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AHHOTAIUS

B pabote paccMaTpuBaeTcsi NpUMEHEHHE CIUIAfHOBBIX arpPOKCH-
MaIuii BTOPOro M MATOTO MOpsAKa AJA YHCJISHHOTO MOJEIUpPOBa-
HUS pelleHus] HeIMHEeHHbIX MHTerpasIbHBIX ypaBHEHUI BonbTeppa.
[IpuBeneHs! YNCIEHHbBIE IKCIIEPHIMEHTHI.

BBenenne

MaremMaTryeckrie MOJIETA TPAJAUIIMOHHO OIMUCHIBAIOTCS C MOMOINBI0 Tudde-
PEHIMANIBHBIX, HHTETPO-Aud DepeHITNaTbHBX U HHTETPAJbHBIX ypaBHeHuil. W3-
BECTHO MHOKECTBO PA3/MYHBIX YMCJICHHBIX METOAOB ISl PEIICHUS TAKUX 33439
[IL], [21, [B]. dsist onucanust MOBEAECHUS CPel pa3padaThiBAIOTCS MATEMAaTHIECKKE
MOJIE/IY, YUUTHIBAIOIIME KaK YIpPYyrve, TaKk W BA3KUE KOMIIOHEHTHI jJehopMaluu.
Takue MoJe/ M O3BOJISIOT MPe/ICKa3aTh OTKJIMK MaTepHasa Ha pa3jInIHbIC BHEIII-
HUe BozleiicTBusA. Kak Obu1o mokazaHo B padote [4], CBOHCTBO BSA3KOYIIPYTrOCTH
Moipa3yMeBaeT, YTO, HAaUMHAsI C HeHYJIEBOTO MOMEHTA BPeMeHH, TEJIO MMeeT SIPKO
BBIpQXKEHHBIE YIIPyTHe CBOWMCTBA Ha KOPOTKUX MHTEpBaJaX BPEMEHU U SIPKO BBI-
Pa)XCHHBIC BA3KHNE CBOWCTBA Ha 6OIII)I_HI/IX HWHTEPBaIaX BPEMCHU. Ha JJIUTEIJIbHBIX
MHTepBajax BpeMeHU 1’ BA3KOYIIPYTUe Cpelibl MOXHO CUUTATh U3MEHSIIOIIUMUCS
MeaieHHO. OCHOBHOM 3aKOH HeJIMHEWHON eOpMaIi 9acToO 3aliChBASTCS JIU-
60 B muddepeHnnaNbHON (popMe depe3 peorormdeckie KOHCTaHTH MaTepuaia,
160 B MHTErpasibHO# (opme. [Ipu u3yueHnn cpeapl pacCMaTpUBAIOT MOBEICHHE
ee MaTeMaTUYECKON MOZEJIM IIPU pa3HbIX BXOAHBIX JaHHBIX.

HNuTerpanabnoe ypaBHenue BoubTeppa

PaccmoTrpum unTerpanbHoe ypaBHeHue Bonbreppa

EE(CL‘):O‘(l‘)-i-/omK(SC,S)f(O'(S))dS, z€10,17, (1)

3pech € — pedopmarust, £ — MraoBeHHHIN Moayib yrnpyroctd, ' > 0, a K —
saapo PxanuupeiHa, cM. [§], umeer cienyomuii B

K(ac,s):Ae_ﬁ(w_s)(x—s)afl, O<a<l, A>0, >0 (2
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B cratbe [4] npeasioxeHa ynciieHHast 00pab0TKa PEONOrMYECKUX MOJesIell B KOH-
TEKCTe HeJIMHEHHO HacJie[yeMOil TeOpUH MOJI3yYeCTH, IPeICTABIICH YMCIICHHBII
METOJI 1151 HEJIMHEHHBIX CIA00CHHTYIISIPHBIX MHTErPaIbHBIX YpaBHeHuil BosbTep-
pa ¢ ssapoM PxxanuupiHa.

PaccmoTpumM npuMep MOIENbHOTO HEJIMHEHHOrO MHTErpasbHOTO YPAaBHEHHUS
BosbTeppa BTOpOro poaa u3 padots [4]

T ao (s o2 (s
ooy [T,

T —S 3)
2b 4b
:2(a+b2)\/5_ w_kglﬁ/?’ zel0,1],
TOYHBIM pEIlEHHeM KOToporo siBistiercst Qyukuust o (z) = 1 — /z. [lonaraem

a = 0.015, b = 0.399.

Bocmnonp3yemcst crulaiiHaMyd BTOPOro MOpsiAKa anmpokcumanuu [f] ais mo-
JeTUPOBAHUS PEIlleHUs YPaBHEHUS (Q). Pemenvie OymneM cTpOUTh Ha CETKE paB-
HOOTCTOSIIUX Y3JIOB {l’j} 7 =0,1,...n,n > 2, c marom h. Ha npomexyTke
[, 2;41] annpokcumMupyem o (x) BhIpakeHHEM

U(x) =0 (x;)wj (z) + 0 (zj41) wigr (), @ € [xj,341], “4)

rae GasucHble CIUIaiiHbl w; () ¥ wji1 () MOTYT ObITh MOTMHOMUATLHBIMY HIIH
HETIOJTMHOMHUAJIBHBIMY OA3HCHBIMHA (DyHKLMSMA.

BasucHble GyHKIME MOKXHO MOJTyYHTh CileqyolmM oopasoM. Beenem Hernpe-
poiBHBIE PyHKIMU g () U @1 (), oOpasyomue cuctemy YeObimesa. Torna Ga-
3UCHBIE CIUIAUHBL w; (Z), Wj+1 (T) HA IPOMEXKYTKE [T, Zj41] HAXOMUM U3 YCJIO-
B

Ule)=0(x),0(z) = o (2), 01 ().

B ciyuae g () = 1 n ¢ () = x nomydaem NoIMHOMHUANbHbIE Ga3UCHBIE CIUTAl-
HbI

T — Tjt1
wj () = a—— ;Jr ;T € [m5,T41], ()
J J+1
T — T,
wjt1 (z) = T—jf" T € [, Tj41] (6)
j j

Bripaxenue ) WCHOJIb3YEM B MHTEIPaJIbHON 4acTH ypaBHEHUS (B). B urore, pu-
MEHsIsI TEOPHIO M NPAKTUKY MOCTPOEHUS KBaJpaTypHBIX (hOPMYJ rayccosa TH-
na, MoJy4yaeM CUCTeMY HEeJIMHEHHbIX alreOpanuyeckux ypaBHEHUH OTHOCHUTENILHO
o (z;),j =0,1,...n. Pemas cucteMy, noxy4aeM KapKkac IPUOTIHKEHHOTO Pelie-
HUSL.
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ITprBeseM MOrpelHOCTb pelieHNs B CTydae NPUMEHEHUS KyCOUYHO-JIMHEHHBIX
CIUIAHHOB BTOPOTO MOPSJIKA aNIPOKCHMAllMM TPpU KOJWYECTBE Y3JI0B CETKH
n = 50. Ha pucyHke [l| mpeacrasieH rpaduk MOrpelHOCTed peleHns B y3/1ax
CEeTKH.
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Puc. 1: I'papuk norpemHocTell NPUOIMXEHHOTO PEelIeHHs P MCTIONB30BAaHUH KYCOYHO-
JIMHEHHBIX CIUIAHOB BTOPOro NMopsJKa anrpokcuManuy, n = 50

AHAJOTMYHO MOXHO MOCTPOHTH IOJMHOMUAIBHYIO ANMPOKCUMALMIO IISTOTO
nopsiaka. B Havane, cepeanHe u KoHIE mpoMexyTka [0, 1] ucmons3yem pasHeie
aNMpOKCHMAIIMH [ISITOTO MopsiAKa. B Hauase npomesxyTka [0, 1] ncnonbsyem

U () =0 (x;)wj () + 0 (2j41) wjs1 () +
+0 (Tj42) wit2 (7) + 0 (Tj13) wjts (T) + 0 (Tj44) Wjta (T), (7)
HASS [33j,$j+1], 7=0,1,2.

B cepeaune npomexyTka [0, 1] ucnons3yem

U (JJ) =0 (Jij_g)w]'_g (l‘) +o (J,‘j_l) Wj—1 (JJ) +
o (r5) wj (z) + 0 (j41) Wit () + 0 (Tj42) Wit (7)), ()
x €z, zq], j=3,...,n—2.
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B koHue npomexyTka [0, 1] ucronssyem

U(z) =0 (xj_3)wj—s () + 0 (zj_2) wj_s (x) +
o (zj—1)wj—1 () + 0 (75) wj (z) + 0 (Tj41) wit1 (2), ©)
z €[z, xj41], j=n—-3,n—2,n—1

Takum 06pazom, NoyyaeM Oa3uCHBIE CIUTAHBI TOAXOSIINE JIJTSI AIIPOKCUMALIIH
B HavaJie MHTepBaJIa MHTEPHOJALUH (TpaBble Oa3MCHBIE CIUIARHBI), B CepeIHEe UH-
TepBasia MHTEPIONALMY (CepeMHHbIe Oa3MCHbIE CIUIAWHBI) U B KOHIIE MHTEpBaa
MHTEPHOJALMY (JieBble 0a3MCHbIE CIUIAIHDI).

Bocnone3dyeMcs crulaifHamu MATOro MopsjKa ammpoKCUMAalUK ISl MOJENH-
posanus pemenns ypasuenus (). Peuenne GyaeM cTpoUTb Ha CeTKe PABHOOT-
CTOAIMX Y3JIOB {xj} j=20,1,...n,n > 6, c marom h. Ha pucyHke E MoKa-
3aHbl rpapMKy TOYHOTO ¥ MPUOIMKEHHOTO pemeHuii npu n = 7. KpacHslii rpa-
(puk — TOYHOE pereHue, CUHMI rpaduK — NpudIMKeHHoe pelenye. Ha pucys-
ke B mpesncraBnen rpaduk MOrpeNIHOCTEH PELICHNsT HHTETPALHOTO YPABHEHHS
npu n = 7. TakuM o6pa3om, npu OOJIBIIEM KOJIMUYECTBE Y3JIOB CETKH KYCOUHO-
JIMHEWHBIE CTITAlHBI BTOPOT'O TOPsIKa alllpOKCHMAIIK BCE K€ JAI0T OOJIBIIYIO TO-
TPELIHOCTD, YEM CIUIAHBI IIATOTO MOPAAKA alPOKCUMALIHN.
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Puc. 2: I'paduk TOYHOrO pereHus (KpacHblil) 1 NPUOIMKEHHOTO PELICHH S IIPU UCTIONb30-
BAaHMY CIUIAHOB BTOPOTO MOPS/IKA alNpoOKCUMAaluy (CUHUI), n = 7
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Puc. 3: T'paduk nmorperiHocteid NpuOIMKEHHOTO pelLIeHNUs TIPY UCIIOJIb30BaHUM CIUIAHOB
IATOrO NMOpPsAKA allIPOKCUMAaLUK, N = 7

3akaoyeHue

HoBu3sHa naHHO#N paOOTHI 3aKJII0YAETCST B TOM, UTO JUISI YUCJICHHOTO PEIICHNUS
HEJIMHEHHOT0 MHTETPaJIbHOTO YPaBHEHNUS HCIIOJIb3YIOTCS JIOKAJBHBIE CIUIAHOBbBIC
anMpoKCUMAalUK. MOXHO TIOKa3aThk, YTO METO/bI, OCHOBAHHbIE HA HCIIOJIb30BAHUH
CIUIAfHOBBHIX aNIpPOKCHUMALUAX BTOPOrO M IMATOro MOPsAKA, Kak MPaBUIIO, AAIOT
MEHBIIYI0 NOTPEIIHOCTh, YeM WCIIOIb30BaHNE JPYTMX METOIOB PEIleHUs] UHTE-
IpajIbHbIX ypaBHEHUH.
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