI.

Look-up Table(2D) — npou3BogHT JHHEHHY O HHTEPHNOAAUNIO ABYMEPHOTO BXOA-
HOTO CHTHAJA;

Hit Crossing (O6napyoceno nepeceuenue) — 103B0NAET HAEHTHDUIIHPOBATD MOMEHT
BPEMEHH, KOT/Ia BXOJHOM CUTHAJI «IIePeceKaeT» HEKOTOpoe 3HaueHHMe: I1pH TTOABIeHIN
TaKoil CUTyallvi Ha BeIxoze 6710ka HGOPMUpPYeTCsl eANHIWYHbII CUTHAT.
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Buox Hit Crossing Bo MHOTHX C/Tydasix OKa3bIBaeTCsl BeChbMa yAOOHbIM CPEICTBOM YII-
PaBJICHUS JIOTHKO paboThL S-MOZENH, TO3TOMY OCTRHOBHMCS HA HEM HEMHOTO IT0ApoOHee.
bnox umeet Tpu napamerpa HacTpoiiku (puc. 3.48):

3 Hit [stsing

~Hit Crossing

i rces simulation to Iocate ["hlt"] zero crossmg of the .
“input signal. Dutputs1 when hlt crossung is dEtEthd
otherwlse outputs D ~ :

Paramet S

Hlt crossmg uﬂ‘set
0

Hit crossing direction: either

v.'Show output purt

ITIE TN

éppiy ‘ F%evert4 l/ Help l

Puc. 3.48. Oxno HacTpoek 6sioka Hit Crossing

Hit crossing offset — onpenenser 3HaYeHNe, <IepecedeHne» KOTOPOro HeoOXoaH-
MO UACHTH(UIIUPOBATE;

Hit crossing direction 103B0/IsgeT yKa3aTh HaNPABIEHHE <IIEPECEIEHAT», KOTOPOE
HHTEPECYET PazpaboTYHNKA MOJEJIH; 3HAUEHNE ITOTO NapaMeTpa BHIOUPAETCS ¢ TIOMO-
1[BIO <BBIIAIAIONIEIO> MEHIO, KOTOPOE COLEPIKUT TPHI MYHKTA:

rising (go3pacmanue),

falling (y6vieanue),

either (8 06oux nanpagreHusx);

Show output port (noxazams evixodno nopm) — (HIaXOK, C HOMOUIBID KOTOPOIO
MOKHO BBIOpATh (hopMaT HCIOIb30BaHusA OJIOKA.

Ilpu ognoBpeMeHHOM BBIIOJHEHUH YCJIOBMH, 3agaBaembix napamerpamu Hit
crossing offset u Hit crossing direction, Ha Bbixofie 6s0ka HOpMHUpPYeTCS eMHAYHbII
uMnyasc. Ero miutenbHOCTb ONpenensieTcs 3HadeHueM napamerpa Sample time 6110-
Ka, peAecTByomero B Mogenu 6;roxy Hit crossing. Ecin stor mapamerp orcyT-
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CTBYeT, TO eAMHUYHLIH CHTrHAT Ha Beixoje Ooka Hit crossing cymecrsyer 1o ero cie-
Lymomero cpabaTsiBaHus.

B Tperbio rpynny MOXHO 00LEANHUTD OJI0KH, PeaU3yonne GPyHKIHIO 3aTePKKH
BXOAHOrO curHana. Takux 6;10koB B pasznene Nonlinear tpu:

Memory (Ilamsampb);

Transport Delay (3adepocka nepedauu)

Variable Transport Delay (Mauensemas sadepicka nepedauu).

Briok Memory spisercs Hauboiee «caabbiM» U3 HUX 110 CBOUM Bo3MOXKHOCTAM. OH
BBLINIOJIHSAET 3aIePKKY BXOAHOTO CUTHAJIA TOJBKO HA OJIMH IIAT MOJEIbHOTO BPEMEHHU,
Brox nmeet nBa napaMeTpa HacTpoHkH (cM. puc. 3.49):

-~ Memory

Applies a one mtegratlon step delay The output is the
previous input value.

~Parameters -

Initial condition;
0

I Inherit sarnple time

Apply _J 'Heveu  Help I

Puc. 3.49. OxHo Hactpoex 6;10xa Memory

Initial condition (Hauanvnoe cocmosanue) — 3afiaeT 3HAYEHHE aMILIMTYIB BXO/-
HOTO CHTHAJIA Ha MOMEHT HHMLHANH3aHN 6J0KA; B OOIBIIIHCTBE CJIYYaeB 1EeI1ecood-
PasHo MPHHUMATD 3TO 3HAYEHIe PABHBIM HYJI10; hakok Inherit sample time (nacae-
dosanue uiaza épemeni) M03BOJsAeT BHIOPATh BeJIHYHHY Iiara, Ha KOTOPbIHA Oyner
IIPOU3BOAMTHCS 3a/I€P:KKa CHTHAJA:

® ecai (QAKOK CHAT, TO HCIONAL3YEeTCS MUHIMAJbHBIN 11ar, papHbii 0.1 eqHHUI(bI
MO/IeJTbHOTO BpeMeHy;

® ccain (b1aXKOK YCTAHOBJIEH, TO BeJIMYMHA LIara onpeaessieTcs 3HaueHueM Sample
time H10Ka, npejiuIecTayomero 670Ky Memory.

Baox Transport Delay oGecrievnsaer 3agepxKy cHrHala Ha 3aaHHOE KOJIHYECTBO
1Iar0B MOJIENLHOTO BPEMEHH, TpUYeM Heobs3areabHO 1ienoe. Hactpoiika 610ka mpous-
BOIMTCS C IOMOILbIO TPeX napametpos (puc. 3.50):
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="\ Transport Delay

Puc. 3.50. Okto Hacrpoek 6510ka Transport Delay

Time delay (Bpems 3a0epxcku) — KOIMIECTBO IIAroB MOAEILHOTO BpEMEHH, Ha KO-
TOPOE 3a0EPKUBACTCS CUTHAI, MOKET BBOAUTHCA THOO B 4MCI0BOI popMe, 7160 B (bopme
BBIYHCIISIEMOTO BBIPAKEHUS; 4 P ,

Initial input (Hauanvnoii 6600) — 3HaYeHHE AMITUTY /Bl BHGAHOTO CHFHAsA B MO-
MORLMEMMSRIdaTHR-OM0Ka (110 yMOT4aHHIo pasHo 0); ‘

Initial buffer size (Hauanvnviii pasmep bygepa) — o6beM namatu (B GaiTax), Bbl-
nenseMoit B paboueit obiactu MATLAB mist XxpasHeHUs TapaMeTpoB 3aePKaHHOTO CHT-
HaJla; 3HAYeHHe TapaMeTpa A0JUKHO ObITh KpaTHO 8 (110 ymondannmw — 1024).

Bnok Variable Transport Delay nossossier 3aaBaTh ynpasiseMyo H3BHE BeJHIY-
Hy 3anepxku. C 3ol nensio 610K uMeeT RonoaHuTeNbHE BX0g. [lofaBaembiii Ha Hero
CHUTHAJ OIpelessieT IUTUTeJbHOCTD 33/IePKKH HH(POPMAaHHOHHOTO CHTHAJIA, TOCTYIA0-
IETO Ha OCHOBHOH BX0J1 6710Ka.

Jlannblii 610K, KaK U IpeAbLAYIH, nMeeT 3 mapaMerpa HacTpoiikn: Maximum delay
(Maxcumanvnas sadepxcxa), Initial input v Buffer size. Hasnauenune apyx nocnemnux
I1apaMeTPOB UAEHTHYHO HAa3HAYEHHUIO OAHOHMEHHBIX napaMeTtpos 6oka Transport delay.

Ilapamerp Maximum delay onpepensieT HanubOIDLIIYIO NOMYCTUMYH BETHIMHY 3a-
mepxKH MHGOPMALKHOHHEOro curtana. Eciy BeqmynHa 3aIepiKKy, ONpenensieMas yi-
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PaBJSIOMM CUTHAIOM,  NPEBBIHIAET 3TOT [OPOT, TO OHA IIPUHYAUTEIBHO YCTAHAB-
JMBaeTcs paBHOR napameTpy Maximum delay. Ero sHadeHye n3MepAETCS YUCIOM Lia-
rOB MOJIENIbHOTO BpeMeHH, MOKeT UMEeTh IpobHOe 3HaUeHHe H BBOAUTLCS MO0 B 4HC-
51080 hopme, 1160 B (hopMe BBIYMCTISIEMOTO BbIPAXKEHHA.

YeTBepTyio IPymny o6pasyioT «OI0KH-NepekIioYaTen», TO eCTh OJOKH, YIpaBJii-
IOUIME HAMTPaBJIEHUEM Niepefadn cCuraana. Takux GJI0KOB YeThIpe:

Switch (Ilepexnouamenn);

Manual Switch (Pyunoti nepexniouamens),

Multiport Switch (Muozosxodossiii nepexmouamens)

Relay (Pene).

Biok Switch umeer Tpu Bxoza: iBa nngopmanonusix (1-it u 3-11) 1 oquH ynpag-
naomwuil (2-i). Jloruka paboTel 610ka cOCTOUT B ciaeayoiiem. Ecam amniantyga cur-
HaJja, TOCTYHAIoN[ero Ha 2-if BXOJ, He MeHbllle 3aJaHHOTO MOPOrOBOr0O 3HAYEHUS, TO
Ha BeIXOJ 6J10Ka nepesaeTcs cUurHasi ¢ 1-ro BXo/1a, B IPOTUBHOM CJiydyae — CHrHaJ ¢ 3-
ro Bxona. Biok nMeeT enMHCTBEHHBIH Tapamerp Hactpoliku — Threshold (Ilopoz).
On MoxeT 3a1aBaThCst MO0 KaK YHCI0BasA KOHCTAHTa, TU60 KaK BBIYUC/ASEMOE BbIPa-
xenue. Ilepuonnunocts cpabarsiBanus 6oka Switch onpeznensiercst 3HaveHrem na-
pametpa Sample time 610Ka, TOACOEUHEHHOTO K €r0 YIPABAAIOIEMY BXOLY.

Ha puic. 3.51 nokasan npuMep ucnonb3oBanus 6;10ka Switch (3Hayenne napamMeTpa
Threshold pasHo 5).

Constant1 Display
r___.“
7 Switch
Canstant2

Puc. 3.51. [Ipumep ucnoassosanus 010ka Switch

Heo6xozmmo HUMETD B BUAY, 4TO IIPH UBMEHCHHK HAIIpaBJIEHHA nepegaqyu CHrHaj a
IIOIOXCHHE «ITEPEMDIYKHN»> Ha HKOHKE 6y10Ka He HaMeHsercd.

Brok Manual Switch He uMeeT napamMeTpoB HaCTPOIIKM U MO3BOJISIET «BPYYHYIO»
BHIOMPATH OAMH 13 IBYX BXOAHBIX HOPTOB, CUTHAM ¢ KOTOPOTO OYIET MepeaBaTbesl Ha
BbIX0[ 6710Ka. J{/1s1 IepeMeLeHNs «TIePEMBIYKN», COeIMHAIONIEH BLIXOAHOM TOPT 610K
Manual Switch ¢ BxoansiM, HeoOxoxHMO ABaK b WeIKHYTh JIKM Ha nzobpaxeHnn
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610ka (MpeaBapUTENbHO, KOHEYHO, 610K LO/KeH ObITh IIOMelleH B 10Jie GJI0K-auar-
paMMBbI pa3pabaThiBaeMOI MOZENH ).

Brnox Multiport Switch obecneunpaer nepenavy Ha BEIX0JI CUTHAA, TIOCTYIIAIOLLE-
ro Ha OfAuH 13 vHbOPMALMOHHBIX BXoA0B. HoMep koMMyTHpyemMoro Bxoza paBeH 3Ha-
YeHMIO CUTHAJA, [I0JIaBAEMOT0 Ha yrpas/somuil Bxox 6yoka. Ecin a10 3Havenue sis-
AsteTcsd NPOOHBIM YKUCAOM, TO QHO OKPYTASNETCH QO UEJOTO 110 CTAHAAPTHHIM
apudMeTniecKuM npasuiaM. Mckiouerue cocTaBnaioT 2 ciydas: eciv 3HaUYeHHe yII-
PaBAAIONIET0 CUTHAJIA MeHblIe 1, TO OHO CYHTAEeTCs paBHBIM 1; €CJIM 3HaYeHHe yIpas-
JIAIOHIETO CUTHAJIA [TPEBBILIAET YHUCII0 HH(GOPMAIOHHBIX BXOIOB, TO OHO IIPHHIMAETCs
paBHBIM HaubOJIbLIEMY HOMeDY (BXO/IbI HYMEPYIOTCS CBEPXY BHH3).

biokx nMeeT oauH napaMeTp HacTpoitku — Number of inputs (Qucro 6x0006),
KOTODBIH yCTaHABIMBAET YUCI0 HHGOPMAIMOHHBIX BXOJ0B. 3HaYeHHe TapamMeTpa
MOKET BBOAUTHCA B (HOPME YNCTOBOIN KOHCTAHTHI HUTH B POpME BBIYHCISIEMOTO BHI-
paskeHH.

Biok-guarpaMma, moAcHsaomas paboty 0710Ka, npuBeena Ha puc. 3.52.

1.7
- L—a
L
N
2l

Display
L,
9 I Multiport

Switch

Puc. 3.52. [Tpumep ucnonszopatus 610xka Multiport Switch

bJiok Relay paboraer 1o aHazoruu ¢ 06LIYHBIM peJie: eCIM BXOTHON CHIHAJ TIpeBbI-
IIaeT HEKOTOPOE IIOPOTOBOE 3HAYEHHUE, TO Ha BBIX0/ie 6710Ka GopMUDYeTCs «pasperai-
Hiwii» CUTHAL

bBrox uMmeer 4 napamerpa HacTpoiiku (puc. 3.53):

Switch on point (Touxa exnrouenus) — 3anaeT NOPOroBoe 3ga4YCHUE, IPY IPEBbILLe-
HUU KOTOPOTO TIPOUCXOMIUT «BKAIOYEeHUe» peie;

Switch off point (Touka evixniouenus) — 3aaeT YPOBEHb CUTHAJA, TP KOTOPOM
peJie «BBIKTIIOYAETCS»;

Output when on (Boixod npu 6Ka0uennom COCMOSHUNL) — ONPENENAET 3HAYCHHE aM-
TLTATY/Ib] «Pa3pellalonero» CUTHANIA;

Output when off (Boxod npu evixawnuennom cOCMOAHUY) — YPOBEHb CHTHAA HA
BBIXOZE pesle, KOr/Za OHO HaXO/[UTCS B COCTOSIHIU <«BBIKJIIOUEHO>.
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*Dutputs the specified ' on' or ‘off! value by eempanng the
input to the specified thresholds. The on/off state of the
relay is not aftected by mput between the upper and
lower limnits .

- Pvare‘meters
Switch onh point:
eps
Switch off point:

- eps

Output when on:
;

Dutput when off:
1]

Hevert I 3 Ijip I

Puc. 3.53. OxHo Hacrpoek 6;10ka Relay

3HaueHUd BCEX 1aPAMETPOB OI0KA MOTYT BBOAUTHCS MO0 B POPME THUCIOBBIX KOH-
CTaHT, 1n60 B hopMe BBIMHCIISIEMBIX BHIPAsKEHUH,

OcranbHble 6IOKU pa3jiesia UCTIONb3YIOTCSI B OCHOBHOM TIPU MOJENTIPOBAHUHU CHC-
TeM aBTOMATUYECKOTO PEryIUPOBAHUA U B KHUT€ He PACCMATPHBAIOTCA.

Paspnen Connections (Coedunumenvusie y3avt)

BoapmuHCTBO 610KOB JAHHOTO pasjiena NpeJHasHAuYeHo Asl pa3spaboTKH S-Moje-
Jieit, conepKalx Mofieny 6oJiee HU3Koro ypoBHsi (mozcuctemnl ). Cocras 610K0B pas-
Aena noxasa Ha puc. 3.54.
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b
A Mux b pemux
] g
Mux Demux
A % o
From Goto Tag Gato
Visibility
A D A A
Data Store Data Store  Data Store
: Read Memony Wirite
Enable Trigger

=

Ground Terminator

(1

b [T

Ic Subsystem

i

Selactor Wwidth

N

Merge b

Merge

Pnc. 3.54. Pasnen 6ubinorexu Connections

TexHOMOTYS CO3ANMS U UCTIOJIB3OBAHUS TIOACUCTEM Oy/eT OMUCcaHa B ceyollel

I71aBe, HO3TOMY IOKA OrPAHMYHUMCsl TOJIBKO KPATKOH XapaKTepucTuKkoi OJI0KOB, OTHO-
CAUMXCA K 9TOH Tpymne.

1. Baioxu In (Bxodwoi nopm) v Out ( Boixodrnot nopm) 06ecieynBaioT < 1MHEHHYI0>
CBA3b MEXAY TOICUCTEMaMK MOJIEJIU T10 HH(OPMAIIHHL.
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2. Baoku Goto Tag Visibility (IIpusnax eudumocmu), From (npunamo) u Goto
(nepedamv) UCTIONBIYIOTCSI COBMECTHO U MpeAHAa3HAYEHB AJ151 0OMeHa JaHHBIMHU
MEXIY Pa3IUYHBIMH KOMIIOHEHTAMHU S-MO/eJH C YYeTOM JOCTYITHOCTH ( BUANMOC-
TH) 3THX JaHHBIX.

3. Baoku Data Store Memory (Ilamams dannvix), Data Store Read (umenue dan-
nowx) u Data Store Write (3anuce dannbix) TakKe UCTIONL3YIOTCSA COBMECTHO ¥ olecrie-
YHBAIOT HEe TOJIBKO Nepe/iady JJaHHbIX, HO  UX XpaHEHHE Ha HHTepBasie MOeIMPOBaHMUSI.

4. Bioxu Enable (Paspewumv) u Trigger (B 1aHHOM cJy4yae yMeCTeH OYKBaIbHBIN
IIePEBOJI ITOTO CJIOBA — 3AWENKA) Npe/Ha3HaYeHbl U151 JIOTHIECKOTO YIPaBJIeHUs pa6o—
TOI nojacucTeM S-Mozenu.

5. Baox Subsystem (ITodcucmema) npeacrasaser coboit «3aroTOBKY» IS CO3/a~
Hus nozcuctemsl. [logcucreMa — 3TO AOCTATOYHO caMoCTOATeNbHAsA S-Momenb Gonee
HH3KOr0 YPOBHs1, KOTOPasi, B CBOIO OUepenb, MOXKET COEPKATD IIOACHCTEMbI TPON3BOJIb-
HOTO YPOBHS BJIOKEHHOCTH.

Hapsiay ¢ nepeuncieHHbIMU Bollle, pa3fien Connections COAEPKUT ellle HeCKOJIbKO
3JIEMEHTOB, KOTOPbIe HMEIOT CAMOCTOSITEIbHOE 3HAYeHHe H MOTYT 0Ka3aThCs BeCbMa o~
JIe3HBIMU [IPH CO3ZAHUN MHOTUX IIPAaKTUYECKUX TIPHUITOKEHNI:

Box Mux — BBIIIONHAET 0ObeANHEHHE BXOAHBIX BEJTHMYUH B OJUH JHHEHHBIH BeK-
Top. [1pu 3TOM BXOZHbIE BEJMYHHBI MOTYT OBITh KaK CKa/NSIPHBIMH, TaK 1 BEKTOPHBIMU.
PasMepHOCTS Pe3yIBTHPYIOLIETO BEKTOPA PABHA CYMMAPHOMY KOJNYECTBY 31€MEHTOB,
NOCTYNawIUX Ha BXOAHble MopTs 610ka. Hanpumep, ecov Ha 1-11 Bxox 6J10Ka ofaeT-
cs1 MaTpulia pasMepoM 2 X 2, cogepxkamas yeteipe anemenra:[[1,4],[6,7]], na 2-it u 3-i
BXOJABl — KOHCTaHThl 2 ¥ 3 COOTBETCTBEHHO, TO BBIXOAHON BEKTOD OYIET BHIIJIAAETD
tax: [14 67 2 3] (puc. 3.55).

(1416711 ——~|-N

2 t———>» Mux —p

1

Mux

L

Display
Puc. 3.55. [Ipumep ucnonsaoBanus 610xka Mux

bnok Mux nmeeT OAUH napaMeTp HacTpoilku — Number of inputs (Yucno exodos).
Bnok Demux (Pasdeaumens) BoINOMHAET GYHKIUH, IPOTHBONOIOKHbIE QYHKIUSIM
60xa Mux: pasjiesisieT BXOHOH BEKTOD Ha 3alaHHOE YUCJI0 KOMIIOHEeHTOB. JlanHblii 610K
TaKe UMeeT eJMHCTBEHHBIN MapaMeTp HacTPOMKH, KOTOphIit HasbiBaeTcsi Number of
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outputs (Yucno eoixodoe). ITOCKOIBKY COOTHOLIEHNE MEXKAY PAasMEPHOCTbIO BXOJHOIO
BEKTOPA ¥ YHCIOM BLIXOJIOB HI0Ka MOKET OBLITh PA3IHUHDIM, TO Pa3MEPHOCThH KOMIIOHEH-
TOB BBIXOJJHOTO BeKTOpa paspaboTIuKy MO HEOOXOAMMO ONIPEALNISATD 3aPanee caMo-
My. IIpu 5TOM creiyer yuuTeBaTh clefyionue ocobennoctu pabors 61oka Demux.

Ecnn pasmepsocTts BxonHoro sekropa (M) pasHa snadenuio napamerpa Number of
outputs, T. e. uncyy Boxoa0B Osoka (N), To Ha BCex BbIXoax 610Ka POPMUPYIOTCA CKa-
JIAPHBbIE BEJIMUMHDI — BXOZHOU BEKTODP NIPOCTO paciiaiaeTcs Ha OTAeIbHbIE 3JIEMEHTHI.

Ecii pasMepHOCTb BXOJZHOTO BEKTOPA IIPeBbILIAET YHCIO BHIXOAOB 610Ka (M>N),
TO Ha IepBbIX (7—1)-0M BbIXo4aX GOPMUPYIOTCHA BEKTOPL], pa3MepHOCTb KOTOPBIX PaB-
Ha lleJIol yacTu oTHouleHusa M /N, a pasMepHOCTL BEKTOpa Ha TIOCJIeIHEM BBIXO/IE PaB-
Ha OCTaTKy OT Aejenus (puc. 3.56).

Ecan M<N, To 1pu 3amyCKe MOJEH BbIaeTcs coobienne o6 omubKe ( <HeCOOTBET-
CTBUE Pa3MEPHOCTH IIOPTOB» ).

L
JUILL

[57983] eI

Demux

Puc. 3.56. [Ipumep ucnonp3oBanus 6noka Demux

Bnoku Ground (3emns) u Terminator (Oeparuuumens) MOTYT UCIIO/Ib30BATbCS B Kaye-
CTBE «3aryIIEK» JJIs1 TEX TIOPTOB, KOTOPBIE T10 KAKOH-THH0 MPUYIHE OKa3aTUCh He IOMKII0-
YEHHBIMH K APyriM O10KaM S-Mozesu (HanpHMep, Ha 3tarie otiaaku Mogenn ). baok Ground
HCIIONB3YETCs] KaK «3aryIylliKay /1 BXOIHBIX [TOPTOB, a 6710k Terminator — 151 BBIXOZHBIX.
I[TpriMeHeHye YKa3aHHBIX GIOKOB [O3BOJIsIeT H30ekars Bblnauy uuTepnperaropom MATLAB
TIPEYTIPEsKAEHIUS O TOM, YTO B S-MOJEN UMEIOTCs HETIOAKITIOUEHHbIE TIOPTLL,

Biiok IC (Initial Condition — nauaneioe cocmoanue) NO3BONSAET yCTaHABIMBATD ITPOM3-
BOJILHOE HAYaIbHOE COCTOSIHME BXOIHOTO CUrHaIa. [ TnTebHoCTh peObiBaH s CHCTEMBI B
3TOM COCTOSHUY pPaBHA AJIUTENbHOCTH 1ara Mojeauposanus. [lapamerpom HacTpouku
6noka seasiercs senuarta Initial Value (3nauenue cuziiana na momenm exooda 6 61ox).

Baok Width (Pasmep) Buiuucssger pasMepHOCTb CUTHANA, HOCTYNIAIOLIETO HA €I0
BXOJI. Beiunciennoe 3HaueHHe BHIBOAUTCS HEIOCPEACTBEHHO HA U300paxxeHny OJI0Ka.
ITapameTpoB HACTPOMKHU OH HE UMEET.

Bnox Selector (Cenexmop) BeiOMpaeT Bo BXOJHOM BEKTOPE U TIePEfaeT Ha BBIXOJ
TOJIBKO T€ 3JIEMEHTBI, HOMEPA KOTOPBIX YKA3aHEI B apaMeTpax HacTpOHKM 6i0Ka.
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bJiok nMeeT Ba NapaMeTpa HaCTPOHKIL:

¢ Elements (Jnemenmul) — CIIUCOK HOMEPOB 37IEMEHTOB BXOAHOTO BEKTOPA, OJJIE-
Kaux otbopy;

e Iuput port width (Pasmeprocmy 6x001020 nopma) — pasMepHOCTb BXOIHOTO BEK-
TOPA, KOTOPbIA MOKET OBITh «IIPOCESH» ¢ TOMOUIBIO ZAHHOTO (JI0KA; 3HAYEHHE ITOTO
napaMerpa 06513aTebHO A0/KHO COBIIAZATh ¢ YHCIOM 3JIEMEHTOB BXOJIHOTO BEKTOPA.

Ecnu Ha Bxoz 6J10Ka TOAAETCS MATPHLA, TO B criucke Elements uctionbayercs ckBos-
Hasl HyMepalL{is 2JIEMEHTOB, IPUYeM MHIEeKC U3MeHsAeTcsa noctpodHo. Hampuwmep, ecoun
Ha BX0J OJIOKA IIOCTYIAeT MAaTPHIA Pa3MepoM 3 X4, To ee 3JIeMeHTHI OYIyT HMeTh HOMe-
pac 1-ro o 12-if, npuyem Homepa 1...3 OyayT IpUHAJJIEKATE dTIEMEHTaM NePBOil CTPo-
KM, HOMepa 4..6 — 3jieMeHTaM 2-7 CTPOKH U T. 1.

Ha puc. 3.57. nokasana pabota 6;10ka Selector, BHIOTHSIOWErO «IIPOCEHBAHIE>
BXOZHOTO MacCHBa, COJEPIKAIIEero ABe CTPOKHU (B TEPBOH — TPH 3IIEMEHTA, BO BTOPOH —

5791{83)]—wpo  |—m
i
[n]

e I
R

Selector
Puc. 3.57. IIpumep pabotsl 610ka Selector

- 4
nBa). Ha Brixon 610Ka, B COOTBETCTBUH C €r0 apaMeTPamMu HacTpoiku (puc. 3.58), me-
PeIaoTCs TOMLKO [[BA 3JIEMEHTa — MEPBBIN U YeTBepThIH.

=5 Selector

Hever_t‘:] o

Puc. 3.58. [Ipumep ycranosku napamerpos 6710ka Selector
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CyuiecTBEHHBIM IOCTOMHCTBOM 010K ABJIAETCA TO, YTC 3HAYEHHSA €T0 [IapaMeTpoB
HACTPOHKH OTOGPAXAIOTCA B IpadUuecKoM BU/IE Ha HKOHKe GJI0Ka.

brok Merge (Crusrue) BbINONHAET 0GbeAUHEHTIE TTOCTYNAIOLINX HA €r0 BXOIbI CHT-
HaJioB B oitH, BJioK uMmeerT 1Ba napamMerpa HacTpoiku (puc. 3.59):

Block Parameters: Meige

R

Puc. 3.59. OkHo Hactpoek 6;0ka Merge

Number of inputs (Koauuecmso 6x0006), OTIPeNeIISIONII YHCI0 BXOAHBIX CHIHA-
JIOB, KOTOpOE MOKeT GBITh TIOAHO Ha BXObI GJ10Ka; 111 KOPPEKTHOM paboThi 6710Ka Bce
BXOJHbIE CHTHAJBI OJIKHEI HMeTh OZIHHAKOBYIO Pa3MePHOCTD (XOTs npy necobione-
HHH 9TOIO NpaBuJia Coo0lIeH e 00 OIINOKe He BHIIAETCH );

Initial output (Mnuyuarusayus 6vixoda) — 331aeT CUTHAJ, HA OCHOBE KOTOPOTO 101~
JKHO BBLITIONHATHCs O0beHHeHNe; eCIM-3HAaYeHHe TapaMeTpa He 33/1aH0, TO Ha BBIXOJ
6J10Ka IPOCTO BBIZAETCSA OAUH H3 BXOZHBIX CUTHAJIOB.

Honoanutenpupie pasaeist Gudanorexu (Blocksets & Toolboxes)

Eme pas ormetnM, uto paszen Blocksets & Toolboxes saBnsieTcsi eTMHCTBEHHDIM Pa3-
JeJI0M, COEPKIMOE KOTOPOTO U3MCHSETCS B 32aBHCUMOCTH OT YCTAaHOBJIEHHOH Ha Ba-
1ieM KoMmbiotepe Kordurypaunu naketa MATLAB.

Ecan U3 MHCTPYMEHTAIHBIX CPEJCTB MaKkeTa B pabouyio KOH(pUIYPALHIO BKJIIOYEH
tospk0 SIMULINK, To ranHsIi1 paszies conepKuT eAMHCTBEHHDIN Toapasaen — Simulink
Extras (onomenus x Simulink).

ITOT noApasAes, B CBOIO OYepelb, Pa3OUT Ha HIECTh YacTel (MX MMKTOrPaMMbl GpLTH
nokasaubl Ha puc. 3.19):

Additional Sinks ([[onoanenue x pazdeny Sinks) — BKJIFOYaeT ONONHUTEIbHbIE TPa-
(dbuuecKue «CMOTpPOBBIE OKHA»; YeThIPe U3 HHX 0OeCTedBaloT BU3YaIu3al IO CIIeKT-
PaNLHOTO Alla/li3a CHTHAJIOB, APYIHE ABa — 0TOOPAKEHHE KOPPETAUHNOHHLIX XapaKTe-
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PHCTHK CUTHANOB. {151 HCIOILb30BAHHUSA ABYX HOCJHEAHNX OI0KOB TPEOYETCst BKIIOYUTD
B COCTaB KOHGUIypaUUH NaKeTa HHCTPYMEHTANbHbBIE CPencTBa 00pabOTKA CUTHANIOB
(Signal Processing Toolbox);

Additional Linear (/lonoanenue k pasdeny Linear) — 610Ky, BXOAAILUE B 3Ty 9aCThb

- OnGAMOTEKH, TPeIHA3HAUEHB 7151 PACYeTa XaPaKTEPHCTUK JMHEHHBIX CUCTEM aBTOMa-
THYECKOTrO yIPaBJIeHHUs];

Transformations (Ilpeo6bpasosanus) — conepx ut 6J0KH, BLITOMTHAIOIIME Pa3Iny-
Hble 1peoOpa3oBaHUs YHCTOBLIX BEJIHIMH:

® KOOPAMHAT — W3 IPAMOYTOJIBHOM CUCTEMbI B NOJAPHYIO 100 ChepHYECKYIO U
obpatHo;

e Temriepatypbl — 13 mkaibs Dapenreiita B mkany Lleascua un obparHo;

® YIJIOB — U3 IPAAyCcoOB B pafiuaHbl U o6paTHo.

Flip Flop (Tpueeepot) — comepxut 610kH, Mofienupyonie paboTy OCHOBHBIX TH-
IIOB TPUITEPOB:

¢ D-tpurrepa,

¢ S-R-tpurrepa,

¢ ]J-K-tpurrepa;

Kpowme Toro, B aty vacts 6ubimnorexu Briioden 610k Clock (Yacnt), renepupyro-
M ZUCKPETHBIN BpeMeHHOM curran. [lapamerpom HacTpoiiku 3TOr0 6/10Ka ABIAETCA
BEJIMYHHA TePHOAA CUTHAJIA,

Linearization (Jluneapusayus) — pasgen COAEPKHUT eANHCTBEHHDBIN GJIOK, M103BO-
JSIOIME BBIYUCUTH IIPOU3BOAHYIO BXOAHOTO CUTHAJIA 110 BPEMEHH.

Ha sToM MBI 3aBEPIHM 3HAKOMCTBO ¢ 6a30B0it 6udnnoTekoii 6mokos SIMULINK.
B sakmioueHue eitle pa3 OTMETHUM, YTO OCHOBHAS 1eNb IPHBENEHHOTO KPaTKoro ob3opa
pasesnoB GUOIHOTEKH — AATh YUTATENIO PEACTAaBAEHHE O MOTEHUHANBLHBIX BO3MOX-
nocrsix SIMULINK kax wHCTpyMeHTa BU3yanbHOro MozenupoBanus. QcobeHrocTu
OpraHu3al{K B3aUMOIeHCTBIA OJI0KOB B paMKaX OHOM S-MoIen Wiy npu paspaboT-
Ke ceMeicTBa Mozeel, a TakyKe TeXHOJIOIUs IOATOTOBKH U NPOBE{eHHst MOJAE/IbHBIX
IKCTIEPHMEHTOB OYAYT PACCMOTPEHBI B CJIEYIOIINX I/1aBaXx.



TJIABA 4
OT I[IPOCTOI'O K CJIOKHOMY

— Myt Bestb TOIBKO UTO 1103ABTPAKAIIH, — cKazas He-
3uaitka.
- Tak passe 5710 6L HACTOS UL 3aBTPAK? —BO3pa-
3w TTonyuk. — 9ot 3aBTpak 6LLa 1poOHbIH, TAK cKa-
347D, YCPHOBOH, TPCHHPOBOY1IbL... 3aT0 TCHEPD, KO-
Jla TPCHUPOBKA 3aKOHYeHa, MbI MOKCM HO3aBTPAKATH
no-nacToaniemy.

H. Hocos

41. CO3JAEM ITOYTU MO/IEJIb

B sTOM paszese Mbl paccMOTPUM OCHOBHBIE TEXHOJIOTHYECKHUE ACTIEKTHI CO3JaHHs S-
MoJlesiell Ha (poHe IpHUBOAMBUIETOCSA B NIpeAbIAYLIe! MaBe «Caydasd U3 KU3HU».

HanoMHUM, peyb LA O TOM, 4TO HeKas AeBYyLiKa Mama neitaercs BolOpath oa-
HOTO M3 ABYX XennXxos. I1pu ucnonp3opanunn GopMaibHOro MOAX0AA K OIHCAHUIO
3TOH CUTyallly 0Ka3ajloChb, YTO noBeZenne Mainy aHaJIOTHYHO TIOBEAEHUIO KOHEeY-
HOTO [IeTePMUHUPOBAHHOTO aBToMara. [lonpodyeM mocTpoHTh S-MOAED, C TIOMO-
I[bI0 KOTOPOI MOKHO GbLJIO OBl HCCIEAOBATH IOBEJEHNE TAKOTO ABTOMATA B Pa3any-
HBIX CUTyaLMAX.

YTo6b1 CLIPaBUTBCS ¢ TTOCTABAEHHOH 3aayeil, noTpebyetcs 6o/iee AeTanbHOE 3HA-
KOMCTBO € KOMaHAaMH MeHIO OKHa GJIOK-IuarpaMMbi.

4.1.1. MEHIO [TOJIb3OBATEJIA

Ecnu co3maercs HoBasA S-Monenb (Kak B HallleM cllydae), TO B [EPBYIO odepeab He-
06X04MO OTKPBHITH HOBOE (IIyCTOE) OKHO OI0K-AHArPaMMbl. ITO MOKHO CAENATh AUH0
13 koMamzHoro okua MATLAB, nu6o us oxua Library: Simulink, BEIOpAB H3 MEHIO T10C-
JiefloBaTenbHO KomaHabt File — New — Model. HoBoe oxno 610K -AuarpaMmbl HMeeT 1o
yModanuio uMs untitled (6ezvimsiioe), KOTOpoe MOKeT OBITh U3MEHEHO IPH 3aIUCH
haiisia MOZEIIH Ha THCK.

Mewio okHa 610K-tuarpaMmbt (B AanbHelileM A8 KPATKOCTH Oy1eM Ha3LlBaTh €ro
MEHIO TI0JIb30BATENA) COAEPKUT YeThpe OCHOBHBIX Paznena: File, Edit, Simulation u
Format.
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Paszen File

B nero BxoasT caenytoniie MyHKTH (puc. 4.1).

New — cospanue HOBOTO OKHA OJIOK-IHArPAMMBL; KOMAH/A UMEET /[Ba BAPUAHTA:
Model (oTKpDbITE OKHO 4718 co3fanus S-monenn) u Library (OTKpPsITh OKHO 174 CO3/a-
HHs HOBoOro pazaena 6ubmuoreku SIMULINK).

Open — otkpbith mdl-hails1; npu BEIGOPE JaHHOTO MYHKTA OTKPHIBAETCA CTAHAAPT-
HOE ManoroBoe 0kHO GaitnoBoi cucteMbr Windows, € TOMONIBIO KOTOPOTO MOKHO HAHTH
U OTKPHITH TpebyeMsiit dhaiii, umeonui paciumnperue mdl.

Close — 3akpbiTh OKHO 610K-1HarpamMmbi (1 cooTBetcTByomumit mdl-chaitn); eciu B 610K~
JIMarpaMay BHOCHJIVCH USMEHEHWsI, KOTOPLIE He ObUiM COXpaHeHsl B (pailsie Ha JHCKe, TO
niepex 3akpoitiiem okHa MATILAB sanpamusaer noarsepxaeHue Ha 3akpoiTiie ¢aiina.

Save — coxpanuTh (3anucarhb Ha guck) mdl-daiin; ecnn nannsiii haii sanucbiBaeT-
€51 BHEPBBIE, TO TPH BBEIOOpE ITOH KOMaHIb! OTKPBIBAETCA AUANOTOBOE OKHO, C MOMO-
b0 KOTOPOTO MOJIb30BATENb MOXKET BLIOpaTh HOBOE MMs (aitia (BMecTo untitled) u
KaTasior, B KOTOPOM GY/IeT IPOU3BOAMTLCS 3aIMCh; €CJIH e (ailsl yKe 3alTHCHIBANICS Ha
IMCK paHee, TO NPY BBIIOJIHEHUH KOMAaHIbI Save OH OyJIeT coXpaHeH IO TPeKHUM
MMEHEM ¥ B TOM >Ke KaTajore (IIpH 3TOM IHaJI0T0BOE OKHO HE OTKPLIBAETCS ).

Save as... — COXpaHHTD KaK... (IIEPeNNCaTh) — KOMaHZa TO3BOJIIET COXPAaHUTD (haitn
TIO/i HOBBIM UMEHEM MU B APYTOM KATAJIOTe; IPH €€ BBINOJIHEHHH OTKPBIBAETCS JUAI0-
rosoe okHo (aitnosoii cucreMsl Windows.

3amenanue: 1Py BHINOIHEHIN KOMaH] Save as... n Save (nipu nepBoii sanucu) mdl-
dbaiin 1pu HEOOXOAMMOCTH MOXKeT ObiTh coxpaeH B hopmare M- wiun MAT-daiina.

‘:Sa'{re.é.s .

ShoﬁB_r_owsef .

Ext MATLAB - Cil+Q

Puc. 4.1. Pasnen File mer10 nonv3oBaTens
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ItuM pazpaboTIHKy HPEAOCTABIIIeTCS BO3MOXKHOCTb KOPPEKTHPOBATH TEKCT NPOrpaM-
MBI MOJIEJTH € TIOMOIIBLIO BCTPoeHHOTo oTaaunka MATLAB. Bosnee nogpoGHO coOTRET-
CTBYIOIIIME BOIIPOCHI pacCMOTpeH s B I1aBe 5.

Show Browser — BLI30B CIEIHAILHOTO CPEACTBA MTPOCMOTPA CTPYKTYPHE S-MOotenu
(6poysepa). OCHOBHOE Ha3HAYEHHE 3TOTO CPECTBA — 0TOOpaKeHUe B TEKCTOBOIH hopme
HepapxXu4ecKoll CTPYKTYPLI MOEIH. Ero noaesno HCnoib30BaTh B TOM Cilydae, ecyin S-
MOZEJb COAEPKUT NOACHCTEMB], OTHOCSLIMECA K PA3/IHYHBIM YPOBHAM BIOKEHHOCTH.

Hpu sanycke 6poysepa OTKPLIBAETCSA €0 AUANOTOBOE OKHO (puc. 4.2). OKHO cozxep-
JKUT ABA CIIUCKA U 3JIeMEHTHI YIIpaBAeHHA.

Hoze Infeo B 0] Moxre Infol

More Infol i Bouncing Ball Display
G4 Elasticity

Gravicy

Ic

Position

Velocity
Velocity Scope

Puc. 4.2. Oxuo «Opoysepa» 610K-aHarpaMMbl

B sieBoM crilicKe BLIBOZATCS MMEHA ITOACHCTEM, BXOAALIHUX B cocras S-mozxend. Cru-
COK MOeT OBITh BLICTPOEH JTNO0 B COOTBETCTBHH € HepapXuell oACHCTeM, THH0 B all-
thasuTHOM Nopsizke. Boi6op cnocoda yropsaaoYeHust BLUIOARSETCS C IIOMOUIBIO KOMaH-
auvt Display pasnena Options menio 6poy3epa.

1A n1oBbleHUA HATJISIIHOCTH IPY BBIBOJIE CITHCKa MOACUCTEM HCITOJNB3YIOTCS CIiE-
UHaJbHBIE CUMBOJIBL: .

«*+» — TIOJICHCTEMA COJIEPKUT MTOACUCTEMbI 6OJIEC HUBKOTO YPOBHS, KOTOPbIE HE BbI-

" BEJIEHDI B CITMICKE; YTOOBI «Pa3BEPHYTh» CIHCOK, HeoOX0IMO ABAK I utenkHyTs JIKM

Ha CTPOKe, IIOMeYeHHOH CIIMBOJIOM «+». Ilocie aToro nmeHa BJAOKEHHbBIX TTOACHCTEM
IOABATCS B CIIACKE, 4 CUMBOJ «+» OyaeT 3aMeHEH CUMBOTIOM  <—»
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[M] — npusnak «MacKMPOBaHHOI1» TOACUCTEMBI; 3TO O3HAYAET, YTO HEMIOCPEACTBEHHO
u3 610K~ ANATPAMMBI COEPKUMOE TAKOH ITOACUCTEMbI IPOCMOTPETD HENb3st; 6osee Moz-
POOHO HazHAvYeHKe ¥ NOPSIOK CO3/IAHNA MACKUPOBaHHbIX MOACHCTEM OYAYT PacCMOT-
penbl B paszaene 4.4;

[L] — mpusnax Toro, 4TO MOACKHCTEMA B3sATa M3 OMOIHOTEKH 1 He MOMUIEXHUT Pelak-
TUPOBAHHIO U3 OKHa OJIOK-IMarpaMMBl;

[O] — cooTBeTcTBYIOmIAs TOACHCTEMA TPesicTaBAsieT cob0il MHpopMalnoHHOE (Crpa-
BOYHOE ) OKHO;

[S] — nmpusnax nozcvicTeMsl Tuna Stateflow chart ([{uazpamma cocmosnuii). Taxue
TOACUCTEMBI Pa3pabaThIBAIOTCS ¢ NOMOLIBIO CIENUATLHOTO HHCTPYMEHTAIBHOTO CPe-
crBa MATLAB — Stateflow. HexoTopsie Bonpocs!, 0THOCAIIHECA K OpraHU3alliy B3aU-
mogeictaus SIMULINK u Stateflow, paccmorpennt B rage 5.

Ecan MackvpoBaHHast TOJCUCTEMA SIBJISIETCA B TO XKe BpeMs M GuOIHOTEYHOI, TO ee
uMeHH npepuiectByer cumBoa [MLY].

B npaBoit yacTi okHa 6poy3epa BBIBOAUTCS CHHCOK OJIOKOB, BXOASIINX B COCTaR
IIOACHUCTEMBI, BRIAEAEHHOMH B 1eBoM cnucke. Ecu kakoi-1u6o 610k sABASETCS NOACHC-
TEMOI1 CJIeLYIONIEro YPOBHSA BIOKEHHOCTH, TO BO3JIE €70 UMEHHU TaKKe MOTYT NPHCYT~
CTBOBATh MOSICHUTE ILHBIE CHMBOJIbI 13 YHCJI1a PACCMOTPEHHBIX Bhilile (KpoMe 3HaKa +).

JBoiinoit menyox JIKM Ha nMenu 610Ka B IPaBOM CIMCKE IPUBOAUT K OTKPBITHIO
OKHa HaCTPoeK JAHHOTO 6J10Ka (T. €. 5T0 AeHCcTBIe aHATIOTHYHO ABOWHOMY 1mesuky JIKM
Ha HKOHKe 0J10Ka B 6710K-auarpamme). ToT xe pesyasrar faet u HaxaTue KHonku Open
System, pacrno0KeHHOH HHXKe.

Turr Bei6panHoro 610Ka 0TOOpaXkaeTcsl MoX APaBLIM CIIHCKOM B cTpoke Block Type.
WHpopManus o Tane 610Ka OKA3bIBAETCS NOI€3HOH B TOM CJIy4ae, eC/IM pa3paboTyukK S-
MO/EN UCITOJIb30Ba U151 0003HaYeHHs 6JI0Ka B IMarpaMMe <HEeCTaHJAPTHOE» UMSL.

Kpoume yrniomsiryTol Belie kHonku Open System, nuanoroBoe okHO Opoyaepa co-
IDEP/KUT ele PSIZL JIEMEHTOB YIIPaBJIeHUA:

¢ dhaaxox Look Under | Mask Dialog, koToppiii 103B0JISIeT H3MEHATH CTATyC MAaCKHU-
POBAHHBIX IIOACHCTEM:

€CJIT1 OH YCTAHOBJIEH, TO TaKas MOACHCTEMA CYHTAETCA OOBIYHBIM OIIOKOM, «3ari-
HyTh> B Hee HeBO3MOJXKHO, U €€ UMs BBIBOJUTCS TOJIbKO B CHHCKe OJIOKOB (B 1paBoi
YaCTH OKHA);

ecau (hraxkok CHST, TO HMs HOACHCTEMBI BBIBOJUTCS B JIEBOM CIHCKE (C CUMBOJIOM
[M]), a ee cocTaB 0TOOpaXAETCS B IPABOM CHUCKE;

e (naxox Expand [L)ibrary Links (Caazu ¢ pacuupenuem 6ubruomexu) no3posis-
€T U3MEHSITb CTAaTyC MOACHCTEM, KOTOPBIE B3STHI U3 PaCUIMPeHHOH 6ubarorexu (T. €,
13 6ubIMOTEKH MOJIb30BaTENs ); UCIO/b3yeTCsA OH TaK Xe, Kak (uaxok Look Under
[M]ask Dialog;

o xuonka Look Into System (B3aenso enympb cucmemvt) ROCTYIHA TOJILKO B TOM CAY-
4ae, €C/IY B N1PABOM CITHCKe BHIOpAaHa MACKUPOBAHHAS TIOACUCTEMA (T. €. MOACUCTEMAS
npuaHakoM [M] min [ML]); npu «HakaTum» KHOIKM OTKPHIBAETCSI OKHO OIOK-AHAF-
paMMbl BEIOpPaHHOMH HOJCHCTEMBI.
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KaaoMy U3 YeThIpeX pacCMOTPEHHDIX 2I€MEHTOB YIIPABIeHHs COOTBETCTBYET Of1-
HoMMeHHas koMaHza (onunsa) u3 pasaena Options merio 6poyaepa (Open System, Look
into system, Look Under [Mask Dialog, Expand [ L}ibrary Links).

B oToM paszienie uMeeTcs ellle 0lHA KOMAH/A, He YIIOMUHaBIIasAcs padee — Expand
All (Passepnympn ace); OHa NO3BOJSAET TPOCMOTPETDh HOJHYIO Hepapxuio S-Mogesn. [lpu-
ee BLITIOJIHEHUH JUISL IIOACUCTEM, TIOMEYEHHbBIX B JIEBOM CITHCKE CHMBOJIOM <+, BHIBO-
AATCA UMEHA BJIOKEHHBIX TIOACUCTEM BCEX YPOBHEIL.

B nmxHel yacTy 0KHa Opoy3epa pacnoJoKeHbl TPH JONOJHUTENbHBIE <CePBUC-
HbIE» KHOTKH:

Help — BuiBOZ cTipaBKH 110 5poy3epy ( OTKPBIBAETCS COOTBETCTBYIOUIHI Pa3esi BCTPO-
eHHOH citpaBouHOU cucteMbt nakera MATLAB);

Print — BBIBOA Ha nmevars HHGOPMALUY O MOJENH; KOMAH/A BBITOIHSIETCS TaK XKe,
KaK OHOMMeHHas KoMaHn/a u3 pasaeia File; ocobennoctd ee ncnomnb3osanus OyayT pac-
CMOTPEHBI HUXE.

Close — 3akpbITHE OKHa 6poy3epa.

IynkTt Print merto paspgena File mo3Bosser BLIBOAUTD Ha Iedathb OJOK-IUArpaMMy
MOZeIN 1 HeKOTOPYIO JIOTIOJIHUTEIbHYIO HHPOPMaLHIO IO Heil.

IIpy BHITIOJHEHHYU STOH KOMAH/BI OTKPLIBAETCS AUATOTOBOE OKHO, 0fecednBain-
lilee HaCTPOMKY apameTpoB nevyaTH (puc. 4.3). OKHO COCTOUT U3 ABYX OCHOBHBIX IIO-
neit: Printer u Options.

ITepBoe none conepKUT CTAHAAPTHBIE APaMeTPH! BACTPOHKY IIPUHTEPA U3 CPEbI
Windows (Tun npuHTEpa, IOTHIECKOEe M3t IOPTa BEIBOAA U T. 11.).

IMone Options sBasercs cnelu(pUIeCKMM HMEHHO JJIs1 BBIBOAA HH(pOopMAaLuu 0b S-
mozenn. Ha HeM paciionoxeHs! ClefyIoIHe 3/1eMeHTbI YIIPaBIeHUs:

® [epexyIIoYaTeNM YPOBHSA UEPAaPXUH, C HOMOIIBI0 KOTOPBIX MOKHO BHIOPaTH Nepe-
YeHb KOMIIOHEHTOB S-Mozie/u (IIOICUCTEM ), KOTOpBIe Oy AYT pacniedaTaHs! B Buzie OJ10K-
IUATPAMMBI; BO3MOXHB! CJIEAYIOUIHE BADHAHTHL:

Current system — Te4aTh TOIBKO aKTUBHOTO (TEKYIIET0) OKHa OJIOK-MarpaMMBl;

Current system and above — neyats TEKyIero OKHa 1 BceX IoAcHUCTeM Ooiee BhIco-
KOTO YPOBHSI, B COCTAaB KOTOPBIX BXOAUT BhIOpAaHHAs HOACHCTEMA;

Current system and below — nieyats BHIOPAHHOU ITOACHCTEMEI H OJI0K-AMarPaMM BCEX
BXO/IAHLIHX B HEE ITOJCHCTEM;

All systems — niedath GJIOK-IHATPaMM BCEX MOICHCTEM, BXOISUIUX B COCTaB S-MOAEH.

* paaxkok Include Print Log (Zlo6asumby nevwams peecmpa,) TO3BOJISIET BHIBECTH HA [I€4ATH
B TEKCTOBO hopMe CIMCOK GNOKOR U HOACUCTEM, BXOISAUIHX B COCTAB MOJENM;

o piaxok Look Under Mask Dialog obecnedrBaer paspeieHue,/3anper nedati 610K-
JIATPaMM MaCKHPOBAaHHBIX NOACUCTEM;

» paaxkox Expand Unique Library Links (Packputmb ces3u ¢ tuuiol bubiuomexor)
HO3BOJISIET PAa3PEIIUTD/3aPETUTD TTeYaTh OIOK-THarpaMM TOACHCTEM U3 ANYHON (1o~
TOJHHATEILHOI ) G1OIHOTEKH TOb30BATELS; IIPH 3TOM U151 OHGAMOTEYHBIX H10KOB (1104~
cucTeM) OI0K-AUarpaMMa eYaTaeTCsl JIHMb O HAXK/IBL, CKOJIBKO GBI pa3 OHU HU BCTpe-
TAJTUCh B MOAEIIN.
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Print Model

Microsoft Fax

Bbl&pan na gmomanmo Fm‘os
Mu:tosoﬂ Fax Dcwet

Puc. 4.3. OKHO yCTAaHOBKH NIapaMeTpOB IeyaTy OI0K-AHarpaMMBbl

JBa nocneaHuX ¢1akKa CTAHOBATCS JOCTYTTHBIME TOJIBKO B TOM CJIydae, eCIU BbiO-
paHb! ypOBHH Hepapxun nedatn Current system and below nnm All systems.

Print setup — obecnieunBaeT HaCTPOIMKY 1apaMeTPOB BBIBOAA Ha II€YATh C TOMOIILIO
cranfaptHoro okia Windows.

Paszzen MeHio nosxbaosatena Edit

B nannoM pasjiesnie CoRepKaTCsa KOMaHALL, obecneunsanmye pelakTupoBanue (H3-
MeHeHHe) CTPYKTYpsl Mofenu. HekoTopble U3 HUX SBAAIOTCA TPAAWULMOHHBIMHA LI
Windows-npuioxennit KOMaHAaMH PeJaKTUPOBAHUS, IPYTHE OTHOCATCS K crenudu-
YeCKHUM KOMaHIaM paboTsi ¢ S-Mogesio (puc. 4.4).
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Puc. 4.4. Pasnen Edit MeHIO N01b30BaTENA

B pasnen Edit Bxonar cleAyionire NyHKTHL:

Undo — orMeHUTD IpeABIAYIIYIO KOMAHAY PEAAKTHPOBAHHKS; B HEKOTOPBIX CTy4asix
komanaa Undo MoxeT KOHKPeTH3MPOBATLCS; HAaIpUMeD, Hocie fobaBaeHus B OIOK-
JMarpaMMy JMHHUH CBA3K MEXAY OJI0KaMU oHa HasbiBaetcst Undo Add Line (Ommenums
dobasnenue tunuw); eciu Hellb3sA OTMEHUTD NPe/bIIyLIee eiiCTBHE, To KoMaHaa Undo
3ameHnsieTcs coobuieHuem Can’t Undo.

Redo — otMenuTh BHITOJIHEHHE KOMaHAB Undo; 5Ta KOMaHIa Takxe MOXKeT BAIO-
U3MEHATHCA — MO0 KOHKPETH3UpoBaThea (HanpuMep, Redo Add Line), nubo coobmarb
0 HeBO3MOXHOCTH oTMeHbl (Can’t Redo);

Cut — Buipesats (3a6path B Oydep 0OMeHa) 0fUH WK HECKOIBKO OI0KOB; COOTBET-
CTBYyIOUIAe 610K JOMKHBI OBITH BbIAEIEHDI; YTOObI BHIAENUTD IPynmy 610Kk0B, HeoOXo-
AMMO OMECTHUTDb KyPCOp MBIIIH PSIIOM C OHUM K3 HUX H HaxaTtb JIKM, npu aTom Kyp-
cop npuMeT (popMy KpPeCTHKA; He OTHYCKasd KHOIKY, HPOTAUIUTE KypCOp B CTOPOHY
6/10K0B, OIEKAMUX BBIACNCHUIO; 33 KYPCOPOM HOTSIHETCS TYHKTHPHBIH TPAMOYTOIb-
HHK, OTPaHHYUBAIOLIMii BEAEIAEeMYIO 00JIaCTh; I10CJIE TOTO, KaK B HETO TONAAyT HY K-
ble 6710ky, orryctute JIKM; BeinesienHble 67I0KH, a TAK)Ke THHUAM CBS3U MEKAY HUMU
Oy yT IOMEYEHHI IO YIJIaM YePHBIMH NIPAMOYTOJIbHIYKAMY,

Copy — KONMPOBATD OLKH WIH HECKOJILKO 6JIOKOB; KONUpyeMble GI0KH JOMIKHB ObITh
TIPEABAPHTENBHO BbIIE/IEHBL; JaHHAN KOMAH/a UCTIONL3YETCA COBMECTHO ¢ KOMaHAoM Paste.
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Paste — BCTaBHTH KONKUPYEMBII UM yAATNeHHBIA B 6ydep oOMeHa y4acTok S-Moze-
1ut; Tiepejl BBIOIHEHHEM 3TOH KOMaH/AB HeOOXOANMO TIpeBapUTeNbHO lenkHyTh JIKM
B TOM MeCTe OKHa OI0K-AHarpaMMsl, KyZia TpeOyeTcs Ipou3BecTH BCTAaBKY (3TOH Touke
GyZeT COOTBETCTBOBATD BEPXHUIA JIEBBII1 YTOJ1 BCTABAsAEMON 00J1aCTH).

‘3amenanue: xoMauan Cut, Copy u Paste oxna 610K-guarpaMmsl paboTaoT yepes
cobcrennblil 6ydep obmena MATLAB, nosToMy BCTaBka KOMMPYeMO# HJIH BbIpe3aH-
HOM 061aCTH MOXKET BBINOJIHSITHCSI MHOTOKPATHO, IOKa He 0OHOBUTCSA colepxkumoe Oy-
(dhepa oOMeHa; IPU TOM BCTABKY MOXHO BBINIOJHATH HE TOJILKO B IPEAEax OXHOTO OKHa,
HO ¥ B J1106Y10 OTKPHITYIO 6J10K-ANarpaMMy; BMECTE C TeM, iepeiada COAEPIKIUMOro cob-
creennoro 6ydepa MATLAB B apyrue npusioxeHrst HeBO3MOKHA; /IS 9TOTO JOJKHBI
MICTIOJIb30BAThCsI APYTHE CPEACTBA, KOTOPBIE OYAYT PacCMOTPEHbI HEMHOTO HHO3JXKeE.

Clear — ounctuTthb (yaanutsb) BeIAENEHHYIO 067acTh; (06nacTs B Oydepe ob6Mena He
COXpaHsieTCsl, HO MOXKeT OBRITh BOCCTAHOBJIEHA C TIOMOIINBI0 KoMaHAs Undo);

Select All — BrizennThb BCe /1eMeHTHI BJIOK-IUATPAMMEL;

Copy Model — 3anucy 610x-guarpamMmsi Mozenu B Oydep o6mena Windows
(Clipboard) nns nepenauu B npyre Windows-npunoxenus (B kadecTBe rpaduyecko-
ro o6beKTa); 10 yMordanmio 6J10K-AvarpaMMa coxpatsercs B opmare WMF (Windows
Metafile), opmat Moxet 6bITh H3MeHeH 13 KoManaHoro okia MATLAB (pasaen meHio
File, nyuxr Preferences).

" Create Subsystem — co3naTb NOACUCTEMY; 10 3TOM KOMaH/e BbIeNEHHasl 4acTh S-
Mozenu (OfNH WK HECKOIBKO 610KOB) «CBOPaYMBAIOTCS> B OACUCTEMY U 3aMEHSIOT-
ca B 6ok-auarpamme onHuM 610xoM — Subsystem; npuMeHeHVe JaHHOM KOMaHIBI
TpebyeT OnpenesIeHHOH OCTOPOXKHOCTY, TOCKOJIBKY OTMEHUTH PE3YJIBTaT HEBO3MOXHO
(xomanza Undo B 3TOM ciiyvae GeccrunbHa);

Mask Subsystem — BbI30B pellaKTOpa «MaCKH» MOACUCTEMBI; KOMAHAA IOCTYIIHA,
ecau B O10K-uarpaMme BhiesieHa oacucteMa (61ok tuma Subsystem); TexHosorust
CO3/1aHMA MAaCKUPOBAHHBIX OACHCTEM NOAPOOHO PACCMATPUBAETCS B CIEAYIONIEM Pa3-
fieJie; ecJM BbIIEIEHHAS MIOACUCTEMA YKE UMEET «MacKy», T. €. IBJISETCS MACKUPOBaH-
HOIA, To KoMaHxa Mask Subsystem npunumaer sun Edit Mask;

Look Under Mask (3aznianymv nod macky) — KoMasaa OTKPBIBA€T OKHO 610K-1u-
arpaMmbl MACKHPOBaHHOM IIOACHCTEMBI; JOCTYITHA TONLKO B TOM C/ydae, el Bblfe-
JIeHHBIH OJI0K ABAAETCS. MACKHPOBaHHOHN [OACUCTEMON;

Go T Library Link (ITepeiimu  cessannoti 6ubnuomexe) — KOMaHaa OTKPbIBaeT pas-
nen 6ubanoTeKH, K KOTOPOMY OTHOCHUTCS BbIAEJIEHHBIH OJIOK; IOCTYNHA TOJBLKOG B TOM
cayyae, eciu 010K B34T 13 6UOIMOTEKH 10Ib30BaTeNs WM U3 pasjena Simulink Extras;

Break Library Link (Pasopsamv c6s3b ¢ 6ubnuomexoil) — KOMaHza IO3BOJISET CAe-
J1aTh OMOMUOTEUHAI OJIOK «CaMOCTOSATE/IbHBIM», He CBA3aHHBIM ¢ OHOIHOTEKOH, 4TO
obecneynBaeT BO3MOXKHOCTD €T0 PeJaKTHPOBAaHUS,; aHHAs KoMaH ia paboTaeT ans Tex
Ke pasnenos 6UGIMOTEKH, UTO M IPEABIAY A,

Unlock Library (Omxpoims 6ubruomexy) — KOMaHZAA JOCTYITHA TOIBKO B OKHE Pa3-
nena 6ubanorexu (Library:); MOCJIE €€ BBINIOJIHEHN A CTAHOBUTCS BO3MOKHBIM PEJAKTH-
POBaHHME COOTBETCTBYIOWIETO Pas/ielia, IPH 3TOM Ha MeCTe KOMaH/bl BEIBOAMTCS NP~
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sHak Library Unlocked (bubnuomexa omxpoima), KOTOPbIi COXPAHSIEFCst A0 3aKPbITHA
OKHAa PeNaKTUPyeMOro pasiena;

Update Diagram — 06H0BUTb 6J0K-AUArpaMMy; KOMAHIY HeoOXO0IMMO UCIIOb30-
BaTb B CJE/IYIOUIUX CIydasix:

® noc/ie u3MeHeHus (PeAaKTUPOBAHUS ) OHOIMOTEYHBIX OI0KOB, KOMMH KOTOPBIX

HCIOJIBb3YIOTCS. B MOAEIH;

* nocye nobapnenns B koudurypaiuio MATLAB Hosoro pasznena 6ubanorexs, 6510-
K1 M3 KOTOPOTO HCTIONB3YIOTCS B OTKPHITOM MOJIENY,

® 1OCnE U3MEeHeHUs TapaMeTPOB OIHOTO WM HECKOJIBKHX OJIOKOB MOJEH U3 KO-
MangHoro okua MATLAB;

® nocne u3MeHeHus S-QYHKIUN, UCHOAb3yeMOolt B Moaeny (npu AoHaBAeHUN Ui
yAaJeHui BXOAHBIX ¥/HUIM BHIXOIHBIX IIOPTOB COOTBETCTBYIOUIETO OI0KA).

Pa3zzen MeHio noan3opatend Simulation

JlaHHLIH pa3fes ComepXUT KOMaHb! YIPABIeHNs CeaHCOM MoAenupopanus. Pas-
nen Simulation fOCTyTIEH TOJIBKO U3 OKHA GJIOK-IHATPAMMEBI MOZE/IN WK TIOACUCTEMBI
sabmokupoBaH B okHe Gubnuoteku (Library).

B ero coctaB BXOAST Caenyouie KOMaHAbl (pic. 4.5).

= Simulation

Puc. 4.5. Pasgen Simulation MeHio 1oab30BaTeNs

Start — 3amyck MOJleJIV Ha ICHOJIHEHUE; IPH 3aIyCKe MOZENN KoMaHza Start 3ame-
HAETCA KOMAHIOU Stop, KOTOpas MO3BOJAET 3aBEPIUIMTH MOAEIMPOBAHHUE 0CPOYHO (TO
ecThb Inb0 10 HCTeYeHUs 3aJaHHOTO UHTEPBAIa MOAETUPOBaHUs, THOO0 10 peau3aluy
NPEAYCMOTPEHHBIX YCJIOBHA OKOHYaHUS CEaHCa MOIETUPOBAHHES );

Pause — NPUOCTAHOBUTH CEAHC MOZIEIMPOBAHKSI;, KOMaH/ia CTAHOBUTCS JIOCTYITHOM TToc/1e
3aIlyCKa MO/IE/TH Ha MCTIOJIHEHHE; [IPH IIPEPHIBAHUI MOZETUPOBAHISA C TOMOLIBIO KOMaH/Ib]
Pause oHa 3aMeHsIeTCs aITEPHATHBHOM KoMaHoil — Continue (ITpodonwcumy);

Parameters... — 110 1aHHOH KOMaH/I€ OTKPbIBAETCSL JUATIOTOBOE OKHO HACTPOEK T1a-
pamMeTpoB MoenupoBaHusi. OKHO COIEPKUT TPU BKIAAKH:

o Solver (Yemanosxa napamempos pacuema mooenu);

* Workspacel/O (Ycmanoska napamempos obmena dannvimu c paboueii 061acmuvio
MATLABY,

* Diagnostics (Buibop yposus duaznocmuxu).

168



-Slmulahon palametem' unt tled

Simulation time
Start time: ‘ 0.0 .

Solver opttons

Type m l oded5 (Dormand-Prince) _"Jl

Output options

- 4 I Refine output

Puc. 4.6. Bxaaka Solver 1uanoroBoro OKHa yCTaHOBKH [IAPAMETPOB MOJEIHPOBAHIA

Ha sruazke Solver MoryT GbITh IPOMBBEAEHBI CJAEAYIONIME YCTAHOBKY (puc. 4.6):

Simulation time (Mnmepean MoOeaupoeanus), ero BeJIMYMHA 33[a€TCA TOCPE/ICTBOM YKa-
3aHUA HAYILHOTO (Start time) v KOHEYHOTO (Stop time) 3HAYEHMIT MOJIETTRHOTO BPEMEHH,

Solver options — BIOODP MeTORA peanuzanuu (pacyeta) MOAETH; PeYb HIAET O TOM,
4TO UMEs CTPYKTYPY MCCIeAyeMOl CHUCTEMB! B BUle OIOK-THATPAMMEBI, pa3paboTIHK
MOET B XOJIe MOJIEJIMPOBAHUS BEIGUDPATH METO]| OTOOPAKEHUS AMHAMUKH CUCTEMBI.

C nomomsio JIBYX BbITI2TAJOIIMX MEHIO CHCTEMa MOKET OBITH PEATM30BAHA B CELY-
oiHx Gopmax:

® C IUCKPETHBIMHU COCTOSTHHAMY M AUCKPETHBIM BpeMeHeM Iiepexofia U3 O7{HOTO CO-
CTOSIHUS B IPYTOE;

® ¢ IUCKPETHBIMH COCTOAHUSIMU 1 HEIIPePhIBHBIM BpeMeHeM IIepeX0/I0B;

® ¢ HETNIPEPLIBHBIMYU COCTOSHHSIMH U THCKPETHBIM BPEMeHeM NePeX0/I0B;

® C HeNIPEPbIBHBIMU COCTOSHUAMU H HENPEPBIBHBIM BpEMEHEM IIePeX0I0B.
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ITepeoe mento — Type — mo3BOAsAeT BHIOPATh criocob N3MEHEHNA MOAEIbHOTO Bpe-
MeHHU; OHO COREPKUT ABa IIYHKTA:

® Variable-step (Modenuposanue c nepemennvim wazom);

¢ Fixed-step (Modenuposanue ¢ pukcuposanmvim wazom).

Kax npasuno, Variable-step ncnionpayercs 11 MOAEIUPOBAHUS HETIPEPbIBHBIX CH-
creM, a Fixed-step — IUCKDETHBIX.

BTopoe MeHI0, pacHoJIOKeHHOE CITPABa, II03BOJIsIeT BROPATh METOA pacyeTa HOBOTO
cocrosiiinsa cucreMsl. IlepBolil MyHKT MeHIo (discrete) obecneyuBaeT pacyer AUCKPET-
HBIX COCTOSIHUI CHCTEMBI (M U711 HETIPePBIBHOTO, H U1 JUCKPETHOTO BPEMEHH II€PEX0-
IIOB U3 COCTOHUS B COCTOSIHUE).

OcranbHble 5 MyHKTOB MEHIO 06€CeYnBa0T BEIGOP METOAA PACUeTa HOBOIO COCTOS-
HUS AJ1sl HEIPEPLIBHEIX CUCTEM. DTH METOABI Pa3/IMYHbI [JIsl HENIPEPHIBHOTO BPEMEHH
(Variable-step) u nns nuckpetsoro BpeMenu (Fixed-step), Ho 0CHOBaHbI Ha eIMHON Me-
TOAVKE — pellieHuH 00bIKHOBEHHBIX UG depenunanbbix ypapaennii (ODE).

oapobuoe onucanue Kask/J0ro U3 METOZ0B pacyeTa COCTOSIHUI CHCTEMbI IPUBEE-
HO BO BCTPOeHHOI cripaBoyHoii cucteme MATLAB (pasnen matlab\funfun).

ITox oxHoM MeHIo Type HaXOMUTCSA CTPOKA PEAAKTHPOBAHMS, HA3BAHHE KOTOPOM
M3MEHAETCA B 3aBUCUMOCTH OT BBIOPAHHOIO C1oco6a U3MEHEHH MOAE/IbHOTO BpeMe-
uu. Jlna Fixed-step ona HassiBaeTcs Fixed-step size v M03BOJISIET YKA3BIBATh BEAUYHHY
Hiara MOJeTUPOBAHUSL ‘

ITpu Beibope Variable-step nanzas crpoka nonyyaet ums Max step size (Maxcumans-
Has 8eruuUNA Ulazd) Y, COOTBETCTBEHHO, COEPKUT Mpe/ie/IbHOE AOIYyCTUMOE 3HaYeHUe
1rara MoZie IMPOBaHUA.

Tlo ymonvauuio BeJinYMHA LIara MOAeTMPOBAHUA A1 000MX CNOCOO0B U3MEHEHUS
MOJIEJIBHOTO BPEMEHH YCTaHABIMBAGTCS CUCTEMON aBTOMaTH4Yecku (aufo) B COOTBET-
CTBHH C TapaMeTpPaMH HACTPONKH OI0KOB Mozenu; TpebyemMast BEMMIMHA [ara MOXKeT
ObITh BBEIEHa BMECTO 3HAYEHUSA auto 6o B hopme YMCI0BOM KOHCTAHTLI, TMOO B BHIE
BBIYHMCTISIEMOrO BHIPAKEHHS.

pu MonenupoBanyy HENPEPHIBHLIX CUCTEM C UCIIONTB30BAHMEM IIEPEMEHHOTO IIara
(Variable step) neobxonuMO yKazaTh TOUHOCTH BHIYMCAEHUMN: oTHOCUTebHYIO ( Relative
tolerance) n abcomotnyto (Absolute tolerance). Tlo yMoT4aHUIO OHM PaBHBI COOTBET-
creeryo 1-1073 u 1-10-%, KpoMe Toro, 4718 yKa3aHHOTO KJIacca CHCTEM MOXKHO 3a/laTh
Hava/lbHOE 3HAYeHHue 1ara MogeanpoBauus (B noe Initial step size).

TIpn MozenupoBaHUM C TEPEMEHHBIM IIaroM MOXHO 33aJaBaTh ONLHH BHIBOJA
(Options output) BEIXOAHBIX APaMETPOB MOACTUPYEMOH CUCTEMBL; COOTBETCTBYIOLIYE
HACTPOMKH BBIOJHSIOTCS C MTOMOINBIO IBYX 3JEMEHTOB HHTep(delica: BbITafAIOETO
MEHIO U CTPOKH pelaKTUPOBAHUA.

MeHI0, paciioio;KEHHOE C/eBa, COMEPXKHUT TPU NIYHKTA, 0COOEHHOCTH HCIOIb30Ba-
HIisl KOTOPBIX TIOSICHSIIOTCS HIXKE.

Refine output (Ynyuwennoii 601600d) — mpy BHIOOPE STOR OTITHH MOXKHO N3MEHATD AMCK-
PETHOCTb PETHCTPALIHE MOZIEJILHOI'O BpEMEHH H [TaPAMETPOB MOJIEH (TeX BETMYMH, KOTOPLIE
coxpansiioTcs B paboueii obsactu MATLAB ¢ nomoursio 6510ka To Workspace). Yeranoska
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JIVICKPETHOCTH BBITIOJIHAETCS B CTPOKE PeakTHpoBanus Refine factor, pacTiosioskeHHO! CIIpasa;
o yMoJ4anuio sHadenne Refine factor pasHo 1; 370 03HaYaeT, YTO PErUCTPALINA TIPOH3BO-
AuTes ¢ waroM Atm=1 (T0 ecTb A1 K&KROTO O4EPEHOTO 3HAYEHHS MOJEIBHOTO BpeMeHH: 0,
1,2,3 u T 1), aro HanboIBILMI BO3BMOKHBII 1ar peructpauyu. 3nadenue Refine factor
MO’KHO HHTePIPETHPOBATH KaK OTHOCHTEJIBHYIO YaCTOTY PerMCTPALINN: €CJIH, HanprMep Refine
Sfactor pasen 2, a1o o3HavaeT, uto Atm=1/2, ecriu Refine factor pasen 3, To Atv=1/3 u . 1;
napameTp Refine factor MoXeT ObITh TONBKO LETBIM TIOIOKHTENbHBIM YHCIIOM.

Puc. 4.7. Tpacbukn naMeHeH s napaMeTpOB CUCTEMb! /ISt ABYX 3Hadenuit onnuu Options output:
a) Refline factor=1; 6) Produce specified output only <[4 8].
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Bropoii nyukT MeHto — Produce additional output (cozdamv dononnumensmuoiii 8oi-
800) — obecnednBaeT JONOMHHTENLHYIO PETUCTPALIMIO NMAapaMETPOB MOJIENH B 32/1aH-
HBIE MOMEHTHI BDEMEHH; HX 3HAUYEHH ST BBOJIATCA B CTPOKE PEAAKTHPOBAHUS (B 3TOM CJIy-
vae OHa HasbiBaeTcst Quiput times) B BUJIE CIIACKA, 3aKTIOYEHHOTO B KBAAPATHbLIE CKOOKH;
HPHY KCIOJb30BAHUH JONOJHUTEIbHBIX MOMEHTOB PETHCTPAIIHH Oa30BBIH IIaT PErUCT-
patuu (Atwm) paser 1. 3HageHus spemenHu B ciucke Ouiput times MOTyT OBITH APOOHBI-
MU YUCTAMH ¥ UIMETh JII0OY IO TOYHOCTb.

Tperuii myukt mento — Produce specified output only (¢opmuposams monvxo 3adar-
Hblll 661600) — YCTAHABJIMBAET BBIBO/[ ITAPAMETPOB MOJIENH TOJIBKO B 3alaHHBIE MOMEH-
T BpeMeHH, KOTOPble YKasbIBalOTCA B criuicke Output times.

Ha puc. 4.7 moxazaso pa3itiue B pacueTe HapaMeTpoB MOAE/H AN ABYX 3HAYEHUN
onuuu Options output.

Bxnanxa Workspace I/0 cogepxur 571eMeHTbI yNpaBlIeHHs BBOAOM H BBIBOZOM MO~
nenbHO#M nHGOpMaluy B pabouyio obaacte MATLAB (puc. 4.8).

Simulation parameters: untitled

‘Save toworkspace
; f\?Tlme itout
- [ States: l s

|yout N

e

0 Fite"}'yeft' ' Help o ~"C|6ylsé

Puc. 4.8. Brnazgka Workspace 1/0 guanoroBoro OKHa yCTAHOBKI TAPAMETPOB MOAEAMPOBAHHS
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DieMeHTHI YIIpaBJicHHA BBOAOM,/BBIBOAOM Pa3OuTeI Ha 4 nons:

Load from workspace (3azpysums us paboueii obracmu);

Save to workspace (3anucamv é pabouyro obracmy);

States (Cocmosnue),

Save options (Onyuu 3anucu).

[epBoe none cogepsxuT (paskox Input 1 CTPOKY BBO2; DU IIOCTABJIEHHOM (UIaXKKe
MOKHO BBECTH CIIUCOK [TAPaMeTPOB MOJIENH, KOTOPble OYAyT CYNTHIBATHCS U3 paboyeit
obsactu MATLAB; k ciucky npesbsaBasioOTCA Te XKe TpebOBaHUs, YTO U IIPH UCTI0Ib30-
sanuu 6;1o0xa From Workspace.

Hone Save to workspace conepxut Tpu HJIakKa U CBA3aHHbIE C HUMH CTPOKH BBOAA:

Time — MO3BOMAET yKa3aTh UMsI BEKTOP2, B KOTOPOM BYIyT COXPaHATHCA PETUCTPH-
PyeMBble MOMEHTHI MOJIEJILHOTO BpeMeHH (110 YMOJTYAHUIO BEKTOP UMeeT UM tout);

States — 1pu ycTaHOBJIEHHOM (bylaXkKe B MaTpHIle xoul COXPaHsIeTCsl TEKYLEee Co-
CTOsIHUEe MojiesTupyeMoii cucteMsl. OHO ONUCBHIBACTCS COBOKYIHOCTBIO 3HAUEHMH CHT-
HAJIOB Ha BHIX01aX 610K08, GOPMUDPYIOIHX (BRIYHCISIONUX ) TEKYIee COCTOAHHE CUC-
TEMbl; IPH MOAENUPOBAHHY AMCKPETHBIX CHCTEM TakMMM OJIOKaMHU SABISIOTCS, B
4aCTHOCTH, Bee 6y10Ku pasnena Discrete. SIMULINK apTomaTnyecku onpeenser 4uc-
JIO YKAa3aHHBIX 6JI0KOB B MOZENH U Ha OCHOBAaHHM 3Toro (opMMpyeT MaTpuiy Xout.
Yucsio cToAOLOB B MATPULIE PABHO YHCILY PETHCTPUPYEMBIX TAPAMETPOB TEKYILETO CO-
CTOSTHHS CHCTEMBI, 4 YHCJIO CTPOK — YHUC/TY aKTOB DETHCTPALHHY; IPH JKeJaHuy pa3pa-
60TYHK MOKET U3MEHHUTh UM MaTPUILBI;

Output — bnaxok 3amicy B pabouyo 061acTb — onpeensier BOZMOKHOCTb PErHCTPa-
L[1X ZIOTIOJTHUTEbHBIX IapaMeTPOB MOZE/M B XOIe MOJEIMPOBaHUs; eCliH (rakoK ycTa-
HOBJIEH, TO B COOTBETCTBYIOIIEH CTPOKe BBOJA HEOOXOAMMO yKa3aTh UMsl PETHCTPUPYEMO-
IO apaMeTPa; B MOJEJIH I0JUKeH IPUCYTCTBOBaTh 610K To Workspace, obecrieanBaromuit
3alKCh 3HAYEHUI JaHHOTO MapaMeTpa B pabouyio obacts MATLAB.

Tlone States copepxut iBa (axkka, COBMELIEHHEIX CO CTPOKaMH BBOJIA:

Load initial (3aepysums nauarvnoe 3navenue) — Npyu yCTAaHOBJIEHHOM (UIaKKe UMe-
€TCs1 BO3MOKHOCTD 3aJaTh HayalbHOe 3HayeHHe ITaPaMeTPOB, XapaKTEPU3YIOUIHX CO-~
CTOsIHHE MOJETHPYEMOH CHCTEMDI; YKa3aHHBIE HapaMeTPbl CYUTHIBAIOTCS DY 32IIyCKE
Mozes U3 BeKTopa-cTpoku xInitial. Hucno 3meMeHToB 3TOH cTpoku (TO €CTh YKMCIIO
NIapaMeTPOB COCTOSHMUS ) IOJKHO OBITH PABHO YMCILY CTOABLOB (YNCAY perucTpupye-
MbIX IapaMeTPOB) B MaTpHlle Xout; 3HaY€HU DJIEMEHTOB CTPOKH Xinitial MOXKHO BBECTH
B KoManaHoM oke MATLAB crexyouim o6pasom:

xInitial = {1, 2, 0.15];

B JaHHOM IIPHMepe NPearoaraeTcs, YTo COCTOSHNE CHCTEMbI ONUCBIBAETCS TPEMS TTa-
paMeTpaMi1, IEPBBIH M3 HUX B MOMEHT 3aIlyCKa MOJeN PUMET 3HaYeHue, paBuoe 1,
BTOpOI1 — paBHoe 2, Tpetuil — pasuoe ().15; npu HeobxoanmocTu uma xInitial, ucnonn-
3yeMO€ 10 YMOTYAHHIO, MOXET ObITh H3MEHEHO;

Save final (3anucams xoneunoe cocmosrue) — Npyu yCTAaHOBJIEHHOM (p1aXKe B pa-
ooueit obnactu MATLAB coxpassioTcs TONBKO HocieHHe 3Ha4eHHS NapaMeTpoB
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COCTOSHUSA CUCTEMEL;, OHH 3aIIKCHIBAIOTCS B BEKTOP-CTPOKY XFinal, KoTopyio MOXHO 1160
BBIBECTH B KoMauHOM okHe MATLAB, nu60 Hcnoib30BaTh B KAeCTBE OMMCAHUS UC-
XOJHOI'0 COCTOSHUS CHCTEMBI 151 ITOCJAEAYIOIUX CeaHCOB MOAeINpoBaHus; ums xFinal
TaK/Ke MOXeT ObITh H3MEHEHO Pa3padOTIUKOM MOJIE/IH;

Tlone Save options (OniIK 3aNUCH ) TTO3BOJISET 33/aTh OrPAaHUYEHM S Ha YHCIIO0 CTPOK
MaTpuibl xout (Limit rows to last), a TakXKe TOMOAHUTENBHO YKA3aTh HEOOXOANMOCTh
«IpopexkuBanus» (Decimation) peruCTPHPYEMBIX COCTOSHUI cicTeMbl. IMeeTcs B Buny
cnenywouiee. Ecnu snauenue onun Decimation paBHo 1, To perucTpauns npou3BoguT-
Cs1 /1A BCeX MOMEHTOB BPeMeHH, 3afaHHbIX B mosie Qutput options Ha Bk1axke Solver,
ecau Decimation = 2, TO PETHCTPUPYETCSA TOMBKO Ka)kA0€ BTOPOE COCTOAHUE CHCTEMBbI,
nipu Decimation = 3 — TONBKO Kaxk/10€ TPEThe COCTOSAHUE U T. [I.

B cBa3M ¢ 3TUM HEOOXOAUMO MOAYEPKHYTD, YTO NAPaMETPhl, 3a1aBAEMbIE B IIOJIE
Output options Ha BKJIaaKe Solver u mapameTpsl, 3aJlaBaeMble B 1osie Save options Ha
Bknaake Workspace I/0, BaanMocsszansi. O6beM perucTpupyeMoit HHdpopManny orn-
penensieTcst BHOPaHHBIM COYETaHIEM 3HAYEHMI YKa3aHHBIX apaMeTpPOB.

Hanpumep, ecnu B none Output options yKa3aHo, YTO COCTOAHNE CHCTEMbI JOJIKHO
perucTpupoBaThcsa B MOMeHTHI Bpement {1, 5,9, 11, 25], a B none Save options 3agaHsr:

Limit rows to last: 4;
Decimation: 2,

TO B MaTpHile Xout GyAyT 3alUCaHbl COCTOSTHHSA CHCTEMbI B MOMEHTHI BpeMeHu t=5 ut=11.

Bxnanka Diagnostics (cM. puc. 4.9.)1103BosIsieT H3MEHSITh HOMEHKIATYPY AHACHOC-
THyeckux coobmenui, BeisoauMbix SIMULINKomM B komanaHOM okHe MATLAB.

VYkazanHbie ASHCTBHS BHIIOJIHAIOTCS € TOMOLIbIO CIHCKa cobbituii (Events), Tpebytommx
peakuu SIMULINK, nanemerrtos yupasnenus. [lepexiosarenu s nose Action (Jeticmsue)
CTaHOBSITCS! AOCTYIHBIMH, €/ B ciiucke Events BBIGpaHO oxHO u3 cobprtuil. C noMoisio
[AHHBIX IIEPEKJTIoYaTes el MOXKHO YKa3aTh OIUH U3 BUZIOB PEAKLIMH HA COObITHE:

None — urHopupoBars; -

Warning — Bbigath NpeiynpexXIeHue;

Error — Briats coobienue o6 omunbke.

B none Debugging (Omaadka) MOXHO LOTIONHUTENBHO YCTAHOBATD ONIUIO TIOPS-
JOK HPOBEPKH COr/IaCOBAaHHOCTH KOMIIOHEHT Mojienu ( Consistency checking) v nienrn-
(buxanyio nepeceyenus curaanoM uyaesoro yposus (Disable zero crossing detection).

Pasnen menio Format

B manHOM pa3mesie MEHIO TOMb30BATENS COOPaHbl KOMAHIHI, IO3BOISIONNE H3Me-
HUTH BHelHee NpeAcTaBaeHue (opopmaenue) 6mok-auarpamMmel. ITo npegHaznatenmio
KOMaH/Ibl pa3ziesieHbl Ha yeTsIpe rpynmnsl (puc. 4.10).

TlepByIo rpynny 06pasyioT KOMaHAbL, AeCTBHE KOTOPBIX PACIIPOCTPAHSIETCS Ha Bbl-
AeeHnEH 610K (Mnu Tpymnny 610KOB):

Font... — sr16op mpudTa a8 TEKCTOBOMK HHQOPMALWH, BHIBOAMMOH Ha MKOHKE 6710~
Ka, 1 711 MeTKH (umenn) 6noxa;
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mulation parameters: untitled

: “:Snlver ’qukép'abé l'.-"Dj' D:v,‘iagﬁ::is‘tic /

, Events

i.i'a.lge}:rraic loop Warning:
Min step sime violation  Warning
Unconnected block input Warning

i'Unconnected block output Warning:
|Uncommected line Warning .

D ebuggmg

Consnstency : heckmg

3"" Dma ) cmssmg detechon

Puc. 4.9. Bkaanxa Diagnostics A¥aI0r0OBOTO OKHA YCTAHOBKY IapaMeTPOB MOAENUPOBaHHS

Flip Name — 13MeHUTH NIOJ0KeHVe UMeHH 61ioka (Ha UM OR MKOHOM);

Hide Name/Show Name — cxpbiTh/nokasars uma OJ0Ka;

Flip Block — pa3sepHYTh HKOHKY 6J10Ka OTHOCUTENBHO BEPTUKAIBHOMN OCH CUM-
MeTpuHd Ha 180°;

Rotate Block — 110BepHYTb MKOHKY 6JI0Ka OTHOCUTENBHO BEPTHKANBHON OCH CHM-
MeTpun Ha 90° (110 1acoBoil cTpeske);

Show/Hide Drop Shadow — m0Ka3aTh/CKPHITD «TE€HbY.

Ko BTOpoil rpyrine oTHeceHa eqMHCTReHHAs Komana — Hide/Show Port Labels —
CKPbITb/TIOKA3aTh METKI HOPTOB 0JI0Ka; JaHHAs KOMaH/a IPMMEHHMA TOJIBKO K 6710~
KaM-noacuctemaM (Subsystem), collepkaiM BHYTPEHHNE BXOIHBIE MJIW BLIXOAHBIE
nopTHl, TO ecTh 6710kn In 1 Qut; eciiu Takue 610K UMEIOTCS B IOACHCTEME, TO UX MET-
KU 110 YMOJTYAHMIO BHIBOASITCS Ha HKOHKE OJIOKA-TIOICUCTEMBI.
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Foregiound Color
Background Colar
Screen Colot

Puc. 4.10. Paznen Format MeHo0 nonbn30BaTens

Tpersio rpynny 06pa3yloT KOMaHIbl I3MEHEHUsA HBETOBOM NaNUTPL! 610K-11-
arpamMMbt:

Foreground Color — Li60p 1BETa KOHTYPa U CHMBOJIOB Ha HKOHKE BBIAEJIEHHOTO
6noxa (rpymnnbt 6710K0B);

Background Color — sri6op LiBeTa hoHA MKOHKH BBIIEIEHHOTO 6710Ka (Tpy bl 610KOB);

Screen Color — Br160p uBeTa (poHa OIIOK-TUATPAMMBL.

Tipu BBIGOPE OG0 U3 3THX TPEX KOMaH/I Ha 2KPaHe M0SBIAETCS CHCOK HBETOB, C
HOMOLIBI0 KOTOPOTO MOJKHO BBINOJIHUTH Ha3HAYEHHE,

KomaHpt 4eTBEPTOM TPYTITIBI O3BOSIOT U3MEHATh HEKOTOPHIE TApaMeTPhl JTHHHIH
CBA3Y 6IOK-AUarpaMMbL:

Sample Time Colors — «oncBeTKa» JHHHUH CBsI3H, COEAUHSIONNX O/I0KH, paboTa
KOTOPBIX 3aBUCHT OT BeJIMUMHBI LIara MOZIEJIbHOIO BPEMEHH; TIPH BLINIOJIHEHHH TaHHOK
KOMAaHZb! COOTBETCTBYIONIME JMHIY CBsA31 (1 camu 610K BrlIeNSIoTCA Ha B/I0K-1Har-
pamMMe KPacHbBIM UBETOM;

Wide Vector Lines — junuut CBA3H, IO KOTOPBIM NEPEAAIOTCA BeKTOPHBIE BETHYH-
HBI, BBIBOAATCS 0OJIee «KUPHBIME»;

Line Widths — nnsa Bcex nuHuit CBSI3H BHIBOAMTCS B 1I{hpoBolt hopMa «mHpuHa»
nepeaaBaeMoro CUTHAIA (TO eCTh YMCJIO 9TI€MEHTOB COOTBETCTBYIOUIEr0 BEKTOPA ), /s
CKaJISIPHBIX CHUTHAJIOB «IIUPUHA> paBHa 1.
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Ha puc. 4.11 nokasas pe3yJibTaT IPUMEHEHW JBYX OCJAE/THUX OTILHiT K OI0K-uar-
pamMe, IPHBOAMBILeiica patiee (Ha puc. 3.55).

i 4167]

T

Mux

]
TIL

Mux

Display

Puc. 4.11. Busyannsaiis «BeKTOPHBIX» JTHIH CBA3N

Pasymeercs, paccMOTpeHHbIE OIIIH YIIPaBJieH!s (POPMATOM BBLIBOAA JIMHHUI CBSI3H TO-
JIE3HBI He TOJIBKO C TOYKH 3PeHIs Au3aiiHa co3naBaeMoil 610k-anarpamMmbl. OCHOBHOE UX
Ha3HaYeHMe — OKa3aHye IOMOIIM Pa3paboTYMKy S-MOIe/N Ha STalle ee OTJIaaKu. B cBasu c
5THM HEOGXOIMMO OTMETHTD, YTO OJHOM U3 BECHMA PACTIPOCTPAHCHHBIX OLTMOOK I1PH T10CT-
poenun S-mozneny, BolaBisieMblx SIMULINK, sBiseTcs HecooTBeTcTBHE PasMEpHOCTH
BXOJIHBIX U BBIXOJIHBIX [IOPTOB coceHnX 010K0B. B cayuae ee obuapyxenns SIMULINK
NPHHYAUTEILHO BLIBOAUT Ha OJIOK-AUATPAMME <IIHPHHY» BEKTOPHBIX CUTHAJIOB.

4.21. <«IIEPETAIIN N OCTABD»

. BoamoskHOCTD HCTTOTb30BaHNA TexHo10ruu Drag-and-Drop (Ilepemaugu u Ocmaenw)
OJTHO U3 OCHOBHBIX IOCTOMHCTB IpakTiiecku Bcex Windows-npunoxennit, CMbicnt ee
3aKJII09AETCS B TOM, UTO [0JIb30BATE]b MOXKET «IIePEeTaCKUBaTh» (MJIH, KAK TOBOPSAT I1PO-
deccronanbl, «GyKCUPOBATH» ) BhIIEIEHHBIH 0OBEKT M3 O[HOTO OKHA B ipyroe. I1pu atom
OKHA MOTYT NIPUHAJIEXKATD KaK OZHOMY, TaK ¥ PA3HBIM IIPHJIOKEHHSAM.

Peanuzanus texaonoruu Drag-and-Drop Bo3aMoskHa TONbKO Gaarogaps ocobennoc-
tam OC Windows: MHOTO3a1auH0CTH 1 Hanuuuio rpadugeckoro (WIMP) unrepdeii-
ca. A6bpeBratypa WIMP o0pasoBana HauaibHLIMKU OyKBaMu 4eThipeX aHTINHCKHUX
cnoB: Windows (Oxna), lcons (Hxonka, nuxkmozpamma), Mouse (Muiuv), n Pop-up (Bot-
nadaruee Menio). ITH TEPMUHBL U COOTBETCTBYOLINE UM OOBEKTDLI COCTABAIOT OCHOBY
:060T0 MHOTOOKOHHOT'O rpadyueckoro unrepgeiica.

Kakas xe cBsisb Meskny nousaruem WIMP-unTepdeiica u pazpaboTkoit Mosienelt ¢
nomouipio SIMULINK?

CaMasi HeroCpeACTBEHHAS: [/ BU3YIbHOTO [IPOrPaMMHPOBaHUA HEOOX0AUMO Ha-
J4ye Kak MITHUMYM ABYX OTKPBITHIX okoH. I1pn HayansHoM 3anycke SIMULINK Tta-
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KHMH OKHAMH, HallPUMED, ABJISIOTCS OKHO pazenos ubnuorexu {Library: Simulink) u
HycToe 0KHG H10K-Iuarpammel mogenn (untitled).

ITocsie aTux npenBapuTeabHBIX 3aMeUaHIil BEPHEMCS K pelllaeMoil 3azade.

Wtak, HEOOX0AMMO CO3aTh MOJIEIIb, ONIMCHIBAIOILYIO NIOBEAEHNE KOHEYUHOI'O JIETepMM-
HUPOBAHHOTO aBTOMaTa 1o uMeHu Maia. Kak Bbl noMuuTe, IpocTefuinii cnocob cuenarh
aTo — BocTIo/b30BaThea Gyi0koM Combinatorial Logic us pasnena 6ubmorexu Nonlinear.
OTxpoiite yKasannbiit pasaes (1BoitHolH weuox JIKM) u oThiuTe B HEM HYKHbIH GJIOK.
Tlomectute Kypcop Ha MKOHKY 6710Ka, Hasxmute JIKM u, He otnyckas ee, otbykcupyiite
n3obpaxerue 610Ka B 1ose untitled. Ormycrure kHonky Mbiiun. B 3ganue Oyayuieit S-mo-
JIeJTH TIOJI0KEH MePBbIil «KUpnuy». [locKoMbKy pasMep «IoCTPOIKN» 3apaHee HeU3BeCTeH,
11e71eCO00PA3HO PA3MECTUTH €T0 B HEeHTPe OKHa Onok-AnarpamMmst. Ecnv cpasy ato crenarn
He YIAJI0Ch, IEPEMECTUTE GJIOK B HY’KHOE MECTO C TOMOILDIO «MBILIK».

Ha cnenymwomeM niare nenecoobpasio 100aBHTD B MOZETb 3JIEMEHTBI, COOTBETCTBY -
IOI{KE ABYM APYTUM NEPCOHakam paccMaTpuBaeMoi safaun — Bace u Tlere. IToka 6y-
ZIEM CYMTATD, YTO HX IPUBBIYKH XapaKTePH3YIOTCS U3PSIHBIM OCTOAHCTBOM. [{03TOMY
KaK0T0 M3 HUX B Mojiesin OyaeT npeactaBasats 610k Constant us pasnesna 6ubanore-
k1 Sources. OTkpoiiTe 3T0T pasaesn (ABoiHo menyok JIKM), Haiture HyxHbIH 610K H
oTOYKCUPYHTE ero B JIEBYIO YacTh N0Jst 6i0K-frarpamMmbl. UTo6s1 noMecTUTh B H10K-
auarpammy BTopoii 6ok Constant, ecTb Tpu myTi:

® [IOBTOPHTD €llle Pa3 onepannio 6YKCHPOBKH GJi0Ka U3 pasaena 6bubnauoTexy;

® BOCHOADB30BaThes KoManaamu Konuposamo (Copy) u Bcmasums ( Paste) via pas-

naena MeHio Edit,

® JICIIOJIB30BaTh JOHOMHNTENbHBIE CepBUCHBIE BoamoxxHocTH SIMULINK.

Iolinem o TpeTbeMy MyTH.

ITomecTuTe Kypcop Ha nKoHKY Gnoxa Constant B 6510K-AHarpamMMe co3iaBaeMoil Mo-
JIeJTH ¥ HAKMUTE TIPABYIO Kaasuury Muiy. CripaBa 0T Kypcopa mosiBUTCs HesIbli Kpec-
Tuk. He otniyckas JIKM, nepemecTure Kypcop B Ty TOUYKY AMarpaMMmBbl, KyAa HYKHO
BCTaBUTH Bropoii 6;10x Constant. Orniyctus JIKM, Bui ysuaure ero. Obparure BHIMA-
HUe, yTo HMs (MeTKa ) aToro 610Ka HeCKOJIPKO H3MEHMIACK: OH HasbiBaeTcsi Constantt.
OODBACHAETCS 3TO TEM, 4TO KaxkAbli OJIOK, BKJIIOUEHHBI B GI0K-AMArpaMMy, HO/KEH
MMeTb YHMKaIbHOE M. Ecin 651 B MOZIENN uCTosb30Banoch nATh 610k08 Constant,
TO NOCIEAHNI M3 HUX o1y 4u 661 umst Constant4. AHATOrMYHBIM 06Pa30M UMEHYIOT-
s Bee OJIOKH, MCTIOb3YeMble B MOJIEIH.

Y1obbl cosfaBaeMasi MOZEb HoJiee HATISAAHO OTpaskaa cymeCTBo paccMarpuBae-
MO 3a/1a4¥, 3AMEeHUM METKI OI0KOB MMeHaMu AeHCTBY0MMX nepconakeii. Haunem c
6s0xa Combinatorial logic. [TomecTute kKypcop Ha HaspaHue 6oka 1 meakaute JIKM.,
Hasganne 6y10ka OKa)eTcsl 3aKII0YEHHBIM B TIPAMOYTOJIBHYIO PAMKY, 4 KyPCOP IIPUMET
¢opMmy BepTHKaNbHOM Mepiialollielt 4epTol. VIcno/ib3ys k1aBHaTypy, yAIUTE CTaHAAP-
THOe UMs O710Ka u 3aMeHUTEe ero uMeHeM «Mamay. [[lenkaute JTIKM BHe TexcToBoii
obnactu. Belgensonias paMka vucuesser. BolmosHuTe ananornyHele feiicTsus ¢ 610Ka-
mu Constant u Constantl (3aMennTe UX HazBaHUA nMeHaMu «Bacs» u «IleTs» coot-
BETCTBEHHO).
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3ameuanue: sce 6710ku B 6I0K-THArpaMMe 06A3ATENHHO FOKHBL UMETh MM — 1100
npennoxxentoe SIMULINK, 1u6o HazHaueHHOE pa3paboTYNKOM MOZEH; TOSTOMY HEJIb3st
caenarh GJI0K «Oe3BIMSHHBIM», cnob3yst kiaasunin Del nnu Backspace; ims 610xka MOX-
HO TOJIBKO «CKDBITE> € IOMOUIBIO KoMauzbt Hide Name (n3 pasnena mento Format).

Bepuemcs k coznanuio mogenu. biok Combinatorial logic nmeet Ty ocobeHHOCTS,
4TO Ha €r0 BXOJ MOXKET IOCTYNaTh TOJAbKO OJIMH CHTHAI. A Mama 10/IKHA TTONYIUTE
undopMaluio 1 o moseaetud Bacy, u o nosexenn letn. Kak 6nr1p? Heobxommumo obpe-
JAMHUTD IBa CUTHAJIA B OJIMH. JTY 3a/1a4y MOXHO PELIUTD ¢ ltomMoubio 61oka Mux (pas-
zen Connections). Haiimure ero n nomecrire B 6;10K-auarpamMme ciesa ot 6aoka Mawa.
YT06b1 M36aBUTHCSL OT JIMIIHErO BX0Aa B 61Oa1oTeYHOM BapuaHTe 610ka Mux, HeoOxo-
JAMMO U3MEHHTD €10 TapaMeTPhbl HACTPOHKH.

TlomecTuTe Kypcop Ha nsobpasenue Ooka v gBaxap meakaute JIKM. B oTkpoiB-
HIeMCsl OKHe HACTPOEK M3MEHNTe 3Ha1eHue napamerpa Number of input ( Yucno 6x0008)
¢ 3 Ha 2. «Haxmute» kHonky Apply, 3atem — Close. Vikonka 6/10ka u3MEHUTCS B COOT-
BETCTBUH C HOBBIM 3HAYEHHEM lapaMeTpa HaCTPOMKH.

Teneps MOXKHO COeMHUTD GJIOKH, TTOMEIEHHbIE B 10Jie OI0K-HarpaMMBl, B COOT-
BETCTBUH C JIOTMKOM MX B3aUMOAECTBHSA: CUTHAJBI ¢ BBIXOMOB 6J10K0B Baca u Ilemsa
JIOJKHBI [IOCTYTIATh HA BXOABI 6110ka Mux, a 06 beinHeHRbIi CUTHAJ C €T0 BHIXOA —
nepesaBarbcs Ha Bxon 6noka Mawa. Jins 6onee yaobroro coenunenus 6mokos Bacs u
Iems c 6:10k0M Mux 11e1ec000pa3HO HEMHOTO «PaCTSHYTh» NOCAEIHMI 10 BEPTUKATIH.
Brigenute ykazaHHb1i 6J10K, TOABEAUTE KYPCOP K OLMHOMY M3 €70 YTJIOB U <«IIOTAHUTE»
n300pakeHue B BEPTUKAIPHOM Hanpabienun. OTHOBpeMEHHO MOXKHO COKPATUTE OIIOK
1o mupure. Ilocne coenvnenus 6J0K0B MOeNb HyET BHITIAAETh NPUOTHU3UTEIBHO TaK,
KaK [0Ka3aHo Ha puc. 4.12.

0,

BacA I mux L plf]h
0 Mamwa

Mern Mux

Puc. 4.12. brok-anarpaMma neproi Mogesnu

OxHaKo MPOBOJUTD IKCIIEPUMEHT C TOYYEHHO! MOZENbIO TIOKA PAHO:

® BO-TIEPBBIX, MBI He OMIHUCAJIN JIOTUKY NoBefeHUs Malliu U1 pas3/iMuHbIX 3HaYeHHH
BXOZHOTO CUTHANA;

® BO-BTOPBIX, B MOJIEJIH OTCYTCTBYIOT CPe/CTBa, NO3BOMAIONIHE YBUIETE PE3YJibTa-
THI MOJIETMPOBaHUS. _

Cuavana u3MeHnM TabULy UCTHHHOCTH 6i10ka Mawa. OTkpodTe OKHO HAaCTPOEK
napameTpoB 6J1oka (aBoitnoii wenvok JIKM nHa nkotke 610ka). B cooTBéTcTBHY C Ipa-
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BUJIAMH ITOBEAEHMSI TEPOMHMU, PACCMOTPEHHBIMY Hamu palee, napameTp Truth table non-
sKeH OBITh 331aH CIEAYIOMNUM 00pazom:

[001; 011; 101; 011].

HanoMmHuM, 4To 3HaYeHUs BXOJHOTO CUTHAJIA B ABHOM BHJIE B TaOJIHIIE MCTHHHOCTH
He IIPUBOJATCA, 33XAETCS TOJIBKO 3HAUEHNE BBIXOAHOTO CUTHATIA,

nsa orobpaxenust pe3y/IBTaToB paboTht Mogesu ucnoabszyem 610k Display n3 pas-
nena Sinks. OTpHUMTE YKA3aHHBIN OI0OK M MOMECTHTE B MoJie GJIOK-IHarpaMMBbl, IpaBee
6noka Mawa. Coenunure Bxo 610ka Display ¢ Beixonom 6noka Mawa (puc. 4.13).

Bacsa

e
Mux |4 it 1 0
g ——-"A Mawa

flern Mux

Puc. 4.13. Bxynouenune B 610k-nuarpammy 610ka Display

Cosnanue mozenu sapepureno. KoneuHo, ee Buem il Buz u GopMy npeacTaBicHUS
Pe3yJIbTaTOB MOKHO YJIYYUINTh, HO 9THM MBI 3aliMeMC HEMHOTO TT03Xe.

Ceituac aapaiite ybequmca B TOM, 4TO MOJyYeHHAs MOJeNb AelCTBUTENbHO pabo-
TocnocobHa.

3Havenus KoHCTaHT Baca n Ilems ocrasum pasHbME 0 (To ecTh Gyem cYUTaTh, 4TO
HY TOT, HU IPYTOH 1[BETHI IPUHECTH He AOTAAJICA).

Mcnonpays KoMaHAy Start us pasaena Simulation Uiy COOTBETCTBYIOMIYIO KHOMKY
TaHeJH NHCTPYMEHTOB, 3allyCTUTE MO/Ie/b Ha UCIIOJHEHUE.

Tockonbky Mozesb BecbMa IPOCTa, CEAHC MOZENTHPOBAHMSA 3aKaHYHMBAETCS OYEHb
OBICTPO, 0 YeM CBUAETENBCTBYET XapAKTEPHBIH 3BYKOBOH «1IETY0K» KOMIIbIoTepa. Kpome
TOTO, B IpaBOM HiKHeM yruy 6ioka Display nosken nosBuTbes He60IbIION YePHBIH
TpeyroabHuK. HanoMHWM, OH CIyKUT NPU3HAKOM TOTO, YTO BLIXOJHOM CUTHAJ ABIIET-
cs1 BEKTOPHOH BeIMyKHOMN. B paccMaTpuBaeMoM NpHMepe BBIXO/HOH BEKTOP COCTOUT
13 TPexX 3JIeMEHTOB (B COOTBETCTBHH C 3aAaHHOI Tabnuuel uctuaHoCcTH ). IT06H YBH-
JIeTh 3Ha4eHNA BCEX 3TEMEHTOB BEKTOPA, HEOOXOAUMO «pasaBrHyTh» G510k Display no
BepTHKAIM. J[1st aT0T0 6JI0K CleyeT BBIACAUTD, TIOABECTH KYPCOP K OXHOMY H3 €ro
HUYKHUX YI7I0B 1, HakaB JIKM, mepemectuts kypcop BHu3. Kor/ia 3HaueHs Bcex Tpex
37IeMEHTOB CTAHYT BUAMMBL, OTIIYCTHTE KHONKY MbItrH. Kax 1 ciiefoBano oxxuiars, are-
MEHTHI BEKTOpa paBHbl cootBeTcTBeHHO 0, 0, 1 (puc. 4.14).

B cosnanHO! HaM¥u MOJEe/iU IPAKTHYECKH BCe GJIOKY UCIIOAb30BAINCH C Tapa-
MeTpaMH, yCTaHOBJIEHHBIMU IO yMo4aHuio. To e caMoe MOXXHO CKasaTh U O ma-
paMerpax MoJeJH B LejoMm. B AByx nocienyoiux pazienax peub NOHIET O TOM,
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Puc. 4.14. [Ipeacrasenne pe3yasTaToB paboThl MojeNu ¢ nomonibio 61oka Display

KaKMM 00pa3oM MOKHO CKOPPEKTHPOBATh TAPAMETPbI MOZEH, UTOOBL OHM HanGO-
Jlee TIOJIHO OTBEeYa/l KaK MHTEPeCcaM HCCIeI0BAaHMsI, TaK U 3CTETHIECKHM IIPUCTpa-
CTUSM pa3paboTYHKA.

Y10 MOXKHO HIMEHUTH

[Ipexne Bcero HEOOXOAMMO COXPAHHUTD CO3/IAHHYIO MOZIEDb (OHA HaM elile OHAI0-
6uTCs), 3amucas gais ¢ GJI0K-IuarpaMMoil Ha JKeCTKIH IUCK UJIM HA IUCKETY.

Bocnosbayitrecs st 3T0T0 KoManoit Save as... Beibepure katanor (nanky), Ky/aa
Gyner 3anuceiBaThes $ailn, 1 Kakoe-HUOY b UM 1A HETO, oJIee COMEPIKATENLHOE, YeM
untitled nanpumep, Choice —(Buibop).

IMocne coxpanenns daiiia Mogenu caesaiTe akKTHBHBIM KOMaHaHOe 0KHO MATLAB.
Bo BpeMms ceanca MOAEIUPOBAHNS TaM OSIBUIOCH HOBOe coobmenue: « Using variable
step discrete time solver for model ‘untitled’s (Mcnoav3o8anue nepementozo waza npupa-
ujenust OUCKpemHoz0 épemenu npu pacueme modeau ‘untitled’). Jlanuoe coobuienve He
ABAAETCA NpeLyNPexRIEHHEM O TOM, YTO MBI CAEJIAJIH YTO-TO HEIPABHJIbHO. JTO CKOpee
TaKTHYHBII HAMEK Ha TO, YTC NP MOAETUPOBAHIY ANCKPETHLIX [POIECCOB H CHCTEM
GoJlee KOPPEKTHBIM SBJISIETCS UCNOJIb30BaHHe DHKCUPOBANHOIO UIara MPUAPATICHUS
MopensHoro Bpemenu (Fixed-step).

Yr1obrl ykazaHHOe COOOUIeHHe B JadbHEHIIEM HE MOSBJISI0CE, Heooxommo H3me-
HUTH [IaPaMeTPBl CEaHCA MOIETHPOBAHIA.

Orxpoiite B 0kHe OJIOK-IHATpaMMbl MOZIENH Paszien Mento Simulation v BbiGepuTe KO-
Manzy Parameters... Ha Bxnanke Solver B nome Solver options ¢ OMOLIBIO BHITAIAIOMIErO
metio Tiype samenute Variable-step wa Fixed-step. [Ipu 3T0M B pacIioo;KEHHOM CTIpaBa OKHe
aBTOMaTH4YecKH OyZIeT VCTAHOBIIEH METO/ pacyeTa cocTosuuii discrete (puc. 4.15).

Eme ozyn napaMeTp, KOTOPDIi MOKeT ObITh CKOPPEKTHPOBAH — 5TO BEJIYHHA HHTED-
Basla Mofie/mpoBanns. OUeBHIHO, 4TO PACCMATPHBACMbIIi KOHEYHBIH aBTOMAT opmupy-
€T Pe3yJIbTaT 3a OJMH War paboTbl Mogenu. [109ToMY U3MeHHM 3Ha4YeHue N0 Stop time
¢ 10 Ha 1 (Ha caMOM eJle eT0 MOSKHO CZIeJIaTh ellle MeHbllle, HO 00 3TOM HEMHOTO IO3e).

Y106b! ycTaHOBIEHHBIE TaPaMETPLI BCTYIIUIM B CHILY, <HAKMHTe» KHOTNKY Apply,
HaXOAAIMYIOCA B HIDKHeiT yactu okua Simulation parameters.

Bepremcs k 6ok-guarpamme Momend Bubop. C nioboit mogenpio TeM yrobHee u
npusiTHee paboTaTh, 4eM HoJIblie OHA COAEPKUT PA3IHIHBIX TEKCTOBLIX KOMMEHTapH~
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discrete (ne continuous states)

Puc. 4.15. OxHO HAcTPOHKH HapaMETPOB MOJeHPOBaHUA A Mogenu Choice (Buibop)

eB. [lpuuem, yeM croxHEe MOZEND, TeM OOJblIE J0/UKHO ObITh MOACHEHHH IO ee HC-
no/ib3oBanno. CosgaHHas HAMH MoJeNb Buifop K CIIOKHBIM SIBHO HE OTHOCHTCS, TEM
He MeHee CHaOAMM ee ROMOAHUTEALHON TeKCTOBOM MHpOPMaineil.

Haunem ¢ 3arosnioska. JIyuuie Bcero pasMeCcTHTD €r0 TaM, I€ 0OBIYHO HAXOAATCA BCE
3ar'CJIOBKU — B BEPXHEH HacTH OKHa. ECJi B BalIeM BapHAHTE MOJe/Ii MECTa TaM HeZlo-
CTaTOYHO, BBITIOJIHUTE C/IeAYIOUIHe TO/TOTOBUTeNbHble felicTBisA. B pasnene Fdit Bbi-
Gepute komanny Select All."B pesynbrarte ee BHINOJHEHUS BCE SJEMEHTHI OJIOK-AMAr-
paMmbl (1 6JI0KH, M TUHHA CBA3W) OKXKYTCS BhieneHHbiMU. [lonBennte xypcop
«MBILIH> K 11060My 13 91emeHTOB Mozeau U HaxMmurte JIKM. He otrtyckas ee, niepeme-
CTUTE KypCcop BHU3. Bbl yBHAHTE, YTO KOHTYPHI 6JI0KOB [HArpaMMBbl TaKkxke OYAyT nepe-
Mematecst. Korga onu 3atimyT HykHoe nosioxenue, ornycrure JIKM. ITocre sToro an-
arpamma OyaeT BOCTIpon3Be/ieHa Ha HOBOM MecCTe.

YcranoBHTE KYPCOD MBI B TY TOUKY OKHa, TAE, 10 BalleMy MHEHHIO, I0JIKeH OyaeT
HAaXOAUTHLCS UEHTP 3ar0I0BKa, 1 menkuuTe Apaxast JIKM. B okre nosates npsaMoyrons-
Had BBIZJITIONast paMKa M Kypcop, 0603HAYAONMI MO3HLHIO BBO/IA TEPBOIO CUMBOJIA,
Beeaurte ¢ KJIaBHATYpBI 3ar0I0BOK, KOTOPHIH, Ha Balll B3IV, 0TOOpaka Obl HazHaYeHNe
MoZenu (HanpumMep, «MccaenoBanne KOHEYHOTO aBTOMaTta» wid «Beibop sxennxa» ). 3a-
KOHYMB BBO/, eskuure JIKM BHe TexcroBoit obnacti. [1o yMoi4anmio 115 BBOJA TEKCTA
HCIIoJIb3yeTcst IWPHGT ¢ pasMepoM cMBOM0B 10 IMHKCesToB, 4T0 114 3ar0JI0BKa SIBHO HENO-
ctatouHo. YToOB! M3MEHUTD THI 1pUQTA, BHOBb IOMECTUTE KYPCOP B TEKCTOBYIO 06.1aCTh
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n menkuuTe JIKM (Moxno asaxawr). [locne atoro B paszaene Menio Format BeiGepuTe Ko-
MaHzy Font... lcnone3ys oTKpbIBalonieecs AUaJIOrOBOE OKHO, yCTAHOBUTE HOAXOASAIIHE THI,
HayepTaHue 1 pa3mep WpHUQTa 3aroyoska. Ecim nocse 310ro Bo3HUKHET HEOOXOAHMOCTh
U3MEHUTD €T0 MECTOIIONOXEHHE, BHIITOMHUTE CIIeAyIollie AeCTBYS: YCTAaHOBUTE KypPCop
Ha TeKCTOBYIO ob/acTb, Hakmute JIKM u, He oTIIycKas ee, IEpeMeCTUTE Kypcop B HyKHOM
HaNpaB/IeHU; IIDH 3TOM KOHTYP TeKCTOBOH obnactu Takxe Oymet nepememarbest. Hafins
yZa4HOe [I0JI0KEHHe [7151 3ar0JIOBKa, oTryctute JIKM.

AHanOTHYHBIM 00pPa30M MOXKHO CO31aTh TEKCTOBbIE KOMMEHTAPHUHU B JI000# Touke
OKHa 6710K-gHarpammul (puc. 4.16).

MUccnegoBaHue asTomara

. OrBer Bace

__ Ormeerlere

"CooGuenue :
poautenam

Puc. 4.16. IIpumep co3maHus TeKCTOBBIX 061acTeil B GA0K-AuarpaMme

Ternepr paccMOTPHM BO3MOXHbBIE CIOCOOB M3MEHEHH BHEHIHEro obiuka 6JI0K0B
AUarpaMMBl. ’

B GonpmuncTBe S-Mozeseit 610k Mux uMeeT BcrioMoratenbHoe 3Hagenue, [1oarto-
MY 1ie/1eco00pa3sHO HECKOIbKO H3MEHHTD HKOHKY 6J10Ka, IPUBE/s €€ B COOTBETCTBHE C
OTBOJAUMOH €MY POJIbIO.

OxuHx U3 BapHaHTOB TaKol MoAHQUKAUKMY TPUBEJieH Ha puC. 4.17.

WccneposaHue aTomara

© Ormeer Bace

Om_el Mere

CoobmeHue
poauTensm

. Display
Puc. 4.17. Viamenenne ¢opmata 610xa Mux
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Eciu Bbl 03HAKOMUIHCH C MATEPHAIIOM 2 IJIaBBI, TO, BEPOATHO, 3aMETUJ/IH, 4TO Te-
neps 610k Mux moXo:x BHelIHe Ha BepIuHy-nepexon cetd [letpu (aro nabiaonenue
OKaXKeTCsi BeCbMa BaKHBIM IIPH PACCMOTPEHUH PAAA NOCJIEAYIONMX IPUMEDPOB).

Bok Mux ctajt Toxosk Ha BEpIINHY-TIepexo/ 61aroaaps AByM ONepaiusiM:

® nepBas — U3MeHeHne reoMeTpirieckoll GopMBl MKOHKH 610K, 9Ta Onepaiins BaM
yoKe 3HaKOMa, OHA BHIIOJIHSETCS ¢ TIOMOIIBIO KyPCOpa «MBILIH» );

® BTOpas — U3MEHeHue iBeTa Ppona ukonku 6;oka (Background Color); 4Tobb1 BbI-
IOJIHUTD 9TY ONEpallUio, He0OX0AUMO B pasjienie MeHio Format BbI6paTh COOTBETCTBYIO-
LIYIO KOMAHY, 2 B OTKPhIBAIOLIEMCS JOIONHUTENbHOM MeHIO — 1BeT Black (uepmoiii).

ITockonbKy Teneps 610k Mux sieTKo y3HaTh Ha OJIOK-IMarpaMMe 110 BHEITHEMY BHLY,
HMsl [T HETO CTaHOBUTCA uanuianM. Ytobnt yopats ero, B ToM ke pasnene Format
Boibepute komanay Hide Name.

Nwms 610xa Display B paccmarpriBaeMoM IpUMEDE Takske ABAAETCA Mano UHpopMa-
tuBHbIM. [losTomy nosropure onepauuio Hide Name u ans yxkasansuoro 6;10ka (610K
ROJIKeH GBITH [Ipe/[BAPUTELHO BHIAETIECH ).

U nakoHel, noc/ieiHee U3MeHeHVE, OTHOCAIIEECS K BHEIIHeMy 00JIuKy 6JI0K-11ar-
pammbl. Tak Kak B Hatleil MOZIETH HCTIONIb3YIOTCA BEKTOPHBIE CHTHAIBI, 1e1eCo06pas o
OTPasuTh 3TOT PAKT BU3YaILHO, BOCTIONb30BABIIUCH KoMaHoi Wide Vector Lines. Tloc-
Jie IPUMeHEeHUs TaHHOM KOMaH/bI IMHAHU CBA3K Mexay 610kamu Mux, Mawa v Display
CTAHYT BABOE TOMIE APYTHX.

3amenanue. Dopmare! aunuii cBA3u 1 Oioka Display nna BexTopHOro curHana
«TIPOABJSIOTC» TOIBKO TTOCIIE IPOBEIEHUA XOTs GBI OJHOTO CEaHca MOAETNPOBaHUA.

HarnaaHocts 610K-iuarpamMmm, coepskaiinx 6051bimoe 94cao 6,10K0B, BO MHOTOM 3a-
BHCHUT OT BbIOOpa (GOPMBI ¥ PACIIOJIOKEHHS BCEX 3/IEMEHTOB AHATPAMMbI, B TOM YHCJIE
ot KoHburypauuu TMHUHN cBs3u. Hrke onMcaHs! HEKOTOPHIE OCHOBHBIE TIPHEMBI UX pe-
JaKTHPOBaHMS.

s Havyasa OTMETHM, YTO DeJAKTHpyeMast JTHHHsI CBSA3H J0KHA ObITh [IpeaBapHh-
TEJIbHO BuiAesieHa. YUTo6b! BHIAEINTD JIMHUIO CBA3Y, JOCTATOYHO NOABECTH K HEH Kyp-
COP «MBINI¥> ¥ eAKHyTs JIKM.

Heo6x0x1M0 TaKXe OTMETHTD, YTO IPH CBA3bIBaHHN 6J0KOB (TO €CTh NPH CO-
3nanny HoBo# annnn cBsa3n ) SIMULINK cam moitaercs nonobpars Haubosiee yaau-
Hy1o koHurypauuwo auHud. [Ipn aToM co3zgaBaeMast JHHUS MOXET UMETh JBa 1
6oJiee «H3I0MOB>.

Ha BrieseHHON JTHHUY CBSI3H <HU3JI0Mb» OTMEYAIOTCs YePHBIMH IPAMOYTOIbHINY-
KaMHu. YTo6bl M3MeHUTD (POPMY JUHUHN, HeOOXOIMMO YCTAHOBUTD KYPCOP «MbILIM» HA
TOUKY M3j10Ma (KypCOp NpeBPATUTHCA B OEIYI0 OKPYKHOCTD), HaxaTh JIKM u, ne ot-
HyCKas ee, IEPEMECTUTH KYPCOP B HYKHOM HanpabieHuy. Takum o6pa3oM MOKHO H3-
MEHMTb JIJIMHY IPAMBIX Y4aCTKOB JIMHIH, JTHO0 BOOGIIE yOpaTh TUIIHUE «V3J0MBI».

Y1068 H3MEHUTB TI0JI0JKEHHE IPSIMBIX OTPE3KOB, MOKHO UCIONL30BATh APYLO CIIO-
c00. YcTaHOBHTE KypCoOp Ha pefakTHpyeMbiil oTpe3ok n HaxmuTte JIKM; kypcop npu-
MeT dopmy yepHo-bemoro pomba; He oTiyckas JIKM, nepemecture Kypcop B HyKHOM
HalpaBjieHUU (TOPH30HTATLHOM WIH BEPTUKANBHOM),
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I1pu co3aHIM HOBO TUHHIH CBS3W WIH TPU NepeMellieH MM CBA3aHHbIX 6;10k0B SIMU-
LINK crapaercs BHIOpaTh 1151 CBSI3M KpaTdaiinnii MapuipyT. Eciu BbI XOTHTE caMOCTOS -
TeJbHO YKA3aTh MAPIIPYT CBA3BIBAHUA GJIOKOB, MOKHO OCTYIIUTD CIEAYIONIAM 06Pa3oM.

[TonBeanTe Kypcop K BLIXOAHOMY TTOPTY OJI0Ka, KOTOPHIH Bbl XOTHUTE CBA3ATD C OAHUM
u3 nocaenywinyx 6;10xo8 Mozenn. Kypcop npumer dopmy depHoro kpectuka. Haxmure
JIKM u, He 0TIy CKasi €e, IepeMeCTUTE Kypcop. 3a HUM MOTIHETCA KOHTYP Oyayuiei TMHNK
cBsi3u, UTOOB! M3BMEHHTD HaTIPaBJIeHHE ABWKEHNS, OTIIYCTUTE, 3aTeM BHOBb Haskmute JIKM
¥ TIPOJIOJIKUTE IBHIKEHKE B HYXKHOM Hanpasyiennu. O6paTiTe BHUMAHHE: IepeMeniaeMblii
KOHEL IMHUH CBA3U OKAHIMBAETCs! TOHKOM cTpenkoid. [Tocse Toro, kak MapupyT 6yzer Ha-
PHUCOBAH, BXOJHOH TOPT IPUCOEANHSEMOT0 6.10Ka HyKHO COCTBIKOBATb C YIOMSIHYTOM CTpesi-
ko#. Eciiu cTHIKOBKA PO YCITEITHO, CTPesIKa IIPUMET yiKe 3HAKOMYIO BaM popMy.

OnuH 1 TOT e 6JI0K MOKET OBITL COEAUHEH MO BBIXOAY € ABYMs Wi Gosee 6yoKa-
M. YTobb! O30T DOMONHUTENBHYIO TMHHUIO CBA3H, He06X0AMMO BHITIOTHUTD CIIENYIO~
uiue AelcTBaA. -

1. CoeanHuTh GJIOK € 0HUM 13 6JIOKOB, Ha KOTOPBIE JOJIKEH TIEPENaBaThCs CUIHAN
(co3/1aHHyI0 TUHUIO CBA3K OyNeM CYUTATh OCHOBHOH).

2. TloxBecTH KYPCOP K BXOZHOMY TIOPTY HE MOACOEANHEHHOTO 610Ka 1 Haxats JIKM;
MPOTAIIUTL KOHTYP HOBOM JIMHUU CBS3¥ [I0 IepeceyeHus] ¢ OCHOBHOMW; KOTAa Kypcop
mpumMet GopMy ABOiHOTO KpecTuka, ornycrurs JIKM; B pesyssrare Ha OCHOBHOUM Jin-
HUH CBSI3Y MOSIBUTCA TOUKA COEAMHEHUSI.

Ecnu co3aaercst 6osee 0MHOM AONOIHUTENLHOU TNHUY CBS3H, TO UX MOXHO 3a-
MBIKaTh KaK Ha YK€ CO3JaHHYIO TOYKY COEAMHEHUs, TaK U Ha JIOOYIO APYTYI0 TOYKY
OCHOBHOH W11 AONOJTHUTENbHOH JIMHUM CBS3MH. '

ITpn HeOOXOANMOCTH TOYKA COEAVMHEHUs. MOXKET OBITh MepeMelleHa BAODb JMHUH
CBsI3H Ha Apyroe Mecto. [[J151 3TOTo cileayeT yCTAHOBUTH HA Hee Kypcop, Haxath JIKM u
NIePEMECTHTH TOUKY COeANHEH]; BRIXOIAIME 13 Hee JTMHUU CBsI3H OYIyT nepeprcoBa-
HbI aBTOMaTHYECKU.

Pasymeetcsi, K BO3SMOKHBIM M3MEHEHUAM CO3JaHHON GJI0K-IHarpaMMbl OTHOCATCS
TaKXKe H3MeHEHH: LIBETOBOM raMMbl M TEOMETPHYECKUX PAa3MEPOB BXOAAMIMX B Hee 610~
KOB, WCIOIb30BAHUE «TeHel» U T. 1. OcobeHHOCTH UCTI0Ib30BAHUS COOTBETCTBYIONUINX
KOMaHZ YUTATEJIIO IPeIaraeTcsi onpoboBaTh CAaMOCTOATENBHO.

YTo MOKHO Z00ABUTDH

B mannom noapaszesie peub NOHIET yKe He CTONBKO 06 H3MEHEHUH BHEITHUX aTPH-
6yTOB 6I0K-AHArPaMMBbl, CKOJILKO O BO3MOKHBIX CIIOCO0aX MOBBILIEHUs TEXHOJIOTHY-
HOCTH MOJIEJIbHOTQ 3KCIIEPUMEHTA.

BecbMa cylecTBeHHBIM HELOCTaTKOM CO3LaHHOW HAMU MOJEJIH SIBJIAETCS TO, 4YTO
OHa He MTO3BOJIAET COXPAHATDb PE3YJALTaThl, OJYYEHHBIE B XO/€ OUEPEAHOTO CeaHca
MOZeJINPOBaHUS.

ITOT HEOCTATOK MOXHO YCTPAHUTH ¢ nomolibio 6;10k08 To Workspace u To File.
Kparkas xapakTepHcTHKa ux Obla IaHa IPU OTIMCAHUY pasfiena bubiuotexu Sinks. Ha-
oMunM, yto 610k To Workspace obecnieunBaeT coxpaHeHMe BbIXOIHDBIX U IPOMEXKYTOY-
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HBIX PE3YJIBTaTOB MOZE/IMPOBaHHsl B paboueil obnactu MATLAB, a 6510k To File — B dhaitne
Ha KeCTKOM /IVICKE WU Ha JINCKETE.

PaccMOTpUM 0COOEHHOCTH NCHIOIb30BAHUS ITHX OI0KOB NPUMEHUTENBHO K MO-
neau Buibop.

Haunem ¢ 6;10xa To Workspace.

Ortkpoiite paszuen Sinks, HalliuTe yKazaHHBIH 670K 1 OTOYKCHPYHTE €ro B 610K-11-
arpammy Mozeu. [loncoexunure 610K K TUHKH CBA3H, nayuiei ot 6;10ka Mawa x 610~
Ky Display, nanpumep tax, kak noxasano Ha puc. 4.18.

_ Wccneposanue asTomata

%

Oiet Bace

> _ Ometfere
1 . CoobuieHue

poauTenam

Puc. 4.18. CoxpaHeHHe De3y/IbTaTOB MOLENNPOBAHKA ¢ ToMollsio 610ka To Workspace

CoxpaHss PyCCKOS3bIYHOE HATIPABJIEHE B CO3MaHNM MOJIEJIH, 3aMeHUM UMs BiI0Ka
To Workspace ciioBom 3anuce, mocie 4ero ckoppekrupyem napamerpst 6soka. OTkpoiite
OKHO HacTpoek (ABoitHo# memryok JIKM Ha nkonke 6710Ka).

Iepssiit napamerp — Variable name — va paboty 610Ka He BAUSET M OTPEAENSET TOIbKO
HMS1, IO KOTOpbIM OY/IET COXpaHeHa COOTBETCTBYIONIAs BEIIHHA (110 YMOTIaHHUIO Simout).

Wmena nepeMeHHBIX, HCIIOIB3YEMBIX B S-MOE/H, TOKHBI CONEPKATh TOABKO Ja-
THHCKHE CHMBOJIEL 1loaToMy B oTHOLIEHHH NIepBOro MapaMeTpa OrPAHUYUMCS TEM, YTO
cokparuM ucxonHoe umsa 1o Sim. [lpu HaxxaTnu kunotku Apply BHECEHHOE N3MeHeHMe
oToGpaxaercs Ha nkomke 610ka B 610K-AnarpamMme MOJIENH.

OcrasipHbie TapamMeTpsl HJ10Ka TOKA KOPPEKTUPOBATE He OyneM. 3aKpoiiTe OKHO Ha-
CTPOEK U 3alyCTUTE MOAENb Ha HCHOJHEHHE.

Ilo okoHuaHUM CeaHCa MOAENMPOBAHUA OTKPOHTE KoMaHaHoe okHO MATLAB. B
KOMaHAHOU cTpoke (T. e. B CTPOKe, COAepiKaliieil Npuralenue >> U Kypcop), Habepu-
Te UMS MepeMeHHOMH Sim 1 HaxMuTe KaaBumy <Enter>.

B kauectBe otBeTa MATLAB BhiBEzieT B OKHO COREP:KHMOE MATPHIIbI Sim, UMEI0-
weit pasmep 51 x 3.

Yuciio 31eMEHTOB B CTpoKe (3) paBHO pa3MEPHOCTHU BBIXOJHOTO BEKTOPA, 3 YHUCJIO
cTpok (51) onpenenseTcs COBOKYNHOCTBIO [IAPaMETPOB, 3aRAIOLIHX TEPUOAUIHOCTD pe-
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I'UCTPALMH PE3YABTATOB MOAENUPOBaHus. [10CKOIbKY BCe 9TH HapaMeTphl COXPaHIIN
3HAYEHU, 33IaHHBIE 10 YMOTYAHHIO, TO MBI ITOJTYY I MAKCHMAIBHO BO3MOXKHELI 00beM
PerucTpUPYeMBIX TaHHBIX: MOZleJIbHOe BpeMs HaMenseTcs ¢ maroM 0.02 u Ha kaxxzoM
urare MpOU3BOAUTCS PETUCTPALUS PE3YILTATOB.

B HameM ciy4ae Takoi 00beM SBIIsieTCS M3OBITOUHBIM, TAK KaK COCTOSIHYE MOZEH,
BBIYHCJIEHHOE Ha TIEPBOM LIare, OCTAETCS HEM3MeHHBIM Ha BCEM HHTEPBajle MOJIeIHpPo-
Banud. J|pyrumMu c10BaMu, BIOJHE JOCTATOYHO, 4T0OBI MaTpuLa Sim cojepKaia BCero
O/IHY CTPOKY. DTOTO MOXHO 00UTLCS JBYMS CII0COOaMH.

1) 3azaTe Hy/IeBYIO IIUTEIBHOCTD UHTEPBAIA MOAECTHPOBAHMUS; /IS 3TOTO B pas/ie-
ne Mento Simulation HeobGxoanMo BrIOpaTh KoMaHay Parameters... v Ha BKnagxe Solver
YCTAHOBUTD 3HaUeHUe Stop time, paBHOE HYJIIO;

2) B Hacrpoiikax 6;10xa To Workspace ycranosuts napamerp Maximum Number of
rows paBHBIM 1.

Bo MHOrUX c1y4asx TpeGyeTcsi COXpaHATb B paboyeil 061aCTH HapaMeTpPhl, OTHOCS-
IIMecs K IByM COCTOSAHUAM MOJE/IH: HauyaJbHOMY H KOHEYHOMY.

Jlsa puckpetHOH cucTeMsl, TOA0OHOI Tol, KOTOpas PaCCMATPUBAETCs B HAllIEM ITPH-
Mepe, 3TO MOYKHO BBINIOJIHUTD HECKOBKUMH CIIOCOGaMH:

1) 3amaTh BeTUYMHY Mara MoJeabHOTo Bpemenu (1one Fixed step size Ha BKNanxe
Solver), paBHYIO AJIHTENBHOCTYH UHTEPBAJIA MOAETHPOBAHNS

2) yCTaHOBWTD Irar MOAENMpOBanys s Onoka To Workspace (napamerp Sample
time B 0xHe HacTpoeK 6JI0Ka) PABHBIM WHTEPBATy MOAETUPOBAHIS;

3) ykazaTh MaKCUMaJIbHOE YHCJIO CTPOK MATPHIIBI, COXPaHsieMol B pabodeit ob6nacTu
(napametp Maximum Number of rows 6n10xa To Workspace), paBHoe 2;

4) YCTaHOBUTDH COOTBETCTBYIOIIYIO TMCKPETHOCTD 3AIIMCH JAHHBIX B pabouyio 06-
nactb (napamerp Decimation 6noka To Workspace).

[Tpr HEOHXOMMMOCTH MOKHO TPOCMOTPETD IEpeYeHb ¥ 06beM TAHHBIX, COXPaHsAEMbIX B
paboueit 06acTH, ¢ noMolbI0 KoMaHzsl Schow Workspace us paspena menio File komang-
Horo okHa MATLAB (nu ucrnionb3oBaB COOTBETCTBYIOLIYIO KHONKY ITaHeIH MEHIO 3TOrO
okHa). Buz okna paGoueit 061aCTH 7151 paccMaTpUBaEMOro MPHUMepPa TOKa3aH Ha puc. 4.19.

[Mocne mpocmoTpa cozep:kxumoro paboueit obnacTu TULUTHHE JaHHBIE MOTYT OBITH yAa-
JieHsl U3 Hee. /1151 5TOTo crienyeT BEIAETUTD IepeMEHHbIE, OAJIEXaIINe yaaJeH IO (11e-
kHyB Ha HUX JIKM), 1 3aTeM «HaxaTb» KHOIIKy Delete, PACTIOTOKEHHYIO B HMKHEH ya-
¢TI oKHa paboueii o6acTi.

Kuonka Open n03BoJsteT 3arpy3uTh faHHble n3 paboueil obaactu B Pedakmop/Om-
naduux MATLAB B Bujie 3/1eKTPOHHON TabJ MBI, COAEPIKMMOE KOTOPOI MOKET KOPPEK-
THPOBATHCHA TIOJIB30BATENIEM U 3aTEM BHOBb COXPaHATHCA B paboueii obmactu (puc. 4.20).

JlaHHbIE, HCOGXOUMBIE J1/Is1 nocexylowei paboThl, MOXKHO coxpanuts B MAT-daiine ¢
HOMOMIBIO KoMaHb Save Workspace As ... u3 pasnena menio File xomanznoro okna MATLAB.

B S-Monenn MoXKeT UCTIoNb30BaTheA b0 Tombko 0anH u3 61okoB To Workspace u
To File, 1u6o o6a BMecte. OnHako, nockonbky 6mox To Workspace siBnsiercs kak 6b1
ocnabnennoit Bepeueii 610xa To File, To B c10%HOM 610K-AMarpamMMe NyYIlie CTAPATHCS
uzberats 1yOANPOBAHMA.
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& Workspace Browser ‘ v B [=]

*“

Name = - , e e o Bytes Class
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a3 S e 1o, 21224 double anay .
Balouwt , : 408 double anay

ié_ia-nd total is‘ 204 e}émenls using “&632 byfes

Puc. 4.19. Inanorosoe okuo paboueil obmacti MATLAB
[10c1e COXPAHEHHS] PE3YJIBTATOB MOeNTHPOBAHUA

ATLAE Editor/Debugger - [sim]
File Edit: View ' iny

- |

<o

‘ololuloinis

g
Fo

Puc. 4.20. ITpocmoTp aanubix u3 paboueii obaactu B oxue Pedaxmopa/Omuaduuka
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Y0611 pasobparscs ¢ ocobenHoCTsIMU TpuMeneHus 6yoka To File, s3amesnM B Mo-
neru Bubop 6nox To Workspace 61okom To File; ¢ 3To# 1enbio BoonHuTE CAEAYIO-
e AeHCTBUA:

* BoyenTe B O10K- J:LHarpaMMe 6510k 3anuce (1o Workspace) 1 Ha)KMHUTE Ha KJIaBH-
arype kaapmiy <Del>

* B pasnene Sinks OTblIHI/ITC 610k To File u ot6ykcupyiite ero B okHo 6710K-1u1ar-
PAMMBI MOJIETTH;
npucteikyitte 610k To File k cBo60/iHOMY KOHIY JIMHUH CBA3H, OCTaBIIERCs OT 610Ka
To Workspace (puc. 4.21).

(O1eer Bace

Orger MNere

CooOweHue
\&po,u,menﬂm

Puc. 4.21. lIpumenenne 61o0xa To File ny1s1 coxpanenus pesy/sraToB MOAEAMPOBAHUS

Hcnospsosanue 6oka To File umeer ciienyouine ocobeHHOCTH:

1) npw 3anucu faHHBIX B hailn oHu He 1ybupyoTes B paboueit obmactu MATLAB;
MO3TOMY JIJIs1 TPOCMOTPA U PEXAKTHPOBAHMS COXPAHEHHBIX TAHHBIX X TIPEABAPUTENb-
HO HEOOXOHMO 3aTrPy3UTh B Pabouyio 06JacThb ¢ moMouibio kKoManasi Load Workspace,
BXOZALel B pa3nen Menio File xomauanoro okia MATLAB);

2) CTPYKTypa MaTpHLBI, B KOTOPOH COXPAHSIOTCS JaHHbIE, HECKOJIbKO OTIMYAETCS
OT CTPYKTYPbl MATPHIILL, CO3/IaBaeMOil Mpu ucnoab3oBannu 6ioka To Workspace:

B 11€PBOU CTPOKE MATPHIL] 32MTUCAHbI 3HAYEHISI MOMEHTOB BPEMEHU PErHCTPALUH
JAHHBIX, 2 OCTANIBHBIE CTPOKH COLEPXKAT 3HAYEHUs PETHCTPUPYEMBIX BEJMYHH; HATIPH-
Mep, U5 pacCMaTPHBAeMOl MOJIE/H coxpaHsieMas B (hailfie MaTpHLIa MIMeeT pasmep 4 x 31
(11pu ware BpeMeHHn pervcrpanuy, pasiom 0.02).

Bbi MOKeTe M3MEHSITh 00BEM PETUCTPUPYEMBIX JAHHBIX, UCMOJb3Ys MPaKTAYECKH
Te Xe CPeCTBa, YTo 1 pu padote ¢ bmokom To Workspace:

® ypesMuuBas war MofenupoBanus Fixed step size Ha Bknajke Solver B oKHe mapa-
METPOB MOJEIIPOBAHUS;

* u3aMeHss 3HaYeHUA napamerpoB Decimation u Sample Time 610xa To File.
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o cux nop peub 1A O COXpaHEHHUH PE3YJIBTATOB OJHOTO CeaHCa MOAETUPOBAHMS.
Ho, kak BBl 3Ha€eTe, 7151 OLIEHKH IOBENEHHs CUcTeMbl ObIBaeT noe3no (1 aaxe Heobxo-
AYIMO) MMETb Pe3yJIETaThl Beell cepyuy MOAeIbHbIX 9KCIIEPUMEHTOB.

MATLAB nosBoJisieT HakanauBarth B paboueii 06J1acTH JaHHbBIE IO HECKOIBKHIM 3K-
CNEPUMENTAM [1Jist UX AajbHekH el 00padoTKy 1/ UK 3alMCH B (aii.

PaccmoTpuM TeXHOJIOTHIC HAKOILIEHHS AAHHBIX [10 CEPMU 3KCHEPUMEHTOB NpuMe-
HUTEJIbHO K MofieH Buibop.

MocraBum cee LENPIO TOIYYUTD U 3aPETHCTPHPOBATD PE3YIBTATH MOAETUPOBA-
HUS 715 BCeX BO3MOXKHDIX COueTaHUi 3Ha4eHul KoHcTaHT Bacs v [lemsa (10 ecTb, HC-
[0JIB3Ys TEPMUHOJIOTHIO 11ePBOI YaCTH KHUTH, TPOBeeM TOHBIif (haKkTOPHBI SKCIIe-
pumetT). llockonpKy Kak/as 13 KOHCTAHT MOXKET IPUHAMATD OHO U3 IBYX 3HaYeHUH
(«0» mm «1»), To 06uree YUCHO IKCIEPUMEHTOB OyneT 22=4.

Wtak, iippeTynuM K peanrsanyi iwiaHa SKCIIepuMenTa.

3amennte B 6aok-auarpamme 610k To File na 610k To Workspace. Yerauosure na-
pameTpsl MozenpoBanus i 6J1oka To Workspace Takum 06pasoM, 4T065! 3HAYEHUE BbI-
XO/HOTO BEKTOPA PETUCTPUPOBAJIOCH B MATPHULIE Sim TOIbKO OAUH Pa3.

Kpome Toro, B okHe Simulation parameters na sknanke Workspace 1/0 8 none Save to
Workspace ciiumure Bee diiaxki. ITO IPeOTBPATHT 3aUCh B pabouyI0 061acTh JIMIL-
ueil undopmarun.

s navansabix snavennii Bacs=0 1 Ilems=0 semnonuure akcnepument. [locsie ero okoH-
4aHHs OTKPOIiTe OKHO paboteil 001acTH 1 yOeUTECh, YTO PEHCTPAIUS IPOLLLIA YCIELIHO.

Hepex cnenyroniM 3alIyCKOM MOJIETH BHECHUTE B Hee CIIeAYIONHe U3SMEHEHH:

® yCTAaHOBHTE HOBOE 3HaYeHue JJIs1 ONHOH U3 KOHCTaHT (Hanpumep, llems=1);

® 3aMeHMTEe UM MaTPULE peructpanuu Sim #a Sim7 (B oxkHe HacTpoex H6s0ka To
Workspace).

WaMeHAs aHATOTMYHBIM 06pa3oM 3HAYEHHS KOHCTAHT M UMS MaTPHIBI PEruCTpa-
LHH, BBIIIOTHNTE IBA OCTABIIUXCS IKCIePUMEHTA.

Tocne OKOHYAHMS TTOCTIEIHETO IKCIIEPHMEHTA BHOBb OTKPOiiTe OKHO paboueii 0bna-
CTH; OHO AOJKHO BHITJISAETD TaK, KaK NOKa3aHo Ha PUCYHKe 4.22.

Wrak, B paboueil 061aCTH COXPaHEHBI pe3yJIBTAThl BCEX YETHIPEX SKCIIEPHMEHTOB.
Kaxkmism 06pa3soM HX MOKHO UCIIONIb30BATh?

Bo-nepBoix, KaKILYI0 U3 HOJYYEHHLIX 3AMIMCEIt MOJKHO IIPOCMOTPETH B KOMaH/HOM
oknie MATLAB unu B okte Pedaxmopa/Omraduuxa; ecni OIMH U3 9KCIEPHMEHTOB OKa-
3aJ1Cs1 Hey fayHbIM (HanpHuMep, Bbl 3a0bLIH H3MEHUTb 3HAY€HUs KOHCTAHT ), ET0 Pe3YJib-
TAT MOKHO yAal1uTh U3 paboyeil obaactu.

Bo-BTOpbIX, BCe cogepikiMoe padoyeii 001acTH MOXKHO COXpaHUTh B ogHoM MAT-
daitne, uconsays komanny Save Workspace As...

B-TpeTbux, BHIIOJIHHTDL CTATHCTHYECKYIO 00PabOTKY Pe3yJ/IbTaToB MOJAEIHPOBAHHUS.
O ToM, Kak 3T0 ciienath, OyleT pacckasato B [1ase 5.

Ha sirobomM atane MogemupoBanus cofepaxumoe MAT-daiina moxer 6bITh BHOBb 3a1-
PYXKeHO B paBouyio 0651acTs ¢ moMolbio kKoMaust Load Workspace v 1oBEpruyTO TPe-
Gyemoit ob6paboTke.
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orkspace Browser

Puc. 4.22. HaxomuieHye pe3yasraToB MOJeTHPOBaHus B paboueii obractu MATLAB

B 4acTHOCTH, pe3ysTaThl ABYX WJIH 0ojiee IKCTIEPUMEHTOB MOTYT OHTL 00benHHe-
HbI B OIHY MaTPHLY C IOMOLIBIO ONlEPAL[MH IPHUCBANBAHNS, BRIOJHIEMON B KOMaHI-
nom okie MATLAB. Hixe npusenen npuMep oObeHEeHHs JaHHBIX 110 BTOPOMY H
TPETbEMY 3KCIIEPUMEHTAM B HOBOT MaTpuiie sim4:

sim4 = [sim2, sim3].

Hosas nepemeninas Takxe 6yzeT 3anucaHa B pabouyo 06aacTs ¥ MoxeT ObITh co-
xpatena B MAT-daiine BMecTo Hexoqusix sanuceii sim2 u sim3.

Einle onqvH BapuaHT cCOXpaHeHHs! PE3YIETATOB MOAEIUPOBAHMS IPENOCTABIIAET BJI0K
Scope. HanoMH1M, 4TO ZaHHBIH 6JI0K IpeAcTaB/sieT OO0 O1H 13 BADHAHTOB «CMOT-
POBLIX OKOH» 1 ofecnednBaer oTobpaxkenrie ANHAMUKY U3MEHEHMS IaPaMeTPOB MOJie-
nu B rpagpuyeckoit (popme. TlapamMeTpsl HACTPOHKH HI10Ka U HEKOTOPbIE OCOOEHHOCTH
€ro HCIOJb30BaHMUs ObLTH paccMOTpens B raBe 3. Celfyac 0CTaHOBHMCA TOJbKO Ha
OIHOM H3 HUX, CBA3aHHOMH C perucrpalieil JaHHbIX.

TNowmectute 610k Scope B baoK-AHArpaMMy Mogennt Botbop u OACOENMHNTE ero K
BpIxoay 6oxa Mawa. Otxpolite 610k Scope (aBoitHol menyok JIKM na uxotxe 610-
ka). ObpaTuTe BHUMaHKE: Tpe/ie/ibl U3MEPEHHS IT0 OcH BpeMeHH (110 ock X) cOBIALaoT
C MHTEPBAIOM MOAeANPOBaHHs, yCTAHOBJIEHHBIM /I MOAETH Boibop.

3amycruTe MOZIETIb Ha UCIIOJHEHHE.

B okHe Scope nosBATCS IpsiMble, COOTBETCTBYIOIIME 3HAYEHUAM DJIEMEHTOB BHIXO-
Horo Bektopa (puc. 4.23).

[1o ymonuanuio siaHHbIe, BLIBOAUMbIE B OKHe Scope, B paGoueil obmactu He coxpa-
HaATea. YToObl H3MEHHTh YCTaHOBKH, HaskMUTE KHOTNIKY Properties B okne 610ka. Ha
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Puc. 4.23. llpocmotp pezyasratoB MOEIHPOBARNS B OKie Scope

BKJIaJIKe Seftings noctapuTe (axok Save data to workspace. IIpu aToM cTaHeT JOCTYII-
HBIM JULs PEAaKTHPOBaHUS 110/1e BBoAa Variable name (ums, nos KoTopbiM 6yIyT coxpa-
HeHbI IaHHbIe B paboueit obmactn). Ero MoxHo Hb0 ocTaBUTh 663 M3MeHeHUs — Scope
Data, nu6o BribpaTh 0 cBoeMy ycMOTpeHHIO (Hanpumep, npocto Data) (puc. 4.24).

'Axeg! VSettingsI“ c
Drata history : s

IV Limit rows to Jast: ] 5000

Jv Save datalo work_sp"ace‘

' Madiable narre: | Data

T Flosting scope = - ]
ﬁevﬂ 'Help'( Close

Puc. 4.24. YoranosKa TapaMeTPoOB COXPAHENIs PE3YALTaTOB B pabouelt obmactt MATLAB
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HaxMuTe KHONKY Apply v MOBTOPUTE CeaHC MOJENUPOBaHUsA. Teneps AaHHbIE, BBIBO-
auMble B OKHe Scope, 6yayT coxpaHeHbl B paboueit o6nactu B uncnosoit dpopme. IIpo-
CMOTPETHh UX MOKHO CTaHAAPTHHIM obpasom: B koMangHoM okHe MATLAB BBeaute
HM$, TI0J] KOTOPBIM AaHHble ObIIM COXpaHEeHbl, U HaXXMuTe Kaapuiny <Enter>.

[Tony4eHHbI it MaCCUB TaHHbIX NIPeACTaBIsET COO0H MaTpuity pasmepom 51 X 4 (ecau
MHTEPBAJT MoJenupoBaHus paseH 1). Yucimo crpok Matpuiel (51) onpenenserca ma-
roM perucrpauuy gaHHbix. I1o yMosldaHuIo, Kak U A/1s pacCMOTPEHHBIX paHee OJI0KOB
To Workspace u To File, peructpanus nponssogurcs yepes kaxable 0.02 exuHumb Mo-
JEBHOI0 BpeMeHHU.

Yucso cronbuos (4) Ha 1 6ombiie Y1Ca PETHCTPUPYEMBIX BEJIHYHH, T. K. IEPBBIH CTOJ-
el CTIONIB3YeTCS 1715 3aITHCH MOMEHTOB BDEMEHY PETUCTPAINH (B TOPAIKE BO3PACTaHuUA ).

VipapasaTs 06EMOM PErMCTPUPYEMBIX JAHHBIX MOXHO KaK C MOMOIIBIO TApaMeTPOB
MoZeMpoBanyA ( HaTpUMep, M3MeHsIsT BeJIMUKHY [ara mogesauposanus Fixed step Size),
TaK U KOpPEKTUPYsl llapaMeTpsI caMoro 6710ka Scope, paciosioskeHHble Ha 3aKiajike Settings:

® M3MeHAA NEePUOANYHOCTb PETUCTPAIINY AAHHBIX, MCIOAb3Ys onuuu Decimation
(IIpopeacusanue) v Sample time (Beauuuna waza pesucmpayuur).

® OrpaHMYMB MAKCUMAJIBHOE YHCJIO CTPOK B MaTpuue ScopeData (Limit rows to last);
IIpH 5TOM B MaTpHiie GYAYT 3aMKUCaHbl TOJIBKO PE3Y/IBTaThl NOCIEMHUX N3MEPEHHI.

Ecan ykasaHo mpenesnpHOE YUCTO CTPOK, TO JlaHHble BHIBOAATCS B OKHe Scope
TOJIBKO [IJIS1 TEX HHTEPBAJIOB BPEMEHH, KOTIa NPou3soauTcs peructpanus. Ha puc.
4.25 npuBeneH BUJ OKHA Scope 11 caydas, KOTAA 3aaH0 3HadYeHue Limit rows to
last, paBuoe 10.

Puc. 4.25. OtobpaxeHite B OKHe Scope PerHCTPUPYEMbIX JaHHBIX
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‘Cy11eCTBEHHbBIM JOCTOMHCTBOM IIpIMeHeHUs1 6710ka Scope 1151 COXpaHEeHUs Pe3yJib-
TATOB MOJAEIUPOBAHUS SIBJIFETCS TO, 4T0 dopmar Marpuusl Scope Data cosnagaer ¢
tbopMaToM naHHBIX, HCIONB3YyeMBIX B 610ke From Workspace.

Bcenomuus o 6s10ke From Workspace, Mbl TeM caMbIM niepeiia K 00Cy K IeHIIo BOTI-
POCOB, CBA33HHBIX C UCIIOJIb30BAHHEM Pe3YJIETATOB MOJIE/TPOBAHHA.

Bo MHOTHX peasbHBIX 3afayax pe3yJIBTAThl, HOJYYEHHbIE B TEKYILEM CEaHCe MOJle-
JIMPOBaHMs, MCIIOJIB3YIOTCS B KaYecTBe MCXOAHBIX AaHHBIX B MTOCJAEAYIOUIMX CEaHCaX,
160 Bo BaaumogeicTeyomux S-mogenax. baoku From Workspace 1 From File, Bxo-
Asinive B paszgest 6ubauoTeky Sources, BHIIOIHSIOT aBTOMATHYECKY 10 3arPY3KY JaHHBIX
u3 paboueii obmacte MATLAB B ucnonHsAeMy0 S-MoJEb.

Ho ecsi ¢popmarts! faHHBIX, Heob3yeMbIX B 6i10kax To File u From File, monsoc-
THIO COBIIAJAloT, To B Mape 6mokos To Workspace u From Workspace Takas cornaco-
BaHHOCTb OTCYTCTBYET.

JlauHsle, 3arpy:xaeMble B Moziesib ¢ oMounbio 610ka From Workspace, nosokHbt
HMeTh clexyiomuii hopMar:

U (1),U(2),...U (m),
' HL,UM),U(2),..U(m),

t U1, U@2)n...U(m),

TZ€ t; — MOMEHTHI BPEMEHH PErUCTPAllMK JAHHBIX, a U(f), — 3HaYeHHe perucTpupyemMoit
sesuunnsl U(j) B i-ii MOMEHT BpeMeHH.

IIpu 3anucu paHHBIX B pabouyio obaacts ¢ nomombio 61o0ka To Workspace mo-
MEHTH BpEMEHH PErHCTPAllMH He 3alIOMUHAIOTCA. [[03TOMY NPH HCTIONb30BaHIH 6J10-

‘xa From Workspace neo6xoxumo 1160 npeapaputeabHO cOpMUPOBATh BPYYHYIO
BEKTOP-CTOJI6€11, CORepKALIM 3HAYEHHSI BpEMEHH, TMO0 IPUMEHSTD /I 3alMCH faH-
Hbix 610K Scope. » ’

3amevanue: MOMEHTHI PErMCTPAIIMH JAHHBIX B MOAE/IH-UCTOYHUKE MOTYT HE COBITA-
JaTh C TUCKPETHOCTHIO PACYeTa XApaKTEPUCTHUK MOJEN-TIONYYAaTeis; B 9TOM CIydae B
MOJ(eIN-TIOJTyYaTe e BHIIOIHAETCS TUHeHHASI HHTEPIOSIUA AaHHBIX, 3arPyKEHHBIX €
nomoisio 610xka From Workspace. -

C uespio wocTpauun npumenerus 6ioxa From Workspace neckonbko gopabo-
TaeM Mofieib Buibop.

CHayana fauM coepKaTelbHYIO TPAKTOBKY MOCENYIOIEero Pa3BUTHSA COObITHY B
paccMarpuBaeMoli cutyauuy. [lpexnonoxuy, uto Matiia 1aeT OTBET CBOMM MIpeTeHAeH-
TaM He CPaay, a Yepe3 HEKOTOPOE BPeMsl, TPUYEM KAXAOMY B OTAE/IHOCTH (B IHChMEH-
HOM BHAE), K Y2Ke OTOM 3BOHHT POTUTEIAM.

15 onMcanmst TAKOM CUTYAIIMH CO3AANM AOTIOTHUTEIbHYIO S-MO/I€/1b, JIOTHKA pa-
60THI KOTOPO# BYAET COCTOATD B CJAELYIOIHEM:
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1. BeixoaHo# curnan, chopMUpoBaHHbLIA B Mozeu Boibop, pasmensercs Ha TpH KOM-
nonentsl (Omeem Bace, Omsem Ileme u Coobujerue pooumensm).

2. 3HaueHusl epBLIX IBYX KOMIIOHEHT BBIBOASTCS OQHOBPEMEHHO B OKHaX ABYX 6J10-
xoB Display (kaxnoe B cBoeMm).

3. Ha cnenyiomenm mare paboTsl MoZenu B TpeTbeM okHe Display svisogutcs aHave-
Hue KoMIIOHeHTb1 Coobuienue podumensm.

B coOTBETCTBUHM € ONUCAHHOM JIOTUKON paboThl HOBast MOZIENb A0JIKHA COAEPXKATD
caexyiomue 610ku:

* From Workspace,

¢ Demux,

¢ Display (tpu axsemmispa),

® Memory.

YTo6sl ee co31aTh, HEOOXOAMUMO BBIIOJIHUTD YK€ 3HAKOMYIO BaM MOCJIE0BaTEb-
HOCTb AeHCTBUIL:

1. B pasmene meniwo File 610k-nuarpaMmmsl Mozfienn Buibop BoibepuTEe MYHKTHI
New—>Model.

2. B nosoe (nycroe) okHo untitled nepetamure 13 6ubaunorexkn SIMULINK nepe-
yucseHHble Bbinie 6oku (6:10xk Demux Haxoxutcs B pasaene Connections, a 610K
Memory — B pasaene Nonlinear).

3. HamenuTte dpopMmar (BHemHui Bua) 60ka Demux ananoruyHo ToMy, Kak ObLI
panee usMeHeH B Mozenu Bubop 610k Mux.

4. CoennuTe 6I0KH B COOTBETCTBHH C JIOTHKOH paboThl MOAETH.

Baok-auarpamMma MOZIENTH IOJIKHA BBIT/ISAETH IIPUMEPHO TaK, KAk IIOKA3aHO Ha PHC. 4.26.

Puc. 4.26. Biox-auarpamma Mofiesin, Hcrob3ylomeii fanHsie 3 paboueit obmactu MATLAB

Ecsu BHeMmHMI BUA MOJesIN BaC YIOBJAETBOPSIET, COXpanuTe ee B (aiiie Ha AuCKe,
NPUCBOMB EMY KaKoe-1100 0CMBIC/IEHHOE UMl (Hanpumep, Answer — OTBeT).

Tenepb 3aiiMeMCsl BHYTPEHHUMH TAPAMETPaMH 6JI0KOB, BKJIIOYEHHBIX B COCTaB MOAE-
14, TOUHee, OfHOTO U3 Hux — 610ka From Workspace. Ou nosken cuutsisath us pabo-
yeit ob6nactu MATLAB 3HaueHue BBIXOZHOTO CUTHAIA Moze/ i Boi6op, 3aucaHHOro TyAa
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¢ oMo 610ka Scope. CornacoBanue popmara o6IIUX JAHHBIX — BecbMa TOHKHIT 1
OTBETCTBEHHBIH MOMEHT, IO3TOMY OCTAHOBHUMCS Ha HEM HECKOJIBKO TOApobHee.

st pabotst Mozenn Omeem B Ka4eCTBE UCXOAHDIX JAHHBIX HEOOXOAUMO U I0CTATOY-
HO MMeTb KOHEYHbIH pesysrar paboThl Mogean Buibop. [Ipyrimu ciioBaMu, yIOMUHAB-
masics panee Marpuua Data fosxHa collepikaTh efHHCTBEHHYIO CTPOKY, COOTBETCTBYIO-
I{yT0 3HAYEHUIO BHIXOZAHOIO CUTHAJIA HA MOMEHT OKOHYAHUS HHTEPBAIA MOJAEJTHPOBAHU.
Jlns aToro napametp Limit rows to last 61oka Scope nosken ObITh paBeH 1.

Yro6s1 MaTpunia Data crana gocrynsa 6;1oxy From Workspace, neo6xoanmo yxa-
3aTh ee UM B KayecTse NapaMerpa 6moka. Korna s1o 6yzer Buinonnexo, umsa Data no-
SIBUTCS Ha UKOHKe 6J10Ka.

OcranbHble 610KM MOZE/IH B HACTPOUKe He Hyxaafotcst. Ho, BepoATHO, HykIaeTcs B o-
sicHeHuH poJib 6s10ka Memory. JlasHbiil 610K 3a1€pKUBAET CUTHA, TIOCTYMAOLIHIA Ha ero
BXOJl, Ha OJIYIH HIar MOJEJIBHOTO BpeMeHH. B Teyeryie aHHOro MHTEPBAa HA BHIXOX OJI0Ka
BBIIAETCS 3HAYEHME, YKA3aHHOE B KaUecTse ero napamerpa Initial condition. I1o ymomdanuio
OHO PaBHO HYJIO, YTO Hac BIosHe ycrpauBaeT. [Ipapa, noka He u3BecTHa BeIMYMHA 1ifara
MozempoBaHust. HeusBecTHBI TakKe JUTHTE/IBHOCTH HHTEPBAIA MOJIETMPOBAHMS, CIIocob
KM3MeHeHUs MOZIEJIbHOTO BDEMEHH 1 MCIIOIb3YEMBbIE METO/ PacyeTa coCTos Ui Moaenu Om-
eem. MoxHO, KOHEYHO, IIPEATIONOKITD, KaKHe 3HaYeHHU [OJIYYaT YKa3aHHBIE [TapAMETPHI 110
yMosryanmio. Ho B 1aHHOM ciryydae jlydlire IpOsABHUTH (¢ 3aKPENUTS ) TOJyYeHHbIE paHee 3Ha-
HHSI M HaBBIKU M YCTAHOBUTH CAaMUM TpeOyeMble 3HAYeHMA IaPAMETPOB MOJIETPOBAHHS.

Hrtak, oTKkpriBaeM OKHO HACTPOHKM napaMerpoB Moxeau Omeem (B pasgene
Simulation Bribepute nyHkT Parameters...).

Ha Bxnazke Solver ycranasnuBaeM:

® Stop time: 1

» Type: Fixed step;

e Fixed step size: 0.2 (4UCTO BOJIIOHTAPUCTCKOE PEIIEHHUE).

Puc. 4.27. lIpuMenenre okua Scope 171 KOHTPOJIA 32 pabotoit 610ka Memory
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Ha srnanke Workspace [/0 B none Save to workspace MoKHO TOCTaBUTH (HJIaKKH
Time 1 Output (X0Ts 3TO HeOOSI3aTEJIBHO).

Ha Bknaaxe Diagnostics uenecoobpasto yopaTh Bblzauy npeaylipesKIeHuii py Ha-
JIMYHAY HeIOJCOeIMHEHHDIX OJI0KOB ¥ IHHUH CBSA3M.

BHecs COOTBETCTBYIOIME H3MEHEH S, <HAKMHUTe> KHONKY Apply 1 3aKpoiiTe OKHO
Simulation parameters.

Tenepb MOXKHO TPUCTYTATh K MOJEIHPOBAHUIO. 3allyCTHTE Ha HCIIOHEHUE CHaYasa
Mozeab Buibop, sateM — Omaem.

CpaBHuTe 3HaYeHNs, BhIBe/leHHbIe B oKHax O6710Kka Display monenu Buoi6op ¢ «moxasaHus-
Mu» 6s10x08 Display Moneni Otser. Eciii oHz coBNIaznaroT, Bul Bee cesiany npasiibHo. [Tpas-
1A, 3AEPKKY CO0OUweHUst podumeisim BU3YJIbHO 3aMETUTh IIPAKTUYECKH HEBO3MOKHO.

Yrobel ybeauThcs B TOM, 4T0 610k Memory crpaBiisieTcst Co cBoei 3aqayueit, Aomo-
HUM Mozesib Omeem cMOTPOBBIM OKHOM B BUzie 0si0Ka Scope (puc. 4.27).

IToMecTuTe ero u3 pasjena Sinks B nose 6J10K-AUArpaMMB! M MOAKTIOYHTE K BHIXOLY
6soxa Memory (mapannesho ¢ 6okom Display2). Otkpoiite okHO Scope (1BoiHON
HIEeTYOK HAa HKOHKe 0JI0Ka) 1 3anycTute Mojiesib Omsem Ha uicnonnedue. [paduk, Boise-
NEeHHBIH B OKHe Scope (puc. 4.28), NOATBEPXKAaeT KOPPEKTHYIO PabOTy MOJENH. |

Puc. 4.28. Bpemennas quarpamma pabots 6;10xa Memory

TToABOMS HTOTH U3I0KEHHOMY B IaHHOM Pasziefie, MOXHO cpOpMyTMPOBATh 06uiYy10
cxemy paspabomxu mooeneti 6 cpede SIMULINK:

1. Onucarsb Ha COAEPXKATENBHOM YPOBHE JIOTHKY NIOBEIEHNS UCCIELYEMOM CHCTEMBL.

2. OnpeenuTs Nepeyenb GJI0KOB, COOTBETCTBYIOIIKX OCHOBHBIM KOMIIOHEHTAM CH-

CTEeMbl, a TAK)Ke HeoOXOIMMBIX I/ PacyeTa BHIOPAHHOTO noKaszaTens 9 (PEeKTUBHOCTH.
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3. IloMeCTUTDh B OKHO GJI0K-AHATpaMMBI Tpebyemble GIOKH M COENMHUTE UX MEXAY
€060# B COOTBETCTBUH C JIOTHKOI PabOTH MOJENH.

4, BHIIOHUTE HACTPONKY M COTIACOBaHME TapaMeTpoB 610KOB.

5. YcranoButh TpeOyeMbie 3HaYEHNs TapaMeTPOB MOJEIIMPOBAHUS LIS MOZEIH B 1IEOM.

6. Nononuuts (obszarensuol) 610K-auarpaMmMy MOAENU HEOOXOMUMBIMY TEKCTO-
BbIMUY KOMMEHTAPUIMH.

7. CoxpanuTs 6/10K-AuarpaMMy MoZesd B (aiine Ha Jucke (10 IepBOTo 3alycKa MO-
JieJiy Ha HCTIONHeHue ).

8. BBITOJTHUTD C€aHC MOIETHPOBAHHSI.

Ilo okoHYaHNM NOCTEAHETO IAara MOXeT OKa3aThCs, YTO BbI YEr0-TO He YUJIM WU clie-
Jlaly He COBCEM TO, YTO XOTenu (WX COBCeM He T0). B ¢B43M ¢ 3TUM yMeCTHO enie pa3s
HAIIOMHHTb, YTO MOZIE/TMPOBaHKE — IIPOLeCC TBOpUecKHil. YToObI pa3paboTaHHAs MOAENb
YAOBETBOPS/IA TIPEABSABAAEMbIM K Heil TpeOOBAaHUAM Kak 110 (OPMabHBIM, TaK H 110
CYObEKTUBHBIM KPUTEPHSIM, MOKET 0Ka3aThCsl HEOBXOAUMBIM HEOZHOKPATHOE NMOBTOP-
HOE BBIIOJIHEHHE OJHOTO WIH K€ HECKOJIbKUX LIaroB MPUBEeHHO BbILIe CXEMBIL.

4.2. VCJIOKHSIEM 3AIATY

HMuTaunoHHOe MOKETHpPOBaHHE B PABHOH CTeNEeHH NIPUTO/IHO U /ISl pellieHus Je-
TEPMUHUPOBAHHBIX 3324, U A7 UCCNEeAOBAHNA CUTYalUi, 3aBUCAIIUX OT CIy4ailiHbIX
¢dakropos. B nepsoit yacTu kHUTH 0OCYKAATHCh METOAB! YUeTa CJIy4ailHbIX hakTopoB
npH pa3paboTke Moaesnell pa3IngHbIX TUIIOB cucTeM. HacTano BpeMst HOroBopHTh 0 TOM,
nackosbko cpenctsa SIMULINK ofecnieunBaioT peansaunio sSTHX METOAOB.

ITpu cozmanmmu Moaenei ¢ TOMOILBIO YHUBEPCAJIbHBIX SI3BIKOB TPOrPaMMHUDOBAHHU
annaparHptit uau nporpamMmubii Jatunk CY — eZMHCTBEHHBI HHCTPYMEHT pa3paboT-
YHKa 7151 MOAEIMPOBAHHUA BCEX BULOB CIYYalHBIX (DAaKTOPOB — CAYYalHBIX COOBITHH,
CAy4YalHBIX BEJIMYUH U CIyYalHBIX IIPOLECCOB.

¥ 1oro, kro ucnonbayer SIMULINK, apcenan snaunrensno mupe. Ecnum ke n aTux
cpencts SIMULINK oxasbiBaeTcsi HeIOCTATOYHO, B MOZEIb MOTYT OBITH BKJIIOUEHBI
VHCTPYMEHTBHI, BXozsmue B cocras s1pa MATLAB uin Apyrux KOMIIOHEHTOB [TaKeTa.

4.2.1. BBOJIUM CJIYYAVTHOE COBBITUE

Kax Bb1 ioMHwTeE, C1yuaiinoe coObiTHE A CYMTaEeTCS HACTYIHUBIINM, eCJIM CHOPMU-
POBaHHOE JATYUKOM CJIy4aifHoe 9UCI0 7 fonano B auanasow [0; P, ], rae P, — BepoAT-
HOCTb JAHHOTO COOBITHSI.

CrenoBarenbHO, MOENDb AOJKHA COAEPXKATH KOMITOHEHTHI, 00eCTieYnBaOLINe Bhi-
TOJIHEeHHe TpeX AeicTBriA:

® reHepanuIo cIy4aiHOro 9icaar;
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e cpaBHeHuerc P,;

¢ paeHTU(DVKAIIHNIO MOMEHTA BO3HUKHOBEHMSA COOBITHS A.

B S-monenn ykazaHHbBIe AHCTBUSI MOXHO PEATH30BATD, HCIIO/Ab3YS COBMECTHO OJ10KH
Uniform Random Number (pasnen Sources) n Relational Operator (pasnen Nonlinear).

YT06b! 1EPBBII 13 Ha3BAHHBIX 6JIOKOB TeHEPHPOBAJ CydaiiHble YHCIa, PABHOMED-
HO pacnipenesienHbie Ha uaTepBaie [0; 1], Heo6X011¥MO NPON3BECTH COOTBETCTBYIOLIYIO
YCTAHOBKY €0 [apaMeTpoB:

Minimum (HwKHAS TpaHULa xana3oHa): (),

Maximum (BepxHsas rpanuna): 1.

Tpetuit napamerp — Sample time — B JaHHOM C/Ty4ae No3BOJIAET 3a/laBaTh KOJIMYE-
crBo CY, kotopsie 6ynyT chopMHPOBaHbI 610KOM B TeYeHHE MHTEPBaa MOAETHPOBA-
Hust: ipu Sample time, pasuom 0, HoBoe CU renepupyercs uepes kaxabie 0.02 eTnHAIIB
MOZEBLHOTO BpeMeHY; Npu Sample time, pAaBHOM MHTEpBaTy MOIEJTUPOBAHUS, [EHEPH-
pyercst Tonpko onHo CY.

Ha puc. 4.29 npuBeses npuMep 6I0K-IHArPaMMbl, NO3BOJIAOILEN MOIEIUPOBATD [0~
sBJIeHHe ciydaiinoro cobnitus A npu P,=0.4. Biok Scope B 1aHHOM cilyyae HrpaeT
YUCTO WIOCTPATUBHYIO POJib K obeciiedrBaeT rpadudaeckoe npeacTaBIeHe TeHepu-
pyeMO IOCIeA0BATEbHOCTH CIyYalHBIX YHCEL.

-

N Scope
Uniform Random <= |- [::::E

Humber
™ 1- coBbiTHE
0.4 Relational llpOIl3OIIm0
Qperator
Constant

Puc. 4.29. MozennpoBaHue CIy4aifHOTO COOBITHA ¢ 33laHHOM BEPOSTHOCTBIO HACTYILIEHHS]

Ocobennoctsio 6soka Uniform Random Number gsnsercs To, 4To oH B Kax-
IOM CeaHCe MOJAENHPOBaHMs TeHEePUPYeT OAHY U Ty Xe nociaeaosarejbnocts CU.
Il u3MeHeHUsl TeHePUPYEMOH ITOCIe0BATeIbHOCTH He0OX0AMMO BPYIHYIO H3Me-
HUTH 3HaYeHue ero napamerpa Initial seed. Ilpu nposenenun 601bMI0r0 YUCHA HO-
BTOPHBIX 3KCIEPUMEHTOB C LEJIbI0 HAKOMJIEHUS CTATHCTHYECKHX AAHHBIX 9TO HE
ouenb yaobHo. [ToaToMy 17151 MORENMNPOBaHMS CIYYaHHBIX COOBITHIA MOKHO BOCIIO/Nb-
3oBaThcs redeparopamu CY, sxoxsmumu B coctas komnonentst MATLAB, xoto-
pas HasbiBaeTcs Statistics Toolbox (Cmamucmuuecxue uncmpymenmor). llpex e 4em
MBI PacCMOTpUM NpuMeHeHHe reHepatopos CY ans peurenus ykasaHHOHR 3ajavy,
HECKOJIbKO cJIOB 0 Statistics Toolbox.

199



JlanHas KOMIIOHEHTA JOCTYIIHA JUTA HCII0Ib30BAHU B TOM CJ1ydae, €CIM OHA BKITIOYeHa
B pabouyro xondurypauuio nakera MATLAB. Eciu 970 He OB1710 cie/1aHO TIpY HAYaIbHOH
MHCTaJI/IALIMH [TAKETa, €€ MOXKHO 106aBHTb, BHIOJIHUB [IOBTOPHO YaCTHYHYIO YCTAHOBKY.

Komnonenta Statistics Toolbox, xax v Apyrve MHCTPYMEHTAIbHbIE NPUJIOKEHNS
MATLAB, npexcrasnser coboit Habop Cnenuanu3upoOBaHHbIX (GyHKUMH, peannsosan-
HBIX B Buze M-¢aitnos. Ee 6co6eHHOCTBIO ABMSETCA TO, 4TO y Hee OTCYTCTBYET cob-
CTBEHHBII Habop 6I0KOB, KOTOPHIit BK/IOYaICs 661 B pasaes 6ubanorexn SIMULINK
Blocksets & Toolboxes. [loaTomy B nporiecce MOAETNPOBAHUS CTATUCTHYECKHE DYHKIMH
CJIEAyeT HCII0/Ib30BATh OJIHAM M3 [BYX CTIOCOOOB:

BBINOJHATH B KOMaHAHOM okHe MATLAB;

BKJIIOYATH B BEIYHC/AEMOE BHIPAKeHHUE B Tex OI0Kax S-Mozenn, B KOTOPHIX paspe-
LIeHO Hcrob3oBanue M-dyrkuit.

Bce ¢pynxuny, Bxogsmue B Statistics Toolbox, pa3butsl Ha HECKOJIbKO KaTeropwii:
napaMeTpUUecKue pacipeesie s, CpeACTBa LIAHUPOBAHUA SKCIIEPHMEHTa, TeHepaTo-
phI CiIy4aiiHBIX Yncen u gpyrue. ingopMaius no HUM IpHBeeHa BO BCTPOEHHOH cripa-
pounoli cucteMe MATLAB (pasznen toolbox\stats).

Haunbosee BaxkHble C TOYKM 3pEHUS] MIMUTALMOHHOTO 3KCIEPUMEHTa (HYHKLHH Oy-
AyT paccmoTpeHs! B [nase 5 kuurn.

Ceiiuac OCTAaHOBUMCS Ha HCMOJIb30BAaHUM (GYHKUHH, OTHOCSIUXCA K KaTErOpHUH
Random Number Generators (TenepaTophl C1yYalHEIX YHUCET).

Bcero Takux renepatopos 6osiee 20, Kaxk bl 13 HUX 0beclieunBaeT GOPMUPOBaHME
' 3HavyeHHH CIyYadHOH BEeJIWYHHEI, paclipe/leIEeHHOH 110 ONpe/ieIeHHOMY 3aKOHY C 3a/a-
" BaeMBIMH TaDaMETPaMH.

Teneparop HenpepnisHo#i CB, paBHOMEpHO pacnipefieleHHOM B 3a1aHHOM HHTEPBa-
e, HasbiBaeTcs unifrnd. Beiaos nannoit pyukuun umeet sun unifrnd (A, B, M, N), rie
A, B — rpaHUIH A¥ana3oHa pacnpefenenus, a napaMeTpsl M i N 3a1a10T pa3Mep rexe-
pupyemoi marpuibsl CU. ‘

[Ipn MOAENMPOBAHUY CITy4aliHOro COOBITHSA 9Ta GYHKIMS MOXKET ObITh YKasaHa B
KauecTBe IlapaMeTpa HaCTPOMKY CIeAyIomuX 6JI0KOB:

MATLAB Fcn (pazaen Nonlinear),

Fen (pasnen Nonlinear);

Constant (paszaen Sources).

Ha puc. 4.30 npuseznen npumep 6710K-111arpaMmbl, 06eCTIeYnBaOIIEd MOETMPOBa-
HMe CryyaiiHOro cobbiTus ¢ noMoubio 6:10ka Fen; psiaom nmokasaHo OKHO HACTPOHKH
6710Ka, cofiepkaliee oOpalleHne K reHepatopy unifrmd.

B xax oM ceaHce MoeTUpOBaHUsi reHepaTop ¢pOpMHUpPYyeT HOBOE CIIydaifHOe YHCIIO.
B 53TOM MOHO YOeAUTHCS C TOMOMIbIO IONIOIHUTENbHOTO 6510Ka Display, Bkitouennoro
B 6/10K-AHArpaMmy.

B xaueCTBe WIIMIOCTPAIMH K H3JI0)KEHHOMY BHIIIIE BOCIIOIb3YeMCs BCe TOI e Moze-
1610 Buibop. Bynem cuutats, yTo Hanuuue 6yKeTa y KaXKI0TO U3 NPETEHAEHTOB Ha PYKY
Mariu — cobritHe ciaydaiiHoe. YTo6bl BHECTH «3JIEMEHT CIy4allHOCTH» B MOJIE/Ib, 3aMe-
HYIM 3Ha4deHusi KOHCTAHT Bacs u [lems oGpawenusiMu k renepartopy unifrnd. llpu stom
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rb! 0.1763 | l
f(w) P
Fon =l 1

1- cobuiTe
o4 Relfational npouzowno

Co—nstam Operator

Puc. 4.30. MogeanpoBanue caydalHOro cobnITHs ¢ noMollbio 61aoka Fen

BHeIIHKH BUA OJIOK-IHArPAMMBI IPAKTUYECKY HE U3MEHUTCH, 3a HCKTI0YEHHEM TOTO, 4TO
Ha MKOHKaX yIOMSIHYTHIX 610K0B 6ynet BbiBeneHo uMsa reneparopa CU (puc. 4.31).

Puc. 4.31. MozenupoBanne NOBEeACHUA <IIPETEHAEHTOB» KaK ABYX CAYYaiHbIX COOBITHI

Teneps B KaXXI0M OTAENBHOM CEaHCE MOAEIMPOBAHNS UCXO/ PACCMATPUBAEMO CH-
TyaluK IeHCTBUTENBHO ABASETCS CIyYalHBIM.

[TosiBnieHue cy4aifHOroO COBBITHS MOXKHO HHTEPIIPETUPOBATD ellle OXHUM CIOCObOM:
cobBITHE TTPOH3OLLIO0, €CIM HEKOTOPOE CBA3aHHOE C HUM YKC/0 (TPU3HAK) MONaio B
3aZaHHBIN HHTEPBAJ WIH [epecekIo ONpefe/IeHHYIO IPAHULLY.

IepBa1it BapHaHT MOXET OBITH peann3oBaH ¢ nomolusio 610ka Relay, BTopo#t — ¢
oMol bio 6s10ka Hit crossing (06a 6;10ka otHocsaTca k pasaeny Nonlinear).

Ha puc. 4.32 npusezena 6J10K-aHarpaMma, KOTopas 03BOJISET HOACIHTATh YHCIIO
NoNmazaHIil HEKOTOPOTo IPH3KAKa B 3alaHHbIA HHTepBal. Pabora 610K-11arpamMmsl
OCHOBaHa Ha ucnosnb3oBaHuk 6;10ka Relay. Ocranbuble 610Ku BEIIOIHSAIOT CEAyIO-
mue QyHKINM:

® MATLAB Fen — resepupyer nociegobatenshocTs CH, paBHOMepHO pacnipese-
JleHHBIX Ha unTepsBae [0; 7];
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Yucno

peanu3aumi
CITY4aHHOro cobbITHA
MATLAB i T
Function i ™ " ?
Relay | Discrete-Time

integrator

1

Scope

Puc. 4.32. Monennposanune cIyyadiHbIx coOBITHI ¢ momonbio 610ka Relay

¢ Discrete-Time Integrator — nogcuurnisaet yucio nonaganuii CU B auanasoH [0; 5];

¢ Display — BLIBOAUT pesysbTaT OACYETA;

e Scope — no3BoJiAeT Hab/OAATh 32 paboToi 6i10ka Relay.

s 610ka Relay ycranopJieHs! cieyomye 3Ha9€HUS TAPAMETPOB:

» Switch on point: 5

® Switch of f point: 1

® Output when on: 0

® Qutput when off: 1.

Ecsm uccnenoBaresist MHTepecyeT BO3MOKHOCTb XOTsI ObI OfHO#M PeaTH3alivH CIydaiiHoro
coOBITHS1 Ha NHTEPBA/IE MOJEJTMPOBAHUS, TO ya10OHee BoC1o/b30Barbesi 610koM Hit Crossing.

Ha puc. 4.33 nokasas BapuaHT 6J10K-1HarpaMMBl, KOTopas o0ecreYuBaer perucTpa-
IIMIO MOMEHTA NPEeBBIIEHNs CIy4aiiHBIM YMCJIOM 33{aHHOTO 3Ha4eHHU.

Yucno
peanu3aLpit
CImyNaifHoro codbiTua
MATLAB . T
1 Function 'T z1 », 4
Hit Discrete-Time
Crossing Integrator
]
Scope

Puc. 4.33. MogempoBanue ciay4aiinsix cobuitTiii ¢ nomousio 6so0xa Hit erossing

TIpn atom napametpst 610ka Hit crossing umeroT 3HayeHus:
® Hit crossing offset: 4;
* Hit crossing detection: rising.
OcranbHbie OJI0KU HCTOAB3YIOTCS TAK e, KaK B IPeabiaymeil 610K-1uarpaMme.
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4.2.2. IOJYNHSIEM CJIIYIYAVIHYIO BEJIUUNHY 3AJAHHOMY 3AKOHY

Vicriosb30BaHue CTyYallHBIX BEJIMYUH SBJIsieTCs Hanbosiee YHUBEPCATBHBIM U [O-
3ToMy HauGoJiee PacIPOCTPAHEHHBIM CITOCOOOM yYeTa B MoZie/IH ClyYaiiHbIX GaKkTopOB,
HPUCYUINX PeaJbHBIM CUCTEMaM HJIH IipouieccaM. Ilpnmepamu ciyyailHbIX BETMYHH MO-
IyT CAYXHUTH: UHTEPBaJ BDEMEHH /10 TIOSBJIEHHS OYEPENHOTO KIKEHTa, JJINTEIbHOCTD
TNpOBeeHMs TEXHUIECKOTO 00CIYKIBaHHUS aBTOMOOHJIs1, 06bEM TaHHBIX, CIMTHIBAEMBIX
u3 onepaTuBHoM mamsiTi IBM, u T. 1.

Ecsm 3axon pacnpenenenusa CB usBecTeH, To 0Ha MOKeT ObITh 1OCTAaTOYHO aieKBaT-
HO NIpe/ICTaB/IeHa B AMUTAIIOHHON Moaenu. B nepBoit yacTu KHUTH 6bLIH PaCCMOTPEHBI
METO/Ibl, UCIIOIb3yeMBbIe AJI1 MOZETUPOBAHH PasNnYHLIX 3aKOHOB pacripeaenenus CB
npH paszpaboTke MOZEIH Ha OXHOM U3 YHHBEPCATHHBIX A3LIKOB TPOrPAMMUPOBAHHU.

TTpu cospannu Mogenu cpencrsamu MATLAB npouenypa oro6paxenus B neit CB cyme-
CTBEHHO ynpowaetcst. PaspaboT4HKy 10CTATOYHO UMETD NPEJICTAB/IEHHE O TOM, KAKHE [eHepa-
TOPBI CJTyYaiHBIX Y¥Ce BXOASAT B COCTAB KOMIIOHEHTH! Statistics Toolbox. B npempiryiiem pas-
nene yxke ObUIO CKA3aHO, YTO TAKMX reHepaTopos 6Gosnee 20. TexHOOIHMA UCTIONb30BaHUS B
S-Mofies1H oBOTO 13 HUX OAVIHAKOBA M COCTOUT B BHITIOIHEHHH CIEAYIONINX AEHCTBHIA:

® OTKDPBHITh BCTPOEHHYIO cripaBo4yHyIo cucTeMy MATLAB (pasaen toolbox\stats);

e B ciucke Random Number Generator Bb16paTh QyHKIMIO-TEeHEPATOP, COOTBETCTBY-
omyio TpebyeMoMy 3aKOHY pacnpeleieHus;

 poitHbIM menukoM JIKM Ha BHIOpaHHOR CTPOKE OTKPHITH CTPAHHMILY CIPABOYHH-
K2, COZIepKalllyIo ONUCaHNe JaHHOTO FeHEPATOPa; TPH 3TOM B BEPXHEM JIEBOM 110Ji€ OKHa
GyIeT BBIBEIEHO Ha3BaHile FeHEPATOPA; BBIAETINTE €0 KYPCOPOM MBIIIHN U CKOTTUPYTe
B Oydep o6MeHa (C TOMOLIBIO cOYeTaHUs KaaBuil <Ctr>+<C>);

® B 6y10K-AHarpaMMe BLIOGPATh 610K, B KOTOPOM GyZeT HCII0Ab30BaThCS TEHEPATOP,
Y OTKPBITh OKHO €I'0 HaCTPOEK;

® BcTaBUTbH U3 Oydepa obmena uMs reHepaTopa (couetanue Kiasum <Ctrl>+<V>);

® ppecTu TpefyeMbie 3HAYEHUA IAPAMETPOB «3aIyCKa» reHepaTopa.

KoHeuHo, mpy HAMYHH JOCTATOYHOIO OMBITa B pa3paboTke S-monenei, conepxa-
mux reseparopsl CB, cnpasounyio cuctemy MATLAB MokHO He MCITO/Ib30BaTh ¥ BBO-
IUTH UM TpeGyeMOoro reHepaTopa BpyuHyo. OHaKO B 3TOM c/1yyae CyLIeCTBYET orlac-
HOCTb OIIMOUTHCSL XOTst GBI.B OZHOM CHMBOJI€E, YTO NPUBEAET K OUOKE B MOAETH U K
Heo6X0IUMOCTH ee KODPEKI[HH 1 IOBTOPHOTO 3aMyCKa. A e/ B CO3/1aBaeMOil MOJIeNH
reHEPATOP HUCTIOIb3YETCsI B HECKOJIbKUX OI0Kax?

B kauectse npusmepa ucnosp3oBanns reveparopa CH paccMorpumM S-Mozess, cogep-
KAIUYIO CAYIalHY BEJIWYMHY, paclpefeseHHY0 0 HopMaabHOMY 3aKkoHy. CorjiacHo
TEOPHH BEPOATHOCTH, OOJILILMHCTBO CAy4aiHbIX ABIEHUI U NPOLECCOB, 3aBUCAIINX OT
MHOTHX OHOBPEMEHHO AeHCTBYIONNX (PaKTOPOB, IOMYHHSIOTCA HMMEHHO 3TOMY 3aKOHY.

ITycrp nMeeTcA BoIYUCINTENTbHASA CUCTEMA, COAEPKAINAs 2 AHCKOBBIX HAKOIIUTENS Pas-
JuyHoM emxoctu: 600 M6 (HasoBeM ero HD7) u 800 M6 (HD2). [lannbie NOCTYNaloT Ha
KaK/IbIii U3 HaKonuresnedl OT cBoero ucrouanka. OGbeM 0uepeHON «T1opuur» HHpOpMa-
LU SBJIAETCS CTy4aliHOM BeTMYHHOM, pacpe/ie/IeHHO 110 HOPMa/bHOMY 32KOHY.
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M5t nepBoro ncrounuka sakon pacnpenenenus CB umeer mapamerps m =10, v,=3;
A7 BTOPOro ucTounnka — m,=20, v,=7. Tpebyerca cpaBHNUTD 3¢pHeKTHBHOCTD HCITOIb-
30BaHus HakonuTesel. [Ipu aTom mokasareneM 3¢ hexTHBHOCTH GYET CYKUTH KOS~
guyuenm ucnonwv3oeanus uckosozo npocmpancmea — Ku. Ita BeTUUNHA MOXKET OBITh
paccuuTaHa Kak OTHOIEHHe 00beMa [IaMsITH, KCIIOJIb30BAHHOTO HA HHTEPBAJIE MOJIE/ -
POBaHUA, K IIOJTHOH eMKOCTH HAKOTIUTEIS.

Brok-auarpamMma S-MOzeNH, H03B0IAI0NeN pelnTh I0CTaBNeHHYI0 3a/laqy, TToKa-
3aHa Ha puc. 4.34.

OueHKa 3arpy)KeHHOCTH HaKonuTeneu

Monenb HD1

— b w600 a0}
-~ : i
Discrete-Time = ?‘m 3navexne Ku
Integrator2 o ana HD1

giiz,uhﬂo;lefuatit??ﬂ

=z —*—l" u/soo —p o]

__ |Function} .’ z-1

IRE Fenl ' piicrcia T Feni L
= o ’?;s:'-etetT”, 1"" / : 3HayeHue Ku
. ke anaHD2

Prc. 4.34. Brok-anarpaMma Momenn paboThl HAKOTUTE el

W3 pucyHKa BUIHO, 4TO 610K -AMarpaMMa COCTOMT U3 IBYX IOCTATOYHO CAMOCTOSATENb-
HpIx yacTed. Kaxxnas us nux Mozenupyer pabory ogHoro n3 Hakonureseit. [lockobky
0be 9acTi MOZIENIN 110 CTPYKTYPE TIONTHOCTHIO MAEHTITYHDI, MOACHIM Ha3HA4YeHIe BXOLS-
IIMX B HUX 6JIOKOB IPHMEHHTENBHO K NEPBOH, Monenupytouleil paboty Hakomutens HD1.

bnox MATLAB Fcn nrpaet ponb nCTOYHMKA MaHHBIX (B TeEpMUHAX YacTy I KHuTH —

'9TO Moziesib paboueil Harpy3KH HAKOIIUTEIA ); B KauecTBE IapaMeTpa HacTpoiiki 610Ka
YKa3aHO UM TEHEPaTOpa HOPMaJIbHOIO paclpefeNeHts ¢ COOTBETCTBYIOINME apry-
MeHTaMu: normrnd(10,3).

Biok Discrete-Time Integrator BoinosiHsieT CyMMHUpOBaHue 06beMa JaHHLIX, TT0-
CTYMAaIOUIUX OT HCTOYHUKA B HAKOMHTEb; BCe NapaMeTPsl UMEIOT 3HAYEHUs, YCTaHOB-
JIeHHbIE IO YMOIYaHUIO.

Baok Fen obecnieunsaer pacyer snavenns Ku (Buranc/sieMoe BbIpaxeHue BHIBORUT-
Cs1 Ha MKOHKe 0J10Ka) 71 TEKYILEro 3Ha4eHHsA MOJIEIbHOTO BpeMeH;
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Bnok Display BoiBoAUT Ha 5KpaH BHIYHCIEHHOE 3HaueHue Ku; 10 ucTeyeHu HHTep-
BaJla MOZIEIMPOBAHKS OHO MPEACTABIsET COOOM HTOrOBYIO OLIEHKY ZaHHOTO MOKa3aTe-
s aaa Haxonutens HD 1.

TTepes 3amyckoM MOZENTH Ha HCTIOTHEHHE Heleco00pa3Ho yCTaHOBHTD CIOCOD U3MeHe-
HUsA MOZENbHOTO BpeMeHU Fixed-step (B none Tiype Ha Bknazike Solver), a Takxe 3anpeTHTDb
B4y HPeAYIIPEXAEHNH O HETIOAKIIOYEHHBIX TOPTax Oy10k0B (Ha BK/aake Diagnostics).

Heckonbko 3aberas snepen, otMetuM, 4to SIMULINK umutnpyer ogHoBpeMeH-
HyI0 paboTy obeux yacreil MORENH, B TOJHOM COOTBETCTBUM C TEXHOJIOTHEH peasin3a-
[[MY KBa3UMIapaJIieibHBIX IPOLECCOB, paccMOTpeHHOH B I yactu xuuru (6osiee moapob-
HO yIpaBJieHHe NOTOKaMU COOBITHIl B S-MOAENAX paccMaTpUBAETCA B CJeAYIOlIEM
niogpaszene). brarozaps asToMy 1o OKOHYaHHMY CeaHca MoZie/IMpOBaHus B okHax Display
GynyT BoIBeneHb! 3HadeHus Ku 11 0601X HakonuTeNeH.

4.3. YIIPABJIEHVUE BPEMEHEM

KoppekTHoe ynpasieHie MOAEIbHBIM BpEMEHEM, TO eCTh «BPEMEHEM JKUSHU> MOJe-
JMPYEMOM CHCTEMBI — 3TO O/IHA K3 HanGotee CJIOKHBIX, M BMECTe ¢ TeM HanGoiee BakHas
3a/1a9a, KOTOPasi 0JIKHA ObITh pellieHa IPU MOATOTOBKe MOAE/IbHOTO 3KCIEPUMEHTA.

MonenbHOe BpeMsi ABJIsieTCS «CIIUHHEBIM MO3TOM», COTIACYIONIMM paboTy BCEX KOM-
[IOHEHT S-MOZIeNH, a IPU HeOOXOAUMOCTH — U PabOTy HECKOMBKMX OCTATOYHO CaMO-
CTOSITENIbHBIX MOJieJIei.

I1pH MoAroTOBKE KaXKA0r0 MO/E/IbHOT0 SKCIIEPUMEHTA HOKHEL ObITh NOMyY€eHb! OT-
BeThl Ha TP BONpOCA:

® Kakoii crioco6 n3aMeHeH s (IIPUPAILEHHA ) BPEMEHH 11esieco00PasHO UCII0Nb30BATh
{C HOCTOSTHHBIM UJIU TIEPEMEHHBIM IIAroM);

® C KaKOii TUCKPETHOCTHIO CIEAYET H3MEHATh MOAE/IbHOE BPEMS,

® xakoe coObITHE OYAET CILY>KHTb IPH3HAKOM OKOHYAHHs JKCIIEPUMEHTA,

[oce Toro, Kak Bb OTBeTHTE cebe Ha KaXAbIH U3 3TUX BONPOCOB, CIEAYET NOXY-
MaThb O TOM, KaK BOIIJIOTHTh HaMEYEHHOE B JKM3Hb, Ucnonbsays cpeacrsa SIMULINK.
VmenHo 06 9TOM HAET peds Jajee.

4.3.1. BbIBOP INATA MOZIEIUPOBAHNA

B pasnene 2.3. Gpi1a aHa cpaBHUTeIbHAS XaPaKTEPUCTHKA ABYX OCHOBHBIX CII0C060B
H3MeHEHHst MOJIEIbHOTO BPEMEHH — C TIOCTOAHHBIM IITAroM H 1o 0cobbIM cocTostHusM, C
Touky 3perus pazpaborinkos SIMULINK senyuiyro poss npu Bei6ope 0fHOTro U3 ABYX
METOZOB UrPaeT THIl MOZE/IPYEMOii CHCTEMBI: [/l HENPEPHIBHBIX CHCTeM (C HelpephiB-
HbIM BPEMEHEM CMeHbI COCTOSTHHIA) 110 YMOJIYaHHUIO HCIOJIb3YETCA NEPeMEHHBIH 1ar IIpy-
pallleHys BpeMeHH, a UL AMCKPETHBIX CHCTEM CIIEAYET YCTaHaB/IMBATh HOCTOAHHBIH ((PHK-
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CHpOBaHHbIit ) tar, TAKoi IOAX0M He Bceria OnpaBAbBaeT cebst, NOCKOMBKY MPH MOAEH-
POBaHUH HENIPEPBIBHBIX CHCTEM ObIBaeT yaoOHee onpenesiTh 0depeHOe COCTOSHUE CHC-
TeMBbI KaK PYHKUMIO BPEMEHU, U3MEHSIOMErOCH € 3aJaHHOM AUCKpeTHOCTbIo. Y1 Haobo-
POT, IIPH MOZETUPOBAHNHU JUCKPETHHIX CUCTEM BeJWYHHA O4YepeqHOro NpUpalleHUs
BpPeMEeHH 334acTyIO Olpe/iesIeTCs IPOTHO3MPYeMbIM MOMEHTOM M3MEHEHU COCTOSHHUS
CHCTEeMBI; PUYEM CMeEHa COCTOSTHUE IIPOUCXOIUT, KaK NPaBUIIO, HeperyasapHo. [loatomy
IOJIE3HO 3HATh, KaKMM 00pa3oM NpH pa3paboTKe Mozesieil AUCKPETHBIX CUCTEM MOXKHO
3aCTABUTD MOZIEJIbHOE BPEMsi NBMEHATHCS 110 OCOOBIM COCTOSHUSM.

C uesIbIo OACHEHNS CKa3aHHOTO BEPHEMCSI K IPUMEPY € HakonmuTeAIMu. B paspabatsi-
BaeMOH Mo/ie/Ty OLleHKH 3arpy3KH Hakonuresell GpakTop BpeMeHH HENoCpPeACTBeHHO He
YUUTHIBAJICA: Obla 33/IaHA TOJIBKO IUTENIBHOCTS MHTEPBAJIa MOZEIMPOBaHYs, paBHasi 10
eITMHUI[aM MO/IeJIBHOTO BpeMeHH. [1o yMO/YaH 0 peAonarasocs, YTo JaHHbIE TOCTYA-
0T Ha K)K/BIH 13 HaKOMUTelel Yepes MHTEPBaJibl BpeMeHHU, OpeesisieMble JUCKPETHOC-
ThIO U3BMEHEHUS MOZIe/IbHOTO BpeMeHH (At = 0,2). BmecTe ¢ TeMm, pacripesesieHme BXOAHbBIX
BO3ZEHACTBH BO BpeMeHY — BaKHEN IaA XapaKTepHCTHKa pabodeii HArpy3KU CHCTEMBI.

Kaxue xe cpeacrsa SIMULINK no3ssossitor ynpasnsaTs BeTHYNHOI ara MoJiesin-
POBaHMSI P U3MEHEHHH MOAETLHOTO BPEMEHH M0 0COOBIM COCTOAHUAM ?

B nepByIo ouepeib 3T0 «CBI3Ka» U3 ABYX Yxe 3HaKOMbIX BaM 6;10k0B MATLAB Fen
u Discrete-Time Integrator. bsioxk MATLAB Fcn ofecniednBaer POpMUPOBaHUE OT-
PE3KOB BpeMeHH, JUTHHA KOTOPHIX pacipelesieHa 10 3alaHHOMY 3akoHY, a 6ok Discrete
Time Integrator BeInOJIHAET CyMMHPOBaHHE 3TUX OTPE3KOB, TO €CTh <IIPOJBHKEHHE
MOZIeIbHOTO BPEMEHU.

Taxum 06pa3oM, C MOMOIIBIO HTHX ABYX OIOKOB MOKHO PeaM30BATh MEXAHHU3M H3-
MEHEHUs! MOJETHHOTO BPEMEHH 10 0COOBIM COCTOAHMSIM ISt TAKUX S-MOJIEJIEH, B KOTO-
PBIX YCAOBHEM HACTYIJIEHWS OYEPEIHOTO COOBITHS ABASETCA MCTEYEHHe HEKOTOPOro
TIPOMEXYTKA BpeMeHH.

B paccMaTpruBaemMoM IpUMepe TaKUM COOBITHEM ABJIAETCS NMOCTYILIEHHE HA BXO/ CH-
CTEMBI OYePENHOTO COOBIIEH S, HHTEPBAJ BPEMEHH MEXAY COCEAHUMH COOOLIEHUAMH
SIBJISETCS cy4aiiHol BeIUYMHOI, pacrpeneseHHON 10 3aJaHHOMY 3akoHy. Iloka 1is
IIPOCTOTHI Oy A€M CIUTATD, YTO 3alIUCh HHOOPMAIINH Ha HAKOITMTEIH IIPOUCXOAUT MTHO-

' BEHHO, ¥ BeJIMYMHA [IPUPAUIEHUA MOJIE/IBHOTO BPEMEHH ONPe/IENAETCs TOIbKO IpoMe-
JKYTKOM BpEMEHM /10 TOABMEHUS ouepeiHOoi nopuuu uudopManum.

C y4eToM BHECEHHBIX JONOJHEHHI MOEb paboThl HaAKONMHUTeAs OyAET BHITIAAETD
TaK, KaK NOKa3aHO Ha PUC. 4.35 (A1 BTOPOro HAKONMUTENS HI0K-AUATPAMMA CTPOUTCA
aHAJIOTMYHBIM 06pa3oM).

O6paruTte BHUMAHMeE Ha CJEAyIOllee BECbMa BaXHOe 0OCTOATENLCTBO: IIPU TaKOMH
peanu3auyyl MeXaHU3Ma M3MeHeH!s MOZENbHOrO BpPeMeHH COOCTBeHHBIH TaliMep
SIMULINK urpaet poJsb «TakTOBOTO reHepaTopas i He OMNpefieisieT HeNOCPeACTBEHHO
INATEIBHOCTh MHTEPBaia MoJeaupoBanus. I1pu TakoM nozaxoze 4151 BUSyanbHOTO KOH-
TPOJIA 32 U3MEHEHHEM MOZETbHOTO BPEMEHH Mo-NipesKHeMy npurosied 6ok Scope. B
3TOM CJIydYae Ha ero BXOJ CIeAyeT nofaBats curna ¢ biuoxa Discrete-Time Integrator,
3HavYeHust KOTOporo OyayT 0TOGpaXkaThCs B OKHe Scope Kak (hbyHKIUA OT HOMepa Liara
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Puc. 4.35. I3aMeHeHUEe MOAENBHOTG BPEMEHH 110 OCOBEIM COCTOSTHUAM

mozenuposanusa. COOTBETCTBEHHO, IJIUTEIBHOCTh HHTEPBAJIA MOAEAUPOBaHus OyaeT
paBHa HOCJIe/lHeMY 3HAYEHHIO CHTHaIA Ha Beixoze 6s10ka Discrete-Time Integrator.
IlycTs, Hanpumep, mapameTp Stop time Ha Bknanke Solver no-npexueMy Oyaet pa-
seH 10, a uHATEpBANEI BpEMEHH MeX Ty NOCTYIJIEHUSIMHU IOPLUUi MHpOpPMaLMu pacipe-
JleJIEHBI IO HOPMAaJIbHOMY 3aKoHy ¢ napaMmerpamu m=10; v=4. Toraa qaurenpHOCTh HH-
TepBajia MOZeNUPoBaHus paboTh! HakonureseH cocraBut B cpexreM 90 ¢ (puc. 4.36).

[:] MonenbHoe BpemMna

Puc. 4.36. Otobpaxenue MOAENbHOTO BpeMeHH B 6J10Ke Scope
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7151 MORENIMPOBAHIS HENIPEPBIBHBIX CUCTEM, KaK BBI IIOMHUTE, Hosiee yIOOHbIM AB-
JieTCA U3MeHeHHe MOZIENbHOTO BPEMEHH ¢ MOCTOAHHLIM 1aroM. YToGs! peanusoBaTh
9TOT MEXaHM3M B CO3[aBaeMOU MOJENH, BIOJHE AOCTAaTOUYHO CTAHAAPTHBIX CPEACTB
SIMULINK, nMetomrnxcs B pasgene Simulations Paramerters. Xots 9TH cpeCTBa yxKe
YAOMUHAIMCD paHee, I0JE€3HO PACCMOTPETh HX IPHMEHEHHE Ha KOHKPETHOM IIpHMepe,
B Ka4eCTBe KOTOPOT0 MCIOIb3yeM CHTYALHIO, TPHBeLeHHYIO B [IepBOH 4acTH KHUTH (pas-
e 2.4). Peub ni1a o ToM, YTO HEKHIT cCaMoJIeT JBHKeTCs NPSIMOJIMHEHHO 1 € TOCTOSIH-
HOI CKOPOCTBIO, a CHeSININH 32 HUM AuCTieTyep J0JKeH BBeCTH HHGOPMALIHIO O CaMo-
JIETE 10 TOTO, KaK OH Ilepecever 3a/laHHbIH pybexk.

Briok-anarpamMma Mozieny, ONUCHIBAIOIIEH JaHHYIO CUTYaIlHIo, 1300paxeHa Ha puc. 4.37.

__ HaGnioneHue 3a caMonetom

MorneT camoneTa

| Beeneno
o p—

Ll
—t almr @ - |
ccrosuue, . 44 . [pokgeroim
nholipenoedalc E

Yncno cumBonon,
BBEAEHHBLIX 33 1C

Puc. 4.37. [lpumep MoaeMpoBaHuA ¢ TOCTOSHHBIM IAroM

Hasnauenue 6;10K0B, BXOASILUX B MOZIE/b, YKa3aHO B caMoil nuarpamme. Ocraetca
TOJIBKO 100aBUTD, 4TO GJI0K Int1 BHIYMC/IAET pacCTOSHUE, NPOHAEHHOE CaMOJIeTOM, a
610K Int2 — KOJIN4eCTBO BBEJIEHHBIX AUCIIETYEPOM CHMBOJIOB.

Insa onpeneneHHOCTH OyAeM CUUTATH, YTO (PUTYPHUPYIONINE B MOJEIN BEIMYHAHBI
HMEIOT CJIEAYIONIe 3HAUEHHS:

ckopoctb camonera: 900 km/4;

paccrosiHue 710 py6Geska: 12,5 ku;

CKOpOCTH BBOZA HHDOPMaluu: 1 cuMBOJI B CeKyH/LY;

IJIHA TeKcTa: 50 CHMBOJIOB.
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Tpexae 9eM YCTAHOBUTD MapaMeTPhb MOJEIHPOBAHUSL, MBI HO/KHEL:
® 1IPUBECTH CKOPOCTD MOJIETA caMoJIeTa i paGOoThI OTiepaTopa K eIHHOMY MacimTaby
BpEMEHH;

¢ BpIOpaTh BEIMYNHY [HATa TPUPAIIEHUsT MOAEABHOIO BPEMEHI;

® OTIPEEIUTE NPUEMJIEMYIO JUTUTEMbHOCTD HHTEPBAJIA MOACTUPOBAHHA.

[lepBrBIit MyHKT BLIIIOJAHUTD [IPOLLE BCErO: BhIpakaeM CKOPOCTb CaMojeTa B KM/C H
nonyuaem 0,25 km/c.

BuinosineHue BTOporo NyHKTa Tpebyer conocTaBneHis CKOPOCTeH ABYX IIPOLECCOB;
CPaBHMB CKOPOCTH, BbibepeM AL = 2 c.

Jlsist BBITIOJTHEHUST TPETHETO MYHKTA TAKKe BIIOJIHE JOCTATOYHO BHIIOJHUTD OLHO-
IBa apuQMeTHICCKUX JeHCTBHA.

KoneuHo, TpocToTa paccMaTpHBAEMOTO HPUMEPA BHI3BIBAET CHJIBHOE JKeJIaHue 110-
CUMTATh BCe BPYYHYIO , HO HAC B JAHHOM CYYae MHTEPECYET HE CTOJBLKO PE3YJIBTAT,
CKOJIBKO MPOIECC CO3AaHHST MORENH.

Wrtax, ycTaHaBIHMBaeM CIeAYIOUINE ITAPAMETPDI MOJEIHPOBAHN:

» Stop time: 50;

* Type: Fixed step;

® Fixed step size: 2.

Hocneannit napamerp TpebyeT HeHOABINOTO HOSCHEHHUA: [/ BCceX GJIOKOB, HMeIo-
mux napametp Sample time, oH Takxe A0JKeH ObITh paBeH 2.

BpInoHMB ceaHC MOAETMPOBAHKA, [I0JIYIaEM OTBET Ha MOCTaBIEHHbII paHee BOII-
poC: AHCITeTYED ycrieeT (XOTsi U ¢ TPYAOM) BBeCTH TpebyeMmyio nH(popMaLuIo.

CoOoTBeTCTBUE PE3VAbTaTa MOAEANPOBAHUS PYUHBIM PacieTaM rOBOPHUT O TOM, 4TO
co3naHHas Mofiesib paboTaeT KOppeKTHO (Bcerna 6vI Tax!).

Kaszanocs 651, 1pit HeH3MEHHBIX HCXOAHBIX IAHHBIX TAKOH PE3yNBTaT NOJKEH NOJIy-
yatbest Beerna. Ho He cenyeT 3abbIBaTh 0 TOH poJIH, KOTOPYIO UrpaeT BhIGOP mara Mo-
JIeIMPOBaHuUA (T. €. BeTUUHHBL At). YeTanoBuTe 3Hadenue Fixed step size: 3 u moBTopuTe
Mojienuposanue. Ternepsb AucneTyep <He yCeBaeT» BBECTH COOBIEHNE, CKONbKO Obl pa3
BBI HE TIOBTOPSLIN DKCIIEPHMEHT.

4.3.2. YIIPABJIEHVME OKOHYAHUWEM MO/IEJIMPOBAHUA

Ellie NpU 3HAKOMCTBE ¢ S-MOJIEJISIMHU, BKTIOUEHHbBIMY paspaborynkamu MATLAB B
COCTaB IEMOHCTPAI[HOHHBIX (DaiiJ10B, MBI OTMETHIIM HATTHIHE HECKOJIBKHUX CIIOCOOO0B YII-
paBJIeHHNS OKOHUYAHUEM MOJIEJIMPOBAHTIS.

Hau6oJiee TPOCTOH M3 HUX COCTOMT B YKa3aHUH JIMTE/IbHOCTU HHTEPBAA MOAE/IH-
poBanus. IIpu TakoM MOAXOZE ceaHc MOIETHPOBAHHS 3aBEePUIAETCA IIPH AOCTHKEHUH
MO/IeJILHBIM BPEMEHEM 3HauYeHIA, 33[aHHOTO B 1oje Stop time NPy HACTPOIKe napa-
MEeTDPOB MOIENUPOBAHHS (BKIanKa Solver).

Texyuee cocTOAHUE MOACAH (WU MOACTUPYEMOH CHCTEMBI) B JaHHOM CJIydae He
YUUTBIBACTCS.
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C uensio pacliupenns BO3MOXHOCTel HCCIE0BATENsE 10 YTIPaBAeHHIO MOAEILHBIM
aKcrepuMeHToM B coctaB Gubiorex SIMULINK sxutioues 6ok Stop Simulation (pas-
nen Sinks). C ero moMolipio MOXHO YBA3bIBATh OKOHYaHHE CEaHCa MOMETMPOBAHUS C
BHITOTHEHHEM TeX MM MHBIX YCIOBHY. TaKMMH YCTIOBUAMY, B 4aCTHOCTH, MOTYT GBITb:

¢ IIEPEXOJ MOAETMPYEMOM CHCTEMBI B ONPEAENEHHOE COCTOSHME;

¢ 3aBeplLIeHUE BBINOIHEHN KaKOH-1H00 orlepaiuy (CHCTEMOI B LeIoM MK OHOM
H3 €€ NI0CUCTEM );

¢ ZOCTHXEeHMe ToKa3areseM 3pdeKTUBHOCTH 3a{aHHOI0 3HAYCHU.

YenoBus oxoHuanus ceaHca MOACIIMPOBAHIIS JIOJKHB GbiTh 3a/lalbl B S-MO/eJId Ta-
KUM 06pa3om, 4TOGbL NPH MX HACTYIIEHHH Ha BXOZ 6J10Ka Stop Simulation nocrynan
HEHYJIeBOH CUTHai (€C/ CHTHAJ BEKTOPHBIH, TO XOTA Gbl OIUH €0 3/IeMeHT AOJKeH
6bITH OT/IMYEH OT Hy17).

Ha puc. 4.38 nokasan Bapuant MoZennupoBanus paboThl HakomuTeselr HD1u HD2 ¢
ucrnonp3osatuem 610ka Stop Simulation. YesoBrem oxonuanns ceatca MOJEeJHPOBaHUsA
ABJACTCH HCYEPIaHHe eMKOCTH XOTsi GBI OHOTO N3 HAKOMUTENMelt (€C/ M HAKOTIUTENb 3a-
nonneH, 70 Ku 2 1). Tlockonbky B paccMaTpuBaemom IIPHMEPE HAKOITHTENH 3aTI0HAIOT-
CA NOCTATOYHO Me/I/IEHHO, 11e71eCo06Pa3HO YCTaHOBUTh MHTepBa MOZETUPOBaHUS CYIIE-
CTBEHHO GOMNbLIIe 3aTAHHOTO 110 YMOTYAHAIO (cxaxem, Stop time = 100).

Puc. 4.38. [Tpumep ucnonsaosanus 610xa Stop Simulation

IIpit MozeMpoBat Y CIOKHBIX cHCTEM BbIBaET HEOBXOMHMO 331ABATD HECKOIBKO
PA3/IMYHEIX YCIOBHIT OKOHYAHUS SKCIIepUMenTa. B Takux ciyuasx B cocras S-mozenn
MOJKET BKJII0YaThCA HECKOMbKO 6710k0B Stop Simulation, kax st 13 KOTODBIX CBs3aH
CO CBOMM NMPU3HAKOM 3aBEPUICHHS CEaHCa.
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IycTs, HanpuMep, TPH MOZEMPOBAHUN PabOTH HAKOIIMTES CEaHC NOJIXKeH 3aBep-
IATBCS HE TOJILKO NP MCYEPIIAHUM €r0 eMKOCTH, HO M TIpH reHepally cooOIeHH s,
pasMep KOTOPOro NPeBHILUIAET 3a4aHHEI Topor. CooTBeTcTBYIOmAas 6J0K-IuarpaMma
nmokasaHa Ha puc. 4.39.

0.01609

Puc. 4.39. Iipumenenne 610ka Stop Simulation npyu Hanuyun HECKOIBKUX YCIOBUI-

Jns uaeHTHGUKALUN YKAa3aHHBIX COOBITUR Hcnob3yiotes 6ioku Hit Crossing (ux
MMEHa HOSICHSIOT Ha3HAUYeHUe KaXKI0T0 U3 HUX ); AJIS BU3YIN3aLUY TPHYHHBI OKOHYA-
Hus ceanca 6s10xa Stop Simulation cBsizansi ¢ 6moxamu Display.

Kaxk BbI Zoragaauch, 3Hauenye «1», BbiBoaumoe B bioke Display, ykaseisaer Ha co-
OTBETCTBYIOULYIO IPUYNHY 3aBEPIIEHH MOAETUPOBAHUS.

4.3.3. YIIPABJIEHUE IOTOKAMU COBBITUN

Kak 651710 cKa3aHO B | 4acTu KHATH, K&KAbI 13 0TOGPaXXaeMbIX B MOJENH THIIOB
coObITHI XapaKTEPU3YIOTCS CBOMMY YCIOBUSIMY (VT 33aKOHOM ) BO3HUKHOBeHM. [1pu-
yeM B OZHOM MOJEJIH MOT'YT OTOOPaXaThCsi COOLITHS HECKOJIbKHX PA3INYHBIX THUIOB. C
TOYKY 3peH¥ sl yIIPaBIeH st MOZEIbHBIM BPeMeHEM HanO0IbIIYIO0 CIOKHOCTD IIPEACTaB-
JIAIOT COOBITHS, CBY3aHHEIE C 3aIIyCKOM M 3aBeplieHHeM paboT (UK IPOLEeCcCoB), AH-
TeJILHOCTh KOTOPBIX ABJIAIOTCS CIy4aiHBIMHK BEIUYMHAMMU.

Jl1g KOHKPETHOTO YIIPaBIeHUA MOAEIbHBIM BPEMEHeM B TAKKX MO/IENSX HeoOx0au-
MO PeUIuTh [Be 3afayH:

® ofecrevnTh IpUpaleHHe MOAEIbHOIO BpEMEHH Ha BeJINYMHY JUIHTebHOCTH Ode-
PEAHOTO 3aBEPUIEHHOTO npolecca (paboTsr);

® oOpeaesuTDb YCJIOBUA OKOHYaHMA Ceanca MOJIeINPOBaHUSL.
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Kaxk 651710 y3xe cka3aHo, 2715 OPMHPOBAHUS TEKYLIETO 3HAUEHUSI MOJIEILHOTO Bpe-
MeHH ynoOHee Bcero ucnonb3oBaTs 6i0k Discrete-Time Integrator. Onnaxo o ume-
€T TOJIbKO 0AWH UHGOPMaMOHHBIH BXoA. [loaToMy pu HaM4YMHU B MOZIESTH HECKOJIb-
KHX THUIOB COOBITHH, BIAMSIOLINX HAa M3MeHeHHE MOJAEJbHOr0 BPEMEHH,
COOTBETCTBYIOLINE HM HHTEPBAIH BPeMeHH JOJIKHBI TIPEABAPHTENBHO CYMMHUPOBATE-
ca. HanbGosee mogxomsmuii f71s 3T0oro 6J10K — 370 610K SUum, 4KCII0 BXOA0B KOTOPOTO
MO’ HO H3MEHHTb.

Ha puc. 4.40 noxasaHa ouepeiHast Monupukanus Mofenu pabots HaxonuTes. Ha
3TOT pa3 B Hee BHECEHBI CJCAYIONINE H3AMEHEHUS,

MATLAB
Function

Puc. 4.40. Ynpasienne MozeIbHBIM BPEMEHEM TIPH HaJMYUHU IBYX THIIOB COBBITHIL

Ilpexnonaraercs, 4To BpeMsi, HEOOGXOAMMOE JJTs1 3aHCH TOCTYTIAIOMEN0 COOOLIEHHA,
seasgercsa CB, pacnipesesienHoil 10 HOpMaIbHOMY 3aKOHY C apaMerpamMum=7,v = 3.
Coobmenus noctymaroT epe3 ci1ydaliHble HHTePBaIbl BDEMEHH, BENYHHA KOTOPBIX
Pacrpenensercs o HopMaabHOMY 3akoHy. COOTBETCTBEHHO, IPOABUKEHHE MOJENLHO-
TO BPEMEHM ONPEAENAETCS IBYMs NMPOLECCaMH, MMEOIIMMH Pa3/INyHble BPEMEHHbIE
HapameTpsl:

® IPOLIECCOM MOCTYILIEHHS cOOOEeN i OT UCTOUHHKA,;

® [IPOLECCOM 3aNKCH cooberuii Ha HD.

3ameuanue. Ha camom rese B fanHOM ciyyae 6osiee KOPPEKTHBIM Obis1 Obl TEPMUH
«paboTa», a He «IPOLECC», IIOCKONbKY U NOCTYILICHHE COOOIEHHMH, H HX 3aIHCh TIPe/-
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CTaBJIEHB! B MOJEIM KaK HEAETUMBIE 3JIeMEHTAPHBIE oNepaliiy, 06pasyoline equHbLi
npolece — «3anuch cooduennst na HD1».

[lns oToOpaskennst B MOJIENIH BPEMEHHBIX TAPAMETPOB MPOIIECCa 3aMMCH coolIIe-
Huil B Hee BBeAeHbl aBa 6oka MATLAB Fen (1a nnarpamMme oHE 0603HAYEHBI KaK
«TenepaTop AnMuTENLHOCTH 3anucH» u «leneparop unTepBanos»). bBioku Sum n
Discrete-Time Integrator o6ecrieynBaioT NPOABIKEHNE MOJEILHOTO BpEMEHH Ha CO-
OTBETCTBYIOLIYIO BEJINYHIY.

Kak u B paccMOTpeiiHOM paHee nipuMmepe, coberpernnil taitvep SIMULINK B pan-
HOM CJIy4¥ae MIPaeT PoJb «TaKTOBOTO TeHepatopas. (/A HabmoxeH s 3a M3MeHeHIeM
MOJIETLHOTO BPEMEHH U BIHAIOIMMH Ha HETO TPOTECCaMU B OJIOK-HATrpaMMy BKIOYe-
uul Tpu 6710ka Scope. Ha puc. 4.41 nokazans! BEIBO/IMMBIE B HUX TaHHbIE.

Unrepeans Mexay cooGmeNnsIMl

Pruic. 4.41. BpemenHnble griarpaMmei paboTsl Moge

Eue pas noauepkueM, uto B okHe «MojenbHoe BpeMs» TeKylllee 3HaUCHUE MOE/b-
HOTO BpEMEHH OTMEYAETCs Ha OCH OPAMHAT, a Ha OCH abCLHCC yKa3aHbl «<HOMepa TaK-
TOB>» paboThl MozeH (11X MOKHO TPAKTOBATh KaK HOMEpPa COOOIEHNH, TOCTYTAIOUINX
OT UCTOYHHKA).
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Yro0bt MCTIOMb30BAHHBIf B IaHHOM MOZETN MEXaHH3M YTIPaBJIeHUA MOEILHBIM Bpe-
MeHeM paboTan KOppeKkTHO, HeOOXOMMO TAKKe YUUTHIBATH SHAYEHUS MapaMeTpoB Mo-
LeTUPOBaHMUs, yCTaHOBIEHHBIE Ha BKJIafKe Solver oxHa Simulation parameters. B nau-
HOM CJIy4ae OHY JOJKHBI OBITh TAKMMU:

Type: Fixed-step; discrete;

Fixed Step-size: 1.

JmuTenbHOCTD MHTEPBAia MOAETMPOBAHHUA (TTapaMeTp Stop time) MOKET ObITh JII0-
Goii. B npusenennoit 610k-guarpamMme oHa nogobpana Takum oOpa3oM, 4TGB! ceaHc
MOZEIMPOBAHUA 3aBEPLIANICS IPY JOCTHKEHNUN MOJE/IbHBIM BpeMeneM 3radenus 200,
ITo yCI0BUE PeanuayeTcs, Kak Bbl BUAUTE, C TOMOIIbIo 610Ka Stop Simulation.

Ov4eBuHO, B peANLHOMN CHCTEME POECCh IOCTYTLIEHHs COOBIIERNH U X 3aTIMCH Ha
HaKOIIUTEJIb ABAIOTCA CHHXPOHHBIMHE, TaK KaK 0UepefHoe coobuierne MoKeT HayaTh 3a-
IHCBLIBATHCS TOJIBKO [IOCJIE IO HOCTYIIEHUs OT UCTOYHMKA. B Mojeny Takas cTporas CviH-
XPOHH3aLMs He 06eCIeYNBAETCS: MBI HE MOKeM YTBEPXAaTh, yTo cHayana SIMULINK
106aBJISIET K MOJIE/IbHOMY BPEMEHH OTPE30K, COOTBETCTBYIOLIMH HHTEPBATY A0 HOCTYI-
JIEHUS OYepeTHOr0 COOBIEHMs, M TOILKO MIOCJIE 3TOT0 U3MEHAET MOENIBHOE BpeMs Ha
ZUIHTEIBHOCTD 3anucu. Ham H3BeCTHO TONBKO TO, YTO 06€ 3TH BeTMYUHb R0GABAAIOTCH K
TeKyIleMy 3HaYeHUI0 MOAETILHOTO BPEMEHH B KaK/OM TaKTe MOAEINPOBAHUA (T. €. IUIs
Kaxaoro ouepeauoro coobmenns). Iloka 3Toro Brionxe aoctatoyHo. XOTA B COCTaBE
SIMULINK nmeroTcs cpeficTBa CHHXPOHHM3AIMH COBBITUH, HO OHU OTHOCATCS K MeXa-
HHU3MY UCII0/Ib30BaHKs TIOACHCTEM U Oy T PACCMOTPEHBI B CJIELYIOLIEM Pas3/erie.

Ceituac ke Mbl BepHeMcA Ha HEKOTOPOe BpeMs K IepBOHAYaNbHOH POpMyYIHPOBKe
3amaun 06 ouenke paboTH ABYX Hakomuteneil. U obparum BHUMaHKe Ha TO, 4TO 00a
oHM PaboTalOT OJIHOBPEMEHHO U COBEPLIEHHO HE3aBHCHMO JApPYT OT ADYTa, T. €. B pac-
CMaTpHBAEMOI CHCTeMe CYLIECTBYIOT Ba aCHHXPOHHBIX HapaJlyIe/IbHbIX npoliecca. Ka-
KM K€ 00pa3oM MOKHO <IIPUBA3ATh» K €[[HHO OCH MOJIEJILHOTO BPEMEHH CIydaliHbie
COOBITHS, TPOUCXOISIINE B PAMKAX KaX[0I0 M3 HUX?

[lnst aTOTO MOXET OBITH UCIIONB30BaHa Ta Xe napa 610koB — Sum u Discrete-Time
Integrator. OHaKO TOJIBKO ITHX ABYX OJIOKOB YKe HEAOCTATOYHO. [[e/10 B TOM, YTO eCJIH IIpo-
CTO CyMMUPOBATh 3aTPaTh! BpeMeHH Ha paboty HD1 ¢ satparamu Bpemenu va patory HD2, o
STO NIPUBELAET K IBOHHOMY YYETY BpeMeHH (BEb HAKOTIUTENH pab0oTaoT OMHOBPEMEHHO! ).

B nonobHpIx cutyanuax uesnecoo6pasHo HCMOIb30BaTh CIEAYIOIMUHT CIocod TpoaBH-
JKEHMSI MOJIEJIbHOTO BPEMEHH.

Bynem ucxoauts u3 TOro, 4TO Mpoecc 00CTyKUBAHUS KAKIOTO COOBLIEHUS COCTO-
UT U3 ABYX COCTABAAIOMHX:

® OJKNAAHMS €r0 IOCTYIVIEHHS (B Te4eHUE BDEMEHH 10K ),

* 32MIICH Ha HOCUTEb (32 BpeMs £3).

Torna HD71 o0cyxut ouepeaHoe coobIleHte 3a BpeMs

T, =tox, + 3,
a Hakonurens HD2 — 3a Bpems

T,=tox, +13,.
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Eite 040 BaXXHOE ZONYINEHHE COCTOUT B TOM, 4TO HAYJI0 0OCyKMBaHHs OYePell-
HOTO COODLIEHUST KAXKABIM HAKOIIUTEEM COBIAJIAET ¢ OYEPEIHBIM TAKTOM PaboThl MO-
nend, 3agaBaeMbiM TaitMepom SIMULINK.

Toraa npoABUKEHHE MOAENBHOIO BPEMEHU B KaXOM TaKTe OVAET GIIPEAEaATLCS
bompmeii u3 Beuuun T, u Ty

tv =tm + max{T,, T,

CooTBercTBy011a3 6JI0K-AMarpaMMa [IOKa3aHa Ha puc. 4.42 (IOCKOJIbKY cocob BbI-
yycaeHus K03 PUIMEHTa UCTIOJIb30BaHNS HakonuTeneit Ku pu 5ToM He HAMEHAIOTCH,
COOTBETCTBYIOUINE 6I0KY B TAHHOM BAapHAHTE AMATPAMMBI HE [IOKA3aHBI ).

1z peanusaniy ONMCAHHOTO BHILIE MEXaHH3Ma YIPABJIEeHHS BPEMEHEM B MOJEIH
VICTIOJIB3YIOTCA ClIeAyfole GI0KH:

Sum1 — Brruncnsier 3Havenue T, IS OUEPELHOTO TaKTa MOI[eJII/IpOBaHI/IH (1. e. nns
04eperHoro coodLieHns );

Sum2 — BeyucsseT 3HadeHue T,;

Sum3 — obecneunnaer cpapuenve semuynn T, u T,;

Mopnenb paboThbi HakKonNUTeEsew

PaboTta HD1

Pabora HD2

Puc. 4.42. yrlpaBJIeHHe MOZEABHDbIM BPEMEHEM NPH HAUTYHI ABYX HapaJJICbHBIX IIPOLECCOB
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Switch — nepecrinaer Ha Bxon 6oka Discrete-Time Integrator Gosbiuyio u3 Be-
auaun Tou T,

Discrete-Time Integrator — BbiuncaseT HOBOE 3HaYeHNE MOJIETBHOTO BPEMeHHU.

Kak u B mpeablAyHIeM BapHaHuTe MOJIENH, CEAHC 3aBEPIIAETCs 10 HCTEYCHHH 34/[aH-
HOTO MHTEPBAJIA MOJIEJIUPOBAHHSL.

4.4. UCIIOJIb3OBAHUE IIOJAICUCTEM

Kak siro6un nosropsite HedabseHHbiit Kosbma [1pyTKOB, HENb3st 00BATH HEOOBAT-
Hoe. Ho 210 yTBEpKIIeHHE CIpaBEIIUBO TONBLKO B TOM CJIyYae, eC/IH BHI ITBITAETeCh CO-
BEPILUTH yKa3aHHbIH IOCTYIOK «TOJILIMU pyKaMiy». Y1001 HEOODBATHOE epecTaso ObITh
TaxoBEIM, paspaboryrkn SIMULINK cosganu Mexanuam noacucreM. OH OCHOBaH B
I1epBY10 O¥epesib Ha UCTI0b30BaniK 610Ka Subsystem, BXxoasiuiero 8 pasaen 6u61no-
teku Connections. C ero NoMoiip1o 1106as CI0KHAsE CHCTEMA MOKET ObITh IIpeACcTaBIe-
Ha KaK COBOKYTHOCTE B3AUMOEUCTBYIONIMK KOMITOHEHTOB, BHYTPEHHAS CTPYKTYpa KO-
TOPBIX TIPY HEOOXOAUMOCTH MOXKET OBITb CKPBITA.

OCHOBHBIMU JJOCTOMHCTBAMU MEXaHM3MA IIONCUCTEM SBJISIIOTCS:

1. IopplLieHKE HATJIAHOCTH GJIOK-AUATPAMM MOZEJTE CJIOXKHBIX CUCTEM.

2. BO3MOXHOCTB HCTIO/AL30BAHNS MEXaHN3Ma CHHXPOHU3AIMH T1apajuIeNbHO (HyHK-
LHMOHUPYIOIHX MOJICHCTEM.

3. lloBsillleHME TEXHOJIOTHYHOCTH pa3paboTku U Mogudukaiun S-Monenei,

4. BO3MOXKHOCTb BKIIIOUEHW B O10K-IMarpaMmy coOCTBEHHOU «BCTPOEHHOI» clpa-
BOYHOM CHCTEMB], B TOM HUCTE cofiepkaliieil AeMOHCTPAIlMOHHbIE CPEICTRA.

O ToM, Kak peanu3oBaTh 1 NUCNOAB30BATH KAXK/AOE U3 TIePEeUHCIICHHBIX JOCTOUACTB,
GyJeT paccKa3aHo B MOCAEAYIOUUX Pa3zeiax,

44.1. BXOZ[I)I, BbIXO/IbI U IIEPEXO/IbI

3HAaKOMCTBO C TEXHOJIOTHEH HCIIOIB30BAHHUS TOACUCTEM HAYHEM € 00CYKIAEHUS CIIO-
co0O0B UX CO3IAHUA.

Takux criocobos gBa;

s cnomombio Komauger Create Subsystem ( Cosdamo nodcucmemy), BXoAAIEH B pas-
aen Edit MeHIO NONb30BATENS,

* myTem Konuposauus Gnoxa Subsystem us paspena Gubnnorexn Connections B
OKHO OJI0K-AarPaMMBI.

3amevanue: pasyMeeTCs, T4 CO3/AAHMS KOMMH FIM HOBOTO BAPHAHTA CYLIeCTBY 01T TOz-
CHCTEMBI MOTYT OBITE HCIIOML30BAHB] CTAH/IAPTHBIE CPEACTBA KOMHPOBAHHS, IPUMEHUMBIE K
mobomy 6510ky S-mozenu. Ho roka peds UieT o Co3AaHuu HOBOM, «ITyCTON» HOACHCTEMBI.

Komanza Create Subsystem npumensercsi K rpyIire GI0K0B KM KO Beell 6/10K-narpam-
Me, HaXOAsileHcs B aKTUBHOM oKHe S-mozentd. YTo6s! KoMaH/[a CTana JOCTYITHA, COOTBET-
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CTBYIOILHE OI0KH TOKHBI OBITH BhIfIEIEHBI (€C/1H B IOACUCTEMY «CBOPAYMBAETCS > BCA OJIOK-
AuarpamMa, To yaoOHee BOCTIONIB30BaThCsl KoMaHzok Select all — svidenumn éce). Hepoctat-
KoM xoMaHzbl Create Subsystem, Kax yrke OTME4ANI0Ch, ABISETCS TO, YTO e NEUCTBHE HETTb3st
OTMEHHUTB. ITO TpeGyeT ONpeeNeHHON OCTOPOKHOCTH [TPH €€ UCTIOML30BAHHH.

[IpumMenenvie 1aHHON KOMAH/B! IPOAEMOHCTPUPYEM L7 GIOK-TNATPAMMbI ACHHX-
POHHO paboTalolMX HaKonuTenel, u3o0pakeHHoit Ha puc. 4.42.

Brigenure ua auarpamme 3 6510ka, oTHOCAmuecs ¥ pabore Hakonurens HDT: Iene-
pamop unmepearog (MATLAB Fen), lenepamop dnumenvrocmu sanucu (MATLAB
Fent), u Sumi. ocne atoro otkpoiite pasnen Edit MeHIO MOJIb30BaTeNA U BEIOEPHTE
koMaHay Create Subsystem. Biok-guarpamMmma npuMeT BEL, IOKa3aHHbIi Ha puc. 4.43.

Mopenk paboTLi HakonuTene

~ PaGora HD1

. Sonawen
o ... wiepean
- sum2 . WOmenwMpOBaRMH

" Pabora HD2

Puc. 4.43. Cosnanue noacucTeMsl ¢ HOMOIIbIc KoManabl Create Subsystem

U3 pucyHka BHAHO, YTO MKOHKA O0Ka Subsystem cyInecTBeHHO OTIHYAETCS OT
WKOHKH ero OMOMMOTeIHOTO BaprUaHTa.

Ha nxonke, nosiBuBleiics B O10K-auarpamMe, 0603HadeHb! 18a Bxoausix (Inl u In2)
IIOPTA NOACUCTEMBI M OfMH BHIX0oAHOI (Outl). IMeHHO Ha HUX BYAET COCPENOTOYEHO
OCHOBHOE Hallle BHUMaHUeE B OiiKaiiiiee Bpems.

" MlaBaiiTe 3ar7i1HEM «BOBHYTPb» CO3/aHHON OACHCTEMDBL. JLJ1A 5TOr0 HYXKHO ycTaHO-
BHTBb KYPCOD MBIIIH Ha ee UKOHKY U ABaXKAbI MieaKkHyTb JIKM.
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Bnok-anarpamMma, cofepxkaiasics B OTKpbIBIIeMcs OkHe (pHC. 4.44), BepOATHO, He-
CKOJIBKO OTJIM4aeTcsi OT TOTO, YTO BBl OXKuAAIH yBUAETh. HoBOE 3aK/II04aeTcs B TOM,
YTO HAPAAY C TPEMS OCHOBHBIMH 6I0KaMH, IIOACUCTEMA TENEPb COAEPKUT TPH AOTO0JI-
uurteapusix — Ind, In2 u OQutl.

Feneparop
HHTEpBanos

MATLAB

%}_’ Function _]_’+
| ™

> MATLAB Out1
(:)'+ Function Sumt
n2 Fenepatop
ANUTENBHOCTH
3anMcH

Puc. 4.44. Baok-puarpaMMa Co3JaHHON TOACUCTEMBbE

VMeHHO X IPUCYTCTBHE B COCTaBe IIOJCUCTEMBI 1 IIOBJIHSLIO Ha U3MEHEeHNE ee HKOHKH.

Brioku In u Out Bxogat 8 pasaen 6ubnmuorexu Connections U NpegHa3HAYEHBI B [ep-
BYIO Ouepenib /s obecreueHus CBA3H NOJICHCTEMbI C «<BHEHIHIM MUpoM». Kak cienyer
u3 HasBaHMsl, 6I0KM THMa In BLIMONHAIOT PUEM BXOAHBIX CUTHAIOB, TOCTYIAIOUX B
noAcucremy, a 6;0xku Tuna Qut — Briauy peayssraTos ee paboTH Ha Apyrue 610ku (B
TOM YMCJIe U IIOACHCTEMEI) MOZlenH, 100 uX coXpaHenue B paboyeii obmactu MATLAB.

Konuyectso 61008 In u Out, BKII09aeMBIX B COCTaB MOACUCTEMBI, HE OTPAHH-
YeHO U OMPENEAETCS TOJBKO JOTUKON paboThl co3faBaeMoit Mofeau. ITH 6JI0KHY,
KakK M GJIOKH JIPYI'¥X THIIOB, MOTYT UMETb B IMarpaMMe NPOU3BOJLHEIE HIMEHA, Ha-
3HAYaeMBbIe Pa3spabOTYMKOM B COOTBETCTBUM C HX COAEPKATEIBHBIM CMBICJIOM. JTH
NMeHa BBIBOJATCS Ha MKOHKE NOJCHCTEMBI BMECTO CTaHAapTHHIX 0003HaveHuil In u
Out, 4TO, €CTECTBEHHO, 3HAYUTEALHO TOBBINIAET HATASAHOCTh 6JI0K-AHATrPaMMEL.
Y1o06st yOEIUTHCS B 9TOM, 3aMEHUTE B OKHE TOACHCTEMbI 0003HAYEHIE BBIXOLHOTO
nopta Out nmeneM T1 1 3aKkpoitTe 0KHO. BHeceHHbIe M3MeHeHNsI Cpa3y Xe 0ToOpa-
JKAKTCSA HA NKOHKE MOJCUCTEMBI.

TTpu cozmaHum OACKCTEMBI Ha OCHOBE KonupoBaHust 6ubuotedHoro 6y10ka Subsystem
11e71eco0HPa3HO IPUAEPKUBATHCS CIEAYIONUIEN NOCAEN0BATENLHOCTH AeHCTBH.

Hlaz 1. O16ykcupyiite konuio 610ka Subsystem B okHO pegakTupyemoit (0CHOB-
HOH ) 610K-AUATPAMMEBL.

IHae 2. OTxpoiiTe NyCcTOE OKHO AUAarpaMMHl OZICUCTeME! (ABONHOM wemuoxk JIKM
Ha UKOHKe 6JI0Ka) ¥ pa3MECTUTD €r0 Ha 9KpaHe TaK, YTOObl OHO HE MEPEKPHIBAIOCh OK-
HOM OCHOBHOI1 6710K-IMarpaMMBl.

Illaz 3. Crioco6 peanu3alinyl JaHHOTO Niara 3aBUCUT OT TOTO, KaKue 6JI0KH AOKHEL
BOUTH B MOACHCTEMY: €CJIH ITO YACTh OCHOBHOM ONIOK-IMarpaMMBl, TO ee MOXKHO TIepe-
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HEeCTH B OKHO TIOJCHCTEMbI C TOMOUIBIO KOMaHA pelakTupoBanus Cut u Paste; ecnu xe
co3/12eTCs HOBast O/10K-IHarpaMMa, TO Ha JaHHOM Il1are BLIOMHSIOTCS Te XKe JeHCTBHS,
9TO U IPH CO3MaHUN 060 APYroi 610K-1uarpaMMBl.

J71s1 onipenienieHHOCTY OyIeM CYMTATD, YTO MBI CO3/I2€M NOACHCTEMY, aHAJIOTHYHYIO
MOJIYYEHHOH ¢ TOMOIIbIO KOMaH b Create Subsystem, Ho 1 HakonuTtesns HD2.

C 5Toi1 tesbio B MOAIEH PabOThI HAKOMHTENEH HeOOXOAUMO BBIAETUTh 1 «BhIPE3aThy
(c momoutbio Komanzel Cut Wn uenonapays kiaasumy <Ctrl>+<X>) tpu 610ka — Ye-
Hepartop unrepBasioB 1, [eHeparop mymrensuoctd 3anucu 1 1 Sum2, a Taxke coeuHs-
JOHME HX JIMHUYU CBA3H; OCJIe 3TOF0 CefyeT CAe/laTh AKTUBHBIM OKHO MOACHCTEMbI U
BCTABUTD B HETO IepeMeriaeMblil (bparMeHT (C MOMOHIBIO KOMaHALI Paste MU UCIIONb-
3yst kiaapHimy <Ctrl>+<V>),

Ilaz 4. lloncoenuBuTe K BXOAHBIM MOpTaM, GJI0KOB MATLAB Fen 6moku In, a k
BBIXOZHOMY NOpPTY 6;10ka Sum2 — 6710k Out (UX MOXKHO OTOYKCHPOBAThH M3 pa3fiena
Connections nny CKOIHPOBATh U3 PaHee CO3ZaHHON NOACHCTEMBI ).

Hlaz 5. 3axpoiiTe oxHO HOBOH OZICUCTEMBI (TENEPD OHA CTajla [IOX0a Ha CBOIO TIPe/-
lilecTBEHHMILY ), IiepeMecTuTe 6,10k Subsystem1 B HyHOe MecTO ¥ MOACOELHHUTE K
BXOAHOMY nopry 6;10ka Sum3.

Pesynkrat BHINOIHEHNA NePEIUCTICHHBIX AEUCTBUI I0Ka3aH Ha puc. 4.45.

Puc. 4.45. Buz 6;10K- 1arpaMMsl [I0CTIE CO3JAHHAS BTOPOH NOACHCTEMEI

Hecxkombko cnos 06 okxHe 61101<-1114arpaMMm noacucteMbl. BHenise oHO HUYEM He
OTJIMYAETCS OT OKHAa OCHOBHOM MOJIE/IU U €r0 MEHIO COZEPXUT T€ K€ PA3AE/IbL.
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Ounnaxo 06J1acTb HEUCTBUS KOMAH/[ MEHIO PACIIPOCTPAHSETCS Ha BCIO S-MOJENb, B
KOTOPYIO BXOJMT AaHHasA noAcucTeMa. B uactHocTy, koManaa Save us paszena File obec-
IIeYUBaeT 3aIUCh HA UCK BCell BI0K-AHarpaMMbl MOJIENH, BKJIIOYas MOACUCTEMY, & KO-
MaHza Start 3alycKaeT Ha UCHOJHEHHe OCHOBHYIO MoAenb. VIcKaoueHne cOCTaBAAOT
TOJIPKO HEKOTOPble KOMaHIbl U3 pasfesna Format (HalpuMep, KOMaHa U3MeHEHUs 11Be-
Ta 3a7IMBKU OKHaA — Screen color).

Hocne aTux He OYeHDb CYUIECTBEHHBIX 3aMevaniii BepaeMcs k 6aokam In u Out.
BepHeMmcs 1t TOTo, UTOOB NOSCHUTDL BecbMa OOMLLUIOE 3HAYEHUE ITHX He 0YeHb IPH-
MeuaTeIbHbIX OJIOKOB,

Heobxoaumo otMernTts, 40 6a0kH In 1 Out MOTyT MC1I0b30BATbCS U HENOCPEA-
CTBEHHO B O6JI0K-ABArpaMMe CaMoro Bepxuero yposna. B aToM ciyyae onu obecnednsa-
10T B3aMMOCB:A3b S-Mozenu ¢ pabouelt obnacteio MATLAB.

Haunem ¢ 6s0ka In. On umeet 3 napamerpa HacTpoliku (puc. 4.46):

Port number onpenesnsieT NOPAIKOBLINH HOMeP BXOIHOTO NIOPTA; 10 YMOTHAHUIO €T0
snauenne ycranapausaercs SIMULINK ans kaxgoro vosoro 6yoka In apTomatuuec-

f
:
)

F'rowdes an mput port fora subsystem or model. The
| 'Sample time' parameter may be used to specify the rate
! at whlch a sugnal enters the system,

| Port number:
1
~Port width i-1 /f@r'dynamicalw sized]:
-1

| Sample time:

Puc. 4.46. OxHo Hactpoiiky napaMerpos Osoka In (Inport)
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KU B BO3PACTAIONIEM MTOPSIKE; IPH HeOOX0AUMOCTH HOMep 610Ka MOKET UCTOIb30BAThCS
IS COTJIACOBABNA € COOTBETCTRYIONMM Onokom Out;

Port width (Illupuna nopma) ycTaHaBINBAET PA3MEPHOCTD BXOJHOIG CUTHAJIA, KO-
TOPbIil MOXKET I0/{aBAThCS HA JaHHBIH [OPT; 3HaUeHue -1 obecreynBaeT aBTOMATHYEC-
KYIO HACTPOJKY MOPTa Ha Pa3MePHOCTb BXO/HOTO CHIHANIY;

Sample time (Obpasey, spermeny) onpenesnser INCKPETHOCTh BPEMEHH, C KOTOPOi
610k In Oyzer «pearnpoBaTh» Ha U3MEHEHYE BXOJHOTO CHTHAMA; TPY 3HAYEHNH 3TOT0
[lapaMeTpa, PABHOM — 1, IMCKPETHOCTD ONIPEAeTISIeTCS OMTHOMMEHHBIM 1aPAMETPOM TPek-
11eCTBY0IIEro H0Ka.

Ecmm 6510k In BromoueH B cocTas G710K-AWArPaMMBbl CAMOTO BEPXHETO YPOBHS, TO C €10
TIOMOIIBIO MOKHO [I€PEIABATH B MOJIe/Th JAHHbIE, HAXOZAmecs B pabodei obmactu MATLAB.
Iliis1 37010 HEOOXOANMO B OKHE YCTAHOBKH NapameTPOB MofennpoBanus Parameters... Ha
sryanke Workspace 1/0 ycranosuth dhaiaxkok Load Workspace. VimeHa BeKTOPOB BpeMEHH U
CYUTHIBAEMBIX JAHHBIX JOJDKHDE COBIAZATD C TEMU HMEHAMH, IOJL KOTOPBIMH OHH 3aITHCAHBL B
paboueit 06acTy (110 YMOTYAHUIO — tout U Yout COOTBETCTBEHHO).

Biok Out Takxe MMeeT OKHO HaCTPOHKHY, colepKaliee TPH NapameTpa (puc. 4.47).

. Efﬁm&tﬁrﬁ ‘
- Port number.
1

Dutput when disabled:

Initial output:
-0

o 1  Revett | Help {

Puc. 4.47. OxHo HacTpofiki napaMeTpos 61oka Out (Outport)
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Port number — nopsiAkoBbIil HOMEP BHIXOJHOTO IIOPTA; HCIOMB3YETCA TAKUM e 06-
Pa3oM, KaK ¥ OHOUMEHHbIH napamerp 6710k In;

Output when disabled (3nauenue na 6vixode npu 3anpeujeHHoM COCMOSHUN) — AMEET
CMBICJT B TOM CJ/Iy4ae, ec/Iv JAHHbIIT 6JI0K BXOAHUT B COCTAB YIIPABJISIEMOH IOJCHCTEMEL; €ro
3HadYeHVe YCTaHABIMBAETCS C TIOMOILBIO BHITANAOLIEr0 MEHIO, COJEPKAIIEro /Ba IMyHKTa:

held (coxpanenue) — Ha BHIXOA BHIAAETCS CUTHaJ, CHOPMHUPOBAHHBIN NIPH TOC/IE-
AHeM CpabaThiBAHUN MOACHCTEMBL,

reset (60ccmanasnuéamy) — Ha BBIXOJ MOCTYIaeT CUFHAJ, COOTBETCTBYIOMMI HC-
XOZHOMY (HAYANBHOMY ) COCTOSTHUIO HOACHCTEMBI;

Initial output — navanpHOe 3HaYEHHE BBIXOAHOTO CHIHAJIA; MOXKET OBITh 33aHO B
BU/IE YUCJIOBOTO 3HAYE€HH (CKAIAPHOIO UM BEKTOPHOr0), 1160 B BHIAE BEIYUCIsIE-
MOTO BBIPAXKEHHS. '

Ecnu 610k Out BxoauT B 6710K-HarpaMMy caMOI'0 BEPXHETr0 YPOBHS, TO C €T0 ITIOMO-
IBIO MOXKHO COXPaHsTh B paboueii o6mactu MATLAB 3HaueHNe NOCTYNAOMETO HA HEFO
curnana. Jus atoro Ha Bknaake Workspacel/O okna Parameters nonxes GsITh ycra-
HosneH ¢naxok Output. Ilo yMomuaHNIO NaHHbIE COXPAHAIOTCS IIOA HMEHEM yout, Ko-
Topoe MOeT ObITH M3MeHeHO 11oab3oBaTeneM. Ecin B AuarpaMmMe BepXHETO YPOBHS UMe-
ercst Hosee oxHoro 610ka Out, To mepeMeHHast yout ABAsSETCS MaTpulueii, B KOTopoi
KaX bt cronbel cooTBeTcTByeT 610Ky Out ¢ TaKUM Xe TOPSIIKOBBIM HOMEDOM.

Wcnionp3ys nepeMenHse tout ¥ yout, MOXKHO HOJYIUTH rpad K H3MEHEHNS BbIXO/-
HOH XapakTepuCTHKH yout Bo BpeMenu. st aToro B komauaHoM okde MATLAB noc-
TATQYHO BBECTH KOMaHAY
. plot(tout, yout). .

Tem e menee 6;10ku In 1 Out npeacrasraoT coboit camoe cnaboe cpencTBo B3au-
MOCBSI3U HOJCHCTEMBI C IPYTUM# KOMIIOHEHTAMH MOJIEJTH, OCKOJIbKY CBA3BIBAIOT MOA-
cucTeMy M0 MHGDOPMALIUH TOJIBKO C €€ ONKANUIIMIL <COCEIAMM».

3HaunTeNbHO HOJIee WNPOKIE BOSMOKHOCTH M0 0OMEHY AaHHBIMU MEXAY KOMIIO-
HeHTaMHu Mojenu npefictapasor 610ku Goto, From u Goto Tag Visibility, takxe Bxo-
aswne B pasnen Connections.

Briok Goto, Ha3BaHe KOTOPOTO B JAHHOM CyYae MOXHO [IEPEBECTH KaK «epeaarhy,
ABJISIETCA OCHOBHBIM CPEIU HUX, TOCKOJIBKY ONPEeNseT UMs 1 061acms 6uoumocmu
nepeJaBaeMbIX JaHHDIX. ‘

Jlns Tex yuTaTeNiell, KOTOPhie 3HAKOMBI C IPOTPAMMHUPOBAHUEM Ha OHOM M3 YHU-
BEPCAIbHLIX S3BIKOB, TEPMUH «00J1aCTh BUAMMOCTH> B NOSICHEHUAX HE HY)KAAETC.

JlnA oCTaIBHBIX JKe YTOYHUM, YTO 06J1aCTh BUIUMOCTH MepeMeHHO (MIH Kakux-
160 AAHHABIX) ONMpPENENAET Te KOMIIOHEHTH MOJIENH, B KOTOPHIX 3Ta llepeMeHHast [oC-
TYNHA AJi UCTIOTb30BAHUA, '

ViMst epeiaBaeMbIX JaHHbBIX ¥ 0012CTh UX BUAHMOCTH YKasbiBaeTcs paspaboTyuu-
KOM MOZIEJTH € IOMOUIBIO OKHA HACTpoiiku napamerpos 6i10ka Goto. Takux napamer-
poB fBa (puc. 4.48):

® Tag (npusnax) — UM repegapacMbIX JAHHBIX;

o Tag visibility (npusnax sudumocmu).
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Puc. 4.48.0xno Hacrpoek 6710xa Goto

3HayeHUe NEPBOro MapaMeTpa BBOAMTCS. B CTPOKe PEJAaKTHPOBAHUA BPYUYHYIO U
npeacTabiseT coboil T6YI0 OCAeA0BATENLHOCTb TIATHHCKUX GYKB, UMD U CHMBO-
JIOB <[IOM4E€PKHUBAHMA >, IPHIEM Ha IIEPBOil MO3ULNK 0043aTENbHO JOJKHA CTOATH OyK-
Ba. JInuHa uMeHy npakruyecku He orpanudena, Ho SIMULINK pasnndaer Tosnsko
nepsble 32 (o npasuraM s3pika C). »

3HayeHne BTOPOTO apaMeTpa yCTaHaBIMBAETCA C IIOMOIIBIO «BBIITAIAIOLIETO» MEHIO,
KOTOPOE COZIEPIKUT TPH NTYHKTa:

® local — nepeMenHas ABASETCA JIOKATBHOM; 9TO 03HAYAET, YTO 06/1ACTH €€ BUAUMO-
CTH OTPaHHYEHO TOH MOACHCTEMOI, B KOTOPOH HaxOXUTCs AaHHbIH 6710k Goto;

e scoped — 06JTACTb BUIMMOCTH ITEPEMEHHOI PacIPOCTPAHSIETCS AOIOTHNTEBHO Ha BCE
HOJICHCTEMBI O0JIee HUBKHX YPOBHE!H HepapXyH, BXOAAILHE B COCTaB JAHHOM IIOCHCTEMBI;

e global — nepemennas siBAseTCA I7100aIBHOI; 3TO O3HAYAET, YTO OHA AOCTYMNHA B
10601 KoMnIoHeHTe (IOACKHCTEME) S-MOEH.

‘YcraHOBJIEHHBIE TAPaMETPbl 0TOOPAXKAIOTCS HA HKOHKe GJI0KA: MM NlepelaBaeMOoi
TepeMeHHO BEIBOAUTCS 1160 B KBaZPATHBIX CKOOKAX (TIPH JIOKATbHOM 0OIaCTH BHIH-

223



MocTh), 160 B GUrypHbIx (s 061aCTH BHAUMOCTH scoped), 1u6o Boob1e 6e3 ckobok
(pu ro6aspHOM 061aCTH BUAMMOCTH ).

Baok From (naszpaHWe MOXHO NEPEBECTH KAK «IIPHHATH» ) obeclieuHBaeT npu-
eM AHHBIX OT COOTBETCTBYIoMEro 6a0ka Goto. CooTBETCTBHE ONpeAEAseTcs no
UMEHH TIEPEMEHHOH, KOTOPOE ABNAETCA eNMHCTBEHHBIM NapaMeTpOM HacTPOUKY
sTOTO Gnioka (puc. 4.49). ima nepemennoi, kak i aas 610ka Goto, BHIBOAUTCA Ha
HUKOHKE.

,Hecewes s|gnals from the Goto block with the specified

‘tag. It the tagis defined as 'scoped' in the Goto block,
‘then a Goto T ag Visibility block must be used to define
the wisibility of the tag. After Update Diagram', the block
iIcon drsplays the selected tag name [local tags are

i enclosed in brackets, [}, and scoped tag names are
eenclosed in braces, {}).

Goto tag
A,

Apply ! Bevert } ~ Help

Puc. 4.49. OxHo Hactpoiixu mapameTpoB 6s10ka From

Baox From mosker ObITH CBsI3aH TOJALKO ¢ ofHIM Oi0koM Goto. 3aTo mocie-
DHUH MOXKeT liepedaBaTh 3HAUEHNE TEPEMEHHON Ha NPOU3BONBLHOE YHCHO OIOKOB
From.

baox Goto Tag Visibility Heo6xoauMo BK/IIOYAaTh B COCTaB NOACUCTEMbI TOIBKO B
TOM CJIyHae, ecyid /LIS epeAaBaeMblX IaHHBIX YCTAaHOBIEHA 001aCTh BHANMOCTH Scoped.
10T 610K He UMeeT HU BXOAHBIX, HU BbIXOHLIX HOPTOB M HE y4acTBYeT B mpeobpa3so-
BaHMH AAHHBIXK. B MOozesu OH HIpaeT posib, AHAIOTHYHYIO POJIH TPeAyNPeRAAUIErO
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TOPOXHOTO 3HaKa. ETo e/IMHCTBEHHBIM TapaMeTPOM HACTPOUKY SIBIAETCS UM Ilepesia-
BaeMOM NepeMeHHOMH, KOTOPOe BBIBOAHTCS Ha HKOHKe 610Ka.

OguH 13 BO3MOXKHBIX BAPHAHTOB HCIOJIb30BaHus 610k0B Goto u From B Mozenn
paboThl HAKONIUTe el Toka3aH Ha puc. 4.50.

on fhypaﬁdfpt HakonuTenew
PaSora HD1 Sw

Subsystem

renepamp‘
MHTEpBaNOD

@ MATLAB
Function

in1

- . . ; d MATLAB
PaoraHD2 2 *|runcton

leneparop
ASIMTENBHOCTH

Puc. 4.50. IIpumep ucnonnzosanus 610kos Goto u From

B nanHOM ciy4ae oHn 00ecneduBaloT nepeaady Beaudunsl 71 (IuTeabHOCTH 06-
CYXHUBaHUA O9ePENHOr0 coobenus Hakonutens HD 1) us noacucremot Subsystem Ha
Bxojb1 6710k0B Sum3 u Switch.

Te w3 unTaTenell, KT0 3aHUMAICS [TPOTPaMMHUPOBAHUEM, 3HAIOT, YTO KAXK/[asi IepeMeHHast
B IIPOrpaMMe XapaKTePU3YeTCs HE TOIbKO 0OJACTHIO BUAMMOCTH, HO ¥ 8PEMEHEM HCU3HU.
HexkoTopsie nepeMeHHbIE «KUBYT» Ha IIPOTSDKEHHH BCEIO BDEMEHH BBITIOIHEHHA NPorpaM-
MBI, IPYTHE <IIOSIBILIIOTCS HA CBET» TOJIBKO TPH 3aMyCKe KakOi-1100 MOANpOrpaMMbl U «yMU-
paroT» NpH 3aBEPIIEHNE ee PabOTEL

C 37011 TOYKHU 3pEHNUA 6I0KU S-MOZEIIM MOKHO PACCMATPUBATh KaK OANPOrPaMMBI,
a obpabarsiBaeMble B HUX AaHHBIE (CHIHAJIBI) OCTAIOTCS «KUBBI» JI0 TEX HOP, IIOKA TIe-
PeXoAAT OT OAHOTO 6JI0Ka K ApyroMy. JIpyruMul c/IOBaMH, BPEMS KM3HU CHrHAIa B S-
MOJIeJIM OTIpeeNAETCS LTMHON TOH HenoYKku OI0KOB, [0 KOTOPOH OH pacipocTpaHsaeT-
1. DTO yTBEpPKAEHHUE CIPABEINBO U [/ TeX TaHHBIX, KOTOPbIE IIEPEAAIOTCS C IOMOLIBIO
6n0xos Goto 1 From.

8 3ax 388 22
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Ho B cocrase SIMULINK ecTb 65101, KOTOPBIE CIIOCOGHEI «IIPOATUTD KU3Hb> JII0-
6omy curHany (TepeMeHHOM) 0 OKOHYAHHS CeaHca MOJIETUPOBAHUS HE3aBUCHMO OT
TOTO, B Kakux eme 6J10kax oH ucnoabayerca. Ito 610ku Data Store Memory, Data
Store Read, Data Store Write. Ouu HCIIOJIb3YIOTCSA TONBKO BCE BMECTE, MIOCKOJbKY
OTCYTCTBHE B MOZEJH JI060TO U3 HUX eJIaeT HEHYXKHbIM IIPHCYTCTBUE IBYX APYTHUX.
Ho naubo.ree Baxuyio poss urpaet 610k Data Store Memory, MOCKOJILKY OH ompefe-
JIsieT uMs, popmar M 0671aCTb BUAMMOCTH COXPaHseMbIX JaHHBIX. BIOK uMeeT 1Ba ma-
pameTpa HacTpoitku (puc. 4.51):

=t Data Store Memory

Puc. 4.51. Oxno HacTpoiiku napamerpos 610ka Data Store Memory

® Data Store name (ums coxpansemoix 0anHbIX);

e Initial value (nauanoroe snauenue).

[IpaBuna 7151 3aHCH MMEHH COXPAHSEMBIX TaHHKIX T€ K€, YTO U IS 3alUCH HMEHH
nepeMeHHOH B 610ke Goto.

C nomoubto napamerpa Initial value 3agaetcs He TONBKO HAYAIBHOE 3HAYEHME, HO 1
¢opmar coxpaHsembx fanHbIX. Hanprmep, eciii ero 3Hauenie yCTaHOBJIEHO TAK:

(241113711,

TO ITO O3HAYAET, YTO COXPaHseMas [lePeMEHHas MPeCTaBIsieT cOO0H MacCuB pasmep-
HOCTBIO 2 X 2. DTOT popMaT KOKEH 06SA3aTeIBHO YIUTHIBATHCS TIPY UCITOIb30BaHHHU
610koB Data Store Write i1 Data Store Read.
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O6nacTs BUAMMOCTH COXPaHAeMOH repeMeHHOi OlIpeesseTcs TeM, IIe pacio-
noxeH 610k Data Store Memory. Ecitit oH momemeH B 6JI0K-IuarpaMme caMoro Bep-
XHETO YPOBHSA, TO COXPaHAEMble JaHHBIE JOCTYNIHB! B 000 KOMIIoHEHTe S-MOjie-
au. Ecnu xe 610k Data Store Memory, HaxopuTcst BHYTPH OXHOH U3 IOACHCTEM, TO
06acTh BUAMMOCTH COXPAHAEMbBIX [aHHBIX OTPaHUYHBAETCA 3TOM MOACHCTEMOH H
BXO/SIMUMHU B Hee NOACUCTEMaMH 6oJlee HU3KHX YPOBHEH nepapxuu (€C/l TaKOBble
UMEIOTCH ).

OxHa HacTpoitku napaMerpos 6;10x08 Data Store Read u Data Store Write njen-
THYHBI M COAEPIKaT N0 ABa NapamMerpa (puc. 4.52):

s Data Store Wiite
' Store Wiite—
rites values to specified dat

Puc. 4.52. Okno HacTpoiiky napamerpos 610ka Data Store Write

® Data Store Name (ums coxpansemvix 0annvlx) — €ro 3HaueHye JOJKHO COBIIa-
IaTh ¢ UMeHeM, yKa3aHHbIM B 610ke Data Store Memory;

* Sample time — BemuyHa ara MOAENUPOBAaRUA I JaHHOTO GJioKa.

SIMULINK paspeltaer co3faaBate B Moeau a1060€ YHCIO 3K3EMIJIAPOB GIOKOB
Data Store Read u Data Store Write, oTHocaluxcs K OAHOMY H ToMy xe 610ky Data
Store Memory. OHaKko 1py 3TOM OH He KOHTPOJIHPYET COTIACOBAHHOCTD 3AITUCH B CYH-
THIBAaHUS COXPAHSAEMbIX JaHHBIX B Pa3/IHYHbIX TOUKaX OsI0K-auarpamMmmel. OTBeTCTBEH-
HOCTD 32 TAKOE COrJIacoOBaHUe BO3Jaraercs Ha paspaboTuuka monenn. Crenyer ame-
THTb, YTO HEAOCTATOUHO BHUMATETbHOE OTHOIICHHE K ITOMY BOIPOCY MOXKET IPUBECTH
K HEOXKUAAHHBIM M BECbMa HETIPUATHBIM TOCJAENCTBIAM.

Ha puc. 4.53 nipuBeeH NpUMep HEKOPPEKTHOTO HCHOAb30BaHus 610ka Data Store
Write. HexoppeKTHOCTD 3aKJII04aETCA B TOM, 4TO MOZ OAHHUM H TeM Xe umerem (A)
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3 Subsystem

lFesteparop
unrepsanost

fenepayop
AANTEALHOCTN

Puc. 4.53.IIpumep HekoppeKTHOTO MCTob30BaHuA 6i0ka Data Store Write

COXPaHSIIOTCSL Be pa3Hble BeTMYuHbI — T7 (BpeMs 0OCIyKUBaHUSA O4€PETHOTO CO06-
menus sakonutenem HD7) u T2 (1o xe Bpems, Ho 1ia HD2).

B naunom cnydae cniocobuocts SIMULINK x kpasunapairensnoit 06pabotke co-
OBITUN MOKET MPUBECTH K OMIMOOYHOMY DE3YJIbTaTy, IOCKOJIbKY HEH3BECTHO, KaKas
HMEHHO 3 IBYX BeIMIMH OyIeT 3aliHCcaHa o] UMeHeM A.

4.4.2. PASPEILINTD — HE PASPEIIUTD

W npn usnoxenuu MaTepuana | yactu, u npu OMUCAaHUHN TEXHOJOTHH CO3AAHUA S-
Mozesel MBI yKe He pas 3aTparuBajy npobjieMy CMHXPOHU3AIMY MapaijiebHbIX IPo-
necco. HauGoJtee 0cTpo 0Ha BCTAET B TEX CAYYasiX, KOTAA S-MOAENb COAEPIKUT HECKOIb-
KO IIOACHCTEM, KOTODbIE HOJIKHbI «COTJIACOBBIBATHY CBOIO PabOTy APYT C APYTOM.
Nmenno nostomy ocHoBHBIE cpeicTBa cuHxporusanuy B SIMULINK orHocsATCs k Me-
XaHU3MY UCIIONb30BAHUA IOJCUCTEM. JTU CPENCTBA PEAIH30BaHbI B BU/IE IBYX OJIOKOB,
BXOAAIHX B pasfen oubnvorexu Connections:

Enable (Paspewumns);

Trigger (B faHHOM ciryyae Jy4lie iepeBecTy He Kak Tpuzzep, a kak 3awenka).

O6a 610Ka MOTYT HCIIOJIb30BATHCS TOJBKO BHYTDH IOACUCTEM, I03TOMY €CJIH BbI
IOMbITAETECH BCTABUTH 000 U3 HUX B 110/ie 0CHOBHOM 6710K-AuarpamMmsl, SIMULINK
He MO3BOJIUT 5TO CAEATH U BHAACT NOACHSIOmEe cooduleHe.

Hoxcucremy, kotopas cogepxut xots 661 onnu u3 61oxos Enable u Trigger, 6ynem
Ha3bIBATh Yynpasasemou. Jloruka paboTsl yrpaBisseMOH MOACHCTEMbI 3aBUCHT OT TOTO,
KaKO# UMEHHO GJIOK BXOZHT B €€ COCTaB.

PaccMOTpHM 0c06EHHOCTH MCIIOAB30BaHU TOACHCTEM, cofepanux 610k Enable
(6ynem B nanbHeitiem HaswBaTh UX E-nogcucremMamu).

VkoHka Takol TOACUCTEMBI UMeET TaKOU e CUMBOJ, KaK U Ha camoM OJioke
Enable. Kpome Toro, npu BrioueHuHn 3TOro 6J10Ka B COCTaB MOACHCTEMBI €l aBTO-
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MaTHYeCKH A00aBJIseTcs yIpaBiAsON[ M BXOAHO 10PT, 0603HaYeHHE KOTOPOT'O TaK-
’Ke BLIBOJUTCHA HA MKOHKeE,

E-noacucreMa MOXeT cofepikaTh B cBOeM cocTase Jitobrie 6iokn SIMULINK, kak
HeNpPEPLIBHBIE, TAaK ¥ AUCKpeTHbIe. [lofcucTeMa 3amycKaeTcs B TOM CJiydae, eClH yi-
PaBJISIONINH BXOAHOM CUrHAM HMEET N0JI0KUTENbHOE 3HaYeHHe.

Enu ynpaBastioniuii CATHa/ MOXKeT U3MEHSTD IOJIAPHOCTS, To E-noacncreMa HaYMHaeT
pabOTy Ha TOM 11are MOZIeJIMPOBAHHS, KOI/[a CUTHA IEPEXO/IUT HyJIeBOe 3HAYEH e B [T0JI0-
JUTEJHHOM HaIPABJIEHHH B PAOOTAET /10 TEX TIOP, MOKA OH OCTAETCSH NO0KUTEIHHBIM.

PaspaboT4rK MOZEH MOKET B OIPEZIeICHHOM CMBIC/IE KOPPEKTHPOBATH JIOTUKY paboTs! E-
TIOZICKCTEMBI, M3MEHsIs IlapaMeTpbI HacTpoiiku 610ka Enable. Takux napamerpos asa (puc. 4.54):

: Enable

Puc. 4.54. OxHo HacTpoiiku napameTpos 610ka Enable

States when enabling (Cocmosnue npu 3anycxe) onpenessieT COCTOAHHE NOACKUCTE-
MBI B MOMEHT GYEPEHOTO 3aNyCKa, eTo 3HaYeHue BoOHPaeTcs ¢ IIOMGHIBIO BHITIALAI0-
1[[Er0 MEHIO, KOTOPOE CONEPKUT ABa IyHKTa:

¢ held — ucnonb3oBate NpeABIIYLEE COCTOSHUE;

® yeset — MCIIOJIB30BATH HAUaIbHOE (MCXOHOE) COCTOAHUE MOACUCTEMEI,

Show output port (IToxazambs 6vix00HOU NOpM); IPH «BKITIOUEHHOM» MIEPeKJII0YaTe-
ne 610k Enable nMmeer BRIXOAHOMK TOPT, CUTHAN ¢ KOTOPOTO MOXKET OBITH UCITONb30BaH
JI/15A YIIpaBJIeHUs OI0KaMu, BXOAAI[UMH B COCTAB TOACUCTEMBI.

[Ipumenenue 610ka Enable nosicHuM Bocnosip30BaBIINCH yoKe 3HAKOMO# BaM MOJie-
JIbI0 paboTel HakonuTess. ByseM cYuTaTh, YTO HAKOIUTENb MOKET HAYaTh 3alIMCHIBATD
oYepesHoe coolIeHre TOMLKO IOCIIe TOTO, KAK 3AKOHYUTCS 3aITiCh npebiaymero. J[py-
TUMH CJIOBAMU, U3MEHEHHE 3aHATON eMKOCTH HaKOIUTENs IIPOMCXOAUT TOIBKO B TOM
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Cy4ae, ec/li MHTEPBAJ BPEMEHH A0 MOSIBICHHSA OYEPEXHOIO COOOLIEHNS NPEBBIIIAET
JUIATEIBHOCTD 3aMHCH MPeAbIIYLIETO.
CootsercTByionias 6J0K-AuarpaMma Mokasasa Ha puc. 4.55.

(-

Ynpasnsowmi
curHan

Enable

MATLAB
Function

B

OD—s = » 4095]

MEY
" piscrete Time 3anAtan
Integrator emxocts HD

Puc. 4.55.IIpumep ucnonb30Banus E-noacHcTeMbl

B nanHoM BapuanTe MozieM HazHayenue Tpex 610xko8 MATLAB Fen octanocs npe-
’KHMM: OHH UCIIOJIb3YIOTCS B KQ4€CTBE FeHEPATOPOB COOTBETCTBYIOLIUX CIYYaiHBIX Be-
muuun. Brok Memory HyeH st TOTO, YTOObI «3a/lepxKaTh» NMOSBJIEHNE 04E€PEIHOTO
coo0nieHns Ha OIMH 1IAr MOAETMPOBAHMS 10 OTHOLIEHMIO K Hayasly 3alluCK NPEABILY-
mero. [Ipy 5TOM nmpezrionaraeTcs, YTO 32 BPEMsI 3aIIMCH COOOLIEHUS B CUCTEME HE MO-
XKeT TIOABUTHCS 60Iee OHOTO HOBOTO (BLINOJHEHHE 3TOTO yCIOBUSA 06ECTIeYMBaETCA 3a
cuer nmoabopa 3HaYeHHi IapaMeTPOB pacnpeneneHuit coorsercrayomux CB).

Bok Sum Boluuc/sieT BeIHIUHY IPOMEXYTKA BpeMEHH OT HadaJla 3anucHu cooble-
HUS 10 HOABJIEHUS CJIEAYIOUIET0; BHIYUCJIEHHBIE C €T0 TOMOIIbIO 3HAYEHHS MOTYT ObITh
NPOCMOTPEHBI B OKHe Scope ¢ umeHeM 3anac spemenu. CUrnan 3anac épemenu yupas-
JiseT paboTOM IOACHCTEMBI, COCTAB KOTOPOI [TOKA3aH Ha ToM e pucyHke. ITo cyTH, ona
COZIEPKHUT EANHCTBEHHDIN pyHKIHOHATBHEIH 6710k — Discrete-Time Integrator, koTo-
PbIif BHIYMCIAET 3aHATYIO €MKOCTb HaKOMUTEN. B CoOTBETCTBHH € JIOrMKOI paboTH
MOZE/IH, yBEJIMYEHHE 3aHATOH eMKOCTH IIPOUCXOAHT TOIBKO IPH MOJIOKHUTEIbHOM 3a-
nace épemenu. B npoTBHOM ciiyyae ouepesHOe MOCTYIHBIIee COOOIEHNE «TEPAETCI»>
U ero 3anuch He npoussoautcs. Ha puc. 4.56 npuBenensl BpeMeHHbIE AMArPaMMBbI yTI-
paBJIAIONEro CUTHAJIA Ha BXOZe U Ha Beixoje 6oka Enable.

3ameuanue. B paccMoTpeHHOM mpumepe napamerp States when enabling 610ka
Enable o6s3arenso nomken umeTs 3HadeHue held, nhaye BenuynHa 3aHATON eMKOCTH
HD 6ynet BHIYMCAATHCS 3aHOBO IIPH KKIOM 3aMYCKe MOJCHUCTEMBbI.

Pa6ota noacucrem, ynpasiseMsix ¢ noMouibio 61oka Trigger (B nanbHeiimem —
T-noACHCTEMBL ), HECKOJIBKO OT/IHYAETCs: OT PACCMOTPEHHOI Bhitie. OCHOBHOE OT/IHYHE
COCTOMT B TOM, 4TO T-noZicucTeMa paboTaeT TOIBKO Ha TOM IIare MOAEJMPOBaHHs, Ha
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Puc. 4.56. BpemeHHbie AuarpaMMbl BXOZHOTO (a) U BeIXonHoro (6) curnanos 6aoxa Enable

KOTOPOM IIPOM3OLILIO H3MEHEHNE OJISIPHOCTH BXOJHOro curdana. Jlpyroe oTnuyme 3ax-
JIIOYAETCS B TOM, 4T0 T-HOACHCTEMA He BO3BPAIAETCA B HCXOMHOE COCTOSIHME; €€ TEKY-
1iee COCTOSIHUE COXPaHsIeTCs JI0 OYePeqHOro 3aIycKa,

Hkonka T-noACKCTEMBI COREPKUT CUMBOJ 610Ka Trigger, 0MHaKO BO3MOXKHBI TPH
pasiuyHbIe MOAUPUKALNH €10 H300PaKEHHA, KOTOPbIE 3aBHCAT OT 3HAYEHHS [TapaMeT-
pa Trigger type (Tun mpuezepa) 610ka Trigger. Bribop sHauenus storo mapamerpa
POM3BOAUTCS B OKHE HACTPOEK HJI0KA C IOMOUIBIO BhINafaolero MeHio (puc. 4.57).

Puc. 4.57. Oxno HacTpoliku napamerpos 61oka Trigger
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Me#1o conepxuT yeTrIpe MyHKTa:

rising obecniednBaeT 3aMyCK TIOACACTEMBI NPH U3MEHEHUH TI0JIAPHOCTH YIIPABAAIO-
IIETO CUTHAJA B MIOJIOKHTENbHOM HallPaBIeHNY;

falling — 3anycx HOACUCTEMBI TIPOMCXOUT NIPY M3MEHEHHH HOJIAPHOCTH CUTHAJA B
OTPUNATEAbHOM HaPABICHWMY; :

either — 3aUyCK NONCUCTEMBL pa3peliieH Py J060M N3MEHEHNY TOASPHOCTH YII-
PaBJILIOWETO CUTHATA,

Sfunction-call — 3anyck cucTeMs! ONpeaenseTcst OruKkon paboTh 3aganto S-pyHk-
uny; noxpobuee nousTue S-Gyukuuy 6yner paccMorpeso B [nase 5.

Bropbim napamerpoM Hactpoiiku 6oxa Trigger sasnsercs nepexiouaresio Shotw output
pOrt, KOTOPBII UCNOIb3YETCs AHATIOTHYHO OXHOUMEHHOMY napaMerpy 6sioxka Enable.

T-noacucrembl, Kak v E-HoacucreMsl, MOTYT coaepxaTh mobpie Gaoky us 6ubnuore-
ki SIMULINK. OgHako Hanaraiorcsl HEKOTOpble OrpaHHYEHHsT Ha UCIO/B30BaHUE TEX
6JI0KOB, KOTOPbIE UMEIOT TapaMeTp Sample time: ero sHadeHue TOMKHO ObITh YCTAHOBE-
HO PaBHBIM —1, KOTOPOE yKa3bIBAET, YTO AUCKPETHOCTh U3MEHEHMSA BPEMEHH <HACTENY-
eTcsi» oT mpefiiecTByiouiero 6;0kxa. Kpome Toro, eciu B cocrase T-10ACHCTEMBI UMEIOT-
cst 6710KM, B TIapaMeTpax HacTPOHMKH KOTOpHX uMeercs (uiaxok Inherit sample time
(Hacredyemwiii uiaz 6pemenu), T0 OH JOJIKEH OBITh YCTAHOBJIEH.,

K coxanenuio, ¢ moMompio T-NOACUCTEMB! Helb3s 6€3 CrelnalbHbBIX yXUIpe-
HUH PEIUTD Ty e 3a/la9Ky O HAaKOTIUTeN e, KOTopas Obljia yCIeIHo pelleHa ¢ TIOMO-
mbio E-riogcucTemsl. [103TOMY B KauecTBe HIIIOCTPALMY NPAMEHEHHs T-TI0CHCTEMbI
PaccMOTPHM COBEPIIEHHO HOBYIO CHTYALHIO.

TIpeanonokuM, 4TO UMEETCS CHCTEMA OTOILIEHHUS, KOTOPas 1yTKO pearupyer Ha H3-
MeHEHHe TEMITEPATyPb! HAPY>XHOTO BO3/IYXa U BKJIIOYAETCA TOJABKO B TOM CIYYaE, eCu
TEMIIEPATYPA ONYCKaeTCsI HIXKe HY .

Ha puc. 4.58 nokaszana S-Mozesb, KOTOpast O3BOJISET PACCYUTATh CTOUMOCTD OTO-
nsienus 3a 20 guen.

B Mozenu ponb gatuuka remieparypsl ucnosnnset 6ok Uniform Random Number;
Osiok Trigger HacTpoeH Ha naneHue Temneparypsl (napamerp Trigger type umeeT 3Haue-
uue falling); 6nox Discrete-Time Integrator, paGoraounit B fanHoM ciydae «Cuer-
9MKOM»>, UMeeT napamerp Sample time = —1.

Tperuit Tun ynpasisieMol MOACHCTEMBI — TO NOJACHUCTEMA, COAepsKamas u OJI0K
Enable, u 6510k Trigger (qasoBeM ee ET-nozicucteMoit). Ha ee UKOHKe BRIBOASATCS CHM-
BOJIBI 000HX GJIOKOB 1 OHA HMeEeT [[Ba YIIPaBJIAIOIUX BXOAHKIX mopTa. IIpasuio samyc-
Ka TaKoH II0ICHCTEMEI COCTOUT B cleyoweM. Ecu Ha HeKkOTopOM Iliare MOZ€EIMPOBa-
HHUS IIPOUCXOAUT U3MeHeHUe IOJSIPHOCTH «TpUITEPHOros curHana, To SIMULINK
TIIpOBEpsET 3HaYeHNe CUTHala Ha BTOPOM yTpapJisomteM Bxozie. Eciu oHo 6osbire HyJs,
TO MOKCHUCTEMA 3AITYCKAETCS B paboTaeT B TedeHHe JaHHOTO 1ara Mojle/IupoBanus. Eciau
00a ynpapisoMUX CHIHAIa — BEKTOPBI, TOACUCTEMA BBIMIOIHAETCS B TOM CJIy4ae, eCIn
110 KpaitHeil Mepe OHH 371EMEHT KX T0T0 BEKTOPA OT/IMYeH OT HYJIS.

Tosp3oBaTesb MOXET YITPABIATh JIOTHKOH 3anmycka ET-noacucreMbl, H3MeHss fa-
pamerps HacTpoliku 6;10x08 Enable u Trigger.
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“ Cucrrea monen T E

Trigger

T ,
2 —» — —»{(1)
z-
Yaenohas CHeTMK out
CTOMMOCTL

Puc. 4.58.ITpuMep UCnonb30BaHus T-IOACHCTEMBI

Hanunuue aByx ynpasisiomux Bxonos B ET-niofcucTeMe no3BoJIAeT ONUCHBATh B
MOJEJHN AOCTATOMHO CJIOXHbIE IPAaBUJIA €€ 3aMyCKa.

4.4.3. MACKUPOBAHUE [IOACHUCTEM

Macxuposannas noocucmema (Masked Subsystem) — 310 Takas noacUCTEMa, CTPYKTY-
Py KOTOPO# HeJb3s YBUAETD HEOCPeACTBEHHO U3 0J10K-IHarpaMMbl; KDOME TOTO, OHa HMeeT
cOBCTBEHHOE MA/I0TOBOE OKHO HACTPOMKY [IaDaMETPOB H , KAK IPABIUIO, COOCTBEHHYIO UKOHKY.

JlpyruMu C10BaMH, MaCKMPOBaHHas IOACUCTEMA — 3TO aHasIor GubnnoTeyHoro 6J10-
xa SIMULINK.

MexaHHU3M KUCIIO/b30BaHKsA MACKUPOBAHHBIX CUCTEM 00JIa/iaeT CIAEAYIOMUMH [10C-
TOMHCTBaMHM:

® 3HAUMTENHHO PAaCUINpseT MHTePaKTHBHBIE BO3MOXHOCTH 110J1b30BaTes 10 YIPaB-
JIEHUIO TapaMeTpaMu S-MOJIeH;

® [103BOJIAET CO3MaBaTh Gosiee TOHATHBIN HHTEPQENC 32 CHeT BBEAECHUS HEOOXOAH-
MBbIX KOMMEHTapHEB KakK K ITOACHCTEME B HEJIOM, TaK 1 K OT/IeJIbHBIM [lapaMeTpaMm;

¢ gOecrneynBaeT NOBBIIIEHIE HATJIAIHOCTH OI0K-IHarpaMMBl;

® [IOBBLINIAET 3ALIHIEHHOCTb S-MOLEIH OT HeYMbIIIIeHHOH Monmbnxaupm (a'B He-
KOTOPBIX CJIyYasiX — ¥ OT YMBIIIJIEHHOI ).

Cospanne Macxnposaﬂnou TIOACUCTEMEI TpeATiosiaraeT BBIIOJHEHHEe CJeoYIOIHX
aedicTBuiL:

® OIMCaHNe IAPaMEeTPOB NOJCUCTEMBI;

® onpeje/ieHHe CIOCOOOB H3MEHEHHUA TaPaMETPOB;

® co3/[anHe HeOOXOMMMEIX KOMMEHTAPHEB;

® co3janne COGCTBEHHON HKOHKY HOACHCTEMEL.
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Bce atu fedicTBYS BHIMOMHSIOTCS ¢ oMollbio Pedaxmopa Macxu (Mask Editor). ins
samycka Pedaxmopa Macxu HeoO6xonuMo BeIOpaTh B MEHIO Nosib3oBatens (pasnen Edit)
komanxy Mask Subsystem. IlpensapntensHo B 6710K-parpamMme S-MOIeH J0JDKHA ObITh
BBIIEJIEHA Ta MOACUCTEMA, TSI KOTOPO#! Bbl COBMpaeTeCch CO3AATH MACKY.

ITpu sanycke Pedaxkmopa Macku oTKphIBaeTCst AUAIOTOBOE OKHO, COEpKAlllEe TPH
BKJIagku: Icon, Initialization, Documentation.

IlepBas n3 HUX IpeaHASHAYEHA /IS CO3/IaHMS UKOHKH NOJACHUCTEMBI, BTOpas obec-
[HeYHBAET CO3[AHHE THANOTOBOIO OKHA HACTPOHKHY M1aPaMeTPOB NOACHCTEMBDI, 2 TPETHS
NO3BOJIsET N06ABIATH B TUATIOTOBOE OKHO TMOACHCTEMBI HEOOXOAUMBIE KOMMEHTAPHH.

B HmxHedt acti okHa Pedaxmopa Macku pacniosiosxKeHsl IATh KHONOK, KOTOPBIE SB-
JIAIOTCS OOLIMMU /IS BCEX TPEX BKAALOK:

® Apply no3Bosiser IPUMEHHUTb K MACKUPYeMOIl IT0CHCTeMe ONIKY, 3alaHHble Ha
BCEX TPeX 3aKJIATKaK;

® Revert 0becrieynBaET BOCCTAHOBJIEHUE TeX 3HAYEHUIT 1aPAMETPOB MaCKu, KOTO-
pble ObLITH YCTaHOBNEHBI HA MOMEHT OTKPbITUA Pedaxmopa;

o Unmask MO3BOJISET «IEMACKHPOBaTh» MOACHCTEMY; IPU 3TOM OKHO Pedaxmopa
3aKPHIBAETCA; TIAPAMETPHI «CHATON» Macku 3amomunaotess SIMULINK u moryT 661D
BOCCTAHOBJIEHBI C MOMOIILIO KOMAHAB Mask Subsystem u3 pasaesna MeHIO IOJb30BaTe-
a5t Edit (cooTBeTCTBYONIA% TIOACUCTEMA JICHKHA ObITh BbIAEJEHA ); I0CIIE 3aKPbITHS S-
Mozenu undopmaiis o Macke TepsieTcs;

® Help oTkpbiBaeT pasgen nokyMentauuu B dopmare html, onuceisarommit rexno-
JIOTHIO MACKUPOBAHHUS TOJCUCTEM;

* Close paboTaer Tak Xe, Kak ¥ KHOTIKa Apply, HO ZOMOTHUTENHHO 3aKPHIBAET OKHO
Pedaxmopa Macku.

Teneps paccMOTPUM TTOAPOOHO TE CPENCTBA, KOTOPHIE NPENOCTABAAET B pACHOPsXKE-
HHe nonb3oBarens Pedaxmop Macku. '

Hauuesm ¢ saxknaaxu [nitialization (puc. 4.59).

OHa COTePKUT CIeAyIOLIHe STeMEHTHL:

1. Crpoka penakruposanus Mask type (Tun macku) — npenHasHayeHa /A yKasa-
Hs TUNA (HA3BaHUs ) CO3AaBaeMoil MACKUPOBAHHON HOACHCTEMDI (aHasIor muna 610ka
n3 6ubnuorexu — Constant, Sum # T. 1. ); AONYCKAETCst UCIIONB30BATh PYCCKOS3BIYHBIE
HA3BAHUS.

2. OkHo, coflepkalilee CIMCOK TAPAMETPOB HACTPOUKY NTOACHCTEMbI;

Jl71st pabOTBI CO CITMCKOM CIIYKAT PACIIONIOKEHHBIE CIEBA OT HETO YETHIPE KHOMKH:

® Add — no6aBuThb 371€MeHT CITUCKA;

¢ Delete — yIannTh 27€MEHT CITUCKA;

® Up — NOAHATD DIEMEHT CIIUCKA HA OAHY CTPOKY BBEDPX;

¢ Dawn — onyCTUTD 3JIeMEHT Ha OLAHY CTPOKY BHU3.

J115 MCToIb30BaHKS TI0CTEIHNX TPEX KHOMOK He0OX0AMMO TIpeBapUTENbHO BhIe-
JIUTH CTPOKY B CITUCKe, IWeakHyB Ha Hell JIKM; pacnosnoxeHiie napaMeTpoB B CIMCKe
OTIpeAeNdeT MX I0JIOXKEHHEe B AUaTOTOBOM OKHE HACTPOHKHU. CIIMCOK MOKET COAEPKATh
e 6osee 14 mapaMeTpoB.
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end of

Puc. 4.59. 3axknanka Initialization oxua Pedaxmopa Macku

3. CpencTBa OlIMCAHHS XapaKTePUCTHK NapaMeTPOB HOACUCTEMBL!

® cTpOKa peflakTHpoBaHue Prompt (nodckaska, nosichenue); CIYKUT 11 BBOIA HA3Ba-
Hus mapaMerpa (Hanpuep, «Kosdduuuenr ycunenus», «Ilepsoe cnaraeMoes 1 T. LL.);
IOMYCKaeTCsa HCTIOIb30BaTh PYCCKOS3BIYHBIE Ha3BaHMA , XOT# B CIIACKE 37IEMEHTOB OHM 0TO-
BpaxxaroTCst HEKOPPEKTHO (TPedyeTCst ONMOMHUTENbHAS HACTPONKA CHCTEMHBIX WPHQTOB);

® cTpoka penaktuposauus Variable (Ilepemennas) npeanasHadena a1 BBOAA UMe-
HU TIepeMeHHOH, B KOTOPO#i OyAeT XPaHUThcs 3HAYEHHE COOTBETCTBYIONIETO [IapaMeT-
pa; uMs IEPEMEHHOM MOKET COCTOSTh TOJIbKO M3 IATHHCKUX OYKB 1 1iudp; B 0CTAIbHOM
BbIGOP MMEHK MOXKET GbITh [IPOU3BOJIbHBIM;

* pninagawmee Meuro Control type (Tun ynpasrenus) NO3BoNAET yCTaHABIHBATD
criocob BBOJA 3HAYEHUS UTs] KAXK/I0TO MapameTpa:
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Edit — c noMomp10 CTPOKH pelaKTHPOBAHUS;

Checkbox — ¢ IOMOILBIO TIEPEKTIOYATES;

Popup — ¢ nomomupio BhImazammero MeHo; Bhlllajalomee Menwo Assignment (Ha-
3HaueHue) — TPelHa3HaYeHo [T YKasaHUs THIla TapaMeTpa:

Evaluate — BoraucnsieMsiit (T. e. AMEOIUI YUCTEHHOE 3HAYEHHE);

Literal — cumposnbhbiii (Bocnpunumaercs SIMULINK kak cTpoka CHMBOTIOB).

4. Crpoka penaxtuposanus Popup strings (Cmpoxu ebinadaiouiezo meno) CIyRuT s
BBO/Ia ITYHKTOB BBIMA/AI0ILET0 MEHIO, UCTIOJIb3YEMOTO /1 BHIOOpa 3HAYEHUI COOTBETCTBY-
IOIET0 MapaMeTpa; CTAHOBUTCS JOCTYITHOM, KOT/Za 3TOT NapaMeTp BbIOpaH B CIIHCKE; BBO-
AUMBbIE B 5TOM CTPOKE MYHKTHI MEHIO I0JIKHBI ObITh pas/iesieHbl BepTHKANBHOIT YEPTOH. .

5. Obnacts BBOAA Initialization commands (Komandol unuyuanusayuu), npeasassa-
YeHHast VIS BBOAa CIIUCKA KOMaHZ MHUI[HATU3ALIMY MaCcKH.

Komanzbl HHUIIHAIN3AHN OEPUPYIOT ¢ TEPEMEHHBIMH, HAXOAALIMMUCS B pabodeii
06/1acTH MacKUpOBaHHOMU moscHcTeMb! (Mask Workspace). Oun npencrapasioT coboi
obbiynbte komamast MATLAB u MoryT copepkars M-dynxuum n oneparopst MATLAB.
Apyrumu cnosamu, iosie Initialization commands MOXHO CYUTAT AHAJIOTOM KOMAH/IHOTO
okaHa MATLAB, 0651acTb £€iCTBHsI KOTOPOTO OTpaHHYeHa pa6oqem 061aCThI0 MACKUPO-
BaHHOH MOACHUCTEMBI.

SIMULINK MozkeT BbIIIONHATS KOMAaHIb! HHULUATN3ALHH B CJITYIOIMK CYYasx:

® IIpH OTKPBITHH OKHA OJIOK-HAT PAMMEI MOZEJH;

® [IpK 3allyCKe MOJEH Ha NCTIOHEeHHE;

* nipu obHOBeHNH 6JI0K-Anarpammsl (110 komange Update diagram)

® IpK BpanIeHnH 610Ka MACKHPOBAHHOM TOCHCTEMDI (¢ UeJIBI0 NEPEePHCOBKH MKOHKH )

® 111 aBTOMATHYECKOrO N3MEHEHH HKOHKH, 3aBUCALIEL OT mapamMeTpos 6/I0Ka.

HosicruM Texnosoruio cosnatus coOCTBEHHOro OKHA HACTPOHKY ITapaMeTpoB Ha
TIpEMepe TIOACKCTeMb, N300paskeHHOM Ha puc. 4.60 (cpaBa nokasana 610K-aHarpam-
Ma, B COCTaB KOTOPOIl OHa BKIOYEHA).

: Subsyslem

Uniform Random

In Hit l—b

Crossing X
2 Product
Koadpchuupenr

Puc. 4.60. Mackupyemas noacucrema (MCXOQHOE COCTOAHME)
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C ee NOMOIIBIO BBIMOJIHAIOTCS CJIe/IyIONIHe AefiCTBHS: BXOJHON CUTHAJ CPABHHBAET-
¢ C HEKOTOPHIM TIOPOroBeIM 3HaueHeM (nocpenctsoM 6soka Hit crossing), u ecin
[IOPOT IIPEBHIIIEH, TO HAa BBIXOA MOACUCTEMBI BBIAAETCS YIC/I0, KOTOPOE 3aaeTCsl KOH~
cranroit Koagpdpuyuenm.

Haunem ¢ Toro, 4To BoibepeM obiiee UM 151 IOACHCTEM TAKOTO THIIA, HATPUMED
«YMHOXUTeIb>. BBeAUTE €ro B crpoke Mask type n «<Haxxmurte» kHonky Apply. C storo
MOMEHTA MOACHCTEMA CTajla MACKHPOBAHHOH — OHA NOJIy4YHJIa CBOIO «MacCKy» B BHJE
JMaJIOTOBOro OKHa HacTpoek. UTo6sl ee yBUAETh, HEOOXOMUMO ABaX bl IENKHY Th JIKM
Ha H306paxeHnH HJI0KA OACUCTEMBI B OKHE OI0K-IHarpaMMBi.

IToka muanoroBoe OKHO («MacKa» ) COAEPIKUT TOIBKO HA3BaHHE MOACHCTEMb! U KHOII-
KM ynpaBJieHus, Ha3HaueHHe KOTOPBIX COBHAJAeT ¢ Ha3HayeHHeM aHAJIOTHYHBIX KHO-
IIOK B OKHe HacTpoek nwboro 6ubnnoreynoro 61oxa SIMULINK; npasza, B JaHHOM
cyyae ZOCTYTHa TOJIbKO ofHa 13 Hux — Close (puc. 4.61).

="\ Subsystem

Puc. 4.61. OkHo HACTPOEK AN MaCKpreMOﬁ TNOACUCTEMBI MOCJIE BHINIOJIHEHNUA IIEPBOTO 1Iara

CleqyolmM LaroM B CO3IaHHKU MACKH SIBJISETCS ONHCAHUe TAPAMETPOB HACTPOit-
KM [IOJICHCTEMBI.

IycTs Takux mapameTpos Oyaer ABa: 3HaueHMe Nopora, 3afaBaemMoro B 6oke Hit
Crossing, u setnuuHa Koagpuyuenma.

J11s1 onucanyst EPBOTO U3 HUX HEOOXOANUMO: :

1. «Hasxarb» xHonky Add (4T06bBI BHECTH NEPBBII 37IEMEHT B CTUCOK NAPaMeTPOB);

2. B nosie Prompt Beectu «Ilopors (rosicaeHue K mapameTpy; rocje HaKaTHa Kia-
punmn <Enter> oHO 0ToGpaXxaeTcs B CIIUCKe IapaMeTpoB);

3. B none Variable BBecTu npon3BosibHOE HMs IEPEMEHHON, B KOTOPOH OyZeT xpa-
HHUTbCA 3HadYeHMe AaHHOTO MapameTpa, HalprMep porog; YTOOBI BHECTH €0 B CIIHCOK
NapaMeTpoB, CIEAyeT ellle pa3 HaxaTh Kiasuury <Enter>.

4. B mone Control type ocraButh 3uadenue Edit (0HO y3Ke yCTaHOBJIEHO 110 YMOJIYa-
HUIO B CIUCKE [JAaPaMeTPOB).

5. B niosie Assignment Taxske OCTaBITb YCTaHOBJIEHHOE [T0 yMosidakuio 3Havehne Lraluate.

IMocne «HaxaTus» KHONKH Apply MOKHO BHOBb OTKPBITh AMAIOTOBOE OKHO HOJCUC-
TeMbl. Terepb OHO BHIT/IALUT HECKOJBLKO «coyuiHee» (puc. 4.62).

Jluanorosoe OKHO MO3BOJISIET BBECTH 3HaueHUe nNapamerpa Iopoe, 01HAKO eCII 3TO
chenath u 3anyctutb Mozens, SIMULINK Boizact coobumenne 06 omubke. [leno B
TOM, YTO OH TI0KA <HE 3HaeT», KakuM 06paszom napamerp Ilopoz cBs3aH ¢ COOTBETCTBY-
romuM napamerpom 6soka Hit Crossing (u cBsizan nu Boobuie). [l ycTaHOBIEHMs
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'3 Subsystem

Puc. 4.62. Bua «Macku» 1ocje ONUCAHUS [IepBOTO HapaMeTpa

TaKOM CBA3U KaK pa3 U UCIOIb3YyeTCS UMs] HepeMEHHOH porog, oTHOCs e cs K napa-
Metpy Iopoe.

CBss13p MeX Iy IapaMeTpaMy MaCKHPOBaHHON MOCUCTEMBE U TapaMeTpaMu 6JI10KOB,
BXOJISILIHX B €€ COCTAB, PEAIU3YeTCs Yepe3 YIIOMUHABIIVIOCS yKe pabouyro 061acTh no4-
cuctemsl (Mask Workspace). CxeMaTHyHO 3T2 CBA3B I0Ka3aHa Ha puc. 4.63.

+Hit Crassing
Mask

Workspace

I Subsystem

— Pporeg  ~—

Puc. 4.63. BsaumocssA3b 1apaMeTpoB NOJACHCTEMB! H BXOAAIUX B Hee 6II0KOB,

TaxuMm ofpasom, uyrobs! yBsizaTh napamerp flopoz ¢ napameTpom HacTpoiiku 650kxa Hit
Crossing, HeobxoMo BBecTH B Iosie napamerpa Hit Crossing of fset ims iepementioi porog.

Yrobb! H3MEHHTD 3HAUEHNE apaMeTpa 6JI0KA, BXOIETO B MACKMPOBAHHYIO O/~
cucreMy, TpeOyeTcs «3arisHyTh e 01 MacKy» (T. €. OTKPHITh OKHO OJI0K-AMarpaMMbl
IOJCHUCTEMBI ). ITO MOXKHO CRENATh ¢ TOMOIIBIO Komauzab Look Under Mask w3 pasaena
Edit menio mons3osarens.

HeckonbKo C10B 0 TOM, 4T0 coboli ipescTasiseT pabodas 061acTb MaCKHPOBAHHOM
TIOACHCTEMHL.

Mask Workspace — 910 nokanvHas pabodast obsacts Henonasemoi nogcuctemsl. Oxa
coznaerca SIMULINK B caenyiomux ciayqasax:
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® eCIM MacKa ITOJICHCTEMbI COAePKHUT KOMaHAbl MHUITMAIH3ALUY;

® eCJIM NpU ONMCAHUM MAcKN 3a/jaHbl TapaMeTPhl HaCTPOMKHM NOACHCTEME (Kak B
HalleM IpuMepe).

TepeMenntie, coepsxauirecs 8 paboueii 061aCTH MacKUPOBAHHOM IOJICHCTEMEL, 10-
CTYTHBI BCeM 6JIOKaM, BXOASUIMM B ee cOCTaB. [ pyIrUMu cJI0BaMH, IPU CO3JIaHKU MACKH
MOXHO OIPeIeATh TapaMeTPHl, KOTOPbIE JOTKHBI UMETh OJMHAKOBOE 3HAYEHHE IS
BCex OJIOKOB, BXOAAIINX B COCTAB MACKHPOBAHHON NOACHCTeMbI (HAIIPHMED, AUCKDPET-
HOCTB IlIara MOJEMPOBAHKA ).

[TponoixuM co3aHNe MACKH IS TOACUCTEMB] <« YMHOXUTEND> Y ONHIleM BTOPOi
napameTp, BBIIIOJHUB CJIefYOLHe AeHCTBUS:

o «Haxarb» xHOTKY Add 1151 106aBIeHKs BTOPO¥ CTPOKH B CIMCOK NapaMeTpOB;

¢ B none Prompt Beectn Koagppuyuenm;

e B none Variable yxasatb uMs nepeMennol, Harpumep k.

3uauenus noneit Control type u Assignment ciefiyer ocTaBUTh He3 U3MEHEHHUA.

ITocne «HaxaTUA» KHONKHK Apply MOKHO OTKPBITh CKOPPEKTHPOBAHHOE OKHO Ha-
CTPOHKH IapaMeTPOB OACHCTEMBI « YMHOXHTEb>.

Y1o6B n3MEHHUTH B3AUMHOE Pacriosioxkekue noseit « Kosbduuuenr» u «Iopor», cie-
JIyEeT NOMEHATH MECTAMH COOTBETCTBYIONIHE CTPOKHU B CIIEICKE fTapaMeTPOB oOkHa Pedax-
mopa Macku (c nomouisio KHonlok Up unu Down).

TMapamerp Kosgpduruenm, kax n napametp flopoz, Heo6X0oMMO CBA3ATH C COOTBET~
cTBYIOIUM 610K0M NozicucTeMbi (610koM Koaddnnuent). Uto6w1 coznats cBass, Tpe-
6yeTcst BBECTH B OKHE HACTPOHKH 3TOr0 b10Ka uMA nepeMeHHOH K.

ITocne 3apepienys onucaHus o60UX NapaMeTPoB Braajka Initialization spirasaur
Tak, KaK IoKa3aHo Ha puc. 4.64, a caMo [HaoroBoe OKHO HACTPOIKY IAPAMETPOB MO/~
CHMICTEMBI — Ha pHC. 4.65.

Bxnazka [con COAEPXKUT CPEACTBA CO3MAHUST HHAHBHIYATbHOR AKOHKH AR MacKupye-
moii noacucremsl. Ha neii pacnionoskens! cleayromye anemMeHTs! yipasieHus (puc. 4.66);

1. Ctpoka penaktupoBanus Mask type, ny6aupyiomas OIHOMMEHHYIO CTPOKY Ha
saxnanxe Initialization.

2. Tlone BBona Drawing commands (Komandu pucoeanus), npeaHazHaueHHOe LJIs
BBOZIa KOMaHJ1, CO3JA0IMX rpaduueckoe u300pakeHue Ha HKOHKE.

3. Bummagaroiee Mento Icon frame, KOTopoe 103BOIAET YCTAHABANBATE CIIOCO0 BbI-
BOJia IPSIMOYTOJIbHOM PaMKH UKOHKH:

e Visible — paMKa BEIBOUTCS,

o Invisible — paMka ne BuBoxutca (Hesuduma).

4. Brinagatoniee mexio Icon transparance, yCTaHaBIUBAIOIIEE «IPO3PAYHOCTY HO-
Boro 06paza MKOHKU:

* Opaque — H306pa>KeHI/IE, BHIBOZIIMOE Ha MKOHKE, CKPbIBAET CTaHAAPTHLIHA «00pa3»;

¢ Transparent — HoBasA NKOHKa SABJISETCSt «IIPO3PayHOIi», T. €. M HOBOE, U CTaHIapT-
Hoe u306pakeHUs! BHIBOSITCA OfHOBPEMEHHO; HATIPUMEP, €CJIH MAaCKUPYyeMast IOACHC-
TeMa NMEET BXORZHOHN ¥ BLIXOXHOI HOPTH, To MX Ha3Banpus (Jn 1 Out) byayT «<ipocseyn-
BaTb» Yepe3 HOBOE H30OpakeHke.
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Mask Editor - maska/Subsystem

Puc. 4.65.0xoHyaTenbHBIN BIA AHAJOTOBOTO OKHA MTOACHCTEMBI
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as Editor unitl!Susyste ‘

Autoscale

Puc. 4.66. Bxaagka Icon nuanorosoro oxua Pedaxmopa Macku nopcucteMsl

5. Brmmanaromee MeHto Icon rotation onpenensier, byaer au HOBopaanaTbcx H300-
pakeHue Ha KOHKE [1PY [IOBOPOTE BI0KA [MOACHCTEMBI:

Rotates — n3o6pakeHne BHIBOIUTCS € yYETOM MOBOPOTa OJIOKa,;

Fixed — nzobpaxenue He KOPPEKTUPYETCH.

6. Boinagatoutee Menio Drawing coordinates mo3Bosser BbIOpaTh CUCTEMY KOOPAHU-
HaT /15t BIBOZIA H3QOPakeH s HA MKOHKeE:

® Autoscale — aBroMaTiyecKas yCTaHOBKA MaciTaba ocei; IpU HCNOIb30BAHUH
JAHHOH OTII{MH Pa3MeDP HKOHKY H3MEHsIeTCs IPONOPIHOHAIIbHO H3MEHEHHUIO pa3Me-
POB KOHTypa 6JI0Ka;

® Normalized — 171 BBIBOZ2 NKOHKH YCTaHABJINBAETCA MOCTOAHHDIN MaciiTab; 1pu
STOM HIKHUH JIeBbI YTOJ PAMKH UKOHKH (KOHTYpa 6:10Ka) nmeet koopautatst (0, 0),
a paBbiil BepXHHUH yros — koopauHarts! (1, 1); cooTBeTcTBeHHO TIPU BBIBOJE Tpaduka

241



Ha UKOHKE 3HaYeHHs! KOOPAMHAT X M § KOJKHEI HAXOAUThCA B mpexenax [0, 1]; npu us-
MeHeHUH pasMepoB GJI0Ka pasMep HKOHKH H3MEHAETCS! aBTOMaTHYECKY;

¢ Pixel — 3Ha4eHNS KOOPAMHAT X U ¥ 11 BHIBOAMMOTO rpadHKa JOJDKHEI ObITb YKa3a-
Hbl B IMKCEJIAX; IPH U3MEHEHUH Pa3MepoB O10Ka HKOHKA He MaciuTabupyercst; 9To0s1 obec-
TIEYUTDH ee ABTOMATHYECKOE MACIITaGHPOBaHHUE, HOOXOAMMO B KOMAH/AX «DHCOBAHHUS> YKa-
3BIBaTh JOIOJIHUTE/IBHbIE TApaMeTPhL: TEKYIYIO BRICOTY Y IMPUHY G1oka (height u width).

Teneps noxpobuee 0 ToM, Kakue uMenHo Komanduvt pucosanus MoryT GhITh BBEAEHBI
B nnonte Drawing Commands.

17151 BBIBO/Ia TEKCTA Ha MKOHKE MOKET UCIIOIb30BAThCA ONHA U3 TPEX KOMaHA!

o disp(‘TexcT’) — BHIBOJ YKa3aHHOTO TEKCTA B LIEHTPE HKOHKHY;

® text(x,y, ‘TeKCT ) — BbIBOJ TEKCTa, HAYWHASI C TO3ULIAH, 33JABAEMOH KOODANHATaMU X 1 ¥/;

¢ forintf(‘Texct’) — BBIBOA POPMATHPOBAHHOIO TEKCTA 110 LEHTPY UKOHKH.

Bo Bcex Tpex KOMaHIax BHIBOXMMBIi TEKCT MOXeET OBITh YKa3aH He HEIOCPECTBEH-
HO, a yepe3 UMA HepeMEHHO, B KOTOPOY XPaHATCA CUMBOIbHBIE faHubie. Hanpumep,
KoMaHza disp MoxeT ObITh MCIIOb30BAHA Il BHIBOJA B MKOHKe cioBa ‘Tloacucrema’
IBYMA cnocobaMu:

o disp(‘lloacucrema’),

e disp(variable), tie variable — ims nepeMeHHOI, B KOTOPYIO IpeABAPUTENLHO ObLI
3aIUcaH BHIBOAUMBIN TEKCT; 3Ta IepeMeHHas AOJKHA XpaHUuThCs B Mask Workspace, a
ee 3HayeHue MoxeT ORITh 3aZjaHO B nose Initialization commands (Ha 3aknaznxe
Initialization), Hanpumep Tax: variable = ‘Tloacucrema’.

Ecsu BHIBOAUMELH B MIKOHKE TEKCT LOJDKEH ObITH pasMeILeH B BUe HECKOJIBKHX CTPOK,
TO KOHEH Kax10# cTpoku oboszHavaercs cumBosiom Tabynsuuu (\n). Hanpumep, 4tobni
BBIBECTH HAAKCh «MacKupoBaHHas NOACKHCTEMA» Ha ABYX CTPOKax, KoMmanza disp xoi-
XHa BBITJIAeTb ceayoinum obpasom: disp(‘MackupoBanHas\nnoacucrema’).

Jlns BbIBOA rPadUKOB Ha MKOHKE MOTYT GBITH HCHO/IB30BaHbI CTAHAADTHHIE CDEACTBA
MATLAB, T. e. 6ubmnoteynsie pyuxuuu pucosanns rpaduxos. Haubonee yuusepcans-
HOM U3 HUX sBAseTcs GpyHKuna plot, KoTopas B mpocTeiileM cryyae umeet bopmar plot(x,
Y), TAle X 1 y — BEKTODHI, COAEPIKale PaBHOE YHCJI0 31eMeHTOB. [Ipu co3gannu ukoHku
apryMeHTs! GYHKI[MH HOJIKHEL XPAHUTHCS B paboyeit 061aCTH NOACUCTEMBI, 2 HX 3HaYe-
HUsi MOTYT ObITh 3aansl B nosie Initialization Commands, Hanpumep Tax:

x=[0123);y=[1414].

Ecau Ha uxonke Tpebyercs 0To6pasuts Bu (GyHKUHMH, BHIIOIHAOWEN Tpeobpaso-
BaHHe BXOAHOTO CUTHAJA (PEaI3yeMOi C IIOMOUIBIO AAHHOM HOACUCTEMEI ), TO JJ151 9TOTO
HCIOIb3yeTCs GYHKUMs dpoly C COOTBETCTBYIOIMMH NTaPaMeTPAMH.

SIMULINK no3BoJisieT TakXe Co31aBaTh HKOHKH C H300paXkeHMsMU, HAPUCOBAH-
HBIMH «BpyuHYyI0». Takas ¥KOHKa CO3AeTCs C TOMOLIBIO CIIELIMANBHOTO rpadHiecKo-
ro pegakropa. s ero sanycka Heo6xoaumo B koMaHAHOM okHe MATLAB BBecTu
KOMaHZy iconedit.

Ecav gannas xomanzna seoautcs Oe3 napamerpos, T0 MATLAB 3anpawnBaer go-
HOJIHUTENBHYIO HH(OPMALHIO: Ha3BAHVE OKHA OIOK-AMATPaMMBL, B KOTOPOM HaXOAWT-
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cs1 pesakTupyeMsiii 6ok (Name of block window) n ums 610Ka, T0J KOTOPHIM OH HIC-
noasayerca B auarpamme (Name of block).

ITHU naHHBIE MOKHO YKa3aTh ¥ HENOCPEACTBEHHO pY BBOAE KOMaH bl iconedit. Ha-
TIPUMeP, /U1 MaCKUPYeMON HaMH IIOACHCTEMBI OHa Oy/ieT BBITIAAETD TaK:

iconedit(‘maska’, ‘Subsystem’). |

3ameuanue. 115 KOPPEKTHOM paGoTHI peflakTopa iconedit pefakTHpyeMsiii mdl-
thaiin 0643aTETBHO N0J/IKEH HAXOAUTHCS B AKTHBHOM IUPEKTOPHH; COOTBETCTBYIO-
as HaCTPOMKa MPOU3BOAHUTCA C HOMOMIBIO onuuK Set Path 3 KOMaHIHOTO OKHA
MATLAB.

[pu 3anycke peaakTopa iconedit OTKPHIBAETCS OKHO, Cofiepxaliee KOOPAUHATHYIO
CETKY W BU3Mp, NepeMeIaeMbIH C TOMOIIBIO «MbiH» (puc. 4.67). Haxarue JIKM npu-
BOJUT K IOABJIEHUIO TOYKH B BbIOpaHHO# no3uunu. Oyepeanast TOYKa COEAMHSETCS C
npeasiAyieil npsiMoit InHUeH.

Puc. 4.67.0xHo peaakTopa HKOHKH iconedit
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[Ipu pabore ¢ peaakTopoM iconedit UCTIOB3YIOTCS CIEAYOIINe KOMAH/b, BBOLM-
MbI€ C KJIaBHATYPHI:

® d — ypanenue NocCjaeHeH TOYKHY;

® 1 — CO3/IaHKe HOBO# TOYKH, He CBSI3aHHOI C IpeAbIAYIel;

® g — BBIXOZ M3 PEJAKTOPA C aBTOMATH4ECKUM OOHOBIEHHEM NKOHKH 6710Ka.

Tlocne sakporTust okHa iconedit B none Drawing Commands ssiBoautcs komaHaa plot
C apaMeTpaMH, COOTBETCTBYIOLIMMH CO3AaHHOMY n306paxenuio. IIpu Heobxoanmoc-
TH €€ MOXKHO CKOnMpoBaTh B 6ydep o6mena Clipboard n Ncionb30BaTh AJisi CO3MaHHUA
aHAJIOTHYHOTO 300paKeHUs Ha KaKo#-1160 APYroil HKOHKe.

Mask Editor - maska/Subsystem

YmHoxurent

MoacucTema "YMHONUTEND'' BLINOAHAET CPaBHEHWE BXOGHOMO CUrHAanNa ¢
YpOBHEM, 330,aBaeMbliM NapameTpom ''Topor' U Npu ero NpesbiweHIW
EbIAET HA BbIXOR 3HAYEHLe, YkaszaHHoe B none "Koa pguument"

370 KOMMEHTaPMI K Macke

Puc. 4.68. IIpumMep BBOZa CIIpaBOYHOI HHGbOPMaUK
Ha Bknaznke Documentation Pedaxmopa Macxu
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Bxnaaxa Documentation Pedaxmopa Macku conepxut Tpu o61acTH BBOJA:

® Mask type, ny6nupyroliee ofHOMMEHHbIE TIOJIA ABYX APYTHX 3aKJIa/{0K PEIAKTOPa;

¢ Block description, upennasHadeHHOE [JIs BBOJA TIOSICHEHUA K MAaCKUPYeMOH TOACH-
creme (3TO nosicHeHne HyAeT 0TOOPAKATHCS B OKHE HACTPONWKY [TapaMeTPOB OACUCTE-
Mbl); POPMATHPOBAHKE BBOAMMOTO B 3TOM II0JIE TEKCTA BBINONHSIETCS aBTOMATHIECKH;

* Block help, o6ecniedusaroiniee BBOA MHGOPMALIH, KOTOpas BIIOC/EACTBUM OYIET 0-
CTYIIHA NpH «Haxkatuu> KHonkY Help B OKHe HACTPOIKH mapaMeTpoB ITOJCHCTEME]; 9Ta
nHgopmallis coxpansercs B popmare html, Bnogaercs SIMULINK B cocras ero cripa-
BOYHOH CHCTEMBI 1 MOKET GBITh IIPOCMOTPEHA, HAIIPUMED, ¢ HoMolibio Internet Explorer.

Ha puc. 4.68 npusenen npuMep BBoza nHdOpManuy Ha Bkiaaake Documentation, a
Ha puc. 4.69 nokasaHo, Kak sTa nHdopmalus orobpaxkaerca B COOTBETCTBYIOLINX AHa-
JIOTOBBIX OKHAX.

[Ipu neobxoaumoctu B nosie Block help BMeCTO «CTaTHYHOTO» TEKCTa MOTYT COAED-
JKATbCs APYTHE CPEICTBA IIOMOIIH [10Ib30BATEIO!

» anpec Web-yana, Ha KOTOPOM MOXKHO HAiTH HOTIOJIHUTE/IbHEBIE CBEEHU, AIPEC SJIEK-
TpouHON mouTs iy apyrue URL-cnenuduxaunu (URL — Uniform Resource Locator);

* KoMaH/a web, 3anyckaouiasi web-6poy3ep, yCTaHOBJIEHHBIH Ha BALIeM KOMITbIOTEPE;

® KomaHa eval, KoTopas obecrednBaeT NHTEPHPETAUMIO CTPOK KaK UCIOTHIEMBIX
koManx MATLAB; nanpumep, komanja:

eval(‘! Word Book.doc")

NpUBOAMT K 3anmycky penakropa MS Word u otkpsitHio daiina Book.doc.

Co3nanHas Macka MOXKET OBITH BOOCJIEACTBIY H3MEHEHA ¢ MOMOIIbIO TOTo xe Pe-
daxmopa Macku. ETo BBI30B B 9TOM CJiydae NPON3BOAHTCA 110 Komarae Edit Mask, 3ame-
HAKUIEH 1A MACKHPOBaHHOM I0ACHCTeMb! KoMany Mask Subsystem.

Help Text for YmHoRUTENL

270 KoMMeHTapHA K MacKe

See the Simulink Block Browser for more information about
Simulink. ‘

Puc. 4.69.Brisox cnipaBouHOi HHpOPMALHH 0 MACKMPOBAaHHOM TIOACKCTEME
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Hanuume B cocrase SIMULINK Mexannama MackupoBaHus iesIaeT ero, Kak ceii-
4aC TPUHATO FOBOPUTD, «OTKPBITON CUCTEMOIT»>, T. €. JOCTYNIHOHM 7151 10paboTKy U pac-
IHPEHUsA CAMUMH O0Ab30BaTEIAMM B COOTBETCTBUHM ¢ MX noTpebHOCTAMH. VIMEHHO
3TOT MeXaHM3M JIEKHUT B OCHOBe co3fanus nojb3osareasmu SIMULINK cobersen-
HBIX OMOIHOTEK 6JI0KOB.

4.5. CO3JJAHUE COBCTBEHHO! BUBJIUOTEKHU BJIOKOB

Kak 570 HM HapafoKcaJbHO, OCHOBHOM HEAOCTATOK J1060# YHUBEpPCANIbHOM CHC-
TEMBI 3aKJII0YAETCs B ee YHUBEPCANbHOCTU. B TOM cMbIciie, 94TO peliieHHe KOHKDeT-
HOM 33/1a4¥ C TOMOIUBIO TAKOU CUCTEMEI, KaK IIPAaBHJIO, TpebyeT onpeneneHHoH ee
<«HACTpOlKu» Ha pelraeMyio 3a1a4dy. Eciiu mo/ip30BaTtesb BEIHYK/AEH BHITOJHATH Ta-
KYIO HaCTPOHKY MHOTOKPATHO, TO YHHBEPCANBHOCTDh HCIOIb3YeMOM CHCTEMBI HAYH -
HaeT BBI3BIBATH Y HETO OTpULiaTeabHbIe MoK, FIMeHHO nosToMy Hanbosee momy-
JIIPHBIMH SIBJISIOTCS TaK HA3BIBAEMBIE «OTKPHITHIE» CHCTEMBI, TO €CTh TAKHe, KOTOPHIE
[I03BOJISAIOT:

® BO-TIEPBbIX, U3MEHATH XaPAKTEPUCTUKH CHCTEMBI (MHCTPYMEHTAJILHBIX CPEACTB)
B IOCTATOYHO IIMPOKHX Npefesax;

® BO-BTOPHIX, COXPaHATh BHECEHHEIE M3MEHEHHUS 0 TeX NOP, TOKAa OHHU OCTAIOTCH
HEOOXOUMBI.

BoaMoxHOCTDb co3nanms cobcTBEHHOM 6MOIMOTERH GI0KOB — OHO M3 POSABIEHMIR
«otkpritocTiy SIMULINK. Baxuyto poss B peanusamy 5104 BO3MOXHOCTH UTPaeT
MeXaHH3M MaCKUPOBaHu: oAcucTeM. XOTs B ApOCTedileM ciiydae CO3[aHHast 10JIb30-
BaTe/siMU OMOIMOTEKA MOJKET COAEPXKATh OAVH WIH HECKONbKO CTAHAAPTHHIX 6JI0KOB
SIMULINK, Hau60osiee 4acTO HCIOIb3yeMBIX B pabOTe; IpH 3TOM I KaX/I0r0 U3 HUX
MOTYT 6bITh YCTaHOBJIEHB! TpeOyeMble 3HAYeHHsI TaPAMETPOB.

Jlng cosnanus HOBOH 6uOIHOTEKU HEOOXOAMMO:

1) B 1060M oxkue SIMULINK (6710Kk-AnarpaMMbl WIn OAHOTO U3 CyLIECTBYIOIIMX
paszenos 6ubnuorekn) BuGpats B pasgee File komauny New — Library.

2) B OTKpBIBILIIEECS TIYCTOE OKHO IOMECTHTSH (B IPOU3BOJILHOM NOpsiIKe ) Tpebyembie 610-
KH, B TOM YHCJie, BO3MOXKHO, MACKHPOBAHHEIE TOACHCTEMEI «COOCTBEHHOTO NPOU3BOACTBAY.

3) BHLAENUTD B OKHE CO3aBaeMOM OMOIUOTEKH Te GI0KH, KOTOpbIe ObLIM B3STH U3
cywecTBylomux 6ubnuorek; B pasneine Edit 3Toro xe okHa BHIGpaTh (¥ BLINOJHUTH ) KO-
mauzuy Break Library Link — «pa3opBathb CBsI3b C GUOIMOTEKOI»; B PE3YJILTATE €€ BHIII0JI-
HEHUs! KoMK 6ubIMOTeYHBIX 6I0KOB CTAHOBATCS «COOCTBEHHOCTBIO» HOBOM GubnoTe-
KH (¥ ee CO3AATENA); 3TO, B CBOIO OUepPelb, IPUBOIUT K TPEM BAKHBIM MOC/IE/ICTBISIM:

® CTaHOBUTCS AOCTYNHO# komaHaa Look Under Mask, 4to 1103BONIsIeT KOPPEKTHPO-
BaTh OJIOK-UATPAMMY («COAEPKUMOE> ) COOTBETCTBYIOMUX HJI0KOB;

® CTaHOBHTCS AOCTynHO#M Komanaa Edit Mask, 4To naet BO3MOXHOCTb H3MEHATD
Macky 6JIOKOB, BKIIOYEHHbIX B 6UOINOTEKY;
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® 6JI0KU S-Mofieieit, CO3/[aBaeMBIX C TIOMOIIbIO HOBOM 6u6AMOTEKH, OYIYT «CBs3a-
HBI» TOJIBKO C Hell.

3ameuanue: 6710KH, BXOIAIHE B COCTaB 0CHOBHOI bubnaunorexu SIMULINK, ne-
JISITCA Ha JBa BuAa: «6a30Bbie» U «IIPOU3BOAHEIEY; «Ha30BEIe» 6JI0KH BKIIOYEHH B
Buzie nporpammuoro koza B coctas Anpa SIMULINK u ux pexaktupoBanmue npak-
THYeCKU HEBO3MOXXHO Oe3 NpHMEHEHHs <XaKKePCKUX» CPEeACTB; KoMaHAa Break
Library Link nna 5tux 6710KOB HENPUMEHNMA; <TIPOU3BOAHbIE» 6I0KH IPEACTaBJs-
10T c060# MacKMpOBaHHbIE NOACHCTEMbI ¥ MOTYT ObITh M3MEHEHH OTIMCAHHBIM BbIIIE
crocobom.

4) CoxpanuTh co3aHHYI0 OnOIMOTEKY Ha AMCKE C MOMOINbIO KOMaHbl Save as...;
6ubnoTeKu 610K0B, KaK U S-MOJe/H, COXPaHAIOTCA B daiinax ¢ pacmupenneM .mdl.

T[Ipu nocaeAyOIMX OTKPLITHAX OKHA HOBO# 61bnmnoTexy (kak u A7 BCEX APYTHX
oubmmorex SIMULINK) cranoBuTcs goctynHoit komanaa Unlock Library (Omxpouimy
6ubruomexy), Bxoasamas B pasaen Edit MeHio nons3opatens. B peaynsrare ee BHITON-
HeHyst 6ubIMOTeKa CTAHOBUTCA AOCTYITHOM /71 PelaKTHPOBAHHA (MCKIIOYEHUS HMEB-
wuxcs 6;10K0B ¥ 06aBJIeHYs HOBBIX, H3MeHeHus ¢bopmaTos 6710Kk0B u T. 1.). IIpu <ot-
KpbiTuM» 6ubaMoTekn koManna Unlock Library 3amenserca coobmenuem <«Library
Unlocked» (Bubauomexa omxpuima). B TakoM COCTOSHUM OHa OCTAeTCA A0 TEX II0P, TOKA
He OyIeT 3aKphiTO OKHO cooTBeTcTBYIoIero mdl-daitna.

Bbl MeeTe BO3MOKHOCTD CO34aBaTh «CTPYKTYPHpOBaHHEIE» GHOIHOTEKH, T. €. CO-
CTOAIIKE U3 HECKOBKHX Pas/ieIoB (1of00HOo ocHOBHO 6ubmuoreke SIMULINK).

Paszien 6Gubnuorexu cosaaercs: Ha ocHoBe 61oka Subsystem. Kak u npu coaaanun
OGBIYHBIX TOACHCTEM, HMEETCS Ba crocoba GopMupoBanusa pasaena 6UGaHOTeKy:

® ¢ moMolbIo KoMaHas Create Subsystem (A7 3T0Oro B 0KHE OHUOINOTEKH JOIKHO
OBITh BBIZIEJIEHO He MeHee IBYX OJIOKOB);

® ITyTeM KOIMPOBaHHUs B OKHO 61bnnoTexu 6noxa Subsystem us pasnena Connections.

B 060uX Cly4asx BHOBb CO3AAHHO# [IOCHCTEME ABTOMATHYECKH PHCBAaUBaeTCs CTa-
TyC «6UOINOTEKH», O YEM TOBOPUT COOTBETCTBYIOLIHI 3ar0I0BOK ee OKHa. B cBa3u ¢ atvM
MMEETCS OTpeZieieHHast «ABOMCTBEHHOCTb» NPH paborte ¢ pasgenamMu 6UOIHOTEKH:

® C O/{HOM CTOPOHBI, C HIMH MOHO BBIFIOZIHATB T€ Je MPOlieAypPbl, YTO ¥ C OCHOBHOM
6ubaoTekon (IIOMOJIHATE, «<OTKPBIBATh» U T. 1. );

® ¢ IpYroii CTOPOHB, K paseny 6uba1oTeky TPUMeHIME! TPAKTHYECKH BCE OTIe-
paliy MaCKMPOBaHHs, PACCMOTPEHHbIE B IIPEAbIAYIEM pa3fiesie; B 4aCTHOCTH, Bbl
MOXKETe CO3/aTh A/ Hee UKOHKY, OTPaXkaollYIo COAepKHMOe JaHHOTO pa3aena 6u6-
JINOTEKH. ,

Co3aanHbIit pasziesl MOXKeT GBITb CKONMPOBaH (MM IIepeMelieH) B T06YIo «OTKphI-
TYI0» GUONHOTEKY.

B xayecTBe WIUTIOCTPaLKH K H3JI0XKEHHOMY B 3TOM noapaszeie (1, YaCTUYHO, B TIpe-
AbiAyIIeM), Ha puc. 4.70 mokasana 6ubIMOTeKa, COAEPKAIIast HEKOTOPHIE SJIEMEHTHI IPa-
¢puueckoro npeacTassienus E-ceTi, a TARK)Ke BapHaHT pealH3aliy ¢ IOMOIIbIO 3THX dJ1e-
MEHTOB MAaKPOTIO3UITHH <T€HEPATODY.
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F-nepexon,

T-nepexon  F-nepexop X-nepexon,

®» © @ | I

Akkum Gener Ovepesb T-nepexon,

a) 6)

Puc. 4.70. IIpumep cobcTBEHHOM GMOAMOTEKH HO/Ib30BaTeNs ()
M CO3AHHO C ee HOMOMbI0 H6J10K-auarpammsl (6)

4.6. OTVIAAUUK BJIOK-AVUATPAMM (SIMULINK-DEBUGGER)

B noruke u npoAyMaHHOCTH TEXHUYECKUX pelrenuil paspaborynkam SIMULINK
HE OTKaXKeLTb: €CTH UMEIOTCSI BU3YaIbHEIE CPEACTBA IIOCTPOEHHS MOeNeH, TO JOIKHBI
CYIECTBOBATH U aHAJIOTUYHBIE CPECTBA OTJIAAKH STHX MOJeIe.

ViMeHHO TakuM CPECTBOM SIBIISETCS OTAAAMUK O/1oK-nuarpamm Simulink Debugger.

Ita nporpaMMma He CO3aeT COGCTBEHHOTO AMANOTOBOIO OKHA U UCTIOJNb3YeT A
paboTsl koMaHaHoe 0kHO MATLAB 1 0kHO oT1aXKHBaeMoi 6JI0K-IUarpaMMbl; KOMaH-
IHOE OKHO TIPeJiHasHaYeHo /11 BBOJA MO0JIb30BaTE/IEM KOMaH OTJIA[4MKa ¥ BRIBOAA
TEKCTOBBIX COOOLIEHNI; B OKHE GJIOK-AMarpaMMbl BU3YaIbHO OTOOpaKaeTcs Ipolece
paboThI OTIAMYUKA.

s 3anycka oT/IafYMKa B KOMaHIHOM OKHE CJIEYET BBECTH OJHY U3 ABYX KOMaH/I:

sldebug ‘<ums modenu>",
sim (‘<ums modenu>', [ Tstart Tfin], Simset(‘debug’, ‘on’)).

IlepByio koMaHAY peaNOYTHTEIbHEE UCIIOIBL30BaATH AJist Bepcun MATLAB 5.2, BTo-
PYIO — AJIs IPeAbIAYIINX BepCHH [TakeTa.

[Ipy BEITOTHEHUH KOMAH/BI 321TCKA OTIAMYMKA OTKPBIBAETCS OKHO GJI0K-Iuarpam-
MBI YKa3aHHOY MOJIENH.

B 6510K-iHarpaMme «IOICBEYNBAETCA» OI0K, KOTOPHIH ABJIAETCS AKTHBHBIM Ha I1€p-
BOM 1are MmogeaupoBanus (npu tx=0). CooTBeTcTBYIOMas MHGOPMALHS BEHIBOAUTCA B
TeKCTOBOM (hopMe B KOMaHAHOM OKHe; IOCJIe 3TOT0 OTIaTYHK TePeBOAUT MO/IeNb: B pe-
xuM Pause (Ilaysa) u caM IEPeXOANT B COCTOSTHUE OXHAAHUS CIEeAYIOUeil KOMaHbL.
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Pabota HD2

Puc. 4.71. Bux 6710K-auarpaMMBl IIPY 3al1yCKe OT/IaAYUKa

Hanpumep, 1pu 0TJ1azKe MOJeIH PabOTsl HAKOTUTe el Ha [IEPBOM 1iare <M0ACBe-
yusaerca» 610k Texkyiee MoaeabHoe BpeMd (puc. 4.71), a B KOMaHIHOM OKHE BBIBO-
INTCA ceayloliee cooOeHue:

[Tn=0 1** Start** of system ‘asinxr’ outputs
(sldebug @ 0: 0 asinxr’ (‘Texyuee modenvroe spema’):

B ranHOI TOuKe AKWATIOTa BBl MOXKeTe 0OPaTUThCS 3a OMOIIBIO K 110603 cripaBod-
Hoit cucteme MATLAB, npocMoTpeTs naHHbIe B paGoyei 061acTi (€CJIM OHM TaM €CTb ),
BBINOJIHUTD M00yio komanxy MATLAB, nu6o BBecTu 0iHy U3 KOMaH/ OT/IaA4UKa.

MHorue KOMaH/p! OT/IAMYMKA UCTIOB3YIOT IIOHATHE «HMH/IeKC 6710Ka». OH npesicTaBiseT
coboit Homep 6J10Ka BHYTPH S-MOZIE/IH 1 OTOOPAXAETCS B KOMaH/e oT/1axuuKa B hopme s: b,

Tfie 5§ — HOMEp MOACHCTEMB! S-MoZenn (1LieJIoe Y1CI0),

b — nomep 610Ka B noacucTeMe (1eJ10€ YUCTIO).

Crucox MHEKCOB 6JI0KOB MOXHO MOJTYYHTh C NMOMOIbI0 KOMaHAH! slist. lanHas
KOMaH/(a He UMeeT NIapaMeTpoB ¥ NpUMeHsieTCs K akTuBHOM S-Monenu. Pesyssrar ee
paboTsi BeiBoauTCs B kKoManaHoM okHe MATLAB B cnenyiomem Buzne (puc. 4.72):

249



— Sorted list for ‘asinxr’ [12 blocks, 12 nonvirtual blocks, directFeed=0]
0:0 ‘asinxr/Tekyiee MoaenpHoe BpeMs’

0:1 ‘asinxr/3aaaHHbiiit MHTEPBaN MoJeNHpOBaHHA'
0:2 ‘asinxr/Or’

0:3  ‘asinxr/Simu’

0:4 ‘asinxr/TeHepaTop HHTEpBAIOB’

0:5 ‘asinxr/TeHepaTop AIMTENBHOCTH 3aTHCH’

0:6 ‘asinxr/Sumi’

0:7 ‘asinxr/TeHepatop nnrepsanont’

0:8 ‘asinxr/TeHepatop JumrenbHocTH 3anucul’
0:9- ‘asinxr/Sum2’

0:10 ‘asinxr/Sum3’

0:11  ‘asinxr/Switch’

Puc. 4.72. Coucok 610k0B S-monenu, GopMUpyeMBlil ¢ TOMONIbIO KOMaHAH slist

Simulink Debugger n103BoJisieT NPOCAEANTh pabOTY MOZIeJIN «Iuar 3a maroMs. B ka-
YeCTBE TAKHUX «IIAroB» MOXHO ONpEAEIHUTh NEPeXof CHFHAIA K cienyomeMy 00Ky,
M3MeHEeHue MOJIETbHOTO BpeMeHH, 6o NpoMexyTox paboTe MOAENH A0 OYepenHoit
«KOHTPOILHOM Touky» (breakpoint).

Bri60p THma «1rara» onpezessieTcss KOMaHAOM OT/IaA4MKa, KOTOpast MOXET OBITh BBE-
nieHa B peskume Pause:

step — IPOABHXKEHNE CUTHAJIA Ha OXUH BII0K;

next — NPOABIDKEHHUE HA OIMH LIAT MOJIEJIBHOTO BPEMEHU;

continue — BHIIOJIHEHNE MOZEH 10 CNeAYIolLeil KOHTPOJIbHOH TOUKH;

run — pacyeT MOJEJIY 10 OKOHYAHH 33laHHOTO MHTEPBaJjla MOAEINPOBaHus (UTHO-
PHPYs KOHTPOJIbHBIE TOUKH ).

J\ns1 3aBeplIeHNUs CeaHca OTIANKY CIYXKUT KoMaHaa Stop.

Paccmorpum noapobree 0COGEHHOCTH MCIOIb30BAHMS KaXION U3 NPUBEAEHHBIX
BIlIle KOMAH/ yIpaBieHus paboToil oT/1aqumKa.

Komannaa step

IIpu ucnosb30BaHKHU 3TOH KOMaH/AB OTIAAYUK BHITOIHAET TEKYIUH («I0ACBEYEH-
HBIi» ) 610K MOZIeH, IPUOCTAHABIMBAET ee paboTy U BhIAEISAET CAEAYIONMiA OJIOK.

Ecnu crnenyromuii 610K SBJISETCS NOACUCTEMOM, TO OTIAAYUK OTKPhIBaeT ee OI0K-
ZMarpamMmy U BbIZEJISET TOT 610K, C KOTOPOro HaYWHAeTCs paboTa OACHCTEMBI.

ITocse BrmonHeHus 6J10Ka OTJIafYUK BEIBOAUT B KOMAHIHOE OKHO 3HaYeHHe BXOX-
Horo (o6o3navaercs cumBosioM U) 1 BbixojHoro (0603Ha%aercs Y) CHTHAIOB AJis BbI-
IIOJIHEHHOTO 6JI0KA ¥ IEPEXOAIUT B COCTOSIHUE OXKUAAHUSA Clenylouleii koMaHzs!. Ilepe-
MmeHHBIe U 1t Y BHIBOASTCA ¢ MHAEKCAMU, COOTBETCTBYIOIIMMY MOPAAKOBEIM HOMEPaM
BXOJHBIX ¥ BBIXOJHBIX TIOPTOB 6JI0Ka.

250



Ecsu BoInosiHeHHBIH 610K GBI HOC/IE [HAM /IS 3a]aHHOTO HHTEPBAJIa MOJIEIHPOBA-
HUS, TO OTJIQAYHK BbIOMpPaeT B KaYeCTBe OYEPEAHOTO IEPBbIii 610K MOZEIH, IPeI0CTaB-
JISi1 BO3MOXKHOCTb TIOBTOPUTh CEaHC MoAenupoBanus. UtoOsl 06paTHTh BHHMaHHe
I0JIb30BATEIIS HA OKOHYaHME IPe/IbIAYIIEro CeaHca, B KOMaHAHOM OKHe BIBOIUTCS Tak-
ke HOBoe («OOHYIeHHOE» ) 3Ha4eHIe MOJEIbHOIO BPEMEHH.

[Ipu KCHO/Ib30BaHUU KOMAH/HI Step Y I0JIb30BaTe I UMEETCSI BO3MOXKHOCTD BbIG0-
pa «MeJKuX»> (Mminor) Unu <KpymnHeIX» (major) maroB u3MeHEHH MOJIEILHOTO Bpe-
menu. [171s1 BbI60opa MeTOAA CIEAYET BBECTH B KOMaHAHOM OKHE OIIIIMIO Minor.

Komanna next

[Ipu HCIONB30BAHNN AAHHON KOMAH/BI OT/IAIYHK «TIPOBOAUT> CUTHAT Yepea Bee 6i10-
KH, KOTOPBI€E JIOJKHbI OBITH BBITOJHEHHI Ha OYepeiHoM Liare MoJennposanns. Komanny
next 1e71ec000Pa3HO NPHMEHSTH B TEX CIy4asix, KOraa pa3pabOT4MKa MHTepecyeT U3Me-
HEHHe COCTOSTHUS MOJE/IM TIPH H3MEHEHUH MOJIEJIbHOIrO BPEMEHM; €C/IM O4ePeHOMN mar
SIBJISIETCA NOCJIEIHUM B JaHHOM CEAHCE MOAEINPOBAHUS, TO OTJIAAYHK J€aeT AKTUBHLIM
NEePBBIi 610K MOZIE/IH ¥ IPUOCTAHABIMBAET ee BbINo/THEHUE. 11ocIe 3Toro MoXHO 6o
NPOAO/IKUTH OT/IAAKY, TG0 BHINONIHUTS M0OYIo npyryio koManny MATLAB.

OTtaaaxa Ha OCHOBE KOHMPOSBHLLX MOYex

JaHHBIA METOA OT/IanKM SIBISETCS Hanbosiee YHUBEPCATBHBIM, TIOCKOIbKY KOHT-
poJIbHAsA TOYKa MOXET ObITh YCTAHOBJIEHA MPAaKTUYECKH B JIOOOM MecTe AMarpaMMBbl
moznenu. Mexiy aByMs KOHTPOJIbHBIMHM TOYKaMH MOAETHPOBaHHE BHINONHsETCS be3
TpepbIBaHUI; AJIS TPOAOIKEHNSI MOAETUPOBAHHUSA € TIOCTEAHEH KOHTPONBHOH TOYKH
(KT) ucnonpsyercs koManaa Continue. )

OTnaa4YuK NO3BOJISIET ONMPEAENATh ABA TUIa KOHTPOIBHBIX TOYeK: Oe3yc/IOBHEE H
ycnosuste. [Ipeprisanue B 6eaycioBHoi KT ipoucxoauT BCAKUH pas, KOTAa MOAEAPO-
BaHHUe JOCTUTaeT 6J10Ka WK 3HAYEHHUSI MOJIE/ILHOTO BpeMeHH, AU KOTophIx 3anaHa KT.
[Ipepoianue B ycaoBHOH KT IpONCXOAUT B TOM Ciyyae, €C/I BOSHUKIIN YCIOBHS, yC-
TaHOBJIEHHbIE 714 faHHOM KT.

[lns ykasaHUs OTIAAYMKY TIOJIOKEHHSI M TUIIa KOHTPOJIbHBIX TOUEK UCIIOIb3YIOTCA
CAEMYIONIe KOMaH/BL:

® break <gcb|s:b> — npepuiBanue npu BXoze B 6710K; 610K, s KOTOPOrO yCTaHaB-
nusaerca KT, moxer 651Th 3aaH 1160 ¢ noMosio unpexca (break s:b), nubo Busyain-
HO; IIPU BTOPOM CNIOCOGE CIIeIyeT BbIAENUTD €ro B 610K-AuarpaMMe H BBECTH B KOMaH-
IHOM OKHe KoMmaHzxy break gcb;

® bafter <gcbls:b> — mpepriBanue npu BeIXofe U3 6JI0Ka; KAK U OPeAbIAyLIast KO-
MaH/1a, MOXKeT ObITh HCIIOJIb30BaHa B OHOM U3 IBYX (JOPMATOB:

® bafter s:b — nnst ykazanus 6J10Ka C IOMOIIBIO MHIEKCA;

* bafter gcb — npy BusyanbHOM BbIGODE 6710Ka,

3ameuanue: nenbas ycranasausath KT B BupTyansHoM 610ke. BupryanbHbiii 610k —
3To 610K, UMelouIuiA YucTo rpadudeckue GpyHKUMM: OH 0TOOpaXaeT rpynn1poBaHHe
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UM OTHOMIEHNE TOAYNHEHHOCTH MeXTY (PyHKIMOHANBHBIMA OiioKamu Mogenu. [1pu
IOMbITKe yeraHoBUTh KT B TakoM GJI0Ke, 0T/IaYMK BBIAAET Npeaynpexaenne. CIucok
He BUPTYJIbHBIX OJIOKOB MOKHO MIOJYYUTD C IOMOLIBK KOMAH/HI SASt;

e tbreak <t> — npepbiBaHUE MOJENVPOBAHHS Ha 3aIaHHOM LIare; MOJAEIUPOBAHKE
IIPEPHIBAETCS, KAK TOJBKO TEKYIIlee 3HaYeHHe MOIENBHOIO BPEMEHH CTaHOBUTCA GOIb-
1e (MM PABHBIM ) BEJIMYHHbI £; HATTPUMED, €CJIi BBEeIeHA KOMaHna threak 7, To npu Mo-
HeMPOBAHUY C HETIPEPBIBHLIM BPEMEHEM OCTAHOB MPOU30MAET A5 tn=7,02;

e 11 yranenus «6nounbix» KT ucnosbayerca komanza clear <gcbls:b> — xotopas
TAKJKE MOXKET UCIOIb30BATHCS B IBYX BAPHAHTAX: «TEKCTOBOM» U «BU3YAJIBHOMY;

e yvbreak — xoMaHJa 3aCTaBJSET OTIANYUK OCTAHOBUTH MOJIETHPOBAHHE, KOTZA B
Mo/le/I HCIoJIb3YeTcst HepeMeHHbIH 1ar ( Variable-step) u BCTpedaeTcs COCTOSIHUE, Tpe-
Oyroiliee OrpaHMYMTh BETHYHHY 1I1ara;

® zchreak — xOMaH[Ia IO3BOJIAET OCTAHOBUTD MOZETUPOBAHME, KOT/Ia BCTPEYaeTCst
HEMPeLYCMOTPEHHOE TIePeceYeH e CHTHAIOM HYJIEBOTO YPOBHSI; IIPH OOHAPYKEHUH Ta-
KOH CHTYaluy OTN2AYHK BHIBOMUT B KOMaHAHOE OKHO 3HAYEeHNE MOJE/IHOTO BPEMEHH
1 uHAEKC 6JI0Ka, a TAKIKE <THUII IEPECEUeHHsI» — B IIOJI0KUTEIHHOM HAPaBJIeHHH (7ising)
wnn B orpuliatensHoM (failing).

VYnpaenenue svi60dom ungopmayuu o npoyecce omaadxu

TTosty4yeHune ZONIONTHUTENBHOM OTI0YHON UH(OPMALN 06ECIIEYMBAETCS CIEAYIO-
UM KOMaH/IAMHU:

® probe — BBIBOZI 3HaY€HMI CHTHAJIA Ha BXOAX ¥ BBIX0/aX OJIOKOB, BBINIONTHAEMBIX B
TevueHue OYepeHOro Hiara OTJIAKY; I BbiBo/Aa HHGOPMAIUK O KOHKDETHOM OJI0Ke
MOZKET UCI0JIb30BATHCA B opMe probe <s:b>; komanaa probe nonycruma B 1i060oM pe-
KUME OTIafKM (110 6II0KaM, 110 MOAEIbHOMY BPEMEHH U 110 KOHTPOJIbHBIM TOYKaM );

e disp <gcbls:b> — BbIBOA 3HaYEHMIT CUTHA/A HA BXO/I€ M BRIXO/E YKa3aHHOTO 6710-
Ka IpU IPEPHIBAHUHI CEAHCA MOJIENNPOBAHNS; IEHCTBIE KOMAHIBI MOXeT OBITh OTME-
HeHO KoMaHzol undisp<gcb|s:b>;

® trace <gcb|s:b> — BbIMONHSET T€ Xe NeHCTBHS, 9TO K KOMaH/a disp, Ho 6e3 npephi-
BaHHs MOETUPOBaHMs; LelICTBUE ee OTMEHAETCA KOMaHAOH untrace <gcbls:b>;

e states — BBIBOA HHGOPMALMH O TEKYIIEM COCTOS HIHM MOJIENH.

B mononuenue K OTIAM0YHON WHOOPMAITME OTIAIYUK MO3BOJISIET NONYYaTh HEKO-
TOpBIE CBELEHMsI O CTPYKTYPE MOENH U BXO/ANINX B Hee HII0KaX.

OCHOBHBIM CPEACTBOM JIJIS1 3TOTO CIYKUT YKe YIIOMUHABINASACS KoMaHaa slist.

Kpome Hee, MOI'YT OBITH HCTIOIb30BAHBI KOMAH/IBL:

® bshow <s:b> — 110Ka3aTh Ha 6JIOK-AuarpaMme GJIOK, UMEIONIME YKa3aHHBIH MHAEKC;

® zclist — BBIBOZ CIMCKa OJIOKOB, [IPH BBHINIOJIHEHMH KOTOPBIX MOXKET IPOU30MTH <He-
NIPENYCMOTPEHHOE> U3MEHEHNE MONAPHOCTH CHIHAJA.

U, HakoHert, TOCTIeRHsT KOMaHAA — Status, KOTOPas 103BOJSLET NONYYUTh HHGOP-
MaIlHIo O CAMOM OTJaIdHKe; OHa 00ecieynBaeT BHIBO/ 3/IAaHHBIX PEXKUMOB OTIANKH, a
TaKKe IepeYeHb YCTAHOBIEHHBIX KOHTPOIbHBIX TOYEK.
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ITJIABA 5
SIMULINK + MATLAB

— [ocynaph MO, 4TO K YeMy NpUBEILEHO: XBOCT K CO-
Gake win cobaka K xBocrty?
— Kax, cynapsins, npskJiouunres; n6o BCAKY0 coba-
Ky HMKOMY 32 XBOCT, KaK U 32 LIeI0, IPUIOIHSATH He-
B036pano.

H3 couunenuii Kosvmui Ipymxoea

JlelicTBUTENIBLHO, YTO K€ BCe-TakH K yeMy «npusenieHo»: MATLAB k SIMULINK
Win HaobopoT? EciH, TO3HAKOMUBIIUCH € MPEABIAYIIAMH IJIABAMU, YHTATEb PELIMT,
yro MATLAB «npusemten» x SIMULINK, To MOHO CYUTaTh, 4TO aBTOP AOCTHT I10-
craBnexHoii nenu. Ho storo emy maso. Emy xouetcst mokasats, uro SIMULINK — no-
CTaTOYHO IPOYHbIH «KPIOYOK», YTOObI YAIEPKATD Ha cebe ellie Koe-uTo. [lepBbIit U3 3TUX
«I0BECKOB» HasbiBaercsi Real-Time Workshop (Macmepckas peanvnozo epemenu); oK
obecneynBaet co3gaHue Ha OCHOBe HioK-auarpaMm SIMULINK nporpammuoro obec-
neyeHus], IpeHa3HAYEHHOTO /IS YIIPABJIeHUs PeaIbHBIMHY aIIIAPAaTHRIMU CPeLCTBAMU
B peaIbHOM MacuiTabe BpeMeHHU.

Bropoit «<moBecok» — cucrema cobpiTritnoro Moaenuposanus STATEFLOW. 9to
HUHCTPYMEHTaJIbHOE CPEACTBO CHabkKeHo COOCTBEHHBIM IPadyecKuM UHTepbeRcoM, a
CO3[aHHBIE C €r0 OMOIIBIO MOAEIM MOTYT BKJIIOYaThCA B BUAE BI0KOB B COCTaB 6710K-
auarpamm SIMULINK.

BsaumogeiicTBre MeXAy Ha3BaHHBIMU HHCTPYMEHTATbHBIMM CPEACTBAMHU MOXHO
cXeMaTH9YHO n300pasuTh Tak (puc. 5.1):

m o
b

Puc. 5.1. Cxema B3auMOAeNCTBHA MeX/y OCHOBHBIMH KOMIIOHeHTaMu naketa MATLAB
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Tax 4TO JKe BCe-TaKH K YEMY <IIPUBELIEHO»?...

Haz[eeMcs{, MaTepHaJ NOCJEAYOIMX NOAPA3AECTI0B IIOMOXET YATATENI0 CaMOCTOsA-
TE€JIbHO OTBETUTDb Ha 3TOT BOIIPOC.

5.1. IINTAHPOBAHUE SKCHHEPUMEHTOB 11 ObPABOTKA
PE3YJIBTATOB MOJEJINPOBAHWA

DyHKIHH, 06ecIIeynBaIOIUe BHITIOIHEHNE IPOCTERIINX IPOLIELYP aHAIN3A TAHHBIX,
BKTIOYeHs! paspaboTunkaMu MATLAB B coctas ero sapa (pasagen datafun).

HexoTopsle 10n0HATEIBbHBIE BO3MOXHOCTH B 9TOM OTHOUIEHUH NIPEAOCTABIIAET HHCT-
pymenTanbHOe npusioxenve Digital Signal Processing (Llugposas o6pabomka cuenanos).

ITpu ero Bxmoyenun B KoHGuUrypanuio MATLAB cranoBuTCS OCTYIIHBIM COOTBET-
CTBYIOIIMHI HAOOP 6JI0KOB, KOTOPHIE MOTYT OBITh BKTIOYeHbI B AuarpaMmbl SIMULINK.
OH# I103BOJISIIOT, B YaCTHOCTH, BRIYMCIISTD CPEIHEE 3HAYEHHE U ANCIIEPCHIO ITIEMEHTOB
BEKTOpa. (

Ho Bce e B IOIHOM Mepe «OIIYTUTD BIACTh> HAZ AAHHBIMH IO3BOJISET TOJIbKO TIpU-
JoxeHue Statistics toolbox.

Bxogsiuue B ero coctaB M-yHKuuM pasbUThI Ha CleAy0IMe KATETOPHU:

e Probability Distributions (Q@yuxuyuu pacnpedenenus eeposmmocmu),

® Parameter Estimation (Oyenxa napamempog);

® Descriptive Statistics (Onucamenvraa cmamucmuxa);

o Linear Models (Jluneiinvie modenw);

¢ Nonlinear Models (Henuneiinvie modeau);

e Hypothesis Tests (IIposepxa eunomes);

® Multivariate Statistics (Mnozomepnas cmamucmxka);

e Statistical Plots (Cmamucmuuecxue epaguxu);

e Statistical Process Control (Ynpaenenue cmamucmuueckumu npoyeccamu);

e Design of Experiments (Ilnanuposanue sxcnepumenmog).

Bcero xe mannsIit paszes conepxut 6osee 200 GyHkiuit, obecneynBaonux npose-
J€HHUE CTATUCTUYECKUX SKCIIEPUMEHTOB, a TaKke 00paboTky u aHans AaHHbIX. MbI pac-
CMOTPHM TOJIBKO T€ U3 HUX, C IOMOIIbIO KOTOPHIX MOXKET OBITh pean30oBaHa TEXHOJIO-
TMs NOATOTOBKM W aHA/IN3a Pe3yJIETaTOB MOAENbHBIX SKCIIEPUMEHTOB, OIIUCAHHAS B
[IE€PBOI1 YaCTH KHUTH.

5.1.1. INTAHUPOBAHUE SKCIIEPUMEHTOB

B coctaB pasnena Design of Experiments Bxonst Gynkuuy, obecrnednBaroiiye pas-
paboTKy BCEX TPeX OCHOBHBIX BUIOB CTPATETMYECKOTO IJIaHA SKCIIEPUMEHTA, PacCMOT-
PEHHEIX B paszeie 2.5:
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¢ nosHoro dakTopHoro skcnepuMenTa (IIM3IJ)

® yactugHOro ¢akTopHOro skcrepumenta (YD 3I)

* 1pobHoro gakTopHoro axcnepumenra (JDIJ).

J1711 pa3paboTKH NepBOro U3 HYX NpeHa3HauYeHa QYHKUHUS C COOTBETCTBYIOIUM Ha-
3Banuem — fullfact. B kayecTBe ee mapaMeTpoB HEOOXOAWMO yKa3aTh YHCJIO YPOBHEH
Kax/A0ro (hakTopa, yYacTBYIOIIETO B SKCIIEPHMEHTE.

Hanpumep, ecnu paxropsl A ¥ B uMetot no 4 ypoH4, a paktop C umeeT 2 ypoBHH,
TO o6pamenue Kk pyuxuun fullfact BeirnaguT tax:

Sullfact ([4, 4, 2]).

Beezs ykazaHHy10 KOHCTPYKLUMIO B KoMaHaHOM okHe MATLAB, MoxHO noay4uTs
CIKCOK BCEX BO3MOMKHBIX KOMOUHanuit yposHel $pakropos. COuCOK BHIBOAMTCA B KO-
MAaH/IHOM OKHE, a TAKXKe COXpaHseTcs B paboyeit 0b6sacTv nox umeneM ans. OH MoxeT
OBbITb MCTIOJIb30BAH B KAYECTBE NMOACKa3Ku b0 B TeKyleM ceance pabotel c MATLAB,
/6o 3anucaH B OTAeNbHbIH MAT-daiin a1 nocnenyomero IpuUMeHe .

IMockonsky MATLAB ucniosb3yer nepeMeHHYIO ans B KadecTBe pabouei, riesiecoobpas-
HO TIPEIBAPUTEITHHO TIEPENHCaTD TIaH SKCTIEPUMEHTA B TIEDEMEHHYIO C APYTHM MMeHeM, Ha-
npumMep, plan=ans, noce 5TOro MOXHO TIOOYEPENHO BLI3BIBATH CTPOKH IUIAHA U3 paboueii
0671aCTH, UCTIONB3YS ONEPALINY HHAEKCUPOBaHYs. /1151 MpUBEIEHHOTO BbIMIE CIIMCKa (PaKTo-
POB COIEPKUMOE CEbMOI CTPOKH MOMKHO CIMTATh B KOMAHIHOE OKHO, BBE/ KOMaHIY

plan (7, 1:3).

BhInomHKUB SKCTIEpUMEHT AJIA 0YepPeHOT0 coYeTaHus (GaKTOPOB, MOXKHO YAANUTD
COOTBETCTBYIOILYIC CTPOKY IJIaHa, MCiosb3ys Pedaxmop/Omraduux MATLAB.

Ilns popMupoBanus miaHa ApoOHOro HaxTopa SKCIIEPUMEHTa UCTIONb3YeTCst HyHK-
uus ff2n. IlapamerpoM dyHKIHY SBIIAETCA YUCI0 (aKTOpOB. Pesysbrar ee BHINOMHERMS
NpeAcTaBaAeT co60il CIUCOK BO3MOXKHBIX COYETaHHI YPOBHEH (haKTOPOB; B CIIMCKE 3HA-
geHue «0» COOTBETCTBYET HUSKHEMY YPOBHIO (haKTOpa, a «1» — ero BepXHEMY YPOBHIO.

Hanpumep, komanzaa ff2n(3) obecneunBaeT BHBOA B KOMaHAHOE OKHO CEAYIO-
HIEro CHUCKA!

1

7]
]

Ll N — I~ ]
L — N — N ]
[ = — N — )

[Ipu BbIGOpE METOAA MIAHMPOBAHUA YACTUYHOTO (PAKTOPHOIO IKCIEPUMEHTA pas-
pabotunku MATLAB otaanu npeanourenue Tak HazsiBaeMbIM D-ONTHMATBHBIM N1~
Ham. D-onTuManbHbl IaH 061a%aeT TOH 0COOEHHOCTEIO, YTO OH 06ECTIeYMBAET MUHH-
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MU3aIMI0 B3aMMHOTO BJINAHNA (GaKTOPOB, YUaCTBYIOIIUX B 3KcnepuMenTe. B MATLAB
HpesycMOTPEHa BO3MOXKHOCTh FeHEepAllMi HECKOJIBKUX BapUaHTOB D-ONTUMANIbHOTO
TUTaHa, KOKIBIH U3 KOTOPBIX PEaIN3yeTcsi COOTBETCTBYIONeH M-byHKunei.

Mer paceMoTpum cnocob dhopMuposanus oaHoro u3 Biugos YD 3, npuBeneHHBIX B
HepBOH YacTH KHUTHU. Peun uaer o paHzoMusrpoBaHHOM IilaHe. Y X0Ts OH He rapaHTu-
pyeT BBICOKOH MH(MOPMATHBHOCTH IKCIEPUMEHTa, TeM He MeHee BO MHOTHX CAyYasx
Tako# BIJI [IJIAHUPOBAHH OKA3bIBAETCS BeChMa I0JIE3HBIM.

JL7st nostyyeHus paHIOMU3UPOBAHHOTO [JIaHA MOXKET ObITh UCIOTb30BaHA (DYHKIUKS
unidrnd, npexcransiolas coboi reneparop auckperaoii CB, paBHOMepHO pacnpenesneH-
Hoit Ha uATepBate [1; N]. B o061ieM ciiyuae 0Ha NCNIOIB3YETCS ¢ TPEMS TTAPaMETPAMM:

unidrmd(N, k, m),

rie N — BepXHsisl paHulla MHTEPBaJIa pacrpeaeeHns,

k, m — 3a/1a10T YHUCIIO CTPOK U CTONOIOB TeHEPUPYEMO# CTy4al HO M MATPHIIBL.

[Ipy renepanyy paHAOMU3HPOBAHHOTO IVIAHA 3TH BEJIMYUHLI MHTEPIPETUPYIOTCS
crenyoumuM 06pasom: :

N — uncio ypoBHeit GakTOpoB, yYacTBYOMKX B 3KchepHMenTe (T. €. Pe/IoIaraeT-
1, 4YTO BCe (haKTOPBI UMEIOT PABHOE YHCJIO YPOBHEH, paBHOe N);

k — BEIOpaHHOE TTOJIH30BATEIEM YUCJI0 HKCIIEPUMEHTOB ( PA3JIMYHbIX COYETAHUH yPOB-
Hell paKkToOpoB);

m — 4HCJIO (PaKTOPOB.

Hanpuwmep, BrinosnHenue komauab unidrmd(4, 5, 3) npuBoaut k OpMUPOBAHHIO Ta-
KOFO IJIaHA 9KCIIEPHMEHTA:

ns=
4 4 3
1 2 4
31 4
2 4 3
4 2 1

5.1.2. ObPABOTKA U AHAJIHS PE3YJABIATOB MOJEJINPOBAHIS

HartoMunM, 4TO B pe3yJIbTaTe [POBEAEHISA CEPUU MOJENTbHBIX IKCIIEPUMEHTOB HC-
CJIe[I0BaTe b OIYyYaeT COBOKYIHOCTD CTATUCTUYECKHUX HAHHBIX (BBIOOPKY), HA OCHO-
BaHHM KOTOPBIX C IIOMOIIbIO COOTBETCTBYIONIMX CTaTUCTUYECKHUX IPOLIEAYP MOTYT OBITH
[OJIYYeHBI OTBETHI HA CJIEAYIOUINE BOMPOCHL:

® 3aBUCHT JIH 3HaueHMe HabIoiaeMol epeMeHHOH (ToKasaTes a¢rheKTUBHOCTH )
OT TOTO MJIH HHOTO (PaKTOPa, 0TOOPAKEHHOTO B MOAENH (MK IPYNIIE PaKTOPOB);

® MO3KHO JIH OITUCATh CYLIEeCTBYIOUIVIO 3aBHCUMOCTbD C IIOMOIIBI0 HEKOTOPOTO aHa-
JINTHYECKOrO COOTHOIIEHUS;

256



® MOXKHO JIY CYUTATDh HabII04aeMyI0 IePEMEHHYIO CIyYailHOU BETHYHMHOM, pacnpe-
JIeJIEHHOH 110 HEKOTOPOMY 3aKOHY;

® JIMEET JIM MECTO B3aMMHOE BJIHSIHUE [iBYX MJIH 60siee (haKTOPOB.

Kpome Toro, Ha 9Tarie OlleHKH Ka4ecTBa pa3paboTaHHON MMHTAIIMOHHOI MOZIENTH aHAJIA3
TOJIyY€HHBIX PE3YJ/IBTaTOB [TO3BOJIAET ONPE/IETUTD, B KAKOH CrerneHn Mofieih 0b1aaer Tpe-
OyeMBIMH [eIEBBIMH CBOMCTBaMU (a€KBaTHOCTHIO, YCTONYMBOCTHIO, 9YBCTBUTE/IbHOCTBIO).

OrTBer Ha KaXAbli U3 3THX BOIPOCOB MOXKET ObITh [I0JIyYeH C IIOMOIIbI0 MHCTPYyMeH-
TOB CTaTHMCTUYECKOTO aHanu3a maketa MATLAB.

Hood6op napamempoe pacnpedenenus nabarodaemoii nepemennoi

[Toa6op (uu OUEHKa) TapaMeTPOB 3aKOHA PacNpeeseHus Habo1aeMol TepeMeH-
HOM, moXaiiyi, HanboJiee IIPOCTast ¢ MaTeMaTHIeCKOH TOYKH 3penust npouenypa. Oco-
6EHHO B TOM CJTyuae, eCJIU B PaCTIOPSKEeHNH HCCIENIOBATENA HMEIOTCS CPEICTBA BUYTH-
3alUU NTOJIyYEeHHBIX cTaTHCTHYecKuX AaHHEIX. MATLAB takue cpenctsa mpeioCTaBIIsIeT.

Jln15 peutenust HOCTaBJIEHHOM 3aja4y B 0011eM Cilydae HeOOXOAUMO BBITOIHUTD 1Ba
NEACTBUS:

® [IOCTPOUTDH THCTOTPAMMY OTHOCHTEIBHBIX YaCTOT HabIOaeMOIL [IEpEMERHOI;

* 1006patsh BUA PYHKIUY pacnpeleeHus, B HAUOObIIEH CTEIeHH OTBeYalouuii
MOJTY4eHHDIM 5KCIIEPHMMEHTAIbHEIM JaHHBIM.

MeToz1Ka OCTPOeH s ITMCTOrPAMMBI «BPYYHYIO» ObLTa TOAPOOHO onycaHa B paszierie 2.6,

ns nomyyenus Toro xe pesyastata B MATLAB nocratouHo BBeCTH ABE KOMaHJBL:

n = hist(y)

bar(n./length(y)).

IMepBas u3 HUX pa3brBaeT BeCh AUANa30H 3HAYEHUH HAbBIONaeMOM TepeMeHHON ¥
Ha 10 paBHEIX NHTEPBAJIOB ¥ 3AITUCHIBAET B MATPHILY 72 YUCJIO 3JIEMEHTOB, IIONAaBIINX B
KX IbIH MHTEPBAJL; IIpH HeoOXOAMMOCTH ANANA30H 3HAYEHUIN Y MOXKHO PasbUTh HA IPO-
M3BOJILHOE YHUCJIO HHTEPBAIOB M, BBes KoMaHy n=hist(y, m).

C noMoub10 BTOPOi KOMaH/bl BEIYHCISIETCS] OTHOCUTEILHAS YaCTOTa NIoNaJjaHuil B
Kaxbiit untepsan (length(y) — GyHKIMs BeIaMcAeHNs! 00beMa BLIGOPKH §) M BBIBO-
nutcst rpaduvecKoe INpeICTaBAeHIe IOTyYeHHON THCTOrpaMmbl (pHc. 5.2).

Jis1 noxbopa OAHOT0 U3 CTAHAAPTHLIX pacnpeesieniil, Hanboee 6IU3KOro K MOCT-
POEHHOM rMcTOrpamMMe, 1e1eco00pasHo BOCTIONb30BaTHCA KOMaHo0i disttool.

Tlpu ee BHIMOJHEHUM OTKPBIBAETCS AMAJIOTOBOE OKHO, 0OecTeYrBaroniee BHOOP 1
HACTPOMKY NMapaMeTpOB CTAHAAPTHBIX pacnpeaeieHult (puc. 5.3).

OKHO COAEPKUT CIAEAYIONINE 2TEMEHTDL

® 110J1€ BbIBOA rpaduika BeiOpanHoH GyHKuMU pacnpenenenus (cdf) uiam cooTBeT-
CTByIOUIEH IJIOTHOCTU pacnpenienenus sepoaTHocTH (pdf); B mose oTobpaskaercs Bu-
3up, 00eCcTednBAIONINI TOYHOE OIPEAETIeHIe 3HAYeHU KOOPAHHAT;

* BhIlIajialolllee MEHIO 171 BBIOOPa QYHKIMY pacipeneseHus;

e BrITajaloLIee MEHIO A8 Boibopa Tuna dyukuun (cdf < pdf);

® [10JI3YHKOBBIE DETYIATOPH A/ U3MEeHEeHUs 3HaYeHUi NapaMeTpoB paciipenese-
AU (KOJMYIECTBO PETYIATOPOB U UX 0003HAYEHH U3MEHSIOTCS B 3aBUCUMOCTH OT BUIA
paclpezneneHus);

9 3k 388 257



Puc. 5.2. [IpuMep ructorpaMMel OTHOCHTENBHBIX YACTOT, IOCTPOEHHOM ¢ Tomomsio MATLAB

® OKHa BBOJa/0TOOpaKEHUS 3HAUEHHH KOOPAHHAT TOYeK rpaduka u mapaMeTpoB
pacnpeneneHns.

JI71s1 OTBICKAHNS OAXOAALIET0 BUAA pacpeAeseHus cleAyeT YCTaHOBUTh THII Ipa-
duka pdf u, ucnons3ys cobCTBEHHbIE 3HAHMS 0COOEHHOCTEl Pa3IMYHEIX paclpesete-
Huit, BHOPATh TO U3 HUX, KOTOPOE, Ha Bal B3I, H0J1ee APYIUX MOX03Ke Ha THCTOTPaM-
MY OTHOCHTEJIbHBIX YaCTOT, HOCTPOEHHYIO 110 3KCIIePHMEHTAIBHBIM AaHHbIM. [1pH 5TOM
HeoOX0IMMO YYUTHIBATh, YTO BUA IPadyKa CyUIECTBEHHO 3aBIUCHT OT YHCJ/ICHHBIX 3Ha-
4eHu# napaMeTpoB HYHKIUN pacipeneieHusl.

B nepBoii yacT KHUTH yXke TOBOPHJIOCH O TOM, YTO BO MHOTHX CJIy4yasiX pacipesesie-
Hue Hab/moaeMoi niepeMeHHOI OKasbiBaeTCs GIM3KMM K HOpMaibHOMY. Ecimi rakoe nipex-
JIOXKEHHUE UMEET MECTO, TO €70 MOXKHO TIPOBEPUTD, UCIIOIb3Ys1 AOTIOTHHTE b HbIE CPERCTBA
MATLAB: byuxuus normplot(y) Bsioaut npobur- -rpadpMK pacrnpesiesieHus CIy4aiHoil
BEINYHMHH y (puc. 5.4).
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Puc. 5.3. [lnanoroBoe OKHO, UCNIO/b3yeMOe NP N0A00pe MapaMEeTPOR paclipefesieHui

YeM sydille SKCIEPHMEHTAIbHBIE AaHHble (0003HaueHbl Ha rpadyKe CHMBOIaMU
«+») COIJIacyI0TCs C HOpMAaJbHEIM paclpefesieHHeM, TeM Jyyile OHY alllPOKCUMUPY-
0TCS NPSIMOH JIHMEH.

Hponepxa CTaTHCTHUCCKHUX I'HIIOTE3

TTocne BU3yanbHOIO CpaBHEHUS SMIIMPHYECKOTO Paciipee/ieHus C TEOPETYECKUMH
BBl UMEETE TIOJIHOE NPaBO BHIABIHYTH COOTBETCTBYIOIYIO CTATUCTUYECKYTO TUITOTESY.

@yiikuus ztest obecriednBaeT TPOBEPKY THIIOTE3HI O TOM, YTO HaboaaeMas nepe-
MeHHas paclpezneieHa [10 HOpMAJIbHOMY 3aKOHY C MAaTeMATHIeCKUM OXKU/IaHHUEM, DaB-
HbIM M; BeJIMYMHA CPeAHEKBAPAaTH4YeCKOro oTKIoHeHus CB nosaraercs M3BeCTHOI.

@ yHKIUA MOXET BbIPabaThIBaTh OIHO U3 ABYX 3HAYEHHM:

0 — rumoTesy cjaexyeT NPHUHATS;

1 — runore3y cjaeayeT OTBEPTHYTh.
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Puc. 5.4. Tparueckuii anaans sKCePHMEHTATbHBIX AAHHBIX

B kavecTBe JONONHUTENbHOM HHGOpMannu GysKUms ztest GopMUpyeT BeTHUIUHY
SIG, xoTOpas OTpaxaeT CTeneHb 0CTOBEPHOCTH TunoTe3bl H : yveM MeHbie SIG, TeMm
6opire foBepus TunioTese H, .

AHaNTOTHYHYIO 3a1a4y MO3BOJISIET PEMIUTD U (HYHKIIA ttest; B OCHOBE ee PaboThl Jie-
AKHT pacyeT {-CTAaTHUCTHKY; B KAYeCcTBe JOHNOMHHTENbHON HadopManuu QyHKUUS ttest
BBIZIAET P-3HAYCHHE U BETMUMHY JIOBEPUTEIBHOTO HHTEPBAa. [IoHATHE «p-3HAYEHUE>
(p-value) wnpoko ucnoAb3yeTcs B 3apybeRKHOM TuTepaType 110 MaTeMaTHIecKol cTa-
THCTHKE ¥, COOTBETCTBEHHO, HAIJIO CBOE OTPAKEHHE IPAKTHIECKH BO BCEX TIPOTrPaMM-
HBIX [aKeTaX CTATUCTHYECKOTO aHAMM3a JAaHHbIX. P-3HadeH e mpeacTaBiseT cobol yc-
JIOBHYIO BEPOATHOCTDb TOTO, YTO UCIONb3YeMBIil CTATUCTUYECKU#A KPUTEPHil IpuMeT
HEKOTOPOE 3Ha4Y€HNUe B NIPEANON0KeHHH, 4To runoresa H, — sepua. Ecin p-3gavenne
OKa3bIBAaeTCsl MEHbIIIE YPOBHSA 3HAaYUMOCTH @, TO runoTesa H, oTsepraercs.

Ilycrp, HanpuMep, B TeUeHHE [BYX MeCALEB (MapTa H allpesis ) MPoHCXOAUIH Koje-.
Ganust eH Ha BHACOKAPTBI K KOMIIbIoTepaM. Yl B TOM, ¥ B APYroM MeCA1I€ IIEHDI PETHCT-
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PUPOBJIUCH 7 Pa3 1 OBLIH NOJTyY€eHH CIIeAYIOLIHE HAHHLIE:

mart = [16 22 14 25 18 25),
april = [18 25 14 28 20 23].

Tpebyetcst TPOBEPUTE THIIOTE3Y O TOM, UTO CPEAHSIA [jeHa B TEYEHHUE JBYX MECSIIEB
He U3MeHUIack. [List pellieHus OCTaBIeHHOH 3a/1a4¥ BHaya/le HeOOXOAMMO BEIYHCIIMTE
CPENHIOK HEHY 332 MAPT MECSIL:

¢ = mean(mart).

BennyuHy ¢ Hcnonb3yeM npy obpaiieHnu K GyHKIUY ttest (YpoBeHb 3HAYMMOCTH O
1o ymoryanuio paset 0.05):

[H, SIG] = ttest(april, c).

B pesyssrare paGoTbi GyHKUIH TOTydaeM:

H=0, SIG = 0,5815; 310 03HauaeT, YTO BBIABUHYTYIO TMIIOTE3Y CJAEAYET [PHHATD,
OJIHAKO CTEIEHD ee JOCTOBEPHOCTH He OYeHb BEJINKA. »

[paduyecKyio MHTEPIIPETALIMIO CTATHCTHYECKIX XaPAKTEPUCTUK ABYX BHIOOPOK (mart
u april) MOXHO NONYYUTH ¢ TOMoLIbI0 GyHKUKH barplot(y); napaMmeTp y NpeACTaBasAeT
co60it MaTpHLLy, CTONGIBI KOTOPOH COEPIKAT 3HAYEHUS HCCIIENYEMBIX BbIOOPOK.

Cpencma AHUCIIEPDCHOHHOTO aHAJIM3a NaHHBIX

B cocrase Statistics Toolbox nmetorcs aBe GyHKIMHY, obecnieynBaroIie TPOBEACHHE
oH0¢aKTOPHOro U ABYyX(daKTOPHOro AMCIIEPCUOHHOTO aHaiu3a: anova 1 u anoval. Ha-
3panme QYHKIIUI IpefcTaBiisieT coboil OOLENPUHATOE COKpallieH e AHTIOA3BIYHOO TEP-
muHa Analys of Variance (JTucnepcuonnsil ananus).

s npoBefeHuns 04HOMAKTOPHOTO IUCHEPCUOHHOIO aHANIM3a [OCTATOYHO BBECTH
KOoMaHmy anoval(y), e y — MaTpHUia, CoAepxKallas pe3yasraTel Habmogennit. Yucno
cTONGIOB MATPUIIB! IOJKHO OBITH PABHO YHCIY YPOBHeH (PaKTOpa, BIUSHHE KOTOPOTO
ouenuBaercsi. COOTBETCTBEHHO, 3JIEMEHTH KaXKOr0 CTOIOA IPeACTaBaAIoT coboii 3Ha-
genus HabaogaeMol nepeMeHHOM (ITokazartensa a3 hpekTUBHOCTH), HOMYYEHHBIE TIPU
JaHHOM ypPOBHe (hakTopa. '

BrinosigeHue QpyaKy anoval IPUBOAUT K OTKPHITUIO ABYX OKOH: IEPBOE U3 HUX
COREPKUT TabMMIY PE3yJILTATOB THCIEPCHOHHOIO aHalu3a, BTOpoe — HX rpaduiec-
KYIO MHTEPIIPETALHIO.

B kavecTBe MILTIOCTPALIMYU IPUMeHEeHUsT QYHKINUN anova BEPHEMCS K IPUMEPY C
aHaIM30M lieH Ha BugeokapTsl. [Ipearnosnoxnym, 4To B KayecTBe HCCaenyeMoro ¢hakTopa
BBICTYIIA€T CPelHeMecsIYHas TeMIlepaTypa BO3/[yXa t; B MapTe OHa UMEET YPOBEHb <1,
B alpesie YPOBEHD «2»; TOr4a BEKTOPHI mart U april MOXHO paccMaTpUBaTh KaK 3HaUe-
HU LIeHbl, IOJIyYeHHbIe 171 ABYX YPoBHeH (akTopa ¢. [unoresa H, cOCTOMT B TOM, 4TO
IIeHa He 3aBUCHUT OT TEMIIEPATYPH! BO3/yXa .

O6beruHUB BEKTOPDL mart v april B OHY MATPHILY ¥ U BBITIOJIHUB KoMaHy anova 1(y),
[OJIyYMM Ha 3KpaHe [[Ba OKHA, YIIOMAHYTHIE paHee (pHC. 5.5).
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Puc. 5.5. Pesynsrar BHNOAHEHUS KOMaHAb! anova 1

B rabnnue ANOVA Table npenctasrens: cefyolie BeTNYHHbL

S§S — cymMMa kBagparos;

df — ancno creneneii csobonnl (degrees of freedom);

MS — cpenuuii kBanpar (SS/df);

F — 3nauenne F-CTaTUCTUKML.

Ha ocHoBaHuM cpaBHEHMs BHIYUCIEHHOTO 3Ha4eHUs F-CTaTHCTUKU ¢ KPUTHYECKHM
(B3ATHIM U3 CIIPABOYHNKA), MOKHO CAICJIATh BLIBOJ O TOM, UTO rHIOTe3y H, ciexyeT npu-
HATD, T. €. CTOUMOCTb BHAEOKAPT AEHCTBUTEILHO HE 3aBHCHT OT TEMIIEPATYPhI BO3/yXa.

Cpezxcma KOPPEJAIHOHHOTO H pErpeCCHOHHOTO aHAJIH3a

Kak BrI, BeposTHO, TOMHHTe, NIPOLEAyPa KOPPENALMOHHOTO AHANM3a HAYHHAETCS C
HNOCTPOEHHS AMArPaMMbl paccessHUS, TO3BOJISAIOMEH OTpasuTh o6l XapaKTep 3aBU-
CUMOCTH HabJII0aeMOH NePEMEHHOM OT MCCIeNyeMoro (hbaKTopa.

Ipu pabore c MATLAB auarpamMmy paccesHUS MOXKHO ITOJIYHTb, HCIIOIb30BAB dyH-
kuuio plot(x, y). Utobs! BEIBoAMMBIA rpadHK BHIIAET KAK COBOKYITHOCTD He CB3aHHBIX
Mex Ty co60#i Touek, CileyeT 3aaTh JONOHUTE/ILHBII TapaMeTp gopmam, KOTOpBIY Ipes-
CTaBJA€eT COOOH MOC/IEN0BATENBHOCTD CIIEUMAIBHBIX CMBOJIOB, 3aK/TIOYeHHBIX B allOCT-
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Puc. 5.6.[JnarpamMma paccesinusi, OMy4eHHas C HOMOIIbIO koMaHxs! plot

poder. IlepBriii cMMBOJ yKa3bIBaeT IIBET BHIBOAA TOYEK, BTOPOU — CMOCo6 MX mpeAcTaB-
nenns. Hanpumep, popmat ‘g+’ 03HavaeT, 4T0 3HAYEHHA NEPEMEHHOM i GyAyT npesicTas-
JieHb! Ha rpahuKe B BUAE CUMBOJIOB «+» 3€JIEHOTO 1{BeTa (g — OT aHIJIMHCKOTO green).

Peanyzaimio nponeaypsl KOPPe/slMOHHOTO ¥ PErPECCHOHHOTO aHANM3a CPEICTBAMH
MATLAB paccmoTtpum Ha poHe HeOHOKPATHO HCTIOIb30BaBiIerocs B [1ase 4 mpumepa Mo-
AenpoBanus paboTsl xkecTKux auckos (HD). Habmozxaemoii mepemeHHoii aisercs koad-
¢uument ncnosb3osanus gucka (K), a uccnenyemsmm axropom — aymvaa coobmenus (f).

Hlaz 1 — nocTpoeHNe AUATPAMMBI PACCEAHU:

plot (I, K, ‘gt’); pe3ynbrar okasaH Ha puc. 5.6.

[JluarpamMma paccesHus TOBOPHT 0 TOM, uto Mexxay K u [ cymectyer muHeliHas 3a-
BUCHMOCTb.

Illaz 2 — BBIYHCIECHUE YUCTIEHHOTO 3HaYeH s kK03 puLHeHTa KOPpesSIHu:

corrcoef(x), TRe X — MaTPHIia, CTOIOLBI KOTOPOH cogepXkar 3HadeHus peanynH K u /;
AJ15 PacCMAaTPHBAaEMOT0 IpUMepa KoaddHIMeHT Koppesuuy paseH 1.

Illaz 3. IlocTpoeHye perpecCHOHHON MOAENH; /ISl BHIIOJIHEHUS 3TOTO ara yAo6-
Hee BCETO BOCMO/Ib30BaThCsl KoMaHnol polytool(l, K); oHa cosnaer guanorosoe rpadu-
4eCcKOe OKHO, C MTOMOIbIO KOTOPOTO MOKHO OLIeHHTD U IIPH HEOOXOAMMOCTH CKOPPEK-
THUPOBATH [OIYYEHHYIO PETPECCHOHHYIO MOJIEb.
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Puc. 5.7. lnanorosoe 0KHO A5 HOCTPOEHUS PErPECCHOHHON MOAEH

OKHO coepAT CenyIouye d1eMenTr (puc. 5.7):

® nosie OTOGPAXKEHHs! JAHHBIX M rPahUKa PErpecCHOHHO MOIEAH; OHO COAEPKUT
BM3UP, € OMOIIb KOTOPOTO 711 33/[aHHOTO 3HAYEHMs HE3aBUCUMOHN NepeMeHHON Mo-
XKeT OBITh TOJIyYeHO «IIPOrHO3UPYEMOe» 3HaUeHHe 3aBMCHMOI TlepeMeHHOI; eC/IH 1o~
CTPOEHHAs PerPecCHOHHAsA MOJIEb HE OYeHb TOYHA, TO 3AeCh Xe JAOTOIHUTENBHO OTO-
OpakaloTcs TpaHULE IOBEPUTENHHOIO WHTEpBasa, XapaKTEPH3YIOUEr0 TOYHOCTD
Mozeu (TaKas CUTYallusa oKasaHa Ha puc. 5.8);

® 110J1e BRIGOPA CTEIIeHH TOJIITHOMA [/ ypasHenus perpeccun (Degree);

® 110Jie BBIBOJIA/YCTAaHOBKU 3unadenuilt Hesasucumoil (X Values) u saBucumoit
(Y Values) nepeMeHHBIX;

® 110Jie BBIBOAA YHUCTEHHOTO 3HAYEHUsI INUPUHBI JOBEPHTEIBHOTO HHTEPBAJIA;

® prInajfaolee MeHo Fxport il BeI6opa BEJIMYUH, KOTOPbie OYAYT COXpaHeHH B
paboueii obmactu MATLAB:

Parameters — napaMeTpsl perpecCHOHHON MOZENH;

Prediction — «porso3upyemMoes 3HaYeHHe 3aBUCUMOL TepeMeHHO;

Residuals — «ocTaTKi», XapakTepH3YIOIHI TOYHOCTh MOJIENIH;

All — coxpanenne BCeX BEAUYNH, 0TOOPaKaeMbiX B OKHE,
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Figuse No. 1: Prediction Plot of Linear Mod

Puc. 5.8. OtobpaxeHyie B JHaJIOTOBOM OKHE JI0BEPUTENBHOIC MHTEPBALa

5.1.3. CO3JAHUE CLUEHAPUEB AHAJIVI3A IAHHBIX

Jwobas pyHxums, BXoAsmas B cocras Statistics Toolbox, moxer GpITh BKAOYEHA B
cocTaB S-Mozenu nocpeAcTBoM ucnonb3osanis 6;10xka MATLAB Fen. B kauecrse mpu-
Mepa TaKoro MoAX0Aa MOXKHO IIPUBECTU IPUMEHEHNe FeHePAaTOPOB CAyYaiiHbIX Belu-
Y{H, paclpefe/eHHBIX 110 33JaHHOMY 3aKOHY.

Onnaxo noTpeGHOCTH BO MHOTUX CTATHCTHYECKHX (DYHKIUAX MOABIAETCA TOCIE TOTO,
KaK MOZIEJIMPOBAHUe 3aBeplileHo (MK, 10 KpaiiHeil Mepe, TpHocTaHoBReHO ). [Tpuvem mpu
pabote ¢ OHO ¥ TOU ke MOZIENBIO, KAK IPABUJIO, TIPUXOAUTCA BHIIOMHATD OHY U TY XK€
HOC/IEOBATENBLHOCTD CTATUCTUYECKUX ITpoLtenyp. [ pyrumMi ciioBamMu, 06paboTKa 1 aHAIS
Pe3yJIETaTOB MOAEIHPOBAHHsA POBOAUTCS IO HEKOTOPOMY YCTOSIBIIEMYCS «ClieHapuio». B
CBSI3U C 9TUM YMECTHO HATIOMHUTB, 4T0 Jt06as pyHkuns MATLAB npeacrasaser coboii
M-daiisn, To ectb IporpaMmy Ha sg3bike MATLAB. Hconbays oneparopbl 3TOro si3slka u
nmeromrecst M-bYHKIINH, MOXKHO ONIMCATh CKOJIb YTOHO CIIOKHYIO MPoLenypy o0paboTKu
MAHHBIX U UCTIOTHATD €€ BCSKME Pas, KOT/a B 9TOM BO3HUKAET HEOOXOIUMOCTD.

B 3aBUCHMOCTH OT YPOBHS CJIOKHOCTH peliaeMolt 3ajadit, CTETNEHHN [OATOTOB-
JIEHHOCTH B 061aCTH NPOrpaMMUPOBAaHUA U, BO3MOXKHO, IPYTHX (GaKTOPOB, I10Ib30-
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BaTeJIO NPEIOCTABSETCS MPaBo BHIOPaTh OAUH U3 BYX BAPUAHTOB IOCTPOEHUSs
M-¢aiina:

* B Buje M-cueHapus;

¢ B Bujle M- yHKINN.

Mexay HUMY CymIECTBYET OJJHO OCHOBHOE OTJIHYHE:

M-cueHapuil He ©MeeT BXOAHBIX MapaMeTpoB (apIyMEHTOB); BMECTE C TeM, BXOJ-
e B Hero M-(yHKIMM MOIYT ONEpPUPOBATH C JaHHBIMH, HAXOAAIIMMHUCS B paboueil
obnactu MATLAB.

BaxHbIM ZOCTOMHCTBOM M-clieHapHeB ABJSETCA TO, YTO HX pa3paboTKa M HCIOJIb-
30BaHHE IPaKTHYECKHU He TpeGyeT 3HaHUI M HaBBIKOB B 00,1aCTH IPOrPaMMHUPOBAHHU, B
ToM 4ncie 1 Ha A3sike MATLAB. TloaTomy Mb1 orpas#4MMCst ONMCAHMEM TEXHOJIOTUH
CO3JIaHMs HMeHHO 9T0r0 Bia M-¢aitsnos.

OCHOBHBIM CpeACTBOM pa3paboTky kak M-cuenapues, Tak 1 M-byHKuui sBseTcs
Pedaxmop/Omaacuux MATLAB — Editor/ Debugger, X0TA 1151 9THX Lenell MoXeT ObiTh
MCIOJIb30BaH M0G0 TEKCTOBLIH pegakTop.

HecoMuennsm foctoutcteoM Pedaxmopa/ Omnaduuxa ABIAeETCA HATHYHe BeChbMa pas-
BHTHIX (B TOM yuce rpadHIecKiX) HHCTPYMEHTOB OT/IAZKY co3aaBaeMbIx M-daitnos.

I 3anycka Pedaxmopa/Omnaduuxa MOXHO HCTIONb30BATD!

o xomanny New— M-file ua pasnena File komananoro okHa MATLAB (ecu cosna-
eTcs HOBhIN M-aiin);

® xomanny Open 13 TOTO e pasjiesia (eCIM Bbl XOTHTE BHIIOJHUTD PEAaKTHPOBaHHE
M OTJIAZKY cymecTByromero M-daitna);

® KOMaHAY edit<umsa ¢paiina>, BBed ee HEMOCPEACTBEHHO B KOMaHJHOM OKHe
MATLAB; ecnn nognexamuit peyakTHpoBaHUIO (ailj He HAXOAUTCS B AKTUBHOM 1~
PEKTOPHH, TO CJIEAYET YKa3aTh MOAHBIN MyTH AOCTYMA; IPU BBOJAE KOMAHLH edit Ge3
ykasaHus nMeHu aiina Pedaxmop/Omaaduux aBTOMaTHYECKH CO31aeT HOBBIH (1yc-
Toi1) daiin.

Sameuanue: xomanzna Open... NO3BOJSNET OTKPLIBATL TOJNBKO (HallsIbl ABYX THIOB —
M-aitner u mdl-aiisnsl, ¢ moMOILBIO Xe KoMaHbI edit MOKHO OTKPHIBaTh (ailsibl pak-
THYECKH 0600 TUIIA, B TOM YHCJIe TEKCTOBbIE, CO3aHHBIe, HATPUMeP, C TOMOLIBIO TeK-
CTOBOTO pefakTopa broxxom.

Juaorosoe okHO Pedaxmopa/Omaaduuxa COLePUT Clefyionme anemMenTsl (puc. 5.9):

1. MeHr0 nonb30BaTeNIs, COCTOSIIIEE U3 PA3AETIOB:

¢ Edit — xoManZbl pEAAKTHPOBAHU TEKCTA, a TaKKe KOMaHAbI IOMCKA;

¢ View — xomauan usmenenus popmarta okna Pedaxmopa/Omaaduuxa u yCTaHOB-
KH IapaMeTPOB ero paboTh;

® Debug — KOMaHZbl yIPABIECHUS IPOLECCOM OTIAAKH;

® Window — xomaHAH pa3MeuleHNs OKOH PeIaKTUPYEMBIX, HailioB;

¢ Help — BoiBox undopManuu o Pedaxmope/Omaaduuxe (HoMep BepCHH, NaTa CO-
30AHUS U T. I.); '

2. MHCTpYMeHTATIbHAS TIaHe b, HA KOTOPYIO BhIBEACHBI HKOHKH OCHOBHBIX KOMaH[
¥13 PA3JIMYHbIX PA3AETOB MEHIO,
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_MATLAB Edit

Puc. 5.9. Juanorosoe okHo Pedaxmopa/Omaaduuxa

3. OkHo BbIDAJatOLIETO MeHIO Stack, obecnieyrBalouiee BRIOOP MPOCMATPUBaEMOi
06MaCTH TaMATY;

4 . Pabouee none Pedaxmopa/Omaaduuxa, B KOTOpoM 0TOGPaXaeTcst He TOMbKO TEKCT
pemaxTHpyeMoro daiisa, Ho 1 rpadrdeckiie CHMBOJIBI, TO3BOJIAIOLINE CIEAUTD 3a IIPO-
1IeCCOM OTJIA/KM;

5. CTpoxa cOCTOSHU, B KOTOPOU BHIBOAATCA: HHGOPMALH 0 COCTOAHUN Pedaxmo-
pa/Omaaduuxa; IOACHEHHSA K KOMaH/1aM MEHIO; HOMeP PeaKTHPYeMO# CTPOKH; acTpo-
HOMMYECKOe BpeMs.

IlockonpKy KPYyT HAIIMX MHTEPECOB OTPAHUYHBAETCS TOJBKO CO3/laHneM M-ciieHa-

' pHEB, TO B IaHHOM NOZAPa3ze/ie GyAyT ONUCAHBI IUIIb OTHOCAIIMECS K 9TOH 3anade GyH-
KIIMOHATbHBIE BO3MOXHOCTH Pedaxmopa/Omaaduuxa.

TIpexze Bcero HeoOXOAMMO NOACHUTD Ha3HAYEHHE OCHOBHBIX KOMaH[ yNipaBieHus

[POLIECCOM OTIAJKH, IPEACTABICHHBIX HA MHCTPYMEHTATbHOMU naneau (puc. 5.10):

1 2 3 4 5 6

Puc. 5.10. [TuxTOorpaMMsl KOMaHA YAPaBJIEHUS OTNAAKOM
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1. Set/Clear Breakpoint — ycTanoBUTb/yOPaTh KOHTPOJIBHYIO TOYKY;

2. Clear All Breakpoints — ybpath Bce yCTaHOBJIEHHbIE KOHTPOJIbHBIE TOUKH;

3. Step In — BHINOMHUTD TEKYMYIO CTPOKYy M-daiina, u ecsiu 0Ha cOnEPKUT BHI30B
(YHKHMY, TO 3arpysuTs ee;

4. Single Step — BHINONHUTH TeKyWYIO CTPOKY M-daitna;

5. Continue — IPOACIUKUTH BHIIONHeHWE M-(daiiia, 1oKka OH He 33KOHYUTCA, TUO0
TI0KA He BCTPETUTCS OYePe/iHas KOHTPOAbHAA TOUKE;

6. Quit Debug — BBINTH 13 pesKUMa OTAAJKH.

TlopsAOK KCTIO/Ib30BaHNS IEPEYHCIIEHHBIX KOMAH/I pPaCCMOTPHM Ha IPUMEpE CO3aHMs U
OTJIANIKY ClieHapHsA, 06eCIEYHBAIONIETO HOCTPOEHHE THCTOIPAMMBI OTHOCHTE/TBHMIX YACTOT.

HanomuuM, yto M-clieHapuit — aTo nocaenoBaTenbHOCTh KoMang MATLAB; npu
HEeoOXOMMOCTH OHA MOKET OBITH AOTIOHEHA TEKCTOBBIM KOMMEHTapueM (TIPOU3BOJIb-
HBIH TEKCT, HAYMHAIUHCA ¢ CHMBOJIA ‘%6 ).

[ns yay4urenns BU3yasbHOIo BOCIPHATHS TekcTa M-aitna pa3iMyHbie ero KOM-
HIOHEHTHI UMeIOT B okHe Pedaxmopa/Omaaduuxa pa3Hbiii LBeT:

KOMMEHTapHI — 3€JIeHbIH;

xiouessie crosa MATLAB — cunnii;

OCTaJIbHbIE KOHCTPYKUHHY — YEDHBIH.

Yto6bt 3anpeTUTh AyOJIHPOBaHIE HCTIOIHIEMbIX KOMaH] ClieHapus B KOMAHAHOM
oke MATLAB, cienyer Ha4ath ero ¢ KOMaHIu echo off.

B yuebHbIX 1e/1X rucrorpamMmmy 6yzeM CTPOUTS /1 BEKTOPA ¥, CO3/IaHKEe KOTOPOTo
BKJIIOUEHO B 3TOT K& M-clleHapuil; IOTIOTHUTEIFHO PACCYMTAEM CPeIHee 3HaYeHHE JJ1e-
MEHTOB BEKTOPA Y.

C yueTOM BHeCEHHBIX AOTIOJIHEHUH TekCcT M-cueHapus 6yeT BhILIAAETh IPHMEPHO
TaK, KaK TI0Ka3aHo Ha puc. 5.11.

TRHSEME HOCTROSHNA RO RSN
L OUTHOCIODE AR HE  HACTOT

yv=[1 234567876789 49];
n=hist {vy):

bar({n./length(v)):

H=mean{y)

Puc. 5.11. Tekct M-cuienapus
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CoXxpaHuM ero Ha JucKe 104 uMeHeM My Hist; ¢ 3Toro MOMeHTa OHO CTaHOBHTCS KO-
MaH0M, KOTOPYIO MOXKHO BBOAUTD B KOManaHoM okHe MATLAB.

OTN2AKY CO3/aRHOTO ClieHapHsT HAYHEM C YCTaHOBKY KOHTPONbHBIX TOUEK; TyCTDh
ux OyJeT ABe: B 4eTBePTOl cTpoKe (n=hist(y)) u B mectoit (M=mean(y)). Utobsl ycra-
uosuthk KT, 10CTaTOYHO MTOMECTHTD KYPCOP B TPeOyeMYIO CTPOKY U «HaXKaTh» COOTBET-
CTBYIOULYIO KHOTIKY Ha HHCTpyMeHTanbHON nanenu. KT otobpaxkarorcs s BUIe KpyI-
HBbIX KPACHDIX TOYeK CjIeBa 0T BBIOPaHHOH cTpoku (puc. 5.12).

EOTHOO TS AL HEY

{ v=[12345¢67
@ n=hist(y);

‘ bar(n./length(¥y)):
@ M=mean(y)

Puc. 5.12. PaccTaHOBKA KOHTPOJIBHEIX TOUEK

O6paTuTe BHUMAaHUE: TIOKA JOCTYITHBI TOJIBKO JIBE IIEPBBIE M3 NIeCTH KOMAH/ YIpaB-
JIEHHS OTJaKOH.

Yro6bl IEPEUTH B PEKHM OTIAAKH, HEOGXOAUMO BBECTH B KOMaHAHOM OKHE KO-
Mangy MyHist; B pesynbraTe OTJIAfYMK 3alycKkaeT M-clieHapHil, BLITOJIHSET €ro A0
nepsoit KT u nepexonut B pexkuM Pause; Ipu 5TOM B OKHe OTJIaJuuKa IPOUCXONAT
caepyionye usMerenus (puc. 5.13):

® B CTPOKE, conep:xauieir iepsyio KT, nosasiercs xentas crpenka, ykasbiBaoas
MECTO IIPEPHIBAHUS;

® CTAHOBSATCS NOCTYITHBI BCE KOMAH/b YIPaBIeHHA IPOUECCOM OTIAAKY;

® CTaHOBUTCS JOCTYIIHEIM MEHIO Stack; 0MO COepsKUT ABa MYHKTA:

1. myhist — ims paboueir obmactu M-cuenapus;

2. Base Workspace — ums ocHOBHO# paboueit o6mact MATLAB;

3amenanue: 15 Bcex M-clieHapueB MX JioKaibHast paboyast 061acTb COBIIAJIAET ¢
paboueit obmactsio MATLAB (8 otainunte ot M-y HKumii).

B ofuieM caydae BhGpantas B MeHio Stack pa6odas 0b1actb onpenesaseT CnucoK
niepeMEHHBIX, KOTOPBIE JOCTYTHBI /I3 TPOcMOTpa. YToObI HOyYUTh 3HaYeHHE HHTEPe-
cywouel nepeMeHHoH, HeoOX0MMO BRLIETUTh MBIHIBIO €e UM B Texcte M-¢aiina u B
pasnese View Buibpars komatny Evaluate Selection (Bowucaums ewibpannoe). 3Have-
HUe COOTBETCTBYIONIEN TTepeMeHHOU BoIBOAUTCS B KOMaHIHOM okie MATLAB.
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MATLAB E ditor/Debugger - [D-\GAKAMATLAB\MyHist m]

Y oReHApH TOTTRORHNA NMOTONPEMIIE
5 OTHOCHTENLHENY HECTOT
yv={1 23 49567876789 409]:
@On=hist (y): ‘
bar (n./length(y)):;
® MN=nean(y)

Puc. 5.13. CocTosiHHe AUAJIOTOBOTO OKHA B PEXXUME OTJIaAKH

ITocnenoBaTenbHbI} aHAIN3 3HAYEHMIA TIEPEMEHHBIX TO3BOJISIET BBIsIBJISATD JJOTHYEC-
Kue OuKMOKH, AONyL{eHHbIE TP pa3paboTke M-¢aitnoB. CUHTaKCHYECKHE XKe OUINOKY
(HenpaBUIIBHYIO 3aIIMCh KOHCTPYKUMiA a3bika MATLAB) oT/1aq4Kk o6HapyX1BaeT caMm
ellle 10 BKJIIOYeHHs pexxuMa otnaaku. [lonpobyiite, HanpuMep, 106aBUTH B 4-1 CTPOKe
JIVIIHIO CKOOKY ¥ Tocse 91oro yeTanosuth B et KT. Otnanunk sabnokupyer yeta-
HoBKy KT u Boiact iuarnocruveckoe coobiieHue.

B 3axsi04eHye pacCMOTPHM PaboTy oTnamuuka B pexkxume Step In, KOTopslit 103BO-
JISET «3arJISHYTh BHYTPb» M-(YHKINH, UCII0/Nb3yeMO# B COCTAaBJIEHHOM CLIEHaPUH.

Inst aroro B 5-0it CTpoKe 3aMeHUM BeKTOpHOE AejeHue (./) cxanspHeM (/) u
ycrasoBuM B Heiit KT. BHeceHHOe H3MeHEHMeE J0JIKHO IPUBECTH K oltnbke B paboTe
byukuuu bar. Ytobs1 poBepuTh «6ANTENLHOCTE> Omaaduuxa, BBEAUTE B KOMaH/-
HOM OKHe KoMaHAy MyHist, a nocne ocranosa Ha KT Bribepure onuuio Step In. Ot-
JIalYMK HE TONbKO OOHApYXUT OWMOKY, HO U yKaxeT CTPOKY B (pyHKuum bar, rae
ona npounsouiaa (puc. 5.14). ‘

ITocne Toro, kak M-cuenapuit (nn M-¢yHKIMA ) OT/Ia%eH, OH MOXeT OBITh COXPaHEH He
TONBKO Kak M-(baiin, HO 1 B Bu/Ie TaK Ha3bIBaeMOTO ncegdo-xo0a (P-code) ¢ moMombio Ko-
MaHbl pcode<umsa patina>. P-aiinsl He noABEPraOTCs TOBTOPHOMY CHHTAKCHYECKOMY
aHAIN3Y ITPH UX HCIIOIB30BaHUH, 4TO II03BOJIAET HOBBICUTb CKOPOCTD UX BHIIIOTHEHH.

5.2. PABOTA B MACTEPCKOW PEAJIbHOTO BPEMEHU

Macmepcxas Peanvtiozo Bpemenu (Real-Time Workshop — RTW) — 310 uHCTpY-
MeHTaJIbHbIE CPEJCTBa Pa3pabOTKH IPOrPaMMHOr0 obecriedeHus 151 CAMOTO IIHPOKO-
ro KJ1acca aniapaTHbIX CPEICTB, PabOTaIOUHX B peaTbHOM MaciITabe BpeMeHH: JaTyu-
KOB, KOHTDOJIJIEPOB, CUCTEM aBTOMATHYECKOTO YIPaBJIeHNs U PEryINPOBAHUA U T. X.
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MATLAB E ditor/Debugger

3-9~-35 W3un.
By The Math¥orks, Ino.
$hare: 1R297/04/08 06:44:119

error (nargechk(1l, 4, nargin) ) ;

[msg,X,¥,X%X,¥y, linetype, plottype,barwidth, equal] =

Puc. 5.14. Pabota Otaagumka B pexxnme Step In

OcHoBHBIMA GYHKIHOHAABHBIMH BO3MOXKXHOCTIMH RTW asasiorca:

® cr10cOBHOCTL TEHEPUPOBATH MPOrpaMMHLIN KoA U3 1060 GI0K-IHarpaMMbl
SIMULINK ¢ pMKCHPOBaHHBIM LIAroM U3MeHeH s MoJieIbHOTO Bpemenu (Fixed-step);

® LCIO0/Ab30BAHKE PACIIUPAEMON OHOMHOTEKU APaiiBEPOB YCTPOUCTS;

® aBTOMaTHYECKHH 1 IOJIHOCTHIO HACTPAUBaeMbIit Npollece pa3paboOTKH MPOrpaMm-
HOTro 06eCcedeHNST;

¢ 06beaHHEHHE KOMIIOHEHTOB, PabOTAIOIHX IO YIPaBIeHHEM Pa3INdHbIX Ollepa-
HHUOHHBIX CHCTEM;

e redepaliust TIPOTPAMMHOIO KO/Ia TIPAKTHYECKH JJist TI0OOro KOMITUIATOPA SI3bIKa
C, B Tom uvicae Microsoft Visual C/C++, Watcom C/C++ u UNIX-Bepcuit.

O6uias cxeMa CO3TaHUs IPUIOKEHHH ¢ moMonibio RTW nmokasaHa sa mpuBOLHMOM
Hixe pucyuke (puc. 5.15).

IMosicanM ocHOBHDIE KOMIIOHEHTH RTW 1 0co0eHHOCTY NX PUMEHEHNA.

Ha nepsom mare ¢ nomouibio yrusiutsl Build dopmupyercs onucaunne 610k-auar-
pammsr B popmare ASCIL. D1o onucanue ucnonb3yercs: Kak NPOMEXYTOYHOE IIpes-
CTap/ieHne OI0K-AMArPaMMBbI H COAEPKUT, B YaCTHOCTH, TAKKE CBEJIEHNs, KAK 3HaUeHus
NapaMeTPOB MOZEJH, Pa3MEPHOCTb BEKTOPHBIX CUTHAJIOB, AUCKPETHOCTh U3MEHEHHUS MO-
IeJIbHOTO BpeMeHH U T. IL; JlaHHast MHGOPMAIHSI COXPAHSAETCA B s13bIKOBO-HE3aBHCH-
MoM (popmarte B (ailie ¢ pacIIIPEHNEM .Ttw.
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— — — —
C-MEX-dainn, -

MATLAB > SIMULINK copepXatlmi
S-dyHKuMIO
model.md! (6nok-puarpamma)
A
RTW KomnoHeHTa
RTW-build
{ model.riw
y
TLC-nporpamma:
® CUCTEMHbIN daitn -,'S:r“ég? nATOP
* daiinsl 6nokos —»| Language
* 6ubnunotexa dyHkumin TLC Compiler
(TLC)
model.c
model.h
model.prm
model.reg
v model.mk
®daiin wabnoHa KoMmnoHeHTa
system.tmf - » make
model.mk

3arpyska nporpaMMHOro Koga 8 Lienesoe annaparHoe obecneyenue

3anyck Ha ncnonHeHue COBMeCTHo ¢ paboToi
SIMULINK B pexume External

—

— e— m— m— e— e

Puc.5.15. O6mas cxeMa co3zaHus IPOrpaMMHOIO Kojla ¢ moMolnsio RTW
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Ha cnenyromiem ware xkomnuisatop TLC (xomnunsamop o6sexmnozo a3vixa) YynTaeT
rtw-¢aiin u ¢ nomoupio 7LC-nporpaMmbl, KOTOpas NPeACTaBiseT cofol Habop «nene-
BbIX (haitnios»> (Gbaiinos ¢ paciupenviem .tle), coanaer onucanue S-mozxenu Ha s3pike C.

TLC-nporpamMMa ornpegesiser, KakuM 06pa3oM B3 ITPOMEKyTOYHOO NMPEACTABICHHSA
6510k~ iuarpamMmsbt 6yaet chopMUPOBaH <lieseBoit Kog». OHa COMEPIKUT:

® «TOYKY BXOZAa» B IIPOTPaMMYy, TaK Ha3bIBAEMbLil [VIaBHBIH (Daiiji, KOTOPEHIN B AaH-
HOM CJIyiae UMEHYETCS CUCMmeMHbIM Uenesbim aiinom (system target file);

® Habop 6ubanoTeunbx GyHKIui, kKoTopsle TLC-MporpaMma HCIob3yeT NPU npe-
obpasoBatnu rtw-haiia B reHepUPYEMBIN KO,

® Ha6op 1es1eBBIX (aiinoB 6I0KOB, KOTOPbIE ONPEAENSIOT, KAKIM 00pa3oM Kaxk/Iblii
610K S-Momenu Oyzet npeoOpa3oBaH B LENEBOI KOII.

KommunsTtop TLC cosgaer Ha ocHOBe ucxonuoit S-mozxenu 4 daiina:

model.c — daiin «rouku BXoK2> B MpOrpaMmy;

model.h — «3aronoBouHbIN» (hails1, KOTOPbII OIMCHIBAET CBA3M MEXKTY GJI0KaMHU MOZEII;

model.prm — ¢aiin napamerpos 610K0B S-MoxeNH;

model.reg — daiin onucanus napamMeTpoB MOEILHOTO BpEMEHH S-Mozes.

Yrunura Make ucnonbayercst 471st CO3MaHMs MPOTPAMMHOTO KOZIa, BHITIOIHAEMOTO
B peasbHOM BpeMeny. OHa IPOU3BOAUT KOMITUJIALHMIO U CBA3bIBAHUE (<«TMHKOBKY» )
HepevYrCIeHHbIX Bhilile (haityioB B GOPMHUPYET TaK HA3BIBAEMBIN UCHOTHAEMBIN daiin
(c pacuiupenuneM .exe). Ilpexapurensso yrunura Make coszder Ha ocHose ¢aiina
wabnona system.tmf o6sextHsiil daiin system.mk. [Tons3oBaTens MOXKET ynpaByaTh
paboToit yruants Make, Monudunrpys ncxoaasiii abI0H 10 CBOEMY YCMOTPEHHIO.
Nmeromuecs B coctaBe RTW daitsist imab10HOB miepevncieHb! B IpUBEAEHHON HUXe
tabaule,

Tabnauua 5.1.
1lTa6.10Hb1 71 CO3aHMs IPOrPAMMHOTO KOJa
OT0 NPOTPAMMHOTO . o
Tun cosnaBaeMKOHa porp Vcnomn3yeMpiit KOMIHAATOD Maijin mabnona
it KOZ peanbHOro .
Hcnonnsemsiit Ko pe MS Visual C/C++ grt_ve. tmf
Bpemenu ans PC -
i Jist KOJa PeaibHOTO )
Dait npoexTa 1 Aa p MS Visual C/C++ grt_msve. tmf
BpeMeHH -
J i AJILHOTO
WcnosssieMplii KOZ pe Watcom C grt_watct mf
Bpemen s PC -
. Jhoboii cranaaprusosaHHbiil (ANST)
TIporpaMMHBIil KO peasbHOIO o .
SDEMEHI UNIX C-KOMIMIATOP, NOJUIEPKHBAEMBII grt_unix.tmf
PeM A Bameit UNIX-cucremoit

Ha naunom arane K reHeEpHPYEeMOMY KOJLY A00aBISIOTCS KOAbL S-hyHKIMI, €C/TH OHH
cogepxarca B 610k-auarpamme SIMULINK.
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B yke BCTpeYAIuch ¢ MOHATHEM S-PYHKUHMM NPH 3HAKOMCTBE ¢ OMBIMOTEKOI
SIMULINK: B pasaene Nonlinear umeercs 650K, KOTOPHH Tak M Ha3bIBaeTCs —
S-function. Ceituac ymecTHO aTh 601 NOAPOOHOE IOSACHEHUE HTOTO MIOHSTHSL.

S-(pyHKIMA — HTO JOCTATOYHO CAMOCTOSITENBHASL IPOrPAMMa, ONUCHIBAIOIIAA [TOBEe-
Hile HEKOTOPOIt CHCTEMBI WU €€ OTAEAbHON KOMIOHEHTHL. S-(PYHKIUHA MOKeT ObITh HATTH-
caua Ha s3b1kax C, @opmpan unmn MATLAB. Ecym S-gyukips Hanucasa Ha st3bikax C v
Dopmpan, To OHa MPeABAPUTEIBHO KOMIMIHUPYeTCcs U Tpeobpasyercs B MEX-¢aitn. Otu
JIefiCTBUA BBIIOIHAET CHEUATbHAS YTHINTA MeX, BXOAANAasA B COCTaB UHTepeiica mpu-
KJazHbix nporpamm (Application Program Interface — AP1). Cosnaunniit MEX-daiin au-
HaMUYEeCKH CBA3BIBAETCS C APYTHME KOMIIOHEHTaMU MOJIEJH, KOT'ZIA 3TO He0BX0/MMO.

®opMa S-HyHKIUK ABAAETCS O4eHb 001IeH 1 TI03BOJISIET ONUCLIBATH HETPePhIBHbIE,
AMCKpeTHbIe H ruOpHaHble cucTeMbl. biarogaps sToMy nMpakTHuecky J00as S-Moaess
MOxeT ObITh MpesicTaBaeHa B Buze S-pyHKum.

Ipu cospannu IporpaMMHOTO Koza ¢ nomotsio RTW nenpsosaresns MoxeT Bbib-
path OMUH U3 ABYX COcOOOB BKIIOYEHUS B HETO S-OyHKIUM:

® HENOCPeNCTBEHHOE BHEJIPEHHE; B 3TOM CIydae S-(OYHKIIVMH IPHCBanBaeTcs Tvl inlining,

¢ ¢ momourbio MexanuaMa API (ucnonbayercs no yMosyaHuio).

Bei6op MeToAa BBIMOJIHAETCS € TIOMOINBI0 COOTBETCTBYOUIUX ONMUYE HACTPOUKHU
RTW, kotopsie OyAyT pacCMOTPEHBI HEMHOTO IIO3XKE.

Ho sepuemcs k nponeccy resepaunu RTW-kona. Coznanubiit yrunutoit Make uc-
HOJHAEMBLH TPOTPaMMHBLH KOJ{ MOKET OBITh 3arPyKeH B Te anriapaTHble CPeACTBa, A1
KOTOPBIX OH paspabatsiBasics; pu 3ariycke SIMULINK B pexxume External sBosmoxna
OKOHYaTeJbHasl HaCTPOUKA IaPAMETPOB CO3aHHOTO POTPaMMHOr0 obeciieueH st He-
HOCPENCTBEHHO B fpolecce ero paboTsl.

TaxoBa o6uas cxeMa ucmosib3osamusi Macrtepckoit PeassHoro Bpemenu.

Ternepb o6CcyAUM HEKOTOPbIE TEXHUYECKUE AeTanH, Oe3 3HaHUS KOTOpPbIX paboTa ¢
RTW Moxer BbI3BaTh 3aTPYAHEHHUSL.

[Ipex e BCero caenyer, BUANMO, YTOYHHUTb, YTO 1711 paboTtel ¢ RTW nannas komo-
HEHTa I0JIKHa OBITh BKIOUeHa B pab0o4yio koudurypaumio naketa MATLAB.

Ecav aTo BoITOAHEHO, TO BO Beex mdl-daiinax B MeHI0 nonb3oBaTens gobapnserca
ete onuH paszzen — Tools. Ou conepxur nBe koMauas! (puc. 5.16):

RTW Build — 3anyck yrunurst RTW Build,

RTW Options — ycranoska oruuii 1131 pabors ¢ RTW; npu Brifope 3Toit KoMaHp!
CTaHOBSATCSI ZOCTYMHbI iBA AMAIOrOBEIX OKHa — RTW u RTW External, conepxanine Heo6-
XOIHUMBbIE 37IeMEHTHI HacTpoiiku napamerpoB RTW. YkasaHHble OKHa peaTn30BaHbl B BHIE
JIONOTHUTETbHBIX BKJIAJ0K JUATOTOBOT0 OKHa Simulations parameters (puc. 5.1 7) u, creno-
BATEJILHO, MOTYT OBITH OTKPBITHI TAKoKe U3 paszena Simulation o komanze Parameters.

"Takoe coBMelIeHHE BHIOIHEHO He CIyYaliHo, IOCKOJbKY, IPUCTYas k pabote ¢ RTW,
HEeOOXOIMMO elile Pa3 IPOBEPHTH KOPPEKTHOCTh YCTAHOBKH IIAPAMETPOB MOJETUPOBAHHS

® HAYATbHOE M KOHEYHOEe 3HAYEeHUs BpEMEHH /1J1s1 HHTePBajia MOJIeIPOBAHUS;

® c110co6 U3MEHEHUST MOZIEIbHOTO BPEMeHH (LoJuKeH ObITh ycTaHoBieH Fixed-step);

® apamMeTpsl COXPAHEHHA Pe3YIETATOB MOAETHPOBaHUs B paboyeit obnactn MATLAB.
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]

Puc. 5.17. Bux nuanorosoro okua Simulation Parameters nipu ucnosnb3osanui RTW
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Mocnenuuii NyHKT TpeOyeT HEKOTOPOIo MOsACHEHH. JIe/10 B TOM, 9TO IIPH MCIIO/He-
HUU IIPOTPaMMHOTO KOAIa, co3/1aHHOro ¢ nomombio RTW, perucrpanus AaHHBIX BBINO-
HsleTCs TaK e, KaK IIpH HCTIOJHeHHH 0ObI9HOM S-Mozenu. IIpy aToM cosnaeTcs cTaH-
naptaeiit MAT-daiin, conepxamuit Bce nepemerHbie paboueit obmactu MATLAB.
EnuncTBEHHOE OTIMYHE COCTOUT B TOM, YTO K IMEHaM MepeMeHHbIX 106aBseTcs npe-
tuxc rt_. IT0 NO3BOJSIET, KPOME BCETO MIPOUETO, CPABHUTD PE3YJIBTAThI MOZETHPOBA-
HUA C pe3yIbTaTaMH, MoJyYeHHBIMH C ToMouibio RTW-kona.

IIpu Brmouyenun RTW B pabouyio kordurypauunio MATLAB npoucxoguT takxe
U3MEHeHHe COCTaBa KOMaH/ paszeia Simulation: B HeM NOSBIASAIOTCA OIMUUMH BBIGOPa pe-
xuma paborst SIMULINK (puc. 5.18):

Normal — o6branbIii pexxuM (yCTaHOBJIEH 110 YMOJIYaHUIO);

External — «BHewHu#», UCHOIb3yeMblil npu coBmectHOM pabore SIMULINK ¢
RTW-xoznom.

Puc. 5.18. Coctas pasaena Simulation nipu pabote ¢ RTW

Temneps BepHeMca K puc. 5.17 1 paccMOTpUM Ha3HAYeHHE M IOPANOK YCTAHOBKH T1a-
pametpoB pabotel RTW. [lns1 onpezenennocty 6yAeM cauTaTh, 4TO HEOOGXOAUMO CO-
aaath RTW-kop a1 S-mogemu Buibop ( Choice), onvceiBaolel ToBefeHe KOBEYHOTO
aBTOMaTa 110 UMeHu Marna.

Oxmno ycranosku napamerpos RTW comep:kuT ciiefiyionye 11agoroBble 371 MEHTHE

® CTPOKY peflaKTUpoBanus System target file, B KoTopoii BEIBOgUTCA M tlc-daitna,
ucnosab3yemoro npu cosgannn RTW-koza (o ymoadyanumo ato daiin grt.tle); sgecs xe
MOTYT BBOAUTHCA OMUIMY HACTPOIKU paboThl Kommnuasatopa TLC;

* uaxok Inline parameters, onpeensioniuii cioco6 NpeCcTaBaeHNA TaPaMeTPoB S-
Mozenu B co3fiaBaeMoM RTW-kozge: ecoi OH yCTaHOBJIEH, TO BMECTO HMEH NEePEMEHHBIX
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HENOCPEACTBEHHO IIOCTABJISIOTCS MX SHAYEHUST; KPOME TOTO, B JaHHOM PEKIME UCIIOJb-
3yeTcs eflMHAA BEIMYMHA I1ara MOAEJIPHOTO BpeMenn (napamerpa Sample time) Bo Beex
610KaX S-MOJIEJIH, YTO NOBBIIAET KOPPEKTHOCTD PaboThi cosgaBaeMoro RTW-kona;

* baaxok Retain atw file (Coxpanumy rtw-gaiin), N03BOAAONIMA COXPAHUTDL Ha
aucke (B aKTHBHOM JUPEKTOPHH) IPOMEXXYTOYHOE ONMHCaHue S-MOIeny B BUIE OXHO-
HUMEHHOTO rtw-dainna;

3ameuanue: 11 PACCMATPUBAEMOr0 IPHMePa Lel1eco00pa3Ho YCTaHOBUTS (BIIAKOK
Retain .ntw file, 4To65b1 3aTeM MO3HAKOMHUTHCS C COREPAKHAMBIM 3TOTC (aiiia;

* cTpOKa pegakTupoBanus Template make file, koTopas obecniedHBaeT BOSMOKHOCTD
BBIGOPa TpebyeMoro wabJioHa 115 co3fanus make-daiina;

¢ CTpPOKa pefakTupoBaHus Make command, m03BOJSIOIAsA BBOAUTH KOMAH/IY yC-
TAHOBKU IAPAMETPOB UCTIIOIb3YEMOTO0 MIA6I0HA; HAIPUMED, KOMaHa

make_rtw OPTS='-DMULTITASKING’
paspelaer UCIIOIb30BaHNEe MHOT03aJaYHOCTH NIPH (POPMHPOBAHUH UCIICIHIEMOTO KOJA;

e huakok Generate code only No3BONAET 0TKA3aTHCS OT CO3/IAHUSA OOBEKTHBIX U HC-
nosHsieMsIx $HaiiIoB: ey AaHHBIN (UIaKOK yCTaHOoBEH, To pabota RTW 3apepuiaer-
cs reHepauyeii gaiiios Ha aasike C (17151 paccMartpuBaeMoit Mogenu 316 $aitiel choice.c,
choice.h, choice.reg u choice.prm); ,

» xHonka Build obecneunBaet sanyck npouecca cosganus RTW-xoaa B cooTBeT-
CTBHH C YCTAHOBJIEHHbIMH mapaMeTpamMu (4ToObI OHY BCTYIUIN B CUITY, ITPEIBAPUTEb-
HO JI0JDKHA OBITH «HaxkaTa» KHOMKa Apply); ecnu napamerpst pabotst RTW 6511 yera-
HOBJIEHB! paHee, MM UCTIOJIB3YIOTCS N0 YMOMYaHUIo, TO 3anyck RTW Moxer ObITh
npousBezieH 1o komanne RTW Build n3 paznena Mento nons3osatens Tools.

Cocrosinue npouecca dopmupoBanne RTW-kona orobpaxkaercs B KOMaHIHOM
oxne MATLAB B Buze TekcToBbiX coo0mennit. Vix nepedens ans mogenu Choice 1o-
KasaH Ha puc. 5.19.

#4# Starting RTW build procedure for model: choice
Invoking Target Language Compiler on choice.rtw
# Loading TMW TLC function libraries
# Initial pass through model to cache user defined code
# Creating source file choice.c
# Creating part 1 of registration file choice.reg
H#Ht Creating parameter file choice.prm
#H Creating model header file choice.h
# Creating part 2 of registration file choice.reg
H# TLC code generation complete.
# Creating project marker file: rtw_proj.tmw
#H# Creating choice.mk from D:\MATLAB\rtw\c\grt\grt_vc.tmf
Creating choice.exe
HHt Successful completion of RTW build procedure for model: choice

Pyc. 5.19. Coobuienns, BbIBOAHMMBIE B KOMaHAHOM okHe MATLAB
NpH ycremsoM co3gannu RTW-koaa
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3ameuanue: ¢ uenpio obecredeHrsi KOPPeKTHOU paboTsl yTsmThl Make ¢ daitiamu
mabJIOHOB U CTIONb3YEMBIM KOMITHISTOPOM 513b1Ka C, He0OX0MMUMO YOEIUThCS B TOM, YTO:

1) onpenesieHa nepeMenHas okpyxenus MsDevDir;

2) yrusiuta nmake HaXOAWTCs B aKTUBHOM JIUPEKTOPUHN.

ITocne Toro, xak 6yaer chopMUPOBaH UCIOIHAEMbIHN (.exe) (haiin ucxonHoi Mone-
JIH, OH MOKeT ObITh 3alyIlieH Ha MCTIOJIHeHMe U3 KoManaHoro okia MATLAB ¢ nomo-
IbIo KoMaHAb! Ichoice; cumBo «!» 03HavaeT obpanienue K OnepalnoOHHON CUCTEME, YC-
TAHOBJIEHHOM Ha BauleM KOMIIbloTepe (APYTHMMM CJIOBaMH, HA BPeMA BLINOIHEHUS
nporpammbi choice MATLAB nepesnaer ynpassieHue oliepaliHOHHON cHcTeMe).

[To 3aBepirenun paboTsl MPOrpaMMBbl choice.exe €e Pe3yJIBTaThl MOXHO 3arPy3UTh B
pabouyio obnacts MATLAB u3 oqnoumennoro MAT-daiina no koMmanze Load choice.

Ucnonszosanne SIMULINK B pexxume External

JlanHbId pexuM 0OecneduBaeT BO3SMOXHOCTD AMHAMUYECKOW HACTPOHKH apameT-
poB cresepupoarHoro RTW-koza B mpoliecce ero MCoTHEHUS.

Ipu srom Habmonenue 3a ucnonuenreM RTW-Kkona i perucTpanms pe3y/sTaTos
ocyllecTBIIsIeTCST HA OCHOBe MexaHu3aMa API, mpenocrarsisieMoro onepaunoHHoON cyc-
TeMOH KOMIIBIOTEpA.

Taxum o6pasom, B pesknme External ua 6aze MATLAB cosnaercs Kak 6b1 HOBast cpe-
M2 pa3pabOTKU IPOrPAMMHOTO KOAQ, TIONYYMBIIas Ha3BaHUE cpeda Gvicmpozo Maxe-
mupoeanusa. YIpu pabote B 3TOH Ccpelie NONL30BaTeN b UIMEET BOSMOXKHOCTB MOAU(UIN-
poBaTh mapaMeTpbl GJIOKOB UCXOAHOU S-MOJEJH, U3MEHSATD NePeYeHb BXOAHBIX U
BBIXOHBIX TAPAMETPOB Mojienu Oe3 nepexoMiunanun RTW-koza.

BsaumoneiicTBre MporpaMm B 3TOM cpelie pa3pab0TKH OCHOBAHO HA HCMIOJIb30BaHUY
KJINEHT-cepBepHO# Mojienu Berauciaennd, rae SIMULINK — knvent, koroputit mockl-
JIaeT 3aPOC B cepBep (BHELIHeR nporpaMme ), YTOOH YCTAHOBUTD HOBbIE 3HAYEHYSE TOTO
WM MHOTO TapaMeTpa Mozienu. CTPYKTYpHAsi OPraHu3anus cpesl OhICTPOTO MaKeTH-
POBaHHUs /leNaeT ee PAcHIUpsAeMOoil CHCTeMOH M 1O3BOJsIET VICIIOb30BATh PAa3iMYHbIE
MPOTOKOJIBI B3aUMOJEICTBYSA MEXKAY €€ KOMIIOHEHTaMMU.,

CyTb paborsr SIMULINK B pexime External cocToUT B cienyiomeM.

Tlocse zanycka RTW-koga SIMULINK ycranaBnuBaer HauaibHble 3HAUeHMsI Hapa-
MeTPOB HJIOKOB, IEPEXOIUT B COCTOSTHHE OKUIAHNA M OCTAETCS B HEM JI0 TEX MOP, OKA BB
HE M3MEHMTe napaMeTpsl Ook-guarpamMymsbl. [Toce 3Toro HOBbIE 3HAYEHUS TIAPAMETPOB
HEePeCHUIAIOTCS B UCITONMHAeMYIO BHEIIHIO TPOrpaMMy. 3HaYeHHs TapaMeTPOB IepelaioT-
cs1 kak apryMentsl MEX-¢aitia, kotopoiit amHamuyecku soissiBaercss SIMULINK.

3amenanue: ipu pabote B pexxume External biaxok Inline parameters na Bknaaxe
RTW 06sa3aTeibHO JOJIKEH OBITh YCTAHOBJIEH.

B obutem cyyae mpu paGote B pexxume External Heib3s U3MEHATh HaPAMETPEI, OI-
peensone CTPYKTYpY S-MOZ€enu, B TOM YUCITe:

® YIICJI0 COCTOSHUM, BXOIOB ¥ BHIXOA0B JI060T0 GII0Ka;

® BeJUYMHY IIara MOeJIbHOTO BpeMeHH;
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® aJITOPHTM UHTETPHPOBAHHA (pacyeTa COCTOSHUIL ) JJIs HENIPEPHIBHLIX CHCTEM;

® yMeHa MOJIENIH HITH JITo6oro ee BJ10Ka;

e mapametpsl 610k0B Fen.

Hns nepesona SIMULINK B pexum External cnenyet BBIOpaTh COOTBETCTBYIOLLYIO
omuuIo B pasaene Simulation. YcraHoBka napamerpos paboTst RTW B 3TOM pexxume 1po-
M3BOJUTCS B IMAJIOTOBOM OKHe Simulation parameters na sxnagke RTW External.

Bxnanxa cogepxuT 1Ba OCHOBHBIX 1107151 (puc. 5.20):

1 Simulation parameters: choice

Piic. 5.20. Bknagka RTW External

\

Mex file options — ycranoska napamerpos MEX-¢aiina, ucnonbayeMoro asis nepe-
Aay¥ TapaMeTPOB BO BHELIHIO TPOTPaMMY;

Download options — olunu 3arpy3kn U3MeHsIeMbIX TapaMeTPOB 6JI0K-IUarpaMMbl
'BO BHEIIHIOK POTPaMMYy.

ITepBoe U3 HUX, B CBOIO OYEpeb, COCTOMT U3 ABYX CTPOK PENaKTHPOBAHMUS:

MEX-file for external interface — ums ucnonbayemoro MEX-daiina;

MEX-file arguments — aprymertst MEX-daiina, onpenensioniye NopsaaoK ero HCIob-
30BaHMs (HaNpUMED, HOMED TIOPTa CepBepa, CETEBOE UM LEIEBOro 000PYI0BAHUS U T. 11.).

Ilone onunii 3arpysku napaMerpos conepxkut (aaxkok Batch parameter downloads
({1axemnas 3azpy3xa napamempos), KOTOPBIH ONpeaenser cnocob nepeiadyl HOBHIX 3Ha-
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4eHul MapaMeTpoB BO BHEIIHIO IIPOrPAMMY: €CJIH BIaXOK YCTAHOBJIEH, TO epeAada
NMPOU3IBOAUTCS TOJIBKO MOCHE «HaxaTHA» Kuonku Downloads parameter, pacrionoxes-
HOU HIJKE; B IPOTHBHOM CJIy4ae HOBbIE 3HAYeHUS 1aPaMETPOB NEPEAAIOTCSI BO BHEMTHIOW
IPOrpaMMy Cpasy Ioc/ie BHeCEHIs MaMeHeH it B 610K-auarpamMmy (T. e. 110 OXHOMY).

Bonee noxgpobuoe omycanne paborst SIMULINK 8 peskume External npeanonaraer
3HAHUE YUTATETEM CETEBBIX NIPOTOK0N0B (B yactHoctH, TCP/IP) u MexaHu3Ma ux uc-
MOJIb30BAHUSA B JIOKAJIbHBIX BEIYHCIUTENBHBIX CETAX. B CBI3M € 3TUM TEXHUYECKHE Jie-
Tanu peannsanuu pexxnuMa External B nanHoit KHUTe He pacCMATPHUBAIOTCA.

3aBeplias onucaHue TeXHOJIOTUH UCIT0Ab30Bauusa Macmepckot Peanrvrnozo Bpeme-
Hu, He0OXOIUMO OTMETUTD, UTO ITOCIENHSIST BEPCUS IaHHOTO HHCTPYMEHTANBHOTO CPel-
cTBa cozepxut komnonenty RTW Ada Extension, koropast obecnieduBaeT CO3aHUeE M3
6mok-guarpaMM RTW-koma Ha asbike Ada. ITpu aTom nopsagok paborst RTW ananorn-
4YeH PaCCMOTPEHHOMY BHILIE. '

5.3. BBAUMOJEMCTBUE C IPYTUMU
WMHCTPYMEHTAJ/IbHBIMI HPWIOKEHWAMM MATLAB

B rarnHOM nozpaszeiie oCHOBHOe BHUMaHue Oyner yaeneno nakery STATEFLOW
Kak HanOosee «OMM3KOMY 110 AyXY» PACCMOTPEHHOMY B KHHTE TOJIX0/Y K MOJIETUPOBa-
HHUIO CHCTEM.

STATEFLOW mpencrasiisieT co60# HHCTPYMEHT rpadpuyeCKOro KOHCTPYUPOBAHHS
clleHapueB NOBeNEeHNUs Pa3IUIHbIX cucTeM. VIcTiosb3ys mpeaocTaBsieMble MHTEPAKTHB-
HbIE CPE/ICTBA, Pa3pabOTYHK MOXKET OMUCHIBATD HOBENEHNE HCCIENYEMOM CUCTEMBI KaK
LENOYKY IPaBUII «eCH — TO». Teoperndeckoli 0CHOBOM MOCTPOEHYS U MCCJIeI0BAHUS
moneneii B cpee STATEFLOW sBinsgercs TeopHus KOHEYHBIX ABTOMATOB.

Monenu, paspabatsiBaembie B STATEFLOW, MOTyT HCIIO/IB30BaThCA Kak CaMOCTOSI-
TEJIbHO, TaK U B MHTerpaliuy ¢ Apyrumu komnonentamu MATLAB, B niepByio odepeab —
KaK ocobsle moncHcTeMs! B 61ok-aunarpammax SIMULINK. Ha octose STATEFLOW -
mozeneit (SF-Moneneit) MoXkeT ObITh CreHepHPOBaH HCMOIHAEMBbIH IPOrPaMMHBIH KO

Ilpu cozparun STATEFLOW pa3zpabGoTyiKu OpHEHTHPOBAINCH Ha BO3MOXKHOCTD
€ro MpUMeHEHHs B CIISAYIOUUX NIPEAMETHBIX 00IaCTX:

® [JIAHUPOBAHHE BO3AYIIHOTO U ABTOMOOHIBHOTO ABIKEHHS;

® IpOeKTUPOBAHHE NepudepUtHOTO KOMIBIOTEPHOrO 060PYAOBAHKSA U TPOTPAMMI-
PYEMBIX JIOTUYECKUX KOHTPOJLIEPOB;

* pa3paboTKa rpadMYecKOro MOJb30BaTEAbCKOrO HHTEP(deiica MPOrpaMMHOTO
obecrievenusi.

STATEFLOW coaepXuT clefyonie OCHOBHbBIE KOMIIOHEHTHI:

¢ rpaduveckuii pefakrop guarpaMm SF-monesnei;

 cpexactea ananusa SF-mogesneit (STATEFLOW Explorer);
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e nasuratop (STATEFLOW Finder), obecneunsaromuii nouck s SF-mozeneit Tpe-
GyeMBbIx 006beKTOB (COBBITHII, COCTOAHMIA, HAHHBIX U T. );

® rexeparop KoJa, KOTophli npeobpasyeT SF-mMozess B IPOMEKYTOUHBIA KO, UC-
nosb3yemblii 4151 paboTel ¢ RTW,

e oraaguuk SF-mopeneii.

T pu sxmogennn STATEFLOW B pabouyio kondurypauuio MATLAB paszen 6u6-
moreku SIMULINK Blocksets& Toolboxes nononusiercs noapasgenom Stateflow, co-
IepXKaluM TpU KoMIoHeHTH (puc. 5.21):

! sflib

% Examples >_Q-"“-O—>

Untitled (Double click to open the Manual Switch
Statetlow Examples Librany)

S

(This is a manual
switch convenient for
generating evanis)

Puc. 5.21. Paznen 6ubaunorexu Stateflow

Untitled — okHo rpaduyeckoro penaxropa SF-mozneett, KOTOpoe B TO e BPeMs AB-
JIAETCSI «3aTOTOBKOI» MU co3lanud HOBOH SF-Monenu;

Examples — npumeps ucrionbsosanus SF-moneneii B coctaBe 610K-AHATPaMM
SIMULINK;

Manual Switch (Pyunoii nepexnouamenv) — 37eMenT 6JI0K-AUArpaMMH, KOTO-
Phiif MOXET BBITh HCTIOJIb30BaH B KAYeCTBe reHepaTopa (HCTOYHUKA) COOHTHE Anist
SF-Mopmenei.

Texnosnorus coBmecTHoro ucnosbsosanus SIMULINK u STATEFLOW moxer 6bits
BeCbMa riOKOH ¥ ONpesiesisieTcsl B EePBYIO odepenb crenud Ko peaeMod 3afayu.

B HexoTOpPHIX Clyuasx ynoOHee cHadana pazpaboTaTh (UM CKOPPEKTHPOBATDH HMe-
rouryrocs ) SF-MoZenb ¥ 3aTeM Ha ee OCHOBE MOCTPOUTD OJI0K-AUarpaMMy; MHOrAa Ha-
060pOT cHayasa CO31aeTest BI0K-AUarpaMma, H TOJIBKO I0c/ie 9TOT0 OXHH AN HeCKOJb-
KO ee OJI0KOB 3aMEHSIOTCS COOTBETCTBYIOIMME SF-MOeTAMU.

Bropoii noaxon yno6Hee B TeX CIydasx, KOIa B cOCTaB 6710K-AHarpaMMEl BXOIAT
610xu Combinatorial logic, oTpasaromniie, Kak Bbl TOMHHUTE, JJOTHKY PaBOTH KOHEYHO-
ro aBTomara B popMe TabInIb! HCTHHHOCTH.

Ecnu tpebyetrca GoJiee fetanbHOe MOLENIUPOBAHYE TOBEAEHNS KOHEYHOTO aBTO-
MaTa, To cooTBeTCTBYlomuit 6ok Combinatorial logic 3amenserca SF-Moxenso,
OTIMCHIBAIOLLEH MTPOLECC CMEHBI COCTOSHM aBTOMaTa. Takas TeXHOJIOTUA obecneyn-
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BaeT pa3pabOTKy MOZEJIH 10 IPUHLHAILY HUCX00AUL20 NPOEKMUPOBAHUS: CHAYAA OTI-
peaenseTcs oblast CTPYKTYpa MOJIETH, @ 3aTeM OTAE/bHLIE €€ KOMIOHEeHTHI YTOY-
HAIOTCH U [eTATU3UPYIOTCA.

B kauecTBe nipumepa peatusaiiy TOro NPUHINITA MOXKHO ellte Pa3 BEPHYTHCS K MO-
nest Bubop, noapobno onucanuoi B 4-4 riase. OnpezeuB nepBOHAYAILHYIO CTPYK-
TYPY MOZEJIH, Mbl MOKEM YTOYHUTH JIOTMKY NOBeAenus Maly, onucas ee (JIOTHKY) ¢
noMOUIbi0 SF-Moeu.

C atoit nenbio samenum 610k Combinatorial logic 6:10xom Untitled, BastTeiv u3 6u6-
Jmoteku STATEFLOW (nasosem ero SF-610k). B ucxoxtom cocroanuu SF-610k He
HMeeT BXOJHbIX X BHIXOZHBIX opToB (puc. 5.22).

S

aBToMaTa

Puc. 5.22. VicxoxHOe COCTOSHHE GIOK-AHATPAMMBI IPH BiTiOMeHun B Hee 610ka STATEFLOW

[Tostomy cnavana HeoGxomumo omucaTh ero uuTepdeiic ¢ 6I0K-AUarpaMMoil
SIMULINK. Onucasne 3aKka04aeTca B yKa3aHUH BXOAHBIX K BBIXOIHBIX IOPTOB, &
TaKKe TUIa ynpasaedus SF-6mokoM. OH MOXeT GuITh CBA3AH C APYTUMHU 6I0KaMu
S-Mozenu Kak 110 HHGOPMauWu, TaK U 1o ynpasieHun. CBA3b 110 YIpaBJIEHUIO OCY-
IeCTBJIAETCS IOCPEACTBOM 0OMEHA COOBITHAMY, a /ISl Iepefadn AaHHAIX HUCIIOb-
3yTcs nHpopManuonnbie nopthl. Onncanue untepdeiica SF-6,10Ka BHITOMHAETCS
¢ nomousio rpapudeckoro pexakropa STATEFLOW. UTo6s1 0TKpPHITH OKHO, 20CTA-
TOYHO ABaX /bl weAKHYTs JIKM Ha ukonke SF-6/10xa. OKHO COREPKUT MeHIO, pabo-
Yee n10s1e ¥ HabOP MHCTPYMEHTOB JUIsl CO34aHMS SF-MOZENH, PACIOI0KEHHbIH B JTe-
BOil 9acTu oxHa (puc. 5.23).

A onucanus untepdeiica c SIMULINK Heo6xoammo oTKpHITb passiest Meio Add.
Ecan cospaerca undbopmannonsbii nopt, To Heobxoaumo Bribpats onuuio Data, a B
MOTIOMTHUTENbHOM MEHW — Tpebyemsiil Tull mopta (puc. 5.24).

Jlnst ykasaHus 1apaMeTpoB CO3MaBAEMOTO MOPTa OTKPBIBAETCS COOTBETCTBYIOUIEE
muanoropoe okno (puc. 5.25). K Takum mapameTpaM, B 4aCTHOCTH, OTHOCHTCS HMSI IT€-
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Puc. 5.24. KoManzisl cozaanug HHGOPMaHOHHEBIX NOPTOB SF-6710Ka
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Puc. 5.25. OKkHO yCTaHOBKY NapaMeTPOB NHDOPMALMOHHBIX NIOPTOB

peaBaeMbIX JaHHBIX, NX HOPMAT, AUANa30H 3Hade il 1 T. X. B paccMarpuBaemoM nipuMe-
pe U1 BCEX MapamMeTPoB MOXHO COXPAHHUTh 3HAUEHHS, YCTAHOBJIEHHBIE [I0 YMOJIYaHUIO.

3a ogun ceanc paboTel ¢ oxHOM Data Moxer ObITh CO34aH TOJBKO OJMH BXOXHOMN
HJTH BLIXOAHOM NopT. /I/151 ONMCAaHUA BBIXOAHOTO TIOPTA CEAYET TOBTOPUTS TY XK€ HOC-
JIeIOBATENbHOCTD AeHcTBHM. [Tocsie 3TOT0 MOXKHO BEPHYTHCA K BJI0K-ZHarpaMMe Mojie-
nu Bui6op u coenuuuts SF-6710K ¢ apyrumi ee bioxamu (puc. 5.26).

WccneposaHne aBTomata

unidrnd{0, 1)

Puc. 5.26. bnok-auarpamMma nocie Briovetus B Hee SF-610ka
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s coznanus SF-monenu UCnonb3yoTcs BU3yaibHble KOMIIOHEHTDI, PacIION0XKeH-
HBIE CJIEBA OT AuarpamMmsi (puc. 5.27):

Puc. 5.27. IncTpyMeHTasibHas NaHens rpadpuyeckoro pegakropa STATEFLOW

1 — 1o6aBUTh COCTOAHHUE;

2 — 106aBUTb «y3es» (CoCTOsIHHE H0JIee BBICOKOTO YPOBHSL, OCTAIONIEEC aKTUBHBIM
pU MOAETUPOBAHIY TIOAYMHEHHBIX COCTOSHUN ),

3 — n06aBUTH EPEXOM U3 OJIHOTO COCTOSHUSA B /IPYTOE;

4 — no6aBuTH pa3BeTBiIeHKE/00BEANHEHUE TIEPEXOLOB.

Ytobn1 BRECTH 110601 13 NiepeuncieHHbIX 371eMeHTOB B SF-MOZesb, JOCTaTOHO 1I1eN-
kHyTb Ha HeM JIKM 1 niepemecTuTs ero rpacdudecknii 06pas B HyKHYIO O3ULAIO pabo-
gero noJis. [Ipumep npocrefiteit SF-Monenu npuseneH Ha puc. 5.28.

Stateflow [Demo Yersion) Untitled *

Puc. 5.28. [Ipumep npocteiimeit SF-Mozaenn
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Jlono/HuTenbHBIE TADAMETPLI 3JIeMEHTOB SF-MO/Ie/IH YCTaHaBAUBAIOTCA C TOMOIBIO
omnuuu Properties, BXomsiuieil B pasues Mento Edit.

Ha stamne ortnagku SF-Momenyn ona MOXeT MCIOTHATbLCA aBTOHOMHO. 3amyck Moge-
JI IPOU3BOAUTRCS KOMAHI0H Start u3 pasjena Mmenio Simulation.

N3 npyrux usncrpymentanbubix npunoxennii MATLAB nauGonsunit uatepec (¢
TOYKH 3PEHUA TEXHOJIOTHY TI0MCKa PellieHH i cpe/icTBaMKi MMHUTAlIOHHOTO MOXEIMPO-
BaHUA) IPEACTABATIOT ABA:

Fuzzy Logic Toolbox — uHcTpyMeHTa/IbHble CPEACTBA MOAENUPOBAHUS HA OCHOBE
METOZOB HeYeTHO JIOTUKH;

Neural Network Toolbox — nncTpyMeHTaIbHbIE CPEACTBA MONCKA PELIEHHI C HOMO-
IGO0 aInapaTa HeHPOHHBIX CEeTeL.

[JauHble npunoxenns Haubosee sbbdexTuBHE (2 MHOTAA U IIPOCTO HE3AMEHHUMBI) B
TeX Cy4asx, KOTZA MCTIONb3YeMblil ToKa3arens 3¢ (PeKTHBHOCTH HOCHUT Ka4eCTBEHHbII
XapaxTep /W11 KOT/Ia UL, IPHHUMAIOLIIee PelieHre He MOKET I0CTaTOYHO YeTKOo cop-
MYJHPOBaTh IPABIJIO, Ha OCHOBE KOTOPOTO 3TO CaMO€ PellieHHe TOJKHO BEIGHPaThCH.

[Tpu BrItoYeHnn 06oux pasnenos B pabouyio kondurypanyo MATLAB nononss-
ercs u 6ubamorexa SIMULINK. CootsercreHHO, pa3paboTIMK MOLYyYaeT BO3MOXK-
HOCTb KCTIO/IB30BaTh B CO3/[aBAEMOM MO/IEJIN KAK 3J1EMEHTBl HeYeTKON JIOrUKH, TaK U
CPEZICTBA OIIUCAHNS CUCTEMBL B opme HeliporHoil cetu. Ho 3To, Kak roBopurcs, yxe
COBCEM JAPYTast HCTOPHUSL...
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