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1 cemecTp
MartemaTuueckuii maker Maxima

3anartue 1.
CpencrBa cTaHIAPTHBIX BbIUKCIeHNH B makeTe Maxima.

Maxima siBiisieTcsl yHUKaIbHOW CHCTEMOM /sl HAyYHBIX U WH)KCHEPHBIX PacuyeToB U MO3BO-
asietT pabotath ¢ (hopMysamH, YnuciamMu, TekctoM U rpadukamu. C nomorpto Maxima MoxHO pe-
HIUTh MOYTHU JIIO0YI0 MaTEMAaTUYECKYIO 3a/1a4y CUMBOJIBHO JIMOO YUCIIEHHO.

PaGouee okno Maxima siBisiercsi cranmapTHeiM okHOoM Windows — npuioxenusi. CBepxy
pacroniaraercsi CTpoKa 3arojioBKa, IJie IPHUBOAUTCS Ha3zBaHue npuiioxeHus (Maxima) u ums pabo-
yero jgucta (qokyMmeHTta). Huke pacriosnaraercsi cTpoka MEHIO, IJI€ BCE KOMAH/]Ibl ITaKeTa CrpyIIu-
poBaHbI 0 (PyHKIMOHAIBHOMY Ha3HaueHuto. Huke cTpoky MEHIO pacrosaratroTcs MaHelnu UHCTPY-
MeHTOB — CranjaptHas u @opmarupoBanue. Ilanens MaremaTuka 0ObIYHO HAaXOAUTCS B paboueit
30HE AOKyMeHTa. Il OTKpPBITHUS APYTHX MaHeseld He0OXOAMMO BBINOIHUTH MTOCIEI0BATEIbHOCTD —
Bup/Tlanenu. C moMompio Kypcopa MOKHO MEHSTH MOJIOKeHHE U (opMmy manenend. Camasi HUKHSIS
CTpOKa — CTPOKa COCTOSIHUSA, I/ie MPUBOIUTCA MH(OpPMALUA O TEKyIUX pexumax. [ns ynobcTa
paboThl ¢ OOJBLUIMMH JIMCTAMH MMEIOTCS JIMHEWKU BEPTUKAJIbHOW U TOPU30HTAIBHOM NMPOKPYTKU

(puc.1).
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OcHoBHBIM JOKyMeHTOM Maxima siisiercst pabounii smct. Maxima momyckaer BBoj ¢op-
MyJ M TEKCTa B JIOOOM MecTe pabodero nokymeHTta. Kakmoe mMareMaTHUeCKOe BBIPRKEHUE WIIH
(dparmeHT Tekcta sBisiercst o0nacTero. Pabounii tokymeHT Maxima ectb COBOKYIHOCTh TaKHUX 00-
nacreii. Maxima co3maet Tpu Thma 0bjacTeil — TSKCTOBOE, MaTeMaTHYECKOe U rpaduyeckoe.

Ornpenenenne 3Ha4EHUI EPEMEHHBIX

Jlnst Toro, 4ToObl MOXHO OBIJIO BBIYMCIHMTH BBIpaKEHHE, 3aBUCSIIEE OT KaKUX-THOO0 mepe-
MEHHBIX, 3HAUE€HUS ITHX NEPEMEHHBIX JOKHBI ObITh OnpeeseHbl. [Jjist 3Toro HyXHO:

1. BBectu nMsl nepeMEHHOM.



2. BecTtu nBoerouue [ : |, 4TO MPUBEAET K MOSBICHUIO 3HAKA MPUCBANBaAHUs [ = | U clieay-
IOIIETO 32 HUM I0JIs BBOJIA.

3. HaneuaTath B 1oJiec BBOJ/Ia YKCIIO WM BhIpaxkeHre. MaxXima BBIYMCIUT COOTBETCTBYIOIICE
3HaYeHHUE U MPUCBOUT €r0 UMEHH MIEPEMEHHOM.

Boruncnenue BeipaxkeHus

J1Jist TOTO, 9TOOBI MOTYYUTh YHCIIOBOU PE3yIbTaT, HYKHO:

1. BBectu B pabounii JOKYMEHT BbIpaxXeHHE, 3HAYEHNUE KOTOPOI'O HYKHO BBIYMCIIUTS.

2. BBectu 3Hak paBeHcTBa [ = ], mociie ywero Maxima BbIUKCIIIET BBEJCHHOE paHee BhIpaKe-
HUE U BBIBOJUT B pab0O4Mil TOKYMEHT pe3ysbTaT BbIYMCICHUN. J{J15 BEIUKCICHHS BBIPAXKEHUS B PyU-
HOM peXHMe He0OX0uMO HaxaTh Kinauiry [F9].

[TocTpoenue popmMys U peaKTUPOBAHHUE JOKYMEHTA

Penakrop dopmyn Mathcad ctpout matremaruueckue BbIpaxeHHs, coOUpas OT/EIbHbIE €ro
4acTH, UCIIOJIb3Ys MpaBUjIa CTAPLUIMHCTBA ONEpaliil 1 HEKOTOPbIE APYTUe MpaBUila, KOTOPHIE YIPO-
IIAIOT BBOJ 3HAMCHATEICH, ITOKa3aTelel CTeNEeHH U BhIpaXKEeHUH B pamukanax. s atoro B Maxima
umeeTcst ocoOblif Mapkep BBoja. PaccMoTpum, Juist mpuMepa, Kak HaOMpaeTcsl BEIpaKeHUE:

HabGupaewm:

2z—3b"3.

[Toxa MBI IeUaTaT CUMBOJIBI TIOJPS, COTIIACHO MPaBUIaM CTapUIMHCTBA onepanuid. Ternepsb
HaM HaJI0 UMEIOIIeecs BhIPAKEHUE CIeNaTh yuciauTeneM. [l 3Toro HaJo UCIOIb30BaTh BhIIEISIIO-
Iy paMky. YUtoObl OHa MOSBUIACH, CIEAYET HaxaTh KiaaBuiy [-](mpobein). Ilocnenyromnme Haxa-
THUS Ha [-] YBEJIMUMBAIOT paMKy, U OHA OXBATUT I[ETMKOM BCE€ HEOOXOUMOE MTPOCTPAHCTRO.

Jlanee Ha)xuMaeM KJIaBUINY [/] Ui TOSBICHUS Ha SKpaHe ApoOHOU uepThl. Tenepp medara-
eM:

a+z"3.

Haxumaem HeckoJbKO pa3 [-] moKa paMKa He OXBAaTUT Z

-8.

Tenepsb Bce BeIpaskeHHE HAOpaHo.

OcCHOBHBIE TOTPEOHOCTH B PEIAKTUPOBAHUH (HOPMYJT MOKHO YIIOBIETBOPHUTH, €CITH YMETh
U3MEHATh OYKBBI M YHCIIA, @ TAK)KE U3MEHSTh WK BCTABIATH ONEPATOPHI.

3, ITOCJIC Y€TO Ha6npaeM:

Bcragka oneparopa

[Ipex e uem BCTaBIATH ONEPATOP, BCIIOMHUTE, YTO BCE 3aKIIOUEHHOE BBIJECISAIOMIEH PAMKOM
CTaHOBUTCS IEPBBIM OIIEPAHIOM CIIEIYIOIIETO ONepaTopa:

1. llénkHauTe Ha omepaHjae, YTOOBI 3aKIIOYUTH €r0 B BBIIEISIONIYI0 pamKy. Mcmonbs3yiiTe
KJIaBUIIY - [1], €CIIM HY’KHO YBEJIMYUTH BBIIETSIONIYIO PAMKY.

2. HabGepuTe KOMOMHAIIUIO KJIABUIII, 33 AI0IYI0 OTIEPaTop.

3. UtoOBlI BCTaBUTH OMNEpPaTOp Mepel BHIACTCHHBIM BBIPRXKEHHEM, HAKMUTE KiaBuiny [Ins]
MPEXKIE, YEM HAYHETE Me€YaTaTh.

3aMeHa omneparopa:

1. [llénxHuUTE HA ormepaTope, YTOOB! 3aKIIIOYUTDH BBIPAXKEHUE B BBIIEIAIONLYIO paMKy. Y 0enu-
TECh, UTO B PaMKYy 3aKJIIOUYEH ONEPAaTOpP BMECTE C €ro ONepaHIaMH.

2. Haxxmute [BkSp], uTo05bI yIanuTs onepaTop.

3. HanewaTaiiTe HOBBII Omeparop.

BcraBka u yaanenue ckoOOK:

1. 3akounTe BBIpA’KEHHE B BBIJCISIOUIYIO PAMKY.
2. Haxxwmute aroctpod [ ' | uToObI BCTaBUTH CKOOKHU.
3. Haxxmure [Del], yTo0b! yaanuTh napy ckoOok



BcraBka u ynaeHue 3Haka:

1. Ill€nkHrTE HA BRIPAXKEHUH, YTOOBI 3aKITIOYUTH €r0 B BBIJICIAIONIYIO paMKy. Mcronb3yiTe -
[1], ecu HY>KHO YBEJIIMUUTD BBIICISIOUIYIO PAMKY.

2. Jlns BcTaBKU 3HaKa HaxxMure [Ins]. HaxxmuTe 3Hak MuHyc.

3. lns yaajieHus 3HaKa 3aKJII0YUTE BBIPAXKEHUE LIETMKOM, BKIIIOYAsi 3HAK MUHYC, B BBIJEIIs-
romyto pamky. Haxmure [BkSp].

N3meHeHune cTuis nepeMeHHbIX U KOHCTAHT

UYroObl ©I3MEHUTH TAPHUTYPY, Pa3Mep, HAUYEpTaHHUE, PACTIOIOKEHHUE UITH IIBET MIpU(TA, KOTO-
PBIM 3aIIMCHIBAIOTCS IEPEMEHHBIEC NI KOHCTAHTHI:

1. Beibepute YpaBuenue u3 meHio @opmar.

2. B nuanoroBoM okHe BeiOepute Variables mns nepemennbix win Constants /uist KOHCTaHT U
HaXMUTE KHOIIKY I3MEHUTB.

3. BriGepute HEoOXoMuMbIe cBOMcTBa mpudTa B quanoroBom okHe u Haxxmure "OK" . He-
00X0IMMBIE ITapaMETPbl MOXKHO TAKXKE 3a/1aTh Yepe3 MaHENb

dopMaTupoBaHUe.

VYnpasieHue oToOpaxeHHeM Yucell BO BCEM JIOKYMEHTE:

1. Beibepute Pesynbrar u3 mento @opmar.

2. B aquanoroBom okHe 3a/iaiiTe 3Ha4YeHUs: 0TOOpayKEHHEM YHCElL.

WrepannoHHbIE BEIYUCICHUS

B Maxima ectp crieniasibHbIi THII IEPEMEHHBIX — JIUCKPETHBIC apryMeHThl. Takue mnepe-
MEHHbIC MPUHUMAIOT Iieible 3Haue Hus. Maxima BBIYKCISET 3a/JaHHOE BBIPAXKCHUE CTOJBKO pas,
CKOJIBKO 3HAYEHHUM COIEPIKUT JUCKPETHBIN apryMEHT.

Paccmotpum npumep. IlycTh mosib30BaTento HEOOXOAUMO BBIUUCIUTH (QyHKLIUIO y=10+x2
IIpU apryMeHTe, npuHumaroeM 3Hadenus 0, 1, ... ,10. D1o 3aganue BHINOIHSAETCS TaK:

J:0;10 — 3amaHKe AMCKPETHOTO apryMEHTa.

y[j:10+j"2 — Bbruucnenue GpyHKIMU npu GUKCHPOBAHHOM apryMEHTE.

B pesynbraTte Habopa “;” Ha sKpaHe mosBnsercs “..”. Iy BBOJIa HUKHETO UHIEKCA MCTIONb-
3yercst KBajparHas ckooka — “[”. Ecnu HaOpatThk: y= , TO nepes MoJab30BaTesIeM HOSIBUTCS BEKTOP
3HaYeHUH y — BEpTUKaJIbHAS Ta0JInIa 3HAYCHUH Y C OHUM CTOJIOI[OM.

[Toctpoenue popmys U peJaKTUPOBaHUE TOKYMEHTa

Penaktop dopmyn Mathcad ctpout mMaTematnueckue BhIpa)KE€HHUS, COOMpasi OTJEIbHBIE €T0
4acTHU, UCIIOJIb3Ys TPaBUjIa CTAPLIMHCTBA ONEpaliil U HEKOTOPBIE APYTHE MIPaBUIIa, KOTOPHIE YIIPO-
IAIOT BBOJ 3HAMCHATEICH, TOKa3aTelNel CTeeHH U BBIpAXEHUH B panukanax. J{is storo B Maxima
umeetcsi ocoObli Mapkep BBoJia. PaccMoTpuM, Ut mpuMepa, Kak HabupaeTcs: BhIpaKeHHe:

Habupaewm:

2z—3b"3.

IToka MbI IeyaTagTu CUMBOJIBI OJPSA, COTJIACHO MpaBUiIaM CTapLIMHCTBA onepauuid. Tenepb
HaM HaJl0 UMeEIoIIeecs BhIpaKEHUE CIeNaTh yuciaureneM. JlJis 3Toro Hajo UCMONIb30BaTh BBIJENSIO-
myto pamky. YToObl OHa MOSIBUIIACH, CIEAYyeT HaxaTh KiaBuuly [-](mpoben). Ilocnenyromume Haxa-
THUS Ha [-] YBEIMUMBAIOT paMKy, U OHa OXBATUT LIETUKOM BCE€ HEOOXOUMOE TPOCTPAHCTRO.

Jlanee Ha)xuMaeM KJaBUILy [/] 1Uis MOsBIEHUS Ha dSKpaHe ApoOHO# uepThl. Tenepp neuata-
em:

a+z"3.

Haxumaem HeckoibKO pa3 [-] moka paMKa He OXBATUT Z

-8.

Teneps Bce BrIpakeHHE HaOpaHO.

% mocne yero HabupaeM:



3aunsiTue 2.
CpencrBa 00padoOTKH MOC/I€10BATEILHOCTEH, BEKTOPHBIX U
MATPUYHBIX BeJIHMYHH.

Bekrops! 1 MaTpuLbI.

Maxima noanep>xuBaeT JBa BHIa MacCHBOB — OJHOMEPHBIC (BEKTOpBI) U IByMEpHBIE (Mat-
pHILIbl). DJIEMEHTaMH MacCUBa MOTYT OBITh YHCIIA, CTPOKH, MAaTEMaTHYCCKHE BBIPAKCHUS U JIaXKe
npyrue MaccuBbl. OCHOBHBIE OIIEpaluy I paboThl ¢ BEKTOPAMU U MaTpULIaMU cOOpaHbl Ha ITaHeIn
MaTeMaTU4eCKUX WHCTPYMEHTOB Matrix. Ydrute, 4To 3J€MEHTBI MAaTPHIBI 10 YMOJIYAHHIO HyMe-
pytorcs ¢ 0, eciau XOTUTe, YTOOBI 3JIEMEHThl MaTPULl HyMEPOBAINUCH € 1, HY’KHO B Hadajie JOKY-
menTta BBecT ORIGIN:=1.

CriocoObI 3a/1aHUS] MATPHLIBL.

Marpuily MOXKHO LIEIMKOM BBECTH C KJIAaBUATYpbl, JIUOO C MOMOUIbIO (PYHKIMOHAIBHOM 3a-
BUCHMOCTH 3JIEMEHTA MacCHUBa OT €r0 UHICKCOB.

BBenieHre 3J1IeMEHTOB MAaTPHIIbI ¢ KJIAaBUATYPBI

Jlnist TOro 4ToOBbl BBECTH 3JIEMEHTBHI MAaTPHUIIBl C KJIABUATYpPHI, BEIOEpUTE KOMaHIy MeHo In-
sert —Matrix win Ha nanenu uHCTpyMeHToB MatriX menkuure Ha kHornke Matrix or Vector. B ot-
KPBIBILIEMCSI JIMAJIOTOBOM OKHE BBeAMTE KoyumvecTBo cTpok (ROws) u crosnbmos (Columns). Ipu
HaxaTuH kiaBuiy OK nosiBUTCS 111a0JI0H MaTPUIbl, B KOTOPBI MOXKHO BBOJUTDH €€ 3JIEMEHTHI.

3710 %e auanoroBoe okHO (Insert Matrix wiu BeraButh Matpuily ) O3BOJISIeT JOOABIISTE U
yAQISATh HECKOJIBKO CTPOK M CTOJIOLIOB B YK€ MMEIOILEHCS MaTpHULIE.

Jnist Toro, 4ToObl JOOABUTH CTPOKU M CTOJIOIBI B MAaTPHUILY, YCTAHOBUTE KYypCOp Ha AJIEMEHT
MaTpHIlbl, CIIpaBa OT KOTOPOrO Bbl XOTHUTE BCTABUTh CTOJIOLBI M HUXKE KOTOPOTO BBl XOTHTE BCTa-
BUTH CTPOKHU. BBeqUTE KOITMYECTBO BCTABISEMBIX CTPOK M CTOJIOIOB M MICJIKHUTE Ha KHOmKe Insert
(BcraBuTh).

Hanpuwmep:

TEREE & =

a
i WENEHWMTE 3EeCEH
A=y n Cronfue: |1 BrcraewTe :l——ﬂ.ﬂﬂ ECTAEKM

234056 Hnanre [ WenkHWTE 3geck

T899 ¢ 1132 ANAa Y AanEH A
Clogze

34567

st Toro, 4TOOBI YJIQIUTh CTPOKH U CTOJIOLBI M3 MaTPUIlbI, YCTAHOBUTE Kypcop Ha Ha dJie-
MEHT MaTpPHIIbI, CIIpaBa OT KOTOPOTO BbI XOTUTE yNaJIUTh CTOJONBI U HIKE KOTOPOTO BBl XOTHTE
YAQIATHh CTPOKU. BBeIUTE KOJIMYECTBO yAAISIEMBIX CTPOK M CTOJIOIIOB ¥ MIEIKHUTE Ha KHomke De-
lete (Ymanute). [IPU DTOM CTPOKA U CTOJIBEL, HA TIEPECEYEHUN KOTOPBIX CTOSJI
YCTAHOBJIEHHBIN KYPCOP TOXE BYAYT YIAJIEHBL

Jl7is mocTyTia K AJIeMEHTY MaTpHIlbl HY’KHO yKa3aTh HOMEp CTPOKH U CTOJIOIA HY>KHOTO dJie-
MEHTa B BHJIC UH]ICKCOB.

Ecnu BBeCTH 2JIEMEHT MAaTPHUIlBI, KOTOPOTO HE CYIIECTBYET, TO MaTpUIlla aBTOMAaTHYECKH OY-
JIET yBEJIMYEHA JI0 pa3Mepa, BMEIIAIOIIEro BBEICHHBIN dyieMeHT. Hanmpumep:



ORIGIN

M1 =3
Mzzzl
My 3=

=1

M =(3)

M =

1
300
100

4 M=
000
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Kpome moctyna Kk OT/eIbHBIM 3IeMeHTaM MaTpuiisl Maxima gaet Bo3MOYKHOCTh BBIBOJUTH U
U3MEHATH OTAEIbHBIA CTOJIOEI] WIIK CTPOKY MaTpulibl. J{Jist Toro, 4To0bl 0OpAaTUTHCS K CTOJIOIY MaT-

pyLbI BBEOAUTC

ee UM, IEJKHUTE Ha KHOIKE ¢ H300pakenrneM M™~ Ha maHenu uHCTpyMeHTOB Ma-

triX ¥ B OSBUBILIEMCS TI0JI€ BBEIUTE HOMEpP CTOJIOIIA.
Jl1st BbIAICNIEHHs] aHAJIOTUYHBIM 00pa30M CTPOKH, MAaTPHUILy HYXKHO MPEIBAPUTEIHHO TPaHC-
noHupoats. Hanpumep:

1
A=|6
9
A(z) .

8 4 1 o (8
37 AV g (AT):3
12 9 7
104
A=|607
0 90 2

3aI[aHI/I€ MaTpuIibl, 5JICMCHTBI KOTODOﬁ ABJIAIOTCA d)VHKIII/I?[MI/I HHICKCOB.

Hanpumep, st Toro, 9to0bl 3a1aTh MAaTpuIily A pasMepom 4X 5 , KaX/IbIi SJIEMEHT KOTOPOit
paBeH CyMMe HOMepa CTPOKH M YABOCHHOTO HOMepa CTOJI0Ia, TO HYXKHO
3a/1aTh NIepeMeHHbIe Auamnaszona i:=1..4 , j:=1..5 u 3agate popmyiy Aij:=i+2K.

MOo>XHO 3a1aTh TaKyl0 MaTpUIly Oe3 MCIOIh30BaHUS NEPEMEHHBIX IHAara3oHa, ¢ MOMOIIBIO
crieruanbHoi ¢ynkimu matrix(4,5,f), onucas 3apanee dynkiuro f. Hanpumep:
f(i,k) =i+ 2k
A = matrix(4,5,f) 0246 8
13579
A=
246810
35791

OcHoBHbBIC ONepaTophbl U (I)YHKI_II/II/I JJIA pa6OTLI C MaCCHUBaMH.

apu@mMeTHyecKre orneparu: ModIEMEHTHOE CIoXKeHHe (+), BblUMTaHue (-), MaTpuy-
HO€ YMHOKeHHeE (*), KOTOpbIE BBOJATCS C TIOMOIIBIO KIaBHII

cnenuguyecKkre MaTpUUHble ONepaluu: TPAaHCIIOHUPOBAHKE, BBIUMCIIEHHE 00paTHOM
MaTpHIIbl, ONPEETUTENs, BEKTOPHOTO MPOU3BEACHUS (TOJNBKO I TPEXKOMIIOHEHT-
HBIX BEKTOPOB), CYMMBI 3JIEMEHTOB BEKTOpa, KOTOPhIE MOKHO HAaWTH B BUJE KHOMOK
Ha MaHeM MHCTpyMeHToB Matrix, Hanpumep:

128 175 0227 0182 05
A=731 AT=1232 A l-| 0523 0818 -125 |A| = -44
52 4 814 0023 -0.182 0.25
4 1 29 5
U= V=|2| AV=[16| UV=16 UxV=|-10 sza
2 3 21 5




Hexortopeie MaTpuuHble omepauuu 3agaHbl B Maxima B Buae GyHKUUi (A1 UX BCTaBKH
cieayeT BeIOpaTh kKoMaHay MeHio Insert —Function—Vector and Matrix). PaccMoTpum HEKOTOpBIE
U3 HUX:

e identity(n) — Bo3BpamaeT eIMHUYHYIO MAaTPUILy pazmepa NXN;
e diag (V) — BO3BpamaeT IUAarOHAJIBHYI MATpHUIy, Y KOTOPOH Ha IUArOHAIU PACIIOJIOKEHBI

AIIEMEHTHI BEKTOpA V;

e rank (M) — Bo3Bpaiaer par Marpuisl M;
e tr (M) — Bo3Bparaet cie/ (CyMMy THAroHaJbHBIX SJIEMEHTOB) MaTpulisl M;
e norme (M) — Bo3BpalaeT eBKJIMIOBY HOpMY MaTpuilbl M (KOpeHb M3 CyMMbI KBaJpaToOB

BCEX HJIEMEHTOB).

Omneparop BeKTOpHU3aLUH.

B Maxima mMaccuBbI HCIIONB3YIOT Ul XPAaHESHUs! pa3IMYHbIX HAOOpOB 3Ha4eHUH. J{is Takux
MacCHBOB PEJKO UCIOJIb3YIOTCS MaTPUUHBIE ONIEPALIMH, YAIlE HY)KHO IIPUMEHUTH Ty UM UHYIO CKa-
JSIPHYIO OIEPALUIO KO BCEM DJIEMEHTaM MaccuBa. I 3TOro UCIOJIb3YETCs ONEPATOP BEKTOPU3ALUU
(Vectorize). Ha skpaHe 3TOT omnepaTop n300pakaeTcsi B BUJIE CTPENIKU HaJl BBIPAKECHHUEM, K KOTOPO-
My OH IpuMeHeH. Hampumep, 4ToOBI IepeMHOKUTH OIEMEHTHO JBE MATPHIIBI, HY’KHO TOCTaBUTh
BEKTOD HaJ| 3aIIUCBI0 UX IPOU3BEACHHUS.

OObenuHeHe MaTPHIL U BbIICTICHHE [TOAMATPHIIBL.

B Maxima mosxxuo npucoenuste Matpuiisl CIIPABA ¢ momomnipio yskimu augment (ap-
TYMEHTaMHU MOXET OBITh JIF000€ KOJIMYECTBO MATPUIl C OAMHAKOBBIM KoIn4ecTBOM cTpok) u CHU-
3V ¢ nomoinpto ¢yHkimu Stack (aprymMeHTaMu JOKHBI OBITH MATPHUIBI C OJWHAKOBBIM KOJIHYE-

12 98765
A=|34 B={73210
56 85963

C = augment(A,B)
1298765
C={3473210

cTBOM cTON610B). Hanpumep: 5685963
8
12
A = B={7 3
34
85
12
C = stack(A,B)
34
C=|9 8
73
85

Brinenenne moamMaTpuIbl OCYHIECTBISIETCS ¢ TToMotiblo GyHkimu submatrix(M, imin, imax,
jmin, jmax), rme M — ucxoanas Matpuiia, imin, imax — HoMepa MepBOM U MOCICIHEH CTPOK MCXO/-
HOW MaTpUIIbl, BXOJSIIUX B BBIACISEMBIN OJIOK, JMiN, jMaxX — HoMepa MepBOro U MOCIEAHEro CTOI0-
[0B MCXO/IHOM MATPHIIbI, BXOJSIIMX B BBIICIACMBIi OJIOK.

CoOcTBeHHBIE BEKTOpa U COOCTBEHHBIC YHCIIA.
JInst ToMcKa cOOCTBEHHBIX BEKTOPOB M COOCTBEHHBIX drcesl B Maxima mpeaycMoTpeHsI clie-
nytonue GyHKIAH:
e eigenvals(A) — coOCTBeHHBIE YKCIa MATPHUIIBI A,
e eigenvecs(A) — coOCTBEHHBIC BEKTOPHI MATPHIIBI A
8



eigenvec (A,1) — COOCTBEHHBIN BEKTOP, COOTBETCTBYIONIUI COOCTBEHHOMY 3HAYCHUIO A.

Hanpuwmep:
128 -4 0.236
A=|731 eigenvals(A) =| 11 eigenvec(A,1) =| —0.943
524 1 0.236

0.7 0577 -0.236
eigenvecs(A) =| —-0.661 0.577 0.943
-0.272 0577 -0.236



3ausaTue 3.
IIpuemMbI padoTHI ¢ IKCMEPUMEHTAILHBIMH TAHHBIMHU.

[Ipu npoBeneHNM HAayYHO-TEXHUUYECKHUX PAcueTOB YacTO HCIOJIB3YIOTCS 3MIMPUYECKUE 3a-
BHCHUMOCTH, IPUYEM UYHUCIIO TOYEK ITUX 3aBUCUMOCTEN orpannyeHo. Hemz0e)kHO BO3HUKAET 3a7aya
BOCIIOJIHEHMS JAHHBIX: UMEETCS HEKOTOpPOE KOJMYECTBO TOUEK, YEPE3 KOTOPBIE CIENYET MPOBECTH
KPUBYI0. DTO HE UTO MHOE, KaK KJIACCHYeCcKas 3a/1a4ya MHTEPIOJISIUH.

WuTepnonsuus — 4acTHBIN ciydail Oosiee oOmiei 3agayn annpoKCUManuu (IpHOIMKEHHOTO
MIPEICTABIICHHS ), BOSHUKAIOUIEH MPU 3aMEHE KPUBOM, OMMMChIBAEMOM (YHKIIMEH CIIOKHOU TTPUPOJIBI,
JPyToil KpUBOM, B HEKOTOPOM CMBICIIE OJIM3KOH 3aJaHHO, HMeroIIei OoJiee MPOCThIe YpaBHEHUSI.

3aava criiaXMBaHUSI KPUBOW BO3HUKAET, KOT/Ia JIaHHBIE, UCIIOJIb3yEMbIe JJIsi €€ BOCCTAHOB-
JICHHUS, OTIPEJICJICHBI B Pe3yJIbTaTe U3MEPEHUHN UM SMIUPUIECKH C HEKOTOPOM MOTPELIHOCTHIO TNO0
MPEJICTaBIIsIeT KPUBYIO, OMUCHIBaeMYI0 (DYHKIUEH, HEJOCTaTOYHO TIaJKoil (Hampumep, Heaudde-
peHIupyemMon wim qudGepeHInpyeMoil BCETo HECKOIBKO pa3).

O0paboTka JaHHBIX cpegcTBaMu Maxima: HHTepIoIAIus.

W3BecTHO, 4TO 3KCIIEpUMEHTAJIbHbIE JaHHbIEe, KaK MPAaBUJIO, 3aJal0TCA JUCKPETHO B BUJE
MacCUBa JaHHBIX M3 JBYX Iap 4ucell (X;, yi). B CBI3UM ¢ 3TUM BO3HHMKAaeT 3aja4ya anmnpoKCUMAaluu
JIMCKPETHBIX JAaHHBIX HenpepbiBHOW (yHkimei f(X). B Maxima mis o0paboTku SKCriepuMEHTab-
HBIX JAHHBIX CYIIECTBYIOT BCTPOSHHBIE (DYHKITNH, KOTOPBHIE MTO3BOJISIOT BBITOIHATH HHTEPIOJISIIHIO.

JIs1s HOCTPOCHUSI JIMHEHHOM MHTEPIIOJISILIMK CITY>KUT BeTpoeHHas pyHkius linterp

linterp(x,y, t) — dyHkums, KoTOpasl AMIPOKCUMUPYET JIAHHBIE BEKTOPOB X M ) KyCOYHO-
JUHEWHON 3aBUCUMOCTHIO;

— X — BEKTOp JAEMCTBUTEIIbHBIX JAHHBIX apTyMEHTA;

— Y — BEKTOp JACHCTBUTEIbHBIX JJAHHBIX 3HAUEHHUH TOTO K€ pa3Mepa;

—{ — 3HaueHue apryMeHTa, Ipu KOTOPOM BBIUMCIIAETCS MHTEPIIOJIALUOHHAS (DYHKIUS.

3ameuanue: 371EMEHTHI BEKTOPA X JIOJIKHBI OBITH ONpE/EIeHbI B IOPSIKE BO3PACTAHMUSL.

YroObl OCYIIECTBUTH JTUHEHHYIO HHTEPIOJIALMIO, HA/10 BHIIIOJIHUTH CIIEAYIOIINE ASHCTBUS:

1. BBecTr BEKTOpHI TAHHBIX X U ).

2. Onpenenuth QyHKIHIO linterp (X, 6, ¢ ) .

3. Beruncnuth 3HaueHue 3TON (PYHKIIMU B HEOOXOAMMBIX TOUYKaxX, HATIpUMeEp, linterp(x,y,2.4)
=3.52 unu linterp(x,6,6) =5.9, unu nocTpouts ee rpadux.

3ameuanue: pynxuus A (t) Ha rpaduky umeer apryment t, a He x. DTO 03HAYaET, yTO (PyHK-
st A (t) ucumcrsieTcst He TOJBKO NPH 33JaHHBIX 3HAYCHHUSX apryMEHTa, a B HAMHOTO OOJbILIEM KO-
JMYECTBE apryMEHTOB B MHTEpBajle M3MEHEHMs] NEPEMEHHOM, YTO aBTOMAaTHYECKH OOecleynBaeT
Mathcad. Mathcad, mo ymon4anuto, coeAMHAET TOUYKH rpaduka NpsIMbIMU JTMHUAMH, OCYILIECTBIISET
UX JINHEWHYIO HHTEPIOJIALUIO.

B GonbIIMHCTBE MPaKTHUECKUX MPHUIIOKEHUN KeTaTeIbHO COCTUHUTh SKCIIepUMEHTAIbHbIE
TOYKHM HE JIOMAaHHOW JINHHUEW, a TIaaKoN KpuBou. JIydmie Bcero Ui 3TUX 1enei NOoAXOAUT UHTEPIIO-
JSIMs KyOMYeCKUMH CIUIaiiHaMu, T.e. oTpe3kaMu KyOumdeckux napabos. Koadduiments! nonmHo-
MOB PAaCCUUTBIBAIOTCS TaK, YTOOBI HENPEPHIBHBIMU ObUIM MEpBas U BTOpas Mpou3BoJHbIE. JIuHus,
KOTOPYIO OMMCHIBAET CIUTalH-(QYHKIIMS, HATOMUHAET M0 (opMe THOKYIO JIMHEHKY, 3aKPEIUIEHHYIO B
y3JI0BBIX TOUKaX (OTCIOJIa M Ha3BaHUE MHTEPHOJALMH: spline — rulkas JTuHeiKa).

JIns ocymiecTBiIeHMsT CIUIAHOBOHM ammpokcuMaimu cucrema Maxima mpeanaraer 4eTsipe
BCTpOEHHBbIE (QYHKIMH. Tpu M3 HUX CIyXKaT IS MOJyYEHHs] BEKTOPOB BTOPBIX IMPOU3BOIHBIX
CIUIaitH-(DYHKIUH TP pa3InYHOM BHJIE MHTEPIIOJISIIH:

cspline(VX,VY) — Bo3Bpamiaer BekTop VS BTOpPBHIX MPOU3BOAHBIX MPHU MPUOIMKEHUH B
OTIOPHBIX TOYKAX K KyOMUECKOMY MOJIMHOMY;

pspline(VX,VY) — Bo3zBpaimaer BekTop VS BTOPBIX HNPOU3BOJHBIX MPU MPHUOIMKEHUU K
OTIOPHBIM TOYKaM MapaboINIeCcKOi KpUBOA;

Ispline(VX,VY) — Bo3Bpaimaer BekTOop VS BTOPBIX MPOU3BOAHBIX MPU MPUOIUKEHUH K
OTIOPHBIM TOYKaM IPSIMOH.

Hakomnen, uyerBepras QpyHKuus
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interp(s,x,y,t) - GyHKUHUsS, KOTOpasi allPOKCUMUPYET JaHHBIE BEKTOPOB X M y KyOHMUECKUMU
CIJIaifHaAMU,
— S - BEKTOp BTOPBIX NMPOU3BOIHBIX, CO3AHHBIN OAHON U3 GyHKUUH cspline, pspline nim
Ispline;
— X - BEKTOp JCHCTBUTENBHBIX JAHHBIX apryMEHTa, 3JEMEHTBHl KOTOPOTO PACIOJIOXKEHBI B
MOPSAJIKE BO3PACTAHNUS;
— Y - BEKTOp AEHCTBUTEIIBHBIX 3HAYEHHM TOTIO K€ pasMepa;
— 1 - 3HaueHue apryMeHTa, [Py KOTOPOM HCUHCIIAETCs (YHKIHS, KOTOpas HHTEPIOIUpPYeET-
csl.
[lepen nmpumeneHueM (QpyHKIMH inferp HEOOXOIUMO IMPEABAPUTENIBHO ONPENEIUTh MEPBBIN
U3 €€ apryMEHTOB - BEKTOPHYIO NEpPEeMEHHYIO S. BBHIMONHAETCS 3TO ¢ MOMOIIBIO OJHOW U3 Tpex
BCTPOCHHBIX (DYHKIIMH TEX e apryMEHTOB (X,)).
— ispiine(X,y) - BeKTOp 3Ha4YCHUI KOA(DPUIIMESHTOB JMHEHHOTO CIUIaiiHa;
pspiine(x,y) - BEKTOp 3HaAYCHUH KOIPPHUIIUESHTOB KBAAPATUUHOTO CIUIaiTHA;
cspline(x,y) - BeKTOp 3HaYeHUH K0I()PHUIIMEHTOB KyOUYECKOTO CIIIaitHa;
— X, Y - BEKTOPBI JaHHBIX.
bonee ciiokKHBIM THII HHTEPNOJALMY - TaK Ha3blBaeMas MHTEpNOIALU B-cnaavunamu. B ot1-
JaU4re OT OOBIYHOM CIUTaWH-WHTEPIIONALNY, CIIMBAHUE SJIEMEHTAPHBIX B-CcraliHOB BBIMIOMHSAETCS
HE B TOYKaX X U ), @ B JPYTUX TOYKaX, KOOPIAUHATHI KOTOPBIX MPEIaraeTcsi BBECTH MOJIb30BATEINIO.
Cmnaitael MOTYT ObITH MOAMHOMaMU 1, 2 win 3 creneHu (IMHEWHBbIE, KBaJApaTUYHbIE WM KyOHue-
ckue). [lpumensiercs wHTEpHoONAlMsA B-criulalilHaMu TOYHO TaK JKe, KaK W OOBIYHAS CIUIAHH-
MHTEPIIOJSIINS, PAa3HUIIA COCTOUT TOJIBKO B OMpPENEICHUH BCIIOMOTATENbHON (DYHKIUU KO3 PUIu-
€HTOB CIUIaiHa.

ITocTpoeHne TMHENHON perpeccun

Jlpyroii MHPOKO pacnpocTpaHEHHOH 3aj1adeil 00pabOTKU AAHHBIX SIBISETCS MPEJICTaBICHHE
UX COBOKYITHOCTH HEKOTOPO# (yHKImen y(X). 3amada perpeccuyn 3aKiIouaeTcs B MOyuYeHHH Hapa-
METPOB 3TOM (HYHKUMU TaKUMH, 4TOOBI (DYHKIMS MpUOIMKana 001aKo HCXOAHBIX TOYEK (3aJaHHBIX
BekTopamMu VX u VY) ¢ HauMeHbIIeH CpeTHEKBaPaTHYHON MOrPEIIHOCTRI0. Yalie Bcero Ucrolib-
3yeTcs JUHEHHas perpeccusi, pu KoTopoi GyHKIuUs y(X) UIMeeT BU]L

y(x)=a+Db-x
Y ONMCBIBAET OTPE30K NpsiMoil. K JIMHEMHON perpeccuy MOKHO CBECTH MHOTME BH/JIbI HEIMHEWHON
perpeccuu pu JByNapaMeTpUYecKUX 3aBUCUMOCTAX Y(X).

Jlis mpoBeieHUs JINHEHHOW perpeccuy B CUCTEMY BCTPOEH psiJi IPUBEIEHHBIX HIKE (DyHK-

1002078
corr(VX,VY) — Bo3Bpamaer ckainsip — koddduruent koppemnsiuu [lupcona;
interp(VX,VY) — Bo3Bpamiaer 3HaueHue napaMeTpa a (CMEIIeHHe JUHHUH PErpeccHu Mo
BEPTHUKAIIN);

slope(VX, VY) — Bo3Bpalaer 3HaueHue napamerpa b (HakJI0Ha JIMHUU PErpeccun).

B Maxima peanu3oBaHa BO3MOXHOCTh BBITOJHCHHS JTUHEWHOW pErpeccHd OOIIEro BHIA.
[Tpu Heill 3ajaHHAsE COBOKYMHOCTb TOUYEK NMpHUOIIKaeTcs GyHKIMEH BUaa:

F(x, K1, K2,....Kn) =K1 -FI(x) + K2-F2(x) + ... + Kn" Fn(x).

Takum o0pa3zoMm, (yHKIMS perpeccuu sBIseTCs JMHEHHOW KoMOWHaIMen QyHKIuit
K1-F1(x), K2-F2(x),..., Kn Fn(x), npuuem camu 3T QyHKIHH MOTYT OBITH HEIMHEHHBIMH, YTO
PE3KO pacuIMpsieT BO3MOXXHOCTH TaKOW aIllPOKCMMALIMM M PAacCIpOCTPAaHSAET €€ Ha HEJIMHEHHbIE
byHKIHN.

Jliig peanuzanuy TMHEWHOM perpeccuu o01ero Bujia Ucronib3yercs QyHKIus

1linfit(VX,VY,F).

Ota QyHKIHS BO3BpaIIaeT BEKTOp KOA(P(GUIIMEHTOB JIMHEHHOU perpeccuu odmero Buma K,
pU KOTOPOM CpeTHEKBaJApaTHYHasi OTPEIIHOCTh NMPUOIMKEHHs 00JIaka UCXOAHBIX TOUEK, €CIIU UX
KOOPJIHMHATHI XpaHATcs B BekTopax VX m VY, okaspiBaeTcss MUHMUMalIbHOU. BekTop F nomxken co-
nepxkath pyHkimn F1(x), F2(x),..., Fn(x), 3anucanHbie B CHMBOJIBHOM BHUJIE.
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BBeznena B HOByr0 Bepcuto Maxima u ¢pyHKIwst [yt oOecriedeH sl TOJIMHOMHAIbHOM perpec-
CHH IIPU IPOU3BOJILHON CTENIEHH MTOJIMHOMA PErpecCuu:

Regress(VX,VY,n)

Omna Bos3Bpamaer Bektop VS, 3ampammBaemblii pynknueit interp(VS,VX,VY ,X), conepxka-
mui K03 PUIMEeHTH MHOTOWIEHA N-i CTENEHH, KOTOPbIM HAWIydIMM 00pa3oM MpUOIMKaeT «00-
JIAKO» TOYEK C KOOpJUHATAMH, XpaHAIUMUcs B BekTopax VX u VY.

Ha npakTtuke He peKOMEHIYETCs [1elaTh CTENEHb allpPOKCUMHUPYIOLIETO MOJIMHOMA BBIIIE
YEeTBEPTON — LIECTON, IOCKOJIBKY IMOIPEIIHOCTH peaIu3alii PErpeccuy CUIIbHO BO3PaCcTaloT.

OyHKIUS regress CO3/1acT eIMHCTBEHHBIA MPHOIMKAIOINN TOTMHOM, K03 (pULIMeHTHI KOTO-
pPOro BBIYMCISIOTCS 10 BCEH COBOKYIHOCTH 3aJlaHHBIX TOYEK, T. €. I100anbHO. MHOrna nosesHa
apyrast GyHKUIUS TOJTMHOMUAIBHON Perpeccuu, Aaromas JOKaJbHbIe MPUOIIKEHUST OTPE3KaMu 110-
TuHOMOB BTOpou creneHu, — loess(VX,VY,span). Dta ¢GyHKOHMS BO3BpaIlaeT HCIOJIb3YEMBbIiA
¢ynkuumeit interp(VS,VX,VY x) Bekrop VS, natomuii Haumydiee npuoOImKeHHe JaHHbBIX (¢ KOop-
JMHAaTaMU TOYEK B BeKTOpax VX u VY) oTpe3kamMu MOJMHOMOB BTOPOH CTereHu. ApryMeHT span>0
YKa3bIBaeT pa3Mep JOKaIbHON 00JacTy MpUOIIKAaeMbIX JaHHBIX (PEKOMEHIyeMoe HayallbHOE 3Ha-
yeHue - 0,75). Uem Oosblie span, TeM CHIIbHEE CKa3bIBAeTCs CIVIaXKMBaHUE JaHHBIX. [Ipu Gombimx
span sta QpyHkuus npudmwkaercs k regress(VX,VY,2).

Maxima mo3BoJisieT BBIIOJIHSITH TAKKE MHOTOMEPHYIO PErPECCHI0, CAMBIN TUIIMYHBIN CITy4Jail
KOTOpPOW — TPHOIMKEHUE TPEXMEPHBIX TMOBEPXHOCTEH. X MOXKHO XapaKTephu30BaTh MacCHBOM
3HAYEHUH BBICOT Z, COOTBETCTBYIOLIUX JBYMEPHOMY MaccuBy MXy KOOpJMHAT TOYeK (X,y) Ha ropu-
30HTAJIFHON MIOCKOCTA. HOBBIX (yHKIMIA AJIs1 3TOro HE 3a1aHo. MCronmb3yroTcs yKe ONMCaHHBbIC
(GYHKIIUM B HECKOJIBKO HHOH (hopMme:

regress(Mxy,Vz,n) — Bo3Bpaiaet BEKTOp, 3alpalinBaeMblil (QyHKIUCH

interp(VS,Mxy,Vz,V) 11 BelYMCICHHS MHOTOWIEHAa N-i CTENEeHH, KOTOPBIA HaMITydlINM
o0pa3oM npubamKaeT TOUKM MHOXecTBa Mxy U Vz. Mxy — MaTtpuua m- 2, cojeprkaiiasi Koopau-
HaThl X U y. VZ — M-MEpHBII BEKTOP, COAEpKAILUN Z-KOOPAUHAT, COOTBETCTBYIOIIMX M TOUYKAM,
yKa3aHHBIM B MXy;

loes(Mxy,Vz,span) — ananoruuna loes(VX,VY,span), HO B MHOTOMEPHOM CIIy4ae;

Interp(VS, Mxy,Vz,V) — Bo3BpalaeT 3Ha4eHue Z 10 3aJaHHbIM BekTopaM VS (co3maercs
byHkusamu regress win loess) U Mxy, Vz u V (BeKkTop KOOpJIMHAT X U y 3aJaHHON TOYKH, IS KO-
TOPO¥ HAXOAUTCS Z).

OyHKIMS U1 HeMHENHHON perpeccun obiero Buaa. [lon HenuHeitHON perpeccueil ooiero
BUJa TMOJpa3yMeBaeTcs HaxoxJeHue BekTopa K mapameTrpoB mNpou3BOJIBHON — (YUHKIUH
F(x,K1,K2,...,Kn), mpu koTopom oOecrieunBaeTcss MUHUMAJIbHAsI CPEAHEKBAIpaTUIHAs TOTPEITHOCTD
npubimkeHnss o0aaka MCXOAHBIX ToueK. J[s mpoBeneHUs'HeTMHEWHOW perpeccu oO0Iero BUaa
ucnonbs3yercst pynkims genfit(VX,VY,VS,F). Dra ¢ynkuus Bo3Bpamaer Bektop K mapamerpos
¢ynkuuu F, naromuii MUHUMaIbHYIO CPEIHEKBAIPATUYHYIO TOIPEIIHOCTh MPUOIMKEHUS PYHKIHU-
et F(x,K1,K2,...,Kn) ucxogusix ganueix. F qomkeH ObITh BEKTOPOM C CUMBOJIBHBIMH 3JIEMEHTAMU,
CoJiepKalllUMH ypaBHEHUE MCXOJHON (DYHKIMU U €€ MPOM3BOJIHBIX 110 BCEM MapamerpaM. Bekrop
VS nomwkeH copepikaTh HadallbHBIE 3HAYCHUsS DJIEMEHTOB BekTopa K, HEOOXOaMMbIe sl pelieHus
CUCTEMBI HEJIMHENHBIX YPaBHEHUI PErpecCUU UTEPALIMOHHBIM METOIOM.

OyHKIUY CTIIaKUBAHUS JTaHHBIX.

JlaHHbIe OOJBIIUHCTBA HKCICPUMEHTOB MMEIOT CIIydaiiHbIE COCTABIISIONIME ITOTPEITHOCTH.
[To3TOMY YacTO BO3HHUKAET HEOOXOIUMOCTh CTATUCTHUECKOTO CTIIAKUBAHMS JaHHBIX. Psin GyHKImiA
Maxima npeaHa3HaueH IS BBITOJTHEHUS ONEpAIfii CrIIaKUBAHKS JaHHBIX Pa3IUYHBIMA METOaMHU
(B MX Ha3BaHWUU UMEETCS CII0BO smooth - raakuii). BoT nepedeHpb 3Tux GyHKIHii:

Medsmooth(VY,n) - wis BekTopa ¢ m IeiCTBUTENBHBIMU YHCIIAMH BO3BpAIaeT M-MEPHbI
BEKTOP CIVIAKCHHBIX JTAHHBIX MO0 METOAY CKOJIB3AIICH MEIUaHbI, apaMeTp N 3aJaeT MIMPUHY OKHA
CIJIAKMBaHUS (N JOIHKHO OBITH HEYETHBIM YHCIIOM, MEHBIIIMM Mm);

ksmooth(VX,VY,b) - Bo3BpaiaeT n-mMepHbIii BEKTOp CIIIAKEHHBIX VY, BBIUHCICHHBIX Ha
ocHoBe pacnpenenenus ['aycca. VX u VY - N-MepHbIe BEKTOPHI ACUCTBUTENBHBIX yncen. [lapamerp
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b (monoca mpormyckaHus) 33aeT MUPUHY OKHA criiaxuBaHus (b JODKHO B HECKOJIBKO pa3 MPEeBBI-
IaTh MHTEPBAJ MEXAY TOUKAMHU IO OCH X);

supsmooth(VX,VY) - Bo3Bpalaer n-MepHbIii BEKTOpP CIIaKeHHBIX VY, BBIYUCICHHBIX Ha
OCHOBE HCIIOJIb30BaHMsI IIPOLIEAYPbI IMHEHHOTO CriIaKMBaHKUs METOJOM HaMMEHBUIMX KBaJpPaTOB I10
npaBuity k-Ommkaimmx cocezneii ¢ agantuBHbIM BbiOOpoM k. VX u VY - N-mepHbIe BEKTOPHI J€Hi-
CTBHUTEJbHBIX YHCEN. DIeMEHThI BeKTopa VX OJIKHBI MITH B MOPSAAKE BO3pACTAHUSL.

@OyHKIMS IpecKa3zaHusl.

Becbma uHTEepecHol siBisieTcst GpyHkims npenckasanus predikt(data,k,N), rue data - Bexrop
JIaHHBIX, K - cTeneHb nmomuHOMa perpeccun U N - unciio Todek. OHa 1o psAy 3alaHHBIX PABHOMEPHO
PACIOI0XKEHHBIX TOUEK ITO3BOJISIET PACCUMTATh HEKOTOPOE YUCI0 N MOCIENYIOMHUX TOYEK, T. €. 0
CYIIECTBY BBINOJIHAET SKCTPATIONIALUIO IPOU3BOIBHON (HO JOCTATOYHO IJIAJKOM M IpeIcKa3yeMoi)
3aBUCHMOCTH.
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3annaTue 4.
I'padpuueckne cpexcrea Maxima.

I'paduiku, KOTOpPBIE CTPOSITCS HA OCHOBE PE3yJIbTATOB BEIUYUCICHUH TaK)KE pacCMaTPUBAIOTCS
Kak (hOpMyJIbI.

B Maxima BcTpoeHO HECKOJIbKO THIIOB Pa3HBIX TPa()MKOB, KOTOPBIE MOKHO pa30HTh Ha JIBE
TPYIIIBL: IByMEPHBIE U TPEXMEPHbIC IpaduKH.

Bce ocHOBHBIE THIIBI TPAUKOB U MHCTPYMEHTHI pabOTHI ¢ HUMHU PaCIIOJIOKEHBI Ha pabodei
nanenu Graph (I'paduueckue) cemeiictBa Math (Maremaruueckue) (puc.2,0):

— I'paduk kprBOIi B IByMEpHOIi nekapToBoi cucteme koopauHar (X-Y Plot).

— I'paduk xpuBo#i B mossipHoi cucteme koopauHar (Polar Plot).

— IToepxuocTts (Surface).

— Kontypssiii rpaduk (Contour Plot).

— CronbukoBas TpexmepHas (3D) nuarpamma (3D Bar Plot).

— Toueunsrnit Tpexmepusiii (3D) rpaduk (3D Scatter Plot).

— BexTopnoe noine (Vector Field).

Awnanornyno nanenn Graph (I'paduyeckue) crmcok Beex THoB rpadukos Maxima pacro-
JI0’KE€H B OJJHOMMEHHOM MoMeHI0 MeHIo Insert (BcTaBka).

JAByMepHbIe rpaduKku

B Maxima cyiiecTByeT HECKOJIBKO CIIOCOO0B 3a/1aHKsI KPUBBIX B IEKAPTOBOW CHCTEME KOOP-
JMHAT, OJHAKO TIEPBBIN IIaT JUIs BCEX OJUH U TOT JKe.

[lepBpIM mIarom ectb BBEIEHUS CHENMAIBLHOM 3aroTOBKHM JUisl Oyaymiero rpaduka - Tak
Ha3bIBaeMol Tpadudeckoil obiactu. BBectu rpadudeckyro o01acTe Kak sl JEKapTOBOTO, TaK U
JUIst T'00oro Apyroro rpadguka MoxxHo: u3 nanenu Graph (I'paduueckue), KoMaH10i1 OTHOUMEHHOTO
MmeH1o Insert (BcTaBka) i HakatueM komMOuHauuu kiaaBuin Shift+2.

I'paduueckas 06macTh mpeacTaBisieT co0oil Be BIIOKEHHBIE paMKU. Bo BHyTpeHHEl 0T00-
pakaroTCs HEMOCPEACTBEHHO KPHUBBIE 3aBUCUMOCTHU. [IpOCTpaHCTBO MeXAy paMKaMu CIIYXKHUT Jis
BU3yaJIU3alliu pa3HOro poja ciyxedoHoi mHpopmaruu. ['paduyeckyro 06JacTh MOKHO YBEIUYHU-
BaTh M YMEHBIIATh C MOMOIIBIO CIEIHATbHBIX MapKepPOB, PACHOJIOKEHHBIX Ha €€ BHEIIHEH pamke.
[lepememaTh Mo TOKYMEHTY M yIAIATh Tpaduueckue 00JacTh MOXKHO Tak ke, Kak MpocThie Gop-
myasl. OkHO dopmaTupoBaHus Bujia rpaduueckoit oonactu (Properties (CBoiicTBa) Takke LETUKOM
COBITAJAET C AaHAJIOTUYHBIM OKHOM Ui (popmyii. OTKPBITH €r0 MOKHO C TOMOIIBIO OJHOMMEHHOM
KOMaH/Ibl KOHTEKCTHOT'O MEHIO TpaduKa (BbI3bIBACTCS LIETYKOM MPaBON KHONKOMW MBIIIN Ha rpadu-
YeCcKOU 00J1acTH).

B oxne Properties (CBoiicTa) MOTYT OBITh MOJIE3HBIMH JBA IapaMeTpa, PacHOIO0KEHHBIX Ha
BKazke Display.

— Highlight Region (ILlBetHast o6nacTh). YCTaHOBUB 3TOT (IaXKOK MOXHO Ha MajluTpe
Choose Color (BsiOop 118eTa) onpenennuts Hanbosee MoaX0 AN [IBET 3aAJIUBKU JIsi TpaduuecKon
o0nacTH.

— Show Border (ITokazats rpanwuiyy). [Tapamerp oTBeuaeT 3a 0TOOpakeHHE BHEIIHEN TpaHU-
16l Tpaduueckoii odnactu. [1o ymonuaHuio rpaHulia He BU3yaIH3UpPyeTCs.

[Tocne Toro kak rpaduueckas o0iacTs OyZeT BBeeHa, B OOIIEM Ciydae HY>KHO 3a7aTh JBa
pasMepHBIX BEKTOpa, KOTOPBIE OMPEEIIAIOT 3HaUeHHe KOOpAMHAT ToueK. CaenaTh 3TO MOXKHO pas-
HBIMU CITIOCOOaMH.

Haubonee mpocTbiM METO0M 3a7aHusl KOOPJMHATHON CETKU €CTh TaK Ha3bIBa€MbIH OBICT-
poIit MeToA. [Ipu ero mpruMeHeHHH! MOJIb30BaTENh 33aaeT TOJIBKO UMs IEPEMEHHON W BUJ (DyHKIIHH,
a MIKaJIbl OCe M BEJIMYHMHY I1ara MeKAy y3JI0BBIMU TOUKAMU aBTOMAaTHYECKU ONpEAEIsieT CUCTEMA.
YTo06bl TOCTPOUTH KPUBYIO (PYHKIIMHM OBICTPHIM METOJIOM, MOKHO BBIIIOJIHUTDH CJEIYIONIYIO MOCIIe-
JIOBATEJIbHOCTD JCHCTBUMU.

1. Bectu rpaduueckyto o0nacTp.

2. B crenuanbsHOM MapKepe, paclooKeHHOM B LIEHTpPE MO BHYTpeHHEH paMKoi rpaduye-
CKOM o0nacTu, 3a7aTh UMs IEPEMEHHO.
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3. B neHTpanbHbIl MapKep, pacloyIOKEHHBIN 10 JIEBYIO CTOPOHY OT BHYTPEHHEH paMKW,
BBECTH (DYHKIIUIO WJIA UMSI (PYHKITUH.

K HemocTaTkaM pacCMOTPEHHOTO METO/1a OTHOCHUTCS IIPEXKJIE BCETO TO, YTO 00JacTh U3MEHe-
HUS ITEPEMEHHOM 1)1 BceX (DYHKITHI onpeensieTcss oquHakoBo: oT -10 go 10.

Jlnst TOoro, yToOBl U3MEHHUTH 00JIACTh U3MEHEHUS, HY>KHO MPOCTO YMEHBIIUTh MHTEPBAT U3-
MEHEHHUs1 NepeMEeHHON mnu QyHkuuu. s 3Toro HeoOXOAMMO BBIAEIUTH IpadUyecKyro 00J1acTb
LIEJTYKOM JIEBOM KHONKM MbId. HenocpeacTBeHHO moj KpallHUMU 3HaYeHUsIMH (JU1s1 ocu X) WM
0 JIEBYIO CTOPOHY OT HHUX (111 ocu Y) HosABATCA LU(PbI, KOTOPbIE OTPa)Kat0T MAKCHUMAaJlbHbIE U
MHUHHMAJIbHBIC BETMYMHBI KOOPAMHAT Y3JIOBBIX TOUeK Trpaduka. YToOBl M3MEHHUTH WX 3HAYCHHS
HE00XO0MMO YAAJIUTh CTapble BEJIMYUHBI U BBECTH JIpyrue. M3meHeHus rpanui 1no ocu X BbI3bIBa-
€T aBTOMaTUYECKUI ITepepacueT KpalHUX 3HAYCHUH 110 OCH Y.

Ha npaktuke ke, Kak NMpaBWJIO, MIPUXOJUTCS ONPEAENATh IPAHUIIBI CPa3y MO 00EUM OCSM.
OTO CBA3aHO C TE€M, YTO XOPOIIO MO00paTh HHTEPBAII MO0 OCH 3HAYCHHUH (PYHKIIH CHCTEME yIaeTCs
JlaJIeKo0 He Bcerja. OTO MOXKHO cIeNlaTh JUIsl HacTpauBaHMs BUJa rpaduka pacCMOTPEHHOW (QyHK-
LM, U3MEHSIS IMaIla30H Kak 10 ocu X, Tak U 110 ocH Y.

B psne cayyaeB HaMHOro ynoOHee 3a/1aTh BEKTOPHI JAaHHBIX CAMOCTOSATENIbHO. BBINOIHUTS
3TO MOYKHO C TIOMOIIBIO OIEpPaToOpa PAHKUPOBAHHOHN MEPEMEHHOW (BBOIUTCS W3 maHenn Matrix
(Marpuunsie)).

UYroObl 3a1aTh BEKTOp 3HAUCHHI MIEPEMEHHOM ¢ TIOMOIIbI0 onieparopa Range Variable (Pan-
KUPOBAHHAs IIEPEMEHHAs ), BBIIOJIHACTCS CIEAYIOLIast 10CIe10BaTeIbHOCTh ICHCTBUH.

1. BBecTu nMsl IEpeMEHHOM BMECTE C OIIEPaTOPOM IIPHUCBAUBaHUS.

2. 3anath J€BYIO IPAHUIy MHTEpPBaIa IOCTPOCHMS U ITIOCTABUTH 3AIISTYIO.

3. Beectu oneparop paHKUpPOBaHHOM MEPEMEHHOM.

4. B neBoM Mapkepe BBEJIEHHOI'O OIlepaTropa 3aJaTh BTOPYIO TOUKY Ha MPOMEXKYTKe (TeM ca-
MBIM OIpEEIAeTCs 111ar).

5. B npaBblil MapKep onepaTopa paHXMpPOBaHHOW IIEPEMEHHOM BBOJIUTCS 3HAYECHHUE IIPABOU
IpaHULIbI HA HHTEPBAJIE.

B pesynbrare nepemMeHHas 1 pyHKUUSA OyAyT 3a7aHbl B BUJE JIByX pa3MEpHBIX BEKTOPOB, I10
KOTOpBIM OyJIeT MOCTPOEH Ipaduk.

Hcnonb3oBanue crocoba NOCTpoeHUs rpaduka ¢ MOMOILBIO OllepaTopa paHKUPOBaHHOM Te-
PEMEHHOW MMeeT OYeHb BaXKHOE IMPEUMYIIECTBO Nepe] OBICTPHIM METOAOM, IOCKOJIBKY MO3BOJISET
3aJaBaTh IPOU3BOJILHBIM 00Pa30M ILIar MEeXKAY Y3JIOBBIMH TOUKAMHU.

[TocTpouts rpadux B Mathcad MOXHO U TI0 TOTOBBIM BEKTOPaM WJIM TaOJMIIAM JaHHBIX, I1O-
Jy4YEeHHBIX, HalIPUMEP, IPU SKCIIEPUMEHTE UIIH BHIMOJIHEHUH Ja00paTOpHOIl paboThI.

B Mathcad na onny rpaguyeckyto o01acTb MOKHO TOMECTUTH 10 16 KpuBbIX. YT0OBI 100a-
BUTh K YK€ UMeoIeMycsl rpaduKy elle OJMH, MOKHO BBIIOJHHUThH CIEAYIOLIYIO MOC/IeA0BaTeNb-
HOCTb JICUCTBUM.

1. YcraHoBUTH Kypcop IO MPaBYIO CTOPOHY OT BBIPa)KEHHUS, KOTOPOE OIPENEsIET KOOPAUHA-
ThI ITOCJIETHETO PAJIa TaHHBIX 10 ocH Y (IIPEIBapUTENBHO BBIJEIINB €T0).

2. OnycTuTh Kypcop Ha CTPOKY HUXKe, Ha)KaTh Ha 3HAK 3amsATOH (,) M B MapKep, KOTOPbIil 1o-
SBUJICSI, BBECTH BBIpa)KE€HUE JJI11 HOBOW (DYHKIIMU WIJIM UMEHHU (PYHKIIUH.

C noMOIIIBIO OMTMCAHHOTO METO/Ia MOXKHO MTOCTPOUTH rpaduku GyHKIMHA OJHONH epEMEHHOM.
Ecnu xe kpuBble, KOTOpbIE HY>)KHO OTOOPa3UTh Ha OJHOM 00JacTH, 3aBUCAT OT Pa3HBIX MEpPEMEH-
HBIX, TO UX, MOJHOCTHIO aHAJOTMYHO J00ABIECHHIO HOBBIX (DYHKIIUH, CIeIyeT BBECTH Yepe3 3aIsATYIO
B HUOKHHMM MapKep B TOM K€ MOpsAJKe, B KOTOPOM BBOJMIIUCH COOTBETCTBYIOIINE UM (QYHKITUH.

3ananue rpauKoB B MOJSIPHOM cUCTEME KOOPAMHAT C TEXHHUUECKOM TOUKU 3pEHHs HE UMeeT
POBHO HUKAKHX MPUHIMITHAIBHBIX OTIMYUN OT CO3JaHus rpaMKOB Ha I€KapTOBOW MIOCKOCTH. J{ist
Hayaja Hy>KHO BBECTH TpaHuuecKyto 00JacThb. BBIMOTHUTH 3TO MOXHO WM C TIOMOIIBIO CHEIHATb-
Hoii kHomku Polar Plot (ITonsipusbiii rpadguk) nanenu Graph (I'paduueckue), mnmu koMOuHanuen kia-
Bum Ctrl+7. Kak u B cimyuae 3aBucumoctd X-Y, JUIsl OJISIPHOTO IpadrKa CyIIeCTBYET JBa OCHOB-
HBIX METOJa MOCTPOCHUSI: OBICTPBIA CIIOCOO MOCTPOCHUS U UCIOIb30BaHUE PAaH)KUPOBAHHBIX IEpe-
MeHHbIX. [Ipu 3aaHun NOSAPHON CUCTEMBI KOOPJMHAT MO OBICTPOMY METOJy CUCTEMa aBTOMaTHye-
CKU ompenenut obsacte u3MeHenus yria ot 0 1o 360°. B otnuumne ot 061acTy M3MEHEHUs yria,
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BEJIMUMHY JHMAla30Ha MOJSIPHOTO paJinyca MOKHO 33JaTh MMPOU3BOJIBLHBIM 00pa30M HETOCPEICTBEH-
HO Ha rpaduyecKkoi 00JacTH.

His popmarupoBanus rpaduka HEOOXOAUMO JBAXKIBI HaXaTh Ha oOmacth rpaduka. s
yIpaBjieHUs] OTOOpakKeHHEM JIMHUI Ha rpaduky cymecTByeT Bkiaaka Traces (Jluaum) (puc.2, a),
rae npuBefeH (opMaT KaKIAOW JIMHUM M DJIEMEHTHI yIpaBieHHs u3MeHeHueM ¢opmara. Iloie
Legend Label (Onucanue) 3agaeT onvcaHue JUHUH, KOTOPOE OTOOPaKAETCA, €CIIU CHAThH (PI1aykok
Hide Legend (3akpsiTh onucanue) (puc. 2,0). Mapkepsl Ui OTACTBHBIX TOYEK MOXKHO BBIOPATh U3
cniucka Symbol (CumBod), u3 crincka Line (Tumn auHuM) BeIOUpaeTcs TUI TUHUM, a u3 criircka Color
(IBert) - uset rpaduxa. Crmcox Type (Tum) onpenensier cpencTBO CBA3M OTACIBHBIX TOUEK rpadu-
Ka, a ciucok Weight (Tommuaa) - TommuHy TuHUM Ha Tpaduke (puc.2,B).

dopmaTupoBaHHE JAHHBIX TpaduKa BBIIOIHSAETCA C HCIOJB30BAaHUEM JHATIOIOBOTO OKHA
Result Format (puc.2, r).

AHaJOTUYHO MOXKHO TOCTPOUTH M OT(HOPMATUPOBATH IpaHK B MOJSIPHBIX KOOPIWHATAX.
Jlis ero moCcTpOCHHS HY)KHO BOCITONIb30BaThCst koman 1o Insert/ Graph/Polar Plot.

TpexmepHblie rpaguku

Jist IOCTPOCHUSI TPEXMEPHBIX TPa(UKOB MOXKHO HCIIOJIb30BaTh HanbOoIee MPOCTON H MpaK-
THYECKH BaKHBIM, OBICTPBIN MeTON MmocTpoeHus TpexmepHoro rpaduka (QuickPlot). B ero ocHoBe
JICKUT TOT K€ TPUHIINII, KOTOPBI UCHOIB3YETCS M MPH OBICTPOM 3a/IaHUM JIBYMEPHON 3aBUCHMO-
CTH: TOJIb30BATENb OIpeessieT TOJbKO BUA (DYHKIHHU, a BCE MapaMeTphbl MOCTPOCHHS, TaKue Kak
I1ar MeXIy y3J0BBIMH TOYKAaMH, AMAIIA30H IIKaJ OCEH M CUCTeMa KOOpAWHAT, 33/1al0TCSl aBTOMATH-
YECKU CUCTEMOMU.

Turbl TpexMepHBIX TPpaUKOB CIEIYIOIINE:

Contour Plot - rpaduk nuuuii ypoBHs (rpaguk MOBEPXHOCTH);

3D Bar Plot - rpaduk TpexMepHOH rHCTOrPaMMBbI;

3D Scatter Plot - rpaduk MHOKECTBA TOYEK;

Vector Field Plot - rpaduk Bekroproro moss. I'paguk BEKTOPHOTO MO HEMHOTO OTJINYAET-
Csl OT IPYTUX TUIOB JBYMEpHBIX rpagukoB. Ero comaepkanue 3akirodyaercs B MOCTPOSHUU HEKOTO-
pOTO BEKTOpa B KaXJA0W Touke MIOCKOCTH XY. UTOOBI 3a1aTh BEKTOP HA MIIOCKOCTH, HEOOXOIUMBI
nBa cKalsgpHbIX unciaa. [Toaromy B Mathcad npuHsTO, 4TO BEKTOpHOE MOJIE 33/7aeT KOMILIEKCHAs
MaTpuna. JleficTBUTENbHBIE YAaCTH KaXKIOr0 €€ JEMEHTa 3aJaroT MPOEKIMI0 BEKTOpa Ha och X, a
MHHMBIE - Ha OCh Y.

YrtoObI co3/aTh TPEXMEPHBIH IrpaduK, HY)KHO HaKaTh KHOMKY C M300paKEHHEM Ka)KIO0To M3
TUTIOB TPEeXMEPHBIX TpadukoB Ha maHenu uHcTpyMeHToB Graph (I'paduku). B pesynpraTe mosButcs
nycras 00JacTb rpaguka ¢ TpeMsi OcsIMM (pHC. 3) U €AUHBIM 3aMOJHUTENIEM B HUKHEM JIEBOM YIIIy.
B sToT 3amonHuTENs BBECTH MM UM Z PYHKIUH Z(X,Y) IBYX NEPEMEHHBIX /sl OBICTPOro MmocTpoe-
HUSl TPEXMEPHOT0 rpaduka, Win UM MaTpUYHOW NMEPEMEHHOH z, KoTopas 3ajaeT GpyHKIHIO Z(X,Y)
Ha IUIOCKOCTH XY .

Pucynox 1 — O6nacte a7 co3JaHus TPEXMEPHBIX I'paprKOB

[TocTpoeHue ¢ HCIOIb30BaHUEM OBICTPOIO METO/1a MOCTPOEHHSI TPEXMEPHOTO TpaduKa

[TocemoBaTenbHOCTH CO3/IAHUS TPEXMEPHOTO rpaduKa C NCIOIB30BaHNEM OBICTPOTO METO-
na moctpoeHus TpexmepHoro rpaguka (QuickPlot) cnemytomasi.

1. CHayana HEOOXOAMMO BBECTU TpadUUecKyto 00JacTh TpEXMEpPHOro rpaduka. AHaIOr14-
HO 3aBHCUMOCTU X-Y, clieJlaTh 3TO MOXKHO TpeMs CTaHJAAPTHBIMH CIIOCOOAMHU: Ha)KaTHEM KHOIIKH
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Surface Plot (IToepxnocts) manenn Graph (I'paduyeckue), ucnonapb3oBaHHEM OAHOMMEHHOH KO-
MaHbI MeHIO Insert (BcTaBka) nnm HaxaTuem komOuHanuu kiasui Ctrl+2.

JlJiss TOCTpOCHHSI TPEXMEPHBIX TPaPUKOB CYIIECTBYET TOJIBKO OJIMH MapKep 3aroyiHeHus. B
oluieM ciydyae B HEM JIOJDKEH ObITh MPOMHMCAH MACCHB, KOTOPBIN COJAEPKUT KOOPAUHATHI Y3JIOBBIX
TOYEK IO BCEM TPEM OCSIM.

2. Tlocne Toro kak rpaduueckas o0nacTe BBeJEHA, CIEAYET 3a1aTh BUJ (GYHKIHH, KOTOpas
ompezeIseT TpexMepHyto o0nacte. B otnmane ot X-Y-3aBHCHMOCTEH, MPOCTO BBECTH €€ BHIpaXKe-
HUS B MapKep HeNb3s - IPU 3TOM OyIeT BbiaHo coobmenue 06 ommuobke: This variable is undefined
([lannas mepemeHHas He onpezeneHHa). B mapkep rpaduueckoil 00iacTH BBOJAUTCS HMS 3a]laH-
HOM (YHKIUH, ISl KOTOPOI CTPOUTCS TpexMmepHblil rpaduk. OpHako, B OTIMYKE OT ABYMEPHOTO
Citydasi, IPONMUCAHHBIM JIOJDKEH OBITh JIMIIb HEMOCPEICTBEHHO TEKCT MMEHHU, 0€3 NEpEeMEHHBIX B
CKOOKax.

[Tpu McroNb30BaHUM JTAHHON METOJIMKH MOBEPXHOCTh 3a7a€TCA Ha CTAaHAAPTHOM WHTEpBaJe
oT -5 10 5 nns nepeMeHHBIX. Takol AMana3oH BO MHOTHX CIIy4asiX MOKET ObITh HENPUEMIIEMBI.
Jns hopmatupoBanmsi mapameTpoB rpauKOB OBICTPOTO MOCTPOSHUSI CYIIECTBYET CIICIHATbHAS
Bkimanka Quick Plot Data (/lanHbie rpaduka ObICTPOTO MOCTPOEHHUS) OKHA (DOPMATUPOBAHUS TPEX-
MepHbIX rpadukoB 3D-Plot Format. OTKpbIBacTCSI 3T0 OKHO JBOWHBIM HaXKaTHEM JICBOW KHOIIKH
MBIIIK Ha rpaduyueckoil obmacTy uinu ¢ nomouibio kKomanasl Format (dopmar) ee KOHTEKCTHOTO
MEHIO (puc. 2).

3-D Plot Format x|

B ackplanes I Special I Advanced I QuickPlot Data
General | Axes | Appearance | Lighting | Title
B

PRotation: IE 3: 1'Jf_3_«:-cn|3:‘s Style

Tilk: |35 ﬁ [ Cgmer

Frames———
Tusist: |-1D 3: " Mone ’]7 Show Border Il
|1

Zoom:

[ Egual Scales [~ ShowBox T

Plat 1

Display &3
IRES urface Plat ¢ Data Pajnts " Bar Plat

E
Cantour Plat € Wector Field Plat ¢ Patch Plat

oK I OtreHa | nDHmEHHTbl Crnpaexa |

Puc. 2.

Bce mapamerpsl HacTpoilku Tpaduka ObICTPOro MOCTPOSHMS PACIONIOKEHBl Ha BKIIAJKE
Plotl. Bknanka Plot 1 (I'paduk 1) comepkut Tpu MEHIO HacTpauBaHuUs, iBa U3 KOTOPbIX: Range 1 u
Range 2 (Psn 1 u Paa 2), uaeHTHUHBI ApYT APYTY. DTH MEHIO OTBEYAIOT 32 XAPAKTEPUCTUKH CETKH
MOCTPOCHHS TIOBEPXHOCTH BAOJb KaXKJOW M3 OCEH MEepEeMEHHBIX (COOTBETCTBHE TMEPEMEHHOH psiza
OTpeieNsIeTcs MOCeI0BaTeIbHOCTRIO BBEICHUS €€ MPH 3aJlaue UMEHU (YHKIMH) U COJepKar cle-
JYIOIIHE MapaMeTphl HaCTPANBAHUS:

— Start (Hawano). B mone gaHHOro mapaMeTrpa MOXHO HPOM3BOJBHBIM 00pa3oM 3aaaThb
HAYaIbHYIO TOYKY TIOCTPOCHHUS PSIMOYTOIBHIKA TI0 JAHHOU OCH.

— End (Kownerr). B none ganHoro napamerpa onpejaessercs KOHeUHas ToUuka HHTepBaa.

—# of Grids (KonuuectBo nunHMit cetkn). [lapameTp onpenenser, Ha Kakoe KOJIUYECTBO OT-
pe3KoB OynieT pa30UT UHTEPBAJ OCTPOCHHUS AJIsi BBIOPAaHHOM MEPEeMEHHOM (UTO OTBEYAET YHUCITY
0TOOpaXeHHBIX JTUHUI ceTKM). JTa BeIMYMHA 0OpaTHas 1Iary U3MEHEHUs IepEMEHHOM.

Tperbe mento Brnaaku Plot 1 (I'paguk 1) - Coordinate System (Cuctema KoopauHar) omnpe-
JeNseT, B KaKoW cucTeMe KOOpJIMHAT CielyeT 0TOOpa3uTh JaHHYIO 3aBUCUMOCTh. Bo3MokHBIE ciie-
JYIOIIMe BapUaHTHI:

— Cartesian ([lexaptoBa). I'paduk oToOpa)kaeTcsi B IEKapTOBOM CHCTEME KOOPMHAT.

— Spherical (Cdepuueckyro). ['paduk oToOpaxkaeTcs B cheprudeckoii CHCTEME KOOPIUHAT.

— Cylindrical (Humanpudeckas). ['paduk oToOpakaercs B MIIMHAPUYECKON CHCTEME KO-
OpAMHAT.

o
-

Crioco6 mocTpoeHHs TPEXMEPHOTo Tpaduka ¢ HOMOIIBIO0 MATPHUIIBI 3HAUSHHH
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Marpuia 3Ha4eHu# MmpeacTaBiasieT co0oi TabIuIly U3 TpeX KOJOHOK: B MEpBOil OyayT pac-
MOJIOKEHBI KOOPJAMHATHI TOUYEK O OCH X, BO BTOPOH -TI0 ocH Y, B TpeTheit - mo ocu Z. B Mathcad
CYLIECTBYET crenuanbHas ¢yHkuus matrix(m,n,f) (matpuna). @yHKuus GopMupyeT MaTpuily, diie-
MEHTBI KOTOPOW paBHBI 3HAYeHUSAM PYHKIUHU f(X,y), UCXO/s U3 TOTO YCIOBHS, YTO X=1, y=] (T.€. Te-
pPEMEHHBIE OTNPENENAIOTCS PaBHBIMH COOTBETCTBYIOIIUM MAaTPUYHBIM MHJEKCAM JaHHOTO 3JIEMEH-
ta). KoinuecTBo cTpok co3aBaeMoil MaTpHIlbl ONpEAEsieTcsl B IEPBOM MapKepe UMEHU (yHKIUU
(mapaMeTp m), KOJUYECTBO KOJIOHOK - BO BTOPOM (TIapaMeTp n).

AHaJOrMYHO JBYMEPHOMY CIIy4al0, 3aJaTh MOBEPXHOCTb MOKHO, UCIIOJIb3Ys ONEPaTop paH-
JKUPOBAHHOM IIEPEMEHHOM 110 TOTOBBIM MATPULIAM.

Crnoco0 mocTpoeHusi ¢ IOMOIIIBIO CrieuanbHoi MaTpuuHoi pynkuuu CreateMesh

Oynknusa CreateMesh(F,s,sl,t,tl,sgrid,tgrid,fmap) BBoauTcst B Mapkep rpadudeckoi oonactu
¥ MMEET ITyCThle MapKephl, B KOTOPHIE MOCIIEI0BATEIHHO BBOISATCS:

— MMsI MaTPUIIbl 3HAUCHUH WK QyHKImHU F;

— HayaJbHOE 3HAYEHHUE MEPBOM IEPEMEHHOM S;

— Ha4YaJIbHOE 3HAYEHUE BTOPOI MEPEeMEHHOM sl;

— KOHEYHOE 3HAYCHHE NIEPBOM MIEPEMEHHOI t;

— KOHEYHOE 3HAYCHHUE BTOPOH IMepeMeHHOM tl;

— YUCIIO JIMHUWA CETKH IO MEPBHIH epeMeHHoH sgrid;

— KOJIMYECTBO JIMHUI CETKH 110 BTOPOH 1epeMeHHou tgrid;

— Kaprta otroOpaxenus frnap.

Kpome moBepxHOCTEH B IMPOCTPAHCTBE MOXKHO 33JaBaTh U Pa3HOro poja JMHUU. J1Jis 3T0oro
cymectByer crienmanbaas Qynkmus CreateSpace(F,ttltgrid,frnap) (Co3gare mpoctpancTBo). OnHa
UMEET IATh MapKEPOB, B KOTOPBIE MOCIIEI0BATEILHO BBOJSATCS MMsI MAaCCHUBA JIAHHBIX HIIA CUCTEMBI
napaMeTpUYeCKuX YpaBHEHUH, HAYaIbHOE U KOHEYHOE 3HAYCHHS MapaMeTpa, KOJIMIECTBO pa30MBOK
POMEKYTKa MapaMeTpa, KapTa OTOOpaKeHUsI.

[TapameTpudeckoe 3aKpyduBaHHUE pa3peliacT co3/1aBaTh rpaduKu, KOTOPBIC 33/1aHbI B Tapa-
meTpuydeckoit ¢popme. [lociienoBaTenbHOCTh IEHCTBUIN MTPH KCIIOJIB30BAHUH QJITOPUTMA TTapaMeTpH-
YEeCKOT0 3aKPYYHBAHUS CIIEAYIOMIAs.

1. 3agate ypaBHeHue 000 pyHKIMHU f(X).

2. 3a1aTh CUCTEMY MAapaMETPUIECKOTO 3aKPYUHBAHHUS U COSTMHUTD €€ B OJINH MAaCCHUB!

A(u,v) :=u,

B(u,v):=f(u)cos(v),

C(u,v):=f(u)sin(v),

A(u,v)
M(u,v):=| B(u,v) |
C(u,v)
3. Buectu B Mmapkep creayromryto 3amuck: CreateMesh(M, s,sl,t,tl,sgrid,tgrid).
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3ausaTue 5.
3ananue pyHkumii. BoruuciieHne MHTErpaJjoB U NPOM3BOJAHBIX.

Boluncnenue npou3BoAHBIX U HHTETPATIOB

AHanoru4Ho OOJBIIMHCTBY ApPYruX HauOojee BaKHBIX MaTEeMAaTUYECKUX OIepalui, B
Maxima cyIecTByeT YMCIIEHHOE U CUMBOJIbHOE U depernnpoBanne. CUMBOIBHBIA METO]] HMEET
IpEeUMYyIIecTBa B TOM ILJIaHE, YTO PE3YyJIbTAT MOXHO MOIYYHUTh B BUJAE (YHKLNHU, KOTOPYIO MOKHO
OyZIeT UCIOIb30BaTh B JAlbHENIINX pacyeTax. YNCIEHHBIN ke I0X0]l UMEET IPEUMYIIECTBA B He-
KOTOpBIX crienuduyeckux 3amadax. Maxima mo3BoisieT BBIUUCIATh KaK OOBIYHYIO MPOU3BOIHYIO,
TaK ¥ MPOU3BOAHbIE O0JIee BEICOKUX MOPSIKOB, a TAKXKe YaCTHBIE IPOU3BOIHBIE (pHC. 1).

Omneparop npocroro auddepenumponanus Ha nanenu Calculus s BelUUCIIEHUS TepBOM
IIPOM3BOJHON MMEET JBa MapKepa, MPUHILMII 3aI0JHEHUS] KOTOPBIX CJEIYIOIIMI: B BEPXHUN BBO-
IuTes QYHKIMA, B HUKHUN - IEpeMEHHast, 10 KOTOPOH BBIYUCIISIETCS IPOU3BOIHASL.

Bbruncne
d_d"

= gan =
z W
Tlim lim_ 1lim

=3 -—at =a-

Pucynoxk 1 — JlnanoroBoe OKHO ISl BBIYMCIIEHUS IPOU3BOIHBIX U UHTETPAJIOB
Pe3ynbpTar MOXkeT OBITH MPEICTaBICH B CUMBOJIBHOM BHUJE, €CJIM HCIIOJIb30BaTh OMEpPaTop
CHUMBOJIEHOTO BBIBOJIa —>, a MOTOM OOpaTHTBhCS K CHMBOJIBHOMY mporeccopy Symbolic/Evaluate
(CumBosrKa/Berauciuth B cuMBoJIax) (puc. 2).

=
— . Modifiers
float complex  assume
solve simplify  substitute
factar expand coeffs
collect sefies parfrac
faurier laplace fdrans
invfourier  invlaplace  invErans
M — 1! — [H| —

Pucynox 2 -MeHo cuMBOJIbHOTO IIporieccopa Symbolic A1 BBIYMCIEHHS B CUMBOJIaX

[Ipu cumBobHOM audQEepeHINPOBaHUN MOXKHO OIEPHPOBATH ¢ (PYHKIHUSIMHU HECKOJIBKHUX
nepeMeHHbIX. Onepatop IU(GEpeHIIMPOBAHNS MOXKET COCTUHATHCS C JIIOOBIM BBIUMCIUTEIBHBIM
WJIM CUMBOJIBHBIM oriepaTopoM. OcoOEHHO ToJIe3HbIM ecTh omeparop Simplify, Tak kak BeIpakeHHE
NPOM3BOIHON BBIJAE€TCS B HEYNPOUIEHHOM Buie. s ympoluieHus oTBeTa ciefyeT HMCIOJIb30BaTh
oneparopsl Collect (ITpuBoauts momgo6uwie), Factor (PacknanpiBaer BbpakeHHe HA MHOXKUTEIHN) U
Expand (PackpeiBaTh CKOOKH).

YroObl MOTYYHTH YHCICHHOE 3HAUCHHE MPOU3BOIHON B HY>KHOW TOYKE MCXOS U3 pe3yiIbTa-
TOB CUMBOJIHOT'O pacyeTa, Hy>KHO CZeaTh CIIeaylolIee:

1. Haiiti hyHKIUIO TPOU3BOIHOM, UCTIONB3Ys ONIEPaTOp CUMBOJIBHOTO BBIBOA (—).

2. [TpucBOUTH NEPEMEHHOM COOTBETCTBYIOIIEE YUCIOBOE 3HAUECHHE.

3. CkonrpoBaTh NOTYYCHHOE BBIPAKEHUE IS TPOU3BOTHON U BEIYUCIUTH €0 CHMBOJIBHO.

[Tanens Calculus (Bsrumcienue) coaepxuT naBa ormeparopa uHTerpupoBanus. [lepsbiil,
Indefinite Integral (HeonpeneneHuslit MHTETpai), MO3BOJISIET ONPEAETUTh BUA (QYHKLIUHU, KOTOpas
uHTerpupyercs (puc. 15). OnepaTop HeolpeaeleHHOr0 MHTerpaia COAEpKUT J1Ba Mapkepa, KOTo-
pBIe 3aNOTHSFOTCS COOTBETCTBEHHO MPUHSATOMY B MaTEMAaTHKE IPEICTABICHHUIO: B JIEBBIA BBOJAUTCS
¢dyHkuus (uau uMs GYHKIKN), O 3HaK 1uddepeHuana - nepeMeHHas HHTETPUPOBAHUSL.

Yamie Bcero pe3yibTaT MHTETPUPOBAHUS MPEACTABISIET cO00M TPOMO3KOE BBIpaKeHHE. B
3TOM CiIydae ero cieayeT ynpomars. Hanbosee yHuBepcanbHbI HHCTPYMEHT, KOTOPBIH I 3TOro
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ucnonb3yercs - oneparop Simplify (Ynpocturs). OqHako WHOTIA BEIPa)KEHHE MOXKHO YNPOCTHUTH
(omepatop Collect), paznoxuB mo creneHsMm (omeparop Expand) wnmm mpuBenst npodpr k obmeMy
3HaMmeHarento (oneparop Factor). UToOb! 3a1€iicTBOBATh HY>KHBIM CUMBOJIBHBIN ONIEpaTop, CIEAyeT
BBIJICJIUTH BBIPAKEHUE WHTETPajla U HAXKaTh COOTBETCTBYIOIIYIO KHONIKY Ha maneinu Symbolic (Cum-
BOJIbHBIC). [IpUMEHUTDh K pe3ynpTaTy MHTETPUPOBAHUS MOXKHO U Cpa3zy HECKOJIBKO CHMBOJIBHBIX
OIIepaTopOB.

Haxoxnenue onpeaeneHHOro HHTErpaia BBIIOIHIETCS OJOOHO TOMY KaK BBIYHCIISIETCS He-
OIpeNieNIeHHbI UHTEeTpal. J{s HHTerpupoBaHus HEOOX0AUMO O00paTHThCs Ha naHen CHMBOJIBHBIC
K ¢yHkuuu simplify. BBecTu oneparop MHTErpHUPOBaHUSA. B COOTBETCTBYIOMIMX MECTaX 3arOJIHUTH
UM TICPBOIA TIEPEMEHHOMN M IPaHUIBI MHTETpUpoBaHus. Ecim He00X0IMMO BBIYMCIIUTE KPaTHBIC WH-
TErpajibl, TO Ha MECTe BBEJCHHS (YHKIMU O] MHTEIPAIIOM BBECTH €Ill€ OJMH ONEpaTop HHTErpHU-
pOBaHUsl, TPAHUIBl HMHTEIPUPOBAHHS W TOABIHTETPATbHYIO (YHKINIO. AHAJIOTUYHO BBITIOIHICTCS
UHTETPUPOBAHUE 10 HECKOJIBKUM MEPEMEHHBIM.

MoOHO OIpeIeNInTh UHTErpajl B CHMBOJILHOM BUJIE, HAIIPUMED,

b

[ xdx — L Ly

a 2 2

Jli1st yrcnoBoro uHTerpupoBanus Maxima mnpezanaraer Bocob30BaThCsl BCTPOSHHBIMH MTPO-
rpaMMaMH BBIYMCIEHUST UHTErpanoB (puc. 3). Jist Toro, yToO0Bl 00paTUTHCS K MPUOIMKEHHOMY
pacdery, HeoOXOAMMO B KOHTEKCTHOM MCHIO BBIOPATh OJMH U3 METOJOB HHTCIPUPOBAHHS.

AETOMATHHECKKHA Beibop

|7 Pombepr
A8 aNTHEHEIR
BeckoHeqHsR Mpeden

EaHHCTEEHHAA KoHeYHaA Todka

3% EblpezaTe
KonMpoBaTe
E ECTaEHTE

CEOMCTEA. ..

SanpeTHTE BeldHMCneHHA

Pucynok 3 —MeHI0 cO BCTPOSHHBIMH ITPOTPaMMaMH JIJISl YUCIIOBOTO UHTETPUPOBAHHS
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3ausTue 6.
CpeacrBa cTpYKTYPHOT0 MPOrpaMMHUPOBAHUSA MPH onpeaeeHnd GyHKIHA.

JIns HanvcaHWs IPOTPaMM CIIY)KUT TaHellb MaTeMaTHYeCKUX MHCTPyMEHTOB Programming,
KOTOpasi MOXET OBITh BbI3BaHA INEITYKOM HA COOTBETCTBYIOIICH KHOIKE MaHEIH HHCTPYMEHTOB
Math. ITocne menyka Ha J1000# KHOIIKE AHEIM HHCTPYMEHTOB Programming B mporpammy BCTaB-
JSIETCSI TOT WJIM MHOM OIepaTop.

Bce onepaTopsl BCTaBISAIOTCS TOJBKO IIETYKOM HAa COOTBETCTBYIONICH KHOIKE M HH B KOEM
ciryyae He HaOMparoTcs C KJIaBHaTypb!!

Coznianue nporpaMmel.

JInst Toro, 4ToOBI MPEBPATUTh OOBIYHOE OJHOCTPOYHOE BHIPAKEHHE B MHOTOCTPOUYHOE (IIPO-
rpaMmy), JJOCTaTOYHO LICIKHYTh Ha KHOMKe ¢ Haanuckio Add Line. Dto mpuBener k Tomy, 4To B pa-
Ooueit 00J1aCTH TOKYMEHTA TOSBUTCS BEPTUKAIbHAs YepTa, a ClpaBa OT Hee 2 MoJisl BBOJA, B KOTO-
pble MOKHO BBECTH 2 CTPOKHU HporpaMmbl. Eciu anee Hy»HO OyaeT 100aBUTh elie CTPOKH, TO J10-
CTaTOYHO CHOBA IICIKHYTh Ha KHOomke Add Line.

BHyTpH mporpaMmbl MOKHO HCIIOJIb30BaTh III00AIbHBIC IEPEMEHHBIC, HO JIYYIEe HCIOIb30-
BaTh JIOKAJIbHBIC (IOCTYN K KOTOPBIM MOXKHO OCYIICCTBUTH TOJBKO M3 CaMmoil mporpammbi). s
HpUCBAaNBaHKs 3HAYCHUS JIOKAJIBHON MEPEMEHHOM UCIIOIB3YETCSI CHMBOJ «—.

JIto6ast mporpamMMa J0JDKHA BO3BpAIaTh HEKOTOPOE 3HAYEHHE, KaK Pe3ybTaT BHIYUCICHUM:
9TO MOXKET OBITh KaK 4MCIIO Tak U (QyHKus. Bo3Bpaiiaemoe 3HaYeHHE 3alIUChIBACTCS B MOCIIEAHEH
CTpOKE IMPOrpaMMBl, JINOO ¢ IIOMOLIBIO orieparopa return.

Y caoBHBIN OnepaTop.

Jli1st mpoBepku ycnoBuit B Maxima ciyxut onepatop if. Dtot oneparop umeer 2 moss BBOJa
(ciipaBa u cneBa ot ciosa if). B mpaBoe mosie BBoia BBOAUTCS YCIOBHE, a B JICBOE MOJIC BBO/IA BBO-
JIMTCSl KOMaH/Ia WM MOCJIEeJ0BAaTeIbHOCTh KOMAaH[, KOTOPBIC CIICIYET BBIMOJHHUTh B CIy4ae MCTHH-
HOCTH yclioBUs. Ecii HEBBINOMHEHHE YCIOBHS JOJDKHO MPUBECTH K BBIIOJHEHHIO KaKOro-JIHOO
JPYroro mporpaMMHOTO KOJ[a, MOYKHO B CTPOKE, CIEAYyIOIei 3a onepaTopoMm If, BCTaBUTH onieparop
otherwise. B mosie BBoza clieBa OT 3TOr0 orepaTopa HE0OXOAUMO BBECTH CTPOKY MPOTPAMMBI, KOTO-
past OyJeT BBIMOIHATHCS TOJIBKO B TOM CIIy4ae, €CJIM HE BBIMOJHUIOCH YCIOBHUE, 3aJaHHOE B OTepa-
tope if.

Ecnu B mporpamMMe BBEICHO MOJPS]T HECKOJILKO CTPOK C orepaTopoM If, To BeIpakeHue clie-
Ba oT Otherwise ,0yaeT BBIIOJIHEHO TOJBKO B TOM CIIy4ae, €CIIM HE BBIIOIHSIIOTCS YCIOBHS, 3a/1aH-
HbIE BO BCeX orepaTtopax if.

PaccMoTpum, HanpuMep, ONTMCaHue KyCOYHO-3a1aHHON (pyHKIMU:

f(X) =

X if x>0

(—X) otherwise

f(x)

Iuka ¢ yeaosuewm (While).
Omneparop While umeer 2 mosist BBoja (CrpaBa v CHU3Y).
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e B mone BBoma crpaBa ot cioBa While ciieqyer BBecTH yciioBue, Ipu HCTHHHOCTH KOTOPOTO

BBITIOJIHACTCA ITUKII..
e B mone BBOJa HHMXKEC CJIOBA while CJIEAYECT BBECTU TCJIO IUKJIA — OJHA UJIM HECKOJIBKO CTPOK

nporpaMMsl (11 BBEACHUS HECKOJBKUX CTPOK HCIoib3yercs omneparop Add Line), Beimosn-

HCHHUC KOTOPBIX HY>XHO IIOBTOPUTH HECKOJIBKO pas.
PaCCMOTpI/IM HUCIIOJB30BaHUC IIHKIIA while JJIs1 BBIYHMCIICHHUA HpI/I6JII/I)KeHHOI‘O 3HaA4YCHUA

KBaJIPATHOTO KOPHsI (METOJIOM KacaTeIbHbIX):

sqrt(a,s) = les« 1

. 2
while |es —a| >

1 a
€S ¢« —-| es + —
2 es

es

sqrt(37, 10 8) = 6.08276253

Iukn ¢ mapamerpowm (for).
Omneparop for umeer Tpu moist BBojA :
e B nose BBoJa Mexay cioBom for u 3HakoM €, cieayeT ykasaTh UMsI [TEpEMEHHOM-

CUCTYHKA.
e B none BBOAa mociie 3Haka € CJICAYCT YKa3aTb AUAIIA30H 3Ha‘leHHﬁ, KOTOPLBIC 6y,HeT

NPUHUMATDH TIEPEMEHHAsA-CUETUYUK (BMECTO Hana3oHa MOXKHO yKa3aTh UMsI MacCHBa,
U3 KOTOPOTO JIOJKHBI OpaThCsl 3HAUEHMsI IEPEMEHHON-CUETUNKA).
e B nose BBozia moj ciioBoMm fOr criemyeT BBECTH TEIO IUKIIA.
PaccMmoTpuM QyHKIHIO, BBIYHCISIONIYIO (haKTOpHAI.
fakt(n) == |f < 1
for iel.n

f e fi

fakt(5) =
fakt(3.5)
fakt(-4)

Pexypceus.
Jlyig Toro, 4To0bl cenaTh NporpaMMy PeKypCUBHOM, HY’KHO OPraHHW30BaTh BBI30B €10 CAMOM

ce0s1 BHYTpH nporpammMbl. Hampumep, paccMOTpUM peKypCHBHYIO (YHKIIMIO, BBIYMCISIONIYIO (ak-
TOpHAJL:

fakt(n) = |1 if n=0
(n-fakt(n — 1)) otherwise

fakt(5) = a
fakt(3.5) = »
fakt(~4) = s

Ota QyHKIMS, B OTIIMYUE OT MPEIBITYIICH HE MOXKET padoTaTh JAJI HELEIbIX U OTPUIIATEIb-
HBIX YHCE.

O06paboTKa OIIHOOK.
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Cucrema Maxima npenocTaBisieT OJIb30BaTEII0 BO3MOKHOCTD IIEPEHANPABIISTH IPOTPAMMY
B CIIy4ae BO3HMKHOBEHMs ommMOKH (meneHue Ha 0, BBIXOX 3a Mpeensl MaccuBa). it aToro cyme-
CTBYET OIlepaTop ON error, KOTOpbIi CONEPKUT 2 10JI BBOJA (CIIpaBa U CJIEBa):

- CnpaBa BBOAUTCS BEIPKEHHE, KOTOPOE CIIEAYET BBIYHUCIUTD

— CrneBa BBOAUTCS BBIpAXKEHHUE, KOTOPOE CIEAYET BHIYMCIIUTD, €CJIM B IPABOM BBIPAKEHUH
OKa)keTcs OIHOKa.

Hanpuwmep, pekypcuBHas nporpaMMa BeIYUCICHHS (pakTOpHaja BbLAAET OIIHOKY ISl BEIYUC-
JeHus GakTopuaga HEeleJbIX U OTPUIATENFHBIX YKcelN. MI3MEeHHM ImporpaMmy Tak, YTOOBI B TaKHX
ciydasix (hakropuan 061 paBeH 0:

fakt(n) =0 onerror |1 if n=0

n-fakt(n — 1) otherwise

fakt(5) = 120
fakt(—4) = 0
fakt(3.5) = 0

WHorna Bo3HUKAET oOpaTHas cuTyarus: cucremMa Maxima He BUIUT HUKaKO# CTaHIapTHOU
OIIMOKH, HO HEOOXOIUMO, YTOOBI MOSBIISUIACH HAAMKCH 00 ommbke. Hampumep, B HEpeKypCUBHOMN
porpaMMe BbIUMCIICHHs (aKkTopuaia BBIIACTCS OTBET IJIA OTPHULIATEIbHBIX 3HAUCHUMN, a XOTEIOCh
Ob1, YTOOBI BO3HUKAJIA OMKMOKa. B Takux ciyyasx UCHOJIb3YeTCsl KOHCTPYKIIHS CJIEYIONIEro BUIA:

error (“[Tekct ommbOku]”) if [ycnoBue]

Hanpuwmep:
fakt(m) = |f 1
for iel.n
f—fi

error "vvedite =0 ") if ns0
f othersise

fakt( 5 = 120

fakt{3.5 =6

fakt(—d) = n

wedite 0

IIporpaMMBl, COCTaBJICHHBIE U3 HECKOJBKUX ONEPATOPOB.

Maxima uMeeT BO3MOXXHOCTh HAIMCAHUS PA3IMYHBIX MPOTPaMM, COACPIKAIINX HECKOIBKO
OIIepaTOpOB, IPU 3TOM ONEPATOPbl MOTYT OBbITh BIOXEHBI JIPYT B JIpYyra, €CJIU B KaKOi-TO omepaTop
BJIOJKEHO HECKOJIBKO OIEPaTOPOB, TO X HYKHO OOBEAMHATh BepTUKAIBHOM nuHueir (Add Line).

PaccmoTpum mporpaMMy, BBIUKCIISIIONIYIO CpefHee apu(MeTHYecKoe 3JEMEHTOB MPOU3BOJIb-
HOHN MaTpPHULIBL.
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1320
A={3213
3214

sum(gq) = |s« 0

k0

for ie 1. rows(q)
for jel. cols(q)

S¢S0

k<« k+1

S
return —
k

sum(A) =1
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3ansaTue 7.
IIpouenypsl peleHus ypaBHEHU, HEPABEHCTB U
MOMCKA IKCTPEMAJIbHbIX 3HAYCHUN PYHKIUU.

YucieHHbIN ITOUCK KOPHS YPaBHEHUS.

JIro60i 4YHCIEHHBI METOJ pEIICHUS ypaBHEHUS OCHOBAaH HAa YTOYHEHHH KaKOT0-JIMOO
HavyaJIbHOTO 3HAYCHUSI KOPHS JI0 33/JaHHOi TouHOCTH. TouHOCTh BhiuMciieHHd B Maxima 3amaercs
BcTpoeHHOM nepemenHoit TOL u mo ymomyanuto pagHa 0,001. [[ns 3aganust Ha4aapHOTO 3HAYEHUS
KOpHsI yIOOHO CHavasia MoCTpouTh rpaduk (GyHKIWH, 3aMaroieii ypaBHeHue. Hampumep, Haiinem

KopHHU ypaHeruss N X=X—2_ Jing saganus HauanpHOro 3HAYCHMS X MOCTPOMM rpaduk (GyHKIUA
f(X)=Inx—x+2

fo) =In(x) —x+ 2

t

Jl1ia HaxoKIeHHs PaBOro KOpHS ypaBHeHHUs 3aaanuMm TouyHocTh 1OL=0,000001 , nayanb-
HOE 3Ha4YeHUE X=4 u ucnosibzyeM GpyHkiuo root(f(x),x) .

X:=4
root(f(x),x) = 3.146
MOo’KHO JOKaJIN30BaTh KOPEHb HE C MOMOLIBIO0 HAYaJIbHOI'O 3HAYEHHUSI, a C TIOMOILBIO UHTEP-
Bajia, KOTOPOMY IIPUHAJUIEKUT KOPEHb, IIPU 3TOM T'PaHUIIbI HHTEPBaJla HY KHO 3a/1aTh KaK apryMeH-
Thl (pyHKuMU root. Hampumep, HalijieM JIeBblil KOPEHb UCXOJIHOTO YPABHEHMsI KaK KOpEHb, pUHA-
nexamuii uarepsany [0.01, 1].
root(f(X),x,0.01, 1) = 0.159,

Mosxno 3aaath pyakmnuio r(X)=root(f(x),x), koTopas Bo3BpaIiaeT KOpeHb ypaBHEHHUsI, TOIY-
YEHHBIN U3 Ha4YaJbHOTrO NMpubamxenus X. Hanpumep:

r(x) = root(f(x),%)

1(2) = 3.146
1(0.2) = 0.159
[Tosp3ysach 3TO# QyHKIHEH MOXKHO MOJYYUTH BEKTOP KOPHEH YpaBHEHUS:
i=0.2
X =
|
-1 X. = r1x X. =
02 | ( |) |
4 3.146
0.159
3.146

I[HSI MOJIYYCHHUS KOMIIJICKCHOI'O KOPHS Ha4YaJIbHOC HpI/I6HI/I)KeHI/Ie CJICAYCT 3a/laBaTb KOM-
IIJICKCHBIM.
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f) = + 3

X:=
root(f(x),X) =1

Haxoxnenue kopHel MOJTMHOMOB.
Jlns HaXxOoXKJIeHHs KOpHe monrHoMa B Maxima umeetcs BctpoenHas ¢yukims polyroots(a),

y a, +aXx+a,x’ +...+a,x"
apryMEHTOM KOTOPOH SIBIISIETCSI BEKTOP KOA((UIIMEHTOB IMOJIMHOMA .

3 2
Hanpumep, wist ypasrenns X +2X° —1=0gekrop a umeer sux:
i=0.3

-1.618
polyroots(a) =| -1
0.618

KoaddunmenTs nonuHomMa 1 KOpHU MOTYT OBITh U KOMILIEKCHBIMH. Hanpumep st ypaBHe-
2 J—
s X~ +1=0

ﬂ polyroots(a) = (_Ilj

s Toro, 4ToObI BBIIEIUTH M3 MHOTOUYJIEHA BEKTOpP KOA((UIIMEHTOB MOXKHO BOCIOJIB30-
BaThCA CHMBOJIbHBIMU peoOpa3oBaHUSIMU. Hanpumep pemum YpaBHEHHUE

(x+1)x* —4Jx? +x-2)=0.

8
4
-10
a=(x+ 1)(x2 - 4)(x2 + X— 2) coeffs,x — c
2
-2 1
-2
polyroots(a) =| -1
1
2

HaxoxneHnue kopHell ypaBHEHUN aHAIUTUYECKH (ITyTEM CHUMBOJIbHBIX MPEOOPa30BaHUI).

Bo mHOrmx cimydasx Maxima mo3BojsieT HaiiTH aHaTMTHYecKoe pemenue. s Toro, 9ro0sl
HalTH pelleHrne ypaBHEHHUS HEOOXOAMMO 3alucaTh BBIPAXKEHHWE U BBIIEIUTh B HEM IEPEMEHHYIO
(mocTaBUTH YyKa3zaTeldb Kypcopa BO3je MEpeMEHHOH), M BOCIOJB30BaThcs MyHKTOM Solve for
Variable (Ilepemennas []Pemenne ) u3 mynkra MeHto Symbolic (CumBosnuka).

MoOHO TaKXe BOCIIOJIb30BaThcs (DyHKIMEN 100t , TOCTaBUB BMECTO 3HAKA «=» 3HAK «[».

YucaeHHBIM IOHUCK pemiCHUs CUCTCMBbI ypaBHCHI/Iﬁ " HCPABCHCTB.
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Cucrembl JIMHEWHBIX U HEJTMHEHHBIX YPaBHEHHI ¥ HEPAaBEHCTB MO3BOJISET penrats B Maxima
010K given B couetanuu ¢ Gpynknueit Find.
[Tocne croBa given 3amuchIBaeTCsl CUCTEMa YPAaBHEHUN M HEPABEHCTB, MOJUICKAIINX pellie-
HHIO, TIPU 3TOM BMECTO 3HaKa «=» cienyeT Habuparb Ctrl+=. Ilepen Gioxom given HeoOXoaumo
yKa3blBaTh Ha4aJIbHbIE IPUOIMKEHUS 111 BCEX IEPEMEHHBIX, €CIIM HY)KHO HAWTH KOMIUIEKCHBIA KO-
peHb, TO CIeAyeT 3aaBaTh KOMILJIEKCHOE HadaibHOE Mpubmmkenue. [Ipu3nakoM oKOHYaHUs CUCTe-
MbI ciyxuT GyHkuus Find, eciim Hano HaiiTi TouHOe pemienue wi GyHkuus MInerr, ecinu cucrema
HE MOJXET OBITh pellleHa TOYHO, U TpeOyeTcsl HalTh Hauiyuliee NpuodInKeHue, odbecrnedrBaromniee
MUHHUMAJIBHYIO IIOIPEIIHOCTb.
®Oyukiuun Minerr u Find 100KHBI UMETh CTOJIBKO K€ HJIM MEHBIIIE apryMEHTOB, CKOJBKO
YpaBHEHUI M HEPaBEHCTB COACPKUT OJOK given. Ecinu okaxercs, 4To OJOK CONEPKHUT CIHMIIKOM
MaJjo ypaBHEHHUI WM HEPABEHCTB, TO €r0 MOYKHO JOMNOJHUTH TOKAECTBAMU WJIM IOBTOPSIOLIUMUCS
BBIPAKCHUSIMHU.
Hanpuwmep,
x=1 y=1
given

Xz—y:23

x2-y =50

5
Find(x,y) = [2)

Ecnu HeoOXonuMo HaWTH pelleHHEe MNpU Pa3IMYHBIX HAYAIbHBIX MPUOIMKEHUSX, UMEET
CMBICT OIIPEICINTh HOBYIO (yHKIMIO. Hanpumep:

given
X2 -y=23
X2~y =50

f(x,y) = Find(x,y)

fll—(S) f 11—(_5)

( s )_ 2 (_ s )_ 2
S _[1.414ij i1 _(—1.414i
(|7 )_ _25 (_Ia )_ _25

Ecnu cucrema He MMeeT pellleHUs, HO BO3HMKAeT HEOOXOJMMOCTh HaWTH 3HAuY€HUs mepe-
MEHHBIX, IPH KOTOPBIX YpaBHEHHUs, BXOAAIINE B CUCTEMY YJOBIETBOPSIOTCA XOTSI Obl MPUOIMKEH-
HO, TO UcTONB3yeTcs pyHkuums miner. Hanpumep:

10T
x=1 =1
2.152 y
given
5__
a2 C+yi=9
- T
Py ",
—— 4 y+x=5
- \'\;2 0 .E*”j ! minerr(X,y) = 2152
T ’ 2.127
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Pewrenne cucreM JTUHENHBIX YPABHEHUN.

CucreMy JNHHEHWHBIX YPABHEHMM MOYKHO pEIIaThb 4YHMCICHHBIM METOAOM, OIIMCAHHOM B
OpeIbIAYIIEM IyHKTE, HO €CIHM OINpPENeNIUTEeNb MaTPULbl U3 KO3()(PUIMEHTOB MpH HEM3BECTHHIX B
ypaBHEHMsIX cucTeMbl OyneT paBeH 0 (cucteMa He MMEeT pelleHHs JM00 UMEeeT MHOXKECTBO pellie-
HUI), TO YUCIIEHHBI METOJ HE AAcT pe3ysbTara. Takke 4MCICHHBIH METOJ MOXET JaTh MpUOJIu-
JKEHHBIN pE3yJIbTaT BMECTO TOYHOrO. [I09TOMY [UIs pelIeHns CUCTEM JIMHEHHBIX YPaBHEHUN MOXKHO
BOCIOJIb30BaThcsl MeTOI0M ['aycca, MaTpuuHbIM MeTonoM uin popmyrnamu Kpamepa. OnHopoaHyto
K€ CHUCTEMY JINHEHHBIX YPAaBHEHUN MOKHO PELIMTh TOJIBKO MeTooM ['aycca. Paccmorpum pemenue
CHCTEM JINHEHHBIX YPaBHEHU BCEMHU 3TUMH CIIOCOOAMMU:

a) YUCIICHHBIA METOA

Given

2X—4y +3z=1
X—2y+4z=3
X-y+5z=2

-1
Find(x,y,2) =| 0O
1

0) meton ["aycca

oX—dy +32=1 2431
A=(1-2143
X—2y+4z=3 3 .15 2
3X-y+52=2 100 -1
rref(A)={0 10 O C = rref(A)
0011
x:=c<4>
-1
X=|0
1
B) MaTPUYHBINA METOJ
2X—4y +3z=1 243 1
A=|1-24 B:=|3
X—-2y+4z=3 3 .15 2
X-y+52=2 024 -068 04
A 1=| 028 004 02
-02 04 O

1

X -B

=A

-1
X=|0
1

r) metox Kpamepa
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2X—4y +3z=1 243

X—2y +4z=3

3-15
3X-y+5z=2 Al=A A2:=A A3=A
A1<1> =B Az<2> =B A3<3> =B
1 -4 3 213 2 41
Al=[3 -2 4 A2=[13 4 A3=|1 -2 3
2 -15 325 3 -12
Xl::M X2::M X3::ﬂ
|A] N N
Xl=-1 X2=0 X3=1
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3aunsitue 8.
Cpeacrpa aHAJIHTHYECKHX NpeodpazoBanumii B Maxima.

[Tpu aHATUTHYECKUX BBIYUCICHUSAX PE3YJIbTAT MOMyYaloT B HEYHCIOBOU (hOpMe B pe3ysibTaTe
TOKICCTBEHHBIX MTPE0Opa30BaHUM, CPeIU KOTOPHIX 00JIee MPOCTHIMU €CTh PACKPBITHS CKOOOK.

C moMoIIpI0 CUMBOJIBHOTO mporieccopa Maxima MOXHO peliaTh MHXCHEPHBIC 3a/laud B
AQHAJTUTHYECKOM BHJIC U MPOBOAUTH MIUPOKHUI CIEKTP aHAIMTHYCCKUX MPeoOpa3oBaHMiA, TAKHX KakK,
VIOPOIICHUE BBHIPAKEHUN U aredpandeckue mpeodpa3oBaHus, areOpandeckKue U MaTpUIHbBIE OIIe-
painuu, OCHOBHBIC JCHCTBUS MaTEMAaTUYSCKOTO aHAIN3a, U T.1.

Pacnircanue anreOpandeckoro BEIPAXKEHHUS - 3TO MaTeMaTHUYECKOE MPeoOpa3oBaHue, KOTOPOe
NEPEBOJIUT CTENICHH W TPOU3BENICHHs B 00Jiee MPOCThIE COOTHOIICHUs. [Ipy paciucaHuy TPUTOHO-
METPUUYECKUX BBIPAKEHUH (DYHKIMU KPAaTHOTO apryMEHTa MPEeBpaIIalOTCs B (DYHKIIMH OJUHAPHOTO
aprymeHTa, u T.1.. Maxima pasperiaeTr ynpouars JorapupMUIeCKUe BbIPAKECHUS, PACKIIaIbIBATh
HA MHOXHTEIU, PUBOJIUTh BBIPAKEHUS K OOIIEMYy 3HAMEHATEII0, BBIHOCHTh MHOXKUTENb 32 CKOO-
KU, PACKJIaJIbIBaTh HA DJIEMEHTAPHBIC POOH, BHITIOIHSATH MOJICTAHOBKU M 3aMEHBI IIEPEMEHHBIX.

CHUMBOJIbHBIC BEIYMCIICHHUS] MOYKHO BBITIOTHSTH B TAKUX BapHAHTaX:

— C TIOMOIIBI0 KOMaH] MEHIO;

— C TIOMOIIIBIO ONepaTOpa CUMBOJIBHOTO BBIBO/IA, KIFOYEBBIX CJIOB CHMBOJIBHOTO TPOIIECCOpa
U OOBIYHBIX (OPMYIL.

JUJIss CUMBOJIBHBIX BBIYHCIICHHH C TIOMOIIBIO KOMAHJIbI IPEIHA3HAUCHBI TJIABHOE MEHIO
Symbolic (CumBomnnka), koTopoe 00beANHIET MaTeMaTu4eckue onepauun. st peanuzanuu BTopo-
ro 10/X0/1a MPUMEHSIOTCs Bee cpenctBa Maxima (manpumep, Calculator, Evaluation, u T.11.).

PaccmoTpuMm 00a THIa CUMBOJIBHBIX BBIYMCICHHUN Ha MPOCTOM IMPHUMEPE Pa3lIOKEHHS Ha
COMHOHTEIU BBIPAKCHHS Sin (2X).

[TepBrIit ciocoO (¢ MOMOIIBIO MEHIO).

1. Begute BeipaxkeHue sin (2x).

2. Boigenure ero LeIuKkoM .

3. BeibepuTe B rimaBHOM MeHI0 yHKTHI Symbolics / Expand (CumBonuka / Pa3noxuTs).

[Tocme 3TOrO pe3ynbTaT Pa3ioKEHUSI BBHIPAKCHUS MOSIBUTCS UyTh HUXKE B BHJIE €IIC OIHOU
CTPOKH

sin(2x)
2-sin(x)-cos(x)

CHUMBOJIBHBIC OTIEPAIMU C TOMOIIBI0O MEHIO BO3MOYKHBI JIMIIL HAJl KAKUM-THOO OOBEKTOM
(BBIpaXKEHHEM, €r0 YacTh0 WM OTACIBbHON MepeMeHHOi). [l Toro utoObl MPaBHIBHO OCYIIE-
CTBUTP JKEJIAEMOE aHAIUTHYIECKOE MPeoOpa3oBaHue, MPEJABAPUTEILHO HEOOXOMIUMO BBIICIUTH TOT
00BEKT, K KOTOPOMY OHO OyzeT oTHOCHThCs. Hampumep, eciu B BeipaxkeHuu Sin(2X)+cos(2X) Bbie-
JIUTH TOJILKO BTOPOE CJIaraeMoe, TO Pa3I0KUThCS TOJIBKO OHO:

sin(2x) + cos(2X)

sin(2x) + (2~cos(x)2 - 1)

Bropoii crioco6 cuMBOJIBHBIX TPeoOpa3oBaHuii (C MOMOIIBIO oreparopa ->).

1. Beenure BeIpaxenue sin (2x).

2. Haxwmute kHonky Expand (Pa3noxuts) Ha nanenu Symbolic (CuMBonnka).

3. BBeauTte B MeCTO3aMOIHUTEND MOCIE MOSIBUBIIETOCS KIIFOYEBOTO ciioBa expand ums me-
PEMEHHOH X, TM00 HaXXMUTE KiIaBuiry <Del>, 4yToObl MPOCTO yAATIUTh MECTO3AMOTHUTEb.

4. BBenuTe onepaTop CHMBOJIFHOTO BBIBOJA (->)

5. Haxxmure knaBunry <Enter>, 1100 MpocTo IMIETKHUTE MBIIIBIO 33 IPEEIaMU BbIpaXKEHUSI.

sin(2X) expand,x — 2-sin(X)-cos(X)

sin(2X) expand — 2-sin(X)-cos(x)
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Ecnu cuMBOTbHBIE BBIUMCIICHHSI OCYIIECTBIISIIOTCS. BTOPBIM CIIOCOO0M, CHMBOJIBHBIN MPOIIEC-
COp YUHUTBIBAaeT Bce (OpMYIIbI, MPeABAPUTEIHHO BBEJCHHBIE B JoKyMeHTe . Hampumep,

x=0
sin(2)) + =«
2-sin(x)-cos(X) + «

sin(2)) + mexpand — =

He Bcsikoe BbIpakeHUE MOIACTCSl aHAIMTHYECKUM MpeoOpa3zoBanusM. Ecin BeIpaKeHHE HE
MOJIACTCS] aHATMTHYECKUM MTPe0Opa30BaHUUSAM, TO B KAUECTBE Pe3ysIbTaTa BBHIBOAMTCS CaMO BhIpa-
KCHHUE :

cos(X) expand,x — cos(X)

C nmomomipro MeHI0 Symbolic (CuMBOIMKA) MOKHO BBITIOJTHATH TAKAE OTICPALIHH:

Symbolic/Evaluate (CumBonuka/BbuuciieHue ) CHMBOJIBHOE BBIYMCICHHE, B TOM YHCIE C
MJIaBaroed Touko (puc.l,a);

Symbolic/Simplify (CumBosmka/YpoiieHue BIpakeHUN )

YIPOIIEHHE BBIPAKEHHSI, CAMBOJIbHBIN Iporieccop Maxima crpeMuTcs Tak mpeodpa3oBaTh
BBIpa)KE€HHUE, YTOOBI OHO TproOpeso Oosee mpoctyo Gopmy. Ilpy 3TOM HCHONIB3YIOTCS Pa3TUYHbIC
apudmMeTrueckue GopMyJibl, IPUBEIACHUE MOOOHBIX ClIAaraeMbIX, TPUTOHOMETPUYECCKHUE TOXKICCTBA,
nepecueT oOpaTHbIX QyHKIMA U 1p. Hampumep,

(x+ 2y)-z - 22-(x+ 5y) + zsimplify — zx+ 2.2y - zz-x— 5-22~y +1z
x=5 y=3

X+ 2y)-z- 22-(x+ 5y) + zsimplify — 12.z— 20-22

3+ xsimplify —+/3+5

\/3_01 + xsimplify — 6.7349351572897472412

Symbolic/Expand (CumBonnka/Pa3noxenne BblpakeHHil) pa3ioKeHUe BbIpaXKEHUM Ha die-
MEHTapHBIE;

Symbolic/Factor(CumBonuka/Pa3inoxeHre Ha MHOKUTENN) Pa3JIoKEHHE Ha MHOKUTEIIN;

Symbolic/Collect(CumBonuka/Ilogo6HbIe) MpuBeAeHNE MOT00HBIX;

Symbolic/Polynomial Coefficients (CumBonuka/IlonnHomuanbabie K03 (UIHUEHTHI) BHIBOA
K02 (UIIMEHTOB MMOJMHOMOB;

Symbolic/Variable(CumBonuka/Ilepemennasy/...) pelieHne ypaBHEHHS; MOJCTaHOBKa Iepe-
MEHHBIX; Au(depeHInpoBaHNe; HHTETPUPOBAHUE; PA3I0KEHUE B PAIbI; Pa3IokKEeHHE Ha 3JIeMEH-
TapHbie podu (puc.l1,0));

Symbolic/Matrix(CumBonuka/MaTpuiibl) [eicTBUS ¢ MaTpuiiamu (puc.1,B);

Symboli/Transform(CumBonuka/HTerpanbasle npeoOpa3oBaHusi) npeodpasoBanue Dypobe,
Jlannaca) (puc.1,r).

[TocnemoBaTenbHOCTD BBITOJHEHHS BBIYMCICHHNA MOXKHO 33JaTh C MCHOJb30BaHWEM CTHIIs
Brruucnenutii (puc.1, n).

_’7 5 o ChMBankka  OkHo  Momowe Cvmeonika OKHO  Momowe
Crreonnca  OKHO oMo T P
I 1 BeMACHTE 4 Sl TR B =] BhIHHCHTE 4 | 100% v ‘ |
cmaerax sosrs | o [ Sl[CH EIPRE 0 [ =1/
H POCTHTE: | ¥
= |:i= = | & x i NPOCTHTE
H ¥npocTHTE MNaEakilLan 3anATan. . | PassapHyTe = | == ‘ = 2 = ‘ e
1 PasEepHyTE = | —

FaseepHyTH FomnneKcHeIe DakTop

daktop Cofipate dakTop

Cafipate 1 KoatihHUHEHTEI TIOMHHOMS Caofipate

Ko3ddnunenTe! MonkHoma MepereHHan PazpeldTs KoadrmunenTE MamHoma

Matphua 4 MoacTaenTE
» MepemerHan 4
e MpeofpasoEaHe 3 AndiepeHurposaTte 5
: e —
MaTpHua c . s TR Matprua TpaHINOHHPOBATE
Mpeobpasosatie 4 Tl BEHENSHAR, MpeofipasoBatke 4 OBpaTHTL
PasnoeHHe & PAL...
OnpeaenuTens
CTHM BEIMHCNEHHA. . MNpeofipazosate B SneneHTapHy Apofie CTHNb BbIHMCNEHHA. .

a) 6) B)
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EEE——
| cmeonma Oco Momowe CTunb BelyWcnenxa x|

BbrHCMTE

MocnenoeaTensHOCTE PELWEHHA

¥rpocTHTe

PasEEpHyTE : B t
DakTop (: |-|I:| EE0THEANW, BCTAENAA CTPOKM

Cofipate

{" Tl BERTUKANM, HE BETABAAA CTROKH

Kosddrumere Monrona

r— , " Mo roprzoHTand

MaTpHua 4

bypee
OfipaTHoe dypse

R | [ Komrermapim

Nannaca
Ii1

| e [~ Bemucamms va Mecte Orrena |
z

OfpaTHos Z

r) n)

Pucynox 1 — Komanas! menro Symbolic
IIpu npoBeneHNN CUMBOJBHBIX BBIUMCICHHH MOXHO MCIIOJIb30BaTh CIEAYIOLINE CUMBOJIb-
HBIE OIEPATOPBI:
1) float — yka3siBaeT Ha TO, 4TO Pe3yJbTAT JOJDKEH OBITH BHIBE/ICH B BHJE YKCIA C IUIa-
Barollei 3ansAToii, nociue cioa float momkHO OBITE yKa3aHO KOMMYECTBO 3HAKOB MIOCIIE 3arls-
TOW, KOTOPbIE JIOJIKHBI ObITh BBIBEJICHBI B PE3YJIbTATE; IPU CUMBOJIbHBIX BEIYMCICHUSIX C HC-
nosib3oBaHueM omneparopa float, B oTimune oT 0OBIYHBIX YHCICHHBIX pacyeToB (=), BEIpaKe-
HHUE CHayaJla BBIYMCIIAETCS aHAINTUYECKHU, TO3TOMY MaKCUMAaJIbHOE KOJMYECTBO 3HAKOB IO-
ciie 3ansatoi pasHo 250 (a npu uMcneHHbIX pacuerax - 15). Hampumep,

sin(fj =0.707
4

T 1
sinf — | &> —+/2

S in(gj float,25 — .7071067811865475244C

2) complex — BEIBOIUT KOMIUIEKCHOE YKCIIO B BUje a+bi
3) assume — HaJI0KEHHE OIPAaHUYEHUN HA IIapaMETPhl BBIPAKECHUS
4) solve — perieHre ypaBHEHHS WK CUCTEMBI YPaBHEHHS

5) simplify — ymporienue BbIpakeHus, CUMBOJIBHBIN Tporieccop Maxima crpemurtcs Tak
npeoOpa3oBaTh BhIpaXKEHUE, YTOOBI OHO MpHOOpeno Oonee mpocTyro Gopmy. [Ipu sToM Hcmonb3y-
I0TCS pa3InyHbIe apudmerndeckue GOpMyJIbl, IPUBEICHUE MOAO0HBIX CIaraeMbIX, TPUTOHOMETPH-
YyecKHue TOXJIeCTBa, mepecyer oOpaTHbIX PpyHKIMiA u ap. Hanpumep,

(x+ 2y)-z - 22-(x+ 5y) + zsimplify — zx+ 2.2y - zz-x— 5-22~y +1z
X=5 y=3

X+ 2y)-z- 22-(x+ 5y) + zsimplify — 12.z— 20-22

3+ xsimplify —+/3+5

\[3.01 + xsimplify — 6.7349351572897472412

6) substitute — moacraHOBKA BBIpaXKEHUsI BMECTO MepeMeHHo. Hampumep,

a-x2 + b-X+ c substitute,x=5 — 25-a+ 5b+c

. 2 . 2 . 4 2
sm(k-x + b~x) substitute,k = a-X ,b=x — sm(a~x + X )
7) factor — B 3aBHCHMOCTH OT BBEJACHHOIO BBIPAXKEHHUSI, TAaHHBI ONEPATOP BBIMIOJIHAET OJHO

W3 CIEAYIOIIUX JCUCTBUI: CBOPAYMBAET MOJWHOM B MPOU3BEICHUE MOJIMHOMOB, PACKIaJbIBAET 1I€-
JI0€ YHCIIO Ha TPOCThIe MHOKUTEH WU MPUBOAUT ApoduU K 001emMy 3HaMmeHartento. Hampumep,

4 2

X — 16 factor — (x—2)-(x+ 2)-(x + 4)

2
28 factor — 2.7
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8) expand - mepaiusi CHMBOJIBHOTO PA3JIOKCHUS, WM PACUIMPEHHS, BhIpaXXeHHUil. B xome
pa3IokKeHHs

PACKPBIBAIOTCS BCE CyMMBI M [IPOU3BE/ICHNUS, & CJIOKHBIC TPUTOHOMETPHUYCCKHE 3aBHCUMOCTH
pa3araroTCs ¢ IOMOIIBI TPUTOHOMETPUIECKUX TOKIIECTB.

9) coeffs — BbIuKCIICHNE TOTUHOMHUAIBHBIX KO3()(DUIIMEHTOB

2 2
2 22y -5zy +z
(X+ 2y)-z— 2z -y-(X+ by) + z coeffs,x —

2
z-7y
0
(X+ 2y)-z— zz-y-(x+ 5y) + zcoeffs,z — | X+ 2y +1
_y.x_5.y2
99
28
(X=4)-(x—T7)-x+ 99 coeffs,x —
1

10) collect — npuBeneHre BhIpaKEHHsI K MOJUHOMY IO 3aJIaHHOM TIEPEMEHHO (IpUBEICHUE
MOJIOOHBIX CIAraeMbIX):

X+ 2y)-z- zz-y-(x+ 5y) + z collect,x — (z - zz-y)-x+ 2.2y - 5-22-y2 +2z

X+ 2y)-z- zz-y-(x+ 5y) + zcollect,y — —5-22~y2 + (2-2 - 22-x)-y + X+ 2
X+ 2y)-z- zz-y-(x+ 5y) + z collect,y,x — —5~22-y2 + (2~z - 22-><)~y + X+ 2

X+ 2y)-z- zz-y-(x+ 5y) + z collect,x,y — (z - zz-y)-x+ 2.2y — 5-22oy2 +z

11)series — paznoxenue QyHKIUU B CTENIEHHOM psijx Teilopa, Hy)KHO yKa3aTh UMs [IEPEMEH-
HOM, 10 KOTOpPOW MPOBOAMTCS pa3iokKEeHHWE M MOPSIOK allpoOKCUMAIMU (KOJIMYECTBO CTEHEHHBIX

CJIaraeMbIXx )
1 5 1 7 1 9

— X - X+ X
120 5040 362880
12) parfrac — pasnosxxenue ApoOu Ha MpocTeHme:

11x2 +9x+ 1 21 63
—— convert, parfrac,x — 11 — +

x-1) (x=-2

. . 1
sin(X) series,x,10 — x— E-XS +

x2 - 3x+ 2
13) fourier, invfourier — npsimoe u o6patHoe npeodpazoBarme Dypne
14) laplace, invlaplace — npsimoe u oOpatHoe npeodpa3oBanue Jlamnaca
15) ztrans, invztrans — npsimoe u obpaTHOE Z-mipeobpa3oBaHue.

CuMBOJIbHBIC onepanru ¢ MaTpulaMu.

J51g TOro, 4ToOB! MPOU3BOIUTE MPEOOPA30BAHNS MATPUI] B CUMBOJIBHOM BU/JIE UCIIOIB3YETCS
OIIEpaTOp CUMBOJIBHOI'O BeIUMCIeHU —. Hampumep:
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1 1-x a 0
A(a,¥) =] -2x X 2X v(¥) =1 X
a 1-x1 0

Xx(1-=X)

|A@, )| - x- a’.x
Aa,)-v(X) — N

x(1-X
[ (x-1) ]
(a+1) -a+1
Isolve(A(a,x),v(x) — 1 eigenvals(A(a,¥)) »| a+1
(x-1) X
L (a+1) |

Pewrenue cucreM ypaBHEHUN B CHMBOJIBHOM BUJIE.

Bo mHoOrux ciayuasx pernieHue CUCTEMbl YpPaBHEHUN MOXKET OBbITh HAMJIEHO HE TOJBKO YHC-
JICHHO, HO ¥ aHaJIUTHUYeCKH. J|Jis 3TOro Tarxke MCmosb3yercs 0sok given u gyukims Find, Ho BMe-
CTO 3HAaKa PaBEHCTBA IOCJE (PYHKUMU CIEAYyEeT MOCTaBUTh 3HAK CUMBOJUYECKOIO MPE0O0pa3oBaHUs
—>.

Hampuwmep:

given
x2+x-y+y2=13
X—y=4
2++3 2-43
B

Pemenue 3anucano B BUA MaTpHIIbl, KaXK/IbIi CTOJIOEI] KOTOPOH SBJISETCS PEILIEHUEM.

Pemnts cucreMy ypaBHEHUN B CUMBOJIBHOM BHJE MOXKHO TakyKe € IOMOILBIO OIEparopa
solve. JIist 3TOTO CHCTEMy ypaBHEHHI 3allUCHIBAIOT B BUE MATPHUIILI, COCTOSIICH u3 1 cToNnOna u
HY>KHOT'0 KOJINYEeCTBa CTpOK. Hampumep:

2+43 —2+\/§j
x—y =4 2-43 -2-43

B JaHHOM CJIydac pCIICHUEM ABJISACTCA KaKaad CTPpOKa MaTpHUIIbL.

Find(x,y) —» (

2 2
X +xy+y =13 solve, X,y _)(
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