Pa3zaocTHas cxema penieHus KpaeBoii 3a/1a9m
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Pasnocruas AIIIIPOKCUMallUs IIPOU3BOJHBIX!
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(MOYKHO J10Ka3aTh, 4T U Ha nocieanem mare onenka O(h?) koppekrha).
Bamenss B auddepennuansbHOM YPaBHEHHH TOYHBIE MPOM3BOJHBIE KOHETHOPA3-
HOCTHBIMM, 1OJIyYUM JIJIsi BHYTPEHHUX y3J0B (n — 1) JiMHeifiHbIX ypaBHeHUiT st

(n + 1) HEU3BECTHBIX Y;:

Q1 Q1+ Qg1 Qg1 ,
——2 i1+ — 72 Ly — =2yt piyi=fi,  i=12...n-1

h
(nospasymesaercs ay1 = a(T;.1) = oz(xi + 5), pi=plx;) n fi = f(x;)).
Hesocraiomue jBa KpaiiHux ypaBHEHHS MOJYYalOTCs M3 TPAHUYHBIX yCJIoBuii. B

caydae 3asadu Jupuxise aro npocto ypasaenunsa Yo =0 u y, = 0, 9TO IpuUBOIUT K
CHUCTEMe PA3HOCTHLIX YPaBHEHUH C pacCHIMPEHHON MaTpuiei
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Marpuna cucreMbl TpéxIuaroHajgbHa, MOITOMY cucTeMa (P(PEKTUBHO pPElIaeTcss Me-
TOJIOM TIPOTOHKH (B JIAHHOM CJjlydae IMoji HUM ToHMMaercst o0blanbiii Meros Taycca ¢

0OpaTHBIM XOJIOM ¥ 0e3 TMEePEeCTAHOBKU CTPOK WU CTOJONOB) — Tpebyercs Juiib O(n)

onepanuii 1o cpasuenuio ¢ O(n®) B obmem ciayuae. MoxKHO J10Ka3aTh, U4TO HOPSIOK



TOYHOCTU TAKOMU CXEMbI TOT K€, 9TO U Yy Pa3HOCTHBIX ITPOU3BOAHbIX, T.€. YTO ITOI'PEIII-

HOCTD PEIeHUs] TAKKe OIEHMBACTCS KaK O(hZ).
C sajgaueit Heiimana memo oOCTOUT HECKOJLKO cioxkHee. IIpocreiimuii crocod ai-

MPOKCUMallUN I'PaHUYIHBIX yC.HOBI/II/UI — 9TO 3aM€Ha IMPOU3BOAHBIX B HUX Ha ABYXTOYE€Y-
Hbl€e KOHEYHOPAa3HOCTHBIE!
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MaTpuma nmo-mpekHeMy TpexauaroHaJbHa, OJHAKO BBICOKOW TOYHOCTH dTa CXeMa He
JaéT — TOpsiJIOK y Heé Beero Jmiib nepsbiii (norpemnocrb O(h), ¢ KOTOpbIME OlEHH-

BaJINCh MPOM3BOJHbIE Ha I'PaHUIAX, PACIPOCTPaHsIeTCsd W Ha pelieHne B 1eygoM. s

COXpaHEHHdA BTOPOI'O IOPAJKA TOIYHOCTH MOXKHO HCIIOJIb30BAaThb Ha KOHITaX TpéXTOqe‘{—
HbI€ PaSHOCTHBIE IIPOU3BO/IHBIC
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CoOoTBeTCTBEHHO, CHCTEMa TTPUMET BH/I
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TpéxanaronajbHOCTH POPMAIHLHO TEPSIETCs, HO 3TO HE UMeeT 3HAUEeHUsT — J00aBJISIeTCsT
JIMIIb HECKOJILKO apuMeTHICCKUX OlepPaIiil B KOHIIE IIPAMOI0 X0/1a METO/a IPOIOHKH
1 HECKOJIbKO B KOHIIE OOPaTHOIO.

Ectb 1 ipyroii criocod obecriednTh BTOPOIi MOPsAI0K TOYHOCTH Ji1st 3aa4un Helimana,
OCHOBAaHHBIII Ha JIOBOJIbHO YacTO KCIIOJIb3YEeMOil ujiee — BBeJIeHUN (PUKTUBHBIX Y3JIOB.
JlobaBuM y3Jbl T _1, T_1 CIeBa, Tpyl, Tpyl CHPaBa U COCTABUM yDAaBHEHUA JIJI

1 =0 u JJ1g © = N TOYHO TaK Ke, KaK 3TO JIeJIaJ0Ch JIJisi BHYTPEHHUX Y3JI0B:
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Tenepb JJIA IIOJIydeHnsd BTOPOI'O IIOpAJdKa TOYHOCTH B I'PaHHMYHLIX YCJIOBHAX MOXKHO
HCIIOJIb30BaTh CUMMETPUYIHYIO PaSHOCTHYIO IIPOU3BOJIHY1O:

y(1) —ylz)

Y(Tpi1) — y(T, 1)

"(z0) = +0O(h*) =0 "(z,) = + O(h?) = 0.
[Tooromy nosaraeM y-1 =y1 1 Ypi1 =Yn-1, 2 3804HO U Q_1 = Q1, Oyl = Q1]
ypaBHEHWST TTPUMYT B/
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Ecnu nepeji jjobaBjieHeM B CUCTEMY pa3/euTh KaXkJioe W3 HUX Ha J(Ba, TO MaTpHIlA
CUCTEMbI OKaXKeTCdA HEe TOJbKO TPEXJUAroHaJbHONR, HO U CUMMETPUYHO:
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DTa )Ke cxema, IPUIEM Cpa3y B CHMMETPUIHOM BapUaHTE, MOJIYIACTCs IPUA UCIIOTh-

30BaHUN BapUAITMOHHOTO MOXO0/1a, 3aKJII0UAIONIerocs B ceiyomeM. Pemenne kpaeBoit
331891 PABHOCUJILHO MUHUMM3AIUN (PYHKITHOHAJIA
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/ (5 0@ W @) + 5 pla) (@) f() y(x) )da

Ha BCEX JIOCTATOYHO IVIaJIKUX (DYHKIMAX; B Cydae 3ajiaun HeliMana HUKaKUX IPaHut-
HbIX yCJIOBUl Ha (DYHKIMU TIPU 3TOM He HaKJiaJlbiBaeTcs. K 3aMeHnTh uHTEerpaJs or
[IEPBOI'O CJIAraeMoro Ha KBaJIpaTyPHYIO (pOPMYJIy IEHTPAJbHBIX MTPAMOYTOJHLHUKOB, OT
JIBYX TIOCJIEJIHUX — Ha, (POPMYJIy Tpallenuil U MpupaBHATH HYJIIO YaCTHbBIE MPOU3BO/I-
HblE I0JIYYEeHHON CyMMbI 110 BCEM Y3JIOBBIM 3HAYCHUAM ¥;, TO ITOJYIUTCA UMEHHO TaKasi
CHCTEeMa JINHEHHDIX YpaBHEHU.
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B pabote Tpebyercs:

® DeIUTh KPaeBble 3aJ[aud M0 KaxKJ0il n3 4eThipéx cxem (3ajady upuxie mo
CTaH/IAPTHO CXeMe BTOPOro ropsijika, 3ajady HeiiMmana 1o cxeme rnepBoro mopsijika u
10 JIBYM CX€MaM BTOPOTO TOPS/IKA TOYHOCTHU: C UCIOJIH30BAHUEM TPEXTOYEUHDBIX MPO-
M3BOJIHBIX HA KPasxX M C UCIOJb30BAHIEM (DUKTUBHBIX Y3JIOB);

® BBLIUKUCJIEHUS 110 KaxK 0l cxeme mpoBouTh 1o 100, 200 u 400 y3mam;

e onennuth norpertHocTu g 200 u jgna 400 y3mo mo mpasuay Pynre B coot-
BETCTBUY C MOPSIKOM TOYHOCTH CXeMbl (BBIYMCJIUTH MACCHBBI OTPEITHOCTE 1 Hall st

MaKCHMYMbI UX MOJIYJICii );
® [IPOBEPUTH MPABUJIBHOCTH MOPsIIKA TOYHOCTH, BLIYUCJUB OTHOIIIEHNE MaKCUMYyMa,

MoyJieit riorpetnocteit g 200 yziioB Kk makcumymy Juis 400 y3i08B.

OT4aéT TOJIKEH COJEePKATh:

® 1I0CTAaHOBKY 3a/1a4M;

® BCE YeThIPE CXEMBbI (JIOCTATOYHO BBIMUCATH TPU YPABHEHUST HA KAXKJIYIO: TIO OJTHOMY
JUIst Kpa6B MPOMEXKyTKa, 1 obllee ypaBHEHWE JIjisi BHYTPEHHUX y3JI0B);

e rpadukn koabhdunuentos o(x), p(x) u f(z);

® JIJIst KaXKJI0i cxeMbl: obmuit rpadguk pemennii st 100, 200, 400 y3s108B 1 oO1uit
rpacduk norpemnocreit st 200 u 400 y3i08;

® IS KaXKJIOM CXeMbl: MaKCUMyMbl Mojiyseit norpertnocreit juisg 200 u g 400

y3JI0B, & TakyKe oTHoIeHne Mexkry Humu (B opmare short g).

['paduku TpEéx pelieHuil JIOJXKHBI IPAKTHIECKH IIOJIHOCTBIO IIE€PEeKpbIBaTh JIPYT
Jipyra, 3a HCKJUeHHeM cxeMbl 3ajiaun Heiimana 1mepBoro mopsijika, rje oObIYHO Ha-
OTI0TAt0OTCsT CTabble, HO 3aMETHbBIE PACXOXKJIeHUsT (MHOT/Ia —- JIUIIh €JIe 3aMEeTHBbIE Ha
KPasix ).

OrHOLIEHNsT MAKCUMYMOB JIOJ2KHBI PABHATHCSI JIBYM JIJIS CXEMbI [1€PBOIO MOPSIJIKa,
TOYHOCTU M YETbIPEM JIJIsSI CXEM BTOPOI'O IHOPsiJIKa — HO, pa3yMeercs, JIMIb HpudJin-
YKEHHO, IPUYEM B HEKOTODbBIX BapHaHTaX 9TH MPUOJIMKEHIsT BeChMa IpyObl (B Tex, Tjie
CJIUIIIKOM KPYTO M3MEHSIIOTCsT Koabduruentsr). Tem He MeHee: eciiu, JOMYCTHM, ITO

OTHOITIEHNE OKA3aJI0Ch PABHBIM 3.45, TO 3TO IBHO BTOPO# MOPSIJIOK, a ecan 2.31 — aBHO

nepBbIil. Kak mpaBusio, BbIUKCIEHU 110 Y€TBEPTON cXeMe TOUIHee, 9eM 110 TpeTheil, HO
MOPAJ0K TOYHOCTH — TOT Ke€.

B apxue DEMO 1.rar comepxkarcs padoune m-aityibl s TeMOHCTPAITMOHHOTO
papuanTa (B nogkarajore DEMO_ 1\PNG\ — rpaduku pesyabraros):

e alpha.m, p.m, fm — dynkuun a(x), p(z) f(z), orBevaomue ypaBHeHUO
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e getah.m — cozjanue 6a30BOro BapuaHTa TPEXJMATOHAJIHLHON MATPUIIBI Pa3-
HOCTHOI'O OIIEPATOPA. 3aTEeM JIJI KaXKI0M CXeMbI IPUXOIATCS IEPEOIPEIEISITh IEPBYIO
W TIOCJICJIHIOI0 CTPOKHU 9TOH MaTpulibl (JJist cxeMbl ¢ (DUKTUBHBIMU y3J1aMi KOPPEKTH-
PYIOTCST TOJIBKO JIBA, KPAWHMWX 3JIEMEHTa TJIABHOW JNArOHaJN; MOXKHO ObIIO ObI esarh
9TO HETMOCPEJCTBEHHO B TOM MPOIE/Iype, HO HE XOTEJIOCh €6 3arpOMOXKIATh). Vcmosib-
30BaHHast 3/1ech MaraaboBcKas kKomanga Buga  A-—diag(bk) paboraer cieyommm
obpaszoM: co3maércs MaTpuia A, y KOTOpOil JuaroHajb, CMEmEHHasd Ha K IO3UIuii
OTHOCHTEJILHO TJIABHOM, 3aI0JIHEHA SJIeMEHTaMI BEKTOpa b, a Bce OCTaJIbHBIE 3JIEMEH-
ThI paBHLI HY/TI0. KcTarn, ara ke GyHKIMsI paboTaeT 1 B 0OPATHYIO CTOPOHY: KOMAH 14,
b=diag(A k) BBIpe3aer auaroHasb U3 MATPUIIDL.

e wbh.m — craprosbiil daiiyi: ycraHoBka (popMaTa BbIBOJIa PE3YJIbTaTOB, 3a/laHue
rparut mpomexyTka ([0; 3] /7151 JeMOHCTPAIMOHHOTO BAPUAHTA) U HAYAJBHOTO 7, BbI-

BOJ, TpahuKOB KO3 hummenToB auddepeHnnajbHoT0 ypaBHeHus. JIeBbIii KOHeIl mpo-
MEXKYTKa BO BCEX BapuaHTax — HOJIb, HO JIJISI KPACOThl OH onpejesisercsd Kak a = 0.

e wd.m — pacuér 3ajaun Jupuxie

e wn.m — pacuér 3ajaun Heiimana, 1-it opsiJIoK TOYHOCTH

e wn2.m — pacuér 3ajaun Heilimana, TpéxTouednble MPOU3BOIHLIE HA Kpasx
e wns.m — pacuér 3ajaun Heiimana, cxema ¢ pUKTUBHBIMU y3JIaMH

B pabote cucTembl JTMHEHHBIX YpaBHEHUI PEIIAOTCs 110 CTaHIAPTHOM cXeMe — YMHO-
JKeHHeM Ha 00paTHYI0 MaTpuily. IDTo Hed(PdMEKTUBHO, T.K. TPEXIMArOHAJbHOCTb UC-
XOJIHO# MaTpuibl (pakKTUUecKu He ucrnojb3yercsa. B Matlab ects cpencrBa pabors
C pa3perKeHHBIMU MaTPHUIAMHU, HO UX MNPUMEHEHUE JIKIIh 3aTeMHMJIO Obl JIOTHUKY IPO-
rpaMMbl; 3(DGHEKTUBHOCTD Ke JIjIsI yueOHO paboThl HENPUHIINITHAJILHA.



