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OpraHu3aums BHeayaAUTOPHOWU paboTbl CTYAEHTOB
Npu N3y4eHUn oTaenbHbIX TeM Kypca «4YucneHHble meToAbI»

AHHOMauyus. B npouecce usy4deHuUs u 8 codepxxaHuu makol y4ebHoU OuCUUNUHbI, Kak
«YHucneHHbie MemoOdbi», Haxo0sm ompa)xeHue MHo2ue KOMIMOHEeHMbI rpouecca nod2o-
mosekKu bydyuwie2o UHXeHepa: npuKnadHas HarpaeneHHOCmMb MamemMamuku, Heobxo0uMbie
ycrnosusi 0rnsi popmuposaHusi u OasnbHeliwe20 pa3gumusi Memodoosio2u4deckux 3HaHul u
YMeHUU, 803MOXHOCMb yCmMaHo8reHuUsi ces3ell Mexaoy pasuyYyHbIMU 8Y308CKUMU AucuUu-
nnuHamu. Kpome mozo, 8 0aHHOM Crlydae 803MOXHa makxxe peasnusayusi dughgepeHyupo-
B8aHHO20 roodxoda K 0by4YeHUro 80 8peMsi ayOuMOopPHOU U camocmosimesibHoU pabomsi cmy-
OeHma. CodepxxaHue cmambu ripedcmasrnsgem uHmepec 0515 npernodasamernel, a makxe
cmydeHmoe crieyuanbHocmel MexHU4YeCcKo20 Unnu MamemMamu4yecKoa0 HarpasieHusl.
Knro4veenle cnoea: camocmosimeribHasi KOHmposupyemasi paboma cmydeHma, YucrieH-
Hble MemoOldbi, Memod dunepa.

Pa3den: (01) omodernbHbie 8orpockl cghepbl 06pa3osaHus.

3agava pelleHnst 06bIKHOBEHHOMO AndbdepeHUmansHOro ypaBHeHNs (B AanbHeENLWeM —
OAY) yncneHHsIMM MeTOA4AaMM LUMPOKO BCTPeYaeTca B MHXeHepHoW npakTuke. OBbl4HO nX pe-
LLAKT C NPUMEHEHNEM MaKeTOB MPUKIaAHbIX MaTeMaTndeckmx nporpamm. Ho, 4tobel npume-
HSTb Takne NporpaMmmbl, HEOGXOAUMO M3YYNTb CyTb METOAA, HaYyYNTbCA peanv3oBbiBaTb €ro
Ha A3blkaxX NPOrpaMMMPOBaHNS, 3HaTb HEAOCTATKWU, AOCTOMHCTBA U rPaHuLbl NPUMEHUMOCTMW.
Mpw pelueHnn 3agad YMCNeHHbIMM METO4AMUN BaXXHO MOSTYyYUTb OCTATOUYHO TOYHbIE YMCIIEH-
Hble 3HaYeHWs, a TakkKe NocTapaTbCs BbIIBUTb KaY4ECTBEHHOE NOBeAEHME peLLeHus. 3yyeHne
AaHHOro BoOMpoca OTpaxaeT uaen CUCTEMHO-OEATENbHOCTHOro noaxoda B OCBOEHUM Kypca
BbicLlen MaTtemaTukn. CogepxaHue pasgena crnocobcTByeT pa3BuMTUIO MeTOAa MaTemMaTnye-
CKOro MOAenupoBaHus. Hapsgy ¢ mateMaTMyeckKMMy 3HaHUAMU U YMEHUSIMWU NPOUCXOaNT
dopMUpPOBaHNE N pPa3BUTUE METOAONOMMYECKUX 3HAHUN N YMEHUIN (METOL CUCTEMHOIO aHa-
n13a, MeToa MaTeMaTU4eCcKoro MoaenMpoBaHUA C ONoOpor Ha CUCTEMHbIN aHanNmn3, MeTop, CUH-
Tesa). B cogepxaHum MMEHHO 3TOM OMCUMMAMHBLI HAXOAUT OTPaXKeHWe NpuknagHasi Hanpas-
NEeHHOCTb MaTemaTukn. CTyAeHT OCO3HaeT NPaKTUYECKY0 BaXKHOCTb HEOBX0aMMOCTM NpoBe-
AEHUS YNCTIEHHBIX KCMEPUMEHTOB. [NMOHMMaHNE BaXKHOCTU YMEHUS NMPUMEHSITb N3YYEHHbIE Me-
TOObl PELLEHNSA 3aauy B NPON3BOACTBEHHOM NpaKTMKe 1 B OyayLlen npodeccrmoHanbHon ges-
TENbHOCTM NOBbILLIAET MOTUBALMIO CTYAEHTOB.

Tema «PeweHne 3agayun Kown ana obblIkHOBEHHbIX AMdddepeHUnanbHbIX ypaBHEHNN
MeToZoM Jdunepa» MOXeT ObITb NpeanoxeHa CTygeHTam Ans BHeayaAUTOPHOIo U3y4eHus.
Takas camocTosTenbHasa paboTa CTygeHTOB npegnonaraeT 06a3aTtenbHbI KOHTPOSb Kade-
cTBa NPNOBPETEHHBbIX 3HAaHWN, YMEHNN N HaBbLIKOB [1].

[Mepen n3yyeHmem gaHHOro Bonpoca npenogasaTtenb OpraHn3yeT NnoaroToBUTENbHYHO
paboTy ayaAUTOPHOro xapakrepa no (bopMmpoBaHuIo y CTyAeHTa COOTBETCTBYHOLLEro NOHS-
TUMHOro annapata. K OCHOBHbIM NOHATUAM OTHOCATCA: 3agada Kowwu, Teopema Kowwu, ce-
TOYHas PYHKUMS, Y3nbl CETKU, paBHOMEpPHAs ceTka, HepaBHOMEpPHasi ceTka, npasble, NeBble
N UeHTparnbHble pa3HOCTU. TeopeTuyeckun matepuarn, npumMepbl pelleHns 3agad, 3agadn
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H3Y4HO-METOANHECKUIA

SAEKTPOHHbBIA XXYPH3A
ANA CaMOCTOSITENbHOMO peLleHnsa npenofasaTeflb MOXeT pa3MecTUTb Ha CBOEM cawTe,
nepcoHanbHOM CTpaHuue oduunanbHOro canTa By3a UM BOCMONb30BATLCS CPpeacTBamm
nobor coBpemMeHHoM BUpTyanbHon oby4vatowen cpeabl (Hanpumep, Moodle). KoHTponb ka-
YecTBa OCBOEHMS TEMbI CrieayeT NPOBECTM BO BPEMS ayauUTOPHON paboTbl CO CTyAEHTaMM.
MeTtoa Ounepa — OAWH M3 caMblX MPOCTbIX YMUCIEHHbIX METOOOB pPeLleHnsa 3agaun

Kowwun gna OY:
{y’ = f(x,y), )
y(xo) = Yo

Mepeyncnm KpaTKo OCHOBHbIE CBEAEHMS, KacatoLLmecs NCTOpuM JaHHOW Npobnems.
B kypce «MHTerpanbHoe ncuncnenue» (1768) 3nnep n3noxun naen nosyvyeHust BbiCLUMX
NMPOM3BOAHBLIX U3 AAHHOMO YpaBHEHUS NpsiMbIM AnddepeHLMpOBaHUEM, a Takxke cnocobbl
BbIYUCIIEHMS BbICLLUMX NPOU3BOAHBIX KOCBEHHbIM cnocobom. MeTtog Agamca 6bin npeacTras-
neH B 1883 r. B kHure bawdopta n Agamca, nsnaratowen Teopuio KanunnsipHelx cun. B
KoHue XIX B. 6bina onybnukoBaHa paboTta PyHre, onupaswasacsa Ha ngeun dunepa. Cnycr4
HecKkonbko net 6binn onybnukosaHbl Tpyabl Kytta. Cendac metogbl PyHre — Kytta u
Afamca BOCNPUHUMAKOTCS Kak paBHOMPaBHO cocyulecTByowme. Npn nsyyeHun gaHHoOro
BOMNpoca TpaanLUMOHHO paccmMaTpmBaloT MeTOAbl B criefyloLlen nocneaoBaTenbHOCTU: Me-
TOA dunepa n ero moandukaunmn, metoasl PyHre — Kytta, metoabl Agamca [2].

Byaem cuntaTth Ans onpeaeneHHoCTH, YTo pelleHne 3agaym (1) HyXkKHO Nony4nTb Ang
3HayeHun x> xo. PaccmoTpum ypaBHeHue (1) B okpecTHoCTAX y3noB x=x; (=0, 1, ...) 1 3a-
MEHUM NPOU3BOAHYI0 y' NPaBON Pa3HOCTbIO y';= % 3HayeHus pyHkuum y = f(x) B y3-

4

nax x; 3aMeHUM 3Ha4YeHNAMN CETOYHOWN PYHKLMN y;:
Yit1= Vi
P f( x;, ). )

Mpwn Takon 3ameHe gonyckaetca norpewHocTb O(h;), NO3TOMY NosTly4eHHast annpoKcu-
Mauus anddepeHumanbHOro ypasHeHNs MeeT NepBbIn NOPSAOK.

Ecnu cuntaTtb, 4TO BCe y3Mbl paBHOOTCTOSAWME, TO €CTb h;=x;,; — X; = h = const, TO
N3 paBeHcTBa (2) Nony4nm:

Yirr=yi+t b f(x;, ), =0, 1, ... Q)

[MOCTPOEHHbLIN anropuTM BbIYUCHEHUS 3HAYEHUS CETOYHOM PYHKUUKU y; ., B NMOOOM
y3ne x;,; NO 3HA4YeHUIO y; B npeablaylwem ysne x; HasbiBaeTcsa memodom Junepa. [No-
CKONbKY ANS BblYUCNEHUs nocriefyowero 3HadeHus yHkunn y;,.,; TpebyeTcs TOnbKo
npegplayliee 3HayeHue y;, To meToq dunepa OTHOCUTCA K rpyrnne ogHOLIaroBbiX METOAOB.

Mpadbmyeckoe npencraBneHne anroputma peleHns 3agadm Kowm metogom dunepa
npeacTaBrieHo B BUAe CTpykTyporpammel (guarpammel Hacen — LWHanpgepmana) (tabn. 1) [3].

Tabnuya 1

Beog x, y,h,n
X =Xx0, Y =Y0
anaiorl

y =y+h-f(x,y)

x = x+h

BbiBOg X,y

aon
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H3Y4HO-METOANHECKA
SAEKTPOHHbBIZ XKYPHaA
3ajaloTca HavarnbHble 3HaYeHUs x = xo, Y = Yo, @ TakkKe BenudnHa wara h n konuye-
CTBO pacyeTHbIX ToYek N. PeweHune 3agayum nonyvaetca Bysnax x + h, x + 2h, ..., x+ n - h.
PesynbTaTtbl BbIBOOAATCA Ha KaXXaoM Lware. HangeHHble 3Ha4YeHna OyHKUMM Yy MOXKHO Takke
0POpMUTL B BUAE MaccuBa 3HAYEHUN Yo, Yy, ..., V. [10Ny4EHHbIE BbIpaXXeHUs 3anuiiem B
Buae tabn. 2 (tabn. 2).
Tabnuya 2

Yi Bblpa>+<eHV|e angd BblYUCIEeHNA
V1 | Yot b f(x0,¥0)
Yo | yith fCxy, y0)

Yo | gt h f(xn_ 1, ¥n-1)

YKasaHHbIN arropuTtm pa60TaeT M Ha OTpe3Kke [a; b] npn HavalibHOM YCIoBuUn x = a,
b—a

h=—.

n

lMpumep. Pewuntb anddepeHumansHoe ypaBHeHNe Z—z = x + y npu ycnosuun y(0)=1.
Onpegenutb y(0, 5).

1-0 crnocob. NMpUMeHUM K NMUHENHOMY YpaBHEHUIO Z—i = x +y Memod eapuauyuu ro-

CMOSIHHOU.
3anuwem ypaBHeHVe B BUae y'- y = x.

l; dy

1) Pewwum cooTBeTCTBYIOLWEE OOHOPOAHOE YpaBHeHWe y'— y = 0. MNonyyum — =
C;—y = dx, Vo= Ce”™.

2) bynem nckatb pelleHne NCXO4HOro ypaBHEHNS B BUAE Vosy, = C(X) - e*, rae C(x) —
Hen3BecTHast PYHKUMA HEe3aBUCUMON MepeMeHHOn x. Toraa Yoey' = C'(x) e + C(x) - e*.
Yoo VN Yoo, OOPALLAIOT NCXOOHOE YPaBHEHME B PABEHCTBO.

C'(x)-e*+C(x) e*=x+C(x) - e*.

C'(x)= x-e™™*,

C(x)= [x-e*dx+C.

WHTerpupyem meTogom no yYactam, nonyyunm C(x) = -e *(x + 1) + C.

Hargem obuwee pewerne y =Ce* — x — 1. NpumeHum HavanbHoe ycnosue y(0) = 1,
nonyymm C = 2, torga y = 2e* — x — 1. B Touke x = 0,5 nonyunm y =1,7974.

OteeT: y=2e¢* - x—-1; (0,5 =1,7974.

2-U cnocob. B ypaBHeHUM y'— y = x Bygem nckatb pelleHue y B BUAE NPOM3BEOEHUS
ABYX PYHKUMIA y = uv, rae u v v — ABE€ Hen3BeCTHble PyHKUuKn (Memod bepHyrnu). Beinon-
HUM 3aMeHy, Mory4YMM ypaBHEHME:

u'v+uv —uv =x.

Crpynnupyem cnaraembie:
uv+u@ —v) =x. (4)

Hargem Takyto pyHKUMIO v, YTOObI BbIMOMHANOCH paBeHCTBO v' — v = 0.

d o

i = v. [Ina nocnegHero ypaBHEHNA Hangem Kakoe-nnmbo YyacTHOE peLleHne v = e,
HargeHHyo (pyHKUMIO v NoACTaBUM B paBEHCTBO (4), yuuTbiBas, 4to v’ — v = 0.

du —
Monyumm u'v = x, u'e® = x, -, = Xe *. MnTerpupyem, nmeem:

u(x) =—e*(x+1)+ C.
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H3Y4HO-METOANHEeCKIIA
SAEKTPOHHBIN >KYPH3A

Tak kKak y =uv, T0 y = Ce* —x — 1. Takke npumeHUM HayanbHoe ycrosue y(0) = 1,
nonyymm C = 2, Torga y = 2e* —x - 1. AHanorn4Ho, B Touke x = 0,5 y ~1,7974.

3adaya 1. MeTtogom 3Annepa HanTU 3HaYEHUS PYHKLMKU y, onpeaensemMon ypaBHe-
HMem y' = y + x, npu HavanbHoMm ycrosun y(0) = 1, nonaras h = 0,1. Beiuncnuts y(0,5).

PelwweHue:

3Ha4veHuna aprymeHToB x,= 0,0, x,=0,1, x,=0,2, ..., xs = 0,5.

MoapobHble pacyeTbl ANS BbIYUCNEHUS NEPBbLIX TPeX 3HaYeHUn PyHKUMN NpeacTas-
neHbl B Tabn. 3.

Tabnuya 3
Vi Bblpa)KEHVIe and BblHUCNeHnA Bbluucnenus
Y1 | Yot b (%0, ¥0) 1,0+0,1-(0,0+1,0)
Yo |yt h f(xy, 1) 1,1+0,1-(0,1+1,1)
V3 y2+ h- f(x2ly2) 1!22+0!1(O;2+15)
PesynbTaTthl BCEX BbIMUCIIEHNA BHECEM B Tabs. 4.
Tabnuuya 4

i 0 1 2 3 4 5
x|00)]01|02]03]04] 05
y; 1100]1,10 122|136 |152 1,71

OteerT: y(0,5) =1,71.

3ajaym Ons caMoCTOSATENbHOro pewenns (3agadm 1-3) ctygeHTam criegyeT BbIMor-
HUTb KaK aHanuTudeckn, onpegenus sug O1Y nepsoro nopsiaka v BblbpaB COOTBETCTBYIO-
LK cnocob pelleHuns, Tak n MeToaoM Aunepa, paspaboTaB nporpaMmmy Ha KakoM-nmbo 13
A3bIKOB NPOrpaMMMpPOBaHUS.

3adayu 2-4

MeTogom Jrinepa HanTu Nepeble YeTbIpe 3Ha4YEeHNS PYHKUMN Y, onpeaenaemon and-
depeHumnanbHbIM ypaBHEHUEM:

2) y'= ﬁ npv HavanbHom ycnosumn y(0) = 1 ¢ warom h=0,1.

3)y'=y%+ % npy HayanbHOM ycnosuu y(2)=4 c warom h = 0,1.

4) y' = x%+ y3, npu HavansbHom ycrosun y(0) = 0 ¢ warom h = 0,1 [4, 5].

UTtobbl MOTMBMPOBATL CTYAEHTa ANdA AanbHenwen paboTbl C YUCNEHHBIMM METOAAMM
peleHns ypaBHEHUN, @ UMEHHO U3yyYeHusi 6oree TOYHbIX METOLOB, MOXHO MPeanoXuTb
AnNs pewenus 3agayum 5-6.

3adaya 5. PewunTb ypaBHeHUs 2—4 aHanNUTUYECKW, COCTaBUTb Tabnuuy 3HavYeHun
yHKUMN, onpeaeneHHONn aHannTu4eckumMm metogamu, B Todkax y;, rae i =1, ..., 10.

3adayva 6. PewnTtb ypaBHeHuns 2—4 Ha otpeske [0; 1] meTogom Onnepa c warom
h=0,1. OueHnTb NOrPELLUHOCTb YNCNEHHOIO PEeLLEHNS.

Oco0bbir MHTEPEC NPEeACTaBNAT 3a4a4vn NpUKNagHOro xapakrepa.

3adaya 7. KonnyecTBO BeLLECTBA X, Y4aCTBYHOLLENO B HEKOTOPON XMMUYECKOWN peak-

dx o
unun, onpegendaeTtcd ypaBHEHUEM E = —x. Hantm konnyecTtBo BewectBanput = 10 C, eclim

B HayarnbHbIi MOMEHT BpeMeHM OHO paBHO 0,4 Mornb. PelleHne NpoBecT! YNCTIEHHBIM Me-
ToaoM. CpaBHUTL pe3ynbTaT C TOYHbIM aHaNUTUYECKUM peLLeHnem [6].

3adaya 8. MNonHbIN MarHUTHbLIN NOTOK @ KaTywKkun, paBHOMEpPHO HaMOTaHHOMN Ha cep-
d®_uinh
OEYHUK NMPAMOYTOJIbHOIo Ce4YeHund, onpenendeTcqa ypaBHEHNEM E:”Z? Ol‘lpeﬂeﬂl/lTb [0} npu

cnegyowmnx gaHHbix: I =1 A, u = 0; pa3amepbl KaTywWKN: BHYTPEHHU paanyc Ri = 4 cwm,

4
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H3Y4HO-METOANHECKA

SAEKTPOHHbBIZ XKYPHaA
BHeLLHW pagnyc R2= 6 cMm, BbicoTa h = 3 cM, 4ncro BuTtkoB n = 1500. YucneHHoe pelueHune
CPaBHUTb C TOYHbIM aHaNUTUYECKUM peLleHnem [7].

[nsa oueHKn ypoBHSA YCBOEHUSI MaTepuana CTyaeHTbl JOMKHbl yMeTb OTBeYaTb Ha crie-
ayowme Bonpochkl. [py 3TOM BO3MOXHO BbIAENUTL ABE rPYrbl BOMPOCOB, OTHOCALLUXCS K
ob6a3aTeNnbHOMY YPOBHIO YCBOEHUSI TEOPETUYECKOIo MaTepmana, a Takke LOMNOofHUTENbHbIe
BOMpPOChHI, OTpaxatowme yrrnybneHHbI ypoBeHb yCBOeHUs. Hanpumep:

Ob6s13ameribHbIU YpOB8EHb

1) B 4em cocTouT reoMeTpuyeckasl MHTepnpeTaunsa metoga dunepa?

2) 3anuwwnte anroputMm MeToga dunepa.

3) W3meHuTb anroputm MeTtoga Aunepa (cM. Tabn. 1) Tak, 4Tobbl pe3ynbTaThl BbIBO-
ANNUCb BCe cpasy nocre NosiHoro peLueHns 3agayn [8].

LlornonHumersbHble 80rpPOChkI

4) [okasaTb, YTO MeToA Jnnepa MMeeT NepBbIn NOPALOK TOYHOCTMU.

5) Kakvne mogndukaumm metofa dunepa CyLLecTBYT? YKaxute nx ocobeHHocTu [9].

Takvm obpasom, BHeayaMTOpHas caMocTosTernbHasa pabota cTyaeHToB no Teme «Metoq
Ounnepay» B Kypce YUCIIEHHbIX METOAOB BKIIOHYAET criegytoLume obasateribHble KOMMOHEHTLI:

1) W3yyeHne TeopeTnyEecKoro Matepuana, 3HakoMCTBO C KpaTKon MCTOpUEN Bonpoca.

2) PelweHne 3agay aHanMTUY4ECKUMN METO4AMUN, N3YYEHHbIMU B Kypce MaTtemaTude-
CKOro aHanusa.

3) PeweHne 3agay yncneHHbiMM mMetogamu. CpaBHEHME YMCIIEHHOIO peLUueHns c
TOYHbBIM aHANUTUYECKUM pELLEHUEM.

4) PeweHuve 3agay NpyKnagHoro xapakrepa.

5) CamocTtoatenbHasa paboTa ¢ 4ONONMHUTENBHBIM TEOPETUYECKMM MaTepmnasnom.

Mpn Takon opraHM3aunn CTyAeHYECKON CaMOCTOATENBHOM KOHTponMpyemMon paboTsl
CTaHOBUTCS BO3MOXHbIM YCTaHOBIIEHNE Pa3fIYHbIX MEXOMCUUNIMHAPHBIX CBA3EW, peanu-
3auma guddepeHuUMpoBaHHOro noaxoga Kk obyyeHuio, garnbHenwee pa3sBuTue MeToaono-
MMYECKUX 3HAHUA N YMEHUI, YTO CNOCOBCTBYET MOBLILIEHWIO YPOBHS MaTemMaTn4eckoro oo-
pa3oBaHUs CTyOEHTOB.
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Organization of students’ extracurricular work when studying some topics of the “Numerical Methods” course
Abstract. In the process of studying and in the content of such an academic discipline as “Numerical Methods”,
many components of the future engineer training process are reflected: the applied trend of mathematics, the
necessary conditions for the formation and further development of methodological knowledge and skills, the
opportunity to establish associations between various university disciplines. In addition, in this case, it is also
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possible to implement a differentiated approach to learning during the classroom and independent work of the
student. The content of the article may be interesting for teachers, as well as for students of technical or

mathematical specialties.

Key words: self-controlled student’s work, numerical methods, Euler method.

References

1. Malygina, O. A. (2008). Izuchenie matematicheskogo analiza na osnove sistemno-deyatel'nostnogo pod-
hoda, 1zd-vo LKI, Moscow, 416 p. (in Russian).

2. Shnol', Eh. Eh. (2004). Sem' lekcij po vychislitel'noj matematike, Editorial URSS, Moscow, 112 p. (in Russian).

3. Turchak, L. I. & Plotnikov, P. V. (2002). Osnovy chislennyh metodov, FIZMATLIT, Moscow, 304 p. (in

Russian).

4. Danko, P. E. (2002). Vysshaya matematika v uprazhneniyah i zadachah: v 2 ch., ch. 2, Mir i Obrazovanie,

Moscow, 416 p. (in Russian).

5. EhI'sgol'c, L. Eh. (2002). Obyknovennye differencial'nye uravneniya, lzd-vo “Lan”, St. Petersburg, 224 p.
(in Russian).
6. Turchak, L. I. & Plotnikov, P. V. (2002). Op. cit.
7. Ibid.
8. Ibid.
9. Ibid.
PexomeHdogaHO K nybnukauuu: ISSN 2304 120X
lopeebim 1. M., kaHOuGamom neda2o2uqdecKux Hayk,
enasHbIM pedaKmopom XypHaia «KoHuenm»
Moctynuna B pegakumio Mony4yeHa NonoXKuTeNbHAA peLeH3na
Received 06.08.18 Received a positive review 30.08.18 Plrres0iTn 200
MpuHATa K Nny6avKaumum Onyb6avkoBaHa www.e-koncept.ru
Accepted for publication 30.08.18 Published 211118

Creative Commons Attribution 4.0 International (CC BY 4.0)
© KoHuenT, Hay4HO-MeToAMNYECKMIA 3/IEKTPOHHDIN }KypHan, 2018

© Beprasosa O. b., 2018


http://e-koncept.ru/2018/
http://e-koncept.ru/2018/

