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AHHOTALMSA

Ha mamnaOM 3aHSTHH HEOOXOAMMO MO3HAKOMUTCS ¢ (PYHKIIUSIMU, OCYIIECTBISIFOIIMME aHAIH-
THUYECKHE MTPeoOpa30BaHUs BEIPAKESHHI.

Pabora ¢ aHAIMTHYEeCKUMHU BbIPasKEHUSIMH

3aganue Nel
PeanuzyiiTe ¢ momoIns0 «MareMaTHKi» CIEAYIONIni Cmoco0 pelleHns] ypaBHEHHsI YETBEPTOH CTe-
nenu 2t + 223 — 622 + 22 = —1. CHayana o6e 4acTH ypaBHEHHs JEJIATCA Ha T2, 3aT€M BBOJMTCS
HOBOE HEHM3BECTHOE ¥, CBSI3aHHOC C T COOTHOIICHHEM y = & + 1/x. OTHOCHTEIBHO Y TOIy9aeTCs
KBaJparHoe ypaBHeHue. Haxomsrest ero pemenusi, a 3ateM x. [IpoBephTe MPaBUIILHOCTH MOTYYEHHBIX
TaKUM CITIOCOOOM KOPHEH UCXOIHOTO YPaBHEHHUS ¢ IOMOIIBIO UX TOICTAHOBKH B 3TO ypaBHCHHE.
3aganne No2
Ssnsercs mu MHorounen xt + 4x3 — 2% — 122 + 9 TOUHBIM KBagpaToM, T.€. MOKHO JIU I000paTh
TPH YHCIIA P, ¢ ¥ " TAK, YTOOBI MMEJIO MECTO TOXKAECTBO 1t + 413 — 222 — 120+ 9 = (p2® +qu +71)??
3amanne Ne3
V6enurech, uto MHOTOWIEH 22 + % + 2? Henmb3s NPENCTaBUTh B BUJE MPOM3BEneHus (ax + by +
cz)(Ax + By + C'z) HM Ipu KaKHMX BEIECTBEHHBIX WM KOMIUIEKCHBIX YHcnax a, b, ¢, A, B, C.
3aganue Ne4
Jla" TpsSMOYTOJIbHBIN SIIMK C ATMHAMH CTOPOH x, ¥ z. HaiiTu Hanbomnbimuii 00beM JaHHOTO SIIMKA,
IPH YCJIOBHH, YTO IUIONIA/b IOBEPXHOCTH €r0 paBHa d.
3aganue Ne5
Jlano ypasuenue: y = aexp (—b(r — ry)?). PelmnTs 1aHHOE ypaBHEHHME NPU MOMOIIU MEPETPYIIIH-
POBKH €ro 4acTei, Kak pykamu, 6e3 momornu GyHkimu Solve.
3aganue Ne6
[Tpeo6Gpa3oBaTh MATPUIHOE YPaBHEHHE
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B CITUCOK YpaBHEHHIA.



3aganue Ne7

[Ipeobpa3oBaTh crucTeMy JTMHEWHBIX YpPaBHEHUH K BUAY MaTpUYHON CUCTEMBbl. BHIUMCIUTDH MaTpUILy
K03((UIIMEHTOB U BEKTOP MPaBbIX YaCTEH Il CUCTEMBbI TMHEHHBIX YPaBHEHHIA:

a-r+2-b-y—z = 1,

2-x24+3-b-2z+y = 2-0,

—-3-bx—2-cry = c
3ananue Ne§

He nonb3ysick BCTpOEHHBIME (PYHKIMSIMUA BPYYHYIO PELIMTh HEIMHEHHOE YpaBHEHHE:

2 5 2 5
r—14 z—-13 -9 zx—11

3aganue Ne9

WHorna ObIBaeT Tak, 4To BcTpoeHHas (yHkuus DSolve He MOXXET pemnTh HEOTHOPOAHOE OOBIKHO-
BeHHOE A depeHnanbHoe ypaBHEHHE, XOTS MOXKET PEIIUTh COOTBETCTBYIOIEE OHOPOHOE ypaB-
HeHue. B 3ToM ciyyae BO3MOYKHO MOJyYUTh PEIEHNE OAHOPOAHOTO OOBIKHOBEHHOI'O YPAaBHEHUSI ITPU
oMo ¢pysnkiuu DSolve, a 3atem npu nomouy MeToia Bapualiuy NOCTOSIHHOM MOJIyYUTh PELICHHE
HEOZHOPOJHOI0 YpaBHEHUs. PemuTh Takum cnocoOoM ypaBHEHUE

' +x-y +y=3-22+2.

CPaBHUTH IOJIyYEHHOE PELICHHE C PEIIEHUEM NOIYYEHHBIM IIpH nomouu ¢pyHkuuu DSolve.

3aganue Nel(

Bo MHOrux ciy4asx HEBO3MOXXHO HalTH aHAJIMTUYECKOE pelleHHe OOBIKHOBEHHOro auddepeHiu-
QJIBHOTO ypaBHEHHUsI B TEPMHHAX 3JI€MEHTapHBIX (PyHKIMHA. B 3TOM ciydyae BO3MOXKHO HAaWTH MpH-
OmmKeHHOe perieHue B Buze psana Teinopa B paiioHe HeKOTOpo# Touku. [Ipu momomu pasinoxeHus
B psiJl HAMTH pellleHne ypaBHEHUS! OOBIKHOBEHHOI'O TaPMOHUYECKOT0 OCHMIUISITOPA ¢ YaCTOTOH w:

'+ wlr = 0.

B kauecTBe HaYANBHBIX YCIOBHI MPUMEM, YTO BO BpeMst ¢ = () OCIHILIATOP HAXOAUTCS B TOJIOKEHHUH
xr = 1 u umeer ckopoctsb z'(0) = 0.

3aganue Nell

KpaeBble 3a1a4n 11 00bIKHOBEHHBIX IH(depeHInaIbHbIX YpaBHeHH. PaccMoTpum npume-
HeHMe cucteMbl Mathematica 17 TOCTPOEHUS MPUOIMKEHHOTO aHAIMTHYECKOTO peIlIeH s KpaeBon
3aJ1auu s JIMHEHHOTO OOBIKHOBEHHOTO Mu((epeHIInaIbHOT0 YpaBHEHUS BTOPOTo mopsaka. [1ogoo-
HBIC METOABI ITOABUIIUCH 3aJ0JII'0 JO BOSHUKHOBCHUA KOMHBIOTCpHOﬁ TEXHUKH, HO C €€ ITOABJIICHUEM
OBLIIN HECKOJIILKO OTTECHEHEI B CTOPOHY YHCJIICHHBIMH MECTOAAMH, IJI1 KOTOPBIX KOMIIBIOTEP ABJIACTCA
U7eaJbHBIM CPEJCTBOM Pean3aliy, TaK Kak paboTaeT ¢ YMCIOBBIM IpeAcTaBlIeHueM (QYHKLUH, a He
UX aHAINTHUYECKUM BbIpakeHHEeM. CHUCTEMBbl aHAIMTHYECKUX BBIYMCIICHUH MO3BOJSAIOT JOCTATOUHO
IPpOCTO PCATIU30BBIBATH HC TOJIBKO YHCJICHHBIC PCHICHUA p33H006pa3HBIX 3aaa4, HO U CTPOUTH HX
HpI/I6J'II/DKCHHBI€ AHAJIUTUYCCKUC PCIICHHA.

Merton I'asepkuna. 3 601b110r0 KonyecTBa NpUOIMKEHHBIX aHAJTUTHYECKUX METOAOB pa3-
O6epeM Meton I'anepkuHa, Tak Kak OH LIIMPOKO MPUMEHSAETCS s pealn3allid MHOTUX YUCICHHBIX
METO/IOB.



Chopmynupyem 00IIyIO KpaeBYIO 33134y Ui OOBIKHOBEHHOTO TP PEPEHIINATHHOTO YPaBHEHUS
BTOPOTO MOPAJKA: HAUTH perieHne TuddepeHInaIbHOro ypaBHEeHUs

Lu=u" + p(x)u’ + g(z)u = f(), a<z<b,
YIIOBIIETBOPSIIOLIEE IBYM KPAEBBIM YCIOBHAM
lou = agu(a) + Lou'(a) = 7o,

hu = aqu(a) + fu'(a) = 1,

Iae p, ¢ U [ SBISAIOTCA HENPEPBHIBHBIMHU (PYHKIMSMH NEPEMEHHON X Ha MHTEpBAJe €€ M3MEHEHHS
[a,b], a o, B; ¥ 7; — HEKOTOpbIE 3aJaHHBIC YHUCIA, PUYEM HEKOTOPBIC U3 HUX MOTYT PaBHSATHCS
HYIIIO, HO HE BCE OJHOBPEMEHHO.
JUtsi HaXOXKJCHHsT MPUOIKEHHOTO PELICHUs] KpaeBol 3a1adn Ha OTpesKe [a, b] 3a7alT HeKoTo-
PYIO JINHEHHO HE3aBUCUMYIO CUCTEMY ABaK/]bl HEMIPEPhIBHO nupdepeHrpyeMbix GyHKIUN ©q, ¢1,
.s Pns - .. TAKUX, YTO PYHKIUS (0 YIOBIETBOPSET 3aJaHHBIM KPAEBbIM YCIOBUIM

loﬁﬂo = Y0,

ligo = M,

a OCTaJIbHBIC Q)YHKHI/II/I CHUCTEMBI IIpU 1= ]_, 27 ... YAOBJICTBOPAKOT OJHOPOAHBIM KPAa€BbIM YCIIOBUAM
lo%‘ = Oa

lltpi = 0

Orta cucrema (QpyHKIMNA Ha3bIBaeTCsl Oa3UCHOM.
[IpubnukeHHOE pelieHne KpaeBou 3a1a4M MILETCS B BUJIE JIMHEWHON KoMOMHauuu n + 1 0a3zuc-
HBIX (DYHKITHI:
Yn(2) = po(z) + a1p1(z) + . .. + anpn(x)

C HEU3BECTHBIMHU KOA(PPHUIIMEHTAMH ;, ¢ = 1 .. .7, KOTOPbIC HAXOIATCS U3 BBHIOJIHEHUSI HEKOTOPOTO
kputepus. CieyeT OTMETUTh, YTO OCTPOEHHOE TAaKUM CIIOCOOOM MPUOIIKEHHOE PEIIeHUE B CHITY
BbIOOpa 06a3UCHBIX (PYHKIIHI TOYHO YIOBIETBOPSET KPACBBIM YCIOBHUIM 3a/1auH.

B metone ["anepkuHa B KauecTBE KPUTEPUS IS OTIPENICIICHUS] HEOTIPEIEIeHHBIX K0()(DUITEHTOB
OPHOIMKCHHOTO PELICHUs] BRIOUpaeTcs TpeGoBaHNEe OPTOrOHATBHOCTH Ga3uCHBIX GYHKIHH ¢1(x),
©2(), ..., () X dyHkun HeBs13kH V(25 ay, . . ., ), IPEACTABISIONICH PA3HOCTH JIEBOM U MPaBOi
qacTeil 00bIKHOBEHHOTO UG depeHINaIbHOIO YpaBHEHHS [IPU MOACTAHOBKE B HETO MPUOIMKEHHOTO
peleHHs:

n
U(z;aq,...,a,) = Ly, — f(z) = Lpo(x) — f(x) + Z ar Lok ().
k=1
[Ton opTOroHaTBFHOCTHIO TIOHMMAETCSI PABEHCTBO HYIIIO CKAJIIPHOTO MTPOU3BEICHUS HEBSA3KH U 0a3uc-
HBIX (DYHKITHIH:

b
/\I/(x; ay,...,a,)pi(x) de = 0.

Ot10 TpeboBaHME MPUBOAMUT K JIMHEHHON cucTeMe anreOpandyeckux ypaBHEHHMH AJIS ONpeAeeHHUs
HEU3BECTHBIX KOIPPUIMEHTOB @; TPUOTMKEHHOTO PEIICHUS Y,

a1(Lor, 1) + ...+ an(Lon, 1) = (f — Lyo, p1),
a1(Lo1, o2) + ... + an(Ln, p2) = (f — Lo, v2),

a1<L9017 Spn) +...+ an(LSOm 90n> = (f — Ly, @n)‘



Pewienue 310l cuctembl BCErja CylIECTBYET U €AMHCTBEHHO B CUJIY JIMHEWMHOW HE3aBUCUMOCTH
0a3UCHBIX PYHKLUH.

Heo6xonumMo OTMETUTh OCHOBHYIO TPYAHOCTH 3TOTO METO/Ia — BHIOOD JIMHEWHO HE3aBUCUMOU
CUCTEMBI OA3UCHBIX (PYHKLHUH, YIOBIETBOPSIONIEH IPAHUYHBIM yCIOBHUSIM.

3aganme Pemuth MeTonoM [anepkuHa KpaeByto 3a1aqy:

y'(z) +y(z) = -z, 0<z<1, y(0) = 0,y(1) = 0.
3aMeuyaHHe: B KAYECTBE CUCTEMBI Oa3UCHBIX (byHKuHﬁ BBIGpaTL TaKyl0 CUCTEMY:
wo(z) =0, i(r) =2 (1 —2),i=1,2,...

DOyHKIHSA ©o(T) YIOBICTBOPSET I'PAHMYHBIM YCIOBHUSIM KpacBoW 3amadu, a GyHKuus o;(zr), i =
1,2,... — OOHOPOIHBIM I'PAHUYHBIM yCIIOBUSM.

[TomyunTh TOYHOE aHAJIMTUYECKOE PEIIEHUE 3a/1aul MPU ITOMOLIN BCTPOCHHOM (DYHKIIMM CHUCTE-
Mbl. [locTpouTh NMpuOIMKEHHBIE aHATUTUYECKHUE PEIICHHUs, B KOTOPBIX YIEp:KaHO OIMH, J1Ba, TPH,
4eThlpe U T.J. WwieHa pemieHus. [Ipu nomomu rpagukoB U TabIUIl IOCMOTPETh, KAK OHHU COIIACYIOT-
Cs1 C TOYHBIM aHAJIMTUYECKUM PELICHUEM 3a/1a4H.



