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1. BBegeHue
1.1. UcTtopusa cospaHmna CKM

C [OpeBHeNWMX UMeH nosaABunacb nNOTPebHOCTb B  UCMOMb30BaHWUM  PasfNYHbIX
npucnocobneHMn Ansd BbINOSIHEHUA OOBEMHbBIX 4YUCIIOBbIX pacyeToB (abak, cyeThl,
apudmMomMeTpbl, norapudmMmyeckad nuHerMka U T.N.). Bce 9TM  MHCTPYMEHTbI
onepuvpoBany C KOHKPETHbIMW Yucriamu, U Npu M3MEHEHMM WCXOLHbIX AaHHbIX
TpeboBanock caenaTb HOBbIA pacyer.

C nosBneHvem OBM u TIK npowusowen nepexog K crnegylooweMy YpOBHIO
aBTOMaTM3auUMM pPacYETOB: Ha HA3blKM NPOrpaMMMpPOBaHUA yOarnocb MnepeBecTy
aHanuTuyeckne npeobpasoBaHus.

Bcnen 3a coBeplUEHCTBOBaAHMEM KOMMbIOTEPHbIX CUCTEM YENOBEKY B KOMMbIOTEPHbIX
pacyeTax 3axoTenocb GorblUero: 3acTaBUTb KOMMbIOTEP BbINOMHATL NpeobpasoBaHus
TPaAULUMOHHbIMW  Ans  Matematukm  cnocobamu. WX  MNpuHSATO  HasbiBaTb
npeobpas3oBaHNsIMN B CUMBOSIbLHOM BMAE WM aHanMTUYecKMMu npeobpasoBaHusaMK, a
pes3ynbTaT NoryyaTb He Kak paHblule — B BUAE OOHOro Yncna, a B Buae opmMyribi.

OTO nNpuBEnoO K CO34aHUI0 KOMMbIOTEPHbIX CUCTEM CUMBOJSIbHOM MaTeMaTuku. Tak
Ha4anacb ¢ cepeauHbl 60-x rogoB XX Beka 3pa CUCTEM KOMMbIOTEPHON MaTemMaTUKu
(CKM), no-anrnuinckn CAS — Computer algebra system. B koHue 60-x rogos B Poccun
Ha oTevecTBeHHbIX OBM cepun "Mup", paspaboTtaHHbIX Nog pyKOBOACTBOM akageMuka
B. MNywkoBa, 6bina peanusoaHa CKM Ha a3blke nporpamMmmpoBaHus "AHannTuk"

B HacToslee BpemMs MMeeTCs HECKONIbKO LWMPOKO pacnpocTpaHeHHbix CKM,
OPUEHTUPOBAaHHbIX Ha pa3HbIX Nonb3oBaTtenen. B Tom vncne:

Cucrtema HasHayeHue n BO3MOXHOCTHU

Cuctema yHMBepcanbHOrO HasHayYeHus Ana HenpogecCUMOoHanbHbIX
Mathcad 15 mMaTemMaTVkoB W uenei obpasoBaHus. [NpeacTaBneHns OaHHbIX B
TPaguUMOHHOM  MaTemaTudeckon dopme, OTnMyHas  rpaduika,
HarnNAggHOCTb pe3ynbTaToB. MHOXECTBO NPUMEPOB, SMEKTPOHHbBIX KHWUM
n 6ubnmnotek. PaboTta ¢ CMMBOSbHBIMU BblYUCNEHNAMU. BO3MOXHOCTH
Mo NepeHocy AOKYMEHTa B ApYrve NpuioXeHus.

Maple 17 PaccuntaHa Ha yHuBepcuTeTckoe Bbicllee obpas3oBaHMe W Hay4Hble
pacyeTbl.Bo3amoxHocTn aHanornyHel CKM Mathcad.

Hanbonee pasBWTas cucTemMa CUMBOJIbHONM MaTeEMaTUKW, BKOYas
Mathematica 9  cumsonbHoe pelleHne auddepeHUManbHbIX YpaBHEHUN. YHUKanbHas
TpexmepHas rpaduka. lNopgaepxka cuHTe3a 3BykKa.

MpegHasHayeHa ans obpasoBaHMs, HayYHbIX Pac4eTOB, YUCIIEHHOMO
MATLAB 8 MOJENMPOBaHNsi, PacyeToB, OPUEHTUPOBAHHLIX Ha MPUMEHeHMe
MaTPUYHbIX  METOAOB. PassuTbil  A3bIK  NPOrPaMMUPOBAHMS
BO3MOXHOCTAMU  OBbEKTHO-OPUEHTUPOBAHHOTO  NPOrPaMMUPOBAHNS,
COBMECTUMOCTb C anropUTMUYECKUM A3bIkoM Java



Paccmotpum BHyTpeHHIoto apxutektypy CKM Ha npumepe Hambonee mouwHon CKM
Mathematica, obnagatowien Hanbonee pa3BUTon CUCTEMON CUMBOSIbHON MaTteMaTUKM.

CnpasovHas

cHcTeMa
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Puc. 1. Apxutektypa 0606weHHon CKM

LleHtpanbHaa 4vactb — gqagpo (Kernel) cuctembl CKM peanu3yet anroputm
dyHKunoHnposaHms CKM, obecneumBaeT COBMECTHOE (PYHKUMOHMPOBAHME BCEX ee
YyacTen, opraHu3yeT npuemM n MHTennekTyanbHyto 06paboTKy 3anpoca nonb3oBartens, a
3aTeM — BbI3OB HY)XHOW npoueaypbl peweHus. B sgpe nomewaetca 6onblioe
KONMUYECTBO BCTPOEHHbIX (YHKUMA U onepaTopoB cuctembl. WX konnyectBo B
coBpeMeHHbIx CKM MoxeT gocturatb MHOMMX ThICAY.

[Monck 1 BbiNOMHEHWE OYHKUMA K npouenyp, BCTpoeHHbIX B 4po CKM, BbinonHseTtcs
ObICTPO, ecnNn UX TaM He CIIMLIKOM MHOro. [1oaToMy o6bem sgpa orpaHUYMBalOT, HO K
Hemy pobaenaiT BCTpoeHHble B CKM  6ubnuotekn npouenyp W (QyHKUMNA,
NCMONb3YIOLNXCA OTHOCUTESTbHO PeaKo.

Pacwwnperne BoamoxHoctern CKM n mx npucrnocobneHHOCTb K HY>XOaM KOHKPETHbIX
nonb3oBaTenen anga yrnybneHHoro pelweHns onpeaeneHHoro Kpyra 3agad gocTuraeTcs
3a CYeT YyCTaHOBKM BHELUHUX MaKeTOB pacCLUMPEHUS.

Bce atn 6MbnmnoTtekun, nakeTbl pacLUMpPEHNA U cnpaBovHasi cuctema coBpemMeHHbix CKM
(vHcTpymeHTbl CKM) cogepxaT He NpocTO 3HaHua B obractu matematuku. Ho atum
WHCTPYMEHTbI aBTOMATUYECKM MCMOMNb3YIT Takue 3HaHWSA ANnA pelleHusa 3ajad, rae
HY>KHO BbIGpaTh Y NPUMEHUTb OOWNH, €AUHCTBEHHbIN METOA PeLUEHUS.

B cocraB nwbon CKM BxoguT Habop penakTopoB: TEKCTOBbIN, (OOPMYIbHbIN,
rpachmyeckun pepakTopbl, cpenctea nopgaepkku pabotel B cetm o HTML(XML)-
cpeacTBa, NakeTbl aHMMauun n aygmocpeacTsa.

Bnarogapsa Bcem atuM BO3MOXHOCTAM CKM moryT ObiTb OTHECEHbI K NPOrpamMMHbIM
npoAyKTam CaMoro BbICOKOrO Ha CErogHAWHUW OeHb YPOBHA — WHTENNEKTyasribHOro.
Takue nporpaMmbl B HacTosiLee BpeMs 06 beaAnHATCAS TEPMUHOM "6a3bl 3HaAHUA".

1.2. UnTerpupoBaHHasa Cpega CKM MathCad

NHTerpnpoBaHHaa cpega CKM MathCad sasnsetcsa cuctemon CKM yHuBepcanbHOro
HasHayeHnss 1 Hambonee npucnocobreHa ANa peweHna LIMPOKOro  CnekTpa
MaTeMaTMyecKux 3afad, a Takke ANs UCNonb3oBaHMS BO BCex obnactsax cdepsbl
obpas3oBaHus.



Cucrema MathCad sBnsieTca TUNUYHOW MHTErPUPOBAHHOW CUCTEMON, 00beaMHAIOLEN
B CBOEM COCTaBe HECKONIbKO 060COGMEHHbIX MPOrpaMMHbIX CPEACTB OMs pelleHud
ONpederieHHoro Kpyra camocTosTeNnbHblXx 3agadv. [lepBoHadanbHO oOHa 6Gbina
npegHasHayeHa ans cyrybo YMCneHHbIX BblYUCIIEHMI U opueHTupoBaHa nog MS-DOS,
HO, HauyuHaga ¢ Bepcun 3.0 (1990 r.), pabotaet nog OC Windows n nmeeTt JOCTaTOYHO
LUMPOKNI Habop CPeACTB ANA CUMBOSIbHbBIX U FpadouyeCcKuX BbIYUCIIEHNIA.

Ha pucyHke 2 npuBegeHa apxutektypa CKM MathCad. LeHTpanbHbiM 6riokom
anaTca ABa agpa: cobcrBeHHoe aapo CKM u 940p0 CUMBOSIbHBIX BbIYUCIIEHWUNA,
aHanornyHoe CKM Maple.

Brenmue cpencTsa
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Puc. 2. Apxutektypa CKM MathCad

BxogHon 43blk  BBOAA CUCTEMbI  SABNSETCA  UHTEPNpeTupylwuMm, TO  €eCTb
NPOMEXYTOYHblE pe3yribTaTbl MNOSABMSKOTCA NO Mepe BBoAa ovepenHoun (opMyIsibl.
Cama xe CKM MathCad HanucaHa Ha a3bike C++. [1o mepe Toro, kak nosib3oBaTesib
HabupaeT Ha paboyeM NUCTe TEKCT anroputma BblYMCMEHUI, cpea cama cocTaBnsieT
CKPbITYI0 MporpaMmMmy Ha MpPOMEXYTOYHOM SA3blke CBA3U, KOTOpas 3aTeM COXpaHseTcs B
Buge pamna c pacwuperHnem .mcd. McnonHsemoro danna ¢ pacwwumpeHvem .xmcd
naket MathCad He copmupyeTr — ana paboTbl C MMNOPTUPOBAHHBLIM [OKYMEHTOM
HeobxoanMo Hanuumne yctaHoBneHHoro npunoxeHna MathCad.

Nutepdenc CKM MathCad He TpebyeT nporpammupoBaHus npu BBOAE 3adaHun U
WHOUKaUMM pe3ynbTaTOB — BCE 3TO BLINOMHAETCA Ha OOLWENnpPUHATOM  s3blKe
MaTeMaTM4YeCcKnx CMMBOSIOB U chopmyn 6e3 nNpuMeHeHusa crneumanbHbiX KOMaHg vnu
onepatopoB. NHTepdenc sBnseTcsa Bu3yanbHbIM, NpakTuyeckn nwobble OencTBus B
CKM MOXHO BbINONHATL 6€3 NnoMOoLM KnaeBmaTypbl, MPOCTO BblOMpasi Hy>XHblE MYHKTbI
MEHI0 UMW WHCTPYMEHTbl Ha naHenax. B aTom wuHTepdence peanu3oBaH MNpUHLUMN
"WYSIWYG".

Bce pgencteus B CKM MathCad cpasy ocopmnsoTca B BUAe AOKYMEHTa, COCTOALLEro
n3 paboymx nUCTOB, Ha KOTOPbIX MOMELLAEeTCss OnucaHue anroputma, paboune
dopmynbl, KOMMEHTAPUX, UANKOCTPaLMK, rpadunkm, Tabnuupl. Popma Takoro AOKyMeHTa
MakcuMManbHO npucnocobneHa ansa neyaTtun, nepegaym no cetu Internet.



O6bekTamu paboyero nucta MoryT 6biTb OPMYSbHbIE TEKCTOBbLIE UMK rpadmuyeckmne
6noku. [encteua Hag 6rnokamMy BBINOMHSOTCA B CTPOrOM Mopsiake crieBa Hanpaso,
cBepxy BHWU3. Brioku, rotoesilme onepauuu, AOMKHbI NPEeALeCcTBOBaTb BbINOMHEHUIO
aTuX onepauuin. Mpu 3TOM opraHM3oBaHa CKBO3Hasi nepegava AaHHbIX OT OAHOMo
obbekTa k apyromy. MiameHeHne BXOAHbIX AaHHbIX MTHOBEHHO obecrnednBaeT nepecyeT
pe3ynbTaToB.

1.3. Co3paHne noKkymMmeHTa 1 obwue npuembl pabotbl CKM MathCad

MaBHOE MeHI copepXut obwmne TpaguumoHHble naHenn Windows: "CtaHgaptHas" u
"®opmaTupoBaHue". lNepeyncnnm OCHOBHbIE BO3MOXHOCTU cpeabl MathCad.

Bce matematunyeckue 0encTBUSA BbINOSTHAKOTCA NPW MOMOLLM AEBATU NanuTp (naHernen
WHCTPYMEHTOB), Bbl3blBaEMbIX, B CBOIO o4epenpb, n3 naHenn Math. OHu-To u nossonsoT
Nony4MTb MOMHbIA ByKeT BCEBO3MOXHbIX onepatopoB U koMaHg cpeabl MathCad. 3Ttu
AeBATb NaHenen npeacTaBneHbl Ha pUCYyHKe 3.

" Mathcad - [Untitled:1]

Lt] File Edt View Insert Formak Tools Symbolics Window Help
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Puc. 3. [leBaTb ocHOBHbIX NanuTp naHenu Math (MaTtematuka) cpegbl MathCad

v aluation ]
o — = s
fx xf =fy xfy
Add Line Modifiers
AL - 3 float rectangular  assume
if (73 Jif G ) T de solea simplity substituta
: n 8 L K AN H factor expand coefis
otherwise
e ¥ £ o X p o© collect seres parftac
e T U ¢ X v w faurler laplace rans
ok ANBETEVAEESZ invfourier invlaplace invztrans
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continue B ik
return 2 ; (ob 2 \1; -g’-z explicit combinge confrac
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Mpumep: HanTn cymmy 6eckoHeyHoro psaa:
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[lns 3TOro HyxHo: Bbi3BaTh ¢ naHeny Calculus cumeon - ™y 3anonHuTL 3HakomecTa
X,
CYyMMBbl 2n .

Tenepb cnegyeT BbINOMHUTL TakMe AEeNCTBUS.

Yo (D)™ (7159)]

1. BBecTtu hopmyny “—=" Zn—=172 npn nomowm naHenn Calculator
yny

2. C naHenn Symbolic BbI3BaTb onepaTop CMMBOJSbHbIX Npeobpa3oBaHni — N HaxaTb
knasuwy Enter.

$ l:l‘—l}" ol ): - &

L 2n—1

1.4.CumBonbHbIe pacyeTbl B CKM

CumBoOnbHbIE pacyeTbl BbIMOMHAIOTCA BO BCTPOEHHOM CUMBOSIBHOM NpoLEeccope nyTemM
Bbl30Ba HYXHOro oriepatopa C naHenn WuHCTpyMeHToB Symbolic. 3anyck Ha
BbINOJSTHEHNE CUMBOJbHbIX AENCTBUI BbINOSTHAETCA NPY NOMOLLK onepaTopa BblBoAa —»
n Haxatuns knasuwu Enter. Pe3ynbtar nonyyaercsi, COOTBETCTBEHHO, B CMMBOJIbHOW

dopme.

Mpumep:
= . . 1,1 _ 4,5
V2T — 3 \/_§ 2 3 6
[Mpyn BbINOMHEHUN YUCIEHHbIX pacyeToB (ornepatop = Ha naHenu "Calculator")

pesynbTat bygeT Takum:

l + % = ().833



1.5. N'padpmnyeckme cpeacrtea CKM MathCad

Ona cosgaHnsa rpadukoB B cpege MathCad mmeeTcss BCTPOEHHbIM MPOrpamMMHbIn
WHCTPYMEHT — rpadmnyecknin npoueccop. Ha puc 4 npueeneHa naHerb MHCTPYMEHTOB
MeHto Graph onst oTpncoBku rpaduKos,

X-V Trace
Zoom
Tpaccuposka. ‘
Veenuuenue Surface Plot
Tpexmepuslit rpaduk
X-E Plot

lloctpoenue gsymep-
Horo rpajuka Contour Plot
Kontypubli

TpexMepHbii rpaduk

Polar Pot
[Tocrpoenue nonsp-
Horo rpaduka

Vector Field Plot

3D Bar Plot 3D Scatter Plot BCK'IOPHOC 1o.1e
Tpexmepubiii crond- Toueunsiit Tpex -
yaTblil rpaduk MEpHbIil IpaduK

Puc. 4 lNaHernb nHctpymeHToB MeHto Graph

2
Mpumep: nocTpoeHune rpadpmka PyHKLNN =7 ya nHtepsane (-2, 2)

ylax

1. Beegem onpegeneHne yHKUMN -“- )

2. BbizoBem 13 nanutpel Graph nHctpymeHT X-Y Plot.

3. Bce GyaeT BbINONHEHO aBTOMATMYECKN NOCe 3a4aHnsa guana3oHa nsmeHeHnsa X

M yKasaHus (OYHKLMM Ha NEBOM 3HAKOMeCTe LabnoHa:

) =xs

\ /
\ /
y(X) /

(S R T




4. MNpu HeobxoAMMOCTK NEerko M3MeHUTb AManasoH Kak apryMeHTa Tak U yHKUUK
yKasaHueM HYXHbIX 3Ha4€eHUN Ha COOTBETCTBYIOLLIMX 3HAKOMeCTaXx.

BbinonHum TpaccupoBky rpaduvka — ykasaHue HY>KHOM TOYKM rpadouka: B HaleMm criyyae
2

nycTb 370 6yaeT MuHUMYM cyHkumm ¥ = < :
1. Bbibepem Ha nanutpe Graph nHcTtpymeHT X-Y Trace — OTKpOETCst OKHO guarnora,
a Ha rpadvke rnosiBUTCH ynpasnsieMbl MbILUbIO yKasaTesb.

2. YcraHosum onuuto Track Data Point, B 9ToM crnydyae nepekpecTtue ykasatens
OyaeT CKONb3nTb TOMBKO NO KPMBOK rpadhmka.

3. HaxaTnem HyXHOW KrasBuWK CKOMUPYEM KOOPAMHATBbI TeKywen no3uuuun
ykasatens B 6ydep. YkaszaHHble 4ENCTBUA UNNKOCTPUPYET pUC 5.

y(x)‘=x2
10 -
-9- 8' E
6 :
W N =
Mt AN X £ s
A N\ |/
-1 g S X-Value |0.87
-3 -2 -1 0 1 2
= ) 2 Y-vaue [p.7569 || copyy |

- v2-value | | Ceorva ]
Track data points

Puc. 5. BoinonHeHne TpaccupoBku rpadouka
A58 NonyYeHnsa KoopauHaT TOYKM MUHUMYMa



1.6. CnpaBo4Has cuctema 1 nakeTtbl pacwmpenHnsa CKM MathCad

CnpaBo4Has  cuctema no3esonsieT  BblibpaTb  OOKYMEHT,  coaepXaliun
YHKUNOHUPYOLWNIA Npumep noyTu no nbon teme pabotel ¢ CKM unu npumep ero
NPakTU4ecKoro npuMeHeHus B cdepe nNpuknagHbiX 3agavy Hayku n TexHuku. Bce
npumMmepbl —AenCcTByOLWMe, K TOMYy >Xe [JOonyckawlue BHeceHne W3MEHEHUNn W
penaktupoBaHue. Menio Help CKM MathCad npuBeageHo Ha puc 6. Pasgen "YuyebHuku"
COAEPXNT CNpaBOYHbIE MaTepuanbl obLLero xapakrepa

@ Mathcad Help | OTKpPBITH OKHO ClpaBKku b ‘

| Bl o

R? what's This? | «Yr0 510 Takoe?» KoHTeKCTHO-3aBHCHMas ClIpABKa |
Developer's Reference| CripaBka juisi ONBITHBIX 1OJIL30BATEIICH |

Author's Reference  Cupaska juis cosanns coberpennsix e-Books |
|

Tutorials | VaeOnukn
QuickSheets | beicTpbie wiapraiku |
i 1

Reference Tables | Crpagounbic GUIHKO-MaTeMaTHUCCKHE TabIULIb] |

E-books | SNCKTPOHHBIC KHUIH |

i §

%] User Forums| Tlepeiitn Ha opuimanshbil QopyM noIs30BaTencii.

Mathcad Web Site | [lepeitru na caiit nogaepskn CKM Mathcad |
Mathcad Training

About Mathcad...| O6mas cnpagka o CKM Mathcad |

Puc. 6. MeHto Help CKM MathCad

Wwe « = BNHE adeEs D

Mathcad

+

Reference Taht=
Basic Science = reference tables
F mgmﬂmg,g-,-g,“lAREA AND PERIMETERS

Physics - Mechanic) A& == i @S
Parindic Tabla

T AREAS AMD PERIMETERS

Calculus i

M reterence tablss

I Triangle

Dervative Formulas
|Integral Formulas
Geometry

Volumes and Surfai‘

&ﬂiw

(o]

-3

I

Palyhedia o

Mechanies

Expressians for Area:
Trapezoid

D 1Qj 0] [P
é

| 5'~h~l:. | area m tenms ofhand b

Herof
the 3

WiG-a G-t G-

Puc. 7. Npumep Bbi30Ba cnpaBo4YHOM Tabnumubl.
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CnpaBoyHble Tabnuubl cogepxxat obLUMPHbIE CBEAEHUS MO MHOMMM 06nacTamM Haykm m
TexHUkn. MNpumep obpalleHns K KOHKpeTHoMy pasgeny — "lnowagb v nepumeTp anga
TpeyronbHukKa" — nokasaH Ha puc 7. [Npu atom Bce nuctbl Tabnuy, Reference Tables —
pencteyowmne gokymeHtol MathCad: B HMX MOXHO MOACTaBUTb CBOW [AdaHHbIE U
NONyYMTb HYXXHble pe3ynbTaTbl, @ MOXHO CKOMMPOBaTb (POpMynbl M BCTaBUTb UX ANS
NCMNonb30BaHMs B CBOMX AOKYMEHTAaX.

BeicTpble wnaprankn Quick Sheets — 370 npumepbl pelleHHbIX paspaboTymkamm
MathCad 6onee coTHM NpakTMYeckmx 3agay U3 pasnuyHbIX oTpacnen 3HaHumn

OneKTpoHHble KHUMM e-Books npeactaBnsaioT cobon Habopbl roTOBbIX AOKYMEHTOB MO
onpegeneHHon Tematuke. OHu saBnawTca ©Oonee CrnoOXHbIMM WM NPeaoCTaBnAlT
fGonblwne BO3MOXHOCTWU. JNEKTPOHHAs KHUra OTKPbIBAETCA B COOCTBEHHOM OKHE,
cHabXeHHOM cneuymnanbHbIMW 3fEMEHTaMU  YNpaBNeHNA U OYeHb HanoMUHAaKLWEM
TpaguumoHHoe okHo Bpaysepa. Pupma-paspaboTyunk npegnaraet ueny 6ubnmoTeky
Taknx e-Books. Kpome TOro, MOXHO BOCMOMb30BaTbCHA 3NEKTPOHHLIMU KHUraMu,
co3gaHHbiMu nonb3oBaTenamm CKM MathCad, nubo camomy paspabotatb nogobHyto
KHUTY HY>XHOW TemaTtuku. [Npu ee co3gaHum (Kak u npu cosgaHum noboro goKyMeHTa
CKM MathCad) MoxHO ucnonb3oBaTb Kak annapaT rMrnepccbifiok Ans opraHvsaumm
HaBuraumm, Tak u crneayoLwmne TpagnuunoHHbIe BCTPOEHHbIE NIEMEHTLI YNpaBeHUs:

Kpome Toro, B cocta CKM MathCad BxogaT nakeTbl pacluMpeHun — nporpamMMHble
cpeacTtBa, obnagatolime BCEMW OOCTOMHCTBAMM BblENEPEYNCIIEHHBIX CEPBUCHbIX
NporpaMMHbIX CPeACTB U SABMASIOWNUXCA CaMblMU  COBEPLUEHHBIMU UHCTPYMEHTaMu
rotoBbiX pewweHun MathCad. OT 3neKTPOHHbIX KHWUF OHW OTIMYaltTCA CMOCOBHOCTHIO
BHegpeHuss B cpegy CKM MathCad pononHutenbHbiX OMBMMOTEK BCTPOEHHBLIX

YHKUMNA.

CoueTtaHuna knasuw Mathcad

KnaBuwuu Onepatop

npuceoeHve

; npegensl uukna

[ HMKHUIA MHOEKC

Ctrl+ m co3faHue maTpuubl

Shift +/ npoussogHas

Shift + 2 AByMepHas rpaduka

A BO3BeJeHue B CTerneHb

\ KBagpaTHbIN KOPEHb

| MoAayrnb, onpeaenuTens

Ctrl +. CUMBOSbHOE BblYMCIIEHNE

Ctrl + = noruyeckoe paBHO
HWXHUIA CUMBOJ

“ conpsbkeHune

Ctrl +1 TpaHCMNoHUpOBaHWe
MaTpuULbI

11



JTabopaTopHasa paboTa Ne1
MNMpocTtenwmne onepauum

1. BbluncneHusn

Ana BbluMCrieHUMNn undpbl U MatemaTuyeckme onepaumm BBOOATCA C KnaBuaTtypbl U
oTobpaxatTcs Ha akpaHe. [ns BBoga uudp M CUMBOMOB onepauun yaobHo
ncnonb3oBaTb MHCTPyMeHTanbHyo naHens “Calculator”. BeluncneHns npounssoasaTcs

nocrne BBoga CMMBOIa .
2=12 2+1=3 w=53+2=7
10

— =2
3.10 = 30 5 2P =3

MakeT cooepXuT OBLWMPHBLIN HAaBop BCTPOEHHbIX (DYHKLMIA, Bbi3blIBAEMbIX C MOMOLLBHO
MeH0. OrpaHMYeHHy 4acTb U3 HUX MOXHO UCMNOSb30BaTb B PEXUME KanbKynsaTopa.

sin(z) = 0909 log(in) =1 el = 2713
\fd4=2 floor{z444) = 2 ceil(z444) = 3

[MopsaoK BbINOSTHEHUS MaTeMaTUYECKUX OENCTBUN CTaHAAPTHbBIN: BHaYyane Bo3BeaeHue
B CTerneHb, 3aTeM YMHOXeHuWe W [JereHne, W, HaKoHel, CrOXeHue U BbliuTaHue.
PaccTtaHoBka ckoOOK NO3BONSET UBMEHUTL NOPAAOK BbIYUCIIEHUN.

0-23=4 0W-223=3 (10-2).3 =24

5
(4-2)%3=12 o TR

2. KoHCcTaHTBLI

B nakeT BKNOYEHO HECKOSBbKO npegonpeaeneHHbIX KOHCTaHT. 3a 9TUMM KOHCTaHTamu
3aKkpenneHbl MMEeHa.

m
e =2718 T = 3.142 g= 9.8[]?—2

3. NepeMeHHbIe

a=3 b=5¢ C=13
c=a+b c=9 a=a+a
a=¢ c=a+bh c=12
3apaHuns
Hanagnte 3HayeHns cnefyowmx BblpaXKeHUN:
NE LY x = g2 X = 20-log{~/7)
x = 2-log| = | =3 L - Jw t dt - Jw £ dt
Xx.:= log(e) X.:= In{10) x=e" x =™

12




JTabopaTtopHasa paboTta Ne2
BekTtopa u maTpuubl

1. OnpepeneHne BekTopa-ctonobua ns 10 anemMeHTOB:

ORIGIN := 1 Hymepauus anemMeHTOB Ha4YMHAETCA C eAUHULbI
Ki=1:10
©
Xk =k —
K 5
=] [2]2a][3[4|[5][e6 |7 |89 |1

1 |0.63|1.26|1.88 (2,51 (3.14 [3.77 | 4.4 |5.03 |5.65 |6.28

2. NonyyeHne ogHOro BeKTOpa U3 Apyroro BeKropa:
vV = sin(x)
U O R R e
1|059(095|095|0.59 0 [-0.59 |-0.95 [-0.95 |-0.59 0

3. NMNpumep matpuubl 3x10, KOTOpasa coaepXKUT AUCKPETHbIE 3HAYEHUS apryMeHTa
X, sin(x), cos(x):

<1> =X V<2> =V V<3> = COS(X)
1 2 3 - 5 6 7 8 9 |10
VT 1|063[126|1.88(251|3.14|3.77| 44|503|565|6.28
0.59| 0.95 | 0.95 | 0.59 0 [-0.59 |-0.95 [-0.95 |-0.59 0
3(081|031|031|-081| -1|-081(031]|0.31(081 1

4. 3anonHeHne mMmaTpuLbl NO WAaGNoOHy

LLabnoH MOXHO 3anonNHATb YUCraMy UM MMEeHaMM NEPEMEHHbIX, ONPeaeNeHHbIX
BblLLE

‘mon on

5. 3anucb MaTpuubl Ha AUCK U NocrneayloLee ee YTeHne
0 1 2 3 4 5 6 7 8 9

VT 0 [0.628 |1.257 |1.885 |2.513 (3.142 | 3.77 [4.398 |5.027 |3.655 |6.283
1 (0,588 |0.951 |0.951 [0.588 0 |0.588 |0.951 (0,951 (0.588 0
2 [0.809 |0.309 |0.309 (0.809 -1 |0.809 (0,309 (0,309 [0.809 1

WRITEPRN{ "C:probMathCadtat" ) ;= V

a = READPRN("C:\problathCad.txt" )

0 1 2 3 4 5 6 7 8 =
T 0 [0.628 [1.257 |1.885 [2.513 |3.142 | 3.77 [4.392 |5.027 [5.655 [6.283
1 |0.588 |0.951 (0,951 |0.588 0 (0,582 |0.951 [0.951 |0.588 0
2 [0.809 (0,209 |0.209 [0.809 | -1 |0.809 (0.209 |0.209 [0.809 1
[Mpn yacToM NOBTOpPEHUM Npoueayp 3anucy NN YTEHNUS HEKOTOPOUW NepeMeHHON
MOXHO NPUCBOUTL UMS painna un 3aTeMm UCMosb30BaTh €€ B Ka4eCTBe aprymeHTa
npoueaypsbl.

13



6. Onepauum c BeKTOpamMum U maTpmuamm

2

X1 = Al =4

YMHOXeHuUe Ha 4ucrio:

CkansipHoe rnpou3gedeHu:

BexkmopHoe npoussedeHue:

A2 =3

lNpoussedeHue mampuubl Ha 8EKMOP:

YMHOXeHUe mampuuy;:

TpaHcroHupogaHue Mampuubl:

A1 4
A3 =4 X2:=|A2 [=|5
A3 6
i U N
M2=|¢6 2 4
\5 4 3/
2 12 10
aM=2M1=| 4 4 38
10 8 6

ScPr:=X1-X2 =32
-3
VcPr =X1xX2=| 6
-3
28
MX1 :=M1-X1 = 18
22
62 34 44
Mpr:=M1-M2 = | 34 24 30
44 30 50

ObpaweHue mampuuybl:

12 5) /—015 0031 0219 °
M1T =6 2 4 M1~l=| 0219 —0344 0094 ’
\5 4 3 \—0031 0406 —0.156 /
LemepmuHaHm Mmampuupbl: DM = |M1| = 64 DM := ||v|1_ 1| = 0016
BbiOerneHue
Vselectrow =({1 0 0 — _
CTPOKM: ': ) Rselect := Vselectrow -M1 = (1 6 5)
71N 1
BbiderneHue KOMoHKU: Vselectcol = | 0 Rselect := M1-Vselectcol = | 2
CymMmma 3nemeHmos
ucxo0HoU Mampuub! Vrow ={1 1 1] Msymcol := Vrow -M1 = (8 12 12)

rno cmonbuam:

Cymma arnnemeHmos
ucxo0HoU Mampuubl
10 CMpoKam:

14

12
Msymrow := M1-Vcol =| 8
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3agaHuAa
1. Cchopmupyinte BekTopbl N3 3-x anemMeHToB k. ChopmupynTe BeKTop n3 3-x

3f1IEMEHTOB %,. Bbluncnute ckansipHoe npovnssegeHne BeKTopoB. Beuncnure
BEKTOPHOE Npoun3BefeHne BEKTOpPoB. Hanante anvHy Bektopa, COOpMUPOBAHHOIO U3

3-X 3N1IEMEHTOB K.
2. Chopmupynte matpuuy 3x3 aNemeHToB jxk, 1< j, k <3. Bblumucnure geTepMnHaHT

MaTpuupbl.
3. Chopmupyite maTtpuuy 3x3 3r1IeMEHTOB j/, 1< j, k<3. Boluucnure getepmMumHaHT

MaTpuubl.
4. Bbluncnure geTepMmMHaHT MaTpulbl:

2 9 9 4
2 -3 12 8
A=
4 8 3 =5
\1 2 6 4 )
5. CdhopmunpyiTe BEKTOPbl U3 3-X ANIEMEHTOB K 1 3-X 3r1eMEHTOB lk" Bbluncnure

BEKTOPHOE Npon3BefeHne BEKTOPOB. Bbluncnute BeKTopHOe npousseneHve
Nnosly4eHHOM MaTpuLbl Ha BEKTOP U3 3-X 3rIeMEHTOB %', BEKTOP M3 3-X 3NIEMEHTOB K.
6. CdhopmunpyiTe BEKTOPbl U3 3-X ANIEMEHTOB %!. [MonyuyunTe BEKTOP OTCYETOB

k = COsS| 0027 Xk |

dyHKLUNN Y
7. Chopmupynte matpuuy 3x3 anemeHToB jxk, 1< j, k <3. Bbigenute 3-10 CTPOKy 13

nonyyeHHon matpuubl. Belgenute 3-n ctonbew n3 nony4eHHOW MaTpuyubl.

15



JTabopaTtopHasa pabota Ne3
PyHKUMU, onepupyroime ¢ maTpuuamm
1. OOwme nonoxeHuns

OTN (PyHKUMM MOXHO pa3buTb Ha Tpu Tuna: YHKUUMKM OPMUPOBAHUSA MaTpwul,
PYHKUNN BBIMYUCIIEHUS XapakKTEPUCTUK MaTpuy, U PYHKUMW, npefHasHayeHHble AfS
pelueHns 3agad NnMHenHon anrebpobi.

2. DyHKUMM onpeaeneHusa maTpuuy,

[MakeT coOepXuUT HEeCKONbKO (YHKUMA, KOTOpble MO3BOMAKT co3daBaTb MaTpuubl.
®dyHKkumna matrix() dpopmmpyeT maTpuLy, UCMNONb3ya OTYEThl 3a4aHHON OYHKLNK:

F1(x,y) = cos| x; |.cos| y-; :I F2(x,y) = cos| x.33 |.cos| y-?ﬂ :|

dopmupyeTca napa maTpuy pasme'powl 3x3. dopma maTpuL 3agaeTcs ABYyMSA NepBbiMU
aprymeHtamu pyHkumm matrix()

ORIGIN := 1
1 0707 0 1 05 —05
A1 :=matrix(3,3,F1) = 0707 05 0 | A2:=matrix(3,3,F2)=| 05 025 -025
0 0 0 —0.5 —025 025
EovHu4YHyo MmaTpuLy MOXHO cdhopmMupoBaTh C MOMOLLLIO yHKUuK identity():
1 00
E :=identity(3d) =| 0 1 0
0 0 1

Ansa o6beanHeHns (CNNSHUA) C YyBENUYEHUEM YMCMA KOSTOHOK MCNONb3YyeTcs OyHKUMS
augment():

(1) 1 0707 0 1
V=12 A3 := augment(A1,V)=|0707 05 0 2
\3/ o 0 03

Ecnn nomeHATb MecTamun aprymeHTbl (OyHKUUKW, TO 3rieMEeHTbl BEKTOpPA 3aMyT NepBbIn
ctonbel B pe3ynbTMpytoLLen MmaTpuue:
1 1 0707 0

A3 :=augment(V,A1)=|2 0707 05 0

3 0 0 0
[Ona cnuaxus MaTpuubl N BEKTOPA C yBeJIM4eHNeM 4Ymncna CTpoK UCMOoJ1b3yeTCcd q)yHKLI,I/IFI

stack():

) 11 12 13
1112 130

22 23

Vi=(1 2 3) Ad =21 22 23 A5 .= stack(A4,V) = 3 33
\31 32 33,

1 2 3

®yHkumn augment() n stack() nossonsT 06bEANHATL HE TONBKO BEKTOP U MaTpuLy,
HO 1 ABE MaTpULbI.

[Ans nseneveHusa 6noka anemMeHToB M3 MaTpuubl NpumMeHsaeTcs yHKunsa submatrix().
WcxogHaa maTpuua ykasblBaeTCs B KayecTBe MepBOro aprymeHTa, criegywoolime ase

napbl aprymMeHTOB 3aJaloT KoopAMHaTbl CTPOK U CTONGLOB Grioka:
11 12

A6 .= submatrix(A5,1,3,1,2) = 21 22
31 32

16



3. OYHKUUMN BLIYUCNIEHUA XapaKTepPUCTUK MaTpvl
OnpepneneHve pasmepa BekTopa-cronéua:
2

V= LV :=length(V) =3

[Ana onpegeneHna OnvHblI  BEKTOPa-CTPOKM MpedBapuUTeribHO Heobxoammo ee
TpaHcnoHmpoBaTb. [na onpegeneHus yucna CTPOK U CTONOUOB MaTpuubl B nakeT
BKITHOYEHbI (PyHKUMK rows() v cols():

R :=rows(A6) =3 C =cols(A6) =2

OTN PYHKLUNN MOXHO NPUMEHSTb U K BEKTOPaM.

C nomoubio BCTPOEHHBbIX OYHKLUMIA max() 1 min() HaxoAuTCA MakCUMyM U MUHUMYM
MaTpuubl:

M = max(A1) =1 m:=min(A1) =0

Cymma pguaroHanbHbIX 3fIEMEHTOB KBagpaTHOM MaTtpuubl (crie) BblYMCNSETCs C
NMOMOLLIbIO OYHKLUMK tr():

Spur :=tr(E) =3 Spur :=tr(A2) = 15
C nomoLLbo MHPOPMALMOHHBIX PYHKLMA MOXHO ONpesennTb TUM AaHHbIX:
a=3:3
isA :=IsArray(a) = 0 isS :=IsScalar(a) = 1
isA .= IsArray(A1) = 1 isS :=IsScalar(A2) =0

AAAAAAA/ AARAAAA: *

4. dDyHKUUM ONA pelleHus 3aga4v NMIMHENHoOU anrebpbl

[na peweHne cuCTeMbl NUHENHbIX ypaBHEHUW YypaBHeHUW Buaa AX=B B naket
BKITOYeHa cneuunarnbHasa yHkums Lsolve().

100 —14 —13° —1232° —10.316
A=| 5 200 95 B:=| 32 X :=lIsolve(A,B) =| 1218
MW

-9 9 300 . 4335 14.104

17



3agaHuvs

1. ChopmMupyinTe MatpumLy pasmepom 3x5: f=x{y+1)
) XV

2. Chopmupyite maTpuuy pasmepom 5x5: f=e"e

3. Ncnonb3ysi BCTpOeHHble YHKLMK, BbIMUCIINTE MUHOP 3feMeHTa a1 MaTpuLbl

‘2 0 9 4
2 =3 12 B8
A=
4 B 3 =5

4. Wcnonb3yss BCTpOEHHble yHKUUKN, BblYMcnuTe anrebpavyeckoe [OOMONHEHWe
anemMeHTa a2 MaTpuLbl U3 3agaym 3.

5. [laHbl MmaTpu1ua 1 BEKTOP

1112130 71
21 22 23

\31 32 33/ 3

A=

Mcnonb3ysi BCTPOEHHbIE (PYHKLMU, CHOPMUPOBATL PACLUMPEHHYIO MaTpULLy.

6. JaHbl maTpuua 1 BekTop (3agada 5). Mcnonb3ys BCTPOEHHblIE OYHKUNK, BblHMUCNUTE
AeTEPMUHAHT MaTpuubl, 06pa3oBaHHbIN 3amMeHoW B maTpuue A TpeTbero cronbua
KOMnoHeHTamu BekTtopa V.

7. DaHbl maTpuua u BekTop (3agada 5). Mcnonb3ys BCTPOEHHble OYHKUUK, BblHMCUTE
AeTEPMUHAHT MaTpuupbl, obpas3oBaHHbIN 3ameHon B MmaTpuue A BTOporo cronbua
KOMnoHeHTamu BekTtopa V.

8. [laHa maTpuua 1 BEKTOp-CTpoKa:
1112130
A=| | Vi=1{31 32 33)
\21 22 23

Ncnonb3ys BCTPOEHHble hYHKLMM BbIMUCIUTE OETEPMUHAHT MaTpuUubl, 06pa3oBaHHbIN
AOnosriHeHneM MaTpuubl A CHU3Yy KOMNOHeHTaMu BekTopa V.

9. [laHbl maTpuua (3agada 5) BbluncnnTe crneg MatTpuubl.

10. MaTtpuua v BekTop (3agaya 5) COOTBETCTBYIOT CUCTEME NMHENHBIX anrebpanyeckmnx
ypaBHeHUN. MIcnonb3ya BCTPOEHHHbIE OYHKUNN, HANOUTE peLLleHne CUCTEMbI.

18



JTabopaTopHas pa6oTta Ne4
NMoctpoeHue rpacpmkoB hpyHKLUN

1. OOwwme nonoxeHus

[MpnHATO pasnuyaTb BCTPOEHHbIE U NOMb30BaTENbCKNE (PYHKLMN.

BcTpoeHHasa gyHKumMa 3TO (PyHKUMS M3 HEKOTOPOro Habopa yHKUUN, BKITHOYEHHbIX B
cocTtaB nakerta: sin(x), cos(x), exp(x), In(x) v T.n.
[Monb3oBatenbckaa YHKUUA 3TO  BblpaxeHue,
onepauun n BCTPOEHHbIE PYHKLNN.

[na noctpoeHus rpadmka yHKLMM HEOHBXOAMMO BbiOpaTb €ro Tun. ATO BbINOMHAETCS
C MOMOLLbLIO MEHIO UITM NaHenn HCcTpymeHToB "Graph™.

cogepXxawee MatTemMaTun4deckme

2. HenpepbiBHbIE PYHKLNMK

HenpepbiBHble  YHKUMW  3anUCbiBAlOTCA B BuAe MaTeMaTuveckmx qyHKUUR,

onpepernieHHbIX Ha BCEN OCu aprymeHTa.

Mpumep 2.1
Grf(z) = exp(-2z) grf(z) =1 - Grf{z)
\
08—
N\,
Grf(z)06 T~ -
grf(z) N
....... <
02 \\\x_hy
% 05 1 1.5 2

z
M8 pyHKUMM C yKa3aHMeM aprymeHTa NnoMeLLaeTcs Ha BepTUKanbHOMW Ocu, a apryMeHT
yKasblBaeTCA Ha ropusoHTanbHoW. [lpegenbl 3HayeHUs OCen YyCTaHaBNUBAKOTCA
aBTOMaTUYECKN, HO UX MOXHO WU3MeHATb. [lapameTpbl rpaduka MOXHO M3MEHATb B
Anariore HacTpPOWKM NapameTpoB rpaduka, Bbl3biBa€MOM ABOWHbLIM KITMkoM J1IM.

Mpumep 2.2
['padpmk rapmoHnyeckon yHKLUUN BPEMEHN:

fit) = cos{z.7w-1-t)

fit) = cos(z.7w-0.1-1)

T
1|]"

|

-
o~
~+
L —
o

1
02 4 6 8 10
t

f(t) o

-1F

‘\\ Ia’
\_/

|

02 4 46 2810

t

Mpn vyactoTe 0,1 'y Ha oTpe3ke 10 cek.
yknagbiBaetcs 1 nepunog oyHKUUn

Mpun vactoTe 1 'y Ha oTpeske 10 cek
yknagbiBaetca 10 nepnonos oyHKLUN
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f(t) .= cos{z.7- 100t

t.=0,0005. 10
f(t) .= cos(z. 7 100t)

| i T R
02 4 6 8 10

t

[Mpn yacTtoTe paBHon 100 My war
ANCKpeTM3aunn paBeH nepuoay yHKUNUN.

CpeqacTtea nakeTta No3BonsAoT ynpaBnsTh
AVCKpeTM3aumeit Npy oTobpaxKeHnn

HenpepbIBHbIX PYHKUMIA. Tenepb yHKUNSA

BblyucnseTcs ¢ warom 0,005 (2 otcyeTta

Ha nepvoae) Ha nHtepsane ot 0 go 10 cek

Ha nepuode cuHycouObl O0JKHO pacrnoslacambcs He MeHee 2-x omcyemos!

Mpumep 2.3

WHorga doyHKUMM Mnu gaHHble MOTyT CyLecTBOBaTb B BMAE OUCKPETHLIX OTCYETOB B
dopme BeKTOpoB U mMaTpul. YTobbl NONy4YNTL ANCKPETHBIE OTCYETHI B ABHOM (hopme,

Heob6Xxo4MMO ANA AUCKPETHbIX 3HAYEHUI apryMeHTa BblYUCIIUTb AUCKPETHbIE 3HAaYEHNS
YHKUUKN 1 3anoNHUTL MaTpuuy (cMoTpu nabopatopHyto paboty Ne2).

k:=0. 100 MocTpoeHne yHKLMM 06paTHON PyHKLNN
Yk, 0=01K k:=0. 100 Yk,0=01K
Yk 1= exp_(—Y)k’0 —-expi-2-Yk gl Yk 1= exp[(—Y)k’o]— expi-2-Yg g/
5 |I T T
Y, 4t -
02—+
/ 3 —
Yk .1 |I Yk ,0 L -
0.1 2
1— —
—] I l—____l_-—_
%1 2 3 4 s % 0.1 02
Yk L0 Yk,l

20




UToObl HanTU ABHbIM BMA OBpaTHOM (PYHKUWMW, HAOO PELUNTb HEKOTOPOE YpaBHEHME.
O6paTtHaa yHKUMA, Kak npaswuno, He MoxeT ObiTb 3anuMcaHa B SIBHOW hopme.
YpaBHeHWe pellaeTcs cpeacTBaMn nNakeTa.

NcxogHaa pyHKums O6paTtHasa dyHKuna
lMony4eHa obpawieHnem ocen rpaduka
Yix) = tan(x) X(y) = atan{y)
20 T T T | T L —
10f ! I ] i
//I II
Y (X oF ———— X ok -
(x) y I||
- ].U'lll 7] —1F ".‘Illl —
1 1 1 1 1 1
- 0 1 -20 -10 0 10 20
X Y(X)

3. Kycou4Ho-3agaHHble hyHKLMUMU

3apatb pasHble 3aKOHbl UBMEHEHWUST (PYHKLMN Ha KaXOOM OTpe3Ke aprymMeHTa, MOXHO,
MCMONb3ysl YCMOBHbLIN onepaTop.

fix} = |exp(-x} if xzo0 Fix) = |oz-exp(-2.x) if x=0
0 otherwise (—0g-expi3-x)) if x<o0
1 T ~ T
- \\
05 P N T
f(x) —
. xennn e ]
F(x)
....... sk i
| 1 |
-1 -1 0 1 2
X

[ononHuTenbHble CTPOKM W YCIOBHbIE OnepaTopbl BBOOAATCA U3 WHCTPYMEHTanbHOM
naHenu "Programming", ycnosusa n3 HCTpyMeHTansHon naHenu "Boollean”.

4. ®dyHKUMMK, 3afaHHbIe B napamMmeTpuyeckoun hopme

-1 1-t
t:=-10,-10+001 .. 10 Xit) = 5 Y(t) = 4t 5
1+t 1+t
Ctpocounpa
2_ T T .I.I i
I A
Y(t) oF .
—-1r — —
-2 | 1 ]
-1 -05 0 05
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5. TIpadmkm byHKLMI B NONAPHON CUCTEMe KoopAuHaT

®PyHKUMN, UMEIOLLNE OCEBYO CUMMETPUIO, YAOBHO n3obpaxaTb B NOMASPHOWN CUCTEME
koopauHat. B aTom cnyyae doyHKUMS npeacTaBnsieTca B BuAe pagunyc-BekTopa,
3aBucCsALWEro ot yrna.

r(¢) :=+/ €08 (2¢ )(1 + sign(cos(2-¢)))

90
120 60

150 30

r(e) 180 0
210 330
240 300
270
®
3agaHusa
MocTpouTb pyHKUMNK:
1. YiXx) = cos{z-7X) Ha oTpeske ~2EX=1
2_ X,(x) = tan(Z-nX) Ha OTpe3Ke 22X =2
3 Y.(x) == tan(x) - x Ha oTpeske U =X=T
- X-sin{x} cos(x)

A XAX) = - Ha oTpeske ! S X = T

y(X) = sin(2x).cos(x) —2.-cos(2-x)-sin(x) Ha oTpeske U < X = ™
5 7" 37
6. Y.IX]) = asin{x]. 7 Y(X) = acos{x]. 8 Y.(x) == atan(x]).

0. y(x) = e t-e "X 10, ¥x) = e”" osin(x)
11. Pacnpegenenune ®epmun ans F(x,T):= v
T=0,01; 0,1; 1 Ha oTpeske -3sx<3 e
12. Pacnpegenenune bose ans F(x,T):= _
T=0,1;0,5; 1 Ha oTpe3ke 0<x<2,5 X T_,
3-tan 3 -tan
13. OekapToB Jluct y(o) = (o) 3 X(g) := —(‘”3
1+tan(o) 1+tan(o)
14. Kapavonga: x = cos(t) {1+ cos(t)) y = sin{t)-{1 + cos(t))
2

15. OBan Kaccuhu: p = cos(z )+ \/COS(Z-‘PJ +09

p = Ccos{2 ) - \/cos(z-‘p)2 +09
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JTabopaTtopHasa paboTta Ne5

AHanun3 pyHKUMN No nx rpadpuyecKkomy rnpeacTaBIieHUIO
1. O6wue nonoxeHus

padhmk dyHKUMN aBRsSeTcA ee HarnsgHbiM npeacTaBreHneM, KOTopoe COoLepXuT
3Ha4YUTENbHLIN 06beM MHGPOPMauMn. ATO MO3BONSET BbIBUTb OCHOBHblIE CBOMWCTBA
dyHKUMN, cregoBaTeribHO, CBOMCTBA pearibHOro rnpolecca, KOTopbli OHa MoAenuvpyer.

2. UccnepoBaHusa pyHKLUMN

0O YyCTaHOBJIEHME CBONCTB YETHOCTH,

onpeneneHne ee 3Ha4YeHUN B 3aAaHHbIX TOYKaXx,
onpeneneHne ToYek nepeceyeHnst C ocsamMm KoopauHar,
BbISIBNEHNE NEePUOANYHOCTMH,

HaxoXOeHMe NONOXEHWI SKCTPEMYMOB,

HaxoXaeHue Toyek nepermba,

BbISIBNIEHNE aCMMMTOTUYECKOro NoOBeaeHUs,

nT.m.

Iy A A B

Mpumep 2.1
F(z) = 2°

AN

z2

e

0.4
03 X X

F z ! |ll |'I L |

(z) - AR B A

0.1 a \ Wi X

U _.-f'/ \/‘ \"‘H_

-4 -2 0 2 4

OT1a byHKUMs nonoxuTenbHada, YeTHad. MNpu z=0 dyHKuMa obpaltaeTca B Hyfb, a Npwu
CTPEMMEHUN K - N K += acMMNTOTMYECKM Npubnmxaetcsa K Hymno cBepxy. Ha
nHtepBanax (-2,-1), (-1,1), (1,2) dyHkuma wumeeT nepernbol. Ha wHTepBane
(-3,3) pacnonaratTcsa ABa MakCcumMmyma v OguH MUHUMYM.

To4YKkM Makcumyma 1 MUHUMYMa HaxogsaTCs C MOMOLLBbI0 TpaccupoBLyuKa rpaduka, OKHO
KOTOPOro BbI3biBaOTCA Yepesd NyHKTbl MeHo "Format™ "Graph" "Trace".

Mpumep 2.2

[MpoBenem nccregoBaHne KyCOYHO-3aAaHHOM QOYHKLMK

fix) = |exp(-x) if x=0 Fix) = [oz-exp{-3.x) if x=0
0 otherwise (—02-exp(3-x)) if x<o0

Obe  dyHKUMM nveroT
fx) O . KOHEYHbIi paspblB (CKa4oK)
OF———— ; T B Touke x = 0.

dyHkumsa f(x) He obnapaert
cummeTpuen. Mpu x > 0 f(x)
-1 —05 0 0.5 1 MOHOTOHHO ybbiBaer,
CTPEMSICb K HYIO CBEPXY.
®dyHkuma  F(X) MOHOTOHHO
yObIBaeT: npu x — - [1 oHa ctpemutcs K 0 CHM3Y; Npu X — + [| OHa CTPEMMUTCSH K HyIO
CBepXy.

X
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Mpumep 2.3

[MpoBeaem nccnegoBaHue OyHKUUK
Fiz) = asin(z)

AN

2 T T T

/l
1r Py .
F(z) of o~ -
-1k //"’ -

|

-7 I ] ]

-2 -1 ] 1 2

3a npegenamun aprymeHta paBHbiMu 1 rpaduk otcytctByeT. OOHaKO naketT He
coobwaet 06 owmnbke. OTO O3HA4YaeT, YTO BblYUCNEHUS ObINU YCMNELHO BbIMOSIHEHbI
ANS BCeX 3Ha4YeHMn aprymeHTa. [1akeT MOXeT onepupoBaTth C KOMMIEKCHbIMU YCNaMM.

Mpn 3Ha4YeHusX 2| > 1 pe3ynbTaT BblYMUCEHUS MOXET BbiTb KOMMMEKCHbIM YUCIIOM.
[MpoBepum 3Ty runoTtesdy. [ocTpoum OENCTBUTENBHYIO U MHUMYIO YacTb dyHKUuuK. [Ons

2] > 1 yron sBnsieTca KOMMMEKCHOM BenuuuHoi. Ha uHTepsane ot -1 go +1 yron
AEeNncTBUTENbHbIW, 3a NpegenamMu nHtepaana KOMMNIIEKCHbIN:

2 T T T 2 T T T
/
1 . 1™ .
\'l
Re(F(z)) oOf 7 Im(F{z)) of “———
—-1F . - -1F \\—
—

- 1 1 1 _ ] ] ]

2—2 -1 0 1 2 2—2 -1 0 1 2
4 Z

3. Ucnonb3oBaHue rpacdmkoB Ana pelueHus
anre6panyecknx ypaBHeHUN
Mpumep 3.1
AHanun3 nosBegeHns OyHKUMIA No UX rpacomky NO3BONAET HANTU KOPHU anrebpandecknx

2
ypaBHeHui. YpasHeHne X ~X~1=0 pumeetr pgBa kopHs. [paduk  pyHKUMK
2
Y(X) == X" = X~ IngpecekaeT ocb B ABYX TOUKAX, KOOPAUHATHI KOTOPBIX MOXHO HaMTH,
MCMOIb3Yys OKHO TPACCUPOBKM.

24




Mpumep 3.2

Hantn Touky nepeceyeHuns rpadomMkoB OBYX OYHKLNNA:

F1{x) = sin(x) F2(x) = ——

1 T T ol .'\

0.5F / .
F1{x)

I
o
n
1
A
.
|

T -4 -2 0 2

NCronb3ysa TpacCcuUpoBKy rpadmka HaxogmMm TOYKM nepecedeHus: -2,57, 0,53, 1,88
3apaHus

2
1. MocTtponTte rpauk yHKLMM f(x) :=4-X"+5:X+ 1C gy inenue YETHYIO N HEYETHYI0
YacTu OYHKUUN 1 MOCTPONTE UX.

R 'y
2. Harigute sHauenme dynkumn f1X) =€ B TOUKax X==2.
3. Moctpoiite rpadmk dyHkumm fiX) = cos(zmw-x)cos(21-7 X}y onpegenute ee
nepuoga.

4. Onpepenute nepuog yHkumn £iX) = {1 +05-cos{02-70-X]} - cos(2-7vX],

5. HamgnTe Toukn nepernba dyHkumm £1X) = €0S{2:7X) 43 orpeske ot 0 go T

3
X

, X
6. OLEHUTE TOYHOCTb NPUBMVKEHHOI dopmynbl SINIX)~ 6 Ha otpeske 0 - [1/2.
2

X
7. OueHUTe TOYHOCTb NPMBMIVKeHHO dhopMynibl COS(X)=" 2 ya orpeske 0 - [1/2..
X
8. HamanTe kopeHb ypasHeHns X +2 = €
-1 ]
x-acos'x "!—-+f1-X
fix) =

9. Hamgute acumntoTmMyeckoe noseaeHne PyHKLUK %

npn X = €,

10.MocTponTe B MOMSPHON CUCTEME KOOPAMHAT (PYHKLMIO fip) = cos{s-cos{yp)) ,
HanguTe HanpaBreHne ee MakCMMyMOB.
-05
Y f(x)~='1+x2' y
11.MocTtponTte rpaduk yHKumMm La*/ - M HanguTe WWPUHY rpadmka Ha
1

ypoBHe V2.

o -025-t
12. MocTpoliTe rpacdmk saTyxatowmx koneGanmin fit) = € cos(z 7 t) y yaigure
uncno KonebaHui, KOTOpoe coBepluaeT cucTeMa, Mpexae 4YeM UX amnnutyaa
ymeHbLnTca B 10 pas.
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NabopaTtopHasa paboTta Ne6
PeweHne cuctembl NMIMHENHbIX anredbpanyecknx ypaBHeHUN

1. O6wWwuMe nonoxeHus

CucteMy nuMHENHbIX YypaBHEHWA MOXHO paccMmatpuBaTb Kak npeobpasoBaHue
onepaTtopomMm A HEM3BECTHOro BekTopa X K M3BeCTHOMY BekTopy B

AX=B

3pecb matpuua A - matpuua koaddPUUMEHTOB cUCTEMbl ypaBHeHuin, B - ctonbeu
npaBbIX YacTen ypaBHEHUN

2. PeweHune metogom Kpamepa

OTOT MeTo4 COCTOMT B BbIMWCINEHUW  OnpefdenuTenen, COCTaBIIEHHbIX MO
onpeerieHHbIM npBunamM M3 mMatpuvubl KOS(PMUUMEHTOB U BEKTOpa MpaBbiX YacTewn
CUCTEMBbI YpaBHEHWM.

Mpumep peweHnsa cucTembl JIMHENHbIX YPaBHEHUM:
(100X — 14Xy — 13X3 = —1232 |

5X1+200X3+9,5X3 = 326
\ —9X] +9Xy+300X3 = 4335 )

3anucb NCXOAHbIX AaHHbIX

al1 = 100 al2 = -14 al3 = -13 b1 = —-1232
a21 =3 a22 = 200 a23 =95 b2 = 326
a31 = -9 a32 =9 a33 = 300 b3 = 4335
al1 a12 a13 100 —14 —13 b1 —1.232X 10°
MAiA:: a21 a22 a23 |=| 5 200 95 B:=|b2 |= 326
a31 a32 a33 -9 9 300 b3 4335% 10°

Onpenenum AeTEPMUHAHT MaTpuLbl A
DA := |A| = 599x 10°
(-DOpMVIpyeM BCnoMoraTtesibHble MaTpULbl:
(—12:2x10° —14 -13 )
Al:=A AV — B Al = 326 00 95
L 4335x10° 9 300 )
(100 —12:2x10% —13 |
A2 = A Az<2> =B A2 =| 5 326 9.5
\—9  4335%10° 300 /
(100 —14 -1232%10% |
A3 =A A — B A3=| 5 200 326

\—9 9 4335x10°
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Ncnonb3yem 3T MaTpuubl ANs onpeaeneHms 4eTepMnHaHTOB:

DA1 := |A1| = —6.179x 10 x1:= PAT s
. ' DA

DA2 := |A2] = 7295x 10° x2:=PA2 _
' . DA

DA3 := |A3| = s.u8x 10 x3:= 223 _ 40
' . DA

4. PeweHue metogom Naycca
MeTtoa Maycca ocHOBaH Ha 3KBMBAneHTHbIX Npeobpas3oBaHuax matpuu. Ero HasbiBatoT
METOAOM UCKITIYEHUs. Ha nepBoM 3Tane CoOCTaBnsIeTCA pacluMpeHHas maTpuua:

100 —14 —13 —1232% 10°

Ar:=augment(A,B) =| 5 200 95 326

—9 9 300 4335X10°

3atem BbINOMHAETCA NPsSIMOW Xon - npeobpas3oBaHWe ypaBHEHWMA U UCKIOYEHUe
Hem3BecCTHbIX. OOpaTHbIM X0 3aknyaeTcsa B MocnefoBaTeNbHOM MNOACTaHOBKE
HanOeHHbIX HEM3BECTHbIX. B pe3ynbTate matpuua npeobpasyetcsa Tak, Y4TO B NepBbiX
CTpOKax M CTpOKax nonyyaetca eguHudHas matpuua. lNMpsmon xog v obpaTtHbIM Xo4
obbeaeHeHbl B pyHkuUmio rref().

1 0 0 —10316 —-10316
Ag:=rref(Ar)=|0 1 0 1218 X := submatrix(Ag, 1,3,4,4) =| 1218
0 0 1 14104 14.104

5. PeweHune obpawieHnem matpuubl koachpuumneHToB

Cucremy NUHENHbIX ypaBHEHMI MOXHO PELLMTb CreayoLwmnmM o6pa3om:
-1
X=A B
Ncnonb3yst matpuuy KOIMULNEHTOB CUCTEMbI, HAXOAMM ee 0BpaTHy0 MaTpuly:

0.01 6817x 1074 4.119x 1074 10316
A =] 26a7x 107 4989x 1073 —1.695% 107 % X=| 1218
14.104

308X 1004 —1202x 1074 3351x 1073
Bce Tpu paccMOTpeHHbIX MeToda OTHOCATCA K TOYHbIM METOAaM pPeLleHUst CUCTEM
NVHENHbIX YpaBHEHUN.

3apaHuns
1. PewumnTb cnuctemy NuUHenHbIX ypaBHeHUn metogom Kpamepa
(10X + 8 Xy + 6 X3 = 100

0

8Xy + 12X5 + 4X3

\ 6X) +4Xg+14X3 =0
2. PelwunTb cnucteMy nNMHENHbIX ypaBHeHU (3agaHue 1) metogom Maycca
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NabopaTtopHasa paboTta Ne7

PeweHve HeNMHENHbIX YpaBHEHUN
1. O6wWwme nonoxeHus

B obwem cnyyae noa ypaBHEHMEM MOHMMAIOT [Ba BblpaXEHUs, CBA3AHHbIE 3HAKOM
paBeHCTBa M 3aBUCALME OT aprymMeHTOB, Ha3blBAaeMbIX HEW3BECTHbIMU. YpaBHEHWE
npeacrasnseT cobon BbiCKasblBaHWE, KOTOPOE NPU 3aMeHe NepeMEHHbIX YNCIEHHbIMU
3HaAYEHNSIMWN NePexoanT B UCTUHHOE WU FNIOXKHOE.

Pasnuuaiotr anrebpaundeckne n Heanrebpaudeckne ypaBHeHuda. Y anrebpanyeckux
ypaBHEHUN NneBas 1 NpaBas YacTu ABMSKTCSA MHOrOYSIEHaMMU.

Cpeon Heanrebpandecknx ypaBHEHWA BbIOENAKT TPaHCUEOAEHTHblE YpaBHEHWS, B
KOTOPbIX MEpPEMEHHbIE BXOAAT B Ka4yecTBe aprymMeHTOB B TpaHCUEOEHTHble (PyHKuun
(TpyroHomeTpuyeckne, norapudmMumyeckme, nokasaTernbHble W T.n.). HekoTopble
Heanrebpanyeckme ypaBHeHUs MOryT ObiTb Npeobpa3oBaHbl K anrebpanyeckum.
BcTpoeHHble yHKUMKM NakeTa AT BO3MOXHOCTb PELUEHUss HEKOTOPbIX HENUHENHbIX
ypaBHEHUN.

2. PeweHue anrebpanyeckux ypaBHeHUN C OQHOWN NepeMeHHOMN

Pewwum anrebpanyeckoe ypaBHeHne
P(x) =0
ap =10 a; =8 as .

Il
—

"padhmnyeckasa nHTepnpeTaumst peLLeHms:
2
P(x) = ag+a; X+ a3-X

10, T T T

B naker BkniouveHa @yHKUMA polyroot(), koTopas no3BonfeT HawWTu BCE KOPHU
nonuHoma. B kayectBe aprymeHta dyHKumMm polyroot() BbiCTynaeTr BekTOp
KO3 PULMNEHTOB NONMMHOMA, a pe3ynbTaToM SBJISIETCHA BEKTOP KOPHEN YpaBHEHUS:

) 10

—6.449
vi=|a; |=]8 g := polyroots(v) = (_1 551)
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3. PewueHune Heanrebpanyecknx ypaBHeHUN
Pelum ypaBHeHne V1-X=-X
MycTb F1{x) =+/1—-X F2{x) = -x

"padhmnyeckoe pelleHne ypaBHEHUS:

2 g T T

OTy 3a4avy MOXHO peLlnTb C NOMOLLBI0 PyHKUMK root():
q :=root(F1(x) - F2(x),x,—2,1) = —1.618

3HaveHue rpaHnLU MHTEepBala B beHKLl,VIVI MOXHO ONnyCTUTb, HO Heob6xoaumo yKa3aTtb
3Ha4YeHne aprymeHTa, ¢ KOToporo Ha4HeTcA NoncK KOpH4A

X :=—1 g,:=root(F1(x) — F2(x), x) = —1.618
4. PelwweHue TPaHCLEHAEHTHbIX ypaBHEHUN

Pelwwum ypaBHeHue:
—_ 22
e =2
JleBas yacTb ypaBHeHUS NONOXUTENbHAA N He NPeBOCXoauT 1 Npu MBbIX 3HAYEHUSX

aprymeHTa, npaBad 4aCTb MEHAET 3HaK.

2
Fliz)=e" %  F2(z) =2

U--".ll ] | |
0 02 04 06 038

Z
q.:=root(F1(x) - F2(x), x,0, 1) = 0.653

5. PelueHne cuctembl ypaBHEHUN HECKOJNbKUX NepeMeHHbIX

[na peweHnss cuCTeMbl ypaBHEHUI C HECKOSTbKMMW NEPEMEHHbIMU B MakeT BKAOYEHa
npoueaypa Find(). YTobbl BOCNONb30BaThCH €10 HaA0 OpPraHM30BaTh BbIYUCIIUTENbHbIV
GnoK, KOTOpbI HaYMHaeTCcs ¢ kn4veBoro crioea Given.

Hantn KopHM cucTeMbl ypaBHEHUN, Nexallue B NepBoM KBafpaHTe:

x1? + x2% = R?

x2 = tan(x1)

29



OnucbiBaemM BXOAHble AaHHbIE U HAYallbHble 3HAYEHUS:

R=1 X1 =0 X2 =R
Given
2 2 2 i 0.65
x1°+x2° =R x2 = tan{x1) X :=Find(x1,x2) =|
padhmnyeckasa nHTepnpeTaums pelleHnss CUCTEMbI YPaBHEHWUN:
2 2
Flip)=+/R°-p F2(p) = tan(p)
T T
Fi(p) ! ]
F2(p) .
0%
1.5
P
3apaHuA
3
1. HaiTu KOpHW ypaBHEHUS X =1
3 2
2. Hantu KopHM ypaBHeHus X*+3-X +3.X+1=0
3 2
3. Hantn kopHu ypaBHeHus X*+9-X +3.X-3=10
4, .3 2
4. HaTy KOpHW ypaBHEHUS X +X +9.X +3.X-3=0
A
5. HaiiTn makcumym cpyHKLM y(X) :=xe COCTaBWB ypaBHEHWe Ans
NpPon3BOaHOM
6. HanTu KopHM cucTeMbl ypaBHEHUI, Nexalume B NepBOM KBagpaHTe
x1%+x2% = 1

4.x2 = ctg(x1)
7. HanTu KopHM cucTeMbl ypaBHEHUI, Nexalume B NepBOM KBagpaHTe

x12+ x22 =1
4.-x2 = x1-tg(x1)
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JTabopaTtopHasa paboTta Ne8
OvddhepeHunpoBaHue U UHTerpmpoBaHue

1. O6wWwuMe nonoxeHus

[MponsBogHON yHKUMM Ha3blBaeTCcd npeden OTHOWEHUA ee npupalleHus

K

npupaweHutio aprymeHTa. [MpousBogHass B OaHHOW TOYke onpenensieT ypaBHeHue
KacaTenbHOW. B npakTuyeckMx 3agadax 4YMUCIEHHOE 3Ha4YyeHue NPOoV3BOAHOWM OaeT

3Ha4YeHne MrHOBEHHOWM CKOPOCTHW.

OnpepeneHHbIn MHTerpan 3710 npegen WHTerpanbHOW CYMMbl, YUCIEHHO pPaBHbIN
nnowaan urypbl, orpaHMY4eHHON rpadnukom (PyHKUMN, OCblo abCcuMcC N rpaHUYHbIMU

3HaYEeHNsIMN aprymMeHTa.
2. AnddepeHunpoBaHne PyHKLUA OQHON NepeMeHHOoMN
Bblumncnivm nponssBoaHyo yHKUNN:

2 _—x

y1i{x) = x“e"
"paduk aTon pyHKUUK:
04 T T T
/"._\‘
03r / \ i
y1(x) 02 | \\ -
o1/ “ .
) ‘f \
0 £ ] l\‘~- 1
0 1 2 3 4
X
BbluncneHve nepson Npon3BOgHON: BbluncrneHve BTOpon Npon3BogHOM:
d 2
dy1(x) = S y1(x) d2y1(x) = -4 vi(x)
dx dx

[MocTpoum rpadmnkm PyHKLMN N ee NPON3BOLHbIX:

2
yi(x) 1
diyl(x) gl T L e
a2y1(x)_,

~2 1 3 4
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AnddepeHumpoBaHe KyCOYHO-3a4aHHOM
dyHKUMN

y2(x) = |[(1+Xx) if -1=x=0
(1-x) if n<x=1
0 otherwise
Mpaduk pyHKUUK:
1F -
J/ \\
y2(X) /
- / \
0.5 {./ \\ 1
.', \‘.
/ \
4 | N
L 1
X

[MepBas nponsBogHas:
X =-15,-154+001.. 15

d1y2(x) = L y2(x)
dx

3. BbluncneHue nHterpanos

Bbluncnexne onpepgeneHHoro nHterpana
OT OKCMNOHEHTDI:

X:=0,001.5
y3(x) = e *
X
iy3(x) :=j y3i(z) dz
0
D-gll"nll -
Y3(X) o6t - .
iy3(x)04F N .
02 N\ .
U. 1 e
o1t 2 3 4 5
X

5
J e Xdx —1-e° =093
0

Bbluncnexne MHTEerpana oT KyCoO4HO-

3alaHHON PYHKLNN:
X:=—2,—2+4+001..z

yadi(x) = |1 if -1=x=0
(-1) if n<ex=1
0 otherwise
X
ivd(x) = ydiz) dz
v_1
e
y4(x%)
. 0
Iy4(x)
- 1_ | |
-2 -1 0

" = CMMBOIbHOE BbIYUCIIEHNE Bbi3biBaeTcs ¢ naHenu Symbolics unu codetaHnem

knasuw Ctrl + naTUHCKada Touka

32




3agaHuvs

1. MocTpouTb rpaduk Nepeon 1 BTOPOW NPOU3BOAHON OT Creayowmnx yHKLNA:

~ ||

f(x) = e

f3(x) := sin(x2 + x)

2. [Toctpouts rpaduku HHTErpaia

1

1+X2

1

X
1+ €

f2(x) := sin(-|x|)

f4(x) := sinh(o.s-x2 + x)

X
J f(g) dg
0

OT CEeIYIOMHX (YHKITHI:

fix):=e "
X

fix) = \/_x
14+ €

3. Bblumncnutb 3HayeHue cnenyrwmnx onpeneneHHbIX MHTerpanos:

o A0
X
dx
eX—1
0 Y0
n
—
1 2
J In{In{x)) dx
0 Y0

xdx

ex+1
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JTabopaTtopHasa pabota Ne 9
Crtatuctnyeckasa obpabotka gaHHbIxX B cucteme MathCAD

JlnHenHasa n cnnanHoBas MHTepnonsAuMn

Mpn npoBegeHUn Hay4YyHO-TEXHWYECKMX pacyeTOB MCMOMb3YTCA 3aBUCUMOCTM BuAa
y(X), HO 4YnCro ToYek, rae aTa 3aBUCMMOCTb 3afaHa, orpaHu4eHo. py aTom Bo3HUKaeT
3agava nNpUBNMXEHHOTO BbIYUCIIEHUS 3HAYEHUA YHKUMA B MNPOMEXyTKax Mexay
y3rnoBbIMM TOYKamMu M 3a UX npegenamu. Takas 3agada pelwiaeTcs anmnpokcMmauunen
NCXOOQHOW 3aBUCUMOCTWU, TO €CTb €€ MOAMEHOW KakoW-nmbo npuONMXeHHOW K Nerko
Bbluncnsemon. B cucteme Mathcad npepocraBnseTcs BO3MOXHOCTb annpoKcumMaumnm
ABYMS TUNaMn PYHKUUN: KYCOYHO-NTMHENHOWN U CranHOBOW.

JluHeliHasi uHmepnonsayusi

Mpyn  KyCOYHO-NIMHEMHOW WHTEPNONAUUM BbIYUCNEHUA B AOMOMHUTENbHbLIX TOYKax
BbIMOMHATCA MO FNIMHENHOW 3aBUCUMMOCTU: Y3MOBble TOYKU COEOUHSIOTCA OTpe3kammu
NPAMbIX  NWUHWUKW, Onsa  4Yero wucronb3yetca @yHkuma —  linterp(X, Y, Xx),
roe X, Y — BeKTOpbl KOOpAUHAT Y3MO0BbIX TOYEK, a X — 3a1aHHbIN apryMeHT.

BekTopbl ncxoaHblx AaHHbIX X 1 Y:

23
A~ 35
R I S
5 2
6 4
X = A0 Y= AV
f(x) = linterp (X, Y ,x) f(2) =3 f(7) =6

CnnauHoeasi uHmepnonsayus

Mpu cnnanH-annpokcumauumn (Kybudeckon) ncxogHas yHKUMS 3aMEHSIeTCA Ha Takylo,
Yy KOTOpPOM nepBble U BTOpble MPOU3BOAHLIE HEMpPepbiBHbI B KaXOOW TOuke. 3JTa
dyHKUna obpasyetca nyTem cos3gaHusa paga Kybrndecknx nonmHOMOB, NPUHUMAKOLWMX B
Habopax M3 TpexX CMEXHbIX Y3OBbIX TOYEK TE XE 3HAYEHWUHA, YTO UCXOAHas (PyHKUMS.
Kybuyeckne nonvHOMbI 3aTeM COCTLIKOBbLIBAOTCA ApPYyr capyrom, 4tobbl obGpasoBaTtb
O4HY KpuBYH0. JIMHMSA, onucbiBatoLLas cnnanH-yHKUNI0, HanoMmHaeT no oopme rmbkyto
NNHENKY, 3aKpenneHHyH B Y3N0BbIX TOYKaXx.

[na ocywectBneHna cnnanHoBon annpokcumaumm B Mathcad cyuwecTsyloT
cneumanbHble BCTPOEHHbIE PYHKLINN:

Ispline(X, Y) — Bo3BpawaeT BekTop S KO3(hpMUMEHTOB KyOMYECKOrO CnsianHa, KOTopbii
NpnbnmxaeTcs K NPSIMOW NNHUN B TPAHUYHBIX OYKaXx;

pspline(X, Y) — Bo3BpawaeTr Bektop S KoadhdpuUMEHTOB Kybuyeckoro cnnanHa,
KOTOpbI NpubnmxaeTcs k napadone B rpaHNYHbIX OYKaXx;

cspline(X, Y) — BosBpawaeT Bektop S KO3(PUUMEHTOB Kybudeckoro cnnamnHa,
KOTOpbIN NpnbnmkaeTcs K Kybnuieckomy nosiMHOMY B FpaHMYHbIX OYKaXx;

interp(S, X, Y, X) — Bo3BpaluaeT 3HayeHune y(x) onsa sagaHHeix S, X, Y v 3HayeHus X.
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Takum o6pa3som, cnnanH-annpokcMMaLums NpoM3BoANTCS B ABa aTana:

1. onsa BbibpaHHOro cnocoba NPUBNMKEHUA K Y3MOBbIM TOYKaM BbIYUCIISAETCH BEKTOP
BTOPbIX MPOM3BOAHbLIX YHKUMM Y(X), 3agaHHou BekTopamu X, Y ee 3Ha4yeHun cC
nomoLLbio ogHon n3 yHkumn cspline, pspline unu Ispline.

2. C nomoubio pyHKummM interp(S, X, Y, X) BbluuCnseTcs 3HaveHus y(X) Ons kaxagown
NCKOMOW TOYKM.

S = cspline (YY) s = interp(S ,X,Y,x) fs(2) =3 fs{7) = =2.067

Py

BbluncrieHHble 3Ha4YyeHUst B MPOMEXYTOYHbIX TOYKax Npu FMHEWHOW W CrfanHOBOW
MHTEPNONSAUNN pasrnyHbl.

Mpn HebOoMbWOM uYMcCne Yy3NoBbIX TOYEK JMHENHAs WHTEPNONAuMa OKa3blBaeTCs
AoBOMbHO rpybon. [laxke nepsas Nnpom3BogHas OYHKLUUN annpoKcumaLmMm nonyvyaeTcs ¢
pPe3kKMMM CKaykamum B Y3MOBbIX TO4ykax. [103TOMYy NPUMEHAT YHKUUIO CnranH-
annpaxkcumauuu.

lMocmpoeHue 2paghukoe sluHeUHOU U crnauHo8oU UHMepnonasyuu

I = 0. length(X) -1 scale .= 100 j = 0. scale
X = min(Q +]. max( ) — min{<)
scale
5 T T T 6 T T T T
4_ L
Yi 5L | YI 4 A .
o) 2 1 og) ol -
1r - . .
O | | | | O y | | | |
1 2 3 4 5 6 1 2 3 4 5 6
X, X X, X

PYHKLUM perpeccum

LLinpoko pacnpocTtpaHeHHOM 3agadven 06paboTkm OaHHbIX ABRSeTCA NpeacTaBreHne nx
COBOKYMHOCTU HekoTopon dyHKunen y(x). Taxkoe npeacTtaBneHve Ha3biBaeTCH
perpeccuen. 3agada perpeccum CoOCTouT B TOM YTOObI NONyYnTb NnapameTpbl PYHKLUMK
Taknumu, Npu KOTopbIX PYHKUMA NpubnmxkaeT "obnako" NCXO4HbIX TOYEK C HAMMEHbLLEN
KBaZApaTMYHOW MNOrpeLlHOCTbHO.

MN3BeCTHbI:

1. JlnHennasn perpeccus (npamas NMMHUS),

2. lluHenHagq perpeccus obuiero Buga (NMMHENHaa cyMma Npon3BOSbHbIX OYHKLNR),
2. MNonuHomunarnbHas perpeccus (MosivHoOM),

4. HenuHenHasa perpeccus obuiero Buaa (NponsBonbHas PyHKUNS)
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JlunHelHasn pezspeccusi

Mpn nuHenHon perpeccumn pyHKumna y(x) umeet sug y(x)=ax+b n onucbiBaet oTpesok
npamon. [Ana npoBegeHus nuHenHonm perpeccun B Mathcad umerotcs psg BCTPOEHHbIX
PYHKUMN:

corr(X, Y) - dyHKums koppenauuun. BosspaluaeTt ckansp — KoaddUUMeHT Koppenauum
BekTopoB X n Y ([MupcoHa);

intercept (X, Y) - Bo3BpalLaeT napameTp a - CMeLleHne NIMHUU perpeccum BeKTOpoB
X n'Y no sBepTukanu (cBOBOAHBIN YNEH NPSIMON perpeccun);

slope(X, Y) — BosBpawaeT 3HadyeHne napameTpa b - HaknoH nuHUKM perpeccumn
BekTopoB X 1 Y (yrnmoBon koappuuneHT nuHum perpeccumn), rae X 'Y — BeKTopbl
KoopauHaT 3ajaHHbIX TOYEK.

NcxogHble AaHHbIE:

e £ a0
2 11
VAX=13 VY = 15
4 21
5/ \ 28/
ORIGIN = 1
Bbluncnvm koadpmumeHTsl a n b nuHenHon perpeccuu:
a = intercept( V>, VY) a=-16 b = slope{ VX, VY) b=58
l=1.5 fix) =a+bx corr(VX,VY) = 0.996 f(3) = 15

Mo 3TMM gaHHbLIM CTPOUM rpadunK NIMHENHOW perpeccuu:
30 T T T T

VY 20

(i)

10
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JluHeliHas peepeccusi obuwe2o suda
Mpu nuHerHON perpeccun obwero Buga yHKLMS y(X) onucbiBaeTcs Kak:
y(x) = F(X, K1, Ka,...,Kn) = KiF1 (X) + KaoF2 (x) + ... + KiF (X)

PyHKUMA perpeccun  ABMASIETCA  NIMHEWHOW KOMOWHAUMEN HECKONbKMX — (PYHKLMIA
F1(x), F2(X), ...,Fn (X), npudem, camu 3aTn oyHKUNUN MOTYT BblTb U HENUHENHBLIMU. .

Ona peanusauun nuvHenMHom perpeccun obuiero Buga MCNonb3yeTca (PYHKUMS
linfit(X, Y, F) koTopas Bo3BpaliaeT Bektop koadduumeHtoB K nuHenHom perpeccun
obLero Buaa, NpyM KOTOPOM KOIPPUUNEHT Koppensumm "obnaka" MCXOAHbIX TOYEeK n
dyHKuun y(x) makcumaneH. Bektop F dyHkumm linfit gormkeH copepxatb yHKUMK
F1(x), F2(x),..., Fn (X) 3anucaHHble B cumBornbHOM Buae. Bektop X gormkeH copgepxartb
abcumccbl Todek B BO3pacTawlweM nopsake, a opauHatbl B BekTope Y OOMKHbI
cooTBeTCTBOBaTb abcumccam B Bektope X.

McxogHble faHHble: 1

2 ™ X2
VX=|3 VY = 15 EM =]

4 21

\5) 28 X
X
e

KoadhduLMeHT yHKLMM perpeccuu: K= linfit{ VA, VYL F)
YpaBHEHWE perpeccuu: ait) = F{t)-K

®yHkumm F(x) nogbupatotcs Tak, YTobbl KOIPMDULNEHT AeTePMUMHALMM CTPEMUNCA K 1:

SL(a(vx) - mean(vv))?]

e
R= R =1 —koshhuUMeHT eTepMUHaLMM

SLievy) - mean(vy)?]

—6.029
~5.966 RASS
t:=1,125.5 | K=| 15.498 git) = F{ty-K | 9
1.047
O | | |
~0.202 1 2 3 4 5
VX, t
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lMonuHomMuanbHasn pezpeccusi
[Mpn nonMHoMMansHoOW perpeccun PyHKUMS Y(X) UMeeT Bua;
y(X) = ag+ aiX + axx® + asx° + ... + apx"

Ona peanusaumm MNONMHOMUANBHOW perpeccun UMeeTcs BCTPOEeHHas YHKUUA
regres(X,Y,n), KoTopas BoO3BpaliaeT BekTop S, cogepXawun KodppUUneHTsI
nosivHOMa n—n cTeneHn. ATN KO3I(PMUUUEHTbI BbIMUCNAIOTCA NO BCEW COBOKYMHOCTU
3afaHHbIX Toyek. [lonyyeHHbIn MNONMHOM HaunydYwum obpasom npubnmxkaeTca K
"obnaky" Touek ¢ koopamHaTamm, XpaHawmnmmcs B Bektopax X n'Y.

McxoaHble faHHble:

40
1
VY =1 15
21
\ 28/
n:=3 z :=regress(VX,VY,n) F(x) = interp(z, VX, VY %)
Coeffs .= submatrix(z ,4 ,length{z) , 1 ,1)COeffsT =(-6.2 1281 -2.857 0333)

F(x) - BbIO@a€T MHTEpNonMpoBaHHOE 3HaYeHWe B X OT KOIPPULMEHTOB BEKTOpa Z U
OpUrMHanbHbIX AaHHbIX B VX n VY.

VX =

[0 I N SV T

Coeffs - Bbigaét cybmatpuuy maccuBa z, COCTOALLYIO U3 3NIEMEHTOB B CTpOKaXx ir yepes
jr n ctonbuax ic 4yepes jc u3 z.

Coeffs' - npeobpasyeT Coeffs B ropusoHTarbHyO 3anuch

S F(vx) - mean(vy)Z]

i

R = R = 0998 -—kosthdpuUMEeHT AeTeptuHaLmm
SLievy) - mean(vy)?]
P

tx = min(VX) + - (max(VX) — min(VX))

j:=1.5C 50
O | | |
1 2 3 4 5
VX, tx.
3apaHue
1. Cpenatb BbIBOA O LenecoobpasHOCTU NPUMEHEHWSI TON UM MHOW Perpeccumn.
2. Yem oHUM Opyr OT Apyra oTnv4yarTCcs.
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10.

11.
12.

KoHTpoOnbHbIe BONPOCHI:

Yt1o Takoe CKM? Korga ctano Bo3amMoXHO Ux co3gaHue?
YT0 Bbl 3HAeTe 0 co3gaHum otedectBeHHo CKM?

Ha3oBnTte 0COGEHHOCTU BbIMNONTHEHUS YNCMEHHBIX U CUMBOJSIbHbBIX BbIYMCIIEHUI B

CKM.
Kakne CKM Bam n3BecTHbI? [lanTe nm cpaBHUTENbHYIO OLEHKY.

Kakas CKM Haubonee npucnocobneHa Aans ucnomnb3oBaHuss B cdepe

obpasoBaHuna?
HasoBuTe ocHoBHble cocTaBHble YacTn CKM MathCad n nx HaszHa4vyeHwue.
Kakoe paclumpeHne nmerot pannsl gokymeHToB MathCad?

Cospgaetca nn B CKM MathCad ncnonHsembli .exe dann n kakme ocobeHHOCTU

paboTbl ¢ fokymeHTamm MathCad 13 aToro BO3HMKaOT?
HasoBute ocHoBHble naHenu uHctpymeHtoB CKM MathCad v nx HasHaveHue.

Kakvne penctemsa ¢ maremMaTuyecknmu BblpaXXeHNAMN MOXHO BbIMOJTHATL MpU
NMOMOLLM OCHOBHbLIX oOnepaTtopoB MaTeMaTU4eCKnx npeo6paaoBaHm7| naHenu

Symbolic CKM MathCad?
UTto Takoe e-Books B CKM MathCad u kak nx Bbi3biBaTb?

Uto Takoe ObicTpble wnapranku Quick Sheets B CKM MathCad u kak nmu

nonb3oBaTtbca?
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