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IIpeaucioBue

B nocnenHue roapl B yHUBEPCUTETCKUX U MHKEHEPHO-TEXHUYECKUX KPYrax Mupa
HA0JII0/1a€TCd MHTEHCUBHOE PACIPOCTPAHEHHE HOBOM KOMIIBIOTEPHOM CUCTEMBI OCYIIIEe-
CTBJICHHSI MaTEMATHUYECKUX pacyeToB - cucreMbl MatLAB. B uem npuunHa Takou mo-
YJSIPHOCTH 3TOW CUCTEMBI?

['maBHbIE mpenmyliecTBa "gA3bIKa TeXHUYECKUX BblunciaeHni" MatLAB, koTopsle
BBII'OJHO OTJIMYAIOT €r0 CPEeIU APYTUX CYLIECTBYIOIIMX HBIHE MATEMATUYECKUX CUCTEM
Y [IAKETOB, COCTOSAT B CICAYIOLIEM:

B cucrema MatLAB crneuuanbHO co3aHa JJisl IPOBEACHUS MMEHHO WHXKEHEP-

HBIX pPAacyeTOB: MAaTEMATUYECKUM ammnapar, KOTOpPBIA HCIOJIb3YETCs B HEW,
peieabHO TPUOIMKEH K COBPEMEHHOMY MaTeMaTHYECKOMY alapaTry WHXKe-
HEpa U YYECHOIO U ONMUPAETCS HA BBIYMCIIEHUS C MAaTpULIAMU, BEKTOPaMU U
KOMIUIEKCHBIMHU YUCJIaMU; rpapuueckoe MpeacTaBlieHne PyHKIMOHAIbHBIX 3a-
BUCHMOCTEH 3]1eCh OPraHW30BaHO B (popMe, KOTOpPYIO TpeOyeT UMEHHO HHXKe-
HEpHasl JNOKyMEHTalus;

B 5361k nporpamMMmupoBanus cuctembl MatLAB BecbMa mpocT, OJIM30K K S3BIKY
BASIC, nocunen i11000My HauYMHAIOIIEMY; OH COJECP>KUT BCETO HECKOJIBKO Jie-
CATKOB OIIEpaTOpPOB; HE3HAYUTEIBHOE KOJIMYECTBO OIIEPATOPOB 31ECh KOMIICH-
cupyercs OOJIbIIUM YKCIIOM NpoUeayp U PyHKIUH, collepKaHhe KOTOPBIX JIer-
KO IOHATHO I10JIb30BATEII0 C COOTBETCTBYIOIIEH MAaTEMATUYECKON U UHKEHED-
HOM MOJATrOTOBKOM;

M B oTanune OT OOJIBIIMHCTBA MaTeMaTUUYeCKHX cucTeM, MatLAB sBisercs ot-
KPBITOM CHCTEMOM; 3TO 03HAYAET, YTO MPAKTUYECKU BCE MPOLEIYpbl U (PyHK-
uun MatLAB noctynHbl HE TOJIBKO JJIsI UCIIOJIB30BAaHUS, HO U JJI1 KOPPEKTHU-
poBku 1 MoauduipoBanus; MatLAB - cucrema, koTopasi MOXKET pacIupsiTh-
Cs IOJIb30BATENIEM 110 €0 JKEJIAHUIO CO3JaHHBIMU UMM IIpOrpaMMaMU U IpoLie-
aypamu (MOAIporpaMmamMu); €€ JIErKOo MPUCIOCOOUTh K PEUICHUIO0 HYKHBIX
KJIACCOB 3a/adY;

B oyeHb YJOOHOW SBJISETCS BO3MOXXHOCTh MCIOJIb30BaTh MPAKTUYECKH BCE BbI-
YUCIIATEJIbHBIE BO3MOXKHOCTA CUCTEMBI B PEKUME YPE3BBIYANHO MOLIHOIO Ha-
YYHOT'O KaJIbKYJIAITOPA; B TO K€ BPEMs MOXHO COCTaBJISITb COOCTBEHHBIE OT-
JEJIbHBIC IPOrpaMMBl C LIEJIBI0 MHOTOPAa30BOI0 UX UCIOJIL30BAHUS IS UCCIIE-
NOBaHU; 3T0 nenaer MatLAB He3aMeHUMBIM CPEACTBOM IPOBEACHUS HAy4-
HBIX PAaCYETHBIX UCCIICI0BAHUN;

B nocnennue Bepcun MatLAB 1mo3BOJSIIOT JIETKO MHTETPUPOBATH €€ C TEKCTO-
BbIM penakTopoM Word, 4To AenaeT BO3MOXKHBIM HCIOJIb30BaHUE MPHU CO37a-
HUU TEKCTOBBIX IOKYMEHTOB BBIYMCIUTEIbHBIX U IPaUUeCKUX BO3ZMOKHOCTEN
MatLAB, nanpumep, opopMIIsiTh HHXEHEPHBIE U HAYYHbBIE OTYETHI U CTAThU C
BKJIFOUEHHEM B HUX CJIOKHBIX PACUETOB U BBIBOJAOM TI'pa(pUKOB B TEKCT.

B03MOXXHOCTH CHUCTEMBI OTPOMHBI, a II0 CKOPOCTHU BBINOJIHEHUS 3a7a4 OHA OIle-
pekaeT MHOTHE Jpyrue noJoOHble CUCTeMbl. Bce 3TM 0COOEHHOCTH J€Nar0T CUCTEMY



lpeducnosue 7

MatLAB Becbma npuBiieKaTeIbHON AJI UCIOJIb30BAaHUSI B YYEOHOM IMPOLIECCE BBICIIMX
y4eOHBIX 3aBEJCHUMN.

Ota KHUTa SBJSETCS BTOPBIM, MEpepadOTaHHBIM U CYIIECTBEHHO JOMOJIHEHHBIM
u3anueM yyeonoro nocoous "llouatku nporpamyBanns B cepenoBuil MatLAB" [11],
COJZIEPKUT, B OCHOBHOM, onucanue MatLAB Bepcuu 5.3 u B Hero no6aBieHbl MaTepua-
JIbI IO MPAKTUYECKOMY OBJajieHuto nporeaypamu naketoB CONTROL (ananuza u cun-
Te3a JIMHEWHBIX CHCTeM aBTomaTudeckoro ympamieHus), SIGNAL (mudposoi obpa-
6otku curHanoB), SIMULINK (MHTEpaKTUBHOIO MOJEIUPOBAHUS JUHAMUYECKUX CHUC-
TE€M) M HEKOTOPBIX HOBBIX BayKHbIX BO3MOkHOCTEN MatLAB.

[TocoOue coCcTOUT U3 CEMH TJIaB.

B nepBoii rnaBe yuTaTellb 3HAKOMUTCS C BO3MOXKHOCTSMHM CHCTEMBI B PEKUME
HAyYHOT'O KaJIbKYJISATOpA. 3/1€Ch MOMEIIEHbI CBEAEHUSI 00 OCHOBHBIX OIEpaTopax, Ko-
MaHAaX, QYHKIMIX U MPOLIEypPaX CUCTEMBI.

Bo BTOpOIi rnaBe onucaHbl MpaBuia U MPUMEPBI COCTABIEHUS IPOrpaMM Ha SI3bl-
ke MatLAB. Kpome Toro, B Hell peICTaBIEHbl HEKOTOPBIE TOMOIHUTEIBHBIE TPOLEY-
PBI, KOTOpbIE€ TOMOTAIOT PAlMOHAIBHO OPraHU30BaTh BHIYUCIUTENbHBIN IPOLECC.

Tpetrbs rnaBa COIEPKUT MEepeYeHb HEKOTOPBIX MPOLIEAYP U KOMaHJ OOIIero Ha-
3HA4YE€HUS, KOTOPBIE CBA3BIBAIOT cucteMy MatLAB ¢ onepaniOHHOW CUCTEMON KOMIIb-
10Tepa. 3eCh Ke OMUCaHO UCIO0JIb30BaHue penakTopa Word ¢ cuctemoit MatLAB.

Baxnoit yacteto MatLAB, koTopast mo3BoJIsIeT NMPUCIIOCA0IUBAaTh CUCTEMY K 3a-
JlayaM T0JIb30BaTesl, SABJISIETCS BO3MOXHOCTh 00Opa30BaHUs HOBBIX KJIACCOB BBIYMCIIU-
TeNbHBIX 00bEKTOB. C MOHATHEM KJIACCOB BBIYMCIUTENBHBIX 00bekTOB B MatLAB u
PaBUJIAMH CO3/IaHUSI HOBBIX KJIACCOB I0OJIb30BaTEIb O3HAKOMUTCS B YETBEPTOM IJIABE.

B nsATO#l rnmaBe cocpenoTOueHbl CBEACHHS 00 OCOOEHHOCTSIX HCIOJIb30BaHUS
nporeayp uudpooit 06padoTku curnanoB nakera SIGNAL.

CopeprkaHue MIECTOU I1aBbl - HAYAIbHOE 03HAKOMIIEHHE ¢ OCOOEHHOCTSIMU pado-
Thl C MPOLEAYPAMHU aHAJIM3a U CUHTE3a JIMHEWHBIX CTAllMOHAPHBIX CUCTEM aBTOMAaTH4e-
ckoro ymnpasienusa naketa CONTROL.

CenpMas rnaBa 3HaKOMUT ¢ nakeToM Simulink MHTEpaKTHUBHOTO (BHU3YaJbHOTO
MOJIETMPOBAaHUS JMHAMUYECKUX CUCTEM BO BPEMEHHOM 00JIacTH).

B nensix yno6cTBa nojb30BaHus y4eOHBIM MOCOOMEM €ro cHaOXeH AByMs ainda-
BUTHBIMU YKa3aTEJISIMU - MIPEAMETHBIM U YKa3aTeJIeM ONepaTopoB, KOMaH[, (GYHKIHUHA U
(yHKUMOHAIBHBIX OJIOKOB.

B nocobun ucnosib30BaHbl Marepuaibl U3 W3IaHUN, YKa3aHHBIX B CIIMCKE JHUTe-

paTypsl.
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BBenenue

Cuctema MatLAB coznana ¢upmoit MathWork Inc. (CIIA, r. HeliTuk, mrart
Maccauycerc). X0Ts BIEpBbIE 3Ta CUCTEMa Hayaja MCIOJIb30BaThCs B KoHIle 70-x JeT,
pacuBer ee nmpuMeHeHUsl Havaics B KoHle 80-X, B 0COOEHHOCTH IOCI€E MOSBICHUS Ha
peiake Bepcuu 4.0. [locnennne Bepcun MatLAB, - 3T0 4pe3BbIUaiiHO pa3BUTHIE CUCTE-
MBI, KOTOPbIE€ COJEPKAT OTPOMHYIO0 COBOKYIHOCTh IpoLeayp W (yHKUUNA, HEOOXO0IU-
MBIX MH)XEHEPY M HAy4YHOMY pPaOOTHUKY AJI OCYLIECTBJICHHUS CIOXXHBIX YUCICHHBIX
pacyeToB, MOACIMPOBAHUS TOBEACHUS TEXHUYECKUX U (PU3MUECKUX CUCTEM, odopmiie-
HUS PE3yJIbTaTOB 3TUX PACUETOB B HAIVISITHOM BHUJIE.

Cuctema MatLAB (cokpamenue or MATrix LABoratory - matpuunas na6o-
paTopusi) MpeACcTaBiIsieT cOO0M MHTEPAKTUBHYIO KOMITBIOTEPHYIO CUCTEMY JJIsi BBINOJ-
HEHUSl MTH)KCHEPHBIX U HAYYHBIX pacyeTOB, OPUEHTUPOBAHHYIO Ha pabOTy ¢ MacCUBaMu
nanHbeix. CucreMa MpeanosjaraeT BO3MOKHOCTh OOpallleHHs] K MporpaMmam, KOTOpbIe
Hanucanbl Ha sa3pikax FORTRAN, C u C++.

[IpuBnekareabHOl OCOOEHHOCTHIO CUCTEMBI SBIISIETCSI TO, YTO OHA COACPIKUT
BCTPOCHHYIO MaTPUUHYIO M KOMIUIEKCHYIO apupmeruky. Crucrema mnojiaepKuBaeT Bbl-
IIOJIHEHUE ONEPALMI C BEKTOPAMH, MATPULIAMU M MAaCCUBAMM JTAHHBIX, PEAIN3YET CUH-
I'YJSIPHOE U CHEKTPAIbHOE Pa3JIOKEHUS, pacyeT paHra u yucen 00yCIOBICHHOCTU MarT-
pull, NOJJEPKUBAET padOTy C aireOpanyecKUMH MOJIMHOMAMHU, PElIeHUE HEJIMHEWHbIX
ypaBHEHUH U 3a7]a4 ONTUMM3ALMU, UHTETPUPOBaHUE PYHKUMN B KBaApaTypax, YUCICH-
HO€ UHTETrpupoBaHKe NU(PPEepeHIIMATbHBIX U PA3HOCTHBIX YPABHEHU, IOCTPOCHUE pa3-
HOOOpa3HbIX BUAOB rpaMKOB, TPEXMEPHBIX MOBEPXHOCTEH M JIMHUKA ypoBHS. B Hel
peann3oBaHa yo0Has orepalrdoHHas cpeaa, KOTopasi MO3BOISET (pOopMyIMpOBaTh Mpo-
0JIeMBbl U TOJIy4aTh PEIICHUsI B OOBIYHOM MaTeMaTtuueckoil opme, He mpuoderas K py-
TUHHOMY IIPOTPaMMHUPOBAHUIO.

OcHoBHOI1 00bekT cuctembl MatLAB - mpsiMOyrojbHbI 4MCIOBOW MaccuB
(MaTpuLa), KOTOPbIM JOIMYCKAeT KOMIUIEKCHbIE 3JIEMEHTHI. Vcnosib30BaHuEe MaTpHl] HE
TpeOyeT SIBHOrO yKa3zaHus UX pazMepoB. CucTteMa Mo3BoJIsIeT peliaTh MHOTUE BBIYHMCIIN-
TEJbHBIC 33J]a4M 332 3HAYUTEJIIbHO MEHbIIEE BpeMs, YEM TO, KOTOPOE HEOOXOAMMO s
HaIlMCAHUS COOTBETCTBYIOMMX nporpamm Ha si3bikax FORTRAN, BASIC u C.

Cucrema MatLAB BBINOJHAET ONEpanii ¢ BEKTOPAMU U MATPULIAMH JAXKE B
pEeXKUME HEMOCPE/ICTBEHHBIX BBIYMCICHHN 0e3 Kakoro-iubo mnporpammupoBaHusi. Eio
MOKHO TI0JIb30BaThCsl KaK MOIIHEHUIINM KaJbKYJISTOPOM, B KOTOPOM Hapsay € OObIY-
HBIMH apU(METUYECKUMH U AIreOpanyecKuMM JEeHCTBUSIMHU MOTYT MCIOJIb30BaThCs Ta-
KH€ CIIOXHBIE ONepalny, Kak oOpalieHre MaTPUILIbl, BEIYUCICHUE €€ COOCTBEHHBIX 3Ha-
YEHUI U BEKTOPOB, PEILIEHUE CUCTEM JMHEHHBIX aJIreOpanyecKux ypaBHEHUNH U MHOTO€
npyroe. Tem He MeHee, XxapaKTepHasi OCHOBHAasi OCOOCHHOCTh CHUCTEMBI — €€ "OTKpHI-
TOCTB", TO €CTh JIETKOCTh €€ MOJU(DUKAIIMU U aJaliTallii K KOHKPETHBIM 3aJ1a4aM I0JIb-
3oBarens. [lonp30Barens MOXKET BBECTH B CUCTEMY JIOOYI0 HOBYIO KOMaHy, OlepaTop
Wik QYHKLHIO U MOJIb30BAaTHCA MOTOM UMHU TaK € MPOCTO, KaK U BCTPOEHHBIMH OIepa-
TOpaMU U PYHKIUSIMHU.
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B 6a30Bb1il Ha0Op CIIOB CUCTEMBI BXOJAT: CHEI[3HAKH; 3HAKU apU(PMETHUECKUX
U JIOTMYECKUX omepaluii; apupMeTuyecKue, TPUroHOMETPUYECKUE U HEKOTOpBIE CIie-
nuanbHble MaTeMaTuueckue (PpyHKIMU; QyHKIUU ObIcTporo npeodpazoBanus Pypbe u
(GunbTpaluK; BEKTOPHBIE U MaTpUuHble (QYHKLUHU; CPEACTBA ISl paOOThl C KOMILIEKC-
HBIMH YMCJIAMU; OINEpaTOpbl NOCTPOEHUSI IPaPUKOB B JIEKAPTOBOW U TMOJISPHOU CHUCTE-
Max KOOpJMHAT, TPEXMEPHBIX MoBepxHOcTer U T.1. To ecth MatLAB npenocrasiser
M10JIb30BATEII0 OOJILIION HAOOp rOTOBBIX CPEACTB (00JIee MOJOBUHBI U3 HUX - BHEUIHUE
paciiMpeHus B Buae m-(haison).

Cucrema MatLAB umeeT cOOCTBEHHBIN SI3bIK MPOrpaMMUPOBAHUS, KOTOPBI
HaromrHaeT BASIC. 3anuce nporpamm B CUCTEME SIBJISIETCS TPAAUILIMOHHON U ITOTOMY
OOBIYHOM sl OOJIBIIMHCTBA MOJIB30BATENEH EPCOHATBHBIX KOMITbIOTEPOB. Y B1oO6aBoK
CUCTEMA JAaeT BO3MOXKHOCTb PEAAKTUPOBATh MPOrpaMMbl MPU MOMOLIM JHOOOr0 MpHu-
BBIYHOTO JUISI TIOJIB30BATENSI TEKCTOBOTO PEAAKTOPA.

MatLAB umeeT mupokue BO3MOKHOCTHU JiJisi paOOThl C CUTHAJIaMU, JIJIsl pacye-
Ta U NPOEKTUPOBAHUS AHAJIOTOBBIX U LU(PPOBBIX (HUIBTPOB, AJIA MOCTPOCHUS UX Yac-
TOTHBIX, UMIIYJIbCHBIX WU IEPEXOAHBIX XapaKTEpPUCTUK. B Hanuuuu u cpeacrtBa s
CHEKTPaJIbHOTO aHAJIM3a U CUHTE3a, B YACTHOCTH, Ul peaju3aliy NpsIMOoro U oOpaTHoO-
ro npeobpazoBanusi ypove. brnarogaps 3ToMy cuctema JOBOJBHO yAOOHA ISl IPOEK-
TUPOBAHHUSI DJIEKTPOHHBIX YCTPOUCTB.

C cucremoit MatLAB mnocTaBmsitoTcst cBbIIIe cTa m-(aitiioB, KOTOPbIE COIEP-
&KaT JEMOHCTPALIMOHHBIE MPUMEPHI U ONPEIECICHHUS] HOBBIX ONEpPAaTOpPOB M (DYHKIIMIA.
Ota Oubnunoreka, Bce (Pailiibl KOTOPON MOAPOOHO MPOKOMMEHTHPOBAHBI, - MOAJUHHAS
COKPOBHILHHULIA TPEKPACHBIX MMPUMEPOB MPOrPaMMHUPOBAHMS HA S3BIKE CUCTEMBI. M3y-
YeHUE 3TUX MPUMEPOB MU BO3MOXKHOCTh PAaOOTHI B PEKUME HEMOCPEACTBEHHBIX BBIYMC-
JIEHUH 3HAYUTENIBHO OOJIEr4aroT 3HAKOMCTBO C CHCTEMOM CEpPBhE3HBIX IOJIb30BaTENEH,
3aMHTEPECOBAHHBIX B UCIIOJIb30BAaHUN MATEMATUYECKUX PACUETOB.

Po6ora B cpeae MatLab MoxkeT oCyIecTBISATHCA B IBYX pEeKUMAX:

B B peKrMME KAJIbKYJISITOPA, KOT1a BBIUHUCICHUS OCYILECTBIISIIOTCS Cpa3y MOCie

Habopa oyepenHoro oneparopa Wik komanael MatLab; npu sTom 3HaueHue
PE3yJbTAaTOB BBIYMCIEHUSI MOTYT IPUCBAUBAThCA HEKOTOPBIM NEPEMEHHBIM,
WIM pe3yJIbTaThl MOIYYalOTCA HEMOCPEICTBEHHO, Oe3 MpUCBauBaHUs (KaK B
OOBIYHBIX KaJbKYJIATOpaXx);

B 1yTeM BBI30BA UMEHU MPOTPaMMBbl, HAIMCAHHOW Ha s3blke MatLAB, npen-
BAPUTEIIBHO COCTABJIEHHOM U 3alIMCAaHHOM Ha JUCKE, KOTOpask COIEPKUT BCE
HEOOXOIMMbIE KOMAaHJIbl, OOECIEYMBAIOIIME BBOJI JAHHBIX, OpraHU3ALNI0
BBIYMCIICHU U BBIBOJ PE3YJIbTATOB HA SKpaH (IIPOrpaAMMHBINA PEXKUM).

B 000ux pexxuMax mojb30BaTENI0 JOCTYIHBI MPAKTUYECKH BCE BHIYMCIIUTEIb-

HbI€ BO3MOKHOCTH CHUCTEMBI, B TOM 4YHCII€ 0 BbIBOAY MH(pOpMaIu B rpaduyueckon
¢dopme. [IporpamMMHBIil pexKuM MO3BOJISET COXPAHATh pa3pabOTaHHbIE BBIYUCIUTEIbHbBIE
AIrOPUTMBI U, TAKUM 00pa30M, HOBTOPATH BHIYUCICHUS PU JPYTUX BXOAHBIX JAaHHBIX.

MatLAB umeer 4epThl pa3HbIX W3BECTHBIX SI3BIKOB MPOTPAMMUPOBAHUS BBICO-

KOr'0 YPOBHSI.
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C s3pikom BASIC ee poaHUT TO, 4TO OHA MPEJICTABISET COOOM UHTEPIIPETATOP
(TO ecTh KOMIWJIMPYET U BBINOIHSAET IPOrpaMMy MOONEPATOPHO, HE 0OPa30BbIBAS OT-
JEIBbHOT0 UCIOJHAEMOro (aiiia), He3HAUUTEJIbHOE KOJIUYECTBO ONEPAaTOPOB U OTCYTCT-
BHE€ HEOOXOJMMOCTH B OOBSBICHUU TUIIOB U Pa3MEPOB MEPEMEHHBIX, TO €CTh BCE TO,
YTO JIENAET A3BIK NPOrpaMMHUPOBaHUS BeCbMa YIOOHBIM B MOJIb30BAHUU.

Or s3pika Pascal cucrema MatLAB mno3auMcTtBoBasia  OOBEKTHO-
OpPUEHTHUPOBAHHYIO HAMPABIEHHOCTh, TO €CTh TAKOE MOCTPOEHUE SI3bIKa, KOTOpOE 0bec-
neYrBaeT 00pa30BaHUE HOBBIX TUIOB BBIUHUCIUTENIbHBIX OOBEKTOB IO KEIAHUIO MOJIb-
30BaTeNsl HA OCHOBE THIOB OOBEKTOB, YK€ CYIIECTBYIOIIMX B SI3bIKE. DTU HOBBIEC THUIIbI
00bekTOB (B MatLAB oHU Ha3bIBAIOTCS Kiaccamu) MOTYT UMETh COOCTBEHHBIE IPOIIe-
Iyphl UX npeodpazoBanus (OHU 00pa3ylOT Memoosl ITOro Kiacca). Becbma yn006HO TO,
YTO HOBBIE MPOLIEYPbl MOTYT OBITh BBI3BaHBI C MOMOILBIO OOBIYHBIX 3HAKOB apudme-
TUYECKUX ONEPALMN U HEKOTOPBIX CHELUAIbHBIX 3HAKOB, KOTOPBIE IPUMEHSIOTCS B Ma-
TEMATHKE.

[IpuHuunel coxpaneHus 3HaueHU nepeMeHHbix B MatLAB 0onee Bcero npu-
OmkaroTes K TeM, kotopelie npucyuy si36iky FORTRAN, a uMeHHO: Bce NMepeMeHHbBIE
SBJISIFOTCA JIOKAIbHbIMU, TO €CTh NEUCTBYIOT JIMIIb B IPaHULIAX TOW MPOrpaMMHOMN €1u-
HULBI (poueaypsl, GYHKIMKU WK TJIABHOW, YHPABIAIONIEH MpOrpaMMsbl), TI€ UM MpHU-
CBOEHBI HEKOTOpbIE KOHKpPETHbIE 3HaueHusA. [Ipyu mepexone K BBIIOIHEHUIO APYrou
IPOrpaMMHOM €IMHUIIbI, 3HAUEHUS MEPEMEHHBIX MPEIbIAYLIEH MPOrpaMMHON €IMHUIIbI
WIM COBCEM TEpSAIOTCS (B Cilydae, €CJIM BBIIOJIHEHHAs IPOorpaMMHasi €IMHULIA SBIISETCS
npoueaypor uiau (yHKIMEH), UM CTAaHOBUTCS HEAOCSIraeMbIMU (€CIM BBINOJHEHHAs
nporpamma - ynpasisitoas). B ornuuue ot si3eikoB BASIC u Pascal, B s3pike MatLAB
Hem 2100albHbIX NepemMeHHblX, TEUCTBUE KOTOPBIX PaclpoCTpaHsiach Obl Ha BCE MPO-
rpammHble equHuibl. Ho u 3meck B MatLAB ecTth 0COO€HHOCTH, KOTOpasi OTJIUYAET €€
OT JIpyrux sA3bIKOB. B oTtnmume ot mHtepnperaropa BASIC untepnperatop MatLAB
MO3BOJISIET B OJIHOM U TOM € C€aHCe padOThl BBHITOIHIATh HECKOJIBKO CaMOCTOSATEIbHBIX
IporpaMM, MPUYEM BCE MEPEMEHHBIE, UCIOJIb3YyEMBIE B 3THX IPOTpaMMax, SBIISIIOTCS
o0IUMH JIJI1 ATUX MporpamMM U 00pa3yroT obiee pabouee npocmparncmeo (Work
Space). D10 mo3BossieT 0osiee palMOHATBLHO OPTraHU30BLIBATH CJIOKHBIE (FPOMO3IIKHE)
BBIYMCIIEHUS 110 IPUHLHUITY, KOTOPBIM HAIOMUHAET 08epJieltble CTPYKTYPBI.

Otu ocobennoctn MatLAB nenatot ee BecbMa ruOKoOd ¥ yA0OHOH B MOJIb30-
BaHWM BBIYHMCIIUTEIBHON CUCTEMOM.
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1. MatLab kak Hay4YHbIH KAJbKYJIATOP

1.1. Komanonoe okno

[Tocne BezoBa MatLAB u3 cpenpt Windows Ha 2KpaHe BO3HHKAET H300paKeHUE
TaK Ha3bIBaeMOro "KoMaHaHoro okHa" cpeast MatLAB (puc. 1.1).

+J) MATLAB Command Window _ (O] x|
File Edit “iew Window Help

D | {2 v | 8IE | R|2

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

<] _"I_|
Ready | [NUM | Y
Puc. 1.1

DTO OKHO sBJsIeTCS OCHOBHBLIM B MatLAB. B HeM nosBIsAIOTCS CHUMBOJIBI KOMAaH/I,
KOTOpbIE HAOMPAIOTCS MOJIb30BATEIEM Ha KJIABHATYPE AUCIUIES, OTOOpaXKaroTCs pe3yJib-
TaThl BBIMIOJHEHUS 3THX KOMaHJ, TEKCT MCIOJIHSAEMOMN MporpamMMbl U MHpopManus o0
OIIMOKAX BBIOJIHEHUS MPOTPaMMBbI, pACIIO3HAHHBIX CUCTEMOM.

[Tpusznakom Toro, yto MatLAB rotoBa Kk BOCHIPUSITHUIO U BBIIIOJTHEHUIO OYEpE]l-
HOM KOMAaH/bl, SIBJIIETCSI BOBHUKHOBEHHE B IMOCJIEAHEN CTPOKE TEKCTOBOTO MOJIA OKHA
3HaKa MOpUriameHus »', mocie KOTOpOro paclosoKeHa MUTAKOIAsl BEpTUKaIbHAs Yep-
Ta.

B Bepxnelt yacTu okHa (1OJ] 3aroJ0BKOM) pa3MelleHa CTpOKa MEHIO, B KOTOPOH
naxonstcs mento File, Edit, View, Windows, Help. YTo0Obl OTKpBITh KaKoe-Tu00 MEHIO,
CleyeT YCTAaHOBUTh Ha HEM YKa3aTellb MBIIIM U HAXKATh € JIeBYI0 KHomKy. [TogpoOHee
(GyHKUMM KOMaH]l MEHIO OIucaHbl aanee, B riase 3 "Murepdeiic MatLab u komaH bl
oOmero HasHaueHusa. Hanucanue M-kaur".

3/1ech OTMETHUM JIMILb, YTO 0/ 8blx00a u3 cpedsvl MatLAB NOCTaTOYHO OTKPHITH
MmeHto File v BeiOpaTh B HeM komauay Exit MATLAB, viiu poCTO 3aKPBITh KOMaHHOE
OKHO, Ha)KaB JIEBYIO KJIABUIIIY MBIIIHU, KOT/Ia KypCOp MBI YCTAHOBIIEH Ha M300pake-
HUU BEpXHEH KpailHel nmpaBoi KHOIKH 3TOr0 OKHA (C 0003HAaYEHUEM KOCOTO KPECTHKA).
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1.2. Onepauuu ¢ yuciamu

1.2.1. BBoa aeiicTBUTEJILHBIX YHCEJI

BBox ymcen ¢ kimaBHATyphl OCYIISCTBIISICTCS MO OOMIMM TpaBUIaM, TPUHSATHIM
JUTSI SI3BIKOB TIPOTPAMMHUPOBAHHMSI BBICOKOTO YPOBHS:

0151_omoeneHus. _OpoOHOU 4acmiu_MAHMUCCHL_YUCAA UCHOAb3YVEMCs 0eCAmU4YHas
MoyYKa (6mecmo 3ansimoil npu 00bIYHOU 3ANUCU),

OecsaAmuYHbIlL _NOKA3AMeNb YUCId 3anucbléaemcs 6 _6uoe_UYeao20 Yucia_nocie
npeowecmeyiowen anucu_cumeona e”;

MedHCcOy 3anuUcblo MaHmuccol_ yucia u_cumeonom "e” (komopuwii omoensiem man-
MUCCy Om_noKazames) He 00JINCHO Oblmb HUKAKUX CUMEBO0I08, SKII0YAS U CUMEBOI NPO-
nycKd.

Ecnu, nanpumep, BBecTu B KomaHaAHOM okHe MatLAB ctpoky

1.20357651e -17,
TO TIOCJIE HAXKATUA KJIaBUIIN <Enter> B ’TOM OKHE MOSBUTCS 3aIUCH;

File Edit Window Help
D] & [m]@] <] B]E Bl (2]
» 1.20357651e-17 B
ans =
1.2036e-017
> | o
Puc. 1.2

Cnenyer OTMETUTh, YTO PE3YJbTAT BBIBOJUTCA B BUAE ((popMare), KOTOPBIA OM-
penensercs npeaBapUTeIbHO YCTAHOBJIEHHBIM (POPMATOM IPEACTABICHUS YUCEN. DTOT
dbopmaT MOXKET ObITh YCTAHOBJIEH C OMOIIbIO KoMaHAbl Preferences wmento File (puc.
1.3). Tlocie ee BbI30Ba Ha 3KpaHE MOSIBUTCS OJHOMMEHHOE OKHO (puc. 1.4). Onun u3
Y4acTKOB ATOr0 OKHA MMeeT Ha3Banue Numeric Format. OH npenHa3HaueH s ycTa-
HOBKHU U U3MEHEHUs1 (opmara NpeAcTaBiICHUs YUCeN, KOTOPbIE BBIBOJSATCS B KOMaHIHOE
OKHO B mporecce pacueroB. [Ipenxycmorpensl Takue hopmarhl:

Short (default) - xpaTkas 3anuch (MPUMEHSETCS 110 YMOITYAHHIO);

Long - nnvHHAas 3aluCh;

Hex - 3alKCh B BU/JIC MIECTHAAUATUPUYHOTO YHCIIA;
Bank - 3ammch 10 COTBIX JOJIEH;

Plus - 3aIIMCBHIBACTCS TOJILKO 3HAK YMCIIA;

Short E - kparkas 3anuch B (popMaTe C IMIaBaroIIeh 3amsaTom;

Long E - nnvuHHas 3anmuch B (hopMate ¢ IIaBaroIIeH 3amsaToi;

Short G - BTopas ¢hopma KpaTkoii 3anucu B opMare ¢ riiaBaroiei 3amsTou;
Long G - BTopas ¢opma JUIMHHOM 3anucu B opmaTe C TIaBaroIIeH 3arsToi;
Rational - 3anuch B BHUJI€ pallMOHAIILHON APOOH.
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N36upast ¢ MOMOIIBIO MBI HY>KHBIH BUJ MPEICTABICHUSI YUCE, MOXXHO o0ec-
MEYUTH B JIaJIbHEUIIIEM BBIBEJCHUE YUCET B KOMAHJIHOE OKHO UMEHHO B 3TOH dopme.

<) MATLAB Command Window  [H=E3

M=l Edit Window Help
New 4
Open...

Open Selection

Run Script...

Debug...

| Load Workspace...
Save Workspace As...
Show Workspace

¢ Show Graphics Property Editor
1 Show GUI Layout Tool

Set Path...
Preferences...

Print Setup...
- Print...
Print Selection

. 1SIMULINK.M

2 MATLABRC.M

3 MATLABRC.M

4 DSPSRCS.MDL

| Exit MATLAB Ctrl+Q
Puc. 1.3
Preferences BB
General |Command Window Font I Copying Options |
—Mumeric Format —Editor Preference

& Short (defaulf O Built-in Editar
O Long ® IC:\WINDOWS'\NDtepad_exe Browse...
O Hex
2 Bank —Help Directany
©Plus [CAMATLAB helpy Browse..
O Short E
CLong E
O Short G [T Echo On
Long G ¥ Show Toolbar
© Rational ¥ Enable Graphical Debugging
@ Loose (defaulf)
C Compact

B8 | OTreHa MpkpASHMT &

Puc. 1.4

Kaxk BugHOo 13 puc. 1.2, ynciio, KOTOpoe BBIBEIEHO Ha SKpaH, HE COBIIAJAET C BBE-
JEHHBIM. DTO OOYCIIOBJICHO TE€M, YTO YCTAaHOBJICHHBIH MO YMOJYaHUIO GopMaTr Mpe-
ctaBieHus yucen (Short) He mo3BomsieT BeIBeCTH OuTbie 6 3Havanmx 1udp. Ha camom
JieJie BBEJICHHOE Ynciio coxpansieTcss BHyTpu MatLAB co Bcemu BBeeHHBIMU €r0 1u(]-
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pamu. Hanpumep, ecinu uz0path Mbliiiblo cenektopHyio kHonky Long E (1. e. ycrano-

BUTh yKa3aHHBIA (hopMaT MpeACcTaBICHUS YUCEN), TO, IOBTOPSS T€ ke JCUCTBUS, MOTY-
YUM:

<) MATLAB Command Window [_ [O] x|

File Edit Window Help

Dz &|=l@l »] @5 & 2]
B

» 1.203576571e-17

ahs =
1.203576510000000e-017
L]
K1 W

Puc. 1.5

rzie y’ke Bce mudpbl oToOpaskeHsl BepHo (puc. 1.5).

Crenyer NHOMHHUTB:

- 86e0enNoe YUCIIO U _pe3yabmambl_ecex ebiyucienull 6 cucmeme MatLAB coxpa-
nsomes 6 navamu IIK ¢ omnocumenvhoii nozpewnocmoio okono 2.10%5 (m. e. ¢ mou-
HbIMU 3HAYEHUAMU 6 15 0ecamuynbix pa3psaoax);

- OUANA30H NPeOCMABIeHUS MO0V OCUCMEUMETbHBIX YUCE JeACUM 8 OUANA30HE
-308 +308
medxncdy 10 0 )

u 1

1.2.2. IIpocreiinue apudpmMeTndecKkue 1eMCTBUS

B apudmernueckux BblpaxeHHsx s3bika MatLAB wucnonb3yrores ciemyromiue
3HaKH apu(PMETHUECKUX OTIEePaIIHii:

+ - CJIOKCHHUE;

- - BEIYHTAHUE;

* - YMHOKEHHE;

/ - ISJICHHUE CJIeBa HAIPaBo;
\ - IEJICHUE CTIpaBa HAJIEBO;

A - BO3BEJECHUE B CTCIICHD.

File Edit Window Help
NI RIRIEEE
» 4.5 2x7.23-3.14%10.4 -]
ans =

113.7515
» J
<| | 4 :y‘

Puc. 1.6
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Hcnonp3oBanne MatLAB B pexuMe KalnbKyJIsTOpa MOYKET MPOUCXOIUTH ITyTEM
IPOCTOM 3aMUCU B KOMAHJHYIO CTPOKY IMOCJIEI0BATEIbHOCTH apu(PMETHUECKUX ACHCT-
BUM C YKCIIaMU, TO €CTh 0OBIYHOTO apU(PMETHUECKOTO BBIPAKEHUS, HAITPUMED:

(4.5)2*7.23 - 3.14*10.4.

Ecnu mocne BBoAa ¢ KJIaBHATYPhI ATOM MOCIEIOBATEIBHOCTH HAXaTh KJIABUIILY
<Enter>, B KOMaH/IHOM OKHE BO3HHMKHET Pe3yJbTaT BBINOJHEHUS B BUJIE, TIPEACTABICH-
HOM Ha puc. 1.6, T. €. Ha 3KpaH TMOJ UMEHEM CHCTEMHOM MEPEMEHHOMN ans BHIBOJUTCS
pe3yabTaT JeUCTBUS MOCICAHETO BHIMOJHEHHOTO OlepaTopa.

BooO6iie BBIBOJ TpOMEKYTOUHON MH(POPMAIIUU B KOMAHIHOE OKHO MOAYMHSIETCS
TaKUM TIpaBUJIaM:

- eClu 3anucb onepamopa_He 3aKanyusaemcs_cumeonom ;' pezyabmam oevicm-

8UsL DMO20 ONEPaAmopa cpasy AHce 6bl6OOUMCS 6 KOMAHOHOE OKHO,

- eciu_onepamop 3aKaAH4YUeaAemcs. cumeonom ', peszyibmam 11020 oeucmeus e

omobpaxcaemcs 6_KOMAHOHOM _OKHe;
- eciu_ onepamop He coO0epHcUm 3HaKa NpUceausarus (=), m. e. a6is1emcs npo-
CIMO 3aNUCbI0 HEKOMOPOU NOCIe008amMeIbHOCU 0elUCmMEUll HA0 YUCIAMU U ne-
DEMEHHbIMU, 3HAYCHUE Pe3VIbmama NPUceausaemcs CneyudaibHou cUCmemHoll
NepPEeMeEeHHOU N0 UMEHU ANS,;

- NOJVYEHHOE 3HAYCHUE NePeMEeHHOU ANS MOMCHO UCNOAb308ANMb 68 CAeOVIOUIUX
onepamopax_6ulYUC/IeHUl, NPUMEHSS MO UMA_ANS, NPU_dMOM_Cledyem nom-
HUMb, YMO 3HAYCHUE CUCMEMHOL NePEMEHHOU _ans UBMEHAEMC S Nocie 0eucm-
8Usl 0uepeodro2o onepamopa bes3 3HaKa NPUCEAUSAHUSL,

- 8 00wem cryuae popma npedcmasieHus pe3yibmama 6 KOMaHOHOM OKHe uUme-

em 6uo.

<Umsa nepemennou> = <pesyibmam>.

Ilpumep. I1lycTh HYKHO BBIYUCIUTH BhIpaxkeHue (25+17)*7. 31o MOXKHO clenarhb
TakuM oOpazom. CHavasia HabupaeM MOCIeI0BaTeIbHOCTh 25+17 1 HaxkuMmaeM <Enter>.
[Tonyuaem Ha 3KpaHe pe3yibTaT B BUAE ans = 42. Tenepp 3aUChIBa€M MOCIEI0BATEIb-
HOCTh ans*7 u HaxuMaeM <Enter>. Ilomydaem ans = 294 (puc. 1.7). UtoObI nipeaoTBpa-
TUTH BBIBEJICHUE MPOMEKYTOUHOIO pe3yJibTaTta ferctBus 25+17, nocratoyHo mnocie 3a-
MUCH ATOM MOCJIEA0BATENLHOCTH 100aBUTh cuMBOI ' ; '. Torjga OyeM UMeTh pe3yiabTaThl
B BUJIE, IIPEJICTABIECHHOM Ha puc. 1.8.

[Tpumenss MatLAB kak KanbKyasiTOp, MOKHO MCIOJIB30BaTh UMEHA MEPEMEHHBIX
JUISL 3aIIMCH TPOMEXKYTOUYHBIX pe3ynbTaToB B mamsATh 1IK. s 3TOro CiiyKuT onepanus
IIPUCBAMBAHUS, KOTOpast BBOAUTCS 3HAKOM PABEHCTBA ' =' B COOTBETCTBUSA CO CXEMOM:

<Mst nepeMEeHHON> = <BBIpaXKECHUE™>|;]

Hwmsa nepemennoii moscem codepacanv 00 30 cumeonos u 00NHCHO He co8nadams
C_umeHamu QyHKyul, npouedyp cucmemvl U CUCIMEMHbIX nepemennbix. IIpu smom cuc-
mema _paznuuaem 6onvwiue u manenbkue 0ykevl 8 nepemenuvix. Tak, uMeHa 'amenu’ ,
'Amenu’, 'aMenu' B MatLAB 00603HauaroT pa3Hbie IEpeMEHHEIE.

BripakeHue cripaBa OT 3HaKa MPUCBAMBAHUS MOXKET OBITh MTPOCTO YUCIOM, apud-
METUYECKUM BBIPAKEHUEM, CTPOKOW CHUMBOJIOB (TOT/Ia 3TU CUMBOJIbI HYKHO 3aKJIIOUUTh
B anocTpodbl) WIM CHUMBOJIBHBIM BhIpaXeHHEM. EcCiu BhIpaKeHHE HE 3aKaHYMBACTCS
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'

CUMBOJIOM '

<Hms nepeMeHHOW> = <pe3yJIbTaT>.

16

; |, TOCIe HaxkaTtus KiaBulM <Enter> B KOMaHIHOM OKHE BO3HUKHET pe-
3yJIbTAT BBIIIOJHEHUS B BUJIE :

File Edit W'"“j ”Et'p _|_| File Edit Window Help
D|B| é£|h|é| ﬁ| CI|
S LT NEROEE ﬁItDIJJ
ahs = » 25 + 17
42 » gngxr
» ansxr ans =
ans = - 29y _
294 .
1 vl d ] H 4
Puc. 1.7 Puc. 1.8
<) MATLAB Command Window  [l=] B3
File Edit Window Help
0| [ [=]e] ] @] & 2]
» X = 25+ 17 -]
x =
42
» J
Jd 3y

Puc. 1.9

Hanpumep, ecnu BBeCTM B KOMaHJIHOE€ OKHO CTpOKy 'X = 25 + 17', Ha sKkpaHe nosi-
BUTCS 3anmuch (puc. 1.9) :

Cucrema MatLAB uMeeT HECKOIBKO UMEH MEPEMEHHBIX, KOTOPBIE UCIIOIB3YIOTCS
CaMOM CHCTEMOMW U BXOJAT B COCTAB 3apE3€PBUPOBAHHBIX:

i, j - MHUMas enuHUIIA (KOPEHb KBAAPATHBIN U3 -1); pi - uucio 77 (CoXpaHseTcs B
Buge 3.141592653589793); inf - o603HaUYeHHE MAIIMHHON OECKOHEUYHOCTH; Na- 000-
3HaYCHHUE HEOMpPeACICHHOr0 pe3yibTaTta (Hanpumep, tuna 0/0 win  inf/inf); eps - mo-
IPEIIHOCTh ONEpalnil HaJl YACIaMH C IUIaBAIOLIEH 3alsTON; ans- PE3yabTaT MOCIEAHEN
omeparuu 6e3 3HaKa NMpHCBauBaHus;, realmax n realmin — MakCUMaJabHO U MUHHMAJTh-
HO BO3MOJKHBIE BEJIMYMHBI YHCIIA, KOTOPOE MOKET OBITh UCIIOJIH30BAHBI.

OTH NEpEMEHHBIE MOKHO HCTOJIb30BATh B MAaTEMAaTUYECKUX BBIPAKCHUSIX.

1.2.3. BBoa KOMIJIEKCHBIX YHCeJl

A3bIk cuctemsl MatLAB, B oTiindurie OT MHOTHX A3bIKOB IPOTPAMMHPOBAHUS BBI-
COKOT'0 YpOBHS, COACPKUT B ce0€ OUYEHb MPOCTYIO B MOJb30BAaHUU BCTPOCHHYIO apu(-
METUKY KOMILJIEKCHBIX YHCEN. BONBIIMHCTBO 31€MEHTAPHBIX MAaTEMaTHUECKUX (PYHKIUI
JIOIYCKAIOT B KQUE€CTBE apryMEHTOB KOMIUIEKCHBIE YHCTIA, @ PEe3YyJbTaThl (POPMUPYIOTCS
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KaK KOMILJIEKCHBIE YUCIA. JTa OCOOCHHOCTh fA3bIKa JIEAE€T €r0 OYEHb YJOOHBIM M TMO-
JI€3HBIM JIJI1 UHKEHEPOB U HayYHBIX paOOTHUKOB.

st o6o3HaueHus: MHUMOM equHulbl B si3blke MatLAB 3ape3epBupoBaHbl 1Ba
UMEHH I ¥ j. BBoa C KiIaBHATyphl 3HAUYECHHS] KOMIUIEKCHOTO YMCJa OCYIIECTBISETCS Iy-
TEM 3allMCH B KOMAHJHOE OKHO CTPOKH BHJIA:

<uMs KOMNJIEKCHOU nepemenHou> = <suauenue /{9> + i [j] *<suauenue MY>,

rae Y - pedicTBuTenbHAs 4acTh KOMIUIEKCHOrO uncia, MY - mHumas yacte. Hampu-
Mmep:

File Edit Window Help

D] 4 ]m@l o] @] & 2]

» X = 1 + ix2 -l
¥ =

1.0000e+000 +2.0000e+0001

» y = -3 +L|.J

y = o

-3.0000e+000 +Y4. 0000e+0001

kol | -

| v 4
Puc. 1.10

W3 npuBeneHHOro npuMepa BUIHO, B KAKOM BHUJE CHCTEMA BBIBOJUT KOMILJIEKC-
HBIE YUCJIa HA SKpaH (U Ha 1evaTh).

1.2.4. JiieMeHTApHBIC MaTEeMATHYECKHE PYHKIIUU
Oo6mas popma ucnons3oBanus Gpynkiuu B MatLAB Takosa:
<ums pezyromama> = <ums yukyuu>(<nepeuerv apeyMeHmos i ux 3Ha4eHuti™>).
B si3p1ke MatLAB npemycMoTpeHs! cieayromnye dJIeMeHTapHbie apudmeTrnieckue
byHKIIUU.

TDMZOHOMQWZDM’%GCKMG u 2unep60ﬂultea<ue d)VHKI/ﬁ/lu

sin(Z) - CUHYC uucia Z;

sinh(Z) - runepOoOJUYeCKuil CUHYC;

asin(Z) - apkcuHyc (B paguaHax, B [uanasone ot -7 /2 x +7 /2);
asinh(Z) - oOpaTHbIN TUIIEPOONTNYECKUN CUHYC;

cos(Z) - KOCUHYC;

cosh(Z) - runepOOIMYECKUM KOCUHYC;

acos(Z) - apkkocuHyc (B nuamazone ot 0 K 7);

acosh(Z) - oOpatHbIil TUTIEpOOINYECKUI KOCHHYC;

tan(Z) - TAHTEHC;

tanh(Z) - runepOOJUYECKUI TAaHTEHC;

atan(Z) - apkTaHTeHC (B Iuara3oHe oT -7 /2 kK +77 /2);
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atan2(X,Y) - 4eTBIPEXKBaJpaHTHBIA apKTaHTeHC (YroJl B Juana3oHe OT -7 10
+ 7T MeXy TOPU30HTAIBHBIM MPABBIM JIYYOM U JIy4OM, KOTOPBIM IIPOXOJUT YEPE3 TOUKY
¢ koopauHaTamMu X 1 Y);

atanh(Z) - oOpaTHBINM TUTIEPOOTUYECKUI TAHTEHC;
sec(Z) - CEKaHC;
sech(Z) - runepOOJUYECKUI CEKaHC;
asec(Z) - apKCEKaHC;
asech(Z) - oOpaTHBII TUTIEPOOTMYECKUI CEKAHC;
csc(Z) - KOCEKaHC;
csch(Z) - runepOOIMYECKUM KOCEKAHC;
acsc(Z) - apKKOCEKaHC;
acsch(Z) - oOpaTHbI TUTIEpOOTNYECKUI KOCEKAHC;
col(Z) - KOTAHT'€HC;
coth(Z) - runepOOIUYECKUI KOTAHTEHC;
acot(Z) - apKKOTAHTEHC;
acoth(Z) - oOpaTHBIN TUTIEPOOTINUSCKUN KOTAHTCHC.
DKCnoHeHyuanibhble QyHKyuu
exp(Z) - DKCIIOHEHTA Yncia Z;
log(Z) - HaTypaJbHbIN Jorapudm;
logl0(Z) - necsaTuuHbIi Jorapudm;
sqri(Z) - KBaJpaTHbIN KOPEHb U3 4ncia Z;
abs(7) - MOJyJb uKciia Z.
Llenouucnennvle yuxyuu
fix(Z) - OKpyTJIEHHE K OJIIKalIemMy 1eJIoMy B CTOPOHY HYJIS;
floor(Z) - oxpyriieHue K OMKaiIieMy 1eJIoMy B CTOPOHY OTpHIIATEeIbHON Oec-
KOHEYHOCTH,
ceil(Z) - OKpyTrjeHue K OmmKallemMy ILeJOMYy B CTOPOHY MOJOKHUTEIbHON
OCCKOHEYHOCTH;
round(Z) - oObIYHOE OKPYTJIEHUE Yncya Z K OMmKaiIemMy 1eoMy;

mod(X,Y) - ueno4yucieHHoe aeneHue X Ha Y
rem(X,Y) - BBIUHCIICHHE OCTaTKa OT AcieHus X Ha Y

sign(Z)

- BBIUUCIICHUE CUTHYM-(PYHKIIIT uncia Z
(0 mpu Z=0, -1 1pu Z<0, 1 npu Z>0).

1.2.5. CneuuajbHblie MATEeMaTHYeCKHE PYHKITUU
Kpowme snementapusbix B a3bike MatLAB npegycMoTpeH 1enblid psii cCrielraibHbIX
MAaTEMATHUYCCKUX (I)YHKLII/If/'I Hwuxe MPpUBCACH ICPCUYCHb U KPATKOC COACPIKAHUC ITHUX
(bYHKIII/If/'I HpaBI/IJIa 06paIH€HI/I}I K HUM MW HUCIOJIB30BaHUA ITOJB30BATCIb MOXET OTHI-
CKAaTb B OIITMCAHHUAX IOTHUX (bYHKIII/If/'I, KOTOPBIC BBIBOAATCA HA 3KpaH, CCIIHA Ha6paTL KO-
MaHy help v ykazath B TOH e CTpOKE UM (DYHKIIHH.
Q)VHKZ/IMM npeo6pa306aHuﬂ K‘OODOMHam
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cart2sph - peoOpazoBaHuE IEKAPTOBBIX KOOPAUHAT B CHEPUUECKUE;
cart2pol - peoOpa3oBaHUE ACKAPTOBBIX KOOPIAUHAT B TIOJISIPHBIC;
pol2cart - npeoOpazoBaHKE MOIAPHBIX KOOPAUHAT B AEKAPTOBBIE;
sph2cart - npeoOpazoBaHue chepuIeCKUX KOOPAUHAT B IEKAPTOBBIE.

Dyuxuuu beccens

besselj - pyskums beccens nmepBoro poja;
bessely - dbyuxums beccenst BToporo pona;
besseli - monuduimpoBanHas ¢yHkius beccens nmepBoro poaa;
besselk - momudunupoBannas ¢pyHkuusa beccens Broporo poaa.

Bema-dynkuuu

beta - 6eta-pyHKINSA;

betainc - HenonHasa OeTa-QyHKUHUS;

betaln - morapudm 6eTa-HyHKIUH.
Lavma-pynxkyuu

gamma - raMMa-(pyHKIIMS;

gammainc - HenoJHas ramma-QyHKUUS;
gammaln - norapudm ramMma-QyHKIIUH.

Anaunmuyeckue d)VHKL{uM U urnmezcpalivl

ellipj - annmunTraeckue GyHKuuu SJkooe;
ellipke - TIOJIHBIN DJUIANITHYECKUI UHTETPa;
expint - (hyHKLMS SKCIIOHEHIIMAJIBbHOTO HHTETpaa.

Dynkuuu owmubok

erf - (hyHKUMS OMINOOK;
erfc - TOTIOJTHUTENbHAs (YHKUKS OIINOOK;
erfcx - MacIITaOMPOBAHHAS IONOJIHUTEIbHAS (DYHKIIHS OIINOOK;
erfiny - oOpartHas QyHKITUS OMINOOK.
Hpyeue ¢pynxyuu
ged - HAaMOOJBIITUNA OOIIHI TETUTEIb;
lcm - HaMeHblllee OoO0lIee KPaTHOE;
legendre - 06060mennas gpynkius Jlexanapa;
log2 - norapuM 1Mo OCHOBAHUIO 2;
pow2 - BO3BEJICHUE 2 B YKa3aHHYIO CTEIICHb;
rat - IpEACTABJICHHUE YKCia B BUJE pallUOHATBHOM po0u;
rats - IIpe/ICTaBJICHNE YKCEN B BUAE pallMOHAIBHON APOOH.

1.2.6. Dy1ieMeHTApPHBbIE AeHCTBUS C KOMILJIEKCHBIMHM YU CJIAMM
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[Ipocreiimme neicTBUA ¢ KOMIUIEKCHBIMA YUCIIAMU - CIIOKEHUE, BBIUUTAHUE, YM-
HOKEHHE, JIEJICHUE U BO3BEJCHHUE B CTENEHb - OCYIECTBISAIOTCS IPU MOMOUIN OOBIYHBIX
apu(pMEeTHUUECKUX 3HAKOB +, -, *,/,\ U * COOTBETCTBEHHO.

[IpumMeps! ucnonb30BaHus MpUBEAeHSBI HA puc. 1.11.

<} MATLAB Command Window Ni=1E

File Edit Window Help

D] [4]=]] »] 8]E& & 2]
» x = 1 +21; y = -3 +4i; |
» disp(x+y)
-2.0000 + 6.00001
» disp(x-y)
4.0000 - 2.00001
> disp(xxy)
-11.0000 - 2.0000i
> disp(x/y)
0.2000 - 0.4000i
> disp(x\y)
1.0000 + 2.00001
» disp(x"y)
0.0011 - 0.00011

>

d ]
Puc. 1.11

Ilpumeuanue. B npuBeneHHoMm ¢GparmMeHTe ucrnosib3oBaHa (GyHkius disp (0T
CJIOBa 'MUCIUIEH'), KOTOpPAasi TOKE BBIBOJIUT B KOMAHJIHOE OKHO PE3YJIbTaThl BHIUYMCICHUM
VI HEKOTOPBIM TEKCT. [Ipy 3TOM 4YMCIEHHBIN pPe3ysbTaT, KaKk BUIHO, BBIBOJIUTCS YXKE
0e3 ykazaHusi IMEHHU TICPEMEHHON WJIH ans.

1.2.7. ®yHKUUM KOMILJIEKCHOT'0 AapryMeHTa

[IpakTHuecku gce dyIeMEHTapHbIE Mamemamuyeckue GyHKyuu, IpUBEICHHBIE B II.
1.2.4, spluucnaromes npu KOMnAEKCHbIX 3HAYEHUAX apeyMeHma W TOJIy4aroT B PEe3yJIbTa-
T€ 3TOr0 KOMIUIEKCHBIEC 3HAYCHHUS pe3ysbTaTa.

bnarogaps sTomy, HanpuMep, QYHKIMS Sqrf BBIUUCISIET, B OTIIMYUE OT JPYrHX
A3BIKOB IIPOIPAMMHMPOBAHMs, KBAJAPATHBIA KOPEHb M3 OTPULIATEIBHOTO aprymMeHTa, a
GyHKIMS abs npyu KOMIUIEKCHOM 3HAYEHUH apTryMEHTa BBIYHUCISET MOIYJb KOMIUIEKC-
Horo yucna. [Ipumeps! npusenens! Ha puc. 1.12.

B MatLAB ecTh HECKONBKO AOMOJHUTENBHBIX (DYHKIUN, PACCYUTAHHBIX TOJIBKO
HAa KOMIUIEKCHBIN apryMeHT:

real(Z) - BblOENSIET NEUCTBUTENBHYIO YAaCTh KOMIUIEKCHOTO aprymMeHTa Z;

imag(Z) - BbIAEISAET MHUMYIO YaCTh KOMIIJIEKCHOTO apryMEHTa;

angle(Z) - BbIUKCIIIET 3HAUEHUE apryMEHTa KOMILJIEKCHOrO uncia Z (B paguaHax
B JIMAIIa30HE OT - 77 10 +IT);

conj(Z) - BbIIAET YUCIIO, KOMILJIEKCHO COMPS)KEHHOE OTHOCUTEIBHO Z.

[Ipumeps! npuBenens! Ha puc. 1.13.
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File Edit Window Help File Edit Window Help
D] [x]=]e] <] @] & 2] D] [&]m]@] <] @] & (2]
» disp(sqrt(-2)) | » disp(real(y)) |
0+ 1.41421 -3
» disp(abs(x)) » disp(imag(x))
2.2361 _ 2
» disp(exp(y)) » disp(angle(y))
-0.0325 - 0.0377i 2.2143
» disp(sin(x)) » disp(conj(y))
3.1658 + 1.95961 -3.0000 - 4.00001
» disp(sqrt(x)) | » | N
1.2720 + 0.78621
» | .
ﬂ—l _bl- E 4 é
Puc. 1.12 Puc. 1.13

Kpome toro, B MatLAB ectb cnieunanbnas pyukuus cplxpair(V), xoTopas ocy-
LIECTBISAECT COPTUPOBKY 3aJaHHOI'O BEKTOpa V C KOMIUIEKCHBIMHM JJIEMEHTAMH TAKUM
00pa3zoM, YTO KOMIUIEKCHO-CONPSKEHHBIE MAPBI 3TUX 3JIEMEHTOB PACHOJIAratoTCs B BEK-
TOpE-pe3yJIbTATE B MOPSANKE BO3PACTAHUS UX JEHCTBUTENBHBIX YaCTEU, IPU ITOM dJe-
MEHT C OTPULATEIBHON MHMMOM YaCThIO BCETIa PACIIOIAracTCs NepBeIM. JleHCTBUTEIb-
HBIE AJIEMEHTHI 3aBEpLIAIOT KOMIUIEKCHO-CONpsKeHHbIe napbl. Hanpumep (8 danbheii-
wem 8 npumepax KoManobl, KOMopble HAOUPAromcs ¢ Kiasuamypul, 6yO0ym HANUCAHbl

AHCUPHBIM UWPUDMOM, A Pe3VIbmam Ux 8bINOJAHEHUS - 0ObIYHbIM UUPUDMOM):
» Vv =[-1, -1+2i,-5,4,5i,-1-2i -5i]
V =
Columns 1 through 4
-1.0000 -1.0000 + 2.0000i -5.0000 4.0000
Columns 5 through 7
0+5.0000i -1.0000 - 2. 0000i 0 - 5. 0000i
» disp(cplxpair(v))
Columns 1 through 4
-1. 0000 - 2. 0000i -1. 0000 + 2. 0000 0 - 5. 0000i 0 + 5. 0000i
Columns 5 through 7
-5. 0000 -1. 0000 4. 0000

[Tpucnoco6nenHocts 6onpiuHCTBA GyHKIM MatLAB k onepupoBanuio ¢ KoM-
TUIEKCHBIMH YHCJIAMU TIO3BOJISIET 3HAYUTEIHHO MPOIIE CTPOUTH BBIYUCICHUS C JICHCTBU-
TEIbHBIMU YHCIIAMU, PE3YJIbTAT KOTOPBIX SBJISETCS KOMIUIEKCHBIM, HAIpUMeEp, HAXO-
JIUTh KOMIUIEKCHBIE KOPHU KBAJPATHBIX YPAaBHECHUI.

1.2.8. 3apanus

3aoanue 1.1. Berunciure ykazaHHOE apu(PMETHUECKOE BhIpaKEHUE. Y KAKUTE T0-
CJIEI0BAaTEIbHOCTh HaXkaTus kiaBuma. CpaBHUTE MOITYUYEHHBIN pe3yibTaT ¢ MPUBEICH-
HBIM OTBETOM.

OTtBeT
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22
11
(12—6—5,25)13,5+0,111
> 6 27 599.3
0,02
(11+2 > +1j :96+213
p 12 32 24 6179.5
0,0004
(6,6—354)55
. 6 2.5
(21-1,25): 2,5
2625-2.2°
4 3 14 < 2,8095
(3+4,375j :19°
12 9
5. 10’13;‘1”’35 . 0,0115
8 L, 20
6 15 77
(584 j 08+21.0225
15 9 0.56071
8.75-0,6
[0216 056j 0.5
7. . 2
( 2475+ )4,5
14 .022:03-096
g 1l 3 0.2
(0,2—)1,6
40
(3 +0,425— 0,005) £ 0,12
9, 3 — 0.25
30,5+ —+3-
6 3
1 1
35425 46-2- 0.05
10, -3 - f: 457 0,19231
25-1- 46+2- | -—0125
3 3 \7
0,725+0,42(6)
1. .0,25. -0,04492

0,128 - 6,25 (0,0345 : 0,12)
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(4,5 SE 6,75) -0,(6)
12. 3 — 0.17068
(3,333 L0.3+0222- 9) 2

(54_41j:58
45 6/ 15 2

13. —— 534 0,28571
(4 + 0,75) 3~
3 13
4
1—--.022:03-096
14. 11 5 _ 0,19048
(0,2 - ) 1,68
40
(407 —385) - 109+ (0,875— 7) 20
15~ 30 12 30/ 11 166,67
0,008
1 7
(68,023—66,028) : 6+ 4,5
16. 9 40 8,7028
0,042 + 0,086
2,1-1965): (12-0,045
17.{ ):(12:0045) 4 17,397
0,00325: 0,013 0,2-073
(1,88 +2,127)-0,01875
18. ¥ +8,29. 8,2441
0,625—— : 3,13
18
3:0,4-0,009: (0,15 2,5)
19. . 13,79
0,32-6+0,033—(5,3-3,88)
(34,06-33,81)-4 4
20. +133: —. 7,4825
6,84 : (28,57-2515) 21
21, 8,8077 . 1,4889
20—(28,2: (13333-0,3+0,0125))2,004
(1,75 : 2—1,75-1,125) : 7
22, 3 12 2667.5
(0,2012-0,0325) : 400
(261— 18,02-0,75) .2,4: 0,88
23~ 3 | 3,005

1,37 - 232 : 1,82
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3:(0,48-0,27)

24. 26 : +1,27. 18,836
2,52(1,38 +2,45)

25. (16,5—1391—61+2,2 1 (0,241-0,91) . -1,8036

3aoanue 1.2. TlpoBenute BBIYUCIEHUS MO 3aJaHHOW (OpMyse TpH 3aJaHHBIX
3HAUCHUAX TApaMeTPOB. YKAXKHUTE HEOOXOAUMYIO TOCIEA0BATEILHOCTh JICWCTBHIMA.
CpaBHUTE MONTYUYEHHBIN PE3YIbTAT C IPUBEACHHBIM OTBETOM.

Ykazanue. B cucmeme MatLAB neckonvko nocieonux KOMaHo 3anOMUHAIOMCAL.
Llosmopnbli 6b13068 SMuUX KOMAHO 8 KOMAHOHOE OKHO OCYUleCmEaemcs Haxcamuem Kia-

suw <+ > u <T > Hcnonb3yiiTe 3Ty BO3MOKHOCTb JUIS TIOBTOPHOTO OOpAIEHHsS K Ha-
OpaHHOU (QYHKIIHMH.

1. 3m? +3/2n> tm a)mz—%, n:tg%; 6)m:2,2-10_2, n:L .

31
OTBET: a)2327; 6)26,938.
2. fﬁstﬂ cosa ; a)l=17-10°, a=18"; 6)l:E, a== .
3 2 21
OTBET: a)l.5633e¢+008; ©6)5.0651e-002.
3. M; a)a=15 b=08, a=616)a=3-10"2, b=07l, a=>1 .
tga 7
OTBET: a) 1. 0498¢+000;  6) 1. 2429¢-001.
3a%./6,8-(a—b
( - ) ca)a=4,13-10"", b:i;
4 4a +b) 261
0)a= sin%, b=-tgl2’
OTBET: a)2.9464e+000; 06) 4. 9445e¢+000.
C3 (04 . VA 0.3
5. ZCOSE sing ; a) c=1g2,38, a:g; 0)c=e ", a=65".
OTBET: a)3.4657¢-004; 0) 2. 2120e-002.
3
6. My n=31516-10", @ =5 6)n=e>, a=2%.
16,3sinasin 2« 13
OTBET: a) 1. 1265e-002;  6) 7. 6324e+001.
3 o
7. 5sin35° SZL%; a)S=In3, a=44"; 6)S:§, a:lﬂ.
Ttga 25 12

OTBET: a)5.4283e-001; 6) 8.9703e-018+ 1. 4650e-0011.

8. ‘lg(l + sin a) + ln(l - sinﬂ)

;a)a:377[,,8=83°; 6)052%7[, p=16".
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OTBET: a)4.6035¢+000; ©6) 5. 1546e-002.
9. 3\/sin2(a +p)-sin’(a—p); a) a= %7[, L=037;6)a=12°, f=220°

OTBET: a)4.8756e-001+ 8. 4448e-0011; 0) 7. 3715e-001.

_3
10. (log, (b +1,4)) L a)a=356, b= %1, 6)a=2, b=2,1649-107 .
OTBET: a) 1. 1790e+000;  6) 1. 6630e+000.

1

11. 3( / A)%/pq; a)p=1In3, g=1g3; 6) p=0,013, q:1,4-102 .
OTBET: a)5.7737¢+000; 0) 6. 6559¢+001.
12. %mw/m%/m% . a) m=3,6485-10%; 6) ng :
OTBET: a)1.5880e+004; 0)5.4516e-001.
13. §S\/Es1n —a)S= M 0[=l7l';6)S=5,403, oa=28".

3 \x 2 11
OTBET: a) 2. 8187e+000; 6) 3. 7879¢-003.

14. 2\/7tgasm —aF :L 0[—272' 0) F=In7, a=134".
T 0,03’ 7
OTBET: a)-6.6313e+000; 0) 5. 0346¢-006.

1 m3 cosa

. ;a)m=-20,1, «a=20"; 6) m=1gl13,6, « =1,48 .
12 (sina+cosa)

OTBET: a)-3.0201e+002;  6) 8. 5792¢-003.
3
16. msm(a +30 )sm(a -30 );
a) h=028, a=41"; 6) h=e""", @ =237°
OTBET: a)8.1284e-002;  G) 4. 9334e+000.

o 2

g(lg(a’ +2)-tga)’;

a)d=6,178, a=20"; 6) d =-2,2461- 1072, ¢ =1,146.

OTBET: a)3.5028e-002; 6) 1. 4003e+000.

18. d3ctga\/sin4 a—cos* a ;a)d=10,6, x=50";0)d = e2’3, a=1.
OTBET: a)4.1645¢+002; ©0)4.1101e+002.

a’3

17.

19. (seca+coseca)4;

a)a=508 a=25";6)a=In137, 0!—%72’

OTBET: a)1.6193e+003; ©6) 3. 5238e+003.
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0. Jr ]

3 (ctgA + cth)2
OTBET: a)1.4132e-001;

: ) A=51°, B=39"; 6) 4 = 0,643, B=§.

0) 5. 0772e-002.

21. 1g(3x2 9 2‘%} S a)x =", 6) x = 1g1,21.

OTBET: a)6.1109¢+000; 6)-5.1927e¢-001.
5% (a +12,36)° , O
22. ;a)a=2,1754-10"; 6) a=cosl7 .
ln(a + 7)
OTBET: a)8&.5511e+075; ©0)4.0272e+000;

x—1
23. 1g° x — (%7) sin/x ; a)x =e>'*; 6) x=2,468-107".

OTBET: a)-2.0936e+003; ©6)1.7858e-001.

24-5\/(x - y)zél% _ix=e " y=In21517% 6)x=37", y= 0032_747, .

OTBET: a)3.4445e-001;  ©0) 2. 6745e-001.

SnAYIEE o 4=56 B=1g25;6)A=Sx, B=".
la—35) 9 10

OTBET: a)4.4466e+000; ©0)5.2145e-001.

3aoanue 1.3. Beinonuure takue aenctBus (cMm. Tadmuiy 1.1):

a) YHUCIO Z;, 33JJaHHOE B aJireOpanyeckoi (IPKCIOHEHIMaIbHOM) GopMe, nepese-
JIUTE B SKCIIOHEHIIMAIBbHYIO (aIreO0pandecKkyto), MpOBEPhTE U 3aMUIINTE PE3yIbTaT;

0) 4ucio z,, 3aJaHHOE B HKCIIOHEHIMAIbHOU (anreOpanyeckoil) popme, nepene-
IUTE B anredpanveckyro (IKCIMOHEHIINAIBHYIO), IPOBEPHTE U 3AIUIINTE PE3YyIIbTAaT;

B) BBIYUCIIUTE 33J]aHHOE BBIPAKCHHE; 3AMUIIUTE PE3yJbTAT SKCHOHEHIIUATBHON
¢dopme, mpuueM apryMeHT pe3yJibTaTa 00ecleybTe B TpaHULIAX MeXay (-m) U+

25.

Tabmuna 1.1
Bapi KommiekcHoe uncno Bripaxkenne
aHT Z, Z5 Z3 Zy
I 4430 | g, | 1827 | V3-2i 2z} zyizy 42,
2 0,8—2i 3,086i7%2 g,olezi —5++/2i 212 Zy + 23— 2,
30| 0T+ 1747037 | 344 2,le > \Z1Zy 23+ 2,
S| e | 0T 3 T | 8230 |z 2y -2y
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6 | z08¢ 72 | 372 | g03M | B2 (74 2,) 2y,
71 174937 | 0.8-2i | 328,712 | \3-4/2 (\/Z1 + 22) 2,2,
15i : : i

8 321e 4+3i V3 - 4i 1,23¢'M! (Zl _22)3 Z3+2y4
9 T 107°i 0,8—2i 14° )

1+lé 1,2e 2,5 (21.22 +Z3) “Zy
10 J5-i 0,7¢"" 1,2 —3-2i (21:2, + 23)2 -z,
11 0,187_3,941 036_1070i —0,7+4l 158230i 3[ZI+ZZ_Z3 ‘Z4
12 —1+\/§l zjleZIIOi 0’4e3zoi 4+3i %/2‘22:23 +Z4
13 | —B-4i | 12508 | —3-2i | 0,75¢%" (3 z 2y + 2 ):24
14 1,287 018-39i | (714 0,8 —2i (3 Ziizy + 23).24
15 1 0371 | —1+4/5i | =0.7+4i | 52,70 (\'21'22 _23):24
17 1 1,05¢7%% J5—i 2,7¢"% =0,7+4i \/(21:22 + 23) "Zy
181 21e™0 | 1wiml | N2HV3E | 19370 | (72 - s)z
19 2,7+0,81 2e_ﬂi 0,81€i% _\/5_\/51 \/(Zl +Zz):Z3 'Z4
20 _O,8+237l —26\/31. O,9€i5% 391_251l \/(Zl +Zz) Z3:Z4
21 | ~L1=32i | 033691 | o2 2,08+ =2, 232,
22 | 212321 | g68e% 1 | VS42i | 273e% | (zi-zpizz

~0,8i : — ' i
23 | Lle J5-2i L7+ 1 0,977 ((z1 +2,) —23):24
0,8 : i 2,50

24 | 21e ~J542i | 17003 0,8¢ ((z1 —z,) 4 23):24
25| ule | mgoog | BTIROATY g1 1 (2 2z iz 4z

a-x*+b-x+c=0
IpU 33JaHHBIX 3HAYEHUAX KO3P(PULIHUEHTOB a, b U ¢ (cM. Tabauny 1.2).

3aoanue 1.4. Haiinute KOpHU KBaAPATHOTO YPaBHEHUS

Tabmuna 1.2
Bapuant a b c
1 0.56 1.2e-4 4.08
2 1 0.1 100

27
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3 4. 2e-3 8. 03e-4 1.06
4 7. 1e3 9. 4e4 8. 3el0
5 5.09 4.32 256

6 8.3 5.34 693

7 27 27 1276
8 3.08 0.2 30

9 53 10.6 876
10 0.45 0. 034 121
11 4.3 10.7 3. 4¢3
12 13 0.8 287
13 6. 035 5.2 875
14 2.3 7.9 324
15 1 0.02 16.57
16 1.3 0.56 18.8
17 0.13 0. 056 18.8
18 17 12 956
19 0. 085 1 1.3e3
20 1.2 0.32 15

21 7.1 6.4 256
22 0.2 0.002 2.9
23 1. 4e-3 3.9 2. 6e2
24 0.86 3.2 5.4e2
25 7.3e3 8.2¢e2 3. 5e8

1.2.9. Boripocsl

1. Kak npencraBiifoTCsl AEMCTBUTENBHBIE YUCIIA MPU BBIYHUCIEHUSAX B CUCTEME
MatLAB?

2. Kak n3meHuTts (popMaT npeAcTaBICHUS NEUCTBUTENBHBIX YHCET B KOMaHIHOM
OKHe?

3. Kakum 06pa3zom 0ObsBISIIOTCS IepeMeHHbIe B si3bike MatLAB?

4. Kak cpenaTh Tak, 4TOOBI pe3yjibTaT IEHCTBHUIl, 3alMCAHHBIX B OYEepPEIHOU
CTPOKE a) BEIBOJAWIICS B KOMAH/HOE OKHO; 0) HE BEIBOJMIICS Ha DKpaH?

5. Kakyto poib urpaer cucTeMHas IiepeMeHHast ans?

6. Kak Bo3BpaTuTh B KOMaH/IHYIO CTPOKY pPaHEE BBEICHHYIO KOMaHy?

7. Kak BBeCTH 3HaU€HUs] KOMIUJIEKCHOT'O YHUCIA, U B KAKOM BUJI€ OHO BBIBEJIETCS
Ha dKpaH?

8. Kak Ha s3pike MatLLAB o0ecnieuuTs Cl0KeHUE, BEIUUTAHUE, YMHOXKEHHE, J1e-
JIEHVE Y BO3BEJCHUE B CTENEHb KOMIUIEKCHBIX YHCEI?

9. Kakue @pyHkmu paboThl C KOMIUIEKCHBIMHM YHCIAMU MIPEAYCMOTPEHBI B SI3bIKE
MatLAB?
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1.3. Hpocmeﬁmue onepauuu ¢ 6ekmopamu u mampuuamu
MatLAB - cucrema, cCieHHaJbHO NPEAHA3HAYECHHAS I OCYLIECTBIICHHUS CIIOXK-
HBIX BBIYMCIIEHUM C BEKTOpAaMM, MaTpullaMy U rnoiauHomamu. 1lox Bekropom B MatLAB
IIOHUMAETCsI OJTHOMEPHBIA MAaCCUB YMCEIN, a MOJ MaTpPULEH - AByMEpHbIN MaccuB. [Ipu
3TOM 10 YMOJIYAaHUIO IIPEIOIaraeTcs, yTo Jiro0as 3aaHHasi IepeMeHHas BIIAETCSA BEK-
TOPOM WM mMaTpuued. Hanmpumep, oTaenpHoOe 3aJaHHOE YHUCIIO CUCTEMA BOCIIPUHUMAET

KaK MaTpuily pazmepom (1*1), a BekTop-cTpoky 13 N 3JIEeMEHTOB - KaKk MaTpUILy pa3Me-
pom (1*N).

1.3.1. BBoa BeKTOpPOB M MaTpHLI

HavanbHble 3HaYeHUs: BEKTOPOB MOXKHO 3aJaBaTh C KJIABHATYPHI IyTEM IO3JIe-
MEHTHOTO BBOJia. [[1s1 3TOr0 B CTpOKE Clie[yeT CHauajga yKa3aTb UMs BEKTOpPa, MOTOM
MIOCTaBUTh 3HAK MPUCBAUBAaHUs ' ="', 3aTEM, - OTKPBIBAIOIIYIO K6AOpAmMHY0 CKOOKY, a 3a
HEl BBECTH 3aJIaHHbIC 3HAUYEHHUS DJIEMEHTOB BEKTOpA, omodensds ux npoberamu uiu 3a-
nameimy. 3aKaHYMBAETCS CTPOKA 3aIMMCHIO 3aKPBIBAIOIIEH KBaJIPATHON CKOOKHU.

Hanpumep, 3anucek ctpoku V =[ 1.2 -0.3 1.2e-5] 3agaet BekTop V, KOTOpBIU CO-
TEPKUT TPH dJIeMeHTa co 3HadeHussmMu 1.2, -0.3 u 1.2e-5 (puc. 1.14):

<) MATLAB Command Window Mi=1E3
Eile Edit Window Help
ol 2l=le 2] 2liE & 2]
» cle ;l
»U=1[1.2 -0.3 1.2e-5]
U =

1.2000 -0.3000 0.0000 —I
4| | M 4

Puc. 1.14

[Tocne BBeAeHMsI BEKTOpa CHCTEMa BBIBOAMT €r0 Ha dKpaH. To, 4TO B MPHUBEACH-
HOM TpUMeEpe TMOCIEeIHUN 3JeMEHT BbIBeAeH Kak (), 00yCIOBIEHO YCTaHOBIIEHHBIM
¢dopmaTom short, B COOTBETCTBUM ¢ KOTOPBIM BBIBOJATCS JAHHBIC HA SKPaH.

JUTMHHBIA BEKTOP MOKHO BBOJAWUTDH YACTSIMH, KOTOpPbIE MOTOM OOBEIUHATH C TO-
MOILBIO ONlepaluu 00bedutenus gekmopos 8 cmpoky : v =[ vl v2 |. Hanpumep:

[4|MATLAB Command Window [_ o] %]
File Edit Options Windows Help

» yl=[1 2 3]; wv2:[45 B]; il
» yz[ul v2]

Puc. 1.15
SI3pik MatLAB paer moip30BaTei0 BO3MOKHOCTD COKDAUEHHO20 688C0CHUSL 8CK-
mopa, 3HAYEeHUs. NeMEHMOE_KOMOpPOo20 COCMAGIAION._apupmemuyeckyo npocpeccuio.
Ecnu 0603HaunTh: Nz - HaYaaIbHOE 3HAYCHUE ITON MPOTrpeccuu (3HAaUCHUE MEePBOro dJe-
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MEHTa BEKTOpa); kz - KoHeUHOe 3HaUeHHEe NPOrpeccrur (3HAUeHHE MOCIETHEr0 3JIEMEH-
Ta BEKTOpa); h - pazHoCcTh mporpeccuu (mar), TO BEKTOP MOXHO BBECTH C IIOMO-
mpl0 KopoTkod 3amucu V =nz : h : kz . Hanpumep, BBenenue crpoku V=-0.1:0.3 :
1.4 mpuBeneT Kk TaKOMY Pe3yJbTaTy:

<) MATLAB Command Window N=lE1
File Edit Window Help

D] aelulalJ @) | w 2]
» U= -8.1 ; 1.4 B
| =

-0.1000 0.2000 0.5000 0.8000 1.1000 1.4000
» | n
] 2y

Puc. 1.16

Ecnu cpegnuii mapameTp (pa3HOCTh MPOTrPECCHM) HE yKa3aH, TO OH IO yMoJIya-
HUIO IPUHUMAETCA paBHBIM enuHuie. Hanmpumep, komanaa

>>-21:5
MPUBOJIUT K POPMHUPOBAHUIO TAKOTO BEKTOPA

ans = -2.1000 -1.1000 -0.1000 0.9000 1.9000 2.9000 3.9000 4. 9000

Tak BBOJSTCS BEKTOPBI-CTPOKHU. Bexmop-cmonbey BBOIUTCS aHAJIOTHYHO, HO
3HaAYeHus dnemenmos omoensaomes sHakom """

)

Beo0 3naueHuit 3neMeHTOB Mampuywl ocymecTBiasiercs B MatLAB B kBagpaTHBIX
CKOOKax, no cmpoxam. IIpy 3TOM 3JI€MEHTBI CTPOKH MATPHIIBI OJUH OT APYroro OTje-

JSIOTCS TIPOOETIOM WIIH 3aIIATON, a CMpoKU 00Ha om Opyeou omoensiomces 3uaxom ;"
(puc. 1.17).

<) MATLAB Command Window _ O] x]
File Edit Window Help

NEIROOIREEEIE
»A:[246810; 556.36.88 8.6] 4]
A =
2.0000 4.0000 6.0000 2.0000 10,0000
5.5000 6.3000 6.8000 2.0000 2.6000

Puc. 1.17

1.3.2. ®opMupoBaHUe BEKTOPOB U MATPHII

MatLAB nMeeT HEeCKOJIBbKO (PYHKIIH, KOTOPBIE MO3BOJIAIOT (POPMUPOBATH BEKTO-
pPBl ¥ MAaTPHUIIBI HEKOTOPOTO OMPEAEICHHOT0 BUAa. K TakuM (QyHKIIUSM OTHOCSITCS:

zeros(M,N) - coznaetr matpuily pazmepoMm (M*N) ¢ HylIeBbIMU 3JI€MEHTaMH, Ha-
npuMep:

» zeros(3,5)

ans =
0 0 0 0 O
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0 0 0 0 O
0 0 0 0 O

ones(M,N) - cozmaer matpuily pazmepom (M*N) ¢ eIUHHUYHBIMH DJIEMEHTAMH,
HaIpumep:
» ones(3,5)
ans =
11 1 1 1

1T 1 1 1 1
1T 1 1 1 1

eye(M,N) - co3maetr enmMHHYHYIO MaTpuIly pasmepoMm (M*N), T. e. ¢ eauHUIIAMU
10 TJIABHOUM IMAroHa M U OCTaJbHBIMU HYJIEBBIMH JICMEHTaMH, HAIPUMED:

» eye(3,5)
ans =
1 0 0 0 O
0 1 0 0 O

0 0 1 0 O
rand(M,N) - coznmaetr marpuity pazmepom (M*N) u3 cirygallHbIX 4yuces, paBHO-

MEPHO paclpee/IcHHbIX B quana3zone ot 0 1o 1, Hanpumep:
» rand(3,5)

ans =
2.1896e-001 6.7930e-001 5.1942e-001 5.3462e-002  7.6982e-003
4.7045e-002 9.3469e-001  8.3097e-001 5.2970e-001 3. 8342e-001
6. 7886e-001 3. 8350e-001  3.4572e-002 6.7115e-001 6. 6842e-002

randn(M,N) - cosnmaetr matpuity pazmepoMm (M*N) u3 ciaydaliHBIX YHCEII, pac-
NPEJEICHHBIX TI0 HOPMaJIbHOMY (TayCCOBOMY) 3aKOHY C HYJIEBBIM MaTeMaTHYEeCKHM
OKUJAHWEM W CTaHJAPTHBIM (CpeIHEKBAIPATHUYHBIM) OTKIIOHCHHEM, PaBHBIM €IMHUIIE,

HaIpumep:
» randn(3,5)
ans =
1.1650e+000 3.5161e-001 5.9060e-002 8.7167e-001 1.2460e+000
6. 2684e-001  -6. 9651e-001 1. 7971e+000 -1.4462e+000  -6. 3898e-001
7.5080e-002 1.6961e+000 2.6407e-001 -7.0117e-001 5. 7735e-001

hadamard(N)- co3naet matpuity Anamapa pazmepoM (N*N), Hanmpumep:
» hadamard(4)
ans =
11 1 1
1 1 1 -
11 1 -
1 1 1 1
hilb(N) - coznmaet marpunty ['ia6epta pazmepom (N*N), Hanpumep:
» hilb(4)
ans =
1.0000e+000 5.0000e-001  3.3333e-001  2.5000e-001
5.0000e-001 3.3333e-001 2.5000e-001  2.0000e-001
3. 3333e-001 2. 5000e-001 2. 0000e-001 1.6667e-001
2.5000e-001 2.0000e-001 1.6667e-001 1.4286e-001

invhilb(N) - co3gaer oOpatHyro Mmatpuiy [miasbepra pasmepom (N*N), Ha-
npuMep:
» invhilb(4)
ans =
16 -120 240 -140
120 1200 2700 1680

240 -2700 6480 -4200
-140 1680 -4200 2800
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pascal(N) - coznaet matpuity Ilackans pazmepom (N*N), Hanpumep:
» pascal(5)

ans =
1T 1 1 1 1
2 3 4 5
3 6 10 15
4 10 20 35
5 15 35 70.

B s3pike MatLAB mnpeaycMOTpeHO HECKOJbKO (PYHKIUM, KOTOPHIE MO3BOJSIOT
(dbopMHUpOBaTH MaTPUIly Ha OCHOBE APYroi (3aaHHOW) WJIM MCHOJIb3Ysl HEKOTOPBIHA 3a-
naHHbI BeKTOp. K Takum QyHKUIMAM NPUHAJIEKAT:

fliplr(A) - dopMupyeT Matpuiry, nepecTaBiisisi CTOIOIBI K3BECTHON MaTPHUIIBI A
OTHOCUTEJIBHO BEPTUKAIBHON OCH, HAIIpUMED:

_

A=
1 2 3 4 5 6
7 8 9 10 11 12
13 14 15 16 17 18
» fliplr(A)

ans =
6 5 4 3 2 1
12 11 10 9 8 7
18 17 16 15 14 13

flipud(A) - nepecTaBisieT CTPOKHU 3aJaHHON MAaTPUIlbl A OTHOCUTEIBHO TOPU30H-

TaJILHOM OCH, HALIPUMED:
» flipud(A)
ans =
13 14 15 16 17 18
7 8 9 10 11 12
1 2 3 4 5 6

rot90(A) - gopmupyer maTpuily myTeM "MoBopoTa" 3aJlaHHOM MaTpHUIlbl A Ha
90 rpaaycoB MPOTHB YaCOBOM CTPEIKHU:
» rot90(A)
ans =
6 12 18
5 11 17
4 10 16
3 9 15

2 8 14
1 7 13

reshape(A,m,n) - oOpazyer MaTpuily pazMepoM (m*n) myTemM BBIOOPKHU dJIEMEH-
TOB 3a/JIaHHON MaTpPUIBI A TIO CTOJIOIAM U TOCIEAYIOMIEMY paclpeaesiCHUIO ITHX die-
MEHTOB 110 'n' CTOIOIaM, KaK/IbIid U3 KOTOPBIX COACPKUT 'M' DIIEMEHTOB; TIPU STOM YHC-

JI0O BJIEMEHTOB MaTPHIIbl A JIOJHDKHO PaBHATHCS m*n, HanmpuMmep:
» reshape(A,2,9)

ans =
1 13 8 3 15 10 5 17 12
7 2 14 9 4 16 11 6 18

tril(A) - oOpasyeT HMKHIOI TPEYTOJIbHYIO MaTPUIly HA OCHOBE MAaTPHIIbI A ITy-
TeM OOHYJICHUS €€ 3JIEMEHTOB BBIIIIE ITIABHOM TMArOHAIIH:

» tril(A)

ans =

1 0 0 O
7 8 0 O

[ Ne]
[ Ne]
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13 14 15 0 0 O
triu(A) - oOpa3yeT BEepXHIOIO TPEYTOJIbHYIO MATPUILy Ha OCHOBE MAaTpHIIbl A IMMy-

TEM 06HyJIeHI/Iﬂ €€ DJIEMEHTOB HUKE I'IaBHOMU JAnaroHajaiu:
» triu(A)
ans =
1 2 3 4 5 6
0 8 9 10 11 12
0 0 15 16 17 18

hankel(V) - o6pazyeT kBaapaTHyO MaTpHIly [ aHKes1, MepBbIA CTOJIOSI] KOTOPO
COBNAJIACT C 3aJJaHHBIM BEKTOPOM V, HanpuMmep:

>>V=[-567 4]

V= 5 6 7 4

» hankel(V)

ans =

obhw

-5 4
6 0
7 0
4

oOh~hNO®

0 0

[Ipouenypa diag(x) - GopMupyeT uiam U3BJICKAET JUAroHaIb MATPHUIbI.

Ecnu x - BexTop, To PpyHkius diag(x) co3naer KBaapaTHyt0 MaTPUILy C BEKTOPOM
X Ha IJIaBHOM JIMaroHallu:

» diag(V)

ans =
5 0 0 O
0 6 0 O
0 0 7 O
0 0 0 4

YroObl yCTAaHOBUTH 33/IaHHBIM BEKTOP HA JIPYTYIO AMATOHAIb, IPH OOpaIeHUH K
(GYHKIIMM HEOOXOAMMO yKa3aTh €Ile OJUH mapaMeTp (IIeJI0e YUCIIO) - HOMEP TUaroHaIn
(Ipu TOM QuUA2OHAIU OMCHUMBIBAIOMCSL O 2IABHOU 88epX ), HATIPUMED:

» diag(V, -1)

ans =
0O 0 0 0 O
-5 0 0 0 O
0 6 0 0 O
0O 0 7 0 O
0O 0 0 4 O

Ecnu x - maTpuua, To pyHkus diag co3gaer BEKTOp-cTon0el, KOTOPbId COCTOUT
U3 3JIEMEHTOB IJIaBHOM JHMArOHAJIM 3aJaHHON MAaTPHIbI X, HAIPUMED, I MaTPULBI A,
yKa3aHHOU Iepes MpuMepoM npuMeHenus npouenypsl fliplr:
» diag(A)
ans =
1

8
15

Ecau IIpHX 3TOM YKa3aTb JOIIOJHUTCIbHO HOMCPD JHAaroHaikn, TO MOXKHO ITIOJIYYUTb

BCKTOp-CTOH6eH W3 DJIEMEHTOB JIIO00H AraroHajav MaTpuibl X, HAITPUMCP:
» diag(A,3)
ans =
4
11
18
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Oynkuus zeros(1,N) dopmupyet (co3aaeT) BEKTOP-CTPOKY U3 N HyJEBBIX 3Jie-
MeHTOB. AHanorudHo zeros(N,1) co3gaer BekTop-crosder u3 N HyJei.

BekTopbl, 3Hau€HUs 3JIEMEHTOB KOTOPBIX SIBISIOTCS CIyYaWHBIMH PaBHOMEPHO
pacnpeneneHHbIMU, GOPMUPYIOTCA TaKuM oOpa3om: rand(1,n) - 1yis BEKTOpa-CTPOKU U
rand(m,1) - 1j1s1 BEKTOpa-cTOI011A.

1.3.3. U3BJ1eyeHUE U BCTABKA YaCTEH MAaTPULI

[Ipex e Bcero OTMETHM, YTO 0Opauierue K 1H000MY aeMeHmy 3a0aHHOU MAmMpPU-
uvl 8 MatLAB ocywecmensemcs nymem yKasanus (8 CKOOKax, uepes 3ansimyio) _nocie
UMEHU_MAmpuybl_08YX_UEeIblX NOJONCUMENbHbIX YUcell, KOMOpble ONpeoenston._cooni-
8EemMCMEEHHO HoMePA CIMPOKU U CIMOAOUA MAMPUYbL, HA NepeceqdeHul KOmMopvlix pacno-
JIOJICEH DMOM DJIeMEH.

[TycTh MMEEeM HEKOTOPYIO MaTpUILy A:
>>A=[1234;5678;9101112]

A=
1 2 3 4
5 6 7 8
9 10 11 12

Torga moayyuTh 3HAYEHUE DJIIEMEHTA 3TOM MATPULbI, PACIIOIIOKEHHOTO HA MEpe-
CEYEHHH BTOPOI CTPOKHU C TPETHUM CTOJIOMKOM, MOYXHO CIIEAYIOIIMM 00pa3oMm:

>> A(2,3)

ans= 7

Ecnu Hy’XHO, HA000POT, YCTAHOBUThH HA 3TO MECTO HEKOTOPOE YUCIIO, HAIIPUMED,
7T, TO 3TO MOXHO COCJIaTh TaK:

>>A(2, 3) =pi; A

A 1.0000 2.0000 3.0000 4.0000

5.0000 6.0000 3.1416 8.0000
9. 0000 10.0000 11.0000 12.0000

WNHorna Hy>KHO CO3/1aTh MEHBIIIYI0O MATPHILy U3 OOblnei, GopMUpys ee myTeM
U3BJICUEHUS U3 MTOCIIETHEH MATPHUIIBI DJIEMEHTOB €€ HECKOJIBKUX CTPOK U CTOJIOIOB, WU,
HAa000POT, BCTABUTH MEHBIIIYIO0 MATPHUILy TAKUM 00pa3oM, 4TOOBI OHA CTayia ONpeeIICH-
HOW YacThi0 MaTpuIlbl OoJbiiero pasmepa. 9to B MatLAB nenaercs ¢ moMonipio 3HaKa
nBoetouns (" 1 ").

PaccmoTrpum 3TH onepannu Ha npuMepax.

[TycTh Hy>kHO co3aaTh BEKTOp V1, cOCTOAIMI U3 JIEMEHTOB TPETHEro CTOIOIA
nocyienaneit matpuusl A. J{J1s 3Toro npou3BeaeM TakKue AeCTBUS:

>> V1 =A(, 3)

V1=

3.0000

3. 1416
11. 0000

YrtoOsl co3aaTh BEKTOpP V2, COCTOAIIMN U3 3JIE€MEHTOB BTOPOIl CTPOKHU MAaTPHIIBI
A, moCTymnaroT Tak:

>>V2=A(2,:)

V2= 5.0000 6.0000 3.1416 8.0000
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JonycTuMm, 4To HEOOXOIUMO M3 MaTpUIlkl A oOpa3zoBarh Marpuily B pasmepom
(2*2), KoTOpasi COCTOUT U3 AJIEMEHTOB JIEBOI'0 HUXKHETro yriia Matpuubl A. Torna aena-
10T TaK:

>> B =A(2:3,1:2)

B=

5 6
9 10

AHQJIOTMYHO MOKHO BCTaBUTh MATPHULy B B BEpXHIOIO cepeHy MaTpuLbl A:
>> A(1:2,2:3)=B

A=
1 5 6 4
5 9 10 8
9 10 11 12

Kak BUAHO, IJ1 DTOTO 8MeCmo YKA3AHUS HOMEPOE DJIEMEHMOE MAMPUYLL MOICHO
VKA3616amMb_OUANA30H_USMEHEHUs. DMUX_HOMepos8 Nnymem_VKA3aHUus HUNCHel U _eepxHell
2DaHUY, Paz0eisis Ux 080EmoOYUEeM.

Ilpumeuanue._Eciu sepxueli epanuyell uzsmeneHus HoMepos 31eMeHmMo8 Mampu-
Ubl ABJIACMCSL_ee_pasmep 6 dMOM_USMEPEHUU, BMECO He20 MONCHO UCNOIb3084Mb ClY-

JicebHnoe cnoso end. Hanpumep:
>> A(2:end,2:end)
ans =
9 10 8
10 11 12

OTHu omepanuu O4eHb YAOOHBI A (HOpMHUPOBAHHS MATpPHULl, OOJIBIIMHCTBO 3JI€-
MEHTOB KOTOPBIX OJMHAKOBBI, B YACTHOCTH, TaK HA3bIBAEMBIX Pa3peKEHHBIX MaTpHI],
KOTOpBIE COCTOSIT, B OCHOBHOM, M3 HYJIEH, 32 MCKIIOYCHHEM OTAEIBHBIX AJIEMEHTOB.
Jlist mpuMepa paccMOTpUM (OPMHUPOBAHUE Pa3PEKEHHON MaTpulbl pazmepoM (5*7) ¢
€IMHUYHBIMU 3JIEMEHTaMH B €€ [IEHTpE:

>> A = zeros(5,7);

>> B = ones(3,3);

>> A(2:4,3:5)=B

A=

cococoo
cocooo
O a0
o RGN )
O a0
cococoo
cocooo

"Pacmanyms " mampuyy (A) 6 edunviti BeKTOp (V) MOXKHO C IMOMOIIBIO OOBITHOM
3anucu "V = A(:)". Ilpu 3TOM co3/1ae€TCsl BEKTOP-CTOJIOECI] C KOJIMYECTBOM 3JIEMEHTOB
(m*n), B KOTOPOM CTOJOIBI 3aJJaHHON MaTpPUIlbl Pa3MEIIECHbl CBEPXY BHU3 B MOPSIIKE

CaMUX CTOJIOIIOB:
»A=[123;456]

A=
1 2 3
4 5 6
»v=A()

V:

WOIN B~
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6

Haxonen, "pacmmputs" MaTpuily, COCTaBIIsAsS €€ U3 OTAEIbHBIX 3aJaHHBIX MaTPHULL
("010K0B") MOYKHO TO€ JOBOJIbHO MPOCTO. Eciu 3aaHbl HECKOJBKO MATpUIl-OJIOKOB
Al, A2,... AN ¢ 0IlMHAaKOBBIM KOJMYECTBOM CTPOK, TO M3 HUX MOKHO '"ClIENUTh" €lu-
HYI0 MaTpuily A, 00beauHss OJI0KU B OJIHY "CTPOKY" Takum oOpa3om:

A =[Al, A2,..., AN].

DTy omnepaluio Ha3bIBAIOT 20PUBOHMANbHOU KOHKameHayuel (CIEIJICHUEM) MaT-
pull. Bepmuxanvnas xonkamenayus MaTpull peannsyercsa (IpHU yCIIOBUHU, YTO BCE CO-
CTaBHbIC OJIOKU-MATPUIIBI UMEIOT OJJMHAKOBOE KOJIUYECTBO CTOJIOIOB) aHAJIOTUYHO, Y-

TE€M IPUMEHEHUS AJi OTAeNIEHUs OJIOKOB BMECTO 3aMsITOM TOUYKH C 3alATOM:
A =[Al; A2;... ; AN].
[Ipusenem npumepsl. Ilpumep ropu3oHTaIbHON KOHKATCHALUN:
>>A1=[123;456;789];
>> A2 =[10;11;12];
>> A3 =[1415;16 17; 18 19];
>> A =[A1, A2, A3]
A=
1 2 3 10 14 15
4 5 6 11 16 17
7 8 9 12 18 19
IIpumep BepTUKAIBHON KOHKATCHALUHN:
>>B1=[12345];
>>B2=[678910; 111213 14 15];
>> B3 =[17 18 19 20 21];
>> B =[B1; B2; B3]
B=
1 2 3 4 5
6 7 8 9 10

11 12 13 14 15
17 18 19 20 21

1.3.4. /leiicTBUsI HAJl BEKTOpPaMHU

Byzaem pa3nuuath ABe TPyl JSHCTBUI HAJl BEKTOPAMHU:

@) 8eKmopHvle NEUCTBUS - T. €. TaKhe, KOTOPHIE MPEIyCMOTPEHBI BEKTOPHBIM
MCUYHCIICHHEM B MAaTEMaTHKE;

0) Oeticmeus no npeobPA308aAHUIO INEMEHMOE - ITO NEUCTBUS, KOTOphIE ITpeodpa-
3YIOT 3JIEMEHTBI BEKTOPA, HO HE SIBJISIOTCS ONEPAIMsIMU, Pa3pelieHHBIMA MAaTEMATHKOM.

Bexmopnwie deticmeus Hao sekmopamu
Cnoscenue eekmopog. Kak W3BECTHO, CyMMUPOBATHCSI MOTYT TOJIBKO BEKTOPHI
OJIMHAKOBOT'O THUIA (T. €. TaKUE, KOTOPBIE SIBIISIOTCA WJIM BEKTOPAMHU-CTPOKAMHU, WIIH
BEKTOPaMU-CTOJIOIaMU ), UMEIOIINE OJIMHAKOBYIO IIUHY (T. €. OJJUHAKOBOE KOJIMYECTBO
snemMeHToB). Eciin X u Y - IMEHHO Takue BEKTOPbI, TO UX CYMMY Z MOKHO IMOJYYHTb,
BBeJs KoMaHny Z = X + Y, Hanpumep:
»x=[123]; y=[456];

»V=X+y
v= 5 7 9
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AHaJOTUYHO C MOMOIIBIO apUPMETHUECKOTO 3HaKa ' - ' OCYIIECTBIIACTCS 8bIYU-
manue 6eKmMopoe, UMEIOINX OJUHAKOBYIO CTPYKTYpY (Z =X -Y).

Hanpuwmep:

»V=X-Y

v= -3 -3 -3
Tpancnonuposanue éekmopa OCyUECTBIIAECTCS MPUMEHEHUEM 3HAKA ANOCMPO-
¢a, KOTOpPBIN 3alUCHIBACTCA Cpa3y 3a 3alMChi0 MMEHH BEKTOPA, KOTOPHIA HYKHO

TpaHCOHUpOBaTh. Hanpumep:

» X'

ans =
1
2
3

Ymuoowcenue eekmopa na uucno ocymectsisiercs B MatLAB ¢ nomoribio 3Haka
apu(pMeTHIeCKOro yMHOKeHusa ' * ' takum obpazom: Z = X*r wim Z =r*X, rae r - He-
KOTOpPOE JECUCTBUTEIBHOE YUCIIO.

[Tpumep:
» v =2*x
v= 2 4 6

Ymnoowcenue oeyx eekmopoe onpeneneHo B MaTEMATUKE TOJILKO JIJIE BEKTOPOB
OJIMHAKOBOT'0 pa3Mepa (IJIMHBI) U JIUIIb TOTJa, KOTJa OAUH U3 BEKTOPOB-MHOXKUTEIEH
CTpOKa, a BTOpoH - cronben. MHade roBopsi, eciii BEKTOPbl X U Y SBISIFOTCSI CTPOKAMH,
TO MaTeMaTUYECKOE CMBICI UMEIOT JIUIIb JBE (POPMbI YMHOXKEHHS 9TUX BEKTOpoB: U =
X'*YuV=X*Y"Ilpu >ToM B 11IepBOM ciyudae pe3yiabTaToM OyJeT KBaJpaTHasi MaT-
pula, a BO BTOpoM - uucio. B MatLAB ymHoXeHuE BEKTOPOB OCYIIECTBISETCSA MpUMeE-
HEHUEM OOBIYHOTO 3HAKA YMHOXEHHS ' * ', KOTOPBIN 3alUCHIBACTCS MEXy MHOKUTE-
JSIMU-BEKTOPaMHU.

[Tpumep:

»x=[123]; y=[456];

»v=x'*y

v=

4 5 6

8 10 12
12 15 18

»v=x*y

v= 32

st mpexxomnonenmuwix 6ekmopos B MatLAB cymiecTByeT GyHKIUS cross, KO-
TOpasi MO3BOJISIET HAUTU 6eKMOpPHOe npousgedeHue 08yx eekmopog. JIns 3toro, eciu
3a/1aHbI JIBa TPEXKOMIIOHEHTHBIX BEKTOpPA V1 M V2, T0CTaTOYHO BBECTH OIEPATOP

cross(vl, v2).

[Tpumep:

»vl=[123];v2=[456];

» cross(v1,v2)

ans= -3 6 -3

Ha »>Tom mnepeudenb QONMyCTUMBIX MaTEMaTHYECKUX OIEpalil ¢ BEKTOPAMHU HC-
YEPIBIBACTCHL.
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llosnemenmuoe I’ZD606I96130661HU€ BEKMOpoe6

B s3p1ke MatLAB mpenycMoTpeH ps onepaiuii, KOTopsle TpeoOpasyroT 3a1aH-
HBI BEKTOP B APYroi TOrO ke pa3Mepa U THUIA, HO HE SBIISIFOTCS ONEpalusiMU C BEKTO-
pPOM Kak mMaTemMaTH4ecKuM oObeKTOM. K TakuM omepauusiMm OTHOCATCA, HAllpUMED, 8ce
dJleMeHmapHvie Mmamemamuyeckue @yHkyuu, IpUBEACHHbIE B pasaene 1.2.4 u xoropsie
3aBUCAT OT OAHOro apryMeHra. B a3pike MatLAB 3anuce, Hanpumep, Bujga Y = sin(X),
rae X - HEKOTOPBIA M3BECTHBIN BEKTOp, MPUBOIUT K (DOPMHPOBAHHIO HOBOT'O BEKTOpa
Y, UMEIoIIEro TOT e TUIl U Pa3Mep, HO JJIEMEHTHI KOTOPOI'0 PAaBHAIOTCS CHHYCaM CO-

OTBETCTBYIOLIUX AJIEMEHTOB BEKTOpa-aprymenra X. Hanpumep:
» x =[-2,-1,0,1,2];

» Yy = sin(x)
y= -0.9093 -0.8415 0 0.8415 0.9093
» z = tan(x)
z= 2.1850 -1.5574 0 1.5574 -2.1850
» v = exp(x)

v= 0.3679 1.0000 2.7183 7.389

Kpome 3tux onepanuii B MatLAB nipeyCMOTpEHO HECKOJIBKO ONEPALMIA MO3JIe-
MEHTHOTO TIPeo0pa30oBaHusI, OCYIIECTBISEMBIX C MTOMOIIBIO 3HAKOB OOBIYHBIX apupMe-
TUYECKUX JTEUCTBUUN. Dmu onepayuu NpUMeHsomcs K 8eKmopam 00UuHaK08020 mund u
paszmepa. Pezyiomamom ux ecmv 8eKmop moz2o e muna u pamepd.

Jlobaenenue (omnumanue) yucina K (u3) Kaxicoomy ziemenma eexkmopa. Ocy-
IIECTBIISIETCS C TOMOIIBIO 3Haka '+ ' (' -').

Iosnemenmnoe ymuoxcenue eekmopos. 1IpoBoauTCs ¢ MOMOIIBIO COBOKYITHO-
CTH 3HAKOB ' .* ', KOTOpas 3alMCHIBACTCS MEKIy UMEHAMU MEPEMHOKAEMbIX BEKTOPOB.
B pesynbTare monydaeTcs BEKTOP, KaXK/Ibli 3JIEMEHT KOTOPOIO SIBJISIETCS MPOU3BEICHU-
€M COOTBETCTBYIOIIIUX JIEMEHTOB BEKTOPOB - "COMHOXUTENEH".

Ilosnemenmnuoe oenenue eekmopos. OCyecTBISETCS C MOMOIIBIO COBOKYITHO-
CTH 3HaKOB '/ '. Pe3ynbpTar - BEKTOp, KOKJIBIH 3JIEMEHT KOTOPOTO SBJISCTCS YACTHBIM OT
JIEJICHUSI COOTBETCTBYIOIIETO 3JIEMEHTA IIEPBOr0 BEKTOpa HAa COOTBETCTBYIOIIUMN dJie-
MEHT BTOPOTO BEKTOpA.

Ilosnemenmnuoe oenenue eekmopos ¢ oopamuom nanpaegienuu. OCyniecTBIs-
€TCsI C IOMOIIbIO COBOKYITHOCTH 3HAKOB .\ '. B pe3ynbTare momy4aroT BEKTOP, KaXKIIbIi
3JIEMEHT KOTOPOTO SIBJIIETCS YACTHBIM OT JIEJEHUSI COOTBETCTBYIOIIETO 3JIEMEHTA BTO-
pOTO BEKTOpa Ha COOTBETCTBYIOIIHM 3JIEMEHT MEPBOTO BEKTOPA.

Ilosnemenmnuoe e6036edenue ¢ cmenensv. OCYIIECTBISETCS C MOMOIIBIO COBO-
KYITHOCTH 3HAKOB " '. Pe3yJIbTar - BEKTOP, KAXKIBIMA 3JIEMEHT KOTOPOTO SIBJISETCS COOT-
BETCTBYIOIIUM 3JIEMEHTOM TE€PBOr0 BEKTOPA, BO3BEACHHBIM B CTEIICHb, BEIMYNHA KOTO-

pOU paBHSETCS 3HAYEHUIO COOTBETCTBYIOILETO 3JIEMEHTA BTOPOro BekTopa. [Ipumepsr:
» x =[1,2,3,4,5]; y = [-2,1,4,0,5];
» disp(x + 2)
3 4 5 6 7
» disp(y - 3)
5 -2 1
» disp(x. *y)
2 2 12 0 25
» disp(x. 1y)

-3 2
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Warning: Divide by zero
-0. 5000 2.0000 0.7500 Inf 1. 0000

» disp(x. \y)
-2. 0000 0.5000 1.3333 0 1.0000

» disp(x. *y)
1 2 81 1 3125

Brimieyka3aHHbie Omepaldy IMO3BOJSIOT OYEHb MPOCTO BBIUUCIATH (a 3aTeM -
CTPOHTH TpaduKU) CIOKHBIC MaTeMaTHIeCKUe (PYHKIIMH, HE HUCIIOIB3YS IPU ATOM OIIe-
paTopsl IHKJIA, T. €. OCYIIECTBIATH MOCTPOSHHUE TpaMKOB B PEKUME KaJbKYJATOpA.
JI1st 5TOTO 1OCTATOYHO 3a7aTh 3HAUCHUE apryMEeHTa KaK apu(METHICCKYIO TIPOTPECCHIO
TaK, KaK 3To ObLI0 ToKa3aHo B 1. 1.3.1, a moTom 3amucaTh HY)XKHYIO (DYHKITHIO, UCITOb-
3ysl 3HAKH TI03JIEMEHTHOTO TTPe0oOpa30oBaHUs BEKTOPOB.

Hampumep, mycTh Hy>KHO BBIYUCITUTh 3HaYCHUS (DYHKIIUH:

X sin x

y=a-e
npu 3HaueHusX aprymeHta x ot 0 g0 10 ¢ marom 1. Beluucienue MaccuBa 3HauYCHUMH
9TON (PYHKIIMM B YKA3aHHBIX YCIOBHSIX MOKHO OCYIIECTBUTH C IOMOIIBIO JIMIIb ABYX

IIPOCTHIX OIEPATOPOB :
»a=3; h=0.5; x=0:10;
» y = a * exp(-h*x) . * sin(x)
Columns 1 through 7
0 1.5311 1.0035 0.0945 -0.3073 -0.2361 -0.0417

Columns 8 through 11
0.0595 0.0544 0.0137 -0.0110

1.3.5. Ilo3sieMeHTHOE TPpeodpa3oBaHuEe MATPHII

J51s mo3ieMeHTHOro peoOpa30oBaHms MATPHUIIBI IPUTOAHBI BCE yKa3aHHBIC paHee
B 1. 1.2.4 anreOpanueckue Qpynkuuu. Kaxxnas takas GyHkuus GopMUpyeT MaTpULly TO-
ro K€ pa3Mepa, 4TO M 3a/JaHHas, KaXIblil 3JIEMEHT KOTOPOM BBIYHCISETCS KaK yKa3aH-
Hasi (YHKIHMS OT COOTBETCTBYIOIIErO AJIEMEHTa 3aJaHHON maTpuiel. Kpome storo, B
MatLAB onpenenensl onepanuu no3j1eMeHmMHO20 YMHOMCEHU MATPULl OAUHAKOBOTO
pa3Mepa (COBOKYMHOCTBIO 3HAKOB ' .* ', 3amuChIBaEMOI MEXy UMEHAMH IEepEMHOXKae-
MBIX MAaTpHII), HOINEMEeHMHO20 OeaeHus (CoBokymHoctH '/ ' u '\"), nosnemenmuozo
6036e0eHusn ¢ cmenens (COBOKYIHOCTD "' ), KOT/1a KaXK]IbIi 3JIEMEHT NIEPBOM MaTpPUIIbI
BO3BOJIUTCS B CTENEHb, PAaBHYI0 3HAYEHHIO COOTBETCTBYIOLIETO 3JIEMEHTa BTOPOH MaT-
PUIIBL.

[IpuBeneM HECKOIBKO TPUMEPOB:

» A=[1,2,34,5; -2, 3,1, 4, 0]

A=
1 2 3 4 5
2 3 1 4 0
» B =[1,3,5,-2,1; 1,8,-3,-1,2]
B=
-1 3 5 -2 1
1 8 3 -1 2
» sin(A)

ans =
0.8415 0.9093 0.1411 -0.7568 -0.9589
-0.9093 0.1411 0.8415 -0.7568 0



1.3. Onepayuu c eekmopamu u Mampuuyamu 40

»A.*B
ans =
-1 6 15 -8 5
2 24 -3 4 0
»A./B
ans =
-1.0000 0.6667 0.6000 -2.0000 5.0000
-2. 0000 0.3750 -0.3333 -4.0000 0
»A.\B
Warning: Divide by zero
ans =
-1.0000 1.5000 1.6667 -0.5000 O0.2000
-0. 5000 2.6667 -3.0000 -0.2500 Inf
»A.*"B
ans =
1. 0e+003 *
0.0010 0.0080 0.2430 0.0001 0.0050
-0.0020 6.5610 0.0010 0.0002 0

OpuruHansHoil B si3bike MatLAB sBisiercst onepauusi npruOaBlieHUs K MaTpuLe
yucia. OHa 3anuchiBaeTcs cleaytomum oopazom: A + x, uim x + A (A - maTpuiia, a X -
ymcio). Takoil onepanuu HeT B MareMatuke. B MatLAB oHa skBUBaj€eHTHa COBOKYII-
HOCTH Olleparun

A+x*E,
rae E - 0003HaueHrne MaTpulibl, KOTOpasi COCTOUT TOJIBKO U3 €AMHMIL, TEX KE pa3MEPOB,

yTo 1 Marpuna A. Hanpumep:
» A=[12345;678911]

1 2 3 4 5
6 7 8 9 11
»A+2

8 9 10 11 13

» 2+ A

ans =
3 45 6 7
8 910 11 13

1.3.6. Marpu4Hble 1eHCTBUS HAI MATPUIIAMHM

K Marpu4yHbBIM AEUCTBHSM HaJ MATPULIAMH OTHOCAT TAaKUE OIEPALlAH, KOTOPBIE
UCITOJIB3YIOTCSI B MATPUYHOM HCUYHCICHHH B MATEMATHKE U HE POTUBOPEYAT EMY.

ba3oBble AEUCTBUS C MATPULIAMU - COMHCEHUE, GblYUMAHUE, MPAHCHOHUPOEA-
HUe, YMHOJMCEHUE MAMPUUbL HA YUC0, YMHONCCHUE MAMPUUbL HA MAMPULY, 6036€-
OeHue Mampuybl 6 Ueayl0 Cmenend - OCyleCTBIOTCS B s3bike MatLAB ¢ momombto
OOBIYHBIX 3HAKOB apupmernueckux ornepauui. [Ipm Hcnonb30BaHUM 3THX OlNEpanuil
8AJICHO NOMHUMb YCIOBUS, IIPY KOTOPBIX ITU ONEPALUU SBJIIIOTCS BO3MOXKHBIMMU:

NPU_CNOHCEHUU UTU BbIYUMAHUU MAMPULBL 0OJIHCHbL UMENb 0OUHAKOBbIE PA3Me-

pbl,
npu YMHOMNCEHUU Mampuy KOJauvecnieo Cm0]16u06‘ nepeol Mampuybl 00JINCHO CO8-
naodamsv ¢ KOAUYEeCmeom CmpokK 67’}’10]701/7 mMampuuybl.
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HesBbimmonHeHue atux YCHOBI/Iﬁ IMPUBCACT K ITOSABJICHHIO B KOMaHAHOM OKHE CO-

oOmenust 06 omuodke. [IpuBeneM HECKOIBKO TPUMEPOB.
IIpumep cnosicenus u 8bIyUMAanus:

»A=[12345;678911]

A=

1 2 3 4 5

6 7 8 9 M1
»B=[0-1-2-34;
B=

0 1 -2 3 4

5 6 7 8 9
»A+B
ans =

1 1 1 1 1

11 13 15 17 20
»A-B
ans =

1 3 5§ 7 9

1T 1 1 1 2

Lpumep ymHoMCEHUA HA YUCTO!

56789]

» 5*A
ans =
5

» A*5
ans =
5

Ilpumep mpancnoruposanusi Mampuysl.

10

10

15 20 25
30 35 40 45 55

15 20 25
30 35 40 45 655.

» A’

ans =

AP WON -

Ilpumep ymHoICEHUS MAMPUYUBL HA MAMPUYY.

O© oo~N®

11.

» A ¥

ans =
30
35
40
45
55

B

35
40
45
50
61

40
45
50
55
67

»C=A*B'

C=

-40 115
-94 299.

45
50
55
60
73

50
55
60
65
79

OyHKIUS 00pauienus mampuysl - inv(A) - BEIYUCIICT MaTPUIly, OOpaTHYIO 3a-
naHHoil marpuue A. McxonHass Marpuua A 0JKHA ObITh KBAJAPAaTHOM, a €€ ONpeaeiin-
TEJb HE TOJKEH PaBHATHCS HYJIIO.

[IpuBenem npumep:

» inv(C)

ans =

-2. 6000e-001 1. 0000e-001
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-8. 1739e-002 3. 4783e-002
[IpoBeprM NpaBUIBLHOCTH BBHIMOJHEHUS ONEpaliy 00palieHus, IPUMEHSS €€ ellle

pa3 K MOJIYyYEHHOMY pe3yibTaTy:

» inv(ans)

ans =

-4. 0000e+001 1. 1500e+002
-9. 4000e+001 2. 9900e+002

Kaxk BuguM, Mbl OTy4nsId UCXOHYI0 MaTpully C, 4yTO SIBISETCS MPU3HAKOM Ipa-
BUJILHOCTH BBITIOTHEHUS OOPAIICHHS] MATPHUIIHI.

Bo3zeedenue mampuunt 6 yenyro cmenens ocyuiectpiserca B MatLAB ¢ momo-
mipio 3Haka "N': A”n. Ilpu 5TOM MaTpuia 10aKHA ObITH KBAJIpaTHOM, a 1 - 1IEJIbIM (T10-
JIO’KUTENIBHBIM WM OTPULATEIBHBIM) YUCIOM. DTO MAaTPUYHOE JIEUCTBUE SKBUBAJIEHTHO
YMHOKEHHUIO MaTpHIlbl A Ha celsi n pa3 (€Ciu n - MOJOXKUTENHHO) UM YMHOKCHHUIO
oOpaTHOI MaTpuLbl Ha ceOd (IIpU # OTPULIATENBHO).

IIpuBenem npumep:

» Ar2
ans =
8 -3 -10
-5 10 16
2 4 9
» A7 (-2)

ans =
1.5385e-001 -7.6923e-002 3.0769e-001
7.6923e-002 3. 0769e-001 -4. 6154e-001
2.1328e-018 -1. 5385e-001 3. 8462e-001

OpurunansHbiMu B si3blke MatLAB sBISITOTCS 1BE HOBBIE, HEONPEACIISIEMBIE B
MaTeMaTuke QYHKIUUA Oenenus mampuy. [Ipu 3TOM BBOISTCS TOHSATHE OeneHUA
Mampuy cieea Hanpago W OejleHue mampuy cnpaeéa Hanego. llepBas onepanus
3aMMChIBACTCS C MTOMOIIBIO 3Haka ' /', a BTopas - '\

Onepanusi B/ A skBHUBajieHTHA MOCJEAOBATEIHLHOCTH AecTBUil B * inv(A),
rae QyHKIus inv OCYIIECTBISICT oopawenue mampuysl. Ee yn1oO0HO UCIONBb30BaTh s
pelIeHns MaTPUYHOTO YPABHEHUS:

X*A=B.

Amnanoruyno oneparusi A\B paBHOCHIIBHA COBOKYMHOCTH omepanuii  inv(A)*B,

KOTOpas MPEACTABISIET COOO0M perieHrne MaTpUIHOTO YPABHEHHUS:
A *X=B.

s mpuMepa paccMOTpUM 3a/1a4y OTBICKAHUS KOPHEW CUCTEMBI JIMHEUHBIX aj-

reOpandecKux ypaBHECHUIA:
Xx;+ 2x2+ 3X3 =14
2x1 -X - 5X3 =-15
X7 - X2 - X337 -4

B cpene MatLLAB 3T0 MOXHO cliefiaTh TaKuM 00pa3oMm:

»A=[123;2-1-5;1-1-1]

A=

1 2 3
2 1 -5
1 -1 -1

» B =[ 14;-15;-4]
B=
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14
-15
4
»x=A\B

X =

1
2
3

1.3.7. MaTpuuHbie GyHKUUMN

BhIUNCIICHAE Mampuynoi Kcnonenmst (€')  OCYIIECTBISETCS C MOMOLIBIO
GyHkumMit expm, expml, expm2, expm3. Itu QyHKUUU ClEIyeT OTIMYATh OT MPEXKIe
paccmoTpeHHo# (pyHKIM exp(A), KoTopas GOpMUPYET MATPHILY, KaXK]IbIi JJIEMEHT KO-
TOpPOM paBHAETCS € B CTENEHU, KOTOPas PaBHSAETCS COOTBETCTBYIOLIEMY 3JIEMEHTY
MaTpHIbI A.

OyHKIUs expm sBisieTcs: BeTpoeHHor QpyHkuuei MatLAB. @yukuus expml(A)
peanu3oBaHa Kak M-(aiis, KOTOPbI BBIYMCIAET MATPUUYHYIO HKCIIOHEHTY IYTEM HC-
noJp30BaHus pasnoxkenus [lane marpunsl A. OyHkuus expm2(A) BbIUNCISIET MaTpUd-
HYIO SKCIIOHEHTY, UCIOJIb3Yys passoxkeHue Teinnopa matpuisl A. Oyukuusa expm3(A)
BBIYHCIIIET MATPUYHYIO SKCIIOHEHTY Ha OCHOBE MCIOJb30BAHMS CIIEKTPAIBLHOIO Pa3io-
xKeHus A.

[IpuBenem npuMepbl UCTIOIB30BAHUS ITUX (HYHKIIHIA:
» A= [152!3! 05 '1!5;7! '451]

A=
1 2 3
0 1 5
7 4 1
» expm(A)

ans =
131.3648 -9.5601 80.6685
97.8030 -7.1768 59.9309
123. 0245 -8.8236 75.4773
» expm1(A)
ans =
131.3648 -9.5601 80.6685
97.8030 -7.1768 59.9309
123. 0245 -8.8236 75.4773
» expm2(A)
ans =
131.3648 -9.5601 80.6685
97.8030 -7.1768 59.9309
123. 0245 -8.8236 75.4773
» expm3(A)
ans =
1.0e+002 *
1. 3136 + 0. 0000i -0. 0956 + 0. 0000i 0. 8067 - 0. 0000i
0. 9780 + 0. 0000i -0.0718 - 0. 0000i 0. 5993 - 0. 0000i
1.2302 + 0. 0000i -0. 0882 - 0. 0000i 0. 7548 - 0. 0000i

Oynkuus logm(A) ocymecTBiseTr 0oOpaTHYIO OIEpaluio - JorapuMUpOBaHUE
MaTpHUIlbl IO HATypaJIbHOMY OCHOBAHHUIO, HAIIPUMED:
A:
1 2 3
0O 1 5
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7 4 1
» B = expm3(A)
B=

1.0e+003 *
0.9378 0.7987 0.9547
1.0643 0.9074 1.0844
1.5182 1.2932 1.5459
» logm(B)
ans =
1.0000 2.0000 3.0000
0.0000 1.0000 5.0000
7.0000 4.0000 1.0000

OyHk1MS sqrtm(A) BRIUACIAET Takyto Matpuily Y, 9yto Y*Y = A:
» Y =sqrtm(A)
Y =
0.7884 + 0.8806i 0.6717 - 0.1795i 0.8029 - 0.4180i
0. 8953 + 0. 6508i 0.7628 + 0. 8620i 0.9118 - 1. 0066i
1.2765-1.4092i 1.0875 - 0. 5449i 1. 3000 + 1. 2525i
»Y*Y
ans =
1. 0000 + 0. 0000i 2. 0000 - 0. 0000i 3. 0000 + 0. 0000i
0. 0000 - 0. 0000i 1. 0000 - 0. 0000i 5. 0000 - 0. 0000i
7.0000 + 0. 0000i 4.0000 + 0. 0000i 1. 0000 + 0. 0000i

1.3.8. 3aganus

3adanue 1.5. Beruncnure 3HaueHus QyHKIMH f(x) Ha oTpe3ke [a; b] ¢ marom 4.

Tabmuna 1.3
BapuanT f(x) a b h
1 2 1,1 3,1 0,2
1+0,25x
2 ¥~ 03x 2,05 3,05 | o1
V1+2x
3 2" 0 1,6 0,16
27+ x°
4 cos x> -1 0 0,1
v1-3x
5 N1+ 4x sin 0,1 0,8 0,07
6 2 14 24 | 01
1+ x2
7 e 4y’ 0,25 225 | 02
8 (e+$ﬁh%ndx—l) 1,8 2,8 0,1
9 3 0,1 0,9 0,08
V3+2x4gz§—
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10 2+ 3x -1n(1+3x2) -0,1 0,9 0,1
11 1 2.5 0,15
x? +3-cos% ’ ’
12 (4+ 7x)sin(7z3 1+x) 0 7 0,7
13 e_x2(1+3x—x2) 0 2 0,2
14 TP 8 0 1,7 0,17
V1+x2
15 X _ X 0 1,2 0,12
sh~2mx (sh X = %j
16 I (ch o X 4 e—XJ 0,5 1,5 0,1
NoT
17 4+ 0x -0,2 0,8 0,1

Vli+e”
18 V1425 -sm%x 2 4 0.2

1 1 1
? V3x?2 +5-cos% 0,5 > 0,

20 arccose V3F 0,2 0,5 0,03
21 S 8 13 0,5
arcsin e é ’
22 x +1n(x+\/1+x2) -0,5 0,5 0,1
23 lie 3 5 0,2
V3x? +1
24 3x3 +l+e_2x2 1,2 2,2 0,1
X
25 x4 ox 1 5 0,4
1.3.9. Boripochsl

1. Kak BBonsATCst BekTOphI B si3bike MatLAB? Kakumu ¢ynkumsmu moxuo ¢op-
MHUPOBaTh BEKTOPHI B si3bIke MatLAB?

2. Kakue ¢ynkunun MatLAB pa3pemaior npeoOpa3oBbIBaTh BEKTOP MOIJIEMEHT-
HO?

3. C noMouibio Kakux cpencts B MatLAB ocyIecTBIst0TCS OCHOBHBIE Ollepalun
C BEKTOpamu?

4. Kak BBOzATCS MaTpullbl B cucreme MatLAB?
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5. Kakue ¢ynkium umerorcs B MatLAB anga gpopMupoBanusi Matpull onpene-
JIEHHOTO BHUaa?

6. Kak cdopmupoBaTh MaTpuily: a) 1o 3aJaHHBIM BEKTOpam ee CTpok? 0) 1o
3a/IaHHBIM BEKTOpaM €€ CTOJOI0B? B) MO 3aJJaHHBIM BEKTOpaM €€ ThuaroHasiei?

7. Kakue pyHKIMM MO3I€MEHTHOTO peoOpa3oBaHus MaTpulibl ecTh B MatLAB?

8. Kak ocymectBisitorcs B MatLLAB o0ObIuHbBIC MAaTpUUHBIE OMEpaIiu’?

9. Kak pemnts B MatLAB cuctemy nTuHEHHBIX anreOpandyeckux ypaBHEHUN?
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1.4. @yukyuu npuKi1aoHou YuciaeHHOU MamemamuKu

1.4.1. Onepauuu ¢ NOJUHOMAMHU

B cucreme MatLAB npenycMOTpeHbl HEKOTOPBIE JOMOJHHUTEIBHBIE BO3MOKHO-
CTH MaT€MaTHUYECKOI'0 OIIEPUPOBAHUS C ITOJIMHOMAaMH.

[TonnHoM (MHOTOWIEH) KaK (yHKIMS ONPEIESETCS BEIPAKEHUEM

_ n 2
P(x)=a, - x" +..+a,-x"+a;-x+aqy .
B cucreme MatLAB nonuHOM 3a1aeTcst U COXpaHSAETCs B BUJE BEKTOPA, SJIEMEH-
TaMU KOTOPOTO SBJISAIOTCSA KOO(QMUIMEHTHI ONMHOMA OT d, J0 (( B yKa3aHHOM IIO-

pAIKe.
P=Ja,

Brenenue nonmmnoma B MatLAB ocyiectBisieTcst Tak ke, Kak U BBOJ, BEKTOpa
IIMHOW n+1, rae n - nopsiAoK MOJUHOMA.

Ymnoowcenue nonunomos. 1lpoussenenremM AByX MOJMHOMOB CTENEHEH N U M
COOTBETCTBEHHO, KaK M3BECTHO, HA3bIBAIOT MOJIMHOM CTENEHU n+m, KO3 OUIIMEHTHI KO-
TOPOTO ONPENEIAIOT MPOCTHIM MEPEMHOKEHUEM 3THUX ABYX MOJUHOMOB. DaKTUYECKU
omnepanusi yMHOKEHUS JIBYX MOJMHOMOB CBOAUTCS K MOCTPOEHUIO PACIIMPEHHOTO BEK-
Topa KO3(P(GUIHUEHTOB MO 3aJaHHBIM BEKTOpaM KOA(DPUIIMEHTOB IMOJIMHOMOB-
COMHOXHUTENEH. DTy omepaluio B MaTeMaTHUKE Ha3bIBAIOT C8epmMKOU eKmopos (a cam
BEKTOp, MOJy4aeMblid B pe3yJbTaTe TaKOW MPOLEAYPbl - BEKMOPOM-CEEPMKOU O8YX
sekmopos). B MatLAB ee ocymectisier dynkuus conv(P1, P2).

Amnanornuno, ¢pysakius deconv(P1, P2) ocymectBisier denenue nonmnaoma P1 Ha
nosHOM P2, T. €. obpamuyto ceepmiy sexkmopos P1 u P2. Ona onpenensier ko3¢ huiiu-
€HTHI [TIOJIMHOMA, KOTOPBIN SBJISIETCS YaCTHBIM OT Jenenus P1 na P2.

[Tpumep:

» p1=[1,2,3]; p2 = [1,2,3,4,5,6];

» p = conv(p1,p2)

p= 1 4 10 16 22 28 27 18

» deconv(p,p1)
ans= 1 2 3 4 5 6

B oOmiem ciyuae neneHue ABYX MOJMHOMOB MPUBOJUT K MOJYYEHUIO JABYX TO-
JIMHOMOB - TIOJIMHOMAa-pe3yJjibTaTa (4aCTHOI0) U MOJMHOMAa-OcTaTKa. YTOObI MOJy4YUTh
00a 3TOro nMojJuHOMa, ciaeayetr opopMuth oOpanieHrue K GyHKIIMU TaKUM 00pa3oM:

[Q,R] =deconv(B,A) .

Torpa pesynbrar OyIeT BblaH B BUJE BekTopa Q ¢ ocTaTKOM B BHJIe BeKTOpa R
TakKUM 00pa3oMm, 4yTo OyET BHINOJTHEHHOE COOTHOLICHUE

B =conv(A,Q) + R.

Cucrema MatLAB wumeer dynkumro roots(P), xotopas esiuucisem eexmop,
INNEMEHMbL KOMOPO20 AGNAIOMCA KOPHAMU 3A0AHHO20 noaunoma P.

[lycTh Hy’KHO HAaWTH KOPHHU IIOJIUHOMA:

P(x)=x"+8x* +31x” +80x* +94x +20.

HI/DI(G [IOKa3aHO, KaK HpOCTO 9TO CACJIATh.
» p = [1,8,31,80,94,20];

.. ay aj ag] .
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» disp(roots(p))
-1.0000 + 3.0000i
-1.0000 - 3.0000i
-3.7321
-2. 0000
-0. 2679

OOpartHas onepaius - TOCTPOCHHE BEKTOpa p KO3 (PUIIMEHTOB MOJIMHOMA T10 3a-
JAHHOMY BEKTOpY €ro KOpHEH - ocyIecTBIseTcs pyHKuuen poly:

p =poly(v).

31eck r - 331aHHBII BEKTOP 3HAYEHUI KOPHEH, p - BBIYUCICHHBIA BEKTOpP KOA(]-

¢umnmentoB nonuHoma. [Ipusenem npumep:
» p=[1,8,31,80,94,20]
p= 1 8 31 80 94 20

» r = roots(p)

|" =
-1.0000 + 3.0000i
-1.0000 - 3.0000i
-3.7321
-2. 0000
-0. 2679

» p1 = poly(r)
p1=8.0000 31.0000 80.0000 94.0000 20.0000

3aMeTHM, YTO noIyYaemblil 8eKMop He NoKazbledem cmapuie2o Kodgdguyuenma,
KOMOpbLU N0 YMOIYAHUIO NOJA2AeCS PABHLIM eOuHuye.

Oma dice ¢ynkyus B caydae, €CiIu apryMEHTOM €€ SIBJISIETCS HEKOTOopas KBajpar-
Has MaTpuma A pasMepoMm (n*n), cmpoum 6eKmop Xapakxmepucmuieckoeo HOIUHOMA
amotu mampuywl. O0palieHue

p =poly(A)
dbopmupyeTt BEKTOp p K03PHUIMECHTOB XapaKTePHUCTUUECKOTO MTOJTMHOMA

p(s) = det(s*E - A) =pl*sn + ... + pn*s + pn,,
rae E - o603HaueHre eIMHNYHON MaTPUIIBl pa3MepoM (n*n).

Paccmorpum npumep:
»A=[123;560;-123]

A=
1 2 3
5 6 0
-1 2 3
» p = poly(A)

1. 0000 -10. 0000 20.0000 -36.0000
Jns evtuucnenusn 3naueHus NOIUHOMA RO 3A0AHHOMY 3HAYEHUIO €20 aAP2YMEeH-
ma B MatLAB npenycmorpena ¢yukmnus polyval. OOpaiiieHre K HEM OCyIIECTBISCTCS
0 CXEME:
y = polyval(p,x),
r7ie p - 3aJlaHHBIN BEKTOp KO3 (UIIMEHTOB MOJIMHOMA, a X - 3aJJaHHOE 3HAUYCHHE apry-
MeHTa. [Ipumep:

» y = polyval(p,2)
y = 936

Ecmm B kadecTBe aprymMeHTa TOJWHOMA yKa3aHa MaTpuma X, TO (QYHKIUS
polyval(p,X) BbluucigeT MaTpully Y, KaXIblid 3JIEMEHT KOTOPOW SIBJISIETCS 3HAYECHHEM
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YKa3aHHOI'O IIOJIMHOMA ITPX 3HAYCHUHN apryMCHTa, paBHOM COOTBCTCTBYIOIIEMY 3JICMCH-

Ty MaTpuLpl X, HaIlpUMep:
p= 1 8 31 80 94 20
»X=[123;0-13;22-1]

X =
1 2 3
0o -1 3
2 2 41

» disp(polyval(p,X))
234 936 2750
20 -18 2750
936 936 -18

B sToMm ciayyae QpyHKUMS BBIYHCIAET 3HAUCHHUE MTOJIMHOMA JUTSl KaXKJI0TO 3JIEMEHTA
MaTpuIlbl X, ¥ TOATOMY pa3Mepbl UCXOTHON U KOHEUHOW MaTpuIl OAMHAKOBHI size(Y) =
size(X).

Bvluucnenue npouzsoonoii om noaunoma ocyiiectsisiercs Gpyukuuei polyder.
Ota QYHKIHUS CO3JACT BEKTOP KOI(PPHUIMEHTOB MOJMHOMA, MPEICTABISAIONIEIO COOOM
IPOU3BOHYIO OT 33JaHHOTO NoJinHOMa. OHa UMEET TpU BUJ1a OOpaIeHUI:

dp = polyder(p) o 3a1aHHOMY TIOJJMHOMY p BBIYUCIISIET BEKTOP dp, SIEMEHTHI
KOTOPOTO SIBJIAIOTCS KO3(P(ULHEHTaMH TOTMHOMA-IPOU3BOIHOM OT 33/IaHHOTO:

» dp = polyder(p)
dp= 5 32 93 160 94,

dp = polyder(pl,p2) BbrYUCIAECT BEKTOp dp, 3JEMEHTHI KOTOPOTO SIBIAKOTCS KO-
s puLieHTaM TOTUHOMA-TIPOU3BOIHOM OT MPOU3BECHUS ABYX MOJIUHOMOB pl U p2:

» p1=[1,8,31,80,94,20];

» p2=[1,2,16];

» p = conv(p1,p2)

p= 1 10 63 270 750 1488 1544 320
» dp = polyder(p)

dp = 7 60 315 1080 2250 2976 1544

» dp1 = polyder(p1,p2)

dp1 = 7 60 315 1080 2250 2976 1544;

[¢q,p] = polyder(pl,p2) BbIYUCISIET NPOU3BOAHYIO OT OTHomeHus (pl/p2) nByx
NOJIMHOMOB pl ¥ p2 ¥ BBIIAET PE3yJIbTAT B BUJIE€ OTHOLICHUS (g/p) IOJTUHOMOB ¢ U P:

» p1=[1,8,31,80,94,20];

» p2 = [1,2,16];

» [q,p] = polyder(p1,p2)

q= 3 24 159 636 1554 2520 1464
p= 1 4 36 64 256

» z = deconv (q,p)

z= 3 12 3

» y = deconv(p1,p2)
y= 1 6 3 -22

» z1 = polyder(y)
z1= 3 12 3.

1.4.2. O0pabdoTKa JaHHBIX U3MEPEHUH
Cucrema MatLAB naer moap30Barei0 JOIMOJIHUTEIBLHBIE BO3MOKHOCTH I 00-
pabOTKU JJaHHBIX, KOTOPHIC 3a/1aHbl B BEKTOPHOW WJIM MaTpUYHOM dopme.
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JonycTum, 4To €CTh HEKOTOPAasi 3aBUCUMOCTB y(X), 3aaHHAs PAIOM TOUEK

X 2 4 6 &8 10

y 55 63 68 8 8.6

Ee moxHO 3amars B koManaHoM okHe MatLAB kak matpuny xydata, coxepxa-

IIYIO ABE CTPOKH - 3HAYEHUSI X WU 3HAYCHUA :

>> xydata =[2 4 6 8 10; 5.5 6.3 6.8 8 8.6]
xydata =
2.0000 4.0000 6.0000 8.0000 10.0000
5.5000 6.3000 6.8000 8.0000 8.6000

Ha mpumepe 3Toit 3aBHCHMOCTH PAaCCMOTPUM OCHOBHBIE CPEJICTBA 1T 00pabOTKH
JTAHHBIX.

Oynkuus size(xydata) npenHazHauyeHa JJig ONPEACIICHUS YKUCIa CTPOK U CTOJIO-
110B MaTpulibl Xydata. Ona popmMupyet BeKTop [n, p], coaepxKaliuii 3T BeTUINHbI:

>> size(xydata)

ans =
2 5

OO6pareHue K Hel BUAa

>> [n, p] = size(xydata);
MO3BOJISIET COXPAHUTh B MAMSTH MAIWHBI U UCIIOJb30BATh MIOTOM IIPU JaJbHENIINX BbI-
YUCJICHUSX JAHHBIE O YUCIIe CTPOK M U CTOJIOIOB p 3TOU MATPHUIIBL:

>>n, p
n= 2
p= 5

C nomo1pio 3T0i GyHKIIUN MOKHO YCTaHOBUTH JJIMHY M THIH (CTPOKA WIJIM CTOJ-

Oelr) BeKTopa:
» v = xydata(:)
V -
2.0000
5.5000
4.0000
6.3000
6.0000
6.8000
8.0000
8.0000
10. 0000
8. 6000
» n = size(v)
n= 10 1
»vli=Vv'
vl = 2.0000 5.5000 4.0000 6.3000 6.0000 6.8000 8.0000 8.0000 10.0000 8.6000
» size(v')
ans= 1 10
Oyukuus max(V), rae V - HEKOTOPbI BEKTOP, BbIIAET 3HAYEHUE MAKCUMAaJIbHO-
IO 3JIEMEHTA 3TOTr0 BEKTOpa. AHAIOIMYHO, pyHKUUSA min(V) n3BIIEKaeT MUHUMAJIbHBIHI
anemeHT Bektopa V. @yukuuu mean(V) u std(V) onpenensitor, COOTBETCTBEHHO, CpE-
HEE 3HAYEHUE U CPEAHEKBAJIPATUYHOE OTKJIOHEHHE OT HETO 3HAYEHUM AJIEMEHTOB BEK-
Topa V.
Oynkuus coptupoBku sort(V) GopMmupyeT BEKTOp, 3IEMEHTHI KOTOPOTO pacmo-
JIO’KEHBI B IOPSJKE BO3pACTaHUs UX 3HAYEHUM.
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Oyukius sum(V) BBIUUCISET CyMMY 3JIEMEHTOB BekTopa V.

Oynkuus prod(V) BblIaeT NPOU3BEAECHUE BCEX AJIEMEHTOB BEKTOpa V.

Oyukuus cumsum(V) GopMUpyeT BEKTOP TOrO e THUIIA U pa3Mepa, 00 3iie-
MEHT KOTOPOIO SABJISIETCSI CyMMOM BCEX MPEAIIECTBYIOIINX 3JIEMEHTOB BEKTOpa V (BEK-
TOP KYMYJISITUBHON CyMMBl).

Oyukuus cumprod(V) co3gaet BEKTOP, AIEMEHTbI KOTOPOTO SIBJISIIOTCS IPOU3BE-
JIEHUEM BCEX MPEIIECTBYIOIIMX 3JIEMEHTOB BEKTOpa V.

Oyukius diff(V) cozmaet BEeKTOp, KOTOPBII UMEET pa3Mep Ha €IMHUILY MEHbIIUN
pa3Mepa BekTopa V, 3JIEMEHThl KOTOPOTO SIBISIIOTCS PAa3HOCTBIO MEXIY COCEIHHUMHU
aJIeMEeHTaMH BeKTopa V.

IIpuMeHeHne OMMCAaHHBIX (PYHKLUH IPOMILTIOCTPUPOBAHO HIDKE.
»v=[1,01,0.5,0.1,0.1,04];
» disp(size(v))
1 6
» disp(max(v))
1

» disp(min(v))
0. 1000
» disp(mean(v))
0. 3667
» disp(std(v))
0. 3559
» disp(sort(v))
0.1000 0.1000 0.1000 0.4000 0.5000 1.0000
» disp(sum(v))
2.2000
» disp(prod(v))
2. 0000e-004
» disp(cumsum(v))
1.0000 1.1000 1.6000 1.7000 1.8000 2.2000
» disp(cumprod(v))
1.0000 0.1000 0.0500 0.0050 0.0005 0.0002
» disp(diff(v))
-0. 9000 0.4000 -0.4000 0 0.3000
Ecnu ykazame eémopoii 8vixo0HoUl napamemp, mo MOICHO NOIYHUUMb OONOJHU-
MeNbHYI0 UHGOPMAYUI0 00 UHOEKCe Nepeo2o dNeMeHma, 3HaA4eHue KOmopo2o A61semcs

MAKCUMATbHOIM UIU MUHUMATIbHBIM.
>> [M,n]=max(v)

M= 1

n= 1

>> [N,m]=min(v)
N= 0.1000

m= 2

Humezpuposanue memooom mpaneyuii OCyuiecTBIseT npoueaypa trapz. O0-
palieHue K Hell Buja trapz(X,y) NPUBOJIUT K BBIYMCIEHHUIO IUIOUIAAM MO rpaduKoM
¢yHKUIMU y(X), B KOTOPOM COCEAHHE TOYKH, 33JJaHHbIE BEKTOPaMHU X 1 Y, COCIMHEHBI
oTpe3KaMu npsAMbIX. Eciii nepBbiid BEKTOp X HE yKa3aH B 0OpalieHuH, 0 YMOJTYAHHUIO
JIOIYCKAETCsl, UTO IIar UHTErPUPOBAHUS PABHSETCS €AMHUIIE (T. €. BEKTOP X MPEJCTaB-
JsieT cO00M BEKTOP U3 HOMEPOB JIEMEHTOB BEKTOPA V).
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IIpumep. Bpruucnum unrerpai or GyHkuu y = sin(x) B auanaszone ot 0 10 7.
Ero tounoe 3Hauenue paBHo 2. BozbmeM paBHOMepHYyI0 ceTky u3 100 snemenrtoB. To-
/12 BBIYUCIICHHS CBEAYTCS K COBOKYITHOCTH OTE€pallUd:
» x =0 :pi/100 : pi;
» y = sin(x);
» disp(trapz(x,y))
1. 9998

Te xxe dyukuu size, max, min, mean, std, sort, sum, prod, cumsum, cumprod,
diff moryT ObITh IpUMEHEHBI U K MaTpuliaM. OCHOBHBIM OTJIMYHEM HCIIOIb30BAHUS B
KayeCTBE APryMEHTOB ATHX (YHKUHUA UMEHHO MATpPHI] SBISAETCA TO, YTO COOTBETCT-
BYIOLLME OMMCAHHBIE BBILIE ONEPALMHI BEAYTCS HE MO OTHOIICHHIO K CTPOKaM MaTpull, a
K K&XIOMY M3 CTOJIOLOB 33JaHHON MaTpuibl. T. €. Kbl cTonOen MaTpuibl A pac-
CMaTpHUBAETCs KaK IEPEMEHHAas, a KaXaasi CTpOKa - Kak oT/eJIpHOe HaOmoaeHue. Tak, B
pe3ynbTaTte npuMeHeHus QyHKUUN max, min, mean, std 1101y4alOTCd BEKTOPHI-CTPOKU
C KOJMYECTBOM 3JIEMEHTOB, KOTOPOE PaBHAETCA KOJMYECTBY CTOJIOLOB 3a/JlaHHOM Mat-
punbl. Kaxaplil 371€eMEHT COAEP>KUT, COOTBETCTBEHHO, MAKCUMalbHble, MUHUMAIBHOE,
CpellHee WM CPEHEKBAAPATUYHOE 3HAUYEHHMS AJIIEMEHTOB COOTBETCTBYIOIIETO CTOJIONA
3aJJaHHOM MaTPHUILIbI.

[IpuBenem npumepsl. Ilycte umeem 3 Benuuunbl yl, y2 u y3, U3MEpPEHHBIE NPH
HEKOTOPBIX ISITH 3HAYEHUSIX apryMeHTa (OHM He yka3aHbl). Torna JjaHHble M3MEpeHUI
0o0pa3yroT 3 BEKTOpa 1o 5 3JIEMEHTOB:

>>y1=[5.56.3 6.8 8 8.6];

>> y2=[-1.20.5-0.610.1];

>> y3=[3.45608.410.3];

Cdopmupyem u3 HUX MaTPUIy U3MEPEHHUI TakK, YTOObI BEKTOphl y1, y2 u y3 00-
PA30BBIBAIM CTOJOIIBI TON MATPHUIIBI:

» A=[y1,y2'y3]

5.5000 -1.2000 3.4000
6.3000 0.5000 5.6000
6.8000 -0.6000 O

8.0000 1.0000 8.4000
8.6000 0.1000 10.3000

[IpuMeHnM K ATON MaTpulie u3MepeHuid onucanHbie QyHkuuu. [lomydaum
» size(A)
ans= 5 3
» max(A)
ans = 8.6000 1.0000 10.3000
» min(A)
ans= 5.5000 -1.2000 0

» mean(A)
ans = 7.0400 -0.0400 5.5400

» std(A)
ans= 1.2582 0.8735 4.0655

Ecnu npu O6DCZM4€HMM K ¢VHKI4M}IM max u_min VKA3ambv 67’)1017012 6bIXOOHOUL Na-
pamemp, mo OH oacm MH@ODM(JMLHO 0 HoOMepax Cmpok, 20€e_Haxo0samcs_ 6 COOmeEemcm-
syrouem cm0ﬂ6ue nepevle SaAEeMERNbl C MAKCUMATIbHbIM (MJZZ/{ MuHMMaJZbeZM) 3HAa4e-

nHuem. Hanmpumep:
>> [M,n]=max(A)
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M= 8.6000 1.0000 10.3000

n= 5 4 5

>> [N,m]=min(A)

N'=" 5.5000 -1.2000 0

m= 1 1 3

OyHKIMS SOrt COPTUPYET AIEMEHTHI JH000T0 U3 CTOJOIOB MaTpuilbl. Pesynbra-
TOM SIBJIIETCSI MAaTpHUIlA TOTO ke pa3Mepa.

Oyukius sum u prod GopMHUPYIOT BEKTOP-CTPOKY, KAXKIBIH 3JIEMEHT KOTOPOTO
SIBJIIETCS CYMMOM WJIM MPOU3BEJICHUEM JIEMEHTOB COOTBETCTBYIOIIETO CTOJIONA UCXOI-
HOW MaTpPHUIIBI.

OyHKIUMU cumsum, cumprod oOpa3yrOT MATPHUIII TOTO XK€ pa3Mepa, FIEMEHTHI
KaXKJIOTO CTOJIONA KOTOPBIX SBJISIFOTCS CYMMOM WJIM MPOUM3BEIIEHUEM DJIEMEHTOB JTOTO
e CTONOIa HAYaIbHOW MAaTPUIIbl, HAUWHAS C COOTBETCTBYIOIIETO 2JIEMEHTA U BHIIIIE.

Hakonen, ¢ynakius diff cozmaet u3 3a1aHHON MaTpUIBl pa3MepoM (m*n) mMaTpu-
1y pasmepom ((m-1)*n), a3ieMeHTBI KOTOPOU ABJISIIOTCSI PA3HOCTBIO MEXKAY AJIEMEHTAMU
COCEIHUX CTPOK HAYAJIbHOW MaTPULIBI.

[IpuMeHnsis 3T npoueayphl K MIPUHATOW MATPULIE U3MEPEHUM, Oy IUM:
» sort(A)

ans =
5.5000 -1.2000 O
6.3000 -0.6000 3.4000
6.8000 0.1000 5.6000
8.0000 0.5000 8.4000
8.6000 1.0000 10.3000
» sum(A)
ans = 35.2000 -0.2000 27.7000
» prod(A)
ans = 1. 0e+004 *
1.6211 0. 0000 0

» cumsum(A)
ans =
5.5000 -1.2000 3.4000
11.8000 -0.7000 9.0000
18.6000 -1.3000 9.0000
26. 6000 -0.3000 17.4000
35.2000 -0.2000 27.7000

» cumprod(A)

ans = 1.0e+004 *
0.0006 -0.0001 0.0003
0.0035 -0.0001 0.0019
0.0236  0.0000 0
0.1885 0.0000 0
1.6211 0. 0000 0

» diff(A)

ans =
0.8000 1.7000 2.2000
0.5000 -1.1000 -5.6000
1.2000 1.6000 8.4000
0.6000 -0.9000 1.9000

PaccMoTpuM HekoTOpbie Apyrue (PyHKIMH, MPEAOCTaBISEMbIE MOJIb30BATEIIO
cucremoir MatLAB.

Oynkuus cov(A) BeIUHUCISIET Mampuyy Kosapuayuu udmepeHui. Ilpu sTom mo-
Jy4aroT KBaJPaTHYI) CHUMMETPUYHYIO MATPHILY C KOJIMYECTBOM CTPOK U CTOJIOIIOB, paB-
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HBIM KOJIMYECTBY U3MEPEHHBIX BEJIUYMH, T. €. KOJUYECTBY CTOJOOB MATPHUILIbI U3MEPE-
Huii. Hanpumep, 1py NpUMEHEHUH K NPUHATOW MATpHULIC U3MEPEHUN OHA NAeT TaKOH

pe3ynbTar:

» cov(A)

ans =
1.5830 0.6845 3.6880
0.6845 0.7630 2.3145
3.6880 2.3145 16.5280

Ha nuaronanu maTpuilbl KOBapualldid pa3MelleHbl oucnepcuu U3MEPEHHBIX Be-
JIMYMH, & BHE €€ - 63aUMHbIE KOPPEAYUOHHbIE MOMEHMbL ITUX BETUYMH.

OyHkuus corrcoeff(A) BbIUUCIAECT Mampuyy Kodppuyuenmos Kopperayuu npu
TEX K€ YCIOBUAX. DIeMEHThI MaTpullbl S = corrcoef(A) cBsi3aHbl C AIeMEHTaMU MaTpH-
16l KoBapuainuii C=cov(A) TaKuM COOTHOIIICHUEM:

_ C(k, 1)
StD) JC(k,k)-C(1,1)

ITpumep:
» corrcoef(A)
ans =
1.0000 0.6228 0.7210

0.6228 1.0000 O0.6518
0.7210 0.6518 1. 0000

1.4.3. ®yHKUUM JUHEHHOW AJTre0phl

TpaguuuoHHO K JMHEHHON anreOpe OTHOCIT Takue 3aJauyd, Kak oOpaiieHue u
NICEB000PAIlIEHUE MATPUIIbI, CIEKTPAIBHOE U CUHTYJISIPHOE Pa3JIOKEHUS] MATpPHII, BbI-
YHUCJIEHHE COOCTBEHHBIX 3HAYECHUN U BEKTOPOB, CHHTYJISIPHBIX YHCEJl MATPUII, BHIYHUCIIC-
Hue ¢QyHKuuid oT Marpull. O3HAKOMHUMCS C HEKOTOPHIMU OCHOBHBIMHU (DYHKIMSIMU
MatLAB B 310ii 065acTu.

Oyukius k = cond(A) BBIYUCISIET W BBIJACT YMCIO OO0YCIOBICHHOCTH MAaTPHIIBI
OTHOCHUTEJILHO OIepanuu 00paiieHus, KOTOpoe PaBHAETCS OTHOIICHUIO MaKCUMAaIbHOTO
CUHTYJISIPHOTO YKCJIa MATPULIBI K MUHUMAJIBHOMY .

Oyukuus k = norm(v,p) BBIYUCISIET p-HOPMY BEKTOpa Vv 10 QopmyJe:

k = sum(abs(v) . p)(1/p),

I7I€ P - LEeJ0e MOJIOKUTENbHOE YKnciio. Ecian apryMeHT p npu oOpameHuu K GyHKIUU
HE yKa3aH, BBIYHCISAETCS 2-HOpMa.

Oynkuus k = norm(A,p) BEIUUCISAECT p-HOPMY MaTpHIlsl, rae p = 1,2, 'fro' umum
inf. Ecniut apryMmeHT p He yka3aH, BeluucisieTcsi 2-Hopma. [Ipu 3Tom cripaBeisIuBbI Takue
COOTHOIIICHHUS:

norm(A,1) = max(sum(abs(4)));
norm(A,inf) = max(sum(abs(A')));
norm(A, fro') = sqrt(sum(diag(A'*A))),
norm(A) = norm(A4,2) = O pax(4).

Oyukiust  rd = rcond(A) BbIUUCHSET BENMYMHY, OOPATHYIO 3HAYCHHUIO YHCIIA

00yCJIOBIIEHHOCTH MaTPHIIbl A OTHOCUTENBHO 1-HOpMEIL. Ecnin Matpuiia A xopotio 00y-
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CJIOBJIeHA, 3HaueHue rd Onu3ko K eauHuie. Ecnu ke oHa mioxo oOyclioBieHHas, rd
npuOIMKACTCS K HYIIIO.

OyHkuMs r = rank(A) BBIYUCISET PAHT MATPUILIbl, KOTOPBII ONpPEaeseTcsl Kak
KOJIMYECTBO CUHTYJIIPHBIX YMCEJI MAaTPULIbL, IPEBBIILIAIOIINE [TOPOT

max(size(A)) *norm(A4) *eps.

[TpuBeneM nmpuMepsl MPUMEHEHUS STUX (DYHKINHA:

A=

1 2

3
0 1 5
7 4 1

» disp(cond(A))
13. 8032

» disp(norm(A,1))
9

» disp(norm(A))
8. 6950

» disp(rcond(A))
0. 0692

» disp(rank(A))
3

[Ipouenypa d = det(A) BBIYUCISIET onpedeaumens KeaOpamuou Mampuybl Ha OC-
HOBE TPEYTOJIBLHOTO Pa3IoKEHUsI METOAOM ucKitodeHus ["aycca.

Oynkuus ¢t = trace(A) BBIYUCISET cled Mampuysvl A, paBHBII CyMMe €€ Jauaro-
HAJIbHBIX AJIEMEHTOB.

Q = null(A) BbIYUCISET OPTOHOPMHUPOBAHHBIN OA3UC HYIb-NPOCMPAHCMBA MAT-
puiisl A.

O = orth(A) BbIIae€T OpMOHOPMUPOBAHHBIU Oa3uc mampuysvl A.

[Ipouenypa R = rref(A) ocymiecTBIsIET npugedenue mampuysbl K mpey20ibHOMY
8UOY HA OCHO8e Memooa uckaodenus l'aycca ¢ 4aCTUYHBIM BBIOOPOM BEIYILErO 3Jie-
MEHTA.

[Ipumepsr:

» disp(det(A))

30

» disp(trace(A))
3

» disp(null(A))
» disp(orth(A))
0.3395 0.4082 -0.8474
0.2793 0.8165 0.5053
0.8982 -0.4082 0.1632
» disp(rref(A))
1

0 O
0 1 0
0 0 1

Oynkuust R=chol(A) ocyuiecTBisieTr pasznoxycenue Xo1eubko2o N EUCTBU-

TCJIIbHBIX CUMMCTPHUYHBIX U KOMIIJICKCHBIX 39PMHUTOBBIX MATPHII. HaHpI/IMep:
» A=[123;2158; 3 8 400]
A=
1 2 3
2 15 8
3 8 400
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» disp(chol(A))
1.0000 2.0000 3.0000
0 3.3166 0.6030
0 0 19. 7645

Oynkuus u(A) ocymectsusier LU-paznoscenue matpuiibl A B BUJie Ipou3Beie-
HUS HUKHEU TpeyroJibHOM Matpulibl L (BO3MOXKHO, C MEpECTaHOBKAMK) U BEpXHEH Tpe-
yronbHo# Matpuusl U, Tak uto A =L * U.
OO6partieHue kK 3Tol GyHKIIMK BUAA
[L,U,P]=Mu(A)
IIO3BOJISICT IMOJYYUTh TPU COCTABIIAIOILKE 3TOr0 PA3JIOKEHUS - HUKHIOK TPEYTrOJIbHYIO
Marpully L, BepxHioto TpeyroipHyro U u MaTpully IiepecTaHoBOK P Takue, 4To
P*A =L *U.
IIpuBenem npumep:
A=
I 2 3
2 15 8

3 8 400
» disp(lu(A))
3.0000 8.0000 400.0000
-0. 6667 9. 6667 -258. 6667
-0. 3333 0.0690 -148. 1724
» [ L, U, P] = lu(A);
»L
L=
1.0000 0 0
0.6667 1.0000 0
0.3333 -0.0690 1.0000
» U
U=
3.0000 8.0000 400.0000
0 9.6667 -258. 6667
0 0-148. 1724

»P

P=
0O 0 1
0O 1 O
1 0 O

W3 Hero BBITEKAET, YTO B MEPBOM, YIIPOILIEHHOM BapuaHTe oOpalieHus QyHKIus
BbIJIaeT KoMOuWHanuio u3 matpuil L u U.
Oopawenue MaTpUIIbl OCYIIECTBISETCS ¢ MOMOITBI0 QYyHKINU inv(A):
» disp(inv(A))
1.3814 -0. 1806 -0.0067

-0.1806 0.0910 -0.0005
-0. 0067 -0.0005 0.0026

[Tponienypa pinv(A) HaAXOIUT MATPUILy, nCe8000OpamHy0 MaTpulle A, KOTopas
UMEET pa3Mepbl MaTPUIbl A’ | yJAOBJICTBOPSET YCIOBUAM

A*P*A=A; P*A*P=P.
Hampuwmep:
A=
1 2 3 4 5
5 1 4 6 0
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» P = pinv(A)
P=
-0.0423 0.0852
0.0704 -0.0480
0.0282 0.0372
0.0282 0.0628
0.1408 -0.0704
» A*P*A, % nposepka 1
ans =
1.0000 2.0000 3.0000 4.0000 5.0000
5.0000 -1.0000 4.0000 6.0000 O0.0000
» P*A*P % npoBepka 2
ans =
-0.0423 0.0852
0.0704 -0.0480
0.0282 0.0372
0.0282 0.0628
0.1408 -0.0704

JIst KBaipaTHBIX MATPHIT 3Ta OTepaIys paBHO3HaYHA OOBIYHOMY OOpAIICHHIO.
[Tponenypa [ Q, R, P ] =¢qr(A) ocymiecTBisieT pa3ioxKeHUe MaTpUIlbl A Ha TPH -
YHUTapHYI0 MaTpuily Q, BEPXHIOIO TPEyrojbHYI0 R ¢ JIMaroHaJbHBIMU JICMEHTAMH,

YMEHBIIAIOMMMUCA 110 MOJYJIIO, U MaTPHUILy IEPECTAHOBOK P - Takue 4To
A*P=Q*R.
Hampumep:
A= 1 2 3 4 5
5 1 4 6 0
» [Q,R,P] = qr(A)
Q= -0.5547 -0.8321
-0.8321 0.5547

R= -7.2111-2.7735-4.9923 -4.7150 -0.2774
0 -4.1603-0.2774 1.9415 -2.2188

P= 0 0 0 1 O
0O 0 0 0 1
0O 0 1 0 O
1 0 0 0 O

0O 1. 0 0 O
Onpedenenue xapakmepucmuueckoz0 nOJTUHOMA Mampuybl A MOXXHO OCYIIIe-
CTBUTH ¢ moMmolislo GyHkiuu poly(A). Obpamienue K Hel Buna p=poly(A) naet BO3-
MO>KHOCTh HAalTH BEKTOP-CTPOKY p KOI(D(PHUIIMEHTOB XapaKTEPUCTUICCKOTO MOJIMHOMA
p(s) =det(s*E - A) = p;*s" + ... + p,*s + poy,
rjae E - o00o3HaueHne eIMHUYHON MaTpHIlbl pazMepom (n*n). Hanpumep :
»A=[123;560; -123]

A=
1 2 3
5 6 0
-1 2 3
» p = poly(A)

1. 0000 -10. 0000 20.0000 -36.0000
Botuucnenue coocmeennvix 3HaueHuil U cOOCMEEHHBIX 8EKMIOPOG8 MAMPUL b
ocylecTBisieT npoueaypa eig(A). O6piuHOe oOpallieHue K Hel MO3BOJISET MOJIYYUTh
BEKTOpP COOCTBEHHBIX 3HAYCHHWM MaTpHIBl A, T. €. KOpPHEH XapaKTePUCTUICCKOTO
noJIMHOMa MaTpuIlpl. Eciin e oOpalienrne nMeeT BUI:
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[R,D ] =eig(A),
TO B pe3yibTaTe MOJydYaloT AMArOHAIbHYIO MATpully D COOCTBEHHBIX 3HAYEHUW U
MaTpuily R nmpaBbIx COOCTBEHHBIX BEKTOPOB, KOTOPHIE YIOBIETBOPSIOT YCIOBHUIO

A*R=R *D.

OTH BEKTOPHI ABJISIOTCS HOPMUPOBAHHBIMU TaK, YTO HOpPMA JIFOOOTO M3 HUX PaB-
Ha eaunuiie. [IpuBenem nmpumep:

A=

1 2 3
-1 8 16
-5 100 3
» disp(eig(A))
1.2234

45. 2658
-34. 4893

» [ R,D] = eig(A)
R =

0.9979 -0.0798 -0.0590
0.0492 -0.3915 -0.3530
0.0416 -0.9167 0.9338

D=
1.2234 0 0
0 45.2658 0
0 0-34. 4893

Cunzynapnoe paznodxcenue mampuypl OCYLECTBISET npoueaypa svd(A). Yo-
polieHHOe o0palleHue K Hel MO3BOJISIECT MOJYyYUTh CHUHTYJISIPHBIE YMClia MaTpUllbl A.
Bonee crnoxHoe oOpanieHue Bujia:

[U,S,V]=svd(A)

MO3BOJISIET MOJYYUTh TpU MaTpuibl - U, KOTOpas COCTOUT M3 OPTOHOPMHUPOBAHHBIX
COOCTBEHHBIX BEKTOPOB, OTBEYAIOIIMX HAUOOJBIIUM COOCTBEHHBIM 3HAYEHUSM MaTpU-
sl A*A'; V - U3 OPTOHOPMHUPOBAHHBIX COOCTBEHHBIX BEKTOPOB MATPHUII A *A 1 S -
JMAroHaJbHYI0 MaTpUILy, KOTOpasi COACPKUT HeompuyamenbHble 3HAYCHU K8aA0pani-
HBIX KOpHEll U3 cobcmeennbix snavenuti mampuybl AT*A (MX HA3b18a10m CUHEYIAPHLIMU
yucnamu). ITU MATPUILIbl yIOBIETBOPSIIOT COOTHOIICHUIO:
A=U*S*VT.
PaccmoTpum npumep:

» disp(svd(A))
100.5617
15. 9665
1. 1896

» [U,S,V] = svd(A)
U=

-0.0207 0.1806 -0.9833
-0.0869 0.9795 0.1817
-0.9960 -0.0892 0.0045

S=
100.561700
0 15.9665 0
00 1.1896
V =

0.0502 -0.0221 -0.9985
-0. 9978 -0. 0453 -0.0491
-0. 0442 0.9987 -0.0243
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Ilpuseoenue mampuuvt k popme I'eccenbepza OCYIECTBISIETCS TPOIEAYPO
hess(A). Hanpumep:

A=
1 2 3
-1 8 16
-5 100 3

» disp(hess(A))
1.0000 -3.3340 -1.3728
5.0990 25.5000 96.5000
0 12. 5000 -14. 5000

bonee pa3peprytoe obpamenne [P,H] = hess(A) maer BO3MOXHOCTb MOJIYUYHUTh,
kpome matpuilbl H B Bepxueit popme ['eccenbepra, Takke yHUTApHYIO MaTpHUILy MIPeo0-
pasoBanui P, koTopas yqoBIETBOPSIET YCIOBUSIM:

A=P*H*P; P'*P=eye(size(A)).

[Tpumep:
» [P,H] = hess(A)
P=

1.0000 0 0

0 -0.1961 -0.9806
0 -0.9806 0.1961
H=
1.0000 -3.3340 -1.3728
5.0990 25.5000 96.5000
0 12. 5000 -14. 5000

IIpouenypa schur (A) npenHazHayeHa JJIsi HPUBEOCHUA mampuuvl K opme
Ilypa. YupouienHoe oOpalleHne K Hell MPUBOAUT K MOJYUYEHHUIO MATpPUIBl B (opme
[ypa.

Komnnekcnaa gpopma Illypa - s5mo sepxuss mpey2onbHas mampuya ¢ coocm-
BEHHbIMU 3HAYeHUAMYU Ha Ouazonanu. [leiicmeumenvnan gpopma Illypa coxpansem na
OUA2OHAIU MONbKO Oelicheumenbhble COOCHEEeHHbIe 3HAYEHUS, a4 KOMMJIEKCHblEe U30-
opasicaromest 6 euoe 0.10ko06 (2*2), yaCTUUHO 3aHMMAs HUKHIOIO O IMaroHalb.

Oo6pamenue [U,T] = schur(A) no3somasier, kpome Marpuiibl T Illypa, momyduts
Tak)ke yHUTapHyto Matpuily U, yIOBIETBOPSIONIYIO YCIOBUSIM:

A=U*H*U"; U *U-=eye(size(A)).

Ecnu navanpHas matpuna A sIBIsieTCsl ACHCTBUTEIBHOM, TO PE3yNbTaToM OyneT
oeticmeumenvras gopma Lllypa, ecnu ke KOMIUIEKCHOM, TO pe3yJIbTaT BBIAACTCS B BUJIE
KomnaexcHot gpopmsi Lllypa.

[TpuBenem npumep:

» disp(schur(A))

1.2234 -6.0905 -4.4758

0 45.2658 84.0944
0 0. 0000 -34. 4893
» [U,T] = hess(A)
U=
1.0000 O 0
0 -0.1961 -0.9806
0 -0.9806 0.1961

T=

1.0000 -3.3340 -1.3728

5.0990 25.5000 96.5000
0 12. 5000 -14. 5000
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Oynkums [U,T] = rsf2esf{U,T) npeobpa3yeT AEHUCTBUTEIBbHYIO KBa3UTPEYTOJIb-
Hyto ¢popmy Lllypa B KOMIUIEKCHYIO TPEYTOJIbHYIO:
» [U,T] = rsf2csf(U,T)
U=
-0.9934 -0.1147 0
-0.0449 0.3892 -0.9201
-0.1055 0.9140 0.3917
T=
1.4091 -8.6427 10.2938

0 45.1689 -83. 3695
0 0 -34. 5780

[Ipouenypa [AA, BB, Q, Z, V] = ¢qz(A,B) npuBogut napy mampuy A u B x
0006wennoi popme Illypa. Ilpu 5Tom AA u BB ABISIOTCA KOMIUIEKCHBIMU BEPXHUMU
TPEYroJIbHBIMU MaTpuliamu, Q, Z - MaTpuIiaMu npuBeAeHus, a V - BEKTOPOM 0000111eH-
HBIX COOCTBEHHBIX BEKTOPOB TAKUMHU, YTO

Q*A*Z=AA; Q*B*Z=BB.

O6001eHHBIe COOCTBEHHBIC 3HAUCHHSI MOTYT OBITh HaWJICHBI, UCXOJSI U3 TaKOTO
YCJIOBUSL:

A *V * diag(BB) =B * V * diag(AA).

HeobxoaumocTh B 0JIHOBPEMEHHOM MpHBeNeHUM Tapa Matpull k ¢opme Ilypa
BO3HHUKAET BO MHOTHX 3aJladaxX JUHEHHOW anreOphl - pelieHnd MaTPUYHBIX ypaBHEHUN
CunbBectpa u Pukkatu, cMemaHHbIx cucteM qudepeHnnanbHbIX U JIMHEHHBIX anre0-
panyveCKUX YpaBHECHUM.

Ilpumep.

[Iycth 3amaHa cuctema OOBIYHBIX IU(PPEpeHINATIbHBIX YpPAaBHEHUN B HESBHOMU
dbopme Koru ¢ o1HUM BXOJOM # W OJHHUM BBIXOJIOM ) TaKOro BUA:

O x+R-x=b-u,

y=c-x+d-u

npuyem matpuubl O, R u BekTopbl b, c ud paBHBI COOTBETCTBEHHO
Q=
1. 0000 0
0.1920 1.0000
R =
1.1190 -1.0000
36.4800 1.5380
b=
31. 0960
0. 1284
CcC=
0.6299 0
d= -0.0723

Heo6xo1uMo BBIUMCIUTH 3HAUYCHHS TIOJIFOCOB M HYJIEH COOTBETCTBYIOIIEH Mepe-
JaTOYHON (PYyHKUHUU.

OTta 3a7a4a CBOAUTCA K OTBHICKAHUIO COOCTBEHHBIX 3HAUEHUH A, KOTOPBIE yIOBIIE-
TBOPSIIOT MAaTPUYHBIM YPABHEHHUSIM:
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R-r=-4-0Q-r;

! e

Pemenue IICPBOI0 YpaBHCHUS IIO3BOJISICT 6bIUUC/IUMDb NOJIIOCHL nepedamolmoﬁ
@dynKkyuu, a BTOporo - HyJu.

Huke npuBeseHa COBOKYIIHOCTE ONEPATOPOB, KOTOpas MIPUBOAUT K pacueny no-
JIIOCO86.

» [AA, BB] = qz(R,-Q) % Mpusenexve matpuy k dopme Lypa

AA =

5.5039 + 2.79751  24.8121 -25.3646i

0.0000 - 0.0000i 5.5158 - 2.8036i
BB =

-0. 6457 + 0. 7622i -0. 1337 + 0. 1378i

0 -0. 6471 -0. 7638i

» diag(AA) . /diag(BB) % Pacuet nomtocos
ans =

-1.4245 - 6. 0143i

-1.4245 + 6. 0143i

Pacuem nyneu ocyniecTBisieTcsi TakuMm 00pa3oM:
»A=[-R b % dopmMupoBaHme
c d] % nepBoit MaTpuLbl
A=
-1.1190 1.0000 0.1284
-36.4800 -1.5380 31.0960

0.6299 0 -0.0723

»B=[-Q zeros(size(b)) % ®opmupoBaHve
zeros(size(c)) 0 1 % BTOpOIN MaTpULbI

B=

-1.0000 0 0

-0. 1920 -1. 0000 0

0 0 0

» [AA,BB] = qz(A,B) % MpuBeaeHne matpuy K dpopme LLypa
AA =

31.0963 -0.7169 -36.5109
0.0000 1.0647 0.9229
0 0.0000 0.5119
BB =
0 0.9860 -0.2574
0 0.0657 0.9964
0 0 -0. 0354
» diag(AA) . /diag(BB) % BbluncrieHvie Hyne
ans =
Inf
16. 2009
-14. 4706

Brruucnenue cobcmeennvix 3HaueHuil Mampuynoz0 nOJUHOMA OCYILECTBISET
npoieaypa polyeig. Obpaiiienre

[ R, d ] =polyeig(AO, Al,..., Ap)
MO3BOJISIET PEIINTH MOJHYIO TPOOJIEeMy COOCTBEHHBIX 3HAYEHUH 1T MATPUIHOTO TIOJIH-
HOMa CTETICHH P BHUIA

(AO+ A*Al+ ...+ AP *Ap)*r=0.
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BXxoaHbIMU NEpEMEHHBIMHU 3TOW MPOLIEAYpPHI ABIAIOTCA p+1 KBagpaTHbIE MaTpH-
uel AO, Al, ... Ap nopsaka n. McxogHbIMH NEpEMEHHBIMU - MaTpUlla COOCTBEHHBIX
BeKTOpOoB R pazmepom (n*(n*p)) u Bektop d cOOCTBEHHBIX 3HAUEHUH pazmepoM (n*p).

Oyukuus polyvalm npenHazHaueHa IS 6bIYUCAEHUA MAMPUUHO20 NOJTUHOMA
BUJA

YX)=p, X"+p, - X""+.4+p, X +p-X +p,
0 33JJaHHOMY 3HAYEHMIO MAaTPHIIBl X U BeKTOpa p = [pn, pn-1, ..., p0] koapdunueHToB

nojguHoMa. J[J1s1 3TOro J0CTaTOYHO 0OPaTUTHCA K ATOM MPOLeaype MO CXEME:
Y = polyvalm(p, X).

ITpumep:
p= 1 8 31 80 94 20
» X
X =
1 2 3
0 -1 3
2 2 A1

» disp(polyvalm(p,X))
2196 2214 2880
882 864 1116
1332 1332 1746

Ilpumeuanue. Cnedyem paznuyame npoyedypul polyval u polyvalm. [lepsas evi-
yucsem 3Hauenue NOAUHOMA OJis 1100020 U3 dIeMEHMO08 Mampuybl apeyMeHmd, a 8mo-
pas_npu_8bl4UCIeHUY NOTUHOMA 803800UN 8 COOMBEMCMEYIOUYVI0 CHEeneHb 8Clo Mam-
pUYy apeymeHma.

[Ipouenypa subspace(A,B) BbIYUCISIET Yro MEXAY JBYMs HOIMPOCTPAHCTBAMH,
KOTOphI€ "HaTSHYTHl Ha cTONOIBI" Marpull A u B. Ecau aprymMeHTamu sIBISIFOTCS HE
MaTpHUIIbl, @ BEKTOPHl A U B, BbIUMCIIsETCS YTOJd MEXy STUMH BEKTOPAMH.

1.4.4. AnnpokcuManys U UHTEPNOJISALUA JAHHBIX

Honunomuansnaa annpokcumayusa JaHHBIX U3MEPEHUM, KOTOpbIe cHOPMHUPO-
BaHbI KaK HEKOTOPKIN BEKTOP Y, MPU HEKOTOPHIX 3HAYEHUSX apryMeHTa, KOTOpble 00pa-
3yIOT BEKTOp X TaKOW € JJIMHBI, 4TO M BEKTOP Y, OCYIIECTBISETCS MpOLEIypon
polyfit(X, Y, n). 3mech n - MOPSJIOK aIMPOKCUMHUPYIOIIETO MOJUHOMA. PesynbraromM
JIEUCTBUS ATOW MPOIEAYpHl ABISAETCS BEKTOp UMHOW (n +1) u3 xkordduimeHToB ar-
IPOKCUMUPYIOIIETO MOJIMHOMA.

IIycTth MaccuB 3HaYECHHUM apryMEHTA UMEET BUL:

x=[123456738],

a MacCUB COOTBETCTBYIOIINX 3HAYEHUN U3MEPEHHON BETUYHHBI - BUJI:

y=[-1.10.20.50.80.70.6 0.4 0.1].

Torga, nmpuMmeHsist yka3aHHYIO (DYHKIIMIO MPU pPa3HBIX 3HAUCHHUAX TMOPSAKA arl-

IIPOKCUMHUPYIOLIETO MOJMHOMA, MTOJTYUUM:
»Xx=[1234567 8];
»y=[-110.20.50.80.7 0.6 0.4 0.1];
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MO

» polyfit(x,y,1)

ans= 0.1143 -0.2393

» polyfit(x,y,2)

ans= -0.1024 1.0357 -1.7750

» polyfit(x,y,3)

ans= 0.0177 -0.3410 1.9461 -2.6500

» polyfit(x,y,4)

ans = -0.0044 0.0961 -0.8146 3.0326 -3.3893.

DTO 03HAYAET, IIO 33JAHHYIO0 3aBUCUMOCTh MOKHO armnpOKCUMUPOBATH WIIH TPS-

y(x) = 0,1143x — 0,2393 ,

WIM KBaJpaTHOU mapaboioi

y(x) =-0,1024x> +1,0357x — 1,775 ,

WK KyOn4yeckou napabosoin

p(x) =0,0177x> —0,341x% +1,9461x — 2,65 ,

WM 11apadoJIoil 4YeTBEPTOM CTETICHH

y(x) = =0,0044x* +0,0961x> —0,8146x> +3,0326x — 3,3893 .
[ToctpouMm B oHOM rpadudecKkoM Mosie TpaduKku 3aaHHON TUCKPETHON (DyHK-

MU ¥ TpadUKU BCEX MOTYUYEHHBIX MPU allPOKCUMAITUHU TTOJTUHOMOB:

x=[1234567 8];

y=[-1.10.20.50.8 0.7 0.6 0.4 0.1];
P1=polyfit(x,y,1) ;

P2=polyfit(x,y,2);

P3=polyfit(x,y,3);

P4=polyfit(x,y,4) ;

stem(x,y);

x1=0.5:0.05: 8.5;

y1=polyval(P1,x1);

y2=polyval(P2,x1);

y3=polyval(P3,x1);

y4=polyval(P4,x1);

hold on

plot(x1,y1,x1,y2,x1,y3,x1,y4),

grid, set(gca, 'FontName’, ‘Arial Cyr', 'FontSize', 16),
title('MonuHomMmuanbHaa annpokcumaums ');
xlabel('AprymeHT’);

ylabel('®yHkuusa')

PesynbraT npencrasnen Ha puc. 1.18.

Oynkuus spline(X,Y,X1) OCyIIECTBISET UHMEPROIAUUIO KyOUUecKUMU Cnaail-

namu. Ilpu obpamenun

Yi=spline(X,Y,Xi)
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OHa UHTEPIIOJMPYET 3HAYEHHE BEKTOpa Y, 3aJJaHHOTO MPY 3HAYEHUSAX apryMeHTa, Ipe-
CTaBJICHHBIX B BEKTOpPEe X, M BbIJIa€T 3HAUCHHE WHTEPHOJUpYIomeld GYyHKIIMU B BHUJIEC
BEKTOpa Y1 [PU 3HAYEHUAX apryMEHTa, 3aJJaHHbIX BeKTopoM Xi. B cityyae, eciiu BeKTOp
X He yKa3zaH, 0 YMOJYaHUIO MPUHUMAETCS, YTO OH UMEET UIMHY BeKTopa Y W JII000on
€ro 3JIEMEHT PAaBEH HOMEPY ATOTO AJIEMEHTA.

B kauecTBe npumepa pacCMOTPUM UHTEPHIOJISAIINIO BEKTOPa

x =-0.5:0.1:0.2;

y=[-1.10.20.50.8 0.7 0.6 0.4 0.1];

x1=-0.5:0.01:0.2;

y2 = spline(x,y,x1);

plot (x,y,x1,y2), grid

set(gca,'FontName’,'Arial Cyr','FontSize',16),

title('MHTepnonaunsa npoueaypon SPLINE ');

xlabel('AprymeHT’);

ylabel('®yHkuusa')

Pesynbrar npusenen Ha puc. 1.19.

Oonomepuyro mabaAuUHy) UHMEPNOAAYUIO OCYIIECTBISIET NpoLeaypa interpl.
OGparnieHue Kk Hel B 00IIEM clTydae UMEET BU/I:

Yi=interpl(X,Y,X1,’<meto>’),
Y MO3BOJISIET TOMOJIHUTEIBHO YKa3aTh METOJ MHTEPIOJSALIMN B YETBEPTOM BXOJIHOM ap-
TYMEHTE:

mearest' - CTynieH4YaTast UHTEPIOISALNS;

'linear' - nuHelHAad;

‘cubic' - kyOuueckas;

‘spline' - KyOMYECKHMHM CIUTaitHAMU.
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I[HTepnonAayia npoyegypow SPLIMNE
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Puc. 1.19

Ecnn MCTOA HC YKa3aH, OCYHICCTBIIACTCA IO YMOJJIYAHUIO JIMHEHHAs HHTCPIIOJIA-

s, Hanpumep, (17151 0THOTO M TOTO 7K€ BEKTOPA):
x =-0.5:0.1:0.2;
y=[-1.10.20.50.8 0.7 0.6 0.4 0.1];
x1=-0.5:0.01:0.2;
y1 = interp1(x,y,x1);
y4 = interp1(x,y,x1,'nearest’);
y2 = interp1(x,y,x1,'cubic’);
y3 = interp1(x,y,x1,'spline’);
plot (x1,y1,x1,y2,x1,y3,x1,y4), grid
plot (x1,y1,x1,y2,"." x1,y3,"--',x1,y4,""), grid
set(gca,'FontName’','Arial Cyr','FontSize’,8),
legend('nuHenHas’,'kybu4yeckas','cnnamHoBas’,'ctyneH4aras’,0)
set(gca,'FontName’','Arial Cyr','FontSize’,14),
set(gcf,'color','white")
title('MuTepnonsauua npouenypoun INTERP1 ");
xlabel('AprymeHT');
ylabel('®yHkuuns')
Pesynbrarsl npuBenensl Ha puc.1.20.
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NHTepnonauma npouenypon INTERPA
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e kybuueckas

cnnariHosas
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- AprymeHT
Puc. 1.20

1.4.5. BexTopHasi puiabTpanua U CIEKTPAJIbHbIA AHAJIU3

B cucreme MatLAB ecth Heckosibko (hyHKIUM JIJ1s1 MPOBEACHUS IM(PPOBOTO aHA-
JIU3a TaHHBIX HAOII0JIEHUN (U3MEpeHuit).

Tak, ¢pynkuus y = filter(b,a,x) oGecrieunBaeT (popMHUpPOBAHUE BEKTOpa y MO 3a-
JAaHHBIM BEKTOpaM b, @, X B COOTBETCTBUU C COOTHOIIICHUEM:

y(k) =b(1)*x(k) + b(2)*x(k-1) + ... + b(nb+1)*x(k-nb) -

-a(2)*y(k-1) - a(3)*y(k-3) - ... - a(na+1)*y(k-na), (1.1)
r71e BEKTOp b mMMeeT Takoi COCTaB
b=[b(1), b(2),..., b(nb+1)],
a BEKTOp a
a=1[1,a(2),a(d),...,a(natl)].

Cootromenue (1) MOKHO paccMaTpuBaTh Kak KOHEUHO-PAa3HOCTHOE ypaBHEHHE
bunbTpa ¢ IUCKPETHOW TEpenaToyHor (YHKIMEW BHIa PalMOHAIBHON JpoOu, Kodd-
(UITMEHTHI YUCITUTENS KOTOPOTO 00pa30BBIBAIOT BEKTOp b, a 3HAMEHATENS - BEKTOP 4,
Ha BXOJ KOTOPOTO MOJIa€TCs CUTHAII X(?), @ Ha BbIXOJle (POpMUpYETCS CUTHAT )(7).

Torna BexTop y OyAeT mpeAcTaBiIsATh cOOOH 3HAUEHUE MCXOTHOTO CHTHAIA 3TOTO
GbuIbTpa B JUCKPETHBIE MOMEHTHI BPEMEHH, COOTBETCTBYIONINE 3a/JaHHBIM 3HAYCHHSIM
BXOJHOTO CUTHAaja x(?) (BEKTOP X).

Hwxe npuBenen npumep npuMmeHenus GyHkuuu filter.

» x=0:0.1:1;
»b=[12];
»a=[10.14];

» y = filter(b,a,x)

y_
Columns 1 through 7
0 0.1000 0.3900 0.2610 -0.5861 0.3146 3.9129
Columns 8 through 11
0.2503 -13.4768 2.8466 56.4225
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Oynkuun  fft (Fast Fourier Transformation) w ifft (Invers Fast Fourier
Transformation) OCyHIECTBIIIOT TIPeoOpa3OBaHUE 3alaHHOTO BEKTOPA, COOCTBECTBYIO-
e JUCKPETHOMY MPsIMOMY M 0OpaTHOMY TipeoOpa3zoBaHusiM Dyphbe.

O6parieHue K 3TUM QyHKIHUSIM BHUJIA:

y=fft(x,n); x=ifft(y,n)

IPUBOJNUT K ()OPMHPOBAHUIO BEKTOpPa J B MEPBOM CIIy4ae W X - B BTOPOM IO (HOpMY-
JaMm:

n .
y(k)= Y x(m)- e~/ 2m =Dk In (12)
m=1
n .
x(m) = % > y(k)- e/ 2 mDtk=lin, (1.3)
k=1

rje j - 0003HaUeHNEe MHUMOW €IUHUIIbI; 77 - YUCIIO 3JIEMEHTOB 3aJIaHHOTO BEKTOpa X
(OHO MIPEACTABISAET TAKXKE pa3Mep BBIXOJHOTO BEKTOpa ).

[TpuBenem mpumep. ChopmupyemM BXOIHOW CUTHAII B BHJE BEKTOPA, FIEMEHTHI
KOTOPOTO PAaBHSIIOTCS 3HAYCHHSIM (DYHKIIMH, SBISIOMIEHCS CYMMOHN IBYX CHUHYCOHU C

yactrotamu S u 12 I'u (puc. 1.21).
t=0:0.001:2;
X = sin(2*pi*5*t) + cos(2*pi*12*t);
plot(t, x); grid
set(gcf,'color','white’)
set(gca,'FontName’','Arial Cyr','FontSize',16),
title('BxogHon npouecc ');
xlabel('Bpewms (c)');
ylabel("X(t)")

BxogHown npouecc
2 | | |
o T N ,,,,,,,, I R A R | A
“Ab--H----1--r ———— e b L e B | S
2 l l l
0 0.5 1 1.5 2
Bpewms (c)
Puc. 1.21

Haiinem ®ypre-uzo0pa’keHHe HTOr0 CHrHaja W BbIBEEM Tpaduueckoe Mpe-

CTaBJICHHE MOy Horo Dyphe-u300pakeHuUs:
y = fft(x);
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a =abs(y);

plot(a); grid

set(gca,'FontName’','Arial Cyr','FontSize',16),
title('Moaynb ®ypbe - n3ob6paxeHus ');
xlabel('"Homep anemeHTa BekTopa');
ylabel(‘abs(F(X(t))")

PesynpTaT oToOpaxken Ha puc. 1.22.

Moayrnb ®ypbe - nsobpakeHus

1200 | | | |
1000, R R e
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z R
400 --------- . I o .
200 |- SRR e R o]

0 l l l ‘

0 500 1000 1500 2000 2500
Homep snemMmeHTa BeKkrTopa
Puc. 1.22

Teneps ocymiecTBUM oOpaTHOE TpeoOpa3zoBaHue C MOMOIIBI0 QyHKIUU ifft u
pe3ynbTaT Takke BbIBeeM B popMme rpaduka:

z = ifft(y);

plot(t, z); grid

set(gca,'FontName’','Arial Cyr','FontSize',16),

title("O6paTHOEe DdypbLe-npeobpa3zoBaHue ');

xlabel('Bpewms (c)');

ylabel('Z(t)")

Ha puc. 1.23 uzo0paxen pe3ynbrat. PaccmMarpuBas ero, MOKHO YOEIUTHCS, YTO
BOCIIPOM3BEACHHBIN MPOIIECC TOYHO COBIATACT C HCXOTHBIM.

BaumartenbsHO m3ydas (GopMmylly AHCKPETHOTO mpeoOpazoBaHuss Dypbe, MOKHO
3aMETHTh:

a) HOMEp m OTBEYAET MOMEHTY BPEMEHH f,,, B KOTOPBI H3MEpPEH BXOJHOMN CHI-
Has x(m); npu 3ToM ¢, = 0;

0) HOMep k - 2TO MHJIEKC 3HAYEHUS YACTOTHI fi, KOTOPOMY OTBEYAET HAllJICHHBIN
aneMeHT y(k) nuckpeTHoro npeodpazoBanus Oypne;

B) 4TOOBI TEPEHTH OT MHACKCOB K BPEMEHHON M YaCTOTHOU 00JacTsM, HE0OXO-
JIMMO 3HATh 3HaYeHUe s Iuckpera (11ara) BpeMeHH, Yepe3 KOTOPhId U3MEPEH BXOJIHOU
curHanl x(f) ¥ MpOMeXKyTOK T BpeMEHH, Ha MPOTSKEHUU KOTOPOTO OH HU3MEPSIETCS; TO-
r/1a mar (JUCKpeT) Mo YacToTe B u3o0pakeHnu dOypre onpeaenuTcss COOTHOMIEHUEM:

Df = I/T, (1.4)

a IMana3oH U3MECHEHUS 9acTOTHI - (DOPMYIIOM
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F=1/h (1.5)
Tak, B aHanuzupyemom npumepe (4 =0. 001, 7'=2, n=21):
Df=0.5; F=1000;

ObpaTtHoe dypbe-npeobpa3oBaHue

Bpemsa (c)
Puc. 1.23

r) u3 (2) cienyer, 4To UHACKCY k = 1 OTBeuaeT HyJeBOE 3HAUCHHUE YacTOThI (f) =
0); wHade roBops, NEpBBIM 31emMeHT BekTtopa (1) sABngercs 3HaueHuem Dypbe-
N300pakeHUs MPU HYJIEBOW YacTOTe, T. €. - MPOCTO CYMMOM BCEX 3a/JIaHHBIX 3HAYCHHM
BEKTOpa X; OTCIofa TojiydaeMm, uTo BekTop y(k) comepxutr 3HaueHue Dypbe-
n300pakeHus, HaUMHas U3 4acToThl f = () (KoTopoi oTBedaeT k = 1) 10 MakKCUMaJIbHOM
4acToThl fmax = F (koTopoi oTBeuaer k = n); Takum oOpazom, Dypre-nzobpakeHue
onpenensiercss GyHKIUEH fft TONMBKO JUIsl TOJIOKUTENBHBIX YacTOT B Auana3oHe ot 0 K
F; aT0 HEeynoOHo nnst moctpoenus rpadukoB Dypbe-n300paxeHuss OT 4acTOThI;, Oosee
yAOOHBIM M TPUBBIYHBIM TPEACTABISIETCS MEPexo/ K BeKTopy Dypre-u300pakeHus,
OIIpeIeIeHHOMY B JAMaria3oHe 4actoT oT (-F/2) no F/2;yacrota Fy = F /2 nonydnna

Ha3BaHHUEC YdCmomsl Haﬁkeucma;

1) KaK U3BECTHO, QDYHKIUSA e/~ sBIsSeTCs MEPHOANYECKOM 10 7z C IEPHOIOM
2 7r; moatomy mHpopManus 06 Dypbe-n300pakKeHUH TPU OTPHUIATEIBHBIX YaCTOTaX
pacrosokeHa BO BTOPOU MOJ0BUHE BeKTopa Y (k).

Chopmupyem 1j1si aHATM3UPYEMOTO TPUMEpPa MAaCCUB YacCTOT, UCXOJIS U3 BHIIIIC-

YIIOMSIHYTOTO:
f=0:0.5:1000;

U BbIBeZIeM Tpadik ¢ apryMeHTOM-4acToToil (puc. 1.24):
plot(f,a); grid
set(gca,'FontName’','Arial Cyr','FontSize’,16),
title('Moaynb ®ypbe - n3obpaxeHus ');
xlabel("HacToTa (l'u)");
ylabel('abs(F(X(t))")
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Kak cinenyer n3 paccMorpenus puc. 1.24, mo HeMy HENPOCTO paclo3HaTh TE Yac-
TOTHI (5 1 12 T'11), ¢ KOTOPBIMU U3MEHSIETCSI BXOJTHOM CUTHAJ. DTO - CIIEJICTBUE TOTO 00-
CTOSITENICTBA, KOTOPOE ObUIO OTMEUYEHO B MPUMEYaHUH T'). YTOOBI ONpEaenuTh YacTOT-
HBIW CIIEKTP BXOJHOT'O CUTHAJIa, HYy’KHO CHayaJjla IpeoOpa3oBaTh MOJYUYEHHBI BEKTOp Y
dypbe-n300pakeHUs ¢ TTIOMOIIBIO MPOIeayphl fftshift.

Moaynb Pypbe - nsobpaxkeHus
1200 | | | |
1000 R S S
800
g l l l l
T 600j - T T FTTTTTTT T
z L
400~ T T FTTTTTTT T
L e PR s S
0 l l l l
o 200 400 600 800 1000
YacTtoTa (I"'u)
Puc. 1.24

Oyukus fftshift (oOpameHne K HEH OCYIIECTBISCTCS TakuM oOpa3zoM: 7 =
[fftshift(y)) npenna3znayena s GOpMHUPOBAHUS HOBOTO BEKTOpa Z W3 3aJIaHHOTO BEK-
TOpa y TyTEeM NEPECTAHOBKU BTOPOU MOJIOBUHBI BEKTOPA y B MEPBYIO MOJIOBUHY BEK-
Topa z . [Ipu 3TOM BTOpasi IOJIOBUHA BEKTOPA Z COCTOMT M3 DJICMEHTORB MEPBOI MOJIOBU-
HBI BEKTOpa y. boyiee TOUHO 3Ty onepario MOKHO 33/1aTh COOTHOIIICHUSAMMU:

zZ(1) =yn/2+1); ..., z(k) = y(n/2+k);... , z(n/2) = y(n); z(n/2+1) = y(1);...

vory 2(012+k) = Y(k);... z(n) = y(n/2).

Ilpumeuanue. Onepanuto fftshift ynoOHO WCIIOIB30BaTh I npeobpa308anus
maccusa Dypve-uzodpadicenue ¢ ueivbio NOCmpoeHus. e2o 2pauka 8 4acmomuoil 0o-
nacmu. Tem He menee 5mom mMaccus He Modcen 0bimb UCHONb308aAH Ol 00paAmHo2o
npeobpazosanus Pypoe.

[TpommtrocTpupyem npuMeHeHue 3ToN QYHKIIMU K TPEAbIYIIeMY PUMEPY:
f1=-500:0.5:500; % lMepecTponka BeKTOpa 4acToT
v = fftshift(y); % MNepecTpomnka BekTopa Pypbe-n3odpaxeHus
a =abs(v); % OTbickaHne moaynsa
% BbiBoA rpacuka
plot(f1(970:1030),a(970:1030)); grid
set(gca,'FontName’','Arial Cyr','FontSize',16),
title('Moaynb ®ypbe - nsobpaxeHus');
xlabel('HacToTa (I'y)’); ylabel(‘abs(F(X(t))")
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Moaynb Pypbe - nsobparkeHus
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U3 rpaduka puc. 1.25 yxe CTaHOBUTCA OYEBHMIHBIM, YTO B CIIEKTPE BXOIHOTO
CUTHAJIa €CTh JBE FTAPMOHUKHM - C yactotamu S u 12 I'm.

Octaercst AHIIb TO HEYAOOCTBO, YTO U3 rpaduka CIeKTpa HEBO3MOXKHO YCTaHO-
BUTbH aMIUIATYAbl 3TUX TapMOHUK. Bo n30exanue 3Toro, Hy,KHO BECh BEKTOp y Dypbe-
N300pakeHUs pa3JeUTh Ha YUCIIO €r0 AJIEMEHTOB (#1), YTOOBI MOJYYUTh BEKTOP KOM-
IJICKCHOT'O CIIEKTpa CUTHAaJja:

N=length(y); a =abs(v)/N;

plot(f1(970:1030),a(970:1030)); grid

set(gca,'FontName’,'Arial Cyr','FontSize’,16,"Color','white’),

title('(Moaynb komnnekcHoro cnekrpa’');

xlabel('YacToTa (I'y)');

ylabel(‘abs(F(X(t)) / N')

Pesynbrar npusBenen Ha puc. 1.26. M3 ero paccMOTpeHusl BBITEKAET, YTO
IUIUTYbI" BCEX COCTaBISIOIIMX rapMOHUK paBHBI 0.5. IIpu 3TOM HY>XKHO NPUHATH BO
BHHUMAaHHE, 4TO "aMIUTUTYAbl" pacnpenesaeHbl MEeXAY MOJOKUTEIbHBIMUA U OTPHLIATEIb-
HBIMHU 4aCTOTaMH IOPOBHY, II03TOMY OHH BJIBO€ MEHBLIEE NEHCTBUTEIBHON aMILIATY b

COOTBETCTBYIOIIEN TAPMOHHUKHU.

"

aM-

1.4.6. 3aganus

3aoanue 1.6.
1. BBenute mpou3BONIBHYIO MaTpuily pazmepom (4*6). Haiigute cymmy Hau-

OOJIBIIIUX AIIEMEHTOB €€ CTPOK.
2. BBenute kBaapatHyro matpuily (5*5) ¢ OIHMM HAWMMEHBIIMM 3JIEMEHTOM.
Haiigure cymMmy 351EMEHTOB CTPOKH, B KOTOPOW pPa3MEUIEH JJIEMEHT C HAMMEHBIIUM

3HAa4YCHUCM.
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MoAayrnb KOMrriekcHoro crnekrpa
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3. Benute matpuity (6*9), B KOTOpOH €CTh €TMHCTBEHHbIE HAMOOJIBIINI U HAU-
MEHBIIINE 3JEMEHTHl M OHU PACIHOJIOXKEHbI B pa3HbIX cTpokax. [lomeHsiiTe mectamu
CTPOKY C HAauOOJBIITNM 3JIEMEHTOM U CTPOKY C HAMMEHBIIINM 3JIEMEHTOM.

4. Beeaurte matpuily (5%6) ¢ pa3HbIMU 3HAUCHHUSMU dJIEMEHTOB. B Kaxmoii cTpo-
K€ BBIOEpUTE SJIEMEHT C HAMMEHBIINM 3HAYCHHEM, U3 TOJYYEHHBIX UYMCe] BhIOEpUTE
HauOombiiee. Haiiiure WHAEKCHI TIOMYYEHHBIX 2JIEMEHTOB.

5. Beenute marpuity (5*6). Haligute BekTOp, 31€MEHTaMH KOTOPOTO SIBISIOTCS
HAUOOJBIITNE DJIEMEHTHI COOTBETCTBYIONIEH CTPOKH MATPHIIBI.

6. Beequte matpuiry (5*6). [loctpoiite BeKTOp, 3JIEMEHTaMU KOTOPOTO SIBISIOTCS
CYMMBbI HauOOJIBIIIEr0 U HAUMEHBIIIETO AJIEMEHTOB COOTBETCTBYIOIIEH CTPOKU MATPHUIIHI.

7. BBenure matpuity (5*6). [locTpoiiTe BEKTOp, JIEMEHTAMU KOTOPOTO SIBISIOTCS
CpeHUE 3HAUYCHHUS JIIEMEHTOB COOTBETCTBYIOIICH CTPOKU MaTPHUIIBI.

8. Beeaute matpuiry (5*6). IloctpoiiTe BEeKTOp, JIEMEHTaMU KOTOPOTO SIBISIOTCS
CpPEeIHEKBAAPATUYHBIE OTKIOHEHHS AJIEMEHTOB COOTBETCTBYIOUIEH CTPOKH MAaTPUIIbI OT
UX CPEIHETO 3HAUYCHMUS.

9. Beenure matpuity (5*6). IlocTpoiite BEKTOpP, dI€MEHTaMH KOTOPOTO SBJISFOTCS
cpenHue apudMeTnyecKkre HauOOJbIIET0 M HAMMEHBIIETO AJIEMEHTOB COOTBETCTBYIO-
€N CTPOKU MATPULBI.

10. Beegute matpuiry (6*5). [locTpoiite BEKTOp, dJ€MEHTAMU KOTOPOTO SIBJISIOT-
Csl CyMMBI KBaJJpaToOB AJIEMEHTOB COOTBETCTBYIOIIETO CTOJIOIA MATPHUIIBI.

11. Beequte matpuity (5*5). I[locTpoiite BEKTOPHI, dJ€MEHTAMU KOTOPBIX SIBIISI-
IOTCS CYMMBI 3JIEMEHTOB CTOJIOIIOB MAaTPHIIbI, MPOU3BEICHUS JIEMEHTOB CTOJIOIOB U
HAaUMEHBIITUE 3HAYEHUS DIIEMEHTOB CTOJIOIIOB.

12. Beenute matpuity (5*6). Haligute cpennee apudmeTniaeckoe HauOOIBITUX U
HAaMMEHbBIIUX €€ 3JIEMEHTOB.

13. Beegute matpuity (5*5). [locTpoiite BEKTOp, dJ€MEHTAMU KOTOPOTO SIBJISIOT-
Cs 3JIEMEHTHI TJIABHOM JUAaroHaayd MaTpuilel. Haiiagure cien MaTpuiibl.
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14. Beeaute ne matpuibl (4*4). Iloctpoiite HOBYI0 MaTpuily pazMepom (4%8),
BKJIFOYAs B TIEPBBIC 4 CTOJIOIMA CTPOKH MIEPBOM MATPHIIBI, a B IPYTHE - CTOJIOIBI BTOPOI
MaTPHIIBI.

15. Haitnute cymmy BCeX 2JIEMEHTOB MaTPUIILI pazMepom (4*3).

3aoanue 1.7. BpaucianuTe BEKTOPHI:

a) MoIyJIsl YacTOTHOM nepenarounoit pyukiuu (UIID);

0) aprymenta UIID;

B) nercTBuTenbHOM yactu YI1D;

r) MHUMOM yacTu YITD
10 33JJaHHBIM YHCIIUTEIIO U 3HAMEHATEI0 nepeaaTouHoil pyHkuuu (tadbnuua 1.4).

[IpenBapuTenbHO HaWIWTE KOPHMU 3HAMEHATENsl MepeJaTOuYHON (QYHKIUHU, OIpe-
JIENATE HAOOJBITYI0 COOCTBEHHYIO YaCTOTY My.x CHCTeMBbl. O0ecredbTe BBHIYHCICHUE
UII® npu 100 3HaYEHUSIX YACTOTHI ® B AUAIA30HE OT 0 A0 S®pay -

Tabnuma 1.4
Ba- Yucnurenb 3HaMeHaTeIb
pu-
AHT
1 1. 82p+67.56 p*+2. 65p+3. 09p°+7. 04p+34.05
2 4. 61p™+1. 82p+67.56 p™3. 65p +45p”+7. 04p+125
3 p*+4p+23 pH2p +39p°+2p+45
4 3p™+1. 82p+67.56 p*+7. 04p+34.05
5 p+6 p*+0. 7p+48
6 p+4. 61p™+1. 82p 2. 65p™+3p°+4p+87
7 p+4. 61p™+1. 82p+67.56 | p™+2. 65p +68p’+5p+34
8 4. 61p™+68 p*+2. 65p+3. 09p>+7. 04p+34.05
9 7.56 p*+2. 65p+3. 09p°+7. 04p+34.05
10 | p+1.8p+7 p™+6. 5p*+39p™+7p+45
11 p+4. 61p™+1. 82p+67.56 | p>+3. 09p™+70p+34
12 p*+1. 8p+78 2. 65p™+3. 09p”™+7. 04p+34.05
13 | p+1. 82p+67.56 p* 2. 6p*+3p°+4p+34
14 | p+4.61p™+1. 82p+67.56 Tp’+7p+34
15 4. 61p>+1. 82p+67.56 p*+7. 04p+560
16 1. 82p+67.56 3. 09p>+7. 04p+34.05
17 | p’ 3. 09p”+7. 8p+125
18 1. 82p p>+3. 09p”™+7. 04p+34.05
19 | 4.61p° p*+7. 04p+34.05
20 | p+67.56 p™+2. 65p +3. 09p>+7. 04p+34.05
21 p’ p*+2p*+3p*+12p+100
22 | p+4.61p~'1. 82p+67.56 p+5p>+30p>+7p+305
23 | p*+1.82p+67.56 pH2p>+9p°+4p+35
24 | p6lp*+182p+67 p*+3p°+9p>+0. 04p+39
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25 p>+1. 82p+67.56 p*+5p +20p +7p+34

Ykazanue. Yacmomuou nepedamounoun yukuuen Ha3bleéarom nepeoamoynyio
DYHKYUIO cucmembl NpU MHUMbIX 3SHAYEHUAX il apeymenma (p = j - @ ).

CobcmeenHvle 4acmombsl CUCHEMbl - 9MO 3HAYEHUS MOOYIel MHUMbIX Yacmet
KOpHell _XapaKkmepucmuiecko20 YPAagHeHUs cucmembsl (Komopoe noayuaemcs npupas-
HUBAHUeM HYI0 3HAMEHAmelsl nepedamo4ynou OyHKyuu).
3aoaua 1.8. BBequte npou3BoOIbHYIO MAaTpUILy pasmepoM (5*5). Halioure:
1) ompenenuTens MaTpUIlbl; B CIIy4yae, €CIH ONPEACIUTENb OKaXKETCS PaBHBIM
HYJIIO, WJIW CIIMIIKOM MajblM, U3BMEHUTE HEKOTOPHIE SJIEMEHTBI MAaTPHUIIBI U T10-
BTOPUTE BBIYUCIICHUS,

2) 0OpaTHYIO0 MaTpHILy; IPOBEPbTE MPABWIBHOCTh MyTeM OOpaleHus: o0paTHon
MaTpPHUIIBL;

3) XapaKkTepUCTHUECKUI MOJTUHOM MaTPULIbL;

4) KOpHU XapaKTEPUCTUUYECKOTO MOJIMHOMA MATPHUIIBL, pACCOPTUPYITE KOPHU MO
KOMILIEKCHO-CITPSIKEHHBIM 1apaM U B MOPSAJIKE BO3PACTAHUS BEJTUYUH;

5) coOCTBEHHbBIE 3HAYEHUS] MATPUIIbl; CPABHHUTE C paHee HAWJICHHBIMU KOPHIMHU
XapaKTEPUCTUYECKOT0 MOJIMHOMA;

6) LU-paznioxeHnne MaTpHUIlbl; MPOBEPHTE €r0 MPaBUIbHOCTD;

7) QR-paznoxxeHue MaTpulibl; IPOBEPHTE €0 NPABUIBLHOCTB;

8) CUHTYJISIDHBIE YHCJIAa MaTPUIbl; CPAaBHUTE HMX C MOJIYy4Ya€MbIMU MpU Svd-
Pa3JIOKEHUH,

9) cnen MaTpulbl;

10) yncno 00yCIOBIEHHOCTH MaTPHUIIBI;

11) 3KCIOHEHTY OT MaTpPHULIBI;

12) norapudm OT SKCIIOHEHTHI MAaTPHUILIbI; CPABHUTE C UCXOTHOM MaTPHIICH.

1.4.7. Bonipocsl
1. Kakoit o6bexkT B MatLAB Ha3biBaeTCst MOTMHOMOM?
2. Kak B MatLAB ocy1iecTBisieTcsi IepeMHOKEHUE U ICICHUE MOJTUHOMOB?
3. [Ipu momomu kakux (YHKIUA MOKHO HAWTH KOPHHU 3alaHHOTO MOJWHOMA,
3HAYEHHUE MOJIMHOMA 10 U3BECTHOMY 3HAYEHUIO apryMeHTa?
4. Kakue pyHKIIMU TO3BOJISIIOT HAUTH MPOU3BOJIHYIO OT MOJUHOMA?
5. Kak HaliTu XapakTepucTUYECKU MOJIMHOM MaTPHILbI?
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1.5. Ilocmpoenue npocmeiiuiux zpagpukoe
1.5.1. IIpoueaypa plot

BriBon rpadukoB B cucreme MatLAB - HacTonbko mpocTtast U yjnoOHas onepa-
1S, YTO €€ MOKHO HCIIOJB30BaTh JaXKe B PEKUME KAIbKYISATOPA.

OcHoBHOU QyHKIMEH, 0OecneurBaroLIel TOCTPOeHUE rpa)uKOB Ha IKpPaHE JIUC-
mies, sisnsercs Gynknus plot. O6mas popma oOpaleHus K Hel TakoBa:

plot(x1,vyl1,s1,x2,y2,s2,...).

3neck x1, yl - 3aaHHBIE BEKTOPBI, JIEMEHTAMHU KOTOPBIX SIBJISIOTCS MACCHUBBI
3HaueHui aprymenTa (x1) u ¢pynkuuu (y1), oTBedaromye nepBoi KpuBou rpaduka; x2,
y2 - MacCUBBI 3HAUCHHUM aprymMeHTa u QyHKIIMKA BTOPOH KpuBoi u T.4. [Ipu sTom mpen-
M0JIAraeTcsl, 4TO 3HAYEHUS apryMEHTa OTKIAJbIBAIOTCA BJOJIb TOPU3OHTAIIBHOW OCH
rpaduka, a 3Ha4eHUs: QYHKIMU - BAOJIb BepTUKaIbHOU ocu. [lepemennsie sl, s2,... siB-
JSIFOTCS CUMBOJIBHBIMH (MX yKa3aHHWE HE SIBIIAETCA 00s13aTelbHBIM). JIro0as u3 HUX MO-
KET COJEpKaTh JI0 TPEX CIELHAIbHBIX CUMBOJIOB, OMPEAEISIONIUX COOTBETCTBEHHO: a)
THUII JIMHUU, KOTOPasi COCMHSCT OTJEIbHbIC TOUKH Tpaduka; 6) TN TOUYKH rpaduka; B)
uBeT JUHUU. Ecnu nepeMeHHbIe s HE yKa3aHbl, TO THUIl JIMHUU [0 YMOJTYAHUIO - OTpe-
30K MpsIMOW, THUN TOYKH - IIUKCEN, a [[BET yCTaHaBIMBaeTCs (B Bepcuu 5.3) B Takoii
OYEPETHOCTHU: - CUHUL, 3elleHblll, KPACHbLU, 201y00U, (Puoiemosulil, Hceamolil, YepHblil
u Oenvlil - B 3aBUCUMOCTH OT TOTO, Kakas 1O OYepe]u JMHHUS BBHIBOAUTCS Ha Tpaduk.
Hanpumep, obpamenue Buaa plot(x1,y1,x2,y2,...) npuBeAeT K NOCTPOEHUIO rpaduka, B
KOTOPOM TiepBasi KpuBasi OyJneT JIMHUEH W3 OTPE3KOB NPSIMBIX CHUHErO I[BETa, BTOpas
KpHBas - TAKOTO K€ TUIIA 3€JICHOW JIMHUEH U T.[I.

I'pagpuxu B MatLLAB Bcerna swvieooamces 6 omoenvHoe epaguueckoe 0KHO, KOTO-
poe Ha3bIBAIOT ueypoil.

[TpuBenem npumep. [1ycTh Hy)KHO BBIBECTH rpaduk QyHKITUN

y = 3sin(x + 77 /3)

Ha MPOMEXYyTKe OT -377 no +3 7 ¢ marom 77/100.
CHauana Hasio cOPMUPOBATH MACCUB 3HAUYCHUN apTyYMEHTA X:
x = -3%pi : pi/100 : 3*pi,
MOTOM BBIYHMCIIUTH MACCUB COOTBETCTBYIOIIUX 3HAUCHUHN (DYHKIUU:
y = 3*sin(x+pi/3)
M, HaKOHEIl, IIOCTPOUTH TpaPuK 3aBUCUMOCTH y(X).

B xomMaHIHOM OKHE TIOCIICIOBATEIHPHOCTD ONIEpaIHii OyAET BBITIISIICTh TAK:

» X = -3*pi:pi/100:3*pi;

» y = 3*sin(x+pil3);

» plot(x,y)

B pe3ynbTaTe Ha 3KpaHe MOSBUTCA OKHO C rpadukom (cM. puc. 1.27).

Ecnu eexmop apeymenma npu oopawenuu k @ynxyuu plot He ykasamn s6Ho, mo
cucmema no YMOA4aHUIQ NPUHUMAen 8 Kayecmee apeyMenma Homepa d1eMeHmo8 6eK-
mopa @yuxyuu. Haipumep, eciiv BBECTH KOMaHy

» plot(y),

TO pe3yJbTaToOM OyJeT mosiBiieHre rpaduka B BUjIe, IpUBEACHHOM Ha puc. 1.28.

['paduxu, npusenennsie Ha puc. 1.27, 1.28, uMEIOT HECKOIBKO HEJOCTATKOB:
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B Ha HUX HE HaHECEHa CeTKa M3 KOOPAWHATHBIX JIMHUH, YTO 3aTPyAHSET "uTe-
Hue" rpaduKos;

B get obuieit nHpopManuu 0 KpuBOil rpaduka (3aroiaoBka);

B HEU3BECTHO, KaKKe BEJIMUMHBI OTJIOKEHBI 110 0CAM Tpaduka.

7|Figure No. 1 ?[Figure No. 1
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[lepBblil HEAOCTATOK yCTpaHseTcss ¢ nomoubio (yHkuuu grid. Ecim K 3TOU
GyHKUIMU 00paTUTHCA cpa3zy nocie oOpaiieHus Kk GpyHkuuu plot:

» X = -3*pi:pi/100:3*pi;

» y = 3*sin(x+pil3);

» plot(x,y), grid,
TO rpaduk OyaeT cHaOXKeH KOOpAUHATHOM ceTkoit (puc. 1.29).

[{enHoit 0cOOEHHOCTHIO TpadUKOB, TOCTPOCHHBIX B cucteMe MatLAB, sBisercs
TO, UTO cemka Koopounam ecezoa coomgemcmeyem "yenvim" wazsam uzmeHnenuss, 4to
nenaet rpadukyu "UuTabeIbHBIMU", T. €. TAKUMHU, YTO MO IPAPUKYy MOXKHO OTCUUTHIBATH
3HaueHUEe QYHKIUH MPHU J0O0M 33JaHHOM 3HAYEHUH apryMeHTa U Ha000pOT.

3arosoBok rpaduka BBIBOJMTCS C IMOMOIIBIO Mponeaypsl title. Ecau mociie 00-
pamienus K mpouenype plot BvI3BaTh title TakuM 00pa3oMm:

title(‘<texct>’),
TO HaJl TpaUKOM TMOSBUTCS TEKCT, 3alMCaHHBbIA MexAy anoctpodamu B ckoOkax. Ilpu
ATOM CIIEYET MIOMHUTh, YTO MEeKCH 8ce20d Q0IHCeH NOMeuwamvpcs 8 anocmpogbi.

AHQJIOTUYHO MO>KHO BBIBECTH OOBSCHEHUS K TpaduKy, KOTOPhIE pa3MEIIaroTCs
BJI0JIb TOPU3OHTANIbHON ocH (PpyHkuust Xxlabel) u Bnonbs BepTUKaIbHON ocu (DyHKIMS
ylabel).

Hamnpumep, COBOKYITHOCTh ONEPaTOPOB

» X = -3*pi : pi/100 : 3*pi;

» y = 3*sin(x+pi/3);

» plot(x,y), grid

» title("®PyHkuma y = 3*sin(x+pi/3)’);

» xlabel('x"); ylabel('y');
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File Edit Tools Window Help File Edit Tools Window Help
loz@e/xvar/ 220 Ipeda|(rvarsppn
QyHKUIA Y = 3*sin(x+pi/3)

Puc. 1.29 Puc. 1.30

npuBeAeT K ohopMIIeHHIO TIoJis (GUTYPHI B BUJE, peactaBieHHoM Ha puc. 1.30. Oude-
BUJIHO, Takas (popma yxKe IeIMKOM YAOBIETBOPSET TPEOOBAHUSM, MPEIBSIBISIEMBIM K
WHKEHEPHBIM TpaduKam.

He cnoxnee BeiBoa B cpene MatLLAB rpadukoB GyHKIUMN, 3aJaHHBIX napamen-
puuecku. Ilyctb, HanpuMep, HEOOXOAUMO TOCTPOUTH rpaduk GyHKIUH Y(X), 3aJaHHOM
dbopmynamu:

-0,05 t

x=4e sin t; y=20.2 e sin 2t,

Mapametpudeckasa dyHkuma x=4*exp(-0.05t)*sin(t); y= 0.2*exp(-0.1t)*sin(2t)
0.2

0.15

0.1

0.05

Puc. 1.31

BribepeM nuanazon uzmeHeHus napametpa £ ot 0 go 50 ¢ marom 0.1. Torna, Ha-
Oupasi COBOKYITHOCTb OIEPaTOPOB

t=0:0.1:50;

x = 4*exp(-0.05*t).*sin(t);

y = 0.2*exp(-0.1*t).*sin(2*t);

plot(x,y)

set(gcf,'color','white")
title('MapameTpuyeckan pyHkuma x=4*exp(-0.05t)*sin(t); y= 0.2*exp(-0.1t)*sin(2t) ")
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grid,
nojiyuum rpaguxk puc. 1.31.

1.5.2. CneunajabHblie rpaguKu
BonbmuM yoO6¢TBOM, mpenocTaBiseMbiM cuctemoir MatLAB, sBnsieTcs yka-

3aHHAs paHee BO3MOXKHOCTh HE yKa3blBaTh apryMEHT (PYHKIMU MPU TOCTPOCHUU €€
rpaduka. B aToM ciydae B KauecTBe apryMeHTa CUCTEMa MPUHUMAET HOMEpP dJIEMEHTa
BEKTOpa, rpaduk KOTOporo crpoutcs. [lonb3ysck 3TUM, HapuMep, MOKHO TOCTPOUTh
"rpaduk BekTopa':

»x=[13296846];

» plot (x)

» grid

» title('r'padumk BekTOpa X')

» ylabel('3Ha4yeHune anemeHTOB')

» xlabel(' Homep anemeHTa').

PesynbraT npencrasnen Ha puc. 1.32.

Emie Gosee HArmsaHBIM SBIISIETCS TPEACTABICHUE BEKTOpPA B BUIE CMOAOYOB0U
ouazpammsl ¢ IoMouplo GyHkiuu bar (cm. puc. 1.33):

» bar(x)

» title('Mpadouk BekTopa X')

» xlabel(' Homep anemeHTa’)

» ylabel('3Ha4eHne anemeHTOB')

rpadlk b opa Tpadlk b Mopa X

o =11 - oa

...
FHIYSHHA 2 N=MSHTIE

FHIYEHHA ENEMEHTIE

[N

t 2 3 4+ 5 & 7 8
Homep ene me T3 Homep enemeira

Puc. 1.32 Puc 1.33

Ecnu dyHkuusa 3aaHa CBOMMHU 3HAYEHHUSIMU TPU JTUCKPETHBIX 3HAYCHUSIX apry-
MEHTA, U HEU3BECTHO, KaK OHA MOXET U3MEHATHCA B IMPOMEKYTKAX MEXYy 3HAYCHUS-
MU apryMeHTa, yJAoOHee NpPeICTaBlATh Ipa@uK €€ B BUAEC OTACIbHBIX BEPTUKAIbHBIX
JUHUHN 1714 11000T0 U3 3aJJaHHBIX 3HAYEHUI apryMeHTa. DTO MOXHO CIeNaTh, IPUMEHSS
npoLeaypy stem, oOpaiieHne K KOTOPOH LETUKOM aHAJIOTHYHO OOpAIIeHHIO K MPOoIie-

nype plot.
x=[13296 84 6];
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stem(x,'k’)

grid
set(gca,'FontName’','Arial’,'FontSize’,14),
title('l'pacpuk BekTOpLI X')
ylabel('3HayeHune anemeHTOB')

xlabel(* Homep anemeHTa’)

Ha puc. 1.34 n300pakeH moryd4eHHbIN PU ITOM rpaduK.

lpad ik BekTopa X

FHAYEHHA BENEMEHTIE
m
T
1
1
1
1
1
1
1
1
1
1
1
1

o
]
I
=]
=]

Homep enemeHTa

Puc. 1.34

Jpyroii npumep - nocTpoeHue rpapuka QyHKIuUU y = e B BUJIE CTOJIOLIOBOMA
nuarpammel (puc. 1.35):

»x=-29:0.2:2.9;

» bar(x, exp(-x . * x))

» title('CtoBnueBa amarpamma yHKUun y = exp(-x2)')

» xlabel (' AprymeHT X')

» ylabel (' 3Ha4yeHve yHKLMM ')

Eme onna nose3nas unxeHepy (¢yHkuus - hist (mocrpoeHue rpaduxa sucmo-
2pammbl 3aJJaHHOT0 BekTopa). CTaHmapTHOe oOpallieHue K Hel TaKOBO:

hist(y, x),
I€ Y - BEKTOpP, THCTOTpaMMy KOTOPOT'O HYHO MOCTPOUTH; X - BEKTOP, AJIEMEHTHI €T0
ONPENEIAIT UHTEPBAJIBI U3MEHEHHS NIEPBOI0 BEKTOPA, BHYTPU KOTOPBIX MOJICUUTHIBA-
€TCs KOJIMYECTBO 2JIEMEHTOB BEKTOpa “y”’.

Ota (QyHKIMS OCYIIECTBIIAET BE ONEPALINHN:

- MOJICYUTHIBAET KOJMYECTBO 3JIEMEHTOB BEKTOpA “y”’, 3HAUEHUSI KOTOPBIX IOIa-
JAI0T BHYTPb COOTBETCTBYIOILIETO AMANa30HA, YKA3aHHOTO BEKTOPOM “X’’;

- CTPOUT CTOJOILIOBYIO IMAarpaMMy MOACUUTAHHBIX YMCEN DJIEMEHTOB BEKTOpa “‘y”
KaK (DYHKITMIO TMaNa30HOB, YKa3aHHBIX BEKTOPOM “X”.

B kauecTtBe mpumepa paccMOTPHUM MOCTPOEHUE THCTOTPAMMBI CIIyYalHBIX BEJIH-
Y1H, KOTOpbie (GOPMHUPYIOTCS BCTpOEHHOU (GyHKuuen randn. Ilpumem oOree konude-
CTBO 3JIEMEHTOB BeKTOpa 3TuxX ciaydailHbix BeauuuH 10 000. IToctpoum rucrorpammy

JUIsl TMana3oHa U3MEHEHUs 3TUX BEJIUYUH OT -2,9 1o +2,9. UHTepBaibl u3MeHeusl MyCTh



1.5. [NocmpoeHue npocmeuwux 2paghuxKoe 80

Ooynyt paBusl 0,1. Torga rpaduk ructorpaMMbl MOKHO MOCTPOUTH C TIOMOLIBIO COBO-
KYITHOCTH TaKUX OIEPATOPOB:

x =-2.9:0.1:2.9;
y = randn(10000,1);
hist(y,x)

set(gca,'fontsize’',14)

ylabel('Konu4yectBo n3 10000°)

xlabel('AprymeHT’)

title('N'mcrorpamma HopmanbHOro pacnpeaeneHus')

Pesynbprar npencrasieH Ha puc. 1.36. M3 Hero, B 4acCTHOCTH, BBITEKAET, YTO
BCTpOeHHass (YHKIUS randn TOCTaTOYHO BEPHO OTOOpa)kaeT HOPMAIBHBIM I'ayCCOBBIM
3aKOH pacCHpEAEIICHUs] CIIyYailHON BEJIMYUHBI.

CTOEnUeea AEDEE dOpLjl = enpie ] FucTorpaMmMa  HOpMansHoro  pacrpefieneHa
500 \ ; ;

400

o
o

o
o

Konuuggrso 3 10000

—_

00

FprpeHT = Aprymeht
Puc. 1.35 Puc. 1.36

[Tponienypa comet(x,y) ("kometa") cTpouT rpaduk 3aBUCUMOCTH Y(X) MOCTEIICH-
HO BO BPEMEHHU B BHJI€ TpaeKTOpuu KoMmeThl. [Ipu 3ToM n3o0paxkaronias Touka Ha rpa-
¢buke uMeeT B MaJECHBKONW KOMETHI (C FOJIOBKOW M XBOCTHKOM), KOTOpasl IJIABHO Tie-
pemeniaercst OT OJIHOM TOYKHU K Jipyroil. Hampumep, eciii BBECTH COBOKYITHOCTh OIepa-
TOPOB:
» t=0:0.1:50;
» X =4 * exp(-0.05"t) .* sin(t);
»y =0.2 * exp(-0. 1*t) . * sin(2*t);
» comet(x,y),
TO Tpaduk, nmpuBeAeHHbIH Ha puc. 1.31, OyneT MoCTPOeH Kak TPaeKTOpHs MOCIeI0Ba-
TEIBHOTO JABWKEHHUS KOMEThI. ITO OOCTOSITENIbCTBO MOXET OBITh IMOJE3HBIM IPH TO-
CTPOEHUHU MPOCTPAHCTBEHHBIX TPACKTOPHI JJisl BBISIBJICHUSI XapaKTepa U3MEHEHUS Tpa-
€KTOPHUH C TCYCHUEM BPEMEHHU.
MatLAB umeer Heckoiabko (PYHKIIMI, KOTOPHIE MO3BOJISIOT CTPOUTH TpadUKu B
norapudpmudeckom macirade. K mpumepy, bynkuus logspace ¢ obparieHuem
x = logspace(dl, d2, n)
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dopMUpyeT BEKTOpP-CTPOKy "X", copepxaliyto "n" paBHOOTCTOSIIMX B Jorapupmuye-
CKOM MacIiTabe Apyr OT Apyra 3Ha4YeHHil, KOTOpbIe MOKpbIBaroT auanason or 10 ¢! o
10 .

Oyukuus loglog nonnoctbio aHanoruyHa (yHkiuu plot, Ho rpaduku o odeum
OCSIM CTPOSITCS B JJorapu(MUYECKOM MaciiTade.

st moctpoeHus: rpaukoB, KOTOPbIE UCHOJB3YIOT Jiorapudmudeckuii Macirad
TOJIBKO IO OJIHOM M3 KOOPJMHATHBIX OCEW, MOJB3YIOTCS IMpoleaypamu semilogx u
semilogy. [lepBas mporieaypa cTpout rpaduku ¢ JorapuGpMUISCKUM MACIITa0OM BIOJb
TOPU30HTAJIBHON OCH, BTOpas - BIOJb BEPTUKaIbHON ocu. OOpaleHue K MOCIeIHUM
TpEM MpoIeAypaM aHAJIOTUYHO oOparieHuto K GpyHkiuu plot.

B kauecTtBe mnpumMepa paccMOTpUM TIOCTPOEHUE TpaPUKOB aMIUIUTYIHO-
YaCTOTHOM M (Pa304acTOTHON XapaKTEPUCTUK 3BEHA, OMUCHIBAEMOTO IEpelaTOYHON
byHKUMEH:
p+4

pl+4-p+100
Jnst TOro HY>KHO, BO-TIEPBBIX, CO3/1aTh MOJUHOM uuciurens Pc = [1 4] u 3Hame-

Hatens nepenaroyHort ¢pyukiuu Pz = [1 4 100]. Bo-BTOpbIX, OonpeneauTb KOPHU ITHX

JIBYX IIOJIMHOMOB:
»P1=[14]; P2=[14100];
» roots(P1)
ans= -4
» roots(P2)
ans =
-2. 0000e+000 +9. 7980e+000i
-2. 0000e+000 -9. 7980e+000i

B-TpeTbux, 3amaTh Auana3zoH MU3MEHUS YacTOThI TaK, YTOOBI OH OXBAaThIBAJ BCE
HalJICHHbIE KOPHU:

om0 = le-2; omk = 1e2.

Tenepb HY»KHO 337aThCsl KOJIMYECTBOM TOUEK Oyayiiero rpaduka (Harpumep, n =
41), u chopMUpOBATH MACCUB TOYEK MO YACTOTE B JorapupMuyeckoM maciitade

OM = logspace(-2,2,41),
rJ€ 3HauYeHus -2 W +2 OTBEYAKOT JECATHYHBIM MOpPsAKaM HadajabHOro om0 um KOHeY-
HOro omk 3HAYEHUI YaCTOTHI.

[Tonb3ysice (ynkmueit polyval, MOXHO BBIYHCINUTH CHadajga BekTop "ch" kxowm-
TUIEKCHBIX 3HAYCHUN YUCIIUTENSI YaCTOTHOM mepenaTouHol (yHKIUU, OTBEYAIOIINX 3a-
JTaHHOW mepenaTouHo QyHkiuu 1o Jlarumacy, eciu B KauecTBe aprymMeHTa (yHKIIUU
polyval vcrionp30BaTh CHOPMHUPOBAHHEIN BEKTOp YacToT OM, 3J1€eMEHTBI KOTOPOTO yM-
HOKEHbl Ha MHUMYIO equHuny (cm. ompenenenue YacrotHoi Ilepenatounoit DyHK-
1K). AHAJIOTMYHO BBIYUCIISIETCS KOMIUIEKCHO3HAYHUN BeKTOp "zn" 3namenatenss YI1D.

BekTop 3Hauenuit AUX (aMIUIUTyAHO-4YaCTOTHOM XapaKTEPUCTUKHU) MOKHO Haii-
TH, PaCYUTBIBAs MOAYJIM BEKTOPOB uuciauTens u sHamenaresst YD u nosnemenTHoO ne-
7Sl TIONy4YeHHbIE BEeKTOpbl. UT0OBI HaiiTu BekTop 3HaueHuid OYUX (PpazouacToTHO Xa-
PAKTEPUCTUKH ), HY’KHO Pa3JeJIUTh MOIEMEHTHO KOMIUIEKCHO3HAYHbIE BEKTOPBI YUCIIH-
Tens U 3HameHarensa YIID n onpenennuTs BEKTOp apryMEHTOB 3JIEMEHTOB ITOJYYEHHOTO

W(ip)=
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Puc. 1.38

1.5. [NocmpoeHue npocmeuwux 2paghuxKoe
BekTopa. s Toro utoOwl a3y MpeACTaBUTh B Tpajlycax, MOJIYyUYCHHBIC PE3yJIbTaThl

ciexyeT JOMHOXKUTH Ha 180 u paznenurts Ha 7.

Hakonen, g noctpoenus rpapuka AUX B norapudmuueckom macurade, 10c-
TaTo4HO NpuMeHuTh QyHKImio loglog, a nna nocrpoenuss ®UX ynobHee BOCIONB30-

BaThcs pyHKIMCH semilogx.

Mpaduk AMnmutyaHo-HacTtoTHOM XapaKTepucTukn

R e i T

40

200 ---
0
20f---

(19ofedt) eeap

B nienom nmociienoBaTenbsHOCT JEUCTBUA MOYKET OBITH TAKOM:

P1=1[14]; P2=[14100];

oM

logspace(-2,2,40);
polyval(P1,i*OM); zn = polyval(P2,i*OM);

ch

abs(ch)./abs(zn);

ACH

set(gca,'FontSize',12)

loglog(OM,ACH);grid;

title('l'pacouk AMnnutyaHo-YactotHom Xapakrepuctuku')

xlabel(*YacTtoTta (paa/c)’);ylabel('OTHoweHne amnnutyn')
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FCH = angle(ch./zn)*180/pi;

semilogx(OM,FCH); grid,

title('"®Pa3o-YactoTHas Xapakrepuctuka'),

xlabel('YacTtoTta (paap/c)’),ylabel('®a3a (rpagychl)’)

B pesynbTare nonyuarorcs rpapuku, nzo0paxxenusie Ha puc. 1.37 u 1.38.

1.5.3. JlonosiHuTe/IbHbIC QYHKIUU TPauIeCKOro OKHA

OO6w1uHO Tpaduku, mosrydyaeMble ¢ ToMollbio pouenyp plot, loglog, semilogx w
semilogy, aBTOMaTUYECKU CTPOSITCS B TAKUX MaciiTadax Mo ocsiM, 4ToObl B TOJIEe Tpa-
(¢uKa MOMECTHIINCH BCE BBIUUCIECHHBIE TOUKHU rpaduka, BKIOUYas MaKCUMaJIbHbIE U MU-
HUMAaJbHbIC 3HaYeHUs1 apryMeHTa u @ynkiuu. Tem He meHee, MatLAB umeer Bo3mox-
HOCTH YCTAHOBJICHUS U JPYTUX PEKUMOB MaCIITAOMPOBAHHA. JTO JOCTUTAETCS 3a CUET
WCIIOJIb30BAHUS MPOLIEAYPHI AXIS.

Komanpga axis([xmin xmax ymin ymax]) yCTaHaBJIMBAET KECTKUE I'PaHULbI OIS
rpaduka B eIUHUIIAX BEJIMYNH, KOTOPHIE OTKIIABIBAIOTCS IO OCSIM.

Komanpa axis(‘auto') Bo3BparmaeT Macitadbl 0 OCSIM K MX IITATHOMY 3HAYEHUIO
(MpUHATOMY MO YMOJYaHUIO).

Komanna axis(‘1j') nepeMenaet Hayajio oTcueTa B JIEBbIN BEPXHUI YroJl U peaitu-
3yeT OTCUET OT Hero (MaTpU4Hasi CUCTEMa KOOPAUHAT).

Komanpa axis(‘xy') Bo3Bpalaer AeKapTOBY CUCTEMY KOOPJMHAT C HAYaJIOM OT-
cyeTa B JIECBOM HUKHEM YTy Tpaduka.

Komanpna axis(‘square') ycraHaBiMBaeT OJMHAKOBBIN JUANa30H U3MEHEHUs Iie-
PEMEHHBIX O OCSIM Tpaduka.

Komanna axis(‘equal’) obecneumBaeT OJMHAKOBBIM MaciiTad Mo OOOUX OCSAM
rpaduxa.

B onHOM rpaduyeckoM OKHE, HO Ha OTACIBHBIX IpaUUecKUX MOJISIX MOXHO T0-
CTPOUTh HECKOJbKO TpauKoB, UCHONB3Yys mpolueaypy subplot. O6paienue K 3ToM
nporeaype J0JDKHO MPEIIeCTBOBATh OOpaIeHUIO K rporieaypam plot, loglog, semilogx
u semilogy v UMETh TaKON BU:

subplot(m,n,p).

3mecr m - ykas3pIBaeT, Ha CKOJBKO 4acTel paszzaensieTcs rpagudeckoe OKHO IO
BEPTHUKAIIM, N - 10 TOPU3OHTAIU, & P - HOMEP MOAOKHA, B KOTOPOM OYJET CTPOHUTHCS
rpaduk. [Ipu 5TOM MOJOKHA HYMEPYIOTCS CeBa HaMpaBoO MOCTPOYHO CBEPXY BHH3 (TaK,
KaK 10 CTPOKaM YHUTAETCS TEKCT KHUTH).

Hampumep, 1Ba nmpeamecTByONux rpaduka MOKHO TIOMECTUTh B OHO rpadude-

CKO€ OKHO CIIEYIOUUM 00pa3oMm:
subplot(2,1,1); loglog(OM,ACH,’k’); grid;
set(gca,'FontName’','Arial’,'FontSize’,12),
titleCAMnnutyaHo-YactoTtHaa Xapakrtepuctuka'), ylabel('Amnnuryaa’),
subplot(2,1,2); semilogx(OM,FCH,'k"); grid
title('"®Paso-YactoTHasa Xapakrepuctuka')
xlabel(*HacTtota (paa/c)’), ylabel('®a3a (rp.)")
PesynbTaT npencrasieH Ha puc. 1.39.
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AMONITYAHO-YacToTHa KapakTEpHCTHES

Amnnityna

il e =t St I
1
1

1

1

Taza (rp.)

R -
1

-100
-2 o 2
10 10 10 10 10

HacToTa (panfch
Puc. 1.39

Komanpa text(x, y, ‘<TekcT>’) M03BOJISICT PACIOI0XUTh YKa3aHHBIA TEKCT HA TO-
ne rpaduka, NpyU TOM Hayajao TEKCTa MOMENIAETCS B TOUKY C KOOpJAMHATaMH X U Y.
3HavyeHUsl YKa3aHHBIX KOOPAWHAT JIOJKHBI OBITH MPEJICTABICHBI B €IMHUIIAX BEJIUYMH,
OTKJIAJIBAEMBIX MO OCSIM I'paduKa, U HAXOAUTLCA BHYTPHU JUara3oHa U3MEHEHUS ITHX
BeMuuH. Yacto 9T0 HEYJ0O0HO, TaK Kak TpeOyeT MpeABapUTEIBLHOIO 3HAHUS ATOTO
JMana3oHa, 4TO HEe BCEr/la BOZMOXHO.

bonee yaoOHO [1si pa3MellieHus TeKCTa BHYTpPHU MOJisl Tpaduka MCHOJIb30BAThH
KOMaHJy gtext(‘<rtekcT>), KOTOpas BHICBEYMBAET B aKTUBHOM rpa)MyecKoOM OKHE Iie-
pEeKpecTHe, NEPEMENIEHUE KOTOPOrO ¢ MOMOIIBIO MBIIIHU MO3BOJISIET YKa3aTh MECTO Ha-
Yajia BhIBOJA YKa3aHHOro TekcTa. [lociie 3Toro HaxxaTuem J€BOM KIIABUIIU MBIIIH WIH
1000 KIIABUIIIM TEKCT BBOAUTCS B YKa3aHHOE MECTO:

» gtext(' 4 X')

» subplot(2,1,1);

» gtext(' 4 X')

MMeHHO TakuM 00pa3oM yCTaHOBIJIEHBI COOTBETCTBYIOIIME 3alUCH HA TOJIEe Tpa-
¢ukoB puc. 1.39.

YtoObl cO3/1aTh HECKOJIBKO IPaQUYECKUX OKOH, B JIFOOOM M3 KOTOPBIX PacHoio-
KEHBI COOTBETCTBYIOINE T'paQUKUA, MOKHO BOCIIOJIH30BATHCS KOMAHAOU figure, KOTO-
past co34acT Takoe rpapuueckoe OKHO, OCTABIISIS PEIIECTBYIOIIHE.

Hakoner, myist Toro, 9To0bI HECKOJIBKO MOCIICIOBATEIHFHO BBIYUCICHHBIX Tpadu-
KOB ObUTH M300pa)KEHBI B OJJTHOM Tpa)muecKoM OKHE B OJHOM CTHJIC, MOXKHO MCTIONB30-
BaTh KOMaHay hold on, Torna kaxpiii Takoi rpaduk OyAeT CTPOUTHCS B TOM K€ TIPe-
BApUTEIILHO OTKPBITOM rpadUuecKoM OKHE, T. €. Kaxjas HoBas JUHUS OyAeT n00aB-
JATHCSL K Npexae noctpoeHHbIM. Komanna hold off Bbikitouaer pexxuM COXpaHEHUSA
rpaduueckoro OkHa, yCTaHOBJICHHOTO MPEIIECTBYIONIEH KOMaH/I0H.

1.5.4. BoiBoa rpadukoB HA NEYATH
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YroOsl BbIBeCTH Tpaduk u3 rpaduyeckoro okHa ((purypsl) Ha medyarb, T. €. Ha
JAUCT OyMaru, cielyeT BOCHOJIb30BaThCsl KOMaHJaMU MEHIO, PACIOJIO0KEHHOIO B BEpX-
Hel yactu okHa urypel. B mento File BeiOepuTe komanay Print. IloagroroBbTe npuH-
Tep K paboTe u HaXXKMHUTE KHONMKY <OK> B OKOIIIKE MeyYaT, - IPUHTEP paclevaTaeT co-
Jep>KUMoe Tpaduueckoro OKHa Ha OTAEIBHOM JIUCTE OyMaru.

Jns npeaBapuTeIbHON HACTPOMKH HA ONPENEIEHHBIN TUIl IPUHTEPA U YCTAHOB-
JIEHUS BUJIA TIEYaTH UCTIOJIB3YUTE B TOM k€ MeHI0 File komanny Print Setup.

1.5.5. 3ananus

3aoanue 1.9. Tloctpoiite B rpadpuueckom okHe MatLAB rpaduk pynkuum u3
3a0anus 1.5. Pacniedaraiite 3T0T rpaduk Ha JIUCTE OyMaru.

3aoaua 1.10. Tloctpoiite B rpaduueckom okHe MatLAB rpaduku ammmutyaHo-
gactotHoM (Moxyist UIID) u dazouactornoit (aprymenta UIID) xapakrepuctuk GyHK-
Uy U3 3a0anus 1.7. Pacnedaraiite nmoixy4deHHbIN rpaduk Ha TUCTe OyMar.

1.5.6. Bonipocsl
1. Kakue pynkmum MatLLAB ocyiecTBsitoT BpIBOJ TpauKOB Ha dKpaH?
2. Kakumu ¢dyskumsimu obecrieunBaeTcsi cHaOx)eHue rpadruka KOOpIUHATHBI-
MU JIMHUSIMU ¥ HAATTUCSIMU ?
. Uro Takoe "rpaduk BeKTOpa" M KaK €ro mocTPOUThH?
. Kax BeIBecTH rpaduik B Buie CTOIOIOBOM TUarpaMmbi?
. Kak moctpouts rucrorpammy?
. MOHO I TOCTPOUTH HECKOIBKO IPaUKOB B OJTHOM CHCTEME KOOPJIUHAT U
B OJTHOM I'paIeCKOM OKHE?
7. Kak BbIBECTH HECKOJIBKO OTACIBbHBIX TPaUKOB B Pa3HBIX rpad)UIeCcKUX OK-
Hax?
8. Kak mocTpouth HECKOIBKO OTACIBHBIX TpauKOB B OJHOM TpaduyuecKoM
OKHE B Pa3HbIX IPaPUIECKUX MOTAX?

AN D0 bW



1.6. Onepamopsbl ynpassieHUs1 8bl4uUcsIUMesIbHbIM rPoyeccomMm 86

1.6. Onepamopul ynpagnenus 6bluucCaAume1bHblM RPpoyec-

COM

Boo061ie roBops, onepaTtopsl yrpaBieHUsT HEOOXOANUMBI, TIIABHBIM 00pa3oMm, s
OpraHU3alliy BBIYUCIUTEIBHOTO MPOLECCa, KOTOPBIN 3alIUChIBAECTCS B BUJE HEKOTOPOTO
TEKCTa MPOrpaMMbl Ha A3bIKE€ MPOrPaMMHUPOBAHUsI BBICOKOTO ypoBHs. [Ipu 3ToM k ome-
paTopaM yIpaBJICHHS BBIYUCIUTEIHHBIM MPOIIECCOM OOBIYHO OTHOCAT OMEPaTOphl 0e3-
YCJIOBHOTO MEPEX0/a, YCIOBHBIX NEPEX0JIOB (Pa3BETBICHUS BBIUUCIUTEIBLHOIO MPOIIEC-
ca) W OIepaTopbl OpraHM3alMU LUKIWYECKUX MpoleccoB. TeM He MeHee, cUcTeMa
MatLAB noctpoena takum oOpa3oM, YTO 3THU ONEPATOPbI MOTYT OBITh MCIOJIB30BAHbBI
npu pobore MatLAB u B pexxume kanbKyssiTopa.

B sazvike MatLAB omcymcmeyem onepamop 6e3yCioeH020 nepexooa u, 8 coom-
8emMCmBUU ¢ d9MUM, Hem NOHAMUI0 MemKku. ITO 00CTOSTENbCTBO 3aTPYIHAET OpraHu3a-
[IUIO MepeXoAa BBIUMCIUTEIBLHOTO Mpolecca K JII000My NpPEaIIeCTBYIONIEMY HIIU Clie-
OYIOIIEMY OIEPATOPY MPOrPaMMBlI.

Bce onepaTopsl UKIIa ¥ yCJIOBHOTO nepexoaa nocrpoensl B MatLAB B Bune co-
CTaBHOTO OIllepaTopa, KOTOPbIA HAUYMHAETCA OJIHUM M3 CIy>)KEOHbIX CIOB if, while,
switch vnu for W 3akaHYMBACTCS CIIYKEOHBIM CIOBOM end. OmniepaTopbl MEXIAY dTUMH
CJIOBaMU BOCIIPUMHHUMAIOTCA CUCTEMOM KaK 4acTH OJHOTO CJIOKHOro omneparopa. [loato-
My HaxaTue KiaBumu <Enter> npu nepexojae K CIEAYIOIIEH CTPOKE HE NMPUBOJUT B
ATOM CJIy4yae K BBIIOJHEHHUIO 3TUX ONEPaTOpPOB. BBINOIHEHNE ONEPATOPOB HAYMHAETCS
JMIIIb TOT/Ia, €CIIM BBE/ICHA "3aBepiiaroiias ckoOka" cl0KHOTO orepaTopa B BUJIE CJIOBA
end, a 3areM Haxata kinaBuia <Enter>. Eciu HECKOJIIBKO COCTaBHBIX ONEPATOPOB TAKO-
IO THUIIA BJIOXKEHBI IPYT B JIPyTa, BEIYMCICHUS] HAYMHAIOTCS JIMILb TOT1a, KOTJ1a 3aliCaH
KoHell end HauOosiee OXBaThIBAIOUIEro (BHEIHEr0) COCTaBHOrO omeparopa. Otcrona
CJeyeT BO3MOXKHOCTh OCYIIECTBIICHUS JaXKe B PEKUME KAJIbKYJISITOPA IOBOJIBHO CIIOXK-
HBIX U 00BEMHBIX (COCTOSIINX U3 MHOTHX CTPOK U OTIEPATOPOB) BHIYUCIICHUM, €CITN OHU
OXBAYEHBI CIIOAKHBIM OTIEPATOPOM.

1.6.1. Oneparop ycJI0BHOIO nmepexoaa
KoncTpykuus onepaTopa nepexoja 1o yciaoBHIO B 001IeM BUE TaKOBa:
if <ycioBue>
<omnepaTopsi1>
else
<omeparopsi2>
end
Pabotaer oneparop Tak. CHavasia mpoBepsIeTCsl, BBHITIOJIHIETCS JIM YKa3aHHOE YC-
noBue. Ecnu OHO BBINOIHEHO, MpOrpamMMa BITIOJIHAET COBOKYITHOCTh OIEPaTOPOB, KO-
TOpas 3alyMcaHHas B JIeJeHUH <ornepatopsll>. Ecnu ycinoBue He BBIIOIHEHO, BBITIOIHS-
€TCs IOCIE0BATEIbHOCTh ONEPAaTOPOB <OIEpaToOphI2>.
Coxkparniennasi ¢popma yCciIoBHOTO orepaTopa UMEET BUJ:
if <ycioBue>
<oneparopbl>
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end

JlelficTBue omepaTopa B 3TOM CIIy4a€ aHAJIOTMYHO, 33 MCKIIOYEHUEM TOr0, 4TO
IIPU HEBBINIOJIHEHUH 33JJaHHOT'O YCIIOBHUS BBINOJIHSIETCS ONEpaTop, CIAEAYIOUIUN 3a Oorlie-
paTtopoMm end.

Jlerko 3aMeTUTh HEIOCTATKH 3TOr0 ONEpPaTopa, BHITEKAIOUIUE U3 OTCYTCTBUS
orepaTopa 0e3yCIIOBHOTO MEPEX0/Ia: _8Ce YACMU NPOCPAMMbL, KOMOPble BbINOIHAIOMCS
8 3A8UCUMOCIU OM YCL08US, QONHCHbL PASMEWAMbCS BHYMPU ONePamopHblX cKOOoK if
u end.

B kadecTBe yciI0BHS UCHIONB3YIOTCS BBIPAKEHUS TUTIA!

<uMsl IepeMeHHOM | > <omnepaliusi CpaBHEHUS™> <UMsI IEPEMEHHONW2>

Onepayuu cpasnenus 6 szvike MatLAB MOTyT OBITh TAKUMU:

< - MCHBIIIE,

> - OOJIBIIIE;

<= - MEHBIIIE WX PaBHO,
>= - 0OJIBIIIE WJIM PABHO;
== - PaBHO;

~= - HE paBHO.

YcnoBue MOXET ObITh COCTABHBIM, T. €. COCTOSITh U3 HECKOJBKHUX MPOCTHIX YCIIO-
BUM, 00BEIMHEHHBIX 3HAKAMHU JIOTUYECKUX Ofepanuid. 3HaKaMu JOTHYECKUX Olepanui
B sA3bike MatLAB saBnstorcs:
& - noruueckas onepanus “1U” (“AND”);
| - mormueckas onepanus “UJIN” (“OR”);
~ - jmorudeckas onepauus “HET” (“NOT”).
Jlornueckas onepanus ‘“UckmountenbHoe MJIM” MoxeT ObITh peasiM3oBaHa C
nomoisto pynkiuu xor(A,B), rie A u B - HekoTOphIe ycnoBusi.
JlonycTtrma enie oJiHa KOHCTPYKIHKS OllepaTopa yCJIOBHOIO MEPEX0a:
if <ycnosuel>
<omeparopsi 1>
elseif <ycinoBue2>
<omeparopsi2>
elseif <ycinopue3>
<omnepaTopni3>

else
<onepaTopbr>
end
Omnepartop elseif BvImoJiHsAETCS TorAa, Korjga <yciaoBuel> He BbinojHeHO. [lpu
ATOM CHauajia mpoBepsieTcsl <yciioBue2>. Eciau OHO BBINOJIHEHO, BBINOJIHSAIOTCSA <OIe-
paTopbI2>, €CIIU K€ HET, <OMEPaTOPbI2™> UTHOPUPYIOTCS, U IPOUCXOIUT MEPEXO] K Cle-
IyroleMy omneparopy elseif, T. €. K IPOBEPKE BBHIMOJHEHUS <yCJIOBHUSA3>. AHanoruy-
HO, IIPY BBINOJIHEHUH €TO BBINOJHIIOTCSA <ONEPaTOPhI3>, B MPOTUBHOM CIIy4ae MpPOHUC-
XOAUT MEPEXOJ K clienyroueMy oneparopy elseif. Ecnu Hu ogHO U3 yCIOBHI B oriepa-
TOpax elseif HE BBINOJHEHO BBIOJHSIOTCS <ONEPATOPHI™>, Pa3MEIIECHHBIE 3a ONEpaTo-
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poM else. Tak MoxeT OBITH 0OECITIEUCHO Pa3BCTBJICHUC IIPOT'PAMMBI 11O HCCKOJIbBKMM Ha-
ITpaBJICHUSAM.

1.6.2. Oneparop nepexkJarOYCHUA
OrnepaTop NepeKIOYEHNs] UMEET TAKYIO CTPYKTYPY:
switch <BblpakxeHue, CKaJsip UK CTPOKa CUMBOJIOB™>
case <zHaueHuel>

<omeparopsi 1>
case <3HauyeHHUE2>
<oreparopsi2>
otherwise
<OonepaTopbr>
end

OH OCyLIECTBIIIET Pa3BETBICHUE BBIUUCICHUI B 3aBUCMMOCTHA OT 3HAYECHHU He-
KOTOpPOM IIEPEMEHHON WJIM BBIPAYKCHUS, CPABHUBAS 3HAUYECHUE, IIOJIyYEHHOE B PE3yJIbTa-
T€ BBIYMCJICHUS BBIPAKECHUS B CTPOKE Swifch, cO 3HaUCHHUSIMU, YKa3aHHBIMU B CTPOKax
cO cy10BOM case. COOTBETCTBYIOLIAs IPYIIIIA ONIEPATOPOB case BBINOJIHAETCS, €CIIN 3HA-
YEHHE BBIPAXKEHHUS COBIIAIAET CO 3HAYECHHEM, YKAa3aHHBIM B COOTBETCTBYIOIIEH CTPOKE
case. Ecny 3HaueHUE BBIPAXKCHUSI HE COBIAJIAET HU C OJHUM M3 3HAYEHHUM B rpymiax
case, BBITIOJHSIOTCS ONIEPATOPHI, KOTOPBIE CIAEAYIOT 3a CIIOBOM otherwise.

1.6.3. Oneparopsl HMKJIA

B s3pike MatLAB ecTh J1Be pa3HOBHUIHOCTU OINEPATOPOB LIUKIA - YCAOBHLIU W
apugmemuyeckutl.

Onepamop yukia ¢ npedycinosuem UMEeT BUL:

while <ycnoBue>

<onepaTopbr>

end

OnepaTtopsl BHYTpY LHKJIA BBITOJHIIOTCS JUIIb B CIy4ae, €CJIM BBIIIOJIHEHO YC-
JIOBHE, 3allUCaHHOE 1ocie cioBa while. Ilpu 3ToM cpean onepatopoB BHYTPH LUKJIA
0043aTEeNIbHO JTOJKHBI OBITh TAKWE, KOTOPHIE U3MEHSIOT 3HAYEHHSI OJJHOM U3 MEepEMEH-
HBIX, YKa3aHHBIX B YCIOBUM LIUKJIA.

[IpuBenem npumep BBIYMCIICHUS 3HAYEHUM CHMHYCa IpU 21 3HAYeHUH apryMeHTa
ot 0.2 10 4 ¢ marom 0.2:

»i=1;
» while i <= 20
X =i/5;
si = sin(x);
disp([x,si])
I =i+1;
end
0.2000 0.1987
0.4000 0.3894

0.6000 0.5646



1.6. Onepamopsbl ynpassieHUs1 8bl4uUcsIUMesIbHbIM rPoyeccomMm 89

0.8000 0.7174
1.0000 0.8415
1.2000 0.9320
1.4000 0.9854
1.6000 0.9996
1.8000 0.9738
2.0000 0.9093
2.2000 0.8085
2.4000 0.6755
2.6000 0.5155
2.8000 0.3350
3.0000 0.1411
3.2000 -0.0584
3.4000 -0.2555
3.6000 -0.4425
3. 8000 -0. 6119
4.0000 -0. 7568

Ilpumeuanue. OOpaTuTe BHHUMaHUE Ha TO, KAKUMH CPEACTBAMHU B yKa3aHHOM
npuMepe o0ecrieyeH BbIBOJI Ha KPaH 3HaYEHUN HECKOJbKHUX IMEPEMEHHBIX B OJIHY CTPO-
Ky. st aToro ucnoneszyercs oneparop disp. Ho, B COOTBETCTBUU C MPaBUIAMU MPUMeE-
HEHUS 3TOTO OIlepaTopa, B HEM JIOJDKEH OBITh TOJBKO OJWH apryMEHT (TEKCT, IepeMeH-
Hasl Wik Matpuia). Ytoosl 000NTH ITO MPEMATCTBHE, HY’)KHO HECKOJIBKO YUCIIOBBIX I1€-
PEMEHHBIX O0BEAMHUTH B €IUHBIA OOBEKT - BEKTOP-CTPOKY, a MOCTEAHEE JIETKO BBIMOJ-
HSIETCSI C TIOMOIIBIO OOBIYHOM onepanuu GOpMUPOBAHUS BEKTOPA-CTPOKU U3 OTIACITBHBIX
3JIEMEHTOB

[ x1,x2, ..., x].

Takum 06pa3om, ¢ TOMOIIBIO OnlepaTopa BUIA:

disp([x1, x2, ..., X])

MOHO 00€CIEeUUTh BBIBOJ PE3YyJIbTATOB BHIYMCICHUHN B BUJI€ TAOIUIIbI JAHHBIX.

Apugmemuueckuti onepamop yukia UMEET BU:

Sfor <ums> = <H3>: <> : <K3>

<onepaTopbr>

end,
rae <ums> - UMs yrpasistonied nepemeHHoil nukna ("cuerunka" nukia); <H3> - 3a-
JAHHOE HaYyaJbHOE 3HAYCHUE ATOM nepemMeHHon; <III> - 3HaueHue mara, ¢ KOTOPbIM OHa
JOJDKHA U3MEHAThCS; <K3> - KOHEeYHOe 3HaYeHHE NepeMEeHHOM 1ukia. B aToM cityuae
<omnepaTtopb™ BHYTPH IUKJIA BBIMNOJHSIIOTCS HECKOJIBKO pa3 (KaXAblid pa3 MpU HOBOM
3HAYEHUU YIPABJISIONICH MEPEMEHHOI) 10 TE€X MOp, MOKAa 3HAYEHUE YIPaBISAIONIICH Te-
PEMEHHOW He BBIMAET 3a mpenelibl uHTepBana mexay <H3> m <K3>. Ecnu napametp
<[II> He yka3aH, 10 YMOJIYaHUIO €T0 3HAYCHUE IPUHUMAECTCSI PABHBIM €UHUIIE.

UToOBl TOCPOYHO BHINTH M3 1MKIA (HampuUMep, MPU BHITIOJIHEHUH HEKOTOPOTO
yCIIOBHS) IPUMEHSIOT ornepaTop break. Korna nporpaMma CTaJKMBAETCS C 3THM OIle-
paTopoM, BBIIIOJIHEHHUE LUKJIA JOCPOUYHO MPEKPAIIAETCs], U HAUMHAET BBITIOJIHATHCS OIle-
partop, CIEAYIOIN 32 CIIOBOM end LIUKIIA.

JInst npuMepa ucnoap3yeM NMpeablayyo 3a1aqy:

»a=[ D Yoosinx)

» fori=1:20

X =i/5;
si = sin(x);
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if i==1
disp(a)
end
disp([i,x,si])
end
B pesynbrare nomydaem
i X sin(x)

1.0000 0.2000 0.1987
2.0000 0.4000 0.3894
3.0000 0.6000 0.5646
4.0000 0.8000 0.7174
5.0000 1.0000 0.8415
6.0000 1.2000 0.9320
7.0000 1.4000 0.9854
8.0000 1.6000 0.9996
9.0000 1.8000 0.9738
10.0000 2.0000 0.9093
11.0000 2.2000 0.8085
12.0000 2.4000 0.6755
13.0000 2.6000 0.5155
14.0000 2.8000 0.3350
15.0000 3.0000 0.1411
16.0000 3.2000 -0.0584
17.0000 3.4000 -0.2555
18.0000 3.6000 -0.4425
19. 0000 3.8000 -0.6119
20.0000 4.0000 -0.7568

Tax MoxHO 00ecrednTh BEIBOA MH(OPMALIUK B BUJIE TAOJIHII.

1.6.4. 3apanus

3aoanue 1.11.

1. B coorBercTBUU ¢ Tabnuiei 1.5 BHIMOTHUTE:

- BBIYMCIIEHHE TOYHBIX (MCIONB3Ys cTaHAapTHble PpyHkunn MatLAB) 3Hauenuit
COOTBETCTBYIOIIEH (YHKIUHU B JMala30HE U3MEHEHHUs apryMeHTa OT X; A0 X, B m

PABHOOTCTOSALIUX TOYKAX 3TOTO JUANA30HA, BKIIOUYAsl €r0 FPAHUIIBL;

- BBIYMCIICHHE [0 YKa3aHHBIM CTENEHHBIM psijaM MNPUOIMKEHHBIX 3HAYCHH
(GYHKIMU B TEX K€ TOUYKAX, OTPAHUYUBASACH 7 MEPBBIMU WICHAMHU PSJIA;

- pacyeT MOrpeHOCTH MPUOIMKEHHOTO onpeiesieHuss QYHKIMKU B KaXA0W TOUKE,
CpaBHUBas MPUOIMKEHHOE 3HAYEHHUE C TOYHBIM, U MOCTPOCHUE rpaduka 3aBUCUMOCTH
MOTPEIIHOCTH OT ApTyMEHTa;

- BBIUMCJICHUE MPUOJIMIKEHHBIX 3HAYCHUN (QYHKIMH B TE€X € TOYKaX C OTHOCH-
TeIbHOM NorpemHocThio He Oosiee £=0.001; mocTpoenue rpapuka NoJTy4eHHBIX OTHO-
CUTEJIbHBIX MOTPEIIHOCTEH.

Taomuna 1.5.
|Bap.| x1 | X2 | m | r | f(x) | [TpubnmxenHas popmyna |
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1 02| 51| 20 sin(X) x 2kl
> (=D
2k -1)!
2 1 10 | 30 cos(x) x 2k
-2 (-1f
(2k)!
3 0.3 3| 40 exp(X) L
1+ Zﬂ
4 0.4 4 50 In(1+x k
. S (=D
k
5 0.5 51 30 In(x) af _
>—, Tne a=——
k X
6 0.6 | 6 | 40 In(x k
(x) Z(—l)k%, rnea=x—1
7 07 7 | 50 In(x) g2kl x—1
2 , Tmea=——
Zoko1 el
8 0.8 8 | 45 In(x+a) In(a) + 25° 2k-1 ; x
n(a)+ , Thne b=
2k —1 2a+ x
9 1.1 | 11| 40 ctg(x) 1 £y 1
X x2 —k*7?
10 1.2 | 12| 50 cosec(x) 1
(x —kn)
11 1.3 | 13| 50 cosec(x _F
" l+2xz 2( 1)2 2
X X +k°nm
12 14 | 14| 60 arctg(x) oy 2kl
> (="
2k —1
13 1.5 | 15| 45 arctg(x) £+Z(_1)k 1 _
2 Lk -1Dx""
14 1.6 | 16 | 40 In(x k
) Z(—l)k_la— ,Tne a=x—1
r
15 091 9 | 50 sin(x) 2
(1= )
(k7)
16 1 10 | 50 cos(x) (1 X2 )
2k -1)*z*
17 1 0.6 | 5| 50 In(x) a®
Y— ., mmea=(x-1)/x
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18 | -0.9( 0.9 45 arcctg(x) o 2kt
S22
2 (2k-1)
19 1 20 | 50 sh(x) o 21
2 2k -1)!
20 1 20 | 50 ch(x) 2k
+2
(2k)!
21 | -0.9] 09| 50 arcth(x) 2kl
2 2k -1
22 1 20 | 50 arcth(x) 1
2 2k-1
2k -1)x
23 | -0.8] 0.8] 50 1-3-5...(2k =1)- x?**1
: -
arcsin(x0 2 46202k D
24 | -0.8| 0.8| 50 P 1-3-5...(2k 1) - x 2+
arccos(x | 5~ Lx+ }
0 2 2-4-6...(2k)-(2k—1)
25 -5 5 50 exp(x k
p(x) . Z%

3aoanue 1.12. Bprauciauth 3HayeHUss QyHKUUU U3 3a0auu 1.5 TpU 3HAYEHUSX
aprymenTta B auanaszone ot 0.1 go 100, oGpa3yromux eeomempuseckyo npoepeccuro co
3HaMEHaTeNIieM, PaBHBIM KBaJpaTHOMY KOpHIO u3 10, U BBIBEIUTE B KOMAHJIHOE OKHO
Ta0IUIy pe3yJIbTaTOB BEIYMCICHUM.

3aoanue 1.13. Berauciauts 3HaueHus moayis YIID u ee aprymenTa (B rpagaycax)
U3 3a0auu .7 npu 3Ha4YEHUSAX apryMeHTta B nuama3zoHe ot 0.1 mo 100, oOpasyrommx
2eomempuiecKyro npoepeccuro co 3HaMeHaTelleM, PaBHBIM KBaJpaTHOMY KOpHIo u3 10,
U BBIBEJUTE B KOMaHAHOE OKHO TabJIUIly pe3yJIbTaTOB BEIYMCICHUN.

1.6.5. Bonipocsl

. Kakune CpCACTBa YIIPaBJIICHHA XOJO0M BBIYHUCIIMNTCIBHOI'O IIponecca MpeayCcMoT-

1

2.
3.

peHsl B s3pike MatLAB?
Kak MO»HO opraHn3oBaTh BBIUUCICHUS MO LUKITY B si3bike MatLAB?

Kak opranumzoBaTh BBIBOJI TaOJHUIIBI PE3yIbTATOB BBIUMCICHUM B KOMAaHIHOE
okHo MatLAB?

KaJIbKyJIsITOpa’?

. Kak ocymiectBuTh ciokHble (MHOTOOIEPATOPHBIE) BBIYMCICHUS B PEXKHUME
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2. IlIporpammupoBanue B cpeae MatLAB

Pabota B pexume kanpkyssitopa B cpene MatLAB, HecMoTpst Ha TOBOJIBHO 3HA-
YUTEJIbHBIE BO3MOKHOCTH, BO MHOTHX OTHOIIEHUAX HeyjqoOHa. HeBo3MOXHO MOBTO-
PUTH MPEAIIECTBYIOIINE BBIUMCICHUS U JEUCTBUS MPU HOBBIX 3HAYCHHUSX HCXOHBIX
JAaHHBIX 0€3 MOBTOPHOrO HAbOpa MpeIIEeCTBYIOUUX onepaTopoB. Henb3s BO3BpaTUThCS
Ha3aJl U MOBTOPUTH HEKOTOPBIC NEHUCTBUS, UJIM MO HEKOTOPOMY YCJIOBHIO MEPEUTH K
BBITIOJIHEHUIO JIPYTOM MOCIIEI0BATENBHOCTH onepatopoB. M BooOIIe, eciu KOJIMuecTBO
OMEepaToOpOB 3HAYUTEIBHO, CTAHOBUTCS MPOOJIEMOI OTIAIUTh MPABWIbHYIO UX PaboOTy
U3-3a HEMUHYEMbIX OIIMOOK mpHu Habope komaHi. [losTomy ciokHbIE, C IPEphIBAHUS-
MU, CJIOKHBIMH MIEPEXOaMH IO ONPEIEICHHBIM YCIOBHUSIM, C YACTO MOBTOPSIEMBIMH O]1-
HOTUITHBIMU JIEUCTBUSIMU BBIYMCIICHUS, KOTOpPbIE, BJ0OABOK, HEOOXOUMO MPOBOIUTH
HEOJIHOKPATHO MPU HM3MEHEHHBIX HCXOJHBIX JAHHBIX, TPEOYIOT HUX CIEUUATBLHOTO
oopMIIeHUSI B BHJI€ 3allMCAaHHBIX Ha AUCKe (ailyioB, T. €. B BUe nporpamm. [Ipenmy-
IIECTBO MPOTpamMM B TOM, YTO, TaK KaK OHU 3a()UKCUPOBAHBI B BUJE 3aNIMCAHHBIX (haii-
JIOB, CTAHOBUTCS BO3MOKHBIM MHOTOKpaTHOE OOpallleHue K OJHUM U TEM K€ OIepaTo-
paM U K MporpaMMme B 1IeJIOM. ITO MO3BOJISIET YIIPOCTUTD MPOIIECC OTIAAKU MPOTrPAMMBI,
C/IeNlaTh MPOIECC BBHIYKMCICHUN Oosiee HATJIAIHBIM U MPO3pavyHbIM, a Onarogaps 3TOMY
PE3KO YMEHBIIUTh BO3MOXKHOCTH IMOSIBJICHUS OMIMOOK Mpu pa3padoTke mporpamm. Kpo-
M€ TOro, B IIpOrpaMMax BO3HHUKAET BO3MOKHOCTh aBTOMATU3UPOBATh TAK)KE U MPOIECC
U3MEHEHHMs 3HAaYCHU I MepBOHAYAIbHBIX TAPAMETPOB B TUATIOTOBOM PEXKUME.

2.1. @yukuuu Qynkyui

Hexotopele BaxkHbIE YHHUBEpCaNbHbIE npoueaypsl B MatLAB ucnonb3yror B ka-
YeCcTBE NMEPEMEHHOr0 napameTpa uMsi GyHKUUHU, C KOTOPOW OHU ONEPUPYIOT, U MOITOMY
TpeOYIOT MpHU OO0pallleHUU K HUM yKa3aHus UMeHU M-(ailiia, B KOTOPOM 3amucaH TEKCT
HEKOTOpOH npyrou npouenaypsl (Gyukuun). Takue npoueaypbl Ha3bIBalOT GYHKUUAMU
¢dynkyuil.

YtoOBl BOCIONIB30BATHCS TakOW (DyHKIMEH OT (QPYHKIMH, HEOOXOIUMO, YTOOBI
HOJIb30BATEIb MPEABAPUTENBHO co3/1a] M-(]aii, B KOTOPOM BBIYMCISIOCH Obl 3HAUCHHE
HY>KHOM (DYHKIIMU IO U3BECTHOMY 3HAUEHUIO €€ apryMEHTa.

[lepeuncnuM HEKOTOPHIE M3 CTAHAAPTHBIX (PYHKIUN OT (PYHKIUH, TIPEIyCMOT-
penHbix B MatLAB.

Bviuucnenue unmezpana memooom xkeadpamyp oCylueCTBISIETCS MPOLELYPOI

[ I, ent | = quad(‘<ums pynxkuun>’, a,b).

3nech a U b - HUKHSAS U BEpXHsS IPaHMIA U3MEHEHUs apryMeHnTa Qpyskuuu; I -
NOJIyYEeHHOE 3HAUEHUE MHTErpaia; cnt - KOJIMYECTBO 0OpalIeHUil K BBIUUCIECHUIO (QyHK-
uu, NpeicTaBieHHOW M-¢ainoM ¢ Ha3BaHHUEM, YKa3aHHbIM B <uUMs (YHKLIMI>.
Oyukuus quad ucnonblyeT kBaaparypubie ¢opmyisl Hbeiorona-Korteca uderBeproro
nopsIAKa.

AHanornyHas nporeaypa quad8 ucnonb3yer Oosiee TOUHbIE POPMYIIBI §-TO TIO-
psIKa.
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Humezpuposanue 00b1KHOGEHHBIX OUPPepeHyuanbHbIX YPaAGHEeHUIl OCYIIECTB-
ast0T pyHkiu ode23 u ode45. OHu MOTYT IPUMEHSTHCSA KaK JUIsl YUCIEHHOTO pellie-
HUsl (MHTErPUPOBAHUS) TPOCTHIX NU(PPEpEeHIINATBHBIX YPABHEHUM, TaK U I MOJCIIU-
POBaHUS CIOXHBIX TUHAMHUYECKUX CHCTEM, T. €. CUCTEM, MOBEJCHUE KOTOPHIX MOXKHO
OMHKCAaTh COBOKYITHOCTBHIO OOBIKHOBEHHBIX AU(PHEepEHIINATBHBIX YPABHEHHM.

N3BecTHO, uTO M00ast cucteMa OOBIKHOBEHHBIX AU(PGEpEHITHANTBHBIX YpaBHEHUN
(O1Y) moxer OBITH TIpEACTaBIICHA KaK CHCTeMa ypaBHEHUH 1-ro mopsiaka B (opme
Kommn:

dy _
dt—f(y,t),

IJI€ Y - BEKTOP EPEMEHHBIX COCTOSIHUS ((Pa30BbIX IEPEMEHHBIX CUCTEMBI); f - ADTYMEHT
(0OBIYHO - BpeMmsl); f - HENMHEWHasT BEKTOP-PYHKIUS IEPEMEHHBIX COCTOSIHUSL ) U ap-
T'YMCHTA .
OGparieHue k npoueaypam 4ucieHHoro uarerpupopanus OJY umeer BuI;
[t, y] = ode23 (‘“<umsa pynxuum>’, tspan, y0, options)
[t, y] = ode45 (‘“<ums ¢ynkuun>’, tspan, y0, options),
I'JIe UCIIOJIb3yEMBbIE IMapaMeTphbl UMEIOT TaKOW CMBICI: <UMS (PYHKLIMKU> - CTPOKA CUMBO-
JIOB, TIpeCTaBIstomas coooit umsi M-daiina, B KOTOPOM BBIYUCIISIETCS BEKTOP-PYHKITUS
f,0), T. e. npasvie yacmu cucmemsr O/Y; y0 - BeKTOp HaualbHBIX 3HAYEHUHN MEPEMEH-
HBIX COCTOSIHUS; t - MACCUB pacCUMTAHHBIX 3HAYEHUI apryMEHTa, OTBEYAIOIIMX Ilaram
MHTEIPUPOBAHUS; Y - MAaTPULIA IPOMHTETPUPOBAHHBIX 3HAUECHUN (DA30BBIX IEPEMEHHBIX,
B KOTOPOW KaX/blil CTOJIOEL COOTBECTBYET OJIHOM M3 MEPEMEHHBIX COCTOSIHUSA, a CTPOKa
COJIEPKUT 3HAYEHUS NMEPEMEHHBIX COCTOSHUS, OTBEYAIOIINE COOTBETCTBYIOIEMY LIary
UHTErpupoBaHus; tspan - BekTop-ctpoka [t0 tfinal], conepxkamas aBa 3Hauenus: t0 -
HavyanbHOE M tfinal - KOoHEeUHOE 3HAaUeHHe apryMeHTa; ortions - CTPOKa U3 MapameTpoB,
KOTOPBIE ONPEAEIIAIOT 3HAYEHUS JOIMYCTUMON OTHOCUTEIBHONW U aOCOIIOTHOM MOTrpell-
HOCTH UHTETPUPOBAHMSL.
[TapameTp ortions MOXKHO HE yKa3bIBaTh. 1Torja, mo yMOJYAaHMIO, AOIYCTHUMAs

OTHOCHUTENIbHAS IOIPEIIHOCTh MHTEIPUPOBAHUSA IPUHUMAECTCS PaBHOU 1-107%, a6co-

JT0THAs (10 JIF0OOM M3 MEePEeMEHHBIX COCTOSIHUS) - 1-107°. Ecnu e 5TH 3HaYeHHS He
yCTPauBalOT IMOJIb30BATEIISI, HY’KHO Tepell oOpalieHueM K MpoleAype YUCIECHHOTO UH-
TErPUPOBAHUSI YCTAHOBUTH HOBBIC 3HAYEHUSI JOIMYCTUMBIX MOTPEITHOCTEN C MOMOUIBIO
npoueaypsl odeset Takum 00pa3zoMm:

options = odeset ('RelTol',1e-4,'AbsTol',[1e-4 1e-4 1e-5]).

[Tapametrp RelTol ompenenser OTHOCUTENbHYIO MOTPEIIHOCTh YHUCIEHHOTO HH-
TErpUpPOBaHUSI MO BCeM (Pa30BbIM MEPEMEHHBIM OJHOBpeMeHHO, a AbsTol sBusercs
BEKTOPOM-CTPOKOM, COCTOSIIIIMM U3 a0CONIOTHBIX JAOMYCTUMBIX MOTPEHIHOCTEN YHCIICH-
HOT'O MHTETPUPOBAHUS MO KaXX10M U3 (Da30BBIX IEPEMEHHBIX.

OyHKMSA ode23 OCyUIECTBISIET UHTEIPUPOBAHUE YUCIEHHBIM MeETOJ0M PyHre-
Kyrra 2-ro nopsiika, a ¢ moMoIIp0 MeToAa 3-ro nops/ika KOHTPOJIUPYET OTHOCUTENb-
HbI€ ¥ a0COJIOTHBIE MOTPEITHOCTA MHTETPUPOBAHMS HA KaXKJOM IIIare U M3MEHSET Be-
JUMYMHY I1ara UHTETPUPOBAHUS TaK, YTOOBI 00ECIICYUTh 3aJJaHHbIC TPAHUIIBI TOTPEITHO-
CTEU UHTETrPUPOBAHMUSL.
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Jnst pyskuun ode45 oCHOBHBIM METOJOM MHTETPUPOBAHUS sIBIsieTCS MeTo1 PyH-
re-Kytra 4-ro nopsjka, a BeTu4yrHa 11ara KOHTPOJIUPYETCS METOJIOM S5-TO MOPsIIKa.

Buiuucnenue munumymoe u Kopueil pynkyuu oCyumecTBIseTCS TaKUMH (PYyHK-
nusmu MatLAB:

fmin - oTbICKaHUE MUHUMYMa (PYHKIIMH OJHOTO apTyMEHTa;

Jfmins - oTbiCKaHWe MUHUMYMa (DYHKIIMM HECKOJIbKMX apIyMEHTOB;

fzero - oTbickaHue HyJel (KopHei) PyHKIIMU OJTHOTO apryMEHTa.

OOpaiieHue K nepBoil U3 HUX B OOIIEM Cllydae UMEET TaKOW BU/I:

Xmin = fimin (‘“<ums pyaxiuun>’, X1, X2).

PesynbTaTom sTOoro obpamieHust OyaeT 3HaueHne Xmin aprymenTa GyHKIUH, KO-
TOpOE€ OTBEYAET JIOKAJTbHOMY MUHUMYMY B MHTepBasie X1<X<X2 dyHKIUU, 3aTaHHON
M-aiinom ¢ ykazaHHBIM UMEHEM.

B kadectBe npumepa paccMOTPUM OTHICKAHWE 3HAYEHUS YUCa 77 KaK 3HAYEHUS

JOKaJIbHOIO MUHUMYMa PYHKIMU y = cos(X) Ha oTpeske [3, 4]:
» Xmin =fmin('cos’,3,4)
Xmin = 3. 1416e+000

OO6parieHue Ko BTOPOi mpoleaype J0JKHO UMETh GopMy:

Xmin = fmins (‘<umsa pyakunn>’, X0),
npu 3ToM X SIBIIIETCS BEKTOPOM apryMeHToB, a X0 o3Ha4yaeT HadaJbHOE (MCXOAHOE)
3HAYEHHE 3TOT0 BEKTOPA, B OKPECTHOCTU KOTOPOI'O OTHICKABAETCS OJIMKANUIINI JIOKAIIb-
HBI MUHUMYM (DYHKIIMH, 3aJjaHHON M-(aiiom ¢ yka3zaHHbIM uMeHeM. DyHKUUS finins
HaXOJUT BEKTOP apryMEHTOB Xmin, OTBEYAIOIIUN HAWJEHHOMY JIOKaJIbHOMY MHHHUMY-
My.

OO6paienue Kk QyHKIMY fZero NTOMKHO UMETh BU/L:

z = fzero (‘<ums pyuxuun>’, x0, tol, trace).

3neck 000o3HaveH: X0 - HaualbHOE 3HaYCHHE apryMEHTa, B OKPECTHOCTH KOTOPO-
IO OTHICKUBAETCS JEHCTBUTENbHBIN KOpeHb (QYHKIMHU, 3HAUEHUE KOTOPOI BBIYMCIISAETCS
B M-(aiine ¢ 3anaHHbIM UMEHEM; tol - 3aaHHass OTHOCUTENbHAS MOIPEUTHOCTh BBIYKC-
JIeHUs KOpHS; trace - 3HaK HEOOXOAMMOCTH BBIBOJUTH Ha 3KpaH MPOMEXYTOUHBIE pe-
3yJIbTaThL; Z - 3HAYEHUE UICKOMOT'O KOPHSI.

Ilocmpoenue zpagpukoe pynkyuu 00noii nepemennoii MoxeT ObITh OCYIIECTB-
JIEHA C TOMOIIBIO npoueaypsl fplot. Otnuuue ee ot mpoueaypsl plot B ToM, 4TO 1151 MO-
CTpoeHus rpapuka QyHKIUU HET HEOOXOJAMMOCTH B MPEIIECTBYIOIIEM BBIUMCICHUU
3HaueHUU QyHKIMHU 1 aprymenTa. O0pallleHrue K Held UMeeT BU/L:

fplot (‘“<umsa pyHkumum>’, [<unTepBas>], n),

rje <WHTEpBa™> - 3TO BEKTOP-CTPOKA U3 JBYX YHMCEJ, KOTOPHIE 3a/al0T, COOTBETCT-
BEHHO, HIDKHIOIO Y BEPXHIOIO TPAHUIbI U3MEHEHUS! apryMeHTa; <uMsi QyHKUUKU> - UMS
M-aiina ¢ TEKCTOM MPOIeAypPhl BHIYMCICHUS 3HAUCHUS JKeJTaeMOoi GyHKIIUHU 11O
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3a/laHHOMY 3HAUEHHUIO €€ apryMEHTa; N - KeJaTeJbHOE YHMCIIO YacTell pa30ueHust yka-
3aHHOr0 MHTEepBajia. Eciu mocienHion BeIUYUHY HE 33/1aTh, IO YMOJYaHUIO UHTEpBall
pazbuBaetcs Ha 25 yacteil. HecmoTps Ha TO, 4TO KOJIMYECTBO yacTe "n" 3a1aHo, YMCIIO
3HauYEHUN BeKTOpa "X" MOXKET ObITh 3HAUUTEIBHO OOJBIIMM 33 CUET TOTO, YTO PYHKIUS
fplot TpoBOANT BBIYMCIIECHUS C JOMOJHUTEIbHBIM OTPaHUYEHUEM, YTOOBI IpHUpaIICHUE
yriia HaKkjIoHa rpaduka (GyHKIUM Ha KaXao0M Iare He npessimaino 10 rpagycos. Ecnu
K€ OHO 0Ka3aJIoCh OOJIBIIUM, OCYIIECTBIISIETCS APOOJICHHE 11ara U3MEHEHUS apryMEHTa,
HO He Oonbee yeM B 20 pa3. Ilocnennue aBa yucna (10 u 20) MoryT ObITh U3MEHEHBI
M0JIb30BaTeNIeM, ISl 3TOTO MPHU OOpallleHuH ClaeAyeT J0OAaBUTh 3TU HOBbIC 3HAYCHUS B
3aroJIOBOK MPOIEAYPhl B YKa3aHHOM MOPSIIKE.

Ecnu oOpatutbes K 3TOUIIpoLIeIype TaK:

[x, Y] =fplot (‘“<ums pyHkiuu>’, [<uHTEpBaI>], N),
TO TpaduK ykazaHHON (PyHKIIMM HE OTOOpa)kaeTcsi Ha IKpaHe (B rpaduyecKoM OKHE).
BwMecTo aToro Beraucisercs BEKTop "X" apryMeHTOB M BEKTOp (WM maTpuiia) Y COOT-
BETCTBYIOIIMX 3HAYCHWM ykazaHHOW (yHKimu. UToOBI mpu 0OpaleHuu MOCIETHETO
BUJIa TIOCTPOUTH rpadvK, HEOOXOAMMO CIeNaTh 3TO B JAIbHEHIIEM C MOMOIIBIO MPO-
uenypst plot(x, Y).

2.2. Cozoanue M-¢haiinoes

2.2.1. OcoOennoctu co3panus M-¢aiisios

Coznanue nporpammsl B cpeqie MatLAB ocymecTBisieTcst ¢ moMOIIbio 100 co0-
CTBEHHOTO BCTpOEHHOTO (HaumHas u3 Bepcun MatLAB 5), nubo cTOpOHHETO TEKCTOBO-
ro pelakTopa, KOTOPbIi aBTOMAaTUYECKH BBI3OBETCSI, €CJIA €T0 MPEABAPUTEIHEHO YCTaHO-
BUTH C MOMOILIbIO KOMaH/bl Preferences mento File xomangnoro okna MatLAB. Ha-
npuMep, 3T0 MOkeT ObITh penaktop Notepade cpeast Windows. OKHO TpeaBapUTEIHHO
YCTaHOBJICHHOTO PEIaKTOpa MOSIBISIETCSA HA IKPaHEe, €CIIU Mepel ’TUM BbI3BaHa KOMaH/a
M-file w3 MeHIO New Wnu BbIOpAHO Ha3BaHHWE OJHOTO U3 CYyIIECTBYOmMX M-(aiiios
1pu BeI30Be KoMaHbl Open M-file u3 mento File komannHoro okHa. B nepBoM cityuae
OKHO TEKCTOBOT'O peAakTopa OyJeT MyCThIM, BO BTOPOM - B HEM OyJET COAEpPKaThCs
TEKCT BbI3BaHHOTO M-daiina. B o0oux ciiydasx OKHO TEKCTOBOI'O PEAAKTOpa TOTOBO
JUTSI BBO/IA HOBOT'O TEKCTA MJIM KOPPEKTUPOBKH CYLIECTBYIOIIETO.

[Iporpammel Ha sa3bike MatLAB nMeroT JBe pa3HOBHIHOCTH - TaK Ha3bIBAEMbIC
Script-gatinet (paiinvl-cyenapuu, WU ynpasisaowue npocpammsl) U Qatlivi-gyHKyuu
(npoyedypot). O6e pPa3HOBUIHOCTH JIOJDKHBI UMETh pacIiupeHre UMeHH ¢aiiina .m, T. €.
WX HEJb3s pa3au4uTh 1o tuiy daina. C momompio Script-haiinoB ohopMIISIIOT OCHOB-
HBIE TIPOTPAMMBI, YIIPABJISIONIME OT Hayana A0 KOHIA OpraHW3aIlieil BCETO BBIYHCIIU-
TEIBHOTO TMPOIIecca, U OTJEIbHBIC YACTH OCHOBHBIX MPOrpaMM (OHH MOTYT OBIThH 3aIlv-
caHbl B BUJE OTAENbHBIX Script-¢aiinos). Kak daitn-pyHkuun ohopMIIsioTes: OTAeb-
HBIE MPONEAYPHl U PYHKIUU (T. €. TAaKHE YaCTH MPOTPaMMBbl, KOTOPbIE PACCUMTAHBI Ha
HEOJIHOKPATHOE MCIOJIb30BaHue Script-paitiaMu wid APYTUMH TPOLETypaMH TIPH W3-
MEHEHHBIX 3HAYEHUSX MCXOIHBIX IMAPAMETPOB U HE MOTYT OBITh BBHITIOJHEHBI 0€3 Tpei-
BapUTEJIHHOTO 3aJaHUS 3HAYCHUN TIEPEMEHHBIX, KOTOPBIE HA3bIBAIOT 6X0OHbIMUL).
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['MaBHBIM BHENTHUM OTJIMYHMEM TEKCTOB JTHUX JIBYX BHJIOB (hayIOB SIBISETCS TO,
4TO aiin-ghynKyuu umerom nepeyro CmpoKy euod

function <IIKB>=<umsa npouenypsl >(<[IBB>),
rae ooo3naueH [1KB - Ilepeuens Koneunsix Benuuun, [1BB - Ilepeuens Bxonubix Be-
TU4uH. Script-ghatiniet maxkoi cmpoKu He umerom.

[IpuHIMNIUaIbHOE K€ OTIMYUE COCTOUT B COBCEM PA3IMYHOM BOCIIPHUSITUU CHC-
TEMOI UMEH MEPEMEHHBIX B 3THX JABYX BHax (aijioB.

B daiin-gyHkiusx Bce MeHa IepeMEeHHbIX BHYTpH (haiiyia, a TakKe UMEHA 1epe-
MEHHBIX, yKazaHHble B 3arojioBke (IIKB u [IBB), BocnpuHUMarOTCs Kak 1oKkanbHble, T.€.
BCE 3HAUEHHUS ITUX MEPEMEHHBIX IMOCJE 3aBEepIICHUs] pabOThl MPOLEAYPHl UCUE3AIOT, U
obnacth oneparuBHoi namsTu 11K, koTopast Obuta OTBe/IeHa MO 3aMMCh 3HAYEHUM ITUX
EpPEMEHHBIX, OCBOOOXKIAETCs JUIsl 3aIIMCH B HEE 3HAYEHUMN APYTUX MEPEMEHHBIX.

B Script-¢aiinax Bce ucrnosib3dyembie NepeMeHHbIe 00pa3yloT TakK Ha3bIBAEMOE
pabouee npocmparncmeo (Work Space). 3HaueHue U COJEpKAHUE UX COXPAHSIOTCS HE
TOJIBKO Ha MPOTSHKEHUU BPEMEHU pabOThl MPOrpaMMbl, HO U Ha MPOTSHKEHUH BCETO Ce-
aHca pabOThl C CUCTEMOM, a, 3HAUUT, U MPHU NEPEXOe OT BBIIOJIHEHHUS OJHOTO Script-
daiina x apyromy. MHade roBopsi, pabouee mMpoCTPAHCTBO SIBISIETCS €UHBIM JIJISi BCEX
Script-(paityioB, BEI3bIBAEMBIX B TEKYILIEM CeaHce padoThl ¢ cucteMoi. biiaronaps stomy
M000M IuHHBIA Script-daiiyi MOXKHO pa30UTh HAa HECKOJIBKO (parMeHTOB, O(POPMHUTH
KKl U3 HUX B BUAE OTAENbHOTO Script-paiina, a B rimaBHoMm Script-¢aiiie BMecTo
COOTBETCTBYIOIIETO (hparMeHTa 3amucarbh ONEepaTop BbI3oBa Script-daiina, mpeacras-
JSIOLIETO ATOT (PparMeHT. DTUM 00eCIeYMBACTCS KOMITAKTHOE W HATJIAIHOE MPEICTaB-
JICHUE J1a’Ke JOBOJBHO CIIOKHOU MPOTrpaMMBlI.

3a UCKIIIOYCHUEM YKa3aHHBIX OTIMUUM, paiia-¢pyHknuu u Script-daitiasl ohopMm-
JSIIOTCS OIMHAKOBO.

2.2.2. OcHoBHbIe 0cOOeHHOCTH OhopmiieHuss M-(paiios

B nanpneitmem nmox M-daiinom Oyaem nmoHuMath Jir00oi daiin (daiti-pyHKiuo
win Script-(haiiin), 3anucaHHbIi Ha s3bIKke cucteMbl MatLAB.

PaccMoTpuM OCHOBHBIE OCOOEHHOCTH 3amMCH TeKcTa mporpammbl (M-daitna)
sa3pikoM MatLAB.

1. OOBIYHO KaXKIblii OTIEPATOP 3AMUCHIBACTCS B OTACIBHOW CTPOKE TEKCTa MpPO-
rpammbl. [Ipu3HakoM KOHIIA omepaTopa SIBISETCS CUMBOJI (OH HE TMOSBIISIETCS B OKHE)
BO3BpaTa KapeTKH U Mepexojia Ha CIAEAYIOUIYI0 CTPOKY, KOTOPbI BBOJUTCS B MPOTPaM-
My IIpY HaXKaTUU KiIaBuIIM <Enter>, T. €. Ipu Iepexo/ie Ha CIEAYIOLYI0 CTPOKY.

2. MoHO pa3MeliaTh HECKOJIBKO ONEpaTopoB B OJJHOM cTpoke. Toraa npeapiay-
U omepaTop 3TOM CTPOKHU AOJIKEH 3aKaHUYUBAThCA CUMBOJIOM ' ;' wim ', .

3. MOXXHO JUIMHHBIM ONEpaTop 3aluChiBaTh B HECKOJBKO CTpOK. IIpu aTom mpe-
JbIIYLIAsl CTPOKA OllepaTopa A0 KHA 3aKaHYMBATHCS TpeMs ToukamH (' ... ").

4. Eciii odepeHOW OmepaTop HE 3aKaHUYMBAETCS CUMBOJIOM ' ; ', pe3ysibTaT ero
JICHUCTBUS TIPU BBIOJTHEHUH MPOTrpaMMbl OyJIeT BBIBEJACH B KOMAaHIHOE OKHO. YTOOBI
IpPEeAOTBPATUTh BBIBOJI HA IKPaH PE3yJIbTATOB JICUCTBUS ONEpaTopa MporpaMmbl, 3a1UCh
ATOTO ONEpPaTOpa B TEKCTE MPOTPaMMBbI JI0OJ>KHA 3aKaHYMBATHCSI CUMBOJIOM ' ; .
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5. Ctpoka mporpaMmbl, HaUMHAIOWIASCA ¢ cuMBosia ' % ', HE BBINOJIHSAETCS. JTa
CTpoka BocnpuHuMaercs cucreMoil MatLAB kak kommenmapuii. Takum oO6pazom, st
BBOJIa KOMMEHTApHUs B J000€ MECTO TEKCTa MPOrpaMMbl JOCTATOYHO HAuyaTh COOTBET-
CTBYIOIIYIO CTPOKY ¢ cumBoia ' % .

6. CTpOKM KOMMEHTapusi, MPEAICCTBYIOIINE NTEPBOMY BBIIIOJIHAEMOMY OIEpPATO-
py OporpaMmmel, T. €. TAKOMY, KOTOPbI HE ABJISETCSI KOMMEHTAPUEM, BOCIIPUHUMAIOTCA
cucremor MatLAB kak onucanue nporpammbl. IMEHHO 3TH CTPOKHM BBIBOJATCS B KO-
MaHJHOE OKHO, €CJIM B HEM Ha0paHa KoMaHAa

help <ums daitna>

7. B mporpammax Ha si3bike MatLAB omcymcmeyem cumeon okonuanus mexcma
npocpammol.

8. B s3pike MatLAB mepeMenHbie HE OMHMCHIBAIOTCS U HE O0BABISAIOTCS. Jto6oe
HOBOE MM, MOSABJISIONIEECS B TEKCTE IPOTPAMMBI IIPU €€ BBIITOJIHEHUHN, BOCIIPUHUMAECT-
cs cucremoil MatLAB kak umsa maTpuibl. Pazmep 3Toil MaTpullbl yCTaHABIUBAETCS MPH
IpeIBapUTEIHLHOM BBOJIC 3HAYCHHI €€ DJIEMEHTOB JINOO OIpeAensieTcs NeHCTBUIMH T10
YCTAHOBJIEHUIO 3HAYEHUW €€ 3JIEMEHTOB, ONMCAHHBIMU B IMPEALICCTBYIOIIMX OIEpPATO-
pax uiau mporeaype. Ita 0coOOEHHOCTh Aenaet 36k MatLAB oueHb mpoCcThIM B yIIOT-
pebieHun u npuBiekaTenbHbIM. B s3pike MatLAB HeB0O3MOXHO HCIIOJIB30BaHUE MaT-
PHULIBI WM NEPEMEHHOM, B KOTOPOU NPEABAPUTEIBLHO HE BBEICHBI UM HE BBIUYHUCIICHBI
3HAYEHUS €€ AJIEMEHTOB (a 3HAYUT - U HE OIPEIETIECHbI pa3Mepbl 3TOM MaTpullsl). B aTOM
cily4dae TpHU BbIIONHEHUH Tporpammbl MatLAB mosiButcsi coobmienue o0 ommoke -
"I[lepemenHast He onpeesieHa".

9. UmMeHa mepeMeHHBIX MOTYT COJIep)KaTh JHIIb OYKBBI JATHHCKOTO andaBuTa
Wi UG PBI U TOJHDKHBI HAUMHATHCS U3 OyKBBI. O0III€e YMCI0 CUMBOJIOB B UMEHH MOYKET
nocturath 30. B uMeHax mepeMeHHbIX MOTYT HMCIOJIb30BaThCsl KaK MPOIMUCHBIE, TaK U
ctpouHble OykBbl. OcoOeHHOCTHIO s3bika MatLAB ectb TO, 4TO cmpounsie u nponuc-
Hble OYK8bl 68 umeHnax paziudaromes cucmemou. Hampumep, cumBonst "a" u "A" moryr
UCIIOJIb30BAThCS B OJTHOM IIporpaMme Jijisi 0003HaYEHUs Pa3HbIX BEIIMYHWH.
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2.3. Co3oanue npocmenwmux ain-gpynkuyui (npoueoyp)

2.3.1. O0mme TpedOBaHUS K OCTPOECHUIO

Kak 6b110 0oT™MeueHo panee, (aitn-¢pyHKuus (Mporeaypa) 10IKHA HAUMHATBCSA CO
CTPOKH 3arojIOBKa

function [<IIKB>] = <umsa npouenypsr>(<I[IBB>).

Ecnu nepeuenp koHeuHbIX (BbixoAHbix) BenuuuH (IIKB) conepkut Tonbko oauH
00BbeKT (B 001IeM cilydae - MaTpuily), TO ¢aia-GyHKIUs MpeACTaBiseT co00il 00bIu-
HY10 QyHKIMIO (OHOW WJIM HECKOJIBKUX MEepeMeHHbIX ). DakTuuecku Jaxke B 3TOM IPO-
cTeiiieM ciy4yae Qain-QyHKIUS SBISETCS yKe MpoLeaypoil B OOBIYHOM CMBICTIE JPY-
IMX $I3BIKOB NMPOTPAMMHUPOBAHUS, €CJIM BBIXOJHAS BEJIMYMHA SIBJISIETCS BEKTOPOM WIIU
matpuiieil. [lepBasi cTpoka B 3TOM cilydyae UMEeT BU/L:

function <ums nepemeHHON> = <umsa npouexypbr>(<IIBB>).

Ecnu xe B pesynbTare BbinoiHeHUs (Haiin-GyHKIUNA JOHKHBI OBITH OMPEICICHbI
(BBIYMCIICHBI) HECKOJIBKO OOBEKTOB (MaTpuil), Takas (ain-GyHKIUS MPEACTABISIET CO-
00i1 yxe 6oJiee CII0XKHBII 00BEKT, KOTOPHIM B IPOrPaMMUPOBAHUU OOBIYHO HA3BIBACTCS
npouenypoi (B si3pike [lackans), niam mogmporpammoit. OOt BU IEPBOM CTPOKHU B
ATOM CJIy4ae CTAHOBUTCS TaKHM:

function [yl,y2,...,y]=<umsa npouenyps>(<IIBB>),

T. €. IEPEUYCHb BBIXOAHBIX BEIHUYUH Y1, y2, ... , Y JOJDKEH OBITh MPEACTABICH KaK BEK-
TOpP-CTPOKa C 37eMeHTamMu yl, y2, ..., y (Bce OHM MOT'YT ObITh MaTpULIAMH).

B mpocrteitmiem crnydae QyHKIMHM OJHOW MEPEMEHHOM 3arojioBOK NMPHOOPETET
BU/I:

function y = func(x),
rae func - ums Gyakiuu (M-daitna).

B kauectBe npumMepa paccMOTpUM cocTaBiienne M-daiina s dyHKuuu

y=fi(x)= d’ -ctg(x)-\/sin4(x)— c0s4(x) .
Jns sToro cienyer akTuBu3upoBath MeHIO File komannHoro okna MatLAB u
BbIOpaTh B HEM cHayana koMaHay New, a 3ateM komanay M-file. Ha skpane nosiBUTCS

OKHO TEKCTOBOTO pefaKkTopa. B HeM Hy>KHO HaOpaTh TaKOU TEKCT:
function y = F1(x,d)

% Mpouenypa, KoTopas BblMMCNSET 3HaYeHUe PyHKLNN
% y = (d3)*ctg(x)*sqrt(sin(x)4-cos(x)4).
% Ob6paweHre y = F1(x,d).

y = (d*3)*cot(x). *sqrt(sin(x). *4-cos(x). *4);

[Tocne 3Toro HEOOXOAUMO COXPAHHUTH ATOT TEKCT B (paityie mox umenem Fl.m.
Heo6xomumeiii M-daiin co3gan. Ternepb MOXXHO TOJIb30BaThCsl ATOM (DYHKIMEH MHpH
pacuerax. Tak, eciiv BBECTH KOMaHy

»y=F1(1, 0.1)

TO MOJYYUM PE3YJIbTAT

y = 4.1421e-004.

Crnenyer 3aMeTUTh, YTO aHAJIOIMYHO MOXHO MOJYYUTh Cpa3y BEKTOpP BCEX 3Ha-
YeHUI yKa3aHHOW ()YHKUMU MPU pa3HbIX 3HAYEHUSX ApTYMEHTA, €CIU IMOCJIEIHHUE CO-
Opathb B HEKOTOPBIN BekTOp. Tak, eciiv chopMUpOBaTH BEKTOP
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» zet= 0:0. 3:1. 8;
U 00paTUTHCS B Ty K€ TIPOLICTYPY

» my = F1(zet,1),
TO HOJIYYHUM:

Warning: Divide by zero

my =

Columns 1 through 4
Na + Infi 0 + 2. 9369i 0+0.8799 0.3783

Columns 5 through 7
0. 3339 0. 0706 -0. 2209

IIpuMmeuyanus.

1. Bosmooicnocmsb ucnonv306anus cqopmupo8anHol npoyedypvl Kaxk O Oni-
OeNbHbIX Yucel, MaK U OJisl 6eKMOpPos8 U Mampuy 00ycloeieHd NPUMeHeHueM 8 3anucu
coomeemcmeyioue2o M-gpaiina emecmo 00bluHbIX 3HAKOE apupmemuyeckux 0eucmeaut
UX aHA0208 ¢ npeduecmayrouieti moyKou.

2. Bo n30exxaHue BbIBOJA HA 3KPAaH HEXKENATEIbHBIX IPOMEXKYTOUHBIX PE3yJIbTa-
TOB, HEOOX0OUMO 8 MeKCHme NPoyeoypPbl 8Ce BLIYUCTUMENbHBLE ONEPAMOPbL 3A8ePULamb
cumeonom " ; ",

3. Kak nmoka3bIBalOT NPHUBEACHHBIE IPUMEPDI, UMEHA NEePEeMEHHbIX, VKA3AHHblE 8
3aconoeke ghaiin-gpyukyuu mocym 6vims ar00bimy (COBMAAATh UIU HET C UMEHAMH, HC-
MOJIb3YEMBIMU TIPH OOpaIIeHUH K 3TOH (ailn-QyHKIUN), T. €. HOCIT (POpMalIbHBIN Xa-
paktep. BaxHo, 9TOOBI CTpyKTypa OOpaIieHus: MOJHOCTHI0 COOTBETCTBOBAIA CTPYKTY-
pe 3arojioBka B 3amucu Tekcta M-(aiiia u 9To0BI MMepEeMEHHBIE B 3TOM OOpaIleHUun
UMEJIM TOT K€ TUII ¥ pa3Mep, KaKk U B 3arosioBke M-aiina.

Yto6b! momyunTh HHGOPMAIIUIO O CO3/IaHHOM MPOIeType, AOCTATOYHO HaOpaTh B
KOMAaH/JHOM OKHE KOMaHJy:

» help 1,

U B KOMaHJIHOM OKHE MOSIBUTCS
Mpoueaypa, koTopas BblYMCNAET 3HaYeHUe (PYHKLMUM
y = (d3)*ctg(x)*sqrt(sin(x)4-cos(x)4).
O6paweHue y = F1(x,d).

Hpyroit npumep. [octpoum rpaduk ABYX QyHKIIHIA:

y1 =200 sin(x)/x; y2 =x2.

Jiist aToro co3zgaauM M-gaiisi, KOTOpbI BRIUKCISET 3HAYEHUS ITUX (PYHKIUI:

function y = myfun(x)

% BbluncneHne aByx yHKUMI

% y(1) =200 sin(x)/x, y(2) = x2.

y(:,1) = 200*sin(x) . / x;

y(:,2) =x. 2;

Teneps nmocTpoum rpadiku 3TuX QYHKIUN:

» fplot('myfun’, [-20 20], 50, 2), grid

» set(gcf,'color','white’); title('l'padpik pyHkummn "MYFUN™)

Pe3ynbTaT nzo6paxen Ha puc. 2.1.
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Tpetuit npumep - co3nanue Gan-QyHKINN, BEIYUCIAIONICH 3HaYeHUS (PyHKIUN
V() = kl+k2*t+k3*sin(k4*t+k35).
B stoMm cnyuyae yao0HO 00bE€IMHUTE COBOKYITHOCTh KOG (OULIMEHTOB k B €IUHbBIN
BekTop K:
K =[kI k2 k3 k4 k5]
U co3/1aTh Takoil M-daii:
function y = dvob(x, K)
% BbluncneHve gyHKLMM
% y = K(1)+K(2)*x+K(3)*sin(K(4)*x+K(5)),
% roe K - BeKTOp 13 NsiTbl 3NE€MEHTOB
% Wcnonb3yeTcs ANns onpeaeneHuns TeKyLUX 3HaYeHni
%  napameTpoB ABWMXEHUS NOABWXKHOIO obbekTa
y = K(1)+K(2)*x+K(3)*sin(K(4)*x+K(5));
Torna pacuer, Hanpumep, 11-Tu 3Ha4YeHU 3TON PYHKIMU MOKHO OCYLIECTBUTH
TaK
» K = ones(1,5);
»t=0:1:10;
» fi = dvob(t, K)
fi= 1.8415 2.9093 3.1411 3.2432 4.0411 5.7206 7.6570 8.9894 9.4560 10.0000

2.3.2. Tunosoe opopmiieHue npoueaypbi-QyHKuumn

Pexkomenayercs opopmisate M-daiin nporeaypbi-GyHKIIIH 110 TAKOW CXEMe:
function [<Bbixog>] = <umsa dyHkummn>(<Bxog>)

% <KpaTkoe nosicHeHue HasHa4yeHus npoueaypbl>

%_BxogHble nepeMeHHble

%<[eTanbHoe NOSACHEHUE O Ha3Ha4YeHuu, Tune n pasmepax

% KaXkgow n3 nepeMeHHbIX, NnepedncrneHHblx B nepevHe <Bxog>

% _BbixoaHble NepeMeHHble

% <[eTanbHoe NOACHEHWE O Ha3HayYeHun, Tune n pasmepax

% Kakgowm u3 nepemeHHbIx nepeyHs <Bbixog>

% W BENUYKH, NCNOoNb3yeMblX B Npoueaype kak rnobansHblie>

% WUcnonb3oBaHue apyrux dyHKLWA U npoueayp

% <Pasgen 3anonHsaeTcs, ecnuv npoueaypa coaepxuT obpalyeHue

% K Apyrmm npouenypam, KpoOMe BCTPOEHHbIX>
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<flyctag cTpoka >

% ABTOp : <YKasblBaeTcs aBTOp NpoLieyphbl, AaTa CO30aHMs KOHEYHOro BapuaHTa
% npoueaypbl U opraHM3auns, B KOTOPOW co3aaHHas nporpammas>

<TekcT

MCNONHAEeMONn YyacTu

npoueaypbl >

3nech 0603HaueH: <BBIXOT™> - TMepeueHb BBIXOJHBIX MEPEMEHHBIX MPOIEIYPHI,
<Bxom> - nepedyeHb BXOIHBIX IEPEMEHHBIX, PA3JEICHHBIX 3aMATHIMU.

IIpumeuanne. [Ipu ucnonb3oBaHuu KoMmaHabl help <ums npoueaypbl™> B KO-
MaHJIHO€ OKHO BBIBOJIATCSI CTPOKM KOMMEHTAPUS A0 Nep8oil nycmol CmpoKu.

2.3.3. 3aganusna

3aoanue 2.1. Co3naiite M-(aiin, BHIYUCIAIONINI 3HaUeHUE PYHKIIMU U3 3A0AHUSL
1.5. Tloctpoiite rpaduk 31Ol (QYHKIIMK C TTOMOIIIBIO TIPOIeAYpHI fplot B rpaHuIax, 3a-
JAHHBIX B 3a7auuu 1.5. Beruuciaute uHTerpan ot GyHKIUU B TE€X K€ MPEJeNax, UCIOIb-
3ys npouenypsl quad v quad8. Halinure TOUKy JIOKaIbHOTO MUHUMYMa M JIOKaJIbHbBIN
MUHUMYM QYHKIUU U OMKaUIIUN KOPeHb (HYIIb).

3adanue 2.2. Haiinute TOYKY JIOKaJbHOTO MHUHMMYMA U JIOKAJIbHBIA MUHUMYM
GYHKIIMY ABYX MEPEMEHHBIX, IPUHSB 33 HAYAIBHYIO TOUKY C 3aJJaHHBIMA KOOpIUHATA-
mu (Tabmura 2.1). [IpeaBapuTenbHO cO3MalTE COOTBETCTBYIONLYIO (haiii-(yHKIIHIO.

Tabauna 2.1
Bapuant | x, Yo Jfx.y)

1 0 1 &Y+ (x—y)F —2x -2y
2 07 | -1.2 (x —y)* —cos(x — y—1)
3 151 -0.5 ¥ —2x —2y—cos(x —y—1)
4 051 15 eV +4x? —3x -3y
> 0 1 4x% + In(x + y)+

X+y
6 1.2 0.7 Xty _2x_2y+2(x_y)2
7 0 [ -0.9 e 4 2x+2y+(x+y)?
8 0.8 1.3 (x—y)* —cos(x+y—1)
9 L5105 e’ —2x+2y—cos(x+y—1)
10 05| -1.5 e —3x+3y + 4x?
1 0 - 4x2+1n(x—y)+

X—=)y
12 121 -0.8 XY x4 2y +2(x+ y)?
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2.3.4. Bonpocsl

1. Jlnst uero co3zpatorcs mporpammsl B cpeie MatLAB?

2.Yem ornmuuarorcs Qain-pynkuuu ot Script-daiinoB? KakoBa cdepa
IPUMEHEHUS KaXKJ0r0 U3 3TUX BUIOB (paitioB?

3.UYto monumaercs moxa moHsTueMm "dbyuknus Qynkumit"? Kakue nHambomee
yHnoTpeOuTeNIbHbIe cTaHAapTHBIC PYHKIIMKM PyHKIMK ecTh B MatLAB?

4. Kak co3nate M-(aitn nporeaypsl uin GyHKIANA?

5. Kakue ocHOBHBIE MpaBuiia HamMcaHusi TekcToB M-daiiinoB B s3eike MatLAB?

2.4. Cozoanue Script-ghaiinog

2.4.1. OcHoBHBIE 0CO0eHHOCTH Script-(paijioB

Kak y>xe 6p110 0TMEUYEHO, OCHOBHBIE 0COOCHHOCTH Script-(haiioB TAKOBBI:

B Script-aiiyipl SBISIOTCS HE3aBUCHMO (CaMOCTOSITEIFHO) UCIOJHIEMBIMU OJ10-
KaMM ONEepaTopoB M KOMaH;

B Bce uCroyib3yemble MepeMeHHble 00pa3yloT TaK Ha3bIBaeMoe pabouee npo-
CMpancmeo, KOTopoe sABIAETCS OOLIUM JIJIsl BCEX MCHOMHsAEMbIX Script-¢daiioB; U3 3To-
ro CJeayeT, YTO MPHU BBINOJHEHUU HECKOJIbKUX Script-QailyioB MMeHa NMepeMEeHHBIX B
HUX JIOJDKHBI OBITh COTJIACOBAHBI, TAK KAaK OJJHO UMS 0O3HAYAET B KaXKJIOM U3 HUX OJUH U
TOT k€ OOBEKT BBIYUCIICHUII;

B B HUX OTCYTCTBYET 3arojOBOK, T. €. IEpBasi CTPOKa OMNpEIEICHHOr0 BUJIa U Ha-
3HAYCHUS,;

B o0paiieHre K HUM He TpeOyeT yKa3aHMsl HUKaKWX UMEH MEepPEMEHHBIX: BCE Ie-
peMeHHbIe GOPMHUPYIOTCS B PE3YyJIbTAaTe BBHITOJIHEHHS IPOTPaMMbl THO0 cPOpMUPOBaHBI
paHee ¥ CYLIECTBYIOT B pabo4yeM MPOCTPAHCTBE.

HeoOxonuMo OTMETHTB, YTO pabouee npocmpancmeo Script-hpatinos Heoocmyn-
HO 0a5_¢hatinos-gynkyuti, KOTOpbIe UCIIOIB3YIOTCS B HeM. B dalinax-GyHKIUIX HEBO3-
MOKHO HCIIOJIb30BaTh 3HAUYEHMsI, KOTOPBIE MPUOOPETAIOT MepeMeHHbIe B Script-(aiise,
00x0/151 3aroJI0BOK (hai-hyHKIUU (Tak KaK Bce epeMeHHbIe Paiti-GpyHKIMY SBISIOTCS
nokanoubimu). EJUHCTBEHHON BO3MOXKHOCTBIO cliejaTh TakK, 4TOObl BHYTpH (haiis-
GbyHKIMH HEKOTOpas NepeMeHHasi pabouero MpocTpaHCTBA MOTJIa COXPAHUTh CBOE 3Ha-
YeHUE M UM, SBJISETCS CIElUalbHOE OOBSIBICHUE 3TOM NepeMeHHoM B Script-paiine
KaK 2100a1bHOU C TIOMOIIBIO CiTy)ke0Horo cioBa global. Kpome Toro, aHajorundyHas 3a-
IUCH JIOJDKHA COJIEPIKaThesl U B Tekcte M-(daitna Tor daitn-pyHkiuu, Kotopast Oyaer
UCIIOJIb30BaTh 3HAYEHUE COOTBETCTBYIOIIEH NIepeMeHHOM Script-(daiina.

Hampumep, MoxHO mepecTpoutsb (aitii-hyHKIIMKA MEPBOTO U TPETHETO MPUMEPOB
U3 MPEIBIIYIIET0 pa3jena, BBOAS KOI(P(GUIMEHTH COOTBETCTBYIOIIMX (PYHKIIUH Kak

rJ1I00aJIbHBIC TIEPEMEHHBIE:
function y = dvob1(x)
% Bbluncnexnve gyHKLmm
% y = K(1)+K(2)*x+K(3)*sin(K(4)*x+K(5)),
% rae K - rmobanbHbIN BEKTOP M3 NATU 31IEMEHTOB
% lNpumeHseTca ons onpegeneHns TEKYLWNX 3Ha4YEHUI
%  napameTpoB ABWXEHUS NOOBWXHOIO obbekTa
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global K
y = K(1)+K(2)*x+K(3)*sin(K(4)*x+K(5));

Urto0b!l ncmonb30BaTh HOBYIO (paiin-gpynknuio dvebl B Script-aiine, B mocnea-
HEM 10 oOpareHus K 3To PyHKIUU JOHKHA OBITh 3allicaHa CTPOKa

global K
U OTIpEeIeSIeH BEKTOP-cTpoka K 13 nsaTH 371€MeHTOB (3a/1aHbl UX 3HAYCHUS).

Eciu B 0J1HOI CTpOKe OOBABISAIOTCS HECKOAbKO NepeMeHHbIX KaK TII00alIbHbIE,
OHU 00./19/CHbl omoenamucs npoovenamu (He sansimoimu!).

2.4.2. BBoa u BbIBOA MH(GPOPMALMM B IMAJTOTOBOM Pe:KUME

st obecrnieueHusi B3aUMOJICMCTBUS C IMOJIb30BATEIEM B IPOIIECCE BBIMOJIHEHUS
M-paitna B cucteme MatLAB ucnonb3yroTcs Takue KOMaH/Ibl:

disp, sprintf, input, menu, keyboard, pause.

Komanpa disp ocymiecTBisieT BBIBOJ 3HAYEHUM yKa3aHHOM IEPEMEHHOMN WJIU yKa-
3aHHOI'O TEKCTa B KOMaHAHOE OKHO. OOpanieHue K Hel uMeeT BU/:

disp (<niepeMeHHas1 UK TEKCT B anocTpodax>).

Oco0€HHOCTBIO ATOM KOMaH[bl SIBIIETCS TO, YTO apTyMEHT y HEE MOXKET ObITh
TOJIbKO OJIiH. [103TOMY HEBO3MOXKHO 0€3 CIelHUaTbHBIX MEP OCYUIECTBUTH BBIBOJ HE-
CKOJIbKUX TMEPEMEHHBIX U, B OCOOCHHOCTH, O0BEAMHEHHE TEKCTa C YUCICHHBIMH 3Haue-
HUSIMA HEKOTOPBIX IEPEMEHHBIX, YTO YaCTO HEOOXOAUMO ISl YJIOOHOTO MpeICTaBICHUS
uHpopMarmm.

JI1st ycTpaHeHUst 3TOr0 HEJIOCTaTKa UCIOJIb3YIOT HECKOJIBKO CIIOCOOOB.

YToObl BHIBECTH 3HAYEHUSI HECKOJIBKUX MEPEMEHHBIX B OJIHY CTPOKY (Harpumep,
IpY CO3AaHUM TAOJMIl TAHHBIX), HY)KHO CO3/1aTh €IMHBIA OOBEKT, KOTOPBIM COMEpKal
OBl BCE ATU 3HAYEHUS. DTO MOXKHO CJeNaTh, OOBEAUHUB COOTBETCTBYIOIIUE MEPEMEH-
HBIE B BEKTOP, MOJIb3YSICh ONepalyenl co3JaHusl BEKTOPa-CTPOKHU:

x = [x1 x2 ... x].

Torga BbIBOA 3HaYEHUN HECKOJBKUX MEPEMEHHBIX B OJIHY CTPOKY OyIeT UMETh
BU/I:

disp ([x1 x2 ... x]).

ITpuBenem npumep:

» X1=1.24; x2=-3. 45; x3=5.76; x4=-8. 07;

» disp([x1 x2 x3 x4])
1.2400 -3.4500 5.7600 -8.0700.
AHQJIOTUYHO MOXHO OOBEAMHSATH HECKOJBKO TEKCTOBBIX MEPEMEHHBIX, HAIpH-
Mep:
»x1="psi '; x2="fi "; x3=' teta '; x4=" w1 ';
» disp([x1 x2 x3 x4])

psi fi teta w1
['opazno crnokHee OOBENWHUTH B OJHY CTPOKY TEKCT M 3HAYCHHE IMEPEMEHHBIX,
YTO 4acTo ObIBaeT HE0OXoaumMo. TpyaHOCTH BO3HHKAIOT MIOTOMY, YTO HENb3s 00bEIu-
HSITh TEKCTOBBIC W UYMCIIOBBIC TIEPEMEHHBIC, TaK KAaK OHH SBIISIOTCS JIAHHBIMHU Pa3HBIX
tunoB. OAHUM U3 TyTeW MPEOAOJEHUSI ATOTO MPENATCTBUS €CTh MEPEBOJ| YHCIOBOTO
3HAUCHHUS TIEPEMEHHOM B CUMBOJIBHYIO (TEKCTOBYIO) (hOpMy. ITO BO3MOKHO, €CIIH BOC-
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M0JIB30BaThCs QyHKIMEH num2str, KOTOpasi OCYIIECTBIsET Takoe Ipeodpa3oBanue. 3a-
ITHCh:

y = num?2str(x)
MPEBPATUT YHUCIOBOE 3HAUYCHUE IMEpEeMEHHOW "X" B TEKkCTOBOE mpejncraBieHue. llpu
9TOM hopma npedcmaesienusi Onpeoesemcs YCmanoGAeHHbIM DEeHCUMOM _6bl800A_YUCE]l

Ha 9xpan (Numeric Format), Hanpumep:

» x =-9. 30876e-15
x =-9. 3088e-015

» Y = num2str(x)
y =-9. 309e-015

Ecim T - TekcroBass mepeMeHHas, WIM HEKOTOPbIM TEKCT, a X - YHUCIOBas
nepeMeHHasi, TO BEIBOJ UX B OJTHOM CTPOKE MOXKHO O0ECTICYUTh OOpaIICHUSIM
disp ([T num2str(X)]).

Paccmorpum npumep:

X —3

-9.3088e-015

» T = '3HayeHMe napameTpa paBHAeTCA ';
» disp([T x])

3HayeHMne napameTpa paBHSAETCS

» disp([T num2str(x)])
3HauyeHune napameTpa pasHseTcs -9. 309e-015

Kak crnenyet u3 aToro npumepa, "MexaHudyeckoe" 00beIMHEHNE TEKCTOBOM U YH-
CJIOBOM MEPEMEHHBIX HE MPUBOAUT K KEITAEMOMY PE3yJIbTaTy.

Hpyrum cpeAcTBOM JOCTHXKEHHMS TOTO K€ pe3yJibTara €CTh MCIOJIb30BAHUE
byukiuu sprintf. OGpaiieHue K Hell UMeeT BHUI:

Y = sprintf (‘<rexct1> %g <texcr2>’, X).

B pe3ynbpTaTe nmosydyaercst TEKCTOBasi CTpoKa Y, COCTOSIIAsA U3 TEKCTa, YKa3aHHO-
ro B <TeKCT1>, 1 3HaUCHHUS YUCITOBOUN nepeMeHHoi X B COOTBETCTBUA ¢ hopMaToM %og,
IpUYeM TEKCT U3 PparMeHTa <TeKCT2> pacrojaraercs nocje 3HauyeHus nepeMeHHon X.
Oty GYHKIHIO MOXKHO HCTIOIB30BaTh B KOMaH i€ disp B BUJIE:

disp (sprintf (‘<rekct> %g', X) ).

IIpumep:

» disp(sprintf('MapameTp1 = %g ',x))
MapameTtp1 = -9. 30876e-015

BBoa nngpopmaium ¢ K1aBuaTypbl B JUAIOTOBOM PEXUME MOMXKHO OCYLIECTBUTD C
noMoIIbI0 PyHKIMH input. OOparieHue K Hell BUaa:

X = input(‘<upuriameHue>")
npuBOIUT K ciexyromuM nerctBusaM IIK. BeimmonHenue onepatopoB mporpaMmsl mpe-
kpamtaercs. [IK nepexoauT B pexuM 0kHMJIaHUsS OKOHYAHMS BBOJIa MH(OPMALIUU C KJla-
Buatypsbl. [lociae okoHYaHUs BBOJAA C KJIaBUATYphbl (KOTOPOE ONpEAENAeTCS HaX)aTHEM
knaBuiy <Enter>) BBeneHHas MH(POpPMaLMs 3alIOMUHAETCS B MPOrpaMMe oA UMEHEM
"x", M BBIIIOJIHEHHE MPOrPAMMBI ITPOIOKAETCSL.

Y 100HBIM UHCTPYMEHTOM BBIOOpa HEKOTOPOM U3 aJIbTEPHATUB OYIyIIMX BbIUKC-
JUTEIbHBIX JNEUCTBUN sBisieTcs QyHkuus menu MatLAB, koTtopas co3maer Tekyiiee

OKHO MEHIO T0JIb30Batelisa. OyHKIUS menu UMeeT Takon (popMart oOparieHus:
k=menu(‘3aronoBok meHi0','AnbTepHaTuBal’,'AnstepHatneaz?’,..., '"AnstepHaTtnea n').




2.4. Co3daHue Script-¢palinoe 106

Takoe oOpareHrne NpUBOAUT K MOSIBIICHUIO Ha DKPAaHE MEHIO, H300PaKEHHOI0 Ha
puc. 2.2. BelllogHEHUE MPOrpaMMbl BPEMEHHO MPUOCTAHABIMBAECTCS, U CUCTEMA OKHUAA-
€T BhIOOpa OJIHOM M3 KHOIOK MEHIO C ajibTepHaTuBaMu. [locie mpaBUIIbHOTO OTBETA HUC-
xonHoMy mnapametpy "k" mpucBamBaeTcsi 3Hau€HHUE HOMepa MU30paHHON albTePHATUBBI
(1,2, ...,n). B obmiem ciryyae 4uciao aibTEPHATUB MOXKET OBITH 110 32.

Tenepb, B 3aBUCUMOCTH OT MOJYYEHHOTO 3HAYEHHUS ATOr0 MapaMeTpa, MOKHO MO-
CTPOUTH MPOIIECC PA3BETBIICHUS BHIUYMCICHU, HAIPUMED, BBIOOpa TapameTpa, 3HaueHHE
KOTOPOT'0 HY>KHO U3MEHHUTb.

Komanpna pause BpeMEHHO IpeKpallaeT BBINOJHEHHE MPOrpaMMbl 10 TEX TOp,
MOKa IOJIb30BaTEIh HE HAXKMET JIIOOYI0 KJIABUINY KJaBHATyphl. Ecnu mocie HazBaHUs
KOMaH/Ibl yKa3aTh B CKOOKaX HEKOTOPOE MOJOKUTEIBHOE IIEJI0E YUCIIO M, TO 3aJIepPrKKa
BBITIOJTHEHUS IPOTPaMMbl OyJIET OCYILECTBIICHA HA MPOTSHKEHUU M CEKYH]I.

Eciu B tekcte M-aiina Bcrpeyaercss komanna keyboard, TO 1ipu BBINOIHEHUU
nporpaMMbl BhITIOTHEHHE M-(aiisia mpekpamiaercs, U ynpaBjieHUue NepeaacTcs KiaBua-
Type. DTOT CHeIUaIbHbINA PEKUM paOOThl CONMPOBOKIAACTCS MOSBICHUEM B KOMaHIHOM
okHe MatLAB HOBOro BH/1a pUTJIAlIEHUS K AEHCTBUAM

k>>,

B sTOoM pexume mosip30BaTenh MOXKET OCYIIECTBUTH JIFOOBIE JEUCTBUS, MPOBE-
PUTH WM U3MEHUTH JNaHHble. IIpu 3TOM eMy JIOCTYyINHBI BCE KOMaHIbl U IPOLEAYPHI
cuctembl MatLAB. [Ins 3aBepiieHust paboThl B 3TOM pexuMe HEOOXOIUMO BBECTH KO-
MaHJy return. Torja cucrema mpoaOKUT PoOOTYy MpOorpaMMbl € Oreparopa, Cleayro-
uiero 3a komaujaou keyboard.

Elveny I Ed {MENU  MEE]
File Edit . . "
Window Help File Edit ‘window

Help
Jaronoeak MeH
Wo potury ¢
AnbTepHaTHER 1
MpooE#KTIH poGaTy
AnNbTERHATHESR 2
AnNBTEpHATHEEN JakiHauTH pofoTy
Puc. 2.2 Puc. 2.3

2.4.3. Opranusanus nNOBTOPEHUS 1eHCTBUHI

OpHOI U3 TJIABHBIX 3a/1a4 CO3/IaHUS CaMOCTOATEIBLHOM MPOrpaMMBbl €CTh o0ecre-
YeHHE BO3BPAIIEHHUS K HAYaIIy MIPOTPaMMBI C TEJIbIO MPOIOJKEHUSI €€ BBITIONHEHUS MPU
HOBBIX 3HAYCHHUAX UCXOHBIX JAHHBIX.

[TycTh OCHOBHBIE OIEpPaTOPbl CO3/IaHHOW MPOrPAMMBI PACIIOIOKEHBI B Script-
daiine c umeneMm "ScrFil yadro. m". Torna cxema obGecnieuenusi BO3Bpara K Hadally BbI-
MOJIHEHUS 3TOTO Script-daiina MOXKeT ObITh, HAIPUMED, TAKOH:

flag =0;

while flag ==

ScrFil_yadro
kon=0;
kon=input(‘3akoHunTb paboTy-<3>, npogonxutb - <Enter>');



2.4. Co3daHue Script-¢palinoe 107

if kon==3,
flag=3;
end
end

B stom cnyudae Script-paitn "ScrFil_yadro" OyaeT moBTOpHO BBINOJHATHCS /10
TEX MOP, ITOKa Ha BOIPOC '3akoHYUTHL padoTy-<3>, npoAoJKkuTh - <Enter>' He 6yI[eT BBEICH
u3 kiaBuatypbsl otBeT "3". Ecnu ke oTBeT OyAeT MMEHHO TaKUM, IUKJI 3aKOHYUTCS U
OyJlyT BBIMOJHATHCS CIAEIYIOIIME 32 3TUM LIUKJIOM omepaTopbl. EcTecTBeHHO, UTO mepe-
MeHHasl flag He TOoJDKHA U3MEHSTh CBOoe 3HaueHue B Script-aitne "ScrFil yadro".
MOXHO TaKXe C TOW K€ LEJbI0 HCMHOJb30BaTh MEXAHU3M CO3JaHUS MEHIO. B
3TOM CJIy4ae MporpaMMy MOKHO MIPEACTAaBUTh, K IPUMEPY, TaK:
k=1;
while k==
ScrFile_Yadro
k = menu(' Yto genatb ? ',' MMpoaomxnTb poboTy ', ' 3aKOHUYMUTbL paboTy ');
end
Tornma, mocne mepBoro BeimojHeHust Script-aitma "ScrFil Yadro" na skpane
MOSIBUTCS. OKHO MEHIO, M300pa)k€HHOE Ha puc. 2.3, W, NpU HAXKATUU KHOIMKHU MEPBOM
aJbTEpHATUBBI 3HAUeHUE k OcTaHeTCs paBHBIM €IMHUIIE, UK TTOBTOPUTCS, a MPU Ha-
YKATUU BTOPOU KHOMKH K CTaHET paBHBIM 2, IIUKJI 3aKOHUYUTCS U MIporpaMma nepenieT K
OKOHYAHHIO pabOTHI.

2.4.4. Opranu3zanusi I3MEeHEHHUS JAHHBIX B THAJIOTOBOM

pexume

[ToBTOpenue aeiicTBui, conepxkaumuxcs B sape "ScrFil yadro", umeer cmbicn
TOJIBKO B TOM ClIy4ae, Korja B Hadaje 3TOro sjpa 00ecrnevyeHo BhIIOJIHEHUE JeHCTBUI
0 U3MEHEHHUIO HEKOTOPBIX M3 UCXOAHbIX BeauuuH. MatLAB coaepuT psa y1oOHBIX
CPEACTB, MO3BOJSIOIIMX OCYLIECTBISATh U3MEHEHHUE JAHHBIX B UAJIOTOBOM PEXKHME C
VCITOJIb30BAHUEM CTAHJIAPTHBIX MEHIO-OKOH I10JIb30BaTENS.

OpraHuzanuio JuajaoroBoro N3MEHEHHS TaHHBIX PACCMOTPHUM HA IIPUMEpPE HEKO-
TOPBIX 5 MapameTpoB, KOTOpbie Ha3oBeM [lapamempl, [lapamemp?, ... , [lapamemps.
[lycTh nx 0003HaUEHUS KaKk NEPEMEHHBIX B IporpaMmme TakoBbwl: x1, X2, ... , x5. Torga
MEHIO BbIOOpa mapameTpa JJisi U3MEHEHHUs €ro 3Ha4eHMsI JOJDKHO COJIepXKaTh 6 anbTep-
HATHUB: 5 U3 HUX IpeIHa3HA4YeHbI JJIsl BBIOOpA OJHOIO U3 YKa3aHHBIX [MapaMeTpoB, a MO-
CHEeNHSS NOJDKHA MPEIOCTABUTh BO3MOXKHOCTh BBIXOJA M3 MEHIO, €CJIM 3HAYEHHUE BCEX
1apaMeTpPOB YCTAHOBJIEHBI.

[ToaToMy BapuaHT 0GOpPMIIEHHS TAKOTO MEHIO MOXKET ObIThb, HAIPUMEp, Clie-
OYIOLINUM:

k=menu(‘ LWo 3amiHntn ? ', 'MapameTp1’, ' NapameTp2 ', ...

‘ NapameTp3 ’, * MNapameTp4 ’, * MNMapameTp5 ’,' Hu4yoro He 3miHOBaTH ’),
YTO MPUBEAET K MOSBICHUIO OKHA, PEJICTABICHHOT0 Ha puc. 2.4.

Jlerko 3amMeTUTh HEAOCTATOK TAaKOro O(OpMIICHHUS OKHA MEHIO. YTOOBI MPUHSTH
pElLICHUE, 3HAYCHUE KAKOr0 MMEHHO IapaMeTpa CIeayeT U3MEHUTh U KAaK, MOJIb30Ba-
TEJIb TOJDKEH UMETh IEepe]l II1a3aMu HE TOJIBKO IIEpEeYEHb IapamMeTPOB, KOTOPBIE MOXKHO
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W3MEHHUTh, HO U TEKYIIHUE 3HAUYCHUS 3TUX NapaMeTpoB. [103TOMy Ha KakJ10h KHOIKE
MEHIO JIOJKHA pa3MellaThCsl Takke HHGOpMalus O TEKYIIeM 3HAauY€HUH COOTBETCT-
BYIOILIETO MapaMeTpa. ITO MOXKHO CJlIeJIaTh, UCIOJIb3Ysl paHee YHNOMSHYTYIO (YHKIIUIO
sprintf, HanpuUMep, TAKUM 00Pa3oM:

x1=-1.89; x2=239.78; x3=-2.56e-3; x4=7.28e-15;x5=1.023e-32;

k=menu(' LWo 3miHOBaTM ? ', ...

sprintf (' MapameTp1 x1 = %g’, x1),...

sprintf (' MapameTp2 x2 = %g’, x2),...

sprintf (' MapameTp3 x3 = %g’, x3),...

sprintf (' MapameTp4 x4 = %g’, x4),...

sprintf (" MapameTp5 x5 = %g’, x5),...

' Hiyoro He 3miHIOBaTN ‘)

Pesynbrar npuseneH Ha puc. 2.5.

#|MENU = 4| MENU o=
File  Edit ‘wfindow File Edit “window Help
Help .
Wo srMiHOBETH 7
W o zrdiHATI 7
Maparmerpl  #1=-1.89
MaparaeTpl
Maparerps w2 =239.73
MNapareTp
MapanieTp3 Maparerpd  #3 = -0.00256
MNapateTpd MapardeTpd =4 =7 28e-015
Maparerps MapareTph b =1.023e-032
Hivaro He smMiHEaTH Hivoro He srMiHBaTH
Puc. 2.4 Puc. 2.5

MeHi0 Mo3BOJISET BBIOpATh IMapaMeTp, KOTOPHIM HYKHO HW3MEHHUTH, OJTHAKO HE
obecrieurBaeT caMOT0 M3MEHCHHUS BBIOPAHHOTO IMapaMeTpa. ITO M3MCHEHHE OJKHO
OBITH OCYIIIECTBIICHO C TTOMOIIBIO BBOJA HOBOTO 3HAYCHUS C KJIaBHATYPbI, CKAKEM, TaK:

x = input( [sprintf ('Texywee 3HavyeHne X =%g',x), ‘HoBoe 3HauveHue x = ).

Ecnu BBecTH KOMaHbI

» X = 3.02e-2;

» x=input( [sprintf('Tekywee 3Ha4yeHne x = %g',x), 'HoBoe 3Ha4yeHue x ="']

TO B KOMAHJHOM OKHE ITOSABUTCSA HAAIINUCH.
Tekywee 3HayeHne x =0.0302 Hosoe 3HayeHue X =

Brinonnenue nporpammbl nipuoctanoButcs. [IK Oyner oxupars BBoga uHGOP-
MalluM ¢ KjaBuaTypbl. Eciin Tenepb HaOpaTh Ha kinaBuarype "0.073" u HaxaTh KaBU-

my <Enter>, To B KOMaHIHOM OKHE IIOSIBUTCS 3aIIUCh:

Tekywee 3HaveHne x =0.0302 Hosoe 3HayeHne x =0. 073
x= 0.0730

UtoObI MpeoTBpaTUTh MOBTOPHBIN BBIBOJI Ha DKPaH BBEJICHHOTO 3HAUYCHUS, HE-
00X0UMO CTPOKY ¢ pyHKIIMEH input 3aBepiiuTh CAMBOJIOM ;7

>
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Tenepsb cienyeT opraHu3oBaTh BHIOOP Pa3HBIX BUIOB TAKOr'O TUIA ONEPATOPOB B
COOTBETCTBUM C  OTACJIbHBIMUA BBIOpAHHBIMU HapaMeTrpamu. [l 3TOro MoOKHO
UCII0JIB30BaTh ONIEPATOP YCIOBHOIO IIEPEX0a, HallpuMep, TaK:

if k==1,
x1 = input( [sprintf( 'Tekywee 3HauyeHune x1 = %g', x1) ...
' HoBoe 3Ha4yeHune x1="]);
elseif k==2,
x2 = input( [sprintf('Tekywee 3Ha4yeHne x2 = %g', x2) ...
' HoBoe 3HaueHune x2="');
elseif k==3,
x3 = input( [sprintf('Tekywee 3HayeHne x3 = %g’, x3) ...
' HoBoe 3Ha4yeHne x3="']);
elseif k==
x4 = input( [sprintf('Tekywee 3HayeHne x4 = %g', x4) ...
' HoBoe 3Ha4eHne x4="');
elseif k==
x5 = input( [sprintf('Tekywee 3HayeHue x5 = %g', x5) ...
' HoBoe 3Ha4yeHune x5="]);
end

YTo0Bbl MOXKHO OBLIO TPOKOHTPOJIMPOBATH MPABUIBLHOCTH BBOJA HOBBIX 3Haye-
HUM, 00€CTeunTh BO3MOXXHOCTh X KOPPEKTUPOBKHU U IMOCIEIOBATEIBLHOTO M3MEHEHUS
BCEX JKEJAEMbIX MapameTpoB, HYKHO, YTOObI MOCJI€ BBOJA HOBOI'O 3HAYEHHMs JIOOOTO
napaMeTpa Ha 3KpaHe CHOBA BO3ZHUKAJIO TO K€ MEHIO, HO YK€ CO CKOPPEKTUPOBAaHHBIMU
3HaueHusaAMHU. [Ipu 3ToM KOHel paboThl C MEHIO JAOJKEH HACTYNUTh TOJBKO MPH YCIO-

BUU BbIOOpa moclieHeN anbTepHaTuBbl MeHIO " Hidoro He 3MiHIOBaTH ", COOTBETCT-
BYIOIIIEH 3HAaYeHUIO k, paBHOMY 6.

[ToaToMy nmpenplayIne OnepaTopsl CIeayeT 3aKI0UYNATh B LIUKIL:
k=1;

while k<6

k =menu( ' Wo 3miHOBaTM ? ', ...

sprintf (' MapameTp1 x1 = %g', x1),...

sprintf (' MapameTp2 x2 = %g', x2),...

sprintf (' MapameTp3 x3 = %g', x3),...

sprintf (' MapameTp4 x4 = %g', x4),...

sprintf (' MapameTp5 x5 = %g', x5), ' Hiyoro He 3miHIOBaTK ');

if k==1,
x1 = input( [sprintf('Tekywee 3HayeHne x1 = %g', x1) ...
' HoBoe 3Ha4yeHune x1="]);
elseif k==2,
x2 = input( [sprintf('Tekywiee 3HayeHne x2 = %g', x2) ...
' HoBoe 3HaueHue x2="');
elseif k==3,
x3 = input( [sprintf('Tekywee 3HayeHne x3 = %g', x3) ...
' HoBoe 3Ha4yeHne x3="']);
elseif k==
x4 = input( [sprintf('Tekywee 3HayeHne x4 = %g', x4) ...
' HoBoe 3Ha4yeHne x4="');
elseif k==
x5 = input( [sprintf('Tekywiee 3HayeHne x5 = %g', x5) ...
' HoBoe 3HavyeHne x5=");
end
end

Tak opranu3yercs BO3MOXXHOCTh JIOCTATOYHO YJOOHOTO M3MEHEHUS 3HAUYCHUI
napaMeTpoB B IUAJIOTOBOM PEKUME.
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Eciu BXOAHBIX NapameTpoB, 3HAYEHUE KOTOPBIX HYXKHO HM3MEHSTh, JOBOJBHO
MHOTO, CJIelyeT OOBEAUHUTh MX B KOMMIAKTHBIE TPYMIbl (KEIATEIbHO MO KaKOMY-TO
o01IeMy CBOMCTBY, OTJIMYAIOLIEMY ONPEAEIEHHYIO IPYNIy OT APYTUX) U AaHAJIOTMYHBIM
o0Opa3oMm 00ecnednuTh AUAJIOroBO€ MU3MEHEHHE, MCIONb3Ysl OTAEIbHOE MEHIO I Kax-
noil rpynnbl. O4EeBUAHO, MPU 3TOM HEOOXOAMMO MPEIBAPUTEIHHO 00ECIEYUTh BHIOOP
OJIHOM U3 3TUX TPYIII MAPaMETPOB Yepe3 JOMOTHUTEIHHOE MEHIO.

2.4.5. TunoBas cTpykrypa u opopmiaenue Script-gaitiia

[Ipu Hanmucanuu TEeKcTa MpOrpaMMbl B BUjE Script-paitia HeOOXOAUMO MPUHU-
MaTh BO BHUMaHHUE CJIEAYIOIIEe.

1. Y0610 ohopMiIsiTh BeCh MPOIECC JUATOTOBOTO U3MEHEHHS TapaMETPOB B BU-
ne otaenbHoro Script-daitia, k mpumepy, ¢ umeHeM "ScrFil Menu", rie moa cokparie-
HueM "ScrFil" nonumaercs umst ocHOBHOTO (coOupaTenbHOro) Script-aiina.

2. Tak KaK y>ke B caMOM Hauajie paboThl C IPOrpaMMOl B MEHIO BbIOOpa H3Me-
HSIEMOTO TapaMeTpa, JOJKHBI Cpa3y BBIBOAUTHCS HEKOTOPHIE 3HAUYECHMSI NApaMETpOB,
nepes TJIaBHBIM ITUKIIOM MPOrpaMMbl, 00ECIIEUMBAIOIIMM BO3BpAIllEHUE K HAYally BbI-
YUCIICHUM, HEOOXOJUMO MOMECTUTH YacTh IMPOrPAMMBbI, KOTOpas 3aJlaeT MepBOHAYAIIb-
HbIe 3HA4YEHUs Bcex mnapameTpoB. Kpome Toro, B Hawane paboThl MporpamMMbl OYEHBb
yI00HO BBIBECTH Ha DKpaH KpaTKyr MH(OpMAIMIO 0 HA3HAYEHUU MPOTrpaMMbl, Ooliee
JeTalbHyl0 uH(pOpMaIUio 00 HccleAyeMOd MaTeMaTHYeCKOW MOJIeH C YKa3aHUEeM
MeCTa B HEW M COJAEpaHUs BCEX MCXOJHBIX MapaMeTpoB, a Takke UCXOAHbIe ("BIIU-
Thie") 3HAUEHHUS BCEX MAPaMETPOB ITOM MOJENIU. DTO KeJIaTelIbHO Takke 0(hOPMUTH B
BUJIC OTAENBHOTO Script-daitna, Hanpumep, ¢ umeHeM "ScrFil Zastavka'.

3. [Ipu 3aBepieHun padbOThl MPOrpaMMbl OOBIYHO BO3HUKAET MOTPEOHOCTH He-
CKOJIBKO yHOPSI0UYUTh pabouee MPOCTPAHCTBO, HAIIPUMEDP, OUUCTUTH €r0 OT BBEACHHBIX
III00AJIbHBIX TEPEMEHHBIX (OCTaBasChb B paboyeM MPOCTPAHCTBE, OHH MPEHSTCTBYIOT
KOPPEKTHOM paboTe Apyrod mporpaMmbl, KOTOpask MOKET UMETh JPYyrue Ti1o0aTbHbIE
nepeMeHHbIe, WM MEPEMEHHbIE C TEMU K€ UMEHaMH, HO UHBIMHU IO THILY, CMBICIY U
3HAYEHHEI0), 3aKPBITh OTKPHITHIE TpOrpaMMoii rpadudeckre okHa (GUrypsl) u T.1. ITY
3aBEPIIAIOIIYIO YaCTh TOXKE MOXHO OOPMUTH KaK OTAEIbHBIN Script-daiin, Hanpumep,
HasBaB ero "ScrFil Kin".

B uenom tumnosas cxema odopmiieHus Script-gaiiina oTAeIbHON MPOrpaMMbl MO-

KeT OBITh MPEJICTaBICHA B TAKOM BUJIE:
%<0603Ha4yeHune Script-cbanna (ScrFil.m)>
% <TeKCT KOMMeHTapusi C onMcaHneM HasHa4YeHUA nporpamMmmbi>
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<lycTtasa cTpoka >
%ABTOp < ®amunusa U. O., paTta cozgaHusa, opraHnsauua>

ScrFil_Zastavka
k = menu(' Wo genatb ? ','Tipoaonkutb paboty ', ' 3akoHYUTbL paboTy ');
if k==1,
while k==
ScrFil_Menu
ScrFile_Yadro
k = menu(' Yto penatb ? ', Mpogomxutb padboty ', ' 3aKkOHUYUTL paboTty ');
end
end
ScrFil_Kin

2.5. I'pagpuueckoe oghopmaenue peszyiomamos
2.5.1. O0mmue TpedOBaHMs K NPEIACTABJICHUIO rPadpuIecKoil

uH(popMaLUU

BerunciurensHas nporpaMma, cosgaBaeMasi MHXEHEPOM-pa3paboTUMKOM, Mpea-
Ha3Ha4y€Ha, B OOJIBIIMHCTBE CITy4aeB, /ISl UCCIIEI0BAHUS IOBEICHHS pa3padaThIBAEMOT0
YCTPOMCTBA IPHU Pa3HbIX YCIOBUSAX €ro 3KCIUTyaTalluH, IPU PA3JIMYHbIX 3HAYEHUAX €0
KOHCTPYKTHBHBIX [TapaMETPOB WJIM JIJISl pacyeTa ONpPEAEIICHHbIX TapaMeTPOB €ro MoBe-
nenust. Madopmarus, nmonyyaemas B pe3yibTaTe BBIIIOJIHEHUS BRIYUCIUTEIHHON HHXKE-
HEPHOW MPOrpaMMbl, KaK MPaBHIIO, UMEET (POPMY HEKOTOPOIO psJa YHCEIl, KaKI0€ U3
KOTOPBIX OTBEYAET ONPENEICHHOMY 3HAUYEHHIO HEKOTOPOro mapamMerpa (apryMeHTa).
Taxyro uadopmanmio yrodHee Bcero 0000maTh 1 NpeACTaBiIsATh B rpaduyeckoit Gop-
Me.

TpeboBanust kK OQPOPMIICHHIO WHKEHEPHOU Tpadudeckoil HHPOpMAIUU OTJINYa-
I0TCs OT TpeboBaHMii K OObIUHBIM Ipadukam B MaTemaTtnke. Ha ocHOBe momy4eHHOMN
rpaduyeckoil HPOPMAIUH MOJIb30BATEIb-UHKEHED JO0JDKEH UMETh BO3MOXXHOCTD MPH-
HATHh KAKOE-TO PELIEHUE O BBIOOPE 3HAUEHUU HEKOTOPBIX KOHCTPYKTHBHBIX MapaMeT-
POB, KOTOPBIE XapaKTEPU3YIOT UCCIIEAYEMBII MPOLIECC WU TEXHUYECKOE YCTPOUCTBO, C
LEJIbI0, YTOOBI POTHO3UPYEMOE MOBEAEHUE TEXHUUECKOTO YCTPOUCTBA yI0BIETBOPSIIO
OTIpeICTICHHBIM 33JJaHHBIM yCIIOBUSIM. [loaTOMY MH>KEeHepHBIE TpaduKU JOHKHBI OBITH,
KaK TOBOPAT, ““UNTA0CIBHBIMU, T. €. IMETh TAKOW BHUJI, YTOOBI M3 HUX JIETKO OBLIO “OT-
CUUTHIBATh 3HAYCHMs QYHKIIUHU MPH JIOOBIX 3HAYEHHUAX apryMeHTa (U Hao0opoT) ¢ OT-
HOCHUTEJIbHOM MOTIPEIIHOCTBI0 B HECKOJIBKO MPOLEHTOB. JTO CTAHOBUTCS BO3MOKHBIM,
€CIIM KOOpJAWHATHAs CeTKa Tpa)MKOB OTBEYAET OMPEACICHHBIM IIEJIBIM YHCIIaM KakKoro-
0o gecstuuHOro paspsna. Kak yke paHblle oTMEYanoch, rpapuKd, MOCTPOCHHBIE
cuctemoir MatLAB, mOTHJICTBIO OTBEYAIOT 3TUM TPEOOBAHUSIM.

Kpome 3Toro, nnxkeHepHas rpaduueckas nHGopmManus T0JKHA COIPOBOKIATHCS
JOCTAaTOYHO MOJAPOOHBIM ONUCAHUEM, MOSICHAIOIINM, KAaKOH OOBEKT U MO KAaKOM Mare-
MaTUYECKON MOJENN HCCIENOBaH, JOLKHBI ObITh MIPUBEAEHBI YUCIOBBIE 3HAYEHUS I1a-
paMeTpoB HCCIIeIyeMOro 0ObeKTa U MaTeMaTuyeckon mojaenu. He okaxeTcs JUIIHUM U
yKa3aHue€ MMEHHM MpPOrpaMMbl, C TOMOLIBIO KOTOPOW IMOIy4YeHa 3Ta rpauyeckas HH-
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dopmanus, a TaKkKe CBEJIEHUH 00 aBTOpE MPOTrpaMMBbl U UCCIEI0BATENE, YTOOBI MOIb30-
BaTe0 ObUIO MOHSTHO, K KOMY M KyJia HajJ0 oOpalarbcs ISl HAaBEJIEHUs CIPABOK O
NOJIy4YeHHOU MH(pOpMaIUu.

3amayell MHKEHEPHOM NPOrpaMMbl YacTO SBJISAETCS CPAaBHEHHE HECKOJbKHX
(GYHKIMI, TOTYyYEeHHBIX MPH Pa3HBIX COYETAHUSAX KOHCTPYKTHUBHBIX MapaMeTpoB JIMOO
napaMeTpoB BHEIIHUX Bo3zAeicTBui. Takoe cpaBHeHUE y/oOHEe W HarJsJHEe MPOBO-
IUTh, €CIIM YIOMSAHYTHIE (YHKIIUHU MPEACTABICHBI B BUJIE TPAdUKOB.

[Ipu 3TOM HY>XHO 0OpaTUTh BHUMAHKE Ha CJEAYIOLIEE:

- eCNIM HY)XHO CpaBHMBATh rpa@uku (yHKIUN OJHOTO apryMeHTa, JWana3oHbI
M3MEHEHUSI KOTOPBIX HE CIHUIIKOM OTJIUYAIOTCS OJWH OT Apyroro (He Oosee
YeM Ha TOPSIIOK, T. €. He OoJiee 4eM B JecsTh pa3), CpaBHEHHUE yA00HEE BCe-
ro OCYILIECTBIISTH IO Tpadukam 3TUX QyHKLHHA, TOCTPOCHHBIX B OAHOM Tpadu-
YeCKOM MoJjie (T. €. B O0IIUX KOOPJMHATHBIX OCSX); B ATOM Clly4ae ciedyem
8b1800UMb 2PAPUKU ¢ NOMOWBIO 00HOU hyHuKkyuu plot;

- €CJIM IpPHU TeX K€ YCIOBUIX JIMANa30Hbl U3BMEHEHUS (PYHKIIUN 3HAYUTEIBHO pa3-
JMYAIOTCS, MOYKHO MPEJJIOKUTH JBA MOIX0/1A:

a) eclii BCE CpaBHUBaeMble (DYHKIIMU SIBJISIOTCS 3HAYEHUSMU BEJIMYWH
OJIMHAKOBOM (hM3MUECKOM MPUPOABI MU ITH 3HAUCHHUS BCE IMOJIOKUTEIbHBI,
rpaduky ciieyeT BHIBOAUTH TAKXKE B OJTHO Ipauueckoe MoJie, HO 8 102a-
pugmuneckom macumabde (T. €. UCIOIB30BATh NpoLieaypy semilogy),

0) xorma Bce (YHKIIMM UMEIOT pa3Hyo (U3UYECKYIO MPUPOJY, HO apry-
MEHT B HUX OOLIUI M U3MEHSIETCA B OJHOM JHana3oHe, rpauKu HYKHO
CTpPOUTH B OAHOM rpaduieckoM okHe (Purype), HO B pa3HbBIX Ipaduue-
CKUX MOJSAX (MOJIB3YSACH Ui 3TOTO HECKOJbKHMHU OTIEIbHBIMU oOparie-
HUSMU K QyHKUUU plot B pa3HbIX MMOJOKHAX Tpa)UuecKoro 0OKHa, KOTOpoe
oOecrieynBaeTcs NPUMEHEHHEM IMpoluenypsl subplot); npu 3ToM ya00HO
pa3meniaTh OTJeIbHbIE TpadUKU OJIUH MO OAHUM TaKUM 00pa3oM, YTOObI
OJIMHAKOBBIE 3HAYEHMsI apryMeHTa BO BcexX rpadukax pacrnojarajuch Ha
OJIHOM BEPTUKAJIH;

- KpOM€ YIOMSHYTBIX paHee HaANHCed B KaXJIOM IpaduuecKkoM MoJje, 3aKOH-
yeHHOe Tpaduyeckoe odopmiieHue J000ro rpaduyeckoro oxkHa ((Gurypsi)
00s13aTeJIbHO JOJIPKHO COJIEPKATh OONONHUMENbHYIO MEKCMO8YI0 UHGopMayuro
TaKOIro COAEepP>KaHUS:

B xpaTkoe coolOnieHne 00 00BEKTE UCCIIeI0BAHUS;

B maTemMaTH4ecKasi MOJIENb, MOJI0KEHHAs B OCHOBY OCYIIECTBJIICHHBIX B MPO-
rpaMMe BBIUYMCIICHUN C YKa3aHMEeM UMEH MapaMeTpPOB U MEPEMEHHBIX;

B yadopmaIys 00 UCTIONTH30BAHHBIX 3HAUCHUSIX ITaPaMETPOB;

B yadopmaIys 0 MOTYyYEeHHBIX 3HAYEHUSIX HEKOTOPHIX BBIYUCICHHBIX MHTE-
TpajbHBIX TAPAMETPOB;

B ynpopmarus 06 umeHn M-daiina ucrnosib30BaHHOW MPOrpaMMBbl, UCIIOTHU-
TeNsl paboThl U AaTe MPOBEACHUS BBIYUCIUTEIBHOTO SKCIIEPUMEHTA;

B yHdopmaiys 006 aBTOpe UCMOIB30BAHHON MPOTrpaMMBbl U OpraHu3aluu, Iie
OH paboTaer.
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[Tocneanee TpeOoOBaHME CTABUT MEpPe] HEOOXOIUMOCThIO BBIACISTE (C TTOMOIIIBIO
TOW ke mpouenypsl subplot) B kaxxnoii ¢purype Mecto Iisl BIBOAA YKa3aHHON TEKCTO-
BOM MH(pOpMaIu.

2.5.2. Pa3ouBKa rpagu4ecKoro OKHa Ha MOAOKHA

Kak cnemyer u3 cka3aHHOTO, MPU CO3/aHUM 3aKOHUYEHHOTO Trpad)udecKOTro MHKE-
HEpPHOTO JO0KyMeHTa B cuctemMe MatLAB Heo0X0oauMo HCIIOIb30BaTh  MPOLEIYPY
subplot. O01iee HazHaueHue U npuMeHenue pyuxuuu subplot onucauns! B pasa. 1.5.3.

PaccmoTpum, kak o6ecreunTs KelnaTeIbHyI0 pa3OUBKY BCEro rpadmueckoro OKHa
Ha OTJIEIbHBIC OIS TPaUKOB M TEKCTOBOE MOIOKHO.

[Tycth TpeOyeTcst pa3duTh Bce ToJie TpauuecKkoro OKHa TaK, YTOOBI BEPXHSS
TpPETh OKHA 00pa3oBalia MoJie BbIBOJIA TEKCTA, a HUKHUE JIBE TPETH 00pa30Bajiu €IUHOE
10JIe BBIBOA TPaKOB. DTO MOKHO OCYIIIECTBUTH TAKHUM 00Pa3oMm:

B niepe1 BEIBOJIOM TEKCTOBOW MH(poOpMaruu B rpadudecKoe OKHO HAJI0 YCTaHO-
BUTH KoMmaHay subplot(3,1,1), koTopasi mOKa3bIBaeT, UTO BECh I'pauyeCKUil
JKpaH, pa3/ieieH Ha TPU OJIMHAKOBBIC YACTH IO BEPTUKAJIH, a JUIS MOCIETYIO-
IIEro BBhIBOAA OYyJIeT MCIOJIb30BaHHAs BEPXHSIS M3 ATUX TpexX dvacTeil (puc.
2.6);

TexcToBOE MOTOKHO

subplotl

['padprueckoe mogoKHO

subplot2

subplot3

Puc. 2.6

B BrIBOAY IpaduKOB B rpaguueckoe OKHO JOJKHA MpeIlIecTBOBAaTh KOMaHJa
subplot(3,1,[2 3]), B COOTBETCTBHH C KOTOPOIl rpahuuecKoe OKHO pa3aelsieT-
csl, KaK U paHee, Ha TP YacTH MO BEpTUKAJIH, HO TETeph sl BbIBOIA rpadu-
yeckoil mHpopMaruu OyIeT HCIONBb30BAHO MPOCTPAHCTBO, OOBEIUHSIONICE
BTOPOE U TPEThE M3 CO3JaHHBIX MOJOKOH (TIoJyiel) (oOpaTuTe BHUMAHWE, YTO
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NOOOKHA 00BEOUHAIOMC MAKUM JHce 00pa3om, KaK dJeMeHmbl 8eKmopa 8
BEKMOP-CMPOKY).
Ecnu tpebyercst co3gaTh TpU OTIEIBHBIX MO TpaUKOB OAMH MO IPYTUM Ha
TpPeX YETBEPTAX dKpaHa 10 TOPU30HTAIIHU, & TEKCTOBYIO MH(DOPMAIUIO pa3MECTUTH B MO-
CJIeIHEeN YETBEPTH 10 TOPU3OHTAIM, TO 3TO MOXKHO cenath (puc. 2.7) Tak:

- pa3lenuTh BCe MPOCTPAHCTBO (huUrypsl Ha 12 yacTelt - Ha 3 YacTU MO BEPTUKAIH
¥ Ha 4 4acTu MO TOPU3OHTAIM; MPU STOM IMOJOKHA OYJIyT PacrojiOKEHbl TaK,
KaK Moka3aHo Ha puc. 2.7;

- yToOBI OPraHM30BaTh BbIBO/A TPaUKOB B MepBoe rpaduyeckoe MmoJg0KHO, HAJI0
peaBapuTenLHO BBECTH KomaHnay subplot(3,4,[1 2 3]), xotopas oObeAMHUT
nonokHa spl, sp2 u sp3 B eauHOE rpaduueckoe MoJoKHO;

- aHaJOTWYHO, BBIBOJIY TI'paUKOB BO BTOpOE TIpadUUecKoe MOIOKHO TOJIKHO
MPEAIIeCTBOBATh oOpamieHne Kk komange subplot(3,4,[5 6 7]), a BeiBoy Tpadu-
KOB B TpeThe Tpaduueckoe nmogokHo - subplot(3,4,[9 10 11]);

HaKOHeIl, K 0(pOPMIICHHIO TEKCTa MOKHO MPUCTYIIUTH TOCTIE OOpaIeHHs

subplot(3,4,[4 8 12]).

TekcroBoe
I'padpuueckoe moapkHoO 1
MOJOKHO

spl sp2 sp3 sp4
I'paduueckoe mogokHo 2

spS sp6 sp7 sp8
I'padmyeckoe mogokHO 3

sp9 spl0 spll spl2
Puc. 2.7

2.5.3. BeiBoa TekcTa B rpadguyeckoe OKHO (ITOA0KHO)

cTa:

B OKHE (PUTypbl MOSIBUTCSL M300paxkeHue, npeacTaBieHHoe Ha puc. 2.8. M3 Hero BUAHO,

qToO:

» subplot(3,4,[5 6 7])

» subplot(3,4,1:3)
» subplot(3,4,9:11)
» subplot(3,4,[4 8 1

2)),

Ecnu nmoouepenno chopMupoBaTh MOJIOKHA, K IPUMEPY, B COOTBETCTBUU C IO-
CJIeIHEW CXEMOM, He OCYIIECTBISI HUKAKUX OINepaluid Mo BhIBOLY rpadMKOB MM TEK-
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- mocie o0paileHus K npouenype subplot B COOTBETCTBYIOIIEM MMOJOKHE MOSIBIIS-
eTcsl U300pakeHue oceil KOOpAUHAT ¢ 0003HAYEHHUEM JIEJICHUH TI0 OCSIM;
- HavyaJbHBIA JUANa30H U3MEHEHHI KOOpAMHAT Mo 00euM OCsIM MOJOKHA BCerja
yCTaHaBJIMBaETCs o yMomyanuto ot 0 1o 1;
- [0Jie BbIBEJCHUS rpauKOB 3aHUMAET HE BCE MPOCTPAHCTBO COOTBETCTBYIOIIE-
IO MOJOKHA - OCTAETCA HEKOTOPOE MECTO BOKPYT IMOJIs rpaduka /uisi BRIBOJIA 3a-
roJIoBKa rpaduka, HaAMKUCEH 1Mo 0CsIM KOOPIUHAT U JIp.
[ToaTOoMy st BBIBO/IA TEKCTAa B OAHO M3 MOAOKOH HYKHO CHayalla OYUCTUTH ATO
MOJIOKHO OT M300pa)keHUs1 OCell KOOPAMHAT U HAJIUCEN Ha HUX. DTO JENIaeTCs C IOMO-
IIbI0 KOMaH/IbI

axis(‘oft").
ElFigure No. 1 [ (O] x|
File Edit Window Help
1r 1r
0ar
05¢
=43
O L L L L 1
0 02 04 06 0s 107}
1:
06
05¢ 05F
04r
OO UIQ OI4 OIG OIS 'Il
. ’ . . 0al
1r
0z
05¢
01F
0 ' ' ' ' . 0 S—
0 0z 04 06 08 1 0 05 1
Puc. 2.8

Tak, ecnu 3Ty KOMaHy BBECTH IOCJIE MPEAUIYIINX KOMaH/A, B OKHE (DUTYPBI HC-
Ye3HEeT M300pak€eHUue KOOpPAMHATHBIX Oced mocieaHero mnojgokHa (puc. 2.9). Teneps
MO>KHO HaYMHATh BBIBEJICHHE TEKCTA B ATO MOIOKHO.

OcHOBHOI (QyHKIMENH, 00€CTIEUNBAIOIIECH BBIBEICHHE TEKCTa B IpapUuecKoe OK-

HO, siBsieTca pyHkuus fext. O6001eHHast popma oOpaleHus K Hell UMeeT BU:
h = text (x, y, ‘<tekct>’’FontName',’<Ha3BaHue wpudrta>’,...
'FontSize',<pa3mep wpudTta B nukcenax>).

OHa OCyIIECTBIISET BBIBOJI YKa3aHHOTO TEKCTA YKA3aHHBIM MIPU(PTOM YKa3aHHOTO
pa3Mepa, HaurHas U3 TOYKH TMOJIOKHA C KOOPAUHATAMH X U Y COOTBETCTBYIONIETO TO-
1 rpaduka nmogokHa. [Ipu 5TOM KOOPAMHATHI X MU'y M3MEPSIOTCS B €IMHUIIAX BEIUYHH,
OTKJIQJIBIBAEMBIX BJIOJIb COOTBETCTBYIOIIMX Ocei rpaduka momokHa. Tak Kak, Kak MbI
yOeIMIIMCh, TUAIla30H U3MEHEHHS dTUX KoopauHat paBHsercs [0...1], To mist Toro, 4ro-
OBl MOMECTUTh HAYAJIO TEKCTA B TOYKY BHYTPH IOJIsI Tpaduika, HEOOXOIUMO, YTOOBI €T0
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KOOPJIMHATBI X U Yy ObUIM B 3TOM JuanaizoHe. OJJHAKO MOXKHO HCIOJIb30BaTh U HE-
CKOJIBKO 0oJiee MIMPOKUI AMAIa30H, YUYUTHIBASI TO, YTO I0JI€ IIOJJOKHA OOJIbILE MOJIS €r0
rpaduka.

Figure No_1 [_ O] x|
File Edit Window Help
1r
05t
O L
0 0z 04 06 08 1
1r
05t
O 1 1 1 1 I
1] 0z 04 06 08 1
1r
05t
O L
0 0z 04 06 08 1

Puc. 2.9

Paccmorpum npumep TekcToBOro oopMileHHs Ha ClieayromeM ¢parMeHTe mpo-

I'paMMBI:
subplot(3,4,1:3); subplot(3,4,5:7); subplot(3,4,9:11); subplot(3,4,[4;8;12]);
axis('off');

% Mpoueaypa BbiBoAA AaHHbIX B TEKCTOBOE nose rpadymyecKkoro okHa
D1 =[2 1 300 1 50];

D2=[0.10.02-0.03014-1.520.1-0.150 0];

D5 =[0.001 0.01 15 16];
sprogram = 'vsp1'; sname = 'JlaszapeB [0.®.;
h1=text(-0.2,1,'UcxoaHble napameTpsl:','FontSize',12);
h1=text(0,0.95,'Tuporaxometpon’,'FontSize',10);
h1=text(0.2,0.9,sprintf(' = %g ',D1(3)),'FontSize’',10);
h1=text(-0.2,0.85,sprintf(" = %g ',D1(4)),'FontSize’,10);
h1=text(0.6,0.85,sprintf(' = %g ',D1(5)),'FontSize’,10);
h1=text(-0.2,0.8,sprintf(’ = %g ',D1(1)),'FontSize’,10);
h1=text(0.6,0.8,sprintf('J2 = %g ',D1(2)),'FontSize',10);
h1=text(0,0.75,'BHewHnx Bo3paencteuin','FontSize',10);
h1=text(-0.2,0.7,sprintf('pst0 = %g ',D2(1)),'FontSize’,10);
h1=text(0.6,0.7,sprintf(’ tet0 = %g ',D2(2)),'FontSize',10);
h1=text(0.2,0.66,sprintf(' fit0 = %g ',D2(3)),'FontSize',10);
h1=text(-0.2,0.62,sprintf('psm = %g ',D2(4)),'FontSize’',10);
h1=text(0.6,0.62,sprintf(' tem = %g ',D2(5)),'FontSize',10);
h1=text(0.2,0.58,sprintf(’ fim = %g ',D2(6)),'FontSize',10);
h1=text(-0.2,0.54,sprintf('omps = %g ',D2(7)),'FontSize',10);
h1=text(0.6,0.54,sprintf(' omte = %g ',D2(8)),'FontSize’',10);
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h1=text(0.2,0.5,sprintf('omfi = %g ',D2(9)),'FontSize’',10);
h1=text(-0.2,0.46,sprintf(‘eps = %g ',D2(10)),'FontSize’,10);

[l Figure o1 — = e W PG R Y el T 1L T B

File Edit Window Help

=1 .3

1r WcxogHele napaMeTpel;
MpoTaxoMeTpoR
H =300
051 R=1 S =50
d=2 JZ2 =1
0 . , , , ] BHelwHWx BozasAcTEMIA
1] 0z 04 06 08 1 pst0=01 tetd = 0.02
e fitd =-0.03
psm =10 tem =1
fim=4
omps=-15 omte=2
05k omfi =01
eps=-015 ete=0
efi=0
0 ' ' ' ' ' HTEMPHROEEHKA
0 0.2 04 06 03 1 pHp
. h=0.001
hpr=0.01
t=15
05t tfinal = 16
MNporpamma wspl
FacyeTel npoeen [Nazapes KD &
0 L ' ' ' 11234 03-Oct-1993
1] 0z 04 06 08 1

Ukraine, KPI, cath. PSON

Puc. 2.10

h1=text(0.6,0.46,sprintf(' ete = %g ',D2(11)),'FontSize',10);
h1=text(0.2,0.42,sprintf('efi=%g ',D02(12)),'FontSize’',10);
h1=text(0,0.35,'UHTerpupoBaHus’,'’FontSize',10,'FontUnderline','on’);
h1=text(0,0.3,sprintf('h = %g ',D5(1)),'FontSize’,10);
h1=text(0,0.25,sprintf('hpr = %g ',D5(2)),'FontSize’',10);
h1=text(0,0.2,sprintf('t = %g ',D5(3)),'FontSize',10);
h1=text(0,0.15,sprintf('tfinal = %g ',D5(4)),'FontSize',10);
h1=text(-0.3,0.12,’ ''FontSize',10);
tm=fix(clock); Tv=tm(4:6);

h1=text(-0.2,0.08,['TIporpamma ' sprogram],’FontSize',10);
h1=text(-0.3,0.04,['PacyeTbl npoBen ' shname],'FontSize',10);
h1=text(-0.3,0,[sprintf(' %g :',Tv) ' ' date],'FontSize',10);
h1=text(-0.3,-0.04,’ ','FontSize',10);
h1=text(-0.3,-0.08,'Ukraine, KPI, cath. PSON','FontSize',10);

BrinmonHeHne ero mpuBOIUT K MOSBICHUIO B OKHE (DUTYPBI H300pKECHUS, TIPE/I-

cTaBJieHHOro Ha puc. 2.10.
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2.6. Cozoanue pynkuuit om pynkuyui

HekoTopsie alropuTMbl SBISIOTCS OOMMMU 17151 PYHKIMNA OTNPEAECTIEHHOTO TUIIA.
[ToaTomMy ux mporpaMMHasi peaiu3anus eauHa JUisl BceX (PyHKIMA 3TOro THIa, HO Tpe-
OyeT WCIOJIb30BaHUs AITOPUTMa BBIUMCICHHUS KOHKpeTHOW (QyHkumu. [locnennuit an-
TOPUTM MOXXET OBITh 3aUKCUPOBAH B BUAEC ONpeNeTIeHHON Qaitn-GpyHkiun. YToOb
nepBbId, Oosiee OOHIMIT anroOpuT™M OBLT MPUCHOCOONICH A 000N (YHKIMH, HYKHO,
9TOOBI UM 3TOM (PyHKIMK OBUIO HEKOTOPOHM MEpEeMEHHON, MPUHUMAIOIICH OmpeeeH-
HOE€ 3Ha4YeHHE (TEKCTOBOIO MMEHH (aiiia-pyHKIMH) TOIBKO MPU OOpAIEHUN K OCHOB-
HOMY aJITOPUTMY.

Taxue ¢pyHKIIUM OT PYHKIHIA yKe paccMaTpuBaiuch B pasn. 2.1. K num npunan-
J€XAT MPOLEAYPBL:

- BBIUMCJICHUH HMHTErpaja oT (PYHKLIHH, KOTOpPbIE TPEOYIOT yKa3aHUs UMeHU M-
daiina, cogeprKaiero BHIYUCICHIS 3HAUCHUS TOIBIHTETPaTbHON (PyHKINU;

- YUCJIEHHOTO UHTETpUpoBanus Tu¢depeHIHnaTbHbIX YpaBHEHUH, HCIIOIb30BAHNE
KOTOPBIX TpeOyeT ykazaHus uMeHu M-(aiina, B KOTOPOM BBIYHMCISIOTCS MPaBbIE YaCTH
ypaBHenuii B popme Komu;

- QJITOPUTMOB YHUCIICHHOI'O BBIYMCIIEHHUS KOPHEH HEIMHEMHBIX alIreOpanyecKux
ypaBHeHu# (Hynel (yHKIu), KOTOpbIE HY>KIAIOTCS B YKa3aHus Qaitna-QyHKIUN, HyJb
KOTOPOT'O OTBICKHBAETCS;

- QITOPUTMOB MOMCKAa MUHUMYyMa (YHKIIH, KOTOPYIO, B CBOIO OYEPE/Ib, HA/IO 3a-
JaBaTh COOTBETCTBYIOIIUM M-(ailyiom U T.11.

Ha npakTuke 10BOJBHO 4acTO BO3HHMKAET HEOOXOAMMOCThH CO3/1aBaTh COOCTBEH-
Hble Tpolenypsl Takoro tuna. MatLAB npeaocrasiiser Takue BO3MOKHOCTH.

2.6.1. IIpouenypa feval

B MatLAB mo6as dbyukmus (mpoueaypa), Hanpumep, ¢ umeHeM FUNI1, moxer
OBITH BBITIOJIHEHA HE TOJIBKO C MOMOIIbIO OOBIYHOTI0 00paleHUs:

[yL,y2,...,yk] = FUN1(x1,x2,... ,xn),

a ¥ MpHU MOMOIIM CIIeMaIbHON Mpoueaypsl feval:

[vl,y2,... ,yk] = feval ‘FUN1'x1,x2,... ,xn),
rae uMms ¢pynkiuu FUNI sBnsercss yke 0AHOM M3 BXOJIHBIX MTEPEMEHHBIX (TEKCTOBOIA -
¥ TIOATOMY TIOMEMIAETCS B alOCTPOPBbI).

[TpeumymiecTBOM BbI30Ba (DYHKLIMU BO BTOPOH (hopMe SIBISETCS TO, UTO ITOT BbI-
30B HE M3MEHSET POpPMBI IPU MU3MEHEHUN UMEHH QyHKuuH, Hanpumep, Ha FUN2. Oto
MO3BOJISIET YHU(PHUIIMPOBATH OOpalieHrne Ko BceM (QyHKIUSAM OMPEIEICHHOTO BH/IA, T. €.
TaKHM, KOTOpPbI€ UMEIOT OJJMHAKOBOE YMCIIO BXOJHBIX M BBIXOJHBIX MapaMeTpPOB ONpe-
neneHHoro tuna. [Ipu 3ToM ums QyHKUMU (2 3HAYUT, U cama (PyHKIUS, KOTOpas HUC-
H0JIB3YETCS) MOKET ObITh MPOU3BOJBHBIM U U3MEHATHCS IIPY TOBTOPHBIX OOPALLEHUSX.

Tax kak npu BeI30BE (PYHKIMH C MOMOILBIO MTpoLeaypsl feval umst GyHKIUU pac-
CMaTpHUBAETCS KaK OJIMH M3 BXOJHBIX MapaMeTpOB MPOLEAYPhl, TO €ro (MMs GyHKLIUHN)
MO>KHO UCIIOJIb30BaTh KaK NEPEMEHHYI0 U oPopMIIsiTh B M-(haiine oOparieHus K Hel, He
3Hasl ellle KOHKPETHOTO UMEHU (DYHKIIUH.
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2.6.2. Ilpumepsl co3gaHus npoueayp or pyHKUMM

IIpouyedypa memooa Pynee-Kymma 4-20 nopsoka
yucaenno2o unmezpuposarus OIAY
[TycTh 3amana cuctema OObIKHOBEHHBIX Tuddepennnanbubix ypaBHenuid (OAY)
B (hopme Kormu:

Yoz,

dt
IJI€ y - BEKTOp MEPEMEHHBIX COCTOSIHUSI CUCTEMBI, ¢ - apryMeHT (Bpems); Z - BEKTOp
3a/laHHbIX (B OOIIEM cllydyae — HEeJIMHEHHBIX) PYHKIUH, KOTOpbIE, COOCTBEHHO, U OMpe-
JESAI0T KOHKpeTHY0 cuctemy OJ1Y.

Ecnu 3HaueHne BEKTOpa y B MOMEHT BPEMEHHU ¢ U3BECTHO, TO 0o0mas hopmyra, 1o
KOTOPOUM MOKET OBITh HalJIEH BEKTOP yout 3HaUCHUIN MEPEMEHHBIX COCTOSHUSI CUCTEMbI
B MOMEHT BpPEeMEHHU tout =t + h (r1e A - 1ar UHTErpupoOBaHuUs), UMEET BU:

yout=y + h*F(y,t).

Oynkums F(p,f) cBsizaHa ¢ BEKTOPOM Z M MOXXET IpruoOpeTaTh pa3HbIil BUJI B 3a-
BHCHMOCTH OT BBIOPAHHOI'O METOJ/Ia YHCIIEHHOTO MHTerpupoBanus. J{ns metona Pynre-
Kyrra 4-ro nopsiaka BeioepeM Takyro ee Gpopmy:

F=(k;+3-k,+3-k;+ky)/8,
rie  ky=7Z(y,?);

kK, =Z(y+h-k;/3, t+h/3);

ky=Z(y+h-ky,—h-k,/3, t+2h/3);

ky=Z(y+h-ky—h-ky—h-ky, t+h).

Coznagum M-daiin nporuenypbl, KOTOpas OCYUIECTBIISIET 3T BbIYUCIEHUS, Ha-

3BaB ero "rko43":
function [tout,yout] = rko43(Zpfun,h,t,y)
%RK0O43 MWHTterpuposaHue O1Y metoaom PyHre-KyTTa 4-ro nopsiaka,
% npaBble YacTu KOTOPbIX 3agaHbl npoueaypon Zpfun.
% BxoaHble nepeMeHHbIe:
% Zpfun - cTpoka CMMBOJOB, KOTOPbIA COAEPXKUT UMS NpoLueaypbl

% BblYMCIeHUs npaBbix Yacten O1Y

% Ob6paweHue: z = fun(t,y), rae Zpfun = 'fun’

% rae t - TeKyLMM MOMEHT BPEMEHMU

% Y - BEKTOP TeKyLMX 3HAYEeHUN nepeMeHHbIX COCTOAAHUA
% Z - BblY4UCIIEHHble 3Ha4YeHus npousBoaHbIx z(i) = dy(i)/dt.

% h - war nirerpupoBaHus

% t - npeablayWUA MOMEHT BPpeMeHHU

% y -npeablaylee 3Ha4eHMe BEKTOpa NepeMeHHbIX COCTOSIHUSA.

% BbixoaHble nepeMeHHble:

% tout - HOBLIN MOMEHT BpeMeHU

% yout - BblYMCIIEHHOE 3HaYeHUe BeKTopa Yy vepes War UHTerpupoBaHus
% PacuyeT npomMeXyTO4YHbIX 3Ha4Y€HUN NPOU3BOAHbIX

k1 = feval(Zpfun, t, y);

k2 = feval(Zpfun, t+h/3, y+h/3*k1);

k3 = feval(Zpfun, t+2*h/3, y+h*k2-h/3*k1);

k4 = feval(Zpfun, t+h, y+h*(k3+k1-k2));
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%  PacyeT HOBbIX 3Ha4YeHUN BEKTOpa NepeMeHHbIX COCTOAHUA
tout=t+ h;
yout =y + h*(k1 + 3*k2 + 3*k3 + k4)/8;
% KoHeu npoueaypbl RKO43
OOparuTe BHUMAaHKHE HA TaKHE 0OCTOATENbCTBA:
- oOpallleHHe K MpoIeaype BbIUMCIEHUS MPaBbIX YacTe HE KOHKPETU3UPOBAHHO;
UMs 3TOM IPOLIEAYPHI BXOJIUT B YMCJIO BXOJHBIX MEPEMEHHBIX MPOLELYPbl HHTETPUPO-
BaHUA U JOJIKHO ObITh KOHKPETU3UPOBAHO JIMIIb IPHU BHI30BE MOCIIEAHEH;
- MPOMEXKYTOUHbIE TIEpEMEHHBIE K SBISIOTCS BEKTOPAMU-CTPOKAMU (TaK Ke, Kak
U TIepeMeHHbIe 'y' 1 'Z', BhIUKCIsieMble B IPOLEAYpPE IPABBIX YacTei).

IIpoyedypa npasvix wacmeu OIY masmuuxa
Paccmotpum mporiecc co3aaHusi Npoleaypbl BbluuciaeHus npasbix yactein OY
Ha MpPUMEPE YPaBHEHHS MasiTHUKA, TOYKA MOJBECA KOTOPOIrO MOCTYHATEIbHO IMEepeMe-
1IAETCSI CO BPEMEHEM 10 TAPMOHUYHOMY 3aKOHY:

J-p+R-9p+mgl-(1+n,, sin(o-t+¢,)) sing =

=-mgl-n,, -sin(w-t+¢&,)-cose,
rae: J - MOMEHT UHEepIuu MasTHHUKA; R - koadgdunmeHT nemndupoBanus; mgl - onop-

HbI MasSTHUKOBBIM MOMEHT MasTHHKA, I’lmy- aMIIINTyaa BI/I6pOH€p€pr3KI/I TOYKHU ITIOO-

BECa MasATHUKA B BEPTHKAJIBHOM HAIPaBIECHHU; 71, - aMIUIATYJa BUOPONEPErPY3KHU B

T'OPHU30HTAJIbHOM HAIIPABJICHUH, (D - YIoJl OTKJIOHCHHUA MasTHHUKA OT BCPTHKAIU, @

x »&€) - HavalbHbIC ¢da3bl kosieOaHMi (MO yCKO-

PEHHUSIM) TOUYKH MOJIBECA B TOPU3OHTAILHOM M BEPTUKAIBLHOM HAIPABIICHUSIX.

Uto06sl coctaButh M-(aiin mporeaypsl BBIYUCICHHS TIPABBIX YacTeH 3aJaHHOM
cuctemsl OJ1Y, npexae Bcero Hago npuBectu ucxoanyto cucremy OIY k ¢opme Ko-
. {1t 5TOr0 BBEieM 0003HAUYCHHS:

yl=@; y2=¢.
Torna ucxogHOE ypaBHEHHE MASITHUKA MOYKHO MPEINCTABUTH B BUJIE COBOKYITHO-
CTH IBYX Au(depeHuanbHbIX ypaBHEHHH 1-r0 mopsiika:

yacToTa KoJICOAaHMH TOYKHU noaseca,; &

dyl

=2

a7
%:{—mgl-nmx-sin(a)-t+gx)-cos(y1)—R-y2—

—mgl-[1+n,, -sin(@-t+¢,)]-sin(yl)}/J

CpaBHuBas TOJIYYEHHYIO CUCTeMY ¢ obmielr ¢opmoit ypaBHeHui Ko, MOKHO
CHEJaTh BBIBOJ, YTO
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zl = y2;
z2={-mgl-n, -sin(w-t+¢,)-cos(y)—R-y2—
—mgl-[1+n,, -sin(@-t+¢,)]-sin(yl)}/J

VIMeHHO BBIYHMCIICHHE 3TUX IBYX (YHKIIMHA U JOJHKHO MPOUCXOIUTH B IPOLIETYPE
npaBeix vacteir. HazoBem Oymymryro mponeaypy fm0. Beixonnoit mepemeHHoi B Hel
Oynet BekTop z = [z1 z2], a BXOIHBIMU - MOMEHT BpeMeHH t 1 BekTop y = [y1 y2]. He-
KOTOPYIO CJIOKHOCTh TPEJCTABISIET TO, YTO IMOCTOSIHHBbIE KOA(h(UIIMEHTHI B MPaBBIX
4acTsIX HEJb3s MepeaaTh B MPOIEAypy depe3 ee 3aroyioBok. [loaToMy o0beAnHUM HX B
BekTop kodpdurmentor K = [J, R, mgl, nmy, nmx, om, ey, ex] u oTHeceM 3TOT BEKTOP
K KaTerOpHH TI100aTbHBIX

global K.

Torga M-¢aiin 6yner umeTs BU;

function z = FMO(t,y);
% Mpoueaypa npaBbIxX YacTen ypaBHeHUA ®usunyeckoro MasTHuka.
% OcywecTBnseT pacyeT BeKTopa “z” Npou3BoAHbIX

% OT BeKkTopa "y" nepeMeHHbIX COCTOSIHUA No hopMynam:

% z(1)=y(2);

% z(2)=(-mgl*nmx*sin(om*t+ex)*cos(y(1))-R*y(2)-...
% mgl*(1+nmy*sin(om*t+ey))*sin(y(1)))/J,
% KoachduumeHTbl nepegatoTcs B npoueaypy vYepes rnobanbHbIA BEKTOP
% K=[J,R,mgl,nmy,nmx,om,ey,ex]

global K

z(1) = y(2); _
z(2) = (-K(3)*K(5)*sin(K(6)*t+K(8))*cos(y(1)) - K(2)*y(2) -...
K(3)*(1+K(4)*sin(K(6)*t+K(7)))*sin(y(1)))/K(1);
% KoHel npoueaypbl FMO
[Ipu ucnonb30BaHUU ITOW MPOUEAYpPHl CIEAYET MOMHUTh, YTO B TEKCTE IPO-
rpamMMbl TIPEABAPUTEIBHO JOJKEH OBITh OOBSABICH TNT00aNBHBIN BekTOp K ¢ moMorisio
cinykeOHoro cioBa global, a moTom omnpeiesieHbl Bce 8 ero 3JIeMEHTOB.
DTy npoueaypy MOKHO HECKOJIBKO YCIOKHUTh, TPYNIIUPYS. BMECTE BBIYUCIIEHUE
BCEX BHEIIHUX MOMEHTOB CHJI, KDOME MOMEHTA CHJI TSATOTEHUs, U 0(hOPMIISs UX KaK OT-
JEeNbHYI0 mpouenypy. i 3Toro cHayana npeBpaTUM HavyaJbHOE YpaBHEHUE, 3aIUChI-
Basl €r0 B BUJE:
4 : !
Q" +sing =S(7,p,¢0),

r7ie TpUX - 0003HaUYEHUE IPOU3BOAHOMN IO OE3pa3MEPHOMY BPEMEHU T =@ * I,

Imgl
Wy = 7 R

a uepes S(7,, ") obozHaueHa HekoTopas 3aJaHHAs (YHKIMS O€3pa3MEPHOTO Bpe-
MEHH, yIJia IOBOPOTa MAaATHUKA U €ro 0e3pa3MepHOil CKOPOCTH

B paccmaTrpuBaeMom ciiydae 3ta (yHKLIMS IpUoOpeTaeT Takon BU/I:
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S(tp,9)=-2-C-¢"
—[Ayy -sIN(V-T+E,)-COSQ+n,,, -sIn(V-T+&,)-sIn@],
npuyeM Oe3pasMepHbIE BEMYMHBL { M V ONPENEISIOTCS BHIPAKEHUSIMM:

‘= R _ W

V=—-.
9
2-\mgl-J @
Takast Oe3pasmepHast (popma MPEICTABICHUS YPABHEHUH SIBIIAECTCA MPEANOYTH-
TEJIBHON U yJ0OHOM, TaK KaK MO3BOJSET COKPATUTH KOJUYECTBO MapaMeTpoB (B HAILIEM
Cillydae BMECTO Tpex pa3MepHbIx mapamerpos J, R u mgl ocrancs omun - ¢ ), a Takxke

IIPEJICTABIIATh PEIICHHE ypaBHEHUs B Ooiiee oO1eit hopme.

BriHeceHnE BBIUMCICHHSI MOMEHTOB BHEIITHUX JEHCTBUI B OTAEJIbHYIO BBIYHMCIIH-
TEJIbHYIO MPOLEAYPY MO3BOJISET TAKKE CAENATh MPOLEAYPY IPaBbIX YacTel ypaBHEHUS
MasiTHUKa OoJiee o0Iiel, eciu oOpalieHre K Mpoleaype BbIYUCICHUS MOMEHTOB OCY-
IICCTBIISATH TOXe Yepe3 GyHKIuIo feval.

Cozpanum npouenypy MomFml, kotopas OyleT BBIUUCIATH MOMEHTHI CHII, KO-

TOpBIE JECUCTBYIOT HA MAsATHUK:

function m = MomFM1(t,y);
% BbluncneHne MomMeHTOB cun, KOTopble AeACTBYIOT Ha Pusndyeckum MaaTHuk.
% OcywecTBnseT pacyeT MOMeHTa "m" cun
% no dopmyne:
% m =-2*dz*y(2) - (hnmx*sin(nu*t+ex)*cos(y(1)) +...
% + nmy*sin(nu*t+ey)*sin(y(1)),
% KoadcbmumeHTbl nepenaroTca B npoueaypy Yepes rnodanbHbI BEKTOP
% KM1=[dz,nmy,nmx,nu,ey,ex]

global KM1

m= -2*KM1(1)*y(2)- (KM1(3)*sin(KM1(4)*t+KM1(6))*cos(y(1)) +...
KM1(2)*sin(KM1(4)*t+KM1(5))*sin(y(1)));
% KoHeu npoueaypbl MomFM1

Tenepp cinenyer nmepecTpouTs NpoUENypy NpaBbIx dacTted. HazoeBem sToT Bapu-

ant FM1:
function z = FM1(mpfun,t,y);
% Mpoueaypa npasBbix YacTen ypaBHeHuss dusnyeckoro MasaTHuKa.
% OcywecTBnsAeT pacyeT BeKTopa “z” npousBoAHbIX

% BeKTOpoB "y" nepeMeHHbIX COCTOAHUS NO (hopmMynam:

Yo z(1)=y(2);

Yo z(2)= - sin(y(1)) +S(t.y),

% BXoAHble NnapamMeTpbl:

% mpfun - umsa npouenypsi S(t,y)

% mpfun ='S’;

% t - TekylWMn MOMEHT BpeMEHU;

% y - TeKyLiee 3Ha4YeHue BeKTopa NepeMeHHbIX COCTOSIHUS;

% BbIXOAHbIEe NapaMeTpbl:

% Z - BEKTOp 3Ha4YeHUM NPOU3BOAHbIX OT NepeMeHHbIX COCTOSIHUS.
z(1) = y(2);

z(2) = - sin(y(1)) + feval(mpfun,t,y);
% KoHeu npoueanypbl FM1
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Tak xak BuJ oOpalleHHs K MpoIeaype MpaBbIX yacTell m3meHwics (goOaBieHa
HOBasl BXOJHAs MIEpPEMEHHasi - UMs MPOLEAYpPhl BRIYUCICHUS MOMEHTOB), HEOOXOIUMO

TaKKe MEPECTPOUTD U MpoLeaypy unuciaeHHoro merona. Hazosem ee RKO43m:
function [tout,yout] = rko43m(Zpfun,Mpfun,h,t,y)
%RKO043m UnTerpupoBaHue O1Y metonom PyHre-KytTa 4-ro nopsigka,
% npaBble YacTU KOTOPLIX 3adaHbl npoueaypamu Zpfun u Mpfun.
% BxoaHble napameTpbl:

% Zpfun - cTpoka CMMBONOB, KOTOPbLIA COAEPXKUT UMEHU Npoueaypbl
% BbluMcrieHMe npaBbix Yacten OL1Y.

% O6paweHue: z = fun(Mpfun,t,y),

% rae Zpfun = 'fun’,

% Mpfun - cTpoka ¢ umeHem npoueaypbl, K KOTOPOW

% obpawaeTcsa npoueaypa fun;

% t - TeKyLMin MOMEHT BpeMeHu

% Y - BEKTOP TeKYyLMX 3HAY€HUN NepeMeHHbIX COCTOSAHUA

% Z - BblYUCIEHHbIe 3Ha4YeHnA npom3BoAHbIX z(i) = dy(i)/dt.
% h - war nHrterpmpoBaHus

% t - npeawecTBYOWMIA MOMEHT BPEMEHU

% y - NpeAlecTBylollee 3Ha4YeHUe BEKTopa NepeMeHHbIX COCTOSAHUA.
% BbixoaHble napamMmeTpbl:

% tout - HOBbIN MOMEHT BpeMeHMU

% yout - HOBOe 3HaYeHUe BeKTopa nepeMeHHbIX COCTOSIHUA

% Yyepes war UHTerpupoBaHus

% PacyeT npomMeXyTOUYHbIX 3Ha4eHUN NPOMU3BOAHbIX

k1 = feval(Zpfun, Mpfun,t, y);

k2 = feval(Zpfun, Mpfun, t+h/3, y+h/3*k1);

k3 = feval(Zpfun, Mpf un, t+2*h/3, y+h*k2-h/3*k1);

k4 = feval(Zpfun, Mpfun, t+h, y+h*(k3+k1-k2));

% PacuyeT HOBbIX 3Ha4eHUM BeKTOpa NepeMeHHbIX COCTOAHUA
tout=t+ h;
yout = y + h*(k1 + 3*k2 + 3*k3 + k4)/8;

% KoHeu npoueaypbl RKO43m

Takast opma mpecraBiIeHUs MPOIEAYPhl BRIUUCICHHS TpaBbix yacted nudde-
pEHIMAJIBHBIX YpaBHeHUN Heyno0Ha. Bo-nepsrwix, nponenypy Buga FM1 Henb3s uc-
M0JIb30BaTh IIPU UHTErpupoBaHuu npoueaypamu MatLAB ode23 u ode45 (nocnennue
TpeOYIOT, YTOOBI B MPOILIEAYPE IMPaBhIX YacTeH OBbLIO TOJIBKO JABa BXOJIHBIX MapameTpa, a
B niporienype FM1 ux tpu). Bo-BTOpHIX, Takas (hopMa BBI30BET HEOOXOIUMOCTh CO3/1a-
HUS HOBBIX M-(haiiJIoB METOIOB YHMCJICHHOT'O HHTETPUPOBAHHS.

DTOr0 MOXHO U30€THYTh, MPEICTABUB MM JIOTIOJIHUTENbHON (yHKIMu Mpfun Ha
nI00aJbHYI0 MepeMeHHyI0. Torma mporeaypa MpaBbIX YacTeld MOXKET OBITh 3allhcaHa
TaK:

function z = FM2(t,y);
% Mpoueaypa npaBbIxX Yacten ypaBHeHUA ®usnyeckoro MasTHuka.
% OcyliecTBnsAeT pacyeT BeKTopa “z”

% NPOU3BOAHbLIX BEKTOPY "y" nepeMeHHbIX COCTOsIHUA No hopMynam:

%o z(1)=y(2);

% z(2)= - sin(y(1)) +S(t,y),

% BxopaHble napamMmeTpbl:

% mpfun - umsa npouenypsbl S(t,y) - rnobanbHas nepemMeHHas
% mpfun ='S’;

% t - TEKyLLMN MOMEHT BpeMeHu;

% y - TeKyuiee 3Ha4eHMe BeKTopa nepeMeHHbIX COCTOAHUS;
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% BbixoaHble napamMmeTpbl:

% Z - BEKTOop 3HauYeHun NMPON3BOAHLIX OT NepeMeHHbIX COCTOAHUA.
global MPFUN
z(1) = y(2);

z(2) = - sin(y(1)) + feval(MPFUN,t,y);
% KoHeu npoueaypbi FM2
Teneps npouenypa FM2 umeeT TOIBKO 1Ba BXOJHBIX ITapaMeTpa, epeaaBaeMbIxX
gyepes3 3aroJIOBOK, U MOXKET OBITh MCIIOJIb30BaHa JIF000M Mpo1eaypoil YUCIEHHOTO METO-
Jla UHTETPUPOBAHUs, B TOM 4HCIe - nporeaypamu ode23 n ode45. Heobxoaumo JHilib
IIOMHHUTH, 4TO B OCHOBHOMU nporpamme nepemeHHod MPFUN Hano npucBOUTE HEKOTO-
poe CUMBOJIbHOE 3HaYeHHE (MMsI (QYHKIUHU, KOTOopas OyIeT UCIIOJIb30BaHa B MPOLIEType
IIPaBBIX YACTEH), M OHA JODKHA OBITH 0OBsIBICHA KaK TiIo0anbHas. Hanpumep, eciau Oy-
JIeT MCIIOJIb30BaHa paHee coznaHHas mpoueaypa MomFunl, B Script-daiine q0mKHBI

IIPUCYTCTBOBATH CTPOKHU
global MPFUN
MPFUN = ‘MomFm1";

2.6.3. 3ananusn
3aoanua 2.1 - 2.13. Coznaiite M-(aitn meTrona 4UCICHHOTO MHTETPUPOBAHMS
muddepeHMaIbHbIX YpaBHEHUN B COOTBETCTBUM € (DOpMyJsiaMu, MPUBEIEHHBIMU B Ta0-
mnax 2.1 u 2.2.
Tabmuma 2.1. Metonbl Pynre-Kyrra

Ym+1 = ¥Ym + h F(tm> Ym)

N% | ®opmyna merona | BcmomorarenbHble BeTUYU- Ha3zBanue
Bap HBI METOTY

1 F=k1 k1=Z(ty;¥m) Elinepa

2 F=(k1+k2)/2 kK1=Z(tm;ym); MOAUPUITUPO-

k2=7(t,,+h;y,thk1) BaHHbIN Eiliepa
3 F=Z(t,,+h/2; k1=Z(tm;¥m)
ymthk1/2)
4 F=(k1+4k2+k3)/6 k1=Z(tm;ym); Xoline

k2=7(t,,+h/2;y,+hk1/2);
k3=Z(t,+h;y,+th(2k2-k1))
5 F=(k1+3k3)/4 k1=Z(tm;¥m);

k2=7(ty+h/3;y,+hk1/3);
k3=Z(t,+2h/3;y,+2hk2/3)
6 F=(k1+2k2+2k3+ kK1=Z(tm;ym); Pynre-Kyrra
+k4)/6 k2=7Z(ty+h/2;y,+hk1/2);
k3=Z(ty+h/2;y,+hk2/2);

k4=7(t,,+h;y,thk3)
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7 F=(k1+3k2+3k3+ K1=Z(tm;ym);
+k4)/8 k2=7(t,+h/3;y,thk1/3);
k3=7(t,+2h/3;y,+h(k2-
k1/3)); kd=Z(tth;y,th(k1--
k2+k3))
Tabauma 2.2. MHOTOIIaroBsle METOIbI
N% dopmyiia dopmyJia Ha3Banue
Bap IIPOTHO3Y KOPPEKITNHU METOTy
8 | Ymr=Ymrt2h(taym) | Ymer=YmTh[Z(tme 15y men)t
HZ(tmsym)1/2
9 Ym+1 =Ym+h[z(tm;Ym)' Ym+IZYm+h [Z (tm+1 ;y*m+ 1 )+
'Z(tm-l;ym-l)]/2 +Z(tm;Ym)]/2 .
10 Ym+IZYm+h[23Z(tm;ym)_ Y1 =YmTh[SZ(tm+ 13y m+1)T
-16Z(tm-15ym-1)+ +8Z(tm;Ym)-
+5Z(tm23Ym2)/12 ~Z(tm15Ym-1)1/12
11| Yo=Y th[55Z(tmsym)- | Y=Y Th[9Z(tmi 13y mer)* Anamca-
597t 15Ym-1)t +19Z(t;Ym)- bamdopra
+37Z(tm-23Ym-2)- -5Z(tm-15Ym-1) T
-9Z(tm35ym3)1/24 HZ(tn2:Ym-2) /24
12 Ym+=Ym-3 Y1 =Yma th[Z (e 3y mer)+ Minna
+4h[2z(tm;Ym)' +4Z(tm;Ym)+
'Z(tm-l;Ym-1)+ +Z(tm-1;Ym-l)]/3
H27(tm2:Ym2)1/3
13 Ym1=Ym3 + VYm1={9Ym - Ym2 + XemMiHTa
+4h[2Z(tm3ym)- 3N Z(tms15Y o)+
'Z(tm-l ;Ym-1)+ +2Z(tm;ym)'
+2Z(tm-2;Ym-2)]/3 'Z(tm-l ;Ym-l)] }/8

HBIX ypaBHeHI/Iﬁ ABHIKCHHUA IBYXCTCIICHHOTI'O THPOCKOIIMYCCKOT'O KOMIIACa:

Jl,B +[H — J, (w5 cos@eos f+uy(t)cos B —ug(¢)sin B)]*
*(w5cosesin B+ ug(t)cos B +uy(t)sin £) =0,

3aoanue 2.14. Coznaiite M-daiin npoueaypsl npabbix 4acted auddepeHimaib-

Tac J19J2 - MOMCHTBI HHCPIOHUH I'MPOKOMITIACA, H - ero coOCTBeHHBI KMHCTHYECKUI

MOMEHT; [ - yrojl OTKJIOHEHUS IIaBHOW OCH TMpOKOMIIaca OT IUIOCKOCTH Teorpadude-

CKOTO MEpHJIMaHa MecTa ; ¢ - reorpaduyeckas IMHMpPOTa MecTa 00bEKTa, Ha KOTOPOM

YCTAHOBJICH TUPOKOMIIAC,

uy (1) = uy, sin(ot + &y ),

up(t)=ug, sin(wt + &)

- COOTBCTCTBCHHO CCBCPHAA M BOCTOYHAA COCTABJIAIOIINC er'IOBOﬁ CKOPOCTH ITOBOPOTA
OCHOBAHMH:A, HA KOTOPOM YCTAaHOBJICH TMPOKOMIIAC.
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3aoanue 2.15. Coznaiite niporieypy npaBbix dacted auddepeHnanbHbIX ypaB-
HEHHii, KOTOPBIC OIMCHIBAIOT JHHAMHUKY OOBEMOB HOMyJsimid X,(f) XWIIHHKOB M
X, (%) epTB U U3BECTHBI Kak MOJeNb BosbTeppa:

X = —ay X +a;p X%

Xy = dpp Xy = dy) X1 X;.

3aoanue 2.16. Co3naiite mnpouenypy MpaBbix yacTed auddepeHnanbHoro

YPaBHCHHA YIJIOBOI'O JABMIXCHHA TOPIICALI B FOpHSOHTaHBHOfI IIJIOCKOCTH, KOTOpas
YHPaBIIACTCA HEJIUHEHHBIM HUCIIOJTHUTCIILHBIM 3JICMEHTOM:

2
d d
T R v kP () =0,
dt dt

[Iponenypa gomKHa TpeaycMaTpuBaTh BO3MOXKHOCTh HCIIOJIL30BaHUS HECKOJBKUX CY-
IIECTBEHHO HEJIMHEUHBIX 3aKOHOB ympaBieHusi F(x), B 4aCTHOCTH, PEJIEUHOr0 ¢ 30Ha-

MU HEUYBCTBBUTEIIBHOCTH U TUCTEPE3UCOM:
—c npux<-b,
ecm X >0, TO F(x)=<4 0 mpu—b <x<b,,
+c Tpu x> by;
+c npux>b,
ecrmoxke X <0, 10 F(x)={4 0 mpu-b,<x<b,
—c npux<b,.
3aoanue 2.17. Coszpaiite mpoleAypy MNpaBeiX dYacTed auddepeHnnaibHOro
ypaBHEHHUS YTJIOBOTO JABM)KEHHS MCKYCCTBEHHOTO CIYTHHKA 3E€MJIH, YIPABISIEMOTO IO

JIOTUYECKOMY 3aKOHY:

Jd—a):kCD(a),q)); d—(p:a) ,
dt dt
I7Ie (¥ - yrJoBas CKOPOCTh IBMKEHHUS CIyTHHKA; J - ero MoMeHT unepuun; ®(w,) -
3a/laHHas JIOTUYECKasl HeIMHEWHAsT QyHKIINS, KOTOPYIO OMPEACIIUM C MOMOIIBIO TaKOH
TaOJIHIIBI:

3nayenue pyukuuu D(w, @)

3HaK @
3HaK @ - 0 +
- +1 0 0
0 +1 0 -1
+ 0 0 -1

3aoanue 2.18. Coszpaiite mpouenypy mpaBbiX dacTed audQepeHInanbHbIX

yYpPaBHEHHM JBMKCHHS BOJYKA CO C(HEpUUSCKUM IOMITHUKOM, YCTAHOBJIICHHBIM B KO-
HUYECKOM JIYHKE:
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ng Y
dt tpée
dk,, _
= mglsin o, cosoy + M,
dK

g _ .
T—mglsmé‘z + M,

J 0, cos S, = K, —K:cosdsin g, + K_sind;sin o,,
Jo0y = Kgsind; + K. cos oy,

rae J,- 3KBaTOpUAJIBHBI MOMEHT MHEPLUH BOJIYKA OTHOCUTENIBHO TOYKH ONOPBI; [ -

KUHETUYECKHI MOMEHT BOJIUKA; Op,0, - YIJIbl OTKJIIOHEHHUS OCH BOJYKA OT BEPTUKAIH;
mgl - ONMOpHBI MasTHUKOBBIA MOMEHT Bomuka;, M, ..M, ..M, . - cocraBisio-
IIMELMOMEHTA CUJI TPEHUS B MOJMSITHUKE BOMYKa; K g,KU,K . - NMPOCKINH KHHETHYe-

CKOI'O MOMCHTA BOJIKa Ha HCTIOBHXKHBIC OCH. MOMEHTBI CHII TPCHUA

M,z My s My MOXKHO IIPEJICTABUTD CICYIOLIMMU 3aBUCUMOCTSMHU:
M= —Ccos 0COS 01C0S 0> ;
M, =—C{sind,[1- (s1n a)/ 2]+ cos o, sin o, (sm o)/ 2};
M, . =Ccosd,sind[l- (sin” @) /2],
rze
C= kﬁmglésign(l-]),
[ Bcosa
a

2 2 2 .2 .2 .2 2
B = \/1 —cos” acos” J;cos” d, —sin” a(sin” &, +sin” o, cos” 0,)/2 .

BeImie ncmonb3oBanbl 0003HaUCHUS: A - KOO(PQUIIMEHT TPEHUs MaTepuaa Mmoj-
MSATHUKA U MaTepHuasa onopel; R - paauyc cdepsl NOAMITHUKA;, & - YIoJl MEXIy 00pa-
3YIOIIIEH KOHYCa JIYHKHU Y TJIOCKOCTBIO TOPU30HTA.

B3aumocBs3b npoekiuit K é’KU’K ¢ C COOCTBEHHBIM KMHETHYECKHM MOMCHTOM

H v npyrumu KHHEMAaTHYECKUMHU BEIMYMHAMY ONPEACIISIETCS! COOTHOIICHUSIMMU:
K: = H cos 0, cos 6 —J 0, sIn 5, c0s 0, €08 0 +J,0, sindy;

K, = Hsin o, +J,0, cos? 05;

K_=—-Hcosd,sing; + J 0, sin 8, cos &, sin 8, +J,5, cos .
3aoanue 2.19. Cozpaiite mnporeaypy MNpaBbiX dYacTedl auddepeHnnaIbHbIX
ypaBHeHU# rupockona B kapaanoBoM nojasece (I'KII), ycTaHOBIEHHOTO Ha HEMOJIBHIK-

HOM OCHOBAHHU:
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(J+J, cos” Lo — 2J2d,Bsin,Bcos,B + Hfcos B =
=—f,a+ Ny + N, sin(wt + gy ) —[Ry + R, sin(wf + £5)]sin S,
J3 B+ Jyasin Beos f— Hacos B=—f,F+ Ly +
+ L, sin(wt + &;),
dH

—=R, +R_sin(wt + &),
dt 0 m ( R)

rne J=J,x+Jiz Jr=Jixy+tJ,~Jz J3=Jy+J,; Joy - MOMEHT HHEpLUUU
BHEIIHEH paMKU KapJaHOBOIO IIOJBECA OTHOCHUTEIBHO HApPYKHOM OCH IIOABECA;
Jix>J1y>J1z - MOMEHTBI HHEPLIMU BHYTPEHHEN PAMKH OTHOCUTENILHO YKa3aHHBIX OCEH;

J, - 2KBaTOpuaibHbIII MOMEHT MHEpPLUH POTOpa T'MpocKona; «,f3 - yIibl IIOBOPOTa

riaBHoit ocu ['KII Bokpyr Hapy»kHO# 1 BHYTpeHHEH ocelt nmoaBeca; H - coOOCTBEHHBIN
kuHetnyeckuit MomeHt I'KIT; £, /5 - K09 dumeHTsI BA3KOTO TPEHUs MO0 BHYTPEHHEH

U HapyKHOH ocaM mozaseca;  Ny,Lq, R, - NOCTOSHHBIE COCTaBIIAIOIIUE MOMEHTOB
BHEILIHUX CHJI, HAIIPABJICHHBIX 110 HAPY>KHOW, BHYTPEHHEN OCAM MOJBECA U INIABHOW OCU
TMPOCKOIIa COOTBETCTBEHHO; N, ,L ,R, - aMIUIMTyAbl TAPMOHHYECKHX COCTaBJISAIO-
[IMX MOMEHTOB CHUJI, ICMCTBYIOIIMX MO COOTBETCTBYIOIIUM OCSIM; (@ - YACTOTAa U3MEHE-
HUsSI TApMOHMYECKUX COCTaBJISIIOIIUX MOMEHTOB CWI; &y,&7,Ep - HadalbHbIE (ha3bl
TFapMOHUYECKHUX COCTABIIAIOIIMX MOMEHTOB CHIL

3aoanue 2.20. Cozpmaiite mpouenypy MOpaBbix dYacTedl auddepeHnnamTsHOTO
ypaBHEHUsI THpockonuyeckoro taxomerpa (I'T), ycTaHOBIEHHOro Ha BpallarolIencs
OCHOBE:

Jii+ fx+ex=—cuy, -,/ Hyiy, +(J,  Huyu, ]+ Myc/ H,
rae X - BbixogHowu cur”an I'T; H - coOcTBeHHbIN KuHeTnueckud Momenr I'T; J,,J, -
mMomeHThl uHepuuu ['T; ¢ - yrnoBas skecTkocTh yrpyroii csizu I'T ¢ ocHoBaHuewm; f -
KO3(QPUIUEHT YIIOBOIO AEMI(DUPOBAHUS; U vy, Uy, U, - TPOEKLIUU YIIIOBOM CKOPOCTH
OCHOBaHHUs Ha ocH, cBsizaHHble ¢ ['T. [locnennue cBsA3aHbl ¢ MPOEKUMAMU HA OCH, CBS-
3aHHbIE C OCHOBAHUEM, COOTHOUIEHUSIMU:

Uy =Uy coS B —uy,sin f;

Uy =Uy Ccos f+uy sin f;

Uy = Uy,

H

rae p=—nx.
c

ITpoexuy yriaoBoil CKOPOCTH OCHOBaHMS Ha OCH, CBSI3aHHBIE C TEM K€ OCHOBA-
HHMEM, T10J1araTh U3MEHSIOIIMMUCS CO BPEMEHH 110 3aKOHAM:
Uy =Uyq + Uy, SIn(ot + &y );
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3aoanue 2.21. Cnepsuias cucTeMa COCTOUT W3 33/IAlOIIETO 3JIEMEHTA, KOTOPBIN
3aJ1aeT 91 yroJi, Ha KOTOPBIN JIOJKEH MOBEPHYTHCS BBIXOJHOMN Bajl CIAEISIIEH CUCTEMBI
(BaJI 3EKTPOJABUTraTENs ), (POPMUPYIOIIETO dJIEMEHTA (CEIbCHHA), KOTOPBI CPaBHUBAET
3TOT YToJl C YIJIOM MOBOpPOTa 192 BBIXOJIHOTO BaJia AJICKTPUUYECKOrO ABUTATENS U (Pop-

MUPYET 3JIEKTPUUYECKUN CUTHAJI, MPOIMOPIUOHAIBHBIA CUHYCY PAa3HOCTU 3TUX JIBYX yT-
JIOB:

U = Ulm Sin(:.gl — 192)

OTOT CUTHAT CYMMHUPYETCA C CUTHAJIOM TaxOI'¢HEpaTOopa Ha Baly ABHUIaTCIIA:

Uy =Up —Up Uy = kBC()B

Curnan uz noaacTCsa Ha YCHIIMTCIIBHOC YCTPOﬁCTBO, KOTOpOE€ MpECACTABIACT CO-
oot TPEXIMO3UIIUOHHOC PEJIC€ C TUCTCPE3UCOM. HOCHCI[Hee (bOpMI/IpyeT HaIIpsAXKCHHUE uﬂ

B COOTBETCTBHS C 3aBUCUMOCTBIO:
z, sign(uy) npu  |u,|>xp;
Ug = Sfuy)=

BpamarensHoe ABW)KEHHME Bajia JBUTATENsT OMHUCHIBaeTCa Aud@epeHImaibHbIMU
YPaBHEHUSMU:

0 npu  |uy|<x,.

do
T by =kpug;
B B = KpUp
d&z_w
a 7

Coznaiite B ¢popme M-daiina nporenaypy BbIYHCICHUS MpaBbIX vacten audde-
PEHIIMAIBHBIX YPABHCHHUH CIIEIAIICH CUCTEMBI, CUUTAsA BBIXOJHBIMU BEIUYHMHAMH YTOJI
=39 -8, paccornmacoBaHus U CKOPOCTb €r0 U3MEHEHHUSI.

3aoanue 2.22. CocTtaBbTe NMPOLEAYPY OTHICKAHHS TOYHBIX PEIICHUN CUCTEMBbI
JIMHEWHBIX OJHOPOAHBIX JU(dEpEeHIMATBHBIX YpaBHEHHH M0 3amaHHOW Marpuie A
cucrembl 1Y B hopme Koru:

dy

dt
Y 33IaHHOMY BEKTOpY Y0 HayajabHBIX YCIOBHU.

:A-y

3aoanue 2.23. Cosznaiite mnpoueaypy IMpaBbix dYacTed auddepeHanibHbIX
ypaBHEHUH JBWKEHUS B MPOCTPAHCTBE TPEX TI'PABUTHPYIOIIUX MAaTEPUAIbHBIX TOYEK
(3amaya Tpex Tes B HeOeCHOW MEXaHHKE)

d’R m
2 :—7( R21 3 —R3y),
dzR m m
3 ——7( 2 R3; - —1 — Ry3),
dr® R32 R13
Ry ==——(mR;y +m3R3)
1



2.6. Co3daHue pyHKyuli om ¢hyHKu Ul 130

rae m,, m,, m, - MacCel TI'PaBUTUPYIOIINX MaTepuanbHbX Tel; R,,R,,R; - pagny-
CBI-BEKTOPbI MAaTEpPUAIbHBIX TOUYEK OTHOCUTEIBHO MX OOIIero IEeHTpa Macc;
R,; =R, —R;;R3 =R; —R;:R;;3 = R; —Rj; - panuychl-BeKTOpbI TOYEK APYT OTHOCH-
TEJNBHO Apyra; R,;, R3,, Rj3 - TeKylue paccTOSHUSA MEXKIy TOYKAMM; ) - IPaBHTaLU-
OHHasl MOCTOSTHHAS.

3aoanue 2.24. CoctaBbTe TpolLeIypy NpaBbIX 4Yacteh auddepeHnnanTsHOTo
YPaBHEHHUS JIAMIIOBOI'O T€HEPATOPA:

G+o’q=(r-29") -

OT0 Tak Ha3zbiBaeMoe ypaBHeHue Ban-nep-Ilomns.

3aoanue 2.25. CocraBbTe NpoOIEAypy MpaBbiX dYacTed auddepeHuanbHOro
YpaBHEHUS JBMKEHUS MAasATHUKA HA MOJBM)KHOM OCHOBAaHUU C YYETOM MOMEHTA CUJI CY-

XOT'0 TPEHHUS BJIOJIb OCH MasiTHUKA!
J$+ Ry +mglsing=M,, +M,+M, sin(wr),

rie yw=¢—39%t), $t) - Tekymuid yroa noBOpoTa OCHOBaHHS BOKPYT OCH MasTHHUKA;
M - mocrosiHHas COCTABIIONAs MOMECHTA BHEIIIHUX CHJI, KOTOPBIE ACHCTBYIOT Ha Ma-
atHuK; M, - aMIDINTyJa TapMOHHYECKOH COCTAaBISIONIEHl MOMEHTa BHEIIHUX CUIL;

(W - 9aCTOTa U3MCHCHUS MOMECHTA CHUII, Mmp - MOMCHT CHIJI CYXOI'0O TPCHH: 110 OCHU

MasTHHKA.
Cunrare M, = —M sign(y), rae
+1, mpu x>0,
sign(x)=4 0, mpu x=0,
-1, mpu x<0,
atakke ()= +9t+ 3, sin(wt+¢) .
3aoanue 2.26. CoctaBbTe NPOULEAYPY OTHICKAHHUS TOYHBIX YACTHBIX PEIICHUMN
CUCTEMBI JIMHEHHBIX HEOJHOPOIHBIX AU(PGEpeHIINANbHBIX YpaBHEHUNW MO 3aJlaHHOMN
marpurie A cucremsr JIY B dopme Komm u marpuiie B ko3pPHUIHEHTOB BXOIHBIX
BO3JEUCTBUI:

d
av _ Ay+Bx,
dt
r7ic BEKTOp X BXOJHBIX BO3JACHCTBUM NPUHATH B BUJIE

x=B, +Bgsin(w?)+ B cos(w?).

2.7. Ilpumep co3naHUS CJA0KHOU MPOrPaMMbI

Panee Obn PaCCMOTPECHBI OCHOBHBIC MPCITATCTBUA, CTOAIINC HA ITYTU CO3JaHUA
CJIIOXKHBIX IIPOTpaMM, U CPCACTBA UX IIPCOAOJICHUA. Tenepb, Y4UuThBIBasa 3TO, Honp06yeM
COCTaBUTh U HUCIIBITATh B pa60Te OJHY U3 JOBOJIBHO CJIOKHBIX KOMIIUJICKCHBIX IIPOTPaMM.
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2.7.1. IIporpamMmma MOeJIUPOBAHUA JBUKEHUA MASITHUKA

IlocTanoBka 3amavu. [lycte TpeOyercs co3aaTh mporpamMmy, KOTopas IO3BOJIH-
Ja Obl MOACITMPOBATH IBIKCHUE (PU3NUECKOTr0 MasTHHUKA C BUOPHPYIOIIEH TOYKOM IO/I-
Beca MyTeM YHMCIICHHOTO MHTETPUPOBaHKS TU(GHEepEeHIIMAIBHOTO YPAaBHEHUS 3TOTO JIBH-
KEHUS.

HuddepennnanbHoe ypaBHEHHE JIBM)KCHHUS MasSTHHKA JUIS 3TOM 3aJlaud MOXKHO
IIPUHATH TAKHM:

J-$+R-¢p+mgl-(1+n,, sinf(w-t+&,)) sing =

=-—mgl-n,, -sin(w-t+&.) cose,
rae: J - MOMEHT MHEpLHMH MasTHHKA; R - KoapuueHT gemnpupoBanus; mgl - onop-
HBIA MasTHUKOBbIA MOMEHT MAsTHHKA; 11, - AMIUIMTY/Id BUOPONIEPErPY3KH TOUKH IO/

BECa MAsTHUKA B BEPTUKAJIBHOM HAIIPABJICHUU; 1, - AMIUIUTYyJa BUOPOIEPETpPy3KHU B
TOPU30HTAIILHOM HANPAaBJIEHUU; (@ - YTOJ OTKJIOHEHHsI MAsTHUKA OT BEPTUKAIU; @ -

4acToTa KoJIeOaHuil TOUKH MojBeca; &, , &, - HavalbHbIe (hasbl KoaebaHui (1o yckope-

HUSM) TOYKH ITOJBECA B TOPU30HTAILHOM M BEPTUKAIBHOM HAITPaBICHUSX.

HyXHO co31aTh Takylo MporpaMMmy, KOTOpas IMO3BOJIsJIa Obl BBIYUCIIATH 3aKOH
W3MCHCHHMS yTrila OTKJIOHCHHS MasTHUKA OT BEPTUKAJIN BO BPEMEHHU IPH MMPOU3BOJIHHBIX,
yCTaHABJIMBAEMBIX II0JIb30BATENIEM 3HAYCHUSAX BCEX BBINICYKa3aHHBIX IMapaMETPOB Ma-
SATHUKA W TIOCTYIATEIbLHOTO IBMIKEHUS OCHOBAHWS, a TAaK)Ke NMPU MPOU3BOJILHBIX Ha-
YaJIbHBIX YCJIOBHSX. Bbrumcienus OyJaeM OCyIIECTBIIATh IMyTEM YHCICHHOTO WHTETPH-
pPOBaHUA C MOMOIILIO CTAHIAPTHOM Ipoleyphl odeds.

IIpeoOpa3oBanue ypaBHeHusi. /st moaroroBku auddepeHmanbHbIX ypaBHe-
HUHM K YUCIICHHOMY MHTETPUPOBAHHUIO MIPEXKJIE BCETO HEOOXOAUMO npusecmu 3mu ypaes-
HeHus K HopmanvHou gopme Kowu. YKenarenbHO Takke MpEeACTaBUTh UX B Oe3pazmep-
HOU (opme. JIyis mpeacTaBICHHOTO YPAaBHEHHSI 3TO OBLJIO CIIEJIaHO B MPEIITyIIeM pa3-
Jene.

3anuce M-daiijia npoueaypbl npaBbix 4yacrei. Ciaeayomum maroM MoJro-
TOBKH MPOTPAMMBI SIBJISIETCA HAIMCAHWE W 3alMCh HA JUCK TEKCTa MPOLEAYPHl BbIUKC-
JIeHUs IPaBBIX YacTel nonyyeHHoi cucremsl P B hopme Komn.

Ota npoiieaypa Obula co3/1aHa B MPEAIIECTBYIONIEM pa3fiesie U B OKOHYATEILHOM
BAPHAHTE OHA UMEET BUJL;

@Daijin FM2.m

function z = FM2(t,y);
% Mpoueaypa npaBbIX Yacten ypaBHeHUA ®usunyeckoro MasiTHuKa.

% OCYLLIECTBHFIGT pacyeT BeKTopa Z NMpou3BOAHbLIX BEKTOopa

% "y" nepeMeHHbIX COCTOAAHUA No ¢hopmynam:
% z(1)=y(2);
% z(2)=-sin(y(1)) +S(t,y),

% BxogHble napamMmeTpbl:
% t - TEeKyLWMN MOMEHT BPEMEHMU;
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% y - TeKyliee 3Ha4YeHMe BeKTopa nepeMeHHbIX COCTOAHUS;
% MPFUN - umsa npouenypbl S(t,y) - rnobanbHas nepemMeHHas
% MPFUN ='S";
% BbixoaHble napamMeTpbl:
% Z - BEKTOp 3Ha4YeHUM NPOU3BOAHBLIX OT NePeMEeHHbIX COCTOSIHUSA
global MPFUN
z(1) = y(2);
z(2) = - sin(y(1))+ feval(MPFUN,t,y);
z=z';

% KoHeu npoueaypbi FM2

Ilpumeuanue. OGpaTuTe BHUMaHHE HAa HE3HAYUTEITHLHOE, HO CYIIECTBEHHOE OT-
JIVYYE TPUBEACHHON MPOLEAYPHl OT aHAIOTUYHOW MPOLEAYPBI IPEABIAYIIETO pa3aena -
HaJIM4W€ B KOHLE MPOLEAYPHI ONEpalMU TPAHCIIOHUPOBAHUS BEKTOPA MPOU3BOJIHBIX.
DTO 00YCIIOBIEHO TEM, UYTO npouedypa ode45 mpebyem, umodvl 8eKmop npou380OHbLX
ObLI 00A3aMENbHO CMOIOYOM.

B kadecTBe NONOTHUTENBHOM MPOLEAYPY, MCIOJb3yeMoW B mpouenype FM2,
BBHIOEpPEM paHee Co3/laHHyl mnporeanypy MomFMI1, kotopyro 3anuiiem B (aiin
MomFMI.

®daiin MomFMI1 . m

function m = MomFM1(t,y);
% BbluncneHmne MomeHToB Cun, KoTopble AeUCTBYIOT Ha Puanyecknin MasaTHUK.
% OcyuiecTBnseT pac4eT MOMeHTa "m" cun
% no dopmyne:
% m =-2*dz*y(2) - (hnmx*sin(nu*t+ex)*cos(y(1)) +...
% + nmy*sin(nu*t+ey)*sin(y(1)),
% KoachduumeHTbl nepeaaroTcs B npoueaypy vyepes
% rno6anbHbIn BekTop KM1=[dZ,nmy,nmx,nu,ey,ex]
global KM1
m = -2*KM1(1)*y(2)- KM1(3)*sin(KM1(4)*t+KM1(6))*cos(y(1)) -...
KM1(2)*sin(KM1(4)*t+KM1(5))*sin(y(1));
% KoHeu npoueaypsl MomFM1
OuyeBHJIHO, YTO B BhI3bIBatOIEeM Script-paitiie Hajl0 MpeayCMOTPETh 0ObSIBICHUE
UMEHH JomnoJiHuTeNbHOTO ¢aina MomFMI1 kak rno6ansHoit nmepemenHoit MPFUN, a
TaK)ke 00ecreuuTh 0ObsIBICHUE TJI00aNbHOM mepeMeHHoM mo uMenn KM1 u 3amanue

3HAYE€HUM TOr0 YMCJIOBOIO MAaCCHUBA U3 MATU DJIEMEHTOB.

Coznanme ynpapJjsioniero (rjaaBHoro) Script-daiiga. ['maBubIil daiin co3na-
JIMM COOTBETCTBEHHO pPEKOMEHAIusAM AeneHus. 2.4.5 :
®daiin FizMayatn2 . m

% FizMayatn2
% YnpaBnswlLiaa nporpaMmmMa uccriegoBaHus ABUKEHUA huanyeckoro MasTHUKA,
% ycTaHOBNEHHOro Ha nocTtynaTteribHO BUOpUPYHOLLEM OCHOBaHUN
FizMayatn2_Zastavka
k = menu(' Yto genatb ? ',' Mpogomkutb paboty ', ' 3aKOHUUTL paboTy ');
if k==1,
while k==
FizMayatn2_Menu
FizMayatn2_Yadro
k =menu(’ Yto genatb ? ', [MpogomxuTb paboty ', ' 3aKOHUNTbL paboTy ');
end
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end
clear global
clear
% KoHeu FizMayatn2

Kak BuguM, mporpamMmma BbI30BET TpH JONOJHUTENBHBIX Script-¢aiina - FizMa-
yatn2 Zastavka, FizMayatn2 Menu u FizMayatn2 Yadro. [losTomMy Hy>XHO co31aTh
enie 3Tu Tpu M-daiina.

Coznanme Script-aiina 3acraBku. Kak ormedanoce, 3TOT ¢aiiil JOKEH CO-
JIepKaTh OnepaTophl BHIBOJIA HA SKpaH MH(OpMAIMKU 00 OCHOBHBIX OCOOEHHOCTSX Ma-
TEMATHYECKON MOJENH, PEAIM30BAHHOW B MPOrpaMMe, U BBOJIa MCXOJHBIX 3HAYEHHUM
napamMeTpoB 3Toi mojaenu. Huwke npuBeaen tekct M-daiina FizMayatn2 Zastavka.

®aiin FizMayatn2 Zastavka . m

% FizMayatn2_Zastavka
% YacTb (BbiBOA 3acTaBKM Ha 3KpaH) nporpammsl FizMayatn2
% BBopg "BWIUTbLIX" 3HAYEHUN

sprogram = 'FizMaytn2.m";

sname ='IlazapeB H0.®.";

KM1=[000000];

MPFUN = 'MomFm1";

global KM1 MPFUN

tfinal =2*pi*5;
fi0 =pi/180; fit0 = 0;
clc

disp( [' 9To nporpamma, ocyLliecTBAsIOLWAA UHTErPUPOBaHME YpaBHEHUA ;...
' ®nsunyveckoro MasaTHMKaA Nnpu noctynaTtenbHOM BMOpaLum TOUKM nogBeca ;...
' B bopme ;...
'fi" + sin(fi) = - 2*dz*fi" - ;...
' - nmy*sin(nu*t+ey)*sin(fi) -nmx*sin(nu*t+ex)*cos(fi)';...
'rpe fi - yron oTKNOHeHUs MassiTHUKa OT BepTuKanu, ;...
' dz - oTHOCUTEeNbHbIN KO3thPULMEHT 3aTyXxaHus, ;...
' nu - OTHOCUTENbHAaA YacToTa BUGpaLumM TOYKM noaBeca, ;...
' nmy, nmx - amnnuMTyAbl BUGponeperpy3km B BEpTUKarIbHOM ;...
' U TOPU3OHTaNIbHOM HanpaBfieHUSAX COOTBETCTBEHHO, ;...
' ey,ex - HavyanbHble (pa3bl KonebaHMn B BepPTUKANbLHOM ';...
' U rOPU3OHTaNIbHOM HanpaBneHUsiX COOTBETCTBEHHO, ;...
' KM1 = [dz,nmy,nmXx,nu,ey,ex] - maTpuua ko3 dpuumneHToB '])
% KoHeu FizMayatn2_Zastavka
B Hem ocylecTBisieTcs MpUCBanBaHUE UCXOAHBIX ("BIIUTHIX") 3HAUEHUN BCEM
napaMerpaM 3aJaHHOro nuddepeHInalIbHOTO ypaBHEHUS, a TaK)Ke MapaMeTpaM YKC-
JICHHOT'O MHTETPUPOBAHUS - HAYAJIbHBIM YCJIOBUSIM ABMKCHUS MasiTHUKA U JJIUTCIBHO-
CTH Mpoliecca UHTerpupoBanus. YacTh 3TUX apaMeTpoB OOBEUHSAETCS B €IUHBIN TJ10-
O6anpHbI BekTOop KMI1. OpnoBpemenno mnepemeHHoii MPFUN, kotopas Oyner

VCIIOJIb30BAThCS MPYU MHTETPUPOBAHNH, ITPUCBauBaeTcs 3HadeHne 'MomFm1'.

Coznanme ¢aiiga menro. Conepxxumoe ¢aiina mento FizMayatn2 Menu npuse-
JIEHO HUKE.

daiin FizMayatn2 Menu . m

% FizMayatn2_Menu
% YacTb (ocywecTBnsowWwas aManorosoe U3aMeHeHne AaHHbIX)
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% nporpammbl FizMayatn2
k=1;
while k<10
disp(’ ')
disp(' Cenyac yctaHoBnEeHO ')
disp([sprintf(" HauanbHbIX yron (rpagycsbl) = %g’, fi0*180/pi),...
sprintf(' HauanbHasa ckopocTb = %g’, fit0)])
disp(sprintf(" Yucno nepuopoB = %g’, tfinal/2/pi))
KM1
% KM1=[dz,nmy,nmXx,nu,ey,ex]
k = menu( ' Yto usmenart ? ', ...
sprintf(" OTHOocUTenbHbIN K-HT 3aTyxaHusa = %g', KM1(1)),...
sprintf(’ Meperpy3ka (BepTukans) = %g', KM1(2)),...
sprintf(' Meperpy3ka (ropusoHTtans) = %g', KM1(3)),...
sprintf(* OTHocuTenbHasa yactoTa = %g', KM1(4)),...
sprintf(" ®a3a (Beptukann) = %g', KM1(5)),...
sprintf(' ®a3a (ropusoHTans) = %g', KM1(6)),...
sprintf(* HayanbHbIM yron (rpaaycel) = %g', fi0*180/pi),...
sprintf(' HauanbHasa ckopocTb = %g’, fit0),...
sprintf(" KonnyecTtBo nepuopnos = %g’, tfinal/2/pi),...
' Huyero He U3MeHATb ');
disp(’ ‘)
if k<7, KM1(k) = input( ['Cenuac KM1(',num2str(k),sprintf(') = %g', KM1(k)),...
' BBeauTte HOBoOe 3HauYeHue =');
elseif k==7, fi0 = input([sprintf('‘Cenuac fi0 = %g rpaagycos’, fi0*180/pi),...
' BBeauTte HOBoOe 3HayeHue =']);
fi0 = fi0*pi/180;
elseif k==8, fit0 = input([sprintf('‘Cenuac fit0 = %g', fit0),...
' BBeauTte HOBoOe 3HauYeHue =']);
elseif k==9,tfinal=input([sprintf('Ceituac konu4yecTBO Nnepunonos = %g’, tfinal/2/pi),...
' BBeauTe HOBOE 3HaYeHue ="']);
tfinal = tfinal*2*pi;
end
end % FizMayatn2_Menu

@DaiJ1 OCYLIECTBISAECT OPraHU3ALUI0 TUATIOTOBOM BBOJA-U3MEHEHUS 3HAYECHU T1a-
pamMeTpoB (PU3NYECKOTO MAasTHHUKA, JIBIJKCHHS] OCHOBAHUS W MApaMeTPOB YHCICHHOTO
WHTETPUPOBAHUS B COOTBETCTBHUS CO CXEMOM, OITMCAHHOM B pa3i. 2.4.4.

Coznanme ¢aiinia_sinpa nporpammbl. OCHOBHbIE JEHUCTBUSI MO OpraHU3aluu
mpolecca YUCJICHHOTO WHTETPUPOBAHUS W BBIBEICHUIO TPadUKOB COCPEIOTOYCHBI B
¢aitne FizMayatn2 Yadro:

®aiin FizMayatn?2_Yadro . m

% FizMayatn2_Yadro
% YacTb (ocylecTBnAOWAN OCHOBHbIE BbIYUCIIEHUA)
% nporpammsbl FizMayatn2
% %% % %% %o %o %0 %% %0 %% %% %0 % %0 % %o % %o %o % %% % %% %o
% 1. NoaroToBKa HaYanbHbIX YCNOBUMN
o/u
t = 0; tf = tfinal; y0 =[fi0 fit0];
options = odeset('RelTol',1e-8,'"AbsTol',[1e-10 1e-10]);
%
%% %% %% %o %o %o %o %o %o %o %o %0 %0 %0 %0 %o %o %o %o %o %o %o %o %o %o %% %% %o
% 2. OpraHu3auua umMKna uHTerpmpoBaHue
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o/
[t,y] = oded5('FM2',[0 tf],y0,0ptions);
%
%% %% %% %o %o %o %o %o %o %0 %0 %0 %0 %0 %o %o %o %o %o %o %o %o %o %o %o %% %% %o
% 3. BbiBOA rpacdhmkoB

subplot(2,1,2);

plot(t/2/pi,y(:,1)*180/pi);grid;

title("OTknoHeHune ot BepTuKkanu','FontSize',14);

xlabel('Bpemsa (B nepMoaax maneHbKNX cO6CTBEHHbIX konebaHun)','FontSize',12);

ylabel('Yron B rpagycax’,'FontSize',12);

subplot(2,4,1:2);

plot(y(:,1)*180/pi,y(:,2));grid;

title('"®asoBas TpaekTopus','FontSize',14);

xlabel('Yron B rpagycax’,'FontSize’,12);

ylabel('CkopocTb','FontSize’,12);

%

% BbiBoA TekcTOBOM MHpOpMaLmm B rpachuyeckoe oKHO

subplot(2,4,3:4); axis('off’);

h1=text(0,1.1,'MogenupoBaHne ABuxKeHUA ¢u3M4ecKkoro masTHUKa', 'FontSize', 14,

'FontWeight', '‘Bold’);

h1=text(0.4, 1,'3a ypaBHeHuem','FontSize',12);

h1=text(0,0.9,'fi" + 2*dz*fi" + [1+nmy*sin(nu*t+ey)]*sin(fi) =','FontSize’,14);

h1=text(0.55,0.8," = - nmx*sin(nu*t+ex)*cos(fi)','FontSize',14);

h1=text(0,0.7,'3a TakMx 3Ha4yeHn napameTpoB:’,'FontSize’,12);

h1=text(0.45,0.6,sprintf('dz = %g',KM1(1)),'FontSize’,12);

h1=text(0,0.5,sprintf('nmy = %g',KM1(2)),'FontSize’,12);

h1=text(0.7,0.5,sprintf('nmx = %g',KM1(3)),'FontSize’,12);

h1=text(0,0.4,sprintf('ey = %g',KM1(5)),'FontSize',12);

h1=text(0.7,0.4,sprintf('ex = %g',KM1(6)),'FontSize',12);

h1=text(0.45,0.3,sprintf('nu = %g',KM1(4)),'FontSize',12);

h1=text(0,0.2,'v HayanbHbLIX NoHUman:','FontSize',12);

h1=text(0,0.1,[sprintf(*fi(0) = %g',fi0*180/pi),' rpapycos'],'FontSize’,12);

h1=text(0.7,0.1,sprintf('fi"(0) = %g',fit0),'FontSize',12);

h1=text(0,0.05,); ");

h1=text(0,-0.2,); ");

h1=text(-0.05,-0.05,['Mporpamma ',sprogram]);

h1=text(0.55,-0.05,'ABTOp - JlazapeB l0.®., kach. ICOH");

h1=text(0,-0.15,['BbinonHun ‘,sname]);

tm=fix(clock); Tv=tm(4:5);

h1=text(0.65,-0. 15,[sprintf(' %g:',Tv)," ‘'date]);
% KoHeu cdanna FizMayatn2_Yadro

Kak BuayrM, OCHOBHBIE OIEpallMy BKJIIOYAKOT TPU IJIABHBIE TPYIIIBI - BBOJ Ha-

YaJIBHBIX YCIIOBUH, OPTraHU3AINIO ITUKIIA MHTETPUPOBAHUS U OPTaHU3AIHNIO O(POPMIICHUS

rpauyecKoro OKHa BBHIBOJIA.

Otaaaka nporpammbl. OTiIazKka IporpaMMbl COCTOUT M3 3aITyCKa IIaBHOro M-
¢aiina FizMayatn2, npoBepku MpaBUIBHOCTH (PYHKUIMOHUPOBAHMUS BCEX YacTel mpo-
rpaMMbl, BHECEHHE KOPPEKTUB B TEKCThI MCIOJIb3yeMbIX M-(aiiyioB 10 TeX mop, moka
BCE 3allpOrpaMMUPOBaHHbIE AEUCTBUS HE OYIyT YAOBJIETBOPATH 3aJaHHBIM TpeOOBaHU-
am. Crofa e BXOIAT U JEHUCTBUSA 10 MPOBEPKE "aJeKBATHOCTHU', T. €. COOTBETCTBHS I10-
Jy4aeMbIX IPOrPAMMOM PE3YIBTATOB OTIAEIBHBIM ANPUOPHO M3BECTHBIM CIIy4asiM MOBE-
JIeHUs ucciieryeMoi cucteMbl. O4eBUIHO, JIJIs TAaKOW MPOBEPKHU HYXKHO MOa00paTh He-
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CKOJIBKO COBOKYNHOCTEM 3HAYEHHUU IMAPaMETPOB CHCTEMBI, NPU KOTOPBIX ITOBEICHHE
CUCTEMBI SIBJIIETCSI U3BECTHBIM U3 MPEIBIAYIINX TEOPETUUECKUX WM SKCIIEPUMEHTAIIb-
HBIX HUCCIEN0BAaHUN. ECaM momydeHHbple MPOrpaMMON pe3yJIbTaThl MOJHOCTBIO COTIacy-
IOTCSI C M3BECTHBIMH, MPOrpaMMa CUUTAETCS aJACKBATHOM NMPUHATOW MAaTEMaTUYECKOU
MOJEIH.

B mpuBeneHHOM TEKCTE MpOrpamMMbl "'BIIMTHIE' HAYAIBHBIC 3HAYCHHS MMAPAMET-
POB OTBEYAIOT CBOOOJHOMY JABMKEHHUIO MasiTHUKA Oe3 BiusiHUS TpeHus. [lpu takux yc-
JIOBUSIX JIBJKEHHE MasATHHKA MPEJCTaBIseT cOOOM He3zaTyXarouiue KojieOaHus OTHOCHU-
TEJBHO MOJ0XKeHUs1 BepTukanu. [loaTtoMy, ecnu nporpamma paboTaeT BEpHO, Ha Tpadu-
Kax JOJDKHBI HaOMIOAAThbCsl UMEHHO TaKUe KoJeOaHWs MasTHHKA. Pe3ynbTaT paboThbl
CO3JJaHHOW MPOrpaMMBbl IIPU 3THUX YCIOBUAX IpencraBiieH Ha puc. 2.11. Kak BugHO, B
ATOM OTHOILIEHHH NPOrpaMmMa SIBIISETCS aI€KBATHOW MPUHATOW MATEMAaTUYECKOW MOJE-
JIH.

IIpoBenenue mcciaenoBanmii. Co3gaHHas nporpaMma Ternepb MOXKET ObITh HC-
M0JIb30BaHa ISl MOJIETTUPOBAHMS W UCCIEAOBAHUS Pa3zHOOOpa3HbIX HEIMHEHHBIX 3(-
(beKToB, KOTOpble HAOMIOAAIOTCS Y (PU3UYECKOT0 MasiTHUKA MPU MOCTYMATeNbHON BUO-
pauuu Touku ero noxaseca. Ha puc. 2.12 - 2.17 npoaeMOHCTpUPOBAHHBIE HEKOTOPHIE
BO3MOXHOCTH CO3/IaHHOM IIPOTPAMMBL.

Ha puc. 2.12 npuBeneHsl napaMmeTpuieckue KoueOaHus MasTHUKA, KOTOPbIE MO-
I'yT BO3HUKATh IIPU BUOpAIMM TOYKHU IMOJABECAa B BEPTHKAIHLHOM HampasieHuu. 13 pu-
CYHKa BUJHO, YTO B 3TOM CiIyyae KoJieOaHUsI MasTHUKA OTHOCUTEJIbHO BEPTHKAIN CHa-
yajia yBEJIMYMUBAIOTCS MO aMIUIUTY/I€, @ TOTOM YCTaHABIIMBAIOTCS, MPUYEM YacTOTa MO-
CTOSIHHBIX KOJeOaHWl BJBOE€ MEHbIIIE YacCTOTHl BUOpAIlMM OCHOBAHUS U COCTaBJISIET
npumepHo 1,15.

BoinmpsimutenbHbiid 3 PexT MasTHUKA NPOWLIIIOCTPUPOBAH Ha puc. 2.13. B satom
cilyyae OJHOBpEMEHHas BUOpallMsi OCHOBAaHUSI B BEPTUKAJILHOM U TOPU30OHTAJIHLHOM Ha-
MPABJICHUSX TMPUBOJUT K OTKJIOHEHUIO CPETHEro MOJOKEHUSI MasTHUKA OT BEPTUKAIU
Ha YroJl OKOJIO -5 TpajycoB.

Puc. 2.14 wutocTpupyeT cTallMOHapHbIE KOJIEOAHHsI MAsTHHUKA OTHOCUTEIHHO
BEPXHEr0 MOJIOKEHUSI PaBHOBECHs, KOTOPbIE MOTYT HAOMIOAThCA MpPU MHTEHCUBHOMN
BEPTUKAIBHON BUOpaLMK. DTH KOJIEOAHUS MIPU HAIMYMU TPEHUS 3aTyXaroT, KaK MOKa3aH
Ha puc. 2.15, 1 MadTHUK "3aCThIBaeT" B BEPXHEM IOJOKEHUH.
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$azoBui nopTpeT MopenwBaHHA pyXxy (hi3H4HOro MaATHHKA
2 : 3@ PIBHAHHAM .
! fi" + 2*dz*fi' + [1+nmy*sin(nu*t+ey)]*sin(fi) =
N . S [ N =- nmx*sin(nu*t+ex)*cos(fi
0 0 38 TakMy 3HaYeHe NapameTpie:;
F _
2 i dz=10
of Op-€---mmobmme Ly nmy = 0 nm= 0
= 1 — —
i i ey= 0 ex= 0
= ol N I N nu= 0
! I NOYaTHOBMX YMODE:
! ! fill) = 179 rpagycie fi'lly=0
_—%EIEI _1|_‘I||j o sopMperpama FizMaytnZu.m AeTop - Nazapes KD.@., kad. NCOH
KiyT vy rpamyca Burkonae [Nazapee K. @, 20051 22-Jun-2000
BigxuneHHsn Big BepTukani
200 : I ! T T J I T :
R R e S A S O
o 1 1 1 1 1 1 1
} 1 1 1 1 1 1 1
:[ 1 1 1 1 1 1 1
2 0ot i N T
— 1 1 1 1 1 1
= i i i i i i
A W i A e S W ey A S e
-0n i ! | i | j | i i
1 2 3 4 5 5 7 8 8 10
Hac {y nepioax Manqy BnacHy KoNWeaHs)
Puc. 2.11
®aszoBui nopTpeT MopenwBaHHA pyxy isMyHOro MaAaTHUKa
1 3@ PIEHAHHAM )
fi* + 2*dz*fi' + [1+nmy*sin(nu*t+ey)]*sin(fi) =
0l = - nmx*sin(nu*t+ex)*cos(fi
a2 2a@ Takx 2HaYeHe NapameTpie:
i= dz= 0.1
g 0 nmy = 1 nme= 0
& ey=0 ex= 0
= al nu= 2.3
’ I NOYATHOBMK YMOE:
0 : = fildy = 1 rpagycie fi'fli=0
-.150 _4ID .QID D QID 4ID g0 Mporpama Fizhaytn2u.m Aetop - Nazapee 0@ kad. MCOH
KT y rpagyca Bukonae INazapes HO.O. 20057 22-Jun-2000
BiaxuneHHn Big BepTuKani
&0 : : : : : : : : :
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Hac {y Nepiofax Mandx BNacHWx KanvBaHs)

Puc. 2.12
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dazoBun nopTper

MopenwBaHHA pyxXy (i3MYHOI0 MaATHUKA

1 : : : ; 3@ PIBHAHHAM )
! ! . ; fi* + 2*dz*fi' + [1+nmy*sin(nu*t+ey)]*sin(fi) =

e ' -l AR = - nmx*sin(nu*t+ex)*cos(fi
L 38 Takix 3HaYeHs NapameTpiE:
A= dz= 0.1
= Of-- Ny = 2 nmx = 2
@ ey= 0 ex= 0
S . v ni= 5

’ ! : ! ! | NOYaTHOBHX YMOE:

; ; ; : fil0) = 0 rpagycie fi'fl)=10
-_130 .QID _1.0 D 1ID 20 MNporpama FizMaytn2Zu.m Aetop - Nazapee OO, kad. MCOH
KT y rpagycax Bukonae [lazapee HOLO. 211 22-Jun-2000
BigxuneHHns Big, BepTukani

. : : : : ! ! !
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Hac {y nepiofax Manqx BNacHW: KonBaHs )

Puc. 2.13

®aszoBui nopTpeT

MopentoBaHHA pyxXy QizHYHOro MaATHUKA

UIEMAKICTE

28 PIBHAHHARM
fi" + 2*dz*fi' + [1+nmy*sin(nu*t+ey)]*sin(fi) =
= - nmx*sin(nu*t+ex)*cos(fi
3d TakKx 3HaeHe I'IEIpElMBTpiEIZ

dz=10
nmy = 10 nmx = 0
ey =10 ex=10
nu=5
I NOYATHOBMX YMOE:
fifd) = 170 rpagycie =0

-1'?20 140 1ég 18ID QDID 2 a4gMperpama FizMaytn2u.m Agtop - Nazapee K0.@., kad. MCOH
KT v rpamycax Bukonae INazapee HJ.O. 2105 22-Jun-2000
BigxuneHHs Big BepTukani
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Uac {y nepiogax mManvy BNacHWX KoNWBaHe

Puc. 2.14
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dazoBuin nopTpeT MopentoBaHHA pyxy (isUUHOro MaaTHHKa
28 PIBHAHHAM
fi" + 2*dz*fi' + [1 +nmy*_sin(nu*t+ey)]*sin fi) =
= - nmx*sin(nu*t+ex)*cos(fi
38 TakHx 3HaeHe I'IEIpElMBTpiEIZ
dz= 0.1
nmy = 10 nmx =0
ey=10 ex=10
nu= 5
I NOYETHOBMK YWMOB!
fit0) = 170 rpapycie iy =10

1'?20 1,qu 1ég 1EIgD QDID 22nlMporpama FizMaytnZu.m Aetop - Nazapes HJ.@., kad. MNCOH
KyT v rpadycan Bukonae lNazapee HD O, 21:8 22-Jun-2000

BiaxuneHHs Big BepTHKani

WenakicTs

>< 1
[an) 1
o 1
=
=3 '
& : .
—_ 1
= : ; : e T
z S S L S
170 I I i I » I I i i
0 1 2 3 4 5 B 7 8 9 10
Hac (y nepiofax Manux BNacHW KoNMEaHs )
Puc. 2.15
®azoBui nopTper MopenwBaHHA pyXy (pi3UYHOI0 MaATHUKA
3@ PIBHAHHA )
fi" + 2*dz*fi' +[1 +nm'y*_5|n(nu*t+ey)]*5|n fi) =
= - nmx*sin(nu*t+ex)*cos(fi
2 338 TakMx 3Ha4YeHe NapameTpie;
o dz= 01
& nmy = 0 nmx = 10
= — —
] ey= 0 ex=10
=- nu= 6
I NOYATHKOBMY YMOB:
fil0y =1 rpagycie fi'lly=0
__%50 _']|_‘I||j 50 D 5;3 1ooMNporpama FizMaytn2u.m  Astop - Nazapee HO.@., kad. NCOH
KT y rpamycas Bukonae [lazapee HO. @, 21120 22-Jun-2000
BigxuneHHs Big, BepTuKani
10 : : : : : : :
A T R R e e R
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E L
- SO0 Ag - T g
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Hac {y Nepiogax Manmx BNacHHX KoNWeaHs)

Puc. 2.16
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$azoBwii nopTper MopenwBaHHA pyxy (isNYHOT0 MaATHHUKA
: 3@ PIBHAHHARM )
! fi* + 2*dz*fi' + [1+nmy*sin(nu*t+ey)]*sin(fi) =
EEEER =- nmx*sin{nu*t+ex)*cos(fi
o : 3a TakWx 3HaYeHb NapameTpiE:
L R LR Ry CEERAY - " . T tEEEEE dz= 0.1
& nrmy = 0 nmx = 10
= — —
] ey=0 ex= 0
=| _ nu=6
————— i NOYATKOBMY YMOE:
fif0) = -20 rpagycie fi'fdy=2
“an _2;3 D 2;3 4;3 EID gn Mporpama FizMaytnZum Aetop - Nazapes KD @ kad. NCOH
KT y rpamycan Bukonae Nazapes KOO, 2116 Z22-Jun-2000
BigxwneHHs Big, BepTuKani
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[nu)
5_.".3_‘ AD _______ r H | H - l ] r l ! l U i g i 3 "t ¥ U 1 l .l g Il I I ]
= ! L . : . ! . !
e 8- Y il il bl il sy
[ 1 1 1 1 1 1 1 1 1
:‘:-\ 1 1 1 1 1 1 1 1 1
OHb----- oo e S Sl BEs o aEaE Eoeeae T GonE e e S
= ! ! ! ! ! ! ! ! !
20 f------ EECEEEEE ISEECEEEL EEEEEEE EEEEEEE RECECEEE CEEEEEE EEEEEEE FesSsEas e
A0 i I i I i I i I i
0 1 2 3 4 5 = 7 8 9 10
Hac {y nepiofax Manqy BNacHx KonWBaHe )

Puc. 2.17

Haxkownen, puc. 2.16 u 2.17 1eMOHCTPpUPYIOT BO3MOXKHOCTh CYIIECTBOBAHMS 3Ha-
YUTEJIbHBIX OTKJIOHEHUH CpPEIHEro MOJOKEeHUSI MAasgTHUKA OT BEPTUKAIM U MPU YUCTO
TOPU30HTAJIBLHON BUOpAIIMi OCHOBaHUS (SIBJICHHUS, MIOKA HE OMTUCAHHOTO TEOPETUUYECKH ).
B cooTBeTcTBUMM ¢ HUMHU 3TO OTKJIOHEHHME JOCTHraeT BeTW4HUHbI cBbiie 40 rpamycoB
pY TPUHATHIX 3HAYEHHSX MapaMeTpoB BUOpallMU, MPUYEM HAINpPaBICHUE OTKIOHEHUS
3aBUCHUT OT HAYAJIbHBIX YCJIOBUH JBM)KCHUS MasiTHUKA.

2.7.2. 3apnanus

[Ipu ycnoBusix 3amau 2.14 - 2.26 (paza. 2.6.3) cocTaBUTh MPOTPaMMbl YHCJIECHHO-
0 WHTETPUPOBAHUS COOTBETCTBYIOMNX IU(DPEpeHIIMATLHBIX ypaBHEHUH, KOTOpPHIC
oOecrieunBamy OBl YUCICHHOE MOJCIUPOBAHUE TTOBEACHUS 3aJJaHHON CHUCTEMBI MPHU 3a-
JAHHBIX YCJIOBUSX W MPOU3BOJBHBIX, YCTAHABIMBAEMBIX OJIH30BATEIEM 3HAUCHUSAX Ha-
YJaJIBHBIX TIapaMeTpoB. [Ipu s3TomM obecrednTs:

a) JAWAJIOTOBBIA BBOJA-U3MEHEHHE-BBIBOJ HAa DKpaH 3HAYCHHHA BCEX HAYAIbHBIX
apaMeTpoB;

0) BBIBOJ] rpa)KOB M3MEHEHU BO BPEMEHHU BAKHEHTITNX BHIXOIHBIX BEJIMUWH;

B) opopMieHUE TPpa)UKOB B COOTBETCTBHH C paHEE YKa3aHHBIMHU TPEOOBAHUSIMH.
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3. Uurepdeinc MatLAB 1 komaHabI 00111€r0 HA-
3HAYeHUA. M-KHUTU

WNurepdeiic — Haubosiee u3MeHsieMas OT BEPCUM K BEPCHUU 4YacThb cucTeMbl Mat-
LAB. Huxe npuBeneHo onucanue uutepderica sepcun 5.3.

3.1. DyuKkuuu menro KOMaHOH020 OKHA
PaccmoTpum nonpoOHee BO3MOKHOCTH, MPEAOCTABIISIEMbIE KOMAHIHBIM OKHOM
MatLAB. Hanomuum, uro mociie 3amycka cuctemMbl MatLAB Ha skpaHe nosiBiasercs
KOMAaH/HO€ OKHO B BH/JIE, IPEACTaBICHHOM Ha puc. 3.1.

<) MATLAB Command Window - 10| x|

File Edit Wiew Window Help

e | f 2Rl | BIE | k|2

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

" o

Ready I_ I_ | 4
Puc. 3.1.

B BepxHeii ero yactu (HenocpeacteHHO noJ 3aroioBkoMm MATLAB Command
Window) pacrionoxeHa CTpoKa MEHIO, KOTOpasi COCTOUT U3 yeThlpex MeHto - File, Edit,
Window u Help. Ilon rinaBHbIM MEHIO MOMELIEHA MMAHEb HUHCTPYMEHTOB, KOTOpas MO-
3BOJISIET BBINIOJIHATh HEKOTOPBIE HanboJiee yrnoTpedIisieMble ONEPALIHH.

OTKpBITHE MEHIO OCYIIECTBIIACTCS "Ha)kKaTUEM" KJIaBHIIU MBIIIK. YT0oOBI N30paTh
KaKy-TO KOMAaHAy MEHIO, JOCTATOYHO YCTAHOBUTH KypCOpP MBIIIN HA UMsI KOMaH/bI U
Ha)KaTh JIEBYIO KJIABUILY MbIIH ("ILETKHYTH").

3.1.1. MeHto File

Menro File (®aiin) conepXUT KOMaH/bl, KOTOPHIE MO3BOJISIOT BBIMOJIHATH ClIe-
OYIOLIUE 3a/1a4H:

B co3aHue, peJaKTUPOBAHUE U 3aIyCK IPOrpaMM;

B ynpasieHue pabounm npoctpanctBoM MatLAB;

B cmena oopmiieHus TpadUUECKUX U UHTEPAKTUBHBIX (IMATOTOBBIX) OKOH;

B ynpanenue nytsamu jpoctyna MatLAB u opopmiennem cobcTBEHHO KOMaH/-

HOTO OKHa;
B ynpaBj€HUE BHIBOJIOM Ha MIPUHTED;
B Brixog u3 cuctembl MatLAB.
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KomaHnJiel pa3aenensl Ha Tpynibl B COOTBETCTBUS ¢ Ha3HaueHueM (puc. 3.2). Ilo-
ClenHss rpynmna coaepxut aumb oy komanay Exit MATLAB. Ona npennaznaueHa
JUTsl 3aBepIIeHUs ceanca paboTel ¢ cuctemoit MatLAB u Beixona B cpeny Windows.

<) MATLAB Command Window oy [ |

|File Edit Wiew Window Help
e 2 h | 9
CpEmn... :
open Selection
Run Scripk. ..

f these: helpwin, helpdesl., or demo.

Load Warkspace...
Save Waorkspace As. ..
Show Waorkspace

Show Graphics Property Editor
Show GUI Layout Toaol

Set Path. ..
Preferences. ..

Prink Setup...
Prink...
Print Seleckion.. .

Exit MATLAE Chrl+0)

-
4 F

I

Puc. 3.2

Coszoanue, pedakmuposanue u 3anyck Npocpamm

[TepBas rpynmna komana meHio File coctout u3 komana: New, Open, Run Script.

Komanga New ("HoBblii ... ") m03BOJISE€T NMEPEUTH K CO3JaHUIO HOBOTO 00BEKTa
cpensl MatLAB - nHoBoro M-(aitna (TekctoBoro ¢aiisia Ha s3eike MatLAB), rpadude-
ckoro ¢aina ("gurypsr") unu daitna-monenu (Model).

[Tocne n3bpanus koMaH bl New OTKPBIBAETCS MOJIMEHIO, COAepIKaIlee KOMaH bl
M-file, Figure, Model.

Bri3oB komangsl M-file npuBenier k MOsSIBICHUIO HOBOIO OKHA BCTPOEHHOTO TEK-
CTOBOTO peJlaKTopa CUCTEMbI. B HeM MOKHO HayaTh BBEJIEHHUE TeKCTa HOBOro M-(aiina.
[Tocne 3aBepuieHus BBOJA M PEAAKTUPOBAHMUS TEKCTa CIENYET 3amucarb €ro B BHJIE
daiina ¢ ompeneneHHbBIM MMEHEM Ha JUCK. s 3aBepiieHus paboThl C PeIaKTOPOM
HY>XHO n30paTh B MeHIoO File ero okHa xomanny Exit Editor/Debugger.

Ecimu B monmento komanel New komangHoro okHa MatLAB u36pars komaumy
Figure, Ha skpaHe Bo3HUKHET rpaduueckoe okHO Figure u cuctema rotoBa K BOCTIpPHU-
ATUIO KOMaH/ 10 0(OPMIICHHUIO 3TOTO TpapruecKoro OKHa.

Hakonern, npu Beioope komanasl Model, cucrema MatLAB nepexoaut B uHTe-
paktuBHbIN pexxuM naketa SIMULINK (MonenupoBanue cBA3€i) U Ha SKpaHE MOSBSIT-
csi nBa okHa (puc. 3.3) - okno Library Simulink, koTropoe nmo3Bosisier n30parb B UHTE-
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PaKTUBHOM pEXHUME JI0OYI0 (YHKLUMIO W3 MPEACTAaBICHHOM OMONMOTEKH NaKeTa
SIMULINK, u okHO penakTopa OJIOK-CXEMbI, B BEpXHEM 3aroJIOBKE KOTOPOTO yKa3aH-
HOe MM Oynyuiero gaiina cxemsl cBsized (ceituac ykazano Untitled - be3bIMsHHBIN).
Bonee nmogpodbHo o cozmanuu MDL-daiinoB U ux ucnoiab30BaHUU OyJET HU3JI0KEHO B

CEIbLMOM TJ1aBe NOCOoOus.

+) MATLAB Command Window 8] %
File Edt Wiew ‘Window Help
@ iBRR(o|BER| 2
-

b

ID

[

- EJ Communications Blockset
- EJ Contral System Toolbox
B~ EJ Dials & Gauges Blockset
- W 5P Blockszt

- EJ Fixed-Point Blockset
B~ EJ Fuzzy Logic Toolbox

- W NCD Blackset

- EJ Meural Metwork Blockset
- W MPC Blocks

[ EJ Power System Blockset
B EJ Real-Time Windows Target
- EJ Real-Time Warkshop

- EJ Stateflow

[

[

o W Sirnulink Extras
0. Wl Swsken TN Placks
This is the "simulinkd" library

Ll
5+ 4
- T Simulink =

4

Ready

Hvee|| S E D B 7

| Bl 3.1a- | JAMATLAE Co... | W untited

To get started, type one of these: helpwin, helpdesk, or demo.

File Edit ‘iew Simulation Format Tools

=0l x|

I0|=

HE | iBR|22|r v | R

Fl100% | deds

ol

T

Puc. 3.3

|_ﬂ5imulink Lib... || W untitled1

By s

Komanga Open ("OTKpbITh") OTKpBIBAET HOBOE JHAIIOTOBOE OKHO C IEpEeYHEM
CYILIECTBYIOIIMX B TeKylIeH nupexkropun M-daiinos. M30panue u3 3Toro cnucka HeoO-
xonuMoro ¢aiina u nocneayroiiee HaxaTue kHonku <OK> npuBOIUT K MOSBICHUIO HA
SKpaHE OKHA MPEJABAPUTEIHHO YCTAHOBJIEHHOI'O TEKCTOBOTO PEJAKTOpa C TEKCTOM H3-
OpanHoro M-¢aiina. Ternepb MOXHO HNPUCTYNMUTh K PEAAKTUPOBAHHUIO 3TOrO TEKCTA C
MOCJICYIOIIEH 3aIUChI0 €ro Ha JUCK.
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Br13oB u3 mento File xomanael Run Script npuBoauT K NOSBICHUIO HA DKpaHE
HOBOTr'0 OKHa (puc. 3.4) ¢ npurjaueHueM BBeCTH uMsi M-(aiisia ¢ TEKCTOM NpOrpaMmbl,
KOTOPYIO HYKHO 3allyCTUTh JJis BbInojHeHus. [locie BBeneHHs B KOMaHAHOM OKHE
uMeHnu Script-daiina u Haxatus kHonku OK sTa nporpamma OyJner 3amyiiieHa Ha BbI-
nosiHeHue. Komanny yno6HO UCHONIB30BaTh B CiIy4ae, KOT/1a BbI3bIBAIOIIMK (haiii He co-
JEPKUTCSA B AUPEKTOPUSX, YKa3aHHBIX B IYTAX, OTKPBITHIX ISl cucteMbl MatLAB (Ha-
npuMep, OH HAXOAUTCSI B HEKOTOPOM OTIAEIbHOU JUPEKTOPUH MOTH30BATENS).

Run Script ﬂ

] Cancel Browse. ..

Puc. 3.4

Ynpasnenue pabouum npocmparncmeom Matl.AB

Ora rpynna koMmann MeHio File cocrout m3 tpex - Load Workspace, Save
Workspace As u Show Workspace.

Komanna Load Workspace (3arpy3uTh pabouee NpPOCTPaHCTBO) IO3BOJISISIET
BOCITIOJI30BAaThCSl JAaHHBIMU (3arpy3uTh B pabouee MPOCTPAHCTBO CUCTEMbI), COXPAHEH-
HBIMU Ha JIUCKE B BUJE Tak Ha3biBaeMbiX MAT-daiinos. Eciau BeI3BaTh 3Ty KOMaHy, Ha
sKkpane Bo3HukaeT okHO Load .mat file (puc. 3.5), B koTopoMm OyAeT mokazaHO CoJep-
AKUMOE TEKYILel MalKU ¢ TOYKU 3peHus Hanuuus B Heit MAT-daitnos.

N306paB ¢ moMomnibto 3Toro okHa Hy>kHbId MAT-daiin u BeI3BaB €ro ¢ MOMOIIbIO
MBIIIH, OCYIIECTBIISIIOT JIOMOJIHEHHE CYIIECTBYIOIIEr0 paboyero mpocTpaHCTBA CHUCTE-
MBI IEPEMEHHBIMU U UX 3HAYCHUAMH U3 ykazaHHoro MAT-(aiina.

Komanna Save Workspace As ("3anucars pabouee IpoCTpaHCTBO Kak') ocyiiie-
CTBJISIET 3alKCh CYLIECTBYIOLIErO0 pabouero MpOCTPAHCTBA CUCTEMbI Ha JUCK B BUJE
MAT-¢aiina. Ilocie u3bpanust 3TOM KOMaHIbl Ha SKpaHE BO3HUKAET OKHO Save
Workspace As (puc. 3.6), ¢ IOMOIIbIO KOTOPOTO BHIOMpAETCs HyKHasl IarkKa, 3arnuchl-
Baetcst umsi MAT-(aitsia U oCyIIeCTBISIETCSl 3alUCh B HErO CYIIECTBYIONIETO paboyero
IPOCTPAHCTBA.

Komanga Show Workspace (IToxazate pabouee mpocTpaHCTBO) MO3BOJISIET MPO-
CMOTpETh MEepPeYeHb NEPEMEHHBIX, COJIEPKAIIUXCSA B paboyeM MPOCTPAHCTBE, U UX Ma-
pametpsl. [lociie BbI30Ba 3TOKM KOMaHIbl Ha 3KpaHe Bo3HMKaeT okHO MATLAB
Workspace (puc. 3.7), B KOTOpOM COACPKUTCS TOJIHBIA NMEPEeUEeHb MEPEMEHHBIX pado-
Yero NpoCTpaHCTBa.

Ilpumeuanue. B nauane Hosozco ceanca pabomvl ¢ cucmemol pabouee npo-
CMPAHCMBO ABIAEMCsl NYCIbIM.
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Load .mat file Bl
Manka: I@work j = I‘j‘ v

HrA aiina: I j Orrpeme I
| Tun pavnoe: IMAT-hIes [*.mat) =l Otrena /l
4
Puc. 3.5
Save Workspace As 21xl
Nanka: I@ wiork, j = 5 Ef-
Hra padina: I".mat j CoxpaHuTE I
N Tun paiina: IMAT-fiIes [*.mat] j Otrera |
y/
Puc. 3.6
Workspace Browser 1Ol =|
G
Mame | Size | |
4| | > |
IT he workspace iz empty
|| oo |

Puc. 3.7

Uzmenenue ogpopmnenus epaguieckux u uHmMepaKmusHvLX OKOH
JTa COBOKYNHOCTh kKoMaHJ MeHIO File BbI3bIBaeT crienuanbHble UHTEPAKTUBHBIC
pEeAaKTOPbI, KOTOPBIE MO3BOJSIOT U3MEHATh MapaMeTphl, ONPEIEISIOIUe CTHIIb Ipadu-
yeckoro opopmiieHUs] rpadUuecKuX U MHTEPAKTUBHBIX (JUATOTOBBIX) OKOH, UCIOJb-
3yembix cucremoit MatLAB.
Hanpumep, Bei30B koman 16l Show Graphics Property Editor (IToka3zate penak-
TOp TpadUuecKuX CBOICTB) MPUBOAUT K IMOSBIEHUIO Ha 3kpaHe okHa Graphics
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Property Editor (puc. 3.8), monb3ysach KOTOPbIM, MOKHO U3MEHHUTb HEKOTOpBIE yCTa-
HOBJICHHBIE paHee cBOWCTBa 0(hopmiieHHs rpadUUECKUX OKOH.

# |Graphics Property Editor ] |
File ©Options Tools Help
| oot .
e
Buzpdchion I guele j
BusviAction:
ButtonDownFon: '
Children: [0zl double]
Clipping: 'on'
CreateFocn: '’
DeleteFcn:
Diary: 'off' [
[ Show Object Browser Help |
[ Show Property List Close |
Puc. 3.8
# |Guide Control Panel ol x|
File ©ptions Tools Help
Guide Toolz
=« -
O-N na = (&
Property Callback f\ll'ignment FMenu
Editor Editor Taol Editor
Figure List
=
=
Riefresh List | Add Figure | Apply |
Mew Object Palette
] (<[ | ]
o |
Ta build a GUI, click on the “Add Figurs" button
Puc. 3.9

Komanna Show GUI Layout Tool (ITokazars cpeactBa odhopmieHus rpaduye-
ckoro uHTepdelica mojb3oBaTessl) Mo3BoJsgeT OTKpbITh OKHO Guide Control Panel
(puc. 3.9), noab3ysACh KOTOPHIM MOXHO CO37aBaTh COOCTBEHHBIE JUANOrOBbIE Tpaduye-
CKHE€ OKHA, KOTOPBIE€ COJEPKAT KHOMKHU, HUCXOSAIIUE MEHIO, IPAQUUECKUE U TEKCTOBBIE
MOJIOKHA, C TOMOIIBIO KOTOPBIX MOKHO 00€creuynuBaTh yAOOHBIN 1HAIOr ¢ MAIIMHOM.

Vnpasnenue nymamu oocmyna MatLAB u ohopmnenuem KoMaHOHO20 OKHA
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Jnst aTOM 11enu npeaycMoTpeHsbl 1Be komaH bl - Set Path (YcranoBka nyteit) u
Preferences (CBoiicTBa).

IlepBas komanna Set Path npenHa3sHayena s BBEECHUs B IEPEYEHb IIyTEN JOC-
Tyna cuctembl MatLAB, aBroMaTH4eCKu MPOBEPAEMbIX CUCTEMOM MpHU MOUCKax (haii-
JIOB, HOBBIX IIYTEH 10 KEJIIAHUIO MMOJIb30BaTels. [Ipu BbI30BE 3TOM KOMaHbl HA DKPaHE
nosiBnisiercs okHo MATLAB Path (puc. 3.10), ¢ moMmoIpi0 KOTOPOro MoJib30BaTElb
OCYUIECTBIISIET U3MEHEHHUE MyTEeH T0CTyNa CUCTEMbI IO COOCTBEHHOMY YCMOTPEHHIO.

IZ Path Browser =10l x|
File Edit ew Path Tools Help
Current Directary Filez in TRGF
If:"-.HatLa.b_E.S‘-.wnrk Browse, . | s @ CGEPPOEf upr.m

@ GEFro.m
@ monGEpRO . m

\MatLak \Tche \ TEGE @ OrientGEP.m
chWMatLabLaz\Ucheba’\ 0TCHE @ TENdz . m
ZMatLabLazUcheba’ My P @ TgSkobi .
SZMatLabLaz’Ucheba’ MMEQN, PAND OM

S MatLabLaz’Ucheba’ MIEON
WMatLabLaz"NIBY CysarjMonografie®
WMatLahLaz " NIBY CysarjwMonografie
cWMatLabLaz \NIPACysar)\LAZ\$E PET_
WMatLabLaz \NIR\Cysarj\LAZWFE PST
:WMatLabhLaz ' NIBY CysarjhyLizZ
cWMatLabLas \NIDYCysarinK_GT_E20
hZMatLabLaz"NIBWCysarjhFitisenk

: o
:I\Hat,La.hLaz"LHIR‘LEvsar"l‘n.alch _ILI
3

Ready g:36 PM 2
Puc. 3.10

NEEEEEEEREEEEEE) -

BrzoB komanel Preferences ("CpoiicTBa") NpUBOIUT K MOSIBJICHUIO OKHA C Ta-
kUM ke HazBanueM (puc. 3.11). Kak BHAHO, OKHO COCTOUT M3 TpeX BKJIAbIIICH
General, Command Window Font u Copying Ohtions.

Bxrnagka General (OO0uue) coaepxuT Heckosibko obnacrteii: Numeric Format,
Editor Preference, Help Directory.

O6nacts Numeric Format no3Bossier u3MeHsATh (popMat mpejcTaBICHUs YnCeT,
KOTOPBIC BBIBOJSITCS B KOMAaHJAHOE OKHO B Ipolecce pacyeToB. [IpeaycMoTpeHsl Takue
(dopMartsI:

Short (default) - xpaTkas 3anuch (IPUMEHSAETCS IO YMOJTYaHUIO);

Long - nnvuHHAasA 3a1uUCh;

Hex - 3anuch B BU/IE IECTHAIATUPUYOTO YUCIIA;

Bank - 3anuch 10 COThIX J0JIEH;

Plus - 3anicpIBaeTCs JIMIIb 3HAK YKUCIIA;

Short e - kpaTkasi 3anuch B (hopMmate ¢ MIaBaroIIeH 3amnsaToil;

Long e - nnvHHas 3anuch B (hopMare ¢ IIaBaroIiei 3amnsaToil;

Short g - BTOpas popma kpatkoi 3anucu B (popMare ¢ riaBaroiie 3ansToi;
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Long g - BTOpas (opma AnuHHOM 3anucu B (hopmaTte C MiaBarollen 3amnsaTou;

Rational - 3anuck B BUJie palluOHAIILHON JIPOOH.

BoiOupast HyxHbII (hopMaT MPEACTABICHHUS YUCEN, MOKHO OOECIEUYHUTh B AAllb-
HEHIIeM BBIBOJI YMCEJl B KOMAH/IHOE OKHO MMEHHO B 3TOH (opMe.

Preferences ilil
General | Command 'Window Font I Copying Dptions
— Mumeric Format——  — Editor Preference
£ Shart [default] % Built-in E ditar
" Long rl Browse...
" Hex
" Bank — Help Directorny
" Plus [FMatLab_5 3helph Browse...
" Shot E
" Long E
‘0 : [ EchaOn
" Long G ¥ Show Toolbar
= Batianal V¥ Enable Graphizal Debugging
£ Looze [default]
¥ Compact
| ()4 I OTtieHa | [ pHEEHHTE |

Puc. 3.11

Kpome ormeueHHbIX (popMaTOB MpeaCcTaBICHUS YUCEN B 3TOW 00JACTH PacIoio-
keHHble erie aBe oniuu Loose (default) u Compact, koTopbie onpenensoT dhopmy
BBIBOJIA PE3YyJIbTaTOB B KOMaHIHOE OKHO. [To yMomuanuto mnpumensiercs pexxuM Loose,
32 KOTOPBIM OTJI€NIbHBIE CTPOKU BBIBOJSITCS HA SKpaH 4epe3 OAHY MYCTYI0 CTPOKY. Yc-
TaHOBJIEHHE ke pexknuma Compact MO3BOJIET BBIBOJUTH MH(POPMALIUIO B KOMaHIHOE
OKHa 0oJiee MIOTHO, 03 MPOITycKa CTPOK.

O6nacte Editor Preference (CroiicTBa pegakTopa) mo3BoJjsieT BHIOpaTh TEKCTO-
BBIIl peIaKTOp, B KOTOPOM OYJIyT MPEACTABIATHCI U PEAAKTUPOBATHCS TEKCThI BceX M-
daiinoB. Cucrema MatLLAB, naunnas c Bepcun 5.0, uMeeT COOCTBEHHBIN BCTPOCHHBIN
TekcToBbI penaktop MATLAB Editor/Debugger ¢ otnamuukom. B obnactu Editor
Preference MOXHO TOMEHATH €0 Ha JOOOW APYroi TeKCTOBBINA peaakTop. Hampumep,
yA0OHBIM U MPOCTHIM B MOJI30BAHUU C KUPUILIULIEH sABIsieTcs peaaktop Notepad.

B o6mactu Help Directory MOXHO M3MEHHMThH MMsl TANKH, B KOTOPOM Pacrosio-
»eHbl ¢aiinbl cipaBok (Help-daitnsr).

Kpome nepeuncnennnix, B okHe Preferences ects eme Tpu onmuu Echo On
(Bxirounts 3xomeuats), Show Toolbar (Iloka3are manens nHctpymentoB) U Enable
Graphical Debugging (Bxiouuts rpadguyeckuii otiaaayuk). YToObl aKTUBU3UPOBATH
OMIINIO, HY>KHO HIEJIKHYTh Ha HE#l MbIlIbI0. [loce 3Toro psanom ¢ ee HaAMKUChIO MOSBUT-
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Cs MOMETKA B BUJIE rajnodku. Eciu ranouka crout psaom ¢ komanaor Echo On, To nipu
BBINIOJIHEHUU TEKCTOBOro M-(ailia 0JHOBPEMEHHO C BBIIIOJHEHHEM MPOTPAMMBI €€
TEeKCT OyAeT MOCTENEHHO BBIBOJUTHCS B KOMAHIHOE OKHO (Tak Ha3biBaeMas '"sxorie-
yaTh"). AHanornyHas nomerka npotuB komanasl Show Toolbar npuBoguT K TOMY, 4TO
[0J1 IMHEHKOM TJIAaBHOIO MEHIO OyJeT pa3MelleHa eIl OJIHa, JAOMOJHUTENbHAs MMaHeb
uHcTpyMeHTOB (puc. 3.1). [Tometka psgom ¢ komangoii Enable Graphical Debugging
03HAYAEeT, YTO BBINOJIHEHHE IpaUuecKuX onepauuii OyJeT CONpOBOXKAATHCS UX OTIA/l-
KOW C IIOMOIIBI CIELMAJIbHON IIPOrpamMMBbI-OTIaqYuKa. Eciin ke COOTBETCTBYIOLIUE
IIOMETKH OTCYTCTBYIOT, TO YKa3aHHbIE ICUCTBUS HE IIPOBOISATCS.

General  Command Window Font I Copying Options I

Font: Style: Size:
“ouiie f10

Fivedsys 1%

T Haettenschweiler ;I

Backaground Color:

IDWhite ] Sample

Color: AaBbVvyZiz

|- Black j

[ Display Fised Fitch Fonts Only

Ok, I OTraeHa [ pHrEHKTE

Puc. 3.12

Bxinanka Command Window Font umeer Buj, npuBeseHHbl Ha puc. 3.12. B
HEW MOKHO U3MEHUTH

B Tun mpudTa, KOTOPHIM BRIBOJAUTCS TEKCT B KOMaHAHOE OKHO (crrcok Font);

B pazmep mpudTa (cnucok Size);

B cTwib mpudTa (U1 OTASIBHBIX MIPUQPTOB) - CIHCOK Style; BOZMOXHBI TpU BH-

na cruneit: Ligth (Tonkuii), Regular (O6srunstit) u Bold (CKupnsiii);
W 1BeT dona komaHaHOTO OKHa (criucok Background Color);
B BeT cMBOIOB TekcTa (crrcok Color);

Ynpasnenue evl600om na neuamsy
Paccmotrpum eme onny rpynmy komanj MeHio File, xoropast ocymiecTisier
ynpaBJieHHe BbIBOAOM HMHpopMaiuu Ha npuHTep. OHa cocTouT U3 ABYX KomaHn Print
Setup u Print.
Ecnu BbIOpath koMaHay Print Setup, Ha skpaHe Bo3HuKHET okHO Hactpoiika
neyatu (puc. 3.13), KoTopoe MO3BOJSIET BHIOPATh TUI MPUHTEPA, pa3Mep JucTa Oymaru,
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BU/J MMOJa4yu Oymaru Ha reyaTh, OPUEHTALMIO M€YaTH OTHOCUTENIBHO JIUCTa (KHUKHAsS
win anbOomHas). Kpome Toro, HaxaB kHONKy CBo#cTBa B ’TOM OKHE, MOKHO MEPEUTH
Kk okHy CBoiicTBa npuHTepa (puc. 3.14), ¢ IOMOIIBIO KOTOPOIO MOYXHO TaKXe HU3Me-
HATh TOYHOCTb M IJIOTHOCTH, TO €CTh Ka4€CTBO IeyaTu. BuJ 3TOro okHa omnpenensercs
THIIOM NIPUHTEPA.

HenocpencTBeHHO meyaTh OCYLIECTBISETCS NMyTeM H30paHus KomaHisl Print.
IIpu sTOM Ha 3KpaH BbIBOAUTCS M300paxeHue okHa Iledyars (puc. 3.15). 910 0KHO MO-
3BOJIIET BHIOpAaTh HYXKHBIA BUJ NPHUHTEpA, YCTAHOBUTH MO HOMEPAM CTPaHHUIL] HEOOXO-
OUMBIN IUaIa30H, KOJIUYECTBO KOMUM U T.II.

HacTpoika nevaTw ed
— MpuHTep
Hram: Canon Bubble-Jet BJC-250 j CEOHCTEA... |
CoCTOAHME: [oToE
Tum: Canon Bubble-Jet BJC-250
MecTo: LPT1:
K.obAbAEHT 3pII:
— Buyrara D pueHT auMA
Fazrep: I.-“-‘-.# j . % KritHan
Mogaya: I.-’-‘-.E:Tcuﬁblﬁnp j {~ AnsfioMHan
CeTe. OTreHa |

Puc. 3.13
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&” CeoiicTea: Canon Bubble-Jet BIC-250 - AuKyM:f:

Pacnonoswerwe Bymaralfavecten | Obcaykusatue

— BriSop notka

Monaqa Guraarid: I AETOERIGOQ

Hocumene: I O&eMHaA Gyriara

— MapareTpel KaYecTEa

f St

= Haunguwes & [fbMHoE " YepHoeoe [ Ocofike

— Ueer

' YepHo-Genan i UeeTHan

HononHurensHo. . I

Ok I OTraeHa Crpaeka |

Puc. 3.14

2=

— [pHHTER

Hram: Canon Bubble-Jet BJC-250 j CEOHCTES. . |

CoctoaHuwe:  [oToe

Tum: Canon Bubble-let BJC-250

becTao: LPT1:

Kot teHT 2p1iE: ™ Meyark & daiin
— MNevarars — F.omku

{+ Bee YWe A0 KonMiE: m

| CTpaHuuEl o I ma:

" BElleneHHEH BRantEHT

Puc. 3.15

3.1.2. [lpyrme MeHI0 KOMaHAHOIo OKHa

Menro Edit

Menro Edit (ITpaBka, puc. 3.16) conep>Xut ceMb KOMaH/I:

B Undo (OTMEHUTH NIPEIBIIYITYI0 KOMaH/TY);
B Cut (Beipesats);
B Copy (CxonupoBaTthb);
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B Paste (BctaButn);

B Clear (O4uctuThb);

B Select All (OTmeTuTs Bee);

B Clear Session (O4UCTUTh KOMaHIHOE OKHO).

<) MATLAB Command Window =10 =|
File | Edit Wiew ‘Window Help
0y Urda @ S | -9 | 9
Zit [ e ﬂ
T Copy Cl+C b pne of these: helpwin, helpdesk, or demo.
Fi  Paste Crl+¥  Fion, type tour or visit www.mathworks.com.
Zleat;
D
Select All
-
Clear Session _IJ
< :
4

Puc. 3.16

B mavane ceanca pabotst B MatLAB 0OBIYHO MOKHO BOCITOJIB30BATHCS TOJBKO
koMmanaon Clear Session, koTopasi mO3BOJISIET OYUCTUTh KOMaHAHOe OKHO MatLAB ot
Bcell nH(OpMAIMK B HEM, OCTABJISISl B HEM JIUIIH 3HAK  » ~ TOTOBHOCTH K BOCTIPHSITHIO
HOBOW KOMaHJbl. TeM HE MEHee, KOrja B KOMaHIHOM OKHE €CTh KaKOU-TO TEKCT, TO
9acTh ATOr0 TEKCTAa MOXXHO 3dHOMHUMb W TIEPEHECTH B J000e Apyroe okHo Windows.
JUIst 3TOT0 TOCTATOYHO nO0GECU KYPCOP MUY HA HAYAT0 MEKCmA, KOMOPbll HYHCHO
3aNOMHUMb, HAXCAMb Jlegyl0 KIABHILY MUwiu U, He OMNYCKas KIAGUWIU, nepesecmu
Kypcop na kouey mekcma. [Ipu 3TOM TeKCT OyIeT BBIACIEH APYTUM IBETOM. Temeps,
nepexoas k MmeHio Edit koMmangHOrO OKHa, HaJ 0 U30paTh B HEM komandy Copy - Bbllie-
JICHHBIN mexcm 6ydem ckonupoean 8 Oygep namamu. Eciu Teneps nepelTu B Jir00oe
okHo Windows u HaxaTh knaBumm <Ctrl+V>, tekct Oyzaer 3amucan B 3TO OKHO. Tak
MOKHO NEPEHOCUTh TeKCThI porpamm MatLAB B nokymentsl Word (unu npyroro pe-
JTAKTOpa).

Yrobb1, HA00OPOT, MEPEHECTH YacTh TEKCTa U3 OkHa Word B KOMaHIHOE OKHO,
Ha/0 3anoMHUTH B Oydepe TexcTt Word, nepeiitu k komangHoMmy okHy MatLAB u u3-
Opatb komanny Paste menro Edit.

Menio Windows
311ech COMIEPIKUTCS TIEPeUeHb OTKPHITHIX B cpeae MatLAB oxon. UToObl iepeiitu
K HY’>KHOMY OKHY, IOCTaTOYHO BBIOpaTh €r0 B 3TOM IMEPEUHE.

Mewnrw Help
BpIOOp 3TOr0 MEHIO NMPUBOAUT K MOSBJICHHIO HAa SKpaHE COBOKYITHOCTH KOMaH/I

oOpalleHusl K CUCTeMe MoJIcka3ok (crnpaBok) cpeasl MatLAB (puc. 3.17).
Cpenn HHX TaKkvue KOMaHIbI:
Help Window (OxHo momo1u (CripaBKm));
Help Tips (TeMbl cripaBoK);
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Help Desk (HTML) (Ctou cripaBoK);
Examples and Demos (Ilpumepsl 1 IeMOHCTPAIIMIOHHBIEC IPOTPAMMBI);
About MATLAB (IIpo MATLAB);

«) MATLAB Command Window -0 x|
File Edit Wiew Window | Help

0= | -:Irlo E | Help Window

Help Tips _I
To get started,  HelpDesk(HTML) helpwin, helpdesk, or demo.
For product infc - or visit www.mathworks.com.
Examples and Demos
Abouk MATLAE. .

}}|

Show License

 ,
4] Jain MATLAE Access _>|_I

T 4

Puc. 3.17

Komanna Help Window Bb13biBaeT nosisiienue Ha 3kpane okHa MATLAB Help
Window, koTopoe coaepXuT nepeyeHb (PpaiaoB-colepKaHUil, B KOTOPBIX PacHOJIOXKe-
HBl TIEpEYHH Ha3BaHUU mpouenyp u ¢yHkuuil. Beibop cHauama omHoro u3 ¢aitnos-
COZIEp/KaHMM TMPUBOIUT K NOSIBICHHIO B TOM K€ OKHE IIEpEYHS NPOLENypP, KOTOPBIE
BXOJAT B €r0 COCTaB, a NOCIEAYIONINI BHIOOp HAa3BaHUS OJTHOM M3 MPOLEAYP - K MOSIB-
JICHUIO HA 3KpaHE OKHA C ONMCAHUEM ITOU MpOoLeayphl (HAa aHTJIMHCKOM S3BIKE).

Komanna Help Tips BbI30BET BO3HMKHOBEHME Ha DJKpaHE TOrO0 € OKHa
MATLAB Help Window, KoTopo€e MO3BOJISIET 03HAKOMHUTBCSI CO BCEMU (PYHKLUUSAMH U
npoueaypamu MatLAB o6iiero HaznaueHus o reMam, Kak B yaueOHOM MOCOOHH.

Brei6op xomannst Help Desk (HTML) BoizoBer mosiBnenue okHa MATLAB
Help Desk, xoTopoe mpuBieKaeT ajsi ClpaBOK JUATOTOBYIO CHUCTEMY, 0()OPMIICHHYIO B
dopmate HTML.

Komanna Examples and Demos npuBoaut k nossienuto okia MATLAB Demo
Window (puc. 3.19), B KOTOPOM B MHTEPAKTUBHOM DPEKHME MOXHO O3HAKOMHUTBHCS C
IIPUMEpaMH IIPUMEHEHMUSI OCHOBHBIX Ipouenyp cucreMsl MatLAB, ee BbruuciauTens-
HBIMHU U IpaUUECKUMU BO3MOXHOCTSIMH, & TAKXKE€ C TEKCTaMH MPOrPaMM, C IIOMOIIbIO
KOTOPBIX JOCTUTAKTCA IEMOHCTPUPYEMBIE PE3YJIBTATHI.

Komanna About MATLAB BbI30BET NOSBICHHE HA 3KPaHE JIOTOTHUIIA CUCTEMBI
MatLAB.
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43 MATLAB Help Desk - Microsoft Internet Explorer

J tain  Mpaeka Bua  MsbpanHoe Cepedc  Cnpaska

J 4= Hazag ~ =¢ - @ o | @I‘IDHEK [3&] MzBpaHHoe @)Kypﬁan |%v = -

J Aapec @ F:iMatLab_5. 3ihelpihelpdesk. hkml

vI ¥ Mepexoa |JchanH #»

MATLAB Help Desk

MATLARE Topics

Other Products

o by Subiject
o by Index

o MNMATLAE Functions

s Eelease 11 Mew Features « Surulinke
¢ Documentation Eoadmap « SBZEL
s Enown Software and o Stateflow
Documentation Froblems o Tarcet Laneuace Compiler
s Cetting Started uick Bef

o MATLAR Compiler 2.0 Fef
o MATLAR C MMath Library 2.0

Eef

e Using MATLAB Graphics o MATLAPR C++ Math Library

o Handle Graphics
Properties

2.0 Fef
o MATLAR Web Server Bef

|@ FoToso

FY

l_ l_ |@I Mol KoMOBHITED

| K

Puc. 3.18

b atrices
Mumerics
Yizualization
Language/Graphics
Gallery
Fames
Mizcellaneous
To learn more. .
+T oolboxes
+5imulink,
+Blocksaets
+5tateflow

Cloze

=10l x|

MATLAR iz an interactive program to help
yoL with numeric computation and data
vizualization. Fundamentally, MATLAR iz

bt upon a foundation of sophisticated matrix
zoftware far analyzing linear systems of
equations.

Thesze tools allow you to zolve
problems in applied math, physics, chemisty,

-

Lo

Choose a sub-topic to gee a list of demoz

| Bur

L2

F

Puc. 3.19
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3.1.3. lNNaHenb UHCTPYMEHTOB

KpoMe nuHelKkH r1aBHOro MEHIO B KOMaHIHOM okHe MatLAB Huxe ee mMoxker
pacrionaratbCsi Tak Ha3blBaeMas NaHEIb WM JIMHEWKAa WHCTPYMEHTOB (cM. puc. 3.1).
[Tanens UHCTPYMEHTOB COJIEPKUT JECATH MUKTOTPAMM, KOTOPbIE TyOIupyrOT Hanbosee
ynoTpeoisieMble KOMaH/ bl TJIABHOTO MEHIO KOMAaH/IHOTO OKHA.

llepsas cneBa MUKTOrpaMma BBI3BIBAET IyCTOE OKHO YCTAaHOBJIEHHOT'O TEKCTOBO-
r0 pelakTopa CUCTEMBI, TO €CTh €€ JCHCTBUE SKBUBAJICHTHO BBIOOPY KoMaHabl New M-
file (Co3nats HOBBIN M-(aiin). Beioop emopoii mUKTOrpaMMbl SKBUBAJICHTHO JICHCTBHIO
komanael Open M-file (OtkpeiTh cymectBytommii M-¢aitn). Tpemobs nukTOrpamma
BBITIONIHACT Ty ke (QyHKnuio, 4yto u komanaa Cut (Beipesats). Yemgepmas — anano-
ruana komanzae Copy (CkomupoBats). [lamas - komanne Paste (BcraButs). [llecmas
nUKTOrpamMma jeicTByeT kak komanaa Undo (Bo3BpartuThbes K npeablAyIneld KoMaH/e).
Ceodbmas BeimonHsier komanay Show Workspace (ITokazate pabouee mpoCTPaHCTBO).
Bocvmas - xomanay Set Path (YcranoButs myTh moctyna). JleficTBrue degamoii MUKTO-
rpaMMbl Takoe e, kak y koman sl New Model, To ectb oHa moaroTaBiMBaeT CUCTEMY
K co3ganuto HoBou Simulink-monenu. Hakonen, decamas nukTorpaMma SKBUBaJICHTHA
komanzae Help Window.

Ecau ycTaHOBUTBH KypcOp MBIIIM Ha COOTBETCTBYIONIYIO MUKTOTPAMMY, PSIIIOM C
HEl CO BPEMEHEM IOSIBUTCS Ha3BaHUE TOM KOMAaH/bl, KOTOPYIO 3Ta MUKTOIPaMMa BbI-
nosiHsAeT. YToObl aKTUBU3MPOBATH MUKTOTPAMMY, CJIEAyeT MOJBECTH K HEH Kypcop U
HaKaTh JIEBYIO KJIABUIILY MBIIIIKH.

3.2. Komanowt oowezo naznauenus

Komanzp! o01mmero HazHaueHUs HAOMPAIOTCS ¢ KIaBUATYPhl. TEKCT UX BO3HUKAET
B KOMaH/JHOM OKHE 10 Mepe Habopa psAIoM CO 3HAKOM MpuriamieHus (>>). BeimoiHs-
IOTCSl OHU TIOCTIe HaXKaTus KiaBuimu <Enter>.

OTH KOMaH bl YA00HO pa3feiuTh Ha TAKHE TPYTIIIHL:

1) ynpasistonyie KOMaHIbl U QYHKITUH;

2) KOMaH/IbI YIIPAaBJICHUS TIEPEMEHHBIMH U PaO0YNM MTPOCTPAHCTBOM;

3) xomMaH bl paboTHI ¢ (haiiTaMu U OTIePaIMOHHON CHCTEMO;

4) KOMaH/bl YIIPaBICHUS KOMaHIHBIM OKHOM;

5) koMmaH bl 3aycKa 1 Beixoaa ¢ MatLAB;

6) KOMaH/IbI MOJYyYEeHUS 001IeH HHPOPMAITUH.

PaccmoTpum BkpaTiie HEKOTOPBIEC U3 ATUX KOMaHA U QYHKIIUH.

Vnpasisrowue xomanowvl u hyuxuuu:

help - BBIBOJI HAa 3KPaH MEPBBIX CTPOK ONUCAHUSA YKA3aHHON MPOTrpaMMBbl WU
byHKIINN;

what - BbIBOJ Ha 3kpaH nepeyHs uMeH M-, MAT- u MEX-¢aiinoB B Teky-
IICH IT1aIKe;

type - BBIBOJI HA DKPaH TEKCTa yKazaHHOro M-aiina;

lookfor - mouck nporpammsl (QYHKIIMH) 110 YKa3aHHOMY KJITIOYEBOMY CIIOBY;
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which - BBIBOJ Ha SKpaH IMOJHOTO IMYTH PACHOJOXKEHHS YKa3aHHOW (DyHKIMH

wiu ¢aiina;

demo - 3amyck nmporpaMmbl I€MOHCTpaIMu Bo3MokHOCTe MatLAB;

path - BBIBOJ] Ha 9KpaH MOJHOTO NepeyHs myTel nmoucka Qaitno MatLAB mo
YMOJIYAHHUIO.

Komanowt YNpaeieHusd nepemerHblMu U DCI6OLIUM npocmpancmeom.

who - BBIBOJ] Ha DKPaH MEPEYHS TEKYIINX MEPEMEHHBIX;

whos - pacmupeHHas popma npeacTaBICHHs MePEUHs TEKYIINX ePEeMEHHBIX;

load - 3arpy3ka B pabouee MPOCTPAHCTBO 3HAUYCHUM MEPEMEHHBIX W3 YKa3aH-
HOro (¢aiiia Ha TUCKE;

save - 3aIIUCh 3HAYCHUU MEPEMEHHBIX paboyero MpOCTPAHCTBA B YKa3aHHbBIN
daiin Ha JUCKeE;

clear - ounctka namsitu [1IK oT mepeMeHHBIX U QPYHKITUH;

pack - yIJIOTHEHHE MaMITH pabOyYero NpoCTPaHCTBA;

size - OIIpe/ieJIEHUE Pa3MEPOB JIBYMEPHOTO MacCCUBa;

length - onpeneneHue JJIUHBI OJTHOMEPHOTO MACCHBA;

disp - BBIBOJI HA dKPaH MATPULbI UM TEKCTA.

Komanowvl pabomul ¢ gpavinamu u onepayuonnou cucmemou.
cd - 3aMEHUTH TEKYIIMHA KaTaJIoT Ha YKa3aHHBIH;
dir - BBIBECTH Ha 3KPaH JIUMCTUHI YKA3aHHOM IAIKH;
delete - yHUYTOXUTD (CTEPETh) YKa3aHHBIN (ail;
geteny - BBIBECTH 3HAUCHUE MMAPAMETPOB OKPYKEHUsI (CPeibl);

! - BBIMOJHUTH KaK KOMaHAY ONEPaIllMOHHOW CHUCTEMBbI (MPUMEHSETCS MO-
CJie yKa3aHUsl KOMaH/Ibl ONEPAIMOHHON CUCTEMBI)

unix - BBIMIOJHUTH KaK KOMaHy OTEPAIIMOHHON CUCTEMBI U BHIBECTH PE3YJib-
TaT;

diary - 3anucaTh TEKCT KOMaHJIHOTO OKHa B JHEBHUK MatLAB.

Komanowt ynpasnenus xomanonvim OKHOM:

cedit - yCTAaHOBUTH KOMaHAHYIO CTPOKY pellaKTOpa KJIaBUIII;

cle - OYHCTUTH KOMaHJIHOE OKHO;

home - miepeBecTH Kypcop Ha Hayajao CTPAHUIIBI,

format - ycTaHOBUTH YKa3aHHBIN (hopMaT BBIBOJA YKCEN HA IKPaH;

echo - yCTaHOBUTH WJIM OTMEHHUTb PEXHUM HXOIMEYATH TEKCTa BBITOJIHIEMOMN
IPOrPaMMBbI;

more - yCTAaHOBHUTH PEXKHUM MOCTPAHUYHOTO BBIBOJIa TEKCTA HA IKpaH KOMAaH/I-

HOI'O OKHaA.
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Komanow 3anycka u svixoda ¢ MatLAB:
quit - BeIliTU ¢ MatLAB;
startup - 3amyck MatLAB ugepe3 M-daiin "startup";
matlabrc - 3anyck riaBHOro craproBoro M-gaiina.

Komanovl nonyuenus obweti ungpopmayuu.

info - nonyuyenue unpopmaruu npo MatLAB u dupmy MathWorks, Inc.;

subscribe - nopammcka no Internet kak mons3oBarens MatLAB;

whatsnew - uHpOpMaIUs 0 HOBBIX OCOOCHHOCTSIX, KOTOPhIE HE BOIILIU B JIOKY-
MEHTAIUIO;

version - nHdopmaIus o moctaBiieHHou Bepcuu MatLAB;

ver - uH(popMaIs O BEPCHUSIX BCEX MPOTPAMMHBIX MPOIYKTOB, KOTOPHIE
BXOJST B ITOCTABJICHHBIA KOMIUIEKT cuctemMbl MatLAB.

3.3. Cozoanue M-knuzu

OueHb MOJIE3HBIM U MPUBJICKATENBHBIM CBOMCTBOM cuctembl MatLAB saBnsiercs
BO3MOKHOCTh CO3/IaHUsI TEKCTOBBIX JOKYMEHTOB B cpejie peaakropa Word ¢ ogHOBpe-
MEHHBIM MPOBEJICHUEM B HEM BBIYHMCICHHUH ¢ moMollbio cuctemMbl MatLAB u ¢ukcu-
POBaHUEM PE3YJbTaTOB BBHIYUCICHUN (B TOM YHCIE - TpadUKOB) B TEKCTE JOKYMEHTa
Word. bnarogapst 35ToMy MOXHO CO3/1aBaTh CJIOKHBIC HAyUYHO-pPAaCUETHBIC U WHXKEHEP-
HbIE TEKCTOBBIC JOKYMEHTBI HETIOCPEJICTBEHHO B peaakTope Word.

CpenctBoM, KOTOpOE TMO3BOJISIET 3TO clieNaTh, sBisieTcs: nmakeT NoteBook, Bxo-
nsauuid B cuctemy MatLAB. Otot naker cBsizbiBaercs ¢ peaakropom Word ¢ momo-
mbto crneuranbHoro Word-mabinona, KoTopelil coaepxutcs B cucteme MatLAB. Jlns
TOTO 4TOOBI MOKHO OBLIIO CO3/1aBaTh M-KHUTH, HY>KHO, UTOOBI ATOT IIA0JIOH, HOCSIIIUI
umMs M-book. dot, 6b11 ipeIBapUTEIBHO TOJICOCIUHEH K peaakTopy Word.

3.3.1. Hayano HoBou M-kKHurn

UT0oOBI MPUCTYNUTH K HATMCAHWIO HOBOM M-KHUTH, HYKHO:

1) 3anyctuth pegakrop Word;

2) BeiOpath B nuasioroBom okHe Word oniuio New u3 mento File;

3) B OKHE, KOTOpOE MOSIBUTCS Ha dKpaHe, BbIOpaTh madion M-book.

B pesynbrate aTHX nedictBuit Oyner 3amyiieHa cucteMa MatLAB, u Buj rias-
HOro MeHio penaktopa Word HECKOJIBKO M3MEHHUTCS - B HEM MOSIBUTCS HOBOE MEHIO
Notebook. D10 u Oymer cBuAeTeNbCTBOBAaTH, 4TOo K Word mpucoeauHeHa cucTema
MatLAB. Eciu tenepp ¢ NOMOIIBIO MBIIIM aKTUBU3UPOBaTh MeHIO Notebook okxna
Word, Ha skpaHe MosiBUTCA JOMOJHUTENbHOE MEHIO (puc. 3.20).
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il The MATLAB Notebook ¥1 - Microsoft Word =] =l
Mafin  Mpaeka Bug BrTaeka Gopuat  Cepedc  TabBnkua | Motebook | OkHo — Cnpaeka BEeAHTE BONPOC - X
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Puc. 3.20

3.3.2. Hanucauve M-KHuru

Hamucanne M-kHHUTH CBA3aHO ¢ HAOOPOM TEKCTa, a TAaKXKe OMEpPaTopoB U KO-
maHs MatLAB. BBejenue TekcTa OCyIIeCTBIISIETCS 10 OOBIYHBIM MPABHIIAM PEIaKTOpa
Word.

UToOBI BBECTH U BHIMIOTHUTH KoMaHy MatLAB, HeoOxonuMmo:

1) HanKcaTh TEKCT KOMaH/Ibl B BUJI€ OTAEIbHON CTPOKHU;

2) mocye Habopa CTPOKH C KOMaHAOW HE HaXumaTh kiaBuiry <Enter> (kKypcop
JIOJKEH OCTaThCsl B CTPOKE KOMAH/Ibl);

3) BeiOpaTh koMaHy Define Input Cell (Onpenenuts Bxonnyto fueiiky) B me-
Hio Notebook (cm. puc. 3.20), nnn Haxkats kinaBumu <Alt+D>; mocne 3Toro Buj CTpo-
KU KOMAaHJIbl JOJHKEH U3MEHUTHCS - CUMBOJIBI KOMAHJIBI IPUOOPETAIOT TEMHO-3€JICHbIN
I[BET, a KOMaHJa CTAHOBUTCA OTOPOYEHHOW KBAJPATHBIMH CKOOKAMH TEMHO-CEPOTO
L[BETA;

4) BeiOpaTh MbIkoi komauay Evaluate Cell (Beraucnuts sueiiky), nin HaXartb
koMmOuHarmto knasuin <Ctrl+Enter>; pe3ynbratom 3TUX IEUCTBHI TOHKHO CTATh MOSB-
JIEHUE Cpa3y IOCJe TEKCTa KOMaHbl pe3yJIbTaTOB €€ BhINOJIHEeHUs cuctemoil MatLAB.

Pe3ynibTaThl BBINOTHEHUSI KOMaHbl BHIBOJATCS,, CHHUM I[BETOM U B3SIThl B KBa/I-
paTHBIE CKOOKH.

[Tpuenem npumep. [1ycts Bol HaOpanu B Word cTpoky
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A=[123;456;789]

Torna nocne Haxatust <Alt +D> 3Ta cTpoka U3BMEHUT CBOU BU]I
[A=[123;456; 78911

a mocne Haxarug <Ctrl+Enter> B cienyromux cTpokax MmosiBUTCS pe3yiabTar

[LA=
1 2 3
4 5 6
7 8 9 1]

Ecnu sxenaTenbHO BBINOJHUTH HECKOJIBKO KoMaHa MatLAB oany 3a npyroi, Ha-
O6epuTe UX HECKOJbKUMHU CTPOKaMH MO MPaBHJIAM HAMHMCAaHUS TEKCTa MPOTPaMM, 8blde-
Jiume 3mu_cmpoKu, KaK 3TO JENaeTcsl MpH KOMMPOBAHUH YacTu Tekcta B Word, u mo-
BTOPUTE BBILIEYNIOMAHYThIE nevicTBusa. Hanpumep:

t=0: pi/10:2*pi;

[X,Y,Z] = cylinder(4*cos(t) + 1);

mesh(X,Y,Z)

PesynbpraTom OyAeT nosiBiieHHe TpexMepHoro rpaduxka (puc. 3.21).

S T

g

ga

Puc. 3.21

YrtoObl ocmasums 6 mexkcme NOKyMEHTA 88e0eHHble KOMAHObL U BBIBEIEHHBIC pe-
3VIbmamel, HyKHO:

1) nomecmumo Kypcop MuluKUu 8 00HY U3 CMPOK 8bINOJHEHHOU KOMAHObL,

2) eviopams komandy Undefine Cells u3 menro Notebook unu naxcamo xomou-

Hayuto krasuu <Alt+U>.

B pesynbrare Bce CUMBOJIBI, KaK BBEJICHHBIX KOMaH/I, TaK U Pe3yJbTaTOB MX BbI-
TIOJTHCHUS TIPUOOPETYT OOBIYHBIN 171 TekcTa Word CTHIIh, IIBET U pa3Mephl, U UCYE3HYT
KBaJIpaTHbIC CKOOKH, KOTOPBIC X OKANMIISIIH.
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3.3.3. PepaktnpoBaHue M-KHUIU

YT0oOBl OTKOPPEKTUPOBATH CYLIECTBYIOULYI0O M-KHUTY WJIM BHECTU B €€ KaKUE-TO
JOTIOJIHEHUS, HAJI0 BBIMIOJHUTH OJTHO U3 CIECIYIOIINX JEHCTBUM:
B Boiitu B penakrop Word u OTKpbITh, HCIONB3Yys kKoMaHay Open u3 mexto File
okHa Word, daiin M-KHUTH, KOTOPYIO HY’KHO KOPPEKTUPOBATb;
B Boiitu B penakrop Word u BbIOpaTh HY»KHbIN (aiin ¢ M-KHUTON U3 nepedHs
MOCTIETHUX IOKYMEHTOB B HM>KHEN YacTh HUcxozsiero Mexto File;
B BBl "MIETKHYTH'" MBIIIBIO HA JOKYMEHT M-KHHIH.
Penakrop Word oTKpoeT JOKyMEHT, ucrnosnb3ys madaon M-book, 3amycTut cuc-
temy MatLAB, ecnu oHa He ObUIa 0 3TOr0 aKTUBHOM, W 100aBUT MeHIO Notebook B
okHO Word.

3.3.4. NpeobpasoBaHue aookymeHTa Word B M-KHUTY

YrtoObl IpeBpaTUTh paHee co3faHHblil JokyMmeHT Word B M-KkHHTY, HEOOXOAUMO
celNaTh cieayolee:
1) B penaktope Word co3mnats HOBy1O (ITOKa IMycTyt0) M-KHUTY;
2) B meHto Insert ("BcraBka") penakropa Word BeiOpaTth komanay File;
3) BeIOpaTh B mosiBUBIIIEMCs OkHe BeTraBka (aiisa, daiin, KoTopblii HYXKHO Ipe-
BpaTUTh B M-KHUTY, U HaXaTh kiaBuiny "Enter".

3.3.5. HekoTopble 0COOEHHOCTU UCNOSIb3OBAHUSA

cuctembl MatLAB

[Ipu Hanucanum M-KHUT ClielyeT YYUThIBATh HEKOTOPhIE OCOOCHHOCTH UCIOJIb-

3oBaHus cuctembl MatLab B cpene penaktopa Word:

B v001cHO nonv308amucsi 8cemu 803mModcHocmamu cucmemsl MatLAB, docmyn-
HbIMU ell 8 pedicume KanbKyasamopa (HenocpeoCmeeHHbIX 8bIYUCTEeHULL),

B nenv3s  nonavzosamvca  Script-gpatinamu, mo ecmv  2omosvimu  M-npo-
epamMmam, a makdce npoyeoypamu u QYHKyusmMuU, OOCMYNHbLIMU JULUb NPU
pabome c Script-gpaiinamu (Hanpumep, npoyeoypamu co30aHUsL MEHIO U m.n.).

[locnennee orpaHuyeHue He ABISETCS BaXHbIM. Ero Mo>kHO 000MTH, €ciu BOC-

nosib30Bathcs koManaoi Bring MATLAB to Front (Beisectn MatLAB Ha niepennuii
maH) u3 MeHio Notebook.

B sToM ciiyuae komangHoe okHO MatLAB BreliifieT Ha SKpaHe Ha NEPBbIN IJIaH, U

B HEM YK€ MOKHO OCYHIECTBIIATH Jito0Obie onepaunu MatLAB. EctecTtBenHo, pe3yinbra-
ThI BBIMOJIHEHUS] ITUX ONEpaIMil y»ke He OyJyT aBTOMAaTUYECKU 3alHUChIBATHCS B TEKCT
M-knuru. OHu OyIyT BO3HUKATh Kak OOBIYHO B COOTBETCTBYHOIIMX OKHax MatLAB.
Hcnonb3yst 0ObIUHBIE OTEpalii MePEeHeceHrs TeKCTa U rpaduyecKux U300paxeHui u3
onHoro okHa Windows B pyroe, MOXHO UX NIEPEHECTH B TEKCT M-KHUTH.

3.3.6. \3ameHeHMe napameTpoOB BbIBOAA pe3ysibTaToB

B menio Notebook ects komanga Notebook Options, koTopasi Mo3BOJISIET yCTa-
HABJIMBATh HEKOTOPHIE MapameTpbl 0GOpMIICHUS PE3yiabTaTOB B M-KHUTE MO YCMOTpE-
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HUIO MoJb30oBarens. Eciu 3Ty koMaHay aKTUBU3HPOBATH C OMOIIBIO MBI, HA SKPaHE
BO3HUKHET OKHO, PEJICTABIEHHOE Ha puc. 3.22.
Kak BUIHO, 3TO OKHO MO3BOJISIET YCTAHABIUBATH B MHTEPAKTUBHOM PEKUME:
B popmar BeiBoAa uncen B Word (o6nacte Numeric Format);
B GoJjiee WM MEHEE IUIOTHBIM BBIBOJ CTPOK (Ta ke 00JIacTh, MEPEKII0YaTeNH
Loose u Compact);
B pa3mepbl BbIBeAEHHBIX B OKHO Word rpaduyeckux uzoOpaxeHuil (o0iactb
Figure Options);
B BLIBOJUTH WM HET Irpaduueckue u300pa)xkeHusi, IMOJIydaeMble Mpu padoTte
MatLAB, B rekct M-knuru (onuusi Embed Figure in M-book);
B 1ICr0JB30BaTh IPU BBIBOJE Ipaduueckux n3o0pakeHuid B M-kuury 16 uperos
(ommust Use 16-Color Figures), nnu 256 1BeToB.

MNotebook Dptions |

MNumeric Formak

Shiork j

¥ Loose
(8 Campack

~Figure Cpkions
¥ Embed Figures in M-book

¥ Use 16-Color Figures
LInits IInn:hes j

Weidth |4

Height  |3.5

v Stop evaluating on error

Cancel |

Puc. 3.22

Korma Bce ycTaHoBku caenanbl, Hago "HaxaTs" kHONKY "OK" m B maibHeWeM
3TH YCTaHOBKH 3apaboTaroT.

B 3axmrouenune 3aMeTuM, 4TO 9mo0 yyebHoe nocobue Hanucamo umenno kax M-
KHU2A.
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4. Kiaacchl BBIYMCJINTECIBHBIX 00bCKTOB

Knaccom B MatLAB npuHsTO Ha3bIBaTh ONpENCICHHYIO (GOpMY IMPEACTABICHHUS
BBIYHUCIUTEIBHBIX 00BEKTOB B MamsiTd DBM B coBOKyMHOCTU ¢ mpaBuiamMu (MPOLEHY-
pamu) ux npeodpaszoBanus. Kiacc onpezenser Tui nepeMeHHOM, a MpaBuiia - oepaluu
U QYHKIMH, KOTOpPbIE MOTYT OBITh MPUMEHEHBI K ATOMY TUIly. B cBOIO ouepesn, THUI
onpeensieT 00beM mamsTH, KOTopasi OTBOAMUTCS 3aMKCH NepeMeHHoM B mamsaTe OBM u
CTPYKTYpPY pa3MelleHus: JaHHBIX B 3TOM oObeMe. Onepannu U GyHKIHUH, KOTOPbIE MO-
I'yT ObITh MPUMEHEHBI K OMPEJEICHHOMY THUITYy MEPEMEHHbIX, 00Pa30BBIBAIOT Menoobl
ATOTO KJjacca.

4.1. Ocnognble Knaccol 00beKmMoes

B cucreme MatLAB ornpenenensl MecTh BCTPOSHHBIX KJIACCOB BBIYUCIUTEIBHBIX
00BEKTOB:

- double - ynucnoBbIE MACCUBBI U MAaTPULbl JEHCTBUTENBHBIX WM KOMILJIEKCHBIX
YyuceJ C TUIABAIOIeH 3anaTol B popMaTe TBOMHON TOUYHOCTH;

- Sparse - TBYMEpHbIE JIEUCTBUTEIbHBIE UM KOMIUIEKCHBIE pa3peKEHHbIE MATPH-
I1bI;

- char - MacCUBBI CHUMBOJIOB;

- Struct - MacCHUBBI 3alMCeN (CTPYKTYpHI);

-cell - maccuBHI SYCEK;

- uint8 - mMaccuBbl 8-OUTOBBIX IEIIBIX YUCEN 0€3 3HAKOB.

Knacc double onpenenser Hanbosiee pacnpoOCTPAHEHHBI THUI IEPEMEHHBIX B
cucteme MatLAB, ¢ kotopsiMu orniepupyeT 00JbmHCTBO GyHKIHHN 1 Tiporieayp. Kimace
char omnpenenseTr nNepeMeHHbIC, KOTOPHIE SBISIOTCS COBOKYIMHOCTHIO CUMBOJIOB (KaXK-
JbI1 CUMBOJI 3aHUMAeT B MamsATH 16 OUTOB). DTy COBOKYIHOCTh YacTO HAa3bIBAIOT
cmpoxkou. Kiacc sparse onpenenser TUI IEPEMEHHBIX, KOTOPBIE SIBJISIFOTCS Pa3pEKEH-
HbIMU MaTpHIIaMU IBOMHON TOYHOCTH. Pa3pekeHHast CTpyKTypa NpUMEHSETCS Uil Xpa-
HEHUsI MaTPUL] C HE3HAUYUTEIIbHBIM KOJIMYECTBOM HEHYJIEBBIX 3JIEMEHTOB, UTO TIO3BOJISET
UCIIOJIb30BaTh JIMIIb HE3HAYUTENbHYIO YacTh MaMsTH, HEOOXOAMMOW HJisi XpaHEHUS
MOJIHOM MaTpullbl. PazpexkeHHble MaTpUIlbl TPEOYIOT MPUMEHEHUS CIIEIUATBHBIX METO-
JOB JIJ1s1 peieHus 3aaad. [lepemennnlie kinacca cell (s4eiiku) SIBISIOTCS COBOKYITHOCTBIO
HEKOTOPBIX JIPYTUX MAacCCHUBOB. MacCHUBBHI siU€EK IMO3BOJIAIOT OOBEAMHHUTH CBSI3AHHBIC
JaHHBIE (BO3MOXKHO, PA3HBIX THUIIOB M Pa3MEPOB) B €IMHYIO CTPYKTYpY. OOBEKTHI Ki1ac-
ca struct COCTOSIT U3 HECKOJIbKUX COCTaBJISIOIINX, KOTOPbIE HA3bIBAIOTCS NOAAMU, KAXK-
JI0€ U3 KOTOPBIX HOCUT coOcTBeHHOE umsl. [lossa camu MoryT conepxatb MaccuBsl. [1o-
T00HO MacCHUBaM SYEEK, MACCUBHI 3aMrcell 0OBEIUHSIIOT CBS3aHHBIC JTaHHBIC U HHQOP-
MaIMI0 O HUX, OJIHAKO CIOC00 0OpallieHus K 3JIeMEHTaM CTPYKTYpPHI (TIOJISIM) MPUHITH-
MUaJbHO MHOM - TyTEM YKa3bIBaHUSI UMEHHU TOJIS1 YEPE3 TOUKY MOCIIE UMEHU CTPYKTYPHI.
Haxkomnen, kiacc uint8 no3BossieT coxpaHaTth Leinbie ynucia ot 0 go 255 B 1/8 vactu na-
MSATH, HEOOXOIUMOM JIJIsl Yrcesl JBOMHOU TouHOCTH. Hukakue maTeMaruueckue omnepa-
IIUU JJIs1 9TOTO KJ1acca JIAaHHBIX HE OTPE/ICIICHBI.
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KaxnoMy Tumy MaHHBIX COOTBETCTBYIOT COOCTBEHHBIE (DYHKIIMHM U OINEPATOPHI
00paboTKH, T. €. Memoosbl. [IpuBeeM HEKOTOPhIE U3 HUX:

- Kyacc array (0000IIEHHBINA KJIACC 0OBbEKTOB-MACCUBOB, SIBIISIFOLIUICS MPapo/in-
TEJEM BCEX YIMOMSHYTBIX BCTPOEHHBIX KJIACCOB) MMEET TaKHUE METOJbI: OIpe/esieHre
pa3mepoB (size), naunbl (length), pasmeprnoctu (ndims), o6benuHeHue MaccuBoB ([a
b]), TpancnonupoBanue (transpose), MmHoroMepHas uHjaekcanus (subindex), mepeon-
penenenue (reshape) u nepecranoBka (permute) u3MepeHUt MHOTOMEPHOTO MacCUBa;

- MeToAbl Kjacca char (CTPOKM CHUMBOJIOB) - CTPOKOBBIE (GyHKIUHU (Strcmp,
lower), aBToMatnueckoe npeodpazoanue B Tun double;

- MeToabl Kjacca cell - WHIEKcAIUs C HWCIOJNb30BaHWEM (UTYPHBIX CKOOOK
{el,...en} u pa3zieicHUEM DJIEMEHTOB CIUCKA 3aMSThIMU;

- metogbl kiacca double - nouck (find), 06paboTka KOMIIIEKCHBIX uncen (real,
imag), ¢popmupoBaHue BEKTOPOB, BBIJCICHHE CTPOK, CTOJOIOB, MOJOJIOKOB MAacCHBa,
pacIMpeHue ckaispa, apudmeTrueckue W JOTUYECKHUE OIepaldy, MaTeMaTUYeCKHe
byHK1IMY, GYHKIIMHA OT MaTPHII,

- METOIBI KJ1acca Struct - noctyn K comepxkumomy mons ( . field) (paszgenurens
AJIEMEHTOB CIIKCKA - 3aMsTas);

- B KJlacce uint8 - eWHbIA METOJl - Olepanus COXpaHeHus (Jallle BCero npume-
Hsercs ¢ nakeroM Image Processing Toolbox).

4.1.1. Kinacc cuMBOJIBHBIX CTPOK (char)

BBenenre cTpok CUMBOJIOB U3 KJIaBHATYPhl OCYIIECTBIsAETCS B anocTpodax. Ha-
IIpUMEpP, BBOJISI COBOKYITHOCTh CUMBOJIOB

>>'910’
[10JIyYUM B KOMAaHIHOM OKHE

ans = 9710

AHaAJIOTMYHO, TIPU MOMOIIM 3HAKa MPUCBAWBAHUS, MPOU3BOIUTCS OINMpPEICICHUE
MIEpEMEHHBIX TUIA char:

>>st1="310"; st2="cTpoka'; st3 ='cumBonos.';

>> st1,st2,st3

st1 = 910

st2 = cTpoka
st3 = cumBonos.

Oobveounenue HeCKONbKUX CHIPOK B €IUHYIO CTPOKY (cyennenue uiu KOHKame-
Hayuro) MOYKHO OCYIIECTBUTH C TOMOIIbIO OOBIYHOU ornepanuu 00beIMHEHUSI BEKTOPOB
B CTPOKY:

>>[st1 st2 st3 ]

ans = 9710 CTpOKa CMMBOIJIOB.

Hpyrasi BO3MOXXHOCTb JIOCTMYb TOM JK€ 1€MW - MCIIOJIB30BAHHUE IPOIEITYPhI
strcat(sl,s2,...sn), KOTOpasi MPOU3BOJUT CUCIUICHUE 3aJaHHBIX CTPOK $1, 52, ... sn B e1u-
HYIO CTPOKY B MOPSJKE UX YKa3aHUS B CIIUCKE apTyMEHTOB:

>> st = strcat(st1,st2,st3)
st = 3T0 cTpoKa cMMBOIOB.
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OO0BbeAMHUTh CTPOKHM CHUMBOJIOB B HECKOJBKO OTAEIBHBIX, HO COCJUHECHHBIX B
€AMHYI0 KOHCTPYKIMIO CTPOK, MOKHO, UCIIOJIb3Ys JPYTYIO MPOLEAypY - strvcat (BepTu-
KaJIbHOM KOHKaTEHaIMH ):

>> stv = strvcat(st1,st2,st3)
stv =
3710
CTpoka
CMBOJ10B

Ilpumeuanue. J1yisi TaKOro CLEIUICHUS CUMBOJIBHBIX CTPOK HEIb3S MPUMEHSThH
OTEepalri0 BEPTUKAIBHOTO CLEIUIeHUs (CUMBOI ' ; '), UCHOJIB3YEMYIO AJI TOCTPOCHUS
MaTpPHUIIbl U3 OTIEIBHBIX CTPOK, TaK KaK KOJUYECTBO JIEMEHTOB (CMMBOJIOB) CIIETLIsC-
MBIX CUMBOJIBHBIX CTPOK MOKET ObITh pa3indHbiM). Hanpumep

>> [st1; st2; st3]

00??? All rows in the bracketed expression must have the same number of columns.

CumBoOJIbHASI CTPOKA MPEACTaBJIsieT COOO0W MacCHB (TOYHEE — BEKTOP-CTPOKY),
AJIEMEHTaMH KOTOPOTO SIBIISIFOTCS OT/AEJIbHBIE CHMBOJIBI, U3 KOTOPHIX OHAa COCTOMT,
BKJIFOYasi CUMBOJIbI mpoOenoB. [loaroMmy uHpOpMaIUiO O JIFOOOM CHUMBOJE B CTPOKE
MOKHO TOJY4YHTh, YKa3aB HOMEP STOr0 CUMBOJIA OT Hayaja CTPOKH (IIPU ATOM, KOHEU-
HO, HaJI0 YYUTBIBATh M CHMBOJIBI Ipo0OeioB). Hanpumep:

>> st(3)

ans =T

>> st(3:12)

ans = TO CTpOKa

COBOKYITHOCTh BEPTHKAIBHO CIEIJICHHBIX CTPOK 00pa3yeT ABYMEPHBIH MacCHB
(maTpuiy) cumBoioB. [loaTomy, koManaa

>> ss =stv(2,3:end)

IPUBOJUT K PE3yJIbTaTy:

SS = Tpoka

[Ipouenypa strrep(sl, s2, s3) bopMHUpPYET CTPOKY U3 CTPOKHU sI TyTeM 3aMEHBI
BceXx ee (parMeHTOB, KOTOPhIE COBMAAAIOT C CTPOKOM §2 HA CTPOKY §3:

>> st = [st1 st2 st3]

st = 310 cTpoka cUMBONOB.

>>y = strrep(st,'o’,'a’)

y = 3OTa cTpaka cumBanas.

>> x = strrep(st,'a’,'o’)

X = 3TO CTPOKO CMMBOIJIOB.

OyHKIMSA upper(st) NEpEeBOUT BCE CUMBOJIBI CTPOKH st B BEpXHUM peructp. Ha-
IIpUMeED:

>> x1 = upper(st)

x1= 3TO CTPOKA CVMBOINOB.

AHanoruyno, pyHkiusi lower(st) nepeBOAUT BCE CUMBOJIBI B HUKHUN PETUCTD:

>> x2 = lower(x1)

X2 = 3TO CTpOKa CUMBOISIOB.

[Ipouenypa findstr(st,st1) BbIIAET HOMEpP JIEMEHTA CTPOKH SZ, C KOTOPOTO HAUH-

HaeTCs MePBOE BXOXKICHUE CTPOKHU St1, €CIM OHA €CTh B CTPOKE St

>> findstr(st,'pok’)

ans= 9

Kaxk panee ormedanock, JOBOJIBHO YaCTO BO3HUKAET HEOOXOIUMOCTh BCTaBUTH B
CTPOKY CHUMBOJIOB YHCJIOBOE€ 3HAYEHHUE OJJHOIO WM HECKOJIBKUX PAaCCUMTAHHBIX Mapa-
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METPOB, YTO CBSI3aHO C MEPEBOJIOM YUCIOBOM MEPEMEHHOM B CTPOKY CMMBOJIOB OIpEie-
JIEHHOTO BUJIa. DTO MOXHO CJeJaTh C MOMOIIbIO POUEAYphl num2str. BXOIHBIM apry-
MEHTOM 3TOM MPOUEAYPHI ABISIETCS YuciIoBas nepeMmenHas (kiacca double). [Ipouenypa
dbopMupyeT npeacTaBiICHUe 3HAYCHUS 3TOW YHNCIIOBOM MTEPEMEHHOM B BHJIE CUMBOJILHOM
ctpoku. DdopMar TpenCcTaBICHUs OMpeeseTcsl ycTaHOBIeHHBIM (opmaTom Numeric
Format. B kadectBe mpumepa paccMOTpuUM (POPMUPOBAHUS TEKCTOBOM CTPOKH C
BKJIFOUCHUEM 3HAUYCHUS IIEPEMEHHOM

>> X = pi;

>> disp(['3HauyeHune nepemeHHoM "x" paBHO ', num2str(x)])

3HaveHune nepemeHHon 'x' paBHo 3.1416

AHanoruyHuM 00pa3oMm, Mpu MOMOIIH MPOLEeAYyPbl mat2str(A) MOXHO MOTYyYUTh
3HAUEHHUE MAaTpPHIIbl A B BUJIE€ CHMBOJIBHOUM CTPOKHU:
>> A =[1,2,3;456;7 8 9];

>> disp(mat2str(A))
[123;456;7809]

OOpatHbIi Nepexol OT CUMBOJBHOIO MPEICTABICHUS YUCIA K YACIEHHOMY OCY-
LIECTBIISAETCS NPOLUENyPOHt str2num :

>> stx = num2str(x)
stx = 3. 1416

>>y = str2num(stx)

y= 3.1416

>> y+5

ans = 8.1416

>> z = stx+5

z= 56 51 54 57 54 59

[Tocnemuuii pe3yabTaT MOJTYYEH BCICACTBHE TOTO, UTO CTPOKA CUMBOJIOB SEX IPHU
BKIIFOUCHHH €€ B apu(PMETHUECKYIO OIlepalii0 aBTOMATHYECKH IIepEeCTpauBacTCs B
knacc double, T. €. BCe CMMBOJIBI, COCTaBJIAIONIME €€, 3aMCHSIIOTCS ICJIBIMU YHMCJIAMU,
PaBHBIMH KOJIy COOTBETCTBYIOIIET0 CUMBOJIA. [locie 3Toro ciiokeHne moaydeHHOro Ju-
CJIOBOTO BEKTOPA C YHUCIIOM 5 TIPOUCXOIUT IO OOBIYHBIM IIpaBUiIaM, T. €. 5 CYMMHpYETCS
C KaXIbIM U3 KOJIOB CUMBOJIOB. [IpoBepHUM 3TO, yUUTHIBAS, YTO C NOMOULLIO NPOUEOYPbl
double(str) moocHoO noayuums 4uci080e npeocmasieHue CmpoKu CUMB0I08 S 8 8uoe

K0008 COCMABHbIX e CUMBON08:

>> double(stx)
ans= 51 46 49 52 49 54

CpaBHUBasi OJYUYEHHBIH PE3yJbTaT C MPEAbIAYIINM, MOKHO YOEIUThCSA B CIpa-
BEJINBOCTH CKa3aHHOTO.

Oyukius  str2mat(stl,st2,...  ,stn)  JCUCTBYeT  aHAJIOTUYHO  (YHKIUHU
strvcat(stl,st2, ... , stn), T. €. 00pa3yeT CUMBOJIbHYIO MaTpUIly, pacrojaras CTpoku stl,

st2, ... ,Stn OJIHA MOJ IPYTOM:

>> Z = str2mat(st1,st2,st3)
Z= 3010

CTpoka

CMMBOIOB

4.1.2. Kinacc 3anucen (struct)
MaccuBbl 3anucen - 3To TUIl MacCUBOB B cuctreme MatLAB, B koTopom paspera-
€TCsl COCPEOTOYMBATh B BUJIE 3alUCE Pa3HOPOJHBIE JAHHbIE (T. €. JTAHHBIE Pa3HBIX
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KjaccoB). OTIUYUTETEHON OCOOCHHOCTBIO TAaKUX MAaCCHUBOB SIBJISIETCS HAJIMUKME UMEHO-
BAHHBIX IOJIEH.

Kak u BooOme B MatLAB, maccuBbI 3anucedi He 0ObABISIOTCA. OTACIBHBIC K-
3eMIUISIPBI ATOTO KJIacca CO3JAl0TCsl aBTOMATHUYECKU MPU 3aJaHUM KOHKPETHBIX 3HaYe-
HUM TI0JIAM 3aITUCH.

O6parieHue k 11000My OO 32 UMeHEM field ocylecTBIISIETCS Tak:

<ums nepemennou-3anucu> . field

Hanpumep, komana

>> PG81. fam = 'ABpyToBa’
PG81 =
fam: 'ABpyToBa’

OPUBOJUT K aBTOMaTHYEeCKOMY (opMupoBaHUI0 nepemMeHHoi PG8I1 xnacca struct ¢
€/IMHCTBEHHBIM II0JIEM fam, 3HaY€HHE KOTOPOro - CUMBOJIbHAs CTpoKa Aspymoesa. Ta-

KHM k€ 00pa3oM K 3TOM MePEeMEHHON MOYKHO JI00aBJISATh IPYTHE MOJIA:
>> PG81. imya = 'MapuHa'; PG81. bat = 'CtenaHoBHa';

>> PG81

PG81 =
fam: 'AspyToBa’
imya: 'MapwuHa'
bat: 'CtenaHoBHa'

B pe3ynprare moiiyduMm Ty K€ MEPEMEHHYIO-3AIUCh, HO YK€ C TPEMs IOJSMH.
UtoObl €O3/1aTh MACCHUB aHAJOTUYHBIX MEPEMEHHBIX C TEMH K€ MOJISIMU U C TEM XKe
uMeHeM PG81 noctaTouHo OMOABIATh IPU OOPAIIEHUH K 3TOMY UMEHU HOMEP 3aIlUCH
(B ckOOKax, KaK K 2JIEMEHTY MacCUBa):

>> PG81(2). fam = 'bepe3HioK’ ;

>> PG81(2). imya = 'Anekceit’; PG81(2). bat = ‘UBaHOBUY';

>> PG81(3). fam = 'TMonenb';

>> PG81(3). imya = 'boraaH'; PG81(3). bat = "TumodeeBuny’;

>> PG81

PG81 =

1x3 struct array with fields:

fam
imya
bat

Kak BuauMm, B cilyyae MaccuBa 3amnucen, COAEPHKUMOE TMOJIEH YKE HE BBIBOAUTCA
Ha 3KpaH. BeiBoguTcs muis uHGOpMAIHs 0 CTPYKTYpe MAacCHBa, €ro pa3Mepax M UMe-
Hax I0JICH.

Jns nonydenuss uHGoOpMallud O MMEHaX MOJIEM 3alUCH MOKHO HMCIOJIb30BaTh

byukuuto fieldnames:
>> fieldnames(PG81)
ans =
'fam'’
'imya’
'bat'
Hpyroii cioco0 3aaHusi NEPEMEHHON-3aMKUCH - IPUMEHEHUE QYHKUUU Struct 110
cxeMme

\"

vV VvV

<ums 3anucu> = struct('<ums noasl>', <smauenuel>, '<ums nons2>', <suaue-
Hue2>, ...).
Hanpumep, komana



3.1. OcHoeHbIe Knaccbl 06 LEKMOS 167

>> PG72= struct('fam’,'"Ceprees’,'imya’,"Cepren’,'bat’',"Cepreesuy’,'god’, 1981)
npHUBEAET K (POPMHUPOBAHUIO TAKOU NMEPEMEHHOMN-3aIUCH:
PG72 =
fam: 'Ceprees'
imya: 'Cepreit'
bat: 'Cepreesny’
god: 1981

Hcmonp3yst MHASKCAIUIO, MOKHO JIETKO OTPECIUTh 3HAYSHUE JTF000TO TIOJIS WITH
3JIEMEHTa CTPYKTYphl. Takum ke 00pa3oM MOKHO MPUCBOUTH 3HAYEHUE JIFOOOMY TOJIIO
WJIU DJIEMEHTY CTPYKTYPHI.

Ecnu x kakomy-nu0o U3 3JIEMEHTOB MacCUBa 3amucei (CTPYKTYphl) 100aBiseTcs
3HAQYEHUE HOBOTO MOJIS, TO K€ MOJIe aBTOMAaTUYECKHU MOSIBISETCS BO BCEX OCTAIbHBIX
AJIEMEHTAax, XOTs 3HAYEHHUE 3TOrO MOJis Y JAPYTUX 3JIEMEHTOB IMPU 3TOM OCTAETCS IMycC-

ThIM. Hammpumep:
>> PG81. fam = 'ABpyToBa’ ;
>> PG81. imya = 'MapuHa'; PG81. bat = '‘CtenaHoBHa’;
>> PG81(2). fam = 'Bepe3HioK’ ;
>> PG81(2). imya = 'Anekcun’; PG81(2). bat = 'BaHOBMY';
>> PG81(3). fam = "Moninb' ;
>> PG81(3). imya = 'boraaH'; PG81(3). bat = 'TumodeeBuny’;
>> PG81(3). god = 1982
PG81 =
1x3 struct array with fields:
fam
imya
bat
god
>> PG81(2). god
ans= ]
YToObI yJaIuTh HEKOTOPOE MOJIE U3 BCEX 3JIEMEHTOB MacCHUBa 3amuceid, HaJo0 UC-
noJib30BaTh npouenypy rmfield no cxeme S = rmfield (S, 'ums nons '), rae S - ums

MacCHuBa 3allMcer, KOTOPBIA KOppeKTUpyercs. PaccMoTpum npumep:
>> PG81 = rmfield(PG81, 'bat’)
PG81 =
1x3 struct array with fields:
fam
imya
god
Knacc struct, xak BuiuM, UMEET HE3HAYUTEIBHOE YHUCIO METOJOB, UTO JACJIAET
€ro HEMOCPEICTBEHHOE HCIMOJb30BAaHUE MPHU pacueTax JIOBOJIHHO MPOOJIEMATUUYHBIM.
OnHako UMEHHO HA UCNOAb308AHUU 0OBLEKNO8 IMO20 KAACCA OCHOBAHA BO3MONCHOCHIb
co30asambs HOBble Kiaccbl 00vekmos (cM. nainee). [loaToMy 3TOT Kiacc SBISIETCS OYEHb

BAYKHBIM JJIS1 PACIIMPEHUS BO3MOKHOCTEN cucteMbl MatLAB.

4.1.3. Kinacc siueek (cell)

MaccuB f4eek - 3TO MacCCHB, 2JICMCHTAMH KOTOPOI'O €CTh quﬁKH, KOTOPbIC CaMU
MOI'yT COICPIKATh J'IIO60ﬁ THUIT MaCCHuBa, B TOM 4YHUCJIC U MACCUB AYCCK. MaccHuBHI sT9eeK
IMO3BOJIAIOT XPAaHUTb MACCHUBBI C 3JICMCHTAMHU PA3HBIX THUIIOB W PA3HBIX H3MepeHHﬁ. Ha-
IMpuUMCEp, 0aHa U3 AYCCK MOKCT COACPIKATL MATPULLY I[GflCTBHTGJ'ILHI)IX 4uCCII, BTOpad -
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MAacCHB CHUMBOJIBHBIX CTPOK, TPEThS - BEKTOP KOMILUIEKCHBIX 4yucesl. MOXHO CTpOWTH
MAcCCHBBI STUEEK JIFOOBIX pa3MEPOB U JI000M CTPYKTYpbl, BKIIOUasi U MHOTOMEPHBIE.

Co30amp maccug aueek MOXKXHO IByMsl clocoOaMu:

- UCII0JIb30BAaHKUEM OIIEPATOPHI IIPUCBAUBAHUS,

- ipu ioMo1uu GyHKIMK cell npeaBapuTenbHO cPOPMHUPOBATH MTyCTON MACCHUB, a
IIOTOM IPUCBOUTH 3HAYECHUS OTACIIBHBIM STYEHKAM.

Ilpumenenue onepamopoe npuceausanus

Ecte aBa cnoco0a mpucBOUTH 3HAYEHUS OTHACJIbHBIM KaMOpKaM - UHOeKcayus
AYeeK U UHOEeKCayusi CO0epIHCUMO2O.

Nupexcanusa s4veek. [Ipy npucBavBaHWM 3HAYEHUM OTHAEJIBHBIM JJEMEHTAM
MacCHBa SIYEEK MHJCKCHI SYEHKHU B JIEBOM OT 3HAKa MPUCBAMBAHUS YaCTH pa3MeENIaloT B
CKOOKax, UCIOJIb3Ys CTaHAapTHhIE 0003HAUYEHUS ISl MAaCCUBa, a B IIPaBOM 4acTH npu-
ceausaemoe 3HaveHue ayetKy nomewarom 6 pueypusle cCKOOKU.

Jns mpumepa paccMoTpuM cosnanue maccuBa C siueek pasmepoMm (2*2). s

ATOTO ONPEAEIINM KaKJbIi JJIEMEHT ITOTO MAaCCHUBA, T. €. KAXKAYIO U3 A4EEK, TaK:

>>C(1,1) = {" UBaHoB WU. 10."};

>>C(1,2)={[123;456;7 89]};

>> C(2,1) = {5-3i};

>> C(2,2) = {-pi : pil5 : pi}

C= 'WeaHoB U. 1O [3x3 double]

[5. 0000- 3. 0000i] [1x11 double]

Nupexcanus coaep:kumMoro. B 5Tom cityyae B JIeBOM OT 3HaKa IPUCBauBaHUsA

YacTH 3JEMEHT MAacCHUBa SUEEK yKa3bIBaeTCsl B (PUTypHBIX CKOOKAX, a B IPaBOM YacTH -

COJIEP’)KUMOE COOTBETCTBYIOIIEH siueiKku 0€3 CKOOOK:
>> C{1,1} ="' UeaHoB U. |10.";
>>C{1,2}=[123;456;7809];

>> C{2,1} = 5-3i;
>> C{2,2} = -pi : pi/5 : pi
C= 'UeaHoB . IO. [3x3 double]

[5. 0000- 3. 00001] [1x11 double]
Kak BuaHO u3 npumepos, cucrema MatLAB otoOpakaer MaccuB siueek B COKpa-
eHHOM dopme.
Y1o0Obl 0TOOPA3UTh COAEPIKUMOE AUEEK, HYKHO IPUMEHSTH (pyHKUUIO celldisp:
>> celldisp(C)
C{1,1}= WgaHos W. |0.
C{2,1}= 5.0000 - 3.0000i
c{1,2y= 1 2 3
456
7 809
C{2,2} = Columns 1 through 7
-3.1416  -2.5133 -1.8850 -1.2566 -0.6283 0 0.6283

Columns 8 through 11
1.2566 1.8850 2.5133 3.1416

Jlnst oroOpaxkeHusi CTPYKTYpbl MacCuBa siueeK B BUJE Ipaduyeckoro n3olOpaxe-

HUS Ha dKpaHe npeaHazHaueHa GpyHkuus cellplot
>> cellplot(C)



3.1. OcHoe8HbIe Knaccbl 06EKMOS 169

N L 0 L L

Puc. 3.1

OurypHsle CKOOKU SIBJISIOTCS KOHCTPYKTOPOM MAacCHBA SYEEK TaK *Ke, KaK KBaJl-
paTHbIe CKOOKH SIBJISIOTCA KOHCTPYKTOPOM YHCJIOBOro MaccuBa. DurypHbie CKOOKH
aHAJIOTMYHbI KBAJPATHBIM, 32 UCKIIOUYEHUEM TOTO, YTO OHU MOTYT OBITh €I€ U BIOKEH-

HbIMU. Hanpumep, npeamectByomuii MaccuB C siYeek MOXKET ObITh TOCTPOCH TaK:
>>C={"UBaHoB UN.10.",[12 3;456; 7 8 9]; 5-3u,-pi : pi/5: pi}
C= 'WMeaHoB M. 1O [3x3 double]
[5. 0000- 3. 0000i] [1x11 double]

IIpumenenue cynxuuu cell
Oynkuus cell no3BosseT co3aaTh Ma0JIOH MacCHBa SYEEK, 3arOJIHSS €ro IycC-
TBIMHU STYEUKAMHU.

[Tpumep. Cozgaaum mycToi MaccuB siueek pazmepoM (2*3):
>> A = cell(2,3)
A=

0 o0 o

0 o0 o

3anoJHUM OJIHY U3 S4YEEK, UCIIOJIb3Ysl ONepaTop MPUCBAUBAHMSL:
>> A(2,2) = {0 : pi/10:2*pi}

A= [l [l
[ [1x21 double] T[]

N3BievyeHne JaHHBIX U3 MACCUBA SYEEK MOKHO TAK)KE OCYIIECTBUTH ABYMS ITy-
TAMH.

[TepBsIii ctocod paccMOTpUM Ha IpUMEpPaAX.

U3eneuenue cooepoicumozo omoenbHbix siieek TPOU3BOIUTCS YKa3aHUEM HHJICK-
COB HYKHOU SYEHKHU B (PUTYPHBIX CKOOKAX:

>> B =C{1,2}
B= 1 2 3
4 5 6
7 8 9
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>> st = C{1,1}

st = MeaHos . 1O.

H3eneuenue cooeporcumozo omoenbHbIX I1eMEeHNMO08 ONpeoeeHHOl KaMOpKu Tpo-
W3BOJUTCS JONOJHUTEIBHBIM YKA3aHUEM B JyKKAaX MHICKCOB 3JIEMEHTAa MacCHBa, Ha-
XOASUIErOCsl B HY>KHOM KaMOPKeE:

>> x =C{1,2}(2,3)

X= 6

>>y= C{1,1}(1:5)

y = MBaH

Bropoii ciocod mo3BoNIIET uzgiekams Uz Maccusa syeexk Opy2ou Maccug siueex,
COCTaBJISIFOILMI YacCTh IIEPBOTO:

>> D = A(2,2:3)

D= [1x21double] T[]

B sToMm ciiydyae npuMeHst0TCsl OObIYHbIE CKOOKHU.

MaccuBbl slU€EK HUCIONB3YIOTCS IS OOBEAMHEHUS] MACCHUBOB JIAHHBIX Pa3HBIX
TUIIOB U pa3MepoB. MacCuBHI siueeK yJ00HEEe MAaCCUBOB 3amucel (CTPYKTYpP) B CIEAYIO-
[IUX 00CTOSITEILCTBAX:

- KOT/Ja HYE€H JIOCTYIl OJJTHOBPEMEHHO K HECKOJIbKUM IOJISM;

- KOT/Ja HYEH JIOCTYII K TOJAMHOKECTBAM JaHHBIX B BUJIEC CIIMCKA IEPEMEHHBIX;

- KOTJIa YUCJIO TI0JIEW HE ONPEAETIEHO;

- KOT/Ja HY’KHO M3BJICKATh MOJISI U3 CTPYKTYPHI.

B 3akmroueHue 3amMeTUM, 4TO JJIS TOTO, YMoObl YCHAHOB8UMb, KAKOMY KIACCY
npunadiedcum TOT WIA JPYTOd BBIYUCIHUTENBHBIN 00bexkm, K UMEHH ITOro OObEKTa
CIelyEeT npumeHums npoyedypy class:

>> X=pi;

>> class(x)

ans =double

>> st="Tlncbmo’;

>> class(st)

ans =char

>> s=class(num2str(x))

s =char




3.2. [lpou3eodHsbie knaccekl MatLAB 171

4.2. Ilpouszeoonwvie knaccot MatLAB

PaccmoTpenHble paHee KJIacChl BBIYUCIUTEIBHBIX OOBEKTOB MOCTPOEHBI TAKHM
o0pa3oM, YTO Ha UX OCHOBE II0JIb30BaTE]Ib MMEET BO3MOXHOCTb CO3JaBaTh HOBBIE
COOCTBEHHBIE KJIaCChl OOBEKTOB.

B camoit cucteme MatLAB Ha 3TOl OCHOBE CO3aH M UCITOJIB3YETCS BCTPOCHHBIN
kiacc inline, KOTOpPBIA TPENOCTABISIET MPOCTON CIOCOO OMpeeiaeHUusT BCTPOCHHBIX
GyHKUMHA 178 TPUMEHEHHs B IporpaMmax BbIUHMCIEHUS MHTETPaJioB, PELICHUS
muddepeHuraIbHbIX YPAaBHEHUN U BBIYMCIICHUS MUHUMYMOB U Hyjel ¢yHkuumid. [Taker
CHUMBOJIbHBIX Bbruuciienuit Symbolic Math Toolbox Ga3zupyercs Ha Kjiacce OOBEKTOB
Sym, KOTOPBII TO3BOJISIET BBIIIOIHATh BBIYMCIEHUS C CUMBOJIBHBIMHU IIEPEMEHHBIMU U
matpuriamu. [laket Control System Toolbox ucnonb3yet kiacc 0ObEKTOB Iti 1 TpU €ro
JouepHUX moxakinacca tf, gpk, ss, KOTOpble MNOIIEPKUBAIOT AJITOPUTMBI AHAIW3A U
CUHTE3a JIMHENHBIX CTAIMOHAPHBIX CHCTEM aBTOMAaTUYECKOTO YIPABICHUS.

B  sa3pike MatLAB  orcyrcTtByer = HEOOXOOMMOCTH M BO3MOXKHOCTH
[PEIBAPUTEIBLHOTO OOBSBICHHMS TUNA WIM KJacca IEPEMEHHBIX, KOTOpble OyayT
UCTIOJB30BaHbl. 1O K€ camMoe OTHOCHUTCS M K OOBEKTaMm JII0ObIX BHOBH CO3aBa€MbIX
KJIACCOB.

OOBEKTHI KJacca CO3JAOTCA B BHUAE CTPYKTYyp (3amucei), T. €. K MOTOMKaM
(HacnegHUKaM) Kiacca struct. [lons cmpykmypvl u onepauuu ¢ NOAAMU AGTAIOMCS
00CMYNHBLIMU MOJILKO 8HYMPU MeM0o008 OAHHO20 KIAccd.

Bce M-gaiinbl, onpeaensoniyie MeToJbl 0OOBEKTOB JAHHOTO KJacca, JOJKHBI
pa3meniaTbCsi B CHELUAJIBbHOM KaTajiore, KOTOPbIM HA3bIBAETCS KAMALO20M Klacca W
00s3aTeIbHO UMTh UM$, COCTOsAIIEE U3 3HAKa (@ (KoMMepuecKkoe '3T') U MMEHHU KJlacca,
T. €. @<ums kiacca>. Karamor kiacca A0oJKeH OBITh MOJKATAJIOTOM OIHOTO U3
KaTaJIOrOB, OMMCAaHHBIX B MYTsIX jAoctyna cuctemMbl MatLAB, HO He caMuUM Takum
karanorom. Karanor kimacca 00s13aTeibHO TOJDKEH conepkarh M-(daiin ¢ nMeHem, coB-
NajaloluM ¢ HMMEHEM Kiacca. OTOT (aill Ha3bIBAIOT KOHCMPYKMOPOM KIACCA.
Hasnauenue takoro M-daiina - co3naBath 0OBEKTHI ATOTO KJlacca, UCTIOIb3Ys TaHHbIE B
BU/JIC MAaCCUBA 3alMCEN (CTPYKTYphI) U IPUIIMCHIBAS UM METKY KJlacca.

4.2.1. Kinacc 00bexToB inline

B MatLLAB onpenenen kinacc 00bekToB inline. OH nipeHa3Ha4YeH JJIs OTTMCAHUS
bynkuuii B Buge F(x, PI, P2, ...), KOTOPbIA COOTBETCTBYET HX MAaT€MaTUYECKOMY
onucanuio. I[Ipu TakoM TmpeACTaBICHUM BBIYUCICHHUS (YHKIMU TPU 3aJaHHBIX
3HAYCHHUSX apryMeHTa X U mnapametrpoB Pl, P2, ... MOXET OCYIIECTBIATHCS IyTEM 00-
panieHus K Hel B ectrecTBeHHOU (popme, Hanpumep, F(0.6, -0.5, 3).

Kiaccy inline COOTBETCTBYET MoJKaTajaor @INLINE Karajora
TOOLBOX/MATLAB/FUNFUN. B Hem conepxatcst Takue M-Gaiisbr:

- KOHCTPYKTOD inline;

- METOJIbI KJIacca

argnames disp formula nargin vectorize

cat display horzcat nargout vertcat
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char feval  subsref

KoHcTpykTOp inline. Ota npouenypa co3naet inline-o6vexkm, 1. e. GyHKIHIO,
3aJlaHHYI0 B CHMBOJILHOM BHJE, YTO TMO3BOJSET OOpamarbcss K HeM Kak K OOBIYHOMY
MaTemMaTudeckomy o0bekTy. IIporenypa nmMeer Heckonbko (opm obpamienus. O6pa-
menue Buga F = inline('<marematndeckoe BeIpakeHHE™>') 00pa3yeT CUMBOJIBHOE TIPE/I-
CTaBJICHUE 3aJaHHOTO MATEMaTUYECKOTO BBIPAKEHHUS KakK (QYHKIUU. ApPryMeHT
GyHKIMU Ompesensercss aBTOMAaTHYECKM TIYyTeM IIOMCKAa B COCTaBE BBIPAKCHUS
OTHOMECTHOTO CUMBOJIA, OTIIMYHOTO OT I W j. ECIIM CHMBOJI OTCYTCTBYET, B KAYECTBE
apryMeHTa UCIOJIb3yeTCsS CUMBOJ X. ECJIM B BBIpa)KEHUH €CTh HECKOJIBKO OJJHOMECTHBIX
CUMBOJIOB, B KaU€CTBE apryMeHTa BbIOUPAETCS] CUMBOJI, ONMKaMIIUK K X 10 andaBuTy,

IpeXkIe BCEro - OJMH U3 CIEAYIOUINX 32 HUM 110 alipaBuTy:
>> FUN1 = inline("am*sin(om*t+eps)’)
FUN1 =
Inline function:
FUN1(t) = am*sin(om*t+eps)
Ecnu oOpaTuThbCsi B KOHCTPYKTOpPA TaKUM 00pa3om
F = inline("<mamemamuuecxoe gvipadxcenue>", 'umsal’, 'umal’, ...),
To Qopmupyetrcs (GyHKIUS, UMEIOmas 3agaHHbie B 'mMsal', 'mms2', ... o603HaUEHUS
apryMEHTOB:
>>FUN2=inline('cos(alfa)*cos(beta)+...
sin(alfa)*sin(beta)*cos(gamma)','alfa’,'beta’,'gamma’)
FUN2 =

Inline function:
FUN2(alfa,beta,gamma) = cos(alfa)*cos(beta)+sin(alfa)*sin(beta)*cos(gamma)

Hakonen, nmpu oOpaliieHnu Buaa
F = inline("<mamemamuuecroe evipadcenue>", n),
co3naerca GyHKIMS, KOTOpas UMEET OJUH apryMEHT X U B TapaMeTpoB C 3aJaHHBIMU

umenamu Pl1, P2, ... ,Pn. T. e. B BbIpaK€HUHU, KPOME HEKOTOPBIX 3aJaHHBIX YHUCEII,
JOJKHBI COAEPIKATHCS TOJIBKO apryMeHT X u napamerpsl Pl, P2, ... Pn. Hanpumep:

>> Fun3= inline('P1+P2*x+P3*x"2',3)

Fun3 =

Inline function:
Fun3(x,P1,P2,P3) = P1+P2*x+P3*x2

IHoayuenue ¢popmyJabl GYHKIMH. DTO MOXKHO ClIeJIaTh MPH TTOMOIIX 000N U3
nByx mporenyp kinacca imnline - char(F) wm formula(F) . OGe mpouenyps
IPOU3BOJAAT NpeoOpasoBanue inline-o0beKTa B CUMBOJIBHBIM MAacCUB - CTPOKY, COAEp-
KAIYI0 3aUCh POPMYJITBI (PYHKINU:

>> s1=char(FUN2)

s1 =cos(alfa)*cos(beta)+sin(alfa)*sin(beta)*cos(gamma)

>> s2=formula(FUN2)

s2 =cos(alfa)*cos(beta)+sin(alfa)*sin(beta)*cos(gamma)

>> s3= formula(Fun3)

§3 =P1+P2*x+P3*x"2

BoiBoa Ha 3kpad. [Ipouenypsl disp(F) w display(F) ocymecTBIstOT BbIBOJ HA

9KpaH JIucIuies 3aganHoro inline-oonekta (F) :
>> disp(Fun3)

Inline function:
Fun3(x,P1,P2,P3) = P1+P2*x+P3*x"2

>> display(Fun3)
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Fun3 =
Inline function:
Fun3(x,P1,P2,P3) = P1+P2*x+P3*x2

[Ipomemypsl HE3HAYMTENIBHO pasznuyaroTcs ¢GopMoii BbeiBojma. OCHOBHOE WX
OTJIMYUE B TOM, UTO npouedypa display pabomaem u nipu HEIBHOM OOpallleHUU - eciu
UMSI 3TOH TPOIEAYpHl HE YKa3bIBaeTCs, a B KOMAHIHOW CTPOKE 3ANUCAHO JUUb UMS

inline-oobekra :

>> Fun3
Fun3 =
Inline function:
Fun3(x,P1,P2,P3) = P1+P2*x+P3*x2

[Hoayuenue HMEH apryMeHTOB inline-o0nexTa. IT10 JeNCTBUE
OCYyLIECTBIIIETCS TTpoueaypout argnames(F):
>> argnames(FUN1)

ans= 't
>> argnames(FUN2)
ans = ‘'alfa’

'beta’

'‘gamma’
>> argnames(Fun3)
ans= X

IP1I

lP2l

IP3I

BekTopu3zauusa pyHkumii. Yacto xenaTesnbHO BbIpaKeHUE i (PYHKIHH, KOTO-
pas 3amucaHa Juisi apryMEeHTOB-YHUCEell, TpeoOpa30oBaTh TakK, YTOObI BHIYMCICHHE MOXKHO
OBLJIO OCYILECTBJIATh M TOI'/IA, KOTJa apryMEHTaMH SIBJISIOTCS BEKTOpbl. 11 3TOro B
MCXOJHOM BBIpQXXCHUH (DYHKIIMM HAI0 BCTaBUTh CUMBOJ '.' (TOUKH) TMepes] KaKIbIM
3HaKOM apudMeTHUeCcKoll omepanuu. OITO JeJlaeT mnpouenypa vectorize. Eciu
apryMEHTOM 3TOW MPOUEAYpbl €CTh CUMBOJBHOE BBIPAKEHUE, OHA (POPMUPYET Ipyroe
CUMBOJIbHOE BBIPQ)KEHHE C YKa3aHHbIMM M3MEHEHUsSMH. B ciiydae, korga aprymeHr -
inline-o0beKxT, OHA cO3/1aeT HOBBIM inline-00bEKT, B PopMysie KOTOPOTO MPOU3BEACHBI

5Th u3MeHenus. [IpuseneM npumepsi:
>> s = char(Fun3)
s =P1+P2*x+P3*x"2
>> sv = vectorize(s)
sv =P1+P2. *x+P3. *x. A2
>> Fun3v = vectorize(Fun3)
Fun3v =

Inline function:
Fun3v(x,P1,P2,P3) = P1+P2. *x+P3. *x. 2

Boiuncienue inline-o6vexkma. YToObl BBIYHCIUTHL 3HA4YCHHUS (YHKIIHH,
OPEICTaBICHHON Kak  inline-0o0BEeKT, MO 3aJaHHBIM 3HAYEHUSM apryMEHTOB H
napaMeTpoB, JOCTATOYHO MOCJe yKa3aHusi UMeHU inline-00beKkTa yka3aTh B CKOOKax
3HAYEHHUS apryMEHTOB U NapaMeTpoB (PYHKIIMU:

>>v =0:0.2:1
>> F3 =Fun3v(v, 2, 3, 4)
V= 0 0.2000 0.4000 0.6000 0.8000 1.0000

F3= 2.0000 2.7600 3.8400 5.2400 6.9600 9.0000
Bouruuciaenue 3HaveHuss pyHKIUU, 3aaaHHoii M-daitaom. Hanbonee BaxHoi
I MPAKTUYECKOr0 MNPOrPaMMHUPOBAHUS CJIOXKHBIX BBIYMCIUTEIBHBIX aJTOPUTMOB
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nporeaypoit kimacca inline sBnserca ¢yuknus feval. C ee TOMOIIBIO MOXHO
POU3BOJUTH BBIYUCIICHHUS TIO0 aJrOpUTMaM, KOTOPBIE SIBIISIIOTCS OOIIMMU JUisl JT000H
(GYyHKUMU OMNpEAeNIeHHOW CTPYKTYypbl. B 3TOM ciyyae aiaropuTmbl YJIOOHO CTPOUTH
oOlMMHU i BCEro Kiacca TakuxX (YyHKIMM, a KOHKPETHBIM BuUI GyHKUUHU OyIeT
OTIPENICNATHCS OTACIBHOM mpoleaypoit B Bujae M-dynkuuu. [Ipu stom, ums sroro M-
¢aiina 10JKHO OBITH B CTPYKTYpE OOILEro ajJropuTMa OJHOW U3 MEPEMEHHBIX, YTOOHI,
U3MEHSISI €r0 KOHKPETHOE 3HA4Y€HHE, MOKHO ObLIO NMPUMEHSATHh aJTOPUTM JJisl JIFOOBIX
byHKUMA TOM K€ CTpYKTyphl. B Takom ciydae roBopsT, 4To (GYHKUHS SIBISIETCS
BHEIIHEH (external) M0 OTHOIICHUIO AJITOPUTMA.

Takum oOpa3om, npouedyvpa feval nossonsiem ucnonrv3osamev Heuwinue QyHKyuU
npu_npoepavmuposanuu B cpene MatLAB. OOmmit Bug oOpamieHuss ¥ TpUMEpPbI
IpUMEHEHUS IpoLEenyphl feval npuBeneHsl B pas. 2.6.1.

4.2.2. Kimaccsl makera CONTROL

[Taker mpuxmanueix mporpamm (IIITIT) Control System Toolbox (cokparieHHO -
CONTROL) cocpenortouen B nogkaraiore CONTROL katanora TOOLBOX cucremsi
MatLAB.

OCHOBHBIMH BBIYUCIUTEIBbHBIMU 00BekTaMu 3Toro T saBnstoTcs:

- poautenbckuii 00bekT (knacc) LTI - (Linear Time-Invariant System -
JVHEHHBbIC, MHBAPUAHTHBIC BO BPEMEHH CHCTEMBI); B PYCCKOS3BIUHOHN JHUTEpaType 3a
STUMHU CUCTEMaMU 3aKPENUIOCh Ha3BaHUe uHetinblx cmayuonapHuix cucmem (JICC);

- JouepHUe 00BEKTHI (KIacchl), T. €. mojkiacchl kiacca LTI, KoTopble OTBEYaIOT
Tpem pa3HbiM npeacTaBienusm JICC:

- TF - o6wext (Transfer Function - nepedamounas yukyus);
-  ZPK - 00bekT (Zero-Pole-Gain - nyau-nonocvl-koaghpuyuenm nepedadu);
- 8§ - o0vekT (State Space - npocmpancmeo cocmosiHus,).

O6nwext LTI, xak Hanbosiee 00U, CONEPKUT UHOOPMALINIO, HE 3aBUCSIIYIO OT
KOHKpeTHOTOo mpenactabienus u Ttuna JICC (HenpephlBHOTO WJIM JIUCKPETHOTO).
JlouepHue oOBEKTHI OMpenessitoTcss KOHKpeTHO# dopmoii npeactasienus JICC, T. e.
3aBUCAT OT Mojenu npeactaBieHus. O0bekT kinacca TF xapaktepusyercs BEKTOpaMu
KOA((DUIIMEHTOB MOTMHOMOB YUCIHTENS U 3HAMEHATENSl PAIIMOHATILHOM MepeaTOuHON
¢ynkmun. OObekT kiacca ZPK XxapakTepu3yeTcs BEKTOpaMH, KOTOpBIE COAEp)KatT
3HAUCHUS HYJIEH, TMOIIOCOB TMepeaaTouyHoi (YyHKIUM CUCTEMbI W Ko3(duimeHTa
nepenayn cucrteMbl. HakoHel, 0ObEeKT kiacca SS omnmpenenseTcss 4eTBEPKOW MaTpHII,
OMKCHIBAIOIINX JTUHAMHYCCKYIO CUCTEMY B MPOCTPAHCTBE cocTosiHMMA. Hrbke mpuBene-
Hbl OCHOBHBIE€ aTpUOYThI 3TUX KIJIACCOB, MX 0003HAUEHHUS U COACPKAHUE.

Ampubymut (nons) LTI-00vexkmos
Huxe NU, NY u NX onpenessitor yuciao BxoaoB (BekTop U), BbixoaoB (BekTop Y) u me-
pemenHbIX cocTossHusA (BekTOpP X) JICC coorBerctBenHo; OM (SISO) - onHOMepHasi cucrema, T.
e. CHCTeMa ¢ OJHUM BXOJAOM M OAHUM BbIxoaomM; MM (MIMO) - mHoromepHasi cucrema (c
HECKOJbKMMHU BX0JaMHU M BbIX0JIaMH).

Cneuucduuecxue ampubymol nepedamounvix hyukuuu (TF-06vexmos)
num - Uucanreiap
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Bekrtop-crpoka aasa OM-cucrem, aias MM-cucreM - MacCMB si4eeK M3
BEKTOPOB-CTPOK pasmMepom NY-Ha-NU
(nanpumep, {[10] 1;3 [123]}).
den - 3HaMeHaTe b
BekTtop-cTpoka ainsg OM-cucrem, 11 MM-cucTeM - MAaCCUB siYeeK U3
BEeKTOPOB-CcTPOK pasmepom NY-na-NU. Hanpumep:
tf({-5; [1-5 6]}, {[1-1] 5 [1 1 0]})
onpeeJsieT CHCTeMY ¢ OHHM BXOJA0M U ABYMS BBIXOJAMH
[-5/(s-1) |
[ (s2-5s+6)/(s2+s) |
Variable - Ums (Tun) nepemMenHoii (13 nepeyvHsi).
Bo3mosxknbie Bapuanthl: 's', 'p', 'z', 'z-1' nam 'q'. Ilo ymos4aHu0 NpUHU-
Maercs 's' (VI HelpepbIBHBIX NepeMeHHbIX) U 'Z' (118 auckpeTHbix). Ums
NMepeMeHHOM BJHsieT HAa oTo0paxkeHHe W co3faer aucKpeTHyw I[P s
AUCKPETHBIX CHTHAJIOB

Cneuuduuecxkue ampubymol ZPK-06vekmos

// - Hyan
BexTop-cTrpoka aiast OM-cucrem, s MM-cucTeM - MACCHB SiYeeK W3
BEKTOPOB-CTPOK pazmepoM NY-na-NU
p - IToJsmrocesl
BekTop-cTpoka niss OM-cucrem, 1iasi MM-cHcTeM - MACCUB fiYeeK U3
BEKTOPOB-CTPOK pa3mepom NY-na-NU

k - Koappunuentsl nepegaun
Yucao - piass OM-cucrem, NY-na-NU matpuna ais MM-cucrem.
Variable - Um# (Tu) nepeMeHHOi (U3 MepevHs)

To ke, uyTo u 1is1 TF (cM. BbIle)

Cneuucuueckue ampubymol SS-06vexkmoe (mooene npocmpaHcmad

COCWZO)ZHZ&ZZ

ab,c,d - A,B,C,D marpuubl, COOTBETCTBYIOIIIHE YPABHEHUSIM B TMPOCTPAHCTBE
COCTOSIHUS

Ex=Ax+Bu, y=Cx+Du,

e - E maTpuua Ui cucteM NPOCTPAHCTBA COCTOSIHMS.
ITo ymomuanuio E = eye(size(A)).
StateName - HMeHA NepeMEeHHbIX COCTOTHUSA (He 00s13aTe/IbHOe).

NX-Ha-1 maccuB siueek U3 CTPOK
(ucmoJab3yiiTe ' 119 COCTOSIHNI 0e3 NMeHM)
IIpumep: {'position'; 'velocity'}.
Ampubymeol, obwue ons ecex LTI-woodenet
Ts - Jluckper mo BpemMeHu (B CEKYHIAX).
[onoxuTenbHbI cKaAAp (MEpPHOA IMCKPETH3ALWH) IS JMCKPETHBIX
cHCTEM
Ts=-1 1JI1 TMCKPETHBIX CHCTEM C HEYCTAHOBJICHHOM 4YaCTOTOM
auckperuzanuu. Ts = 0 1J151 HenpepbIBHBIX CUCTEM.
Td - 3agep:KKH BXO/10B (B CEKYH/IaX).
1-na-NU BeKTOp NPOMEKYTKOB BpeMeHH 3a/1epPKeK BXO10B.
Ycranosienue Td kak ckangpa onpeae/sierT eAUHYI0 3a1€PKKY
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no BceMm BxoaaM. Ucnosb3yeTcst TOJABKO I HeNPePbIBHBIX CHCTEM.
Hcnoan3yiite D2D 1151 ycTaHOBKH 3a/iep:KeK B JUCKPETHBIX
cucremax. Td = [] st AMCKPETHBIX CHCTEM.
InputName - UMeHa BX00B.
Ctpoka 14 cuctem ¢ oaHUM BxogoM. NU-Ha-1 maccuB siueexk
M3 CTPOK /ISl CHCTEM C HeCKOJbKUMH BXOJAaMH
(ucnmoab3yiiTe "' 1J151 MepeMeHHBIX 0e3 MMEeHH).
Ipumepsi: 'torque' uau {'thrust'; 'aileron deflection'}.
OutputName - UmeHa BbIX010B.
CTtpoka 1J1d cucteM ¢ OIHUM BbIX0A0M. NY-Ha-1 maccuB siueex
U3 CTPOK ISl CHCTEM € HeCKOJLKHMH BbIX0JaMH
(ucmoJib3yiiTe '' 11 IepeMEeHHBbIX 0€e3 HMEHH).
IIpumep: 'power' uam {'speed'; 'angle of attack'}.
Notes - 3aMeTKH.
JIro6as cTpoka njiM MaccuB sideeK U3 CTPOK CHMBOJIOB.
IIpumep: '"ITa moaean co3nana B Tedenue 2000 roga’.
Userdata - JlomosiHuTebHAst MHHGpOpMAaLUs HIH JaHHBIE.
Mo:xet 0bITh J11060r0 THIA MATLAB.

[IpuBenem nepeuens metonos knacca LTT:

augstate damp get issiso  lticheck pade series trange
balreal display gram kalman margin parallel set tzero

bode dssdata impulse kalmd  modred pzmap sigma uplus

canon eig inherit lqgreg  nichols quickset ss2ss zpkdata
connect estim initial  lqry norm reg ssdata

covar evalfr  isct Isim nyquist rlocfind step

ctrb ferid Iti obsy rlocus  tfdata

Koncrpykropom LTI-06bexToB siBnsiercst daiin Iti. m B nogaupexkropuu @LTI.
OH co3pmaer Tosnbko mabdsnoH LTI-00vbekma 110 HEKOTOPHIM ero mnapamerpam. Huxe
MIPpUBEACH €ro TEKCT:

function sys = Iti(p,m,T)

%LTI KoHcTtpykTop LTI-061ekTa

% SYS = LTI(P,M) co3paeT LTI-06bekT pazamepom P-Ha-M

% SYS = LTI(P,M,T) co3naet LTI-o6bekT pasamepom P-Ha-M ¢ guckpetom Bpemenn T

% Mo ymMmon4yaHumio cuctemMma HenpepbiBHA, a UMeHa BXO,CIa/BbIXOAa ABNAKOTCA

% BeKTOpaMu siyeek ¢ NyCTbIMU CTPOKaMu

ni = nargin;

error(nargchk(1,3,ni))

if isa(p,'Iti")

% OyonupoBaHue LTI-o6bekTa
SYys = p;
return
elseif ni==3 & T~=0,
sys.Ts =T,
sys.Td =[];
else
sys.Ts =0;
sys.Td = zeros(1,m);

end

estr = {"};

sys.InputName = estr(ones(m,1),1);
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sys.OutputName = estr(ones(p,1),1);
sys.Notes = {};
sys.UserData = [];
sys.Version = 1.0;
sys = class(sys,'Iti');
% KoHey @Iti/lti. m
Kak BMAHO M3 NPHUBEAECHHOIO OINHCAHUSA, HEMOCPEACTBEHHOE NPHUMEHEHHE
KOHCTPYKTOpa [ti naeT BO3MOMKHOCTH 3aJ1aTh TOJBKO KOJIMYECTBO BXOJOB M BBIXOJIOB
JICC, a Taxke BenuuuHy Auckpeta BpemeHu. [pyrue arpuOytsl LTI-00bekTa MOTYT
OBITH OTpeJeNeHbl TOJBKO YyHOTpeOlieHneM Ipyrux mpormenyp. VMeHa BXOIOB U
BBIXOJIOB M HEKOTOPBIE BCIIOMOTATEIbHBIE JAHHBIE MOXHO 3a1aTh NIPOLEAYPOH set.
KonkpetHnsbie xe yucnoble xapaktepucTuku JICC BO3MOXKHO 3a/1aTh JIMIIb C IIOMOIIBIO
IPUMEHEHMS OJTHOTO U3 KOHCTPYKTOPOB TOYEPHUX KJIACCOB.
Paccmotpum npumep co3aanus LTI-o0bekta aiis HenpepblBHOW OM-CUCTEMBI:
>> sys=lIti(1,1)
Iti object
YroOsl yOemuthesi, uTo co3fgaHHbli L7TI-00beKT MMEET HWMEHHO YyKa3aHHbIE
napaMeTphl, BOCIIOJIb3yEMCSI MPOLEAYPOH  get(sys) i TOJyYEHUs 3HAYECHHUM €ro
aTpuOyTOB:
>> get(sys)
Ts=0
Td=0
InputName = {"}
OutputName = {"}

Notes = {}
UserData =[]

Kak BugHO, O0ONBIIMHCTBO MoJiei co3nanHoro LTI-00bexTa mycThl, TOJBKO J1Ba
U3 HUX paBHBI HYJ0. KpoMme TOro, u3 onvcanusi KOHCTPYKTOpPa BBITEKAET, YTO oOpailie-
HUE K HEMY HE IIPEAyCMaTpUBAET BO3MOKHOCTH YCTAHOBJICHUS 3HAYECHUM TaKUX IOJIEH
LTI-o6vexta, xak InputName, OutputName, Notes v UserData . [locnennee MOXHO
CIeNaTh, JIUIb UCTOJb3Ysl CIENUAIbHYI0 (PYHKIIUIO Sef IO CXeMe

set (<umst LTI-00bekTa>,'<ums noJisr>', <3HaueHue>).

PaccMoTpuMm 3TO Ha IpUMEpPE YCTAaHOBJICHUSI 3HAYEHUI HEKOTOPBIX U3 YKA3aHHBIX
noJiekt B yxxe copmupoBanHoMm LTI-00beKTe Sys:
>>set(sys,'InputName’,'Yron','OutputName’,"HanpsxxeHune’,'Notes','TuporaxomeTp’).

[IpokOHTpOIMpYyEM PE3YIIbTAT:

>> get(sys)

Ts=0
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Td=0

InputName = {'"Yron'}
OutputName = {'Hanps»keHune'}
Notes = {' mpoTaxomeTp'}
UserData =[]

4.3. IlIpumep cozoanusn noeozo kaacca polynom

Coznanre HOBOTO KJjlacca pacCMOTPUM Ha MpUMeEpe Kiacca MHOTOYJICHOB.
Hazosewm atot knacc polynom. B 3Tom kitacce 00beKTOM OyAET MOJTUHOM, T. €. PYHKITUS
OJIHOM IEPEMEHHOU (Hanmpumep, X) BHJIA

p(x) =an*xn +... +a2*x2 + al*x + al.

O4eBUAHO, TOJMHOM KaK (PYHKIUSI LEJIMKOM OIpPEAEsAeTCS yKa3aHUEeM IIeJI0T0
MOJIOKUTEJIBHOTO 4YHUCJIa M, KOTOpPOE 3a/laeT HaumOOJbIIMKA IO0Ka3aTedb CTEHeHU
apryMenTa, Kod(p(pUUHUEHT MpU KOTOPOM HE paBeH HYJII0 (am HE PABHO HYIIO), U
BEKTOpa JIMHOI0 nt+1 u3 ero kodduirenTon

c=[an ...a2al a0].

4.3.1. Co3nanue nmoakaraiaora @polynom

Jlyig co3anus mojKaTajiora HOBOro Kiacca BbI30BUTE KoMaHy Open meHio File
KOMaH/JHOTO OKHa, a 3arTéM B [IOSBUBLIEMCS OKHE NepelauTe K Iarke
Toolbox\Matlab\Polyfun. Bocnonb3yiiTech mUKTOrpaMMOi CO3/1aHMsI HOBOUM TMAnKu B
ATOM OKHE, YTOOBbI OTKPBITh HOBYIO nanky ¢ umeHeM @POLYNOM.

[TepelinuTe BO BHOBb CO3/laHHYIO HanKy. Temnepb Bbl FOTOBbI K cO37aHHI0 M-
(ailioB HOBOI'O Kjacca.

4.3.2. Co3nanne KOHCTPYKTOPA

[TepBbIM HEOOXOAMMBIM IIArOM B CO3JJaHUM HOBOTO Kjacca OOBEKTOB SIBISETCS
co3mganue xoucmpykmopa polynom-o0bexta, T. €. M-daiina, KOTopbiii 00pa30BBIBAI
Obl HOBBIN polynom-00HEKT 0 HEKOTOPHIM 33/IaHHBIM YUCIIOBBIM JaHHBIM.

JI71st 3TOrO mpeXJie BCEro HaJl0 YCTAaHOBUTH CTPYKTYpY polynom-o0bexTa Kak
3anucu. M3 xapakTepUCTHKM MOJIMHOMA KaK MAaTeMaTHYeCKOro OObEKTa CIEIYyeT, 4YTO
MO>KHO BBIOpaTh mpezcTaBiieHue polynom-o06beKkTa B BUE 3alMCH, KOTOPas COCTOUT U3
JIBYX TOJIEN

- R - TIETIOTO YHUCIIa, KOTOPOE 33aaeT MOPSIIOK MOJTUHOMA;

- ¢ - BEKTOpa AIuHON n+l k03(Pp(ULHEHTOB MOJIUHOMA.

BxoanbsiM aprymentoM s oOpa3zoBaHusi polynom-o0bekTa TOJIKEH OBbITh,
OYEBHJIHO, 33JJaHHBIA BEKTOP €ro K03 PHUIIMEHTOB.

B npouenype KoHCTpYKTOpa TOJIKHBI OBITh IPEyCMOTPEHBI TAKHE ONEPALIUU:

- CO3JIaHUE CTPYKTYpHI (3alIMCH) p C HOJSIMU p. B U P. C;

- MpeoOpa3oBaHUE ITOU CTPYKTYPHI B polynom-o0neKT.

[locnennee ocyuiecTBisieTcsl MPUMEHEHHUEM CIenuaabHO (QyHKIMu class 1o
cXeme:

p =class(p, '<ums knaca>").
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Hwuxe npuBeneH BO3MOKHbBIN TeKcT M-daiina polynom. m.

function p=polynom(v,cs);
% POLYNOM - KOHCTPYKTOp MONMHOM-0OBEKTOB
% MMop nonMHOM-06beKTOM NoHMMaeTcs 06beKT A3blka MatLab,
% KOTOpbIV ABNAETCH 3anUChio C ABYMS MOMSMMU:
% .C - BEKTOpP-CTPOKa, coaepxaLiasn KoadULUMNEHTbI
% NnonMHOMa B NOpsaKe YMEHbLUEHUS CTeNeH apryMeHTa;
% . n - yncno, paBHoe NopsAKYy NONIMHOMA.
% p=POLYNOM(v) dopmMupyeT NONMHOM-06bEKT "p" No 3agaHHOMY
% BeKTOpY "V", KOTOPbIN COCTOUT U3 3HAaYEHUn KO3(hULIMEHTOB
% OyayLLero nonMHOMa B Nopsiake YMEHbLUEHWS CTENEHN apryMeHTa.

% p=POLYNOM(v,cs) dopmmpyeT NofMHOM-00BbeKT "p" no 3agaHHOMY
% BeKTOpY "Vv" KOpHEN NonNuMHOMa U 3Ha4YeHuto "cs" ero
% cTapLlero KoacpuumneHTa.
if nargin== % JTa YacTb
p-c=[]; % co3faeT MycToil NONIMHOM-06bEKT,
p.n=0; % ecnu OTCYTCTBYIOT apryMeHTbI
p=class(p,'polynom’);
elseif isa(v,'polynom’) % 3QTa YacTb cosaaeT aybnukar,
p=v % ecnu aprymeHT ABnsieTCcs NONMHOM-06bEKTOM
elseif nargin== % 3Ta yacTb paboTaeT, ecnu B obpalLleHnm ecTb 2 aprymeHTa,
% TO ecTb 3afaH BEKTOP KOPHEN NosfiMHoMa
if cs== % Ecnu ctapimin Koa@ULMEHT PaBeH Hyso,
cs=1; % ero crneayeT 3aMeHnTb Ha 1;
end
k=length(v); % OnpepeneHne AnNviHbl 3a4aHHOMO BEKTOPA
% koadpcpuumeHTOB
for i=1:k
vs(i,:)=[1 -v(i)];
end
p.n=k; % OnpepeneHve nopsiaka norMHomMa
p.c=cs*vs(1,:); % dopmMupoBaHme
for n=2:k % BekTopa
p.c=conv(p.c,vs(K,:)); % koadpuLmeHToB
end % nonvHoma
p=class(p,'polynom’); % MpuUcBOEHME METKN NoNMHOM-06bEKTa
else % OTa yacTb paboTaeT, ecrnvm apryMeHT OAuH,
% TO ecTb 3aAaH BEKTOP KO3 DULIMEHTOB
k=length(v);
n=k; m=1;
while v(m)== % QTOT LMK CoKpallaeT ANuHY BXOHOro BeKTopa
n=n-1; % (ymeHbLUaeT NopsaoK NOfMHOM) B Criyyae,
m=m+1; % ecnv nepeble 3MEMEHTLI BEKTOPA
end % paBHbI HYIHO
p-n=n-1; % TyT npucBanBaloTCa 3Ha4YEHUSA NONAM
p.-c=v(k-n+1:end); % sanucu 6yaywiero nonuHom-o6bekTa
p=class(p,'polynom’); % Mp1CBOEHME METKM MONMHOM-0GbEKTY
end % 3aBeplueHne koHcTpykTopa POLYNOM

Cucrema MatLAB 1o3BojsieT BbI3bIBATh KOHCTPYKTOP 0€3 apryMeHToB. B 3TOM
cllydyae KOHCTPYKTOpP MOXKET 00pa3oBaTh IIa0JIOH OO0BEKTa C IMYCTHIMU MOJSMH.
Bo3MOXHO TakXke, YTO KOHCTPYKTOpP OYJET BBI3BIBATHCS C BXOJHBIM apryMEHTOM,
KOTOPBIN yXe SBISIETCS MOJIMHOM-0O0BEKTOM. Torga KOHCTPYKTOpP AOJDKEH CO31aTh
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TyOJIMKAT BXOJHOTO aprymeHTa. DyHKyus isa nposepsiem NpuHaoieiCHOCHb 8X00HO20
apeymMeHma yKa3aHHoMy KAdcCy.

Ecnu aprymeHT cyliecTByeT W SIBJISIETCS €IMHCTBEHHBIM, OH IE€pecTpamBaercs
Tak, 4TOObI CTaTh BEKTOPOM-CTPOKOM M TPHUCBAMBAETCS MO0 .c pe3yibrata. Ecnum
apryMEHTOB /B, TO MEPBBIMA U3 HUX NOJIATAETC BEKTOPOM KOPHEU ITOJIMHOMA, @ BTOPOU
- 3HA4YEHHEM cTapiiero kosdduimenta noauHoma. Tak Kak B 3TOM cllydae MOPSIAO0K
MOJIMHOMAa 00sI3aTEIbHO MOXET JOJKeH OBITh paBeH YHCIy KOpHEH, crapiimit
kodhPUIMeHT He MOXKeT ObITh paBHBIM HYyJIO. [losTOMy, ecnu ommOOYHO BTOPOI
apryMEeHT paBEH HYJII0, OH HCIpaBiseTcs Ha enuHuily. OyHkums class WCronb3yeTcs
I TIPUCBOCHUS PE3yIbTaTy METKH, KOTOPAsi ONPEENET ero Kak polynom-o0bexT.

4.3.3. Coznanue npoueaypbl CHMBOJIBHOIO MPeICTABJICHUSA

polynom-o0bekra.

Crnenyromum 1marom B opMHUPOBAHUU Kiacca polynom 1enecoobpa3Ho clenaTh
co3nganue M-daiina, KOTOpBIA 00pa30BBIBAT ObI CHMBOJIBHOE MPECTABICHUE 3aJAHHOTO
polynom-o6nexrta. Takoe npeacTaBiieHre HEOOXOIUMO JJIsl TOTO, YTOOBI MOKHO OBLIO
yOeXJaThCsl B MPABUIBLHOCTH (HOPMUPOBAHUS polynom-00bEKTOB U KOHTPOJIUPOBATH
PaBUIILHOCTh JIEMCTBUI OTAEIBHBIX CO3/1aBa€MbIX METOIOB Kilacca polynom, a Takxe
NOJIy4aTh HATJISAHBIC PE3YJIBTATHl IPEOOPa30BaHU TOJIMHOMOB B IIpOTrpamMmax.

Cozganum 310T M-(aiin B moakaramore @POLYNOM wu nHazoBeM ero char.
EAMHCTBEHHBIM apryMeHTOM MPOUEAYpbl char sBAsSETCS 3alaHHBIA TTOJIMHOM-O0BEKT p,
a BBIXOJHOW BEJIMYMHOM - MACCHB § CHUMBOJIOB, SIBJISIOIIMICS CHUMBOJIbHBIM
IPEe/ICTaBJICHUEM MTOJIMHOMA.

Hwxe mnpuBeneH Bapuant Takoro M-daitna. IlpencraBieHHbI BapuaHT
bopMHUpYET CUMBOJIBHYIO CTPOKY BHUA

<3Hauenue an>*x" n +... +<snauenue a2>*x"2+<snauenue al>*x+..
+<3nauenue al>

C U3BATHUECM YJICHOB, KOBCI)(l)I/ILII/ICHTI)I ITPHU KOTOPBIX PAaBHbI HYJIIO:

function s = char(p)
% POLYNOM/CHAR copmupyeT cMMBOSbHOE NpeacTaBneHne nosimHoMa
c=p.c;
if all(c==0)
s='0";
else
d=p.n;
n=d+1;
s=[I;
for k=1:n
a=c(k);
if a~=0;
if ~isempty(s)
if a>0
s=[s'+'];
else
s=[s'-];
a=-a;
end
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end
if a~=1|d==
s=[s num2str(a)];
if d>0
s=[s "™];
end
end
if d>=2
s=[s 'xM" int2str(d)];
elseif d==
s=[s 'x'];
end
end
d=d-1;
end
end % 3aBepweHne POLYNOM/CHAR

UtoOBl 3Ta CMMBOJIbHAs CTPOKA BBIBOJWJIACH HA JKpaH, HYXKHO CO3JaTh e€Ile
oauH M-daiin o umenu display B Tom xe noakataiore @POLYNOM .

Memoo display asmomamuuecku svizvleaemcs 8cecod, K020d 0KA3bl8aenmcs, Ymo
UCNONIHSAeMDbLU ONepamop He 3aKaH4usaemcs moykou ¢ 3anamou. Jjisi MHOTUX KJIacCOB
Metof, display TpocTO BBIBOJWT Ha JKpaH HMMS TMEPEMEHHOH, a 3aTeM HCIOJIb3YyeT
npeobpazoBatenb char 1 BbIBOJAA CHMBOJIBHOTO HM300pakeHHs oO0bekta. Jlis

paccMaTpuBacMoro Ciydas OH MOKCT OBITH TAKOTO Buaa

function display(p)
% POLYNOMY/DISPLAY BbiBOA Ha 3KpaH NOfMHOM-06beKTa

disp(");

disp([' ',inputname(1),’ = ",char(p),";']);
disp("); % 3asepwenne POLYNOM/DISPLAY
% 3aBepwernne POLYNOM/DISPLAY

[IpoBepum 3¢ PEeKTUBHOCTH PabOTHI CO3MAaHHBIX Tpex M-¢aijaoB Ha MPOCTOM
npumepe. Chopmupyem BeKTOp k03P PUIIMEHTOB MOJIMHOMA

>>V=[000-123400-6-5-7]

v=0 0 0-1 2 3 4 0 06 -5 -7

Co3mamuM Ha €ro OCHOBE IMOJIMHOM-OOBEKT W Ccpa3y BBIBEJEM €ro CHMBOJBHOE
n300pakeHne Ha JKpaH. [ 3TOro JOCTAaTOYHO HE MOCTaBUTh CHMBOJN ' ; ' mocie
oOparienus Kk GyHkuuu polynom :

>>Pol1=polynom(V)
Pol1 = -1*x8 + 2*x7 + 3*x6 + 4*x5-6*x2-5*x - 7;

Co3mamuM Tereph MOJWHOM-OOBEKT TO 3aJaHHBIM €r0 KOPHSIM U 3HAYCHUIO
crapiiero koddduiueHra:

>> Pol2=polynom([1 2 3 4 5],-5)
Pol2 = -5*x5 + 75*x4 - 425*x3 + 1125*x2 - 1370*x + 600;
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[IpoBepruM KOPHHU CO3/IaHHOTO IOJIMHOMA, UCIIOIb3Ys MPOLEaypy roots (cM. na-
aee):
>>roots(Pol2)
ans = 5.0000
4.0000
3. 0000

2. 0000
1. 0000

Kak cBuaerenbCcTByeT pesyibTaT, BCe cO3AaHHble M-¢aiiiasl pabdoTaloT HOp-
MaJIbHO.

4.4. Co30anue memo0ooe H06020 Kiacca

Becbma yno6Hoii B cucteme MatLAB sBisiercss mpeaocTaBisieMast €10 BO3MOXK-
HOCTh CO3JIaHUSI POIIEAYP, KOTOPHIE MOTYT OBITh BHITIOJHEHBI HE TOJBKO CTaHAAPTHBIM
mMyTeM OOpalleHus K €e UMEHHU, HO U 0ojiee MPOCTHIM MyTEM HCIIOIh30BaHUS 3HAKOB
apumeTnyecKkux ACHCTBHIA, omepanuii cpaBHEHHs, CKOOOK U T.M. C 3TUM MBI yXKe
CTOJIKHYJICh B MPEIbIAYILEM pa3jiesie, yOeIuBIINUCh, YTO Mpoleaypa display BuinosHs-
€TCsl HE TOJILKO IpH SIBHOM oOparnieHuu Buia display(x), HO 1 HESIBHO, €CJIM HEKOTOPbIN
oreparop GopMUPYET BEIIMUUHY X, & TIOCJIC 3TOTO OTepaTopa OTCYyTCTBYET CUMBOI ' ; .
[ToaTomy, eciu 6 nw0bom HosoM Knacce obvekmos npucymcmeyem M-gatin ¢ umenem
display, on 6ydem 6binoaHsamvcsa 80 8cex CAyuasx, K020d 04epeoHou Onepamop, co3-
oarowuti 00beKnm 3Mo20 K1dccd, He 3aKaH4usaemcs moykou ¢ 3ansamou.

[IpuBenem mnepedeHb UMEH Takux M-(ailioB, MpPeayCMOTPEHHBIX CHCTEMOU
MatLAB, ¢ yka3zaHuem BHJia OolepaTopa MX HESBHOTO BbI30BAa M KPATKOTO OMUCAHUS
0COOEHHOCTEH MX MCIOJIb30BAHUS.

Tabnuna 3.1. OneparopHbie PyHKITIN

Omneparop Hma M- YciaoBHoe Ha- Oco0eHHOCTH TPUMEHEeHN s
BbI30Ba (daiiaa 3BaHMe
+a uplus(a) JobaBiienue ApryMeHT oauH. Pe3yabTar - TOro ke
3HAKA ILUTI0C KJlacca.
-a uminus(a) JobGaBienue AprymeHT oauH. Pe3yabrar - Toro :xe
3HaKa MHHYC | KJjacca

at+b plus(a,b) Cuaoxenune JABa aprymenTa. Pe3yabTar - TOro Ke
KJIACCA, YTO M APTYMEHTHI

a-b minus(a,b) Bbruuranue JABa aprymenra. Pe3yabrar - TOro xe
KJIACCA, YTO U APTYMEHTHI

a*b mtimes(a,b) YMHOKEeHUe JABa aprymenTa. Pe3yabTar - TOro Ke
KJIACCA, YTO M APTYMEHTHI

a/b mrdivide(a,b) IIpasoe gese- | /IBa aprymenra. Pe3yabrar - TOro e
HHe KJIACCA, YTO U APTYMEHTHI

a\b mldivide(a,b) | JleBoe nenenue | /IBa aprymenrta. Pe3yabTar - TOro Ke
KJIACCA, YTO M APTYMEHThI

a’b mpower(a,b) Crenennb JABa aprymenTa. Pe3yabrar - TOro xe
KJIACCA, YTO U APTYMEHTHI

a.*b times(a,b) YMHOKEeHUe JABa aprymenTa. Pe3yabTar - TOro Ke
NoeJeMEeHTHOe | KJ1acca, YTO M apryMeHThbI
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a./b rdivide(a,b) IIpaBoe nesienn | /IBa aprymenrta. Pe3yabTar - TOro Ke
noeJieMeHTHOE | KJIacca, YTO U APrYMEHThI
a.\b Idivide(a,b) JleBoe nesienne | /[Ba aprymenra. PesyabTar - TOrO ke
noejeMeHTHOE | Kjacca, YTO U apryMeHThI
a.”b power(a,b) Crenenb JABa aprymenTa. Pe3yabTar - TOro Ke
NnoeJieMEeHTHas1 | KJacca, YTO U ApryMEHThI
a<b It(a,b) Menbie JABa aprymenra.
Pe3yabTat - Joruyeckasi BeJTH4MHA
a>b gt(a,b) boabie JABa aprymenra.
Pe3yabTar - joruueckasi BeJMUHHA
a<=b le(a,b) Menbie wian | /IBa aprymenra.
PaBHO Pe3yabTat - Jornyeckasi BeJTH4MHA
a>=b ge(a,b) Boabie uiun JBa aprymenra.
paBHO Pe3yabTar - joruueckasi BeJMUHHA
a==b eq(a,b) PasHo JBa aprymenra.
Pe3yabTat - Jornyeckasi BeJTH4MHA
a' ctranspose(a) | TpaHcmoHupo- | AprymeHT OJAMH.
BaHHe Pe3yabTar - TOro ke KJjacca.
a.' transpose(a) Tpancnonnpo- | AprymMeHT OJHH.
BaHue Pe3yabTat - TOro ke Kjaacca.
a:d:b colon(a,d,b) ®opmupoBa- | /IBa uiam Tpu aprymeHra.
a:b colon(a,b) HHe Pe3yabTaTr - BeKTOp TOro :Ke KJacca,
BeKTOpa YTO U APrYMEHThI
BbIBECTH B BbiBoa Ha ApryMeHT oauH. Pe3yabTaT - n3o0pa-
KOMaH/HOe display(a) TePMHHAJI sJKeHHe Ha TepMHHAaJIe CHMBOJILHOIO
OKHO NpeACcTABJIeHHUs APTYMEHTa .
[a b] horzcat(a,b....) Oo0bennnenne | JIBa uim 0osibuie aprymenta. Pe3yiib-
B CTPOKY TAT - BEKTOP-CTPOKA U3 aAPryMeHTOB
[a; b] vertcat(a,b,...) | OObenmnenne | /IBa mim Oosnbiie aprymenra. Pe3yiib-
B CT0J10€1 TAaT - BEKTOP-CTOJI0€I] U3 APTYMEHTOB
a(sl,...sn) subsref(a,s) HNupexcHast
CChLIKA
HNuaexcHoe
a(sl,...sn)=b | subsasgn(a,s,b) BbIpasKeHH e
b(a) subsindex(a,b) HNuaexc
MOAMAaCCHBa

[lepeuncnennsie nponenypsl B MatLAB MoryT ObITh IEpeonpeiesieHbl MO TEMH
K€ MMEHaMH BO BCEX HOBOOOPA30BaHHBIX MOJKAaTalorax HOBbIX KiaccoB. Ilocie aroro
OOBIUHBIE ONEPAaTOPbl ApU(PMETHIECKUX ACHCTBUI U OMepanuil CpaBHEHUSI MOTYT IPH-
MEHATHCA W NPU ONEPUPOBAHUU OOBEKTaMH HOBBIX KJaccoB. CMBICI 3THX OIEpalui,
KOHEYHO, MOXET 3HAUUTEIbHO OTIMYATHCA OT OOBIYHOTO M OyAET OMpEeNeNaTbCs CO-
JEP>KUMBIM COOTBETCTBYIOIKNX M-(aiiioB B moaKaTanorax KJiaccos.

VYuuTeBast 3T0, MOKHO CIenaTh BbIBOA, 4TO M-(ailyloB ¢ Ha3BaHHUSIMH, yKa3aH-
HbIMH B Tabiuue 3.1, Moxxet ObITh MHOrO. MatLAB pa3nuyaer ux no THILy apryMEHTOB,
YKa3aHHBIX B IIEPEYHE BXOJHBIX ITAPAMETPOB.
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Coznagum, Hampumep, omnepauuio (METOH) ClI0XceHus: TIOJIUHOMOB, HCIOJb3Ys
orneparopHyto mnpoueaypy plus. Texct cooTBercTBytomero M-daiina s nogakaraiora

@POLYNOM npuBeieH HIXKE.

function r=plus(p,q)
% POLYNOM/PLUS CnoxeHune NosIMHOMOB r = p +

p = polynom(p);

q = polynom(q);

k=qg.n-p.n;

r = polynom([zeros(1,k) p. c]+[zeros(1,-k) q. c]);
% 3aBepweHne POLYNOM/PLUS

CHauvana npoueaypa npespamaer 006a apryMeHTa B Kjacc polynom. 910 HYyKHO
U1 TOTO, YTOOBI METOJ1 padOTall M TOr1a, KOrJa OJ1H U3 apryMEHTOB 3a/laH KaKk BEKTOp,
WIM KOI'/Ia B KAYECTBE apIyMEHTa MCIOJIb3YETCSl BBIPAXKEHUE TUIIA P + F, TI€ P - NIOJIU-
HOM-00BEKT, a F - 4UCII0. 3aTeM MpoLeaypa JAOMOTHIET HYISIMH BEKTOPBI KO3 duiu-
€HTOB MOJIMHOMOB-CJIATraeMbIX, €CITU B 3TOM BO3HHMKAEeT HEOOXOAMMOCTh (IIpH HEOUHA-
KOBBIX MOPSAJKAX MOJIMHOMOB). MAaKTUUECKH CIOKEHUE CBOJUTCS K CIOXKEHHUIO 3THX HC-
NPaBJIEHHBIX BEKTOPOB KOIPPHUIIMEHTOB. 3aKIIOYUTENbHAS OMEpalys - M0 MOJIy4YeHHO-
MY BEKTOPY MOJMHOMA CYMMBI CO3/1a€TCsl HOBBIM MOJIMHOM-0OBEKT C OMOIIBIO KOHCT-
pykTopa noauHoMoB. [Ipoummoctpupyem paboTy 3Toro metona Ha mpuMmepe. Beenem
BEKTOP KO3 (ULIMEHTOB MIEPBOTO NOJIUHOMA!

>>V1=[2-306];
U CO3JIaJIM U3 HETO MOJIMHOM-00BEKT

>> P1 = polynom(V1)
P1 = 2*x3-3"x2 + 6;
AHQJIOTMYHO CO3AaAUM BTOPOU MOJMHOM:
>>V2=[200900 -3 +5];
>> P2=polynom(V2)
P2 = 2*X\7 + 9*x"4 - 3*x + 5;
CII0)KUM 3T TTOJIMHOMBI:
>> P1+P2
B pe3ynprare nosyunm:
ans = 2*x7 + 9*x4 + 2*x3-3*x2-3*x + 11;
AHaJIOTUYHBIE PE3YJbTAThl MOJIYUYAIOTCS U B CIy4ae, €CJIM OJWH U3 apryMEHTOB
"ommOOYHO" MPEICTABIIEH BEKTOPOM:
>> P1+V2
ans = 2*xA7 + 9*xM + 2*x"3 - 3*x"2 - 3*x + 11;
>> V1+P2
ans = 2*x7 + 9*x4 + 2*x3-3*x2-3*x + 11;

OnHako ecnu 00a apryMeHTa MpeCTaBIeHbl BEKTOpaMH, CHCTEMa Cpa3y JKe OT-

pearupyeT Ha 3T0, OOHapyKUB OIIHOKY:

>>V1+V2
(0??? Error using = +
Matrix dimensions must agree.

B sTom ciyuae cuctema yxe ucnoiibdyetr He M-daitn plus w3 monakartanora
@POLYNOM, a BCTpOCHHYIO aHAJOTUYHYIO MPOLEAYPY Uil BEKTOPOB. A 3Ta mpoiie-
Iypa OCYILIECTBIISET CJI0)KEHUE BEKTOPOB JIUIIb MPHU YCIOBUU MX OJUHAKOBOM JIJIMHBI.
[ToaTOMY M BO3HUKAET OLIMOKA.

AHQJIOTUYHON SABIISIETCS MPOLIeypa BEIYUTAHUS MOJTUHOM-00BEKTOB:
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function r=minus(p,q)
% POLYNOM/MINUS BblumMTaHue NOAMHOMOB = p -
p = polynom(p);
q = polynom(q);
k=q.n-p.n;
r = polynom([zeros(1,k) p. c]-[zeros(1,-k) g. c]);
% 3asepweHne POLYNOM/MINUS
[IpoBepum ee paboTy Ha npuMepe:
>> P1-P2
ans = -2*x7-9*x4 + 2*x3-3*x2 + 3*x + 1;
Cozmanum enie Takue MEeTO/Ibl Kiacca polynom:
- wmeton double, KOTOPBIN OCYIIECTBISIET OOPAaTHYIO OTHOCUTEJIBHO CO3JIaHMS TI0-
JMHOM-00BEKTa OMEPAINIO, - M0 33JI]AHHOMY TMOJIMHOMY OIPEACNISIET BEKTOP €ro
K03 (PUIIMEHTOB U MOPSAOK:

function [v,n]=double(p)
% POLYNOM/DOUBLE - npeobpa3soBaHue NofMHOM-00bekTa
% B BEKTOp ero koapdnuneHToB
% v=DOUBLE(p) npeBpat1T NonMHOM-06beKT "p" B BEKTOpP "V",
% copepxalmn ko3adPULMEHTLI NONMHOMA B NOPAAKE YMEHbLUEHNS
% cTeneHu aprymeHTa
% Ob6palueHne [v,n]=DOUBLE(p) no3sonseT nonyuntb Takke

% 3Ha4yeHue "n nopAgkKa 3Toro nosiMHomMa.
V=p.cC;
N=p. N; % 3aeeplieHne POLYNON/DOUBLE
- wmeton diff, KOTOpBIM CO3/1aeT MOJMHOM-OOBEKT, SBIISIOITUNCS TTPOU3BOIHON OT

3aJaHHOI'0O ITI0JIMHOMA

function q = diff(p)
% POLYNOM/DIFF cdopmupyeT nonmHom-npounssogHyto "q"
%  oT 3agaHHoOro nonuHoma "p"

p = polynom(p);
d=p.n;
g = polynom(p. c(1:d). *(d:-1:1)); % 3asepiuierHne POLYNOM/DIFF
- METOoJA mtimes; OH CO3JA€T IMOJUHOM-OOBEKT, SIBISIOIIUKCA MPOU3BEICHUEM

JIBYX 3aJJaHHBIX ITOJIMHOMOB:
function r = mtimes(p,q)
% POLYNOM/MTIMES lMpoussegeHne NonMHOMOB: r=p * q
p = polynom(p);
q = polynom(q);
r = polynom(conv(p. c,q. ¢)); % 3aeepiuerre POLYNOM/MTIMES
- wMeton mrdivide; OH co3/1aeT JIBa MOJUHOM-00BEKTA, OJIUH U3 KOTOPHIX SIBISETCS
YaCTHBIM OT JICJICHUS TIEPBOr0 M3 YKa3aHHBIX MTOJIMHOMOB Ha BTOPOM, a BTOPOMl —

OCTAaTKOM TaKOIo ACJICHHUA:

function rez = mrdivide(p,q)
% POLYNOM/MRDIVIDE [eneHne nonnHOMOB: r=p / q

p = polynom(p);

q = polynom(q);

[rr,ro]=deconv(p.c,q.c);

rez{1}=polynom(rr);

rez{2}=polynom(ro); % 3asepenne POLYNOM/MRDIVIDE
- METOJ FOOts CO3/Ia€T BEKTOP KOPHEW 3aIaHHOTO MOJUHOMA!

function r = roots(p)



4.4. Co30aHue memodo8 HO8020 KJlacca 186

% POLYNOM/ROOTS BbluncnsgeT BEKTOp KOpHen nonnHoma "p
p = polynom(p);
r = roots(p. c); % 3asepwenne POLYNOM/ROOTS
-  MCTOJ polyval BBITUCJISICT BCKTOPD 3HAUYCHUU 3aIaHHOT'O IIOJIMHOMA I10 3aJaHHOMY

BEKTOPY 3HAUEHHI €ro apryMeHTa:

function y = polyval(p,x)
% POLYNOM/POLYVAL BbluucrisieT 3HayeHne nonnHoma "p"
% no 3agaHHOMY 3Ha4eHuto aprymeHTa "x"

p = polynom(p);

y =0;
fora=p.c
y=y.*+a,

end % 3asepuueHne POLYNOM/POLYVAL
- wmeton plot crpout rpaduK 3aBUCUMOCTH 3HAUCHUI 3aJaHHOTO IMOJIMHOMA B JIHA-
[a30HE 3HAYECHUH €r0 apryMeHTa, KOTOPbIM COAEPIKUT BCE €r0 KOPHU:
function plot(p)
% POLYNOM/PLOT noctpoeHue rpadumka nonmHoma "p"
p=polynom(p);
r=max(abs(roots(p.c)));
x=(-1.1:0.01:1.1)*r;
y= polyval(p.c,x);
plot(x,y); grid;
title(char(p));
xlabel('X"); % 3aseplenne POLYNOM/PLOT
- wmeton rdivide(p,xr) ocylieCTBISICT JeJICHUE TOJIMHOMA P HA YUCIIO XF:
function r = rdivide(p,xr)
% POLYNOM/RDIVIDE lNpaBoe geneHne NosIMHOMA Ha Y1cro: r = p / xr
p = polynom(p);
r.c =p. cl/xr;
r = polynom(r. c); % 3aseplerne POLYNOM/RDIVIDE
[IpoBepuM neliCTBHE HEKOTOPBIX U3 CO3JAHHBIX METOMOB:
>> Pol = polynom([1 2 3 4 5])
Pol = x4 + 2*x"3 + 3*x"2 + 4*x + 5;
>> v =roots(Pol)
V -
0.2878 + 1.4161i
0.2878 - 1.4161i

-1. 2878 + 0. 8579i
-1.2878 - 0. 8579

>> plot(Pol)

PesynbraT npencrasien Ha puc. 3.2.

UToOBI MOTYYUTh MEPEUCHb BCEX CO3/IaHHBIX METOJIOB KJIacca, CJIEIyET BOCIIOb-
30BaThCs KOMaH10M methods <ums knacca™>.

Hampumep:

>> methods polynom

Methods for class polynom:

char display minus mtimes plus polynomO rdivide times

diff double mrdivide plot polynom polyval roots
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Puc. 3.2

Teneps Mbl UME€EM MOUIHBIN BBIYMCIUTEIBHBIN amnmapar Jjisi padoThl ¢ MOJUHO-
Mamu. Pa3BuBas ero nasnbliie, MOXHO CO3/1aTh HOBBIH KJlacc 00jee CI0KHBIX OOBEKTOB -
KJIAaCC pallMOHANIbHBIX MEpPeAaTOUYHbIX (DYHKIUN, KOTOPBIC SIBISIOTCS KOHCTPYKIIMEH B
BUJIE TPOOH, YUCIUTETIEM U 3HAMEHATEIEM KOTOPOH SIBISIOTCS MOJMHOMEL. J[Jis 3TOTO
KJIaCCa TaKX€ MOYKHO OIIPENEJIUTh BAXKHBIC UISI MHKEHEPA ONEpalluu CI0XKEHUS Iepe-
JATOYHBIX (PYHKIHN (KOTOPOE COOTBETCTBYET IMapajuieIbHOMY COCIMHEHUIO 3BEHBEB C
3aJIaHHBIMU TIePEAATOYHBIME (QYHKIIASIMHE ), YMHOXKEHHS (EMY COOTBETCTBYET MOCIEI0-
BaTeJIbHOE COEJAMHEHUE 3BEHbEB) U MHOTHE JIPYyTHE, OTBEUAIOIINE OMpPEIACICHHBIM TH-
1aM COEIMHEHUI 3BEHbEB. [IpuMepHO Ha Takoil OCHOBE CO3/1aH, K MpUMeEpy, Kiacc tf
(Transfer Function), ucnosnb3yemsoiit B makere CONTROL.
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5. lludponass 00padoOTKa CUTHAJIOB
(maket Signal Processing Toolbox)

[uppoBas oOpabOTKa CUTHAJIOB TPAJAMLMOHHO BKJIKOYAeT B ce0s co3laHue
CPEICTB YMCIEHHOTO Npeo0pa3oBaHUsi MaccuMBa 33JaHHOrO (M3MEPEHHOro B
JUCKPETHbIE MOMEHTBI BpPEMEHH) NpolLecca H3MEHEHUSI HEKOTOpPOW HeNpepbIBHON
(u3MUECKON BEJIMYMHBI C LENbIO U3BJICUEHUS U3 HETO MoJIe3HON HH(pOpMAaIMKU O IpYroi
(¢u3nuecKol BeIMYMHE, COAEPKALIEHCS B U3MEPEHHOM CUTHAJIE.

O6mas cxema o0Opa3oBaHUs U3MEPSIEMOTO CUTHaja M Ipollecca ero mpeodpa-
30BaHMSI B LEJAX MOJy4YeHUss HHQOpMalM O BeJIWYUHE, KOTOpas JOJKHA ObITh
U3MEepeHa, IpeJicTaBiieHa Ha puc. 5.1.

[None3HbIA cCKMMHan

MNepBUYHLIA NpeobpazoBaTenb

Mamepaemas LLlym 11
BENUUMHA Y

MamepuTtenb

Y

MamepeHHaﬁ LLiyM nameputeng

BENUUMHA
Maccue . P LLlym guckpetTnsayunm
N3MEPEH UIA v

dunerp

'

ObpaboTaHHaa MHopmMaLua
Puc. 5.1.

dusnueckas BeIMYNHA, SBISIONIASACS MOJIE3HOM (HecyIieil B ce0e He0OX0aU-MYHO
uH(pOpMaIMIO), PEAKO HUMEeT Takyl (U3HYecKylo (OpMy, UYTO MOXET ObITh
HENOCPEJCTBEHHO H3MEpeHHOW. OOBIMHO OHA MPEACTABISIET JHIIb HEKOTOPYIO
COCTaBJISIIONIYIO (CTOPOHY, YacTb, YEPTY) HEKOTOPOH Apyro (pu3nueckoil BEITUUYUHBI,
KOTOpasi MOKET OBbITh HEMOCPEACTBEHHO M3MepeHa. CBs3b MEXKAYy STUMHU JBYMs BEIIU-
yuHaMi ~ O0O3HAUYMM  BBEJICHMEM  3BEHA, KOTOPOE€  Ha30BeM  '"mepsuyHviv
npeoopazosamenem” (I1IT). OOBIYHO 3aKOH MPeoOpa30BaHUS W3BECTECH 3apaHee, UHAUe
BOC-CTAHOBUTh HMH(POPMALMOHHYIO COCTaBIIAIONIYIO B JajibHeillieM Obuio  Obl
HEBO3MOXHBIM. [lepBuuHbINA peoOpa3oBaTesib BHOCUT 3aBUCUMOCTh CUTHaja, KOTOPbII
MOKET OBbITh U3MEPEH, OT HEKOTOPBIX APYIUX (PU3NUYECKUX BEJIUYUH. BeiieacTeue 3Toro
BBIXOJHAsl €ro BEJIIMYMHA COJEPXKHUT, KpOME€ TMOojie3HOH  uH(POpMAa-LIMOHHON
COCTaBJIAIONICH, JIpyrue, BpEOHBIE COCTABISAIOIIME WM YEepThl, HCKa)Ka-toume
nosie3nyto uHpopmanuwo. 1, xora 3aBucumocts Bbixojaa [IIT oT aTux apyrux BeiIuuuH
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TAaK)K€ W3BECTHA, OJHAKO BCJIEACTBUE HEKOHTPOJIHMPYEMOIO BO3MOYKHOIO W3MEHEHUS
NOCJIEIHUX CO BPEMEHEM, YAaCTO TPYIHO CIIPOIHO3UPOBATH MX BIIMSIHUE HA MCKAKECHHE
noJjie3Hou cocrasiiatomierd. Hazosem BHocumytro TIIT BpegHyro cOCTaBIsOUIYIO tymMom
1111

[Tycth 0Opa3oBaHHasi TaKMM 0Opa30M HEMOCPEICTBEHHO H3MepsieMasi BEIUMYHUHA
U3MEPSIETCS HEKOTOPhIM u3MepuTesneMm. JIoOoi peanbHbIA M3MEPUTENIb BHOCUT
COOCTBEHHbIE MCKAXEHUSI B U3MEPAEMYIO0 BEJIUUYHMHY M JOMOJIHUTENIbHbIE 3aBUCUMOCTH
OT HEKOTOPBIX APYruX (PU3HUECKUX BEIUYHMH, HE SBIAIOMIMXCA OOBEKTOM H3MEPEHUS.
HazoBem 3T uckaxeHus wymamu uzmepumend. He orpaHnumBas oOIIHOCTH, OyJeM
noJjiaraTh, YTO BBIXOJHOW BEIUYMHOW H3MEPUTENS SIBISETCA AJIEKTPUUECKUI CHUTHAJ
(usmepennas 6enuuuHa), KOTOPHIM MOXKHO B JaJIbHEHIIEM JOBOJBHO MPOCTO
npeOpa3oBbIBATH AIEKTPUUECKUMHU YCTPONCTBAMHU.

Jns ocymiecTBiaeHus MudpoBoi 00pabOTKU U3MEpPEHHas BeTMYMHA JI0JKHA OBITh
npeoOpa3zoBaHa B JUCKPETHYIO (OpMy HOpH IMOMOILM CHEUUATbHOTO YCTPOM-CTBA,
KOTOPOE€ COJICPIKUT DKCMPAnoasamop W ananio2o-yugposot npeoopazosamens (ALLI).
[lepBblii mpou3BOAUT (PUKCAIMIO OTAEIBHOTO TEKYIIEro  3HA4Y€HHs H3MEpPEeH-HOU
BEJIMYMHBl B OTJEIbHbIE MOMEHTBl BPEMEHU YEpe3 OINPEACICHHbI MOCTOSHHBIN
MPOMEXKYTOK BPEMEHH, Ha3bIBA€MbId Ouckpemom eépemenu. BTOpoll mepeBOIUT ITO
3HaueHue B LUPPOBYI (HOpMy, KOTOpas IMO3BOJISET B JaJIbHEHIIEM OCYIIECTBISAThH
npeobOpazoBanus ¢ nomoibio 1udpossix IBM. Xotst 00a ycTpoiicTBa MOTyT BHOCUTD
IpU TakKuX NPeoOpa3oBaHUAX COOCTBEHHBIE HCKAKEHHUS B BBIXOJHOW (IUCKPETHBIN)
CUTHaJ, OJHAKO MMHU OOBIYHO MpPEHEOPeraroT, TaKk Kak B OOJBIIMHCTBE CIy4aceB 3TH
JIOTIOJTHUTENIbHbIE UCKAKEHUS 3HAUUTENbHO MeHblIe mymoB [T u usmepurens.

YroObl Ha OCHOBE NOJYYEHHOrO JHUCKPETU3UPOBAHHOIO CHUTHAja MOJYyYUTh
NOJIE3HBIA CUTHAJ, HY>KHO PacCUMTATh U CO3/1aTh YCTPOMCTBO (mporpammy st 9BM),
KOTOpPOE OCYUIECTBIISIO OBl TaKKE MPEe0Opa30BaHUsl BXOJHOIO JUCKPETHOTO BO BPEMEHU
CUTHaJIa, 4TOOBl HA €ro BhIXOJAE HMCKakeHUs, BHeceHHble mymamu I[II1 u uzmepurens
OBLIIM MUHUMHU3HPOBAHBI B HEKOTOPOM CMBICIIE. DTO YCTPOMCTBO HA3BIBAIOT (DUILIPOM.

B o6mem ciyuyae co3ngaHue (IpoeKTUpoBaHME) (GuiibTpa SBISETCS 3aaauei
HEONPEACIICHHOM, KOTOpas KOHKPETU3UPYETCS JUIIb HAa OCHOBE IPEIBAPUTEIIBHO
NOJIYYEHHBIX 3HAHUH O 3aKOHOMEPHOCTH 00pa30BaHUs U3MEPSEMOI BEIUUHUHBI (MOJIETN
[IIT), o Moxmenu oOpa3oBaHUsT HM3MEPEHHOW BEIMYMHBI W3 HU3MEpsAeMoM (Mojaenu
U3MEpUTENs), O XapaKTEPUCTHKAX HW3MEHEHUS BO BPEMEHU BPEAHBIX (PU3MYECKUX
BEJIMYMH, BIMUSIOIIMX Ha OO0pa3oBaHUE H3MEPSEMONl W HM3MEPEHHOM BETUYHMH, U
3aKOHOMEPHOCTEN HX BIUSHUS HA UCKAKEHUE MOJIE3HOM MH(pOopmManuu.

Tax xak moxenu IIII u um3Meputens Moryt ObITh BechbMa pPa3HOOOpPA3HBIMH,
TPaJAMLIMOHHO 3aJauy (UIbTpauuu pemarT TOJNbKO JUIsi HEKOTOpPbIX HauboJee
pacupoCTpaHEHHBIX HA MPaKTUKE BUAOB TAKUX MOJIEJIEH, yalie BCero - JJis JUHEHHBIX
MOJIEJIEH.

B o6miem ciydae nponecce co3nanus GUiIbTpa pacnagaeTcs Ha TaKUe dTallbl:

- Ha ocHoOBe ampuopHoi uHbopmanuu o mojaensx Il u usmepurens u o
XapaKTepUCTUKaX UIYMOB, a TaKXe O 3a/Jayax, KOTOpble JOJDKEH pelarb (QuibTp,
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BBIOMpAETCS HEKOTOPBIA TUIl (UIbTpAa M3 HU3BECTHBIX, TEOpUS MPOCKTUPOBAHUS
KOTOPBIX pa3paboTaHa;

- HAa OCHOBE KOHKPETHBIX YHCJIOBBIX JaHHBIX PACCUUTHIBAIOTCS YHUCIOBBIE
XapaKTEePUCTUKHU BBIOPAHHOTO TUIA GUIBTPA (CO3AaETCsI KOHKPETHBIN QUIIBTD);

- mnpoBepsieTcss 3(QPEKTUBHOCTH BBIIOJHEHHUS pPa3pabOTaHHBIM  (UIBTPOM
IOCTABJIICHHOW MepeJ]] HUM 3aJaud; JJI1 3TOro HEeOoOXOJUMO ChIMUTHpOBaTh Ha DBM
JUCKPETHBIM CHUTHAJ, COJEp AN TMOJIe3HYI0 (MH(POPMAIMOHHYIO) COCTABIISIONIYIO C
HaJIO’KEHHBIMHM HA Hee npeaycMoTpeHHbiMu ymamu [T u u3mepurens, "npomycturs"
€ro 4epe3 NOCTPOEHHBIM (QUIBTP U CPABHUTH NOJYYEHHBIH HA BBIXOJE CUTHAI C
U3BECTHOW (B JJAHHOM cllydae) MOJIE3HOM €ro COCTaBISIOLIEH; pa3HOCTh MEXAY HUMHU
OyJIeT XapaKTepu30BaTh MOIPEIIHOCTH U3MEPEHUS HA BBIXOE PUIbTPA;

- TaK KaK B pPEAJbHBIX YCIOBHUSIX HEKOTOPbIE XapaKTEPUCTUKH IIYMOB MOTYT
OTJIMYATBhCS OT MPUHATHIX MPU MPOEKTUPOBAHUU (CO3MAHUU (PUIbTPA), HE JUITHUMHU
CTAHOBATCS ucnvimauusi d¢gexmusHocmu pabomsl @uibmpa B YCIOBUSAX  Ooiiee
NpUOSTMKEHHBIX K PEalbHbIM, HEXKEJIU MPUHATHIE PU TPOSKTUPOBAHUH.

[Taker Signal Processing Toolbox (B nmanmbHeimem cokpaimieHHo — Signal)
OpelHa3HauYeH Jis OCYLIECTBJICHHUS OIepaluil 1Mo TpPeM MOCICAHUM U3 YKa3aHHBIX
stanoB. OH TMO3BOJSIET MPOEKTUPOBATh (PACCUMUTHIBATH KOHKPETHBIE YHCIOBBIE
XapaKTepPUCTUKHU) UU(POBbIE U AHAJIOTOBbIE (PUIBTPHI MO TPEOYEMbIM aMIUTUTYIHO- U
(a30-4aCTOTHBIM HMX XapaKTepUCTHUKaM, (OpPMUPOBATh MOCIEAOBATEIBHOCTH THIIOBBIX
BPEMEHHBIX CUTHAJIOB U 00pabaThiBaTh UX CIPOEKTUPOBAHHBIMU (UiIbTpa-Mu. B maker
BXOJIAT MPOLEYPhl, OCYIIECTBIsAOMME TpeoOpazoBanus Dypee, ['mib-Oepta, a Takxke
CTaTUCTUYECKUH aHanu3. [lakeT MO3BOJISIET pacCUUTHIBATh KOPPENsA-UMOHHBIE (PYHKIIUH,
CHEKTPalIbHYIO IJIOTHOCTh MOIIHOCTU CHUTHala, OLUEHUBATH MapaMeTpbl (PUIBTPOB IO
VU3MEPEHHBIM OTCYETAaM BXOJHOM U BBIXOJHOM I10CIIE10BA-TEIBHOCTEMN.

5.1. @opmuposanue munogvix npoyeccos

5.1.1. ®opMupoBaHre OAMHOYHBIX UMIYJIbHBIX MPOLECCOB

B makere Signal mnpeaycMOTpeHO HECKOJBKO MpoLeayp, OOpa3yrommx
MOCJIEIOBATEIbHOCTU JAHHBIX, MTPEICTABIIAIONINE HEKOTOPBIE OJJUHOUYHbBIE UMITYJIbC-HbIE
IIPOLIECCHI TUTOBBIX (hOPM.

[Ipouenypa rectpuls obGecnieunBaer (HOPMUPOBAHHE OIAMHOYHOTO MMITYJIbCA
npsiMmoyroJyibHOHM opmbl. OOpaiieHne Buaa

y = rectpuls(t, w)
MO3BOJIIET 00pa30BaTh BEKTOpP y 3HAUYCHUM CHUTHaAJIa TaKOro MMMYJibca €IUMHUYHOU
aAMIUTUTYIU, IIUPUHOIO W, IIEHTPUPOBAHHOTO OTHOCUTENBHO t=0 10 3a7]aHOMY BEKTOpY #
MOMEHTOB BpeMeHU. Ecnu mupuHa uMIyJdbca W HE YyKa3aHa, €€ 3HauyeHUe I10
YMOJYaHUIO TPUHUMAETCS pPaBHBIM enuHuile. Ha puc. 5.2. mpuBeneH pe3yibTar
o0Opa3oBaHMsI TPOIECCA, COCTOAIIETO M3 TPEX IMOCIENOBATEIbHBIX MPSIMOYTOJIbHBIX

HMMITYJIbCOB PAa3HOW BUCOTHI M IIUPUHBI, [0 TAKOW MOCIIEI0BATEIILHOCTH KOMAH]]
t=0:0.01:10;
y = 0.75*rectpuls(t-3, 2)+0.5*rectpuls(t-8, 0.4)+1.35*rectpuls(t-5, 0.8);
plot(t,y), grid, set(gca,'FontName','Arial Cyr','FontSize’,16)
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title(' Mpumep npumeHeHnsa npouenypsbl RECTPULS')
xlabel('Bpems ( ¢ )’)
ylabel(‘BbixoaHou npouecc Y(t)')

Mpumep NpuMeHeH WA Npobdegvpel RECTPULS
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dopMupoBaHUE UMITYJIbCA TPEYTOIbHOU (HOPMBI €AMHUYHON aMIUIUTYAbl MOKHO
OCYIIECTBUTH IIPU ITOMOLIY NPOLEY Pl tripuls, oOpallieHue K KOTOPOi UMEET BU]L

y =tripuls(t, w,s).

ApryMeHThl y, ¥ U W HMEIOT TOT € cMbIci. ApryMmeHT s (-1<s <l) onpenenser
HAKJIOH TpeyrojbHuka. Eciam s=0, wniM He ykas3aH, TPEyrojbHbI HMMIYJIbC HMEET

cumMeTpuuHyto Gopmy. [IpuBenemM npumep (pe3ynbTar npeAcTaBieH Ha puc. 5.3):
t=0:0.01:10;
y = 0.75*tripuls(t-1, 0.5)+0.5*tripuls(t-5, 0.5, -1)+1.35*tripuls(t-3, 0.8,1);
plot(t,y), grid, set(gca,'FontName','Arial Cyr','FontSize’,16)
title(' Mpumep npumeHeHnsa npoueanypsbl TRIPULS')
xlabel('Bpemsa (¢ )")
ylabel(‘BbixoaHou npouecc Y(t)')
Jist popmMupoBaHUST MUMITYJIbCA, SIBISIONMIETOCS CHHYCOMJION, MOIYJMPOBAaHHOM

dbynknuen ["aycca, ucnonb3yercst mpouenypa gauspuls. Ecnmu oOpatutbes K HEHl 110
dbopme
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y = gauspuls (t,fc,bw),
TO OHA CO3/AE€T BEKTOP 3HAYECHMI YKa3aHHOTO CUTHajla C €IMHUYHOW aMIUIMTYJIOH, C
CUHYCOUIOM, U3MEHsAIoUEeNHca ¢ yacToTod fc ', u ¢ mupuHOi bw MONOCH YacTOT
CUTHAJIA.

NMprwMmep npHMEHEHHA NpoLegype G AUSPULSE

WL

1
1
d
1
1
1
0.4 g
1
1
1
1
1
1
1
i
1
1
]

Bel xoegHeMR Npoyecc

Bpema (o}

Puc. 5. 4.

B cnydae, korga mocieiHUe JBa apryMEHTa HE yKa3aHbl, OHU MO YMOJIYAHUIO
npuodperaroT 3HaueHuss 1000 I'n u 0.5 coorBercTBeHHO. [IpuBeaemM nmpumep co3aaHus
OJIMHOYHOT'0 TayCCOBOI'0 UMITYJibca (pe3yJIbTaT MPUBEACH Ha puC. 5.4):

t=0:0.01:10;

y = 0.75*gauspuls(t-3, 1,0.5);

plot(t,y), grid, set(gca,'FontName','Arial Cyr','FontSize’,16)

title(' Mpumep npumeHeHunsa npoueaypbl GAUSPULS')

xlabel('Bpemsa (¢ )")

ylabel(‘BbixogHou npouecc Y(t)')

Hakonen, paccmorpum mnpouenypy sinc, (HOPMUPYIOIIYIO BEKTOp 3HAYCHUM
dbynknu sinc(t), KoTopas onpeaensieTcs (GopMyIamu:

| t=0,
sinc(t) = 4 sin(7r)
7t

Orta (yHkMs sBiseTcs oOpaTHBIM MpeoOpa3zoBaHueM Dypbe MPSIMOYTOJIBLHOTO

UMITYJIbCa IIMPUHOMN 277 ¥ BBICOTOMO 1:

= 0.

ﬂ. .
sinc(t) = L [e“dw.
2 -,
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® yntgna SINC T(f) =0 7% GINC (pir(l-263/8)
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a0

IIpusenem npumMep ee MPUMEHEHUS:

t=0:0.01: 50;

y1=0.7*sinc(pi*(t-25)/5);

plot(t,y1), grid, set(gca,'FontName','Arial Cyr','FontSize',16)
title("®PyHkumna SINC Y(t) = 0.7* SINC(pi*(t-25)/5)")
xlabel('Bpems ( c)’)

ylabel('BbixogHow npouecc Y(t)')

Pesynbrar nuzobpaxen Ha puc. 5.5.

5.1.2. ®opMupoBaHue KOJeOAHUH
dopmupoBaHuEe KOJIEOAHUMN, COCTOSAIIMX M3 KOHEYHOTO 4YHCJIa TapMOHUYECKUX
COCTAaBJIAOIINX (T.C. TaK HAa3bIBACMBIX NOJUCAPMOHUUECKUX KOJZ€6CIHZ/IZZ), MOXHO OCy-

IIECTBUTH MIPU MOMOIIM OOBIYHBIX MpOLEayp sin(x) u cos(x). Paccmorpum npumep (CMm.
puc. 5.6):

t=0:0.01: 50;

y1=0.7*sin(pi*t/5);

plot(t,y1), grid,set(gca,'FontName','Arial Cyr','FontSize’,16)

title(‘'TapmoHunyeckue konebanmsa Y(t) = 0.7* SIN(pi*t/5)")

xlabel('Bpems ( c)’)

ylabel('BbixogHon npouecc Y(t)')

[Ipomecc, sABISIIOUIMNCS MOCIEIOBATEIBHOCTIO MPSMOYTOJbHBIX HUMITYJIBCOB C
nepuoaoM 27 ISl 3aJlaHHOM B BEKTOpE f MOCJIENOBATEIILHOCTH OTCUYETOB BPEMEHH,

"reHepupyeTcs' Mpu MOMOITU Tpoueaypsl square. O0OpalieHue K Hel MPOUCXOJIUT T10
dopwme:

y = square(t,duty),
rJ€ apryMeHT duty OmnpenenseT MJIUTEIbHOCTh MOJOXUTEIbHON MOJYBOJHBI B MpPO-
LEHTax OT nmepuojia BojaHbl. Hanmpumep (pe3ynbTaT npuBeeH Ha puc. 5.7):

y=0.7*square(pi*t/5, 40);

plot(t,y), grid,set(gca,'FontName','Arial Cyr','FontSize',16)

title('MpsamMoyronbHble BonHbl  Y(t) = 0.7* SQUARE(pi*t/5, 40)")

xlabel('Bpems (¢ )")

ylabel(‘BbixoaHou npouecc Y(t)')
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s FapmoHwue ckne konebanna Y(th = 0.7 5 IH (pi~t/s)
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AHaOTUYHO, TeHEPUPOBAHKE MIIIO00OPA3HBIX U TPEYTOJbHBIX KOJICOAHUN MOKHO
OCYILIECTBIISITh TIpOLIeAYypol sawtooth. Eciiu oOpaTuThCs K HEW Tak:
y = sawtooth(t,width),
TO B BEKTOpe y (OPMUPYIOTCS 3HAYEHHUs CUTHAJIA, MPEJICTABISIONIET0 COOOW MHUIIO-
oOpa3Hble BOJHBI C TIEPUOJIOM 277 B MOMEHTHI BpEMEHHU, KOTOPHIE 33aI0TCSI BEKTO-POM
t. Ilpu sroM mnapamerp width omnpenenser 4YacTh NEPUOJA, B KOTOPOW CHUTHANI

yBennuuBaercs. Huxe npuBeeH npuMep NpUMEHEHU dTOU ITPOLEAYPHI:

y=0.7*sawtooth(pi*t/5, 0.5);
plot(t,y), grid,set(gca,'FontName','Arial Cyr','FontSize',16)
title('TpeyronbHble BonHbl  Y(t) = 0.7* SAWTOOTH(pi*t/5, 0.5))

xlabel('Bpems ( ¢ )

ylabel(‘BbixoaHou npouecc Y(t)')
B pesynbTare nmomxyuyaem mpoiiecc, M300paskeHHbIN Ha puc. 5.8.
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nmo3BoJIsieT (opmMupoBarh KojeOaHUs, SBISIONMIUECS

MOCJIEIOBATEIBHOCTHIO JTUOO MPSIMOYTOJIBHBIX, JTUOO TPEYTroJbHBIX, JIMOO TayCCOBBIX
uMITysibcoB. OOpailieHne K Hell UMEeT BUI:

y = pulstran(t,d,'tunc',p1,p2,...),
riae d ompenenseT BEKTOP 3HAYCHWA TUX MOMEHTOB BPEMEHH, TJI€ JODKHBI OBITh
IIEHTPHl COOTBETCTBYIOIIMX HMMITYJILCOB; TapameTp func ompexaenser GopMy HUMITYIIb-
COB W MOXET MMETh OJHO W3 CIEIYIOIIMX 3HAYCHUU: rectpuls (sl MPSMOYTOIBHOTO
UMITyJIbCa), tripuls (fUisi TPEeyrojabHOTO UMIyJIbca) W gauspuls (711 TaycCcOBOTO
UMITYJIbCA); TTapameTpsl pl, p2, ... oNpeaenstoT HEOOXOIUMbIE TTapaMETPhl UMITYJIhCa B

COOTBETCTBHUHH C (POPMOIT 0OpaIeHust K IpoIeaype, OMPEACIISIONICH 3TOT UMITYJIbC.

Hwxe npuBeneHsl Tpu npuMepa NpUMEHEHUs NPOLUENYPhl pulstran 1 pa3sHbIX

dbopM UMITYTBCOB-COCTABIISIOIIMNX

- IS TTOCJIEA0BATENBHOCTH TPEYTOJIBHBIX UMITYJIBCOB:

t=0:0.01:50
d=[0 : 50/5 : 50]";
y=0.7*pulstran(t, d,'tripuls',5);

plot(t,y), grid,set(gca,'FontName','Arial Cyr','FontSize’,16)
title("Y(t) = 0.7*PULSTRAN(t,d, "tripuls",5)" )
xlabel('Bpems ( ¢ )’)

ylabel(‘BbixoaHou npouecc Y(t)')

pe3ynbTaT npeacTaBieH Ha puc. 5.9;
- ISl TIOCNIEZIOBATEIbHOCTH MIPSIMOYTOJIbHBIX UMITYJILCOB:

t=0:0.01:50

d=[0 : 50/5 : 50]";

y=0.75*pulstran(t, d,'rectpuls’,3);

plot(t,y), grid,set(gca,'FontName','Arial Cyr','FontSize',16)
title("Y(t) = 0.75*PULSTRAN(t,d," "rectpuls”,3)")
xlabel('Bpemsa (¢ )")

ylabel(‘BbixoaHou npouecc Y(t)')

pe3yabTar npuseaeH Ha puc.5.10;
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10

"1,0.5);

0.7*pulstran(t, d,'"gauspuls
plot(t,y), grid,set(gca,'FontName','Arial Cyr','FontSize',16)

- IJI1 TIOCJICA0OBATCIIbHOCTH I'ayCCOBBIX MMITYJIbCOB

t=0: 0.01 : 50; d=[0 : 50/5 : 50]';

y
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title("Y(t) = 0.7*PULSTRAN(t,d,"gauspuls”,1,0.5)" )

xlabel('Bpems ( ¢ )'), ylabel('BbixogHoin npouecc Y(t)')
pe3yJabTar npuBeAeH Ha puc. 5.11.

Paccmotpum teneps mpouenypy chirp, GopMHUPYIOIIYI0O KOCUHYCOUY, 4acTOTa
U3MEHEeHusl KOTOpOH JUHEHHO u3MeHsieTcst co BpemeneM. OOmias Gopma oOpaiieHus: k
3TOM IPOLEAypeE ABIIAECTCS TAKOU:

y =chirp(t, F0,t1,F1),
rae FO - 3naueHue yactoThl B repuax npu t=0, #1 - HEKOTOpOE 3a/laHHOE 3HAUYEHUE
MoMeHTa BpemeHM; FI - 3HadeHue 4acToThl (B Teplax) M3MEHEHHUS KOCHHYCOUIbl B
MOMEHT BpeMeHu ¢ . Eciii Tpu MociaeaHuX apryMeHTa HE YKa3aHbl, TO MO YMOJYAHUIO

UM npuaarorcs takue 3Hauenus: F0=0, tI=1, FI=100. [Ipumep:
t=0:0.001:1;y=0.75*chirp(t);
plot(t,y), grid, set(gca,'FontName','Arial Cyr','FontSize’,16)
title(' Mpumep npouenypsl CHIRP')
xlabel('Bpems ( ¢ )'), ylabel('BbixogHon npouecc Y(t)')
PesynbraT nokasan Ha puc. 5.12.

= Nprwmep npoygesgype CHIRPFP
-
o.g v . T
: T
4] 0.8 F-4----H--H- =41 el ] FFHA
g !
o 0.4 bo-boolLoBd A HAE
1 1
(= 1 |
c o.z L LHAE HdE
1 1
Fl 1 I
I 1 1
< .g.2 HANERARERTAIHIEE |
o 1 1 1
b 1 1 1
B o .4 _:_._._ _: L :_ L
s 1 1 [l I
0.6 Loooloooo _:__ _\_ __: AL 1 IRl
:LV : | |
.8 1 1 1 1
o o.z 0.4 o8 0.8
Bpema (¢ 1

Puc. 5.12.

Eme omna mponenypa diric popMupyeT MacCHB 3HAYE€HUM TaK Ha3bIBAGMOM
@yHxyuu /fupuxne, onpenensieMoil COOTHOIICHUSIMHU:

_ pkCn=D) t=2mk, k=0,+1,+2,..

diric(t) = sin(nt /2) npu opyeux t

n-sin(t/2)
Oyukuua upuxie spisercs nepuoanueckou. [Ipy HeUeTHbIX 7 epuoa paBeH
27, npu 4YEeTHBIX - 47 . MakcuManbHOE 3HAY€HHE €€ paBHO |, MUHUMaIbHOE  -1.

[TapameTp n mOMmKEeH OBITH LENBIM MOJIOKHUTEIbHBIM unciaoM. ObparieHne K GyHKIUN
UMeEeT BUJI:

y =diric(t, n).

Hwxe mnpuBeneHsl oOmepaTtopbl, KOTOPHIE WLIIOCTPUPYIOT HCIIOIH30BAHUE

nporeaypsl diric u BeiBoAIT rpaduku pynkuuu Jupuxmne mus n=3,4 u 5:
t=0 : 0.01 : 50; y1=0.7*diric(pi*t/5, 3);
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plot(t,y1), grid,set(gca,'FontName','Arial Cyr','FontSize’,16)

0.7* DIRIC(pi*t/5, 3)')

title('"®PyHkuma Oupuxne Y(t)
xlabel('Bpems ( ¢ )'), ylabel('BbixoaHoun npouecc Y(t)')

Pe3ynbrarsl npencrasiensl Ha puc. 5.13...5.15.
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5.2. Oougue cpeocmea gpunvmpauuu. Dopmuposanue ciy-

UAUHbBIX npoueccoe

5.2.1. OcHOBBI JIUHEHHOU PUIbTPAIIUA
PaccMOTprM OCHOBBI JIMHEMHOW (PUIIBTpAaMK HA NPUMEPE JIMHEHHOIO CTalUO-
HapHOTO (UIBTPa, KOTOPBI B HETIPEPHIBHOM BPEMEHH OMUCHIBAETCSA AU(depeHnaib-
HBIM YpaBHEHUEM BTOPOTO MOPSAKA:
J+2w, v+ y=A-x, (5.1)
IJI€ X - 33JlaHHBII Mpoliecc, M0JaBaeMbli Ha BXOJ 3TOT0 (PUIIbTpa BTOPOro MOPsIIKA; )
- IIpOLIECC, TOIYYaeMblii Ha BbIXOJAE (PUIBTPA; @, - 4acCTOTa COOCTBEHHBIX KOJEOAHUN
bunbTpa, a { - OTHOCUTETBHBIN KOIPDHUIIMEHT 3aTyXaHHs 3TOro (PUiIbTpa.
[TepenaTounas pyHKIMS QUIBTPA, OUEBUIHO, UMEET BUL:
_ () _ 4
W(s)= = :
x(s) s +20w, s+ o>
o o
JU1 KOHTPOJIs ¥ rpaMuecKoro MpeicTaBiIeHusl IepeAaTouHON QYHKIUH J1F000ro
JUHEWHOTO AMHAMHUYECKOTO 3BE€Ha yJIOOHO MCMOJIb30BaTh Mpolenypy freqs. B obmem
ciiydae oOpallieHue K Heil UMeeT BUJ:
h = freqs(b, a, w).
[Ipu aTOM mpouexypa co3aaet BEKTOp # KOMIUIEKCHBIX 3HAYEHHUM 4YaCTOTHOM Xa-
paktepuctuku W (jw) mno nepeaatounor ¢pyHkiuu W (s) 3BeHa, 3aJJaHHON BEKTOpaMHU

(5.2)

K03 puureHTOB ee uncnuTens b U 3HaMeHaTeNs 4, a TAaKXKe 10 3aJJaHHOMY BEK-TOPY W
4acTOThl @ . Eciu apryMeHT w He ykaszaH, mpollefypa aBTomaTudecku BeiOupaet 200
OTCYETOB YaCTOTHI, IS KOTOPBIX BBIUUCIISICTCSI YACTOTHAS! XapaKTEPUCTHKA.

Ecnu ne ykazana svixoonas eenuuuna, m.e. oopawienue umeem suo

Sreqs(b, a, w),
npoyedypa 8vl8ooum 8 mexyuiee epaguueckoe okno 0ea epagura - AYX u ®YX.

[IpuBenem npumep. I[lycts nns mepemarouyHoin pyHkiuu (5.2) BEIOpaHBI Takue
3HA4YEHUS TAPaMETPOB:

A4=1 ¢ =0.05; T,=2r/w,=1.

Boruncnum 3HaueHus: KOd(PQPUIMEHTOB YMCIUTENS U 3HAMEHATENsl W BBIBEIIEM

rpaduku AYX nu OYX:

T0=1; dz=0.05; om0=2*pi/TO; A=1;

a1(1)=1; a1(2)=2*dz*om0; a1(3)= om0~2; b1(1)=A;

freqs(b1,a1)

B pe3ynbrare nosyuum puc. 5.16.

JomyctuM, yTo 3aaHHBIA mporecc x (t) mpeacTaBieH B BUAE OTIEIbHBIX €ro
3HAQYEHUH B IUCKPETHBIE MOMEHTHI BPEMEHH, KOTOPBIE PA3JAEIEHbl OJIMHAKOBBIMU IPO-

MexyTkamMu Ts BpemeHu (auckperoM BpemeHH). O6o3HauumM dYepe3 x (k) 3HaueHHe
mporiecca B MOMEHT BpeMeHH ¢ = k -1's, rae k - Homep u3MepeHusl ¢ Havajia mporiecca.
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3anuiieM ypaBHeHue (5.1) yepe3 KOHEUHbIE PA3HOCTH MPOLIECCOB X UV, YUH-
ThIBasl, YTO KOHEYHO-PA3HOCTHBIM 3KBUBAJIEHTOM IPOU3BOJHON ) SIBJISETCS KOHEYHAs
pa3HOCTb

Ay(k) _ y(k)—y(k—-1)
Ts Ts ’
a DKBHUBAJIEHTOM MPOU3BOJHON BTOPOTO MOPSAAKA ) SABISETCS KOHEUHAs Pa3HOCTh BTO-

POTo IopAaKa
N y(k) _ Ay(k) = Ay(k=1) _ y(k)=2y(k=1)+ y(k=2) .
Ts? Ts? Ts?
Torma pasHOCTHOE ypaBHEHUE
(1+2¢w, - Ts+ o> -Ts*)- y(k)=2(1+ Lo, - Ts)- y(k—=1)+ y(k=2)= A-Ts* x(k)

(5.3)
SBJISIETCS IUCKPETHBIM aHaoroM nuddepennuansaoro ypapaenus (5.1).
[Ipumensis K MOTy4YeHHOMY YpPaBHEHUIO Z-TIpeoO0pa3oBaHue, MOTYyUUM:
y(z)-[ao+a1-z_1+a2-2_2]=A'Ts2-x(z), (5.4)
rae a0=1+2§a)0-Ts+a)02-Ts2;
a; =-2(1+dw, - Ts); (5.5)
a2 = 1.

HuckpetHass nepenatouHas ¢GyHKUus GUiIbTpa ONpEeAeNseTcs U3 YpPaBHECHUS
(5.4):
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z A-Ts?
G(Z):y( ) _ ! _
X(Z) ao+a1-Z +a2-z

(5.6)

2 5

Takum 00pa3oM, HU(PPOBBIM aHATIOTOM paHee BBEICHHOIO KOJIeOaTeIbHOTO 3BE€HA
aBisieTcst UuppoBoil puiIbTp ¢ KOAP(HULHEHTaMH YUCIUTENS U 3HAMEHATENs, PacCUu-
TaHHBIMU 110 popmyam (5.4) u (5.5):

T0=1; dz=0.05; Ts=0.01;

om0=2*pi/T0; A=1; oms=om0*Ts;

a(1)=1+2*dz*oms+oms*2; a(2)= - 2*(1+dz*oms); a(3)=1;

b(1)=A*Ts*Ts*(2*dz*om0/2);

YT0o0Bl MOIYYUTH YACTOTHYIO IUCKPETHYIO Xapakrepuctuky G(e’”) mo muc-
KpeTHOU nepeaatouHoit GpyHkuu G(z), KOTOpas 3ajlaHa BEKTOpaMHU 3HAYCHHM ee Ync-

autens b v 3HamMeHaTens a, yA00HO UCIOJIB30BaTh MPOLEIYPY fireqz, 0OpallieHue K KO-
TOPOM aHAJIOTUIHO OOpaICHUIO K IIporeaype fiegs :
freqz( b,a)

Magnitude Response (dB)

3 1: 1 [ U SR e 5 3 3 e 3 e = e e REETTTTE S e e e e

Fhazse (degrees]

S e = A S | SS S s S e P S P P | g

-200

Hormalized fre gue scy CHygquilst== 13

Puc. 5.17

B cucreme MatLAB gurempayus, t.e. mpeoOpa3zoBaHue 3aJlaHHOTO CHUTHaIA C
MIOMOIIBIO0 JTUHEHHOTO (PUIIHTPA, ONMUCHIBAEMOT0 JUCKPETHOM MepeaaTouyHon QpyHKImein
BUJIA

-1 -m
G(z) = y(z) _ b,+b -z +.4b, -z

x(z2)  a,+a -z_1+...+an 'z

(5.7)

n

ocyulecmensiemcs._npouedypou _filter ciegyronmm oopa3zom

y = filter(b, a, x),
I7Ie X - 33JaHHBIA BEKTOpP 3HAYEHUI BXOJHOTO CUTHAJA; ¥ - BEKTOP 3HAYEHHUI BBIXOAHO-
ro curHana (puibTpa, mojrydyaemMoro BcieAcTBue Gunbrpaiuu; b - BeKTop K03 P huIireH-
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TOB YUCJIUTENSA AUCKPETHOU repenaTouHor GpyHkuuu (5.7) uiabTpa; @ - BEKTOp Kod(d-
(GUIIMEHTOB 3HAMEHATENS ATOU (PYHKIUH.

B kauectBe mpumepa paccMOTpuUM Takyro 3agady. Ilycth Tpebyercst moiayduTh
JIOCTAaTOYHO BEPHYI0 MH(POPMAILIMIO O HEKOTOPOM "MOJE3HOM" CUTHAJIE, UMEIOIEM CHU-
HyCOMJAIbHYIO (OpMy C M3BECTHBIM TmepuogoM T; =lc u ammaurymou A; =0.75.
Cdopmupyem 3TOT cUrHaAN KaK BEKTOP €ro 3HaYeHUM B IUCKPETHBIE MOMEHTHI BpEMEHU

¢ muckperoM Ts = 0.001 c:
Ts=0.001; t=0:Ts :20; A1=0.75; T1=1;
Yp=A1*sin(2*pi*t/T1);
plot(t(10002:end),Yp(10002:end)),grid,set(gca,'FontName’,'ArialCyr','FontSize’,16)
title("Monesnubin" npouecc '); xlabel('Bpems (c)'); ylabel("Yp(t)')

"TTonezHB A" NpoUecCcE
0.8 T T T T
R A A R A A O
(VR S A (e (Y P A N A g A A Y A ) AP
= 5 PR U U TS Uy TOROT DRSO FUUD AU U WU SUHON PUNY AUOH DU N R S N
-
0.2 F--F-F--F-4--F-4--t-4--4-4--4-4--4-+-----p----F--F-
I S A . A N Y Y
0.8 : : ' :
110 12 14 16 18 210
Bpema (c)
Puc. 5.18

BxodHOW NpoUBCC

Bpema (c)
Puc. 5.19
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JomyctuMm, uto BeaeacTBue npoxoxaeHus yepes I (mepsuunblii mpeodpas3oBa-
TeJIb) K MOJE3HOMY curHany nodaBuics myM [T B Buge 60oee BHICOKOYACTOTHOM CH-
Hycouasl ¢ nepuogoM T, = 0.2¢ u ammuutyoil A,=5, a B pe3yapTaTe U3MEPEHUS K He-
My ele J00aBuiICs Oenblii TayCCOBBIM IIYM M3MEPUTENsl C MHTEHCUBHOCTBIO A, =5. B
pe3yibTare co3aalics TaKOW U3MEpEeHHBIN curdai x(¢)(cMm. puc. 5.19):

T2=0.2;; A2=10; eps=pild; Ash=5;

x=A1.*sin(2*pi*t./T1)+A2.*sin(2*pi.*t./T2+eps)+Ash*randn(1,length(t));

plot(t(10002:end),x(10002:end)),grid,set(gca,'FontName','ArialCyr','FontSize',16),
title('BxogHon npouecc '); xlabel('Bpems (c)'); ylabel("X(t)")

Tpebyercst Tak 00paboTaTh U3MEPEHHBIE JaHHBIE X, YTOOBI BOCCTAHOBUTH IO HUM
IIOJIE3HBIN ITPOLIECC KaK MOKHO TOYHEE.

Tak kak 4acToTa NOJIE3HOTO CUTHAla 3apaHee M3BECTHA, BOCCTAHOBIICHUE €TI0
MOHO OCYILECTBUTH MPHU MOMOIIM PE30HAHCHOTO (PUIIbTpa OTMEUYEHHOTO BBIIIE BHUJA.
[Tpu 3TOM HE0OX0AUMO CO3/1aTh TaKOH (GUIBTP, YTOOBI MIEPUOJ €r0 COOCTBEHHBIX KOJIe-
Oanmii Ty Obl1 paBeH nepuony kosnebanuii monesHoro curnana (Ty = T,). Jna toro,
9TOOBI TIOCIIC MPOXOXKACHUS Yepe3 TaKoW (UIBTP aMIUIUTYAa BOCCTAHOBJIICHHOTO CHT-
HaJla COBMaJajia ¢ aMIUIUTYAON MOJIE3HOTO CUTHajia, HYy>)KHO BXOJHOW CUTHaN (UIbTpa

YMHOXUTbH HA IOCTOSIHHYIO BEJIMYHUHY 2ga)02 (100 pH pe30HaHCE AMIUIUTYAA BBIXOAHO-

ro CUrHaja "ymeHbpIIaeTcsl" MUMEHHO BO CTOJBKO pa3 MO CPaBHEHUIO C aMIUIATYAOU

BxoaHoro curtana). Chopmupyem GuibTp, ONUCAHHBIN BBIILIE:
T1=1; Tf=T1; dz=0.05;
om0=2*pi/Tf; A=1; oms=om0*Ts;
a(1)= 1+2*dz*oms+oms”2; a(2)= - 2*(1+dz*oms); a(3)=1;
b(1)=A*Ts*Ts*(2*dz*om0"2);

1 "mporycTuM" cOpMUPOBAHHBIN MTPOLIECC Yepe3 HETo
y=filter(b,a,x)
plot(t(10002:end),y(10002:end),t(10002:end),Yp(10002:end)),grid,
set(gca,'FontName’','Arial Cyr','FontSize',16)
title('Mpouecc Ha Bbixoge ¢unbTpa (Tf=1; dz=0.05)");
xlabel('Bpems (c)'); ylabel('Y(t)")

Mpoyectc Ha BEIX00e @ MNneTpa (Ti=1,;, dz=0.04)

e

=
o
T
]
1
1
1
TSR P

10 12 14 16 18 20
Bopemsa (ch
Puc. 5.20
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B pesynbrare nonyyaem BoccTaHOBJIEHHBIN npouecc (puc. 5.20). [ns cpaBHeHus
Ha 3TOM K€ TpauKe N300paKeH BOCCTaHABIMBAEMBIH MpOIIECC.

Kak BuauM, co3MaHHbI QUIBTP AOCTATOYHO XOPOILIO BOCCTAHABIMBAET MOJIE3-
Hbli curHas. OnHaKo 0oJjiee TOUHOMY BOCCTAHOBJIEHHUIO NPEMATCTBYIOT ABa 00CTOS-
TEIbCTBA!

1) BOCCTaHOBJIEHHBIA MPOILIECC YCTAHABIMBAETCA HA BbIXOJE (DUIbTpPA TOJIBKO
CIIyCTsI HEKOTOPOE BpeMs BCJIEICTBHE HYJIEBBIX HAYaJbHBIX YCIOBUH caMoro (guibTpa

KAaK JUHAMHAYECKOT0 3BEHA; 3TO WLIKOCTPUPYETCS HUXKE, Ha puc. 5.21;
y=filter(b,a,x)
plot(t,y,.t,Yp),grid, set(gca,'FontName','Arial Cyr','"FontSize’,16)
title('Mpouecc Ha Bbixoae hunbTpa (Tf=1; dz=0.05)');
xlabel('Bpems (c)’); ylabel('Y(t)")

Mpouectc Ha BRIXOOE @ UNeTpA (Tf=1; dz=0.04%7

il

I
1
1
1
1
1
1
a
1
1
1

_

1] ﬁl 1II:| 14 210
Bpema (c)
Puc. 5.21

2) B YCTaHOBUBILIEMCS PEXHMME HAOIIOAAETCs 3HAUUTENbHBIN caBur (7/2) ¢as
MEX/1y BOCCTaHABIMBAEMbIM M BOCCTAHOBIIEHHBIM IPOILIECCAMH; ITO TOXKE MOHSATHO, TaK
KaK IpH pe30HaHCe CIBUT (a3 MEXKIy BXOIHBIM M BBIXOAHBIM MPOIECCAMU JOCTUTAET
UMEHHO TaKOU BEJIMYUHBI.

YroOsl n3bexath (Pa3zoBhIX MCKAKEHU MOJIE3HOTO CUTHAJIa MPU €ro BOCCTaHOB-
JICHUH, MOKHO BOCITOJIb30BaThCS MPOLICTyPOi 1BOMHON dunabTpanuu - filtfilt. OGpare-
HHUE K He UMeeT Takylo ke GopMy, 4TO U K npoueaype filter. B otnuune ot nocnenxei,
npouenypa filtfilt ocymectBisier 00pabOTKy BEKTOpa X B JiBa IIpUeMa: CHavaja B Mpsi-
MOM, a 3aT€M B OOpaTHOM HaIlpaBJIECHUHU.

PesynbTar mpuMeHEHHs TOW MPOIEAyphl B pacCMaTpHUBAEMOM Clydyae IpUBe-

JIEH Ha puc. 5.22.
y=filtfilt(b,a,x)
plot(t,y,.t,Yp),grid, set(gca,'FontName','Arial Cyr','FontSize’,16)
title('MpumeHeHue npouenyps! FILTFILT');
xlabel('Bpems (c)'); ylabel(‘Y(t)")
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[MTpMMEHEHKWE Npoueaypel FILTFILT

O

E;D"b" i HHHH 1 |

Bpema (c)
Puc. 5.22

F —— T

5.2.2. ®opMUpPOBaHHUE CJAYYAUHBIX POLIECCOB

B cooTtBercTBUU C Teopueil, chopMUpoBaTh CIy4aillHBIM Mpolecc ¢ 3aJlaHHOU
KOPPEJSIITMOHHON (PYHKIIMEW MOXHO, €ClIM CHauaja cPopMHUpPOBATh CIyYalHBIM Tpo-
LECC, ABJIAIOMIMIICS HOPMAIBHO (10 TayCCOBOMY 3aKOHY) pacIpeiesIeHHbIM OebIM IIy-
MOM, a 3aTeM "IPOIyCTUTh" €ro uepe3 HEeKOTOpOoe JWHAMHUYECKOe 3BEeHO ((popmupyro-
muit GunbTp). Ha BhIXOAE MOJydaeTcss HOpMaJIbHO PaclpeesICHHbIM CIIydalHbIN Mpo-
1[ECC C KOPPEISAIMOHHON (DyHKIMEH, BUI KOTOPOU omnpeiesieTcsl TUTIOM (popMUpYIOIIIe-
ro puiabTpa Kak ITMHAMUYECKOTO 3BEHa.

Bxo00HOW NpoOUBCE -BenNblW WyYMTaycca (Ts=0.017
4

T O N

I I

1 1

1 1
___________ L N

1 [

1 1

1 1

T-~-~"r-=-7

2 Lh---

Wil

\TyEAmenm
I|‘11r |'III '|I' I‘" ! i

¥ 1 (1)

o i - |
O 00 bt L L
Ll L R V
3 ------------ B s S [P G
4 : : :
0 5 10 15 20
Bpema (c)
Puc. 5.23

benpiii rayccoBblil miym B MatLAB o0pa3yercs npu NOMOUIM poLenypsl randn.
JUis 3TOro KOCTAaTOYHO 3a/1aTh JUCKPET BpeMeHu Ts, o0pa3oBaTh C 3TUM LIaroM MacCHB
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(BEKTOp) ¥ MOMEHTOB BPEMEHH B HYXKHOM JHaria3oHe, a 3areM chOpMUpOBaTh IO yKa-
3aHHOM TIPOoIIeaypPe BEKTOP-CTOI0CI] JUIMHOK, PAaBHOM JNIMHE BEKTOpPA Z, HAaIlpuMep

Ts=0.01; t=0: Ts : 20; x1=randn(1,length(t));

[TocTpoum rpaduk Moay4eHHOTO mporiecca:

plot(t,x1),grid, set(gca,'FontName','Arial Cyr','FontSize',16)

title('BxogHomn npouecc - 6enbin wym Maycca (Ts=0.01)");

xlabel('Bpems (c)'); ylabel('X1(t)")

[Tpomnecc x;(t) ¢ muckperom Bpemenu Ts=0.01c npexacraBieH Ha puc. 5.23.

st npyroro 3uauenus auckpeta Bpemenu (Ts=0.001c), moBTopsisi aHaTOTUYHBIE

orepalyu, MOJIyIrM Hporecc X,(t), n3oOpaxkeHHbIH Ha puc. 5.24.

ExogHOoOW Npouece - Benel W WyM [Taycca (Ts=0.00717

¥ 2 (1)

-7 ' co o L L g b ||.Il

1] a 1IIII 14 210
Bpema (c)
Puc. 5.24

Co3maguM AUCKPETHBIN (GUIBTP BTOPOTO MOPSAKA C YACTOTOM COOCTBEHHBIX KO-
nebanuit @, =27 pan/c = 1 I'm M OTHOCUTENBHBIM KOX(PPUIMEHTOM 3aTyXaHUs

¢ =0.05 o hopmymam (5.5) korhunreHToB:
om0=2*pi; dz=0.05; A=1; oms=om0*Ts;
a(1)= 1+2*dz*oms+oms”*2; a(2)= - 2*(1+dz*oms); a(3)=1;
b(1)=A*2*dz*oms*2;

"mpormyctuM" 00pa3zoBaHHBIN mporecc X (t) uepe3 co3gaHHbI GUIbTp:
y1=filter(b,a,x1);

U mocTpouM rpaduk nporecca y;(t) Ha BbIxoje QpuiIbTpa:
plot(t,y1),grid, set(gca,'FontName','Arial Cyr','FontSize’,16)
title('Mpouecc Ha Bbixoge ¢unbTpa (T0=1; dz=0.05, Ts= 0.01)");
xlabel('Bpewms (c)’); ylabel('Y1(t)")
Pe3ynbTaT npencrasieH Ha puc. 5.25.
AHaNOTUYHBIE OTepaIuu MPOU3BEIEM C TpoleccoM Xx,(t). B pesynbraTe momy-

YUM IpOIIECC ),(t), MPUBEACHHBIN Ha pUC. 5.26.

Ts=0.001;
om0=2*pi; dz=0.05; A=1; oms=om0*Ts;
a(1)= 1+2*dz*oms+oms”2; a(2)= - 2*(1+dz*oms); a(3)=1;

b(1)=A*2*dz*oms”"2;
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y1=filter(b,a,x2); t=0 : Ts : 20;

plot(t,y1),grid, set(gca,'FontName','Arial’,'FontSize’,14)
title('Mpouec Ha Buxoai cinbTpa (T0=1; dz=0.05, Ts= 0.001)");
xlabel("Yac (c)'); ylabel('Y2(t)")

Mpouecc HaE BRIX0OOe § WNeTRAE (TO0=1; dz=0.04, Ts= 0.011
on.2

|
018 bocmae e L ...........

B.1 fommmmmm o

I
1
1
4
1
1
1
4
1
1
1

005 oo -Hd- S

T T 1]

) S T S e

] 5I ‘IIIZI 1I5 210
Bpema (c)
Puc. 5.25.

Mpouyuec Ha BMxopi @ ineTpa (TO=1; dz=0.05, T=s= 0.0011)
0.06

IR

Hac (2]
Puc. 5.26.

Kak BumuM, Ha BbIxozie (Qopmupymomero (uiabTpa IEUCTBUTEIBHO 00pazyercs
ClIy4daiiHbIN KoJieOaTeIbHbIN MpoIlecc ¢ mpeodnaaatomieit yactoron 1 I'm.
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5.3. Ilpoueoypvl cnekmpaivnozo (wacmommnozo) u
CHMAmMUCmMuYecKo20 anaiu3a nPoueccos

5.3.1. OCHOBBI CHIEKTPAJBHOI0 U CTATUCTHYECKOI0 AHAJIHU3A
OcHOBHas 3ajja4ya CHEKTPAILHOTO aHAJIN3a CHTHAJIOB - BBIABJICHUE TapMOHUYE-
CKOTO CTIEKTpa ATUX CUTHAJIOB, T.C. OMPEAEIICHNE YaCTOT TAPMOHUYECKUX COCTABJISIO-
VX CUTHAJA (BblsisleHUe YaCMOMHKHO20 cneKkmpa), aMIUTATY 1 TUX TAPMOHUYECKHUX CO-
CTaBIIAIONIUX (aMnIumyoHo20 cnekmpa) U uX HadaiabHbIX Qa3 (¢pazosoeco cnekmpa).
B ocHOBe criekTpanbHOTO aHAM3a JSKUT Teopust Dypbe 0 BOSMOKHOCTH Pasiio-

27 1
YKEHUSI JTI000r0 MEePUOUYECKOro mpoiecca ¢ nepuogom I’ =—=— (Tae @ - Kpyro-
1)

Basl 4acTOTa MEPHOIMUYECKOTO TpoIiecca, a f - ero 4acToTa B repliax) B 0ECKOHEUHYIO,

HO CUETHYIO CyMMY OTJI€JIbHBIX TAPMOHUYECKUX COCTABJISIOIIHX.
HanoMHUM HEKOTOpPBIE MOJ0KEHUS CIIEKTPAILHOTO aHAJIU3a.
[Ipexxne Bcero, Jr000N MEPUOAMYECKHUI Tpoliece ¢ mepuoaoM 1 MOXKET OBITh
IpEeACTaBJIEH B BUE TaK Ha3bIBAEMOI'0 KOMIUIEKCHOTO psiia Dypre:

+00 _ o ,
x(t): ZX*(m).ej(Zﬂmf)'t _ ZX (m),ej(mw)-t ’ (5.8)

m=—0 m=—0

*
npUYeM KOMIUIEKCHbIE yucia X (m), KOTOpble HAa3bIBAIOT KOMNJIEKCHbIMU AMIIUNY-

Odamy TAPMOHUYECKUX COCTABIISIFONINX, BEIYUCIISIFOTCS 110 (popMyam:

T T
* 13 iy, _ 13 ~j(me)t
X (m)=? [x(1)-e dt:? [x(1)-e d . (5.9)
T T
2 )

Takum 00pa3oM, YaCTOTHBIM CIEKTP MEPUOJAUYECKOrO KOJeOaHUs COCTOUT W3
4acToT, KpaTHBIX OCHOBHOM (0a30B0O) yacTtoTe f , T.€. 4aCTOT

Jm=m-f  (m=012,..) (5.10)
JIeiCTBUTENIbHBIE 1 MHUMBbIEC YaCTH KOMIUICKCHBIX aMIUIATY]1 X *(m) o0pasyroT

COOTBETCTBEHHO OeUCmEUMENbHbIl N MHUMbLI CHEKMPbl TIEPUOANYECKOrO KOJeOaHus!.
Ecnu kommiekcHyto amuntyy (5.9) npencTaBuTh B 3KCOHEHIIMAIBHOM (hopme

X*(m)z%"-ej"”m, (5.11)

TO BEJIWYUHA @, OyIeT NMPEeICTaBJIATh COOON aMIUIUTYAy I'apMOHUYECKOH COCTaBIISIO-

el ¢ 4acToTon f,

w=m-f,a @, - HadanpHyl0 ()a3y 3TOM rapMOHHKH, UMEIOLICH

(dbopMy KOCHHYCOHIBI, T. €. HCXOAHBIN MPOIIECC MOXKHO TAK)KE 3aITUCaTh B BUJE
~+00
x(t)=a,+ D a,  -cos2mmft+¢,), (5.12)
m=1

KOTOPBIN, COOCTBEHHO, M Ha3bIBAIOT psidom Dypbe.
JIytst TeCTBUTENBHBIX MPOTIECCOB CIPABEIIIUBEI CIICTYIOIINE COOTHOIICHUS
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Re{X(-m)} = Re{X(m)}; Im{X(-m)} = —-Im{X(m)}, (5.13)
T. €. OelCmBUmMENbHAS YACHb CNeKMPaA A6IAemcs YemHOU PYHKYUel Yacmombl, a MHU-
Mas 4acms CneKkmpa - HeYyemuou (QYHKyuel Yacmomol.
Paznoxenus (5.12) u (5.8) mo3BoJISIIOT paccMaTpUBaTh COBOKYITHOCTh KOMILJIEKC-
HBIX aMIUIUTYA (5.9) Kak n300paxkeHne MepruoInIecKoro mporecca B 4aCTOTHON obmac-
TU. JKenaHue pacnpocTpaHUTh TaKOM MOAXOJ Ha MPOU3BOJIbHBIC, B TOM YHCIIE - HeTe-
PHOIUYECKHE MPOILECCH MPUBEIO K BBeAEHUIO MOHATUS Dypbe-u300paxeHusi B COOT-
BETCTBHUH CO CIICIYIOIIUM BbIPAKCHUEM:

+00
X(f)= [x(t)-e /7 ar (5.14)
—00

OTOT MHTErpaj, HECMOTPsI HA €r0 BHEIIHEE CXOJCTBO C BbIpakeHueM (5.9) mis
KOMIUIEKCHBIX K03 duuuneHtoB psga dypre, N0BOIBHO CYHIECTBEHHO OTIMYAETCS OT
HUX.

Bo-niepBbIX, B TO BpeMsl, Kak (pu3nveckas pa3MepHOCTb KOMIUIEKCHOW aMILTUTY-
Il COBIAJAET C Pa3MEPHOCTHIO caMoil (pu3myeckoil BelIWYuHbl X(¢), TO pa3MEpPHOCTh
dypbe-u300pakeHusl paBHa pa3MepHOCTH Xx(¢), YMHOXEHHOW Ha pa3MepHOCTh BpeMe-
HU.

Bo-Bropbix, uHTerpan (5.14) cymectByeT (SBISETCS CXOAAUIUMCSH K KOHEYHOU
BEJIMYMHE) TOJBKO JIJIsl TAK Ha3bIBAEMbIX "JBYXCTOPOHHE 3aTyXarolux" MpoleccoB (T.e.
TaKHX, KOTOPbIE CTPEMSATCS K HYJIO KaK MpU f —> +00, Tak npu ¢ —> —oo ). Haye roBo-
psl, €ro HeNb3s MPUMEHSTH K TaK Ha3bIBAEMbIM 'CTAllMOHAPHBIM" KOJIEOAHUSIM.

Oo6patHoe mpeoOpazoBanue Dypbe-u300pakeHUss B UCXOJHBIA mporecc x(7) B

9TOM CJIydac OIIpCaACIIACTCA HHTCTPAaIOM
~+00
x(0)= [ X(f)-e"*7df, (5.15)

KOTOPBIN IpeICTaBIseT COOOM HEKOTOPBIN aHAJIOI KOMIUIEKCHOTrO psana Pypee (5.1).
VYka3zaHHOE cepbe3HOE NPOTUBOPEUHE HECKOJBKO CIIIAKUBAETCA MPU YHUCIECHHBIX
pacuerax, Tak Kak B 3TOM Clly4ae MOKHO MMETh JI€JIO TOJBKO C IMPOLECCAMU OrPaHU-
YEHHOW JUIUTEIBHOCTH, IPUYEM CaM MPOLECC B 33JIaHHOM JIMAIlla30HE BPEMEHU JIOJKEH
OBITh 3a/1aH CBOMMH 3HAYEHHUSAMH B OTPAHUYEHHOM YHCIIE TOYEK.
B 3TOM cilyyae MHTErpUpOBaHUE 3aMEHSAETCS CYMMHPOBAHUEM, H BMECTO BBIYMC-
neHus uaTerpana (5.14) orpaHMYMBAOTCS BBIYUCIEHUEM CYMMBI

n
X[(k=1)-Af]1= At- Y x[(m—1)- At]- e /2D mazAr (5.16)
m=1
Tyt, no cpaBHeHUIO ¢ HHTETpaIoM (5.14) ocyIIeCTBICHBI TAKUE 3aMEHbI
B HernpephIBHBIM HMHTETrpajd MNPUOJHMIKEHHO 3aMEHEH OIpPaHWYCHHON CyMMOM
HJIOHI&I[Gﬁ MMpAMOYTOJIBHUKOB, OAHA HN3 CTOPOH KOTOPBIX paBHA HOUCKPCTY
BpPpEMCHH At , C KOTOPBIM IMPCACTABJIICHBI 3HAYCHUA ITPOICCCA, 4 BTOpAs - MI'HO-
BCHHOMY 3HAYCHHIO IIPpOICCCa B COOTBeTCTBy}OHII/Iﬁ MOMCHT BPCMCHHU,
B HenpepbIBHOE BpeMs f 3aMEHEHO JUCKPETHBIMM €ro 3HaueHusiMu (m—1)- At

rac m - HOMCP TOYKH OT Ha4daJla IIponecca,
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B HernpephIBHBIC 3HAYEHUS YacTOThl f 3aMEHEHBI TUCKPETHBIMU €€ 3HAUCHUSIMU
(k—1)-Af, tne k - HOMEp 3HAYEHMsI YACTOThI, & JIUCKPET YaCTOTHl PaBEH

1
Af = 7 rae 1 - MpoMeXyTOK BpEMEHM, Ha KOTOPOM 3aJaH IPOoLECC;

B tuddepeHnman df 3aMeHEH OrpaHMYCHHBIM TIPUPAIICHUEM BpeMeHU Af .
Ecnmu 0603HaunTh MUCKpeT BpeMeHn At yepe3 155, BBeCTH 0003HAUCHUS

x(m)=x[(m—-1)-At]; X(k)=X[(k-1)-Af].
a TaK)Ke YYECTh TO, YTO YUCIIO 7 TOYEK, B KOTOPBIX 3aJaH MPOIECC, PAaBHO
=L _T_ 1 (5.17)
At Ts Af-At
TO cooTHomeHue (5.15) MOXHO TIpeACTaBUTh B Oojee ya1ooHou dhopme:
n .
X(k)=Ts-Y x(m)-e /M EDimD (5.18)

m=1
Kaxk 6p110 ormMeueHo B pazaene 1.4.5 (bopmyisl (2) u (3)), nporeaypsl MatLAB
fft wm ifft ocyliecTBISAIOT BBIYUCICHHUS B COOTBETCTBHH C (POpMyIIaMu:

y(k)= Y x(m)- e~ /2 m Dt (5.19)
m=1
x(m) = % > y(ky- /2t (5.20)
k=1

cootBeTcTBeHHO. CpaBHuBas (5.18) ¢ (5.19), MOxKHO caenaTh BBIBOJI, UTO npoyedypa fft
Haxooum ouckpemuoe DPypve-uzo00pasdicerue 3a0aHH020 OUCKDEMHO20 60 8DEMEHU NPO-
yecca x(t), nodenennoe Ha OUCKpem 8PemMeH.

vy =18, (5.21)
S

OcyiiecTBisis aHAJOTUYHYIO ONEpaluio AUCKPETU3aluUd COOTHOIIEeHU (5.9) nis

o k
KOMIUTIeKCHOM ammutynbl X (k), momydum

X" (k)= Is Zn:x(m).e—j~(27z/n)-(k—l)-(m—l) _
T m=1

_1 ix(m)_e—j-(27r/n)~(k—1)-(m—1) _y(k) (5.22)

no n

I/I3 9TOI'O CHeI[yeT, qTo KOMI’IJZéKCHblﬁ CNEeKmp pa3jl0MHCEeHUA CMAUUOHAPHO20 npo-
uecca paeeH nOdeJZeHHOMV HA YUcCJjio 1/!3./‘/[epeHT/ﬂ/lV pe3yibmamy NnPpUMeHeHUA npouea)/pbl
fft K 3a0aHHOMY 8EKIMODY UBMEDEHHO20 Npoyeccd.

ECHI/I KE HpI/IHﬂTB BO BHUMAaHUEC, YTO OJIA 6OHBH_H/IHCTBa CTaHHOHapHBIX KOHe6a'
TEJIBLHBIX HPOIECCOB MMEHHO YAaCTOTHBIN, aMIUIMTYAHBIA M (ha30BBIi CIEKTPHI HE 3aBH-
CAT OT JUTMTEIBHOCTH T KOHKPETHOM pealn3aldd W BHIOPAHHOTO JUCKPETa BPEMEHU
7§, TO HAJO TAKXKE CICTATh BBIBOI, UTO OJisl CHEKMPALbHO2O0 AHAIU3A CMAYUOHADHIX
npoueccoes Hau60ﬂee ueﬂeCOO6pa3H0 NPUMEHANb npouea]/py fﬁ, pe3yiabmam KO”’!ODOTZ
Oejlunflb samem Ha 4ucjio moudekxK M3MepeHuﬁ.
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[lepetinem k onpeaenennto CrnekrpaibHoit [Inotnoctu MomHoctu (CIIM), wiu,
cokparteHHo, mpocto CrnekrpanbHoil [InoTHOCTH (CII). DTO MOHATHE B TEOPUU OMpPEIe-
nsiercst Kak Dypbe-n300pakeHue Tak Ha3blBaeMON KOPPEISUOHHON GYHKIMU R;,(7) U
NPUMEHSIETCSI, B OCHOBHOM, JJIsI JIBYX OIHOBPEMEHHO MPOTEKAIIINUX CHMAYUOHAPHBIX
nporueccoB Xx(f) u x,(¢). Blaumnas xoppensuuonnas ¢pyukuus (BK®D) aByx takux
IPOIIECCOB OMPEEINIAETCS COOTHOIICHHEM:

75
[x1(0)-x,(t+7)-dt, (5.23)
"

T.€. BK® sensemcs CDQ()HMM 60 BpEMEHU 3HAYEeHUEM npous’eeOeHuﬂ nepeoﬁ CbVHKLﬂ/lM HA
C()GI/IHVI’I’IVIO OMHOCUMEJIbHO Hee Ha 6PEMA 3(108&?{67(1/[ T _emopyro (bVHKI/ﬂ/ﬂO.

Nrak, Bzanmuas CnekrpansHas [TnorHocts (BCII) aByX cTanroHapHbIX Ipoliec-
COB MOKET OBITh OIpeieTICHa TaK:

_ 1
Ry, (7) =limy_,, T

+00
S(f) = [Ry(2)-e/C7)7dr (5.24)
—00
[Ipu uncinoBBIX pacueTax, korjaa oba mpouecca x;(¢) u x,(¢) 3amaHbpl Ha ompe-
JICIICHHOM OTPaHMYCHHOM MPOMEXYTKEe I BPEMCHH CBOMMH 3HAYCHHUSMH B HEKOTOPBIX
n TOYKaX, pa3/elICHHBIX TUCKpeToM BpeMenu 1, hopmyny (5.23) MoxkHO TpaHchop-
MHUPOBATh B TAKYIO:

n—I
RIZ(Z)lele(m)-xz(mu—l), (I=1,2,.. n/2), (525
n=1 =
WM B HECKOJIBKO 00JIee MPOCTOE COOTHOIEHUE
n/2
R, (1)==> x;(m)-xy(m+1-1), (I=12,.. n/2); (5.26)
N =1

a BMecTo (5.24) ucrnonab3oBaTh
n/2

Siy(k)=Ts- Y. Ry(1)-e /MU= (k=1,2,..n/2). (5.27)

I=1
Ecnu Tenepp nojictaBuTh BeipaxkeHue (5.26) B (5.27) u UBMEHUTH B HEM MOPSIOK
CYMMHUPOBaHHUsI, TO MOXXHO MPUNTH K Takomy cooTHomieHuto mexay BCII u pesynbra-

TaMH IPeoOpa3oBaHMi POLETYPOil fft 3a1aHHBIX H3MEPEHHbIX 3HAUCHHUH IIPOLIECCOB
2 _
Slz(k)zTS'{;yz(k)}’h(k); (k=L2,..n/2), (5.28)

IJIe YepTa CBepXy O3HAUaeT KOMILJIEKCHOE COTPSIKEHNE COOTBETCTBYIOIICH BEIMYUHBI.
C yuerom (5.21) u (5.22) Beipaskenue (5.28) MOXKHO MPEJACTaBUThH TAKXKE B BUJIE:

* J—
S (k)= X5(k)- X, (k). (5.29)
I/IB 3TOTO cneﬂyeT, YTO 63AUMHAs CcneKkmpaibHAas njiomHOCmMs OGVX npoueccos
npu ]li060]l/l SHAYCHUU Hacmombsl pasHA npou%edeHuio SHAYECHUA KOMNJIEKCHO20 CNneK-

mpa 6mopoco npoueccad Ha KOMNIEKCHO-CONPANCEHHOE 3HAUYECHUE CDVDb€-u306Dd9fC€HM}Z
nepeoco npoyecca Ha Mot Jice yacmome.
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®opmyisl (5.21), (5.22) u (5.28) sABISAIOTCS OCHOBOM /JI1 BHIYUCIICHUN B CHUCTE-
me MatLAB cootBercTBeHHO Dyphe-n300pakeHns Npouecca, €ro KOMIIEKCHOTO CIEK-
Tpa ¥ B3aUMHOU CHEKTPAIBHOM IIJIOTHOCTH JIBYX IPOLIECCOB.

5.3.2. IlIpuMepsI CHIEKTPAJIBHOI0 AHAJIN3A

YtoOBI MpUMEHUTD TIPOLICAYPY fft Kak mpeoOpa3zoBaHKE MPOIEcca, MPeICTaBICH-
HOTO BO BPEMEHHOM 00JIaCTH, B €r0 IIPEACTaBICHNE B YaCTOTHOM 00JIacTH, ClIeayeT, KakK
ObLJI0 OTMEYeHO B paznene 1.4.5, caenats cienyroiee:

- N0 3a0aHHOMY 3HaAyeHuio Oouckpema epemenu Ts paccuumamo geruyuny F, .,
ouanasona wacmom (6 2epuax) no popmye:

Fmax = 1/Ts; (5.30)

- N0 _3A0aHHOU_OIUMEAbHOCIU _3a0aHH020 npouecca T paccuumamsv Ouckpem

yacmomol df no hopmyne:

df =1/T, (5.31)

- N0 _BbIYUCIICHHbIM OAHHbIM_CHOPMUPOBANb 8eKMOP 3HAYCHUL Yacmom, 6 KOmo-
pouix byoem sviuucaerno Pypve-uzobpasicernue.

[Tocneanee mpoiie (HO He HanboJIee MPABUIILHO) CIEJIaTh TAKUM 00pa3oM:

f1=0: df : Fmax. (5.32)

B pesynpTate mpuMeHeHusl mpoNEAypHl fft OyIeT MOJydeHO MpeICcTaBlICHUE
nmpoiiecca B 4acToTHOM obnactu. OOpaTHas mpouenypa ifft, eciiu ee IpUMEHUTh K pe-
3yJibTaTaM TIEPBOr0 MpeoOpa3oBaHUs, JAaET BO3MOXKHOCTb BOCCTAHOBUTH HCXOHBIN
poIiecC BO BPEMEHHOM 001acTH.

Opnnako niponieaypa fft He naetr HenocpeacTBeHHO Dypre-n300parkeHust Mporec-
ca. YUroObl monyuuth Dypbe-u300pakeHUe, HAI0 ceiaTh cleayromee (CM. pas3zien
1.4.5):

B x pezyibmamam_oeucmeus_npoueoypul fft _npumenums npoueoypy [ftshift,

KOMopas nepecmasisient Mecmamu_nepeyio U 6mopyio noj08ulbl NOAY4YEeHHO20

6eKmopa,
B nepecmpoumsv 6eKmop yacmoni no ajaicopummy

f=-Fmax/2 : df : Fmax/2. (5.33)

IIpuBeneM npumepsl.

Dypove-uzobpasicerue npamoy2oabHo20 UMNYIbCA

Cdopmupyem mporiecc, COCTOSIUNA U3 OJJMHOYHOTO MPSMOYTOJIBHOTO UMITYJIbCA.
3agaqum nuckper BpemeHu Ts=0.01c, miurensHOocTh npouecca T=100c, ammiutyny
umnysbca A=0.75 u ero mmpuny w=0.5c:

Ts=0.01; T=100; A=0.75; w=0.5; t=0:Ts:T;

y = A*rectpuls(t, w);

plot(t(1:100),y(1:100)), grid, set(gca,'FontName’,'Arial Cyr','"FontSize',16),

title('Mpouecc n3 oaAMHOYHOro NPAMOYrosibHOro umnyrnbsca ');

xlabel('Bpems (c)’); ylabel('Y(t)")

PesynbraT nokasan Ha puc. 5.27.
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MPOLECE M2 OQMHOYHOID NPAMOYIONEHDID WMMNOYNECLCA
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Moayne FFT-npecGpazoaaHvA NpAMOY ONBEHOMO MMMYNeCa
20 , . : T

40 &0
YacTtoTa (W)

Puc. 5.28

[TpumenuM K BEKTOpY y mpouenypy fft u nmocTpoum rpapuk 3aBUCUMOCTH MO-
IyJsl pe3ynbTaTta oT yacToTsl. IIpu atoM epaguku 6 uacmomnou obracmu yoobuee 6bi-

800unb npu nomowsu npoyedypul stem (cM. puc. 5.28):
x=fft(y); df=1/T; Fmax=1/Ts; f=0 : df : Fmax; a=abs(x);
stem(f,a), grid, set(gca,'FontName','Arial Cyr','FontSize',14),
title('Moaynb FFT-npeo6pa3zoBaHns NpsiMoyrosbHOro umnynbca ‘');
xlabel('YacToTa (I'y)'); ylabel('Moaynb')
Teneps noctpoum rpaduk moayis Oypre-u3odpaxkeHus mpolecca:
xp=fftshift(x); f1=-Fmax/2 : df : Fmax/2; a=abs(xp);
stem(f1,a), grid, set(gca,'FontName','Arial Cyr','FontSize',14),
title('Moaynb ®ypbe-n3obpaxeHus NPAMOYronbLHOro umnynbca ‘);
xlabel("YacToTa (l'y)’); ylabel('Mogynb')
[Tonyunm pe3yJsbTar, NpUBEACHHBIN Ha puC. 5.29.




5.3. CnekmpanbHbIU U cmamucmu4YecKull aHanu3 214

Maayne d&rypee nsoBpaXeHnA NPAMOYranbEHDIG MW MyNecE
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B 3akmouenue nmoctpouM rpaduku 1eHCTBUTETHLHON M MHUMOMN udacteir Dypbe-

U300paXeHUs MPSIMOYTOJIFHOTO UMITYJIbCA:
dch=real(xp); mch=imag(xp);
plot(f1,dch,f1,mch), grid, set(gca,'FontName','Arial Cyr','FontSize’,16),
title('"®ypbe-ns3obpaxkeHne NPAMOYronibHOro umnynbca ‘');
ylabel(‘OenctBuT. 1 MHUMas yacti'), xlabel(*H4acToTa (l'u)');

Onu npencrasiieHsl Ha puc. 5.30.

Dypve-uzodpasicenue noauapMoHUYEecKo20 npoyecca
PaccMOTpyM npuMep TPEX4YaCTOTHBIX TAPMOHUYECKUX KOJIEOAHHH - ¢ YACTOTOIO

1/7, 1 1a3 I'mu ammmutynamu coorBeTcTBeHHO 0.6, 0.3 Ta 0.7:
y(t)=0.6-cos(2¢t)+03-sin(2z-t)+0.7-cos(6x-t+x/4).
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Haiinem ®@ypbe-u3o00paxeHue 3Toro mnpoiecca u BbIBesleM rpauki caMoro mnpo-

necca, MoayJis ero @ypbe-u300pakeHus, a TaKKe JeUCTBUTEIBHYIO U MHUMYIO YacTH:
Ts =0.01; T=100; t=0:Ts:T,;
Y = 0.6*cos(2*t)+0.3*sin(2*pi*t)+0.7*cos(6*pi*t+pi/4);
plot(t,Y), grid, set(gca,'FontName’,'Arial Cyr','FontSize’,16),
title(' TpexyacTOTHLIN NONMrapMoOHUYECKNUI Npouecc ');
xlabel('Bpewms (c)'); ylabel("Y(t)")
['paduk mporuecca nokaszan Ha puc. 5.31.

" TpexuyacToTHbIN NONNrgPMOHNYECKNI NpoLiecc ™
2 T T T T
1 n - | - n :
g o N M Ml [ |l ! J | 'l I
-1 111
-2 : : : :
0 20 40 60 80 100
Bpema (c)
Puc. 5.31

Haxonum Moayns @ypbe-u300paskeHus 3TOTo Ipolecca:

df = 1/T; Fmax = 1/Ts; dovg=length(t);

f=-Fmax/2 : df : Fmax/2;

X =fft(Y); Xp = fftshift(X); A = abs(Xp);

s1 =dovg/2 - 400;s2 = dovg/2 + 400;

stem(f(s1:s2),A(s1:s2)), grid,

set(gca,'FontName',’Arial Cyr','FontSize’,14),

title('Moaynb ®ypbe-n3obpaxeHns NnosiMrapMoHM4YecKoro npouecca');
xlabel('HacToTa (I'u)'); ylabel('Moaynb')

Pe3ynbTaT npencrasieH Ha puc. 5.32.
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Moaynb ®ypbe-nzobpaxeHna NonMrapMoHNYecKoro npolecca
el L) : : : : :
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YacToTa (')
Puc. 5.32

Ecnmu u3menuts nuckper Bpemenu Ha Ts=0.02, monydyum pesynbrar, u3o0pa-
YKCHHBIN Ha puc. 5.33.

Mopgyne ®ypbe-naobpaxeHus nonvMrapMoH1MYecKkoro npouecca
T M U O SRR SN S N
([ 1 ) SRS S— o — e S
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2 800f-------o-mmeeee S R RRRRts EESTEERE
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0 % | L Fr > 1N | i
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YacToTa (I'y)
Puc. 5.33

Kak BunHo, pe3ynbrat Oypbe-peoOdpa3oBaHus B 3HAYUTEILHON CTENIEHN 3aBH-
CHUT OT BEJIMYMHBI TUCKPETA BPEMEHH M MaJIO YTO TOBOPUT 00 aMILTUTyJaX TapMOHUYE-
CKHX COCTaBJISIOIIMX. JTO OOYCIOBICHO paziuyuem medxcoy onpedenerusimu Dypve-
uzobpasicenuss u KomniekcHoeo cnekmpa. lloaromy 0ns uesamyxarowux (yemanogus-
WuUxcsl, cmauuoHapHvlx) Koaebauuy Tr000ro BUIa HAMHOTO yOoOHee Haxooums He Dy-
pbe-uzobpadicenue, a e20 8eiuyuty, 0eleHHYI0 Ha YUClo movex 8 peanuzayuu. B mpe-
TBITYIIEH YacTH MPOrpaMMBI 3TO SKBHBAJIEHTHO 3aMeHe omeparopa X=fft(Y) ma X =
fft(Y)/dovg,,rne dovg - nymHa BekTopa t.
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Moaynb cnekTpa nonnrapMoHNUYEcKoro npoLecca
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B pesynbrare momy4yaeTcsi KOMIUIEKCHBIA CTIEKTp (puc. 5.34), MOTHOCTBIO COOT-
BETCTBYIOIINHN KO3 PHIeHTaM KOMIUIEKCHOTO psisia Dypre.

Briaenum nelCTBUTENBHYIO 1 MHUMYIO YaCTH KOMIUIEKCHOTO CIIEKTpa:
dch =real(Xp); mch = imag(Xp);

s1 =dovg/2 - 400;s2 = dovg/2 + 400;

subplot(2,1,1), plot(f(s1:s2),dch(s1:s2)), grid,

set(gca,'FontName','Arial Cyr','FontSize',10),

title('KomnnekcHbIN cnekTp NnonurapMoHU4YecKux konebaHun');
ylabel('OencTBUT. YacTb');

subplot(2,1,2), plot(f(s1:s2),mch(s1:s2)), grid,

set(gca,'FontName','Arial Cyr','FontSize',10),
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xlabel('YacToTa (I'u)'); ylabel('MHumasn 4yacTtb')
[To monyuenubM Tpadukam (puc. 5.35) MOKHO CyAWTHh HE TOJBKO O YacTOTaxX U
aMIUTUTY/IaX, a ¥ 0 Ha4aJbHBIX (ha3axX OTAEIbHBIX TAPMOHHYECKUX COCTABJISIONTIUX.

Dypve-uzobpadicenue cIyualHo2o npoyecca
B 3akmouenue paccmotpum Dypbe-npeoOpazoBaHue CIy4alHOrO CTallMOHAPHO-
ro mpoiiecca, chopMupoBaHHOTO paHee (cM. puc. 5.25). CHavana chopMupyem mpoiiecc
B BHJIe Oenoro rayccoBoro mryma (puc. 5.36) ¢ miarom Bo BpeMenu 0.01 u gutenbHO-

ctbto B 100 ¢ :
Ts=0.01; T=100; t=0:Ts:T; % 3apaHue napamMeTpoB npouecca
x1=randn(1,length(t)); % ®opmupoBaHue 6enoro wyma
% MocTpoeHune rpacmka 6enoro wyma
plot(t,x1),grid, set(gca,'FontName','Arial Cyr','FontSize',16)
title('benbin NayccoBbin wym (CKO=1; Ts= 0.01)");
xlabel('Bpewms (c)'); ylabel("X1(t)");
Tenepp cozmamum dopmupytonuit GuibTp, "mpomycTum" depe3 Hero Oenbli

IIyM U pe3yJibTaT BbIBEJEM Ha puc. 5.37:

% PacyeT napameTpoB hopmupyroLiero omnbtpa

om0=2*pi; dz=0.05; A=1; oms=om0*Ts;

a(1)= 1+2*dz*oms+oms*2; a(2)= - 2*(1+dz*oms); a(3)=1;

b(1)=A*2*dz*oms*2;

% ®dopmumpoBaHue "npodunbTpoBaHHOrO" npolecca

y1=filter(b,a,x1);

% lMocTpoeHune rpadumka npouecca

plot(t,y1),grid, set(gca,'FontName','Arial Cyr','FontSize’,16)

title('Mpouecc Ha Bbixoae hunbTpa (T0=1; dz=0.05, Ts= 0.01)");

xlabel(‘Bpems (c)'); ylabel('Y1(t)")

Breruncnum ®@ypre-uzodpaxenue (OU) mias mporecca-iyma ¢ yuyeToM 3ameda-
HUS, CIICJIAHHOTO JIJIsl YCTAaHOBUBIIMXCS MPOIIECCOB M MOCTPOUM Ha puc. 5.38 rpaduku

moxayiigs ®U u ciexktpanbHol ioTHOCTH MotHocTH (CIIM):

Benbii Nlayccosbii Wym (CKO= 1; Ts= 0.01)
4 . . : :

“ Ui b

Zo
>

O ot i Al bl l

4 i a a a
0 20 40 60 80 100
Bpemsa (c)

Puc. 5.36




5.3. CnekmpanbHbIU U cmamucmuyeckul aHanu3

219

lNpouecc Ha Bbixoge duneTpa (TO0=1; dz=0.05, Ts= 0.01)
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Puc. 5.37

hapgyne Sl rayccoeoro Benara Wysa

YacTtoTa (U

Puc.5.38

% dPopmupoBaHMe MaccumBa 4acToT

df = 1/T; Fmax = 1/Ts; =-Fmax/2 : df : Fmax/2; dovg = length(f);
% PacyeT ckoppeKkTUpoBaHHbIX MaccuBoB Pypbe-n3obpaxeHui

Fu1 = fft(x1)/dovg; Fu2 = fft(y1)/dovg; Fu1lp = fftshift(Fu1); Fu2p = fftshift(Fu2);
% dopmupoBaHue maccmeoB mogynen ®u

A1 = abs(Fu1p); A2 = abs(Fu2p);

% Bbluncnenne CnektpanbHbix [noTtHocTen MowHocTn

S1 = Fu1p.*conj(Fu1p)*dovg;S2 = Fu2p.*conj(Fu2p)*dovg;

% BbiBOA rpacdmkos 6enoro wyma

subplot(2,1,1); stem(f,A1),grid,

set(gca,'FontName','Arial Cyr','FontSize',10)

title('Moaynb ®U rayccoBoro 6enoro wyma');
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subplot(2,1,2); stem(f,S1),grid,
set(gca,'FontName','Arial Cyr','FontSize',10)
title('CnekTpanbHas NMOTHOCTbL MOLLHOCTH');
xlabel(*YacToTa (I'u)');

PaccmatpuBas puc. 5.38, MOKHO yOEIUTHCS, UTO CIIEKTpaJIbHAs MJIOTHOCTH MPakK-
TUYECKU OJIMHAKOBA IO BEJIMYMHE BO BCEM JIMANA30HE YACTOT, YEM U OOYCIIOBJIEHO Ha-
3BaHUE Mpoiiecca - "0enbIit mrym".

AHANOTUYHYIO0 TPOLENypy NpoBeIeM U C "MpopuiIbTPOBAHHBIM" MPOIECCOM
(puc. 5.39):

M eavne # H cnyyaWHoro cTauMaHAaAapHOTra NpoUgecca
0.0

EI'IE[TFIE.ﬂbHEH nnana@THGCTE M oWl HOCTH

HactoTa (lful

Puc. 5.39

Moagyne @1 cnydanHoro ctaymMoHapHoro npougecca
0.02 T T .

" sl ﬁmﬂm@wmz

CI'IEK'I'DBJ'II:HBH NnMAOTHOCTE MOLLHOCTK

10O

YacToTa ()
Puc. 5.40.

% BblBOA rpadnkoB NpodunbTPOBAHHOIO NpoLiecca

¢1 = fix(dovg/2)-200, c2 = fix(dovg/2)+200, length(f)
subplot(2,1,1); stem(f(c1:c2),A2(c1:c2)),grid,
set(gca,'FontName’','Arial Cyr','FontSize',16)

title('Mogynb ®U cny4yanHoro craumMoHapHoro npouecca');
subplot(2,1,2); stem(f(c1:c2),S2(c1:c2)),grid,
set(gca,'FontName','Arial Cyr','FontSize',16)
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title("CnekTpanbHasa nnotHocTb MowHocTH'); xlabel(*YacToTa ('w)');

IIpoBOAs 5T BBIYMCIIEHMS €IIE pa3 ¢ HOBOM JUIMTENBHOCTBIO mpouecca T=20 ¢
(cMm. puc. 5.40), MoxxHO HarnsaHO yoenuthcs, yto BenuunHbl U u CIIM npakTudecku
IIPH 3TOM HE U3MEHSIOTCS.

5.3.3. CraTucTu4ecKuii aHAIHU3

K 3amayam cTaTMCTHUECKOr0 aHajau3a MPOLIECCOB OTHOCATCS OMpPENEICHUE HEKO-
TOPBIX CTATUCTUYECKUX XapPAKTEPHCTHK IMPOIIECCOB, TAKUX, KAK KOPPEIALMOHHBIE Xa-
PaKTEPUCTUKH, CIEKTPATbHBIC TUIOTHOCTH MOIITHOCTH U T. .

B npenpiaymem pasnene yxe obutn onpenenensl CII cimydaitHoro mpouecca Ha
ocHoBe YycraHoBieHHOW cBsizu CII ¢ ®Dypbe-uzobpaxkennem. Opnako B Signal
Processing Toolbox npegycMoTpeHa cienuanbHas Ipoueaypa psd, mo3BostoIias cpasy
Haxoauthb CII curnana. OOpaileHue K Heil UMeeT BUA

[S.f] = psd(x, nfft, Fmax),

I7le X - BEKTOp 3a/laHHBIX 3HAUEHUH Ipolecca, nfft - 4uciao 3JeMEHTOB BEKTOpa X , KO-

TOpbIe 00pabaThIBAOTCS MPOLEAYpOil fft, F max = As - 3HAYEHUE YaCTOThI JUCKPETHU-

3anuu curHainy, S - Bekrop 3HaueHuid CII curnama, f - BEKTOp 3HaY€HUH YaCTOT, KO-

TOPBIM COOTBETCTBYIOT HalieHHbIe 3HaueHus1 CII. B obmem cioydae niuHa MOCIETHUX
JIByX BEKTOPOB paBHa nfft /2.

[IpuBenem npumep npuMeHeHus: npouenypsl psd nina Haxoxaenus CII npensi-

JYIIETO CIIYYalHOro Ipolecca:
[C.f] = psd(y1,dovg,Fmax);
stem(f(1:200),C(1:200)),grid,
set(gca,'FontName','Arial Cyr','FontSize',16)
title(’ CneKkTpanbHas nfoTHOCTb MOLWHOCTH');
xlabel(*HacToTa ('w)');

B pesynbTare noiayuuMm KapTUHY, PEACTaBICHHYIO Ha puc. 5.41

CNEKETPaNEeEHaA NNOTHOCTE MOW HOCTH

HacToTa (U

Puc. 5.41
Ecnu 1y e npoueypy BbI3BaTh 0€3 YKA3AHUS 8bIXOOHbIX 8elUYUH, TO PE3yJibTa-
TOM €€ BBIITIOJIHCHU CTAHECT 6616’606HM€ ZDCld)MKCl CH om yacmomal.
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Puc. 5.42

Hanpumep, obpaiiienue

psd(y1, dovg,

Fmax)

PUBEACT K IOCTPOCHUIO B rpadudeckoM okHe (purype) rpaduka puc. 5.42. [Ipu sTom

3naueHus CII OyayT oTkiaapiBaThCs B TorapupMUIecKoM MaciiTade B Aenuoenax.

AK® cnyyanHoro npovecca
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Puc. 5.43
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['pynna dyHKIUN Xcorr BerYuCiseT olieHKy Bzaumuoi KoppensiuuonHoit OyHk-

uu (BK®) nByx nmocienoBarensHocTeit x u y. OOparieHue ¢ = xcorr(x,y) BbIYUCTSET U
BbIZIaeT BEKTOp ¢ anuHbl 2N-1 3Hauenuit BK® BektopoB x u y nnunbel N. OOpaiieHue
¢ = xcorr(x) no3posisieT BbiuucauTh AK® (aBTOKOppEISIUOHHYIO (DYHKIUIO) MOCIEA0-
BaTEJIbHOCTH, 3aJJaHHON B BEKTOPE X.

Boruncoum AK® miist ciygaiinoro npoiiecca, chopMUPOBAHHOTO paHee:
R=xcorr(y1); tau=-10+Ts : Ts : 10; It=length(tau );

s1r=round(length(R )/2)-It/2; s2r=round(length(R )/2)+It/2-1;
plot(tau,R(s1r:s2r)),grid

set(gca, 'FontName', 'Arial Cyr', 'FontSize', 16)

title("AK® cnyuyanHoro npouecca'’), xlabel('3anasgbiBaHue (c)')

Ha puc. 5.43 npeacrapieH pe3yJibTaT IPUMEHEHUS TPOLETYPhI XCOTY.

5.4. Ilpoexmupoeanue puiompoe
5.4.1. ®opmbI npeacTaBiaeHus GUIbTPOB

U X npeodpa3oBaHus
CDI/IJ'IBTp KaK 3BCHO CHCTCMblI aBTOMATHYCCKOI'O YIHPABJIICHUSA MOKCT OBITH npea-

CTaBJICH B HCCKOJIBKUX 3KBHBAJICHTHBIX (bOpMaX, KaxJast U3 KOTOPLIX IMOJIHOCTBIO OIIN-
ChIBAcCT €Io.

B B Qpopme parmoHaNTBHON nepedamounoil hynkuyuu (tf - npedcmasnenue); €Ciu
3BEHO SIBJISIETCSI HEMPEPHIBHBIM (aHAJIOTOBBIM), TO OHO OIMCHIBAETCS HEIpe-
PBIBHOM TTepeIaTOYHON (PYHKIIUEH

Cb(s) _ b(1)-s" +b(2)-s" .+ b(m+1)
a(s)  a()-s" +a)-s"" +..+an+1)
a B clly4ae JUCKPETHOTro (PrIbTpa MOCISAHUN MOXKET ObITh MPEICTABJICH JIHC-
KpETHOI nepenaTouHon GyHKIHMer Buaa
b(z) bD)+bR2)-z ' +. . +bm+1)-z"
Z)= =
a(z)  a()+a2)-z" +.+an+1)-z7"
B 000X Ciyyasx JJis 3aJJaHus 3B€Ha JOCTATOYHO 3a7aTh JIBa BEKTOpPA - BEKTOP
b k03P PULIMEHTOB YUCIUTENS U @ - 3HAMEHATENS IEPeIaTOYHON (DYHKIINH;
B B BUJIC PaA3NIOKEHHs NEPEeNaTOYHOM (PYHKIUU Ha MPOCThbIE ApOOH; B cllydae

MPOCTBIX KOPHEH TaKoe pa3joKeHHe uMeeT BUA (IUIsl JUCKPETHOH nepeaaToy-
HOM (PyHKIUN):

bz r) bt r(n) k(D) +k(2) 27 4
a(z) 1-p(l)-z~ 1-pn) -z~ (5.36)

—(m-n) .

wetk(m—n+1)-z ;
B 3TOH (popMe 3BEHO OMUCHIBACTCS TPEMS BEKTOPAMH: BEKTOPOM-CTOJOIIOM F
BBIYECTOB TEPEIaTOYHON (PYHKIIMH, BEKTOPOM CTOJIOIIOM p TIOJIOCOB M BEKTO-
poM-cTpokoil k Kod(PIUIIMEHTOR IMEIONW YacTH APOOHO-PAIIMOHAIBHON (PYyHK-
LUH;

W(s) (5.34)

; (5.35)
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B B kackagHoOU ¢opme (sos - npedcmasienue), Korjaa nepenaTodHas (QyHKIUS
3BEHA TPEJICTAaBIICHA B BUJC MIPOU3BEICHUS IMEPEAATOYHBIX (QYHKIMI HE BBIIIC
BTOPOTO TOPSIKA:

L 2
H(Z)=]£[1Hk(2)=

L bOk +blk'2_1+b2k'2_ (5.37)

-1 -2 >
k:1a0k +a1k‘Z +a2k‘Z

napaMeTpsl KacKaJHOTO NPEJICTaBICHUS 3a/1al0TCA B BUJAE MATPHIBI SOS, CONEp-
Kallel BelleCTBeHHbIE KO (PUIIMEHTHI:

bo1by1by1a, 0114y,

b ~b,b
cos =| 022 220052412027 : (5.38)

| Dorbipbrpas anpayy |
B B IpOCTPAHCTBE COCTOSIHUM (SS -npedcmasnenue), T. €. ¢ IOMOIIBIO YpaBHEHUM

3BeHa B hopme
X=A-x+B-u
; (5.39)
y=C-x+D-u
B 3TOM popMe 3BEHO 3a/1aeTCs COBOKYITHOCTBIO YeThipex Marpull A,B,C u D;
B nyTem 3a7aHus BEKTOPOB Z HyJIEH nepeaTouHoN (pyHKINHU, p - €€ MOIIOCOB U

k - koappuruenTa nepenayu 3BeHa (zp - npeocmasienue):
sy — L5201 Ls =2+ [s = =(m)] (5.40)
[s = p]-[s = p(2)]---[s = p(n)]

B pemeruaroe latc-npedcmasnenue; B 3TOM Cllydae permieTdaTsii GuibTp 3ama-
eTcs BeKTopamu k K0d(PPHUIIMEHTOB 3HAMEHATEIS PEIIeTUYATOTO AUCKPETHOTO
bunpTpa U v - K03GGUITMEHTOB €ro YUCIUTENS; KOd(PIUIIMEHTHI k pelieTyaTo-
ro MPEACTABICHUS] HEKOTOPOTO MOJUHOMA C KO3 puimeHTamMu, npecTaBicH-
HBIMH BEKTOPOM @, OTPEACIIAIOTCS MO0 TOMY BEKTOPY C TOMOIIBIO PEKYPCHUB-
HOro anropurMa JIeBUHCOHa.

ITaker SIGNAL npenocTaBisieT IMOJIb30BATEIIO P MPOLEAYP, MO3BOJISIIOIINX

npeoOpa3oBaTh 3B€HO ((HUIBTP) U3 OJHON POPMEI B APYTYIO.

IIpoyedypwi npeobpazosanus k tf-gpopme

1. Ilpouenypa zp2tf OCyIIECTBISCT BBIYMCICHUS BEKTOPOB b K03 HUIIMECHTOB
YUCIUTENA U @ 3HaMeHarens mnepenatouHoil pyunkuuu B ¢popme (5.34) mo M3BECTHBIM
BEKTOpaM Zz €€ HyJIeH, p - ee TIOJIIOCOB U k - kodpduiieHTy ycuneHus 3seHa. Oopariie-
HUE K MPOoLeype UMEET BUI:

[ b, a] =zp2tf( z, p, k).

B o6miem cirygyae MHOTOMEpPHOTO 3BeHa BEJIMYHMHA Z ABJISAETCS MATPUIICH, YMCIIO
CTOJIOIIOB KOTOPOM JOJDKHO OBITH PAaBHO YHCITY BBIXOJOB. Bektop-cronbenn k& coxmep-
KUT KOIPPUITUEHTHI YCUIICHHS 110 BCEM BBIXOJaM 3BEHA. B BEKTOpe @ BBIIAIOTCS BBI-
YHUCJICHHbIE KOA(P(UIIMEHTH 3HAMEHaTess, a Martpuia b coiepkut Ko’ OUIIMEHTHI
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guciuteneit. [Ipu 3ToM Kakmast CTpoka MaTPHIBI COOTBETCTBYET KO3(PPHUITMEHTAM YHC-
JIUTENA 1 OTJICIbHON BBIXOAHON BEJIMYUHBI.

2. Ilpouenypa ss2t¢f npeoOpa30BbIBAET ONMUCAHKE 3B€HA (CUCTEMBI) U3 MPOCTPAH-
CTBa cOCTOsIHUI B popMy nepenaTounoit pyHkuuu. OOpailieHrue K Heil BUia

[b,a]=ss2tf (A, B, C, D, iu)

MO3BOJISIET HaTH Kod(puimentsl yucnureneit (b) u 3HaMeHarens (a) mepeaaToYHbIX
(GYHKIUNA CUCTEMBI IO BCEM BBIXOJIHBIM BEJIMUMHAM M IO BXOJYy ¢ HOMepoM "iu", eciu
3aganbl MaTpuisl A, B, C, D onucanus cucteMsl B Buje (5.39).

3. [Ipouenypa sos2¢f no3BOJIAET HAWTHU MEpPEAATOYHYIO (DYHKIHIO 3BEHA IO 3a-
JAHHBIM TIapaMeTpaM KackagaHou GopMel. J[J1s 3TOro Hamo 0OpaTUTHCS K ATOM MPOTIETY-
pe TakuM 00pa3oMm:

[ b, a] = sos2tf ( sos),

I7ie SOS - 3aJlaHHasi MaTpulla kackagHou Gopmel (5.38).

4. C momotipto nporeaypsl latc2tf Mo>XHO BBIYUCTUTH KOADPUIIMESHTH YHCIIUTE-
7 ¥ 3HaMeHaTess nepeaaTouHon Gynkuuu (5.35) mo koadduimeHTaM 3HaMEHATENs U
yUCIUTENS perieryaToro ¢puibTpa. [Ipu 3TOM oOparnieHue K Hel JOKHO UMETh OJUH U3
BU/JIOB:

[ b, a] = latc2tf( k, v)

[ b, a] = latc2tf( k, "iir")

b = latc2tf( k, 'fir")

b = latc2tf( k).

[lepBbIil BUJ MCHONB3YyeTCA, €ClM 3a7aHbl KOI(PPUIUEHTH PEeUIeTYaToro mnpei-
CTaBJeHUS U yucauTeas v u 3HameHatens k BUX-punbtpa (unbrpa ¢ beckoneunoit
NmnynbcHOM XapakTepuCTUKON ).

Bropas dopma - ecniu pemeruatsiii BUX-GunbTp umMeeT ToabKO MOTIOCH.

Tpetbst u yeTBepTas GOpMBI MPUMEHSIOTCA I BBIUKCICHUS KOIPPHUIIMEHTOB
nepenarouHon Gpynkiuu pemerdaroro KUX-dunstpa (¢ Koneunoit UmnynscHoi Xa-
PAKTEPUCTUKON).

5. Haxoxnenue kod()PUIMEHTOB NepenaToyHo (PyHKIMU 1Mo KoddduimeHTam
pasnokeHus ee Ha TpocThie ipodu (5.36) oCyIecTBISETCS UCTIOIb30BaHUEM (DYHKITUN
residue u residuez. 1lepBasi mpuMeHsieTCsS A1 HEMPEPHIBHOW MEPEAaTOUYHON (HyHKIUU
Buna (5.34), Bropas - i quckpeTHou mepenarounor Gpynkiuu (5.35). [Ipu oOpare-
HUU BUJA

[ b, a] = residue( t, p, k)

[ b, a] = residuez( r, p, k)

BBIYUCIISIOTCS KOA(DDUIIMEHTHI YUCIUTENS U 3HAMEHATENs MepeAaToyHON QyHKIUU 110
3aJlaHHBIM BEKTOPAM €€ Pa3JIOKEHHS - BBIUETOB T, IMOJIIOCOB P U KO3 PUIIMEHTaM lie-
noi yactu k.

C nomoupbto mex dice npoyedyp OCyulecmensemcs pa3ioxcenue 3a0anHol nepe-
0amoyHoU QYyHKYuU Ha npocmole OpoouU.

[Tpu aTOM OOparieHne K HUM JOHKHO OBITh TAKOBBIM:

[ 1,p, k] = residue(b, a)
[ 1, p, k] =residuez( b, a).
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IIpouedypwi nepexoda om_tf - hopmwl k Opyeum

1. Boiuucnenue Hynei, nonocos u ko3gouyuenmos ycuieHus 3B€Ha C 3aJaHHON
nepe1aTroyHor (yHKIHMEH MOXHO OCYIIECTBUTh, IPUMEHSS Npouenypy #f2zp B Takoi
dbopwme:

[ z p, k] =1tf2zp(b, a).

ITpu sTOM BekTOp Z OyIeT coAepKaTh 3HAUECHUS HyJIeH nepeaaTouHON QyHKIUH C
KO3(QPUIMEHTAMH YUCIUTENS b ¥ 3HAMEHATeNsl a, BEKTOp p - 3HAUYEHHUS IOJIIOCOB, a k
Oynet paBeH KO3 PUITMEHTY YCUIICHUS 3BEHA.

2. Haxoxnenune matpun A, B, C u D, onuckiBaromux 3B€HO C 3aJJaHHON nepeaa-
TOYHOM (YHKIMEN B BHUJIE COBOKYMHOCTH AU(epeHLHaIbHbIX ypaBHEHUN B (opme
Komm (5.39), ocyiiecTBUMO ¢ MOMOIIbIO Tipotienypsl #f2ss. Ecnu oOpaTuthes K Heil B
dbopme

[A, B, C, D] =1#f2ss(b, a),
rae b u a - COOTBETCTBEHHO BEKTOPHI KO3 (DUIIMEHTOB YUCIUTENS U 3HAMEHATEs TIepe-
JaTOYHON (PYHKIIMH, TO B pPE3yJIbTaTe MOJYYHMM HMCKOMbIE MATPHUIBI B YKa3aHHOM IIO-
pAake.

3. Buiuucnenue xkoagpguyuenmos pewemyamozo guibmpa TO 3aJaHHOU JHC-
KPETHOM MepeNaTOYHOW (PYHKIMH MOXXHO OCYIIECTBHTH MPU MOMOIIM MPOLETYPHI
tf2latc, oOpamasch K Hel Tak:

[ k, v] =tf2latc( b, a)

[k, v]=tf2latc( 1, a)

k=1t2latc( 1, a)
k = tf2latc( b).

[lepBoe oOpanieHue Mo3BoOJISAET BRIUUCIUTH KO3PGULMEHTHI k 3HaMeHaTeNns U v -
yucnurens pemerdaroro bUX-dunbrpa (Mogenb aBTOperpeccuu CKOJIb3SILEro CpeIHe-
ro). OOpaiienre BoO BTOpoil (hopMe JaeT BOZMOXKHOCTb ONPEETUTh BEKTOP KO3 hULU-
€HTOB 3HaMeHartens K u ckansipHblii KoaduiueHT v, koraa BUX-hunsTp umeeT ToabK0
noJitochl (He uMeeT Hyzeil). B Tpetbeil popme onpenensroTcss TOIbKO KO3(P(HULIUEHTHI
3HaMeHaress pemerdyaroro guibrpa. Hakonen, yetBepTas (opma nmpenHa3HaueHa s
HaxoxaeHus: Bekropa k ko3pduuumentoB pemeryaroro KMX-punbrpa (3agaBaeMoro
TOJIbKO BEKTOPOM b KO3 PUIIUEHTOB YUCIUTEIS TePeIaTOUHON HYHKITUN).

Hpyeue npeobpaszosanus

1. Boiuucnenue xodppuyuenmos peuwtemuamozo npedcmasieHus no Ko3@p@uyu-
eHmMam NOJUHOMA MOKHO OCYIIIECTBUTH, UCTIONB3Ys (GyHKIUIO poly2rc. OOpaiienne

k = poly2rc( a)
MO3BOJIAET HANTH KOA(DPUIIMEHTHI perieTyaToro npeacraricHus k mo koadduimentam
@ 3aJJaHHOTO TIOTMHOMA. BEKTOp a JOKeH cofepKaTh TOJIBKO BEIIECTBEHHBIC DJIEMEH-
TBI U JIOJDKHO BBITIONMHATHCS ycnoBue a # 0. Pasmep BekTopa k Ha eAWHMIy MEHbIIE
pa3Mepa BeKTopa a Ko3QPHUIIMECHTOB MOJUHOMA.

[To xo3ddummenTaM pemeTdaToro NpeaCTaBICHUs OYEHb MPOCTO OIMPEICIHTh,
HaXOSTCS JIM BCE TOJIOCHI BHYTPH €AMHUYHOTO Kpyra. J[Js 3TOT0 T0CTaTOYHO MpOBe-
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pPHUTH, UTO BCE 3JIEMEHTHI BEKTOpa K 1Mo abCOMIOTHON BEMUYMHE HE MPEBHIIAIOT ¢IHHH-
IIBI.

OOpatHas 3a1a4a bluUCIeHUss KOIDDUYyUeHmos noauHoma no Kodpouyuenmam
peulemyamozo npeocmasieHus peniaeTcs myTeM npumMeHeHust GyHkuuu re2poly:

a = rc2poly(k).

2. Ilpouenypa sos2ss onpedensem mampuysl (5.39) A, B. C u D, onucvisaroujue
36€HO 8 npocmpancmee cocmosanul, no 3adannou mampuye SOS KackaoHou Gopmbl
(5.38):

[A,B,C,D] = sos2ss (SOS).

OneMeHThl MaTpullbl SOS OJKHBI OBITH BEIECTBEHHBIMHU.

OOpatHbI IEPEeX0/1 OCYIIECTBIACTCA MPU TOMOITU QYHKIIUU SS250S

SOS = ss2sos(A,B,C,D).

3. OyHKIUS $0S2Zp AA€T BO3MOKHOCTh onpeneauTs (5.40) BEKTOPHI z HYJIEH, p -
MOJIFOCOB M KOA(DPUIIMEHT yCUIIeHHs k 3B€HA, 3aIaHHOI0 KackaJaHou (opmoil nepena-
TouHOM yHKIMH (T. €. MaTtpuiiet SOS (5.38)):

[z,p,k] = sos2zp (SOS).

OOpatHbIi IEpPEexX0/1 OCYIIECTBISETCS MTPU MOMOITH GYHKIIUU ZP2S0S

SOS = zp2sos(z,p.k).

4. Haxoorcoenue Hynet z, nonocos p u kodgguyuenma ycunrenus k 36ema no e2o
ONUCAHUIO 8 NPOCMPAHCMEBE COCMOSHUN MOKHO TIPOU3BECTH MTyTEM OOpaIlleHUs K MPO-
neaype ss2zp mno hopme

[z,p,k] = ss2zp (A,B,C,D, iu),

/I iU - HOMEep BXO0/1a, IO KOTOPOMY HUIIETCs mepeaaTouHas (pyHKITus.

OO6paTtHOe npeoOpazoBaHUE OCYIIECTBIISIETCS MIPOLEAYPOH Zp2ss:

[A,B,C,D] = zp2ss (z,p,k).

5.4.2. PazpaboTka aHAI0TOBBIX QUIBLTPOB

Iens pa3paboTku (HUIBTPOB 3aKIIOYACTCS B OOCCIEYCHHUH YaCTOTHO-3aBUCH-
MOTO W3MEHEHHMs 3aJJaHHOM MOCIe0BaTeIbHOCTH JaHHBIX (curHana). B mpocreiiem
city4ae pa3paboTKu (UIbTPA HU3KUX YACTOT IIENIbIO SIBISETCS TTOCTPOCHUE TAKOTO 3BE-
Ha, KOTOpOoe o0ecnedymsio Obl OTCYTCTBHE aMILTUTYIHBIX MCKKEHUM BXOJHOTO CUTHAJA
B oOsactu 9actoT oT () 10 HEKOTOPOI 3a1aHHOM 1 d(PPEKTUBHOE MOJABICHUE TAPMOHU-
YECKUX KOMIIOHEHT ¢ 00Jiee BHICOKUMHU YaCTOTaAMHU.

AHanoroBbIl (PUIBTP MOXKET OBITh MPEACTABICH HEMPEPHIBHOM MepeaaToqHOM
byHKIIHEH:
W(s) = Y(s) _ M(s))

X(s) N(s)

rae Y(s) u X(s) - uzobpaxenus mo Jlammacy cOOTBETCTBEHHO BBIXOJHOTO M BXOJTHOTO

(5.41)

curHaioB puibTpa, a M (s) u N(s) - TOJIMHOMBI OT 's' COOTBETCTBEHHO B UUCIIUTEIIC U
3HaMeHareJe epeaaToYHON (PyHKIUH.



5.4. MpoekmupoegaHue uLmMpos 228

B kauecTBe OCHOBHBIX XapaKTEPUCTHK (PUIIbTpa OOBIYHO MPUHUMAIOT TaK Ha3bI-
BaeMyw "xapakxmepucmuky zamyxanusa" A(w), KoTopas SIBISETCS BEIMYUHOU 00part-

HOW MOJYJIIO YaCTOTHOM nepenaTtounoil pynkuuu W (s) u uamepsiercs B renuodenax:

A(@)=20-1g{ W (o) }=10-1gL(@?), (5.42)
"¢azosyro xapaxmepucmuxy"” H(w):
Hw) =arg(H (jw)) (5.43)
U "xapaxmepucmuky epynnosou 3a0epicku' T
r= 8@ (5.44)
do
OYHKIHIO L(s*) = [H(S) . H(—S)]_l (5.45)

Ha3bIBAIOT QYHKYUEU 3amMyXaHUsl.
HerpynHO MOHSTH, 4TO €ClU z; SBJISIIOTCA HYJSIMU IEpeAaTOuyHON (QyHKIUM

W(s),a p; - ee moarocamMu, TO HyJIsIMU (DyHKIUM 3aTyxaHus OyayT * p;, a onrocaMu
Tz

A(w) Ay
=
o, & o~ o
a) o)
|
e Alo)
0 L] < Do e L
B) r)
Puc. 5.44

Wneanbusiii punbTp HU3KUX yacToT (PHY) npomyckaeT TOIbKO HU3KOYAaCTOTHBIE
coctaBistoniye. Ero XxapakTepucTuka 3aTyXaHHsl MUMEET BHUJ, IMOKa3aHHBbIA Ha pHC.
5.44a. lnana3oH 4dactotr oT 0 10 @_ HA3bIBACTCS MOJOCOU NPONYCKAHUS, OCTAIBHOU

YaCTOTHBIN AUaria3oH - noJocou 3adep9fcu6anu;z. FDGHMMCI Me:)fcdv dMmumMu _nojiocamu
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(w_) Haszvigaemcs yuacmomoti cpeza. AHAIOTUYHO, UCATbHBIC (PUIHTPHI BHICOKHUX Yac-

toT (PBY), M010CcOBOI U PEKEKTOPHBIN MOXKHO ONPEACIUTh KaK (GUIBTPHI, UMEIOIINE
XapaKTEePUCTUKH 3aTyXaHHUsl, IOKa3aHHbIE HA puUcC. 5.446, ¢ u .

Alw) A(w)

Al®) Alo)

Puc. 5.45

Peanpuniii ®HY oTnugaeTcs oT MIeadbHOTO TEM, UTO:

B 3aTyxaHHe B [I0JIOCE MPOITYCKaHUs HE PaBHO HYIIO (Ieruoen);

B 3aTyXaHHE B M10JIOCE 3a/I€PKUBAHUS HE PAaBHO OECKOHEYHOCTH;

B nepexos OT MOJOCHl MPONYCKAaHUS K IMOJ0CE 3aJEPKUBAHUS TPOUCXOAUT IO-

CTENEHHO (HE CKauK0OOpa3Ho).

Bo3MOXXHBIN BUJ XapaKTEpUCTUKU 3aTyXaHUs peaibHOTO (UIbTpa MPUBEICH HA
puc. 5.45a. Ha Hem 0003Ha4YeHO:

B @, - rpaHUYHAs YacTOTa MOJIOCHI POy CKaHUS;

B ¢ - rpaHUYHAs 4acTOTa IOJIOCHI 33a1CPKUBAHUS;

B R, - MaKCUMaJIBHOE ITOJIABJICHHUE B I10JIOCE MTPOITYCKaHUS;

B Ry - MUHUMAQJIBHOE NOJABJICHUE B II0JIOCE 3aI€P/KUBAHUS.

Yacrora cpe3a @_ B 3TOM cily4ae SBJIIETCS YCIOBHOM T'PAHULIEH MEXIY I0J0ca-
MU TPOIYCKAaHUS U 3a/I€PKUBAHUS, KOTOPAsl ONpeaesieTcs JM00 Mo YPOBHIO MOIaBIie-
Hus B 3 1B, 1o Kak /@pwg B IIUNTUYECKUX HIbTPAX.
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TunuuHble XapaKTEPUCTUKU 3aTyXaHUs PEATbHBIX (PUIBTPOB BBICOKMX YaCTOT,
MOJIOCOBBIX U PEKEKTOPHBIX MPEJCTABICHBI HA pUC. 5.45 6, 6 U 2 COOTBETCTBEHHO.

Annpoxcumayueil ¢purbmpa Ha3bIBAIOT peaATU3yeMyI0 MepeaaToOuHy0 (YHKIIUIO,
y KOTOpO# rpaduk XapaKTepUCTUKU 3aTyxaHus A(w) Kak QyHKIHS OT YaCTOThI MpH-

OJIMKaeTcss K OJHOM M3 MACAIbHBIX XapakTepUCTHK puc. 5.44. Takas nepemarodHas
(GYHKIMS XapaKTepu3yeT YCTOWYMBOE (DU3MUECKU peaanu3yeMoe 3BEHO U JOJDKHA YJOB-
JETBOPATH CIAEAYIOIIUM YCIOBHSIM:
B oHa JOKHA OBITH pallMOHANBHON (PYHKIIHMEH OT § C BEIIECTBEHHBIMH KO3 hu-
LUEHTaMU;

B ce MOIIOCHI T0JKHBI JIEKATh B JIEBOM MOJMYINIOCKOCTH S- IUIOCKOCTH;

B creneHb MOJMHOMA YUCIUTENS JOJKHA ObITh MEHBIIEH WM PaBHOW CTEHECHH
MOJINHOMA 3HAMEHATEJIS.

B nakere SIGNAL npeaycMOTpeH psll MPOUEAYpP, OCYHIECTBISIONIMX pacuer
AHAJIOrOBBIX aNIPOKCUMALUH (PUIBTPOB HU3KHUX YACTOT.

I'pynna npouenyp buttord, cheblord, cheb2ord, ellipord ncnons3yercs ais on-
peAelieHdss MUHUMAJIBHOTO TMOPSAKAa M 4YacTOThl Cpe3a aHajJoroBOTO WM LH(PPOBOIrO
(GuibTpa Mo 3aJaHHBIM TPEOYEMbIM XapaKTepUCTUKaM (QUIbTPA:

W5 - IpaHUYHON YacTOTE NPOIYCKAHUS,

W - rpaHMYHON YacToTe 3aep>KUBAHUS;

Rp - MakcHManbHO IOMyCTUMOMY IMOJABJICHHIO B TIOJIOCE MPONyCKaHus, Ab;

Rs - MUHUMaIBHO 1O0MyCTUMOMY MOJIABJICHUIO B TIOJIOCE 3aepKUBaHusl, 1b.

Bce stu mpouenypbl nmpeaHazHayeHbl 71 BBIYMCIIEHHS] COOTBETCTBYIOIIEH ar-
npokcumanuu OHY, ®BY, noi10coBbIX U peKEKTOPHBIX (GUIBTPOB MUHUMAIBLHOTO MO-
pAanKa.

Oynkuus buttord onpenenseT MOPSIAOK 7 U 4aCTOTy cpe3a W, s anmpoKcuMa-
MU B BUJIE aHAOroBoro gpuibTpa barrepopra mpu oOpaiieHnn BUaa:

[n, Wn] = buttord(Wp,Ws,Rp,Rs,'s"),
npu 3ToM 3HadyeHust yactor Wp,Ws HomKkHBI OBITH 3a7laHbl B pajdaHax B CEKYHIy, a
3HAYEHHE 4acTOThI cpe3a Wn Takxke IoaydaeTcs B paaraHax B cekyHay. s @BY se-
ananHa Wp aomkHa npessimath Ws. s MOJ0COBBIX U peKEeKTOPHBIX puiibTpoB Wp 1
Ws nomKHBI OBITh JIBYX2JIEMEHTHBIMU BEKTOPAMH, OMPEISISIONIMMU TPAaHUYHBIC Yac-
TOTBI II0JIOC, IPUYEM IIEPBOM JTOJKHA CTOSITH MEHbLIAs YacToTa. B 3TOM ciyyae mapa-
MeTp Wn, BBIUKCTSEMBIN MPOIIEAYPOM, TIPEICTABISAET COO0M MBYXJIEMEHTHBIN BEKTOP-
CTPOKY.

AHJIOTUYHO UCTONB3YIOTCA Tipouieaypbl cheblord, cheb2ord, ellipord, xoto-
pBI€ OINPEAETSIOT MOPSAOK aHANIOTOBBIX (GUIbTPoB YeOblmeBa 1-ro U 2-ro TUIIOB | 3JI-
JUNTUYECKOTO (PUIIBTPA COOTBETCTBEHHO.

Bropas rpynna npoueayp mo3BoJsieT ONpeleInuTb BEKTOPBI z HYJEH, p -TIOJII0COB
U K03 (pULMEeHT ycuiieHnss k& OCHOBHBIX allPOKCUMAlUi JTUHEHHBIX (HUIBTPOB 3a/1aH-
Horo nopsanka n. K takum npouenypam otHocstcs besselap, buttap, cheblap, cheb2ap
u ellipap. Bce onu cozoarom guromp nuszxux wacmom (ODHY) ¢ wacmomotii cpesa, pas-
Hoti I paduatn 8 ceKyHOy.

[Ipouenypa besselap nytem oOpanieHust K Hel
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[ z, p, k] = besselap(n)

BBIYMCIISICT HYJIM M TOJIOCHl aHajmoroBoro ¢unetpa beccens, mpouenypa buttap nipu
MIOMOIIY aHAJIOTHYHOTO oOpaieHus "co3aaer" aHanoroBsiii puiibTp barrepBopra.

AHanoroBbiii mpototun ¢uiabTpa YeOblmeBa HUKHUX Y4acTOT 1-TO THMa, UMEIo-
MMM MyJbcallid B MoJioce mponyckanus He Oosnee Rp nb, "cozmaercs" mpouemypoit
cheblap Taxum oGpazom:

[ z, p, k] = cheblap(n, Rp).

®HY YeoOrimiea 2-ro TUIA, UMEIOIMINWNA BEIUYUHY MOJIABJICHUS B MOJIOCE 3a/Iep-
»kuBaHus He MeHee Rs 1b, "cozmaercs" ncnonb3oBaHueM npouenypsl cheb2ap tak:

[ z, p, k] = cheb2ap(n, Rs).

[Ipouenypa ellipap mytem oOparieHus K Hel

[ z, p, k] = ellipap(n,Rp,Rs)

JTae€T BO3MOXKHOCTh HAWTH HYJIW U ToJtOck amuntudeckoro ®HY, obecneunBaroiiero
nyJIbCallud B TOJIOCE MponyckaHus He Oonee Rp ab u nmogasneHue B mosuoce 3aepKu-
BaHus He MeHee Rs nb.

Tpetsio Tpyniy oOpa3yroT NPOLEaYpPbl, O3BOISIONINE IEPECUUTATh MapaMeTPhl
paccuntanHoro ®HY m3BecTHOM anmpoKCUMaluy ¢ 4aCTOTOM cpesa, paBHoi 1, B @HY,
®BY, nosocoBoit win pexeKTOpHbIN GUIBTP C 3aJaHHON YacTOTOM cpe3a. ITa rpyIia
coctouT u3 npouenyp Ip2ip, Ip2hp, Ip2bp v Ip2bs. TlepBas 06pa3yeT GUIBTP HIKHUX
4acToT, BTOpas - ®BY, TpeThs - mosiocoBod (UIBTp W YETBEpTas - PEKEKTOPHBIM
bunbsTp. O6paienue k nporeaype Ip2lp moxer umets ABe HOPMBI:

[bt, at] = Ip2Ip(b, a, Wo)

[At, Bt, Ct, Dt] = Ip2Ip(A, B, C, D, Wo)

[lepBast popma npumensiercsa npu 3aganuu ucxognoro ®HY (c gacroToii cpesa 1
pazn/c) B Buae Ko3(PGUIIMEHTOB YUCIUTENS @ U 3HameHatenss b. Wo B 3TOM cilydae O3Ha-
YaeT KEJIAEMYI 4acToTy cpes3a noaydyaemoro @HY. Pe3ynbraToM SIBISIOTCS BBIYMC-
JICHHBIE 3HAYEHUS BEKTOPOB KOA(PPUIIMEHTOB YUCTUTENS - af U 3HaAMEHaTeNs -bt moiy-
yenHoro @HY.

Bropas popma npumenserca npu 3ananuu ucxogHoro ®HY B npocTtpaHcTBe co-
cTtosiHui. Pe3ynbTaT nosyyaercs Takxke B (hopMe MaTpHIL MPOCTPAHCTBA COCTOSTHUM.

[Tpumenenue npouenypsl Ip2hp popmupoBanus @BY 1moaHOCTHIO aHAIOTUYHO.

[Ipouenypa Ip2bp bopmupoBaHus MOIOCOBOTO (GUIBTPA TOKE UMEET JBA BHUA
BBI30BA:

[bt, at] = Ip2bp(b, a, Wo, Bw)

[At, Bt, Ct, Dt] = Ip2bp(A, B, C, D, Wo, Bw),
rae cMbIcH napamerpa Wo HECKOJIBKO MHOM - 3TO LIEHTPAJIbHAS 4acTOTa ITOJIOCHI MPO-
nycKaHus, a Bw o3HavaeT mUpUHY MOJIOCHl MPONyCKaHus. B ocTaibHOM 0COOCHHOCTH
WCIIOJIb30BaHUS U CMBICT 0003HAYCHUN COXPAHSIETCS IPEHKHUM.

Hcnonb3oBanue QyHkiuu Ip2bs npoeKTUPOBAHUSL PEKEKTOPHOIO THUIMA MOJIHO-
CTBIO AHAJIOTUYHO, 3a UCKJIKOYEHUEM TOro, 4To napamerpel Wo u Bw B 3TOM ciydae
MMEIOT CMBICII LIEHTPA MOJIOCHI 3aJEP>KUBAHUS U €€ IIHPHUHBI.

Crnenyrolnyro 4eTBEpTyI0 TPyHIy oOpa3yloT MNpOUEeAypbl MOJHOW pa3pabOTKu
GUABTPOB yKa3aHHBIX ANMPOKCUMAIUMK MO 3aJaHHBIM MOPSAKY M 3HAYEHHUIO YacCTOTHI
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cpeza Wc. B Hee Bxoasat npouenypsl besself, butter, chebyl, cheby2 u ellip. O06mum
JUISl BCEX UX SIBIISIETCS CIIEYIOLEE:

B ¢ ux nomoupo MOXHO npoektupoBarts PHY, ®BY, 11o10coBbIE U PEKEKTOP-
HBIM QUIBTPBI COOTBETCTBYIOLIEH anmnpoKCUMAaIK; eciu napametp Wc sBis-
€TCsl CKaJsipoM M He yKa3aH mociyie Hero ¢iaxok 'high', To mpoektupyercs
®HY c¢ gacroToii cpeza Wc; ecnu ke yka3aHHbIN (1akoK B 0OpaIlieHUH €CTh,
TO B pe3yJibrare npoektupyercs @BY; ecnu napamerp Wc 3a1aH Kak BEKTOP
U3 JBYX BEJIUYMH, TO PE3yJIbTATOM BBIYMCIICHUH SABIISIIOTCS NapameTphl MOJIO-
coBoro ¢uibTpa ¢ nosnocoil npomnyckanus W1<w <W?2, rne WI - nepssiii
AIIEMEHT 3TOr0 BEKTOpa, a W2 -BTOpPOMl AJEMEHT; HAaKOHEI|, €CIU JIOMOJHU-
TEJIBbHO K 3TOMY B KOHIIE CIUCKa BXOJHBIX MapaMeTpoB ykazaH "¢iaxkok"
'stop’, TO pacCUMTHIBAIOTCS MapaMETPhl PEKEKTOPHOro (UIBTpa ¢ MOJOCOH 3a-
JIep>KUBaHMS, YKA3aHHOM 3JIEMEHTaMU BekTopa Wce:

B pe3ynbTaThl pacuera GUiIbTpa MOTYT UMETh TPU (POPMBI B 3aBUCUMOCTH OT TO-
ro, Kakoe KOJIMYECTBO MapaMeTPOB YKa3aHO MpU OOpallleHUH K Mpoueaype B
KAaueCTBE BBIXOJIHBIX, HAIIPUMED:

[b, a] = besself(n, Wc, 'ftype")
[z, p, k] = besself(n, Wc, 'ftype")
[A, B, C, D] = besself(n, Wc, 'ftype');
€CJIM yKa3aHO JIBa BBIXOJHBIX MapaMeTpa, TO UM OYAyT MPUCBOEHBI 3HAUCHUS
KOA(PUIIMEHTOB YUCIUTENS U 3HAMEHATeNs MepenaToyHol (QyHKIUU (PUiIbT-
pa; MpU yKa3aHUU TpeX MapaMeTpoB Ha BBIXOJI€, OHU MPUMYT 3HAYCHUS BEKTO-
POB HyJIeH, OJMIOCOB U KO3(PPUIIMEHTA YCUIIEHUSI PUIIBTPA; €CIIU K€ BBIXOJOB
YKa3aHO Y€ThIPE, TO UMU CTAHOBSITCSA 3HAUYCHUSI MAaTPUIl MIPOCTPAHCTBA COCTOSI-
HUU TIPOEKTUPYEMOTO (DUIBTPA;

B ouTH BCE OHU MOTYT MPUMEHSTHCS JJISI TPOCKTUPOBAHUS KaK aHAJIOTOBBIX,
TaKk U UUPPOBBIX (PUIBTPOB; YTOOBI C UX MOMOIILIO "CO3/1aTh" aHAJIOTOBBIN
GbunbTp HEOOXOAMMO B YHUCJIO BXOJHBIX MapaMeTPOB MPOUEAYPHl MOCICTHUM
BKJIIOYUTH cClenuabHbId "daaxok" ('s'); UCKIIOUEHHE COCTaBISIET (PUILTP
beccens, ananora koropomy B 1iudpoBoit (hopMe HE CYIIECTBYET.

5.4.3. IIpoexTtupoBanue bBUX-puasTpos
Koneuno#t 3amaueii mMpoeKTHpPOBaHUS JTUHEHHOTO IUGPPOBOTO (PHIbTpa Oyaem
CUMTATh pacueT 3HAUCHHUH 3JIEMEHTOB BEKTOPOB b UMCIIUTENS U @ 3HAMEHATEIS ero JIUC-
KpeTHoM nepenatounoit pynkuuu G(z), 3anucanHoit B Buze (5.7)
-1 -

G(z) = y(z) _ b,+b -z +..+b, -z

m

X(2) a,+a;-z ' +..4a, -z
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Ecnu 5T1 1Ba BEKTOpa U3BECTHBI, OCYILIECTBIEHUE CaMOl (PUIIbTpaIiu, KaK ObLIO
CKa3aHO paHee, IPOUCXOJNUT IPUMEHEHUEM NIPOLIEAYPHI filter, B KOTOPOU apryMeHTaMu
BBICTYIIAtOT 3TH BEKTOPBI.

HanomuuM, uTo npeacraBineHHast AUCKPETHAs NepeaTouHas (pyHKIHs ONKChIBa-
€T B ckaTol (hopMe Takoe KOHEYHO-PA3HOCTHOE ypaBHEHUE (QUIIbTpa

a, - y(k)y+a;-ytk-1)+a, -y(k=2)+.+a, -y(k—n)=
=b, - x(k)+b, -x(k=1)+..4+b,, - x(k —m)

Ecnu n=0, punpTp HA3BIBAIOT HEpeKYPCUBHBIM, A YUCIIO M - NHOPAJKOM (PUIIBTPA.
Takoil puIbTp MMEET KOHEYHYIO MMIIYJBCHYIO XapaKTEPUCTHUKY, ITO3TOMY €ro TaKkKe
Ha3bpiBatoT KUX-punbrpom.

B cnywae n>0 ¢unbtp Ha3piBaeTca pexypcusuwvim. Ilopsakom QuiubTpa mpu
3TOM Ha3bIBAIOT HaWOOJIbILIEE U3 YHUCET M U 1. B 3TOM ciydae MMIyJIbCHas XapaKTepu-
cTuka GuiabTpa SBISETCS OCECKOHEUHOW, W TIOCICIHMA Ha3bhIBalOT Takxke bBbUX-
¢unbTpoB. BUX-QuabTpsl mpeacTaBisitoT co00l HEKOTOpBIE aHAJIOTH JTUHAMUYECKHX
3BEHBEB.

Opnum u3 cpencts npoektupoBanuss BUX-punbTpoB, npeaycMOTPEHHBIX B Ia-
kere SIGNAL, sBisiercs pa3paboTka COOTBETCTBYIOIIETO aHAJIOTOBOTO MPOTOTHUIA, T. €.
HaxoXKJIeHUe nepenaTouyHoi QpyHkuuu no Jlammacy HempepbiBHOTO (UiIbTpa, U MOCTe-
DYoMK nepexo K HuppoBoMy GUIBTPY IyTEM HAXO0XKJIECHUA HU(POBOro aHajIora He-
npephIBHOTO 3BeHa. [locneaHee MOXHO OCYIIECTBUTH C MOMOIIBI0 OMIMHEHHOTO Mpe-
o0Opa3oBaHMsl S-IJIOCKOCTH B Z-TUIOCKOCTh. buinHeHoe npeoOpa3oBaHKe BBIMTOIHICTCS
B COOTBETCTBHUU C BBIPAKECHUEM

H(z2)=H(s) | _, PE=! (5.47)
“z+l

(5.46 )

rae f; - 4acToTta qucKkpeTusanuu curHana. [Ipu aTom ock jo mpeobpasyercs B eUHUY-

HYIO0 OKPYHOCTb Ha Z-TIJIOCKOCTH.

B makere SIGNAL OununeliHoe mpeoOpa3oBaHUE OCYIIECTBIAECTCS C TTOMOIIBIO
npouenyps! bilinear, xotopas nmeet Tpu GOpMbI OOpaIlleHHs] K HE:

[bd, ad] = bilinear(b, a, Fs, Fp)
[zd, pd, kd] = bilinear(z, p, k, Fs, Fp)
[Ad, Bd, Cd, Dd] = bilinear(A, B, C, D, Fs, Fp).

Bce onu mpeoOpasyroT mapaMeTphl, XapaKTEpHU3YIOIINEe aHAJIOTOBBIA MPOTOTHUII
bunbTpa, B aHAJIOTHYHBIE TTApAMETPhI, ONMUChIBatomue AUckpeTHbid BUX-gunbtp. Bung
U KOJIMYECTBO BXOJHBIX MapaMeTpPOB OMPEACNISIOT BUA M YUCIO BhIXOAHBIX. [TapameTp
Fs 3amaer wacroty nuckperusanmu B repuax. [locnennuii napametrp Fp He oOs3aTeneH.
OH omnpenenser 4acTOTy B repuax, 1jst Koropoi 3HaueHuss AUX 110 ¥ mociue BbIIOJIHE-
HUs peoOpa3oBaHUsl TODKHBI COBIAJATh, T. €. 33J1a€T TaK Ha3bIBa€MbIE MPEIbICKAKE-
HUSL.

OG6parmienue B nepBoi opMe Mo3BOJSET ONPEaSTUuTh KOIPOHUITUEHTHI TTOJTHMHO-
MOB YHUCJIMTENS U 3HAMEHATENs JUCKPETHOW mepenaroyHod (QyHKiuu (uibTpa BUIa
(5.35) no 3amanHBIM KOA(DUITMEHTAM TOJMHOMOB YHUCITUTENSI U 3HAMEHATENs Herpe-
pBIBHOM nepenatounor ¢pyHkiuu suaa (5.34). OOpaiienue Bo BTOpor GpopMme 1aeT BO3-
MOKHOCTH BBIYHMCIIUTDH HYJIU, TIOTIOCH U KOI(PPUIIUEHT YCUIIEHUSI JUCKPETHOTO (PHUIIBT-
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pa Mo 3aJaHHBIM aHAJIOTHMYHBIM TapaMeTpaM aHajIoroBoro mpototumna. M, HakoHer,
TpeThs (opMa OmpeaeNseT MaTPUIlbl JUCKPETHOTO MPOCTPAHCTBA COCTOSHUN (UIBTpa
10 MU3BECTHBIM MaTpHUIIaM HETIPEPHIBHOTO MPOCTPAHCTBA COCTOSTHUM.

Bropoii cnoco6 noctpoenus mudpoBoro GpuibTpa 1Mo ero aHajaoroBoMy MpoTO-
TUITY 3aKIIF0YAETCsl B TAKOM MpeoOpa3oBaHUM MapaMeTpoOB aHAIOTOBOTO (UIbTpa B Ma-
pamMeTphl AUCKPETHOro (UIIBTpPa, MPH KOTOPOM HMITYJIbCHAsI XapaKTePHCTHUKA TOCTE/-
HETo COBMajana Obl C UMITYJIbCHOM XapaKTepUCTUKON aHATIOTOBOTO (MIBTPa B TOUYKAX
yepe3 JUCKPET Mo BpeMeHHu. OTo B MatLAB ocymiecTBisieTcs npuMEHEHHEM MPOLETY-
pHl impinvar:

[bz, az] = impinvar(b, a, Fs).

3necb b u a - 3aaHHBIE BEKTOPHI KOA(D(UIIMEHTOB YUCIUTENS U 3HAMEHATENs
nepenaToyHon (PyHKIIMU aHAIOTOBOTO MPOTOTHNA GUIBTPA, bZ U aZ - BEIYUCIISIEMbIE KO-
3¢ PUIMEHTHl YUCIUTENS W 3HaAMEHATeNls JUCKPETHOM MepeaaTouyHON (PYHKIUU IucC-
KpeTHoro hunbTpa, Fs - 3aanHas yacTora IUCKpeTU3allii CUTHANIa B repiax. Ecnu ma-
pametp Fs mpu oOparieHuu He ykas3aH, TO [0 YMOJYaHUIO OH INPUHHUMAETCS paBHbIM 1
[

Tperunii ciocod GpopMUpOBaHUST TUCKPETHBIX (PUIBTPOB - MCIOIB30BAHUE paHEe
paccMOTpeHHBIX Tporenyp popmupoBanus bunstpoB butter, chebyl, cheby?2 u ellip.
Ecnu npu oOpaiiieHun K 3TUM IpoleaypaM HE YKa3blBaTh B KOHIIE CITUCKA BXOJIHBIX Ma-
pameTrpoB "Quaxka" 's', To pe3ynbTatoM pabOTHl 3TUX MPOLEAYp OyayT MmapaMeTpbl
UMEHHO MU(PPOBHIX QUITHTPOB.

OcHOBHOE OTIMYME MPUMEHEHHS 3TUX (QYHKIHUH A7 pa3paboTKH IUPPOBBIX
(GUIBTPOB 3aKIIOYAETCA B JPYTOM IPEICTaBICHUM 3a/1aBa€MbIX 4acTOT B BekTope Wc.
Bce wacmomul dondrcnbl 3a0asamvbcsi no omHowleHur0 K max Hazvléaemou "yacmome
Haitikeucma". Yacmomoii Haiikeucma nasvieaiom noao8ury 4acmomasl OUCKpemu3ayuy
cucHana.

Tak xak quana3zoH 4acTOT U3MEHEHHUS JUCKPETHOI'O CUTHAJIA BCET1a MEHbIIE Yac-
TOTBI TUCKPETU3AINH, TO BCE YACTOTHBIE XaPAKTEPUCTUKU JAUCKPETHBIX (DUIBTPOB OII-
penensoTcs TOAbKO BHYTpHU Auanazona oT 0 go yactorsl HaiikBucra. I[losTomy Bce 3a-
naBaemble B BeKTope We IrpaHUYHbIE YAaCTOThI JOJIKHBI OBITH MEHbILIE €IMHULIBI.

CymiecTBy1oT elnie aBe mpoueaypsl pacueta bBUX-punbtpos.

[Ipouenypa maxflat npon3BoauT pacdeT 0000meHHOTO HHU(PpPOBOTO GUIBTPA
BbarrepBopTa. ®opmbl oOpareHus K Hell TaKOBHI:

[ b, a] = maxflat(nb, na, Wc)

[ b, a] = maxflat(nb, 'sym', Wc)

[ b, a, bl, b2] = maxflat(nb,na, Wc)

[ b, a] = maxflat(nb,na, Wc, 'design_flag").

[TepBoe oOpareHue MO3BOISET BHIYUCIUTE KOIPPUIIMEHTHI b - yucnurens u a -
3HaMeHaTelNs TUCKpeTHOM nepenatouHon pyunkuun H(z) undposoro ®HY barrepsopta
C 4acToToil cpeza We, opsAA0K YUCIUTENSI KOTOPOH paBeH nb, a 3HaMeHaTes - na.

[Tpu obparienny BTOPOTO BUAA BBIYUCISAIOTCA KOAPGUIUEHTH TUPPOBOTO CHUM-
metpuyHoro KNUX-dunerpa barrepBopra. B 3TOM ciiydae na npuHumaercs paBHbIM 0.
[TapameTtp nb 101KEH OBITH YETHBIM.
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Ecnu oOpatuThesa K mpolenype Tak, Kak YKa3aHO B TPETbeM OOpalleHuu, T. €.
yKa3aTh B KaYECTBE BBIXOJHBIX YETHIPE BEJIMYMHBI, TO AOMOJIHUTENIbHbBIE TapaMeTpsl bl
u b2 gaayT K03QPUIMEHTHI ABYX MOJMHOMOB, TPOU3BEAECHUE KOTOPBIX ABIISIETCS MOJIU-
HOMOM YHCIIUTENS b MICKOMOM JUCKPETHOU mepeaaToyHol (hyHKIMH, TPUYEM BCE HYJIU
nosivHoMa bl paBHbI -1, a moMHOM b2 cOAEPKUT BCE OCTANIbHBIE HYJIU NOJMHOMA b.

JloOaBrieHne B CHMCOK BXOJHBIX MapaMeTpOB MPOLEAYpPHl MapameTpa
'design_flag' mo3BossieT U3MEHATHh XapakTep BBIBOJUMOM Ha 3KkpaH uHpopmanuu. Ecou
3HaYEHHE ITOr0 MapaMeTpa PaBHO 'trace', Ha 3KpaHE OTOOpa)aroTCs MapaMETphl, UC-

ITOJIB3YEMBIC B ITPOUCCCE IMPOCKTHUPOBAHUS:
>>nb=10; na=2; w=0.5;
>> [b,a,b1,b2] = maxflat(nb,na,w,'trace’)
Table:
L M N wo_min/pi wo_max/pi
10.0000 0 2.0000 0 0.2394
9.0000 1.0000 2.0000 0.2394 0.3259
8.0000 2.0000 2.0000 0.3259 0.3991
7.0000 3.0000 2.0000 0.3991 0.4669
6.0000 4.0000 2.0000 0.4669 0.5331
5.0000 5.0000 2.0000 0.5331 0.6009
4.0000 6.0000 2.0000 0.6009 0.6741
3.0000 7.0000 2.0000 0.6741 0.7606
2.0000 8.0000 2.0000 0.7606 1.0000
b=
Columns 1 through 7
0.0414 0.2263 0.4932 0.5252 0.2494 0.0079 -0.0266
Columns 8 through 11
0.0008 0.0023 -0.0004 -0.0000
a=
1.0000 0 0.5195
bl =
1 6 15 20 15 6 1
b2 =
0.0414 -0.0221 0.0049 -0.0004 -0.0000

Ecnu xe 3tomy mapamerpy 3a1ath 3HaueHue 'plots', To Ha 3xpaH OyayT BbIBeze-
Hbl TpaUKyd aMIUIMTYJHOM XapakTEpPUCTHKH, TPYIMIOBOIO BPEMEHU 3aMEJUICHMS, a

TaK¥Xe rpa(bnquKoe I/1306pa)K€HI/I€ HYJIGfI H IIOJIFOCOB:
>>[b,a,b1,b2] = maxflat(nb,na,w,'plots’)
b=
Columns 1 through 7
0.0414 0.2263 0.4932 0.5252 0.2494 0.0079 -0.0266
Columns 8 through 11
0.0008 0.0023 -0.0004 -0.0000
a= 1.0000 0 0.5195
bl= 1 6 15 20 15 6 1
b2 =-0.0221 0.0049 -0.0004 -0.0000
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Puc. 5.46

Pacuem BUX-purvmpa no 3a0anHoil amniumyoHo-4acmomuol XxapaKmepucmu-
Ke TIPOU3BOAMTCS mpouenypoit yulewalk. Eciu nabpath B komaHgHoM okHe MatLAB
CTPOKY

[ b, a] = yulewalk(n, f, m),
TO OyJyT BBIYUCICHBI KOI(DPUIIUEHTHI b - YriciuTeNs U a - 3HAMEHATENsl TUCKPETHOU
nepenarounor pyukuu bUX-dpunerpa nopsiaka n, AUX kotoporo 3anana Bekropamu f
(4acTOThl B HOPMUPOBAHHBIX 3HAYEHHSIX) U M - COOTBETCTBYIOIINX 3HAYECHHUI OTHOIIIE-
HUW aMIUTATYJ BbIXoJa U Bxoja. [lepBriil ameMeHT BekTopa f moimkeH ObITh paBeH 0, a
nocnenuuii 1. Bece ocTayibHbIE 37IEMEHTHI JTOJKHBI OBITH PACIIOJIOKEHBI B HEYOBIBAIO-
meM nopsiake. YacToTel, IpU KOTOPBIX NPOUCXOAUT ckadok AYUX, yka3bIBalOTCS JBa
pasa ¢ pa3HbIMU 3HAYEHUSIMUA COOTBETCTBYIOIIUX UM "aMILIUTYA".

Mpumep NpumeHeHWA Npoueavypbl YULEWALK
14 , . . ,

1.2

1

0 0.z 04 0.6 0.3 1
HOpMa.I'IHSOBaHHaFl YJacToTa

Puc. 5.47
[TpuBenem npumep pacuera @PHY 8-ro nopsiaka u noctpoum xemaemyro AUX u
AYX nonyuennoro ¢punsTpa. Pesynbrar npuseseH Ha puc. 5.47.
£f=[00.50.51]; m=[1100];
[b,a] = yulewalk(8,f,m); [h,w] = freqz(b,a, 128);
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plot(f,m, w/pi,abs(h))
grid, title('NMpumep npumeHeHus npoueaypsl YULEWALK')
xlabel("HopmanusoBaHHas yactoTa'), ylabel('A 4 X')

5.4.4. llpoextupoBanne KUX-puastpos

B otnmuuue or BUX-QuinbTpoB, KOTOpble XapaKkTEepU3ylOTCS JBYMsI BEKTOpaMH -
KO3(QGUIUEHTOB b YHCIUTEN U a - 3HAMEHATEeNs] CBOCH NUCKPETHOW MepenaTOuHOM
¢ynxiun, KUX-QuapTpsl onMMChIBAIOTCS TOIBKO OJHUM BEKTOPOM b. 3HamMeHaTedh MX
JUCKPETHOM MepeaTOuHON (PyHKIMU TOKIECTBEHHO paBeH 1.

['pynna ¢yukumii firl npeanazHayeHa it pacuera kodppuuuenton b uudposo-
ro KUX-dunbtpa ¢ nuHeitHoH (a3oii METOIOM B3BEIIMBAHMS C UCIOJIb30BAHUEM OKHA.
OO6mmii BUA 0oOpaleHus K 3Tol Npoueaype uMeeT BUI

b = firl(n, Wn, 'ftype', window).

[Tponieaypa Beruucisger Bekrop n+1 koaddunuentop b KUX-punstpa ¢ HOpma-
JIM30BAaHHOM 4acTOTOM cpe3a Wn.

[Tapamerp 'ftype' 3ampaet xenaempiii Tun ¢punbrpa (OPHY, ®BY, nosocoBoit win
pexeKTopHbIN). OH MOXKET OTCYTCTBOBATh - U TOTJIa MO YMOJIYAaHUIO PACCUUTHIBAIOTCSA
napamerpsl @PHY ¢ gactoron cpeza Wn, eciin nocienHsas 3aaHa KaK CKalisp, WA IO-
JI0OCOBOM (uiIbTp ¢ mojocoi nponyckanus or W1 g0 W2, ecnu Wn 3aiaH B BUJIe BEK-
Topa U3 ABYX 3ieMeHToB [W1 W2], - win npuHHMaTh OJHO U3 YETHIPEX 3HAUYCHUH :
'high', 'stop', 'DC-1' u 'DC-0'. B nepBom ciyuae cuatesupyercs ®BY ¢ gacToToii cpesa
Wn. Bo BTOpoM, - pexxkeKTopHBIN (unsTp (ipu 3ToM Wn 10JKEH ObITh BEKTOPOM M3
JBYX 3JIEMEHTOB, 3HAYEHUSI KOTOPBIX OMPEACIISIOT TPAHUIIBI MTOJIOCHI 3aI€PKUBAHUS 11O
OTHOLIEHUIO K YacTore HalikBucta). B TpeTbem ciydae paccuMTBHIBAIOTCS MapamMeTpbl
MHOTOIOJIOCOBOTO (hUIIbTpa, MepBas MoJIoca KOTOPOIo SIBJISETCS MOJIOCOM MpOITycKa-
HUS, a B UETBEPTOM, - TOKE MHOTOIOJIOCOBBIN (PUIBTp, MepBas MoJioca KOTOPOTO SIBJISA-
€TCs MOJ0COU 3a€P/KUBAHUS.

[Ipu pacuere pexexropubix ¢punsTpoB 1 @BY nopsanok guiibtpa cieayer Ha3Ha-
YaTh YETHBIM YHCIIOM.

[lapamerp window T1O03BOJSIeT 3aJaBaTh OTCUETHl OKHa B BEKTOpPE-CTOJIOLE
window munbl n+1. Eciau 3ToT mapameTrp He yKaszaH, TO, [0 YMOJIYaHUIO, OyJEeT HcC-
MI0JIb30BAHO OKHO XEMMHUHTA.

Jns BeIUMCIIEHHs] OKOH pasznuuyHoro tuna B MatLAB npenycmoTpens! cienyro-
e QyHKIUU:

B bartlett(n) - co3gaeT BEeKTOp-CTOIOCI] U3 N JIEMEHTOB OKHA bapTierra;

B blackman(n) - co3maeT BEKTOP-CTONOCI U3 N AIEMEHTOB OKHA bidkmana;

B boxcar(n) - co3MaeT BEKTOP-CTOJIOCI U3 N DJIEMEHTOB MPSIMOYTOJILHOTO OKHA;

B chebwin(n,r) - co3gaeT BEKTOP-CTOJIOEH U3 N 3JIEMEHTOB OkHa YUeObIiieBa, rjie

I - JKEJaeMbIil YPOBEHb JOIYCTHUMBIX MYJIbCAIIMN B IOJOCE 3a/I€pKUBAHUS B
nenuoenax;

B hamming(n) - co31aeT BEKTOP-CTOJIOLIT U3 N AJIEMEHTOB OKHA XA MMMHTQ;

B hanning(n) - co31aeT BEKTOP-CTOIOCI U3 N 3JIEMEHTOB OKHA XHHUHT4;
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B kaizer(n, beta) - co3gaeTr BekTOp-cTONOEI] U3 N 1eMeHTOB okHa Kaiizepa, rae
napameTp beta ompezenser 3aTyxaHue OOKOBBIX JIETIECTKOB MPeoOpa3OBaHUs
dypbe OKHA;

B friang(n) - co3AaeT BEKTOP-CTOIOCI] U3 N JIEMEHTOB TPEYTOJILHOTO OKHA.

[Tpuenem npumep. [pousseaem pacuer nomocoBoro KUX-dunerpa 24 nopsiaka

¢ nosiocoit npomyckanust 0.35<w/w, <0.65:

b = fir1(48,[0.35 0.65]);

freqz(b,1,512)

Pe3ynbraT nokasas Ha puc.5.48.
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Puc. 5.48

['pynna npouenyp fir2 ciuyxut Juist pacuera ko3 unuenton mnudpposoro KNX-
bunbTpa ¢ IPOU3BOJIILHON aAMIUIUTYAHO-YACTOTHON XapaKTEPUCTUKOM, 3aJaBaeMOM BEK-
TopaMu f 4acTOT U M - COOTBETCTBYIOUIUX KelaeMbIX 3HaueHuit AUX. O6muii Buj 00-
panieHus K Ipoleaype TakoB:

b = fir2(n, f, m, npt,lap, window).

Bexrtop f momxen comep:kaTh 3HaYEHUS HOPMAJIU30BAaHHOM 4YacTOTHI B HEYOBI-
BatotieM nopsiake ot 0 g0 1. Bektop m noimkeH ObITH TOM K€ AJTUHBI, UTO U BeKTOp f, U
coziepKath kenaeMble 3HaueHus: AUX Ha COOTBETCTBYIOIIMX YaCTOTaX.

[TapameTp npt MO3BOJISET 3aaTh YHUCIO TOYEK, O KOTOPHIM BBIMIOIHSAETCA WH-
tepnoisiniua AUX. Tlapamerp lap ompenensier pazmep (YUCIO TOUEK) 00JIACTH OKOJIO
TOYEK CKayKooOpa3zHoro u3MeHeHus: AUX, B KOTOPOU BBIMONHSIETCS criaxuBaHue. Ec-
JIM 3TU TIapaMeTpPhl He YKa3aHbl, TO, IO YMOJIYaHUI0, TpuHUMaeTcs npt = 512 u lap = 25.

Paccuuraem aByxmnonocHslil GpunbTp 30-ro nmopsaxa:
f=[00.20.20.60.60.80.81]; m=[11000.50.500];
b = fir2(30,f,m);
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[h,w] = freqz(b,1,512);

plot(f,m,w/pi,abs(h)), grid

title("AYX KUX-cbunbTtpa (npouenypa FIR2)")

xlabel("HopmannsoBaHHas 4yactoTa'), ylabel('A Y X')

Ha puc. 5.49 npusenensl xemaemas AUX u AUX, nonydeHHas B pe3yibTare

pacuera.

14

AYX KNX-chuneTpa (npouyeaypa FIR2)

EeTAS

] 0z 04 06 0.8 1
HOpMEﬂH:iOBaHHaFI YJacTtoTa

Puc. 5.49

Crnenytoias npouenypa - fircls - Takxe pacCUMTBIBAET MHOTOTIOJIOCHBIN (PUIIBTD,
HO B HECKOJIbKO Jpyrod (opme - myTem 3aJaHusi KyCOYHO-TIOCTOSSHHOM >KeJlaeMoi
AUX.

®dopmat oOparieHus K Hell TaKoB

b = fircls(n, f, amp, up, lo, 'design_flag").

3nech f, kKak U paHee, BEKTOp 3HAUEHUI HOpMajau30BaHHBIX yacToT (oT 0 mo 1),
ONpEIENSIONMX TPaHULIbl 1oJoc GuiabTpa. Bektop amp omnpezenser KyCO4HO- MOCTO-
AHHYIO0 Kenaemyro AUX ¢uibTpa, KOIMYECTBO €ro 3JEMEHTOB PaBHO YHCIY IOJIOC
bunbTpa U, cienoBaTenbHO, Ha 1 MeHbIIe Yucia 3J1eMeHTOB BekTopa f. BekTopel up u
lo ompenensrOT COOTBETCTBEHHO BEPXHUE U HW)KHHUE JOIMYCTUMBbIE OTKIOHeHUs AUX
CIIPOEKTHUPOBAHHOIO (PUIIBTpPA OT KeNaeMOoM i Kaxkaou u3 mojoc. Pazmep ux cosma-
JaeT ¢ pa3MepOM BEKTOpa amp.

[TapameTp 'design_flag' MmokeT mpuHUMATh TPU 3HAUCHHUS:

B trace - 1y oOecrieueHusl BbIBOJIA PE3YJIbTATOB B BHJI€ TEKCTOBOM TaOJIUIIbI;

B plots - ans rpadudeckoro oroopakenus AUX, rpynmnoBoi 3aepKKy, HyJIeH U

TMIOJIFOCOB;
B both - 1151 oToOpa)keHus: pe3yJbTaTOB Kak B TEKCTOBOM, Tak U B rpaduueckoii
dbopwme.

[IpuBenem npumep pazpabOTKH MPEKHEr0 JBYXMOIOCHOTO PUiIbTpa:

n=30;f=[0 0.2 0.6 0.8 1]; amp =[1 0 0.5 0];

up =[1.02 0.02 0.51 0.02]; lo=10.98 -0.02 0.49 -0.02 ];

b = fircls(n,f,amp,up,lo,'both’)

Pe3ynbTaT npuBeaeH HUxke U Ha puc. 5.50.
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Bound Violation = 0.0755112846369
Bound Violation = 0.0116144793011
Bound Violation = 0.0004154355279
Bound Violation = 0.0000905996658
Bound Violation = 0.0000214272508
Bound Violation = 0.0000009624286
Bound Violation = 0.0000002393147
Bound Violation = 0.0000000596813
Bound Violation = 0.0000000146532
Bound Violation = 0.0000000036610
b=
Columns 1 through 7
-0.0001 -0.0031 0.0226 0.0101 0.0060 0.0011 -0.0105
Columns 8 through 14
-0.0231 -0.0626 0.0090 -0.0001 -0.0145 0.1775 0.1194
Columns 15 through 21
0.1272 0.3023 0.1272 0.1194 0.1775 -0.0145 -0.0001
Columns 22 through 28
0.0090 -0.0626 -0.0231 -0.0105 0.0011 0.0060 0.0101
Columns 29 through 31

0.226 -0.0031 -0.0001

ok
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Frequency
Puc. 5.50

Jlnst cpaBHEHUs ¢ pe3yJibTaTaMu paboThl MPOLEAYPHI fir2 MOCTpoUM rpaduk mo-

[h,w] = freqz(b,1,512);

plot(w/pi,abs(h)), grid

title("AYX KUX-dbunbtpa (npoueaypa FIRCLS)')
xlabel('HopmanusoBaHHas yacTtoTa’), ylabel('A Y X')

PesynbTar npeacrasiieH Ha puc. 5.51.

nydyeHHOM AYUX, aHaJOTMYHBIN TPUBEACHHOMY Ha puc. 5.49:
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14

AYX KUX-cbunbTpa (Npoueaypa FIRCLS)
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Puc. 5.51

[Iponenypa firclsl tnpennaznavaercs s pacuera nmapametpoB ®HY u ®BY ¢
KX meronomM HaMMEHBIINX KBAaApPATOB C yYETOM JOIYCKOB Ha OTKIOHEHWs AUX.
[IpenycMoTpeHs! clieayronuye BUAbl OOpalieHus K 3TON IpoLeaype:

b =fircls1(n, Wo, dp, ds)

b =fircls1(n, Wo, dp, ds, 'high")

b =fircls1(n, Wo, dp, ds, Wt)

b =fircls1(n, Wo, dp, ds, Wt, 'high")

b =fircls1(n, Wo, dp, ds, Wp, Ws, k)

b =fircls1(n, Wo, dp, ds, Wp, Ws, k, 'high')

b =fircls1(n, Wo, dp, ds, . . ., 'design_flag').

[Tapametp Wo mpencrapiser co00il HOpMaIM30BaHHYIO 4acTOTy cpe3a; dp om-
peaenseT MakCuMaiabHO aomycTumoe oTkiioHeHne AUX paccuntannoro ¢punstpa ot 1 B
MoJIoce MpoITycKanus, a ds - MakcumaibHoe oTKIoHeHHe AUX paccunTaHHOTO PriibTpa
ot 0 B mojoce 3aJepKUBaHMUS.

Hanmmune ¢naxka 'high' onmpenensier, uto paccumthiBatoTcs mapamerpsl OBUY.
Ecnu stoT dmaskok oTcyTcTBYeT, paccunthiBaeTcss GHY.

VYka3zanue napamerpa Wt no3Bossier 3a1aTh 4acToTy Wt, Bbllle KOTOpor npu Wt
> Wo wimu Huxe kotopoir mpu Wt < Wo rapantupyercs BBINIOJHEHHUE TPpeOOBaHUN K
AYX cunresupyemoro puibTpa.

[TapameTrpsr Wp, Ws 1 k 03BOJISIFOT COOTBETCTBEHHO 3a]1aTh TPAHUYHYIO YaCTO-
Ty MPOMYCKaHUs, TPAHUYHYIO YACTOTY 3aJeP>KUBAHUS M OTHOIIICHHE OIIMOKH B MOJIOCE
MPOITYCKAaHUSI K OIIMOKE B MOJIOCE 3a/IePKUBAHUS.

@ar 'design_flag' uMeeT TOT e CMBICT ¥ MPUHUMAET T€ K€ 3HAYEHUS, 4TO U Y
MPEABIAYIIECH MPOLEAYPHI.

['pynma mpouenyp remez OCyIIECTBISET pacdeT KO3PPHUIMEHTOB LU(POBOTO
KUX-punptpa ¢ nuneitnoit ®UX no anroputmy Ilapkca-MakKnenna, B koTropom uc-
10JIb30BaH OOMEHHBIA anroput™M Pemesza um Meroxn anmpokcumanuu YeoOsimesa. [Ipu
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3TOM MHUHUMHU3HPYETCS MaKCUMaIbHOE OTKIOHEHHE AUX CITpOEKTUPOBAHHOTO (PHITBTpa
ot xxenaemoit AUX. [IpuBenem HanboJiee MOTHBIN BUJT 0OpaIllEHHs K IPOIEIYpE:

b =remez(n, f, a, W, 'ftype").

BexTop f momkeH cocTosTh M3 MOCIEIOBATENbHBIX, B BO3PACTAIOIIEM IMOPSIKE
3aMMCaHHBIX Map HOpMalu30BaHHBIX (OT 0 A0 1) 9yacToT, ompeAeNsromMX COOTBETCT-
BEHHO HUKHIOIO M BEPXHIOIO TPaHUIIbI IMaNa30Ha MOJO0Chl MPOITYCKAHUS WM 3aEPKU-
BaHud. BexkTop 'a' momkeH coiepkath xkenaemble 3HaueHus: AUX Ha dacTtoTax, omnpe-
JIEJISIEeMBIX COOTBETCTBYIOIIMMHU 3neMeHTamu Bektopa 'f'. XKemaemas AUX B monoce
gacToT oT f(k) mo f(k+1) npu k HedeTHOM mpeacTaBisieT cO00M OTPE30K MPSMOU OT
touku f(k), a(k) mo touku f(k+1), a(k+1). B nmanazonax ot f(k) no f(k+1) npu k - ger-
HOM 3HaueHue sxeinaeMod AUYX He ompeneneHo (a, 3HAYUT, MPU MPOEKTUPOBAHUU
bunbTpa AUX B 3THX AMana3zoHax MOXET MpUHUMAaTh Jro0oe 3HaueHue). Cienyer 3a-
MeTuTh, uTo f(1) momKHO Beerna 66Tk paBHbIM 0. BexTops! f 1 a 10KHBI OBITH OJIUHA-
KOBOH JIJIMHBI, TPUYEM 00I1[ee KOJIMYECTBO JIEMEHTOB KaXJA0r0 BEKTOpa JOKHO ObITh
YETHBIM YUCIIOM.

Bekrop W 3anaet 3HaueHus kKod3()PUIIMEHTOB Beca Kaxjaoro u3 nojioc AUX, 3a-
JAHHBIX MapaMu 4acToT BekTopa f. T Kod(PPUIIUEHTHI UCTIONIB3YIOTCS MPHU AMMPOKCHU-
Maiuu AUX u onpenensiorT AOCTUraeMoe MpH anmpoOKCUMAIMU COOTHOILIEHUE MEX]Y
peaNbHBIM U XKenaeMbIM 3HaueHueM AUX B KaXI0M U3 Auana3zoHOB. YHUCIO AJIEMEHTOB
BekTOopa W paBHO MOJOBUHE YKCIIA DJIIEMEHTOB BekTopa f.

@uar 'ftype' MokeT mpuHUMATh OJIHO U3 JBYX 3HAUCHMIA:

B 'hilbert' - B 3TOM ciiydyae npoiieaypa IpoeKTUpyeT GUIbTPhI C HEYETHOW CHUM-

MeTpHuel U TuHeHHOU (a3oit;

B 'differentiator' - cunTe3UpyeTcs GUIBTP C UCIOJIB30BAHUEM CIEIUATIBHBIX Me-
TOJIOB B3BEUIMBAHUS; TIPU ATOM JJI OIIKOOK 33Jat0TCsl BEca, MPOMOPIIMOHAIb-
Hble 1/f; mosTOMY OIMOKYM anMmpoOKCMMAallUA Ha HU3KUX YaCTOTaX MEHbIIE, YEM
Ha BBICOKUX; 1751 nudPepennraropo, AUX KOTOPHIX TPOMOPIHOHATBHA Yac-
TOTE, MUHUMHU3UPYETCSI MaKCUMaJbHasi OTHOCUTEIbHAS OIIHMOKA.

Huxe npuBoauTCs mpuMep IpOEeKTUPOBaHUS T0JI0cOBOro (uiabTpa 17-ro nopsia-

Ka:
f=1[0.0.30.4 0.6 0.7 1]; a=[001100];
b = remez(17,f,a); [h, w] = freqz(b, 1, 512);
plot(f,a,w/pi,abs(h)), grid
title("AYX KUX-dunbTtpa (npoueaypa REMEZ)')
xlabel("HopmanusoBaHHas yactoTa'), ylabel('A Y X')

PesynbraTr npuBeneH Ha puc.5.52.
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AYX KNX-chunbeTpa (npouepypa REMEZ)

14 T T T T
e e e e
-1 _________ [ I . " S |
3] I S e R

J : : : :
LQBf---mmmmmro oo e S
Y B
02 e N ]

0 : : : :
0 0.2 04 06 08 1

HOpMaﬂH:iOBaHHaﬂ YyacTtoTa
Puc. 5.52

OCOOEHHOCTBIO CHENYIOIEH MPOLENYphl cremez SBISETCS TO, YTO HCXOJHBIE
naHHbIE 10 Kemaemon popme AUX uibTpa 3amarotcs B Buje QyHKIMH, YCIOBHO 000-
3HaYeHHOM fresp. @opMbl oOpaleHus K 3TOW MpoleIype MpPUBEASHBI HUXKE:

b = cremez(n, 1, 'fresp')

b = cremez(n, f, 'fresp', w)

b = cremez(n, f, {'fresp', pl,p2,...},w)

b = cremez(n, f, a, w)

b = cremez(..., 'sym')

b = cremez(..., 'debug’)

b = cremez(..., 'skip_stage2')

[b, delta, opt] = cremez(...).

[Tapametpsl n, f UMEIOT TOT e CMBICH U TPEOOBAHUS K X MPEJICTABICHUIO TaKHE
&Ke, Kak ¥ MpH MPUMEHEHUU MPOLETyphl remez. B oTnuune ot mocnenHeii, BEKTOp 3Ha-
yeHui xenaemoir AUX, cOOTBETCTBYIONIMX 3aJlaHHBIM 3HAUYCHUSIM BekTopa f, ompene-
JseTcs myTeM oOpameHus K pyHkiuu fresp.

Oyukuus fresp MoXKeT IPUHUMATH OJTHO U3 CIEAYIOIIUX: 3HAUCHU N

B lowpass, highpass, bandpass, bandstop (OHY, ®BY, nonaocoBoii u pexexTop-
HBIH (QUIBTPBI); TMPU 3TOM PACCUUTHIBAIOTCS IMapaMeTphl YKa3aHHOTO THIIA
¢uibTpa; ecnu K QyHKUUU 'fresp' HE yKkazaHbl JAOMOJHUTENIbHBIE MapaMeTphI
(oOpateHns K mporeaype MnepBoro ¥ BTOPOro BUAOB), TO I'PYIIIOBOE BpEMs
samennenus (I'B3) nmpuaumMaercs paBHBIM n/2; B ciiydae ke 0OparieHus K mpo-
Heaype B TpeThei (opme, rie B KayecTBE IOMOJIHUTEIBHOTO IapameTpa
byukun fresp ykazan ogus - d, 'B3 = n/2+d;

B multiband (MHOTOMONIOCOBOI GUIBTP); CHHTE3UpPYETCS (QHUIBTP, 3aJaHHBIHI
BEKTOpOM 'a' )xenaemoit AUX mnpu 3HaAUYEHHUSX YacCTOT, ONPEJECICHHBIX BEKTO-
pom 'f'; mpu 3TOM BeKTOp 'a' yKa3bIBaeTCs B Kau€CTBE MEPBOTO JOMOTHUTEIb-
HOTO TapameTpa kK ¢ynkiuu multiband (Tpeths hopma oOpamienwus); eciu,
KpOME 3TOrO BEKTOpa, HE YKa3aHbl JIPYTHe JOMOJHUTEIbHBIE MMapaMeTphl, TO
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['B3 nmpuHuMaeTcs paBHBIM 1n/2, €Clid e yKa3aH elle OJUH JIOMOJHUTEIbHBIN
napametp d, To I'B3 = n/2+d;

B differentiator (nuddepenuumaTop); 3Ta PyHKIUS NO3BOISIET PACCUUTHIBATH KO-
sbdunmentsl quddepenuupyromniero GuabTpa ¢ JMHENHHON ¢dazoii; npu obOpa-
IIEHUH K 3TOH (PYHKIMU B KAYECTBE JIONOJHUTEIBLHOTO MapaMeTpa HeoO0Xo1u-
MO yKa3aTh 4aCTOTy AUCKpeTu3auuu Fs; mo ymomuanuto Fs=1;

B hilbfilt (dunsTp ['mnbbepTa); B 3TOM ciyyae HaxoASTCS KOI(DPUIUEHTHI
¢unbTpa ['mnbbepTa ¢ MuHelHON (a3ou.

OOpareHue K mpoleaype 4eTBEpTOro Buaa 3KBUBAJIEHTHO OOPAILEHUIO

b = cremez(n, f, {'multiband’, a},w).

[TapameTp 'sym' mo3BOJIIET 337aTh TUIl CUMMETPUM UMNYIbCHOU XAPAKMEPUCTU-
ku (UX) punbrpa. OH MOKET IPUHUMATH CJIETYIOUIUE 3HAYCHUS:

B none - B 3ToM ciyyae X MoxkeT ObITh MPOU3BOJILHOM; 3TO 3HAUYCHHE Mapa-
MeTpa UCIOJIb3YeTCs 0 YMOJIYAHUIO, €CIIH TIPU onpeeieHun xemnaemon AUX
3aJ1al0TCsl OTPUIIATENIbHbIC 3HAYEHUS YacTOT;

B cven - AUX noiKHA OBITH BEIIECTBEHHOM C YETHBIM TUIIOM CUMMETPUH; TAKOE
3HaYEHHE TapaMeTpa HCHOJb3YeTCSd MO YMOJYAHUIO MPH MPOEKTUPOBAHUU
®HY, ®BY, 110710COBBIX U PEKEKTOPHBIX (PUIBTPOB;

B odd - AUX nomkHa ObITH BEMIECTBEHHON ¢ HEYETHBIM TUIIOM CUMMETPHUU; Ta-
KO€ 3HaY€HHUE MO0 YMOIYAHUIO UCTOJIB3YETCs MPU MPOESKTUPOBAHUU (DUILTPOB
['mupb6epra u nuddepeHnnaTopos;

B real - AUX nomkHA UIMETh CONPSIKEHHBIN THUIT CUMMETPHH.

Hcnonw3oBanue uiara 'skip stage2' (cM. cenbMoi Buj oOpallieHusl K MpoIeay-
pe) MO3BOJISIET HE BHIMIOJIHATH BTOPOM ATall alropuTMa ONTUMHU3ALMU, KOTOPBIA paccyu-
THIBaET KOA(PPULHUEHTHI PUIbTPA B TEX CIy4asix, KOTJa 3TOr0 HEIb3s CAENATh C IOMO-
mipto anroputma Pemesa. VckimoueHue BTOpOro stana COKpalaeT BpeMsi pacyeToB, HO
MOJKET IMOBJICYb CHI)KEHHE TOYHOCTU. [0 yMOI4aHMIO BBIMOJHSAIOTCS 00a dTarna ONTH-
muzanuu. [lapamerp 'debug' (cm. mecToil BuA BbI30Ba MPOLELYpPHI) OMpeAesieT BU
BBIBOJIMMBIX Ha €KPaH Pe3yJIbTaTOB pacyeTa GUiIbTpa U MOXKET MPUHUMATH CJIETYIOLIUE
3HaueHwus: 'trace', 'plots', 'both' u 'off'. [lo ymomuanuto ucnons3yercs 'off' (T. e. Ha k-
paH He BBIBOJUTCS MH(OpMAILIHS).

Hcnonp30Banne JOMOJHUTEIBHOTO 8bIX00H020 napamempa delta (cM. BOCbMOM
BUJ OOpallleHusl K MpoIeaype) AaeT BO3MOKHOCTh MCIOJb30BaTh B JIaJbHEHIINX OIle-
panusix 3HAYCHUE MAKCUMATLHOU amMnaumyowvl nyavcayuii A 4X.

BoixoiHo# napameTp opt COACPKUT HAOOP JAOMOIHUTEIBHBIX XapaKTePUCTHK:

B opt.grid - BEKTOp OTCYETOB YACTOTHI, UCIIOJIb30BAHHBIX TP ONTUMU3AIINY;

B opt.H - BekTop 3HaueHuit AUX, COOTBETCTBYIOUIMX 3HAYEHUSM DJIEMEHTOB B

BeKTOpE opt.grid;
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B opt.error - BEKTOp 3HaUYCHUM OIMOOK Ha YacTOTax BeKTopa opt.grid;

B opt.fextr - BekTOp, CoOAEpKAIMA YaCTOThl C JKCTPEMAJIbLHBIMU OIIMOKAMHU
AUX.

Ha puc. 5.53 uzoOpaxeH pe3ysibTaT MIPpUMEHEHUs NMPOIEAYPhl cremez AJid pacye-

Ta napameTpoB noiocoporo KMX-dunerpa 30-ro nopska.
b = cremez(30,[0 0.5 0.6 0.8 0.9 1],'bandpass’'); freqz(b,1,512)
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5.5. I'pagpuueckue u unmepaxkmugnvie cpeocmea
5.5.1. I'pa¢pmueckue cpeacrea nmakera SIGNAL

Hekoropsie rpaduyeckue cpencra nakera SIGNAL yxe ynomuHanuch paHee.
Crona oTHOCSITCA, PEK]IE BCEro, MPOLENYpPHI freqs U freqz, NpUMEHEHUE KOTOPHIX 0€3
BBIXO/IHBIX MapaMeTPOB MPUBOAMUT K MOCTPOCHHIO B TpaduueckoM okHe (purype) rpa-
¢ukoB AUX m ®UYX aHaioroBoro 3BeHa IO 3aJaHHBIM BEKTOpaMm Kod()PUITMEHTOB
YUCIIUTENS M 3HAMEHATeNs nepeaaToyHoil pyHkuuu no Jlaruiacy (71 nepBoi U3 HUX),
6o 1udpoBoro GuiabTpa (3Be€Ha) Mo K03(pPHUIMEeHTaM ero IUCKPETHOW MepeaaTOuHON
¢ynknuu (s BTOopod mpouenypbl). Hamomuum, uto obmasi gopma BbI30Ba 3THX
(GyHKIMI Tpu BeIBeIeHUU TpaduKOB TAaKOBA!

fregs(b, a, n) Win freqz(b,a).

[Ipu sTom 'b' 1 'a' npencraBissoT co00i BEeKTOPhl KOAPPUIIMEHTOB YUCIUTEIIS U
3HaMEHaTeNsl MepeaaTouyHor (PyHKIMH, a 'n' 3aJaeT YUCIO OTCUYETOB B CTPOSIIHUXCS
AUYX n ®YX.

[Ipumep nmpumMeneHus: GyHKIUU freqs mpuBeacH Ha puc. 5.16 (c. 247), a byHK-
uu freqz - Ha puc. 5.17 (c.248). U3 paccmoTpenus rpaukoB Claeayer:

B AUX nepBas mpoiietypa CTpOUT B JorapupMUIecKoM Macitade, a BTopas - B

nernuoennax;

B 4acTOTHl B IEPBOM CIIydae OTKJIAJIBIBAIOTCS B pPajJiMaHaX B CEKyHAY U B JIOTa-
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pudMuyeckoM maciitade, a BO BTOPOM - B BUJE OTHOIIEHUS K yacTore Haiik-
BHCTa, B pABHOMEPHOM MaciiTade u B quarnaszone ot 0 g0 1;

B dhopma odopmiieHHs TpaUKOB JOCTATOUHO KECTKAsT M HE MpeaycMaTpUBaET
BO3MOXXHOCTH M3MEHEHHMs pa3MepoB rpauKoB, HAAMKUCEH MO OCAM U BBIBOJA
3aroJioBKa.

Hexotopeie nponenypsl pacuera GpuibTpoB, Takue Kak fircls, firclsl, cremez u
maxflat npeycMaTpUBalOT BbIBEJCHUE COOTBETCTBYIOIUX I'papUueCcKUX U300pakeHui
HEKOTOPBIX MapaMETPOB CHPOEKTUPOBAHHOTO (UIBTPa, €CIAM B KaueCTBE IMOCIIEIHErO
BXOJIHOTO TIapamMeTpa Mpu oOpalieHnu K nporeaype ykaszas ¢uar plot'.

Tax, Gpynkuus maxflat B 5ToM citydae BBIBOJUT TPU IpapUuecKue 3aBUCUMOCTH :

B AUX B mpenenax 1o 9acToThl HaiikBrcTa B paBHOMEPHOM MaciiTaoe;

B KapTy pacnoJIOKEHUS HYJIEW U TOJKOCOB B KOMIJIEKCHOU Z-IIOCKOCTH;

B yacTOTHBIN rpaduK rPyNIoBOM 3aAePKKH (PHIIBTpA.

Hanpumep:

[b,a, b1,b2] = maxflat(10,2,0.5,'plots’)

NPUBOJUT K TIOSBJICHUIO B TpadUuecKoOM OKHE H300pa)K€HUs, MOKa3aHHOTO Ha pHC.
5.54.
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[Ipu Bb3OBEe (DyHKIMU fircls ¢ >Tum (diarom Ha rpaduK BBIBOASTCS (PparMeHTHI
AUX ¢ MakCUMaJIbHBIMU OTKJIOHEHUAMH OT Tpedyemoit AUX (cm. puc. 5.55):

n=30;f=[00.20.60.81]; amp=[100.50];

up =[1.02 0.02 0.51 0.02]; lo =[0.98 -0.02 0.49 -0.02 ];

fircls(n,f,amp,up,lo,'plots’);

AHanornynbsie rpaduKu CTPOSTCS W TpH BbI3oBe GyHkumu firclsl. Otnuuve B
TOM, YTO TeTepb rpauiKu HE OPHAMEHTUPOBAHBI HUKAKUM TEKCTOM (pHcC. 5.56):

fircls1(n,0.5,0.01,0.01,"plots’);
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[Ipouenypa cremez mipu TakoM OOpaIlleHWW BBIBOJIUT cienyromue rpaguku (B
onHoM rpaduueckom okue): AUX, ®UX, 3aBUCUMOCTh TIOTPEIIHOCTH MO AMIUIUTYAE OT
YaCTOTHI U 3aBUCHUMOCTD TIOTPEIIHOCTH 1O (a3e OT YaCTOThL. ITO MPOWLTIOCTPUPOBAHO

Ha puc. 5.57:

cremez(30,[0 0.5 0.6 0.8 0.9 1],’'bandpass’','plots’);
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B nakere SIGNAL umerorcs enie 1Be BaKHbIE I HHXKEHEpa rpapuvecKkue mpo-
nenypsl grpdelay, impz v zplane. IlepBast cTpouT rpaduK TpyMIIOBOIO BPEMEHH 3a-
nepxkku (I'B3) oT yacToTsl, BTOpas - UMITyJIbCHYIO XapaKTEPUCTUKY 3aJaHHOTO (PHIIbT-
pa, a TPEThs OTOOpAXKAET HA KOMIUIEKCHON Z-TJIOCKOCTH MOJIOKEHHUE HYJICH U MOJTI0COB
¢ubTpa.

Group delay (in samples)
[§] (o] N “n
w %) w i wn o wn

R

s
3]

] 0z 04 08 08 1

Normalized frequency (Nyquist == 1)
Puc. 5.58

PaccMoTpuM B KauecTBe mpuUMepa NpUuMeHeHue 3Tux npoueayp k bUX-punerpy,
CO3JJaHHOMY Tpoueaypou maxflat:

[b,a] = maxflat(10,2,0.5) ; grpdelay(b,a,128)

PesynbpraT npumenenus ¢pynkuuu grpdelay npuBeneH Ha puc. 5.58.

[Tpumenss npouenypy impz K TOMy e (QUIBTPY, MOTYYUM rpapuK UMITYJIbCHOM
JMCKPETHOM XapaKTepUCTUKU (PpriibTpa, n300pakeHHbIN Ha puc. 5.59:



249

5.5. (pachuyeckue u uHMepakmueHbie cpedcmea

impz(b,a) .
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Hcnonb3oBanue npouenypsl gplane s atoro punbsrpa:

zplane(b,a)
MPUBOJUT K MOCTPOEHUIO rpaduka puc. 5.60.
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-05

PaccmoTpum npumeHeHne HEKOTOPBIX rpaduueckux (QyHKIMA Ha MPUMEpe BYX

()

KOPPEIMPOBAHHBIX CIyYalHBIX IPOLECCOB.

HECChI:

Jns aToro BHauane cHopMUpPYEM ATH TPO-

% 3apgaHue napaMeTpoB npolecca

randn(1,length(t));

Ts=0.01; T =100;

% dopmupoBaHune Genoro wyma

x1
% PacueT napameTpoB hopmupytoLlero unbTpa

t=0:Ts:T;
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om0=2*pi; dz=0.05; A=
a(1)= 1+2*dz*oms+oms”2;

1; oms=omO0*Ts;
a(2)= - 2*(1+dz*oms);

a(3)=1;

b(1)=A*oms”2;

% dopmmpoBaHue "npodunbTpoBaHHOrO" npouecca
y1 =filter(b,a,x1);

% lMNocTpoeHue rpadumka npouecca

subplot(3,1,1),
title('Mpouecc Ha Bbixoae hunbTpa (T0=1; dz=0.05, Ts= 0.01)");
ylabel("Y1(t)")

% Pac4yeT napameTpoB NepBoro 3BeHa

om0=2*pi*0.20; dz=0.05; A=1; oms=om0*Ts;

al(1)= 1+2*dz*oms+oms”2; a1l(2)= - 2*(1+dz*oms);

a1(3)=1; b1(1)=A*oms”2;

% PopmmpoBaHuMe "nepBoro” npouecca

x =filter(b1,a1,y1);

% lNocTpoeHune rpadumka nepeoro npotecca

plot(t,y1),grid, set(gca,'FontName','Arial Cyr','FontSize’,8)

subplot(3,1,2), plot(t,x),grid, set(gca,'FontName’,'Arial Cyr','FontSize’',8)

title('MepBbIN cny4yanHein npouecc (T0=5; dz=0.05, Ts= 0.01)');
ylabel("X(t)")

% Pac4yeT napameTpoB BTOPOro 3BeHa

om0=2*pi*0.5; dz=0.05; A=1; oms=om0*Ts;
a2(1)= 1+2*dz*oms+oms”2; a2(2)= - 2*(1+dz*oms);
b2(1)=A*oms”2;

% PopmupoBaHue "BTOporo" npouecca

y =filter(b2,a2,y1);

% lNocTpoeHune rpadumka BTOporo npotecca

a2(3)=1;

subplot(3,1,3), plot(t,y),grid, set(gca,'FontName','Arial Cyr','FontSize’,8)

title('Bropon cnyuyanHbin npouecc (T0=2; dz=0.05, Ts= 0.01)");
xlabel('Bpewms (c)'); ylabel("Y(t)")

['paduxu nopoxaaroiiero nporecca 1 JIByX HMpOLEcCOB, MPOU3BOAHBIX OT HETO,

IIPUBEJICHBI Ha puc. 5.61.

[Mpoygecc Ha eelxofde duneTpa (T0=1, dz=0.05, Ts=0.01)

i i i i i i i
10 Qélropoﬁ éﬂ/anHbﬂpnpoueép(TO:QFS@Z:O.O&TQS: 0_0%? 90 100
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Puc. 5.61

HpeI[CTaBJIeHI/IC Fpa(i)I/IKa JJIMHHOTO IMPpOoLEeCCa B BUAC COBOKYITHOCTH HCCKOJIBKHUX
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(GparMeHTOB MEHBIIICH JIJIMHBI IO APTYMEHTY MOYXHO OCYIIECTBHTH MPU ITOMOIIH TPO-
ey PHI Strips MyTeM TaKoro oOpaleHus K Hel:
strips(X, sd, Fs, scale),

rje 'X' - BeKTOp 3HaueHU BRIBOAMMOM Ha rpaduk GyHKIMY, 'sd' - mapamerp, 3a1atomui
B CEKYHJIaX JJTMHY OJHOTO ()parMeHTta mo aprymenty, 'Fs' - 3HaueHue 4acToThl TUCKpe-
TH3aIuy, 'scale’ - macmrab mo BepTUKaIbHON OCH.

B kagecTBe npumepa, BeIBeeM TpaduK MOPOKIAAIOIIETO CIyYaiiHOTO MpoIlecca,
pa30uBasi ero Ha OTAeNbHbIE (pparMeHThl o 20 CeKyHJ U 3aJaBasi AMAna3oH U3MEHEHus

3HauYCHUS (PYHKIIUU B KOKIOM (PparMeHTe ot -2 110 2:
strips(y1,20,100, 2)
grid; title (‘"3acTocyBaHHsa npoueaypu STRIPS ana BuBeaeHHsa Y1(t)');
xlabel("Yac, c')
Ha puc. 5.62 npencrasien pe3ynbTar.

MpumeHeHne npouegypel STRIPS ana eeieoga Y1(t)

10
Bpewms, c
Puc. 5.62

Tenepp no3HakoMuMcs ¢ rpadUyeCKUMH MPOLEAypaMu CTaTUCTUYECKON o0Opa-
60Tku mporeccoB. Panee (pasa. 5.3) Mbl MO3HAKOMIIIUCH C IPUMEHEHUEM QYHKIHNH psd,
KOTOpas, €CJIM HE YKa3bIBaTh BBIXOJHBIX MapaMEeTPOB, BHIBOAHUT B IpaUUECKOe OKHO
rpaduK CIEKTPaIbHON IIOTHOCTA MOIIHOCTH (puc. 5.42). AHaIOTUYHBIN TpaduK 3aBU-
CUMOCTH MOJIyJIsl B3aUMHOM CHEKTPaJbHOM IUIOTHOCTH JBYX CHTHAJIOB OT YacCTOTHI
CTPOUT Ipoueaypa csd, ecinu 00paTUTbCsl K HEM TakuMm o0pa3oM:

csd(x, y, nfft, Fs).

31ech X Uy 3aJlaHHBIE MOCIE0BATEILHOCTH OTCUETOB JIBYX CUTHaIOB, nfft -
YHUCJIO OTCYETOB, MO KOTOPBHIM BBIUMCISAETCS B3aMMHAas CIEKTpajbHas ITUIOTHOCTh, Fs -
4acTOTa AUCKPETU3AIMU STUX CUTHAJIOB.

[Ipumenum dynkuuto psd k ciydaitnomy curHainy X(t), a npouenypy csd - nis
HAXO0XKJICHUSI B3aMMHOM CHEKTPaJbHOW IUIOTHOCTH curHaiioB X(t) u Y(t). PesynbraTh

MIPUBEJEHBI COOTBETCTBEHHO Ha puc. 5.63 u 5.64.
psd(x,10000,100); title (' MpumeHeHne npoueaypbl PSD k npoueccy X(t)');
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ylabel('CnekTpanbHaa nnotHocTh'); xlabel("HacToTa, 'y ‘)
csd(x,y,10000,100); title(' MpumeHeHune npouenypbl CSD k npoueccam X(t) n Y(t)");
ylabel('BzaumHaa C [1'); xlabel('HacToTa, 'y ')

MpumeHeHne npoyeaypbl PSD k npoygeccy X(t)

Cnelcrpaanasl NAOTHOCTE

ABO - mmmmm b -4 -

180 : : : :
] 10 20 30 40 50
YacToTa, 'y

Puc. 5.63

MpumeHeHune npoueaypbl CSD k npoyeccam X(t) n Y(t)
20 T T T T

Bsanmnan C T

] ’IID 2IO SIO 4I0 50
YacTota, 'y
Puc. 5. 64

[Tpouenypa cohere nipu obpaieHun

cohere(x, y, nfft, Fs)
BBIYHCIIICT U BBIBOAMT rpaduK OT YaCTOTHI KBajpaTra MOAYJsA (DYHKIMH KOTEPCHTHO-
ctu curHajoB X(t) u Y(t), Beruuciennoro no nfft Toukam, 3aJjaHHBIM ¢ YACTOTOM JHC-
kpetusanuu Fs. [Ipumenss 3ty npouenypy kK cOpMUPOBaHHBIM CIIyYailHBIM ITPOIIEC-

caM, MOJIy4YuM KapTUHY, PEICTaBICHHYIO Ha puc. 5.65:
cohere(x, y, 10000, 100)
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O3HakoMHMCSl C TPOLENYpPOH Spectrum, KOTOPAsl BBIIOIHSIET CIEKTPAJIbHBIN
aHaju3 JIByX mporeccoB X(t) u Y(t). O6pamenue
P = spectrum(x.y)
IPUBOJUT K BBIYMCICHUIO MaTpuULlbl P, cocTosieii 3 BOCbMU CTOIOLIOB
P = [Pxx, Pyy, Pxy, Txy, Cxy, Pxxc, Pyyc, Pxyc],
rae  Pxx - BekTop-cronber, coaepxamuii orieHnky CIIM mporecca X;
Pyy - Bektop-cTonden, conepxammuii onenky CIIM mpouecca Y;
PXy - BEKTOp B3aUMHON CIIEKTPAJIbHOM IUIOTHOCTH IpoueccoB X U Y;
Txy - kommiekcHas nepenatounas QyHkuus : Txy = Pxy./Pxx;
Cxy - ¢pynkuus korepentHoctH, Cxy =((abs(Pxy)).*2)./(Pxx.*Pyy);
Pxxc, Pyyc, PXyc - BEKTOpBI, comeprKamme JOBEPUTEIbHBIE HHTEPBAIIBI IS OLie-
HOK Pxx, Pyy m Pxy.
Ecnu 3Ty ¢yHKIMIO BBI3BaTh 0€3 BHIXOIHBIX TAPaMETPOB
spectrum(x,y),
TO pe3yabTaToOM ee paboThl OyJEeT MooYepEeAHbINA BBIBOJ B OAHO rpa)uyecKkoe OKHO Ta-
KHUX TpaduKoB:
1) 3aBucumoctu CIIM mepBoro curHajga oT HOPMaJIUM30BaHHON 4YaCTOTHI (puC.
5.66); Ha rpaduke MpeacTaBIAIOTCS TPU KPHUBBIE - KPUBAsl OLEHKH OCPEIHEH-
Horo 3HaueHus CIIM Ha ¢puKCHUpOBaHHOM YacTOTE U JBE KPUBbIE C JOOABIEHU-
€M M BBIYMTAHUEM JJOBEPUTEILHOTO MHTEPBAJIA HAa 3TOM YacTOTE;
2) nocne HaxaTus KiaBuiM <Enter> mpekHue KpUBbIE MCUE3HYT U HA TOM K€
0JI€ MOSABSTCA TPU aHAJIOTUYHBIE KpuBbIe (puc. 5.67) st BTOporo mpoiecca
Y(1);
3) cnenyronee HaxxaTue <Enter> npuBenet (puc. 5.68) Kk MOSBICHUIO KPUBOU 3a-
BUCUMOCTH Moyl 'mepenaroyHo (yHKIUU" B3aUMHOM CHIEKTPabHON
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INIOTHOCTHU YKA3aHHBIX IIPOLECCOB OT YaCTOThI,

.T Figure Ho. 2
File Edit Tools

Window Help

[IaE=2=F=1

NAA/|BRD

Py - ¥ Power Spectral Density

1D- 1 1 1 1 1 L 1 1 1
0 0.1 0z 03 04 05 0B 07 08 08 1
Freguency
Puc. 5.66

.T Figure No. 2 !Elm
File Edit Tools Window Help
IDesda/xA2/|2ppo

. Pyy - ¥ Power Spectral Density

10 T T T T T T T T T

10' L L L L L L L L L
u] 0.1 p2 03 04 05 0B 07 D08 09 1
Frequency
Puc. 5.67
.T Figure No. 2 !Elﬂ
File Edit Tools Window Help
Iolemga|/xar/|®p0
Tuy - Transfer function magnitude
10 T T T T T T T T T
1° 4
107 ¢ 1
10'2 1 1 1 1 1 1 1 1 1
0 0.1 02 03 04 05 OB 0y 08 09 1
Freguency

Puc. 5.68



5.5. Mpacghuyeckue u uHMepakmueHbie cpedcmea 255

.T Figure No. 2 !Em

File Edit Tool: Window Help

D& NAA/ | 22D
200

Tuy - Transfer function phase

150

100

A0 -

-100 -

200 | | | | | | | | |
a 0.1 0z 03 04 o0& 0B oy 08 na 1
Frequency

Puc. 5.69

.T Figure No. 2 |- [O] x]
File Edit Tools Window Help
IIEE=2= =10 W AN -l

Cuy - Coherence

1 T T T T T T T T T

08+

0B

04

1] 01 0z 0.3 0.4 05 0B D7 08 09 1
Freguency

Puc. 5.70

4) nanbHeiiee Haxkatue <Enter> npuBOAUT K MOSIBICHUIO TpadrKa 3aBUCUMOCTH
aprymenTa " nepenaroudoit pyakuuu" BCII ot wactoTsl (puc. 5.69);

5) nocnennee Haxkatue <Enter> BBI30BET MOSABJICHHUE B MoJe rpaduka QyHKIUN
KorepeHTHOCTH (puc. 5.70).

st moctpoenus: cnekrporpammel nporecca B MatLAB npenycmoTpena mpotie-
nypa specgram. CeKTpOrpaMMOil Ha3bIBA€TCSI 3aBUCUMOCTH aMILTUTY 1Bl BBIYUCIICHHO-
ro B okue JII1® (muckpernoro npeobpazoBanust Pypbe) OT MOMEHTA BPEMEHH, OTIpeie-
JISIFOILETO TMOJI0KEHUE 3TOro OkHa. J[Jig mpuMmepa HUCHoJib3yeM 3Ty MpOoUeaypy HpHume-
HUTEJBHO K paHee chopMupoBaHHOMY Tporieccy X(t):

specgram(x, 10000,100)

B pesynbrare nosiydaem B rpapuueckoM OKHE KapTHHY, U300paKeHHYIO Ha PHC.
5.71.

OO6muii Bua obOpaiieHusl K TIpoILeaype Specgram HAIIOMHUHACT oOpalleHue K
npoteaype psd:

specgram(x, nfft,Fs),
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II€ X - BEKTOp Ipolecca, CIeKTporpaMMa KOTOporo Beiuucisercs, nfft konuuectso

TOYEK 3TOTO IMPOLECCa, YYACTBYIONIMX B BBIYMCICHUSAX U FS - yacToTa MUCKpeTU3aIuu
npoiiecca.

.T Figure Mo. 2 !Eln

File Edit Tools Window Help

B EIY YN

a0

40

Frequency

Tirme

Puc. 5.71

Haxkownern, rpadgudeckoe mpeacTaBiIeHHEe UMEET W MpoIeaypa tfe, KoTopas oIe-
HUBACT MapaMeTphl U CTpouT rpaduk AUX mepenarodnoil GyHKIIMN 3BeHA, HA BXO]] KO-
TOPOTO TOJIaH MPOIIECC, MPEICTABICHHBIN MEPBBIM BEKTOPOM B 0OpaIlleHUH K TIPOIEIy-
pe, a Ha BBIXOJI€ TOJyYeH MPOIlecC, MPEACTaBICHHBI BTOPBIM BEKTOpOM. B memom 006-
paleHue K Iporeaype ¢ HeNbio monyduth rpagux AUX nmeer BU:

tfe(x, y, nftt,Fs)

IJIe X - BEKTOp 3HAYCHH BXOJHOTO MPOIECCa, Y BEKTOP BBIXOAHOTO Mpoiiecca, nfft -

KOJIMYECTBO 00pabaThIBa€MbIX TOYEK (DJIEMEHTOB yKa3aHHBIX BEKTOpOB), Fs - wactora
JMCKPETU3AIIHH.
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Frequency

Puc. 5.72
[Tpumensis nmpouenypy kK panee chopMupoBaHHbIM TporieccaM X(t) u Y (t):
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tfe(x, y, 10000,100)
noJiyuuM rpaduk puc. 5.72.

5.5.2. UarepakTuBHas 000104ka SPTOOL

[Ipouenypa sptool aktuBuzupyet rpadudecKy0 HHTEPAKTUBHYIO O00OJIOUKY TMa-
keta SIGNAL, BKIIO4aronyto:

B cpencTBO MOMCKA M MPOCMOTpa cUTHANIOB - Signal Brouser:

B npoektupoBunk GunsTpos - Filter Designer;

B cpeacTBO MPOCMOTpa xapakTepucTuk GuiabTpoB - Filter Viewer;

B cpeicTBO NPOCMOTpa crieKkTpa - Spectrum Viewer.

O6omnouka aKTUBH3UPYETCA IMyTeM Habopa B komMaHAHOM okHe MatLAB komaH-
T

sptool.

B pe3ynbpTaTe Ha SKpaHe MOSBISIETCS OKHO, MTPEICTaBICHHOE Ha puc. 5.73.

|T SPTool: untitled. spt !EI m

File Edit Help Window
Signals Filters Spectra
[a] [a] [a]
[=] =] L~
Wign | ig | g |
MHew Design | Create |
E dit Design | Lpdate |
Apply |
Puc. 5.73

Kax Bugum, okno SPTool coctout u3 Tpex vacreit-okouiek - Signals (Cuenansi),
Filters (Qunompor) u Spectra (Cnekmpul), IOA KaXIbIM U3 KOTOPBIX UMEIOTCS HAJIHU-
CU-KOMaH/bl, TOBOPSIIIUE O TOM, YTO MOXHO CJI€JIaTh C OOBbEKTaMH, PACIOI0KEHHBIMU
HaJl HUMHU.

Tak, o oxomkoM Signals HaXOIUTCS JIUIIb HAAMKUCH View. DTO O3HAYaeT, 4TO
O0OBEKTHl (CUTHAJbl), UMEHA KOTOPBIX PACHOJOKEHBl B 3TOM OKOIUKE, MOTYT OBITh
TOJIbKO mpocMoTpeHsbl. [loa okomkom Filters HaxondaTcsl 4eThlpe HAAMUCH, KOTOPbIE
03HAYaloT, YTO OOBEKTHI ((PUIBTPHI), UMEHA KOTOPBIX Pa3MEUIAIOTCS BHYTPH HETO, MO-
I'yT OBITh:
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B co3naunbl (Haanuck New Design - Cnpoexmuposams Hogulil),

B orpenaktupoBansl (Haanuck Edit Design - Ompeoaxkmuposams [Ipoexm);

B npocMOTpeHsbl (Haanuce View);

B npuMEHEHbl K OJIHOMY HWJIM HECKOJIbKUM OOBEKTaM, BBIJACICHHBIM B OKOIIKE

Signals (magnucek Apply - [lpumenumy).

AHaJIOTUYHO, C 00bEKTaMU OKOIIIKa Spectra - (CIIEKTpaMu) MOYKHO MPOU3BO-IUTh
TaKkue JCUCTBUA:

B co3maBath (koMaHaa Create - Cozoamy);

B npocmaTtpuBath ( kKomanaa View);

B 0OHOBUTH (CO37aTh 3aHOBO MO/ TEM XK€ UMeHeEM) - komania Update.

BHyTpu okoliiek 0ObIYHO pa3MeniatoTcs MMeHa (MIAECHTU(UKATOPBI) COOTBETCT-
BYIOILIUX MEPEMEHHBIX WIH MPOLEIYp, BXOIAIIUX B OTKPBITHIN B sptool daiin ¢ pacuiu-
penueM .SPT (ums aToro ¢aitna Haxonutces B 3arojoBke okHa SPTool).

[Ipu mepBoM oOparieHrH B 3aroJ0BKe OKHA HAXOAUTCS uMs untitled.spt, Bce Tpu
OKOIIIKa - IyCThIE, a U3 KOMaH/, PACIOJIOAKEHHBIX HUKE UX, aKTUBHOU ABJISIETCS TOJIBKO
onHa New Design. Takum o0pa3oM HEMOCPEACTBEHHO IOCJE BXOXKJIEHUS B 000JIOYKY
sptool HenoCPEeACTBEHHO MCIOIHUMOM SIBISIETCS TOJBKO Ollepanus pa3padOTKH HOBOIO
¢unpTpa. UTOOB! aKTHBU3UPOBATH OCTAIBHBIE KOMaHIbI, HEOOXOAMMO OTKYAa-TO WUM-
NOPTUPOBATh JAHHBIE O KAKOM-TO (WJIM KaKMX-TO) CUTHajlax. Takue JaHHBIE JTOJKHBI
OBITH C(POPMUPOBAHBI IPYTHMMHU CPEACTBAMHU, HEXEIU cama o0ojouka sptool, (Hanpu-
Mep, ABJIATHCA PE3YIBTATOM BBINOJHEHUS KaKoW-TO nporpammbl MatLAB, nnu pesyib-
tatoM MozenupoBanus B cpeae SImulLINK) wu 3anucaHbl Kak HEKOTOPBIE MEPEMEHHBIC
160 B paboueM nipoctpancTBe (Workspace), nubo Ha aucke B ¢aiisie ¢ pacliupeHueM
MAT.

Hmnopm cuenanos

Jiig Toro, uto6b1 00pabaThiBaTh Kakue-1M00 CUTHAIBI C TOMOIIBIO Spfool, HeoO-
XOJUMO, TIPeXae Bcero, chopMupoBaTh STH CHUTHAIBI C TMOMOINBIO HEKOTOPOHM MpO-
rpammbl MatLAB, a 3areM HMIOPTHPOBATH MOJYYEHHBIE BEKTOPBI 3HAYEHUM 3TUX CHUT-
HaJIOB B cpeny sptool.

JomycTuM, 4TO MBI CT€HEpUpOBAIIN clydaitHbie mporecchl X(t), Y(t) u YI(t) B
COOTBETCTBHH C MPOTPaMMOi, MpuBeAeHHON B pazaene 5.5.1. B pesynbrare B pabouem
npoctpanctBe MatLAB nosiBUIMCh BEKTOpPBL X, y U yI, KaXObli U3 KOTOPBIX COAEP-
#uT 1o 10000 sanementoB. Imnoptupyem Ux B cpeny sptool.

Boiins B cpeny (puc. 5.73), BeiOepeM "mbliiikoit" pazaen File MeHto okHa sptool.
B pe3ynbTare nosBiasercs AOMOIHUTEIBHOE OJMEHIO (pUC. 5.74), OAHUM M3 pa3/iesioB
KoToporo siBisiercs Import. "Haxarne" Ha HETO "MBIIIKON" MPUBEAET K MOSABICHHUIO HO-
BOoro okHa Import to SPTool, nipeicraBneHHoro Ha puc. 5.75.
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|T SPTool: untitled. zpt [_ [3] x|
31 Edit Help Window
Open Session. .. Ctrl+D Spectra
Import. . Ctrl+l ;I ;I
Expoat... Cul+E
Save Sezsion Chtil+S
Save Sezzion As. .
Preferences. ..
Close Chrl+'wf
Wign | ig | g |
MHew Design | Create |
E dit Design | Lpdate |
Apply |
Puc. 5.74

B pasznene Source (Mcmounuk) 3TOr0 OKHa OTMEYEH TOYKON BHYTPHU KpPYXKKa
paznen From Workspace (U3 Pabouezo llpocmpancmea). 1losToMy Bce MMEHa mepe-
MEHHBIX paboyero MpOCTPAHCTBAa MPEACTABICHBI BO BTOpOM okoike Workspace
Contents (Cooeporcumoe Pabouezo [Ipocmpancmea). BeiopaB npu moMomniy "MbIiiku"
HEOOXOIMMYIO MEPEMEHHYI0, HEOOX0UMO 3aTeM "HakaTh" KHOIIKY CO CTPEJIKOM, yKa-
3BIBAIOIIEH HA OKOMIKO ¢ Haamuchlo Data. Ilocie atoro B okomke Data NOMKHO NOS-
BUTHCS UMsI BRIOPAaHHOM ITEPEMEHHOM.

.T Import to SPTool |

Source

— ‘Workspace Contents —

& From wWorkspace Tz
e

£ Fraom Digk a
bl T -filie: M amnie: al
as

b

|:1'|

Birowza. ..

4]
]

;}I

—
-

Help |

Cancel I

EIKl

r Import A I Signal

Sampling Frequency

[ ata

=

| i

— Mame

I zig]

Puc. 5.75
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7 |

Source

& From ‘Workspace

€ From Dizk
b T -l M anne:

Browze...

— ‘Workspace Contents —

Tz ;I

Tp

a
al
as

b

b1
b2
dz
amll
anms
t
%

b |

;}I

Help | Cancel I ] |

r o Import b I Signal

Sampling Frequency

D ata

LI—

|1nn

— Mame

[+1

Puc. 5.76

3atem B okomike Sampling Frequency (Yacmoma /Juckpemuzayuu) cienyeT 3a-
nUcaTh JKeIaeMoe 3HAYCHHE YacTOThI JUCKpeTH3aluu. DaKTUYECKH ITHM MapamMeTpoM
3a/1aeTCsi BPEMEHHON NPOMEXYTOK 7§ MEXIy OTIEIbHBIMA 3HAYCHHSIMH BBIOPAHHOTO

BCKTOpa IIpouccca.

B oxomike Name (HMms) ciietyeT BOUcaTh TO UM, 11O KOTOPHIM BBEJICHHbBIN BEK-
TOp OyZeT 3amucaH B cpene sptool.
Ha puc. 5.76 BuaeH pe3ysbTat BbIOOpa nepeMeHHoi y1, kotopast OyJeT 3anucana
B sptool nox TeM ke uMeHeM ¢ yacTotoi auckperunzauuu 100 I'x (T.e. ¢ guckperom no

BpeMenu B 0.01 ¢)

IT SPTool: untitled. spt !EI E
File Edit Help Window
Signals Filters Spectra
PN — | =] =]
[~] [~] =1
Wi I iz I iz
Mew Deszign I Create
Edit Dvaszign I Update
Apply |

Puc. 5.

77
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[Tocne TakoW MOATOTOBUTENHHOM paOOThI ClIeyeT HaXKaTh MBIIIBIO Ha KHOIIKY
<OK> BHM3Y OKHa, U UMIOPT CUTHalla B cpeny sptool Oyner npousBeneH. OKHO
IMPORT Sptool vcue3HeT U B OKHO Sptool n3meHut cBoit Bua (puc. 5.77): B OKOIIKE
Signals MOSABUTCS 3aMCh IMEHU BEKTOpa CUTHAJIA U aKTUBU3HUPYETCs (CTaHeT OoJee sip-
KoM) moanuch View 1moj 3TUM OkKomkoM. Kpome Toro, ctraHer akTMBHOM M KOMaH/a
Create niog okolmlkoM Cnexmpsi. ITO 03HAYAET, YTO MOYXKHO HAXOJUTH CHEKTPAJIbHbIC
XapaKTepUCTUKU UMIIOPTUPOBAHHOTO CUTHAJIA.

[ToBTOpSIA OMEpalnio, MOKHO MEPEHECTH B Sptool N Ipyrue CUTHAMIBL (X U ).

Ecnu BexTops! mporeccoB 3anucanbl B MAT-¢aiin, To 11 ux uMmnopra HE0OXxo-
Mo, tiocie BbizoBa okHa IMPORT Sptool, akTuBU3UpPOBaTh B HEM "PAMOKHOIKY" C
Haanucelo From disk, HaxxaB "MBIIKON" BHYTPH Kpy>KKa 3TOW paguokHONKU. B pe-
3yJibTate OyayT aKTUBU3UPOBAHBI JBa HIXKEPACION0KEHHBIX pa3jena - okomko MAT-
file Name wu Browse (puc 5.74) . 3anuckiBas B nepBoe umsi HeoOxomumoro MAT-
¢aiina ¢ 3anuceio nporecca uian otbickuBas MAT-daitn npu momomu Browse, BHOBb
BbI3bIBaeM B OKOIIKO File Contents ero conepxumoe. [locnenyroiue neicTBUs aHaio-
TUYHBI paHEe PACCMOTPEHHBIM.

IIpocmomp cuenanos
[Tocne mMmopTa BEKTOpa CUTHAIA MOXKHO BOCIIOJIB30BAThHCS CPECTBAMH €T0 TPO-
cMoTpa. s 3TOro 10CTaTOYHO BBIACIUTH B OKOIIKE Signals HyKHbIE CUTHAJBI U "Ha-
’KaTh MBIIIKOW" HA HAAMUCH View oA OKOIIKOM. B pesynbrare JOIKHO TOSIBUTHCS HO-
BO€ OKHO Signal Browser.

|T Signal Browszer !EIH
File Optionz Window
Aaray Signals. . ": - = = Selaction  —
ru'hﬁs_é— Vfull ZT:-?m ZDE‘l E::-::n:] ‘-:Zﬂu::-]-:!:nith 7 I-"'1 vI Calar
| | zeom | BN ey | oowev | ¥ | Oue Help |
w1 (10001-by-1 real, Fs=100) Fulers
2 T T T T T T T T T | | _
| “wirtical Horzontal
14+ | i b P &T
Track Slope
wl I 3333
0 ' | I o1 -0.32497836
A tk «2[66.67
Ak | vz -0.33345207
| dw 33.24
2 | | | | | | | | | | dy -0.013473716
] 10 20 a0 A0 a0 B0 0 a0 =l 100
Tirne /E»L@\
Pealks :g?lle?s/
Save Rulers... |
Fanner

Puc. 5.78
B namem ciyuae, BeiOMpasi curaan yl, MOJydYdM OKHO, U300paKEHHOE Ha PHC.
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5.78. Kak BuAUM, HEHTPAIbHYIO YacTh OKHA 3aHMMAET U300paK€HUE KPUBBIX 3aBUCH-
MOCTH BBIJIEJIEHHBIX MPOLECCOB OT BpeMeHU. B 3aronoBke rpaduka yka3blBalOTCsl HUMe-
Ha CUTHAJIOB, N300pakKeHHbIX Ha rpaduke, pa3MepHOCTh COOTBETCTBYIOLUX BEKTOPOB U
4acTOTa AUCKPETU3ALUU.

B BepxHeMm mpaBoM yIlly OKHa pacmnojiokeHa obsacte Selection, ¢ TIOMOULIbIO
CPEZICTB KOTOPOW MOKHO U3MEHUTH I[BETA KPUBBIX, N300paKaeMbIX B OKHE Tpa(UKOB.

Crnpasa ot rpaduueckoro nojist okHa (06acthb Rulers) moMenieHbl HHCTPYMEHTHI,
o0ecreynBaroIle TOYHbII OTCUET MOKa3aHW 3HaYEeHUN apryMeHTa U IMpoliecca B JIBYX
TOUYKax rpaduka.

Oty TOYKU rpaduka ONpeNesstoTcs NepPeceueHueM ¢ rpauKkoM Mmpolecca, uMs
KOTOPOTO CTOUT B oOmnactu Selection, ¢ AByMS BEPTUKAIbHBIMU JIMHUSIMU PO30BOTO
[[BETA, PACIOJIOKEHHBIMU B ToJie TpadukoB. VM3MeHeHrEe MOJIOKEHUS 3TUX JIMHUM 110
IIKaJie BpEMEHU ITPOUCXOJIUT C MOMOLIBIO "MbIIKK". Ecin Kypcop "MbIIIKK" MTOABECTH
K OJHOM M3 3TUX BEPTUKAIBbHBIX JIMHUM, KypcOp MPUMET BUJI KUCTH pyku. Haxka B 3TOT
MOMEHT Ha JIEBYIO KJIABUIIY "MBIIIKA" U, HE OTIIyCKas €€, IEPEMECTUB KypCcOp BIPABO
WIHM BJIEBO, MOKHO M3MEHUTH MOJIO)KEHHE COOTBETCTBYIOLIEH JUMHUM HA rpaduke. [Ipu
3TOM B 005acTu Rulers OyayT HENPEPHIBHO YKa3bIBATHCS KOOPAUHATHI 'X' U 'y' TOUEK Ie-
pecedeHusi 00ernx BEPTUKAJIbHBIX MPSAMBIX C rpadMKOM Ipoliecca, a TaKKe pa3HOCTU
Mexay HUMH. [Ipu 3TOM KOOparHaTa 'X' COOTBETCTBYET BPEMEHH, A 'y' - 3HAYEHUIO IIPO-
necca.

Ha puc. 5.79 orobpaxkensl Bce Tpu mpoiiecca. Eciu HaxaTh "MBIIIKON" KHOIKY
Slope, B nose rpaduka nosBUTCA €1le OJHA NpsMasi, COCIUHSIONIAs YKa3aHHbIE paHee
TOYKHM TMepeceyeHus: BHIOPAaHHOW KPUBOW C BEPTUKAJIbHBIMHM JIMHUAMH, a B 00JIacTh
Rulers nosiBUTCS HOBOE UKCIIO 'M', 3HAUEHHEM KOTOPOTO SIBJISIETCS] TAHT'€HC yTila HaKJIO-
Ha TOU NPSIMOM K OCU BPEMEHU.

B BepxHel yacTu OKHa pacnoJIaratoTcsl CPeACTBA YIPABICHUS OKHOM M MAcIlTa-
0amMu BHYTpU IpauuecKoro moJs.

Co3z0aHue cnekmpos cucHanos

[locne BBeneHus B spfool CUTHAIOB MOXHO HAWTH OLEHKH CIEKTPaJbHBIX
CBOWMCTB ATUX CHUTHAJOB. [[ns aToro pocrarouHo B okHe SPTool B OKOIIKE CUTHAJIOB
OTMETUTH (BBIACIIUTH) TOT CUTHAJI, OLIEHKY CHEKTPaIbHOM MJIOTHOCTU KOTOPOTO BBl XO-
TUTE TMOJYYNUTh, U "Ha)KaTh MBIIIKOW" Ha KomaHAy Create B HWXKHEW 4yacTu okHa. [Ipu
STOM Ha JKpaHE IMOSBUTCS HOBOE OKHO - Spectrum Viewer (O6o3pesameny cnekmpa) -
puc. 5.80.

HoBoe oxHO HanomuHaeT okHO Signal Browser. BepxHss U npaBasi 4acTHU dTUX
OKOH IpaKkTU4eckH coBnajgarT. OaHako rpaguueckoe OKOLIKO B OKHE Spectrum Viewer
SIBJISIETCSI IIyCThIM, a CJIE€BAa OT HEro pacroiaraercst 001acTb, HHCTPYMEHTBI KOTOPOM 1O-
3BOJISIIOT:

B BBIOpaTh METOJ HAXOXKJICHUS CIIEKTPaIbHON XapaKTEPUCTUKH CUTHATIA;

B yCTaHOBUTH KOJIMUYECTBO 00pabaThIBaEMBbIX TOUEK CUTHAA,

B yCTaHOBUTH KOJIMYECTBO TOYEK CIIIAXKUBAIOILEIO OKHA;
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dx 33.34

cy 0.27879

m 0.0083622

Peaks :ﬁ;?s/
Sawe Rulers. . |

ITSPEEt[um Yiewer !EIE

File Options Window

L Full = = | =<1 <1k Selactinn ——

o ?

it || || % | 2o | 2| 2o 2 |Feeme =1 coior |

r Signal: sy _

10001 -by-1 real Selection: spects S

Fs =100 1 - : || ==
nwizrtical Horizontal

- Parameters — (P QP’

METhDdIWE'Ch vI ozl ] é;c‘( /ﬁpe

fotl 1024 - I—_
Nwindl 256 Wl -

Windnwlhanning vI 061 | xZI——
W~
Overlapl 0 04 ] che -
Detrendinglnune vI oy -

Scalinglm 02t i

[ Conf. Int I /f;i\ :g;?:

Inherit fram -] DU 2'0 4'[:] Sawe Fulers... |
Fevert | Apply | Frequency
Puc. 5.80

B BpIOpaTh TN OKHA CTJIAXKUBAHUS;
B yCTaHOBUTH pa3Mep MEPEKPBITHS OKOH;
B yCTaHOBUTH METOJ UCKJIFOUEHUS TPEHA;
B yCTaHOBUTH METO]I MacIITaOHpPOBaHUS rpaduka.
MeTos BBIYMCIEHUS CIIEKTpa BHIOMPAETCS MPU NOMOIIM BBINAJAIOIET0 MEHIO B
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OKOIIIKEe 1MoJ Ha3BaHUueM Method. Breinagatoiee MEHIO COACPKUT TaKUE allbTePHATUBBI
(cm. puc. 5.81):

B Burg;

W FFT,;

B MEM;

B MTM;

B MUSIC;

B Welch;

B YuleAR.

Kaxxnomy u3 Ha3BaHHWII COOTBETCTBYET aHAJIOTMYHBIA MeTOJ (Ipolenypa) Bbl-
YUCJIEHUS CIIEKTpa CUTHAJIA.

|T5pec:trum Yiewer [_ |2 x|

File Options  Window

Eﬁ::‘l_ Full z.:.z ZD% [Z::{] g][‘,} 5 SElEC0 ——

Zoom | LM |0 Dt | | owst H;Ip ISF'E'jE 'I Colar.. |

- Signal: v _

10001-by-1 real Selection: spectt Fulers

Fs =100 1 - - ||| ==
“wiartical Horizorital

- Parametars

hMethod |\Welch vl 0gl ] é;cj) ,&?’ GF-

Slope

Nt o] P—
Mwind 5
'l
W' [:]6 B
inclow X7 I_—
we "
Overlap LTS 04+ T che -

Detrending Inn:une T| chy -
ScalingIUnbiaaed v| 02|

[ Conf. Int. I Peaks E&i‘s

Inhetit fram ~| 0 20 40 Save Rulers.. |

Fevert | Apply | Frequency
Puc. 5.81

Jlst mpoBeZieHUsT BBIUMCICHUHN TOCTe BRIOOpa MeToAa CIeAyeT HakaTh KHOIIKY
Apply BHu3y neoro nois. Hampumep, Beigenum nisi oOpabotku mporecc Y1, "Hax-
meM" komanny Create n BoiOepeMm meton FFT. Ilocnme Haxkatus kHOKH Apply B OKHE
Spectrum Viewer nosIBUTCA KapTUHA, IPEACTaBIEHHAs Ha puc. 5.82.
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|T Spectrum Viewer M= 3
File Options  Window
:;J::i_ Ful zﬂz ZD% Eﬂ -:Z,";]D " Celoctinn =—
Zoom | | Mew et | o | e | Outot H.;||;. ISF'ECH "l Color... |
- Signal: vl _
10001-y-1 real Selection: spect1 Rulers
Fs =100 20 - — | ==
“wizrtical Harizontal
- Farameters ——
- 107 . P ¥
Method [FFT | | %{;ﬂ( ,élfupe
Nfﬁ|1|]24 0 _ x1 I‘IE_EBEIE19
w1 -41.86211
10t | i x2 | 33300781
w2 -7 117273
20+ 1
| ol 16601563
ANt i chy -5.2551627
A0t ]
| SR Nl
GW"“ Peaks Walleys
Inherit fram j —5[]0 20 A0 Sawve Rulers... |
Fewver Apphy | Fraequency

Puc. 5.82

IIpoexmuposanue gurbmpa

Eciu B oxne SPTool BuiOpats koMaHay New design, TO Ha SKpaHE BO3HUKHET
okHO Filter Designer, noxka3anHoe Ha puc. 5.83.

HoBoe OKHO MO3BOJISIET MPOU3BECTH pacyeT KO3(P(ULHUEHTOB HOBOTO (QUIbTPA U
3aTeM 3amucaTth 3TH Kod(hPuunenTsl B 00bekT-QuibTp. [Ipu 3TOM 0HO TpemocTaBisieT
BO3MOKHOCTh YCTaHABIIMBATh U U3MEHSATH CIEAYIONIUE MapaMeTpbl Oyaymiero GpuisTpa:

B npoToTHN paccyuThIBaeMOro (uibTpa (OKOWKO Algorithm); mpu 3TOM mpe-

JOCTaBJISIIOTCS] TAKUE alIbTEPHATUBBI:
B Equiripple FIR (KUX-QuibTp ¢ paBHOOTCTOSIIIUMH pa3pbIBaMu);
B Least Square FIR (KUX-QuibTp 1o METOy HAMMEHBIINX KBaJAPATOB);
B Kaizer Window FIR (KUX-¢unstp c okaom Kaiizepa);
B Butterwhorth IIR (BUX-dunstp barrepopTta);
B Chebyschev Type I IIR (BUX-punbtp YeObimesa 1-ro tumna);
B Chebyschev Type 2 IIR (BUX-¢punpTp UebblieBa 2-ro Tumna);
B Elliptic IIR (Onnuntuaeckuii BUX-unptp).
B tun Quibtpa (OKOWKO 7ype); NPeloCTaBISIETCS BO3MOXKHOCTb BbIOOpa ciie-
JYIOIIUX THUIIOB:
B Lowpass - GUIbTp HIKHUX YaCTOT;
B Highpass - GUIABTP BEPXHUX YACTOT;
B Bandpass - mon0coBoi GUIBTP;
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B Bandstop - peKEKTOPHBIN QUIBTP.
B napaMeTpsl MOJIOCH nponyckanus (pazaen Passband); 31ech MOXHO yCTaHO-
BUTb, HANIpUMeEDp, (U1s1 PUIbTPAa HUKHUX YACTOT) TPAHUYHYIO YacTOTy Fp mo-
JIOCHI MPOIYCKaHUSI U MAaKCUMAaJIbHO JIOMYCTUMOE 3HAaYeHUE Rp MOJaBIEHUs
aMIUTMTYJ] BHYTPHU MOJIOCHI IpONycKaHus (B Aeruoenax);
B napameTpsl MOJOCHI 3aJiepkuBanus (pasnen Stopband); 31eCh MOXKHO yCTaHO-
BUTb, Harpumep (s GuiabTpa HUKHUX YacTOT), TPAHUYHYIO YacToTy Fs§ mo-
JIOCHI 3a/IepKUBAaHUS U MHUHUMAJIbHO JOMYCTUMOE 3HaueHUe Rs MoJaBiIeHUs
aMIUTUTY]] BHYTPHU MOJIOCHI 3aJ€p>KUBaHus (B lenudenax).
KonudecTBo ycTaHaBIMBAEMbIX MApaMETPOB U MX CMBICH aBTOMATHYECKH H3Me-
HSIOTCS TIPU NIEPEXOE K APYroMy TUIY (PHUIIbTpa.
Hanpumep, ycranaBnuBas anroput™ ¢uibTpa barrepBopTa HHKHUX YacTOT C
IPaHUYHBIMHU YacTOTaMH moJioc npomyckanus B 0.5 I'u u 3aaepxuBanus B 0.7 T'n (cMm.

puc. 5.84) u HaxxUMasi KHONIKY Apply, TOTy4rUM napaMeTpbl TAaKOro GUiIbTpa U 3amuiiemM
nx B 00bekT 'filt4' .

ITFiIter Designer !HE
File  “Window
Filter X | = <)< WA ) T 2
- Zoom Z00m Z00m Zoom Pas= dew s :
|f|lt2 'l In-¥ | Ouwt-¥ | In-¥ | Out¥ | Band Zoom Help
[T Awto Design A =1l 3o Y Orverlay Spectrum.. |
|Equiripple FIR: ~| oo
S_p_ec:n‘lcatmns Frequency Response _
¥ tinimum Order 20 : , : ,
Order 22
L e o L o e
Fasshand . Faszhand
Fp [ fo -200p----- Actual Pp 3.937
] Weight 1
S A40f-----
P |3 =
o
Stophand g BOl----- Stophand
Fs |?_5 Actual FBs 17.63
=1 Weight 1.71
Fs |20
-100 : : : '
1] 10 20 a0 40 50
Rever || Apph | Freguency

Puc. 5.83

IIpocmomp ceoticms gurbmpa
[Tocne co3nanus GuiIbTpa MOXKHO MPOCMOTPETh IPaPUKH Pa3IUYHBIX XapaKTEpH-
CTUK CIPOEKTUPOBAHHOTO U 3amUCaHHOro (uibrpa. g 3T0Oro J0CTaTOYHO BBIAEIUTH
uMsi GUIBTPaA, CBOMCTBA KOTOPOI'O HYKHO MOCMOTPETh, B OKouike Filters okna SPTool,
a 3aTeM HaXkaTh KHOMKY View MO/ 3TUM OKOIIIKOM.
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ITFiIter Designer M= E3
File  “Window
Filter = | = | <l WA R To3 2
- Zoom Zoom Zoom Zoom Paz= dew hada = H
Ifl 14 o I In-¥ | Oty In-% | Out-¥ | Band Zoom Help
[ Auto Design e e St - LR [ Crerlay Spectrum... |
[Butterwoarth IR ~| |00
Specifications S ——  Mossurements
¥ kdinimum Order y T T
0 1 """" et el 1T FTTTT T 7 Order 7
Type Iluwpass "I : : : :
Fassbhand . E E E E Fasshand
Fp|os B snlbb------ R O S i Actual Pp 2,148
@ : :
E: : :
Fp [3 = : :
=2 i i
Stopband % T o ] T T I . L. B
Fs ||:|,? ' ' Fidh 0.5042
Fs |20 ! :
-150 ' ;
] a0 40 50
Revert |[ &pphe | Frequency
Puc. 5.84
IT Filter Yiewer =1 E3
File “Window
Filter: filtd +-1 = Selection =———
Fs =100 r"Z“’D';fn e Help “fllt-’-I I Color... |
Plotg — 15 Magnitude Fulers
¥ tagnitude : ' | IMagnitude j
IIinear j | | =
[ Phaose il | 7 \ertical | Herizontal
Idegrees j | ({} (P ,&:r ?J
05 | ] Track Slope
[ Group Delay | o Iiﬂ.DB?EEE
[ Zeros and Poles : R 1 089704
[ Impulse Respons 'lDD «2 [7 3974809
[ Step Response Frequenc —one
2 6.01675882e-00¢
: Fhas ?Hegr e5) N
rFrequency Axis 8] che 7.29983047
Seale oty 039703644
[log - || -zo0
reres 400 p-ry
0.Fsf2 - - W
I[ S'Ill ] J Peaks=s nwalleys
-600 Save Rulers... |
-Z0c .
10
Erocnianrs
Puc. 5.85

Hampumep, 175t Tosibko 4to co3ganHoro ¢puibtpa 'filt4' Mbl momydum B pe3yibTa-
T€ Ha SKpaHe HOoBoe OKHO Filter Viewer c kapTUHOM, MIOKa3aHHOU Ha puc. 5.85.
Kak Bugum, B okHe BeiBeZieHbI rpadguku AUX n ®UX punbTpa.
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B uucno cpencts npocmotpa pUIBTPOB BXOAAT (CM. JIEBYIO CTOPOHY OKHa Filter

Viewer):

B BO3MOXXHOCTh BBIBOJIa Ha 3KPaH OJHOBPEMEHHO JIFOOOr0 COYETaHUs U3 TAKUX
rpaduxoB: AUYX, ®YUX, 4yacTOTHOW 3aBUCUMOCTH TPYIIIOBOIO BPEMEHHU 3a-
MEAJIEHUs], rpapuuecKoro MpeCTaBICHNUs PACIOIOKEHUS HyJIEH U IOJIIOCOB
JUCKPETHON TNepenaToyHol (PyHKUMU B Z-TUIOCKOCTH, Tpaduka BPEMEHHOTO
OTKJIMKA (PUIIBTPA Ha UMITYJIbCHOE €IMHUYHOE BO3JEHCTBUE U TpaduKa OTKIU-
Ka Ha CTYNEHYAaTOE €JUHUYHOE BO3JAEHCTBHE; I ITOTO HANO "OTMETUTH ra-
JOYKOU" ¢ MOMOIIBIO "MBIILKK" HYXHbIE BUIbBI IpadukoB B obmactu Plots
(rpadukm) okHa;

B BO3MOXXHOCTh U3MEHUTH BUJ LIKaJIbl KaK I10 OCU YacTOT, TaK U 110 OCU aMIUIU-
Ty, YCTaHOBUTb IMAIA30H MPEJACTaBICHUS IPaHUKOB 10 YaCTOTE U U3MEHUTh

eAMHUIIBI TpencTaBieHus ¢azoBoro caBura (obiactu Plots u
FrequencyAxis).
[IpumMep BbIBOJIa BCEX OCTYMHBIX rpadKOB OJHOBPEMEHHO IMOKAa3aH Ha puUC. 5.
86.
|T Filter Viewer [ (O] x|
File  ‘WWindow
Filter: filt4 U em DElertinn —
L = ?
Fs =100 ’“Z‘zﬂf Mew o “filt-’-i ~] | calor.. |
Plots Magnitude Zeros & Paoles Bulers
¥ tagnitude 2 | = 05 IMagnitude j
. @ g '
Ilmear "l 1 ‘ -% 0g * | | | ==
|7 Phase \ . ‘artical Horizontal
Idegrees v| 0 é £ 0oL ; .:J:. (P ,Grli ?f
1 DD -1 -05 0 05 Track Slope
v e ey Phé’ﬂ:E.rgc(]Hgmr: as) Irm ulseﬁgz!a onse < |D.09768
Rl Zeros and Poles q g 002 P P 1099704
2 ULTROR e A . x2|7.3974603
Wi Btep Response || -500 . vz 6.0157882e-00!
rFrequency fuis -1000 002 ox 72998047
seale 10" o 5 10 chy -0.99703644
log - Time
requen
Range rou% e%; Step Response
[10.Fes -] \(?’E/
[ S'lll ] ZUD /F‘?f:i\ “alleys
100 Sawve Rulers. . |
0
10° 0 5 10
Eramianm Time
Puc. 5.86

[pumenenue pazpabomanno2o hurbmpa 0 burbmpauuu

Hcnonb3oBanue B cpene sprool pazpadoTaHHOTO GUIBTPA YPE3BBIUAMHO MPOCTO.
Jiist aToro Hy)kHO B OkHE SPTool B oxomike Signals BbIIETUTh UMSI CUTHAJA, KOTOPBIA
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HY’KHO Npeo0pa3oBaTh C MOMOUIbI0 (PUIbTPA, B OKolIKe Filters - ums (unpTpa, ¢ Mo-
MOILIbI0 KOTOPOr0 HAaJ0 MpeoOpa3oBaTh 3TOT CUTHAN U Ha)XkaTb KomaHuay Apply. B pe-
3yJbTaTe B MEPBOM OKOLIKE (Signals) MOSBUTCS MM HOBOI'O CUTHAJIa, HAUMHAIOLIEECs C
COUYETaHUA Sig C MOCIEIYIOUUM TOPAIKOBBIM HOMEPOM.

[Tony4yeHHBIN CUTHAJT MOKHO IMPOCMOTPETh, KaK 3TO ObUIO ONKCAHO paHee, HUC-
IIOJIB3Ysl KOMaHay View.

Hanpumep, npumeHsisi ToJabKO 4To paspaboranublii ¢uibTp 'filt4' k mpoueccy
Y 1(t), nosyuum mpoiiecc, n300pakeHHBIN Ha puc. 5.87.

CrekTpanbHble XapaKTEepPUCTUKHU MOJTYYEHHOTO Mpoliecca MOXKHO M3YyUUTb, MPHU-
MEHsIS paszen Spectra, Kak 3T0 ObLJIO OIMCAHO.

lTSignﬂl Browser M= E
File Options  ‘Window
AraySignals. | T2l X | & |l < o | Selection ——m—
[Feal o] o | [ || 30| 2m | S| 00 2 ||Fer T comr. |
sig4 (10001-by-1 real, Fs=100) Rulers
04 T T I T T T | I T T _— =
‘wirtical Horzontal
0.2— | 7 'i*;:kP fé?::p?
0
x1|33.33
0 | w1 -0.078551173
| XEIEE.E?
02k w2 0.14005087
| ohe 33.34
04 1 1 L 1 1 1 | L 1 1 dyﬂ.2185|:|2|34
0 10 20 a0 A0 a0 50 70 80 a0 100
Time
Save Rulers.. |
Fanner

Puc. 5.87

Bmopuunoe ucnonvzosanue pezyrvmamose SPTOOL

[Ipu 3aBepiieHun ceanca paboThl ¢ sptool cuctema 3ampaliBaeTt, HYy»KHO JId 3a-
nycaTh MOJyYeHHBbIE pe3yJbTaThl HA AUCK. B cllydae moJIOKUTENHHOIO OTBETA OHA CO-
XpaHseT Bce JaHHble B (aitsie ¢ pacumpenuem SPT. Kpome Toro, B paznene File meHto
okHa SPTool npenycMOTpeHbl KOMaHIbI 3anUcH B ¢aiii (cM. puc. 5.74) Save Session u
Save Session As.

[Ipu noBTOpHOM 3amycke sptool MOXKHO BOCIIOIb30BAThCS PE3YJIbTaTaAMH TAKOI'O
COXpaHEHUs PE3yIbTaTOB, HCIONBL3Ys KoMaHay Open Session M BbIOWpAs OJIUH U3 3aIld-
canubix SPT-(aiinos.
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6. UccaenoBanue JMHEHHBIX CTAIIMOHAPHBIX
cucreMm (maker CONTROL Toolbox)

ITepBoe npencrasienue o nakere CONTROL MoxHO monyunTh, U3ydas pasaeln
4.2.2. atoro nocodus. Huxe npuBesieH cxaTblil nepedeHb OCHOBHBIX MPOLEAYp MaKeTa
CONTROL, crpynnupoBaHHbBIX 1O OOLUTHOCTH (DYHKIIMOHATILHOT'O Ha3HAYCHUS.

Cozoanue LTI-moo0eneii.

ss - Co3naeT MojesIb MPOCTPAHCTBA COCTOSIHMS.

zpk - Co3aet Moje b HYJIN/MOJOCHI/K-ThI NepeIadn

tf - Co3znaet Mojaesib nepeaaTOYHON (PYHKIIMU.

dss - Cnenudguuupyer onucareib MOJeJIM MPOCTPAHCTBA COCTOSTHHUS
filt - Cnemuguumnpyer undposoi puiabTp.

set - YcranoBka/moaupukanusi atpudyros LTI-moxenn

Itiprops - leraabHasi cnpaBka 00 atpudyrax LTI-moneseit

H3zeneuenue dannvix

ssdata - A3B1eyenne MaTpul MPOCTPAHCTBA COCTOSAHMS

zpkdata - U3B1eyenne qanHbIx 0 Hyasx/moarocax/KII

tfdata - N3Baevenne ynucaureasi(-ieii) u 3 Hamenareasi(-iueii) [d
dssdata - [loayyenue nngopmanum o Bepcuu onucareas SSDATA.

get - Ilosryyenue nagopmanum o 3HavyeHusix cpoiicts LTI-moxesn.

Tonyuenue unhopmavuuu 06 0moOeIbHLIX XAPAKMEePUCTUKAX MOOeIU

class - o tune moaesu ('ss', 'zpk' nim 'tf").

size - 0 pa3Mepax MaTpHIl BX0Ja M BbIX0/A.

isempty - IIpoBepka, siasiercs iu LTI-monens mycroii.

isct - [IpoBepka, siBjsieTcsi JIM MO/IeJIb HeMPePbIBHOM.

isdt - IIpoBepka, ABJsieTcsd JIM MOAE/Ab JTHCKPETHOM.

isproper - IIpoBepka, siBjsieTcsi JId MOJeJIb NPABUJIbLHOM.

issiso - IlpoBepka, nMeeT 11 Moe/Ib OJAMH BXOJ M OJUH BBIXO]

isa - [IpoBepka, saBasiercst iu LTI-Moaeab Moes1bI0 3aJaHHOTO THIIA

HD€06D6130861HM€ cucniembol

ss - [IpeoOpa3oBanue B NPOCTPAHCTBO COCTOSIHUS

zpk - IIpeoGpa3zoBanue B Hyu/moarocsl/KII

tf - [IpeoOpa3oBanue B nepenatoynbie GyHKIUN

c2d - IIpeoGpa3oBaHue U3 HeMPEePHIBHOTO BpeMEHHU B IMCKPETHOE

d2c - [IpeoOpa3oBaHue U3 IMCKPETHOT0 BpeMEHH B HelpepbIBHOE

d2d - Ilepeonpenenenne AUCKPETHON CHCTeMbI MJIHM 100aBJIeHHE 3aJep:KeK BXOIHBIX
BO3AeHCTBUIA

" Apuchmemuueckue" onepayuu
u - - JlobaBienne u ornumanue LTI-cucreM (mapajnsejbHOe COeJUHEHNE)
- Ymuo:xkenue LTI-cuctem (mocjienoBarejibHOE COeTUHEHHE).
- JIeBoe nesteHue-- sys1\sys2 paBHOCHJIBHO inv(sysl)*sys2.
- [IpaBoe nesienne -- sys1l/sys2 paBHo3Ha4HO sysl*inv(sys2).

- — ¥ +
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TAM

' - IleperpancnionnpoBanue.
. - TpancnnonupoBanue KapThl BX01a/BbIX0/A.
[..] - F'opuszonTaibHOEe/BepTUKAIBbHOE 00bennHeHne LTI-cucrem

inv - Oopamenue LTI-cucremsl

Mooenu ounamurxu

pole, eig - Iloarochl cucTeMbl

tzero - Hysu cucrembl

pzmap - Kapra HyJieii-noJirocos.

dcgain - K-HT nmepeaaum npu HyJieBoil (HU3KOM ) yacTore.

norm - Hopmbi LTI -cucrem.

covar - KoBapuauus oTKJINKA HA 0eJbIH IIYM

damp - Yacrora co6CTBEHHBIX K0J1e0aHUIl 1 feMII(UPOBAHUE N0 MOJTICAM CHCTEMBI.
esort - CopTHpOBKA MOJI0COB HEeNMPEPbIBHOM CHCTEMBbI 10 UX IelCTBUTEIbLHBIM Yac-
dsort - CopTHpOBKA MOJIIOCOB JUCKPETHON CHCTEMBbI 110 UX MOXYJISAM

pade - Amnpoxcumanus Ilage 3agep:kex o BpeMeHu

Mooenu npocmparncmea cocmosHus
rss,drss - I'eHepupoBaHue CAyYalHbIX MoOJeJel MPOCTPAHCTBA COCTO-SIHUA.

$s2ss - [IpeoOpa3zoBaHne nepeMeHHBIX COCTOSTHHUS

canon - Kanonu4eckas (popma npocTpaHCcTBA COCTOSAHUSA

ctrb, obsv - MaTrpuusbl ynpapJjisieMOCTH U HA0JII012eMOCTH

gram - Onpenesanrenu I'pamma ynpapiasgeMocTd 1 Ha011I01aeMOCTH

ssbal - InaronanbHas 0aJJaHCHPOBKA MATPHUIl IPOCTPAHCTBA COCTOSIHUS

balreal - banancupoBka Bxoaa-BbIX0/1a HA OCHOBe onpeaeanTess I'pamma
modred - Pexykuusi COCTOSSHUSI MO

minreal - MuHMMAaJbHasA peajqu3alusa U COKpalleHHe HyJIeH U NM0JII0COB
augstate - YBeju4eHHe BbIX0/a 32 CUeT MPUCOCAUHEHUS COCTOSTHUIA.

Omrnuk 80 6pemeru
step - OTKJIMK Ha eJMHUYHBII CKAYO0K
impulse - OTKJIMK Ha eMHUYHBIIA UMITYJILC
initial - OTkJINK Ha 3aJaHHbIE HAYAJIbHbIE YCJIOBHUS COCTOSTHUS

Isim - OTKJIMK HA MPOU3BOJIbHbIE BXOAbI
Itiview - AHAJIM3 OTKJMKOB C IOMOLIBLIO rpaguyeckoro uurepdeiica.
gensig - ['enepupyer nepuoanuyeckue curuainl aiast LSIM.

stepfun - 'eHepupyeT eAUHHUYHBIN CKAYOK

Yacmommulii OMKIUK
bode - lnarpamma boae yactorHoro orkianka (AUYX u ®UYX)
sigma - YacToTHBIN rpaguK CHUHTYJISPHBIX 3HAYCHUI.
nyquist - lmarpamma HaiikBucra
nichols - /Imarpamma HukoJica
Itiview - AHaJIM3 OTKJIHMKOB ¢ MOMOIIbIO rpauueckoro uHTepdeiica

evalfr - Pacyer 4acTOTHOrO OTKJIMKA HA 3aJaHHOHM YacTOTE
freqresp - YacTOoTHBIN OTKJIMK HaJ CETKON YaCTOT
margin - 3anacel o ¢a3ze ¥ aMIIIMTYyae

Ob6veouneHue cucmem
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append - O6begunenne LTI-cucrem nmyrem 00be1uHeHNsI BXO0B U BHIX010B
parallel - O0o0meHHOe MapaJie/ibHOE COeAUHEHHE (CM. TaKKe +).

series - O0o01IeHHOE MOCJIeA0BaTEIbHOE CoOeIMHEHNeE (CM. TaKKe *)
feedback - O0OpaTHoe coennMHeHHe IBYX CHCTEM

star - Coenunenue 3Be310ii Penxeddepa.

connect - [losryuyeHue ss-Mo1e U U3 ONMUCAHUS GJIOK-CXEMBI.

IIpouedypul kKnaccuueckou epaduxu

rlocus - lmarpamma JBaHca pa3MeleHHs] KOPHeH

rlocfind - UHTepakTHBHOE ONpe/esieHNe 3BeHA 3aIaHUeM PACIIOJI0KEeHUSI KOPHeH
acker - Pazmemenne nmoocoB OM-cucremMbl

place - Pazmemenue nosrocoB MM-cucremsl

estim - Cozpaer OuenuBarenn no 3aganaomy KII onennBartens

reg - Coznaer Peryasitop mo 3agaHHoM MaTpuie 00paTHOM CBSI3U U KOI(PPuum-

CHTaM Oli¢cHUBaTE .

Hncmpymenmor npoekmuposanus LOG
Iqr,diqr - JIuneiino-kBagpaTuunbiii (LQ) peryasitop o6paTHOii cBA3M.

Iqry - LQ - peryasitop ¢ BBIXOAHBIM B3BeIIMBAHHEM.

Iqrd - Iuckpernblii LQ-peryasitop /151 HempepbIBHOM CHCTEMBI.

kalman - ®uiabTp Kaamana.

kalmd - Iuckpernbiii puiabTp Kajamana 118 HenpepbIBHOM CHCTEMBI

Iqgreg - ®opmupoBarens LQG-peryasitopa no LQ-ko3dpdunuentam u puabTpy
Kanmana.

Pewenue MAMPUYHBIX VDCIGH@HMMV

lyap - PelieHue HenpepbIBHbIX ypaBHeHuil JIanyHoBa

dlyap - Pemenme auckperHbix ypaBHenuil JIanyHosBa

care - Pemmienue HenmpepbIBHBIX ajiredpanvyecKux ypaBHeHui Pukkaru
dare - PemieHne AucCKpeTHBIX ajiredpandeckKux ypaBHeHnii Pukkaru

Llemoncmpayuounvle npocpammol
ctrldemo - Beeaenme B Control System Toolbox.
jetdemo - Kiaccuueckoe npoektupoBanue CAY yrijiomMm pbiCKaHHS.
diskdemo - Iln¢ppoBoe npoeKTHPOBaHME KOHTPOJIJIEPAa MPUBO/AA KeCTKOI0 ANCKA
milldemo - OM u MM LQG ynpasjieHHe NPOKATHOI0 CTaHA
kalmdemo - IlpoexkTupoBanue u Mmoaeauposanue ¢puiabtTpa Kaamana

Jlanee npoiieaypsl aketa u3ydarorcs 0osee noapooHo.

6.1. Beoo u npeoopazoeanue mooeneii
LTI- monenu MoHO co3iaBaTh B Tpex Buaax - S8, TF u ZPK-o06bexToB. s
ATOr0 UCIOJIB3YKTCSI COOTBETCTBEHHO MPOLELYPbI-KOHCTPYKTOPHI S8, #f U Zpk.
Coznanue LTI-monenu pacCMOTpUM Ha IPUMEPE MOJETU TPEXCTENEHHOr0 acTa-
TUYECKOTO TUPOCKOIA. Y paBHEHUS ABUKEHHUS TAKOTO TUPOCKOIA UMEIOT BUI:

¢+ AB = n(f)

R (1)
f— Aa =)
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rne n(t) v l(t) - MOMEHTBI CHJI, CHCTBYIONIUE HA TUPOCKOI IO OCSIM TojiBeca; @ u [ -

yTJIbI IOBOPOTA TUPOCKOTA B TPOCTPAHCTBE; A - 4acTOTa COOCTBEHHBIX (HYTAIIMOHHBIX)
KoJe0aHMil THPOCKOTIA.

YToOBI cO37aTh SS-MOJIENh, HEOOXOAMMO TPEXKAEC BCETO MpUBECTH nudepeHim-
aIbHBIC YPABHEHUS JIBMKCHUS THHAMUYECKOW CHCTEMBI K CTAaHAAPTHOMY BUIY THUIIA:

d—x:A-erB-u
dt )
y=C-x+D-u

IJI€ U - BEKTOP BXOJHBIX NIEPEMEHHBIX ; } - BEKTOP BBIXOJIHBIX IIEPEMEHHBIX, & X - BEK-
TOp TIEPEMEHHBIX COCTOSIHUSI CUCTEMEBI. M3 3TOTO Cciemyet, uTo mepes GopMUpPOBAHUEM
$S-MOJIENTU HEOOXOIUMO:

- OIIPE/ICIINTh, KaKUE BEJTMYMHBI OYIyT 3a7aBaThCs KaK sIBHbIC ()YHKIIMA BPEMCHH,
T. €. KAaKHe BEJTMIMHBI COCTABSAT BEKTOP ¥ BXOJHBIX IIEPEMCHHBIX;

- OTPEACIIUTh, KaKUe BEIIMYUHBI OYIyT 00Opa30BBIBATh BEKTOP ) BBIXOJHBIX IIC-
pEMEHHBIX (T.e. OyAyT HAXOJUTHCS MyTEM PEIICHUSI CUCTEMbI 3aIaHHbIX TU(PepeHIm-
aJbHBIX YPAaBHEHU);

- YCTaHOBUTH KaKve€ BEIWYUHBI OYyAYT COCTaBJISATh BEKTOP X TEPEMEHHBIX CO-
CTOSIHUSI CUCTEMBI (MX YHUCJIO TOJDKHO COBIAJATh C MOPSIKOM CHCTEMBI 3aJaHHBIX JTU(-
dbepeHIMaIbHBIX YPABHEHHN );

- C TIOMOIIIbIO BBEJICHHBIX MEPEMEHHBIX COCTOSHUS MPUBECTH 33JIAHHYIO0 CHCTEMY
muddepeHmaIbHbIX YPaBHEHUH K TaK Ha3bIBA€MOUN HopmanvHou gopme Kowu, T.€. K
cucteme audepeHIMaTbHBIX YPABHEHUIM TMEPBOTO MOPSIIKA, Pa3pelICHHBIX OTHOCHU-
TEIHHO MPOU3BOIHBIX.

bynem nonaratb MOMEHTBI CUJI - "BXOJIaMH" THPOCKOIA, & YIJIbl IOBOPOTA TUPO-
ckora - "Beixomamu'". Torma cucrema "rupockon” (Oyzaem obosnadate ee "GYRO")
umeeT 2 Bxoaa (n(t) u l(t)) u 2 Beixoga (@ u f). B kauecTBe IEPEMEHHBIX COCTOSIHUS

IMPUMEM BBIXOJHBIC IICPEMCHHLBIC U NX IICPBBIC IIPOU3BOJHBIC 110 BPCMCHU:!

Xp=a; Xp=p x3=da; x4=p. (3)
Toraa ypaBuenus rupockorna B popme Komm npruodperyT BuA:
.X.'l = X3 ,
.X.:Z = X4 ;
4)

)(?4 :/’L‘x?, + l(t),
Teneps mHy)xHO 0Opa3zoBath Matpulibl A, B, C u D B cootBeTcTBUU ¢ hopmoit (2)

MPEJICTABJIEHUS] CUCTEMbI B MPOCTPAHCTBE COCTOSIHUA. B paccmarpuBaemMoM ciiydae B
Ka4eCTBE BBIXOJHOI'O BEKTOPA ) IPUMEM:

v=[a,p]"; (5)

B KQa4CCTBC BXOAHOI'O - BCKTOP MOMCHTOB CHUJI:

u=[n(t),l(1)]" . (6)
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ITonaras
T
x:[xl,xz,x3,x4] , (7)
3HAYCHHUS YKa3aHHBIX MATPHI] JIOJKHBI OBITh TAKHUMH:
0 01 0 | 0 0]
0 0 01 0 0 1 0 0 O 0 0
A= ; B= ; C= ; D= . (8)
0 00 -4 1 0 0100 0 0
00 4 0 | 10 1]

Brenem 3t Matpuiibl B komanagHoM okHe MatLAB, npunumas A =10:
>> lambda=10;
>> A=zeros(4,4); A(1,3)=1;A(2,4)=1;A(3,4)= -lambda;A(4,3)=lambda; A

>> B=zeros(4,2); B(3,1)=1; B(4,2)=1
B=

>> C=zeros(2.2); C=[diag([1 1]) C]
C=
1 0 0 0
01 0 0
Tenepp MOXHO TpUCTYNUTh K co3fnanuto LTI-o6bekta no umenn GYRO, wuc-

MIOJIB3YSI MOJECIIb B IIPOCTPAHCTBE COCTOSHUS:
>> GYROss=ss(A,B,C,0)

a=

x1 x2 x3 x4
x1 0 0 1 0
x2 0 0 1
x3 0 0 0 -10
x4 0 0 10 0
b=
ul u2
x1 0 0
x2 0 0
x3 1 0
x4 0 1
c=
x1 x2 x3 x4
yl 1 0 0 0
y2 0 1 0 0
d=
ul u2
yl 0 0
y2 0 0

Continuous-time system.
Kak BumHO, Mosiens chopMupoBaHa MpaBUIbHO. MOXKXHO HadyaTh HEKOTOPHIE €€
npeoOpa3zoBaHUs.
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[Ipex e Bcero, MHTEPECHO HAUTH TiepeaTOUHble PYHKIIMHU CO3JJaHHONW CHUCTEMBI.
OueBHIHO, UX JTOHKHO OBITH 4 (MO0 y Hac 2 BbIXoJa u 2 Bxoja). s aTroro mpumeHum

npouenypy npeoodpazoBanus ff:
>> GYROtf=tf(GYROss)

Transfer function from input 1 to output...
s"2

s™ + 100 s™2
10s

s + 100 52

Transfer function from input 2 to output...
-10s

s + 100 52
s™2
s™4 + 100 s"2
Tenepr nmpeoOpazyeM BBEIEHHYIO SS-MOJEIb B gpk-MOJieNb PU MOMOLIH Tpo1ie-
nypel zpk:
>> GYROzp=zpk(GYROss)

Zero/pole/gain from input 1 to output...
s"2

s"2 (s"2 + 100)
10s

"2 (572 + 100)

Zero/pole/gain from input 2 to output...

-10s
£
s"2 (s"2 + 100)
s"™2
H2: —mmmmmmmeeem

s"2 (s"2 + 100)

BBuay Toro, uro nepsas (ss) mojenb GYROss Obla co3aaHa HEMOCPEACTBEHHO
IPOLETYPOH-KOHCTPYKTOPOM MO 3aJaHHBIM YHUCIOBBIM JaHHBIM, a MOCJIEIyIOLIUe
(GYROLtf u Gyrozp) - myreM npeodpa3zoBaHus yKe CO3AaHHON MOAeNH, OyJeM Ha3bl-
BaTh MOJIEJb, CO3/IaHHYI0 KOHCTPYKTOPOM OCHOBHOM, @ OCTaJIbHBIE - BCIIOMOTaTEIbHbI-
mu. OT™MeTuMm, 4to ss-mMozelib B MatLAB MoxHO co3gats u no cucreme quddepenuu-
aIbHBIX YPABHEHMM MEPBOTo MOPsI/IKa, HE Pa3pelIeHHBIX OTHOCUTEIBHO MPOU3BOIHBIX,
T.€. KOTJ]a CUCTeMa OIKCHIBAETCS COBOKYTHOCThIO YPABHEHHM BUIA:

E-d—x:A-x +B-u
dt )
y=C-x+D -u,

rae £ - npou3BosibHAsI KBaJIpaTHAsl MAaTpUIla pa3MepoM (7 *n), a n - MOpAJIOK 3aJaHHOU
cuctembl auddepeHImaibHbIX YpaBHeHUHA. JJI1 3TOro ClemayeT y»Ke HMCIOIb30BaTh HE
KOHCTPYKTOp §S, a CIICHUAIBHYIO MPOLENypy dss, OTIUYNE KOTOPOH OT MpeAbIAyIIeH
JIMIITb B TOM, 9TO OHA TPeOYeT 3aJaHus HE YETBhIPEX, a MATH MATPHII, TTOCIETHEN U3 KO-
TOPBIX JTOJDKHA OBITH MaTpuIia E.



6.1. Beod u npeobpa3oesaHusi modesnu

276

B kauecTBe npuMepa pacCMOTPUM YPaBHEHMS TOTO KE TUPOCKOIA B BUJIE

Ji-G+H-B=N(1)
Jy-f—H -a=L(t).

BBons Te xe nmepemenubie (cM. (3), (5)...(7)), moayduMm cucTeMy YpaBHEHUN B
Bujie (9), rne marpunibl A u E OyayT UMETh BHI:

0
0
0
0

A=

0
0
0
0

1 0 ] 1 0
0 1 0 1
; E =
0 —-H 0 0
H 0 | 0 0

0 0 ]
0 0

J, 0

0 J,|

(10)

(1)

OcranbHble MaTpulbl - B, C u D 0ynyt npexxuumu (8). BBeaem HOBble MaTpHILIbI
IIPU TaKMX 3HAYEHUSAX napamerpos - H=10, J,=2, J,=3:

>>H=10; J1=2;J2=3;
>> A=zeros(4); A(1,3)=1;
A
0
1

cocoocol
cooco
oo~

-10
0

—_
(=]

A(2,4)=1;  A(3,4)=-H; A(4,3)=H

>> E=eye(d); E(3,3)=J1; E(4,4)=J2

E=

SO O~
SO = O
SN OO

[l

3

Tenepb 3a1aIUM SS-MOJENb, MTOIB3YSICh MPOLEAYPOH dss:

>> Gyross=dss(A,B,C,0,E)

a=

x1 x2
x1 0 0
x2 0 0
x3 0 0
x4 0 0
b=
ul u2
x1 0 0
x2 0 0
x3 1 0
x4 0 1
c=
x1 x2
yl 1 0
y2 0 1
d=
ul u2
yl 0 0
y2 0 0
e=
x1 x2
x1 1 0
x2 0 1
x3 0 0
x4 0 0

Continuous-time system.

e
w

SO O

WO O O X
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Kak u panee, co3naauM Ha 3TOM OCHOBE BCIIOMOTaTENbHbBIC #f- U Zpk- MOAEN:
>> Gyrotf=tf(Gyross)

Transfer function from input 1 to output...

0.5 s"2
L R
™ +16.67 s"2
1.667 s
#H2: —mmmmmmem e

™M+ 16.67 s™2
Transfer function from input 2 to output...
-1.667 s
™M+ 16.67 s™2
0.3333 s"2

™ +16.67 s"2

>> Gyrozp=zpk(Gyross)

Zero/pole/gain from input 1 to output...

0.5 s"2
2
s72 (s™2 +16.67)
1.6667 s
H2: —mmmmmmem -

§™2 (s"2 + 16.67)
Zero/pole/gain from input 2 to output...
-1.6667 s

"2 ("2 + 16.67)
0.33333 "2

"2 ("2 + 16.67)

B npenpinymux npuMepax 3a OCHOBY ObUla MpUHSATA ss-Mojelb. Ho B kauecTBe
OCHOBHOW MOKHO BBIOpAaTh U JIF0OYI0 U3 IBYX APYruX Mojeneil. BoszpMeM, Hanpumep, B
KayecTBE OCHOBHOM MOJIEIb B MEPEIATOUYHBIX (PYHKIIUSX.

Cucrema, onucbiBaeMas ypaBHeHusiMu (10), eciii NpuUHSTH T€ K€, YTO U paHee
BXOJIHbIE U BBIXOJIHbIE BEITMYMHBI, UMEET 4 nepeaaTouHbIX (yHKINHU, KOTOpble 00pa3y-
I0T MaTpUIly IepenaTodHbiXx GyHKIuM pasmepoMm (2*2). Kaxaplii U3 CTOJIOIOB 3TOM
MaTpPUIIbl COAEPKUT MepeaTOuHbIe (PYHKIMH, COOTBETCTBYIOIIME HEKOTOPOH OJIHOMN
BXOJIHOM BEJIMYMHE 1O BCEM BBIXOJIHBIM BelnuunHaM. OrnpezesieHHas CTpOKa MaTpPHIIbI,
HA000OPOT, COAEPKUT MEPEaTOUYHbIE (PYHKIMU KAKOW-TO OJHON BBIXOJHOW BEIMYMHBI
0 BCEM BXOJaM CHUCTEMBI. B 11e110M Marpuiia nepegaTouyHbiX (GYyHKIUNA B paccMaTpu-
BAaEMOM CJIy4ae MOKET ObITh MIPEICTABIICHA B BUJIE:

W(s) = Wii(s)  Wip(s)

Wy(s) Wy(s)

B cootBercTBUU ¢ ypaBHeHUs MU (10) 3HaUYE€HUS 2JIEMEHTOB ATOM MATPHUIIBI paB-

HBI:

J, H

Wii(s)= ; Wi(s)=- ;
g g, s H? . s-(JyJy 2+ H?)
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Wi (s)= ? > 57 W(s) = le 7
s-(JyJys"+HT) Jy-JysT+H

Y1oObl BBECTH 3TH MEpEeAaTOUHbIe (PYHKINU U CO3[aTh Ha UX OCHOBE #f-MOJIEIb,
CclieyeT BHavaJle CO3/1aTh IBa MacCUBa STYEEK

- MaccHB siueeK pazmMepom (2*2) u3 BeKTopoB KO3((OULIMEHTOB BCEX YUCIUTENEH
nepeaaToYHbIX (PYHKIIHIA;

- MacCHB Y€K TAKOI'o K€ pa3Mepa U3 BEKTOPOB KO3 (PUIIMEHTOB 3HaAMEHAaTeNen
nepesaToYHbIX (PYHKITHI.

Jisa paccMaTpuBaeMoro ciiydas 3TO MOXHO caenaTh Tak. CHavana co3naiaum
BEKTOP KO3 (HUIIMEHTOB 0011IeH YaCTH 3HAMEHATEICH:

Vznl :[‘]1 'J2709H2]a

(12)

3aTeM - BEKTOP JOMOJHUTEIBHOTO MHOKHUTENS B HEKOTOPBIX 3HAMEHATEIISIX
V=[L 0.
Tenepb cozmamuM BeKTOp KOIPHHUIIMEHTOB BTOPOTO 3HAMEHATEIS ITyTEM CBEPTKHU
ATUX JABYX BEKTOPOB (3TO COOTBETCTBYET MEPEMHOKEHHUIO MOJUHOMOB):
Vzn2 :conv(Vznb V)
Chopmupyem maccuB den siueek 3HaMEHATEIIEH 110 CXEME:
for k1=1:4
for k2=1:2
den(kl,k2)={V_, };
end
end
den(1,2)={V_,,}; den(2,1)={V,,,}.
[lepexons K onpeeIEHUI0 MaCCUBA SIUEEK HOM YUCIIUTENSA, MOKHO 3alUCATh €ro
TakuM obpazom: nom = {J,, -H; H, J;}.
Tenepb M0OkHO cHOPMHUPOBATH #f-MOJIEIb, UCIIONB3YSl YCTAHOBICHHBIE MATPUIIbI

SIYEEK YUCIIUTENCH U 3HaMeHaresnen. Huke npuBoauTCs mpuMep 3TOoro:
>>Vzn1=[J1*J2, 0, H*2]
Vznl =
6 0 100
>>V=[1, 0]
V= 1 0
>> Vzn2=conv(Vzn1,V)
Vzn2= 6 0 100 O

>> for k1=1:2
for k2=1:2
den(k1,k2)={Vzn1};
end
end
>>den(1,2)={Vzn2}; den(2,1)={Vzn2}
den=

[1x3 double] [1x4 double]

[1x4 double] [1x3 double]
>>nom ={J2, -H; H, J1}
nom =

(31 [-10]
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[10] [ 2]
>> gyrotf=tf(nhom,den)
Transfer function from input 1 to output...

10

6s"3+100s
Transfer function from input 2 to output...
-10

6 s"2+ 100

MpepocTtepexeHue.

Ilpu manunynayusx unu npeoodpazosanusx LTI-mooenu crnedyem yuumovleams,
ymo:

1) mpu gopmvr npeocmasnenus LTI-060vekmos He A615810MCsL IKEUBALEHMHBIMU
npU YUCTIEHHBIX pAcyemax, 8 4acmHOCmU, MOYHOCMb BLIYUCIEHUL C NepedamoyHbLMU
QYHKYUAMU 8bICOKO2O NOPAOKA YACMO HEeOOCMAMOYHA, 6bl O0JIAHCHbI pabomams no
npeumywecmeay co cOaNaHCUpOBaAHHbBIMU MOOENIMU NPOCPAHCMBA COCMOSHUS U UC-
noIb308aMb nepedamounsle QYHKYUU MoabKo OISl OMOOPAadiCceHusi Ha dKpaHe uiu O0s
unmepnpemayuu (pacuu@dposxu) pe3yibmamos;

2) npeobpazosanus 6 gopmam nepeoamoyHvlx QYHKYUL MONCem CONpoBOiC-
0ambcsi nomepaMU MOYHOCIU, 8 pe3ylbmame, NOCbl NepedamodyHou  GYHKYuUU Mo-
2ym 3aMemHO OMAUYAMbCA OM NOJIOCO8 3A0AHHOU ZPK-MOOENU UIU MOOeIU NPOCMPAaH-
cmea cocmosiHus (0151 npogepku Habepume help roots);

3) npeobpazosanusi 6 NPOCMPAHCMBO COCMOAHUS He ABNIAIOMCA 0OHO3HAYHO ON-

PeOeNleHHbIMU 8 CyYae OOHOMEPHOU CUCHEMbl U He 2apaHmMUpYIOm CO30aHUsl MUHU-
MANbHOU KOHGUSypayuu cucmemvl 8 Cryuae MHO2OMEPHOU CUCTeMbl, MAK, 3d0AHHAS 8
NPOCMPAHCmMee COCMOSIHUSL MOOeb SYS, npu npeoopazosanuu ss(tf (sys))
Modcem chopmuposams mMooenb ¢ OpyeUMU Mampuyamy nPoCMpancmea COCMOosAHUs
Uy oagice ¢ Opy2umM 4UCiOM NEPeMEHHbIX COCMOAHUSL 8 MHO2OMEPHOM Clyyde; MAaKum
obpazom, credyem no 803MOICHOCHU U3Oe2amb npeodpazoeanuil _mooenei u3 0OHOU
dopmbl 8 Opyeyio u Haobopom.

Wrak, x mporieaypam co3manus Iti -Moieneit OTHOCSATCS :

B 55 - CO37aeT MOJIeTh TPOCTPAHCTBA COCTOSIHMS TI0 33/IaHHBIM MaTpuiiaMm A,
B, C, D ypaBHEHHUI COCTOSIHUSI CHUCTEMBI;

B dss - co3maeT aHaJOTUIHYIO MOJIEh TI0 OITUCAHUIO MMPOCTPAHCTBA COCTOSTHUS
Oosee o0miero Buja, Korja ypaBHEHUSI MEPEMEHHBIX COCTOSIHHSI HE pa3pe-
IIICHBI OTHOCHUTEILHO TIPOU3BOIHBIX;

B ¢#f - co3gaeT MOJeNb MO 3aIaHHBIM NIEPEIATOYHBIM (DYHKIIUSIM CUCTEMBI;

B zpk - co3maeT MOAENb MO 3aJaHHBIM HYJISAM, TOJIOCaM U KO3 QHuImeHTam
nepeaud CUCTEMBI;
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B filt - coznaeT MOJENb MO AUCKPETHBIM NEPEeAaTOUYHBIM (YHKITUSM, 3alKCcaH-

HEIM B (hOpME TOTHHOMOB OT Z '

B set - npucBaWBaeT 3HAYCHUSI HEKOTOPbIM JipyruM mojsim LTI-o0nekra (Ta-

KHMM, KaK Ha3BaHUs BXOJIOB M BbIXOJIOB, HA3BAHNUE CUCTEMBI H T.II.).
YKkazaHHbIE IPOLEYPbI O3BOJISIFOT CO3/1aBaTh KaK HENPEPBIBHBIE MOJEIIHN , TAK U
JUCKpETHBIE. B mocneaHeM ciiyyae K 4ucily BXOAHBIX [TapaMeTPOB IMPOLEAYPHI CIEAyET
100aBUTH B KOHIIE 3HaueHue napamerpa Ts - mara AUCKpeTU3aluy, a BBOJUMbIE 3Haue-
HUS KO3(DPUIIMEHTOB yXe JOJKHBI 33JaBaTh MapaMeTpbl AUCKPETHBIX MepeaaTOYHbIX
bynkuuit (s GysHkuuit ¢f u zpk), 1100 MaTpHUIBl KOHEUHO-PA3HOCTHBIX YPaBHEHUU
IPOCTPAHCTBA COCTOSIHMSI - MIPU UCIOJIb30BAaHUU Ipouenyp ss u dss. Ilpu ncnonabzoBa-
HUM Npouenypsl filt 1OXKHBI 3a1aBaThCsl BEKTOPBI KOAP(UIUEHTOB YUCIUTENS U 3Ha-
MeHaTessl TUCKPETHOM MepeaaToyHol (pyHKIMHU, NMPEACTABICHHONW B BUJE OTHOLIEHMS

IIOJIMHOMOB OT Z_1 . HpI/IBC,ZICM HCCKOJIBKO IIPUMCPOB!
kzv1 = tf([1 4], [1 2 100])

Transfer function:
s+4

s"2+2s+100
kzv2 = tf([1 4], [1 2 100],0.01)

Transfer function:
z+4

z"2+2z+ 100
Sampling time: 0.01
kzv3 = tf([1 4], [1 2 100],'Variable','’z*-1")
Transfer function:
1 +4z7-1

1+2z"1+100 z*-2
Sampling time: unspecified
kzv4 =filt([1 4], [1 2 100])
Transfer function:

1+42z7-1

1+22z"1+100 z"-2
Sampling time: unspecified

Kak cnexyer u3 npumepoB, npouenypa filt moJIHOCTBIO aHAJIOTMYHA IPOLELype
tf c nobaBlieHHEM B KOHEI] CITUCKa BXOIHBIX ITapaMeTpoB 3anucu 'Variable','z"-1".

Te xe npouenypsl ss, dss, tf u zpk TPpUMEHSIOTCS TakXKe sl IpeoOpa3zoBaHus
MojieNiel U3 OAHOW M3 YKa3aHHBIX Bbille ¢opM B Jipyryto. [lepBas u BTOpas npumeHs-
I0TCA JJ1 Ipeo0pa3zoBaHusl MOJIETH B MIPOCTPAHCTBO COCTOSIHUS, TPEThS - B MEepelaTou-
HY10 QYHKIINIO, a YETBEPTas - B HYJIU-MOJTIOCHI-KO3(P(HULIUEHT Mepeaayu.

Mopnenb, 3alaHHYI0 KaK HenpepuleHas, MOMCHO nepesecmu 8 ouckpemmuyro $Hop-
My, BOCIIOJIb30BaBIIKCh MPOLIEAYPOH ¢2d B COOTBETCTBUHU CO CXEMOII:

sysd = c2d(sys, Ts, method).

3neck sys - UCXO/HAs HempepbIBHAS 3aJaHHAast MOJElb, Sysd - moiydaemas B pe-
3ynbTare paboThl MPOIEAYphl JUCKPETHBINM aHAJIOT MCXOAHOM cuctembl, Ts - 3amaBae-
MO€ 3Ha4YeHHe Iara Auckperuzauuu, method - mapamerp, onpenenstonmii METO ] JUC-
Kkpertnsauuu. [locnenqnuii mapaMeTp MOXKET IPUHUMATB OJTHO U3 TAKUX 3HAYECHUMN:
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B 'zoh' - COOTBETCTBYET MPUMEHEHHUIO SKCTPAIOJSITOpa HYJIEBOIO MOpSIKA:
BHYTPH MHTEPBAJIA AUCKPETU3ALUN CUTHAJBI AalIPOKCUMHUPYIOTCA MOCTOSHHON
BEJIMYMHON, PaBHOM 3HAYEHUIO CUTHAJIa B Hayajle MHTepBaja JUCKPETH3ALUH;

B 'foh'- coOOTBETCTBYET MPUMEHEHHUIO IKCTPAMOJATOPA NEPBOrO NOPSAIKA: BHYTPH
MHTEpBaa AUCKPETU3ALNUNA CUTHAIIBI alllIPOKCUMUPYIOTCS OTPE3KAMH MPSIMBIX,
MPOXOSIIMX Yepe3 KOHIIbI KpUBOM CUTHAJIa B MHTEPBAJE IUCKPETU3AIUY;

B 'tustin' - OunKMHeHas annpokcuManus TacTUHA BHYTPH MHTEpBaia AUCKPETH-
3allMH;

B 'prevarp' - Ta ke annpokcumanusa TactuHa ¢ 3aJaHHOM YaCTOTOW MPEAbICKPUB-
JICHUS;

M 'matched' - MeTO/ corytacoBaHus HYJIS M TIOJIIOCA.

Huxe npuBeneHbl IpyUMepbl MEpeBOAa BBEICHHOIO paHEe HENMpPEpPhIBHOTO KOJle-

OarenpHOro 3BeHa 'kzvl' B IUCKpETHBIE 3BEHBS IO PA3HBIM METO/IAM:
KzVd1= c2d(kzv1,0.01)

Transfer function:
0.01008 z - 0.009687

72 -1.97 z+ 0.9802

Sampling time: 0.01

KZVd2= c2d(kzv1,0.01,'zoh")
Transfer function:

0.01008 z - 0.009687

z"2-1.97 z+ 0.9802

Sampling time: 0.01

KZVd3= c2d(kzv1,0.01,'foh’)
Transfer function:

0.005029 z"2 + 0.0002308 z - 0.004864

z"2-1.97 z+ 0.9802
Sampling time: 0.01
KZVd4= c2d(kzv1,0.01,'tustin’)
Transfer function:
0.005037 z*2 + 0.0001975 z - 0.00484

z"2-1.97 z+0.9802
Sampling time: 0.01
KZVd5= c2d(kzv1,0.01,'prewarp',50)
Transfer function:
0.005145 z*2 + 0.000206 z - 0.004939

z"2-1.97z2+0.9798
Sampling time: 0.01
KZVd6= c2d(kzv1,0.01,'matched’)
Transfer function:
0.01009 z - 0.009696

z"2 -1.97 z+ 0.9802
Sampling time: 0.01
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[Ipouenypa d2¢ ocyiecTBiasieT 0OpaTHYIO ONEPALMIO - IEPEBOJAUT QUCKPEMHYIO

cucmemy 6 HenpepoleHylo, HalIpUMEDP:
k1 = d2¢(KZVd1)
Transfer function:

s+4

s"2+2s+100
k2 = d2¢(KZVd4,'tustin’)
Transfer function:

s+4

s"2+2s+ 100
Kak M0xxHO yOenuThCsl, yKa3aHHbBIE OTIEPAIliU SBIISIOTCS B3aMMHO-00paTHBIMHU.
[Tponenypa d2d no3BossieT nepeonpedenunib QUCKPemHy0 cucmemy, 1m00 MeHsIs
mar JUCKpeTUu3aiuu
sysl = d2d(sys,Ts),
a160 BBOJIS IpynmoBkie 3aaepkku Nd (11e510e, B KOJIMYECTBE IAaroB JUCKPETU3ALIIN )
sysl = d2d(sys,[],Nd).
IIpuBenem npumepbl. BHauwane u3meHuMm mar auckperuszanuu Ha Ts=0.1 nms

cucteMel KZVdl:
kd1=d2d(KZVd1,0.1)
Transfer function:
0.09352 z - 0.06018

z"2 -0.9854 z + 0.8187
Sampling time: 0.1 ,
a 3aTeM BBEJIEM 3aJEPKKy 0 Bxoay, paBHyto 3 Ts. [Tomyunm:
kd2=d2d(k d1,[],3)
Transfer function:
0.09352 z-0.06018

z"5-0.9854 "4 + 0.8187 z"'3

Sampling time: 0.1

JI1st co3manust MOJIEN HYKHO TIPEJIBAPUTEIHHO MO0 MPUBECTH YPABHEHUS BCEH
cucTeMbl K (popMe ypaBHEHHI IPOCTPAHCTBA COCTOSIHUH, JIMOO HAWTHU TepeIaTOYHBIC
dbyHkMu cucteMbl. B 001memM ciydae 3TO I0BOJIBHO CJIOXKHAs M TPOMO3JKas 3a1ada. B
TO € BpeMs pealibHbIe CUCTEeMbI aBToMatuyeckoro ynpasieHus (CAY) cocTosrt u3 co-
€IMHEHHBIX MEXTy COOOW OTHENbHBIX OJIOKOB (JIMHAMHYECKUX 3BEHBHEB), YPaBHEHUS
MOBEACHUS KOTOPBIX OOBIYHO JOCTATOYHO MPOCTHI. [I0ATOMY B MpakTHKe MPOEKTHUPOBA-
Hug CAY NpuHATO UCIONB30BaTh CTPYKTYpHBbIE MEeTOIbI, Korga CAY 3amaercs Kak or-
peneneHHas cxema COEAUHEHUs OTAEJbHBIX 3JEMEHTAPHBIX JUHAMUYECKUX 3BEHBEB, U
(dakTUUeCKH MPOEKTUPYETCS OJIHO WM HECKOJIBKO M3 ATUX 3BEHBEB TaKUM 00pa3om,
9TOOBI 00€CMEeYnTh 33J]aHHOE KAa4eCTBO BCEH CHUCTEMbl. B COOTBETCTBHU C 3THUM B
MatLAB mpexycMoTpena Bo3MOxXHOCTh "Habupats'" mporpammuo "cxemy" CAY myrem
peABAPUTEIBLHOIO BBOAA MOJIENEl 3BE€HbEB, cocTaBisitomux CAY, u nocieayromero
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"coennHEHUs" 3TUX 3BEHBEB B €AMHYIO CTPYKTYpy. K mpouemypam, ocymecTBiasionmx
pacyeT XapakTEPUCTUK COCTUHEHUN OTACIbHBIX 3BEHbEB, OTHOCSTCS:

B plus (minus) - ocyniecTBisieT '"mapanaeabHOE COCAMHEHHUE" yKa3aHHBIX MPHU
oOpallleHHH 3BEHBEB, T. €. ONpPEACNAET XapaKTePUCTUKU MOJIETU CUCTEMBI U3
napajijieIbHO COE€IMHEHHBIX 3BEHBEB; OCOOCHHOCTHIO SBIISETCS TO YTO BBI3OB
ATUX MPOLEIYP MOXKET OBITh OCYIIECTBJIEH HE TOJIbKO OOBIUHBIM ITyTEM - yKa-
3aHMSI MIMEHU NPOLEIYPhl U TIepeurciaeHus (B CKOOKax Mocie UMEHHU) UIECHTH-
(bUKaTOPOB COEIUHSAEMBIX 3BEHBEB, - HO U MPOCTHIM yKa3aHHEM HJIeHTU(DUKA-
TOPOB 3BEHbEB, KOTOPHIE JIOJKHBI ObITh 00bETUHEHBI, C TPOCTAHOBKON MEXITY
HUMU 3HAKOB +' (IIPpU CYMMHPOBAHUU BBIXOJIHBIX CUTHAJIOB 3BE€HLEB) WIH '-'
(pu BBIYMTAHUU BBIXOAHBIX CUTHAJIOB);

B parallel - ocyumiecTBiasieT Ty K€ NPOLEAYpPY MNapAIEIBHOTO COEAUHEHUS
3BE€HBEB; B OTJIMYKE OT MPEABIAYIIEH MPOLEAYPbl MOKET UCIOIb30BaThCA IS
MHOTOMEPHBIX CHUCTEM M OCYLIECTBIICHHS NMapajuIeIbHOrO0 COCIUHEHUS JUIIb
110 HEKOTOPBIM BXOJIaM U BBIXOJaM;

B mtimes - (wiv 3HaK "*' MEXy IMEHAMH 3BEHBEB) - OCYIIECTBISIET TOCIIE0BA-
TEJIbHOE COEIMHEHUE 3BEHBHEB, MMEHA KOTOPBIX YKa3aHbl; MPUMEHSETCS IS
OJTHOMEPHBIX CUCTEM;

B series - I0CJE€I0BATEIbHOE YACTUYHOE COEAMHEHNE MHOTOMEPHBIX CHCTEM;

B feedback - Takoe coeMHEHUE ABYX 3BEHBEB, KOTJIa BTOPOE YKa3aHHOE 3BEHO
COCTaBIIAIET LIETIb OTPUIIATENLHON 00paTHOM CBSI3U ISl IEPBOTO 3BEHA;

B append - hopmanbHOE 00BEIMHEHUE HE CBSI3aHHBIX MEXY COO0OM cucteM (10-
OaBJIeHHE BBIXOJIOB U BXOJIOB BTOPOM CUCTEMBI K BBIXOJIaM U BXOJIaM MIEPBOiN);

B connect - yCTaHOBJIIEHUE COCIMHEHHUM BBIXOJIOB M BXOJ0OB MHOIOMEPHOW CHC-
TEMBI, CO3JJaHHOW TIPEeIBAPUTETHLHO (DOPMATBHBIM O0BETMHEHUEM TTPOIIE Ty POH
append; cxema COeIMHEHNUN 3afaeTca Matpuileld Q COETMHEHUI, YKa3bIBa€MOM
KaK OJIMH U3 BXOJIHBIX MapaMeTPOB MPOLETYPhI

B inv - paccunutbiBaer CAY, 00paTHYIO yKa3aHHOM, T. €. TaKyl0, Y KOTOpOH BbI-
XO/JIbl U BXOJIbI TOMEHEHBI MECTAMH;

B vertcat TpON3BOJIUT TaK HA3bIBAEMYIO BEPTUKAIbHYIO0 KOHKATEHAIUIO (CLEIIe-
HHE) CUCTEeM (3BEHBEB), T. €. TAKOE MX OOBEAMHEHNE, KOTJa BXOAbl UX CTaHO-
BATCS. OOIIMMHU, & BBIXOJIBI OCTAIOTCS HE3aBUCUMBIMU; JJIsi TAKOTO O0BETUHE-
HHUS HEOOXOJIUMO, YTOOBI YHCI0 BXOAOB 00bEIUMHIEMBIX CUCTEM OBLJIO OJWHA-
KOBBIM; TOTJ]a YHCJIO BXOJOB B PE3YJbTHPYIOIIEH CHCTEME OCTAHETCS TaKUM
Ke, KaK U KaxJa0i U3 O0BEAUHIEMBIX CUCTEM, a YUCJIO BBIXOJOB PABHO CyMME
BBIXOJIOB OOBEAMHAEMBIX CUCTEM;

B horzcat - oCylecTBISET "TOPU3OHTAIBHOE CLEIUICHUE" YKa3aHHBIX CHCTEM,
MIPU KOTOPOM BBIXOJIBI CTAHOBSITCSI OOIITUMU, & BXOJIBI TOOABIISIFOTCSI.

[TponmnocTpupyeM NpUMEHEHHUE HEKOTOPBIX U3 3TUX mpoueayp. Cozmaaum mo-

Jieb YTJI0BOTO JIBMXKEHUSI TOPHEAbl BOKPYT BEPTHUKAIU B BHUJE MOCIEI0BATEIBLHO CO-
€IMHEHHBIX JBYX 3BEHBEB: all€pUOJANYECKOrO 3B€HA, XapaKTEPU3YIOIIET0 BIUSHHUE MO-

MCHTA BHCIITHUX CHUJI OTHOCUTCIBHO BepTI/IKaJ'H/I Ha yrHOBYIO CKOpOCTI) TOpHeI[BI
Torsk = tf(25,[100 50])

Transfer function:
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100 s + 50
Y MHTETPUPYIOLIETO 3BEHA, OMMCHIBAIOIIETO MEPEXO] OT YIIIOBOW CKOPOCTH K YTy MO-
BOPOTA TOPIIEAbI BOKPYT BEPTUKAIN

SkUg = tf(1,[1 0])

Transfer function:

1

S
ITocnenoBarenbHOE COCTMHEHUE 3TUX 3BEHBEB MOKHO OCYILIECTBUTH JIByMsI CITO-
cobaMu - TPUMEHEHUEM TIPOIIETYPHI Series
Tor1= series(Torsk,SkUg)
Transfer function:
25

100 s"2 + 50 s

a100 TPOCTO oreparyeit "mepeMHOoXKeHus" MoIenei
Tor = Torsk*SkUg
Transfer function:
25

100s"2+50s.

Tenepb chopmupyem Lienb YpaBiIeHUs, BXOJOM KOTOPOH SABIJISETCS YroJ phICKa-
HUS TOPIEIBI, a BBIXOJOM - MOMEHT, HAKJIaAbIBAEMBII HAa TOPIEAY CO CTOPOHBI €€ pyJIeH
HanpasieHus. Ee Oynem npeanonaratb COCTOSIIEH U3 ABYX NapaJlIeIbHO COSAMHEHHBIX
yacTed - yactu, yrnpasisgemon ['mpockonom HampaBneHusi, U peACTaBIsIONIe coOoit

00BIYHOE YCWIIMTENIBHOE (CTATHUYECKOE) 3BEHO

GN = tf(2,1)

Transfer function:

2

Static gain.
U vactu, ynpasisiemond ['mpoTaxomerpom, KOTOPYIO MOXKHO MPENCTaBUTh Kak audde-
pEHIMAIBHO-KOJIE0aTEIbHOE 3BEHO

GT = tf([100 0],[1 10 100])

Transfer function:

100 s

s"2+10s+100.
[TapaiiennbHOE COEAMHEHUE 3TUX JABYX KOHTYPOB YIPABJICHUE MOKHO OCYILIECT-

BUTH TOXKE IBYMS ITyTSMU: JTUO0 UCTIONIB3YsI poTieaypy parallel
Izm1=parallel(GN,GT)
Transfer function:
22+ 120 s+ 200

s"2+10s+ 100,

a100 pUMEHSIS OTIepanuio "cIokeHus" Moaenen
Izm = GN+GT
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Transfer function:
22 +120s+ 200

s"2+10s+100.
Tenepr HaliileM MOJENb BCEH CUCTEMBI aBTOMATHYECKOTO YIIPABJICHUS YIJIOBBIM JIBU-
KEHHUEM TOpPIE/bl, pacCMaTpuBas 1eNb yMNpaBiICHUs KAk IeNb OTpUIlATEIbHON o0OpaT-
HOM CBSI3U JJIsI TOPHEAbl M TOJB3YACh JJIsi 00ObEIUHEHUSI MPSIMOM W OOpaTHOM 1ienu
npouenypoi feedback:

sys=feedback(Tor,lzm)

Transfer function:
25 "2 +250 s+ 2500

100 s™ + 1050 s*3 + 10550 s*2 + 8000 s + 5000 .

KoneuHo, HecpaBHEHHO 0osee npocmubiM U YO00OHbiM cpedcmeom "cozdanus'
(mounee - "nabopa’) cnoscuvix cucmem u3 omoenbHulx OI0K08 A6NAEMC S PACCMOMPEH-
Has 6 enase 7 unmepakmusrnas cucmema SIMULINK.

[Tocne Toro kak cucrema cpopMHpOBaHa, MOXXHO BBECTH MPH TTOMOIIM MPOIIETY-
pBI Set HEKOTOPBIE CUMBOJILHBIE €€ ONHUCAaHUA. B 4acTHOCTH, 1aTh Ha3BaHUS BXOJaM U

BBIXOJIaM CHCTEMBbI, JaTh KPATKHUH KOMMEHTAPUN K CAMOM CUCTEME, HAITPUMED:
set(sys,'Input Name'," MomeHT cun','OutputName’,'"Yron pbickaHus')
set(sys,'Notes',"YrnoBoe aBMxeHne Topneabl')
get(sys)

num = {[0 0 25 250 2.5¢+003]}

den = {[100 1.05e¢+003 1.06e+004 8¢+003 5¢+003]}
Variable ='s'

Ts=0

InputName = {' MomeHT cun'}

OutputName = {"Yroma peickanus'}

Notes = {'Yri0Boe IBHKEHUE TOPHEIbI'}

UserData =[]

!
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B 3akirouenue npuseaeM NpuMeEpPhl UCIOJIb30BAHUS IPOLEAYP KOHKATCHALIUU:
sysvspl=horzcat(Torsk,SkUg)
Transfer function from input 1 to output:
25
100 s+ 50
Transfer function from input 2 to output:
1

S

sysvsp2=vertcat(Torsk,SkuUg)

Transfer function from input to output...
25

100 s + 50
1

#2: -
S

6.2. Ilonyuenue ungpopmauuu o mooenu

YroObl MONYyYUTHh OTHCIbHBIE XapaKTEPUCTUKU (MATPULBI U BEKTOPHI,
OMKCBHIBAIOIINE MPOCTPAHCTBO COCTOSHMS, KOI(PPHUIIMEHTHl YUCIUTENS U 3HAMEHATENs
nepenaToyHord (PYHKIUU U T. 11.) MOJIYYEHHOM MOJENH, MOYXHO HCIOJb30BaTh OJHY M3
cieayrmux npouenyp: tfdata (s noiydeHuss BEKTOPOB YUCIUTENS W 3HAMEHATEIA
MepeaaToyHol (QYHKIIMA CHUCTEMBI), ssdata (sl TIOMy4YeHUS 3HAYCHUA MATPUIL
ypaBHEHUM MIPOCTPAHCTBA COCTOsAHUS) U zpkdata (11 MolydeHUs BEKTOPOB 3HAYCHUM

MOJIFOCOB U HYJIEH CUCTEMBI), HAalIpUMED:
[nom,den]=tfdata(sys,'Vv')
nom =
0 0 25 250 2500
den =
100 1050 10550 8000 5000
SSSsys=ss(sys)
[A,B,C,D] = ssdata(sssys)
A=
-10.5000 -6.5938 -1.2500 -0.7813
16.0000 0 0 0
0 4.0000 0 0
0 0 1.0000 0

B=
0.5000
0
0
0
C=

0 0.0313 0.0781 0.7813
D= 0
[z,p,k] = zpkdata(sys,'V')
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7=
-5.0000 + 8.66031
-5.0000 - 8.66031
p=
-4.8653 + 8.5924i
-4.8653 - 8.59241
-0.3847 + 0.60401
-0.3847 - 0.60401
k= 0.2500
IIpouenypa get 1actT BO3MOKHOCTh MOJYYUTh MOJIHYIO XapAKTEPUCTUKY MOJEIH,
BKJIFOYass UME€HA BXOJI0OB U BBIXOJIOB, IIpUMEYaHUs, 3HAYCHUS 11ara JUCKPETHU3aIUU U T.
1. Hanpuwmep:
get(sys)
num = {[0 025 250 2.5¢+003]}
den = {[100 1.05e+003 1.06e+004 8e+003 5e+003]}
Variable ='s'
Ts=0
Td=0
InputName = {' MomeHT cui'}
OutputName = {'Yron pbickanus'}
Notes = {'Yri0Boe 1BH)KEHHE TOPIICIBI' }
UserData =[]
get(ssys)
Continuous-time system.
a = [4x4 double]
b =[4x1 double]
c¢=1[00.03130.0781 0.781]
d=0
e=]
StateName = {4x1 cell}
Ts=0
Td=0
InputName = {' MomeHT cui'}
OutputName = {'Yron pbickanus'}
Notes = {'Yri0Boe 1BH)KEHHE TOPIICIBI' }
UserData =[]
O 4ymce BX0JIOB M BBIXOJIOB CHCTEMBI MOYKHO y3HaTh, OOPaTUBIINCH K IPOIICAYPE
size:
size(sys)
Transfer function with 1 input(s) and 1 output(s).
size(ssys)
State-space model with 1 input(s), 1 output(s), and 4 state(s).
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6.3. Ananuz cucmemot
[Taker CONTROL mnpenocraBisieT MUAPOKUA HAOOp MPOLEAyp, OCYIIECTBISIO-
nux a3 CAY ¢ caMbIX pa3IMYHBIX TOYEK 3PEHHS U, NPEXKAE BCErO, OMPEACICHUE
OTKJIMKOB CHUCTEMbl Ha BHEIIHUE BO3JCHCTBHS KaKk BO BPEMEHHOU, TaK U B YaCTOTHOM
00J1acTsX.
J{ns HaXOXKJIeHHUsSI BPEMEHHBIX OTKJIMKOB CUCTEMbl HAa BHEIIIHUE BO3JECHCTBUS He-
KOTOPBIX BUJIOB MPEAYCMOTPEHBI (DYHKITHH:
B impulse - HaXOX/IEHUE OTKJIMKA CUCTEMbI Ha €IMHUYHOE UMITYJILCHOE BXOJHOE
BO3JICHICTBUE;
B sfep - HAXOXKJICHHE PEAKIMU CUCTEMbl HA €IMHUYHBIA CKa4OK BXOJHOIO BO3-
JICUCTBUS,
B initial - onpeneneHne COOCTBEHHOTO JIBXKEHUS CHCTEMBI TIPH MPOU3BOJIBHBIX
HayaJlbHbIX YCIOBUSAX;
B /sim - onpeneneHue peakiuu CUCTEMbl HA BXOJHOE BO3JECHCTBHUE MPOU3BOIIb-
HOM (hOpMBI, 33]]JaBa€MOE B BUJIC BEKTOPA €r0 3HAUCHUI BO BPEMEHHT.
PaccmoTpuM mpuMeHeHHe 3TUX NPOLEAYp HAa MPUMEPE IBUKEHUS TOPIEbI, Ma-
pameTpsbl KoTopor kak CAY npuBeneHsl paHee.
[Ipumensist mporieAypy Step K CO3JaHHON MOJIEIH:
step(sys)
MO>KHO TIOJIYYHTh Irpauk, npeacTaBIeHHbINA Ha puc. 6.1.

Step Response
From: MomeHT cun

07 | \

Amplitude
To: ¥ron peicKkaHua
©
w

0.2

0.1

15

Time (sec.)

Puc. 6.1

AHaJIOTUYHO, UCIIOIB30BaHUE MTPOLIEYPBI

impulse(sys)
OPUBEAET K MOSIBICHUIO B IpapriueckoM OKHe rpaduka puc. 6.2.

YroObl NpUMEHUTH NpoUeRypy initial, HeOOXOIUMO B YHCIIO BXOJHBIX IapaMerT-
POB BKJIIOUUTH, BO-IIEPBBIX, IIOJHBIA BEKTOP BCEX HAYAJIBHBIX YCIOBUN IO NEPEMEH-
HBIM COCTOSIHMSI, a BO-BTOPBIX, MOMEHT BPEMEHHM OKOHYAHMS IIpOIlECCa MHTETPUPOBA-

Hus. Hanmpumep:
initial(ssys,[0 0 0 1],20).
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Impulse Response

From: MomMeHT cun
0.2 T T
0.15 !
= :
§ |
D85 01 i
5S¢ i
=3 :
o |
£5 i
< 0.05 :
o :
= :
0 ‘
005 ' *

0 5 10 15
Time {sec.)
Puc. 6.2

[Tomyuyum B rpadhuueckoM OKHE KapTHUHY, MOKa3aHHYIO Ha puc. 6.3.

Initial Condition Results

=
=]

=3 =E
B @ N

Amplitude
To: ¥ron pblCKaHWA
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o
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(=]

0.1
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Time (sec.)
Puc. 6.3

Jns mpuMeHeHus nporeaypsl Isim HeoOX0aUMO MPEIBAPUTEIIHBHO 33/1aTh BEKTOP
't' 3HaUEHU BpPEMEHH, B KOTOPBIX OYIyT 3aJaHbl 3HAYCHHUS BXOJHOTO BO3JEHCTBUS, a
3aTEM U 3aJ1aThb COOTBETCTBYIOIIUM BEKTOpP 'U' 3HAUYEHUN BXOJHOM BEJIUYMUHBI B yKa3aH-
HbIE MOMEHTHI BpEMEHU
t =0:0.01:40; u =sin(t); Isim(ssys,u,t);grid
Pe3ynbrat nzobpaxkeH Ha puc. 6.4.
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Linear Simulation Results
o4 . ! ! ! !
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To: ¥ron pbickaHWA
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Puc. 6.4

Crnenyromas rpynmna npoueayp MNpeACTaBIsIET B YaCTOTHOM 00JIACTU pPEaKIUIO
CUCTEMBI Ha BHEILIHWE FapMOHUYECKHE BO31ecTBUs. K TakuM mporenypam OTHOCSTCS:

B bode - ctpout rpaduxu AYX u ®UX (quarpammy boje) ykazaHHO# crucTeMbl;

B nyquist - CTpOUT B KOMIUIEKCHOM IMIOCKOCTH Tpaduk AmiuintyaHo-da3oBoii
Xapakrepuctuku (ADX) cucTembl B MOJISPHBIX KOOPAUHATAX;

B nichols - ctpout xkapty Huxoinca cuctemsl, T. €. rpadpuk ADX pazoMKHYTOM
CUCTEMBI B JIEKApPTOBBIX KOOPANHATAX;

B sigma - crpout rpadUKu 3aBUCHMOCTH OT YacCTOThl CHUHTYJISIPHBIX 3HAYCHHI
CHCTEMBI;, 00bI9HO coBnagacT ¢ AUX cuCTeMEI;

B margin ctpout auarpammy bojne ¢ ykazaHuem 3zanacoe no amniumyoe u no

g_i@a3 e.

Bode Diagrams

From: MomeHT cun

én
=]

Phase (deg); Magnitude {dB)
o
(=]

To: ¥ron peicKaHma
, . N
(=]
a

=
o
o

(%]
(=]
o

5 10° 10" 10°

Frequency (rad/sec)

Puc. 6.5

=y
o

IIpuBenem npumepsl.
bode(sys) - pe3yibTaT npuBEACH Ha puc. 6.5;



291

rom: MoMeHT cun

Nyc‘:uist Diagrams

-180

I I I I I I I I
5 i i i i i i i i
i i i i i i no i i i i i i i
! : ! : ! ! B 1 [ R— [ [ R— [ p—
" " " " " " £ o £2 " " Lo " " "
! ! ! ! ! ! 2 |2 0o e
" " " " " " - . L I Ll R (A R [—
i i i i i i M M .Mm i i i i i i i
: : : : : m ST e
B . A . . L 0 -~ IR S SR SR N R S B
i i i i i i <Q i i i i i i i
; ; m ; ; ; _ ; ; ; ; ; : : :
b o o o <t 7] ' o o [=] o =] o o [=] o
o o (=] =] (=] (5 I w o« m. ﬂ. M. M
BUHeNo19d rodk (o] BuHeNoIad LroJL (0]
sixy Areulbew {gap) ures doo-uadp

Open-Loop Phase (deg)
Puc. 6.7

-160

-180

nichols(sys); grid - pe3yJibTaT noka3a Ha puc. 6.7,

nyquist(sys); grid - pe3yabTar - Ha puc. 6.6;
sigma(sys) - cm. puc. 6.8;

margin(ssys); grid - cMm. puc. 6.9.
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Singular Values

Singular Values (dB)

ID I IIIIH‘?
10 10 10

Frequency (rad/sec)

Puc. 6.8

Bode Diagrams
Gm = Inf, Pm = Inf

Phase {deg); Magnitude {dB]}

-200

0 1

2
10 10 10

Frequency (rad/sec)

Puc. 6.9

Tenepb PacCMOTpUM HpOoUCAYPbI, BBITUCIIAOINUC OTACIIBHBIC XaPAKTCPUCTUKU H
rpa(bnqecm/l IMOKAa3bIBAOIIHUEC PACIIOJIOKCHHUC ITOJIFOCOB U Hyﬂeﬁ cucrtembl. K HUM MOX-

HO OTHCCTHU

B pole - pacyeT MOIIOCOB CUCTEMBI;

B zpkdata - pacueT MoOMIOCOB, HyJeH 1 Ko PULIMeHTa epeadn CUCTEMBI;

B gram - BblUKCIEHUE TPAMMHUAHOB CHCTEMBI - MATPHUILIbl YIPABIAEMOCTH (IIpH
yKa3aHUHU B Ka4eCTBE MOCIEAHEr0 BXOJHOrO MapameTpa mpouenypsl ¢uara 'c')

Y MaTpUILbl HAOII0JJAEMOCTH CUCTEMBI (ITpY yKa3aHuu uiara 'o');

B damp - BeluuCIeHUE COOCTBEHHBIX 3HAUEHUI MATPUILIBI COCTOSIHHUSI CUCTEMBI U,
Ha ATOI OCHOBE - 3HAUYEHUN COOCTBEHHBIX 4YacTOT (Frequency) He3aTyXalOIUX
KOJeOaHU CUCTEMBI M OTHOCHUTENBHBIX KOA(P(OUIIMEHTOB AeMII(PUPOBAHUS

(Damping)

B pzmap NOCTPOEHUE HA KOMIUIEKCHOW IUIOCKOCTU KAapThl PACIIONOXKEHHUS HYJIEH

H IIO0JIFOCOB CHUCTCMbI
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B rlocus - pacuer U BbIBOJ B BHJIE€ TpapukoB B rpaduyecKkoe OKHO TPACKTOPUU
JIBUYKEHUS Ha KOMILJIEKCHOM TJIOCKOCTH KOPHEHN MOJIMHOMA
H(s) =D(s) + k * N(s) = 0,
riae  D(s) - 3HameHaTensb nepenatouHor GyHkiuu, N(s) - ee YUCIUTENb, IPU
M3MEHEHHH MOJIOKUTEIBLHOTO BellecTBeHHOro yucia k ot 0 1o 6eckoHeuHo-
CTH.
Jlanee npuBoOAsSTCS IpUMEPHI IPUMEHEHUS 3TUX (YHKIMA U PE3yIbTaThl:
pole(sys)
ans =
-4.8653 + 8.59241
-4.8653 - 8.5924i
-0.3847 + 0.60401
-0.3847 - 0.60401
sysz=zpk(sys)
Zero/pole/gain from input " MomenT cun" to output "Yrous peickanus':
0.25 (s*2 + 10s + 100)

(s™2 +0.7693s + 0.5128) (s2 + 9.731s + 97.5)
[z,p,k]=zpkdata(sysz,'v')
7=
-5.0000 + 8.66031
-5.0000 - 8.66031
p=
-4.8653 + 8.59241
-4.8653 - 8.5924i
-0.3847 + 0.60401
-0.3847 - 0.6040i
k= 0.2500
Wc= gram(sssys,'c’)
We =
0.0129 0.0000 -0.0083 -0.0000
0.0000 0.0334 -0.0000 -0.0175
-0.0083 -0.0000 0.0701 -0.0000
-0.0000 -0.0175 -0.0000 0.1372
Wo=gram(sssys,'0")
Wo =
0.3334 0.2188 0.5469 0.3906
0.2188 0.1442 0.3605 0.2726
0.5469 0.3605 0.9011 0.6805
0.3906 0.2726 0.6805 0.8545
pzmap(sys) - pe3yabTar cm. puc. 6.10.
damp(sys)

Eigenvalue Damping  Freq. (rad/s)
-3.85e-001 + 6.04e-0011  5.37e-001  7.16e-001
-3.85e-001 - 6.04¢-0011 5.37e-001  7.16e-001
-4.87e+000 + 8.59e¢+000i 4.93¢-001  9.87¢+000
-4.87e+000 - 8.59¢+000i  4.93¢-001  9.87e+000

rlocus(sys) - pe3yJbTart - Ha puc. 6.11.



294

6.3. AHanu3 cucmembli

V
'
]
'
]
'
1
'
1
'
1
'
i
]
'
]
'
1
'
1
'
'
]
'
i
'
1
'
1
'
1
'
'
]
'
]
.
1
'
1
'
'
]
'
]
'
1
]

U O | Uy

Puc. 6.10

Puc. 6.11
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6.4. Humepaxmuenwtit ""0ooo3pesamens' Iltiview

Hab6upas B komanaHom okne MatLAB kxomanay Ilfiview, MOXKHO BBI3bIBaTh OKHO
Tak Ha3biBaemoro "obOospepareinsa" LTI-00beKTOB, YTO MO3BOJSIET B MHTEPAKTUBHOM
pexume "CTpOUTh" B 3TOM OKHE MPAKTHUECKH BCE BbIIIEYKa3aHHbIE TpadUKu, IpUYeM
IUIl HECKOJIBKMX CUCTEM CHUHXPOHHO:

Itiview

[Ipu 3TOM Ha 3KpaHe nossisgercs HoBoe okHO LTIViewer (puc. 6.12 ).

[#[LTI Viewer [_ O] x]
Toolz Plots Help
MNew Yiewer_ . Ctrl+M
Export._.
Print Hezponse.__. Ctrl+P
Send Responsge to Figure...
Close Viewer Ctrl+wf
200 lj_:'r' Ij_:'r' [ﬁ ﬂ
— Swstems —_—__ _ Digplaved |0 Channel: — — PlotTepe — _— PlotOplions
— “Wworkzpace — — Selected
lzm ﬂ J Step :lv
SkU
T . Configuration 4
Tarzk, " Group all
G " Group in
i fud J " Group out
Fefresh | Im o Aray
| The Workzpace Browser has been updated.

Puc. 6.12

DTO OKHO COCTOUT M3 HECKOJIbKHMX YacTeil. [ TaBHOE MECTO B HEM 3aHHMMAeET rpa-
dburueckoe 1moje, B KOTOPOM CTposATCs pazHoobOpasubie rpaduku. [Ipu nepBom obpariie-
HUM K 0003peBaTei0 OHO IMyCTO. B JIeBOM HMXKHEHW YacTh pacloioXKeHbI J[Ba OKOIIKA
Workspace u Selected. B nepBom u3 Hux otoOpaxensl Teé LTI-00beKkThI, KOTOpbIE Ha-
XOJISITCS B 3TO BpeMsi B pabouem npocTtpanctse cuctembl MatLAB (nHa puc. 6.12 - 310
cuctema sys OOKOBOIO JIBJKEHUSI TOPIEbl, CO3/JaHHasl paHee). B BTopoM oToOpaxaror-
cs1 LTI-00beKThI, KOTOpBIC 3arpy>KeHbI B cpelly o0o3peBarensd. B Hadane paboTel ¢ 060-
3peBaTelIeM OHO TAKKE SBIISIETCS MTYCTHIM.

ITo mpaBo¥ CTOPOHE BHU3Y PACIIOIO0KEHO OKOIIKO C BBINAJAOIIUM MEHIO, KOTO-
pO€ COJEPKHUT TMepedeHb TpaduvecKuX MpOoIeayp, KOTOPbIE MOXHO BBITIOJIHHUTH. Eie
IpaBee PacIoJIOKEHbI OKOIIKH, ONEPUPOBAHUE KOTOPHIMHU IMO3BOJISIET ONPEACIUTh He-
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KOTOPBIE YUCIIOBBIE XaPAKTEPUCTUKH COOTBETCTBYIOIIEro rpaduka. s sToro Hazie-
AT B COOTBETCTBYIOIIEM OKOIIIKE IMOCTABUTH 'TAIOUKY' € MOMOIIBIO MBIIIIH.

Paboty ¢ obo3peBaTesnieM HEOOXOIMMO HAaYMHATH C "3arpy3ku" B €ro cpeay Tex
LTI-00beKTOB, KOTOPBIE HY>KHO aHAJTU3UPOBATh. JTO JIEJIAETCS TAKUM 00pa30OM.

C moMoIIp0 MBIIM CcleayeT BblenuTh B okomike Workspace umena LTI-
00BEKTOB, KOTOpbIE HYXHO wuccieaoBaTh. [loToM "HaxaTh MbIIIKOW" Ha HAIMUCH
'<Select>' moxa oxomikomM crpasa. COOTBETCTBYIOIIEE UMS JOJIKHO MOSIBUTHCSA B OKOILIKE
Selected psimom (cm. puc. 6.13). [IpuyeM 1o JieByr0 CTOPOHY UMSI COMPOBOKIACTCS 3HA-
KOM 't', a 110 MpaByI0 CTOPOHY OT HErO yKa3aH B CKOOKax I[BET JIUHUM rpaduka, Koropas
orBedaer LTI-00bekTy ¢ 3TuM nMeHeM. CUHXPOHHO B rpa)uyeckoM MoJie TOSIBISETCS
rpaduK peakiuuu U30paHHOM CUCTEMbl HA BXOJHOE JICUCTBUE B BUJE €IUHUYHOMN CTY-
neHbku (puc. 6.13 ), Tak Kak B OOBIYHOM COCTOSIHUM B OKOIIIKE CIpaBa YCTaHOBJICHO
Step.

¥ | LTI Viewer [_ [3] x|
File Toolz Plotz Help
=tep Response
From: MomeHT cin
0.a T T
= B _
=
B L T e T .
S G
= &04 _
E (=3
€ =
2 0.2 .
|:| |
10 15
Time {sec.) zeom  [O|[2|[2 ﬂ“
_ Systems —_ _ Dizplayed /0 Channels: _— _ Flot Type Plot Options
— “Workspace — —— Selected — Fea
- '
E ;I + zpg [red) d IStep I eak Responze
SkUg - : v Settling Time
Tar Configuration - -
Tarsk ™ Group al v Hize Time
sEEps " Group in v
i - j ™ Group out
Fefresh | Select: | | <Dekte] T Flat &+ Ay
| Halding the Left mouze click buttan down an any of the ='s will dizplay the desired value

1 o 1 1 1 —————————

Puc..6.]3

Ecnu B 5TOM OKoOmIKE "HakaTh'" KHOINKY BBINAAAOIIEr0 MEHIO, TO OHO IIPEAOCTA-
BUT TaKHU€ aJIbTEPHATHUBHBIE BO3MOKHOCTH 0003pEBATENS:

W Step

B Impulse

B Bode



6.4. UlumepakmueHbIl "0ob603pesamenb” Itiview 297

B Nyquist

B Nichols

W Sigma

B PoleZero

B Lsim

W [nitial

Kak Buaum, 3TH anbTepHATUBHI MOJHOCTHIO COBMAAAIOT C paHEe PACCMOTPEHHBI-
MU OJIHOUMEHHBIMU MPOLIeypaMy U MOTOMY CJIEYET OKUJIaTh, YTO UX U30paHUE MpHU-
BEJIET K MOCTPOEHUIO TeX ke rpadukoB. Hampumep, BoiOupas paznen Impulse, nonydum
KapTHUHY, W300pakeHHY10 Ha puc. 6.14.

B HmkHeM KkpaiiHe MpaBoOM YTy OKHA PacIoJIOKEHbI OKOLIKHU, KOTOPBIE MO3BO-
JSI0T OTMETUTH T€ MapaMeTpbl COOTBETCTBYIOLIErO rpaduka, KOTOPbIE MOXHO OTCUHU-
TaTh 1O rpaduKy.

B kauectBe mpumepa Ha puc. 6.13 u 6.14 orMmeuens! ('rajoukamMu" B COOTBETCT-
BYIOIIIMX OKOIIKaX) BCE BO3MOXKHbIE mapameTpbl. [losTomy Ha rpadukax MOSBUIUCH
TOYKH, KOTOPBIE OTBEYAIOT HCKOMBIM ITapaMeTpaM.

¥ LTI Viewer [ [3] x|

File Toolz Plotz Help

Irmpulse Response
From: MomeHT ckn

0.2
.15 .
i
ak}
ZE 07 i
= 5
o O
=
S5 005 i
o
] &
-0.05 : '
] 5 10 15
Time {sec.) Zoar: l}_:' l;_ic) IE ﬂ“
_ Systemns —_ _ Digplaped |40 Channels - — PlotTepe _—  _ Plot Options
— ‘Workspace — —— Selected — o Peak B
- W
E ;I + 5z [red) ;| Irnpulze I eak Responze
Sklg U St [ Setting Time
Tor i
Torgk, Bode
FIEYNE M pquist
g Michols
it j Siama
Fefresh || Select: | | <Delete] ] Plaot que-Een:n
U Lzim a
[ Holding the Left mouse click button dowin on any of the 3's will display the desired {Iniial

Puc. 6.14
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Bun rpadukoB MOKHO M3MEHSAThH, UCHOJB3Ys MEHIO OKHa o0o3peBarens. K mnpu-
Mepy, pasznen File MeHto okHa o6o3peBarens (cM. puc. 6.12 ) BrI3bIBa€T JOMOJIHUTEIb-
HO€ MEHIO C TAKUMU Pa3elIaMu:

B New Viewer - OTKpBITH HOBBIM 0003peBaTelib, MpU U30pAHUU ITOTO pasjena
"MBIIIKOH" Ha SKpaHe 00pa30BHIBAETCA €IlE OJHO, JAOMOJIHUTEIBHOE OKHO Ta-
KOro e 0003peBaressi, B KOTOPOM MOKHO IIOCTPOUTH UHbIE HY>KHbIE TPa(UKU;

B Export - sxkcnioptupoBath LTI-00bekT; n3bpaHue 3TOro pasjaena MpuBOJUT K
MOSIBJICHUIO Ha 3KkpaHe okHa Export LTI Models/Compensators (puc. 6.15), xo-
TOPOE MO3BOJISIET 3amucaTh ucnojb3oBaHHble LTI-00beKkThl (MMEHA KOTOPBIX
HAXOJSATCA B OKOULIKE IO JIEBYIO cTOpoHY) i B MAT-¢aiin (okomko Export
to Disk), unu B pabouee npoctpanctBo (Export to Workspace);

B Print Response - pacriedatatb rpad)uku Ha IPUHTEPE;

B Send Response to Figure - pacnioyloxkuTh Tpaduk B OTAEIBHOM I'paduueckoM
okHe ((urype); sTa KOMaHJa MPUBOJUT K MOSBJICHUIO HA IKPaHE JIOMOJHU-
tenbHOro OokHa LTI Viewer Responses, B KOTOpOM B 00beMe BCETr0 OKHA pac-
1oJiaraeTcsl TOT ke rpauk, KOTOPbI HAXOAUTCA K TOMY BPEMEHH B rpaduye-
ckoM mnone okHa LTI Viewer; 310 yai00HO C JBYX TOUYEK 3pEHHUs: BO-NEPBbIX,
rpaguk B 3TOM OKHE HUMeeT Oojee 0003pumyto U yaoOHyr Ghopmy ajis ero
pacrnevaTrbiBaHUs Ha MPUHTEPE, a BO-BTOPBIX, YTO OOJIEE BaKHO, HOBOE OKHO
JTaeT BO3MOXHOCTh 00pa30BaTh "KONUIO QUIYyphl"; MOCIEIHAS CO3/1aeTCs TaK:
ucnoiib3yercs pazaen Edit B MEHIO HOBOTO OKHA, TOTOM B MOSBUBLIEMCS MO/~
MeHI0 BeiOupaeTtcs pazaen Copy Figure - 1 COIEp)KUMOE OKHA 3alIOMUHAETCA B
oydepe namsatu 11K; ecnu tenepb nepeTy B OKHO KaKoro-HUOyIb peJakropa
(rpadmyeckoro Wi TEKCTOBOI0) M HaxkaTh kiaBumu <Shift> + <Insert>, To B
OKHE 3TOr0 peJaKkTopa MOSABUTCS 3alIOMHEHHOE M300pa’K€HUE; UMEHHO TaKUM
oOpaszom moJiydyeH puc. 6.16, coxaepxkamuii rogorpad HaiikBucra s uccie-
JyeMo# cucteMsl (cM. puc. 6.17 );

[4|Export LTI Models/Compensators [ x| Nyguist Diagrams
rom: MoméHT cun
—  ExportlList L ! !
TN || ook |
G.d """"""""""""""""" R r
—xportto Wurkspacei
L R Rttt (L AR
Cancel | ég - I . N S
23
Help | s :
T R j
E. |
. R H
o L e
Show: Ign j 08 05 0 05
Real Axis
Puc. 6.15 Puc. 6.16

B Close Viewer - "3akpbITh" OKHO 0003peBaTels.
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¥ | LTI Viewer [_ [3] x|
(XM Toolz Plotz Help
New Yiewer... Ctrl+N Myguist Diagrams
Export... From: MameHT ci1n
Print Rezponse. .. Ctrl+P
Send Response to Figure. .
Cloze Viewer Ctrl+'wf
A
o B
g =
= 8 S S 1SS S S S S S = =
-1
-1
Real Axis zeom  [O|[2|[2 ﬂ“
_ Systems —_ _ Dizplaped /0 Channels — _ Plot Type _— _ Plot Options
— ‘workspace — ——  Selected — I i
I - W :
o ol o [Mypquist =] | [ fGain/Phase Mz
I
SZEIUQ Configuration -
Tor " Group all
Torzk " Group in
jﬁf‘w LI j ™ Group out
Refresh | Select: | || <Delete] ] Plat = Aray
| The zelected system iz being added to the list

Puc. 6.17

Ileperinem k ciuenyromeMy paszaeny MeHO okHa LTI Viewer non Ha3BaHHEM
Tools. "HaxaB" Ha Hero, moixyyuMm noameHto (puc. 6.18), cocrosiiiee U3 Tpex TaKux
pa3zenos:

B Viewer Controls (¥Ynpaenenue Ob6o3pesamenem), KOTOPOE HOOABISET WIH

YHHUUTOXKAET HIKHIOK MOJIOBUHY OKHa LT] Viewer, B KOTOpOU pacronararTcs
OKOIIIKM YIPaBJICHUS BBIBOJIOM rpadudeckoil HHGOpMaIMi B BEPXHIOKO TOJIO-
BUHY OKHA; Ka)XJ0€ Ha)KaTHE Ha 3TOT pa3zel MPUBOJUT K NCUE3HOBEHHUIO 'Tra-
Jouku" PSAZIOM C Ha3BaHMEM pasjienia (eciid OHa Mepe 3TUM ObliIa) U K MOSB-
JeHuto ee (ecnu ee He ObUIO); MO YMOJIYAaHHIO 'Tajoyka" ecTh, U TIOTOMY BCS
yIpaBJISOIIas MojaoBUHA M3o0pakeHa B okHe LTI Viewer; ecnu teneppb "Ha-
&KaTh MbBITIIKON" Ha Viewer Controls, TolIy4uM B OKHE KapTHHY, MPEICTABICH-
HYIO0 Ha puc. 6.19 ;

B Response Preferences (Ceoticmsa I paguxog); HaxxkaTue Ha HETO MPUBOJIUT K
MOSIBJICHUIO HOBOTO OKHA C TaKWM >Ke Ha3zBaHueM (puc. 6.20); 6maromaps 31o-
My OKHY MOKHO YCTaHOBUTH COOCTBEHHBIC YKEeIaTeNbHbIE TUANa30Hbl U3MEHEe-
HUWA KOOPAMHAT, U3MEHUTh €IUHULIBI U3MEPEHUS] aMIUIUTYbl U YacTOTHI, yC-
TaHOBUTH COOCTBEHHBIE OTPE/ICIICHUSI BPEMEHU YCTAHOBJICHUSI U BPEMEHH BO3-
pacTaHus IEPEXOHOTO MpoLEecca U T. 11.;
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¥ |LTI Viewer
File Plots

v Yiewer Controls.__

Tools Help

Ctrl+y Pole-zern hMap

Response Preferences Cirl+R

T T T
Linestyle Preferences Chl+L
10+ e e T Szl
o el Tte--lllliz- SEEREE=EE
= T =T EIas ELfLIo I
=L LT AT F3E33755]
. LRSI
L Am--ioo- SRS < T
E TealTesi=azEo : EEF
ST -mnTiliiEeea:
-10 --=T I SEEEEEs
- __.-—_- e -
= =" s .
_ | | | | 1 | | |
-18 -16 -14 -12 -10 -8 E 4 =L 0
Real Axis zeom  [O|[2|[2 ﬂ“
_ Systems —_ _ Dizplaped /0 Channels — _ Plot Type _— _ Plot Options
— “Workspace — —— Selected —
GT ;I + sp3 [ied)] d IF':::IE-ZerD vI
Iz : -
Sklg Configuration -
Tor " Group all
Torzk " Group in
jﬁf‘w LI j ™ Group out
Refresh | Select: | || <Delete] ] Plat = Aray
| An z-plane and iz being added ta the plat
Puc. 6.18
File LU FPlots Help
Viewer Controls... Ctrl+¥ Fole-zero hap
2 Response Preferences Chrl+R : : : : :
Linestyle Preferences Cirl+L .
U2 IR e lIlToilllrapiioss e
L TTTTeeeeee T TTTmersaeziTiFasifiesiies Rt
< T oIEctzesc..=lfEreciezzil E“:*
. - & SEa EZNE.]
L LS Sl S Saetdups HHiE
= EEEEE
- =
ok P SEEEEES
- __,.—_'- _,-'"FF -
- - e I
1 1 1 1 1 1 1 1

]
-18 -16 -10

Heal Axis

Puc. 6.19
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[4|Response Preferences !EH

Time Damain Frequency Dormain
Time vector (sec.) Frequency wectar (rad/sec.)
& Generate automatically & Generate automatically
O Define: [TidtTH ¥ Recalculate for each response type
& Define: logspace(dl.d2.MN) |
“-axis Range
' Generate automatically & Decibels
0 Define: [rmin,vmax] | DTl LT S O Absolute
O Logrithmic
. " Radians
Plot Option Phasa i
Calculate setlling time for: Z el & Degrees
. ' Radians/second
Frequency in:
Calculate risetirnefru:nml“:I to |30 ¥ 0 Herz
Apphy | Rewer Help | Close
Puc. 6.20

|T Linestyle Preferences !EI m |

File Edt Window Help
Drigtinguizh by
. Mo
Colar kd arker Linestyle Distinction
Suystems v [ i [
[ripuits i [ i [
Dutputs i [ [ o
Channelz i [ i ol
Coalar Order M arker Order Linestyle Order
blue ] dazhed
aresnh " dazh-dat
Cpan + datted
A magenta M E A
yellow g
v | |black “Old bW
L —|p L
h
=] -] =]
Apphy | Rt | Help | Cloze

Puc. 6.21
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B Linestyle Preferences (Ceoticmeéa u cmuiau auHuil), KOTOPOE IMO3BOJISIET IO
COOCTBEHHOMY YCMOTPEHUIO YCTAaHABIMBAThH LIBETA, TOJIIMHY U CTUJIM JIMHUM
rpaguyeckoro M300pa)KeHusi; JUIsl 3TOTO JIOCTaTOYHO "Ha)kaTh MBIIIKOW" Ha
ATOT pasjliesl, U B MOsIBUBIIEMCSl OKHE (puc. 6.21 ) yCTaHOBUTH KeJIaTeIbHbIC
napameTphbl.

B cnenyromem paznene meHio obospesatenst Plots (I paguxu) ecTh TOIBKO OJIUH
pazzien JoNnoIHUTENbHOro MeHto - Grid On (Cemka Ycemanoenena) - paaoM ¢ KOTOPbIM
ecTh wiu HeT "ranouka" (puc. 6.22). Ecnu "ranouka" ectb, rpa@uKu COMpOBOXKAAOTCS
CETKOM M3 KOOPJIMHATHBIX JIMHUMU, HAIPUMEDP TaK, KaK U300pa’keHo Ha puc. 6.22.
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Ecnu ee HeT - ceTka KOOPJIMHATHBIX JIMHUM Ha rpapuku HE HAHOCUTCS (pHC.
6.23). YcraHoBieHHWE WM MCKIIOYEHUE 'Talodyku" ocyliecTsisercs "Haxatuem"
MBbIIIBIO Ha pasnen Grid On.

6.5. Cunme3 cucmemoi

[Ton cunTezom CAY 00BIYHO MOHUMAIOT MPOIECC Pa3pabOTKU (TPOSKTUPOBAHMS,
pacueTa napaMeTpoB) oaHOro u3 3BeHbeB CAY, oOecrieuynBaroniero 3aaHHOE ee Kaye-
ctBO. [Taker CONTROL cozep>XUT HECKOIBKO MPOUEAYP, OCYIIECTBISIOMNX MPOEKTH-
pOBaHUE 3BEHBEB, UCIOJIb30BAHUE KOTOPBIX B KOHTYpPE CHUCTEMBI YIPABIEHUS IENIAET
CAY ontumanbHON B HEKOTOPOM, BIIOJIHE ONIPEACIEHHOM CMBICIIE.

K npumepy, mnpouenypa Igr ocyliecTBiseT MNPOEKTUPOBAHUE JIMHEHHO-
KBaIpaTUYHOTO ONTUMAJIBHOTO PEryJIATOpa ISl CUCTEM HENpPEepPhIBHOTO BpemeHHu.. [1pu
obpamenun k Heit Buga [K,S,E] = lgr(A,B,Q,R,N) oHa paccuuThIBaeT ONTUMAIBHOE
CTaTUYECKOE MATpUYHOE 3BeHO K Takoe, 4TO MCHOIb30BaHUE €ro B LENH OTPULIATEIIb-
HOM 0OpaTHOM CBSI3U B MIPOCTPAHCTBE COCTOSIHUS

=-Kx (6.1)
MUHUMU3HPYET QYHKIIHOHAT
I=[ {x'Qx+uRu+2*x'Nu} dt, (6.2)
cClin 06T>GKT peryjmmpoBaHurs OIIUCbIBACTCA YPABHCHUAMMN COCTOSHUA
X fox+Bou. (6.3)
dt

Ecnu mocneansist marpunia N npu oOpalieHun K mpoienype He yka3zaHa, TO OHA
IPUHUMAETCS 110 YMOJIYaHUIO HyJeBOW. OJHOBPEMEHHO BBIUMCIISIETCS PELICHHE S all-
reOpanueckux ypaBHeHUH Pukkatu

S-A+A’-S—(S-B+N)-R_1-(B'S+N')+Q=0 (6.4)
Y HaxoJSITCSl COOCTBEHHBIC 3HAUeHUs E 3aMKHYTOH cHCTeMBbl
E = EIG(A-B*K) . (6.5)
[Ipumenss 3ty npoueaypy k panee BBeaeHHOM CAY nBMKEHUEM TOpHEbI, MO-
JIYUYUM:
[A,B,C,D]=ssdata(sssys)
Q=eye(4)
R=1

[K,S,E] =Igr(A,B,Q,R)
K=

0.4417 0.2773 0.5719 0.2926
S =

0.8834 0.5546 1.1438 0.5852
0.5546 0.4497 0.7989 0.4353
1.1438 0.7989 1.9896 1.0933
0.5852 0.4353 1.0933 1.7924
E=

-4.8886 + 8.6016i1

-4.8886 - 8.6016i

-0.4718 + 0.6195i

-0.4718 - 0.61951
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Crnenyromas nporeaypa lgry Takke NPUMEHSETCA JUIsl CUCTEM ''HENMpPEpPhIBHOTO
Bpemenu". OHa OTIMYaeTCsl TeM, UYTO, BO-TIIEPBHIX, MPOEKTUpyeMasi 0OpaTHasi CBS3b 110
COCTOSIHUIO PaCCUMTHIBACTCS KaK JOIMOJHUTENIbHAS MO0 OTHOUIEHUIO K CYUIECTBYIOIIUM
(a HEe Kak 3aMeHsIoIIas BCE YK€ CYIIECTBYIOIIME) M OXBATHIBAIOIIAS TOJIBKO peryJsu-
pyembiii 00beKT. Bo-BTOpBIX, MUHUMU3HUPYETCS (HYHKIIMOHAT HE MO BEKTOPY COCTOS-
HUS, @ 10 BBIXOJIHOM BeIMYUHE (BETUYHMHAM) CUCTEMBbI

I= [ {y'Qy+uRu+2*yNu} dt. (6.6)

B sTOM ciydae BXOJHBIM MHapamMeTpoOM MPOLEIYpPhl SBJISICTCS camMa SS-MOJEIb
cucTeMbl B popme
dx
E:A'x+B'u, y=C-x+D-u. (6.7)
a BBI3BIBATHCS MPOIEAYpa JIOJDKHA TaKUM 00pa3oM [K,S,E] = lgry(sys,Q,R,N), rnue
'sys' - ums Iti-monenn ontumuzupyemoint CAY. Ta ke mporieypa MOXKeT ObITh IIpUMe-
HEHa ]ISl JUCKPETHOW CHUCTEMbl (MOJEIM), YPABHEHUSI COCTOSIHUS KOTOPOHM 3aJilaHbl B

BHJIE KOHEUYHO-PAa3HOCTHBIX YPAaBHEHUN BU/IA

x[nt+1] = Ax[n] + Bu[n], y[n]= Cx[n]+ Du[n]. (6.8)
IPY 3TOM MUHUMU3HUPYETCS (QYHKIIMOHAT
J=S8Sum {y'Qy + u'Ru + 2*y'Nu}. (6.9)
[Ipumenum npouenypy K paccmarpuaemon cucreme. [lomyyaem:
Q=1; R=1,
[K,S,E] = LQRY(sssys,Q,R)
K=

0.1501 0.0988 0.2471 0.1844

0.1502

S =

0.3002 0.1977 0.4941 0.3689
0.1977 0.1308 0.3270 0.2584
0.4941 0.3270 0.8172 0.6451
0.3689 0.2584 0.6451 0.8316
E=

-4.8653 + 8.5924i

-4.8653 - 8.59241

-0.4222 + 0.6286i

-0.4222 - 0.62861

[Iponienypa Ilgrd mo3BONsSeT CIPOSKTUPOBATH OUCKPEmHblll ONTHUMATBHBIN JIH-
HEHWHO-KBAJIPaTHYHBIN PEryJsaTOp, MUHUMHU3HPYIONMNA HEMPEPHIBHBIA (QYHKIIMOHAT
(6.2). O6pamienue k npouenype [K,S,E]| =lgrd(A,B,Q,R,N,Ts) , rne Ts - 3ananubIil ne-
pHOJ AUCKPETU3AINHA, TPUBOIUT K pacueTy MaTpuilsl K cratudeckoro 3BeHa (6.1) 00-
paTHOM CBSI3U IO BEKTOPY COCTOSIHUSI CUCTEMBI. [Ipu 3TOM MOJenb CUCTEMBI JOKHA
OBITh 3aJ1aHa B KOHEUHO-PA3HOCTHOH dopme (6.8).

[IpoekTpoBaHNE ONTUMAIBLHOIO JIUHEMHOTO AUCKPETHOIO PETyJsiTopa sl ouc-
KpemHoU CUCTEMBbI C UCIIOJIb30BAaHUEM OuckpemHo2o (pyHkuuoHana (6.9) MoxHO ocy-
IIECTBUTh, MCHOJB3Yys Npouenypy dlgr, Hanpumep, Takum oOpa3om [K,S,E] =
dlgr(A,B,Q,R,N,Ts) . YpaBHeHUSI COCTOSTHUS CUCTEMbI JIOJDKHBI OBITH MPEABAPUTEIHHO
IpUBEACHBI K KOHEYHO-pa3HOCTHOM (opme (6.8). MaTpuiia S B 3TOM ciiyyae Mpe/ICTaB-
asieT co0oil perieHue ypaBuenust Pukkaru B Buze
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A'SA - S - (A'SB+N)(R+B'SB) (B'SA+N') + Q = 0. (6.10)

[Ipouenypa kalman ocymectisier pacuer (mpoekrupoBanue) punbrpa Kanimana

JUTSL HETIPEPBIBHBIX WJIM JUCKPETHBIX CUCTEM aBTOMATHYEeCKOro yrpasieHus. OOpaiie-

Hue K npouenype umeet Bu [KEST,L,P] = kalman(SYS,Qn,Rn,Nn), rne SYS - ums
MOJENIN CUCTEMBI. J1J1s1 HEPEPBHIBHOM CUCTEMBI

% =A-x+B-u+G-w; (YypaBHEHUS COCTOSIHHUS) (6.11)
t
y=C-x+D-u+H-w+v, (ypaBHEHUE U3MEPEHUS) (6.12)

C M3BECTHBIMHU BXO0JIaMU 'U', ITYMOBBIM IIPOIIECCOM 'W', ITyMOM U3MEpEeHUs 'V' U IllyMaMu
KOBapHalnm

E{ww'} =Qn, E{vv'}=Rn, E{wv'}=Nn, (6.13)
¢uinbeTp KEST nmeer Bxon [u;y] U reHepupyeT onTUMajibHbIE OLIEHKH ), U X, COOTBET-
CTBEHHO BEJIMYMH 'y' M 'X' IIyTEM PELICHHS YPABHEHUN:

d;;:A-xe+B-u+L-(y—C-xe—D-u); (6.14)

Ve=C-x,+D-u. (6.15)
[Tpu stom LTI-monens SY S-cuctemsl 10JDKHA CofiepKaTh JaHHbIE B BUjae (A,
[B G],C,[D H]). ®unptp Kanmana KEST sBnsercs HenpepblBHBIM, eciii SYS mpe-
CTaBJICHA KaK HEMPEPHIBHAS CUCTEMA, U IUCKPETHBIM - B MPOTUBHOM ciy4dae. [Ipoueny-
pa BeIUUCIACT Takxke MaTpuity L koadduimenToB ycwieHus: puiabTpa U MaTpuity P xo-
BapualMii OMMOOK OIlEeHUBaHUs cOocTOsHM. JJ1st HenpephIBHOM cuctembl 1 H=0 matpu-
ua P paccuuTheIBaeTCst Kak pelieHue ypaBHeHUsI PUkkaTu

AP + PA' - (PC+G*N)R™" (CP+N'*G") + G*Q*G'=0 . (6.16)
Ecmu cucrema SY'S 3aaHa KOHEYHO-PA3HOCTHBIMU YPABHECHUSAMU
x[n+1] = Ax[n] + Bu[n] + Gw[n] {ypaBHeHue coctossHusi} (6.17)

y[n] =Cx[n]+ Du[n] + Hw[n] +v[n] {ypaBuenue uzmepenus} (6.18)
to obpamenue [KEST,L,P,M,Z] = kalman(SYS,Qn,Rn,Nn) mo3BosiseT CripoeKTUpo-
BaTh MUCKpeTHBIM QriibTp KanmMana 11s 3aaHHON JUCKPETHONM CUCTEMBI 10 3aJIaHHBIM
MaTpullaM KOBapualnii E{ww'} =Qn, E{vv'}=Rn, E{wv'}=Nn.

®unbpTp KamMaHa B COOTBETCTBUU C PA3HOCTHBIMH YPABHEHUSIMU

x[n+1n] = Ax[n|n-1] + Bu[n] + L(y[n] - Cx[njn-1] - Du[n])
y[nn] = Cx[n|n] + Du[n] (6.19)
x[nn] =x[nn-1] + M(y[n] - Cx[n|n-1] - Du[n])
TCHEPUPYET ONTHMAaIbHBIC OICHKH y[n|n] BbIXoma U X[n|n] - MepeMEeHHBIX COCTOSHHS,
HCIIOJIb3Ysl 3HAYEHMS U[n] BXOJla CUCTEMBI U Y[N] - ”BMEPEHHOI'O BHIXOA.

[Tomumo KEST mporpamma BbigaeT Matpuiibl L ontuManbHbx Ko3QQUITMEHTOB
ycwienust puibtpa u M OOHOBUTENS, a TAaK)KE MAaTPUIIBl KOBapHAIUi OIMIMOOK OIEHU-
BaHUS BEKTOpPA COCTOSHUS

P =E{(x - x[n|n-1])(x - X[n|n-1])'} (pemenue ypaBuenuii Puxkarun)
Z =E{(x - x[n|n])(x - x[n|n])'} (amocTepuopHas OIleHKa)

[Mpouenypa [KEST,L,P.M,Z] = kalmd(SYS,Qn,Rn,Ts) co3gaeT QuCKpeTHBII

¢unbTp (omenuBarens) Kanvana KEST ans HempepblBHON CHCTEMBI, OMKUCHIBAEMOU
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ypaBHeHusimMu (6.11) u (6.12) npu H = 0 u Takux napamerpax mymoB: E{w} = E{v} =
0, E{ww'} =Qn, E{vv'} =Rn, E{wv'} = 0. Kpome mapameTpoB olieHUBaTEs MPOIIE-
Jlypa BBIYMCIIAET U BBIJAET paHee onucanubie matpuel L, M, P u Z.

3agada moctpoeHus (PopMHpOBaHUS) ONTUMAIBLHOIO PEryJISITOpa periacTcs B
MatLAB npu oMoty niponieypsl lggreg. Eciu oOpatuthes k aTou miporieaype RLQG
= lqgreg(KEST,K), To ona co3naet B matpuiie RLQG perynarop, coenuHss mpeaBapu-
TenbHO crhpoekTupoBanHblil GunbTp Kammana KEST co craruueckum 3BE€HOM OITH-
MaJbHOM OOpaTHOM CBSI3U MO BEKTOPY COCTOSHUS, CIPOEKTUPOBAHHBIM IMPOIEAypaMHU
(D)LQR wm LQRY. Perynsarop RLQG, Bxo10M KOTOpOro SBISIETCSI BBIXOA 'y' cUCTe-
MBI, TEHEpUPYET KOMaHIbl u = -K X., Ipu4eM X, ABisercs oleHkon KaimaHa BekTopa
COCTOSIHUSI, OCHOBAaHHOM Ha M3MEPEHUsSIX 'y'. DTOT PEryysiTOp JOKEH OBITh MOJCOEIU-
HEH K UCXOJIHOM CHUCTeME KakK MOJIOKUTEIbHast oOpaTHAas CBA3b.

[Ipenpinyue npoleaypsl ONUPAKOTCs Ha HEKOTOphIE ''BCIiOMoOraTeiabHble" Mpo-
HEIypbl, KOTOPbIE, OJJHAKO, UMEIOT U CaMOCTOSITEIbHOE 3HAYEHHWE U MOTYT HUCMOJIb30-
Batbcs pu cuHTe3e CAY. K Takum npoiienypaM MOXKHO OTHECTH:

B estim - GopMHpYET OIICHUBATENH 10 3aJaHHONW MaTpuile KodhPHUImeHToB me-

peaadu OlIEHUBATEIA 110 BBIXOJAaM U BEKTOPY COCTOSIHUSA,

B care - HaXOJIUT pElICHUE HEMPEPHIBHBIX alre0pandeckux ypaBHeHUM Pukkaru;

B dare - HaXOUT pelICHUE AUCKPETHBIX AIreOpanyecKux ypaBHeHU PukkaTu;

B /yap - HaxoAUT pellICHNE HEMPEPBIBHBIX ypaBHEHU JIsMyHOBa;

B dlyap - HaxoIUT PELICHUE TUCKPETHBIX ypaBHEHUH JIsmyHOBA.

Tak, oopamenue EST = estim(SYS,L) popmupyet onenuBatens EST no 3anan-
HOM Matpule L s BBIXOJIOB M BEKTOPA COCTOSIHUS CUCTEMBI, 3aJJaHHOM SS-MOJEINBIO €€
'SYS', B mpeamnonoxeHun, 4To BCe BXOAbl CUCTEMBI SY S SBJISIOTCA CTOXAaCTUYECKUMH, a
BCE BBIXOJbI - U3MepsieMbIMU. /{7151 HenpepbIBHOU cucTembl Buaa (6.7), rae 'u' - croxac-
TUYECKHE BEJIMYMHBI, CO3/1aBAEMBbIIl OLICHUBATENb I'€HEPUPYET OLIEHKH ), U X, COOT-

BCTCTBCHHO BBIXO/I0B U BCKTOpPA COCTOAHMA:

dx

C=(A4, -L-C)-x,+L-y;
dt ( e )xe y
Ve =C-x,,

[Toxoxum oOpazoM mpolierypa NPUMEHSETCS U ISl TUCKPETHBIX CUCTEM.

K mponeaype care cinemyer oOpamarbCs 1Mo TakoMy 00pasiry [X,L,G,RR] =
care(A,B,Q,R,S,E) . B aTom cnydae oHa BbliaeT pemnieHue X aareopanyeckoro ypaBHe-
Hust Pukkatu

AXE+EXA-(EXB+S)R'(BXE+S)+Q=0,
WJIH, YTO SKBUBAJICHTHO,

F'XE +E'XF'-EXBR'BXE+Q-SR'S'=0, rre F:=A - BR''S'.

Ecnu npu oOpatiennu K mporeaype mporyIieHbl Bxoanble napametpsl R,S u E,
TO [0 YMOJYaHUIO UM mpucBauBatoTcs Takue 3HaueHus R=I, S=0 u E=I (I - equnuuHas
Matpuua). Kpome toro, nponeaypa BbIUUACIIET

B maTpuily KodhOUITHMEHTOB YCUICHUS

G=R'BXE+8S",
B sekTop L coOCTBeHHBIX 3HaUeHUI 3aMKHYTOM cucteMsl (T..e. EIG(A-B*G,E)),
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B Hopmy RR ®pobenunyca mMaTpuilbl OTHOCUTEIBHBIX OCTATKOB.
IMponienypa [X,L,G,RR] = dare(A,B,Q,R,S,E) BeruncisieT pemeHne ypaBHeHUS
Pukkatu uist TMCKPETHOTO BpEMEHU
E'XE =A'XA - (A'XB + S)(B'XB +R)'(AXB+8)'+Q
WJIM, YTO SKBUBAJIEHTHO (eciau R He BbIpoxkaeHA)
E'XE = F'XF - FXB(B'XB + R)'B'XF + Q - SR''S', rie F:=A-BR’'S.
B stom cnydae G=(B'XB+R)'(BXA + 8.
Paccmotpum teneps npouenypy lyap. O6pamenue k veit X = lyap(A,C)
IIO3BOJISIET HANTHU pelIeHre X MaTPUYHOTO ypaBHeHHUs JIsmyHoBa
A*X + X*A'=-C,
a oopamenue X = LYAP(A,B,C) - peuienue o6mieii ¢opMbl MATPUYHOTO YpaBHEHUS
JIsmyHOBa (Ha3bIBAEMOI0 TaKke ypaBHeHHEM CHUIIbBECTPA):
A*X + X*B =-C.
Ananornyno, npouenypa X = DLYAP(A,Q) HaxoauT pelIieHUE AUCKPETHOTO
ypaBHeHus JIsmyHoBa
A*X*A'-X+Q=0.
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7. MoaeupoBaHue HEeJIMHEMHBIX CHCTEM
(maket SimuLink)

7.1. Oowaa xapaxmepucmuka nakema SimulLink

Onnoit n3 Haubosiee NpPUBJIEKATEIBHBIX OcoOeHHOCTEH cuctembl MatLAB
SIBJISIETCS HAJIMYME B €€ COoCTaBe HauOosiee HarsiAHOTO U A(PGEeKTUBHOrO CpeacTBa
COCTaBJICHHSI TMPOTPAMMHBIX MOJIENeH — TakeTa BH3yaJIbHOTO IPOTrPaMMHUPOBAHUS
SimulLink.

[Taker SimuLink mo3BosiseT oCymiecTBIATh UCCAEAOBaHUE (MOJEIMPOBAHUE BO
BPEMEHHU) TIOBEJICHUA JIUHAMUYECKUX HEIMHEHWHBIX CHUCTEM, TIpPUYEM BBEJCHUE
XapaKTEePUCTUK HCCIEAYEMbIX CHCTEM OCYIIECTBIISTh B JUAJIOTOBOM PEXKUME, nymem
epaghuueckol cOOpKu cxembl cOeQUHeHUl diemMeHmaphblx (CTaHAAPTHBIX WIIN MMOJb30Ba-
TEIbCKUX) 36eHbes. B pe3ynbTaTe TaKOro COCTABJICHMSI TOJy4aeTcsl MOJEIb
UCCIIEIyEMOM CHUCTEMBbI, KOTOPYIO B JajbHEeiIieM OyJeM Ha3blBaTh S-MOJEIBI0 U
KoTopasi coxpansiercss B (aitie ¢ posmupenueMm .mdl. Takoit mporecc oOpazoBaHus
BBIYHUCIUTEIBHBIX TPOrPAMM MPUHSTO HA3BIBATD 8U3VAIbHBIM NPOCDAMMUPOBAHUEM.

Coznanue Mmopeneid B makere Simulink ocHOBbIBaeTCS Ha MCHOJb30BAHUU
texHosiorun Drag-and-Drop (/lepemsanu u ocmaév). B kadectBe "KMPNUYHMKOB'" mpH
NOCTPOEHUU S-MOJCJIM HCHOJB3YIOTCSI BU3YyalibHbIE OJIOKM (MOJYJM), KOTOpbIE
coxpaHstorcss B Oumbnmuorekax Simulink. S-Momens MOXET HMETh HEpPapXHUECKYIO
CTPYKTYpPY, T. €. COCTOSITb U3 MojieJiell 0ojiee HU3KOTO YpPOBHS, MPUYEM KOJIMUYECTBO
YpOBHEW HepapXuu MpaKTUYECKU HE orpaHumyeHo. Ha mpoTsskeHMH MOAeNMpOoBaHUS
€CTh BO3MOXKHOCTh HAOJIIO/IaTh 3a MPOLIECCAMU, KOTOPBIE MPOUCXOIAT B cucteme. s
ATOr0 MCIMOJB3YIOTCS clienuaibHble O070ku ("0030pHBIE OKHA"), BXOZSIIME B COCTaB
oubnuorex SimuLink. CocraB 6ubamorex SimulLink MoXeT OBITHh MNOMOJHEH
M0JIb30BaTEJIEM 3a CUeT pa3pabOTKU COOCTBEHHBIX OJIOKOB.

7.1.1. 3anyck SimuLink

3anmyck SimuLink MoxxHO ocymiecTBUTh W3 KOMaHIHOTo okHa MatLAB wunu
u3bpas komanagy New Model ("Hosas wmopnens") B wmento File, unu Haxas
COOTBETCTBYIOILYIO MUKTOTPAMMY B JINHEWKE HHCTPYMEHTOB.
[Ipu 3anmycke SimuLink oTkpsiBatoTcst ABa okHa (puc. 3.3):
B nycroe okHO untitled (oxHO, Kys1a Oy1eT BBIBOAUTHCS CXEMHOE MTPEICTABICHUE
MOJCIUPYEMON CUCTEMBI, HOBOU S-monenu, MDL-(aitna );
B oxkHO Simulink Library Browser, KOoTOpoe COIEPKUT NEpPEYEHb OCHOBHBIX
oubmmorex SimuLink (puc. 7.1).
Haunewm co 3HakomcTBa ¢ oubnaunorekamu Simulink.
B oxxe Simulink Library Browser npencrasnen mnepeuyeHb SimuLink-
OMOMMOTEK, BXOJAUIMX B COCTaB YCTAHOBJIEHHOW KoH@urypamuu cucrembl MatLAB.
W3 Hux rnaBHOH sBisiercss Oubnnorexka SimulLink, pacnionokeHHas B EPBOH CTPOKE
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Opaysepa. Jpyrue OuOIMOTEKHM HE SIBISIOTCS 00s3aTebHbIMH. OHU BKJIIOYAIOTCS B
cocTaB 0011ei OMOIMOTEKH B 3aBUCUMOCTH OT BKYCOB IOJIb30BATEIIS.

E! Simulink Library Brnwf =10 x|
D =
- g Simulink -

- W@ Communications Blockset
- W@ Contral System Toolbos
- W Dials & Gauges Blockset
- W@ DSP Blocksst

- W@ Fixed-Paint Blocksst

- W Fuzzy Logic Toolbos

- N MCD Blockset

- W@ Meural Network Blockset
- W] MPC Blacks

- N Power System Blockset
- W Real-Time windows Target
- W@ Real-Time Workshop

- N Stateflow

EJ Simulink, Extras

.. Babl Swectarn TN Rlacks ;I
Thiz is the "simulink3’ library

Puc. 7.1
BTOpI)IM 51 60.]'[66 HarJIAAHBIM IIPCACTABJICHUCM 6I/I6J'II/IOT€KI/I ABIIKACTCA OKHO

Library: simulink3, xoTopoe BbI30BeTCS, eciiu B KoMaHaHOM okHe MatLAB HaGpath
KoMaHny simulink3

[ClLibrary: simulink3 =100 x|

File Edit Yew Format

WK - VAR | [0 F
{E‘Tl —)-*{— /\ _|]11'I- :x y=fit.u) "'q, In  COutl
Kld | (At '

Sources Sinks  Continuous Discrete il ath Functions Monlinear  Signals
& Tables & Systems

Blockzets & Simulink Black Library 3.0

Toulboses Copyright (5] 1990-1995 by The Mathiloms, Ino. Lemoz

Puc. 7.2

[Tocne naxatusa kiaBuiu <Enter> Ha skpaHe BO3HHMKAET OKHO, MPEACTaBICHHOE
Ha puc. 7.2, B KOTOpOM O0TOOpa)KeHHbIE IJIaBHbBIE pa3/ielibl JIMIIb OCHOBHOW OMOINOTEKH,
a UMeHHO Ouonuorexku SimulLink.
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OkHO Onok-cxeMbl Mozenu (puc. 7.3) COAEPKUT CTPOKY MEHIO, MaHENb
uHCTpYMeHTOB (Bepcuu MatLAB 5.2 u 5.3) u paGouee noue.

File Edit Wew Simulaktion Formak  Tools

Dsaa|s=e|oz]r = | &

Fl100% | |odz45 5
Puc. 7.3

Mento File (®aitn) cogepxxkut komauasl padotel ¢ MDL-daitnamu, menio Edit
(PenakTupoBanue) - KOMaHIbl peAAKTUPOBaHUS OJI0K-cxeMbl, a MeHio View (IIpeacras-
JeHue) (HauuHas U3 Bepcuu 5.2) - KOMaHAbl U3MEHEHHUS BHEIIHETO BUAa OKHA. B MeHIo
Simulation (MoaenupoBanue) coaepkaTcsi KOMaH bl YIIPABJICHUSI MOJICIUPOBAHUEM, A
B MeHI0O Format (dopmar) - komanabl peraktupoBanusi popmara (T. €. BHELIHETO U30-
OpaxxeHus1) OJOKOB cxembl U OJok-cxeMbl B 1enoM. Menwo Tools (MHCTpyMeHTHI)
COJIEPKUT HEKOTOpBIE JOMOJHUTEIbHBIE CEPBUCHBIE cpeiacTBa padoTel ¢ Simulink-
MOJIENIBIO.

7.1.2. bubauorexka moaysiei (0,10K0B)

bubnmnorexka OnokoB Simulink sBasiercss HAO0POM BHU3yalbHBIX OOBEKTOB,
UCTIOJIBb3YsI KOTOPBIE, MOXHO, COCIUHSS OTIACIbHBIE MOIYJIU MEXKIY COOOI0 JTHMHHUSIMH
(YHKIIMOHANBHBIX ~ CBS3€H, COCTABIATH (PYHKIMOHAIBHYIO OJIOK-CXeMy JH000ro
YCTPOMCTBA.

bubnuoreka SimuLink 610x0B (puc. 7.2) coctout u3 9 paznenon. Bocemb n3 HUX
SBIISIIOTCS TJIABHBIMHU M HE MOTYT U3MEHSATHCS MOJIb30BATEIIEM:

B Sources (Ucrounukn),

B Sinks (ITpueMuukn);

B Continuous (HenpepbiBHbBIE 3JIEMEHTHI),

B Discrete (JluckpeTHbIC 2JIEMEHTHI);

B Math (MaremaTtudeckue OJIOKH);

B Functions & Tables (Dynxuuu v TaOIHIIBI)

B Nonlinear (Henuueiinbie 31I€MEHTHI);

B Signals & Systems (CUrHajibl U CUCTEMBbI).

Hessreiii pazaen - Blocksets & Toolboxes (Habopvl 6510x068 u uncmpymernmst) -
COJIEPKUT JIONOJIHUTEIbHBIE OJIOKH, BKIIFOUEHHBIE B pa00uy0 KOHPUTYpaIMIO TMaKeTa.
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bnoku, koTopbie BxonaT B pasnen Sources (Victounukwu), npeaHazHadeHbl IS
dopmuposanus cueHanos, KOTOpble 0OecreunBarOT poOOTy S-MOJAEIW B LEIOM HWIIU
OTJIIEJIbHBIX €€ YacTell Mpu MoJenupoBanuu. Bee O1oku-ucmounuky umerom no 00OHOMy
8bIX00Y U He UMEIOM 8X0008.

bioku, cobpannbie B pasaene Sinks (IlpueMHUKH), umerom moabko 6xo0vl u He
umerom 6blx0006. Y CIIOBHO X MOXKHO pa3/IeIuTh Ha 3 BUJA:

B 0JI0KH, KOTOPBIE UCIIONIB3YIOTCSA KaK 0030pHbIE OKHA IPU MOJAECTUPOBAHUY;

B Onoku, OOECIEYMBAIOIINE COXPAHEHUE IPOMEKYTOUHBIX M  HCXOJHBIX

pe3ynbTaTOB MOJAEIUPOBAHHS;

B OJOK ymOpaBieHUS MOICIMPOBAHUEM, KOTOPBI TMO3BOJSIET MEPEPHIBATDH

MO/JICTMPOBAHME MPH BBIOJHEHUHU T€X WIN APYTUX YCIOBHIA.

Paznen Continuous (HenpepbIBHbIC SJIEMEHTBI) COJEPKHUT OJIOKH, KOTOpPBIC
MO>KHO YCJIOBHO MOAETUTH Ha TPH TPYIIIIBL:

B Os0KM 001IEro Ha3HauYeHUsI (MHTErpaTopsl, AU depeHunaTopu);

B OJIOKHM 3a/IePKKU CUTHAJIA;

B GJI0KM TUHEHHBIX CTAIlMOHAPHBIX 3BEHBHEB.

B paznen Discrete (TucKpeTHbIE 3JIEMEHTBI) BXOJAT OJOKH, C TOMOIIBI0 KOTOPBIX
B MOJIEIM MOXET OBbITh ONUCAHO MOBEACHHE IAUCKPETHBIX cucTteM. PaznuuyaroT aBa
OCHOBHBIX THUIMA TAKUX CHCTEM: CUCHMEMbl C OUCKDEMHbIM 8peMeHeM W CUchmeMvl C
OuckpemuolMu  cocmosHusamuy. biaoku, Kotopble BxomaT B pazaen Discrete
00ecneurBaOT MOACITUPOBAHNE CUCTEM C IUCKPETHBIM BPEMEHEM.

Paznen Math (MmatemaTuyeckue 3JIEMEHTHI) - HaumOoJsbliuid 1o cocTtaBy. OH
coziepkuT 20 0JI0KOB, KOTOPBIE MOYKHO Pa3/IeIuTh HA HECKOJIBKO IPYII:

B O/0KM,  pealM3yloIIMe  3JIEMEHTAapHble  MaTeMaTHYeCKHe  Ollepaluuu

(YMHO>KEHUS, CYMMUPOBaHHUS Pa3HbIX MATEMaTHIECKIX OOBEKTOB);

B 0JI0KH, peaqu3yIouiie dJeMeHTapHbIe MaTeMaTUYeCKue (PyHKIIHH;

B 0s10KH, 00€CIIEYNBAIOIINE JJOTUYECKYIO 00pa0OTKY BXOJHBIX CUTHAJIOB;

B Oj0KH, KOTOpBIE NPeoOpa3yloT KOMIUIEKCHO3HAYHbIA CUTHAJI B JBa

JIEHCTBUTEIHHBIX K HA0OOPOT TEM WJIH IPYTHUM CIIOCO00M;

B OJI0K, KOTOPBII peanu3yeT OTBICKAHUE HYJIS allreOpandeckoi (PyHKIHH.

B pasnene Functions & Tables (pyHkuuu u TaGaUIBI) COCPEAOTOUYEHBI OJIOKU
JBYX BUJIOB:

- Oyoku, (HOPMUPYIOIIME BBIXOAHBIN CHTHAN MO BXOAHOMY B COOTBETCTBHH C
3aIaHHOM TaOJIMIIEH COOTBETCTBHM, OCYIIECTBIISAS JIMHEHHYIO MUHTEPHOJSALMNIO 0
STUM 3HAYCHUSIM;

- OJOKHM, TO3BOJISIIOLIME TIOJIb30BATENI0 CO3/aBaTh COOCTBEHHBIE OJOKH C
IPOU3BOJIHHBIMU (QYHKITUSIMHU.

Paznen Nonlinear (HenuHeWHBIE dJIEMEHTHI) cofepkuT 10 3JIeMEHTOB, W3
KOTOPBIX 7 OJOKOB peasiu3yIOT pa3HOro BUJAa KYCOUHO-IHMHEIHbIE 3aBUCHUMOCTH BbIX0O/Ia
OT BXO0/la, & TP OCYIIECTBIIAIOT pa3HOTO BUA MEPEKIIIOUECHUS CUTHAA.

bonpmmHCTBO O0KOB pasnena Signals & Systems (CUTHaIBI U CUCTEMBI)
OpeaHa3HAueHO JJIsl pa3pabOTKU CIOXKHBIX S-MOJENeH, colepkaulux Mojenu Oosee
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HU3KOT'0 YpOBHS (IOJICUCTEMBI), U1 0OCCIIEYNBAIOT YCTAHOBJICHUE HEOOXOAMMBIX CBSI3EH
MEXTY HECKOJIBKUMH S-MOJICIISIMHU.

UToOBl TIEpEHTH B OKHO COOTBETCTBYIOIIETO pasjeiia OMOJMOTEKH, B KOTOPOM
pacrosoxensl Trpaduueckue u3o0pakeHuss OJIOKOB, JOCTATOYHO JBAXbl IICIKHYTh
MBIIIBIO HAa MTUKTOTPaMME TOTO pasjesa

COopka OJOK-cXeMbl S-MOJENM 3aKJIO4YaeTcss B TOM, UTO TIpaduyueckue
U300pakeHUsT BBHIOPAHHBIX OJIOKOB C IOMOIIBIO MBIIIM TEPETATUBAIOTCS M3 OKHA
paznena OMOIMOTEKU B OKHO OJIOK-CXEMBbI, & 3aT€M BBIXOJIbl OTHUX OJIOKOB B OKHE OJIOK-
CXEMBI COCTMHSIFOTCS C BXOJIaMU JPYTUX OJIOKOB TaKXKE MPH MTOMOIIIA MBIIIIH.

TexHoI0THS TIepEeTATUBAHUS N300paKEeHUs OJI0Ka TaKoBa: KypCOpP MBIIIH HYKHO
YCTAaHOBUTH Ha M300pakeHUU BBHIOpAHHOTO OJI0OKA B OKHE paszjerna OMOJIUOTEKH, TOTOM
Ha)KaTh JICBYIO KJIABHINy MBIIIKH W, HE OTIyCKas €€, MepeIBUHYTh Kypcop Ha TOJje
OJIOK-CXEMBI, TOCJE YEero OTHYCTHTh KJIABUITy. AHAJIOTHYHO OCYIIECTBIISIOTCS
COCIMHCHUSI B OJIOK-CXEME JMHHUSMHU BBIXOJOB OJHUX OJOKOB C BXOJAMH JIPYTHUX
OJIOKOB: KypCOpP MBIIIKH MOABOAAT K HY’KHOMY BBIXOJY HEKOTOPOTo OjoKa (TIpH 3TOM
Kypcop JobKeH mpuobpectu popMy KpeCcTHKa), HAKUMAIOT JIEBYIO KJIABUIIY U, HE OT-
mycKasi ee, Kypcop IepeMenialoT K HYXHOMY BXOJAy JpPYroro OJIOKa, a IOTOM
OTITyCKAIOT KJIaBWIy. EciM coemuHeHHe OCyIIeCTBICHO BEPHO, Ha BXOJE MOCIEAHETO
0JI0Ka MOSIBUTCA U300paKeHUE YEPHOM 3aTYILIEBAHHOM CTPEIIKH.

7.1.3. Pa3znea Sinks (mpueMHUKH)

ITocne nepexona k paszaeny Sinks Ha dKpaHE MOSABISETCS OKHO ATOTO pasjeina,
n300pakeHHoe Ha puc. 7.4.

[ZILibrary: simulink

File Edit Yiew Format

=

Scope X% Graph

]

Lrisplay

=101 x|

untitled. mat simout

Ta File Tao Motspace

Stop Simulation

Puc. 7.4

N3 ero paccMOTpeHHs! BBITEKAET, UTO B ATOM pa3felie pa3MEIIeHbl TPU TPYMIIbI
0JIOKOB, KOTOPbIE€ HE UMEIOT BBIXOJIOB, & TOJIBKO BXOJIbI:
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1) Onoku, KOTOpbIE MPU MOJEIUPOBAHUM UTPAIOT POJb 0030PHBIX OKOH; K HUM
OTHOCATCS:
B 650K Scope ¢ OIHUM BXOJOM, KOTOPBIM BBIBOJUT B rpadUyecKoe OKHO
rpaduk 3aBUCUMOCTH BEJIUYMHBI, I0JJaBA€MOM Ha €ro BXOJ, OT MOJEIHLHOTO
BpPEMEHU;
B 6ok XYGraph ¢ nByMs BXojamMu, KOTOpPBI 00€CIIEUMBAET MOCTPOCHHE
rpaduka 3aBUCUMOCTH OJHOW MOJAEIHMPYEMOW BEIMYHUHBI (BTOPOM CBEPXY
BXOJ) OT ApYro# (IepBblil BXON);
B Onox Display ¢ omHuM BXOAOM, MpEeIHA3HAYEHHBIA HJIS1 OTOOpa)KEHUS
YUCJICHHBIX 3HAY€HUN BXOJIHOW BEJINYWHBI,
2) OJOKHU JJIsl COXPAHEHUS PE3YIbTaTOB:
B onoxk To File, xotopblii o0ecneyrBaeT COXpPAHEHUE pe3yJIbTaTOB
MozenupoBaHus Ha aucke B MaAT-daiine (¢ pacivpenuem .mat);
B onoxk To Workspace, xoTopblii coxpaHsieT pe3yibTaTbl B pabodyem
IPOCTPaHCTBE;
3) 610K ympaBieHUS MoJeIUpOBaHHEM - Stop Simulation, TO3BOJISIONTUN
OpephIBaTh MOJCIUPOBAHME MPU BBIOJHEHUH TEX WIM HHBIX YCJIOBUH; OJOK
cpabaTbIBaeT B TOM Clly4ae, KOTJla Ha €ro BX0Jl OCTyMNaeT HEHYJIeBOI CUTHAJI.

brok Scope
DTOT OJIOK IMO3BOJISIET B IPOIIECCE MOJCIUPOBAHHUSA HAOIIOAATh MO TrpaduKy

IMPpOLCCChI, KOTOPBLIC UHTCPCCYIOT UCCIICAOBATCIIA.

B Scepe [ 1 B

-5 | i 1 i
[ ] 2 4 b ] m

[Time affsat. 0

Puc. 7.5

Jlnst HacTpaMBaHMS TIApaMETPOB JTOro OJIOKa HYXHO nocie YCmano8Ku
uz0bpadcenuss OI0KaA 8 OKHO OJOK-CXembl 08aAHCOblL WLEIKHYMb MbIUKOU HA 3MOM
uzobpascenuu. B pesynprare Ha dKpaHe MOSBUTCS OKHO Scope (puc. 7.5). Pasmep u
IPOMOPIIMK OKHAa MOXKHO HM3MEHATh IPOM3BOJIBHO, IOJB3YSACh MBIk, [lo
TOPU30HTAILHON OCH OTKJIQJIBIBAIOTCS 3HAYCHUS MOJCIBHOTO BPEMEHH, a II0
BEPTUKAIBHOM - 3HAUYCHUS BXOJJHOM BEJIMYMHBI, OTBEYAIOIIUE Y TUM MOMEHTAM BPEMCHH.
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Ecnu Bxognas BennuuHa 0Ji0Ka Scope sBISETCS BEKTOPOM, B OKHE CTPOSITCS Tpaduku
U3MEHHMS BCEX AJIIEMEHTOB 3TOr0 BEKTOPA, T. €. CTOJIBKO KPUBBIX, CKOJIBKO 2JIEMEHTOB B
BXOJIHOM BEKTOpE, MPUYEeM Kaxjaas - cBoero npera. OJHOBPEMEHHO B OKHE MOXKET
otoOpaxatbes 110 30 KPUBBIX.

Jns  ympaBieHuss TnapaMeTpaMd OKHAa B HEM IpEeAyCcMOTpeHa MaHelb
UHCTPYMEHTOB, KOTOPBIA COJEPKUT 7 TMHUKTOrpaMM TaKoro Ha3HauyeHus (cieBa
HaIpaBo):

B y3MeHeHue MacTaba OJHOBPEMEHHO 0 00eruM OcsiM Tpaduka;

B y3MeHeHrue MacTada 1o ropu30HTAIBHON OCH;

B y3MeHeHue MacTada 1o BepTUKaIbHOM OCH;

B aBTOMATHYECKOE YCTAaHOBJICHHE OINTHMAJILHOTO MaciTaba oced (MOJIHBIN
0030p, aBTOILIKAJIMPOBAHUE);

B coxpaHeHHe YCTaHOBJIECHHOTO MaciiTada ocei;

B BBHI30B MAIOTOBOT'O OKHA HACTpauBaHUs MapaMeTpoB Oj0ka Scope;

B pacrieyaTka COJIEpPKUMOro OKHa Scope Ha IPUHTEPE.

[lepBbie TpW TUKTOTPAMMBI SBJSIOTCS aJbTEPHATHUBHBIMH, T. €. B KaXIbIA
MOMEHT BPEMEHHM MOXKET OBITh Ha)kaTa JIUIIh OJHA W3 HHUX. [IepBbIe MATH MUKTOTPaAMM
HE aKTUBHBI J0 TeX IMOp, MMOKa HeT Trpaduka B OKHE Scope. AKTHBHBI ¢ CAMOTO Hadaja
JMIIG TOCJCAHUE JIBE MHUKTOrpamMMbl. HakaTtue miecTol MUKTOrpaMMbl MPUBOIUT K
MOSIBJICHUIO OKHA HACTpauBaHUs mapamMeTpoB (CBOMCTB) Oi0ka 'Scope' properties (puc.
7.6).

¥ |'Scope’ properties E o =]l # 'Scope’ properties E =10 x|

General | Drata histnr_ul Tip: ty right clicking on axes Generall [rata hiztony | Tip: e right clicking on axes

fnes [w Limit rows o last; IEUE":'
Mumber of ares: I 1 [~ floating scope
Time range: I auto [T Save data to workspace
Tick labels: II:n:uttu:um axiz only j Yarable name: I ScopeData
5 ampling Format: IStructure with time j
Decimation j |1
Ok | Cancel | Help | Apply OF. | Cancel | Help | Apply
Puc. 7.6

ITO OKHO UMEET JIBE BKJIAJKU:
B General (O61ue), oHa MO3BOJISIET YCTAHOBUTH MApaMETPhI OCEH;
B Data history (IlpeacraBineHnue AaHHBIX), KOTOpas MpeAHa3HAuYeHA Jisl BBe-
JICHHSI TTapaMEeTPOB TPEICTABICHUS JaHHBIX O0Ka Scope.
B HmkHel yacTM OKHa pacnoyiokeHbl KHomku: Apply (IIpumenums), Help (
Bwizoe cnpasku) , Cancel (Bepnymuocs nazao) n OK (Iloomeepoums ycmanoky).
Ha Bxnaake General nmverorcs tionst Axes v Sampling.
B none Axes MOXHO yCTaHOBUTB:
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- B okomike Number of axes (KonuuecTBO ocei) - KOJUYECTBO
rpaduueckux mnoine B rpaduyeckoM okHe Scope (0THOBPEMEHHO H3MEHSETCA
KOJIMYECTBO BXOJOB B OJIOK Scope);

- BEPXHIOIO TPaHUILy OTOOpakKaeMoro MOJEIBLHOTO BPEMEHH 110 OCH
abcmucc (okomko 7Time range); mpu 3TOM CIeAyeT NMPUHUMATh BO BHUMAaHUE
CIENYIONIEE: ecau pasmep 3d0aHHO20 uHmepsana moodenuposanus (1,) He
npesvluiaem ycmanosgienHoe 3Hadenue Time range (m. e. 8ecb npoyecc ymeusa-
emcs 8 okHe Scope), mo noo epagukom 6 cmpoke Time offset evisodumcs 0. B
cyuae dce, K020a UHMeEPBAN MOOeIUpPosanus npegvluiaem snadenus Time range,
8 _okHe Scope omobpadicaemcs MmoabKo NOCIeOHUL OMPe30K 8PeMeHU, MEeHbUULL
no pasmepy, ywem Time range u pasuviu T,-n*Time range, 20e n - yenoe 4ucno;
npu smom 6 cmpoke Time offset evigooumcs pazmep "ckpvimoeo” unmepsana
spemenu - n*Time range; HanipuMep, €Clii 3HaYeHus1 1ime range paBHseTcA 3, a
IPOJIOJDKUTEIHFHOCTh MHTEPBAIA MOJEITUPOBAHUS yCTaHOBIEHA 17, TO B OKHE
Scope Oyner BeIBeneH TpaduK MOACIUPYEMOTO Tpoliecca 3a MOCIeTHUE 2
€IMHUITBI BPEMEHH, a CTpOKa 1Mo rpadukoM OyaeT uMeTh Bu: 1ime offset: 15;

- B okotke Tick Labels — Bug opopmiieHns: oceil KoOopAUHAT B Tpadukax
rpaIHOTO OKHA; €CITM BBI3BATh HUCXOASIINA CITUCOK B HEM, TO B HEM YBHUJIUM
Tpu anbTepHaTUBBI — all (Bce), none (HET), bottom axis only (TOABKO HUMKHEU
ocH); u3dpanust all NPUBOAUT K TOMY, YTO JCJICHHUS MO OCSIM HAHOCSITCSA BJOJb
KOKIO0M W3 ocell Bcex rpadukoB; BBIOOp  botfom axis only  BBI3OBET
MCYEC3HOBEHUE JICJICHUI MO0 BCEM TOPHU30HTAIBHBIM OCSM TpapUUYECKUX TOJIeH
(eci UX HECKOJBKO), TIPU ATOM OCTAHYTCS JIUIIb JACIICHUS TI0 CAMOW HIDKHEH W3
HUX; HAKOHEI], €CJIM BBIOPATH 10Me, TO HCUC3HYT BCE JEICHHS TI0 OCSM TpadukoB
U HAANMKWCH Ha HUX, TpaQuK 3aiiMeT BCE IMOJIC OKHA W OKHO TPHUMET BHJI,
IIPEACTABICHHBIN Ha puc. 7.7.

[- =] x|
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Oxkoliko psgoM ¢ Haanucklo floating scope TpeaHa3HAYEHO ISl OTKIIFOUCHUS
BXOJIOB B OJIOK Scope. JI1s1 5TOro 10CTaTOYHO TOMECTUTh B HETO "TallouKy", MIETKHYB B
HeM Mimbio. Ecim "rajmouka" ycraHoBlIeHa, TO Scope otoOpaxkaeTcs Kak OJokK 0e3
BXOJIa, M €CIM OH OBUI CBSI3aH IO BXOJYy C JAPYTMMH OJOKamMH, TO O3THU CBS3HU
"oOpbIBaroTCA".

[Tone Sampling conep>XuUT JIMIIb OJHO OKOIIKO ¢ Haamuchio Decimation. B Hem
MOKHO 33JlaTh II€JI0€ MOJIOKUTEIBbHOE YHUCIO, KOTOPOE PAaBHO KOJIMYECTBY IIaroB
(IMCKpPETOB) BpPEMEHU, B KOTOPBIX HCHOJB3YIOTCA TOJYYEHHBIE JaHHbIE IS
MOCTPOCHUA IrpapuKOB B OKHE Scope.

Bropas Bknaaka Data history (puc. 7.6) TO3BOJISIET 3aJaTh MaKCUMaJIbHOE
KOJIMYECTBO AJIEMEHTOB MAaCCHUBOB JIaHHBIX, KOTOPBIC HCIOJIB3YIOTCS JJISI MOCTPOCHUS
rpadukoB B OKHE Scope (OKOIIKO psAJIOM C Haanucbto Limit rows to last
(MakcumanbHasi rpaHunia cTpok)). Jlpyrue OKOIIKM 3TOM BKJIAJAKKA CTAHOBSTCS
JOCSITa@MbIMH, €CJIM B OKOIIIKE PSAJIOM C HAAMKUCBIO Save data to work space (3anucaTh
JaHHble B pabodee MPOCTPAHCTBO) MOCTaBUTH 'Tanmouky" (Mbimibio). [lpu sTOM
CTAaHOBUTCS BO3MOXHBIM 3aIlMCaTh JaHHbIE, KOTOPbIE BBIBOASATCS Ha TpadUKu OKHA
Scope, B pabouee mpocTpancTBO cucteMbl MatLAB, 1 cTaHOBATCS aKTUBHBIMUA OKOIIIKH
c Hagnucsmu Variable name (Mms nepemenHoit) u Format (dopmar). B nepBoe u3 Hux
MO>KHO BBECTH UM$ MIEPEMEHHOM, MO/I KOTOPHIM OYIyT COXPAHATHCS JaHHBIE B pabodem
POCTPAHCTBE CHUCTEMBI (II0 YMOJYAaHHWIO ATH JaHHBIE OyJIyT 3alMCaHbl MOJ UMEHEM
ScopeData). Oxomko Format naer BO3MOXHOCTh BBIOpaTh OJUH M3 Tpex (opMaToB
3amucu JaHHBIX — Matrix (Matpuna), Structure (Ctpykrypa) u Structure with time
(CtpykTypa c BpeMEHEM).

JlroOble WM3MeHeHHMs, CAcnaHHble B OKHE Properties, H3MEHSIOT OKHO Scope
JWIIb B CIyYae, €Cld TOCJEe BBEJCHHS JTUX W3MEHEHWHM Ha)xxaTa KHomka Apply B
HIDKHEN YacTH OKHaA.

fiizices)
L

Block Parameters: X¥ Graph
— " zoope. [magk] [link)

=1 soope uzing MATLAR graph window. First input iz uzed az time baze.
Enter plotting ranges.

— Parameters
Tk

WA

[

Y-

[

Y-

[

Sample time:

[
] I Cancel Help Apply
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Puc. 7.8

brok XYGraph

OtoT 670K TaKXke sABIsSETCS 0030pHBIM OKHOM. B oTnmuue ot Scope, on nmeer
JIBa BXOJa: Ha NEPBBIN (BEpXHUI) TOAAETCS CUTHAJ, 3HAYEHUSI KOTOPOT'O OTKJIAIbIBAOT-
Csl IO TOPU3OHTAJIBLHOU OcH rpaduka, a Ha BTOPOU (HIKHUMN) - IO BEPTUKAIBHON OCH.

Ecnu nepetsanyTh 3TOT 6JI0K Ha T0JIE OJIOK-CXEMBI, a TIOTOM Ha U300paKEHUH €T0
MIETKHYTh JBAX/Ibl MBIIIKOW, TO HA dKpaHe MOSBUTCA OKHO HACTpanBaHUs OJI0Ka (pHC.
7.8), KOTOpOE MO3BOJISIET YCTAHOBUTH IPaHUIIBI U3MEHEHUN O00EUX BXOJHBIX BEJIUYMH,
MEX]Ty KOTOPBIMU OYyJeT MOCTPOEH rpaduK 3aBUCUMOCTH BTOPOIl BEIMYUHBI OT TIEPBOH,
a TaKXe 3a7aTh JUCKPET 110 BPEMEHMU.

[IpuBenem npumep ucnosibzoBaHusi 0noka XYGraph. JIns 3T0oro nepersiHeM B
OKHO OJIOK-CXeMbl H300paxkeHue 3Toro 0yioka u3 okHa Library: simulink3/Sinks, a u3
okHa Library: simulink3/Sources - nBa Onoka-ucrounuka Clock w Sine Wave.
CoenuHuM BBIXOJbI OJIOKOB-UCTOYHUKOB ¢ BXxojamu 0yioka XYGraph. [lonyuum 6110k-
cXeMy, NMpuBeJeHHYI0 Ha puc. 7.9. Eciu Tenepb BbIOpaTh MbILIbIO MEHIO Simulation B
CTPOKE MEHIO OKHa OJIOK-CXEMbI, a B HEM - KOMaH[y Start, TO IO OKOHYaHUH PACUETOB
Ha JSKpaHe BO3HMKHET OKHO XYGraph v B HeM OyAeT NOCTPOCHO H300paKeHHUE,
IpeACTaBiIeHHOE Ha puc. 7.10.

[untitied =10l =| 4 |%¥ Graph -lol x|

File Edit ‘ew Simulation Format Tools 2 Plot

DzEsseroc ) -

05t

|
- 2B X
“ﬂ\_| |_:Y Graph =
IRY)

Sine Wiave 05

: . 0 [ 10 11 20
¢ |1 0%, | | |F|xedStEDDISEI’BtB i WARIS

Puc. 7.9 Puc. 7.10

brok Display

OToT GJI0K TIpeHa3HAYCH TSl BRIBOJIA HA DKPAaH YUCICHHBIX 3HAYCHUN BEJIMYHH,
KOTOpBIE (PUTYPUPYIOT B OJIOK-CXEME.

biox umeer 4 mapamerpa HactpauBanus (puc. 7.11). Cnucoxk Format 3anaer
¢opmaT BeIBOAa umcen; BUI (opMara M30MpPAETCs C MOMOIIBI0O HUCXOJSIIETO MEHIO,
cojepKaiero S5 mNyHKTOB: short, long, short e, long e, bank. llone BBeneHus
Decimation 1O3BOJISIET 3a/aTh NEPUOJAUYHOCTH (Uepe3 CKOJbKO IIIaroB BPEMEHU)
BbIBOJIa 3HaueHuil B okHe Display. llepexmouarens Floating display mno3Bonsier
onpenenars 610k Display xax 6510k 6e3 Bxoa, 0OpbIBasi €ro CBs3H.

brnox Display moxer HCNONb30BaThCA JIs BBIBOJIA KaK CKAJSIPHBIX, TaK W
BEKTOPHBIX BesiMuuH. Ecin oToOpaskaemasi BeTUUMHA SBISIETCS BEKTOPOM, TO MCXOJIHOE
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npecTaBieHrne 0J0Ka U3MEHSIETCS aBTOMAaTUYECKH, O YEM CBHJICTEILCTBYET MOSBICHUE
MaJICHBPKOTO YEPHOT'0 TPEYroJibHMKAa B MPAaBOM HWKHEM yriay Omoka. s kaxmoro
AJIEMEHTa BEKTOpa CO3/aeTCs CBO€ MHHH-OKHO, HO YTOOBI OHH CTajdd BHUIWNMBIMH,
HEOOXOJMMO pacTSHYTh HU300pakeHue Osioka. Jlis 3TOro cienyer BBIACIUTH OJIOK,
MIOJIBECTH KYypPCOP MBIIITKH K OJHOMY U3 €T0 YIJIOB, HAXKaTh JICBYIO KJIIABUIITY MBIIIH U, HE
OTITyCKasl €€, pacTIHYTh H300pakeHue 0JI0Ka, TTOKa HE MCUE3HET YSPHBIM TPEYTONbHUK.

Block Parameters: Display

— Dizplay
Murmenc display of input values.

— Parameterz

Format; IShDrt_E
D ecimation:

1

[" Floating dizplay
Sample Time:

|-1

Cancel

ok | Hep | oy

Puc. 7.11

] untitled1
File Edit

Wiew  Simulation  Formak  Tools

=10 x|

EIEEEEE IEE

[Me-17 pi 1757 -0.087] |—m
r
Constant Drisplay
Fl100% | FixedStepDiscrete
Puc. 7.12

st mpumepa cosznagum Omok-cxemy (puc. 7.12) u3 AByX 2JI€MEHTOB — OJioKa-

ucrounnka Constant v 61oka-npuemnanka Display.

Block Parameters: Constank

— Conztant
Cutput a constant.

— Parameters
Corgtant value:

1e-17 pi 1757 0. 037

Cancel

Ok, I Help Apply

Puc. 7.13
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Boi3BaB okHO HacTpauBaHusi Oinoka Constant (puc. 7.13), ycTaHOBUM B HEM
3HAUEHUS KOHCTAHTHI-BEKTOPa, KOTOPBIA COCTOMUT W3 YeThIpex 3JieMeHTOB [le-17 pi
1757 -0.087]. Bei3biBas okHO HacTpauBaHusi Oioka Display, ycTaHOBUM C €ro TIOMO-
mpio opmar BeIBoga uucen short e. Ilociae akTMBU3aIuu KOMaHABI Start W3 MEHIO
Simulation, monmyuum wu3zo0pakeHHEe OKHa OJOK-CXeMbl, TMOKa3aHHOe Ha puc. 7.12.
PactsaruBast wu3oOpaxenue Onoka Display na On0k-cxeme, MOIYYUM KapTHUHY,
MPEJICTABICHHYIO Ha puc. 7.14.

Cluntitieds =

File Edit Wew Simulabion Format  Tools

EIEEEEE IEE

17a7
Constant

Drizplay

[1e-17 pi 1757 -0.097] -

Fl100% |T=0.000 FixedstepDiscrete 2
Puc. 7.14

bnok To File
DTOT 0JIOK 00eCIeUnBaET 3alMCh 3HAUCHUI BEJIMYMHBI, IOJAHHON Ha €ro BXOJI, B
MAT-daiin maHHBIX I UCIIOIB30BAHUS WX B ITOCICAYIOIIEM B IPYTUX S-MOJISTIAX.
brok nmeer Takue nmapameTpsl HacTpauBaHus (cM. puc. 7.15):

Block Parameters: To File #
— Ta File

YWfrite time and input to zpecified MAT file in row format. Time iz inoow 1,

— Parameters
Filenarne:

Iuntitled. mat

Yariable name:

Ians
Decimation:
|

Sample Tirme:

|-1

] Cancel Help Amply

Puc. 7.15
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File name - ums MAT-¢aiina, B KOTOpbId OyIyT 3alUChIBATHCA 3HAYECHUS
BXOJHOW BEJIMWYMHBI, TO ymoyianuio - untitled. mat; ums ¢aiina BbeIBOOUTCS Ha
n300pakeHuu O6s10Ka B OJIOK-CXEME;

Variable name - vuMsi iepeMEHHOM, 1O KOTOPOMY MOKHO OyAeT oOpamiaThCcs K
JAHHBIM, 3allMCaHHbIM B (aiiie (s TOro, 4ToObl MPOCMOTPETh WU W3MEHUTh HX B
KoMaHHOM okHe MatLAB); mo yMoluaHuI0 HUCTIOIB3YETCSl CUCTEMHOE UMSI ans;

Decimation - TUCKpETHOCTH (B KOJMYECTBE JUCKPETOB BPEMEHH) 3aMUCH JAHHBIX
B (ait;

Sample Time - pa3mep AUCKpETa BPEMEHHU JJIsl JAHHOTO OJI0Ka.

Crnenyer OTMETUTb, YTO 3HAYEHHUS JAHHBIX, KOTOPbIE MOJAIOTCS BO BX0J] OJOKa
3alMCBHIBAIOTCSl B BBIXOJHYIO MIEPEMEHHYIO (HAIPUMED, @ns) Tak: MEPBYIO CTPOKY MaT-
puIlbl 00pa3yOT 3HAUYCHUS COOTBETCTBYIONIUX MOMEHTOB BPEMEHH; BTOpas CTPOKa CO-
JIEPKUT COOTBETCTBYIOIIME 3HAUEHUSI IMEPBOrO 3JIEMEHTA BXOJHOTIO BEKTOPA, TPEThA
CTPOKA - 3HaYEHHUsI BTOPOTO 3JIEMEHTA U T.J. B pe3ynbrare 3anuchiBacTCss MaTpUla pas-
mepoMm (k+1)*N, rae k - KOTUYECTBO AIEMEHTOB BXOJIHOTO BEKTOPa, @ N - KOJIMYECTBO
TOYEK M3MEpPEHUs (UM KOJIMYECTBO MOMEHTOB BPEMEHHU, B KOTOPBIE OCYIIECTBIICHBI
U3MEPEHUE).

brok To Workspace
Otor OJOK TpeaHa3HAYEH /I COXPAHCHHS JaHHBIX B paboyeM MPOCTPAHCTBE
cucreMbl MatLAB. JlanHbie coxpaHsAOTCS B Bujae MaTpuilkl pasmepoM (N*k),
CTPYKTypa KOTOPOW OTIMYAETCS OT CTPYKTYPHI JaHHbIX B MAT-(aiine tem, uro:
B 3HaYeHUs BEJIIMYMH, KOTOPBIE COXPAHSIOTCS, PACTIONOXKEHBI TI0 CTOJIOAaM, a He
0 CTPOKaM;
B He 3aMuChIBAIOTCS 3HAYCHHUS MOJICITLHOTO BPEMEHHU.

Bluck Parameters: To Workspace
— ToWorkspace

YWrite input to specified matris it MATLAB s main workzpace. The matris
has ane column per input element and one raw per zimulation step. Data
iz hiot available until the simulation iz stopped or pauzed.

— Parameters
Wariable name:

Isimu:uuli

bl asirnurn number of rowes:
finf

D ecimation:
[1
S ample tirme:
[

5 ave format; I Structure j

] I Cancel Help | Apply |

Puc. 7.16
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brok umeer 4 napamerpsl HacTpauBaHus (cM. puc. 7.16):

Variable name - wMs, ToA KOTOPHIM JaHHBIE COXpaHAIOTCA B pabodeM
MPOCTPAHCTBE (IO YMOJTYAHUIO - Simout);

Maximum number of rows - MaKCUMaJIbHO JOMYCTUMOE KOJUYECTBO CTPOK, T. €.
3HAYEHUH JaHHBIX, KOTOPHIE 3aMUCHIBAIOTCS; TI0 YMOIYaHUIO OHA 33JaeTCsl KOHCTAHTON
inf, T. €. JaHHBIE PETUCTPUPYIOTCS HA BCEM UHTEPBAJIC MOJCIUPOBAHUS;

Decimation n Sample Time UMEIOT TO caMO€ COJIEPKaHNUEe, KOTOPOE U PAHBIIIE;

Oxomiko Save format (PopmaT 3amucH) IMO3BOJSET BHIOPATh OJIMH U3 TPEX
BApUAHTOB 3amucH JNaHHBIX: Matrix (Matpuna), Structure (Ctpykrypa) u Structure
with time (CTpyKTypa ¢ BpeMEHEM ).

7.1.4. Paznea Sources (UCTOUYHUKH)

[Tocne BeiOOpa pasaena Sources Oubmmuoreku Simulink Ha skpaHe MOSBUTCS
JIOTIOJTHUTEIPHOE OKHO, TIOKa3aHHoe Ha puc. 7.17.

[SLibrary: simulink -0l x|

File Edit Miew Format

oooao
1 | [ [

Canstant Signal Step
Genearator

=]
Famp
I

Sine Miave Repeating
Sequence

. Tk /W’P

Discrete Pulse Fulse Chirp Signal
Ganerator Ganerator

CI—:) 12:34 b
Clok Digital Clock
untitled.mat [T.1] 3
From File Fraom
Mo desp ace

W Ir o [

Random Uniform Random Band-Limited
Mumber Number rhite Maoise

Puc. 7.17

Kak BumuM, B 3TOM pazzaeiie OMOJMOTEKM B KAayeCTBE WCTOYHHKOB CHUTHAJIOB
PEAYCMOTPEHBI TaKUE OJIOKH:
B Constant - ¢GopMupyeT TIOCTOSHHYIO BEITUYHMHY (CKasip, BEKTOp WIH

MaTpuiLy);
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B Signal Generator - co3gaer (reHEpUPYET) HEMPEPHIBHBIN KOJIeOATEIbHBIN
CUTHAJI OJHOW U3 BOJHOBBIX (opM Ha BBIOOP - CHHYCOWJAJBHBIMH,
MPAMOYTOJIbHBIN, TPEYTOJIbHBIN UJIN CITYYaNHBbIN;

B Step - reHepupyeT CUTHAJI B BHJIE OJIMHOYHOM CTYINEHBKHM (CTyNEHUYATHIN
CUTHaN) C 3aJJaHHBIMU MapaMeTpaMHy (Hayajla CTYIIEHbKHU U €€ BBICOTHI);

B Ramp - co31aeT JIUHENHO BOCXOIAIINN (MM HUCXOASIINI) CUTHAT,

B Sine Wave - renepupyeT rapMOHUYECKUI CUTHAT;

B Repeating Sequence - reHEpUPYET NEPUOIUUECKYIO MTOCIENO0BATEIBHOCTD;

B Discrete Pulse Generator - reHEpaTOp IUCKPETHBIX UMITYJIbCHBIX CUTHAJIOB;

B Pulse Generator - TeHEPATOP HENPEPBIBHBIX NPSIMOYTOJIbHBIX UMITYJIbCOB;

B Chirp Signal - TeHepaTop rapMOHHYECKHX KOJICOAHMI C 9aCTOTOM, KOTOpas
JIMHEWHO U3MEHSETCS C TEUEHUEM BPEMEHU;

B Clock (Yackl) - MCTOUHHUK HENPEPHIBHOIO CUTHAJIA, MPONOPLUUOHAIBHOIO MO-
JEIbHOMY BPEMEHH;

B Digital clock (ludposbie yacel) - GOpMHUPYET TUCKPETHBIN CHUTHAJ, TPOIOP-
LIMOHAJIbHBIN BPEMEHU;

B Random Number - VWCTOYHHMK JHUCKPETHOTO CHUTHAJIA, 3HAYECHHUS KOTOPOIO
SIBJISIIOTCST CJIy4alHOW BEJIMYMHOM, PAacHpeesICeHHOW M0 HOpMalbHOMY (rayc-
COBOMY) 3aKOHY;

B Uniform Random Number - WCTOYHHMK JHCKPETHOTO CHUTHAJIa, 3HAYEHUS
KOTOPOTO SIBJIAIOTCS CIy4ailHON paBHOMEPHO paCHpEIeIEHHON BEJIMYUHOM;

B Band-Limited White Noise - renepatop 0enoro mryma ¢ OTpaHUYEHHOU
II0JIOCOM 4acCTOT.

OcraBmmecs: 1Ba 0ioka u3 pazzaena Sources 00ecneUnBAOT UCTIOJIb30BAaHUE B
MOJENIN JaHHBIX, MOJy4YeHHBIX pasblue. [lepBoiit u3 Hux - From File - npennazHaueH
JUIsL BBEAACHUS B S-MOJIENIb JAHHBIX, KOTOpbIE cOXpaHstoTcs Ha aucke B MAT-daitne.
Bropoit - From Workspace - obecnieunBaeT BBEACHUS B MOJEIb JaHHBIX
HEMOCPEJCTBEHHO U3 pabouero npocropa MatLAB. HamomHuM, 4TO CTpYKTYpa JaHHBIX
B MAT-(aiine sBisiercs MHOTOMEPHBIM MacCCUBOM C MEPEMEHHBIM KOJIMYECTBOM CTPOK,
KOTOPOE ONPEAEIAETCS KOJIMYECTBOM PETUCTPUPYEMBIX NEPEMEHHBIX. JIEMEHTBI
NIEPBOM CTPOKM COAEPKAT MOCIEAOBATEIbHbIE 3HAYEHUS MOJEIBHOTO BpPEMEHH,
AJIEMEHTHI B IPYTUX CTPOKaX - 3HAYEHHS IEPEMEHHBIX, COOTBETCTBYIOIINE OTAEIIbHBIM
MOMEHTaM BPEMEHHU.

Kak wu pgpyrue Omoku Oubnumoreku Simulink, OJIOKM-MCTOYHMKHA MOTYT
HACTpPauBaThCs MMOJIB30BaTENIEM, 3a UCKIIIoUeHueM 0soka Clock, pabota KOTOpPOro OCHO-
BaHA HA MCIOJIb30BAaHUH alllIapaTHOTO TalilMepa KOMIIBIOTEPA.

brok Constant
biiok npenHazHaueH s TEHEPUPOBAHUSI MPOLIECCOB, KOTOPBIM SIBISIOTCS HEU3-
MEHHBIMH BO BPEMEHH, T. €. UMEIOT IIOCTOSIHHOE 3HaueHHe. OH UMEET OJUH NapaMmeTp
HactpauBaHusi (cM. puc. 7.13) - Constant value, KOTOpbIA MOXET OBITh BBEICH M KaK
BEKTOP-CTPOKA U3 HECKOJIBKUX AJIeMEHTOB 10 00muM npasmwiam MatLAB. Tlpumep ero
UCII0JIb30BaHUS IPUBEAECH paHee pU paccMoTpeHuu Onoka Display.
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brok Signal Generator
OxHO HacTpauBaHHUs 3TOr0 OJIOKa BHITJIAJUT TaK, Kak mokasaHo Ha puc. 7.18. Kak
BUIHO, B TIapaMeTpPhl HACTPAUBaHUS BXOJSIT:
B JWave form - (opma BOJHBI - TO3BOJIIET BbIOpaTh OJHY M3 Takux QopMm
NePUOMYECKOTO TpoIiecca
1) Sine - cunyconaJibHbIE BOJIHBIL;
2) Square - TpsIMOYTOJIbLHBIE BOJIHBI;
3) Sawtooth - TpeyroJibHbIE BOJIHBIL;
4) Random - ciyvaitHble KOeOaHus;

Block Parameters: Signal Generator % #]

— Signal Generator

Qutput various wave farmes.,

— Parameters
Wave form: | square - |

zine

Amplitude;

zawhoath

ranidom
Frequency:
[
[ rits: IHertz j
2k, I Cancel Help | Apply |
Puc. 7.18
B Amplitude - onpenenser 3HAYEHUs aAMIUIMTYJbl KoJIeOAHUM, KOTOpHIE

TeHEPUPYIOTCS;

B Frequency - 3a1aeT 94acTOTy KOJICOAHU;

B Units - mo3BOJIIET BBIOPATh OJHY M3 €IUHUI] U3MEPEHHS YacCTOTHI C TIOMOIIIBIO
HUCXOAsMIEro MeHIo - Hertz (B I'epuax) u Rad/Sec (B paguaHax B CEKyHY).

Fluntitledz

Fil= Edit Wiew Simulakion Formak  Tools

Deda|s=r(oe|» = | &

& S

oooo ’—:Y Graph
[e2+)

Signal
Generatar

=10l x|

F|100% | [FixedstepDiscrete

Puc. 7.19
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Ha puc. 7.19 nokaszana npocreiiiiasi 0710K-cxema S-Mojelid, KOTopasi COCTOUT U3
oinoka Signal Generator u Onoka ortoopaxenuss XY Graph. Conepxxumoe OJoka
OTOOpa)XE€HUSI TOCNIe TPOBEJEHUS MOJETUPOBAHMS TMPU TaKUX IapaMmeTpax
HACTpauBaHUs: BUJ Kojebauuil - Sine; amrmutyna - 1; wyactora - 1 paduan/cex
otoOpaxeHo Ha puc. 7.10.

Ha puc. 7.20.. 7.22 npencraBieHsl pe3yabTaThl, 0ToOpakaembie B okHe XYGraph
B Ciy4yae BbIOOpa COOTBETCTBEHHO MPSMOYTOJIbHBIX, TPEYTOJbHBIX M CIyYalHBIX
KoJIe0aHMIA TTPU TEX YK€ 3HAUYEHUSAX OCTAIBHBIX MTapaMETPOB HACTPAUBAHMUS.

| 4lxvcraph ol x|
A% Plot
1 T . .
05t .
Z 0 :
—
-0a} .
-1 L L f
0 5 10 15 20
wAKIS
Puc. 7. 20
4lxvcraph =lol x|
2 Plot
1 T . .
05 \
R
Z 0O .
—
051 -
-1 L L f
0 5 10 15 20
L AKIS

Puc. 7. 21
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4 xvGraph =l
# % Plat

1 - - - B

0.5

] 5 10 15 20
Y

Puc. 7.22

brok Step

brox obGecneunBaer (opmupoBaHHe cUTHaja B (GOpME CTYNMEHbKH (WM, Kak

TOBOPSIT, - CTYIIEHYaTOr0 CUTHaja).

Block Parameters: Step i #

— Step
Output a step.

— Parameters
Step time:
|3.5

[ritial walue:
|-2

Final value;
|4.5

Sample firme:
o

k. Cancel | Help | iy |

Puc. 7. 23

biok umeet 3 mapameTpa HacTpauBanus (puc. 7.23):

B Step time - BpeMs Hayana CTylneHbKH (MOMEHT CKauKa CUTHAJa) - ONpeesieT
MOMEHT BpPEMEHHM, B KOTOPBI MPOUCXOAUT CKAYKOOOpa3HOE HW3MEHEHUE

BCJIMYMHBI CUTHAJIA; 110 YMOJYaHHIO ITIPUHUMACTCA paBHBIM 1;
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B /nitial value - HayaibHOE 3HAYEHUE - 3aJa€T YPOBEHb CHUTHANA JO CKAyKa;

3HAYEHHUE N0 YMOJT4YaHuto - 0;
B Final value - KOHEYHOE 3HAYEHHUE - 33Ja€T YPOBEHb CHUTHAJA IIOCJIE CKAayKa,

3HAYEHHUE €T0 M0 YMOJIYaHHUIO - 1.
Paccmotpum npumep ucnosib3oBanus Oyoka. [lepersiHeM B OKHO OJIOK-CXEMBbI U3

OKHa OuOIMOTEKHM HUCTOYHUKOB Onoku Step u Clock, a w3 okHa OUOIMOTEKU
npueMHUKOB - 6710k XY Graph v coenuaum ux (puc. 7.24)

=101 x|

] untitled2
File Edit Wwiew 3Simulation Formak Tools

DsE& tER|2a > = | B

& b

[w]

’-:Y zraph

Step

F100%: | [FixedStepDiscrete 2

Puc. 7.24

VYcraHoBUM Takue mapameTpbl HacTpauBaHus Onoka: Step time - 3,5, Initial value
- (-2), Final value — 4.5. Tlocne axktuBm3anuu mojenupoBanus (Simulation/Start)

MOJIyYUM B OKHE Scope KapTHUHY, MPEJCTABICHHYIO Ha puc. 7.25.

¥ X¥ Graph 1Ol =]
Y Plaot
g5 ' :
=
£ 0} ]
—
-5 . . . .
] 2 4 = g8 10
W AKIS
Puc. 7.25
bnox Ramp

biokx ¢opmMupyer HenpepbIBHO HAPACTAIOMIMI CUTHAII U UMEET TaKue MmapaMeTphbl

HacTpauBaHus (puc. 7.26):
B S/ope - 3HaUEHNE CKOPOCTH HAPACTAHUs CUTHAJA,
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W Start time - BpeMs Havajia HapaCTaHUsl CUTHAJIA;

B /nitial output - 3HaYe€HUE CUTHAJIA ]O MOMEHTA Hayajia €ro HapacTaHus.

— Famp [mask] [link]
ramp
— Parameters
Slope;
[1
Start tirne:
|o
Imitial output:
|o
k. I Cancel Help Amply |
Puc. 7. 26
4 |%¥ Graph =10 x|
AW Plot
g T T T
R
Z 0f
-
5 . . .
1] 2 4 5 10
w AxIs
Puc. 7.27

Ha puc. 7.27 npuBeneH npumMep pe3yinbrata IpUMEeHEHUs 0JI0Ka Ramp Tipy Takux
3HAYCHUSAX napameTpoB: Slope = 1; Start time = 3; Initial output = -3.

brok Sine Wave

biiok Sine Wave umeet takue HacTpoiku (puc. 7.28):

B Amplitude - onpenensieT aMIUTUTYly CHHYCOUJIAIBHOTO CUTHAJIA;

B Frequensy (rad/sec) - 3anaet 4acToTy KoyuieOaHUl B pajriaHaxX B CEKYHIY;

B Phase (rad) - TO3BOJIIET yCTAaHOBUTH HavalbHYIO (ha3y B pajuaHax;

B Sample time - onpenenseT BEIWYMHY NUCKpETa BPEMEHHU 3aJlaHUs 3HAYCHHM

CHUHYCOMJAJIBHOI'O CUT'HAJIA.
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Pesynprar mpumeHenuss Onoka (MpW 3HAYEHUSIX MMapaMETPOB HACTPaWBaHUA:
ammutyga - 4,5; yacrora - 1 paguaH B CeKyHOy M HayanbHas ¢aza - 7./2 paauan)
MoKa3aH Ha puc. 7.29.

Block Parameters: Sine Wave = B

— Sine WWave

Output a zine wave.

— Parameterz
Amplitude:;

|49

Frequency [rad/sec]:
[1

Phaze [rad):

|pis2

S ample time;
o

] I Cancel Help | Apply |

Puc. 7. 28
# XY Graph - -0l x|
A Plot
5 T T T T
.o
£ 0
-
5 L L L L
] 2 4 5] ] 10
w AN
Puc. 7.29

Otnuuus 3Toro OJOKa OT TeHepaTropa CHUHYCOMJAIBHBIX KoJeOaHuil B OJoKe
Signal Generator coCTOAT B CIEAYIOIIEM:
1) B ananu3upyemMom OJIOKE MOXHO YCTaHABJIMBATh MPOU3BOJIBHYIO HAYAJIbHYIO

basy;
2) B HEM HeJb3s 33J1aTh 4acToTy B I'epiax.

bnox Repeating Sequence
DTOT OJIOK COIEPKUT IBE HacTporkH (puc. 7.30):
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N Time values - BeKTOp 3HAYEHUU BpPEMEHHU, B KOTOpbHIE 3a/JaHbl 3HAYEHUS
WCXOJHOU BEJIMYMHEI,

& QOutput values - BEKTOp 3HaYEHUN MCXOAHOW BEIMYMHBI, KOTOPbIE OHA JIOJKHA
IIPUHATh B YKa3aHHbIE B IIEPBOM BEKTOPE COOTBETCTBYIOLIME MOMEHTHI
BPEMEHH.

biok obecneurBaeT reHepUpOBaHUE KOJIEOAHUH C MEPUOIOM, PAaBHBIM Pa3JINYHUIO

MEXIy TOCIEIHUM 3HAaYEeHUEM BeKTopa Iime values WM 3HAYEHHEM IEPBOIO €ro
aneMeHTa. DopMa BOJIHBI BHYTPHU IEPUOJAA SABIIETCA JIOMAHOM, NMPOXOIALIEH 4Yepes
TOYKH C YKa3aHHBIMH B BeKTopax Iime values u Output values KOOpJluHATAMU.

B kauectBe mpumepa Ha puc. 7.31 mnpuBeneHo H300paxkeHUE Ipoliecca,

CreHEepUpOBaHHOTO 0JIoKOM Repeating Sequence 1npu napaMmerpax HacTpauBaHUS,
yKa3zaHHbIX Ha pwuc. 7.30.

: B
— Repeating table [maszk] [link]
Fepeating table.
— Parameterz
Time values:
(0051152
Output walues:
[z420-2]
] I Cancel | Help | Apply |
Puc. 7. 30
EETE _iBix]
X Plot
5 r .
.
20
-
5 L L L !
1] 2 4 G 3 10
W Axis
Puc. 7.31

bnok Diskret Pulse Generator
brok reHepupyeT mocieoBaTeIbHOCTH MPSAMOYTOJIBHBIX MMITYJIbCOB. B umcio
HACTpaMBAEMbIX NTAPaMETPOB ATOro OJ0Ka BXoadr (puc. 7.32):
B ammutyaa curdana (Amplitude), T. €. BbICOTA MPSMOYTOJBHOTO UMITYJIbCA;
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B pasmep nepuojsia curdana (Period), KOTOPBI OTCUUTHIBACTCS B LIEJIBIX YUCTAX
- KOJIMYECTBE AUCKPETOB BPEMCHH,

B mupuHa ummnynbca (Pulse width), Toxe B JUCKpeTax BPEMEHH;

B pa3Mep 3a7epKKU UMITyJibca OTHOCUTENbHO =0 (Phase delay) - B nuckperax
BpPEMEHU;

B pasMep auckpera Bpemenu (Sample time).

Block Parameters: Discrete Pulse Ge f |

— Dizcrete Pulze Generator

Generate pulzes at reqular intervalz. Specify parameters az integer
multiplez of the zample time.

— Parameters
Amplitude:

|4

Period [number of samplez);
|20

Pulze width [number of zamplez);
[4

Phaze delay [number af samplez):
E

Sample time:
|01
QE. I Cancel Help | Apply |
Puc. 7. 32
4 XY Graph o [=]5S]
¥ Plot
5 T r
N
-
5 . . . .
0 2 4 5 3 10
A Axis
Puc. 7.33

YcTaHOBJIEHHE MapaMeTPOB ITOTO OJIOKa Ienecoo0pa3HO HaYMHATH C  JUCKpETa
BpeMeHu. PasMep miara MOXXKHO yKas3aTh Kak B (opMe KOHCTAaHTHI, TaKk U B (opme
BBIUMCIISIEMOTO BBIPAXKCHHSI.
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[Ipumep npumeHeHust FTOTo OJI0Ka MPU 3HAYEHUSAX MapaMeTPOB, YKa3aHHBIX Ha
puc. 7.32, npuBeneH Ha puc. 7.33.

bnok Pulse Generator
bnox Pulse Generator ocyiiecTBIsICT IPAKTUYECKU TY K€ (PYHKIUIO, YTO U OJIOK
Discret Pulse Generator. Ho napaMeTpbl UMITYJILCOB 3aJ1at0Tcs nHaue (puc. 7.34).
3nech TpeOYIOT 3aJaHUsI TaKue TapaMeTphl:
B Period - mepuoj MPOXOXKICHUS UMITYJIbCOB;
B Duty cycle (% of period) - TpoIOIKUTEILHOCTD MPSIMOYTOJIBHOTO UMITYJIbCA (B
MPOLIEHTAX OT MEPUOJIA);
B Amplitude - ammnuTya (BbICOTA) UMITYJIbCA;
B Start time - Ha4abHBIA MOMEHT BPEMEHU MIEPBOrO U3 UMITYJIbCOB.

Block Parameters: Pulse Generator |
— Pulze Generator [maszk] [link)

Pulze Generatar

— Parameters
Period [zecs):

4
Dty cycle [% of period]:
10

Amplitude:
|4

Skark tirme:
E

(]9 I Cancel | Help | Apply

Puc. 7.34

Pe3ynbraT mpuMeHeHus 0JioKa IPU 3HAYCHUSIX MapamMeTpoB, YKa3aHHBIX Ha PHUC.
7.34, MOXXHO yBUAETH HA puc. 7.35.
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# | ¥ Graph =10 x|
A Plot
5 T T
@
Z 0
=
-5 L L
1] 2 4 B 10
W AXIS
Puc. 7.35
bnok Chirp Signal

OTOT OJIOK T€HEPUPYET CUHYCOMAAIBbHBIA CUTHAJI €AMHUYHON aMILIUTY/IbI Hepe-
MEHHOI 4acCTOThI, IPUYEM 3HAUYECHHS YACTOThI KOJICOAaHUN U3MEHSETCS C TEYEHUEM Bpe-
MEHH IO JIMHEMHOMY 3aKOHY. COOTBETCTBEHHO 3TOMY B HEM IPEIyCMOTPEHBI TaKHE

napameTpbl HacTpauBaHus (puc. 7.36):

B /nitial frequency (Hz) - nayanbHOe 3HaueHue (rpu t=0) 4acTOTHI B replax;
B Target time (secs) - BTOpoi (MOJOXKUTENIbHASL BEJIMUMHA) MOMEHT BpEeMEHHU (B

CEKYH/JIax);

B Frequency at target time (Hz) - 3HauyeHUE 4acTOTbI B 3TOT BTOPOH MOMEHT

BPEMEHU.

Puc. 7.37 nemoHCTpupyeT pe3yJibTaT WCIOJIb30BaHUs OJIOKa MpU MapameTpax,

yKa3aHHBIX Ha puc. 7.36.

Block Parameters: Chir

p Signal

— chirp [mazk] [link]
Chirp Signal.

[Sine wave with increasing frequency)

— Parameters
Iritial frequency [Hz):

||12

T arget time [zecsz);

|1u

Frequency at target time [Hz]:

|5

QF.

Cancel Help

Apply

Puc. 7.36
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=10l x|

+ |X¥ Graph
# Plot

05+

YoAXS
—_

O5F

-1.5F

KIS
Puc. 7.37
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broxk Random Number

brnok Random Number obGecnieunBaeT (GOpMUPOBAHUE CUTHAJIOB, 3HAUYCHHS KO-
TOPbIX B OT/AEJIbHBIE MOMEHTBl BPEMEHHM SBISIIOTCA CIIy4ailHOM BETWYMHOM,
pacnpeneneHHON 0 HOpMaJIbHOMY (rayCCOBOMY) 3aKOHY C 3aJIaHHBIMU MapaMeTPaAMH.

biok umeer uerbipe napamerpa HacTpauBaHus (puc. 7.38). Ilepsbie nBa - Mean
u Variance - SBIAIOTCS CPEAHMM W CPEAHEKBAIPATUYHBIM OTKIOHEHHEM OT 3TOTO
cpea”ero, Tpetudt - Initial seed - 3amaeT HayalbHOE 3HAuYeHUWE Oasbl A
MHULMAIN3alMd  TeHepaTtopa  IOCJIEN0BAaTEeIbHOCTH  ChOydalHbIX  yucen. Ilpu
(UKCHUPOBAaHHOM 3HAYEHUU ATOrO MapaMeTpa reHepaTop BCEraa BbIpabaThIBAeT OJHY U
Ty K€ MOCIe0BaTEILHOCTh. YUeTBepThIil mapameTp (Sample time), Kak U paHee, 3a1aeT
BEJIMYMHY AUCKpeTa BpeMeHH. Puc. 7.39 noka3bpiBaeT pe3yJbTaT UCIOJIb30BaHUs OJ0Ka
IIPU 3HAYCHHSX IAPAMETPOB, IPUBEAEHHBIX HA puc. 7.38.

Block Parameters: Random Number #l

— Random Mumber

Output a normally [Gauzsian] distibuted random signal. Output is
repeatable for a given seed.

— Parameters
RN

|u.54

Wanance:
05

[mitial zeed:
o

Sample bime:
[0

] I Cancel | Help Spply |

Puc. 7.38
4lxveraph =loix|
A% Plot
2 T . .
1.5 .
1 4
0.5
u
£ 0 .
=
-0.5 .
At i
161 .
iy L L L
0 5 10 15 20
X AXIS

Puc. 7.39
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binox Uniform Random Number
OT1oT 650K (OPMUPYET CHUTHANBI, 3HAYEHUS KOTOPHIX B OTJEIbHBIE MOMEHTHI
BPEMEHH SIBJISAIOTCS CIIy4YalHOM BEJIMYMHOM, PABHOMEPHO PACIPEACICHHON B 33 JaHHOM
uHTepBaie. B uncno mapamerpoB HacTpauBaHus 0g0ka Bxoadar (puc. 7.40):

Block Parameters: Uniform Random N |
— Urifarm Bandom Mumber

Cutput a uniformly distributed random signal. Output iz repeatable for a
qiveh seed.

— Parameters
ke irinniLam:

|4
b airnwir;
|4

[nitial zeed:

|n

S ample bime:

|c|

k. I Cancel | Help Smply

Puc. 7.40

B Minimum - HIOKHUM TIPEAEI CIly4allHOM BEJINYUHBI;

B Maximum - BEpXHUU NPENIEIT,

B /nitial seed - HayanbHOE 3HAaUEHUE 0a3bl reHEepaTOpa CIIy4alHbIX YHUCEIT;
B Sample time - TUCKPET BPEMEHHU.

# XY Graph : -0 x|

Y Axis
——

0
-1
_2 1 1 1
0 5 10 15 20
AAKIS
Puc. 7.41

[Ipumep mporiecca, CreHepUPOBAHHOTO OJIOKOM IO MapamMeTpaM, YKa3aHHbIM Ha
puc. 7.40, npuBeneH Ha puc. 7.41
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bnox Band-Limited White Noise
Ot1oT 650K GOpMUPYET MPOIIECC B BUJIE YACTOTHO-OI'PAHUUYEHHOTO O€JIoTo IIyMa.
[TapameTpbl HacTpanBaHusl y HEro Takue (puc. 7.42):
& Noise power - 3Ha4U€HUs] THTEHCUBHOCTH O€JIOr0 1IyMa;
B Sample time - 3Ha4eHHUs TUCKpeTa BpeMeHH (OMpeaemsieT BepXHee 3HAYCHHE
YaCTOTHI MPOIIECCa);
N Seed - nayanbHOE 3HaueHUE 0a3bl reHepaTopa CiiydyalHOW BEJIMUUHBI.

Block Parameters: Band-Limited ¥Whike |
— Continuous ‘WWhite Moize. [mazk] [link]

White naoize for continuous [s-domain] systems. Band-limited uzing
zero-order-hold.

— Parameters
Moize power:

i

Sample tirme;
0.2

Seed:
|[23341 ]

] 4 I Cancel | Help | Apply |

Puc. 7.42

Hwxe (puc. 7.43) npuBeAeH mpuMep peaau3aluu mpolecca ¢ MOMOIIbI0 010Ka
Band-Limited White Noise npu napaMmeTpax, yKa3aHHbIX Ha puc. 7.42.

4 |X¥ Graph E N =]

Y A
[}

] 5 10 15 20
X Axis
Puc. 7.43
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7.1.5. Pasgen Continuous

OTOT pazzen 6ubIMOTEeKH coAePKUT O0KHU (puc. 7.44):

B Integrator - uieaibHOE MHTETPUPYIOIIEE 3BEHO (MHTErpaTop);

B Derivative - nnacanpHoe nuddepeHnupyomee 3BeHO;

B State-Space - onipefienieHe TMHEWHOTO 3BE€HA Yepe3 3aJaHUE YEThIPEX MATPHII
€ro NpOCTPAHCTBA COCTOSTHU;

B Transfer Fcn - olpenencHue JWMHEWHOTO 3BEHA Yepe3 3aJaHHuE €ro
nepesaToyHon PyHKIUY;

B Zero-Pole - 3aaHue 3BeHa yepe3 yKa3aHUE BEKTOPOB 3HAUEHUI €ro MOJIKCOB
U HyJIe, a Takke 3HaueHus: Ko3QPUIMEHTa Iepeladl;

B Memory ([lamsams) BBIIIONHSET 3a/1€P>KKY CUTHAJIa HA OJIMH LIAr MOJAEJIBHOTO
BpPEMEHH;

B Transport Delay obGecieunBaeT 3aJepKKy CHUTHalIa Ha 3aJaHHOE KOJMYECTBO
Iar0B MOJIEJIbHOTO BPEMEHH, IIPUYEM HE0OS3aTeNbHO 1IETI0E;

B Variable Transport Delay no3BOJSIET 3a1aBaTh YIIPABIIEMYI0 U3BHE BEIUYH-
HY 3aJICPKKH.

E!Lihrarr: simulink3; =10| x|
File Edit Wiew Format
1
- F dufdt [+
=
Integratar Crerivative
= Aot Bu U & 1)
¥ = Lot Du s+1 5+1)

State-Space Transfer Fon Zem-Pale

] S T S

hlemony Transpaort Wariable
Delay Transport Drelay

Puc. 7.44

brox Integrator oOCylECTBISICT WHTETPUPOBAHME B HENPEPHIBHOM BPEMEHU
BXOAHOU BeaM4YnHbI. OH UMEET TaKhe napameTpbl HacTpauBaHus (puc. 7.45):

B 10KIII0OUEHUE JOTIOJHUTEIBHOTO yIpaBistoniero curnana (External reset);

B onpeneneHre HCTOYHUMKA (BHYTPEHHUN WM BHELIHUN) yCTAHOBJIECHUS
HAYaJIbHOTO 3HAYCHUSI BBIXOHOTO curHana (Initial condition source);

M pHavanpbHOE 3HAYCHUE BBIXOAHOW BenuuuHbl ([nitial condition), 3Ha4YeHHE
BBOJUTCS B CTPOKE PEAAKTUPOBAHUS WIIM KaK YUCII0BAsA KOHCTAHTA, UM B BUJE
BBIPAXKEHUS, KOTOPOE BBIYUCIIAECTCS;

B Grnaxok Limit output (Ocpanuuenuss ucXxoOH020 3HAYeHUs) OTPENENsIeT, OyIyT
JIY UCTIOJIb30BAThCS CAEAYIoUME 3 mapaMeTpbl HACTpPauBaHUS,

B BepxHee NpejesibHOe 3HAaUeHNE BRIXOAHOU Benunuunbl (Upper saturation limit);,
M0 YMOJTYAHUIO - HE OrpaHuy4eHo (inf);
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B HuKHEe IpeiesIbHOE 3HAUYCHHE BBIXOJAHOU BeuuuHbl (Lower saturation limit);,
110 YMOJTYAHUIO TMapaMeTp UMeeT 3HAYCHHS (-inf);

B Gnaxok Ilokazams nopm nacviwernus (Show saturation port);

B Gnaxox lokazams nopm cocmosanus (Show state port);

B jonmycTumasi TpejesibHas BeIMYMHA a0COMIOTHOW morpemHoctd (Absolute

tolerance).
Block Parameters: Integrator i |
— Integratar
Continuous-time integration of the input zignal.

— Parameters
Esternal reset: Inune j
Initial condition source: Iinternal j
Initial condition;
E
[ Limit output

| pper saturation limit;
finf

LLowwer, saturation limit:
B

[T Show saturation port
[ Show state port
Abzolute tolerance:
Iautu

QK I Cancel | Help Apply |

Puc. 7.45

[Tapamerp External reset MOXET NPHUHUMATh TaKWe 3HAYCHHs (CM. €rO BbINa-
JAI0Iee MEHIO):

none - TOMOJHUTEIBHBIN YIIPABIISIOMINN CUTHAT HE UCTIONb3YETCS;

rising - Ul yIpaBIeHUS UCTIOIb3yETCS HApacTAIONIUN CUTHAT,

falling - nyis yripaBJIeHHS UCIIOJIb3YEeTCs YOBIBAIOIIMI CUTHAT,

either - Ha paboOTy OJOKa BJIMSIET U3MEHEHUE YIPABIISIONIEIO CUTHAIA B JIOOOM

HaIlPaBJICHUH.
[Tapamertp Initial condition source npuHUMAET OJHO U3 JBYX 3HAUCHUIM:
internal - WCHONB3yeTCs BHYTPEHHEE YCTAaHOBKAa HayalbHOTO 3HAYEHUS

BBIXO/IHOH BEJIMYUHBL;

external - yCTAaHOBIICHUS HAYAIBHBIX YCIOBUH OyAET OCYIIECTBIIATHCS U3BHE.

Ecnmu  BeIOpaHHBIC TMONB30BAaTENEM 3HA4YCHHWs] OJTUX JBYX IapaMeTpOB
NPEINOoNaraloT HaJIW4Yue JOTOTHUTEIbHBIX BXOJIHBIX CHTHAJIOB, TO HAa TpadUIecKOM
n300pakeHnH OJI0Ka TOSIBJISIOTCS JOMOJHUTEIBHBIE BXOIHBIC TIOPTHI (ITOCTE HaXaTHS
KHOTIKU Apply B okHe HacTpauBanus 0y10ka). Ecinu dnaxok Limit output ycTaHOBIECH, TO
IpU TIEPEeXO0Jie BBIXOJHOTO 3HAYCHHUS HMHTETPAaTOpa 4Yepe3 BEPXHIOK WM HIKHIOK
IpaHUIly Ha JOMOJHMUTEJIBHOM BbIXOJEe  Ojnoka (saturation port) QopMmupyercs
CIMHUYHBIA CUTHAJ. YTOOBI 3TOT CHUTHAJI MOKHO OBLIO HMCIIOJIB30BATh JIsl YIIPABICHHUS
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pabotoit S-moaenu, dbaaxox Show saturation port TOJKeH ObITh BKIIOUEH. [Ipu aTom
Ha rpad@uuecKoM H300pKEHUU OJI0OKa MOSBISETCS 0003HAYEHHWE HOBOTO BBIXOJHOTO
opTa Ha MpaBoOil CTOpOHE M300pa)keHus OJIOKa-UHTErpaTtopa. Y CTaHOBIECHHE (Iaxka
Show state port Takxe NPUBOJIUT K MOSABICHUIO JOMOJHUTEIBHOTO BBIXOJA State port
0sioka (OH BO3HMKAET, KOHEUHO, HAa HIKHEH CTOpoHEe u300pakeHus: Oyioka). CurHai,
KOTOPBIN MOAAETCs Ha 3TOT MOPT, COBMAAAET C IJIABHBIM BBIXOAHBIM CUTHAJIOM, HO, B
OTJIMYUE OT HETO, MOXKET ObITh UCIIOJIB30BAH TOJIBKO JIJISl IPEPhIBAHUA anreOpandeckoro
[UKJIA WIH JIJIS1 COTJIACOBAHMS COCTOSIHUS MOICUCTEM MOJEIIH.

Hcnons3oBanue 050k0B-3BeHbEB State-Space, Transfer Fcn u Zero-Pole siBins-
€TCsl JIOCTATOYHO SCHBIM IS T€X, KTO 3HAKOM C OCHOBAMH TE€OPHHM aBTOMATHYECKOTO
yIPaBIICHHUS.

biiok Memory (Ilamsmy) BBINOTHSAET 3a[€PKKYy CUTHAJIA TOJIBKO Ha OAWH Iar
MOJIENTLHOTO BpeMeHHu. biok mmeer nBa mapamerpa HacTpauBaHusi: [nitial condition
(Hauanvhoe ycnosue) 3adaeT 3HAYEHUS BXOAHOTO CHUTHAJa B HAYaJdbHBIA MOMEHT
Bpemenu; Gnaxok Inherit sample time (Hacnedosanmue waea epemenu) TO3BOJSET
BBIOpaTh BEIMYMHY TPOMEXKYTKAa BpPEMEHH, HAa KOTOPBIM OyJeT OCYIIECTBISITHCS
3a/iepKKa CUrHana:

M cciv (IaXOK CHAT, TO UCIOJIB3YeTCsl MUHMMAalIbHAs 3auepikka, paBHas 0,1

€AUHULIBI MOJIEIIBHOTO BPEMEHH;

B cciu (piIaKOK YCTaHOBJICH, TO BEJIMYMHA 33JIEPKKH paBHA 3HAYCHHIO TUCKPETY

BpEMEHU 0JI0Ka, KOTOPbIM IpeamecTByeT 010Ky Memory.

brnox Transport Delay o0ecrieunBaer 3aJepKKy CUTHaJa Ha 3aJaHHOE
KOJIMYECTBO IIaroB  MOJEIBHOTO BPEMEHH, MpPUYEM HEoOsA3aTesIbHO  IIeJIoe.
HacrtpauBanue 6;10ka MPOMCXOIUT MO TPEX MapaMeTpam:

Time delay (Bpems 3a0epowcKu) - KOJIMYECTBO IIArOB MOJEJIBHOTO BPEMEHU, HA
KOTOPBIN CJeAyeT 3a/iepKaTh CUTHAIL; MOKET BBOJUTHCS WIIM B YUCIOBOM (popme, Win B
(dopMe BBIpAKEHHUSI, KOTOPOE BHIYUCIIAETCS,

Initial input (Hauanvnoe 3navenue 6xooa) - o ymoiidanuto paBusercs 0;

Initial buffer size (Hauanonoui pazmep 0ygepa) - odbem namsitu (B Oaiitax),
KOTOpBIN BbIIENsIETCS B paboyem npocTtpanctse MatLAB st coxpanenus napameTpoB
3a/Iep>KaHHOT0 CUTHAJIA; IOJKEH OBITh KpaTHOM A0 8 (1o ymomyanuto - 1024).

bnox Variable Transport Delay 103BOJSIET 3a/1aBaTh YIPABISIEMYIO U3BHE BEJH-
yuHy 3a7epkku. C 3TOH 1enbio GJI0K MMeeT AONOIHUTENbHbIN BXoa. [logaBaeMblil Ha
HEro CUTHAJI ONpEeIEsieT MPOJOIKUTEIBHOCTD 3aICPHKKU.

7.1.6. Paznea Discrete

Panee paccMoTpeHHbIe pazfenbl OMOIMOTEKH MO3BOJISAIOT (GOPMHPOBATH HEMpe-
PBIBHYIO JAMHAMH4YecKyro cuctemy. Pazpen Discrete conepX ut saeMeHTHI (OJIO0KH),
NPUCYIIUE TOJILKO JUCKPETHBIM CHCTEMaM, a TakKe Te, KOTOpPbIE MPEeBpAIllalOT Hempe-
PBIBHYIO CHUCTEMY B JUCKPETHYIO (puc. 7.46):

B Unit Delay - 610K 3a7iep>KKU CUTHAJIA;

B Discrete-Time Integrator - TUCKPETHBIN UHTErPATOP;

B Zero-Order Hold - >xctpanoisiTop HyJIEBOTO MOPSIIKA;
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B First-Order Hold - >xcTpanosiatTop nepBoro nopsiaka;

B Discrete State-Space - Onox 3agaHusi JUCKPETHOTO JIMHEWHOTO 3BE