OCHOBBI BEIYMCJINTEJIBHON ®U3NKI

10.

11.

Jlexmop — Cepeeti Baaepvesuy Cmupros

IIporpamma Kypca Jgekiumii
(7-it cemectp, Jekuuu 36 4., cemuHapbl 36 4., qud.3a4.)

. /IBowunas apupmernra, NpeACTaBJICHUE YHCEJ C ILIABAIONIEH TOYKOW, TOYHOCTD

BBIYHUCJIEHUIA.

Pemenne ypasuennii f(x) = 0. MeTonsl meseHust Homojam, MPOCTHIX HUTEPAIHii,
Hpiorona. Ckopoctb cxomumoctn. Muoromepnsiit meron, Heiorona. Berancaenne
HyJielfl KOMILTEKCHBIX (DYHKITHIA.

Boraucienne wuHTErpaJios. Metoapl NPAMOYTOJILHUKOB, Tpalennii. Popmyaa
Cumrcona. OmeHka OMMMOKY /I 9THX MeT010B. HecoOCTBEeHHbIE WHTErPaJIH.

Nurepniongnus n annpokcumanusg. ureprnossgnuonnsii moauuoM B popme Jlarpanzxka
u Huiorona. Tounoctsh mnrepnossanuu. llepsbie uw BTOpble TPOU3BOJHBIE (DYyHKIINH,
3a/IaHHON Ha ceTkKe. VHTepnosanusa KyOndecKUMU CILTaffHAMHA.

Pemenne o0bikHOBeHHBIX JuddepeHIna babix ypapaenuii. Mero Dittepa. Kpurepuit
ycroitunBoctu. Meton Pynre-Kyrra BTOporo mopsiaka tounoctu. Muoromarosbie
Metoabl. 2Kectkue ypapaenus. Ilaker nmporpamm Numerical Recipies.

Meron, Taycca perenuss  cucTreM — JIMHEHHBIX — aareOpamvecKux — ypPaBHEHHIA.
Tpexpuaronasbable MaTpunbl. llporomka. IlpencraBieHne o YHCIEHHBIX MeETOJAX
pelenus 3aJa49n Ha coOCTBeHHbIE 3HaYeHus. Crenennoir Meton. OOpaTHbIe HTEPAINH.
Meton Bpamennit fIkobu. Ilaker nporpamm LAPACK.

Pemenne 3amaum Komum 11a oamomepnoro ypasHenus uddy3un Ha OTpesKe.
AnmpokcuMarust rpaHndHbIxX yesaosnii Jwupuxite nu Heiitmana. CxeMmbl siBHBbIE, HEeSIBHBIE
n Kpanka-Hukoncona. TounocTs anmpokcumanuu. Kputepnii ycToiauBocTn.

Bamada Komu g1 muoromeptaoro ypapuenus auddysun. CxeMbl sBHbIE U HesIBHBIE.
Cxema pacierienusi. JIoKaabHO OJTHOMEPHBIH METOI.

. Juckpernoe npeobpasoBanue Pypbe. dnaitzunr, 3ddert dacTroroaa, OkHo XaHHA.

Auropur™m GbicTporo npeobpasoBanusa Pypee. [laker nporpamm FFTW.

Banaua Kommm mist wenmneitnoro ypasuenust [IIpéanarepa. Cxema paciierieHust 1mo
dusnaeckuM dakTopaM. PasHOCTHBIE METOJB B MPE/ICTABICHUN B3aUMOIEHCTBHUS.

Meron ycranosyienus g ypapaenus [lyaccona. Perenne nHesimHeiiHbIX omiepaTOpHBIX
ypasuenuit Ly = 0. Metoabl crpesndnl, HeioTtona-Padcona-Kanroposuua. Metos
HHBAPUAHTHOTO IIOTPYKEHHUSI.



12. Yucnennoe pemenue ypaBHeHusi nepenoca.  Kpwurepwuit ycroitunBoctu Kypanra.
Ypasuenne Xormda. I[locTpoeHune ycTONYIMBON CXeMbl, COXpPAHAIONIEH KBaApAaTHIHBIH
HHTEIrpaJl JIBUKEHUSI.

13. Teneparust mocje10BaTeILHOCTH CJIYIaHBIX TUCEJT.
14. Meron Byonosa-l'anépkuna. MeTos KOHEYHBIX 3JIEMEHTOB.

15. IMapamrensusie Boraucaenusa. Texuomorun OMP, MPI, CUDA.

JImTepaTypa

[1] Cymupuos C. B. Ochosbl Bbruncaurenbhoil dhusuku. Yacrs 1. HoBocubupck:
HoBocubupckuii rocynapcrBennbiii yausepcurer, 2015.

[2] Kanurkun H. H. Yncnennsre metonsr. M:Hayka, 1978.

[3] Apsiaerxko B.®. OcHoBHBbIE MOHATHSA BBIYHCAHTENbHOI Maremaruku. M: Hayka,
1972.

[4] ®opcaiir [dx., Manbkoabm M., Moysnep K. Mamubabie MeToasl
MaTemMaTHdecknX Beraucyaenuit. M:Mwup, 1980.
[5] Kaxanep d,. Moynep K., Ham C. YuciaeHubie MeTOAb U MTPOTPAMMHOE

obecnevenue. M:Mup, 1998.
TeMmbl ceMTHAPOB

CemMuHaphl MPOXOAST B TEPMUHAJIBHOM Kjacce. X mesh — BRIPADOTKA MPAKTHYECKHUX
HABBIKOB 110 HAIIUCAHUIO IIPOCTHIX IIPOrPAMM, PEATU3YIONHUX YACICHHBIE METO/IbI, UX OTJIaJIKe
JI0 PaboTOCIIOCOOHOTO COCTOSHUS, BepH(MUKAIINU PE3YIbTATOB.

1. TIpejcraBiienue ducei ¢ maBalieil TOUYKOM.

2. UrepanmoHHbie METOBI PEITEHUS yPABHEHHIA.

3. Nnrerpupoanue pyHKINIA.

4. ITonuHOMHAJIBLHAS UHTEPIOJSIINSI.

5. Pemenne OY.

6. CrenenHoit MeTO BBRIUUCICHUS MaKCHMAJIBLHOTO COOCTBEHHOTO 3HAYUECHUSI.
7. 3agaqua Komn mrst ogqaomeproro ypasuenust quddy3un 1Mo sSBHOI cxeme.
8. Jluckpernoe npeobpazopanne Pypbe curyconabl. OKHO XaHHA.

9. Brruuciienne cBepTKu depe3 npeobpaszoBanue Dypbe.

10. YpaBHeHHe MepeHoCa.

[TamMaTKa 110 HATIMCAHWIO TPOTPAMM

TpeboBanusi K TporpaMmam:

1. HeobOxomuma mpoBepKa pe3y/1bTaToB paboThl MPOrpaMMbl HA Pa3yMHOCTD, IIpeJe/ibHbIe
cJIydan, COrJiacue ¢ aHAJTUTHIECKUMU PEITeHUsIMU TaM, T/ie OHU MOTYT ObITh MOy Y€HbI.
HenHocTh MpPOrpaMMbl, KOTOpas KOMIMIIPYETCA U «9TO-TO» CUUTAET, OJIM3Ka K HYJIIO.



2.

Bce KOHCTAHTHI, COOTBETCTBYIOIIIHUE CbI/ISI/I‘{eCKI/IM Be€JIMYNHaM n paC‘{éTHbIM
mapaMerpaM, JIOJKHBl ObITh OObSIBICHBI B BUJIE OTIEJIbHBIX IEepPEMEeHHbIX (B T.4.
co crenubuKaTopoM const) JubO ¢ MOMOIIBIO JUPEKTUBBI Mpenporeccopa #define :

//Nog MSVC ucnonbayiite #define _USE_MATH_DEFINES meper mozxiodexueM math.h!
printf ("BAD WAY: Circle length of radius R=Y/f is %f\n", r, 3.141593%*r);
printf ("PLEASE DO S0: Circle length of radius R=/f is %f\n", r, M_PIxr);

Pexkomen nanun:

1.

CraBbTe TOYKU IPH MEJOYHUCJICHHBIX KOHCTAHTAX, MCIIOJB3YEMBIX NPH BLIUYUCICHHSX
BEJINYUH C TLJIaBAKIMIENH TOYKON:

2/3; //x b6ymer paBeH Hyio!
2./3.; //y 6ymeT paBeH OBYM TpeTdM

const double x
const double y

MwunnMu3UpyiiTe TOBTOPSIONUICA TPOTPAMMHBIN KOJI, BBIHOCUTE €r0 B OTIETbHbBIE
dyukiuu, rtecrupyiite ux pabory u 3areM HUCHOJb3yHTe 1moBTOpHO.  [lomHUTE:
rPAMOTHO CIPOEKTHPOBAHHYIO M pPas30UTYyI0 Ha Jiorudeckue OJIOKH TPOTrpaMMy
OT/IayKUBATh 3HAYHUTETHHO JIerde.

[Tepen Tem kKak mmcaTh MporpamMmy, mogyMmaiite, ecTb Jin B Hell Jjiormdeckue OJIOKH,
KOTOpbIe MOIYyT OBITH TOJE3HBI BaM B OyAyIleM TpH perieHun JPYTuX 3a/1ad
(HAMp., HHTErPUPOBAHUE CETOUHBIX (DYHKIHI, MHTEPHOJISINS, TOCTPOoeHHe rpachuKoB)?
Ecim pa, To BhIHEcHUTe UX B OTJEAbHBIE (DYHKIUU, HE HCIOJB3YIONIHE TJI0OATLHBIX
MEePEMEHHBIX MMPOrPAMMBI. DTHM BBl COKOHOMHTE CBOE BpeMsI M CHJIbI HA HAIUCAHUE W
OTJIQJIKY CJIEAYIONIUX POIPAMM.

Ncnonb3yiiTe popmaTupoBanne KoJa JJisd YIyUIIeHUs ero YnTaeMOCTH

http://ru.wikipedia.org/wiki/CTargapT_odopMieHud_Kozma
http://ru.wikipedia.org/wiki/CrnarerTu-xog

Ucnonb3yiiTe rpaduku Jid aHaau3a HOJYYEHHBIX pe3yJbTaroB. Kak IIpaBmio,
rpacdudeckass wHOpPMaIUs BOCIPUHHUMAETCS YeJIOBEKOM Tropas3zio Jerde u ObIcTpee
qUCEJT.

Ecsu nporpamma paboTaeT HEIPaBUIBHO, H OMMUOKY He yIa6TCs HATH BHUMATEIHHBIM
YTEHHEM KCXOJHOIO KOJa, j00aBbTe B HPOrpaMMy BbHIBOJ, OTIJI09HON uH(MOPMANUN
(3HAaYeHW MepeMeHHBIX, 3HAYEHUIl B y3/1aX CeTKH, HOPMbI CeTOYHBIX (DYHKIHUIT 1 T.11.)
¢ nomvorpio printf wim fprintf, mmbo ucmonw3lyiiTe OTIATYNK, TPOBEPSST «BPYUYHYIO»
PEe3YJIBTaThl TPOMEKYTOUHBIX BBHIYUCICHUI.



3ajaun I CeMUHAPOB
Bamaua 1

Mawunnoim € Ha3bIBaeTCa Takoe 4ucyo, 910 1 +¢/2 = 1, wo 1 + ¢ # 1. (Takxke gacrto
ucnoab3yercs obosznauerue ULP — unit in the last place, wim unit of least precision, eqununa
B MJIaJIeM paspse.) HaliTu MaliuHHOe €, YUC/IO PA3PSAIOB B MAHTHUCCE, MAKCUMAJBHYIO
U MUHUMAJIbHYIO CTEIIeHH, [IPU BBIYUCACHUSX ¢ OOBIYHON U /BOIHON TOUHOCTHIO. CpaBHUTH
Apyr ¢ apyrom derbipe unciaa: 1, 1+ 5, 1+en 1+ ¢+ 5, 00baAcCHUTD pe3y/bTar.

Bamaua 2

Boraucants cymmy

YeThIPbM CIIOCODaAMM:
® CYMMHPYd HOJIpsl OT OOJBIINX K MAJBIM 7,
® CYMMHPYs HOJPSI OT MAJBIX K OOJIBIIHM 7,

® CyMMHUDY4d OT 6OJIb]HI/IX K MaJIbIM 7T OTACJIbHO IIOJIOZKHUTECJIbHBIE M OTpHUIaTe/IbHbIE
cjaraeMble,

® CYMMHPYd OT MaJIbIX K OOJIBIIIUM 1 OTICJIbHO IIOJIO2KHTEJIbHBbIE W OTpHIlaTeJbHbIC
CJIaraceMnble.

O0bsicauTh pazmane orBeToB. KoTopwrit Tounee?
Bamaua 3

Ncnonb3ysa MeToabl JUXOTOMUHU, TPOCTHIX UTepanuii, HpioToHa, HaliTw ypoBeHb 3HEprun F
OCHOBHOT'O COCTOSIHUSI KBAHTOBO# YaCTHUIIBI B IPAMOYTOJBHON TOTEHITNAJIBHON Me

1, B _f =U, |z| <La,
—¥'@ +UGp() = BY),  Ul)=y ¢ 3,

Sanada 4

Berauciauts HHTEerpaJibl

1 1

dz 3 ,Sinx
[4a:/m, I4b:/l':1”€ dx

-1 0

Merogamu Tpamnenuii u  CHMIICOHA, pa3gejuB OTPE30K WHTerpupoBanns Ha 4,8,16
nHTepBasoB. Kak yObIBaeT MOTPENTHOCTh YWCJIEHHOTO WHTErPUPOBAHUSA € POCTOM YHUCJIA
HHTEPBAJIOB?

Sanada b

4



Berancantn NHTETrpaJibl

1 0o
1+ cosx 1 4 exp(—x)
ISa_/dea ISb_/de
0 0
Sanada 6

[TpoBectu nuTEpHOIANMOHHBIA HOMHOM P, (x) Yepe3 Touku

k
a:k:ﬂ—, Y = sin xy, k=20,...,n.

4dn

npu n = 4. Hapucosars rpaduk Py(x) — sin (x)
Sanaga 7

Pemuts 3amauy Ko

d

d—f:—x, z(0)=1,0<t<3

Merogamu ditnepa u Pynre-Kyrra Broporo mopsjika TOYHOCTH.
Bamaua 8
Pemmurh cucremy ypaBHEHHIT XUINTHAK->KEPTBA
T=ax—buxy
y=cxy—dy
metosioM Pynre-KyTTbl Broporo nopsjaka touanoctu npu a = 10, b=2, c¢=2, d=10.
Hapucosars (pazoByo TpaekTopuio.

Sanada 9

Pemmth kecTKyto cucrteMy ypaBHEHHUl 10 HEABHON cxeme Ditepa

u' =998 u + 1998 v
v/ = =999 4 — 1999 v

Bamaga 10

MeTo0M MPOrOHKH PEINUTh PA3HOCTHBIM aHAJIOI TPAHUYHON 3a1a4u i ypaBHeHus Y’ =
sinx Ha mpoMmexkyTke 0 < x < 7.

Bamaua 11

HaiiTn ypoBeHb 3HepIuu 1 BOJTHOBYO (DYHKIINIO ¥ () OCHOBHOTO COCTOSIHUST B TIOTEHIHATHHON
same U(x), pemias KOHEYHOMEDPHBIH AHATOT CHEKTPAJBHON 3ajadu JJisi OJHOMEPHOTO
cTanmuoHapHoro ypasuenus IlIpémunrepa

1 0

—>55 tU@) = E)¢(z,t) =0, |Y(z)| =0 mpu x — 0.

20x
J11s1 morcKa HAaUMEHbIIero cooCcTBeHHOTO 3Hauenus HY = Fyi) TpéxumaroHaJbHO# MATPUIIBI
H wucnosbzoBarh meroji obparubix urepanuii. [IpoBepursh pabory nporpaMmbl, CPaBHUB C

1.2

TounbiM pemennem s U(x) = 5



Sanauga 12

BBIYHCIUTD CHEKTP MOIHOCTH W HApUCOBaTh ero Jyis dyuknuu f(t) = sinwt. CpaBHUTH
CIIEKTPHI, TOJIYUeHHbIE ¢ TPIMOYTOJIbHBIM OKHOM W OKOM XaHHAa, JJId pa3HbIX JacTOT w.

BapuaHThl KypCcoBBEIX paboT

[To corsacoBanmio ¢ mpenogaBaresieM B TEPMHHAIBHOM KJIACCE, CTYIEHT MOXKET
CaMOCTOSITEIFHO BHIOpATh TeMy KypcoBoil paborwbi. (CTymeHTaMm, KOTOPbIE HE COTIACYIOT
TeMy paboThI 10 Hadasa Aekabpsi, OyaeT nmpeaoykKeHa OJHa W3 3aad U3 CIHUCKa HuxKe Jinbo
AHAJOTUYIHAA IO YPOBHIO CI0XKHOCTHU 33398 0 BEIOOPY IIPerogaBaTeis.

BapwmanT 1

Pemure 3amauy Komm nansg omnomeprnoro ypasuenust auddys3unm mo cxeme Kpanka-
Hukoscona

ou  *u
ot 0x?’
u(0,t) =ug+asinwt, ug =1, a =0.5, w=2m, u(L,t)=0, u(z,0)=0

O<z<L, L=10

[TocTpoutsb Ha 0jiHOM rpacuke 3aBUCUMOCTHU TEMIIEPATYPbl OT BpeMenu Ha rpanuie r = 0 u
B Touke r = 0.5. Moaudunuposars mporpaMMy, 3aMEHUB I'PAHUYHOE YCJA0BUE B TOYKe L Ha

VCJIOBUE TEILIOU3O0IANUN % = 0 ¥ MOCTPOUTDH AHAJIOTUYHBIN IrpaduK.

Bapunant 2

Pemure 3amauy Komu g oanomeprnoro ypasuenus auddysum mo cxeme Kpanka-
Hukoncona
ou  0*u
8t aIQ + f(x>7 x )
u(0,t) =0, u(L,t) =0, u(z,0) =0, f(z) = x(1 — /L)

Ha xaxkgoMm mare mo BpeMeHH HalTH MaKCHMAaJIbHOe 3HAUYEHHe TeMIEePATypPhl U HMOJOXKEHHe
MaKCHMYyMa, MOCTPOUTH I'PadUK 3aBUCHMOCTH YKA3aHHBIX BEJIMYIHH OT BPEMEHH.
Mojiudpunuposars nporpamMmy, 3aMEHUB I'DAHUYHOE YCJIOBME B TOYKe L Ha ycC/joBUE
TEIION30.ISIITUT % = 0 ¥ MOCTPOUTDH AHAJOTUIHBIE TPApUKH.
Yo Oymer, ecin 06e TPAHHUIBI TEILIOW30INPOBAHDI?

BapuanT 3

Pemure 3amauy Komu s oanomepnoro ypasuenus auddysum mo cxeme Kpanka-
Hwukoncona

ou  d%u

ot dx?’

u(0,t) =0, u(L,t) =0, wu(x,0)=2(1 —x/L)?

Ha kaktom 1mare mo BpeMeHnu HafiTH MaKCUMaJIbHOE 3HAYEHHE TeMIePAaTypPhl U HAPUCOBATH
3aBHCHMOCTh MAaKCHMAJIbHOI TeMrepaTypsl OT BpeMeHu. llokazaTh 4To Ha OOJBIIHAX
BpeMeHaX OHa YOBIBAeT SKCIOHEHITATbHO.

Mojiudpunuposars nporpamMmy, 3aMEHUB I'DAHUYHOE YCJIOBHE B TOYKe [ Ha yc/joBUe
TeILJIOU301A 1 HH % = 0 m HapuCOBaTh AHAJOTUYHBINI PUCYHOK.

O<x<L, L=1



Bapwuant 4

Haiitu cramuonaphoe pemienue ¢ MeToaoM crpesinbbl ¢ = e? — (1 —xt), -1 < z < 1,
p(=1)=0,p(1) =1L

Bapuant 5

Haiitu cranuonapuoe pemenue ¢ MetogoMm HuioTona-Padcona-Kanropouyua

d*p ’ 2
Ta=f—(1-2%), —l<z<l p(-1)=p(1)=0.

BapuanT 6

Haiitu cranuonapHuoe perienne ¢ MeToJ0M WHBAPUAHTHOTO TOTPYZKEHUS

d*p
— P o1 _ _
Tz =€ sin(z), O0<z<m ¢0)=¢p(r) =1

Bapwuant 7
Pemures 3agauy Komm i wesmneitnoro ypasuenus I[lIpéaunrepa mno #aBHOil cxeme.
[Tpou3Bo/HyI0 110 KOOPJAMHATE 3aMEHUTDH HA PA3HOCTHOE OTHOIIEHUE U MOJTyYEeHHYIO CHCTEMY
O/1Y no Bpemenu pemuTh MeTogoM Pyrre-KyTra Broporo mopsjika TO9HOCTH

0A 0?A
i —9lAIPA+ = ] [ [ =1
{ " |A|“A + 5 <z <L, 0

A(=L,t) = A(L,t) =0, A(z,0) = c\/cosh(\x)

[Tpu mo6om A u ¢ = 1 |A| He noken 3aBucuth oT Bpemenu. Ilpm A = 1 mompoOyiite
noMeHsTh ¢. Hapucoarh nosepxaocTh |A(z,t)].

BapuanT 8

Ncnonb3ysa naker FFTW, perurs 3aauay Ko j1a vesmueiinoro ypasuenus HIpéaunrepa
[0 cXeMe PACIeIIeHns

94 L, PA
ZEZQVHA_'—@? —L<.CE<L, L =10

A(=L,t) = A(L,t), A(z,0) =cA/cosh(\x)

[Tpu mobom A u ¢ = 1 |A| e nosken 3aBucuTh OoT Bpemenu. Ilpm A = 2 monpobyiire
nomersTh ¢. Hapucoarh nosepxuocth |A(z,t)].

BapuanT 9

Pemras 3amauy Komm mo HegaBHO# cxeme

ou ou  O*u
ot Jor " o
w(0,t) =u(l,t) =0, wu(x,0)=f(z)=2x(1—2)
HallTU MaKCUMaJibHOEe COOCTBEHHOE 3HAYEHUE OlepaTopa L= gg—z + g%; npu g =0.5u g=1.
Kaxk 3aBucut orser or BeiGopa f(x)?

O<aor<l1l



Bapuant 10

HNcnonb3ysd MeTod yCTAHOBJEHHWS W JIOKAJbHO OJHOMEDHBIN MeTO/, HallTH CTaIMOHAPHOEe
pacipejeeHue TeMIepaTypbl B ABYMEPHONH KBaJIpaTHOW 0OJACTH B 3aja4e ¢ UCTOYHHKOM
Teria

%—@+@+f( )
ot oz2 oy T\HY)

DU YCJIOBUH, 9TO TeMIIepaTypa Ha TPAHUIAX KBaJpaTa paBHA HYJIIO
u(—=L,y,t) =u(L,y,t) =u(x,—L,t) = u(u,L,t) =0, L=1.

Unrencupuocts ucrounnka f(x,y) = (1 — 2%?/L?)(1 — y?/L?). BuYuCIUTb W HAPHCOBATDH
3aBUCHMOCTH OT BPEMEHH TEMIIEPATYPBI B IEHTPe KBajapaTa. YO0eIUThCs, 9TO OHA ePecTala
MEHSTHCS U HAPUCOBATH JIBYMEDHOE PACIPE/IEJEHUE TeMIIePATyPhI.

Bapuant 11

cnosb3yst METOJI yCTAHOBJIEHUS W JIOKAJIBHO OJHOMEPHBIH METOM, HANTH CTAMOHAPHOE
pacipejieJieHne TeMIepAaTyPbl B JIBYMEPHOH KBaJIpaTHON 00JacTH B 3ajade ¢ HEHYJEeBOM
TeMIepaTypoil Ha IpaHuUIle
ou  Pu  u
E + 8_y2 .
u(—L,y,t) =u(L,y,t)=(1—y*/L*), wu(x,~L,t)=u(z,Lt)=(1-2*/L*), L=1.

Borameants u HapucoBaTh 3aBHCHMOCTH OT BPeMEHH TeMIepaTypbl B IEHTpe KBaJapaTa.
VoeuThest, 4TO OHa MepecTaa MEHAThCI B HPOIECCe YCTAHOBJICHHUS PEIICHUS U HAPUCOBATD
JIBYMepDHO€e Daclipe/ieJIeHe TeMIepaTypHhl.

Bapuant 12

Ncnonb3ysd JOKaJBHO OJHOMEPHBIH MeTOJ, pemuTh 3ajady Komu 1jid ypaBHEHHS
TeILIIPOBOJIHOCTH B JIBYMEPHOH KBaJpaTHON 00JacTU

du 0*u  0%*u

9% 02 o

IPH YCJIOBUH, 9TO TeMIIepaTypa Ha TPAHUNAX KBAJIPATa PABHA HYJIIO
u(—L,y,t) =u(L,y,t) = u(x,—L,t) =u(z,L,t) =0, L=1,

a HAYANBHOE pacmpenenenne reMmeparypol u(x,y,0) = (1 —2%/L?*)(1 — y*/L?). Beraucauts
U HAPUCOBATH 3aBUCUMOCTH OT BPEMEHU TEMIIepaTyphl B IIEHTPE KBaApara. YO0eJIuThCsl, 9TO
3aKOH CIIaJaHHud Ha 6OJIBH_H/IX BpeMeHaxX umMeeT SKCHOHGHHI/IaﬂbHBIﬁ XapaKTep. OHpe,ZLeJH/ITb
NOKa3aTe/ b SKCIIOHEHTHI.

BapuanT 13



Pemutes 3amauy Komm gng ognomepnoro ypasuenus auddysun mo cxeme Kpanka-
Huxkomncona

ou 0 ou
—=—1—-bx)— L, L=1 =0.02
5 81’( bx)@x’ 0<z<L, 0, b=0.0

w(0,t) = ug +asinwt, ug =1,a=0.5, w=2m, u(L,t)=0, u(z,0)=0

HapucosaTh Ha OTHOM pHUCYHKe /I CpaBHEHUS 3aBUCUMOCTH TeMIIePAaTyPhl OT BPEMeHH Ha
rpanuie r = 0 u B Touke x = (0.5.
MoudunupoBarsh nporpamMmy, 3aMEHUB I'DAHUYHOE YCJIOBHE B TOYKe [ Ha YC/A0BHE
ou

Terion3oaanuu 5 = 0 1 HapucoBaTh aHAJIOTUYHbIH PUCYHOK.

Bapuant 14

Pemurey 3amauy Komu s oanomepnoro ypasuenus auddysum mo cxeme Kpanka-
Hwukoncona 5 P
u u
— = t O<z<L, L=1
ot Ox? + @ b), v ’
u(0,t) =0, u(L,t) =0, u(z,0) =0,
1 1
fx)=z(1—2/L)*+ 5t ésin(wt), w=2m

HapucoBaTh 3aBHCHMOCTH OT BPEMEHH TEMIIEPATYPHI B MEHTPE U MOBEPXHOCTH u(x,t) st
OJIHOT'O TIEPHOJIA KOJIeDaHUil ICTOYHUKA, KOTJIA 3aBEPIITUJICH EePeXOHOl Mepuo.

MoudunupoBars nporpamMmy, 3aMeHUB I'DAHUYHOE YCJIOBHE B TOYKe [ Ha YC/I0BUE

TCIJIOU30J 1A % =0mn HapHuCcoBaTb AHAJOTUYHBIA PHUCYHOK.

Yo Oyner, ecin 06e TPAHUIBI TEILJIOM30IUPOBAHDI?
Bapmnant 15

Haiitu 3aBucuMocTsb TeMiepaTypbl OT BpEMEHU B IIEHTPE JIBYMEPHON KBaJApaTHOil objiacTu B
3a/1a9€ ¢ NCTOYHUKOM TeIla U aHU30TPOMHON TeNJIONPOBOJHOCTHIO

2 2
% = % + 0.52—;; + fx,y.1)
IPU YCIOBUH, 9TO TeMIIEpaTypa Ha TPAHUIAX KBaJpaTa paBHA HYJIIO
u(—L,y,t) =u(L,y,t) =u(z,—L,t) = u(z,L,t) =0, L=1.
I/IHTeHCI/IBHOCTb NCTOYHHUKA
flr,y) = (1 —2?/L*)(1 = y*/L%) + (y/L+ 1)(1 - y*/L?)sin(wt), w = 2.
BquI/ICJII/ITb 1 HapHuCOBAThb 3aBUCUMOCTHb OT BpeMeHHN TeMIIEPpaTypPhbl B HEHTPE KBaJdpaTa.

BapunanT 16

Haiitn cranmonapHoe pelneHne ¢ MeTOJI0M WHBAPUAHTHOTO MOTPYZKEeHUS

2
p
o (1+0.12%)e? — (1 —2°%), —-l<z<l1l, ¢(=1)=¢(1)=0



Bapuant 17

Pemuts 3amaay Komu njis nenuneiitnoro ypasuenus [IIpéaunrepa mo cxeme paciienieHus

52 A
94 _oiapag 248
igr = 2APA+ 55

A(=L,t) = A(L,t), A(z,0) = c\/cosh(Az)

A
;9 —-L<zx<L, L=10

[Ipu smo6om A u ¢ = 1 permenne |A(z,t)| He nomKHO 3aBUCETH OT Bpemenu. VccaemoBaTh
9qUCJICHHOE pereHne npu A = 2 jyid pa3anddbix ¢.  HapucoBarh noepxuocth |A(z,t)].
Ncnonb3zoBatsh 6bicTpoe npeobpazoBanne Pyphe u3 nakera Numerical Recipies.

Bapuanr 18

Haiitu 3aBucuMocTsh TeMIIepaTypbl OT BpeMEHHU B IIEHTPE JIBYMEPHOil KBaApaTHOil ob1acTu B
3a/1a4e ¢ aHU30TPOITHON TEIJIONPOBOJHOCTHIO

ou  0%u 0%u
gE_2Y 52y
ot 0x? 0y?
u(—L,y,t) =u(L,y,t) =sin2nt, wu(x,—L,t) =wu(z,L,t)=0, L=1.
BapuanT 19

Haiitu 3aBucuMocTh TeMIepaTypbl OT BpeMeHHU B IIEHTpe JIBYMEpPHOil KBaapaTHoit obacTtu B
3ajlade ¢ aHU30TPOITHON TeIIONPOBOIHOCTHIO

ou  0*u ‘o 582u
ot 0z Oy’
u(—L,y,t) =u(L,y,t) = sin 27t

Crenku u(x, —L,t) u u(z, L,t) Trenmonsoauposanbl. L = 1.
Bapuanrt 20*

Ncmonb3ys mMeTos ycTaHOBJIEHUS, HANUTH CTAIMOHAPHOE pPAaCHpe/esieHIe TeMIepaTypbl B
Kpyre pajauyca R, ecqim TeMIieparypa Ha PpaHuIle mojaepxuBaercs pasHoii T'(p).

ou 10 [ Ou 1 0%u + A
— = = —— - - - — _ imep
o S (Tﬁr) tagg RO =TE)= ) Tule)e

m=—I

Yrazanue. VlcKaTh penenune B BUIE

+
u(r, p,t) = Z Uy (1, )€™

m=—I

BBLIEJUTD B Uy, (7, 1) ACAMITOTHKH B HYJIE U, (7, 1) = r™ f,, (7, t), HOTy4IUTH U MHTErPUPOBATH
ypaBuenust ua fp,(r,t). ma pasmoxenus B psamg Pypbe ucnompzoBarh naker FETW.
UcenenoBarb HECKOJIBKO YaCTHBIX CJIy4aeB (B T.9. ¢ HETPHBUAJIBHON 3aBUCHMOCTBIO OT ),
AJIgd KOTOPBIX JIETKO BBINIHUCATDH aHAJHUTUYIECKOE DEIIeHUC.

10



BapuanTt 21°*

Pemuth 3amaqy Komn 11 HecTarmoHapHOTO OTHOMepHOTO ypaBHeHud lLIpéunrepa

1 2
(z% + 5% — U(x)) P(x,t) =0
no sBHOW cxeme. [Ipom3BOmHYI0O TO KOODAWHATE 3aMEHHTH HA PA3ZHOCTHOE OTHOIIECHNE
n nosydennyio cucremy OJIY mo BpemeHu mupoumHTErpupoBaTh MeToaoM Pynre-KyrToi
BTOpOTO mnopsiiika TouHocTH. Iloctpouth pemenne (x,t) u Pypbe-o6pas CKaIgpHOrO
npoussefenust P(t) =< ¢(x,t)[1(x,0) >. Paccmorpers caydail JIHHEHHOIO OCHUIIATODA.
B uém dusmueckuit embiea | P(w)[*?

Tpebosanus % npozpamme: TPEIYCMOTPETh BO3MOKHOCTL 3aMeHbl morennuana U(zr) u
Hava bHbIX ycaosuil ¢ (x,0). Pypbe-06pa3 BoUuCIATH ¢ moMoripio nakera FFTW.

Bapuant 22

HaiiTn ypoBeHb 9HEPIUM M BOJTHOBYO (DYHKIHIO 1) () OCHOBHOTO COCTOSTHUSI B CHMMETPHIHON
sve U(—x) = U(x), uHTErpupyst OHOMEPHOE cTannoHapHoe ypapaenue [1Ipéaunrepa

1 02
<——7—|—U(x)—E) P(z,t) =0, |Y(z)] -0 mpu x—0

mo z or 0 /0 HEKOTOPOTO Ty, A pa3juwdHblx F.  VIHTerpupoBanme TO T BecTH
merosiom Pynre-Kyrrer gerseproro nopsijika tounoctu. [Iposepurs pabory nporpammbl B
HECKOJIbKUX YaCTHLIX CJIy4YadX, JJId KOTOPBIX JIETKO BBIIINCBIBACTCA aHAJIUTHYICCKOE pelleHne
CHEeKTPaJAbHON 33a491.

BapunanT 23

Ucnonw3ys MeTon Bpamenuit flkobu 1i1d pereHnss KOHETHOMEPHOTO aHAJIOTa CIEeKTPATbHOMN
3a/lauM 7 OJTHOMEPHOrO CTaluoHapHOro ypaBHeHus Illpénumnrepa, HaiiTM ypoBHU
SHEPrUuM U BOJIHOBbie (DyHKIUU U (x) oCcHOBHOrO u 1epBbiX 20 BO30YXKIEHHBIX COCTOSIHUI
rapMOHMIECKOTO OCHI/LIATOPA. CPaBHUBAS YNCAEHHBIIT OTBET C TOYHBIM PENTeHHEM, OIEHUTH
MOTPENTHOCTH OTBETA B 3aBUCHMOCTH OT KoJaudecTBa k Hyseil BoHOBON byHKIMN Yy ().

Bapuant 24

Pemuts 3amaay Komu aig ypasuenus Xornda:

ou ou

— — =0, —-5<z<l10
8t+u8m ’ v ’

u(z,0) = exp(—22/2), 0 <t < tpa = 1.

Berancants MaKCUMAaJbHYIO HEBA3KY C TOYHLIM peEIIeHueM. CpaBHI/ITb Pe3yJabTaThl,
I[MOJIYYEHHbIC IIPU UCIIOJIb30BaHUU PA3HBIX YHUCJIEHHBIX CXEM.

Bapuant 25

11



Wcmonb3ys mMeTos, yCcTaHOBJIEHUs, HAWTH CTAIMOHAPHOE pAacCHpejesieHle TeMIepaTypbl B
KOJIbIIe, OTPAHWIEHHOM JIBYMS KOHIEHTPUUYECKUMHU OKDPYZXKHOCTIMHU C PajJuycaMu a # b,
ecIM TeMIepaTypa Ha BHYTPeHHeH Ipanure mojjep:kuBaercs pasnoil f(y), a Ha BHemmHei
rparune — g(p). UcerenoBaTh HECKOJIBKO YACTHBIX CJydYaeB (B T.4. € HETPUBHATHHON
3aBHCHMOCTBIO OT (), JIJIsT KOTOPBIX JIETKO BBIUCATH AHAJUTHYECKOE DeIleHne

ou 10 ou 1 0%u

[Iporpammy cocrapuiu K..-M.H. porerT Ajekcangap Banosua Yepubrx, K.h.-M.H. JIOTEHT
Cepreit Banepbepuu CMupHOB.

[IpaBuiia aTrecraluy CTYIEHTOB 110 KypCy
«OCHOBBI BBIYNCIUTE/IHHON (DUBUKIY

1. B Teuenme cemecTpa cTyIeHT 00Os3aH CIATh CBOEMY CEMHHAPHCTY B YCTHOI (opme
Bce 12 3aj1a4 u3 3ajlannd. B HMCKIIOYUTEJIbHBIX CJAyYasix M TOJHKO 110 COIJIACOBAHUIO
€ CeMHHAPHCTOM JIOMYCKAETCs HENoJHas ¢aada OfHON (MakcuMyM JBYX) 3ajad W3
3aganns. CBepx TOro, /I MOJYyIeHns 3a96Ta CTYIEeHT 00s13aH BBITIOJTHUTH TPeOOBAHUS
nm. 3 u 6.

2. Hamucanme paboTocmocoOHONO HOPOrpaMMHOIO KOIA SBJISETCS HEOOXOIUMBIM, HO
HEJOCTATOYHbIM YCJAOBHEM JJId  CIadu  33JaHUM. Baada  CYNTAETCS CIAHHOIA,
TOJBKO KOI'la CTYyJAeHT OTBETHJI Ha BCE€ BOIIPOCHI CEMHUHAPHUCTA. TI/IHI/I“IHBIfI CIIUCOK
PEKOMEHIyeMBIX BOMPOCOB MO 6CeM 3aJa9aM BKJIIOYAET BOMPOCHI O JTOCTOMHCTBAX
U HeJOCTATKAX HCHOJb3YEeMbIX YHCIEHHBIX MEeTOJ0B, HAJUYHH aJbTepPHATHBHBIX
MOIXOAOB K PEIIeHHI0 3aJa4dd; BOMNPOCH Ha HOHMMAaHHE OOJACTH HPUMEHHMOCTH
UCIOJIb3YEMbIX METOJIOB M HAIVISJIHON JIEeMOHCTPalMK MOJM(UKAIUN [1apaMeTpoB,
KOTOpBIE JIeJIAl0T porpaMMy HepaboToCiocoOHOIM.

3. Jlius moyueHnd 3a9éTa CTYJeHT 00S3aH ¢JIaTh CBOEMY CEeMHHAPUCTY KYPCOBYIO paboTy
B yCTHO# (bopMe J10 KoHIIa 3a96THOM ceccun (10 30 mexabpsi).

4. Jlo madaja jgekaOps CTYIEHT MOXKET COIJIacOBATh CO CBOUM CEMHUHAPHUCTOM TeMY
KypcoBoit paborbi. IIpu BBIOOpPE TEMBI MOI'YT HCIOJIB30BATHCS BbIUNCIHTEIbLHBIE
3314491, CBA3aHHBIE C JUIJIOMHON TPAKTUKOM, MOJEJIUPOBAHIEM 3KCIIEPUMEHTAJIBLHBIX
uccaeioBanuit B jlaboparopuu, a TakKyKe JI0Oble HCCJIEeI0BATEIbCKHAE 3a/a4H,
NIpeCTaBAdIONINe HWHTepec I CTy/AeHTa. PellleHue 3a1adnd JOJIKHO BKJIIOYATH
WCTIOJIB30BAHUE OJIHOTO WM HECKOJbKHUX YHCJEHHBIX MeTO/I0B, CaMOCTOSTETHHO
peajim3yeMbiX CTYJIEHTOM B IporpaMMHoM Koje. [lo xkejianuio cryjienra ucioJib3yembie
JIJIS pereHusd 3a/1a9i YUCJAEHHBIE MeTO/bl MOTYT BBIXOJUTH 34 PaMKH MPOTPAMMBI
JAHHOTO Kypca.

5. CTymeHTHI, He COIVIACOBABIIHE CO CBOMM CEMHHAPHCTOM TeMy KYpPCOBOil pabOThI J10
1 nmexabps, MMOJyYaloT Ha IMepBOM JHOO BTOPOM 3aHATHH JAeKaOpd OTHY U3 3aJa9
M3 CIHKCKA BapHaHTOB KyPCOBBIX PaboT B mporpaMme Kypca, JuOO aHAJOIHYHYIO
[0 YPOBHIO CJIOYKHOCTH 3a/1a9y 1O BBIOOPY CEMHHAPHUCTA. 3ajada, MPeII0KeHHas
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CTY/IEHTY TpernojaBaTesieM, JoAHCHA PEeIIaThCd C HUCHOJIH30BAHUEM OIHOTO WJIN
HECKOJIBKUX YHCJIEHHBIX METOJOB U3 MPOrPAMMbI KypCa JIEKIHii (B IPOTUBHOM CJIydae
CTYJIEHT BrpaBe TpeGoBATH 3aMeHbI 3a/1a4H).

Cryment 00s13aH ¢AaTh YCTHBIN 3a49€T, TPOBOJMMBIN B 3a4€THYIO ceccuio. Ha 3adére
CTY/IEHTY HEeOOXOJIUMO OTBETHTH CBOEMY CEMUHAPHCTY Ha JIBA TEOPETHIECKUX BOMPOCA
mo mporpaMmme Kypca. CHOHCOK BOMPOCOB MyOJWKYeTCs 0 Hadada 3a4€THOH ceccuun
Ha cTpaHune http://www.phys.nsu.ru/smirnov/ovf.html. Bsibop aByX BOIPOCOB
13 CIHMCKA MPOUCXOIUT CAYyIafiHBIM 00pa3oM OO OCYIECTB/ISIETCS CEMIHAPUCTOM Ha
CBOE YCMOTPEHHE.

B nporecce npuéma 3a1a9 B Ted€HIE CEMECTPA, 3AM0THEHIH BEIOMOCTEHl KOHTPOJIbHBIX
Heae/J b W HpHéMa KypcoBOil pabOThI B KOHIE CEMECTpPa CEeMHHAPHCT BBICTAB/ISET
OIIEHKH, OTPaKAOIIe YPOBEeHb KBAIU(MUKAIMH CTYIeHTa U er0 TOTOBHOCTDH K HAYIHO-
HCCJIeI0BATEIBLCKOI paboTe B obJjacTH BbIYUCAHTENbHON dusuku. B wacrHoCTH,
OIIEHUBAETCS CAMOCTOSATENHHOCTh pabOThl CTYAEHTa; KPUTHUIECKOE OTHOIIEHHEe K
pe3yJibTaraM, BblJIaBa€MbIM KOMITLIOTEPHOI POrpamMMoil, 1 HaBbIKU UX BepUUKAIINH;
SHaHUEe ¢W I[OHHUMaHHue HCIIOJb3YEeMbIX YHC/JIEeHHLIX METOJ0B, HUX J0O0CTOUHCTB,
HEeJO0CTaTKOB 1 OFpaHquHHﬁ; yMeHnune OneHUBATH TOYHOCTH MHOJIyYaeMbIX YHCJIEHHBIX
PEe3YIbTATOB; CHOCOOHOCTD PeAJTH3AIUN YHCAEHHBIX METOI0B B IIPOCTOM, ITOHSITHOM U
HaIEKHOM IIPOIPAMMHOM KOJIe, 00eCIednBaIOIeM IPOCTOTY U3MEHEHHUsT apaMeTpPOB.

HToroBagd omeHKa 3a KypC BBICTaB/AdeTCd CEMHHAPUCTOM KaK CpejlHee M3 OIEeHOK 3a
paboTy B TeUEHHE ceMecTpa, CIady KypcoBO#l paboThl U OTBETOB Ha TEOPETHYCCKHE
BOTIPOCHI.

Kondukrapie #u CHOpHBIE CHTYAllMM, BO3HUKAIOIIME MEXKJIY CTYICHTOM H|
CEMHUHAPUCTOM B Xoje paboThl B ceMecTpe, IPHU IOJYYEeHHH 3a4éTa U BBICTABICHUH
HTOIOBOM OLIEHKH, YPEryJUpyeT JIeKTOP.

[Ipapuna arrecranuun noaroropua gouent C. B. CvupHOB.
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