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NMPUMEHEHUE CUCTEMbI KOMIMbIOTEPHOM
AJITEBPblI MAPLE B YHEBHOM MNPOLIECCE
OBY4YEHUA TEHEPALUU CUCTEM OBbIKHOBEHHbIX
ANDDEPEHUUAJIbHbIX YPABHEHUN

AHHOmayus: B Hacmosawee spemsa npenodasamesiu, NpU YmeHUU CJIyuamesnam pas/iuyHbIX
Kypco8 No 06bIKHOBEHHbIM OUPEepeHyUATbHBIM YpAa8HEHUAM, 00CMAMOYHO Yacmo NPUMEHSAIOM
Npo2pammHsle cucmembl CUMBOJIbHOU MamemMamuku usiu KoMmnetomepHoU aseebpel. OOHOU u3
MAakux cucmem, XOpowo NOKA3dsWUX 80t 3¢hpekmusHocme, Asniaemca Maple. B xode npoyecca
06yyeHUA KOMNbIOMepHOMY MOOEIUPOBAHUIO, B03HUKAem 3a0a4yd NpoeKmupo8aHus Mamema-
muyeckoli MmoOesnu ucciedyemo20 npoyecca. B ceasu ¢ mem, Ymo 0CHOBHbIe 3aKOHbI NPUPOObLI
hopmynupyomcs, Kak npasusio, Ha A3vbike ouhepeHyUaIbHLIX ypasHeHUU, 8cmaem 3adaqu o
sblpabomke y ciiywamereli Ha8bIKO8 NPOEKMUPOBAHUA Mamemamuydeckux mooesel. B pabome
paccmompeH N0OX00 K peweHuUto 3a0a4u asmomMamu3upo8aHHO20 2eHepUpPOB8aHUA Mamemamuye-
CKux MmoOeseli Ha 6ase cucmem 06bIKHOBEHHbIX QU hepeHUUAaTbHbIX ypasHeHuU, 6asupyouulica
Ha cucmeme Maple. lpedcmasnieH npumep pewieHus. [lpedcmasneHHsIl aneopumm 2eHepayuu
cucmem o0b6bIKHOBeHHbIX QU hepeHyUATbHbIX ypasHeHUl Moxem 6bimb s1e2Ko MOOUGUUUPOBAH
0719 KOHKpemHoU 3adayu. B npoyecce YmeHus Kypca Kypcos no 06biIkHOB8eHHbIM OugdepeHyu-
aJ1bHbIM YPABHEHUAM He0bX00UMO C/lywamenam 0a8ame 3a0aHUe Ha CAMOCMOAMEbHYIO Pas-
pabomky 3moeo aszopumma. 3mo N0380J1UM C/TywamesiamM paseusame J102UYECKYIO Kybmypy
MblWw/1eHUsA, Komopads NO380/1UM NPABUJILHO YCMAHAB/IUBAMb NPUHUHHO-C/1e0CMBEHHbIe C8A3U
husuveckux npoueccos u aes1eHull ¢ hopmanbHoU peanusayuel mexnpeomMmemHsbix céazel U npu-
KnaoHolU HanpasneHHocmu obyyeHus. Bce s3mo HecomHeHHO bydem cnocobcmeosames 6osnee
2/1y60KOMY yC80eHUIO C/Tywamesnamu OUCYUNIUH NPUKIAOHOU Mamemamuku u Opyaux npeo-
MemHblx obnacmeti

Kniouyeewie cnoesa: MAPLE, opepagh, 0bbikHo8eHHble OughghepeHyuanbHble ypasHeHuUs, mame-
mamudeckas mooesib, ypasHeHua Koamozopoesd, y4ebHbil npoyecc, 1o2ucmuyeckas cucmema,
2eHepayus ougpgepeHyuUabHbIX ypasHeHUU, MpaHcnopmHas 3a0aqa, Memoobl peleHus
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Review: Nowadays the teachers while lecturing various courses on the ordinary differential
equations often use program systems of symbolical mathematics or computer algebra, forexample
MAPLE well known for its efficiency. In the process of training in computer modeling, teacher often
face a problem of designing a mathematical model of the studied process. Because the fundamental
laws of nature are formulated as a rule in a language of the differential equations, there is a need to
teach the students to design mathematical models. The authors present a solution of the problem
of the automated generation of mathematical models on the using a systems of the ordinary
differential equations based on Maple system. The paper presents an example of this solution. The
given algorithm of generating systems of ordinary differential equations can be easily modified for
a specific task. During the course on ordinary differential equations it is necessary to give students
the tasks develop the algorithm by themselves. This allows students to develop a culture of logical
thinking, which will properly establish cause and effect of physical processes and phenomena from
the formal implementation of interdisciplinary connections and practical orientation of training. All
of this will undoubtedly contribute to a better knowledge of the disciplines of applied mathematics
and other subject areas.

Keywords: Generation of differential equations, Logistic system, educational process, Kolmogorov’s
equations, mathematical model, ordinary differential equations, digraph, MAPLE, Transport task,
Decision methods

BBepeHmne

B HacToALwWee BpemAa npenogaBaTenu, NPy YTeHUW CaywaTenam pasfinyHbiX KypcoB Mo
06bIKHOBEHHbIM AnddepeHumnanbHbiM ypaBHeHUAM (OLY), LOCTaTOYHO YAaCTO NMPUMEHAIOT
nporpaMMHble CUCTEMbI CUMBOJSIbHOW MaTeMaTUKN UM CUCTEMbI KOMMbIOTEPHON anrebpbl
(CKA). OgHom n3 cambix nonynapHbix CKA asnaetca Maple [1-4].

OpHWM 13 rnaBHbIX HegocTaTkoB Maple Ha Ny T ee 3G PeKTUBHOrO NPYMEHeHNA B y4eOHOM
npouecce ABNAETCA HeAOCTaTOYHAaA afanTUPOBaHHOCTb 3Ton CKA gna yuebHom uenu. 1o
CBA3aHO C TeM, 4YTOo U3HavanbHO Maple pa3pabaTtbiBanca B nepByto ouepeab Ana npopeccuno-
HaNbHOW HAYYHOW N NHXEHEPHOW AeATENIbHOCTY. M TONbKO B NocnefHee Bpems pa3paboTumkm
Maple noHanu ee nepcneKkTMBHOCTb MCNONb30BaHMA B yuebHOM npouecce. Cnywartenen yyat
ncnonb3oBatb Maple gna ¢opmynmMpoBKyY, peleHnsa n NccnefoBaHUA PasMyHbIX MaTema-
TUYecknx 3agau. [loaToMy HeyaMBUTENbHO, YTO NMefarorn B CPefHUX LWKOMax, Koniegxax u
YHVIBEPCUTETAX COCTABNAIT yyebOHble NnaHbl, rae BBOAATCA 3afaun 1 ynpax}xHeHnaA, NCnonb-
3ylowue [1anoroByo MateMatuKky 1 ¢pusmnky Maple.

Kpome Toro, B cBA3u ¢ Tem npumeHeHre OQY npu mogenvpoBaHnm GrU3NYeCcKnX n TeXHn4e-
CKMX OObEKTOB M CUCTEM ABNAETCA AOCTAaTOYHO YaCTbiM ABNIEHNEM, CBA3AHHbIM C TeM GaKTOM,
YTO OCHOBHbIE 3aKOHbI MPUPOALI POPMYNMPYIOTCA, KaK NPaBWO, Ha A3blke anddepeHLanbHbIX
YPaBHEHWI, TO HE06X0ANMOCTb Mcnonb3oBaHUA CKA ¢ pa3BUTbIMU MIHCTPYMEHTaNIbHbIMU Cpef-
cTBamm pelueHna Of1Y n nx cuctem B yuebHOM npoLiecce coBepLueHHO oyeBmaHa. Maple kak
pa3 1 ABNAETCA TaKoW cpefon, NPy NOMOLLY KOTOPOW MOKHO NPOBOAUTb, Hanpumep, aHanms3
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AVHAMUKM Pa3fINYHbIX CUCTEM, PAaCUeT Pa3INYHbIX NONen (TAroTeHWA, SNeKTPUYECKNX 3apAaoB
NT.A.) UMHoroe gpyroe. ipyrumu cnoBamu, Maple o6nagaet appeKkTMBHbIM UHCTPYMEHTapUeEM,
nossonaowmum pewatb O1Y Kak aHanuTUyecKkun, Tak 1 B YNCSIEHHOM BUAE.

Ncxopa v3 Bbllwecka3aHHOro, npenogasatenaM MaTeMaTuUKM peKoMeHAYeTCA NCNOoMb30BaTbh
CKA Maple npu uteHun cnywartenam Kypca no OZY.

FeHepauua cuctem 06bIKHOBEHHbIX AndPepeHLnanbHbIX ypaBHEHUN

B cBA3M C Tem, UTO B yuebHOM npoLecce 06yyeHNs METOAAM KOMMbIOTEPHOIO MOAENNPO-
BaHMA Pa3fINUYHbIX CUCTEM UL NPOLLECCOB BO3HNKAET HEOOXOAMMOCTb aBTOMATU3NPOBAHHOIO
nonyyeHnA MaTeMaTUyeCKX MOAENEN, ONUCbIBAOLWNX 3TU npoueccobl B Buge cuctem OL1Y, To
3afiaua pa3paboTKM anropnuTMoB reHepauum cuctem OL1Y, n nx nporpammMmHan peanvsauma B
CKA, aBnaetca akTyanbHon. B naHHol paboTe Takon CKA asnaetca Maple.

PaccmoTpum, gna npumepa, 3agavy pacyeta BEPOATHOCTU HAXOXAEHUA CUCTEMbI B 3a-
[laHHbIX COCTOAHMAX B 3aBMCMMOCTM OT BpemeHW. TakadA 3afjaya BO3HUKAeT, Hanpumep, npu
peLLeHn NOrNCTUYECKNX 3afa4, pacyeTax GyHKLNOHANbHOM HAAEXXHOCT CUCTEM PeanbHOro
BpemeHun n ap. [5, 6]. VIckomble BEpOATHOCTM ABNAOTCA pelueHnem cnctembl O1Y Konmoroposa.

Hagnm noctaHoBKY 3agaun. [TyCTb MeeTcA N NYHKTOB PAacroONOXeHHbIX NoCe[oBaTeNbHO.
CMmeXHble NYHKTbI 1 1 j Kak CBA3aHbl Mexay coboi, HanpriMep NPOmnyCcKHOM CMOCOOHOCTbIO
CBA3bIBAIOLLEN NX AOPOrK. DTy CBA3b 0003HaYMM yepes )\ij.

MpennonoXxum, He TepAa 06LHOCTM, YTO N3BECTHbI HAYasbHbIe YCI0BUSA:

Py, (t0)=1, pkz(to):pkz (tO):"':pkn (to):().

Kpome Toro, He06XxoAMMO BbINOMHEHME CleflyoLLero yCoBuA.

Zpk,. (t)=1

TpebyeTca creHepupoBaTtb cuctemy O1Y Konmoroposa.

He Tepsas 06LWHOCTV MOXKHO cunTaThb, uto £, =0,

(DparmMeHT NCXO[HOro TeKCTa Nporpammbl reHepaumm cuctembl OLY KonmoropoBa Ha
A3blke CKA Maple moxeT BbirnsageTb cnegyowmm o6pasom.

> #KonnuecTBO BEPILINH B IIyTH

> kol ver i point:=nops(Punkts):

> #1{uKII IO KOIMYECTBY BEPIIUH B MyTH
> forifrom 1 to kol ver i point-1 do
> j:= Punkts[i]:

> if1 <2 then

> init_cond:=P[j](0)=1:
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> my_dif sys:=diff(P[j](t),t)=-lambda[j,j]*P[j](t):

> else

> init_cond:=init _cond,P[j](0)=0:

> my dif sys:=my dif sys,diff(P[j](t),t)=-lambdal[j,j]*P[j](t)+
lambdal[j pred,j]* P[j pred](t):

> fi:

> j_pred:=j:

> od:

> j:=Punkts[kol ver i point]:

> my dif sys:=my dif sys,diff(P[j](t),t)=lambda[j pred,j]*P[j_pred](t):

> init_cond:=init_cond,P[j](0)=O0:

PaccmoTpum paboTy NpeacTaBieHHOro Kofla Ha MPUMEPE, TO eCTb MPUCBOVIM NEPEMEHHO
Punkts cnepytowme 3HaueHus: Punkts:=[7,2,5,4,8,3].
Nmeem cnepyrowmin pesynbrar:

. d d d d
my _dif _sys :25137 (t) ==hs7 5 (t)>EP2 (t) ==Ayob (Z)+7“7,2P7 (l‘),aﬂ (t)’aps (t) =
d d
_7”5,5P5 (t)+7‘2,5P2 (t)’apd. (t) = _7“4,4P4 (t)+7“5,4ps (t)’aps (t) = _7“8,8})8 (t)
d
Ay 5by (t)»a% (t) =3B (t)

init_cond = P-(0) = 1, P,(0) = 0, P4(0) = 0, P,(0) =0, Pg(0) = 0, P4(0) = 0

[ns nonyyeHna peweHns B rpapuryeckom Brae PacCMOTPEHHOTO NprMepa, HeobXoAMMO
NPUCBONTb 3HAUEHUA A;; 1 AO6ABNTL ONEPATOPbI 1A HAXOXKAEHUA AHANIMTNYECKOTO PeLLIeHNS
1 BbiBOAa rpadurika. MoandrumpoBaHHbI (Jo6aBNeHHbIN) Kog OyaeT BbirMAaeTb CiefyoWwmnm
obpazom:

>t rang =1,2:
Ay =151 2,5 =15:4,,=16: 4,3 =16: A5, =10 : A5 5:=10:A,, =18
A =181 Agy =11 Agg =11
> mysolve _analitic ‘= simplify(dsolve([my_dif sys, init _cond)));
plot([seq(rhs(mysolve analitic[i]),i=1 ..kal ver i point)],t=0 ..t _rang, title
= "BeposiTHOCTH HaxoXxJeHus B BepimnHax', labels = [ "t", "P" |, labeldirections
= ["horizontal", "vertical"], titlefont= [TIMES,BOLD, 15], legend
= [seq(lhs(mysolve_analitic[i]), i=1 ..kol_ver i point)));
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B pe3ynbrate nonyunm:

BEPOHTHOCTH HAXOAKJECHHA B BEPIIHHAX
1_

0.8+

0.6+

044

AHanu3 nonyyeHHoOro peLleHrA NoKa3bIBaeT, YTo BO BpeMsA t > 1 cucTema C BepOATHOCTbIO
paBHOW eAnHMLA OyeT HaXoANTbCA B COCTOAHM 3.

3akKnloueHue

MpeacTaBNEHHbIN anrOpUTM reHepaLmm CUCTeM OBbIKHOBEHHDBIX AnddepeHLmanbHbIX
YpPaBHEHWI MOXeT ObITb Nerko moandrLumpoBaH Ansa KOHKPeTHON 3aaun. B npouecce uteHms
Kypca KypcoB Nno 06bIKHOBEHHbIM AnddepeHLmanbHbIM ypaBHEHMAM HEOOXOAMMO CyLLATENAM
[aBaTb 3aJjaHMeE HAa CAMOCTOATENbHYIO Pa3paboTKy 3TOro anropuTma. ITo NO3BOSINT CyLuaTe-
NAM pa3BUBaTb NOMMYECKYIO KYNbTYPY MbILUfIeHNA, KOTOpasa MO3BONAUT NPaBUSIbHO YCTaHaB-
NNBATb NPUYMHHO-CNIeACTBEHHbIE CBA3UN PU3NYECKUX NPOLIECCOB 1 ABNEHNI C GOpManbHOM
peanusaumen MexxnpeaMeTHbIX CBA3EN 1 NPUKNAAHON HanpaBneHHOCTM 0byueHuA. Bee 310
HeCOMHeHHo byaeT cnocobcTBOBaTb Honee rny6boKoMy YCBOEHMIO CRyLaTeNAMN ANCLUMIIVH
NPUKNAgHOM MaTEMATUKI 1 APYTUX NPeAMETHbIX obnacTtei.
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