YacTb |. beicTpbin cTapT. Hayano paboTsl C
Mathcad

B 3TOll 4YacTH KHUTH NPHUBOISATCS OCHOBHBIC CBEINCHHS, HEOOXOAMMEBIC Il PadOTHI C
Mathcad. Hcmonb3yss MX, MOKHO pemInTh HpuUMepHO 95 % Bcex 3amad. BHMMaTenbHO
M3y4HTe WX W MPUCTyHaiTe K pabore ¢ Mathcad.

Iepen nawaom paborel B Mathcad o3HakomuMmcst ¢ pabo4yuM OKHOM M COZIEp)KaHHEM
naneneil ynpasnenus. Jlajgee onuceiBaroTcs naHenu u okHa Mathcad 15. B npyrux Bepcusix
Mathcad BHewHuWiI BUI M colepkaHHE MaHeJIed MW OKOH HEMHOrO OTJIHYArTCS OT
OTHCBHIBAEMBIX 3/1€Ch.

Nutepdenc Mathcad

Wnrepdeiic Mathcad mo cBoeli cTpykrype aHanorumueH uHTepdeilcy apyrux Windows-
MIPUIIOKECHUH.

Pabouee okHo Mathcad

Ipu otkpeitun daitna Mathcad.exe na skpane mnosiBisiercss pabouee okno Mathcad ¢
IaBHBIM MeEHIO W msreio  madenmsmu:  Standard  (Crammapthas), Formatting
(®opmaruposanune), Math (Maremaruueckas), Controls (Koutpoms) u Resources
(HdoxymenTanus) (puc. 1.1).

Artomarnuecku 3arpyxkaercs ¢aiin Untitled 1 (Besbivsrmstit 1), npencrapistommii co6oit
mabnon Normal (O6brunblit) pabouero mokymenta Mathcad, naszsiBaemoro Worksheet
(Pa6ounit muct). Kpome Toro, aBromatndecku 3arpysxatorcs okua Tip of the day (Coser
nust) u Mathcad Resource ([oxymenrarus Mathcad). Iepen nadanom paboThl UX HAIO
3aKkpbITh. [lJist 3T0r0 B riaBHOM MeHio Mathcad (BepxHsisi CTpOKa MeHI0) BeIOpath 100IS
» Preferances (Uucrpymenrtsi » [Tapamerpsr) (puc. 1.2). Cusrs ¢uaxoxk Show tips at
startup (IToxa3siBaTh COBET AHS IPH 3arpy3Ke) U IEIKHYTh Ha KHOmke OK.
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Puc. 1.1. Buzg pa6ouero okna Mathcad mocine 3arpy3ku

NMPUMEYAHUE

Ecnmu y Bac ycraHoBmeHa aHrimiickas Bepcus Mathcad, mnsa pycudukammm e€¢ B
3arpy>KeHHOM ¢ Moero caifta http://emakarov.nsknet.ru/ 3JeKTpOHHOI KHUTE UCTIONB3YHTE
kataior RUS.
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Puc. 1.2. Oxno Preferences (Uuctpymentsr » Hactpoiiku) B Mathcad 15

[maBHOE MeHI0

I'maBHoe MmeHro Mathcad 3aHMMaeT BepxHIOIO CTpPOKy pabodero okHa. OHO He 3ps
HA3bIBACTCS TJIABHBIM. Bce HEOOXOMUMEBIC NIEHCTBHS MOXKHO BBIIIONHUTD, CICAYS IMyHKTAM
9TOr0 MCHIO W IIOCIICIOBATEIBHO OTKPBIBAKOINUXCS OKOH. Il[e4oKk MBIMBIO Ha JTFOOOM
MyHKTE MEHIO OTKPBIBACT MOJIMEHIO C MEPEYHEM BBIMOMHIEMbIX KoMaH/. [I[en40K MbIIIbI0
Ha MyHKTE [MOJIMEHIO BBI3BIBACT MOSABICHUE COOTBETCTBYIOIIETO IUATIOTOBOIO OKHA.

B riaBHOM MmeHIo BbiOepuTe nmyHKT Bua » Ilaneam wHcTpymeHTOB. OTMETBTE TPH
nanenyu; CranaaptHas, @opmarupoBanue, MaTemaTuyeckas. MaTeMaTHYECKYIO
HaHeJb NIepeHecuTe Ha CTaHIapTHYIo. Tenepb y Bac Ha dKpaHe Bce HEOOXOMUMBIC BaM B
nporiecce paboTHI ITaHEINH.

[MaHenn MHCTpyMEeHTOB

[Tanenn WHCTPYMEHTOB CiIy>Kar Jyisi OBICTPOrO  BBINOJIHEHMs Hamboyiee 4acTto
npuMeHsieMblx koMmasj. ['nmaBHoe MeHio Mathcad — ocyriecTBisieT TOJIHOE ynpaBiieHHE
BCEMH NpolieccaMM, KpOME TOTO, MO3BOJISIET BBIIOIHUTH BCE KOMaH[bl, 00BETMHEHHBIC B
OCTaJIbHbIE MEHIO.

O Standard (CramgapTHasi) — CIYXXWT JUIsS BBIIOJHEHUS JeUCTBUA ¢ (aiimamu,
peNaKTUPOBAHKS JOKYMEHTOB, BCTABKH OOBEKTOB U T. JI.

O Formatting (®opmatupoBanue) — mnpeaHasHaueHa s (HOPMATHPOBAHUS TEKCTa
u Gopmy.

O Math (Marematika)— CIyKHT IS BCTaBKH MAaTEMaTHYECKUX CHMBOJIOB
U OIIEPaTOPOB B JOKYMEHTHIL.

OcTajapHBIC TaHEIU MPAKTUYCCKU HC MCHOJIb3YHOTCA.

[Ipn HaBenmeHmum ykazaTens MbIIM (Kypcopa) Ha JIOOYI0 W3 KHOIIOK pSIOM C HeH
MOSBIIACTCS BCIUIBIBAIOIIAS MMOJCKAa3Ka — KOPOTKHMH TEKCT, MOSCHSIOMMI Ha3HAuYeHHE
KHOTIKH.

I'maBHBIC HHCTPYMEHTHI ipu paboTe B Mathcad HaxonsaTCst HA MaTeMaTHYeCKOH IMaHeNH.

Martemaruueckas MaHellb O BCEMH OAYMHEHHBIMH [TaHEJIIMA HHCTPYMEHTOB TT0Ka3aHa Ha
puc. 1.3. lllenq4ok MBIIIBIO Ha JIOOOM M3 3HAYKOB BBI3BIBACT BCTABKY Ha MECTO Kypcopa B
paboueM JOKYMEHTE COOTBETCTBYIOLIETO STOMY 3HAau4Ky CHMBOJAa WM IIa0JOHA
BBINIOJTHEHUSI MAaTEMaTUYCCKOM orecpanunu.
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Puc. 1.3. MaremaTndeckas nmaHejiab

OTKpBITHE JIEKTPOHHON KHUTH U3 MeHIO CnpaBKa 1mokazaHo Ha puc. 1.4.
[
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Puc. 1.4. OTKpbITHE 3JIEKTPOHHON KHUTH

[maBa 1. [NocTpoeHue BbipaXXeHum
n rpadoukoB B Mathcad

Jdns wm3ydeHust oanekTpoHHOM KHMrum B Mathcad OTKpoliTe 4YHCTBIH JOKyMEHT H
aneKkTpoHHyo kHUry Pacuérer B Mathcad. [IpounTtaB 4yacTe paszmena B KHUre medaTHON
wm B e€ pdf-gaiine, HOCMOTpHUTE 3TOT pa3zesl B KHHATE 3JIEKTpoHHOH. Ha umcrom nmcre
Mathcad BBIOIHUTE CaMOCTOSITENBHO TO, YTO BBl BUIUTE B 3JIEKTPOHHOM KHMTE. B camoit
JIEKTPOHHON KHHWT'€ MOXXHO BBOAWTH CBOM UHCIIA M BBIPQKEHHS, HO HEJB3SI UX CIABHIATH.
Ectp 1 mpoune Heym00CTBa B padoTe.

Haub6onee ymoOHo s pabortel BeyaeauTs (CTRL+A) BCIO CTpaHUILy JJICKTPOHHOU
KHATM M Tmeperammtb ©€ B uMcThlii Mathcad-mokyment. Botr Tam  yxke
YOPaXHSIHTECh, KAK XOTHTE.

1.1. oCcTpOeHne BbipaXkeHn U NX BblYUCNEHNE

[lepen wawamoM paboTBI Kypcop Ha OJKpaHe HMeeT BHJA KpecTHKa. B MoMeHT BBOIa
BBIDQXCHUSI Kypcop IIpHOOpEeTacT BHJI CHHErO Yrojika, OOpaMIIIOIIEro BBOIUMOE
BeIpaXeHHEe. B paboueM JOKYMEHTE BBEIHMTEC KakKHe-THOO OYKBEHHBIC BBIPDKCHUS H
NPUCBOWTE WM 4YHUCIEHHBIE 3HadeHus. VMg BblpaxkeHHs (Bce, YTO CTOMT CJIeBa OT
olepaTopa IPUCBAaNBaHMA) MOXKET COCTOSTh U3 JIATHHCKUX, PYCCKHX, TPEUECKUX U APYIUX
OykB u umbp, 3HaKoB momdyepkuBanus (_), wrpuxa (1), cumBona mpoueHta (%), 3Haka
0ECKOHEYHOCTH, BBOAUMBIX C KJIaBUATypBbI.



HmeHa nepeMeHHBIX W (YHKIHMHA HE MOTYT HAuMHATHCS C NUQPBI, 3HAKa ITOAYEPKUBAHUS,
mrpuxa, cuMBona npoueHta (%), He Moryr Bkimo4aTh B cebs mpobemsl. CuMBOI
6eCKOHe‘lHOCTI/I MOXECT 6]:ITI) TOJIBKO IMEPBBIM CUMBOJIOM B UMCHU.

BHUMAHUE

Mathcad BocnpMHHMaeT INPONUCHBIE ¥ CTPOYHBIE OYKBBI Kak  pasINYHbBIC
UIeHTU(UKATOPBI, TO XKe KacaeTcsi OyKB, U300pPaKEHHBIX Pa3IMYHBIMH LIPU(TaMU, —
3TO pa3HbIE UMEHA.

NMPUMEYAHUE

Jlro6ble uMeHa B Mathcad MOXHO 3amucaTh C HCIONB30BAHMEM HIDKHETO HMHJEKCA-
KomMMeHTapus. s storo HaOpaB Hy)KHOE MMS, HaXaTh KiaBumry .’ (Todka). 3aTeMm
BBECTH C KJIaBHATyphl HHACKC-KOMMeHTapuil (o6oit). B Mathcad 14 otnuuuTe HYUKHUHA
HHJIEKC-KOMMEHTapHi OT MHIEKCa JJIeMEHTa BEKTOpa WJIM MAaTPHIBI IO3BOJISET TOYKA
OKOJIO MHJEKCa-KOMMEHTapusi (cpaBHUTE V u V), KOTOpas BHAHA IIPU BBIICICHUH

BbIpaXXCHUA.

Mathcad me nmemaer paznuuuii MEXIy MMEHAMH TEepeMeHHBIX U ¢yHKuuil. Ecin BHauame
ompenenuts (QYHKIHIO f{x), a 3areM ONpPEACIUTh IEePeMEHHYI0 f, TO NPOU30UAET
NepernprcBOCHHE 3HAUYEHUH M OKa)XeTCsi HEBO3MOXKHO HMCIIONIB30BaTh f{X) B pacyerax rie-
100 mocIie onpeeneHus f.

NMPUMEYAHUE

Mathcad 12 ve nomyckaer nepeonpeneneHus 3Hadenuil ¢pynkmumii. Mathcad 13, 14,15 ero
paspernaT, HO MPEAYIPEKIAIOT O HEM MOABICHAEM BOJHUCTOW JIMHUM IO UMEHEM
¢yuxunn. B oxne Preferance ((Mucrpyments: » Hacrtpoiiku)) (puc. 1.2), BbiOpas
Briaaky Warnings (IpeIynpeskIeHNs ), MOKHO TaKUE PEAYIIPEKACHUS OTKIIOYHTS.

Hexotopeie uMeHa yxke wucmoib3ytoTcs Mathcad st BCTPOCHHBIX KOHCTAHT, CIMHUIL
n3MepeHus U GpyHkuuit. IMeHa MOXXKHO TIepeOoINpeesiiTh, HO CIEeyeT YYUThIBaTh, YTO 3TO
yHl/I‘-ITO)KI/IT nux BCTpOCHHbIe 3HAYCHUSA U D9TUMHU KOHCTAHTAMU U q)yHKLII/lHMI/I I10JIB30BATHLCSA
OyIeT Helb3s.

Oneparop npucBauBanusi (:=) B MNEpBbI pa3 BbIOEpHTE HAa MaTEMaTHYECKOW MaHeNn
Calculator (Kanbkynsatop). Ilo3HakoMbTeCh € COAEp)KaHWEM MaHend. [Ipu HaBeIEeHUH
CTPEJIKH YKa3aTelsi MbIIIU Ha KaKyl0-JIM0O KHOIIKY MOSIBJISIETCS BCILUIBIBAIOILAS MTOJICKa3Ka C
Ha3BaHUEM OIIEPaTOpPa, BHI3BIBAEMOTO NPH IIEIYKE Ha STOM KHOIKE, ¥ YKa3aHWEeM KJIaBHIIIN
WIN COYETaHMs KJIAaBHUIL, HAKAaTHE KOTOPBIX BBI3BIBACT TO XK€ JACHCTBHE, YTO M MICTYOK Ha
KHOIIKe. B manpHeinieM omepaTop npucBauBaHHs BBl Oynere HaOupaTh C KIIaBHATYpBI,
HaKaB KJIABHIIY «IBOETOYHE ().

NMPUMEYAHUE

Pacnewaraiite nuct Iopsiume KJIaBHINM, B KOHIE KHHTH. 3amomuHaiite [opsume
KJIIaBUIIHN. DTO MO3BOJIUT YCKOPUTH paboty B Mathcad.

HaOpaB BblumMCciIsieMOE BBIpa)KEHHE, HAKMUTE KIABULILY (=) — MOSBUTCA YHCJICHHBIA
pesynbTart (puc. 1.5).

. +y Y .
[TorpoOyiite HabpaTh — Yy Bac MOJy4YuTCs X + e [t IpaBUIIBHOM 3aImicy Hazo

HaXaTh KJIAaBHIIy INpo0Oena Tak, 4YTOOBI YroJOK Kypcopa OXBaThlBal HYXXHYIO YacTb
BhIp@XKEHUS (B HalleM ciydae X + ¥y ). Jpyrod cmoco® — B3siTh BBIpaXKEHUE B CKOOKHU

(x + y) . B HEKOTOPBIX CIy4Yasx 3TO MPOCTO HEOOXOIUMO.

.I_
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Puc. 1.5. [Ipumepsl NOCTpOEHHUS MATEMATUYECKUX BBIPAXKEHUH

1.2. «Llenkne» onepartopsbl

C 1epBBIM 3aXBaTOM «IIEIIKOTO» OIEpaTopa BBl YK€ II03HAKOMHJIMCh Ha IpUMepe JpOOH.
«llerkue» omepaTopsl — 3TO BO3BEICHHE B CTEIEHb, W3BJICUCHHE KOPHS, 3HAMEHATENb
npobu (puc. 1.6). UTOOBI BBIPBATHCS W3 OOBATHI «IIEIIKOTO» OIEpaTropa, Hal0 BBIIEIUTH



KJIaBHUIIeil mpoOena WM KiIaBUIIEH — (CTPENIKOM BIPaBO) HYKHYIO 4YacTh BBIPAKECHHS,
TOTJIa CIIEAYIONIast onepanus OyIeT OTHOCUTHCS KO BCEMY BBIICIICHHOMY BBIPaKCHUIO.

Ha nepBbIX mopax «Ienkue» oneparopsl pazapaxkator. Bel HaunHaeTe neyarath ObICTpee U
HE BCErJa BCIIOMUHAETE O BBIIEIECHUH HY>KHOW 4acTu BbIpakeHHs. B pe3ymnbrate BMecTo,

HanpuMep, ¥’ +y mHa 9KpaHe TMOSBISIETCS X

2y [loynpaxHssiitecb BO BBEIECHUH

BEIpOKEHUH U TIOJTYYECHUH UX pe3ynbTaToB (puc. 1.7).

Ji1s BO3BeIeHUS YMCIIa B CTENICHD UCTIONB3YHTE KIaBUITy «™ (Ham nudpoii 6).
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Puc. 1.6. IIpumepbl IOCTPOCHUS BEIPAKEHUN C «LIEIKUMUY» ONIEPaTOpaMu
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Puc. 1.7. CamocrositensHas pabota. [locTpoeHre BBIpaXEHUI U UX BBIYUCICHHE

1.3. PegaktnposaHne obbektoB Mathcad

Brinenenne B Mathcad BhIpakeHHS WM €r0 YacTH. MCIOJBb3YETCs IS BBIPC3aHHS HIIH
KOIIMPOBAHUS YAaCTH BBIPAXKCHHS, H3MCHCHHS MIPUPTA, a TaKKe IS BEITOJIHCHUS
CUMBOJIBHBIX BBIYUCIICHHUHN C YaCTSIMH BhIpaKeHUH. CIIOCOOBI BBIJICIICHISI OO BCKTOB:

a

VYronok Kypcopa MepeMeuiacTCsd IO 3KpaHy KJIaBUIIaMH CO CTPCJIKaMH WU HICITYKOM
JICBOM KHOIIKH MBIIIIHN B HY>XHOM MECTE JKpaHa.

Jlns pacmpeHus BBIZIETICHUS Ha 9acTh BBIPAKCHUS WM HA BCE BBIPAKEHHUE LEITNKOM
MOXHO MCIHOJIb30BaTh KIABUIIHU CO CTPEIKaMH HJIH KJIaBHIIy npobdena. s BeIxoaa n3
«ILIETIKOT0» OIIepaTopa MPEANOYTHTENHHO MOIb30BaThCs KiIaBUIEH mpodena. YToiaok
Kypcopa JOJDKCH OXBaThIBaTh BCE BBIPAXKEHHE MM €r0 4acTh, HajJ KOTOPOH Hamxo
BBITIOJIHUTH KaKNUe-TH00 JeiCTBUSL.

Jlnst BBIIENICHUSI YACTH BBIPAKCHUS HJIM BCETO BBIPAXKEHHS HAJIO MISTKHYTH MBIIIBIO B
Hayajge WIM B KOHIIC BBINEISIEMO YaCTH BBIPAKEHHS U IEPEMECTHTh KYpCop JI0
JOpYroro Kpas, He OTIOyCKas JIeBYK KHOIKY MbIIM. MOXHO HCIIOIb30BaTh
komOuHarmto knapui Shift+<— wmu Shiftt—. Beigenennast 4acte BbIpaXeHHs UMEET
YepHBINA (OH.

Jis BeLiencHUsT OOBEKTa WM TPYHIBl OOBEKTOB (JIFOOBIX — MaTEMAaTHYECKUX,
TEKCTOBBIX WIH TpadUYecKuX) HAI0 IICIKHYTh MBIIIBI0 Ha CBOOOJHOM MECTE
pabovero JIOKyMEHTAa W PACTSHYTh ITyHKTUPHBIA MPSMOYTOJILHHK BBLICICHHS Tak,
9TOOBI OH OXBAaTHJI HYXKHBIC BaM O0BEKTH.. OIWH OOBEKT MPHU 3TOM OYAET BBIACICH
CHHHUM YTOJIKOM KYpCOopa, a rpyIina 00beKTOB — 00Be/IeHa yHKTUPHOW pPaMKOii.

Bce Tpu Buza BbIIENCHNS BRIPAXKEHUH ITOKa3aHbl Ha puc. 1.8.

Ecnu Hamo ymanuth, BIpe3aTh WM CKOMUPOBaTh B Oydep oOMeHa BBIICICHHYIO YacTh
BBIPDOKEHUS, BBIICIECHHBIH OOBEKT LEIUKOM WM TPYINY BBIACIEHHBIX OOBEKTOB,
BBITIOJTHUTE AEHCTBUS, THIIHYHBIE A1 Windows:

a
a

Juis ynanenus (O0e3o3BparHoro) Haxkmute kinasuiry Delete wnn Backspace;

JUTst BeIpe3aHust B Oydep ooMena Haxxkmute kKHOKy Cut (Beipesats) ¢ n3obpaxeHunem



HOXHHUI[ Ha craHmapTHoi mnamenn Mathcad. Ilpu Haxkatum kHomkm Cut oOBexT
rcye3aeT u3 paboyero TOKyMEHTa, HO IIEPEHOCHUTCS B Oydep;

Q min kommpoBaHusi B Oydep obOmenHa wHaxmure kuHomky Copy (Komuposats) ¢
n300pakeHHEM JBYX CTpaHWI] Ha craHmaptHod mnanenu Mathcad. I[pu HaxaTHu
kuHonku COpy 00BeKT ocTaercs B paboueM TOKyMEHTe U Komupyertcsi B 6ydep.

Q g BCTaBKH 00BbekTa u3 Oydepa oOMEHa YCTAaHOBHTE KPECTOOOpPA3HBIA KYypcop B TO
MECTO, KyJia Bbl XOTHTE BCTaBHUTh cojiepkumoe Oydepa oOMeHa, U HaXMHUTE KHOIKY
Paste (BcraButsb) Ha cranmaptHoit nanenn Mathcad.

HOCKOﬂbe BbIpE€3aTb, KOIMMPOBATb, BCTaBJIATH 00BEKTEI MMpUXOAUTCA YaCTO, IOJIE3HO
3alIOMHUTH COYCTAHUA KJIaBUI, HAKATHC KOTOPBIX BBIZbIBACT 3TU LleﬁCTBHHZ

Q Cut (Beipesars) — Ctrl+x;

Q Copy (Komuposars) — Ctrl+c;

Q Paste (Bcrasurs) — Ctrl+v;

O Undo (Ormena npeapiayimero aeiictus) — Ctri+z.

OTH JEWCTBHS BBIMOJIHSAIOTCS COUYCTAHUSIMHU KJIaBHUII, PACIIOJIOKEHHBIX IIO COCEACTBY, U
IIO3TOMY JIETKO 3alTOMHUHAIOTCH.

Kak n Bo Bcex Windows-Ipuiio>KeHUsX, BBIIEIEHHBIH OOBEKT WM BBIJCICHHYIO IPYIIIY
00BEKTOB MOKHO MEPETAIUTh MM CKOITMPOBATH C TIOMOIIBIO MBIIIH. [Ijist 3TOTO Cienayer:

O [IlepeyepkHyThb MBINIBIO OOBEKT HJIM TPYIIY OOBEKTOB, MJIM OOBecTH HMX. Boxpyr
00BEKTOB MOSBUTCS paMKa (paMKH).

0 [oaBeCcTH MBINIB K BbIACJICHHOMY O6’LeKTy Wiy rpyimume O6”I)€KTOB, 4yTOOBI MMOSBUIIACH
YCpHasd J1aJOoIlIKa,

O 1§pH HaXATOH JEBOM KHOIKE MBIIIM IEPETalUTh Kypcop B TO MECTO, KyAa Hazo
MIEPEMECTHTh OOBEKTHI;

Q eciM HyKHO CKOIIUPOBATH BBIAEIECHHbBIE OOBEKTHI, TOCIE MOSBICHUS YEPHON JTaOIIKN
HY)KHO H&XaThb JICBYyI0 KHONKYy Mbiuy, 3areM kimasuury Ctrl u, ymepxusas wux
Ha)KaTbIMH, [IEPETAIINTH Kypcop B HY>KHOE MECTO.

COBET

IMpu pabore ¢ Mathcad mMOCTOSIHHO MONB3yHTECh TPaBOW KHOMKOM MblmH. B
BO3HMKAIOIIEM IPH 3TOM KOHTEKCTHOM MEHIO MOSBIISIOTCS, KaK MPAaBUIIO, CaMbIe HyKHbIS
B JaHHBI MOMEHT IIyHKTBHI, B YaCTHOCTH, MOYTH BCErAa MPUCYTCTBYIOT ImyHKTHI Cut
(Beipesars), Copy (Konuposats), Paste (Bcrauts).

1.4. CTaHpapTHble PYHKUMK

Mathcad conepxut cBbie 200 BctpoeHHbIX (yHKUMHA. Ha crannapTHON naHeIn HaXXMUTE
kHonky f(X). Bbl yBHIHTE CIHCOK BCEX BCTPOCHHBIX (yHKIWMEH. [IpocMOTpHTE TPYIMITBI
¢yHkumii (J1eBbiid criucok). llenkHyB Mblblo Ha JF000W K3 TpynIl QpyHKUUH, BBl YBUIUTE
CrpaBa nepeyeHb QYHKINH, BXOISIINX B 3Ty TPyMITy. B 3TOI YacTH KHUTH MBI paCCMOTPHUM
He Bce (DyHKIMH, a TOJBKO T€, YTO UCIIONIB3YIOTCS B IPUBEJICHHBIX IIPUMEPaX.

MMCNOBEIE KOHCTAHTE| &= 271 m=314 e
S R TR EPRES Coipm :
I _sa03t Malef o2t | 7 Faxota4n !
LA R W :

ETaHaapTHele dyHkUMM %= 5  a:= 10

a

mle?l =2 logr = 06w exp( ]=24.121

T

= 18787

L,

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

Puc. 1.8. IIpumeps!l HCHOTB30BaHUs BCTPOSHHBIX KOHCTAHT U (PyHKIU

Haunem ¢ nByx rpymnm: Log and Exponential (Jlorapudmudeckre U 3KCIOHEHIHATIBHBIC)
u Trigonometric (Tpuronomerpuueckue). [IpHCMOTPHUTECH K HAMMCAHUIO 3THX (YHKIIHHA



(puc. 1.8), xoTropoe He BCerAa COBIAJAeT C IPHUBBIYHOW MaTeMaTHYECKOH 3aluChIo.
Has3Banusi (QyHKUMI MOXHO BBOJMTH CO CTaHJAPTHOW IMaHENM M3 PAaCKPHITOrO OKHa
¢byukumit f(X), BeLmenMB Ha3BaHWe (QYHKIMKM W HaxaB kKHOMKy Insert (BcraBuTs), win
Ha0paB MMs GYHKIIMU Ha KJIABUATypE B TOYHOCTHU TaK, KK OHO 3aITCaHO B OKHE (DYHKIIHUH.

HpI/I HUCII0JIb30BaHU N 3J'I€KTp0HHOﬁ KHUTU MOXHO KOIIMPOBATh B CBOI1 JAOKYMCHT 010KHU
BBIpa)KeHI/Iﬁ apamMo 1u3 SHGKTPOHHOﬁ KHUT'Y, 3aTEM IMOJACTABUTH B HUX CBOU IMapaMETPHhI.

HaGepHTe 1 BbIYHCIIUTE HCCKOJILKO PA3HBIX (byHKHHﬁ.

1.5. YucnoBble KOHCTaHTLI. BBOA rpeveckux 6yks

BBenenHas ¢ KJIaBHAaTyphl JIaTHHCKas OyKBa e BHYTPH MAaTeMaTHYECKOTO BBIPAKEHHS
O3Ha4YaeT OCHOBAaHHE HaTypaJbHOTO Jlorapudma (cM. puc. 1.8) e=2,718. DOto 3HaueHHe
MOXXHO OTMEHHUTh, NPHCBOMB e JpPYroe 3HA4YCHHE, HCIONB3ys 3HaK JIOKAJIBHOIO
MIPUCBaMBaHMS =, HAIPUMeED: e:=2.

3HaK GECKOHEYHOCTH 00 MOKHO BCTaBUTH ¢ MaTeMaTudeckoii nanean Calculs (co 3nakom
HHTErpaa).

YacTo MCHONb3yeMoe B BRIPAKEHUSIX YHCIIO T MOXHO HabpaTh C MaTeMaTHYECKOM MaHeIn
Calculator (Kanbkyssrop), rae ecTh KHOIKa 7T, WK HAKAB aHAJIOTHYHYI KHOIKY MaHeIH
rpedeckux OyKB.

COBET

Ectb u Gonee mpoctoii crocod BBoma rpedeckux OykB. Hamo ¢ kmaBuaTypbl Habpatb
JATHHCKUH aHAIOT TPeYecKod OyKBBI, KaK IPaBHJIO, IMEpPBYI0 OyKBy B JIATHHCKOM
Ha3BaHWU Tpedeckoid OykBbl. BBens aHajor rpedeckoil OYKBBI, cleoyeT HaKaTbh
kombuHarto knauin Ctrl+G. Ha skpane mosBUTCS rpedeckas OyKBa — MPOIHCHAS HITH
CTpOYHAs B 3aBHCHMOCTH OT TOTO, B BEPXHEM WIJIM B HIDKHEM perucrpe Obul HaOpaH ee
JIATUHCKUH aHaJIor.

I'peyeckue OyKBBI U X aHAJIOTH (B CKOOKAX):

a(a), B(b), x(c), 3(d), &(e), n(h), y(g), A1), u(m), v(n), ®(w), ¢(f), n(p), W(y), p(r), o(s),
1(t), 8(q), &(x), ¢(2).

HaGepuTe HECKOIBbKO BBIPAKCHHH C IpeYecKUMH OykBamu, Hampumep: d:=2, A:=2,
sin(o) U T. 1.

BHUMAHUE

Mathcad Berumcisier BBIpaXXCHUA CJIEBA HAIIPpaBO U CBEPXY BHUS.

Ecnu kakoi-nm1b0 KOHCTAHTE MM MEPEMEHHON HE MPUCBOCHO HUKAKOTO 3HAUYCHUS JIEBEE U
BBILIE €€ MOJIOKEHUsI Ha DKPaHe, TO OHA OKpAllleHa B KPACHBIN L[BET, YTO CBHUICTEIILCTBYET
00 ommoxe.

1.6. BBopa TekcTa

Jlist BBOAa TEKCTa B JOKYMEHT MOXKHO B IJIABHOM MEHIO BbIOpaTh komanay Insert » Text
Region (BcraButs » TekcToBy0 00J7aCTh), HO Jydllle BBECTH C KJIaBUATYpbl CHUMBON "
(kaBpruka). Ilpym 3TOM Ha 3KpaHE IOSABIACTCS TEKCTOBAs 00IacTh, B KOTOPOH MOXKHO
reyararb TEKCT.

COBET

Eme myume, cCMEHUB JATHMHCKHA MIPUPT HaA PYCCKHi, Ie4aTraTb TEKCT MpPsAMO B
MaTemMaTH4eckoil obmactu. Korma HamewyataHo mepBoe CIOBO, NMPH HAXATHU KIABHIIH
npobena 007acTh ¢ HANEYaTaHHBIM CIOBOM aBTOMAaTHYECKH W3 MaTeMaTHYECKOH
MpeBpamnaeTcs B TEKCTOBYIO.

B TekcToByto 0051aCTh MOXKHO BCTaBJISITh MAaTEMATH4eCKyt0 00acTb. J{Jist 3TOro B rJiaBHOM
MEHIO Mathcad cienyer BBIOpaTh KOMaHy Insert » Math. Region
(BcraButh » MaTtemarnueckyto oOnacTtb). BcraBieHHas Maremaruueckas — o0nactb
Yy4acTBYET B BBIUMCIICHUSX HapaBHE C APYTHMMU MaTeMaTHYECKUMHU BBIPAKEHHUSIMH.

NMPUMEYAHUE

[Ipu HaOope TEeKCTOBOH 00NACTH B KOHTEKCTHOM MEHIO (TIpH HAaXXaTUH MPaBOW KHOIKH
MbInm) npucyrereyer nyHKT Insert Math Region (Berasuts perron ¢hopmyin).



IIpu enaHuM BCTaBIEHHYIO MaTeMAaTHYECKYIO 00JIaCTh MOXKHO OTKIIOUUTH (puc. 1.9). [l
3TOTO MICNKHUTE MPABOM KHOIKON MBIIIM HA BCTABICHHOM BBIPAKCHUH W B OTKPBIBIIEMCS
KOHTEKCTHOM MeHI0 BbiOepure komanay Disable Evaluation (Otkmtounts BBIUHCICHHE).
INTocne 3TOro BCTaBIEHHOE MaTeMaTUYECKOE BBIPAKCHUE OyeT UIPaTh POJIb WILTIOCTPALUY.

(2
EBIMHCTIMTE CAMOCTOATENEHO £(2) = sin! ™!
MplMEEHAS ANA BEIDPAHHOMD GparkeHTa. .

OTODPAXATE YMHOMKEHIE KAK, 4

4 BopesaTs
KomvpoBaTh

CROMCTES...

CMTHMM3MPCBATE

Puc. 1.9. MaremaTnueckast 001acTh, BCTaBJICHHAS B TEKCT

TekcroBoit obmactu B Mathcad mnpucBoen crunms Normal. YroGsl HacTpouTh e€ro,
MpOJIEIalTE ClenyIolIee:

B xoHTeKCTHOM MeHIO (IIpH Ha)KaTHH MPaBOW KHONMKK MBIITH) BeIOepuTe myHKTH I pudr,
A63an i CTHIIb.

B nosiBuBiIemcst quanoroBom okHe Beioepute mpudT (Font), popmy mpudra (Style Font)
u pasmep (Size).

1.7. dyHKUUM nonb3oBaTens

Yao6ctBo u 3ddexruBHocTs pacueToB B Mathcad mnpexxae Bcero ompepensiercs
BO3MOYKHOCTBIO M JICTKOCTBIO CO3MaHUs (DYHKIMIA TOJb30BaTeNs. [IpH MHOTOKpaTHOM
HCIIOIB30BaHUM OJHOTO M TOTO K€ BhIpaKeHHs Oe3 (YHKIMH MOJb30BATENs MPOCTO HE
00OMTHUCH.

Bun ¢ysknmn moms3oBarenst (puc. 1.10): cneBa nazganue ¢ynxyuu (¢ napamempamu 6
cKobKax), cupasa, TIOCIIe OIepaTopa MPUCBAUBAHUS |=, GbIYUCTIAEMOE GbIPAINCEHUE.

[lepeMeHHbIC BEIMYMHBI, BXOJSIIME B MPABYI YacTh, JO/DKHBI OBbITh 3allKCaHbl B
napameTphl 1Mocjie UMEeHU (QYHKIMH. Bce BeNMYMHBI M3 MPaBOil 4acTH, HE BXOJSIIUE B
mapamMeTpsl JIEBOM YacTH, JOJDKHBI OBITh 3a/laHbl YHCICHHO JIeBee WM BBIIE (DYHKITHH
noss3oBaressi. B mpotuBHOM ciydae Mathcad ykaseiBaeT Ha OmMOKY, OKpalinBas He
33/IaHHYI0 BEJIWYMHY B KPacHBIA mBeT. [IpW BBIIEICHUHM (QYHKIUHM IIETYKOM MBIIIH
NOsABJIAETCA TEKCT coobiuenus o0 omubke This variable is not definited above (Orta
TiepeMeHHas He OTpejie/ieHa paHee).

z

=3 a=04 fiz) = sin[x-z&) fl(z) = fiz) dz
0
£z = L) £(z) = S f(z)
i P

30ECE ¥ M & - KOHCTAHTRI

Puc. 1.10. ®yHKIMH TOIB30BaTENS

Oynkuust monp3oBarens He Bbluucisercs Mathcad, a mpuHuMaercs k cBeaeHuto. J[ns
BbIYMCIICHUS (DYHKIMM Haa0 3aJaTh YKMCJICHHBIC 3HAYEHHs BCEX MapaMeTpoB B HMMEHHU
¢dyHKIMH, HAOpaTh UM PYHKIWHU U HaXKaTh KIABUILY = .

1.8. [InCKpeTHbIE NepeMeHHbIe.
[MocTpoeHune Tabnuu

OnHo W3 Jy4mMx TBOpeHWH cozmareneii Mathcad — 3To amckperHas IepeMeHHas,
BBITIOJIHAIOIIAsE POJIb oreparopa IMkia. B psge kuur no Mathcad ee HasbIBaroT
pamXHpoBaHHOW TepeMeHHOH. OmHAKO 3TO HE JydIIMi TEepeBOJ| BBIPAKEHUS «range
variable». BelpaskeHne «IucKpeTHast IepeMeHHas», 0oee TOYHO OTPaXKaeT CyTh HOHITUS
— JMana3oH U3MEHEHHS MEePEeMEHHOM: BMECTO HEMPEPhIBHONW MEPEeMEHHOM HMCHONb3yeTCst
psinl  duceN, BBICTPOCHHBIX B TIOpsAKEe Bo3pacTaHust wiaM  yObBaHus. Ilpocrora
UCITIONB30BAaHUA 3TOrO  OIEparopa BOCXHMINAET. be3 HCIONb30BaHHMSA IUCKPETHOU
NepeMEHHOM ObUTO OBl OYEHB CJI0XKHO MOCTPOUTH I'paMKH, BHIBECTH TAOJMIBI PE3YIbTATOB
pacuera. Eciau B QyHKIHMIO 1OJIB30BATENS MOJICTABUTH YHCICHHOE 3HAYCHUE MEPEMEHHOI,



pe3ynbTatoM pacdera Oyner uucio. JlMCKpeTHas mepeMeHHas 3alaeT psiJ 3HaYeHHi
MEPEeMEHHOM, Ul KOTOPBIX BBIYHMCISACTCS (PYHKLHMS MMOJb30BATENs. DTOT Psili 3HAYCHHU
(hyHKIIMM MOKHO BBIBECTH B BHJE Ipadrka MM TaOJIHUIIbL.

OrnpeneneHue IUCKPETHOM mepeMeHHOU uMeeT Buj x = (..5, 4TO O3Hayaer 3aJaHue psaa
3HaueHuit x =0, 1, 2, 3, 4, 5. [Ipumep:

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

OTBeT BBHIBOAWTCS B BUIE BeKTOpa (cTondma uncen) (puc. 1.11) nmm rpaduka (puc. 1.12).

a=10b=5 n=5 nomeHAlATE a bn

2o0.5 0=002.1 Deaat® b BAeobb-20 4
I n
z= B = zl= flizl= == = D8= B -=
[ 0] 0 0 o] [10] 0.094 5 -0.106
1] o1ar] [oz| [oam| [ @] oiss| s -0.0f4
2| orze| (o4 0362 | 8| o283 7 -0.034
3| nosa| |06 os14| | 7] 0382| 8 0014
4| ne7z| |08 0617| | 8| 0406| 9| 5754104
5| 0542 1 0668| | 5| 0384| 10| 786703

M3MEHWTE JOPMAT YMCEN

Puc. 1.11. [TuckpetHbie nepeMeHHbIe. UNCIOBBIE PE3yNbTaThl BEIBEACHBI IS (PYHKINH,
MpuBeACHHBIX Ha puc. 1.10

JluckpeTHass TEpeMEHHAs MOJXKET 3ajJaBaTh KakK IeJible, TaK M JAPOOHBIC 3HAYCHUS
MePEeMEHHOM, HO 0053aTeIbHO PABHOOTCTOSIINE IPYT OT APYyra, HAIIPUMED:

Q x:=0.5 — pax uensix uncen ot 0 10 5;

O x:=111.5 — pan npoOubIX uKce, rae | — nepsoe 4ucio, 1.1 — BTOpOE YMUCIIO,
5 — mocnennee uncno. UaTepBan mexay unciamu 1,1 — 1 =0,1;

B-A
n
nocneaHee yucio (A u B 10IDKHBI ObITh 3aJlaHbl 3apaHee), # — YUCII0 UHTEPBAJIOB, Ha
KOoTOpble pazout orpe3ok oT A 1o B. Takas ¢opma 3ammcu ynoOHa, Koraa
paccMaTpuBarOTCsl pa3HbIe BapUaHTHl OJJHOTO pacyeTa M M3MEHEHHe KOHCTaHT 4 u B
II03BOJISIET MTHOBEHHO IIEPECYUTATh PE3YJIbTAThl U IEPECTPOUTH IPadHKH.

B-A
Q x=A4A4A- ..B — psan uucen, rne A — nepsoe, A———— — BTOpOE, B —
n

BHUMAHUE

JIBoeToure (3HaK [AWama3oHa) HENb3s HaOMpaTh C KIaBHATYphl, Ha)KUMas [Ba pas3a
KJIaBHIIY «TOo4Kay. Hano Ha KiaBHaType HaXkaTh KJIABHILY ; (TOYKA C 3aIATOMH).

Ecnu KoHCTaHTBHI, BXOZSIIME B MPaByK 4YacTh (YHKIMHU TMOJb30BaTelNs, HE 3a/1al0TCs
HEIMOCPECTBEHHO TIepe HCIoyib30BaHueM ¢yHKiuH, Mathcad Oeper ux 3HaveHUs,
WCIIONIb30BaBIIMECS B MOCIEAHUN pa3 mepea JaHHbIM pacueToM. IIpoBepbTe, ycTpauBaroT
JM Bac 3TH 3HayeHus. Habepure uMs mapamerpa M HOKMHUTE KJIABHILY =.

z=1,1.5.10 NOMEHARTE ZHAYEHHA Z
rpadiem yHERE
1

fiz)
gf‘l(z)

(11
Bz -1

BE
§ (=)
B e g o

LT9%
B 2 4 6 3 10

z
FHAHEIHA AP MEHTL

CamocToATENEHD CAENAATE TAKOA Xe rpadmuk W
oThopMaTHpyATe ero 40 TaKora Enaa

Puc. 1.12. I'paduxu GpyHkuuii, npuBegeHHbIX Ha puc. 1.10
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1.9. dopmaTmpoBaHue ymcen

B Mathcad Ha pe3yinbraT pacuera MOBIHMATH HEJb3sI, HO MOXKHO MU3MEHHUTH (JOpPMAT BBHIBOZA
gmcen. B Mathcad 11 Ber4mciieHUs] COBEpIIAIOTCS C TOYHOCTBIO 17 3HAKOB.

YCcTaHOBUB yKa3aTedb MBIIIM Ha HYXKHOM YHCICHHOM pE3yJIbTaTe pacdeTa, cAeianTe
JIBOIHOM LIETYOK JIeBOW KHOMKOW MbIK. OTKpoeTcs OKHO opmaTupoBanus yrncen Result
Format (®opmat pesynbrara), oTkpbIThid Ha myHkte Number Format (®opmat uuncen).
B 3TOM OKHE MO>KHO BBIOpaTh cieayromme GopMaThl:

O General (OO0wwit) — NPUHAT MO yMoMYaHui0. Yucina 0TOOPaXKAIOTCS C MOPSAKOM.
Yucno 3HAaKOB mepen 3amsaToil ompenensercss B myHkte Exponential threshold
(OKCTIOHEHIMATBHBIHM TOPOT).

O Decimal (Jecsatnunblii) — necaTHYHOE MPEACTABICHUE YHCET C TUIABAIOLICH 3aIsTOM:
12,2564.

Scientific (Hayumblit) — uncia 0ToGpaXkaoTcs TOIBKO ¢ mopsakom: 1,22x10°.

Engeneering (UmxeHepHbIil) — YKcna OTOOPAKAIOTCS TOJNBKO C  HOPSIKOM,
kpaTHbIM 3: 1,22x10°.

. 2
Q Fraction (Ipo6s) — B BHIE MPaBHILHON HIIH HEIIPABHIBHOMN IPOOH: % WIH 15.

B 1poGHOM (opmare MOXHO BbIOparTh ypoeHb TouHocTH (Level of accuracy) u
cmemrannbie yncia (Use fixed number).

Kpome Buma ¢opmata MOXKHO HM3MEHATH 4HCIIO 3HaKoB mocie 3amsatoii (Number of
decimal pieces) u nopor nopsiaka (Exponential threshold). IIpu mpeBbimenun nopora
4YHUCIIO OTOOpaxkaeTcs ¢ mopsakoM. [IpuMepsl BbIBOja 4YMced B pasniuyuHbIX (opmarax
npuBeneHsl Ha puc. 1.13. Mathcad aBTOMaTHYECKH OKpPYTISIET YUCIA O HYISA, €CIH OHU
MEHBIIIE YCTaHOBJIEHHOTO ITOPOra.

10
DopMaTEl YHCET ANA BRIPEXEHMA a=¢

General (Mo yMan4aHum) a=2303x 1EI4

Decimal a=22026.5
— 4 4
Scientific a= 2303 x 10 a=23203 % 10
Engineering a= 22026 = 103 a = 22.026EH103
Fraction . 11053739565 R 233754
501239 501839
Brleog HaYeHHi §YHKLMA C HCNONEZ0EAHMEM
OHCEPETHOR NepemMeHHOR
Dopmar Yucen
OeCATHUMEDT HAVUHBL MEDHeHe HE T
fiz) = fifz) = fi(z) =
014112 G.6a210-1 -1.188-100
-0.72905 3201101 -541.89210-2
-0.99838 -5.858-10-1 -35.271-10-3
-0.8723 -1.545-100 255407103
-0.5415 -2 263100 384 086103

Puc. 13. IIpumeps! popmMaTHpoBaHus pe3ysIbTaTa YUCICHHOTO pacueTa

BeiOpaHHBIE YCTQHOBKM MOTYT OBITh HPHMEHEHBl TOJBKO K BBIACJICHHOMY YHCIY
(Betbepure myskr OK) mim mo yMOMYaHHIO KO BCEM HYHCIaM [JaHHOTO [JOKYMEHTa
(BeiGepuTe TiyHkT Set as default (ITpuMeHHUTE MO0 YMOITYAHHUIO)).

1.10. MNocTpoeHne nnockoro rpaduka PyHKUNK

[ moctpoeHust IIockoro rpaduka GpyHKINU CIemayer:
O YCTaHOBHTH KPECTOOOpPA3HBII Kypcop B TO MECTO, TJI€ HaJI0 IOCTPOUTH TPauK;

O Ha MaTeMaTHYeCKOW MaHenW MIENKHYTh MBIIbI0 Ha kHonke Graph Toolbar » X-Y
Plot (I'paduk » Tlnockuit rpaduk);
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O B mosBMBLIEMCS Ha MecTe Kypcopa IabjoHe IUIOCKOro rpaduka BBEAWTE Ha OCH
abciyce UMsi apryMeHTa, Ha OCH OpJMHAT — UMS pyHKIUY;

O IUeNKHUTE MBIIBIO BHE MIabimoHa rpaduka. I'paduk mocTpoeH aisl 3aJaHHOTO
Juana3oHa U3MEHEHHsI apryMeHTa.

Ecnu nuamazon 3Ha4YeHUH apryMeHTa HE 3aJlaH, 10 YMOYaHHIo Tpaduk OyaeT MoCTpOCH B
JIuana3oHe 3HaueHu# aprymenTa ot —10 go 10.

Uro0b1 Ha omHOM Mma0JOHE Pa3MECTHTh HECKONBKO TIpadMKOB, Hamo, HaOpaB Ha OCH
OpIMHAT MMs INepBOH (yHKIMM, Ha)kaTh KJIABHIIY 3aIsiTOW (YroJIOK Kypcopa IpH 3TOM
00s[3aTeIbHO JIOJDKEH HaXOAWTHCS B KOHIE MMEHH (yHKuuu). B mosBuBmeMcs mecte
BBOJIa (YepHOM KBaJIpaTHKE) BIUIIUTE UM BTOPOI QYHKIUH U T. A.

Ecnn nBe QyHKUMH MMEIOT pasHble apryMEHTHI, Hanpumep, [, (x) u f, ( y) , TO Ha OCH

OpJIMHAT HY>KHO BBECTH (Uepe3 3aIlATyI0) UMEeHA 00ernx (YHKIUH, a Ha OCH abciuce (Takke
yepe3 3alsITyi0) — HMMEHa 000oMX apryMeHtoB, x u y. Torga mepsblii rpaduk Oymer
MOCTPOEH JJIsl IEPBO# (PYHKIMHU O MEPBOMY apryMEHTY, a BTOPO rpaduk — Jjist BTOPO
(YHKIMH TI0 BTOPOMY apryMEHTY.

Ecmu ¢yHKIMIT BBEIEHO HECKONBKO, a apryMEeHTOB — 2, TO rpaduk TepBOH (QYHKIIUH
CTPOHTCA 110 IEPBOMY apTyMEHTY, a rpa(uKi OCTANBHBIX QYHKIMH — [0 BTOPOMY.

Ecnu BBecTH Ha OcCsiX OpIMHAT M abcuucce MMeHa JIBYX (yHKIHMH OJHOTO apryMeHTa, TO
Oyzet mocTpoeH napameTprueckuii rpaduk pyHkunu (puc. 1.14).

napaMeTpuyeckuil rpading yHKLuI
R=4 o=0—_2m
30
f(o) = R-sin{) fl{o) = R-cos{a) f2{0) = o-cos()

fl{a)

2{a)

flo)

Puc. 1.14. [Tapamerpuueckuii rpadux GpyHKImMN

Ut0681 OThOpMATHPOBATH Tpad K, CHETalTe TBOMHON MIETIOK MBIIIBIO B ITOJIE TpaduKa —
OTKpoeTCst OKHO opmaTupoBanus rpaduka (puc.l.15). «Ilorymsiite» mo okay. Beibupaiite
pasIMYHBIC MYHKTHI MEHIO (ILEJIKHYB Ha HUX MBIIIBIO, a 3aTeM Ha KHOIKE [1PUMEHUTL uiu
OK) u mocMoTpuTe, Kak H3MEHHUTCS [IPU 3TOM BH/I rpaduKa.

QopMaTtMpoBaHKe BhiOpaHHoro rpadmka X-Y X

Ocn XY | Cpadpukn | ©opmat uncen | Moanuek | YMondaHis

[CBrmounts BTopuuHyk ock Yi

| NepeuuHan ock ¥ | Bropuunas ¢ *

Ock X

Dﬂorapl-lq:r-u-mecn(aﬂ WKENa |:|J‘Iorapl-|q:|u-|uec»<aﬂ WKana
J—ll-IHl-Il-I CETKM || .rll-IHl-Il-I CETHH ||
HyMepoeaHHan HymepoeaHHan
AETDr-1aCLuTaﬁL-|poeaHL-|e AETDr-1aCLuTa61-|poeaHl-1e

D MNokazaTe Maprepkl 2] D NokazaTe MapKepkl =
D ABTOCETHA D ABTOCETHA

YUCNo NUHWI CETHM: | 5 | YUCND NUHWI CETHM: | 4
CTWIb ocei

(@) Pamka [ ]PaeHLle MacwTatk

() Depecexatwmeca
O Her

oK OTMeHa T Cnpaeka
l ||

Puc. 1.15. OxHo hopMaTHpOBaHHMS IIIIOCKOTO TpaduKa
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Vmeercs BO3MOXHOCTh HAHECTH UHCIEHHBIE 3HAYEHHMA Kak CJIeBa, TaK M CIpaBa OT
rpaduka. Ecim 310 Bam Haz0, mocTaBbTe (PIIaXKoK Ha MyHKTE BKJIIOYHUTH JOTMOJTHUTEILHYIO
ocb Y. CnpaBoii croponsl rpaduka nosisutrcs Placeholder (mecrto BBoma), Kyna Hano
BIMCaTh UMl (DYHKIIMH, BBIBOAUMON Ha TpaduK.

UYroOs! ordopmaTupoBarh rpaduk BbiOepute myHKT I'padpux  Ha puc. 1.15. IlosBurcs
OKHO, IpUBeIeHHOE Ha puc. 1.16.

DopmMaTMpoBaHue BeibpaHHoro rpadgimka X-Y

OcW ¥, Y | TPACcCHpOEKa | QopMaT Wwicna | MoAnMc | 110 yMondaHo

YactoTa WwprHa | qg0g | TonwHa Uget | Tun |Ocs

OAo3HAYEHKE B NErEHOE Ciamean

komead 1
kpmeas 2
koreaa 3
koWeaA 4
Kpreaa 5
kpreaa B
KoWEaAa 7
kpreaa 8
kaveaa 8

MNHH.. hd
MWH.. hd
]

MKH..
MHH..
NAH.. -
MKH.. -
MHH.. -
niAH
FIMH.. -

RN PR N N N Y PN

RN PR N N N Y PN Y

g

CHPBITE NereHay

o Coven ]

Puc. 1.16. Okno "'padmkn nsyxmeproro rpaduka B Mathcad

BemonauTe camocrostensHylo paboty (puc. 1.17) m mopabotaiite ¢ rpadukamu
MIPUBE/ICHHBIX B IpuMepax (GpyHKIui.

EBIMMCIMTE CAMOCTOATENEHO
M NOCTPOMTE TPAfMEN ByHEUKMEA

Q.

fi) = sitw®)-cos(x) fi=¢ i b-gitwc-x)

b 2
fl(x) = J- i) dx fi(x) = %xf(x) f3(x = %xjf(x)

C

Puc. 1.17. CamocrositensHas paboTa ¢ rpaduxaMu

YroObl I3MEHHUTH pa3Mephl rpaduka, Hy>KHO:
O IUeNKHYTh MBIIIBIO B TI0JIE TpaduKa;
O NOABECTH yKa3aTelb MBIIIN K OJHOMY M3 YEPHBIX KBaJIPpaTUKOB Ha Kpato rpaduka;

O 1§pH TOSBICHWW JBYHAalpPaBICHHOW CTPENKM HAXaTh JIEBYI0 KHONKY MBIIIH H,
yZAepXKHBas €€, IEPEeMECTUTh Kpail rpadrka B Hy»KHOE MECTO.

UToObI mepeMecTUTh TpaduK, HyKHO:

O IEeNKHYTh MBILIBIO B T0JIE rpaduKa;

O [mOABECTH yKa3aTelb MBIIIK K Kparo rpaduka;

a Ipu MOSABJICHUN qepHoi& JIJaJOUIKN HaXaTb JICBYIO KHOIIKY MbIIIKU W, YACPKHBaAA €€,

MEPEMECTUTh TpadUK B HY)KHOE MECTO.

NPUMEYAHUE
TouHo Tak Xe MOXHO NIEPEMECTUTDH 1110001 00BEKT JOKYMECHTA: BBIpAKE€HUEC, TCKCT,
rpadux.

OnmcaHHbIi CIIOCO0 MEepeMEIIeHUs] 00bEKTOB — TPAAUIIMOHHBIN 111 Windows.

Jpyro#, tpaguuuonHeidi anst Windows cnoco0: BBLIENIUTh OOBEKTHI MBIIIBIO, BBIPE3aTh
(CTRL+A), ckorupoBarts B 0ydep (CTRL+C), BcraButs (CTRL+V)COBET

Ha nepBpix mopax He ToOpommuTech BBIpe3aTh OOBEKTHL. B ommcaHHOH mpomemype
HepeMeIeHNsT BMECTO TOT0, YTOOBI BBIpe3aTh OOBEKT B Oydep, JIydie CKOMUpoBaTh €ro,
a 3areM BCTaBUTHh M3 Oydepa B HyXHOe MecTO. YOEOMBIINCH, YTO BCE BBIIUIO, KaK
3aJyMaHO, MO)KHO BEpPHYTHCSI B UCXOAHYIO IO3HLUIO U YIAIUTH TEIephb YKe JIHIIHUE
00BEKTHI, TO €CTh CHOBA BBIJEIUTh MX PAMKOH M Ha)KaTh Ha KiaBuarype kiasuiry Delete
(ynanuts 6€3BO3BPATHO).
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Ecnu 00bekTsl (BbIpaXeHus, TpauKn) MEPeKPhIBAIOT APYT APYyra, B KOHTEKCTHOM MEHIO
nosBisiFoTest myHKTH Bring to Front (BeimeunyTh Ha nepennuii ian) u Send to Back
(YOpare Ha 3aauuil wiaH). Mcrnons30BaHUE 3TUX MyHKTOB MO3BOJICT SKOHOMUTh MECTO B
JIOKYMEHTE, CIICIHAIbHO HAKIIa/IbIBas Kpas 0ObEKTOB OJIUH Ha IPYTOil.

Ecian BaM Hajgo pasiBUHYTh HAIOKHBINUECS IPYr HA JApyra OOBEKTHI, BBIACIUTE HX,
NEePEUYCPKHYB MBIIIBIO TPH HAXKATON JIeBOil KHOMKe. Bce BbiIeneHHble OOBEKTHI OYyAyT
oOBeJicHbl MYHKTHPHOW pamkodl. B rmaBHoM Mento Mathcad BeiGepure Format
» Separate Region (Pasmenuts o6xactu). Ilpu 3toM OyayT pasaBHHYTHI TOJBKO
BBIJICICHHBIC 00JIACTH.

Ecnu Hamo pasiaBuHyTh 1Ba OOBEKTa, HOABEIAMTE K OJHOMY M3 HUX Kypcop. Ilpm
MOSIBJICHMM UYEPHOM JaJOIMIKA HA)XMHUTE JIEBYI0 KHONKY MBIIIM U, IBHIas MBbIIIb,
MepeMECTUTE OOBEKT B HYKHOE MECTO.

BHUMAHUE

He naxumaiite kaonky Separate Region, He BbIIeInB MpeABAPUTEILHO 0OBEKTHI, Tak
kak Mathcad npu 3T0if KOMaHz#e pa3aBHraeT O0JAcTH cpa3y BO BceM AOoKyMmeHTe. Jlis
HKOHOMHH MECTa B JIOKyMEHTE OOBEKTHI OOBIYHO PACIIONAraloT KaK MOXHO OJIIDKe JPYT K
npyry. Mathcad pasnBuraer HOKyMEHTBI CBEpXy BHHU3 M IIPH ITOM MOXET HapyLIHTh
HY>KHYI0 BaM II0CJI€I0BATEJIbHOCTh BBIYMCIICHUH.

1.11. INocTpoeHne TpexmepHbIX rpadoMKoB

Jist mocTpoeHust TpeXMepHOro rpaduka

O HaGepure umsi (QyHKUMH ABYX MEPEMEHHBIX, 3HAK MPUCBOCHUS 3HAYCHUS = U
BBIPKCHUE (PYHKITUH.

YcraHoBUTE KYypCcOp B TO MECTO, I/Ie BBl XOTHTE IMOCTPOUTH IpaduK.

B MaTemaTHyeckoii MaHenM HIEJIKHHUTE MbImb0 Ha KHonke Graph Toolbar (Ilanesns
rpadukoB), usobpakarorieit rpaduk, 3atem Ha Surface Plot (rpaduk moBepxHOCTH).
Ha mecte kypcopa mosiBUTCS Ia0JI0H TPEXMEPHOTO Tpaduka.

O B enuHCTBEHHOM M0Jie BBOJIA 11a0JIOHA rpaduKa BBEIUTE UMs (DYHKIIHH.
Q IllenkuuTte MBIIIBIO BHE OobsacT 1radyiona. ['paduk nocrpoes (puc. 1.18, cresa).

[Ipu TakoM moctpoeHnn rpaduka HOBEPXHOCTH 00€ IepeMeHHbIE U3MEHSIOTCS OT -5 110 5.
UroObl yKa3aTh peajlbHOE U3MEHEHNE MEPEMEHHBIX BBIIIOJIHUTE JBOWHON IMIETYOK MBIIIBIO
o rpaduky. Otkpoercst nanens ¢Gopmaruposanust 3D-rpapuxoB (puc. 1.19). Bribepure
Brianky [laHHble QuickPlot u BBeauTe Hy HBIE BaM 3HAYECHUS HaYala U KOHIA 3HAYCHUIA
NIepEMEHHBIX.

Kpome omucaHHOTO croco0a YCKOPEHHOTrO IIOCTpOSHHsI TIpaduka ITIOBEPXHOCTH IO
(GYHKIMH IBYX TEPEMEHHBIX CYLIECTBYET W YaCTO HPUMEHSETCS APYroi CIioco0 CO3IaHms
rpaduka MOBEPXHOCTH — C HCIOJIB30BaHMEM MAcCHBA YHMCICHHBIX 3HAYCHUH (YHKUIUH.
PesynbraT Takoro mocTpoeHus nokasaH Ha puc. 1.18, cnpasa. Ins Takoro noctpoenus 3D-
rpaduka HyKHO:

O ¢ HOMOLIBIO AUCKPETHBIX IEPEMEHHBIX BBECTH 3HAYCHH 000MX apryMEHTOB 33/laHHOM
GbyHKIHY;

O BBECTU MAaCCHUB, DJIEMEHTAMU KOTOPOI'O SABJIAKOTCA 3HAYCHUSA (byHKLII/II/l, BBIYMCIICHHBIC
IpH 3aJaHHBIX 3HAYCHUAX apryMCHTOB;,

YCTaHOBUTE KYpPCOP B TO MECTO, I'’/I€ Bbl XOTUTE MMOCTPOUTH rpaq)m(;

B MaTeMaTH4eCKON MaHeN! IIENKHUTE MBIIIBI0 Ha KHOIIKE, H300pakaroniel rpaduk, u
BBIOEpUTE TpexMepHbIi rpaduk. Ha mecte Kypcopa MosSBHTCS MIA0JIOH TPEXMEPHOTO
rpaduka;

B €IMHCTBCHHOM ITOJIE BBOJIA ITa0I0OHa TpadiKa BBeIUTe UMS (PYHKIIUH;

HIEJKHUTE MBIIIBIO BHE 00J1acTH 111a0sIoHa. I'padyuk mocTpoeH.
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MocTpoeHKe rpaduka NOBEPXHOCTH MocTpoeHue rpadivka NOBEPXHOCTH

YCKOPEHHEIM NYTEM (2a0aHMem hiyHKLMK) MYTEM COZLAHMA MACCHER JaHHBIX
n=3 m=7 i=0.n j=0.m
22 05D V.= 024 = sin] 3
iz, v =% v Xi =051 Yj =024 Zi,j = sty Xi YJ.|

Puc. 1.18. [ToctpoeHue TpexMepHBIX rpaduKoB

I'paduk momyumics gepHO-Oemblil, HekpacuBblii, Mathcad mo3Bonsier cienmath W3 HEro
HOYTH IPOM3BEACHHE HCKYCCTBA. BhinonHuTe cnepyromue aeicTus:

a

a

Crenaiite JBOWHOW IMETYOK MBIIIBIO B ToJie Tpaduka — TOSBUTCA OKHO
¢dbopmaTtupoBanus rpadpuxa (puc. 1.19).

Beibepute myrkr Appearance (Bun) » Fill surface (3amueka mos-tu) » Colormap
(Kapra uBeroB). lllenkHute MbItibio Ha KHONKe [1PUMEHUTL. I'paduk cTast HBETHBIM.

Ecnu Bbl crpoute oObemublii rpaduk ¢ynkuum (puc.1.18, cieBa), To B MeHIO
¢dopmaruposanus BeiGepure mynkr QuickPlotData (Janubie 6sicTporo rpaduka). ITo
ymondanuio Mathcad crpout rpaduk MOBEPXHOCTH, 3a/aBas 3HAYCHUS O00O0UX
apryMeHTOB B IIpejieniax oT —5 1o +5. Briummere cBoM 3HaUYEHUS apryMEHTOB. 31€Ch XKe
BbI MOKETEC IIOMCHSATH CUCTEMY KOOpJAUHAT, CMCHUB JACKapTOBY CUCTEMY
(IpsIMOYTOJIBHY10) Ha C(EePHUECKYIO WIH [IHIMHAPHYECKYIO.

Bribepute B okHe dopmaruposanust nyHKT Lighting (IToncserka) » Enable Lighting
(Heo6xomima mozceerka) » On (BiimtoduTh MOACBETKY). BoibepuTe cxeMy OCBEICHUsI
(Lighting schema). B Brbinaiaroiiem MeH0 HaxoJsTcsi 6 pa3iyHbIX cxeM. Beibepure
mobyo u Haxkmute Ha KHONKY [MpumenHuTb winm OK. TlomoOyitrecsk Ha 3¢dekt
OCBEIICHHSI.

[I{enkHUTE NPaBOW KHONMKOW MBI Ha rpaduke — OTKPOETCS KOHTEKCTHOE MEHIO,
JIAfoIee  JIONOJHUTEIbHBIE BO3MOXKHOCTH — yiydlieHusi rpaduka. BwiOupaiite
pas3yiMyuHbIe MyHKTHI K CMOTPHUTE, KaK OHH BJIMSIOT Ha rpaduK.

B okue ¢opmarupoBanust Ha BKiaake General (O6iine) BHH3Y MepedrCIICHbI 6 THITOB
rpadukos (puc. 1.19):

0O 0O 0O 0O D

a

Surface plot — rpaguk moBepxHocTy;

Contour plot — rpaduk nuHuit ypoBHS;

Date points — na rpaduke ToJIbKO pacueTHbIC TOUKH;
Vector Field plot — rpaduk BekropHoro mosis;

Bar plot — rpaduk TpexmepHO# ruCTOrpaMmel;

Patch plot — rutoniaaku pacueTHbIX 3HAUYCHHMI.

[lenkHUTE MBIIIBIO HAa KaKOM-THOO ThIe rpaduka, a 3aTeM Ha KHOmke [1pUMEHUTBb.
IMocmoTpuTe Bee THITHI TPAdUKOB, KPOME BEKTOPHOH THATrPaMMBI.
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Popmar 3-D rpadmka

OfLwme | oo
3aaHue NnaHsl

Mpadmk 1 |

AuanazoH 1

Hauano IE
KOHEL |5
# W3 ceTok I 20 3:

| s |

CneunansHele Apyrue

AuanazoH 2

Ha4ano |—5
KOHEL |5
# 13 ceTok |2D 3:

OcBellEHE |

3arcnoBoK
JaHHele QuickFlot

CUCTEME KOOPOUHET

(8 [exaproeas
(" Cepuueckan

" UunnuHgpuyeckas

X|
I

o |

OTMeHa | HDMMEHMTbl

Cnpaeka

Puc. 1.19. [Tanens popmaTtuposanus 3D-rpapuxon

IlOHOJIHHTeJIBHBIe BO3MOKHOCTH paﬁOTbI C l"pa(l)l/IKOM:

a

[Tanens popmarupoBaHust TpEXMEPHBIX IpaduKoB, NMpuBeneHHAs Ha puc. 1.19, comepxut

9 BKJIaJJ0K, 00€CIIeYNBaIOIINX BOZMOXHOCTH (popMaTUpoBaHus IpaduKoB.

HpI/I BBIIIOJJTHCHHUH CaMOCTOATCIIbHBIX 3aﬂaHHI7[ HOSKCHepHMeHTprﬁTC C Ppas3jinYHbIMU

BapraHTaM# (OPMATHPOBAHUS TPaUKOB.

Bpamenue rpaduka. [Tomecture kypcop B 00acth rpaduka. J[Buraiite Kypcop mpu
Ha)KaTOH JICBOU KJIABUILIC MBIIIIH.

MacrabupoBatnue rpaduka. JlelicTsus Te sxe npu Haxatoit kiasumie Ctrl.

Annmarus rpaduka. JleiicTBusi Te ke mpu Haxatoit knasuine Shift. s ocraHoBKH
BpAILICHUSI [ICIIKHYTh JICBOH KJIABHIIICH MBIIIH BHYTPH MOJIsI TpadHKa.
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[maBa 2. OcHoBHble Bo3mMmoXxHocTn Mathcad

HayuuBnimce CTpouTh MaTeMaTH4eCKHE BBIpaXKeHHs, (QyHKIMU MOJIb30BaTENs U rpaduki,
MO3HAKOMHMCS ¢ OCHOBHBIMH BO3MOXHOCTsIMH Mathcad, HanboJiee 4acTo HCIIOIb3yEeMBIMU
(GYHKIMSMU M IPUEMaMH paOOTBI.

2.1. CtyneHyaTtble 1 pa3pblBHblE OYHKLNM
N BblpakeHuna. Ycrnosue B Mathcad

Hcnonezyemble B pacderax (YHKIHM HE Bcerza OBIBAIOT HENpepbIBHBIMU. YacTo mpu
pasHbIX 3HAUCHMSAX apryMeHTa (YHKIMS OIMCBHIBACTCS DPa3IMYHBIMH BBIPAKEHHUSIMHU.
BeIBaloT yHKIMU CTyneH4YaThle WK C pa3pbiBaMy. [Ipy BBIYMCIEHUH MTPOM3BOAHBIX WIIN
MHTETPAJIOB OT TaKHX (YHKLIUHA MPUXOIMTCA MX OpaTh MO 4acTsM. Y CIOBHBIA omepaTop
MO3BOJISCT 3aUCATh TaKue QYHKIMHU B BHJE OJHOTO BBIPAXKECHHS, YTO YIPOLIAET PACUCTHI K
ykpamaetr Mathcad-noxymenr.

B Mathcad cymiecTByIOT Tpu pa3IHUHBIX crIoco0a BBOJA YCIOBHI:
1. ¢ moMoubio GYHKIHH YCIOBHS if;

2. ¢ TOMOIIBIo onepatopa if ¢ manemn mporpaMMHUpPOBAHNS;

3. ¢ uCTHONBb30BaHUEM OYJIEBBIX OIIEPATOPOB.

PaccMoTpuM TipuMep BBIYUCICHUS TiepeMelnieHus Oalkd Tpu U3rHde ¢ TOMOIIBIO
uHTerpana Mopa (puc. 2.1). Ha Oanke ecTh aBa ydacTka, Ha KOTOPBIX H3THOAIOLTHI

MOMEHT OIMCBIBAETCA pasiIMyHbIMU GyHKUUsAMU M (x) uM, (x) .

P 110 Flmi

TRRRRRRRR

q
| Y ¥ ¥ ¥ ¥ ]

& IL{l - «
F X g ) e —
L

TRRRRRERRRRRRRRS

L
h———————

MarvbaloLMe MOMEHTE 0T EHELIHKX CHN

2

X L1
M%) =Fx- q-; Mi# =Fx- gLl |x- Y + MO

+
Marubatolymil MOMEHT OT BAHHMYHOR CHAEL  WILACY) = x
YCNOBHEIA onepatop DyHipa yonoena i
nporpaMmuposanka it
M = |Ml® f xsL1 M(H = if(x £ L1, M1, M2080
MI(x) otherwise BCIEL  TO  HHAYE

MpumeHeHWe Byneesx onepatopoe M = MIGH(x £ LD + B -(x » L1
Boe 3 eripaxedda M(x) aKEMBANEHTHE

F,g, MO, LT, L- zanaHel rnobaneHo okono rpadimea

Nonepe4Han cuna nporwf Gankw  E:= 2-1!]11 I= EDIZIIZI-IIZI_E

L
M) MMG)
El

d
= Ml b= 4 =0013
Q00 - (=)

n

Puc. 2.1. Onpesenenne nepeMenieHus 6anku

1. ns ucrnosp3oBanus GpyHKUUH yCIoBust if HyXKHO:
= 3amMcarh UM BBIPAXKEHHS U OIIepaTop NpucBanBaHus (1=);

=  HA CTaHJApTHOW IaHeJIM HaxaTh KHOMNKY f(X) ¥ B crmcke BCTPOCHHBIX (GyHKIMN
BeIOpath if, mocne yero Haxkate kHOMKy Insert (BcraBka). IlosButcs maGnoH
¢byukuun if ¢ TpeMst MecTaMu BBOJIA;

. 3aIll0JIHUTh MECTa BBOA.

= OO0pamenue K GpyHKIMU: if(cond, x, y),
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rge cond — ycmoBue TMma X < L;, X W y— 3HadueHHs, BO3BpaIlacMbIC

¢ynkiueii. Ecnu  ycioBHe BBINOJHSAETCSA, TO BBIPAKCHUIO IPHCBaMBACTCS
3HAYEHHE X, €CIIM HE BBITIOJHACTCS, TO 3HAUCHHUE V.

NMPUMEYAHUE

Ha nmpaktuke ¢ynkums ycnoBuss —wucmonbdyercs penko. Mcmonmb3yidte — aBa
HIDKETIPUBEICHHBIX CII0co0a 3aMHCcH yCIOBHSI.

2. YroOsl 3amucaTh yc.]'IOBHI;Iﬁ OIepaTop € MnmaHeJum nmporpaMMupoOBaHunsd, CJICAYCT:

3amnmcaTh UMsI BRIPAKEHUS M OlepaTop npucBauBaHus (1=);

BBI3BaTh HaHenb HpOrpaMMHUPOBAHUS Programming Toolbar
(IIporpamMmupoBaHie) HaXKATHEM COOTBETCTBYIOIIECH KHOIKHA MaTeMaTHYeCKON
MaHes ! U IEeTKHYTh MbIibio Ha kHonke Add lines (Jlo6aButh uHMO);

B BCPXHCM 1I0JIE€ BBOJA (‘IepHLIfI KBaﬂpaTI/IK) BBECTU BbIPpAKCHUC IJId
1/13r1/16a10mer0 MOMCHTA Ha IIEPBOM YUACTKE,

HIENIKHYTh MBIIIBIO Ha KHOTIKE if Ha maHemu mporpaMMHUpOBaHUs (BBIPAKCHHUE IS
M3ru0aronero MOMEHTa HPH ATOM JOJDKHO OBITh MOJHOCTBIO BBIIACICHO CHHHM
YrOJIKOM WM B3ATO B CKOOKH); MOSBUTCSI MECTO BBOJA, KyJa HAJO BIHCATh
ycnosue, Hanpumep, X < L, wm 0 <x < Ly;

B HIDKHEM T10JIe BBO/IA (Y BEPTUKAIILHOI YepThl) BBECTH M3THOAIONIMNA MOMEHT ISt

BTOPOTO y4acTKa U BBIZACIUTD €0 IEJIMKOM CHHUM YTOJIKOM (KJIABHINECH mpobena);

mienkHyTh  Mbimblo  Ha  kHomke — Otherwise  (Mnaue) wa  manenmu
nporpamMmupoBaHus (wiu BbiOpats if n Bmmcars ycnmoBue x> L), ®yHkuws

M (x) rorosa.

3. MHcmonp3oBaHME JIOTUYECKHX (OYJNEBBIX) ONEPaTOPOB COCTOMT B YMHOXKCHUH
CllaraeMbIX 3aJaHHOTO BBIPAKCHHS Ha COOTBETCTBYIOIIMN JIOTHYECKUI OIepaTop.
Jloruueckue omnepatopsl BBomsitcs ¢ [laHenu Jlorvku (Boolean Toolbar). Bysess
omepaTopsl MOryT Bo3Bpamuars Tonbko 0 mwim 1. Eciam ycnoBue crpaBeminBo, TO
3Ha4YeHHEeM omepaTopa siBisercs 1, ecnu HecmpaBemtnBo, To 0. B maremarmdaeckom
BBIP2KCHHH YMHOXCHHE Ha JIOTHYCCKHI OTlepaTop oO0paiiaeT COOTBETCTBYIOIIEE
claraeMoe B HOJIb MJTH HE MCHSET ero 3HaueHus. DaKTHUECKH JIOTHYECKHUil omeparop
BKJIFOYACT MJIH BBIKITIOYACT ClIaracMoe.

[Tpumep npumeneHus Bcex Tpex (HOpM 3alKCcH yCIOBU MO0Ka3aH Ha puc. 2.1.

NMPUMEYAHUE

Jns BcraBku B Mathcad-mokyMeHT pHcyHKa Hamo CKONMUpPOBaTh ero B Oydep B Toit
IporpaMme, B KOTOPOI OH CIeJIaH WM OTKPHIT. 3aTeM BCTaBUTH ero B Mathcad-goxymeHT
u3 Oydepa (xmasumamu CTRLAV).

2.2. 'nobanbHOE NPUCBOEHNE 3HAYEHNN

Iocmorpute Ha ¢yHkiwM©O M (x) (puc. 2.2), oHa COOEpP>KUT KOHCTAHTHI — HATPY3KH H

JuHbL P, g, My u L. [lo cux mop 3T KOHCTaHTHl He OblIM 3aganbl. Ho crporuii Mathcad,
TEeM HE MEHee, He yKa3bIBaeT Ha OMmMOKy. J[es0 B TOM, 4TO KOHCTAHTHI 3a/laHbl TI00aIbHO
OKOJIO TpaduKa.
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L
x=0,—.L
I
110t Srzoper M o Q MMofanEHOE NPMCEDEHKE
ZHAYEHWH. MOMEHARTE YKCna
E 7500 W HafN0aaRTE 28 pafdEamu
A V0 = 3000
E,
g F = 4000
E g = 2000
Li=3
L=¢d
* m= 100
o e BamE
CAMOCTOATENEHD NOCTROWTE 3N0RE M1 G
F=100 g:=20 2
g - 2)

m x4 2 I‘\I'I(x):=F-x favc) 2£x{5M(x):=F-x— 3

Puc. 2.2. Dmropsl BHYyTPEHHUX YCHIIUH 1151 Oanku, n300paxeHHo! Ha puc. 2.1

Uro0B! IPHCBOUTH HEKOTOPOI KOHCTAHTE INI00ATBHOE 3HAUYCHNUE, HYKHO:
*  HabpaThb C KIIABHATYPbI UM KOHCTAHTBHI;
* B MaTeMaTHYECKOW MaHENH LIEIKHYTh MBIIIBIO HA KHOTIKE X=;

*  IEJKHYTh Ha KHOIKE = B OTKpbIBIIeHcs manenu Evaluation (Beruncnenue) winu
Ha)kaTh KoMOuHanuIo xiasum Shift+~.

OOparute BHUMaHUE: €CIIN JIOKAIBHBIN ONepaTop NMpHCBauBaHus (:=) IEHCTBYET BIPaBO U
BHHM3 OT MECTa BBOJIa, TO MIOOAIBHBIA ONEpaTop MpHCBauBaHUs (=) NEHCTBYET MO BCEMY
JOKyMEHTY, U BBEepX, ¥ BHU3. [Ipu OTKpHITHH TOKyMeHTa nHTepiperarop Mathcad BHavane
NpOCMaTpUBacT BeCh JOKYMEHT CBEPXY BHHU3, OTHICKHMBAas TJIOOAJbHBIE OIEpaToOphI
MPUCBANBAaHMU, 3aTEM IIPH BTOPOM ITPOXO/IE BHIMOIHSET JOKAJIbHbBIC IPHUCBANBAHNS.

COBET
Crenyet u3beraTb MPUCBOSHHS OJHOMY U TOMY K€ UMEHHM KOHCTAHTHI U INI00ATbHOTO0, U

JIOKaJIbHOI'O 3Haqum‘/'1, TakK Kak IIpu 3TOM r100aIbHOE 3HAUYEHNE OTMECHSCTCS JIOKAIbHBIM.

I'nobGansHEIE OIIEPATOPLI MIPUCBANBAHUA 3HAYCHHMI KOHCTAaHTaM yHO6HO pasMenaTb BOIM3H
Ta6J'II/III nim l"pa(l)I/IKOB, ‘ITO6BI, HU3MCHSAA MpPHUCBANBACMOC 3HAUCHUC, Cpa3y BUICTb
HN3MCHCHUC PE3YJIbTATOB pacucTa.

B paccmarpuBaeMOM mIpuMepe NMOMEHSWTE 3HAueHUs Harpy3ok P, g, My, novud Ly, L u
YHCIO HMHTEPBAJOB pa3OMeHuss JumHBI Oanku n. CaMOCTOSTENBHO —IMOCTPOHTE
1 oTdopmatupyiite rpaduky s GyHKINA, 3aJaHHON Ha puc. 2.2.

2.3. CuMBOJIbHbIE BblYUCIIEHUSA

Hapsimy ¢ uncimoBeiMm pacuetamm Mathcad MoKeT TNPOM3BOIAWTH  BBIYHMCICHHSA
B CUMBOJBHOM BHJIe. CyIIecTByeT ABa Crioco0a CUMBOJIBHBIX BBIYHCIICHHI:

1. C ucnoms3oBanneM Mento Symbolics (CHMBONTBHBIE BBIYHCICHHS) U3 TJIABHOTO MEHIO
Mathcad.

2. C ucnosnp3oBanreM naHenud Symbolic u3 MareMaTn4eckoi MaHemn.

Ipumep wucnonb3oBanus MeH SymboliCs mpuBemeH B creaymomeM paszeie (cM.
puc. 2.4), a moka OrpaHUYUMCSI HauOOJIee MPOCTHIM U YACTO HCIOJIb3YEMbIM METOJIOM —
NpHMEHEHHEM CHMBOJIBHOIO 3HaKa paBeHCTBa (—). B kadecTBe mpumepa paccMOTpHM
BEIYHCIICHIE HEOIIPEeIEHHOTO HHTerpana (puc. 2.3).

,Hanee OITKUCaH MOPAAOK CUMBOJIBHBIX BBIUHMCIICHUN HHTETrpaa:

O B maremarnueckoil MaHeNd METKHYTh MBIIsI0 Ha kKHOmke Calculs Toolbar (Tlanens
BBIYHCIICHHIA) CO 3HAYKOM MHTErpaa.

Q B otkpeBHIeilics maHend BBHIOpPaTh, IIEIKHYB MBIIIBIO, ITa0JIOH HEONPEAEICHHOTO
HHTETpaia.

O 3amoJHUTP MeCTa BBOJA — BIHCATh WHTETPUPYEMOC BBIPAXKCHHE HWIH UM
MHTErpUpyeMoil (YHKIMH, a TaK)Ke UMl ITepeMEeHHOIt B madiaoHe anddepeHnuana.

O Bsaectu CHMBONBHBIA 3HAaK paBeHCTBA (—). DTO MOXHO CAEIATH C HOMOIIBIO ABYX
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MaHeNd, BbI3bIBAEMOM M3 Maremaruueckoit: Evaluation Toolbar (Bblumcnenus).
Jlyumie BBOAMTH 3TOT OHEPAaTOpP C KIABHATYPHI, HaXKaB KOMOWHAIIMIO KJIABHII
(Ctrl+. Touka). Ha sxpane mOSIBUTCSI pe3ysIbTaT CHMBOJIBHOTO BEIYHCICHHSI.

p=2 p=p OTMEHA
_ z npefklnywero
fiz) = sm(g-z)-COS(—] YUCNEHHOMD
P 3HAYEHNA P
EMaCTO Pl NOCTaERTE P,
OHO BYAST 38MEHEHD YMCNOM

d—(sm(v)-cos(v)) — cos(v)2 = sin(v)2
dy

gp+l gp—1
-1 Cos -E 1 Cog ——-E
) dzs ——— Lo~ F Ly

2 gp+1 2 gp-1
@ 3
Z RN N . L) RN
a6 t—s o Inf1+2:6)°

CAMOCTOATENEHO NPOWHTEMDMPYATE W
Npoanep eHUMEYATE dtyHELMK

)] (tan(t) + cot(£) e

BBIMUCIIUTE CYyMMY W NDOKW3BENeHWE YNeHOB 2n+ 1

PAdE NPK N, CTRpeMALEeMCR K DeCcKOHEYHOCTH ] ]
n-n+ 1)

BMMCTHTE NRenents! dyHELMA npK © sin(t) — atan(t)

CTPEMALEMCS K HyMIO 3
t

Puc. 2.3. CuMBONIBEHOE BEIMHCIICHHE IPOU3BOAHOMN, HHTETpalia, CyMM, IPOU3BEICHUMH, IPEAEIIOB

O AHQJOTMYHO MOXHO BBIIOJHUTH BCE ONEPAlMH, MPELYCMOTPEHHBIE Ha IAaHEIN
Calculs Toolbar (Ilanens BBIYMCICHHH) CO 3HAYKOM HHTETpaiia, a HWMEHHO:
BBIUKCIICHHE [POM3BOAHONW JIFOOOr0 3aJaHHOTO TOPSKa, ONPEACICHHOTO U
HEOIPE/IEIICHHOTO MHTETPAJIOB, CyMMbI HIIU [IPOU3BEICHUS PAJIA, TIPE/Ieiia BRIPAKEHUSL.
Pennre caMOCTOSITENIBHO MPUBEICHHbIE HA PUC. 2.3 IIPUMEPEI.

HGI[OCTaTOK HCIOJIb30BaHUA CHUMBOJIBHOTO 3HAKa PABCHCTBA 3aKJIHOYACTCA B TOM, 4YTO
BCJIMYMHBI, KOTOPbIM ObLIN paHeC NPUCBOCHBI YMCIICHHBIC 3HAUYCHUSA, COXPAHAIOT UX U IIPHU
CUMBOJIBHOM BBIYHUCJICHUH, TO €CTb BMECTO CHMBOJIBHOT'O BBIYUCIICHUSA I10Jy4acTCA
YHUCJICHHOC.

COBET

YT00BI MOTYyYUTH CUMBOJIBHOE BBIYUCIEHHE BMECTO YHCIEHHOTO, HEOOXOIMMO OTMEHUTH
MpebIAyIHe YHCICHHbIE 3HAaUE€HHSI BCEX MapaMeTpoB, MPUCBOUB KaXKIAOMY Mapamerpy

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

I[OCTOI/IHCTBO HCIOJB30BaHHUA CHUMBOJIBHOTO 3HaKa PaB€HCTBA — B TOM, 4YTO Haﬁ,[[eHHOG
peHICHUC NEPECUNUTHIBACTCA aBTOMATUYCCKU IMPHU U3MCHCHUHN BBIPAXKCHHUA WU BXOOAIINX B
HCTO BCJIMYUH MU YHaCTBYET B IOCJICAYIOMINUX pacucTax.

2.4. PelueHve ypaBHeHNN

Mathcad no3Bouisier pemnTs J1000e anredpanydeckoe, a Takke MHOrHe AuddepeHInaIbHbIe
W MHTerpajbHble ypaBHeHHs. [IpoM3BOJILHO, «C MOTOJIKa» B3sAThle AU PepeHIraIbHbIe U
MHTErpajbHbIC YPaBHEHHSI U CHCTEMBbl YpaBHEHHI BOOOIIE HE UMEIOT penieHuit, u Mathcad
HE B CHJIaX COTBOPHUTH UYIO.

I[J'ISI npuMepa BO3bMEM KBaJpaTHOC YpPABHCHUC U Hafl[[eM €ro pCUICHUC BHAYaJIC
CHMBOJIbHBIM, 3aTCM YHUCJICHHBIM CIIOCOOOM.

2.4.1. CuMmBOMbHOE peLueHne
7151 CHMBOJIBHOTO PEILLIEHUSI YPABHEHUS HYKHO:

O HabpaTh pemaeMoe ypaBHEHHWE W CHHHM YTOJIKOM Kypcopa BBIICIUTH IIEPEMEHHYIO,
OTHOCHUTENBHO KOTOPOIl HYKHO PELINTh YPaBHEHHE;

O B IJIaBHOM MEHIO BBIOpaTh Komaumy Symbolics » Variable » Solve (CumBosnbHBIE
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BbrunciieHust » [lepemennast » Pemuts). [losiButcst otBeT (puc. 2.4).

PelwuTs ypasHeHne h: B ER
ah +h-b=
CMMBONBHO 5 MMEET peLleHe(q)
(f4ab+1-1 )
C nomoLb MEHHD 2.2
Symbolic T

WAdab+1+1

la

Puc. 2.4. CumBosIbHOE pellIeHUEe YPaBHEHHUS

Hemocratok wmcmonp3oBanus MeHro Symbolics sakmouaercss B TOM, 9TO HalIeHHOE
pellicHre He TMEePEeCYUTHIBACTCS aBTOMATHYCCKH TPH HW3MEHEHHH BBIPAKCHUS HIH
BXO/ISIIIIUX B HETO BEJIMYMH U HE YYaCTBYET B TIOCIIEAYIOINX pacueTax.

I[OCTOI/IHCTBOM HCIIOJIb30BaHUs MCHIO SymbO"CS ABJIACTCA TO, YTO PAHCC MNPHUHATHIC
YHNCJICHHBIC 3HAUYCHUS BEJIIMYNH HE YYUTBIBAIOTCA B CUMBOJIBHBIX pacyucTax.

Eciu  BBIIETICHHOE BBIPAKEHHE HE HMEET CHMBOJBHOTO pemreHust (a OGOJIBLIMHCTBO
ypaBHEHHI HEe MMEeT CHMBOJIBHOrO perieHus), To Mathcad coobuiaer 06 ommoke: «No
solution was found» («Pemenue He HaliIeHOY).

2.4.2. YncneHHoe pelueHune (pyHKums root)

Paccmorpum  ofHY U3 psaAa  (QYHKIHMHA, MO3BOJSIONIMX PEUIATh anrebpamdecKue
ypaBHeHUst, — (YHKIHIO root.

Oo0pamenne Kk GyHKIMM: root(f{x), x),

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

Oynkuus root pemaer ypaBHEHUs] UTEPALMOHHBIM METOIOM CEKYILIMX U MOITOMY Tpedyer
3amaHus mepen coboil HavanpHBIX 3HaueHHil. Kpome Toro, ¢yHkums root, BeITONHSSA
BBIUUCIICHHUSI METOJIOM CITyCKa, HAXOJUT M BBIBOJUT TOJBKO OJUH KOPCHb, ONMMKAUIIHMIA K
HavyalIbHOMY MPUOJIIKEHUIO.

Ipexkne 4eM pemnaTh ypaBHEHHWE, IKENATENbHO MOCTPOUTh Tpaduk GyHkumu | (x)

(puc. 2.5). Ha rpaduke BHAHO, IEPECEKAET TN KpuBas | (x) ochb abcmmce, TO €CTh, UMEET

JM JeHCTBUTENbHBIE KOpPHU. Ecim TOYKM mepecedeHHss KPHBOW C OCBIO €CTh, HYXHO
BBIOMpATh HAadalbHOE MNPUONMKEHHE NOONMKe K 3HAa4YeHHI0 KopHi. Ecimm kopHel
HECKOJIBKO, Ui HAXOXIACHMA KaXIOro KOpHA HAJO 3ajaBaTh CBOEC HayajbHOE
npUOIIMKEHNE.

HAXOMOEHHE OEYX KOPHEH ypaBHEHMA F(#) = 2-0x — 3)2 +x-8
x=1 x0:=root(F(x),x =0=1149
x=3 Ml =root(FCx,% ¥ = 4351 20T
Mposepra  Flx =0 15T
HaxomneHue akcTpemMyMa 104
x:=1 HaJaneHoe NpUBRWMeHHe Fia 57 YV
) P I~ LA b b
xl = root| —F(® ,x xl =275 =5
e -10-

Fl=xl) = =5123 SECTERYR

CamocToATENEHO PelWWTE YRAaEHEHKWA
YHCHEHHO, CHMEONEHO W HAATH JECTPEMYM

Sozz=0  mlef-2) - 3x=0

Puc. 2.5. YucnenHoe pemieHne ypaBHEHHS

Ecnu ke Touek mepeceyeHus HET, TO KOPHU ypaBHEHHS MOTYT OBITh TOJBKO MHHUMBIMH
yucnamu. [ MX HaxXO0XJISHUS Hy)KHO 3aJaBaTh Ha4aJIbHOE MPUOIMKEHUE B KOMIUICKCHON
¢dopme. B pesynbTare pacuera KOpHH ypaBHEHHUS TOSBIISIOTCS B KOMITZIEKCHOM BHJIE.

BHUMAHUE

Jlnist BBOJIa MHMMO# ¢IMHUITB HAjlo Ha K1aBuatype Habpath 1i wmm 1. ITpu BeIXOME M3

00JIacTH MHHMMOI'O 4YHCJIa CAWHMIIA KMCYE3a€T, M MBI BHIMM KOMIUIEKCHOE YHCIO B
00BIYHOM BHJIE.

C momomp0 QyHKIUE rOOt MOXKHO HaWTH W SKCTpeMyM (QYHKIUH, MPHpPABHUBAST
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MPOU3BOJIHYIO K HYJIIO (CM. pHC. 2.5).

o df ()
VHKIINHA TOOt 7, X | JOJDKHO MPEIIIeCTBOBATh HAaYaIbHOE MPHOIIKEHIE

df (x) _
a0

(110 yMOTT9aHUIO

st HaxoxxIeHUs SKCTpeMyMa (QyHKIMH CIIeTyeT:
*  3aJaTh Ha4aJIbHOE NMPHONKEHHE MTOOIIKE K SKCTPEMYMY;

*  3amumcaTh BEIpaXKEHHE ¢ QYHKIHEH root, BKIIFOYNB B KauecTBE (PYHKIUH, KOTOpas
J0JDKHA OBITh PaBHA HYJIIO, IPOM3BOIHYIO 10 3aJaHHOH IIepEeMEHHON;

*  BBIUMCIUTH 3HAUCHHWE 3aJaHHON (YHKIMH OT HAWAEHHOTO KOpPHS ypaBHEHUS

I(x)_, u
———~ = (. DkcTpemyM HaiifeH (cM. puc. 2.5).
dx

Oynkuus root B crapeix Bepcusix (mo Mathcad 12) mnozBosnsier pemnTh ypaBHEHUE U B
cuMBOJIbHOM Buje. [Ipu 3TOM 3ajaBaTh HavyajgbHOE NMPHOJIMIKEHHE HE TpeOyercsi, Hy)KHO
JHIIb BBECTH BBIpaXKEHHE, cojepikailee (yHKIMIO root, u BbIOpaTh CHMBOJIBHBIA 3HAK
paBeHCTBa, HakaB KomOuHanmio kmauin Ctrl+. (touka). Eciu CHUMBONIBHOE pEIICHHE
CYUIECTBYET, IOSIBUTCSI OTBET, COAEPIKALIMK Cpa3y BCe KOPHH ypaBHEHHMs, a HE OJIMH, KaK
MIPU YHUCIIEHHOM PELICHUH YpaBHEHUS (CM. puc. 2.4).

2.5. PelweHune cncrtem ypasHeHnn (yHkums find)

B Mathcad cucteMbl ypaBHEHHil pelIalOTCs ¢ HOMOIIBIO BHIYMCIUTEILHOTO OJIoKa given—
find. Tak kak cHCTEMBI YpaBHEHHI PENIAlOTCS UTEPAIIMOHHBIM METOIOM, TIEPE PelICHuEeM
HEOOXOIMMO 3a1aTh HaYabHbIC TPHUOIMKCHHS IS BCEX HEU3BECTHBIX.

YToOb! pelnTh CUCTEMY alIreOpandecKuX ypaBHEHUH, HY)KHO:
O 3a1aTh HavaJIbHBIE NPUOJMKESHUS ISl BCEX HEM3BECTHBIX, BXOJSIINX B CUCTEMY;

Q mHamedaTtath KioueBoe cioBo Given ([lano). Y0Oeaurech, 4TO NpH I€YaTd BBl HE
HaxXoJQUTeCh B TEKCTOBOM oOnactu. Ecmum Haxare kiaBumly npoOena, ToO
MaTeMaTHIECKOEe BBIPAKCHHE CTAHOBHTCS TEKCTOBOWM obmacTteio u cioBo Given
MepecTacT BOCIPUHUMATHCS KaK KIFOYCBOC;

O BBECTU YpaBHEHHs M HEPABEHCTBA, BXOMAIIME B CHCTEMY, I[PaBee WM HIKE
kiaroyeBoro cinoBa Given. Mexay JieBoil M mpaBoil YacTAMH ypaBHEHHS [OJKCH
CTOATh 3HAK paBeHCTBa (KHUPHBI 3HAK pABEHCTBA). JTO HE 3HAK TMPHCBOCHUSI
3Ha4YeHHs, a 3HAK JOTMYECKOro paBeHcTBa. /I ero BBOJa UCHONIB3YHTEe KOMOMHALIMIO
wiasui Ctrl+= unu BeiGepure ero Ha nanenu Boolean (ITaness orukn);

Q sanwmcars find(X,y)= — oTBer 3a1aun.

IMpu meuatn cioB Given u find MoHO HCHONB30BaTh JIHO00M IIPUQT, MPOIKCHBIE U
CTPOYHBIE OYKBBI.

Oo6pamenue Kk QyHKIHMN: find(x, y, z...),

rae x, y, Zz — HEU3BCCTHLIC. Yucio HEM3BECTHBIX JOJIDKHO OLITH PpaBHO 4YHCITY ypaBHeHI/Iﬁ.
Bo3BpaLuaeT 3HAaUYCHUA HEU3BCCTHLIX X, ), Z, oGpamaronx YpaBHCHUS B TOKACCTBA.

Oyukius find MoxeT pemars u 0HO ypaBHEHHE C OJHHM HEHU3BECTHBIM KaK YaCTHBIN
cimyJail cucTeMbl ypaBHeHWi. J[s CHCTEMBI M3 HECKONbKHMX ypaBHeHwil ¢yHkuums find
BBIBOJUT PCUHICHUC B BUAC BCKTOPA.

IIpumep pemeHust cucTeMBl ypaBHEHMH MpHBeneH Ha puc.2.6. 3amgaHHas cucreMa
YPaBHEHUM COCTOUT W3 YPaBHEHMSI OKPY>KHOCTU U ypaBHeHus npsmou. Eciu npsimas u
OKPYXXHOCTB TEpEeceKaloTcss — pelIeHne ecTh (cM. puc. 2.8), To Al HaXOXKICHUS ABYX
TOYEK IepecedyeHHs HY)KHO 3a/JaBaTh JiBa Pa3HBIX HadaJbHBIX NpuHOMKeHus. Ecim
OKpPY>KHOCTb H NpsiMasi HE MEpECcEeKaroTCs, AeHCTBUTENBHBIX KOpHEHN HeT. [l HaxOxXKIAeHHs
MHHMBIX KOpHEH CIieyeT 3a7aBaTh HadyaJIbHOE MPUOIMKCHUE B BIJIE KOMIIJIEKCHOTO YHCA.
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=1 y=0 HaqanbHoe NpHBnKEHIE
(Gen
=5 1955}

OKPYXHOCTE W NPAMAA NEPECEKaTCA - neficTBUTeNbHbIE peweHAa ecTb

9
Given o v = RO St Eal— R Find(x.,v) = L

[0nA BbIBOAA BTOPOra KOPHA (BTOPOI TOMKN NEpPECEYeHHA)
Ha[o 3a0aTbCA APYMUM  HavanbHeIM npudniskeruen x= -1 y=0

Ecnu okpy#HOCTE W NPAMAA HE NepeCceKanTCa - Aefc TBHTENbBHEIX PeLUEHNA HeT

%=1 v:i= 1 Ha4aneHoe NpuBnKkeHie
)
Given I +y =36 z+y= 10 F = Find(x,v) F=a
o | y=10

HayvanbHoe NpUENKeHe KOMNMEKCHOE Yncno (BBegnTe x=1i) i i
2 22 : [5-2.646i
Gven % +v =36 x+y=10 F = Find(x,v) F=| i
\5+2.646i )

Ln

Puc. 2.6. Pemienue cucteMsl ypaBHEeHUI

@ynkuus find mo3Bomsier pears cUCTEMbl ypaBHEHUH U B YMCICHHOM, H B CHMBOJBHOM
Buze (puc. 2.7).

Giwven - Ha4ano Beofa CHCTEMGI }fpaBHEHHI:I

x2+3r2=aa x+y=thb
1 1]
2 2

1 1 1 1

—-bb——-(—bb2+2-aajl —-bb + —-(—bb2+2-aajl

2 2 2 2

Find(x,v) = . |

2 2
v+ l-(—bbz +2ad Lup- l-l:—bbz +2a
z 2 2 z

Puc. 2.7. CumMBONBHOE pelIeHHE CHCTEMBI ypaBHEHHH

Ecnu cucteMa ypaBHEHHH HE MMEET TOYHOTO PELICHHS, I HPHOIMKEHHOTO DPEIICHUS
B Mathcad cymiectByet dyHkims minerr.

2.6. lNpnbnmxkeHHoe peLueHne CUCTEM YpaBHEHUN
(chbyHKUMS minerr)

Jnst npuGIIMIKEHHOrO PEIICHHs CHCTEM YPaBHEHHI HCIIONB3YEeTCsl BEIYUCIUTEIbHBIN OJI0K
Given — minerr. O6pareHue kK HeMy aHaJOTH4YHO oOpauieHHo K 6ioky Given — find.

Ha puc. 2.8 npeacTaBjicHa reOMETpUICCKass MHTCpHIpPETAllUsd CUCTEMbI ypaBHeHI/Iﬁ B BHUJAC
OKPYXXHOCTU U Hp?[MOI>'I muann. Ecoun npsaMasg nepeceKkacT OKPYKHOCTb, KOPHU CHUCTEMbI
ypaBHCHI/Iﬁ Z[eﬁCTBHTGHLHBIe, €CJIM HE NIEPECCKACT — MHUMBIC.

Ecnu perienne cucteMbl ypaBHEHHUI CYyLIECTBYET, X + 1 = 2, QyHKIMA MINErr 1aeT TOT xke
oTBeT, uto 1 ¢yHkuus find. Ecnu pelueHne cucteMsl ypaBHEHHH HE CYLIECTBYET, (DyHKIMSA
Minerr Bo3Bpam@aeT MUHIUMYM HEBS3KU pelreHus. B cmywae x +y =10 dyukuus minerr
BO3BpalllaeT 3HAYEHHUE KOOPAMHATHI X, MPU KOTOPOM pACCTOSHHUE MEXJTy KpUBBIMU
MUHHUMAJIBHO.

x=1 y=1 MprBnikeHHoe peLleHke

) 2 2 . 4274
Given ¥ o+y =36 +y=10 F = Minerix, ) F= 412

ﬂpDBepHM [PelWweHHe CHCTEME )"paBHBHHﬁ C NoMOLWEH rpa¢MKa
6
n=350 $=0,22 270 fl=-5,5+—.8
1n n

NAPAMETPHYECKOE YPAEHBHNE DKDYHHOCTH i) = 6 sin(p)
= f-cog

=) (#)

YpaBHeHME NpaMOR wi(xl) = 10- 21 wi(xl) =2 -xl

+5
OPHA | KOOROHHATEl TOMEK
15 HepecEYEHNA KOMBLI X
i }"?-‘\
1{xl) { o€ \
y¥xl) -0 N5 ‘5o
R A,
= -
H
w4y ,xl

Puc. 2.8. [IpubmnkeHHOE pelleHue CHCTEMBI YpaBHEHHUH, ecin NpsiMast He TIepeceKaeTcst
C OKPY’KHOCTBIO
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OyHKIKI MINErr yao0HO HCIOJIBb30BaTh Ui MOUCKA AKCTPEMyMa HErJagKuX (YyHKIHMN
C TepesIOMaMH M CKayKaMH Ha rpaduke.

2.7. iccnepoBaHue pyHKUMN HaA 3KCTPEMYM

OTMeTHM YeThIpe ITyTH MONCKA IKCTPEMyMa!

1. [Jna HenpepblBHONH (YHKIMH MCIONB3YeM paBEHCTBO HYIIO IPOM3BOAHON OT
3amaHHol pyHKIMH. B 3T0M mporenype uenoiap3yroT GyHKIHio root.

2. Jlna GyHKUUM C mepesoMaMH HCIONb3yeM (QYHKUU minerr. s 3toro no rpaduky
BBIOMpacM YHCIO 3aBeOMO Oojbliee (WIM MEHbIIEE) IKCTPEMAIBHOTO 3HAYCHHS
GyHKUMHM ¥ 3alMChIBACM €ro B KauecTBe orpaHuucHus B Onoke Given—minerr.
@yHkMsA MINErr Bo3BpamaeT 3HAYCHHE apryMeHTa, NPH KOTOPOM PAaCXOXKICHHE
MEXAY 33JaHHBIM YWCIOM M 3Ha4eHHEeM (yHKIMM MHHHUMaJIbHO. BoszBparraemblid
pe3yNbTaT 3aBHCUT OT BBIOOpA HAYAILHOTO MPHUOIIIKEHNSI.

3. Jlnsa HempepsIBHBIX MIAAKUX (YHKIUH yIOOHO HMCMONb30BaTh (YHKLIMH Maximize u
minimize (ouu BBOAsATCs ananornuHo ¢ynkimu find). KirroueBoe cioBo given o6sr4HO
MOJKHO OIyCKaTh — OHO HEOOXOAMMO JIHIIb [IPH HAIMYHH OTPAHUICHUH.

4. Jlng cTymeHYaTeX (YHKIOUH Iernecoo0pa3HO HCIOIB30BaTh IIOMCK JKCTpeMyMma C
ITOMOIIEI0 TIpeoOpazoBaHus (PYHKIUH B MACCHB. DTOT CIIOCOO OMHCAH B DJICKTPOHHOM
kHure B pazzueine [oMck akcTpeMyma yHKUnN.

COBET

Ilpn aHanu3e KOHKPETHOTO ypaBHEHUS PEKOMEHIYETCS M3yuHTh rpapuk (yHKIHH, Ha
KOTOPOM XOPOIIIO BHIHBI 00JIACTH HAXOXKICHUS IKCTPEMYMOB.

Bce uetbipe criocoba onpeaeneHus SKCTpeMyMOB (DYHKIMH UMEIOT CBOH TIFOCHI 1 MUHYCHI.
TBopueckuii moxxox K HMX BHIOOPY NOYTH BCErJa II03BOJSIET NPABHILHO HAWTH
9KCTPEMYyMBbI (DyHKITHH.

Ha puc. 2.9 B kadectBe (pyHKIMH paccMOTpeHa KyOmdeckas mapaboja M TOKa3aH ee
rpaguk C OBYMS S3KCTpeMyMmMamu (MakCUMyMoM M MuHEMyMoM). Ha pwme. 2.10-2.12
MIOKa3aHO OIpPENENICHHE 3THUX IKCTPEMYMOB pa3HBIMM crocobamu. PesynbpTarsl pacuera,
€CTECTBEHHO, COBIAJAIO0T.

3%}
5%}
|
3%}
[}

¥

3 g
ucxofHas thyHKLMA ¥y =2x - 16x+5 x:=-33,

Puc. 2.9. 3agannas QyHKuus u ee rpagux

=3 HAYANBHOR SHAYBHHE .= rnot(d—y(x) X
dx

Yppay = —1.633 ¥y = 22419 makcmayTa
x:=73 APYroe HavaneHoe NPUOMGKEHNE X = ront[iy(x) ,x]
dx

Tpgin = 1.633 ¥ dpin ! = —12.419 LIFERIIT

Puc. 2.10. Haxoxnenue sxcTpeMyMa (QyHKIMU ITyTeM NPHUPABHUBAHUA K HYIIIO
ee IepBOi MPOM3BOAHOMN

¥ = -3 HavaneHoe I'IFJHEJ'IH}KEHHE
Civen yix) = 30 Hypay = Miner(x)

Bppax = —1 633 wlfppey) = 22419 MAKCHMYM

x:=73 HavaneHoe npubnuieHue
Gisren yixl = =20 i = Minen(

Ypuin = 1633 ¥ltgin = —12.419  MUHUMYM

Puc. 2.11. Haxoxzaenune skcTpeMyMa GyHKIUH C UCTIONb30BaHIEM QYHKIMA Minerr
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KNHIMEEDE CROED {iven HeoBxogumo
TONEKD B CRYYAE HANWYHA OFpEHUYEHKA

x==3 HAYANEHOE 3HAYEHWE  xqa. = Mlaimizely,%)
Ty = —1.633 Vifpay! = 22419 MAKCHMYM
x=3 Given x>0 gy = Minimize(y, )

Tgin = 1633 wlxgin) = 12419 MHHUMYM

Puc. 2.12. HaxoxaeHue skcTpeMyMa QYHKIHK ¢ moMoLIpio GyHKIHA minimize u maximize

2.8. PaboTa ¢ maTpuuamm

[Ipeumymecrsa Mathcad ocoOeHHO sIBHO BHIHBI Ipu pabore ¢ MaTpuuamu. Oneparuu
C MaTpHLaMH TPYJOEMKH U, KaK IPaBUIIO, TPEOYIOT KOMITBIOTEPHOTO NPOrPaMMHUPOBAHUSL.
B cucreme Mathcad MBI BUAMM TpaJIMIIMOHHYIO 3allUCh MAaTPUYHBIX BBIPKCHUH, Kak Ha
aucTe OymMard, HO YK€ ¢ TOTOBBIM YHCJICHHBIM MJIM CHMBOJIBHBIM OTBETOM.

2.8.1. Co3gaHue matpuy,
YUT00BI ONIpeAeTNTh BEKTOP TN MaTPHUILY, CIIEAYET:
Q 3ammcaTh UM MAaTPHIEL, BBECTH OIEpaTop MpHUcBanBaHus (1),

O B MareMaTH4eCKOM MEHIO BHIOpAaTh KHOIIKY C M300pakeHHeM MaTpuubl. OTKpoeTcs
nanens Matrix (Marpuna), Ha KOTOpOW HYKHO BHOBb BBIOpaTh KHOIKY C
n300pakeHHeM MaTpHLbl. Ha 9TOT pa3 OTKpOeTCs JHAIOroBOe OKHO, B KOTOPOM HAJI0
BBECTH YHCIIO CTPOK U YKCIO CTONOIOB MAaTpUIbl U HaxkaTh Ha KHonky OK. Ha skpane
MOSBUTCA [Ia0JOH MaTpuipbl. To ke JeHCTBHE BBI3BIBACT HaKaTHE KOMOMHALUH
knasui Ctrl+m;

O KaXJIoe MECTO BBOAA B INAOIOHE 3alOJHHUTh YHCIAMH WM (QYyHKOMAMH. Matpuna
rOTOBA.

C momorpo mabaoHa MOXKHO BBECTH MAaTpHIly, coaepkamryio He Oonee 600 »yieMeHTOB.
Kak BBecTH MaTpuubl OOJBLIMX Pa3sMEPOB, PAaccKa3aHO B AIIEKTPOHHOH KHHIe paszen
Onepauwnm ¢ maTpuuamm.

Bekrop — 3T0 MaTtpuIia, COCTOAIIAsE U3 OJHOTO CTOJIOIA.

Hoctyn x 1r000My 3J€MEHTY MaTpPHUIBI MOXKHO IOJMYYHThb, 3a/1aB UMS MATPULEI C ABYMS
uHaekcamu. [lepBblii WHIEKC 0003HAYACT HOMEP CTPOKH, BTOPOW — HOMEp CTOJjOIa.
[Ipoun3BOJIBHBIN JIEMEHT BEKTOPA 33J1a€TC OAHUM HHIEKCOM.

Jns HaOopa HWDKHEro HMHJIEKCa MOXKHO OTKpbITh maneib Vector and Matrix Toolbar
(Marpuiipl) Ha)kaTMEM COOTBETCTBYIOIIEH KHONKH Ha MaTeMaTHYeCKOW MaHeNH, Iocie
4yero mienkHyTh Ha KHomke X, (Subscript), Ho myume wncmonap30BaTh KiIABHILY [
(oTKpbIBaroOIIas KBajpaTHas CKOOKa), Tak Kak MpH paboTe ¢ MaTPUIlAMH CTaBUTh HIDKHHIA
MHJIEKC IPUXOJUTCS O4YEHb YacTo.

Hymepauunsa anemeHTOB Maccuea

Hymepanus smeMeHTOB MaccBa (BEKTOpa WITH MaTPHILBI) MOKET HauyuHathes ¢ 0, 1 wim ¢
n060ro apyroro 4ucia (MOJOKUTENFHOTO WM OTpHULATeNbHOrO). TlopsakoM Hymepauuu
9NIeMEHTOB MaccuBa ynpaeiseT BcrpoeHHas mnepemenHas ORIGIN. Tlo ymomuanuro
ORIGIN = 0. D10 03Ha4aeT, YTO MEPBBIil TEMEHT MacchuBa UMeeT Homep 0.

Y100l HyMepanus YWICHOB BEKTOPOB M MATPHIl HAYHHAIIACH, KaK OOBIYHO MPUHUMAETCS B
MareMatuke, ¢ 1, Hy)XHO TepeA BBOJIOM MATpPHUIBI, a Iydlle B Hadale IOKyMEHTa,
Haneyatatb ORIGIN:=1 (Bce OykBBI POIKCHEIE).

Ha puc. 2.13, 66epxy Tmoka3aHO CO3JaHHWE OJJIEMCHTOB Marpumbl D 1o Qopmyie ¢
ucnosp30oBaHueM HWKHUX uHIekcoB. [To ymomuyanmo ORIGIN =0, mostomy Dy, = 10.
[Tocne BBoma ORIGIN:=1 snement Dy He umeeT cMbicna, a Dy = 10.

2.8.2. OcHOBHblE AENCTBMSA C MaTpmLaMm

Mathcad mo3BosnsieT BBINONHATH C MaTPULAMH OCHOBHBIE apH(METHYECKHE JICHCTBUSL:
CIIO)KEHUE, BBIUMTAHME, YMHOXEHUE, — a TakXKe ONepalud TPaHCIIOHUPOBAHUS,
oOpaleHns, BBIYUCICHHUS ONPEIEIUTENSI MaTPHIbl, HAXOXKICHUS COOCTBEHHBIX YHCEN U
COOCTBEHHBIX BEKTOPOB U T. JI. [IprMephl YMCIEHHOTO W CHMBOJIFHOTO BBITOJIHEHHUS 3THX
onepauui npuBeeHsl Ha puc. 2.13-2.15.
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COBET

Bo Bpems paboTsl ¢ MarpumamMy BHUMATENBHO CIIEIUTE 3a pa3MepaMu Mmarpum. [Ipm
MOSIBJICHUHM COOOILECHUSI O HECOOTBETCTBHUM pa3MepoB Matpui (puc. 2.13) HamummTe B
CTOPOHKE MMs MaTPHIbl U HOKMHUTE KiaBuiry =. Ecam pasmep MaTpHLbl OTIHYAETCS OT
MaTpuIy Iepe] OdYEepeqHBIM OIEePaTOpoOM

TOTO, HYTO

[pHCBauBaHus, Hanucas, Hanpumep, A:=0.

ORIGIN =
OFRIGIN =

[¥s)

td
"
Ln

]

BBbI

BBOJIWIH, OOHYyJHTE

D1,1=10

[
[vs)

[¥s)
oy

YIMHOKEHIE MATPHL,

(13 13 13
13 i3 8
B+D=|[13 8 &8
8 Bag
L3 8 8
‘ BD =,
70 38
63 33
51 43 125
34 28| BID=|125
52 43 L 120

—7 253
-5 -3 -6
B-D=|-3 -6 —4
5
-4 -2 0

HEBEPHBIE PA3MEPEI MATPHLL

vn

110 9
110 9
105 90

vn

. 2.13. ApudmeTrdeckue ISHCTBHSI C MATPUIIAMH

144 132 120 108 9&
132 121 110 9% &8
=| 120 110 100 90 &0
108 99 o0 81 72
06 BE 20 T2 A4

(106 94 82
93 83 73
BD =| 75 67 59
52 46 40
79 70 61
Puc
12
11
ve=|10]| vl
9
g
vly = (510}

1
2|l 2 3=
3

123
244
314609

cTonfBey ® CTpOKY = MaTpuua

1

(12 32| =0a

3

CTROEA X CTDJ'IEEU':\-IHCJ'ID

Puc. 2.14. [IpousBeneHne BEKTOPOB

TpaHCNoHNPOBaHWE MATPHLEI

(537 (658029 gr e 673 2
D:—‘?l C:—‘S:’l DT:|2;1:CT:853
\4 2) 25 1) R s i )
OnpegenuTent KBagpaTHON MaTpuLsl |C‘| = 38
D] =1 D -HeksagpaTHad MATPULA
OfpaleHne maTpus! ) .
(0842 -1316 —0.053) (1 1166102 o
Crl = =05 | 0 TIpoeepka C-C71 = ‘ 0 1 0
\-0.026 -0.053 0158 ) Lo 0 1)
1000 0) '
01000
EnuHuuHaa matpuua E = identity () E=|00100
00010
\00001)

Puc. 2.15. Onepaunu ¢ MaTpuamMmu

2.8.3. PelueHne MaTpuyHbIX ypaBHEHUN

MatpuuHble ypaBHEHHS NPEACTaBIAIOT COOOiA,
anreOpandeckux ypaBHEHHH A -X=B © pemamTcsi IyTeM OOpameHus MAaTpHIbI
ko3pduumentoB X = A" - B (puc. 2.16).

KaKk MpaBuIIo,

CUCTEMY JIMHEHHBIX



123 10 17.5
A=321 B:=|20 X=4 "B H=|-225
213 50 125

Puc. 2.16. Penienue cucremMbl alreOpanueckux JIMHEHHBIX YpaBHEHHUH ITyTeM 00paieH s
MaTpuUIbl KOG GUIHESHTOB

CHUMBOJIBHBIC OMEpaly ¢ MaTPULAMH MOXHO BBIIOJIHSTH C OMOLIBI0 MeHI0 Symbolics
(CuMBonbHBIE OmEpanuu), a TaKke CHMBOJIBHOTO 3HaKa paBeHCTBA. B mpumepax,
MIPUBEJCHHBIX HA pUC. 2.17, UCIONB3yeTCs TOJIBKO CUMBOJIBHBIN 3HaK PABEHCTBA —>.

T 5 - Biglrs
cd ff t (ﬁ’-s Pf'-t]

TRAHCNOHWPOEAHKE NPOMZERAEHWE EEKTOROE M METRHL,
T ac as+ bt T
A = & = B X — ees+ 't
bod o5+ dt
ohpaTHaA MaTpMua
d -h
W 1 (ad-be) (ad-bo) ONpesenMTENL
® e 1 |&] = ad-tc

fad-bc (ad-ha

. i
COBCTEEHHbIE E
yMCna 1 1 1
—ad 5-d+ E-(az SR 4-b-cJ
eigetrvalal &) — ;
2
1 1 1
—a+ =-d- —-(az S . 4-b-c:|
2 2 2 |

Puc. 2.17. CuMBoOJIbHBIE ONlEpalMy C MATPULIAMHU

[pu BBEIIOJIHEHUH CHMBOJIBHBIX OTEPAIUil ¢ MATPUIIAMH HEOOXOIUMO TIOMHHTH, YTO €CIIH
KaKOMy-Tr00 CHMBOJIy paHee MPUCBOCHO YHCICHHOE 3HAYCHWE, TO MPH HCIOIb30BAHUN
CHMBOJIFHOTO 3HAKa PaBEHCTBA ATOT CHMBOJ YYacTBYeT B CHMBOJBHBIX pacdyerax Kak
urcio. Eciiu cuMBOITy paHee MPUCBOEHO 3HAYCHHUE BEKTOPA MJIM MATPHIIBI, TO CUMBOJIBHbIE
BBIYKCJIEHUST C €r0 y4aCcTHEM CTaHOBATCS HEBO3MOXHBIMH. B 3TOM cilydae Hy»XHO
MCIIOJIL30BAaTh U1l CHMBOJIbHBIX BEIYMCIIEHHI MeHIO Symbolics.

2.9. OnepaTtop BeKTopuM3aumm

Mathcad momyckaer BBOOWTH B KadecTBE apryMeHTa (YHKUIUH HE TONBKO YHCIa, HO U
BekTOpbL. [Ipn 3TOM BBIUMCIHIsiETCSs] 3HAaUeHHEe (DYHKIMH JUIsl BCEX AJIEMEHTOB BekTopa. Eciu
apryMeHT (yHKUUH — MaTpHLa, TO, YTOObI BBIYMCINTH 3HaueHHs (YHKIHMM JUIS BCEX
9JIEMEHTOB MaTPHIIbI, HAJI0 UCTIOJIB30BATh ONEPaTOp BeKTOopu3aluu (puc. 2.18).

Z[J'IS[ HCIIOJIb30BaHUs OII€paATOpPa BEKTOPHU3ALlUU HYKHO:
. BBCCTHU BBIPAKCHUC WIN (l)yHKHI/IIO;

. BbIACINTL CHUHUM YTOJIKOM H606XOHI/IMyIO YaCTb BbIPpAXKCHUS (qame BCCTO
BBIPAXKCHHUE ]_ICJII/IKOM);

= HAa MaTeMaTUYeCKOW MaHenu LIeNKHYTh Ha kHomke Vector and Matrix Toolbar

(Matpuusl), a B OTKphIBLciics maHems — Ha komnke Vectorize (f(M))
(Bexropusanus). Haj BbIENeHHOH 4YacThIO BBIPAKEHHS IOSBHTCS CTpPENKA —
CHMBOII OTIEPAIAU BEKTOPU3ALINHY;

. Ha)XaTh KJIaBUILY =.

Oneparop BEKTOPU3aLUU M3MEHSET CMBICI BEKTOPHOM WM MaTpUYHOW oOIepaiu.
Bekropuzauus  o3HauaeT  BBINOJIHEHME  OJHOTUIIHOM  ONEpalMy, MNpeIIUCaHHON

BBIpQ)KEHHEM, CO BCEMH DJJIEMEHTaMM MaccuBa. Hampumep, JA — orepanus
HEBO3MOXHasi, ecii A — BeKkTop WM Marpuua. Kak yke ckazaHO, apryMeHT (YHKIHH
MOXET OBITh BEKTOPOM, M (YHKIHMS, KaKk M B CIy4yae HCIIOJIb30BaHHUS JUCKPETHOU
MepeMEHHOM, BBIYHMCIIETCS JUI BCEX JJIEMEHTOB BekTopa. Ecnm apryMeHT ¢QyHKIMH —
MaTpHla, HeoOXOIMMO NMPUMEHEHHE OIepaTopa BEKTOPU3AIMU, YTOOBI BHITOJHUTE TO e
camoe JelCTBUE, TO €CTh BBIUMCINTH (PYHKIMIO JUIS BCEX JJIEMEHTOB Marpuipl. B Hamem
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Cllydae 3TO HaX0XKJEHHE KOPHS KBaJpPaTHOTO U3 KaXKAOTo AyieMeHTa MaTpullsl 4. B ciyuae

NEepeMHOXKEHUs MaTpull 4 - B 3T0 MaTpuyHOe NpPOHU3BEAEHHE, a A B — 510 HomnapHoe
MIPOU3BEACHUE 3JIEMEHTOB MaTpull 4 U B ¢ 0qMHAKOBBIMU MHAEKcaMHu. Bce mMaccuBbl moj
3HaKOM BEKTOpPH3alMH JIOJDKHBI OBITH OJHOTO pa3Mepa, TaKk KakK OIepaiys HaJl BCEMH
MacCHBaMHU IIPOU3BOIUTCS MO3IEMEHTHO. [IpuMepsl HCIOIb30BAHUSA BEKTOPOB MM MaTpPUIL
B Ka4eCTBE apryMEHTOB (DyHKIIMH MPUBEIEHbI Ha pHc. 2.18.

7050 1 41 704797 HyXHa BEKTOPU3ALNA
B=|03 BB= ‘ 2 5| sin(B) =029 sin(BB) = 1
los) \36) \0.717 )
(0.707) o e
Tl 1 2 0841 —0.757)
T /BB =| 1414 2236 | sin(BB) = | 0.909 0959
soEt \1.732 2449 ) L0141 0279 )
123 (5 B {19 Z2Y =y iE i
A= | B=| |  AB= | @B-=
\3 4) \7 8) \43 50) 21 32y
r 3‘-.| — B 2
T 403429 2981x10° | A [ 02 0333)
exp(A+B) = ’ _ B | i :
\2203x 10" 1.628x10°) B s

Ecnn APrYMEHT YHUCNO UMK BEKTOP - BEKTOPH3aLUKMA HE HYXHA

Ecnu apryMeHT MaTpHua - BEKTOPH3aLMA HykHa

Puc. 2.18. Onepauus BeKTOpu3anuu

2.10. PeweHne andpdepeHumnanbHbIX YpaBHEHUN

MaremaTuuecku penierne qudGpepeHHaNbHbIX YPaBHEHUH — OY€Hb CI0XKHAs po0ieMa.
Mathcad He B cocrosHuM pemmTh 0€3 JONOJHHUTENBHBIX YIPOIICHHH MHOIHE
nuddepeHnnanbabie ypaBHeHHs U uX cucteMsl. Bee, uro Mathcad moxer cienars ¢ HUMH,
HOAPOOHO OIMUCAHO B 3JEKTPOHHOW KHHIE. 3[€Ch K€ PACCMOTPUM HCIIOJIB30BAHUE JIUIIL
¢yukunu Odesolve.

Umst dysaxumn Odesolve MoxHO mnmcaTth ¥ C HPOIMCHOM, W CO CTPOYHOM OYKBBIL.
Aunroput™m  ¢ynknmn  Odesolve wucnoms3yer OGonbumimHCTBO uMerornuxcss B Mathcad
GbyHkuui pereHus audepeHIHaTbHBIX ypaBHEHHH, GakTrdecku, 3amenss ux. Odesolve
MOKET peliarh U CHCTeMbl AU(HepeHIHAIbHBIX ypaBHEHUH. B KOHTEKCTHOM MEHIO €CTh
BO3MOKHOCTH BBIOOpa MeTO/1a peleHus qudpepeHIuaIbHbIX yPaBHEHUI.

Oyukius Odesolve mo3Bossier 3anuChiBaTh ypaBHEHHE B OJIOKE PEIICHUS B MPHUBBIYHOM
BUZIE, KaK OOBIYHO 3alKCHIBAIOT YpaBHEHME Ha JIUCTE OyMaru u ¢ auddepeHnraiaMu 1 co
IITPUXOM.

(MCEOMHOR YRIEHEHHE]
2
%y(xj + xz-iy(x) + xyx = ex-cus(xj
i dx
DuipthepeHunansHoe ypaBHEHHE C HAYaNbHLIMH YCNOBMAMH

Civen ¥+ x2-3f(x) + xyx = ex-cus(x)

yh=-2 =3 (=1
v = Odesolvelx, ) x=0,01.5

10
638

iz

o ansly

d

d vy 063

de(

EEEE _25
-563

.

o 275

RRTY:T
-15

Puc. 2.19. Pemienne nudpepeHInanb-HOTO ypaBHEHUS ¢ HAYaIbHBIMH YCIOBHSIMU



28 O6pamenune k pynxuuu Odesolve tpebyer 3amuicu BEIYUCIUTEIHLHOTO 0JI0Ka, KOTOPBIHA
COJICPXKHT TPHU YACTH:

1. Kirouesoe caoso Given.

2. JuddepeHunansHoe ypaBHeHNE U HaYaJIbHbIC WM TPAHUYHBIC YCIOBHS Ul HETO MM
cucrema AU PepeHIIATBHBIX YPAaBHEHHH U €€ YCIOBHSL.

3. ®ymkmusa Odesolve(x, xk, n), rme x — WMs TIEPEMEHHOW, OTHOCHTEIBHO KOTOPOWM
pelaeTcst ypaBHEHHE, xk — KOHEIl MHTepBajia MHTErpupoBaHus. Havyamo wHTepBaia
WMHTErPUPOBAHUS YKa3aHO B HaYaJIbHBIX YCIOBUSX; 71 — HE0Os3aTeIbHBIH BHYTPEHHHUN
mapameTp, ONPEACTSIONINN YUCIIO [IAroB, UCIIONB3YEMbIX MTPH UHTEPIIOJIAUY PEIICHUS,
TO €CTh MU IEPEeX0Jic OT MATPHUIIBI YUCICHHBIX 3HaUeHUI K QyHKIuu. [lapamerp n He
SIBIISICTCS 00s13aTeNbHBIM. Ero MOXXHO ymanuth, mpenoctaBuB Mathcad Bo3MOXHOCTH
caMOMy BbBIOMpaTh 4YHCJIO [IaroB uWHTerpupoBanusi. Ilo ymomuanuio Mathcad
ucnonesyetr n = 1000.

BHUMAHUE

[MosiBeHne APYTHX MATEMATHYECKUX BBIPAKCHHH B BBIYUCIUTEIFHOM OJOKE MEXITY
cioBamu  Given wu Odesolve wnemonycrtumo. TekcroByro 0061acth  BHYTpH
BBIYHCIIUTENIBHOTO OJIOKAa pa3Melarh MOXHO. ['paHHMYHBIC YCJIOBHS MOXHO 3a]aBaTh
JIMIIb B [BYX TOYKaX, OJHA M3 KOTOPBIX — HaYallo HHTEPBaJla HHTEIPUPOBAHHS.

[pumepst ucnons3oBanust ¢pyukunu Odesolve npusenens! Ha puc. 2.19-2.22.

2

LaHO ypaBHEHWE 4-%(@ +uf) =t

dt
TPaHMYHBE YCIOBMA g =A I =E
& =4 B:=10 C=-3D:=46
MameHARTE rpaHKYHEE yonoeua A B CD
pELIEHHE YPAEHEHWA

d2

Given 4-?)@) +uti=t

Wl = A Hh=Ek x = Odesolvet, D) + 2)

Puc. 2.20. Pemienue nuddepeHnpansHOro ypaBHeH s ¢ TPaHUYHBIMU yCIOBHAMHU

NMPUMEYAHUE

HcxonHoe ypaBHEHME MOXHO 3allMChIBAaTh KaK C  MCIIOJIb30BAaHHEM OIepaTopa
nuddepenimpoBanus, Tak U co mTpuxoMm (puc. 2.21). I'paHuuHbIe YCIIOBHUS ClEAyeT
3alUChIBaTh TOJBKO €O WITpUXOM. Jis Habopa WITpHXa MCIONB3YHTE KOMOWHALMIO
kiasum Ctrl+F7.

k=3 y'E -2 k2 ¥ + k4-y(xj =0
} 4 2
Given d 24 4
yH - 2K W +kyH =0
E k3 EZ b3 %
yI=0 yIH=0 gO=-13yDO=3
V= Odesolve(x, 10

X
Y1(x®) = iY(x) Y20 = j Y dx x=0,01.5
d 0

04

Puc. 2.21. Pemenue muddepeHnpansHoro ypaBHeHus 4-ro nopsiaka
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Oyukius Odesolve Bosepammaer permenne AU PEpPEeHINATEHOTO YPAaBHEHUS B BHIEC
(yHKIMH, @ HE B BUJIE MACCHBa, KaK BCEe OCTalbHbIE (DYHKIMHU, ONHCAHHbIEC B 3JIEKTPOHHOU
KHHUTE, [MO3TOMY HaWJICHHOC PEIICHHE MOXHO HMHTErpupoBaTh U auddepeHIupoBars (CM.
puc. 2.19-2.21), a Takke HCHOJB30BaTh B IMOCIEAYIOIIUX pacueTax Kak (YHKIHIO
MOJIb30BATES.

Oyukius  Odesolve pemraer  auddepenimansable  ypaBHEHHS Kak C  HAdadbHBIMU
YCIIOBUSIMH, KOTJa BCE YCJIOBHS 33JaHbl B HadaJle MHTEpBaja MHTETPUPOBAHUS, TaK U C
TPaHUYHBIMH YCJIOBUSIMH, 33JaHHBIMM B JBYX TOYKax. M3 3TMX JABYyX TOuYeK oOJHa
00s13aTeNbHO SBJISETCS HavyalloM MHTEpBaJIa HHTETPUPOBAHUS, APYras POU3BOJIbHAS, HO ¢
apryMeHT OoJplle, 4eM B Ha4daJdbHOW TOdYke. PelneHne ypaBHEHHS C HadaJbHBIMA
YCIIOBUSAMH MOKa3aHO Ha pHC. 2.19, ypaBHEHHSsI C TPaHUYHBIMH YCIOBUSIMH — Ha puc. 2.20.
Pemenne g depeHIHaIbLHOTO YpaBHCHHS BEICOKOTO mopsiAKa (4-ro)
MIPOAEMOHCTPHUPOBAHO Ha puc. 2.21.

Peuienne cucrembl nuddepeHnnansHpX ypaBHeHUI npuBeneHo Ha puc. 2.22. Ilpu stom
obpamienve k ¢yuknun Odesolve wusmenwsnoch. s pemieHus OIHOTO ypaBHEHHS
odesolve(x, xk, n), s pemeHus cucteMmbl JguddepeHIMANBHBIX  ypaBHEHHN
odesolve((BekTop UMEH HEM3BECTHBIX), X, XK, 7).

B npumepe, npuBeaeHHOM Ha puc. 2.22, IpHU PELIEHUH CUCTEMBI TPEX YPaBHEHUN BEKTOP
MMEH HEU3BECTHBIX COAEPKHUT TPH UMEHH.

Civen WO+ 1D -y +aY =0 (M=0 nEnac:Tb+
408 + vt = 2t + =) 7l = -1 MEXAyY CNOEaMM

given 1 odesolve

%z(t) _ ot = ) + ¥(D 20 =-1 AOnycTAMa
b
X X
v | = odesalvel | v |,t,10
z z
4000
1
L]
; z
Lzuon ‘.‘
¥t . Y
EmEnm '... \--
(1) 0 = i
L '
‘- .I
-2000 k
-10 -5 0 B 10

t

Puc. 2.22. Pemenne cucrems! quddepeHranbHbIX ypaBHEHUH ¢ HAYa IbHBIMU YCIIOBHSIMHU

Iotpenupyiirecs B ncnoib3oBanun Gyukimn Odesolve (puc. 2.23).

PelMTE camocToATENEHD
e d 1
1002ty + 10- S0ty + 101 x8) = 50-cos|
At dt 4

wl=0 (=1

- ¥
In(y)-cas()

yrx-D-y'=0 yh=2 D=1 y@D=1

P 29" +y =0  NOMEHARTE rPAHHYHEIE YCNOBWA

Pewute cuctemy OO uit) - 1ulh + 5wt =0
() — Sut) = 1-w(t)
npu u(h = -1 wih =1

Puc. 2.23. [IpuMeps! [uIst caMOCTOSITENEHOM paboTh

2.11. AHanna akcnepuMeHTanbHbIX JaHHbIX

I[Ipn  mpoBeneHMM  pa3NMUYHBIX  SKCHEPHUMEHTOB  OOBIYHO  TpeOyeTcs  MaccuB
9KCIIEPUMCHTANIBHBIX JAHHBIX MPEACTaBUTh B BHAEC (QYHKIUH, KOTOPYIO MOXKHO
WCTIONB30BaTh B JalbHEHIIMX pacderax. Ecnu KpuBas, ommceiBaeMasi 3TOH (yHKIMEH,
JOJDKHA MPOXOJWTh 4YEpe3 BCE OSKCIEPHMCHTAIBHBIE TOYKH, OIEPAHs ITOIYICHHS
IPOMEXKYTOYHBIX TOUEK M pacdeTHON (QyHKIMU Ha3bIBACTCS HHTEPIOJISILHEH.
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Ecnu kpuBas, omnucbiBaemas 3Toil (yHKUMeW, He JOJDKHA MPOXOJHWTh Yepe3 Bce
9KCIIEPUMEHTANIBHBIE TOYKM M SBISETCS anmpoKcumaiued (yCpeaHEHHEM) HMCXOIHBIX
JIAaHHBIX, OTIEpaIysl OIyYSHUSI IPOMEKYTOYHBIX TOUEK U pacyeTHON (YHKIIMH Ha3bIBaeTCA
perpeccueii.

Ecnmn  HeoOXommMo  yMEHBIIMTH pa30poc JAHHBIX WJIM  HUCKIIOYHTH HEKOTOPYIO
CHCTEMaTHYECKyI0 TOTPEIIHOCTh, HAlpuMep, B BHAE HAJIOXKEHHBIX KoJjeOaHui,
WCTIONB3YIOT CrJIAKUBAHME TAHHBIX WIH (GUIBTPALMIO CIIEKTPa KOJIeOaHUH JTaHHBIX.

[oapobHO 0 paboTe ¢ MacCHBaMH ONBITHBIX JaHHBIX PACCKAa3aHO B DICKTPOHHOH KHUTE.
31ech JKe IMOrOBOPHUM TOJIBKO 0 Hambosee yA0OHBIX CII0c00aX HHTEPIOISIUN U PETPECCHHL.

2.11.1. MuTepnonsums

B Mathcad umeercss HeckoyibKO (GYHKLUMI HHTEPHONSLMH, Pa3IMYAIOLIMXCA CHOCOOOM
«COEIMHEHUS» TOUEK JaHHBIX (MPSMOM THHUEH WM pa3NUYHBIMU KpUBBIMH). B 3T0H rnaBe
MOTOBOPUM  TOJNBKO O  KyOMYECKOH  CIUIAMH-MHTEPIONIALUH, TPU  KOTOPOI
OKCIICPUMECHTAJIbHBIC TOYKHW COCAUHAIOTCA OTPE3KaMU Ky61/1qe01<1/1x NoInHOMOB. B
MPOILIECCe MHTEPIIONAIMU OAHOBPEMEHHO UCIIONB3YIOTCS aBe (hyHKIwH, interp u cspline.
Oopainenue K pyHKIusIM: interp(s, x, y, 1); cspline(x, y),

I7Ie X — BEKTOp 3HA4YeHUIl apryMeHTa, 3JIEeMEHTHl KOTOPOTO DPACIOJIOXKEHBI B IOPSAIKE
BO3pacTaHusl; y — BEKTOp 3HAueHHMH (DYHKLUUHM TOrO XK€ pa3Mepa; § — BEKTOp BTOPBIX
IIPOU3BOJIHBIX, CO3/laBaeMblii (yHKnuel cspline, xoropas oOecreynBaeT pPaBEHCTBO
BTOPBIX MPOU3BOAHBIX HA TPAHUIAX CTHIKOBKU MOJMHOMOB, TO €CTh B AKCIIEPHUMEHTAIBHBIX
TOYKaxX; {— 3HAuUeHHE apryMeHTa, NP KOTOPOM BBIYUCISAETCS HHTEPIIOTUPYIOIAT

GyHKIHSL.

KOOp,HI/IHaTBI IKCIICPUMEHTAJIbHBIX TOYCK HE MOTYT OBITh KOMILIEKCHBIMU YHCJIAMU.

[IprMeps! HHTEPIIOISAINY IPUBECHEI HA pUC. 2.24.
KuHemaTHHecKUH aHanus KPUEOWMWMHO-KYAWCHOTO MéxXaHWusma
Y= (38 15 55 23 51 79 105 126 144 156 164 166 162 152 137 117 93 66)
Nee="¥" im=2l7 i=0:n b = i-g YUCMOo 3aMepoE n+1=18

YY(x) = interp (cspline(d, Y), ¢, Y, x) YY(x) - hyHKLNA,EE MOKHO MHTErPUPOBATE
o s 27T . NN - HOBOE YMCNO TONEK, 334aHo mobansHo
j=0.m ¢lj= | oxono rpadkos. MomeHaAiiTe ero

Y1 = terp (cspline(d, Y), . Y. p1) Y1 - MACCHB -UHTETPUPOBATL HEMB3A

WHTEMEN U NPOW3B0OHaA OT MHTEPNONWPOBAHHOID Bhlpa#EHNA

"X
kix) = d—‘ﬁT[};) kk(x) = 1 YY(x)dx x=0,01_.2x
dx v

200

140

0 1 2 3 4
bi.dlj.x

vy
=Y

Puc. 2.24. NnTeprionsiust KICXOIHBIX JTaHHBIX

[Tpu 3anucu GyHKUUH WHTEPIIONSLUHN YIOOHO /Be (GYHKIHMU OOBEANHSTH B OAHY 3aIUCh:
YY(¥) :=interp(cspline(X, Y), X, ¥, ).

B pesynbTare MHTEPHIONSAINU MOXKHO IOJYYUTh (PYHKIMIO MM MAacCUB JIAHHBIX C JIIOOBIM
KOJIMYECTBOM ToYeK MHTepnossinuu (puc. 2.24). Ecnu pesynbraTom siBisiercst QyHKIus, ee
MOYKHO MHTErpHPOBaTh, TU(depeHIMpoBaTh, HCIONB30BaTh B (DYHKIUIX ITOJIH30BATE.

Uucno TodYeKk nm MacCHUBa IOCIC HWHTEPIOJSIUHU 3amaHo TiobambHo. s ymoOctBa
HAOJIOJICHUSI 32 M3MCHEHHEM pe3yJbTaTOB pacuera 71 =4 TOMENICHO OKOJIO rpaduka.
TTomensiite nn.
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2.11.2. Perpeccus

CMBICT ~ perpeccdid  cocToMT B moabope  (yHKIMH,  ammpoOKCUMHPYOIIEH
JKCIICpUMCHTANBHEIC TaHHBIC. Perpeccust CBOIUTCS K MOI00PY KOAPPHUIMEHTOB B TOH WK
HHOU aHAJIMTHYECKOH 3aBUCHUMOCTH.

B Mathcad nmeercst HeCKOIBKO BCTPOSHHBIX (DYHKIMH PErpecCHt ABYX THIIOB:

O [O3BOJSIONIMX YBUACTH AaHATUTHYECKYIO 3aBUCHMOCTb, TO €CTh BO3BPAILAIOIINX HaOOp
aNMPOKCUMHPYIOMINX KO3 (HUIMECHTOB;

J  HE IO3BOJIOIHMX YBUICTh aHAITMTHICCKYIO 3aBUCHUMOCTb.

PaccMoTpuMm /1Be (DYHKIIMH, KOTOpbIE HE BBIBOJASAT KOA(PQUIMEHTOB M anlpOKCUMUPYIOT
MacCCHB JAHHBIX OJHUM CTEIICHHBIM ITOJIMHOMOM WJIA OTPE3KaMH HECKOJIBKUX MOJIMHOMOB.

B Mathcad perpeccust ¢ HCIONB30BaHUEM OJHOTO ITOJMHOMA PealU3yeTcss KoMOWHaIen
BCTPOEHHBIX (pyHKIMIT perpeccun U uHTEpnosiuy interp(s, x, v, £); regress(x, y, n),

IZleé X — BEKTOp 3HAYCHHH apryMeHTa, 3JEMEHTHl KOTOPOTO pACIOJOXKEHBI B IMOPSAKE

BO3pacTaHMsl; )y — BEKTOp 3HA4YCHUH (QYHKIMHM TOro >K€ pasMmepa; §— BEKTOp
K03((UIMEHTOB Ui TOCTPOCHUS  ANNPOKCHMHUPYIOUIETO IOJMHOMA, CO37aBacMblii
¢yHkuped regress; f — 3HaueHME apryMeHTa, I[P KOTOPOM  BBIYMCISETCS

MHTEPNOJIMpYIoIast QyHKIUS; # — CTETIeHb alpOKCUMHUPYIOIIETO MOJMHOMA.

CrerneHp anmnpoOKCUMHPYIOIETO MOJMHOMA MOXET ObITh J1t000M. [IpakTka nokasbiBaer,
YTO MMOJIMHOMA 5-1 CTENEHH JOCTaTOYHO ISl alPOKCUMAIMY TIOYTH JF000H KPUBOH.

OfpaimeHne K yKazaHHbIM pyHkuusam: s:=regress(X, Y, n) u YY(¢):=interp(s, X, Y, 1),
W YY(¢):=interp(regress(X, Y, n), X, Y, 1).
Perpeccuss ¢  HCIONB30BaHMEM  HECKOIBKHX  OTPE3KOB  IOJIMHOMA  pealu3yercs

KOMOWHAIMEH BCTPOCHHBIX (GYHKIUEA perpeccMd u wuHTepromsuuu interp(s, x, y, ) u
s =loess(x,y,span) rtme s — BeKTop  KOIPDHUIMEHTOB I  [OCTPOEHUS
aNnmpOKCUMHUPYIOILIEro MOJIMHOMA 2-i cTeneHu, Tpedyemblid ¢pyHkuuei interp; span >0 —
rapameTp, ONpeeIIOIUI pa3Mep OTPE3KOB MOIMHOMOB.

[TapameTp Span 3ajmaer creneHbp criaxeHHOCTH AaHHbIX. Ha mpaktuke 0,2 <span <2.
IIpu span =2 pe3ynbTaT annmpoOKCHUMAalUH TOT K€, YTO U NPH aNNpOKCHUMAIUM OJHOU
napabogoii. [Ipu span = 0,2 annpokcuMupyromast KpUBasi OYTH TOYHO OITUCHIBAET JIIOOO0M
HA0Op JaHHBIX.

[IprMeps! HCITOTBF30BaHMS TOTMHOMHATBHON perpeccru MpUBeIeHBI Ha puc. 2.25.

Perpeccua NONMHOMOM CTEMEHM N n =

Lad

Yreg(x) = interp (regress (.Y .n). ¢, Y. %)

roe ¢ WY-MACCHBEI SKCNIEPUMEHTANEBHLIX TOYEK,
N -CTEMNEHE NOMMHOMA (NOMEHARTE CTENEHE NOMUHOMA)

Perpeccua oTpeskami NONMHOMa ETOPOH CTENeHK
Yer Bonkle span.Tem Donble ANWHA OTPE3KOB (MOMeHARTe span)

span = 0.4 Yigess(x) = interp (loess (¢, Y, span), ¢, Y ,x)

200

Yi 160

Yigess(x)

40

0

”
| [e—
J

0 1 2 3 4

Pp.x

Puc. 2.25. Perpeccust HCXOOHBIX TaHHBIX (pUc. 2.24) 6e3 MOIy4YeHUs] aHATUTUIECKOH 3aBUCUMOCTH

B Mathcad umeercss BoceMb BCTPOCHHBIX (YHKIMH JUIs TOJYYEHHsS aHAIUTHYECKOTO
BBIPaKCHUS alIpoKcUMHUpyommei ¢yHKmun. OHaKO MpU X UCIIOIb30BAaHUN HEOOXOANMO
3HATh BUJ aHAMTHYECKOTO BBIpakeHN. DyHKINH, UCTIONB3YIOMINE JIF000H MPON3BOIBHBIA
BUJI aNNpPOKCHUMHUPYIOHMEH (QYHKIHNH, PACCMOTPEHBI B JJIEKTPOHHOM KHHUTrE. 31ech XKe
paccMOTPUM TOJBKO HambOoJiee MPOCThIe B MPHUMEHEHUH (DYHKIUH, KaX7gas U3 KOTOPBIX
CTPOUT ANNPOKCHMUPYIOUIYI0 (QYHKIUIO JIUIIE OTPEICIICHHOTO BUIA.
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Hcrnonb3yliTe COOTBETCTBYIOIIMM BUJ PErpeccud, €cid HPUMEpHO IpejcTaBiieTe cede,
KaKol 3aBHCHMOCTBIO OIHCBIBAETCS Balll MAacCUB AaHHBIX. Korma BHI perpeccun Iuioxo
COOTBETCTBYET HAOOpy NaHHBIX, €€ PE3yJIbTAT YaCTO OKa3bIBACTCS HEY/IOBIECTBOPUTEIHHBIM
Y 3aBHCHT OT BBIOOpa HAYaJIbHBIX MPHOIKEHUH.

W3 BocbMH BCTPOEHHBIX (DYHKUIMH MSITH TPEeOYIOT HpeIBapUTENBHOTO 3aJaHusl BEKTOpa
HavaJIbHbIX PHOIMKCHUH:

Q  expfit(X, ¥, g) — perpeccus sxcnonenroit f(¢)=a-e" +c;

0 sinfit(X, Y, g) — perpeccus cunyconnoit f(¢)=a-sin(t+b)+c;

Q  pwrfit(X, ¥, g) — perpeccus crenennoii saucumoctsio [ (¢)=a-t” +c;

O Igsfit(X, Y, g) — perpeccus nornctuaeckoii hynkumeit a(e) = a/ (1 +b- e‘”) ;

0  logfit(X, ¥, g) — perpecenst norapndmmaeckoii pynxumeit f(¢t)=a-In(t+b)+c.

B 3Tux QyHKIMAX X — BEKTOp 3HAYEHHH apryMEHTa, 3JIEMEHTHI KOTOPOTO PaCIOJIOKEHBI
B MOPSJKE BO3PACTAHMSA; ¥ — BEKTOpP 3HauCHMH (PyHKIMH TOTO K€ pa3Mepa; g — BEKTOP
HAYaJIbHBIX NpUOMMKEHUH Kod(puIMeHToB a, b m c; t— 3HaYCHHE apryMeHTa, IpH
KOTOPOM BBIYHCIISICTCS] HHTEPIIONIUPYIOIast (QyHKIIHS.

[Ipumepsl HCHONB30BaHuUs 3THX (QYHKIUIT MpUBENeHbI Ha puc. 2.26 1 2.27.

3TH (PYHELMK TReOyT HavaneHex NpUoNMHEHWA

= exphitl b, T ,c)

zsinfit— v =a-sinlx +b) +¢ C = sinfitl . ¥ ¢}

Y2ix) = Cpsin{x +C1) +C2 corr | Y20} )

=

pwrfit— y =

e R =5 | a7
R ik c2 =| 0.1 C = pwrhitl p T 2
i3l =Cpx " +0Ca i Sl A
10 corri Y3y Y = 060
logft— y=alx+bl+c 8 .

A el =|10 | C=logfitld,Y ¢
T4(x) == Cpln{x+ C1} +Cy 100 corr{Yala). ¥) = 0728
5 a = -. . o e

lgaft —y=——— e3 =1 C = lesfitids. Y . c3)
—l:-—_:.x
o Co
Tix! = corr \ Y3, Y1 = 0.884
s _—E':'\

==Y
=]

hi .=

Puc. 2.26. Perpeccust ICXOHBIX TaHHBIX (CM. pHC. 2.24) C BBIBOJIOM aHAIUTUYECKOH 3aBUCUMOCTH

OyHKIMY, He TPeOYOIe HAYaIbHBIX TPUOIMIKSHUI:
Q line(X, Y) — perpeccuss mpsMod JIMHHEH, HCHONB3YIOIAs MHUHHUMH3AIMUIO CYyMMbI

KBaJ[paToB OIIMOOK f(lf) =a+b-t;

O medfit(X, Y) — perpeccus mpsAMOi JHMHHEH, HCIOIB3YIOMIAA MeIHaH-MEIHaHHYIO0
JIMHEUHYIO perpeccuio [ (t)=a+b-t. Oyukuun line u medfit garotr Gnuskue

pe3ynbTaThl, CIerka pa3IuvaloInecss HAaKJIOHOM MPSMBIX JTHHUIA;

0 Infit(X, Y) — perpeccus norapudmueckoit pynxumeii f(¢)=a-In(t)+b.



[Tpumeps! ncnonb30BaHust ATUX (QYHKIHMH IPUBEIEHBI Ha puc. 2.27.

311 chyHKUMMK He TpeByrT HaYankeHLIX NPUBNUKeHUIA
] (34.1467
medfit atb*™x  C = medfit(¢p,Y)C = | s | Y5(x) = Cp+C1x

corr(Y5(¢p).Y) = 0.622

line a+b™x C = line (., Y)

]

~ i"'44-963"': Y6(x) = Co+ C1x

\ 18.538 )
corr(Y6(p) . Y) = 0.622

¢p = 001 ; -
(22194Y y704) = Coln(x
Infit a%n(+b € = it ($,¥) C = | oo oo
| 864 )
corr(Y7(¢p) . Y) = 0.6035

Y5(x) 100

Y6(x) 5
B T
Y7(x)

bj.x

Puc. 2.27. Perpeccust HCXOIHBIX AaHHBIX (CM. pHc. 2.24) ¢ BEIBOJOM aHATUTHYECKOH 3aBUCUMOCTH

Bo Bcex mnpumepax, NpUBEACHHBIX Ha puC. 2.24-2.27, WUCNONb30BaHbl OJHU U TE Ke
MacCUBBl JJAHHBIX, XapaKTep pacIpeAeieHHUs KOTOPBIX, €CTECTBEHHO, HE COOTBETCTBYET
WCTIONIb30BaHHBIM BUAAM perpeccuu. Uil OLEHKH CBSI3M MEXIY MAacCHBOM JaHHBIX U
3HAYEHMSMH aIlPOKCUMHPYIOIIEH QYHKINU MOACYNTaH KOI(D(PHUINEHT KOPPENISH COIT.
OmnbITHBIC JaHHBIE HEIUIOXO AMMPOKCUMHPYIOTCS CHHYCOHION (KOI(QQUITMEHT KOPpeIsIAn
0,98). B ocTampHBIX Cchy4asx CBS3b MEKAY BeIHYMHAMH IDI0Xas (KOX(PQPHUIHEHT
Koppensanun npumepHo 0,6).

2.12. OnemMeHTbl MaTeMaTU4eckom CTaTUCTUKN

B Mathcad BcTpoeHO MHOTO (PYHKIMA [UIS pEeUICHUS 3afad MaTeMaTHYECKOH CTaTHCTHKU.
IToapoOHO OHM paccMaTpUBAIOTCA B JICKTPOHHOM KHUTE. 311eCh )K€ OCTAaHOBHMCS JIMILIb Ha
(GYHKIMAX OLCHKU IapaMeTpoB BBHIOOPKH NaHHBIX. Bce mepeunciieHHble panee (QyHKLIHH
MOXXHO TIPUMEHATh M JUIL BEKTOPOB, W I NPSAMOYTONBHBIX Marpul. Ilpumepsr
BBIYHCIICHUS CPETHUX apUPMETHYECKUX M CPETHUX TeOMETPHUYECKUX 3HAYCHUH, MEINaHBbI,
CPEIHMX KBaJpaTUYECKUX OTKIOHEHUH U JUCIIepCUil MoKa3aHbl Ha puc. 2.28.

g 2

3 51 79 105 126 144 156 164 166 162 66)
CpeaHee apuMeTHYECKOE

AY = (38 15 55
mean (AY) = 92.893

gmean(AY) = 65.208 CpeaHee reomeTpud4ecKoe

median (AY) = 92 lennaHa
var (AY) = 3378 HecmeleHHan oUeHKa cpedHeKBanpaTUYHOTO OTKNOHEHUA
Var(AY) = 3638 CMelleHHanA OLEeHKa CpeJHeKBaapaTUYHOro OTKNOHEHMA

stdev(AY) = 58118  HecMeleHHaA oueHKa AUCiepcln

Stdev(AY) = 60312 CMmewenHan oLeHka QUCNepcin

Puc. 2.28. Ouenka mapamerpoB BHIOOPKH JaHHBIX AY

BHUMAHUE

q)yHKL[I/II/I, Ha4YuHAOMUECCA C HpOHI/ICHOﬁ uCco CTpO'-IHOfI 6yKBI)I, — OTO pa3HbIC (byHKHI/II/I

2.13. O6bmeH faHHbIMKU C ApYrMMK NporpamMmmMmamMmu

PaccMmoTpuM oueHb BaxHYIO BO3MOXKHOCTh Mathcad — 3amuch YHCIIOBBIX TaHHBIX B (haiii
u cuuThiBaHMe MX u3 (aiina. IosBisercs BO3MOXXHOCTH Iepenaudl JaHHBIX W3 OIHOM
MpOrpaMMbl B JIPYTYI0O W CO3JaHUSl BBIYMCIHUTENBHBIX KOMIIIEKCOB M3 HECKOJIBKHX
MIPOrpamMM, MCIOJIHAEMBIX B Pa3JIMYHBIX KOMIBIOTEPHBIX MOayJsix. Harnpumep, nanusie n3
Excel nepenatorcs B Fortran, u3 Fortran B Mathcad u, ecm Hy»HO, oOpaTtHO B Fortran.

B Mathcad cymectByer Tpu (GyHKIMH, TO3BOJSIONIMX CUYUTATh YHCIIOBHIE IAHHBIE W3
IpyTux (paiiIoB WITH 3amrcaTh YUCIOBEIC JaHHBIC B APYTOH (aiii:

O APPENDPRN("file") — moGaBnster dYmCIOBbIE JaHHBIC B CYIIECTBYIOIINM (haii.
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3necs file — umst daiina wim myTh K Qaiiny, eciiu OH HAXOAUTCS B IPYTOM KaTajore;
O READPRN("file") — cuunTsiBaeT 4uciIOBbIE JaHHBIE U3 (aiiia;
0 WRITEPRN("file") — samuceiBaeT unciioBsIe JaHHbIE B (haii.

Bce Tpu ¢yHkumm paboratoT TONBKO ¢ (aiilaMH, B KOTOPBIX YHCIa 00pa3yroT
IPSIMOYTOJIBHYIO MaTPHUILy (BEKTOp YHMCET — YaCTHBIA CIydaid MPSMOYTOJIBHONH MAaTpPHIIBI).
[Ipumep oOmena paHHbIMU moka3aH Ha puc. 2.29. Oyukuus WRITEPRN 3anuceiBaer
MaccuB A B ¢aiin primer, KOTopblii cama ke M CO3/aeT ¢ pacuimpeHuem .prn. OyHKims
APPENDPRN pnob6asnsier B atot xe ¢aitn maccuB B. ®yukuuss READPRN cuutsiBaet
JaHHbIe U3 (aiiaa primer.

11 3453
23 4351
A=|34 B=|513 WRITEPEHN( "primer" ) = &l
435 123 APPENDPEN(" primer prn") = BT
51 234 12345
234351
K = READFPRN("primer pm" ) K=[34351312
451123
5135354

Puc. 2.29. OOMmeH aHHBIMHE ¢ Apyrumu daitnamu
Jis 3amucu TpSIMOYTOJBHOM MAaTpPHWITI WIIM BEKTOpa B OTHENBHBIA (aill HeoOXoIuMo
BBIITOJIHUTD CIEAYIONINE JeHCTBUS:

QO B cranmaptHom MeHo BbiOparh kHomky f(Xx). IMoseurcs okeo Insert function
(BcraButh QyHKIHIO).

Beibopats rpynny ¢yukuuii File Access (Hocrym k daiinam).

Beiopats umst pyaknun WRITEPRN.

B nosiBuBmIMiiCS m1abioH BhucaTh MM (ailia, 3aTeM OIepaTop NPHCBAUBAHUS = H
UMl YNCIIOBOTO MaccuBa. Maccus Oyner 3amucaH B (aiiyl ¢ yka3aHHBIM BaMH MUMEHEM
U pacUIMpeHUeM .Prn ¥ MOMEIIEH B TOT )K€ KaTaJlorT, I'JIe HaXOUTCs U pabouuii (aii.

BHUMAHUE

IMepen tem kak Bomcats umsl (aiina, He 3a0yapTe BBecTH cUMBOI (') (KaBBIYKH).
Jis mepenaun B Mathcad naHHBIX U3 Kakoro-nubo Qaiiia, coaepKaIiero mpsiMoyroibHYIO
MAaTpUILy YUCIIOBBIX IaHHBIX, BBIIIOJIHUTE CIEAYIOIINE NeHUCTBUS:

O HaGepure nMs, KOTOpoe NPUCBaUBAEeTe MAacCHUBY, CUMTHIBAEMOMY M3 (aiina, ¥ 3HaK
IIPUCBOCHUS 3HAUEHUS =.

B crangaptHoM MeHto BeiOepute kHorky f(X). [osiButes okuo Insert function.
Bribepure rpynmy ¢yukuuii File Access.
Bri6epute umst pyuknnin READPRN.

0O 0o 0 O

B nosiBUBIIMIACS MIa0JOH BIUIIMTE UM (aiiia ¢ pacHIMpeHHUEM, €CJIi OHO €CTh, HE
3a0bIBast epe]l 3THM BBECTH CUMBOJ "

NMPUMEYAHUE

B Mathcad 13 nosunace ¢ynkius Readfile, nossossttomias cunThiBaTh gaHHbBIE W3
T00bIX (aiinos. [1opoOGHO 0 Hell HAaNKCaHO B AJICKTPOHHOM KHHUTE.

2.14. Y4yet pasmepHocTten B Mathcad

Mathcad mo3BoisieT BeCTH pacyeTsl ¢ y4eToM pa3MepHocTeil. [ 3Toro mpm BBOzE
MCXOJHBIX JAHHBIX JOCTATOYHO YMHOXXKHThH YHCIIO HAa CTAHAAPTHYIO Pa3MEpHOCTH. Temepn
mo0ble NIefiCTBHS C BBEACHHBIMH TaKHMM 00pa30oM BEIMYMHAMHU BBITOIHSIOTCS C yUETOM
pa3MEpHOCTEN.

Iepen HayamoM pabOTHI ¢ pa3MEPHBIMU BEJIMYMHAME HAJI0 YCTAHOBUTH CHCTEMY CIAMHUIL, B
KOTOpOH BBI OyzeTe paboTaTh:

O B rmasHom mento Mathcad Beibepure Tools » Worksheet Options » Unit System,
(Muctpyments! » [lapamerpbl  nokymeHTa P CucTemMa eIMHHL  M3MEPEHUsI) KakK
rokasaHo Ha puc. 2.30.
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O B OTKpBIBIIEMCS AHATOTOBOM OKHE BBIOCPHTE TIPH IOMOIIN MEPEKIFOYATENSI CHCTEMY
enunnty, Hanpumep Sl (International). [lenkuute na xkronke OK. Ecnu B quamorosom
oxue BeIOpath None (Her), To HHKakue pa3MEpHOCTH B pacyeTe He YUUTHIBAIOTCS.

Hacrpoiikn pabouero nncra x|

BCTpPOEHHLIE NepeMeHHbIe | BeIUMCNEHNA | OToGpamerne

CucTema eginHiL usrepeHns | Pazmepel | COBMECTUMOCTE
~ CTaHgapTHele —— OCHOBHBIE U3MEPEHNA:
Current (Ampere HBMEHMTb...l
Length (Meter)
 MKS Luminous Intensity (Candela
= Mass (Kilegram)
" CGS Substance (Male)
Temperature (Kelvin)
-l Time {Second)

(" Her

MoaydYeHHbIE eauHILE

(" Buopouo Abaeyren |
Charge (Coulomb)

Ha

Energy (Joule)
51 s Force (Newton) _I FRATTE . |
-

Tuminance {1

oK I OTMeHa | Cnpaexa |

Puc. 2.30. YcraHOBKa CUCTEMBI €UHHIL

B nanbHeiinieM B Hadane JOKyMEHTa IPH BBOJE MCXOIHBIX JAHHBIX [UIS pacdeTa UX HaJO
3aIHCBIBATH, YMHOAas YHCIIO HA CTAHAAPTHOE 0003HAaYECHHE PA3MEPHOCTH, KOTOPOE MOXKHO
BBECTHU C KJIABUATYPBHI.

BHUMAHUE

CTOII! Hcnonb30BaTh pa3MEpHOCTH TakK, Kak pexomeHxyeT Mathcad ouens HeymoOHO.
Bo MHOrux ciyuasx HCIOJIb30BaHUE CTaHJAPTHBIX Pa3MEPHOCTEH MPOCTO HEBO3MOXKHO.
IMounTaiite 06 3TOM B OJIEKTPOHHOW KHUre. PEKOMEHIyl0 BMECTO CTaHIApPTHBIX
pasmepnocteit ucnons3oBats KBASUPASMEPHOCTU.

KBasnpasmepHoCTH

ITo cytu gena mpouecc MPUCBOGHHS YHUCILY Pa3MEPHOCTH COCTOUT B YMHOXEHHMH YUCIIa Ha
HEKOTOpBIA  4MciioBoil  koadduiment. bykBeHHOMY 0003Hau€HHIO  Pa3MEPHOCTH
JOCTaTOYHO TPUCBOUTH YHUCICHHOE 3HAa4YeHHe, HE YMHOXas ero Ha CTaHAapTHYIO
pa3MepHOCTb.

NMPUMEYAHUE

CraHpapTHblii BBOJ Pa3MepPHOCTH — IIPOM3BOJHON pPa3MEPHOCTH IIPHCBAWBACTCA
YHCII0, YMHOXXEGHHOE Ha CTaHIAPTHYIO Pa3MEPHOCTH (Ha aHTIINIICKOM SI3BIKE).

BBoxa KBa3HPasMEpPHOCTH — HpOH3B0[IHOﬁ PasMEPHOCTU TPUCBAUBACTCS YUCIIO.

Hcnonp3oBanne KBa3Wpa3MEPHOCTEH MO3BOJISET M30€KaTh BCEX OTpaHUYEHUH,. A TakkKe
WCTIONB30BaTh pa3MEpHOCTH B IporpaMMax, B MaTpPUYHBIX pacderax. [Ipumep
HCTIONB30BaHUs KBa3upa3MepHOCTel okaszaH Ha puc. 2.31.

[Ipn ucnoss3oBaHUM KBasupasMepHocTedl Mathcad yxe He crneguT 3a NPaBUIBHOCTBHIO
HCTIOB30BaHUs pa3MEPHOCTEH U BCSI OTBETCTBEHHOCTD 3a PE3yJIbTAaThl pacueTa JIOKHUTCSA Ha
pacueTuuka, KOTOPhIM caM JOJDKEH CIEAMTh 3a JIOTHKOW pacueTa M BIHCHIBATH B I0JIE
BBO/Ia OTBETA IIPABUIIBHYIO Pa3MEPHOCTb.

B npuHIMne, MoOXHO IPUIYyMaTh U HCIOIb30BaTh CBOM, aOCOIIOTHO JIFOObIE pa3MEPHOCTH.
Torna B nHauwanme Mathcad-nokyMeHTa HaZo BBECTH CBOM IIPOM3BOIHBIC Pa3MEPHOCTH,
HampuMep, pa3MEpHOCTH Ha PYCCKOM S3bIKE, MPUCBOMB MM JIIOObIE 3HAYEHHS, HAIpHUMeEp
MEIIOK, JIOM, YEJIOBEK.

Ecmu B BeIOpamm st pacuéroB cuctemy CU, To aBTomMatnuecku Bce pacuérsl B Mathcad
Benytcs B cucteme CU. PesymnpraT pacuéra BeBogurcs B cucteme CHU.

[Ipu BBIBOAE pe3ynbTaTOB pacdeTa IOCHe HaKaTHs KIABUIIM = TOSABJSIETCS YHCIO, B
cucreme CHU u psnoM ¢ HIM MECTO BBOJA €AMHUIIEI pa3MEpPHOCTH. BBeauTe B 3TO MecTo
3alMCaHHyI0 B HayaJle MpOrpaMMbl KBa3upa3sMepHOCThb. Pesynbrar namenutcs. OH Oyner
paBeH MpoM3BEACHUIO pe3yibTaTa pacuéta B cucreMe CU Ha BHOHCAaHHYIO — BaMu
KBa3Mpa3MEPHOCTh. MOXKHO HUCIOJIB30BaTh MECTO BBOJA, YTOOBI, HANPUMEpP, BBIPA3UTH,



3HA4YEHHE yIia B JOJSIX YMCIa T WM BBIBECTH YHCIOBOM KO3((HIMEHT NMpH KaKOM-TO
OYKBECHHOM BBIPAXKECHHH.

36

BHUMAHUE

Besikuii pa3, koryia 4To-HHOYAb HAXOIUTCSI B MECTe BBOJA eMHUIIBI n3Mepenus, Mathcad
U3MEHHUT TIONYYEHHBIH pe3ynbTaT TakK, 4TOObl TMPOU3BEICHHE 4YUCIA U BBIPAKCHUS,
CTOSIIIIETO Ha MECTE PA3MEPHOCTH, JaBaIO MPaBHIFHOE 3HAUCHHUE.

KBasupasMmepHOCTb -- 3TO MPOCTO YMCcNoBon Koad dnumeHT
NpW CTAaHQAPTHOWM pasmepHocTH B cucTeme CH

m=1cu=001 pm=0001 ¥H=1000 gHum= 1000 Wla= 106
MexoaHble RaHHble, yMHOKEHHbBIE HA KBasUPasMepHOCTH

¥H
F=232H L=2.md=12.cm E = 2-105-Mﬂa q=2.—

M
PacyeTHble hopmynel

4 3 2 M T

JI=005-4 W=01.d M=qL o=— A=
W 3.E-T
PesynbTaThl pacyeTta Ges yueTa pasMepHOCTeN, TO ecTh B cMcTeme CU
J=1037x lliJ_5 W =1728x 10_4 M = 8000 o =4629629 A = 0004

Pe3ynbTaTbl pacyeTa ¢ Y4eTOM KBEasMpasMepHOCTeN

T= 10368 e W=1728 e’ M= 8. ¥flm o=46 MIa A = 3858 mm
2

Beoa dyHKUMM M NocTpoeHWe rpachnka Mix) = F .z — % %= U,Tg“_ L
: M) = M@=
0 0 -xHm
2
M) 1040 1.04
1760 1.78
kHm
— ] - 1 2160 216
2240 224
0 2000 2

0 50 100 150 200
4

cM

Puc. 2.31. Yyer kBa3upazmepHocTen

I'padukn Bcerma CTPOSATCS B CTaHOAPTHBIX pasMmepHocTsx (B cucreme CH), Beectu
MOJIb30BATENILCKUE PAa3MEPHOCTH Ha rpadukax Hesb3s. it n3MeHeHus Macirada rpaduka
paszenuTe Ha HEM Ha3BaHHs apryMeHTa U (QyHKLIUM Ha KBa3upa3MepHOCTh (puc. 2.31).

2.15. lNpeobpasoBaHne PyHKLMN B MaTpULy
N MaTpuubl B PyHKLNIO

[IpeoOpazoBanue (GyHKIMM B MaTpUIy M MaTpulbl B (YHKIUIO HEOOXOIMMO B CBSI3H C
0CcOOCHHOCTSIMU BCTpOeHHBIX (yHKIMHA Mathcad. Dto nemaercs, HanpuMep, €cli OJHU
(YHKIIMM BO3BpAIlAlOT MATpHIly, a BaM HaJ0 HMMETh (YHKIHUIO JUIs MOCIEAYIOLIEro
WHTETpupoBaHus Win auddeperunpoBanus, win, Haobopot, Mathcad BeBoguT QyHKITHIO,
a BaM Hy’)KHa MaTpHLa JUIsl HOCIESAYIOMHMX MaTPUYHbIX PeoOpa3oBaHuil.

3anaHel EEKTORE! ApryMenTa X W dyHkLan W

Ke(3 1569109 ve=(25 34000

Finterp(x) = interpl espline 2, V), X, ¥, X)) WHTEPNONALKA
Fregress() = interplregress{ 2. Y. 40 2, ¥ ) PETPECCHA NOTHHOMOM

A-0 CTeneH
g Xl.. Xrowsl’X)
0
Y -
Fogagl® 10 32N
Frvegnss(x) \
msmmm '\
d a .
= Fagel ) N
& \,
PR L
-10
Ere] 0 5 10

Puc. 2.32. [IpeoOpa3zoBanue BEeKTOpa JaHHBIX B (hYHKLIUIO
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Jnst mpeoOpa3oBaHusi MaccvBa JaHHBIX B (YHKUHMIO HCIOJIB3YIOT WHTEPIOJSLHUIO HIIH
perpeccuto. Ha puc. 2.32 moka3aHo mnpeoOpa3oBaHue BekTopa B (yHKIMI0. Tam xe
MoKa3aHa BO3MOXHOCTh JuddepeHINpOBaHHS MTOTYYCHHOW (DyHKIIHH.

Jlyist mosrydeHnst MaccuBa JIaHHBIX C ITOMOIIBIO 33JaHHON (PYHKIMHM HAJO0 3a]aTh BEKTODEHI
3HAQUEHUH apryMeHToB (QYHKIMH M, IIOJCTaBUB B (DYHKIHUIO 3HAUYCHHS apryMEHTOB,
MOYy4YUTh MaccuB (puc. 2.34).

. CRIGIH = 1
$=(3 5 9) yi=(2 -20 7 15)
i=1.rows(x)  ji= 1. rows(y)
2 2 2
Ln|:|xi| +'5’j'] 0513 -0354 0406 0303
Mo o=— 14 M=|0481 -0403 0359 0276
1.] o+ .

1] 0404 -0561 0304 0232

Puc. 2.33. [Tony4eHne maccuBa 3HaYEHUH C TIOMOILBIO 3aJaHHOH (QYHKIIUH

2.16. CtpokoBble PyHKLMN

CrpokoBsle QyHKIHE B Mathcad MO3BOJNSIOT BBHIONHATH OEHCTBHS C KyCKaMH TEKCTa,
(hopMupOBaTh U3 HUX HEOOXOIUMYIO pernmKy (puc. 2.34). Ha ToM xe pHCyHKe IOKazaHa
¢yukunst CWD, nossossiromas y3HatTe IMyTh K pabodyemy ¢ainy. OTa GyHKIUS MOJE3Ha,
KOI'Jla Ha JICKE HaXOAUTCS HECKOJIBKO KONMH (haiina W BaKHO He IepenyTaTh, ¢ Kakod u3
HUX UAET paboTa.

MyTb K OTKpbITOMY tainy CWD = "f 3n-srmra-20182018-xmead”
n=6 m=4 C = "momsxHo ObITE paeHO "
A = "Unucno crpor” B = "Uncno cronbuoe "

D1 = nun2str(n) D2 = mum2str(m) D1.="6} D2 ="4"

Z = |z1 ¢ concat(A ,C,D1)

"Uncno cTpoK Jo/DEHO ObITE paHo 6
7« concat(B,C.D2) Z= | . ~ N AL
\ "Hicno cronbioe nomsHo ObITE paHO 4"
z

Puc. 2.34. ®opmrpoBaHHe PEIUIMKH C TOMOIIBIO CTPOKOBBIX (QYHKIMI

IoapoGHee 0 CTPOKOBBIX (PYHKILHUSIX CMOTPUTE B DJICKTPOHHOM KHHTE.

2.17. lNporpammmpoBaHue

Pazmen «IIporpammupoBanue» 3aHumaerT ocoboe mecro B Mathcad. Ilpu HagamsHOM
o0y4eHUH OSTOT pa3liell COBEPIICHHO He HyxeH. OrpomHbie Bo3MoxHocTH Mathcad
MO3BOJISIOT PEIINTH ITOAABIISIONIEE YHCIIO 33/1a4 0€3 MCIIONb30BaHMs MPOrPaMMHUPOBAHUS,
Jla K TOMY K€, KaK MPaBHIO, HECKOJIBKHMHU CIIOCOOaMHU.

Ho ecTb kinacc 3a1a4, KOTOpbIe HEBO3MOXHO PEIIUTh 0€3 POrpaMMHUPOBaHUA. DTO 3a/lauH,
B KOTOPBIX 4YacTh JOKYMEHTa M3 HECKOJBKHX WM MHOTMX OIEpPaTOpOB HAAO BBHINOIHUTH
MHOTOKpaTHO. B Takux ciay4asx HOKYMEHT IOJKE€H COCTOSATh U3 OTAEIbHBIX MOAIPOrPaMM,
00BEMHEHHBIX B EIMHYIO «T'OJIOBHYIO» IPOTPaMMYy.

Hcnons3oBanue pasznena «[IporpammupoBanne» mno3Bosisier HamucaTh B Mathcad
MporpamMMsl JIF000# citokHOCTH. [To1poOHbBIE CBEACHHS O CO3/IaHUN POTPaMM COJEpKaTcs
B 3JICKTPOHHOW KHHTE.

2.18. AHUMaumsa

Mathcad mpemycmaTpuBaeT BO3MOXKHOCTH aHUMAlWKd TPaQUKOB M  PE3yNIETaTOB
BEIUUCIICHWH IyTeM co3xaHus AVI-gaitnmoB u BcraBku ux B Mathcad-goxkymeHT.
BocnpousBogsrcst AVI-aitnel BctpoennsiMu B Windows cpencrBamu. AHuManusi He
YIOPOLIaeT W HE YJy4lIaeT pacueThl, a JIMIIb yKpamaeT ux npeseHranuio. [lostomy Ha
nepBbIx marax o0ydenns Mathcad oOpammatecst k Heitl He cnenyert. [lonpoOHbIe cBeaeHUS O
CO3JIaHWH aHUMAIIMH K pacyeTaM COAEPKATCs B DJIEKTPOHHOM KHUTE.

2.19. Otnagka Mathcad-gokymeHToB

Mathcad-nokyMeHT — 3TO HAOOp MCXOIHBIX JAHHBIX VIS pacueTa, pacdeTHHIX (OopMyI,
BBIBEJICHHBIX HA DKPaH Pe3yJIbTaTOB pacuera B BUJIE 4Hcel, Tabuuil U rpadukoB. Kaxapiii
U3 TEepeUYHCIICHHbIX 00BEKTOB 3aHMMAET OJIHY Maremarthueckyio obnacte (Math Region).
Mexay HHMH B TNPOU3BOJBHOM TMOPSIKE pacrojiararorcsi TekcroBble obmactu (Text
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Region). Bce maTemarnueckie 0OBEKThI B3aUMOJICHCTBYIOT APYT ¢ ApyroMm. Hamomuum,
yro Mathcad BbIYMCIISET BBIpaXKCHHS CBEPXy BHHM3 M CJIEBa HAIPaBO IOCJICIOBATEIBHO
JIpyT 3a OPYrOM W HE MEPEXOJUT K BBIYHUCICHHUIO CICIYIOIIEro OOBEKTa, HE 3aKOHUYUB
paboTy ¢ mpenpiayuiuM. TEKCTOBBIC O0NACTH HHUKAK HE BIMAIOT HA MAaTECMAaTHYCCKHE
obmacru.

Ecnmn B KkakoM-muOo BBIpAXEHHHM €CTh ONIMOKa, BEJIMYMHA, COJAepXKalias OIIHOKY,
ortoOpaxaercsi KpacHbIM IBeToM. lllenkHuTe MbIbI0 Ha oOBekTe ¢ ommbkoi. Ilox
00BeKTOM TosiBIsieTCss coobuieHne 00 ommbOke. [lpu Haxatuu knaBumm F1 Ha skpane
MOSIBUTCSL YacTh pasjelia CIpaBKH (Ha aHTIMHCKOM s3bike) (puc.2.35). Ilpu BelieneHun
MBIIIBIO0 Kakon-ibo ¢yHkimu B Mathcad-nokymenre n Haxarun kmaBumu F1 Ha skpaHe
TIOSIBUTCS YacTh pa3zeia CIPaBKH, MOCBAMIEHHAS IMEHHO 3TOH (QYHKITHH.

'.-kﬁMalhcad Help Q@g|

@aAn [(paska Bug  BoTaBka  @opmaT  WHCTPRYMEHTHl  CUMBOMBHEIE OMepaliv
EHira  Chpaska

o & & £ ] HS
‘Qﬂ Index [ Search

x ~

Welcome te Mathcad Error Messages In Numerical Calculations
@ Getting Started

@ Vectors and Matrices
L3 Operators

@ Functions

O Solving

@ Programming

@ Units

@ 20 and 3D Flots

Symboli d Keyword
gE;gr:al‘(é"aE! anEd’Apn;;\csat\c When Mathcad cannot properly evaluate an

@ Other Resources expression, it returns an error. Errarsin 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] ~
< 3|« >

[0TOBO ABTC

Puc. 2.35. Onucanne Bo3MOXHbBIX ommibok B Mento Help Mathcad 15

[Ilemyok MBIIIBIO Ha JIOOOM H3 COOOMICHWH OTKPBIBAaeT pPacmr(pOBKY OIIHOKH
AHAJIOTUYHO HaXxaTuro kiasuiu F1.

B Mathcad ectp ¢ynkuus Trace Errors (TpaccupoBka omHKOOK), HO3BOJSIOIIAS
MIPOCIIETUTh BCIO LETMOYKY OMIMOOYHBIX BBIYMCICHUH, TO €CTh HAWTH MECTO, IIe Oblia
norymieHa ommrOka. [l{enkanTe mMpaBoi KHOMKOW MBIIIN Ha BEIpaXKEHUH ¢ ommnoOkon. Ecimu
omuOKa BO3HMKIA HE B 3TOM BBIPRKEHHH, TO B KOHTEKCTHOM MEHIO ITIOSIBIISICTCS ITyHKT
Trace Errors (TpaccupoBka ommmbOok). Beibepure 3TOT MyHKT H, CIEAys YKa3aHUsIM,
HaluTe BBIpAXEHHE, W3 KOTOPOro HMcXoauT ommbOka. Ha mpaktuke sta QyHKOusS He
CIIMIIKOM IIOJIE3HA, TAaK KaK B IPOCTBIX CIydasx M 0€3 Hee MOHATHO, OTKyAa B3sUlach
ommOKa, a B CJIOXKHBIX nporpammax Mathcad cam storo He monuMaet. B Takux cinydasx B
JIMAIOTOBOM OKHE BCe KHOTKH, kpome Close (3akphiTh), 3a00KHPOBAHE! (3aTEMHEHBI).

Muorue ommOKH ycTpaHsrorcs jerko. [Ipouuntaiite coobmienue o0 ommOke, W CTaHEeT
SCHO, 4TO Aejath. Ho BeTpeyaroTcs: ommnOKY, Ha yCTPAaHEHUE KOTOPBIX YXOAUT HECKOJIBKO
JHEH TiyOOKHMX pazayMuid. B Takux ciy4asx HaJ0 NPOCMOTPETh YHCICHHbIE 3HAYCHHS
BCE€X BXOIALIHX B 01HI/I60‘-IHO€ BBIPpAXKCHNUEC BECJIMYNH. BOSMO)KHO, 3alaHHbIC BaMH1 3HAUYCHUS
r/1e-TO ObLUTH 3aMEHEHBI APYTHMU.

NMPUMEP OQHOW U3 OLUNBOK

Ecnu mpaBuiibHO 3amMcaHHOE BbIPAXKEHHWE BBIBOJUT HENPAaBWIBHBIA YHCIOBOM OTBET,
norpoOyiite “oOHYNIUTH” UM BBIPRKEHUS, TIEpe]] UX MOCICTHIM BHIYUCICHHEM, TaK KaK
BO3MOYKHO HAJIOXKCHUE 3HAYCHUI APYT Ha npyra (puc.2.36).

HanNoXeHWe BeKTOpa Ha MaTtpuuy

1.2 5

A=|231 i 5 (10 2 3

45 6) Aj=1 A=|136 S s s
rof

o oBHyNEHUE s Ai=10 A=]1055
2 =0 yaccusa (1) \100)

: ; 100

i—il =5 1 —
10} 90

Puc. 2.36. HanoxeHue 1ByX MacCUBOB JpyYT Ha JpyTa
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2.20. ['opa4vne knaBuLLn

B Mathcad ects onepanuny, MHOTOKpaTHO HOBTOpsIOIIMECs pH Habope mporpammsl. J{is
9KOHOMHH BpEMEHM pabOThl JKeNaTeJbHO 3allOMHUTh COYCTAHWE KIABHUIL, HAXKaTHE
KOTOPBIX BBI3BIBACT BBINOJHEHUE TAaKUX onepauuii. Huwke npuBomurcs Tabimuma Takux
couetanuii knaBui ([opsuve knasuwm). Ilone3Ho pacmevyatath Takyl TaOmuIy W
Jep)KaTh ee Ha CTOoJe Iepel KOMIBIOTepoM B mepBoe Bpems padotsl ¢ Mathcad. s
ynoOcTBa pacriedaTky dTa Tabnwia BKIOYeHA B manky VHTepHeT-(aitioB B Bume (aiina
«rop-knaB.docy.

KnaBuuwa Pe3ynbTaT HaXXaTusi KnaBULLK (MU UX coveTaHUsA)
CTRL_R OcgexeHue 3kpana (yoopka Mycopa ¢ dKpaHa)
Enter Bcraska uncroit ctpoku
Delete VaneHue yucToil cTpoku
* [+, - YMHOXEHHE, JIeNICHHE, CII0KCHHE, BRIYUTAHUE
A BosBeneHne B cTeneHb
\ W3BneuyeHue KBagpaTHOTO KOPHS
| |M| — Momyiib uKcIa, AIMHA BEKTOPA, ONPEIEINTENb MaTPHIIBI, €ClTH M — YHCIIO0, BEKTOP WIH
Marpua
[ HiokHuil HHIEKC y 2JIeMeHTa BEeKTOpa MIIH MAaTPHIIBL.
Jls BBOJ]a HUJKHETO MHIIEKCa-KOMMEHTApPHs, HAI0 BBECTH UMsI IEPEMEHHOH, HAKaTh KIIABUIILY
(.) Touka, HaOpaTh KOMMEHTapuit: M, UM M ap40e
JlaTunckui BBox rpeuecknx OykB.
SKBHUBAJICHT
. I'peueckue alBlxld|leln|y|A|lp|Vv|Nio|eln|y|lp|lo|T|6]|E|C
rpedecKon 6
YKBBI
OYKBEIL, janee
CTRL G JlaTunckue a|b|lc|d|le|h|g|]l | m|n|w|f|p|ly|r|s|t|lq|x]|z
SKBUBAJICHTHI
e OcHoOBaHHE HATYPaJIBHOTO JIoTapudpma
CTRL_Enter CnoxeHue ¢ IepeHOCOM CTPOKH (TIEPEHOC YacTH [UIMHHOM CTPOKH)
. (zBOCTOUME) a:=b — npucBoeHue 3HaYeHNs (JIOKATBHOE), ICHCTBYET HAIIPABO U BHU3 OT MECTA IIPUCBOCHHUS
(oT™meHsteT riiobankHOE prucBoeHue (8=h)
~ a=b — nmpucBoeHue 3HaucHUs (I100aIbHOE), ICUCTBYET 10 BCEMY JOKYMEHTY (OOBIYHO MTOMEIIAIOT
BOJIN3M rpaduKa WK TaOIHUIIBI)
Ctrl_= a=b — >KHMpHBIA 3HAK paBEHCTBA, (JIOTHYECKOE PABEHCTBO, a HE 3HAK IIPUCBOCHUSL), HCIIOIb3YETCs
nocie cioa Given
; (Touka ¢ X:=1..n wim x:=1,1.1..n — nuana3oH 4Mces TUCKPETHOM MepEeMEHHOM x , rie 1 — nepBoe 3HauYCHuE,
3anaToi) 1.1 — BTOpOE 3HAuUCHHUE, 1 — IOCIeIHEee 3HaUeHue. Pa3HoCTh epBOro u BTOpOro 3HaueHUi
oTIpeieIIseT Iar BEIOMpaeMbIx 3HaYeHU x. Hesib3st HA0MpaTh 1Be TOYKH ¢ KIABHATYPbHI!
CTRL_m BcraBute Matpuity

BeiBo1 pe3ynbpTaTa 4HCIEHHOTO pacyeTa

Ctrl_. (Touka)

— BBIBOJ], pe3yJibTaTa CHMBOJILHOI'O pacyeTa

{

<— B IIPOTPaMMax — JIOKaJIbHOE IIPUCBOCHHE

]

BepruxansHas uepta — add line — mgo6aBka CTpOKH B IPOrpaMmy

[IpoGen <,
i —>

Brigenenue BBIPXCHUA WU €T0 YaCTHU

Mathcad BeUuCHsSET BRIpaKEHHUS CIIEBa HAIIPABO U CBEPXY BHM3.

Jlis BBIIENEeHUs 00BEKTa €ro HAJ0 TEePEUEPKHYTh KYPCOPOM IMPH HAXKATOW JIEBOM KHOITKE
MbIiIH. J[angee BblIeIeHHbINH 0OBEKT MOXKHO:

O nepeMecTUTh NPU HAXKATOH JIEBOM KHOIIKE MBIIIH;

O ymanuth, HaxaB knasuiny Del;

O nepeMecTuTh B Oydep, BEIOpaB «HOXKHHUIBD) HA TTAHEIH HHCTPYMEHTOB, KIIABUIIIN
CTRL x;

O ckomupoBats B Oydep, BoiOpas COPY Ha maHEeT HHCTPYMEHTOB, KIIABUIIH
CTRL c;

O BcraButh u3 Oydepa, BeiOpas Paste na manenu nuncrtpymentos (moprdens),
wiaumy CTRL v.

Te e NEHCTBHS MOXHO BBINOJHUTE, HaKaB IPaBYI KHOINKY MBIIIM W BBIOPaB B
KOHTeKCTHOM MeHI0 koman bl Cut, Copy wiu Paste coorsercTBenHO.
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