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AHHOTaLNA

Kuura nocpsitena 15-i Bepcuu nomyJisipHOro Maremaru4deckoro rnakera Mathcad.

W3znanme cocrout m3 4-x yacreil. B mepBoil wactu coiepkarcsi cBeieHHs, HEOOXOJUMBbIE Ul Havana paboThl B
Mathcad u pemreHuss OOJBIIMHCTBA INPaKTHYECKUMX 3amad. Bo BTOpoil dacTm paccMmarpuBaroTcsi Bce
BBIYHCIINTEIbHBIE BO3MOKHOCTH Mathcad, ucnosp30BaHre BCTPOCHHBIX (DYHKIHH, CIIOCOOBI BhIYMCIeHHH. Tperhbs
YacTh ONKCHIBACT BO3MOXKHOCTH IIOJTOTOBKHM JIOKyMeHTOB B Mathcad. UerBeprass 4acTb COJEp)XUT IepedeHb
MIpUMEpOB pelieHus 3a1ad B Mathcad.

Kawnra npemHazHadeHa i Bcex moib3oBareneld Mathcad, kak HAUWHAIOMIKX, TaK M OINBITHBIX, M OyAET IOJe3Ha
CTyICHTaM, HH)KEHEpaM M HayYHBIM paOOTHHUKAM.

BHUMAHUE

BaskHeliliee NpuIokKeHNe KHUTM — 3TO 3JIEKTPOHHAs KHHUIa, BCTpauBaeMas B obonouky Mathcad. OHa conepxut
MPUMEPBI UCTIOIB30BAHMUS BCEX BCTPOCHHBIX (DYHKIUH, MPOrpaMMBI PEIIeHHUs 56 MPUMEepOoB, yKa3aHHBIX B 4-if 4acTi
KHUTH W MOSCHEHMS K HHUM. ODIEKTPOHHAas KHUTA — 3TO HHCTPYMEHT OBICTPOTO H3TOTOBJIEHHS IPOrpaMM
HOJTE30BAaTENIS JIIOOOH CIIOKHOCTH.

DJIeKTPOHHYI0 KHUTY M JIPyrue moJjie3nbie (pailjibl Hy:KHO ckayaTth B UHTepHeTe ¢
caiita apropa http://emakarov.nsknet.ru



[Mpegucnosune

OcHOBHOE Ha3Ha4YeHHE 3TOH KHUTM IIOMOYb IIOJB30BATENsAM OBICTPO CO3[4aBaTh CBOM
pacdeTHbIe POrpaMMEl JIF000it ciaoxuocTH. C 3TOMH IeNbI0 KHUTa pa3onTa Ha 4 JacTu.

Yacts | npenHa3HaueHa 1yis TeX, KTO BriepBble crasikuBaercsi ¢ Mathcad. 3xech conepikarcs
OCHOBHBIC CBEJICHUS, HCOOXOIMMBIC U JIOCTATOYHBIC [T PELICHUST OOJIBIIMHCTRA 3a/1a4.

B wactu Il conmepxarcst moapoOHble cBeneHusi 000 Bcex Bo3MoxkHOcTsix Mathcad, Ha
KOHKPETHBIX TIPHMEpax paccMaTpHBAIOTCS OCOOCHHOCTH MCIOJIB30BaHUS BCTPOEHHBIX
(yHKIIMIA, OCHOBHBIE IPUEMBI ¥ CHOCOOBI BEIYMCIICHHH.

B wactu I1I paccmatpuBaroTcsi BO3MOKHOCTH OATOTOBKU TOKyMeHTOB Mathcad.

Yacts [V xHUTH cOOep XUT 56 IPUMEPOB pelIeHUs] HHKCHEPHBIX 3a1a4 B Mathcad.

BHUMAHUE

Baxmneiimeil yacThio KHUTH SBJISIOTCS JIEKTPOHHAsl KHUTA, BCTpauBaeMas B 00OJIOUKY
Mathcad. Ona cogepxxutr Mathcad-mporpaMmbl  HCIIOJB30BAaHUA BCEX BCTPOCHHBIX
(yHKIMI 1 BceX ONMMCAHHBIX B KHATE IIPHMEPOB.

[lpn HamWcaHMW KHUTH s OTOLIEN OT TPAAMUIHOHHOTO OIMCAHUS MEHI0O U TaHelNeH.
Unrepdeiic Mathcad — oObryHbIH, TpaauuMoHHBIA aast  Windows-npritoKeHui.
3HAKOMCTBO C MEHIO IPOMCXOAUT BO BpeMs paboThl ¢ mHpuiIokeHneM. [loscHeHus K
OT/EbHBIM ITYHKTAM MEHIO JAI0TCS M0 Mepe HE0OOXOIMMOCTH UX HCIIOJIb30BaHMUS.

Mathcad n ero BO3aMOXHOCTHU

Mathcad co3nman pa3paboTuMKaMu Kak MHCTPYMEHT paOOThl pacyeTYnKOB-UHKeHepoB. OH
He TMpeJHa3HaueH Uil NpO(EecCHOHANBHBIX MAaTeMaTHKOB — Ui HHUX €CTh Jpyrue
CHCTEMbI, JICHCTBYIONIIME B OOJAcCTSIX CHMBOJBHOM MaTeMaTWKH M MaTeMaTHYeCKOH
CTAaTHUCTHUKH.

Bpewmst oT BpeMeHH BBIXOIAT HOBBIE Bepcuu Mathcad, HO OHH ITOYTH HE T00ABISIOT HOBBIX
(GYHKIHMHA, HOBBIX PACUYETHBIX BO3MOXKHOCTEH. 3aTO JOOABIAIOT HOBBIE OTPAHUYCHUS,
HOBEIE CJIOKHOCTH B HCITONIb30BannK Mathcad.

Ha wmoii B3 myumeit u3 Bcex Bepcuii 0su1 Mathcad 11. [locneayromue Bepcuu B CBS3H €
nepexogoM Ha Net-TeXHOJIOTHH CTald ropasno 0ojice MEAJICHHBIMH B pabore. B Hux
MOsIBUIIACh Macca HOBBIX orpannueHuid. [Tocnennue Bepcun Mathcad 14 m Mathcad 15 no
CBOMM BBIYUCIHUTCIBHBIM BO3MOXHOCTAM a6COH}OTHO OAUHAKOBBI. HpI/IHTHO, YTO OHH
«pycuduipoBanb». [TyHKTEI MEHIO B HUX 3alHcaHbl Ha pycckoM s3bike. B Mathcad 15
BKJIFOYEHO PYKOBOJICTBO MOJB30BATENs HA pycckoM si3bike. Ho Bece crathu B pasmene Help
(ITomorp) HamMCaHBbI MO-TIPEXKHEMY Ha aHTIIMHCKOM SI3BIKE.

Ha oxnoM xommbrorepe MoryT paborath ase Bepcun: Mathcad 11 u Mathcad 14 nim 15,
Mathcad 13 u Mathcad 15. ve MmoryTt BMecte paboTtars Mathcad 14 u Mathcad 15.

BHUMAHUE

Ilpu ycTaHOBKE IBYX BEpCHil Ha KOMIIBIOTEp BHauaje CTaBUTCS Ooyiee cTapas BepcHs,
HanpumMep, Mathcad 11, 3arem HoBast Bepcus. B mpoTuBHOM citydae co cOosmMu OyayT
paboTaTth 00e BepCHIL.

Mathcad B coBpeMeHHOM BHE HE NpeAHA3HAYECH M Ul MPOTPaMMHPOBAHUS CIOKHBIX
3aja4 — JUIst 3TOro ecTh cucrema Mathlab, si3piku nporpammupoBanus Fortran u C++. On
CO37aBaJICd KaK MOIIHBIM MUKDPOKAaIbKYJIATOP, IO3BOJAIOLIUN JIETKO pEllaTh PYTHUHHBIC
3aJjauyl MH)XEHEPHON TPaKTHKH, EXEIHEBHO BCTpeyalouuecss B padoTe: pellieHue
ypaBHEHMH anreOpanveckux Wik IudQepeHIHanbHbIX ¢ MOCTOSHHBIMU U TEPEMEHHBIMH
napaMeTpamy; aHanu3 (YHKIHHA, TTOMCK UX AKCTPEMYMOB; YHCIICHHOE M aHAJIUTHYECKOe



muddepeHIMpOBaHNEe W WHTETPUPOBAaHUE, BHIBOA TaOMHMIl W TpPaguKOB IPH aHAIN3E
HalJCHHBIX PELLICHUH.

I'maBHpIMM nocToMHCTBaMM Mathcad M ero KoJoccajibHBIM ITPEUMYILECTBOM Iepent
JpPYTHUMH  pacueTHBIMM  CPEIACTBAMH  SIBJIAIOTCA  JIETKOCTh M HAIJSIHOCTh
NpOTrpaMMHUPOBAHUS 33]]a4l, OTOOPAKEHUE CIOXKHBIX MaTeMaTHUYECKHX BBIPRKEHHUH B TOM
BHJE, B KaKkOM OHHM OOBIYHO 3alMCBHIBAIOTCS Ha JIUCTE OyMmaru, TO €CThb OTCYTCTBHC
CHELMANbHOrO S3blKa MPOTrPaMMHUPOBAHUS, MPOCTOTA MCIOJIb30BAHUSA, BO3MOXKHOCTH
coznanus cpeacreamu Mathcad BBICOKOKaYeCTBEHHBIX TEXHUYECKUX OTYETOB C TaOJIMIIAMHU,
rpaduKaMu B TEKCTOM.

Mathcad 3aBoeBai oIy IsipHOCTE BO BceM Mupe. VM nonb3yrores B pabote cBbime 0,5 MitH
YeJoBeK. Yke B IepBhIX Bepcusix Mathcad mosBuiace IHCKpeTHas IIepeMEHHas,
HO3BOJIAIOIIAs. OXHOBPEMEHHO HaXOAWTh 3HAUCHUS (QYHKLUMH UL LEJIOTO psna 3HAYCHHH
HEPEeMEHHOM M Ha OCHOBE IOJYYCHHBIX Pe3yJIbTaTOB CTPOUTH TaOIMIBI U Tpaduku Oe3
NPUMEHEHHs OIepaTopoB MporpammupoBanus. [Ipu nocrpoennu rpadukoB MoBepXHOCTEH
MOXHO CO37aBaTh IIOYTH TIPOW3BE/CHHs HCKyccTBa. JloBeneHa 10 JIOTHYECKOTO
3aBEpUICHUs] BEJHMKOJIEMHAs (YHKIMS peuieHus IudQepeHnanbHbIX — ypaBHEHHH
Odesolve.

Ha stom oHe B mosiHOM 3a0BEHHM HAXOAUTCS paszel nporpammupoBanus B Mathcad. Io-
BUAUMOMY, O3TOT pa3[ell H3HAYaIbHO OBUT 3aayMaH JUisi CO3JaHUSl HECIIOKHBIX
MPOTPaMMHBIX MOJIYJIEH, HEOOXOAMMBIX JIIsi MHOTOKPATHOTO BBIYHMCIICHHS HEOOJBIIUX
pacyeTHbBIX OJOKOB U3 HECKOJIBLKUX OMEPATOPOB.

Ha ocHOBaHMHW JHYHON NPAKTUKH Sl XOYYy B OTOH KHHIE IOKa3aTh, YTO Ja)X€ B TAKOM B
o0IIeM-TO  3a4aTOYHOM COCTOSIHHM TIporpammupoBanuss Mathcad B cocTosHumN
3aIpOrpaMMHUPOBATh M PEIIUTh 331241 a0COIIOTHO JIIO0O0M CI0XKHOCTH.

Kpome wmenkux Henopabotok B Mathcad ecth [Ba CylIecTBEHHBIX HEJOCTATKa,
OTPAaHUYHBAIOIINX €TO MPUMEHEHNE B KAUECTBE CPEICTBA IPOTPAMMHUPOBAHMUS:

1.  OrtcyTcTBHE BCTPOSHHBIX CPEICTB OTIAAKH IIPOrpaMM, KOTOPHIE €CTh B IPYTHX SI3BIKAX
MIPOrpaMMHPOBAHUS,

2. HenmocratouHasi CKOPOCTb PacYeTOB.

NMPUMEYAHUE

B Mathcad 13 mosiBunuch cpeacTBa oTiaaku mporpamm: manens Debug u QyHkuum
trace u pause, — HO peaabHON MOMOIIY B OTJIAKE IPOrPaAMM OHH HE OKa3bIBAIOT.

Hexoropsle pekoMeHamu 1o yckopeHuto pacuetoB B Mathcad npusenens! B riase 9.

Ha nporspkenun psiga niet st ucnonb3yto Mathcad [uist mpoBeeHUs! CIIOXKHBIX MHXCHEPHBIX
pacueToB, IIpenomaro cTyneHTaM psill IUCLMIUIMH MEXAHHWKH C PELICHHEM BCEX 3a/1ad B
Mathcad. B MaTeMaTH4YecKH CIOXKHBIX Kypcax, TaKHX KaK TEOpHUs IUIaCTUYHOCTH,
YHCIICHHOE peIIeHHe 000, Jaxe caMOW MpPOCTOH, 3aJadyd MOXXHO HOJYYHTh, TOJIBKO
pelIuB ee Ha KoMIbloTepe. Y 100Hee Beero 3To aenarh B Mathcad.

I'maBHOe mnpenmymectBo Mathcad — mnpocrota u ya00CTBO HCIOIB30BAHUS —
NPaKTHYECKU MCYE3aeT MPH COCTABICHUU CPABHUTEIBHO CIOXKHBIX nporpamm. Cruiouib u
psoM BO3HMKAOT mpoOiembl, Mathcad oka3piBaeTcss HEe B COCTOSHHMM DELIUTH
JJIEMEHTapHbIe TIPUMEpbl. Bpojie Bce IPOCTO M 3arMcaHo BEpHO, a pacyeT He MOJTydaeTcsl.
[Mocne nnmuTenbHBIX pa3MBINUICHWH OMIMOKAa Bcerja OOHapyXXMBaeTCs W 4alle BCEro
OKa3bIBaeTCS NPUMHUTHBHOM, HO Ha OTJIAJIKy JTOKYMEHTA 3aTPAaunuBacTCsl Macca BPEMEHH.

ITome3oBatenn Mathcad — cTyneHTHI U HHXKCHEPHI, HE MOTYT MO3BOJHUTH ce0e HECKOIBEKO
JHEH KOpHETh Hal OTJIAJKOM MporpaMM. BBIXOIOM W3 MOJOKEHHUS CTaHOBUTCS cOOpPKA
cOOCTBEHHBIX NPOrPaMM M3 IOTOBBIX H OTJIAXKEHHBIX ()parMeHTOB pacderoB. [[is
9TOTO IpeAHa3HAaYCHA JICKTPOHHAS KHUTA, KOTOPYIO HA/IO CKayaTh N3 MHTEPHETA.

CucreMa BJIOXKEHHBIX OIJIABICHHI CO CCHUIKAMH IIO3BOJIET IIPAKTHYECKH MIHOBEHHO
HAWTH HYXHBIH (parMeHt, CKOMMPOBaTh ero B Oydep oOMEeHa U BCTaBUTh B CBOIl paboumii
JOKyMeHT. OcTaeTcsi MOANPaBUTh BCTaBJICHHbIE ()ParMEHTHl B COOTBETCTBHU CO CBOMMH
HUCXOJHBIMH J[TaHHBIMU H 0603Ha‘{eHI/I$[MI/I, CBA3aTb UX MCKAY CO6OI>II o CMBICTTY — U



JOKYMEHT TOTOB. TakOW METOJ «3JEKTPOHHBIX KYOHKOB» MO3BOJSET MHOTOKPATHO
YMEHBIIUTH 3aTpaTbl BPEMCHU Ha CO3JaHUEC M OTJIAaJIKy paCUCTHBIX IPOrpaMM, BO3Bpalias
Mathcad npoctoty 1 y100CTBO UCIIOJIE30BAHUS.

HoBoe B Mathcad 15

IMTocne nokynku B 2006 roxy dupmsr Mathsoft ¢pupmoiit PTC usmeHHI0OCH CTpaTernyeckoe
HaripaBjeHue passutus Mathcad.

Y ¢upmer PTC Mathcad He siBnsiercst riaBHBIM NPOAYKTOM. OCHOBHBIMHU ITPOTYKTaMH
¢upmsl seistrorest maker Pro/ENGINEER, Windchill u Arbortext, npeanazHaueHHbIE U1
ABTOMATHUYECKOTO MPOEKTHPOBAHUS KOHCTPYKIMH M CONPOBOXKCHUS IIPOEKTOB, CO3/IaHUS
TEXHHYECKOM NOKyMeHTanuu, oOMeHa wuH(popMmanned W OOBEAMHEHUS pasIUIHBIX
MPOEKTOB.

®upma PTC mpexae Bcero 3aHsuiach MHTETpaIeld cCBOUX MpoaykToB ¢ Mathcad, octaBus
0e3 BHUMaHUS MaTeMaTHyeckoe pas3BuTHe makera Mathcad, u pemmna co3gaBaTh
MPUHIMIHAIBHO HOBBIN TakeT Mathcad Prime, pe3ko oT/IMUarOIUiACsA OT TPAAUIHOHHOTO
Mathcad npesxzie Bcero HeoObIUHBIM HHTEpdelicoM U HabopoM (yHkuuii. [lepBoiii BbITyCK
Mathcad Prime BbI3Bas1 pe3ko OTpUIaTENbHBIH OTKIHMK nosb3oBareneil. Torga PTC pemmta
Ha BpeMsi BEpHYThCS K crapoMy Bapuanty Mathcad, BeimyctuB B 2010 rogy Mathcad 15, ne
N00aBUB B HETO MPAKTHYECKU HUYEro HOBOTO Mo cpaBHeHHIo ¢ Mathcad 14.

Bor, uto ckazano o Mathcad 15 B pexnnamuom npocriexre ¢pupmsl PTC

Omnmncanue: Mathcad® 15.0 Bkmrowaer 25 (yHKIMOHANBHBIX OOHOBIICHHH, YIyUIICHHBIE
pacueTHble OMONMOTEKM W PACIIMPEHHYIO WHTETPAMI0 C PEHICHHSIMH CTOPOHHHX
MPOM3BOUTENICH, HampuMmep ¢ TnocienHeld Bepcuedt Microsoft Excel. TpamgummonHO
Mathcad® 15.0 mpeBocxoaHO MOAIECPKUBAaET pabOTy CHCTEM aBTOMATH3WPOBAHHOTO
npoektupoBanus, Hampumep, Pro/ENGINEER®, a Takxke nporpaMMHOE pelIeHHE [Uist
ynpasienusi maHHeIME 0T PTC — Windchill® pmns kpymHBIX KOMIAHHH M Takoe e
pemieHue Ui cekropa cpeaHero u manoro OusHeca — Windchill ProductPoint®. Yro
IMO3BOJIACT IIOJIB30BATCIIAIM  JIYUILEC YIIPABIATH KPUTHUYECKU BaAXHBIMHU WHXXCHEPHBIMU
JaHHbBIMU, YIOPOIIA€T BO3MOXHOCTH BSaHMOHCﬁCTBHH KOMaH/bI paSpa6OT‘-H/IKOB u
MIOBTOPHO HCIIOJIb30BaTh HHPOPMALNIO 00 U3EIHH.

Hoseiit Mathcad 15 sto:

» DYHKIMK JUIS pacuyeToB 110 IUIAHMPOBAHMIO SKcriepuMeHTOB (design of experiments
(DoE)) — no6asneHo 25 HOBBIX (DYHKIWH, ITOMOTAOMIINX COKPATHTh BPEeMs, 3aTpayeHHOE Ha
HATYpHBIE JKCIEPUMEHTHI, 332 CYET IIOHUMAHMS OOIeH TEHACHLUUH IIPU HCIBITAHHSX.
[punoxenns DoE nomorarotT HaWTH KpUTHYECKHE (BAKTOPHI U ONTUMAJIBHBIC YCIOBHS TPH
UCIIBITAaHHUAX CIIOKHBIX HporeccoB. Comeprkarcsl MAOIOHBI Ul MPOBEACHUS HECKOIBKUX
9KCIICPHMEHTOB, IPH HAJMYMM HECKOJBbKUX YPOBHEH OSKCIepUMeEHTa (PeXHUMOB
TECTHUPOBAHMA) U Pa3IMYHBIX YCIOBHUH.

» YriayOnenHas uHrerpauus ¢ 6a3oit nanusix KnovelMath — ObicTpblii goctyn k 6aze mo
WH)KCHEPHBIM M TEXHHYECKHM CTaHJapTaM COKpAallaeT BpeMs IPOBEICHUS CIIOKHBIX
pacueTos.

» MHTerpanus ¢ mporpaMMHbIM obecrieueHneM Kornucopia, BBIITyCKaeMoro KOMITaHHUEH
Bodie Technology, mnpeaHa3HauyeHHOTO ISl COKpAIlCHWsS BPEMEHH W YCHIIHUH
3aTpayMBacMbIX Ha INpoBelcHHsA aHanmu3a. [IpemocTaBiss ImaGIOHBI IS PacueToOB B
Mathcad, 5TOT MOZynbh IO3BOJISIET KCIHOJB30BAaTh HApPaOOTAHHBIC IPOLECCHl IS
BCCOOBEMITIONICH OIICHKH NAHHBIX HATYPHBIX JKCIICPUMEHTOB W PE3yJbTATOB PACUCTOB.
» IlepBas mHTerpanus c 6a3oi maHHbIX Truenumbers — Truenumbers ot True Engineering
Technology mnpenocraBiser pa3paboT4MKaM JOCTYH K PasiM4YHBIM  CHPaBOYHBIM
MarepuajaM M JaHHBIM. Pesynbratel n3 Mathcad mpocto mnepenaioTcs B pas3iMyHBIC
(dopmaThl JTOKYMEHTOB, YTO 3HAYUTEJIBHO OOJErdaer mepenady JaHHBIX I10 KIIOYEBOU
LENOYKe COTPYAHUKOB.

» [Monnepxka OTepalMOHHON CHCTEMBI Microsoft Windows 7.
» [Mognepxka Microsoft Excel 2007.




C TOYKH 3pEHUS] MHXKEHEPHBIX PacyeToB HOBbIC (DYHKIMH IUIAHHUPOBAHUS DKCIEPUMEHTa
HYKHBI JIMIIb Y3KMM CIIELMAINCTaM M HE MpPEACTAaBISIOT MHTepeca sl OOJbLIMHCTBA
nonb3oBareneit Mathcad. YUToObl O3HAKOMHUTHLCS ¢ HOBBIMU (DYHKIMSIMH B CTaHJapTHOM
meHto Mathcad Bei6epure BeraBka ynkimii » [Tnan sxcnepumenta (puc.H.1).
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Puc. H.1. ®ynkimu mannpoBanus skcnepumenta B Mathcad 15

Wurerpanus ¢ 60a3amMu NaHHBIX, aHOHCUPOBAHHAS B PEKIAMHOM IPOEKTE, MPEACTaBISET
co00i1 BBIXOJ] Ha CaiiThl, coepIKalie ITU 0a3bl JaHHBIX. BBIWTH Ha HUX MOXHO MPOCTO U3
obomouku Mathcad (puc.H.2), BbiOpaB B cranmaptHoM MmeHro Mathcad MucTpymeHTHI P
Knovel, Kornucopia wiu Truenumbers.
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Puc. H.2. Unterpaius ¢ HoBeiME 0a3amu nanHbix B Mathcad 15

Hpyrux HoBuHOK B Mathcad 15 mer. K Tomy xe cam Mathcad 15 unertudunupyer ceds
kxak Mathcad 14.

PekomeHgauum no paboTte ¢ KHUrom

Wzyuats Mathcad, Tombko unrtas 3Ty KHUTY, Oecnone3no. OcBamBate Mathcad Hamo, cuns
32 KOMIOBIOTEPOM. PEKOMEHIYTO CIIeIyIOIINil CTHIIb PaOOTHL



[IpocMmoTpuTe NepBYI0 4acTh KHHUIH, 3aT€M CAaIUTeCh 3a KOMIBIOTEp M IIar 3a LIaroMm
OcBaWBaliTe OCHOBHBIE NpUeMbl paboThl B Mathcad. CBenenwmii, cogepikamuxcs B repBon
YacTH KHHTH, JOCTaTOYHO JUIS BBINOJHEHMS IIOJABJIAIONIEr0 OOJBUIMHCTBA PAcyETOB.
BHumarensHO M3yuuTe MX M IpHUCTYyIaiTe k paborte ¢ Mathcad.

OcTanbHBIE T1aBbI OKA HOHHCTaﬁTe, YTOOBI 3HaTh, O YEM TaM IOBOPHUTCA. HpI/I peHICHUA
KOHKPCTHBIX 3aJa4, Koraa CBGHCHHﬁ, NPpUBCACHHBIX B JBYX TIJlaBax nepBoﬁ 4qacTu,
CTAaHOBHUTCA HEAOCTATOYHO, O6paLI.IaI>'ITCCL K TOOCICAYOUINM TJIaBaM, a TAaKXE ITOUIIUTE
IMOXO0KYHO 3a/1a1y WM KyCOK 3aJ1a4u B BHGKTPOHHOﬁ KHUTIC.

HyxHblil BaM KyCOK HpOrpamMMbl CKONUPYHTE U3 HJIEKTPOHHOM KHUTH, BCTaBbTE B CBOM
pacdeT U NOAIPaBbTE B COOTBETCTBUH C BAIIMU JJAHHBIMH.

B Mathcad Bce omepanuu MOXHO BBINOJHHUTh, HaXKaB COOTBETCTBYIOIIYIO KHONKY Ha
MaTeMaTHYECKOW IIaHENM WM KIABUIIy Ha KlaBuaTrype. PekoMeHIyeTcs 3allOMHUTh
HauOosee 4acTo ynortpeOisemMble KIaBHIIN («ropsiyie» KIaBHIIN), YTOObI He oOparaTbes
MOCTOSIHHO K MaTeMaTHYeCKO# MaHenu. DTO COKOHOMHT BaM MHOTO BPEMEHH IpH Habope
nporpammbl. CoyeTaHue KJIABHII JUIS BBINOJHEHHs KaKOW-ITMOO oreparuy MosBIsSETCs Ha
JKpaHe pSAOM C KypcopoM IIpH HaBEAECHUH Kypcopa Ha 3HAUOK JaHHOM omepaunuu
B MaTEMaTHUECKOM MEHIO.

OT3BIBBI O JAHHOH KHHIE, MPOILIY OCTABIATh Ha caiite aBTropa www.emakarov.nsknet.ru
WITH TIPUCBUIATH 110 3JICKTPOHHOI nouTe emakarov@inbox.ru.


http://www.emakarov.nsknet.ru/

OneKTpoHHas kHura "Primer"

B mamke ¢ TEKCTOM KHHIH, KOTOPYIO Bbl YHTaeTe, HAXOIMUTCS TAKXKE DJICKTPOHHAs KHHIa
"Primer", BctpauBaemas B obonouky Mathcad. Tam xe naxomgurcs ¢aiin ReadMe. Dror
(bailn comepKUT CBeNeHUsE 00 YCTaHOBKE SIICKTPOHHON KHUTH. BBHIY BaKHOCTH 3THX
cegeHui Huke ¢aiin ReadMe npuBoauTCs MOTHOCTHIO.

ReadMe

B nmanHo# nmanke HaxoasTCs:

1. @aitn ReadMe — cBemenust 00 YCTaHOBKE 3JIEKTPOHHOW KHUTH B OOOJIOYKY
Mathcad.

2. Dnekrponnas kuura "Pacyetbl B Mathcad", BctpanBaemas B 06osnouky Mathcad,
KoTOopasi coiepkuT cBbime cra Mathcad-daitmoB. B snexTpoHHON — KHHre
CoZiepKaTCs BCe MPUMEPBI, NPEICTaBICHHbIC HA CTPAaHHLAX I[EYaTHOTO HM3OaHHUsS H
56 mporpamm perreHus 3a1ad B Mathcad,

3. '"lMpumepbl uHXeHepHbIX pacyeToB B Mathcad" - noapoOHble TOsSCHEHHS
(8 hopmare pdf) ko Bcem 56 mpumepam, MPUBEACHHBIM B JICKTPOHHOM KHHTE.

4. Caenenust 00 aBTope kHurd (B popmarte pdf).

B manke HaxonsTCs ABE OIMHAKOBBIE DJICKTPOHHBIE KHUTH, COXPAaHEHHBIE B Pa3HBIX
Bepcrsix Mathcad.

1) Mathcad 11\Primer - ¢aiiner ¢ pacmupenrem mcd, coxpaHeHbl B (popMaTe BEpPCHH
Mathcad 2000 1 xopo1o paboTaroT BO BCEX BepCHsIX, BKimodas Mathcad 15.

2) Mathcad14\Primer-xmcd - o¢aiinsl ¢ pacmupendeMm Xmcd, coxpaHeHsl B (opmare
Bepcun Mathcad 14 u MoryT GBITE OTKPHITHI TONIEKO B Mathcad 14 wmu 15.

B Mathcad 13 wm 14 npu oTkpeiTHH (aiiioB ¢ pacimupenneM mMcd y HEKOTOPBIX
TIOJIB30BATENEH HEe OTpaxaeTcsl pycckuil mpu@T (3T0 mpobiemMa He NEKTPOHHON KHHTH, a
ucropyearoro Windows). Ilpu 3amycke ¢aiiioB ¢ pacmmpenuem Xmcd pycckuit TekcT
YHUTACTCS HOPMAIIBHO.

Pe3rome: Jlnst paborsl B Mathcad 14 wnu 15 ycraHoBuTe 3nekTpoHHYI0 KHUry Primer-
xmcd. s pabotel B crapbix Bepcusix Mathcad, Brmowas Mathcad 13, Ycranosute
3IIEKTPOHHYIO KHUTY Primer ¢ pacmmpenunem daiios med.

YcTaHOBKa 3fIEKTPOHHON KHUTN

Q Jlist yCTaHOBKM SJICKTPOHHOW KHHUTH HAJ0 CKOMUPOBAaTh Mamnky primer u daiin
primer.hbk B moakaranor ycranoBku

Mathcad_XXX\Handbook (rae XXX - nomep Bepcuu Mathcad).
B Mathcad 12 u 13 noakaranor Handbook otrcyrcryer. Co3zaiite ero camu.

B pannux Bepcusix Mathcad ckomupyiite karamor primer u daiitn primert.hbk B
KOopHeBoii kataior Mathcad.

Q [locne komupoBaHus yKa3aHHBIX (aiiioB mpu OoTKpeiTHH Mathcad 3nmeKkTpoHHAsT KHUATA
MOSIBIISICTCS B CTaHIapTHOM MeHIo Mathcad

Q  Jlas OTKPBITHS SJIEKTPOHHOM KHUTH

= B cranmapraom menio Mathcad BeiGepute Help / E-books / PacueTsl B Mathcad.

B pannux Bepcusix Mathcad Beibepute Help / E-books / Open book / ykaxure myTh
K ¢aiiny primer.hbk.

B Mathcad 12 He paboTaroT OOJIBIIMHCTBO (haiyioB, CO3AHHBIX B MPEABIIYINX BEPCUSIX.

B Mathcad 13 - 15 Bce ¢aimer paboTaroT XOpOIIO, 3a HCKIIOYEHHEM OTAEITHHBIX
OIIepaTopoB.

B Mathcad 11 Bce ¢aiinbr paboTaroT umeanbHO.

B Gomee paHHHX BepcHAx Bce pabOTaeT HOPMAIbHO, KpOME (YHKIIMH, TOOaBIEHHBIX B
6oJ1ee O3 THIX BEPCHSIX.

Eciii B 3JIEKTPOHHOM KHUI'e BMECTO PYCCKOIO TEKCTa HareyaraHa abpakanabpa, u3 Mmanku
"Pycckuin wpudt" 3amycrure ¢aiin RUSFONTS.exe, nepesarpysurecs. Ecin 910 He



TIOMOJKET, 3HAYNT, TpeOyercs nepeyctanoBka Windows.

CBeageHunsi 06 3NEKTPOHHON KHUTe

Ipu BEIOOpE B cranmapTHoM Mento Mathcad Help /E-books / Pacuetel B Mathcad na
JKpaHe MOHHTOpA TOSBIISICTCS THTYJbHAs CTpaHMIA DJICKTPOHHOW KkHuru «PacyeTbl B
Mathcad» noka3zanHoit Ha puc. K.1.

B onexkTpoHHOH KHHTE cozepXarcsi BCe IPHMEPHI, INPEICTaBICHHBIE HA CTpaHUIAX
neyaTtHoro nu3gaHus. OCHOBHOE OTJIaBJIEHHE 3JIEKTPOHHON KHHUTH CONEPKUT Ha3BaHUS TJIaB
(puc. K.2). Ilemyok 5eBOi KHONKOW MBI HAa HAa3BAHWU TJIABBl BBI3BIBAET OTKPBITHE
Mathcad-caiina maHHO# T1aBHI.

PsiioM ¢ Ha3BaHUEM TJIaBbl HAXOJTCS JIBE KHOMKH, 1€Mbl u PUCYHKU. Beibop oxHO# 13
HHUX BBI3bIBACT MOSBJICHHE BJIOXXCHHOTO OIVIABICHUS C NEPEYHEM TEM, PACCMOTPEHHBIX B
stoit riaBe (puc. K.3), wim crnmcka puCyHKOB 3TOH TiaBbl. KakIplii 3aroJOBOK CBS3aH
CCBUIKOM C COOTBETCTBYIOIIMM (parmenToM Mathcad-nokymenra.

B mwxnelr uactu puc. K.2 u3o0paxeHbl HOCIEeTHHE CTPOKH OCHOBHOIO OIJIaBJICHHS
3JEKTPOHHOM KHUTH. Tam HaxoasaTcs 1Ba BaXKHBIX ITyHKTA:

0O HeTpaanuuoHHble pelueHns 3agavy;
Q [MpvMepbl MHXEHEPHbIX PacYeToB.

Pazmen «[1puMepbl WHXEHEPHbIX PacyeTOB» COAEPIKUT CCHUIKM Ha 56 MNpPHUMEpOB,
Ppa3sMEIICHHLIX B SHCKTPOHHOﬁ KHHUTIC.

Pasmen «HeTpaguMUMOHHbIE peLleHus 3adadv» MpeacTaBiIsseT Cco0OH  IepedeHb
OpPHTMHAIBHBIX aBTOPCKHUX peleHuit (co cceiikamMu Ha Mathcad-daiiier), no3Bossomumx
YOPOCTUTH U YCKOPUTH pellieHre 0co00 cIoXKHbBIX 3afau (puc. K.4).

(53] KRR EHE PR ENEE ey SN a L G B O A e L ES UM LITEOT LV e j 1\3

File Edit Wiew Insert Formab Tools  Symbolics  Book  Help
fol & * Fa [l HE G

+

UmxkeHepHble pacyembl 6 Mathcad -

,D,aHHaH JNeETROHHAA KHWM COOE[MT.

1 1. PaszpaboTaHHble aBTOROM NPUMEpE

! MCMONLZ0EAHMA ONENATOROE W
BCTPOEHHELX tyHKUMiA Mathoad

2. [Npumepel venone2o0eanka Mathcad B
MHXEHEPHEIX PRCYETAX.

ABTOR 3NeKTPOHHOA kHUrM E.I Makapoe,
noueHt BITY-Boedmex, Cankr-Metepbypr.

A4NA NPpOoCMOoTRa COOe+aHHA KHUMH WENKHHWTE MEILWWEH Ha CnoBe

COIEP/KAHUE

Mpw cozaadun cobcTeerdex Mathcad-gokyMEHTOE NONEZ0BATENE
|
Press F1 for help. ALTO

Puc. K.1. TurynbHas cTpaHuna 3JIeKTPOHHON KHUTH
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File Edit View Insert Format Tools Symbolics Book Help

f} & <= X bl BEE O

HMxcenepunie pacaetsr B Mathead E|
Pazden: Cadepyoaitiig cRpEGowHIKE
Inaea 1. [locTpoeHne BeIpaXKeHHA Teusl PucyHkn
u rpadpurkoe B Mathcad
Inaea 2. OcHoBHble BozMoxHocTH Mathcad Tewsi PucyHen
naea 3. PemeHne ypaBHeHHNA Teusl PHcyHEN
naea 4. Pavota c BekTopauu n matpusamn Tewmsl PHcyHEN
maea 5. CHMBONEHEIE BEIYHCASHHA Temsl PuecyHkn
Mnaea 6. Pemenne gudppepeHunaneHelx TeMbl PHCyHER
YpaBHeHHA
Mnaea 7. ObpaboTKa 3kcnepuMeHTaneHelx  Tewbl PHCyHER
JaHHBIX
Mmaea 8. MaTemaTH4eCcKaA cTaTHCTHKa Teubl PHcyHEN
Maea 9. NporpaMuMupoBanue Teubl PHcyHER
maea 10. AHMMMaUKHA Teusbl PucyHen
|
Press F1 For help, AUTO
Mnaea 19. Hoeoe B Mathcad 13 TeMbl PHCyHER

HeTpagWUMOHHBIE pelleHWA 3aad

Mpumepkl MH#*:eHepHbIX pacveToE B Mathcad

|
Press F1 For help, AUTO

Puc. K.2. OcHOBHOE OTJIaBJIeHUE IEKTPOHHONW KHUTH (HA4aIo U KOHEIT)

{ =1 CAD - e LA =4 | AITE -~
G H R EHE T b ER e G ey b e L e S O P Ty [ ES A SO AN e i h_]

File Edit “iew Insert Format Tools Symbolics Book Help

o & ¢ T BEES 3

Huxemepusie pacyetsr & Mathead

Pazoen: Codeprcaiie cupnieoHIIRL

Mnaea 3. PelwleHWe ypaBHeEHUH  Tewuwl

3.1. dyHKunA root
3.2. PeweHne ypagHeHNA ¢ NepeMeHHEIMN NapaMeTpaMi
3.3. Haxoxmneune kopHei nonuHoua (yukuna polyroots
3.4. PeweHne cucTeM ypaBHeHHA
PemeHne cHCTEMEI YPABHEHHHA C NepeMeHHEIM NapaMeTpom
PemweHne MaTpHYHEIX YPaBHEHHI
MyTem oGpaweHnA MaTpHLULI
C novowsk dpyHkuun Isolve (Mathcad 13)
3.6. MpuonuxeHHoe pemleHHe YPAEHEHHA U CHCTEM YPaBHe HHA
3.7. HccnepoBaHue (pyYHKLHH Ha IKCTpeMyM

PABEHCTED HYNK NPOH3BOAHOH

|
Press F1 for help. ALTO

Puc. K.3. Ornasnenne Tembl 1)1 T71aBBI 3
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File Edit “iew Insert Format Tools Swmbolics Book Help

o & & E] Bl &S (=

HETpaﬂHLI,HOHHbIE PELWWEHWA 3a0aM
YCcKopeHHOe HHTerpHpoBaHie (pyHKUHN MeTonoM Tpaneuni
Monck makcHuyMa PpyHKUHH NYTEM Nepebopa 3HaYeHHA apryMeHTa
Gez y4eTa pazMepHocTei
C Y4eTOM pazMepHocTei

HWcnonb3oBaHHe BLIMHCAWTEALHOTO GNOKA =|
Given-Find B nporpammax

Hcnonb3oBaHuA I'I|1E06|1EI3OBEIHHH KoopOoHHaT
anAa H306|}H}KEHHH ,H,E{I}0|]'MH|}GBEIHHGTG Tena

PeweHne CHCTEMBI MHHEAHBIX anrebpanyeckny ypaBsHeHH ¢
NeHTeYHO MaTpHueid Koadppuunentor metonon Xonecckere MCHB

Pewenne guipipepeHunansHoro ypagHeHHA (pyHKUMK © pazpbIBaMK

ﬂByMEﬂHHH HHTEPNONAULHA Ha HEKBa,ﬂ,pﬂTHOﬁ NOBEPHXHOCTH

PuneTpaunA CHIHaNa NyTen pa3noxeHua B pag TPypee

HWcnonbsoeaHde COCTABHOTD MAcCcHBA AanA BblBGOa

ele

pPALA CKanApoE W MATPHL, M3 NPOTPAMKMHOre MOBYNA

Y4yeT pazvepHocTell B NpOrpaMuMHBIY MOOYNAX eue

Hcnonb3zoBaHHe aHHMAUKHK ONA MHOTOKPATHOTO

" - ele

PeweHnA BEIYHCAHTENBHoro bnoka Given-Find n op. =
Em ¥
Press F1 For help. AT

Puc. K.4. ABTOpCKHE «U3IOMUHKI B 3JIEKTPOHHOI KHUTE

P2 Adobe Acrobat Professional - [Mprmepei-ece. pdf]

T_. DaAn  MpasaTe  Bug  JokyMeHT  KoMMeHTapiid  CpeacTea  PaclipeHHele  OkHo  MoMolls -
g X
*EEHRE S @@y LY G N BT
\":‘ |:[b- Brifipate g: @\- la _:_I | £ | @ 3% |- & 0% v @ Nomowe -
- n EE %‘ O”L'u“"" £ o MoMiep 2. PACYET 3NeKTRMYECKOA LENW 4
% NEPEMEHHOMD TOKa ~
= E Paznoe s (Mporpamua O2-glectol med)
e wofprmumen n s E10, o
% @ Mpumep 01, MapaMeTpb CTATHCTHYECK EISE St ) e oS S ek e
M 3

E Mpumep 03, MepexofHEe NpALECCE B

Mok

El Mpumep 04, KHHeMaTHYECKHR aHaNKE
E @ Mpumep 05, AEd#eHre DEYE MALLWH N
[y Conpomuanedie Mamepuanoe

E Mpumep 05, TeomeTpHYECKHE KapakTe

Pt L1 G R 4G T GG AT TR

E Mpumep 07, MeomeTpH4eckue XapakTe i

m

B

B Mpumep 05, MeomeToHYECKHE HapakTe

E Mpumep 09, BHyTpeHHKE YCHAMA NEM | o

4 ? s o e s 1.3 v

o 4 4] sw2s |p Bl | @ J[=2H

Puc. K.5. [Ipumeps! HHXKEHEPHBIX PacueTOB

Cucrtema BIIOKEHHBIX OIJIABIICHMH T03BOJISIET OBICTPO HAaWTH HHTEPECYIOIIMi Bac
(parMeHT >JIEKTPOHHON KHHMIHM, CKONHMPOBaTh ero B Oydep oOMeHa M BCTaBUTH B CBOU
paboumnii TOKyMEHT.

[oapoOHbIe MOSCHEHHsT KO BCeM 56 MpUMepaM HWH)KCHEPHBIX PacyeToB, MPUBEICHHBIM B
3NIEKTPOHHON KHHUTE, pa3meiiieHs! B daiite MNpumepbl-sce.pdf (Mpumepbl MHXEHEPHbIX
pacyetoB B Mathcad). [list ero oTKpbITHS Ha KOMITBIOTEPE IIOJIL30BATENS JODKHA OBITh
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ycraHnoBiieHa porpamma Acrobat Reader, unn FoxitReader, unmun STDUViewer. Onna
u3 CcTpaHHuI 3Toro (aiia mokazana Ha puc. K.5. B oxme mporpammsl cieBa BeiOepuTe
nyskt 3aknagku (Bookmarks), 4ro6sr yBumers mepedeHp Bcex npumepos. Lllemdox
JeBOH KHONKONW MBIIM Ha Ha3BaHWM JIIO0OT0 TpUMepa BBI3BIBACT IOSBIICHUE
COOTBETCTBYIOILEH CTPaHUIIBI JOKYMEHTA Ha 9KpaHe KOMIIBbIOTepa.

HasHaueHne 3aneKkTpoHHON KHUMN

OCHOBHOE Ha3HAaUYEHHWE JJIEKTPOHHOW KHWIM — JaTh BO3MOXKHOCTh IOJb30BATEINIO
cobuparh cOOCTBEHHbIE IIPOrPAaMMBI U3 TOTOBBIX ()parMeHTOB.

Hamucare nporpammy pacuera B Mathcad cpaBHHTENBHO IPOCTO, HO Ha OTJIAJKY
NPOrpaMMbl YXOJUT 3HAYMTENILHO OOJbIIE BPEMEHH, YEM Ha ee HallMcaHHe, 4YTO JIMILIAET
Mathcad ero ocHOBHOTO IpeUMyIIECTBA NEPe]] IPYTUMU BHIYUCIUTEIEHBIMA CHCTEMaMH.

Korna nmonp3oBarens co3gaeT CBOIO MPOrpaMMy «C HyJII», €My HNPUXOAMTCS BBIMCKHBAThH
B KHHUTax IPUMepHI CI0Ib30BaHus HeoOXoquMbIX pyHkuuii Mathcad, a 3aTem oTiiaxxuBarh
HalMCAaHHYIO TPOTrpaMMy, YTO TpeOyeT OrpOMHBIX YCHIMH M OOJIBIIMX 3aTpaT BPEMEHH.
WHoii pa3 Ha TO, 9TOOBI NCTIPABUTH OJIHY OIMINOKY, yXOJHUT HECKOJIBKO JTHEH.

Hu onmH HOpManbHBIN 4elOBEK HE B COCTOSHHM 3allOMHUTH MNpPaBHJIA HCIIOJIb30BAHHS
BCTpOeHHbIX (yHKIM u oneparopoB Mathcad, na 310 u He TpeOyercs. B coznmanHoi
JJIEKTPOHHON KHHUI€ Ha OCHOBE OINBITA H3/aHMS MPEAbLIYIIMX KHUT M IIOCIETYOIINX
HapabOTOK TOAPOOHO, C OONBIINM KOJHMYECTBOM NPUMEPOB OIMCHIBAIOTCS BCE
BOo3MOXKHOCTH Mathcad. Onrcanue MoYTH KaXkJ0W BCTPOCHHOM (DYHKIIUH COMIPOBOMKIACTCSI
QJICKTPOHHBIMU CCBUIKAMM Ha MPUMEPLI NHKCHCPHBIX PACY€TOB,

Eme omHO cyiiecTBeHHOE 3aTpyAHEHHE s monb3oBateneii Mathcad — Bce aiinbr
nomom W npumepbl B Mathcad Hammcansl Ha aHrnmiickoM si3bike. Ho nanmeko He Bce
MOJIb30BATENI B COBEPLICHCTBE BIIA/ICIOT AHIVIMMCKAM SI3BIKOM M MOTYT pa3o0paTbcs BO
BCEX TOHKOCTSIX IPEACTaBJICHHBIX MaTepuasioB. Hemapom poccuiickue caitsl o Mathcad
OyKBaJbHO 3aIOJHEHBI TPOChOAMH MMOMOYb OTHICKAaTh pycckos3bruHb Help x Mathcad.
[pemnaraemas JIEKTpOHHAs KHHUTA SBISCTCS ITOJHBIM DJICKTPOHHBIM CIIPABOYHHUKOM IO
makety Mathcad Ha pycckoM s3bIKe.

Pa3paboTky nmporpamMMel HaJ0 HaYMHATH C 3allMCH HA JIMCTE OyMark alropuTMa PEeIIeHHs
3aJjayd B BHJE IIOCIEIOBATEJbHOCTH CBSI3aHHBIX Jpyr ¢ napyroMm ¢opmyn. [lamee c
[IOMOIIbI0 CHCTEMbl AKTUBHBIX CCBUIOK OTBICKAaThb B 3JIEKTPOHHOM KHUIE MOAXOISLIUE
NpUMEpbl MH)KEHEPHBIX pPacueTOB W HPUMEPHI HCIIOJIb30BaHHS BCTPOCHHBIX (DYHKIMIL.
HyxHble (parMeHTBl 3JE€KTPOHHOW KHHUTH CIIeIyeT CKONMMpOBaTh B CBOI paboumii
JIOKYMEHT, CBSI3aTh UX IO CMBICIIY Y BBECTH CBOM UCXOAHBIE JAHHBIE. JJOKyMEHT FOTOB.

CocraBiieHHE NPOTPaMMBl METOAOM <AJIEKTPOHHBIX KyOHKOB)» IO3BOJISIET MHOTOKpPATHO
COKpaTUThb BpEMs, 3aTPau€HHOE Ha HM3rOTOBJEHHE IIPOrpaMMBbl, 0OECIeUYMBAET BBICOKHH
ypOBeHb mporpaMmupoBanusi. Mathcad nelicCTBUTETEHO CTAaHOBHUTCSI MPOCTHIM U YI100HBIM
CPE/ICTBOM PELICHUS HH)XEHEPHBIX pacyeTHBIX 3a/1a4.
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YacTtb |. Hayano pabotkl ¢ Mathcad

B 3Tol uWacTM KHHIM HPHUBOIATCS OCHOBHBIC CBEINCHHSA, HEOOXOAWUMBIE I PabOTHI C
Mathcad. Hcnonb3ys MX, MOXKHO pemnTh IpuMepHO 95 % Bcex 3amad. BHumarenbHO
M3y4HTE UX W MPUCTyHaiTe K padore ¢ Mathcad.

[maBa 1. [NocTpoeHue BbipaXXeHumn
n rpacukos B Mathcad

Ilepen magamom paGotsl B Mathcad o3HakoMuMcs ¢ pabodnM OKHOM U COJEpKaHHEM
maHenel ynpasieHus. [lanee onuceBaroTcs manenu u okHa Mathcad 15. B mpyrux Bepcusax
Mathcad BHemHMII BUX W colepKaHWE MAaHEICH M OKOH HEMHOTO OTJIMYAroTCs OT
OTIMCHIBAEMBIX JaJICe.

1.1. MHTepdeinc Mathcad

WuTepdeiic Mathcad mo cBoelt cTpykType aHamormdeH uHTepdeiicy npyrux Windows-
MIPUJIOKEHU.

1.1.1. Pabo4ee okHO Mathcad

Ipu otkpeiTuu ¢aiina Mathcad.exe nHa skpane mosiBisiercst pabouee okHo Mathcad ¢
IIaBHBIM MeHI0O W TsaThlo  mamenmsmu: Standard  (Crammapthas), Formatting
(®opmaruposanune), Math (Maremaruueckast), Controls (Koutpoms) um Resources
(JoxymenTanus) (puc. 1.1).

Asromaruuecku 3arpysxkaercs daitn Untitled 1 (bessimsirnbiii 1), npencrasnstomniuii codoii
mabnon Normal (O6biunblii) pabouero mokymeHra Mathcad, nassiBaemoro Worksheet
(Pabounii nuct). Kpome Toro, aBromatudecku 3arpyxatotcs okxa Tip of the day (Coser
nust) u Mathcad Resource ([loxymenrarms Mathcad). Iepen Hagaiaom paboThl X HAIO0
3akpbITh. [t aTOrOo B riaBHOM MeHio Mathcad (BepxHsisi ctpoka MeHIo) BbIOpars Tools
» Preferances (Muctpymentsl b [Tapamerpsr) (puc. 1.2). Cusate ¢unaxox Show tips at
startup (IToka3biBaTh COBET [HS MPH 3arpy3ke) U IeakHyTh Ha kHomke OK.

NMPUMEYAHUE

B Mathcad 15 Ha pycckoM s13bIke HaIMCaHBI TOJILKO CTPOYKH MEHIO, OJJHAKO BCE TEKCTHI
Ha aHIIHHACKOM s3bIke. K TOMy jke OOJBIIMHCTBO MONB30BaTeled BCE-TaKH HMEIOT
aHIJIOSA3BIYHYI0 Bepcuio Mathcad, mosToMy B TEKCTe Hamled KHUTH BCE IMYHKTHI MEHIO
3alucaHbl U Ha aHTJIMICKOM U Ha PycCKOM s3blkax. Ha pucyHKax B KHHUIE TaKKe MCHIO
OyeT TO Ha OJTHOM, TO Ha JAPYTOM S3bIKE.

1.1.2. (naBHOE MeH

I'maBHoe MmeHio Mathcad 3aHWMaeT BepxHIOIO CTpOKy pabodero okHa. OHO He 3ps
Ha3bIBACTCSI TNIABHBIM. Bce HEOOXOAMMBIE NEHCTBHS MOYKHO BBIIIOJIHUTD, CICAYs MYHKTaM
3TOr0 MEHIO U MOCJIEA0BATEIbHO OTKPHIBAIOLIMXCS OKOH. BUJI [IaBHOTO MEHIO MOKa3aH Ha
puc. 1.3, 6sepxy. lllenmdok MBIIBI0 Ha JTIOOOM ITyHKTE MEHIO OTKPBHIBAET ITOJMEHIO C
nepeyHeM KOMaH/I:
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___;._‘Mathc_ad - [BearmAHHEIA: 1]

i! Dalin

D!

1l

D-SH@ SRY =@
[ 5= [§ <E Z1ap @

[100% (v @ |

Normal . |Arial

¥V & _1 - R EB

|M0|»”1 Beb-ysen

“ Mathcad [:|@“Z|

©aian  Mpaeka Big  BeTaeka  ©opMaT  MHCTRYMEHTH

EHWra  Crpagka

| ® | =@ &R

CHMBONEHEIE ONEPALIAIA

= H % @

PRODUCTS SOLUTIONS CONSULTING & TRAINING

|

PARTNERS = COMI

Hnama - Dradocte - Mathe g0

Mathcad

¢ § How Can

* 3HaeTe Ny Bbl ...

CeeneHus o MofiepKKe KIITHEHTOR, IHIIEH3HPORAHNH,
ofcimy>KMBaHHH H TeXHUHecKo# nopnepsxkke Mathcad
MOKHO HAlTH B DYKOBOJCTEE IO 00C

aHMATE F1, 4TOBEI OTEPEITE CDaERYy.

Puc. 1.1. Bunx pa6ouero okna Mathcad nmocine 3arpy3ku

MapameTpkl

| Mpeayrpes eHA || EEz20NacHOCTE CRPMATOR || A2kl

CBLLE | FPacnonoxeHme fainoe || MNapareTpel HTIL

|| Cox¥paHeEHME |

MapaMeTREl SaMyCka

OTKPEITE PECYPCHBIN LEHTR NP Z3MyCKE

MapamMeTpel KNaEMaType
QTaH,.'J,apTHue COYETaHMA KNAEMW Wy indos

KOHTEKC THO-23EMCMMEN] SH3K PEEEHCTES

[ |MoaaenTe HEABHOE YMHOMEHE

HeasEHD MCMONEZ0ESHHEE fafng

F -
MNokaszeiEaTe |9 w | MACAEgHME OTKPEITELX EIIIEIHJ'II:IEF.

HETD[:IHFI OTMEHE]

M KT, YMCND OTMEHAEMEL ASACTEMA B LOKYMEHTE: 100

4

|. oK, J| OTMEHS || Cnpaeka

Puc. 1.2. Oxno Preferences (ITapametpsr) B Mathcad 15
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Yupasnenue padounm okHoM Mathcad.

File (®aiin) — koMmaHIbI, CBS3aHHBIC C CO3JaHHEM, OTKPBITHEM, COXPaHCHHUEM,
MEPECHUTKOMN 110 AIEKTPOHHOM MMOYTE U MeYaThio Ha NpUHTEpe (PailiioB ¢ TOKyMEHTaMH.

Edit (IlpaBka) — KOMaH[IbI, OTHOCSIIKECS K MPaBKE TEKCTa (KOMUPOBAHUE, BCTaBKa,
yjaneHue pparMeHToB U T. 11.).

View (Bun) — komaH/Ipl, yIpasisioNIne BHEIIHUM BUIOM JOKYMEHTa B pab04eM OKHE
Mathcad, a Taxxe KOMaHbI co3aHus (ailioB aHUMAIIKH.

Insert (BcraBka) — KoMaH/ibl BCTABKU Pa3IMYHBIX OOBEKTOB B IOKYMEHT.
Format (®dopmat) — komanbl hopMaTHpoBaHUs TEKCTA, POPMYIT U rpadhHKOB.
Tools (MHCTpYMEHTbI) — KOMaH/bl YIPABICHHUS BHIYUCIUTEILHBIM [TPOLIECCOM.
Symbolics (CumBoIBHbIE OTIEpAIH) — KOMaH/IBI CHMBOJIBHBIX BEIYHCIICHHIA.

Window (OkHO) — KOMaH[IbI, MMO3BOJSIIOIIME YIPABIATH PACIOJIOKEHHEM OKOH C
Pa3IMYHBIMH JOKYMEHTaMH Ha SKpaHe.

10. Help (Ilomo1s) — KOMaH/IbI BEI30Ba CIIPABOYHON HH(POPMALHH.

H_ICJI‘IOK MBIIIBIO Ha MYHKTEC TMTOAMECHIO BBI3BIBACT TIOABJICHUE COOTBETCTBYIOIIETO
JHaJIOroBOro OKHa.

" Mathcad - [meHi01-3]

m ®aiAn  Mpaeka Big  BeTaeka  $opMaT  MHCTPYMEHTHEl  CMMBONBHEIE onepald  OkHo  Crpaeka

2 3 4 5 6 7 3 9 10

CraHpapTHas

D-2d gk ¥y 20 100% v| @

o TE MBS R

123 45 &7 8 % 1011 12 1314 15 1617 181% 20 21 22

1 2 £ 4 5 &6 7 8 9% 10 11 1213

MareMarueckie %]
A (] x= [2 <E Z af | | Moid BeB-ysen

Mol Bef-yaen
PYKOBOACTEA M Y YeBHA
LUMaprantka

CrpagoyHele Tabmubl
Data Analysis Extension Pack

1 23 4567 89

CONPOTHENEHME MATEDIMANOE
Wavelets Extension Pack,

Puc. 1.3. 'naBaoe menro u nanenu Mathcad

1.1.3. [laHenn HCTPYMEHTOB

[Tanenmn WHCTPYMEHTOB CIyXaT M OBICTPOrO BEHINIONHEHUS Hambojiee dacTo
MpUMeHsIeMbIX KoMaH . Buy manenei moka3an Ha puc. 1.3:

a

I'naBaoe meHto Mathcad (Ha pucyHKe BBEpPXY) — OCYILECTBJISIET ITOJHOE yIPaBiICHHUE
BCEMH IIPOLIECCAMHU, KPOME TOTO, ITO3BOJISIET BHIIOIHUATE BCE KOMaH b, 00hEIMHEHHBIC
B OCTaJIbHBIE MEHIO.

Standard (CrammaprtHast) — CIyXWT JUIS BBITOJHCHWsS JeWCTBUil ¢  (aiimamu,
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PEeOaKTUPOBAHUA JOKYMEHTOB, BCTABKU 0OBEKTOB U T. .

Q Formatting (®opmartmpoBanue) — mnpenHasHaueHa it (OPMATHPOBAHMS TEKCTa
u Gopmy.

O Math (Maremaruka) — CiOy»XuT sl BCTABKM MaTeMaTHYECKUX CHMBOJIOB
U OIIepPaToOpPOB B JOKYMEHTHI.

O Recources (J{omnomHATENBHBIE PECYPCBI) — CONCPIKUT CIUCOK DICKTPOHHBIX KHHT,
BKJIFOUEHHBIX B 00010uKy Mathcad.

Q Controls (OmemeHTs! yrpaBieHUS) — COAEPKUT KHONKHA s TOMOJHUTEIBHOTO
KOHTpoJIs paboTsl Mathcad-nokymenTa.

O Debug (Ornagka)— mnosiBuaace B Mathcad 13, ciayxuT i TpacCHpPOBKU
BBITIOJTHCHHSI TIPOTPAMM.

[Tlpn HaBexenuu ykaszaresnss MblM (Kypcopa) Ha JIIOOYIO M3 KHOIOK psIOM C Hel
MOSBISIETCS  BCIUTBIBAIONIAST MMOJCKAa3Ka — KOPOTKHHA TEKCT, MOSCHSIOIINKA Ha3HAYCHHE
KHOTIKH.

Cozepixanue mnaHenei (Kpome rIaBHOTO MEHIO) MOXKHO KOPPEKTHPOBaTh. [IpH HaBeqeHHU
Kypcopa Ha MaHellb U Ha)KaTHH MPABOil KHOIKH MBIIIH HOSBISIETCS KOHTEKCTHOE MEHIO C
neyms mynktamu, Hide (Ckpeite manens) u Customize (BbiOpare HyXHBIC KHOIKH).
Bri6pas Customize, MoxHO ymamuTh crapbie ¥ H00ABHUTh HA MAHENh HOBBIC KHOIKH W3

npeajraracéMoro Crimcka.

KpaTKO PpaccCMOTPUM TUIIUMIHOC COACPIKAHUEC HaHCHeﬁ, IMOKa3aHHbIX Ha pUC. 1.3.

CraHpapTHas naHenb
CranpaptHas manens Mathcad comep>kuT mepeducieHHbIEe Jajiee MyHKTHI:
1. Co3nanue nokymenTa Ha ocHoBe mabnona Normal (OObruHbIif).
2. Ilepedens mpenaraeMpIX Ma0IOHOB TOKYMEHTOB.
3. OrtkpseiTHe daiina.
4. Coxpanenmue (aiina.
5. [Tleuats daiina.
6. IlpocMoTp meyatu (BHI TOTOBOIO JOKYMEHTA).
7. Tlposepka opdorpadun (TOIBKO aHIIIOS3BIYHOIO TEKCTA).
8. Bripezanue oObekTa.
9. Komnuposanue 00beKTa.
10. BcraBka oObekTa.
11. OT™eHa npeabIIyIIero AeicTBys (TOJIBKO MPH BBOJE TEKCTa WA GOPMYI).
12. TIoBTOp OTMEHEHHOI'O AEHCTBUS.
13. BrIipaBHHBaHUE BBIICICHHOW TPYIITEI 00BEKTOB 1O TOPH3OHTAIH.
14. BwlpaBHHBaHUE BBIICICHHOW IPYMITEI 00BEKTOB IO BEPTUKAIH.
15. Cnmcox BCTpOeHHBIX (DYHKIMI ¥ X BCTABKA.

16. Crmcok pa3MepHOCTEH U UX BCTaBKa.



17. IlepecueT qOKyMeHTA.

18. BcTaBuUTh rUMEpPCCHUIKY.

19. BcTaBUTh KOMITOHEHT — BCTaBKa B paOOYMil TOKYMEHT OKHA JPYroro MPUI0KCHUS.
20. BcraButh Tabnuiry

21. Macmrab u ero u3MeHEHHE.

22. Orkpertue okaa Mathcad Help (CnpaBounas cuctema Mathcad).

MaHenb hopmaTnpoBaHns
[Tanens ¢popmaTupoBanust Mathcad conepkuT cieayromue myHKThI:
1. Cruns Habopa TEKCTa U POPMYIL.
2. Mpudrt, npumeHseMsIit 111 Habopa TekcTa i GopMyI.
3. Pasmep mpudra.
4. TomyxwupHbIi mpu@T.
5. Kypcus.
6. IlomguepkHyTbIi IpUQT.
7. BpIpaBHUBaHME TEKCTa IO IPABOMY Kparo.
8. BrbIpaBHHMBaHME TEKCTa MO LEHTPY.
9. BrIpaBHUBaHHE TEKCTA [0 MPABOMY Kpalo.
10. MapkupoBaHHBIH CIHCOK.
11. HymepoBaHHBIH CIHCOK.
12. BepxHuil HHIEKC B TEKCTOBOH 001acTH

13. HwxHuil HHIEKC B TEKCTOBOI 00JIaCTH.

MaTemaTtnyeckasi naHenb

MareMatuueckasi aHellb CO BCeMH MOAYMHEHHBIMH MTAHENIIMA MHCTPYMEHTOB TI0Ka3aHa Ha
puc. 1.4. lllen4ox MBIMIBIO Ha JTIOOOM K3 3HAYKOB BBI3BIBACT BCTABKY Ha MECTO Kypcopa B
paboueM JOKYMEHTE COOTBETCTBYIOLIETO STOMY 3HA4Ky CHMBOJAa WM IIa0JOHA
BBINIOJIHEHUSI MaTeMaTHYCCKOM orecpanunu.
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[ " Mathcad - [BessiMAHHEIM:1]

m Qalin [Opaska Bwa BoTaska ©opMaT  MHCTRYMEHTEl  CMMBO/EHLIE OMepalii  CkHO  Cripaska
D-W SRY | %2R0 |t mp=|8800|[o% v @
|Norma| > iAriaI

1 2

pac... &

sin cos tan In log | b 2 S0 L ] =, 0t 1w =l
i S @ o ma || o o £
GRS | RN i R xf xfy xfy
(i RS A
v 4 5 B =
i i 2 9
= b s CHMBOSIbHBIE E3]
5 7 o § v & s — . Madifiers
. £/ R S S ) float rectangular  assume
rporpamMMpo... [X] y £ o ® op o zolve simplify  substitute
Add Line = U ¢ 9K W factor expand coeffs
ir utherwise w A BT AE collect seties parfrac
for wrhile ZH®Ee I K A fourier laplace rans
hreak  continue MNGEOTI P invfourier  irviaplace  invztrans
returmn  anerror ST Y b KW R SR 1| —
[} explicit carnbine confrac
rewrite

Puc. 1.4. MaTtemaTudeckas rmaHejb

PaccMoTpuM maHenn HHCTPYMEHTOB ITOpoOHee:

1. Calculator (Kanpkynstop) — BcTaBka IaGJIOHOB OCHOBHBIX MAaTEMATHYECKUX
orepanuii, udp, 3HAKOB apr(HMETHIECKUX OTEPALIHIA.

2. Graph (I'paduk) — BcTaBKa M1abI0HOB IPadHKOB.
3. Matrix (Matpua) — BcTaBka mabIOHOB MATPHUI[ 1 MATPUYHBIX OTEpPAIInil.

4. Evaluation (Ouenka) — ormepaTopbl NPUCBOCHUSI 3HAYCHUI W BBIBOJA PE3YJILTATOB
pacuera.

5. Calculus (Boruncinenus) — BCTaBKa 11abJIOHOB nudhepeHIIMPOBaHUS,
HMHTETPUPOBAHUA, CYMMUPOBAHUA.

6. Boolean (Bynessl oneparopsl) — BCcTaBKa JOTH4ECKHX (OyJIEBBIX) OMEPATOPOB.

7. Programming (IIporpamMMupoBaHKe) — OIEPATOPhI, HEOOXOAMMBIC ISl CO3MAHHS
IIPOrpaMMHBIX MOZYJIEH.

8. Greek (I'peueckue GyKBbI).

9. Symbolics (CuMBoibHBIE OI€palii) — BCTaBKA OIEPATOPOB  CHMBOJIBHBIX
BBIYUCIICHUH.

MaHenb pecypcoB

B BemmagmaromieM MeH0 maHend Resources (cm.  puc. 1.3)  COmepKHTCA CIHCOK
JJIEKTPOHHBIX KHHT, BKJIIOUEHHBIX B IlakeT Mathcad:

Q Tutorials (PyxoBoacTBa u yueOHHKH) — 00y4eHue padote ¢ Mathcad.
O QuickSheets (napranku) — npuMepsl ucnonb3oanus Mathcad

O Reference Tables — crpaBouHbIe TaOIHIIBL.
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a Data Analysis Extension Pack — naker asst paboTsl ¢ HaOOpamu JaHHbIX.
Q Images Processing — o6pabotka uzobpaxkenuit B Mathcad.
O Signal Processing — o6pa6oTka 1u¢ppoBsIx curaanos B Mathcad.

O Wavelets Extension Pack — BomHOBbie mnpeoOpa3oBaHHsi MacCHBOB [aHHBIX B
Mathcad.

O WHxeHepHble pacdeTbl B Mathcad — osiexTpoHHass KHUTa, COJEpIKAIasCs Ha
MPUIAraeMOM K 3TOM KHHUT'€ KOMITaKT-IUCKe.

a COﬂpOTI/I BlleHVWe MaTepalioB — CIIC 0JHAa 3JICKTPOHHAs KHUI'a aBTOpa.

[pu Haxkatiu Ha KHONIKY GO OTKpBIBaeTCS OKHO CIipaBouHo# nHpopmanuu Mathcad.

[NaHenb KOHTpONNA

[anens Controls comepXUT KHONKH [AJs JOMOJHUTENBHOTO KOHTPOJSL Han paboToit
Mathcad-nokymMeHTa. OTH KHONKH TNpeJHA3HAYEHBI Uil YKpalleHHs JOKYMEHTa,
UCIIONB3YIOTCSA B KQUeCTBE CPEACTBA JHANora C I10JIb30BaTeIIeM, IS YIPaBIeHHs padoToH
MOAKIIFOYSHHBIX K JOKYMEHTY ApYrux ¢aino. VX ucmoiap30BaHie, KaK IPaBuiIo, TpedyeT
HanucaHusl nosb3oBarenbekux DDL-gaitnos. [Ipu paspadotke Mathcad-nokymeHTOB Her
HEOOXOJMMOCTH HCIIOJBb30BAaTh TAaKUE CPENCTBA KOHTpONs. B maHHOI KHHre OHHM He
paccmatpuBarotcs. [lonpoOHbEIe cBefeHUs 0 HUX conepkarcs B meHo Help (ITomomp),
paszmen Developer’'s Referance (PykoBoacTBo aiist pa3paboTUHKOB).

MaHenb Debug (OTnagka)

IManens Debug, nosBuBmiascs B Mathcad 13, coaepKuUT KHOIKH BBI30Ba HA 3KpaH OKHA
OTJIAIKM TPOrpaMM ¥  BKJIFOYCHHS/OCTAHOBKM IIpoLlecca TPAacCUPOBKU  (BBIBOJA
MIPOMEKYTOUHBIX PEe3yJIBTATOB pacyeTa Ha dKpaH) (cM. puc. 19.22).

HpI/I HaBE€CHUHN KypCOpa Ha KHOIIKY IaHEJIW HHCTPYMEHTOB IIOSABIISICTCSA BCIUIBIBAOIIAs
IMOACKa3Ka C Ha3BaHUEM OI€palruu W COYECTAHHEM KIIaBUII, HaXXaTUE€ Ha KOTOPBIC
9KBUBAJICHTHO LICITYKY 1O JTaHHOM KHOTIKE.

1.2. [locTpoeHme BbipaXXeHNn N Ux BblYUCIIEHNE

[Tepen HauasoM pabOTHI Kypcop Ha JKpaHE HMMeEeT BUJA KpecThka. B MomeHT BBOza
BBIPOKECHUSI Kypcop NpHOOpeTaeT BUJA CHHEr0 Yrojika, OOpamiISIOLIero BBOJMMOE
BeIpaKeHHE. B paboueM NOKyMeHTe BBeAMTE KakHe-TMOO OYyKBEHHBIC BBIPAXKEHHS H
NPUCBOWTE WM YHUCJICHHbIC 3HAa4yeHHs. VIMs BblpaxkeHHs (BCE, YTO CTOHMT CJIeBa OT
oreparopa MPUCBAaUBaHMs) MOKET COCTOSATh U3 JIATHHCKUX, PYCCKHUX, IPEUSCKUX U JIPYTUX
O6ykB u 1mbp, 3HaKOB momuepkuBanus (), mrpuxa (), cumBona mpouenrta (%), 3Haka
OECKOHEYHOCTH, BBOAUMBIX C KIIABUATYPBHI.

Hwmena nepeMeHHBIX U (QYHKIMH HE MOTYT HaYMHATHCS C LUQPHI, 3HAKA NOAYEPKUBAHUS,
wtpuxa, cumBona mpoueHta (%), He MOryT BKIWOYaTh B ceOs mpodensl. CHMBOI
0GECKOHEYHOCTH MOXKET OBITH TOJIBKO ITEPBBIM CUMBOJIOM B UMEHH.

BHUMAHUE

Mathcad BocmpuHUMaeT TpPONMHCHBIE W  CTPOYHBIE OYKBBI Kak  pa3lUYHBIC
WACHTH(UKATOPBI, TO K& KacaeTcs OyKB, M300paKCHHBIX Pa3IWYHBIMH IIpH(TaMU, —
3TO pa3HbIe UMEHA.

NMPUMEYAHUE

JIro0ble umena B Mathcad MOXHO 3ammcarh ¢ HCIOJL30BAHMEM HMKHEIO HHJEKCA-
KoMMeHTapus. Jlns 3Toro HaOpaB Hy)XHOE MMs, HaxaTh Kiapuiny . (Toyka). 3aTem
BBECTH C KJIaBHaTypbl HH/CKC-KOMMeHTapuii (J11060it). B Mathcad 14 omnunte HIKHUIA
HH/IEKC-KOMMEHTAapHi OT MHJEKCa JJIEMEHTa BEKTOpa HJIM MATPHUIBI MO3BOJISET TOYKA
OKOJIO HMHJIEKca-KOMMeHTapus (cpaBHUTEe Vi u V), KOTOpas BUAHA TPH BBIICICHHU

BBIPAKCHUA.
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Mathcad me nmemaer paznuuuii MEXIy MMEHAMH TEepeMeHHBIX U ¢yHKuuil. Ecian BHauame
onpenenuTh PYHKIHIO f{X), a 3aTeM MEPEMEHHYIO f, OKa)KETCS HEBO3MOXKHO HCIIOJIb30BaTh
f{x) B pacyerax rue-1u0d0 mocie onpeaeacHus /.

NMPUMEYAHUE

Mathcad 12 me nomyckaer nepeonpeneneHus 3HadeHuid ¢pynkmumit. Mathcad 13, 14,15 ero
pa3pelarT, HO MPeAyHPEkKIAlT O HEM IIOSBICHHEM BOJHHCTOW JIMHHUM MOJ HMCHEM
¢yuxunn. B oxne Preferance (ITapametpsr) (puc. 1.2), Boibpas Bxnaaky Warnings
(TIpexynpeskICHHS ), MOKHO TAKHE IPEAYIPEKACHHUS OTKIIFOUHTD.

Hexotopeie uMeHa yxe wucmoib3ytoTcs Mathcad st BCTPOCHHBIX KOHCTAHT, CIMHUIL
n3MepeHus U GpyHkuuit. IMeHa MOXKHO TIepeornpeeNiiTh, HO CIEIyeT YYUThIBATh, YTO 3TO
yHl/ILITO)KI/IT nux BCTpOCHHI)Ie 3HAYCHUA U DTUMHU KOHCTAHTAMU U (byHKLH/lHMI/I II0JIB30BATHLCA
OyIeT Helb3s.

OnepaTtop mnpucBauBaHus (=) B NIEPBbIA pa3 BhIOCPUTE HA MATEMAaTHYECKOH MaHEIH
Calculator (Kanbkynsatop). Ilo3HakoMbTeCh € COAEp)KaHHEM MaHend. [Ipu HaBeIEeHHUH
CTPEJIKH YKa3aTeJisl MBIIIA HA KaKyH0-TH00 KHOIIKY MOSIBIICTCS BCIUIBIBAIOIIAS MIOJICKA3Ka C
Ha3BaHUEM OIIEPATOPa, BBI3BIBACMOTO TIPH IIICITYKE HA ITOW KHOIIKE, M YKa3aHHEM KIIABHIIU
WIH COYCTAaHUS KIIABHUIII, HAKATHE KOTOPHIX BBI3BIBACT TO )K€ JCHUCTBHE, YTO U INEITYOK HA
KHOTIKe. B jampHeimeM orepaTop NMpUCBAaMBaHUS BBl OyIeTe HAOHMpaTh C KJIaBHATYPHI,
Ha)KaB KJIABHIIY «J1BoeTourey (1). 3amoMuHaiiTe «ropavne» KJIABUIIH!

Bce onepanun B Mathcad npoxy0nupoBansl. 11X MOXHO BBECTH:
O BBEIOpaB COOTBETCTBYIOUIUH ITyHKT MEHIO;
O HaXaB COOTBETCTBYIOIIYIO KJIABHIIY (COUETaHUE KIIABUII) HA KJIABHATYPE.

HabpaB BpluncisieMoe BBIpaXCHHE, HAKMHUTE KIaBUIIY (=) — TMOSBUTCS YHCICHHBIH
pesynbTar (puc. 1.5).

[ompoOyiite HabpaTh — Y Bac HOJYy4YuTCs X + % Jlns mpaBUIBHOM 3amucH Ha#O

HaKaTh KJIAaBHIIy IpoOena Tak, 4YTOObl YroJOK Kypcopa OXBaThlBal HYXXHYIO 4acTb
BBIDOXKCHUS (B HalleM ciydae X + y ). Jpyrod cmoco® — B3sTh BhIpa)KEHHWE B CKOOKHU

(x + y) . B HEKOTOPBIX CIy4asx 3TO MPOCTO HEOOXOIUMO.

.i_
x=5 w=3 a=10 (54 3)-10=20 (x4 3-a=80
a
s A T LI
a |:| d\:':

Puc. 1.5. [IpuMepsl TOCTPOCHUSI MATEMaTUYECKUX BBIPAKCHUI

1.3. «Uenkne» onepartopsl

C mepBBIM 3aXBaTOM «IIETTKOT0» OIIEPAaTOpa BHI YK€ ITO3HAKOMMIIMCH Ha IpUMepe JIpoOH.
«Llerkue» omepaTopsl — 3TO BO3BEICHHE B CTEICHb, W3BJICUCHUE KOPHS, 3HAMCHATENb
npobu (puc. 1.6). UTOOBI BBIPBATHCS W3 OOBATHI «IIEMIKOTO» OIEpaTropa, HAlO BEIIEIUTh
KJIaBHIIeH TpoOena WM KiaBuIIeH —> (CTPEJKOH BIPaBO) HYXKHYIO YacThb BBIPAXKCHUS,
TOTJa CIEeAYIOMas Oneparus OyAeT OTHOCUTECS KO BCEMY BBIICICHHOMY BBIPAKCHUIO.

Ha nepBbIx mopax «Iemkue» onepaTrops! pasapakaroT. Bl HaunHaeTe rnedaTars ObIcTpee U
HE BCETJa BCIIOMHMHAETE O BBIIEIICHUH HY)KHOH 4acTH BbIpakeHus. B pesynpTare B™MecTo,

2+y

HanpuMmep, ¥+ Y Ha JKpaHe TIOSBISETCS X [MoynpaxHsiiTecb BO BBEAECHUU

BBIPQKCHUH U MOJy4EeHHH UX pe3yibTaToB (puc. 1.7).

151 BO3BEIEHUA YKMCIIa B CTENEHD UCIIOJIb3YHUTE KIIaBUILY .
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Hano 3anWcaTe Tak zabbin HaMMATE I'IFII:IEE.I'II:I

i - 73977 « 10
Lk ﬁ
W.ﬁ +2=116612 x2+3f = 127696
m% e =2%28

Puc. 1.6. IIpumepsl MOCTPOCHUS BEIPAKECHHUHN C «IEIKUMI OTIEPATOPAMHU

BEIMHCNHTE CAMOCTOATENEHDO
a=3 h=>3 oo=2

2
bifa-H b
2q 4 012 B (a+ )E&h ) L9 ;
a(e - b o+ 2
o
: 1 4
\l'ﬁ+ 32012 L i
2 a b d b
\Il'ﬂ_g e-a da —a
1] da

Puc. 1.7. CamocrositensHas pabota. [locTpoeHne BBIpaXeHUH U UX BBIYMCICHHE

1.4. PepaktupoBaHune obbektoB Mathcad

PenakTupoBaHne BBENEHHBIX BBIPAKCHHUN MPOU3BOAUTCS OOBIYHBIM [UIA Bcex Windows-
TIPIIIOKECHAN CTIOCOO0M:

a

Yronok Kypcopa nepemMeniaercs o 3KpaHy KIaBUIIAMH CO CTPEIKAMH WM IETIKOM
JIEBOI1 KHOTIKM MBIIIIH B HY’>KHOM MECTE 3KpaHa.

Jlnst BBIAENEHHS YTOJIKOM Kypcopa OJHOTO CHMBOJIA HAJ0 YCTaHOBUTHb CHHUI YTOJIOK
Kypcopa, Tak 4TOObI OH OXBaThIBAJI Hy>KHBII CHMBOJI CJIEBA HITH CIIPaBa.

J1st pacimpeHus BBIJIEICHUS HA YacTh BBIPAXEHHsI UM HA BCE BBIPAKEHHUE LIETUKOM
ClIelyeT UCIIOb30BaTh KJIABMIIM CO CTPEJIKaMH WM KiaBuuly mpobeina. J[ns Beixoxa
U3 «IEMKOro» OIeparopa MNpPEANOYTUTEILHO I0JIb30BaThCs KIIABUIICH Ipooera.
Yrojok Kypcopa [OJKEH OXBAaTbIBaTh BCE BBIPAXKEHHE WM BCIO €r0 4YacTh, HaJ
KOTOPOH HAJI0 BBIMOJIHUTH KaKue-TH00 EHCTBUS.

JlJist BBIJIENICHUST YaCTH BBIPAXKEHUSI UIIH BCETO BBIPAXKEHHS HAJ0 MICTKHYTh MBIIIBIO B
Havyajle WIM B KOHIIEC BBIICISEMON YaCTH BBIPAKCHHUS W TEPEMECTHTH KypCop 0
JIpYToro Kpas, He OTIMyCKas JIEBYI0 KHOIMKY MbIIH. MOKHO HCIIOIb30BaTh
komOuHarmto kinasuin Shift+<— win Shift+—. Boyienennas yacts BhIpaxkeHHs UMeET
yepHbIiit GoH. Beinenenne B Mathcad ncmosnb3yeTes A7t BHIpE3aHUS WM KOITHPOBAHHS
YaCTH BBIPAKCHUsI, W3MEHEHHsS mpudTa, a TAKKe IS BBITOJIHCHHS CHMBOJBHBIX
BBIYMCIIEHUH C YaCTSIMM BBIPAKEHUH.

Jis BelmeneHnst OoOBEKTa WM TPYHHBl OOBEKTOB (JIIOOBIX — MaTeMaTHYECKHX,
TEKCTOBBIX WM TpadUUYeCKUX) HAI0 MICIKHYTh MBIIIBI0 Ha CBOOOJIHOM MECTE
pabodero JOKyMEHTa U PACTAHYTh MyHKTUPHBIH MPSIMOYTOJLHHUK BBINCICHUS Tak,
94TOOBI OH OXBATWJI HYXKHbIC BaM 00BeKThl. OMUH O0OBEKT IPU 3TOM OYACT BBIICICH
CHHHM YTOJIKOM Kypcopa, a Tpymmna 00beKTOB — OOBelIcHa MyHKTUPHOH paMKOH.

Bce Tpu Buza BblieNeHUs BRIpAXKEHUN MTOKa3aHbl Ha puc. 1.8.

Ecnn Hamo ymanuTh, BBIpe3aTh WM CKONMPOBaTh B Oydep oOMEHa BBINEICHHYIO 4acTb
BBIPDOKCHUS, BBIICICHHBIH OOBEKT LEIMKOM WM TPYIIY BBIACICHHBIX OOBEKTOB,
BBINOJTHUTE CIIEAYIONINE ACHCTBUS:

a

1 ynanenus (6e3Bo3BparHoro) Haxxmure kinasuiny Delete nn Backspace;
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JUISL BEIpe3aHust B Oydep ooMena HaxmuTe KHOTKy Cut (Beipesats) ¢ n3obpaxkeHnem
HOKHWI[ Ha craHmapTHod manenn Mathcad. Ipu maxatim kHOomkn Cut oGbekT
ncyesaeT u3 pabodero T0KyMeHTa, HO IepeHOCHTCS B Oydep;

JUISL KomiMpoBaHus B Oydep oOMena nHaxmwure kHonky Copy (Kommposats) ¢
n300pakeHHeM JIByX CTpaHMl[ Ha craHmaptHoi mnanenn Mathcad. [lpu Haxatuu
kuonku COpy 00BeKT ocTaeTcs B paboueM IOKyMEHTE U KOpyeTcsi B 0ydep.

JUisi BCTaBKH 00bekTa u3 Oydepa oOMeHa yCTaHOBUTE KpPecTOOOpasHbIii Kypcop B TO
MECTO, KyZa BBl XOTHTE BCTaBHTH cojepkumoe Oydepa oOMeHa, M HAKMHUTE KHOIKY
Paste (BcraButh) Ha cranmaptHoi nanenu Mathcad.

HOCKOHbe BbIPE3aTh, KOIIMPOBAThb, BCTABJIATH O0OBEKTHI MMPUXOAUTCA YaCTO, IIO0JIE3HO
3alIOMHHUTH COYETaHUI KJIAaBUI, HAXKAaTHE KOTOPBIX BBI3BIBAET 3TH JICUCTBHS:

a

a

a

a

Cut (Bsipesats) — Ctrl+x;
Copy (Komuposats) — Ctrl+c;
Paste (BcraButs) — Ctrl+v;

Undo (Ormena nipeapiayiero aeiictus) — Ctri+z.

Ot JIEHCTBHS BEITTOJIHSIOTCS COYCTAHUSIMH KJIaBHIII, PACIIOJIOKEHHBIX IO COCEACTBY, U
IIO3TOMY JIETKO 3alTOMHUHAIOTCH.

Kak u Bo Bcex Windows-IpHIOKeHUAX, BBIICICHHBIH OOBEKT WM BBIIEIECHHYIO IPYIITY
00BEKTOB MOKHO HEPETAIUTh HIIH CKOITUPOBATH C TIOMOIBIO MBIIIH. [IJIst 3TOTO clemyeT:

a

MOJIBECTH MBILIb K BBIICIEHHOMY OOBEKTY WM TPyIIe 0ObEKTOB, YTOOBI MOSBHIIACH
YyepHasl J1aI01IKa;

MPU HAXKATOW JIEBOM KHOIMKE MBIIIHM MEPEeTalluTh Kypcop B TO MECTO, KyAa HaJo
MIEPEMECTHTH OOBEKTHI,

€CITM HY’>KHO CKOIIMPOBATH BBIZEJIEHHBIE OOBEKTHI, ITOCIIE MOSBICHUS YEPHON JIaJ0IIKN
HY)KHO HaXaThb JIGBYIO KHONKY Mbimd, 3ateM kiasumty Ctrl u, ynepkuBas wux
HaXaTbIMU, IIEPETAILUTD KypPCOP B HY?KHOE MECTO.

NMPUMEYAHUE

Haumnas ¢ Mathcad 13, crano ©Oonee ymoOHO TepeTacKHBaTh OAWHOYHEIC
MaTeMaTH4eCKHe BhIpakeHus. Tenepb oanH 00bEKT NepeTacKuBaeTCs TaK Jke, KaK rpyIma
o0bekToB. Ilpn mnepedepkuBaHUM KypcoOpoM OJMHOYHOIO OOBEKTa OH BBIIEISETCS
MYHKTUPHO# pamKkoif. [lyisl mepeTackuBaHHUs €ro Ha HOBOE MECTO Telepb He Tpedyercs
HOABOJUTH KypCOp K Kparo 00bEKTa 10 HOSBICHUS YePHOH JaJoIIKH. J0CTaTOYHO BBECTH
Kypcop B 11000€ MecTo o0beKTa M IPH HAXKAaTOH JIGBOM KHOIIKE MBIIIM INEPETAIUTh
00BEKT B HY>KHOE MECTO.

COBET

Ilpu pabGore c¢ Mathcad mocTosHHO mONB3yHTECh NpPaBOi KHOMKOW MbImU. B
BO3HHUKAIOIIEM IIPU 3TOM KOHTEKCTHOM MEHIO TOSIBIISIOTCS, KaK MPaBHJIO, CaMble Hy>KHEIE
B JaHHBI MOMEHT ITyHKTbI, B YaCTHOCTH, MOYTH BCErAa MPUCYTCTBYIOT myHKTHI Cut
(Beipesars), Copy (Komuposats), Paste (Bcrasuts).

1.5. CTaHpapTHble PyHKUMK

Mathcad copepxur cBbiie 200 BctpoeHHbIX QyHKIM. Ha crannapTHO# maHenn HaxXMuTe
kHonky f(X). Bbl yBHIHMTE CIHCOK BCEeX BCTPOSHHBIX (yHKIWMH. [IpocMOTpHTE TPYMITBI
¢ynkmii (1eBbIi criucok). [llenkHyB MblbIo Ha J1I000H K3 rpymil GpyHKOUH, BBl YBHIUTE
CrpaBa NepeyeHb QYHKINH, BXOIAIINX B 3Ty TPyNITy. B 3TOM YacTH KHUTH MBI paCCMOTPHUM
He Bce (YHKIMH, a TOJNBKO TE€, YTO HCIOJB3YIOTCS B MPUBEIACHHBIX IpHMEpax.
[To3HaKOMHUTECST € OCTaJbHBIMH (YHKLIHSAMH MOXXHO BO 4acTu Il KHHTH, a Tarke Ha)kaB
kHOTKY f(X) Ha cTaHmapTHOI maHemH,
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MMCNOBEIE KOHCTAHTE| & = 2.71 a=314 =

ETaHaapTHele dyHkUMKM x=5  a:= 10

ml o2l =2 log(#) = 0699 e:{p[ij = 24121

k.1

= 19787

tan(s) = 06428 cotfa) = 1542 atan(s) = 1.471

Puc. 1.8. IIpumeps! HCHOTB30BaHNs BCTPOSHHBIX KOHCTAHT U (PyHKIUI

Haunem ¢ nByx rpymnm: Log and Exponential (Jlorapudmuueckne n 3KCIOHEHIHATBHBIE)
u Trigonometric (TpuroHomerpudeckue). [IpucMoTpuTech K HaMCAHHUIO 3THX (YHKIMN
(puc. 1.8), xoTropoe HE BCerAa COBMNAAAeT C MPHUBBHIYHOW MaTEMAaTHYECKOH 3aIlUChIO.
Has3Banusi QyHKUMI MOXHO BBOJMTH CO CTaHJAPTHOW MaHENM M3 PAaCKPHITOrO OKHa
¢ynkumit f(x), BeImEnMB Ha3BaHWe (QYHKIMM W HaxkaB KHOMKy Insert (BcraBuTe), win
HaOpaB 1Ms QYHKIIMHU Ha KJIABHATYpe B TOYHOCTHU TaK, KaK OHO 3aIlCAaHO B OKHE (DYHKIIHMH.

HaGepure 1 BEIMHCINTE HECKOJIBKO PAa3HBIX (DYHKIIHUA.

1.6. YucrnoBble KOHCTaHTLI. BBOA rpeveckux 6yks

BBeﬂeHHaﬂ C KJIaBUATYphbl JIATUHCKas 6yKBa € BHYTPU MATCMATUYCCKOI'O0 BBIPAKCHUA
03HAYaeT OCHOBaHHME HATypaibHOro sorapudma (cm. puc. 1.8) e =2,718. D10 3HaueHUE
MOXXHO OTMCHHUTh, MPHUCBOMB e JpPyroe 3HAYCHHE, HCIOJb3Yysl 3HAK JIOKAIBHOTO
MPUCBaNBaHU =, HAIpUMED: e:=2.

3HaK OECKOHEYHOCTH 00 MOYKHO BCTaBUTh ¢ MaTeMaTndeckoi manenu Calculs (co 3HakoM
UHTErpana).

YacTo UCIOIb3yeMOE B BHIPAKEHMAX YHUCIO T MOKHO HaOpaTh ¢ MaTEMATHUECKOM MaHeTH
Calculator (KasnbkynsaTop), rjie ecTbh KHOIIKA 7T, WA HAKaB aHAIOTMYHYIO KHOIKY MaHeIn
rpeuecKux OyKB.

COBET

Ects u Gonee mpocroil croco0 BBoja rpedeckux Oyks. Hanmo ¢ kimaBumatypbl HaOpaThb
JATUHCKUH aHAJOT TPEYecKoidl OyKBBI, KaK IpPaBHJIO, IEpBYI0 OyKBY B JIATHHCKOM
Ha3BaHMM Trpedyeckoll OykBbl. BBens aHamor rpedeckoil OyKBEI, CliefyeT HaxaTb
xkombuHaiuto knauin Ctrl+G. Ha skpane mosBHTCS rpedeckas OyKBa — MPOIMCHAS HITH
CTpPOYHast B 3aBUCUMOCTH OT TOTO, B BEPXHEM MM B HIDKHEM perucrpe OblI HaOpaH ee
JIATUHCKHUH aHaJIor.

I'peuyeckue OYKBBI U X AaHAJIOTH (B cKOOKAX):

a(a), B(b), x(c), 8(d), &(e), n(h), Y(g), A1), p(m), v(n), a(w), ¢(f), ©(p), Y(y), p(r), o(s),
(1), 8(q), E(x), ¢(2).

HaOepuTe HECKOJBKO BBIPOXKECHHH C TpedeckuMu OykBamu, Hampumep: 6:=2, A:=2,
sin(a) U T. 1.

BHUMAHUE

Mathcad Berumcisier BBIpaXXCHUA CJIEBA HAIIPpaBO U CBEPXY BHUS.

Ecnm xakoi-mmbo KOHCTaHTE WM TIEPEMEHHOMN He MPUCBOCHO HUKAKOTO 3HAYCHHS JIEBEe U
BBIIIIC €€ TIOJIOKEHUS Ha SKpaHe, TO OHA OKpAIIeHA B KPACHBIN LBET, YTO CBUIETEILCTBYET
00 ormmoKe.
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1.7. BBog TekcTa

Jlist BBOMAa TEKCTa B JOKYMEHT MOYKHO B TJIaBHOM MEHIO BbIOpaTh komanay Insert » Text
Region (BcraButh » TekcroByr0 00J1acTh), HO Jiyyllle BBECTH C KIaBHATYpbl CHUMBOJI "
(xaBbruka). [Ipm 3TOM Ha JKpaHe NOSBISETCS TEKCTOBas 00NacTb, B KOTOPOH MOXKHO
nevyaraTh TEKCT.

COBET

Eme myume, cMeHMB JaTHHCKMH MIpU(T Ha pPYCCKUH, IedaTaTb TEKCT MpsIMO B
MaTeMaTH4eckoil obmactu. Korma mamedarano nepBoe CIOBO, NP HaXXAaTHH KIIABHUIIH
npobena obnacTb ¢ HaleYaTaHHBIM CJIOBOM aBTOMAaTMYECKH M3 MaTeMaTHYECKOil
NpeBPAIIAETCs B TEKCTOBYIO.

B TekcTOByI0 00JIaCTh MOXHO BCTaBIISAITh MATEMATHYECKYIO 001acTh. JIJIsl 3TOr0 B IJIaBHOM
MEHIO Mathcad ciemyer BBIOpAThH KOMaH]Ty Insert » Math. Region
(BcTaButh P Marematndeckyto ob6nmactb). BcraBmeHHas ~Maremartmdeckas — O0JIacTh
Y4YaCTBYET B BBIYHMCIICHHUSX HApaBHE C JPYTMMHU MAaTEeMaTUYECKUMHU BbIPAKESHHUSIMHU.

NMPUMEYAHUE

Hauunas ¢ Mathcad 13, npu HaGope TEKCTOBOH 00JacTH B KOHTEKCTHOM MEHIO (TIpH
HaXaTHH TPAaBOW KHOMKH MbIik) npucytctByer nyHkr Insert Math Region (Bcerasuts

peruoH Gopmyim).

I[Tpm >xesaHUK BCTABJICHHYIO MaTEeMaTHYECKYI0 00JIaCTh MOXKHO OTKIIIOUUTH (puc. 1.9). s
9TOr0 LICNKHHUTE MPABOH KHOIKOW MBIIIM HA BCTABICHHOM BBIPAKCHUH M B OTKPBIBIICMCSI
KOHTEKCTHOM MeHI0 BeiOepure komanay Disable Evaluation (Otkmounts BhIumcieHue).
[ocrne 3TOro BCTaBIEHHOE MATEMAaTHYECKOE BBIPAKCHUE OyeT UrpaTh POJb HILTIOCTPALHH.

. 2
BbIMMCIMTE CAMOCTOATENEHO £(2) = sinl xf
MplMeYaHiie Ana BeibpaHHoro gparMeHTa. ..

OTOBDAKATE YRMHOMEHME KAK 4

& BepesaTh
KomMpoBaTh

CBOlMCTEA...

COATHMAMSMDOBATE

Puc. 1.9. MaremaTnueckast 001acTh, BCTaBJICHHAS B TEKCT

TekcroBoit obmactu B Mathcad mpucBoen ctmne Normal. YtoObl HAaCcTpouTh e€ro,
MpoJIENaiTe Clenyomee:

1. B rmaBHoM MeHo  Beibepute  komanny — Style » Normal » Modify » Font
(Ctums » O6b1unsi P U3mennts » Hpudr).

10. B mosiBUBLIEMCS AMAIOTOBOM OKHE BbIOepuTe HyxxHble Bam wwpudt (Font), dopmy
wpudTa (Style Font) u pasmep (Size).

B Mathcad M0>xHO BBOAWTE M PEIaKTUPOBATH TEKCT IMOYTH Kak B Word, HO BCe-Taku 3TO HE
Tak yno0Ho. O BBOZE TEKCTa peub moineT B yactu Il kaury.

1.8. dyHKUMM Nonb3oBaTens

Yno6ctBo u 3ddexktuBHOCT, pacueToB B Mathcad mnpexnae Bcero ompepensiercs
BO3MOXKHOCTBIO M JIETKOCTBIO CO3[MaHusl (DYHKIMI TMoJib30Batelns. [Ipu MHOTOKpATHOM
WCIOJIb30BAHUK OJTHOIO M TOTO JKE€ BBIpaKeHHs 0e3 (YHKIHI MONb30BaTENs MPOCTO HE
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000MTHUCE.
Bun dyukiuu noss3osarens (puc. 1.10):

ClIeBa HA36aHUe QYHKYUL (C napamempamu 6 ckobkax), crupana, ociie ornepaTopa
MIPUCBAUBAHUS (=, 8bIUUCTAEMOE BLIPAICEHUE.

[TepeMeHHbIe BEIMYMHBI, BXOIAIIME B TNPABYI0 4YacTh, MOJUKHBEI OBITh 3alMUCaHbl B
napameTpsl Mocie MMeHH (YHKIUHM. Bce BeIWYMHBI M3 NMPABOM YacTH, HE BXOMAIIUE B
mapaMeTpsl JIEBOM YacTH, JOJUKHBI OBITH 3aJaHbl YHCIEHHO JIEBEE M BBINIE (DYHKIHH
none3oBarena. B mpotuBHOM cimydae Mathcad ykaseiBaeT Ha OmIMOKY, OKpalinBas He
3aJIAaHHYI0 BEJIMYMHY B KpacHbIi [BeT. IIpu BbiAeNeHMH (YHKIMH LIETYKOM MBIIIH
MOSIBJISIETCS TEKCT coobinenus o6 omubke This variable is not definited above (Orta
HIEPEMEHHAs HE ONPEIENIEHA PAHEE).

Z

x=3 a=04 f{z)= sin[:{-za) fi(z) = | f(z)de
0
£z = Lz £(z) = & f(z)
dz o

3JECE ¥ M & - KOHCTAHTEL

Puc. 1.10. ®yHKiuu nonp3oBarens

OyHKIUSA TONB30BaTeNs He Bbaucisiercs Mathcad, a mpuHMMaeTcs kK cBereHuio. [l
BBIYMCIICHUA (YHKIMM Hago 3aJaTh YHCICHHBIC 3HAUEHHS BCEX IMapaMEeTpOB B HMMEHHU
¢yHKIMH, HAOpaTh UM (QYHKIUK U HAXATh KIABUIY = WJIN IIEJIKHYTh MBIIIBIO 110 KHOIIKE
= Ha cra”HgaptHoit manenu Mathcad nubo B MatematndeckoM MeHto Ha manenu Calculator
Toolbar (Kanbkynsitop).

1.9. [InCKpeTHbIE NEPEMEHHbIE.
MocTpoeHne Tabnuy

OmHO W3 JyYmMX TBOpeHWi co3mareneit Mathcad — 3To IuCKpeTHas TepeMeHHas,
BBINIOJHAIOIIAS POJIb omeparopa IWkia. B psme kxuur mo Mathcad ee HaspIBaroT
PamKUpPOBaHHON mepeMeHHOH. OHAKO 3TO HE JIYYIIHHA NEepeBOJX BBIPAKEHHS «range
variabley. BelpaxkeHne «IMCKpeTHas epeMeHHas, UCIIOIb30BABIIeeCs] B PAHHUX KHHUTaX,
Oosiee TOYHO OTpPaKaeT CyThb MOHATHS — AWANAa30H W3MCHEHHS IEPEMEHHOI: BMECTO
HENPEPhIBHOM IIEPEMEHHOM UCIOJB3YETCS PsJ, YHUCEN, BBICTPOCHHBIX B IOPSIKE
BO3pacTaHusl WK yObiBaHus. [IpocToTa MCIOIb30BaHUs 3TOTO orepaTopa Bocxumaer. bes
UCIIONIb30BaHMs JIMCKPETHOW MEepPEeMEeHHON ObUIO OBl OYEHb CIIOXKHO MOCTPOUTH TpadHKH,
BBIBECTH TAOJIMIBI Pe3ysbTaToB pacuera. Ecmy B (YHKIMIO TOJIB30BATENS IMOJICTaBUTH
YHCIIEHHOE 3HA4YeHHE IIEPEMEHHOM, pe3yibTaroM pacdera Oyner uucino. JluckperHas
NepeMeHHass 33JaeT psiJ 3HAaYeHHH NEepeMEHHOW, JUIS KOTOPBIX BBIYMCISCTCS (GYHKIMS
MOJIb30BATENsL. DTOT psill 3HAUeHWH (DYHKIMM MOXKHO BBIBECTH B BHAE TIpaduKa HIH
TaOJIMIIBI.

OnpeneneHre TUCKPETHOW mepeMeHHON nMeeT Buj x := (0.5, 94TO O3HaYaeT 3aJaHue psaaa
s3Hauenuit x =0, 1, 2, 3, 4, 5. [Ipumep:

f(x):=sin(x)cos(x), x:=0.5, f(x)=otser.

OTtBer BBIBOAWTCS B BHIE BeKTopa— crojbma umcen (puc. 1.11) — wmm rpaduka
(puc. 1.12).
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WZMEHMTE FOMAT YHCEN

Puc. 1.11. [{uckpetHble nepeMeHHble. UnCoBble pe3y IbTaThl BHIBEACHBI Ul (QyHKIHH,
IIpUBEACHHBIX Ha puc. 1.10

JuckperHas mepeMeHHas MOXET 3aJaBaTh Kak Ielble, TaKk W APOOHBIE 3HAYCHHS
MEPEMEHHOM, HO 00513aTEIbHO PABHOOTCTOSIIME APYT OT ApyTa, HApUMep:

Q x:=0.5— paxauensx uncen ot 0 10 5;

Q x:=111..5 — psax apoGHBIX ymcel, rae 1 — mepsoe uucio, 1,1 — Bropoe Yucio,

5 — nocnenHee yucno. Mureppan mexnay uucnamu 1,1 —1=0,1;

B-A B-A
Q x=AA-——_.B — psaxa uucen, rae A — nepsoe, A———— — Bropoe, B—
n n
mocuenHee 9nucio (4 u B MOomKHBI OBITH 3a1aHBI 3apaHee), # — YHUCIO0 WHTEPBAIOB, Ha
KOTOpBle pa3buT otpe3ok oT A mo B. Takas ¢opma 3anmcu ymoOHa, Koraa
paccMaTpHBArOTCS Pa3HbIE BAPUAHTHI OJHOTO pacyeTa U M3MEHEHUE KOHCTAaHT 4 u B
M03BOJIIET MTHOBEHHO [IEPECUUTATh Pe3yJIbTaThl U IEPECTPOUTH rpaduKu.

BHUMAHUE

JlBoeToune — 3HAK JAMana3’OHa HeJb3s HaOUpaTh C KIaBUATyphbl, HO)XMMas [Ba pasa
KJIaBHIIY «To4ka». Hano Ha iaBumarype HaxaTh KJIaBHIIY ; (TOYKA C 3amiTOi) WIM B
MaTreMaTH4IecKoil manenu Beiopars Matrix (3Ha4qok maTpuis) » m..n.

Ecnu KoHCTaHTBHI, BXOZSIIME B MPaByK 4YacTh (YHKIMHU TMOJb30BaTelNs, HE 3a/1al0TCs
HEMOCPECTBEHHO TIepe HCIoyib30BaHueM ¢yHKiuH, Mathcad Oeper ux 3Ha4YeHUs,
UCIIONIb30BaBIINECS B MOCIEAHUM pa3 mepes TaHHbIM pacueToM. IIpoBepbTe, ycTpanBaroT
7M1 Bac 3TH 3HayeHus. Habepure uMs mapamerpa M HOKMHUTE KJIABHIILY =.
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z:=1,15.10 NOMEHARTE SHAYEHMA Z

| rpaduk HyERIRo
fiz)
0
é fl{z)
L 3 7 |
o 2z -1
8 BEE
§ f3(z)
£ 2eex
oo’
E 2 4 é 2 10

z
FHAHEHILT AT MEHTA

CamocToATENEHO CAENaATE TAKOA ¥e rpadivi 1
OTHOPMATHRYHTE ero 40 TaKoro EMAa

Puc. 1.12. I'paduxu GpyHKIMiA, puBeeHHBIX Ha puc. 1.10

1.10. dopmaTmnpoBaHme Ymcern

B Mathcad Ha pe3ynbTar pacyera MOBIHUATH HENB3SI, HO MOXKHO H3MEHHUTH (hopMaT BHIBOJIA
yuces. B Mathcad 11 BbrumciieHHs COBEpIIAIOTCS C TOYHOCTBIO 12 3HAKOB, B HOBBIX
Bepcusix Mathcad — ¢ TouHOCTBIO 17 3HAKOB.

Y monp3oBaTens €CTh BO3MOXKHOCTb BBIOOpPAa TOYHOCTH BBIYMCIEHUH. [ 3TOro HyXHO B
mento Tools » Worksheet Options (UuctpymenTst P [TapameTpsl JOKYMEHTOB), OTKPBIB
Brimanky Calculation (Beruucnenns), Boibpars Use exact equality in comparisons and
truncation (Mcnonbe3oBats cTporoe paBeHcTBO). B 3TOM cityuae B HOBBIX Bepcusix Mathcad
TOYHOCTh BBIYMCICHHN COCTaBUT 17 3HAKOB, MpW coxpaHeHWH B Bepcun Mathcad 11 u
6oree panHNX — 12 3HAKOB.

YCTaHOBUB yKa3aTelb MBIIIM Ha HYXKHOM YHCICHHOM pE3yJbTaTe pacdeTa, creianTe
JIBOMHO¥ IIeTY0K JIeBOM KHOIMKOU MbIiii. OTKpoeTcs okHO (opmaTupoBanus uucei Result
Format (®opmar pesynbrata), oTkpbiThii Ha myHkTe Number Format (®opmart umcen).
B 3TOM OKHE MOXHO BBIOpaTh ciexyroume (GopMaTsl:

O General (OO6mwif) — MPHUHAT IO yMOTYaHHIO. YHcina 0TOOPaXKaroTCs ¢ MOPSIAKOM.
Yucio 3HAKOB Mepej 3amsiToi onpenensiercs B mynkre Exponential threshold (TTopor
9KCIIOHEHTHI).

a Decimal (lecsatuunblii) — necaTHYHOE MPEACTABICHNE YUCEN C TUIABAOLICH 3arsTOM:
12,2564,

0O  Scientific (Hayunblit) — uncia 0TOOPaKAOTCs TOIBKO ¢ mopsiakom: 1,22x10°.,

O Engeneering (MmxkeHepHbIl) — YKcna OTOOPAXKAIOTCS TOJNBKO C  HOPSAKOM,
KkpaTHbIM 3: 1,22x10°.

2

O Fraction (po6s) — B BHzE NPaBHIbHON MM HEMPABHIBHON IPOOH: 3 Uy 15.

B apob6uHom ¢dopmate MoxHO BbIOpaTh ypoBeHb TouHocTH (Level of accuracy) u
cmenrannbie yncia (Use fixed number).

Kpome Buma dopmara MOXHO H3MEHATH 4YMCIO 3HaKOB mocie 3amsrtoit (Number of
decimal pieces) u nopor nopsaka (Exponential threshold). Ilpu npeBbimesnn mopora
YHCIO OTOOpakaeTcst ¢ mopsakoMm. [IpmMeps! BBIBOZa 4YMCEN B pa3lWYHBIX (popmaTax
npuBeeHbl Ha puc. 1.13. Mathcad aBTOMaTHUYECKH OKpPYTJISIET YKCIA O HYJISA, €CIM OHU
MEHBIIIE YCTaHOBJIEHHOT'O [TOpora.
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D OpMETE MHCED ANA BEIPAHKEHMA a=g

Seneral (no yMonYaHKU) a=2203x 1IZI4
Decimal a = 22026 5
A 4 4
scientific a=22303 =10 a=2203x 10
Engineering a= 22024 » 1III3 a = 22 026EHI03
Fraction . 11053730568 o = T 233754
S01E309 S01E309
Brleon zHayveHWi QyHKUMA C MCNONEZ0BAHWEM
LHCKPETHON NepeMEeHHOR
DopmaT YMcen
z=1.5 JpecATHUMEIN HaVUHBIL D EHE I HE T
z= fiiz) = fl(z) = fi=z) =
1] [ o141z F.EAZ10-1 -1.188-100
2 -0.72905 320101 -541.89210-3
K] -0.89838 -5.85810-1 -35.27110-3
4 -0.8723 -1.845-109 266407103
] -0.5414 -2.263100 384.09610-3

Puc. 13. [Ipumeps! popmaTrpoBaHust pe3ysIbTaTta YHCICHHOTO pacueTa

BeiOpaHHBIE YCTAHOBKM MOTYT OBITh HPHMEHEHBI TOJNBKO K BBIACICHHOMY YHCIY
(Bpibepute myHkr OK) wimu mo yMOMYaHHIO KO BCEM YHCIaM JAHHOTO JOKYMEHTa
(BeiGepute yHkt Set as default (ITpumeHUTH MO YMOTYAHHUIO)).

1.11. NocTpoeHne nnockoro rpagomka yHKLNN

st moctpoenwust iockoro rpaduka GpyHKINY Clieayer:
O yCTaHOBUTH KPeCTOOOPa3HBIN Kypcop B TO MECTO, TI€ HAZ0 OCTPOUTH IpaduK;

O Ha MaTeMaTHYeCcKOW MaHenW MICNKHYTh MbIbio Ha kHonke Graph Toolbar » X-Y
Plot (I'paduk » TTnockuii rpaduk);

O B mosBHBLIEMCS Ha MecTe Kypcopa InabjoHe IUIOCKOro rpaduka BBEAWTE HAa OCH
abcIyce UMs apryMeHTa, Ha OCH OpJMHAT — UMs QyHKIUY;

O IUeNKHUTE MBIIBIO BHE mHIabioHa rpaduka. I'padmk mocTpoeH s 3aJaHHOTO
JMana3oHa U3MEHEHHS apryMEeHTa.

Ecnu nuamaszoH 3HaueHUH apryMeHTa He 3a[aH, 110 YMOTYaHuIo Tpaduk OyAeT MOoCTPOeH B
Jmana3oHe 3HaueHu# aprymenTa ot —10 go 10.

Uto6b1 Ha OmHOM MmIabJOHE Pa3MECTHUTh HECKONBKO TrpaduKOB, Halo, HaOpaB Ha OCH
OpIMHAT MMs NepBoH (yHKIMHM, HaXKaTh KJIABHUIIY 3aIlsTOH (YroJIoK Kypcopa IpH 3TOM
00s13aTeTIbHO JIOJDKEH HaXOAWTHCS B KOHIE MMeHH (QyHKuuu). B mosBuBmeMcs mecte
BBOJIa (YepHOM KBaJIpaTHKE) BIUIIUTE UM BTOPOIl QYHKIUH U T. A.

Ecnu /1Be (yHKUMH UMEIOT pa3Hble apryMeHTbI, Hampumep, f; (x) u fy ( y) , TO Ha OCH

OpAMHAT HY>KHO BBECTH (depe3 3aIlTy0) UMEeHA 00ernx (YHKIHU, a Ha OcH adcimce (Takxke
yepe3 3amiATyi0) — HMeHa o0OMX apryMeHToB, X W ). Torma mepBblii Tpaduk Oyzer
MOCTPOEH JIJIsl IEPBOi (PYHKIIMHU MO NMEPBOMY apryMeHTy, a BTOPOM rpaduk — jjisi BTOpon
(YHKIIMH IO BTOPOMY apryMEHTY.

Ecmu ¢yHKIMA BBEIEHO HECKONBKO, @ apryMEHTOB — 2, TO rpaduk mepBoid (QYHKIUH
CTPOUTCS TI0 IEPBOMY apryMEHTY, a Ipa)MKH OCTaNIbHBIX (PYHKINIT — 110 BTOPOMY.



Ecnu BBecTH Ha ocsAX OpAMHAT M aOCLMCC MMEHa ABYX (YHKLUHMH OJHOTO apryMeHTa, TO
29 OyzeT nmocTpoeH napamerpudeckuii rpaduk pyHkumu (puc. 1.14).

napamMeTpuyeckiid rpaduk by HELMK

r=4 m:=D,2—“..2-n
30
ﬂimj =1 si.n(mj ﬂ[mj = r-cns(mj fE(DLJ = m-cus(mj

o)

o)

filoe)

Puc. 1.14. [Tapamerpuueckuii rpadux GpyHKImMn

Ut0681 0OThOpMATHPOBATH Tpad K, CHETalTe TBOMHON MIETIOK MBIIIBIO B ITOJIEe TpaduKa —
OTKpoeTcst OKHO (opMaTupoBanus rpaduka (puc.1.15). «Ilorynsiite» no okny. Beioupaiite
pasiIMYHBIC MYHKTHI MEHIO (ILEJIKHYB Ha HUX MBIIIBIO, a 3aTeM Ha KHOIKE [1PUMEHUTL min
OK) u mocMoTpuTe, KaK M3MEHHUTCS [IPH 3TOM BHI TpaduKa.

®opmaTupoeaHme BeibpaHHoro rpaguka X-Y g‘

Qo K, |TpaEEM[IIDEIKa DOpMAT YACNA | MoAMACK || 10 YMONYEHD

[ ]Bkriowite qononHuTEnsHyk ook Y

CCHOEHAA OCk | JonanHKTENEHaA ok

Ok ¥

[ ] Nor spudtaueciadi macwTa6 [ ] narapudeueciai macwTah

TIHAA CETEM = TIHAM CETEM =

HymMepaLa HymMepaLyA

ABTOMACLUTAOMpOESHME ABTOMACLUTAOMpOBaHME

MoKaZEIBaTE METKM L [ NokazeEate MaTkM L

ABTOCETKA ABTOCETKA

KonMuecTeo ceTok: I:I HonmMuecTeo CeTokK: I:I

OToBpaseHWE Ooei

@I‘Il:u KP2AM |:|E- OAMHAKOEOM MacLTabe
(O 0 uewTpy

()He oTofipasates

5] [oren

Puc. 1.15. Oxno $popMaTupoBaHus IIOCKOro rpaduka

B otkpoiBemest okHe (puc. 1.15) BUIHBI 3ar0IOBKH AT BKIAIOK:

O X-Y Axes (Ocu X-Y)— otdopMaTHpOBaTh OCH KOOPIMHAT: HAHECTH CETKY JHHHI,
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MPOCTaBUTh YUCIICHHbIE 3HAYEHMsS; OCh AOCIMCC MPOBECTH Yepe3 HOJIb OPAMHATHI
(Crossed — 1m0 1ieHTpy) WM 10 HIDKHEMY Kparo rpaduka (Boxed — mo kpasm),
HaHeCTH MeTKd Ha rpaduke. lllenKHUTE MBINIBI0 HA HYXHBIX IMYHKTax MOAMEHIO
(oT™MeTbTe HX (DITAKKOM):

= Log Scale — mnpencraBuTh YMCIIEHHbIE 3HAYEHHS HA OCSX B JIOTapU(pMHUYECKOU
mkaie. ITo YMOJIYaHUIO YUCJICHHBIC 3HAUYCHUSA HAHOCATCA B paBHOMepHOﬁ HIKaJIC,

= Grid Lines — naHecTn ceTKy JHMHHI;
= Numbered — HanecTH YnCiI€HHEBIE 3HAYEHNS IS KaXKI0M JIMHUH CETKU,

= Auto Scale — aBromarmvecku BbIOHpACT MpeneIbHbIC YUCICHHbIC 3HAUYCHHUS Ha OCSIX,
OoJsbIIe MAaKCHMAJIBHBIX BBIYMCICHHBIX 3HaueHUH. Ecim 3TOT MyHKT He OTMeEueH,
MIPeAEIbHBIME OyyT MaKCUMAaJIbHbIEC BBIYHCIICHHBIC 3HAUCHUS;

= Autogrid — wuymcno nMHHMI CeTKM BbIOMpaeTcs aBTOMaTH4YeCKd. EciM MyHKT He
OTMeYeH, Hajo 3a1ath yncio Juaui Number of Grids;

= Show Markers — nanectn MeTkn Ha rpaduke. Ha Kakmoi OCH TOSBISIOTCS IBa
MecTa BBOJIa, B KOTOPbIE MOXHO BBECTH YHCJICHHbIC 3HaueHHs (MOXKHO HE BBOJUTH
HHUYEro WJIM BBECTH OJIHO YHCIIO WK OyKBeHHbIE 0003Ha4YeHus KoHCcTaHT). Ha rpaduke
MTOSIBSITCS TOPU30HTAIbHbIC WA BEPTUKAJIbHbIC MYHKTHPHBIC JIMHUH,
COOTBETCTBYIOIINE YKA3aHHOMY 3HAYEHHIO HA OCH. B KOHIIE ATOM JMHUM MOSBISETCS
camMo uucio (cm. puc. 1.14).

Hmeercss BO3MOXKHOCTh HAaHECTH YHCIICHHBIE 3HA4YEHWs] KaK ClieBa, TaK W CIpaBa oOT
rpajuka. Ecim 3Tto Bam Hano, mocraBbre (uakok Ha myHkTe Enable Secondery Y-axis
(BKJIIOYHTH JOTONHUTENBHYIO och Y). CripaBoii cTtoponsl rpaguka nossurcs Placeholder
(mecTo BBOAIA), Ky/Ja HaJI0 BOHMCATh UM (DYHKIMHY, BHIBOAUMOHN Ha rpaduK.

®opmaTnpoBaHue BeiipaHHoro rpadka X-Y

Ock ¥, ¥ | TPSCCMPoBKE | @opMat yicna | Mognmoi | 1o yMonyaH o

OB0zHaYEHWE B NETEHOE HECTOTA | cyupan | WMPWHE | fup0g | TONWMHE Leet | Tun |[Oce ¥

kpmeaa 1
KpWEBaA 2
KoWeas 3
kpKeaa 4
KoWeas 9
KpKreas B
KpwEeas 7
KpoWeas 8
koKeaa 8

MkH. ..
THH. ..
MH. ..
MkH. ..
MKH. ..
MkH. .. -
THH. .. -
MH. ..
KA. .. -

e

‘ i
i
i
R Y Y

CHOBITE MEMEHAY

[ OK H OTMEHa ]

Puc. 1.16. Oxuo Trace (TpaccupoBka) aAByxmepHoro rpaguka 8 Mathcad

Q Trace (TpaccupoBka)— otdopmarupoBars rpaduku ¢yHkuuidi (puc. 1.16). [lus
Ka)X0r0 TpaduKa B OTASIBHOCTH 3aal0TCS:

= Symbol Frequency (dacrora cHMBOJIOB) — Ha rpadMke MOKHO OTMEYaTh HE BCE
pacueTHbIC TOUKH, a Yepe3 OfIHY, 4epe3 2 U T.JI.

= Symbol (cumBom) — 0603HaUCHHE PACUETHBIX TOYEK Ha rpaduke (BBIOPATh KPYKOK,
KPECTHK, NPSIMOYTOJILHUK, POMO).

= Symbol Weight (Illupuna cumBONa) — pasMep 3HAYKa, KOTOPbIM 00O3HAYAETCS
pacueTHast TouKa.
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(Line) Jluaus —sux uann: Solid — crmrommas, Dot — nyuktup, Dash — mmiHmbH
nyuktup, Dadot — mrpux-nyHkrup;

Line Weight —Toumuna nunum.
(Color) — uBert nuHuUH.

Type —tun rpaduka: Lines — mnuums, Points — Touku, Bar wm Solidbar —
cTonbuku, Step — cryneHyarsiii rpaduk u ap.;

Y-Axis (Oce Y) — B aroii kojonke Mathcad cam mnpocraBisier Y wid Y2 B
3aBUCHMOCTH OT TOTO ClieBa WM CIpaBa OyAyT BBIBEJCHBI YHMCICHHbBIC 3HAYCHUS
byHKIMN.

Number Format — ®opmar uucen, BEIBOAUMBIX Ha rpaduke

Labels (3aromoBku) — Bmucate B obmacth rpaduka 3aronoBok. B okxue Title
(3aroJI0BOK) Hy’>KHO 3allCaTh TEKCT 3arojOBKa, BBIOPATh €ro MOJIOKEHHUE — BBEPXY
WK BHU3Y Tpaduka. Bmucarh, ecnu Hamo, Ha3BaHus aprymeHta u (yHkiuu (AXis

Label).

Defaults (ITo ymomuanmio) — BEpHYTHCS K BULY TpaduKa, IPUHATOMY MO YMOIUAHHIO
(Change to default), 1u6o crnenannsie BamMu Ha TpaduKke U3MEHEHHS HCIOIb30BATH
0 YMOITYAHHUIO 1St Beex rpadukoB manHoro gokymenta (Use for default).

Beimonnure camocrostensHytlo paboty (puc. 1.17) u mopabotaiite ¢ rpadukamu
NPUBEJICHHBIX B IpUMEpax (DyHKIHH.

EEIMMCAWTE CAMOCTOATENEHO
M NOCTROMTE TRadivik Gy HKLMA

fi=) = sin¥)-cos() fis) = e b-sin c-x)

b 2
fI(x) = J fode  £09) = %xf(xj £ = ijf(xj

c

Puc. 1.17. CamocrosTensHas pabora ¢ rpapukamu

UYroObI H3MEHHUTH pa3Mepsl Tpaduka, HyKHO:

a

a

a

MIETIKHYTh MBIIIBIO B TIOJIE TpaduKa;
MOJIBECTH yKa3aTelb MBIIIM K OJJHOMY M3 YepHbIX KBa/IDATUKOB Ha Kparo rpaduka;

IpU TIOSIBIIGHUM JIBYHANPAaBJIEHHOM CTpPENKH HaXaTb JIEBYIO KHOIKY MBIIIM H,
yllepKuBas ee, NepeMecTUTh Kpail rpaduka B Hy’)KHOE MECTO.

YT0ObI EepeMecTHTh rpadyK, Hy)KHO:

O IUEeNKHYTh MBIIIBIO B TI0JIE TpaduKa;

O NOABECTH yKa3aTelb MBIIIN K Kpato rpaduka;

O 1pu MOSBICHUM YEPHOM JIaJOIIKK HAXKaTh JIEBYIO KHOIIKY MBI W, YAEP)KHBas ee,
MIEPEMECTHTH IrpadiK B HY)KHOE MECTO.

NPUMEYAHUE

TouyHO TaK K€ MOXHO NEPEeMECTUTH JIF00OH OOBEKT HOKYMEHTa: BBIPAKEHHE, TEKCT,
rpaduk.

OnucanHbIi crioco0 nepemenieHust 00beKToB — TpaaniuoHHb it Windows. OpHako
Juisl OOJNBIIMX OKYMEHTOB OH HE BCeraa y[oOeH, Hampumep, eclid Halo IepeTaliuTh
BBIJICJICHHYIO TpyNIy oOBbEKTOB Ha JPYIyl0 CTpaHWIly. B aTom ciydae ynoOHee npyroi
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croco0:

O Haxarp JIeByI0 KHONKY MbIIIM M, YIEP)KHBas €€, ABUIaTb Mblllb, 3aKJIKO4as B
MOSIBJIAFOIYIOCS TIPH 3TOM IMYHKTUPHYIO paMKy OOBEKTHI, KOTOPHIE HaZ0 IIePEMECTHUTD.

O Ha crangaprhoii manenu Mathcad menkHyTs Mblmbio Ha kHomke Cut (Beipesats).
ITpu 3TOM BBIICNICHHAS TPYIIa 00bEKTOB OyAeT yaaaeHa u3 JOKyMEHTa U TIOMEIICHA B
O6ydep obmena. Ecnu Haxath Ha kHonky Copy (KomupoBats), BbIIeICHHBIE 00BEKTHI
OyIyT CKOITUPOBaHKI B Oy(dep, ocTaBasich Ha CBOEM MECTE.

Q [IlomBectH ykaszareib MBIIIM K MECTY, KyJa HaJ0 BCTABUTh BBIPC3aHHBIC OOBEKTHI, U
HICTKHYTH JICBOM KHOTIKOW MBITIH. B 3TOM MecTe MOSBUTCSI KPECTOOOPa3HBINA Kypcop.

O Ha crangaprroii manean Mathcad menkuyTh Mblmbio Ha kHonke Paste (Bcrasuts).
I'oToBO, BEINIENICHHBIE OOBEKTHI IEPEMEIIEHBI B 3aJaHHOE MECTO.

COBET

Ha mepBeIX mopax HE TOpOIHUTECh BHIpe3aTh OOBEKTH. B omUcaHHOH mpomenaype
HepeMeIeHNst BMECTO TOT0, YTOOBI BBIpe3aTh 00BEKT B Oydep, JIydie cKOUpoBaTh €ro,
a 3aTreM BCTaBHTHh M3 Oydepa B HyXHOe MecTO. YOEQUBIINCH, YTO BCE BBIILIO, KaK
3aJyMaHO, MOKHO BEPHYTBhCSl B MCXOJHYIO MO3MLUI0 U YIAJIUTh TEIEph YK€ JIUIIHKE
00BEKTHI, TO €CTh CHOBA BBIJEIUTh MX PAMKOH M HaXKaTh Ha KiaBuartype kiasuiry Delete
(ynanuth 6e3B03BpaTHO) MO0 BBIpE3aTh B Oydep.

Ecinu 06bexTsl (BbIpaskeHus, rpadMKi) HEPEeKPHIBAIOT APYT IPYra, B KOHTEKCTHOM MEHIO
nosiBisiFotest myHKTHl Bring to Front (BeuieunyTh Ha nepennuii ian) u Send to Back
(Y6parp Ha 3amuuil wiaH). Mcronb30BaHne 3THX IMyHKTOB MO3BOJISIET 9KOHOMHTH MECTO B
JIOKYMEHTE, CIICIUAIBHO HAKIAbIBasi Kpasi 00BEKTOB OJIMH HA JPYTOL.

Ecan BaM Hajgo pasjBUHYTh HANOXKHBIIWECS IPYr HA Jpyra OOBEKTHI, BBIICIUTE HX,
NEepPEeYePKHYB MBIIIBIO IIPH HAXKATOM JIEBOl KHONKe. Bce BbImeneHHblE OOBEKTHI OyAyT
oOBeZicHbl MYHKTHpPHOW pamkoil. B rmaBHom Menwo Mathcad BeiOepure Format
» Separate Region (Pasmemuts o6nactu). Ilpu 3TOM OyAyT pasmBHHYTHI TOJBKO
BBIICIICHHBIE O0JIACTH.

Ecnmn Hanmo pasnBuHYTh 1OBa OOBEKTa, MOABEOWTE K OAHOMY M3 HHX Kypcop. llpm

MOSIBIIGHUM UYEPHOM JAJOIIKA HAKMHUTE JIEBYIO KHONKY MBIIIN M, IBHWIas MBbIIIb,
MEPEMECTUTE OOBEKT B HYKHOE MECTO.

BHUMAHUE

IMocrapaiitech He HaXHMaTh KHONKy Separate Region, He BblIenuB HpeaBapHTENBHO
00bekThl, Tak kak Mathcad mpu 3Toi KOMaHAe pa3gBHraeT OONAcTH cpa3y BO BCEM
JokymeHTe. JIs 9KOHOMHM MECTa B JOKYMEHTE OOBEKTHI OOBIYHO pacIoiaraloT Kak
MOXHO Onvke apyT k apyry. Mathcad pasnaBuraer TOKyMEHTHI CBEpXY BHU3 U IIPU 3TOM
MOKET HapyIIUTh HYXHYIO BaM II0CIIEA0BATEILHOCTE BEIUMCICHHH.

1.12. lNocTpoeHne TpexmepHbIX rpadonKoB

J1i1st mOCTpOCHUsI TPEXMEPHOTo rpaduka

0O Habepure nmsi (QyHKIMH ABYX MNEPEMEHHBIX, 3HAK IPUCBOCHUS 3HAYCHHSA = U
BhIpaKeHHE (DYHKIUH.

O VYcraHOBHTE Kypcop B TO MECTO, TA€ BBl XOTUTE IIOCTPOUTH I'paduk.

O B maremaruueckoil IaHeNnu INeNKHUTE MBIk Ha kHonke Graph Toolbar (ITanens
rpadukoB), usobpakarorieit rpaduk, 3atem Ha Surface Plot (rpaguk moBepxHOCTH).
Ha mecte kypcopa nosiBUTCs 1abJIOH TpeXMEpHOTo rpaduka.

O B exuncTBeHHOM mOJIE BBOAA IIabI0HA rpaduka BBEAUTE UM (QYHKIUH.

Q IllenkHuTe MBIIBIO BHE obsactu 1radiona. I'paduk mocrpoew (puc. 1.18, cresa).

Kpome omucaHHoro crocoba YCKOPEHHOTO MOCTpOeHHsi rpaduka MOBEPXHOCTH MO
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(YyHKIMH IBYX MEPEMEHHbBIX CYLIECTBYET M YacTO IPUMEHSETCS APYroi crnocod co3naHus
rpaduka MOBEPXHOCTH — C KCIIOJH30BAHMEM MAaCCHBA YHCICHHBIX 3HAYCHUH ()YHKIIHH.
PesynpTaT Takoro moctpoeHus mokasad Ha puc. 1.18, cnpasa. [lng Takoro noctpoenus 3D-
rpaguka Hy>KHO:

a

C TIOMOIIBIO TUCKPETHBIX NIEPEMEHHBIX BBECTH 3HAYCHHUSI 000X apryMEHTOB 3aJJaHHON
GyHKIHY;

BBECTU MAacCCHB, DJIEMCHTAMH KOTOPOTO SABJIAIOTCA 3HAYCHUA (I)yHKI_[I/II/I, BBIYHCIICHHBIC
IIpH 3aJaHHBIX 3HAYCHUAX apTyMCHTOB,

YCTaHOBUTE KypCOP B TO MECTO, I'lIE BBl XOTHTE IIOCTPOUTH IPAHK;

B MaTeMaTHYECKOH MaHeN! MEeJIKHUTE MBIIIBIO Ha KHOIIKE, H300pakatomei rpaduk, u
BeIOepUTe TpexMepHbI rpaduk. Ha mecte Kypcopa MOSBUTCS IMIA0IOH TPEXMEPHOTO
rpaduka;

B €IMHCTBEHHOM I10JIe BBOJIa 11a0JI0HA rpadika BBEANTE UMS (QYHKIHH;

IIENKHUTE MBIIIBIO BHE 00J1acTH mabiaoHa. ['paduk mocrpoeH.

MocTpoeHde rpaduka NOEEREHOCTH MocTpoeHWe rpaflka NOEEPXHOCTH
YCKOPEHHBIM NYTeM (Za0aHHEM $yHELHH] NYTEM COZL43HMA MACCHES JaHHLIX
=3 m=7 i=0.n j=0.m
12 3 e S o _
fx,w) =l -y Xi =051 Yj =027 Zi,j = sin| Xi le

Puc. 1.18. [TocTpoenue TpexMepHBIX rpapuKOB

I'paduk momyuwmiicst yepHo-Oenblii, HekpacuBbll, Mathcad mo3BomsieT caenars W3 Hero
MOYTH NPOU3BEACHHUE NCKycCcTBA. I10ApOOHO 0 BO3MOKHOCTAX (pOpMATUPOBAHUS TPAYUKOB
TIOTOBOPHM B TJI1aBe 15, a IoKa BEIITOJIHATE CIICAYIONIHIE ACHCTBUS:

a

Crenaiite JBOWHOW IMETYOK MBIMIBIO B ToJie Tpaduka — TMOSBUTCA OKHO
¢dopmaTtupoBanus rpadpuxa (puc. 1.19).

Beibepute mynkr Appearance (Odopmirenne) » Fill surface (mosepxHOCTE ¢
sanmekoi) » Colormap (Kapra useros). lllenkauTte MbIibio Ha KHOTKE [1pUMEHUTD.
I'paduK CTAN IIBETHBIM.

Ecnu Bbl cTpoute 00beMHBIH rpadvk (QyHKIMU (HE MaccHBa JaHHBIX), TO B MEHIO
dopmarupoBanus Beibepure myHkr QuickPlotData (Janusie 6sicTporo rpaduka). ITo
ymonyanuio Mathcad crpout rpaduk NOBEPXHOCTH, 3a/aBas 3HAYCHUS O00O0UX
apryMEeHTOB B IIpenenax oT —5 10 +5. Bruuiere cBou 3Ha4€HUs apryMEHTOB, BbIIEIUB
MHTEPECYIOIIYI0 Bac 00JIAaCTh MOBEPXHOCTH. 31€Ch JK€ BBl MOXKETE IOMEHATH CUCTEMY
KOOPJMHAT, CMEHHB JIEKapTOBY CHCTeMY (IPSMOYTOJbHYIO) Ha CHEPHUYECKYIO HIH
HWIMHAPUYECKYIO.

Bribepute B okne popmatuposanus myHkt Lighting (IToaceerka) » Enable Lighting
(Heo6xommma mozceetka) » On (BiirouuTh MOACBETKY). BoibepuTe cxeMy OCBEICHHs!
(Lighting schema). B Brinajaroiiem MeHI0 HaxoJsITCsl 6 pa3iyHbIX cxeM. Beibepure
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mobyro u Haxkmure Ha KHONKY [MpumennTb mwim OK. IlomoOyitreck Ha 3¢dext
OCBCILCHUS.

Q IllenkHuTe MPaBOil KHOIKOM MBIMIK Ha TrpaguKe — OTKPOETCS KOHTEKCTHOE MEHIO,
JAIoIIee  JIOTOJIHUTEIbHBIC BO3MOXKHOCTH — yiydineHHs rpaduka. BriOupaiite

pa3yIMyuHbIe MyHKTHI © CMOTPHUTE, KAK OHH BIIMSIOT Ha rpaduK.

B okne ¢dopmaruposanust Ha Bkiaake General (OO6iiue) BHH3Y MepeyHCICHbI 6 THIIOB
rpagukoB (puc. 1.19):

Q Surface plot — rpaguk moBepxuocTy;

a Contour plot — rpaduk JuHHUIT ypOBHS;

Q Date points — Ha rpaduke TOIBKO pacyeTHBIC TOYKH,

a Vector Field plot — rpaduk BexTopHOrO MM0IS;

Q Bar plot — rpaduk TpexmepHOii rucTOrpaMMbI;

Q Patch plot — mutomaaxu pac4eTHbIX 3HAYCHHIA.

[lenkHUTE MBIIIBIO HAa KaKOM-THOO Thre rpaduka, a 3aTeM Ha KHOmke [1pUMEHUTB.

I[MocmoTpuTe BCEe THUIBI TpadUKOB, KpPOME BEKTOpPHOW nmuarpamMmbl. Ee mocTpoeHune
paccMmaTpuBaercs B riiase 15.

®opmar 3D-rpadmka @

i ~ CrheymWaneHan [ononHUTENsHD AaHHele BeICTporo rpadika
I OBwme | 0o | CdoprneHe MoACEETER Jaronoeck. | 334HMEe NNaHel
MpocMoTh . — CTHMe OCed
OosopoT! | 3 | (O neprmerp
HaknoH: i35 ::_I ¥ron
- . — OF Pamki
MzrmG; | -10 C | OHeI HDKEBEITQ ToEHMLY |
Macwrab: [1 ' DEaBHbuﬁ MacWwTan DﬂgKaBaTb none [
|| Fpadu 1 | |
= — — — —
@ Cpadiuk: NOBERXHOCTI D Tk AaHHE O CTonBYaTaA guarpan: |
OﬂMHHM YOOEHA O BekTopHOe none OﬂDEK‘y‘THbe_ﬂ rpadk ‘

Puc. 1.19. [Tanens popmaTtuposanus 3D-rpapuxon

IlOl'lOJ'lHPlTeJILHLle BO3MOKHOCTH paﬁOTbl C rpa(bmwM:

O Bpamenue rpaguka. [Tomecture kypcop B obnacts rpaduka. [IBuraiite Kypcop npu
Ha)KaTO! JIeBOI KJIaBUILIE MBIIIIH.

Q MacmrrabupoBanue rpaduka. JleldcTBUS Te e npu HaxkaToi kiaasuiie Ctrl.

O Asxwmmanus rpaduka. JeiicTBus Te ke npu Haxarod kiaasuire Shift. [lns ocranoBku
BpAIICHHUSI IIEIKHYTh JICBOM KJIABHIIICH MBIIIM BHYTPH TIOJIsI TpadHKa.

[Tanens opmatipoBaHus TpeXMEPHBIX IrpadHKOB, NpUBeAeHHas Ha puc. 1.19, comepxur
9 BKJIaJJOK, 00ECIIeYNBaIOIIMX OIPOMHBIE BO3MOXKHOCTH ()OPMATUPOBAHUS IPAQHKOB.

[Toapobuee o moctpoennn u hopmarruposanuu 3D-rpagukoB pacckasaHo B riase 15.
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[maBa 2. HekoTopble Bo3moxkHocTn Mathcad

HayuuBnimce CTpouTh MaTeMaTH4YeCKHE BBIpaXKeHHs, (QyHKIMU MOJIb30BaTENs U rpaduki,
HO3HAKOMHMCS ¢ OCHOBHBIMH BO3MOHOCTsIMH Mathcad, Hanbouiee 4acTo HCTIOIb3yEeMBIMU
(hyHKIMAMU ¥ TpreMamMu paboTEHIL.

2.1. CtyneHyaTtble 1 pa3pblBHblE (PYHKLNM
N BblpakeHuna. Ycrnosue B Mathcad
Hcnonb3yemble B pacuerax (yHKUMH He Bcerja ObIBalOT HENpepbIBHBIMU. YacTto mpu
Pa3HbIX 3HAYCHHUAX aprymMcHTa (1)YHKIII/I$I OIMUCBIBACTCSA PA3JIMYHBIMU BbIPpAKCHUAMU.
BriBaroT (I)YHKHI/II/I CTYIICHYATbhIC HUJIK C pa3pbIBaMU. HpI/I BbIYMCJICHUU MTPOU3BOAHBIX WA
WHTETpajioB OT TakWX (YHKIMH NMPHUXOAWUTCS MX OpaTh MO 4acTsM. YCIOBHBIH orepaTop

MO3BOJISICT 3aIMCaTh TaKue (QYHKIMU B BUJIE OJHOTO BBIPAKECHHS, YTO YIPOIIAET PacyeThl U
ykpamaet Mathcad-mokymeHr.

B Mathcad cymiecTBYrOT TpH pa3mTHYHBIX CITOcO0a BBOJIA YCIOBHIA:

O ¢ nomouisio GyHKIHH ycroBwHs if;

O c nomouibko onepaTopa if ¢ manenn MPorpaMMUpPOBaHUS;

O c ucHoib30BaHUEM OYJIEBBIX OIIEPaTOPOB.

PaccMoTpuM TpuMep BBIYMCIICHHS NepeMelIeHHs Oalkh NpH H3rHOe ¢ MOMOIIBIO

uHTerpata Mopa (puc. 2.1). Ha Oanke ecTp ABa y4acTka, Ha KOTOPBIX H3THOArOIIUil
MOMEHT ONHCHIBACTCS Pa3INIHBIME QyHKIMSAIMH M (x) uM, (x)

g Mo Fiml ”
EXEETE B ?
7 7
Z Z
L _ : f‘
F % i - %
“t IL,
L &
l—————
Mzrubatwme MOMEHTEl 0T BHELLIHWE CuN
4
X L1
Mlx) =Fx- q-; MYz =Fx- q-Ll-[x— ?] + M0
+
Marubaiw i MOMEHT OT BOMHWYHOA CHABL DM = x
YCNOBHEIR onepatop DyHkupa yonoema if
nporpammupoeaHa if
M(H = |MIGH i x<L1 M%) = iffx € L1, ML)  M2000
MI(x) otherwise & CTIH TO  HHA9e

MpuMeHeHWe ByNeEelx ONepaTapoe MY = MG -(x S LD + M2 (x> LD

Bee 3 eripaedua M(x) 3kEMEANEHTHEI

F.g, M0, L1, L-=zanadel rnobaneHo okono rpaduka

11

NonNepeYHan cUNa nporub Bankw  E = 2-10 I= EIZIIZIIII-IIZI_8

L
M) MMGY
E-]

Q) = j_xmcx) 4= 4 =0013

0

Puc. 2.1. Onpenencane nepeMemieHus OaIKu

st ucrionb3zoBanus QyHKIMH yeinoBus if HyKHO:
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QO 3anmcaTh UM BBIPAXKEHUS U OIEpaTop MpUcBauBaHus (1=);

O Ha CTaHAApPTHON IaHENH HakaTh KHOMKY f(X) W B cmucke BCTPOSHHBIX (YHKIHI
BBIOpaTH if, Tocie uero HaxaTh KHOTKY Insert (Beraska). [TossBUTCS M1a0a0H (QYHKITAH
if ¢ Tpemst MmecTamu BBOAA;

O 3amoJHUATH MECTa BBOJA.
Oopamenue Kk pyHkuuu:
if(cond, x, y),

rae cond — ycnoBue tHna x < L;, x ¥ y — 3HaueHus, Bo3Bpaiaemsle Gpynkuueil. Ecin

YCJIOBUEC BBITTOJIHACTCA, TO BBIPAKCHUIO IMTPUCBAUBACTCA 3HAUYCHHUC X, €CJIN HE BBIIIOJIHACTCA,
TO 3HAYCHUC ).

YToObI 3amucaTh YCIOBHBIN OMEPATOpP C MAHEIH IPOrPaMMHUPOBAHHUS, CICAYET:
Q 3amucaTh UM BBIPQXKEHUS U oriepaTop npucBanBanus ((=);

Q BBI3BaTh HaHeNb nporpammupoBanus Programming Toolbar (ITporpammupoBanue)
HaXaTueMm COOTBCTCTBleLHeﬁ KHOIIKM MaTeMaTHYeCKON MaHeIHu U INCJIKHYTb MBIIIBIO
Ha kHornke Add lines (Jlo6aBuTh JIMHUIO);

O B BepxHEM IoJie BBOJA (YepHbBI KBaJApaTHUK) BBECTH BBIPAKEHUE ISl M3rHOAIOLIEro
MOMEHTA Ha [IEPBOM YUYaCTKE;

O menKHYTh MBIIBIO Ha KHOIKe if Ha maHenu nporpaMMupoBaHHUs (BBIpAKEGHHE JUIA
I/I3FI/I6aIOIJ_[eFO MOMCHTa IIpU O3TOM JOJIPKHO OBITh TIOJHOCTBIO BBIJICJICHO CHHUM
YT'OJIKOM HJIK B34ATO B CKO6KI/I); MOABUTCA MECTO BBOJIa, KyJla HaAO0 BIHUCATh YCJIOBUE,
Hanpumep, X < Ly wm 0<x < Lj;

O B HIWKHEM Ioje BBoJa (Y BEPTHKAIBHOW UYEpPTHI) BBECTH M3THOAIONIMHA MOMEHT JUIS
BTOPOT'O y4acTKa M BBIACIHUTH €r0 LEJIMKOM CHHIM YTOJIKOM (KJIaBUIIEH pobena);

O menkHyTh MBIIsI0 Ha kHOmke Otherwise (Muaue) Ha TmaHenn MPOrpaMMHPOBAHHUS
(nnm BeIOpars if n Biincars ycnosue x > L ). ®yukuns M (x) TOTOBA.

Hcnonb3oBaHue JOruueckux (OyJIeBBIX) ONEPaTOpOB COCTOMT B YMHOXKEHHH ClIaraeMbIX
3aJaHHOTO BBIPQXKEHUS HA COOTBETCTBYIOIMI Jorudyeckuil omnepartop. Jloruueckue
ornepaTopsl BBoIATCS ¢ nanenu byneea anrebpa (Boolean Toolbar). Byness! oneparopst
MOryT Bo3Bpamars Toabko 0 wnu 1. Ecou ycrnoBue cripaBeyinBo, TO 3HAUEHHEM OIIEpaTopa
apisiercst 1, ecan HecripaBemnuBo, To 0. B MaremarnueckoM BBIpaXCHHM YMHOXKEHHE Ha
JIOTHYECKUH omepaTop odpalaeT COOTBETCTBYIOIIEE ClIaraeMoe B HOJIb MJIM HE MEHSET ero
3HaveHud. [IpumMep nprMeHeHust Bcex Tpex (popMm 3armicu ycrnoBus Mmokas3aH Ha puc. 2.1.

CxeMBl TPYy30BOTO W €IWHHYHOTO COCTOSHHUS Oanku, u300pakeHHbIe Ha puc. 2.1,
BbIosTHeHB! aBTopoM B Corel Draw. [lns BcTaBku 11000T0 00BEKTa, MOATOTOBIEHHOTO B
apyrom mnpuioxkennd, B Mathcad Hamo B rimaBHOM MeHro Mathcad BeIOpaTh IyHKT
Insert » Object (Bcraska » OGbekT). [osBUTCS cTaHgapTHOE ananoroBoe okHo Windows
BcTtaBka obbekTa. B sTom okHe Hamo BuiOpats komanmay Co3gaTtb u3 davina » O63op,
3aTeM BBIOpaTh MMs (aiiia, B KOTOPOM COXpPaHEH PHCYHOK. UTOOBI B JanbHEHIEM MOXHO
OBIIO PENaKTHPOBaTh PHCYHOK, He BbIXoAs u3 obosouku Mathcad, pexomenmyercs
ycraHoBuTh (puaxok CBA3b B quanorosoM okae BcTaBka ob6bekTa. PucyHok mosBuTCs B
JOKYMEHTE.

ITonpob6uee 06 ucnonp3oBannu ycnosus B Mathcad roBopurcs B rnase 12 (pa3gen 12.7).

2.2. mobanbHOE NPUCBOEHNE 3HAYEHNN

Iocmorpute Ha ¢GyHkiwo M (x) (puc. 2.2), oHa COOEepKUT KOHCTAHTHI — HATrPy3KH H

uHbL P, ¢, My u L. [lo cux mop 3T KOHCTaHTHl He OblIM 3aganbel. Ho crporuii Mathcad,
TEeM He MEHee, He YKa3bIBaeT Ha OMMOKY. J[eso B TOM, 4TO KOHCTAHTHI 3a/IaHbl TI00a1bHO
OKOJIO TpaduKa.
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L
¥r=0,—.L
m
Lot mops M ox Q MMoBankHOE NPMCEDEHME
FHadeHWH. NoMeHARTE YKCNa
E 7500 W HafimoaaATe 23 rpaduEamMi
V0 = 3000
E,
: F = 4000
E g = 2000
Li=3
L=#a
® m= 100
o M Dames
CAMOCTOATENEHD NOCTROMTE 3MKAE M K G
F=100 g:=20 2
fz-2
mE x< 2 M(xj:F-x A 2£x<5M[}:):=F-x—¥

Puc. 2.2. Dnropsl BHYTPEHHUX yCHWINHN [T OaKu, H300pakeHHOM Ha puc. 2.1

Yr10o0bI IMPpUCBOUTH HeKOTOpOﬁ KOHCTaHTe ria00aibHoe 3HAUCHUC, HYIKHO!:
a Ha6paT}, C KJIaBUATYpPbl UM KOHCTAHTbI;
O B MaTeMaTHYECKOM HaHEIH IICIKHYTh MBIIIBIO HA KHOIIKE X=;

O mmeJIKHYTh Ha KHOMKE = B OTKpbIBIIeWcs manenn Evaluation (Bsruucienue) wiu
HaXath KOMOWHarHio knapuin Shift+~.

OOparuTe BHUMaHUE: €CIIM JIOKAIbHBIN ONepaTop NpUCBauBaHus (1=) IEHCTBYET BIPaBO U
BHU3 OT MecCTa BBOJA, TO TNIOOAIBHBIA OIEpaTop NMPHCBaWBaHUS (=) OEHCTBYET MO BCEMY
JIOKyMEHTY, U BBEpX, ¥ BHU3. [Ipu OTKpbITHHN TIOKyMeHTa nHTepiperarop Mathcad BHavaie
MmpoCcMaTpuBacT BECb JOKYMCHT CBEPXY BHH3, OTBICKUBas FJ'IO6aJ'II)HI)Ie OrepaTophbl
MIPUCBaMBaHMs, 3aTEM TP BTOPOM IIPOXOJIE BHIMOHSIET JIOKAIBHBIE TPUCBAUBAHMS.

COBET

Crenyet n30eraTb MPUCBOCHHUS OAHOMY U TOMY )K€ MMEHH KOHCTAHTHI M TJI00aIbHOTO, H
JIOKaJILHOTO 3HAYEHMH, TaK KaK IPH STOM II100aIbHOE 3HAUEHAE OTMEHSETCS JIOKATBHBIM.

I'moGasnbHBIC ONEPaTOPhI MPUCBAUBAHMS 3HAYCHHUN KOHCTAHTaM yI00HO pa3MelaTh BOIH3H
Tabnuy Wi TpaduKoB, 4TOOBI, M3MEHsSS IIpUCBaMBaeMOE 3HAueHHE, cpa3y BHUJIETh
M3MCHEHHE Pe3yJIbTaTOB pacyera.

B paccmarpuBaemMoM mnpuMepe MOMEHSWTE 3HaueHWsl Harpy3ok P, g, My, amun L, L u

YHCIO MHTEpBAJIOB pa3OMeHust JumHbl Oanku n. CaMOCTOSTENBHO —IOCTPOHTE
u oropmarupyiite rpaduku Ui GYHKIMH, 3aJaHHOH Ha pHc. 2.2.

2.3. CUMBOJ1bHbIE BblMUCIEHUS

Hapsimy ¢ uncioBeiMm  pacueramn Mathcad MoXeT TNIPOM3BOIAMTH  BBIYHMCIICHHS
B CUMBOJIBHOM BHJIe. CyIIecTByeT ABa Crioco0a CHMBOJIBHBIX BBIYHCIICHHH:

1. C ucnons3zoBanuem mMero Symbolics (CuMBobHbIE BRIYKMCIIEHNS) U3 TJIABHOTO MEHIO
Mathcad.

2. C ucnonp3oBanueM nanend Symbolic n3 maremaTudeckoil maHesnm.
006a cnocoba OymyT moapoOHO paccMOTpeHbI B riiaBe 5. [IpuMmep HCIONB30BaHHUS MEHIO

Symbolics npuBenen B crnemyromieMm pasugene (cM. puc. 2.4), a MOKa OrpaHUYUMCS
HanboJee TMPOCTBIM M YacTO HCIOJB3YEMBIM METOJOM — ITPHUMEHEHHEM CHMBOJIBHOTO
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3HaKa paBeHCTBa (—). B kauecTBe mpuMepa pacCMOTPHM BBIYMCIICHHE HEOIPEISIICHHOTO
uHTerpana (puc. 2.3).

Janee onucaH nopsA/10K CUMBOJIBHBIX BbIYMCIICHUMN:

O B maremarnueckoii maHe W METKHYTh MbIbI0 Ha kHOomke Calculs Toolbar (Tlanens
BBIUMCIICHHUH) CO 3HAaYKOM HHTErpasa.

Q B orkpsmmeiics nmanenn Calculus (Maremarnueckuit aHan3) BbIOpaTh, IICIKHYB
MBIIIBIO, 1A0JIOH HEOIPEIeJICHHOT0 HHTEerpala.

O 3amoJHUTP MeCTa BBOJA — BIHCATh WHTETPUPYEMOC BBIPAXKCHHE HWIH UM
MHTErpUpyeMoil (YHKIMH, a TaK)Ke UMl [TepeMEeHHOI1 B mabdioHe auddepeHnuana.

QO BsaecTu CHMBOIBHBIA 3HAaK paBeHCTBA (—). DTO MOXHO CAEIaTh C IOMOIIBIO ABYX
MaHeNd, BbI3bIBAEMOM M3 Maremaruueckoit: Evaluation Toolbar (Bblumcnenus).
MOoyKHO BBECTH 3TOT OHEPATOp U C KIaBHATyphI, Ha)KaB KomOuHauuo kmasum Ctrl+.
(Touka). Ha skpaHe nosiBUTCS pe3ysibTaT CHMBOJIEHOTO BHIUYMCIICHUS.

F = 2 p=p OTKEeHA
. z NpeasImyWwero
fiz) = sin(g-g)-cos| — YHCMEHHOTD
P 2HAYEHHA P

BMecTo p1 NocTaesTe p,
OHO BYNET 3aMEHEHD YMCNOM

j—(sm(v)-cos(v)) — cos(v)2 = sin(v)z

W
gp+1 gp—1
Cog| —-& Ccog| —— -2
-1 P 1 P

2 gp+1 2 gp—1

— = =T lirn —= 0

co . 2

. t—s o In(1+ 247
CAMOCTOATENEHD NPOHHTEMDHDYATE K
npodandgthepeHUMpYATE thyHKLMK
an(t) (tan(t) + cot(f))’ AT
BEIMHCAHTE CYyrMY M NDOHIEELEHHE YEHOB Zn+ 1
pALA NPKY N, CTREMALLEMER K DECKOHEYHOCTH 3 5
n{n+ 1)
BEIMHCAWTE Npedensl dyHKLMA NoK t sin(t) — atan(t)

CTREMAWEMCA K HyMHo 3
t

Puc. 2.3. CuMBOJIbHOE BBIUMCIICHUE TIPOU3BOIHON, HHTErpasia, CyMM, IIPOU3BEICHUH, ITPEIEIIOB

O AHaJIOTMYHO MOXKHO BBINIOJHUTH BCE ONEpalUH, NPEIyCMOTPEHHbIE Ha MaHENn
Calculs Toolbar ([lamens BBYHCIEHHHA) CO 3HAYKOM WHTETpasa, a HWMEHHO:
BBIYKMCJICHHE TPOW3BOJHOM JIIOOOr0 33JaHHOTO TOpSIKA, OIPENSIICHHOTO H
HEONPE/ICIIEHHOT0 HHTErPaJIOB, CyMMbI HITH MTPOU3BEICHUS Psijia, IPEeia BBIPAKEHHSL.
Pemmre caMmocTosITeIbHO IPUBEICHHBIE HA PUC. 2.3 TPUMEPHI.

He[lOCTaTOK HCIOJIb30BaHUA CHUMBOJIBHOTO 3HAKa PaBCHCTBA 3aKJIHO4Ya€TCA B TOM, 4YTO
BCJIMYMHBI, KOTOPbIM OBLIH paHee€ NPpUCBOCHBLI YHMCIICHHBIC 3HAUYCHUA, COXPAHAIOT UX U IIPpU
CHUMBOJIbBHOM BBIYUCJICHUH, TO €CTb BMCCTO CHMBOJIBHOT'O BBIYHCIICHUA MOJYy4Ya€TCA
YHUCJIICHHOC.
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COBET

YT0o05I MOJYYUTb CUMBOJIbHOEC BBIYUCJICHHUE BMECTO YUCJIICHHOTO, HeO6XO}:[I/IMO OTMCHHUTDH
NpeAbIAYIIUE YHCICHHBIC 3HAYCHHSA BCEX IapaMETPOB, NPUCBOMB KaXIOMY HNapaMETpy

3Hayenue camoro cedst, tuna X (= X (puc. 2.3).

JIOCTOI/IHCTBO HCIOJB30BaHHA CHUMBOJIBHOI'O 3HAaKa PaBCHCTBA — B TOM, 4YTO Haﬁ)leHHOG
peHICHUC NEPECUNUTHIBACTCA aBTOMATUYCCKHU IMMPHU U3MCHCHUUN BBIPAXKCHHUA WU BXOOAIINX B
HEro BCJIMYMH U YUACTBYCT B IMOCJICAYIONIUX pacyCTax.

2.4. PelueHve ypaBHeHNN

Mathcad no3Bouisier pemnTs J1r000e anredpanyueckoe, a Takke MHOrHe AnddepeHInaIbHbIe
U MHTErpajbHble ypaBHEHHUs. [IpOHM3BOJIBHO, «C TMOTONKa» B3sThIC AU(QepeHIHaNnbHbIe U
UHTErpalibHbIC YPABHEHUS M CHCTEMbI YPaBHEHHH BOOOIIE HE UMEIOT pelueHuit, 1 Mathcad
HE B CHJIaX COTBOPHTB YyJIO.

Jns nmpumepa BO3bMEM KB3ApaTHOE YpaBHEHWE M HaWAEM €ro pelieHHue BHadaie
CHMBOJIBHBIM, 3aT€M YHCIEHHBIM CIIOCOOOM.

2.4.1. CuMmBOSbHOE peLueHne
I[HSI CHUMBOJIBHOI'O PEIICHUS YPABHEHU HYKHO!

O HabpaTh pemraeMoe ypaBHEHHE M CHHHM YTOJKOM Kypcopa BBLACIHTH NEPEMEHHYIO,
OTHOCHTEIIBHO KOTOPOH HY>KHO PEIIUTh YpPaBHEHHUE;

O B IJIaBHOM MEHIO BBIOpaTh Komanmy Symbolics » Variable » Solve (CumBosnbHbIE
BerunciieHus P [lepemennast » Pemmrs). [losiButcs otBeT (puc. 2.4).

FPewWwuTE ypagHeEHKE 2-112 +h-bh=0

CHMEONEHD

1
C NOMOLWER MEHH -

. msghlapleSolve -
Symbalic ghiap ?1 + }1.(1 + g.bb:]z

1

-1 1 2
o+ 2y
p 4L' )

CHMBONEHAA OUEHER DyHELMM Hoot

1

1

2 -1 1 2
ol + 8y

2 4( )

-1 1
rcu:ut[lh2 +h- hh,hj — I + :1(1 + Z-hl)
Puc. 2.4. CumBosbHOE pellIeHHEe YPaBHEHUS

Hemocrarok wucnonb3oBanuss MeH0 Symbolics 3akirouaercs B TOM, 4YTO HalJIe€HHOE
pellicHre He TMEePEeCYUTHIBACTCS AaBTOMATHYCCKH TPH HW3MEHEHHH BBIPAKCHUS HIH
BXOJAIIUX B HET'O BEJIMYMH U HC YUYACTBYCT B MOCICAYIOIUX pacyeTax.

JIOCTOMHCTBOM HCIIOJIb30BaHUs MeHI0O Symbolics sBisercs T0, 4TO paHee NPHHATHIE
YHUCJICHHBIC 3HAYCHHNA BECJIMYUH HC YYUTBIBAOTCA B CUMBOJIbHBIX pacyeTax.

Ecan BBIJCJICHHOC BBIPAXKCHUE HE HMCEECT CHUMBOJIBHOIO PCHICHUSA (a 60J1])1HI/IHCTBO
YpaBHCHHII HE MMEET CHMBOJBHOrO perieHus), To Mathcad coobiraer 06 omudke: «No

solution was found» («Pemenue He HalizieHO»).

(0] IPOIUX BO3MOKHOCTAX CUMBOJIbBHBIX BBIYHCIICHUI TOBOPUTCA B I'JIaBE 5.

2.4.2. YncneHHoe pelueHune (pyHKums root)

Paccmorpum oxHy w3 psaga  (QYHKOMH, ITO3BOJSIIONIMX PELIMTh  ajreOpandecKue
ypaBHeHUsI, — (YHKIHIO root.
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Oo0pamenne k GyHKOHH:
root(f{x), x),

rae f(x)=0. Bosspamaer 3Hauenue x, npu kotopom pyrkums f(x)=0.

@ynkuus root pemaer ypaBHeHUS] UTEPALMOHHBIM METOIOM CEKYIIHX U MOITOMY Tpedyer
3aJjaHus Tepe] coOoil HadanbHbIX 3HaueHHHd. Kpome Toro, ¢yHKims root, BbINOIHS
BBIYMCIICHUS METO/IOM CITyCKa, HaXOJMT M BBIBOAWT TOJIKO OJMH KOPEHb, ONMIDKaWIIMK K
HavyaJIbHOMY MPHUOJIIKEHHUIO.

lpekne 4eM pelnaTh ypaBHEHHWE, JKENATENBHO MOCTPOMTH rpaduk (yHKimm f (x)

(puc. 2.5). Ha rpadmke BUIHO, TIEPECEKAET JIU KpHBast | (x) och abcIce, To eCTh UMEET

JM JeHCTBUTENbHBIE KOpPHU. EciM TOYKM mepecedeHHss KPHBOW C OCBIO €CTh, HYXHO
BBIOUpATh HayalbHOE MNPUONMKEHHE NOONMKe K 3HAYeHHI0 KopHA. Ecimm kopHeil
HECKOJIBKO, JUISi HAXOXJICHWS KaXIOro KOpHS Haao 3aJaBaTb CBOE HadallbHOE
MIPHOTIKCHHE.

HAXOHOEHWE OEYY KOPHER YPaBHEHMA Frx = 2-(x— 3)2 +x-2
=1 ®Wl=root(F(x.0 x0=1.142
=35 ul=rootF(H,H o= 4351 AT
Mposepra Frad =10 159
Haxo#peHue akcTpemyma 10+
x:=1 HadaneHoe npuinmxeHne Fla 57
d ]
xl = root| —Flx ,x ¥ =275 =57
i -10+

Fxl) = =5.125 SECTHENTH

CamMocTOATENRHO PEWATE YPpaBEHEHKA
YUCAEHHD, CHMEONEHD M HAATH IECTREMY M

x3—3-x=|:l ]n(ex—E.I—E-x=EI
Puc. 2.5. YucnenHoe pelieHue ypaBHEHUs

Ecnu ke Touek nepeceyeHus HET, TO KOPHH ypaBHEHHsI MOTYT OBITh TOJBKO MHHUMBIMH
yucnamu. s X HaX0XKICHUsI HY)KHO 33J1aBaTh HayalbHOE MPUOJIMKEHUE B KOMIUIEKCHOM
¢dopme. B pesynbrare pacuera KOpHH ypaBHEHHUS TOSBIISIOTCS B KOMIIJIEKCHOM BHJIE.

BHUMAHUE

JUist BBOJIa MHMMO# €MHUIIBI HAI0 Ha Ki1aBuarype Habparb 1 wim 1. ITpu BeIXO€E U3

00JIacTH MHHMMOI'O 4YHCJIA CAWHMIIA KMCYE3a€T, M MBI BHIMM KOMILUIEKCHOE YHCIO B
OOBIYHOM BHUJIE.

C momomp0 QyHKIUE rOoOt MOXKHO HAaWTH ¥ SKCTpeMyM (QYHKIUH, NPHPABHUBAS
MIPOU3BOIHYIO K HYJIO (cM. pHc. 2.5). DyHKIIMH

root [%, xj

df (x) 0).

JOJDKHO TPEIIeCTBOBATh HAYaIbHOE MPUOIIKEHHUE (110 yMOITYaHHIO I =

Jist HaxoKAeHHs IKCTpeMyMa (DYHKIUH CIIeTyeT:
Q 3axaTh HaYaJbHOE MPHUOIIMKEHNE TOOIIKE K IKCTPEMYMY;

O 3anmcarh BeIpakeHHe ¢ (yHKUIMeH root, BKIIIOYMB B KadecTBe (YHKIMH, KOTOpas
JIOJDKHA OBITH paBHA HYJIIO, TPOM3BOAHYIO MO 33/IaHHON IIEPEMEHHON;
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O BBIYHCIUTH 3HAYCHHE 33JaHHON (GYHKUMM OT HAaWIEHHOrO KOpHS YpaBHEHHUS

d
M =0 . DkcTpeMyM HaiigieH (cM. puc. 2.5).

dx

Oynkius root B crapeix Bepcusx (mo Mathcad 12) mo3Bomser pemmuTs ypaBHEHHE U B
CUMBOJIEHOM BHze. [Ipu 3TOM 3aaBaTh HayalbHOE NPHOJKEHHE HEe TpeOyeTcs, Hy)KHO
JMIIb BBECTH BBIPAXKEHHE, cojlepikamiee (YHKLIUIO rOOt, W BHIOpaTh CHMBOJIBHBIA 3HAK
paBeHcTBa, HaxkaB komOuHaiumio kinaBumn Ctrl+. (Touka). Ecnu cuMmBoNibHOE pelIeHHE
CYILLECTBYET, MOSBUTCS. OTBET, COACPIKAIIUIA Cpa3y Bce KOPHU YpaBHEHUS, a HE OJHH, KaK
TIPH YHCIICHHOM PEIICHUN yYpaBHEHUS (cM. puc. 2.4).

2.5. PelweHune cucrtem ypasHeHnn (yHkums find)

B Mathcad cucrembl ypaBHEHHUI! PEIIAOTCS ¢ IIOMOLIBIO BEIYUCIUTENBHOrO OJI0Ka given—
find. Tak kak cucTeMbl ypaBHEHHIl peIIalOTCs UTEPALIMOHHBIM METOIOM, TIepe] pelieHueM
HEO00X0MMO 33/1aTh HayallbHbIe NPUOIKEHHS U1 BCEX HEN3BECTHBIX.

Uro0B!I peIINTh CUCTEMY JIT€OpandecKuX ypaBHEHHH, HYKHO:
QO 3a7aTh HadaJIbHBIE MPUOIMKECHUS I BCEX HEM3BECTHBIX, BXOIINX B CUCTEMY;

O mHameyaTaTh KimoueBoe cioBo Given ([laHo). YOeautech, YTO NpH MEYaTH BBl HE
HaxogWTeCh B TEKCTOBOM obOmactu. Ecmm Haxare KiaBumry npoOena, TO
MaTeMaTH4YeCKOEe BBIPAXKCHHE CTAHOBHTCS TEKCTOBOW obnacTeio u cioBo Given
nepecTaeT BOCIPHHUMATECS KaK KITIOUEBOE;

O BBECTH ypaBHEHHs M HEPaBEHCTBA, BXOJIIINE B CUCTEMY, IIPaBee M HIKE KIIIOUYEBOTO
cmoa Given. Mexay JeBod W TPaBOi YacTAMH ypaBHEHHS IOJDKEH CTOSTH 3HAK
paBeHCTBa (PKHPHBIA 3HAK PaBEHCTBA). JTO HE 3HAK IPHCBOCHUS 3HAYCHHS, a 3HAK
JIOTHYECKOro paBeHcTBa. Jisl ero BBOAA MCIONB3yiiTe komOuHanuio kiaasum Ctrl+=
Wi BeiOepuTe ero Ha nanenu Boolean (ByieBsl onepaTopsi);

O BeeauTe nr0boe BeIpaxkeHue, cogepxaniee ¢pyukuuro find. Ilpu neyaru cnos Given u
find MoxHO HCOB30BATH JMFO60H MIPUPT, TPONHCHBIE H CTPOUYHBIC OYKBBI.

Oo0pamenne K GyHKIHM:
find(x, y, z...),

TZie X, y, Z— HEeNn3BeCTHbIE. YNCIIO HEN3BECTHBIX JIOJDKHO OBITH PAaBHO YWCIY YpaBHEHHH.
BosBparmaer 3HaueHNS HEU3BECTHBIX X, ), Z, 0OPAIIAIOIINX YPAaBHEHHS B TOXK/IECTBA.

Oyukuus find MoxeT pewars U 0HO ypaBHEHHE C OZHHUM HEU3BECTHBIM KaK YacCTHBIN
ciyvail cucTeMbl ypaBHeHHH. J[ns cHCTeMbl M3 HECKONbKHMX ypaBHeHuil ¢GyHkuus find
BBIBOJUT PELICHUE B BUJIE BEKTOPA.

[Ipumep pemmeHuss CUCTEMBI YpaBHEHHH TIpuUBeAeH Ha puc. 2.6. 3amaHHas cHUCTeMa
YPaBHEHHH COCTOMT W3 YPaBHEHHUsS OKPYKHOCTH M ypaBHEHUs IpsMol. Eciu mpsiMas u
OKPYXHOCTb TIepeceKaroTcsi (CM. pHc. 2.8), TO JUII HaXOXJICHUS JABYX TOYEK HepecedeHHs
HY’KHO 3a[aBaTh /IBa Pa3HbIX HaualbHBIX NpUOMMKeHHs. Ecan OKpyXHOCTh M IpsiMasi He
NIEPECEKAIOTCS, IEHCTBUTENBHBIX KOPHEW HET. JIJig HaXO0XIAE€HUS MHUMBIX KOpHEH cienyeT
3aJ]aBaTh HA4YaJIbHOE NMPUOIIDKEHNE B BU/IE KOMIUIEKCHOTO YHUCTIA.
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OEPYHHOCTE W NpARMEA NepeCelakdTCA - AeACTEMTENEHEIE PeweHnA eCTe

x=1 y=0 HayansHoe NPUENIBHeHue
Given . .
Yo 3 5= T = o) F \ > 122 |
=z = Z+y= = Find(x, =

7 . 2 \-3.123 )

AnA BeIBOAA BTOPOrC KOPHA HAAO 3aAATLCH
OPYTHR HEYaNEHEIM NEHMOMEHEHWeM x= -1 y=0

Ecnm OEPYHHOCTE W NpAMaA He NepeCekKatoTcH - NeACTEMTENRHBIX pemeHMH HeT

x'=1 =1 Ha4YaneHo NpUENHeH1e

Given X2+y2 = 36 x+y=10 |F = Find(d,y) F=u
|3Ta MepereHHaA He onpedeneHa, |
=1 v = 0 Ha4YaneHos I'IpHﬁJ'IHH{eHHe
KOMONEKCHOE YHCNo (BBeANTE X = 10}
_ 7 2 _ (15— 26461 )
Given x +y = 36 —_—T F=| |
\ 5+ 2.6461 )

Puc. 2.6. Pemenue cucremsl ypaBHEHUI

Oyukius find mo3Bosser pemiath CUCTEMbl YPABHEHHH M B YHCICHHOM, U B CHMBOJIBHOM
Buze (puc. 2.7).

Giver, - HaYano epoda CHCTEMEI '_III'FIEEIHEHHH

x2+5r2=&a i+ y=hhb
1 1
2 2
1 1 1 1
—-bh - —-[—‘r:ﬂrzu2 + E-aeJ —-bb + —-[—bbz + 2-&&)
2 2 2 2

Find(x,v) — ) |

2 2
l-*r::*r:|+ l-':—hb2+2-aaj l-bh— l-[—*r::*r::2+2-aajl
2 2 2 2

Puc. 2.7. CumBonbHOE pellieHHe CUCTEMb] ypaBHEHHUH

Ecnu cucrema ypaBHeHHMHI HE MMEET TOYHOI'O PEIICHHMs, JJIsI MPHOJKEHHOTO PEelICHHs
B Mathcad cymectByer dyHkuus minerr.

2.6. NpnbnmxkeHHoe peLleHne CUCTEM YpaBHEHUN
(byHKUMS minerr)

Jltst pUGIIMKEHHOTO PEIIEHUs] CHCTEM YPaBHEHHH HCIIONB3YETCsl BHIYUCIUTENBHBIN OJI0K
Given—minerr. O6parieHie K HeMy aHAIOTHYHO oOpaienuto k 6;1oky Given—find.

Ha puc. 2.8 npencraBneHa reomeTpuyeckas HHTEPIpPETALUs CUCTEMBl YpaBHEHUI B BHJE
OKpPY>KHOCTU M IpsiMoil nuHuu. Ecnu npsmas nepecekaeT OKPYXKHOCTb, KOPHU CHCTEMBI
ypaBHEHUH JEHCTBUTEIbHBIE, €CIIU HE IEPEceKaeT — MHUMBIE.

Ecnu penieHne cHCTEMbI YpaBHEHHH CyIIECTBYeT, x + y = 2, GpyHKUHs MINErr qaeT ToT xe
oTBeT, uto u ¢yukuus find. Ecimu periierne cucteMsl ypaBHEHHH HE CYIIECTBYET, DyHKIHSA
Minerr Bo3BpaiaeT MHHUMYM HEBS3KH perneHus. B cnydae x +y =10 dynkmus minerr
BO3BpalllacT 3HA4YEHHE KOOPAUHATHI X, IPU KOTOPOM pACCTOSIHHE MEXIY KPHUBBIMHU
MUHHMMAaJBHO.
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x=1 wi=1 MpuBNM#eHHDE pelleHte

i 22 i 4274
Ciivret ¥ +y =36 i+ y=10 F = Minerz, ) F= e
MpoeepHM pelEHME CHMCTEMEl YPABHEHHA C NOMOWER rpaduea

&

=30 p=0,22 2% xl=—5,-5+— .8

1 n

NapamMeTpUHECKDE YOAaBHEHKME OKPYHHOCTH y(¢] = 6-sm[¢J

YPaEHeHWe NpaMol vzl =10-=x1  vaxl) =2-=xl

5
HOPHHA F KOOROWHATEl TOYEE
» HopactueHHA KPHMBLIX
510 SN
l(xl) f/‘ 1)
yAx) -0 N5 p oCH 1o
[ L.
T [}
1
adh,xl

Puc. 2.8. [IpubmmkeHHOE pelIeHHe CUCTEMbI ypaBHEHHH, €CIH TpsMast He TepeceKaeTcst
C OKPYKHOCTBIO

OyHkMI0O MINErT yao0HO HMCIOJIB30BaTh Ul ITOMCKAa IKCTPEMyMa HETJIAAKUX (GyHKIHH
C TIepeIoMaMu Ha Tpaduke.

2.7. iccnepoBaHue pyHKUMN HA 3KCTPEMYM

OTMeTHM YeThIpe ITyTH MONUCKA IKCTPEMyMa!

1.

Jns  HempepblBHOH (YHKIUH WCIIONB3YeM PaBEHCTBO HYINIO IPOU3BOIHOW OT
3amaHHol pyHKIHH. B 3T0i mporenype nenoip3yroT GyHKOUIo root.

Jist pyHKIMU ¢ neperoMaMu KCnosib3yeM (GyHKipoo minerr. J{is atoro no rpaduky
BEIOMpaeM YHCIIO 3aBeIOMO Oojbiee (WM MEHBIIEE) 3KCTPEMAaIbHOTO 3HAYCHHS
(GYHKIMM ¥ 3alUChIBAEM €ro B KayecTBe orpaHuyeHus B Oioke Given—minerr.
@OyHknus MINerr BO3BpalllaeT 3HAueHHWE apryMeHTa, MPU KOTOPOM PACXOKICHHE
MEXAY 33JaHHBIM YHCIOM M 3HA4YeHHEeM (YHKIMH MHHUMAaJIbHO. Bo3Bparaemplii
pe3yJbTaT 3aBUCUT OT BHIOOpA HAYAILHOT'O MTPUOIIIIKEHUSI.

st HenpephIBHBIX (YHKLHMKA yIOOHO HCIONB30BaTh GYHKIKMH Maximize u minimize
(onu BBomsATCs ananornuHo ¢ynkuuu find). KitoueBoe cioBo given oOGbIYHO MOXHO
OIyCKaTh — OHO HEOOXOAMMO JIMIIb NPH HATUYHU OTPaHUYCHHUI.

Jus crymeH9aTsix (pyHKIWA IeTIeco00pa3HO HMCIONB30BaTh (DYHKIHIO aBTOPA Fix,
PeATM3YIONIYIO IIPOCTOH MeTo mepedopa 3HadeHUH QyHKIuH (QyHKIHS Fy,y OTIFICaHA
B pazgene 9.8). JIpyroro cpeacTBa onpeneicHns MaKCUMyMa CTYIICHYaTOH (YHKINHU B
Mathcad Her.

COBET

IIpy aHanM3e KOHKPETHOTO ypaBHEHWSI PEKOMEHIYEeTCS BHUMATEIbHO H3Yy4YUTh Ipaduk
(yHKLMHU, Ha KOTOPOM XOPOILO BUJIHBI 00JIACTH HAXOXKACHUS SKCTPEMYMOB.

Bce uetsipe criocoba onpeaeneHus 3KCTpeMyMOB (DYHKIIMH UMEIOT CBOY TIIFOCHI 1 MUHYCHI.
TBopueckuii moxxox K HX BHIOOPY MOYTH BCErJa IIO3BOJSIET NPABHIBHO HANTH
9KCTPEMYyMBbI (DYHKITHH.

Ha pmuc. 2.9 B xadectBe (pyHKIMHM paccMOTpeHa KyOmdeckas mapaboja M TOKa3aH ee
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rpaduk Cc AByMs S3KCTpeMyMmMaMu (MakCUMymMoM ¥ MuHUMymowm). Ha pwuc. 2.10-2.12
MOKa3aHO OIPEJEJICHUEe 3TUX IKCTPEMYMOB pasHbIMH criocoOamu. Pesynbrarhl pacuera,
€CTECTBEHHO, COBIIAJIAIOT.

W = 2-x3 - lax + 5| x==33,-325.3

71 7 i B
= ~
T 5

al —3(3 225 -1z -05 | oPabs 2 g
I

Puc. 2.9. 3agannas GpyHKUus u ee rpagux

¥= -3 HAYANEHOE HAYEHME  np.. = mat(iy(xj X
x

¥y = —1 B33 Ve = 22419 makcHyTI

x:=73 APYroe HavyaneHoe NpUBNMKEHWE X, = rnnt[iy(x) ,x]
dx

Hypin = 1633 W i | = —12.419 WIECHELIYT

Puc. 2.10. Haxoxnenue sxkcTpeMyMa (pyHKIMU ITyTeM NPHUPABHUBAHUA K HYIIO
ee TIepBOil MPOU3BOAHOMN
¥:=-3 HaJankHOE I'IFIHE.I'IH)KEHHE
Givenn WX =30 opay = Minen(x)
T = —1 633 eyl = 22419 MAKCHMYM

x=13 HaaneHOe I'IFIHE_I'IHXEHHE
et wiEl = =20 iy = Minesx)

Tpin = 1 B33 vldgpiyl = —12.419  MHHHMYM

Puc. 2.11. HaxoxzaeHue skcTpeMyMa (QYHKLHH C UCTIONB30BaHHEM QYHKIMH Minerr

KNHYEBDR CAOED given Heobxogumo
TONBKD B CRYYAE HATMYMA OTPAHHYEHHA

¥:==-3 HAaJalkHOE 3HAJEHWE Tppay = Dlaxitmizew )
Xy = — 1633 ¥ty = 22419 MAKCHMYM
=13 Civen x>0 gy = Minimize(y, =)

Tpin = 1633 wlagin! = —12.41%  MHHAMYM

Puc. 2.12. Haxoxaenue sxcTpemyma GyHKUUH ¢ TOMOIIbo QyHKIMIA minimize u maximize

IMonpoGHee 0 HaXOKACHUU FKCTpeMyMa (HYHKIIMU TOBOPHUTCS B paszene 3.7.

2.8. Pabota ¢ maTpuuamm

[Ipeumymecrsa Mathcad ocoOeHHO sIBHO BHIHBI IpH pabore ¢ MaTpuuamu. Onepanuu
C MaTpHULaMH TPYJOEMKH H, KaK MPaBUIIO, TPEOYIOT KOMITBIOTEPHOTO NPOrPaMMHUPOBAHUSL.
B cucreme Mathcad MBI BUAMM TpaJMIIMOHHYIO 3allUCh MAaTPUYHBIX BBIPOKCHUH, Kak Ha
aucTe OymMard, HO y>Ke€ ¢ TOTOBBIM YHCJICHHBIM HJIM CHMBOJIBHBIM OTBETOM.
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2.8.1. Co3gaHue matpuy,
YUT00BI ONpeAeTNTh BEKTOP TN MaTPHUILY, CIIEAYET:
O 3anmcaTb UM MaTpHUIbl, BBECTH ONEpaTop MpucBauBaHus (:=);

O B MareMaTHYecKOM MEHIO BHIOpaTh KHOINKY ¢ M300pakeHHeM MaTpuubl. OTKpoercs
naHenb Matrix (Marpuua), Ha KOTOpPOW HYXXHO BHOBb BBIOpaTh KHOINKY C
n300pakeHHeM MaTpHubl. Ha 3TOT pa3 OTKpoeTcst AuanoroBoe OKHO, B KOTOPOM HaJlo
BBECTH YHCIIO CTPOK U YHCIIO CTOJNOLOB MAaTpHIbl M HaxaTh Ha KHonky OK. Ha skpane
nosiBUTCA MmalioH MaTpuibl. To e JeicTBHE BBI3BIBACT HaKAaTHE KOMOWHALUM
knasui Ctrl+m;

O KaxJIoe MeCTo BBOAa B [A0NOHE 3alOJIHUTH YUCIAMHU MM OYKBEHHBIMHU
BBIpaKCHUSAMH. MaTpHna rorosa.

C momotpro mabdaoHa MOXKHO BBECTH MAaTpHILy, coaepkamryro He Oonee 600 3iieMeHTOB.
Kak BBecTH MaTpHIbl OOJBIINX Pa3MepOB, paccka3aHo B riaBe 4 (pasmern 4.1).

Bekrop — 3T0 MaTpuIia, COCTOAIIAsE U3 OJHOTO CTOJIOIA.

Hoctyn x 11000My 371€MEHTY MaTpPHIbI MOXKHO IOJIYYHTh, 3a/1aB UM MATpPHUIbI C AByMs
nHaekcamu. IlepBerii mHIEKC 0003HA4aeT HOMEP CTPOKH, BTOPOW — HOMEp CTOjOIa.
ITpon3BONBHBIIN 2JIEMEHT BEKTOpPa 334a€TCsl OHUM HHIEKCOM.

s HaOopa HIDKHErOo WHAEKCa MOXHO OTKphITh maHens Vector and Matrix Toolbar
(Marpuripl) Ha)kaTMEM COOTBETCTBYIOIIEH KHONKH Ha MaTeMaTHYECKOW MaHeH, Iocie
4yero mienkHyTh Ha kHomke X, (Subscript), Ho myume wncmonap30BaTh KIABHIIY [
(oTKpbIBaroOIIas KBajapaTHas CKOOKa), Tak Kak MpH paboTe ¢ MaTPUIlAMH CTaBUTh HIDKHUI
MHJIEKC IPUXOJUTCS O4YEHb YacTo.

Hymepauusi anemMeHToB MaccuBa

Hymepanus smeMeHTOB MaccBa (BEKTOpa WIIM MAaTPHILBI) MOKET HauuHathes ¢ 0, 1 wmm ¢
J000r0 Apyroro 4ucia (MOJOXKUTENFHOTO WIIH OTPHLATENbHOT0). TlopsakoM Hymepauuu
3JIeMEHTOB MaccuBa ynpaeisieT BerpoeHHas mnepemenHas ORIGIN. Ilo ymomuanuro
ORIGIN = 0. D10 03HauaeT, 4TO MEPBbIH JEMEHT MaccuBa nmeet Homep 0.

YT10o0OBl HyMepanus YWICHOB BEKTOPOB M MaTPHILl HAYHHAIIACH, KAK OOBIYHO MPUHHUMAETCS B
MaremaTuke, ¢ 1, HY)KHO Mepel BBOJOM MATPHUbI, a Jydlie B Hayane JOKYMEHTa,
Haneyatath ORIGIN:=1 (Bce OyKBBI POITHCHBIE).

Ha puc. 2.13, 6sepxy mnokazaHo co3jaHHe 3JEMEHTOB Marpuubsl D 1o ¢dopmyne c
UCHoNIb30BaHueM HIKHUX HHAeKkcoB. Ilo ymomuannio ORIGIN =0, mostomy Doy = 10.
ITocne BBoga ORIGIN:=1 anement Dy He umeer cMmbicia, a Dy = 10.

2.8.2. OcHOBHblE AENCTBMSA C MaTp1LaMm

Mathcad mo3BosieT BBINOJMHATH C MaTPULAMH OCHOBHBIE apH(METHYECKHE JEHCTBUSL:
CIO)KEHUE, BBIUMTAHME, YMHOXEHUE, — a TakXKe ONepalud TpPaHCIIOHUPOBAHUS,
oOpaleHys, BBIYHUCICHHS OINpPEIEIUTE MaTpPHIbl, HAXOXKJICHUS COOCTBEHHBIX YHCEN U
COOCTBCHHBIX BEKTOPOB U T. JI. [IpHMephI YHCIEHHOTO W CHMBOJIFHOTO BBITIOJIHEHHUS 3THX
omnepauui npuBeseHsl Ha puc. 2.13-2.15.

COBET

Bo Bpemsi paboTbl ¢ MaTpuLaMH BHUMATEIbHO CICAUTE 3a pa3Mepamu Martpui. [Ipu
MOSIBJICHUHM COOOIIEHUS O HECOOTBETCTBUH pa3MepoB MaTpull (puc. 2.13) Hamumure B
CTOPOHKE MMsI MaTPHILBI U HAXXMHUTE KiaBuily =. Eciu pa3mep MaTpHLbl OTJIMYAETCs OT
TOTO, 4YTO BBl BBOIWIN, OOHYJIHTE MATPUIy IMepe] O4YEePEeIHBIM OIepPaTopoM
npUCBanBaHus, HanucaB, Hapumep, A:=0.



ORIGIN =0

46 (0 YMONEaHHED ) 1=0.2 1=0.4
PopMUPOBEHKE ) )
MaTPHLE! ) . (105 8
(10 8 8 7 &) 9 5 7
Dij=10-i-] _ TPEHCNOHMPOBaHKE
D=2 8760 MaTPHLE! D=D D=|% 76
\8 765 4, 2 6 s
Brvanue ORIGIN Ha HyMepaUKio aNeMeHToB MaTpuUbl l s 5 4]
ORIGIN =0 Dgpg= 10 : ’
CRIGIN =1 Dgpg=a Dy =10
||./|H,D,6KC MACCEA ABNASTCH HEAOMYCTIMBIM ANA 3TOM MacClkiga. |
e A Lol
45 1 (13 13 13 (=7 =5 =3
B=|51 2 13 13 8 -5 -3 -6
12 3 E+D=]13 8 38 E-D=|-3 ¢ -4
23 4) 3 8 2 -6 —4 -2
8 8 & -4 -2 0
YMHOHEHME MATPHL NEPEMHOHEHWE
Mo
|Pa3MeDHOCTM MacCkBa He COEMaJakoT. |
Puc. 2.13. ApupmMerndeckue IeUCTBHS C MATPUIIAME
12 144 133 120 108 98
11 132 121 110 99 EE 1 123
V=10 H-HT= 120 110 100 90 &0 2001 23)=12 44
9 log 93 90 Bl 72 3 3609
8 PG 88 &0 T7I 64 cTonfiey, ¥ CTPOKY = MaTpMUa
1
HT-EF=[:51IZI) (12332 =01h
3
CcTpoka ¥ ctonfey = Jyucno
Puc. 2.14. [IpousseneHune BEKTOPOB
TpaHcnoHWpoBAHWE MATPWLEI
(5 3) (68 2 s 7 40 (6 3 2
D=(71| c=(351| D =] | c'=|8 53
W31 2)
w42 2 3 7) w2 1 7))
OnpefenuTenb KBaAPaTHOR MaTpHLLI |C| = 38
O - HekBanpaTHas MaTpuua D] =[us
UEpallgHue MaTpuLsl |5Ta MAaTPMLA AOMTEHAE BEITE KE3ADATHOIA, | .
(0842 -1.316 -0.053) (1 1166x 10”5 0
C_l =| 05 1 0 Ipeeepra CC = 0 1 0
\—0.026 -0.053 0,158 ) L0 0 1)
1000 0)
01000
EOMHWYHER rMaTpULE E = identity(3) E=|00 100
Doo1la0
00001,

Puc. 2.15. Onepauuu ¢ MaTpuuaMu



2.8.3. PelueHne maTpu4HbIX ypaBHEHUI

MarpudHble ypaBHEHHS IIPEACTaBISAIOT COO0OH, Kak IPaBWIO, CHUCTEMY JIMHEWHBIX
anreOpandyecknx ypaBHeHHWH A -X=B u pemaroTcsi IyTeM OOpameHUs] MaTpHIbI
ko durmenTos X=A "' - B (puc. 2.16).

1 23 10 175
A=1321 B=|20 o= AT l-EI =225
2173 50 125

Puc. 2.16. Penienue cucrembl alreOpandeckux JIMHEHHBIX YpaBHEHHH ITyTeM 00panieH s
MaTpHLbl KO3 HUIHEHTOB

CUMBOJIbHEIC ornepanu ¢ MaTpulaMd MOXXHO BBIIIOJHATH C IOMOLIBKO MCHIO SymbOHCS
(CI/IMBOHBHLIC OHepaHI/II/I), a TaKiKE CHMBOJIBHOI'O 3HAKa paBCHCTBA. B npumepax,
MMPpUBCJICHHBIX Ha pucC. 217, HCIOJB3YETCS TOJIBKO CHMBOJIbHBIA 3HAK paBCHCTBA —>.

[Tonpo6GHO O CHMBOJBHBIX ONEPALMSIX C MAaTPULAMHU PACCKa3bIBACTCS B IJIABE 5, pa3ielibl
5.2.13mu53.

& [a b] E- [EE] o (s] T ee-3 eet
2 = 3 Bi s
c d ff t [ﬂ"-s ff'-t]

TRRHCNOHWPOEBAHKAE NPOHIEE0EHHE EBKTOPOE W MaTpHL,
T ac as+ bt T
diner & H B i — ees+ It
b od cg+ dt
DEFIEITHEIH MATPHLE
d -h
ﬁ_l (ad-tbe) (ad-be ONpedenuTeNk
E -t a |P1| —ad-he

(ad-tc [(ad-hg

1
cofCTEEHHEIE -

2
JUCha 1 1 1
—a+ —d+ __[&2 -2ad+ dz + 4-h-c)
2 2 2
eigenvals &) —

1
2
b A @
Sat —d- —-[a?' L Sl iibec)
3 2 2

Puc. 2.17. CuMBoOIbHBIE OIlEpalMy C MATPULIAMHU

[pyu BBIIOJIIHEHUH CHMBOJIBHBIX OIEPAIUil ¢ MATPUIIAMH HEOOXOIUMO TIOMHHTH, YTO €CIIH
KaKoOMy-T100 CHMBOJIy paHee MPUCBOCHO YHCICHHOE 3HAYCHHE, TO MPH HCIOJIb30BAHUN
CHMBOJILHOTO 3HAKa PaBEHCTBA ATOT CHMBOJI YYaCTBYET B CHMBOJIBHBIX pacyerax Kak
yrcio. Eciiu cuMBOITY paHee MPUCBOEHO 3HAYEHHUE BEKTOPA HJIM MATPHIIBI, TO CHMBOJIBHbIE
BBIYKMCJIEHUST C €r0 y4YaCTHEM CTAHOBATCS HEBO3MOXHBIMH. B 3TOM cilydae HyXHO
HCIIOJIB30BAaTh U1l CHMBOJIBHBIX BRIYMCIIEHHI MeHI0 Symbolics.

2.9. OnepaTtop BeKTopM3aummn

Mathcad nomyckaer BBOAMTH B KayecTBE aprymMeHTa (DyHKUUH HE TOJBKO 4YMCIA, HO H
BekTOpbL. [Ipn 3TOM BBIUMCIIsieTCSs] 3HAaUeHHEe (DYHKIMHU JUIsl BCEX AJIEMEHTOB BekTopa. Ecin
apryMeHT (yHKIUH — MaTpHLa, TO, YTOObI BBIYMCINTH 3HAueHHs (GYHKIHMU JUIS BCEX
9JIEMEHTOB MaTPUIIbI, HaJI0 MCIIOJIb30BaTh ONepaTop Bekropusauu (puc. 2.18).

I[J'IH HCIOJIb30BaHUA OIEPATOPA BEKTOPU3ALNH HYKHO!:

O BBECTH BBIPOKCHHE WIH (YHKIHIO;
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Q BBLICIHUTH CHHUM YTOJIKOM HEOOXOAWMYIO YacTh BRIPAKCHHS (YaIlle BCETO BRIPAYKEHHE
LIEJTUKOM);

O Ha MareMaTH4YeCKO# IaHenu INeNKHYTh Ha KkHomke Vector and Matrix Toolbar
(Marpuupl), a B OTKpbIBueiics namenu — Ha knonke Vectorize (f(M))

(BexTopmsanus). Han BbIIeIeHHON YaCThIO BRIPA)KEHUS MOSBUTCS CTPEKa — CHMBOI
oTepanny BEKTOPH3AIINH;

O HaxaTh KJIaBUIILY =.

Oneparop BEKTOPH3aIMM HM3MEHSET CMBICT BEKTOPHOH WM MaTpUYHOW OIepari.
Bekropuzauus  o03HadyaeT  BBINOJIHEHME  OJHOTUIIHOM  ONEpalMy, MPEIIUCAHHOH

BBIDAKEHHEM, CO BCEMH »JJEMEHTaMH MaccuBa. Hampumep, JA — orepanus
HEBO3MOXHasi, eciii A — BekTop WM Marpuua. Kak yke ckazaHO, apryMeHT (YHKIHH
MOXET OBITh BEKTOPOM, M (YHKIHS, KaKk M B CIy4yae HCIIOJIB30BaHHUSI JUCKPETHOU
NepeMEHHOM, BBIYHMCIIETCS JUIl BCEX DJIEMEHTOB BekTopa. Ecnm apryMeHT QyHKIMH —
MaTpHla, HeOOXOIUMO NMPUMEHEHHE ONepaTopa BEKTOPU3AIMHU, YTOOBI BBITOJIHUTE TO K€
caMoe IEHCTBUE, TO €CTh BBIYMCINTH (PYHKIMIO JUI BCEX 3JIEMEHTOB MaTpuilpl. B Hamem
Cllyyae 3TO HaXOXJICHHWE KOPHS KBaJpaTHOTO M3 KaKAOTO JIeMeHTa MaTpulpl 4. B cnydae

MepeMHOXKEHUsI MaTpul A - B 3To MaTpuuHoe npousBeneHue, a A-B — 310 momapHoe
OPOU3BECHHIE dJIEMEHTOB MaTpull 4 U B ¢ OIMHAKOBBIMH HHJEKcaMd. Bce MaccuBbI moa
3HAKOM BEKTOPH3allMU JOJDKHBI OBITH OJHOTO pa3Mepa, TaK Kak Omepanus HaJ BCEMH
MacCHBaMH TPOM3BOIUTCS MOMIEMEHTHO. [IprMephl HCTIOIb30BaHMS BEKTOPOB HIIA MATPHIL
B KauecTBe apryMeHTOB (QYHKINH OpHBEACHBI Ha puc. 2.18.

050 1 40 (04790 (0841 —0.757)
—
B=|03 BE:=|2 5| sn(B) =029 sn(BE) = | 0.90% —0.959
0.8 \3 6 \ 0.717 \ 0,141 —0.279 )
sin(BB) = o

ZHAYEHKE AOMTHHD BhITh Bk TODaM,
120 (5 6 719 229 — (5 12)
| B[l | aB=] |

A= B: | @B =|
3 4 7 8 43 50 21 32
3\. — P 5
———— | 403429 2.981x 10 4 (02 0333
wxp(A+B) = 4 5 E=‘0429 0.5 |
L 2.203% 10* 1.628% 10° ) \0. 3/

Ecnu apryMeHT YMCNo Ui BeKTOpR - BeKTORHM3aLWA He HyHa

Ecnu apryMeHT MaTpHLE - BEKTOPMIaLMA Hy3HHA

Puc. 2.18. Onepauusi BEKTOpU3aHN

2.10. PeweHne andpdepeHunanbHbIX YpaBHEHUN

Marematnuecku pemenne quddepeHnnanbHbIX YpaBHEHUI — OUeHb CIIOXKHAs Ipodiema.
Mathcad He B cOCTOSHMM peIIUTh O€3 JIONOJHUTEIbHBIX YIPOIIEHUH MHOTHE
muddepeHunanpHple ypaBHEHHS U UX cucTeMbl. Bee, uro Mathcad Moxer crienats ¢ HUMH,
MOJAPOOHO ONMUCAaHO B IJaBe 6. 3/1ech K€ pacCMOTPUM HCIIOIb30BAHHE JHIIb (YHKIHMN
Odesolve.

Nms pyskmpu Odesolve MoxHO mucath W C MPOMUCHON, M CO CTPOYHOH OYKBBI
Ausroput™m  ¢yrknmn  Odesolve wucnons3yer OGonbmimHCTBO wuMerornuxcss B Mathcad
GbyHKUmMi pereHns aupPepeHINaTbHBIX YPaBHEHHH, (akTiudecku, 3amenss ux. Odesolve
MOXKET pelraTh U CUCTeMbl qud(epeHIMaTbHBIX YPaBHEHHH. B KOHTEKCTHOM MEHIO €CTh
BO3MOXHOCTB BBIOOpa METO/Ia pelieHust Au(PepeHIIHaNbHBIX YPaBHCHHUI.

Oyukius Odesolve mo3Bossier 3anuChIBaTh ypaBHEHHE B OJIOKE PEIICHHUS B MPHUBBIYHOM
BUJIE, KaK OOBIYHO 3aIMCHIBAIOT ypaBHEHHE Ha JIMCTE OyMaru.
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(MCXOOHOE YRAEHEHME)

2
ijj.r(xj + xz-%xy(xj + xyE = ex-cus(xj
i¥s

OuipipepeHunansHoe ypagHeHHWe ¢ Ha4anbHbIMH YCNOBHAMK

Chven ¥+ xz-j.f(xj + 1y = ex--:cus(xj
yih=-8 =3 yih=3
v = Ddesolve(x, 5) x=0,01.5

10
628
i)
i) 375
d
d oy 063
dxl‘f(
—2.5
~5.63
Tix) d
6 ~3.75
T s
-15
0 ] 3 3 4 5

Puc. 2.19. Peuienue nuddepeHuansHOro ypaBHeH s ¢ HAYaIbHBIMU YCIOBUSIMU

Oopamenne k pynxuun Odesolve tpebyer 3amucyu BRIYMCIUTEIBHOTO 0JI0Ka, KOTOPBIH
COZIEPIKUT TPH YACTH:

1.

2.

Kirouesoe cioso Given.

Juddepenunansroe ypaBHeHNE M HaYaJIbHbIE WIN TPAHUYHBIC YCIOBHS JUISl HETO MM
cucreMa AU PepeHIINATBHBIX YPaBHEHUH U €€ YCIOBHSL.

Oyukius Odesolve(x, xk, n), Tae x — uUMs MEPEeMEHHOH, OTHOCHTENBHO KOTOPOit
pelaercs ypaBHeHue; xk — KOHEI MHTepBajla WHTerpupoBaHus. Hawamo uHTEpBaia
UHTErPUPOBAHKSL YKa3aHO paHee, B HAYAIBHBIX YCIOBHSX; N — HEOOA3aTebHbIN
BHYTPSHHHI [apamMeTp, ONPCICIIONNI YHCIO0 LIArOB  HHTETPUPOBAHMA, U
UCIHOJIb3YEMbIN [IPH HHTEPIOSIMA PEIICHHsS, TO €CTh IIPU MEPEXOAE OT MATPHIBI
YHCIICHHBIX 3HaYeHHH K (yHKumu. [lapamerp n He sBisieTcss obs3arensHbiM. Ero
MOKHO yOanuTh, npegocrasus Mathcad BO3MOKHOCTE caMOMy BBIOGHPATh YHCIIO IIATOB
unterpuposanus. [To ymonuanuio Mathcad ucnonezyer n = 1000.

BHUMAHUE

[TosiBNeHHE APYTMX MATEeMaTHYECKHX BBIPAXKCHUH B BBIYMCIUTCIBHOM OJIOKE MEXKIY
cioeamu  Given wu Odesolve wHemonyctumo. TekcToByro  001acTb  BHYTPH
BBIYMCIIMTENBLHOIO OJI0OKA pa3MeliaTh MOXHO. | 'paHMYHBIE YCIOBHA MOXHO 3a1aBaTh
JIMIIb B IBYX TOYKAX, O/IHA U3 KOTOPBIX — HAYaJIO MHTEPBaa HHTETPHPOBAHHSL.

Ipumepst ucrnions3oBanust ¢yuknnu Odesolve npusenens! Ha puc. 2.19-2.22.
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AAHO YPABHEHME 4 —x(t) + x(f) =t

dt
MpaHKYHEIR YCNOBMA o =A xDh=BH
& =4 B=10 C=-3 D=a
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Puc. 2.20. Pemenne nuddepeHInanbsHOro ypaBHEHUS ¢ TPAHUYHBIMHU YCIIOBUSMH

NMPUMEYAHUE

HcxomHoe ypaBHEHME MOJKHO 3alMCHIBATH KaK C  HCIOJB30BAHHEM OIEpaTropa
i QepeHupoBanus, Tak U €O WTpUXoM (puc. 2.21). I'paHu4HbIE YCIOBHS ClELyeT
3alKCHIBATh TOJNBKO CO IITpuxoM. JIins HaGopa INTpUXAa HCIOJNB3YHTE KOMOMHAIMIO
knapum Ctrl+F7.

k=3 P - 2K + Ky = 0

4 2

i R 4
jjf(}{j -2k -—jgr(xj +k -w® =0
i o

Given

wH=0 PH=0 PO=-1 (=3
VT = Odesolvelx, 10)
bt

Y1) = d—‘f’(xj Y = J Vi dx x=0,01.5
e 0

Puc. 2.21. Pemenne nudpepeHINanb-HOTO ypaBHEHHUS 4-T0 TOpsIKa

Oyuknus Odesolve Bosepaimaer penienue auddepeHInaTsHOro ypaBHEHHSI B BHJE
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¢GyHKIMM, a HE B BHAE MAaccuBa, KaK BCE OCTAJIbHBIC (DYHKILMH, OIHMCAHHBIE B TJaBe 6,
MO3TOMY HaiJICHHOE peIIeHHe MOXXHO MHTerpupoBath H AupdepeHunpoBarb (CM.
puc. 2.19-2.21), a Tarke HCHOJB30BaTh B IMOCIEAYIOIIUX pacueTax Kak (YHKIHIO
T10JIb30BaTEIS.

Oyukius  Odesolve pemraer  auddepeHimansapie  ypaBHEHHS Kak C  HAYaJbHBIMU
YCIIOBUSIMH, KOTJa BCE YCJIOBHS 33JaHbl B HaudaJle MHTEpBaja MHTETPUPOBAHUS, TaK U C
TPaHUYHBIMH YCJIOBHSIMH, 33JaHHBIMM B JBYX TOYKax. M3 3TMX JABYyX To4YeKk oOJHa
00s13aTeNbHO SBIIAETCS HavyaJloM MHTEpBaJla HHTETPUPOBAHUS, APYras MPOU3BOJIbHAs, HO €
apryMeHT OoJnblle, 4eM B HadaJdbHOW TOdYke. PerneHne ypaBHEHHS C HadaJbHBIMU
YCJIOBUSAMH MOKa3aHO Ha pHC. 2.19, ypaBHEHHSI C TPaHUYHBIMH YCIOBUSIMH — Ha puc. 2.20.
Pemenne g depeHIIaIHLHOTO YpaBHCHHUSA BEICOKOTO opsiAKa (4-ro)
MIPOAEMOHCTPHUPOBAHO Ha puc. 2.21.

Peuienne cucrembl nuddepeHunansHpIX ypaBHeHUI npuBeneHo Ha puc. 2.22. Ilpu stom
obpamtenve k ¢pyukunu Odesolve usmennnocs. [t peneHns 0MHOTO ypaBHEHHs

odesolve(x, xk, n),
JUTSL PETIeHNs CUCTEMBI TH(DepeHITMATBHBIX yPaBHEHHIA:
odesolve((BekTop MMeH HEU3BECTHBIX), X, Xk, 71).

B mpumepe, nmpuBeneHHOM Ha puC. 2.22, IPH PELICHUN CHCTEMBI TPeX YpaBHEHHH BEKTOP
MMEH HEU3BECTHBIX COACPIKUT TPH UMEHH.

Given M+l -y + =0 w(O=0 g e

4yt + it =t + =) v =-1 MEXIY CNOEIMK

given ¥ odesolve

%z(tj - =) =) + ¥t (M = -1 HONyCTHME
t
X X
v | = odesolve| | v |,t,10
z z
4000 e
L ]
.
i .
10 onng ‘.‘
jﬂit:l % .h_
I. ‘.
HEEN ... -,
u
zi t) ] :*-—--—-—-' S
- ‘. ..
‘ u
L]
—2000
-10 =5 o 5 10

Puc. 2.22. Pemenue cucrembl auddepeHInanbHbIX YPaBHCHUH ¢ Ha4a bHbIMH YCIOBUSAMU

Iotpenupyiitecs B ucnoip3oBanuu Gynkimn Odesolve (puc. 2.23).
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PeluTe caMocToATENRHD

o4 d _ 1
IDD-EEx(:tj + m-gtx(tj + 100 %(t) = 50 cos vt
(=0 20=1

_ y =
T ey

yhx-D-y=0 whH=3 whH=1 yid=1

Y"I - 2-3?" + YI =0 NOoMEHARTE FPAaHHUYHEIR YCNOEHWA

FPewure cucTemy OOY ity — 1wty + 5wty = 0
P = 5ut) = 1w(E)
M wih = -1 Wi =1

Puc. 2.23. [Ipumeps! [u1st caMOCTOSITENEHOM paboThI

2.11. AHanma akcnepuMeHTanbHbIX AaHHbIX

IIpn  mpoBeneHMM  pa3sMUUYHBIX  OKCHEPHMEHTOB  OOBIYHO  TpeOyeTcs  MaccuB
9KCIIEPUMEHTANBHBIX JAHHBIX MPEACTaBUTh B BHAC (QYHKIUM, KOTOPYH MOXKHO
UCIIONIb30BaTh B JajbHeHImMx pacyerax. Eciu KpuBas, onuchiBaeMasi 3TOW (yHKIMEH,
JOJDKHa TMPOXOJUTH YCEpEe3 BCC OKCICPUMEHTAJIBHBIC TOYKH, OlCpalusd MNOJYYCHUSA
MPOMEXXYTOYHBIX TOUEK M PACUETHOW (DYHKIIMU HA3BIBACTCS UHIMEPRONAYUEH.

Ecnu kpuBas, omnucbiBaemas 3Toil (yHKUMEW, HE JOJDKHA MPOXOJHMTh Yepe3 Bce
9KCIIEPUMEHTANIBHBIE TOYKH M SBISICTCS anlpoKcUMaled (yCpeaHEHHEM) HMCXOAHBIX
JIAaHHBIX, OTIEpaIysl IOIyYSHHUS IPOMEKYTOYHBIX TOUEK M pacdeTHOH (YHKINU Ha3bIBAaeTCs
pezpeccueii.

Ecnmn  HeoOXommMo yMEHBIIMTH pa30poc JAHHBIX WJIM HCKIIOYHATH HEKOTOPYIO
CHCTEMaTHYECKyI0 TOTPEIIHOCTh, HAlpuMep, B BHAE HAJIOXKEHHBIX KoJjeOaHui,
UCTIONB3YIOT Cenadcuéanie TAHHBIX WU (PUIIBTPAIMIO CIIEKTpa KoIeOaHU! NaHHBIX.

IToapobHo 0 paboTe ¢ MaccMBaMM OIBITHBIX JAaHHBIX PacCKa3aHO B TJaBe 7. 31ech ke
MIOTOBOPHM TOJIBKO O HanboJjee yI00HBIX crioco0ax MHTEPIOALNT U PETPECCHH.

2.11.1. NMuTepnonsums

B Mathcad umeercss HeckoabKO (DYHKLUUWH HMHTEPIOJSIMH, Pa3IMYalOIIUXCs CrocoOoM
«COEIMHEHHS» TOYEK JaHHBIX (MPSMOM THHUEH WM pa3NuYHBIMU KpUBBIMHU). B 3T0H rnase
MOTOBOPUM  TOJBKO O  KyOMYECKOH  CIUIAMH-MHTEPIONIALMH, THPU  KOTOPOM
9KCIEPUMEHTANIBHBIE TOYKH COCAMHSIOTCS OTpPEe3KaMH KyOWYecKHMX IIOJIMHOMOB. B
MPOILIECCe HHTEPIIONAIMU OAHOBPEMEHHO UCIIONB3YIOTCS aBe (hyHKIwH, interp u cspline.

Oo0pamenue K GyHKIMAM:
interp(s, x, y, t); cspline(x, y),

IJiec X — BEKTOp 3HAYCHUH apryMeHTa, SJIEMEHTHl KOTOPOTO PACIIONIOXKCHBI B ITOPSIKE
BO3PACTaHUS, ) — BEKTOP 3HAYCHUH (YHKIHU TOTO K€ pa3Mepa; S — BEKTOP BTOPBIX
OpPOM3BOMHBIX, CO3MaBaeMblii (QyHKIed cspline, kortopas obecnednBaeT paBEHCTBO
BTOPBIX MPOU3BOIHBIX HA TPAHUIIAX CTHIKOBKU MOJMHOMOB, TO €CTh B OKCIIEPHMEHTAILHBIX
TOYKaX, {— 3HAUCHHE apryMCHTa, NPH KOTOPOM BBIYUCISAETCS HHTEPIIOIUPYIOIIAS
(hyHKIHA.

KOOpZ[I/IHaTLI OKCHIEPUMEHTAJIBHBIX TOYEK HE MOTYT OBITh KOMIUICKCHBIMU YHCJIAMHU.

[Tpumeps! HHTEPIIONALMN IPUBEAEHBI HA puUC. 2.24.
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Yo=(38 15 55 23 51 79 105 126 144 156 164 166 162 152 137 117 93 66)
V=¥ =17 i1=0.n by = i-g YMCAO 2aMEep0E  n+ 1= 18

VY5 = interpl cspline(p, ¥ 4, ¥.x) Y'Y (¥) - DyHKLMA BE MOMHO MHTEMPUPOEATE

- nn - HOBOE YWCNO TOMek, Fa03aH0 rnofaneHo

j=0.nn glj= on | okono rpadmkae. MNamenadTe ero

Y1 = interp{ copline(§, V) .4,V ,41) W1 - MACCHE -HHTETPHPOEATE HENB3A

Puc. 2.24. UnTeprionsius KICXOIHBIX TaHHBIX

[pwu 3ammcy GyHKIMH UHTEPIOIANNN YA0OOHO IBe PYHKIIUN OOBEANHATH B OJIHY 3aITUCh:
YY(¢) :=interp(cspline(X, 1), X, Y, ©).

B pe3ynbTate MHTEPIOISIIUE MOKHO MONXYYHTh (QYHKIMIO MM MAaCCHB JTAaHHBIX C JIFOOBIM
KOJINYECTBOM TOUYEK MHTEPIIONAHH (M. puc. 2.24). Eciu pe3yiasTaToM sABIsieTcs GyHKIHS,
€€ MOXKHO HHTeTrpUPOBaTh, I1(pPepeHINpoBaTh, HCIIOIb30BaTh B (PYHKIMAX IOJIB30BATEN.

Ha puc. 2.25 yucio To4ek nn MaccuBa IMOCIE WHTEPIHONSAIWU 3aaHo TiobanbHO. Jlms
ymoOCTBa HAOMIOJCHHS 332 M3MCHEHHEM pe3yJIbTaTOB pacdyera 71 =5 MOMEIIEHO OKOJIO
rpaduka. [Tomensiite nn.

HHTETPAN W NPOWMZEOAHAA 0T MHTERNONWPOEIHHOID BRIpA#EHHA

%
k) = d—YYI:x) k) = j W V() dx x=0,01.2-n
i
0
200
¥y 140
L ] 1
¥l
o e —
Y¥(%) =
ki) 20
Kk x)
TRl
0y 1 2 3 4 5 i
i.414,x
Puc. 2.25. nTeprnonsauus NCXOAHBIX TaHHBIX (POJOKEHHUE)
2.11.2. Perpeccus
CMBICT ~ perpeccdd  cocToMT B moabope  (yHKIMH,  ammpoOKCUMHPYOIIEH

JKCIICPUMCHTANBHEIC TaHHBIC. Perpeccust CBOIUTCS K MOI00PY KOA(PPHUIMEHTOB B TOH WK
MHOU aHAJIMTUYECKOH 3aBUCHMOCTH.

B Mathcad nmeercst HECKOIBKO BCTPOSHHBIX (DYHKIMH PErpecCHt ABYX THIIOB:

O [O3BOJSIONIMX YBUACTH AaHATMTHYECKYIO 3aBUCHMOCTb, TO €CTh BO3BPAIAIOIINX HAaOOp
aMMPOKCUMHPYIOMIIX K03 (OUIIECHTOB;

0 He NO3BOJAIOUIUX YBUAECTH AaHAJIMTHYICCKYIO 3aBUCUMOCTb.

PaccMoTpuMm /1Be (YHKIMH, KOTOpbIe HE BBIBOJAAT KOA(PQUIMEHTOB M annpoOKCUMUPYIOT
MacCCHB JAHHBIX OJHUM CTEIICHHBIM ITOJIMHOMOM MJIA OTPE3KaMH HECKOJIBKUX OIMHOMOB.

B Mathcad perpeccusi ¢ UCIOJIb30BaHUEM OJHOTO TOJHHOMA PEaNn3yeTcs KOMOWHauue
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BCTPOEHHBIX (DYHKIUI perpeccuu U MHTEPIOISIIUT
interp(s, x, y, £); regress(x, y, n),

I7Ie X — BEKTOp 3HAUEHHWH apryMeHTa, 3JIEMEHTHI KOTOPOTO PACIIONIOKEHBI B IOPSIKE

BO3pacTaHMsl; )y — BEKTOp 3HaueHWd (QyHKOUM TOro e pasMmepa; §-— BEKTOP
K03()(OULMEHTOB Il TIOCTPOCHUS  ANNPOKCHMHUPYIOUIETO IOJMHOMA, CO37aBacMblii
¢yHkupend regress; t— 3HaYeHUE AaApPryMeHTa, MPH KOTOPOM  BBIYHCIAETCS

MHTEPHOJIMpPYIOIast QyHKLUS; # — CTENeHb allPOKCHMHUPYIOLIET0 ITOJIMHOMA.

CrerneHb anmnpoOKCUMHPYIOILETo MOJMHOMA MOXET ObITh J1t000M. [IpakTika nokasbiBaer,
YTO MOJIMHOMA 5-H CTENeHH JOCTaTOYHO ISl alIPOKCUMAIMY TIOYTH 000N KPUBOH.

OopaieHne K yKa3aHHbIM (PYHKIHSIM:
s:=regress(X, Y, n)

YY(¢):=interp(s, X, Y, )

Wil
YY(¢):=interp(regress(X, Y, n), X, Y, 1).

Perpeccust ¢ ucCmonb30BaHMEM  HECKOJNBKMX  OTPE3KOB  IIOJIMHOMA  pean3yercs
KOMOWHAIMEl BCTPOCHHBIX (GYHKIUHA perpeccud u wuHTepromsuuu interp(s, x, y, f) u
loess(x, y, span), rae s:=loess(X, Y, span) — Bekrop Ko3(hPHUIHUEHTOB I HOCTPOCHHUS
anMnpoKCUMHUPYIOLIET0o MOoJIMHOMa 2-i cTenenu, Tpedyemblii GpyHkuueii interp; span >0 —
napameTp, ONpeelsIOIi pa3Mep OTPE3KOB OIMHOMOB.
ITapameTp Span 3amaeT CTeneHb CIVIAXXEHHOCTH NaHHBIX. Ha mpaktuke 0,2 <span <2.
IIpu span =2 pe3ynbrar annpoKCUMAalUK TOT K€, YTO M IMPH alMpOKCUMALUH OJHOM
napabosoii. [Ipu span = 0,2 anmpoKCHMHUPYIOIIas KPUBasi IIOYTH TOYHO OMUCHIBAET JIF000I

Ha0Op TaHHBIX.

IIpumepsl NCTIOIB30BaHUS TIOTMHOMHUATIBHON PErpeccuy MPUBEACHBI Ha pHC. 2.26.

Ferpeccua NoNMHOMOM CTEMEHM N n=

Vregl ) = interp(regress(q:,l’,nj A, ¥ ,xj

roe b MY¥-MaCCHER JKCNEPHMEHTANEHEIX TOYEEK,
N -CTENEHE NONWHOMA I:I'IIIII'I.-'IEHHI:'ITE CTENEHE I'IEI.I'IHHEII'n.n'IEI:I

Perpeccua oTpezkamy NONMHOME BTOpOR CTeneHy|

Hewm bonewe span,Tem Bonewe

ONKMHa 0TpesKoE (NOMEHARTE Span)

spat =04 sl = luess(qa,‘f,spmj Vaess( X = interp(vsl,d],l",xj

T3 E ZAMUCE, HO KOPOYE Vipeee(®) = interp(loess(d, ¥, span) .7 .x)

200
v, 160
b d
=y
Vol 3
EERER Sl:l
Vleseh )
| _B N ] 4]:'

LT

Puc. 2.26. Perpeccust HCXOAHBIX TaHHBIX (CM. pHcC. 2.24) 63 MoIydeHus
AQHAIIMTUYECKON 3aBUCUMOCTH
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B Mathcad mmeercss BoceMb BCTPOCHHBIX (YHKIMHA AJSl MONYyYSHHS AHAJIUTHYECKOTO
BBIPXKCHUS anpoKcuMupytomied ¢pyHkimuu. OTHaKO NpU UX UCIOIb30BaHUU HEOOXOANMO
3HaTh (OpPMY AaHAJIMTUYECKOTO BhIpakeHUs. DYHKIMH, HCHOJB3YIONHE 000U
MIPOU3BOJIBHBIN BUJ allPOKCUMUPYIOIIEH QyHKIMU, OYAyT PacCCMOTPEHHI B TJaBe 7. 31ech
JKE PAaCCMOTPHUM TOJILKO HamboJiee MPOCThIC B MPUMEHEHUU (DYHKIIMU, KaXaas U3 KOTOPBIX
CTPOHT aNMPOKCUMUPYIOIITYIO (DYHKITHIO JTUIIE OMPEICICHHOTO BHIA.

Hcnonp3yiiTe COOTBETCTBYIOIIMN BHI PETPECCHH, €CIH XOPOIIO IpencTaBisieTe cebe,
KaKOW 3aBHCHMOCTBIO OITMCHIBAETCS Balll MACCHB JaHHBIX. Korma Bua perpeccuu Iioxo
COOTBETCTBYET HAOOPy NAaHHBIX, €€ PE3YJIBTAT YAaCTO OKa3bIBACTCS HEYOBIECTBOPUTEIBHBIM
1 3aBUCHT OT BBIOOpa HAYaIbHBIX TPUOIIKESHIH.

W3 BocbMH BCTpOEHHBIX (YHKUIWH IATH TPeOyIOT HpEABAPUTEIBHOTO 3aJaHHs BEKTOpa
HadaIbHBIX TPUOIIDKECHINA:

a expfit(X, ¥, g) — perpeccust 3KCIIOHEHTOM f(t) =a-e" +¢;

0 sinfit(X, ¥, g) — perpeccus cunycounoii f(t)=a-sin(t+b)+c;
O pwrfit(X, ¥, g) — perpeccus CTENEHHOM 3aBUCUMOCTLIO | (t) =a-t’+c;
a |Igsfit(X, Y, g) — perpeccus TorucTuueckoi GpyHKImei a(e) = a/ (1 +b-e" ) ;

0 logfit(X, Y, g) — perpeccus norapudmuyeckoii pynxumeii f(¢)=a-In(t+b)+c.

B 3TuX (QyHKOUAX X — BEKTOp 3HAYCHHUIl apryMeHTa, dJIEMEHTHI KOTOPOTO PACIIOJIOKEHBI
B ITOPSIIKE BO3pACTaHMA; Y — BEKTOP 3HaYeHUH (YHKLIUH TOTO K€ pa3Mepa; g — BEKTOp
HavyallbHBIX OpUOIMKeHNH Ko3()(UIMEeHTOB a, b U ¢; t— 3HAa4YCHUE apryMeHra, Mpu
KOTOPOM BBIYHUCIIACTCS. HHTEPIOIUPYIOMast (pyHKIHA.

[Tpumeps! uconb30BaHust ATUX (QYHKIMIA TpUBeaeHbI Ha puc. 2.27 u 2.28.
AT dyHKUMK TPeDY T HAaYank e NpUDAMKEHHA
expfit - y = LS
ci=1 Z= expﬁt(d:,‘r’,-:)
Viw = oo G 1
G0 =Cpe = + 0y corl ¥1(g),¥) = 060716588

ginfit - 4= asinfx+ W + ¢ = si.nﬂt(di,‘f,c:'

¥2(4) = Cysinfx+ )] + G, corl¥2(4) ,¥) = 008538202
b 10
peeetfit -- v = ax + ¢
o e2:= 01| C=pwditlp,V,c2)
VA0 = Cpx |+ C, 0

con| V3(4) ,¥) = 0.62961301

10
oght - ¥ = wlax+ B +e gl oo toglp,v,ol)
VA = Colnx+ ) +C, 00 con{valy) ¥) - -061951307
10
lgsfit --y= ——— 3= | 1| 0= lgsfitly, v, c3)
1+he °F !
o
308 = ————— corl ¥5(4),Y) = 0.88153268
1+Ce 4T

1

Puc. 2.27. Perpeccust ICXOAHBIX TaHHBIX (CM. pHC. 2.24) C BBIBOJIOM aHAUIUTUYECKOH 3aBUCUMOCTH
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Puc. 2.28. Pe3ynpTaThl perpeccuu HCXOIHBIX JaHHBIX (CM. puc. 2.24) hyHKIMAMH,
MIpUBEACHHBIMU Ha puc. 2.27

OyHKINH, He TPeOyONNe HAYaIbHBIX MPUOIMKESHUH:

O line(X, Y) — perpeccust mpsmMoil NHMHHEH, HCHONB3YIOIIAsS MHHAMHU3ALUID CYyMMBbI

KkBanparos ommbok f(t)=a+b-t;

O medfit(X, Y) — perpeccuss mpsAMoii NHMHHEH, HCIOIB3YIOMAsA MeIHaH-MEIHaHHYO
mnueiinyro perpeccnto  f(t)=a+b-t. ®Oyaxumm line n medfit paror Guuskue

Pe3yNBTATHI, CJIETKa Pa3IHYAIOIIINECs HAKIOHOM MPSMBIX JIMHHIA;
0  Infit(X, Y) — perpeccns norapudmmaeckoii pynxuneii f(t)=a-In(t)+b.

[Tpumeps! uconb30BaHust ATUX (QYHKIMIA NpUBeaeHbl Ha puc. 2.29 u 2.30.

3T DyHKUMK He TpeBY T HAavyanEHEX NpUBIWM#EHWA

Yi) = CI:I + Cl-x

medfit a+b™x = medfit(y. V) C = [ . ]
23038

cont ¥3(4), ¥) = 062220544

44-968] Y6(3) = Cy + ) x

line a+b™ ' =linelp,¥) C=
18 538

cont Va(4), V) = 062220544
b = 0.01

Infit a*In(x)+b ¢ = nfitly,¥) = [22'194] VI8 = Cpeln(®) +

26.4
corel Y708, ¥) = 060503411

Puc. 2.29. Perpeccust HCXOAHBIX TaHHBIX (CM. pHC. 2.24) C BBIBOJIOM aHAINTUIECKOH 3aBUCHMOCTH
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200
150
¥
L 7 1 ]
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0
Ry 175 35 525 7
. %
WERITEFEM("Data") = ¥ Jamvcke B paidn Data.pm

AY = READPRN("Datapen") “HTeHue uz daina Data.pm

Puc. 2.30. Pe3ynbpTaTsl perpeccun HCXOIHBIX JaHHBIX (cM. puc. 2.24) hyHKIMAMH,
MpUBEACHHBIMU Ha puc. 2.29

Bo Bcex mnpumepax, NpuUBEAEHHBIX Ha puc. 2.27-2.30, HUCIONb30BaHbl OJHU U TE XKe
MacCHBBl JJAHHBIX, XapaKTep pacIpeAeieHHs KOTOPBIX, €CTECTBEHHO, HE COOTBETCTBYET
UCTIONB30BaHHBIM BUAAM perpeccuu. [l OLEHKH CBSI3M MEXIY MAacCHBOM JAHHBIX U
3HAYEHHMSAMH ANMPOKCUMHPYIOEH (YHKINU MOACYNTaH KOI(QPHUINCHT KOPPENIALMH COIT.
OmnbITHBIE JaHHBIE HEIUIOXO aIPOKCUMHUPYIOTCS CHHYCOMIO0H (KO(QQUITEHT KOppesyun
0,98). B ocrampHbIX Ciy4asx CBs3b MEXIy BelnnyuHamu Iuioxas (kod(hHuuueHt
Koppensun npumepHo 0,6).

2.12. OnemMeHTbl MaTeMaTU4eckom CTaTUCTUKNA

B Mathcad BcTpoeHO MHOTO (PYHKIWMH [UIS peUIeHUs 3afad MaTeMaTHYeCKOH CTaTHCTHKH.
ITonpobHO OHM paccMaTpHBalOTCS B TiaBe 8. 3/1eCh K€ OCTAHOBUMCS JIMING Ha (DYHKITHIX
OLIEHKH IapaMeTpoB BHIOOPKH JaHHBIX. Bce mnepeuncnenHble naiee (QyHKIUM MOXHO
OPUMEHATh U Ul BEKTOPOB, U JUIsl IPSIMOYTOJIBHBIX Marpull. IIpumepsl BblUUCICHUA
Cpe€aHux apchMeTqucm/Ix U CpCAHUX T'COMCTPUYCCKHUX 3Ha‘leHHﬁ, MEAuaHbl, CPECAHUX
KBaJpaTUUECKUX OTKJIOHEHUH U Jucrepcuil moka3aHsl Ha puc. 2.31.

mean(AY) = 99972 CpegHee apufimeTHueckos

gmean(AY) = 75042 CpefjHee reaMeTpuyeckae

medianf AT = 111 ERLPETE

vat AT = 2911 HecmeleHHaA OUEHKE CREAHErD KEAAPATHYECKOrD OTKNOHEHUA
Var AW = 3083 CMelyeHHaA OUEHKS CPedHEKERAPATHYHOMD OTKNOHEHHA
stdew(AY) = 53952 HecmelleHHaA OUEHKa QWCMERCHK

Stdevw(AV) = 55522 CMELLEHHAA OUEHKE JHCTEpCHM

Puc. 2.31. Ouenxka napameTpoB BHIOOPKH JaHHBIX AY

BHUMAHUE

q)yHKL[I/II/I, Ha4YWHAKOMUECCA C HpOHHCHOﬁ uco CTpO'-IHOﬁ 6yKBI)I, — OTO pa3HbIC (byHKHI/II/I

2.13. O6bmeH gaHHbIMK C ApYrMMK NporpammMmamMm

B HwxHelt yactu puc. 2.30 npoaeMOHCTpUPOBaHa €lle OHA OYE€Hb Ba)KHAsi BOZMOKHOCTh
Mathcad — 3amuch YMCIIOBBIX JAaHHBIX B (aill M CUYUTHIBaHHE WX U3 (¢aitna. [losBusercs
BO3MOKHOCTh TIEpeAaydl JAaHHBIX W3 OJHOW TMPOrpaMMBl B JIPYTYIO H JTaXKe CO3IaHUS
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BBIYUCIIMTEIBHBIX KOMIUIEKCOB M3 HECKONBKHX IIPOrpaMM, HCIIOJHSAEMBIX B Pa3IMYHBIX
KOMITBIOTEpHBIX cucTemax. Hanpumep, nannsie u3 Excel nepenatorcst 8 Fortran, u3 Fortran
B Mathcad u, eciiu HyxHO, 00patHO B Fortran.

B Mathcad cymectByer Tpu (GYHKIMH, TO3BOJSIIONIMX CUYHTATh YHCIIOBBIE IAaHHBIE W3
JIpyrux (aiyioB WM 3armcaTh YUCIOBbIE JaHHBIE B APYToil aiin:

O APPENDPRN("file") — moGaBisier 4uCIOBBIE JaHHBIE B CYIIECTBYIOIINIM (aii.
3necs file — umst ¢aiina wim myTh K Qaiiny, eciu OH HAXOAUTCS B APYTOM KaTajore;

O READPRN("file") — cuunTsiBaeT 4uciIOBbIE JaHHBIE U3 (aiiia;
O WRITEPRN("file") — 3anmceiBaeT 4nciioBbIe JaHHbBIE B (haiill.

Bce Tpu ¢yHkumm paborator TONBKO ¢ (aiilaMu, B KOTOPBIX YHucia 00pasyroT
MPSMOYTOJIBHYIO MaTpUILy (BEKTOp YHMCET — YaCTHBIA CIydail MpsSMOYTOJbHON MAaTpPHUIIBI).
IIpumep oOmena paHHbiMU moka3aH Ha puc. 2.32. Oyukuus WRITEPRN 3anuceiBaer
maccuB A B Qaiin primer, KOTopblid cama e M CO3/1aeT ¢ pacumpeHuem .prn. OyHKims
APPENDPRN no6asnsier B 31oT )¢ daiin maccuB B. Oynkius READPRN cuutsiBaet
JaHHble U3 (aiina primer.

1 2 4 5
Gl
&= B=|5135 WERITEPEH( " primet" ) = PxT
123 APFENDPEN(" primmer pin" ) = EIT
2:3.4 1 2345
23451
K = FEADPEN("primet.prn" ) K=|3453132
45123
513534

Puc. 2.32. OOMeH aHHBIMY ¢ ApyruMu daitnamu

Jis 3amucu TpsIMOYTOJBHOM MAaTpPHWITI WIIM BEKTOpPa B OTHENBHBIA (ailm HeoOXOIuMOo
BBITIOJTHUTD CJICAYIOLIE ACHCTBUS:

QO B cranmaptHom MeHo BbiOparh kHomky f(x). IMoseurcs okwmo Insert function
(BcTaBuTh QYHKIHIO).

Q Bsibpars rpynny ¢yukuuii File Access (Joctyn k ¢aiinam).
Q Bsiopars ums dyuxuun WRITEPRN.
O B nosiBuBlIMiics ma0MOH BOUCATh UMs (aisia, 3aTeM ONEpaTop NPUCBAMBAHUS = U

MMl 4MCIIOBOTO MaccuBa. MaccuB OyneT 3anucaH B (aiisl ¢ yka3aHHBIM BaMH MUMEHEM
U pacuIMpeHHeM .Prn ¥ NOMEIIEH B TOT )K€ KaTaJlor, I7ie HaXOJUTCs U pabounii daii.

BHUMAHUE

[epen Tem kak Bnucath uMs (aiina, He 3a0yapTe BBeCTH CUMBOII (") (KaBBIYKH).

Jis mepenaun B Mathcad naHHBIX U3 Kakoro-nubo Qaiiia, coaepKaiiero mpsiMoyroibHYIO
MaTpUILy YUCIOBBIX TaHHBIX, BBIIIOJHUTE CIEAYIOIINE JeHUCTBUS:

O HaGepure uMs, KOTOpoe NpPUCBaUBAaeTe MAcCUBY, CUMTHIBAEMOMY M3 (aiina, ¥ 3HaK
IIPUCBOCHUS 3HAUEHUS =,

Q B cranmaptHoMm MeHIo BeiOepuTe KHOMKy f(X). [TosiBuTest okHo Insert function.
Q Beibepure rpynmy ¢yukiwmii File Access.

O Beibepure ums pynkimun READPRN.



QO B nosBuBmmiics mabiaoH BOUIIATE UM (aiiyia ¢ paclIipeHneM, eclii OHO €CTh, HE
59 3a0bIBas nepell 3THM BBECTH CUMBOJ ".

IToapobuee 06 oOMeHe JaHHBIMU TOBOPHUTCS B pasaene 12.3.

NMPUMEYAHUE

B Mathcad 13 mosBunace ¢ynkuus Readfile, mossonstomas cuuthiBaTh JaHHBIC W3
mo0bIx (aiinos. [logpo6Ho 0 Helt HanMcaHo B paszene 12.3.

2.14. Yyet pasmepHocTen B Mathcad

Mathcad mo3Bosiier BecTH pacueThl ¢ ydeToM pa3MepHocTeil. [l 3Toro mpu BBoOzE
WCXOJHBIX JaHHBIX JOCTATOYHO YMHOXKMTh YMCJIO HA CTaHJApPTHYIO pa3MepHOCTh. Temnepn
Jro0bIe JIeHCTBUSI ¢ BBEICHHBIMH TAaKUM OOpa3oM BEIWYHMHAMH BBIIOJHSIOTCS C yYETOM
pa3MepHoOCTEH.

[epen HauanoM paboTHI ¢ pa3MEPHBIMH BEIMYMHAMH HAJ0 YCTAHOBUTH CUCTEMY €IMHHIL], B
KOTOpOH BBI OyzeTe paboTats:

O B rnaBnom menwo Mathcad BeiGepute Tools » Worksheet Options » Unit System,
(Uuctpyments » [lapamerper  mokymeHTta P CucTeMa eIOUHHUI] W3MEPEHUS) KaK
[I0Ka3aHo Ha puc. 2.33.

O B OTKpBIBUIEMCS HATIOrOBOM OKHE BBIOEPHTE MPH MOMOIIM MEPEKITIOUATENS CHCTEMY
enunnt, Hanpumep Sl (International). [enkuute Ha xHonke OK. Ecnu B quamorosom
okne BbIOpats None (Her), To HHKaKkue pa3sMepHOCTH B pacuere He YUUTHIBAIOTCSL

[MapameTpbl AOKYMEHTA B
CETEME EAMHMLL MIMEREHA COEMECTHMMOCTE PazMERHOCTE
BCTPOEHHEIE NEREMEHHES BlluMCneHA OTobpaxeHue

HauansHBI MHAEKD Macckeos (ORIGIN) ﬂ |

Oonyck CroguMacTi (TOL) 0.001 {0.001)
Oonyck orpaHuueHia (CTOLY 0.001 {0.001)
VIHALMMPYHOLLIEE: SHAYEHME 4NA CITyUaiHb 1 1)

MapameTpel faina PRN

TouHocTe  (PRNPRECISION) 4 LM
LLmpuHa cTonfina (PREUCOLMIDTH? =R =
BOCCTSHOBMTE YMONUSHWA
OH \ [ OTMEHS ] [ Cnpaeka

Puc. 2.33. YcraHOBKa CHCTEMBI €IMHHMIT

B nanpHeiinieM B Havalle JOKyMEHTa IPH BBOJE MCXOAHBIX AAHHBIX JUIS pacyeTa MX HaJlo
3alHCHIBATH, YMHOXAsl YHCIIO HA CTAaHIAPTHOE 0003HAYECHHE Pa3MEPHOCTH (MOKHO BBECTH
ero ¢ KJIaBUaTypsl JubO BhIOpaTh B cTaHmapTHOM MeHro Mathcad knomky Insert Unit
(BcTaButh enMHUIY U3MEPEHUS) ¢ N300pakeHHEM MEpHOU KpYXKKH (puc. 2.34), mEeNKHYB
MBIIIBIO HA COOTBETCTBYIOIIEM 0003HAUCHHN).
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X

BcTaBKa egWHMLEI MBMEPEHWA

PaztepHocTE ChicTema
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FMraHEoToH (G
AiHa (dyne)
kinarpars-cana (kgf) i
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Puc. 2.34. OxHO BrIOOpa CTAaHIAPTHBIX Pa3MEPHOCTEH

B npuHIune, MoXHO IPUIYyMaTh M MCIOJIb30BaTh CBOM, aOCOJIIOTHO JIIOObIE pa3MEPHOCTH.
Torma B Hawane Mathcad-nokymMeHTa HaJgo BBECTH CBOM IPOM3BOIHBIC Pa3MEPHOCTH,
HarpuMep, pasMEpHOCTH Ha PYCCKOM sI3bIKE, NPHCBOMB HX 3HAYCHHSAM pPa3MEPHOCTEH,
yKa3aHHBIX B CTaHIapTHOM MeHIo Mathcad (puc. 2.35).

[MapameTpbl JOKYMEHTA R|
BCTpoeHHEIE NEpeMEHHEE BEIYCNEHIMA OToBpasEHME
CHCTEME EAMHIL, M3MEPEHIMA | PazMepHOCTE | COBMECTMOCTE

(oKEEEIEATE PASMEPHOCTE

Ha2EaHWE PAZMEDHOCTH

Clna ceeta
HomMuecTeD BEWECTES

MPMMEHEHIAE PRZMEPHOCTIA MOXET SITE OTMEHEHD HACTPOMKOIA NapaMEeTROE
CHCTEME! EAMHML, WEMEDEHMA. 3T BKNALKA W 22 dyHKLMA By AyT YAanNeHs! B
Cneayiowen eepcim Mathcad,

0K \ OTMEHA H Cnpaeka

Puc. 2.35. OkHO yCTaHOBKHM CBOMX pa3MepHOCTEH

IIpu BBIBOZIE PE3YNIBTATOB pacyeTa MOCIe HAXKaTUsl KJIIABUILU = TOSBIIAETCS YUCIIO U PSIIOM
C HUM — MECTO BBOJIa €AMHULBI pa3MepHOCTU. Eciu 4ucio yxe umeeT pa3MepHOCTb, TO
PAOOM C pa3MEpHOCTBIO TIOSBIICTCS €Imie OJHO MecTo BBoja. Croma MOXKHO ITOMECTHTH
TM00YI0 IEpEMEHHYT0, KOHCTAHTY FIIH BBIpaKCHUE.
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BHUMAHUE

He 3a0wiBaiiTe, 4TO BCSKHIA pa3, KOraa 4TO-HUOY/b HAXOMUTCS B MECTEC BBOJA CIUHHUIIBI
n3Mepenus, Mathcad W3MeHHUT MOMYUYCHHBIN Pe3yNbTaT TaK, YTOOBI MPOU3BEICHUE YKCIIA
1 BBIPXKEHHSI, CTOSIIIETO HA MECTE Pa3MEPHOCTH, 1aBaJlo IPaBHIbLHOE 3HAYECHHE.

MOXHO HCIIOIB30BaTh MECTO BBOJIA, YTOOBI, HAIPUMED BBIPA3UTh, 3HAYECHHE YIIa B AOJIIX
YHCJIa T WM BBIBECTH YUCIOBOH KOI((HHUIUEHT PH KAKOM-TO OYKBEHHOM BBIPAXKECHHH.

Pa3MepHOCTh 371€MEHTOB MaccHBa BBOAMTCS Tak ke, KaKk M PasMEpHOCTb YHCEll, IyTeM
YMHOXKEHUSI BBIPDAXEHHUs] Ha CTaHIAAPTHYIO pa3sMEPHOCTh Ha AaHIJIMHCKOM SI3bIKE WIIH
MPOU3BOJIHYIO Pa3MEPHOCTh, BBEJICHHYIO paHee.

JuckperHass mepeMeHHass MOXeT ObIThb pa3MepHOil. [l sTtoro B Hel HeoOXoauMo
YMHOKHTB YHCIIa Ha COOTBETCTBYIOIIYIO Pa3MEPHOCTb.

I'paduku Bcerna cTposiTCs B CTAaHIAPTHBIX pa3MEpHOCTSX, npuBeneHHbIX B List of built-in-
units (Crmcok BCTpoeHHbIX (GYHKUHMIT). BBecTH MONB30BaTENbCKHE PAa3MEPHOCTH Ha
rpadukax Henp3s. [ u3MeHeHWs Maciutaba rpaduka pasnequTe Ha HEM Ha3BaHUS
apryMeHTa U QyHKIIUH Ha pa3MepHOCTH (puc. 2.36).

BEod NpoMsBEOOHEN pAsMEpHOCTER

MeTp = th CeE'=3 MpH =60-cex wac:= 36008 rpag=deg

PazmepHele maccuesl & = (10 35 200 340 400 42DjT-rpa,q ¥ron NogopaTs
T=(0 37 10 15 17) 1om  Bpema

PazmepHan DyHKUMA  $1(D) = interp(lspline(T, &) T, & 1) PUL = wlU]
FazmepHan QUCKPETHAA NEpEMEHHAA t = 1. cex,2 wom.. 20 nom ®t) = '
i Pasraeprent rpadem P rpag
7etg| o
F1(t) 20241
Tpam 400 25542
Lo— 118
i 33847
;p;;; 200 32
28372
25 664
1] 24054
1] ] 10 15 20 37 363

t T
MHH  MHH

Puc. 2.36. Paznuunbie geficTBUS ¢ pa3MEPHBIMHU BETHYHMHAMH

OFpaHI/IquI/IH Ha MPOBCJACHUC PACUCTOB C YUCTOM paSMGpHOCTGf/'I:

a HpI/I pacdertax € MaTpullaMu BCC JJICMCHTBI HUCIIOJB3YyCMbIX B pacue€Tax MaTpuil
JAOJKHBI UMCTh OJIMHAKOBYHO Pa3MEPHOCTh.

Q Psn BcTpoeHHBIX (YHKIUH HE MOXET paboTaTh C pa3MEpPHBIMH BEIWYHHAMH. JTO
(GyHKIMM ~ perpeccuu, CTJIaXKHMBAHMS, (hyHKIHUSA Odesolve (pewenne
b epeHInaIbHbIX YpaBHEHHH ), BeuKcIIeHus Jorapudma uncna (Gynkuuu In u log).
Jist Toro 4TOOBI NMPEOJOJETh 3TO OrpaHWYCHHUE, HYXKHO cleiarh Oe3pa3MepHBIMH
apryMeHTbl QYHKIHI, pa3ieiB pa3MepHYIO BEIMYHHY Ha €€ pa3MEPHOCTb.

O B crnoxHBIX pacderax INpPH HCIOJb30BAHMM MHOTHX (YHKIHH M HECKOJIBKHX
JIMCKPETHBIX MEPEMEHHBIX y4YEeT Pa3MEpHOCTEH MOXKET OKa3aThCsl CIOXKHBIM. B Takmx
ClTy4asix pa3MEpHOCTb (/7SI CIIPAaBKH) MOKHO YKa3aTh PSIIOM C PE3yJIbTATOM pacueTa B
BHUJI€ TEKCTOBOTO KOMMEHTAPHS.

ITonpo6ubIe cBeneHUs 00 ydeTe pa3MepHOCTEH B pacyeTax MOKHO Haiitu B r1ase 11.
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NMPUMEYAHUE

B Mathcad 13 BBezieHa cratuyeckast IpoBepKa pa3MEpHOCTEH, HaK/Ia/IbIBAIOIIAsl TOPA3/I0
GoJbllle OrpaHUUYCHHN Ha ydeT pa3MepHoOCTel. 3-3a 3Toro psj nporpamm, paboTaroImuX
B IpEeABIOYIIMX BepcUsX, HE NEHcTBYIOT B 3Toil Bepcum. IlompobHee o cratmueckont
IIpoBepKe pa3MepHOCTel HanrcaHo B paszene 11.10.

KBasnpasmepHoCTH

ITo cytu nena mpouecc NPUCBOECHUS YUCIY Pa3MEPHOCTH COCTOUT B YMHOXEHUU YHCIIa HA
HEKOTOPBI  4HMCIOBOM  Kod(duieHT. bykBeHHOMY 0003HAaUeHHIO Pa3MEPHOCTH
JOCTaTOYHO TPUCBOUTH UHCIECHHOE 3HAa4YE€HHE, HE YMHOXas €ro Ha CTaHIApPTHYIO
Ppa3MepHOCTb.

NMPUMEYAHUE
CraHgapTHBIi BBOJ Pa3MEPHOCTH — IIPOM3BOJHON Pa3MEPHOCTH IPUCBaMBACTCS

YHCII0, yMHOXKEHHOE Ha CTAHAAPTHYIO Pa3MEPHOCTb.

BBojJ KBa3upa3MepHOCTH — IPOU3BOAHON Pa3MEPHOCTHU MIPUCBAUBACTCS YUCIIO.

Hcnonp3oBanne KBa3Upa3MEpPHOCTEH MO3BOJISIET M30€KaTh BCEX OTPaHMYCHUH,. A Takxke
UCTONB30BaTh Pa3MEpHOCTH B IporpaMMax, B MaTpUYHBIX pacderax. lIpumep
MCIOJIb30BaHUsI KBa3UPa3MEPHOCTEN MmokaszaH Ha puc. 11.19.

[Ipn mcnonp3oBaHuM KBasupazMepHocTedl Mathcad yxe He ClieaWT 3a TMPaBHIEHOCTHIO
MCTIONIb30BAaHMS PA3MEPHOCTEN M BCS OTBETCTBEHHOCTD 32 PE3yJIbTATHl pacueTa JIOKUTCS Ha
pacdeTdnka, KOTOPbIH caM JIOJDKEH CIEAWTh 3a JIOTHKOH pacueTa M BIHCHIBATh B IOJE
BBO/Ia OTBETA NPABHIbHYIO Pa3MEPHOCTb.

2.15. NpeobpasoBaHne PyHKLUMN B MaTpULLy
N MaTpuubl B PyHKLNIO

[TpeoOpa3oBanue (yHKIMH B MaTpHIly M MarTpulbl B (QyHKLIUIO HEOOXOJMMO B CBSI3U C
0COOEHHOCTSIMH BCTPOCHHBIX (yHkiuii Mathcad. D10 memaercsi, Hampumep, €CIH OIHH
(YHKIIMM BO3BpAILlAlOT MATpHIly, a BaM HaJ0 HMMeTh (YHKIHUIO JUIi MOCIIEAYIOLIEro
MHTErpupoBaHus wim augdepeHnupoBanms, i, Haooopot, Mathcad BeIBoguT (hyHKIHIO,
a BaM Hy’>KHa MaTpHLa JUIsl TOCIEYIOMINX MaTPUIHBIX ITPe0oOpa30BaHHH.

3abaHbl BEETORE SRMYMEHTE X W ByHELHKH Y

N SRS TSNy 2y

Finterp(3) = interp(cspline(X, 1), X,7,%)  WHTepnonsuus
Fregess(x) = itterplregress .V, 4,2V, ¥) Perpeccld NONMHOMOR

4-i CTENEHK
e S S
20
Y -
HHe 2
Fogpi®): 10 12N
Fregess':x:' \
L] '\
d 1] .
2 Fotupl® \,
dx s,
-10
7 1] 5 10

E

Puc. 2.37. [IpeoOpazoBanne BeKTOpa JaHHBIX B ()YHKIUIO
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Jnst mpeoOpa3oBaHusi MacCHBa IaHHBIX B (YHKIHMIO HCIOJB3YIOT WUHTEPIHOJSLHUIO HIH
perpeccuto. Ha puc. 2.37 mokazano mnpeoOpa3oBaHue BekTopa B (yHkimi0. Tam xe
MOKa3aHa BO3MOXKHOCTb AU (epeHIIMpOBaHHS OIyUYSHHONW (YHKIINH.

Jlyist oJTydeHusl MacCHBa JIAHHBIX C MTOMOIIBIO 33JaHHON (DYHKIMHU HAJO 3a1aTh BEKTOPHI
3HAYEHUH apryMeHTOB (YHKIMH U, MOJACTaBUB B (YHKIUIO 3HAYEHHS apryMEHTOB,
MONYy4YUTh MaccuB (puc. 2.38).

- ; ORIGIN =1
xi=(3 5 91 w=(2 -20 7 13
i=1.rows(x) = 1. rows(y)

7] 2 i

1n|:|xi| +|1rj|] 0513 -0354 0406 0303
N A M=| 0481 -0403 0350 0276
1:] x.+5r.
Biod) 0404 -0561 0304 0232

Puc. 2.38. [Tony4enne maccuBa 3HaYEHUH C TIOMOILBIO 3aJaHHOH (QYHKIIUH

2.16. CTpokoBble PyHKLMN

CrpokoBbie QyHKIE B Mathcad MO3BOJSIOT BBIMOJHATH JICHCTBUSA C KyCKaMH TEKCTa,
(opmupoBaTh U3 HUX HeoOXoauMYIo peruiuky (puc. 2.39). Ha ToMm xe prcyHKe NoKa3aHa
¢dynxiss CWD, mossosistoniass y3Hath myTh K pabodemy aitny. Ota GyHKIUS moNe3Ha,
KOT/Ia Ha JTUCKE HAaXOJUTCS HECKOJbKO Konui (aiiyia u BaXKHO HE NepernyTaTh, ¢ Kakod U3
HUX UAET paboTa.

MyTh K OTKPEITOMY Dafny CWD = "3\BRICTRELE cTapTh"
=6 m=4 C:="aowosso OeIre pasao "
& = "Uprenmo erpox " B = "Uxeno eronbios

Dl = mamdst(ry D2 = mumdste(m)

Z= |concatiA C.D1 if nxm
concat(s C.DE if m>n

1 otherwise

£ = "Umeno cTpok oicsso BEITE pagkHo 6"

Puc. 2.39. ®opMupoBaHne pETUIMKH C IIOMOIIBIO CTPOKOBBIX (QYHKIIHH

IMoxpoOHee 0 CTPOKOBEIX (PYHKIUSAX YuTaiiTe B paznene 12.12.

2.17. lNporpammmpoBaHue

Pasnmen «IIporpammupoBanue» 3aHuMaer ocoboe mecro B Mathcad. Tlpu HavampHOM
o0ydYeHWH 3TOT pa3lell COBEPIICHHO He HykeH. OrpoMHbie Bo3MoxkHOCTH Mathcad
MO3BOJISIOT PEIIUTH ITOJABIISIONICE YUCIIO 3a/1a4 0e3 UCIONB30BaHUs MPOrPAMMHIPOBAHUS,
Jla K TOMY K€, KaK TPaBIIIO, HECKOIBKAMH CIIOCOOaMHU.

Ho ects kiacc 3aa4, KOTOpbIe HEBO3MOXKHO PEIINTH 0€3 MPOrpaMMHUPOBaHHA. DTO 3a/auH,
B KOTOPBIX YacCTh JOKYMEHTa M3 HECKOJBKHX WJIN MHOTHX OIIEPaTOPOB HAIO BBITIOJIHHUTH
MHOTOKPAaTHO. B Takux cilydasix JOKyYMEHT JJOJDKEH COCTOSITh U3 OTAEJBHBIX HOAIIPOTrPaMM,
00BEMHEHHBIX B CIUHYIO «TOJIOBHYIO» MPOTPaMMYy.

Hcnonp3oBanue pasmena «IIporpammupoBaHue» MMo3BojsieT HamucaTh B Mathcad
MPOTPaMMBI JIF000H ClI0KHOCTH. [loApoOHbBIE CBEIEHHS O CO3IaHMH MPOrPAMM COAEPIKATCS
B IJ1aBe 9.
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2.18. AHnmauus

Mathcad mnpenycmarpuBaeT BO3MOXKHOCTh aHUMAlUM T'paUKOB M PE3YJIbTATOB
BBIYMCIEHNH myTeM co3fanust AVI-¢aiinoB u BctaBkum ux B Mathcad-nokymeHT.
BocnpomBogsarcs AVI-gaiinel BcTpoeHHBIMEH B Windows cpencTBamu. AHUMAanus He
YIPOIIAeT W HE yNyd4IIaeT pacueThbl, a JIMIIb yKpamlaeT MX Npe3eHTanuio. [lostomy Ha
nepBhIX marax ooydenns Mathcad oOpamartecs k Heit He cienyet. [TonpoOHEBIE cBeqeHUS O
CO3/IaHUM aHUMAIIMH K pacueTaM cojepikarcs B rinase 10.

2.19. Otnagka Mathcad-gokymeHToB

Mathcad-gokymMeHT — 3T0 HaOOp MCXOMHBIX MAHHBIX JJIS pacueTa, PacdeTHBIX (POPMYIL,
BBIBEJICHHBIX Ha 3KpaH Pe3yJbTaTOB pacdeTa B BUAE 4Hcel, Tabnun u rpaduko. Kaxmprii
U3 MepeUYrCICHHBIX 00BEKTOB 3aHMMAeT OJHY Maremarudeckyro obmacte (Math Region).
Mexay HUMH B IPOU3BOJBHOM MOPSIIKE pacrojiararorcsi TekcroBble obmactu (Text
Region). Bce maremaTnyeckne 00BEKTHl B3aUMOACHCTBYIOT OpYr ¢ ApyroM. HamomHuM,
yro Mathcad BBIYMCISCT BBIpaXKCHHS CBEpPXY BHH3 M CIIeBa HANpaBO IOCICIOBATEIHHO
IpYr 3a IPYroM M HE IEepeXOJUT K BEYHCICHHUIO CIEIYIONIEro O0BbeKTa, HE 3aKOHYHB
paboty ¢ mpexslgynM. TeKcTOBBIE 00JaCTH HHMKAaK He BIMAIOT Ha MaTeMaTHYCeCKHE
obuactu.

Eciu B kakoM-u0O BBIp@KEHHHM €CTh ONIMOKA, BEJIMYMHA, COJEpXKalias OIIHOKY,
otoOpakaeTcss KpacHbIM IBeToM. lllenkHuTe MBIIIBIO Ha 00BeKTe ¢ ommoOkou. Ilojg
00BEKTOM TOSBISIETCS cooOmieHne 00 ommbOke. lpu Haxkatun knaBumm F1 Ha skpane
MOSIBUTCS YaCTh pa3jieia CpaBku (Ha aHTIIMHACKOM si3bike) (puc.2.40).

"‘,1 Mathcad Help

dan  Opaska Bikg  BcTaeka  opmar  WHCTPYMEHTEN  CMMBOEHBIE OMEpaLiA
KHAra  Crpaska

& & E] EH &
\E| Index [ Search
X ~

welcome to Mathcad Error Messages In Numerical Calculations

@ Getting Started

@ Vectors and Matrices B Mathcad help

@ Operators

@ Functions

@ Solving
Programming

@ Units

@ 2D and 3D Plots

Symbolics and Keywords
gE;{ternal Files andfﬁ\pplicatic When Mathcad cannot properly evaluate an

& Other Resources expression, it returns an error. Errorsin a
worksheet are highlighted in a different color
(usually red), and clicking on the expression
displays an error message.

Error messages can sometimes cover the part

of the calculation in error. You can press [Esc] ha
3 ¥ >

[OTOED ABTO

Puc. 2.40. Onucanue Bo3MOXHbBIX omubok B Merto Help Mathcad 15

[Mlemyok MBIIIBIO Ha JIOOOM W3 COOOMICHWH OTKPBIBaeT pPacmr(pOBKY OIIHOKH
AHAJIOTUYHO HaXaTuro Kiasuiu F1.

B Mathcad ectp ¢ynkuus Trace Errors (TpaccupoBka omHOOK), HO3BOJSIOIIAS
MIPOCIIEIUTE BCIO LIETMOYKY ONIMOOYHBIX BBIYMCIICHWH, TO €CTh HAWTH MecTo, Iae Oblia
norrymieHa onrrOka. ll{enkanuTe MpaBoit KHOMKOW MBIIIN HAa BEIpAXKEHUH ¢ ommOKkon. Ecmu
omuOKa BO3HMKIA HE B 3TOM BBIPQKEHHH, TO B KOHTEKCTHOM MEHIO IIOSIBIISIETCS ITyHKT
Trace Errors (TpaccupoBka ommbOok). BeiOepure 3TOT MyHKT H, CIEAys YKa3aHUsIM,
HaliuTe BBIpAXEHHE, W3 KOTOPOro HMcXoauT ommbOka. Ha mpaktuke sta QyHKOusS He
CJIMIIKOM TIOJIE3HA, TAaK KaK B IMPOCTBIX CIy4asx M 0€3 Hee MOHSATHO, OTKyAa B3sUlach
ommOKa, a B CJIOXKHBIX Iporpammax Mathcad cam storo He monuMaet. B Takux ciydasx B
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JIMAIOTOBOM OKHE BCe KHOTKH, kpome Close (3akphiTh), 3a0I0KHPOBAHE! (3aTEMHEHBI).

Muorue ommOKu ycrpaHstorcs jerko. [Ipouutaiite coobuienue o0 omuOKke, U CTaHeT
SCHO, 4TO JAejath. Ho BeTpedaroTes ommnOKY, Ha yCTPAaHEHUE KOTOPBIX YXOAUT HECKOJIBKO
JHEH TiayOOKHMX pazayMuid. B Takux ciy4asx HaJ0 NPOCMOTPETh YHCICHHBIE 3HAYCHHS
BCE€X BXOIAIIHX B 01HI/I60‘~IHOG BBIPpAXKCHNUE BECJINMYNH. BOSMO)KHO, 3alaHHbIC BaMHU 3HAUYCHUS
r/ie-TO OBLTH 3aMECHEHBI IPYTHMU.

COBET

Ecnu npaBuibHO 3allMCaHHOE BBIPAXKEHHE BBIBOAUT HENPABUIIbHBIN YMCIOBOW OTBET,
nonpoOyire “o0HYIMTH” WMS BBIPQKCHUS, W 3HAUYEHMS psja IapaMeTpoB Mepel HX
MIOCJIEJIHUM BBIYUCIICHUEM, TaK KaK BO3MOXHO HaJIOKCHUE 3HAUCHUH JpyT Ha Apyra.

2.20. ['opga4yne knasuwmn

B Mathcad ecTp omneparmu, MHOTOKPAaTHO TIOBTOPSIOIIHNECS IPH HaOope mporpamMmel. s
9KOHOMHMH BpPEMEHH pabOThl JKeJIaTeJIbHO 3allOMHHTh COYETaHWE KIABUIL, Ha)KaTHe
KOTOPBIX BBI3BIBACT BHIIOJHEHHE TaKUX onepauuii. Hwke npuBomurcs Tabimuua Takux
coueranuii knmauimn ([opAune knasuiw). Tlome3Ho pacredararh Takyl TaOIHIly H
JiepKaTh ee Ha CToJie Iepe] KOMIbITEpOM B mepBoe Bpemsi pabotel ¢ Mathcad. [{ns
ynoOCTBa pacrieyaTtky 3Ta Tabnuia BKIOYeHa B nanky MHrepHer-daiinos B Buze ¢aiiia

«rop-knas.docy.

KnaBuwa Pe3ynbTaT HaxaTus KnaBuLK (MNK MX coyeTaHus)

CTRL_R Ocgexenne kpana (ybopka Mycopa ¢ 9KpaHa)

Enter BcraBka umcroit cTpoku

Delete V naneHue 4ucTON CTPOKU

*, [+, - YMHOXEHHE, TeNeHNe, CI0KEHNE, BEIYUTAaHHE

N Bo3Benenue B cTenens

\ H3Breuenne KBaJpaTHOrO KOPHSI

| |M| — Momyib uncIa, AIMHA BEKTOPA, ONPEIEINTeNb MaTPHIBI, €CIIH M — YHCII0, BEKTOP WIIH
Marpuna

[ HioxHuit HHIEKC y 2IeMeHTa BEeKTOpa HIIH MAaTPHIBL.
JIn1s BBOJ]a HIDKHETO MHAEKCa-KOMMEHTapusl, Haflo BBECTH UM IEPEMEHHOH, HAKaTh KIIABHIITY
(.) Touka, HaObpaTh KOMMeHTapuit: M, Wi M ;apu0e

Jlatunckuit BBoj rpeuecknx OykB.

SKBUBAIEHT

. I'peueckue a e A V| o T o|lt|6
rpeseckofi p Blx nivy u (0 vip €|¢
OYKBBI
OYKBEI, janee
CTRL G Jlatunckue a|b|lc|d|le|lh|fg|]l | m|n|w|f|p|ly|r|s|t|lq|x]|z
SKBUBAICHTEHI

e OcHOBaHHE HATYPaJBHOTO JIOTapudpma

CTRL_Enter CnoxeHue ¢ IepeHOCOM CTPOKH (TIEPEHOC YacTH [UIMHHOM CTPOKH)

. (nBoeTOUHE) a:=b — npucBoenune 3HaYeHHS (JOKAIBHOE), ACHCTBYET HAIIPABO U BHU3 OT MECTa IPUCBOCHHS
(oT™eHnsieT raobansHOe TprcBoeHue (a=h)

~ a=b — npucBoeHue 3HaYeHus (r100ANTBHOE), IEHCTBYET MO BCEMY HOKYMEHTY (OOBIYHO IOMEIIAIOT
BOJIN3M rpadrKa WK TAOIHUIIBI)

Ctrl_= a=b — »upHBIi 3HAK paBEHCTBA, (JIOTMYECKOE PABCHCTBO, a HE 3HAK MIPUCBOCHHS ), HCIIONB3YETCSI
nocie cioa Given

; (Touka ¢ x:=1..n nmm xX:=1,1.1..n — nuana3oH YKceN JUCKPETHOW IepeMeHHOH X , rae 1 — nepBoe 3HavyeHue,

3anaToi) 1.1 — BTOpOE 3HAuUCHHUE, n — IOCIeIHEee 3HaUeHue. Pa3HoCTh epBOro u BTOpOro 3HaueHU
OIIpeZeINsIeT Iar BEIONpaeMbIX 3HaueHui x. Heslb3st HA0MpaTh ABe TOYKH ¢ KIaBHATYpPbI!

CTRL_m BcraBute Matpuity

= BeiBo1 pe3ynbpTaTa 4HCIEHHOTO pacyeTa

Ctrl_. (Touka) | — priBox pesyibTaTa CHMBOIBHOIO pacdera

{ <— B IIpOTrpaMMax — JIOKJIbHOE IPHCBOCHHE

] BepruxansHas uepra — add line — mo6aBka CTpOKH B IPOrpaMmy

IpoGen_ <, Beinenenne BoIpasKeHUsT UITH €70 9aCTH

unm —>
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Mathcad BeUuCHsSET BRIpaKEHHUS CIIEBa HAIIPABO U CBEPXY BHM3.

Jlig BeIeneHusl 00BbEKTa ero Hajlo IMEepPeuepKHyTh KypcopoM IPH Ha)KaTOW JIeBOI KHOIKE
MbIiIH. J[ajgee BbIIeIeHHBINH 00BEKT MOXKHO:

Q
a
Q

Q

MIEPEMECTHTh ITPU HAXKATOHN JIEBOI KHOIIKE MBIIIIH;

yIaJIuTh, HaXaB Ki1asuiry Del;

NIepEMECTHTh B Oydep, BEIOpaB «HOKHHILIBD) Ha MAHEIH HHCTPYMEHTOB, KJIABHIIH
CTRL x;

cKonupoBath B Oydep, Boiopas COPY Ha MaHEId HHCTPYMEHTOB, KJIABHIIIH
CTRL c;

BCTaBUTH U3 Oy(epa, BoiOpas Paste Ha manenu HHCTPYMEHTOB (OPTOhEIH),
wiapum CTRL v.

Te »e NEHCTBHS MOXHO BBINOJHUTE, HaKaB IPaBYI KHOMNKY MBIIIM W BHIOpaB B
KOHTEKCTHOM MeHIo koman bl Cut, Copy wiu Paste coorsercTBeHHO.
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YacTtb Il. BeiuncneHua s Mathcad

[maBa 3. PelueHune ypaBHeHUN

Berpoennsie ¢pynknnn Mathcad B cocTOSHHM pemuTh F000e anredpandeckoe ypaBHEHHE.
Jst pelieHust OJHOTO YpaBHEHHUS ¢ OJHUM HEM3BECTHBIM MOYKHO HCIIOJIB30BaTh (DYHKLUH
root, polyroot wmu find. Mathcad pemaer ypaBHEHHS WM CHCTEMBI HTEPAHOHHBIM
METOZOM, HO3TOMY Iepe pelIeHHEM HEOOXOIMMO 3a[aTh HAadallbHOE MPUONMDKEHUE UL
BCEX KOPHEH.

3.1. ®yHKUMA root

@yHKnus root ucrnonb3yercst Ui pemeHNs OAHOTO YPaBHEHUS! C OIHUM HEM3BECTHBIM.

Oopamenue Kk pyHkuuu:

root( f (x),x), rae f(x) — BbIpaxeHne, paBHOE HyJI0; X — apryMeHT, Bapbupys

KOTOPBIH, CHCTEMa HIIET 3Ha4YeHue, oOpararomnee GyHKIHO B HyIb (puc. 3.1).

3
YDEBHEHME ¥ —5x—1=10
Ha4YaneHoS NPUBMHEHeE  x = 0

PEWEHrE  root! x3 -5x- 1,z =-0202

MK flzy = x3— Sx—1 z=0 root{f(x),x) = -0.202

OYTHE KOPHKW 2= 10 =0 :=roct{f(x),x) =0= 2733

z=-5 =0 =roct{f(x),x) =0=-2128
x=-3,-29.3

3afaH WHTepean NoMCKa KOpHER
root(f (=), x,-5,-1) = =2.128  root(f{x),x,1,-1) = -0.202
root(f{=z) z,-3 1) = j|‘ root(fi=) ,xz, 1,50 = 2.33

|3Ha‘-|eHL-15I ¢JYHKLI,L"IL'1 E KOHEYHBR TOYKAX A0mFHBl MMETE MpOTMEOMNONOHHER SHAKL,

Puc. 3.1. Vcnons3oBanue ¢pyHKIuT root

®ynkuus | (x) W apryMEHT X JOJDKHBI OBITh CKaJlsIpaMM, TO €CTh Pe3yJIbTaT BHIYUCICHUS

(YHKIIMHM — YHUCIIO, @ He BEKTOp Wiy MaTpuua. @yHKuus root ncnons3yer UTepaoHHbINH
MeToll cekymux. KopeHb ypaBHeHHS — Ommkaiiliee K HadyaJbHOMY NPHOJIMDKEHHIO
3HaYeHue x, obpamaromee QyHKuu©O | (x) B Hynb. Eciu KkopHEHl HECKOIbKO, s

OTBICKaHUA KaXXI0I'0 KOPH HCOGXOJJ,I/IMO 3aJaBaThb CBOC HAYAJIbHOC le/l6ﬂl/DKeHI/le.

COBET

Iepen HauamoOM pemICHUS XKeNaTeNbHO IOCTPOUTH TpaduK (HYHKIUH, YTOOBI IIPOBEPHTH,
€CTb JIU KOPHH, TO €CTb nepecekaet ju rpadux och abcuucc. Havanpnoe npubmmkenue
JIydllIe BCEro BEIOpaTh 1o rpaduKy mobIiike K 3HAYCHHUIO KOpHs. VITepalinoHHbIe METO b
BECbMa 4yBCTBHUTEIbHBI K BEIOOPY HaYaIbHOTO MPHOIIKEHUS.
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Mathcad mo3BOJIIET BMECTO HAYaJbHOIO MPHONMKCHUS 3a1aBaTh JHANA30H 3HAYCHUI
apryMeHTa, B KOTOPOM JIC)KHUT 3HAYCHHUE MCKOMOTO KOpHs (cM. puc. 3.1). B atom ciryuae
oOpareHne K GyHKIIUH rO0t 10KHO UMETh 4 Tapamerpa:

root(f(x),x,a,b),

rie @ U b— rpaHUNIBl MHTEpBala, B KOTOPOM JISKHT KOPEHb ypaBHEHHs. BHyTpu
WHTEpBaJIa HE JOJDKHO OBITH OOJBINE OTHOTO KOpHA, Tak Kak Mathcad BRIBOIUT Ha 3KpaH
JIMIIb OJIUH KOPEHb, JICKAIINI BHYTPU UHTEpBAJIA.

BHUMAHUE

3naueHus] (YHKIUM HA TPAaHHWIAX HMHTEPBaIA JOJDKHBI OBITH Pa3sHOr0 3HAKA, HHAYe,
BO3MOKHO, KOPCHb HE Oy/IeT Hali/ieH (CM. MOCIICTHIO CTPOUKY Ha puc. 3.1).

Ecnu ypaBHeHHEe HE MMEET NEHCTBUTENBHBIX KOPHEH, TO €cTh Ha rpaduke QyHKus | (x)

HUIJIC HE paBHA HyJt0, T0 Mathcad BBIBOAUT KOMIUIEKCHOE YUCIO. B cTapbix Bepcusix mpu
OTCYTCTBUH JICUCTBHUTEIHHOTO KOPHS HAJ0 OBUIO BBOJUTH HAYaIbHOE MNPUOJIMKEHHE B
KOMIUTEKCHOM (opme (puc. 3.2).

Ecnu dyHELMA MMEET MHMMEIR KOPEHE,
HavaneHoe NpMENKHEHME 33036TCA KOMMNNEKCHEIM YMCTOM

)= - 15x- 20 K1) =-5200 4+ 0588  x=-3.6

i = ftxj =

xi=3 xl=root(fix), ) «=3512 a0 3| 75+127]
=0 = root(fx) 0 | D=1 -2 4.4+4.1]
i i -1 -5.8+0.6i

y Hauanb!.Ean.t.ﬁ?.nv'.:‘.[.g.e to 5 solution. |ﬂ:x) a —
=7 komnnekcHoe HCO . -0
1 -34
= root(f5) 0 20 =-1440 — 01521 ] 3
fxh = -0 - 0i =30 0 5 ) p 3 -43.3
4 -31.5

X [
5 -4.4
G 40.9

Puc. 3.2. Perenne ypaBHeHHs ¢ KOMIUIEKCHBIMU KopHsimu B Mathcad 11

NMPUMEYAHUE

J1ist BBOJJa MHUMOI €JIMHUIIBI HAI0 BBECTH C KiaBuarypsl 1i wu 1j.

ITompoOHee 00 HCHOJIB30BAHUM KOMIUICKCHBIX YHCEJl HAIMCAHO B KOHIC TIJIaBhl 4
(paznen 4.15). Ecnu ypaBHEHHE UMEET HECKOIBKO KOPHEH, TO I MX HAXOXKICHUS MOXKHO

HCIIOJIb30BATh PA3JIOKEHUEC (I)yHKIII/II/I f (X) Ha TPOCTBIC MHOXKUTCIIN:

F()= (=) (8= (- x,),

TIe Xy, Xz, ..., X, — KOPHHU ypaBHeHus. HauanpHoe npuOiImKeHre MOXKHO 3a/1aTh TOJIBKO
IUIs IEpBOTO KOpHs. B xauectBe Qpynkiuu [ (x) HYXXHO B3SITh

h(x)z = h(x)lq/(x_xi);

rae h(x)o = f(x), h(x)1 :h(x)o/(x—xi) uT. 1. (puc. 3.3).
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fiz) = x3 - 20x+ 5 ¥ 3ITOA dyHKLMK 3 KOpHA
¥=-5,-40 5 OWaNaz0H ZHAYEHMA X 0NA Beleona rpaduea

0
40

an

fix) fg /

I I:I

0 /

——2|:|
a0
40
-50

-6 -4E8-36-24-12 0 12 24 36 48 6

X

=1 zl = root(fi=) .2 xl = 02507995
fi

hirz = EiC = root(hl(E),® = 4341
x—zxl
ki

W% = _':3}?2 0= root(h2() 0 ¥ = —4.5593
:{ —_—

Puc. 3.3. OnpenencHue Tpex KOpHEH ypaBHEHUs.

Ecmn Qynxuus [ (x) UMeeT Maiblii HaKkJIOH BOJM3M HMCKOMOTO KOPHS, TO (YHKLUS

root( f (x),x) MOJKET CXOIWTHCS K 3HAYCHHIO, JTOBOJBHO NANEKO OTCTOSIIEMY OT KOPHS.

B Takom cjiydac i1 YTOUYHCHUS KOPHSA HeO6XOﬂI/lMO YMEHBIIUTH 3HAUYCHUC NOIPCHIHOCTU
BBIYMCIICHUH, 3a/1aBaeMoe BCTpoeHHo# mepemernoi TOL. J{ist atoro:

QO B crangaptHomM MeHo Mathcad BwiOepute komangy —Tools » Worksheet
Options » Built-In ~ Variables  (Uuctpyments b [TlapameTpsl  JTOKyMEHTOB »

Berpoennsie nepeMeHHEBIE);

O B OTKpHIBOIEMCS OKHe TIoMeHsiTe 3Hadenwe Convergence Tolerance (TOL)
(ITorpemrHoCTh CXOAMMOCTH).

Yem wmenbmie koHcranta TOL, TemM Ommke K Hymo OyaeT 3HadeHWe (YHKIHH TPH
Hali/ICHHOM KOpHE YPaBHEHHS, HO TeM OoJIbIe OyAeT BpeMs BBIYMCICHUS KOPHS.

I[J'ISI IMOBBIIICHUA TOYHOCTHU pacy€Ta KOPpHA MOXHO 3aMCHUTH f(.X') Ha

st =) L),

Kopenp MoxHO Haiith M 1o rpaduky, ysenuuuB wmaciitabd (puc.3.4). [ns sroro
HEO0OX0ANMO:

O  BBIIEIHTH rpadK, MIEIKHYB JIEBOH KHOIKOH MBIIIM BHYTPH rpaduka;

O B nmmaBHoM MeHro Mathcad BeiOpate komanmgy Format » Graph » Zoom
(®opmart » I'paduk » Macmirad);

O 1npu HaXaTOW JIEBOM KHOIKE MBIIIM OOBECTH IYHKTHPHOM JIMHMEH o0nacTh rpaduka
BOJIM3M HCKOMOTO KOPHS, KOTOPYIO HaJl0 YBEJINYNTH;

Q B otkpbiToM OkHe X—Y Zoom (Maciutab 1o ocsim X—Y) HaxkaTh KHOIIKY ZOOM.

IIpsamo ¢ rpaduka MOXXHO Tiepenatb B Oydep oOMeHa YMCIIeHHOE 3HaueHWe KopHs. s
9TOTO BBINOJHUTE CIICAYIOIINE ACHCTBHS:
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Q Bsoenure rpaduk, METKHYB JCBOH KHOIKOW MBIIIH BHYTPH rpaduka.

O B rmaBHom wMmenio Mathcad BeiGepute komanay Format» Graph » Trace
(Dopmart » I'paduk » Tpaccuposka).

O [lenkHuTe J€BOI KHOIKOW MBIIIN BHYTPHU rpadiKa — IOSIBUTCS IEPEKPECThE OCEH.
Q /IBuras MbllIb IPU HAXKATOH JIEBOM KHOIKE, YCTAHOBUTE NIEPEKPECTHE HA IIEPECEUCHHE
rpaduka ¢ ocbto abcuuce. IIpu 3TOM ymcIeHHBIE 3HAYCHUS! KOOPIMHAT MEPEKPECThs

HOSBIISIFOTCSL B OTKpbITOM okHe X—Y Trace (TpaccupoBka X u Y).

O IIpaBuibHO BRIOpAB MOJIOKEHUE MEPEKPecThs, HaxxmuTe kKHonku Copy X u Copy Y —
YHCIICHHBIC 3HAYCHUs OyIyT MOMEIICHBI B Oydep (puc. 3.4).

Q Bae nos rpaqnznca 3allMIIATE HMA, KOTOPOC XOTUTC [AaTb KOPHIO, U Oneparop

npucBauBanus :=. Haxmure knHonky Paste (BcraButh) B CcTaHOapTHOM MEHIO
Mathcad nnm B KOHTEKCTHOM MEHIO, OTKPBIBAIOIIEMCS IIPU HAXKATHH MPABON KHOIKH
MBIIIIH.

COBET

[pu pabote ¢ Mathcad mocTossHHO MONB3YHTECH MPaBOH KHONKON MBIIIH (B KOHTEKCTHOM
MEHIO KXK/IbIi a3 MOSBILSIIOTCS HOBBIC, HAHOOJIEE HYKHbBIC B IAaHHBI MOMEHT (QYHKIIHH).
[lenkHUTE MpaBOl KHONKOW MBIIIM Ha Trpaduke: B OTKPHIBIIEMCS KOHTEKCTHOM MEHIO
ecthb myHKTHl Z0OM u Trace (Maciura6 u TpaccupoBka).

B okne X-Y Trace ectp nynkr Track Data Points (Ormeuars pacuernsie Touku). Eciu
YCTaHOBUTH ATOT (PIAKOK, IPH NEPEMEIICHHH MBIIH I[yHKTHPHOE IIEPEKPECTbe Ha
rpaduke Oymer mepeMernarscs CKaukaMi, OTMedasi pacueTHble 3HaueHus GyHKuuU. Ecimu
(b1aXKOK CHATH, ABIKCHUE IIEPEKPECThSI CTAHOBUTCS ITABHBIM.

. x|

Mir: | | |

11719
0297

6.875
4453
fix) 2091

—_ 301
0 -233
—_——523
- 1656

- 10078

Mas: |

DalE |

Cancel |

.

x|

-12. K-wallie 0.25064
- 5.4431 310 AT DAEAGET 190 3160 4430 570 606 cony X
% T-Wdue  |0.36621 Copy ¥
Y2-walue li Copy v2

Close

x=1 xl = root(f(x) ,x) xl = 02507887

[ Track data points

Puc. 3.4. Onpesienenne KOpHsI ypaBHEHHs 110 TpaduKy

3.2. PeweHne ypaBHEHNA C NEPEMEHHbLIMM
napamMmeTpamMmmu

Ecim Hy)XHO MHOTOKPATHO pellaTh ypaBHEHHE IPH M3MECHEHHH OJHOTO WM HECKOJBKHX
ero IapaMerpoB, TO HEOOXOIMMO CO37aTh COOCTBEHHYIO (YHKIHIO, BKIIOYAIOLLYIO
¢yakoun  root. Takas Qyskmus npuaIMaercs Mathcad «x  cBemenmro». s ee
BBIYMCIICHMS HAJO 3aJaTh 3HA4YeHUs (Auana3oHbl 3HAYEHMIl) MapaMeTpoB, yKa3aHHBIX B

naspaunyu Qynkumn. Hanpumep, B Gynkinn f(a,x) = ax — tg(ax), Bapbupys napamerp
@, HAXOJIMM COOTBETCTBYIONIHIT KaKIOMY 3HAYEHHIO d KOPEHb YPaBHEHHs X (06palIaomyii
f(a,x) B Hynp). PesynbraTel pacuera MOKHO BBIBECTH B BHJC BEKTOPA PElICHHMIt Xo MK
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rpaduxa x, (a) (puc. 3.5). HauanpHOE MpuOIMKEHHE TIPY 3TOM 3aJaeTCs JIMIIL OJWH Pas.

Pe3ynbTaT mpeipLIylIero BBIYUACICHHS SBISICTCS HAYaJIbHBIM MPHONMKECHHEM  UIS
MOCJIE/TYFOIIETO.

0 MH NEPEMEHHEIA NAPAMETR  fa,®) = ax — tanfa )

=1 el = root(fia,®) 1 a=0,02.4

co=0.5
EOPHH Y} aFHeHHA [IPH pattHER 8 Ae) =
1
0.024
ey O 0.013
ces N LT U S U -0.009
-0.007
-0.005
-0.5

Puc. 3.5. Pemienne ypaBHeHUS ¢ OTHUM IIEPEMEHHBIM TapaMeTpOM

2
Pewenue ypasuerus [ (b,c,x)=x"+bx—c=0, npusenernoe Ha puc. 3.6, 3aBHCHT OT

YHCJICHHBIX 3HAYCHUI mapameTpoB b u c. 3aj1aBasi 3HAYCHUE OJTHOTO M3 MApaMETPOB B BHJIC
KOHCTAHTBI, & JPYroro — B BUJIE JUCKPETHOU MEPEMEHHOM, ¢ MOMOIIbI0 (yHKIHH root
MOXHO HaWTH pSJ pEIICHUH YpaBHEHHUS, COOTBETCTBYIOIIMX 3aJaHHBIM 3HAYCHHSIM
napameTpoB b u c¢. B Tabnuie Ha puc. 3.6 BbIBeIeHB 3HAYCHUS KOPHS YpaBHEHHS Xo MPHU
¢ =4 u b — pAne 3HaUCHHIA, OTPEIEIIEMbIX TUCKPETHON TiepeMenHoi b. Ha rpaduke b —
paabl 3HaueHuil. Tak kak (yHKIHs rOOt BHIBOAMT 3HAUEHHE OJHOTO KOPHS, a KBaJAPaTHOE
ypaBHEHHE UMEET J[Ba KOPHsI, IOMEHSITe 3HAYCHUE HAYAIILHOTO MTPUOJIKSHUS U1 BBIBOJA
TaOIHUIBI ¥ TpadKa, COOTBETCTBYIOIINX BTOPOMY KOPHIO.

2
fibe,) =% +hbx-¢ b=02.10

x:=1 NOMEHARTE 3HAK HAYanEHOrD NpUBRMKeHUA
(BEAb ¥ KEAAPATHOTD YPABHEHMA 0EA KOPHA),

Wb, e = root(fib,c,® .8
Brieon pezyeTaToe pacyeTa

%0 - peLIEHWE YPABHEHWA

anA c=4 b=0--10, c=0-%
Wik, 4 =
J 2
2 1.236
4 0.aza
3]
a
1]

0.60G
0.472
— 0.385

bl

Puc. 3.6. Pemenue ypaBHeHuUs ¢ AByMsI IEPEMEHHBIMY ITapaMeTpaMH

[Ipu moctpoenun rpaduka MOBEPXHOCTH X (b,c) 3HaueHus napamerpoB b=0-10 u
¢=0-5 3amansl ¢ nomonplo Mento 3—D Plot Format » Quick Plot Data (®@opmar 3D
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rpaduka P JlanHple ObICTpOro rpaduka), OTKpPBIBAIOIIErocs IIOCIE JBOMHOTO IIeNYKa
MBIIIBIO B 10JI€ TpaduKa.

3.3. HaxoxgeHwne KopHen nonnHoma —
doyHKUMA polyroots

Jnst HaxoKICHHs KOpHEH MOJMHOMAa MOXKHO HCHONb30BaTh (GyHKuuio polyroots(k),
KOTOpasl OIpeAesieT Bce KOPHM IIOJMHOMAa OJIHOBPEMEHHO. 31ech K — BEKTOp
KOd(Q(QHUINEHTOB TOJWHOMA, HadWHas co cBoOomHoro wieHa (puc.3.7). Hymnesbie
K03 PUIMEHTHI ONyCcKaTh Henb3s. Ecim nommHoM uMeeT N KOpHEH (C y4eToM KpaTHOCTH),
T0 BekTop K BKItowaeT B cedst N + 1 koapdunment. HavanpHOEe mpubnimkeHne BBOOUTH HE

HaJa0.
y(z) = 2-x3 —16x+35 x=-33,-325 3 ¥ - BEKTOD BOEX KORHER NONHHOME
F 5
-16
k= 20 = pllwranta (i
0 yix) =
L2 0
P . v MeTog Nareppa
[—2.973)
COMpoBCHAAOLLAA MaTPMUA
= =| 0316 ¥
2657 ) BrlpesaTe

h KormMpoBaTs
CEGACTEA. .

CTEOYATE BblHICEHE
OATIMEPOBEETE

Puc. 3.7. Haxoxnenue kopHeit moiMHOMa ¢ oMoIIbio GpyHKIuK polyroots

2

yllx) = 22+ 5002 -6l mcxomnoe seipakenve

ANA onpeaoenciva KodddrUMcHToD HCAOMLOYek MO0

*  BHIOENUTE X B BEIDAHEHHH
+« B MeHiD Symbaolic HaxmuTe Polynomial Coefficient

BN

,xz_z_x+5|_,x2_6|haa coefficients ‘ -1 ‘ k:=‘ -1 ‘

iy -2
¥ =-3,-2895 .3 L 1 J L 1 J
100
a0
F]-l:x:I /
_50_3 -2 -1 0 1 2 3
(—2.449]
1l = pal DtS':k:] _‘ -
= poym 1+ 34
2.449

Puc. 3.8. Haxoxnenne KopHE# MOJTMHOMA IIPH HESIBHOM 3aJaHUU KO3 PHUIIUECHTOB
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COBET

Eciau WMCXOOHBINA TONMHOM 3allMCaH He B pa3BEPHYTOM BHJE, a, HAlNpUMep, Kak
NPOU3BEJCHUE IIOJIMHOMOB, B JTOM ciyyae KOI(POHUIMEHTH MOXHO OIPEIEIHTh,
ucnonb3yst MeHio Symbolics (CumBosibHast omepaii), Kak MOKa3aHo B IJaBe 5 W Ha
puc. 3.8.

Hust dyskim polyroots MoxHO BRIOpaTh OJMH M3 IBYX UYHCICHHBIX METOJOB — METOJ
nonrHoMoB Jlareppa (OH yCTaHOBJIEH 1O YMOJYaHWIO) MM METOJ COIPOBOXKIArOUICH
MaTpuIls (cM. puc. 3.7).

st cMeHbI MeToza poJieNialiTe ONMCaHHbIe Jajiee OlepaLiu:

1. llenkHuTe MpaBoil KHOMKOH MBILIK Ha cioBe POlYroots, BeI3BaB KOHTEKCTHOE MEHIO.

2. B otkpsiBmemcs MeHto Beibepute LaGerre (Meron Jlareppa) it Companion Matrix
(ConpoBoskaatorasi MaTpHIa).

3. lllenkHUTE MEIMIBI0 BHE TMONA (QYHKIMH — TPOU3OWIOCT TIepecueT KOpHEH B
COOTBETCTBHUH C BEIOPaHHBIM METOIOM.

Uto6b1 ocTaBUTh BBIOOp 3a Mathcad, B KOHTEKCTHOM MEHIO YCTaHOBUTE (IIaXKOK
AutoSelect (ABromarudeckuii BEIGOD).

I'padpukn ¢yHKuni, w3o00pakeHHBIle Ha puc.3.7 u 3.8, MOCTPOSHBI AN TPOBEPKU
NPaBUILHOCTH OIIPE/IeNICHUs KOPHEH.

3.4. PelueHue cnctem ypaBHeEHUN

[ pemieHnss CHUCTEM YpaBHEHHH HYXXHO HCIIOJIb30BAaTh BBIYMCIMTEIBHBIN  OJIOK
CJICTYFOIIETO BUJIA!

1. HavanpHble PUOIMKEHUS U BCEX TIEPEMEHHBIX.
4. Kimouesoe ciaoso Given (JlaHo).

5. Cucrema ypaBHeHHMH (IIpM 3amKCH ypaBHEHWH HAJ0 HCIOJB30BATH JKHUPHBIA 3HAK
paBenctBa (xmaBumu CTRL+=), Tak kKak 3TO HE 3HAK IMPHCBOCHHS 3HAYCHUS, a
ONepaTop OTHOIICHHUS ).

6. OrpaHuyeHHs Ha TIOUCK PEIICHHs B BU/I€ HEPABEHCTB, €CJIM OHH €CTh.
7. Beipaxkenue, cogepxaiiee ¢pyHkuuio find, ¢ HeM3BeCTHRIMU B KaueCTBE TAPAMETPOB.

Pesynprar pacuera — BEKTOp pEIICHHS CHUCTEMBbl. BBIMHCINTENBHBIH OJIOK MO3BOJSET
pemaTh cucTeMsl, coaepxariue ot 1 1o 200 ypaBHeHuil.

Mathcad nonyckaer HCIONB30BAHME IBYXCTODOHHHX HEPABEHCTB Tuma a<x<b.
OmnepaTtopbl < U > BBIOMPAIOTCSA HA MATEMATHUYCCKOW TTAHEIIH.

Peurenne, Boigannoe ¢ynkuueit find, sxemarenbHO HPOBEPUTH, MOACTABUB B ypaBHCHUS
HalIeHHbIE KOPHH, TaK KaK B 3aBUCHMOCTH OT HadaibHOro npubmmkeHns Mathcad moxer
BBIBECTH KOPHH, HE UMEOLIHE PU3UIECKOI0 CMBICIIA.

Ha puc. 3.9 noka3ana npoBepka pemieHusi CUCTEMbI TPEX YPaBHEHHUM IyTeM IOJCTaHOBKH
KOpHEH B ypaBHEHHUS M IyTEM IOCTPOCHHMS Tpa()MKOB ypaBHEHHH U OIpEeICHUs] KOpHEH
KaK TOYeK InepeceueHHs nosepxHocred. Ha rpaduke BuaHa Touka Z mepecedeHus Tpex
MIOBEPXHOCTEH, KOOPIMHATHI KOTOPOH SIBIISIOTCSI PEIICHHEM CHCTEMBI, 00pallaoliuM Bce
YpaBHEHUSI B TOXKJICCTBA.
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x=1 w:i=1 =z:=1 HadyaneHoe NPHANKUHKEHKE
GTven xz-j.r-zz- 144 xz-j.rz-z- 43 x-;rz-zz-Erﬁ
yull il 4 4

TOUE S
il | = Firu:l(x,},r,z) vl | =1 Z(x,},r) =|1|nepecederna
0] =[] 3 3 | NOBEpXHOCTERA

mposepra doy0al” = 144 A0S 0P a0 =48 Dy0% 20" = 36

144 4 36
Filx,y) = — F2(x.w) = ~ Filx,v) = —
Xy Xy Ty

F1 F2F3i 7

Puc. 3.9. Peuienue cucTeMbl ypaBHEHHI ¢ moMompio GyHkuuu find

IIpyn OOBIYHOM YCKOPEHHOM IIOCTPOCHHMH TI'padHKa MOBEPXHOCTH 3HAYCHHS apryMEHTOB
BeIOMparoTcss Mathcad aBTOMaTHUYeCKH B AMAma3oHE OT —5 10 5, 4TO B HAIIeM IpuUMepe
NPUBOANT K JEJCHHI0O Ha HOJIb W HEBO3MOXHOCTH HOCTpoeHWs rpaduxa. Ilpenens
3HAUCHUH KOOPIAMHAT MOXKHO M3MEHHTH (CM. IJaBy 15). [l 3TOro IBaXkIbl IICJIKHHUTE
MBIIIBIO B TOJIE Tpaduka M B OTKpPBIBIIEMCs OKHe BeiOepute crpanuiyy Quick Plot Data
(anubie ObicTporo rpaduka), Ha KOTOpOW BBEIWUTE HEOOXOIUMBIC MpEIENbl U3MEHEHHUS
HePEMEHHBIX.

@ynkuus find peanusyer rpagueHTHBIC YMCICHHBIE METOBI M HPEIIaracT Ha BHIOOP TpH
merona. [llenkHUTE TIpaBoi KHOMKON MBIIK Ha HasBanuu (yukiwmu find. B oTkpeIBIIeMCs
KOHTEKCTHOM MEHIO U €T0 ITOJIMEHIO BEIOepHTe HYXHBIA MeTox (puc. 3.10):

Q Linear (JIuneiHbIif METOM) — METO/] KaCaTeIbHOIM;

O Nonlinear (HenuueitHbIi METO).

=1 y=1 z:=1 Ha4¥ansHoe NpHOnKeHue
22 22 22
Given sy =14 iy z=48 =y oz =36
£a0 Fen can
=0 =0 4 | 4 Toura
30 | := Figlttor oo U . Trm o L1 | NepecedeHin
-] noBepXHoCTER
Lz0 )
ABTORSIBOP - AonoAHNT e bHEIE NapaMeTpkl gl
npoEepEa 0907207 = 36
TiHelHele = PacueT mpouzscgHoit () Mpamold @Q:L Tpa.
Fliz,y) = ||« (M0, [MeTos NepeHbepraMapreapaTa
| o —— Pacuet . @I&HFGHLL‘ O&Ea,upamquM
& BbipesaTh
KBasM-HBOTOH TMHeMHaA nposepra;
B KonpoBaTe PRS2 Oda Qs
LOmnoNHIATeNeHele NapaveTpil My AeTHCTEPT:
CEQMCTEA. . SBOMOUMOHHEIA;
OTKIMOHATE BEIYACTEHE
R Rp— Ok I l OTMEHA I l Cnpaska

Puc. 3.10. Beibop MeToza pemeHns CuCTeMbl ypaBHEHHUH
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HenuueliHbIx METOI0B TpHU:

O Conjugate Gradient (Meto conpsbKEHHBIX TPaHEHTOR);
O Quasi-Newton (KBa3u-HBIOTOHOBCKHI METO/);

Q Levenberg-Marquart (Meton JleBenOepra).

Kpome BbiGopa camoro meroma, HaxkaB kHonky Advanced Options (/lomosHUTENBHBIE
mapaMeTpsl), MOKHO BBIOPATH:

O ouUeHKY NPOU3BOJHOM KOHeuHbIME pasHocTsiMu (Derivative Estimation):

= Forward (Bnepen) — mpaBasi AByXTOUEYHAsI CXEMa;

= Central (LlenTpanbHast) — TpexTOUeUHast CHMMETPUYHAS CXeMa,

O ouenky nepemenHoii (Variable Estimation):

= Tangent (KacarenpHas) — kacaTenbHas — npsMmas JIUHUS,

= Quadratic (KBagparuunas) — xacaTensHas — napabona;

O m[poBepKy JUHEHHOCTH:

*  Yes ([a);

= No (Her).

Ecau BBl yBEepeHbI, YTO HENMHEHHOCTH BCeX (YHKLHUHA, BXOILIMX B YPAaBHEHHS, MAJO
BJIMSIFOT Ha 3HAYCHHS MX YACTHBIX IPOU3BOIHBIX, BHIOCPHTE NPH IPOBEPKE HEIUHEHHOCTH

nyHKT NO. B aToM ciyyae mpou3BoaHble OyIyT NPUHSATHI MOCTOSHHBIMH, W HE OyIyT
BBIYMCIIATHCS Ha K)XKJJOM IIIare, 4TO YMEHBIIUT BPEMsI pacyera.

b
flia,b,x,v) = }IE-EDS[E-EI] —ab  flab,xy) = 3?3 -h sin[%- ]
x=1 ¥:=1 HaJyalkHble NpbnKHeHA
Givenn  fl(a,b,x,v) =0 fa, bz, =0
Aab) = Find(r,y)  D(eb)=at), y0(at) ==ab)

0N MH M2 NapaMETPOE fEenaem
KOHCTAHTOR, BPpYrod BapEUpy em
a:=0,02.4 Anarpaduka

h=3
a=0.4 AnA 1abnuuel 4
Wia, b = wla,b) = 3
0 0 e, k)
2
2114 1.2438 0(a, k) .
3138 13?5 mEmEm 1 "- “.‘i..
- "
2693 1.082 * .
n
2344 .37 0 " 2 3 4

3TO KOPHW ¥ M Y CHMCTEMEl YPAEHEHKH
JANA 3afaHHbE ZHAYEHHE a 1 b

Puc. 3.11. Pemienne cucteMsl ypaBHEHHH C IEPEMEHHBIMH NTapaMeTpaMu
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K BbIOOpYy MeTona pacuera CTOMT OOpaIiaThCs, €CIH BBl XOPOIIO pa3dupaerech B
YHCIIEHHBIX METOIaxX W Toraa, korga Mathcad He moxer Haiitu penienne. B GosibInnHCTBE
JKe CIydaeB Jiydile IOBEpHTh BhIOOp MerToma Mathcad, ormerus mynkr AutoSelect
(ABTOMaTHYECKHI BHIOOD).

['pagueHTHBIE METOABI, peanu3oBaHHbie ¢yHkuued find, TpeOyrOT MHOTOKPATHOTO
BBIYMCIICHHUS MPOM3BOJAHBIX. [Ipu paboTe ¢ HOCTATOYHO TIIAAKHUMH (QYHKLUUSIMH OHH
00€eCIeuYnBaOT OBICTPBIN U HAJISKHBIN MOUCK KOPHSI.

Kak u ¢yukuust root, ¢pyukius find moxer ucmonb30BaThesi B QYHKIUSAX MONB30BATENS
JUISl HAXOXKICHHSI KOpHEH CHCTEMbl YpaBHEHHH NPH NEPEMEHHBIX 3HAYEHHSX MapamMeTpoB,
MIEPEYNCIICHHBIX B Ha3BaHMM (YHKIMM moib3oBarens (puc. 3.11 u 3.12). [ns cucremsl
YpaBHEHHH pEHIEHHE BBIBOAWTCA B BHAE MAacCHBa, KaXIblii cToi0e KOTOpOro
COOTBETCTBYET BEKTOPY PELICHUS Il OTHON IIEPEeMEHHOM.

O=a<4 0O<b=<3

Menem ofia napameTpa a u b

[WanazoH MEMEHEHMA
KOOPOWHAT @ M b zagaH

Ha cTpaHuue Cluick Plat Data
OKHa POPMATHPOEAHKA

w0

Puc. 3.12. [ToBepxHOCTb pelieHuit cucTeMsl ypaBHeHHH (cM. puc. 3.11)

Mathcad mo3BossieT pemaTh CHCTeMBI JIMHEHHBIX anreOpandeckux ypaBHeHuit (CJIAY) He
TOJBKO B CKAIPHOH, HO M B MaTpu4HOil (opme, IPH ITOM HAYaJIbHBIC YCIOBUS H
OTPaHUYEHUS 33/1al0TCS B BUJE BEKTOPOB (puc. 3.13).

FPeweHne cHCTeMEl anrefpandeckds  NHHERHBIX YPAEHEHWEA
AY=B nyTem obpalwleHwa maTpuuel A

1 23 10 10833
=13 21 E=|20 L= H_I-B L= 0147

213 30 5233
Bnok pewenwa Given-find 1

HayaNeHoe NnpubaumseHne 3= 10

10
10833

9167
5233

CHven &-X=R X=FindX) Z

rootA- - B ED =

DyHEUKA root © MaTpHUamK paboTaTe He MosxeT

Puc. 3.13. Pemenne cucteMbl ypaBHEHHI B MATPUYIHOM BHIIE

Jus pemienust CJIAY npennasHadeHa Ttake (yHkius Isolve. Ona ucmosb3yer 0Ooiee
OBICTpPBII AITOPUTM M MOXKET padOTaTh ¢ HEKBAaJpPATHBIMH MaTpPHLAMH, TO €CTh pelaTh
HEJ0OTpEIeTIEHHbIE U TIEPEOTPEICIICHHBIE CHCTEMbl YPAaBHEHHN C JEHCTBUTEIBHBIMH H



KOMIUIEKCHBIMH YncliaMi B MaTpuuax (puc. 3.14). O0OparueHue Kk 3Toi GyHKINN

Isolve(A,B) — rae A —mpsmMoyronbHasi MaTPHIA YUCIOBBIX KOI(DDUIIMEHTOB ypaBHEHUI
(meHCTBUTENBHBIX WJIH KOMIUIEKCHBIX), B — Bekrop (mnm marpuma) mpaBbIX dYacTeit
ypaBHEHHIi (CBOOOJHBIX YWICHOB), MMEIOIIUIT TO K€ YUCIIO CTPOK, YTO U MaTpHua A.

23 038 1
. - 00z
A= 3d 1 B=|2 x=lsolvel & B zx=
5 12 3 0.159
23 67 BE 1 0372
&=124 42 1 E=|2 r=lsolvel & B) x=|-0111
6 0 12 3 0.114
0.156
23 67 218 BE 1
-0.069
Ae=124 42 7 1 BE=|2 r=laolvel & B 2=
0.155
6 0 g 12 3
0083
-0361 - 0.165
23 67 18 BE 14
_ 0.194 + 0105
Ao=124 42 T4 1 E=| 2 r=lasolvel & B) x=
-0.091 - 03564
g1 0 & 12 =31
+ -0022 + 01731

Puc. 3.14. [Ipumenenne ¢yskimn Isolve

NMPUMEYAHUE

PelieHne cucTeM ypaBHEHHH B CHMBOJIBHOM BHJIE BO3MOKHO ¢ momomipio ¢pyHkiuu find
(cMm. TaBy 5).

BHUMAHUE

biioku peuieHusi ypaBHEHHH HE MOTYT OBITH BIOXEHBI JIpyr B apyra. Kaxnipiid 6ok
MOJXKET UMETh TOJIBKO OIHO KitoueBoe ciioBo Given u oguo umst ¢yrkuumu find. Baytpu
6710Kka pelIeHns] Heb3sl UCIOJIb30BATh ONEPaTop NMpHCBAaMBaHUS BHuaa X:=1, a HyXHO
HCIIOJIB30BATh 3HAK JIOTHYECKOTO PABEHCTBA = (JKUPHBIH 3HAK PABCHCTBA).

3.5. TpyaHOCTM Npu peLleHnn ypaBHEHUN

He nonyckaercs npucytctBrue Mexay cioBamu Given u find:
Q JApYrHX BEYHUCIAEMBIX BBIPAKEHUH;

O AWCKPETHBIX epeMeHHBIX (x:=0..20);

O 3HaKa «HE pPaBHO».

Ecau Mathcad He mokeT HaliTH peLieHune, TO CJieyeT:

O [OpusHarh, YTO PELICHUS HE CYLIECTBYET,

a YACHUTb, YTO KOPHU — MHHUMBIC 4YUCJIa U BBCCTU HAYAJIbHLIC 3HAYCHUA B MHI/IMOI71
opme;

0 noouckarp APYTro€ HavaJlbHOC HpI/I6J'II/I)KCHI/I€;
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O yBEIMYUTH WIH YMEHBIINTh TOYHOCTH pacueToB. J{is aToro B rmaBHoM mMeHio Mathcad
BeiOepuTe komanay Math » Options » Built-In Variables (Matemaruka » Tlapametpsr
JOKyMeHTa P BeTpoeHHBIE TIepeMEHHBIC). YMEHBIIUTE JOMYCTHMYIO MOTPEIIHOCTh
serurciienuii (Convergence Tolerance) TOL. ITo ymonuanuio TOL = 0,001;

Q wusMeHuTh orpannuenus B 610ke Given—find,
Q Bwmecro ¢yukiuu find ucmonszoBaTe MiNerr;

O BHUMATEJIbHO H3YyuuTh Trpaduk (yHKUMH (BO3MOXXHO IIONaJaHUE B JIOKAJIBHBIN
MaKCHMMYM WJIM MUHUMYM (YHKIMH), TIOUCKATh APYroe MpUOIMKeHNEe WU 100aBUTh
OIpaHUYCHHUS Ha IIOUCK PELLICHUS;

O 1OCMOTpETh, HE JIOCTUTHYTA JIM TOYKA, U3 KOTOPOH HE MOXET OBITh IONydeHo Oojee
TOYHOE peIIeHHe, HarpuMep, Korjxa rpaduk (QYHKIHM TOJIBKO KAacaeTcsl OCH
apryMeHTOB, He IiepeceKasi ee.

3.6. MpnbnmkeHHoe peLueHne ypaBHEHNI
N CUCTEM YpaBHEHUN

Ecnn ypaBHeHHMEe HE WMEET TOYHOIO pEUIeHHs, Hampumep, rpapuk ¢GyHKOUM He
MIEPECEKACTCS C OCBIO APTyMEHTOB (HET BELIECTBEHHBIX KOPHEW), MOXKHO HaWTH 3HA4YCHHE
apryMeHTa, IpH KOTOPOM HEBsI3Ka OyZeT MUHHMAIbHOM (Ui CIydas ABYX ypaBHCHUH —
MHHHUMAJIbHOE PAaCXOXJICHUE MEKAY ABYMs KPUBBIMH). JIJIst 3TOr0 MCHONB3yeTCs (hYHKIMS
minerr.

Ob6pamienne Kk minerr asagoruyno obpamenuto Kk ¢ynknuu find. ®ynkmus find maer
TOYHOE pelreHre, a Minerr — npubmmwkenHoe. MyHKIMS MINEIT HCIOoNB3yeT TOT XKe
BBIYHCIMTEIBHBIN anroput™, 4to U ¢yHkmus find. TIpu HaxkaTWu MPaBOW KHOTIKH MBIIITH
OTKPBIBACTCS KOHTEKCTHOE MEHIO, TIO3BOJIIONIEE BHIOPATH METO] BEIYHCIICHHIA.

HUcnone3yercst pyHKims minerr ananornydo (yHkipu root. 3ameHa B BBIYHCIUTEILHOM
6noke Given ¢yuxuumu find ma minerr gaer To ke pemienue, ecim oHo cyiectByer. Ecin
penieHus HeT, TO (QYHKIUsS root ykaspiBaeT Ha OmMOKY, a MINErr HaXOAUT MUHUMYM
HEBS3KH, TO €CTh BO3BpAllaeT 3HAYCHHE apryMEeHTa, COOTBETCTBYIOILEE MHHHMAIbHOMY
PACXOXKICHUIO MKy 3aJaHHBIM 3HaUCHHUEM ) U QYHKIHEH y(X).

CpagHeHde dyHEUMA find v minerr

x=0,01.10
x2
annanc fx = (9 25 - " npAmee  ylix =17 -x  w2(H =20-x
x=3 w:=10 Ha4ancHOE NpubnEeHr a7
KPWERIE NEPECEKAHITCA - PELUEHWE BCTE
x2 2
Given —+21 =225 y4x=17 15
4 9 )
A0 o A0 2 —_
0 = Find(x,v) . =g vl g
PelweHne Tol e CUCTEMEl YPAEHEHHA Eﬂ(x]'
C nomowbr dyHKUMK Minerr -
x2 2 7
Givet —+3r—=25 v+ x=17
4 9

=

0 Ay (8 0
- I - 5 10
o) e (50)-(6) x

HaROuTE ETORYH TOMEY NepecedeHWA KPUEERIX, NOMEHAE HAaanNEHEIE I'IFJHEJ'IHXEHHH

Puc. 3.15. [TpubmkeHHOe pelieHne CUCTEMbl ypaBHEHHUH
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Ha puc. 3.15 nokazano ompejeneHne KOOPAMHAT TOYEK IMEpeceueHus] MPSIMOM JIMHUU C
auaricoM. Todek nepecedenus ase. OnHa Touka HaiieHa Ha pucyHke. Haiinute BTOpyIO
TOYKY IePECEUCHUS, B3SB IPYroe HaYaaIbHOE MPUOIIKCHIE.

[pu wcnonp30BaHUK ypaBHEHHUs MPsIMON x +y = 17, KoTOpas mepeceKaeTcs ¢ AIUIUICOM,
o6e ¢pyukuuw, find u minerr, naroT oAMHAKOBBIC PE3yIbTATHL

IIpu ncnonb3oBaHUM ypaBHEHHS OPsIMOi x + ) = 20, KOTOpast HE MEePECEKAETCS C IUIUIICOM,

¢ynkums find Beimaer ommbky. OyHKUMS MINEIT BbITACT KOOPAMHATHI TOYKH DIUTHIICA,
HanOonee OJIM3KON K psiMoid iuHKN (puc. 3.16).

KPWBERIE HE NepeCeraTCA - find He MMHET HAATKW PELLEHMA

2 2 ¢ ™ i A
) it v _ _ [ =0 ) (=0
Gven -+l =25 yex=20 |.\yg \ = Fjnd(x,y) |.\yg \ =
7 32 . | 37a nepemeriran He onpeaenera. | \
, ® ¥ i) . ) 2616
Given —+=—=25 y+zx=20 | ‘ = Minerrix,y) | ‘ = | |
4 9 0 ) 0 12635 )

Puc. 3.16. [IpubmmxeHHOE peLIeHHEe CUCTEMBI YpaBHEHUH (IIPOIOKEHHE)

DOyHKIHIO0 MINErT yI00HO KCIOIb30BaTh Il HAX0XK/ICHUS SKCTPEMYMOB (DYHKIINH .

[Ipu ucmonp30BaHUK (QYHKIMH MINEIT Ui pelIeHHs CHCTEMbl YPaBHEHHH HEO0OXO0IMMO
NPOBEPSTH IMOJyYCHHbIE pe3ysibTaThl. Hepeako pemieHne oka3blBacTCsl OIIMOOYHBIM, Tak
Kak CHcTeMa ypaBHEHHH MMeeT HECKOJIbKO KopHel n Mathcad MoXkeT mpeyioxuTh KOpeHb,
HEe MMEIOIUI (U3NYEecCKOro cMbIciaa WM MpocTo Oecrose3Hbli. JKenaTeabHO Kak MOXKHO
TOYHEE YKa3bIBaTh HadaJIbHbIE TPUOIMKEHHS K PEIICHHMIO.

3.7. lccnepoBaHue oyHKLUMW Ha SKCTPEMYM

IMonck skcrpemMyma (yHKIMH BKIOYaeT B ceOs 3aJadd HAaXOXKACHUS JIOKAIFHOTO W
no0anpHOTO 3KcTpemyma. Mathcad ¢ MOMOIBIO BCTPOCHHBIX (DYHKIHH pPENIaeT TOJBKO
3a7aqy HAXOX/CHHUS JIOKAIBHOTO 3KcTpemyMma. sl TMOMCKa riIo0albHOTO 3KCTpEeMyMma
HEOOXOJMMO BBIYHCIIUTH BCE JIOKAIbHBIC YKCTPEMYMbI W BBIOpATh W3 HHUX HAHUOOIBIIHI
(HaMMEHBINHNH ).

OtMeTHM TPpH ITYTH ITIOUCKA SKCTpEMYyMaA:

Q [luist HenpepbIBHON (YHKIMK UCIIONb3YEM PAaBEHCTBO HYJIIO HPOU3BOIHOMN OT (QYHKIIMU
(puc. 3.17).

Q st GyHKIME ¢ epeaoMaMu ucnonbdyeM ¢yHkuoo minerr (puc. 3.18). s atoro no
rpa¢puKy BBIOMpaeM dYHCIO, 3aBeOMO Ooiplnee (WM MEHBIIee) SKCTPEMaIbHOTO
3HaYeHUs (QYHKLUM, U 3aIMCHIBAEM €ro B KayeCTBE OrpaHUYCHUs B OJoke given.
GyHKIMA MINerr Bo3BpamaeT 3HaYeHHE apryMeHTa, NPH KOTOPOM PacXOXKICHHUE
MEXy 3aJaHHbIM YHCJIOM U 3Ha4eHHeM (YHKLHH MUHHMAJIbHO, HA TOM y4acTKe, I1e
BEIOpaHO HaYaJIbHOE MPUOIIDKEHHE.

NMPUMEYAHUE

Jlist onpeierieH|st MaKCUMyMa CTYIIeHYaTol (yHKIMH yI0OHO HCIIONB30BATh IPOrpamMMy
Fmax, npuBenennyo B pasneine 9.7 (puc. 9.14-9.17).

O /s HempepsIBHBIX (GYHKLIUHA yA0OHO MCHONB30BaTh GyHKIMU Maximize u minimize
(o BBOmsATcs aHanormuHo Qyukuuu find) (puc. 3.18). KiroueBoe crmoo Given
MOYKHO OITyCTHTh — OHO HEOOXOANUMO JIMIIb TPU HATMYHU OrPAaHUYCHUIL.
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WoxoAHaA dyHKUMA ) = I - 16x+5 = -33,-3325.3

-
30T

i) I

R A R s N

4 —fz -225 -1038 —@.150__0. 105 23f i

Logd
X

%= =3 HAYANLHOE SHAYEHUE Tvax = mut(iy(x) ,x]

Y = 1633 Flipay) = 22419 maxcsmayna .

x:=3 JpPYroe HavyansHoe npubnuxeHue Ymin = rnut[j—xy(xj ,x]

Yypdn = 1633 3rlixmjn:| =-12419 pidizesidyrg Ty
Puc. 3.17. Haxoxnenne 3kcTpeMyMOB (DyHKIWH ITyTEM MIPUPABHUBAHUS MPOU3BOJHOI K HYJIIIO

NOMCK KCTPEMYME C MOMOWER Gy HELKMKA Minerr

WE =% - 1)2-(}{ <+ (E-HN(xzd ¥:=0,01.10
HayvaneHoe NpUbNMXEEHME ¥ =3

10 { CEOE ANA KaE#O0rD IKCTREMYME )
Given  w# =10 = MinEsl)
]
- Y= 4 Flkray) = 9 MAKCAMYM
—_— ¥ HKLMH
1]
x:=73 HadaneHoe npubnuseHKe
Givenn % = -10  xpiy = MinFer=)
]
g 3 10 MHHMM Y
x Faoin = 1 F(xm“‘:l =0 iy HELM M
Puc. 3.18. [Touck sxkcTpeMyMma cTyneHdaToi GpyHKImn
Yl = 2-x3 —lax+35 Ha4anEHOE FHAYEHHE r=-2
Sy = M ainmize(y, ) Y = 1633 ¥lxpay) = 22.419

xi= =5 Given x>0 Xy = Minimize(y, %) i = 1633 y{xgin) = -12.419
Puc. 3.19. Vcnons3oBanue GyHKIMA maximize 1 minimize

Haxoxnenne  dKCTpeMyMOB  (DYHKIMH  HECKOJIBKMX  TIEPEMEHHBIX  aHAJIOTHYHO
uccienoBaHno (GyHKIMM oJHOM nepemenHod. Ha mpumepe (yHKUMHM ABYX NepeMEHHBIX
paccMOTpHUM BIHSIHHAE OrpaHMYEHHUN Ha MOUCK 3KcTpeMyMoB (puc. 3.20 u 3.21). ®dyHkuuu
minimize u maximize cmocoGHBI BHIYUCINTH, COOTBETCTBEHHO, MUHUMYM H MaKCHMYM
KaK C OrpaHMYCHHUSIMH, TaKk U Oe3 HuX. Pe3ynbTarhl pelieHus B 3HAYUTENLHON CTENECHH
3aBUCSAT OT BBIOPAHHBIX HAYaJIbHBIX NPHOJIVDKEHHH M JaJeKO HE BCErZa COOTBETCTBYIOT
UCTHUHE.
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fix,) =2+ 2x+2vy- x2 - (Eyjz nomMeHARTe
Y HELMK
f(x. 30 = I:E-f3 - XEJ -1- 1)3 MECTAMH

NOMCK MAHHMYME (MAKCHMYME) By HKUMM BEYE NepeMEeHHE
PesynETaT S3EMCHT 0T HAYANEHOMD NEMBAMHEHHA,
MomeHARTe ycnoeMA Ha x=-2 y:=05

x=2 y=2 Civen %xf(x,y) =0 Z—f'(x,y) =0
v

[x]-— i [x]—[nlj] fi = -3.113
¥ = m.Err(x,jrj ¥ = 0003 (X,Y) ==

TO e camoe © dyHeUMAMK Maximize u Minimize

]
[u] f[PD,Plj = 0360

= Minitmize(f 2217 f 3113
Q-_ MYUIEI: ,X,j?:] Q_ DDD]j [QD’QIJ = f‘

P = Maximize(f,x,7) I3

Puc. 3.20. Haxoxxnenne skcTpeMyMa (yHKIUH IBYX HEPEMEHHBIX

ofinacTe EIFFJEIHH‘-IEHHIH E BHOE KESNPATA

C OFPEHWYEHHAMKE  Civen —2ex<l -2ay<i
2
= Mlirdmize(f  x, = f . =-3
& SR [D.DDU] I:QU Q)

0BNACTE OrpaHMYeHHi B EMOE NMPAMOA THHUK

=4 wi=4 Given x-vw=1

R = Mavitnize( f R 01568 f[R-.R 0.424
- e e G [FooFy) =0

Puc. 3.21. HaxoxzaeHne skcTpeMyMa (GyHKIUH ABYX [EPEMEHHBIX C OTPaHUYCHUSIMU

COBET

Ilpn aHanmM3e KOHKPETHOTO YpPAaBHEHUS] PEKOMEHIYeTCS BHUMATEIbHO H3YYUTh
HOBEPXHOCTHBIN rpaduk GpyHKIMM U rpadMK JIMHUHA yPOBHS, HA KOTOPOM XOPOIIO BHIHBI
00J1aCTH HAXOXKACHHS SKCTPEMYMOB.

Bce Tpu crniocoba onpeneneHust SKCTPEMyMOB (DYHKIIMH UMEIOT CBOM ILUTIOCHI U MUHYCHI.
TBopueckuii moxxox K HX BHIOOPY IOYTH BCErJa II03BOJSIET NPABHIBHO HAWTH
9KCTPEMYMBI (DYHKITHH.

3.8. PekypcuBHbIe BblYMCIIEHUS

Mathcad nomyckaer BHyTpH Tena GpyHKuuM oOpaimienne GyHKIMN K caMoii ce0e, TT03BOJISIs
CO31aBaTh PEKYPCUBHBIC (YHKLIUH, WCIONB3YIOIINE 3HAYCHUS, M3BECTHBIE HAa MOMEHT
BeraucieHuit. [Tpumepom Takoit GpyHKIHMH SBIsIETCS BRIYHCICHUE QakToprana (puc. 3.22).

Ha ToMm ke pucyHKe IpHBEICH NPHMEpP PEKYPCHBHOTO BBIYHMCICHHS KOPHS KBaJIpaTHOTO
yycia, TA€ IOCIEeI0BAaTENbHOCTh NPHONIKEHWH 3amucaHa B BHAE BekTopa. Homep
MOMNBITKM — HWHJEKC »JJIEMEHTa BEKTOpa. B pPEeKypcHBHOM BBIUHCICHHHM CHadaia
BBIUMCIIACTCA MEPBBIA 3JEMEHT MAacCHBa, 3aT€M IIOCIEOBAaTEIbHBIE AIICMEHTHI,
HCTIONB3YIOUINE 3HAUEHUS MPEIbITYIINX 3JIEMEHTOB.



82

Briumcnenwe dakTopuana

fact(t) = if{n=0,1 ,nnfactin - 17
fact(1) =1 fact[10) = 3622200

Brravcnenue KEaPATHOMD KOPHA YHCha A

&= 17348 ofA = 131711811 i=0.5

A
sty =40 st ) o= | st + -y 0.5
! st =

300 0
* I} 40
200 1 236.95
syrty [ ?__.L_*_ﬂ_ 2 [155.04733
*4¢ 1m 3| 13346787
3 4 [131.72336

0
0 5 p . | 81317118
; B [131.71181

Puc. 3.22. PexypcuBHOE BEIYMCIIEHHE KOPHS KBaJPAaTHOTO Yncna 4

Jlist OTMETKHM TOYHOrO BBIYMCIEHHS KOpPHS Ha rpaduK HaHECEHa MeETKa JA. s
HAHCCEHWS! METKM JBOMHBIM IETYKOM MBIIIM Ha rpaduke OTKPOHTE OKHO
(dopmarupoBanus Tpaduka U Ha BKIaake X—Y Axes ycranosute daaxox Show Markers
(ITokassiBaTh MapKepsl). B 0ZHOM U3 MOSIBUBIIMXCSA MECT BBOJA BIIUILUTE JA , & BTOpOE
OCTaBbTE MYCTHIM.

MTEPEUWOHHEIR ERIMHCTEHHWA

MO ENE PAZEMTHA INUOEMMA 0.15 Aew
InEI 5 Ini_'_1 0.0001 -‘.Ti-Ini
Yo 22000 Vit ¥y~ 00001V In,
L]J N Li+1 Li + El.jj-Ini
N
Edﬂ Edi+1 Edi+ III.-’-lﬁ-Ini
210* “
In - wHGEKYKMA Iny i
% - BOCMPMHMNYMEBOCTE W) r
L - cMmepTHOCTE 110t ] i
p L 110 PR
- - ."'
Zd - geiznopoenede Zd
0 —d#

1] ] 10 15

Puc. 3.23. PexypcuBHBIC BEIMHCIICHUS B MOJCIH PACIIPOCTPAaHEHHST HH(EKIHH

MOXHO BBITIOJIHUTE MHOTOKPATHBIE PEKYPCHBHBIE BBIUHCICHHUS HECKOJIBKHX BEKTOPHBIX
MEPEMEHHBIX OJHOBPEMEHHO. Takas pa3sHOBHIHOCTh PEKYPCHBHBIX  BBIYHMCICHHH
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UCTIONB3YeTCs IS PELICHUsI CUCTEM YPaBHEHHUH B METO/I€ KOHEUHBIX Pa3HOCTEH.

Ha puc. 3.23 onucana Mozens pa3BUTHS HHPEKIUHU CPEN KHUBOTHBIX. UeThIpe ypaBHEHHS
CBA3BIBAIOT JpPYr C JPyroM 4YeTblpeé MEPEMEHHBIX: YHCIO BOCHPUUMYUBBIX,
MH(QUIUPOBAHHBIX, YMEPILIUX U BBI3JI0POBEBIINX )KUBOTHBIX.

NMPUMEYAHUE

Mathcad BbMuHCIACT Bce BBIPAKEHHUS CIpaBa Mepe] NPHUCBAaMBAHHEM 3HAYCHUH
BeJIMYMHAM ciieBa. HI4To crpaBa He MOXKET 3aBHCETh HH OT 4€To CIIeBa.

NMPUMEYAHUE

B Mathcad 12 3anpemeno ompemensaTs (YHKIMIO IIOJIB30BATENsl IOCPEICTBOM
PEKyppPEHTHBIX BbIpakeHHH, Hanpumep, f(x) :=f(x) + 1. [Ipu nonsiTke BeraucieHus f{x)
BMECTO €€ HOBOTO (PEKyppEHTHOro) NpPHUCBAWBAaHHS, KaK IPOMCXOIMIO B IPEIBIIYIINX
BepcHsAX, OyJdeT OpraHu30BaH OECKOHEUHBIH HWKI. [l opraHu3anuu peKyppeHTHBIX
BBIYMCIICHUI HCIONB3yiiTe HOBOoe uMs (QyHKIuH, Hampumep fi(x) :=flx)+ 1, mubo
HMMEHHOH onepaTtop (namespace operator).

B Mathcad 13 u 14 nepeonpeneneane GyHKIMNA pa3penieHo.



84

[maBa 4. PaboTa c BekTopamun n maTtpmuamm

IIpenmymectBo paborer ¢ Mathcad ocobeHHo omyTrMo mnpu paboTe C MacCHBaMHU
(Bexktopamn u wMmarpunamu). Kaxk mpaBmino, 3ta paboTa COCTOMT B MHOTOKPaTHOM
MOBTOPEHUH OJIHOTUIIHBIX PACYETOB CO BCEMH AJIEMEHTAMHU MATPHIIBL.

OnnHouHOe uwHcao OyJeM HasblBaTh CKaIsIpOM, CTOJOEI 4YHCesl — BEKTOpOM, a
NpPSMOYTOJIBbHYIO TaOnuIy 4ucell — MaTpuued. dakThdyecku, BEKTOp — 3TO Marpula,
COCTOSIII[as U3 OJHOTO CTOJIOIA YHCEIT.

4.1. CosgaHne maTpumubl

EcTb Tpu criocoba co3aHus MaccHBa 4UCe:

3anosHeHHe [Ia0JIOHA MATPHIBI, COAEPIKAILIErO IyCThle MecTa BBOJA YWCEd, YTO
ITOJIXOIMT JIJISl BBOJA HEOOIIBIIIMX MacCHBOB (He Ooiee 600 371eMEeHTOB).

Hcnonn3oBanne ,HHCerTHOﬁ HCpeMeHHOﬁ. 10T METOA IMOAXOJUT, KOrga €CThb sABHadA
(bOpMyJ'Ia JJIA BBIYHUCIICHHUA 3JICMCHTOB MaCCHUBa.

CuntpiBaHHe MaHHBIX ©3 (ailioB. OTOT METOH paccMaTpwBalcs B TIaBe 2
(pazmemn 2.13).

PaccmoTrpuM noapoOHO TIepBEIiA, HAHOOJIEe IPOCTON METO CO3/TaHUS MAaTPHUIIBL:

a

a

YcTaHOBUTE Kypcop B TO MECTO, TI€ Ha/I0 CO3AaTh MATPHILY.

IllenkuuTe Ha KHONKE MareMatmyeckoii madenu Vector and Matrix Toolbar
(BeKTOpBI ¥ MATPUIIBI), @ B MOSBUBLICHCS TAHEIN HHCTPYMCHTOB IIEIKHUTE HA KHOIIKE
Matrix or Vector (Marpuna wiu Bekrtop), kak mokazaHo Ha puc.4.l. MoxHO B
rnaBHoM MeHiO Mathcad BriOpats komanny Insert » Matrix (BcraBka » Matpuia) winu
HaxaTb koMOuHanuro xiasum Ctri+m.

B mosiBUBLIEMCS JHATIOTOBOM OKHE BIHMLIATE YHCIO cTpok (ROWS) u uncio cronbuos
(Columns), a 3arem wenkuute Ha kHonke OK. Ha mecTe kypcopa nmosiBUTCS 11abiaoH
MAaTpPHIIBL

B kaxkmoe MecTo BBOAA BIMIIMTE YWCIO, OYKBEHHYIO KOHCTaHTY WIN (YHKIHIO.
Ilepexon oT omHOro Mecra BBOJAa K JPYrOMY OCYIIECTBIISAETCS KIIABHUIIAMU CO
cTpenkaMy. MOKHO TakKe MIEIKHYTh MBIIIBIO Ha HY’)KHOM MECTE BBOJIa, HO ATO HE TaK
y100HO, KaK IEPEMEICHNE C TIOMOIIBIO KJIABHIIL.

NMPUMEYAHUE

Huanorosoe okHo Insert Matrix B Mathcad 13 mo3BossieT co3maBath MATPHILy U3 OAHOTO

gycia pa3MepHOCThIO 1 X 1.

X|

CTpotan: 3 J K,

CTonbupl: 3 | BecTaska
¥oanTe
OTMeHS

Puc. 4.1. ITanenu 1 paboTsl ¢ MaTpULiaMu
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DRIGIHN = 1| HYMepaU9A 3NeMeHTOE B MaTpULEH
HauuHaetcA © 1 (no ymondanu ORIGIMN=0) ELI0ENEHHE
cTonbua MaccHes

12 343 12 4
AnemeHT
1 1 MACCHES

{7

A= BE=|512 V=10 Ay o=2 E“ =11

123 g 2
vy =10

31 23 4 g 3

CamocToATeneHo HabepuTe eekTop 3 % 1 W matpuyy 3 % 2 vz nobelx ducen
M C HAMKW NPOAenaiTe BCe NOCNedyHLWWe onepaLUnm

Puc. 4.2. IIpumeps! Habopa MacCHBOB M BBIBOJA HX DIIEMEHTOB

MOo>KHO U3MEHSTH Pa3Mep MaTPHUIIBI, BCTABIISSA U YA CTPOKH U CTONIOIH! (prc. 4.3):

Q [lenkHUTe MBIIIBIO Ha KpaitHeM asieMeHTe MaTpuilbl. CHHHI YTOJIOK Kypcopa J0KeH
HaXOJUTHCS CTpaBa OT BBLIETEHHOTO JJIEMEHTA.

O Beibepure 3HAYOK MATPHIBI B MATEMATHYECKOM MEHIO WIIH HAKMHTE KOMOHHAIIUIO
kiasum Ctrl+m. B nosiBUBIIEMCs] OKHE BITHIIIUTE YHCIO CTPOK M CTOJIOIIOB, KOTOPHIC
HAJI0 BCTABUTD HJIH YAATUTb.

O Ilenkuute Ha xkHomke Insert (Berasute) unu Delete (Y nanuts), 3atem Ha OK.

Ecnu BBl XOTHTE BCTABUTh WM YIAJIWTh OJHY CTPOKY, TO HaJ0 BIIHMCATh KOJHYECTBO
cTpok — 1, konmuecTBo crondioB — 0 u BeIOpath nyHKT INsert wiu Delete.

NMPUMEYAHUE

Mathcad BcraBisier CTPOKH WJIN CTOJ'I6III:I BIPpaBO W BHHU3 OT BBIACJICHHOI'O 3JICMCHTA
MaTpulbl, y1aJIsi€T CTPOKU U CTO.]'I6I_ILI BIIpaBO U BHU3, BKJIrO4Yas BLII[GHCHHBIﬁ JJICMCHT.

pEzyNETAT YAaneHa pesyneTaT AobaBneH1a r LE.
OBy NEpBBIX CTROK ABYX NOCNEAHK CTROK
s 12 ) 3 hY
" 10" I 4 CTpoma: | 2
Vo= 10 V=2 U=|4| U:=]|5 Cronbugs: | O
2 =y \5 ' N
L3 )

CTMeHa

\

Puc. 4.3. lI3meHeHne pa3mMepoB MaTpHLIbI

YT0oObI yIAIUTh BCIO MAaTPHILY, BBIICIUTE €€ YEPHBIM IIBETOM, U HaxkmuTe Kiaasuiry Delete
(s Ge3Bo3BpaTHOro ynanenus) win BeiGepure Cut Ha crammaprHoi manenu Mathcad
(uto6bI BeIpe3aTh B Oydep). MokHO Takke BhIOpaTh KoMaHny Cut B KOHTEKCTHOM MEHIO,
MOSIBJIAIOIIEMCS MIPU 11IEJTYKE HA BBICICHHON MaTpUIle MPaBOU KIaBUIIEH MBIIIH.

COBET

ITpu pabore ¢ Mathcad movame Ha’kuMaliTe HpaByIO KJIABUINY MBIIIH, [IPOBEPSs, UTO
MOJKHO CJie/laTh C IOMOILBI0 KOHTEKCTHOro MeHio. Kak mpaBuio, B HeM MOSIBISAIOTCA
caMble HEOOXOIMMBIC B JaHHBIH MOMEHT ITyHKTBI.
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4.2. Hymepauus anemMeHToB MaTpuubl

DJIeMEHTBhl MaTpULbl ONPEAEISIOTCS IBYMSI HIDKHUMHU MHIEKCAaMH, JIEMEHTHl BEKTOpa —
OJTHHM.

Jlyist BBOJIa HIDKHETO MHJIEKCA MOKHO HIEIKHYTh B MaTEMAaTHYECKOM MaHean Ha KHOMKe X,
Subscript (Hwkuuii ungexc) (cMm. puc.4.1), HO Jjydile HUCIOJIB30BATh KIIABHIILY
(oTKpBIBarOIAs KBaJpaTHAs CKOOKa), TaKk Kak BO BpeMsi pabOThl C MaTpHIlaMH BBOIHTH
HWOKHUN UHJIEKC PUXOJIUTCSI OUSHB YacTo.

YroObl M3 MATPHIbl BBIIEIUTH BEKTOP (OJAMH W3 CTOJIOLOB MATPHUIIBI), HCIOJbL3YETCS
BEpXHHMH HWHIEKC. JTa orepamus TPUMEHAETCS HEe OYEeHb YacTo, MOITOMY IS €€
BBITIOJTHEHUS JTyUIIIe MCIIOJIB30BaTh MATEMATHIECKYIO MTaHEb HHCTPYMEHTOB:
O BseauTe UM MaTPHUIIBI U BBIACIUTE €0 CHHHUM YTOJIKOM Kypcopa.
O B wMaremarnueckoM MeHIO wienkHuTe Ha kHomke Matrix and Vectors Toolbar
<> .
(TTarens BEKTOPOB M MaTpHIl) U IeakHUTe Ha kHOomke M~ ~ Matrix Column (Cronben

MAaTpHIIBI).

Q B mosBuBmeMcs MecTe BBOAA BITUIIUTE HOMEpP CTOIOMA.

4.3. BctpoeHHas nepemeHHas ORIGIN

Hauano Hymepamuy 3I€MEHTOB B BEKTOpaX M MATPHIAX OIPENENSIETCS BCTPOSHHON
nepemennoit ORIGIN.

o ymonyanuo ORIGIN = 0, To ecTb mepBbli AIeMEHT BEKTOPa, MIepBasi CTPOKa M MEPBbIit
CTOJOEL MaTPUIIBI KMCIOT HHACKC HOJIb.

[lapameTpel JOKYMEHTA g|
CHCTEMA BAMHML, MEMEDEHWA COBMECTMMOCTE PasmMepHOCTE
BCTpOEHHEIE NEpEMEHHEIS BlluMCneHMA OToBpaHeHVe

HauaneHeIA MHaek: Macckeos (ORIGING N o

Aonyck cxoamMMocTia (TOL) 0.001 {0001}
Aonyck orpaHlueHMa (CTOL) 0.001 {0.001)
WHHLMApYHOLLEE SHAYEHIME ANA CRYY3AHEK 1 (1)

MNapameTpel thaina PRM

TouHOCTE  (PRMPRECISICH) 4 15| @
LLpiHa cTanfua (PRMCOLWIDTH) g8 |2 @
BOCCTSHOEMTE YMONYaHMA
OF } [ OTMEHA I ’ Crpaeta

Puc. 4.4. Bcrpoennsie nepemennsie Mathcad

YroOsl H3MEHHTh HyMEPAlMI0 HMHICKCOB B MEPBOM CTPOKE [MOKYMEHTa, Habepure
(mporucHbivu OykBamu) ORIGIN:=1. MoxHO niepeonpenenuth BCTPOSHHYIO TEPEMEHHYIO
ORIGIN pgpyrum cnocobom. Bribepute B riaBHOM MeHio koManay Tools » Worksheet
Options (MuctpymenTs! » [TapamMeTpsl JOKYMEHTa), B OTKPBIBILIEMCSI OKHE MEepeiauTe Ha
Binaaky Built-In Variables » ORIGIN (Bcrpoennsie iepemenssie) u B mone Array Origin
(HavanbHblil MHIEKC MACCHBOB) BBEIWTE HMHAEKC MEPBOrO 3jeMeHTa MaccuBa (puc. 4.4).



87

Iepemennoit ORIGIN MokHO TIpHcBaWBaTh pa3HBIE 3HAYEHHS, B TOM YHCIIE
OTpHLATEbHBIE.

B Mathcad ectb BcTpoeHHBIC (DYHKIHH, B QIFOPHTM KOTOPBIX 110 YMOIYAHHIO BKIFOYEHBI
BEJIMUKHBI C HYJICBBIM HHIEKCOM, HAIIpHMep, Mean (BbIYUCIICHHE CPEAHETO 3HAYCHHS) HITH
fft (pasnoxenne B psm @ypoe). Ecmn ORIGIN:=1 BBemeHo ¢ KiaBHaTyphl, Hen3OeKHa

ommbka B pacuerax. M3menunte 3HadeHue BcTpoeHHON mepemennoit ORIGIN B riaBroM
meHto Mathcad, u ommbku B pacuerax He OynerT.

NMPUMEYAHUE

Uckmouenne cocrasisier ¢yukuus Matrix. Tlpu mo6om 3nauennn ORIGIN ona
BO3BpAILAET MATPHILy, HyMEpPALUs SIEMEHTOB B KOTOPOM HAUMHACTCS C HYJIS.

BHUMAHUE

Bo Bcex mpuMepax 31oii riiaBel yeranosieHo 3naueHie ORIGIN = 1.

4.4. OnpeneneHne napaMmeTpoB MaTpuLibl

B Mathcad ectp BcTpoeHHBIE (DYHKINH AT ONPEACTICHHUS TapaMeTpoB MaTpHIs! (puc. 4.5):
Q rows(M) — 9mciIo CTPOK B MAaCCHBE WII BEKTOPE;

Q cols(M) — guciao cTonbIOB B MacCUBE;

Q last(M) — unHaekc mocieaHero eMeHTa B BEKTOPE;

O max(M) u min(M) — MakcCUMaJbHOE M MHHHMAJbHOC 3HAYCHHs OJJICMEHTOB B
MaccuBe;

O CcyMmMa 3JIeMEHTOB BEKTOPA BBIYHCIIAETCS HAKATHEM KHOIIKH Z V' wa manenn Matrix;

Q tr(M) — cymma quaroHaNbHBIX 3JIEMEHTOB KBaIpaTHON MaTPHIIbI, HA3bIBaeMasi CIeIOM
MaTpulbl, Tie M — UMs MaTpULbI.

IDyHKkUMM AnA pafoTel © MaTpuLEmy |

12 345 12
23 4 51 11
A=3 4 B=|5312| ¥:=|[10
4 5 123 g
31 234 g
YWCNO CTPOK B M3CCHER rows( &) =5 rows(B) =35

YWCNO CTONBUOE B MACCHEE  cols(d) = 2 cols(B) = 3
WHOEKC NOCNEAHErD ANEMEHTE B BEKTOPE  lask(T) =5

Max M Mmin 3NeMeHTE B MaCCHER
mard) =5 minfA) =1
mag W) =12 min(V) = 8

Puc. 4.5. ®ynxuun onpeneneHnus napaMeTpOB MACCUBOB

4.5. ObpasoBaHMe HOBbIX MaTpuL,
N3 yXXe CyLEeCTBYHOLLNX

PaccMoTrpuMm  BcTpoeHHbIE (YHKIMM JUIi OOpa3oBaHWS HOBBIX MAaTpHIl M3  YXKe
cymiecTByromux (puc. 4.6):
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augment(4, B) — o6wveaunsier MaTpuilbl 4 u B 60k 0 60k. Matpursl 4 u B DOmKHBI
UMETh OJIMHAKOBOE YHCIIO CTPOK.

stack(4, B) — oObenunsieT MaTpHibl APYr Haja ApyromM. Marpuisl 4 U B J10KHBI
HAMETH OJIMHAKOBOE YKCJIO CTOIOIIOB.

submatrix(4, irows, jrows, icols, jCOlS) — co3gaeT MaTpuily, BBIPE3aHHYIO U3
marpulbl 4. HoBast maTpuna conepKUT 3JEMEHTBHI MATPULIbl A, BbIpE3aeMble OT psija
irows 110 psijia jJrOWS, ot cromndia iCols mo cronbia jcols.

1 2 345
23 4 51
=3 4 B=)5112 C = augment( s B C1 = submatrigC,1,2,1,3
4 5 1 23 . .
2 = gubmatridC,3 5,35 NOMEHAWTE HOMERS
31 434 CTpOK M cTanfuoe
1 2345
23451 5112
1 23
C=|34351 12 cl = Ci=(12 3
234
4 51273 234
51234 T
234
Di=staclyC1,CH D=5 1 2
1 23
234

Puc. 4.6. ©ynkimn o0beAMHEHNS U BBIPE3aHUS MaTPHUI]

Jlyis BBOJIa YKA3aHHBIX (DYHKIUIA BBIMOJIHUTE CIICIYIONIHE JCHCTBUS:

a

a

HaGepure 1Msi HOBOM MaTpHILIBI ¥ OIIEPATOP NPUCBAUBAHUSI.

Ha crangaprHoii nanesnu Beibepute KHOTKY f(X).

B otkpsiBiIeMcs criicke GpyHKIMIT HAHANTE HYKHYIO U HICIKHUTE MBILIBIO Ha KHOIIKE
Insert (BcraButh). Mst GyHKIHE MOXHO HaOWUpPaTh U C KIABHATYPHI, TJIABHOE — HE

ClIeJIaTh B HEM OILIMOKH.

B mecTa BBO/JIa BOMIINTE HYXXHbIC UMCHA MAaCCUBOB.

4.6. BBoag 6bonbLUmMX MaccuBoB

B Mathcad ectp orpaHuyeHus Ha pa3Mep BBOAMMBIX MacCHUBOB. [Ipu HCIOJIB30BaHMH
m1abJI0Ha MaTpPHUIBI MOXHO CO3/IaTh MacCUB, COCTOSIIMK He Oosee yeM n3 600 37eMeHTOB.
Ecnn Hamo BBecTH MaccwB OOJBIIMX Pa3sMEpOB, HCIIONB3YIOTCS BCTPOEHHBIE (DYHKIUH
augment u stack.

MOXHO BBECTH MAcCCHUB MPAKTUYECKM HEOTPAHHYCHHBIX Pa3MEpPOB C HCIIOIb30BaHHEM
JHMCKPETHON TEPEeMEHHOW MO KaKOH-1n0o pacdeTHOH (opMmyne JUOO CYUTATh €ro H3
BHewHero ¢aitna pyukuuein READPRN (puc. 4.7).
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COZ03HWE M3CCHEa C NOMOLLBHD ,D,HEKFIETHEIﬁ I'IEFIEI'u'IEHHEIﬁ

n=4 m=3 i=1l.n j=1.m N WmMIryT Bee NHOBEIMK SHCNaMK

002 004 006 008 01

i ) . nn4 00 012 0159 0199
=011 y.o=02 f. .= sinjx v, f=
1 ] L] 1] 00g 012 0179 0238 0294

NOMEHARTE BHA DYHKUMK M SHAYBHUA N W M 008 0159 0238 0315 0339

CUWMTEIEAHWE MacCHEa W2 daina o umedem "Mid" o nomower dyHeury Readprn

1 2 3 4 5 G 7 8
1 2 3 4 5 G 7 8
26 4 G G a0 8 10 10
24| 26 26 28 28 a0 a0 32
2 2 4 26 G G 8 a0

F = READPRN("Miw") F! =

| LI RS —

Puc. 4.7. Cioco0s! co3ganust 00JILIIMX MaCCUBOB

NMPUMEYAHUE

O JIONOJIHUTENBHBIX BO3MOXHOCTAX HpeoOpa3oBaHus (QYHKLIMM B MATPHIy NPOUYMTAiTE
B pazgene 12.5.

4.7. CopTnpoBKa BEKTOPOB 1 MaTpuLl

B Mathcad umeercss HECKOJIBKO BCTPOCHHBIX (YHKIMHA JUII COPTHPOBKH 3JIEMEHTOB
MacCHBa B TIOPsAKE BO3pAcTaHUs MM yOBIBaHUS:

Q sort(v) — copTUpOBKa JIEMEHTOB BEKTOpPa B MOPSIIKE BO3PACTAHUS;
O reverse(v) — nepecTaHOBKA JIEMEHTOB BEKTOpa B 00PAaTHOM IOPSIIKE;

Q csort(M, i) — mepecTaHOBKa CTPOK MAaTPHIIBI M B MOPSIKE BO3pACTAHUS SJIEMEHTOB i-
ro cToJoIa;

Q rsort(M,i)— mepecTaHOBKAa CTOJIOIOB MATpuilbl M B TIOpPSAKE BO3pacTaHUs
3JIEMEHTOB i-i CTPOKHU.

NMPUMEYAHUE

Ecnu  snemeHTHI BCKTOpa WM MAaTpUlbl — KOMIUICKCHBIC 4YHCJIIa, TO COPTHPOBKa
BBITTOJTHSICTCS 110 JCHCTBUTEIIBHON 4YacTH, a MHUMas 4aCTb UTHOPUPYETCA.

[Tpumeps1 COPTHPOBKH 3JIEMEHTOB MacCHBOB NPHUBEIEHBI Ha puc. 4.8.

KD yHEUMK copTupoeky

12 ] 12
] B 10
V=110 sort(Vi=|[ @ teverse(sort(V)) = | @
Q 10 3
B 12 3
343 a1l 2 3
4 31 1 1
B2 12 oEn=|234| moB =512
S 345 123
234 4 51 234

Puc. 4.8. [Ipumeps! COPTUPOBKH JIEMEHTOB MAaCCHBOB
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4.8. MaTpuyHble onepaTopsl

PaCCMOTpI/IM JIMIIL Han0OJIee YacTo yn(npeGns{eMLIe OIICpaToOpPhbI.

4.8.1. TpaHCNOHMPOBaHME MaTPULLbl N BblYMCIIEHNE
ee onpegenurens

TpaHCTIOHMpPOBaHNWEM HA3BIBACTCS OINEpAIUs, B Pe3yIbTaTe KOTOPOW CTOJIOIBI MCXOIHOM
MaTPHI[bI CTAHOBSITCS CTPOKAMH, & CTPOKH — CTOJIOIIAMHU.

Jlig peanu3anuy 3ToH U MOCIEAYIOMUX ONepaliuii BBIOJHUTE CIEAYIOIINE AeHCTBUS:

a

a

a

HaGepure nMst MaTpuiibl.
[lenkHUTE HA KHOTIKE CO 3HAYKOM MAaTpPHIIbI HA MATEMaTH4YECKON ITaHEeIIH.

Ha manemu Matrix (Matrpuibl) IIETKHHTE MBIIMIBIO HA 3HAYKE COOTBETCTBYIOIICH
T
orepary, B JaHHOM cirydae M.

[Tpn BBOAE OONBIINX BEKTOPOB M3 COOOPaXKCHUI SKOHOMHUH MECTa yJOOHO BBOJAUTH UX B
BHJIE CTPOKH C TIOCIIETYIOLINM TPaHCIIOHUpOBaHueM (puc. 4.9).

TpaHcNoHWPOBaHWE MaTRPULBI OnpepenuTent KBagpaTHOW MaTpUUbI
1 9 3) 1234 5°
234 12451 2° 23451 3
pels 19| oTolas123| C=[34512 |C| = 1.875% 10
123 L34 2 3 4, 451253
23 4) \5 1234
. | ID] =] D-HekeanpatHan MaTpuLa
Beoa ctonbua B BUAS CTPOKK 1? |3Ta MATPMLA AOMHHA BEITE KEAADATHO, |

=12 11 10 9 S)T W= 10 Brieon cTonbUa B BUAE CTPOKH

3 T
Wo=(12 11 10 % 8)

\, /

-5 |%| =5 MOZYTE BSLECTESHHOM YMCNa

2-31  [X| = 3606 MOYNb KOMIMEKCHOMO YHCNE

Puc. 4.9. TpancrioHnpoBaHNE MAaTPUIBI M BEIYUCICHUE €€ OMPEIeTUTEIs

Bce maTtpuuHble onepaTopbl U MaTpUuHble (DYHKIUH PabOTalOT TOJIBKO C BEKTOpamu (B
BUje crojlia), HO HE CO CTpPOKaMmH, II09TOMY CTPOKM BHayaje MpPUXOIUTCS
TPaHCIIOHUPOBAaTh B CTOJIOEL, a TIOCJEe BBIIOJHEHUS HYXXHOW OIepallid BHOBb
TPaHCIIOHUPOBATH B CTPOKY.

NMPUMEYAHUE

Haumnas ¢ Mathcad 12, npu mpeoOpa3oBaHHM CTPOKH B CTOJOEI] MMEHA CTPOKH H
CTONOIA JOIKHEI OBITH Pa3HBIMHU.

4.8.2. BbluncneHune onpegenurens maTpuupl

OnpepgenuTenb nnu abcontoTHasa BenMyYnHa

Jlnst HAXOKICHHUS OMPEICNTUTENs 3aIaHHON MaTpullbl Ha manenu Matrix Beibepute 3HaUOK
|X|, umeroruii TpoliHOE 3HAYEHHE:

a

BBIYUCJICHUC OMPEACIIUTEIIA MaTpUllbl, CCIIU X— MaTtpunla,
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Q MomyJb YKcia, ecau X — BEMIECTBEHHOE HIIH KOMIUIEKCHOE YHCio (cM. puc. 4.9);

U  JauuHA BEKTOpa, eciii X — BEKTOP.

B Mathcad BblunciieHHMe omnpemenuTeNs MaTPUIBI M BBIBOA MOyl uHcia (ero
MOJIOKUTEIBHOTO 3HAYCHHWs) IPOM3BOAUTCS OJHMM M TEM JKe oreparopoMm |M|.
B Mathcad 11 peiictBue s3TOro omeparopa ONpENeNSUIOCHh 3/APABBIM  CMBICIOM: JUIS
KBaJpaTHOW MAaTpHLbl BBUUCISUICS OMNPefenuTenb, Ans 4ucia WIK BEKTOpa 4ucel, a
TaKKe KaK pe3yJbTarT ICHCTBHS JMCKPETHOH MEpeMEHHOH, BBIBOIMIACH ABCOMOTHas
BEeMYnHa Yncen unu AnnHa Bekropa.

B Mathcad 13 HeoOXoauMO B KOHTEKCTHOM MEHIO BBIOpaTh HEOOXOIUMOE JIeicTBHE
(puc. 4.10). HenmpusaTHBII MOMEHT COCTOWT B TOM, YTO 3TOT BBIOOP HE COXpAHSETCS MPHU
coxpanenuu (aitna. [Ipu OTKpBITHH (aiiina ¢ TAKUM OMEPATOPOM PacyYeT OCTAHABIMBACTCS
Ha 3TOM OIlepaTope, yKa3biBasi Ha oumOKy. TpeOyeTcsi BMEIIaTebCTBO pacyeTdrKa, YTOObI
BPYUYHYIO BBECTH HYy)KHOeE JeiicTBie. TeM caMbIM HapylIaeTcsi YCIIOBHE aBTOMATHYECKOTO
pacdera MpaBUIIbHO OTPEIAKTHPOBAHHOTO IOKYMEHTA.

¥
X.

1l
|
Lh

i) =5 MOIYME BelecTBEHHOMO Y1ona

2 —_ 31 P'l e a ¥l L P a I T TR FLaT W ] n P Pl BTl S BRI F.Fad n Er ]

MpiMeEYaHKE LA BBIBpAHHOMD GParMeHTA. .

v ABCOMOTHOE 3HAYEHKE

ONpefendTeNs KEAARaTHOM MATRIALE]

¥ Brpesats
EorvpoBaTh

CEOICTEA. .

OTEAOYATE BblHMCNEHE

Puc. 4.10. Brruncnenue Motyist uucia

4.8.3. HaxoxgeHne matpuubl 06paTHOM 3a4aHHON
JIyis HaX 0K ICHUST MaTPHIIbI, 00PATHOM 3aIaHHOM, BHIOCPUTE 3HAUYOK X" na nanenu Matrix.

[TpousBenenne npsMON MaTpuilbl Ha OOpaTHYIO €CTh eluHH4Has Matpuua (puc.4.11).
WHorna enuHMuYHas MaTpulia HEOOXOqMMa IS PEHICHUS MaTpU4YHBIX ypaBHeHMH. [

co3JaHusi enuHU4YHOW MaTpuibl B Mathcad ects BcTpoeHHast GyHKIMs identity(n), rae

n — pa3Mep KBaApaTHON MaTpPHIIBL.

OBpaweHWE MaTRHUE

-0127 0013 0013 0013 0213 1ooaoan
001z o013 0013 0213 -0.187 o1o0o0an
C_1= 0013 003 0213 -0187 0013 MNpoeepks C-C_l =|00100
0013 0213 -0187 0013 0013 ooo1a0
0213 -018FY 0013 0013 0013 lLoooao oooaoi1
01000
EoWHMYHEA MaTpHUa E = identity 5 E=|{00100
oono1ilan
oononol

Puc. 4.11. Beruucnenne MaTpuipl, 00paTHOH 3aJaHHON
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4.8.4. CnoxeHne, Bbl4UTAHME N YMHOXEHNE MaTpuL,

CroxxeHne 1 BBIYMTAaHWE MATPHIl BBINOJHIETCS C IMOMOIIBIO TPAJAWIMOHHBIX ONEPaTOpPOB
CJIOKECHUS M BBIYUTAHUS (IUIIOC» U «MHUHYC» (puc. 4.12).

CnoxeHue, BEIMUTaHWE YMHOXKeHWe MaTpUL,

._\
Lh oY Ll
R
—

—_
2
EoY [E) 2
p

(26 38
17 27
12 21
14 20
\ 20 29

ED

ED=da

29 26
27 17
30 13
13 14

12 3) (4 68
234 6 8 5
512 E+D=|10 2 4
123 2 46
\2 3 4) L4 68
38) 22 2)
27 22 -3
21 E-D=|00 D
20 00 0
29 ) W00 o0,

21 20

He YOOENSTEORAST NPAEMMY NeReMHOKEHHA MaTDHL|

| FasMepHOCTIA MacCkBa HE COBNagaT, |

Puc. 4.12. Apudmernueckne neHCTBUSI C MaTPUIIAMH

Jnst yMHOKEHHsI MaTpHILl UCIIONb3YeTCsl TPAJMIIMOHHBIN 3HAK YMHOXXEHHUs (KJIaBHIIA CO
3Be3/104KOH). 3Hak ymHOXeHus B Mathcad-gokymMeHTe MO0 yMoJiuaHMIO 0003HAa4YaeTcs

TOYKOH.

Buj 3HauKa B JOKYMEHTE MOXKHO MOMEHSTh. [JIsl 3TOr0 IEIKHUTE IPABOH KHOMKOH MBIIIH
Ha BBIP2)KCHUH, B KOTOPOM €CTh 3HAK YMHOXXCHHS. B OTKpBIBIIEMCS KOHTEKCTHOM MEHIO
Haiure mynkt View Multiplication as (Bux 3uaka ymuoxenus). [lenkHuTe MBIIbI0 Ha
OJJHOM M3 TIpEJIaraeMbIX CeMH ITYHKTOB — 3HAYOK M3MECHHUTCSL.

TouyHO Tak ke MOXXHO H3MEHUTH BUJ 3HAKa NPUCBOCHUA 3HAYCHUSA, HO ACJIATh 3TOTO HE
PEKOMEHOYETCA, 4TOOBI HE TIEPEITyTaTh 3HAK IMPHUCBOCHUA 3HAYCHHA W 3HAK JIOTUYCCKOIO

paBeHCTBa.
12
1
v=|10| wvl-
9
3
vl = (5109

144 132 120 102 94
133 121 110 99 ER 1 1 23
120 110 100 90 20 2(01 2 31=|2 44
102 99 a0 &1 72 3 369
96 &8 30 T4 64 cTonfiely, x CTROKY = MaTpuua
1
(1232 |=014

3

CTROkE X I:TI:I.I'IEELI|='-II-'1I3.I'IEI

Puc. 4.13. YMHOXEHHE BEKTOPOB

[To mpaBwily NEpeMHOMXEHHUSI MATpHII, YUCIO CTOJIOIOB NEPBOM MAaTPHIIBI JOJDKHO OBITH

PaBHO 4YHCIy CTPOK BTOPOM MAaTpPHUIBL, A(mx n) -B (n X k) =C (mx k) (B ckobkax

yKa3aHbl pa3Mephl IEPEMHOKAEMBIX MaTPUIT).
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NMPUMEYAHUE

ITone3Ho 3anOMHUTB, YTO MPOU3BEIICHUE CTPOKH Ha CTOJIOEI IAaeT YKHCIIO, a IPOU3BEICHHUE
cTOJIOIA HA CTPOKY JIACT MOJIHOCTHIO 3aMOJHEHHYIO KBaIpaTHyto Matpuity (puc. 4.13).

CkansipHOE NpON3BEACHNE BEKTOPOB AAET YHCIIO, PABHOE CyMME IOTIApHBIX IPON3BEACHUN

n
3jeMeHTOB 3TuX BekropoB, U -V =>» U.-V., Tme n— 4YHCIO DJIEMEHTOB KaKI0Io
1 1
i=1

sextopa, wm U -V =|U}|-|V;|- cos(0), rae 6 — yron mexny Bexropamu.

I[J'ISI BBIYUCJICHUA CKAJSIPHOI'O IMPOU3BEACHUSA BCKTOPOB HMCIHOJIB3YCTCA O6I)I"IH]JII>‘I 3HaK
yMHOKeHus (KiaBuina *) win 3Hadok X - Y (puc. 4.14) va manenn Matrix.

CHKanApHOS BeKTOpHOE
npownzeedeHne NnponzeedeHne nenapHoe
P . . N nponaeejeH e
(107 (3 (-2 300
. . —
WVi=| 2 T=|4 WU =153 VxlT=|-41 =] s
3 \5) =

' 15/.

Vi=(2 5170 Uli=(2 4 8 3)  VIUI=45

|3Ha‘-leHME ACOHHO BEITE BEKTOPOM C TpeMA SNEMEHTaMA.

Puc. 4.14. YMHOXEHHE BEKTOPOB (IIPOJIOIDKCHHUE)

BekropHoe npousBeneHne 1ByX BEKTOPOB XuY ¢ YIJIOM MEXIy HUMHU O paBHO BEKTOpPY
C MOZlyJIeM |U | . |V| . sin(e) , HAIPaBJICHHOMY HEPIIEHANKYJISIPHO IJIOCKOCTH, OTIPeIesieMOi
Bektopamu U u V. Onepatop BEKTOPHOTO MPOU3BEICHHS MOYKHO BBECTH TOJBKO C ITaHEH
Matrix mpu momoru 3Hauka XxY.

BekropHoe npou3BeieHHe MOKHO BBIYUCIHThH TOJBKO JUISS BEKTOPOB C TPEMsI dJIEMEHTAMHU
(cMm. puc. 4.14).

4.8.5. OnepaTtop BeKkTOpM3aumm
B Mathcad cymecTByeT HECKONBKO HEOOBIYHBIM OIEpaTop, HA3bIBAEMBIH OIEPaTOPOM

BEKTOPU3AIMN W TpeIHa3HAYEeHHbIA 111 paboThl ¢ MaccuBaMy. OH IMO3BOJISICT BBITIOIHUTD
OTHOTHITHYIO OIEpal{I0 CO BCEMH OJJIeMeHTaMH MaccuBa (puc. 4.15), Hampumep,

BBIMUCIMTB COS(0L), TAe 0 — MaTpuua yrios. Jlis 91oro:
0O BBUIEIHTE KIABHIIEH PoOesa BCe BBIPAKEHHE;

0 Ha ma”Henu MaTpul MICJIKHUTE Ha KHOIIKE f(M) . Ha,u BBIJICJICHHBIM BBIPDAXKCHUCM

TOABUTCA 3HAK BEKTOPU3ALINU;

0  HaXXMHUTE KJIaBHILY =.
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BCNM SPTYMEHT ESKTOR, ONERETOR BEKTOPM3ALUMH HE HY3HEH

3 059 27 200586

3

)

U=|4| cos(T=|-063 | T =| 64 g = 34598
5 0254 125 148 413

BCNM SPTYMEHT MATRULS, ONEPATOR EEKTOPHIALMM HYHEH

12 034 -0414

23 _ -0.416 -099
A=34 cos( &) =| 0099 0434
4 5 -0634 0234

i1 0224 054

1 & 27E  T3IED

— 8 27 — T3E0 200248
H3= 27 a4 eﬂ= 20086 54592
a4 125 54508 148413

125 1 142413 2718

Puc. 4.15. Vcnons3oBanue onepaTopa BEKTOPU3ALUU

Mathcad nomyckaer ucnonbp30BaHHE BEKTOpa B Ka4eCTBE apryMeHTa (YHKIHH, U B 3TOM
cllyyae 3HaK BeKTopuzauu He TpeOyerca. Hampumep, ecim V' —  Bekrop,

cos(V) = oTBeT — Ge3 3HaKa BEKTOPH3ALIHH.

4.8.6. [NocneposartenbHoe 1 napansiefnibHoe Bbl4MCIIEHNE 3NIEMEHTOB
maccuBa

Haumnas ¢ Mathcad 13, marpuuHble omepanyy, TaKWe KaK BBIYHCICHHE OIPEHSITUTENs
MaTpHIbl, MEPEMHOXKEHHE MAaTpHl, OOpalleHWe MAaTpPUIIbI, BBIYUCICHHE COOCTBEHHBIX
YHCENl MAaTPHUIl U UX COOCTBEHHBIX BEKTOPOB, BBIIOIHAIOTCA 00Jiee OBICTPHIM alrOPUTMOM
Gmarogapst OJHOBPEMEHHOMY (MapajuIeIbHOMY) BBIYHMCICHHIO HECKOJIBKHX 3JIEMEHTOB

MacCHBa.

B Mathcad 11 3HaueHHMs MacCcHUBa YKMCENl BBIYUCIAIOTCS IOCIIEA0BATENBHO, a HAYMHAs C
Mathcad 13,— 0THOBPEMEHHO, YTO MOXKET JIaTh Pa3In4HbIe OTBETHI (puc. 4.106).

MC13 MC11

a=1 b= 2 a=1 b=2
a=1 b =2 VErsUS a=1 b=242
zax sz .-zal‘ zb\'
NEN o)=L
a=2 b=1 a=2 b=2

Puc. 4.16. [Napannensroe B Mathcad 13 u nocnenosarensHoe B Mathcad 11 BerdnciieH#e 351eMEHTOB
MaccuBa

IMokazannoe Ha puc. 4.17, creéa TOCIENOBAaTENbHOE BBIYHCICHUE 3HAYCHHH BEKTOPOB
paboraer B Mathcad 11. Haunnas ¢ Mathcad 13, st momoOHBIX BEIYHCICHNH HEOOXOIUMO
WCTIOJIB30BaTh MPOTPaMMHEI omiepatop (puc. 4.17, cnpasa).
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& mathcad 13

pabotaet & Mathcad 11 YIRS
i=1.4 ag =2 by =3 (alj: | e-[E] 13
bl b 3 4016
S [Pt . for ic1.4 435
5 by T 02 (b] =t a e 3ta_ - b [al] _|\atez

hl 3
|This array index is invalid For this array, | bi — bi—l + D.E-ai

364
[&] 4443
b 5313

L\ 6146 ] |

Puc. 4.17. Pexypcus B Mathcad 11 u 13

4.9. CobcTBEHHbIe Yncna 1 coobCTBEHHbIe
BEKTOpPbI MaTpuL
B TCXHHUYCCKHUX pacquax BE€CbMa aKTyaHLHa 3aaa4dya onpeﬂeneﬁm CO6CTB€HHBIX YUCCII U

COOCTBCHHBIX BEKTOPOB KBaApaTHBIX MaTpull. B Mathcad nmeeTcs HECKOJIBKO BCTPOEHHBIX
(YHKIMH UIs1 pelIeHust CTaHAapTHOM 1 HeCTaHapTHOI 3amad.

PaccmoTpum  craHmapTHyro 3ajadyy Ha coOcTtBeHHble umcna A-L=A-L wim
(A -A-E ) -L =0, rne E — eaunuyHasi MaTpuia, A — KBaJpaTHas MaTpUIla, A — BEKTOP

COOCTBEHHBIX YHCeN, L — CIEKTP COOCTBEHHBIX BEKTOPOB (puc. 4.18).

CT'ﬂH,ﬂ,'ﬂpTH'ﬂH 3afadva Ha coOCTEeHHbLIE YHCNa

1 2345
A-L=A4L
23451
A=|3 4512 mn (A - LE}L=0
451727 roe E--E,D,HHHHHEH MATRHLUA
51234
coBCTERHHEIE YWCNE cofCTEEHHEIR EEETOREI
A = eigerrrals &) L = eigetrvecs(A)
—-4.25 -056 -062 -01 029 045
-263 -045 045 045 -045 045
A= 243 L=| 02% -01 -062 -036 045
415 062 -029 03 01 045
15 01 036 -020 062 045

C0zAaHHe AHAroHaNEHoR MaTPHUE! U3 COBCTEEHHEX YMCER
=425 0 oo 0

0 -263 0 0 0
By = diag(d) Arme=| 0O 0 263 0 0
0 0 0 425 0
o 0 0 0 15

Puc. 4.18. Onpenenenne coOCTBEHHBIX YHCEI KBaJPATHON MaTpULIBI

Jis perieHns: CTaHAapTHOM 3aa9 HCIIONB3YIOTCA CEAyIore QyHKINH:

O eigenvals(4) — BbIYHCIIAET BEKTOP COOCTBEHHBIX YHCEN MATPHLBI 4, IPEBPAILAOIHIA
€€ B INaroHaJIbHYI0 MaTPHILy;

O eigenvecs(4) — BBIUHCISET CIIEKTP COOCTBEHHBIX BEKTOPOB Marpuilbl 4. Pe3ynbrar
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pacueta — Marpuua, Kaxaeli cronbenr kotopoi A mpencraBnser co6oii
HOPMUPOBAHHBII COOCTBEHHBII BEKTOP ISl OAHOTO M3 COOCTBEHHBIX YHCEI A ; .

IIpumep craHmapTHOW 3ajad: MO 33JaHHOMY TEH30pYy HaNpsDKEHUH HaWTH 3 IITaBHBIX
Halps>KCHU L (CO6CTB€HHLIG ‘il/ICJ’Ia) U COOTBETCTBYIOIIHUC MM HAIIPaBJIAIOMINE KOCHUHYCHI
JUIsl HOpMaJiel K TPeM TJIaBHBIM ILIONIAIKaM (COOCTBEHHbBIE BEKTOPBI).

HecrannmaptHas 3amada Ha coOcTBeHHbIe umcina wmeer Bun A-L=A-B-L wm
(A—?vB)-L =0, rne 4 u B— KBajpaTHble MaTpullbl (HECAUHUYHBIE), A — BEKTOP

COOCTBEHHBIX 4HCell, L — CHeKTp COOCTBEHHBIX BEKTOPOB (puc. 4.19).

HE(‘.TIiH,II,'ﬂpTH'ﬂH 3afava Ha coOCTEEHHLIE HHCAA

AL=aBL wm [A-ABlL=0 73 4 31 4
roe A W B CHMMETOMYHEIE MaTPHUE A = |3 -2 -3 B=|15 2
4 -5 1 4 24
CODCTEEHHEIE YWENE CORCTEEHHEIE BEKTOREI
—Dal4 0214 0926 0625
getrvals( & B = [ 0752 getrvecs( A By = | 0044 008 0421
2412 0578 0373 0595

Puc. 4.19. O6001meHHbIe COOCTBEHHBIE YHCIIa MATPULIBI

[Tpumep HecTaHIAPTHOM 3a7a4u: ONpeAeIeHHe COOCTBEHHBIX YaCTOT KOJIEOaHUH YIpyrux
cucreM. B 9710ii 3amaue cobeTBeHHOE UHCIO A = 0 — KBajlpaT COOCTBEHHOW YacCTOTHI

xone6anuii, cobcTBeHHbI Bektop L~ — (opMa konebaHus a1 cOOCTBEHHOM 4acTOThI
®; (cM. mpumMepsl 26 u 27).

Jliist peliieHnst HeCTaHIAPTHOM 3a1a4K CIOJB3YIOTCS clieaytoue GpyHKInu:
Q genvals(4, B) — BbIUKCIIAET BEKTOP 000OIIEHHBIX COOCTBEHHBIX YUCEI A |

Q genvecs(4, B) — BBYHCISIET CHEKTP COOCTBEHHBIX BEKTOPOB. Pe3ynprar pacuera —
MaTpHua, KaKABIH cToN0en KOTOpoi L=~ COOTBETCTBYET COOCTBEHHOMY 4HMCITY A ; .

NMPUMEYAHUE

Oyuxun Genvals u Genvecs npHHIMAOT K pacyeTy H KOMIUICKCHBIE MATPHIIBL.

PeSyJIBTaTLI pacueTa COOCTBCHHBIX YMCEI M COOCTBEHHBIX BEKTOPOB BBIBOIATCA B
OTCOPTUPOBAHHOM BUIEC.

BekTop COOCTBEHHBIX YHCENT MOKHO MPeodpa3oBaTh B JIUATOHAIBHYI) MATPHIYy C
nomotplo QyHkuuu diag(h). Pesynbrar ee neiicTBUS — AMaroHanbHas Marpulia, Ha
TJIABHOM JIMaroHaIyu KOTOPO# PACIIONOKEHBI DIEMEHTHI BEKTOPA A .

B crapeix Bepcusix Mathcad ¢ynkims diag mpuHHMana BEKTOp YHced, a BO3Bpallajia
KBaJIpaTHYI0 MaTpHIly C 3JeMEHTaMH BeKTopa Ha auaroHanu. Haumnas c¢ Mathcad 13,
¢bynkuus diag BBIMOJIHACT yKe JBa ACHCTBUS:

1. ecmu MNPUHUMACT BCKTOP, TO BO3BpALIACT AUATOHAJIBHYIO MaTpuly C 3JIEMCHTAMH
BEKTOpa Ha TJIaBHOM JHaroHaliu,

2.  ecly NpUHUMAET AMArOHAIBHYIO0 MATPHILy, TO BO3BPAILAET BEKTOP YUCEIN, CTOSIIUX Ha
rnaBHOU auaroHanu (puc. 4.20).
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i=0.2 Vi:=21
ooao 1]
Wd=diagi+ Mld=|02 0 diaghId) = | 2
ono4 4

Puc. 4.20. [Ipa neiicTBus, BeinonHsemMble Qpynkiueii diag

NMPUMEYAHUE

B Mathcad 13 u 14 ¢ynkumn Genvals u Genvecs mnpuHEMAaOT K pacdyery H
KOMIUIEKCHBIE MATpHIBL. Pe3ynbraThl pacyeTa COOCTBEHHBIX YHMCEN M COGCTBEHHBIX
BEKTOPOB BBIBOJSTCS B OTCOPTUPOBAHHOM BHJIE.

4.10. Hopma kBagpaTHOW MaTpuLbl

Hopma kBaspaTHON MaTpHULbl XapaKTEPU3YET MOPSIIOK BEIUUHHBI 2JIEMEHTOB MAaTPULIBL.

B Mathcad ectb 4 dhyHkimu a1 oreHkr HopMbI (puc. 4.17):

Q norm1(4) — Hopma B mpocTpaHcTBe Ly
Q norm2(4) — HopMa B IIPOCTPAHCTBE L,;
Q norme(4) — eBKIMI0BAa HOPMA;

Q normi(4) — max-HopMa, UIId o0 -HOPMA.

EBKkiMI0Ba HOpMa SKBUBANIEHTHA JUIMHE MHOTOMEPHOTO BEKTOpa Norme = ,/Z Aiz .

Kak BumHO 13 puc. 4.21, BennyrHa HOPMBI MaJI0 3aBUCHT OT criocoba ee BeIYHCIeHUs. [Ipu
YBEIMUEHUU BceX d3JeMeHTOB Marpuilibl B 100 pa3 Bce HOpPMBI TakKe YBEIUUHBAIOTCS
B 100 pa3.

1 2345
234351

C=|34 51 2| noml(C) =15 notd(C) = 13
45 1 7 3| nome(C)=16383  nomiC) = 15

512340 oo=i1000
tuopnl (00 = 1500 nonma{ GO = 1500
notme(C0) = 1658 nowmd(CC) = 1500

Puc. 4.21. ®yHKIMM BBIYUCIIECHUS] HOPMBI MATPULIBL

4.11. Yncno obycnoBrneHHOCTN KBaApaTHOM
MaTpuubl

Yucno 0OYCIIOBICHHOCTH SIBJISETCS MEpPOW YyBCTBUTEIBHOCTH CHUCTEMBI JIMHEHHBIX
anreOpanyeckux ypasHenuit A-X = B, onpenensemoit mMarpuieir koaQpduiueHToB 4, K
MOTPEIIHOCTSIM ~BeKTOopa B mpaBeIXx dacTed ypaBHeHHH. UYem Oojpmie dMCIO
OOYCIIOBJIICHHOCTH, TeM Oojiee HEyCTOHYMB IPOIECC pEIIeHUs CHUCTeMbl. B mpumepe,
NpUBEICHHOM Ha puc. 4.22, marpuua 4 xopoio o0ycioBiieHHas, a MaTpulia A4, B KOTOpon
BTOpast CTPOKa IIOYTH NIPONOPLUOHATIBHA IIEPBOH, INI0X0 00YCIOBICHHAS.



= E = X=4 B K=
24 2 —&

condl A = 44 conddl &) = 34.471
condel A = 345 condif &) = 44

2 5 10 -1 200035
&= BB = =44 BB =
2 2001 2 -2000

condl(A4) = 35009 condZ(AA) = 29005

Matpuua A - xopowo obyonoenerHan

hMatprua A4 - nnoxo obycnoEneHHanA
conde(A4) = 20005 condifAd) = 35000 pHk ¥

Puc. 4.22. Oynkuun BeUHCIeHHS 00yCIOBICHHOCTH KBaPATHOH MaTPHIBI

4.12. MaTpu4Hble pasfnoXeHus

BonbIIMHCTBO MaTPUYHBIX METOAOB PEIICHHS CHCTEM JIMHEHHBIX alredpandecKux
YpaBHEHHMI OCHOBaHbI Ha IIPEJCTABICHUM MATPUIBI KOIP(PUIMEHTOB YPaBHEHUS B BHIC
MPOM3BEACHUSI MAaTPHUI[ CHENNAIBHOTO BU/A, MOTYYEHHBIX ITyTEM Pa3lI0KEHHsS HCXOAHON
MaTpHIIBL.

B Mathcad wumeercst HeckoNbKO (YHKIMH, PpEATHU3YIOIIMX aJrOpUTMbl Haubosee
MOIYJIIPHBIX MATPHUUHBIX PA3JIOKCHHIA.

4 .12.1. PasnoxeHne Xornecckoro

Pasnoxenunem MaTpulbl 110 METOLY XO0JIECCKOro SIBIISICTCS npeacTaBjJICeHUC €€ B BHU/IC

A=L-L", rne L — HWKHASA TPEYrojbHas MaTpuia (TO eCTh MaTPUIla, B KOTOPOM CBEPXY
OT JAMAroHaNW HaxXOJsATCs HyJH). BelmonHsercs 3To pasioxenue ¢pyHkiueii cholesky(4),
rae A — CUMMETpUYHAsI, TOJIOKHUTEIHHO-0oTpeAesieHHas Marpuna (puc. 4.23).

& s

12 7 4 2606 D 0
A= 7 & -3 L = cholesky(A) L=|1%1 2287 0
4 -3 9 ) \ 1109 —2.253 1.64 )
13 7 4
[Mpoeepra L-LT: 708 -3
4 -3 9 )
20 3 490
Ab=|3 2 -5 L = cholesky(AlL)
w4 -3 9 |Manv1|_La AOMHHA BEITh MONOHKMTENBHO OMPEAEneHHOIA,

Puc. 4.23. Pa3noxxeHre MaTpuLbl 110 METOLy XO0JIECCKOTO

4.12.2. QR-pasnoxeHue

QR-paznoxxeHue TPEACTaBISET HCXOAHYH Marpuiy B Buge A=Q-R, tme O —
OPTOHOPMHPOBAHHAS MAaTPHIA, TO €CTh COCTOSINAs W3 OPTOTOHAIBHBIX IPYr JPYry
BEKTOPOB €IMHUYHOMN JUTMHBI, @ R — BEPXHsAS TPEyrojbHas MaTpuila (HyJd MMOJ TJIaBHOU
JIUArOHAJbBIO).

Brmonasiercss 310 pasnoxenue ¢yHkuumedl  qr(4). Pesymprarom neiictBus (yHKIUH
ABJSIETCST MaTpuLa L, NoiyueHHas M3 JByX Marpul, Q ¥ R, COCTaBIEHHBIX OOK O OOK.
UroObl BBIIEIUTh KXY MaTpHUIly OTIEIbHO, HCHoib3dyeM (yHKuo Submatrix
(puc. 4.24).
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a3 4 087 -0145 0194 20616 2231 4599
A= 3 2 -3 Ll=ougas) Ll=|0146 0202 0945 0 =574 D385
4 -5 9 0194 0945 -0262 0 0o 3149

097 0145 0.1%4

1s(L1
Q= submatrix[Ll,l,mws(Ll),l,CDSEI: )] Q=|0146 0292 —0.945
0.194 0545 -0.262

20616 23231 4299
+ l,cnls(Llj] E= 0 =574 9385
0 0o 3149

1s(L1
R = submatn'x[Ll 1, tows(LL) , — 52( )

Puc. 4.24. QR-paznoxxeHne KBaApaTHONH MaTPULIBI

4.12.3. LU-pasnoxeHue
LU-paznoxxeHneM MaTpuibl A, WIM TPEYrOIbHBIM Pa3lI0KEHHEM, SIBISAETCS MAaTPUYHOE
pasnoxenue Tuna PA = LU, tne U n L — BepXHAA U HWXKHSS TPEYTroJbHbIE MaTpHULbL. P, 4,
L, U — xBagpaTHble MaTpULbl OJJHOTO pa3Mepa.

LU-pa3ioxeHue KBaapaTHOH MaTpulbl 4 BoinonHsiercs: GpyHkuueit lu(4).

DaKTUYECKH, TPEYTroJbHOE PA3JIOKEHHE MATPHIBI BBIIOIHIETCS MPU PEIISHUH CHCTEMBbI
JIMHEHHBIX anreOpanueckux ypaBHeHHi Mertogom ["aycca.

Oyukius 1U(4), kak u ¢yHkuus qr(4), BBIBOAUT COCTABHYIO MATpHILy, COACPIKAIILYIO
Mmatpuiisl P, L, U, coctaBieHHbie 00K 0 00k (puc. 4.25).

LU - paznoweHne

a3 -4 o101 o o2 2 -2
&=|-2 2 -2 Ll=ly&) Ll=|100-10 1 00 23 -24
4 -5 9 ool -2 00431 0 30957
ot1a
F:= suhmatrix[Ll,l,mws(Llj,I,M] FP=|110 D]
’ ool
o
L= suhmatrjx[Ll,1,mwsr;L1),CDISU‘U +1,°°15ﬂ‘1)'2] L=|-10 1 O
’ ’ -2 -0043 1
-2 2 -2
U= suhmat:rix(Ll,l,mws(Llj,M + l,culs(Llj] T=|0 23 -Z4
. 0 0 3957
-2 2 -2 -2 2 -2
Mpoeepka P-A=|20 3 —4| LU=[20 3 -4
4 -5 9 4 -5 9

Puc. 4.25. LU-paznoxeHne KBaApaTHONH MaTPULIBI

4.12.4. CuHrynapHoe pasnoxeHue

CUHTyNApHBIM  pa3liokeHHMeM Matpuiel 4 pasmepom MxN, rae M2=N, sBngercs
pasnoxenue Buna A = BxsxC", rne B u C — opToroHajibHble MaTpUIbl pazmepoM MxN u N
xM COOTBETCTBEHHO, § — JUArOHAJIbHAS MAaTPULA C CUHTYJISIPHBIMU YHCJIaMU MaTpHULbl 4



Ha TJIaBHOW JuaroHaiu, SVAS(4) — BEKTOp, COCTOAIIMI M3 CHHTYJSPHBIX YHCElI,

100

Svd(A4) — CUHTYJISIPHOE Pa3JI0KEHHE MATPHUIIBI 4.

[Tpumepsl mOWCKa CHHTYISPHBIX YHCEN HEBBIPOXKIECHHONH MaTpUIBl 4 W CHHTYISPHOMN

MaTpHIlsl A IpUBeneHs! Ha puc. 4.26.

CHHIynApHoe paznomeHne -082 0142 -0347
-0034 0516 0147
203 4
3 7 s -0258 -0%32 0203
= 4 5 o &b =evdld) AA=|-02E1 0147 089
-0974 0185 0135
T -3 -2
-0038 0450 -0EEE
-0226 0269 -0441
Bripexen matpuuel B W C w2 matpuus AL -092 0142 -0347
-0024 03516 0187
B = submatti] A4 1, eeil] T ) ot ay -
2 -0258 0832 0203
-02%1 0147 02
A
C= submatm:(ﬁﬁ , ceﬂ[%] + 1, rows(Aa) 1 ,.:.:15(33;]]
22.251 0 0 -0974 0.18% 0135
s = dagsvds(&)) 5= 1] 11272 0 C=|-003 0459 -0Z88
1] 0 4954 -03228 -0269 -044
20 3 4
T 2 -3
MNpoeepka Bz =
-5 9
T3 -2

Puc. 4.26. CunrynsapHoe pa3jiokeHue MaTpULbl

Hauunas ¢ Mathcad 13, cunrynspHoe pa3ioxeHHe BBINONHICTCS OAHON (yHKunend svd2,
samensifonieii nBe ¢ynkipn, Svd u svds. Hosas ¢yskims SVd2 aast CHHTYISPHOTO
pasnokeHusi MaTpull paboTaeT M C KOMIUIEKCHBIMU 4HciamMu. Kpome Toro, oHa caenaHa
Ooee y100HOH B HCITOJB30BAHUY.

@Oyuknust SVd2 Bo3BpalaeT COCTABHOW MACCHB, COCTOSIIHHA W3 TPEX BIIOKCHHBIX
MaccuBOB, BXoasiux B BblpaxxeHue 4 = BsCT. Ha puc. 4.27 noka3aHO HCHOJIb30BaHUE

¢byHkmyu svd2.

49 419
B Mathcad 13 7107
23 24 12,1} 0487 058
&=|67 42 evdd(4) = | {32} evddrd) = | | 0861 0.192
28 7 12,2} 0142 0792
CEepHYTEIR M pazBEpHYTLI 0142 0920
M3CCHME BEIBOAA 0020 —0 143
g 0487 058
49 419 014 099
E | = svd(A) = B=| 0251 0192 =
2192 0983 —0.148
C 014 0792
23 24 23 24
Mposepka Bdiagrs)C' = | 67 42 | &a=|67 42
28 7 28 7

Puc. 4.27. TlpumeneHue ¢yHKuu SVd2
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4.13. BoiBOO BEKTOPOB N MaTpuL

B Mathcad cymectByer n1Ba crioco6a 0ToOpa)KeHHs] MaCCUBOB: B BHUIE MaTPHUIIBI U B BHIE
Tabnuusl (puc. 4.28).

D opmaT pesyskTaTta B|
OTofpaseHME E4UHL, MSMEPEHMA MorpelHoCTE
] DOPMAT YUCNa MNapameTpel 0ToGpaMeHMA
1 2 3 4 5
1 1 2 3 4 5 CTME 0TOBPEHEHMA MATML, Tabniua v
o= 2 ﬁ 3 4 5 1 [ JPazeepTeEaTE ENOMXEHHEIE MaC)
= 2 .
3 3 4 5 1 2 -
3HAYEHME MHMMORA YaCTI
4 4 5 1 2 3
- OCHOESHME CUETEME! MCUMCNEHA | JECATHMUHBIR v
5 5 1 2 3 4
|
OF l [ OTMEHA ] l Chpoc ] [ Crpaeka

Puc. 4.28. 3menenue cTuist 0To0pakxeHUsI MaccruBa

Jdnst  wW3MeHEeHHs CTWIS OTOOpaKeHHs MacchBa BbIOGpHTE B TJIABHOM — MEHIO
Format » Result (®opmar » Pesynbratsl), mepeiiaute Ha Bikiaaky Display Options
(TTapametpsl otobpaxenus). B mone Matrix display style (Ctuip oToOpaxkenus: marpuir)
BeiOepure Matrix (Marpuma), Table (Tabauma) wim Automatic (ABromaruueckwuii
BBIOOD).

Kak mpaemno, Mathcad Beibupaer Matrix nms manmenskux maccuBoB u Table — mis
OoJIBIINX.

Bonee mpocroii myTh (hopMaTHpOBaHMS BBIBEIEHHOTO MAacCHBa — JBAXKIbl LICIKHYTbH
JIeBOM KHONKOM MBIIIM B II0JIE MacCHBa, KOTOPHIH Hamo ordopmartupoBathk. [Ipum sTom
nosiBnsiercss  quanoroBoe okHo Result Format (®opmar pesynbrara), OTKpHITOS Ha
sranke Number Format (®opmar umcen). OcraeTcs TONBKO TMEPEHTH Ha HYXKHYIO
Briaaky (Display Options).

Eciu ymciao 31eMeHTOB B CTpoke wid cronbie Oosbire 10, To B crume Table mis
9KOHOMHUH MecTta B JokymeHTe Mathcad BeiBoauT Tonbko 10 uncen, a cOOKy U cBepxy —
MOJIOCHI TPOKPYTKH JUIS IPOCMOTPA OCTAIBHBIX 3JIEMEHTOB MacCHBA.

Ctune  ortobpaxenust Table (Tabmuma) [mOmycKaeT pasiUYHOC —BBHIPABHUBAHHE
BBIBEICHHOTO MACCHBA OTHOCHTENBHO €ro MMeHHW. J[JIs yCTAaHOBKHM BBIPABHHBAHHS HAJIO,
NOMECTUB Kypcop B O00JAacTh MAaCCHBA, MICJKHYTh I[IPABOW KHOIKOH MBIIK U B
OTKPBIBIIIEMCS] KOHTEKCTHOM MeHIo BeiOpath Alignment (BeipaBHuBaHue), T Ha BBIOOD
npeuiaraeTcs 5 MECT PacroNoKeHus HasBaHusi maccuBa: 10p (Bepx), Center (Leutp),
Bottom (Hu3z), Above (Brie), Below (Huxe) (puc. 4.29). Ilyuxr Properties (CoiicTsa)
3TOTO K€ KOHTEKCTHOTO MEHIO MO3BOJLSIET YCTAHOBHTH MM YOpaTh HyMEpAlHIO CTPOK H
CTOJOIOB.
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=
B ERER
1} : 2| 3| 4 -
S B I

3 3] 4] 5] 1

4 40 5| 1| 2

5 50 1| 2| 3

CEOMCTEA...

Mo Bepiy
KonMpoBaTh BelgeneHHoe M0 LeHTRY
BEIAEATE BCe Mo HAzy

UTMEHMTE BElgeneHe

SKEMOPT...

CTENHHATE BEIHIACIEHIE

Puc. 4.29. KonrekcTHoe MeHIo Aj1st Matpulbl B ctuie Table

B okne Display Options (ITapametpsr otoOpaxkenusi) ects nyHKT Expand nested arrays
(Pa3Bopa4uBaTh BIOKECHHBIC MACCUBBI). YCTAHOBHTE TaM (IaXOK, €CIIU XOTUTE YBHIETH
BCE MACCHBBI, BIIO)KCHHbIE B COCTABHON MaCCHUB.

4.14. CocTaBHble MacCuBbI

Jnst yno6cTBa BeIMHMCIEHHH MHOTAA (POPMHUPYIOT MacCUB M3 Pa3lIMUHBIX MO CMBICIY H IO
pa3MEepHOCTH 3JEeMEHTOB. Takoil MaccuB HasbIBaeTCs COCTaBHBIM. HeoOxomumocTh B
COCTaBHBIX MACCHBaX BO3HHKAaeT IPH COCTaBICHWH OOJNBIIMX Hporpamm. B mporpamme
OJJTHO MECTO BBIBOJIA, @ BBIBECTH HAJ0 HECKOJIBKO PA3MYHBIX BENMYHMH (YHCEN, BEKTOPOB,
Mmatpun). [Ipumeps! cocTaBHBIX MacCHBOB IIPUBEIEHHI B IiaBe 9 u B mpumepax 6, 20, 30 u
31.

4.15. PaboTta ¢ KoMNneKkCHbIMU Yncrnamm

Mathcad ¢ OAWHAKOBBIM YCIIEXOM BBIYUCIIACT BBIPAXKEHUA C JENCTBUTEILHBIMH H C
KOMIIJICKCHBIMH YK CJIAMH.

KoMmriekcHble Yrciia MOKHO 3alMChIBaTh B JII000H NpUHATON B MaTematuke (opme:

O 00bIYHOM (B BHIE CYMMBI JEHCTBUTENBLHON U MHUMOM YacTell ynucia) — c=a+b-1i;

QO B TpUroHOMeTpHUecKoil popme — ¢ = A - (sin((p) +i- cos((p)) ;

O B 3KCNIOHEHIHMANLHON opme — c=A-e'.

Jliist BBOJIa MHMMOI €AMHUIIBI HA/I0 HAOpaTh ¢ kinaBuatypsl 1i unu 1j u BBectu uucio. [lpu
BBIBEJICHUH Kypcopa H3 o0JIacTH YKciia CUMBOJ 1 mMcyesaer, OCTaeTCsi KOMIUIEKCHOE YHCIIO
B puBbIYHOM BHE (puc. 4.30).



103 Beoa mAMMOA equpmyel Tiwan 1) uam = f~1
Cza+bizalsinlg) +icoslg) = st

Hanp1mep
C=4-31 C=2-3

D=2+ 3 D=2+3
oo = 3-(@[%) + i-cnngJ] CC = 1.5+ 2.50%

DD =3¢ 21 DD =-1248 - 27351
MepeMeHHEIR ToK,
Em .4 .
Em =179 b= 20 Ei=— ¢ E=2516852 4+ 115553

Nz
PacuyeT TOKOE B UENW No ypaBHeHuAMm Hupxroga  ORICIN = 1
1 -1 1 0 0

j-10 0
oo -1 11

30 o
o o0

= 40 &= S BE=|E

—i-50 1] I, I I, 0 E

160 _ 0
oo o Z, Is

Puc. 4.30. BBoJ KOMIUIEKCHBIX YHCEIT

B kagecTBe nmpuMepa paccMOTPUM pacdeT TOKOB U HANPSDKEHUH B LENH MIEPEMEHHOTO TOKa
mo 3akoHam Kupxroda. B stom cmywae DJIC B nenm E, Hampsokenus U, Toku J,
cornpoTtuBieHus: Z — komiuiekcHele uncia. JJIC E 3agaHa B 3KCIIOHCHIIMATBHOH (hopMe,
HO TNpHM HAXKaTHW KJIAaBHUIIM = BBIBOAUTCS B OObIMHOM BHje. [locie BBOJa KOHCTaHT B
KOMIUTIEKCHOH (hopMe Bce (hOpMyJIbl 3alMCHIBAIOTCS TaK )K€, KaK W Ul JEHCTBHTEIBHBIX
yuces. [Ipu pacdyere BekTOpa HaNpsHDKEHUH HA Pa3IMYHBIX YYACTKax LEMH 10 3akoHy Oma
UCIIONB30BaH ONEPATOP BEKTOPHU3ALMU JUIsl pacueTa MonapHeIx npoussenenuit U; = [, - Z
(puc. 4.31).

i

2836 + 29961
272+ 291
I=4 "B I=|-0106 - 0.0361
—-0634 - 0515
0525 + 04251

FPacyeT HanpaweHdd  U=1Iz T = 4035 + 1755024

no zakoHy Cwa
bez onepaTopa BEKTOPMEALMM ERIBELEHD

CkanapHOoe NPOKZEENe@HWE BEEKTODOE

—20056 + 282504 —20856 — 28 2501
21 608 + 2T 205 21 608 — BT 205
— _
=I5 U= —-4235- 3431 U= -4225+ 34318

—23731 + 3165 -25731 - 31 6%
—23731 + 31601 -25731 - 3169

3TO HE ApryMeHT fyHKUMH--Bes BEIEDS, KOMIIEKCHO-

ONEpPaTOPa EEKTOPUZALUMM He 0ROHTUCE CONPAMEHHEIY YHCEN

Puc. 4.31. PacueTsl ¢ BeKTOpaM# KOMIIJIEKCHBIX YHCEI

B Mathcad ectp omepatop mnpeoOpa3oBaHHsS KOMIUICKCHOTO 4YHCIAa B KOMILICKCHO-
compspkerHoe. OH He TNPEACTaBICH Ha MAaTeMaTHYECKOW IaHEIH, a BBI3BIBACTCSA C
nomolbio cumbonia () kaBeraku (puc. 4.31).
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104 Heofixoaum onepatop BEKTORWZELMKM
4112 41.152
L, |3 | e
1] = | 0136 luj =| 5443 1| = 4118
0216 40582
0.68 40582
APrYMEHT KOMMNEKCHOMD MHCNA
0215
0219
axg(ll) = 0215 arg(l) = | —2.46
—2.46
0.682
0215 46 67
0219 46 928
§ = arg(D) b= -246 b= | -140925 | deg
—2.46 140925
0682 30.075
Yron B paguaday Yron B rpagycax

Puc. 4.32. Beruucnenue MOy ¥ apryMEHTa KOMIUIEKCHBIX YHCEIl

MO}_'[yJ'IB KOMIUIEKCHOIO uymcia A= Re2+ Im2 BBIYUCJIACTCA  OEpaTOpOM | | .

BBoauMbIM ¢ maneneir Calculator (Kanekymstop) mmm Matrix (Marpuna). Tor ke
OTepaTop MO3BOJISIET BHIYMCIATD MOYJIb BEKTOPA HIIH OTIPEACITUTEN> MATPHUIIBL.

ApPryMEeHT KOMIUIEKCHOTO YHCIIa BBIYMCIAETCS BCTPOCHHOW (yHKuumeil arg(4), xoropas
BBIJIACT YTOJI IOBOPOTA BEKTOPa B cHcTeMe KoopauHaT Re—Im (cM. puc. 4.32).
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[maBa 5. CUMBOJSIbHbIE BbIYUCIEHUS

OcHOBOM cHMBONBHBIX BbIuMcieHHil B Mathcad sBsrorcs Qopmynsl m mpaBmina ux
npeoOpa3oBaHMs, 3aMMCTBOBAaHHbIE M3 CHUCTEMbl CHUMBOIIBHOII MartemaTuku Maple 5,
MpeJHAa3HAYCHHOW Il MaTeMaTHUKOB BbIcuiel KBanmupukamuu. M3 Gomee dwem 300
CHUMBOJIBHBIX (QyHKIMHA Maple 5 B Mathcad BritodeHo okono 20, HO U 3TOrO JOCTATOYHO
JUISl HH)KEHEPHO-TEXHUUECKUX Pa0OTHUKOB, JUIS KOTOPBIX M MpeaHa3HayeH Mathcad.

BonpmmacTBO TONB30BaTenieli Mathcad B cBoel paboTe HCIOIB3YIOT, B OCHOBHOM,
YHCJIEHHBIE pacyeThl W TpaduKU JUIs aHalu3a pe3y/bTaToB pacuyeroB. JIuiib u3peaxa
BO3HHUKAET HEOOXOJMMOCTh B CHMBOJIbHBIX BBIYUCIICHUSAX. HEKOTOphIE BCTPOCHHBIE
¢yukin Mathcad TpeOyroT npeaBapUTEIbHBIX CUMBOJBHBIX BBIYHCICHHHA JJISI CBOETO
YCIENTHOTO TPUMEHEHHS:

O Ilpu HaxXxoXIOCHMHM KOpHEW monuHOMa (GyHKUUEH pPOlyroot CHUMBOJBHBIM MyTeM
KENATeIbHO HAaUTH KO3((HUIMEHTHI TOJMHOMA IS BBOJA MX B KAYECTBE I1apaMeTpOB
¢byukuuu polyroot.

O Ilpu wucnoms3oBanuu QyHKMH oOweil perpeccun genfit Hamo cosgate BekTOp,
COJIeprKallliii B CHMBOJIFHOM BHJIE CaMy alNPOKCUMUPYIOLIYIO (DYHKIHMIO U €€ NIEPBYIO
1 BTOPYIO IIPOM3BO/IHBIC.

Q IIpum pemennn mupdepeHINaTbHBIX ypaBHEHHH HEOOXOIMMO 3aJaHHe BBICIICH
NPOW3BOAHON B SBHOM BHJIE. MIHOTZa 3TO MOXKHO CHENaTh, UCIOJB3Ys CHMBOJIEHOC
pelIeHre ypaBHEHUsI OTHOCUTEIIFHO IIPOU3BOAHOMN BBICILETO MOPSIIKA.

5.1. ONTUMKU3aALNSA YUCTIEHHBIX BbIYNCIIEHUIA

B Mathcad ects BO3MOXXHOCTH ONTHUMH3AIMK pelIeHWA. Ecnm BBIOpaTh MYHKT MEHIO
Tools » Optimize » Worksheet (wm Equation) (Uuctpyments » ONTHMH3HPOBATH
» lokyment (wnmun BreipaxkeHue)), TO Teped BBIYHACICHHEM KaKJOTO BBIPAKCHUS
CHMBOJIBHBIN nponeccop Mathcad Oyner mbITaTbCsl yIPOCTHTH BCE BRIpAXKEHMS (MM OIHO
BBIP@)KEHHUE) [UIS YCKOPESHHS M YyTOYHEHUSI BBIYMCIICHHH.

B Mathcad ectp gBa CcaMOCTOSTENBHBIX IPOIECCOPA: YHUCICHHBIA M CHMBOJIBHBIN, —
KOTOpbIE OOBIYHO HE MMEIOT CBSI3M APYT C ApYrom. IIpy BKIIOYEHWUHM ONTHMHU3ALMU OHU
paboTalOT COBMECTHO.

MOXXHO BKJIIOYHTH ONTHMH3ALMUIO JUISi BBIYMCICHHS OIHOTO KOHKPETHOTO BBIPAKEHMS
Gosree mpocrto. /Iyl 3TOrO LIEIKHHUTE NMPAaBOH KHONKOM MBIIIM Ha HMHTEPECYIOLIEM Bac
BBIDAKCHHHM W B OTKPBIBIIEMCS KOHTEKCTHOM MeHIO BhiOepure myHkT Optimize
(Onrrumu3zupoBats). OKoII0 BRIpaXKeHus!, A1 kKoToporo Mathcad Oyner nckatb CHMBOJIBHOE
pelieHue, OsBUTCS KpacHast 3Be3j0uka (puc. 5.1).

BHUMAHUE

OnTtumu3anuss BO3MOXKHA  TOJNBKO Ui BBIPAXCHHH, COAEpXKAIlUX  OmIepaTrop
npucBauBanus (:=).

x|

HeT ONTUMK3ELWK
OnTnMnsauma pacvyeTOB +
1 a2 A3 —
23 g=18

1 2 323 % v zdadydz = 18
g::jjjx-y-zdxdydzx o~ovo

o“o=~n b’

< »

g=18

Puc. 5.1. OnruMu3anus BEIYUCIEHUH

B HekoTOpbIX cilyuyasix, HampuUMep, NPH BBIYUCICHUH HHTErPAJIOB IO MOBEPXHOCTH WIIH
0o0beMy (BOMHOM WM TPOWHOW WHTErpai), yJdaercs HaWTH CHUMBOJBHOE peEIICHHE



106

uHTErpana (cM. puc. 5.1), 9To pe3Ko yCKOpsieT pacyueT, BElb BBHIYHCICHHE WHTETPAToOB —
camas MeuieHHas omepauuss B Mathcad. B Mathcad ecth aBa crmoco0a CHMBOJIBHBIX
BBIYUCIICHUI:

1. C momompio MmeHio Symbolics (CuUMBOJBHBIE BBIYHCICHHS) W3 TJIABHOTO MEHIO
Mathcad.

2. C nomompio manenn Symbolic Keyword Toolbar (CumBonbHas mnaHenb
HHCTPYMEHTOB), BBI3BIBAEMON COOTBETCTBYIOLINM 3HAUKOM MaTeMaTHYEeCKOH TaHeNH.

5.2. N\cnonb3oBaHne MEeHK CUMBOJSIbHbIX
BbluncrneHmn Symbolics

OTOT Cmocod MpPEemoCTaBIsICT MEHBIIE BO3MOXHOCTEH, YeM CHMBOJIbHAs IaHEeNb
uHCTpyMeHTOB. OHAKO OH MPOCT U TeM yIOoOeH. B psne cimydaeB rydine oOpamaThCs K
MeHo Symbolics, yeM Kk CUMBOJIBHO# TTaHEIN HHCTPYMEHTOB.

B rmaBHomM wMenwo Mathcad BeiOGeputre nyHkT Symbolics, oTkpoercs mHoAMEHO,
comepxamee psa komMaHn (puc. 5.2). Jlnsd BeITONHEHUS JFOOOM W3 STHX KOMAaHJ
HE00XOJMMO CHavasa BBIICIUTh OOBEKT BHIYUCIICHHI:

Q [lenkHWUTEe MBIMIBIO HA BBIPAKEHUH, €CIIM HAZ0 MPOMU3BECTH CHMBOJBHYIO OIEpAaNUIo
HaJl BCEM BBIPAKCHUEM.

QO Eciu Hago Npou3BECTH JAEHUCTBUS HAJl YacTblO BBIPAXKEHHUS, BBIAECINUTE 3Ty 4YacTb
YEPHBIM LIBETOM, TO €CThb IIOABEAWUTE YKa3aTelb MBIIIM K Hadaly HY)KHOM 4acTu
BBIPAJKEHUS, HAXXMUTE JIEBYIO KHOINKY MBIIIM U [EPEMECTUTE KYpCOp IO KOHLA 3TOH
YacTHU MIPU HAXKATOW JIEBOM KHOIKE MBIIIH.

Q [lenkHUTe MBIIIBIO HAa TEPEMEHHOW, OTHOCUTENLHO KOTOPOWM HaJ0 MPOU3BECTH
CHMBOJIbHBIE JICHCTBUS.

" " Mathcad - [Glava05-Symbol]
@Qal?m Opaeka Bug BoTaeka DopMaT  MHCTPyMeHTH

3 MM Cwo  Cripaska
D-2d &Y $BE o Y| BoMcmTs v

\Variables | Times New Roman Cyr v[i0 v YApOCTUTS
PassepHyTh
DAKTOPMIOBATD
E
Ceopra
] B osst o ak+205 0 2aR
Mo AMHOMMANEHEIE KOSHEMUMEHTE
x=
<F MaTpHLAa '
& MpeofpasosaHie ] AvddepeHurposaTs
2f . VHTerpHpoBaTe
- DOPMAT BEIMMCIEHMIA. ..

PasnoxnTL B PAa...

MpeobpasoBaTh K APoBHO-DALMOHANEHOMY Bilfy

Puc. 5.2. Bun menio Symbolics

NMPUMEYAHUE

Beinenenue uyepHbIM 1BeTOM Hcmonbdyercs B Mathcad, korma kakue-nnOo aedcTBHS
HY>XHO BBIIOJIHATH HAJl YaCTHIO BBIPAXKEHHS: BBIPe3ath B Oydep, CKOMMPOBATh, YAAINTS,
M3MEHHTD pa3Mep WX CTHIb WPU(Ta U T. 1.

BEITIONHSAS CHMBOJIBHBIE onepannu, CcJIEeAyeT IMNOMHUTb, 4YTO HE BCIKOE€ BbIpaXCHUEC
noaaacTcss CHUMBOJIbBHBIM Hp€06pa3OBaHI/I$[M, YTO IIOCTABJICHHAs 3aJadya 4aCTO HEC HMCCT
CHUMBOJIBHOT'O PCHICHUA (B OTJIMYUC OT I-II/ICJ'IGHHO]"O).

PaccMoTpeHre CHUMBOJIBHBIX —ONEpalMii HAayHEeM C [IOCJIEIHEro IIyHKTa MEHIO
Symbolics » Evaluation Style (CumBonbpHbie omepauuu » CTHIb BBIYHUCICHHN). DTOT
IIYHKT TI03BOJISIET BBIOPATh CTHJIb BBIBOJMMOTO CHMBOJIFHOTO PEIICHHS: TOPU3OHTAIIBHO —
PSAIOM € UCXOIHBIM BBIPAKEHHUEM, BEPTHKAIBHO — IO/ HUM, C KOMMEHTAapHsIMHU U 0€3 HUX
(puc. 5.3). Ha pwuc.5.4-5.9 BeIOpaHO TOPH3OHTAIIEHOE PACIONOKEHHE OTBETOB C
KOMMEHTapHUSIMH.
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[MNokAzEEATE LWAM BelYMCIEHIMA ‘

Ik ‘
(O BepTiKkansHo, BCTABNAA AHMM

(O BepTikansHo Bes BCTABKA MHMiA ‘ OTMEHS ‘

MokasbBaTE KOMMEHTapMM

[ ] BeiicnaTe Ha MecTe

Puc. 5.3. Mento BbIOOpa CTHIIS BEIBOJA CHMBOJIFHOTO pe3yibTaTa

BHUMAHUE

Tlepen BBINOJNHEHHEM CHMBOJBHBIX OIEpauuii ybGeauTech, YTO BKIIOYEH (IIOMEYCH
¢dnaxxkom) nynkr Automatic Calculation (ABromarnueckuii peXuM BBIYHCICHHH) B
mero Math (Maremaruka).

5.2.1. CumBoOnbHas oueHKa BblpaXXeHns
J171s1 BBITIOJTHEHHSI CHMBOJIBHOM OLICHKU:

0 BbeLOEIUTE BBIPAXXECHUEC UIIN €T0 YaCTh,

O B mIaBHOM MeHIO BeiOepuTe KoMaHny Symbolics » Evaluate (CumBonbHbie
BBIYHCIICHUS P Bbrauciuts).

DTOT MyHKT Mpe/yiaractT Ha BbIOOp TPU BapUaHTa BBIYKMCICHHUS BbIpaxkeHus: Symbolically
(Ananutnyeckn), Floating Point (C mnaBaromueit Toukoit), Complex (B kommiekcHon

thopme).

CHMBOIIBHBIN TIPOIECCOp TO-pa3HOMY 00padaThIBaeT YUCIA C NECITHIHON TOUKOW m 0e3
Hee. Chopmynmpyem oOIIre mpaBuia;

O Ecan cuMBOIBHBIN MpOIiEccOp MOTydaeT YMciia, COAEprKallie ACCITUYHYIO0 TOYKY, TO
nro0ble BO3BpallaeMble YHCIICHHbIE Pe3yJIbTaThl OyLyT NECATUYHBIMU MPUOITKSHUSIMA
TOYHOTO PEIICHHS.

O Ecau cUMBOJBHBIA IPOLIECCOp MONydYaeT 4uciia 0e3 AECATUYHBIX TOUYEK, TO JIHoObIe
BO3BpAlllaéMble YHCJICHHBIE PE3yJIbTaThl OYIAyT BBIpaXKEHBI 0€3 JNECATHYHBIX TOYEK,
KOTJIa 3TO BO3MOKHO.

O Ecau cuMmBoibHas onepaiys AaeT OTBET B BHJE AECITUYHOW JIpoOm, TO 3TOT OTBET
Bceraa oroopakaercs ¢ 20 3Havamumu nudpamu. Ha ato oroOpakeHne He AeHCTBYIOT

HU JIOKAJILHBIN, HU TI00aTbHBIN YUCIIOBOH Gopmart (cM. puc. 5.5).

[pumeps! ucrnons3oBanust koManasl Evaluate npusenenst Ha puc. 5.4.
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'ﬂ ©alAn TMpaeka BMA  BeTaeka  ®OPMAT  VHCTDYMEHTEI

OrHO  Crpaska

-2l kY * ) B

YMpoCTITE C ONEBAOWER TOUKOM
PasgepHy T B KOMMMEKCHERS HMCax

NpefBapUTeNEHD BEIDENUTE

4 | BCE BopaKEHHe LAKTOPM3CBATE

" Coopra

R B pegyneTare b

il e (@ pedy a MonHOMAANEHBIE KOSDMUMEHTEI

x=

I B pe3yneTare nin+ 1)-(Z2n+1) Mepemert-as R

<& § MaTphila 4

21 MNpectpasoeaHie 4

af |10 1Y B pemysTae 50926932541

[ DOPMAT BBIHMCTIEHVIA. .
= 1] ; ‘ 99532800000
= /

80926932541 B pesyneTaTe pacqeTa ¢ NNagalen ToNKoA 0813067979
99532300000
/3 B peayneTaTe pacyeTa ¢ MNaBaIoWeH TOUKON 1.73205081
BbIfpaHo 9 2HaKoB
\/—_3 B pe3yNbTaTe pacyeTa Ha KOMIMEKCHOA NNOCKICTH 04434

—it
OUSHWTE CAMOCTOATENEHD & !

Puc. 5.4. [Tpumeps! CUMBOJIBHOM OLIEHKH BBIPAXKEHUH

5.2.2. YnpoLueHne BblpaeHui

Komanga Simplify (Ympoctuts) COyXuT JUii  OCHOBHBIX — anre0pamdeckux H
TPUTOHOMETPHUUYECKUX  YIPOIICHWH  BBIOPAHHOTO  BbIpakeHus. OHa  BBITOJIHSET
apu@MeTHyecKre peoOpa3oBaHusl, COKpaIlaeT 00Ie MHOKUTEIH, UCTIONIb3YET OCHOBHBIC
TOX/IECTBA JUIsl TPUTOHOMETPUYECKUX U 00paTHBIX QYHKIMWH, ynpouaer creneHd. MoxHO
YIpPOIIATh KaK BCE BBIPAKCHHE IEIMKOM, TaKk U ero 4acti. Eciam mpeobpa3zoBaHue BCero
BBIP)XCHHUS HE JACT XKENaeMOro pe3ylibTaTa, MOMBITANTECh BBIACIUTh H YIPOCTHTh YacTh
BeIpakeHus. [Ipumepsl ncrnons3oBanust komanasl Simplify npusenens: Ha puc. 5.5.

Siplify - ynpocTuTE

~ YNPoLWeHKWe Jo 1
1 - fazln|a <1
> "
1=10 ~ if 1=a
R . WNpOWEHKe A0 3 \
i | _ " - Y
< 3k 3k| < (3 ik
e J e el J

0
YNPOLWEHUE Ao z+1+2xz-35

sin{2-x) + cos(3-x) YOpOWeHHe Ao sin(2-x) + cos(3-x)

3 +£ yNpoleHue Ao 0.66327108092812676853
150 83

Puc. 5.5. Ilpumeps! ynpolieHus BbIpaskeHUH

5.2.3. PackpbliTue BbipaxxeHum

Omepanusi CHMBOJBHOTO  PAa3IOKEHUS II0 CMBICIY IPOTHBOIOJOXKHA — OIEpally
ynpomeHus. B xone pa3nokeHus: packpbIBalOTCsl BCE CYMMBI M IIPOU3BEACHHS, a CJIOXKHbIC
TPUTOHOMETPUYECKHE BBIPAKEHHsI pPAa3lararoTcsi C MOMOIIBI0 TPUTOHOMETPHYECKUX
ToXxecTB. Ecin BelpakeHne — ApoOb, YHCIUTENb OYAET pa3jioKeH M BhIpaKeHUe OyJneTr
IpeICTaBIeHO Kak cymMma npoOeil. Ilpumepbl wucnonb3oBaHus komanzael Expand
(Pa3noxxuTh) mpUBEIEHHI Ha puc. 5.6.
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paclMpeHre 1o

x+ 4 g 4 165 + 965 + 2561+ 256

tan(3-x) + cos(2-x)  pacllMpeHWe oo s g 3-tan(x)—tan(x)3
cos(x) —smix) - ————

3-tan(x)2 -1

Z+Di-1 pacllpeHre 0o ::2 _q

20s(5-%) PACWMpERne A0 cos(x)5 - 1U-COS(X)3-SiII(X:I2 + 5-cos(x) -sin(x)4

Pa3ntHiTe CAMOCTOATENBHD

tani3-x) Z+32z+4
Puc. 5.6. [Ipumeps! pa3sBopadynBaHusI BEIPOKCHUN

5.2.4. PasnoxeHne Ha MHOXUTENn

Komanma Factor (Pa3noxuTh Ha MHOXHTENH) TMO3BOJISET PA3JIOXKUTh MOJHHOMBI Ha
npousBezieHue 0ojiee MPOCTHIX MOJIMHOMOB, a LEJbIe YHCJIA — Ha MPOCThIE COMHOXKHTEIH.
Komanpma Oyner oObequHATH CyMMy JApoOeil B oiHY JIpoOb M yNpoIaTh MHOTO3TAXHYIO
JIpoOb ¢ HECKOJIBKUMH IPOOHBIME uyepTamu. [IpuMmepbl Mcmons30BaHusi Komanael Factor
HIpUBEIEHbI Ha puc. 5.7.

PazNCHKTE CAaMOCTOATENEHO

tan{3-x) x4+ (2=z+4)

Factor - paznoXUTe HA MHOMKUTENN

19125 B pesyneTaTe akTop1IaUmd 3253 17

ab+ac  EBpelbTaTe PAKTOPHIALMM  a(b+ c)

33 BpesyneTaTe dhakTopHaaumu

(.2 2
i H SR O —H
+v 2+ y+v

3 1 E peayNsTaTe hakTopHaaLnm A T

4 0% — g 18 (x— 3 (z+3)(x+2)

PazNCHKTE CAaMOCTOATENEHO

3 B 1

+1 +3

2-a2-y5 + a-b-y5 - a-b-y3 - 2-a2-y3 .o
3 B 1

1-xz 3-=x

Puc. 5.7. Ilpumepsl paznoxkeHus BbIpaXKEHUN HA MHOXKUTENIN

BHUMAHUE

Mathcad pasnaraer Ha MHOXHTENH TOJIBKO TO, YTO BBIIEJIEHO.
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Komanma Collect (IlpuBectu momobHble ciiaraeMbie — COOpKa) OOBEAUHSET YIICHBI,
COJlepKalie OJMHAKOBBIC CTCIICHU BBIICICHHOW KypcopoM TepeMeHHOW. ITpumepsr
ucnonb3oBanusa komauasl Collect mpusenens Ha puc. 5.8.

Collect - npuBegeHue nogoBHBIX cnaraembIx
2 2
¥+ 2x-3y+dy+uy-2% y-3xy

no NepemMeHHoR X B pezyneTaTe NpMEeASHHA NOA0GHER YNeHoE 2 2

P pe3y PUBSA A 2yx + -3y +y+3x+y
no NeperMeHHoR B pesynbTaTe NPMEBELeHWA NOA0OHE YNeHOB 2 2

P v pesy P =3xy + -2x +z+1.y+3x
CAMOCTOARATENEHD NPpHMBROWTS
nogobHele carasmMele 3 3 3
no X Moy X —ayx +2¥% x—%

Puc. 5.8. [Ipumeps! npuBeACHUS MOJOOHBIX CIaraéMbIX

5.2.6. KoacbpmumeHTsl nonIMHOMa

MHorue BBIpQXSHUS WIM YacTH BBIPAKEHHS MOTYT OBITH IPEACTABICHBI B BHIC
MTOTMHOMOB OT BBIICTCHHOW mepeMeHHOW. KoadduuueHTsl moamHOMa MOTYT OBITH
HalJeHbl CUMBOJIBHBIM IIporieccopoM. IIpu 3ToM K03 (HUIHMEHTH MOTYT OBITh CIIOKHBIMH
GyHKUMSMU IPYrHX mnepeMeHHbIX. [IpuMepsl ucnone3oBanus komaHnusl Polynomial
Coefficients (Koa¢durmenTs! moarnHoMa) pUBEIEHBI Ha puc. 5.9.

HaxoxpgeHwe koaddruneHToB nonMHoma Polynomial Coefficients

34 2 3 2 MMEHKTCH KO3 HUWEHTEI
3a oz vy+2x% (atxy) —axy hebhy

HaRIeHHbI2 KO3 DHULUHEHTE! NONUHOME, PASNOHEHHOMD
No cTENaHAM X

HMEITCA 0
koadpMUMEHTERI 3 Mo CTEMSHAM Y no CTeNeHAM &
—ay
4 23 5300
2-a3 2% -a 2%y
3 4 332 4 2 2
5.az.y 3a-x +6% -a 6% -y —X¥
3 2 4 3
3a v+ 6ay bx a—ax bx oy
5 4 2
2.3;3 2% W3 oy + 2w

CaMOCTORATENEHO PENCHMTE NO CTENEHAM a, b, C

3
' a3— k- cz' {bc— 3-a)2

Puc. 5.9. Ilpumeps! HaxoxaeHUS K03()OUIMEHTOB MOIMHOMA

5.2.7. BeluucrnieHne npegenos
Jiis BeruucneHus npesenoB B Mathcad BeimosiHUTE ClieAyIOIINE ACHCTBHS:
O Ha maremaruueckoil maHead BBIOEPHUTE KHOMKY CO 3HAKOM HHTErpaja, OTKPOETCS
nanens Calculus (Maremaruueckuii aHan3), Ha KOTOPOW BHU3Y €CTh TPH OMEpaTopa
BBIYKCIICHUsI [IPEIEIOB. Boibepure OMH U3 HUX.

a BBGZ[I/ITG BbIpaKCHHUE B 110JIC BBO/JIa CIIpaBa OT lim.

a B moie BBOJa 110 CJIOBOM lim BBCAUTC HMA HepeMeHHOﬁ, 1o KOTOpOI7[ Hag10
BBIYMCIIATH MIPEACIT, U €€ IPECACIBHOC 3HAYCHUEC.



O Beigenure yrojakoM WM YEPHBIM IBETOM BCE BBHIPAKEHHE LIETHKOM.
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QO B rmmaBmom wMenio Mathcad BreiGepure Symbolics » Evaluate » Symbolically
(CumBonbHble  BerumncieHus » Beraucnnts P CumBonsHO).  Mathcad  Bo3Bpamaer
3HAUEHHE TpejeNa, €CIM OHO CyIIecTByeT. [IpuMepbl BBIYHCICHUS IIPEJIEIOB
IpuBeaeHHI Ha puc. 5.10.

Variable Limits - npepenel

NEpelBaprTentsEHO BeIOENKMTE
BCe BhlpaHeHe

{2 1
% +2 -
— B pedyneTare 2
s o 3ET6
lirn fan(®) B pexynLTare 1
x—0 =
fi o tan(x) B peaynsTate 3
H— —
3
lin  tan(z) B pexynLTare
. 3
H—> E

CaMOCTOATENBHD BhIMMCIMTE NEed el dyHKUMWEA

- ",

snid®) MpK ¥—0 | n-l | npun— 0
H ._\n+2’..

X2—5-X+4

i i Mo — 1

-1 (=4 &)

Puc. 5.10. IIpuMeps! BEIYUCICHHUS TPEALIIOB (YHKLIHUIA

Brruucionte mpeaciI BbIPAKECHUA MOYKHO TOJIBKO CUMBOJIBHO.

5.2.8. 3ameHa nepemeHHoOM

Komanma Substitute (IToacraButh) 3aMeHsiET BBIJEIEHHBIM U CKOMHUPOBAaHHBIM B Oydep
BBIpAKCHUEM 33JJaHHYIO IIEPEMEHHY0. UTOOBI HCITOT30BaTh ATY KOMaHAY, HY)KHO:

O BBIIEIHTH BEIPAXEHUE, KOTOPOE OYAET 3aMEHATh IEPEMEHHYIO;
Q ckommpoBatk ero B Oydep oOMeHa;
O BBIIEIHTH NEPEMEHHYIO, KOTOPYIO HAJIO 3aMCHHUTD;

O B mmaBHOM MeHI0O BbIOpars Symbolics » Variable » Substitute (CumBomnbHEBIe
BerunciieHus P [lepemennast » [loxcTaBuTh), Kak moka3zaHo Ha puc. 5.11.

Mathcad noacraBur BeipaxkeHue 13 Oydepa oOMeHa BMECTO BBIICIICHHOW TIEPEMEHHOM.

ITpumepsl TOACTAaHOBKH MEPEMEHHON MTOKa3aHbl Ha puc. 5.12.
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Mathecad - [Glava05-Symbol]

m ®aiin  Mpaeka Big  BeTaeka  dopmar  MHCTpyMeHTE el WEN OkHo  Cripaska

BEIUMCAMTE ks
OD-=-d &Y & 3 f* ¥ ¥npocTwh

|Variables v |T|mes Mew Roman Cyr v | 10+ | Pa3sBepHy TH
DAKTOPMA0BATE LA

Chopra

A 3 f

] ¥ - 10.}_42 49 OAMHOMIAANEHEIE KoApMLMEHTE

x= Pewmte

l % MaTpna 4

<E QibdepeHupoEaTE MpeotpazosaHie 4

& MHTErpHMpoBaTE .

af DOPMET BhIYMCASHMA .

- Fasno#iiTe B pAgd. .

MpeobpasoBaTh K APOBHO-PALMOHABHOMY By

Puc. 5.11. Mento Symbolics » Variable

Variable Substitute - noacTaBUTE B BeIpaXKeHWe

NoACTABMTE f{SiN(x)) BMeCTO Y

flain(=)) CKONKMPOBATE B Bydhep

2 B peayneTaTe . . 2
cos(y) ++f 14+ v I'IOEJEI,CTYEIHOBKH cos(E(sm(=))) 4+ 4/ flsmi=)) + 1

oy
a

EmMecTo X NoACTaEMTE BEKTOR ‘ b ‘

Ay

|(a\| CHOMWpoBATE B Byde B pesyTibTaTe
b ) p yipep MOACTAHOBKM
aVy (fa))
: o cos| | || inl | ]
||:os(x) sin () b Wb
| —sin(x) cos(x) ) ((aY) TERY
~sinf | || eos| | ||

\\b// \\b/

Puc. 5.12. [Tpumepr! 3aMeHBI IEpeMEHHBIX

5.2.9. BblumcneHne nponssogHoOn nnm nHTerpana

C momomipio MeHI0O SymboliCs mpou3BoAHYO WIIM WHTETPall MOXKHO BBIYHUCIHTH JIBYMS
crocodamu:

1.

B HyXHOM BBIpOKCHUH, 3alIMCAHHOM O€3 3HAKOB MPOW3BOJAHONW WM HHTErpana,
BBIICIMTE IIEPEMCHHYI0, [0 KOTOPOH HAJ0 BBIYKMCIHMTH HPOM3BOAHYIO WIIH B3SITh
uHTerpain. B riaaBHOM MeHIo BeiGepute komManay Symbolics » Variable » Differentiate
(CumBonbubie  BbumcieHus b [lepemenHast » Beluuciute  NpOU3BOAHYIO) — HIIH
Symbolics » Variable » Integrate (CumMBoITBHBIE
BeruucieHus » [lepemenHast » Beraucuts HHTETpa).

Ha nanenu Calculus (Berunciienuns) BbiOepuTe 3HAK MHTErpajia WK MPOM3BOJHON U
3aMUIINATE C €ro MOMOIIBI0 HY)KHOE BhIpaKeHHE. B TIIaBHOM MEHIO BBIOEPUTE KOMaHY
Symbolics » Evaluate » Symbolically (CumMBoITBHBIE
BBIYHCIIeHUS » Beraucauts » CHMBOJIBHO).

[IprmMeps! BRIYHUCICHUS TPOU3BOIHON U HHTETpaia IpUBEACHBI Ha puc. 5.13.
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Differentiate Integrate - ancddepeHUMpOBaTE MHTEFPUPOBATE

E B pexneTaTe 5
=T AnchdepeHUMpOBaHHH 2xexp(E) +x explx)
2 =z B pexneTaTe 7
= nucbcbeperuppopanma * EEp(E) - 2xenp () + 2exp(x)
: 2
2
d_2 (z-atan(z)) B peyNeTaTe _p_E
ONDMEPEHLMDOBERNA | 4 .- 122 E
) 1
- 4 EpeswisTate L3
i OMhEPeHLMPOBaHHA L
2

CaMOCTOATENEHG BIMUCIUTE NPOMIBOIHYID
M MHTErpan oT CNeayioWmy BhlpaEKeHu

+
X2 2 x2—2-x—10 d— az—xz

% +hb

. 2
wp ma

Puc. 5.13. [Ipumeps! ciMBOIBHOTO TU(QEepeHINPOBAHIS U HHTETPUPOBAHUS BBIPAKCHHUH

5.2.10. CnmBOnbHOE peLleHne ypaBHEHUN N HEPABEHCTB

Pemnts ypaBHEHHE CUMBOJIBHO TPYyIHEE, YEM UHCIEHHO. MOXKET 0Ka3aTbCsl, YTO PELICHUS
B CUMBOJIBHOM BHJIC HE CYIIECTBYET. UTOOBI pEINTh YpPaBHECHUE CHMBOIILHO, CIICAYCT:

O HareyaTaTh ypaBHEHHE, WCIIOJIb30BaB JXKMPHBIM 3HAK PaBEHCTBA (3HAK JIOTMYECKOTO
PaBEHCTBa, a HE 3HAK NPUCBOCHUS 3HauyeHus). Eciy B BBIpaKEHHH OTCYTCTBYET 3HAK
paBeHcTBa, Mathcad momnaraer, 4To BeIpaXeHHE PaBHO HYJIIO;

O  BBIICIHUTH IEPEMEHHYIO, OTHOCHUTEIBHO KOTOPOI HA/I0 PEIINTh yPaBHEHHE;

O B IJaBHOM MeEHIO BbIOpaTh komanay Symbolics » Variable » Solve (CumBonbHbie
BeunciieHus » [lepemennas » Pemmts).

Ecmu pemenuit Heckonbko, Mathcad BEIBOIUT BEKTOP pEIICHHIA.

[Tpumepbl CMMBOJILHOTO PEllIeHUs] ypaBHEHUH NpUBeIeHBI Ha puc. 5.14.

Variable Solve - pewnTE YpaBHeHWE UMW HEPABEHCTEO
x3 - 10-x2 +4 MMETES 9 ( 1
pelleHnsA B W
+ —
9 2 2
3 2 - -
¥ —5x —4x+20=10 o

PewsHnA 5w

MMEHITCH {(—2 < x)-(x < 2):|

CAaMOCTOATENRHO PEWUWTE YPaBHeHWE W HepaBEeHCTBO
2 2
¥ +x+3=10 ¥ +3x-7<10

Puc. 5.14. CuMBOIbHOE pElICHUE YPABHEHUH U HEPaBEHCTB
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5.2.11. Pa3noxeHue B psag Tennopa

UT00HI pa3loXuTh BEIpaKEHUE B pAn Teitmopa ¢ ocTaTrouyHbIM wieHoM B ¢opme [Imano,
BBINOJTHUTE CIIEAYIONIE ACHCTBUS:

O BBIICIHTE IEPEMEHHYIO B BEIPAKCHNH, KOTOPOE HAIO0 Pa3JIOKHUTh B PSL;

O B IIaBHOM MeHIO BbIOepuTe Komanmy Symbolics » Variable » Expand to Series
(CumBosbHBIe BhaucieHus » [lepemennast b Pasinokurs B psin);

O B IDOSABUBIIEMCS IHUAJIOTOBOM OKHE YKaXKUTE MOPAAOK OCTATOUYHOT'O YJICHA.

B noNy4eHHOM OTBETe OCTATOuHbIH wieH 0603HaueH O(x"), To ecTh OTOPOIIEHb! UICHBI
psna, comepxamye x° i Boime. [Ipesie ueM UCIONb30BaTh PA3IOKEHHE [T JaTbHEHIINX
BBIYUCIICHUH, OCTAaTOYHBIN YJI€H HAJ0 YAAJIUTD.

Psin Teiinopa i GyHKIMH OOBIYHO CXOJHUTCSI TOJBKO B MaJlOM OKPECTHOCTH BBIOpaHHOM
Toukd. B kauectBe Touku paznoxenus Mathcad npunumaer Hoidb. [nsi paznoxkeHHs
(yHKIIMM B TOYKE, OTVIMYHON OT HyJIsl, HeoOXouMa 3aMeHa repeMeHHol. Hanpumep, s
pasnoxenust B paa GyHKimH IN(x) B OKPEeCTHOCTH TOYKH X = | HAZO PA3NOKUTH B PAA
¢byukuuio In(x + 1), a 3aTeM MepeMEHHYI0 X 3aMEHUTh Pa3HOCTHIO X — 1. DTOT U Apyrue
MIPUMEPHI Pa3lI0oXKEHUs B PsiJi IpUBEACHBI Ha puc. 5.15.

cos(x)  NpeofpasoBaHve B Cepuia 28
1-—+—
1 1
1——-x2+—-x4+0'xﬁ' 2 24
2 24

paafeHns Ha 2 CTROKK

AMUHHCTD OTBEeTA

cos(x) NpeobpasoBaHre B CepHio

(L, 12 14 1 5 1 3 1 10

l-—xx +—x ——=x + " = B
2 24 720 40320 3628800

1 12 1 14 | 16
+ ® - 2 +0lx
W 4720014600 27178281200

2% — 341 npeofpaioBaHe B Cepuio

1 5 23 13
X3+2-X2—9-X+18 ———-x+—-x2+—-23+0'x4'
18 36 648 432

Faznomite B paa dyHKUio Inix) BelfpaHo 4 YneHa paaa

NpeofpazoBaHve B Cepuio 1 1
atx+ 1) npecbp P l-x—a-x2+§-:§3+0'x4'

JarneHa nepemeHHoﬁ

-1
B pe3yneTaTe NOACTaHOBE!

x—l—%-(x— 1)2+%-(x— 7+ o - 1]

CamocToATENRHD PE3ntHnTe B pAA

sin (=) —tan(x) EX

¥ — b+ 3

Puc. 5.15. IIpumeps! pasnoxenus GyHKIui B psig Telnopa

5.2.12. Pa3noxeHne Ha npocTtenme apoobu
CrnoxHOe BBIpaXEHHE MOXKHO ITPeoOpazoBaTh B CYMMY IIPOCTEHIIHX Tpobeii:
O BelienuTe NEpEMEHHYIO B 33JaHHOM BBIPAYKEHUU.
O B mmaBHoMm MmeHio BeiOepute komanay Symbolics » Variable » Convert to Partial

Fraction (CumBosbHble BorumciacHus P [lepemennas » Pa3aoxure Ha OpOCTEHIIHE
Ipobn).
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CHUMBOJIBHBII Tpolieccop OyIeT MNbITaThCs Pa3sIOKUTh 3HAMEHATENb BBIPAXKEHHsS Ha
mHOoxuTenn. Mathcad He cTaHeT pasnaraTh BbIpaXEHHE, KOTOPOE COACPIKHUT JECATHYHBIC
Toukd. [Ipumepsl pasnokeHHs BBIpOKEHUS Ha MpocTeilie ApoOM TNpHBEACHBI Ha
puc. 5.16.

PasznoxuTe Ha anemMeHTapHble gpobGu Convert to Partial fractions

D — 31 paclHpeHHe sneMeHTapHelx Apobed 1o
1 14 3

+ —
3.(x-3  3(x+3) m+l

425 —0x— 18

-
1 4 PACWHpEHre anemMeHTapHsx Apobel Ao
H ® 1 16 81
i to x— 6+ - +
= 20x+ 1) x+2 2(x+3)

ZaMOCTOATENEHD PE3NoHMTE Ha aNeMeHTapHEle ApobK

a4
X3—2-X2+3-X—6 N LX-Z
e

(-2 a=1

Puc. 5.16. ITpumeps! paznosxeHus BbIpaKeHUH Ha NpocTenne 1podu

5.2.13. CumBOnbHbIE ONepauumn ¢ matpuuamm
Mathcad mo3BOIs€T BHIITOIHUTE ¢ MATPHUIIAMH P CHMBOJIBHEIX orepanuii. /1yt aToro:
O Co3zpaiire MaTpuily ¢ 1A(GPOBBIMU HITH OYKBEHHBIMH JJIEMEHTAMHU.
Q Begenute ee Tr00BIM CLIOCOOOM.

O B rmaBHoM MeHoo BeiOepure TyHKT  Symbolics » Matrix  (CumBombHBEIE
onepanuu » Marpuma).

OTkpoeTcss TOAMEHIO W3 Tpex myHKToB: Transpose (Tpancrmonuposats), Invert
(o6parutp) u Determinant (Ompenenurens). Boibupas ouH U3 3TUX MYHKTOB, MOXHO
HaiTh pe3ynbTaT BbMucIeHUs. Ha puc. 5.17 yka3aHHBIe oOIepalyyl BBIIOTHEHBI Ha
IpUMepe MaTpPHUIbl HAMpPAaBIAOMNX KOCHHYCOB A MIOCKoW 3amaun. IlomyTHO »TH
MPUMEpPBI JOKa3bIBAIOT CBOWCTBO OPTOrOHAIBHOCTH MATPHUIIBI HAIPABIISIOIINX KOCHHYCOB,
TO €CTh TO, YTO OOpaTHasi MaTpHlla paBHA TPAHCIIOHUPOBAHHOM.

YToObI BBINONHUTE apu(pMeTHUECKHe IEHCTBUSI HaJl HECKOJIBKUMHU (Yallle BCEro IBYMSI)
MaTpulaMu, HaAaO BBIACIUTL LCJIUKOM BCE€ MATPUYHOC BBIPAKCHUE U B INIABHOM MCEHIO
BBIOpaThH KOMaHIy Symbolics » Evaluate » Symbolically (CuMBosBHBIE
onepauuu » Beruncnuts » CumBosibHO). Ha puc. 5.17 moka3aHO CHMBOJBHOE peIIeHUE
CHCTEMBbI JIMHEHHBIX aJIreOpandecKnX ypaBHEHHH, 3alIMCAaHHBIX B MATPUYHOM BHJIC.
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CUMBONBHEIE ONEPALMA C MATPULIAMK

(costw) sn(x) 0) (cos(x) —sin(x) | ces(x) —sm(z) 0

) B pemyneTaTe sin{x)  cos(x) | sin{x) cosix) O
—sin(z) cos(x) 0 TRAHCNOHUPOBEHUA MaTPHLEI 0 0 0 0 1
0 0 1)
(cos(x) sm(x) 0 (cos(x) —sin(x) 0
—sin(®) cos(x) O B pexyeTaTe 1 sn(x)  cos(z) 0
0 01 00palleHHs MaTprLEl R
+
cos(a) +inlxl | 0 cos(s)’ + sin)’ )
(costz) sin(x) 0
—sin(x) cos(x) 0 ooreg oNpeaenHTENs cos(x)2 + sin(x)2
0 0 1/

PeweHune CNMAY  alxz+bly=cl =Y a1 b1 el
)= a2 b2,.-| | c2,.|
BEIMMCTMTE SHANWTHYE CHM

a2 x+b2y=rc2 v ) )

. s

b2 bl
s cl- e
|" b4 | al.b2—bl.a2 alb2—bl.az

B peayneTaTe

v ) —a2 14 al o
\ al-b2—bl.aZ albZ2-bl.a2 |

Puc. 5.17. IIpumeps! CUMBOJIBHBIX ONEpalUii ¢ MaTpULIAMU

5.2.14. BbluncneHue nHTerpanbHbix npeobpasoBaHui

Mathcad mo3BoiseT BBIYMCINTH CHMBOJBHO TPU MHTETPANBHBIX IpeoOpasoBanus: Dypse,
Jlannaca u z-npeobpa3oBaHue.

[Ipsamoe npeodpazoBanne Oypre Bo3BpamaeT GyHKIHIO OT M, ONpeAesaeMyto GopMyIoit

Jmf(t)e*"“”dt,

—0
rae f (t) — BBIp@XXEHHE, KOTOPOE HaJI0 Ipeodpa3oBars.

Ob6patHoe mpeobpazoBanue Oypre Bo3BpamaeT (YyHKIHIO OT £, 321aBAEMYI0 BRIPOKEHHEM

iJ::OF(w)ei‘“tdco ,

rae F(®) — BeIpaxenne, KOTOpoe Hazio npeoGpasoBaTs.

[Ipsimoe npeodOpa3zoBanue Jlamnaca Bo3Bpamiaer GyHKIHUIO OT S, OIPEACSIeMYI0 (OPMYJIIOi
+00
I f(t)ede,
0

rae f(¢) — BBIpaeHHe, KOTOPOE Ha/l0 Pe0GPA3OBATE.

ObpatHoe mpeoOpazoBanme Jlamraca Bo3Bpamaer (yHKOHIO OT £, 331aBaeMyIo
BBIp)XCHUEM

1 G+ioo y
—I F(s)e"ds,
270 J5—ico
rone F (S) — BBIp@XEHHE, KOTOPOE HAI0 TpeodpasoBaTh, W BCE €ro OCOOEHHOCTH

HaxXOMATCs CJIEBA OT JIMHUU Re(S) =0.
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[Ipsimoe z-ipeobpa3oBaHme BO3BpAIaeT (PYHKIHIO OT S, ONpeaesieMyto GopMyIoi
+90
2 (m)z".
n=0

roe | (n) — BBIpaXKEHHE, KOTOPOE HY)KHO IIPe00pa3oBaTh.

OobpatHOe z-mpeoOpa3oBaHUE BO3BpamiacT (GYHKOUIO OT 7, 3aJaBacMyl0 KOHTYPHBIM
MHTETPaJioM BOKPYT Hadajia KOOpAUHAT

1

%mF(z) 2"z,
c

rne F (z) — BBIp@XXEHHE, KOTOPOE HY)XHO MpeoOpazoBarh; C — KOHTYpP, BKIIOYAIOIIUH

BCE 0COOCHHOCTH MOJBIHTET PATBHOTO BHIPAKEHHMSI.

Jlist BBITOSTHEHUS! TF000T0 M3 IECTH YKa3aHHBIX MPeo0pa3oBaHui BEIIIOIHUTE CIETyIOLIee.
Q Bsenute Hy)XHOE BBIpaXKEHHE.

Q Breigenure nepeMeHHYIO KypcopoM.

O B rmaBHom wMenwo Boeibepute Symbolics » Transform » Fourier (CumBonbHbie
onepauun » [IpeoOpazoanue » Dypbe) WIM yKAKUTE IOPYIYIO HYKHYIO KOMaHIy
Inverse Fourier , Laplace, Inverse Laplace, Z, Inverse Z (O6pataoe ®ypse,
Jlarmmaca, O6patnoe Jlamtaca, Z-npeodpazoBarne, O0patHOE Z).

[IprmMeps! yka3aHHBIX MpeoOpa3oBaHUil MpUBEAEHBI HA puc. 5.18. B BRIBOANMEBIX OTBeTax
Mathcad ucmons3syer crieranbsabie GyHknuu (puc. 5.19). Tak, B npeodpazoBanusx Oypee
ucnonssdyercss  (yukuust Dirac  (Hdenpra-dynkuust [upaka). O6 23roit u  Apyrux
crienManbHbIX GyHKUMsIX MoxHO npountats B Mathcad Help (Cnpaska Mathcad).

MHTerpaneHele NpecbpasoBaHnA

HMeeTCH

1 1
cos(x)>  MpeobpazoBaHie Pypke E'W'é‘(“’_ 2) + ™AW + E'W'é‘(‘”Jr 2)

HrMeeTCA obpaTHos

1 . 1 1 _
npeoBpazogarie dypee o PN o Sexp(2ay)

2

2 g+ 2
cos(x) HreeTCH I'IDGOGDEBOEIEIHHG Nannace 37
s+ 43

1 1

HMeeTCH obpaTHoS — cos(24) + —

npeofpazoeanve MNannaca

22 2 2
(z+ a)z WMeeTCA Z-NpeofpazoBadme  zla z —2a z+a +2az-2a+z+ 1/

3
(z-1)
MMeeTCA obpaTHoe Z-npeobpazceadne n2 +2an+ a2

Puc. 5.18. [IpuMeps! HHTErpaTbHBIX IPE0OPa30BaHUH (YHKIUIH
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»%! Mathecad Help

DaAn Mpaeka Buag  BoTaeka  ©OpMaT  WHCTPYMEHTHN  CUMEOMBHbIE onepald  KHWra  Chpaeka
il =& O
B mndex aSearch

s E EGamma Functions
€ Curve Fitting and Smaothing

@ Design of Experiments
@ Differential Equation Solving
@ Expression Type
@ File Access
@ Finance
Fourier and Wavelet Transforms
[2)Functions that Can Be Evaluated Both Numerically I'{z) Returns the value of the Euler gamma function of z.
2 Graphing (TotypeT, press G [Ctrl] G.)
§® Interpolation and Prediction

2] Lackup Functions J- @ =

@ Fiecevise [ Conditional t2—1 se i
@ Program Debugging
@ Solving and Optimization
@ Sorting Functions
([ Special T'(a. x) Returns the value of the incomplete gamma
@Error Function and Complementary Error Funcil function of x with parameter a. I'(a.0) = T'(a).
@ Gauss Hypergeometric Function

u]

@
a=-1 -t
Polynomial Functions J t e dt
@ Incomplete Beta Function
@Tlming Execution
@_U”_'t Sealing in Commen Formats InT'(z) Returns the natural log of the Euler gamma
R statstics || function, evaluated at z.

I Chimn B b <1l

< | > v
[CTOBD ABTO P

Puc. 5.19. INouck ciermansuex ¢ynkmuii B Mathcad Help

5.3. lcnonb3oBaHme CUMBOJ1bHOM
NaHenu NHCTPYMEHTOB

CI/IMBOJ’ILH&H NaHeJIb THCTPYMCHTOB BbI3bIBACTCA M3 MaTeMaTH‘-IeCKOﬁ ITIaHCJIU IICJIYKOM Ha
snauke Symbolic Keyword Toolbar (3Hauok ¢ u300pakeHHEM IIAMOYKH aKaJIEMHKA).
ConeprxaHue maHesu mokasaHo Ha puc. 5.20.

CHMBOSIbHEIE X

— - Modifiers
float rectangular  assume
s0lve sirmplify suhstitute
factor expand coeffs
collect seres parfrac
fourier laplace zZtrans

invfourier invlaplace imvztrans

[ ! — M| —
explicit cambing confrac
rewtite

Puc. 5.20. CuMBosbHAs aHEIb HHCTPYMEHTOB

B Mathcad cymecTByer cCHMBOJIBHBIN 3HAaK paBEHCTBA — — OH BBOJUTCS C KIIABHATYPHI
coueranmem kmasumn Cirl+.(Touka) wmm ¢ mamenmeit Symbolic Keyword Toolbar
(CumBomnbHast manens uHCTpyMeHntoB) u Evaluation Toolbar (Ilanens Bbrumcienwuii). B
OTIMYKEe OT OOBIYHOTO 3HAKa PAaBEHCTBA, CHUMBOJIBHBIN 3HAK PaBEHCTBA BO3BpAIIAeT HE
YIHCII0, @ BEIPAXKEHHE.

ITo yMONYaHHIO CHMBOJBHBIM 3HAK PAaBCHCTBA YIPOLIACT BHIPAKCHHE CIIEBAa OT 3HAKa
anayormyHo komanme Evaluate Symbolically (Beruucnante CHMBOIBHO) W3  MEHIO
Symbolics. [{iis1 BcecTOpoHHEro KOHTPOJIS BBIIOJIHCHHSI CHMBOJIBHBIX BBIYHCICHHN HYXHO
HCIIONIB30BATH CHMBOJIBHYO TTAHEIb HHCTPYMEHTOB.
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NMPUMEYAHUE

Kak yxe roBopwioch B IJaBe 2, IPH HCIONB30BaHMM MeHro Symbolics Mathcad
HTHOPHPYET MPEABIAYIIME ONPEASICHNSI BCEX BEINUUYMH, BXOMIINX B PACCMATPHBACMOC
BBIp@KCHIE, M He YYUTHIBaeT GYHKIMH M0JIb30BaTEI.

ITpu KCIIONB30BAaHMU CHUMBOJIBHOTO 3HAaKa PaBEHCTBA U IaHENH MHCTpyMeHToB Symbolic
Mathcad yunTeiBaeT Bce mpeablayIue ONpeeNieHUs M IpH HepecdeTe Beeil IporpaMmbl
MEPECUUTHIBAECT U Pe3yJbTaT CUMBOJBHBIX BBIUMCICHUI M paboraer ¢ GyHKUUAMU
MO0JIb30BATEIsA.

YT100Bl OTMEHMTH NpEIbIAYyIIee TNPUCBOCHHE 3HAYEHHs IEPEMEHHOM, Hampumep X,

BBeauTE BEIpakeHne X:=X.

Ha cumBOnbHOM maHenu HMHCTPYMEHTOB (cM. puc. 5.20) ecTb ABa CHMBOJBHBIX 3HaKa
paBeHCTBa: C OJHUM MECTOM BBOJIa M C ABYMS MecTaMu BBoaa. OIHO MecTO BBoOja
NpeHa3Ha4YeHO ISl BBO/A BBIpAKEHHS WM (QYyHKIUH (BCTPOCHHOW WJIM TOJIB30BATEls),
BTOpPO€ — U1 BBOJIA KIIFOUEBOTO CJI0BA, 03HAUYAIOIIETO BBIMOIHIEMOE JIeiicTBUE.

CHUMBOJIBHBIN 3HAK PaBEHCTBA C ABYMsI MECTaMU BBOJA MO3BOJISET CO3/1aBaTh MPOrPaMMBbI
CHMBOJIBHBIX BBIYMCIEHHH, BKIIOYAIOIMX B €0 HECKOJBKO ITOCIEA0BATEIBHBIX
JIEUCTBUI.

5.3.1. CumBoOnbHbIE Onepaunn 6e3 NCNoib30BaHNA KITOYEBLIX CNOB

OIHOMECTHBIH CHMBOJIBHBINA 3HAK PABEHCTBA UCIIOJIB3YETCS I CHMBOJIBHOTO BBIYUCICHHS
WHTETPAJIOB, NPOM3BOIHBIX, CyMM H MpOM3BeAcHHWH (cM. puc. 5.21) W SKBHBaJCHTEH
BBIIOJIHEHHIO KoMauael Symplify (ympoctuts).

[pu BBINIONHEHNWU OOJBLUIMHCTBA CUMBOJIBHBIX ONEpallid YIOOHO MCIONb30BaTh (DYHKIHH
nojp3oBatens (puc. 5.22). Oto obierdaeT HIOHUMAHNE CMBICTA BBIOIHACMBIX ACHCTBHHA U
JIeNIaeT IOKYMEHT MeHee IrPOMO3/IKHM.

DYMCTEE MCNONE30BAHHOMD paHee 3Ha4eHKA nepemeHHoﬁ X=X

X
. 11 —

T — e
e 1
0 2 nl

()

1=

CUMECONEHOS WHTETPUPOEaHME M OWdidhepeHUMpOBaHie

& 2
2 tantr) — 2tan(z) | tan(z)” + 1)

i
dz
g 2 ) 3 2
—4tan(z) — 16 tan(z) tanfs) " + 1) + Stan(z)” ltan()” + 1)
dz

tan(z) dz — —In{cos(z))

b A 2 2 2 2
| [N |
L
j j xydudy — 2 c
a*h

4

Puc. 5.21. CuMBOJIbHBIE BBIYUCICHHS ¢ OJTHOMECTHBIM 3HAKOM PaBEHCTBA
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Ucnonb3oeaHue hyHKUMA NoNb30BaTENA

2 d
fiz) =2 —6x+2x-12 Zfx—=2x-4
odx

h
2 a3 b3 2
fxmlde—=2a ——+12a+—-2b" - 124
a 3 3

PeweHWe ypaBHEHWA U HEPABEHCTE
." \.

-2
fixza) = 0 solve,za — ‘ |

\6/'

Flza) = Osolve,xa —xa< —2w 6 < xa

xa3—5-xa2—4-xa+ 20> Osolve, xa — 5 < xaw -2 <xa<?

Puc. 5.22. Ucnonp3oBanne QpyHKINH MOTB30BATENS B CHMBOJIBHBIX BEIYMCIICHUSIX

5.3.2. CumBOrnbHbIE ONepaunmn ¢ UCNOSIb30BaHNEM KINKOYEBLIX CIOB

Ha cumBoIBbHOM naHeIn HWHCTPYMCEHTOB HAaXOAUTCA 26 KHOIIOK C Ha3BaHUSIMU CUMBOJIBHBIX

onepaui.

IMoutu Bce 3TH omepanuu ecth u B MeHI0 Symbolics. [Ipu Haxkatiu Ha OAHY U3

KHOIIOK Ha 3KpaHC MOABJIACTCA 1a0JIOH CUMBOJILHO orepanru ¢ yKa3aHUEM KIIIOUCBOI'O
CJIoBa (,HByXMeCTHLIﬁ CHMBOJIbHBIA 3HAK paBCHCTBa). B ma6none HaJg0 3aIllOJIHUTh MECTa

BBOJA, a

CCJIM OCTArOTCA WM HNOABJIAIOTCA JIMIIHUC MECTa BBOJA, UX HAAO0 YHAAJIWUTH

(BBLOCTHTH MECTO BBOJA KYPCOPOM M HaxaTh Kinauury Delete).

NMPUMEYAHUE

Komangsr,

CHMBOIIBHYIO OHEPAlMI0 MOXKHO BBECTH W C KiaBHarypbl. J[is 3TOro BHavane HaIoO
Haxkatb CTRL+SHIFT+. (Touka). [losBuTCS mabiioH ¢ AByMsI MeCTaMH BBOAa. B yeBoe
MECTO BBOJA BBECTH MAaTEMaTHYECKOE BHIPAKCHUE, a B MPABOC — BBECTH KIFOYEBOC
CJIOBO JIJIsl JAHHOUW OTepaIyy.

UX Ia0JIOHBI U JEHCTBUS KOMaH]I MPUBEACHBI B Tabi. 5.1. B Hell )upHbIE TOYKH

0003HAYaIOT MECTa BBO/Ia BBIPAXKCHHIA (CJICBA) U KITFOUCBBIX CJIOB (CIIpaBa).

Ta6nuua. 5.1. [leiicTBUS, BbINONHAEMbIE C NOMOLLbIO KIMOYEeBbIX CIoB

KomaHpa
float

rectangular

expand
solve
simplify
substitute
collect
series

assume

parfrac

LLla6noH OencrBue KOMaHAbI

o float, e — Breruricrnenus ¢ miaBaromei TOUKon

e rectangular — Bo3sBpamiaer kKoMIIeKCHOE YHCIIO

® cxpand, ® —> PackpeiTue creneHeit u npou3BeaeHU, CyMM
HECKOJIBKUX TIEPEMEHHBIX

® solve, ® — Pemenue ypaBHeHHId U CHCTEM YpaBHEHUN
JUIsl yKa3aHHOM MOCIe 3aMTON NepeMEeHHON

o simplify — YnpolueHue BoIpaKeHUH

o substitute, e = & —> Brruncnenue BbipaxeHUi ¢ M0ACTaHOBKON
ONpeeNICHHbIX 3HAYeHUH WIN C 3aMEHOMN
MepeMeHHOM

e collect, e — VYrpouieHne BhIpa)keHUH NpeAcTaBIeHUEM UX

CyMMOfI MIPOCTBIX MOJIMHOMOB

® series, @ = ¢ —> Pasnosxenue BoIpakeHUsl B cTeneHHOH psia. Yucno
YICHOB BBOJIUTCS B IIpaBoe I0JIe BBOJA

® assume, ® —> Brruncnenus ¢ npucBOEHHEM ONPEAEICHHBIX
3HAYCHUH NIEPEMCHHBIX (eHCTBUTEIBHOE, MHUMOE,
menoe, >0, <0.

e parfrac — Paznoxenue BeIpakeHUs Ha MPOCTHIE APOOH
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coeffs o coeffs, @ —> Omnpenenenne BeKTopa K03 UIUEHTOB MOJMHOMA
factor o factor. ® —> PasioxeHne BoIpa)KSHUs Ha TIPOU3BEICHHS
fourier o fourier, ® —> IMpsimoe npeobpazoBanue Oypne
laplace e laplace, ® — [psmoe npeobpazoBanue Jlamnaca
ztrans e zirans, ® —> IIpsimoe z-nipeobpazoBaHue
invfourier e invfourier, ® — O6patHoe npeodpazoBanue Oypoe
invlaplace e invlaplace, ® — O6paTHOe npeobpa3zoBanue Jlamiaca
invztrans e invztrance, ® — Ob6patHoe z-ipeoOpa3oBaHue
M’ — PN TpaHCIIOHUPOBaHNE MATPUILIBI
-1 -1 06
M! > PR pAICHHE MaTPHULIBI
M| — o] > BrIuncIICHHE ONPEASTUTENS MAaTPHULIBI
explicit o explicit > IMoxcTaHOBKA YHCIIOBBIX 3HAYCHUH
U pa3MepHocTeii B popmyiy
combine Ynompebraromes VYuporaer BeIpaxeHHE C exXp Wix In
confrac 6 couemanuu c opyeumu Pasnoxenue HenpepbIBHOW 1pobH Ha (pakunu
) crnosamu
rewrite ITepenuckiBaeT BhIpaKEHHE C yKa3aHHBIMU
ANIEMEHTapHBIMH (yHKIUSIME
Modifiers BeBog manenn Modifier

Ioapo6GHO 0 mpeAHa3HAYEHWH W HKCIOJIb30BAHUHM KAXKIOTO KIHOYEBOIO CJIOBA MOXKHO
y3HaTh, BeIOpaB Mathcad Help » Symbolics and Keywords » Using keywords for
symbolic operations (Mathcad Ilomomis P CuMBOIBI ¥ KIIIOYEBBIE  CJIOBaA b
Hcnonb30BaHue KIIFOYEBBIX CIOB Uil CHUMBOJIbHBIX OIEpaluii), a Takke MOCMOTPEB B
Hadaie ThaBel pazzmensl 5.2.1 — 5.2.9. Ilpumepsl HCHONB30BaHHUS KIIOYEBBIX CIIOB C
OJIHOMECTHBIM CUMBOJILHBIM 3HAKOM PaBEHCTBA MPUBEIEHBI HA puc. 5.23.

HekoTtopble KOMaHbI, MMEIOIIHE B CBOMX MNIa0JOHAX MECTa BBOJA, CTOSIIHE IOCIE
3amaToi, MOTYT HWHOT/a KCIOJNb30BaThbC W 03 yKa3aHus TaM aprymenra. Tak
npuMeHsoTes Komanael expand, factor, collect, solve, coeff, ecnu B Bepakenun ectsb
TOJILKO OJIMH apryMeHT (puc. 5.23 u 5.24).

X=X ¥ =% ONMCTKA NEPEMEHHBIK X 1
assume assUme AOMKHO NOABNATLCA NOCNE KNHHEEOTD CN0EBS 0A03HaYaoWero
NEACTBME Ha KOTOPOE Bbl XOTWTE BEECTM OrpaHMHEHKWA

'x3—1"x2—2'-0 ol —| /2
\5 assume, = = real

-3 -2

(.3

b4 —1"x2

-2 - 0snlve — :
1 3. salve 1
——+—V{_1 'x3—1"x2—2'-0 —
2 2 assume, x = RealRange(0, 2) \ﬁ
1434
—E—T i 3 T 2 | solve
-1z -2/ =10 . —
coeff paBoTaeT Tonbko B Mathcad 14 8s5Ume, X = micger
=3
7
x4+ 3-X2+7-x— 3coeffs —=| 3
0
1 x2 -2
3 1 -2 -1 -3=x -1
¥ -¥y+E vy -3y - 12%+ 5 coeffs, v, degres — 0
x3—12 1

Puc. 5.23. [IpuMeHeHue KITIOUEBBIX CJIOB B CUMBOJIBHBIX BBIYMCICHHIX
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lirn e_t'z (x+y)3 expand —:»x3+3-x2-y+3-x-y2+y3

> —zt 1 t— oo™
expand J‘ B - coz(2.x) expand — cos(x)2 - si.n(x)2

0 z z
* ! i 3 2 2
-zt | |
factor J; E d,tass1IDD factar _)22_52 % -y factor —=(x-¥)'2 +X¥+7F
ﬂoat m float — 3 1415026535807032385
w float, 7 — 3141593 T - YK3a3aH0 YMCN0 3HAKDE nocne 33aNATOR 4
pafoTaeT TONeKD B Mathcad 14 1 12
i - 2 ;;3 2;4 2;5 « Kz
series £ series = |+ ¥+ — +—+ — +— £ series,3 =1 +x+ — 3ECH 3 - HUCNO
4 6 14 1 2 yneHos pasa

2 2 2 3 2 4 2 5
g (-3 +e (z-2 . g (z-0 +e {2-2)

2 f 24 120

eX series X = 2 —:»ez+ ez-(x— 2+

SIMPlify (e 37+ 25— 6 simptify —s (x4 - x° +8x+ 21!
sjn(x)2 + u:os(x)2 sitnplify — 1
SUbStItUte 5-:{2 +3x—f suhstite x=h -2 — S-b2 - 17Th+ 8

0-23— 2h -22+ 5a

3
z

3 .
a-® —hx+csubstitute, g = — —
z

Puc. 5.24. [IpumeHeHNEe KITIOYEBHIX CIIOB B CHMBOJIBHBIX BBIYHCICHHUSIX

I[anee MMPpUBEAEM HEKOTOPBIC MOACHCHHNA K OTACJIbHBIM KIIFOUCBBIM CJIOBAM.

[lpn wucmonb3oBanuu KoMauabl Substitute (3amennTs) HeoOXoAMMO 3amaTh BapHaHT
NOACTaHOBKH. ECU Hy)XHO 3aMEHHTh HE OJHY MEPEMEHHYIO, & HECKOJIbKO, TO BTOPOH U
NOCHEYIOIME BapUaHThl IIOJCTAHOBKM BBOITCS 4Yepe3 3aliaTyld U HabHparTcs
C KITaBHATYpHI (puc. 5.24).

KiroueBoe ciioBo aSSUME Mo3BOJISIET BBECTH OTPAaHHYCHHS HA 3HAYCHUS TIEPEMEHHBIX, YTO
ObIBaeT HEOOXOMUMO, €Cid, HanpuMmep, QYHKIUS UMEEeT Pa3pbiB B HEKOTOPOH TOYKE (CM.
puc. 5.23). assume — JI0JDKHO MOSBIATHCS IMOCIE KIFOYEBOTO CIIOBa, 0003HAYAIOIIETO
JICUCTBHE, HA KOTOPOE BbI XOTUTE BBECTH OTPAHHUYCHUSI.

KiroueBoe cnoBo coeff — BeiBomuT K03 UIKEHTHI MOIMHOMA, HAYUHAS ¢ HAUMEHBIIICH
creneHd. Ecnm monuHOM cojepxur Oojiee ONHOM NEepeMEHHOH, HEeoOXOoAMMO Iocie
Kio4eBoro ciopa coeff mocraBuTh 3amATyr0 M BBECTH HMS MEPEMEHHOIl OTHOCHUTEIBHO
KOTOpOH HYXHO BbIBecTH Koa(h¢punnentsl. B Mathcad 14 nosiBuiiach BO3MOXKHOCTB, BBEIS
nBa crosa coeff, degree, BoiBecTn Ba cToNOUA: 3HAYCHHUS KOIPPUIIMESHTOB H MOKAa3aTelb
CTCIICHU TAaHHOTO WiICHA ToIrHOMA (puc. 5.23).

[pu paznoxenuun B psan Teinopa (komaHma SEri€S) HEOOXOMUMO yKa3aTbh KOOPIHUHATHI
TOYKH, B OKPECTHOCTH KOTOPOH NMPOU3BOIMTCS Pas3sIOKECHUE, U YUCIIO 4iIeHOB psina. Ecim
HE yKa3aTb 3TO 4ucio, To Mathcad 110 yMOJUaHUIO BBIBOJMT PE3YJIbTAT C LISCTHIO WICHAMHU
psna Teiinopa (cm. puc. 5.24).

5.3.3. CuMBOnbHOE peLleHne ypaBHEHN

st CUMBOJIBHOTO peuleHMs] YpaBHEHMM M HEPAaBEHCTB HA CHUMBOJIBHOM NaHenu
MHCTPYMEHTOB HYXXHO BBIOpaTh komaHay sSolve (Pemmrs). Ilpm asToM Ha dkpane
TIOSIBIISIETCSI CUMBOJIBHBIN 3HaK PaBEHCTBA C MECTOM BBOJa, TA€ HAJ0 YKa3aTh NEPEMEHHYIO,
OTHOCHTEIIEHO KOTOPOH pemaeTcs ypaBHeHHE HITH HEPaBeHCTBO (CM. puc. 5.22, 5.25).
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SO|Ve sin(x) = cos(®) solve —)E sin{z) = cos(x) solve fully — ;+1T_n it nel

i undefined otherwise

s sinf4 ) expand — 4 cos(z)3 sinfz) — 4 cos(z) sin(z)3. it keXZ 1
5 “ fla) = 3a—-TNxz=lsolwe,zfilly - |—— f a=—

(+ 1) (z— 1) expand —x —1 undefined  otherwize 3a-

2

2 2 3 2 3
(a—x)la" —ax+x | collect,g = 2ax —x +-2a x+a

A +3ab+Babi+b factor — (at+b)

az+ 1 -a be +1
r+s B - —e = 0sclve,z _)_—751
s ; ”
simplify — —
= Z az+ 1 -a a
r—s3 s —e  solve,b s z—e {az+ 1)
z—-b
ind

e complex — cos(8 1) + sin(6n) 1

Puc. 5.25. CuMBOJIbHOE pelieHre YPaBHEHHUS C HCIOJIb30BAaHUEM CIIOBa SOlve

st CMMBOJIBHOTO pELIeHHsI YPAaBHEHUH MOXKHO HCIIOJIb30BaTh TaKkke (QYHKIHIO root u
BerUMCIHTENbHBIN 0ok Given—find (cm. puc. 5.26). Ilpu 5TOM ajIs BBIBOAA pe3ysibTaTa
HCIIONB3YETCsl OTHOMECTHBIN CHMBOJIBHBIN 3HAK paBeHcTBa — (Kiaasummm Ctrl+. Touka).

B Mathcad 13 — 15 ¢yHkuums root ajist CHMBOJIBHOTO pellIeHHs ypaBHEeHHs TpeOyeT yKaszaTb
JTMara3oH MmoucKa KopHe# (puc. 5.26).

He paGoTaers
Mathcad 13 rod}|

Hano ykazaTs AHanazoH HaMeHSHUS Nepeme dopMa GyHEWa oot © 2 apryMeHTaMI ABMNAETCA HACTEHHOA,
N7 BHAMMTNHECKX PacHeTOB MCTIONB3YIATE hOpMY ¢ 4 2pTryMEHTEMA LI b

PaGoTaeTB (az+1 -a be t+1
Mathcad 13 roof| ——~-¢ Lmab|>-———
- 4 a—e
g 0 \
1 acos ‘ l |
sn(z) = E tan(z) solve,z — W3

e 1 Y
. —acos|. E ‘ .

pelueHWe cucTeMbl ypaBHeHUIA

Given x+2ym=a 4xz+vy=b
"'_a—2-1'r-b
Find(x,y) -1
md(x,y) —
_b—4-a
Bmw-1

NOMEHATE MECTAaMM
find w minerr Minerr (xz, 71—

Puc. 5.26. Ucnonb3oBanue Gynkimii root, find u minerr ajs cHiMBOJIBHBIX BBIYHCIICHUI

5.3.4. Vicnonb3oBaHWe HECKOSTbKMX KOMaH, O4HOBPEMEHHO

Hcnonb30BaHre HECKOIBKUX KOMaH] OJTHOBPEMEHHO — JIOBOJILHO CJIOXKHBIN MpoIliece, Tak
KaK HaJ[0 3HaTh, MOXKET JIK OBITh MPEOOPA30BaH MPOMEKYTOUHBIH CUMBOJILHBIN PE3yJIbTAT.
YroObl yOemuThCSI B 3TOM, €r0 Haj0 YBUAETh, TO €CTh BBIBECTH KaXIbIH Pe3yJIbTaT
otnenbHo. OTHOBPEMEHHOE JIEWCTBHE HECKOJIBKMX KOMaH/I IT0Ka3aHo Ha puc. 5.27.

CUMBOJIbHBIC BBIYKMCICHUS HAYMHAIOT C BBOJA HMCXOJHOTO BBIPAKCHUS, MOAJIEIKAIIETO
peoOpa3oBaHMIO:

a I[JIH BBITIOJTHEHUS APYTUX CUMBOJIBHBIX onepaunﬁ IIOCJIE BBOJA BBIPAXKECHUA HAXKMHUTE
Ha CUMBOJIbHOH ITaHEIN HWHCTPYMEHTOB KHOIIKY C HAa3BaHUEM HCO6XO,HI/IMOI71 ornepanuu.
B nosBuBmiemcs Ha OKpaH€ ma0JIOHe 3aIloJIHUTE HYXXHBIC MECTa BBOJAa W YHAJIUTE
HEHY>KHBIC.

Q /lng oZHOBPEMEHHOTO BBHIITOJHEHHS HECKOJIIBKUX CHMBOJIBHBIX OTI€panuii BEIOEpUTE Ha
MaHeN JBYXMECTHBIM 3HAK CHMBOJIGHOTO paBeHCTBA. B mosBuBIIEMcs II1a0ioHE



3allOJTHUTE HY>XHBIE MECTa BBOJA U YAAJIIUTE HEHYKHBIC.

Q /[l BbIBOAA pE3yJIbTATOB CHUMBOJIBHBIX BBIYMCIIEHHI BBIBEIUTE KypcOp 3a Mpelesibl
BBIPAXKEHUS U HAXKMUTE JIEBYIO KHOIKY MBIILIH.

BHUMAHUE

HpI/I HCIOJIB30BAHUU JBYXMCECTHOI'O CHMBOJIBHOI'O 3HakKa paBCHCTBa IIOCJIC BBOJa
KaXJI0T0 KIKYCBOTO CJIOBAa C Ha3BAaHUCM CHMBOJILHOM orepanyvyu aBTOMaTU4YCCKU
TOSABJIACTCA CBOGOI[HOC MCCTO JIsI BBOJa cneuy}omeﬁ CHMBOJIbHOM onepanuu. TTocne
BBOJIa BCCX CHMBOJIBHBIX onepaunﬁ HaJ0 YyJdaJuTb JIMOIHUE MECTa BBOJa U
aBTOMAaTUYCCKHU IOABIAIOIIHUECA JIMITHUC CKOOKH.

:«:2+5.r5 substitute , x=z+1,y=z-2 —(z+ 1j2+(z—2:]5

HCNONEZ0EdHWE HECKONEEHX KOMAHO OQHOEREMEHHD

. 2
o4 3 |Fubstitate x = (¥ + 1) [3?2 +ly+ 4)
expatid
x2 [5:4 + -’-1-5.r3 + 6-5:2 +4v+ lj
substitute, x=z4+ 1, y=z-2
X+ j.rj — —'I"Q-zz + 8dz-31 + zj - 1I:I-z‘4 + 40-33
factor
-3 3.
7 cotnplex . .
2z +hz+ 0 —
golve .z -3 3
—_Z4
2 2
2 2 ‘ 90 complex —1.5000000000000000000 - 1.3000000000000000000-1
Z + AT+
salve,z —1.5000000000000000000 + 1.5000000000000000000-1

gyMEno 9 ¢ QecATMYHON ToMKOA

Puc. 5.27. Vcnonp3oBaHue JBYXMECTHOIO 3HaKa CUMBOJIBHOTO PaBEHCTBA

5.3.5. CMMBOIbHbIE Onepauumn ¢ matTpuuamm

OIHOMECTHBIH CUMBOJIBHBII 3HAK PABEHCTBA ITO3BOJISIET BHINOIHHUTD Pa3IMYHbIC ONEPALlN
¢ maccuBamu. Kpome Tpex ¢(yHKImA (TpaHCTIOHMPOBaHUS, OOpAIIEHUS W BBIYUCICHIS
OIIpeNIeNTUTENs] MaTPHILIBI), HAXOASAIIUXCS HA CHMBOJIPHOM MaHENH MHCTPYMEHTOB, MOXKHO
BBINTOJTHATH OTEPAIMN CJIOKCHHS, BBIYMTAHHUA M IIEpeMHOXeHHs matpui (puc. 5.28), a
TaK)Ke MCIOJb30BaTh BCTPOEHHbIE (YHKIHMU A pabOThl C MaTpUIIAMH, HAIpHUMeEp, IS
HaXOXICHHUS COOCTBCHHBIX ymcen (eigenvals) u coOCTBEHHBIX BEKTOPOB (eigenvecs)
(puc. 5.29).
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-1 (ad-tc (ad-hc
%

—-C a

(ad-bc) (ad-hc

ak+bm kp k
AB - pcl | P 1

ck+ dm mp g
EIT-C%k-p+m-q BC—=kp+my

FelweaHre MaTpM4Hara
ypagHeHuAa ATR=C
-1 (ad-to) F (ad-tc b
: =
- ot a "
(ad-to) F (ad-"tc)

Puc. 5.28. CuMBOIBHBIC OTIEpAIU C MACCHBAMHU

B03MOXXHOCTE TIOYYECHUSI CHMBOJIBHOTO PEIICHUS TOYTH JTFOOOT0 MAaTPHYHOTO BEIPAXKCHUS
SIBJIAETCS OOJIBIIMM TOCTOMHCTBOM Mathcad.

A , 2
O+ S+ E-l324- d+ d° + 4ol

eigetrvala( A —

1 1 1 2 ||2
O+~ E-'.324- d+ d° + 4bec

eigetrvecs] &) — OTKNKIYEHD, BONELIOR BEIDAHKEHHE

Puc. 5.29. CumBonbHOE ompeiesiecHue COOCTBEHHBIX YUCEN U COOCTBEHHBIX BEKTOPOB MATPHIIBI

5.4. HoBble BO3MOXXHOCTU CUMBOJIbHbIX
BblumcneHunm B Mathcad 13 — 15

B Mathcad 14 mnpumeHeH COBEpLIEHHO HOBBIH CHMBOJNBHBIA penaktop MuPad.
B pesynbTare Tenepb BBINONHAIOTCSA PAJ HOBBIX ONEpalUil U PACHIMPEHb! BO3MOXKHOCTU
CYIIECTBOBABILUX PAHEE.

5.4 1. HoBble Kkno4yeBble crosa
Ha CI/IMBOHBHOP'I ITAHCJIN ITOABUJINCH HOBBIC KJIFOUCBEBIC CJIOBA.:
O Combine (KoMmOuHHpOBaTh) — TO3BOJNSET YIPOCTUTH BBIPAXKEHHS B Clydae

SKCITOHEHIIHATBHON WM JIorapupMuIeckoi pyHknun. OOpaTiTe BHUMAHHE Ha TO, YTO
kiroueBoe cioBo Expend (Pasmoxwuts) ormenser geiictBue cinosa Combine.



Habepure 3amsaryro mocne kioueBoro cioa Combine a 3a Heit — momgudukarop,
126 OTIPECISIFOIII dTIeMEHTapHYI0 (YHKIHIO, HarpuMep eXp wiu In (puc. 5.30).

m n . m+n
% -% combing — %

2 . 2
ee cotbine | exp — g

£33 £ o)
In(x) + In(2) + 31| 5 | combine,ln — In| TX
m 1n . 1T+11
% -% combing — %

X(m+n) expand R

Puc. 5.30. Ucnons3osanue kirouesoro cinosa Combine

O Rewrite (Ilepenncatp) — MO3BOJSIET MEPENHCATh BBIPAKECHUS C HCIIOIB30BAHHEM
HEKOTOPBIX JIeMEHTapHbIX QYHKIMH, HApuMep exXp, Sincos (puc. 5.31).

xi. —%1.

i e 1
+
2 2

sinix) rewrite  exp —» —

|: % .-|-i-e(_ gx ei-x_{i,[ % ﬂ rewrite , sincos — sinfx)

b=

Puc. 5.31. Vcnons30Banre KIFOYEBOro clioBa Rewrite

O Confrac — pasnoxenue HeNPEePHIBHOM Apo6H Ha (pakiin. [To ymomuanuro Mathcad
BO3BpAIIAET TAKOE KOJIMYECTBO (pakumii, YTOOBI TOUHOCTh BBHIYMCICHHH COCTaBIIsIIa
10 3navamux nugp. M3MEHUTs TOYHOCTH BBIYHCICHAN MOYKHO, BBEIS Yepe3 3aIsTYIO
YUCIIO BHIBOOMMBIX (pakiuii. UToObl yBUIeTh NOJIHBIE (pakiuu, BBEOUTE uepes
samstyio Confrac, fraction (puc. 5.32).

1
1 T
2+ 3
?\f_ confrac — | 7 1
24 2 :‘ﬁ confrac,4 — | 1
8 7
Led ) Led )
2443 1
?\f_ confrac , fraction — I
1+ "
1+ "
T+
1
24 +
1
B+ —
24
p 2 ,

cos(ar) confrac —> ) E cos(0) confrac, fachon — 1+
-2 o «
+

\—6 0 ) -6

Puc. 5.32. Hcnons3oBanue kiarouesoro ciosa Confrac
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Q explicit (sBHas momCcTaHOBKA) — O3HAYACT IOJCTAHOBKY YHCIOBBIX 3HAYCHUH U
pasmepHocteit B ¢opmyny. I[Ipumepst wucnonp3oBanus explicit npusenensr Ha
puc. 5.33.

3amnucaB MaTeMaTHYECKOE BBIPAXKEHHE, HA/I0 BBECTH KIfoueBoe ciioBo explicit, BeiOpas ero
Ha MaTeMaTHYeCKO# manenu. Jlanee depes 3amiTyro Hy)KHO BBECTH HMEHA IapaMeTPOB, YbH
YHCICHHBIC 3HAYCHMS HANO IOICTABUTh, W 3HAK CHMBOJIBHOTO BBIYUCICHUSI —>. UTOOBI
HOJMYYUTh OKOHYATCIBHBIA PE3ylbTaT BBIUMCICHHH, CJIEAYeT IIOCIe CHMBOJIBHOTO

pe3ynbTata HakaTh KIaBWIly = (paBHO) M, €CIM HY)XXHO, BBECTH B IIOJI¢ BBOJA
MPOU3BOJHYIO Pa3MEPHOCTb.

NMPUMEYAHUE

B Mathcad 13 mosiBHiach BO3MOXHOCTh HCIIOJIb30BaTh B OJHOW CTPOKE JBa 3HAKa
paBeHCTBA CHMBOJIBHBIH —> W uucieHHbId =. [lombITka TpeTuil pa3 BBECTH 3HAK
IIPUCBOEHHS 3HaueHMs pesynbTata He umeeT (puc. 5.30). [IpuxoanuTcs BHOBH 3amucarb
(CKOIIMPOBAaTh) UM BBIPAYKEHUS, YTOOBI BBECTH 3HAK YHCICHHOTO PABEHCTBA.

M=200 b==Z hi=13

200
O = — explicit, M, b,h — —— OOEHO
bk 2-5
6 6
M+FpLp+F1 Ly 3FpLlp 3F 1Ly
AT = - + + 24
Wi 25 05 MCXOAHBIE ABHHEIE
ekl B BEKTOPHOR dopre
6 HEYOOBHO
M+FpLp+F1 Ly o 200+ FpLp+Fi1 Ly
W = 2 explicit, 14, b W, F, L — Z
bif 25
f f
it} 200 M 200
1= — M2 = —— explicit, M, b, h - ————
Wib,hy o W(Z,5) Wb, h) Wi(2,5)

Puc. 5.33. KnroueBoe cnoBo explicit B CHMBOJIBHBIX BBIYMCICHHUAX

B Cllydac€, €CJIM CHUMBOJIBHBIC BbIYUCICHUA MTPOU3SBOAATCA C DJJICMCHTAMU MaTpHull,
PE3YABLTAT NOJTYHACTCS HCCUMIIATUYHBIM, YTO HA3bIBACTCH, «KHEC CMOTPUTCS.

B clIOXHBIX BBIpaKEHUSX, CONEpKAIMUX BHYTpU ceOs MMeHa npyrux ¢yHkuui, Mathcad

TaK M NEPEeNUCHIBAECT UMEHA 3TUX (DYyHKIHMH, TOCTABUB B CKOOKAX YMCIICHHBIC 3HAUCHUS MX
apryMeHTOB.

5.4.2. HoBble cnoBa-mogudukaTopbl

B Mathcad 14 BBemeHO HECKOJBKO HOBBIX MOIH(HKATOPOB, MMO3BOJIIOIIMX H3MCHHTH
CMBICII KITFOUEBBIX CJIOB:

O All — npumeHsieT 3amicaHHOe Jajiee YCIOBUE KO BCEM MEPEMEHHBIM B BBIPAKCHHH.

0O Degree — wucnonb3yercsi MpH BBHIYUCICHHH KOI()(OHUIMEHTOB MOMHMHOMA. BhBOIHT
BTOPYIO KOJIOHKY YHCE]l — CTElCHb TOTO WICHA IOJMHOMA, Ui KOTOPOrO BBIBEACH
K03 urmeHT.

0O Domain — wucnome3yercss ¢ KimoueBsiMu cioBamu factor wmm parfrac, 4roGsr

ONIPENENUTh 00JIACTh YHCEN, B KOTOPOH JODKHO OBITH BBINOJIHEHO Pa3JIOKCHUE Ha
MHOKUTEIH WU Ha TIPOCTHIE ApOoOH.

O Exp— wucnomesyercs co cmoBamm Combine wmm Rewrite, uroGer 3ammcats
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BBIPKEHHUE C UCITOJIb30BAHUEM DKCITOHEHTHI (pHC. 5.34).

2 2 2
\/x_+\/y_+\/z_ assume ATL > 0 2 x4+v+z
— 3 .

p=23 q = r=-1

2
+3 54433
P T liit, ATL — =2
S4r 541

P &

‘-4 0}

—

323 + Szz — 4 coeffs, degree —

LN R o]

L3 3
3 factor, domath = complex

¥ -2 = (z— 1.26)-(z+ 063 - 1.0%) (z+ 063+ 1.05)
float, 2

1.
az=lsolve,z,fully = |- £ a=0
a az=1solve,z — —
a

undefined f a=10
™ .
cos(z) = 0 solve, fully — E +m nif ned
undefined otherwase

-

cos(z) = 0 solve,fully — g+"rr-_n if n&Z substiute,%n=k — g+'rr-_n tf n

Lrd

undefined otherwise undefined otherwise

Puc. 5.34. Hcnone3oBanne moauduxaropos All, degree, domain

Q Ln— ucnons3yercs co ciaoBom «Combiney, 4TOObI MPEACTABUTH BBIPAKCHUE B BUJIC

Jorapu()MoB.

O Sincos — wucmosnedyercs co ciaoBoM «Rewrite», 4ToOBI 3ammcaTh pe3yibTAT

BBLIYKCIICHUN B TCPMHUHAX sin u cos.

O Fully— Bo3Bpamaer nonHoe mnoapoOHOe pelieHHe ypaBHeHHs. sl ypaBHEHHI,

UMEIONIMX TEepPHOANYECcKoe pelieHue, ucnonb3oBanue cioBa «fully» mocne ciosa
«solve» BO3BpallaeT pe3yJbTaT, COJACPXKAIIMHA MPOU3BOJBHYI MOCTOSHHYIO %N,
KOTOPYIO MOKHO 3aMEHHUTb, HCIIOJIB3Ysl MOJCTAaHOBKY CO CJOBaMHM «substitute» wim
«usingy». Mathcad ucnonb3yer cumBon %, 4ToOBI M30eKaTh KOHGIUKTA C IPYTHMH
nepeMeHHbIME B JanHOM Mathcad-nokymente (puc. 5.35).

[
az=1solve zfilly — |- of a0 1
a az=1solve,z — —
a

undefined if a=0
bad .
cos(z) = 0 solve fully — E +m n it nelX
undefined otherwise
™ ) ) ™ .
cos(z) = 0 solve fully — E +m n f ne @ aubstiute Yn=k — E +m n it neld

undefined otherwise undefined otherwise

Puc. 5.35. Ucnonb3oBanue moauduxaropos fully u using

O Using — wucnonb3yercs Ui 3aMEHbI IPOU3BOJILHOM MOCTOSIHHOH %N TpH penieHud

YpaBHEHUA, UMEIOIICTO MEPHUOANIECKOC PEIICHUE.

O Raw— (l)aKTI/IqGCKI/I OTMCHSCT ﬂeﬁCTBHG paHee 3alnrMCaHHOI'O KJIIHO4YEBOI'O CJIOBa,

BO3Bpalas HCXOAHOC BBIPAXKCHUE.



129 5.4.3. CumBoOnbHas BEKTOpU3auus BblpakeHumn

B Mathcad 14 pomyckaeTcs CHMBONBHOE BBIYHCICHHE C HCIIONB30BAHHEM OIEpaTopa

BekTtopu3aru  (puc. 5.36). B 0Oomee pamHmx Bepcusx Mathcad stor omepartop
HCIIOJIB30BAJICS JIMIIB B POLECCE YUCICHHBIX BBIYUCICHHH.

(03 02 05)
V=04 06 0.7
\0% 1 07

YHCNeHHaA BekTopHaaunA

(17.458 11537 30
asin(V) = | 23.578 387 44.427 |-deg
\64.158 90 44.427 )

CHMBONBEHEA BEKTORK3aLNA

(0305 0.201 0.524)

mDPMaT pesynkTaTa B|

OTOOREHEHME B AMHIL, MIMEDEHLA
TOpMaT HMcna

MorpelHoCTE
TMapameTpbl 0TOGpaseHIa

DopmMaT
= =
ObLLMe YWCND ABCATMUYHBIX 3HAKDE | 3 &
OeCAaTHuHEIR
HapHsit [(JnokazeieaTe KoHeUHEIE Hy
ViHpeHEpHEI [JNokasaten cTenequ & wHAKeHepHM
Apafe thopmate
. =
SKCMOHEHLMANEHLIA Nopor | 3 =

7 0412 0644 0775
asin (V) = [V MPMEHATE B CUMBONEHED PESyNeTAT S
112 g 0.775
A 4 [ oK l l OTMEHa ] l Chpoc ] l Crpaeka

Puc. 5.36. CuMBOIbHAs BEKTOpU3aLMs BBIPAXKCHUI

5.4.4. HoBble (byHKLMN CUMBOJSIbHbBIX BbIYUCITEHUN

B Mathcad 14 mnosBWIMCh TpU HOBBIX (YHKIIMH, HCIOJIB3YEMBIX IPH CHMBOJIBHBIX
BBIYHCIICHUH.

Q@ Numer, Denom — Bo3BpaIamT YUCIUTENb WK 3HAMEHATEIb 1podu (puc. 5.37).

fa+b+d)

2
LE Y

numer —a+hb+d

Ta+b+c) 2

2
denom =X +vy

LE YO

LPrme(®) =0 o ine () — 1

IePrime(2.5)— Apobe

Integer expectad

Puc. 5.37. Ucnons3oBanue HOBHIX ¢yHKImit Numer, Denom u IsPrime

Q IsPrime — Bo3Bpaiaer 1, eciu nenoe 4ucio mnpocroe, 1 0 — B IPOTHBHOM Cllydae.
[ombITKa OIICHUTH IPOOHOE YKCIIO HIIM MATPHUILY IPUBOIUT K OIIHOKE.

[Tpu ucnonb30BaHNK CUMBOJIBHOTO 3HaKa paBeHcTBa Mathcad yunThIBaeT Bce IpEABLIYIUE
MIPUCBOCHUS 3HAYEHUW KOHCTAHTaM M IIEPEMEHHBIM M IMOJCTAaBISET HMX B peE3yJbTaT
CUMBOJIBHBIX BbUucIcHUA. Eciu 3HavueHue He 3amaHo, Mathcad okpammBaeT naHHBIN
CHUMBOJI B KpacHbI LIBET, HO CUMBOJIbHOE BBIPaXKEHUE BBIUMCIISIET MpaBWiIbHO. [loaTOMY
JIydlie UCTOIb30BaTh BEJIMUMHBI, KOTOPBIM HE IPUCBOEHBI YMCIICHHbIE 3HaueHusl. Eciau ato

HEKENaTeNbHO, HaJI0 HCIOJIL30BaTh MEHIO Symbolics, kotopoe uUrHopupyer Bce paHee
MPUCBOEHHBIC YUCIICHHBIC 3HAYCHHSI.

5.5. BCTpoOeHHbIe PpyHKUMN 1 nepeMeHHble

CUMBOJNBHEIE W YHCIICHHBIN nmpoueccopbl  HMCHOJIB3YHOT HECOBHAAArOMIUEe CHOUCKU
BCTPOCHHBIX (I)yHKIII/Iﬁ. OTH CHHCKA YaCTHYHO NEepEeCCKarOTCA. Yactb BCTPOCHHBIX
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(hyHKIMH, UMEIoIUe OOIIENPUHATOS MaTeMaTHYeCKoe 3Ha4deHHe, MOoAo0HO sin wiu log,
YYaCcTBYIOT B CUMBOJIbHBIX IpeoOpazoBanusx. [pyrue ynkuun, nogodxo interp mmm rnd,
HE HMeIoIUe OOIIENPU3HAHHOTO MAaTEMAaTHYeCKOro 3HA4YeHMs, He MpeodpasyloTcs
CHMBOJIbHBIM TPOLECCOPOM. B TO e BpeMsi CHMBOIBHBIN MPOIECCOP HCIONB3YET P
(YHKIMHA, HE BBIYMCISEMBIX YMCIEHHBIM ImporieccopoM. CUCOK TakuxX (QyHKIUA MOXHO
HaiiTh, oOpaTHBIIMCE 3a HoMolbio K Mathcad.

CHOHCOK BCTPOCHHBIX (DYHKIM, HCIOJIBb3YEMBIX B CHMBOJIBHBIX BBIYHCICHHAX, BKIIOYACT
BceOs TPUrOHOMETpUYECKHe U rumepbonuyeckue (GYHKIMH W OOpaTHBIE UM,
jgorapuMHUYecKue ¥ IOKasareiabHble (yHKuuH, ¢yHKumd Re u Im BemecTBeHHOI
Y MHHMOil 4YacTeld KOMIUIEKCHOrO dHcia, ¢GyHkuuro omubok erf, ramma-gynkmuo I,
(YHKLHMIO BBIYHCICHHUS OCTaTKa OT JejieHus mod, cTynenyaryro QyHkimo Xapucaiaa O,
¢byHkuuu max U min, marpuudeie Gpyrkimu identity u eigenvals. B nenom ati GpyHKIMN
TPAKTYHOTCS OAWHAKOBO CUMBOJIGHBIM M YUCIICHHBIM MTPOLIECCOPAMH.

BcerpoeHHBIE  KOHCTAaHTBI, HWMCIOIIHME OOMICTIPHHATOEC MaTeMaTHYecKoe 3HAuCHHE,
TPAKTYIOTCS OJMHAKOBO CHUMBOJIBHBIM W YHCJIEHHBIM mpoueccopamu. CHMBOJbHBIN
mporieccop pacmo3zHaer m, e W oo. OHH COXpaHAIOT CBOM CMBICA B CHMBOJIBHBIX
BBIYHUCTICHUSIX.

BcTpoeHHBIE KOHCTAHTBI, HE MMEIOIINE OOIICNIPUHATOrO MAaTEeMAaTHYECKOrO 3HAYCHHS, HE
pacrmo3HaroTcsi CHUMBONBHBIM mporeccopom. Hampumep, TOL wumu ORIGIN 6yayt
00pabaTbIBaTHCs 1M0J00HO 000! HEOIpeAeIICHHON epeMEHHOM.

BHUMAHUE

OyHKIUH U [IEPEMEHHBIC, 3a/IaBacMbIC I0JIb30BATEICM CaMOCTOSTEIIBHO, PACIIO3HAIOTCS
CHMBOJIBHBIM MPOIIECCOPOM IIPH HCIIOJIB30BAHMH CHMBOJIHOTO 3HaKa PAaBEHCTBA M HE
PAacro3HAIOTCsA MPH KCIOJb30BaHUK MeHI0 Symbolics.

5.6. OcobeHHOCTN cMMBOSbHON 06paboTKm

[Tpu paboTte ¢ CUMBOJIBHBIM IPOIIECCOPOM HEOOXOAMMO IIOMHUTH CIIEAYIOIIEE:
O MHorue BEIYHCIEHHUS MOTYT OBITh BBITIOJIHEHBI TOJIBKO YHCIEHHO.

Q Eme Gonpie BEIYMCICHUH BO3BPANIAIOT TaKWe UIMHHBIE OTBETHI, YTO MX HEYIOOHO
HCIOJB30BATh, IO3TOMY YAOOHEE BBHITIOIHITH 3TH BEIYUCICHHUS YHCICHHO.

JUI1 KOMIIBIOTEpA CHUMBOJIBHBIE BBIYMCIECHHS HAMHOTO TPYJHEE, YEM COOTBETCTBYIOILNE
YHCJIEHHbIE Onepanuu. Tak, G0NBIIMHCTBO ypaBHEHUH HE MOTYT OBITh PEIICHbI CHMBOJIBHO.
BonpmMHCTBO MHTErpajoB, MOPOH BBIMIAAAMIMX MPOCTO, HE HMMEIOT CHUMBOJIBHOTO
peLICHUs, BBIPAKEHHOTO Yepe3 AJIeMEHTapHbIe (GYHKIHH.

CUMBOJIbHEIC BBIUKMCIICHUS MOI'YT OPpOU3BOAWUTH HACTOJIBKO MNJIMHHBIC OTBCTBHI, YTO OHU HE
MOMeIaroTcesi B paboyeM okHe. Ecii OTBET cOCTOMT U3 CllaraeMblX, €ro MOXKHO pa3/ieliuTh
«TUTIOCAMM» Ha HECKOJIBKO CTPOK (puc. 5.38). It 3TOro HyXHO:

0 BBLOEIUTH BECH OTBET. BHOBB YCTAHOBUTD YKa3aTCJib KypCcOpa Ha Y€PHOM BbIPpAKCHUU
1, HA)KaB NMPaBYI0 KHOIIKY MBIIIH, IICPEMECTUTH OTBET HA CBO60,HHO€ MecTo. IlosBuTCs

KOITUsA OTBETA,

a YroJIKOM KypcCopa BBIACIUTH BCHO YaCThb BBIPAKCHUS NEPEA 3HAKOM «(IUIKOC», IIOCIIE
KOTOpPOI'0O HaAO CACIaTh IEPEHOC,

Q Haxars komOuHanuio kiaasum Ctri+Enter;

Q yAaJIHUTh JUIIHAK 3HAK «ILTIOCY;

O [OBTOPHUTH MEPEHOC CTPOKHU CTOJIBKO Pa3, CKOIBKO CTPOK BBl XOTUTE MOTYUIHTb.
WHorna CUMBOJIBHBIA OTBET MOJIYYaeTCs HACTOIBKO UIMHHBIM, YTO €0 HE yIaeTcs YA00HO
pasMectuth B pabouem gokymeHte. Ha pwuc. 5.38 mnpu pemieHun ypaBHEHHS C

HCIIO0JIb30BAHUEM CUMBOJIBHOT'O 3HAKa paBCHCTBA MMPOLECCOP COO61HI/IJ'I O JJIMHHOM OTBETC,
HO HC IpEeJI0KUIT €ro BBIBCCTH. HpI/I HCII0JIb30BaHUU MCHIO
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Symbolics » Variable » Solve  (CumBossHble  BhiumciicHust P [lepemennas » Pemnts)
Mathcad crpammBaet, He cleIyeT JIi OTBET TOMECTHTh B Oydep oomena. Ecim BBl Haxkanmu
Ha xkHonky OK, Mathcad momermaer ctpoky B Oydep oOmena. Briopas komanny Paste
(BcTaBuTh), BBl YBUAWTE Ha DKpaHE OTBET Ha s3bIKe, moxoxeM Ha Fortran. O Tom, Kak
pa3o0paTeCsi B TaKOM OTBeTe, pacckazaHo B Resource Center (LleHTpe moxkymeHTarwm)
Mathcad.

MepeHoc SAMHHOA CTROKM

oy 1 2 12 13 1 2 1 2 1 3
2 seties,x=0,y=04 =+ 1+x+v+ E-x +¥i+ =¥ + -1 + E-y-x + E-E.r X+ E-y
Cronupoeate oTEET. [Nepen 3Hakam nnkc Haxate Ctri+Enter

Y aNMTE NMIWWHES MECTO BEEOAA

L+ x4+ +1x2+ x+1 2
¥ 5 ¥ EY
301 2 1 2 1 4

1
+oF =Y —F okt —
[ 25f Ey 65r

3
(l + l] = a+ 3b solve,x — 30eck HET OTEETA
7 Mathcad  H

HCNONE3YEM MEHH
Symbolic - Yariable - Solve The result iz too long to dizplay here;
place in clipboard?
3
1 1
(— + —j =a+3h
kv

MATREO 251 3™ 3 +3" 0y 3 (3 a +1 2% b+ a2y 3+ 24 5™y "I h+ 36 b2
w34 e+ (a3 R L L2y S T 2 (a+3 R (142 b ) 1 -
FRHT 2 (a3 01 ey 3T D 3 (478 H1 b Ty 3424 5 e 3 h 436 b

2R 3- AT (a3 M 12+ a3 P 120 a3+ 25 [a+3 b 1427 0™y A3)-
MU+ 3370530 Y], 3T0 NMWE YacTe OTEETE

Her |

Puc. 5.38. O6paboTKa INIMHHBIX OTBETOB

ITonBoxs WTOTH M3YYEHUST CHMBOJBHBIX BBIYMCICHHUH, CIeIyeT OTMETHTh, 4To B Mathcad
CHMBOJIbHBIE BBIYHMCIIEHNS UMEIOT BCIIOMOIaTeIbHOE 3HAYEHHE:

O B wumKeHepHBIX pacdeTax K CHMBOJIBHBIM OIEpalUsIM TPHUXOJUTCA NpUOeratsb
JIOBOJIBHO PENKO.

Q Yacro BooOIIIE HE CYIIECTBYET CUMBOJIBHOTO PE3Y/IbTaTa BHIYUCICHUI.

Q Psx CHUMBONBHBIX OIEPAllMii MPOIIEC BBIIOJIHUTH BPYYHYHO, 4YeM oOpamarbes K
Mathcad.

O B pasgenax crnpasku (Help) u B LlenTpe nokymeHTaluu CBEIEHHH O CHMBOJBHBIX
orepanrgax O4CHb MaJjio, MaJjio TaKXKE MPUMEPOB CUMBOJIbHBIX BBIYKCJICHUN.

Q BrnongHeHue HEKOTOPBIX, MAaXe OYEBHIHBIX, CHMBOJBHBIX OIEPAIlHil BBI3BIBACT
HETIOHATHOE 3aTPyIHEHUE Y CUMBOJILHOTO nporieccopa Mathcad.

O Mathcad — 310 MHCTpYMEHT pacdyeTunka. IHCTpyMeHT noibkeH ObITh y00HEIM. Ecin
BBIITOJIHEHNE HEKOTOPHIX OIEpalMii CII0KHO, HEYJOOHO M CPaBHHUTEIBHO OBICTpOE
NOJyYeHHE Pe3yJbTaToOB pacyeTa HEBO3MOXKHO, TO BpPSJ JIM €CTh CMBICH B O3THX
ciyvasx obpamarbes k Mathcad.

[podeccronanbHble MaTEeMaTUKH M y4YEHbIC, KOTOPHIM YacTO MPUXOAUTCS NpHOEraTh K
CHMBOJIBHBIM BBIYUCIICHHAM, BPsA JIM oOpatsaTes 3a 3TuM K Mathcad. s HUX CyILECTBYIOT
6oJee MomTHbIe MakeTsl, HarpuMep Maple n Mathematica.
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[MaBa 6. PewweHne gndpdepeHumnanbHbIX
ypaBHEeHUM

JuddepennnansHoe ypaBHeHHE HaszbBaeTcsi 0ObIkHOBeHHBIM (O/1Y), eciim B HEro BXOIST
MIPOU3BOJHBIC TOJIBKO MO OJHOM MepeMeHHOH. B mpoTHBHOM citydae roBopsAT 00 ypaBHCHUH
B YaCTHBHIX Npou3BOAHBIX. Mathcad mpemocTaBisier OOJbIIME BOSMOXXHOCTH [UISl PEIICHUS
OJ1Y u o4eHp orpaHMYeHHbIe — YIS PELICHNS YPaBHEHUH B YACTHBIX IIPOM3BOIHBIX

ITockonpky pemrenne auddepeHIHaTbHBIX YPAaBHEHUH COCTOUT B MHTETPHUPOBAHUHU, YTOOBI
00ecTeunTh OTHO3HAYHOCTH PEIICHHS, HEOOXOIUMO 3a1aBaTh JOTIOTHUTEIBHBIE YCIOBUS IS
OTIpEJICJICHHS TIOCTOSTHHBIX HUHTETPUPOBAHMUS.

Mathcad pemaer OJ]Y nByx THIOB:

Q 3amaun Komwm — OJY ¢ HadanbHBIMH YCIOBHSIMH, B KOTOPBIX 3aJalOTCsl 3HAYCHUS
(GYHKIMY ¥ ee TPOU3BO/IHBIX B HAYAJIBHOW TOUKE MHTEPBaJla HHTETPUPOBAHUS;

a KpaeBbIC 3aJa4u — OI[Y C 'PaHUYHBIMHU YyCJIOBUAMU, TAC 3aJAOTCA 3HAUCHUS (byHKL[I/II/I
1 €C IMMPOM3BOJAHBIX B HAYAJIC 1 B KOHIIC UHTCPBAJIa UHTCIPUPOBAHUS.

BHUMAHUE

Mathcad B coctossHuu pemuth Tonbko OZY, KOTOpble MOKHO 3alHcaTh B CTAaHIAPTHOM
BHUJIE, TO €CThb PEIINTh aIreOpandeckd OTHOCHTEIBHO MPOHM3BOIHOI BBICIIETO IOPSIKA U

sammcarts B Buge y'(x) = /(x).

Jus guncnenHoro wHTerpupoBanHus omaoro OJIY (paBHo kak m cuctemsl OJY) MoxHO
UCIIONB30BaTh BBIUMCIHTENbHBIM 60Kk  Given—-Odesolve (puc. 6.1), win npUMEHWUTH
BCTPOCHHBIC (DYHKIIMW, YHACIICOBaHHBIC OT paHHHMX Bepcmii Mathcad. Paccmotpum o6a
BapuaHTa pemernns O/lY.

6.1. BolumcnutenbHbin 6110k given—Odesolve

Ipoctota M ymoOGCTBO HcHoNb30BaHus Onoka given—odesolve mo3BonwiM ommcath €ro
NpUMEHEHHE yKe B IiaBe 2. HammoMHUM KpaTko, Kak UCIONB30BaTh €ro JUIsl PELICHHs OHOTO
TG depeHIaIbHOTO YPaBHECHUS.

Ipumenenre dyukuun Odesolve tpebyer 3anucu BEMUCIATENBHOTO GJI0Ka, COCTOSIIETO U3
TpeX YacTei:

O wroueBoro ciosa Given (Jlauo);
O auddepeHIMaTBPHOTO YPABHEHNS W HAYAIBHBIX I TPAHUIHEIX YCIOBHI K HEMY;

O ¢ysxkuun odesolve(x, xk, n) (pemenne OJIY), rae x— uMA MEPEMEHHOIA,
OTHOCHUTEIIBHO KOTOPOH penraeTcs ypaBHEHHE; Xk — KOHEIl HHTEpBaJIa HHTETPUPOBAHNUS
(Havano WHTEpBaNa WHTETPHPOBAaHMS YKa3aHO paHee, B HAYaJIbHBIX YCIOBHUSX); # —
HeoOsM3aTeNbHBI BHYTPEHHHH TapamMeTp, OINPENEeNSIONINA YHUCI0O HHTEPBAJIOB,
UCTIONIb3YEMBIX AJIsl HHTEPIOSIINH (PYHKIUH PELICHHs ypaBHEHHUS.

[pumepst ucrons3zoBanus Gyakinun Odesolve npusenens! B rmase 2 Ha puc. 2.15-2.18 u
nanee Ha puc. 6.1-6.5.

6.1.1. Pewenne OL1Y c HavyanbHbIMW Y rPaHUYHBIMW YCNOBUSAMU

Yucno ycnmoBuil B BeMHCAUTENbHOM Osoke Given — Find momkHO OBITH paBHO MOPSAKY
ONY. Eciu Bce ycnoBus 3agaroTcd B TOUYKE Hadaja MHTEpPBaJa MHTETPUPOBAHUS, TaKHe
yCIIOBHS Ha3blBaloTCs HayanbHBIMHU. IIpumep pemenns OJ]Y ¢ HauanbHBIMH YCIOBUSIMH
MIPUBEJICH Ha puc. 6.1.

Ecnu wacte ycnoBuil 3a1aHa B OJHOM TOYKE, a 4acTb B APYrOM TOUYKE, TO 3TO T'PaHUYHBIE
ycnoBusi. HezaBucumo ot nopsiaka OJY Mathcad nmprHMMaeT rpaHUYHBIE YCIIOBUS TOJIBKO B
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OnHa ToYka 00sI3aTEIBHO SBISACTCS HAYAIOM HHTEPBAla HHTETPHUPOBAHUS, APYTask TOUYKa
3ajaercs MO0 Oosblie, 100 MEHbIE TOYKM Hayajia WHTerpupoBaHus. OJHAKO pelleHHe
OKa3bIBACTCS JOCTATOYHO TOUHBIM TOJIBKO, €CII 00€ TOYKH SIBISIFOTCS TPaHUIAMHU HHTEpBaja
HUHTETPHPOBAHHUS.

YU - 2 y'(E) = xsin(x)

MCXOOHOe

Given d -xd .
——yix) -2 -—vyiE = zsin(zx)
o = YpaBHEHHe

y( =1 (=1 y(0)=-05 Ha4ankHLI2 YCNOBWA

v = Odesolve(x, 2) x=0,01.2

4
¥(x) 3
d
—y(=)
.diiﬂ. 2
X
_J‘ y(=) d= .
0 1 o......p’...o'.
_———— »
-+
A
0 0.5 1 1.5 2

Puc. 6.1. Ucnons3oBanue ¢pynkiun Odesolve

2 3 5
2 4d d NOMEHANTS MeCcTamK
) =zt +| Zxzth | =t

e ‘ a | BbIpEHEeH1A

Gen iR =t

0 =3 6 =2 x = Odesolve(t, t=0,02.9

rRaHu4HBlIe YCNOBWA MOHHD 3adaBaTe NUWE B ABYH TOYKEX
B Ha4ane 1 B KoHUe MHTepBana MHTerpvpoBadA

1a
8
() O
d
—=(t
dt()
[ EER] ....'I...'I..
....
Do-."...
-2
0 2 4 fi a8

Puc. 6.2. Perrenne ypaBHEHHNS ¢ TPAaHUIHBIMH YCIOBUSIMHI

6.1.2. O6beagmHeHne OL1Y ¢ NnoOMOLLbIO ONepaTopoB yCNoBUs

Eciu Bup nuddepeHumansHoro ypaBHEHUS HM3MEHSETCSl C W3MEHEHHEM apryMeHTa,
HalpHuMep, ypaBHEHHE COJICP)KUT CTYIEHYATYIO Pa3pbIBHYIO (DYHKIUIO, TO TaKOE YpaBHEHUE
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MOKHO 3alMCaTh C WCIOJb30BaHUEM YCIOBHS, TO €CTh 3aIliCaTh HECKOJIbKO ypaBHCHHI B
BHUJIC OJTHOTO ypaBHEHus (puc. 6.3).

Mathcad no3BosisieT 3amucath YCJIOBHE HECKOJIBKUMHE CIIOCOOaMU:

O  C HCHOIBb30BAHUEM GYJIEBBIX ONEPATOPOB:
ay" () + by (x) % (x < 0) + y(x)(1-2)(x20) =¢c;
O ¢ KCHoNB30BaHUEM (QYHKITHH if:
ay (x)+if [ x <0, by (x) x*, y (x) (1-2) | =c.

B nanHOM ciydae HEBO3MOXKHO 3alKCaTh YCIOBUE C UCIOJIB30BaHUEM YCIOBHOTO OIEpaTopa
nporpammupoBanus  if, Tak Kak BepTHKaIbHOW uepTe (00s3aTEIBHOMY TMPU3HAKY
MPOTpaMMHUPOBAHMS) JOJDKEH IpPeNIIecTBOBATh ONEepaTop NPUCBAMBAHUA =, TOr/a Kak B
HalleM Ciy4yae MCI0Ib30BaH 3HaK + MM 3HAK JIOTMYECKOI'O PaBEHCTBA =.

NOMEHARTE MeCTamm . 2z 0.z . . .
BLIpEKEHNA 'z + y'(x)-]f[x <1,%, 3-x ':| =if{x < 2,an{x),5) ¢ hyHKUMER if
Grven y'(x) + xz-(x < D +y0=3- XD.2 gz =@ (<2 +50x22) gl‘?gggsgg)h;l:m

w0 =1 y(2) = -1 v:= Odesclve(x,3) 2=0,01.3

1 ..oo0'""Ooo....ot".......'o

Puc. 6.3. O6benuueHne nByx nuddepeHranbHbIX ypaBHEHUH B OTHO

6.1.3. Pewenune OL1Y, 3agaHHbIX HESIBHO

B Mathcad Bce BcTpoeHHble (QYHKUMH JUis peuieHus auddepeHnnansHbpIX ypaBHEHUN
TpeOyIOT 3amucH MPOU3BOJHON BBICIIETO MOPsAAKA B sBHOM Buae. OHAKO, KaK [MOKa3aHO Ha
puc. 6.2, mpucyrcTBHe KodpdunueHTa (IOCTOSHHOTO WM TEPEMEHHOr0) Iepex
MIPOM3BOJIHON BBICILIETO Mopsaka — He nomexa npu peutennun OJY. Ecnu ypaBHeHHe ecTb
ciioxkHast QYHKIMSI OT BBICHIEH POWU3BOHOM, IPEABAPUTENIBHO HAO0 PEIIUTh 9TO YPaBHEHUE
anredpandeckn OTHOCUTEIBHO BhICIICH npom3BonHOW. Ha puc. 6.4 ucxomHoe ypaBHEeHHE
pELIeHO CUMBOJIBHO OTHOCUTENBHO ¥'(x) . i1 BBITOTHEHHMS STOH Ollepalliii Halo BBIACIUTH
MEepPEeMEHHYI0, 3aTeM B IJIaBHOM MEHIO BbIOpaTth koManmy Symbolics » Variable » Solve
(CumBomnnsable BeraucicHus P [lepemennas » Pemwnts). HalineHHbIi pe3ynbTaT HOICTABICH B
b depeHInanbHOe YpaBHEHHE, KOTOpoe pelieHo ¢ moMoltsio hynkiuu Odesolve.
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JaHo ypaeHeHHe vl — gf(xjg' = 7(x)

pELUMM YPAEHEHHME CHMEONEHD OTHOCHTENEHD WX

has solution(s] [ 1
j,r-ll - azl =a (=) 5
YPAEHEHWE B CTAHZAPTHOM EWAE 1. 1+ + 4-5;2'
nogcTaenm B Bnok Given - Odesolve| 27 h
HEea KOpHA YpaEHEHWA DawT 1
JEa pewenua Oy 2
1 | 2
— 1=y ay
L 27 i

1
. 1 f 2|2
Cven yix = m -1+ +4yx wil) =35

v = Odesolvelx, 4 x=01,02.4

Puc. 6.4. Ilpusenenne mudQepeHaIbHOTO ypaBHEHNS K CTAHAAPTHOMY BUAY H €TO PEIICHHUE

6.1.4. Pewenne cuctem O1Y

Oyukius Odesolve moxeT pemrate u cucteMbl TuddepeHIManbHbIX ypaBaeHuit. [Ipu stom
HECKOJIbKO U3MEHsIeTCsl oOpalieHue K QyHKIHH.

Oopammenne Kk GyHKIUM I PEUISHUSI OJTHOTO YPaBHEHHS BBITJISIUT TaK:

Odesolve(x, xk, n),

JUISl PEILICHUs] CUCTEMBI TM(pPEepeHIIMATBHBIX YPaBHEHUH —

Odesolve((BekTop UMEH HEU3BECTHBIX), X, XKk, 1).

Ha puc. 6.5 nmpuBesieHo pelrieHne cucteMsl U3 TpexX An(depeHInaIbHbIX YPaBHEHUH EPBOTO
nopsiaka. COOTBETCTBEHHO, BEKTOP MMEH HEM3BECTHBIX COAEPKUT UMEHa TPEX HEU3BECTHBIX,
X, y n z. I'panuuHble ycioBHs 3amaHbl B Touke ¢=-1. KoHeuHas Touka HHTepBaia
uHTerpupoBanus ¢ = 3. CnenoBaTellbHO, HHTEPBAI UHTErpUpoBaHus oT —1 1o 3.

Ecnu rpadmk cTponTces At 3HaUCHHH, BEIXOSIINX 3a MPEAENIbl HHTEPBAJIA HHTETPUPOBAHMS,

Mathcad skcTpamonupyer 3HadeHUs (GYHKOUM 3a TpeIesbl MHTepBaja MHTETPHUPOBAHMUA,
MOJTydasi yalle BCETO HEeMPaBAoNoA00HbIE PE3yIbTATHI.
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06 m+ym=0 U0
(-1 = =10 TIoMeHRTE

yH -z =0 B, YPABHEHMIA U
0.5-2(8) — 22'(8) = 0 Z-D=10  rpantuHble yonoswa
vi{-1) = -3
Iy .« , - - N
¥ | = Odesclwe| | ¥ |,t,3 t=-1,-08_73
\E 4 \Z

Puc. 6.5. Pemienne cucremsr OIY dynkiueit Odesolve

Oyukis  Odesolve MokeT npuHMMAaTh B KauecTBE OTpaHUYCHHUEl anreOpanyeckue
ypaBHeHUs (pUc.6.6 1 6.7), HO TOJBKO B 337a4aX C HAYAIbHBIMH yCIOBHSIMHU.

Given
M +ym =0 &S;ped;:Hpﬁ:umaanme anrebpanJeckoe ypaBHeHKe
D —z(f) = 0 AOITHHO YA0ENETEOPATE
anrefpanysckoe IREaHUYHEIM YCNoBHARM
0320 ~x()) = 0 ypopreine
_ , _ y _ TpebyeTCA
x(-1)=0 2D =-10 2D =1 guauancnex
y-1)=-10 ¥(-1)=0 z(-1)=0 YNOBM
) )
v | = Odesolve| | v |,t,2 t=-1,-09% 2
WE \E
200
4
!
L4
=(t) 100 v
’

I, .
z(t) Dmﬂ_"‘:/

— 100
-1 0 1 2

Puc. 6.6. Pemenue cucremsr OJ1Y ¢ anredpandeckumu orpanndcHusmu pyaknueit Odesolve

6.1.5. PaboTta bnoka Given-Odesolve

Paccmorpum Mexanusm pabotel Onoxka Odesolve. ®axruuecku, Oimok pemenus OIY
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Odesolve Bxmrouaer B cebs Bce Jyuimee, 9T0 ObUIO co3maHo st pemenus OJ[Y B
npemsinymmx — Bepcusx — Mathcad.  Bmok  Odesolve  mpeobpasyer — 3amaHHBIE
IupdepeHnnanbHble  YpaBHEHHS K CTAHOAPTHOMY BHAY, HCIOIB3YeMOMY (GYHKLIUSIMH
rkfixed u Rkadapt, mpumenenune koTopwix omucano mgaigee. C MOMOIIBI0 YKa3aHHBIX
¢yakmuit oH pemaer cucremy OJY (wm ommo OIY) ¢ HayampHBIMH yCIOBHAMH. B
pesynbTaTe pacuera IojaydaroT MacCHB 3HAYCHUH (yHKIMH U €€ IPOU3BOIHEIE.

Hanee ucnone3yrores GyHkuun uaTeprnonsuu Ispline u interp, npeobpasyromime Maccus
pemennii cucremMsl OlY B QyHKIMIO, KOTOPYIO 3aTe€M MOXXHO IU(PQEepeHINPOBATh HIH
unrerpupoBarb. Kcratu, HeobOs3arenbHblii mapamerp intrvls B oOpamienun k QyHKIMA
Odesolve kak pa3 u 3amaeT 9ncio Touek MHTEpHosAmd. Yem Gosbire intrvls, Tem BeIme
TOYHOCTH MHTEPIOJIALMH, HO TeM OOJIbIIIe BpeMsl PEIICHUs 3a1auH.

Hust pewenust cuctembl sxkectkux OJlY wucnonssyercs ¢yukims Radau. Ee onmcanue
TIPUBOJNTCS Jlajiee B TaHHOI riaBe (pa3zen 6.3.1).

Ecnu rpaHudHbIe YCIOBUSI 3alaHbl B JABYX TOYKaX, B Hadaue peurenus ¢pynkius Odesolve
npeoOpasyer 3amady ¢ IPAaHHYHBIMH YCIOBHSMH K 33/a4e C HAYalbHBIMH YCIIOBHSIMHU,
ucone3ys s storo Gynkimu sbval u bvalfit, onucannsie manee. 3atem pemraercs 3agaga c
HAYQIbHBIMK yCIOBHAMH ¢ momompio  ¢yakmmii rkfixed, Rkadapt wmm Radau B
3aBUCHMOCTH OT BBIOPAHHOTO TMOJIb30BaTelieM MeTona peuienus — Fixed, Adaptive wnm

Stiff.

Takum obpazom, pyukuus Odesolve o6wemununa Bee ayuiive Gynkuuu pemrerus OV,
CYILECTBYIONIME B JaHHBIA MOMEHT, B €IMHBIN GJIOK.

ITpu perernu cucrembr OJIY ¢ momomipio Gpyuknun Odesolve ects BO3MOXHOCTH BBIOPATH
MeTon pemenus. J{jis 3Toro Haao ycTaHoBUTH Kypcop Ha ciioBe Odesolve u Haxarts npaByio
KHOIIKY MbIIIA. B OTKphIBIIEMCS KOHTEKCTHOM MeHi0 BbiOparh Fixed (Pemenue c
¢ukcupoBanubiM 1marom Qyukimeit rkfixed), Adaptive (Pemienue ¢ mepeMeHHBIM IArOM
¢yukumeit Rkadapt) win Stiff (Perrenne xectroii cucremsr OIY dynkimeit Radau), kak
MoKa3aHo Ha puc. 6.7.

2

Civen d—u(x) + d—u(x) =1 vl =-3
& da
u(0) = 3

EIJ'II'GGDEIHLJGCI{OG 3 - ¢
ypaBHeHWe ulz) + 3viz) = - W(0) = 0

|l " ‘ = Odnthm“ " . A—H

T |

10— MeTop Aparca (BDF)

C O0CTOAHHBIM LA O
s AAANTHEHLIA MaTog
ulx) v MeTop RADALS

vix] # BblpesaTh
snes | )
KomMpoBaTh

0 CBOIACTEA. .

OTKIHOHATE BblHMCNEHIME

CATHMASMDOEATE
Puc. 6.7. Beibop merona pemenust andepeHunaabHbIX ypaBHEHHN
6.1.6. HoBble doyHKumn pewenuna OY B Mathcad 14

B Mathcad 14 no6asiens! Tpu HOBBIX (pyHKIMH perteHust OJ[Y:

a AdamS, KOTOpas 6.’:13I/IpyeTC$I Ha METOoAC A,HaMCEl U OpeaHasHadCHa JId PCHICHUA
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HEKECTKUX CUCTEM.
O6pauienue k aroit pynkiun: Adams(y, xy, x,, m, D, [tol]).

Q BDF, «xoropas wucnonsdyer Qopmynbl  obparHoro auddepeHuupoBaHus U
HpeIHa3HAYCHA [UTS PEILICHHS KECTKHX CHCTEM.

O6pamienue k atoit pyukimu: BDF(y, x, x, m, D, [J], [tol]).

O AdamsBDF — rubpunnas ¢GyHKIMS, KOTOpas cama OIpEACNSET, SBISETCS CUCTEMa
JKECTKOW MITH HexkecTKoU U Bbi3biBaeT pynkunun Adams unu BDF cootBeTcTBeHHO.

O6pamienue k sroit pyukimu: AdamsBDF(y, xi, x,, m, D, [J], [tol]).

ApryMeHTBl Beex Tpex (pyHKumil Te xe, urto y ¢pyHkuun rkfixed: y — Bekrop HavaibHBIX
YCIIOBHI Pa3MEPHOCTH 7. 3eCh 7 — TOPIIOK MU PEepeHINaTBHOTO YPAaBHEHHUS WM YUCIIO
ypaBHEHHIA B cHCTeMe (€CITH pelraeTcsi cucTeMa TuQQepeHINANBHBIX YPaBHEHUHN); X1 ¥ Xy —
HauaJl0 W KOHEIl WHTEpBala WHTCTPUPOBAHWS, HA KOTOPOM HILNETCS pEIICHHE
i depeHnInanbHOro ypaBHeHHs. HavanbHble ycinoBHs, 3aJaHHBIE B BEKTOpE ), — 3TO
3HAYEHHS PELICHUsI B TOUKE X; 7 — YHCIIO TOUEK (HE CUMTasi HayaJbHOM TOUYKH), B KOTOPBIX
uieTcs: NpuoIKeHHoe pemenue. [Ipy momoiy 3TOro apryMeHra ompenesnsercs YHcio
crpok (1 +m) B wMarpuie, Bo3Bpam@aeMond yka3aHHbiIMH  (yHKUOusimu;  [tol] —
HEOOs3aTeNbHBIN TapaMeTp, ONpPEeACISIOMNN TOYHOCTh pacueTa KaKJOoW MepeMeHHOI.
BBoauTCs Kak 4KMCIO WIM BEKTOp uKcen. MOXHO HCHoNb30BaTh napamerp [tol], uToOb
M3MEHHUTh HCIIOIB3yeMYIO 110 YMOTYaHHI0 TouHocTh 107°; [J] — marpuua SIko6u (MaTpuia
4acTHBIX Npor3BoaHbIX cucTteMbl OJIY mo Bcem nepemenHbiM). HeoOsi3aTenbHbIi apamerp.
Ucnonesyercst Tonbko B ¢GyHkiusax BDF win AdamsBDF. Beog ero moxer moBbicHTH
TOYHOCTDb PCLICHMUS.

VYxazaHHble TpU HOBble (YHKUIMHM BKIOYeHbl B amroput™ ¢ynkuumu Odesolve. B
KOHTCKCTHOM MCHIO, IOSABJIAOMIEMC TPU HABCACHUU CTPCJIKKM MBIIIIK HAa CJIOBO «OdeSOIVe»,
npejyiaraercs Beioop crocoba pemenust OAY (puc. 6.7):

##! Mathcad Help

dain Mpseka Bug  Beraeka  @opmaTl  MHCTPYMEHTEl  CWMMEOSEHEIE OMepaad  KHWra  Cripaska
o & = R NE, NEE e = = 3
| B index aSeard'l

% | Algorithms: A

[7] welcome to Mathcad o
& Getting Started
@ Vectors and Matrices

You can choose the method for solving the ODE by right-clicking on Odesolve
in the solve block and selecting one of the following from the drop-down
menu:

@Operators

(@ Functions + Adams/BDF - The default method. Odesolve dynamically detects
[2]Bessel whether the ODE is stiff or non-stiff, and calls one of the following
[2] complex Mumbers / Sign solvers accordingly:
@ Curve Fitting and Smooth
@Design of Experiments + For non-stiff systems, Odesolve calls the solver Adams, which
([ Differential Equation Solvi uses Adams-Bashforth methods.

» For stiff systems, Odesolve calls the solver BDE, which uses

ODE Salyers backward differentiation formula (BDF) methods.

7] state Space ODE Sal

(7] 33cabizn + Fixed - Calls the solver rkfixed, which uses a fixed-step Runge-Kutta
[#] Deriving nitial Condit method.
[Z]s0lving P_E'rﬁa' Differe + Adaptive - Calls the solver Rkadapt, which uses a Runge-Kutta
[2]Partial Differential Eq method with adaptive step-size.
Hlsshictin Moot s Radau - Calls the solver Radau, which Radau algorithm f
£ ion T « Radau - Calls the solver Radau, which uses a Radau algorithm for
g Skt L systems that are stiff or have algebraic constraints.
File Access
@Finance

Radau is the only method that solves systems with algebraic constraints. If
your system has such constraints, Odesolve automatically uses the Radau
algorithm, regardless of your selection from the drop-down menu.

@ Fourier and Wavelet Tran
Functions that Can Be Evi
@ Graphing -
-
< | > Notes: ¥
ABTOC MM

Puc. 6.8. TTosicuenus k Beibopy merona pemenust OJ[Y B pasnene [Nomowb Mathcad

O Adams (Merox Anamca);

O Fixed (C mocTosHHBIM mIarom);
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O Adaptive (AgantuBHbINH METON);
O Radau (Merox Radaus).

Toapobuo o meronax pemenuss OJY dyukuuenr Odesolve uwuraiite B pazmene [MOMOLLb
Mathcad (puc. 6.8).

Ob6paTture BHMMaHHe Ha TO, 4yTo eciu Mathcad-gokymeHT ObI1 co3maH B Oojee paHHEH
Bepcuw, To B Mathcad 14 on Bcerna Oy/IeT OTKpbIBAThCS C MpUMEHeHHeM myHkta Adams.

6.1.7. PeweHne OL1Y ¢ nepeMeHHbIMM NnapameTpamm

Hauwnas ¢ Mathcad 13, o¢yukuus Odesolve wmoxer pemats auddepeHnnaIbHbIe
YpPaBHEHUsI C IIEPEMEHHBIMH IapaMeTpamu. [1osBHIAaCh BO3MOXKHOCTH 3alHCaTh (YHKLHUIO
TIOJTB30BATENl € HCIONB30BaHWeM BcTpoeHHO#M ¢ynkuun Odesolve (puc. 6.9). Ywucno
napamerpoB (YHKUWH IOJB30BATEI MOXET ObITh JOOBIM. [lnisi BBIBOIA pE3yiIbTaToB
pacueTra 3TH IapaMeTpbl MOXKHO 3aJaTh YHCIOM WM B BHIEC AUCKPETHOW IEPEMEHHOH.
Pe3ynpTaThl pacyera MOXHO BBIBECTH B BUJAEC TaOIHIbI, rpauka WM CEMEHCTBA KPHUBBIX.
IIpn ABYX NIEpeMEHHBIX IapaMeTpax MOXKHO BBIBECTH IpaMK IOBEPXHOCTH, HO B 3TOM
ciy4ae Bo3pacTaeT BpeMs pacueta (puc. 6.10).

Given  ax () +cx'(t) = t}:| ¥t =35 =zt =0 Dia,b,c) = Odesolwel t, 1|
b=1 c¢=1 F(a,t=D(a,b,c,t)
a=0.3 b=0.3

CemedcTea KPWBBIX NMPpK NepeMerdHb 3HaYeHWAX NapamMeTpoB

5 0
o -0
Fla,t) D{a,b,2,2)
-5 . - 100
- 10 ' - 150 ' L
0 2 4 6 0 1 2 3
t b

Puc. 6.9. Pemienue OZ1Y ¢ nepeMeHHBIMH ITapaMeTpaMu

BbiBOA pewweHUs NpK 4BYX NepeMeHHBIX
M ABYX NOCTOAHHEIX NapaMeTpax
(noMeHANTE NapameTpel)

Fla,b) = Dfa,b,2,4)

£ 0T napameTpoB a b

OTHNKOYEH ANWTENEHBIR pacyeT

HToBEI YCHOPHTE pacdeT Ha
Brnapke Quick Plot Data
2aaiTe Manoe YAcno
Todek (# of Grids)
HanpWrep, No B To4ek

Puc. 6.10. BeiBox pemtenust OlY ¢ aByMsl IepeMEHHBIMH [TapaMeTpaMu
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B Mathcad 13 nosiBritach BO3MOKHOCTE HCIIOB30BaTh hyHkmio Odesolve B mporpaMMHBIX
MoxyJiisix. IIpuMepsl NCTIONB30BaHMs 3TOH (DYHKLIUH B IIPOrpaMMax NPUBEACHHI B Ti1aBe 9.

6.2. icnonb3oBaHue dyHkumi rkfixed, Rkadapt,
Bulstoer

Paccmorpum Tpu  (QyHKUMM, IpeAHa3HauyeHHblE Uil peuieHus anddepeHIranbHbIX
ypaBHenuii u ux cucrem: rkfixed, Rkadapt u Bulstoer.

O0paureHue K ’TuM TpeM PYHKIUSM OJUHAKOBO:
rkfixed(y, x, x,, m, D),

rle y— BEKTOp HayaJbHBIX YCJIOBUH pPa3sMEpHOCTH #n. 3/1eCb 71— MOPSIOK
muddepeHnnantbsHOro ypaBHEHUS M YHCIIO YPaBHEHUH B cucTeMe (eCiM peliaeTcst cucTeMa
i depeHIMANBHBIX ypaBHEHHUH); X U X, — Havyalo M KOHEl MHTepBajla MHTETPUPOBAHMS,
Ha KOTOpPOM HIIeTcs peureHne aud¢epeHnnansHoro ypaBHeHus. HawanbHble ycioBus,
3aJlaHHBIC B BEKTOPE V, — 9TO 3HAYCHHMS PEIICHHUS B TOYKE X|; M — YHCIO TOYEK (HE CUuTast
HayaJbHOM TOYKH), B KOTOPBIX HIIeTCs NpUOIMKeHHoe pemieHue. [Ipu momomu 3Toro
apryMeHTa omnpeneisercs 4yucio crpok (1 +m) B MaTpuie, BO3BpallaeMOW yKa3aHHBIMH
GhyHKIHAME.

Oynkiun rkfixed u Rkadapt peanusyror meron Pyrre — KyTTsl ueTBepTOTO MOPSAKA. ITOT
METO[{ HE SIBISICTCS CaAMBIM OBICTPOJCHCTBYIOIIUM, HO ITOYTH BCErIa MPUBOJUT K HCKOMOMY
pe3ynbTary.

BHUMAHUE

Bce Tpu ¢ynkmuu pemator OJIY M MX CHUCTEMBI TOJNBKO C HayajlbHBIMH, HO HE C
TPaHUYHBIME yCIOBHsIMH, B omamume oT ¢yukmun Odesolve, koropas pemaer
muddepeHmansHOe ypaBHEHNE TI000T0 MOPSA/Ka Kak ¢ HAYalIbHBIMH, TaK U C TPAHUIHBIMA
YCIOBHSAMH.

Oynukius rkfixed nier pemenne ¢ moctostubM marom. Oyukims Rkadapt mposepser, kak
6])ICTpO HU3MCHSCTCA HpI/l6J'lI/l)KeHHOC pemIeHUe, 1 COOTBETCTBECHHO aJallTUPYET HIar pEeICHUs.
AanTHUBHBIN KOHTPOJIb BETMUYKHBI I1aTa JaeT BO3MOKHOCTh GyHkuuu Rkadapt seraucists
3HAYEHHWs NPHOIMKEHHOTO peIleHuss Ha 0ojiee MENKOW CEeTKE B TeX MeCTaxX, Te OHO
MeHsieTcsT ObICTPO, W Ha OoJiee KPYINHOW — TaM, TJe OHO MEHSETCS MEMJICHHO. JTO
TMO3BOJIACT U NOBBICUTH TOYHOCTb U COKPATUTh BPEMSA PCILICHUA 3a/la4H.

Xotst dynkius Rkadapt mpu perrennu nudbepeHInanbHOrO YpaBHEHHST HCHONB3YET BO
BHYTPEHHHX pacyerax MEpeMEHHbBIA Iar, BO3BpAllaeT OHA MPHUOIMKCHHOE DPEIICHHEe Ha
pPaBHOMEPHOU ceTKe (B PAaBHOOTCTOSAIINX TOYKAX).

Korma wu3BecTHO, 4TO peEIICHHE SBISETCS TIJaAKOH (GYHKLUHEH, Jydlle HCIOIb30BaTh
¢yukuuto Bulstoer, koropas wucrnomssyer merox bymmpmra — Illtepa BMecTo Metonma
Pynare — Kyttsi, kak B ¢ynkumsx rkfixed u Rkadapt. Haiinennoe ¢ynkuumeir Bulstoer
peuieHue OyAeT HEMHOro 0ojIee TOYHBIM, YeM IPH HCIOIb30BAHUU APYTHX (DYHKLHH.

Just pewienust auddepeHIHaTbHOr0 ypaBHEH S WM UX CHCTEMbl HEOOXOIMMO 3a1aTh:

O HavalubHBIC YCIOBHUS;

O 4YKCIIO TOYEK, B KOTOPBIX HA/l0 HAWTH pELICHHE;

Q camo muddepeHIHAIFHOE YpaBHEHNE, 3allICAHHOE B HEKOTOPOM CIICIMAIBHOM BHIE,
KOTOpBIN OyJeT omucaH Jgasee.

6.2.1. PeweHne gndpdepeHumnansLHOro ypasHeH s NepBoro nopsiaka

IIpu uaTerpupoBanny auhhHepeHInaTbsHOr0 YpaBHEHHUS MIEPBOTO MOPSIKa MOSIBIISIETCS OTHA
MPOM3BOJIBHAS TIOCTOSIHHAS, IOATOMY HAIO 3aJaTh OAHO HAa4daJbHOE YCIOBHE )y, €CIH
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ORIGIN =0, umu y;, ecmu ORIGIN =1 (Mathcad oxumaer HayajgbHBIC YCIOBHS B BHIE
BEKTOpA).

Janee HyxHO BBeCTH (YHKIHMIO IBYX MEPEMEHHBIX D(x,y), KOTOpast CONEP>KUT BEKTOP

MIEPBEIX MPOM3BOMHBIX OT Hew3BecTHBIX ¢yHKiui. s OHAY mepBoro mopsinka (QyHKIHS
D(x,y) comepxuT oHy nepsyro nponssoanyio y'(x).

DY nepeoro nopagkal

Y43 y=0 ucxofHoe ypasHeEHKE

ni=350 y,i=4 HavyaneHoe npubamseHve yi0=4

D(x,5) = =3y, MePEaA NPOMIBOAHAA B ABHOM BHAE

Z = thfiredy 0,40, D0 pelleHde © QUKCHMPOBIHHEIM LIArOM

i=0.n Xo= £ V.= 2

¥i

[ B = N X R O

Puc. 6.11. Pemenue nuddepeHnansHOro ypaBHeHUs HEPBOTO MOPSIKa

B mpumepax Ha puc. 6.11 u 6.12 65UT0 IPOCTO pa3peIUTs YPaBHEHNE OTHOCUTEIHHO TIEPBOM
MPOM3BOJAHOM W  ONPEHETUTh  (PYHKIUIO D(x, y) . B cnywae HenuHelHOro

mddepeHnanbHOrO ypaBHEHNST HE0OXOIMMO pa3peliuTh 3TO ypaBHEHHE alreOpandecKku
OTHOCHTEIJFHO BBICIICH IPOM3BOHOM (B JaHHOM Cilydae IepBOi MPOU3BOAHOMN). DTO MOKHO

caciaTb B CHUMBOJIBHOM BHJAC W IOJACTABUTL PCHICHUE B q)yHKHI/IIO D(x,y) I[anee

Be3eiBactes Gynkuus rkfixed (wnmn Rkadapt, wim Bulstoer), kotopast Bo3Bpariaer pemenue
ypaBHeHHsI. B pe3ynbrare pelieHuns moxydaeTcss MaTpHIla, CoaepsKamias [Ba cTosoma:

Q [IlepBblit cToNOEL COAEPKUT KOOPANHATHI X TOUEK, B KOTOPBIX HAMICHO pElICHHE.
Q Bropoii cTonder conepkUT 3Ha4eHHsI HAlJICHHOTO PELICHHUs B yKa3aHHbBIX TOYKaX.

¥ 4y? . x=0 Henunelinoe ypaeHenue

ypi=1 HauaneHoe npubnkeHue y(0=1
2
=250 Dix,v1 = —[::,rDJ X

Z = Rkadapt(y,0,3,0, 000  pelleHHa C NEpEMEHHEIM LIAMOM
Z{n,‘r - Z*{1}

x = i=0.n
1
0.5
¥io 03
=025
1]

1] 0.5 1 1.5 2 25 3
i

Puc. 6.12. Pemenue nuddepeHnnatbHOro ypaBHeHUs ¢ IEPEeMEHHBIM [IIaroM

HatinenHoe pereHne MOKHO BEIBECTH B BUJIE TaOJIHUIT WITH TPa(UKOB.
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BHUMAHUE

Oynkuun rkfixed, Rkadapt, Bulstoer Bosspainaror mMarpuisl, a He (YHKIHH, TOITOMY
HHTErpupoBanue u auddepeHunpoBanre HallICHHOTO PEIEHHUs CTaHJAPTHBIMU METOAAMU
Mathcad rHeBo3MOxHO. HeoOX0AMMO UCTIONB30BaTh PYHKIIMK HHTEPIIOISIINH I IIepexoia
OT MaTPHIBI K GyHKIUH.

6.2.2. AnddepeHumanbHblie ypaBHEHNA Bonee BbICOKOro nopsiaka

Jlnst pemieHust ypaBHEHHI BBICOKOTO TOpsiika ucmoibsyrores Gynkmun rkfixed, Rkadapt,
Bulstoer. [lnst petuenus auddepeHnnanbHOro ypaBHeHHs MOPSAKA 1 HY)KHO:

O 3a4aTh BEKTOP HAYAILHBIX YCIOBHUH, KOTOPHIH COCTOUT U3 /1 3JIEMEHTOB, ONPEIECIAIONINX
HAyYaJIbHBIE YCIOBHS JJISl HCKOMOW (PYHKIMU U e€e Mpou3BOAHBIX y, y', y", y", ...,

y"

O BBecTH (YHKIHIO D(x, y), KOTOpasi Temepb SBISIETCS BEKTOPOM, COAEpXKaIlUM 7

OJIEMCHTOB!

D(x,y): ;

O BBecTH BeIpaxeHwue, copeprkaniee Gpyukito rkfixed, Rkadapt wu Bulstoer.

B pesynbrare perieHus mojydaeTcss MaTpHlia, conepiKaiias # CTOJOLOB: NMEpPBBIA — ISt
3HAYEHUH apryMeHTa X, OCTaBIIHMECS CTOJOLBI COJepKaT HMCKOMYIO (YHKIHMIO y U ee

npomssozmsie y(x), y'(x), y"(x),..., y" (x).

Ipmmep pemenns OlY deTBepTOro mopsiaka moxkasas Ha puc. 6.13 u 6.14.

McxofHoE ypaEHEHKE

& o0 = 205 + syt =0
il = AW ¥l + s xl- X =
e il

=10 =2=11 n=20 NepELIE MPOUSEOQHEIE

E ABHOM BWHOE
FPaHKUYHEIR YCNOEWA

0 (O =0 ¥y Y =¥
g |1 7O =1 ¥, ¥, = 7
2| yih=2  Dixy = .
2-}{-5?2 - Si-ﬂ(x)'ﬁru Y4
Z = Fkadapt{v,x1,22,n,I0 i=0.n

roe v —-BEKTOP H3YalbHEIXYCNOEMA
L1--Ha4an0 MHTEPEANA MHTEMPHPOEAHKA
L2--KOHEL, MHTEPEANA MHTEMPHPOEAHKA
f1 --4MCNO TOMEK LNA BEIMHCNEHMA
D --EEKTOR NEPELIX NPOWZE0OHEY E AEHOM EMIE

MomenaidTe Rkadapt Ha rkfixed wnu Bulstoer

Puc. 6.13. Pemenne auddpepeHInaI-HOTO YpaBHEHUS YETBEPTOTO MOPSIIKa
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Puc. 6.14. Pe3ynbTatsl pelieHus ypaBHEHHs], IPUBEICHHOro Ha puc 6.13

6.2.3. Cuctembl anddepeHumansbHbIX ypaBHEHUN

Metoauka pemeHust cucteM aud@epeHINaIbHbIX YpaBHEHHH Takas ke, Kak W MEeTOIHMKa
pemeHust oxHOro Au(depeHInaNTFHOT0 ypaBHEHUS BEICOKOTO TIOPSIIKA.

Jlro60e muddepeHimaibHOe ypaBHEHHE TOPSIKA 7

y(n) - f(x, y("_l), y("—Q), A y)

ITyTEM 3aMEHBI

3aMeTuM, 4YTO B IPHUBEJACHHBIX YPaBHEHUSX COAEPIKATCS MPOU3BOAHBIE TOJIBKO IEPBOrO
nopsiaka. [IpeoO6pa3oBaB mogo0HBIM 00pa30M KaXkJ0€ U3 ypaBHEHHH, BXOMIINX B HCXOIHYIO
CHCTEMY, ITOJYYNM CHCTEMY ypaBHEHHH ¢ OOJBIINM KOJMYECTBOM HEHM3BECTHBIX (DYHKIIMH,

HO C IMPOMU3BOJAHBIMHA TOJIBKO IEPBOIO IMOPAAKA.

B pesymnbraTe pemieHus MOTydaeTcsi MaTpHIlA, COAEpIKamias 7 CTONOIOB: MEPBBIA — IS
3HAaYeHWH apryMeHTa X B TOYKAaX, I HAaWACHBI PEIIeHHs, OCTABIINECS CTOJOLBI COAepKaT

uckombie yHKumm n ux nponssoansie ¥ (x), y'(x), y"(x), ..., y (x).

IIpumeps! pemenus cucrem OJIY mepBoro m BTOpPOro mopsiika Moka3aHbl Ha puc. 6.15
u 6.16.
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dx o
Goyrt Foatet npuw0=1 vy
ot ot
FelleHHe CHCTEME! YPAEHEHKMEA
v+t n=10
1 1
X = [ ] Drt,® = ; F = tdfied(x.0,1,0,I0
0 Xn + &
- F{n}r e F{1}r g F{z}
4 4
3 = 3
X
2 2
y 2
LI 1 - " 1
0= 0
002040608 1 1 15 2 25 3
t X

Puc. 6.15. Pemmenne cuctemsr OJ]Y mepBoro mopsiaka

dakTuueck, Tak M peuanoch auddepeHIranbHoe ypaBHEHHE BBICOKOrO Mopsiika (cM.
puc. 6.13), rne dyHkuus D(x, y) npeacTabisuia coOOW CHCTEMY ypaBHEHHMH II€pPBOTO

MopsIKA.

Cuctema OfY eToporo nopagks
"=y w'=dy-20

EEETOR NEpEEIY W

HAYaNEHEIE YCIOEMA ETOPEIX NPOM3E00HEI
Ef 1
15y 40 b
p5 | ui 2y, U
= Dix, v = .
¥ 1 | W (.30 ¥ ¥
1) vl
F = rifixed(y.0,1,0,D) A7y 37 )y
X= F{D} n= F{l} w= F{E} o= F{E} W= F{‘q}
&
5
1
- 4
i
n I. n 3
i
-
i

0 01 02 03 04 05 06 07 02 08 1
b1

Puc. 6.16. Pemenne cuctemer OLY BTOporo nopsaxa
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[TpumMeps! 11 caMOCTOATENBHOTO pemeHus IuddepeHnanbHbIX YPAaBHEHHI M X CHCTEM
MpUBEJeHbI Ha puc. 6.17.

FelwMTE camocTOATENEHD © NOMOWER iy HELMA rifixed
unu rkadapt, © HaYaNEHEIMM YCIOBHAMM

A
In(y) cos(i)
Pa-D-¢=0 yH=1 y@®=1 yOH=l

¥ = ¥y =0

' — 2" 4+ ' = 1 BAPEMPYATE MPAHKYHEIE YCNOEKMA

CHcTemMel OOY

d X
—x =%, - —r= —
dt L 1772 dt Ix4+ 2y
d
- =1 d Er
dth 1 —¥ =
dt x4 3y

d
T Rl B
Puc. 6.17. [Ipumeps a5 camocTosTe pHOM padoTel ¢ OJ[Y u ux cucremamu

6.3. XKecTkne cucrtemol gudpdepeHumnanbHbIX
ypaBHEHUN

Cucrema muddepeHIHATFHBIX ypaBHEHWH, 3amucaHHAs B MaTPUYHOM BHIE, Y =A4 x X,
CUHUTAETCS KECTKOH, ecnu MaTpHlia Ko3()(HLHEHTOB MOYTH BEIpOXKAEHHAsA. B 3TOM ciydae
peruenue, Bo3Bpamaemoe ¢ynkuueit rkfixed, moxer Ovite HeycroitumBbiM. [pu pereHHn
KECTKOM CHCTeMBl HEOOXOAMMO HCIIONB30BaTh OAHY M3 TpeX (QYHKLIMH, CIEHHaIBHO
Pa3pabOTaHHBIX Ul PELICHHUS JKECTKHX CHCTeM auddepeHnuanbHbX ypaBHeHui. K panee
cymecrBoBaBmmM (yrakiuam Stiffo u Stiffr, peammsyrommnx meromsr Bymmprra — IlItepa
win PosenOpoka coorBerctBenHo, B Mathcad 20011 nmoGasunace ¢ynkuus Radau,
peanusyromas mMeron RADAUS. Paccmorpum BHavane Gonee pannue ¢ynkuuu Stiffb u
Stiffr.

Bu MaTpuIrsl, BO3BpaIiaeMoi STUMH (YHKIIHSIMH, COBIIAIAET C BO3BPAIIaeMbIM (QYHKIHEH
rkfixed. Onmnako dyuxkuuu Stiffr u Stiffb Tpebyror nononuurensHo 3ananus sxkoOuaHa
CHCTEMBI YPaBHCHHIA.

Oo0pamenue K 3TUM PyHKIUAM:
Stiffb(y, x1, x, n, D, J);
Stiffr(y, x1, x2, n, D, J).

3nech y — BEKTOp HAa4aJIbHBIX YCIOBHH PasMEpHOCTH m, rae m — nopsinok OY wmn gmcio
ypaBHenui B cucreme OJIY; x| u X, — Hayajgo W KOHEI MHTEpBaJa MHTETPUPOBAHMS, HA
KOTOpOM wmiiercst perteHue cucreMbl OJY; HauabHBIE yCIOBUS, 33 aHHBIE BEKTOPOM ), —
3TO 3HAUCHHE PEIICHMsSI B TOYKE X;; 7 — UHCJIO TOUYEK (HE CUUTas HayaJIbHOW), B KOTOPBIX

UILETCSl  PELICHHE; D(x,y) — m-MEpHBII BEKTOp, KOTOPBI COJEPKHUT IIEpPBBIC
NPOM3BOIHBIC HEM3BECTHBIX (YHKIHHA; [ (x, y) — (yHKLMS, KOTOpasi BO3BpAILAET MaTPHILY

pasmepom m x(m+ 1). TlepBbiii cronben ee COMEPKUT MpPOU3BOIHBIE F (t, y) mno y.

OcTanbHbIe CTONONBI MPEICTABISIOT c000# MaTpuiy Skoou cucremsr OJ1Y.

[Ipmmep pemenns xectkoit cuctembl O1Y npuBezneH Ha puc. 6.18.
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1 —|:I.1-j.r|:I + ll:ll:l-j,rl-g,r2
wil=| 0 F(t,y) = I:I.l-j.rI:I - 1|:I|:I-5.r1-5.r2 - 1|:I|:I|:I-5.r1

0 1000y,

0 -01 1I:II:I-5,r2 1I:II:I-5,r1
Iit,71=(0 01 —ll:ll:l-j.r2 — 1000 —1I:II:I-5,r1

o o 1000 1]

D = Stiffb(y0,0,50,50,F, 1)

1 —

0 10 20 30 40 30 6D
D{n}r

Puc. 6.18. [Tpumep pemenus sxectkoii cucremsr OJ1Y

Cnemyer 3amMeTHTh, 49TO yBenmdeHWe uncina mmaroB B 1000 pa3 MO3BONSET pPEIIUTH
MPUBEJCHHYI0 cHUCTeMbl ¢ nomolnpto ¢yHkuuu rkfixed (puc. 6.19), HO 3TO oTTOrO, YTO
3a/laHHasl CHCTEMa HE CJIMIIKOM JKeCTKas. Eciu yBemumduTh pazHuiy B Kod(pduumeHtax
ypaBHeHuid, To ¢ynkuus rkfixed morpebyer ruraHTCKOro 4mcia IIAroB U B MPUHLMIE HE
CMOYKET PELINUTh CHCTEMY.

—EI.l-j.rEI + 1|:I|:I-5,r1-5.r2

1
W= 0 Fet,y) = | 0.1y - 100-y, -y, - 1000y,
0

1000-y,

D == thdfixed(y0,0,50,20000,F)

g OF
i 08
F 0.4
=T oz

T

I:IIZI 0 20 30 40 50 a0

D{u}

Puc. 6.19. Pemenue sxectkoit cucremsl OY dynkimeit rkfixed

Hogast ¢ynkumst Radau umeer Takoii e coHCOK apryMeHToB, kak u ¢ynkiuun Rkadapt u
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Bulstoer, a umenno: Radau(y, xi, x,, D).

®Oyukius Radau npennasuauena juist pemiendst cucteM kecTkux OJIY, xak u QyHKIMH
Stiffr u Stiffb. IIpenmymectBom dynxmmu Radau nepex Stiffr u Stiffb ssastercst To, uro ona
He TpeOyeT yKa3aHus AKoOHaHa B Ka4eCTBe Mapamerpa QpyHKIHH.

CpaBHeHue pe3ysbTaToB pacdera kectkoi cuctembl OJY ¢ nomorneio Gpynkuuit Radau u
Stiffr npuseneno Ha puc. 6.20. YucieHHbIe pe3ylibTaThl, €CTECTBEHHO, COBHAIAIOT, HO
ucnone3oBanue Gynkimu Radau mpoue.

Ha pwuc. 6.21 mokazano pemenue Tod xe cucteMbl OJlY ¢ mcmomnp3oBaHHEM (QYHKIHH
Odesolve (B koHTeKCTHOM MeHIO BbIOpaH criocob peruenus Stiff).

%) N
Vo= xl =10 =3 ace = 10
-2
npts =3 lmaw =530 step = - 4
| EE-YD + 42-‘{1 | 0 12 4
DG = Y - ALY (.= [n 21 -41]
& = stiffi(y xl i ace, D, T kmax, step) E = radawy,xl %2, ace, D kmax, step)
o= BtffrCy xl 2 onpte DT D = Radaw v, xl 22 npts I
1] 1 2 1] 1 2
0 0 3 -2 0 0 3 -2 TaBauuel
1| 00023 2.876 |-1.868 1 0.001 2.99(-1.889 1z A0 Todek
A=13|00158| 2778 |-1.761 B={2 0005 292(-1915
3| 0022 2689 (-1.667 3| 0.024| 2663 [-1.638
41 0029 2615 (-1.585 41 0.044) 2503 |-1.458
a | 0037 2552 (-1.515 a | 0.0684) 2.41[-1.344
1 3 -2 1 3 -2
1 5437 -2712 1 5438 -2719 Tabnuuel
= D= Mz 3 TouEE
2 1478 7350 2 14778 -7 3ER

3 40182 -2009

(%]

40172 20086

Puc. 6.20. Pemienue sxectkoi cucteMs! ypaBHeHuil pynkiusamu Radau u Stiffr

Given  ¥(f) = 22.3(f) + 42371) w0 =3
Vb = -2lah) - 4wyl = -2

x x
[ ] = Ddesnlve[[ ],t,3:| t=0.3
¥ ¥

t=  wh=  yb=
1] 3 -2
1 9.43 -27148
2 14777 -7.3849
3 40172 -20.086

Puc. 6.21. Pemenue sxectkolt cucteMsl ypasHeHuit gynkiueit Odesolve

6.3.1. dyHKkumsa Radau B Mathcad 14

B Mathcad 14 B obOpamenun k ¢pyHkunn Radau mosBUIIOCs TpH HOBBIX HEOOS3aTEIBHBIX
apryMeHTa:

Q J— marpuna Sko0wu;



148 QO M — marpuia cBs3M nepeMeHHbIX B popme M (%j = f(t, y);

Q [tol] — uucno wnm BEKTOp YHCEN, YKa3bIBAIOUIMX TOYHOCTH pacyera M0 KakIoi
NIEPEMEHHOM.
Oopamienue k pynkuuu Radau:

Radau()/, X1, X2, M, D7 [J]’ [M]: [tOI])

B mpuBenenHoM Ha puc. 6.22 mpuMepe pemaercs cucTeMa u3 IByX AuddepeHInanbHbIX |
OJJHOTO areOpanveckoro ypaBHEHHI.

Sz -04x+10"y2 ANV
d (x) (¥
dy=004x-10"yz-310" 5 ‘ v ‘ = | ¥
* VIS vz

x+y+z—-1=10
v Matpuua ceAzm

Ana cnpasku iyn
o o d 100
(4 ) (4 )
M| Syl =ty M|Sy|=|4 M=|010
\dt ) A S
dt 0 0 0
L0
Matpuua Akobi
4 4 4 0
=045+ 10 ¥y vz —.04 10 %3 10 %1
- 4 7 2 -
B9 =) gagg- 10t yr93- 31070507 | T8 =] 04 _10'5,-61079 107y
yo+yi+yz—1 Lol 1 1

s

Puc. 6.22. ITogroroska cucrems! OJ1Y K perieHuto

HauankHele yenoeMs JHanasoH MHTErPHPOBEHKA
4
yp=1 w1=0 w3=0 ty=0 =410

Z = Radaul v ty,t;, 1000 £ M|

po B AD g POR
1 - o b R R A
0.8 ’,.-"'
i
¥
0.6
¥
.04
0.2
0
0 1x10% ax10* w10? ae1o?

t

Puc. 6.23. Pe3ynbrat pemenns CHCTEMBI ypaBHEHHH ¢ moMomIbio pyHknuu Radau

B marpune cBsa3u M Hynb BHU3Y Ha IJIaBHOM JMAaroHaJd O3HAa4yaeT, YTO IIpaBas 4acTb
TPETHETO YPAaBHEHUSI PaBHA HYIIIO.



149

J71st OBBIIEHNST TOYHOCTH pacyeToB B oOpainenre k GyHkinu Radau BkiroyeHa maTpuna
Sxo6u. OgHako I AaHHOTO TMpHUMepa SKOOWaH MOXKHO YIanuTh. Pe3ynmpTaTel pacueTa
MIpUBEICHEI Ha puc. 6.23.

6.4. HaxoxgeHne peweHus TONbKO B KOHEYHOW
TOYKe

@OyHKIMU U YUCIICHHOTO perleHus and¢epeHnanbHbIX YpaBHEHUH, OMMCAaHHbIE paHee,
UCKaJIM pelLIeHHe y(x) B PaBHOOTCTOSIIIMX TOYKAaX Ha OTPE3Ke OT X; 0 X;. OHaKko yacTo
BO3HMKAET 3371a4a, KOTrja HEOOXOANMO HaWTH PEIIEHHE TOJIBKO B KOHEYHON TOYKE HHTEpBalia
y(xz) @OyHKINY, ONHMCaHHBIE paHee, OyIyT AaBaTh TAKOE PELICHHE, OJHAKO IIPH 3TOM
Jlenatb MHOTO HEHYXHOW paboTel. Eciam Hy)XHO TONBKO 3HaueHHE (QYHKIMHM B KOHIE
MHTEpBasa y(xz) , MOXKHO HCIIOJIb30BaTh (DYHKIMH, ONTMCAaHHbIE B ganbHeimeM. Kaxnas u3

HHUX COOTBETCTBYET OJHOW M3 (pyHKIMII, MEPEUNCIICHHBIX paHee, U 00JalaeT aHAJIOTMYHBIMU
cBolicTBamu. MIMeHa Takux (yHKUUI HAYMHAIOTCS CO CTPOYHOM OYKBBL.

Oo0pamenue K 3TUM QpyHKIUAM:
bulstoer(y, x;, x,, acc, D, kmax, save);
rkadapt(y, x|, x,, acc, D, kmax, save);
radau(y, xi, x,, acc, D, kmax, save);
stiffb(y, x1, x,, acc, D, J, kmax, save);
stiffr(y, x1, x,, acc, D, J, kmax, save),

Iie y — BEKTOp HAYaJbHBIX YCJIOBHH pasMmepHOCcTH n (n— mopsamgok OJY mmm gucio
ypaBHeHuid B cucteme OJ1Y); x| U X, — TpaHWYHbIE TOYKH WHTEPBaIa, HA KOTOPOM HILETCS
pemienne cuctembl OJ1Y; HavanbHbIE YCNOBHS, 3a/laHHBIE BEKTOPOM ), — OTO 3HAUYEHUE
pemeHnst B TOYKE X|; aCC— TMapaMeTp, KOHTPOJIUPYIOIINH KadecTBO pemieHus. Maioe
3HaYeHWe aCC BBIHY)KIACT alTrOpuTM OpaTh MEHBIIHE IMard BAOJIb TPAEKTOPHH, UYTO
YBEIIMYMBACT TOYHOCTH pEIIeHUs, 3HaueHus acc, omuskue K 0,001, mpuBomar k xopomieit

TOYHOCTH PEILICHHUS; D(x,y) — nN-MEpHBIM BEKTOp, KOTOPBIA COJEPKHUT IEpPBBIC
NPOU3BOIHBIC HEM3BECTHBIX (QYHKIHMHA; [ (x, y) — (yHKLMS, KOTOpasi BO3BpAILAeT MaTPHILY

pasmepoM n x (n+ 1), mepBblii cronmOel ee CONCPKUT MPOU3BOAHBIE F (t, y) no y,

OCTaJBHBIC CTONONBI TpeAcTaBIsIOT coboit Marpuity Skodm cucrembr OY; kpax —
MaKCHUMAaJIbHOE YUCIIO MPOMEKYTOYHBIX TOUYCK, B KOTOPHIX HIICTCS PEIICHHE, OTpaHNIHUBACT
YHCIO CTPOK MAaTpHUIBl, BO3BpamlaeMol STHUMH (QYHKIUSIMH; Save — MHUHHMaJIbHO
JOITyCTAMBIN MHTEPBAJl MEKAY TOYKaMH, B KOTOPBIX HINETCS MpHOMmKeHHOE pemerne. OH
orpenesieT MUHUMAIBFHOE pa3iindie MEXIY JIOOBIMH JIBYMsS YWCIIaMH B TICPBOM CTOJIOIC
MaTpHIIBI, BO3BpAIIaeMON (PYHKITUCH.

Crenyer OTMETHUTh, YTO 3KOHOMHS BPEMEHH IIPU UCITIOIb30BAaHUN TaKUX (YHKIHI HEBENHKA,
Y TT03TOMY NPHMEHEHHUE UX BPSJ JIN IEIeco00pa3Ho.

[Ipumeps! KCOIB30BaHMS TAKUX (YHKIMH NpUBEAEHBI Ha puc. 6.20 u 6.24.
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HMcxogHoe ypaeHenue  3'(x) = 27 npn y(0)=5

¥l=-3 =3 aon = lEl_j kmar =10 sawe:= 10 3

o
¥p = 5 Dix,v)=2

Z = tifived(v,-3,3,20,00 ObeiyHoe peweHve B 20 Toukax
Z1 = bulstoen(y,xl 22 ace D lanax, save) PeLUEHMA, CNpaBELIHEbIE

22 = tkadapt(y,xl 32, ace, D, kmax, save)  NMLE B KOHEYHOWA TOYKE
I I I

53 +
z{l}

52
Z1’{1}
Eg il
za!
e

48 ' : :

Z{u}r , ZI{D} , Zz{u}

Puc. 6.24. Haxoxnenue perenust OLY ToabKo B KOHEUHOH TOUKE

[Ipu wmcmonme3oBaHUK ATHX (HYHKOHHA TOYHBIH PE3yIbTAT MOIYYaeTCS TOINBKO B KOHEYHOM
Touke. BEIBO IpOMEXyTOUHBIX ToUeK OecnoneseH (puc. 6.24).

6.5. [IByxTO4YeYHble KpaeBble 3ada4un

[pu perrennn nquddepeHInanbHOro YpaBHEHHU IEPBOTO MOPsAKa 3a4aeTcsl OAHO TPaHUYHOE
YCJIOBHE, U OHO 0053aTENBHO JIOJDKHO OBITH 3aJlaHO B Hayajle MHTEPBala MHTEIPHPOBAHMS.
Ipu pemrennn ogHoro mudGdepeHHaTBPHOI0 YPAaBHEHUS BBIIIE IIEPBOTO IMOPSAKA YHCIO
T'PaHUYHBIX YCIOBHH JOJDKHO OBITH PaBHO MOPAAKY YPaBHEHHUS. DTH YCIOBHS MOTYT OBITH
3agaHbl B OJHOI TOYKe, B KOTOPOH 00A3aTeNbHO JOJDKHO OBITH Hayallo HHTepBana
MHTETPUPOBAHUS, WM B IBYX TOUYKAX, OJHA U3 KOTOPBIX 00A3aTEJIbHO JOJDKHA OBITh HAa4aIoM
MHTEpBala WHTErpupoBaHus. BTropas Touka Moxer ObITh JroOoi B Mathcad 13 u 14. B
CTapbIX BepcUaX 00sA3aTeNbHO NIpaBee Hayajla MHTepBaa.

Jnst pennenns auddepeHnraibHbpIX ypaBHEHHH JIF000T0 HOPSAIKA ¢ TPAHUYHBIMA YCIIOBUSIMHA
JIydllle BCEro WCMojb3oBarh ¢yHkimio Odesolve. OpHako MOXKHO HCIIOIB30BaTh U BCE
ocTanbHBIC paccMoTpeHHble GyHkuun, Hanpumep rkfixed, Rkadapt, Bulstoer u np. MoxHo,
HO ci10kHO. ['opaso cnoxkaee, yem Odesolve.

Honyctum cnenyroiee:

O pgana cucremMa JudQepeHIManbHbIX  YpaBHEHUH WM onHO auddepeHnnanbHoe
ypaBHEHHE TIOPsAKA 1

QO B HayaJbHOM TOYKE X; MHTEpBala, Ha KOTOPOM MILNETCA pElIeHHe, 3aJaHa 4acTb
T'PaHUYHBIX YCIIOBHIA;

Q BHYTpH WM B KOHIIE HHTEpBAJla B TOUKE X, 3aJjaHbl HEJOCTAIOLIE IPAHIUUHBIE YCIOBUS;
O olmee KOJIMYECTBO TPAHUYHBIX YCIIOBHH PaBHO 7.

B 3ToM cnydae HEOOXOIUMO HCIOJNB30BaTh (YHKLUWIO Sbval, 4To0bl HaliTH HelocTaroLue
TpaHWYHBIE YCJIOBHS B Touke X;. Ilocime 3Toro MoxxHo OymeT pematb OOBIYHYIO 3a1ady C

HadaJIbHBIMH yCIoBHAMH (3anady Komm). s perrenust 3agaun Ko MOXHO HCIIOJIB30BATH
1r00yI0 U3 ONMCAaHHBIX paHee B 3TOM Ii1aBe (QPyHKIUH.
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BHUMAHUE

Oyukuust sbval we pemaer nuddepeHnuansHoe ypaBHEHHE — OHA TOJNBKO BBIYHCISAET
HEOCTAIOINE HAYAIbHBIC YCIIOBHSL.

st Toro utoObl Haiimenusle (yHkipeid sbval HemocTarolye HaYajgbHbBIE YCIOBHS OBLIA
COrJIacOBaHbl C TPaHUYHBIMM YCIOBUSIMH BO BTOPOM TOYKE HMHTEpBaNa, HCIOIb3YETCS
anroput™m  ctpenbObl. CyTh MeTOAa CTpenbObl 3aKiIodacTcs B IPOOHOM  3aJIaHUM
HEJOCTAIOLIMX HayaJbHbIX YCJIOBUH M pelleHuu 3areM 3agaud Komu u3BeCTHBIMU
METOJIaMH.

Oopamenue k GpyHkuuu Sbval BEINISIUT CIEIYIOMUM 00pa3oM:
sbval(z, x;, x, L, load, score),

TA€ Z-— BEKTOp Ha4YaJIbHBIX HpPI6HPI)I(eHI/II>'I JUIA HEOOCTAIoIIMX Ha4daJIbHBIX yCHOBPII;’I B
TOYKE X1, X1 U X, — TOUYKH MHTCPBaAJa, B KOTOPLIX 3aJaHbl TPAHUYHBIC YCJIIOBUA; D(X, y) —

(hyHKIHMA, colepKaiias B BUAC BEKTOPa U3 7 3JICMEHTOB MEPBbIC MPOU3BOIHBIC HEU3BECTHBIX
¢bynkuwmii; load(x;, y) — BekTopHas QYyHKIHsI, COAeprKallas 3HaueHHs] HA4alIbHbIX YCIIOBUH B
TOYKE X;. BEKTOp COCTOUT W3 1 BIEMEHTOB, KOTOPHIE COOTBETCTBYIOT BEKTOPY HaudajbHBIX
ycioBUM B TOuke X;. HekoTopwie M3 3THX YCIOBHH OyIyT KOHCTAaHTaMH, OMPEeNIIeMbIMU
HaYalbHBIMH YCJIOBUSAMH. J[pyrue 3JeMEHTHl HEU3BECTHBIC W B JajbHEWIIeM OymoyT
omnpesenens! pyukueit shval; score(x,, y) — BekTopHast GyHKIHsI, BO3BpAIIAIOIIas BEKTOP,
KOJIMYECTBO JIEMEHTOB KOTOPOI'O PAaBHO MOPSAIKY ypaBHeHUsS n. Kaxkaplil aieMeHT BeKTopa
COJIEP’KUT PA3HOCTh MEXIY HayajJbHbIM YCIOBUEM, 33aJaHHBIM B TOYKE X, U 3HAYCHHEM
HMCKOMOTO pelIeHUs YpaBHEHHUS B OTOM Touke. BekTop SCOre moka3bIBaeT, HACKOJIBKO
3HAYCHUS HAWJICHHOTO PCIICHUS B TOYKE X, ONU3KMA K 3HAYCHUSIM, 33J]aHHBIM B TOYKE X).
3navyenne 0 Ui JIF000TO AIIEMEHTA YKA3hIBACT HA TIOJTHOE COBIAJCHUC HAYATHHOTO YCIIOBHS
U TOTO 3HAUEHUs, KOTOPOE Bo3BpamiaetTes GpyHkiumeit sbval.

F P
a
b
1 X
=
- L e
OuddepeHyMantHOE YpaBHEHKE d’y = M)
YNPYroW TMHUKY Bankw dx”
McxofHElR AaHHER 4NA pacdeTa
a=03 bh=15L=2 P=1 E:=2-1IZI11 I= -’-1-1I:I_8
M =-Px+Plax—-a(xxa +Plx-tlx>m
=1 HavaneHoe npubnuxerde ona va
T P
1 i MZEBCTHOR ¥(a)
Dl = | mex load(x,z) = z, | HewsBECTHOR y(d)

El
sootel b ¥ = ¥y Pa3HALE MENAY BbIMHCIEHHEIMM
H 2303HHEIMKH SHAYEHUAMK ¥y
3= shvallz,a,b D load,score)
_ - 3| NEPEAA NPOMSEOOHAA
a= [3.126 = 10 J npH ¥=2

{1})

vyl = thdixe ,a,L,10,D scnre[h,ﬂrl =0

H
FIELUEHHE Ta4YHOEe

Puc. 6.25. Pacuer nporut6a 6anku ¢pynkimsamu sbval u rkfixed

B kagectBe mpuMepa pemieHHs ABYXTOUYEYHOH KpaeBoil 3amaun Ha puc. 6.25 TOoKa3aHO
penienne IUQQEepeHINATEHOTO YPaBHEHUS YIPYroW JMHUM OalKH C JBYMS KOHCOJSIMH
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(ompenenenue mporuda Oanku). M urto xxe? Mathcad He cripaBuiICs ¢ MOCTABJICHHON 3a1a4eii.
Bce BcTpoennbie QyHkumu miust pewenus auddepeHunanbHbIX YpaBHEHUH, BKIIOYas U
¢dyukuuio Odesolve, TpebyroT 00s13aTebHO 3aJaHusT OHOTO U3 IBYX I'PAHHUYHBIX yCIOBHUIA
Ha JIeBOM KoHIe Oanku. [loaromy nporu6 Oanku Ha JI€BOW KOHCOJIM ONPEACIUTh HE yIAeTCs
(puc. 6.21). Mathcad omnpenenser nporud Oanku BO BCEX TOYKAX, HAYMHAS C JICBOW OMOPHI
Oanku (Touka A), x = a.

Ha Oaske Tpm yuacTka, 1O3TOMY ypaBHEHHE H3ruOarolmero MomeHra M(x) 3ammcaHo ¢
UCIIONIb30BaHUEM OYJIEBBIX OIEpaTopoB (BO3MOXHA 3amuch M(x) C HCIIOJIb30BaHHEM

¢bynkunn ycnosust if wnu ycnosHoro oneparopa if ¢ manenu nporpaMMHUpOBaHHs).

Jnst cpaBHeHMs Ha puc. 6.26 TOKa3aHO pEIIEHHE TOW K€ 3aJauyd C MOMOUIbI0 (YHKIIUU
Odesolve.

InA CpaEHEHKA To ¥e pelleHMe ¢ noMowei dyHkuMy odesalve

Civen E-I.'2) = DD yia) =0 wik =0
L
vy = odesolve(x,L) i=a,a+ ﬁ L
1
0.5
[yt 10°) 0
OO s
- 10 -
-15
RE 1 15 2
Wl{u},x
&

vl =aa| yy0H =0 yyly=7212x 10"

|.-'-‘-.rgument outzide of solution interval |

Puc. 6.26. Onpenenenne nporuda 6amku (cM. puc. 6.25) pynkaueit Odesolve

B HEKOTOpBIX cilydasx OBIBAaeT, UTO KPOME TPAHMYHBIX YCIOBHH B IBYX TOYKAax 3aJaHO
yCJIOBHE ¥ B HEKOTOPO# TpeTheil TOUKe BHYTPH WHTEpBaa HHTETPHPOBaHUs. B aToM ciydae
HEoOX0aMMO HCIonb3oBath (ynkumio bvalfit, kortopas, kak wu sbval, sesraumcaser
HEJIOCTAOIINE HAYaIbHBIC YCIIOBUS ISl IOCICAYIONIEro perneHns 3anaun Ko,

Oo6pamenue k pynxkuun bvalfit:
bvalfit(z,, z,, x1, x2, x5 D, load1, load2, score),

rae z; — BEKTOp, conepmamuﬁ Ha4yaJIbHOC npn6nm1<e1me JJIA HadYaJIbHBIX yCﬂOBHﬁ, HC
3aJaHHbIX B TOYKE X{; Zp — TO K€ CaMO€ JJIA I'PaHUYHbIX yCﬂOBHﬁ, HC 3aJIaHHBIX B TOYKC X;,
X1 M X — TOYKHA MHTCPBaJIa, I'’IC 3a/laHbl I'PAHUMYHLIC YCJIOBUS, Xy — HEKOTOpPAs TOYKA MECKIY
X1 U Xp. B aT10# TOuke peuICHUA, HAYNHAIOMMNECSA B TOYKAX X U X, JOJIKHBIL OBITH PaBHBI;

D(x,y) — ¢yHKUMs, coiepikamias B BHIE BEKTOPa NEPBbIE IPOU3BOJHBIE HEH3BECTHBIX

¢byukumii; load1(x), z)) — BekTopHas GYHKIHS, BO3BpAIAIOMas 3HAYCHUS] HAYATIBHBIX
YCIIOBUII B TOUYKE X;. BEKTOp COCTOUT U3 71 3JIEMEHTOB, KOTOPbIE COOTBETCTBYIOT BEKTOPY
HavyallbHBIX YCJIIOBHH B TOuke X|. Hexoropble M3 3THX YyCIOBUi OyAyT KOHCTaHTaMmHu,
OnpeaAc/Ia€MbIMI HaYaJIbHBIMHA YCIIOBUAMU. prFI/Ie JJIEMCHTbI HCU3BCCTHBLI U B ,uaanef/imeM
OymyT onpenenensl dpyukuueit bvalfit; load2(x,, z,) — dbyukuus, ananornanas loads, Ho st
3HA4YEHHH B TOYKE X; SCOre(x; y) — BEKTOpHas (yHKUMS, BO3BPAILAOILAS BEKTOP M3 7
aneMeHnToB. OH onpeesnsieT, HACKOJIbKO 3HAUSHUs PEIICHUH, HAYMHAIOIMXCS U3 TOYEK X| U
X, COOTBETCTBYIOT APYT APYry B Touke X. Eciu HeoOXoammo, YTOOBI pelleHHs COBMAIH,
onpeenure SCore(xy, y) = y.

10T METOA HYXHO MHCIIOJIB30BaTh, KOTJa MPOWU3BOAHBIE HMEIOT pPa3pbIiB I‘Z[C-J'II/I6O Ha
HMHTEpBAJIC NOUCKA PEHICHUA.



IMpumep ucnonb3oBanust Gyukuuu bvalfit mpusenen ua puc. 6.27, pe3ynbraTsl pacyera — Ha

153 puc. 6.28. lna nuddepeHnaIb-HOro yYpaBHEHHST BTOPOTO TOPSIIKAa C Pa3phIBHOM MpaBoit
yacTeio d B Touke x,=0 ¢ momompio GyHkiuu bvalfit Haiinens! HenocTaoUe rpaHUYHEIE
YCIOBHS B TOYKaX X; U X,. Janee ¢ momomusio ¢yskumu rkfixed pemieHo ypaBHeHwme
st x < 0.

Pemienne 5T0ro ypaBHeHMs B TOUKE X; UCIOJIL30BAHO B KA4ECTBE HAYabHBIX YCIIOBMH I
pELICHUs! ITOTO XKe ypaBHEHuUs mpu x > 0.

HOueperumantHoe YPaEHEHWE C PE2PEIBHOR NPAEOH YACTEH

KRABERIE YCNOBKWA

" ¥ npux=0
ol npn el wh=2 y-h=1
7 xf =0 TOYKS CTEIKOEKH QEYX
1

D[:x SF:I _ FY¥CKOE peLleHHA
N A e S B L)

ZID =1 CTAPTOBEIE 3HAYEHMA w1}

AnA NoWcks BeNUYMH
2l = 1 ¥

1 -1
loadl(xl, zl) = zl, | CTAPTOBOR 3HAUBHHE  y(-1)

2 b
loadi(x2,23) = z, | CcTapToBOE sHauEHME (1)

score(xf, ) =y YCNOBME, NPUBOAALLEE K CTBIKOBKE
peleHui B Touke x=xf

3= bvalfit(zl ,22,-1,1,0,D,loadl | load2, score)

8= (0002 -0678) COAGPXMT (1) M (1)

Puc. 6.27. Kpaepas 3a1aua ¢ rpaHUYHBIM YCJIOBHEM B IPOMEKYTOUHOM TOUKE

FelWasm 2 auddrepeHUranbHB YpaBHEHWA
C M3BECTHEIMKY HAYANEHEIMK YCNOBUARK

& \

T1= rk_ﬁxed“

-

Ylig, 1) )
|,—l,0,1U,D ¥2 = rkﬁxed‘ ,0,1,10.D
50,0, Tlio,z

4 .

OnA cpaBHeHHA TO Xe pelleHMe ¢ NOMOLWEK dVHKUWK odesolve
v = EE < 0,5@.7E)  [openaite MecTamu
Given ') = y(x) (2 < 0 —y(x)(x = 0) 9TW 2 ypaBHeHUs
yi-11=1 (11 =2 v:= Cdesolve(x, 1) x=-1,-08%.1

FelleHre YpaBHEHWA C MCNONBI0BAHUEM yHHLIWEA

odesolve bvalfit v rkfixed
2.5 2.5
2.25 2.25
- L]
|
d vl d .
yix) 1.75 1.75 .
AL
1.5 1.5
L N ]
1.25 1.25
1 1
-1-050 05 1 -1-0510 05 1
x 10 40

Puc. 6.28. Peurenne ypasuenus (cM. puc. 6.27) pynkuueit Odesolve

Tenepb mOCMOTpPHUTE, KaK 3TO K¢ ypaBHeHue pemaet Gpynkis Odesolve ¢ ncrnosp3oBannem



154

OyJIEBBIX OIEPATOPOB ISl 3allMCH [PAaBOM YaCTH ypaBHEHWSI Wik (YHKUHH yciaoBus if
(puc 6.28). YcrmoBHBIM omepaTtop MPOrpaMMUpOBaHus if B JaHHOM Cilydae MPUMEHHTH
HEIIb3s1, TAK KaK Iepe/l BEPTUKAIBHON 4ePTOH, yKa3bIBAIOIEH HA BBOJ NMPOTPAMMBI, JOJIKEH
CTOSITH OIIEpaTop NMPHUCBOCHHS 3HAUCHNUS (=, a HE JIOTHYECKUH 3HAK paBEHCTBA =.

Ha puc. 6.28 taoke BbiBeneHbl Trpaduku peuieHust aAndGepeHInaIbHOr0  YpaBHEHUS
¢ momorneio ¢pyuknuu Odesolve n ¢ynkmumit bvalfit u rkfixed. O6a rpaduka momHOCTBIO
cosmanaror. @yuknus Odesolve Bossparuna pyukmmio, a pyuxuus rkfixed — maccus.

6.6. PelieHve gndpdepeHumnanbHbIX ypaBHEHNN
B YaCTHbIX NPOM3BOAHbIX

JuddepeHunanpHple ypaBHEHHsI B YaCTHBIX MPOU3BOJHBIX TPEOYIOT HAXOXKICHHS (YHKIIUU
HE OJIHOW, a HECKOJIBKUX NepeMeHHbIX. Mathcad mMeeT oueHb OrpaHNYEHHBIE BO3MOXHOCTH
JUIA pelIeHMs] TaKUX ypaBHEHUH, Belb JUIA peIIeHHs KaXJOro BHUJAa YPaBHEHHUH B YaCTHBIX
NPOU3BOJIHBIX TPEOYETCS CBOM METO/1 PELICHHSI.

ypaBHeHI/l}l B YaCTHBIX NPOU3BOAHBIX MOKHO PAa3JACIUTh HA TPU TUIIA:

O mapaboJMUYeCKUe, COJACpKAIIMe IEPBYI0 MPOHM3BOJHYIO II0 OJHOH TICPEMCHHOW W
BTOPYIO — [0 APYTOM, MPUYEM BCE MPOU3BOJHBIC BXOAAT B YPaBHEHHE C OJMHAKOBHIM
3HAKOM:

O runepOoIMUYEcKHe, COAEpXKAllWe MEPBYI0 IMPOM3BOAHYIO IO OIHOW INEPEeMEHHOH |
BTOPYIO — TI0 IPYTOH, BXOAAIINE B ypaBHEHHUE C PA3HBIMHU 3HAKAMH;

d  3IUIMIOTHYECKHE, COACpIKaIllMe TOIBKO BTOPHIC IIPOM3BOJIHBIC, IIPHUYICM OJHOI'O 3HAKA.

6.6.1. dyHKLMM pelleHns napabonmyecknx n rmnepbonnuyecKknx
ypaBHEHUN

Mathcad Bkitouaet B ce0st e (GYHKIMHN /TSI peLIeHHsT MapaboIMYecKuX U THITEPOOINIECKIX
ypaBHenwuii, pdesolve u numol.

Oyukius pdesolve ucnone3yercss B coctaBe BeramciauTenbHoro Onoka Given—pdesolve
IUIsL PEIlieHHs] TUIIEPOOIMYECKUX WM MapaboIuYeCKUX YpaBHEHHUH (UM CHCTEM ypPaBHEHUIA)
B YaCTHBIX IIPOM3BOJIHBIX, UMEIONINX B KaueCcTBE apryMEHTOB, KaK MPABUIIO, BpEMs [ U
[POCTPAHCTBEHHYIO KOOP/IMHATY X.

Oo0pamenne K 310 pyHKIHUHU:
pdesolve(u, x, xrange, ¢, trrange, [xpts], [zpts])

BO3BpAIllaeT CKALIPHYIO (11 OJHOTO YpaBHEHWS) WM BEKTOPHYIO (JUII CHUCTEMBI
ypaBHEHMIT) (QYHKIUIO, SBISIONIYIOCS PEIICHHEM YpaBHEHUs (WM CHCTEMBl YpaBHEHWIA).
3mech u — SBHO 3aJaHHBIA BEKTOp MMeH (QYHKOui (0e3 yka3zaHWs WMEH apryMEHTOB),
HO/UISKAIIMX BBIYMCICHHIO. OTH (QYHKLMH, a TAKKe TPAaHUYHBIC YCIOBHS IOJDKHBI OBITH
ONpE/IeeHbl BHYTPH BBIYHCIHTEIbHOTO Onoka Given—pdesolve; x — mpoctpaHcTBEHHAs
KOOp/IMHATA; XTange — BEKTOp 3HAYCHHWH apryMeHTa X Uil IPaHUYHBIX ycloBUiA. OH
JOJDKEH COCTOSITh M3 JBYX YHCEN, HPEACTAaBIIOMINX ABE TPaHHIBl PaCYCTHOIO MHTEPBAA;
t — BpeMs (MMsI BTOPOTO apryMeHTa HEU3BECTHOH (YHKIMH); frange — BEKTOp 3HaUCHUH
apryMeHTa f JUId TPAHWYHBIX YCIOBH, COCTOSLIMH U3 ABYX YHCEN, NPEICTABIISIOLINX J(BE
TPaHMIBl  pacyeTHOro HWHTEpBana; XxPtS — KOIMYECTBO MPOCTPAHCTBEHHBIX TOUYEK
JIICKpEeTU3alny (MOXET He YKa3bIBaTbes); fPtS — KOJIMYECTBO BPEMEHHBIX CJIOEB (TaKke
MOJKET HE YKa3bIBaThCS).

Ipumep wucmonp3oBanus ¢yHkiuuu pdesolve mnpuBeseH Ha puc. 6.29. 3amnmch
BBIYMCIHTEIBHOTO Oiioka ¢ ¢yHkuued pdesolve ananoruuyna 3amucu Onoka ¢ (yHKuei
Odesolve. Pe3ynbraTsl pacyera mokasansl Ha puc. 6.30.
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PeweHue OAHOMEpHOro d2 Z

2
BONMHOBOro ypaBHeHUA — Wizt =a . —wix,t

dx

308ck W - NepemMealleHie, v - CKOPOCTE NepemelleH1A

2
roe Qw(x,t) = wix,ty TOrAa QV(X,I’.}I = az-iw(x,t)
a a :

MpeacTaEWM NepEOS YPAEHSHUS Kak
CUCTeMY By YpaBHeHWH NepBoro nopagka

GTER ) = e, Wz, 1) = v(x, )

rPaHu4HEle YCNOBKA

|( . \I
w(z,0) = sin| —— v(x,0) = 0
. L J
w0 1) = 0 w(l ) =0
_I_
P ‘e 0N (o0 2=l MoBaneHoe
| " | = Paesolve| | |x| |n] | =2  MpUCBOSHME
LT v WL AT napamMeTpoE
= 2‘]’1’

Puc. 6.29. ITpumep ucnons3oBanust Gyukimu pdesolve

CeTka pelleHHil BOJHOEOMD YPAEHEHHA
H3 EPEMEHHOM W NPOCTPAHCTEEHHOM HHTEREANAX

EnHHHYHOE peleHHe EQNHOEBOMD YRIBHEHHA M = Createlesh(w.0,1.0.T)

wix, )
wix,T)

Puc. 6.30. Pe3ynbraThl peiieHys BOJIHOBOIO YPaBHEHUS

O6paTI/IT€ BHUMaHUE€ Ha TO, YTO YpPaBHEHHUS BHYTPH BBIUYHCIHUTEIBHOTO 0J10Ka JOJIXKHBI
3allUCBIBATBCA C apryMEHTaMH. HHH I/I,I[CHTI/I(I)I/IKa].[I/II/I YaCTHBIX IIPOU3BOAHBIX CIIEAYET

HCIIOJIb30BaTh HIKHUN MHIEKC, HAIIPUMED, U, (x,t) — BTOpAas MPOU3BOJHAS (QYHKINH U TIO

HpOC’I‘paHCTBeHHOﬁ KOOpAUHATE X.

Henocratkom ¢ynkuuu pdesolve (kak u pynkiuun Odesolve) spisercss HeBO3MOXKHOCTD e¢
UCIIONB30BaHHUSI B COCTAaBE BBIPAKEHUS — MPOTPAMMBI JUIi MHOTOKPATHOTO PEIICHUS
muddepenumanpHoro  ypaBHeHusi. [Ipm  HEOOXOOMMOCTH  MHOTOKPATHOTO — PELICHHS
OOBIKHOBEHHBIX (P (EpCHINATBHBIX YPABHCHHI B COCTaB MPOrPAMMHOIO MOIYIS MOYKHO
BKITIOYATH crapeie pyHkuuu Rkadapt u Bulstoer

[Ipn HEOOXOMMOCTH MHOTOKPATHOTO perIeHus (g depeHnanbHbIX YPaBHEHHH B YaCTHBIX
MPOU3BOJHBIX B COCTaB MPOrPaMMHOTO MOIYJsi MOXXHO BKJIHOYATh (GYHKUHIO NUmol,

kotopasi, kak u pdesolve, nossunacs 8 Mathcad 11.

OyHkus NUMOl mpefHa3HaYeHa Ul PELICHHS TeX JKe yPaBHEHHH, 4YTO M (YHKLUS
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pdesolve.
Oo0pamenne K 3T0i GpyHKIHNHU:
numol(xrange, xpts, range, tpts, Npde, Nae, rhs, init, bc)

BO3BpAIAeT MaTPHILy pelleHus U hepeHInaIbHOrO YPaBHEHUS B YaCTHBIX IPOM3BOIHBIX B
KaXJI0l TOYKE IO NPOCTPAHCTBEHHOH (IO CTpOKaM) M BpeMEHHOH (1Mo croiduam)
koopauHate. Eciu pemaercs He OHO ypaBHEHHE, a CHCTEMa ypaBHEHHH, TO Pe3yJbTaToOM
pelleHUs SIBISICTCS COCTaBHAs MaTpuila, 00pa3oBaHHAs MyTEM CIUsSHHS (ClIeBa HAIIPaBO) CO
3HAYCHUSMHU KaKIA0W HCKOMOW ceTo4HOi (yHKIMH. 37ech xrange — BEeKTOp 3HauYeHUH
apryMeHTa Xx JuId TpaHU4YHBIX YycnoBui. OH JODKEH COCTOSTh M3 JIBYX 4YHCeT,
NPECTaBIIOMUX J(BE€ TPAaHMIBI PACUSTHOrO HHTEpBaNa; frange — BEKTOp 3HAYCHUH
apryMeHTa { Jyisi TPaHUYHBIX YCJIOBHMM, COCTOSIIUI U3 ABYX YHUCEN, MPEACTABISAIOIIMNX IBE
TPaHULBl PACUYSTHOTO MHTEpBaia; XPiS — KOJMYECTBO NPOCTPAHCTBEHHBIX TOUYEK
JUCKpeTH3amuy (MOXET HE YKa3bIBaThCs); !PIS — KOMMYECTBO BPEMEHHBIX CIIOEB (TaKxke
MOXXET He yKa3bIBaThesl); Npde — konudecTBo qu(depeHnnanbHbIX YPaBHEHHH B YaCTHBIX
NPOU3BOJHBIX B CHCTeMe; Nae— KOJHMYECTBO JIONOJHUTENBHBIX —alreOpandecKux
ypaBHEHHIA, BXOJSIIMX B CHCTeMy, NS — BekTop mpaBbiXx 4YacTedl ypaBHeHwuit; init—
BEKTOpHAasl (DYHKIMS, ONpeHeNsioNias HadalbHbIE YCIOBHA I KaKIOH HEM3BECTHOM
¢byHnkunm; bc — ¢yHKIIMOHANBHAS MaTpUIIa IPAHUYHBIX YCIOBHH.

BekTop rpaHUYHBIX YCIOBHI MOXET UMETh 3HAYEHHS TPEX TUIIOB:
Q rhs conepxuT BTOpBIE NMPOCTPAHCTBEHHBIC NPOM3BOJHBIC: I'PAHUYHBIC YCIOBHS (WIH
Hupuxne ”D”, nnu Heiimana “N”) TpeOyroTcs I0 OJHOMY € KaKJOH CTOPOHBI HHTEpBaa

HUHTErPUPOBAHHUS;

Q rhs conepxuT mepBbIie MPOCTPAHCTBEHHBIE IPON3BOAHBIC: TPAHHYHBIC YCIoBHs JupHxie
HAa JIEBOW WIJIM TIPaBO TpaHMIIEC HHTEPBaJa, Ha APYyTroi cTopoHe NA;

O HeT NPOCTPAaHCTBEHHBIX MPOU3BOIHBIX — TPAHUYHBIC YCIIOBHUS HE TPEOYIOTCSI.
OyHKIIMOHABHAS MaTpuIla bC comepkuT TpH CTONOIA, UMEIOIIUX CIIEAYIOIINM BHI:
a (init_left(?) init_right(?) "D") — mus rpaHnYHBIX ycaoBwii Jupuxie;

a (init_left(?) init_right(?) "N") — m1s rparnusbx yenosuii Helimana.

Tonb3oBaThes pynkunueir NUMOl Hamuoro crnoxuee, yem ¢yukuueit pdesolve (puc. 6.31 u
6.32).

NMPUMEYAHUE

I'pannyHOE yCIOBHE Ha3blBaeTCs ycioBUeM Jlupuxie, eciM 3aJaHO 3HaueHHe (yHKuuH,
nnu HelimaHna, eciu 3a1aHa iepBasi MpOM3BOAHAS (QYHKIIHH.
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HCXOOHOe YpaBHeHKe TO ¥e, 2 2

YTO W NPK PeLeHHH chyHKUMeR pdesolve EW(XJ) =a —w(x,t)
o 2
3EMEHEHO CHCTEMOR 3 a d
- Zwix,t) = vz, t) Zwixm,t) = a ——wix,t)
ABHEHHA : : : :
yp a dX2
Mpde == 2 JudhepeHUMansHe ypaBHeHWA Mae = 0 anrebpanYeckix
B 4acTHBIX NPOMIB0AHBX 2 28 =Y ypaBHeHWA HeT
i u1 b
BEKTOD NPaBsx YacTed yPaBHeHHA  rhelx,t,u,uqug) = | 3 ‘
=3 lexD
30eCk, Uy =W W Ug =W PR

s
BekTop HauansHEIX YCNOBMA nit(x) = ‘ WL

paHuyHbIE YCNoEMS

B Havane W B KOHLE
BbIBpaHHLI MHTepBanoB x it be_func(t) = ‘

.,

-

nit(0)g init(L)g "D" ‘

IINAII IINAII IID n f:
PelleHre ypaBHeHHs:

nx = 30 nt = 20

E s1om npumepe 20 ToYek N0 BREMEHW HA KEHOYHD WHHELMKD.
Toro nomyvaem Matpuily 13 40 KonoHH.

I 0 Y I 0 A
sol = numol@ L |,nx,|

b, Mpde , IMae  ths ,i.nit,bu:_func:|

R oS

Puc. 6.31. Perrenne BOJHOBOrO ypaBHEHHsI C HOMOIIBIO GyHKIHE Numol

mufs(snl:l =30 culs(sul) =40
MaTpuua sol cogepxMT B3 PeWEHWA: NEREOE ANA Up=ws W ETOROR ANA Uy=Y

(MOCMOTRWTE Wi JNA 3TOro Ha TReXMepHOM rpaduke zamednTe SOL Ha sol)

MCKNIYMM BTOROE pelledHde U0y S0L = suhmtrix[snl,[l,nx— I,D,nt)
i=0.30 L=2 xi:=% =10

CHAEHHMM DRWEHHE YRREHEHKWA BYHELUMAMK numol v pdesaolve

npu ti=0 - noMeHARTE SHaYeHKWe 0.

tnrnol pesobe
1 1
t0.2.1
o103 | w[xi’_]
Lo 20 o
g 1 z 1o 1 2
xj j
CPAEHWMM CETEY DEIWEHMA B NPOCTRAHCTER W BEQEMEHH
humal pdesole

0L I

Puc. 6.32. CpaBHeHHe penieH:s BOJIHOBOTO ypaBHEeHUs QyHKIMIMH numol u pdesolve

IIporiecc m3MeHEHUs pemeHus BO BpEMEHH YyI00HO HAOMIOMATh C HCIHOJIb30BaHHUEM



aHMMalMH pe3yabTaToB pacuera (puc. 6.33). [TogpoOHO 00 aHMManuHU TPadUKOB paccKa3zaHo
158 B riase 10.

AHUMMAUMA NAGCKOrS rpadinka it = FEAME ! 2
ot

EE] B BocnpoMIBECTH AHHMALMKD r;lglg

e —— . .
[ ]| | AmreposaTe | 1

g ||| COmesa |
| g FRAMES |
wlr), g

-1 M f MapareTpal... |

i V_IPFR.‘.ME}:l 0

] 03 1 L5 2 FRAME= 9 =1

Besfepuime 0ONACTE. Q0RYMSHTAE, CORSRAIT08 ROTOPOM

COHOBEHG HA NEpererHon FRAMVE, DDEQMTE HAYEMsHoE 1
FOta0s Saers FRAME 1 HEMTe ko L]
“MHeaToaaTs”

Puc. 6.33. AnuManus perieHyst BOJIHOBOTO YpaBHEHUS

6.6.2. PeweHune annuntudecknx ypasHeHun (Jlannaca v NyaccoHa)

C nomomipto IBYX BeTpoeHHbIX (yHkiuii, multigrid u relax, moxuo pemmts npocreiiimne
ciydan ypaBHeHusi IlyaccoHa. DTo ypaBHEHHE OYEHb 4YacTO HCIIONB3YeTCS B TEXHHKE,
HanpuMep, Ui ONUCaHMs MMoJel HanpshKeHHH U nedopMmanuii B IUIOCKOH 3ajaue TEOpHUU
YIPYToCTH, B 33/1a4aX TEIUIONPOBOJHOCTH, THAPOA3POANHAMUKH, JIEKTPOCTATUKH.

B Mathcad s uncnensoro peuieHusi ypasHeHust [lyaccoHa HCHONB3yeTCsl METOZ KOHEYHBIX
pa3HocTei.

Ypasuenue Ilyaccona umeert Bup

d*F(x,y) 0°F(xy)
+ =—p(x,y).
o2 oy p(xy)

Ecnu npaBas yacth ypaBHEHHsI paBHA HYJIO, TAKOE YPAaBHEHHME HA3bIBACTCS ypaBHEHUEM
Jlannaca

0*F (x,y) . 0*F (x,y)

=0.
ox? 6y2

Ha xBagpaTHoit obnactu ypaBaenue [lyaccoHa mpeacraBiseTcs B BUIES

AUy by +eu g+ d”i,j—l teu; ; =p; ;-

Yucnennoe pemenue umiercst B Mathcad Tonpko Ha KBajpaTHOW 00JacTH, COCTOSIIEH M3
(n+1)x(n+1) Touek. IlodToMy TpaHWYHBIE YCIOBHS JOJDKHBI OBITH OIpE/IEICHBI
MONTE30BATEJIEM ISl BCEX YETHIPEX CTOPOH kBampara. Camsblil mpocToii (M Hambollee 9acTo
HCIIOJIB3yEMBIii) BapHaHT — 3TO HYyJIEBblEe TI'paHWYHbIE ycioBus (ypaBHeHue Jlamaca).
B TakoM ciyuae MOXKHO MCIIONB30BaTh QyHKIH0 Multigrid.

Oopamenue Kk pyHkuuu:
multigrid(M, ncycle),

rae M — xBajpaTHas Marpuma pasMepoM 1 x 2nm, KOTOpas COAEPKUT 3HAYCHHS MPaBOM
yacTu ypaBHeHUs [IyaccoHa B COOTBETCTBYIOMICH TOUKE KBAJIPATHOM 00IaCTH;

Q Ncycle — yucno HMKIOB HA KaXKAOM ypoBHE urepaiuu ¢yHkiun multigrid. 3nauenue
Ncycle =2 00bIYHO aeT XOPOIIYIO allPOKCHMALIHIO PEILICHHS.

[pumep ucnonb3oBanus ¢pyHkuuu Multigrid npusenen Ha puc. 6.34.
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M= 0 oBHyNeHWE NpedblayILMG SHAYEHKA I

n=32 My =0 OBOHyNeHMe MaTPULLI NPaBLEX YacTed ypaBHeHA

f=1.4] [=1.4 Pp4j= —21 BiniounTe BEIDSHEAMA B pamke |

My 4.=-200  Map 12.= 200 Mzs z5:=-200 TpH TOYEYHBIX MCTOMHUKA

3HaveHusA Npaeoi YacTk YpaeHeHus
MyaccoHa NOCTOAHHE! BO BCEX TOYKAEX

F = mmultigrid (1, 2)

Puc. 6.34. Peenue ypaHenus Jlamaca ¢ nomosio Gyskimu multigrid

Ecnu rpaHuvHBIe YCIOBHS MO CTOPOHAM KBajpara HEHYJEBbIC, HEOOXOMHUMO HCMOIb30BAThH
¢bynkumio relax.

Oo6pamenne Kk GyHKIHM:
relax(a, b, c, d, e, f, u, rjac),

rie a, b, ¢, d, e— KBajpaTHble MaTpPHLBl OAMHAKOBOIO pa3Mepa, COAepiKaIliue
K03((ULKEHTH alNPOKCUMUPYIOLIETO ypaBHEHHUsT; f — KBaJpaTHas MaTpHLA, COJepiKarias
3HA4YEHHs MPaBOW YaCTH ypaBHEHHS B KaXIOW TOYKE OOJACTH, TJE WIIETCS PELIeHUe; U —
KBajZlpaTHas MaTpulla, CcoOJep)Kallas TpaHWYHBIC 3HAUEHHs pEIIeHHWS Ha TpaHUIax
KBaJIpaTHOW 0OJIACTH W HAayadbHOE MPUONMKEHHE AU PEIleHHs] BHYTpH 00JacTd; rjac —
CHEKTpaIbHBIN paanyc urepanuii SIkobu. 310 — uncio mMexxay 0 u 1, koropoe yrpasiseT
CXOAMMOCTBIO TIPOLIECCa pelaKCalHu.

Hcnonp3oBanue 3roit (hyHKIHMU TpeOyeT rryOOKOro 3HAHHWS METOAa KOHCUHBIX Pa3HOCTEH
JUTSL COCTABJIEHHS yKa3aHHBIX MaTpuil. [IpumMep ucnonb3oBanus GyHkiwu relax npusenen Ha
puc. 6.35 1 6.36

B uactu IV kuHuru npuBoaurcs npumep pelieHus ypaBHeHus IlyaccoHa mpu KpyuyeHUH
CTEpIKHEW MPOU3BOIEHOTO MOIEPEYHOTO CEUCHUSI ¢ IOMOILBIO 3HAUYUTENILHO 6OJIee MOIIIHOTO
METOJ]a KOHECYHBIX BIIEMEHTOB (mpuMmep 54). DTOT mpuMmep MOXKET OBITh IOJIE3eH U IPH
JpYTUX NPHIOKEHUAX ypaBHeHus Ilyaccona.
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CNpefenis pasMmepsl CaTHH
n=32 1=0.n 3:=0.n

ai,ji=1b2=a C=a d=a e = —d.a

Onpedenuid NONOHEHKE  MHTEHCHBHOCTE MCTOYHWKE Tenna
[YCTE BO BCEX YENEX MHTEHCMEHOCTE NOCTOAHHAA

Si,j= 005
[ paHu4HElS YCNoBWA
Ha BepxHeER rpaHuue fp,j =0 [NorMeHARTE
YENOBKA,
- 7 i BrnioyuTe
Ha HIBKHER TPaHMUe £y j = 2-cos| 4. | Boipa¥eHMd  [tn,j = O
oo E pamke.
no BoKam i i
tigp=2- tipn=2- t; g = 20
CNerTpaneHeId pagyc Akobu r=1- an r= 0804
n
FeweHne ypaeHeHWA [yaccoHa Fo=relax(a,b,c,d,e, 5,10

Puc. 6.35. Pemienue ypaBaenus [lyaccona ¢ moMouipio GpyHKiuu relax

Puc. 6.36. Pe3ynpratsl pentenns ypaBaeHus [lyaccona ¢ momomipio GpyHkuun relax

3aBepmiasi pacCMOTpPEHHE BO3MOXKHOCTEW pemieHus uddepeHInaNbHbBIX ypaBHEHHH,
OTMETHM, YTO CO3daHHas yHuBepcanbHas ¢yukius Odesolve, BrirouwBIIas B CBOI
Mexanu3M pemreHns OJlY Bce coznaHHble paHee QYHKIHMH IUIIOC (QYHKIMK HHTEPHOJSIHH,
OJTHA MOXKET CIIPaBHThCA C JIIOOOH M3 pacCMOTPEHHBIX B 3TOoW rmaBe 3amad. [Ipocrora
HCTIOJIb30BAHUS 3TOH (YHKIMHM B COYETAHWH C OTPOMHBIMH BO3MOXKHOCTSIMH BOCXMIIIACT.
Tem He menee, Mathcad moka He B cwiax pemars HEKOTOpble IuQQepeHIranbHbIC

YpaBHEHHUS.
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[naBa 7. ObpaboTka 3KcnepuMeHTanbHbIX
OaHHbIX

IIpn 00paboTKe SKCIEPUMEHTAIBHBIX IAaHHBIX, KaK MpPaBHJIO, BO3HUKACT 3ajada
anmpoOKCUMAIMK PE3YJIbTATOB SKCIEPUMEHTA AHAIMTHYECKON 3aBUCUMOCTBIO Y = [ (x) s

KOTOPYIO MOKHO UCIIOJIb30BATH B IMMOCICAYIONIUX pacyeTax.

CyH_leCTByIOT TPHU BO3MOXHOCTH alllIPOKCHUMAIIUH OINBITHBIX JaHHBIX.

1. Annpoxcumupyromas GyHkus (x) JIOJDKHA TPOXOJUTH YEPE3 BCE OIBITHBIE TOUKH.

Tako# crioco6 anmpoKCUMaIy Ha3bIBAETCSI HHTEPIOJISITUEH.

2. BriOpaTh anmpoKCUMHPYIOMIYIO0 (YHKIHIO TaKHM 00pa3oM, YTOOBI OHA CIIIaKHBAja,
yCpeIHsIa OMNBITHBIE JaHHble. Takodl crmoco0 anmpoKCUMAIldM  Ha3bIBAETCS
perpeccuel, Win CriakuBaHUEM.

3. TlopnoOpare anmpokcumupymoomy (yHKIU0, OTOpachiBasi —CHCTEMAaTHYeCcKYIO
MOTPEIIHOCTh, TaK Ha3bIBA€MbI€ ULIYMbI, HAJOXUBILIMECS Ha HKCIEPUMEHTalIbHbIE
nanHbIe. Takol crmocod Ha3hIBACTCS CIIAKUBAHUEM C (QMIIBTPAIIUCH JaHHBIX.

B Mathcad umMeercss MHOTO BCTPOEHHBIX (DYHKLMH JiIsi 00pabOTKM MaccHBOB JaHHBIX.
PaccmoTpuM nociieioBaTeNnsHO Bee TpH crioco0a 00paboTKH JaHHBIX.

7.1. NHTepnonaumsa

Berpoennsle  ¢ynkumum Mathcad 1O3BOJSIFOT NpH  MHTEPIONSLMM  MPOBOAWUTH 4Yepes3
9KCIIEPUMEHTAIIBHBIC TOYKH KPUBBIE Pa3HOI CTEIICHN TIIaIKOCTH.

7.1.1. JIlnHenHasa nHTepnonsaums

[Ipn nuHEHHONW MHTEPIIOIANNH aNPOKCUMHPYIOMmas (PYHKIHS COSIUHSCT OIBITHBIE TOYKH
OTpe3KaMH MpsAMbIX JUHUA. s JIMHEHHOW HMHTEPNOJSLUU MCIIOJIB3YETCsS BCTPOCHHAS
¢byukuus linterp.

Oopamenue Kk pyHkuuu:
linterp(x, y, 1),

rIe X — BEKTOpP ONBITHBIX 3HAYCHUS apryMeHTa; ¥ — BEKTOpP OIBITHBIX 3HAYCHHUH
(GyHKUMM; ?— 3HaYeHUE apryMeHTa, NPU KOTOPOM BBIUHCIIAETCS HHTEPIONIHPYIOLICce
3Ha4YeHHEe (yHKINH.

WHorna Hajao 3HaTh OJHO MHTEPIIOJIUpYIOLIee 3HaueHHe (DYHKLUK, HO Yallle ONpeaeseTcs
psn 3HaueHWH (YHKIMHU, TOT/IA ! — BEKTOp 3HAUSHMH, a Pe3yJbTaT pacyera — MacCHB
MHTEPIONHUPYIOMKUX 3HadeHuid. Eme dame ¢— TnpocTo mnepeMeHHas (apryMeHT
HHTEPIOIUPYIONICH (YHKIIMU), TOTAA Pe3yibTaT pacueTa — (YHKIHS, KOTOPYH MOXKHO
Jlajiee MHTErpUpoBath, JauddepeHIpoBarh U T. A. [IpuMepbl TUHEWHOW WHTEPIOISIIUN
nmokazanbl Ha puc.7.1. HcxoaHsli MaccUB JAaHHBIX Y Ha 3TOM pPHCYHKE CO3JaH
TEHEPATOpOM CJIy4aiHbIX ymcel Nd, O KOTOpOM pacCKa3aHO B CIEAYIOIIEH TaBe.
Koopaunatel X B 3TOM npumepe B3SIThl PaBHOOTCTOAIUMMH JPYr OT Apyra, HO 3TO He
00s13aTeILHO.
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MACCHE 3KCNEPHMEHTANEHEIX BaHHEIE (5%

Z=7(013 4671011 13 14 15:]T

Y:=(3T9552?9622:]T

WHTEPNOAMPYHWEE SHAYEHHE

V1= linterp(ZY. 50 Y1=3 o o nnoi Tauke ¥=6
Xl=(-1 2 %9 12 18y Y2 = linterp( ¥, ¥, X1)

Y2 - MAcCHE MHTERNONMPYHILWKME SHAYeHHA Macckea ¥ B TOMKEX,
2A0EHHEIY BEKTOpOM X1

t=0,02. mag) Vip(t) = linterp{ 3V {1 HENPNEPEIEHSA WHTEQNONMPY W EA

tvHELMA
10
¥ T
L L ) 4

00 |, 9.

T
Tl t) 0

-5 25 0 25 ] 15 10 125 15 175 20
X ELt

FpaiHde TodkM Ha rpaduke - 3KCTPANONALMA 2a NpeLEnkl MACCHER A

Puc. 7.1. Jlunelinas HHTEPIIOISIMS SKCIICPUMEHTAIBHBIX JaHHBIX

BHUMAHUE

B oroli r1aBe mus Bcex BCTPOCHHBIX (byHKL[I/Iﬁ B MAaCCHBEC OINIBITHBIX OAHHBIX DJICMCHTBI
BEKTOpa X JOJI?KHBL OBITH 00S3aTEIILHO PacnoJIOKEHBI B TOPSAAKE BO3paCTaHUA.

7.1.2. Kybnyeckasi cnnanH-uHTepnonsums

B OO0JBIIMHCTBE CITydacB KeJaTeIbHO COCTUHSTh SKCIICPUMEHTAIbHBIC TOYKH HE JIOMAHOM
JIMHUEW, a IIaaKou KpuBOoW. [l 3THX 1enell HUCHoNb3yeTcs CIUIaWH-UHTEPIONSAIUS.
KyOuueckasi CIUTaifH-WHTEPIONSINS TO3BOJISCT MPOBECTH KPUBYHO depe3 HabOp Todek
TakuM 00pa3oM, YTO TEPBBIC M BTOPBIC MPOW3BOJHBIC KPHUBOIH HEMPEPHIBHEI B KAXKIOH
TOYke. OTa KpuBas oOpa3yercs IIyTeM CO3IaHUsA psAaa KyOWYeCKWX MOJIHMHOMOB,
MPOXOASAIINX Yepe3 HabOpel M3 TPEeX COCemHUX TOo4eK. KyOwmdeckue MONMHOMBEI 3aTeM
COCTBIKOBBIBAIOTCS IPYT C APYTOM TaK, YTOOBI 00pa30BaTh €IMHYIO KPHUBYIO.

Jist KyOudeckol CrutailH-uHTEPIONSIIAK UCTIONB3YETCs BCTpoeHHas pyHkuus interp.
Oopamenue Kk pyHkuuu:
interp(vs, X, 7, ?),

rme Vs — BEKTOpP BTOPHIX MPOW3BOIHEIX, CO3MAHHBIA OJHOM W3 TpeX (QYHKIHA,
Ispline(X, Y), pspline(X, Y), cspline(X, Y); X — BeKTOp ONBITHBIX 3HAYCHUI apryMeHTa,
PAacIOIOKEHHBIX B TIOPSIIKE BO3PACTAHUS; Y — BEKTOP OMBITHBIX 3HAYEHUH QYHKIAM; { —
3HAYCHHE apTyMEHTa, TP KOTOPOM BEIYHCIISIETCS HHTEPIIONUPYIOIee 3HAUCHHE (DYHKIIHH.

CraiiH-uHTEpHONAIMS oprann3oBaHa B Mathcad HECKONBKO CiioXHee, 4eM JMHEHHas.
Iepen mnpumeHenuem QyHKIMK iNterp HeoOXOAMMO ONMpPEAEIWTh MEpPBbIH K3  ee
apryMeHTOB — BeKTOp Vs. Jlemaercs 3TO IpM IOMOIIM OJHOW M3 TpeX BCTPOSHHBIX
(hyHKIHI TEeX ke apryMeHTOB (X, ):

Q Ispline(X, Y) — co3aaer BekTop KOA(PPHUIMEHTOB KPUBOIA, KOTOpAs MPUOIIKACTCS K
OPSIMO¥L JTMHUK B TPAHUYHBIX TOYKaX;
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Q pspline(X, Y) — co3maer BekTop KOAPPUIMEHTOB KPUBOH, KOTOpasi IPUOIMKACTCS K
KBaJIpaTHYHOH Napabolie B TPaHUYHBIX TOYKAX;

Q cspline(X, Y) — co3naer Bekrop kK03(h(DUIMEHTOB KPHUBOH, KOTOpas MPUOIMKAETCS K
KyOmnueckoi mapaboiie B TpaHUIHBIX TOYKAX.

Bp160p KOHKpETHOW (DYHKIMH CIUTAMH-KO3()(DHUITHEHTOB BIMSET HA HHTEPIIOJSIIHIO BOIH3H
KOHCYHBIX TOYCK MHTEpBaJa. Hcnoap3oBanue ABYX (byHKI_ll/Iﬁ 1A UHTEPIOJIALIUN MOKHO
COBMECTHTh, 3amucas, Hanpumep, interp(cspline(X, Y), X, Y, t). Ilpumepsl kyOudeckon
CIUTalH-UHTEePIOJISIIMY TIOKa3aHbl Ha puc. 7.2.

Ylsp(tj = interp(lepline] X,V 2,V )
Fpsp(t = interpipspline(.¥) X714

Y,:Sp(tj = interpl capline V) 3T 1)

¥

L 1 1
Vilt)
Tl
S=r&
Vot

il t

[ T = O L = B = [, w |

—_

[}
[}

15 3 45 4 715 9 105 12 135 15
.t

Puc. 7.2. KyOuueckas CrmaifH-MHTEPIONALIS MAacCHBa Y, IpUBEICHHOTO Ha puc. 7.1

7.1.3. B-cnnanH-nHTepnonauus

B-crutaiiH-UHTEPHONSIUS  OTIUYACTCS OT OOBIYHOW CIUTAWH-MHTEPIONSIMA TEM, YTO
CIIMBKA OTHCIBHBIX OTPE3KOB (CIUIAMHOB) IPOM3BOIMWTCS HE B TOUYKaX JX;, a B TOYKaX,
KOOPIMHATBl KOTOPBIX 3aJaloTcs TMoJib3oBareneM. I[Ipumensercs wuHTepnoisiuus B-
CIUTaifHAMU Tak ke, KaK U 0OBIYHAs CIUIAHH-WHTEPIOISNNS, HO ISl ONPEICICHUS CIUTaliH-
K03 duIeHTOB puMeHsieTcs GpyHkuus bspline.

Oo0pamenne K GyHKIHM:
bspline(X, Y, XX, n),

raie X— BEKTOpP OMNBITHBIX 3HAYEHUH apryMeHTa, pacHoJO0XKEHHBIX B TOpPSIKE
BO3pacTaHWs, Y — BEKTOp OIBITHHIX 3HaYeHWHA (GYHKOUH; XX — BEKTOp 3HAYCHUI
apryMeHTa, TPH KOTOPBIX BBIYHCIAIOTCS HHTEPHOJIHMPYIOIINE 3HAuYCHUS (QyHKOWH; 71—
MOPSIOK TIOJTMHOMOB CIDIaifH-uHTepriosiun (1, 2 wm 3).

PaszmepHOCTh BekTOpa XX moipkHa ObITh Ha 7 — 1 MEHbIIe, 9eM pa3MepHOCTh BeKTopa X.
IlepBrrit aemenT BekTOpa XX MODKEH OBITh MEHBIIE IMEepBOTO JEMEHTa BekTopa X WiIn
paBen emy. Ilocnennuit smemeHT Bekropa XX IODKEH OBITH OOJbIIE MOCIEIHETO
9JIeMEHTa X UJIU PABEH EMY.

HanoxenHble Ha BekTop XX orpaHu4YeHus AeNal0T KpaliHe HEeyJOOHBIM HCIIOJIb30BaHuE B-
CIUTAH-WHTEPIIOJSINY, TaK KaK MOJIb30BaTellb JIMIIEH BO3MOXKHOCTH CBOOOJHOTO BHIOOpa
TOYEK CIIMBKHM MOJUHOMOB. K TOMYy >Ke MO HEMOHATHBIM mpuuuHam ¢yHkims bspline
OTKa3bIBACTCSl MHTEPIIOIUPOBATh HEKOTOPBIC HAOOPHI JaHHBIX. B IEHTpe NOKyMeHTaluu
Mathcad npumeps! ncronp3oBaHus 3Tod GyHKINM OTCYTCTBYIOT. [IpuMep ncrons3oBaHus
¢byukunu bspline npusenes ua puc. 7.3.
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Puc. 7.3. B-crunaiiH-unTepnossuus Maccusa Y, IpUBEAEHHOro Ha puc. 7.1

Y=(3 102345678
Y=(34212252112)°

¥roax — *rnin
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Puc. 7.4. BiusiHne 61M3KMX TOYEK Ha pe3yibTaT HHTeprnosnun. Maccus Y npuseneH Ha puc. 7.1
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NMPUMEYAHUE

Ecnu Ba cocelHUX 3HAUYCHHS aprymeHTta OJM3KH, Bce (QyHKINH HHTEPHOJISILIHN, KPOME
linterp, mator Bcmieck Ha rpaduke B 3ToM mecte (puc. 7.4). UroObl yOparh BCIUIECK,
pa3BHHBTE ONU3JIEKAIINE TOUKA. B 3THX Ciydasx jkenaTelIbHO MCMONB30BaTh (yHKIHA
perpeccuu BMECTO ()YHKIMI HHTEPIOIISLIAH.

7.1.4. luHenHoe npepckasaHne

Kpome wuHTEpHonsIMu B TPOMEKYTOYHBIX TOYKaX, MHOTAA HYXKHO OLCHUTH 3HAYCHHS
¢yHKIMK 32 mpenerTaMu 00JlacTH 3allaHHBIX TOueK. Bce paccMoTpeHHble paHee (YHKIMH
HMHTEPIIOJSIIMY BBIIOJHSIOT KCTPANOJILUIO JaHHBIX 3a TpejiellaMi MHTepBalla 3aJaHHbIX
TOYEK C TIOMOIIBIO COOTBETCTBYIOIIEH 3aBUCHMOCTH, OCHOBAaHHOW Ha aHajH3e
pachoJIoXKeHHsT HECKOJBKHX MCXOAHBIX TOYEK HA TpaHHLE HWHTepBana AaHHBIX. Ho B
Mathcad umeercs u cnenuanbHas GyHKIHs npeackasanus predict.

Oopamenue Kk pyHkuuu:
predict(Y, m, n),

rne Y — BeKTOp 3aJaHHBIX 3HAYCHUH (YHKIWMH, OOS3aTENbHO B3STHIX Yepe3 paBHbIC
MHTEPBAIBl APTyMEHTa; /M — YHCIO IIOCIEAOBATEbHBIX 3HAUCHWH Y, Ha OCHOBaHWH
koTopbIx (yHKuMs predict Bo3Bparuaer n mpeacka3aHHbIX 3HaAYCHHH Y.

3HadYeHUH apryMeHTa sl JaHHBIX He TpeOyeTcs, MOCKOJBKY, M0 ONPEAeIeHUI0, (QYHKIII
JICHCTBYeT Ha MaHHBIC, CICHYIOIINE APYT 3a JPYTOM C OJMHAKOBBIM miarom. OOpaTute

BHHMaHHE Ha TO, 4TO pe3ysbTar ¢yHkimu predict Hago BCTABIATH «B XBOCT» MCXOHBIX
JTaHHBIX.

Oyukuus predict ucrnonp3yer NUHEHHBIA aNrOPUTM MpEICKa3aHHs, KOTOPBIA SBISETCS
MOJIE3HBIM, KOTJa OJKCTpamoiupyercs GYHKOHMS Tiagkas W OCLIUUINpYIomas, XOTs
HeoOs3aTenbHO Ieproauyeckas. OTa (YHKIUS HMCIOJB3YeT IIOCIeIHHE M HCXOMHBIX
3HAYCHWH NAHHBIX, YTOOBI BBIYHCINTH KOI(D(UIMEHTH Tpeackasanus. Kak Tompko 3TO
CZIETIaHO, OHA HMCTIONIB3YET MOCIEAHNE /7 TOYEK, YTOOBI mpeacKa3aTh KoOopAuHATH (m + 1)-it
TOYKH, (PaKTUYECKH, CO3/[aBasi CKOJIb3SIIee OKHO IIUPHUHOM 7 TOYEK.

Kak BumHo wu3 pwuc.7.5, QyHKIUS [peACKa3aHWs MOXKET ObITh IOJIC3HOW TMpHU
SKCTPANOJISIIIAK  TaHHBIX Ha HEOOJBIINE pPAacCTOSHUS. Bramu OT HCXOMHBIX JTaHHBIX
pe3ysbTaT yalie BCEro OKa3blBAe€TCs HEYAOBJIETBOPUTENBHBIM. ECIIM MCXOIHBIX JaHHBIX
MAJIo, TO PE3yJIbTaT TAKIKE OKAXKETCsT OCCIIONIEe3HBIM.

2a08H MacCcKHe W2 nn TOMEK

- 0031
g
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Puc. 7.5. ®ynxuus npenckazanus B Mathcad

7.1.5. HTepnonsauma pyHKLMM ABYX NEPEMEHHbIX

Mathcad BBITONHAET WHTEPIONSILMIO KyOWYeCKMMH CIUIaliHaMu  (QyHKIMH — JOBYX
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MEepEeMEHHBIX TAKHM K€ 00pa30M, KaK U IpH OJHOMEPHOU WHTEPIIOJSIIINK, PACCMOTPEHHOM
panee. Mathcad npoBouT Yepes CeTKy y3JI0B TOBEPXHOCTh, COCTABJICHHYIO U3 KyOMYEeCKUX
MOJIMHOMOB OT X W ), TaK, YTO MEpPBble M BTOPHIE YAaCTHbIE MPOW3BOJHBIC SIBISIOTCS
HENpPEPBHIBHBIMU B KaXKJOM y3J1€ CETKHU.

[lepBelii mar B JABYXMEPHOW CIUIAHH-MHTEPHONSIMH (Kak W B OJHOMEPHOMH) —
OIpENIEIEHUE Y3J10B, Uepe3 KOTOPbIe MOBEPXHOCTh JAOJDKHA IPOMTHU:

Q Cozpaiite Marpuny XY pa3sMepHOCTBIO 7 X 2, BJIEMEHTBl KOTOPOH ONPEenensoT
KOOPJMHATHI X U Y JAWArOHAIN NPSMOYTOJIbHOHM ceTku. Takum oOpa3om, 4ncCIiio y3II0B
M0 OCSIM KOOPOMHAT X M Y 00S3aTeNbHO JOJDKHO OBITh OJUMHAKOBBIM, YTO PE3KO
OTPaHMYMBAET BO3MOXKHOCTH JBYXMEPHON MHTEPIOJISLMN WM 3aCTaBIsieT IpHOeraTh
K CIELHaIbHBIM IIPHEMaM, YTOObI IPUBECTH HEKBAIPATHYIO 007IaCTh K KBaAPATHOM.

Q Bsexnute Marpully Z pa3MEpHOCTBIO 7 X 1, KaXAbId 3JIEMEHT KOTOPOM — 3aJlaHHOE
3Ha4YeHHNe (QYHKLHIH B COOTBETCTBYIOIIEM Y3JI€.

O BeruucnuTe BEKTOp BTOPHIX Mpou3BoAHbIX CSPpline(X, Z) pyukuuu Z B y3nax.

QO UYroObl HaliTH WHTEPHOIMPYEMOE 3HAUeHHE (QYHKIMH Z B IPOU3BOIBHON TOUKE,
CKa)keM, B TOUKE C KOOPAMHATAMH X( H Vo, HCHIONB3YiiTe QyHKIuMIO interp:

Xo

Z, = interp(cspline( XY, Z)), XY, Z,
Yo
Ha mpakTrke NpHXOIUTCS BBIMUCITH MHTEPIIONIUpPYEMble 3HaYeHHs (YHKIUH cpa3y BO
BCEX y3ilax ceTku. g sToro 3anmchiBaeM Z Kak (YHKIHIO OT X U ¥ M C IIOMOLIBIO
¢yukunu CreateMech coznaem maccuB Touek 1iIst Tpadyka IMOBEPXHOCTH:

ZZ(xy) = interp(cspline(XY,Z)),XY, Z, o ;
Yy

Z, := CreateMech (ZZ, x{, %9, Y, Y, n,1y) .

B obpamennu k pynkiun CreateMech o6s3arenbHBIM SBISETCS TONBKO mapamerp ZZ,
OCTaJIbHBIE MOXHO OITyCTUTh. 31I€Ch X1, X2, Vi, Yo — HIDKHUH W BEPXHUH TNpenelsl
apryMeHTOB X ¥ y (IO YMOJYaHHIO OT —5 70 5); X M Ny — YHCIO TOYEK CETKH MO
nepeMeHHbIM x Uy (mo ymomuanuoo 20). Ilpumepsl IBYXMEpHOW HHTEPIOJIALUH
npuBeeHs! Ha puc. 7.6 u 7.7. O npumenenuu ¢pyukuuu CreateMech nanucano B rnase 15
(pazmen 15.3.3).

[Ipu moctpoeHnu rpaduka MOBEPXHOCTH MOXHO OOOWTHUCH (€3 SBHOTO HCIIOJIb30BAHUS
¢yuxiun CreateMech. Ha maremarndeckoil maHenu BbIOpaTh 3Ha4ok rpaduka Graph
Toolbar » Surface Plot (ITanens rpadukos » I'paduk mnoBepxHocTH). B mone BBOIA
BBeCTH MMsi (yHKUMM [AByX TiepeMeHHbIX (0e3 mapamerpoB). [losiButcst rpaduk
noBepxHocTH GyHKuuu. [o yMonuanuro GepyTcst npenesbl H3MEHEHHUS IEPEMEHHBIX OT —5
no +5. YrtoObl MX W3MEHHTh, CJeialiTe [BOMHOM MIeN4oK B mojie rpaduka U B
OTKpBIBIIEMCST OKHe (opmarupoBanusi rpaduka BeiGepute Bkiaaky Quick Plot Data
(Jannble ObicTporo rpaduka), Ha KOTOPOH BIOHLINTE HEOOXOIMMBIC MPEACNbl U3MEHEHHS
nepemenubix (range1 u range?2) (puc. 7.8). Ilpu TakoM moCTpoeHUH Tpadrka BHYTPSHHHN
anroputM Mathcad camocTositenpro ucnone3yet pyukiuio Create Mech.
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F.oopgMHAaTEl TOYEK NEPECTPAHESEM E AEYXMEDHEIA MaccHe XY
M EEOAOHM B NapamMeTprl dyHELMM interp

o x 'y
00 o0 0 0 0 0
11 0 0345 0550 0550 0345 0
72 0 0550 0005 0905 0559 0
XY = Zo=
39 0 0550 0005 0905 0559 0
44 0 0345 0550 0550 0345 0
55 o0 0 0 0 0

X
ZE(w, ) = interp|:-:sp]jne[X‘f,Ej LAY L Z ,[ ]:|
¥
Puc. 7.6. [IByxmMepHas HHTEPHOIALUSI MaCCUBA JAHHBIX
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NOEEPXHOCTE MCXOAHO M MAcCHER £

NOEEPXHOCTE MaCCHEBs ZZ, NOCTPOEHHSA
MOEEREHOCTE MAaccHEs ZX
C NOMOWED PyHEW Cresteiech
[3HEYEHMA APRYMEHTOE B EEfEHE

© NOMOWERD MeHio Quick Piot Data) Z1 = CreateMes, 22 0,5,0,5,30,30)

a-a

7T Zl

Puc. 7.7. I'paduku moBepXHOCTH UCXOJHBIX TOUEK Z U TIOBEPXHOCTH HHTEPIOIUPYIOIEH QYHKIUH
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®opmar 3D-rpadmka @

OBuye Ok OchoprneHIe MoACESTKS ‘3ArONoEok 3aAHK1E NNaHE
CreUWansHaa LOnonHATENEHD . HanHeie Seictporo rpadiaka
[Fpade

CENacTE AWMCKD, SHaAUYEHME 1 OENacTe AWMCKD, SHAUSHMA 2 CHCTEMS KOOPAMHAT
Hauano Hauano
KaHEL, i KOHEL, | _
Uucno cetok | [ Umcna ceTak &

Puc. 7.8. YcraHoBKa npenenioB 3HaUCHHI KOOPIMHAT

Jliiss IByXMEpHOW MHTEPIOJISIIMYA BEKTOPHI 3HAUCHHUIA KOOPMHAT MO OCSM X M ) JOJIKHBI
WMETh OJIMHAKOBBIN pa3Mep, TO €CTh MHTEPIIOJIIUS BBITIOIHICTCS TOJIBKO Ha KBaJpaTHON
moBepxHOCcTU. OTHAKO ATO TPEOOBAHUE MOXKHO OOOUTH.

[epen BeIYMCIIEHHEM 3HAYEHUH (QYHKIMM Ha HEKBAJPATHOM IUIOCKOCTH HY>KHO OOHYJHUTBH
MacCHB 3Ha4YeHWH (YHKIUM HA KBAIpPAaTHOW TOBEPXHOCTH, OOJbBINCH, YeM 3aJaHHas
HekBazgpartHas. [locie 3TOro BBIMHCIHTH 3HAYCHUs (YHKIMH Ha 3aJaHHOH HMOBEPXHOCTH
(puc. 7.9) u moctpouth rpaduk moBepxHocTH (puc.7.10). B pesynpraTe MOBEpXHOCTH
HOSIBUTCS JIMIIb HAJl YaCThIO KBAJAPATHON IIOCKOCTH.

=012 34 5)T T=(012734 5)T MACCHER! OAHHBIX

_ DBHyneHue dyHELMM Ha
Lo KESAPATHOR NOBEPXHOCTH

T (0123435672910
iy =
0123456780910

il=0.3 jl=0.4 WHOEKCH 3INEMEHTOE MaCCHEA JaHHEX 1

HekeanpaTHeld maccue 1

0345 0539 0559 0345 0345
MOMHO NOMECTHTE B NHaboe

o1 0559 0205 0505 0559 0559 MEcTo KeanpaTHoi ofinactu Z
T | 0559 0305 0905 0559 0550 (NOMEHARTE MHABKCE MACCHES J)
&, . =21, .
0345 0339 0559 0345 0345 i+5, 7143 il,il

Puc. 7.9. /IByxmepHas HHTEPIOJISLINS Ha HEKBaPATHOH 00macTn
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E=-|0 00035 056 056 035 035 000
00005 091 051 056 056 000
00005 031 091 056 05 000
000035 056 05 035 035 000
oono o 1] 1] 1] o ooaq
Woooon 0 1 0 o ooan
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EF, )

Puc. 7.10. Pe3ynpTaTsl HHTEpHOIALUN HA HEKBAJAPATHON IIOBEPXHOCTU

Ha puc. 7.10 noBepxHocTh Z; (crpaBa) — 3TO rpadMK MaccuBa, CO3JaHHOTO (yHKuHUei
CreateMech, mociie nByxMepHO# uHTEpHosMy MaccuBa Z (cM. puc. 7.9). [loBepxHOCTE
ZZ mocTpoeHa HEIOCPEACTBEHHO MOCIIe HHTEPIIOISIIMHI C UCIIO0Ib30BaHneM BKiIanku Quick
Plot Data ([lauubie 6bicTporo rpaduka). Paborast ¢ 3THM PHCYHKOM, TOMEHSUTE pa3Mepbl
HEKBaJpaTHOH 00JaCTH.

7.2. DyHKUMN perpeccumn

Mathcad Bxmouaer psax GyHKOMHA I BBEIYUCIEHHS pErpeccHd. DTH (QYHKIMH CO3Ma0T
KpPHBBIC WM TOBEPXHOCTH OIPEIEICHHOIO THUIA C MHUHHMAaJbHBIM OTKJIOHCHHEM OT
uMeronerocs Habopa gaHHBIX. DYHKINK Pa3NIUYarOTCs HPEXkIe BCETO THUIIOM KPHBOW WM
HIOBEPXHOCTH, KOTOPYIO OHU HUCIIOJIB3YIOT, YTOOBI AIIIPOKCUMHUPOBATH JJaHHbIE.

B omimume ot QyHKuME uHTEpHONSUMH, OTH (GYHKIMH HE TpeOyloT, YTOOBI
ANMPOKCHMUPYIOIIast KPUBAs WM TIOBEPXHOCTD MPOXOMIIA YEPE3 TOUKHU JTAHHBIX.

7.2.1. OgHOMepHas perpeccus

Mathcad jgomyckaeT perpeccuro OJHOMEPHBIX MW MHOTOMEPHBIX MacCHBOB, Brauaine
PAacCMOTPUM PETPECCHIO OJJHOMEPHBIX MACCHBOB.

Psn ¢yHkumii perpeccun Bo3BpamaroT KO3(GGHUIMEHTH aHATUTHYECKOW (QYHKIHMH H
MO3BOJISIIOT 3alMcaTh ANNPOKCHMHUPYIONIYI0 (QYHKIMIO B SBHOM BHIE. OTH (YHKIHMH
ornmcansl ri1ase 2 (pazaen 2.11.2), u 31ech He paccMaTPUBAIOTCS.

Psx GyHKUmMiA perpeccuy He MO3BOJAIOT IMONYYHTh ANNPOKCHMHPYIOUIYIO (YHKIUIO B
sBHOM Buzae. OHM BO3BpAllalOT JIMINL YHCIICHHBIC PE3yJbTaThl B BUJAE TaONUI WIH
rpadukoB. J[Be u3 Hux — regress u loess — raxxe paccMoTpensl B paszaene 2.11.2. Otu
e GyHKIOMM He BBIBOIAT KO3()(GHLIUEHTOB M allPOKCHMHPYIOT MacCHB IAHHBIX OJHUM
CTEIECHHBIM MMOJMHOMOM (regress) ik oTpe3KaMH HECKOJIBKUX MOIMHOMOB (l0ess).

B Mathcad perpeccusi ¢ HCIOIB30BAHUEM OJTHOTO TIOJIMHOMA Peajn3yeTcs KoMOWHaImen
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BCTPOEHHBIX (PyHKIHUIT perpeccuu regress u unTeprnossiuu interp.
Oo0pamenne K ykasaHHbIM QyHKIMAM:
s:=regress(X, Y, n); YY(¢):=interp(s, X, Y, £)
HnIn
YY(¢):=interp(regress(X, Y, n), X, Y, ?).

rae X — BEKTOp 3HAYCHHH apTyMEHTa, AJIEMEHTHl KOTOPOTO PACIONOKEHBI B ITOPSIKE

BO3paCTaHWsA; Y — BEKTOp 3HAUeHWH (YHKIMH TOTO IXKe pa3Mmepa; §— BEKTOP
KO3(QHUIUEHTOB Uil TOCTPOCHUS AamMMPOKCUMHPYIONIETO IMOJUHOMA, CO3JaBaCMBbIil
¢yHknmeit regress; (— 3HAUEHWE AapryMeHTa, NpH KOTOPOM  BBIYHCIISETCS

MHTEPHOJIMpPYoIas QyHKLUS; # — CTEeNeHb allPOKCHMHUPYIOLIET0 TOJIMHOMA.
CrerneHb alNpOKCUMUPYOLIETO HOJINHOMA MOXKET OBbITh JFO00H.

Perpeccuss ¢ HCHONB30BaHMEM HECKOJBKHMX OTPE3KOB IOJIMHOMA TaKXKe pealusyercs
KOMOMHAIMEH BCTPOSHHBIX (QYHKINI perpeccuyl 1 MHTEPIIOIISLMN

interp(s, x, y,t) u loess(x, y, span),

rie  s:=loess(X, Y, span) —  BeKTOp  KOI(D(DUIMEHTOB Ui IOCTPOCHUS
anMnpoKCUMHUPYIOLIETO IIOJIMHOMa BTOpOW cremeHH, TpeOyembiit (yHkiuen interp;
span > 0 — napamerp, OonpeAeIAIONMN pa3Mep OTPE3KOB IOJIMHOMOB.

T=(30-5-4-12254¢8614 1)T MACCHE 3HAYSHWA hyHHLIAW

_ T MACCHE 3HAYEHHA apryMeHT4
X=(2013365 1 1z 15 B BO3pacTaollemM nopagke

NoreHARTe NapameTpel 1=N<20 u 02<L=2

M =4 cCTeneHk NONWHOME

L= 0.5 XapakTepHCTUKE 4NHHEl OTREIKOE NONHHOMOE
Tregress(x) = interp(regress(¥, ¥, 1) 30, Y %)

Tioesst®) = mterp(loess (3, ¥,0), X, ¥ =
Emax ~ Fmin

Emin = min(X)  Emee = max(X) 2= Hmin, Emin T 5y Fm
1a
b 5
209
Yregress(x)
B3
Toess (%) 0
-5
-5

Puc. 7.11. OyHKIMHU perpeccun, He AAIOMINE AaHATUTHYECKOTO BEIPayKECHHS

ITapameTp Span 3amaeT CTENEHb CIIAXXEHHOCTH JaHHBIX. ApPryMeHT Span ompenenseTr
pa3Mep OTpPE3KOB MOJMHOMOB, U3 KOTOPBIX «CIIMBAETCS» allpoKCUMUpyomias kpusas. Ha
npaktuke 0,2 <span <2. [Ipu span =2 pe3ynbTaT anIpOKCHUMAIMH TOT K€, YTO U INPH
anmpoKCUMaIuu ofgHoi mapabosoif. [Ipu span = 0,2 anmpokcuMmupyromas KpuBas MOYTH
TOYHO OIIMCHIBAET JI00O0I HAOODP JaHHBIX.

[Ipumeps! ucnosbp3oBanus GyHKIMI regress u loess npusenens! B rinase 2 Ha puc. 2.22 u
Ha puc. 7.11.
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7.2.2. [1IByxmepHasa perpeccus

Oyukuu regress u l0ess nonyckaroT 1 MHOrOMEPHYIO perpeccuio. [Ipumep 1ByxXMepHOH
perpeccuu npuBesieH Ha puc. 7.12 u 7.13. B atom cityyae MaccuB XY KOOpAMHAT TOYEK X
CTaHOBUTCS JBYXMEPHBIM MaCCHBOM, COCTOSIIMM U3 JABYX CTOJOIIOB: MEPBBIH CTOIOCI —
9TO KOOPIUHATHI IO OCH X, BTOPO — KOOPIMHATHI TIO OCH ).

o n (I "
HE}{D,D,HI:-IH MACCHE TOYEE
0024 091 0
S =
009 0840
o n (I 0.8

KOOPROWHATEl TOMEE

0 0
1 10
STz YT |
3 0

¥ WYy gaHel gna
MOCTROEHWA
MACCHESR A

A

Puc. 7.12. VcxonHble MacCUBBI M UX IEPECTPOMKa AJIs IBYXMEPHOU perpeccuu

MepecTRORES ABYSMERHEK MACCHEDE SYHELMA M 28 S0nyMEHTOR
BE OQHOMERHEIE (N0 cTonGUam)

MACCHE KOODOAWHAT X A Y
XY_[EIEIEIEIEIIIII12222233333]'1'
M0 10203035010 20 3035 0 10 20 30 35 0 10 20 30 35

&= |:EI 0000002409081 000208407 00000 EI:JT

Emgﬁﬁ[x,;rj = mterp[regess[}(‘f,z,dﬂ St (x]]
iy

Zoesel, ) = mtezp[luess(m’,z 06 XV .Z [xﬂ
¥

FHAYEHHWA apryMedToE ¥=0..23 1 y=0.35 ycTaHOBNEHE! NPH
PoOpMaTHROBIHAK TpadiMEa B MeHD QuickPlot Data

ANNpoECcHMAaUAa dyHELMeR Loess || AnnpokcHmauMa dyHELMed Regress
1

Lloess Zrea:ress
Puc. 7.13. Pe3ynbTaThl IByXMEPHOM HHTEPIIOISALMN MAaCCHBa, IPUBEIECHHOTO Ha puc. 7.10
Mathcad momyckaeT MHOTOMEpPHYIO HHTEPIIONANMIO. MOXHO yBEIHYHUBATH YHCIIO

HE3aBUCUMBIX IEPEMEHHBIX, MMPOCTO M00ABISIA CTONONEI B MaccuB XY, a 3areM HoOaBisis
COOTBETCTBYIOIIEE YHUCIO CTPOK K BEKTOPY Z, KOTOphIe mepemaroTcs GyHkimu interp.
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@OyHKIUA regress MoKeT MMeTh JIF000e YHCII0 HE3aBUCHMBIX NEPEMEHHBIX, HO OHa Oyner
paboTaTh CIMIIKOM MEIJICHHO M TpeOoBaTh MHOro mnamstd. ®ynkims loess momyckaer
MaKCHMYM 4 HE3aBUCHMBIX IEPEMEHHBIX.

Jns pyHKIMmM regress 4uucio 3Ha4eHUH JaHHBIX /71 JOJDKHO yJIOBJIETBOPSTH COOTHOILICHUIO

n+k—1 n+k
k n

m >

T/Ie 7 — YUCII0 He3aBUCHUMBIX TIEPEMEHHBIX (JUCIIO CTONMONOB XY); k — jKenmaeMasi CTeleHb
MOJMHOMA; M — YKCIIO 3HAYSHUH MaHHBIX (YHUCIIO0 CTPOK B MaccuBe XY). Hanpumep, ecnu
UMeeTCs 5 He3aBHCUMBIX MEPEMEHHBIX M MIIETCSI TPUONMKEHHE TOJTMHOMOM 4-i CTerneHH,
notpebyercs Oornee dyem 126 HabIrOACHUIA.

7.2.3. O600weHHas perpeccus

BriBaroT cityyau, Koraa 3akoH M3MeHeHHs (YHKIMH H3BECTeH M Tpedyercs monodpaTb
avb ee Ko3((ULIMEHTHl, OJHAKO caMa allpOKCHUMHpYIoias (YHKLUs TakoBa, 4YTO
UCIIOJIb30BaTh (DYHKIMU CHELUUaIbHOW pEerpeccuyd HeBO3MOXHO. B atom ciyuae Mathcad
npeuTaraeT UCIoJb30BaTh JABe GPyHKIMU perpeccuu obimero Bua, linfit u genfit.

Ecnu npenmonaraemas 3aBUCUMOCTh INPEACTABIACT CO00H JHMHEHHYI0 KOMOMHAIMIO
HEKOTOPBIX (PyHKLMI

y=ayfy(x)+afi(x)+...+a,f,(x)

H HaJI0 JIUIIb MO00paTh KO3GPUIMEHTH! 3THX QYHKIHU#, TO Ucmonb3yeres ¢yukuus linfit,
HaIlpuMep:

f(x)=aysin(2x)+ a, cos(3x).

linfit(x, y, F) Bo3Bpamaer BekTOp, cojepxkaiiuii Habop KOIPHUIMEHTOB NMPH GYHKIUIX
fi(x), y(x) — Bexrop 3anamHbIX 3HaueHMH (YHKUMM TP 3HaYEHWSX apryMeHTa,

COJIEPKAIIUXCS B BEKTOpE X, F' — BEKTOP (QYHKINH, BXOIAMINX B JIHHEHHYI0 KOMOWHAIHIO

y(x).

J1s Tpou3BONIBHON (DYHKIMM C HEM3BECTHBIMH KO3(GQUIMEHTAaMH HalIo HCIOJIB30BATH
¢byukmmio genfit, nanpumep:

f(x)=2sin(a;x) +3cos(ayx).

genfit(x, y, C, F) Bo3Bpamaer BEKTOp, COMAEP KAIINM 7 TapaMeTpoOB, HAMIYUIIHMM 00pa3oM
aNmpOKCUMUPYIONIMX JIAHHBIE M3 BEKTOPOB X M ) 3a1aHHOM (yHKuued [ (x) 3nech

F (x) — ¢yHKUWs, KOoTOpas Bo3BpauiaeT (1 + 1)-MepHbIil BEKTOp, colepkaluii GpyHKuuo
f (x) W ee YacTHbIC NPOW3BOAHBIE OTHOCHTENIBHO HEM3BECTHBIX mapamerpoB; C— n-

MCpHI:Iﬁ BCEKTOP Ha4YaJIbHBIX 3HAYCHUHN AJI1 n HCU3BECTHBIX NMTapaMETPOB.

[pumepsr npumenenus ¢yukuuii linfit u genfit mpusenens: va puc. 7.14-7.19.



173 T=(06 2 28 35 42 46 4 32 2 4)T MaCCHE 3HaYeHHA yHKLMK

MaCCHE 3HaYSHKA apryMeHTa
B BOZpacTakWer NopAgKe

X2 " HaBoR hyHKUMA, BX0AALMY B MHHERHYIO KOMBMHALMI

X=(0123356&2% 11 12 15)T

F(x) = | cos(z) |NOMEHARTE (yHKLMKM B BekTOpe Fix)

vEY (70059} LalineHHsie koathdHUMeHTEI
S=Infit(3,¥,F) 5=|-0363 NP yHELAAX
L1024

fix) = F(x)-5  NHHeAHaA KoMEBUHaUWA yHKLMA

fiz) = 00595 — 0.265.sm(=) + 1.024 =
aTa hopmMyna - BCero NWe MNNKCTRaUMA K ().

B nokyMeHTe OHa HE Hy#HE.
&4 WK Emax — Emin

X = 1000 ey = max(X) %= Zin, Zpin t - Fmax

Puc. 7.14. Perpeccus nanneix pynkuueii linfit

Jo nosBnenus Mathcad 13 ucnons3oBanue ¢ynkumu genfit ObIJIO BeCbMa CIIOXKHBIM B
CBSI3M C HEOOXOIMMOCTBIO BBIYMCIICHUSI YACTHBIX MPOW3BOAHBIX HMCKOMOH (GYHKIHH IO
BCEM HEM3BECTHBIM MapaMerpaM. CHMBOJIBHOE BBIYHMCICHUE TaKHX NPOU3BOAHBIX U HX
MCIOJIb30BaHKE NTOKa3aHo Ha puc. 7.15 u 7.16.

MECCHE 2HEYEHWA apryMeHTa B BoZpacTatWen NopaLke

X:=(0123456?8910)T
MEACCHE 3HEYEHMA Yy HKLMK

T=(0 07 0% 030 -02 -04 -04 -04 -03 —0.2)T
3

f(x,a,b,c) =

cos(c®)  MPeAnaraeman yHrUMA

X +b NOMEHARTE YHKLIMKD

CHMBONEHOS BEIMMCNEHKE NDOWIEOOHEIX

3
d—f(xx,a,b,cc) — Hroswet Ry coslee )

da ]
i T D

4 .
d—f(xx,a,b,cc) %—7&}@ -im(cc-m)
dee wm +b

3
a-xx -cos{coom)

d—f(xx,a,b,cc) — -
db 2

4

b + 1)
21 % LYayaneHele
k=] 2 b NPUEMEHEHKA
04 ) .

Puc. 7.15. Henuneiinas perpeccust qaHusix Gpynkuueit genfit B Mathcad 11
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x3 npeanaraemad dyHKUMA
kg cosl kg =l
x +lky
X3
cos|kax) ge NpoMsBodHan no a
®x +ky
FF(xz,k) = )
kD'Mi-cosl kx|
4 Z ee NpoW3BoAHaA No b
le + k!
4
k- sinl kg x|
A | eenponseognan no ¢
(256
BEKTOP HaRAEHHEX
K = genfit(¥X Y k,FF) K =| 1877 Ly
L0.414 )

Fixz) = FF({z,K)p MCKOMARA thyHKUMA C HaALeHHEIMU NapameTpanm

2495 9Ta (hOpMyYNa - ECEro MWL
Fx) = ———— cos(0.406.x)  WIMOCTPaLMA kK Fx). B
% +1.855 NOKYMEHTE OHa He HypkHa

Puc. 7.16. Henuneiinas perpeccust qaHusix Gpynkuueit genfit 8 Mathcad 11 (oxonuanue)

Trna — Froin

Yppin = td0(E) ey = ma X) x3=xmjn=xmjn+T--xmax
15
1 -
v P
L 3 L 05 . "
Fiz) ' > ‘®
"mEmw D.-" I‘.
*...- . -"'--'
05 { Ml MR )
' 2 4 £ 3 10
Hox

2

Puc. 7.17. Pe3ysbTaThl HENUHEHHOM perpeccuu AaHHbIX GyHKpei genfit

B Mathcad 13 wucnonezoBanue ¢ynkuuu genfit 3HAYUTENBHO YNPOCTHIOCH. DyHKIHS
genfit Terreps momyckaeT 3ananne mapaMeTpoB B sBHOM Buze (puc. 7.18). OmHaKo yacTHbIE
MPOM3BOJIHBIE OT ANMPOKCUMHUPYIOIEH (QYHKIUH M0 ee mapamerpam B 3TOM cliydae HaJo
OIIPEJICIISITh CAMOMY TOJIb30BATEIIIO.



X=(05115 2 25 3 35 4 4.5)T
T
T=(16 12 20 23 1% 24 46 &% 120)

fz, & ~) = Ae ' ANNPOKCUMMPYIOWARA dyHKLNMA

|
|

ko= ‘ HaYaneHbIe NPHENESHWA NapaMeTpos A Wy
C (Fla, & ~) | PYHKLAA 1
28 NPOMIB0AHEIS
Flo,,7) = | e'° | MOANY
| ae o VF | K= genfit(X, Yk, F)
FF(x) = fi=,EKp, K1)
150
- 100
XX
FF{E)
50
0
0 1 2 3 4 5

Puc. 7.18. Bog siBHbIX napamerpoB B dhyHkuuto genfit B Mathcad 13

B Mathcad 13 ¢yuxuus genfit He TpeGyer 06s13aTeIPHOTO BHIYUCICHHUS IPOU3BOIHBIX 110
BCEM pacueTHbIM napamerpam. Eciu B oOpaiieHue K (YHKIMH BIIMCAHO UMS MCXOJHOU
(GYHKIMHM, TO HEOOXOAWMBIE TIPOW3BOJHBIC BBIYHCISIFOTCS YWUCICHHO BHYTPEHHHUM
anroputMoM Mathcad. IIpaBza, Bce mapameTpbl, KOTOPBIC HAZO ONPEICIIUTD, TOKHBI OBITh
JJIEMEHTaMH BeKTopa. J[is 3TOro BEKTOpa M 3aJal0TCs HadabHBIC MPUOIIKCHHUS
(puc. 7.19).

B konrekctHoM mento ¢ynkimu genfit mpemnnaraercs 2 merona Levenberg—Maquardt
(JleBenGepra — Makkapta) u Optimized Levenberg—Maquardt (OnrumusupoBaHHbIii
meton JleBenOepra — Makkapta). Eciu  ucnosib3yeMblid 10  YMOJYAHHIO METOJ
Levenberg—Maquardt we nmaer pemieHus, TO BBIOCPHUTE B KOHTEKCTHOM MEHIO METO.
Optimized Levenberg—Maquardt. Tak mpurniocs mOCTynuTh B TipuMepe Ha puc. 7.19.
I[Tpu TakOM BBOJIE HECKOJIBKO YMEHBINACTCS TOYHOCTh Pacyera.
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B

MACCHE ZHAYeHMA apryMeHTa B BOspacTalollem nopagke
X:=(0123456?8910)T
MACCHE IHEYEHKA gy HELMK

T=(0 07 0% 030 -02 -04 -04 -04 -03 —0.2)T

. Emax ~ Emin
Emin = M) Emey = max(d)  x = Zpin, Xmin + T ma
3
f(x,a,b,c) = -cos(o-x)  MPpednaraemad
z +h ChyHKLMA B KOHTEKCTHO MeHo BeIBepuTe MeToq
4 oo Opfimized Levenberg Marguardt
1 (x, k) = kg-4x—-coslkg-xl k=| 2 K ‘= genfit(X, Yk, &1)
ki L04) Flfs) = ffl(z,K)
3neck ky-at0a, ky -ato b, ky- sToC
(3007 1.5
E =] 2%
1 o
| 0.399 . e
T r .
oo ;5| .
Fliz) . &
e L ..
f e .4
iy L Mk EE
i 2 4 f g 10
X.xz
Puc. 7.19. IIpumenenne ¢pyukimu genfit 6e3 Berancnenust npou3BoaHbIx B Mathcad 13
7.3. OYyHKUMN CrNaXMBaHUS
nmponecce CrilaXuBaHUs W3 HUCXOAHOI'O Ha60pa JAHHBIX [IOJYYacTCAa HOBBIH Ha6op

JIaHHBIX, O0JIee TIagKUi, Y4eM UCXOIHBIN.

COBET

Yo6enurech, 9T0 KaXIbIii 3JEMEHT B BEKTOPE MCXOAHBIX NaHHBIX ompeneneH. Mathcad
HpHCBauBacT 3HayeHHe 0 JTI0OBIM 3JIEMEHTaM, 3HAYCHHUSI KOTOPBIX HE OIPEACIICHBI.

Mathcad npeanaraeT Tpu BCTpoeHHbIe QYHKIUU critaxuBanus (puc. 7.20):

a

medsmooth(y, n) — Bo3BpalllaeT m-MepHbIA BEKTOP, CO3MaHHBIA CrIIAKUBAHUEM C
MIOMOIIBIO CKOJIB3SIIEH MeIuaHbl. 371eCh ) — m-MEPHBI BEKTOp BELIECTBEHHBIX
YHCell; 71 — IIMPUHA OKHA, 110 KOTOPOMY HPOUCXOJHT CTII)KMBAHUE. /i JOJDKHO OBITH
HEUYCTHBIM YMCIIOM, MEHBIINM WIN PaBHBIM YHCITy JIEMEHTOB BEKTOPA ).

ksmooth(x, y, b)) — Bo3Bpaliaer n-MepHbI BEKTOpP. 31eChb X U )y — N-MEpHBIE
BEKTOPBI, BEKTOP ) CO3/[aH CIIIa)KMBAHHEM IMPH MOMOIM rayccoBa spa JAAHHBIX H3 Y,
b — mapamerp, ynpaBsIFOLIMIT OKHOM criaxuBaHus. OH JOKEH OBbITh B HECKOJBKO
pa3 Ooibllle BENWYMHBI WHTEpBAJIAa MEXKAY TOUYKaMu x. Uem Ooibpmie b, Tem OoJbIie
OKHO, HCIIOJIb3YEeMOE NP CIIIa)KUBaHUH.

supsmooth(x, y) — Bo3BpaliaeT #-MEPHBIAH BEKTOP, CO3MaHHBIA JIOKAJIbHBIM
UCIIOJIb30BaHHEM CHMMETPUYHOIN JIMHEHHOH NPOLEIyphl CIVIAKUBAHHS METOJOM
HAMMEHBIIINX KBAIPATOB TI0 TPABIITY k OIMMOKaHIIMX cocelel, B KOTOPOil k BEIOMpaeTcs
aaNTHBHO. 3lIeCh X M )y — KN-MEpHBIE BEKTOPbl HCXOAHBIX IaHHBIX. DJIEMEHTBHI X
JIOJDKHBI OBITH PACIIONOKEHBI B IOPSAAKE BO3PACTaHUA.

Oynkus medsmooth nanbonee ycroifunBas n3 Bcex TpeX BCTPOSHHBIX (DYHKLHI, TaK KaK
B MCHBILIEH CTENCHHU MOBEPKEHA BIMSIHHIO 3alIyMJICHHBIX JaHHbIX.
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Oynkus ksmooth ncnosne3yer rayccoBo sapo, 9ToOb! BRIYKCIUTD JIOKATEHO B3BELICHHBIC
CpelHUE 3HA4YeHHs MCXOJHOTO BEeKTOpa y. Takoe criaxknBaHue Hamboiee MOJE3HO, KOTaa
MHTEPBAJIbl MEXK/LY TOUKAMH JAHHBIX MPUMEPHO OJUHAKOBOM BENNYMHBI.

Oynkiusa supsmooth nomnesHa, ecnu AIMHA WHTEPBAJIOB CYLIECTBEHHO M3MEHSETCS. JTa
(YHKIMS afaNTUBHO BBIOMPACT PA3IHYHYIO IIMPUHY HOJIOCH CTIaXXUBAHUA AJIS PA3IHUHBIX
4acTed BEKTOpa JJaHHBIX.

B omimumne ot perpeccuy ¥ MHTEPHOISALUH, QYHKIMHU CrIaKMBaHUsI BO3BPAILAIOT MacCHB,
a He ¢yHKumio. J{nst mosmydeHust pyHKIMU TOCIIE CrIIaKUBaHUS HEOOXOIMMO HCIIOIb30BaTh
WHTEPIOJAINIO WK perpeccuto (puc. 7.21).

Ve=(06 2 28 35 42 446 4 32 2 4)T MACCHE HAYEHHA §yHKLMK

MACCHE SHAYEHHA ApryMeHTa

_ T
=0 12356911215 B BOIQACTAHILLLEM NOpALKE

MACCHMEBI CIAAMEHHEIX SHAYEHWEA ¥
sup = supsmooth(Z Y1 med = medsmoothY, 51 kem = kemooth( 2 ¥ .3

Z

Puc. 7.20. CrinaxuBaHue JaHHBIX C CO3JJaHMEM MacCHBA 3HAYCHHH

Dy HKUMM CrAEKWEAHMA BOZERALLEHIT MACCHE, 8 HE ByHKLMH.
HTofel NoAyYMTE §yHELWMH 00DaERTE MHTERNONALMH

Vinterp(¥) = interp(espline( X, ¥), X, V.5  MHTERNONAUWA B3 criakueania

‘ifmterp.sup[:xj = interpl capline] 2, sup) 2 sup ¥ MHTEPNONALKA
?mterp.med':x) = interp[:csp]an(X,mEd) ,X,med,:{) co crnadHeaHAeM

interpl caplitee 2, ks , X ks, %) x= 0,01 mad X

Yinterp ksm(%)

by
200
ijerp':x:'
— 3
Yimup.mp': by

Yimup medh %) 2

¥ivgorp Ll 1) |

=.x

2

Puc. 7.21. CriaaxuBaHue JaHHBIX C CO3JaHHeM (QyHKIMH
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7.4. nckpeTHble npeobpasoBaHus

Mathcad comepsxut GpyHKIMHU 1151 ObICTpOro AUCKpeTHOTrO npeobpaszosanust Oypre (BIID)
u ero oOpamieHus, a TaKXke JUIi OJHOMEPHOTO BOJHOBOI'O Ipeo0pa3oBaHUs M €ro
obpanieHus1. Bee 3T QyHKIMH HMEIOT BEKTOPHBIC apIyMEHTHI.

7.4.1. NpeobpasoBaHune Pypbe

B Mathcad Bxozasr aBa Tuna GyHKUMiA 1u1s TuckpeTHoro npeobpasosanus Pypee: fft u ifft,
cfft u icfft. Ot dyHKuMM AUCKpeTHBI: OHU OEepyT B Ka4eCTBE apryMEHTOB M BO3BPAILAIOT
BEKTOPBI M MaTpHubl. OHM HE MOTYT OBITh UCITOJIB30BAHBI C APYTUMH (DyHKLIUSIMU.

Ucnonesyiite dyukuuu fft u ifft, eciu Beimonsens! cnepyrommue asa ycaosus:

a ApPryMCHTBI BEICCTBCHHBIC,

O BEKTOp JaHHBIX UMeeT 2" HIEMEHTOB.
HUcmnoneayiite ¢pyuxuun cfft u icfft Bo Bcex npounx ciayqasx.

Coburoath TIepBoOe yciioBrue HeoOXxomumo, moromy 4ro ¢yukmmu fft u ifft ucrmonssyror Tor
(haxT, 4TO IJIs BEIIECTBEHHBIX NAHHBIX BTOpAsl OJIOBUHA NpeoOpa3oBanust Dypbe sBIseTCS
KOMIUIEKCHO-COTIPsDKeHHON ¢ nepBoil. Mathcad orOpachiBaeT BTOpPYIO MOJIOBUHY BEKTOpa
pe3ylibTara, 4YTO COXpaHACT BPEMA U MaMATh IIPHU BbIYUCIICHUAX.

Mapa dyukmmit cfft u icfft He ucmonesyror cummerpuio B mpeobpa3oBaHHH U MOTYT
HUCIIOJIB30BAThHCA AJIA BEHICCTBCHHBIX U KOMIIJICKCHBIX YHUCECII.

Bropoe ycimoBue Tpebyercs, motomy uto mapa ¢ymkmmi fft w ifft wcmomssyer
BbICOKO3(exTHBHBIA anroput™ ObicTporo mpeobpazoBanust ®ypwe. s aTOoro BekTOp

aprymenra, ucnojbsyemoro (ynxuuein fft, momxen umers 2™ snemenToB. Asropur™m
¢yukumit  cfft w icfft momyckaer B KkauecTBe apryMeHTOB BEKTOPHI W MaTPHIIBI
MPOU3BOJIBHOTO pasmepa. g aByxMepHoro mpeoOpasoBanus @Dypbe HCIOIB3YHOTCS
TOJIEKO 3TH (QYHKLHH.

CyuiecTBylOT ~pasnuuHble  (HOPMYJIHPOBKH — ompejeneHust mpeobpasoBanus Dypbe,
HCIONB3YIOIINE Pa3INYHBIC HOPMHPOBOYHBIE KO3G(HUIMEHThl W COIJIALICHHS O 3HAKE
nepeZi MHHMON CIMHHUICH B IOKa3aTelie JSKCIOHCHTHI MPSIMOr0 U OOpaTHOTO
npeobpasosannit. Oyuxuuu fft, ifft, cfft, icfft ucromssyror HopMupoBOUHBIT KO3DPHIEHT

1/ Jn u nonoxutenbHBIT mOKasaTenb CTemeHu B npsAMoM TipeoOpasoBannn. DyHKIMU
FFT, IFFT, CFFT, ICFFT wucnonssyor HOpMHpPOBOYHBIH Kodbduuuent 1/n n
OTPHLATENBHBIN [OKA3aTeNlb CTENEHH B IIPAMOM MPEOOPA3OBAHUH.

BHUMAHUE

APpryMeHT x He BXOAUT B IIapaMeTpPhbl BCTPOCHHBIX (pyHKIHMH, TaK KaK MO YMOIYaHHIO X
6epeTcs uepe3 paBHbIE HHTEPBANIBI B BO3PACTAIOLIEM MOPSIIKE.

[Nepeuncnum GyHKIMN TUCKpETHOTO IpeodpazoBanus Pypee:

O fft(y) BosBpamaer kodpduuuentsr psga Pyppe BekTopa Y, compepiaimiero 2"

JIEMEHTOB. Pe3ynbrar — KOMIUIGKCHOSHAYHBI BEKTOp pasMepHocTd 1+ 2"7!,
DeMeHTHI BeKTOpa K03()(HHIHEHTOB, Bo3Bpamaemoro fft, Beraucisiorces mo Gpopmyite

c 2mi( j/n)k .

1 n-1
L= — e
j Y
N k=0
B at10it opmyne n— YHCIO 3MEMEHTOB BEKTOpa y; i — MHHMas eauHuIa. Ecim
YacTOTa U3MEPEHHUSI ICXOIHOTO CUrHaNa f, TO 4acToTa, COOTBETCTBYIOWIAs Cj,, PAaBHA

fk :st'



Q ifft(c) BosBpamaer o6GpaTHOe aMCKpeTHOEe TpeobpazoBanne Pypre. PesymbrarT —

179

BElECTBEHHBIH. Bektop ¢ momken umers 1+2™ anemeHTOB, THE m — IENOE.
@yHKIUS BO3BPAIIACT BEKTOP d, YbH JIEMEHTHI BEIUHUCIIIOTCS 10 (hopMyIie

d. - S €—2rri(j/n)k

j s
VT k=0
rJIe W — BEKTOp, KOMIUICKCHO-COMPSDKEHHBIH . JTO Ta jxe camas popmyna, 4To u ISt
fft, 3a wckiaroueHunem 3Haka «MHHYC» B mokasarene crermenu. Dyukuuu fft u ifft —
TOouHbIe oOpaineHus. [ Bcex BelecTBEHHBIX y cripaBemuBo ifft(fft(y)) = y.

Q cfft(y) Bospamaer koadduipentsl psaga Oypre BEKTOpa WIHM MACCHBA, COJAEPIKAIIUX
KaK BEIICCTBCHHBIC, TaK M KOMILICKCHbBIC YhciIa. UHCIO 3IEMEHTOB BEKTOPA ) MOXKET
ObiTh JIIOOBIM. Bo3BpamiaeMblii MacCHB HMEET TOT XK€ pasMep, 4TO U MAacCCHB,
UCTIOJIb3YEMbIil KaK apryMEHT.

Q icfft(c) Bo3Bpamaer obpatHOe mpeobpazoBanne Oypbe BEKTOPA MM MATPHIIBI JAHHBIX.

Oyukimu cfft u icfft — o6parusie npyr k apyry. To ects icfft(cfft(y)) = y.

Paccmotpennsle mpeoOpazoBanusi @Dypbe He SBISIOTCS E€IMHCTBEHHO BO3MOXHBIMHU.
Iupoko pacnpocTpaneH cienyromuii Bua popmyi npeodpazoBanus Pypoe:

-1
) :_Zy “2mi(j/mk d nzwkezm‘(j/n)k _
Ly k=0

Oti popmyisl ucnionb3yrorest dyuknmsamu FFT u IFFT.

Oyuxiuu FFT, IFFT, CFFT u ICFFT ucmonssyrorest ananornano dyukiusm fft, ifft, cfft,
icfft.

Jananrm curHan o= 100 i=0.n

gi = sin| —-16.77 | + cos| — 19w |  [OMeHATe apryMeHTbl Sin W cos
\ 100 / \, 100 M MMCNO TOYEK N

. \ L /\ /\ [\ /\ /\HcmaHb;\cwan

—

1
<
=

—
=]
=
<
;
Pl

HoBaeuM NOMEXH s = o+ md(2) — 1

2.H4

i
LTI

- 2178
0 a0 100

Puc. 7.22. ®opMupoBaHue MaccrBa 3aIIyMJICHHBIX JaHHBIX U TOCIEAYIOMECH OYUCTKA
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B paccmoTperHoM Ha puc. 7.22 mpuMepe SKCHepUMEHTanbHas (YHKIUS CO3JaHa IyTeM
HAJIOXKCHHSI HA MPOU3BOJILHYI0 aHAIUTHUYCCKYI0 (YHKIMIO (Sin + COS) CIy4YalHBIX YHUCEl,
co3manHbIX (GyHKImei rd(rn), Bo3Bpallarolei ciydaiiHoe Yucio, Jexailee Mmexay 0 u n.
Oynkius Cfft Bo3Bpamaer kosddunmentsr psima Pypse IS CO3MAHHOTO MAcCHBA YHCEL.
W3 HabOopa HaiieHHbIX KOI(PPUIMEHTOB MOXKHO BbIOpaTh psag  Kod(QUIMEHTOB,

YAOBIETBOPSIOIUX 3a4aHHOMY ycioBuio Ry <[ /;]<k,.

Hanee ¢ nomompto ¢ynkiuu icfft Haxomum ¢ynkmio, npencrapmstomnyo coboit cymmy
CHHYCOMJ ¢ KOd({QHIHeHTaMH, BBHIODAaHHBIMH COTJIACHO 3aJaHHOMY YCJOBHIO. MeHss
ycrmoBue (BEeNMWYHMHBI k| M k), MOXXKHO BKIIOYHTH B CO3AaBaeMyl0 (PYHKIHIO TOJBKO
HeoOxomumble TapMoHuku (puc. 7.23). IlopaboraiiTe ¢ WHTEpPECHBIM IPHMEPOM.
IMomewnstiite camy GyHKUHIO, yciaoBue, uncio Touek. Oynkuus Cfft mozsomser paborats
C MacCHBOM H3 JIFOOOTO YHCIIa TOYEK.

npAmoe npeoBpaszoBaHue [ = cffi(s)

NoCTPOWTE PAA PYoRE, ZHAYEHWA kO3t hHMUMEHTOR KOTOROMD
NEXAT MerOy k1 1 k2

kl:= 22 k2 =7 NOMeHARTE k11 k2
[NorenadTe cfft Ha CFFT W 3HaqeHnA K1

5

3=0.n

375 * koadhMUeHTel pRAA DyoRe -

LT oo o e e e e e e e =

1.25 - . * . ' . -
] L] - L) - | = -
* e a.,--.ﬁ,...h'\. -™a ..p.".%.".-.,'%.s K .

I m zo 30 40 50 60 7@ B0 80 100
]

EIfop KO3 MUMEHTOR obpaTtHoe npeobpasoBaHne
g =ikl = |fj] = k2,§,0) h = icfft(g)
MomenAdTe cfft wicfit Ha CFFT w ICFFT
2

OUMLLEHYBIAICATH

Puc. 7.23. Gunprpanus JaHHBIX ¢ UCIIOIb30BaHHEM pa3IokeHHs B psaa Oypbe

Paznoxenne ¢ynkuun B psg @Pypre ncnosnb3oBaHO B mpumepe 4 Ui ONpEAeIeHHs
apaMeTpoB JABIKEHUS KyJIauKOBOTO MEXaHH3Ma.

7.4.2. [iByxmepHoe npeobpasoBaHune Pypbe

B Mathcad mmeercs BO3MOXKHOCTb HNPHUMEHEHHS BCTPOCHHBIX (YHKIMH KOMIUICKCHOTO
npeobpazoBanns Oypse HE TOIBKO K OTHOMEPHBIM, HO U K IByXMEPHBIM MAaCCHBaM.

Ha pwuc. 7.24 mpuBenena crymendaras (yHkous Y(x,y) ¥ IOKa3aHa €€ IMOBEPXHOCTb.
OO6paTuTe BHIMaHHE Ha 3aIIMCh YCIOBHUS NMPHU CO3AAHUU CTYNEHYAaTOW (QYHKIUHU. Y CIOBHE
C(x, y) 3anmcaHo B BUjE Mpou3BeneHus OyneBbix omepaTtopoB. C(x,y) =1, ecnu ycioBue
BeimontHsieTest, U C(x,y) =0, ecnu ycimoBue He BbinoiHsercs. [lo dynkimm Y(x, y)
chopMHUpPOBaH MacCUB JaHHBIX YY. PaboTas ¢ mpuMepoM, MOMEHSHTE UCXOIHbIC JaHHBIC.



CHOpMUPYEM MACCHE ZHAYEHWA CHIHana
181 Ha 0fNacTd 2HAYEHWA ApryMEHTOE o, [

& =3  aMnnuTyaa CHIHana no=30

. . 1 i
i=0.n =0.n o;=T— ;="T.=— 0fnacTe ApnMEHTOR
] i 0 Bj =0 any

a=2 h=4 c:=3 d:=5 rPaHUUEI 0BNacTH cUrHana
C(x,y} =lagxshllos ¥ dhBnacTe curHana

FICHOOHE A

¥V, =Vio,pbl
i 1%45P CHIHEN

0 otheraise 1.

HAoB3aEMTE NOMEXRK YPi i= Wi i + md[l:l -05

2

HE}{D,D,HI:-IIH CHrHan CHrHan ¢ NomMexamm

Puc. 7.24. HanoxeHue nomex Ha JBYXMEPHBII MacCHB

C IMMOMOIIBIO T€HEPATOPa CJ'Iy‘IaﬁHBIX gucel rd Ha MaccuB YY HanoKeHbI TOMEXH.

Ha puc. 7.25 nokaszano muckpetHoe mpeobpaszoBanue Dypbe dyHkimun YP ¢ momexamu.
CrieBa noka3aH MacCHB KO3 (HUIMEHTOB, CipaBa — pe3yJIbTaT 00PaTHOrO Mpeodpa3oBaHUs
Dypse.

Brifdpaem pag sHa4eHMA EoafdHUMEHTOE pALS TYpbe Mexkoy k1 W K2

K =cfft(YP] kl=1 kI:=15noMmeHniTe ki1 k2 FomensiiTe offt Ha GFET
g =if(kl € K. |<KK 0] Y& o= iofiflz)  WicftHa lCFFT
1,] 1] 1,1

KoaiMUMEHTE pALE TYpEE OYULWEHHBIA CHIHEN

Puc. 7.25. [IByxmepHoe npeodpazoBanue @ypre MaccuBa TaHHBIX ¢ IoMexamu (cM. puc. 7.24)

s oOpatHOro mpeoOpa3oBaHHUs HWCHOJIB30BAHBI TOJNBKO TapMOHHKH, Y KOTOPBIX
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K03 PHUIINEHTHI JIS)KaT BHYTPH BHIOPAHHOTO THAITa30Ha 3HAYCHUH g.

7.4.3. BonHoBoe npeobpa3oBaHne

BonHoBoe (BeiiBieTHOE) IpeoOpa3oBaHME B pAAe CIydaeB OKasbplBaeTca Ooiee
¢ dexTuBHBIM, 4YeM npeoOpasoBanue @Dypwe. [IpeoOpaszoBanne @Dypbe packianbiBaeT
3aJJaHHyI0 (YHKIMIO Ha PsiJi TapMOHHMK (OECKOHEYHO OCHMIUTMPYIOMMX CUHycoun). Ilpu
BOJIHOBOM IIpeoOpazoBaHuy 0a30Bble PYHKINH JOKAIN30BaHBI B HEKOTOPOH OrpaHUuCHHON
o0JiacTy 3HaYECHUH apryMeHTa, a BN OT Hee — MaJlbl WIIM PaBHbI HYJIIO.

4=25 B=3 N=32 udAcno, paHoe 2
V() = if(2€t<4,A4,0) t=0,001.B i=0.H-1

i

¥it)

1] 2 4 f
t

TY. = Y[E] K= wave(VY)

M
- n MOMEHARTE NpEegent
k=1 k=7 EblfMpaemMbl koatddULMEHTOE

KK, = jf(kl < |K1| < 1:2,1{1,0) YK = iwave(KK)

& 4

[ ]

4'_ 2 ™
|K| . YE; \
L B N ] 2 . kl |:| et v

__________ | .
0 [eome [e ] 9

0 10 20 30 40 1] 10 20 30

Puc. 7.26. [Ipumep BonHOBOTO MpeoOpa30BaHUs JaHHBIX

Mathcad wmeer oxHY BCTpPOCHHYIO (YHKUUIO I BOJHOBBIX IIPEOOpa3OBaHHU,
UCTIONB3YIONIyIo GyHKIuIo JayOedn:

Q wave(y) — BeKTOp IpsSMOTro BOTHOBOTO MPeoOpa3oBaHus;
O iwave(v) — BeKTOp 00paTHOrO BOJHOBOTO MPeoOpa3oBaHusl.

31ech y — BEKTOp aHHBIX, B3ATHIX Yepe3 paBHbIC IPOMEKYTKU 3HAYCHUI apryMeHTa; v —
BEKTOp JIaHHBIX BEHBIIET-CIIeKTpa (K03(h(HUIIEHTOB BOIHOBOTO MPEOOPA30BAHMS).

Bekrop y nomken conepxark 2" 21eMEHTOB (7 — UENoe Ynucio). PesynbraTtoM GyHKIuU
wave siBIsieTCsl BEKTOP, COJlepIKaINil HECKOIBKO KO UIIEHTOB IBYyXII1apaMETPHYECKOTO
BeiiBner-criektpa. [IpuMep BoimHOBOro TmpeoOpa3oBaHusi NpUBENeH Ha puc. 7.26.
BeimonHsiemble  gedicTBusi, BKIOYas  QWIBTpanuioo  KO3()(UIMEHTOB, aHAJOTMYHBI
JISWCTBHAM 110 ITpeodpasoBaHmio Dypre, NOKa3aHHOMY Ha puc. 7.22—7.25.

NMPUMEYAHUE

B Mathcad 11 u Gonee mo3gHME BEpCHH BKJIIOYEHA JJIEKTPOHHAS KHUTA, MOCBAIICHHAS
BOJTHOBBIM TpeoOpa3oBaHsiM. OHA COAEPKHUT JOMOJHHUTEIbHBIE (QYHKIHHA 00paboTKH
CHTHAJIOB M MHOTO IIPHMEPOB BOJHOBHIX IpeoOpa3oBanmil. IIpaBma, BOCIOIB30BaThCS
cpa3y 3TuMH (QYHKIHSMA Helb3s — HEoOXOIMMO IPUOOPECTH MOJHBIA MaKeT Ha caiTe
¢upmbr Mathsoft.
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[maBa 8. MaTtemaTnyeckas ctatucTuka

Mathcad umeer Gombmioit Habop (QyHKIMIA MaTeMaTHYECKOW CTATUCTHUKH, TTO3BOJISIOLIIX
BBIYHCIIATh XapaKTEPUCTHUKK BBHIOOPKM JIAHHBIX: CpEIHHE BEIWYUHBI, JUCIIEPCHIO,
KO3(OOUIMEHTbl KOPpENSIIMU W JApyrue  KOI(QQUIMEHTHI, BBIYUCIATH IUIOTHOCTH
BEPOATHOCTH, (byHKL[I/II/I BEPOATHOCTHU, KBAHTUJIN BECPOATHOCTU IJIA 17 Ppa3JIMIHbIX BUIOB
pacnpenenenus ciay4dailHeIX BennyuH. Kpome Toro, B HEM €cTh IeHepaTOphl CIydalHBIX
YHCel, COOTBETCTBYIOIIME BceM 17 BuaaMm pacmpenesieHus, Mo3BoJsitonye 3$QGeKTuBHO
BBITIOJHATH MOJIENIpOBaHKe MeTogoM Monre-Kapio.

8.1. XapakTepuUcTukn BbIOGOPKN AaHHbIX
N CBA3U OABYX MaCCUBOB

Mathcad comepxxut 16 paznugHBIX (QYHKIUH IS OLEHKH HMapaMeTpOB BEIOOPKH JTaHHBIX.
[epeunciiM OCHOBHBIE U3 HUX:

O mean(4) Bo3BpamaceT cpeHee 3HAaYCHUE AIEMEHTOB MacCuBa A;

O hmean(x) Bo3Bpariaer cpeaHee rapMOHHYECKOE 3HAUEHHE 3JIEMEHTOB MacCHBa A
Q gmean(4) Bo3BpaiacT cpeaHee TeOMEeTPUIECKOe 3HAUCHHE DIIEMCHTOB MacCHBa A;
Q var(A4) Bo3BpalaeT JUCIEPCHIO SJIEMEHTOB MacCUBa A;

O Var(4) Bo3Bpaiaer HECMEIIEHHYIO JUCIIEPCHIO JIEMEHTOB MaccuBa 4,

Q stdev(4) Bo3Bpariaer cpeaHee KBaAPaTHIECKOE OTKIIOHEHHE 3JIEMEHTOB MaccuBa A

O Stdev(4) Bo3Bpam@er HECMEIICHHOE CpPEIAHEE KBAJPAaTHYECKOE OTKIIOHEHHE
3JIEMEHTOB MaccuBa A,

O median(4) Bo3Bparaer Menuany MaccuBa 4, KOTopasi ISIUT THCTOrPaMMy IIOTHOCTH
BEPOSITHOCTEHN HA JIBE paBHbIE YaCTH;

O mode(4) Bo3Bpainaer Moay MmaccuBa A (Haubosiee 4acTO BCTPEUAOIIEecs] 3HAUYCHHE
BBIOOPKH JIaHHBIX );

QO skew(d4) Bosepamaer acuMMeTpui0 MaccuBa A (CTENEHb ACHMMETPUYHOCTH
THCTOTPAMMBI TUIOTHOCTH BEPOSTHOCTH OTHOCHTENIBHO OCH, MPOXOJIAIICH depe3 ce

LEHTP TSHKECTH);

Q Kkurt(x) BosBpamaer 3kcmecc MaccuBa A (CTENEHb CrUIAYKEHHOCTH IUIOTHOCTH
BEPOATHOCTU B OKPECTHOCTHU TJIaBHOT'O MaKCl/IMyMa);

Q stderr(4, B) Bo3Bpalaer CTaHAapTHYIO OMIMOKY MPH JMHEHHOW perpeccuu MacCHBOB
AwnB;

Q cvar(4, B) Bo3BpamaeT KOBapHaIUIO 3JIEMEHTOB IBYX MacCHBOB, 4 U B;

Q corr(4, B) Bo3spaiaer k03(hGHUIHUEHT KOPPEISILKU JBYX MAaCCUBOB, 4 U B;
Q hist(int, y) pyHkums mocTpoeHus rucTorpaMMbl MaccuBa A;

Q histogram(n, y) dyHKIHS TOCTPOSHHUS THCTOIPAMMbI MacCHBa A.

DopMynbl U pacdeTa YKa3aHHBIX XapaKTEepHUCTHK MpUBeneHs! Ha puc. 8.1 u 8.2.
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ORIGIN =1

Bekropel Habnwoaesud K o.=¢25 33 33 30 34 37) K= K n= rows( K
I
cpefHes apudiMeTHECcKDe mean'ED) = 32 lz Ki= 32
n
i = meank) 1=1
n
i
CPENHER TEOMETOMYECKDE  mmean(K]) = 31 766 _
H K, = 31766
i=1
-1
I |
CpefHee rapMoHMyeckoe  humean(k) = 31 516 - " =31.514
11 .

Puc. 8.1. Ouenka napamMeTpoB BEIOOPKU TAaHHBIX

AWCNepcHA

ChMelleHHaR OUeHEE var(K) = 14

=

N lKi—ml2 = 14
]

—

i:

HeCMEWEHHAA oUeHKE  Var(E) = 16.8 ! N7 lKi—mlz =168
n—1 &=
CPpEeAHEs KBAAPATHYSCKOE OTHNOHEHKHE 1=
CMELEHHAR OLIeHKa stdev(K) = 3742 yfvar(K) = 3.742
HeCMeLLEHHaA OUEHKA Stdew(E) = 4.099 Var(E) = 4,099
Merana median(E) = 33
Moaa mode(K) = 33
Jkcuece lurt(E) = 1.33%
ACHMMETDMA skew(E) = —0.941

Puc. 8.2. Ouenka mapameTpoB BEIOOPKH AaHHBIX (1npododicerue)

Bce mpuBeneHHble craTHcTHYECKHE (DYHKIMM MOTYT HCIIOJB30BAThCS Ul pabOTHI Kak ¢
BEKTOpaMH, TaKk W C MaTpuuamu. IIpy S5TOM CTaTUCTHYECKHE XapaKTEPUCTHUKU
PacCUNTHIBAIOTCS ISl COBOKYITHOCTH 3HAUCHMH BCEX JIEMEHTOB MAaTpHIIbI, 0€3 paseiacHust
ee Ha CTPOKH M cToJOupbl. Tak, U1 MaTpuIsl pa3MEpHOCTBIO 7 X 1 00BbEM BBEIOOPKH paBeH
m Xn.

B kadecTBe apryMeHTOB (hYHKIMH MOXKHO yKa3aTh JIF000€ KOJIHMYECTBO BEKTOPOB, MaTPHI U
cKaysipoB. [IpuMmep BBIMMCIEHHWA CTaTUCTUYECKMX XapPAKTEPUCTUK JUI HECKOJIBKHX
MacCHBOB TIpHBeJeH Ha puc. 8.3. [lopsok yka3aHust MacCHBOB HE MMEET 3HAUCHHSI.

baccuerl HabnwgeHui 16 32
K=0323 33 33 30 34 37) K= KT =31 9
& =010 15 13 20 22 27 24 17

mean(K, A M) = 23222 mean/M, A K) = 23222
median(K A M) = 23 stdev(d MK = 2417

Puc. 8.3. Ouenka napaMeTpoB HECKOJIBKIX MaCCHBOB JTaHHBIX

B Mathcad umetorcst Tpu QyHKIMH 1J1S1 OLIEHKH CBSI3U IByX BEKTOPOB MJIM MaTpPHIL:

O stderr(4, B) Bo3Bpalaer CTaHAapPTHYIO OMIMOKY MPH JMHEHHOU PErpeccMu MacCHBOB
AnB;
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Q cvar(4, B) Bo3BpalmaeT KOBapHaIHIO 3JIEMEHTOB MacCuBOB A U B;
Q corr(4, B) Bo3BpamaeT K03 OUIHEHT KOPPEISAIUN MaCCUBOB 4 1 B.
Koa¢dunuenT koppensaiuy u KoBapHanus pa3indaroTcs JIUITb HOPMUPOBKOH.

Kosapwuarust onpenensiercs o ¢popmyie

¢= (Ai_ACP)(Bi_BCP)’

I |~

n
i=1
K03 GULKEHT KOppesiiut — 110 popmyie

ke C
GA'GB

rje G, U Gp — CPEJHUE KBAJPATUUYECKUE OTKIOHEHHUSI MACCUBOB A U B.

Yariie Ha MPaKTUKE UCIONB3YeTCsl KOAPPUIMEHT KOPPEISIUH, AU OTHOCUTENBHYIO, a
He a0CONIOTHYIO (KaKk KOBapHalus) OICHKY CBSI3M JBYX MaccHBOB. UeM Oimke K CAMHUIIC
K03 (ULUEHT KOppelsluHd, TeM TecHee CBs3b. [IpuMmep pacuera mnapamerpoB CBS3H
MacCHBOB TpUBEJIeH Ha puc. §8.4.

K=¢25 33 33 20 34 371y K=K

B B ;
BKTOREI REBARABHN 10 15 13 20 22 27y A= AT

CueHKa CBAZWM ABYX MACCHEOE
KOEApHaUMA cvat( 1, A) = 16167

KOBMPULMEHT KOPPENALUMK  cor(E, A0 = 0751
CTaHAapTHaA ownbka stderK, A7) = 4450

Puc. 8.4. Ouenka cBs3u BeKTopoB 4 u K

8.2. dyHKUMKN pacnpenerieHns BEPOSATHOCTEN

B Mathcad umerorcss BCTpocHHBIC (DYHKIUM JUIsl OLUEHKH 17 BHIOB pacrpeaciiCHUs
CIIy4aiHbIX BEIMYUH. DTH (PYHKIUU PACCUUTHIBAIOT IUJIOTHOCTh BEPOSTHOCTH, (DYHKI[HIO
pacrpeneNieHusl, KBaHTIIb BEPOSTHOCTH, TEHEPUPYIOT BEKTOP CIIyYalHHBIX YHCEII,
pacrpeeieHHbIX 10 Tr000My U3 17 BUIOB pacipe/cicHHs.

@OyHKIMU pa3IUYaroTCsl HalMCaHUEM IepBOM OYyKBBI, a JApyras 4acTb UMEHH (QYHKIHMH
yKa3bIBaeT BBIOpAaHHBINA BHUI pacrpeneneHus (B cnmcke (yHKIHMHA 3Ta 9acTh 00O3HAYCHA
3BE3JI0YKON):

Q d*(x, par) — mIOTHOCTH BEPOSITHOCTH;

Q p*(x, par) — yHKIUS pacnpeaeneHus;

Q q*(P, par) — KBaHTWJIb paclpeeieHHs;

Q r*(M, par)— BekTop U3 M HE3aBHCHMBIX YHCEI, PACIPEASICHHBIX MO BBHIOPAHHOMY
3aKOHY.

31ech x — 3Hau€HHE CIIy4aiHON BENNYMHBI, P — 3HAa4eHUE BEPOSATHOCTH; Par — CIHCOK
apaMeTPOB PacIpPEIEIICHHUS.

Yr1o0bI NOJIy4YUThb (1)yHKIII/II/I, OTHOCAIIUECA, HAIPUMEP, K HOpPMaJIbHOMY paclHpeACJICHULO,
Hago0 BMECTO 3BE€3J04YKH IIOCTaBUTL NOIrmM. Crucok napaMmeTpoB Ajidi HOPMaJIbHOI'O
pacnpeneneHuss COACPKUT ABE BCIWYHUHBI! LI — MATEMAaTHYECKOC OXHWIAAHUE U O —

cpeiHee KBaJpaTHYeCKOe OTKJIOHEHHWE. YKa3zaHHbIE (YHKIHMH TPHOOPETAIOT CIIeAyFOLIUH
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Bu: dnorm (zx, p,6) , pnorm (x, p, ) , gnorm (P, p, ), rnorm (M, i, ).

[lepeuncnuM Bce THIIBI paclpeneNieHHs, HcHoib3oBaHHble B Mathcad, BMmecTe ¢ nx
napaMeTpami, 0003HaYMB 3B€340UKON NEpBYI0 OYKBY BCTPOSHHBIX (DYHKIIHIA:

a

a

*beta(x,s;,5,) — OGera-pacnipesienenne (X — 3HAUCHME CIyYailHON BEIMUMHBI

0<x<1, sy, sy >0 — mapameTpsl);

*binom (k, 7, p) — OGuHOMMaNbHOE ~pacmpefencHHe (n— LEIblii  mapamerp,

O0<k<n,0< p<1 — BEpOATHOCTD yCIIEXA EAUHUYHOIO UCIIHITAHNS);

*cauchy (x,1,s) — pacnpenenenne Koum (/— mapamerp pasnoxenns, s>0 —

nmapamMmeTp macuirada);

. 2 .
*chisq(x,d) — x° («xn-xBagpar»)-pacnpenenenmne (d >0 — uncno crencHeii
CBOOO/IBI);

*exp(x,r) —  oKkcnoHeHnmaneHoe  pacmpenenemme (7 >0 —  mokasatens
9KCIIOHEHTHI);

*F(x,d,d,) — pacupenenenne ®uwepa (d;, d, >0 — uucna creneeii cBo601bI);
*gamma (k, p) — ramma-pacnipenencnue (s > 0 — napamerp Gpopmbi);

*geom(k, p) — reomerpuueckoe pacmpenenenue (0 < p <1 — mapamerp, paBHBIN

BEPOATHOCTHU YyCIICXa CAMHUIHOI'O UCIbITAHUS, k> 0 — e1oc ‘—II/ICJ'IO);

*hypergeom (k,a,b,n) — runepreomerpueckoe pacupenencnue (a, b, n— uensie

qucia);
*lnort(x, u,c) —  norapuMHUYECKH  HOpMaJbHOEe  pacmpeneieHue  (u —
HATypaJIbHBIA JIOrapud™M MaTeMaTH4eckoro oxwuianus, o >(0 — HaTypaibHbIHA

sorapuM CpeIHEro KBaIPaTHIeCKOT0 OTKIIOHCHH ),

*logis(x, l,s) — JIOTHCTHYECKOE pacripenerneHune (/ — mareMaTHyecKoe OXHIaHUe,

s > (0 mapamerp Macmiraba);

*nbinom (k, 7, p) — orpunarensHoe GuHOMHANBHOE pactpenenenne (1 >0 — menoe

yucno, 0 < p <1);

*norm(x, H, G) — HOpPMaJbHOE pacnpenesieHne ([ — MaTeMaTHYecKoe OXXKHAaHHe,

o > (0 — cpemHee KBaJpaTHYECKOE OTKIOHEHHUE);

*pois(k,k) — pacnpenenenue [lyaccona (A >0 — napamerp);
*t(x,d) — pacnipenenenme Croronenta (d > 0 — "mcino cTeneneit cBOGOEI);
*unif (x, a, b) — paBHOMepHOE pacnpesenerue (@ < b — rpaHuIbl HHTEPBAIIA);

*weibull (x,s) — pacnipenencnue BeitGymna (s > 0 — mapamerp).

[Tpumeps! onpeseneHus UIOTHOCTH BEPOATHOCTH, (PyHKIMH pacupeseeHus U KBaHTHIeH
pacmpeneneHus IpuBeACHBI Ha puc. 8.5 u 8.6.
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[y HKUMM pacnpegengHua cay4aiHex YMcen

MACOTHOCTE iy HELMA
EBROATHOCTH pacnpegeneHyA
w=-5,-495_5

pl) = dnonmn'x,0,10 WE = ponommdx,0,1)
Pl = difx, 100 Wi = ptix, 100

plE = dundf(x, -2, WiH = punifiz,-2,2)
plE = dinorex, 0,10 WiH = plhorrdz,0,1)

Wiz

plE) = dlogis(x, 0,10 WiH) = plogis(x,0,1)  —
pl)

CAEMraA rpafive VW U p BHUE, NOCMOTPUTE EEEm

PazNHYHEIE pacnpedeneHAA BEFJEIHTHEICTEI:'I

Puc. 8.5. I110THOCTD BEPOSITHOCTH p U PYHKIHMS paclpelesieHUs: BeposTHOCTeH W

DbpaweHre fyHKUMA pacnpedeneHua (KESHTMIE EBPOATHOCTH)
g(p) = qnom(p,0,1) qlp) = gpois(p, 1)
q(p) = qi(p, qtp. 100 a(p) = gloeem(p,0.1)

p=0,005.1 CABMHETE BHMZ OOHO M3 BLIpEXEHUA qlp)

&

qipd

B

Puc. 8.6. I'paduk onpeeneHust KBAHTHIS BEPOSTHOCTH ¢

8.3. ['eHepaTopbl Crny4yanHbIX Yncern

Jnst kaxxoro 3akoHa pacnpeneneHus B Mathcad umeercss QyHKUMS-reHepaTop CilydaitHbIX
YHCeI, YTO MO3BOJISCT BHIIONHATE MOJeupoBanie Metogamu Monte-Kapio. IIpocreiimas
u3 HEX, QyHKIUs rMd(N), Bo3BpamaeTr oHO ciIydaiHOe YHCIIo, Jiexaliee B uHTepBaiie ot 0
no N. Bce npyrue (GyHKUMH-TEHEpaTOpbl CIYYaiHBIX YHCEN CO3MAl0T BEKTOp YHCEd,
pacrpeeneHHbIX 1o BEIOpaHHOMY 3akoHy. Hampumep, runif(M, a, b) cosnaet Bextop us M
YHCcell, PAaBHOMEPHO paclpelelicHHBIX B HHTepBajie OT a 1o b. I[lpumepsl paGoThI
TeHepaTopa CIyJaiHbIX 9HCell IPUBEACHHI Ha puc. 8.7. u 8.8.
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CO3AaTE QAHD CMYYaRHoE YMCNO PAaEHOMEDHO pacnpeenerHoe Mesay 0 W x
(COTPMTE 3HAK PEBSHCTEA M BEESAMTE M0 BHOBE-YMCNO NOMeHASTCA]  rnd(x)

md(2) = 2537% 107 0fHO YHCno i= 1.4 Vj=md(l10) BeKTop
Vo= morm ({5,102 Vo= rchusq(5, 10y Vo= rexpd5,0.3) WV o= rgeom(5,0.2)

DMYCTHTE BHAE OOHO M3 BRIDEHEHWA Y
Vo= sert(V) Vo= reverse(V)  COPTHROBKA BEKTORE N0 POCTY W 0BPRAETHO

Fa

8 cpeaHes apHhMaTHIECKOS mean(V) = 3.6
7 nMCNepcH var(V) = 11.44
(m =3 CpelHes KBadpaTHY2CKOR stdev(‘ur) = 3382
0 CTKNOHZHKWE
ey MedkaHa median (V) = 3

Puc. 8.7. PaGora rereparopa cilyqaiiHBIX YHCEI

PORMUEOEEHME MACCHES CNYYSAHEIX YHCEN
HAna gcex dyHeUMA, kpome md H=4 a=1 h=4 k=1.H

e .
g = unif(3,a,h) 179 317 304 136

MOMEHARTE FEHEPATOP YMCEN == 284 345 185 29§
108 375 198 377

OnAa dyHkdn md - n=3 m=4 i=1.n j=1.m
0213 1877 244 3014

i j=md(5) A=|0142 2236 236 038
3063 3484 4398 32%

Puc. 8.8. Pabora rereparopa ciydaifHbIX drcen (npododicerue)

8.4. lNocTpoeHune ructorpamMmm

l'mcrorpamMmoii HaspiBaeTcsl TpaduK, AamIIpPOKCHMHUPYIONUA 10 CIyYallHBIM JTaHHBIM
IUIOTHOCTh MX pachpenencHus. [Ipu MocTpoeHMM T'HCTOrpaMMbl 00JIAacTh 3HAYCHHH
CllyyalHON BENMYMHBI pa30MBAaeTCSI HAa 3aJaHHOE YHCIO CErMEHTOB, a 3aTEM
MOACYUTHIBACTCS YHCIIO MONAAAHUN B KaXIbIi CEIMEHT.

B Mathcad BcTpoeHo nBe hyHKIUH OCTPOSHHUSI TUCTOTPAMM:

Q histogram(n, data). 3aece n — uKcI0 MHTEPBAIOB, HA KOTOPHIE pa30OHMBAETCs BEChH
JIMaIa30H MUCXOAHBIX MaHHbiXx data. Dra ¢ynkuums BosBparaer 2 cronbia. B mepBom
coJiepKaTCs CpeJHHE TOYKH KaXKJIOr0 M3 AN WHTEPBAIOB, BO BTOPOM — YaCTOTHI
MomajilaHusl Cly4aHbIX 4ucen BekTopa data B kaxmelii u3 n uHTepBasioB. I[Ipumep
MOCTPOCHHS THCTOrPaMMbl TpUBEJCH Ha puc. 8.9. MacCHBBI UCXOAHBIX JaHHBIX V U3
1000 uymcenr Ha STOM pHCYHKE CO3IAIOTCS TeHEpaTopaMH CIydailHbIX dHCeN,
COOTBETCTBYIOIIUX BBIOPAHHOMY 3aKOHY pacmpeseicHus. YUCIo UHTEPBAJIOB n1n
BbIOpaHo 21.

Q hist(int, data). 3mece int umeer nBOsIKME CMBICT: JMOO 3TO BEKTOP CEPEIAHH
WHTEPBAIOB (MOXKHO 33aTh MHTEPBAJIBI Pa3HOW LIMPHHBI), JTUOO YMCIO WHTEPBAJIOB.
data — BexTop cny4aiinbix uncen. [Ipumep ucnonb3oBanus ¢ynkiuu hist npusenen
Ha puc. 8.10.



HOPMANEHOE pacnpedenedue V= rnorm( 1000,10,1)

189 pacnpefensHie CTEHOEHTE V1= 1 1000,100
PAEHOMERHOE pacnpegensHie V2 = rundff 1000, -2,
norapuMUYeckKd HOpMankHoe V3 = flnorm( 1000 ,0,1)
NOrMCTHYECKDE pacnpegenede V4= flogis(1000,0,1)

NocTpoeHHe THCTOIPpAMMEBl
fnn =21 hh = histogram(nn V)

it = hh{l} BEETOR CRedHWY TOMekK HHTEREINOE

2

h= hhg YACTOTE NONAGAHHA YWCEN B HHTERESR

(B byHRUMKM histograr NomeHARTE WWMA MACCHER faHHeR % )

150
100
b
L
0 _.—.HHHH H” Mn
§ 7 10 12 14

int
Puc. 8.9. Ilpumenenue Gpyukimu histogram

¥ = rpoisr 1000, 10y WM ¥ = o' 1000,10, 1)
int:=0 chpoc Npedbidymy 3HaYeHMA it n=15 i=1.n

thax — it

max = max(¥)  nin = il V) inti = ————— i+ i
fn
i = 13429 it = 6,883

hl = hist(int, W) int - BEKTOP CEPEOMH MHTEPEANOE

h = hist{n, V) R - YHCNO HHTEREANOE
200 T 400 I I
]:'L].i 100 — I'L:!i 200 — —
) H ] JWH
0 I'Iﬂ” i Hnn_ 0
3 10 I 3 10
irit; i

Puc. 8.10. ITpumenenue ¢yukimu hist

Jnst 3aKpaliMBaHMsl THCTOTPAMMBI HAJO ABAXKIBI IIEIKHYTh MBIIIBIO Ha rpaduke U B
OTKpBIBIIIEMCS OKHE dbopmaTHpoBaHuUs rpaduka (puc.8-11) BBIOpaTh
Traces » Type » Solidbar (Tpaccuposka » Tum » CrutomiHbie CTOJIOMKH) WIH
Traces » Type » Bar (Tpaccuposka » Tum » cTos10ukun). BeiOpats 1iBeT CTOIOMKOB.
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®opmaTtmposaHve BeibpaHHoro rpagmura X-Y

Ok ¥, | Tpaccvpoesa ‘CDD[:IMEIT uicna | Mognmci | Mo yronUsHmW

HacToTa | cumpon | WMPMHE | Mg | TOOWMHE | par | Tun |Oc

CoARAD OIS ClARACS M [=TETRIFTR

cTonfinkm
CTYMEHH
pMCOBAHWE
OTPE3KK C Map!

p | CnnolHkIE2 CTOI
= I

R RN FRR NN R R SN RN Y
—

[ ]crpeime aprymenTe: CHPBITE NEreHLy

5] [oren

Puc. 8.11. Bei6op BHemHero Buja rpadukos

8.5. PacyeT goBepuTenbHOro nHTepBana

B kauecTBe mpumepa CTaTUCTHYECKUX PacyeTOB PACCMOTPUM pacydeT IOBEPHUTEIBHOTO
WHTEpBaJIa MaTEMAaTUIECKOTO OXKHAAHUS [T Manod BeIOOpkH K m3 6 umcen (puc. 8.12).
Jnst pacuera wucnonb3oBaHo pacnpenencHue CrplogeHTa. KBaHTWIB pacnpeneneHus
ompesensieT LIMPUHY AOBEPUTENBHOT0 MHTepBana. OH IIOKa3bIBAaeT, CKOJBKO 3HAYEHHH
CPEeHEro KBaApaTHYECKOrO OTKJIOHEHHMS Hago0 OTJIOKHTH BIEBO M BIPABO OT CPEAHETO
apudmernyeckoro 3HadeHHsA. J(OBEpUTENBHBI HHTEPBAN ONpENeNeH Ui BEpOSTHOCTH
MoTalaHus Yrcia BHYTph UHTEpBaia 99 %.

FacyeT A0EEPHUTENEHOMD MHTEPEANS
K.=(25 33 33 30 34 36 K= K Kop = mean(K) Ky = 31833
oo CrerogerTy  KESHTHAE  to= gif09%,m) t= 2602
OTKNOHEHWE OT CPegHero apudmMeTHYeckoro di = t-stdewE) di= 9191
T OF e MTRMEEETT METEE AT Ecp-dicEE<Ecptdi

31833 - 9191 « KK « 31833 + 0191

Puc. 8.12. Onenka 10BepUTEIFHOTO HHTEPBANIA TSI MAJIOW BBIOOPKH TaHHBIX

B TexHuKe CyliecTByeT MOHATUE «pacueT Ha TPU AEBITKH». CMBICH €ro B TOM, 4TO IpU
pacueTe ¢ BEpOSATHOCTbIO HepaspymeHus 99,9 % Hano OTIOXKUTH OT CpegHer
JIOJITOBEYHOCTH B CTOPOHY €€ YMEHBIICHHS «TPH CUTMa» (TPH CPEIHMX KBaJpaTHYECKUX
OTKJIOHEHHUSI), IOTOMY YTO KBAaHTHJIb HOPMAJIBHOTO paclpeieIeHus IPUMEPHO paBeH 3 mpu
BepositHOCTH 99,9 %.
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Yactb lll. JononHuTenbHble BO3MOXHOCTHU
Mathcad

[maBa 9. lNporpammmpoBaHmne

Paznen «IIporpammupoBanue» 3aHumaer ocoboe mecto B Mathcad. IIpn HauambHOM
o0y4eHUH STOT pa3liell COBEpLIEHHO He HyxeH. OrpomHble Bo3MoxkHocTH Mathcad
MO3BOJISIIOT PELINTH ITOJABIISIONIEE YHCIIO 3a/ad 0e3 MCIOIb30BaHHUs MPOrpaMMUpPOBAHUS,
Ja K TOMy e, KaK IpaBHJIO, HECKOJBKUMHU criocobamu. Ho ecTh Kiacc 3amad, KOTOpbIC
HEBO3MOJKHO PEIINTh 0€3 MpOorpaMMHUpPOBAaHUs. JTO 331a4d, B KOTOPBIX 4acTh JOKYMEHTa
13 HECKOJIKMX WJIM MHOTHX OIEpPaTOpPOB HaJ0 BBHIIOJHATH MHOTOKPATHO. B Takux ciydasx
JOKYMEHT JOJDKEH COCTOSITh M3 OTHEIbHBIX IOANPOrpaMM, OOBEAWHEHHBIX B EIWHYIO
«TOJNIOBHYIO» mporpamMMmy. M B 3TOM cilydae NpOrpaMMHPOBAaHHS MOXKHO ObIIO OBl
n3bexaTh, ecnu Obl co3marenn Mathcad mpemycMmoTpenn omepaTop Iepexoma K MeTKe,
KOTOpBI ecTh (OBLI) BO MHOTHX S3bIKax NPOrpaMMHPOBAaHUS, B YacTHOCTH, B Fortran.
Cepbe3Hble IPOrpaMMUCTBI CUMTAIOT JypPHBIM TOHOM HCIIOJIb30BAHUE MEPEXO/a K METKE,
CYHTasi, YTO B JIFOOOM MporpamMme MOKHO 0OOMTHCH 6€3 METOK. DTO BepHO, HO 3a4acTyIO
Tpebyer Gonpmmx ycunuid. Cucrema Mathcad npennasHadeHa st IPOCTBIX WHXKEHEPOB,
HE BCerJa SIBJISIOMINXCS CIIENUATUCTaMH B IPOIPaMMHUPOBAHKH, U TTO3TOMY JIOJDKHA OBITH
MIPOCTO! B UCIIOJIb30BAHHH.

Ucnonr3oBanne pasgena «lIporpamMvupoBaHme» T1o3BoisieT 3amucatb B Mathcad
porpamMMsl J1r000H croxHOCTH. OOPa3oM TaKOW MPOTrpaMMBI SIBISETCS PEIICHHUE TIIOCKON
YIPYTro-INIacCTU4YEeCKOW  3aJadyd METOJOM KOHEYHBIX JJIEMEHTOB, IIPHUBEICHHOH B
npumepe 55 yactu IV kuuru.

IIporpammupoBanue B Mathcad upe3BbIYaiiHO HArJISTHO M TOHSTHO, TaK KakK MporpamMma
peJCTaBisieT co0oii mocenoBarebHOCTh hopmyi. Jlanee nmporpamMmmamu OyeM Ha3bIBaTh
He Bce OoObruHbIe Mathcad-0KyMEHTBI, a TOJBKO T€ W3 HHX, KOTOPHIC HAMKMCAHBI C
HCIIOJIb30BAaHUEM ITaHEJIA MPOrpaMMHUPOBAHHS.

OCHOBHBIE OIEPATOPH MPOIPAMMHUPOBAHUs PACIIOJNOXKEHBI Ha maHenu Programming
Toolbar (Ilanenp nporpaMMHUpPOBaHMsI), BbI3BIBAEMON COOTBETCTBYIOLICH KHOIKOM

Maremaruieckoil nanenu. [IpuberaTh K MOMOIIM MaHEIH MPOrPAMMHUPOBAHMS TPUXOANUTCS
B OCHOBHOM ITpY HEOJJTHOKPATHOM MOBTOPEHHH KaKUX-JTHOO0 YacTed IOKyMEHTa.

9.1. Co3gaHune nporpamm

IMporpamma Mathcad ectp uacTHblii ciyuail Belpaxenuss Mathcad. [Tomo6HO moGomy
BBIPAXKEHHUIO, IIPOrpaMMa BO3BpAllaeT 3HAYCHUE, €CIM 33 HEH CIeAyeT 3HAK PaBEHCTBA.
OO6buHOe BhIpakeHue Mathcad cocTouT W3 OIHOW CTpPOoKH. BeIpakeHue-mporpaMma
COZICPYKUT MHOTO CTPOK. DAaKTHYECKH, 3TO COCTABHOE BBIPAXKCHHE.

BeipaxxeHue-porpaMmMa COCTOUT M3 Ha3BaHHsS BBIPAKCHUS, CICIYIOIIErO 32 HUM 3HaKa

MPUCBOCHMS 3HAYCHMS W HEOOXOAMMBIX BBIPQKEHWH B IPAaBOW YacTH, 3allMCAaHHBIX B
CTOJIONK ¥ OOBEJMHEHHBIX CII€BA BEPTUKAIBLHOM YEPTOMH.

9.1.1. BBOA CTPOK B NnporpaMmmy
st coznanus nporpaMmmbl HaAO:
O  BBECTU UM BBIPAKECHUA-TIPOIPAMMBIL;
Q BBECTH OIepaTop MpucBauBaHus (:=) ;

O 1eNKHYTh HAa KHONKe maHenau mporpammupoBanus Add Line (J{o6aButh CTpOKy)
CTOJIBKO Pa3, CKOJIBKO CTPOK JOJDKHA COICPIKATH MPOrpaMma;

O B MOSBUBIIMECS MECTa BBOAA BBECTH HYXXHBIE OIEPAaTOPHI, JHIIHHE MECTa BBOAA
yIaIUTh.
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Yt006bI CO3/aTh HEAOCTAIOLIME MECTa BBOJA, HALO0 MOCTABUTH CHHHM YrOJOK Kypcopa B
KOHEI| CTPOKH, IOCJIe KOTOPOH BBECTHM HOBYIO CTpoKy. KiaBuimed mpobenma criexyer
BBIJICJITh MOJHOCTBIO BCIO CTPOKY M Haxkath kHomky Add Line. TIpu 3ToM BO3MOXKHBI /1Ba
BapHaHTa!

O Ecau cunuii yroiok Kypcopa HaxoJMTCs B Hadayle CTPOKH, TO mocie Haxarus Add
Line MecTo BBOIA MOSIBUTCS BBIIIE 3TOH CTPOKH.

Q Ecau cuHUii yrojok Kypcopa HaXOJUTCs B KOHIIE CTPOKH, TO mocie Haxarus Add Line
MECTO BBOJIa MOSBUTCA HIKE 3TOH cTpokH (puc. 9.1).

MporpamMMApo...[X]

NONOHEHME KypCopa

W= a1 wE = lae1 A 1L .
D bexs if otherwise
pesyneTaT JedcTerA Add Line o T
wH = a1 WK = |ae1
hreak continue
1 béex+a
return or error
bex4a 1

Puc. 9.1. BBoa cTpoku B mporpammy

B HekoTOpBIX ciydasx, HampuMep, IpH HEOOXOIMMOCTH BCTaBUTH CTPOKY MEXIY ABYMS
BJIO)KCHHBIMH LUKJIAMH, YTO IIPH CO3JaHWM TPOTPAMMBI BCTPEYACTCS OUYEHb 4acTo,
yKa3aHHBIN NTpHeM He pabdoTaeT. B 3ToM ciydyae Heo0X01MMO:

O  BBIIEIHTH YEPHBIM IIBETOM BECh BHYTPEHHHH LUK,

O BeIpe3ath ero B Oydep kHonkoit Cut (Beipesars);

O wHaxars kHonky Add Line;

Q BcTaBUTH U3 Oy(epa BEIPE3aHHBIA KyCOK Ha MPEKHEE MECTO;
O 3amoJHUTH NOSBHUBLIEECS JONOJHUTEIBHOE MECTO BBOJA.

HpI/I OIPECACIICHHOM HABBIKE 3TOT IPHUEM y,I[O6HO HCIIOJIB30BaTh BO BCEX CiIy4dasX BCTAaBKH
JOIIOJTHUTEJIBHBIX CTPOK.

9.1.2. JlokanbHoe NpUCcBOEHNE 3HAYEHUI

IMporpamma Mathcad — 3t0 000COOICHHBIIE MoOmyab BHyTpu Mathcad-nokymenTa co
CBOUMMH MMCHaMH MNMCPEMCHHBIX U HUX 3HAYCHHUAMU, KOTOPBIC HEC BUAHBI U3 APYIUX MCECT
Mathcad-ngokymenTa.

IIpucBavBanue 3Ha4YeHUI MEPEMEHHBIM M KOHCTAaHTaM B IpOrpaMMax IPOU3BOIUTCS C
MOMOIIBIO IIPOIPAMMHOIO OIlepaTopa INPUCBAUBAHUS <—, KOTOPBIA BBOAUTCS C IIaHENH
[IPOrpaMMHUPOBAHMS HaKaTUEM KHOINKM <—. IIpu co3pmaHuu mporpammsl, KOrja 3TOT 3HAK
OPUXOIUTCS UCTIOIB30BATh YACTO, MOJIE3HO MOJIb30BATHCS KIaBHIICH {.

JlokanbpHbIe 3HAUEHHS MEPEMEHHBIX HENb3sl UCIOIb30BaTh BHE MporpaMmsel. Eciou 3To Bee
K€ HE0OXO0JMMO, UX HaJI0 BEIBECTH W3 MPOrpaMMBbI CIICHHANIBHBIM 00pa3oM (cM. pasznen 9.4
«BbIBOZ pe3ynbTaTOB pacyeTa U3 NpOrpaMMBbD»).

BHUMAHUE

Hu omepatop mnpucBoeHust 3HaueHus (=), HH omepaTrop BbIBoJa (=) B Ipenenax
HpOrpaMM He MPUMEHSIOTCS.

W3 OCHOBHOrO IOKyMEHTa B IpOTrpaMMy I€pelaroTcsi B BUAE KOHCTAaHT BCE 3HAUCHUS
BEJIMYMH, UMEIOLINX OAMHAKOBBIC HMEHA. DTH 3HAUEHHS COXPAHSAIOTCS HEM3MEHHBIMU MPHU
JFOOBIX JIGUCTBUAX C HUMH BHYTPH MPOTPaMMBL.
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Jnst Toro 4To0b!I MH0OBIE BEIUYMHBI CTAIM NIEPEMEHHBIMH, UM HAJI0 NPUCBOUTH 3HAYCHHS
BHYTPHU INPOTPaMMbl C HOMOILBIO IIPOIPaMMHOTO orepaTtopa npucBauBanus. Ha puc. 9.7
nepBelii omeparop B mporpamme A < A 3amennte Ha AA < A wim ynamure ero.
Pesynbrar nameHurcs.

B 6oupmmoit nporpaMme, HarpuMep, MPH PEIICHIH YIPYTO-TUTACTHYECKON 3a/1a9d METOIOM
koHeuHblx 3neMeHToB (MKD) (mpumep 55, vacts IV), rme B ronoBHywoo nporpammy ZZ
HaJ0 MepelaTh MHOIO IEPEMEHHBIX BEJIIMYMH, BCEM WM B Hayaje MPOrpaMMbl Halo
IpUCBONTH 3HaueHHs. OOpaTuTe BHUMAHHME Ha TO, YTO HMEHa IIepefaBaeMbIX H
NPUHAMAEMBIX BEJIMYMH Yallle BCETO COBNAJAIOT, YTOOBI IPOrpaMMy OBLIO Jierde MOHATh. B
YKa3aHHOM IIpUMepe mepemaercss 6 BENMYMH, W KaKAas 3aHUMAeT OAHY CTPOKY B
nporpamMme, 4To YBEJTHYUBACT JUIMHY ITPOTPAMMBI.

[lepenarb HyXHbIE BEIMYMHBI B MPOTPaMMy MOKHO M JPYIMM CIIOCOOOM, cCO3/1aB
nporpamMmy-(QyHKIUIO, TJ€ IepeJaBaeMble BEJIMUMHBI 3allMCaHbl B IapaMeTpsl (pyHKIUH.
Tak B paccMOTpeHHOM IpuMepe 0(OpMIICHBI BCE TOAIIPOTPaMMBI, HCIIOIb3yeMbIE 3aTEM B
rosoBHOM mporpamme. [Ipm 3TOM mporpaMma 3aHMMaeT MEHbIIE MecTa B JJIMHY, HO
0oJpIIIe — B IIUPHHY.

st 5KOHOMHHM MecTa B JOKYMEHTE MOXKHO HCIIOJIb30BaTh HAIOXKEHHE OOBEKTOB APYr Ha
apyra. lllenkHute nmpaBoil KHOMKOW MBIIIK U BBIOEPUTE B KOHTEKCTHOM MeHio Bring to
Front (BeiaBunyTh Ha mepeanuii mian) win Send to Back (Yopare Ha 3amHuil miaH).
JoxyMeHT nony4daercst 6ojiee KOMIIAKTHBIM. VIMEHHO Tak CKOMIIOHOBaHBI BCE HPOTrPAMMEI
B 9TOM KHHTE.

NMPUMEYAHUE

Hauunas ¢ Mathcad 13, Omepatop nporpaMMHpOBaHHsS HE [OIyCKaeT HAIHYHS

OJMHAKOBBIX MMEH B JIEBOH M MPaBOH YACTSAX ONEpaTopa JIOKAITFHOTO IPHCBOCHUS <—.
Hampumep, MaccUBY HEIb3s IPUCBOUTH UMS (DY HKIIUH.

Jlrobast mporpamMma MpeACTaBisieT CcOOOH  COYETaHHE OOBIYHBIX MATEMATHYECKUX
BBIPXKEHUH C OMEPATOpaMK YCIOBUS M UKIIA. Pa3bepeM mocieaoBaTe/ibHO ASHCTBUE ITUX
OIepaTopoB.

9.2. YcnosHbIn onepartop if

JlelicTBre yCIIOBHOTO OIlepaTopa COCTOMT M3 ABYX dacTeld. CHavaa mpoBepsieTcs yCloBuUE,
3amucanHoe chpasa ot omneparopa if. Eciii 0HO BepHO, BBITOIHSIETCS BRIPAKCHHUE, CTOSIIIEE
creBa oT if, eciti He BepHO, IPOUCXOIUT MEPEXO/T K CIEAYIOIICH CTPOKE POrPaAMMBI.

YT0OBI BCTaBUTH YCHOBHLIﬁ OIepaTop B MporpaMmy, HYy>KHO:

O B co3gaBaeMoOil NporpaMMe YCTaHOBUTH Kypcop Ha CBOOOJHOE MECTO BBOJA, IZe
JIOJKEH MOSBUTHCSI YCIOBHBIN OIIEepaTop;

O =Ha mna”enu mnporpammupoBanus (Programming) mienknyte Ha kHomnke if. B
nporpaMme MOsIBUTCS MIabJIOH OnepaTopa ¢ IBYMs MECTaMH BBOJA;

O B mpaBoe MECTO BBOJAa BBECTH YycioBHe. llomb3yHTech MpH 3TOM JOTHYECKUMHU
orneparopamu, BBosl ux ¢ naHenu Boolean (Bynessl oneparopsi);

O cixeBa ot omeparopa if BBeCcTH BbIpakeHHE, KOTOPOE JOJDKHO BBIMONHSITHCS, €CIH
YCIIOBHE BEPHO;

O  ec)IH TIPH BHIMIOJHEHUH YCIOBHSA JIOJDKHO BBITIONHATHCS CPasy HECKOJIBKO BBHIPAXKEHHH,
HAJI0 UMETh HECKOJIBKO MECT BBOJA. Y CTAHOBHUTE KypCcOp Ha MECTO BBOjA ciieBa oT if u
naxkmure Add Line cronbko pas, CKONbKO CTPOK Hamo BBecTu. OOpaTuTe BHUMAHKUE Ha
TO, YTO MPH 3TOM H3MEHSIETCSI BHJ YCIOBHOrO omepartopa. CTonbuk MmecT BBOJA
MOSIBJISIETCSL HE CJIEBa, a 1moj| orniepatopoM if (puc. 9.2).
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MCNoNb30BaHWeE onepaTopa
nporpaMmupoBaHns if

a:=8 [MNoMeHARTE a

v=|fa<3
befa
In{b)

2f3=a=s

otherwize

céi—a+1
2

c —a

ncnone3oeaHue EYHEBbI)( onepaTopoB

¥l = [m'ﬁ'-(a <+ Las +[(a+ 12 - a]-(a > 5)]

ucnonesosaHue hyHKUMUK if

¥2 = if[a < 3,111'\]5',&[3 =a=5,2,(at 1)2—aI|
y=73 yl=73 y2=73

Puc. 9.2. Tpu cnoco6a 3amucu ycnosus B Mathcad

Ecmm YCIOBUC HE BEPHO, NPOUCXOIAUT IICPCXOJ K cne,uyfomeﬁ CTPOKE IMPOTrpaMMBI. Omna
MOXKET COACPIKATH HOBOC YCJIIOBUEC WJIN OBITH OOBLIYHBIM BBIPpAKCHUEM.

Yacto BCTpevaeTcs yCIOBUE C JByMs BapUaHTaMH JIEHCTBHS: €CIM ..., TO ..., UHaAye ...
Just cnoBa «uHaue» Ha maHenu Programming umeercst oneparop otherwise (Muaue),
KOTOPBIN BBOJUTCS TaK ke, Kak if.

Ha IMPAKTUKE JTy4llI€ BBOJAUTH YCJIIOBHUEC B HECKOJIBKO MHOM MOPAAKE:

a

Ha CB060HHOC MECTO BBOJAa B IMPOTpaMME BBOAAT BbIPAKCHHUEC, BBLINIOJIHACMOC, €CJIN
YCJIOBHE BEPHO.

Bblensior KypcopoMm BBIp@KEHHE TakK, 9YTOOBI YTOJIOK Kypcopa ObUT B KOHIIE
BBIP)KCHUS, ¥ Ha TIAHEJIM IPOrPAMMHUPOBAHUS HAXXUMAIOT if.

Cnpasa oT oneparopa if BBogsT yciosue.

Ha cregyromem cBoOoTHOM MecTe BBOJIA (Ha CIICAYIONICH CTPOKE) MUIITYT BEIPAXKEHUE,
BEITIOJTHAEMOE «HHAYE), €CITN YCIOBUE HE BBITOIHICTCS.

Bblensior KypcopoMm BBIp@KEHHE TakK, 9YTOOBI YTOJIOK Kypcopa ObUT B KOHIIE
BBIP2)KCHHUS, U Ha TIaHEJIM IPOrpaMMHUpOBaHus HaxxumaroT otherwise.

Ha puc. 9.3 mpuBeeH npumep HCIONB30BaHUS YCIOBHOro omeparopa if. B kauectse
nprMepa BBIOPaHO IMOCTPOSHHUE S0P M3THOAIOIIMX MOMEHTOB U ITONEPEYHBIX CUJI B Oayke
(puc. 9.4). TlpumeHeHHE YCIOBHOTO OIEpaTopa OCOOCHHO yMOOHO TPH BBIOITHEHUH
OTlepalyy CO CTYNEHYATBIMU (PYHKIMAMH. YYaCTKOB Ha Oallke MOXeET OBITh HECKOJIBKO, HO
(hyHKIHSA U3ru0aroIuX MOMEHTOB OJTHA.



195

lcnonezoeanMe onepatopa if ANA ONWCAHWA CTYNEHYATEY
Dy HEUMA (nocTpoedke anp 2w M npw varmbe Ganku)

g=20 Pl=20 P2:=30 MO=30 a=3 h:=2
Q= |Fl-gx if x<a
(Fl + F2 - -a) otherwise

2
MP(x = || Plx- q-% fOSx<a

|:P1-x— q-a-[x - g] +PI(x- D) + Mn} otherwise

Puc. 9.3. Mcnons3oBanne ycaoBHOTO onepaTopa if

q I‘PMD
| YYvyVvYyvyYy |

Puc. 9.4. Dnropsl IONEPEYHON CUIIBI M M3THOAIOIIET0 MOMEHTA TIPH U3rube 6anku (cM. puc. 9.3)

Hanomuaum, uto B Mathcad ectb Tpu cioco0a 3armmcu yCIIOBHS:
O C IOMOWIBIO OIIepaTopa MPOrpaMMHUPOBaHHs if;

O ¢ noMoulbko OYJIEBBIX OIEPAaTOPOB;

O ¢ nomomibio GyHKIWMH if.

[IprmMeHeHme BceX Tpex crocoOOB 3alrCcH YCIOBHS MMOKa3aHo Ha puc. 9.2.

9.3. OnepaTopsbl UMKna

BaxHelmmM 371€MEHTOM MPOrpaMMHpPOBAaHMUS, TIOMHUMO YCIIOBHOTO OIlepaTopa, sIBIseTcs
ormepatop 1wkiaa. B oOeraHOM Mathcad-gokymMenTe ucnonb30BaHWME — TUCKPETHOH
MEPEMEHHOH, (paKTUUECKH, aHAJIIOTMYHO MPUMEHEHHIO OIeparopa IHKIA, MCHOIb3yeMOro
JUISL BBIYMCIICHHS ORHOTO BhIpaxkeHHs. Mathcad BBIYMCISET BBIpaKEHHS CBEPXY BHHU3 H
MEPEeXOANT K CIEIYIONEMY BBIPAKEHUIO, JIUIIb 3aBEPIINB BCE BBIYMCICHUS MPEIbIIyIIEro
BBIPQ)XEHUS, MTOCKONBKY BEpHYTHCS K HEMy yXe He cMokeT. Ecnu ke B KaXAOM LUKIe
JIOJDKHO OBITH BBIYHCIIEHO HECKOJIBKO BBIPAKEHUI, HEOOX0IUMO COCTAaBIIATH MPOTPaMMy

BHUMAHUE

Hcnionb3oBanue JUCKPETHBIX INEPEMEHHBIX BHYTPHU IPOrpaMM HEBO3MOKHO.

[Manens nporpaMmmupoBanus Mathcad comepsxut aBa oneparopa ukia, for u while:
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O Ecnu 4ncio BBIMOJIHEHHH NHKIA 3apaHee H3BECTHO, HCIIOIb3yeTcst omeparop for.

O Ecau muka A0MKEH 3aBEPLIMTHCS M0 BBINOJHEHUH HEKOTOPOTO YCIOBUSI M MOMEHT
BBITIOJIHEHHS 3TOTO YCIIOBUSI HEM3BECTEH, UCIIOJIB3yeTcs onepaTop While.

PaccMoTpuM Kaxaplii U3 HUX.

9.3.1. OnepaTtop while

ukn while BeimonHsieTcst 10 TeX MOp, MOKa OCTAETCS UCTUHHBIM YCIOBUE [UKIIA, TIO3TOMY
HET HEeO0OXOAWMOCTH 3HATh YHCIIO BBIYHCICHUN 3apaHee. BaXXHO TONBKO, 4TOOHI Tae-TH00
BHYTPH IMKJIAa WIA B JAPYIOM BBITIONHAEMOM YYacTKe MPOTPaMMbl HPUCYTCTBOBA
oreparop, JACTAlIIUN YCIOBHEC IMMKJIA JIOKHBIM. B MPOTHBHOM Cllydae IHKJI OyIeT
BBLIMTOJIHATLECS OECKOHEUHO.

ECJ’II/I BBIITOJIHJAECMAast nporpaMMa 3allMKJInJIacb, €€ MOXHO OCTAaHOBUTH, HaXXaB KJ'laBI/IIJ_ly
Esc.

UYroObl 3anucars nuki While, BeimonHuTe cieyroue JeicTBUs:

Q VYcraHoBUTE Kypcop Ha CBOOOJHOE MeECTO BBOAAa B HporpaMMe (cmpaBa oOT
BEPTUKAJIHHOU YEPTHI).

O Ha manenu mporpaMMupoBaHus Hakmute KHONKY While. TlosButcst 1m1abnon ¢ AByMs
MecTaMH BBOJIA.

O Copasa or cmoBa while BBeaute ycnoBue BbIMOAHEHHS [UKIA. OOBIYHO 3TO
JIOTHYECKOE BBIPAKCHHE.

O B ocraBmieecs mojie BBoaa (BHH3Y moj cioBoM While) BBeauTe BhipaskeHHe, KOTOPOE
BBIYKCIISIETCS B IIUKJIE.

O Ecnu B UMKiIe HAZO BBIYHCIATH HECKOJIBKO BBIPAKCHHH, TO BHAuaje yCTAHOBHTE
Kypcop Ha MecTo BBoja U Haxkmurte kKHONKy Add Line (win knasuiny ]) cTonbko pas,
CKOJIBKO CTPOK OYyJeT coAep)kaTh LUKI. 3aTeM 3amojHUTE BCE MECTa BBOIA, BBEIS
HY’)KHbBIC BBIPOKCHUS. Y JaIUTE JTUIIHIE MECTa BBOIA.

O6napyxuB 3aronoBok 1ukia while, Mathcad mposepsier ycnosue 1ukna. Eciu ono
UCTHHHO, To Mathcad BBHIOJNHSAET TENO IHMKIA W CHOBA TpoBepseT yciosue. Eciam oHO
70500, Mathcad 3akaH4nBaeT BBINOJHEHHE [IUKIIA.

[pumep ucrnonb3oBanus ukia wWhile npusenex Ha puc. 9.5.

HaxoxneHue Nepearo aNemMeHTa EeKTORE,

fonewero za0aHHOrD SHadeHia K= 14 ORIGIN = 1
ij=1.7 vj:=3w.'j—1
VT _ 1 2 3 4 ] A T
1 n 1 1261442 116887 1.71|1.817
t=|j=1 | - HOMER INEMEHTE
while |vj| =k
jej+t [ °
. 17
1
W
]

Puc. 9.5. Ilpumenenue oneparopa 1ukia While
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9.3.2. Onepartop for

B UKIIC for umcio HOBTOpeHI/Iﬁ HUKJIa ONpEeACIACTCA nepeMeHHoﬁ, 3a,uaBaeM0171 B Hayajc
MHKJIa. PaCCMOTpI/IM CO3JaHUC TaKOT'O IIUKJIa:

O VYcraHoBuTe Kypcop Ha CBOOOJHOE MECTO BBoJa B IIporpamMme (cmpasa OT
BEPTUKAIBHOM YEPTHI).

O Ha manenu mporpammupoBanusi Haxmute kHonky for Loop (Uukn for). ITosButcs
11abJIOH ¢ TpeMsl MECTaMH BBOJIA.

O Copasa ot cnoBa for BeBemure uMs mepemeHHo#t uumkia. [locne 3Haka € BBemuTe
JIMaIa30H M3MEHEHHsI NMEePeMEHHOM IMKIa TaK e, KaK 3TO JEJaeTcsi ¢ IMOMOIIBIO
JIMCKpPETHON nepeMeHHOW. IlepeMeHHOM 1uKiIa MOXKET OBITh s YHMCEN, WIN BEKTOP,
WJIN CITICOK CKaJIIPOB, THANa30HOB, BEKTOPOB, Pa3/Ie/ICHHBIX 3a1sToi (puc. 9.6).

O B ocrasmeecs mone BBozja (BHH3Y, oA cioBoM fOr) BBemure BhIpaXkeHHe, KOTOpOE
BBIYHCIISIETCS B IUKIIE.

O Ecmu B muKiIe HAgO BBIYHCIITE HECKOJBKO BBIPAKCHHH, TO BHAYAIE YCTAHOBHUTE
Kypcop Ha MecTo BBoja u Hakmute kaonky Add Line (wnu knasuiny ]) croibko pas,
CKOJIBKO CTPOK OyIeT COAep)kaTh LHKJI. 3aTeM 3aloJHUTE BCE MECTa BBOAA, BBEIS
HY>KHBIC BBIPOKCHUSI. Y JAIIMTE JIMIIIHUE MECTa BBOJA.

NepemMEHHaA UMKNE - 2 BEKTOpS
NEPEMEHHEA LUMKNE Mo TMNY 13
OHCKpeTHON NepemMeHHoR

.n.éhi= 15 E::
for s 1,122 1.433 Zl= |me1 0
1.549
X e+l 2= for s € &,B 15
1612 mer : 212 | 17
mem+ 1 | 673 1
Z e m+ 1
1732 . :

Puc. 9.6. [Ipumenenue oneparopa nukia for

Mathcad serko crhpapisieTcss CO CIIOXKHBIMH MaTeMaTHYECKHMH INPOOJIIEeMaMH U JIETKO
pelIaeT CIOKHBIe YpaBHEHHA. A BOT IPOCTHIE I JIIOOOTO YeNIOBeKa JIOTHYECKHE 3a/laul
pematorcst ¢ OonmpmmM TpynoM. Ha puc. 9.7 — 9.9 moxkasanbl mpuMepsl WCHOIB30BAHUS
NPOrPaMMHUPOBAHHS VISl PELIEHHs JIOTHYECKHX 3a/1a4 BHIOOPKH HY)KHBIX 3HAUCHHUH BEKTOpa
I MaTpulbl. B »sTHx nmpuMepax TIOKa3aHbl pa3IMYHbLIC MPUCMbI 3allMCU YCJIOBUA B
omeparope if: B Bume 0OBIIHBIX OyIIeBBIX OmMepaTopoB (puc. 9.9) win B BHIC JOTHUSCKON
¢ynkupn (puc. 9.8). 31ech IEMOHCTPUPYIOTCSl TaKKe NMpHUeMbl (JOPMUPOBAHUSI MAaCCHUBOB
BBIXOJIHBIX JaHHBIX. HpI/l pa60Te C MaccuBaMu yI[O6H0 HCIO0JIb30BaTh MPHUBBLIYHYIO
HyMepaluio DJJEeMEHTOB MacchBa, Ha4yuHas C 1, [OdTOMy B TNpuUMepax Ha
nporpammupoBanue fajiee ucnonszyercs ORIGIN = 1.
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198 BeTaeka maccuea B e macoue A
looa0an
321
& = identity 5 B= {73 oi1o0a0
A=100100
pag =13
MECTO ECTAEKM cTanGely ey 00010
ooonoi
C=|A«A
"Tlepegada MaccHEa A F IR OTH ALY
for 1= 1. rows(E)
for je 1. colaE) lLo0o0o
Aricl ot B 01000
A C=[03210
n123a0
oooni
Puc. 9.7. BcraBka MaccuBa B MaccuB
MzeneyeHne anemenToE BekTOpa D, _
YAOBNETEORNAKIW MY YCNOEMH o) =2 £x<4 ORIGIN = 1
D= o233 DT=(4.116 251 3172 5524 1580 3004 5315 4785
T norudeckasd dyHeuua i)
Hopnewerme = i 1 MEHHUMABT 3HAYEHKA
for je 1. rows(Dh 1 - eepHa, 0 - HEEBEPHO
if .:[D.) =1
] c(Dj) = | IKEMBANEHTHO
T'Ti*‘LDj YCNOEMHD 2£Dj£4
Ali — ] E = Hzpneuerne
. 2 25
ie—i+1
E=|3 3179
i1
WA 6 3004
W{z} —u A - HOMEp 3NEMEHTE
Ll - zHaYeHHE 3NEMEHTE,
W

YAOENETEOPAILLETD YCNOEMH

Puc. 9.8. 3BiieueHne HyKHBIX 3JIEMEHTOB BEKTOPa
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MzEneveHre 3NeMeEHTOE Maccuea M,
YAOENETEOPAKIL MY YCNOBMK 3 < x< 5
) : CO30AHHE MACCHES
i=1.4 =1.3 Ml . =1mdl "

1 1. di1m) CAYYARHEIX YMCEN

ORIGIH =1

276 Q539 5393

ZMD = i1
4621 Ba22 7797
I = for me 1. rows(h)
Do a.l115 2662
for e 1. cols(MD)
2401 375 772
if 3<M < 3
to,n
ML « I
SmerenTeI = Z( M) i m,n
m
2 4 CTROEA -
O
JMeLEHTEL = 1 2 oTomher] I'u'ILi
4621 3759 UHCTIO
i—i+1
L

Puc. 9.9. 13BieueHne HyKHbIX 2JIEMEHTOB MaTPHLIbI

B npumepe Ha puc. 9.7 nokazan BBOJI KOMMEHTApUS B IPOrpaMMy.

Jlns BBOJa KOMMEHTapusi B IPOrpaMMy HY>KHO YCTaHOBHUTH KyPCOp Ha CBOOOZHOE MECTO
BBOJAa B IIPOrpaMMe W BBECTH CHMBOJ " (KaBbIYKH). [lOSBUTCS CHMBOJ BBEICHHS
CTPOKOBOH NEPEMEHHOM: J[BE Maphl KaBbIUEK C MECTOM BBOJA MEXIy HUMH. Beaure Tyna
TEKCT KOMMEHTapHsL.

Mathcad BpIUMCISeT BBIpaKEHHS CIeBa HAINPaBO, CBEPXY BHHU3. Pe3yibTaTel OedcTBUS
MPOrpaMMbI MOXKHO BBHIBECTH MpPaBee U HIDKE MECTa MPUCBOCHUS 3HAUCHUSI.

Jliist 5KOHOMHH MECTa B JOKYMEHTE UCIOIb3YETCS HAOKEHHE OJHON 00JacTH Ha IPYTYIo,
BeJb MpOorpaMMa 3aHMMaeT IMPSIMOYIOJbHYI0 00JacTh, OOJbIIAS YACTh KOTOPOIi
nyctyer.Jlst 3TOro mepeMecTuTe J0oe BBIPAXCHHWE B 00JACTh MPOrpaMMbl M IPH
BBIJICIICHHOM BBIPKCHHHU, HAKAB MPABYI0 KHOMKY MBIIIH, B KOHTEKCTHOM MEHIO BBIOCpUTE
Bring to Front (Ha nepennuii mian). MOXHO Takke, BBIICIHB MPOrpamMMy, BbIOpaTh B
koHTeKcTHOM MeHIo Send to Back (Ha 3amuwuii ian). TakuM 06pa3oM, CKOMITOHOBAHEBI BCE
npuMepsl B yacTu IV kuuru.

9.3.3. OnepaTtopsl break, continue, return

OTH omnepaTopsl MCHONB3YIOTCS [UIsl YIpaBieHUs] padOTOM IMKIOB M BCEH NMPOTrpaMMbl B
LEJIOM:

O continue Bo3Bpallaer pacyuer K Ha4aly [UKIa;
O break obecnieunBaeT BBHIXOM U3 IMKIIA H TIPOJIODKEHIE PabOTHI POrPaMMBI;
O return obecrieunBaeT BHIXOJ U3 MPOTPAMMBL.

Pabora 3tux omeparopoB mokaszana Ha puc. 9.10. Omneparop continue B stom npumepe
CO3JIaeT CIIMCOK HEUETHBIX Yucel (BEKTOp V), OCcylIecTBIIsis BO3BPAT B HAUAJIO LIUKIIA, €CIH
OCTaTOK OT JenieHust uncia # Ha 2 (mod(n, 2)) pasen 0. Onepartop break ocymiectsisier
BBIXOJl W3 IIMKJIA U TPOJODKeHHe paboTsl mporpammel, ecnu # < (0. Omeparop return
OCYIIECTBIISICT BBIXOJ W3 mporpammbl, eciii n =—10, ¢ 3amuceio KommeHTapus end
program (KoHeI[ IPOTpaMMBI).
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fin) = |s+1

(16,13
£ = | {6,1} |

a1 \ 26000
for kel .n p . o
211
continue  if mod(k,2) =0 -9 = | | 1
v 1000
retur " spmog s oporparmaer’ if no= —10 f(oy, = 3
P 3
as—a+1 o
f(-9) = | | | 7
Vaek \1 .
break f n <0
f{—10) = " spmeog s mp orp anmaer”
ge—s+k
'K omHers IpEma”
§<— 2-1000

Puc. 9.10. [Ipumenenune oneparopoB continue, break, return

BHUMAHUE

Jns BcTaBKM B mporpammy omeparopoB continue, break, return, xak u napyrux
OIEpaTOpPOB  IPOrPaMMHPOBAHMSA,  MOXKHO  IIOJNB30BaTbCi ~ TONBKO  IAHENBIO
nporpaMMHupoBanus. X Hesb3s HaOUpaTh C KIIaBUATYPEL.

9.4. BbiBO pesynbTaToOB pacyeTa 13 nporpaMmmel

Hrorom pmeiicTBUsI MpOrpaMMBI SIBIISICTCS PE3YJIBTAT BBINOJHEHUS HOCIEIHETO OnepaTropa
nporpamMMel. Eciu mocieHUM OmepaTopoM SIBJISIETCS MaTEMaTHYECKOE BBIPAXKEHHE, TO
pe3ysibTaT €ro BBIYMCICHUS M OyOeT pe3ylbTaToM AEHCTBUS mHporpamMMbl. Eciam Hazmo
BBIBOJUTH JAHHBIE, 3TO JEIACTCs IMTyTeM (JOPMHUPOBAHUS BHYTPH IIPOTPaMMbl MACCHBOB U
COCTaBHBIX MaCCHBOB.

Ha puc. 9.5 u3 nporpamMmsl HaJj0 BBIBECTH 2 YHCIA: HOMEpP MEPBOro 3JIeMEHTa, OO0IbIIETo
K, m 4ducneHHoe 3Ha4YeHHE 3TOro anneMeHta. Kak yxe cka3aHO, BbIpakeHHe-IIporpaMma
MPUHUMAET 3HaYEHHE MOCIIETHEr0 OlepaTopa MporpaMmal.

UYToOb! BEIBECTH PE3YJIbTATHI PAacyeTa, BBIOIHUTE CIICAYIONIHE ACHCTBUS:
Q VYcraHoBUTE Kypcop Ha IyCTOE MECTO BBOJA IOCIEIHETO ONEepaTopa.

Q /[lng BRIBOIA OJHOTO YHCIA BBEIWUTE MM COOTBETCTBYIOLICH MepeMeHHOU (ITr000i,
KOTOPO# MPUCBOEHO KaKoe-T100 3HAYCHUE B IPOTPaMME WIIM B OCHOBHOM JJOKYMEHTE).

O /[lng BbIBOJA BEKTOpa WM MATPHLBI BBEIUTEC WX MM, HO KaXIbIA JJIEMEHT MacCHBa
JIOJDKEH OBITH oTIpesieNieH JIN00 B MporpamMmme, JIN00 B OCHOBHOM JJOKYMEHTE.

DneMeHThl BEKTOpAa WM MaTPHIBl MOXKHO BBECTH WX HMMeHamu (puc.9.5). Jlns srtoro,
YCTaHOBHUB KypCOp Ha MECTO BBOJA MOCIEIHETO oneparopa, komGuHanue kiauir Ctrl+m
HaIO BBI3BaTh INAOJOH MATPHUIbl, BBECTH YHCJIO CTPOK M CTONOLOB (B HallleM cliydae
2 cTtpoku, 1 crondelr), BBECTH MMEHA 3JIEMEHTOB, KOTOPBIM IPUCBOCHBI 3HAUCHHUS.

ITpu pa3paboTke cepbe3HBIX OOJBLUIMX MPOTpaMM CTOMT 3ajada BBIBOJA PE3yJbTAaTOB
pacueta. OJHOBPEMEHHO HAJ0 BBIBECTH M CKaJsApbl, U BEKTOpHl, U MaTpuisl. Ho Bens
MECTO BBIBOJIA TOJIKO OHO!

HaHOMHI/IM, yro Mathcad MPUCBAUBACT BBIPAXKCHHUIO C HMMCHEM HNpOrpaMMbl 3HAYCHUC
MOCJICAHETO OnepaTopa NporpaMmal.
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Brixox u3 TpyAHOIrO IOJIOKEHHUS JA€T COCTABHOM MAacCHUB, KOTOPBI MMEET CTPYKTYpPY
061:-ILIHOFO MaccuBa, HO €ro 3JIEMEHTBI MOT'YT 6]:IT]) OAHOBPEMECHHO 4YHCJIaMU, BEKTOpaMU
WK MaTpyuiaMu, COBCPIICHHO HE CBA3AHHBIMUA APYT C APYTrOM.

MaccuB Z Ha puc. 9.11 — 310 MaTpuia-ctonbern (BEKTOp), IS YMCHBIICHUS pa3Mepa
IpOrpaMMbl 3alIUCAHHBIN B TPAHCIOHMPOBAHHOM BHJe. OH cofepkuT 3 aneMeHTa: Z; —
4 mMaccuBa pa3lU4HON Pa3MEpHOCTH, Z, — 4 BEKTOpa, paclojoKeHHBIX 00K 0 OOK, Z; —
ckamsip (umcio wrepanumii). Ha sTomM pucyHKEe TOKa3aHO, KakK, HCIONB3Ys BEpXHHE M
HIDKHHE  WHACKCH, BBIBECTH JI000€  pacdyeTHOe 3HaueHHWe. [loympaxHsiTeCh
CaMOCTOSITEIFHO B BBIBOJIC pPACUCTHHIX 3HAUYCHUH. YOemuTech B HEOTPAHWYCHHBIX
BO3MOYKHOCTSIX BBIBOJIA JIIOOBIX PACUETHBIX JTaHHBIX.

Z:= lase1 ({413
while a < 3 Z=| {44} Z1 -4 Maccuea pasniyHoR
for 1€1..a \ 5 J PESMEPHOCTM
: ’ Zz -4 Bektopa bok o Bok
Vie—a+i .
RN Z3 - YHCIO HTEpaUmMKi
for jel..a (L1}
Mijeati+] 7, = (2,2} (6 7 8 9
3.3 78 % 10
MM, ¢ M 2) (Zy1 =
(o NCEYY, 418 9 10 11
VT eV L9 10 11 12)
ata+1 o3 4 50 730
(B VY a)T 04558 {2
Z3 = 1 Zz]
0noeé7 0
000 g iy
KOHCTAHTE MOMHO NPUCEOMTE 2HAYEHHE SNEMEHTE MACCHEE
Z3=5 A=(Z A \!4 ’ \ B=[z B =9
3 = = 1 | = = |:I 1 [} :I =
2 V5 6 415 4 p \
T (B VW
3ameHnTe MaTpuLy-cTonDel, Beigofa (MBI VWV a) Ha MaTpHLy
a 1

a8 NoToM Ha MaTpuLy-CcTpoky (MM VWV a) W CEMOCTORTENEHC BhIBEAHTE
pesyneTaTel pacdeTa

Puc. 9.11. BeiBoj pe3ynbTaToB paboThI HPOrPaMMBI € ITOMOIIBIO COCTABHOTO MAacCHBa

CocTaBHBIE MAacCCHBBI HE HMEIOT (1)I/I3I/I‘ICCKOI‘O U MaTEMAaTHYECKOTO0 CMBIC/IA, IIO3TOMY
onepanuu MaTpUIHOrO0 HCYHUCIICHUSA, 3a HCKIIIOUYCHUEM OIE€paluu TPAaHCIIOHUPOBAHUA, K
HUM PUMEHATH HEJIB3S.

9.5. lNognporpammbl-yHKLUA

JIrobass mporpamMma  SBISIETCS  BBIP@XKEHHEM, COCTOSIIMM M3  psila BBIPOKCHUH
(0OBEenMHEHHBIX BEPTHKAIBHONW YEPTOi), KaXI0e M3 KOTOPHIX, B CBOIO OUYEpEedb, MOXKET
ObITh mporpamMmoil. Hampumep, ecnu 4acTh NIPOTpaMMBI, COCTOSIIAs M3 HECKOJIBKUX
OIIepaTOpOB, AOJDKHA BBIIOIHATHCA HECKOJIBKO Pa3 BHYTPU IPOIPaMMBL, €€ 1Iel1ecoo0pa3Ho
3amycaTh B BUJIE TOANPOrpaMMbI-(DYHKIMH U BBI3bIBATh, MEHSSI BHYTPCHHUE MapamMeTphbl,
KaXIbIi pa3, Koraa 3To HyxHO. POpMalbHO MOANPOTrPaMMOM, COCTOSIIEH W3 OJHOTO
orepaTtopa, sBIsieTcsl Jo0as (YHKIMS I10Jb30BaTels, BXOAAIIAs B COCTaB JIPpyrou
TIPOTPaMMBEI.

Ha puc. 9.12 ronoBnast mporpamma Z COIEPKUT BHYTPH cebs aBe moamnporpammsl, f1(x) u
f2(x), KoTOpble MHOTOKpPATHO BBI3BIBAIOTCS BHYTpU ukia for. B koHme mporpammser ¢
HOMOIIbIO COCTABHOT'O MacCHBa BBIBOISITCS HEOOXOJUMbIC PE3yJIbTaThl pacyeTa.
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iz = |an(x  z <0
_ Dy HELMM
cos(2%) otherwise  poppzoearena

f2(x) = root(f1{x),x) (nognparpammel)
T u
li=1(3 7 12 15 17)  CMMCOK 2HAYSHMA SpryMEHTa

CoNoEHAA NpOrpEMME

7= |net R ORI
for iek 0]
2 1D —15.708
_ b=|| 0785
bp e f2(a) i |a| <0z -
by <=0 otherwise Lo )
O 1 30
" HyTaep Al SIeMEHTOE " 7
nenl c=|12
(b o) 15
LW 1T

Puc. 9.12. BioxeHHbIe IOAIPOrpaMMbL

Kak mpaBmio, mnoamporpamma-QyHKOHS pacroiaraercs TAe-TO BBIIMIE TOJOBHOH
MIPOTPaMMEI, B KOTOPOW OHA MCHOJIB3yeTcsl. Pe3yIbpTaThl pacyeTa MOKHO BBIBECTH B JIHO00I
MO3UINHY TIPaBee U HI)KE MMEHH BBIPAKEHUS-TIPOrpamMMbl. [IpuMeps! cI0XKHBIX IIPOrpamMMm ¢
WCTIOJIF30BaHUEM MHOTHX MOANPOrpaMM HaxoaaTcs B yacTu [V kauru (mpumepst 55 u 56).

9.6. NHTerpnpoBaHmne pyHKLMN METO4O0OM Tpaneumin

Omnepariisi MHTEIPUPOBaHMs camas MemieHHas B Mathcad. OcoOGeHHO IIUTEIBHBIM
SIBJSIETCSI  BBIYMCIICHHUE HHTErpaibHOM (YyHKIMH C HCIONIb30BaHHEM JAHUCKPETHOM
NMEpEeMEHHON  mpu  mocTpoeHu:d  rpaduka. CMeHa  MeToJa  MHTCTPUPOBAHUS,
npenoctasisieMas Mathcad mpu BbI30Be KOHTEKCTHOTO MEHIO, HE MPUBOIUT K YCKOPCHHIO
pacuera.

Jis  ycKOpeHus omepauud HMHTErPUPOBAaHUS IpEeAsarald IMpoCTyH  Iporpammy
MHTErpUpOBaHusl (PyHKIMH METOJOM Tpamenuii, caMbIM IPOCTBIM M3 BCEX BO3MOXKHBIX
METOIOB MHTErpupoBaHus. Jto mporpamma Int(F, L,, L,, N), noka3anHas Ha puc. 9.13.
3neck F— uMs QyHKIMH, Ly 1 L, — BepXHUH W HIWKHUHN TIpeiesibl HHTerpupoBanus, N —
YHCIIO MPOMEKYTOUYHBIX TOYEK MHTerpupoBanms. Cama mmporpamma OdYeHb NMpOCTa U HE
TpeOyeT KOMMEHTapHEB.

Jdnst npumepa BeIOpaHa (YHKIHMS, NONYy4YCHHAsw HHTEPHOJSLMEH 3KCIEPUMEHTAIbHOTO
MaccuBa naHHBIX. @DopmupoBaHume 5ToH (yHKIMHM moOKazaHo Ha pwuc.9.13, esepxy.
CpaBHEHHE pe3yJIBTATOB MHTETPHPOBAHUS C MOMOIIBI0 (GyHKIMK INt ¥ craHmapTHEIM
ornepaTopoM unTerpuposanus Mathcad nokazano nHa puc. 9.14. @yukius Int mo3sosser B
HECKOJIBKO pa3 COKpaTHTh BpeMs orepauud. CoBnageHue rpauKkoB IMOKAa3bIBAET, YTO
¢bynkumst Int obecrieunBaeT OCTATOUHYIO TOYHOCTh pacyeTa Jaxe MPHU MajoM KOJIHYECTBE
TOYEK MHTEIPUPOBAHHSI.
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MACCHE SHCNEPUMEHTANEHER AaHHER (1Y)

=( 134671011 13 14 20)T
Y:=(3?9552?9622)T

Mpeobpazyet MacCHE B dyHKLMID MyTer HHTERNONALMH MK perpeccim
FO = w51 K10 D
OYHKUMA MHTErPUPOEAHWA MeTOAOM TRaneUuA

Int(F, L1, L2, 1) = 1 <0 F - UMA MHTEMDHMEYEMOR gy HRELLE
Lz-11 bea napareTpoB
ALe (6e3 napameTpoe)
for 1201 L1 W L2 - BEExHAA W HBHHAA
npeaentl MHTEMpUMpOBaHK
£l « F(L1) ped PVP
e L1+ AL M - YMCTO TOMEK
L1« WHTEroMPOEaHNS
2 Fix)
Fefr TTE AL

Puc. 9.13. [IporpamMma HHTErpUPOBaHUS (HYHKIIMH METOJIOM Tparenuii

t
Al = j Frt) dt AL(E) = Int(F,0,t,100) t=10, mﬂ;‘g}g - max X
0

100

Fity-10
it 50
Alt)
gl_g:' 0 HMHTerpupy eMan
iy HELMA
=50
0 5 10 1% 20

t

Puc. 9.14. CpaBHeHHe pe3y/IbTaTOB HHTECTPUPOBAHMS, BBIIIOJIHEHHOTO ¢ OMOLIBI0 (yHKImH Int
U CTaHAAPTHEIM OIlepaTopoM HHTerpuposanus Mathcad

9.7. PeweHne ypaBHEHNN N CUCTEM YpaBHEHWNN
B nporpaMmme

B rnaBe 3 (paszen 3.2) onncaHo uCHONb30BaHUE (PYHKINH TT0JIB30BATENS ISl HAXOXKACHHS
KOpHEH ypaBHEHHs IIpH IIEPEMEHHBIX 3HAUCHUSAX IapaMeTpoB b, IEPEUHCIICHHBIX B
Ha3BaHMM (yHKOMM monb3oBaTens (cM. puc.3.5 m 3.6). To xe camoe Ui CHCTEM
ypaBHEHHI onrcaHo B paszaene 3.4 (cM. puc. 3.11, 3.12).

B crappix Bepcusax Mathcad ¢ynkumio root MokHO OBUIO HCIIONIB30BAaTh B MPOrPaMMHBIX
MOAYJISIX, KaK MOKa3aHo Ha puc. 9.15. PemaeMoe ypaBHEHHE 3alIMCHIBAJIOCH B BUJIE PABHOM
Hymo o¢yakuuu fla, b, z). Jlanee BHYTpH ABYX BIOXKEHHBIX LHKIOB for 3amaBanucek
nepeMeHHble mapamerpbl b u c. KopeHp ypaBHEHHs Ui KaXIOro 3HAaUeHHWI a u b,
orpezesieMblil pyHKIMEH root, 3anuceBaics B MaccuB Z. JTO OBLIO OYEHb YJOOHO JUIs
pacueroB. K coxanennio, B HOBBIX Bepcusix Mathcad umcnonp3oBanue ¢yHKImMu root B
MPOTPaMMHBIX MOJYJISIX HEBO3MOXHO.

I[OBOJ'ILHO CJIO’)KHBIM MOMEHTOM SBJIACTCA PEIICHUE CUCTEMBI ypaBHeHI/II\/‘I B IIPOrpaMMHOM
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Moyie. Beraucurensusiit 6ok Given—Find, odpopmiteHHbIH Kak QYHKIHS TOTb30BATES,
BMECTE C HAYaJIbHBIMH NPHOIMKCHUSAMH U KaXIOW IEePEeMEHHOW pa3MeIIacTCs BBILIC
porpaMmel. PelieHie CHCTeMbl ypaBHEHHH B 3TOM CiIydac BBIBOAWTCS B BHJE MacCHBa,
KaXXIbIH CTOIOCI] KOTOPOTO COOTBETCTBYET BEKTOPY PELICHHS TS OJHOMN MepeMEHHOTH.

NMPUMEYAHUE

CylIecTBeHHBIM HEIOCTaTKOM HCIIOJIB30BAHUS BBIUHCINTENEHOTO OJIOKa CO CIIOBOM
«given» (Given—find, Given-minerr, Given—-maximize, Given—Odesolve) sBusiercs
TO, YTO HAYAJIbHBIC NMPHOIMKCHUS 3a/Ial0TCAd BHE MPOrPAMMHOIO MOJIYJISL U HE MOTYT
ObITh M3MEHEHBl BHYTPH Hero. B psae cioy4yaeB (i CTymeHYaThIX (YHKIMA) 3TO
HPHUBOAUT K HEBO3MOXKHOCTH PEIICHHUS 3aJa4H.

YPABHEHWS, pellasmMoe
B nporpamie dryHKUMeRA root

3
_ 2 2 .
fliz,y) = % -coz(0.3.9) fai=z,y = 10.

fla,b,z) = az— asi.nh‘fE\l‘
\z)

2
¥

sin(0.2-x)2

x=1 v = 1 HadankHkle I'IDHf:_)l'IIf’DKeHI-’lFl

Given a=flix,v b=f2(z,% CHCTEMA YDABHEHWH
wia,b) = Find(x,y) QYHKUWA, NepefaBacas B Nporpanidy

Z= |for acl1.25 x=21 vi=23 z.=23

for bel. 25 padikn 3aBMCUMOCTH
KOpHEH YpaBHeHWs f i1

Za,b < root(f(a, b, ), ) CHCTEMBI YpABHEHKIA 1 1 f2

"pEIIEHHE CHCTEME YpaBHeHHA" OT NapameTpoE av b
Ea newia,b)
23 he (K b
R 2(a,b)
Fa, b (Ka b '2
(z ¥ Z)T z(a,b)
root B NporpaMmax b
He paGoTaeT B y(a,b)

Mathcad 13 1 EBILLE
(nocTaBbTe z; |, «— 0)

Puc. 9.15. Pemenue ypaBHeHUI 1 CUCTEM ypaBHEHUI B mporpamme

B mpumepe Ha puc.9.15 BHYTpH JBYX BJIOKEHHBIX IMKIOB fOr Ha KaXkmom Imare
BBI3BIBAaETCS (PYHKIIUS NOIB30BaTens w(a, b), T1ie 3Ha4eHus @ U b 3a7aHbl KaK NepeMEHHbIC
IIUKJIA, XOTS MX MOXKHO 3aJaTh M MAaCCHBOM 3HAYCHWH W BBIYUCIATH MO KaKOH-THOO
topmyne. PesynpraThl BBIYMCICHHS 3HAUYEHHH X M ) 3alMCHIBAIOTCS B MaccuB K mpu
Ka)JIOM 3HAYCHUH NepeMeHHBIX a U b. [1pu atom cama QyHKIus w(a, b) Ha KaKAOM Iiare
BBI3BIBACTCS OJIMH Pa3, a HE J1Ba, YTOOBI HANTU 3HAYCHUS X U y. Takod HpueM MO3BOJIAET
BIBOE€ COKPAaTHTh BPEMs BBINOJHEHHS INPOrPaMMbl, KOTOPOE MpH OOJbIIEM KOJINYECTBE
YpaBHEHHH MOXKET OBITh 3HAUNTEIBHBIM, BE/Ib OCHOBHOE BpeMs B IIPOTpaMMe TPaTHTCS Ha
BeryHcieHre GyHkuuu w(a, b). C MOMOIIBIO COCTABHOIO MaccuBa (TIOCIETHUI OrepaTop
NpPOrpaMMBbl) pacyeTHbIC 3HAYECHUS X, ¥ ¥ Z BBIBOJASATCS W3 IIPOrPaMMBbl M IIPEACTABICHHI B
BHJe rpaduka moBepxHOCTe x(a, b), y(a, b) u z(a, b).

9.8. HaxoxgeHune akctpemyma oyHKLMN
B Nporpamme

Cpencrea HaxoxaeHus 3kctpemyma ¢ynkiun B Mathcad (bynkuuu minerr 1 maximize)
HUMEIOT Cepbe3Hble orpanudeHus. OHH HE MOTYT ONPENEIUTh IKCTpeMyM (yHKUHHA cO
CKaykaMd ¥ pa3pbiBamMu. [IpuxoguTcss BBIOMpAaTh CBOM HAYajdbHOC NPUOIIDKECHHE H
OrpaHMYCHUS I KaKIOTO YYacTKa JIOMaHOH KpuBoW rpaduka (GyHKIHH, a TakKe
BBIOMPATh M3 HECKOJBKUX JIOKAIBHBIX JKCTPEMYMOB OJMH IJIAaBHBIM. DTO O3HAYaEeT, YTO
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pacdyeT HE MPOXOAUT ABTOMATUYCCKHU U Tpe6yeT PYyYHOTr0 BMEIIATEIBCTBA IIOJIB30BATEIIA,
JJIA TOTO YTOOKI KOPPEKTUPOBATh HAYaJIbHBIC YCJIOBUA U OTPAaHUYCHUS.

OpraHn3oBaTh aBTOMATHYECKOE MPOXOXKACHHE BCEX YYACTKOB BHYTPH IMPOTPAMMHOTO
MOJyJis TOoXe He ymaercs. [Ipu ucrmons30BaHMM BhUHCIMTENbHOrO 6Gi0Ka Given—(find,
minerr, maximize wiu Minimize) BHyTpH HpOrpaMMbl BbI3BIBAETCS TOJNBKO (DYHKIUS, HO
HE MEHSCTCsl HadanbHOE npHOmKeHue. K ToMy ke He cpabaThIBalOT OTpaHHYCHHS Ha
JMana3oH Mmoucka skcrpemyma. @DyHkuuu maximize u minimize B npuHUuNe He
JIOTYCKAIOT MPUCYTCTBHUS TIEPEMEHHBIX MapaMeTpoB. B pesynbrare 3TH (YHKIUH BHYTPH
OPOrPaMMHOTO MOJYJISI YaCTO JAAIOT HEBEPHBIC PE3YIIbTATHI.

B OOJBIIMHCTBE NPAKTHYCCKUX 3aa4 MOXKHO KCIIOJB30BaTh MPOCTECHINMI mepedop
3HAYCHMH 3aJaHHON (DYHKIUM B 33JJaHHOM JMana3oHe 3HaYeHUI apryMeHTa W BHIOpaTh u3
HUX 9KcTpeManbHoe. Ha puc. 9.16 n 9.17 nokazaH NOMCK MaKCUMAJIBHOTO 10 a0COJIIOTHOM
BEJIMYMHE 3HA4YCHUs cTyrneHdaToil ¢yHKimu M(x) 6e3 ydera pasmepHocreil. Ha rpaduke
3Ha4YeHUs (DYHKIUHM B3STHI MO MOAyo. [lonck MakcuMyMmMa (YHKIHMH BBIIOJHSETCS C
ITOMOIIBI0 TPOTPAaMMBI-OYHKIHN Fiox(F, Ly, Ly, N). Ee mapamerper: F— ums QyHKIHH,
JUIs1 KOTOPOM MIIETCS MAaKCUMYM; L, — HayaJlo MHTepBaja IOucKa; L, — KOHEL MHTepBajia
noucka; N — 4YUCIIO TOYEK BHYTPU MHTEPBaJIa MIOMCKa, B KOTOPBIX ONPEAEIAeTCS 3HaUeHHE
(hyHKIHN.

BHyTpu nporpamMMbl BHauase ONpeessiFoTCs 3HaueHnue apryMeHTa L v 3HaueHue GyHKIHUN
F(L) B nauane noucka. 3atem BHyTpu tukina (While L <L,) nns N 3HadeHuit aprymenra
omnpezensitorcs: 3HaueHus ¢yHkuun F(L). Kaxnoe 3HayeHue (yHKIMHM CPaBHHMBAETCS C
NPEeABIIYIIAM H, €CJIM OHO OOJIbIIIE TPEIbIAYIIEro, 3aliChIBACTCs KaKk MaKCUMalIbHOE A.
Kaxk L, 3anuceiBaeTcs 3HaueHHe ee aprymMeHTa. [lo okoH4YaHuu pacuera (3aKpbITHU LKA
While) mocnennue 3nauenusi 4; u L; BBIBOAATCS M3 MPOrPAMMBI C MOMOIIBI COCTABHOTO
maccuBa. Jlisi pacyera MakcCMMyMma 3aJaHHOM (QYHKIMH HaJI0 B HapaMeTpbl (YHKIHA
BIIMCAaTh UCTUHHOE UM (YHKIMHU (O€3 mapaMeTpoB) ¥ YHUCIIOBbIE 3HAUCHUS Ly, Ly, N.

OTta nporpaMma Mnpocras, HEC HUCIOJIb3YCT I'PaJAWMCHTHBIX METOAOB IIOUCKA, HO pa60TaeT
XOpOoIIo U MOJIC3Ha I IMMPAKTUYCCKUX PACUYCTOB.

Be3 y4eTa pasMepHoCcTENR

MNoOMEHARTE YMCNOBEIS 3HAYEHWA B doyHKLWKM : = 100

LY £ oL LY LY
M(x) = 200-50x x> — [+400| x> —— | =500 x> 5= | +400x|x > 7. —
10 10 ) 10 10

J

DVHKITHA B2ATA T MOIYIK

a00

a00

[M (=) | 400

200

Puc. 9.16. be3pazmepHas (pyHKIHMSA, MAKCUMYM KOTOpOH HaiineH Ha puc. 9.17
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206 Mouck makeumyma byHKUMA
nyTem nepeGopa ee 3Ha4YEHWIA Iy=0 Lg=L N:=1000
Pmax'P:LH:LK:N' = L%L’H
BrlBoq pesyNsTaTos NoMcKa
Al |F(L
Whjle L{L_K I""[ﬂl&?{ = PmﬂXIMJL’HJI‘KJNII
LK_LH Xﬂlﬂ.x = PmﬂXIMJLHJLKJle
LeL+
My = 200
A2« |FL| S
it A2 = Al
Al A2
L1+ L
(A1 L)'

Puc. 9.17. [Touck makcumyma Ge3pazMepHOi GpyHKIMU cO cKaukaMu (cM. puc. 9.16)

B ciiyyae BBINONHEHMS pacyeTOB C YYETOM Pa3MEPHOCTH B Hadajle pacyeTa BBOJSTCS
NPOM3BOJIHBIC Pa3MEPHOCTH (Ha PYCCKOM si3bIke). Jlayee BBOISITCS HMCXOIHBIE IaHHBIE,
YMHO)KCHHBIC HAa IPOM3BOJIHYIO Pa3MEpHOCTb, W 3aJaHHas (YHKUHUS (B JAHHOM Clydae
M(x)). Ucxonuple maHHBIe U rpaduk 3amaHHON (QyHKIMM MoKazaHel Ha puc. 9.18. ITonck
MaKCUMAaJIBHOTO 3HAa4YeHHs (QYHKIUH B 3aJaHHOM HWHTEpBaje 3HAYCHHH apryMeHTa X
mokasas Ha puc. 9.19.

IIporpamma momcka MakCHMyMa Ta e, 9TO M U pacdeTa Oe3pa3sMepHO (yHKIHH, HO
€CTh HIOAHCHI €€ UCTIONb30BaHus. OHHU ONHCaHBI B CIEAYIOIIEM pa3fene.

C y4eToM pasmMepHoOCTERN

H=N ¥H = 1000 m=m cwm =001l Hwm =Hmwm xHu = xH-m
- - [NoMEHARTE
Moo= (200 400 5003y Hwm F o= (50 400y H L =2m MWOGXOAHEE 3 =0
HaHHEI2

L
—..L

100
R T L) LY
M(z) = [Ml - Fl.x.l\x > E,J + Mz.l-\x = ﬁ,' - M3-|_\x > S-EJ + FZX.LX > 7%/@

DYHEIHA B2ATA D0 MOIYI

0a
0a
Mix
el
¥Hm
0z
i
0 50 100 150 200
b
CM

Puc. 9.18. PazmepHas pyHKIMSA, MAaKCUMYM KOTOpOH HaiiieH Ha puc. 9.19
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B cocTaBHOM MaccUMBe BbIBOAA Pe3yNbTATOB pac4yeTa
cAenaTk ECe paiMepHOCTH OQMHAKOBBRIMMK

Pm&XIPJI’HJI’KJNI = LeLH ]ﬂma.x = Pmax'M:LH:LK:N'l
Ale |F(L)| BospaweHne
while L < Ly K MICXOAHOW pasMepHOCTH
L—K_L-ﬂ . PmEIIM:IL'HJL'KJNI2
LeL+—0 Emax =
7 H
A2« |F(Ly| Minay = 300-Hu
if AZ = Al ey = 2Mm
Al Ac UTobbl M36eXkaTh CNOKHOCTEA C
Iz« L pasMepHOCTAMM B NMporpaMmax,
ucnonesynTe KeazUpasMepHocimu
(Al T2HY P P

Puc. 9.19. [Touck MmakcumMyMma pa3MepHOi QYHKIUH CO CKaukaMu (cM. puc. 9.18)

9.9. YyeT pasmepHOCTEN B Nporpamme

Pa3MepHOCTl/l B IMPOIrpaMMHOM MOAYJIE MOKHO Y4Y€CTb, €CJIM BCC BBIBOJAMMBIC U3 MOIYJIA
JAaHHBIC UMCIOT OJUHAKOBYIO Pa3MCPHOCTD.

IIpousBonHbIE pa3sMEPHOCTH HAJA0 3aJaBaTb B Hadale JOKyMeHTa. Bo BHyTpeHHHX
orepaTopax HpOrpaMMbl MOTYT HCIIOJIB30BaThCsl BEJNMYMHBI Jr000H pasmepHocTH. U3
MPOTpaMMBbI BEIBOANTCS 3HAUCHHME MOCIIEJHEro oneparopa. Ecin 3To coctaBHON MaccuB, TO
BCE DHJIEMEHTHI COCTABHOTO MAacCHBa JOJDKHBI HMMETh OIWHAKOBYIO pa3MepHOCTh. Ha
puc. 9.20 Bce 3IEMEHTHI COCTAaBHOI'O MacCHBa HMEIOT Pa3MEPHOCTh [UIMHBI, TO3TOMY
npobnem Het. [Iporpamme B 3TOM ciydae Oe3pa3iuvHO, YUUTHIBAECTCS Pa3MEPHOCTb WU
HET.

Ha puc. 9.21 u3 mporpamMMmbl BBIBOAATCA BpeMs f, CKOPOCTb V U MyTh S, HUMEIOIIUE.
€CTECTBEHHO, pPa3HyI0 pa3MEpPHOCTb. B 3TOM ciydae Halo BBIPOBHSATH Pa3MEPHOCTH,
cAenaTh UX OAMHAKOBBIMH. JIJI 3TOTO 3JEMEHTHl COCTABHOIO MAacCHBa YMHOXArOTCA Ha
BBIPABHUBAIOIYI0 NPOU3BOAHYIO Pa3MEpPHOCThb, MO CMBICTY KaxJblii pa3 pasHyro. Ilpu
BBIBOJIC PE3yJIbTATOB pacyueTa BHIPAKEHHWE HAJ0 YMHOXXHTh Ha Pa3MEpHOCTb, OOpaTHYIO
BbIpaBHUBaOIIEH. Teneps OTBETHI BEIBOASTCA B IPAaBUIBHON Pa3MEPHOCTH.

AHanornyHoe BhIpAaBHUBAHKE Pa3MEPHOCTEN MpOBeeHO B nmporpamme Fmax ua puc. 9.19.
Tak xak B mocienHeM ormeparope (cocTaBHOM MmaccuBe BenmumunHa A1 nMeeT pasMepHOCTh
momeHnTa (Hwm), ToO 1 BTOpO#H 3JeMEHT 3TOro MaccuBa L2 momkeH MMeTh pa3MEpPHOCTh
MOMEHTA CHJIBI, @ He JAJHHBI (M), IOITOMY OH YMHOXaeTcs Ha pasmepHocTh H — HproToH.
st BO3BpallleHUsT K IPABWIBHOM Pa3sMEPHOCTH PE3yJlbTAaT PacdyeTa Xmax PA3AEICH Ha
pa3mepHoctb H — HploTOH.



= 100-cm cek=5 KT =kg H=H nNpoW3E0OHEIE
. pEZMERHOCTH
a= 4-—2 At =1-cex m = 3-8
CEE

Bce pesynbTathl pacHeta 0QHOH Pa3MepHOCTH

Z=|forisl.. 4 4
b At i 18
Z=]{41} |m 2= m
Sl.(—ﬂ-t2 : 38
i {41}
; 64
52 ¢ 05a(t - L cex) |25 =18m  [Z,| =3Im
4 4
93« 31 + 22
(a1 52 83)7

Puc. 9.20. Bce BbIBOAMMBIC BETUUUHBI OHON pa3MEPHOCTH

Hado coenaTe 0AHHAKOERIMH Pa3MEPHOCTH EBIXOMHOMD MAaCCHER.
2aTEM BEEPHYTECA K MCKOOHOH PazMEpHOCTH

Zo= |forict. 4 141}
pe Api 27| 141 |m
V.o at {41}
1
22 CEE
Si = Hi't V= go= 22 t:= 23-—
CEE I
Ti<— t
4 4 1
";IT.
FeR 16 | m 16 2
o V= — a= m t= 5
% | s e 3
.22 64 64 4
CER

Puc. 9.21. BoiBoaruMble BETHYNHBI HMEIOT PA3HYIO Pa3MEPHOCTh

C ucrosib30BaHUEM Pa3MEPHOCTEN B IpOrpaMMe BBINOJIHEH ipuMep S yactu [V kHuru.

9.10. PeweHne andpdepeHumnanbHbIX YpaBHEHUN
BHYTPWU NporpamMmel

Bo3moxxHoCTH pemiaTh audepeHunaibHble YpaBHEHHS B Tele NPOrPaMMHOTO MOXYJIS B
Mathcad kpaiine orpanndensl. Kaxaplil onepaTop BHYTPH HPOrPaMMHOTO MOIYJISL HOJDKCH
Bo3Bpamuiare yncino. Oyukuus Odesolve BosBpamaer GYHKIMIO M [0 TOH MPUYHHE HE
MOXXET MCIIOJNB30BaThcsl B mporpammax. OcTaeTcsi MCIONb30BaTh B MPOrpaMMax CTapble
¢yakoun  pemeHus  auddepeHnHanbHBIX  ypaBHeHmH. Ha  pumc. 9.22  mokaszaHo
ucnonb3oBanne Qynkuum rkfixed. B mporpamme MOXHO BapbHpOBaTh JIMIIb [BA
napameTpa: IpaHULbl MHTEepBaJla HHTETPUPOBAHUS U YHCIIO TOYEK, B KOTOPBIX BBIBOIAMUTCS
pelieHue.

NMPUMEYAHUE

B crapsix Bepcusix Mathcad Henb3s M3MeHATh MapaMeTpbl caMoro JudhepeHaIbHOTo
YpaBHEHHUS, YTO KaK pa3 U He0OOXOAMMO B MIPAKTUYECKUX 3a/1a4aX.

B Mathcad 13 ysxe paspemieHo uaMmeHeHue mapamerpoB ¢yukiun Odesolve BayTpn
MpOrpaMMHOTo MoxyJs (puc. 9.23 u 9.24).
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yo=0 obHyNeHne NpeqsLINyLLero MaccKea vy
¥+3-y=0 WCXOMIHO® YpaBHeHHe

y=5 HadaneHoe Npubneerre ywi0)=5

Diz,v) =3y Nepead NPoMaB0AHAA B ABHOM BKE
Bapuupyemble napameTtpbl.

a=10 b=73 rPaHuUBl MHTepBana MHTerprupoBaHA
n=1 “HMCND TOMEK, B KOTORBIX BRIBOAWTCH PelleHWS

ZZ = |for iel. b oo - 774 S
Z < Rkadapt(y,a,i,n,D)
bbi 1 .
{23 1 NpaBas rpaHnLa
Zlei bb =] 2 WHTepEaNa
1 WHTEMDHPOEaHWA
Z2<1> — 21 3 pyp
(bb ZZ )T 75 02450 pelleHWe YDaBHEHWA B
T Ha4ane u B KOHLLe
Z =|5 00Iz WHTepBana
W00l WHTEMPHPOBEHNA

Puc. 9.22. Pemenne audpepeHnnansHOro ypaBHeHUS BHYTPH IPOTPaMMBI

Hcnonp3oBanue (yHKIMIA, JAIOMNX PELIEHHE B ABYX TOYKAX, BO3MOXKHO. OHO aHAJIOTUYHO
pUMepy, IPUBEIEHHOMY Ha pHc. 9.22, U CTOJIb e OecIoe3HO.

B Mathcad 13 mnosiBiiack BO3MOXKHOCTH ucmoib3oBath (yukimio Odesolve B
NporpaMMHBIX Moaynsix. Ha pwc. 9.23 npuBeneno pemenne andgepeHInaIbHOro
YpaBHEHHsT CBOOOJHBIX 3aTyXaloNIMX KOJeOaHWH C TIEepEeMEHHBIMH IapaMeTpamH,
odopmieHHOE B BUuAe QyHKIMA Todb3oBatenst D(m, h, k).

Jlamee mocTaBiieHa 3ajada HAWTH 3HAYCHHSA KOX(POHUIHEHTOB MU PEpeHIHaTHLHOTO
ypaBHEHUs, HpH KOTOpeix pemenne OJY HamrydmmMm 00pa3oM COOTBETCTBYET
SKCIICpUMCHTANBHEIM JNaHHBIM. Pemenne ONY (dbyHkums x <— D(m, h, k)) BBemeHo B
MOIPOTpaMMy JIOKaIbHO (pHc. 9.24).

B npenpiaynmx Bepcuax KaKAblH ONEpaTop B MPOTPAMMHOM MOJYJE NOJKEH ObUT OBITH
yucioM. B Mathcad 13 Takoit omepatop Moxer ObITh MpocTO (PyHKLMEH, KOTOpOil B
JlaTbHEHIIeM HaJl0 MPUCBOUTH YHUCICHHOE 3HaueHue. Tak Ha puc. 9.24 nepBslii onepatop B
nommnporpamma Err x < D(m, h, k) sBisiercst GpyHKImed 1 Kak Obl NPHHAT K CBEICHHUIO.

Bropoii onepatop x(#t) siBisSieTCs YK€ UUCIOM M YYaCTBYET B pacyere.

Bexrop otknonenus perreruss OY OT SKCIEpUMEHTANBHBIX TAaHHBIX PACCUUTHIBACTCS B
nozanporpamme Err. Oneparop (x(tt)—xx) Oraromapsi BEKTOpPH3aIMA OXHOBPEMEHHO

BBIYUCJIACT BECh BEKTOP OTKJIOHCHUH aHAJIOTHYHO OIepaTopy HUKIIA.

st HaxOXKICHHS apaMeTPOB, 00ECIEUNBAIOIINX MHHIUMAIBHOE PACXOXKACHUE PACYCTHBIX
U OIBITHBIX JTAHHBIX, UCIOJB30BaHa (QYHKIMS MINErr, B BEIMUCIUTEIBHOM OJIOKE KOTOPOH
B UTEpPAlMOHHOM IPOIIECCEe MHOTOKPATHO BBI3bIBAaETCs momamporpamma Err. B mporecce
BBITIOJTHEHHS TIOANPOrPaMMbI  MiNerr MHOrokpaTHo Bei3biBactes ¢yHkuus Odesolve,
OTYEro BpeMs BBINOJHEHHs orepaTopa Beduko. COMOCTABICHHE OIBITHBIX IaHHBIX C
PacCYMTAHHBIMH IO ONTUMAIIBHBIM MapaMeTpaM MPUBEICHO Ha puc. 9.25.



210 DKCnepUMeHTankHBIe AgHHEIS (NepeMelleHue XX OT BpamMaHy t)
=0 06 12 1.8 24 3 36 42 438 54 6)T
== (1 0802 0.655 0337 0023 0228 —0382 0432 -041% -0.382 —O.245)T

Monobpars kosddumedtsl m, h, k guddhepeHunansHoro
YPABHEHWA CBOBOAHLIK 3aTy Aty KonebaHui CHCTeMBl,
Hawbonee yAoBNeTEOPAOWME ONbITHRIM AAHHBIM

th=01 =6 Ha4ano K KoHel MHTepBana

HHTeTrpUpOBaHWA MomeHsAiTe t:=0
WCITOBKWA
A=1EB=1 rPEHHYHEl2 YCNOBKA aa0aqM
o d
Given m—x(t)+2hm Tzt +k=zt) =0
2 dt
dt

=t = A =t = B

Dim h, k) = Odesolvel t,ty |

Puc. 9.23. Oynkims nonp3oBarens ¢ ucnonb3oBanreM Odesolve

Hainem eekrop owwnbikn Err, nononezya Mathcad-nporparmy
Dy HKUMH X ONpefenAem B NPOrpamMme NOKansHO

Ert{m b} = |z Dim,h K
—

(att) — 300

NnAa oTEICKAHWA MHHUMANEHOA OWKAKKY
MCNoNE2yem fyHegmi Minerr

m=1h:=02 k:=1000 H&JanbHele NpUBNMAEHHA NapaMeTpoE
in

Civenn  Err(m, h Ky =0 h | = Mlinertm, b, K
k
FelweHue m =059 h=0205 k=1017037

o= D(m, b,k

Puc. 9.24. Vcnons3osanue Gpyukiun Odesolve B nporpamme

Cp ARHEHE OIEITHED! H {1AC e THEL JATFED

1
0.3
bo'd
wit)
1]
(IEITHEI:
i PacueTHER
-0.5 :
1 2 3 4 5 f

tt,t

]

Puc. 9.25. Pesynbrats pemenus OY (puc. 9.23)
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IIpocToit npumep cozmanus GyHKIMK moib3oBarens it pemenns OY ¢ mepeMeHHBIMU
napaMeTpamy npuBeieH Ha puc. 9.26. Takas QyHKUIMS MOXXET MCIOJIB30BATHCS KaK BHYTPH
NPOTrPaMMHOIO MOJIYJIs, TaK M camocrosaresnbHo. OOpaTture BHUMAaHWE, 4TO (YHKIMS
nose3oBarenst Z(m, k) :=COdesolve(t,t,) comepxur npa mapamerpa m u k, XoTs sBiseTcst

¢yakomeit Tpex mepemeHHex m, k, t. [Ipm BeBO#e pesynbraToB (Ha rpaduke U B
nporpaMme) HeoOX0JUMO HCATh 3Ty (PYHKIHIO ¢ TpeMs napamerpamu Z(m, k,t) .

PeweHne O0Y ¢ nepeMeHHBIMKW NapamMeTpamMn, Ho Ges NporpaMmMUpoBaHna

tl =01t =6  HA4Yano W KoHel MHTepBana WHTerpupoBaHna
A=1B:=1 TpPaHKdHbIe YCNOBKWA

iven m- dzzy(t) +hkyith=0
it =0 ;'L(tO) =1 t=0,002.1

Z(m, k) = Odeselwelt, ) m=1 k=300
0.06
0.04
0.0z
Zim, k.t I
I -0.02
-0.04
- 0.0

0 0.2 0.4 0.6 0.8 1

t

PeweHne npeabigywero OOY ¢ nepemeHHBIMM NapaMeTpamMm
muknpu t= 1¢cucnone3oBaHMem NporpaMMMpoOEBaHAA

Zlim) = |for 1€ 1.5 /0010
e < 1000 '
0.003
mée 1+021
Z1(m) = | —0.015
e Zim,k, 1 a
H«=x
| —0.005
H

Puc. 9.26. Pemenne O/1Y ¢ nepeMeHHBIMH ITapaMeTpaMu

9.11. OTtnagka nporpamm

Mathcad — mepcrekTUBHOE CpencTBO mporpammupoBaHus. (Co3mgaTe  pacyeTHYIO
nporpammy B Mathcad Bo MHOro pa3 ObICTpee M 3HAYHMTENIBHO NPOILE, YeM Ha IPYIux
A3pIKax TporpammupoBanus. Kpome Toro, mporpamma Mathcad — 370, (akTuyeckw,
3alMCaHHBIM B BHUIE MOCIEIOBATENBHOCTH (HOPMyN QJITOPUTM pemeHus 3agaud. OHa
aOCOJIIOTHO MOHATHA KaXKAOMY, 3HAIOIIEMY CYTh 3a1a4n. B oTimuue ot Hee mporpamMMel Ha
JPYTHX SI3bIKaxX MPEICTaBISIOT cOOOW OYEHb TPYIHBIH Uil MOHUMAaHHS JUIMHHBIA CIHCOK
OIIepaTOpPOB.

IIpuBenennas B npumepe 55 yactu IV nporpamma penienus ynpyro-IiacTU4eCKON 3a1a4u
METO/IOM KOHEUHBIX JIEMEHTOB — 3TO 3 CTPAHMIIbI, HA KOTOPHIX B BHJE (hOPMYJI 3aIIHCaHbI
oIeparopsl, NOANPOrpaMMBbl U TOJIOBHas mporpamMa. Ta ke nmporpamma Ha s3bike Fortran
npescTaBisieT co0or 15 cTpaHuIl CIIOKHBIX JUIs HOHUMAHHS ONIepaTopoB.

CkiagpIBaeTcs BIledaTiieHHe, uyTo co3natenu Mathcad (pupma Mathsoft) He paccunTreiBam
Ha npuMeHeHne Mathcad B kadyecTBe cpelcTBa CO3MaHMS CEPHE3HBIX OONBIINX MPOrPAMM.
Pasyen nporpammupoBanus B Mathcad npopaGoTaH sIBHO ciiabee OCTaIbHBIX Pa3JeioB.

B Mathcad 13 nakonen-ro nosisuiauch ase ¢ynkuuu, 1race u Debug, npennasnauennsie
JUTSL OTJIAJIKA TIPOTPaMM. YBBI, 9TH CPEACTBa paboTAIOT JIUIIH B OTJIAKEHHBIX MPOrpaMMax
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U He pabOoTal0T B HEOTIIAKEHHBIX, I/Ie OHH, COOCTBEHHO, U HYXKHBI.

B Mathcad 13 pa3paGoTuuki NperycMOTpelu crelnuaibHyl obnacte okHa Mathcad,
Ha3biBaemyto Trace Window (OxkHO oOTnajgku), a TaKKe [ONOJHUTEIbHYIO MaHelb
uncrpymentoB Debug (Otnanka) u BecrpoeHHble pynkuuu trace u pause. ®@yukuus trace
OCYILECTBISICT BBIBOJ HAOMIOZAacMBIX IIEPEMEHHBIX B OKHO OTIaIKd; (QyHKUMs pause
[PHOCTAQHABIMBACT BBIYUCICHUS, I[I03BOJISSL IMPOAHAIM3UPOBATh BBIBCACHHBIC B OKHE
JaHHBIC TIPOME)KYTOYHBIX BBIYUCIICHHUM.

Oo0pamenue K 3TuM PyHKIUAM:
trace("format string", x, y, z...);
pause("format string", x, y, z...),

rme format string — crpoka, comepkamas TekcT (Ha aHTJIMHCKOM  SI3BIKE),
NPEIIIECTBYIONIMI BHIBOAUMOMY YHCIY; X, V, Z... — CIHCOK apryMEHTOB, 3Ha4CHHs
KOTOPBIX BBIBOAATCS Ha SKpaH.

BHUMAHUE

Hdnst  BrimoueHust 3THX (QyHKOuA B pabory Hy)HO B MeH0O View BwiOpath
Toolbars » Debug u B mnosiBuBLIciics Ha SKpaHe MaHEIH BKIKOYUTH 00€ KHOIKH,
Touggle Debugging (ITepexmouenne pexuma omiaakd) u Trace Window (Okuo
TpaccupoBkH) (puc. 9.27).

Toggle debugy mode
Pauseiztop |

Step + b |I ||“_‘@||—View Trace Window

Puc. 9.27. ITanens Debug (Otnaaka)

Crtpoka TekcTa, B3STas B KAaBBIUKH, JODKHA 3aKAHYMBATHCS 3HAKOM = U TOPSIAKOBBIM
HOMEPOM METKH B (PUI'YPHBIX CKOOKax, KOTOpas OTMEYaeT OlepaTop, 4Yel pe3ysbTar
neiictus BeiBoautcs B okHe Trace Window (Okuo tpaccupoBku) (puc. 9.28).

NMPUMEYAHUE

Jis BeIBoza pesynbTaTa AeHCTBUS (YHKUUM trace BeIOENUTb BCE BBIPAXKEHHE C ITOH
¢dyHKIMeH ¥ HaXXaTh KIABUITY = (PaBHO), WJIM HAMHCATh UMl BBIPAXKEHHUS-IIPOIPAMMBI C
(hyHKUHMEH trace 1 OLIEHUTH BBIpAKEHHE, HAXKAB KJIaBHITY = (PaBHO).
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Haxo#ieHre NepBoro sNemMeHTa BeKTOpE,
BoneWero 3afaHHoro 3HaYeHHa K = 1.6

ORIGIN =1

1=1.7 v = ?#j -1 | - HOMED 3NeMeHTa
vT _ 1 2 3 4 5 6 7
1 0 1 1.26| 1442 1.587 1.71 1817
1= |je1
while |vj| =K
mi— K 16 0
trace| "K={0} ={1}.v={Z}" K.,1,%! t1=| &
jeji+1 V171
F4i— FF
| 7 J Vj |
<
R=1.6, 3=3, vi=1.25552104 995487
K=1.6,7=4,v]=1.44224957030741
E=1.6,7=5,v]=1.5874010519682
3=1, w3=0
J=E£, wvi=1
=3, vj=1.25992104 989487
=4, vj=1.44224957030741
4=58, vJ=1.58740105159682
The walue = wvector{l}! [0]

Puc. 9.28. Pesyinbrat neiicteus ¢pyHkuuu trace

OyHKIUsA PaAUSE OTKa3bIBAETCS MPUHUMAThL KOHKPETHBIE YHCIOBBIE 3HAYEHUS OO
yKa3aHHBIA 37eMeHT MaccuBa. [lpumepsl, mpuBefeHHble B (aiinax momomm Mathcad,
3aBUCAIOT M OCTAHABJIMBAIOTCS MOCE HECKOJIBKUX omnepaiuii. CI0KHOCTh UCIIOIb30BAHUS
dbyHKIIME pause nemaer ee Oecroyne3HOW 0e3 JOpabOTKM B MOCICIYHOIIUX BEPCHIX
Mathcad.

Oyukuus Debug pabotaer Tonbko B paboraromieil mporpamme. Mexay Tem TpeOyeTcs
BBIBECTH COOOIEHHE O TOM, B KaKOM MECT€ HPOUCXOJUT COOH MporpamMmbl, TO €CTh
TpeOyeTcsi BBIBOJ IOLIATOBBIX 3HadeHWi. B Takom Buue, B KOTOPOM OHA CYIIECTBYET,

¢byunkums Debug okasbiBaetcsi Gecrione3HOM.

PexomeHnmanuu, ommcaHHBIE Jajiee, COCTaBJICHbI HAa OCHOBAHMHM MOETO JIMYHOTO OIIBITa
MPOTPaMMHUPOBAHUSL.

IIpu pa3paboTKe MporpaMMBbl HAYHUTE CO CISAYIOMNX JSHCTBHIL:
Q CocraBbTe (OPMYITBHBIA aITOPUTM MPOTPAMMEL.

Q Brgenure u 3anummTe B BUAC HNOANPOrpaMM-(QyHKIHNA TOBTOPSIOMINECS HECKOIBKO
pa3 WK MPOCTO 3arPOMO’KIAIOIINE TIPOTPAMMY YacCTH.

O CocraBbre rojoBHyto mnporpammy. OHa AOJDKHA OBITh CPaBHHUTENILHO KpPaTKOH W
BKJIIOUaTh OOpAIleHuUs! K TOIPOrpaMMaM.

[anee HaunHaeTcs OTIaKa MporpaMmbl. BHavyasne oTiaxxuBaeTcst KaXkaas oAIporpamMma.
IIpocMoTpuTe CIUCOK BEIUYUH, UCTIONB3YEMBIX B JAHHOW NOAIPOrpaMMe.

KoncraHTsl, HE N3MEHSIOMNECS BHYTPH NMPOTPAaMMBI, JIOJDKHBI OBITH 3aJaHbl B OCHOBHOM
Mathcad-nokymenre rae-mmb0 BBIIE MECTa HCIOJB30BAHUS IOANPOrpaMMBL. MOXKHO

NPUCBOUTH MM 3HA4YCHUS W B CaMOil MOANpOTrpaMMe, HO HEXENATEeIbHO 0€3 HyXKIbl
YBEIMUYMBATH pa3Mep MOAIPOrPaMMBI.
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BHUMAHUE

ITepeMeHHBIM BEJIMYMHAM, HM3MEHSIOIIMMCS BHYTPHU HOAIPOTPAMMBI, JOJDKHBI OBITH
MPUCBOEHBI 3HAYEHUs 0053aTENIBHO BHYTPHU IOANPOrPAMMBI, WIIM 3TH BEIWYNHBI IOJDKHBI
OBITH 3aIMCaHbl B 4YUCJIO I1apaMeTPOB B Ha3BaHWM MOANPOrpaMMbI-QyHKIMH. B
MPOTHBHOM CJIydyae BEIHMYMHBI OyIyT MMETh 3HAYEHHs, MPUCBOCHHBIE UM B OCHOBHOM
JOKYMEHTE, I He CMOTYT U3MEHSThCS B IIPOLIECCE pacueTa B HOAIPOrPaMMe.

B xoHIIE moAnporpaMMbl cO3JaiiTe MECTO BBIBOJA PE3YJILTATOB PacyeTa B BUAE COCTABHOIO
MaccuBa, BKIIOYMB B HETO KaK MOKHO OOJIbIIE BEJIIMYMH IPOMEKYTOUHBIX pPacyeToB,
BBINOJIHAEMBIX B mofamnporpamme. IlocmoTpute Ha pesynbraTsl pacuera. Kak mpasuino,
IporpamMmMa ¢ IepBoOro pa3a He padoTaeT U pe3yIbTaTOB HE JIaeT.

[IlenkaUTE MBIIBI0 BHYTPH NoAmporpamMMmbl. [locMoTpuTe, ecTh nH cooOmeHne o0
ommubOkax. Ecmm cooOmienne 00 ommOKkax ecTb, IMMOCTapalTech HCIPABUTH HX, yUTI
cooO1eHue.

Yarmre Bcero mosieisiercs coodmienne «This variable or function is not defined above» (Ota
nepeMeHHass Wid (QYHKIWS ele He OmpeieicHa). B 3ToM ciydae MpocieanTe o
JIOKyMEHTY, TJIe 9TOH BEJIMYMHE JIOJDKHO OBITH IPHCBOCHO 3Ha4YE€HUE (BHYTPHU MPOTrPaMMBl,
B IMOJNPOrpaMMe, B OCHOBHOM JIOKyMeHTe). Ecin OoHO J0/KHO OBITh MPHCBOCHO BHYTPH
NpOrpaMMbl, MPHUCBONTE MPAaBUILHOE 3HAYEHHWE, €CJAM B OCHOBHOM JOKYMEHTE —
MPOBEPHTC 3HAYCHUC, HAITMCAB UM HepeMeHHOﬁ " Ha)XXaB KJIaBUITY =. Ecau xe 3HaueHue
JIOJDKHO OBITh IPHUCBOCHO B IOANPOrpamMMe, INEIKHUTE Ha Hed. Eciu cooluieHuit Her,
HY»KHO MPOAHATU3UPOBATH MOJMPOrPaMMy, KaKk OMUCAHO Jajee.

Yacto BcTpeuaercs cooduienue «Value of subscript or superscript is too big (or too small)
for this array» (3HaueHHE BEpXHEro WITH HIKHETO MHACKCA CIMIIKOM BEIHUKO HJIH CIHMIIKOM
MaJio JUIs 3TOr0 MaccuBa). B 3ToM ciydae, eciim MacCHB BBOJHJICS B OCHOBHOM JIOKYMEHTE,
NpOBEphTE ero 3HayeHus. Eciin MaccuB OOJIBIIMX pa3MepoB, YeM BbI 3aJaJlH, 3HAYUT, HAJI0
OOHYJIMTh MAacCHB Iepe]] BBOJOM 3HaueHHH. EciiM MaccHB BBOIMIICS BHYTPHU NPOTPAMMBI
WM TOANPOrpaMMBI, INPOBEPHTE AWANA30HBI NEPEeMEHHBIX LHKJIOB, UX COOTBETCTBHE
snauennto ORIGIN. Ecmn ORIGIN =1, mepeMeHHBIE IMKIa HE JOJKHBI HMETh
3HaveHue 0.

Ecnu cooOuiennit 00 ommOkax HeT, MPEICTOMT pPa3leiuTh MPOrpaMMy Ha 4acTH JUist
MIPOBEPKHU:

Q Brgenure yepHBIM LBETOM IPOBEPSAEMBIH KyCOK IPOTPaMMBl U BBIPEKBTE €r0 B
6ydep, Haxxas kHonky Cut (Beipe3ats).

O [lenkHuTe MBIIBIO BHE MPOTrPaMMbI M BCTaBBTE B 3TO MECTO M3 Oydepa BbIpe3aHHbIN
¢dparmenrt, HaxxaB kHonky Paste (BcraBuTs).

O Hcnoonb3yeMblii B IpOrpaMMHPOBAHMH 3HaK IHPUCBOCHHS <— 3aMEHHTE OOBIYHBIM
OTIepaTopoM MPUCBOCHHUS 3HAUEHUS (:=).

O 3ajaiiTe YMCIICHHbIC 3HAYCHHS BEIUYWH, BXOJIIMX B BbIPE3aHHOE (M BCTABJICHHOE)
BBIPOKEHHE, M IOCMOTPUTE pe3ysbTaT pacyera, HaxaB kiaBuiry =. JloOeiirech
npaBuiibHOrO oTBeTa. Omneparop LMKIA KM YCIOBHS BBIPE3aeTCs [0 YacTsIM
(puc. 9.29).
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HemonTa0 nosnporpamme
KYCKA NPOrpammel

PP[P,g,ﬁg:l = |n&towest@@
for il n :fu:ur ]el..E-NUE
for jel..2HU L. :
F.— K. -Ag if g = e m e e e e e o .
J 15 & :PJ(— Kj gi-ﬂgi if g =] |
[P. - K. -Ag) otherwise ! ' ;
1 18 ! [P. - K. -Ag| otherwise
0 L T T B
hoHTa N L bl B e T T .
pPOEEPOYHON N ;
NpEOrpammel ' '
: for iel.n :
b = [ 1 1
) ' for 1. 2-HUO X
for iel.n '
! P.e |K. &g if g =3 !
' ! S B - ;
1 1
1 E [Pj - Kj,gi-ﬁgi otherarise E
1 1 1
| ! |
1 1 1
1 1 1
| |
: (K P ag) .

Puc. 9.29. UzrotosieHne npoBepOYHON MPOTPaMMbI

O B nro60M MecTe BHE NPOrpaMMBbl HAMMIIKATE UMs OyIyIlei MPOBEPOYHON MPOTPaMMBI,
omeparop mpucBauBanus (:=) u, meiakayB Ha kHorke Add line ({o6aButs nuHHIO),
co3JaliTe HECKOJIBKO MeCT BBO/Ia (TIpo 3ariac).

O Beigenure Teso MUKIIA WK YCIOBHS M BBIPEXKBTE €r0 B Oydep.
QO BcraBbTe BEIpe3aHHBIN ()parMeHT B 1000 MECTO BHE IIPOTPaMMBI.
Q Brigenure u BeIpexbTe B Oydep 3aroI0BOK IUKIA WIH YCIOBUSL.

O DBcraBbTe 3arooBOK LHUKJIA WIM YCIOBHS B HY)KHOE€ MECTO BBOJA IIPOBEPOYHON
MIPOTrPaMMBI.

Q Brigenure nepeyepKUBaAHUEM MBIIIBIO PU HAXKATOW JIEBOW KHOIKE BhIPE3aHHOE paHee
TEJO IHKJIA WIIH YCIIOBHS U CKOMTUPYHTE ero B Oydep.

O B mecro BBOAa B NPOBEPOYHOI mporpamMme BCTaBbTe M3 Oydepa Teno LuKiIa WU
YCIIOBHSL.

O 3aKkOHYMTE COCTaBJIICHHE ITPOBEPOYHON IPOrpaMMbl, He 3a0bIB BCTABHTh COCTaBHOW
MacCHB BBIBOJA PE3YyIbTATOB pacueTa. [IpoBepbsTe pe3ynbTaThl pacyeTa.

Ecny npu BBINOJHEHWHM NpPOrpaMMbl HE MOSIBUIOCH COOOWIEHMI 00 ommoOKe, HO H
YHCJIEHHBIE PE3yJIbTaThl HE BBIBOISATCS, NPEACTOMT IIOJIHAas pa30OpKa IpOrpaMMBbI, Kak
onmcano paHee. OTIaXuBaiTe KaXKAbIH KyCOK IPOrpaMMBI OTJIENBHO, a 3aTEM BCTaBIIITE
B OCHOBHYIO IIpOrpaMMy. BaykHO MOJIy4InTh XOTh KaKne-HHOYb PE3yJIbTATHI.

Ecny, HakoHel, BBl MOJyYMIIM PE3YJIbTAaT, HO OH HEBEPEH, 100aBbTE CTPOKH B COCTABHOM
MacCHB BBIBOJA pE3yJIbTaTOB. BbIBeAnTE /i NMPOCMOTpa OOJNBHIMHCTBO PaCUYETHBIX
BesinuuH. IlocTeneHHo Bo3BpalaiiTe Ha MECTO BBIPE3aHHbBIE KyCKHM MPOTPaMMBbI MOCIE UX
OTJIAJKH.

KoHeuHo, 3TH cmoco0bl OTIIAJKH OYEeHb MPUMHTHUBHBI, HO APYrHX paspaborunku Mathcad
MoKa HaM HE TPEeJOoCTaBWIM. TeM He MeHee, MOBTOPS0, YTO COCTABJICHHE MPOTpaMM B
Mathcad OGomee ymoOHO W TPOCTO, YEM TMPH UCIOJB30BAHUH JIPYTHX  SI3BIKOB
MPOTPaMMHUPOBAHMS, a OTJaJKa HE TpyJIHEe, 4eM, CKaxeM, Ha s3bike Fortran. Bpems
COCTaBJICHUS U OTJIAJKH IporpamMmel B Mathcad B HECKOJIBKO pa3 MEHBIIE, YeM TpeOyeTcs
JUTSL BBITIOJTHEHUSI TOM jke paboThl Ha si3bike Fortran.
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9.12. BoamoxHocTH yckopeHua pabotel Mathcad

Pemenne 3amaun B Mathcad 0ObIYHO MpomOIDKAETCS IOJIBLIE, YEM PEIICHHE aHATIOTHYHOM
3aJayy, IIOJy4EHHOE TIPH KCIOJBb30BaHUU JIIOOOT0 M3 KOMITMJIMPYEMBIX SI3BIKOB
MPOTPaMMHUPOBAHUs. DTO HE UMEET 3HAUCHMS IPH OAHOKPATHOM BBIYHCIICHHN BBIPAKEHHUSL.
Onmnako B OOmbImIMX TporpaMMax IPH  BBIIOJIHEHHHM MHOTOKPAaTHBIX —pacdyeToB
(WTepanMOHHBIX MTPOLEAYP, PACUETOB, TJIE IIEPEMEHHON SABIIACTCS BPEMsI HIIM TEMIIepaTypa)
BpEMSI pacdeTa CTAHOBHUTCS HEJIOMTYCTUMO OOJIBIINM.

Ota 3ajepkka CBA3aHAa C TeM, YTO A3BIK IporpammupoBanHus B Mathcad sBiserca He
KOMIIMJIUPYEMBIM, @ HHTEPIPETUPYeMbIM, TO ecTh Mathcad mepen BEINIONTHEHNEM Ka)KAOTO
orepaTopa BBINOJIHSACT HEKHE IOJrOTOBUTEIbHBIC OINEpalud. B KOMOHIMpYeMBIX ke
A3bIKaX MPOTPaMMHUPOBAHUSI ITOATOTOBHUTENIFHBIC OINEpALMK BBIIOJIHSIIOTCS OJIUH pas, N0
pelieHusl 3aja4yM, a TOocle PEJAKTUPOBAHUS W KOMIWISALUM HPOTPaMMBI CO3JaeTcs
00BEKTHBIN MOYIIb (exe-daiin).

PaCCMOTpI/IM HEKOTOPbIC CllydaHu, KOrja YCKOPCHUC PCUHICHUA 3adavd B Mathcad Bce-taku
BO3MOIXKHO.

Bonpme Bcero Bpemenn B Mathcad 3aHmMaeT omepamnms mHTErpupoBaHHA. Ecim Kypcop
YCTAQHOBJICH HA 3HAKe WHTErpajia, NPH HaXKaTUM TPABOM KHONKH MBIIMIN OTKPBIBAETCS
KOHTEKCTHOE MEHI0, TIpe/ulararoiee dYeTslpe crocoba BeMHCIEHHA HHTerpana. Ilo
ymomgannio Mathcad aBromaTtndeckn BBIOMpaeT aJanTHBHBIA METOA, HanOOJIee TOYHBIN,
HO W HamOojee MIUTEIbHBIA. BriOepure npyroit meron wuHTErpupoBaHuA. s storo
LICJIKHUTE NIPAaBOM KHOIKOW MBIIIM HA 3HAUKE MHTErpajga. B OTKpBIBIIEMCS KOHTEKCTHOM
MCHIO BLIGepI/ITe OoAvH U3 npeajara€MblX METOJAO0B HWHTEIPUPOBAHUA. YMeHbIIHUTE
craugaptayio mocrosiaayio 10C w3 mento Tools » Worksheet Option (MucTpymeHTsI
» [TapameTpsl TOoKyMeHTa). B03MOXXHO, CKOPOCTH BBIYMCIIEHHS HHTErpajia BO3pacTeT.
[IpoBeppTe 3TO Ha mnpuUMepe BBbIUKUCICHUA UHTerpana /[lroamens, NPUBEIECHHOTO B
npumMepe 36 dactu IV. B mpumepax 51 u 52 MaTpunyy macc 3jeMeHTa MOXKHO BBIYHCIHTS,
KaK MHTETpal

L
Mi,j :_[0 mN(x)l.N(x)jdx,

HO 3TO OYC€HbH J0JIro. Cuer HUICT BO MHOIo pas 6I>ICTpee, €CJIM BBCJACHBI CTAaHAAPTHBIC
MaTpulEbI C BHCMeHTaMI/I-(bOpMyHaMI/I.

[Ipn uHTEerpupoBaHMK (QYHKIMH OJHOW IIEPEMEHHOW pacdeT MHOTOKPAaTHO YCKOpSETCs,
eclIM BMECTO CTaHJApPTHOTO OMepaTopa WHTETPHUPOBAHHUS HCIONB30BaTh GyHKu Int,
OIHCaHHYIO B pazzene 9.6.

B psine ciryyaeB BMecTo (pyHKIMHM MOKHO MCIIOJIb30BAaTh MaTpHIbL. Eciy Kax bl JieMeHT
MaTpHLBI ABIsIeTCS (PyHKIMEH OT IPyTHX MaTpHI, TO MPH BBYMCICHUH KaXIOTO HJIEMEHTa
MaTpHIBl TPOrpaMMa BBYHCIAET BCIO MaTpHIly, a 3aTeM OepeT W3 Hee JIMIIb OJIHO
3Ha4eHue. B mporpaMmax B MeTOJe KOHEUHBIX 3JEMEHTOB IIPpH ()OPMUPOBAHUH MAaTPHIIBI
KECTKOCTH MOXKHO 3aIMCaTh /1Ba BHJIA BEIPAKCHUH:

KE (k)= A(k) -C-A(k)-F,-t;
KE, = A} -C- A, - Fy-t.

IIpu OospIoM dmcie >JIEMEHTOB IEPBOE€ M3 ITHX BBIPAXEHHH «BHCHUT», BTOPOE —
«iieTuT». CKOPOCTh BRIUYUCIICHHSI BTOPOTO BBIPAKEHUS] B COTHHU pa3 OOJIbIIE, YeM IIEPBOTO.

IIpu pabote ¢ OOJBIIMMH MATPHUIIAMH, KOIJIa HCIOJB3YETCS OOpAIICHUE MAaTPHIIbI

(pemwienne cucreMbl ypaBHeHHWi), omepatop A=K -p, xopomo paboraromuii B
npumepax 50 — 54, tpebyer mMHOTO BpemeHH (o Mmeroay [aycca mumeT mepecdeT Bcex
3JIEMEHTOB MaTpHIBI, BKJIIOYAs HyH). B Merone KOHEUHBIX 3JIEMEHTOB NpH padore ¢
JCHTOYHBIMH  MAaTpUIAMH  PEKOMEHIYyeTCS  HCIOJNB30BaTh  METOJ  XOJIECCKOTO,
peanuzoBanubiii B mporpamme MCHB. Takast mporpamma BKJIFOYeHa B TIpuMep 55.

CymecTByeT HEMallo APYTHX BO3MOKHOCTEH yckopeHus paborel Mathcad m obnerdenus
OTJIAJKK TporpamMM. [J1aBHOe — COXpaHUTh OCHOBHBIE HpeuMmylnecTtBa Mathcad:
HaTJIIHOCTH, IPOCTOTY, YAOOCTBO pabOTHI.
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naBsa 10. AHumauud

Mathcad mnpemycmaTprBaeT BO3MOXKHOCTb aHUMAlWKd TPapUKOB M PE3yJIbTaTOB
BBIYMCIICHMH TyTeM co3nanus avi-daitoB u BcraBku wux B Mathcad-nokymeHT.
BocnpomsBoasatcs co3nanable avi-(paiisl BeTpoeHHBIME B Windows cpecTBamMH.

10.1 Co3paHne aHnmauum

Mathcad umeer BctpoenHyio nepemeHnyio FRAME, npenHa3HadueHHYIO TOJNBKO ISt
co3nanus anumanroHubix kiumnoB. FRAME npunumaer tienouncinentsie 3Ha4enust ot 0 10
N ¥ J0JKHA OBITh BKJIFOUSHA B PACUETHBIC BBIPAKEHUS TaK, 4YT00ObI ¢ u3menennem FRAME
U3MEHSLICS BH COOTBETCTBYIOIIEro rpaduka. akrudecku, FRAME — 310 HOMep Kkanpa.

[Mepemennoit FRAME nens3s mpucBamBaTh kakoe-nmu6o 3nauenune B Mathcad-mokymenTe.
Junanazon snauenuii FRAME 3agaercs B AMajioroBoM OKHE IJIABHOTO MEHIO KOMAaHIOU
Tools » Animation » Record (MuctpymenTs! » Aunmarius b 3amuce). [lepen coszmanuem
aHMMAllMOHHOTO Kiuma yOexuTech, 4Tro B riaBHOM MeHio Mathcad B okne Tools
(MHCTpYMEHTHI) BKIIIOUEH PEKUM aBTOMATUYECKUX BBIYMCICHUH.

PaccmoTpum mporiece co3aaHus aHMMAIUH:

O Bseaute nepemennyio FRAME B mMaremarnueckoe BeIpaKeHHE, OINPEAEISIONIEe BUT
rpaduka (puc. 10.1).

O Beibepure myHkT MeHto 100Is » Animation » Record (MuctpymenTst » AHumarius »
3anuck) B pasubix Bepcusix Mathcad mynkr Animation Haxomurcsi B pa3HbIX MecTax
[JIABHOT'O MEHIO, a B Mathcad 14 u 15 npucyTCTByeT B CTAaHIAPTHOM MCHIO.

Q [Ilocie ortkpbiTusi AuanoroBoro okHa aHumanuu (puc.10.1) KypcopoM BblnenuTe
HYXXHBI ()parMeHT U300paKEeHUsL.

O B amanoroBoM okHe 3ajalTe oOlIee YMCIO KaApoB M YacTOTYy MX BOCIPOW3BE/ICHHMSI.
VYcraHoBieHHOE 10 yMom4aHuio uuciao 10— coummkom Oojbmias CKOPOCTb
BOCITPOM3BEICHUS KaapoB. Jlydire ycTaHOBUTh 2—3 Kajpa B CEKyHIY, HHAUC «KHHO»
umTes 1 cekyHay.

Hlenkuaure Ha kHomke Animate (AHuMupoBaTh) W HaOJOJAHTE 32 CO3NAHHUEM KaIpOB.
3aTeM MOSBUTCS OKHO IPOWIpBIBAaTElNsl BUACO(DAilioB. B 3TOM OKHE MOXXHO YCTaHOBUTBH
pasmep kanpa (IlomouHHBIH pazmep, OObuHBIN pazMep — B MacmTade 1 : 1, /IBoiiHoiA
pasMep) U CKOPOCTh BOCTIPOM3BEAeHHs KaapoB. Ecnu BeI ocTaBwim B OKHE aHUMaruu 10
KaJpoB B CEKYHAY, TO JBIKKOM HaJ0 YMEHBIINTb CKOpPOCTh mpumepHo 10 30 %. Eciu B
OKHE aHMMAaLUH BBl yXKe [IOCTAaBHJIM 3 Kaapa B CEKyHIY, TO PEryJsATOp CKOPOCTH JIydllle He
Tporarb, a TO CKOPOCTb JBW)KEGHHS CTAaHET COBCEM MAalleHbKOH W 3(dekra KHUHO He
MOJIYUHTCA. PaSMepLI OKHa MO>XXHO HU3MCHHUTH U 06I)I‘IHbIM CHOCOGOM, TO €CTb, pacTiAruBas
€ro 3a yroJi Mplibio. OTHaKO MPH ATOM HPOIOPIUU OKHA MOTYT U3MEHUTHCS.

O Co3maHHBI KIWI COXPAHWTh C MOMOIIBI KoMmauael Save As (CoxpaHHTh Kak).
CoxpaHeHHbIH (haiin MOKHO Hconb30BaTh 1 BHe Mathcad-okymeHTa.

O CoxpaHeHHbIH Kak avi-(paiyl KIUI Hy>KHO BCcTaBUTh B Mathcad-nokyment. J{is atoro B
rnmaBHoM MeHto Mathcad BeiGepure xomangy Insert » Object (Bcraska P OGbekT).
Otkpoercs okHo BcTaBka obbekTa. Bribepure B atom okne Co3gaTtb U3 dpavna.
Beibepute HyXHBIM (aiia, IIENKHYB B AHAIOroBoM oOkHe Ha kHomke OB630p
(puc. 10.2).

XKenarenpno Haxath KHOMKY CBSi3b B TOM K€ OKHE. DTO MO3BOJMT PEIAaKTHPOBAThH avi-
(aiin HenocpencreeHHo u3 Mathcad-nokymeHnTa.

Ecnu B TOM xe OkHe ycraHOBUTH (axkok B BMae 3Hauka m mHaxats OK, To Ha mecte
Kypcopa B Mathcad-nokymeHTe NosiBUTCS 3HAYOK avi-(aiiia. [IBOMHHOM MIeTYOK MBIIIBIO Ha
9TOM 3HAYKC BBI3OBET MOABJICHHUC IMTPOUTPLIBATEIIA BI/I}I@O(I)aI‘/‘IIIOB " UCIIOJIHCHHWEC aHUMalluu.

Ecnu daxok B Buae 3Hayka e ycraHaBimuBaTh, TO mocie Haxatus kuonka OK Ha mecte
Kypcopa B Mathcad-nokymeHTe TOSBUTCS KapTHHKa C TIEPBBIM KaapoM avi-(haiina.
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Puc. 10.2. /TnanioroBoe 0KHO BCTaBKH 00bEKTA
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puc. 10.3.
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240

2

20
a0

30

330

300
il
X .}f:. Cut

qqgl. avi

Copy

Baste

Froperties. ..

Puc. 10.3. Hauano penaktupoBaHus avi-Qaiiiaa

BocnpouzescTi

OTrpeme




B OTKPBIBIIIEMCSI OKHE pPEIaKTHPOBAHUS (puc. 10.4) BBIOEpUTE ITyHKT

219 MpaBka » NapameTpbl. KenarenbHo ycTaHOBUTH (hiaxkok ABTOMOBTOP, TOTAa «KHHOY
Oymer UINTBCSI OECKOHEYHO JOJr0, IO TEX IMOp, TMOKAa BBl HE IIEIKHETE MBINIBI0 BHE
00BeKTA.

.avi - Buneosanuce B Client Document

FPalin [lpagra YHerpobicteo lkana Cnpaeka

EIEIEI EI1EI EIEEI EISEI EI4EI EIEEI DFN 70 NAn nan

b (= [ e <] || =] Napaverp ST
T Qr YIVN 1T deronepeonka

ﬂ qql_awi
W AeTonoeTop e —
9 T
210 120 4'
— DéwerT OLE

240 2 150

1 x) —Iv | [aHenk BoCNpoOMsEELEHUA —
X
ggla = 130 @ JaroAoeak: Iqq'l.aw
B 210

¥ [pariua sokpyr ofeekTa
240 77 ¥ BocnpousssneHde B AokyMEHTE

™ | Henoneeosane nanvmpy Y&

Puc. 10.4. YcraHoBka napaMeTpoB peJaKTHPOBaHUs avi-aiina

@aiinpl anuManuu (avi-aiisiel) 0OBIYHO 3aHMMAIOT MHOTO Mecra Ha aucke. Mathcad
MO3BOJIICT COXPAHWUTh WX B CkaToMm Qopmate. [lepen cozgaHueM aHUMAIMH MOXKHO
BBIOPATh, KAKUE METOJIBI CIKATHS UCIIOJIB30BATh M CKUMATh JH (aiiin Boobuie. s atoro B
nuanoroBoMm okae Animate (cm. puc. 10.1) HyxHo BbiGpats Options (CpoiicTBa), a B OKHE
Compressor Options (ITapametpsl CKaTHs) — TPOrpaMMy CHKATUSI HJIA KOMAHIY
MonHble kagpsbl (6e3 cxaTtus), puc. 10.5.

BHUMAHUE

IIpu co3pmaHum aHUMAIMOHHBIX KJIMIIOB PEKOMEHIYETCS OTKJIIOYUTh aBTOMAaTHYECKOe
MacITabupoBaHue rpauka, Tak KaKk BO3MOXKHBI CKaYKH M300PaKCHUS MPU U3MCHCHHU
MacmiTaba. BBeauTe 4nciioBbie 3HaYCHUS Ha OCSIX rpaduka BpYyIHYIO.
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— Far FRARE -
From IEI_ Armate |
I IE'_ Cancel |
At I'IEI Save fs, |
Frames/Sec Dot |
Dptions. ..

FRAME=

Select an area of your work sheet whose contents are based an
the FRARME waniable, enter starting and ending FRAME walues,
and choose Animate.

B Compressor Ophions I—

Mparpareda caaTHa; oK I
MonHelE Kagpe [Ge3 cxaTa] j OTHeRA |
Intel Indea® Videa R3.2 -
Microsoft Yideo 1 HetTpofa.. |
Microzaft BLE
Buaeo Indec® 5.04 [ EEREAE: . |
VDEInet YOO ave _ hnpne =

Puc. 10.5. Beibop mMerona cxarust avi-daitna

PexomeHIyr0 BCTaBUTH aHUMAIMOHHBIN Kkiun B Mathcad-mokyMeHT He B BUe 3HaUKa, a B
Buje KapTuHKH. [locite 3Toro rpaduk, Ha OCHOBE KOTOPOTO CIENAH KJIHII, MOYKHO yIAIHTh.
JIBOWHOM MIETIOK MEIIIBIO B IT0JIe 00hEKTa MPUBEAET K BOCIIPON3BEACHUIO KITHIIA.

10.2. Nanepes aHMMAaUMOHHbIX KITUMNOB

Pucynku 10.6-10.11 mumocTpupyIOT HEKOTOPBIE BO3MOKHOCTH aHUMAIUH. Vcnonp3yrores
pasiM4HBle THOBI TPaUKOB M 4YUCIOBas aHUMauus. /s HArJdsgHOCTH HA PUCYHKaX
ucnonps3oBaHo 3Hauenne FRAME =13, 1o ectp wu300paxen 13-ii kaap aHumanuu.
CaMOCTOSITENIbHO HM3rOTOBbTE aHMUMALMOHHBIC Kiunbl. [lepen aHuManned HEoOXOIHMMO
otkirounth oneparop FRAME:=13.

x:=0,01.30 (%) = x + FRAME
120 9 Gl
150 o 30
ﬂ 1&0 0
210 330
240 270 300
X

Puc. 10.6. [Ipmxenue cuupanu



n = FRAME-02
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Puc. 10.7. AMepukaHCKue TOPKH

1= FRAME-0.2
Fiwy, ¥ = sitn-x)-cosln v

| I
. __.'_\l__1 (ko
il _.aﬂ.ﬁ;_ i ;!'T‘

Puc. 10.8. Pocr neca cunyconn

1:=10.20 i=0.20 L=11.420
Ai j = i FRAME-0.06

E

HL i =20 - L) FRAME.-0.03

Puc. 10.9. CrpourenscTBo capas



i=0.FRAME + 1 g = icoali)

222 k =10+ h, = i sin(}
k= g= Nh-
0 0 0 0
10 0.54 | 0.841
20 -0.832 | 1.819
30 -2.97 | 0.423
. 40 -2E15 | -3.027
50 1.418 | -4.795
&0 5761 | -1.676
70 5277 | 4.599
a0 1164 | 7.915
g0 -8.2| 3709
100 -8.391 | -5.44
110 0.043 11
(g.h.k 120 100126 | -6.439

Puc. 10.10. Cmepu

Fi = Sm(%) -cus(iﬂj +Bxp|:_|:(1_j_aj +(-10-49 :I}

20
&Y -

a
2

) &5

A

Puc. 10.11. Axumanust KOHTypHOH KapTbl. ¥YcraHoBute FRAME=18

MHOro HMHTEpECHBIX MPUMEPOB AaHUMALUK OOBEKTOB (rpaMKOB M HYHCIOBBIX JAHHBIX)
npuBeneHo B (aitnax momouu Mathcad u B anekTpoHHO# KHUre (puMepsl 6 1 26).
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[maBa 11. YueT pasmepHoCcTen

B Mathcad BO3MOXHBI BBIYMCICHHSI C YYETOM pPa3MEpPHOCTEH HCIOIb3YEMbIX BEIMUHH.
EnuHULBEI M3Mepenus, X0Tsd OHH M He TpeOyloTcs B BhIpakeHHsXx Mathcad, MoryTr momoun
YIPOCTUTH BBOJ IAHHBIX, OOHAPYKUTh OMIMOKM M YIydIINTh OTOOpaKCHUE PE3yJIbTATOB
BBIYHCIICHUM.

[TpucBoeHHEe 4YKCIy PasMEPHOCTH HSKBUBAJICHTHO €ro YMHOXKEHHIO Ha Pa3MEPHOCTb.
Buytpennuit anroputm Mathcad yMHOXaeT 4YHCIO Ha TEPEBOTHON KOI(DDUIMEHT,
COOTBETCTBYIOIIMA  BIOMCAHHOW pa3MEPHOCTH, H  BCE BBIUKMCICHHS  BBIIOJHSET
¢ Ge3pasmepHbIME unciiamMu, cooTBeTcTBYOIMMU CU (CrcTeMa HHTepHAI[MOHATbHAS).

11.1. Boibop cuctembl eanHUL, NU3MepPEHUs

B Mathcad BcrpoeHo Ooipmioe KONMMYECTBO enuHMI] u3MepeHHs. C HUMH MOXHO
oOpaiaTbes, Kak CO BCTPOCHHBIMHU ITepeMEeHHBIMH. UTOOBI CBS3aTh €AMHUILY U3MEPEHUS C
YHUCJIOM, I0CTaTOYHO YMHOXHTb YHCJIO HAa €6 HAUMEHOBAHMUE.

[epen HauanoMm pabOTHI ¢ pa3MEPHBIMU BEJIWYMHAMH HAJI0 YCTAaHOBUTH CHCTEMY €IHHHLI, B
KOTOpOH BBI OyzeTe paboTats:

O B rnaBaom menw Mathcad Beibepute Tools » Worksheet Options » Unit System
(Uucrpymentsr » [Tapamerper  nokymenrta P CucremMa enWHHI), Kak IIOKa3aHO Ha
puc. 11.1.

O B oTKpbIBHIEMCS AWATOTOBOM OKHE BBIOGPHUTE CHCTEMY EAMHHL, Hampumep Sl
(International). Llenkuute Ha kHonke OK. Ecnu B nuanoroBom okHe BbiOpaTe None
(Her), To HUKaKue pa3MEpHOCTH B pacyeTe He YIUTHIBAIOTCS.

MapameTpbl AOKYMEHTA

BCTROEHHEIE MEpEMEHHEIS BEIYMCNEHIAA OTOOpaHEHMS

CHCTEMSE EMHML, MEMEDEHIMA | PazmMepHOCTE COBMECTMMOCTE

EAMHKUE! MO yMONYSHMID DCHOEHEE PASMEDIHOCTI.

@ cu AMHS (MeTR) ”
i KOMMYECTED BEWECTES (M0
O MEC MACCS (FANOrpaMe
i OCEELWEHHOCTE (KaHAENS)
(crc TEMNERATYPS (KENEEMH)
3MEKTOMUSCKME TOK (aMnel
() cLwa < pS
O Her MPOMEE0AHEIE E4MHMLE

() Apyras naTeHLMan Eauani A

Ha ocHOEE:
3NEKTPMYECKDE CONMPOTHED
SHEPrAA (LH#0YNE) v
< >

Ok || OTMEHS || Cnpaeka

Puc. 11.1. Beibop cucremsl euHHUIT
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ITociie 3TOro MPOCMOTPUTE BCTPOCHHBIC CIUHMIIBI H3MEPEHUS B BBIOpAaHHOM cucteme. [l
9TOro Ha cranzaprtHoii manenu Mathcad menkuute Ha kHomke Insert Unit (BcraButhb
€/IMHMIIBI) C U300paKeHHEeM MEepHOI Kpy»KKH. BHauane HUYEero BCTABJISITh HE HA/I0, IPOCTO
MMO3HAKOMBTECh CO CIMCKOM EIMHHI[, KOTOPHIC MOJXXHO HKCIIOJB30BaTh B pacueTax Io
yMoJuaHui0. B nanpHeiiieM B Havajge IOKYMEHTa MPH BBOJAE HCXOJHBIX JAaHHBIX IS
pacueTa WX HAIO 3amKCHIBaTh, YMHOXas YHCIO Ha CTaHAapTHOE OOO3HAYCHUC
Pa3sMepHOCTH, KOTOPOE MOYKHO BBECTH C KIIaBHATyphl 1100 BbIOpath B okHe Insert Units
(BCTaBUTh CIUHMIY HM3MEPCHUs), IICIKAs MBIIIBI0 HAa COOTBETCTBYIOIIEM OO0OO3HAYCHUH
(puc. 11.2). ITogpoOHBIE CBENCHUS IO UCIONB30BaHUIO pa3MepHocTeid B Mathcad mMoxxHO
Halitu B (aitnax momomu Mathcad (puc. 11.3).

BcTaBKa egrMHVMLEI MBMEPEHMA

PasmepHoCTE CcTEMSE
Bre ~ ClA K
AKTHMEHOCTE -
Bpena
BcTagime
JEHEA b
O TreHa

EAvHMLE W3mMEpEHIAA

Kinonona ke, gyt (ksf)
Meranackans (MPa)

MM pT. CT. (horr)

nackans (Pa)
yHT-cna ke, aroiam (psi)
yHT-cMna ke, $yT (psf)

[

<

Puc. 11.2. OxHO BCTaBKM BCTPOEHHBIX CUHUL] U3MEPEHUS

## Mathcad Help
dakn Mpaeka Bipg BoTapka ©opmat  MHCTEYMEeHTBl  CHMBOMEHBIE onepalk  KHWMra  Chpaska
A® = (4P bHEHRESS

Index [ Search

x Dimansion i

o
%;UFCW”S Lists quantities of built-in units. Only units in the selected dimension or quantity are
olving 2

displayed in the Unit list. Choose "All" to see all built-in units in the current unit system.
Q Programming

Qﬂl Units System

Shows the default system of units. To change the system of units, choose Worksheet

[2] simplifying Displayed Urit: Options from the Toels menu and click on the Unit Svstem tab.

@ Digplaying Dimension MNam

@ Defining & Unit Unit

@ Static Unit Checking
@ 20 2nd 30 Plots Displays a list of units available for the selected quantity. To see the complete list of =
@ symbolics and Keywords units, choose "All" in the "Dimension” box.
Q External Files and Application: )

Other Resources v Double-click on a unit to insert it into your warksheet, or click the Insert button.

< | > v

ABTO

Puc. 11.3. [Tony4enue cripaBku 1o eauHuiaM u3Mepenus B Mathcad Help

B Mathcad 13 mosBHIack BO3MOXXHOCTH YyCTAaHABIWBATh CMEIIAHHYID CHCTEMY
pasmepuocreit. Jlist atoro HyxHo B Merio 100ls » Worksheet Options » Units System
(MuctpymenTs! » [Tapamerpsl  gokymeHTa b CucTeMa eIUHHUI W3MEPEHHs) YCTaHOBUTH
¢naxxoxk Ha mynkte Custom ([pyras). 3aTem BbIOpaTh CHCTeMy, Ha KOTOpOW Oyner
6a3upoBaThCsl HOBasi cucTteMa pasmepHocrteid, Hanpumep S| win MKS, Haxats KHOIKY
Change (M3menuTh) © BbIOpaTh dTO-HHOYAb U3 MPEMIOKEHHBIX Pa3sMEpHOCTEH
(puc. 11.4). C Touku 3peHns1 pOCCUICKNX MOJIb30BaTelei, 3T0 Oecrojie3Hoe HOBOBBEICHHUE,
TaK KaK Mpeluiaraetcs BbIOpATh JIMIIb U3 Pa3MEpHOCTEH, YHOTPeOJSIeMbIX B 3amajHOM



MHpe, Hanpumep, 100aBUTh (QYHTbI, AIOWMBI, TAIJIOHBI U T. Jl. BBECTH HalllM NMPOU3BOHbIC

225 Pa3MEpHOCTH, TeM GoJiee Ha PYCCKOM S3bIKE, HEBO3MOYXKHO.

NapameTpel JOKYMEHTA ﬂ BoTasKa eAvHWLbI MBMEPEHMA
ECTpoeHHEIE NepemerHLe BilumcneHA OTobpaxeHe PazmepHocTE CucTeMa
CHCTEME BAMHWL, M3MEPEHAA ‘ Pa3MEpHOCTE COBMECTIMOCTE [ol]] oK
EAMHALE O YMONHIHAD OCHOEHEIE PASMEDHOCTH

BpemMA (CeryHaa) ~ _
O AEHEM (B330B3A BankOTa)
KOMWMYECTBO BEWECTES (M0
Ocre = ] - EavHinua mameperia
Haena)
(@117 < k3 6
rpar (gri
@l para (gm)
kanorpart (kg
(@) Apyran METPMUECKEA TOHHS (torne) L4
A SMKDETE ((hapasa) — MANRATpArM (g )
' =3pAg (kynoH) cnar {slug) he
K A WHAYKTMEHOCTE (FeHpK) Y

Puc. 11.4. YcraHoBKa CMEIIAHHOM CHCTEMBI pa3MEepHOCTEH

11.2. BBog nonb3oBaTeNbCKUX €aUHUL, UBMEPEHUS

O003Ha4yaTh pa3MEpHOCTH HaM NPHUBBIYHEE PYCCKUMH OyKBaMH, a 3TO YK€ HECTaHIapTHOE
0003HaYeHHe Pa3MEPHOCTEH.

Jyis BBO/Ia TIOJTB30BaTENILCKUX 0003HAYCHHUN pa3MEPHOCTEH HYKHO:

O BeiOpare mnyHkT TraaBHOoro Mentoo Mathcad Tools » Worksheets  Options
(MuctpymenTs! » [TapameTpsl JAOKYMEHTa) W mepedTH Ha Bkiaaky Dimensions
(PasmepHocTn), nokazannyo Ha puc. 11.5;

O ycranoBuTh Quaxok Display dimensions (IToka3biBaTh pa3MepHOCTH). Y IATUTh
CTapbie pa3MEPHOCTH U BBECTH C KJIABUATYPbI CBOH Pa3MEPHOCTH, aOCOIIFOTHO JIFOOBIC;

O B Havase Mathcad-oKyMeHTa BBECTH NPOHM3BOAHBIE OT HCXOJHBIX Pa3MEpHOCTEH
(puc. 11.6). /lanee MOXXHO BBOAMTH MCXO/AHBIC JaHHbIE, YMHOXKEHHbBIE HA Pa3MEPHOCTH
CTaHAapTHBIC (HAa aHTIMHCKOM SI3BIKE) WJIM IPOW3BOJHBIE OT CTaHAApTHBIX. [locie
BBIYMCIICHUS PE3yJIbTaThl pacueTa OyIyT HOSBIATHCA HA SKPaHE YK€ C BBEIACHHBIMH
BaMH Pa3MEPHOCTSIMH.
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nEPEMETPhI A0OHYMEHTA §|

BCTpoeHHEE NepeMEHHEIR BeldCneHA CTodpaseHe
CUCTEMA BAMHIL, MEMEpEHIMA FazMEpHOCTE COBMECTHMMOCTE

[V]NokazeEaTe pazmepHOCTE:

Ha=E:aHME PasMEPHOCTI

IMacca KT
AnaHa MeTh
Bpera CEK
Cl1na ToKa CEHO
TemMnepaTypa rE0= 41
Cu1na ceeTa COMNomMa

KonuuecTeo BelUecTES substance

MPMMEHEHME PASMEDHOCTIA MOXET BbITE OTMEHEHD HACTPOAKDN NapaMeTpOE
CUCTEME! EAMHIAL, MEMEDEHMA, 3Ta BKNAAKA M e dyHKLMK By Ay T YASNEHE E
CnegyrLLein espcin Mathcad.

oK || OTMEHS || Cnpaeka

Puc. 11.5. BBox nonb30BaTenbCcKUX pa3MEepHOCTEH

11.3. NlameHeHne macluTaba pe3ynbTaToB pacyeTa

Yacto ObIBacT HYXHO BBIBECTH PE3YJIbTAThl paciera B pa3MEPHOCTSIX, KPATHBIX HCXOIHBIM,
HalpHMep, BMECTO «KI» HCIOJIb30BaTh «TOHHBI», BMECTO «METP» — «KHJIOMETP», BMECTO
«CeK» — «4ac» WK «MUH». [Ipon3BoHbIE pa3MEPHOCTH BBOJAT KaK OOBIYHBIC KOHCTAHTEI,
C MCIOJIb30BaHUEM OllepaTopa npucBanBanus ;= (puc. 11.6).

NMPUMEYAHUE

IIpon3BOIHYIO Pa3MEPHOCTD HENB3sl ONPEACITUTD, YMHOKAsI YUCIIO Ha MOIb30BATENBCKYIO
Pa3MepHOCTS, BITHICAaHHYIO Ha BKJIaJIKE Tools » Options » Dimensions
(Muctpyments! » ITapametpsl 1oKyMeHTa » PasMepHOCTH). YMHOXATh YHCJIO Hago Ha
CTAQHJAPTHYIO DPa3MEpHOCTb, 3allMCAHHYI0 HA aHIVIMHCKOM $3bIKe, WM Ha JPYTYIO
IPOU3BOJHYIO Pa3MEPHOCTb, KOTOPOH paHee B JOKYMEHTE HPHUCBOCHO KaKOe-JIHOO
3HaYCHHE.

HpI/I BBIBOJIC PE3YJILTATOB pacyeTa IIOCJIC HAXKATHUA KIAaBUIIA (=) HOABIACTCA YHUCIIO H
paaoM € HUM — MECTO BBOJa CAWHUILBI PA3SMCPHOCTHU. Ecimn umcio YK€ HUMECT
PasMEpPHOCTb, TO PAAOM C PAsMEPHOCTBIO MOABJIACTCSA €II€ OAHO MECTO BBOIA. CIO,I[a
MOKHO ITOMECTHUTH JIIO6yIO TICPEMEHHYI0, KOHCTAaHTY HWJIN BBIPAXKCHUEC.

BHUMAHUE

He 3a0ynpTe, 4TO BCAKMH pa3, KOTAa 4TO-HUOYIb HaXOIUTCS B MECTE BBOJAA CIIMHMIIbI
n3Mepenus, Mathcad nu3MeHHT MOMy4YeHHBIH pe3ynbTaT TaK, YTOObI IPOU3BEICHUE YHCIA
Y BBIP@)KCHMS, CTOSIIIETO Ha MECTE Pa3MEPHOCTH, IaBaJIO IIPABHIILHOE 3HAUCHHE.

MOXHO HUCIIOJIb30BaTh MECTO BBOJIA, YTOOBI BBIPA3UTh, HAIIPUMEp, 3HAYE€HHE YIia B AOJIIX
YHClla T WM BBIBECTH YUCIIOBOI KO3 (HUIMEHT pU KaKOM-TO OyKBEHHOM BbIpaxkeHHH. Ha
puc. 11.7 paccuntanHas BenmuunHa 4 BBIBEICHA ABYMS CIIOCOOAMHU:



1. EcrecrBennsiM s Mathcad — B enuannax, BeeneHHbIX B okHe Worksheet Options
227 (ITapameTpsl TOKYMEHTA).

. Pa
2. BriBeneH 4ncIoBOi KOAPPUIAEHT IIpH -

Beon pazmepHocTel, NpoMzE0gHEY OT Bazoekx
MET{ = wo=kg cek=58 H=HN = 1000 - &

gH=1000 - ¥ P:=3 gH wH = A0 - cex wac = 3600 - 5
MOXHD M TaK 3B = tin  MEEH = thith d@ac = ht spa = km
BBD,EI, EENHNKHH CO CTAHAARTHEIMH PaZMERHOCTAMA

a=2-m M=5000-k t=120-5 P:=3000 M

Beog EenqyYKH C NPOHUZECOHEIMK DaZMERHOCTAMK

a=2-metp M=53.17 t=2 mm P=3.H

Brieon Ha 3kpaH, eciu & MeHw Math Cption:

CEOMY pasMepHOCTER HET

a=2m DM = 3000kg t=120zec FP= BDDDkgmsec_ 2
BEeneHEl CEOM pa3MERHOCTH MACCa--KT, ANHHE-METR, BPEMA-CEK

a=2nerp DM =5000rr t=120cex P = 3000 xTmeTp n::nzeK_2

B none BEOASR BEMNHCAHEl NPOWZE0AHEIR PAZMEPDHOCTH

a=2000nma DMI=357 t=120cex F=3xH
Puc. 11.6. [Ipumep BBOAA pa3MepHOCTEN B UCXOAHBIX JAHHBIX K PacueTy

Sa
F-t
F=3gH +t=1i0-8 a=2-m &A= _de
X

CTeeT B pazMepHocTAX MeHd Dimension A = 144000 rcr-cerc'l

B none BE0AS PasmMEpHOCTH BEELEHO L & =08F- :
a a

Puc. 11.7. BBox xakoro-i1m6o BbIpa)k€HUsS HA MECTO BBOJIAa Pa3MEPHOCTHU

s pacuera Tpuronomerpudecknx QyHkunuii Mathcad TpeOyeT BBOAa yTIIOBBIX 3HAYCHUH
B paauaHax. [Ipu BeIBOZE pe3ysIbTaTOB B paMaHaX WHOT/IA JKENATENIbHO NMPEACTABUTH UX B
rpagycax. [ns storo B moje BBoja Hamo Bnmcath deg (rpaayc). IlosBurcs oTBeT B
rpagycax (puc. 11.8).



rpag = deg
asin(0.5) = 0.524

X

PasmepHOCTE ChcTema

TemneiaTiia - Cl
asn(0.2) = 0.524 - rad
asin(0.3) = 30 deg HacToTa
BNEKTPAYECKIAR Tok >
180
Tv
aten(1) = 0.785 EaHida M3epeHMﬂ
rpagy )]

atan{1) = 0.25. 1

rpaayc (°)
_ rpagyc-MaHyTa-cekyHaa (dyrkaa) (OMS
atan(l) = 45 - rpan ohopoT (rev]
pamaH (rad)
120 CTepagiaH (sr)

atan(1) = 45.

Puc. 11.8. BoiBox 3HaueHus yriia B paJuaHax U B rpagycax

Eciam ucxomHble IaHHBIE Uil pacyeTa BBEACHBI C Pa3MEPHOCTSMH, TO BBIBOJUMBIH
pe3ynbTaT pacuera Bceria OyIeT COAepaTh PasMEpHOCTh B CTAHAAPTHOM O0O3HAYCHHHU,

€CJIN BBl HEC BBOJWJIA TOJIB30BATEIIBCKYIO Pa3MEPHOCTH, WJIN MOJIB30BATEIIBCKYIO, €CJIN BbI
€€ BBOOWIIN.

Ecnmm roe-mubo BBeAEHBI MPOW3BOJIHBIC pa3MEPHOCTH, HalpuMep, Kak Ha puc. 11.6, U BbI
XOTHTE BUIETh PE3YJIbTAT B 3TOM Pa3MEPHOCTH, TO CAEIANTE Clielyloliee:
O yCTaHOBHTE Kypcop B IOJIe BBOJA CIIpaBa OT BHIBEIEHHOH pa3MEPHOCTH M BBEIUTE

MIPOU3BOJIHYIO pa3MepHOCTh. [Ipy 3TOM HCUE3HET He TONBKO CTapasi pa3MepHOCTh, HO U
caM YHCJIOBOM pe3yJibTaT pacyera;

O IIEJKHUTE MBIIBI0 BHE BbIpakeHHA. [I0ABHTCS HOBOE 4YHCIO, COOTBETCTBYIOLIEE
BBEIEHHOI BaMH pa3MEpHOCTH, M caMa pasMepHocTh (puc. 11.9).

B none erlE0ga 4MCna E '-IE|CIHI:~II::1 KE3APATHE ENHCATE
CEOH) EEEOEHHYH Pa2MelHOCTE--Pe3y NeTaT H2MEHWTCA.

t=2-npm FP:=3-xH a:= 50" cm g:=9.81-1"{|ﬁ!'r§I

CEK
v=g-t Migr=F-a
1 rch»an2 pESMERHOCTE
v = 1177 2 ey cex yp = 1500 ———— BEE.EHHEA B MEHHD
CEE
2
_ LIETH _ ET METH PAZMERHOCTE
V=177 CEE Mygr = 1500 9 hoOpMaTHpOEAHA
CEK
EM
vo= 423703 — Miyzr=15gH -m EBNWCAHA CEOA PazMepHOCTE
Tac

OpoBHaA pazMepHOCTE

Z = 106743 n‘n'z 1:-.-1:3'1'p|:|'2 CEK-D'4

Puc. 11.9. BeiBoz pe3ysibTaToB pacdera B pa3IMYHbIX Pa3MEPHOCTIX

B 3aBHCHMOCTH OT BBIYHCISIEMOTO BBIPAKEHHUS PA3MEPHOCTh MOXKET OBITh KaK B CTEICHH,
0003HAYCHHOI LIEBIM YHCIIOM, TaK U B IPOOHOI CTETIeHN.

MOXHO BKJIFOYMTH aBTOMATHYECKUN IEPEBOJ CIUHHI[ M3MEPCHHsS B Ooyiee IMPOCTHIC
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hopmsr:

O J[Bak[bl LIEIKHUTE MBIIIbI HA PE3YJbTAaTe BBIYUCICHUN — OTKPOETCS AUAIOrOBOE
okHo Result Format (®opmar pesynbrata).

O Bsibepure B Hem komanay Unit Display (Orobpakenne equHuL H3MEPEHUs!).

O VYcranosute oba diaxka, Format Units (®opmar pasmeprocreit) u Symplify units
when possible (Vrpoiars pasmMepHOCTH, €CIIH BO3MOXKHO).

O Ecmu Bel menkaere Ha kHonke OK, TO K BBIIEICHHOMY BBIPAXKEHUIO OyaeT IPIMEHEHO
ympouieHue pasmepHocteid. [Tpu Beidope Set as default (YcranoBuTs no ymonyanuo)
YIIPOILICHUE Pa3MEePHOCTE OyeT MPUMEHEHO KO BCEMY JOKYMEHTY.

11.4. Y4yeT BHECUCTEMHbIX Pa3MepHOCTEN

WHorna ObiBaeT ymoOHO BECTH pacueThl B CBOMX COOCTBEHHBIX EIWHHIAX H3MEPEHUS,
KOTOpBIX HeT B cucreme CH, HanpuMep, MOJICUUTATh YHUCIIO MEIIKOB, JIFOAEH, MalllMH H T. 1.
Takue pa3MepHOCTH Ha30BEM BHECHCTEMHBIMH. VX MOKHO 0003HaYNTh KaK KOHCTAHTHI.

M= UeIOEeK =1  KEapTmpa =60 1-.-12 Zowt = 200 - xEapTHpa

B ropofe npoxueseT W = 1|:|6 - UBIIOEEE
B ropoge M= 2000 - gons

B cpenHem no ropogy

I M2
¥WUANNoWank Ha 1 yenoeeka 8= — H=2d—
ol HEIIOE &K
. I . YEIOESE
MposueaeT MOOER  m = — E OOHOH KE3RTHRE m=25——
1) EEAfITHPA
B OOHOM O0mME m=5IZIIIIM
A0nL

Puc. 11.10. YueT BHECUCTEMHBIX pa3MepHOCTEN

Ha puc. 11.10 mpuBeaen npumep pacdera IUIOTHOCTH HacelieHWs B ropojae. B kadecTse
€IUHMI] U3MEpPEHUs B3ATbl 4YEJIOBEK, KBapTupa, noM. Eciu kxBaprupa usMmepsiercs B
KBaJ[PaTHBIX METPAX, TO YEIOBEK — BHECHCTEMHAsl Pa3MEPHOCTh. Pa3MepHOCTh MIIOTHOCTH
3aCeJICHUS TOPO/Ia /7 BIIMCAHA B YEPHBIN KBAIPATHK BBOJIA PSAJOM C YHCIIOM.

11.5. PaamepHOCTb 3n1eMeHTOB MaccuBa

Pa3MepHOCTh 37E€MEHTOB MaccHBa BBOAWUTCS TaK JKe, Kak M pPa3sMEpHOCTh 4YHCET,
YMHO)KEHHEM BBIPQKEHUS Ha CTaHAAPTHYIO Pa3sMEpHOCTh HA AaHTJIMIICKOM S3BIKE MU
MIPOU3BOJHYIO Pa3MEpPHOCTb, BBEJACHHYIO paHee. J[eHCTBHA C pa3MEpHBIMH MacCHBAMU
noka3aHsl Ha puc. 11.11.



230

123 1000 2000 3000
4=[2 34| &H  A=|2000 3000 4000 ”MZTP
345 3000 4000 5000, cex
20 0.02 2
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280 220
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028
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Puc. 11.11. Pabora ¢ pa3MepHBIMU MacCUBaMH

MaccuB 4 BBeleH B KWIOHBIOTOHaX, MaccuB V — B muwummMmerpax. [lpu BwiBoze

pesynbrara Mathcad ucnone3yeT pa3MepHOCTH, BIMCaHHBIE Ha Bkiagke Dimensions

(Pa3mepHnoctn), — krm’c?. Tlocne ycraHOBKH ¢naxka Format units (dopmar

2

pasMepHoOCTel) pa3MepHOCTh Ha DKpaHE MEHSET BUJ Ha . A BBoJla mpou3BOAHOM

c2
pasMmepHocTu KH Hajno B IONOJHUTENBHOE MECTO BBOAAa Bnucatb «kH», npu 3tom
YUCJICHHBIM pe3yibTaT ucde3aeT. Il[enuok MBIIBIO BHE BBIPAXKECHHUS — U PE3YJIbTaT

nepecuuta B MeTp KH.

BHUMAHUE

Pa3MepHOCTI/I BCEX 3JIECMCHTOB MaCcCHUBa JOJIXKHBI OBITh OJWHAKOBBIMH.

11.6. Y4yeT pasamepHOCTEN B LUUKNE

JluckpeTHasi mepeMeHHass MOXeT ObITh pazMepHoi. [Ipu MCIOIB30BaHUM €€ Pa3MEpPHOCTh
MOKHO Y4YeCTb, IIOMECTHB AMCKPETHYIO NEPEMEHHYIO BBILIE OINpeAeieHus (QyHKUUH H
BB/ pa3MEpHOCTh B ompeneneHue ¢yHkiun (puc. 11.12) unm 3amnucaB ITUCKPETHYIO
MIEPEMEHHYIO C TIOMOILBIO Pa3MEPHBIX BEIUUYUH. MOXKHO TakKe B JUCKPETHON NEpEMEHHOMN
YMHOXHTB YHCJIa HA COOTBETCTBYIOIIYIO Pa3MEPHOCTb.
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: 0.26
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=300 : 5 576 20736
E—— oh4 31104

Puc. 11.12. Brog u BeIBOJ pa3sMepHO# HyHKIUH

Ipu BBIBOJIE pe3yJIbTaTa pacyera MOsBISIETCS Pa3MEPHOCTh, BBEJICHHAS TT0JIb30BATEIEM HA
Bkiaagke Dimensions (Pasmephoctr) (Ha pycckom s3bike). Jiss BBOAA MPOM3BOIAHOMN
Pa3MepHOCTH HAJIO BIMCATh €€ B MECTO BBOJIA CIIPaBa OT BBIBEICHHOM Pa3MEepPHOCTH.

11.7. lNocTpoeHune rpapukos
C Y4ETOM Pa3MepPHOCTEN

I'padukn crposiTcsi B CTaHIAPTHBIX Pa3MEPHOCTSIX, MPUBEJICHHBIX B CIIHUCKE BCTPOCHHBIX
(byHKUMiA. BBecTn mosp3oBaTeNbCKHe pa3MEPHOCTH Ha rpadukax Henb3s. s U3MEHEHHs
Maciitaba rpaduka pasgenure Ha rpaduke Ha3BaHUS apryMeHTa M (YHKIMH Ha
pasmepHocTs (puc. 11.13).

[Mpaduk NOCTROEH (MO YMOAYEHKR) CropocTe B KMMAC
BE M W 5, T.6. BMETD M CEE Bpema B muH
1aaa T 4000 T T
Vit
Vit) 500 - - e 2000 - —
Hac
. 4 0 : :
0 5000 1-10 n 50 0 150
t 1
NI

Puc. 11.13. Yder pa3MepHOCTH NPH MOCTPOCHUH Tpaduka

BrImonHuTE CaMOCTOATENBHO YIPAXKHEHHSI ¢ Pa3MEPHOCTAMH, NIpUBeIeHHbIe Ha puc. 11.14.
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HaHo:

a=3 o bh=3230" nma h=40" nma P=3-xH
rH

g=10- — M =20 gH m E:=2-1I:Ij-I'u'Il'Ia
I

CAMOCTOATENEHO I'IEIHFFIEIHTE C PaZMEepHOCTAMK

3 2
b -k bh-h
F=2 hz J= —— W= ——
12 f
3
M P-a
M=F-a fug = fa] = — f=
pacT W TR

Puc. 11.14. YnpaxaeHus A5 CaMOCTOSTENBHON pabOThI ¢ pa3MEpHOCTIMHU

11.8. Y4yeT pasmepHOCTEN B NporpamMmme

Pa3zmepHOCTH B NpOrpaMMHOM MOJYJIE MOXXHO YYECTb, €CJIM BCE BBIBOJAMMBIEC U3 MOIYJIS
JAHHBIE WMEIOT OJMHAKOBYIO pa3MepHOCTh. IIpUMepbl HCIOJIB30BaHUS Pa3MEPHBIX
BEJIMYMH B IpOrpaMMax MpUBEICHBI B pa3zaene 9.7 u B npumepax 5 u 19.

IIpu cocTaBneHNH CIOKHBIX IPOTrpaMM, KOTJa U3 IPOrpaMMHOIO MOAYJIS HY>KHO BBIBECTU
HECKOJIBKO BEJMYMH (CKaJspOB MJIM MAacCHBOB) pPAa3IMYHOM pPa3sMEpHOCTH, CieIyeT
BBINOJIHATE pacueT Oe3 ydera pa3MepHocTed. B 3TOM ciydae mporpaMMHBIA MOJIYIb
MOJy4aeTcss KOMIAKTHBIM, CPaBHUTEJBHO TPOCTHIM W TOHATHBIM. Ilpum  ydere
pa3sMEpHOCTEH MPUAETCS COCTAaBIATh HECKOJIBKO NMPOTPAMMHBIX MOAYJIEH W U3 KaKAOTO
MOJYJISI BEIBOJIUTD BETMYMHBI OJTHOHM pa3MepHOCTH. Pacder nmomywaeTcs 3Ha4MTENBHO Ooree
CJIOKHBIM.

IIpn cocTaBIeHHMM MNPOCTBIX NPOrpaMM, TIJE BBIBOAWTCS TOJIBKO OJHA BEIHYMHA,
UCIIONIb30BaHNE PA3MEPHOCTEH JOIMYCTUMO M TOJIBKO YKpaIlaeT MPorpaMmy.

11.9. OrpaHuyeHnst Ha NpPoBEeAEHNE pacYETOB
C Y4EeTOM pa3MepHOCTEN

O IIpu pacuerax ¢ MaTpullaMM BCE D3JIEMEHTBI HUCIOJIb3YEMBIX B pPAacueTax MAaTpHIL
JIOJIKHBI UMETh OJUHAKOBYIO Pa3MEPHOCTb.

O Psn BCTpOoeHHBIX QYHKIMN HE MOTYT paboTaTh ¢ pPasMEPHOCTAMH. DTO (QYHKLIUH:
1) HHTEPNOJALNY, PEPECCHH, CIIAKUBAHHU;

2) Odesolve (pemenue muddepeHIranbHbIX ypaBHEHUN ),

3) In, log (Beruncnenue norapudma yrcna).

B Takux ciyyasx HYXHO BBOJIUTH Oe3pa3MepHble apryMeHThl (pyHKUIWH, pa3aeivB
pa3sMepHyI0 BEJIMUMHY Ha ee pa3MepHocTsh (puc.11.15).
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Puc. 11.15. Beraucnenue norapupma pasMepHOTO YHCIIA

IIpumepbl MH)XEHEPHBIX pAacyeTOB C YUYETOM pa3MEpHOCTEHl mpuBeaeHbl B yacTu [V
(mpumepsl 5, 9-20, 47, 49, 53).

11.10. CtaTnyeckas npoBepka pasmMepHOCTEN

B Mathcad 12 — 15 yxecrodeH KOHTPOIb MPaBHIBHOCTH HCIOJIb30BaHUSI Pa3MEPHOCTEH.
[lpumeHeHa TeXHMKa CTATHMYECKOW IPOBEPKH pPa3MEpHOCTEH, 3alpeniaronias pacyer
(yHKIMHA, KOTOpPBIE B 3aBUCUMOCTH OT 3HAa4€HHsI apryMeHTa MOTYT BO3BpallaTh pe3yJbTar
pasnuuHoii pasmeprocty. Hampumep, A0) = 1m? a f(1) = Im’.

B Mathcad 13 BcTpoeHs! (yHKIMH CTaTHYECKOW NPOBEPKH pazMepHocTeil. Jlo BEIUMCICHUH
Mathcad mnpoBepsieT pa3MepHOCTH BCeX BBEACHHBIX BEJMYMH ClIEBa HANpaBO U IIPH
HaJIMYUKM OIIMOOK (pEaJbHBIX WM Ka)KYIIMXCS) BBIBOJUT COOOIIEHHE O TOM, KaKUMHU
pa3MepHOCTH TOJDKHBI OBITH (puc. 11.16).

a=2m b=3m

D:=E+b2

3HAYEHAE WIMEET eflHLEN MSMEPEHAAT AMHA™Z,
A AOMKHD WMETE eMHMLUE! M3MEREHIA: A HA.

Puc. 11.16. Pe3ynbraT cTraTH4ecKoi NPOBEPKU pasMEepPHOCTEH

Jpyroii crioco6 aHanu3a pa3MEepHOCTEH COCTOUT B TOM, YTOOBI 3amucarh UMsi GyHKIHU 0e3
ykazauusi mapamerpoB. B Mathcad 11 B atom ciydae BeIBommiIoch cioBo function. B
Mathcad 13 npu Hanucanuu uMeHH (QyHKUUM Oe3 MapaMeTpOB BBIBOAUTCS IepeyueHb
pasMepHocTeii, ucronbp3oBaHHbIX B QyHkuuu (puc. 11.17). Ha atom pucynke any1, any2 u
any3 0003Ha4YalT PasMEPHOCTH IIEPBOr0, BTOPOTO M TPEThEro MapaMeTpoB, YKa3aHHBIX B
nMeHn (QyHKOUH. VIHIEKC COOTBETCTBYET CTENEHH 3TOH BEIWYMHBI B TPaBOM dYacTH
BeIpaxeHus. Ecmm mapamerpoM ¢QyHKOMM sBisercss Apyras (yHKOUS, TO B IEpeyHe
mapaMeTpoB TMosIBIsIETCA f (crucok mapametpoB) (puc. 11.17, Beipaskenue s Al).
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3 3
6-F-L 4F-L 4F-L
o(bhF) = —— AlbH) = —— Al h,al =

b-hy Eb-h Eb-h

albh,h By

o = flanyl, anyd, any®) =2 anyl™1 - any2™-2 - any3 - Length
A = flanyl - anyd™3 - Pressure™ 1, any2™ 1) => anyl™1 - Mass - Length™ - Time™-2

Al = fanyl, any2, fanyl, anyd, Force) == anyd) == atyl ™1 - any2™3 - any3 - Length™
Puc. 11.17. Cratuueckas mpoBepka pasmMepHoOCTeil GyHKIHN 6e3 mapaMeTpoB

Ilocne 3Haka paBeHCTBAa MOSIBISIETCS OXKAAaeMas pa3MEPHOCTh pe3yjbrara pacdera
BbIpAXKCHUA. I[IDI BCJIMYMH, BXOIAAUIMX B TIIPaBYI0 YaCTb BbIPAKCHUA, YKa3bIBACTCsA
KOHKpPETHBIN KJacc pa3MEpHOCTH (JlaBleHHe, Macca, JUIMHA, BpeMs). Kpome ykazaHHBIX
BUJIOB 3aITUCH, B COOOIICHUSIX BCTPEYAIOTCS ClIOBa unitless — Oe3pa3MepHsiii u [anyl] —
pa3MepHBIi MaCCHB.

- &

I . . 28 \ =
Arlp,m,0,7- 107 +1(¥) |  noBepxHOCTE LMIMHOPHYSCKOHA

Eiy, ¢ = & ofonodkK Nocne AedopmMacim
v ) ® = CreateMesh(K,0,L,0,27, fmap)
(r(y) \ NOBEPXHOCTE UMNHHAPHYECKOH
ofbonodkm oo gedopragun
El{v, ) =] &
Ly ) E| = Createbdesh(E 1,0, L 0,297, finap)

3HadeHWe LMeeT dopMy: (AnMHa, ANKHa, AnkHa, Unitess),
a A0JHHO MeTe Gopry : UniTUpd 4maHa,

Puc. 11.18. ®dparment npumepa 44 u3 3M€KTPOHHOW KHUTH

Jisl IpaKTHYecKUX pacyeToB CTaTHUYECKas NMPOBEpKa PasMEpHOCTEH — BEIlb HE TOJIBKO
Oecrionie3Hast, HO ¥ BpeqHas. B psne npuMepoB MH)XCHEPHBIX PACUETOB, NPHUBEICHHBIX B
9JIEKTPOHHON KHUre, (YHKUWH, B TOM 4YHCIE BCTPOCHHBIC, XOPOLIO padoTaroliue B
Mathcad 11, me pabortator B Bepcusix Mathcad 13 — 15, (puc. 11.18). Ecnn B panHHX
Bepcusix Mathcad psin dymkmmii (regress, Odesolve, CreateMech u np.) momyckamu
UCIIOJIB30BaHKE pa3MEPHBIX BEJIMYMH, KOTIa pa3MEpHOCTh COoBIasiaia ¢ 6a30BOH B CHCTEME
CH, 10 ceifuac ¢ aTuM cTtporo: B Mathcad 13 HuKakue pa3mMepHBIC BEIWYHHBI B TaKUX
(GYHKIMSX yKe He TOMYCKArOTCH.

[TogBoast utory, ciieAyer 3aMeTHTh, YTO YYeT pa3MEpPHOCTEH HECIOXEeH Ui MPOCTHIX
3aja4, T ¢ HUMU M TaK BC€ SICHO. B CIIOXKHBIX pacyerax NpH HCHOJIb30BAaHUU MHOTHX
(YHKIMHA U HECKOJBKHX JTUCKPETHBIX MEPEMEHHBIX YUYeT pa3MEpPHOCTEH MOXET OKa3aThbCs
CIIOKHBIM, a B psie CIydaeB BOOOIE HEBO3MOXHBIM. B Takux ciydasx pa3MepHOCTb
MOXKHO YyKa3aTh PSIOM C pe3yJlbTaroM pacdera B BHJE TEKCTOBOTO KOMMEHTapusi (Juis
CIIPaBKH).

11.11. KBa3supasmepHocTu

Kaxk crnenyer u3 npeapaynux naparpadoB 3ToH IJ1aBbl, y4eT pa3MEpHOCTEH O4YeHb IPOCT B
NPOCTHIX IPUMEPAX U OYEHb CIIOKEH B CIOXHBIX MpUMepax. MHOTOUUCIICHHbIE 00palieH s
Kk ¢upme Mathsoft ¢ mnpemtoxeHusmMu 00 yYMEHBIIEHMHM 4YHWCIa OTpaHUYCHHWH Ha
HCIIOJIb30BaHUE pa3MEpPHOCTEH B pacueTax ocTaluch Oe3 orBeTa. MHE IpHUILIAa B TOJOBY
nzest, Kak yrpocTUTh UCIIOJIb30BAaHHE pa3MEPHOCTEH B pacyeTax.

ITo cytn nenma mporecc MPUCBOECHUS YNCITY Pa3MEPHOCTH COCTOMT B YMHOXKEHHHM YHCIa Ha
HEKOTOPBI  4HMCIOBOM  Kod(duimeHT. bykBeHHOMY 0003Ha4YeHHI0O Pa3MEPHOCTH
JOCTaTOYHO TIPUCBOMTH UHCICHHOE 3HA4YECHHE, HE YMHOXasi €ro Ha CTaHIAPTHYIO
Pa3MEpHOCTb.

Ha pumc. 11.19 moka3zan mpumep ydera KBasUpa3MepHOCTEH B pacuerax. Brauane
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MPOU3BOIUTCA NPUCBOEHHE KBA3UPa3MEPHOCTAM YHMCIEHHOTO 3HaueHus. Jlanee 3amucaHel
UCXOJHBIE JIAaHHBIE, YMHOXKCHHbIE Ha KBa3MPa3MEPHOCTH. 3aTeM BBEICHBI pacueTHbIC
(hopMyJIbl ¥ BBIBEIICHBI Pe3yJIbTaThl pacyera:

= 0e3 yuera pa3mepHocTeid, To ecTb B cucreme CU (B HploToHax u B MeTpax);

* ¢ Y4YeTOM pa3MEpHOCTEH, U1 3TOr0 B YEpHBIM KBaJApaTHK BBOAA Pa3sMEPHOCTEH
(cripaBa OT 4ncIia) BIKMCAHA Pa3MEPHOCTb.

Ha rpadwukax, xotopsie B Mathcad, mo ompeneneHuro, He pabOTAIOT C Pa3MEPHOCTIMH U
BBIBOJAT pe3ynbTathl B cucremMe CH, mMeHa mnepeMeHHOH M (yHKIHMH JAensiTcs Ha
Pa3MepHOCTb, KaK OOBIYHO.

KBasvpasMepHOCTb - 3TO NPOCTO YNCNOBOW KO3t huLMeHT
MpW cTaHAAPTHON pPasMepHOCTH B cucTeme CIA

M=1cu=001 mm=0001 ¥H=1000 xHu= 1000 I}fla= 1[]ﬁ
MexoaHbIe faHHBIE, YMHOXKEHHEIE Ha KBA3UPasMePHOCTH

¥H
F=3wH L=2wmd=12cm E:=2-105-Mﬂa q=2 —
i
4 3 7 M F.1’
J=005.4 W=01.4 M=qLl o=— A= ——
W 3. E.T

PesynbTaTel pacyeTa Ges y4eTa pasMepHOCTeN, To ecTk B cucTeme CH

PacueTHble hopMynbl

J=1037= llf,'l_5 W= 1728 % 10_‘4 M = 8000 o = 46296256 M= 0.004
PesynbTaTbl pacyeTa ¢ y4eTOM KBasMpasMepHocTel

I=1036.8-CM4 ’&}u’=17"2.8-01\v13 M==58xHu o =46 -Mla A = 3858 MM

2
Beopn (hyHKUMM 1 NocTpoeHne rpadmka 1i(x) = F.x— % X = o%‘ L
3 M) = M(x) =
i 0| - sHm
2
M () 1040 1.04
B 1760 176
¥Hnt
— ] 2160 218
2240 224
0 2000 2
0 50 100 150 200
=
CIT
Puc. 11.19. Yuer kBa3zupazMepHOCTEl B pacyerax
NMPUMEYAHUE
CTanJapTHbI BBOJ Pa3MEPHOCTH — TPOU3BOJAHON Pa3sMEPHOCTH IIPHCBAMBACTCA

YHCII0, yMHOXKEHHOE Ha CTAHAAPTHYIO Pa3MEPHOCTb.

BBojJ KBa3upa3MepHOCTH — IPOU3BOAHON Pa3MEPHOCTHU MIPUCBAUBACTCS YUCIIO.

Hcnons3oBanne KBa3HpaSM€pHOCTCI7[ IIO3BOJIAACT n30€KaTh BCEX OrpaHH‘ICHHﬁ,
NEPEUYHCIICHHBIX B Pa3Acic 11.9. A Taxxe HCIIOJIb30BaTh Pa3MEpHOCTHU B MporpaMmmax, B
MaTpUYHbIX pacyeTax.

[Ipu mcnonp3oBaHumM KBasupazMepHocTeil Mathcad yxe He ClleAWT 3a TPaBHIBHOCTBHIO
UCTIONIb30BaHMS Pa3MEPHOCTEN M BCS OTBETCTBEHHOCTD 32 PE3yJIbTATHl pacueTa JIOKUTCS Ha
pacdeTdnka, KOTOPbIH caM JIOJDKEH CIEAWTH 3a JIOTHMKOH pacyeTa M BIHCHIBAThH B IIOJIE
BBOJIa OTBETA NPABIIBHYIO Pa3MEPHOCTb.

BonbIIMHCTBO IPUMEPOB B 3TON KHHUTE pa3padaThIBaINCh IOCTENEHHO B TEUCHUE Psfia JIET.
Bce oM MoOryr OBITH JIErKO IEPECTPOCHBI C HCIIOIb30BAaHHEM KBa3HMPa3MEPHOCTEH.
Heo0xoauMocTH B 3TOM HET, HO B JIQJIbHEHIIIEM sI [TOCTapaloch MCIOJIb30BaTh B pacyerax
HMEHHO KBa3HUPa3MEPHOCTH.
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[maBa 12. [lononHuTenbHble BCTPOEHHbIE
dyHkuun Mathcad

B mpenmpimynmx riaBaX paccKasplBAIOCH O HamOoJiee 4acToO HCIOJIBb3YeMBIX B pabore
BCTPOCHHBIX (yHKIHMAX. B 3TOH rnaBe peuyb moitner o QyHKIMAX, CPaBHUTEIBEHO PEIKO
UCIIONB3YEMBIX, MO3TOMY OIHMCaHHe (YHKLIUHA JAaHO B KPaTKOH (opMe ¢ HEKOTOPBIMH
npumepamu. [TonmHbli criucok BCTpoeHHbIX GyHKIMHA Mathcad npuBeaeH B npuiioxkeHuu 3.
JomonHuTeNEHbIe CBEICHUS 0 paboTe ¢ 3TUMH (YHKLIMAMH MOXHO HaiTH B paszene Help
(ITomorp) rimaBHoro meHro Mathcad. Ipomie Bcero Haiitu omnucanue HyXHOU (QyHKUNH,
HaKaB Ha CTaHAApTHOW maHenu wuHcTpymeHTtoB Mathcad kuomky Insert Function
(BcraButh ¢yHKIH0) co 3HaukoM f(X). Haiimure B OTKpBIBIIEMCS CITHCKE HYXHYIO
(GyHKIMIO W TIETKHUTE Ha Hel MbImblo. [IpounTtaiite BHU3Y ommcanne QyHKIUH. s
HOJIy4eHHs] JOIOIHHUTENbHBIX CBEACHHH Ha)KMHUTE KHONKY 3HAaK BOIPOCa — OTKPOETCS
paser CIpaBKH, TIOCBAIICHHBIA 3Tol QyHKIMU. B KOHIlE Ka)XKI0Tro pa3ziena ecTh CChUIKH Ha
COIYTCTBYIOLIME pa3zesisl U Ha MpUMEpHl HCroib3oBaHua (yHkimil. CoBepmmmMm 0030p
BCTpoeHHBIX QyHKImiA. OTKpoem B cranmapTHoM MeH0 Mathcad nynkr Insert Function u
paccMOTpUM OCHOBHBIe TIpymmbl (yHkimid. Ilomaraem, dYTO X -— BEIIECTBEHHOE
6e3paszmepHoe uncio, x > 0.

NMPUMEYAHUE

Jnst ynoGerBa paboThl ¢ MaTpHiaMu Bo Beex npumepax sroi riassl ORIGIN = 1.

12.1. ®yHKUMM oNa paboTbl C KOMMMEKCHBIMU
yucrnamm

Kommnekcheie uncna B Mathcad MOXHO BBeCTH TpeMst CIIOCOOaMHU:

O B Buje CyMMbI BelleCTBEHHON U MHUMOM vactelt, C :=a + bi .
O B rpuronomerpuueckoii popme, C = A(sin(d)) +ci- cos(d))) )

0O B skcnonenunuansHoit hopme, C = Ae™ .

Yame Bcero KOMIDIEKCHOE YHCIO BO3HHUKAECT B pacyeTax KakK pe3yJibTaT BbIYMCIICHUA
KaKoro-auoo BbIpaXKCHUA. HpI/IMepLI BBOJa KOMITIJICKCHBIX YHCECII ITPUBEJICHBI HA PHUC. 12.1.

EBof MHAMOA efuHidel 1T ik 1§ = Jfl
Znocof BECAE KOMNNEeKCHOMD YMcna

C=a+bi= A{cos(d)+cismid)) = A-ei'c
Mpuepel BEOAE KOMNMSKCHBK YMCen

a=232 b=-3 c=12 A=120 ¢ = 20-deg
C=a+hbi C=3-5

C=het C = 101.3 - 64.40

Co= Afcos(d) + cfisinfd))]  C= 112.8 + 4925

|C| = 5053 MOAYIb KOMNNEKCHOTD YKCna

arg(C) = 1.3 arg{C) = 77.1.deg  ApryMeHT KOMNNSKCHOro Yucna

Puc. 12.1. BBoJ KOMIUIEKCHBIX YHCET

BHUMAHUE

HanomHuMm, jutst BBoJa MHMMO# equHuIbI Haso BBectr 1i miu 1j. Tlocne BeIBoIa Kypcopa
13 00JIacTH Yucha eauHuna ucyesaeT u Mathcad BocipruHUMAET YHCIIO KaK KOMILIEKCHOE.
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Mathcad comepXuT HECKOIBKO (HYHKIHH 7151 pabOThI ¢ KOMILIEKCHBIMH YHCIIAMH:
Q Re(z) — neiicTBuTenbHAS YaCcTh KOMIUIEKCHOTO YHCIA Z;
Q Im(z) — MHEMast 9acTh KOMILIEKCHOT'O YHCIIA Z;

O arg(z) — apryMeHT KOMIUIEKCHOTO Yncia z, —71t < arg(z) < m;

Q csgn(z) — ¢QyHKOUS KOMIUIEKCHOTO 3HaKa ymcia (Bo3Bpamaer jubo 0, ecimm z = 0;
6o 1, ecnu Re(z) > 0 wn Re(z) = 0 u Im(z) > 0; 1mbo —1 — B oCTaNbHBIX ClyYasx);

O signum(z) — Bo3epamaer 1, ecuz =0, u z/|2| — B OCTaJIbHBIX CIIy4asX.

3,I[CCL Z — BEIICCTBECHHOC, MHUMOC MJIM KOMIIICKCHOC YHCIJIO.

[IprmMeps! HCIoNB30BaHMS YKa3aHHBIX (DYHKIWH MpUBeIeHBI Ha prc. 12.2.

= 20- 51 Re(z) = 20 Im(z) = -5 arglz) = —0.245
csgrz) = 1 sigrum(z) = 097 — 0.2431 arg(z) = 14036 deg
2 12434 Re(Z) oz n(Z) 53
= g = =
0 -2+34 o -2 0z
4ot 1 0.394 - 0.447
zl=|-2+1 . .
csgrzl) = | -1 signm(zl) = | 0804 + 04471
B -1 -1
ar - -0.444
argl=l) = | 2478

| Thiz must be either a scalar or a vector, |

3142

Puc. 12.2. Oynkimn 1 paboTHI ¢ KOMIUIEKCHBIMH YHUCTIAMHI

Oyrkuu Re u Im moryT paborath co ckaisipamu, BEKTOpaMH B MaTpuiamu. OcTallbHbIC
(hyHKIMK ¢ MaTpuiaMu paboTaTh HE MOTYT.

Bee dyHkimu, comepxaiiuecss B IBYX MOCIeAyrOIMX pasaenax mento Insert Function
(BeraButh dynkmmio), — Curve Fitting (®@yaxunn perpeccun) u Differential Equation
Solving (DyHkuun perieHus audpdepeHIHANbHBIX ypaBHEHUI) — ObLIM  MOAPOOHO

paccMOTpEHBI B I1aBax 2, 6 U 7, mo3ToMy MepexoauM cpasy k pasueny Expression Type
(Tun BBIpaXKCHHUS).

12.2. Tvn BblpaxeHud

W3znauansHO B 3TOM pazaene 0bu10 4 HyHKIHH.
O IsArray(x) — Bo3Bpaiaer 1, eciiu x — MaTpHUIa WM BEKTOpP, MHA4Ye Bo3Bpaiuaer 0;

Q IsScalar(x) — Bo3Bpamiaer 1, eciid x — BEIIECTBEHHbIM MM KOMILIEKCHBIA CKaJLsp,
rHave Bo3Bpamaet 0;

O IsString(x) — Bo3Bpamiaer 1, eciu x — cTpoKa, HHa4e Bo3Bpamiaer 0;

O SiUnitsOf(x) — Bo3Bpamaer pa3mepHOCTh X, BBeneHHYI0 B MeHto Dimension. Eciu
x — Oe3pa3MepHasi BEIMYHHA, TO BO3BpaILaer 1.

B Mathcad 14 k atum pyHKIMSIM 106aBHIMCH ere 2:

O IsNaN — Bosepamaer 1, eciiu BbIpaKeHHe HE 4YKCIO, HHAYe Bo3Bpamaet 0. Moxer
HCIIOJIb30BAThCS TOJBKO IPH CUMBOJIBHBIX BBIYHCICHHSX;
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Q IsPrime — Bo3Bpamaer 1, ecnu uucino mpoctoe, uHade Bo3Bpamiaer 0. Moxer
HCIOJIb30BATHCS TOJBKO TIPU CHMBOJIBHBIX BBIYHCIICHUSIX;

CMBIcT 3TUX (QYHKUIWH MOHITEH U3 UX OMHCAHUS.

12.3. docTtyn K dpannam

B pasznene File Access ([loctyn k daiinam) 27 ¢ynkuuit. Tpu W3 HUX SBISIOTCS
YpEe3BbIYARHO BAXKHBIMHU MPH pa3paboTke ciokHbIX mporpamm. Jto ¢pynkiuun READPRN,
WRITEPRN u APPENDPRN — o¢yukuun nepenaun nanHeix B Mathcad u3 npyrux
(attoB u u3 Mathcad B nmpyrue Qaiimst:

O APPENDPRN("file") — mobaBisier 4uClIOBBIE JaHHBIE B CYLIECTBYIOIIUI (aii.
3necsk "file" — ums ¢daiina uim myTh K (aiiny, eclid OH HaXOJHUTCS B IPYTOM KaTajore;

0 READPRN("file") — cuutbiBaeT 4ncioBble aHHBIC U3 (aiina;
O WRITEPRN("file") — 3amucsiBaet uncioBsie qaHHbIC B (aii.

O READFILE("file", "type", [colwidths], [rows], [cols], [emptyfil) — cuuTsiBaeT
JIAaHHBIX U3 JIPYTUX (aiios.

OcranbHele (QYHKIUHM TpeAHa3HAYEHBI JUIA 0OpabOTKH Tpa@HUUYecKHX M MY3BIKaJIbHBIX
¢aitnoB. DTH QyHKIMHK 371eCh He paccmarpuBaroTcsa. C MX ONHMCAHUEM M IPUMEHEHHEM
MoxHO no3Hakomuthest B Mathcad Help u B Resource Center.

Xors B Mento Insert Function otcyrcrBytor crapeie ¢yukiun APPEND("file"),
READ("file") u WRITE("file"), Ho Mathcad monnmaet u g0mMycKaeT uxX HCIOJIb30BaHHUE.

Ecin ¢ynkuun APPENDPRN, READPRN u WRITEPRN no6aBisitor, c4uTHIBAIOT U
3alUCHIBAIOT B (haiyl MPSAMOYroJjbHYI0O MaTpuily (YMCIIO — YacTHBIA Cilyyail MaTpHILbI
pasmeprocthio 1 x 1), To pynkuuu APPEND, READ u WRITE nobasnstot, cuuThIBaOT 1
3aMKCHIBAIOT OJTHO YHCIIO.

dyuxmun - APPENDPRN, READPRN, WRITEPRN u READFILE mnosBosstor
OOMEHMBATBCS JaHHBIMH C JPYT'MMH [pOrpaMMaMH, CO3[aBas BBIYMCIUTEIbHbIC
KOMIUJIEKCBl U3 HECKOJBKUX pPa3lWYHbIX mporpaMM. Ilpumepsl HCHONIB30BaHUSA ITHX
¢yHkmii mpuBeseHs! B riaBe 2 U Ha puc. 12.3. Co3paHue BBIYMCIMTENBLHOTO KOMILIEKCa
MOKa3aHO B YETBEPTOM YaCTH KHUTHU B Ipumepe 55.

NMPUMEYAHUE

Ilpu cunteiBanuu Matpuubl QyHkipeidr READPRN tekcr (varie Bcero 3arosioBKu
TabJIHI]) HTHOPUPYETCS, IPHHUMAIOTCS TOJIBKO YHCIIa.

BHUMAHUE

IIpu BBOME B Ha3BaHue (QyHKIMH UMEHHU (aila He 3a0bIBaiiTe CTABUTh KaBbIUKH. MMs
(aiisa BBOANTE C paclIMpEeHHEM, TaK, KaKk OHO 3aIllHCaHO B KaTajore. PacuimpeHue Moxer
OBITH JTIOOBIM, @ HE TOJNBKO .PIM, WK OTCYTCTBOBAThH BOOOIIIE.

Ha puc. 12.3 nokaszausl 3anuck marpuisl A B ¢aiin primer.prn, noGasieHde K Hemy
MaTpuibl B', CUMTHIBAHUE TaHHBIX U3 TOro (aiina B Matpuily K (3aroioBOK TabJMIIbI IIPH
9TOM MpPONYLIEH) U NPUCBOECHUE pPa3HbIM 3JeMeHTaM Marpulbl K pa3HbIX uMmeH. Takas
npoLeaypa MO3BOJISICT 3alMCHIBATh B OAMH (aill M CUUTHIBATH M3 OJHOTO (aiijaa MHOTO
pa3IMYHBIX JAHHBIX.
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12 345
451
A=|3 4 B=|5 15| WRITEFRN( ptimer") = &'
123 APPENDPEM " prither prn" ) = EIT
41 43 4) K= READPRN("primer.prm" )

Jaronoeok faina primer BMMCAH 0T pykW

Patin [lpaeka Popmar Buo Crpaeka

COAER#MMOE MATPWL A W B

[, QN N S ]
Foon Bl e
b= on ol
wird oo =
o pBoon

3aronoeok daina primer MrHOPMPYETCA MM YTEHWH

1234 3% ¢ = submatiin' K, 4,3,3,5)

23451
123 {q 1
K=|34512]| Cl= cz=C1" 2=
53 4 5
45123
51534) Ci=Ky, C3=1

Puc. 12.3. O6MeH naHHBIME MeXIy ¢aiinamu

Jis uTeHus maHHBIX U3 Apyrux (aitnoB B Mathcad 12 mosiBuiach HOBasi YHUBEpCAIbHAS
¢yukumst READFILE. Dra ¢yskuus oObeauHseT B cebe MHOYTH BCe JApyrue
CYIIECTBOBABIIKE paHee CIOCOOBI UTEHUS (PaiiiIoB.

Oopamenue k 3Toi pyHKIUHU:

READFILE("file", "type", [colwidths], [rows], [cols], [emptyfill]).

ITapametpbr pyHKITHIH:

a

file — ums daiina, U3 KOTOPOro CUUTHIBAIOTCS NaHHbIE ((ailsl JOJDKEH ObITh NOMEIICH
B TOT XK€ KaTaJoT, I/I€ HAXOANTCS M CUNTHIBAIOLINN (aiin);

type — Tun oaiina. B kaBeukax, kak ¥ MM (Qaiiiga, Hago BIMCATh OJHO H3
CIIEAYIOIIUX KJIFOYEBBIX CIIOB:

delimited — konOHKHM JaHHBIX ¢ JIOOBIM pa3lIenauTeeM MEXAy HUMHU. ITo Qaiinbl ¢
pacmupeHusiMu .CSV, .txt, .prn;

Fixed — tabauip! ¢ GUKCUPOBaHHON HIMPUHON KOJOHOK;

Excel — daiinsr popmara Excel.

[epeoie nBa mapamerpa ¢yHkuuun READFILE sBnstorest o6si3aTenbHBIME, OCTABHBIC
MO>KHO MPOIMYCTHUTb.

a

Colwidths — mmpuna KoMOHOK it TaGMHIl ¢ PUKCHPOBAHHOW MIMPUHOW KOJOHOK.
3amaercsi B BHIC YKC/Ia CUMTHIBAEMBIX TO3HMIHUKA B KOJIOHKE, €CIHM MIMPHHA BCEX
KOJIOHOK OJTMHAKOBA, HJIM B BUJIC BEKTOPA YMCEJI, €CIIH IIUPHHA KOJIOHOK pa3Hasl.

Rows — 3a4acTCd OAHUM YHMCIIOM, YKa3bIBAOIIUM, HAa4YWHasA C KaKOIro psAda HaIo
CUUTATb HAaHHBIC, WM BCKTOPOM H3 JIBYX YHUCCJ, YKa3bIBAIONIUX, C KAKOT'O IO KaKoM
pAA JaHHBIC HAAO0 CYUTATh. Ecnu rows e 3a/1aH, CYUTBIBAIOTCA BCC PAIBI.
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Cols — 10 e, 4TO [J1s1 FOWS, HO /Il KOJIOHOK TaOJIUIbl JaHHBIX.

Emptyfill — ykaseiBaer Mathcad, kakoif TEKCT BBIBECTH NMPU OTCYTCTBHH JaHHBIX B
OIHOM U3 stueek Tabiwmipl. [To ymomdanuio (mpu orcyTcTBuH mapamerpa emptyfill)
BBojutcss NAN (HeUucrno).

[pumepsr ucnosnpzoanus Gyukumnn READFILE ¢ HeoGs3aTenpHbIME apaMeTpamMu U 6e3
HUX TIPUBEJCHEI Ha puc. 12.4.

B mpexnux Bepcmsx Mathcad s BRIOTHEHHS TeX K€ omepanuil ¢ QaiaamMu JaHHBIX
TpeboBalloch B TI1aBHOM MeHIO BbiOpath Insert » Data » Data Import Wizard (BcraButs
» lanHble » Mactep UMIIOPTa JAHHBIX) U Jajiee CIIeI0BaTh YKa3aHUsIM MacTepa.

I[J'IH CpaBHCHUA Ha pUC. 12.5 moka3aHO CYHTBIBaHUE JaHHBIX C HCIIOJIB30BAHUCM Data

Import Wizard.
= aichivhanpeca 2005, cav BrifpaHe pAgel B - § agpecHof kKHMM
Al =
Moum gokyteHTesMPAWK AWral xls Hoicyrent Excel uennkom
|
n n n H n 1 2 3 »
Mathead collabadmity@mathsoft. com' ] ] 3 0574
&= "Ilathsoft" "help@mathsoft.couk" e 1 5| 0539 \
"Svetlana [lyicheva" "Svetlanal@softline na" 3 1 8| 0843
4 1] 3 0727
B 0] o
I |
Puc. 12.4. mmopt mansbix ¢ nomomuipio ¢pyukunn READFILE
ZZ1 = READFILE(" agpeca-2005.csv" " delimited" ) ECA KHWME LENHKDM
f
222 = READFILE "agpeca-2005 cav" | "delimited" | SH CTpokM ¢ 6 no 3
2253 = READFILE"GUFEN" " delimited" Beck fain yenukom
2 2
224 = READFILE{ GUFRN" ," delimited [3][3]} CTpOKM C 2 no 3 W cTanbuel © 2 no 3
Ad = READFILE! "Frnmral xs" |, "Excel") Hokyment Excel uenukom
"Ilathcad" "collabadmin@mathsoft. com" -
222 = "Ilathsoft" "help@mathsoft.couk" ZZ4 = [5 D]
"Bvetlana [yichewa" "Bvetlanali@softline na"
|
1 2 3 1 2 3 -
1 1 4 0.514 1 1 1 ]
AA=|2 1 & 0539 [ | ppg_ ] 2 2 3 1] .
E 1 8 0.643 3 3 5 1]
4 1 ] 0.727 4 4] 7 1]
3 1 10 0724 | 52 : ] 0= |
I I —

Puc. 12.5. Umnopr nansbix ¢ nomouipto Data Import Wizard

12.4. OyHKUMM NOMCKa 3HAYEHNIN MaTpULbl

B Mathcad nmeercst uetsipe QpyHKIMH TONCKA 3HAYEHUH MaTpPUIIBL:

a

lookup(z, A4, B)— B BekTOpe WM Matpuile A HIIET 3aJaHHYIO BEIUYUHY Z H
BO3BpaLIaeT BEJIUUUHBI, CTOSLINE B MAaTpUle B B TOM ke MO3UIUH, YTO U Z B MaTpULE
A. Ecnu HallieHO HECKOJIbKO 3HaYEHHH z, TO BO3BpaIlaeTCs BEKTOP 3HAYCHHUM BEIMYUH
B CTPOTOM TIOPSZIKE TIO psiiaM cjieBa Harpaso (puc. 12.6);

hlookup(z, 4, r)— B mepBoM psay MaTpuubl A WIIET 33JaHHYI0 BEIMYHHY Z U
BO3BpAIaCT BEIWYHMHBI B TOW XK€ KOJOHKE B psmy 7. Eciam HaiileHO HECKOJIBKO
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3HAUEHUH z, TO BO3BpAIAETCsl BEKTOP 3HAUCHUH BennduH (puc. 12.7);

Q vlookup(z, 4, c) — B mepBOll KOJOHKE MAaTpUIbl A WILET 3aJaHHYI0 BEIWYMHY Z U
BO3BpallaeT BEIMYMHBI B TOM )K€ pAAY B KOJOHKE c. Ecinm HalgeHO HECKOJBKO
3HauUEHUH z, TO BO3BpAILlaeTCsl BEKTOp 3HaUEHUI Benu4uH (puc. 12.8);

Q match(z, A) — B BekTope Wik Matpulie A UIIET 33laHHYI0 BEJIMYHHY Z U BO3BpAIlaeT
MHJCKCHI, TO €CTh HOMEp CTPOKM M HOMEp croyioma. Ecnu HaiileHO HECKOJIBKO
3HAYEHUI z, TO BO3BPAIAETCA BEKTOpP HAWJEHHBIX MO3WLUNA BEJIWYUH B CTPOrOM
MOPSIZIKE T1I0 psiZiaM clieBa HampaBo (puc. 12.9).

B na3zBanmax (l)yHKIII/Iﬁ z— HeﬁCTBHTeHLHOG WK KOMIUICKCHOC YHCJIO WU CTPOKaA, Amn

B— MaTpula Win BEKTOpP; ¥ U ¢ — LECJIbIC YUCJIa, HOMEP CTPOKHU U HOMEP CTOH6H3.

lookup EBIBOAWT aNeMeHTEl MaTpuUel D B TOR 3E NOZMUMK, 4TO K
yHUCNo Z B MaTpiue B. Mo pAoEM, HAYMHAA © NEPEORA KONOHKW.

35 04 7 345 s ]
4 15 1 451
D=|5 13 30| B=|515| lookup(z,EB,D)=
11 22 33 123
30
2 31 4 23 4

Puc. 12.6. [Ipumep ucnonb3oBanus ¢pyHkuu lookup

hlookup vWeT yuCno Z B Nepeom pALY MaTpUUEl B W BRIEOOMT YMChO,
CTOALLEE B TOA & KONOHKE, YTO W YHCAO Z, B pALY HOMER M

345 [¢5)]
z=23

451 (1)

E=|5125 = 1. rows B hlockup(z, B.m) = | (30

123 (37

234 [ (4] ]

Puc. 12.7. ITpumep ucnions3oBanus Gyukiun hlookup

ylookup WLWET YMCND Z B NepEOR KONOHKE MaTpUUEl B W BEIEOLMT YMcho,
CTOALLEE B TOM 3E pALY MTO M MMCNO Z, B KONOHKE HOMER §

L}

3 =23

4 1 (37
E=|3123 n=1.cols(B) vlookap(z, B, =] (1)

1 23 37

234

Puc. 12.8. ITpumep ucrnons3oBanus Gynkimu VIookup



242

match onpefendeT MEcTo YUCha 2 B MaTpdue B

Ln

z=thalBl z=3

—_

3

4 5
51 Z = matchz B
L2 i=1.rows(Z)
273

HOMER
CTROKM

= L O

HOMER KOOPLHHATE KRN
cTonbuya YHCNa 2

- 141}

i Z=1{21 Z= [2]
- {r} - .

141}

Puc. 12.9. TIpumep ucnosb3oBanus GpyHkimu match

Oyukuuu hlookup u vlookup BosBpamiator oxnHo umciio. C HOMOIIBI JUCKPETHOU
MIEPEMEHHOM B MPUBEICHHBIX MPUMEPAX OPraHW30BaH MOKCK 110 BCEH MaTpuIie.

Oyuknus mMatch s kaxnoi HaiiieHHOW MO3UIMU YKCIA Z BBIBOAUT JIBE KOOPAMHATHI
(HOMEp CTpPOKM W HOMEp CTONOIla) B BHAE COCTAaBHOIO MacchBa. UTOOBI PacKpHITh
COCTaBHON MacCHB, HYXHO:

O HammcaTh UM BBIPAXEHUSA U HAXKATh KJIaBUIYy =. IlosiBUTCS OTBET B BUAE COCTAaBHOTO
MacCuBa, ri€ yKasaHbl TOJIBKO Pa3sMEPHOCTHU BJIOKEHHBIX MaCCUBOB;

O ABaxkIbl IIEIKHYTh MBILIBIO HAa cocTaBHOM MaccuBe. [losiButcs mento Result Format;

O B 3TOM MeHO OTKpEITH crpanuiy Display Options (ITapameTpsl oToGpaxkeHus) u Ha
Hell ycraHoBuTh (Quakok Expand nested arrays (PasseproiBarth BIOXKEHHBIC
MAacCCHUBBI).

Ha puc. 12.9 nokazaHo, Kak ¢ IOMOIIbIO TUCKPETHON MEPEMEHHON BBIBECTH OTAEILHO JBa
BEKTOpa KOOPAHWHAT (10 CTPOKAM U TI0 CTOJIOIaM).

12.5. [NpeobpasoBaHne PyHKLMA U MaTPULL

IIpeobpa3oBanne QyHKIIUH B MATPHUILY WK MATPHULBI B (PYHKIHIO HEOOXOIUMO MO IPUIHHE
ocobeHHoCcTel BcTpoeHHBIX (QyHKiui Mathcad. Dto nenaercs, Hampumep, €Clid, OJHU
(YHKIMKM BO3BpAILlAIOT MATpHIly, a BaM HaJ0 HMMeThb (DYHKIHUIO Ul MOCIEAYIOLIEro
uHTerpupoBanus wim auddepenuuponanus. M nHaodopor, Mathcad BeiBoauT (hyHKIHIO,
a BaM Hy’>KHa MaTpHLa JUIsl MOCIEYIOINX MaTPUYHBIX ITPe0Opa30BaHHM.

12.5.1. lNpeobpasoBaHne QyHKLUN B MaTpULLy

B Mathcad ects BcTpoennast pynkius matrix, koropast mpeobpa3syeT (pyHKIUIO B MATPHILY.
ITpumep ee ucnons3oBaHus NpuBeaeH Ha puc. 12.10.

Oopaumenue k pyuxkuuun matrix(m, n, F)

BO3BPAILAET MATPHUILy Pa3MEPHOCTBIO 71 X M, 3JIEMEHTHl KOTOPOH — 3Ha4eHUs (QYHKLHH
FG,j),tnei=0.m—1uj:=0.n—1.

Oyukius matrix mo ymomuanuto wucnonapdyer ORIGIN = 0. O6braHO K€ pacueTdukn
ucronb3ytor ORIGIN = 1. TlepBast ctpoka u TEepBbIii CTOIOEI MATPUIIBI 0603HAYAIOTCS
HomepoM 1. matrix saauenre ORIGIN = | He mpUHUMAET, TIO9TOMY NMPUXOUTCS BHIPE3aTh
HYyJICBbIC 3HAYEHHUSI ¢ NOMOIIBI0 QyHKImE Submatrix. [Tomy4aercst rpOMO30KO U CIIOXKHO.
Kpome TtoOro, 3HaueHmst x =i U y=j— TOIBKO LenouucicHHbIe. KoHeuno, apoGHBIe
3HAYCHHUS API'YMEHTOB OPTraHM30BaTh MOXKHO, 3alHCAB X U ) KaK HEKOTOPOE BBIPAKCHHE OT
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i M j, HO M B 3TOM CIIy4ae HaJ0)XEHO OIpaHWYEHHE: 3HAUYCHHS apryMEHTOB PaBHOOTCTOST
JpyT OT Apyra.

Ha puc. 12.10 moka3aHo, Kak MOJY4YUTh MAacCHB M3 (PYHKLIWH, HE HCIIOJb3Ys JOBOJBHO
Heyo0HyI0 GyHKImo matrix. C moMoIIb0 JUCKPETHBIX EPEMEHHBIX T0JIy4aeTcsi MACCUB
3HA4YEHWH, PaBHOOTCTOSIIMX JAPYI OT Jpyra. YKasbiBas MPOHM3BOJILHBIE BEKTOPBI X U V,
MoJy4yaeM MacCUB 3HAuYeHMH 3aaHHON (YHKIMH 1y aOCONIOTHO MPOM3BOJIBHBIX
apryMEHTOB, B TOM YHCJIE JIPOOHBIX.

oo 0 0
0 0241 0909 014
0 0209 -0757 -0279
0 0141 -032¥9 0412
0241 0909 014
M = submatrig M 2 4.2 4 M =| 0902 0757 -0279
0141 -02¥ 0412

Fix,v) = sin(xy) LI = matti 4,4, F) M =

AHANOT Gy HKLKK matrix 0241 0909 0141
n=3 i=lon j=lon M =sinl) M=| 0909 -0757 -0279

. 014 027 042
Nydle, Yem dyHELMA matrix

25
15
7.4 27 i=1 =1
Xx= . = 1= 110035 X = 1. oS
Y= 505 ] 4]
1205

-0913 0334 -0414 0328
I'u'Ii i = si.t1|xi-5rj| LI =| 0347 0205 -024 -0aAd4
-0326 09 0785 -0531

Puc. 12.10. [TpeoOpazoBatue GpyHKIMN B MATPHUILY

B Mathcad 13 ¢ynkums Matrix MoxeT co3gaBaTh MaTpUIBL, COACpXKAIHE HE TOIBKO
JICWCTBUTENIbHBIE U MHUMBIE YHCIIA, KaK B NPEXHUX BEPCHUSIX, HO U CTPOKH, HCIIOJIB3YS
cTpouHble GpyHKIHHU, Hapumep Format (puc. 12.11).

oo n
Flx, v = sin(xv) Il = matrig2 .3, M =
7 ) tei B [EI 0241 EI.QEIQ]

matrix[2 3, fx, %) < sin[(x+ Dy + 1]] = (

0241 0909 014
0909 -0757 0279

(1) (1) (1)
matri’2 3,1, )« identity(i + 13) = [1 nj [1 nj (1 n]
01} bo1) hot

) ) ) IID, I:III III:I, 1II
matrin'2, 2, fi,7) < format("{0}, {1}V i,{) = ["1 Y ]

Puc. 12.11. Oyukuus Matrix ncrnosnp3yer u cTpoynbie GpyHKIHH

12.5.2. NpeobpasoBaHme maTpuLbl B QYHKLNIO

[IpeoOpa3oBanre MaTpuibl B (YHKIHIO BBINOJHSETCS C HCIIOJIB30BAHHEM BCTPOCHHBIX
(YHKIMHA WMHTEPIOJSINUKA WIM PETPECcCCHH, KOTOphle, 00pabaTeiBas MacCHUBBI TOYEK,
BO3BPAILAIOT (PYHKIIHIO.

Ha puc. 12.12 moka3ano npeoOpa3oBaHme BekTopa B (yHKOHIO. 371eCh X — BEKTOp
3HA4YEHHUH apryMeHTa, 3JIEMEHThl KOTOPOTO 00S3aTeNIbHO PACIIONATaloTCs B BO3PACTAIOIIEM
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nopsiike, Y — BeKTOp 3HaYeHHH (QyHKIMHU. B mpumepe ucmonp3oBaHa Kyondeckast CruiaiiH-
uHTeprnosinus Ispline co cTeikoBKOH CIUTaifHOB MO NPSMOW JIMHUM M HHTEPHOJSLUA C
perpeccueii pynkmuerr regress. IIpuBeneHHBIIT HAa 3TOM PHCYHKE T'padUK IOKa3hIBacT
COBIIAJICHNE 3HAYCHUI BEKTOpa CO 3HAYCHHUSAMH HaiileHHON (QYHKIMH W BO3MOYKHOCTH €€
uHTerpupoBannus u auddepennupoBanms. Tam ke mokazaHo obpaTHoe Mpeodpa3oBaHUE
(YHKIMH B MaTpUILy.

(1) f 1 % t=0,05.10 AnArpaduka

3 84

T = Vit
7 127
8 15 ) V) = interp(regress (30, Y, 3) 3, Y 1)

ELniounTe MNK NOgHURMATE BBEDX 3TO BeIpEHEeHWE

mterp (lspline (20, 10,3, T .0

30 AnA TatnuUkl
t=0.4 ObpatHoe
Vi = npeobpasoBaque
6.1 Py HELMK B MaTpuLy
Tl = VI
5.6
1
2.4
0. T1=
12.7
15,

Puc. 12.12. T[IpeoOpazoBanue BekTopa B (yHKIIUIO

[Ipeobpa3oBanne MaTpUIBl B PYHKIIUIO ABYX HMEPEMEHHBIX OCYIIECTBIIETCS C TOMOIIBIO
IByXMepHOU mHTeproisanuu (puc. 12.13), BeITONHEHHE KOTOPOH OOBACHAIOCH B TIaBe 7.
Beepxy Ha puc. 12.13 npuBeieHsl HMCXOJHBIE JAaHHbIE MaccHMBa JaHHBIX. B kaxmoi
KOHKPETHOH 3a/1a4e OH YK€ CO3[aH, ¥ MPEACTONT JIUIIb ero HHTeprorius. [lomydennyro
uHTepnossuuei GpyHkuuio ZZ(x, y) MOXKHO HHTETpUPOBaTh U TuddepeHiupoBars. MoxHO
BBIBOJIUTD OT/ICNIbHBIC YMCIICHHbIC 3HAUCHUS HAlICHHOW (DYHKIMH.
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McxogHbIe BaHHLIE, MACCHE ZHAYEHMA diyHELKMA M
NpH ZHAYEHHAX apryMeHTos A4 K Y

1 1 e 092 -035 0& 1
3 3 01 -0% -0% 08 3
= ¥i= M= o=
7 12 nag -05 0¥ -09 7
o 15 ne 02 08 035 3
TonsKo HHTEPMNONAUHA
{1} i

iV = XV =% HOeyXMepHBIA MAcCHE KOOPOMHAT TOMEK

X
(%, ¥ = Mterp[csphne(XY,Mj XYI'u'I( ]:|

¥
HuTepnonAumnAa c perpeccHei

MepecTpodka OBYKMEPHEIX MACCMEOE (YHKELMM M B8 ApryYMEHTOE
E OAHOMERHEE (No cTonBuam)

11113333????8888T
¥l =
1 8121518 121518 12 151 8 12 15

Z=(0% 01 046 0% 0% -0% -03 0% -05 -0%2 07 0% 06 0O -09 I:Ij)T

x
Emmssﬂx,yj = i.nterp|:regress(XY1 R I A | ,E,( ]:|
¥

X
Zoees( X, ¥ = i.nterp|:1|:uess(XY1 2,08, XY ,E,( ]j|
¥

Puc. 12.13. TIpeoOpazoBanre MaTpUIlbl B QyHKIUIO

IIpu ObicTpoM moCTpoeHHHM TIpaduKa MMOBEPXHOCTH HOCTATOYHO B M1a0NOH rpaduka
BIucaTh MMsi QyHKUMH — U rpaduk nocrpoen (puc. 12.14). Ho npu stoMm npeneins
M3MEHEHHsI apryMEHTOB OepyTCsl 110 YMOJUaHHUIO, U TpaduK MoayvaeTcsi HECOIOCTaBUMbIM
¢ rpad)MKOM HMCXOJHBIX 3HaueHHH MaccuBa. UToObl M3MeHUTH Macwmitad rpaduka, Hamo,
JBaKAbl IIETKHYB MBIMIBIO Ha TpaduKe, OTKPHITH OKHO (opmarupoBaHus rpaduka H
BeiOpath Bianky Quick Plot Data ([lanubie GbicTporo rpadmuka), a 3areM BBECTH
Ipezenbl U3MEHEHHsT KOOPANHAT X M y (HanOoubllee 1 HauMEHbIee 3HAYeHUS SIIEMEHTOB
BeKTOpoB X u Y). OOparure BHUMaHHE: Ha JIEBOM rpaduke 3Ha4€HHs KOOPAWHAT — 3TO
MHJIeKCHI i ¥ j. Ha mpaBoM rpaduke 3Ha4eHUsI KOOPIMHAT — 3TO KOOPAWHATHI X U ).
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McxoaHEIE TOYKK

HelcTena ¢ fyHKUWeR

a(x,3) = %xzzcx,sr)

d
bx, 3 = d—yzregessixs W)

a(1,3) = 0342
b(l1,2) = -0.151

HHTepNoNALWA C© perpeccued

b Zregess
Puc. 12.14. Pesynbratsl npeobpasoBanust Matpuibl M (puc. 12.13) B GyHKIHIO

B mnpakTHdeckux 3amadax BCTpEYalOTCS CIy4ad, Korzja TpeOyeTcsi W3MEHHTh YHCIIOo
3JIEMEHTOB BEKTOPA YHCEIl, MIIM OMPENSIIUTh JIEMEHTHl BEKTOpa MpHU APYIuX (33JaHHBIX)
3HAUEHUX apryMeHTa. s storo TpeOyercst BHayaje NMPEBPaTUTh BEKTOP B (YHKLHIO C
MOMOIIBI0 BCTPOCHHOHW (YHKIUM interp, 3areM BBECTH BEKTOP HOBBIX 3HAYCHHUH

apryMeHTa, M BBIYUCIHMTh BEKTOP 3HAueHWH (YHKUUH JJIsl HOBOTO BEKTOpa apryMeHTa
(puc. 12.15).
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MecxoaHble . T
MaccHBEI F=(0 5 5 6625 725 75 675} xH

AAHHEIX AL=(0 1153 54 S)T-I\-[M
MNpeoépasoBaHne o i _
BeKTopa B hyHKLITIO Fl{z) = interpi ceplinel AL F) AL F.z)
AnA NOCTROEHKWA TRadiMER gy HEL MM T

n=350 z0=min(AL) zk=max ALl) z =z0,z0+ 7k
1n
PaEHOMepHaA pasGUEKa (hpYHKLUNN HA M (MHOTO TOMeK)
zl = 0 O0RyNEeHUE paRes LENONL30SGRR020 SHaYeRLA 27
e — z0
m=10 i=1.m zlj = z0+ 1 z Fij=Flizl
tm
HepaBHoMepHaA paséiBKa hyHKLMI HA HeGonkbLWoe 0
HHCNo TOYEK, 330AHHBIX EEKTOPOM Hlcen
. T - . 3 MECKOAHENA
2=070 1 2 45 73} wma i=1.rows(zd) F3j=Flizy 5 MACEHE
8 F=|66 |+H
Rl -t 7.3
Fl(z) 6.8
¥H :
41— i pesyneTaT
F2 : pacyeTa
¥H .
->;_+3><-><2 . Fi=|353 |xH
xH : 7.2
EEElD 74

0 21073 aedn”d mx10”? gwin”?
AL z.2l,22

Puc. 12.15. V3MeHeHne Yucia 3IEMEHTOB BEKTOPa

12.6. dyHKUMM NnpeobpasoBaHna KoopanHaT

B Mathcad nmeercs Heckonbko GYHKIHI TpeoOpa3oBaHUs KOOPIUHAT:

Q xy2pol(x, y) — npeodpa3oBaHue NPIMOYTOIBbHBIX KOOPHHAT B TOJISIPHBIC;

Q pol2xy(r, §) —npeoOpazoBaHKe MOIAPHBIX KOOPMHAT B MPSIMOYTOJIbHBIC;

Q xyzceyl(x, y, z) — npeobpazoBaHue IPAMOYTOJILHBIX KOOPAWHAT B LIWJINHIPUICCKUE;

Q cyl2xyz(r, 0, z) — mpeobpa3oBaHKe HUTHHAPUICCKUX KOOPIUHAT B IPSIMOYTOJIBHEIC,
Q xyz2sph(x, y, z) — npeobpazoBaHne MPSIMOYTOIBHBIX KOOPIWHAT B ChepHUecKue;

Q sph2xyz(x, 0, ¢) — npeobpazoBanue chepruuecKux KOOPIHUHAT B IPSIMOYTOJIbHBIE.
Ot QyHKIUE UCTONB3YOTCS. HHOT/IA JJIsl YIIPOIICHHS PACUYETOB, HO Yallle Ui HOCTPOCHUS

rpadukoB. Psx npuMepoB MOCTpOEHHS TPaHKOB C HCIOJIB30BAaHUEM JAHHBIX (YHKLHUH
TIPUBEIICHEI B TIaBe 15.

BHUMAHUE

Oynkuuy npeobpa3oBaHusi KOOPAWHAT HE MOTYT paboTaTh ¢ Pa3MEpPHBIMH BEIMYMHAMH,
HO TO3BOJIAIOT BBOJAUTH YIJIOBBIE KOOPJAWHATHI KaK B pajHaHax, Tak W B rpagycax. s
BBOJZIA YIJIOB B I'pajlycax HAaJI0 yMHOXHTb 4nciio Ha deg. [l BbIBOJA YIJIOB B Ipagycax
Hajlo BrucaTh deg B 1oJjie BBOJA CIpaBa OT YUCIIa.

TIpumepsl mpeoOpazoBaHust KOOPAWHAT MPUBEACHBI HA puc. 12.16—12.21.



248 Z =0 OBHyNeHHe paHee MCNONE20BAHOMD MACCHES £

10 u JEKARTOEL
L= 2 V=|8 EOORAMHATE
_3 5 TOYEK
i= 1. rows(Z)

Mcnone20eaHWe WHILEKCOE F
Zi = xydpol| Xi,Yi| ANA 0GHOEREMEHHOR
obpaboTku BCEMD MAaccHes

MonApHEIE KOOPLHHATE TOYEK . 22
Ri = |Ei| o= |Ei| 13
1 2 58
B padMaHax B rpagycax 71
R = -
1 oy = o =
10 0 0| deg
8.2 1.3 TE
5.8 2.1 121

Puc. 12.16. IIpeoOpazoBaHue 1eKapTOBEIX KOOPAUHAT B ITOJISIPHEIE

] 0
_ _ NoNAPHEE
Ro=| 12} e=] 30 |-deg KDOPAHHATEI
15 150
1= 1. rows(E) [ID]
n
22, = pollaoy| B o)
' ' 10.4
D EKANTOEEl KOOPAHHATE 77 = )
}D’Ci = |Ezi|1 Wi = |Ezi|2 13
I = VY. = 7.5
i i - -
10
10.4
-13 7.5

Puc. 12.17. [IpeoOpazoBaHue MOJSIPHBIX KOOPAWHAT B AEKaPTOBBI



249 AEESPTOEEl KOOPDOWHATE

0.5 0 0.5
T=|-05 Y¥i=1| 08 =11
-0.7 -13 1.5
i=1.tows(Z) M sy T
McnoneaoeaHMe onepatopa 0
EEKTOPMZALMM ANA 04HOBPEMEeHHONA
ofipafioTkn BCEro Maccuea 0.5
I— na
21 = aydey UV, 12| | 21
LMNMHOQHYECKWE KOOPAMHATEI {
£ = |Eli|1 gy= |Eli|2 z = |21i|3 1.5
21
t. = T =
i %= : L1s )
0| deg | 0.5
. 122 1
1.5 -118.3 1.5

Puc. 12.18. IIpeoOpazoBanne 1eKapTOBBIX KOOPAMHAT B LIWJIMHAPUYECKUE

UANMHHO PAYECKHE KOOPDOWHATEI

0.5 0 0.5 ~ _
r=1 1 B=| 20 |deg z=|1 05
1.5 —45 15 g
0.5
_
— e ng
ZZ = cgrﬂxgrz(r,e ,z:l i=1. rows(t)
AEKAPTOEERl KOOPOHHATE 2z = 03
1
X = |Z.Zi|1 ¥ = |EZi|2 z = |EZi|3 1
5T it N “11
0 0.5 RN
. 0.3 1
1.1 -1.1 1.8

Puc. 12.19. [Ipeo6pazoBaHne NWIMHAPHISCKHX KOOPAWHAT B I€KAPTOBBI
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AeKapTOERl KOOPOHHATEI

0.5 0 0.5
=|-05 T=| 08 Z=11
0.7 -1z 15
f1 = towrs ) 07y ]
.
2= aymlaph( XV .2 i=1.n I
chepHyeckme KOOpAMHATEI 0s
t= |ZEi| Bi= |EEi| W= |EEi| 14
1 2 R 21
. =
i pi = 1= 0%
0.7 0| deg 45| deg 2
1.4 122 43.3 -21
7| [ 1203 428 07

Puc. 12.20. [TpeoOpazoBaHue eKapTOBEIX KOOPAUHAT B cheprUuecKue

chepuyEcKHE KOOPLMHATE

07 120 1]
t=| 14 p:=| 200 |-deg =~:=|30 |-deg
21 200 an
; AR
Z = sphduyz{r,f ) .
JEeKaApTOERl KOORAHHATE
nr
% = |Zi|1 ¥= |Zi|2 z = |Zi|3 07
X = ¥, = z = Z=||-02
1] 1] 0.7 12
0.7 -0.2 1.2 -2
-2 0.7 0 0.7
. I:I -

Puc. 12.21. IIpeobpa3zoBanue chepudeckux KOOPIUHAT B JEKAPTOBBI

Oynkuuu  npeoOpa3oBaHMs KOOPAMHAT BBIBOJSAT COCTABHOW MAacCUB, COAEpIKallui
npeoOpa3oBaHHBIE KOOPIUHATH TOYeK. HarmoMHUM: U pacKpBITHS COCTaBHOTO MacCHBa
HAIO JBaKIbl IICIKHYTh Ha HEM MBIIIBIO M B OTKpbiBIIeMcs MeHio Result Format
(®opmar pesynbrara) BhIOpaTh Komanmy Display Options » Expand nested arrays
(ITapamerpsl oToOpaxkeHust » Pa3BepThiBaTh BiOKEHHBIC MaccuBbl). Ha puc. 12.16-12.21
MOKa3aHbl JBe pazin4Hble (GopMbl pabOTHl MCHONB3yeMBbIX (QYHKIHMHA ¢ BekTopamu. Ilo
YMOJYaHUIO 3T (YHKIUM paboTaloT TOJNBKO CO cKamipaMu. s OomHOBpEeMEHHOTO
npeoOpa3oBaHMsl MaccuBa KOOP/AWHAT UCTIONb3YeTCs JIM00 MHIEeKCcHas Gopma (puc. 12.16 n
12.17), mubo omeparop BekTopm3auuu (puc. 12.18—-12.21). HMcmomp3oBaHme oreparopa
BEKTOPU3AIMHU MPEAIOYTHTEIFHO — TaK MPOIIE U JIEraHTHEE.

@yHKIMU Mpeodpa3oBaHus KOOPAWHAT UCTIONb3YIOTCS BHYTPEHHUM anroputMoM Mathcad
IpU TIOCTPOCHHUHM TPEXMEPHBIX TIpadHKOB TOBEPXHOCTH. McxomHas ¢GyHKOUA ABYX
MePEMEHHBIX BBOAMTCS Kak mapamerp ¢yukiuu CreateMech. B xauectse eme oxHoro u3
mapameTpoB 3Toi (yHkuuu, fmap, ucnone3yrores GpyHKIUHE peodpa3oBaHus KOOPAHHAT,
paccmoTpenHble paHee. OHM TIpeoOpas3yIoT MOJSPHBIE, ITHHAPUYECKHIE WIN cepriaeckue
KOOPJAMHATHI B JEKApTOBBI, 3aTEM [0 MACCHUBY IEKAPTOBBIX KOOPIMHAT CTPOMTCS rpaduk
MIOBEPXHOCTH.
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cthepryecKie KoOoOpAHHATEI UHNHHgpHYecKile KoopalHaTel

paguys rizy =121 I/r(z) Wpaﬂw}fﬁ

y Y¥ran N0 OKPYHHOCTH,
MEDHAMOHATEHEIA Gz.4) =| ¢ |nepneqaweynapHoi ocu
IO .
TAHMEHUKWANEHBIM z OCEEAA KOOPAMHATA

vran NpeofpasnEaHUE

frrap(w) = cyldzyz(vl,va,vi) qﬁnmipwemm
WM CHEPMHECKMX

frnapl(w) = sphlzyz|¥1.v31.%3| koopgwHaT B
NPAMOYTONBHEIE

NEREKNHHKMTE BRIPE¥EHKMA ANA fimap, ocTaenAA
BEMHHEHHBEIM MWL OAHD BRIDSMEHWE

0=10 zl :=% 0= 0 ¢l = 17w NOMEHAIT
g
M = CreateMesh( G 20,21, g0, 1,50 ,50, fnap)? G

M1 = Createllesh( G ,z0,z1, 0,1, 50,50, fmapl)

hepUYECKME KOOPQMHATI 'IMH.JJ,FJMHE?@AE KOOROKMHA
9

M1 M

Puc. 12.22. [Ipumep nocTpoeHus rpaduka HOBEPXHOCTH MO (PyHKIUSAM KOOPIAUHAT

Ha puc. 12.22 noka3an npumep MnocTpoeHus rpaduka moBepxHOCTH B LHUIMHIPUYECKHX M
cepuyecknx KoopauHatax. Paboras ¢ mpumepom, caenaiiTe paguyc » HOCTOSIHHBIM —
MOJlydyuTe UMIMHAP U map. ToT e pe3ynpTaT Tropa3fo Npole MNOIy4YHUThb
C MCIOJIb30BaHUEM OKHA (popmMaTupoBaHus rpaduka IMOBEpXHOCTH:

O Ha martemaruueckoit manenu Beibepute Graph » Surface Plot (I'paduka » I'padux
TIOBEPXHOCTH).

O B nosBuBmeMcs mabioHe rpaduka MOBEPXHOCTH BIUIIUTE BHH3Y uMs GyHkuun G
(6e3 mapameTpoB).

O /IBaxapl WIETKHUTE MBILIBIO Ha Tpaduke U B okHe popmarupoBanus 3-D Plot Format
(®opmar 3D rpaduka) Beibepute Biiamky QuickPlot Data (Haunusie ObicTporo

rpaduka).

O Ha oroii Bkimagke BbiOepure cucrteMy koopauHaT Spherical (Chepuueckas) wnm
Cylindrical (Uumuaapuueckas). Ilo ymomuanuio ycranaeiusaercs Cartesian
([lexaproBa cucremMa KOOpIUHAT).

O Boummre mpemensl u3MeHeHus s nepoit (Range1l — o6nacTe AMCKpETHBIX
sHauenuil) u Bropod (Range2) mepemeHHBIX. YCTAaHOBHTE YHCIIO JIMHHUH,
obpasyromux cetky (# of Grids).

Q Packpacere rpaduk ¢ moMomso BKiIaaku Appearance (BaemrHuii Bu).

Kak BumHo wu3 pwuc. 12.22, ob0a cmocoba mocTpoeHus rpadUKoOB HarOT aOCOIFOTHO
OJJMHAKOBBIM pE3yNbTaT. JTOr0 W CJIEAOBANO OXKHMIATh, Belb BHYTPEHHHH aJTrOPUTM
Mathcad wucmosne3yer st moctpoeHusi rpaduka moBepxHoctu ¢ynkiuio CreateMech.
Bsibupas Ha Brianke QuickPlot Data ([Jaunsie GoicTporo rpaduka) CHCTeMy KOOpIHHAT,
Mbl, (aKkTHYecKH, BBI3BIBAEM OAHY U3 ONHCAaHHBIX B OJTOM paszgene (QyHKIHUH
npeoOpa3oBaHMs KOOPIMHAT.

12.7. DyHKUUM yCrioBus

B Mathcad ects Heckonbko croco0oB 3amucu ycioBusi. Hanbonee momyssipHble U3 HUX
OpuTH paccMOTpeHsl B TaBax 2 u 9. IloBTopuMm emie pa3 Tpu OCHOBHEIX CIIoco0a 3ammcH



252

ycnosusi B Mathcad:

a

a

a

C HOMOIIBIO QYHKIMH yCaoBus if
C OMOLIIBIO onieparopa if ¢ maHean MpoOrpaMMHUPOBaHUS;

C HCIIONIE30BaHUEM OYIJIEBBIX ONIEPaTOPOB.

st uctionb3oBanus GyHKUUK yCaoBus if, HyKHO:

a

a

3anKcaTh UMsI BBIPQKESHUS U OllepaTop NprcBauBaHus (:=);
Ha CTaHJAPTHOW MaHeNW HakaTh KHONKY f(X) W B cmucke BCTpPOSHHBIX (GYHKIHI
BeIOpath if, mocne wero Haxkars kHomKy Insert (BcraButh). IlosBUTCS M1aGioH

¢byukuuu if ¢ TpeMst MecTaMu BBOJIA;

3aII0JIHUTh MECTAa BBOJIA.

Oopamenue Kk pyHkuuu:

if(cond, x, y),

rae cond — ycioBue THma X < Ly, x u y — 3HaueHus, BO3BPAILAEMbIE ¢bynkumeit. Ecnu

YCJIOBUEC BBITIOJIHACTCA, TO BBIPAKCHUIO IMTPUCBAUBACTCA 3HAUYCHHUC X, €CJIN HE BBIINIOJIHACTCA,
TO 3HAYCHUC ).

UYtoOBbI 3ammcaTh yCIOBHBIA ONEpaTop C MaHEIH MPOrPaMMHUPOBAHUS, CICIYET:

a

3amucaTh UMs BRIPOKEHUS U ONIepaTop MprCcBanuBaHus (:=);

BbI3BaTh IMAHEAb  OporpamMMupoBanus Programming Toolbar  waxatmem
COOTBeTCTByIOIJ.[e;I KHOIIKM MaTeMaTHYECKOM IaHeInu U MICJIKHYTh MbIIIBIO Ha KHOIIKC
Add line (Io6aBuTh TUHHIO);

B BEPXHEM II0JIe BBOJA BBECTH BBIPOKEHHE Ul M3THOAIOIIET0 MOMEHTa HAa MEPBOM
y4acTKe;

IIEJIKHYTh MBIIIBIO Ha KHONKE if Ha maHeNM NIporpaMMHpOBaHHS (BBIPaXKEHHE I
U3THOAIONIEr0 MOMEHTa MHPH 3TOM JIOMKHO OBITh TOJHOCTBIO BBIAENCHO CHHUM
YTOJIKOM HJIM B3ATO B CKOOKH); MOSIBUTCSI MECTO BBOJA, KyJa HaJ0 BIMCATh YCIOBHUE,
Hanpumep, X < Ly mmn 0 <x < L;;

B HIDKHEM IT0Jie BBOJA (y BEPTHKAIBHOW UYEPTHI) BBECTH M3THOAIONMIMA MOMEHT JUIS
BTOPOT'O y4acTKa M BBIACIHUTH €ro LEJIMKOM CHHIM YTOJIKOM (KJIaBUIIEeH pobena);

IIENKHYTh MbIbio Ha kHonke Otherwise (Muave) Ha maHeNd MpOrpaMMHPOBAHUS
wiu BIOpars if u Biucars ycinosue x > L .

Hcnone3oBanne gorudeckux (OYIEBBIX) ONMEPaTOPOB COCTOUT B YMHOXKEHUH CIAaraeMbIX
33IaHHOTO  BBIPD@KECHUS HAa COOTBETCTBYIOLIMHM JIOTMYECKUil omeparop. Jlornyeckue
oriepaTopbl BBOJSTCS ¢ MaHeNu OylieBbIX onepaTopos (kHorka Boolean Toolbar). Byness
omepaTopbl MOTYT Bo3Bpamath Tojabko 0 wiu 1. Eciu ycnoBue cipaBejinBo, TO 3HaYEHUEM
omeparopa sBisercs 1, ecnu HecnpaBemuBo, To 0. B MaremaTnueckoMm BbIpa)KeHUH
YMHOKEHHE Ha JIOTHUECKHUI onepaTop oOpaliaeT COOTBETCTBYIOIIEE ClIaraéMoe B HOJIb MIIH
HE MEHSET €r0 3HaueHHUs.

COBET

Jlormyeckue omeparopsl <, >, = (MEHbIIE, OONBIOIC, PAaBHO) MOXXHO HaOHpaTh C
kinaBuarypsl. JIpyrue omneparopsi, Hanpumep NOT, AND, OR, XOR (uer, u, unu), Hago
BBOAUTH ¢ manmenu Boolean Toolbar Bo u3bexaHne BO3MOKHBIX MaTeMaTHYECKUX
OINOOK.

[Tpumep npumeneHus Bcex Tpex (GOpM 3alKCH yCIOBU MOKa3aH Ha puc. 12.23.
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HMecnoneszopaHne dyHKUMN if

Miz) = if(x=<1,3,5-2

OYHKUMA T © HeTeIDEMA BNOHEHHEIMK YCIOBHMARMK

MI(x) =z 1,0(1 cx=22xF2<x=42x+6-3xz2z+6-3x—2))
McnonesoBaHWe NaHenn NporpaMMMpoBaHUa

Ml(z) = 04 =1 Bce ToW BRIDSHEHHA M1(x)

2z ff 1ax=?2 SKBMEANEHTHE! OpYT Apyry
2Ex+6-3xd Z2<sx=4
(2.x+6—3x—2) otherwise x=0,02.5

McnonesoBaHue GyneBbIXx ONepaTopoB

Mifx) = 2x (x> D+ (638 (x> D-2(x> 4

Puc. 12.23. Tpu cniocoba 3anucu ycnosust B Mathcad

Oynkuus if qomyckaer HCIONb30BaHHE HECKOIBKHX YCIOBHI B OJJHOM BBIPAXKCHHH MyTEM
BIIOXKCHHS yCIIOBUH 0JHO B Apyroe. Ha puc. 12.23 ¢ynkus M(x) conep>KUT OIHO YCIOBHE,
a ¢Gyskuus M,(x) — 4 BIOXEHHBIX OpYyr B Apyra ycioBus. Ha npaktuke ¢ynkuus if
UCTIONB3YEeTCS PEAKO, TaK KaK JBa APYTUX CIOco0a 3alncH yCIOBHSA IPOLIE U HarJIsIHee.

Jis BBO/a ¢ MaHenu mporpaMMupoBanus GyHKIuu M (x), BKItodaromiei B ces 4 ycIoBus,
Heo0X0MMO cpa3y BBecTH 4 MecTta BBoza (4 pasa Haxath Add Line).

ITpu ucnonp3oBaHnM OyJIEBBIX ONEPATOPOB BMECTO YETHIPEX YCIOBHH BBEIEHO TOJIBKO TPH.
YerBeproe ycnoue, Mi(x) =0 npu x <1, BBIIIOJIHAETCS aBTOMaTH4YeCcKH, Tak kak Mathcad
[0 YMOJTYaHUIO IPUCBANBAET HYJIEBOE 3HAUCHUE BCEM HE3a/JaHHBIM BEJIMIMHAM.

Jlo6aBuM K HUM ele TpH (QYHKIIMH, HCIOIb3yeMble peke. D10 (yHkius XeBucaina O,
cumBol Kponekepa 6 u pyHkuus 3uaka sign:

Q P(x)— o¢yukuus Xepucaiiga, Bosspamaer 0, ecnu x <0, mHaue — 1. OyHKuUMA
XeBucaiiia BKIIOYACT WM BBIKJIIOYAET ClIaracMbie B BBIPAKECHUU B 3aBUCUMOCTH OT
3HAYEHHMs apTyMEHTA.

Q 0O(i,j) — cumBon Kponekepa, Bosppamaer |, ecmm i=j, mHade — 0. CumBOXI
Kponexkepa 6(i, j) HCIIONB3yeTCs B ONEpalUsIX ¢ MATPULAMH, BKIIIOYAs, BEIKIIOYAs WIIH
MPOCTO W3MEHSS AUAroHaIbHbIe YWICHBI MaTPHULIBL.

Q sign(x) — Bospamraer 0, ecnu x =0, Bo3Bpamaer 1, ecan x>0, u —1 — Bo Bcex
OCTaJbHBIX ciiydasx. DyHknmo Sign(x) yzoOHO MCHONB30BaTh IS MIEPEMEHBI 3HAKA
BBIPKCHHUSL.

[Ipumeps! HUCIOIB30BaHMS YKa3aHHBIX (DYHKIUIA NpUBeIeHb! Ha puc. 12.24 — 12.26.
Ucnonp3oBanue ¢GyHKIMKM XeBHcaiga MOYTH aHAJIOTMYHO HCIOJIB30BAHHIO OYJIEBBIX
omeparopoB (cpaBHuTe puc. 12.23 u 12.24). YMHOKEHHE COOTBETCTBYIOIIETO CIaraeéMoro

Ha QyHKIHIO XeBHCaii/la BKIFOYACT WM BBIKJIFOYACT CJIaraeéMoe B BBIPAKCHHH.

Tak kak ¢yHkuus XeBucaima Bosspamaer 0, TO, eciid apryMeHT QyHKuuu paBeH 0 wiu
MeHbiie 0, 3amuMcaB B KauecTBE apryMeHTa COOTBETCTBYIOIIEE BBIPAKEHHE, MOXKHO



HaJIOKWUTH HAa BBIPAKCHUC moboe OrpaHUYCHUE.
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Ty HKUMA AEBEMCARLA BKNHYAET CRaraemoe,
BCIH ERIpaEs#eHMe B CkoBrax = [
B(x)=0, ecom k<0, $(x)=1, ecan x =0

M) = 2xd(x- 1) + (6 - 30 Blx-2) - 2d(x- 4

]
=5
1] 2 4 f

Puc. 12.24. IIpumep ucnons3oBanus QyHKIMy XeBucaiaa

Ha puc. 12.25 nokazana BO3MOXHOCTb TIEPEMEHBI 3HaKa BBIPAKEHHSI C IOMOIIBIO (DYHKIMH
sign, uto uHOrNa TpeOyeTcs, eciu apryMeHT BO3BOAUTCS B YETHYIO CTETICHb.

DyHEUMH sign(x) yaoBHO MCNonE30BaTE
ANA NEPEMEHE! 2HAKE BEIPEHEHHA
sign(x)F0, ecm =0, sign(x)F1, ecm =0, sign(x)-1, e cmx<

A1 =z - 3)2 220 =% - 3)2-sign(x -3
10
&% >
a2y
" -5
-10

Puc. 12.25. T[Ipumep ucnons3oBanus GyHKIHUN TepeMEHbI 3HaKa
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Crmason Kpodekepa 61, ) HEIOESYETCA B OIIE) ALTRLTY ¢ IATRHITANEL
BEIFOYAT, FRIKIEOUAA FIE I 0 CTO MIMeHAT JHATOHANBHELR WISHE] MATPIMITEL

Eij =1, eciuW i=|, MHa4e Eij =0.
CnpefeneHWe JEEWATORE HANPAXKEHUA

TEHZON HANpAHEHHA 1=1.3 j=1.3

CpeiHes
15 =25 10 2 HanpAXKeHue
o=|-25 -10 5| op= E-T‘_ oji op=23
i 5 20 i=1
TEHIOPHAA 2aMNMCE 67 -25 10
Dg =0 j-8(1,{op Dg=|-25 -183 5
1] ’
10 5117
LWApOB0H TEHZOp 23 0 0
ol =or T = diag(ujﬂj Tg=| 0 B3 0
0 o 23
MATPHYHEA ZaNHCE
67 25 10
Dy =0-Tp Dy=|-25 -123 5
10 > 1r

Puc. 12.26. [Ipumep ucnons3oBanus cumbosia Kponekepa

Ha pwuc. 12.26 moka3zaHo mpuMeHeHHe cuMBoia KpoHekepa MpH HCIOJIH30BAHUU B
BBIYMCIICHUAX TEH30pHOH 3ammcH. B kadecTBe mpuMepa NpUBENCH pacyeT JeBHATOPA
33JJaHHOTO T€H30Pa HAMPSKEHUH

[Do]=[T]-1To],

3/1€Ch [Dc] — JIeBHATOp TEH30pa HaIpsHKEHUN [TG]; [To] — IapoBOH TEH30p
HaIpsHKEHUN.
B Ten3opHoii 3anucu

ij Gij

rje 6, — cpeaHee Hanpsbkenue; §; ; — cumsoi KpoHekepa.

Kak BUAHO M3 MPpUMEpPA, TCH30pHAasd 3allMCh KOPOYE€ U MMPOLIC, UCM MaTpUYHas.

12.8. OYHKUUM OKPYrIieHns ymcen

Mathcad conepxut 4 GyHKIMN OKPYTIICHUS YHCEIT:
Q ceil(x) — Bo3BpamaeT OaMKaKIIee MEeI0e YUCIIO, O0IbIIee X (KIOTOIOKY);

O floor(x) — BosBpariaeT GIrKaIIee IENTOE YUCIIO, MEHBILEE X (KITOJI»);

O

trunc(x) — Bo3BpaIIaeT HeIy YacTh YUCIIA;

O

round(x, n) — BO3BpallaeT OKPYIJICHHOE 3HAYCHUE YKCIIA X C TOYHOCTBIO JI0 7 3HAKOB
MOCJIC 3aIISITOM.

[Ipumeps! ucnoabp30BaHus 3THX (GyHKLUIT MpUBeneHbI Ha puc. 12.27.
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'I'}’H KUHH CKpYIMeHHA HHCen

DYHKUHH KOMGHHATOPHENR

ced 1937 = 20 V=012 16 24 34 SjT
floow19.5) = 19 cottbingf X = 15
tound 19577 0 = 194 ged(ds 81,18 63) =0 ged(V) =4
round 19577 = 20 lem(15 25,45 75 = 225 lemdV) = 144
trane 19377 = 19 mod{225 -5 = 25

fl

perrtat(6 ) = 30 permutin k) = Y

Puc. 12.27. OyHKumu okpyrieHus ¥ KOMOMHAIMI YHces

12.9. OYHKUMN KOMOMHATOPUKN 1 TEOPUKN YmCen

B sTom pasnene ¢pynkuuit Mathcad comepxurces 5 GyHKImi:

Q combin(n, k) — BO3BpaIaET YKUCIIO COYETAHUHN U3 A LEBIX YUCeN o k, Tae n > k;

Q permut(n, k) — BO3BpaIaeT YKCIO PA3MEIICHUH U3 1 IIEIBIX YHCEN 10 k, T7ie n > k;
Q lem(4, B, C...) — Bo3BpalaeT HauMeHblee ollee KpaTHoe s uncen 4, B, C...;

Q gcd(4, B, C...) — Bo3BpariaeT HauOObIINI 001K neaurens s unucen 4, B, C...;
O mod(x, y) — BO3BpaIllaeT OCTATOK OT JCICHHUS Ha Y, 3aTIUCAHHBINA CO 3HAKOM YHCIIA X.

B ¢yskumsax Icm u gcd apryMeHTOM MOXeT OBITh Kak CTPOKa YHCEN, YKa3aHHBIX dYepe3
3aMsITYI0, TaK M BEKTOp. IIpUMephl HCHONB30BaHUS JTHUX (YHKIMH OpPHUBEACHBI Ha
puc. 12.27.

12.10. ®YHKLUMN TPUTOHOMETPUYECKME,
rmunepbonunyeckue, norapmpmmnyeckmne
N 9KCMOHEeHLUManbHble

Berpoennsle B Mathcad Tpuronomerpuueckue, runepOonnyeckue, JorapugMuyeckue
Y 9KCIIOHEHIMalIbHbIe (YHKIIMU NPUBECHBI Ha puc. 12.28. VX npuMeHeHne NoHATHO U 0e3
nosicienuii. OOpaTuTe BHUMaHKHe Ha HallMCaHUE HEKOTOPBIX (PYyHKIIMiI, HEe COBNAaoIIee C
OOIIETIPUHATHIM B MaTeMaTHKe.

B ¢yakuuu log(z, b) BTOpoii mapamerp b sBIseTcs HeoOs3aTenbHbIM. Eciu  OH
OTCYTCTBYET, BBIUHCISIETCSI JNECATHYHBIA Jorapudm. Eciau npucyTcTByeT, BBIYHCIAETCS
sorapru(m 1o OCHOBaHHIO b.

O6parute BHUMaHue Ha GyHKIMK angle(x, y) u atan(x, y) (yrox u apkraurenc). Obe oHH,
B NIPUHLHIE, ONPEIEISIOT OJHO U TO XKe: YroJ MeXIy OChbI0 aOCLIUCC M paguyc-BEeKTOPOM
TOYKH ¢ KoopauHaTamu x 1 y. Ho ecinu dynkims angle Beranciser yron B npezpenax ot 0
1o 2w, To QyHkuus atan Beramciser yroa or —mw g0 m. Ilo ymomuanuio 3TH (QyHKIUH
BBIYMCILIIOT YIUIBI B paanaHax. YToObl BBIBECTH YINIBI B Ipajgycax, HaJ0 B MecTe BBOJA
pasMepHOCTH (CrpaBa OT YKCIOBOTrO pe3ybrara) BBectu deg (rpaayc).
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TPHIOHOMETPHYECKHE (I}j’H KUHH

rTHNePo onHYeckne (PYHKUHH

npAMbIe oGpaTHbIe npAlbie oGpaTHbIE

sinfd) =09 asinfd) = 1.6 - 131 sinhd) = 36 asinh(Z) = 1.4
cos(d) = -04 acos(d) =131 cosh(d) = 38 acosh(d) = 1.3
tan(®) = -22 atard) = 1.1 tanhid) = 1 atanh) =05 - 1.6
oty = =05 acot() =05 coth(2) =1 acoth(Z) = 0.3
gec(d] = -24 asec(d) =1 sechi) =03 asechi@) =1

cec(d = 1.1 acscl(d) =05 cechld) =03 acschld) = 0.5

atan2(1,3) = 716 deg
atan2(-1,-3) = -108.4 deg

atigle(l 31 = Tl 6 deg
atigle(-1,-31 = 251 G deg

oT -7 a0 +1 ot 0 go 2m
Norapupuel n 3KCNOHEHTa
exp(d) =74 W2 =07 logrd =03 log2,3) =06

Puc. 12.28. DiemeHTapHbBIe MaTeMaTHYECKHE (QYHKIMH

12.11. CneumnanbHble yHKLNK

B sTOM pazzene paccMOTpUM HEKOTOPBIE PEIKO HCIOJIb3yeMble QyHKIHH. Cpeu HUX eCTh
(YHKIMM aKTUBHbIE — BBIYHCISEMBbIE W HEAaKTHBHBIE — HEBBIYUCISIEMBIC, OHHU
HCTIONB3YIOTCS BO BHYTpEeHHUX anroputmax Mathcad.

12.11.1. ®dyHkumn beccens
qDYHKI_[I/II/I Bbeccena o OIIPEACIICHUIO ABJIAIOTCA PCIICHUAMH PA3JIMYHBIX KPACBBIX 3adayd
JUIL HEKOTOPBIX OOBIKHOBEHHBIX Jau(QepeHIralbHbIX ypaBHeHuil. ®Pynknun beccens
IEPpBOTO MW BTOPOro poaa 4YacTO BO3HHMKAIOT KaK pEHICHHWA BOJHOBOI'O YpaBHCHUA

C HUJIMHAPUYCCKUMU I'PAaHUYHBIMHA YyCJIIOBUSMMU.

Mathcad conepxut 40 BcrpoeHHbIX ¢yHKIMH beccens. Ilepeuncnum 4acTe Takux
(hyHKIHH.

OO6sbrunble ¢pynkmn beccens:

O JO(x) — dynkuus beccerst nepBoro poaa HyJI€BOrO MOPSAKA;

Q J1(x) — dyskmus Beccerst mepBoro poja mepBoro mopsiika;

Q Jn(m, x) — byukuus beccens nepBoro poaa m-ro mopsika;

O YO(x) — ¢yuxuusa Beccenst BToporo poja HyJieBoro nopsaka, x > 0;
O Y1(x) — dyskmus Beccens Broporo poja mepBoro mopsizaka, x > 0;

Q Yn(m, x) — ¢pyukuus beccens Broporo poja m-ro mnopska, x > 0.

31ech x — BENIeCTBEHHOE Oe3pa3sMepHOe YHCIIO0; M — MOPAIOK, menoe gucio, 0 <m < 100.
MopuduunpoBannsie Gpynkuun beccens:

Q 10(x) — moaudumupoBanHas GpyHKIHs beccerst IepBoro poia HyJIeBOTO MOPSAKa;

O 1(x) — moaudumpoBarHas GpyHKIws beccesst IepBoro poja mepBoro MopsIKa;

O

In(m, x) — moaudurmpoBannas Gynkuust beccenst mepBoro poia m-ro MOpsaKa;

O

KO(x) — momuduunposanHas (ynkuus beccenss BTOporo poja HyJIEBOro MOPSJIKA,
x>0;
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O K1(x) — moaudpunupoBanHas (yHkuus beccenst BTOporo poja MEpBOro MOPSAKa,

x>0;

Q Kn(@m,x) — mogudunmpoBannas ¢yHkius beccenss BTOporo poja m-ro MOpska,
x>0;

31ech x — BENIeCTBEHHOE Oe3pa3sMepHOe YHCII0; 1 — MOPAIOK, menoe gucio, 0 <m < 100.

[Tpumeps! Tpaduueckoro mpencraBieHus HekoTopbix ¢GyHKuuii beccenst mokasaHsl
Ha puc. 12.29 u 12.30.

3] iy
1
10( ) 0N s
Iix Tz
Inf1,%) Tn(2,%)
In(3,%) g i‘ 4 mEw 5L
_4|:| I _1 I
-5 0 5 -5 0 5
x x

a) b
1 T 0.5
YDl:X:I 05
— 1801 %) ok
T 0 —
nmm el 1,x)
YIU:E,X:I_ | nEm
- 03 w29 g 5 |
(3,5 ; o
- . —1 — '. —
-15 ' -1 '
1 5 1C 0 3 10
x x

Puc. 12.30. Oyukuuu Beccenst: a — BToporo poxa; 6 — chepuieckue

OyHKIIUN DUPH SIBISIOTCS He3aBUCUMBIMU permeHmsivu OJ1Y:
Q Ai(x) — dyskuus Diipu nepBoro poja;

O Bi(x) — ¢ynkums Diipu BTOpOro pona.

31ech X — BELIECTBEHHOE Oe3pa3MepHOE YHCIIO.

KommurekcHas xomOmnarus Qynkmmii beccenss — KenbsBruHa BHIa SIBISETCS pELICHHEM
cootBercTByMOmEero O1Y, 3aBUCSIIETO OT MapaMeTpa A:

Q bei(n, x) — mauMas yacth pynkuun beccens — KenbBuHa nopsiaka n;

Q ber(n, x) — neiictBurenbHas yacth GpyHkuun beccens — KenbBriHa nopsaka 7.



259

Cdeprueckue pynxmmun beccens:
Q js(n, x) — chepuueckas GpyHkuus beccens nepsoro pona nopsiaka n, x > 0;
Q ys(n, x) — ceprueckas Gpynkmust beccens BToporo pona mopsaka 7, x > 0.

31ech n — MOPSIIOK (IETT0€ YUCIIO).

12.11.2. [pyrue cneunanbHble PyHKLMU

B Mathcad BBereHO MHOTO pa3IMYHBIX cHenUaNbHBIX ¢yHKuui. Kpome dynxnmii beccerns,
3TO ramMMa-(yHKLUs, THIIEpreoMeTpruyeckue (pyHKINH, OPTOrOHAIBHBIC MOJIMHOMBI U T. 1.
Onwucanue 5THX GYHKIOMHA, MaTeMaTH4eckue QOpMYJbl M IPUMEPBl HCIIOJIb30BAHMS
uMeroTcst B cripaBoyHoil cucreme Mathcad. Ha puc. 12.31 takke npuBEIEHO HECKOJBKO
MPUMEPOB HCIOJIb30BaHUS STHX (DYHKIUH.

M@AMHeMEl NopALEE N r=-2,-18.2
CAEMraA rpadue BHME,

JpuTa F(n,%) = Het(n,x) NGCMETEHTE BCe By HKLMM
Nareppa Fin,® = Lagin,®

10 [] '.-
INestanapa  Fin,#® = Legn,® . :
Akofin F(n,s = Jac(n,2,1,5  Fil.%) "t~ ol

Hebullweea Frn,x) = Tcheh(n,:)
Nepecre poad
Hebriweea  Fin,® = Uchebln,®
BTOpOrG pona

Famma-gyHKUMA Fin, 3 = Tin, 5

Puc. 12.31. IIpuMepsl UCIONB30BaHUSA OPTOrOHAIBHBIX IIOJIMHOMOB

12.11.3. JononHuTenbHble HeEaKTUBHbIE (PYHKLUK

Ilpu 3arpyske cumBosbHOro mpoueccopa Mathcad pacnosHaeT psa HONOITHUTEIBHBIX
crienuaigbHbIX  (yHKUMA: uHTerpansl @DpeHens, WHTErpajbHbIE CHHYC, KOCHHYC,
nokKasaTejabHylo (QyHKIMIO, auiorapudm, ¢ynkuuio [upaka. Craryc 3THX (YyHKIMMA
HEOOBIYeH — OHHM MOTYT (UrypHpOBaTh B pe3ysibTaTaX CHUMBOJIBHBIX OIEpalid, HO
HEJIOCTYIHBI JUIs OOBIYHBIX YHWCICHHBIX BBIYMCICHUH. OTH (YHKIHMH, 1O CYIIECTBY,
SIBJISIFOTCSL TEKCTOBBIMH 3alMCsAMH. BblpakeHnsi ¢ HeakTUBHbIMH (yHKuusiMu Mathcad
roMeniaer B Oydep oOMeHa, M MX MOXKHO U3BJIEYb OTTYJa /Ui IpocMoTpa. OnrcaHue 3TuX
(hyHKIHI ecTh B cipaBoyHO# cucteme Mathcad.

12.12. CTpokoBble QOYHKLMN

CrpokoBeie dynkumu (Strings) ucnons3yroTcs sl BBIBOAA CTAHAAPTHBIX COOOIICHHIA,
BO3HMKAIOIIMX B pe3yJibTaTe BbIYMCICHUH. Takue (yHKIUM BBINOJHSIOT JEHCTBHS CO
CTPOKOBBIMH  IlepeMeHHbIMH. CTpoka TpeicTaBiseT CcoOOH LEeMo4YKy CHMBOJIOB,
3aKJIIOYCHHBIX B KaBbluku. B Mathcad mmerotes cnenyronme (QyHKOUM g1 pabOTBI €O
CTPOKaMHU:

Q concat(4,B,C...)— CcTpoKOBas TIepEMCHHas, IONy4YeHHas OObEeIMHEHHEM
CTPOKOBBIX TIEPEMEHHBIX WM KOHCTaHT 4, B, C;

Q numa2str(z) — npeacraBieHue Yuca z;

Q str2num(S) — npeoOpazoBaHue CTPOKOBOTO MPECTABICHHS YUCIIa S B BELICCTBEHHOE
YHCIIO;



Q str2vec(S) — mnpeobOpazoBaHue B BEKTOpP CTPOKK S, cojaepalleil 3amucu
260 BEILIECTBEHHBIX YHCEJ B CTPOKOBOM (hopmaTte;

Q strien(S) — xonuuecTBO 3HAKOB B CTPOKE S
Q vec2str(V) — crpokoBoe npejacTaBIeHUE BeKTopa V;
Q Istring(S) — Bo3Bpataer 1, ecnu S — cTpoKa;

Q search(Sy, SubS, m) — Bo3Bpaiaer cTapTOBYIO MO3MIUIO MOACTPOKH SUDS B cTpoke
S\, HaumHas ¢ mo3uIuu m. Bo3Bpamaer 1, ecin moacTpoka He HalieHa;

Q error(S) — npu NOosIBIEHUH OLIMOKK BO3BpAILAET CTPOKY S;
O CWD — Bo3Bpallaet MoJHbIi MyTh K MarKe, [ XPAHUTCS OTKPBITHIA JOKYMEHT.

IIpumepsl nelcTBUM CO CTPOKaMHU MTPUBEAEHBI HA puc. 12.32.

& = "Drapemrpma " B = "gomssa Geme " C o= "cramapom " D= "BerTopom "
3= concat{& B, 0BLEaHHEHME CTROK
& = ""3Ta BemErmE gomEHa OEITE cRamApon

strlen(® = 34 HMHCNO CHMEONOE B CTROKE
search(d O 0 = 25 YMCND NOMUMA C HAYaNa CTROKK S A0 NoAcTpoky C

substy3 12,8) = " gomsma " BEVAENAST NOACTROKY M3 7 CHMBONOE,
Ha4MHaA © Nozuupy 11

V= strdvec(H) TJT=|:228 238 235 230 237 234 32 215 251 243 251 3

npecbpazoEaHke CTPOKM CHMEONOE B BekTOp ASCI-konoe

vecdstyV) = "gomesa Germe

npeobpazoeanue eekTopa ASCI-kopoB B CTPORY CHMEONOE

i

mamZste| 2.35-10° ) = "2350000"

NpeobpazoEaHWe YWCna
ste2ram( "2350000" ) = 2350000 B CTpOKY W obpatHo
CWD = "GMroma 3\ Trreptl maga 12-gon- dyrmanod”

NONHEIR NYTE K GaHHOMY DOKYMEHTY
Puc. 12.32. [Ipumeps! TpUMEHEHUS CTPOKOBBIX (QYHKIMIT

ITpu paboTe co cTpokamu mepBast MO3HUIUS CUUTACTCS HYJIEBOI.

BHUMAHUE

Jlns Toro 4toObl B CTPOKE MOXHO OBLIO ITHCATh PYCCKUE OYKBBI, A1 KOHCTAHT JOJDKEH
ObITh BBIOpaH WpuQT, padoTtaromuii ¢ kupuuneil. Ecian o He OblT ycTaHOBIIEH paHee,
HAaJ0 YCTaHOBHTH YTOJOK Kypcopa Ha JI000H 4YHCIeHHBIH pesynbrar. Ha mnanenn
(dopmatupoBanus nossurcs HaszBanue ctuwisi Constants (Korncrantsr). HykHO OTKpBITH
crnucok wpudToB U BHIOpaTh WpH(T, paboTaromuii ¢ KUpHLIMIeH, Hanpumep Times
New Roman Cyr.
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[maBa 13. Pabota ¢ Mathcad-gokymeHTamu

JlaHHas KHUTa paccuMTaHa Ha JIIOJCH, 3HAKOMBIX ¢ pabortodi B Windows. MHTepdetic
Mathcad tunmden ans Windows-puiaoKeHHH, MO3TOMY HE CTaBHTCSI LIEJIBIO OIKCATh
cozepkanne Bcex manened Mathcad. B mpomecce paborer ¢ Mathcad mnonp3oBarens
TIOHEBOJIe BBIHYXKJCH 03HAaKOMHThCA ¢ mHTep(dericom Mathcad. B naHHO# rnaBe cooOmum
JMIIb CBEICHUS, HEOOXOIUMBIE Ul MHXKCHEpHBIX pacyetoB B Mathcad u mo3BoJstomime
n30eKaTh ONPEACICHHBIX TPYAHOCTEH B paboTe.

13.1. lNocTpoeHne maTtemMaTUYeCKMUX BblpaXkKeHNI

IMocTpoenne MaTemaTHYeCKHX BBIpaKEHUH ObUTO ommcaHo B riaBe 1. Tem He MeHee, oauH
BaYKHBIHN a03a1] U3 IIEPBOH TIIaBEI IIOBTOPUM H 3/1€Ch.

Wmst BeIpaxeHust (Bce, 4TO CTOUT CJIeBa OT 3HaKa MPUCBOCHUS 3HAUCHHUSI) MOXKET COCTOSTh
U3 JIATHHCKUX, PYCCKUX, IPEUECKUX U IPYrux OykB M 1u(p, 3HAKOB NomgdepkuBanus (),

wtpuxa (), cuMBoJa npoueHTa (%), 3Haka OECKOHEUHOCTH 0 , BBOJUMBIX C KJIaBUATYPBI.

Nwmena nepeMeHHBIX U (QYHKIMIH HE MOTYT HaYMHATHCS C LUQPHI, 3HAKA NOAYEPKUBAHUS,
mTpuxa, cuMmBona mnpoueHta (%), He MOTryT BKIOYaTh B cebs npoOensl. CuMBOI

OCCKOHEYHOCTH © MOIKET OBITh TOJIBKO TICPBBIM CUMBOJIOM B UMCHH.

BHUMAHUE

Mathcad BochpuHMMaeT IIPONMCHBIE W CTPOYHbIEe OYKBBI KaK  pa3jIM4YHBIC
WACHTU(UKATOPBI, TaK JK€ Kak OAHA M Ta ke OykBa, M300pakeHHas pPa3IMYHBIMU
mpuQTaMi, — 3TO pa3HbIe UMEHa.

B Mathcad 13 8 mento View » Toolbars (Bux » [lanenun HHCTPYMEHTOB) MOSBHIICS MYHKT
Custom Characters ([ononuurensasie cuMBoiibl) (puc. 13.1), BEIOpaB KOTOPBIM, MOKHO
OBICTPO BCTaBUTh HEKOTOPHIE CHMMBOJIbI, BCTpeuaroniiecss B Mathcad-nokymMeHTax, Takue
kak °F, °C, £, =, | |.

" " Mathcad - [BesbiMAHHBIN:2]

ﬂl] ®arn  Mpaeca PEERN BeTaEka  PopmaT  MHCTRyMEeHTEl  CWMMBOMEHEIR onepauia - OkHO  Crpaeka

OD-2-d &0 v CraHaapTHaR
ENormaI TNiaHeinka v DOpMATMDOBAHIE = ==
¥ CTpoKa COCTOAHMA ¥ MaTemaTika
- OKHO TPACCHDOEKLA INEMEHTEI YIPABNEHNA
Pecypokl
KONoOHTITY Bl
OTnagka
BeroHel
AHHOT AL Kanekynatop
Cpachik
OBHOBMTE Crl+R
MaTpia
MacwTab. .,

BulqcneHe

MATEMATIMUSCKIAR AHAMIAS

flonosk... [X] Eynega anretpa

- f R MporpaMMApOBaHIAe

S Mpedeckie
CUMBCEHEIE
MogdLaTop

v JononHMTeNbHBIE CMECBI

Puc. 13.1. Bei6op nononHutensHeIX cumBoiioB B Mathcad 13
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Nmena nepeMeHHBIX 1 KOHCTAaHT B Mathcad MOTyT MMeTh HIKHHH HHIEKC-KOMMEHTAPHH.
Jns BBOZA €ro HYXKHO, BBIICIMB MMsI YTOJIKOM, Ha)KaThb KIIaBHIIy (TOYKa) M BBECTH C

KJIaBHATypBI JII000H KOMMEHTAPHUIL, HAPHUMED, O usnoc -

OTIHYNTh HWKHUN WHICKC-KOMMEHTAPUH OT MHICKCA JIEMEHTa BEKTOPA HJIM MATPHLBI B
Mathcad 13 u Gosee MO3AHMX BEPCHSIX IMO3BOJSET TOYKA OKOJO MHJIEKCAa-KOMMEHTApHs
(cpaBHuTe Vi 1 V), KOTOpasi BUIHA MIPH BBIZEICHUH BBIPAXKECHUSL.

HOC’I‘pOeHHLIC MAaTeMaTUYCCKUC BbIPAKCHUS HEJIb35 (i)OpMaTPIpOBaTI) IMPOU3BOJILHO. I[J'[S[
OTACJIBbHO B3ATOI'O BBIPAXKCHUS HCJIb3A BBI6paTI) CBOI1 (bOpMaT.

13.1.1. Ctunun 3anucu BblpaxeHnmn

Marematiuueckue BBIPOKEHUSI MOTYT COJIep)KaTbh JIMIIb IIEPEMEHHbIE W KOHCTAHTHI.
CootsetrcTBeHHO B Mathcad mpemycMOTpeHO oTpeieieHiue CTHIIS IEPEMEHHBIX U KOHCTaHT
(Variables, Constants).

BHUMAHUE

Ecan BEI, ycTaHOBUB Kypcop Ha OJHOM M3 BBIPAKEHHH (MM BBIIEIHB 3TO BBIpaKCHUE
HETMKOM WIM YacTUYHO), C TOMOINBI0O MaHenu (HOPMATHPOBAHHS H3MEHHTE
HaMMEHOBaHME WIpU(Ta WIM €ro pasMep, TO ITO H3MEHEHHE aBTOMAaTHYECKH Oynmer
IIPUMEHEHO KO BCEM BBIPAXKECHUSAM, OTHOCSIIUMCS, COOTBETCTBEHHO, K IEPEMEHHBIM WU
KOHCTaHTaM.

Takoe ke n3MeHeHne (opmara MEPEeMEHHBIX WM KOHCTAHT MOXKHO BBIIOJHHTH H3
rmaBHoit maHenu Mathcad, BeiOpaB Format » Equation (®opmar » YpasHenue).
Otkpoercss nuanoroBoe okHo Equation Format (dopmar ypasuenwmii) (puc. 13.2).
Beioepute ums ctuis Variables (Ilepemennsie) wmn Constants (Koucrantsr) » Modify
(U3menuts). B HoBOM okHe BoiOepute WpndT, HaueptaHue, pasmep » OK. Tlocnennee
OKHO OTHOCHTCS K HHTep(eiicy Windows, i Take B aHTJIOSI3BIYHOW BEPCHU MYHKTBI MEHIO
HaICaHBI Ha PyCCKOM s3bIKke (puc. 13.3).

D opMaTt ypasHeHMH §|
MaTemMaT4eckil cTMe
A CTIANA
‘ ameHTE |
Hosoe 1A cTianA
LIEeT ypaBHeHMA no ‘ 0K |
Bl epHeiA =
‘ JTrMeHa |

Puc. 13.2. MeHio popMaTHpOBaHHS EPEMEHHBIX M KOHCTAHT

I/ITaK, Mathcad He pazpemaet U3MCHATH CTHJIb  OAHOI'O0  OTACJIBHO  B3ATOTO
MAaTEeMaTUYCCKOI'O BbIPAKCHMUS. HO, «€CJIM HCJIb34, HO OYCHb XOYCTCsA, TO ... MOXKHO). Z[J'If[
9TOro HaaAo0 CO31aTh HOBBII CTHIIb B IMPUMECHHUTD €0 K BLIGpaHHOMy BBIPA>KCHUIO.

Jliist co3aanust cBOero CTHIIs Hajo B riaBHOM MeHio Mathcad BeiOpars Format » Equation
(®opmar » Ypasuenusi). B mosiBumemcst okae Equation Format (@opmar ypasuenuit)
BeIOpaTh oauMH U3 cruimeid Users (mpu kemaHuu mnepeMMeHoBath ero) b modify
(Usmenwuts) » Font (Llpudt) » BeiOpars mpudr, Havepranue, pasmep » OK (puc. 13.3).



263

AHAIOTHYHO MOXHO CO3/1aTh CBOW mpu(T st pabotel ¢ TekctoM (puc. 13.4). Tompko B
mento Format smecto Equation seiGpars Style.

A BOT CTHIIb BEIBOJIA PE3YJIbTATOB pacueTa A OAHOIO-€AMHCTBEHHOI'O YHCJia CO34aTh HE
yAacTes. Crunmn Users B sToM Cjlydyac HC IMPUHUMAIOTCHA, a mo00e M3MeHEHHe Q)opMaTa
YJurciia IpuBOAUT K aHAJIOTMYHOMY U3MCHCHUIO (l)opMaTa BCEX YHUCCI B JOKYMCHTC.

OOpatuTe BHHMMaHUE Ha TO, YTO MpPU UCIONB30BaHMU okHa Equation Format (®opwmar
ypaBHeHMIT) B Habope mpH(TOB MPUCYTCTBYIOT IIPH(THI, paOdOTAOIIUEe ¢ KHUPWLIHIICH
(puc. 13.4).

[ EGET|

mwm‘.m Tp
lo-zm sy

J |Norma|

Crp.

x X

H
g

n |Ar|a\

Dopmart ypasHeHWi

WETEMATIHECKMA CTIME
Mma eTrna

HauepTaHme. Pazmen:

[ser 1 v | viamerme Al

O Avial Black KYpCUHE 1 =
0 Arial Narow SHMPHBIE 12 =
T Arial Unicode M3 SKMPHBIE KYpCHE 14 L_|
T Batang 1B
0 Book Antiqua 18
(} Bookman Old Style e 20 |

Hosoe 1A cTina
|User 1 |

LieT ypasHerit no oK
|-‘—{6pr|[71 o | BuaouzreHeHwe OBpaszey,
,
[CINoaueprayTei

Leer.

Wpksht OpenType OHWUCNONE2YeTCA ANA BHBOAA KAK HA 3KPaH, Tak |
HELMPHHTER.

AaBbEbed

Puc. 13.3. Co3nanue cBoero cTHiIs A1t paboThI C IEPEMEHHBIMU

Mathcad - [Beasmannbi: ]

. 0 B Arvgsn 18
Lo 0 Bockrun OM Style % n L
BaotHAT: pirvor . E e
My MR, TR O [ 3aseprrytest ARBLESDH
[l Doaseprnmeast
CnpegensHe eTann [l rgnerpowssi
- d 1) ]
e sy [ .. e
v r e W Lipuaht OpenTypse. Om
Ha ccvcee: | TN Afoa. - o WIOMIVETCA AAR BLBOAD KK M

P, TEKH Ha TPHHTER.

Orucisee

Mormal +

- BeE@G Q-

Puc. 13.4. Co3manue HOBOrO TEKCTOBOI'O CTHIIS

IIpumMep Hcnonabp30BaHUS HOBOTO CTHJISA MPpHUBENEH Ha puc. 13.5.



264

CTAHAEPRTHBIE DyHKLMY — SHSHOIPRINGLIO- Y HINMN

a= 10 stan(s) = 1471 @tarXs) = 1471 | atan(ad) = 44

atanla) = 1+ atanl8) = 1373
|3Ta MepepMeHHSA He onpedensya.

Puc. 13.5. [IpumeHneHne BHOBb CO3/1aHHbIX CTUIICH

[epBoe BeIpaxkeHHE B BepXHei cTpoke pucyHka 13.5 cozgaHo TekcroBbiM ctuiiem Normal,
BTOPOE — BHOBb CO3JaHHbIM cTiiieM MO CcTunb.

Bo BTOpO#f U TpeThell CTpOKax Ui MepeMEeHHBIX BaphUpyrOTCs cTiib Variable u BHOBB
cozmannbii Users1. Jlns BBIBOJA pe3y/bTaToB NpHMEHeH emuHbii ctuiab Constants.
OOparute BHUMaHUE Ha TO, YTO MEPEMEHHas «, BBeleHHas ctuieM Variable, cranoButcs
HeompeaeneHHoi st Mathcad npu BBeIeHUH €€ IPYTHM CTHIICM.

CrenaHHble U3MEHEHUS IEPEMEHHBIX U KOHCTAHT HE KacaloTcsl pe3yJIbTaToB pacueToB. J{ist
HHX CYILIECTBYET CBOU crtoco0 GopMaTupoBaHusl.

Eciu B mento Format (®opmar) Beibpats Results (Pesymbrar), To OTKpoeTCs OKHO
(hopMaTHpOBaHUs PE3YIILTATOB PACUETOB, Tae MOKHO BBIOpate Number Format (®opmar
gucen), Display options (Bua ua skpane), Units Display (M3o6paxenue pasmepHOCTE#i),
Tolerance (ITorpernocts) (puc. 13.6).

D opmaT pesynLTara S|
DOpMET UACNS MapareTpel 0TOOpA¥EHIA
OTOBREHEHME B AMHL, M3MEDEHIASA MorpelHoCTE
KomMnnekcHeld nopar (107 10 £
Hyneeol nopor (15) 15 =

o Comes

Puc. 13.6. OxHO (hopMaTUPOBaHUSI PE3yIbTATOB pacueTa

Bkrnagka Number Format (®opmar umcna) npennasnaveHa s (opmarupoBaHus
YHCEN — 3TO MOAPOOHO OMKCAHO B riiase 1.

Bxkuanka Display options (ITapametpsl oToOpaskeHus1) mpeHa3HaueHa sl BIOOpa BHIA
Ha DKpaHe (3TH JEHCTBUS OMHMCaHBl B TiaBe 4, MOCBANICHHOW paboTe C MaTpHIaMH,
IIOCKOJIBKY UMEHHO BHJ MAaTpHI] IIPEIJIaraeTcsi U3MEHATh B 3TOM IIyHKTE MEHIO). 31IeCh ke
MO>KHO 3aJ1aTh BUJ MHHMO €IMHUIEI Ha 3KpaHe: JIU0O 7, 160 j.

Ha Bxuaake Units Display (OtoOpaxkeHue eauHHIl U3MEPEHHUsS]) MOXHO BbIOpaTh B
pasmepHocTeit Ha skpane (omucaHo B riase 11). Haxartue knonku Format Units (@opmar
pa3MepHOCTeil) H300paXxaeT OTPHUIIATENbHbBIC CTEIICHH Pa3MepHOCTel B Bue Apoou. [TyHKT
Simplify units as possible (YporaTs pasMepHOCTH, €CITi MOXKHO), KaK TPAaBUIIO, HUYETO
HE MEHSET.
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Ha srimaake Tolerance (IlorpemHocTh) MOXHO BbIOpaTh [MOPOr  OTOOpaKEHHS
komiutekcHoro uncia (Complex threshold), no ymonuanuto pasusiii 10. D10 03HavaerT,

Z
9TO TIpHU %> 10" 4ucno Oyner m300paXkeHO Kak neiicTBuTenbHOe (0e3 MHHMOIt
m
Im(Z
yactn). Ilpu %> 10" amcno Oymer wn300pakeHO Kak YHcTO MHHMoe (0Oe3
e

JIEHCTBUTEIILHOM YacTH).

Kpome Toro, Ha 3TOM BKJIAJIKe YCTaHABIMBAETCS MOPOr PABEHCTBA 4Yucia Hymo (Zero
threshold). [To ymosuasmio 5ToT MOpor paseH 15, To ecTh umcio, MeHbiree 1077, Gyaer
M300pakeHO KaK HYIIb.

Ecin HeoOX0OuMO BBIZENUTH IBETOM MM pa3MepoM OYKB OJHO MM HECKOJIBKO
BhIpaKeHu#, ucrnonb3yidte nyHkr Property (CoiicTBa), COJCpKAIUICS B KOHTEKCTHOM
MEHIO, OTKPBIBAIOIIEMCS IIPU HAXXATHU IMIPABOM KHOIKM MBI Ha HY)XKHOM BBIPQKCHHUH.
[IpenBapuTebHO HY>KHO BBIOCIUTH HYXXHBIH O0BEKT WM Tpynmy o0bekToB (puc. 13.7),
NIepEYEPKHYB X KypCOPOM..

OToSpaseHue |3au.uATa Ykazatens

I
e - g} |
[V]Beinenute pervon - - - - - -
HEEEENEN
[JMNokaskeaTs rpaHuLe - - - - - -
HEEEENE N

JononHUTENEHEIE LEETA:

oK H OTMeHE H Crnpaeka ] ::FFFFFFF

I OI'IpB,D.E!J'IHTb LEET >> ]

[ oK H OTMeHE H Crnpaeka ]

Puc. 13.7. Ber6op cBOHCTB BBIIETICHHOM IPYNITBI 00BEKTOB

NMPUMEYAHUE

HamomuHaeM, 4To colepikaHue KOHTEKCTHOI'O MEHIO 3aBUCHUT OT BBIJICJIGHHOTO OOBEKTa.
B HeM kaxaplil pa3 nosiBISAIOTCA Hanboiee Hy>KHbIE B JAHHBI MOMEHT ITyHKTHI.

Ha puc. 13.7 npenmaraeTcst BEIIETATS OOBEKTHI IBETOM M PAMKOH.

Brnanka Protect (3ammruth) mo3BoiseT 3anpeTHTh PEIAKTUPOBAHUE BbIJCICHHBIX
00BEKTOB, HO TOJIEKO B TOM CIIydae, €CIIM BKIFOUCHA 3aI[UTa BCETO TOKYMEHTA B IICIIOM.

13.2. AHHOTaumsa pannos n obnacrten annos

B Mathcad 12 u 13 mosBmIach BO3MOXXHOCTH OOABJICHUS KOMMCHTapHUEB B CBOMCTBa
orepatopoB u (Qaitnos. PekomeHayeTcss B mabioH JOKyMEHTa IT0OaBUTh MM CO3ATEIS
(halitoB M OpraHU3aNny, TOTJa 3TH CBEICHUs OyIyT MPUCYTCTBOBATH B KAXKIOM CO3JJaHHOM
JOKYMEHTE.

B rmaBHom wMeHio Mathcad Beibepute File » Properties (®aiin b CgoiictBa) u B
OTKpBIBIIIEMCS OKHE BIUIIUTE CBENCHHs O co3maBaeMoM (aine (puc. 13.8). Ecmm
HEoOXOJMMbIC CBEICHMS BBECTH Ul YHCTOM CTpPAaHMIBI M COXPaHUTH €€ Kak IalbIoH
JOKYMEHTa, 3TH CBEACHHs OyIyT NPUCYTCTBOBATH B KaXXOM CO3JaBa€MOM BaMH Ha OCHOBE
storo mabnona ¢aitne. IIpaBaa, >TH CcBeACHHS MOXXHO MPOYUTATH TOJBKO B 000JOUYKE
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Mathcad. Osn He BuUAHBI W3 (PaIOBBIX MEHEIKEPOB, Hampumep, Mo KOMITBIOTED,
IIpoBoxauk (B8 Windows), Windows Commander.

CEOAKA |Ha|:Tp|:|Hk:a MNaparmeToel XL

HazeaH1E! Maea 13
ABTOR: Makapoe
CrcaHue PaboTa C TEKCTOM

CpraHnMsaUMaA; BITY

KrnioueEse Mathcad TewcT|

HIEEN Glaval2-Specfunction-g.xmcd

Twn: HML-pokyreHT Mathcad

PacnonoseHe: FAPaboralyHandtyno Matkag 15\2n-kHura-Emcdy,. 0,
FPazmep: 1,2 MB

CoziaH: 27 CkTAbpe 201071, 17:52:17

l1=MEHEH ! 27 OkTAbpe 20101, 17:52:17

SE TN 1

Peaakian; 1

oK || OTMEHS || Crpaeka

Puc. 13.8. BBox koMMeHTapus K JOKYMEHTY

UroObl 100aBUTh KOMMEHTapUH K OTIEJIbHBIM MAaTeMaTHYECKUM BBIPOKEHUSM, B
cranpaptHoM Mento Mathcad Beibepute View (Bug) u oTrMersTe (QUakkoM MTyHKT
Annotation (Aunoranus). Ecin k kakuM-m100 00beKTaM yxe J100aBlIeHbI KOMMEHTAPUH,
TO 3THW TMYHKTHI OyAyT BBIJEJCHBI IBETHHIMH CKOOKamu. L[BeT 3THX CKOOOK MOXKHO
OlpeNleNinTh,  BBIOpaB B craHmaptHoM  MeHio  Format » Color » Annotation
(®opmart » LlBer » ArHOTanus). [ BBOJA aHHOTAIIMH IIEIKHATE PABOA KHOIIKOW MBIIITH
Ha TOM OOBEKTEe, IIe HaJ0 BBECTH AHHOTAIMIO, B KOHTEKCTHOM MEHIO BBIOEPUTE MYHKT
Annotate Selection (AHHOTHpPOBATH BEIIEIEHHOE) U B TIOSIBUBIIEMCSI OKHE BBEIUTE TEKCT
kommMeHTapusi. [locne Toro takoil 0ObEKT Ha dKpaHe OyAeT BHUACH B KPYIJIBIX CKOOKax
BbIOpaHHOTO 1BeTa. YTOOBI YBHIIETh KOMMEHTApHUil K OOBEKTY, LISIKHUTE HA HEM MPaBOi
KHOIIKOM MBI W B KOHTEKCTHOM MeHi0 BeiOepure myHkT View/Edit Annotation
(ITpocmoTpets mim W3MEeHUTh AHHOTaIM0). Ha skpaHe MOSBUTCA OKHO ¢ KOMMEHTapueM
(puc. 13.9).
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X

AHHoTaumA seifopa

arg(C) = 13 | (hrg(C)) = wdes | ADMVMEHT KOMNNEKCHOO YMCNA HormeHTapAi |

POCMOTPETE kM 13| AMTh aHHOTaukio. ..

KOMMEHT S

¥ Brpesato
KormpoBaTh

CBOMCTEA...

OTEAOUYATE BblHMCEHE

[ OF H OTmeHa H Cnpaeka

Puc. 13.9. [IpocMoTp KOMMEHTapus K MaccuBy A

13.3. 3awmTa nucopmauyum B Mathcad

YroObl BKJIOYUTH 3aIUTy BCErO JOKYMEHTa B IIEJIOM, Haj0 B riaBHOM MeHi0 Mathcad
BeiOpate  Format » Protect Worksheet  (®opwmar » Bammrute  gokyment). B
MOSIBUBIIIEMCSI OKHE MPEJJIaraeTCsi TPU YPOBHS 3aIUThI JoKyMeHTa (puc. 13.10):

1. File (®aiin) — He HakmagpIBACT HUKAKUX OTPaHMYCHHWN HA PEOAKTHPOBAHHE W
KOIUPOBAHHUE JIIOOBIX PErHOHOB (haiiia, TO eCTh 3alUTa OTKIIOYCHA.

2. Content (Coxepxanue) — CyIIeCTBYIOIINE PETHOHBI 3AIUIICHBI OT PEIAKTHPOBAHUS.
HoBbie pernoHsl MOTYT OBITH CO3/IaHbI. 3aIIUIIEHHBIE PETHOHBI MOYKHO KOITUPOBATh.

3. Editing (PenaktupoBanue) — CO3AaHHBIC PETHOHBI HE MOTYT PEAAKTHPOBATHCS HIIH
KommpoBarhcs. HoOBbIe permoHbl HE MOTYT OBITh cO3#aHbl. [Ipy HakaTHd MpaBOM
KHOTIKY MBIIIA KOHTEKCTHOE MEHIO HE JICHCTBYET.

Beibop aroro nynkra Password (ITaposs) HanGosiee 3p(heKTHBHO 3amUINAET JOKYMEHT.
Heo6xoa1mo BBecTH maposis qBa pasa u Haxats OK.

3auMTa JOKYMEHTA [‘?|
YpoBeHs JALLMTE ok
Owaitn O Conepramoe @ Uamererie
JTrMeHa
Capons (HeobAsaTensHD );
Crnpaeka

MNoETopeHMe:

Puc. 13.10. 3amura 10KyMeHTa OT PeJaKTHPOBAHUS WIIH KOTIMPOBAHHUS

Jlnst cHATHS 3alldThl Hafo B riaBHOM MeHio Mathcad Beiopates Format » Unprotect
Worksheet (Uuctpymentst P CHsITh 3amiuTy ¢ AokymeHrta). Eciu ObLT BBEIEH Mapolib,
IHOABUTCS COO6HICHI/IC C MIPCIJIOKEHUEM BBCCTU IAPOJIb AJId CHATUA 3allIUTHI.

B Mathcad umeeTcst BO3MOXHOCTD 3alMIIATh OT PEIAKTHPOBAHUS TOJIBKO YaCTh PETHOHOB.
Jlyist 9TOrO MIENKHUTE MPaBOW KHOIMKOW MBINIM Ha JF0O0M 00bekTe. B OTKpbIBIIEMCS
KOHTEKCTHOM MeHI0 Bbibepute Properties » Protect (Croiictsa P 3amura) (puc. 13.11).
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CeoncTBa

OTo6pEkeHKE | BeidHMCNEHMS HaCTpDHKa| JawmTa | Ykazatens

QE[LLI,HTHTI:- FEroH OT neNakTHpOBaHMS:

JaWKTa PEMMOHOE AERCTEYET TONBKD TOMOS, KOFAR SAWMWLEH
CAM A0KYMEHT. HTOGE 28WKMTHTE AOKYMEHT, BEISEPKHTE E MEHH
"MHETPYMeHTE" KoMaHOY "SaWwMTHTE A0KYMEHT".

K || CTrMeHa || Cnpaeka

Puc. 13.11. Brutouenue BO3MOKHOCTH 3aLIUTHI JOKYMEHTA

[lo ymomuanmto myHkT Protect region from editing (3amurute perwon ot
PeIaKTUPOBaHMs) BKIOYEH Y BCeX BbipakeHHH. CHUMHTE MOCTABICHHBIN (JIaXOK, 4TOOBI
B [JaibHEWIIeM TIpH BKIIOUCHHH 3ammThl B MeHI0 100Is » Protect Worksheet
(UMucTpymenTsl P 3amura IOKyMEHTa) OOBEKT OCTAlCs HE3aIlMUICHHBIM M MOI OBITh
OTpEIaKTHPOBAH.

He 3a0ynpre coxpaHuth (aiiin, 4ToOBl 3alUTa OCTABANACh BKIIOYEHHOW NMPU OTKPHITHH
(hatina.

B Mathcad MOXXHO HCIIONB30BaTh YCTAHOBKY YPOBHS 3aLIHMTHI 10 YMOJYaHHUIO ISl BCEX
OTKpPBIBAEMBIX JTOKyMeHTOB. /Jlns ostoro B mimaBHOM MeHI0O Mathcad BriOepuTe
Tools » Preference » Script  Security  (Muctpymentst » [Tapamerpsr » BesomacHocTs
ckpunroB). OTKpOETCsl OKHO, TOKa3aHHOE Ha puc. 13.12.
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MapameTpkl ﬁ|

CoLLme PacnonoxeHwe dainoe MNapameTpel HTRL
MpesyNpes A eHKA Bez0nacHOCTE CKPWNTOR A3kl CoxpaHeEHMe

KOMAOHEHTE], NOAASEHMESHILLME CRIMNTE

BriSepiTe ypoBeHs BE20NMaCHOCTI, ONpEAEnAKILYAR LERCTEMA M
OTHPEITMM AOKYMEHTA, COARPHALLEND NOTEHLMANEHD
HEOE20NACHEIE KOMMOHEHTEI, NOALEPHMEIHILIME CHPMMTE:

() BICOKAA YpoBEHE GE30MSCHOCTH

() Cpearmi yposeHs Ges0nacHoCTA

(®) Huzkuid ypoEEHE GE30NACHOCTYE

HL3KAR YpoEEHE DESONACHOCTM:  AOKYMEHTEI OTHDBIEHOTCA OE3
AHanKMza DEE0NACHOCTIA My COLEpHIMMOno.

oK, || OTMEHS || Cnpaeka

Puc. 13.12. YcraHoBKa ypOBHS 3aLUTHl OTKPBHIBACMBIX TOKYMEHTOB

B oTkpsIBIIEMCS OKHE NpearaeTcs BEIOpaTh YPOBEHb 0€30MaCHOCTH, YTOOBI ONPEIeNIUTh
JeHCcTBUS, COBEpIIAEMbIE IpPH OTKPBITUM JOKYMEHTOB, COJEpXKAIUX 3allUIIECHHbIE
00beKThl. OTMETHTE IEITYKOM MBIIIN OJWH U3 TPEX YPOBHEH 3alHUTHI:

1. Low Security (Hu3kuit ypoBeHb 6€30MacHOCTH) — JOKYMEHT OTKpBIBaeTCs 0e3 yuera
YPOBHSI 3AIUTHI TOKYMEHTA.

4. Medium Security (Cpennuii ypoBeHb 6€30MaCHOCTH) — IPU OTKPBITHH JOKYMEHTA,
COZIEPYKAILETO 3ANUIIEHHBIE PETHOHBI, Ha 9KPaH BBIBOIMUTCS TPEAYIPEKICHHE.

5. High Security (Boicokuii ypoBeHb 0€30MaCHOCTH) — 3allUIIECHHbIE PETHOHBI
ABTOMATHYECKH OTKJIFOYEHBI ITPU OTKPLITHH JTOKYMEHTA.

Hcnonb30BaHue 3TOro MEHIO HEOOSI3aTEILHO IIPHU BKIIFOYCHUHU 3alIUTBI JOKYMCHTA.

13.4. 3akpbITble 30HbI B Mathcad

3akpbITasi 30Ha — 3T0 4acTh Mathcad-mokyMeHTa, KOTOpasi MPUCYTCTBYET B JIOKYMEHTE,
y4acTBYET B pacueTax, HO He BHJHA Ha 3kpaHe. HeoOXoanMOCTh B CO31aHUN TAaKOH 30HBI
BO3HHMKAeT B ABYX CIIydasx: IJIsi yMEHBLICHHsS pa3Mepa JOKYMEHTa W JUIS COKPBITHA
MHPOPMAIHU OT MOCTOPOHHUX TJIa3.

UT008I cO31aTh 3aKPHITYIO 30HY, CAeNaliTe CleayIomee:
O B riasHom mento Mathcad BeiGepure Insert » Area (BcraBka » O6nacts). Ha skpane
MOSIBSITCSL IBE TOPU3OHTAIBHEIC JIMHIH C YKa3aTeIsIMU clieBa. [lepeTamure uxX MBIIIBIO

B HAa4aJo U B KOHEIl 00JIaCTH, KOTOPYIO HAJI0 3aKPBITh.

Q [lenkHUTe MNpPaBOil KHOMKOW MBI B BBIACIEHHOW JUHUSAMH obOmactd. B
OTKpBIBIIEMCST KOHTEKCTHOM MeHI0 BhIOepuTe Collapse (CepuyThb). Beinenennas
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o0nacth ucuesneT. OcTaHeTCs JUIIb OHA TOPU3OHTAJIbHAS JIMHUA C YKa3aTCIIEM.

BelpaskeHns1, CKphITBIE B 3aKPBITOH 001aCTH, MIPOJODKAIOT paboTaTh B JOKyMEHTE, XOTS H
HE BHJHBI Ha 3KpaHe. UTOOBI OTKpPBHITH 3aKpPBHITYIO O0JIACTh, HY)KHO CHENaTh IBOMHON
IIETYOK JIEBOW KHOMKOHM MBIIIM HAa JIMHUM C yKasareneMm. CKpbITas 0071acTh CTaHOBUTCA
OTKPBITOH U MOSIBISIETCS] HA 9KPaHE B 00OpaMIICHUH JBYX JINHHUN C yKa3aTEIsIMH.

YT10oOBI yIaauTh 3aKPHITYI0 00JIACTH MIEIKHUTE MBIIIBIO HA OIHOM W3 JINHUH C yKa3aTemneMm,
BBIJICIUB ee, n Haxkmute kinasuiy Del (Y aanuts).

EnokvpoBKa obnacTti

[apone (HeobazaTensHo):

| | CHATHe 6NOKMpPOBKM o6nacTy
e

MoBTopeHMe: Oapons

K

BepHyTbO6J’IECTb D EaSBEpH\fTb obAacTE

N FazpellmTe pasBepToBAHWE 1 CBSpTHBaHME 0BNacTH B
EpemA BoKMpOBKA

MogasEEATE EpeMA BNOKMPOEKK

Puc. 13.13. Beog napoist npu 3alipaHu U OTIHPAHUU 30HbI

YToOBI 3ampeTuTh IOCTYN K 3aKpBITOH 30HE, BHauaje 3akpoiite ee, BeiOpaB Collapse
(CepHyTh). 3areMm, IICIKHYB Ha JIMHHUM C yKa3aTeJleM IPaBOW KHOIMKOH MBIIH, B
KOHTEKCTHOM MeHo BbiOepute Lock (BnokupoBats). IlosBUTCS 3ampoc BBECTH Mapodib,
TIpr4eM JBa pasa, A HageskHocTH (puc. 13.13). Tloce BBOMA maposs Ha JTMHUH PSIIOM C
yKazaTeleM MOSABSITCS 3aMOK U JJaTa 3aKPBITHS 30HBI.

J71s1 OTKpBITHSL 3a11€pTOM 30HBI IIEIKHUTE IPABOM KHOIIKOW MBIIIM HA JIMHUU C yKa3aTeleM
U B KOHTekcTHOM MeHio Bbibepute Unlock (Passepuyth). IlosiBuTCsl 3ampoc Ha BBOJ

napoJst. [Tocne BBoa mapoJist 30Ha OTKPBITa, 3aMKH Ha JIMHUM C YKa3aTeIsIMH HCUC3HYT.

Paznuunbie BapuaHThl 30HBI TIOKa3aHbl Ha puc. 13.14.
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" " Mathcad - [Glava12-Specfunction-d]

m dain  Mpaeka Blipg BCTaBKa  ©OpMAT  WMHCTRYMEHTEL

D-ZH 8RY &BE o "

z
=3 a=04 fiiz) = si.n[x-za) fl(z) = J fiz) dz
0

J0HA CHaTa

J0Ha zanepTa

(S BT Hoa 19 20:21:15 2002

z
x=3 a=04 f(z)= sin[x-za) fl(z) = j f(r) dz
0
BT HOA 19 20:21:15 2002

J0Ha caTa W FanepTs

Tue Moy 19 20:32:55 2002

Puc. 13.14. CxaTue 1 3an1paHue 30Hbl

B Mathcad 13 pacmmpeHs! BO3MOKHOCTH O(QOpMIIEHHUS 3aKpBITON 30HBL Ll{enkHyB mpaBoit
KHOIKOM Ha CKPBITON 30HE, BhIOEPHTE B KOHTEKCTHOM MeHIO BkiIaaky Area (O6macts)
(puc. 13.15). Ha »To#i BKJIagKe MOXKHO BIIMCATH 3arOJIOBOK 3aKPHITOH 30HBI, OTMETHTH
BBIICJICHUE €€ JIMHUSAMU U 3HaYKOM, C/AEJIaTh 3Ty 30Hy COBCEM HEBUANMOM.
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-rE2EH SRV sBBE o = R l100% v| @
T.n qly=1U vlj=u al;j =10 Ly =10

.
W
=

20ECk CKpbITA NPOrpamMMa MHTEMPUPOBEHWA YREEHEHWA ABMKEHHA MaTOa oM HelomMapka

(b}

JBOAHOA WenYoK Ml Ha STOR NUHKK omMERLIBaE M 3aKPLNTID 30HY
JBOAHOA WenYoK MeIW Ha 3TOA NWHKK 2aK0LIBAEIN OMKDLNTIG 30HY

Ortospakenue | U8nacTe | 3awuta | Ykazatens LIEHWE  omas = Supsmooth(t, q)

1MA oBnacTy; |TlporpamMHa padeTa KaneSaHu

MokazeieaTte ]
] Miarmra V] 3nauok [#] ¥irs

Bpema (koroa o5nacTe Geina 2agnokUpoeaHa)

[(IPaspewute pazeepTHEEHUE W CREPTHEBAHME NPW BADKMPOBKE

oK, ]l OTtMeHa H Crnpaeka

-0z

-0.4

Puc. 13.15. OdopmiieHne 3aKphITOi 30HEI

13.5. Co3gaHune BbIMUCIUTESNbHbBIX KOMMIEKCOB

Vcnonp3yst mnaHenb IporpaMMHpOBaHHsA, ¢ Iomomiplo Mathcad MOXHO cocTaBHUTBH
nporpammy abcosoTHo Jroboi cnoxuHoctd. Ho mnepeBomuts Ha Mathcad mporpammel,
HalMCaHHbIE HAa JPYIUX aJIrOPUTMHYECKUX s3bIKaX, Obulo Obl Oezymuem. Mathcad
IO3BOJIAACT CO34aBaTb  BBIYUCIIWUTCIBHBIC KOMINJICKCHI, O6'I)€[[I/IHH}OHII/IC Pa3JINIHBIC
IMporpaMMBEl. B »Tom CJlydya€ HYXHO JIMOIb JO0MUCaThb K TOTOBBIM IIporpaMMam
HepocTaromre Kycku Ha Mathcad.

EcTh HeCKOJIBKO CITOCOOOB 06’LG,HI/IH€HI/IH PA3INMYHBIX IIPOTpaMM B OAWH BBIYHCIIUTSIbHBIN
KOMILICKC. PaCCMOTpI/IM JBa TaKHX crioco0a: ¢ UCIOJIL30BaHHEM CCHUIOK M TUTIEPCCBLIOK.

13.5.1. Vicnonb3oBaHue CChINOK Ha apyrue dannol

B mpumepe 53 npoleMOHCTpHUpOBaHA BO3MOXKHOCTH OObeIMHEHMsT Heckosbkux Mathcad-
JOKyMEHTOB B OJHMH C MOMOIIBIO CCBUIKM Ha HMX. [IJI1 3TOrO B OCHOBHOM JIOKYMEHTE
JIeTIaeTCsl CChUTKA Ha APYroil JoKyMeHT. B pesynbrate 00a MOKyMEHTa OOBEAMHSIOTCS B
OJIMH ¥ pabOTalOT COBMECTHO, XOTSI BTOPOTO JIOKYMEHTA ¥ HE BUIHO Ha DKPaHe.

Jlnst cosmaHMsi CCBUIKM Hamo B riiaBHOM MeHio Mathcad BeiGpars Insert » Reference
(BcraButh P Cebuika). B oTkpbiBIIeMes okHe, BbiOpaB Brouse (Ilouck), ykaxuTte myTh K
JOKYMEHTY, KOTOPbIi XOTHTE BKIFOUYHTH B pacyeT. Haxxmute OK. B ocHOBHOM IOKyMeHTe
HOSIBHTCS CTPOKa C IMCHEM HOAKIIOYEHHOTO TOKYMEHTA.

PexoMeHyeTcst TIPH CO3[aHMH CCHUIKH MCIIONIB30BaTh OTHOCHTENBHBIN ITyTh. YKa3aB MyTh
K JJOKyMeHTY, nometbTe (paaxkkom mynkt Use relative pass for referynce (Mcnonb3oBats
OTHOCHTENBHBIA TyTh JUIS CCBUIKH). IIpy 3TOM B CTPOKE MOKYMEHTA, YKa3bIBAIOIICH Ha
ccbuiky, nosisutcs Oykea (R). B 3ToM ciydae cchuika ocTaHETCs ASHCTBYOIIEH, TaXe ecin
BBl TIEPEMECTUTE OCHOBHOW OKYMEHT B IPYIyl0 Mamky. BakHo yumb, 4toOsl 00a
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JOKYMEHTA HAXOAWJIMCh HA OOHOM JHUCKE.

Ha puc. 13.16 mokazaHo MeHIO BCTaBKH CCBUIKH. Cpasy HOJ MEHIO TOKa3aH pe3yJbTaT
CCBUIKH: CTPOKa CO CCBUIKOM M HaYaJIo pacuera ¢ HCIIOJIb30BaHMEM CCBUIKH B IIpumepe 53.

BecTasKka cchlAIKKM @

Becrasite CChINKY Ha

FiPaboTayinano Matkag 153n-kamra-xmediMathcad 14VPrimer-xmedy,

BESAMTE WM yKAKMTE MyTh K AOKYMEHTY, HA KOTOPbIM Hy#HO COSAATE CChUKyY . 3To
MOMET BEITE AOKYMEHT , HAXOLALLMIACA HA HECTKOM AMCKE KOMMIBTEPA MK B
TOKANEHOM CeTI OpraHzaLIA.

cnone30EaTE ANA CoBIMKK OTHOCKTEMEHEIA My

O ] l OmvieHa
JUCTo Y3ANoB T = o YWCNO YENOE B paay o= 11
YUCND 3MEMEHTOR ME = a Yoo pagoeectonbue  nd =5

Puc. 13.16. BcraBka cchlUIky Ha Ipyroi ¢aiin

[lpn xakux-mub0 U3MEHEHHSAX B TOM HJIM MHOM JOKYMEHTE aBTOMATHYECKHH Hepecuer
MIPOUCXOAUT TOJNBKO TOCIE COXPAHEHUs HW3MEHEHHH B 00OHMX IOKyMeHTax. MHorma mis
YCHENIHON padoThl KOMILIEKCa POrPaMM MOCIIEe COXPAaHEHHs IIPUXOUTCS 3aKPBITh M BHOBD
OTKPHBITH (haiii.

13.5.2. icnonb3oBaHune rmnepccbisiok

B mpumepe 53 s BBOoJa NaHHBIX M HMX KOPPEKTHPOBKH HCIIOJIB30BAJIOCH BKIIIOUCHHUE
nporpammbl  Matr-ind B ocHOBHOM HokyMeHT ¢ momornsio cceutku  (Reference).
B npumepe 55 i1t KOPpEeKTUPOBKH JaHHBIX HCIOJIb3yercs runepccbuika (Hyperlink).

T'unepcceblika Mo3BOJIIET OTKPhIBATh (haiii, ¢ KOTOPBIM CO37aHa CBsI3b, B TOH 000JIOYKE,
B KOTOPOM1 OH co3ziaH. [l co31aHus TMIEPCChIIKU HYKHO:

O Bsigenurs clloBo, ¢ KOTOPhIM OYAET CBsi3aH MHTEpeCYIOIUil Bac (aiin, jxenarenbHo,
YEepHBIM LBETOM. Torja moclie YCTaHOBJICHHUS CBSI3M 3TO CJIOBO OYAET BBIIEICHO
KHUPHBIM IIPUPTOM.

O B rmaBHom mento Mathcad BwiOpars Insert » Hyperlinc » Browse » ykazate nyTh k
Gaiiy, ¢ KOTOPBIM HaJ0 CBA3aTh BhIAeaeHHOE coBo P OK.

Q B oxue Edit Hyperlink ycranosuts ¢dmaxkok Ha mynkte Use relative path for
hyperlink. B atom ciyudae cBsi3b Oymer paborarh Jaxke B TOM Cliydae, €CIH BbI
HEePEMECTHIIN KaTaJlor CO CBA3aHHBIMU (aililaMu B IPyroe MecTo.

Ecnu BBI X0THTE BBI3BATh Ha 9KPaH HE Ha4ailo, a ONPEASICHHOE MECTO BhIOpaHHOTO (aiina,
€ro HeoOXOAMMO 3a/1aTh. DTOT Hpolecc onucaH B paszene 14.2.1.

JIBOMHOM ILETYOK MBIIIBI0 HAa BBIJEJICHHOM CJIOBE OTKpbIBaeT (hailil, ¢ KOTOPbIM
yCTaHOBJIEHAa CBs3b. Temepb 3TOT (aili MOXKHO OTPENaKTUPOBATH U COXpPaHMUTh. Jlms
nepesiaun JaHHBIX B Mathcad-okyMeHT Hajo BHYTpH CBsi3aHHOTO (aiiia 3amucarh MX B
Jpyroii BHelHuUit (aiin, oTkyna 3atem cuutath Qpynkuueii READPRN.

Ha puc 13.17 mokasaHo co3manue runepcchiikk Ha (aitn Dan.dat, rme naxomsarcs
UCXOJHbIE JaHHbIE U1 pacuera Ha Fortran u3 npumepa 55. Ilocne co3naHus runepccbulku
IIpU  TOJBEJCHUH Kypcopa K CIOBY, C KOTOPBIM CBs3aHa THIIEPCCBUIKA, Kypcop
MIpHOOpETaeT BUJI YKa3aTeJbHOro mnaiblia. J[BOMHOW IIETYOK Ha 3TOM CIIOBE BBI3BIBACT
OTKPBITHE CBSI3aHHOTO C HUM (haiiia B ero obonouke, B JaHHOM cirydae Notepad (BiokHOT)
(puc. 13.18). Temepp MOXXHO MPOBEPHUTh WCXONHBIC ITAHHBIC, M3MCHHUTH WX IJIi HOBOM
3aja4n, coxpaHuTh. OqHako B pacdyers! Mathcad-moxymMeHTa I3MEHEHHBIE JaHHBIE €I He
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TIOTIayT.

PeAakTHMpOBATE FMNEPCCLIJIKY g
Cohinka Ha chaln mma
' ‘ Dbzop. .

BECAWTS WM YKAKWMTE MyTh K ACKYMEHTY, HA KOTOPEIA HyKHO CO3AATE CobUKY, 3TO
MoxeT Beme agpec B MHTepHeTe (URL-aapec), AoKyMEHT, HAXOAALMACA HA HECTHOM
AMCKE KOMIBOTERA, WM AOKYMEHT B NOKANEHOW CETIA OpraHMSaLmi,

lcrons308aTe oTHOCHTENEHEIA MyT [ MoKa35EATE Kak BCrEBSHOLLMA ACKYMEHT

CooblusHe B CTROKS COCTOAHMA NPk HaBSAeH I YKASATENA Ha MHNepoChnky

| |
5] [oms

Matr-ind coord Miuf gu CChIMKKH

Puc. 13.17. BcraBka runepcchlIkd B mpuMepe 55

Matr-ind coords ! 55-MK36-Coord - BaokHoT r:|@‘g|

- ©ain  Mpaeka  ©opMaT By Chpaeka
1 30-1.149e-014 ~

2 28.5-1.091e-014 )
3 27-1.034e-014

4 25.5-9.763e-015

5 24-9.189e-015 .
4] 22.5-8.614e-015

7 21-8.04e-015

B8 19.5-7.466e-015

9 18-6.891e-015
10 16.5-6.317e-015
11 15-5.743e-015

1z 2B.53 9,271
13 27.11 8. 807
14 25.68 8.343
15 24,25 7.B8
16 22.83 7.416 b

Puc. 13.18. Otkpsitue daitna Coord.prn

JIOKyMEHTEHI, TIpHCOeNMHEHHBIC TUIIEPCCHUTKOM, He paboTatoT aBToMaTHdecku B Mathcad-
JOKyMeHTe. VX Hamo BBI3BaTh JABOWHBIM ILETYKOM MBIIIM Ha CBS3aHHOM C HHUMH CJIOBE H
3aIyCTHUTB.

JIBoitHoii menuok Ha cnoBe «Matr.ind» BbI3bIBa€T 3aIlyCK M IIEPecdeT MPOrpaMMbl pacueTa
MaTpHIiibl HHACKCOB. [/IBOiiHO# mien4ok Ha cioBe «Coord» OTKphIBaeT TaOIHUILy KOOPIAMHAT
Y3JI0B, 3aIIMCAHHYIO B 3TOM (paiine.

Eciu pacuerst B Mathcad nomkHbl OBITH mepefaHsl B JPYryl Iporpammy Juist
MPOJIOJDKEHUST paciyeToB WM oQopMIleHHs1 BEIBOJIA Pe3yJIbTaToB, TO B Mathcad-nokymeHnTte
HY)KHbIE Pe3yJIbTaThl PacyeToB JOJDKHBI OBITH 3alHMCaHbl B OTICIbHBIA (ain (QyHKIuen
WRITEPRN, otkyna ux «3abeper» apyras mporpaMmma.

Ioxsenem wuror: ccouika (Reference) pabGoraer B Mathcad-mokymeHTe aBTOMATHUYECKH,
runepcebuika (Hyperlink) tpeOyer 3amycka kax/0i MOAKIIOYEHHON TPOrPaMMBbl OTAEIBHO
HBOﬁHbIM HICJITYKOM MBIIIIH.
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OcHOBHOE TIpeTHA3HAYEHHUE TUMEPCCHUIOK — CO3IaHUE AIIEKTPOHHBIX KHHUT. O0 3TOM pedb
nouaer B riase 17.

13.6. HoBble cnyxebHble dyHkunn Mathcad 13

B Mathcad 13 mosBHIHCE HECKOJIEKO HHTEPECHBIX BO3MOXKHOCTEH PaOOTHI C TOKYMEHTAMH.

13.6.1. YMeHbLUeHne pa3mepa hannos

IIpu coxpanenuu Qaiina B TekctoBoM ¢popmare XML mis ymeHsimeHus pasmepa (aitna
Mathcad 13 no3Bossiet BeIOpaTh popmat XMCD — TekctoBsiii i XMCDZ — zip-apxuB
¢aiina (aBromaruvecku packpbiBaetcs B Mathcad). Pasmep ¢aiina 53 - KonbuO (u3
QJIEKTPOHHOW KHHUTH) Tpu coxpaHeHmd B ¢Qopmate Mathcad 20011 (MCD) cocraBmn
723 Koaiit, B popmare XMCD — 321 Koaiir, B popmare XMCDZ — 123 Koaiir.

13.6.2. MNepekntoyaTens Bepcuin Mathcad

B Mathcad 13 B wmento Tools » Worksheet Options » Compatibility wumeercs
MEPEKIIF0YaTeNlb COBMECTUMOCTH € MpeApAymnMu BepcrsiMu (puc. 13.19). Ilpu oTkperTun
B Mathcad 13 mokymenra, cozganHoro B Mathcad 11 wim B Gonee crapbiX BepcHsX,
MepeKIIoYaTelh aBTOMaTHUECKH yeTaHapuBaercst Ha Mathcad 11 (MC11).

MapameTpel AOHKYMEHTA §|
BCTROEHHEIE NEPEMEHHEIE Bbl4HCNEHA CTobpakeHe
CUCTEMA BAMHIL, MEMEpEHIMA COEMECTMMOCTE FPazmepHOCTE

MHOHECTERHHOE @MCll O M1z
PezyneTar nokaneHoro @ MC11 O rMC12

ST KN YM 3383H0T MHTERMPETALMHD YKESSHHON KOHCTEVRLMK E
COOTEETCTEMM C MpEARIAYILER BEepoMel Mathcad, Pekomenayetca
MEPEMMEATE LORYMEHTE], SSEMCALLWME OT 3THX KIKUEN, C
WCMONES0ESHMEM KOHCTRYRLMA, HE SSBMCALLIYE OT BEpCR,
JononHMTENEHEIE CEEAEHIMA CM, B CMPSEKE.

MCnonez0BaHME 3T KNHYER By AeT B0sMOXHO B 13 1 14
eepoiax Mathcad,

Ok || OTMEHS || Cnpaeka

Puc. 13.19. [Tepexirouyarens Bepcuit Mathcad

Takoil mepekirouarens ectb u B Bepcusax Mathcad 14 u 15. dupma Mathsoft naer

MOJB30BATENISIM BpeMsi JUIs TOCTENEHHOrO TMepeBoja CBoux (QaiioB k (dopmary
Mathcad 13.
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13.6.3. ABTOCOXpaHeHne

B Mathcad 13 nosiBuiack BO3MOKHOCTh aBTOCOXpaHEHHUs (hailyioB B mpoiiecce pabOThI ¢
HHUMH. B TJIABHOM MEHIO BIOEpHUTE Options » Preferences
(Uuctpymentsl b [Tapamerpsr). Ha Bkiagke Save (CoxpaHWTb) MOMKHO YCTAHOBHTH
MIPOMEXYTOK BpeMeHH, mocjie koroporo Mathcad aBromaTtuyecku coxpanser ¢aitn B
tdopmare XML i XMLZ (B cxxatom Buze) (puc. 13.20).

NMapameTtpei g|

CBLLME PacnonoxeHme fainoe MNapameTpel HTML
Mpefyrpes geHnA BE20NacHOCTE CHPMATOR Azbik | CoxpaHeHme
AETOCOXPAHEHME
[ JieTocoxpaHene kax pie: FAHY T

Lopmat dainoe Mathcad no ymonyaHmo

CoXpaHATE #ML-pokymeHT Mathcad »

Ok, || OTMEHS || Cnpaeka

Puc. 13.20. Hactpoiika coxpanenus ¢aiinos
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[maBa 14. PaboTa c TeKCToOM

OCHOBHBIE IOJIOKEHHsSI PabOTBI C TEKCTOM MPUBEACHBI B IaBe 1. 31eCh e MOBTOPUM
TJIaBHOE U3 CKa3aHHOro TaM. J{is BBOJAa TEKCTa Ha PYCCKOM SI3BIKE JIydIle BCETO, CMEHHB
JaTUHCKUH WPUQT Ha pyccKuil, HAOMpaTh TEKCT MPSIMO B MaremaTtHuyeckoit oonactu. Koraa
HaOpaHO TIepBOE€ CJIOBO, NpPU HaXKaTHMW KJIABUIIM npobena o001acTb €O  CIOBOM
ABTOMAaTHYECKH U3 MaTEeMaTHYECKOW MPEBPAIAeTCs B TEKCTOBYIO.

B ommuume or Word, ycraHaBIMBAIOIIEro CTPOTHE IpaBWja pa3MEIICHHs TEKCTa Ha
cTpanune, B Mathcad Tekct MOXHO HaOupaTth B JIFOOOM MeCTe CTpaHHIBI. Pa3Mepbl
TECTOBOM 00JaCTH MOXXHO MEHATh OOBIYHBIM i1 Mathcad crioco0oM: IIENKHYTh MBIIIBIO
Ha HYXHOW 00JacTH, MOIBECTH Kypcop K YEpHOMY NPSIMOYTOJEHUKY Ha paMKe,
OKpY’KalOIIe BBIICICHHBIN OOBEKT, YTOOBI IMOSBHIIACH CTPEIKA, JBUTATh MBI TIPH
Ha)KaTOM JICBOM KHOIIKE.

V3MeHeHue CTUIIS TEKCTOBOW 00JIaCTH HE BIHMSACT Ha Pe3yJIbTaThl pacyeTa MaTeMaTHYeCKHUX
BBIPQ)XCHUI, IOATOMY MOKHO W3MEHHTh CTHJIb KaK BCETrO TEKCTa, TaK M OTAEIHHOTO CJI0Ba
W OYKBEIL.

14.1. lameHeHne CTUNA TeKCTOBbIX obnacrten

Jnst n3MeHeHus CTWIIS BCeX TEKCTOBBIX O0JacTedl B JOKYMEHTE HAJ0 B IJIABHOM MEHIO
Mathcad BEIOPATH KOMaHIy Format » Style » Normal » Modify
(®opmar » Ctinb » O6b1unblii » Msmenuts). B orkpeBiiemcs  okue Define  Style
(Onpenenenue ctuis) Haxmure kHonky Font (Lpudr). Otkpoercs okHo Text Format
(®opmar Tekcra), rae Hago 3amate Font, Font style (Bux wpudra) u Size (Pasmep
mpudTa).

Onpege/eHne cTMA 7‘

lma: | | l LWpmdpT I [ R }

(i | [ owen |

Ha ocHose:

QriacaHie
WpmdbT: Arial Cyr, Pagmep: 10, Oreryn cnesa: 0.00" , Otetyn

crpaga; 0.00" , Mo nesory kpao Mo WwipkHe

Puc. 14.1. lI3MeHeHne CTUIIS TEKCTa

Popmar TeKcTa

LW IpiachT: HaqepTaHie: Pazmepn:

Arial obBIHHEIA 10 I8

B @Arial Unicods MS oBEI4HBIA

-~
T @Batang | | kypovie 11
B @ms Mincho HMPHEIA 12
F @FMingLil HPHBIA Ky DO 14 8
B @Simsun 16
T Andale Mono IPA 18

Arial

<
[}
=)
&3

ScpcherTrl Obpazel

[ Za4eprHy T

[ Dop yeprry Tl AGBDEDOD
[ NoacTpoqHsii

[l HaacTpouHsi Hafop cimeonos:

UseT: LLptchT CpenType, OH
|-L—I e v | WMCMONE3YETCA ANA BEEOAS KaK Ha
3KpaH, TaK 11 Ha MpKHTED.

Puc. 14.2. Vzmenenne ctuis Texcra (okonuanue)
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OTKpBIBarOMKecs Mpy N3MEHEHUH CTHIIS TEKCTa OKHA TIOKa3aHbl Ha puc. 14.1 u 14.2.

14.1.1. YcTaHoBKa cBoMCTB ab3aua

B oxue Define Style (Ompenenenne crtuiast) ects kHonka Paragraph (Ao63an),
H03BOJISIONIAS CO3/aBaTh TEKCTOBBIE OOJIACTH, PEAAKTUPYEMbBIE CPENCTBAMH, IOXOKUMH Ha
ucnonszyempie B Word. CpeacTB 5THX HEMHOIO, HO C HUX IIOMOLIBIO MOXKHO CO3/aBaTh
XOpOoImHre TEXHUYCCKUC OTUCTHI U DJICKTPOHHBIC KHUTH.

I'naBHoe wHasHauenue okHa Paragraph Format (®opmar a6szama) — co3manue
JJIEKTPOHHBIX KHHI, COYETAIOUIUX B ce0e TeKCT, paboTatomiye (GopMyIibl, KOTOPbIE MOXXHO
U3MCHSTh M aHAM3HPOBATh, PE3YJIbTAThl pacyeTa, a TaKkKe CChUIKM Ha Jpyrue obiiacTH
JOKYMEHTA WM Ipyrue (aiiibl, Ierko OTKPHIBAIOIIMECS HICTYKOM MBI HA HUX.

Oxuo Paragraph Format (®opmar a63aia) mokazaHo ua puc. 14.3.

@ opmart abzaya

OTeTyn (Atolme )

X
[ ok |

O,
Crega: |0 Ocoblii: 1
Copaga, 0 Ha:
Blicaqyan
Maprepe: | (HeT) b ‘Iaﬁvnnumn...‘
BrlpaeHBEaHE

(®) Mo pegory ()Mo npagory () Mo weHTpy

Puc. 14.3. [Tanesnp ycTaHOBKH apaMeTpoB ad3aia

CneBa BBepxy okHa 3amaercs orcrynm (Indent) tekcra B mroiimax (inches) win
cantumetpax (centimeters) c nesoii (left) u ¢ npasoii (right) croponsr.

CrpaBa BBepxy okHa myHKT Special (CrenuanbHblil) 3a1aeT MOJ0XKEHHE MEPBOM CTPOKU
ab3ana:

O None — Her caBUTa MEPBOl CTPOKH;

Q First Line (Ilepas crpoka) — COBUT IMEPBOM CTPOKH BIPABO IO OTHOIICHHIO K
0CTaJIbHOMY TEKCTY;

QO Hanging (Bucsiyas cTpoka) — CABHTI IEPBOM CTPOKHA BJCBO I10 OTHONICHHIO K
OCTaJIbHOMY TEKCTY.

Ha puc. 14.4 nokasan obOpasen npumeHenus: crmiss Paragraph (®opmar a6szamna). 3mecs
BEPXHsIs 4acTh TEKCTa 3alucaHa ¢ ucroib3oBaHueM nyHkra First Line (Ilepsas ctpoka).
[Mocnenuuit a63an opopmieH ¢ npumeHenrneM nynkra Hanging (Bucsiuas ctpoka).
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ITprraerere sTof Goprayme TpebyeT sarepa grarerpa 0bpasa b
TP 0L CE & MCTIRITAHESE, UT0 0BBHO He ZeTaeTCA, MOITOMY OH4 IPEIIeHHA TFIE
AL 0TI eACTEERA A b OPIAITEEL B MOMEHT paspeEa obpasia.
* o obpasopareo nrefEs 5 0bpasile HCIIOMESVeTCA ApyTad §opnorma
By = ]n|:1 + E:], He TpeOyINIad Fanepa JHeTRa.

o HeTeomele HATRMHEEHA ONpegeIlE0Te A 10 JOpMyTE Oy = o6

,Tarcwe He Tpebyromedl samepa mranerpa.
1. PesynbTathl pacyeTa gedopraneit i HAp DHEHEEA TPHE & AeHEL Ha
prcyEEe 4P 4, & BI ATy A WOIIOEHEDE M MOTHEHEDE HATIP DHeHE
Ha pHc 4P 6 (cnesd). Hemrermie ged opnarpod M HATHD DHEHHA B
LIOMEHT parpEEa B HeCEOIEED pas Bomeire yonoEHED.

Puc. 14.4. O6pasupl npumeHenus ctuis Paragraph (®@opmar ab3ana)

14.1.2. \ameHeHne cTuna oTaernbHOM TeKCToBOM obnacTtu

CTuiib MOXKET OBITh €TUHBIM IS BCEr'O TEKCTa, €CJIM OH YCTAHOBJICH B HayaJie BBOJIA TEKCTa
W B JAIbHCHIIEM HE MEHsUIcs. MOXHO 3a1aTh COOCTBCHHBIM CTHJIb Ui OJHOTO FUJIH
HECKOJIbKUX a03alleB, eClid, YCTAHOBUB KypCcOp Ha OJHOM U3 a03alleB, MPaBOW KHOIKOM
MBIIIA BbI3BaTh KOHTEKCTHOE MeHI0 (puc. 14.5, cieea), B KOTOpOM ecTh MyHKTHI Font,
Paragraph, Style, Boibop KOTOPBIX OTKPBIBAET paCCMOTPEHHBIE paHee okHa Text Format,
Paragraph Format u Text Style. Beibepure HyKHBIN yHKT U TIOMEHSNATE YCTAHOBKH JJIsI

BBIOPaHHOI'O OOBEKTA.

Ecnu B xoHTekcTHOM MeHIO BbIOpaTh nmyHKT Properties (CpoiicTBa), kak moka3aHo Ha
puc. 14.5, cnpasa, To, oTkpbIB cTpanuily 1ext (Tekcr), MOXKHO yCTaHOBHUTH ITApaMeTphI:

O Occupy Page Width (3ausTs Bcro MMpHHY CTPaHUITH);

a Push Regions Down As You Type (Casurars 001acTi BHH3, KOT/Ia BbI [1€4aTaCTe).

% BoipesaTb
BOMCTEA
He
g Bolfen1Th Boa OrobpaskeHue | TBKCT | SawuTa | Ykazartens
npomecce HC
AL OTIp egem CoifcTEa. . [l ol
e !
= CHEWATE PErHOHE BHHE N0 MEpe BBOOA TEKETa
o= i BCTABMTE periioH Gophyn L METE P A
* A
JTAEIKE H - Wb
1. Pezym =T AB3al...
CTHnG...
OoAcTROYHEI
HagcTpouHeii Ok } l OTHEHE ] [ Cnpaeka

l&s [Mnepcceinka

Puc. 14.5. Vcnonp30BaHne KOHTEKCTHOIO MEHIO JIJIs1 K3MCHECHHSI CBOMCTB TEKCTa

KpOMe TOT0, U3MCHUTDH pa3sMep TEKCTOBOI 00JIACTH MOXKHO TpaJUIITMOHHBIM CII0CO00OM.
Ecmm IICITKHYTh MBIIIBIO BHYTPHU O6.HaCTI/I, TIOABUTCSA paMKa ¢ YEPHBIMU KBaJApaTUKaMH1 I
U3MCHEHHUSA pa3MEPOB. VcranoBute KypCcOp Ha TaKoOM KBaJgpaTHK, IMIOJOKIUTE OO MOABJICHUSI
CTPCJIKHM, HAXKXMHUTC JICBYIO KHOIIKY MBbIIINW MW, JABUI'ad Mblllb, PACTAHHUTC WM COXMMHTC

001aCThb.

14.1.3. Cnuckn n Tabnuubl B TEKCTE

B okne Paragraph (®opmar a63ana) (cm. puc. 14.3) cneBa BHu3y ecth nyHkr Bullets

(MapKupoBaHHBIN CHHICOK), COACPIKALIIA TPU IyHKTA!
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O None — HeT MapKUPOBKH;
O Bullets — mapkupoBaHHBIi CIIMCOK (C TOUKOM ClieBa);
Q@ Numbers — HymepoBaHHBI CIIUCOK (C HOMEPOM CIICBA).

Ha puc. 14.4 B cepenune Tekcra nBa ad3ama odopmiensl ctisieMm Bullets, B HukHel yactu
oJuH ab3an BeimosiHeH B cruiie Numbers.

Hnst BBoga Tabmuu B okHe Paragraph (®opmar a63auna) (puc. 14.3) npennazHadeHa
kHonka Tabs (Tabymsus) (puc. 14.6). lllenuok MbIIIbIO Ha HElt OTKpbIBaeT okHO Tabs, B
KOTOPOM HaJI0 YCTaHOBHUTH IO3UIMH KaXKJOro cTojdla B AtoiMax. PesynbraT ycTaHOBKH
MO3HLIUH NOKa3aH Ha PHUCYHKE BHUBY.

Tabynauwms B'

Cozmpa Tabynaa
4

OTMeHa
QYICTUTE BCE

[e -

Xc‘raHoawa} [ QUACTIMTE ]

Bre 3HaUHMA B Arofimel

Puc. 14.6. YcraHoBka mapaMeTpoB BBOJa TAOIHIIBI U PE3YIbTAT UX ACHCTBUSA

14.2. \cnonb3oBaHMe rmnepcehbInok

OmHUM W3 MOCTOMHCTB BIICKTPOHHBIX JOKYMEHTOB SIBISICTCSI BO3MOXHOCTH OBICTPOTO
OTKpBITHSA ApYruX (aiaoB ¢ moMoribio runepcecsuiok. [umepecsiika (Hyperlink) moxer He
TOJBKO BBIBECTH HA JKpaH HYXHbBIA (aill, HO W TMOKa3aTh HYKHOE MECTO OTKPBITOTO
JOKYMEHTa JM0O COOTBETCTBYIOIIMHA caiit B MHTepHere. ['MmepcchUikM 0COOEHHO
3¢ {eKTHBHBI B 0OJBLINX JOKYMEHTaX, B 00y4arolIuX U MPE3CHTAIMOHHBIX MPOrpaMMax, B
JNIEKTPOHHBIX KHUTAX.

Ha pwuc. 144 B mocmennem abzarme ¢ BeIpakeHHeM «Pe3ynbTaTel pacueTa» CBs3aHa
runepccbuika Ha npumMep 43. Ilpy JBOMHOM IIENYKe MBIIIBIO Ha BBIACICHHBIX CIIOBaX
OTKpbIBaeTcst Gain mpumepa 43 B TOM MecTe, TAE HaxXOIATCA pe3ylbTaThl pacdera
MCTUHHBIX HANPsDKEHUH U AeopMaIiHid.

IIponieypa co3manus THIEPCCHUIKH omrcaHa B Tiase 13 (pasmen 13.4.2). Hanomunm: s
CO3[]aHUsI TUIEPCChUIKK HY:KHO B MeHio Insert (BcraBka) BwiOpars nynkT Hyperlink
(Tunepcebuika), HaxkaTh KHONKY Browse (O030p) s BbIOOpa MyTH K HYXKHOMY (ailiy,
satem Use relative path for hyperlink (Mcmons30BaTh OTHOCHTENBHBIH IIyTH IS
runepccbuiki) 1 kHonky OK.

[lpm nBOMHOM INENYKE MBILBIO HA CJIOBE, C KOTOPHIM CBS3aHa CCBUIKA, OTKPOETCS
BEIOpaHHBIN (aiis, MprYeM Ha dKpaHe BHIHO Hadaio (aiina.

14.2.1. Nepexon Ha MeTKy

Ecnu BB XOTHTE BRI3BATh Ha 3KpaH HE HAYaJIO0, a ONPEACICHHOE MECTO BRIOpaHHOTO (aiina,
ero HeoOxoauMo 3a1aTh. s 3Toro:

Q orkpoiire daiis, Ha KOTOPBIH OyIeT CO3[aHa CChUIKA;

O ycraHOBHUTE Kypcop Ha OOBEKT (CIIOBO, BBIpaXEHHE WIHM TrpadyK), KOTOPBIA IpU
BbI30Be (paityia OyaeT HaXOMUTHCS Ha SKPaHE BBEPXY;

a IICJIKHUTE Ha HEM npaBoﬁ KHOIIKOM MBI U B OTKPBIBIIEMCA KOHTCKCTHOM MCHIO
BeiOepute Properties (Cpoiictsa);



O Bokue Tag (Merka) BrummTe uMsi MeTKH (B HaieM ciiydae — 111), kak moka3aHo Ha
281 puc. 14.7. Haxxmute kHonky OK.

[Mocre co3panus METKU CJEAyeT CO3/aTh THIEPCChUIKY. BBOIS myTh K (aiiny, yKaKuTe u
UMsI METKH, 3amucaB B koHie aiapeca #111 (puc. 14.8). Ternepb mpH IBOWHOM IIETUIKe

MBIIIBIO HA CJIOBE, C KOTOPBIM CBSI3aHa THIIEPCChIIKA, YKa3aHHBIN B agpece (aia oTKkpoeTcs
C TOTO MeCTa, Ha KOTOPOE YCTaHOBJIEHA METKA.

& BeipesaTh
KomvposaTe

He

g BeigenTs sce | OTospeenu | Terer | Soumra | Yrasarens |
TIpomecce MC
Pr—— CeoficTEA. . POk
.
= Brinenute pervod
o= ol BcTasmTe pervioH dopryn o 2
* A
LpiadT...
,TAICKe B _ Whve [[JNokaswiears rpaHuus Ter
1. Pesyme =T AB3al,. 111-|
CTWe...
MoAcTpoUHEIA
HAACTpOUHSI ok | [ omera ][ Crpeexa

& Mvnepcceinka

Puc. 14.7. YcraHOBKa METKH Ha MECTO, C KOTOPOTO OTKpoeTCs (aiin

Hemommie fed opraamo
Tprovererme Tod dop:

mpoLecce HOMEITar, 9To ofsrog
AT OTIpEAENeHHA fehOpMATI B
» o ofbpasopanrs e
BEeaTe MMM yREHMTE MYTe K A0KYMEHTY, Ha KOTOPLIA Hy»#HO CO34aTE CChiNky. 3T
MOKET BeiTe agpec & MHTepHeTe (URL-aapec), AoKYMEHT, HAXOAALMIACA HA MECTKOM
AKcKe KOMOBKTERA, Wk AOKYMEHT B NOKANEHOHA CETIA opraH3aLian.

Coblnia Ha cbain v
43-diag. xmed#111

ey = In(1 + =), e Tpefyronm|

«  Hemurome sanp me

JrarcEe He Tpefyronted sane
1. Pezynbrartel pacyera ged]
preyExe 4F 4, a 5y
Ha prc. AP 6 (emesa).
MOMEHT PaTPEIEL B

MICNONE30BATE OTHOCMTEAEHER MyT [ (JoKASHIBATE KAk BCMISISAOLLA AOKYMEHT

COOQH.LEHVI& B CTpoKS COCTOAHWA MNP HaBSASHMM YRA3aTENA HE TWNSPCChInky

[ OK I { OTtveHa l

Puc. 14.8. Coznganue runepccbulky Ha Gaiin ¢ ykazanueMm Metku #111

Fy
HCTHHHBIE AediopuaunK onpegemoTed Ho dophoye =y = ln[?]
x|
1P YenoeHele fedopmMa z = AL =1 3
ang Lo
P
YCNOEHEIE HANPANEHWA 5= —
Fg
£
MCTHHHBIE Bedopmaumm By = ]n(l + a) _
P a—

|I—‘

[w]

=

)
Pt
[=]
i
M

METHHHBIE HanpAXeHA

F P

B welke obpazua gy =In il oy = =

= n Fau n Fry
= =
— 3| ;IJ

Puc. 14.9. OTKpBITHE THIIEPCCHUIKM HA BCIUIBIBAIOIIUI JOKYMEHT

14.2.2. BennbiBalowmin JOKYMEHT

Ecnu mpu co3manumu runepcchUikk  (uakkom otMeruth nyHkT Display as pop-up
document (IToka3biBaTh Kak BCILIBIBAIOLIMI JOKYMEHT), TO BHIOpaHHbIH (haiin oTKkpoeTcs B
otaenbHOM OkHe (puc. 14.9), mpu 3TOM MeTka urHopupyercs. Ha stoM pucyHke
THIIEpCChIIKa CBsI3aHa C BhIpakeHHeM «VcTuHHBIE nedopmanmu». Pazmepsl okHa MOXHO
HU3MEHSTh OOBIYHBIM CIIOCOOOM, MOTSAHYB MBIIIBIO 33 YTOJI WK 33 CEPEANHY CTOPOHBI OKHA.
®aiin, OTKPHITHIA KaK BCIUTBIBAIOINUI TOKYMEHT, BEIYUCISACTCS, HO HE PEIaKTHPYETC.
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[maBa 15. Pabota ¢ rpagomkamu

O MoCTPOCHUH TUIOCKUX U MPOCTPAHCTBEHHBIX TPa)uKoB roBOpmIioch B riiase 1. [ToBropum
o0iue mnpaBuia NOCTPOeHHs] TpadMKOB, a 3aTeM OCTAHOBHUMCS Ha OCOOCHHOCTSAX HUX
MTOCTPOCHHUS.

15.1. lNocTpoeHne aByXMepHOro niockoro rpaduka

Paccmorpum noctpoenue rpaduka GyHKINU:
O VYcraHoBuTe KPECTOOOPA3HBIH Kypcop B TO MECTO, Il HAJIO0 MOCTPOUTH rpaduk.

O Ha wmarematnyeckoii maHenn Ineakaure Ha kHonke Graph Toolbar (ITanens
rpa¢uKoB), a Ha OTKpBIBIIEICS MaHETNM — Ha KHOMKE C HM300pa)keHHEM IUIOCKOTO

rpaduka.

O B mnosiBuBIIEMCsT Ha MecTe Kypcopa IIabJjoHe IUIOCKOro rpaduka BBEIUTE Ha OCH
abciycc UMs apryMeHTa, Ha OCH OpJMHAT — UM (PyHKLUH.

O [lenkaure Mplmblo BHe mabnoHa rpaduka. ['padwk mocTpoeH Ui 3aJaHHOTO
JMana3oHa U3MEHEHHS apryMEeHTa.

Ecnu nuamazoH 3Ha4YeHUI apryMeHTa He 3aJlaH, 110 YMOTYaHHI0 Tpaduk OyaeT MOoCTPOCH B
Jmana3oHe 3HaueHu# aprymenTa ot —10 mo 10.

Ut065I B 0OTHOM mIa0JI0HE pa3MECTUTh HACKOJIBKO TpadHKOB, HAJ0, HAOpaB HA OCH OPIUHAT
UMs TepBOM (QYHKLIMH, HaXaTh KIAaBUINY «3amstas» (YrojJok Kypcopa IpH 3TOM
00s13aTeTIbHO JIOJDKEH HaXOAWTHCS B KOHIE MMeHH (QyHKuuu). B mosBuBmeMcs mecte
BBOJIa (YepPHOM KBaJIpaTHKE) BIUIIUTE UM BTOPOIl QYHKIUH U T. A.

OyHKIMIO MOXKHO 33/1aTh aHATMTUYECKH WIIM MACCHBaMK 3HAYE€HHUN apryMeHTa U (pyHKLIUH.
s moCTpOeHHUsT TUTOCKOTO Tpaduika MAacCHBBI O0SI3aTEIBHO JOJKHBI OBITH BEKTOPAMHU
OJIMHAaKOBOM pPa3MEPHOCTH.

[Tpu 3amanuu GyHKIMK MacCMBaMH B MECTaxX BBOJA HA OCSX rpaduKa HaJIo0 BIHCATh UMEHA
MacCcHBOB C yKa3aHHWEM HHIEKCOB i 0e3 Hux. Ha puc. 15.1 maccuBbI umcen co3gaHbl
reHepaTopaMH CIlydalHbIX uncen (X; W Yy — B NpOW3BOJIBHOM mopsake, X U Y —
OTCOPTHUPOBAaHHbIE B IOPSAIKE BO3pACTaHUS MaccuBbl). Ha 3TOM pHCyHKE IOKa3aHBI
pas3YHbIE TUITBI H300pa)KEHNS BBIYMCIICHHBIX 3HAYEHUH Ha TpaduKe.

CRIGIH = 1
Hl =1togis(10,20,100  ¥1 = manifi 105,20
T=pot(X) V=0V i=1. rowa X

20 20
¥; stem - step bat
Vv 15 ° . 9 15 )
e poity ® L1
Y13 ® 3 M
o8& 10 }} 10
1
line @ L
°¢ nl
5 5
=50 0 50 0 10 20 30
LKL 1,1+10 3420

Puc. 15.1. Paznuunbie THIBI H300paXkeHUs TOYEK Ha rpaduke

HamoMHuM, 4TO TpH JBOMHOM ILENYKE MBIMIBI B I0Je IpadMKa OTKPHIBACTCS OKHO
tdopmatupoBanus rpaduka (cMm. puc. 1.15).
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Ipu BeIOOpE Briaaku Traces (Jlunuu) (puc. 15.2 B Mathcad 11 u puc. 1.16 B Mathcad 15)
HPENOCTaBIACTCS BOSMOXKHOCTh BEIOpATh CIIEAYyIOIINe HapaMeTphl:

Q Line (Bung nunaun) — solid (crumomrnas), dot (menkuii myukrup), dadot (wurpux-
nyuktup), dash (kpynHsiii myHkTHD);

a Color (Llset nuuun);

O Weight (Tonuuna 1uHuK);

O Type (Tun nuaum) — line (nuuums), point (touka), bar (cronbuk, rucrorpamma),
solidbar (3akpamiennsiit cronouk), step (crynenska, yectHuna), stem (mamouka c
Kpy»k04koM), draw (pucoBaHHas JHHHS), €TOr (MO3BOJISET OTJIOXKHTh Ha rpaduke

3apaHee BBIYHCIICHHYIO OIIHOKY);

O Symbol (3Ha4yok, oTMeYaroIHii BRIYHCICHHYIO TOYKY) — NONE (3HaK OTCYTCTBYET),
X's (kpecTHK), +'s (mitoc), box (mpsmoyroiphuk), dmnd (pom6), 0'S (KpyKOK).

Formatting Currently Selected X-Y Plot
2 fwer  Traces l Labels] Defaults]
Legend Label Symbal  Line  Color  Twpe ‘*wWeight
trace 1 drnnd zolid bk, lines 4 =
trace 2 = i blk. paints i
trace 3 = dazh arn lines 1
trace 4 nohe dadat  mag  lines 1
trace & none zolid cya  lines 1
trace B nohe dot bk lines 1 =]
race 1 [dwnd =] [sofid =] |tk =] [ires =] [4 -]
none zalid lines
W' dot | points
[ H|+s dazh v Hil arror
b dadat bar
drnd ztep
o' draw
zhem
zolidbar
] | OTreHa Cnpaek.a

Puc. 15.2. Oxno BeIOOpa THITa TrHUN B Mathcad 11

NMPUMEYAHUE

Orto okHO (puc. 15.2) nmns Bepcuii Mathcad 11 u Oonee panHux. OKHO A BepCHiA
Mathcad 13 u 14 nokaszano Ha puc. 1.16. IlyHKTE MeHIO B 000MX OKHAX IOYTH OJHH U TC
xe. Ctapoe MeHI0, Ha MO B3IJIsiA ObLIO OoJiee yI0OHBIM.

YroObl MOCTPOUTH TpadHK C OTJIOKEHHOH OHmMOKOW BeramcieHud (puc. 15.3), HyXHO
HapsALy C OCHOBHOW (YHKIIMEH BBIYUCIUTHh (DYHKIMH €€ BEpPXHEW M HIDKHEH OIMIMOKH,
NIPUCBOMB Ha3BaHUIO (YHKIMHU THI €rror. ['paduk Ha puc. 15.3 mocTpoeH o pe3yiabraTam
UCTIBITaHWH CTAJbHBIX OOpa3loOB HA yCTaJlOCTh, TNPHBEACHHBIM B mpumepe 39.
BeruncnenHbie  BepxHee Y1 UM HIKHee Y2 OTKIOHEHHS MPEICTABIAT  co0oit
JIOBEPUTEIBbHBIN HHTEPBAJ, COOTBETCTBYIOIINI BEPOSITHOCTH paspymeHus 99 %.
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!

v

1.9
1.325
1.75
1.675
1.4
1.525
1.45

1.375

Mpadmk AoBepUTENEHDMD
WHTEpBAaNa NpW BelDope B
MEHKD OpMAaTHROBEHWA
rpad Ko TMNE NUHAK ErTors

1.3

1 17525325 4 475556.25 7

X

Puc. 15.3. I'paduk ¢ OTIIOKEHHON OMIMOKON BHIYUCICHHN

OTOT TUN KPUBOW MPEACTABISIETCS COBEPLICHHO Oecrojie3HbiM. Tur kpuBoi line myurie
oTtoOpakaeT BHI HHTEPBaIa BEPOSTHOCTH, UeM THII €ITOr (cM. mpumep 39).

Ha puc. 15.4 npuBeneHsl NpUMeEphl MOCTPOCHHS IJIOCKUX TPa(UKOB — OOBIUHBIA IpaduK
3aBUCHMOCTH (DYHKIMHM OT apryMeHTa W Iapamerpudeckuii rpapuk. OOparute BHUMaHHE
Ha HaJIMYMe MapKepoB Ha JIeBOM Tpaduke.

¥=0,01.13

20

xeos(:B 10

- gm0 0
x

- - -10

=20

A=3 CT=§

fi#) = xcos(x)

D=-8

OBBIMHEIR rpadiMg

fll#) = x sinx)

MaAPKEE

NapaMeTPHYECKOE 2303HHE By HKLMM

! ! 20
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Puc. 15.4. [IpumMeps! TOCTPOSHHUS IIOCKUX IPAQHUKOB

st co3nanust MapKepoB (MTyHKTUPHBIX TOPHU30HTAIBHBIX JIMHUN Ha TpaduKe) HyKHO:

O [mBaxIbl MIETKHYTh MBINIBIO Ha rpauke W B OTKPBIBIIEMCS] OKHE (HOpPMATHPOBAHUSI
rpadukoB otmetuts ntudkoit Show Markers (IToka3siBate MeTKH) 110 OcH X W/unu Y.

O 1eNKHyTh MBbIIBIO BHe rpaduka. OkHo ucye3ner. OKoJIO BHIOPAHHON OCH THOSBSTCS
JIBa YEpHBIX KBA/IpaTHKa B KOTOPBIE MOXKHO BBECTH JIMOO YHCIIa, MO0 UMSI KOHCTAaHTHI.
Wwms nmcate ynoOHee, Tak Kak IpH IepeMeHe 3HaYEeHUs] KOHCTAHTHI aBTOMAaTHUECKH
cMelaeTcs U METKa.

NMPUMEYAHUE

Ecin cTpositest Tpadmky pa3MepHBIX BEIHYHH, TO NPH YCTAHOBKE METOK M UHCICHHBIX
OTPaHMYCHUH MO OCAM rpadrka 4rciia HaJl0 BBOAUTD Pa3/eNICHHBIMU HA Pa3MEPHOCTb.

Ha puc. 15.5 nokasano yBenuuenue mMaciirada rpaduka:

Q Ilomecture Kypcop B Tmole Tpaduka H HAKMUTE TPABYH KHONKY MBIIIH.
B oTKpBIBIIEMCSI KOHTEKCTHOM MEHIO BeIOeprTe ZoOm (MacmiTad).
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O OO6BeanTe MyHKTUPHOW JMHHAEH NPU HAXKaTOW JIEBOH KHOIKE MBIIIN 00IacTh Tpaduka,
KOTOPYIO XOTHUTE YBEIIUYHTD.

O B orkpeitom okHe X—Y Zoom (Macmtab mo ocsim X—Y) Haxkmure KHONky Zoom
(MacurrabupoBats). BoiieneHHas 001acTb YBETHUUTCSA 10 Pa3sMEPOB BCEW paMKu

rpaduka.

O Ecau BBl XOTHUTE BEpHYTHCS K HCXOAHOMY Buay Trpaduka, Haxmure Unzoom
(Ormenuts wmacmrabupoBanue) win Full View (Bung monnocteio). Eciam Hano
OCTaBUTh YBEIMICHHOE M300pakeHne, HaxMuTe KHOTKY OK.

z=-1,-05%7..1 YBENMYEHHAA LIEHTpanksHanA
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CTCNEXMBATE TOUKIA ASHHEIX 3arpEITs

Puc. 15.5. YBenuuenue maciiraba u TpaccupoBka rpaguka B Mathcad 15

B KOHTEKCTHOM MEHIO, OTKPBIBAIOIEMCS IIPU HAKATUH [IPABOIl KHOIIKH MBIIIH, €CTh ITyHKT
Trace (TpaccupoBka). BeIOOp 3TOro myHKTa BBI3bIBACT MOSBICHHE OKHA TPACCHPOBKUA X—
Y Trace (puc. 15.5, cnpasa).

[IlenxHauTE JIEBOM KHOMKOW MBIITHN Ha rpaduke. Ha ocTpue Kypcopa MOSBUTCS MEPEKPECThE
IIyHKTUPHBIX JIMHUM, MepeMelaloieecs Npy ABWXKEHUU Kypcopa IpU HaKaTOW JIEBOM
KHOKe MbImd. OJHOBpEeMEHHO B OKHe TpaccupoBku X—Y Trace Oeryr wnudpsl,
YKa3bIBAIOIIME KOOPIAMHATHI MEPEKPECTbs. YCTAHOBUB IIEPEKPECThE HA HYKHYIO TOUKY
rpaduka, MOXHO CKOIHMPOBATh €ro KOOpAWHAThl B Oydep oOMEHa U 3aTeM BCTAaBUTH B
JOKYMEHT JJIsl NCTIOJIb30BAHUSI B PACUETaX.

Ecmu nocraBmen ¢uaxoxk Track Data Points (OrtcnexxuBare TOYKM HOaHHBIX), TO
MEPEKPECThE CKAYET OT TOYKH K TOUKe. ECIM CHATH 3TOT (IIaskoK, ABIKCHHE MEPEKPECThS
OyJeT IUTaBHBIM.

15.2. lNocTpoeHne nonapHbIX rpaukos

Yt00bI ocTpouTh rpaduk GYHKIMHU B IMOJSIPHBIX KOOPAWHATAX, CIEAYET:

O B manwenu rpadukos Graph Toolbar menkHyTs KHOTKY, H3006paKAaIONUIYIO MOISPHBIIA
rpaduk.

O B Mecrax BBOJAa BBECTH: BHU3Yy — YIJIOBOW apryMeHT (YHKIHH, CJEBa — HMS
GyHKIMK Ui TOCTpoeHus oObdHOro rpaduka. s mocTpoeHus napamerpudeckoro
rpaduka Hy>KHO BBECTH B 00OMX MECTaxX BBOJAA MMEHA (PyHKIMI yIJIOBOTO apryMeHTa
(puc. 15.6).

@dopmarupoBaHue MOJSPHBIX T'paUKOB AHAIOTMYHO (OPMATHPOBAHUIO  IUIOCKUX
rpaduxoB. [lomspHble TpaduKH, Kak W IUIOCKHE, MOKHO CTPOHTH B OOBIYHBIX H B
norapu(p)MUYECKUX KOOPJUHATAX.
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Jnst noctpoenust rpaduka B JIOrapupMUUECKHX KOOpAMHATAX B OKHE (hOpMaTHpOBaHHS
rpaduka Hamo oTMeTHTHh (uaxkkom myHKT Log Scale (Jlorapupmmudeckuii macmirab).
Hcnonb3oBanue jorapuMUIeCKUX KOOPIAMHAT [UIsi IUIOCKOro rpaduka I[OoKa3aHo B
npumepe 39, st nossipHoro rpaduka — Ha puc. 15.6.

Ha mossproM rpaduke MapKepbl MOKHO CTaBHTh TOJBKO JUIS PAJAHATbHON KOOPIHUHATHI,
BBIOpaB B OkHe (hopMatupoBanus rpaduka nynkt Show Markers (IToka3ate METKH).

e=0,—.2n
MocTpoeHKe rpadMkoE B NONARHELX KODPOMHATAX "

PAAHYC B NorapiMHMYEck My KOOPAHHATAY mapkepel 0.5 1 03

IEEI

210

Puc. 15.6. [IprmMeps! rpadMKOB B MOJSIPHBIX KOOPANHATAX

B mossipHBIX KOOpAWHATAaX MOXKHO, KaK M B INIOCKMX IpadMKax, UCIOIb30BaTh H3MEHEHHE
Maciitada ¥ TPacCHPOBKY, BBIOpaB B KOHTEKCTHOM MEHIO ITYHKTHI MacimTad ZOOM WM
TpacCHpOBKa Trace. 3amMeTHM, 4YTO B JIOTapU(PMHUYECKUX KOOPAMHATAX MOXKHO
UCIIONB30BAaTh IyHKT | FACe M HeNb3s UCMOIb30BaTh MyHKT ZOOM.

15.3. NocTpoeHne TpeXMepPHLIX rpadonKoB

[IpaBmiia moctpoeHus TpeXMepHBIX TpaduKoB ObLIH onucaHsbl B riiase 1 (paszen 1.12).
CymiecTByeT HECKOJIBKO BO3MOXKHOCTEH IIOCTPOCHUSI TPEXMEPHBIX IpaduKoB:
O ¢ nomouibko KHOMKH rpadukoB Graph ¢ MaTeMaTH4eCKOi MTaHenu;

O ¢ NOMOIIBI0 MacTepa MOCTPOCHHUSI TPAa(UKOB, BBI3BIBAEMOIrO M3 TIJIABHOTO MEHIO
Mathcad.

MOXHO TOCTPOMTH TPEXMEPHBIH Trpad¥K, CO3[4aB MATPHUIy 3HAUYEHWH (QYHKIUH IBYX
MEpEeMEHHBIX, a TaKKe HCIIOIb30BaTh YCKOPEHHBIM MeTon noctpoeHus: 3D-rpadukos 0e3
CO37aHMsI MAaTpHULbl 3HaueHWi (yHKuIMH win crnenuansHeie ¢yHkumn CreateMech u
CreateSpace ast coznanus MaccuBa 3HaYeHHH QYHKIMU U MOCTPOCHUS TpaduKa.

15.3.1. lNMocTpoeHune rpacumka no maccuy 3HavyeHUN OYHKLUN

Ha pwuc. 15.7 nokazano moctpoeHue rpaduka (QYHKIUH ABYX IEPEMEHHBIX, 33aJaHHBIX
MaccHBOM 3HadeHHH. [Ipn 3TOM 1Ba aprymeHTa sIBISIOTCS HE3aBHCHMBIMH IIEPEMEHHBIMH,
a (QyHKIIUS — 3aBHCUMOH IEPEeMEHHOM.

Q Cozpaiite BeKTOp 3HA4YECHUH (QYHKIMH, MPeIBAapUTENBHO 3aJaB BEKTOPHI 3HAUCHHHA
apryMeHTOB (yHKIINH.

O VYcraHOBHB Kypcop Ha TO MECTO, TA€ HYXXHO HOCTPOUTH IpadMK, OTKPOHTEe MaHeb
Graph Toolbar (ITamens rpadukoB), IMIEIKHYB Ha COOTBETCTBYIOUIEM 3HAUKE
MaTeMaTHYeCKOM TIaHeiH, 3aTeM MIeNkHuTe Ha KHomke Surface plot (I'paduk
moBepxHocTH). Ha skpane nosButcs mabiaoH rpaduka.

O B eauHcTBeHHOM MecTe BBOAa BBeaute ums GyHkiun (06e3 aprymenrtoB). ['paduk
MIOCTPOEH.
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NOCTROEHKWE NHPaMALE
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Puc. 15.7. [Toctpoenue TpexMepHOro rpaduka 1o 3aJaHHOMY MacCHUBY 3HaUCHHUN QYHKIMA

TosiBuBIHMiics rpaduk 6OJIbIIE MOX0X HA CKEJIET U3 OTACIbHBIX JHHHUNA. YTOOBI clenars u3
HETO ITOYTH MPOM3BEACHUE NCKYCCTBA, HAJO JBAXKIHI IIENKHYTh MBIIIBIO B MOJIe Tpaduka.
Otkpoetcs okHO (opmaTtupoBanusi rpaduka. O colmepkaHHKM ITOTO OKHA paccKazaHo B
rnase 1 (pazaen 1.12). Uyts no3nHee Mbl BepHeMcs K (hOPMaTHPOBAHUIO TpadUKOB, a MOKa
MPOJOJKHM Pa3roBOP O CIIOCo0ax co3maaHus rpadukoB.

15.3.2. bbIcTpoe nocTpoeHne rpadumka
Ha puc. 15.8 moka3zan camblii MPOCTOM ¥ yIOOHBIN CIIOCOO MOCTPOCHHUSI rpaduKa:
O 3Samummure GYHKUUIO IBYX MEPEMEHHbIX.
O VYcraHOBHB Kypcop Ha TO MECTO, TA€ HYXXHO HMOCTPOUTH IpadHK, OTKpOITe MaHeb
rpaduko Graph Toolbar, 3arem menkHuTe Ha KHOMNKE rpaduKa MOBEPXHOCTH

Surface plot. Ha skpane mosiButcst mabioH rpaduka.

O B eauncTBeHHOM MecTe BBOAa BBexute ums ¢yHKIuM (6e3 aprymenrtoB). I'paduk
HOCTPOEH.

B Mathcad ecTh BO3MOXXHOCTH IOCTPOCHUSI HECKOJIBKUX I'paukoB Ha OJHOM IIa0IIOHE.
st 5TOro B €qMHCTBEHHOM MeECTe BBOJA HY)KHO BITUCATh Yepe3 3alsiTyr0 Ha3BaHHS BCEX
¢ynaxuuit (puc. 15.8, cnpasa).



288

(5 + 2-cos(a)) cos(h) 2 NOBRPYHOCTH HA OQHOM QHCYHKE

Gila, b= | (5 + 2-cos(a)) sinh) 25 = xﬁ + 5’2 ~ 130
2-sinf a)

G Z.0

]

Puc. 15.8. [Ipumep OricTporo mocTpoeHus rpaduxon

[Tpu 6picTpoM nocTpoenun rpaduxoB Mathcad o ymosrganuio BeIOMpaeT 3HaUeHHsT 000MX
apryMEeHTOB B Ipejienax OT —5 A0 +5 ¥ 4ncio KOHTypHbIX JTuHUH 20. J{1s M3MEHEHUs ITUX
3HAQUEHWH JB&KIBl MICIKHATE MBIIIBI0 HAa TpadyKe W B OTKPBHIBIIEMCS OKHE
dopmarupoBanus BbiOepute Bkiaaky Quick Plot Data ([aunbie ObicTporo rpaduka).
V3amenuTe npenenbl 3HAUYCHUIA TepeMEHHBIX U HaxxMuTe KHomky OK.

Ha puc. 15.9 nokaszan tor xe rpaduk, 4ro u Ha puc. 15.8, HO HOC/Ie YCTAaHOBKH HOBBIX
MpeIeNioB U3MEHEHHs apryMeHToB. [list 3Toro npeaHasHaueHsl obnactu okHa Range 1 —
Jusi mepBoro aprymenta u Range 2 — st Broporo aprymenra. Beeaute CBOH YHCIICHHbBIC
3HaueHust aprymenToB: start — wavansHOe 3HaueHue, end — KoHewHoe 3HauyeHue, # Of
Grids — umcno nUHUNA CETKH, MOKPBIBAIONICH MOBEPXHOCTh. B mpHHIMIE, BCE JIMHUH C
MOBEPXHOCTH MOXXHO ynanuth. J{is storo Ha Bkiagke Appearance (Buewnuit Bup)
BeiOeputTe B rpymme Line options (ITapamerpsr nunun) nepeximouatens No Lines (bes
JTIUHUH).

[Tocne BBOJA HOBBIX NpEAENOB 3HAYCHUH OOYOHOK OKa3ajcs pa3pe3aHHbIM JIBYyMs
CCUCHUSIMH.

®opmar 3D-rpatmka S‘
OBLMe [alaT] OhopMnEHHE MoaceeTka 3aronoeok 3aaHWE NnaHe!
CreypansHan JononHMTensHO faHHeie BeicTpora rpaduka
Mpadmc 1
OONACTE AMCKPETHED 2HAUSHMA . OBNACTE AMCKD, BHAUSHMA 2 CHCTEMS KOOPAMHAT
Havana | Hayano |0 (®) fexapToee!
KOHEL, | 4 KoHey, |5 () Cipeprueciie
Ywcno ceTak | 20 F- Yweno ceTok | 20 e () Upningpiieciase
G

OK I [ OTMEHS

Puc. 15.9. Tor xe rpaduk, 4to 1 Ha puc. 15.8, mocie n3MeHEeHNs PEAEIOB 3HAYCHUIT apryMEHTOB

Ha Toit ke Bkiagke Quick Plot Data (cm. puc. 15.9) mymnkr Coordinate System
(Cuctema KOOpAHHAT) TO3BOISIET OBICTPO MOCTPOMTH rpaduk B mekaprosoii (Cartesian),
cdepuueckoii (Spherical) wm numuaapuaeckoit (Cylindrical) cucremax koopauuar. J{is
OBICTPOTO TepecTpOeHUsT Tpauka B JAPYyroil CHUCTeME KOOpAWHAT HaIo BHIOpATh
MePeKITIoYaTesb, COOTBETCTBYIONIMI OMHOM U3 TPeX CHCTEM, W IenkHyTh Ha KHOmKe OK.
I'paduk nepectpoeH.

Ha puc. 15.10 noka3an npumep mnoctpoeHus rpaduka GyHKIHH B ABYX NpoeKuusx. B momne
BBOJA MM (YHKIMM YKa3aHO JBa pa3a. [/IBOMHBIM ILEITYKOM MBIIIA OTKPHIBAEM OKHO
tdopmaruposanust rpadpuka. Ha Brkimagke General (O6mme) Bum3y (cm. puc. 1.12) ects
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paznen Display as (IToka3ath kak), B KOTOPOM JIJIsl KXKI0# (DYHKIHH MOXHO BBIOpATh THIT
rpaduka.

fix.v) = sitwx)- cos(y)

£.f £

E

Puc. 15.10. Eme ogua npuMep OBICTPOTo MOCTPOCHUS TPpaduKOB

B wamem mpumepe BbIOpaHbl: s mepBoit  ¢ymkumm — Surface plot (I'paduk
MOBepXHOCTH), st BTopoil ¢ynkmmn — Contour plot (I'paduk kouHTypoB). Kambrii
rpadux Qopmarupyercs otaenbHo. s koHtypHoro rpaduka (puc. 15.11) B okHe
¢dopmarupoBanust Ha Bkiagke Special (CrieruansHas) MOKHO yKa3aTh, HY)KHBI JIH JTMHHN
YpOBHA. Ecan nuaun HYKHbI, TO CJICAYET YKa3aTb BUI OTUX HHHHf/II, HX YHUCJIO, IPOCTABJIATH
11 nuQpoBbIe 3HaYCHUsI Ha rpaduKe.

(o, 70 = st 0.2-xv)
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Puc. 15.11. IIpumep hopmaTHpoBaHUs KOHTYPHOTO rpaduKa

VYcranosute ¢(iaxku Fill (3amuka mons rpaduka nserom), Draw Lines (Pucosatsb
nuann), Auto Contour (ABroMarnueckuii BBIOOp TIONOKEHWS JIMHHNA KOHTYpa),
Numbered (C ykazammem ugmcem). Moxuo cHare ¢uaxoxk Auto  Contour
(ABTOoMaTHYecKuii KOHTYP) M 3ajarh uucio Junui koHTypa (Number). B cnucke Line
Style moxuo BBIOpaTh BHA JuHMA: cmromHbsle (Solid), menkuit mymnkTrp (dotted),
kpynubii nyaktup (dashed), mrpux-nynkrup (da-dot).

Bepuemes k puc. 15.10. Ha 3TOM puCyHKe JMHUHM YpOBHSI He MoOKa3aHbl. Bce Quaxkw,
kpome Fill, casrel. [Tpoekuust Ha TOPU3OHTATIBHYIO [UIOCKOCTh BBITJISIAMT IIPOCTO KaK TEHb
mpexMeTa B mojgeHs. Ha 9ToM ke puCyHKe cripaBa MOKa3aHa CMEHA CHCTEMbI KOOPIUHAT
st BeiBozia rpadmka. Ha Brmanke Quick Plot Data ([Jaumbie 6pictporo rpaduka) (cm.
puc. 15.9) BeiOpana chepudeckas cucrema koopaunar (Spherical). 9to o3nagaer, 4ro
Mathcad npuamMaer wucxomHylo ¢GyHKIHIO flx,y) Kak 3aJaHHYI0 B C(EepHYECKHX
KOOpAMHATaX W JUIA IOCTpOeHHsA TIpaduka IOBEPXHOCTH HMX HaIO0 IpeoOpa3oBaTh B
HPSIMOYTOJIEHBIE.
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15.3.3. Co3gaHne maccuBa 3Ha4YeHUNn yHKLMN

Jus 6vicTporo moctpoeHus rpaduka (GyHKOHH ABYX mepeMeHHBIX Mathcad mcmons3yer
BcTpoeHnyo  ¢yukiuio CreateMech. Oty ¢dyskuuio Moxer wucnons3oBath u
nosie3oBaresis Mathcad ist co3nanus MaccuBa 3HaYeHHH QyHKIMH.

CreateMech npunuMmaeT BblpakeHUs Uil UCXOTHOW (DYHKIMH, 3aJaHHOW B BUJAE OJHOMN
(YHKIIMM JIByX NEpEeMEHHBIX WM (YHKIUHM-BEKTOpa W3 TpeX O3JEMEHTOB WIM Tpex
OTACTBbHBIX (yHKOWH, MapaMeTpUYecKH 3aJaonmXx (YHKOWIO JABYX IEPEMEHHBIX,
MIOBEPXHOCTh KOTOPOH HAJ0 IIOCTPOUTH.

CreateMech Bo3Bpataer MaccuB KOOPIAHHAT X, V, Zz HAPAMETPUYCCKH 3aJaHHON (yHKIIUH.
[To 3TM 3Ha4YeHUAM U CTPOUTCS TPadUK MOBEPXHOCTH.

Oopamenue Kk pyHkumuu:
CreateMech(G (wnu F, unu f1, 12, f3), So, S1, to, 1, sGrid, tgrid, fmap),

rne G, F (i, f>, f3) — ucxonmHas GYHKOUS OBYX HNEPEMEHHBIX, BOSMOXKHBIA BHJ KOTOPBIX
mokaszal Ha puc. 15.12; s, sy, ty, t; — Tpeaensl U3MEHEHUS TIEPEMEHHBIX, 110 YMOTYAHHIO
ot —5 f0 5; sgrid, rgrid — 4ncno pacueTHbIX TOYEK [0 WHTEPBATY U3MEHEHHS [IEPEMEHHBIX
s ®u t (4UCiIO JMHUI B CeTKe, MOkpwiBaroiieil rpaduk). Ilo ymomuanuto sgrid = 20,
rgrid =20; fmap — TtpexsneMeHTHass BekTOpHas GyHKUMS (WM TP  (QYHKIHH),
OCYIIECTBIIIONIAsl MEPECYET HCXOJHBIX KOOPIMHAT (TOJISIPHBIX, LWIMHAPHYCCKHX MM
chepuueckux) B gekapToBbl. Ilo ymomuanuro (ecnmu mapamerp fmap otcyrcrByer)
MCXOJHBIC KOOPIMHATHI — JCKAPTOBBI.

Ecnu Bac ycTpanBarOT 3HAYCHHS, IPHHIMAEMBbIC [0 YMOJYAHHIO, B Mapamerpax (GyHKIUH
CreateMech mokHO yka3zath TONBKO WM QyHKIHH (puc. 15.12).

NMPUMEYAHUE

Bxmouars ¢ynknuio CreateMech B jmokymenTs! HepanmoHansHO. BHyTpeHHHI
anmroputM Mathcad ucmone3yer 3Ty QYHKIHIO MO yMoiadaHHI0. DaKTHYECKH, BKIIAJKA
Quick Plot Data ([aunbie GbicTporo rpaduka) CiyXdT [UIsl YCTAHOBKH MapamMeTpoB
¢yukunu CreateMech.

®opmar, 3D-rpatimka g|

CreumansHan

7

JononHMTENEHD AaHHele GeIcTporo rpadkika

Qe [alat] OopMnere MNoaceetka 3aronoeok 23AHVE MNaHe!
Mpadk 1
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Puc. 15.12. OdopmiieHre rpaduka MOBEPXHOCTH

[pumo Bpemst paccMOTpeTh packpacky rpaduka. Korma Bl Brnucanmd B IabioH
TpeXMepHOro rpaduka UM (QYHKLHH U LIEIKHYJIH MBIIbBIO BHE IO IpadyKa, Ha SKpaHe
MOSIBUJICST YepHO-0enblif Tpaduk ¢GyHKIUU. UTOOBI pacKpacuTh €ro, ABOWHBIM IIETYKOM
MBIIIN B T0JI€ rpaduKka OTKPOHTE OKHO (hOpMaTHpPOBaHMS rpaduka W BhIOEPUTE BKIAAKY
Appearance (Odopmiaenue) (cm. puc. 15.12).

B pasnene Fill Options (Ilapamerpsl 3aiuBKH TpaduKa) MO YMOIYAHHIO OTMEUYCH MYHKT
No Fill (bes szamuBkm). VYcramosure nepexmouatens Fill Surface (ITosepxHocTs ¢
sanmuBkoi), a B pasgene Color Options (ITapamerpsl 1BeTa) YCTaHOBHUTE (IIAKOK
Colormap (Kapra useroB). Ecmu xorure HaHecTH Ha TpaQuK pacyeTHbIC TOYKH,
ycraHoBute B pasmene Point Options (ITapamerpsl Touek) ¢uaxkoxk Draw Points
(HapucoBaTh TOUKH).
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B pasgene Line Options (Tlapamerpsr nmHmii) ycraHoBuTe mepekimrodarens Wireframe
(Kapxkac). B aTom e pasnene MoxkHO BbiOpath Tommuny nuauit (Weight) u user nuauii
(Color Options). OcTanbHble MyHKTHI 3TOTO MEHIO, KaK M BCEX APYTHX, ONMPOOyHTE B
nporiecce paboTH ¢ rpaduKaMu.

Ha pwuc. 15.13 nipuBesien ere ofuH npuMep ucnons3oBanus Gpyukimu CreateMech. Dtor
rpaduk n300paxkeH B ABYX Hpoekimsax. B okHe ¢dopmarupoBanus Ha Bkiagke General
(O6ume) ycranoeneno Show Box (ITokasate pamky), Ha Bkiaake Axes Style (Bun
oceit) — Corner (B yriy) u Equal Scales (PaBHbie nikasbl mo ocsim).

Kaxnpiit u3 aByx rpagukoB dopmarupyercs oThenbHoO. [lepeiinnTe Ha BKIAaOKy BHHU3Y
Plot 2 (I'paduxk 2). Tam (B 1aHHOM HpHMepe) OTPAKAIOTCS TE XKE YCTAHOBKH, YTO W IS

rpaduka 1.

B pasgene View (Bum) MOXHO BbIOpaTh YIJIBI MTOBOPOTA H300PaKCHHOM MOBEPXHOCTH
BOKPYT BCEX TPEX OCEH:

O Rotation (IToBopoT) — BpateHie BOKpYr ocd Z. YTJbl MOTYT NPUHUMATH 3HAUCHUSI
ot —360 1o 360°;

Q Tilt (Hakmon)— BparieHue BOKpYT ocH X mociie BpaiieHus BOKPYT ocH Z. YTIIbl MOTYT
puHUMaTh 3HadeHus ot 0 1o 180°;

O Twist (M3rub) — BpamieHue BOKpYr ocu Z mociie BpauieHuid BOKpYr Z u X. Yribl
MOTYT NPUHUMATH 3HaueHHs oT —360 10 360°.

[TomeHsiiiTe yIriibl ¥ IOCMOTPHUTE HA BUJ rpaduKa.

®opmart ID-rpatdmka g

CreumansHaA JIONONHUTENEHD AaHHbie BEICTROrO rpatika
OBipe {ela] OthopMieHre MoacEeTKa 3aronoeok 338HME NNEHEI
MpocMoTp CThns ool
Mosopor: | 1 e i MepimeTp
HaicnoH: | 35 & (@) ¥ron
Pari
W=rat: | -10 E (IHer [ nokazats rpaqayy B
Macwrat: | 1 [CIPagHeit macwrat [CIroxazare none —
Mpaduk 1 | Mpadw 2
(@) Mpadpic noeepxHoCTI () Tous faHHe (D) CronBuatas awarpamm:
oo lf::- FlaHim ypoeHA C:Z- BekTopHOE none lf:i- MockyTHEl rpadvk

e

Puc. 15.13. Bxnanka General (O6wue) okHa GpopMaTHpOBaHUS TPEXMEPHBIX rPadiKoB

3T10T c1oco6 BpaleHHsT XOPOLI, eClIM Hafo MOTOYHEE Pa3sBEepHYTh MOBEPXHOCTh. OIHAKO
OOBIYHO MCHOJIB3YIOT 00Jiee MPOCTOM crtoco0, onrcaHHbli B ri1aBe 1. Cleayer ycTaHOBUTH
Kypcop B mioJie rpaduKa, a 3aTeM BBITIOJHUTD CICAYIOINE JSHCTBHS:

O JABHraTh MBIIIb IIPU HAKATOM JIeBOW KHOMKe. I"padik nmoBopadnBaercs;

O [BWrath MBIIIb MPH HAXATOW JIeBOW KHomke W Haxaroi kmasume Ctrl. Ipadux
NpUOIIMKACTCS WK YAAISCTCS

O ABWIaTh MBIIIb IPH HAKATOM JIEBOM KHOMKe M HaxkaToi kimasuiie Shift. Haunnaercs
Bpauienue rpaduka (aHuMupoBaHHOE). J[JIsI OCTAHOBKH BpAIIECHHS HAI0 MICIKHYThH
MBIIIBIO B MOJIe rpaduka.

15.3.4. NoBepxHOCTM TeN BpaLeHus

AHATMTHYECKHA Tella BpALICHWS, KaK OPaBUIO, OIMCHIBAIOTCS B COHEPUYCCKHX WITH
IWINHAPUYECKUX KoopauHaTax. Mathcad cTpouT TpexmepHsie IpaQuKd B ICKapTOBBIX
KOOpIMHATaX. B Takux ciy4asx HeoO0XomuMo IpeoOpa3oBaTh HMCXOAHBIE KOOPIHHATHI
B ICKapTOBBI. J{Jist TaKuX Mpeodpa3oBaHmii MOXKHO HCIIOIB30BATh AHATUTHIECKUE (POPMYITBI
WK BcTpoeHHbIe QyHKImu CYl2Xyz u sph2xyz.



Ha pwuc. 15.14 moka3aHo TOCTpOCHHE TIOBEPXHOCTH Iapa C  HUCIOJIb30BaHUEM
292 AHAJIMTHUYECKOTO Ipeo0pa3oBaHus CHEpUYECKUX KOOPIMHAT B MPSMOYrojbHbIE 0e3
npumenerns Gpyuakiun CreateMech.

n=40 i=l.n j=1l.1n l:r,1=1-E
fn
Fj=1d j_j Pj= sm[mﬂ-cns(ﬁl)

0.51 ==
] i
0.5
0.5
0
1 0.5
-0.5 1] 0.5
(£.Y.2)

Puc. 15.14. [ToctpoeHue mapa ¢ UCIOIb30BAaHHEM aHATUTHYECKOTO MPeoOpa3oBaHus KOOPAUHAT

Ha puc. 15.15 moka3aHo NOCTpOCHHWE MOBEPXHOCTH INapa ¢ MpHUMEHeHHeM (QYyHKIHUN
CreateMech. B kauectBe ¢yHkmun npeodbpasoBanus koopauHat fmap npriararTcs Tpu
BBIPXKCHUS: TPe00pa30BaHue UIHMHAPHUCCKUX KOOPIHHAT B ACKAPTOBbI AHATMTHYECKOE U
¢dynkipeit cyl2xyz, npeobpazoBanue cheprUuecKUX KOOPIUHAT B JEKapTOBbI (yHKIHEH
sph2xyz. TlomeHstiiTe 3T BBIPAKEHHUS MECTAMH.

B stom npumepe dynkiums CreateMech npumenena ¢ napamerpamu u 6e3 mapaMeTpos.
Ecmu ucmonp3oBaHa QyHKIMS 0e3 mapaMeTpoB, MOMydYaeTcsl 3aMKHYyTast GUTypa, a eCcid C
napaMeTpaMy — €CTh BO3MOXKHOCTb, MEHsIS TIpeJIeIIbl H3MEHEHUs YIIIOB, MOIU(UIINPOBATh
pa3Mepsl BEIpe3a.



203 £ nomeHARTe MecTamu frmap

(rcosfod
Geo,q) = | o | a0 = olyniviva, il g 6 = | (o) ‘
"y finap(v) = sphlxyz|v,vz,v3) . . |

Bl=0 6l =m ¢0:=17m &1 = 1.5 7NOMBHANTE ZHAYEHWA YITOB & W ¢

Il = Createddesh(G,680,61,40,¢1,50,50 finap) M1 = Createldesh(G ,finap)

I
1]

Iy

M1

Puc. 15.15. [ToctpoeHne MOBEPXHOCTH TeJa BPALICHHUS C BBIPE30OM

Ha puc. 15.16 mnoxa3aHa BO3MOXXHOCTb TIOCTPOEHHsSI TIOBEPXHOCTH BpALICHUS IO
ypaBHeHHMIO ee oOpasyromeil. Ha puc. 15.17 monoOGHOe mocTpoeHHe ropaszno Mpoie
BBINOJIHEHO ¢ omorbio Bkimaaku Quick Plot Data (Jlanusie 6sicTporo rpaguka).

() = sin(¢) ypaBHenwe ofipasyllled  fmap(v) = CyLZayE{ v, 7y, |

f(z) |a.:= 4-::| |h = 1,2-:4 MomenAldTe Nnpegens a 1 b
K[z,cb:] = b
z 3= Createldesh(K 0,a,0,b finap) z=001.a
=)
iz ©
1 3 10
z.z Teno BpalLLEHHA C BEIPEZOM

2

Puc. 15.16. IToBepXHOCTb BpalleHUs IIOCKON KPUBOU
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TO e Camoe ropazno npowe EBINONHATE b

C nomMow ek Bknagkn Quick Plot Data f = x si.n(:{jz Siu,v) = | fu)-cos(v)
(1) sinv)
g x=-314,-3.2n

rpaduk obpazyrowei

fiz),—fix)

Puc. 15.17. Ipadux noBepXHOCTH, OCTPOEHHBIH ¢ ToMomlsio Bkiaaku Quick Plot Data (/lanubie
ObicTporo rpaduka)

COBET

He ucnions3yiite B pacuerax ¢pyukuuio CreateMech. Te jxe mapameTpsl MOKHO U HYKHO
BBOJAUTH ¢ omolkio Bkianaku Quick Plot Data

15.3.5. lNMocTpoeHune CrnoxHblx uryp

MocTpoeHne NpoCcTpaHCTBEHHOW KpUBOW C NnpuMeHeHnem yHkumm CreateSpace

Berpoennas ¢gyukis CreateSpace npuHAMaeT TPeXdIIeMEHTHYIO BEKTOPHYIO (BYHKITHIO
OJIHOM MEpEMEHHON U BO3BpAILAET AEKapTOBBI KOOPAUHATHI IPOCTPAHCTBEHHOW KPUBOH.

Oopamenne k GyHKOuM:
CreateSpace(F, f, t;, tgrid, fmap),

rae F — TpexdJeMeHTHas BEKTOpHas (PyHKIHS OJHOW MEpEeMEHHOMH; #y W {| — Mpeaessl
M3MCHEHHS TIEPEMEHHOMU, M0 YMOJIYAHUIO OT —5 10 5; 1grid — 4uciio To4ek KpUBOH, IO
ymomganuio 20; fmap — ¢ymkmmsa mpeoOpazoBamus koopauHat. Ilapamerp fmap
HeoOs3aTeneH. IIpu ero oTcyTcTBMM BXOAHAs (QYHKIHMS 10 YMOJYAHHUIO CUUTACTCS
3aJaHHOHN B IEKapPTOBBIX KOOPANWHATAX.

[pumenenne pyukmu CreateSpace mokasano Ha puc. 15.18.



205 b finap(+) = u:j.rl?x}.rz(vl ,Vg,ngl
(@=| = (= CreateSpace(F ,10,t1 200, fnap)

MoMEHARTE MECTAMM BEIpENKEHWA ©

\ﬁ-cus(t:] =0 tl=14

VRS | o CreateSpace(H 10,41 ,200)
t

Hit) -

ot

C

Puc. 15.18. TloctpoeHue npoCcTpaHCTBEHHON KpUBOM

MepecekatoLmnecs urypsbl

Ha pwuc. 15.19 u 15.20 mnokasaHbl BO3MOXKHOCTH co3maHus B Mathcad ciaoHBIX
nepecekatomuxcst ¢uryp. O6e ¢urypbl moaydeHbl myteM (OPMHUPOBAHUS MACCHBOB

KOOpAMHAT To4eK ¢uryp mno dQopmynaMm. Ha stux ¢urypax mnoynpaxkssitecs B
(hopMaTHpPOBaHUN PHCYHKOB.

MepecedeHds UMNHHIPOE
fi=40 i=1l.n j=1l.1n

X .=rcos dmi Y. .= ain E 7= ﬂ
1.] e L] e 1.] 5

(Y, (2, 5,0Y.2,5

Puc. 15.19. [lepeceuenue Tpex HWIMHAPOB
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xi,j = (5 + 2-cus(¢ﬂ)-cns[mj) j.ri,j = I:j + E-EDS(EIJiJ)'SinIiDLj) zi,j = E-Sinlidaij

Puc. 15.20. [IBa cBS3aHHBIX KOJIbLIA

15.3.6. NocTpoeHne MHOrorpaHHMKOB

B Mathcad umeercst BO3SMOKHOCTB OBICTPOTO IOCTPOCHHUS TIOBEPXHOCTEH MHOTOTPAaHHHUKOB.
Bcero Bo3aMokHO mocTpouth 80 MHOTOrpaHHHKOB. OmNIICaHUE MHOTOTPAHHUKOB, KOTOPHIE
Mathcad MoxxeT BBIBECTH Ha dKpaH, MOKHO Haiith B LleHTpe noxymentanmu: Resource
Center » QuickSheets and Reference Tables » Reference Tables » Geometry
Formulas » Polyhedra (Lleatp pecypcoB »  Tabmuia copaBok P ['eomerpuyeckue
¢hopmyitel » MHOTOTpaHHUKH).

%3 Resource Center: Polphedra
File Edit iew Inzet Fomat Math  Swmbolice Book Help

ol ARSI C RO NE Y gl =N

+ REFERENCE TABLES
L Polyhedra

BN
A

@ Semi-Regular Polyhedra

Even-Faced Polyhedra

Regular and Quasi-Regular Polyhedra

Palyhedron("#40")

Puc. 15.21. ITocTpoeHne MoBepXHOCTEH MOIUIIPOB
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Polyhedron( "#50" ) Polyhedron("#2%)

Puc. 15.22. IIpumepsl IOCTPOECHUS TOBEPXHOCTEN MHOTOIPaHHUKOB

Jis mocTpoeHus TONHM3pa BEIBeIUTEe Ha dKpaH mabmoH 3D-rpaduka m B mone BBOHA
Harmmure  Polyhedron (“#«Homep oT 1 pgo  80»”). Ilpumepsl mOCTpOCHHS
MHOTOTPaHHHUKOB NpUBEAEHBI Ha puc. 15.21 u 15.22.

15.3.7. bbIcTpoe nameHeHne Tuna rpaduka

B 3akmioueHme TIIaBBl PAacCMOTPUM HEKOTOPBIE THIBI TIpadUKOB, JOBOJIBHO PEAKO
HCTIONB3YEMBIX Ha MIPaKTHKE, HO, TEM HEe MeHee, uMeromuxcs B apceraie Mathcad.

F F

Puc. 15.23. [IpuMepbl MOCTPOCHUS TOYEUHOTO (C1e6a) U CTONIOUATOTrO (cnpasa) TpadukoB

B okue popmatupoBanus 3D-rpadukos Ha Briaake General Buusy (puc. 15.13) umerores
IIECTh KHOTOK MePecTPOeHUs rpaduKoB:

Q Surface Plot —rpaduk mosepxHocTy;
a Contour Plot —(JTurunu yposHsi);

O Data Points — Touku gaHHBIX, PACHOIOXKEHHE PACUCTHBIX TOYEK B MPOCTPAHCTBE
(puc. 15.23, cnesa);

Q Vector Field Plot — sextopnoe mose (puc. 15.25);
Q Bar Plot — Cron6uarast nuarpamma (puc. 15.23, cnpasa);

Q Patch Plot— JlockytHbiii rpaduk, Kaxaas TOYKa B HEM HMEET BHJ JIOCKYTKa
(puc. 15.24).



IoctpouB onmuH W3 rpaduKOB, MOXKHO JIETKO TEPECTPOUTH €ro B JpPyrod, OTMETHB

(taskKOM COOTBETCTBYIOMIMI TUTI rpaduka Ha BKiaake General, 3a uckmouennem Vector
Field Plot.
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Puc. 15.24. I'paduk nmosepxHocTu u3 nockytkos (Patch Plot)

15.3.8. N'padhuk BEKTOPHOro nong

BekropHoe mnpexacraBieHne (QyHKIMH CO3MAETCSl ITOCTPOCHHUEM KOPOTKHX CTPEoveK —
BekTOpoB. CTpelouka HampaBlieHa B CTOPOHY BO3PAacTaHUS BBICOTBI IIOBEPXHOCTH
(yBenmuuenus 3HaueHUi QyHKINHM). IIMOTHOCTE CTPENIOK 3aBHCUT OT CKOPOCTH M3MEHEHHMS
(YHKIIMH, TO €CThb OT ee TrpaaueHTra. J{JIMHA CTPENOYKH MPOMOPHHOHAIBHA MOMYIIIO
BekTopa. Takoro Buia rpaduku ynoOHO HPUBOAMTH TPH pacyeTe pPazIMYHBIX IIOJICH:
JIEKTPOMArHUTHBIX, TEIUIOBBIX, IPABUTAIMOHHBIX H T. 1.

=0 0BHYNEHWE NPEXHErD 3HAYEHMA MACCHED Y
Fifx,v) = sitxv)  Fdx,v)=cos(zy) n=10 m=10

T T
i=0.n j=0.m rn=—-1 L= —
! 1 2n 5.?] E-m]

Hli,j = F1(xi,5.rj) HEi,j = Fz(xi,yj) Gi,j = Hli,j + i-HEi,j

MomenadTe dyHuua F oy dMcno Tavek nonm

10

=
1
T e e S R e S i

T
a

[
—_
L=

(HLLHE  Buecto (H1 H2) noctaeete G

Puc. 15.25. BekropHoe moine GpyHKINHU, TPOSKIUU KOTOpoit — H| u H,

[Tpn mocTpoeHUH BEKTOPHOIO IIOJIsi TpeOyeTcs 3a1aTh ABYXMEpHBI MacCUB 3HAYECHHIA
¢yHkMM B 3aiaHHBIX Toykax. Ha pwuc. 15.25 mnoka3zaHo BEKTOpHOE MOje — IOTOK
¢ynkupn G, y KOTOpO# nmpoekuny Ha ocu X U Y — 310 H| 1 H, COOTBETCTBEHHO.



Wuoraa ynoGHO MpeAcTaBUTh (YHKLHMIO KaK MaTPHUIy KOMIUICKCHBIX YHCEIN, TAE OIHA W3
299 MIPOEKINH BEKTOpa — €ro BELIECTBEHHAs YacTh, pyras NpOeKIUsS — MHUMAs 4acTb.

Pabotas ¢ npumepoMm, HOMEHsiTe PYHKINIO U KOJUYECTBO TOYEK.

15.4. OcobeHHOCTN dhopmaTUpoBaHmA rpadonKos B
HOBbIX Bepcusix Mathcad

15.4.1. PegaktnpoBaHne gByXMepPHbIX rpadpnkoB

JIBOMHOM IIETYOK MBIIIBI0 B MOJIE JABYXMEPHOro Tpaduka BHI3BIBACT IIOSBICHHE OKHA
¢dopmarupoBanust rpaduka. B Mathcad 13 B 3TOM OKHe HM3MEHHWIAach BKJIAJKa |races
(TpaccupoBka). Ha puc. 15.26 mokazana Bkimagka Iraces. IIockoabKy OKHO pE3KO
YBEJIMYMIOCH B pa3Mepax, He MOMEIIAoNIascss B OKHE YacTh BKIAJKH «IIOJIKJIEEHa» K
puc. 15.26. CtonOupl B OKHE NMpeXHUX BepcHid ctaiau ctpokamu B Mathcad 13. Otmerum
HOBBII cTonmbenr Symbol Frequency (Yactora CHMBONOB), KOTOPBIA MO3BOJISET
MIOKa3bIBaTh Ha rpadyike He BCE PACUETHBIE TOUKH, a KAKAYIO BTOPYIO, TPETHIO U T. 1.

M opMaTMpoBaHue BelbpaHHoro rpadguia X-Y

Ock X, ¥ | TPACCWPOBKA | dopmat yicna | Mogricki | 1o yMonyaHo

OfozHadeHHe B NereHae HaeTota | cpwean | WMPMHE | mypgg | TOAWMHE | ear | Tun [Oce v

kpKEeaa 1
KoWESR 2
KpoMeas 3
kpuean 4
kpueas &
kpueas B
KoWeas 7
KoKWeas 8
kareas 9
< >

(e

MkH. ..
MKH. ..
MkH. ..
MKH. ..
MH. ..
MkH. .. -

s

MkH. .. -
MKH. .. -

‘|
i
i
Y Y Y Y Y Y P

CHPBITE MEFEHAY

OK l l OTMEHa

Puc. 15.26. Oxno popmatupoBanus 1ByxmepHoro rpaduka B Mathcad 15

[TosiBuilach  BO3MOXHOCTh ~ BBIOOpA  MECTOIOJIOKEHHMST KOMMEHTapusi K rpaduky
(puc. 15.27). Kommenrapuii BBomutcst Ha Bkiaake Irace (TpaccupoBka). Bmecto cios
KpuBast | W T.J0. Hajo BIHCATh CBOM TeKCT. B HIDKHEH JeBOM yacTH BKIAJKH MOXKHO
BBIOpATh €ro MOJIOKeHNE (BHU3Y, BBEPXY, ClIEBa, CIIpaBa).
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®opmaTtnposaHme BeibpaHHoro rpadmka X-Y

0 OcH X, Y‘ Tpaccupoeka |¢)DpMaT uwicna || MoATMEW | Mo YMOn4aHMa
I I I
a5, HAPHCOBAHD MAIHHOH
g = = mommmmEoeTs Mause: yHATe OA03HAYRHWE B NEreHIE HacToTa | cymgen | WWRMHE |y
F === HEPMCOBEHD MaLKHO M 1 3=
W 6 - T 008TNHMEOCTE MEWKHE V.aaneHa, 1 4 -
— = Sy |kpmeas 3 1 ol -
F o4 / EpkEan 4 1 1==
H I KEMEaA 5 1 1=
== |kpueas B 1 1
KpuBas 7 1 1= =
0. kpKEas 8 1 1=-=
1] —
0 1 P 3 P KaKean 9 1 1 .
0 AL ALl
o o [Cewperme aprymenten [Jexperme nerenay
(@) Ceepwy cresa (O Ceepiy crpasa
(ICHMzy cnesa () Crmzy crpaea
Iy
I O } ’ OTMEHS ] i TpHMEHMTE ] ’ Crpaska

Puc. 15.27. BBox koMMeHTapHs K rpaduky

B Mathcad 12 nosiBunack BO3MOXKHOCTh YKa3bIBaTh Ha rpa)MKe YHCICHHbIC 3HAUYCHHS Ha
JIBYX BEPTUKAIBHBIX OcsiX Y (cieBa M cnpaBa oT rpaduka). Ha puc. 15.28 nokazana
Bkimaaka X-Y Axes okHa QopmarupoBanus rpaduka. i1 BBeICHHsS BTOPOW HIKaibl Y
crpaBa oT rpaduka BHa4Yajae HYy)KHO OTMeTHTh (uakkoM nyHkT Enable secondary Y axis
(BxiOYHTH TOTIOMHUTENBHYIO OCh Y), 3aTeM 3aKpbiTh OKHO (hopmarupoBaHus. 3aTeM B
mabioHe rpaduka B IOSBHBLIEMCS CIpaBa MecTe BBOAA BIMCATh UMs (YHKIMH, CHOBa
OTKpBITh OKHO (hopMaTHpoBaHus Ha Bkiajake 1race (TpaccupoBka) U yCTaHOBUTH HYXKHbIC
napameTpsl rpaduka.

® opmaTtmpoeaHMe BeibpaHHoro rpagmka X-Y R|

Ocn X%, ¥ |TpaccmpDBK.a DopMaT yiacna | Mogrick | Mo yMonyaH9

[V]BkniouuTe gononHuTensHyo oce i 10
OCHOEHaA ock Y | AONanHMTENEHaA otk Y 15,
Ok X
[ ] narapcimmueciaii macmat [ ] narapdimmueciaii macwmat %‘
TIAHIAN CETHMA — [ ] Mtruna ceTian = 1 F
HymMepauma HymMepaLma g H
ABTOMACLUTSEMPOEaHME ABTOMACLUTSEMpOEaHME < n
MOKAZEESTE METKM - [Nokaseieats MaTial _
ABTOCETKA ABTOCETKA 0
KonMUecTED CeToK: I:I KonWMuecTED CeToK: I:I 5 18
3 AL ALY 3,
OTofpaskeHie oceld ——
MM MO
@I‘ID KP2AM |:|E. OAMHIKOEOM MaCLUTa0e -
(Omo uerrpy

(OHe oTofipaskare

Puc. 15.28. [Be uikans! mo ocu Y Ha IJIOCKOM rpaduke

15.4.2. dopmaTnpoBaHune gBYXMEPHbIX rpadouKoB

B Mathcad 14 B oxHe ¢(opmarHpoBaHHs IBYXMEPHBIX TI'padHUKOB IOSBUIIACH HOBas
BKJIa/IKa, TIO3BOJIAFOIIAs H3MEHATH popmMaT uucen (puc. 15.29).
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Ok ¥, Y TpaEEMpDBKa| LOPMAT HMCNa |I'I|:|,.IJ,|'|M|:M Mo yronUaHMH

DopraaT
.
C YCno JeCATHUHER SHSKDE _
AECATHYHEIA
Hay Ui [ ] NokazsEaTE KOHEUHLIE Hy A
MH:K eHEpHEI [ |NokazaTen CTEMEHW B MHAEHERHOM
Apofie fopmate
- Y
SKCNOHEHUWMANEHEIA Nopor | 3 >

5] [oren

Puc. 15.29. Bxnanxa ¢popmaTupoBaHust Yucel B OKHE (POPMATUPOBAHUS IUIOCKUX rPaHUKOB

Ha puc 15.30 npuBenen npumep GopMaTHpoBaHUS YHCEN, BEIBOAUMEIX Ha rpaduke. s
Hayaia rpaduk ObLI YKpYITHEH IIyTeM BIIMCHIBAaHHS HY)KHBIX IIPEIENIOB YHCET Ha OcH X.
3aTeM IBOWHBIM LIETYKOM MBILIBIO BBI3BAHO OKHO (POPMAaTHPOBAaHMs, B KOTOPOM BHIOpaHa
Bkimagka Number Format (®opmar uumcen). i HarisgHOCTH BhIOpaH COBCEM YK

JK30THYECKHI BapHaHT — MpEJACTaBICHUE uucel B Bujae Japobeil. He camoe HyxHOE
HOBOBBEJICHUE, HO OHO €CTb.

@ opmMaTtMpoBaHue BeifpaHHoro rpadvka X-Y R|
Oou X, ¥ | Tpaccuposka | POAMAT WiCna |I'\D,qnu|cu| T yronYaHI

2
1 TopHat
%) = {}{2 - 1] si.n(—) =
Oy YpOBEHE TOYHOCTH 12

-

JECATAYHENA Y
0 . HatyuHeri [MliAcnonez0eaTe cMeLaHHLE Wicna;
359

_ L’IH)KEHeiHth
13563033187

) -1

—_—2
138371
1383672

-1 !
3 7
230000 500000

I OH l [ OTMEHS I ’ MpLMeHITE ] i Crpaexa

Puc. 15.30. Ox3otuka. M3menenne gopmaTa umncen Ha ocsx rpaduxa

15.4.3. ®dyHKkunm logspace u logpts

B Mathcad 13 nosBunuch ne ¢yHKuuu it paboThl ¢ TpaduKkamMy € HCHOJIB30BaHUEM
Jorapu(hMHUUECKON IIKAJIBI.

OO0pamenue K HUM:
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logspace(min, max, npts);
logpts(minexp, dec, dnpts),

rage min 1 Max — MUHUMAaJIbHOE U MAaKCHMAJLHOE 3HAYEHWs uara3oHa yucen, dec —
yrcno aekaja (3Havamumx mudp mexay Humu); npts n dnpts — obuiee umcno Touek u
YHCII0 TOYEK B KAXKIOU IEKaeE.

Oyukius logspace cosmaerT BEKTOp YHCElN, paclpeleeHHBIX MO JOrapugMuyeckoMmy
3aKOHY MEXIy Min 1 max.

Oyukuus logpts cozmaer BekTOp 4ucel, paclpeAe/iCHHbIX MO JINHEIHOMY 3aKOHY BHYTPH
KaKJ10# Aekaibl yuciIoBoro psaa. Obmiee 9nuciio Touek paBHO npousseaeHuto dec x dnpts.
IIpumMep co3paHus TakMX MacCHBOB IOKa3aH Ha puc. 15.31.

1 100
CRIGIN =1 3411 335
13037 550
V¥ = logspace(1,2000,5)
_— 23 - 47071 - Ti5
= logpteid, 2, = =
_ aptst2.2,9 169 956 1000
=110 613651 3250
2215673 5500
2000 TI50
0bErmaT nkama Moraprdtd. NEaTa
4 4
1-10
7500
¥ ]
HE [
. 2500 "/
L}
i Y L FJ

o 2 4 & g
HOMER TOUEH HOMER TOUEH

Puc. 15.31. CpaBHeHHE BEKTOPOB YHCEll, CO3IaHHbIX QyHKIMsAMH logspace u logpts
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[naBa 16. CnpaBo4yHas nHpopmauus
B Mathcad

B mento Help Mathcad ecth Tpu ncrounuka cripaBo9HO# HHOpMAIIHN:

a

a

cooctBenno Help Mathcad (CnpaBka), Bb3biBaeMblid  kiaBuineir F1  wnm
HEmocpeCTBEHHO u3 MeHio Help;

JNIeKTpOHHAs KHuUra gscheet, comepikarias HECKONBKO pa3ienoB (B pa3HbIX BEPCHSX
OHU pa3HbIe);

Hurepner.

PaCCMOTpI/IM KpPAaTKO 3TH UCTOYHUKH I/IH(I)OpMaHI/II/I.

16.1. MeHto Help (lNomoLb)

[Ipu BeIOOpe myHkTa Help B rmaBHOM MeHioo Mathcad OTKpbIBaeTCS TOAMEHIO C
HECKOJIBKUMH ITyHKTamu (puc. 16.1):

" " Mathcad - [GlavaD1-Nachala] = |

ﬁ ®aiAn Measka  Big  BCTaeka  ®opMaT  MHCTRYMEHTE!  CWMBONEHLIS OMEDALM

- - | X
O - Crpaeka Mathcad F1 e = @ O (1009 « | C
h? Yto 3To Takoe? Shift+F1 ~

B PyKOBOACTEC ANA paspagoTusoe  1CA d
FYKOBOACTBC ANA BBTOPOB wapin [
------ PYKOBOACTEA 1 Yy HeBHIKA R GOEELEEEEEEEPEEt: =
LWnaprank { %
Mo¢  Copasourbie TaBMALE neHue 2:'
. DOHHBIE KHWT I OTKPBITE KHMMY. .. iﬁ
.

Fa %] LopyMBl NoNb30BATENSA Data Analysis Extension Pack *

Beb-ysen Mathcad Image Processing

06y yeHe Mathcad

Signal Processing

O nporparme Mathcad. .

Ller . WCNoNEayTE g COMPOTUBASHIE MATEPIMANOB
Wavelets Extension Pack
HaOo 3an4caTh Tak BABBIN HEH e oo v

Puc. 16.1. Be3os cipaBku B Mathcad

Mathcad Help (CmpaBka no Mathcad) — cucTema cnpaBok 1O BCEM BOIPOCaM
pabotsl B Mathcad;

Developer's Reference (PykoBoactBo st pa3pabOTYMKOB) — IOMOJHHUTEIBHBIE
CIpaBKH ISl pa3paboTYMKOB NpuitokeHnidi Mathcad,;

Author's Reference (PykoBoacTBo [uii aBTOpOB) — [ONOJHHUTEIBbHBIC [JIaBbI
CIPaBKH ISl aBTOPOB 3JIEKTPOHHBIX KHHUT;

Tutorials (PykoBoacTBa 1 yueOHHMKH) — COOpPHHK cTareif, oOydaromux padote B
Mathcad,;

QuickSheets (IlInapranku) — cOOpHUK NpHMEpOB pacueToB B Mathcad;
Reference Tables (CnpaBoutbie TaOIHIIBI) — TAOIHIBI CIPABOYHBIX JAHHBIX;

E-books (DnekTpoHHbIC KHHTH) — MEPEYCHb DICKTPOHHBIX KHUT, BKJIIOYCHHBIX B
00os0uky Mathcad, B ToM uncIie 1B 2JIEKTPOHHBIE KHUTH aBTOpA.



304

Q mepeyeHb HHTEPHET-aAPECOB IS CBs3u ¢ pupmoii Mathsoft.

Bo Bcex pannmx Bepcusix Mathcad (no Mathcad 11) Bce mepeunciieHHbIe MYHKTBI, KpOMe
Mathcad Help, 6sun o6wvequuenst B omue myHkTr Recource Centre (Llentp
JIOKyMEHTAIL1H).

Ecnu B kakoit-nnb6o momenT padotsl B Mathcad BaM noHanoOuTcst momolis, BeIOEpUTE B
rmaBHoM MeH0 komanay Help » Mathcad Help (Cnpaska » CnpaBka Mathcad), nu6o
IIENIKHATE Ha KHOIKE CO 3HAKOM BOMpOca ? Ha CTaHmapTHoW manenn Mathcad, mu6o
Bocmonb3yiitech KiaBumieir F1. Ortkpoercss okHO cmpaBouHO# cuctembl Mathcad
(puc. 16.2).

Cnpaska B Mathcad siBisieTcst KOHTEKCTHO-3aBUCHMOM, TO €CTh €€ COJIep)KaHHe 3aBUCHT OT
TOr0, W3 Kakoro mecrta gokymenta Mathcad ona Bb3Bana. Hampumep, mpu ycTaHOBKE
Kypcopa Ha uMeHd (yHKuuu POlyroots u maxkatnu knaBuimd F1 Ha skpaHe mosBisieTcs
okno Mathcad Help, otkpsitoe Ha Mecte onucanus ¢yHkiu polyroots (puc. 16.2).

OxHo crpaBouyHOi cuctembl Mathcad moctpoeHo B xapaktepHoM uis Windows ctuie u
COCTOMT U3 JBYX yacteil. CiieBa 0TOOPaKArOTCsl HA3BaHUS CTATeH, CIipaBa — HMX TEKCT.

¥ Mathcad Help
©ain  Opaska Bug BCTaEka OOPMAT  MHCTRYMEHTH  CMMEOMEHER OMEpaLld  KHra  Crpaska
G e @ AEEEREHS B

Index G search

x ”

welcome to Mathcad Welcome to Mathcad!

Getting Started -
i 180
% gegr”azsof;d Matrices Mathcad o Welcome to Mathcad 15 - The standard for
QFEMMS Engineering Calculation and Communication!
QSDI\*ing
QFI’O_GVammmg You can use Mathcad to perform, document,
@ Units and share all your calculations and design

@ 2D and 3D Flots

@ Symbolics and Keywords
Extzrnal Files and Applicatic

@ Other Resources

wark. Mathcad's visual format and scratchpad
interface integrate standard mathematical
notation, text, and graphs in a single
worksheet - making Mathcad ideal for
knowledge capture, calculation reuse, and
engineering collaboration. Mathcad allows you
to design and document your engineering work
with unit-aware calculations.

Mathcad's open application architecture
combined with its support of .NET and its
native XML format make it easy to integrate
Mathcad into other engineering applications.

Mathcad is the only enterprise-wide solution
far managing engineering design and
attributes. The files you produce are readily
publishable into a variety of formats: XML,
HTML, PDF, and RTF, and with the use of the

Mathcad Calculation Server, you can publish
3 | & liva math an the Wah ncina avictina Mathead

roToBD ABTO

Puc. 16.2. Oxno cnpaku Mathcad

CnpaBodHas CHCTeMa HACBHIIIEHA THUIEPCCHUIKAMH, HAXOASIIAMHUCS B TEKCTE CTaTed M
00ecTieYnBarOINMHI ITEPEX0]] OT OTHOM CTAaThH K Ipyroil. s mepexona OT OJHOH CTaThH K
Jpyroil ycraHoBiieHbl KHONKM HaBuranuu Back (Hasax), Forward (Bmepex), Home

(Tomoii).

B Tekcre crareit wacto Berpewatotcs kKHomkn QuickSheet Example, BrisbiBatomme
IIPUMEpP PACUYETA, CBA3aHHBIN C COAEPKAHUEM CIIPABOYHOM CTaThU.

Crareit ropa3no 0OoJjblie, 4eM 3arojioBKOB B cojepxanuu. st BbIBoJa OOJIBLIMHCTBA U3
HUX Ha 9KpaH MoTpedyeTcs: OAMH-Ba MIepexo/ia Mo TUIIEPCChUIKAM.

B koHie mourn Kaxmoil crateu ecth kHomka Related Topics (Crareun, Onm3kue mo
cmbicy). [llendox MBIIIBI0 Ha ATOH KHONKE OTKPBIBaeT NMEpPEYeHb CTaTeld Ha CXOIHBIE
TEMbI, CBA3aHHBIX THIICPCCHIJIKAMU C JAaHHBIMU CTATbAMU.

16.2. INepesop cnpasoyHou cuctemsl Mathcad

Bce crateu cmnpaBouHo# cuctembl Mathcad HamucaHbl Ha aHMIMKACKOM si3bike. Eciu
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AQHTIMHACKUHA  TEKCT BaM  HEMOHSTEH, BOCHOJB3YHTECh KAaKOH-THOO  CHCTEMOM-
MepeBOIYMKOM, Hanpumep Prompt.

Beigenure 4epHbIM 1IBETOM (parMeHT TEKCTa, KOTOPBIH XOTUTE MEPEBECTH, WM B TIIABHOM
meHto Mathcad BeiGepute komanay Edit » Select all (Pemaktuposars » Beigenuts Bce).
3areM cKOmMpyiiTe BbIACICHHBIH TeKCT B Oydep (puc. 16.3). B mento Prompt BeiGepure
nyskr [Nepesog Clipboard (IlepeBon comepxumoro Gydepa obmena). B mosBuBmemcs
OKHE BBIOEpUTE HalpaBieHHE mepeBoja: AHMMO-PYCCKUMA NEPEBOA U HAXKMHUTE KHOIKY
OK. MammHHBIA TepeBol, KOHEYHO, TPUMHUTHBHEIN, HO 3aTO OBICTPBINA, W, B OOIIEM,
CTaHOBUTCA NOHATHO, O YeM HJIET peusb (puc. 16.4).

E? Mathcad Help =] E3
H e oA

Crpere Hasan Enepen Jorod Meyare MaparteTped

ConepiaHie | Yrazarens I Mowck I

i Gietting Started

i Equations

i Text

[:Q| Computational Features
Caontraling Calculation
- @ [teration and Looping
. @ Dioing Calculations in Parall__|
2 |Error Meszages in Mumerical Calc
Syrnbolic: Optimization
Layout Toolz

Wiorkgheet Management
Wectors ahd b atrices
Strings

Functions -
» |

Puc. 16.3. Boigenenue Tekcra Juis nepeBoaa

| »

are rmarke
ending nam
a different co

FrOrs in a works
ge and the

\? Clipboard: Anrno-Pycceui nepesog =]k
Ep= — EdT %
EHEEMTE: JameHkTe | HanpaeneHue| Cnpaeka

L oofwenmna of ownBkax B HMCneEHHBX pacueTax

Niobele ownben B paboyem NMCTe 0TMeYeHEl © cooBwerden 0B ownbrax 1
HaZBaHMEM(MMEHEM] 0CKOpANEHHA, UM ONEPATOR EBICEEYEH E PAzfMYHOM LEETE
(0BBIMHO KpacHBIR).

|

FPabouwid nucT He mosxkeT obpabaTeieaTe BRIpE¥EHHe, cofepkallee owubry. na
BEIpaxeHdA, 4Tobkl oBpaboTate, Bl BON¥HE YETAHOEMTE ownbky.

Ina MHBOPMALKMKM OTHOCHTENEHO cneuufuyeckoro coobweHua ab olWwnbrax, HaKMHUTE
Ha 3T0 B CMMCKE HHME:

"Haxoaawica " rokazateca”) unn "Minerr” Hy#Ho npegwecTeoeate "aHHEIM" [
v

Yrodel nonysMTE Noackasky, Haxmmme Fl

Puc. 16.4. [lepeBon TexcTa, BbLACIEHHOr0 Ha puc. 16.3

B Mathcad Help Bce crareit mOArOTOBICHBI B TEKCTOBOM PEOAKTOPE, H IMOITOMY
JJIEKTPOHHBIH ITepeBOAYNK 00padaTeiBaeT UX 0e3 mpodieM.

CroxHee 00CTOUT JIENI0 CO CTaThsIMH U3 3JIEKTPOHHBIX KHUT. OHU MTOJrOTOBIICHBI KaK 4acTh
anexkTpoHHON KHUrH B Mathcad u He MOryT OBITH IIEpEBEAEHBI TEKCTOBBIM AJICKTPOHHBIM
MEePeBOAYMKOM. DTH CTaThH BHAa4YaJIe HAJI0 IEPEHECTH B TEKCTOBBIM PEAAKTOP.

Brigenute TeKCT cTaThHM AIEKTpOHHOH KHHUTH. Ckomumpyiite ero B Oydep oOMmMeHa u
BCTaBbTe B Iycroi JokymeHT Mathcad. I[lockonbKy 3iieKTpOHHAas KHMTa CO3[aHa B
Mathcad, To Tonpko B Mathcad ee MoxHO 1peoOpa3oBaTh B TEKCTOBBIN (aidI.

B memnto File (®aiin) BeiGepute koManay Save as (CoxpaHHuTh Kak), B OTKPBIBIIEMCS OKHE
BIMIIIATE KaKoe-Inbo uMs W BeIOepuTe Tu (aiima Rich Text Format File (*.rtf), satem
HakmuTe KHONKY COXpaHuTb. Co3naHHbINA JOKYMEHT CTal TEKCTOBBIM (ailiioM, U Terephb
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OH OTKphIBaeTcs B Word.

U3 noxymenta Word Tekct ckonmupyite B Oydep oOMeHa, 3aTeM BBI30BUTE DJIEKTPOHHBIH
nepeBounk u BbiGepure komanmy [lepesog Clipboard » AHrno-pycckun nepesog.
ITpumepsl mepeBoja TekcTa u3 2MekTpoHHOH kHuru Resource Center mpuseneHsr Ha
puc. 16.6-16.9.

NMPUMEYAHUE

DNeKTPOHHBIH MepeBOAYMK Promt 7 MEPEeBOJUT TEKCTHI, CO3/AHHbIC B Pa3IHYHBIX
Windows-npunoxenunsx, Bkiarodas Mathcad, mocne konupoBanus ux B Oydep oOMeHa 1
He TpeOyeT npeodpa3oBaHus B TEKCTOBBIH (aii.

16.3. OnekTpoHHada KHUra gscheet

Onektponnass kuura (scheet mnpencraBmsier co6oit COOpHHMK CTaTeil U MPUMEPOB,
MOSICHSIONINX paboTy OnepaTropoB W BCTPOSHHBIX (QyHKuMH Mathcad, a Takxe npumepos
peLIeHns] Pa3NIUYHBIX MaTEMaTHYeCKHX, (PU3NYECKHX, WH)KCHEPHBIX 3aJiad C ITOMOIIbIO
Mathcad.

YtoOBl BBI3BaTh 3Ty OJICKTPOHHYIO KHUTY Ha 3KpaH, clienyer B MeHoo Help BwiOpath
HYXHbIH pazzen (cM. puc. 16.1). Ha skpaHe OSBUTCS TUTYIBHBIN JINCT 3TOH 3JIEKTPOHHOM
kauTH (puc. 16.5).

"*,‘4 Mathcad Resources: Welcome to Mathcad 15 E|E|g|

@aiAn  Opaeka Bug BoTaeka  @opMaT  MHCTPYMEHTEl  CWMMBOMEHEIE OMepallid  KHra  Crpaeka

o} & ] ba [ E& B

| Mathcad

Tutorials include overview and

getting started information for using tutorials
Mathcad 15, ™ quicksheets
QuickSheets demonstrate specific reference tables
Egr;ﬁﬂ%%segnd problem-solving upgrade guide

. user's guide
Reference Tables provide math, [ T
science, and engineering formulas read this first

and data in Mathcad form. customer service guide

lUpgrade Guide provides information keyboard shortcuts
on upgrading older worksheets to
Mathcad 15.

Maote: You need Adobe Reader to view the User's Guide and the Customer Service Guide.

< >

1A Moy HeHWA CHPABKIA HAHMATE KNasmwy F1 ABTO

Puc. 16.5. 3arnaBHas cTpaHuIia IEKTPOHHON KHUTH gscheet

Ha tutynpHOM JHCTE BCE 3aroJIOBKH SIBISIOTCS TUHEpcchlIkaMu. 11leTuok MpImIbo Ha HUX
OTKpPBIBAET COOTBETCTBYIOLINI pa3aen KHUru. Beero pasnenos tpu:

Q Tutorial (Yuebuuk) — uHbOpMAIHS O BOZMOXHOCTSIX CUCTEMbI U OCHOBHBIC TIPHEMBI
pabotsl ¢ Mathcad;

O QuickSheets — c6opHuK IPUMEPOB;

O Reference Tables — crpaBouHbIe TaOIHIIBL.
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IlepenBuratbcst Mo paszfenaMm 3JIEKTPOHHOW KHUTH OY€Hb JIETKO. B Hauane KaxJoro
pa3zena U IMOJpPAa3[eNoB NMPHUBOAMUTCS OTJIABJICHHE, BHIIOJIHEHHOE B BUJAE THIEPCCHUIOK.
IIpu HaBeneHMM Ha THIEPCCBUIKY Kypcop NpuUoOpeTaeT BHA PYKH C BBITSHYTHIM
yKa3areabHbIM majblieM. [Ipu Ienuke MbIIIbI0 HAa COOTBETCTBYIOLIEH THUIEPCCHUIKE
TOJIb30BATENb NEPEXOIUT B HYKHBIN pa3ies JIEKTPOHHON KHUTH.

Oco0OeHHOCTBIO IEKTPOHHBIX KHAT B Mathcad siBisieTcsl BBIIOJIHEHHE PAacdeToB MPSIMO Ha
CTpaHMIAX KHHUTH, IIPHYEM II0JIb30BaTEb MOXKET HW3MEHATh JIOOBIE IapaMeTpsl MU
HaOIr0aTh U3MEHEHNE PEe3yJIbTaToB pacyera. [IpaBaa, COXpaHUTh Pe3yiabTaThl IepecdeTa
MIPSMO B JIEKTPOHHOM KHWTE HEJb3sl, TIOCKOJIBKY B HEll BKJIIOUEHA 3all[iTa OT 3alHCH. 3aTO
HY’KHBIE ()parMeHThl KHUTH MOXKHO CKOIIUPOBATh B CBOM JOKYMEHT.

UroObl ckonMpoBaTh (hparMeHT KHUTH, HAJIO0 BBIACIHUTH €ro IMyHKTHPHOW paMKoH, oOBens
KypCOpOM IIpU HAXKAaTOW JIEBOW KHOIMKE MBIIIN, a 3aTeM CKONUpPOBaTh B Oydep oOMeHa n
OTTYJla BCTAaBUTh B HY’KHOE MECTO CBOETO JJOKYMEHTA.

Ectb 1 6onee mpocToit criocod KOMUpOBaHUS, TUITMYHBIH 711 BceX Windows-IipHiIoKeHU .
MOHO BBIJICJICHHBIH ()parMeHT MepeTalinuTh 10 dKpaHy B CBOW JOKYMEHT IPU Ha)KaTou
JIEBOW KHOIIKE MBIIIH.

16.3.1. O630p 1 y4yebHuK

B pasmene Tutorial (YueOHHK) moNb30BaTeNh HAWIET OCHOBHBIE CBEIECHHUS IO JAHHOU
Bepcun Mathcad nHa anrnmiickom sizeike. B Mathcad 15 Bkirouen paspen Users Guide na
pycckoMm si3bike. UToOBI OTKpBHITH ero BbiOepute myHKTHI CripaBka b PykoBoactea u
y4ebHuku » Users Guide. Ha puc. 16.6 mokazaHo OrjaBjieHHe 3TOrO pasjena.

Hauano yueOnuka (puc. 16.7) nocesimeHo oOydeHHIO ocHoBaM paborel B Mathcad u
noxoXe Ha riaBy | JaHHOW KHHMrd. B mociemyrommx paspmenax HAET YIrIyOJeHHOE
usyuenne Mathcad u mpuBeneHO OOJBLIOE KONHUYECTBO MPUMEPOB, KaK MPABUIIO, OYCHb
HPOCTHIX.

! Mathcad Resources: Overview and Tutorials

Oafin Dpaa Biag Borscs GopmaT  McTpyMenTol  Chpmoimes coepap Brera  Crpos
_C'L‘I_O = @ & ;iR =

CopepxaHune

Mathcad

pe—

1: Snmmowcres ¢ Methesd 3
e

3 VT oD P

e Guide

d Shorteuts

[

5 c & " & Pafiors ¢ taccrou 5
Note You need Adobe Resder bo vew the User's Guide and the Customer Serace Gude.

4 3

Links to Mathcad Uiser's Guide AT

Puc. 16.6. [1epBas crpannna yueOnuka u ornasieHne Users Guide Ha pyCCKOM sSI3BIKE
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#3 Mathcad Resources: QuickSheets Contents _[aOl x|

File Edit “iew Inseit Format Tools Symbolics Book Help
H® | ERNThR BHS

R p—————
mathcad resources P——— = ; 5
F& Clipboard Translator[Anrao-Pycekuni - X
mathsoft., =

MepesecTH v, Ckonvpoeate  z4p Hanpaeashue )
4 5ben onriens nepee0g afll i - [ Tewamice

+ 0 QuickSheets
X X Ananuz Janusng
About QuickSheets Data Analysis ApubmeTara u AnreBipa
Ayithmetic and Algebra tatistic W
04 Y11
Units Using Mathcad with Other Applications | picponeaoeanme Mathcad ¢ Opyraww Tpukianteme nporpzmtamm
Yectors and Matrices Special Maple Functions Berrops u blatpuus!
i K Cneunanbrble $yHrumy Knexa
Solving Equations Brogramming Pelienme YpagHERMi
Graphing and Yigualization Animations Oporpamumpoeatine
. Graphing v Busyanuzauua
Calculus and DiffEGs Extra hath Symbaols Wy BT MELA
Engineering Applications Meuncnenne w DifEQls
Hononuutensele katemaruyecmne Cumeonsl
Pazpafiotka Mpuknandel: nporpamm

d T1nA NONY4EHUA CNpasku HasTe F1 AHrno-Pycckui nepeson | Mugop
Press F1 for help. AUTO |

Puc. 16.7. Ornasnenue pasgena Getting Started Tutorial ¢ mepeBogom

16.3.2. Npumepbl 1 cnpaBoYHble Tabnuubl

B pasmene Quickschets smexkTpoHHONW KHHTH COCPEOOTOYEHO GONBIIOE KOJIUYECTBO
IPUMEPOB, B OCHOBHOM M3 MAaTE€MaTHKH M (GH3UKH, C HCIOIB30BaHHEM OOJIBIIMHCTBA
BCTPOEHHBIX (PYHKIIUIT U pa3nuuHbIX Bo3MokHOCTei Mathcad.

Pasnen Reference Tables (CnpaBounble TaGuuIpl) COAEPKUT  MPOCTEMILIHE
Maremaruueckue (OpPMyJibl, CBEICHHUS O CBOMCTBAX pa3NMYHBIX MATEPUAIOB M T. II.
(puc. 16.8). CBenenusi 3Tn OeccucTeMHble M B 0oOlIeM Majo KoMy HyxHble. [IpaBna, B
pasneine Geometry Formulas (Ieomerpuueckue (opMynbl) eCThb XOTh W HE OYEHb
HYKHBIH, HO BechbMa Jt00ONBITHBINA pasnen Polyhedra (Muororpannukn), copepiamiui
rpaduku moBepxHocTedl 80 MHOrorpaHHUKOB (NPaBUIBHBIX). OO HCIOJIB30BAHUU ITOTO
paznena nuia peys B riase 15 (em. puc. 15.20 u 15.21).

Mathcad Resources: Reference Tables

@alin  Opaeka Bug  BoTaBka  @opMaT  MHCTPYMEHTHEN  CWMMBONBHBIE ONepaliia - EHWra  Crpaeka

@& e ENbB =2HS 0

"Mathcad :

athcad

Reference Tables

Basic Science Electromagnetics Properties of Gases

Fundamental Constants Capacitance Specific Gravity

Physics - Mechanics Oscillators Specific Heat

Periodic Table Sound Velocity

Caleule Prop.erties of Liquids Molecular Weiaht

Density

Derivative Formulas WViscosity Properties of Metals

Integral Formulas Specific Gravity Thermal Conductivity

Trigonornetric Identities Sound Yelocity Specific Gravity

Geometry Surface Tension Linear Expansion Coefficient

Areas and Perimeters Dielectric Constant Electrical Resistivity

Volumes and Surface Indes of Refraction Foisson's Ratio

Areas Molecular Weight Modulus of Elasticity

Polyhedra b Al Dot hs
< >
HaxmuTe F1, YToBE OTKDBITE CTIDAEKY. ABTO

Puc. 16.8. ITepBas ctpanuna pasnena Reference Tables
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16.4. Mathcad n HTepHeT

Hus paborer B HMurepHere Mathcad wmmeer BCcTpoeHHBIH Opaysep, ITO3BOJISIONIAI
MOJTb30BaThCs yciyramMu WHTepHEeTa, HE BBIXOAS M3 MporpamMmbl. KHomku moctyma B
Wutepuer u3 cpeast Mathcad wnaxonsitcss B BblmajaroiieM MeHio kHomku Help
crargaptHoro MeHro Mathcad (cm. puc. 16.1):

O User Forums — ®opymsl none3oBateneit Mathcad,

O Mathcad.com — oTkpbiTre HaYanbHO# cTpanuisl pupmbl Mathsoft;

a Consulting & Training — O6yuenue Mathcad.

Crnemyer oTMeTHTh, 4YTO BCTpoeHHbIH B Mathcad Opaysep He CIHIIKOM XOpOII H
obpaniatbes K caidty pupmbl PTC xkenaTenbHo ¢ HCIONIB30BaHUEM Opay3epoB, BCTPOSHHBIX
B Windows. Ilpome Bcero HaOpaTh B OKHE TOHMCKa Opaysepa kimodeByio ¢pasy PTC

Mathcad, wu BbIOpaTh HYXHYK CCBUIKY B OOJBLIOM CIIUCKEe aapecoB. MOXKHO
CaMOCTOSATENBHO BBECTH CICAYIOLINE aJipeca:

http://www.ptc.com/ — Hauansnas crpanuna ¢upmsl PTC, xoropas B 2003 rogy xynuiaa
¢upmy Mathsoft m B Hacrosimee Bpemsi MPOAOIDKAET PadOTy MO COBEPIICHCTBOBAHHIO
cuctembl Mathcad.

http://www.ptc.com/appserver/mkt/products/home.jsp?k=3901 — caliT omnucaHus W
NpUOOpETEHHs MPOrPaMMHBIX MPOIYKTOB, BbITyckaeMbiX ¢Gupmoit PTC. [TomumMo kpaTkux
ONMCAaHUH NPOTrPaMMHBIX IPOJAYKTOB, BbITyckaeMbix ¢upmoit PTC, 3mech conepkarcs
TMOJIE3HBIE YTUIINTHI ISl UX MOJIEPHHU3ALMK, COTHHU (aiiIoB ¢ MpUMepaMu WX NPUMEHEHUs,
MOCJIEZIHNE HOBOCTH O paboTe (upMbl U npyras uHpopmMaimsi. HekoTopble HHCTPYMEHTHI
3]1eCh MOXKHO TIOJTyYHUTh OECIIaTHO, JPyTHe HY>KHO OIUIATHTh.

http://communities.ptc.com/community/mathcad — caiiT, Ha KOTOpOoM O00CYyXAaIOTCA
BOIIPOCHI ncToIb30BaHus Mathcad (puc. 16.9) monp30BaTensIMu U3 pa3HBIX CTPaH.

unity: Community: Mathcad

BcTagka ©OpMAT  VHCTPYMEHTEl  ChMBOSbHBIE OMepaliid  KHira  Cripaka

VB RHE A
W
COMMUNITY A community for PTC customers and everyone dedicated to product development excellence
2 Welcome, Evgenie Makarov (Log out) Goto PTC.com | [ SHARE _] 4
PlanetPTC Community > Mathcad Browse: & B @ B @ ¢ O @ & Heed Help?
£ Mathcad

m © All Content (143) ' Discussions (99) 21 D\ (14) | @Blog | [®iVideos Setas defaulliab

HERO OF THE MONTH

E Valery Ochkev

Qur first Hero of the Month has

SUB-COMMUNITIES

) Mathcad Usage

£) Algebra & Geometry

) Aerospace Engineering
been a passionate Mathcad user

© Biology Showcase Your Work! for over 20 years!.

£9 Calculus & Des
This month we are seeking animations and 3D graphs. Share your > Learn why Valery is a Hero

work in the Member Showcase!

) Civil Engineering
SUBMIT NOW

&9 Electrical Engineering TOP PARTICIPANTS

) Chemical Engineering

€ Geology
£ Math Homework Help ALL RECENT MATHCAD CONTENT n Iike Armstrong

Puc. 16.9. Crpanuna caiita popyma Mathcad, otkpsitas B 6pay3epe Mathcad

16.4.5. TexHuyeckasn nogaepxka Mathcad

Hlemyox Ha cceuike Support caiita PTC Mathcad OTKpbsiBaeT OKHO €O CTpaHHIECH
TEXHMYECKOM IOMAEpKKH NpoAayKuuu ¢upmel. OTCloma MOXHO IOJYYUTh HOCTYN K
pasnuyHON JOKyMeHTanuu 1o cucremMe Mathcad u k MHOXeECTBY Jpyroid mose3HOH
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uHpopmanuy. BOJBIIMHCTBO BO3MOXHOCTEH 3TOW CTPAaHUIIBI JOCTYIIHO TOJBKO JUIs
3apErUCTPUPOBAHHBIX TOJIb30BaTeNel cucteMbl Mathcad.

B 1enom mMoxxHO oTMeTHTh, 4yTo Mathcad Hemioxo nHTerpupoBat ¢ MuTteprerom. @upma
Mathsoft MHOro paboTaeT MMEHHO B 3TOM HalpaBJCHUH. BOJBLIIMHCTBO WM3MEHEHHH H
YCOBEpIICHCTBOBAaHUK B mocieaHux Bepcusix Mathcad kacatorcs uMeHHO paOoThHI B
WuTephere.

Mathcad® 15.0 Bximrouaer 25 QyHKIMOHAIBEHBIX OOHOBIICHHI, YIyYIICHHBIE PacdeTHBIC
OMOJIMOTEKH W PACIIMPEHHYIO MHTEIPALMI0 C PEIICHHSAMH CTOPOHHHUX NPOU3BOAUTEINCH,
HarpuMep ¢ mocienneit Bepcued Microsoft Excel. Tpaauiponno Mathcad® 15.0
IPEBOCXOIHO IOJJEPKMBAaeT pabOTy CHUCTEM aBTOMATH3HPOBAHHOIO IIPOCKTHPOBAHUSA,
Hanpumep, Pro/ENGINEER®), a taxke nporpaMMHOe pellieHne sl YIpaBJIeHUs JaHHBIMA
ot PTC — Windchill® st KpymHBIX KOMIIAHAN ¥ TAKOE KE PEIICHUE /IS CEKTOpa CPEIHETO
n manoro 6uzneca — Windchill ProductPoint®. Uro mo3BoisieT mojp30BaTeisM Jydlle
YOpaBJIATh KPUTHYCCKU Ba’XHbIMU HWHXCHCPHBIMU JaHHBIMH, YIPOIIA€T BO3MOXKXHOCTH
B3aUMO/ICHCTBUSI KOMaHIbl pa3paO0TYMKOB M ITOBTOPHO HCIOJB30BaTh MH(MOpPMAIMIO 00
W3JIEIIHH.

HoBsprii Mathcad 15.0 - 3T0:
- DyHKIUM U1 pacueToB M0 IUIAHMPOBAHMIO dKcrepuMeHToB (design of experiments
(DoE)) — no6aBieHo 25 HOBBIX (YHKIMH, TOMOTAIONINX COKPATHTh BPEMs, 3aTpadyeHHOE Ha
HATypHBIE DKCHEPUMEHTBI, 332 CYET IIOHMMaHMs OOINeH TEHACHUMH IIPH HCIIBITAHUSX.
[punoxenns DoE momorarot HaliTH KpUTHIECKHE (HAKTOPHI X ONTUMANBHBIC YCIOBHS TIPU
UCIIBITAHUAX CIOXKHBIX IHporeccoB. ComeprkaTcss MIAOIOHBI Ul MIPOBEACHUS HECKOJIBKUX
OKCIIEPUMEHTOB, NPH HAJIWYUM HECKONBKUX YpPOBHEH OSKCIEepUMEHTa (PEKHMOB
TECTUPOBAHUA) u Pa3IMYIHBIX YCIIOBHH.
- YrioyOnenHast uaTerpanus ¢ 6azoi qanHbix KnovelMath — OwicTphlit moctyn k 6aze mo
WH)KEHEPHBIM W TEXHUYECKHUM CTaHJapTaM COKpallaeT BpeMsl IPOBEICHMS CIIOKHBIX
pacyeToB.

- Wnrerpamus ¢ mporpamMmHbeIM oOecrieuenneM Kornucopia, BBIITycKaeMOro KOMIaHUEH
Bodie Technology, mnpeaHa3sHayeHHOro /IS COKpAalleHWS BPEMEHHM U YCHIMH
3aTpauMBacMbIX Ha TMpOBeleHMs aHanu3a. [IpemocraBisisi MIabMOHBI JUISI PAacuyeToOB B
Mathcad, 3ToT MOmynp TMO3BOJSIET HCIOJNB30BaTh HapaOOTaHHBIC MPOLECCH JUIA
BCCOOBEMIIFOLICH OICHKH JAHHBIX HATYPHBIX JKCIICPUMEHTOB M PE3yJbTaTOB PaCUCTOB.
- [lepBas maTerpamus ¢ 6a3oii maHapXx Truenumbers — Truenumbers ot True Engineering
Technology mnpenocraBisier pa3pabOTUMKaM JOCTY K Pa3iIHYHBIM  CHPABOYHBIM
MarepuaniaM ¥ JaHHBIM. Pesynpratel m3 Mathcad mpocto mepenaroTcs B pa3nuyuHbIE
(dopMmaTsl JTOKyMEHTOB, YTO 3HAYUTENFHO OOJEryaeT INepenavyy NaHHBIX II0 KIFOYEBOH
LETIOYKe COTPY/THUKOB.
- [Monnepixka OTlepaIlMOHHON CHCTEMBI Microsoft Windows 7.
- opnepxka Microsoft Excel 2007.
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maBa 17. Co3gaHne aneKTPOHHbIX KHUT

Co3fanue 3JIEeKTPOHHBIX KHHMI — CBOEro poja BhICIIMK mwioTax B cpene Mathcad.
DJNeKTpOHHAs KHUTA COYeTaeT B ce0e TEeKCT W mpuMeps! BerancieHnit B Mathcad. bonpimoe
KOJINYECTBO CCBUIOK O0ecrednBaeT OBICTpOEe W YAOOHOE IepeMelIeHHe M0 KHUTE, ITOMCK
Hy)HOro (parmenra. Bce mpuBeneHHble NpHMepbl pabOTarOT, JOMYCKAalOT HW3MEHEHHE
napaMeTpoB pacdeTa ¢ MIHOBEHHBIM IEpecueToM mnpumepa. 3MeHeHus B 3JIEKTPOHHOU
KHUTE HEllb3sl COXPAHUTh B HEH, HO J1I000# (hparMeHT KHUTH MOYKHO CKOIIMPOBATh B IPyron
(aiin Mathcad n coxpanuts Tam.

B Mathcad 15 BkiIt0u€HO NSATH JIEKTPOHHBIX KHHUT':

O Quick Sheets — mnpuMepsl HCIIONL30BAHMS OIEPATOPOB M BCTPOCHHBIX (YHKIMH
Mathcad. DTa KHUTA COOEPKUT TPHU pa3zena:

= Tutorials — oOyuernne pabote B Mathcad;

= Quick Sheets — npumeps pacaeros B Mathcad;

Reference Tables — cripaBodHbIC TaOIHIIBI,
Data Analysis Extension Pack — ananu3 HabopoB JaHHBIX;
Image Processing — umndpoBas 06paboTtka nzobdpaxenuii B Mathcad,;

Signal Processing — o6paborka curnaioB B Mathcad;

0O 0O 0O O

Wavelets Extension Pack — BosHOBBIE TpeoOpa3oBaHusi MACCUBOB JIaHHBIX.

HasBaHHbIe 3JIEKTpOHHBIE KHUTM MOXKHO BBI3BaTh Ha 9KpaH W3 TiaBHOro MeHro Mathcad,
BbIOpaB myHKT CrpaBka P JnektpoHHble kHuUTH. Ha puc. 17.1 nokazano okxHo Help
Mathcad oTkyna MO’KHO BBI3BaTh BCE AJIEKTPOHHBIE KHUTH. B 060mouky Mathcad st BctaBun
1 TPH CBOM 3JIEKTPOHHBIC KHUTH:

Q «MmxenepHsle pacuetel B Mathcad» — oHa comepkuT Bce, 4TO BBl BHAWTE HA
CTpaHHMIIaX 3TOH KHUTH;

O «CrpaBoyHHK IO MHXEHEPHbIM pacueTam B Mathcad» — 311€KTpOHHBINH KOHCTPYKTOP
IUIE COOpPKH COOCTBEHHBIX HPOTPaMM M3 TOTOBBIX (PparMEHTOB. DTOT CIPABOYHHK
BhinyiieH ¢upmoii «HoBbIl TUCK» Ha KOMIAKT-IMCKe 1moj HazBaHueM «Mathcad —
KOHCTPYKTOP IPOTpaMmyy,;

Q «ComnpoTuBieHHEe MaTepUalIOB) — IOATOTOBKAa HOBOTO KOMIIAKT-AMCKA C MPHUMEpaMHu
pelIeHys] IPOYHOCTHBIX 3a/1a4.

Hanmune Ha xoMmbroTepe BcTpoeHHOH B 000s0uky Mathcad HY»XHOM 3J€KTpOHHON KHHUTH
OYEHb II0JIE3HO M yHoOHO. bnaromapst cucreme BIIOKEHHBIX JApYr B Jpyra OTJIABICHHH W
CHCTEME CCBUIOK MOYKHO NMPAaKTUYECKH MIHOBEHHO HAaWTH HYXXHBIH MaTepuall, CKOMPOBaTh
HeoO0XoauMBIH pparMeHT B Oydep oOMeHa 1 BCTaBHUTH €T0 B COOCTBEHHYIO IIPOTPaMMYy .
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Puc. 17.1. OxHO BBIOOpA DIEKTPOHHBIX KHUT

Co3nanue 3JeKTPOHHBIX KHUT TPEyCMaTpPHUBAET CIICIYIOUINE ICHCTBHS:

1. Cosnanue HeoOxonuMbix Mathcad-caiinos.

2. TloaroTtoBky coaep:kaHUs NEKTPOHHON KHUTH.

3. JlobaBieHune 3IEKTPOHHBIX CCBIIOK U3 COMACPKAHUSA Ha COOTBETCTBYIOIINE (paiiinbl.
4

Co3ganne HBK-¢aiima, ompenensiomero MOpsSAOK —cliegoBaHus (aimoB B
3JIEKTPOHHOW KHHUTE.

(9]

Co3paHue UHICKCOB ISl TOUCKA HYKHOTO (hparMeHTa KHUTH.

6. Ilposepky npaBuibHOCTH HHAEKCOB, HBK-daitna u Mathcad-¢aiinos, BkiroueHHbIX B
ANIEKTPOHHYIO KHHTY.

17.1. Co3pgaHue Mathcad-dainnos
ANS 9NEeKTPOHHOW KHUMN

Bce daiinbl, BKIItOYaeMble B 3JIEKTPOHHYIO KHUTY, JOJIKHBI OBITh TIOMELIEHBI B O/IHY MAIKy,
UMEIOIYI0 TO JK€ Ha3BaHME, 4TO M VIEKTPOHHAas KHWUra. Hammuume BIOXKEHHBIX Mamok
JIOITYCKaeTCsl, HO HE PEKOMEHJIYeTCsl, TaK Kak PU 3TOM HEKOTOpbIe (DYHKIMU HIIEKTPOHHOM
KHUTH CTaHYT HEJOCTYNHbIMU. ECM B TE€KCTE MpeanoaaracTcsl NOsSBICHUE BCIIIBIBAIOIINX
OKOH CO BCIIOMOIAT€IbHBIM MAaTEPHAIOM, TO COACPKAHME 3THUX OKOH KaK pa3 U HalIo
pa3Melath BO BIOKECHHOM Marke moa umenem Popups.

[lonesno mepen  Ha4yaaoM  TOATOTOBKM  JJEKTPOHHOM  KHMTH — CO31aThb  CBOHM
TIOJIb30BATENbCKUE CTHIIN, OTJINYAIOIINECS OT CTAaHIAPTHBIX L[BETOM, HIPU(TOM H T. A. ITO
yIOOHO JUIs IPUAAHKS AUHOOOPa3ust BCEM CO3JaBaeMbIM JJOKYMEHTaM.

Ha OKpaHE KOMIIBIOTEpPA JIIOAU YUTAIOT TEKCT 3HAYUTCIBHO MCIJICHHEC, YEM Ha JIUCTax
00BIYHOM KHHUTH, TIO3TOMY IS 00JIeTYCHUSI YTCHHS IPUMUTE K CBEACHHUIO HECKOJIBKO
COBCTOB!:

O Tekcr Ha ’KpaHe JIOJDKEH OBITh CPAaBHUTENILHO KPYITHBIA M YETKHUW, YEPHBIA Ha OesioM
¢one. KitodyeBbie cioBa Jydile BbIACIUTH APYTHM IPUGTOM min nBeToM. OOBIYHBINA
TEKCT JIydllle Te4araTb IONY>KHPHBIM mipudroM pasmepoM 12 myHKTOB. JKUpHBIHA
TEKCT YUTaTh TsDKeJee, MMOITOMY €ro HCIOJb3YHTE Ul OTHENbHBIX KIFOUEBBIX CJIOB.
CCBUIKH JKeNaTeIbHO MOJUEPKHYTh U BBIACIUTH [[BETOM.

O MaremaTndyeckne o0JIacTH B AOKYMEHTE JIOJDKHBI OBITh YIOPSAOYEHBI, BEIPOBHEHBI,
CHAa0>XEHbI KPATKUMH TEKCTOBBIMH KOMMEHTapHsMH. JKenaTenbHO, YTOOBI HA HKpaHe
MOXHO OBIJIO BHAETh OIHOBPEMEHHO BECh 3aKOHUYEHHBIH IO CMbICTy (hparMeHT
BbIuKciIeHNH. OCHOBHBIE ypaBHEHHMsS, a TAKXK€ HCXOIHBIE JAHHBIC, KOTOPBIE MOXKHO
MEHSTB, KETATCIBHO BBIICIUTD [IBETOM.



313

Q Bxkmowaiite B TeKcT OONbIIE 3arojOBKOB, pa3leisii MMM pa3Hble IO CMBICTY
(hparMeHThI BEIYUCICHHH.

Q [IlIpu BBO#e Tekcra B Mathcad-nokymeHnT m3beraiite ucnosib3oBanus kiaBuim Enter
JULsL Iepexofa Ha Jpyryio cTpoky. Habupaiite TekcT noapsin, a 3aTeM, IMoJBes Kypcop
K Kparm paMKH, YCTAHOBHTE HY)XHBIH pasMep TEKCTOBOil obOiactu. B atom cmyuae
JIOCTHraeTCsl HAMTy4Ilasi BUTUMOCTD Ha MOHHUTOPAX Pa3NYHbIX Pa3MEPOB.

17.2. lNogroTtoBka cogepxaHnsa aNeKTPOHHOW KHUTU

3akonunB paboty ¢ Mathcad-gaitnamu, MOArOTOBHTE OIIABICHUE 3JIEKTPOHHOW KHHTH.
ITomectute ero B ¢aiin mox HazBanuem 1 OC.mcd. Ornasienue A0KHO OBITh KAK MOKHO
Oornee mMoApPOOHBIM. PekoMeHIyeTcs MeliaTh BJIOXKCHHBIC OTIJIABJICHHS, TOTJa OCHOBHOC
omIaBIcHWE He Oyner uype3mMepHO OoibmuM, [louTHm KaxaoMy KpPYHHOMY IYHKTY
OCHOBHOTO OTJIaBJICHHUSA OYJET COOTBETCTBOBATh CBSI3aHHOEC C HHUM CCBUIKOW BIIOKCHHOC
orjasienue. [IpruMep OCHOBHOTO U BJIO>KEHHOTO OTJIaBJICHMI MMOKa3aH Ha puc. 17.2.

M Pacuers o Mathcad: Cogepmanme 3aeRTPOHHOR KHUTM 4 ' Pacuers o Mathead:D:\Program Files\WMathead\M... r__|ﬁ|R|
LaEin Opeera Bug BoTama  dopeaT  MocTpyMesTE  ClBOneses onepapet  fara Dain Opasra Bun BoTaeea  OopeaT  MHCTPYMeMTE:
Crpara Cponres ofnpagst s Crpaies
AW =+ EFOMAE HE 0 @ ® - < [h HE O
Pacuerst B Mathead ' Pacuerst B Mathead
Pazden: Codepianue cnpasoyHuUKa Pazden: PeweHue ypasHeHUU
Pewenune anrebpandecknx ypaBHeHui
+ BbICTPbIR cTapT pHCyHic meMbl W CUCTBM YpaBHeHWI
= O e BO3MO T Mathcad  pucyrku mems!

PelweHne 0gHOre YpasHeHHa ¢ NoMowso dyHkumN 00T

NPEaeneHte KOpHE QEHCTEMTENBHBIX i MHUMbIX

= Pewedne anrebpanyecknx ypasHeHun
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Puc. 17.2. OcHOBHOE U OJJHO U3 BIO>KEHHBIX OIJIABJICHUI 3JEKTPOHHON KHUTU

17.3. Co3gaHne cMcTeMbl CCbITOK Mexay dhannamu

Jnst GpicTporo mpocMoTpa cojepKaHHs 3JEKTPOHHOW KHUTH Ha/l0 YCTaHOBUTH CCBUIKH
Mexay Qaiinamu. B rnase 13 (paznen 13.4) omuceiBaeTcs MOPSIOK CO3/IaHMS THIIEPCCHIIIOK
(Hyperlink) mexny daitnamu. Hanomuum ero.

anepccmmca MO3BOJIACT OTKPLIBATH (bai/'m, C KOTOPBIM CO31aHa CBA3b, B TOM 060J'IO‘{KG,
B KOTOpOfI OH CO3J1aH. I[J'ISI CO3JaHNA TUICPCCHUIKHA HYXKHO!:

Q Beigenuts cnoBo win (parMeHT TeKcTa, ¢ KOTOPBHIM OyIeT CBsI3aH MHTEPECYIOIIN Bac
(aiin, ’KenaTeabHO, YEPHBIM I[BETOM. Torza mocie yCTaHOBJICHHS CBSI3M BBIICICHHOE
CJI0BO Oy/JET BBIACICHO )KUPHBIM MIPU(PTOM M MOJUEPKHYTO.

a B TJIABHOM MEHIO Mathcad BBIOpATH Insert » Hyperlinc » Browse
(BctaBka » T'unepccbuika » O630p) » ykaszaTb MyTh K (aiiity, ¢ KOTOPBIM HaJI0 CBSI3aTh
BBIJCJIICHHOE CJIOBO P OK.

O B okue Edit Hyperlink (pegaktupoBats runepcchuiKy) yCTaHOBUTH (PIaXOK HA MyHKTE
Use relative path for hyperlink (Mcnonb3oBate OTHOCHTENBHBIH MyTh IS
TUIEPCCHUIKH). B 3TOM citydyae cBsizb Oyaer paborarh jJaxke B TOM CiIydae, €ClH BbI
[EePEMECTHIIN KATAJIOT C 3JIEKTPOHHOU KHHUTOM B APyroe MecTo.

O /IBoifHOW MHIETYOK MBINIBI0 HA BBIICIICHHOM CJOBE OTKpPBHIBaeT (aiil, ¢ KOTOPHIM
YCTaHOBJICHA CBSI3b.

Ecinu BbI XOTHTE BBI3BaTh HAa SKPaH HE HAYAJIO0, a OMpPEACICHHOE MECTO BhIOpaHHOTO (haiina,
TO €ro HeOOXOIMMO 33/1aTh (3TOT MPOLIecC OmHcaH B pa3aene 14.2.1):

Q orkpoiire daiis, Ha KOTOPBIH OyIeT CO3[aHa CChUIKA;

O ycraHOBUTE Kypcop Ha OOBEKT (CJIOBO, BBIpAXKEHHE WM TrpaduK), KOTOPBIA MpU
BbI30Be (paiiyia OyZeT HaXOMUTHCS BBEPXY Ha dKpaHe;

a HICJIKHUTE Ha HEM HpaBOﬁ KHOHKOﬁ MbIIIIK U B OTKPBIBHIEMCA KOHTCKCTHOM MCHIO
BeiOepute Properties (Ceoiictsa);
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O Bokue Tag (Merka) BiummTe uMsi METKH (B HaieM ciiydae — 93 1), Kak moka3aHo Ha
puc. 17.3. Haxxmute kHonky OK.

IMocse co3manust METKH CIISAyeT CO34aTh IMIIEPCCHUIKY, KaK yKa3aHO paHee. BBomsI myTh K
¢aiiiny, yKaKUTe W MM METKH, 3allicaB B KOHIe ampeca, Hampumep, #931 (puc. 17.4).
Teneps npu ABOHHOM IIETYKE MBIIIBI0 HA CJIOBE, C KOTOPBIM CBS3aHA TUIIEPCCHUIKA,
yKa3aHHBIN B afpece (aiir OTKPOeTcs ¢ TOro MecTa, Ha KOTOPOE YCTAHOBIICHA METKa.
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Puc. 17.3. YcraHoBKa METKH Ha MECTO, C KOTOPOT'O OTKPOETCs! (haii
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Puc. 17.4. YcraHOBKa THIIEPCCHUIKN MEXIY (aiimaMu

Uem Oouibllie YCTaHOBJICHO THUIIEPCCBUIOK, T€M OBICTpee MOJIb30BaTeNIb CMOXET HaWTH
HYKHBIA MaTepHaj B 3JIEKTPOHHOM KHHTE.

17.4. Co3paHue HBK-avna

HBK-aiin urpaer Ty ke poib, 4TO M IeperuieT B 00bluHON kHure. OH yCTaHaBIMBAaeT
MOPSIJIOK ClieoBaHKs (aijloB B SJIEKTPOHHOMN KHUTE.

HBK-daiin — ato npocToii TeKCTOBBIH (aiis, KOTOphIl 00eceYnBacT:
O nopsnok 0030pa wiH nocienoBaresibHOCTs Mathcad-daiinos B Bamel KHUTE;
Q Mathcad-¢aiinbl, COOTBETCTBYIOIINE OTIIABICHHUIO, HHIEKCY U OTKPBITOH CTPAHUIIE;

O TEKCT, MOSBILSIFOIIUICS B 0OJNACTH 3aroIOBKa OKHA SJICKTPOHHO!N KHHUTU IIPH OTKPHITHA
n000r0 paszaena;

O 3aroil0BOK KHHIH, KaK 3aMeUYeHO B 001acTu 3aroyoska u Mexro Help » Open Book;
O  cooOIIeHHSs, KOTOPBIE MOABISIOTCS, KOTa YUTATENlh HAKMMAET THIIEPCCHUIKY.

s cozmannss HBK-(daiia MOXKHO HCIOIB30BATh JFO00I TEKCTOBBIA PEAaKTOp, HAIIPUMED
bnoknor Windows uiu Word.
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B nauane HBK-daiina 1o/mkHbI IPUCYTCTBOBATH YETHIPE KIFOUEBBIX CJIOBA!

Q Version;
a Title;
Q Splash;

O TOC (momkHO O6BITH HAOPAHO TPOIIMCHBIMU GYKBAMH).

IIprmmep HBK-¢aiina nokaszan Ha puc. 17.5.

!'5 Primer. hbk - BiokHOT

®aian  [paeka  $opMat  Bug  Chpaexa

|;3neKTp0HHaﬂ KHWra Mathcad -~
{Copyright 2005 Makapoe Al rights reserved.

wersion 2000

title MH#eHepHEle pacqeTel B Mathcad

path Primer

splash  splash.mcd

TOC TOC med o CofepwaHie CnpaBodHK Ka

HacTe 1

Glava01-Machalo  Glava01-Machalo. med o MocTposHWe BeIpaxeHWE 1 rpadiikoe B Math
Glaval2-\ ozmojnost Glaval2-Vozmaojnosti. med . OCHOBHBIE BO3MOMHOCTW Mathcad
HacTe 2

Glava03-Uravnenie Glaval3-Uravnenie mcd . Pelwenwe ypaeHeHWA

Glaval4-hMatrix Glavatd-Matrix.mcd:  PafoTa ¢ maTprlani

Glava05-Symbaol  Glavals-Symbol med . CHMBOMEHBIE BBIMUCTIEHWA
Glavalg-odesolve  Glavalt-odesole med o Pewenve gudidepeHUWaneHER YpaBHEHWA
Glavalg-cTapele  Glavalt-cTapble. med o Pewenve gudidepeHUWaneHER YpaBHEHWA
Glavalf-qacTHele Glavalb-JacTHele mad o Pewenve gudidepeHUWaneHER YpaBHEHWA
Glaval7-skenepumeHT GlavalT7-akcnepumerHt.med - O6paboTka sKcneprMeHT ankeHsR O
Glava08-Statistica  Glava0s-Statistica.med o Martemartideckan cTaTMCTHKE 3
< >

Puc. 17.5. ITpumep HBK-¢aiina
Crpoxu HBK-daiina, HaunHaromuecs ¢ TOUKH ¢ 3ansitoid, urnopupytorcst Mathcad u moryr
UCIIONIb30BaThCsl KAK KOMMEHTapHH.
Kaxnprit Mathcad-daiin Bayrpn HBK-¢aiina 3amiceiBaercs B Tpu cronona:
O B nepBom cronbue numiercs uMs ¢aiina 6e3 paciupeHus.
O Bo Bropom cTonbdie — uMs ¢aiina ¢ pacmmperrem .mcd.

O B Ttperbem cronbue numercs aBoerouue (), mpoden (JIydlie HECKOJIBKO MPOOENoB),
U 3arOJIOBOK (paiiia, KOTOPBIA [ODKEH TOSBUTHCS B OOJIACTH 3arojioBKa IpH
MPOCMOTPE EKTPOHHON KHHUTH.

Jliist mepexoia MEXIy CTOI0IaMHU MCIIONb3yiiTe Kiauiny Tabysiiuu (Tab).

[Ipu coxpanennun HBK-daiiny npucBauBaeTcs uMs, COBIaAaloliee ¢ Ha3BaHUEM IaIlku, B
KOTOpO# xpamsitcst Bce Mathcad-daiinsr. Tlocie Hero HyxHO Bomcarh pacimpenue .hbk.
Hanpumep, Bce ¢aiinpl Hamield SJIEKTPOHHONH KHUTM XpaHSATCS B TIallKe C Ha3BaHUEM
Primer, u HBK-¢aitn umeer ums Primer.hbk.

17.5. BnoXxeHHble nanku

Ecnu B 21eKTpOHHOW KHUre O4€Hb MHOTO (DailyioB, TO MOXXHO HCIOJIB30BaTh BJIO)KEHHBIE
nanku. B aTom ciyudae B Bepxueit yactn HBK-daiina Hy)kHO yKka3aTh MyTh K KaXKI0H narke
HUKE 3ar0JIOBKA U BEPCHUMU.

K mankam, comepaiimM BeruisiBaromme okaa (POpups), ykassiBats myTh HEe HA0, TaK KaK
911 (aiinsl He BKimodatoTcss B HBK-gaiiin.
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& H 3 MuxeHepHme pacueTn B Mathcad: CogepxaHve cnpasodMHME
File Edit “iew Insert Format Tools  Symbolics Book  Help

L= K = 2@ GA® e ERHERES B

é’ a =9c —=ad by
;3NeKTPOHHAA KHWra Mathcad -
\ .. [makarov] 2: ECDpylj"lght 2005 Makapoe A1l p ] Micxenepaste paczerst & Mathead
-wersion 11 Pa3den: CodepxaHue cnpagoyHUKa
.title WHKEHEpHHE PAcYETH
Wma 1T |- pathan-kH
W cpathyan-kHYuacTe3
vl . path\an-kH\4acTel Yactb 1
[ urx-pacueredl | pathhyan-KH\4acTe2 .
CI[Yactel] L pAth\ - KH W MHK-pacy eTsl Inaea 1. lNocTpoeHne BrIpaxeHni Teusl PucyHki
C1[uacTs2] H u rpacpukos B Mathcad
CJ[sacrs3] splash  splash.mcd
ToC ToC. med : Inaga 2. OcHogHele BosumokHocTH Mathcad Teumr PueyHki
| Splash.mcd N
P
|&] TOC.med tyacTel YacTte 2
Glavall-Nachalo Glavall-Mac r 3.p = T P
=13va02—vozmoinost s naga 3. PeweHne ypagHeHni eMbl HCYHKI
E"'ac-rbz Inaea 4. PadoTa ¢ BekTopann M Matpuuaun Teubl PueyHgi
Glava03-Uravnenie Gl: YacTk 3
Glavadd-mMatrix Glavald-mat
H naea 9. MporpaumupoBanne Teubl PueyHgi
5UaACTES
Glawa09-Program GlavalS-prc aea 10. AHnMMagua Teubl PueyHgi
GlawvalO-animation Gle .
(z]avall-Razmernost Gl naea 11. Yuet pasmepHocteii Teusl PuecyHki
DK —pacueTs WHXeHepHBIe pacyeTbl
Ql-Geom-kpreble  Ol-Geom-kpk n
07 Canm-Macers 02 —=aom-Mac 01 Pacyer reomeTpu4eckix XapakrepucTHK ceveHuni,
[-1 03-EHYTP-WIrME 03 —BHYTP—H: 3a[aHHBIX HATEMATHYeCKHHH BblpaXeHHAMN
ot 4] 02 Pacyer reomerpuyeckny xapakrepUucTHK ceYeHmil,
F3 Npocwmorp 1
Fress F1 for help. AUTO
For Help, press F1 ALTO Fage T

#/Myex I$J % @ 9 ® B 2 wind. ~| @2 Mo ~|[Ep 2 Mat - D snxn-B | | oy fes BV

BOCKPECEHEE

Puc. 17.6. BnoxeHHble NAaNKH B YIEKTPOHHON KHUTE

Ecmn Bce Mathcad-daiiner comepkarcss B OfHOW Tamke, yKas3blBaTh IyTh K Harke He
obs3arensHo. Ha puc. 17.6 mnokasan Bapuant HBK-daiina ast a1eKTpoHHOHW KHHTH C
BJIO’KCHHBIMH TNATKaMH.

BHUMAHUE

HpI/I HaJIMYWU BJIOKEHHBIX TAIIOK CTAHOBUTCS HEBO3MOXKHOM HaBUTAIUS T10 3J'I€K”I‘p0HHOI>i
KHHUT'€ C IIOMOIIBIO CTPEJIOK <— U —>, HO BC€ CCBIIIKH pa60Ta}0T HOPMAJIbHO.

17.6. INpoBepKa a11EKTPOHHOW KHUTU

s mposepkn HBK-gaitna meobxoammo mepesarpysuts Mathcad B pexxume HBK. s
sToro B okHe Windows HaxmuTe KHONKU [1yCK » BbIMONHUTL. B mosiBuBILEMCS OKHE
3anyck nporpammbl BeiGepute OB30p u ykakure myTh K ¢aiiny mathcad.exe. Jlanee
yepe3 npoben Beequre /hbkmode (puc. 17.7, caesa), 3atem OK. Mathcad Oyzaet 3arpysken
B pexxume HBK. Ha sxpane mosBuTCS OKHO, m300pakeHHoe Ha pwuc. 17.7, cmpasa.
Beioepute Check Handbook, ykaxute myte k mposepsemomy HBK-daiiny, Haxmute
OK. Pe3ynbTaThl IPOBEpKH aBTOMATHYECKH 3amuchiBatoTcst B ¢pain ErrorLog.txt B Tot xe
Karauor, rae Haxoxutcest HBK-daiin. Bux atoro ¢aiina mokasan Ha puc. 17.8.

:E BEEAHTE MMA NROrPaMtE!, NENKH, A0KYHEHTS HAH

Handbook Utilities x|

OTKPBITE! |cad 11 Enterprise Editionimathcad.exe" fhbkmaode j [ Generate Index Cancel

pecypca FHTepHeTa, W \Windows 0TkpoeT 1, W Check Handbook:

O | OTHEHa | Cbzop... |

fi AUTO

& Mycr R:_I % g 7-“% @ B2 wind . -| 2 Moo -| Eg2Math | & Micosot | | n

Puc. 17.7. 3amyck nporpaMMbl IPOBEPKHU 3JICKTPOHHOH KHUTH
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c'. ErrorLog - bnokHor =10] x|

Pain [paska Fopmar EBua Crpaska

INEKTPOHHAA kKHWMra2. hbk
Rl R R Rl Rl R R Rl R R R R R R R

e e R g AR g T AR A A e e

FILES LISTED IM 3NeKTPOHHAA KHWraz. hbk BUT MOT FOUND IN DIRECTORY

GINKHMME 3NNMTepINekTPOHHAA KHKMra2
L T T R R R R R R R o R R

T T T T A A 8 A A 8 & AR X AR T IR PR IR IR TR PR T PRy

worksheet FILES IM G:i“KHWra 3%NwTep BUT NOT FOUND LISTED IN

INEKTPOHHAA kKHWMra2. hbk
Rl R R Rl Rl R R Rl R R R R R R R

HCHHCHCHHOH OO T W RO RO O O R
BROKENM LINKS FOUMD IN
INEKTPOHHAA kKHWMra2. hbk
B R R R R R R R R R R o R T R R R
(3 INKHMME 3NMTep2NeK TPOHHAA kKHMra2hToc.mcd has broken 1ink to GINKHWMra 3NNMTephanekTPOHHAA
GiNKHKMra 3NWNMWTERN2NeKTPORHAA kKHWrazhGlaval7-zrkcnepument.mcd has broken Tink to GiZKHwra 30
B R R R R R R Rl R ol R T R R R
CALCULATION ERRORS FOUND IN

3NEKTPOHHAA KHMraz. hbk
B R R R Rl R R R R Rl o R o R R

region 50 in file Gi\KHWra 3%WTeph3NekTpoOHHaA KHWra2hslavaoz-vozmojnosti.mcd reports calcu

Region 115 qn file Gi\KHMra 3\MTep“\3nekTpoHHaA KHWMra2h\Glaval2-vozmojnosti.mcd reports calc

region 116 in file GinKHMra 3NIMTep\3NeKTPOHHAA KHWra2hyslavald2-vozmojnosti.mcd reports calc

Region 223 in file GiZKHMra 3WWMTep\3nekTpoHHaA kHWrazhslawvalz2-vozmojnosti.mcd reports cale |
*

< |

Crp 18, cTné 1

Puc. 17.8. ®aiin pe3ynbTaToB IPOBEPKHU IEKTPOHHON KHUTU

@aitn ErrorLog coobmaer o cnegyromumx ommoKax:

Q (aimax B mamkax 3JIEKTPOHHOHN KHHUTH, KOTOpEIe He nepeunciieHsl B HBK-daiine;

Q ¢aitnax, mepeuncieHasix B HBK-(aiine, KoTopeIx HET B mamkax 3IeKTPOHHON KHUTH;
O HempaBWIbHO YCTaHOBJIEHHBIX THUIIEPCBA3AX;

O BBIYUCIUTEIBHBIX OMIHOKaX B KaxaoM Mathcad-10KyMeHTe 31I€KTpPOHHOM KHHUTH.

Iocne npoBepKkH M HCIPABICHUS OTMEYEHHBIX OIIMOOK Halo cHOBa 3amycTuTh Mathcad
B pexxume HBK, no6uBasice 6e301m1004H0M paboThl JIEKTPOHHOM KHUTH.

17.7. Co3gaHne NOUCKOBbLIX MHOEKCOB

Jnst moucka Hy>KHOTO (parMeHTa TEKCTa, COASpP)KAIIero KII0YeBOE CIOBO WM (pasy,
MOYKHO CO3/1aTh CUCTEMY NOMCKOBBIX HMHJEKCOB. PaboTa 3Ta KpONOTIMBAs M JUTUTENbHAS.
B kaxnom 13 MHOXecTBa (aifjIoB HaJ0 OTHICKATh BCE XapaKTEPHBIE CJIOBA U OTMETHTh HX
WHJIEKCOM B CBOMCTBaX OOBEKTa, TOTAA B AJIEKTPOHHOMW KHHIE OTKpPBIBaETCS CHUCTEMa
rovcka (parMeHToB 1o KII0YEBBIM ciioBaM (puc. 17.9).

fo} & < el BEdE I

4l GETTING STARTED PRIMERS

Adding Text and Images

I Search Book

Search for

|lesi2ing, test reqion |

replacement of matris row A GoT
. . . . replacing, part of an array with a subara -
Tip: The exercises m this tutori pena. b Y ¥

density of -
Wotksheet window. To copy th g, an

1
: 4 resource center navigational controlz y
Worlsheet window, choose Se| | 20 o o

drag a.nd drop of CORY a_nd fas Reznnrmas windnim
witidow. Finally, click in the W Close

helow.

£

Besides math regions — defiraty
graphs — vou can alzo create t
worksheets,

&)

Puc. 17.9. Cucrema noucka B 31€KTPOHHOM KHUTe

Jnst co3maHusi CUCTEMBI MTOMCKOBBIX WHIEKCOB Hano 3amycTuTh Mathcad B aBTOpckoM
pexume (Authoring mode). [list 3Toro B craproBoM okHe Windows HaXMHTE KHOIKH
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Myck » BeinonHuTb. B mosBuBIIEMcs okHe 3anyck nporpamMmbl Beibepure O030p u
yKaxuTe TyTh K (Qaitmy mathcad.exe. [lamee uepes mpoGen Beemute /a (puc. 17.10,
cnesa), 3atem Haxkmure OK. Mathcad Gymer 3arpyxeH B aBTOpckoM pesknme. Ha skpane
MOSIBUTCSL OKHO, H300pakeHHOe Ha puc. 17.7, cnpasa. Bpibepure Generate Index,
naxxmute OK.

IMocne 3amycka Mathcad oTkpoiiTe HYXHBIH (aiin, BEIOepUTe 00BEKT, KOTOPBIN BBl XOTHTE
TTIOMETUTh HHACKCOM (TF000# — TEKCTOBBIN MM MaTeMaTuieckuii). HaxkaB Ha Hero mpaBoit
KHOITKOW MBI, BEIOEpUTE B KOHTEKCTHOM MeHIo Properties (Croiictsa). B okHe cBoiicTB
(puc. 17.10, cnpasa) nosiButcst HOBBIN pasaen, Index. Boummre ¢pasy, npu BeiOOpe
KOTOpOH B JJEKTPOHHOW KHWTE NAHHBIA (aiiil OyIeT OTKpHIBAThCA HA 3TOM OOBEKTE.
MOXHO BIHCATh HECKOJILKO pa3iuvHbiX (Gpa3. OHU JOIDKHBI PA3lENAThCS BEPTHKAIBHOM
yeproii (6e3 mpobera).

OnepaTop unkna fors

nepe CeoMcTBa B‘

OWCKY | OtoBpakenue | TekeT | Sauwta | Skazatent

7 o= Ppaza CnepaTtop yqkna

BeenuTe dpazw ANd cTETER YkazaTend CnpagodYHHKE B
CNeAYHIWEM dOPMETE:

¢paaaﬁ|¢pa3a2(HeuﬁﬂsaTean&)

MokHO BEOOMTE HECKONEKD hpas, pasienss WX, kak B
MPHEEAEHHOM MPWMERE, BEPTHKANEHOR YBpTOR

0] l ’ OTreHa ] ’ Cnpaeka

Puc. 17.10. Brog unnekca B Mathcad-daiin

Ilocne Toro kak OymyT co3maHBl BCE HWHIEKCHBIE BXOIBI, MOXXHO TPHCTYIHTh K
ABTOMATHYECKOW TeHepalmu WHACKCOB. 3amycture Mathcad B pexxume HBK. B
JIMAIOTOBOM OKHe (cM. puc. 17.7), mosBuBIIEMCs Ha dKpaHe, Beibepute Generate Index u
Haxxmute OK. B pesynbrare paboTel Mathcad B Toii sxe narke, rae Haxoautcs u Bam HBK-
(aiin, mosiButcst ¢aiin Index.txt (puc. 17.11). Otkpoiite ero 8 Word 1 COPTUPOBKH.

I index.ixt - BaokHoT

darin Opaeka ®opMat Bwa  Cnpaeka

Loess |418|Glavadz-vozmojnosti.mcd ~
regress|414 |Glavat2-vozmojnosti.med

root| 64 |clavadz-vozmajnosti.mcd
AHANMTHMYECK WA |4 | 07 -Geom. med

EekTOpM2auki| 286|Glavald? -vozmojnosti.mad

Bribop Harpy3ok Ha Ganky|5|15-onmuMKz-Banka.mad
BhipakeHnal 2| Glavadl-Nachala.med

AMHaMrYeckin pacueT Bankw|4|25-kaneb-Hankm. mod

AMCKPETHEE Nepemeddele| 63 |Glavatl-nachalo.mod
AvpdeneduManterex | 304 |51 avad2-vozmojnosti.mad

IHak paBeHcTeal|48|Glavanz-vozmojnosti.med

W2rb Banok Ha yNpyroMm OCHOBaHWK |4 |17-ynp-ocH.mcd

M2 rd NpogoneHO-NONEeReYHEA |4 | 22 -npog-Nonep-ns rvd, mod
WIoNApaMeTpMYeck A KOHEYHEI ZneMeHT |4 | 31-k2onapam-3n-T.mcd
WHTepnonaLkal 389 Glavad -vozmojnosti.mcd

KoMnAaek cHee ukcnald | 03 -Kupxrop. mcd
kozpdienTe | 104 | Glavad3-Uravnenie.mcd

MaTpKue | 207 | Glavat2-vozmojnosti. med

MaATPHYHbX | 262 |GlavadZ -vozmajnosti.mcd

METOM KOHEYHEX 3NEMEHTOE |4 | 27 -MK2-CTepk—CHCT. mod

METOM KOHEYHEX NeMeHTOoE |4 | 29-ME2-NyaccoH.mod

MeTod KOHEYHEX ZNeMeHToE| 5| 30-ME3-nnacT.mcd

METOM, KOHEYHBX 2NeMedHToe |4 | 31-waonapam-3n-T.mcd

ofMeH gaHHHMM|480|G1ava02—v02mujnusti.mcd

onepatop| 286|Glavadz-vozmojnosti.mcd
ONTHMKIaLKWAl 5| 15-onTuMK3 -Ganka. mcd

ONTMAZ AUMA |4 | LE-0nTHMKM3 —NoKWck . med

MepexofHbe NPoOLEccH B 3NeKTPHYecKoR wenu|d | od-3n-nepexon,. med
nnact-Karkb|4 |14 -marub-nnacT.mcd

Puc. 17.11. BBoa UHIEKCOB B 3JI€KTPOHHYIO KHUTY
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Beinennte Bech ¢aiin. B mento Tabnuua seibepute IIpeobpasoBatb B Tabnuuy.
B nosBUBIIEMCS IUAIOrOBOM OKHE 3ajaiiTe YACNO CTOnobuoB — 3, pasgenutenb —
OPYron u yKa)XuTe B Ka4eCTBE HEr0 BEPTUKAIBHYIO YepTy.

Teneps HamoO OTCOPTHPOBaTh MHIEKCH. B menro Tabnuua seiGepure CopTupoBka. B
nosiBUBIIEMCsT OKHe ykaxkute CopTupoBaTb — cTtonbel, 1, Tum— TEKCT, 3areM —
ctonbeu 3, Tunm — TEKCT, 3areM — CTONOeL, 2, turn — Yncno. Haxmure OK.

Janee tabnuiy Hy)XHO BHOBb NpeoOpa3oBaTh B TEKCT, BBIOpaB pa3leNUTENb —
BepTUKAIbHYIO uepTy. CoXpaHHTh (haii kak TOMbKO TEKCT.

3akirounTenbHas 9acTh — 00paboTka nHIeKcoB. B rioaBHol manke Mathcad naiinure daiin
Newdict.exe u ckonmpyiiTe ero B Ty ke mamnky, rae Haxomsarcs HBK-gaiin u ¢aiin
Index.txt. B MS-DOS B kOMaHIHOH CTpOKE HaleyaTaiTe MOCIeMOBATEIbHO UMEHA TPEX
¢aiinos, nanpumep, Newdict,exe Index.txt Primer.hbk. Haxxmure Enter. B pesynbrare
JICHCTBHSI IPOTPaMMBI B TOM XK€ KaTajore mosBATCs aBa ¢aitna, out.dct u out.rfs.

Ecmu B ¢aite Index.txt ects ommbku, To Newdict.exe, ocranaBiMBaeT BBIIOIHEHHUE
NPOrpaMMBbI U YKa3bIBaeT HOMEP CTPOKH, IIe HAXOAUTCS omnOKa. BrimonHsiite nmporpamMmy
Newdict.exe 1o tex nop, noka Bce omKOKU He OYIyT yCTPaHEHBI.

Iocne atoro nepenmenyiite ¢aitnsr out.dct u out.rfs. Bmecro out nanmmmre nms Barieit
JIIEKTPOHHON KHWTH, Hampumep, Primer.dct u Primer.rfs. Ilepemectute DCT- u RFS
(haiiurel B TOT k€ KaTaJor, rae Haxogures u Bamr HBK-daiin.

NMPUMEYAHUE

IMpu I00BIX M3MEHEHHSX B OJHOM M3 (ailioB suekTpoHHON KHUrH min B HBK-daiine
HEO0XOMMO TTOBTOPHTH MPOLELYPY CO3JaHHS HHICKCOB.

OumOKY YacTO BOSHUKAIOT IIPU HATMYMH ITYCTBIX JIMHUN MM NPOOEIOB B UHACKCE MU B
HBK-aiine, a Takxe U3-3a HECOOTBETCTBHSI UMEH (aityioB B MHAEKCHOM (aitne u B HBK-
(haiisie WM OTCYTCTBHUS HY)KHBIX HMEH.

,HHSI YCTpaHCHUST HHJCKCHBIX OIINO0K MPpUXOAUTCA MHOTOKpPAaTHO BO3BpalllaTbCSA K
PEAAKTUPOBAHUIO HHIACKCHBIX BXO/I0B B q)afmax 3JIeKTpOHH0171 KHUTH.

Hpoueﬂypa CO3IaHUA CUCTEMbI ITOMCKOBBIX MHJACKCOB HACTOJIBKO CJIOXHAasA W NJIWTCIIbHAA,
YTO BCTACT BOIMPOC: a 3a4Y€EM BCE 3TO Has0?

Hapuramust mo 3JEKTPOHHOW KHHIEe M CHUCTEMa CCBUIOK IMPEKPacHO paboTarT u 0e3
IIOHUCKOBBIX HHIACKCOB. E)ZlI/IHCTBeHHO, 4YTO OTCYTCTBYCT, — OTO IIOUCK @parMeHTa 10
3aJJaHHOMY CJIOBY (wim (hpase). J[iist yCIenHoro moucka mojb30BaTelb AICKTPOHHON KHUTH
JTIOJDKEH BBECTH KITFOUEBOE CJIOBO (WM (ppa3y) TOYHO TaK, KaK BBl €¢ BITUCATH B WHJICKC.
Ecmu oH ommbcst X0Th B OTHOM OYKBE, TIOUCK HE yIACTCA.

Ha moii B3rysiz, OBUMHKA BBIZCIKH HE CTOUT. DJICKTPOHHASI KHUT'a MPEKPacHO paboTaeT u
6e3 crcTeMbI TOMCKOBBIX MHJICKCOB.
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[MmaBa 18. PaboTta ¢ 3neKTPOHHOWN KHUMoMn

OnextponHass kuura «Pacuerst B Mathcad» — 53TO He NPOCTO CHPAaBOYHHK H
MHTEPaKTHBHbIC WJUTIOCTPALMKM K OCHOBHOM KHHMIe. DTO MOIIHBIH HMHCTPYMEHT CO3JaHMS
COOCTBEHHBIX MIPOTrPaMM MOJIb30BATEIS.

Jliist co3manust COOCTBEHHOW MPOrpaMMbI HaJI0 BHAa4Yalie COCTaBUTh (DOPMYJIBHBIN aJITOPUTM
peIIeHUs MMOCTABJICHHON 3a/laud, TO €CTh MOCJICAOBATCIbHBIN CIUCOK (OPMYJI U 3TAIoB
pacueTa. 3areM, MOJb3YysICh CUCTEMON BJIOKCHHBIX OTJIABJICHHM, OTBICKATh B JICKTPOHHOU
KHHTE HYXHbIe (parmeHTsl Mathcad-daiinos, pemarommx mog00HbIe 3a1a4d U BCTaBUTh
WX B CBOWM paboumii NOKyMeHT. HyXHO TMOANpPAaBUTh BCTaBJICHHBIC (PPAarMEHTHl B
COOTBETCTBHUM C YCIOBHSIMHU CBOCH 3a7adul, CBS3aTh UX MEXKIY COOOH IO CMEBICTY, BBECTH
CBOU MCXOJIHBIC TAHHBIE U OLCHUTH PE3yJIbTATHI pacyera.

[anee npuBOAMTCS psAA MPUMEPOB MOATOTOBKM MPOTPAaMM IOJIB30BATENS C IPUMEHEHHEM
3JIEKTPOHHOU KHUTH.

18.1. OBbpaboTKa aKcCnepmMMeHTanbHbIX JaHHbIX

B pesynbpTare Kakoro-To SKCHEPUMEHTA IOMYYEHBI 1Ba MACCHBA JaHHBIX: MAaCCUB 3HAYCHUH
aprymeHTa X u MaccuB 3HaueHW# (yHkmmm Y. [ mocienyromux pacdeToB TpeOyercs

HOJTYy4UTh (DYHKIHIO y(x) . OU3NYECKHUH CMBICT 3THX MaCCUBOB MOXKET OBITH JTIOOBIM.

ITycTe M3MepeHa 3aBUCUMOCTH IMEPEMEIICHIsI X aBTOMOOWIIS OT BpemeHH t. Hamo Haiith
CKOPOCTh II€pPEMEIICHHUS, TO €CTh IPOM3BOAHYIO dx/df, W padOTy, 3aTpaueHHYIO Ha
IBIDKeHHe aBToMoOMIs1. BBenure B Mathcad-moxyMeHT cBOM MCXOAHBIC JaHHBIC (MaCCHBBHI
IKCIEPUMEHTAILHBIX 3aMEPOB).

ObpaboTka pe3ynbTaToB 3KCNEpPUMEHTA

30&eCk CKPBITO OpMUEOBAHWE MACCHBOE T K X

=

ult) = interp(cspline (T,30 T, 1) (PYHKUMA HTERNONALMKW
CKOPOCTE ycmpezwe cHNa WHepLK
vty = |0 um <0 at) = 2w Fam( = m |ad)]
dt dt2
/ N ramyneC CcHnkl

|iu(t) ‘ otherwise
\ dt ; t=0,1.20 AAT) = Fop(t)-wit)

s I

30eCk CKpeITa hyHKUMA INt (MHTErprpOBaHie MeTod oM TpaneUrA)

[l

CTaHiapTHeIR MHTerpan Mathcad
| |

WeTon Tpaneumi
t

A0 = Int(Ad 0 1,50 AlD = j Foge( 1) -w(t) dt
i

OTHMKIYEHO
(0YeHb JONMD CHUTAEST)

Puc. 18.1. [IpeoGpa3zoBanne MacCHBOB B (ByHKIIMIO ¥ BBOJ] PACUETHBIX (hopMyIT

MaccuBBI OIIBITHBIX JaHHBIX HAJI0 IPEBPATHTH B (DYHKLHIO IIEpEeMEIeHUs OT BpeMeHH. 1y
3TOr0 MOXKHO HCIIOJIB30BaTh MHTEPIIOALHUIO WM perpeccuio. HauneM ¢ MHTEpHOSALUH.
B anextponHoii kHuUre OTKpoiite pasmen [naBa 7. O6paboTka aKcnepuMeHTanbHbIX
AaHHbIX » TeMmbl b kybnyeckas MHTepnonsAums. Bam moHago6uTCst BCEro OfHa CTPOYKa
OTTYyZla, HO sI PEKOMEHIYI0 CKOIMPOBATh B CBOI JOKyMEHT OOJBINOI (parMeHT pasnena
MHTepnonsaumsa BMecte ¢ MCXOIHBIMU TaHHBIMU JUIS TOTO, YTOOBI, IIOAYMAaB U IPOBEPUB B
pabote, BEIOpaTh HY>KHBIN BapHaHT (B JAHHOM CIy4ae BapUaHT WHTEPIOJIILNN).

Murepnonsauus oTpe3KaMu MpsMBbIX JMHUM B [AHHOM Clly4ae HE TOIOUTCS, TaK Kak
YpaBHEHHME NpPSIMON JIMHUM HE HMEET BTOPOW MPOM3BOJAHOW M HE IO3BOJISIET HAWTH
YCKOpEHHE TeJia, XOTs IO3BOJIIET HCKaTh uHTerpan ¢yHkiuu. KyOuyeckas cruiaiiH-
MHTEPIOJISIIUS TI03BOJISIET BBINOJIHUTH BCe HEOOXoauMble pacyersl. Komupyem B o0nacth
CBOMX PacyeToB cTpOUKy ¢ (dyHkuuei Ispline, B koTopoii cuinBka CrIaiiHOB (OTPE3KOB) B
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TPAHUYHBIX TOYKAX MPOMCXOIUT MO TpsiMoi imanH (puc. 18.1).

BroiiceiBaeM B JOKYMEHT CBOM pacdeTHble (OPMYJIbl JUII CKOPOCTH, YCKOPEHHS, CHIIBI
uHepuuu. /i CKOpOCTH UCIOJIB3YEM B pacdeTax TOJIbKO IIOJOKUTEJIBHBIC 3HAYCHMsI, TaK
KaK Ha TOPMOXXCHHME HE 3aTPAauUBACTCS YHEPrUsl ABUTaTEIIA.

L t
Pabory cummsl uHepmuu A= J F,.du= J F,,odt MOXHO NOACYMTATE C [OMOLIBIO
0 0

CTaH/JapTHOTo oreparopa uHTerpupoBanus Mathcad. Ecim Hy>KHO BBIYMCIMTH MHTErpall
JuIsl QUKCUPOBaHHBIX IpesenoB, Mathcad cnpaBnsieTcst ¢ paboToit XOpoIIo, HO €CIK HaJlo
BBIUMCINTh CEPHUIO  HWHTETPaJoOB Ul  IIOCTPOCHHUS  HMHTETPanbHOW  KpuBOH  (c
WCIIOJIb30BAHUEM [IMCKPETHOM MEPEMEHHOH), TO BpeMsl BBIUMCICHHUH OYEHb BEJIUKO H
Jydlle BOCHONB30BAThCS IIPOCTOW TPOrpaMMON BBIYMCICHHS WHTErpajla METOA0M
Tpamenuii U3 paszena IporpaMMHUpoBaHus. B snekrpoHHo# kHure BeiOepute [Nnasa 9.
MporpammupoBaHue » Tembl » IHTerpupoBaHne (yHKLMIW MeTOAOM Tpaneuun.
Ckomupyite 3Ty mporpamMmy-(QyHKINIO B cBOW mokymeHT. Ha puc. 18.1 3ta mporpamma
BCTaBJICHA B JOKyMEHT U CKPBITA B 3aKpBITOM 30He. OCTaBIICH JIMIIIb ONEpaTop BHI30BA 3TOU
(hyHKIHN.

PesympraTsl pacuera mokasaHsl Ha puc. 18.2. Kcratn, mabmon rpaduka Toxke ynoOHO
KOIHUPOBATh U3 AIIEKTPOHHOM KHUTH, TJI€ OH YK€ OTPEAaKTHPOBAH U pacliBEyeH.
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Puc. 18.2. Pe3ynbTarsl pacuera
DyHKIMY ~ HUHTEPHOISUMHA  OPOBOIAT  PACUYETHYH) KPUBYIO TOYHO 4Yepe3  Bce

OKCIICPUMECHTAJIbHBIC TOYKH, HC UCTIPABJIAA cnyqaﬁﬂme MOTrpCIIHOCTU SKCIIEPHUMCHTA.

MOXKHO HCIOJIB30BaTh coueTaHne (DYHKIMH CriaKHBaHUs M UHTeprosiuuu. /s storo
BBIOCPUTE B JJIEKTpOHHOU KHure paszmen [nasa 7. OBpaboTka aKcnepuMeHTanbHbIX
AaHHbIX » Tembl » 7.3. OyHKUMKM criaxuBaHns. OQHAKO B HALIEM CydYae OTKIOHEHHE
OT pacyeTHBIX TOYEK NPU CIIIaKMBAHHUH IOJy4aeTCsi HENpaBIonoJo0Ho OonbiiM. TeM He
MCHCC, B pAAC APYTIUX CIIYYacB CrIa)XKMBAHUC OKA3bIBACTCS ITOJIC3HBIM.

Ecnu sxcriepuMeHTabHbBIE TaHHBIE — HE Ha0Op CIy4alHbBIX TOYEK, a MPEAIOI0KUTEIEHO
IUIaBHAsT KpHBas, TO JIy4lle MCIOJB30BaTh (YHKIMHM PErpeccHu sl NpeoOpasoBaHMs
MmaccuBa B pyHkuuto. Ha puc. 18.3 Habop naHHBIX npeoOpa3yeTcs B MOJIMHOM S5-i CTereHn
C TOMOIIbIO PYHKINH regress (CKonupynTe U3 JIeKTPOHHON KHUTH HYKHBIH (hparMeHT u3
pasmena [naBa 7. OO6GpaboTka 3SKCNepMMEHTanbHbIX AaHHbIX » Tembl b 7.2.1.
OpHomepHas perpeccust). PacuetHbie (GOpMynbl Hag0 CKOMHUPOBATh HUKE (QYHKIIHH
perpeccuu, HHaue He IPOU30iaeT nepecuyera GopMyIl IOCIIE PErPECCHN.
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Perpeccua 17 :.=5 u(t) = mterp(regress(T, 3,10, T, 3,10

CKOPOCTE YCKODeHH: CHNE MHEPLMK
2
vt = |0 f iu(t) <0 alt) = d—zu(t) Faml(t) = m- |al(t)]
dt dt
R FrMNBC CHNEBI

|iu(t) ‘ otherwize
\dt / t=0,1.20 AA = Fop(t)wit)

A

At = Int(Ad,0,t,50)

ESLE
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Puc. 18.3. Pe3ynpraThl pacuera ¢ HCTIOIB30BaHNEM (DYHKIUH PETPECCUU

Oynkuuio perpeccun |0€SS ucnonb3oBaTh B pacuerax He YIaeTcs, TaK Kak HeNb3s
BBIUUCITUTH HHTETPAJ OT HAHICHHON (YHKIIUH.

Pesynbrathl pacdera o3amaunBaioT. HempaBmaomogo0HO TJIAAKO BBIMJBIIAT TpapUKH
CKOPOCTH M YCKOPCHHUs, a BEIb aBTOMOOWIb JBUKETCS PBhIBKAMH W C OCTAaHOBKaMHU.
COOTBETCTBEHHO, W 3aTpaucHHAs JHEPTUs JBHTATeIsl HA PAa3TOHBI U TOPMOXKECHUS A(f)
OKa3ayach B 15 pa3 MeHbIIe, YeM NPU HCHOJIB30BAHUM WHTEPIIOILUHN. Bce morudno, HO
Oynpre OmmtenmpHBI, Mathcad Bemp He BHHKAaeT B CyTh IMPOOJIEMBI — OH BCETO JIHIIh
MaTeMaTUYECKU HHCTPYMEHT.

18.2. ObpaboTka UMdPOBOro curHana

[Ipeanonoxum, Bel nMeete (aiin ¢ 3anmceio nudposoro curHana. Hago ouucTuTh curaan
OT CIIyJaifHbIX ToMeX. [ 3Toro Bocmone3yeMcst pa3iioxkeHneM B psit Dypoe.

B HOBEIIT Mathcad-mokyMeHT BBeuTe CBOM MacCHB IH(PPOBOTO CHTHAIA, IPOYUTAB €T0 U3
¢aiina ¢ momompo ¢ynkuuu Readprn. B anexkrponnoil kuure BeiOepute [NaBa 7.
O6paboTka aKcnepuMMeHTanbHbIX  AaHHbIX » Tembl » 7.4.1.  [peobpasoBaHue
dypbe. Ckonupyiite OTKPBIBUIMICS TPUMEDP B CBOI JOKYMEHT.

O6paboTka umdppoBOro curHana

3nece CKPEITO ¢IDF3MHFIDBEIHHE MACHES ONBITHEIX O3HHEIX

3 = READFRN("18-2.pm" )

CHIMan C NmMexami

|
20

5]
iy

n 100 200 300 400
1

Puc. 18.4. I'paduk curnana, TpeOyIOImEro OYUCTKU OT IOMEX
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npamoe npeobpasoBaHue f= clt{=)

NoCTROWTE pAA PyYpee, 3HAYEHHA KOShQUUWEHTOB KOTOROMD
MEHAT MexOy k1 u k2

kl:= 25 k2 = 50 NoMeHARTE k1 K k2 1:=10.400
60
PP il i i Ko HUASHTE AL Dypee k2
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Belbop kosddUMeHTOR oBpaTHoe npeobpasoBaHue
g =ikl = |fj| = k2,f,0] h = icft(g)
Puc. 18.5. [Ipouenypa o4uCTKY CUTHAIA OT IOMEX

I:I'-II-'1LI.I|EHHI:-II-.:1 CHIHan

364
L 0594

-1.76

“ade 0 20 160 240 320 400
1

McxoAHBIR CHIHAN A0 HANMKEHWA NOMEX

10
F(x)
o
0 5
0
1] 0.: 1 1.5 2 25

X

Puc. 18.6. CpaBHeHHE OYHIIIEHHOTO CUT'HAJIA C UCXOIHBIM

Iocmotpute rpaduk coero curHana (puc. 18.4), BBens B mosie BBoja rpaduka ums,
NPUCBOCHHOE MacCUBY JaHHBIX. BBenute 3T0 MMs B (DyHKIUH MPSMOTO NpeoOpa3oBaHMs
Dypoe cfft. [locmotpute Ha rpaduke (puc. 18.5) 3HaueHust kod3hPuimeHToB psna Oypsbe.
BBemuTe cBOM 3HaueHWs JAMWana3oHa BBIOMpacMBIX Kod(hGduimeHToB k; u k. Ilocie
obparHoro mpeoOpazoBanmus Dypbe ¢ ydeToM BBIOPaHHOTO psfa KO3()(UIIMEHTOB BEI
yBuaute (puc. 18.6) rpaduk OYHIICHHOTO CUTHANA. Bapbupys 3HadeHUs k| U k,, mogdepure
HY>XKHBII BaM BHJ{ OYMILEHHOr0 CHTHaNA. ['padrika HCXOJHOTO CUTHAJA BBl HE YBHIHTE, TaK
KakK y Bac €ro IpocTo HeT.

18.3. OnTnmMmnsauma Harpyskun Ha 6arnky

banka mHa nByx omopax (puc. 18.7) HarpyeHa TpeMs CHJIaMH, IBE U3 KOTOPBIX MTPHUIIOKECHBI
K KoHIaM Oanku. OmpenenuTh IOJIOKEHHE TpPeThed CHibl (CHibl F3), TMpH KOTOPOM
MaKCHMAaJIbHbIH Mporud Oanku Oyaer HauMeHbUIMM. VcXOaHbIe NaHHBIE AJsl pacuera
MoKasaHbl Ha puc. 18.7.

IToxoxast 3amada pemraercs B npumepe 5 ([BwxXeHue [ByX MallMH Ha MOCTY) B
ekTpoHHOM KkHure. Ilocmorpute 3TOT mnpumep. OH BecbMa CIOXKHBIM, CBSI3aH C
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MPOrpaMMHUPOBAaHUEM M PEIIEHHEM CHCTEMBI YPABHEHHUH C IIEPEMEHHBIMHU ITapaMETPaMHU.
[MoiimeM mnpocTedmMM IyTeM, 4YTOOBI HE JEMOHCTPUPOBATH «BBICIIMH ITHIIOTAX» B
Mathcad, a noka3arb IpOCTOTY COCTaBIECHHS IIPOTPaMM I10JIb30BATEILS.

Paccunraem MakxcuMaiIbHBIN HpOFI/I6 Oanku pu 3alaHHOM IIOJIOKCHUU CHUJIbI Fz. Pacuer
BBITIIOJITHUM C Y4YC€TOM pa3MepHOCTCI71, MO3TOMY U3 JIF000r0 npuMmepa, MpuBEACHHOIO B
BHGKTpOHHOﬁ KHHUTI'C, CKOIIMPYEM B CBOI1 JOKYMCHT HNPOU3BOJAHBLIC Pa3sMCPHOCTH. Z[anee
BBCJIEM UCXOJHBIC NTAHHBIC.

Pacuer HauHeM C OIpeeICHWs PEaKUWid OMOp M IIOCTPOCHHS SIIFOPHI HM3rHOAOIIHX
MOMeHTOB. OTKpoeM B 3IIeKTpOHHO# kHure mpumep 12. OnpeneneHne BHYTPEHHMX
ycunuini npu m3rnbe 6anku. CxomupyeMm OTTyna OIpPEAElCHHE MOIEpeyHol cmibl O u
U3ruOaroNnIero MoMeHTa M, a TarxKe OIpeleleHHe OMOpHBIX peakuuil. Kommpyem orryna
XKe ormpeeseHne mporuba Gaiku METOAOM HavalbHBIX MapaMeTpoB. IIOCKONIBKY B HALIEM
cllydae OTCYTCTBYET paclpelcieHHas Harpy3ka, TO ClaracMble, YYHTHIBAIOLIHE €€,
ynamsiem. Ilocie OTaaakd mporpamMmbl (2 OHA COCTOMT B BO3MOXKHOH KOPPEKTHPOBKE
HEKOTOPBIX O0003HAYEHHMI) [UIsI AOCTIKCHHS KPATKOCTH M OJICTAHTHOCTH IIPOTPaMMBI
OTJeNbHBIE (PparMEHTH MOKHO CIIPSITAaTh B 3aKPHITHIX 30HaX (puc. 18.8).
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m
L
L = 2.m ANHHE Ganku z=0—_L
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Puc. 18.7. Cxema 6anku 1 HCXOIHBIE JaHHBIC UTA pacdeTa

30ech CKPBITO ONpeAeneHle OnopHbIX PeaKLMA 1 BHYTREHHMX YCHMHMA Q 1 M
[

30eck CKPBITO onpefensHle Nporkba Bankt MeToLomM HavanksHelx NapameTpoB
b

3AeCh CKpbITa NPorpamma Fmax AnA onpeaenea maxh v maxnporvba  M(x) = My Ra,Rp,12,x)
bl

Max = Fonad M, Lig, L, NI 10 = [F®)] Ay = Fryal 1, Lig, L, 1)

Puc. 18.8. PacueTrHas yacTh JOKyMEHTA CO CKPBITHIMUA 30HAMH
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Smopw Q, W1

nomeHAnTe L2
L2 = 130.cm
Bp = 22xH

Ra = 183H
Myax = 6-5Hu
Apay = 8.87
L2=130:cm

0 50 10a 150 200

Puc. 18.9. OnriManbHbIe pe3yNbTaThl pacueTa Oamku

HonyunB ¢yHkuuoo mporuda f OT MOJOXKEHHUs BBIOPAaHHOTO CEUeHHs X, HaijgeM
MaKCUMaJIbHBIN mporu® Oanku (mo aOcoiroTHOM BenwuwmHE). i ero ompeneneHus
Bocrojiib3yemcsi  (ynkumeir  Fmax w3 anekrponnoit  kmurm  [haBa 9.
MporpammupoBaHue » Tembl » 9.8.  HaxoxgeHne  akcTpeMyma  OYHKUUKM B
nporpamme. ITockoabpKy Hafgo HAHTH MaKCHMaJbHBIN 110 aOCOIIOTHON BEIMYHMHE NPOTHO,
TO BHaYalle HAXOJUM MOAYJNb f; OT (YHKIHUU Tporuda f, 3aTeM B oOpamieHue K (GyHKIUH
3anuceiBaeM M f; (puc. 18.8).

3amaeM BeIMUYNHY L, ¥ BRIBOJIUM pe3yJIbTaTH pacdyera Ha rpaduk (puc. 18.9).

Hanee TpeOyercsi ONpeAeinuThb, NMPH KAKOM 3HAYCHUH L, MaKCHMaJbHBIH mporud Oyner
MUHHMaJIbHBIM. Kak oTMeueHO B Havaje 3Toro npumepa, it Mathcad 310 oueHb crioxkHast
npobiiema.

BBINOIHUM MOYTH LUPKOBOH TPIOK. AHUMHUPYEM 3TOT IpaduK NPH JBIKEHUH CUIIBI F)
BIOJNb Oanku. B oOmacTh aHMManuu BKIIIOYAaeM 3aJlaHHOE 3HaudeHue L, M pacueTHoe
3Ha4eHHE MAaKCHMAaJIbHOrO mporuda Ap... B Takom ciydae or kaipa K Kaapy OyayT
M3MEHATHCS U IpaduK, ¥ BEIBOJUMBIEC YHCIIOBBIE 3HAYCHUSI.

VYMeHbIIUM CKOPOCTh MPOWTPhIBaHMS Kiuma, BbIOpaB B MeHio Record Animation
ckopocth 1 Kazp B cekyHay. HaOmiomas 3a KiumoM, 3allOMHHaeM 3HAuYeHUE Ly, mpu
KOTOPOM 3HAueHUe A, MHHAMAaNbHO. Bbikmounte 3HadeHwe Frame (cm. puc. 18.14),
BBEIUTE HYXXHOC 3HA4YCHHE L, U BHUMATEIbHEEC PACCMOTPHUTE PE3YJIbTAaThl ONTHMAIBHOIO
pacuera.

K Takomy NpUMHTHBHOMY TPIOKY NPUXOIMTCS HPHOEraTh BCIEACTBHE HECOBEPIICHCTBA
cucreMsl Mathcad, koTopast kpaifHe HEyKIIOKe paboTaeT ¢ BBIYHCIUTEIBHBIMA OJOKAaMHU
Given—find (minerr, Odesolve, maximize, minimize), ne momyckas CcBOOOAHOU
BapHallMd [apaMeTpoB (YHKIMHA W HUCIOJB30BaHHS BBIYHCIUTENBHOIO OJIOKa B
MIPOrPaMMHBIX MOJIYJISX.
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UacTteb |V. [pumMepbl MHXXEHEPHbIX pacyeToB B
Mathcad

B anextponnoi#t kuure "Pacuersl B Mathcad", BemoxkenHoit B UHTepHeTe, comepxarcs
IporpaMMbl 56 IPUMEPOB CIIOKHBIX MHXXEHEPHBIX pacueToB. [lonpoGHOE OIMcaHue dTHX
NPUMEPOB H MOSCHEHMS K HUM Takke HaxomasaTcs B mHTepHeTe. OHM 3ammcaHbl B popmate
pdf u TpeOyIoT [JIsl CBOEro OTKPBITHS yCTAaHOBKH Ha KoMmbioTepe Acrobat Reader mnro6oit
Bepcuu, a eme ayudire FoxitReader, kotopsiit paGoTaer 3HaumTenbHO ObICTpee, YeM
AcrobatReader.

Ckavaiite u3 MHTepHera ¢ caiiTa pegakuum Www.piter.com wmm ¢ caiita aBTopa
www.emakarov.nsknet.ru apxup On-KHUra.zip. Pacmakyiite ero u oTkpoiTe (haiin
Mpumepsbi-sce.pdf. TIpu stom 3amyckaercs Acrobat Reader (puc. I1.1). Bribepure B
JIEBOM BEpPXHEM YINIy OKHA MyHKT "3aryiafku" — OTKPOETCs CIUCOK BCeX 56 MpHMEpOB.
[lenKHUTE MBIIIBIO HA JTFOOOM NPUMEPE U YUTANTE MOSICHEHHS K HEMY.

B2 Adobe Acrobat Professional - [Aprmepri-Bee. pdf]

-‘,"_. ©ain MpaeiTe Big  JOKYMEHT  KOMMEHTADMM  CpefcTEa  PacllvpeHHble  OkHo oMol -8 x
P = . e —
PO HRE S @AWy U Q9 E-B T
| \“:‘ |IL Brifipate ﬁ: Gk' L] _:J @ v ® |- - |- wnw - @ Nomowes -
CTaWC TAYECKON BEIUOPRM.
0 EE 5 Ongm~ x P »
; q4_ i i ~
= [ Paanoe ~ (Mporpamma 0'1-statistica.mcd)
E W10k BHIIOMHATE CTATHCTHIECKHE PACIETH BPYIHYE, HaBepHIKA
P PyHY P!
r": @ Mpunep 02.Pacyer anekr TIOMEAT, Karo# orpoMHEIE 00BeM PYTHHHEDE BRMHCISHHH TpIOIHTCH BRNOTHATE B
=l ’ TpOIECCe PACIETOR, OCOOEHED IPH CPABEHTENEHO OOTBINK 0OBEMAK BRIOOPKH JAHHELL.
= Mpumep 03. MepexogHee JAnHED TpHMEp TOK HAK JETEO IPOTY pYeTCH H PACCIHNTEBAETCA OUEHD
= TPYA0EMEAR CTATHCTHUECKAR SATATA.
& @ MMpuiep D4. Hanenamasec |— Jng sagarmo# BEIGOPER TaHHEX TPeGyeTc NoNo0paTh 3AK0H PACTPEIETEHIT H
= Mpumep 05, Oevskenne ge ONpefeHTL ET0 NAPAMETPEL
E @ Conpomuenete mame Jn= mmnﬂﬁopm FAHHBIX B IPHMepe HCNIOMBSYSTCA TeHEPaTop CITYIAHHEDL meed,
= MO3ECIAICOIRE CO3TABATE BEIGOPEY TAHERDS, TOTIHEEHHEL 3ADaHes 3aTARHOMY 3AK0HY
2 = Mpumep 06. MeomMeTpuuec PACTIPETRTIEHHA
B mprnepe npeTaraoTc TPH TeHEPATOpa CTyIaiHED THCET TR HOPMATEHOro (MMOrm),
== @ Mpumep O7. TeomeTpuyec 3 mormerereckoro (Mogis) x g -proro (runif) pacnp i (pre. 1T11). Caprras 3
[ Newraan N7 Canmernuuar RERTI (ATE T TRHANATANAR MET TAL AIATE BRATIAG S NACTAT Memwsn arn naEme Tanas
< > o gETxilE9a < >
g &= Lumwas b bl © O(E]H

Puc. I1.1. Bribop npumepa B okae Acrobat Reader

Mathcad-iporpaMMbl  BCceX TpPHUMEPOB HAXOIATCS B JIIEKTPOHHOH KkHuUre "Pacuersl B
Mathcad". Tlopsgok yCTaHOBKM OJNEKTPOHHOW KHUrH omucaH B (Qaitne ReadMe,
HaxofseMcs B manke Of-kHura. Iocne ee ycraHoBku otkpoiite Mathcad u B riaBHOM
mento Mathcad BeiGepure CnpaBka » OneKkTpoHHble kHurm » PacyeTtbl B Mathcad
(Help » E-books » Pacuyetsl B Mathcad). B oTkpbiBuieiics 3JIeKTPOHHOW KHHTE
BeiOepute [lpumepbl WHXeHepHbIX pacyeToB B Mathcad wu nanee HasBanme
HHTEpecyloliero Bac npumMepa (puc.I1.2).

CRRC O a ™ i
Pacyemsi & Mathcad TrasaT.Ofpesens ieinapeaienammss  THIE Py Pacaeria u Mathead

prumsrs

ki " T Conepueanine
R KT . - e i
o d— o MIpMMB i IHEOHOpHLLE pacwaTon
Treaa 11 vt pamEmsctan Toi Py Parsioe
s 02 Berpreeas fpapeMamcsd  TH Py
[T —— L -

§ Tress B Patars smermpesst miarsd THE  Prcy I
el 3 -
COJIEP/KAHHE Doissrte suexsiespensix pacystop § Mathesd
» = S

Puc. I1.2. Bribop HyXHOTO ITpUMepa B AJICKTPOHHOI KHHUTE

Paborare ¢ IpuMepoM MOXKHO M BHYTPH DJICKTPOHHOH KHHTH, OJIHAKO, YTOOBI COXPAHUTh
MIPOM3BEICHHBIC BAMU N3MEHEHHUS B IIPOrpamMme, Halo BeIAenuTh Bee (kmaBumu CTRLAA),
ckormmmpoBaTh B Oygep obmena (kmaBumu CTRL+C), BcraButh B HOBBEIM Mathcad-
nokymeHt (kiaBuiid CTRLAV), coxpanuts ¢aitn (knaBumu CTRL+S). B auanoroBom
OKHe coxpaHeHus (aiina BBectn uMs (aiina u BeiOpath Bepcuio Mathcad, B koTopoii BbI
XOTHUTE COXPaHUTH (haii.

[anee npuBeseM OCHOBHBIE CBEJICHUs (CXEMBI U YCIIOBHSA 3a/lauu) Ul BceX 56 IpHUMeEpoB,
HaXOJAIIMXCS Ha KOMITAKT-/IHUCKe.

Mpumep 1. MNpoBepka CTaTUCTUYECKUX TMNOTES

Jnst 3amaHHOW BBIOOpDKM JaHHBIX TpeOyeTcs mnoJo0paTh 3aKOH paclpeiesieHus H
OIIPEIETINTH €r0 MapaMeTphl.
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BblnBuratorcss TpM TUIOTE3bl 3aKOHA paclpeieeHHs U ONIpeAessiorcss (QyHKUIUH
BEPOSITHOCTH VISl HUX.

Hpe)lnonaraeTc;{, 4qTo Bbl60pKa JaHHBIX IOJYUHACTCA:

=  HOpMaJILHOMY pacrpezeneHuro (GyHKIHS BEpOITHOCTH PNOrm);
= JIOTHCTHYECKOMY pactpenenenuto (plogis);

=  paBHOMEpHOMY pacmpeneineHuto (punif).

OneHka Tpex THIOTe3 TPOU3BOAUTCS C TMOMOIIBI0 KOAPGHUIIMEHTOB KOPPEISAIIH,
B3BEILLICHHBIX KBaJpaTOB OTKIOHEHUM, MerogoMm Ilupcona u PomaHOBCkOro, mertogom
MaKCUMAaJILHOTO TPaBIOIO00MS.

Mpumep 2. PacyeT anekTpuyecKkon Lenn nepemMeHHoro Toka

B nemu (puc. I1.3), melictByeT ucrounuk cunycouaanbuoit IJIC. Tpebyercs ompeneinTh
TOKM W HaANpPsOHKCHUS, JCHCTBYIOIIMC HA BCEX YdYacTKax ICNH; IPOBEPUTH OaraHC
MOIIHOCTEH W HAWTH MOKA3aHUsI TPHOOPOB.

Pacuer Benmercst AByMs MeTOaMH: 10 ypaBHeHUsIM Kupxroda u METooM 3KBHBaJICHTHBIX
npeoOpa3oBaHMiA.

Puc. I1.3. Cxema 251eKTpU4eCcKOH LIeMU IEPEMEHHOI0 TOKa

Mpumep 3. NepexogHble npoueccol

npun 3aMblKaHUN-PaA3MbIKaHNUN SHGKTpMHeCKOVI uenum

B mpumepe paccMmartpuBaeTcsi Ilellb, COAep)Kallas MHCTOYHUK Toka E, Karymky
uHAYyKTHBHOCTH L, nBa comporusienus R1 u R2, konnencarop C u pyomwipauk (puc.I1.4).
OmnpenenuTh pacnpelesicHHe TOKOB W HaNpsKEHHH B BETBSX OJICKTPHYECKOH IENH BO
BPEMEHH.

B mporpamme paccMaTpuBaroTCs: pemieHHe An(GEpeHINAIBHOIO ypaBHEHHS BTOPOTO
MOPSIIKA U pelIeHne cucTeMsl JuddepeHnInanbHbIX YpaBHEHUH IEPBOTO MOPAAKA.

. 4 . k{/% iil

”C -+ ii—

Puc. I1.4. Cxema d51eKTpu4ecKoi 1enu

Mpumep 4. KuHematnyeckmim aHanma KynaykoBoro mexaHusma

3agaHbl MAacCUBBI YIJIOB MOBOPOTAa KyJadka M COOTBETCTBYIOIIUX UM YIJIOB MOBOPOTa
KopoMmbIcia. Jms omnpeneneHuss JUHAMHYECKMX HArpy30K Ha KOHCTPYKIHIO TpeOyercs
OTIPEJICTINTH CKOPOCTh U YCKOPEHHE KOPOMBICTIA.

B nporpamme pacdera MaccuBbl INpeoOpasyroTcsi B (YHKIHMH, KOTOpPBIE 3aTeM
mupdepeHunpytoresa. Jnd criaakuBaHUS SKCIEPUMEHTAIBHBIX 3aMEPOB  HCIIOJIb3YETCs
paznoxeHue B pax Oypse.
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Mpumep 5. [iBUXeHWe ABYyX MaLLMH NO MOCTY

JIBe MammHbl Maccod m1 ¥ m2 BBE3KAIOT HA MOCT C Pa3HbIX CTOPOH CO CKOpOCTsIMHU V1 u
V2. Ompenenuts Iporud MOCTa TOJA HArpy3KOW W HAaWOOJNBIINE HANPSHKCHHS B Oankax
MOCTA B 3aBHCHMOCTH OT IIOJIOKEHHMS MaIliH Ha Mocty (puc. I1.5).

B mporpamme onpenensioTcs Harpy3kd Ha MOCT, MaKCHMalbHbIE HalpsHKEHHS W HPOrud
0aloK MOCTa B 3aBHCHUMOCTH OT BpEMEHH. PacCMOTpeHBl TpU BapHaHTa pacyera:

UCIIONIB30BAaHUE IIPOTPAMMHPOBAHUSI C MOANpOrpaMMaMu 0e3 ydera M C  y4ETOM
pa3sMepHOCTei, a TaKKe pacueT 0e3 HCIONb30BaHMS MporpaMmupoBanus. s

JIEMOHCTpPAIUU Pe3yJIbTaTOB pacyeTa HUCIOIb3yeTCs] aHUMallus.

71 Lt}
— - 4
ml m | ' | e
Lﬁgﬂ A E
Lri
x
= =
Lr2
Ly
L

Puc. I1.5. Cxema IBIKEHHUS IBYX MAIIUH 110 MOCTY

Mpumep 6. PacyeT MOMEHTOB UHEPLMN CeYEeHUs, 3aaHHOro
aHanuMTnyeckn

3aJaHO CcedeHHe, OTPaHUYEHHOE YETHIPbMS KpUBBIMU. HaliTu riaBHBIE LIEHTpajbHBIE
MOMeHTHl uHepimu ¢urypsl (puc. I1.6), oOpa3oBaHHOW 3THMU KPHBBIMH W IIOJIOXKEHHE

TJIaBHBIX OCEH MHEPIUH.
Pacuer Benercst mo ¢opMynaM CONPOTHBICHHUS MAaTEPHAIOB IIyTEM HEMOCPEICTBEHHOTO

HHTETPUPOBAHUS.
dUrypa 3afaHa 4-Ma KpUBLIMK
HcxoHbIe KpHBLIE KoHTyp cedeHHa
20 ™
3 5 20
/ AnA cnpaeku
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Puc. I1.6. Ceuenue, 3a1aHHOE aHAIUTUICCKA

Mpumep 7. PacyeT MOMEHTOB MHEPLMN CEYEHMNS, 3a4aHHOI0
HabopOM TOYEK Ha KOHTYpe

CedeHne 3a4aHO NECATHIO TOYKAMHU (5 TOYEK - BEPXHUHM KOHTYpP, 5 TOYEK - HIDKHHUI
KOHTYp). HaliTu rmaBHbIC 1IEeHTpaTbHble MOMEHTHI HHEPIIUH, 00pa30BaHHON BCEMH TOUKAMHU

(urypsl, 1 MoJIOKEHUE TJIABHBIX OCEH MHEPIIHH.
MaccuB TO4YeK Ha KOHType ceueHHs npeoOpasyercs B (yHKuuoo. Jlanee BbITOIHSAETCS

UHTErpUPOBaHUE, KaK U B IpUMepe 6.

Mpumep 8. PacyeT reoMeTpuUYeCKnX XapakTepMUCTUK COCTABHOIO
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PaccmarpuBaercst ceuenne u3 7 snemeHToB (puc. [1.7). JIna kaxmoro 3iaeMeHTa BBOIHUTCS
wupuHa b, BeicoTa h, muiomane A, KOOpAUHATHI LEeHTpa TshKeCTU Y U Z B BUJIE 3IIEMEHTOB
BEKTOpa JJIs BRITIOJTHEHUS ITOCIEAYIOMINX OMHOTHITHBIX omepanuii. BBoguTces ko smemMenTa
K n npuznak Hammauns Beipesa Kl1.

L

= s S5 4
/ \
1 -

Puc. I1.7. CeueHue U3 ceMH 3JIEMECHTOB

Mprmep 9. Onpenenenne BHYTPEHHMUX YCUNUA NPU PaCTSHKEHNN
CTEPXKHS

Jnst cTep)kHS HAarpy>KeHHOTO TPEeMsl COCPENOTOYEHHBIMH M JIBYMS paclpelelIeHHBIMU
Harpy3KaMH MOCTPOUTH SIIOPY MPOTOIBHBIX yCrmiuit. YToOBl He 3arpoMokaath puc. 11.8,
Ha HEM MOKa3aHbl TOJIBKO JIBE HArPy3KH BMECTO IISITH.
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Puc. I1.8. YcnoBHas cxeMa pacTsHKEHUS CTEPIKHS

Mpumep 10. onpegeneHne BHYTPEHHUX YCUITUIA MPU KPyHEHUN
CTEPXHS
}1.]'[51 CTCPIKHA, 3aKpyunBacMoro JAByMs IapaMu CWI W ABYMS pPacClpeaACICHHbBIMU

MOMEHTaMH, IMOCTPOUTH AMIOPY KPYTAILIMX MOMEHTOB. UTOOBI He 3arpoMoxnaTh puc. I1.9,
Ha HEM I10Ka3aHbl TOJIbKO JIBE HAIPY3KH U3 YETBIPEX.
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Puc. I1.9. YcnoBHas cxemMa Kpy4eHHsI CTCPIKHS

Mpumep 11. OnpeneneHne BHYTPEHHUX YCUUA Npu narnbe

KOHCOIbHOW Barnku

Jnst KOHCONBHOM OasKky, Harpy»KeHHOH Tpemsl CHiaMH, IBYMS MapamMH CWI U ABYMS
pacnpesielieHHbIMH Harpy3kaMmu, IOCTPOHUTBH JIIOPHI IONEPEYHBIX CHJI M HW3rHOAIoIINX
MoMeHTOB. UToObI He 3arpomoxarh puc. [1.10, Ha HeM MoKa3aHbl TOJIBKO TPHU HArpy3KH U3
cemu. CpencrBamum Mathcad ompenensrorcsi MakCHMalbHbIE 3HA4€HHS BHYTPEHHHUX

YCUITHIA.
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Puc. I1.10. YcnoBHas cxema Harpy»XeHHUsI KOHCOJILHOH Oaiiku

Mpumep 12. Onpeaenenne BHYTPEHHUX YCUNUA NpU M3rnbe 6anku

Ha ABYX onopax

Jnst Ganky Ha OBYX OmOpax, HarpyXXEHHOH TpeMsi CHJIaMH, IBYMS IapaMd CWJI W JABYMs
pacripeielleHHBIMH Harpy3KaMH, IIOCTPOMTH SHIOPHI IONEPEUYHBIX CHJI W H3THOAroLINX
MoMeHTOB. UToOsI He 3arpomoxath puc. I1.11, Ha HeM MOKa3aHbI TOIBKO TPH HArPy3KH U3

CEMHU.
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Puc. I1.11. YcnoBHas cxeMa Harpy»XeHusl 0aJiku Ha IBYyX OIOpax



331 Mpumep 13. PacTskeHne ctaTMy4eCcKn-onpeaesimmoro CTepXKHS

Jns  cTep)kHS NEPEMEHHOTO CEYEeHHUS, HAarpyKeHHOTO TpeMsl CHJIaMH H  JABYyMA
pacripefieIecHHBIMH ~ Harpy3Kamu, TpeOyeTcs HaWTH paclpelelcHHEe HampsHKCHUH ¢
MIepEeMEIIEHHH 110 [UTMHE CTEPXKHS.
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Puc. I1.12. YcnoBHas cxeMa pacTsHKEHHS CTEPIKHS

Mpumep 14. PacTtaxxeHne ctaTUyYeCcKN-HeonpeaeiMumMoro CTepXKHS

st craTndecKku-HEeOnpeIeMMOr0 CTEPKHS IIEPEMEHHOIO CEUEHUs], HAIPY>KEHHOI'O TPEMs
CHJIaMH ¥ [JBYMs paclipeAeleHHbIMA Harpy3kamu TpeOyeTcs HaWTH pachpenesieHue
HaIPSDKEHUN U IIEPEMELICHUN 110 JUIMHE CTEPXKHS. YUeCTh U3MEHEHHUE TeMIIepaTypsel Al U

MOHTaXHYIO ITOTPEIIHOCTE A ..

L=1Is

B
L bl

Puc. I1.13. PacTsxeHue cTaTH4ECKU-HEOPEAETUMOTO CTEPKHS

Mpumep 15. PacTsxkeHne-cxxaTue ctaTudecku Heonpeaenmumon
LLAPHUPHO-CTEPXKHEBOW CUCTEMDI

JUig craTMYeCKH-HEONpeaeIMMON apHUPHO-CTEP>KHEBOH CUCTEMBI, HAIPY>KEHHON TpeMs
CHJIaMH W JBYMS pPacHpeleICHHBIMH Harpy3kamu, TpeOyeTcsi HaWTH HalpsKCHUs B
CTEP)KHSIX M YIJIHHEHHE CTEp>KHEH. YdecTh M3MEHEHHE TEeMIEepaTypbl Al ¥ MOHTaXHYIO

HOrPEIIHOCTE A . .

|
L.

Puc. I1.14. PacTshxeHue NIapHUPHO-CTEP’KHEBOI CUCTEMBI



330 Mpumep 16. Pac4yeT npocTenwmx coeanHeHnmn

W3 ycnoBusi MPOYHOCTH OIPEACIUTh IMPOYHbIE pa3Mepbl TSICH, WTHPTA W CBAPHOTO
coemmaeHus (puc. I1.15).
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Puc. I1.15. Cxemsl 1yt pacuera TSTH, INTH(TA U CBAPHOTO COSANHEHHS

Mpumep 17. PacyeT cTtatnyeckn onpeaenimmoro CTEPXKHS Ha
KpyyeHue

g 3amanHOTO cTymeH4aroro crepHs (puc. I1.16), HarpyXeHHOTO TATHIO PAa3TUYIHBIMU
HArpy3KaMH, OIpPEICIUTh PaCIpE/CICHHE MaKCUMAJIbHBIX KacaTeNIbHBIX HANPSIKCHUN U
yria 3aKpy4UBaHus 110 JJIMHE CTEPIKHS.
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Puc. I1.16. YcinoBHas cxema Harpy KeHHsl CTYIIEHYaTOro CTEPKHS
Mpumep 18. Pac4yeT ctatnuyeckn HeonpeaenmmMmoro CTePXKHSA Ha
Kpy4yeHune

W3 ycnoBuil IpOYHOCTH M KECTKOCTH HA KPy4YEeHHE ONpPEASNIUTh AUAMETP CTaTHYECKH-
HEOIPeaeTuMON TPYOBI.
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Puc. I1.17. KpyueHue cTaTHUECKH-HEOPEIEIUMOTO CTEPKHS

Mpumep 19. Pac4yeT Ha M3rmb KOHCONbHOM Barnku

Jnst 3amaHHOM Oanku kopobGuaTtoro momepedHoro cedeHus (puc. I1.18) ompemenuth
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MaKCHUMAJIbHBIC HAIPSXKCHUS U IIOCTPOUTH YIIPYT'YIO JIMHUIO OaJIKu.

B mpomecce pacuera CTpOSATCS SMIOPHl HOPMaJbHBIX M KacaTENbHBIX HANPSOHKEHUH B
ornacHOM ceueHuu Oanku. [lepemerieHuss Oanku mnpu HM3rube ONMPENENSIOTCS TpeMs
crocobamu: IyTeM HENOCPEJCTBEHHOIO WHTErPUPOBAHMS YpPAaBHEHUs YIIPYroW IIMHUH,
METOJIOM Ha4aJIbHBIX [TApaMETPOB U € TIOMOIIBIO HHTerpasia Mopa.

Puc. I1.18. Cxema Harpy»XeHusI KOHCOJIBHON Oanku

Mpumep 20. PacyeT Ha n3rnb Gankn Ha AByx onopax

Jia 3amaHHON Oaikm Ha IBYX OmOpax KopoOdaToro momepeyHoro cedeHus (puc. I1.19)
OIPE/IeTUTh MAKCUMAJIbHbIE HATPSDKEHUST M IOCTPOUTD YIIPYTYIO JIMHHIO OAJKH.
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Puc. I1.19. pacuetHas cxema 06ajKku Ha JBYX OMOpax

Mpumep 21. PacyeT Ha n3rnb 6anok Ha ynpyrom OCHOBaHUMW.

B mpumepe mpuBeneH pacuer Tpex 0ajok Ha ynpyroMm ocHoBanuu (puc. I1.20): Ganku c
OJTHOH CHJION MOoceperHe U CIUIOIIHBIM YIIPYTUM OCHOBaHUEM, OalIK¥ C TpeMs CHJIaMH Ha
CIUIOIIHOM YIPYTOM OCHOBAaHHHM, Oajka ¢ TpeMs CHJIAMH W IBYMS YYacTKaMH yIpPyroro
OCHOBaHMSI.

B mporpamme ¢ynkuueit Odesolve pemaercs muddepeHunanbHoe ypaBHenue [V
nopsinika. CocpeloTOYCHHBIE CHITBI 3aMEHSIOTCS HAarpy3KaMH, paclpeeJICHHBIMHA Ha MaJioM
ydacTKe OainKm.

- Ly

Puc. I1.20. Cxembl 610K Ha yIpyroM OCHOBaHUH

Mpumep 22. YyeT nnactmyeckmx gedpopmauunm npu pacTskeHum-
cxXaTuu.

Jl1g 3amaHHOM CTaTHYeCKHU-HEeOopeaeIuMON apHUPHO-CTEpxKHEBOM cuctems! (puc. I1.21)
HalTH 3aBUCHUMOCTH IIpeeNIbHON Harpy3ku F OT mepeMerneHuss TOUKU MPUII0)KEHUS CHIIBL.

B pacyerax wucrmosib3yloTCSi TpU BUJA ANNPOKCHMAIMU JHarpamMMbl JIe)OPMUPOBAHHS:
JquarpaMMa IIpannmis, AuarpaMMel ¢ TMHEHHBIM U CTETIEHHBIM YIPOUHEHHEM.
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Puc. I1.21. Cxema mapHUPHO-CTEP>KHEBON CHCTEMBI

Mpumep 23. YyeT ynpyronnactmyecknx gedopmaumi npu narnbe.

B npumepe ompernensieTcs pacnpeneiacHre aehopMannii U HANPsOKCHUH B MOMEPEYHOM
cedeHNH OaJK MpH M3TH0e, a TaKKe OCTATOYHBIX HANPSHKEHUH MPU yHIPYTOILIACTUYECKUX
nedopmanmsix. B pacuerax HCHONB3YIOTCS TPU BHIA AalIIPOKCHMAIMU JHArpaMMbI
nepopMHUpOBaHUs: auarpamMma l[IpaHamis, auarpaMMbl C JIMHCHHBIM M CTCIICHHBIM
YIIPOYHEHHUEM.

Mpumep 24. Y4yeT nnactmyeckux gecdopmauum npu KpyHeHuu.

B npumepe ompenensiercst pacrpenencHue aedopMalMii U HaNpsDKEHUH B MONEPEYHOM
CCUCHWW CTEpXKHS NPH KPYYEeHHH, a TaKKe OCTaTOYHBIX HANPSDKEHWH — IpU
ynpyromiactuueckux — aedopmanuax. Jns  mpoBemeHHMss — pacyeToB  AMarpaMmma
nedopmupoBaHus Marepuana Oanku NP PACTSDKCHHH G —€  IEPecTpamBacTCsl B
JuarpaMMy cIBura t-—7y. B pacuerax HCIONB3YIOTCS TpPH BHAA ANPOKCHMALUH

JuarpaMMbl  1e(OPMHUpPOBaHMS: jauarpamma [IpaHaris, OuarpaMMbl ¢ JIMHEHHBIM |
CTETIEHHBIM YIIPOUHEHHEM.

Mpumep 25. PacyeT NpsiMOro CTePXKHS Ha CMOXHOE COMpPOTUBIIEHNE.

Jis 3amaHHOTO TIPSIMOTO CTEPXKHS TIePEeMEHHOro molepedHoro cedenus (puc. [1.22),
Harpy>k€HHOTO 23 Harpy3KaMH OIpeIeiseTcs MAKCHMAIIbHOE SKBHBAJIICHTHOE HAIPSKCHHS
U CTPOSTCS TpadMKU MEpeMENICHUH M0 IIECTH HANPABICHHUAM (TPEM JIMHEHHBIM M TpeM
YTIOBBIM).

D10 GoJbLIas CA0XKHAS IPOrPaMMa, BKIIIOUArOIIas B ce0st pparmMeHThl mpuMepos 9 — 12.
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Puc. I1.22. Crep:xeHb IEPEMEHHOTO CEYECHHUS (CIeBa) U YCIOBHAS CXEMa €ro Harpy>KeHus (Crpana)

Mpumep 26. Pac4eT NpoCTPaHCTBEHHOIO CTEPXKHSA Ha CITOXHOE
COMpPOTUBIEHME.

Jnst 3aganHOTO MpOocTpaHcTBeHHOro crepxHs (puc. 11.23) momoOpaTh MpovHbIE pa3sMepsl
MOTIEPEYHBIX CEYCHUH U TOPU30HTAIBHOE MIEPEMEIIEHIE KOHIIA CTEPKHS.
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Puc. I1.23. CxeMa Harpy»KeHUs IPOCTPAHCTBEHHOI'O CTEPIKHS

Mpumep 27. OnpeneneHne nepemeLleHnin CUCTEM N3 HECKONbKNX
91EMEHTOB.

Jlis 3aaHHON CHICTEMBI, COCTOAIICH W3 ABYX OAaloK, CBA3aHHBIX MPYKUHON M CTEP)KHEM
(puc. I1.24), ompenenuTs BepTUKAJIbHOE IEpEMELICHHE IOJ CHJIOM M Yroi IMOBOpOTa
cedyeHus Ha onope D.

HepeMemeHI/m OIPEACIIAOTCA ¢ TOMOIIBIO UHTETpaIa Mopa.
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Puc. I1.24. Cxema Harpy>XeHUsI CJII0)KHON CUCTEMBI

Mpumep 28. PackpbiTne cTaTMyeckon HeonpeaesMmmMocTy MTOCKON
pambl.
B npumepe MeToAOM CHII pacKpbIBAaeTCsl CTATHUYECKAsh HEONPEAETMMOCTh IJIOCKOW pambl

(puc. [1.25), ompenenseTcss ONHO W3 TIEPEMEIICHHWI W  BEIIONHSACTCS IPOBEpKa
MPaBIIBHOCTH PEIICHUSI.
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o

FELBHHTN GRCTERA BEBRBATISHTEATR SUCTOME

Puc. I1.25. K pacuety 1miockoii pambl

Mpumep 29. PacyeT ognH pas ctatndeckn Heonpeaenmmon
CUCTEMBI.

Pacuer takoit cuctemsr (puc. I1.26) mourn aHanorndeH nmpumepy 28, HO TOTpeOOBaNIach
HOBas CHCTEMa MHJCKCOB. B KOHIIe prMepa IPOU3BEAEH pacyeT paMbl Ha IPOYHOCTb.

3anaHHan pama SKEWBANEHTHARA CUCTeMA
F1 Hl l F2
X X X
B

VI 77

o

Puc. I1.26. PacueTHbIEe CXEMBI paMbl

Mpumep 30. PacyeT NpoCcTpaHCTBEHHOM CTaTUYECKU
HeonpeaenMMon pamsbl.

Jis 3amaHHONM, IATh pa3 CTATUYECKU HEONPENEIMMOM IPOCTPAHCTBEHHOM pPaMbl
(puc. I1.27) TtpeOyercsi pacKpbITh CTaTHYECKYIO HEONPENCIMMOCTh W CAEJIATh MPOBEPKY
NPaBWJIBHOCTH DEIICHHS, BBIOpATh ONACHOE CEYEHHE W OIPEAEIHThH JUaMETp CTEep)KHEH
paMbl U3 YCJIOBHSI IPOYHOCTH.

Puc. I1.27. Ha3Banue pucyHka
Mpumep 31. PacyeT mHoronponeTHon 6anku ¢ OAHOW 3a4enkon Ha
n3rune.

Pacuer Bemercs MerogoMm cwil. KommdecTBo omop, Kak W KOJIWYECTBO HAarpysok,
JIEHCTBYIOMUX Ha OanKy, MOXKeT OBITh J1F00BIM (puc. I1.28).
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Puc. I1.28. Cxema MHOTONPOJICTHOM OAJIKH € C 3a7ICTKON

Mpumep 32. PacyeT MHoronponeTHomn 6anku Ha narud.

[Iporpamma pacuera Takoil Oanku (puc. I1.29) Gmuska K mporpamme, IPHUBEICHHOH B
npumepe 31. Ho B mpenpiiymieM npumMepe ocHOBHas cucrema (Oajka C 3aeikoil) He
TpeOyeT oIpezeseH sl OTIOPHBIX PEakilyii, B 3TOM IpHUMEpe OCHOBHas cucrema (Oaika Ha
JBYX OTIOpax) TpeOyeT MHOTOKPAaTHOTO OIIPEAEICHHSI OTIOPHBIX PEaKInii.
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|
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Puc. I1.29. Cxema MHOTONIPOJICTHOH OajKu

Mpumep 33. PacyeT Ha yCTONYMBOCTb CXATOro CTEPXHA

Jnist cTepkHS KPYTJIOro CEUeHHMs, Harpy>KeHHOTO CXKMMaroleil oceBoi cutoit (puc. I1.30),
OTIPEJICTINTh TUaMETP CTEPXKHS U3 pacueTa Ha yCTOHYMBOCTE.

Pacuer Bemercs MeETOIOM TOCIENOBATENbHBIX MPUOIMKEHHH C HCHONB30BaHUEM
MIPOTPaMMHPOBAHUSI.
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Mpumep 34. OnpeaeneHne KPUTUYECKMUX Harpy3oK Ha CXaTblN
CTEepPXEHb AHEPreTU4eCKUM METOLOM.

Puc. I1.30. Cxema cxaToro cTep:kHs

Ompeznenuts Harpy3Ky, COOTBETCTBYIOIIYIO IIOTEpE YCTOHYMBOCTH ISl CTYIEHYaTOro
CTaJBHOTO CTEPXKHS C JABYMs 3aJelIKaMH W IPOMEXKYTOUHOW IIapHUPHOM OIOpPOii,
Harpy>keHHoro aByms cuwiamu (puc. I1.31).

Pacuer Benmercsi mno (¢opmyne Panes, B KOTOpoil ypaBHEHHWE YNPYroil JIMHHK
ANPOKCUMHUPYETCS TOJTMHOMOM CTETIEHH M.

I,

/ > Z
/ F+— | —

7z

A

F 9
h J

Puc. I1.31. K pacuery cTyneH4aToro cxaToro CTep>kHs Ha yCTOWYHBOCTh

Mpumep 35. MNpogonbHO-NonepeyHbIn n3rnd Ganok

Jus nByx 0anok, Harpy>KeHHBIX MPOJONFHOW M morepeyHoi Harpys3kamu (puc. I1.32),
OIPENIeNUTh MPOrHO OANOK U MAaKCUMAJIbHbIC HATIPSDKCHHS.

Pacuer Bemercst qByMs criocobamu ¢ pemeHreM AuddepeHIHaTbHBIX yPaBHEHHH BTOPOTO
1 4ETBEPTOro MOPSIKA.
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Puc. I1.32. PacueTHble cXeMbl Harpy»)eHus 0aJIoK

Mpumep 36. PacyeT KoHconbHOM 6anku Ha yaap v konebaHus
Jliist KoHCOIIBHOI Oanku Maccoi Mg (puc. I1.33) onpenenuts:

=  MakcuMallbHbIe JIMHAMUYECKHE HANpsDKEHHS IPH MaJeHUU Ha OaliKy rpy3a Maccoi m
B TOYKY C KOOPAMHATOU X,

= COOCTBEHHYIO YacTOTy KOJEe0aHHH ¢ y4eToM Macchl GalKu My M COCPENOTOUYEHHOMN
Macchl M B TOYKE Xm,



= mepemeinenne U(t) TOUkH X, Gamkk TOx IecTBHEM Bo3mymiaromei cwisl F(t),
339 MIPWIOKEHHOH K 3TOM TOUKE.
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Puc. I1.33. KoHconbHas 6ajka 1o IeHCTBUEM yAApHOIl Harpy3Ku

Mpumep 37. PacyeT Bankm Ha AByx onopax Ha yaap v konebaHus

Jnst Ganku Ha ABYX omopax maccoit Mg (puc. [1.34) onpenenuts Te ke BETMYHHBI, YTO U
B mpumepe 36.

Pacuer mourm Takoi ke, kak B mpumepe 36, HO TpeOYIOIIMI ONpeneNeHns] OIOPHBIX
peaxiuii 1y BCeX BUAOB HAIPYKEHMUSL.
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Puc. I1.34. banka Ha nByX omopax oA ACHCTBHEM yAapHOW Harpy3K{

Mpnmep 38. PacyeT cnoxHoM cuctemsbl Ha yaap U YCTOMYUBOCTb.

Jlis 3aaHHON CHICTEMBI, COCTOAIICH M3 ABYX OaloK, CBA3aHHBIX MPYKUHON M CTEP)KHEM
(puc. I1.35), ompenmenuTs BepTUKAJIBHOE IEpEMEILICHHE IOJ CHJIOM M Yrol IMOBOpOTa
cedeHus Ha onope D.

DaKkTUYECKH 3TOT NMpHUMEp SIBIISETCS NMPOJODKEHHEM INpuMepa 27, HO B JaHHOM 3amaue
OIpENENAI0TCS HE CTAaTUYECKHE, a JUHAMUYECKUE HAIPSDKEHUS U TIepEMELeHNUS.
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Puc. I1.35. Cxema yaapHOro Harpy>ke€HUs CJIOXKHOM CHCTEMbI

Mpumep 39. Ctatnctuyeckas obpaboTka pesynbTaTtoB
SKCnepuMeHTa.
B nporpaMme mpuBeneHB! pe3yibTaThl UCIBITAHUNA Ha YCTaJIOCTh cepud U3 10 cTampHBIX

00pa3noB TpeOyeTcss MOCTPOUTH YCTAIOCTHYIO KPUBYIO U OIPEAEIUTH JOBEPUTENIBHBIN
MHTEPBaJI AJIsl BEPOSITHOCTH HEpa3pyIIeHHs: 00pa3moBs p = 99%.



340 Mpumep 40. PacyeT BonTa Ha yCTanoCTHY NPOYHOCTb

Omnpenenuts auamerp 6omnra (prc. [1.36), HCIBITEIBAIONIETO HArpy>KEHUE aCHMMETPUIHBIM
LMKJIOM PacTsDKEHHUS M3 pacyera: Ha CTATHYECKYIO IIPOYHOCTB, MO TPEeTy BEIHOCIHUBOCTH,

Ha JI0JITOBEYHOCTh N = 10° LIMKJIOB.

[3 R

F.II.

N N

E F_=10kH

Puc. I1.36. Cxema 601TOBOIO COETMHEHUS U XapaKTEPUCTUKHU LIUKJIA HATPYKEHUS

Mpumep 41. PacyeT gonroBe4yHOCTM geTanu npu HectauMOHapHOM
Harpy>xeHumu
Onpenenuts Cpok ciayk0bl aBTOMOOMIBEHON ocu u3 cramu 18XHMA (I1.37). O6paboTka

IIUKJIOTPAaMMBI Harpy>K€HHs TO3BOJIMJIA CBECTH MPOLIECC HATPY)KEHHS OCH K IIOBTOPEHHIO
6moka HarpyxkeHusi. OIpeAenuTh CKOJNBKO OJOKOB HAarpy>KeHHs BBIIECPKUT OChb [0

paspyieHus.
PacyeTHadA cxema LIMknorpamma HarpyHeHna ObpaboTka UMHNorpammel
o
- -
____________

LAV /{r/ I 1

i H,I.U.I_U.U_ Ny A My

za 1 yac paboThl

Puc. I1.37. Ha3Banue pucyHka

Mpumep 42. PacyeT 4ONroBe4YHOCTM NOMOCHI C TPELLMHOMN

B monoce u3 cranu 20X (puc. I1.38) oOHapyxeHa OOKOBas TpeUIMHA JIHHON L = 2 MM.
ITonoca nCHBITEIBAET MyJIbCUPYIOIIMHA IIUKIT HarpyxkeHus. Kak xapakrepucTika MaTepuaia
MIPUBOJIUTCS IKCIIEPUMEHTAILHO HAlICHHAS 3aBUCUMOCTh

AL 151073 (AK)
dN ,

OnpenenuTs YUCIo UKIOB N MOAPACTaHUs TPEIIHUHBI 0 KPUTHUECKOH JITUHBI LKp’

MyNBCHPYHILLMEA LMKN
HarpYyHeHWA NoNoCck

a) b)

Ft B =600

F 1 F I WANA
o B o g 1 F 2 VARV
L= | « r -0 1

tin

Monoca c TpelHDH

740

Puc. I1.38. Cxema moIoCH ¢ TPEMIMHON | IIUKJI €€ Harpy KeHHS

Mpumep 43. MNocTpoeHre anarpammbl UCTUHHBIX HaMNPSKEHWN

YkazaHHas AuarpaMma CTPOWTCS O pe3yJibTaTaM HCHBITAHHH CTaHZapTHOTO oOpasna Ha
pactspkenue. 1o 3amepam oOpasiia 10 U Iocie UCIBITAaHUI B pacdyeT BBOJSTCS HadaJIbHbBIC
nnuHa L u auamerp obpasua dy, a Taxoke nuameTp obOpasia B letike rnocie paspbipa dy.

C HapPICOBaHHOﬁ HCHOBITATSILHON MAIIHHOMN AuarpaMmbl B KOOpJHWHATaX Harpys3ka -
NMEPEMEIICHUE CHHUMAIOTCA KOOPAWHATBI HECKOJIBKHUX XapaKTCPHBIX TOYECK. Z[anee



PACCUMTHIBAIOTCS YCIOBHBIE M HMCTHHHBIE HampsHKeHHs U IedopManid, OIpenelsieTcs
341 3aBUCHMOCTh HANpsDKEHUH OT Jedopmanuii nmpu JIMHEHHOM 1 CTENEeHHOH anmnpoKCUMaIiu
JarpaMMsl 1e()OpMUPOBAHUSL.

Mpumep 44. Pac4yeT TOHKOCTEHHOW ODONOYKMN.

Jis  00ONOYKH, COCTOSIICH W3 TpeX YacTeil: KOHHUYCCKOW, IMIMHIPUYICCKON W
chepudeckoii (puc. I1.39), npu 3ajaHHBIX Ta0apUTHBIX pa3Mepax W BHYTPCHHEM JIaBICHUHU
HaWTH TOJIIMHY CTEHKH.

o

LT

L=l

Puc. I1.39. CxeMa muiHHAPHYECKOH 000I0UKH

Mpumep 45. OnTmMM3auus pacyeTa KpoHLWTenHa

Jis KpoHINTeHHAa W3 OBYX MIAPHUPHO COeAWHEHHBIX crepxkHed (puc. I[1.40) tpebOyercs
OTIPE/ICTINTH:

= [Inomanu ceyeHui CTEPHKHEN U3 YCIOBUSI IPOUYHOCTH
= YTIJIBI HaKJIOHA CTepyKHEH 1 M 2 U3 yCIOBHS PaBEHCTBA HANPSHKEHUH B CTEPIKHIX

= YIJbl 9 ¥ 9 U3 yCIOBHS. MUHUMAJILHOTO BECA KPOHIITEHHA

S LLLL
A/
? ______ .

Puc. I1.40. Cxema Harpy»xeHus! KpOHIITEITHA
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Mpumep 46. OnTManbHbIN pacyeT cheprnyeCcKon KpbILLKK

Cocyn BBICOKOTO JABICHHS TEPMETHYHO 3aKPBHIT Cepudeckoi kpbimkoi (puc. I1.41).
[JaBieHue B cocyne p, tuaMerp cocyna 2r, TOJIIMHA KPBIIKA d HEM3BECTHA, HO JOJDKHA
YIOBJICTBOPSThH YCIOBHIO IPOYHOCTH. Tpebyercs onpenenuTh paanyc KPHBU3HBI KPBILIKH
R, npu KOTOpOM Macca KpbIKu m(R) OyaeT MUHUMaIbHOM.

o)

2r,

Puc. I1.41. Cheprdeckas KphIlIKa 0] BHyTPCHHUM JIaBJICHUEM

Mpumep 47. Mogbop Harpy3ok No nepemeLeHmnsm bankm

Jist KOHCONBHOM Oanku mpsMoyronbHoro cedeHus (puc. [1.42) 3amaHpl epeMenieHus B
Tpex Toukax mocie aedpopmanuu. TpeGyercs nomxoOpaTs Harpy3KH, ASHCTBHE KOTOPHIX Ha
0aJIKy BBI30BET HOSBIICHNE 3aJaHHbIX NIEPEMEIICHHH.

Mﬂ' \\
F, F, R
: , N
L, 5
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Puc. I1.42. [Tepemenienns KOHCOJIbHON OaJIKK M HArpy3KH, KOTOPBIE HaJl0 ONPEICIUTh

Mpumep 48. MNMoabop Harpy3ok Ha 6anky, yaoBNeTBOPSAOLLNX
rPaHNYHBbIM YCNOBUSAM

B oT0li 3amaue 3a1aHbl PaBEHCTBO HYJIO IIPOruda M yria mnosopora B 3azenke Ly = 0,
nporu6 = 0,5 cM, n3rubarommil momenT M = 10 xrem B ceuennu Ly = 50 cM u nonepednas

cuna Q = 50 kr Ha cBo6oaHOM KoHIE 6anku L3 = 100 cm (puc. I11.43). B npunnumne MoxHO



3a1aTb JIFOOBIC TPaHUYHBIC YCJIOBUA. OHpeIlCHSHOTCH HarpyskKv, YyZHAOBJIETBOPSAIOIINE
343 3aJaHHbIM YCJIOBUAM.

L,= F
- L:; Ll ‘L
B Lj Ll ; Mb
7
7 7
Fy Fy h Fy Fy Fy F Y
J
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Puc. I1.43. banka, rpaHuyYHbIC YCIOBUS U HArpy3KH Ha OaJKy

Mpumep 49. MNMounck onTmarnbHbIX pa3mepoB ceveHns Ganku.
KonconpHas 6anka mpsMOYTOJIBHOTO CEYEHUS HAarpy>KeHa OJHOW CHJIOW Ha CBOOOTHOM
xoH1e. TpeOyerca monobpaTh pa3Mepsl NPSIMOYTOIbHOIO CeYeHHs OalKy U3 YCIOBHH, 4TO
MaKCUMaJIbHOE HAIIPSKEHUE O, = [GHOH] , lepeMelnieHye KoHna 6anku A < [A] =2MM.

Ha pasmepbl cedeHHs TOXKE HAJOXKEHbl OrPaHUYCHHS 2-cM<b<b6-cM ¥
1-em<h<10-cm .

Mpumep 50. AuHamnyecknin pacyeT 6ankm MaTpuyHbIM METOAOM
nepemMeLleHnin
Jlis  TOHKOW JIMHEHKM W3 OpPrCTeKia, 3alleMJICHHON omHuUM KoHioM (puc. [1.44),

OIIpPCACIIUTD 1) COOCTBEHHEIC YacCTOTHI, 2) OTKJIUK OalIku Ha BO3Z[CI>1CTBI/I€ BBIHYKAAIOMNUX
CHUII.

CraThdecKui | }_'[I/IHaMI/I"IeCKI/Iﬁ pacdeT BEACTCA MCETOAOM KOHCYHBIX JJIEMCHTOB C
p336HBKOﬁ Ha CEMb IUIOCKUX CTCPKHEBBIX DJIEMECHTOB.

2 5 a 11 14 17 20
F

Puc. I1.44. Pa3z6uBka O6aiku Ha KOHEYHBIE JIEMEHTHI M HyMepalus IepeMeIieHIi B Hel
Mpumep 51. AnHammnyecknin pacyeT NIIOCKOW pamMbl METOLOM
KOHEe4YHbIX 3JIEMEHTOB

Pacuer ananorumuen mnpenpiayiiemMy. OTiIMYaeTcs TOJBKO OpUEHTAIMEH CTEepKHEH-
aneMeHTOB (puc. [1.45).

SSSS

Puc. I1.45. Pa36uBKa mI0CKO# paMbl Ha KOHEYHEIE 3JIEMEHTHI U HyMepalys IepeMelieHnii B Helt
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Mpumep 52. PacyeT npocTpaHCTBEHHOM CTEPXXHEBOW CUCTEMBI

Pacuer anamormuer mnpempigyiieMy. OTIHYaeTCss TOJNBKO OpUCHTALMEl CTep)KHEH-
2JIEMEHTOB B pocTpaHcTse (puc. [1.46).

Puc. 11.46. Pa36uBKa mpoCcTpaHCTBEHHOM paMbl Ha KOHEYHbIE 3JIEMEHTHI U HyMepalus IepeMeeHHi
B Hel

Mpumep 53. PacyeT Konbua METOAOM KOHEYHbIX 3fIEMEHTOB

B nanHoMm mnpumepe pemraercs IUIockas 3ajada Teopud ynpyroctd. Komsoo,
Harpy>keHHOE JByMsl CWJIAMH, HMEET ABE OCH CHMMETPHH, IIO3TOMY JUIS IOBBIICHHS
TOYHOCTH pacdeTa pacCMaTpHBaeTCs O/HA YeTBepTas yacTh Koabna (puc. 11.47). UerBepTh
KOJIbIIa pa30MBaeM Ha TPEYTOIbHbIC KOHEYHBIE 3JIEMEHTHI C IIIECTHIO CTEIICHAMH CBOOO/IBI.

F
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Puc. I1.47. PacueTHas cxema KoJbLia IO/ HArpy3KOH M BEIOpaHHbIE AJIS pacyeTra y3iIbl

Mpumep 54. PelwweHne ypaBHeHus [TyaccoHa npu KpyYeHUM CTEPXKHS

g crepxHs 3amaHHoro ceuenus (puc. I1.48) ompenenuts: MOMEHT MHEPLUH U MOMEHT
COTIPOTHUBJICHUS NIPU KPYUYCHUH, paclpe/ielieHHe KacaTeIbHBIX HAPSKEHUH B CEYCHHUN.

B JAaHHOM HNPUMEPE PACCMATPUBACTCS PCHICHUEC YPAaBHCHUA HyaCCOHa METOAOM KOHCYHBIX
3JICMCHTOB IJIA obacreit HpOPI3BOJ'IBH017[ (1)OpMI>I n HpOPI3BOJ'ILHOI71 pa36I/IBKI/I Ha 3JICMCHTHEI.
Pacnpe,ueneHI/Ie KacaTCJIbHBIX HaHpSDKeHI/Iﬁ Opu KpPYUYCHUU CTCPKHA IMMPOU3BOJILHOI'O
CCUCHUA NOAUYUHACTCA YPABHCHUTIO HyaCCOHa.
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Puc. I1.48. [Tonepednoe cedeHue CTep>KHS M BEIOpAHHBIE AJIS pacyeTa y3iIbl

Mprmep 55. PelueHne nnockon ynpyronnactuyeckon 3agaydu
METOAOM KOHEYHbIX 3SIEMEHTOB

JaHHBI mprMep WUTIOCTPUPYET BO3MOXKHOCTh W YAOOCTBO INPOrpaMMHpOBaHMS Ha
Mathcad nro00ii CKOJIb YTOHO CIIOXKHOW 33/1a4H.

Jns xonpua nox Harpyskoi (puc. I1.46) paccunThIBaeTcst pacnpeneieHle HanpspKeHui u
nedopmanmii. Bnusaue mnactudecknx aedopmaniii yunTHIBACTCSI METOAOM IEPEMEHHBIX
MapaMeTpOB YIPYTrOCTH.

Mpumep 56. Mcnonb3oBaHWe NPSIMOYrofibHOrO KBaapaTUYHOro
3rIeMeHTa B MeToAe KOHEYHbIX 3N1IeMEHTOB

s muvHHOM ToJICTOHM TpyObl moj gasieHueM 700 aTtmocdep HalTH pacnpeneicHue
HATPSOKCHUH B ITOTIEPECYHOM CCUCHHMU.

Jlis pacdera MCIONB3yeTCsl MPSAMOYTOJBHBIN KBAJIPATUYHBIA JIEMEHT C BOCEMbBIO Y3JIaMH,
YTO MO3BOJIIET JOCTHYH TPeOYyeMOW TOYHOCTH pacueTa JaKe IPU HCIOJIB30BAHUU OJTHOTO
KOHEUHOTO 3reMenTa (puc. 11.49).
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Puc. I1.49. [IpsamoyronpHblil KBapaTUYHBINA JIECMEHT C BOCEMBIO Y3JIaMU U JEBITHIO TOUKAMHU
HUHTErpUPOBAHUS
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