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1. IIpegucaoBue

JlanHas nucuun/ivHa B paMKax oOlLled CXeMbl BBIYHUC/IUTEJNBHOIO KCIEepH-
MEHTa 3HAKOMUT CTYAEHTOB C YUCJEHHBIMH METONAMH pelleHHs 3a1a4, BO3HUKA-
IOLLUX NIPU MOJEJHUPOBAHUU NPOLECCOB B PA3JUUHBIX 00JIACTAX HAYKHU, TEXHUKH
1 npousBoactBa. OCHOBHBbIE pa3fielibl, U3ydaeMble B Kypce:

1. Metonbl npubankeHuss GyHKUUH U UX TPOU3BOAHBIX, OLIEHKH MOTPEIIHO-
CTeH TaKOro pofa NpUONUKEHUH.

2. YucsieHHble MOAXOABI K BBIYMCJEHUIO ONpPe/ieIeHHbIX UHTErpaJjoB, METOMIbI
MIOCTPOEHHS COOTBETCTBYIOIIUX KBAAPATYpP, OLEHKA WX MOTPELIHOCTEH.

3. Uuc/neHHOe pelleHHe ypaBHEHUH WU CHCTeM JIMHEHHBIX U HeJHUHEHHBIX
yPaBHEHUH.

4. YucneHHoe pelleHHe OOBIKHOBEHHBIX AU((epeHLHa bHbIX YPaBHEHUH U
CUCTEM OOBIKHOBEHHbIX NH(PhepeHHaNbHbIX YPaBHEHHH. 3HAKOMCTBO C YMC-
JIEHHBIMM MeTOaMH pelleHUs] UHTerpasbHbIX ypaBHeHHH. OcBoeHHe MOAXOI0B
K TIOCTPOEHHIO PA3HOCTHBIX CXeM MAJ5 YPaBHEHUM B YACTHBIX MPOU3BOAHBIX U
OCHOBBI METOJIOB MX pellleHHsi. 3HAKOMCTBO C METONAMM HCCJENOBAHUS YCTOH-
YUBOCTH PA3HOCTHBIX CXEM.

Mertonbl paboThl: JIeKLIIUH, J1a00PaTOPHbIE U NPAKTHUYECKUE 3aHATHS, KOJIJIO-
KBHUYMBbI, THCbMEHHBIE ONPOCHl, PEUTUHIOBBIM MOAXOM, CAMOCTOsITeIbHAA paboTa

CTYAEHTOB, HHIUBHUAYAJbHbIE 3d0dHUA NJid OTAEJbHbBIX CTYOLEHTOB.



2. O nucoiunaunbe «YUCJIEHHBIE METOIbI »

1. Heap u 3agaum Kypca. HucuunivHa «YucjeHHble MeTodbl» obecrie-
yuBaeT NpuobpeTeHHe 3HAHUU U yMeHUH B COOTBETCTBHUHU C I'OCYAApCTBEHHBIM
oO6pa3oBaTeibHbIM cTaHAapToM. Llesbio mpernopaBaHusi OUCLUIJIUHBL SBJASETCS
O3HAKOMJIEHUe CcJyllaTesied ¢ OCHOBHBIMH METONAaMH MPHUOJHKEHHOTO0 YHCJIEH-
HOTO pellleHHWs] MaTeMaTHYeCKUX 3a/ad.

2. Mecto gucuuniauHbl B cucreme obpazoBanus — uuka OIL. [Tucuu-
navHa «YucieHHble MeTOAbl» OTHOCUTCS K UHCJY TNPUKJAAAHBIX MaTeMaTHye-
CKUX JIUCLUIJUH, ee TpernofaBaHue OCHOBbIBAETCS HA 3HAHUSIX, MOJYUEHHBIX
CAyIIATeJNSIMH MPU HU3YUEHUM OUCUHMIINH «JIMHelHas anrebpa v reoMeTpHs»,
«Matematuueckuil aHanus», «JuddepeHunanpbHble ypaBHEHUSI» U «YPaBHEHHUS
MaTeMaTH4ecKol (pU3uKu». 3HAHUSA U HABBIKU, MOJyUYeHHble NTPU U3YUEHHUHU JUC-
LHUIJIMHBL «HUC/eHHbIE METONbl», UCMOJb3YIOTCS CAYLIATEIMU TPU H3yUYeHUH
CTelMa bHbIX TUCIHUIIJIMH U TIPU MOATOTOBKE BBIMTYCKHOU IHUIIJIOMHOW PabOTHI.

3. TpeboBaHUA K YPOBHIO OCBOEHHS ColdepiKaHud Kypca. B pesynbrarte
M3y4eHHs] TUCUHUIIJIMHBI CAYIIATeNH TOJKHbI:

MMeThb MpeIcTaBjJeHNe O BO3MOXHOCTSIX NMPUMEHEHUs] YUCJEHHbIX METOL0B
NPy aHa/ju3e MaTeMaTUUeCKUX MoJeJsied; O MOAXOAAaX K OlleHKe KauecTBa 3THUX
METOI0B, B UYAaCTHOCTH OlleHKaX MOTPEIIHOCTH, CXOAUMOCTH U YCTOWUHMBOCTHU
METO/I0B;

3HaTh OCHOBHblE METOJbl UHTEPIOJUPOBAHHUS, YUCJAEHHOrO AU(hepeHIHpo-
BaHUSI U WUHTErPUPOBAHHS, UHUCJIEHHOTO pelleHUs] JUHEHHBIX CHUCTEM W OJHOTO
HEeJIMHEHHOTO YpaBHEHUS1, MPUOJIUKEHHOTO pellleHust quddepeHunalbHbIX YpaB-
HEeHHWH; TOAXOMbl K OLIEHKE TPYLOEMKOCTH YUCJEHHBIX METOMOB;

yMeTb NPOrpaMMHO peaJjiM30BbIBATh HA KOMIIBIOTEPE OCHOBHbBIE UHCJEHHbIE
METO/Ibl pellleHHs 3a[ay; BhISICHSITb YCJOBHSI YCTOMUHMBOCTU KJIACCHUUECKHX Pa3-
HOCTHBIX CXEM.

4. Munumym cogepxanusa aucuuruimabl mo I'OC. YucneHHble MeTOIbI
pelleHHUsl 3aa4 MaTeMaTHUYeCKOro aHa/u3a, aaredpbl U OObBIKHOBEHHBIX AU(de-
peHLIMAJbHbIX YPABHEHUH; UACJIEHHbIe METO/IbI PellleHHs 3a7au MaTeMaTHUeCcKOon

(PM3UKH; METOLBl pelleHUs] CETOYHbIX YPaBHEHUU.



3. CoagepxaHue pasaesoB JUCHUNJINHBI

1. BBegeHue B YHMCJIEHHbIE METOIbI

O6111as cxemMa BbIYMCAUTENbHOIO 3KCiepuMeHTa. [lorpemHocTs Npub/IHKeH-
Horo petieHusi. OcHOBHbIe TPeOOBAHUS K BBIUWCJAUTENbHBIM AJrOPUTMaM.

2. IIpubanxkenne (PyHKIMHA U UX MPOU3BOIHBIX

2.1. TloctaHoBKa 3amayd UHTeproanpoBaHusi. MHTepno/sgllMOHHbIE TOJHUHO-
mbl Jlarpanxa v HeioroHa. OcTaTouHbI 4jieH UHTEPHNOJNSLHUOHHON (hOPMYJIHL.
[loHATHE 006 MHTEpPNONUPOBAHUU (PYHKLIHUK HECKOJbKHX MepeMeHHbIX U 00 WH-
TepIHOJIMPOBAHUU CIJAWHAMM.

2.2. PagHoctHble onepaTopbl. Popmysibl npubdanKeHHOro nuddepeHIupoBa-
Hus. HucaeHnHoe nud@epeHIIMPOBaHUE C MOMOLIbIO UHTEPMOJSALIMOHHBIX TMOJH-
HOMOB.

2.3. [locTaHoBKa 3agauu 0 HauJy4llleM NPUONUKEHUH B THJIbOEPTOBOM IPO-
ctpaHcTBe. CpenHekBagpaTuueckoe npudauxenue. CyliecTBOBaHUE, eIUHCTBEH-
HOCTb M CBOHCTBA 3JieMeHTa HauJayullero npubauxenus. [Ipouenypa Haxoxne-
HUSl 3JIeMeHTa Haujayuliero npubauxkeHus. OpToroHanbHble MOJUHOMBI.

2.4. MeTos HaWMeHbIIUX KBaJpPaTOB.

3. UncieHHOe UHTErpupoBaHUue

[locTaHOBKa 3272y YKCJIEHHOrO MHTerpupoBaHus. PopMysibl MPSIMOYTOJIb-
HUKOB, Tparneunit 1 CHMIICOHA HAXOXKJAEHUS] YUCJEHHOro 3HAUeHUs OmpefeseH-
Horo uHTerpana. Ksanparypuole gopmynsl 'aycca. ITlonsatue o metone MonTe
- Kapsio HaxoxaeHus npuOJIMKEHHOrO 3HAUeHUS ONpeleseHHOrO HHTerpaJa.

4. YnucieHHOe pellleHNe YpPaBHEHHUA M CUCTEM ypaBHEHUU

4.1. TlocTaHOBKa 3a1a4d HAXOXIEHUS MPUOJMKEHHOTO 3HaUEHUsI KOPHS Ofi-
HOro HeJIMHeHHOro ypaBHeHus. Jlokanuzauus KopHed. OueHka abCoOIOTHOH 110-
TPELIHOCTH NpuOauKeHHOro KopHsi. Merton muxotomuu. Meton xopa. Metop
Hetotona. Merton urtepauuii. ['eomeTpruueckass MHTeprnpeTauusi MeTOAA UTepa-
LUH.

4.2. TloctaHOBKA 33a/1aud UUCJIEHHOTO pelleHUs] CUCTEMBbl JUHEHHBIX YpaBHe-

Hui. Meton ['aycca. Ouenka TpynoemMKocT Metona [aycca. YcjoBre npumMeHH-



MocTH Metoza ['aycca ¢ BBIGOPOM TriaBHOTO 3JjeMeHTa. MeTon KBagpaTHOTO KOp-
Hsl. OOyCJ/JI0BIEHHOCTb CUCTEMBI IMHEUHBIX anreOpandeckux ypaBHeHHH. Meton
UTepalUnil pellleHUs] CUCTEMBl JUHEHHBIX ajrebpanyecKuX ypaBHeHUH.

4.3. TloctaHOBKa 3a/1auM UUCJIEHHOTO pelleHUs] CUCTEMbl HEJUHEHHBIX YpaB-
HeHuH. O61as gopma uUTepalMOHHOTO npouecca. KTepanuoHHble MeTOABI pe-
IIEHUS] CUCTEMbl HeJTMHEHHBIX YPaBHEHHUH.

4.4. TlocTaHOBKa 3a4a4M YUCJEHHOIO0 HAXOXIEHHUS COOCTBEHHBIX BEKTOPOB
U cOOCTBEHHBIX 3HAYeHUH. CTerneHHOU aJrOpUTM U aaropuTtM KpelioBa BelYHKC-
JIeHUsI COOCTBEHHbBIX BEKTOPOB U COOCTBEHHbIX 3HAUEHUH.

5. YUucnenHoe peumeHre 0ObIKHOBEHHBbIX I pepeHIaNbHBIX YpaBHe-
HUU

[locTaHoBKa 3amauu uucaeHHOTO pelleHus 3anaud Kowin u kpaeBoil 3amauu
0J151 OOBIKHOBEHHBIX NU((epeHIMaNbHbIX ypaBHeHUH. MeTton Dilnepa. CuMMeT-
puuHas cxema. Merton Pynre — Kyrta. PasHocTHble ypaBHeHUs1 1epBOro U BTO-
poro nopsinkoB. Metonel PyHre — Kyrrta. MHoromaroBble pasHOCTHbIE METO/BI.
Yuc/eHHble METONbl PellieHUs] KpaeBOW 3aJaud [Jisl yPaBHEHUS] BTOPOTO MOPSIJ-
Ka. [locTpoeHre pa3HOCTHBIX CXeM UHTErpo-UHTEPNOJALUOHHBIM METOIOM.

6. YucneHHoe pemeHue 3agay MaTeMaTU4eCKOM (PU3UKHU

6.1. [TocTaHoBKa 3a1aun UHCJAEHHOTO pelleHHUsl 3a1ad MaTeMaTUuecKoH ¢u-
3uku. [IpocTefilive MeToAbl MOCTPOEHUSI PA3HOCTHBIX cxeM. fBHasi U HesiBHast
pPa3HOCTHas CXeMbl /ISl YPaBHEHHS TeJIONPOBOAHOCTH. TpeXcJ/olHble pa3HOCT-
Hble CXEMBbI.

6.2. MccienoBanue yCcTOWUHMBOCTH CETOUHBIX ypaBHEHUH. ¥YCTOHYMBOCTD $IB-

HOU M HeSBHOW PA3HOCTHBIX CXeM [Ji YPABHEHHUS TelJIOIPOBOJHOCTH.



4. Cnucok 3agay aJjs NOATOTOBKH K KOJUIOKBUymy Ne 1

Jluteparypa njs moaroToBKu

1. bepesun, H. C. Metonbl Boiuucaenuit / M. C. bepesun, H. I1. 2Kunkos.
— M.: ®usmaraur, 1962.

2. Camapckuii, A. A. 3anauu 1 yrnpaKHeHHs 110 YUCJEHHBIM MeTofaM: yueo.
nocooue / A. A. Camapckuii, I1. H. Babumesny, E. A. Camapckas. — M.:
Anutopuan YPCC, 2000.

3. Cmpeaxos, H. A. C6opHuK 3anay no yucaeHHsiM Metonam / H. A. Crpes-
KoB. — fdpocnasab, 1988.

OpHueHTUPOBOYHBINA CIHMCOK 3aay

1. daubl y3abl 1 = 1, x9 = 3, x3 = 5 W 3HaUeHUA y; = —2, Yo = 1, y3 = 3.
[TocTpouTh MHTEPNONSIIUOHHBINA MOJHHOM, HCIOJb3YS:

a) moauHoM JlarpaHixka;

6) uHTeprnoJsIIHoHHY0 PopMmyny HbroToHa.

2. Jlokasatb:

a)

5(1) _Of-pg—pf-9g.
g (ng)? — 3(69)*
6)

M<[> _pufpg—30f - dg
g (ng)? — 3(09)>
3. JlokasaTs:

a) f€C* = J0f(x) — f'(x) =2 <><£>,a:—h<s<x+h;

6) feC® = d00f(x) — f"(x ) L fON(g), » —2h < & < x4 2h.
4. JlokazaTb HEpaBEHCTBA:
x+h
a) [0f (z) — f(x)] < f | (€)]dé;
6) [0f(x) — f'(2)] < f F(E)]déE.

5. Jlokasartb COOTHOLHeHHH
a) d(fg)=f-09+g-0f +h-0f0g;
6) d(fg)=f-0g+g-0f +h-0fdyg;



8([) _9-0f—[-9g
g 9(g+h-0g) "

5 ([) _9-0f—[-9g
9 9(g +h-dg)
6. OLeHUTh NorpemHocTb GopMy.1 NpUOIHKEHHOT0 AU PepeHIIUPOBAHHUS:
a) ¥5 = 13(yo — 8y1 +8ys —ya) + R, R =7
0) f§ = (—fo+4fi —5fa+2f3)+ R, R=7
7. IlocTpouts kBanpatypsl ['aycca:

a) C OTHUM Y3JIOM:

1y 1(f) = Oflxzf(:r)dx;
2 1(f) = Oflexf(x)dﬂ:;

6) ¢ IByMs y3JaMHu:
1

) 1(f) = [ a*f ()

2) I(f) = [sinzf(x)dx.
0
8. TlocTponTb KBagpaTypHyw (HOPMYy, TOYHYIO IS MHOTOUJEHOB MAaKCH-

MaJIbHO BOSMO)KHOﬁ CTEIIeHHU.
1
1) = [ f(a)ds
5

I(f) = Cif(=1) + Cof (v2) + C3f(1).

5. Cnucok 3amay AJisl MOATOTOBKM K KOMJIOKBUYyMY Ne 2

1. IlokasaTh, uto obpaTHasi matpuua K L-matpuue (U-maTpule) siBaseTcs
L-varpuuedt (U-matpuued).
2. Ionyuutb LU-pasznokeHUsi MaTpULL:
a)
a b
A= ( . d)’ a#0; d=#0;



6)

2 -1 0
A= -1 2 -1 |;
0o -1 2
B)
2 11
A= 4 10
-2 21
3. fBasieTcs nu matpuua
2 1 1
A= 4 10
-2 21

LU-pa3noxumon?

4. lna kakux MaTpul rnepectaHoBok P matpuusl PA 6ynyT LU-pa3ioKUMbL:

a)
0 1
A:(2 3>?

6)
1 2 3
A=\ 2 4 2 |?
01 1
5. PazioxuTh cienyolire MaTPHUILb TeEPECTAHOBOK B MPOU3BEEHHE dJIeMEH-
TapHBIX:
a)
010
P={| 001 |;
1 00
6)
O 010
1 0 0O
A= 0O 0 01
0100

6. MOXHO /M MOJYYUTDb pa3JjoxKeHHe CHMMETPUYHOH MaTpHULLbl

A:

— = =
N = =
Ot N =

10



B Bufe A = S*DS?
7. Ilonyuntsb pasnoxenue A = S*DS cHMMeTpPUYHOH MaTpPHULLBL:

a)
2 -1 0
A= -1 2 -1 |;
0 -1 2

(1)

8. JlokasaTb, UTO CjeAyIOllle BbIpaXKeHUS SIBJSIOTCS HOPMAaMU BEKTOPOB:

6)

2) mas {difail}; dy > 0k =1, = (0,3,

6) Y dilzk|; dp >0, k=1,....n; 2= (21,...,%,).
k=1

9. Ilokasatb, uto 2max{|ai1l|, |a12|, |as1|, |ase|} ABAseTcss HOpMOH MaTpULLBI

a a
A — 11 12 .
as1  G22

10. Iokasatb, uto max{|aii|, |a12|, |as1]|, |asz|} He sBAsieTcs HOpMO# MaTpu-

A — ( aip a2 ) .
21 @22
11. fBnsiercss qn BeIpaxkeHue min{|zi| + 2|zsl; 2|x1| + |z2|} HOpMOH mus

r € R??

12. Tlokaszatb, uto HOpMa Matpuubl ||A| = max Z la;;| moguuHeHa HOpMe
=

1951

BeKTOpa ||z|| = Z ;]
i=1
13. Haiitu yucaa o6yc/iOBJAEHHOCTH MaTPHIL:

a)
A 1 —1 Al —
6)

13
A= < 1 3.0001 ) - 4l = 121%2’“”‘

11



6. Cnucok 3agay A/ MOATOTOBKHU K KoajJokBuymy Ne 3

1. Jlokaa130BaTh KOPHH YpaBHEHHH; HAaUOOJbILIUHA KOPEHb JIOKAJU30BaTh Ha
OTpe3Ke AJUHBI 1:

a) 22 —2x —2=0;

6) 234+ —3=0;

B) ¥ —x — 2 = 0;

r) 5% — 6x — 3 = 0;

n) yt—2y—1=0;

e) ot — 223 + 32% —4x +2 =0;

X) 23+ T2? — 53z — 316 = 0.

2. C nomoubo dopmyast |z — & < L

mi

OLIEHHUTb aOCOJIIOTHYIO MOTPEITHOCTD
NPUOIHKEHUsT & KOPHS &, B3sIB B KaueCTBe x NMpPaBbld (JeBbIH) KOHEI[ OTpe3Ka
JIOKaJAMU3aluu B 3agaHuu Ne 1.

3. B nyockoctu a0b yka3aTb 06JaCTH, B KOTOPBIX ypaBHeHHe f(x) = e —
a — bz = 0 uMeeT PoBHO k BellleCTBeHHBIX KOpHeH. k = 0,1,2, 3, 4.

4. Tlpu ycaosuu f' > 0, f” > 0, f(a) - f(b) < 0 HOKa3aTb CXOAHMMOCTb
UTepalrd K eMUHCTBEHHOMY KOpHIO & € [a, bl:

a) MeTON XOp,

T, —b

S (O R (O

6) meton HriotoHna

T =T, —
n+1 n f,( n)a
B) MeTOo[ JIO2KHOT'O ITOJIO2KEHUSA

Lp — Tp—1

SO [Ty [r

ro=0>0, £ <x1 <D

r) ynpouleHHbIH MeTon HeioToHa

f(xn) —b

Tp+l = Ty — f/<b) 9 o =

,[LaTb F€OMETPHUYECKYIO UHTEPNPETALIMIO 3TUX METOMOB.

12



5. I/ICC.HGILOBaTb CXOOUMMOCTb UTEPALHMOHHbIX HOCJIeILOBaTeJIbHOCTteI B 34aBHU-

CHUMOCTH OT HaAdaJIbHOI'O HpI/I6.HI/I}K€HI/IH Zy-

2241,
a) Tp+l = 100 °
r3+1,
6) xn—i—l — 20

B) Tpil = VIn + 2;

F) Tp+l = 33% - 233719

n) Tpni1=2°% z=x, — 1;

e)

( —2—1—% ecau T, < 2,

1, ecsiu T, = 2,
Tp+l = < m, ecqau 2 < Ty < 4,
1, ec/u x, = 4,
ecsu x, > 4;

)

2
M i = ecsiyu x, # 3,
0, ecsu T, = 3.

6. JlokazaTb, UTO METOH MPOCTOH HTepaluu T, 1 = @(x,) AJAS pelleHUs

ypaBHEHHUS] © = @(x) CXOAUTCS TPH JOOOM HAUaJbHOM MPUOJIMKEHUH:

a) p(x) = asin®z + Bcos’z + v, rae |a — [ < 1;
6) o(x) = ae* +c, rae B> 0, 2a*8 < e, tne z = — [

7. YpaBHeHue x+Inx = 0, umeroulee KopeHb « = 0.6, nmpeanaraercs pewarb

OLHHUM M3 CJEAYIUIMX METOLOB MPOCTOH HUTEpaLUH:

a) Ln+1 = — In Tn,

0) r,.1 = €%, TIe z = —xy,;

B) Tpi1 = ”””T“Z, TIe 2 = —Tp;
T) Tpi1 = W, rloe 2 = —a,.

HccaenoBaTh 3TH MeTOABI Ha CXOAHUMOCTb.

8. Ilpn Kakux 3HaueHHSIX a OTOOpaKeHHe, HUCIO0Jb3yeMoe B MEeTOfe UTepa-

L[HI;JI, ABJIAETCA C2KHMAIOIIHUM B OKPECTHOCTH XOTH OBl OOHOI'O KOPHH:

a) Tpy1 = 57, rie a > 0;
10 .
0) Tn+1 = 53, o€ a > 0;
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B)
| 1—-a(z,—1), ecan x, <1,
Tl 1= 050z, — 1), ecam z, > 17

9. lns cucreM

a)
sinz =y + 1.32,
cosx = x — 0.85;

6)
xr — dxy + 1520 = 0,
y—3xy — 105 =0

HaNMCaTh WTepaLHUOHHBIE (POPMYJIBl, COOTBETCTBYIOILME METOAAM: peJaKCaluH,
[Iukapa, HeioToHa, Monudurkauuu metona HelotoHa, metony HeloToHa ¢ napa-

MeTpamu, dkobu, 3elinesns.

7. Cnucok 3ajay AJig NMOATOTOBKHU K KOJAJIOKBuymy Ne 4

1. OnpenenuTb NOpsiAOK anMpOKCUMALUK CJAEeNYIOLMX Pa3HOCTHBIX ypaBHe-
HUH, MOCTPOEHHBIX IJIs MPUOIHKEHHOTO pelleHUs 3anadu Kouiu:
9u 1 Au = 0;
at 7
u(0) = 1.
6) yn_;-yn—l + Ayn — 0’
F) Yn—Yn-3 yn 3 +Ayn—]_ — 0
2. CymeCTByIOT JIU PA3HOCTHbBIE ANMPOKCUMAalUK 3-T0 Mopsiika AJs YpaBHe-
HUU:

a)

2u' + 2?u = 1;
u(0) = 1;

6)
v — 5u = 7%
u(0) =17
Ecsii cylecTByIoT, TO MOCTPOUTh MX M JI0Ka3aTh 3TO.

3. OnpenennuTb NOpsSAOK aNNpPOKCHMALIMU CJAEAYIOUIUX METOAO0B MpeIuKTOopa-

KOppPEKTOpa B 3aBUCUMOCTH OT MapaMeTPOB:
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Yn+1/3 — Y Yn+1 — Yn T
M :f(tnuyn); +—:f(tn+_7yn+l/3);

7/3 T 3
6)
W = flton): I f (ot am gasa) -

4. Ha#it obuiue peleHUsl CJAEAYIOLIUMX PA3HOCTHBIX YPABHEHUH:

a) 4yn — Ynt1 = 3"

6) 3yn — Yn+1 = 3"

B) 2yn — Ynt1 = 1;

r) 2Yn — Ynt1 = 1;

1) 2Yn = Ypa1 = 0%

e) 2y, — Y1 = 1 + 2n — n?.

5. HalitTu ofuive pelieHus CJAeIyIOUIMX Pa3HOCTHBIX ypaBHEHUH:

a) Yn-1— 3Yn + Yni1 = 1;

6) Yn-1— 3Un + Yns1 = 10;

B) Yn-1 — 3Yn + Yni1 = 1%

D) Yn1 — 2Yn + Ynt1 = 3%

1) Yn-1— %yn + Ynt1 = COST

e) —4yn—1 — 2y + Yp+1 = 3".

6. HaiiTu pelueHuss pa3HOCTHBIX ypaBHEHUH:

a) Ynt1 — Yn T 4Yn1=4" yo =1, y1 = 0;

0) Yni1— %yn+yn_1 = (), orpaHUYeHHOe MPU N — —OO U yIOBJETBOPSIOLIEE
YCJIOBUIO Yy = 1;

B) Ynil — %yn + 2y,—1 = 27", orpaHHYeHHOEe IIPU N — 400 U YIOBJIETBOPSA-
ollee yCJ0BHIO Yy = 1;

T) Yni1l — %yn — 2y,—1 =n-37", orpaHUYeHHOE MIPU N — +00.

Ykaszanue: y* = (An + B) - 3™.

7. Halitn TouHble pellleHHUs caeqyrUMX nUd(epeHNna bHbIX YpaBHEHUH:

a) u' —u =z, u(0) =0;

6) v —u=-¢e", u(0) = 0;

B) u — su= 12?4+ 2z + 1, u(0) = 1;
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r) u' —3u =0, u0) =1;

n) v +3u =0, u0) =1;

e) v +2u=1, u(0) =1.

[TocTPOHTb COOTBETCTBYIOLIME PA3HOCTHBIE cxeMbl (u' — =) mpy h = 1.

Haiitu npubinrkeHHble DEILeHUs] HCXOAs M3 ITUX cxeM. J{Jis KaXKI0ro ypas-
HEHHsI TIOCTPOMTh TOYHOE W MPHUOJIHKEHHOE PelleHHs B OQHOH CHCTeMe KOOPIHU-
HaT.

8. CylIecTBYIOT JIM pellleHHus] KpaeBOH 3aauu JJisi PA3HOCTHBIX ypaBHEHHUH:

a) 2Un—1—5Yn +3Ynt1=0,0<n <4,y =0, ys = 1;

6) Yn-1— V3Yn+Yns1=0,0<n <6, y=0, yo = 1?

9. Onpene/uTh MOPSAOK MOTPELIHOCTH ANMPOKCHMALHK Pa3HOCTHBIX METO-

I0B, MOCTPOEHHBIX 1Js 3anauu Koiu:

a)

Yn — 2yn—1 + 2yn—2 — Yn-3 _ f .
- n)
6)
Yn — 2yn—l + 2%1—2 — Yn-3 o .
— fnfly
T
B)
Yn — 2%—1 + 2%—2 — Yn-3 o
- fn—?-

-
n— *2 n n
10. TTocTpouTb pasHOCTHYIO cxemy 2= ;L’z TYnt1 a1 frni1 + apfn + a1 fu_1,

annpoOKCHMHUPYIOLLYI0 C HAWBBICIIMM MOPSAAKOM IH(depeHlManbHOe YpaBHEHHE

" __
u' = f(x,u).

11. Ha#itu TouHoe peiienue ypaBHenus u” +u = z, u(0) = 1, v/(0) = 1.
Hanucarb pasHOCTHYIO cXeMy (u — M%) npu h = 1 ¥ Ha#¥iTH NpUOGJIH-
KeHHoe pelieHue. M306pasuTh rpaukud TOYHOTO U MPUOJUKEHHOTO pelleHUst
Ha otpe3ke [0,27] B OLHOH CHCTeMe KOOpPIHMHAT.

12. NuddepeHuuranbHbId onepaTop

annpoKCUMHUPYeTCS PA3HOCTHBIM

_ 1
Lyup, = apul™ + agulh, + agul,_; + aqull
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Ha ceTKe w = {z,,, = mh, t, =n71, T =rh}, r = const. HaliTu KoappuuueHTH

ai, as, a3, a4 TaKue, 4TO
3
Lhuh|x=xm,t:tn — Lulx:xm, t=t, + O(h )

13. CyuiecTByeT JiM pa3HOCTHAS anMpoKCUMalLUs 3-TO MOpsiiKa AJsl ypaBHe-

HUS
ou  Ou
— — — 4+ 3u=uat’, h=r7r, r=const?
ot Oz
Ecau cyuiecTByeT, TO MOCTPOUTH €€ U JI0Ka3aThb 3TO.

14. Ing 3apauu % — % = f(x,t) onpenesUTh MOPSIIOK anMmpoOKCUMALUU IO

h (r =rh, r = const) 0Js CAenyIOUIMX Pa3HOCTHLIX ypaBHEHUH:

a)

n+l . n n
Uy, Uy, um+1 Upy fn
T h m
6)
n+1 n n o __ ,n
U, U, B U, U1 n
T h m’
B)
n+1 Upy1— Uy 1 n
Upy 2 um—l—l U, _ fn
T h m

15. I[JIH ypaBHEeHUH

_ 282u.

a) 8t2 - 8182’
du _ 20%u.

6 at =a ax%

) 3152 3x2 =0
HamKMCcaTh COOTBETCTBYIOLIME PA3HOCTHBIE YDABHEHHUS U ONPENEINUTh NOPSA0K

AlMNpOKCHMAIlHuH.

16. Hanucate pasHOCTHYIO cxeMy A/ 3afayu:

ik *u _ .2
ror tlga =127, 0<x <1, 0<t<T,

u(t,0) = ¢i(t),  ull,1) = wa(t),
ur(0, ) = ¢1( ), u(T,x) = Yo(x).
17. dns kakux 7 U h BbIMOJIHSETCS HEOOXONHMOE YCJOBHE YCTOWUHMBOCTH

AJI Pa3HOCTHBIX CXEM:
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n+l _ ,n—1 n+1

1
Y eYmen = 2 Yy
27 h? ’
Y =Y Ym = Yme1 _ g,
T h ’
=y, _ Ym+1 — Ym—1 — 0
T 2h ’
U oY = 2t Yns
T Ah? e
Yo =Y, Yol —Ym
T h m
Ui = Y _ oY = Y~ Y F Y1
41 h? '
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8. JlaGoparopuasa pab6ora Ne 1.
NHTepnoanpoBanue (pyHKIUN

3agaHue ajsd Ja00paTOpHON PadOThI

HcxonHble 1aHHBbIE:

1. ®ynxuus f(x, o, 8,7,0,€, 1).

2. Meton: 1N — nepsBeiil MeTox HetoToHa, 2N — BTOpo# Meton HbioToHa, G
— metop [aycca, St — meton Crupaunra, B — meton beccens.

Bxon:

1. HetictBUTenbHble mapameTpbl: —100 < «, (3,7, 0, &, u < 100.

2. JletictBUTenbHBIE pa3Mepsl okHa: —100 < A, B, C, D < 100.

3. HarypasnbHoe uuncsio y3/0B untepnossuuu 0 < n < 100.

4. Boimenennsle ¢pyHKUUM U3 cnucka: f(x), P,(z), ro(x), 0f(x), 0P, ().

Brixon:

1. KontpactHble rpacduky BbloeseHHBIX (QYHKUHMH B okHe [A, B] x [C, D],
rae [A, B] — oTpe3oK, Ha KOTOPOM pellaeTcs 3aiaya UHTEPIOJISIUHY YKa3aHHbIM
MEeTOJIOM.

2. 3nauenus 0 = max |r,(z)| u £ € [A, B] — Touka, B KOTOPOH peasusyercs

[A,B]
3TOT MAKCUMYM.

9. KpaTtkoe omnucaHue MeTOoOB [AJs JaOOpaTOpHOU pPabdOTHI
Ne 1

3adaua unmepnossyuu NOAUKOMAMU CTABUTCS ClaenyromuM oopasom. [Tyctsb
Ha oTpe3ke |a,b|] B ysarax unmepnosuposanus xi < xs < ... < I, U3BECTHHI
sHaueHus GpyHKuuu f; = f(x;), ¢ = 1,...,n. TpebyeTcs MoCTPOUTb MOJHHOM
P,(z) (deg(P,) =n — 1) tako#, uto L,(z;) = f(z;), i=1,...,n.

B Hamem c/ay4ae y3Jibl HHTEPHOJUPOBAHUS SIBJASIOTCS PABHOOTCTOSLIHUMH,
TO €CTb X;j11 — X; = h nnsi Bcex 1 =1,...,n — 1.

KoHeuHble pa3HOCTH

[Ipexkne ueM mepedTH K OMUCAHUIO METOMOB, ONPENENHUM MOHSITHE KOHeUHbLY
pasnocmell.

[lycTb Ha meHCTBUTENbHON MPSIMON BbIOpaHa TOUKA Xy U OINpeaeseH AeHCTBH-
TeabHbId war h > 0. Paccmotpum z = x¢ + kh, k € Z. Touku xj;, 06pasyior
PAaBHOMEPHYI CeTKY {Ty}rez C WAaroM h Ha nedcTBUTEJbHOU mpsiMod. DyHK-

IMI0, OMpeNeJIeHHYI0 Ha 3TOH ceTke, OyleM HasbiBaTb cemouHol. Eciu f -
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ceTodyHasi PyHKIHS, TO 4epe3 fi, 0603HAYUM 3HaueHHUs PYHKUUH [ B TOUKE Xy
(fx == f(xr)).

Koneunoie paznocmu eneped njist ceTOYHOH (PYHKUUU f ompenessiioTcs cJe-
AYIKUM 00pa3om:

KOHeuHble pasHoCTH Brepen l-ro mopsaka: Afy = fri1 — fr;

KOHeuHble pasHocTH Briepel 2-ro nopsinka: A%fy := AAf)r = Afpy1 — Afy;

KOHeYHble PasHOCTH Breped n-ro nopaaka: A" fy .= A(A" L), = A" f 1 —
An_lfk.

Kowneunole pasnocmu Ha3zad Ajsi CeTOUHOH (PYHKUUHK f onpenessiloTcs cJe-
OyOUKUM 00pa3om:

KOHEUYHble PasHOCTH Hasan l-ro mopsaka: V fi = fi — fr_1;

KOHeYHble pasHoCcTH Haszan 2-ro nopsanka: V2fy, := V(Vf)r =V fi — Vi 1

KOHeUHble PasHOCTH Haszad n-ro nopsaaka: V' f, .= V(V"1f). = V"1 f —
VvV fior

Cummempuunole (yernmparviole) pa3dHocmu AJsi CETOUYHOH PyHKIMU f ompe-
NeNSI0TCS CAeNy UM 00pa3oM:

CHMMeTPHYHbIe Pa3HOCTH 1-ro nmopsanka: o fy := fiy1/2 — fr—1/2 (k — moxyue-
J0e);

CHMMETPHUHbIE PAa3HOCTH 2-TO mopsaka: 62 f, = 6(0f)y = O frv1/2 — 0 fk—12
(k — uesoe);

CHMMETPHUHbIE PA3HOCTH n-ro mopsaka: 8" fr == 6(0" ' f)r = 6" ' fry12 —
5”_1fk_1/2 (k — ueJoe, ecau n 4eTHoeE).

Ecau ¢pyHkuus f onpenesieHa Ha BCel NeHUCTBUTEJNbHOW OCH, TO

Af(z) = flxz+h) — f(z);
Vf(x) = flz) = flx = h);
Sf(x) = f <x—|—g> —f (x—g>

g Bcex x € R.

Hertpynno y6enutbes, 4to

n

A" fro = V" fran = 0" franp = Y _(=1)"ICJ fryj.

J=0
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BBenem o603HaueHue:
fi =0"f.
IlepBbit MmeTon HeroTOHA
[lycth xg, 21, ...,2,-1 — y3Jbl UHHTEPNOJSALUMH, T = Xo + kh, k € Z.
[lyets @ = x(t) = xg + th, t € R. Torna z(k) = xy.
Hnmepnoaayuornnas ¢opmyra Horomorna 0as unmepnoiuposanus enepeo

UMeeT CJeNYILUIUNA BUL:

t(t—1 t-(t—1)-...-(t—n+2
Po(zg+th) = fo+tAfo+ ( ol )A2f0+. R ( )(n - 1§, " )A”‘lfo,
HJIH )
~—t-(t=1)-...-(t—k+1)
Py (o +th) =) - AF f.
k=0
Btopoii meton HeioToHa
I[Tyctb o, T 1,...,T_(n—1) — Y3JIbl HHTEPNOJALUMH, Ty = T + kh, k € Z.

[lycte © = x(t) = xo + th, t € R. Torna z(k) = x.
Hnmepnoaayuonnas gopmyra Heromowna 0ara unmepnoruposarus Hasdao
UMeeT CJeNYILIUNA BUL:

t(t+1 t-(t+1)-...-(t+n—2
Pn(ZCO—I—th) = fo+tV fo+ ( o1 )V2fo—|—. ot ( )(n — 13' )Vn_lf(),
WU :
~—t-(t+1) (k=1
P, (wg +th) = (t+1) o -+ )kao.
k=0 '
Merton I'aycca
[Iycte uMeetrcss 2n + 2 ysna HHTEPHONSAUMH T, T1,L_1,- -, Ty, T—py Tnil,
xr = xo+ kh, k € Z.
[lyete @ = x(t) = xo + th, t € R. Torna z(k) = x.
Hnmepnoaayuonrnasa gopmyra l'aycca iMeeT clefyOWNAN BUL:
t(t—1 tt—1)(t+1
Ponya(o +th) = fo+tfi) + ( o )fg"‘ ( ;,( )fig/z‘i‘
E(t=1) - (t+ 1) (t+7n) g0
+ ...+ @+ 1) f1/2 .
Merton Ctupaunra
[Iycte umeercs 2n + 1 y3ea UHTEPNOJAUUU Lo, L1, L1, .., Ty, LTp, Tk =

xo + kh, k € Z.

21



[lyete 2 = x(t) = 2o + th, t € R. Torna z(k) = x.
Humepnoasyuonnas opmyra Cmupiunea AMeeT CleLyOLUH BUL:

t2
Popi1(zo +th) = fo+tfi + 5f02 +

t.(t2—12)-...'(t2—(n_1)2) 2n—1
N (2n—1)! T
PP =1 (= (0= 1))
+ (2n)! ’

Meton becceas

[Iyctb umeercss 2n + 2 y3jaa UHTEPHNOASUUH Xg, T1, L1, - -, Ly Lny Tpil,
xp = x9 + kh, k € Z.

[lyets x = x(t) = xg + th, t € R. Torna z(k) = xy.

Hnmepnoaayuonnaa gopmyra becceas umeer caenyoUMNA BUL:

Popio(xo +th) = fi2 + ( ) f1/2 i >f1/2

t-(t2—12 -...-t2—n—1 (t—n

N ( ) ((Zn)!( )?) - ( )fl/2
t-=12)- ... =(n—=1%-(t=n) (t—3) o
* (2n 4+ 1)! fie ™

10. JlaGopaTopnas pa6ora Ne 2.
YucieHHOe MHTErPpUPOBaHME

3agaHue o Ja60opaToOpHOU PadOTHI

HcxonHble 1aHHBIE:

1. ®dyuxuus f(x,a, F,7,0,€, p).

2. Merton: I1 — npsamoyronbHukoB, T — tpaneuuid, C — CumicoHa.

Bxon:

1. BelnenenHblll mapameTp, HallpuMmep 7.

2. le#ictBUuTenbHble mapametpbl: —100 < a,b, o, 3,7, 6, e, p < 100.

3. Ie#ictBUTenbHbIe pasMephl okHa: —100 < A, B, C, D < 100.

4. HatypasbHoe Haua/ bHOe YUCJ0 pa3bueHn IpoMeKyTKa UHTErpUPOBaHUS
n < 500.

5. Tounocts A = 1;0.1;0.01;0.001; 0.0001.
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Bruixon:
b

1. Tpaduk dyukuun F(y) = [ f(z,a,8,7,0,¢, p)dr Ha otpeske v € [A, B]
B oKHe [A, B] x [C, D].

Ilnst kaxnoro v € [A, B] ykazaHHBIM COCOOOM BBIYHCJAUTbL HHTerpan [ =
F(v) ¢ Tounoctbio A, ucnogbays npuHuun Pynre |I — Io,| < |5, — 1,,].

2. YKa3zaTb 3HAUEHUE Nyax = II[l?f)é]{n(’}/)}, rae n(y) — 4ucao pasbueHUH
vElA,

OTpe3Ka WHTerpupOBaHUs, peasusyollee TOYHOCTb A.

11. KpaTrkoe omnmcanue MeTOHOB AJiA JaOOpaTOpHOU PadOTHI
Ne 2

3aﬂaqa YUCJICHHOTO MHTErpUpPOBdAHHUA COCTOUT B HAXOXKICHHH HpH@JIH}KeH-

HOI'0 3HAYE€HHUS HMHTErpaJia

b
1(f) = / f()d.

PaccMmoTpuMm pazbueHue oTpe3ka UHTETPUPOBAHUSA 4 = X, L1, - - - , Ty_1, LTy =
b, rne v; — Ti_1 = h = b_Ta nas Bcex ¢ = 1,...,n. B atom cayuae I(f) MoxHO

NpeaCcTaBuTb B BUAE€ CYMMBI

=3 / f(2)da

U 33laua HaxXOXKJeHWUs HMHTerpasa CBONWUTCH K 3a/laue HaXO0XKIEHHS KaxKA0ro
3JIeMeHTa CYMMBl.
PaccMoTprM HECKOJIbKO METONOB YHCJEHHOTO WHTErPUPOBAHUS.
MeToa npsiMOYTroJbHUKOB
[Tonoxum
X1 T

yi:—T, 1=1,...,n.

Ksadpamypras opmysa npamoyeosbHUKO8 BHITJASIUT CJeNyIUM obpa-
30M:

/ f(@)de ~ hi(y),
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CcJIe10BaTeJIbHO,
I(f) = L(f) =Y _ flw).
=1

Mertoa Tpaneuui
Ksadpamyprasn ¢opmysa mpaneuutl BLITJASAUT CJAEAYIOIHAM 00pa3oM:

/ f(x g (f(zi) + f(zi-1)),

CJIeIOBATEJBHO,

n

23 () + Sl ).

1=1

S~

=
Q

£

=
I
I

Meton CumricoHa
[IycTb Temepb MMeeTcsi 2n paBHBIX MHTePBaJoOB pa3bueHHs] OTpe3Ka HHTe-

rpupoBaHus. B aTom cayuae
-3 / fio
CCQ'L
Ksadpamyprasa ¢opmysa Cumncora BHITJISAAUT CAeAYIOLIUM 00pa3oM:

/ f(z g (f(z2i—2) +4f(w2i-1) + f(22))
CcJIeJ0BaATEJbHO,

I~ 1) = 5 D (s 2) + 4f (o) + f020).

12. UcxogHble naHHbIE K JabopaTopHbIM padoram Ne 1 u 2

1) esin —=— + 6 cos ya. 4) 0cos ——— + esiny.
2) esin 2 =3 + cosyz. ) esin(a + Bz ++%).
3) €cos = + sinyw. 6) ecos(a+ fr +~%).
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7) (o +sin|z|”) -y - cos du. 29) asiner - cos (tg %)

8) «a + ysin|z|? + £ cos dw. 30) esintg 3 )(xg TemnE

9) (o + cos|z|?) -7 - sin dx. 31) asin 2 )2 + §cosex.
10) a + vsin |z|? + esin 6. 32) CMSID( 57) . oS 1.

11) asin Bz + vy cosdx. 33) asin gz - COSW

12) esin 57505 34) asin(tgfx) + € cosyx.
13) (o + Ba®) - sin® ya. 35) acos(tg fr) + esinyx.
14) (a+ fz°) - cos® yz. 36) asin ( = + ) cos —— e u) .
15) esin ﬁ £ COS 0. 37) ozsmﬁa:Jrécos = u)

16) e cos 7 ﬂ - sindz. 38) asin(tg fr) - sinyx.

17) vsin 3= + e cos oz, 39) «cos(tgfr) - cosy.

18) v cos 3= + esindz. 40) asin|z|’ + v cos(tg éx).
19) 717 - oS - 41) acos (tg(Bz* + ya +6)) - sinex.
20) gz S Gy 42) esin 50
21) asin Bz + 7y cos |z’ 43) & cos (tg (x_ﬁo)[?x_w)

22) asin|z|? + ~ cosdx.
) 2"+ 44) ozsm%ntecos,ux.

23) ¢ -sin T T )
prnato 45) ozcos(ﬁ)mjLesmuaz :

24) asin Bz - cos |z|°. 46) asin §1¢050
asin :

25) acos Bz - sin|z|°. .
47) « cos B8N0

26) «sin (tg %) + dcosex.
! 48) acos(dsin(z — ) —ecos(z —1)).

B
27) acos (tg ) +osinér. 49) asin(dsin(z — () —ecos(x —7)).

28) acosex - sin (tg x%) 50) atg(dsin(z — B) - cos(xz —7)).
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13. JlaGopatopHas pab6ora Ne 3.
YucnenHoe pemenue cucrtem OIY

3agaHue ajs Ja00pPaTOPHON PAOOTHI
HcxonHble TaHHBIE:

CucreMma

= filz,y, o, 8,7, ...,w,t),
{y' = folz,y, 0, B,7,...,w,1).
Bxon:
1. He#ictButenbuble napametpol: —100 < a, 3,7, ...,w < 100.
2. le#ictBUTesnbHBIEe pa3Mepbl okHa: —100 < A, B, C, D < 100.
3. Iar cetkn 7 = 1;0.1;0.01;0.001; 0.0001.
4. HarypanbHoe yucsio waroB 0 < n < 10000.
5. [Tapametpnl obJactu 2.
6. [Tapamerp T'= k7 (0 < k < n).
Bruixon:
1. He menee 50 KOHTpacTHBIX TPAeKTOPHUH — pelIeHUH CHUCTEMBl B OKHe
[A, B] x [C, D].
2. He meHee 50 KOHTpAaCTHBIX TPaeKTOPHUH — pellIeHWH CHUCTEMbl B OKHe
([A, B] x [C, D))\ €2, roe Q2 — HekoTopasi 06/1acTh Ha MIAOCKOCTH Oy .

Ha Tom xe rpaduke B o6aactu {2 0ToOOpas3UTh pellleHHUs] CUCTEMBI

{a’c = f3(z,y, 0, 3,7, ... ,w,t),
y = f4(x7y705757f77 coe 7w7t)
C TeMHU XKe HayajbHbIMU YCJIOBHUSAMH.
3. He menee 50 KOHTpPacTHBIX TPaeKTOPHH — peLIEHHH CHCTEMbl B OKHe

[A, B] x [C, D] pnsi t <T. [Ipono/KUTb TPaeKTOPUH PeLIeHUSIMHA CHCTEMBI
{ZU = f3(l‘,y,a,6,’}/,-- . 7w7t)7
y = f4(x7y70475777 s 7w7t)

masi t > T. B kadectBe HavanpHbIX ycaoBud x(7'), y(1T') nns 3TOH CHCTEMBI

B3sTh 3HadeHus1 x(T'), y(T) U3 COOTBETCTBYIOLUIMUX pElleHUH MePBOH CHCTEMBI.
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BapuaHnTtsl pyHKIUM f3, f4

) fa(z,y,a, ..., w,t) = fi @,y o, .. w, ),
{f4(a:,y,oz,...,w,t) = f;(x,y,oz,...,w,t).
2)
fa(x,y,a,...,w,t) = fo(x,y,a,...,w,t),
{f4(x,y,a,...,w,t) = fi(x,y,a,...,w,t).
3)
fa(x,y,a,... w,t) = fi(z,y,a,...,w,t) + folz,y,a,. .., w,t),
{f4(x,y,oz,...,w,t) = filz,y, 0, ... ,w,t) — fo(x,y,c,...,w,t).
4)
fs(x,y,a,...,w,t) = filz,y,a,...,w,t) - folz,y, 0, ..., w, 1),
Bl nt) = S
5)
fs(x,y,a, ... w,t) =sin(fi(z,y,a,...,w,t)),
{f4(x,y,a,...,w,t) = cos (fo(x,y,a,...,w,t)).
6)
fs(x,y,a,...,w,t) =In(fi(z,y,a,...,w,t)),
{f4(x,y,a,...,w,t) :fgl(x,y,oz,...,w,t).
7)

fs(z,y, a, ... w, t) = e@yamwt)
{ filz,y,a,. . w,t) = (filz,y,a,. .. ’w7t))f2(33,y,a,...,w7t) '
BapuaHTb! obJactu (2:
1) OkpyzxHocTb. [lapamerper: (x1,y1) — LEHTP OKPYKHOCTH, 7 — €€ pajuyc.

2) dnnunc. [apametpsl: (z1,y1), (x2,y2) — QoKycH 3/maumnca, a — 6osbluas

10J1yOCb.
3) Tpeyroabnuk. [lapamerpsl: Vi, V5, V3 — BeplIMHBI TPEYTOJNBHHUKA.

4) Yetnipexyronbuuk. Ilapamerpor: Vi, Vi, V3, V) — BeplIHMHBI YeThbIpex-

YI'OJIbHHKA.
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14. KpaTrkoe onmucaHue MeTOIOB AJifl JIaOOpPaTOPHOU PadOTHI
Ne 3

Tpe6yeTCH HAWTHU YUCJEHHOE peleHne 3agadyu Ko OJId CUCTEMBI 0OBIKHO-

BEHHBIX AU(pPepeHlUaNbHbIX YPaBHEHUN
= f(x,t), t>0

C Ha4YaJIbHbIM YCJIOBUEM

z(0) = 2°,

rne x = (z1(t),...,xn(t)T, f(z,t) = (fi(z,t), ..., fm(z, 1)L,

[Ipy MOCTPOEHHH UUCJIOBOrO aJropuTMa OYNeM CUMTaTh, UTO pellleHHe 3TOH
nuddepeHIHANIBbHON 3aa4y CYIIeCTBYeT, OHO eMHCTBEHHO W 00JazaeT Heob-
XOJMMBIMH CBOHCTBAMH TJIAJAKOCTH.

Mertop Jinnepa

[Ipy yuc/JeHHOM pelleHHH pacCMaTpUBaeMo# 3amaud GyneM HCIOJb30BaThb

PaBHOMEPHYIO CeTKY IO NepeMeHHOH ¢ ¢ marom 7 > 0:
wr={t,=n1, n=0,1,...}.

[IpubnnkeHHOe pelleHHe 3a4ayd B TO4Ke t = t, 0003HAYUM z".
[Ipocrefinas pasHocTHas cxema A5 NPUOJUKEHHOTO pellleHHs 3aJauu eCThb

n

= 0f(tper, 2" )+ (1= 0)f(ty,2"), n=0,1,....

n+1 _

i T

T

[Ipu 0 = 0 umeeMm aswbiil memod IJlirepa:

" =1 f(t,, ") + 2",
15. HUcxonHble naHHble K JabdopaTtopHou padote Ne 3

1) 2)
&= ax+ By’ +7, &= ax® + By + 7,

§ =0z + @y’ +¢. y =0y + .
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3) 13) .
{izam+ﬁy+% {xaw+5,

y = 0xy + €. y=Ax+ By+ .
4) 14)
{xomc +8y" + 7, i = ar®+ By* + 6y + pr + ¢,
=0z + . § = or(Ar+ny + ).
) 15
&= oz’ + By + p, )
&= ax® + 0y + ¢,
x(8y + ).
Y= (ox+ py)( Az + ny + ¢).
6)
T = ary + p, 16)
y = (Br —7)(0y + px). &= oz’ + By’ + ¢,
7) v = (ox+ p)(Az + ny + ¢).
i = oz’ + By’ + 1,
17)
;= 0xy + .
! Y {xowc + ey,
5) = + lInw.
i = Blaz +7)(0y + @), §=In(Az+ f2” + )
g = 0% + py?. 18)
{x'oax—l—/iya:—l-w,
9) S 3 3
&= (az + By)* +p, y=odz" +ny’ + .
§ =0z + oy’ + A\ 19)
10) T = ax + By + Kyx + @,
{fb(afc+ﬁy)2+6 = 6z + ey + nyd + 1.
Z):(P$+5y)2+90- 20)
11) T = ax + By + kyr + @,
t = ax + Py + ¢,
et g =0zt +ey+ pr+ny’ + 9.
Y= x+ny—+ .
21)
12) . ) )
&=z + Py +e, & =ox+ Yy + ke + e,
Y= Ar+ . = 6x® 4 ey + px + ).
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22) 31)

T = STt acos(fBz) + ¢, T = 1tg(axr + By) + ¢,
Y=+ +rve+ee! + . yzmcos(g+px>+€5y+¢-

23) 32)
{xlxn/(e—+04y+&)+% = Ttg(az + By) + pr + ¢,
Y=~/ +ve+ey+. y':/i\/m—FE@éyJF@/}a
24) z=wy+C.
e + + 2+,
r=ar+ Py + K"+ @ 33)
y:5x+6y+p:l?y+¢- . ar | ﬁz_'_g
r =e€ € )

25) Yy =¢ez+ 0sin(kz + py) + 9,
&= az + By + K2’ + o, ¢ =wln(p+ vz +yz) + C.
§ =0z +ey+ py* + .

34)

26) {j:_(a:r:+5y)(px+/€)a
i =az+ By + sy’ + o, y=Auy+ e
y:5x+€y+p$2+¢- 35) , 9

{x_ax + ey,

27) =022+ B(Ay + )%
{jg:ﬁy+asinx2+g0, Y v+ ¢)
. 36
y:5$+5y+¢' ) j;:]n(ﬁyQ—{-gp)’

28) { ox oy

&= By + pe? + ¢, Jme ey
) = ax + 0t® + 1. 37)

29) i =+ar?+0y+e+ o,
& = Py + pcos(yt) + &, y:arctg(ﬁxQ—l—pxy)-l-w-
U= ax + 0y + 1.

38)
30) 2
, +ay+90
T = By +ex+ e + €, {lenﬁy Vy T
U= axr+ oy + . j=ex’ + vy’ +p.
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39)

40)

41)

49)

43)

44)

45)

46)

47)

i =+/ax2+dy+e+o,

(

y:

eﬁy(ﬁ-irpw)

i = e’ + /v + py,
y = In(

{x’ln(aa:—l—e)—l—e‘sy—l—w,

Br+ oy + k) +T.

j =z +tgy + k.

{

{

-
!
¥

T

= ax® + Br + 0y + ¢,

§ = ex + x4+ yy + 1.

T =

Yy =

T

y =

i =ax?+ By + ¢ +e,

= (azx + 6)(By + ¢),

YrY + P

T =ay+ e,

y = sin(dx + By) +

= In(az + By* + ¢),
v+ 0y + €.

g = In(z? + \).

{

i=e" +e" + o,

y=0x+ ey + A\

48)

49)

50)

51)

52)

53)

54)

59)

56)
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{

& = In(By + sin(azx) + ¢),
=7+ Vosiner — \.

&= M+ vty + ay +ex + o,
y:ﬂx+pt2_‘_eut+5y+w.

&= ax®+ Py + ¢,
y =0 + \y> + 1.

T = ax + By + pry + ¢,

y:5x+ny+>\y3+/isc3+w.

i = oz’ + By® + o,
J =0z +ny® + \y° + 1.

i = ax® + By’ + kay + o,
y = 02 +ny’ +b.

i = ax’ + By + kxy + @,
Y = 0x +ny + 1.

Yy =0x +ny+ .

T = By +ex+ e +E,

{x—a:z:Jrﬁy + Ky + @,

y = ax + 0y + Ye” + p.



57) 60)
i = By +ex+ pe + ¢, {i’oza:ln(ﬂy—i—fy),
Yy = ax + ot + p. =06 +ey’ + ¢

61)

58)
i =By +ex+E, {j::ozxsinﬁer’yycoséaj,
Yy = ax + dsintt + p. y=cr+Ay+e.
59) 62)
{iﬁy—l—sx—l—f, T = ax cos By + yysindz,
- t
Yy = ax + oy + e, J = ex + My + .
63)
#=1In <ax+esin2 <ﬂ>> + €% 49,
w
y = (B + \) cos(1t) 4+ vasin®(pt) + 9 cos®((t) + k.
64)

&= Fsinyy + o,
§ = ax ++\/dsiney +wr + U + A

16. JlabopaTopHas pa6ora Ne 4.
Merton urepauum

3agaHue s Ja6opaTOpHOU PadOTHI

HUcxonHble 1aHHBIE:

PekyppeHTHoe cooTHoueHue T, 11 = f(x,, @, ).

Bxon:

1. HeiictBUuTenbHble mapameTpbl: —100 < «, 5 < 100.

2. JletictBUTenbHBIE pa3Mepsl okHa: —100 < A, B, C, D < 100.

3. HeiicTBUTeNbHOE HavasbHOe x € [C, D].

4. Harypaabnbie 0 < m,n < 500, p=1,2,3,...,25.

Boixon;:

1. dns xkaxnoro o € [A, B] uso6pasuts B okHe [A, B|x [C, D] n pe3ynbraToB

I/ITean,I/Iﬁ [10CJI€ BBIHHUCJEHUSA ™ TIPEeABAPUTEJbHBIX I/ITepaLLI/Iﬁ C Ha4aJIbHBIM X.
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2. Insa xaxnoro « € [A, B] nso6pasuts B okHe [A, B] x [C, D] Kaxablil p-#
pe3yJbTaT U3 1 Pe3y/bTAaTOB UTePALUii MOC/e BBIUKUCIEHHUS M TIPelBaPUTENbHbIX

I/ITepaLLI/IIZ C Ha4daJIbHbIM X.

17. KpaTkoe onucaHue MeTONOB IJs JaOOpaTOpHOU PadOTHI

Ne 4
Tpebyercsi HAUTHU pellleHHWe HEJHWHEHUHOr0 ypaBHEHHUS
xr = g(z).

MeToa npocToM UTEPALMU COCTOUT B TOM, YTOOBI BEIOpATh HauaJbHOE 3HA-
ueHHWe x( U3 00JacTH omnpefeseHdss QYHKUUHM ¢g(z) U 3aTeM MOCJeN0BATENbHO

HaXOMUTh TPUONHKEHUS T4 1 1O TIPABHIY
Tor1 = g(xy).

18. HUcxoaHble naHHbIe K JabopaTopHou padoTre Ne 4

1) $n+1:x2+2+04 1) zpp1 =a-(1— |z, —1]).
2) Tpn = 5 o 12) :z:nH:%(anr%).

3) Ty = :L’n+2 + a. 13) x,41 = ax, —cosz, — 1.
4) v, = «-sinx, + 0.25. 14) z,.1 =sinx, + 0.25 + a.
D) Tpi1 = «-sin 2™, 15) @11 = a-cosa>.

6) 2,41 =sinw, + o - cosz,. 16) z,.1 = %x% + a.

7) Tpy1 = a-sin(axy,). 17) 2,41 = o - sin ﬁ2+x2.

8) 7,41 = a-sin(az?). 18) z,.1 = sin fﬁr? + a.

9) xpp1=a- tgx%. 19) z,,.1 = sin x%”jQ + a.
10) z,,1 = - sin xi 20) x40 =

n
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21) x,41 —Sm( ) + «.
22) ;41 = sin == 3+ﬁ + a.
23) 1 = sin(l —23)* + a.

24) rp1 =tgx, + a.

xfl—&—?”

ern

20) xp = -
26) 2,41 = a-sin(z3) — 1.
27) Ty = - tg%(xn +1).

28) x4 = I"H + a.

29) z,01 =3 -1, + 1.3+ a.
30) x,11 = In(z,) + a.

31) w1 =

In(|sinz,|) "

32) Ty = m%—l—oz-sinxn—l—xn—l—l.

33) xp41 = arsin®(cos 3x,,).
34) 1 = m

35) Zpi1=(1—23)*+a.
36) x,.1 = cos(sinz,) + a.
37) xpy1 = sin(cosx,) + a.

38) x,11 = cos(tgx,) + a.

39) .1 = tg(cosx,) + a.

40) xpy = cos( i gfh) + a.

xn+ﬁ) + .

41) x,,1 = sin (cos

42) x,41 = cos (tg x”“"_%) + a.

43) zpq = tg (cos n+ﬂ) + a.

44) x,1 = In|sinz,| + a.

45) zpy1 = In|cosz,| + a.

46) x, = In|tgx,| + a.

A7) xpeq = sine’™ + a.

48) x,,1 = cose™ + q.

49) x,.1 =tge™ + a.

50) Tp41 = tg - +a.

51) xpy1 =2+, +sinx, — 3+ a.
52) ;41 = In|z}+3-22—13-2,— 8|+«
53) Tpi1 =Inl|z) + 2, — 1| + a.

54) x,.1 = sin(z? +x, —sinz, — 3) + a.

55) 11 = sin(z? + x, +4-sinz,) + a.

56) x,,1 = cos (sm 1+x3> + a.

. 1—23
57) x,41 = sin (cos e 5)1> + a.

3

58) x,,1 = sin (tg hig) + .

59) r,11 =2, - {12 - g—i}
60) z,.1 =1—a-sinz,.

61) i1 =3 -2+ a.

62) z,41 =sin(3-x,) - a.

63) .41 = - sinz?.

asinx,

64) r,.1 =€
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