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BUKOPUCTAHHY CUCTEMUI KOMIT'FOTEPHOI
MATEMATUKN MAPLE V¥V ITPUPOJHNYNX HAYKAX

XapkiBCbKUil HAIIOHAJIBHIUI YHIBEPCUTET PAIiOeIEKTPOHIKN

Anomaugisn

Hasedeno nopisnanms cucmem xomn romepnoi mamemamury. Onucaro npoyec po3s’a3anus 3a0aui mamema-
muunoi Pisuru 3a donomozoro CKM Maple ma cmeopenns animauitnux 306pascens 6 opmami pdf 3a donomozoro
cucmemu BTEX.
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Abstract

Comparison of computer mathematic systems was given. Process of mathematical physics problem using CMS
Maple and design of animation images in pdf-format using BTEX system was described.
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Beryn

Mu cranu cBimkaMu qokopinHux 3min y Hayti. [Ile Hiko/M HAYKOBI HOCATHEHHS HE CTBOPIOBAJIU TaKOT'O
BILIUBY Ha €KOHOMIKY, CBITOIJIsII, crioci6 »kurTsa. Hayka crasa ommieio 3 HebaraTbox rajyseil, e eKoHO-
MiuHUi epeKT y KijibKa pa3iB mepeBulilye BKIaICHI KOITH. BuTpaTn Ha HaAyKOBI JOC/TIXKEHHsT Y OI02KeTax
PO3BUHEHUX KpaiH BXKe MEPEBUILYIOTH JeCATKU MiIbAPIIB J0IapiB.

Hapasi me Tiibku B HayIl, aje ii y 6araTbox rajy3sx TEeXHIKHU ,IIepioJl HamiBpo3nay 3Hanb’ (Toi yac,
3a KUl Ma€ OHOBUTHCSI [TOJOBUHA 3HAHB, IKi € HEOOXIAHUME JJIs YCIIIIHOT POOOTH) HE IEPEBUIILyEe 3 —
O POKIiB.

[Twupoke npoHuKHEHHS iHMOPMAIIHHIX TEXHOJOTIH B yCi rajysi JIOACHKOI MisIbHOCTI BUCYBA€E IIi/IBU-
IIIeHI BUMOTH IIOA0 KOMII'IOTEPHOI IMArOTOBKHU (paxiBIiB y BUIMUX HABYAJIHLHIX 3aK/IaJ1aX.

Maremaruyne MOIe/TIOBAHHS (DIBUTHUX IIPOIECIB Ta SIBUIM € OIHIEI0 3 MOXKJINBOCTEHl OTpUMAHHS HO-
BUX HAYKOBHUX, TEXHIYHUX Ta TEXHOJOTYHUX 3HaHb. OIHMM 3 HaWJIOCKOHAJININX Ta HaledeKTHUBHIIINIX
3ac0o0iB MOJIE/IIOBAHHSI € MOJIEJIIOBAHHS 38, JIOIIOMOI'0OI0 CYy9acHUX KOMIT I0TePiB. [Ij1s1 BUKOpUCTAaHHS TAKOrO
MOJIeTIOBaHHA (paxiBellb MOBUHEH BOJIOIITH 3aCO0AMM Ta HABHYKAMHI peasidallil MaTeMaTHIHUX MOJesei
3 BUKOPUCTAHHSIM Cy4acHUX Komi'torepis [1,2].

JLj1s1 ToJtertenHsT PpyTUHHUX MATEMATHIHUX BUKJIAJ0K Ta IPUCKOPEHHST 9YaCy BUKOHAHHSI TPOEKTIB BU-
KOPHUCTOBYIOTH CUCTEMU KOMII IOTEPHOT MATEMAaTUKH.

Tomy meToro 11iel poO6OTH € 3aCTOCYBAHHS IHCTPYMEHTIB CHCTEMH KOMIT IoTepHOol MaTemaruku Maple s
pO3B’st3aHHS 3ajiad MaTeMaTudHOl Bi3ukm Ta iHcTpyMeHTIB BujaBHudoi cuctemu INTEX s crBOpeHHSs
3BiTiB PO BUKOHAHY POOOTY.

Bubip cucremu kommn’roTepHOl MAaTKMaTUKHI

[aTencuBHICTD HAYKOBUX TOCJII2KEHb, 1110 PI3KO 3pOC/ia, BUMara€ 3HaYHOr0 CKOPOYEHHS Yacy HA BUKO-
HAHHS PYTUHHOI pOOOTH, B TOMY YUCJIi HA PI3HOMAHITHI OOYUC/ICHHS Ta BUKJ/IAJIKU.

[lo 1o mpocTux 0OYUCTIEHB, TO TYT MOXKYTh JOIOMOITH HMPOIPAMHI KAJIbKYIITOPHU, MOCh HA KIITAJIT
eJIEKTPOHHUX Tabuib Excel.

CKOpOYEHHIO Yacy, 10 HOTPiOeH Ha PISHOMAHITHI MaTeMaTUYHI BUKJIAJIKK, MOXKYTh 3aPaJIUTH CHCTEMHU
koM oreprol matemaruu (CKM).

Cucremun KOMIT'IOTEPHOI MaTEMATHKU PW3HAYEH] JJIsi PI3HOTO KJIACY CIIOXKUBAYIB 1 TX MOJIJISIOTH HA
IIPOCTi, CepPeIHbOr0 Ta BUCOKOI'O PiBHIB.



Mo mpocrux i BignocHo neckiaamanx CKM BimnocsThes cuctemu tumy Derive.

o cepemuboro pieHst Takux cucteM BigHOocuThest MathCad. Ilst cucrema Mae pO3BUHEHY CHCTEMY UHC-
JIOBUX OOYHCJIEHBb Ta JIEM0 0OMEYKEeHY CHUCTEMY CHUMBOJIBHUX HepeTBOpeHb. CHMBOJIbHI II€pETBOPEHHS B
it cucremi 3aificHIOIOTBCs 3a JoroMoroio sapa Maple. Kpim Toro, rpadituni MOXKINBOCTI pi3HUX pesti3iB
MathCad wmaJio Bigpizusiiorbes Bij rpadivnux moxkiusocteit Oinbm ckiaaauux CKM.

Anpo cucremu Maple Takok BUKOPUCTOBYETHC i B IHIMIH crcTeMi KOMIT I0TEPHOI MaTeMaTUKU BUCOKOT'O
piBas — Matlab. g cucrema € mobpe amanroBanoro Ta mHamgiiinoio CKM i pospaxoBana Ha po3B’s3aHHA
[IIPOKOro KOJIa 3aJ1a4, 0COOJIMBO 100 YUCIOBUX 004YMcIeHb. o 1T Heqo/KIB BiIHOCUTLCS IPOMIBIKICTD
Ta BUMOTJIUBICTH 70 PECypPCiB KOMII IoTepa.

KapmuaaibauMm 9uHOM BiIpi3HAIOTHCS cucTteMu BuInoro kiacy Maple ta Matematica, siki 7103BOJISI0TE
3/IIICHIOBATH CUMBOJIbHI a00 aHAJITUYHI OIepaIrii.

CKM Butroro kJjiacy MarmTb IPUOIU3HO OJHAKOBI MOXKJIMBOCTI SIK CUMBOJIBHUX, TaK 1 YUCJIOBUX 00U~
CJIEHD.

[TopiBHsIHHST PO3MOBCIO/IZKEHOCTI IUX CUCTEM IIOKa3aJio, 1o posnosciokericts CKM Maple B 6 —
7 pasis 6iibma 3a CKM Matematica [3].

[Mopisasibaa oninka CKM Maple Ta Matematica mozo ix Bukopucranus [4] mokazama, mo CKM
Matematica iy qac ekciuryaTaliii Mae CyTTEBO Oijibilie pobjeM Pi3HOMAHITHOIO XapaKTepy.

Orxke, s poboru Bapro Bubparu CKM Maple, sika mo3Bosisie 3aiiicHiOBaTH OOUYMCIEHHS sIK aHa-
JiTU9Hi, Tak i dncesibHi. KpiM 1boro B Iilf cucTeMi KOMIT'IOTEPHOI MATEeMATHKHU 3aKJAJIEHO CTBOPEHHS
aHIMAIIHHIX MaOHKIB (pailJiiB, siki MoyKHa iMmopTyBaTn y dopmar gif. OrpumaHi pesysnbraru 00UUCIEHb
MOXKHA IMIIOpTyBaTu y haitm dhopMaTiB:

rtf, axwuii € 6azoBuM I BCiX Bepciii Tekcrosoro nporecopa MS Word;
html, akwuit € 6a30BUM 151 po3MiIeHHsT JOKyMeHTIB B Internet;

tex — dopmar daitny Bumasandoil cucremu KITEX, 1m0 npusHadena Jijisi CTBOPEHHS MATEMATHIHUX TEKC-
TiB 1 siKa € euHIM POpPMATOM J1jIst HLIBIIOCT] CBITOBIX HAYyKOBUX BUJAHB [5| 1 103BosIsie cTBOpIOBAaTH
BuXigHM daita y dpopmari pdf.

PDF (Portable Document Format) — sinkpuruii mwiardpopmenHo-nesanexkuuit hbopMar jijist Or-
Cy eJIeKTPOHHUX JOKYMeHTiB 6yso crBopeHo dipmoio Adobe Systems y 1993 pori. B 2006 porii 6ysmo
oIryOJIiIKOBaHO Bepcito crangapry i HomepoMm 1.7. @aitr B PDF-dopmati Mmoxke 6yTn KOMOiHAIIEO BEK-
TopHOI rpadiku, TeKcTy i pacTpoBux 306pazkeHb (CBIT/IMHM, 3HIMKHN eKpaHy, aHiMariiina rpadika Tomo).
VY crangapri PDF nepenbadero MOKIUBICTE CTBOPEHHS TilIEPIIOCUIAHD, (DOPM Ta IHTEPAKTUBHUX BCTABOK
Ha JavaScript. [lounnaroun 3 Bepcii 1.6 mekaapyeTbest MOXKJIMBICTD omnucy 3D iHTEpaKTUBHUX JIOKYMEHTIB.

3 Touku 30py dopmary s nopanas npeserTaiii PDF 3a0BosbHs€ HEOOXITHIM yMOBaM, TAKUM SIK:

e IIpocrora cTrBOpenHs.
e Mo06inpHICTD.
e [HTepaKTUBHICTSD.

PDF Bxke cTaB «HErJIaCHUM» CTAHIAPTOM, TOMY 0arKaHO B I[bOMY (POPMATI i CTBOPIOBATH €JIEKTPOHHI
Bujanus. Jlo HEJABHBLOIO Yacy HEIOJIKOM ILOTO (hopMaTy OyJia HEMOXKJIMBICTH PO3TAIYBAHHS B TaAKUX
daitax aHiMaIiiHux 300parKeHb.

[TepeBaramu 1poro dpopmary € MOXKJIUBICTH CyMiCHOI'O BHKOPUCTAHHS Pi3HUX (HOPM 300parkKeHHs iH-
dbopwmariii (TekcToBol, ay/rioBisyasbrol, rpadidnol Tomo) B ogaomy PDF-daiii siokanbao 6e3 HeobxigHoCT
i IK/TI0UeH s 10 Mepexki Internet, MOXKIMBiCTh po3TalllyBaHHS TOTOBOT'O MPOAYKTY Ha CaiiTi HABYAJILHOTO
3aKJIa/1y, aBTopa, 6ibrioTekn ToIo 6e3 HeobximnocTi KouBepTyBanus toro B HT ML, migrpuMka BK/IaIeHD
Y BUIVISIII JIOKYMEHTIB pi3HuX PopMaTiB, MOXKJIUBICTH KOMEHTYBAHHS B TEKCTI 3 IMiATPUMKOIO I0/IaJIbLIIIOrO
00roBOpeHHsI, 3pyYHa CUCTeMa HaBiramil 1mo ailay 3aBagKu crucTeMi 3aK/Ia/I0K, MOXKJ/INBICTD BCTAHOBJ/ICH-
Hsl PI3HOMAHITHUX BUJIB 3aXUCTY, BKJIIOYAIOUN BCTAHOBJICHHSI HAPOJIsi HAa BIIKPUTTs 1/a00 pejaryBaHHs,
aJAITOBAHICTD IIi/T MUPOKUI Jialla30H IPUCTPOIB, OMEpAIifiHuX cucTeM Ta Opay3epiB, He3aI€KHICTH BiT



HastBHOCTI jocTyiy j0 Mepexi Internet. Kpim Toro, crBopenuit y dopmari PDF mynbsrumeniitauit caitr
(miIpYYHUK) MOXKHA BHJIATH SIK €JIeKTPOHHUI IIJIPYIHUK Y BIJIHOBIIHOCTI JIO TIOJIOXKEHHSI [IPO eJIeKTPOH-
ui pecypcu Ne 1060 Big 01.10.2012 p. [6] Ta gepxkasuoro crangapry JICTY 7157:2010 «Indopmaris ta
JokyMeHTalis. Buganns exekrponni. OcHOBHI Buau Ta BuxiaHi Bimomocti» [7].

Takum qunoMm, 1eit popMaT MOKHA BUKOPUCTOBYBATH K JIJIsi CTBOPEHHS CAMOCTIHHOTO MYJIBTUMEIiii-
HOT'O BHJIAHHSI, TaK 1 JIJIsi CTBOPEHHSI €JIEKTPOHHOI'O aHAJIOra J[PYKOBAHOIO BHIaHHS [8].

PosB’a3anns 3aga4i marematudHol disuku 3a gonomororo CKM Maple

Posriisiremo BigoMmy 3a71a9y 1Ipo pO3MOBCIOIZKEHHS BiILHUX KOJIUBAHDL Y OOMEXKEHOMY ITPOCTOPI.

3adawa Hexait B obmexkenomy mpocTopi 0 < x < | po3HOBCIOIKYIOTHCS BiJIbHI KOJIMBAHHS, SIKi OIM-
CYIOTBCS TiepOOiTHIM PIBHARHAM Ugy (7,1) = a*Ugy(x,t), t > 0. PO3HOBCIOMKeH s TUX XBUIb i ITO-
PsIZIKOBAHO TakuM novaTkoBuM ymosaMm u(x,0) = ¢(z) = 0 Ta oxHopigauM kpaiiopum ymosam u(0,t) =
u(l,t) = 0.

AHaiTHYHMI PO3B’SI30K IIBOI'0 PIBHAHHS, IO OIKMCYE HPOIec POPMYBAHHSI CTOSTIYNX XBHUJIb B OOMeEXKe-
HOMY ITPOCTOPI, € BIJOMUM 1 Ma€ BUTJISAT,

w(a ) = 2 isin (WQ sin <7T(2"}J“1)x) (1)

m3a
k=0

Posryisinemo sk 3a JI0IIOMOroio cucTeMu KOMIT IoTepHol MaTemaruku Maple po3s’szaru Taky 3aaady:
> restart;

IlinkarounMo mmakeTe JiHifiHOT aaredpu Ta chopmyemo gudepeHIiagbHe PiBHIHHS KOJUBaHb, IO PO3-
BHUBAIOTHCS B OOMEXKEHOMY IPOCTOPI KOOPJIUHAT
> with(LinearAlgebra):
> eq:=diff(u(x,t),t2)/a? — dif f(u(x,t), 12)=0;

%u(m,t) 0?
=t -

3aamMo y 3araJbHOMY BUIVISI OYATKOBY yMOBY
> initc:= u(x,0)=0, D[2|(u(x,0)) = psi(x);

initc := u(x,0) = 0, Da(u(z,0)) = (x)

> psi(x) = x

() =z

BajjaMo KpaitoBi ymMoBH
> boundc: = u(0,t) = 0, u(l,t) = 0;

boundc := u(0,t) = 0,u(l,t) = 0;
SaiACHUMO BiJOKPEMJIEHHS 3MIHHIX
> subs(u(x,t)=X(x)*T(t),eq);

b (X(2) T() &
a? 0z?



> expand(lhs(%)/X(x)/T(t))=0

Cdopmyemo j1Ba 3BudaitHux nudepeHIiajbHIX PIBHIHHS 3 BiIOKPEMJIEHNMEU 3MIHHUMY BiJIHOCHO IIPO-
CTOPOBOI Ta YaCOBOI KOOPIAMHAT
> sl:=op(1,lhs(%)) = —\;
s2:=op(2,lhs(%%))=X;

d2
s = 4 T ==\
T(t) v?
d2
X(z)
dx?
= — = >\
s2 X(x)

JlJtst piBHAHHS, 1II0 Ma€ MPOCTOPOBY 3ajIeXKHICTh, Buaiagemo 3amady [rypma-Jliysiansg it po3s’sa3yemo
ioro 3a 33JaHUX KpPailoBUX yMOBaXx
> assume(A > 0):
dsolve(s2,X(x));
X(z) = _Clsin(VA" z)+ _C2cos(VA™ )

> X:=unapply(rhs(%),x);
X:=z— Clsin(VX z)+ C2cos(vVA )

@opMyeMO CHUCTeMY DPIBHAHD i3 33JJaHUX KPAlOBUX YMOB

> e1:=X(0)=0;
e2:=X(1)=0;
sist:=el,e2;

el == C2=0
e2:= Clsin(vVX 1)+ C2cos(v/X71)=0
sist :={ 02 =0, Clsin(~A\71)4+ _C2cos(v/X\71) =0}

Pospaxyemo BU3HAYHUK Ii€l cucreMu
> A:=GenerateMatrix(sist, C1, C2):
All];
0 1
sin(vVA71)  cos(vAT1)

> Delta:=Determinant(A[1]);

A= —sin(VA71)

3 yMOBHU PIBHOCTI HYJII0 BUBHAYHUKA 3HAXOJ/MMO BJIACHI 3HAUEHHS KpailoBOi 3ajiad4i
> EnvAllSolutions := true:
solve(Delta,lambda);
w2 7172
2

[TpucBoroemo HeBH3HAYEHNM KoedilieHTaM CcTaJIil Il 3HATeHHS
> subs(_Z1="k",%): evi=unapply(%,k);

w2 k2

ev: =k — B




[TincraBumo 3HalAEH] BJIACHI YuCIa y PIBHAHHS, STKe 3aJI€2KUTH BiJl IPOCTOPOBOI KOOPIMHATHU
> assume(k,posint); > X:="X";
subs(lambda=ev(k),s2);

X=X
_%X(:c) B 2.2
X(z) 2

Busnagaemo Biacui dyHKmil 3a7adi i3 3a1aH0X TPAHTIHAX YMOB
> dsolve(%,X(0) =0,X(1)=0,X(x));
e
X(z) = Ot sin(Z22

)

Hopwmyemo ni dbyuKmil, BukopucToByoun BusHadeHHs "HopMu'" 6a3ucHUX (DyHKILIA
> ths(%) /sqrt(int (rhs(%)? x=0..1));

Bnacui 3nadennst it BjacHi GyHKINT 3HANRIEHO, OCTAHHI ITOJAHO y BUIVISJI OPTOHOPMOBAHOTO 6asncy
> simplify(%,radical,symbolic):
ef:=unapply (%, (k,x));

sin(Wk;:E)\/i
ef =(k7,2) > —————

> ev(k);
ef(k,x);

3Hali1IeMo Terep Po3B’si30K JAPYroro AudepeHIiajlbHOro PIBHSIHHS 3 ypaxyBaHHSIM OTHIET 3 TOYATKOBUX
YMOB
> sl:=lhs(sl)=-ev(k);

> dsolve(s1,T(0) =0,T(t)); )
T(#) =  C1sin(™ 0t

)

Posp’s130k mogaTkoBOI 331891 GOPMYEMO y BUTJISIII HECKIHIEHHOTO Py
> spr:=Sum(C(k)*op(2,rhs(%))*ef(k,x),k=1..infinity);

S C(k~)sin(7rk;vt)sin(7rkl~x)\/§
spr = Z 7

k=1




Busnagaemo 3 apyroi mogaTkoBol yMoBH (JJisi MOXiTHOT 3a 9acoM Bij myKaHol dyHKIHT) KoedirieHT

posButenHs B psaa Pyp’e
> value(subs(t=0,diff(spr,t)))=1;

o C(k™)cos(0)mk™ v sin(ﬂ kZN a:) V2

) 1672 =¥
k =1

> Ck:=Int(ef(k,x),x=0..1) /ev(k)'/2/a;
Ck:=value(Ck); )

1 l2 lSin(ﬂ-kl :I:) \/5

Ck = = d
2 |72k %0 /0 Vi v
—I1V2((-DF —1)v=1
( Tr])( k~) 1<0 .
1 _V2VI(=D* -1) 0<1
Ck = 5 T 2k 2q
> Ck:=simplify(value(Ck));
SIVE(DF 1) (-)0)
2 >0
Ck = kP a
152 V3 (1) ~ 1)
— o 0<l
213 k™ a
> C:=unapply(Ck,k);
1 )
— IV2((=D)% = 1) (=172 116/2 3 (1) — 1
C =k~ — piecewise |l <0, 2 =3 , 0 <, —fl \[((~3) )
kv 2 kv

Orpumaemo opMasibHI PO3B’SI30K MOCTABJIEHOT 38J1a4l y BUIJIsIII HECKIHUEHHOI'O PSIJLY.
> sol:=spr;

SIVE(DE = 1) () N ~
313, [>0 sin(ﬂk at)sin(ﬂk x)\/é
16/ /2 ((=1)F —1) l l
. B 213k 3a <!
sol :=
= %

SaificHIMO JesTKi TpUBiaIbHI IIepeTBOPEHHS JIJIsT OTPUMAHHSI OCTATOYHOI'O PO3B’sI3KY
> subs(k=2*m+1,0p(1,s0l)):
assume(m,integer):
> simplify(%):
factor(%);

9 sin <7T(2m l+ l)at> “in <7r(2ml+1)93> 2

m2m”+1)3a

> u(x,t)=Sum(%,m=0..infinity):



2m+1)r-a
l

Ocrarounuii po3B’sI30K 3aJia4i Ile HECKIHYEeHHMI Hablp rapMOHIK 3 9aCTOTaAMU Wy, = y

BHIJIsAI] CTOSTINX XBIJIb Ha Binpisky [0, [].
> solution:=Sum(%,m=0..infinity);

2m~ +1 2m~ +1
o0 QSin(ﬂ( m l+ )at)sin(ﬁ( ml+ )gv)l2
solution = Z B em +1%a

m~=0

Taknum guHOM 6a9NMO, IO OTPUMAHUIT PO3B’SI30K MOBHICTIO 36iraeTbes 3 po3B’sa3koM (1).

st Kpamoro CupuitHATTS OTPUMAHOIO PO3B’3KYy Oy/yIOTh HOro rpadivny 3ajeKHICTb y BUIJIsII
aHiMariinoro 3o06paxkentst (puc. 1).
> animate(plot,[{u(t,x)},x=0..1], t=0..1, frames=150,thickness=3);

t=0.

0.5

0.5

1-

Puc. 1 — @opmyBaHHsS CTOSYNX XBUJIb B OOMEXKEHOMY IIPOCTOPi

@DaxiBii 3a JOMOMOIOIO JIOC/IIXKEHDb IHATBEPIU/IN, [0 aHIMAIls CIPHUSE IiIBUINEHHIO e(DeKTHBHOCTI
HaBYAJBHOTO Ta HAYKOBOT'O IIPOIIECIB.

Jlektil, jabopaTopui pobOTH, MOJYJI, TECTOBI 3aBJaHHS, PE3YJbTaTH JOC/IIXKEHb 3a JOIOMOTOI0 aHi-
MarIlil CTaloTh OLIBIN 3PO3yMUIUMHU # JOCTYIHUMHI KOXKHOMY CTYIEHTY i HayKOBIIO.

Ba momomoroio CKM Maple moxkaa moOymyBaTu aHiMaliifHi daiian 1 MOSCHeHHsI ABUII, SIKi BUBYa-
I0Tb YU JIOCIPKYIOTh y IPUPOJHUUINX HAYKAX.

Bynb-sike HayKoBe 10CiIzKeHHT TOTpedye 3aBepIIaabHOl cTail: 0pOPMIEHHS PE3YIbTATIB JOC/IIZKEHHS
Y1 TO Y BUIVIAML 3BiTY, CTATTi, HONOBineH Ha KoHdepeHtil. TyT HaM cTaHe y IPUTOl BUIABHUYA CUCTEMA
KTEX.

[TepeBarn IATEX’y: 6e3KOIMTOBHICTE, ecreTudyHuil Bursyy, pdf-cdaiun, medakTo € craHIapTOM HAYKO-
BUX 1 He TiIbKH ImyOsikariit. MoXKIuBicTh CTBOPIOBATH aHIMAaIliiHI PUCYHKH, MOXKJINBICTH KOHBEPTYBaHHST
6esmnocepennbo 3 CBM Maple B BTEX.

Hemonasmo 3’sBuBCs maxker animate, sKuil m03BoJIsE€ «TOOAIUTHY OAraTO MaTEMATUIHUX KOHCTPYK-
i, SIKi TPaguIiiiHO € CKIaIHUME JJIsi po3yMiHHA. « OXKUBHUBIIN» Kl T€OMETPUIHI OOYI0BH, MOXKHA
oTpuMaTH GLJIbII TIOBHE YSIBJIEHHS [IPO T1 YK 1HINI ACleKTu Teopil, HizK Bij «MepTBOro» pucyHky (9.

[Taker “animate” B WTEX BukopucroByeTbes njisi crBopeHHs pdf-caitiis 3 aniMaliiHuM BMiCTOM rpa-
dbiunnx ob6’exriB, Taknx sk WIEX-kaprunku, PSTricks-kapruukn abo PDF/TikZ-kaprunku. Ha Binminy
BiJ cTaHmapTHUX Bimeodailnip maker “animate” cTBOproe aHiMaIlil0 BEKTOPHOI rpadikiu.

[Taker “animate” minrpumye mporec crBopernst pdf-daitais. Pesynbryrounit pdf-daitin MmoxkHa mepersisi-
uytu y nporpami Adobe Reader [5].

Pucynok 1 B miit pobori € animariiinuM, a cama poboTa IiAroToB/ieHa 3a J1omoMoron cucremu ATEX.

Bucunosknu



st migroroBKu HayKoOBOI pOOOTH Ta YCIIITHOIO BUKOPUCTAHHS Yacy Ha PyTHHHI onepariii (aHaiTHaHi
o6uncsiennst) Bapro sukopucroByBarn CKM, kpame Maple, a jyist obopMiieHHsT pe3ysbraTiB J0CTiIHOT
pobotu BukopucroByBatu TEX Tum Oijibiie, 110 aBTOPY 3a/IUINMAETHCS CTBOPUTH TiIJILKU TEKCTOBY YaCTH-
Hy, a posralryBaHHsi Oepe Ha cebe IXTEX, 0cOOJIMBO TapHO BUXOINUTH 3 MATEMATHIHUMU (DOPMYJIAMU Ta
ITpe3eHTAITI€IO.
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