Koporko o Maxima

Pobepr donuep

1 Yo takoe Maxima?

Maxima — cucrema Jjisi pabOThI ¢ BBIDAKEHUSIMHI, TAKUMI KaK & + ¥, sin(a + bm) w u-v — v - u.

Maxima we ocobo 3ab0TUTCH O CMBIC/IE BhIPaXkKeHud. 1ObKO MOIB30BATEb PEIAET, KAKOH CMBICT HECET
BBIpasKeHNe.

Muorpa tpebyercsa 3amars 3HaYeHUS HEM3BECTHBIM W BBIYUCIUTEH BhIpakenume — Maxima ¢ pamocTsio
caesraer 51o. Ho cucrema ¢ Tofi ke paJiocTbi0 OTJIOXKUT IPUCBAMBAaHNE KOHKPETHBIX 3HAYEHUI, TAK YTO BbI
MOZKeTe TTPOBECTH C BBIPAKEHUEM HEKOTODPBIE MPEODPAZOBAHMUS, ITOCJTE F€ro yiKe ONPEeTNTh HEN3BECTHRIE
(nm He OTIpeeSATH WX BOBCE).

PaccMmoTpuM HECKOBKO NPUMEPOB.

1. Hyx#uo naiitu obbem 1miapa:

(hi1) V: 4/3 * Ypi * r°3;

3
4 Ypir
(ho) e
3
2. Pajmyc pasen 10:
($1i2) r: 10;
(ho2) 10

3. V — 1o ke, uro u 6b6110; Maxima He momenser V', eciu 9T0 He yKa3aTh:

(%i3) V;
3
4 Jpir
€2 R ———
3
4. «Maxima, nepecunTafl, moxkasayicra, V»:
(hid) *°V;
4000 %pi

€27 N ———
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5. BMmecto BbIpazKe€HHuAd XOTeJIOCh OBl BHUOCTH YHUCJICHHOC 3SHaYCHUC!:

(%i5) ’°V, numer;
(%05) 4188.79020478639

2 Bripaxxennsa

Bcé B Maxima gBisiercst BRIPAKEHUSAME, B TOM YHUC/I€ MATEMATHIECKNE BHIPAYXKEHNUsT, O0bEKTHI U TTPOTPAMM-
Hble 610K, Boipakenme — aToMm Jmbo OmepaTop ¢ apryMeHTaMu.

Arom — cumBOST (MMs1), CTPOKA B KABBIYKAX, JUO0 YUCI0 (Ie/10€ UM ¢ IIABAOIIEH TOYKOI ).

Bce BBIpazkeHUst He-aTOMBI TPEJICTABISIIOTCS B BUE 0p (a1, . . . , Ay ), [I€ 0P — UM OTIEPATOPA, & A1, . . . , Ay —
€ro apryMeHThl. BhIpaskeHust MOryT 0TOOparKaThCsl MO-PA3HOMY, HO BHYTPEHHEE MPEJICTABICHAE BCETIa, OJI1-
HAKOBO. APIyMEHTHI BLIPAsKEHHdA MOTYT OBITH aTOMAMU JIIOO BLIPAXKEHAAME He-aTOMAMIE.

MareMaTn9aecKkue BRIpAYKEHHUS BKJIOYAIOT MATEMATHYECKHAE OIEPATOPHI, TAKHE KAK

+ —x/ <=>

60 Berancaerne gpyHkmu Bpoge sin(x), bessel j(n, x). B Takux ciydasx oneparopom sBiasgeTcst hyHKIAS.
O6bexTr! B Maxima — Toxe Beipaxkenus. CIUCOK [ay, . . ., Gp] — Beipaxenue list(aq, . .., ap). Marpumna —
BBIPA2KEHME
matrix(list(ai1,...,a10),...,list(am1,...,ammn))

ITporpammabiMu 610KaMu sIBJISIOTCs Bbipazkenus. Byiok koga block(aq, . .., a,) — BbIpaxenue ¢ onepa-
Topom block u aprymenramvu ay, ..., a,. Ycaosaaa kouctpyknng if a then b elseif ¢ then d — seipaxkenue
if (a,b, ¢, d). Hukn for a in L do S — Buipaxkenue, coorsercrrytomee do(a, L, S).

Oyrknus Maxima Op BO3EPAIAeT OMEPATOp BhIpakeHua-He-aroMa. OyHKIMA args BP3BPAINIAET apry-
MEHTBI BhIparKeHnus-He-aroMa. OyHKIMsS atom yKa3bIBaeT, SIBJISETCs JIK BLIPAXKEHIe aTOMOM.

Paccmorpum apyrue mpumepst.

1. Atombl — CHUMBOJIBI, CTPOKHK U YHCJIA. Bot comcok ¢ aimeMeHTaMI-aTOMAaMU:

(%12) [a, foo, foo_bar, "Hello, world!'", 42, 17.29];
(%02) [a, foo, foo_bar, Hello, world!, 42, 17.29]

2. MaremMaTndecKne BhIPAXKEHUS:

(%i1) [a + b+ c, a * b * c, foo = bar, axb < cxd];
(%o1) [c+b+a, abc, foo =bar, a b < c d]

3. Croucku u MaTPUIIBl. DTEMEHTAMH CIIHCKA WM MATPUITE MOTYT ObITH JIFOOBIE BHIPDAYKEHUSI, B TOM UHCJIE
CIIACKHA WAN MaTPUIIBI:

(%1i1) L: [a, b, c, %pi, %e, 1729, 1/(axd - bxc)];

(%01) [a’ by C, %Pi, %e’ 1729’ _________ ]



(%i2) L2: [a, b, [c, %pi, [he, 1729], 1/(axd - bxc)1];

1
(ho2) la, b, [c, %pi, [he, 1729], --------- 1]
ad->bec
(%13) L [71;
1

(%o3) e

ad->bc
(%14) L2 [3];

1
(ho4) [c, %pi, [%e, 17291, -----—--- 1
ad-bec

(%15) M: matrix ([%pi, 171, [29, %el);

[ %pi 17 ]
(%05) L ]

[ 29 %e ]

(%16) M2: matrix ([[hpi, 171, a*d - bxc]l, [matrix ([1, al, [b, 71), %el);
[ [hpi, 171 ad - b c]

[ ]
(%06) [[1 al ]
([ ] he ]
[[b 7] ]
(%i7) M [2]11[1];
(%o7) 29
(%i8) M2 [2]1[1];
[1 al
(%08) [ ]
[b 7]
. IIporpammvabie 610K — BBIPpQXKEHWS. T : Y O3HAYAECT NMPUCBAWBAHWE Y K T; 3HAUCHUE BHIPAKEHUS

npucBauBanus — y. block obbenuHsier HECKOJIBKO BBIPAYKEHUI W TIOCJEIOBATE]BHO UX BBIYUCIISIET;
3HAYEHNE 0JI0KA COOTBETCTBYET 3HAUEHUIO €r0 TOCTETHETO BBIPAXKEHUSI.

(%i1) (a: 42) - (b: 17);

(%o1) 25

(hi2) [a, bl;

(ho2) [42, 17]

(%13) block ([al, a: 42, a~2 - 1600) + block ([b], b: 5, %pi~b);

5

(%ho3) hpi + 164

(5i4) (if a > 1 then %pi else %e) + (if b < O then 1/2 else 1/7);
1

(%hod) hpi + -
7

. OPp BO3BpPAIIAET OMEPATOP, args BO3BPAINAET aAPTyMEHTHI, atom Ompeie/IseT, TBIAeTCA U BhIPAKEHNE
ATOMOM:



(%i1) op (p + qQ);

(%hol) +
(hi2) op (p + q > p*xq);

(%02) >
(%i3) op (sin (p + q));

(%03) sin
(%hi4) op (foo (p, 9));

(%o4) foo
(%15) op (foo (p, @) :=p - Q)
(%o5) 1=
(%i6) args (p + q);

(%086) [q, pl]
(%i7) args (p + q > p*q);

(%o [q +p, pdl
(%i8) args (sin (p + q));

(%08) [q + p]
(%19) args (foo (p, 9));

(%09) [p, - 4l
(%110) args (foo (p, q@) :=p - Q);
(%010) [foo(p, @), p - 4l
(%111) atom (p);

(%o11) true
(%112) atom (p + q);

(%012) false
(%i13) atom (sin (p + q));

(%013) false

6. OmepaTopbl U apryMeHThI IporpaMMHBIX Oji0koB. OjMHapHas KaBbluKa ykasbiBaer Maxima co3maTh
BBbIPAXKEHUE, HO OTJIOKUTH €ro BeraucacHue. Mbl emie paccMoTpum 3T0 mO3Ke.

(%i1) op (’(block ([al, a: 42, a~2 - 1600)));

(ho1) block

(%12) op (P(if p > q then p else q));

(ho2) if

(%13) op (°(for x in L do print (x)));

(ho3) mdoin

(%14) args (’(block ([al, a: 42, a~2 - 1600)));
2

(%ho4) [[a]l, a : 42, a - 1600]

(hi5) args (’(if p > q then p else q));

(%05) lp >q, p, true, gl

(%16) args (°’(for x in L do print (x)));

(%086) [x, L, false, false, false, false, print(x)]

3 Bprunciaenue

3HaveHne CHUMBOJA — BLIpasKEHNE, CBA3AHHOE C 9TUM CHMBOIOM. KarKaplii CHMBOJ MMeeT 3HAYEHHE; €CJIH
3HAYEHNE HE 337[aBAJI0Ch, CUMBOJI BBITUCIAETCA caM B cebga. Hanmpumep, x nmeer 3Hadenne T, eCiiu CUMBOJIY
He TTPUCBANBAJIOCH 3HAUEHMUE.



Uucna u cTPOKU COBIAJAIOT CO CBOUMY 3HAUEHUSIMU.
Bripaxxenue-ue-arom Boraucasgercd mpubM3uTe/I6HO TAKAM 00Pa30M:

1. Buruncasercd KaxKIelil apTyMeHT omlepaTopa.

2. Ecaun onepaTop cBsi3aH C BBI30BOM (DYHKITUHU, TO 3HAYEHNE, BO3BpaIleHHOe (DYHKIINEN, ABISeTCs 3Hade-
HUEM BBIPaKeHUd.

Brraucnenne MoxkeT TpoxoguTh M0-pasHoMy. HekoTopbie n3aMeHeHus YMEHbINaT 00'beM BhIYUC/IEHUI:

1. Hexoropsie MyHKINY HE BHIYUCIAIOT CBOM APTyMEHTHI WU 9aCTh U3 HUX, JUOO MEHSIOT X0, BBIUUCTIE-
HUS apI'yMEHTOB.

2. OmuHOYHAS KaBLIYKA ' IIpeJOTBpAIaeT BLIYHCICHIE:

— ’a BBIUMCJILETCI KakK a. Bee APpYyTrue 3HaYCHUA a4 UTHOPUPYIOTCHA.

— 'f(a1,...,ay) soraucasiercs B f(ev(ai),...,ev(ay)). Takum 06pazoM, BEIYUCIISIIOTCS APTYyMEHTDI
p ) p )
HO f He BBI3BIBACTCS.

— /(...) upesoTBpaIAeT BHIYUCIEHUE JTIOOBIX BhIparkKeHuil BHYTPH (.. .).
HekoTopble n3MeHeHHs YBEIMINBAIOT 00beM BbIMUCTICHUA:

1. JIBe 0AMHOYHbIE KABBIYKH "' BBI3BIBAIOT JONOJHUTEIBHOE BBIYUCIEHIE B MOMEHT 00pabOTKY .
2. ev(a) BBI3BIBAET JIOTOJHUTEIHHOE BBIUUCIEHIE @ TIPH KayKJIOM BBIYHCIEHHN eV (a).

3. Bamuce apply(f,[ai,...,a,]) BbI3bIBAET BbIMUC/IEHUE APIYMEHTOB A1, . . . , A, JA2Ke ecin [ CTaBUT Ie-
pes HEMHA OJMHOYHBIE KABLIYKM.

4. define coorBercTBYET OnpeeaeHto (DYHKIMU BPOJE 1=, HO BBIYUCJSET TeI0 (DYyHKIUU, B TO BPEMs
KaK = OTKJIaAbIBaCT BBIYHUCJICHUEC.

PacemoTpumM, Kak BEIMHUCASIOTCS HEKOTOPBIE BBIPAXKEHU.

1. CuMBOJI BBIUMCISIETCS caM B cebsi, ecjin eMy He TPUCBAMBAIOCH 3HAUECHUE:

(%i1) block (a: 1, b: 2, e: 5);

(%o1) 5
(%i2) [a, b, c, d, el;
(%02) [1, 2, c, d, 5]

2. AprMeHTbI OIIepPaTOPOB BBIYUCIAIOTCA O6])ILIH]:)IM myTeM (eCJTI/I BBIYHCJIEHNE HE OTJIOZKEHO TEM WJIN
HUHBIM 06pa30M):

(%11) block (x: %pi, y: %e);

(%o1) %e
(%12) sin (x + y);

(%02) - sin(%e)
(%13) x > y;

(%03) %pi > %e
(%i4) x!;

(%04) Ypi!



3. Ecuau oneparop cBsizaH ¢ BbI30BOM (DYHKITUH, 3HAUEHUE, BO3BPAIleHHOEe (DYHKITUEH, SIBISeTCs 3HAYEHIEeM
BbIDQ’KEHUs (€C/IM BBIYUC/IEHUE HE OTJIOXKEHO); MHAYE BBIYUCAECHUE JAET JPYTIOe BHIDAYKEHHUE C TEM 7KE
OIIePaTOPOM:

(%i1) foo (p, @) :=p - q;

(%o1) foo(p, @) :=p - q
(%i2) p: %phi;
(ho2) %phi
(%hi3) foo (p, qQ);
(%03) 4phi - q
(%hi4) var (p, q);
(%o04) bar (%phi, q)
4. Hekoropbie hyHKINN OTKJIAIBIBAIOT BHIUKUCIEHUE apryMEHTOB, HanpuMmep, save, =, kill:

(%11) block (a: 1, b: %pi, c: x + y);

(hol) y + x
(%1i2) [a, b, cl;
(%02) (1, %pi, v + x]
(%13) save ("tmp.save", a, b, c);
(%o3) tmp.save
(%414) £ (a) := a"b;
b

(%ho4) f(a) := a
(%i5) £ (7);

%pi
(%05) 7
(%i6) kill (a, b, ¢);
(%06) done
(hi7) [a, b, cl;
(%o7) [a, b, c]

5. O,Z[I/IHOLIHaH KaBblYKa TPEJOTBPAIACT BHIYUCJICHUE, Ja2Ke €CJIN OHO JOJIZKHO ITPOU3BOJNTHCA:

(%11) foo (x, y) =y - x;

(hol) foo(x, y) =y - x
(%12) block (a: %e, b: 17);

(%02) 17
(%i3) foo (a, b);

(%03) 17 - %e
(#i4) foo (Pa, ’b);

(hod) b - a
(%i5) ’foo (a, b);

(%0b) foo(%e, 17)
(%16) ’(foo (a, b));

(%06) foo(a, b)

6. ,HBG OAMHOYHBIC KaBbI9YKM BBI3BIBAIOT JOIIOJTHUTE/ILHOE BBIYHCJICHHUE BO BpEMA O6pa6OTKI/I BBIDAZKCHU !



(#11) diff (sin (), x);

(%o1) cos (x)

($1i2) foo (x) := diff (sin (x), x);

(%02) foo(x) := diff(sin(x), x)
($13) foo (x) := ??(diff (sin (x), x));

(%03) foo(x) := cos(x)

7. eV BCIKHI pa3 BbI3bIBAET JIOIOJHUTEIbHOE BBIYUCIEHUE (CDABHUTE 9TO C IIOBEJCHUEM JIJIsl JIBYX KaBbl-
9eK):

(%11) block (xx: yy, yy: zz);

(%o1) ZZ
(%i2) [xx, yyl;

(%o2) [yy, zzl
(%i3) foo (x) := 7’x;

(%03) foo(x) := x
(%hid) foo (xx);

(%hod) vy
(%15) bar (x) := ev (x);

(%05) bar(x) := ev(x)
(%4i6) bar (xx);

(ho6) zz

8. apply BBI3BIBAECT BBHIYUCJIEHNE aPTYMEHTOB, AazKe €CJIN Tepe] HUMU CTOAT KaBBIYKN:

(#11) block (a: aa, b: bb, c: cc);

(hol) cc

(%12) block (aa: 11, bb: 22, cc: 33);

(%02) 33

(%13) [a, b, c, aa, bb, ccl;

(%03) [aa, bb, cc, 11, 22, 33]
(%i4) apply (kill, [a, b, cl);

(hod) done

(%i5) [a, b, c, aa, bb, cc]l;

(%05) [aa, bb, cc, aa, bb, ccl
(%1i6) kill (a, b, ¢);

(%06) done

(%i7) [a, b, c, aa, bb, ccl;

(%hoT) [a, b, c, aa, bb, cc]

9. define BerUHCASIET TETO ONpPEmETEHNsT (DYHKITHUN:

(#i1) integrate (sin (axx), x, 0, %pi);
1 cos(%pi a)
(%hol) e -

(%12) foo (x) := integrate (sin (a*x), x, 0, %pi);



(%h02) foo(x) := integrate(sin(a x), x, 0, %pi)

(%13) define (foo (x), integrate (sin (a*x), x, 0, %pi));
1 cos(Ypi a)

(ho3) foo(x) = - - ——-ooom-

4 YuopouieHue

[Mocsre BHIYMCTEHNS BRIpaXKeHust, Maxima TBITAETCS HANTH SKBUBAJEHTHOE €My «BoJiee TpoCToes, ISl Iero
MTPUMEHSIETCS PSAJT TIPABLIL, CBA3AHHBIX C YCJOBHBIM TIOHATHEM TIPOCcTOThI. Tak, 141 ympormaercst 1o 2, x+x —
1o 2z, a sin(%pi) — mo 0.

O/iHaKO MHOT'ME M3BECTHBIE TOXKJIECTBA He MPUMEHSIOTCS aBTOMATHYecKu. HampuMep, He UCIoab3yITCs
dOpMyNBI TBOHHOTO yIvIa A7 TPUTOHOMETPUYIECKUX (DYHKINN 1 He TPOM3BOINTCS MpUBEJEHNE Tpobeit BrIa
a/b+ c/b— (a+ ¢)/b. Jlna npuMeHeHns: TOXKIECTB CYIIECTBYIOT OT/A€NbHbBIE (DYHKITUH.

Yupoinenne Beeria MPUMeHsIeTCs, eCIM He ObLIO SBHO OTJI0KEHO, JaKe B TOM CJIydae, KOT/1a BhIpayKeHue
HE BbIYHUC/ISETCH.

tellsimpafter BBojuT nosib30BaTE/NBCKIE TPABUIA YIPOIIEHUS.

Paccmorpum mHECKOIBKO TpUMEpPOB.

1. 3Hak KaBBIYKW OTKJAJBIBAET BBIYHUCJEHNE, HO He ympolnenne; Kcmu g rmobambHoro (hara simp
ycranoeieno false, To ynporenue He TPON3BOAUTCS, HO TTPOU3IBOIUTCS BhITUC/IEHUE:

(%i1) °[1 + 1, x + x, x * x, sin (%pi)];

2
(%o1) [2, 2 x, x, 0]
(%12) simp: false$
(%13) block ([x: 1], x + x);
(%ho3) 1+1

2. Hekoropsblie TOXkKIeCTBA HE IPUMEHIIOTCA aBToMaTndecku. expand, ratsimp, trigexpand, demoivre —
npuMepbl (PyHKITUN, TPUMEHSIIOIINX TOXKIECTBA:

(%i1) (a + b)~2;

2
(hol) (b + a)
(%i2) expand (%);
2 2
(%02) b +2ab+a
(%i3) a/b + c/b;
c a
(%h03) -t -
b b
(%i4) ratsimp (%);
c+a
(hot) ===
b
(%i5) sin (2*x);
(%o5) sin(2 x)



(%i6) trigexpand (%);
(%o6) 2 cos(x) sin(x)
(5i7) a * exp (b * %i);

%i b
(hoT) a %e
(%18) demoivre (%);
(%h08) a (%i sin(b) + cos(b))

5 apply, map n lambda

1. apply cozmaer u BBIYHC/ISET BhIpaXKeHne. APryMeHThI BBIPAsKeHUs BCETIa BBIUUCISIOTCS (1axke, ecu
Obl OHUM He BBIYHC/IAIUCEH TIPU JAPYTAX 0OCTOATETHCTBAX ):

(#i1) apply (sin, [x * %pil);

(hol) sin(%pi x)

(%i2) L: [a, b, ¢, %, v, 2];

(%02) fa, b, ¢, %, v, 2]
(%i3) apply ("+", L);

(%03) z+y+x+c+b+a

2. map CO37]aeT U BBIYUCIAET BBIPAKEHUE T KaXKJIOTO TeMEeHTa, CIIUCKA APTyMEHTOB. APTYMEHTHI BbI-
parKeHusl BCErJIa BBHIUUCSIIOTCS (ayKe, eCJin Obl OHU HE BBIYUC/ISIUCH TIPU JAPYTUX 0OCTOATEIBCTBAX ).
B kadecrBe pesysbraTa BO3BpAIAETCH CIHCOK:

(%i1) map (foo, [x, y, z1);

(%o1) [foo(x), foo(y), foo(z)]
(%$i2) map ("+", [1, 2, 3], [a, b, cl);

(%02) [a+1, b+ 2, c+ 3]
(%13) map (atom, [a, b, ¢, a + b, a +b + cl);
(%03) [true, true, true, false, false]

3. lambda co3naer ssambaa-Beipazkerne (6e3bIMAHHYI0 GYHKINIO). JIsaMO1a-BeIpaKeHne MOKET UCTIOJb-
30BaThCS B HEKOTOPBIX Cly4adx Kak oObluHas dyHkuus. lambda ne Bbrunciser resno GyHKIUK:

(%i1) f: lambda ([x, yl, (x + y)*(x - y));

(%o1) lambda([x, yl, (x + y) (x - y))
(hi2) £ (a, b);

(ho2) (a -b) (b +a)

(%13) apply (£, [p, a1);

(%03) p -9 (@+p

(hi4) map (£, [1, 2, 3], [a, b, cl);
(hod) [(1 -a) (@a+ 1), (2-Db) (b+2), (3-c) (c+ 3]

6 BcTpoennbie THIBI 00 HEKTOB

Ob6beKT TmpecTaBIsgeTcsd B BUe BhIpaykeHus. Kak 1 Ipyrue BBIpaXKeHusi, 00bEKT COAEPKUT OTEPATOP U €ro
APTyMEHTHI.
OcHOBHBIE BCTPOEHHBIE TUIBI OOBEKTOB — CIUCKHU, MATPUIIHI U MHOYKECTBA.



6.1

6.3

Cuaucku

. Cnmcok 3azaercs B Buje [a, b, c].

B crucke L L[i] — i-it snement. L[1] — mepBblil 91eMeHT.
map(f, L) npumensier f K KaxKJI0OMy 7aeMeHTy L.

apply(” +7,L) — cymma Bcex 37emenToB L.

for xz in L do expr Borumciger expr mis KaxKJa0ro sjaemenTta L.

length(L) — umcmno anementos L.

MaTtpunsi

. Marpuna sagaerca B Buge matrix(Lq, ..., Ly,), rne Ly, ..., L, — CINCKU 37IEMEHTOB CTPOK.

. Ecain M — marpuna, o M(i, j| wiu Mi][j] — ee (i, j)-it snement. M[1,1] — s1eMeHT B BEpXHEM JIeBOM

VIITy.

Omeparop . mpezcrapisger nHekommyTtarupuoe ymuoxkenne. M.L, L.M nw M.N — HeKOMMYTaTHBHBIE
npoussenenus, riae L — ciucok, a M w N — MaTpuis.

. transpose(M) — TpancnonuposanHasg MarTpuma M7

eigenvalues(M) Bosspamaer cobcreennbie 3aadenus M.
eigenvectors(M) Boseparaer co6CTBeHHBIE BEKTOPBI M .
length(M) Bosepamaer ducyio crpok M.

length(transpose(M)) Bozspamaer uucio cronbmos M.

MmuoxkectBa

. Maxima, pa60TaeT C ABHO 3aJaHHBIMU KOHCYHBIMW MHOXKCECTBaMM. MuoxkecTBa — He TO XKe caMoe, 9T0

U CIIMCKH, U IPeobpasoBaHie MHOXKECTBA B CIIUCOK U HA0OGOPOT OJZKHO TIPOM3BOIUTHCS B SIBHOM BHJIE.
MuoxectBo 3a1aetcs B Buje set(a,b, c,...), rae a,b, ¢, ... — ero sjaeMeHThI.

union(A, B) — obbenunenne Mmuoxects A u B.

intersection(A, B) — nepeceuenne MuOKeCTB A 1 B.

cardinality (A) — 4ucno smemenToB MHOXKECTBA A.

7 Tunmunele 3aga49n

7.1

1.

Onpepenenne pysKIUN

QyHKIUA OIPEIEISACTCS OIEPATOPOM =, IIPU ITOM BLIUYUCICHUE T€JIa (DYHKIINKA OTKJI3IBIBACTCH.

B mpumepe mmxe diff mepecumThiBaeTCS MpM KayKJIOM BBIZOBE (PYHKIMH. APryMEHT TTO/ICTABISETCS
BMECTO &, M BLIYUCJIAECTCA PE3YILTUPYIONIEE BhIpaKkenne. Korma apryMeHT mpeactas/isier coboit HeaTo
OTJIIYHOE OT CAMBO/TA, TIPOACXOAT ommbKa: A71s foo(1) Maxima merraercs seramcuts diff (sin(1)?2,1).
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($11) foo (x) := diff (sin(x)"2, x);

2
(%hol) foo(x) := diff(sin (x), x)
(%i2) foo (u);
(%02) 2 cos(u) sin(u)

(%13) foo (1);
Non-variable 2nd argument to diff:
1
#0: foo(x=1)
-- an error.

2. define omnpegesnser (pyHKIUO U BRITUCIIET €€ TEJO.

B crepyromem npumepe diff seraucasercss equnoxapr (npu onpepenenun), nosromy foo(l) we BbI3HI-
BaeT OIMUOKH:

(#11) define (foo (x), diff (sin(x)"2, x));

(%ho1) foo(x) := 2 cos(x) sin(x)
(%i2) foo (u);

(ho2) 2 cos(u) sin(u)
(%i3) foo (1);

(%h03) 2 cos(1) sin(1)

7.2 Pemenne ypaBHeHUIT

(%#i1) eq_1l: a * x + b x y + z = ¥pi;

(%hol) z+by+ax=/Y%pi
(%41i2) eq_2: z - Bbxy + x = 0;
(ho2) z-5y+x=0
(%#13) s: solve ([eq_1, eq_ 2], [x, z1);
(b +5) y - Ypi (b+5a)y- %pi
(%03) [[x = - —==mmmmmo - s Z T mmmmmmmmom—oooo-- 1]
a-1 a-1

(%14) length (8);

(%04 1

(%#15) [subst (s[1], eq_1), subst (s[1], eq_2)];
b+5a y-%pi a ((b+5)y- %pi)

(%05) [-----mmmmmmmmmmos o + by = hpi,
a -1 a-1
(b+5a y-%pi (b+5)y-%pi
————————————————————————————————— -5y =0]
a -1 a-1
(%i6) ratsimp (%);
(%06) [%pi = %pi, 0 = 0]

7.3 HWurerpuposBanue n nguddpepeHmpoBaHne

integrate BorunCISIeT ONpEEIeHHBIE U HEOIPEIeJeHHBIE HHTEIPAJIbL:
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(%i1)
(%o1)
(%12)
(%02)
(%13)
(%03)
(%i4)
(%o4)
(%15)
(%05)

(%i6)

(%06)

(%i7)

(%oT)

integrate

integrate

assume (a

integrate

integrate

integrate

(171 + x), x, 0, 1);
log(2)
(exp(-u) * sin(u), u, 0, inf);
1

2
> 0);
[a > 0]
(1/(1 + x), x, 0, a);
log(a + 1)
(exp(-a*u) * sin(a*u), u, 0, inf);
1
2 a
(exp (sin (%)), t, 0, %pi);
hpi

sin(t)
%e dt

NH H AN

0

’integrate (exp(-u) * sin(u), u, 0, inf);

inf

-u
%e sin(u) du

N H /AN

0

diff Beraucasger npoussoHbe U AU OEPEHITHAIIBL:

(%i1)
(%o1)
(%i2)
(%02)
(%13)
(%03)
(%i4)

(%o4)
(%15)

(%05)

diff (sin

x
diff (sin
diff (sin

diff (sin

(y*x))
cos(x y) del(y) + y cos(x y) del(x)
(y*x), x);

y cos(x y)
(y*x), v);

x cos(x y)
(y*x), x, 2);

2
-y sin(x y)

"diff (sin (y*x), x, 2);

2

d

--- (sin(x y))
2

dx
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7.4 Ilocrpoenmue rpacdukosn

plot2d crpout aByMepHBIe rpaduK:

(%#11) plot2d (exp(-u) * sin(u), [u, 0, 2«%pil);

(hol)

(#12) plot2d ([exp(-u), exp(-u) * sin(uw)], [u, O, 2%%pil);
(ho2)

(%13) xx: makelist (i/2.5, i, 1, 10);

(%03) [0.4, 0.8, 1.2, 1.6, 2.0, 2.4, 2.8, 3.2, 3.6, 4.0]

(#14) yy: map (lambda ([x], exp(-x) * sin(x)), xx);

(%04) [0.261034921143457, 0.322328869227062, .2807247779692679,
.2018104299334517, .1230600248057767, .0612766372619573,
.0203706503896865, - .0023794587414574, - .0120913057698414,

- 0.013861321214153]

(%15) plot2d ([discrete, xx, yyl);

(%05)

(%i6) plot2d ([discrete, xx, yyl, [gnuplot_curve_styles, ["with points"]]);
(%06)

Cwm. Takzke plot3d.
7.5 Coxpanenune u 3arpy3ka ¢aiijioB
save 3alUChIBAET BbIPAXKCHUd B (At
(%i1) a: foo - bar;

(%o1) foo - bar
(%12) b: foo~2 * bar;

2
(%02) bar foo
(%#13) save ("my.session", a, b);
(%03) my.session
(%14) save ("my.session", all);
(%ho4) my.session

load uuraer Beipaxkenuna uz Qaitia.

(#11) load ("my.session");
(%ho4) my.session
(%i5) a;
(%05) foo - bar
(%i6) b;

2
(%06) bar foo

Cwm. Takke stringout u batch.
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8 IIporpamMmupoBaHue mon Maxima

CyrecTByeT 0OfHO TPOCTPAHCTBO WMEH, cojepzKaliee Bce cuMBoJibl Maxima. JIpyroe mpocTpasHCTBO mMeH
CO3/IaTh HEJIb3sl.

Bce nepemennbie robanbHbI, €CiM HE OMPEIEIEHbI JOKAIBHO — B (DYHKINAX, JTAMOIA-BHIPDAKEHUIAX U
HI0KaX.

SHadeHNeM MEPEMEHHONW CUMTALTCS TO, 9TO OBLIO MPUCBOEHO B TOCAEIHUN Pa3, B sIBHOM BHJE, JiHDO
Jepe3 MpPUCBaVBaHUE 3HAYEHWS JIOKAJbHOI 1epeMeHHOil B OJioke, QPyHKIUN Uian JAgMO/1a-BbIPAKEHUH. IDTa
KOHIIETITTAS W3BECTHA KaK JUHAMUYECKAA 00AACTD 6UOUMOCTIU.

Fcan nepemennas aBsieTcs JTOKAILHOM BHYTPHU (DYHKIIWY, JTAMOIa-BBIPpaYKeHUs Uin OJI0Ka, ee 3HATEHUE
JIOKQJIBHO, HO OCTajbHble cBoiicTBa (3amannbie declare) riobanbubr. @yukius local nemaer nepemernyto
JIOKQJIbHOM B OTHOIICHUU BCEX CBOUCTB.

ITo ymosruanuto, onpenenenue dyHKINN 11006aT6HO, A2KE €CJIH OHO COIAEPXKUTCS BHYTPU (DYHKIUH, JisiMO1a-
BhIpazkenns uian 6soka. local(f), f(z) := ... cozgaer nokanbHOe onpejeenue GyHKIUN.

trace(foo) ykaseisaeT Maxima medarars coobieHne pu BXoae B (BYHKIHIO foo W BBIXOIE U3 Hee.

Paccmorpum mexkoTopbie mpuMepnl nporpavMvupoBanus mo Maxima.

1. Bce nepemennbie T/I00aIBHBI, €CIN HE OMPEIEIEHbI JOKAIbHO — B (DYHKIIAAX, JIIMOIa-BIPAXKEHUAX W
OJIOKaX:

(%1i1) (x: 42, y: 1729, z: foox*bar);

(%ho1) bar foo
(%12) £ (x, y) := xxy*z;
(ho2) f(x, y) :=xyz
(#13) £ (aa, bb);
(%03) aa bar bb foo
(%14) lambda ([x, z], (x - 2)/y);
X - Z
(%hod) lambda([x, z], ----- )
y
(%i5) apply (%, [uu, vvl);
uu - vv
(o)  —meeee
1729
(%16) block ([y, z], y: 65536, [x, y, zl);
(%086) [42, 65536, z]

2. 3HadeHMeM IEPEeMEHHON CYUTAaeTCd TO, 9TO OBLLIO MPHCBOEHO B MOCIEIHHH pa3, B SIBHOM BHIE, JUOO
9epes3 IPucBanBaHne 3HAYCHUS JOKAJIBHOW NEePEMEHHOM:

(hi1) foo (y) :=x - y;

(%hol) foo(y) :=x -y
(%i2) x: 1729;

(%02) 1729

(%hi3) foo (%pi);

(%03) 1729 - Ypi
(%i4) bvar (x) := foo (%e);

(ho4d) bar (x) := foo(%e)
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(%i5) bar (42);
(%05) 42 - ‘he

9 Lisp m Maxima

Banuce :lisp expr Beruucaser erpr B marepuperarope Lisp. DTa 3anmch pacio3Haercs B CTPOKE BBOJA U
daiiax, obpabareiBaembix batch, vo me load.

Cuwmson foo B Maxima coorsercrByer cumsosy $foo B Lisp, a cumsos Lisp foo cooTsercByeT cuMBoITy
Maxima ?foo.

:lisp (defun $foo (a) (...)) samaer dyukmmo Lisp foo, serancigrornyto ceou aprymenTsl. 113 Maxima
dbyHKIMs BBI3BIBaETCH 3amuchio foo(a).

:lisp (defmspec $foo (e) (...)) samaer dyukuuio Lisp foo, oTKIaabIBAIONITY0 BEIYUCTEHIE APTYMEHTOB.
13 Maxima ¢yrkrnms Ber3piBaercs 3amuchio foo(a). Aprymenramu $foo asnsitores (edr e), a (caar e) scerma
cosmaaer ¢ $foo.

Bammcs (mfuncall '$foo ay .. . a,) Be3BBacT u3 Lisp dynknuo foo, onpenenennyio 8 Maxima.

O6parumcs k Lisp 3 Maxima u #Hao60poT.

1. 3amucs :lisp erpr Berauciasier erpr B unTepuperarope Lisp:

(%i1) (aa + bb)"2;

2
(%hol) (bb + aa)
(hi2) :lisp $%
((MEXPT SIMP) ((MPLUS SIMP) $AA $BB) 2)

2. :lisp (defun $foo (a) (...)) zamaer dyuknuo Lisp {00, BEIYUCIAIONIYIO CBOU apIyMEHTHIL:

(%11) :lisp (defun $foo (a b) ‘((mplus) ((mtimes) ,a ,b) $%pi))

$F00

(hi1) (p: x + vy, q: x - y);

(hol) X -y

(%12) foo (p, Q);

(ho2) (x - y) (y + x) + ¥%pi

3. :lisp (defmspec $foo (e) (...)) 3amaer dpynknuo Lisp foo, oTKIaAbIBAOIIYI0 BEIYUCICHAE apryMeH-
TOB:

(%1i1) :lisp (defmspec $bar (e) (let ((a (cdr e))) ‘((mplus) ((mtimes) ,0@a) $%pi)))
#<CLOSURE LAMBDA (E) (LET ((A (CDR E))) ¢((MPLUS) ((MTIMES) ,@A) $%PI))>
(%i1) bar (p, q);

(%o1) p q+ %pi
(%i2) var (’’p, ’°q);
(%02) p q + %pi

4. 3amucey (mfuncall '$foo ag . .. ay,) BR3BBaeT u3 Lisp dynkmmo foo, onpenenennyro B Maxima:
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(hi1) blurf (x) := x°2;

2
(hol) blurf(x) := x
(%12) :lisp (displa (mfuncall ’$blurf ’((mplus) $grotz $mumble)))
2
(mumble + grotz)
NIL
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