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— KBaapaTypHoi ¢popmyns 71

OTa KHHTa IPEACTaBISCT COOOH BBEACHHE B TEOPUIO MHUCICHHEIX METOJIOB, HCIIONB3YIOIIEEC MHUHHMYM
CBeJleHMH W3 aHanu3a, JuHEHHOH anreOpbl u Teopunm auddepenumansubXx ypaBHenwi. Kuura Bosnukia B
pesynbTare 06pabOTKH JEKIMH, KOTOPHIE aBTOP YMTall B TCYCHHE HECKONBKHX IIET JIS CTYACHTOB BTOPOTO
Kypca (akynbTeTa BRIMHCIMTCIBHOH MAaTEMaTHKM 1[I KHOEPHETHKHM MOCKOBCKOIO TIOCYIapCTBEHHOTO
yuuBepcutera uM. M. B. JlomonocoBa.

ConepxaHne KHHTH TPAJULIMOHHOE — HHTEPIOISLHUS M AIMMTPOKCHMAIIUS, YHCICHHOE HHTEIPHPOBaHUE,
PCILCHHE HENMHCHHKIX YPABHCHHMHM, IPSIMEIC M HWTCPALIAOHHKIC METOABl DPELICHHS CHCTEM JHHEHHBIX
anreOpaNueckux ypaBHCHWH, Da3HOCTHBICE METOABl pemwenus 3amadyn Komwm u KpaeBelx 3agad Juisd
OOBIKHOBEHHBIX JU((DepPEeHIHATIBHEIX YPABHEHHIA.

ABTOp CTpeMHIICS clieaTh U3II0KESHUE IOCTYITHBIM JUISL IIEPBOT0 YTCHHUS, 0Opalyas BHUMaHHE Ha OCHOBHBIC
IOHATHS TEOPUH YUCICHHRKIX METO/IOB ¥ HILTIOCTPUPYS X IPOCTEHINNMH ITPHMEPAMH.

B HacTosimiee BpeMs INIpH YMCIICHHOM PpEIICHHMM MHOTHX 33Jad (U3MKM M TEXHHUKH, OITMCBIBAEMBIX
YPaBHCHHSMH MaTEMaTHYCCKOH (PM3MKH, HMCIOIB3YCTCS METOA KOHEYHKRIX pasHocTed. OCHOBHBIC NOHATHS
TEOPHH Pa3HOCTHBIX METOJIOB (AIIIPOKCHMAITUS, YCTOHIHBOCTb, CXOMMOCTE) MBI HIITIOCTPHPYEM Ha IIpUMepax
PasHOCTHBIX CXeM s OObIkHOBeHHBIX jau(depenumansuex  ypaBuenwid. Ilpm  annmpoxcumarum
I EepeHIMANBPHRX YPABHEHHH II0JYYalOTCS PA3sHOCTHRIC YPAaBHEHHS, NPEACTABIAIOIMEC COOOH CHCTEMBI
JUHEHHBIX YPaBHEHHMH BBICOKOTO IOPSIKAa C MATPHLAMH CIICLHATBHOTO THUIA (MMEIOIMMH MHOTO HYJIECBBIX
5JIEMEHTOB), HAPUMEP, TPEXAUArOHANBHEIMU. BakHyio ponb urpact BEIOOp 3¢ (eKTHBHBIX METOAOB (TIPSIMBIX



M WTEPAIlMOHHBIX) PEIUCHHSA TAKMX CHCTEM. B CBS3M C 3THM B KHUI€ M3JIaraioTci OCHOBHI oOLieH Teopuu
HTEPAIIMOHHBIX METOJ0B. bonbluoe BHUMaHKe yAEIEeHO BOIPOCY YCTOMYMBOCTH BEYHCICHHH HA 3MEKTPOHHBIX
BBIYMCIIMTEIBHEIX MaluMHaxX. B rmaBe V JaHO IIPOCTOE M3MO0XKEHHE TEOPHH yCToHuMBOCTH 3amaud Kowwm ams
CHCTEMBl Pa3HOCT-HRIX YPAaBHCHHH IEPBOTO MNOpPAAKA. 3/1€Ch IONY4YECHBI COBINAJAOINME HEOOXOAUMBIC H
JIOCTATOYHBIE YCIOBHSA YCTOWYMBOCTH PAa3HOCTHBIX CX€M, a TakkKe HCCIIe0BaHa aCHMITOTHYECKas
YCTOWYHMBOCTD PA3HOCTHBIX CXEM.

B nmocneauux aByx rnaBax kHurd (rmaBel VI m VII) paccMaTpuBalOTCs pasHOCTHBIE METOIB! PELUCHHS
SJUIMNTHYECKUX YPaBHEHHMH M ypPaBHEHMS TEILIONPOBOJHOCTH. JTH TIJIaBBI SBIISIOTCS JOTOJHHTEIBHBIMH U
HO3BOJISIIOT OCYILECTBUTH IEPEXO/] K TEOPHH PA3HOCTHBIX CXEM IS YPaBHCHHUH ¢ YaCTHBIMH IIPOH3BOIHEIMH.

Konee monnoe u3noxeHHe OTACIBHBIX Pa3/IcNoB YMCICHHEIX METOJI0B MOXHO HaiTH B kuurax: Camapckuii
A. A. Teopus pasuoctueix cxeM.— M.: Hayxa, 1977; Camapckuit JI. A., Huxonaes E. C. Meroasl peluenus
CETOUHBIX ypaBHeHUH.— M.: Hayka, 1978, a Taioke B moco6HAX, CIMCOK KOTOPBIX IIPUBEJCH B KOHIIEC KHHUTH.

Knura paccunTana na CTyJICHTOB MIAJIUMX KypCOB, CIICIHATH3HPYIOMUXCA [0 MPHKIIAJHOA MAaTEMaTHKE H
MAaTeMaTHIeCKOH (QU3MKe; OHA MOXKET OKa3aThCA MOJE3HOU TAKKe /UL aCIIMPAHTOB M HAYYHBIX COTPYIHHKOB,
H3YYaIOIMX YHCICHHBIE METOBL.

ABTOp NONB3yeTCS BO3MOXHOCTBIO BBIPa3sHTh IIyOokywo Onarogaprocts JI. B. I'ynuny, npoduTaBIueMy
PYKOITUCh H cienaBlieMy psj rennbix 3amedannit, E. C. HukonaeBy, okazaBimieMy MOMOING NPH HAITHCAHUU
Jononuenus, a Taxoke M. W. Bakuposoit u H. I1. CaBenkoBoil 3a noMomp B nporecce paboThl HaJl KHHTOH M
IIpHU MOJATOTOBKE €€ K Ie9aTH.

A. JI. Camapckuii



BBEJEHUE

IlosBaeiiie o 1EeOPEPLIBLOS COBCPILCICTBOBAIIC OhCTPO-
JCHCTBYIONIIX DICKIPONHBIX BEIICIATENBILIX Matiu (DBM)
NPUBEJO R NOMINIIC  PEBONIOMUONTIOMY  1IPCOOPAROBALILLIC
nayRkm BooOUIe u MareMaTiku B ocodeiuocTd, Mamenugach
TeXMTOIOTHA HAYYIBIX HCCALTOBAUMIT, KOMOCCWILLO YBEIUTN-
JUICL  BOBMOYKHOCTIL TCOPETUYECKOrO HAYUEHS, UPOrHoHA
CJLOMEULIX ITPOLeCCOB, TMPOCKTHPOBAIINA WIUKENCPILIX KoHCT-
pykmnit, Penicimie EPyUHBIX Naywimo-TeXINMYecKUX b podied,
NPIMEPAMH ROTOPBIX MOTYT CIV/KHTEH 1LPOOMOMBI OBIIA\CIIIA
AMePHONE aWepPrucid H OCBOGHHA KOCMOCA, CTAN0 BOIMGLHHBIM
THOTB Oaarofapsi WPHMEHENHI0 MaTeMATHICCKOIo MOMeNIpo-
BANIs | HOBBIX UMCIEHHBIX METOMOB, UpeAuasnayeRuhy A
OBM.

Ilepsaa Rpynmag opodieMa — OBIAJCTIIC SILEPIOI auep-
el — epefyer peiienna KOMIAERCA CAMREBN 3a7a4 (Pusi-
Ky O MeXxammkn (ympasuenue pabortoii DeaxTopa, ICHON-
30BAIIVE DHEPTIN JeNeNNA A7eP ypaia, 3amuTa oT 1po-
[INEAKIEero U3IYYCiInsg, OXNMaaiIeHIre CTEIOK peantopa,
H3yuelfe TEIJIOBLIX Tojgell T YOPYrux HMampmRemil B crer-
KaX, pellleHile MIOrHx JApPyrux aajaq), Bee ot sagaw
Ne00X0MUMO PeIIaTh M0 HaTaja palboTH peaKkTopa, 1TCHOILIYA
JUIA NHX MATeMaTHYeckoe omimcamme {(MoJeawn) @ UPOBO;iA
yncTenusle  pacyerst ma IBM. DBropas  Epywimas  mpof-
JeMA — OCBORIIIe KOGMOCA — CBAZAIA ¢ CO3JATIEM JTeTaTell-
WHX ATINAPATOB II PEITEMItCM UL TIIIX MHOTIX 32744 adpoilr-
HAMIIKI T OQLTHCTURE (rampIMep, pacder ABIREIHS PAKeTH
) yIIPABIENIe ee MOIeToM). 3J(ech Tak:Re IIMEeTCs LKOMILIOKC
CHORIBIX BAJAY MCXAHHARI, (PU3MKM M TeXIIRY, ROTOPble MO-
ryr OBITH DPemeNsl TONLKO ¢ HMCIOJIL3OBAHIIEM UACACINIBIX
METO;(0B.

Yramem eme omity mpoliIeMy, CTOAUYIO TIEpel TelIoBe-
TECTBOM,— TIOHCK NOBRIX HCTOMRLNOB dIEDrui. Ojuin us oc-
LIORHBIX TIPOSKTOR IIOJIYYEHHA 9UEPTHI — NCIOALIoORAIIE e~
AR FOPAmISIeMOTOo TEPMOSIEPHOro CHITesa Alep aeiirte-
PHA ¥ TpPHTHA, 3apackl TEPMOAZEDPHOTO TOPWIero Ha Jeie



8 DBLAEHUE

UPAKTHYCCKI  JIEUCUCPIIACMBL, a4 HPOAYRTH PeakIiy He 3a-
FpAsuAiT opely. Oilako TepMOs;CpIag  peakius  Haynpa-
eI TOALKO TP JKCTPEMAIBITHIX YCIOBHUAX — TP BHICOKOI
temieparype (opifka JICCHTKa 0 COTIT MIGINTONOB TPamy-
con) u orpovmoM cxatuu (B Toeswn pas) jeilrepns @ Tpu-
THHA; Kpome Toro, Tpedyercs yiep:kaTh ropiotiee BemlecTBO B
OTOM COCTOSHME B Tedeliue BpPeMeITH, JOCTATOUIIONO AIA pas-
puTHA peaxnmn ropenna {(cwntesa). Cosnanme TakHx yeio-
RMH — 1I0KA CTI[¢ VepelTeHHAS Iayullo-TeXHWYeCRast Iipo-
Oncva. CyitecTsyeT HECKONLRO IPOEKTOB IarpeBa, CiRATHA
M yHepianua TepMoagepHoro ropwiero {(mmasmer). IIpm ux
pearnzallay BOZHIKAET MITOTO BONPOCOR, KOTODHE Halo pe-
IMAThL A0 HAYada TPOERTUPOBAINIA Naske SKRCHePUMeHTaNLIThiX
vetauonok. IleoGxomuMo wpesjio BEETO UAYIHTH TOBCIENHE
INTA3MDI TIPH BBICOWHX TEMIICpPATYpax T (TOTHOCTAX, B MAar-
IATHLIX TWIAX 7 BLOTCHMTG YCIAOBHS, TIPH KOTOPAIX BOZMOKHA
caMa peaKLus TepMOAIePHoTo CUIITe3a.

Tarue uecke;IOBANNM TIPOBOJUITCA 14 OCHORG MaTeMartH-
ueckoTo OfHcanng  (MareMaTnieckoil mojienn) (HANTeCKIX
1polleccon I TOCTeAYIOMCro PeUeHIST COOTBETCTBYIOIIIX Ma-
TeMaTiMuceknX 3anad Ha JBM npm noMomm BuTICTHTEALITEIX
QITOPIFTMOR.

B macroamiee BpeMsa MO0 TOBOPHTH, TTO TOABWICH HWO-
Bhill CcTIOCOD TQOPETHYCCKOTO IICCIACTOBAHIA CHOGKILIX 1PO-
Ieccon, HONYCKANME MATeMATHTIeCKOe OTICATe,— BBIMIC-
JUTEILILHA DKCITepPHMeNT, T. €. ICCIRNoBANIe CeCTECTBEHIIO-
HAYTHBRIX NPOOICM CPe/ICTRAMI BLIVACHITE1BIOH MATEMATHRY,
TToscimst cyimeerro drore cfiocoba ICCIGAOBAHNA 1A LPU-
Mepe petennst Karofi-mubo duanuecioii upobienn. [yers
TpedyeTes M3y uTh HeRoTophrit Pusngccririi nponece. Mare-
M29UTeCKOMY 1ICCASTOBAITHIO TIPHEJUNECTEYET BpIGop (plsmme-
CKROI'0 TIPHOMIGRENUA, T. €. PLIIelle RoOIPoca O TOM, RaKlle
(hawrToprn malo yuecTn, a KaKumu nmosno opencdpean, Hoeme
HTOTO 1HPOBOANTCS HCCAENOBAILE TMPODICMEl METONOM BLIGAC-
AITRJBIOTO JKCHCPUMENITA, B KOTOPOM MO0 BLIICINTL tie-
CROJILKO OCILOBILIX DTANOB.

11a nepeom Hraiie OPOBOZNTCA BEIOOD MaTCMATHICCKOH MO-
flen, T. e. UpubMhEeHoe omicaute npoliecca B dopmMe al-
reGpanveckux, AHQECPeFINTBNEIX 1T JINTCIPATLUHIX Ypas-
Helil. JTH ypaBleHHsa O0BITHO BHIPA/KAIOT 3aWOIK cOXpa-
OIS o¢UOBIhX (DIBUYBCKIX BeJIYUIl (2UCpruy, KOIHYecT-
Ba gBiRenus, macesl u Ap.). TlodyueHiylo MaTteMaTHueCKYR
MOleNDh HeoOXOMUMO IICCNemoBaTh MeTogamu reopuit andde-
PCHITHANBHBIX ypaBHewwit. Hago yceTamoBmTs, TPABWIBHO Iu
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nocTaBlIena 33;1aua, ¥BATaeT I HeXOMBIX JalBIX, 1€ ITPo-
TIIBOPeYAT JH OHU JIPYT APYTY, CYOIECTBYeT JI pClIeHIe Mo~
cTaB;IeHHOH 3ajauu u ejmucTBenio Jiu oHo. Ha atom arave
HCIOJBIYIOTCA MeTOABl RiaccHdeckoll marevartiru. Cmegyer
OTMETHTb, YTO MHOTHE (DII3IYECKMe 34;1a41 IPHBO;TAT K TAKIIM
MaTeMATMYECKIM MOLIAM, PazpaloTRa TeopHIl KOTOPBIX Ha-
XOOOTCA B HAYAJBLOM cTAIuu. Ha uparTiike HPHIOAHTCA De-
marh 3ajagdn MateMarmuecwoil (DHAMRN, NIA KOTOPHX He
IMEEeTCA TCOPEM CYUICCTBOBANEA H eIHIICTBEINTOCTIL.

Bropoii #ran BLluGCTHTEALHOr0 HKCUEPUMCHTA COCTOIT
B NOCTPOeuuH UPnOAM/REHIOTO IHCICHHOIO METoa perieilt
387471, T. €. B BBIOOpe BHIYICIHTE.bHOrO alroputma. Iloj
BBILHCAMTENBIIAIM  ATFOPUTMOM  IMOTTHMAKT N0CIeTORATEI h-
OCTh apnpMeririeckuX M JorndecKux omepaunfi, mpu mo-
MONHM KOTOPBIX HAXONTCA pelllellHe MaTeMaTHIeckol aanatu,
clopyy.posatnoil ma mepnoM aTane, TTmre Mbl mompobnee
OGC}"}U[]\‘[ T]_)eﬁUBaIIHH, TperLasaHeMble K BBIMTHCIAHTEABHOMY
i"l.]'.[l‘()plﬂlT.\Iy, ITpealiagHavueioMy A3 HCITO: 30BNl Ha COB-
pemennsrs IBM. Tlo eymeciBy Bed jasiiass KHIDA TTOCTSE-
TMEHA PACCMOTPEHI IMCMCTTAPHBIY BHIYHC IWTEIbIBIX airo-
PHTMOB.

Ha tpetnem nrane ocyImecTBIAeTes NPOrPaMMNIPOBAHHE
BEMICAOTEbUor0 adropiT™a 118 dBM u na getBeprom sra-
e — nposetenne pacieros ma JBM. Mo me 6ynew ocranan-
AIMBATLCA HA BOTpPOCAX, CBSIBAHHBIX € ITPOTPAMAMUDOBANHEM,
opramuzamyeil 1 upoBegeHUeM BhMmcaenmit ma IDM, raw
KAaK ATO BLIXOIHMT 32 PaMKI gannoif kEErI, OTMeTHM JINIIb,
4TO0 AEATEABHOCTH 110 LPOTPAMMIUPOBARIHIO HOMKHA OBITH Tec-
O ¢BA3AaHA ¢ paspalorRod RONKPETHBIX WNCIEHHRIX anro-
PUTMOL,

Haromren, n kauecTe 11smore 3tana  BBIUYNCINTEIBHOIO
IRCTIEPHMEHTa MORHO BhUICINTL AlAAN3 WOTYUCHHBIX YIIC-
JeHHBIX Pe3y;IBTATOR I [OCICOYEIINEe yTOTHEeHlle MaTeMartu-
uecroil Mogexnm, Moiker ORA3ATLCA, ITO MOAEIL CJTUNIKOM
rpy0a — pesy LTaT BRIYICIENHH He coridacyercs ¢ (puaiye-
CRIIM 3KCROPHMBATOM, WM TTO MOJGTh CIHMTKOM CIOMKHA,
T PermeHile ¢ JoCTATOYTOH TOYUOCTBI0 MOKHO HOIYYUTEL UpH
foaee npocTmx Mmogeaax. Torga caeayer naummath padory
¢ MepEOTo aTama, T. €. YTOUHHTL MareMATHUeCKYH 30;1elb,
Il CHOBA NPOHUTM BCE DTAMEL.

CaepyeT 0TMETHTH, 9TO BEIMHCIILTCALYBI JKCIIEPIMENT —
9T0, KaK IHPaBII0. Mg PAORBIH cueT 1o crTaujiapraviy Gop-
MyJIaM, a Hpedde BCEro pacuer cepuy BapHAATOB AR pas-
JMTHEIX MATCMATHTECKHX Mogelei.
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OcranoBumcsl Temeph moapodiee Ha HEROTOPHIX OOLNIX
XaparTeplcTHKAX B TPeGOBaHNAX, OTHOCAIHXCA K BBRITICIHIL-
TEALIBIM a;aropnrMaM. Paspaforka u mccleJopaliie BLIMHC-
JUTENLHLIX ATTOPUTMOB I IIX liplIMeHellne K pPelueHHI0 Koi-
RPCTHBIX 320a71 COCTABAMET COfleD?Kalllie OTPOMHOTO Pa3zeril
COBPEMEINIO  MATEeMAVIIKI — BBIVUCIHNTENALHOR MaTeMAaTIRII.

Bogmeanrennuyo MaTemarlRy ONpe;(edaaloT B MIHPOROM
CMBICJE OTOLO TePMUINa KA PAs;leT MaTeMaTHRI, BRITOUA-
i KPyr BODPOCOD, CBABRHULIX ¢ 1CNONL3OBAMTIEM JBM,
I B ¥3KOM CMBICTE — KAK TEOPUIO UICTEIRBLIX METOTOB II aji-
TOPHTMOB DEIIeIUIA IIOCTABIEINLIX MATEMATUICCRIX 3aj(aY.
B jlaubneiinrear Ml 6yaes UMETH B BUY BBITHCIHTEILU VIO
MATEeMAaTNKY JHIML B Y3ROM CMBICITC CJA0BA.

Ofmuis ;Wist BCeX YITCTCINTHIX MeTO0B HRISICTCS coefeHte
MAOTEMATHICCKOL 3291l 1 KOHEUHOMepPIoi, JTo Ialle BCero
HOCTMI'ACTCA MOCKPETH3ANNeIl [CXOIi0Il sagadl, T. e, mepe-
XojioM or GYURNHI NelpeprIRIOro aprymenta K (Py¥IRIIAM
JHCKpevHoto apryMenta. llocie jurekperisarynn  fexoanoit
3a71a91 1&10 IOCTPONTH BhIGUCITATEALILIL ajlropurM, T. e.
YKa3aTh TOCHELORATEIALIOCTL apHdMerniecKIX 1I J10rHIeCKEX
geticreinl, BuIimolHAeMbx Ha JBM 11 janmmnx za KouetdHoe
YHenoe JlelfeTBIT pewmenue juekpethoil sagatn. 1ogyuenioe
peniemie MUCKPETHOH 33Jaun [PIIIMACTCA 34 OpPHAAITKeN-
1t0e Pemetve UCYXOoHoH MaTeMariueckoll 3amaiir.

Hpi peuteinmu sajadit na IBM MBL Beeria momyuaeM 1o
TOWHOE pelllelllie 1CX0AHO0N 3QAUH, 8 HEROTOPOe UPIOLIAet-
Hoe pememnite. Yes sKe 00yCaOBIeHa BOBAHRAWIIAA [OrPEIl-
10¢Th? MOWiIio BBIACTHTH TP OCHORUBTE HPUYULBL BO3HIIKHO-
BEHHA HOIPEWITIOCTI UM YHCACHTIOM  PeIUeHUn  JCXOHOI
MaTeMaTHyeckoil sajann. lIpeirle Beero, BXO;ILle JIAHHBIE
HeXoHUoil samaun (Hagajabnele U rpayuunsie yeaowsus, rodd-
unmenTH ¥ upanble MACTU ypaBHeuuil) BCCL{a 3a)al0TeA C
MeKoTopol morpewrnoctoio. TTorpemtHoCTL YuCTeH 1100 METOA,
Oo0YCIODIEEHYI0 HCTOMBBIM  3aj1aullcM  BXONUAIX  IAHTILIY,
UPMHATO HA3HIBATH HEYCTPUHUMOL RoO2peutnocThio. Jlaiee,
IPH BaMelle HCXOTHOI 3afjaum AUCKPeTHOK 24 (aueil BO3HIIKAeT
MOTPEITHOCTD, HA3BIRAEMASl NO2PLWHOCTEIO  QUCKPeTUIa UL
WIH, HHAYS, nozpeuwrocTbio neroda. Haupusep, aayensas upo-
nasoauyw u'{z) pasmoctiriy  orwourenmey (u(x -+ Ax) —
—ul{z))/Az, MB [OOycRACM WOTPCHINOCTL KHCKDPeTH3ALN,
nMenmy npr Ar — 0 nopsyior Ae. Hakotlew, 1osetiase
PaspHaHOCTL 4HCed, npeacranifAemslx B JBM, npusoxnt
owubkay OKpyenenus, KOTOPbE MOLYT HapacTaTh B Mpolec-
ce BolancTenyil. DetecTneHHo TpefosaTn, 9T00H HOTPEIIHOCTH
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B 3ajjand DadAdbiofl mudoPMai o TOTPENIHOCTE, BOZIII-
Kamouans B pesyaLTaTe HCKPETNIAUMIL, OLILII COTIACORATILL
¢ HOTPCITOCThio pentenus ma JBM xuespernoil nagaui,

My crasanmoro rumno, 4to ocliontioe TpefoBanme, mpern-
SIBJUIEMOE R BRIMHCANTEABLIOMY aITOPITMY,— 3T0 TpefoBamiic
toanocrd, Omo osmavact, 4TO DREITHCINTOALIBLIL AJTOPUTSL
JOMKeI jIABATE DEeNTeUne HEXOJHOM 3a1aull ¢ 3ajanmoi rou-
nocrvro &> 0 aa romewioe wneno Qe) geficTinit. Amroptris
nofxken OBITH peanuzyeMEIM, T. €. NABATL peiliene 3amavil
3a jomycriMoe Mamunnoe mrpeMs. [luaa Soanwiuiuctsa amro-
PHTMOB DPeMA pelmenna aagaun {obbeM neiuncaeril) Qle)
BO3pacTaeT OPI HOBHILEINH TOYIOCTH, T. ¢, JIPH yMeikime-
una e. Koneuynmo, Moxio 3ajgaTh e TMAaCTOINLKO MAJBIM, uTO
BPEMH CICTA 3AMAYHM CTANeT IejouycTHMo Gonbimmay., Bamuo
3HATh, UTO AJTOPHTM ;T4eT HPHNIANNANLIYE BO3MOMKIOCTE
TOIYIHTh pellelde 3agatu ¢ awboii TosnocTno, Ommaro ma
1PAKTAKE BEJWTIHIY € BBIGHPAIOT, YIHTEIBAA BOZMOMHOCTR
PeanusyeMocTH ajgropurma Ha mamuoil DBM. Jlia xammoi sa-
Javd, aNropHTMA W MamHie CeTh CDOe XapaKTepHoe 3lade-
nme e,

Ectectneinio HoGuBathes, Irolm 4mcto jeflethiii (m tem
caMBEIM Maniminoe Bpems pemevns sagadu) (e) Gbuto Mu-
HEMAaTLIEM Jist faunoll samavu. Jlaa modoit samata MoaiHo
OPeI0MRATE MHOTO AlrOPHTMOB, XRIOUIX OJHOAKOBYIO 100
nopaary (npn & -+ 0} tounocts & >0, HO 3a pasHoe YHEIO
neiiernit Q(e). Cpeam oTiX, KAR TORODAT, BKBUBAIEHTHBIX
10 HOPHIKY TOYUOCTH AMTOPHTMOB Nafo BHIGPATh TOT, KOTO-
P macT pemrenue ¢ 3arparolf HAHMENLIIET0 MalllUHHOLO
Bpemenn (umera meiternuit Qe)), Taxue atropirmel Gynem
Hu3BIBATE IKOHOMUUHBIML.

Ocragonumest ellip Ha ofmoM TPeGOBAII, TpeNLABILE-
MOM K BHIYHCIHTENBIOMY QArOPUTMY, a4 HMeLio -— TpedoBa-
HHH OTCYTCTBIA apapuiluoro ocTaroBa (asocta) 3BM s mpo-
1necce BEIYTICIeHAR.

Cuxenyer wserh B BHAY, uTo JBM onepupyer ¢ mcaa,
HMEIONTNME KOI1e9(10€ THCIO 3HAYauinX IH@p 1T upIrHajIe-
wampx (Mo MOAYINo) He Beeil THCAoBOI OCH, a8 HEKOTOPOMY
unrepsary (M, M.), Mi>0, M, <o, rpe M, — mamms-
ulit mynab, M. — MamwHOonaa GeckoHeYHOCTh. INeair yoToBie
M| << M., B npomecce BBIMIICHEINL JapynIacTesi, To 1Tpo-
MCXOAUT apapmitubiii ocrano SBM Bemenersme wepeoiio-
OUA  PaspsaHOil  CeTHH, H  DLIVICHENHA LpPeKpanlaltrcs.
Bosmomimocts aBocra 3aBHCHT KAk OT QATOPHUTMA, Tak W 01
HCXOMHON 3aatwIL,
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Eeam pelilenue mcXoanoil 3agauil  BHIpamaercsa uepes
ouenn Goapmue (ovens magsie) wena |M|=> M, (1M} <M,),
TO, KAK UPARILI0, 1IyTeM M3MeNeHIA Maciurabop MOMKHO upi-
BECTH 3a4a¥y K BUAY, cOjlep:RalleMy TOILKO BeJUIIsl, NpH-
naiesammue (1o Moay:iw) sajaturomy matepsary (Ma, M.).
YacTo BO3MOKHOCTL AROCTA MO;RET OBITL ycrpaHelia IIyTeM
yavenerua uopsira  geficrsmit,  losenm oo ma mpocToM
npuMepe.

Mpumep., Uyers M. =107, M,=10"?, p=2", n—
uestoe wnedo. Tpelyercn BLIMUOCHTL NPOUABEIRHNC YUCER
10772, 40P/, 10722 40%/4 105075,

1-it caoco6. ITepenymepyem umcna » nopsAmgie yGOoiBa-
npa: ¢, =104 g, =107, g, =107 ¢, = 1077, g, = ~72/t
1 obpasyem npomnsseaennd Sy = Su¢n.r, S, = ¢, Torfa yike
14 IePBOM LIAre MBI 1IOJYUHM aDOCT, TAK Kak S:=¢,§, =
=10 > M.

2-1t ciroco®. TlepenyMepyeM witcaa B {OPs;iKe RO3pPa-
cranns: ¢, = 107°%%, ¢, = 10-#*, ¢, = 107", ¢, = 10*%, g5 =
= 10°?* B 9Ton cayvae MBI HOIYUHM Ha HEPNOM INare

S, = q,q, = 107°#"* < M,

T. e. 8, — Mamunusii DyaL; HyTio PaBHB I Bee Hocaeqylo-
nyte opouanejleHHA Sy, S,, Si; rakuy o0pason, 3pech UPOUC-
XO;UIT TOJTHAA TIOTEPA TOUMOCTH,

3-ii enoco®. lepewemaenm v wnena, motaras g, =
=107 gy = 1072, g, = 10" ¢, =10""" ¢, = 10?"*, Tor-
Ta 110cIe;ioBaTeIbno HatimeM:

Sz =gy = 10—12/4, S3 — qus — 10‘,;2,
S-’-=S.%q.5 = 100, S5=S-‘kq5= iOm"‘,

7. 8. B Upoliecce BRIURCICHHIE He TIOARIAWICA UHcHa, 6anbh-
ume 10°”, n wenrnwme 10-7%, Takoif aTropiTM ssigercs
GesapocTiiniy, B ra. ITI Mo BeTpetumes ¢ wrepaluonHEpM Me-
TOAOM DeIeNnus CHCTEeMBI JIAINE{HBIX ajdredSpanueciux ypas-
HeRNd, KOTOpBLl MoMeT ObITH ABOCTHBIM HJAM 0E3aBOCTHLIM
R 38BHCHMOCTH OT cllocoBa nyMepaiyi ntepamuouubpx napa-
MeTPOB, ONPEHEIAKILero MOCHe;(0BATENBHOCTD BEIHCICHHMT,

Ipr rasmzoM axTe BLIYHCIENITH HOADIARTCS OMIIGKI OK-
pyraenns. B sasucuMoctn oT auropiuvMa 3TH OMUOKE OKPYT-
JeHWs MOTYT JH00 HapacrtaTh, 1ub0 3aTyXaTh.

Fenn B mpolecce BHUHeIenuil OMIOKI OKPYITEIHA Jre-
OIPAHN'CILIHO HApacTAlOT, TO TAKOH &ITOPUTM HAJbIBAIOT He-
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yerotuusbly (BRIMHCIHTENLIO neycToirunbiM), Bernm e
OULIGKI OKPYIJEHIA He NaKaILTMBAIOTCA, TO AITOPUTM AW~
€T¢a YeTOHUHERIM.

Hpwymepuw. 1. lyers tpebyerca waiita y, (0 <i<{i,)
no Gopvyre Yo =y +d (=0 upm sagaBEuBX Y, d.
ilpeanonouM, TT0 IpH BHETHCICHNR y; BHeCeHa OMIHOKa
(manpumep, ommubKa ORPYIIeHUs), MMEIOMmIasl BeJHuimy O,
T. ©. BDMECTO TOYHOr0 BHAUeHNS ¥; MONYIeHO TPHOMHKeIL-
noe 3mavenwe j;==y;+ 6;. Torma BiMecro TOYNOrO BHAYCHHA
Vist HOJIV‘IM\I npubamxennoe snatenue Fi, = (y,+8,) +d=
= Yz + 8 Tarum obpasom, ommlra, jonymenmas Ha Ji0-
Gom UPOMEKYTOTHOM LUare, Jie yBeIHuHBaeTCA 8 npoiecce
BHIYHCAeNIH, AJropuT™M yer oifam,

2. Pacemotpum ypasmenne yuy =qy: (20, y, m q 3a-
qausy). Hyern, Eaxk m » upmsepe 1, BMeCTOo y; UOTYUero
sHavenne ;== y:+ 6, Torga syecro y:,, moayuum DpHGIH-
JReHIOoe BHAYCHHE

.ﬁ‘iﬂ = q(y1+ 61) = Yi4t + qﬁi.

Otcoma BERHO, 4YTO TOTPemiHOCTE Oyt = §ipy = Yiss, BOIHH-
KAIOI[aA NPH BBIYHCIEHIM ¥;,,, CBA3AHA ¢ HOIPEMIHOCTBIO O;
ypaBHEHUEM

6l'+| =q6;, I::O, 1., 2, ces

C:remoBatennHo, ecun ¢l >1, To B mpoliecce BBITHCICHNH
afcomoTroe 3HAYRNe MOTPEINHOCTH OymeT BospactaTsh (ad-
ropur™ neyetoituns). Ecan me lgl <1, 1o norpemsocts He
BO3pACTaeT, T. €. &ATOPHTM ycroiiuus, 1TeycToRYHBOCTE 06BIY-
110 CDA3BIRAIOT €O CBOHCTROM BRCIONENIMANLHO0 TIapACTANESA
omuGry oxkpyraenns. Ecay sxe omufKa OKPYIIenvsa mapacTa-
oT [0 CTCIEHHOMY 3aKolly IPH [OCPexofe OT omuoll ouepamun
K Apyro# {«oT mara K mary»), To aJropuTM CUHTAIT [CA06-
Ho ycrolyueniy (YeTOHTHBRIM TPH 1CKOTOPLIX OTNAHHYEHMSX
1a ofney nbraucaennd u rpefyemyio Tounoersn), Ilponece Bsi-
YUCHENHA MOKHO TPAKTOBATHL TAK: UPH Iepexojle 0T MmIara
K OIary TNPOHCXOIWT mcKaskeHme (3a cyeT OIMHOOK OKRpPYTIE-
HHS) HOCTeNHMX 3unavamux madp (oT mocIemuux sHaTaMIHX
mudp CNpPABA HaJleBo [BHKETCS ¢BOMHA ONMMOKRH OKPYTIie-
mtsay ). Ham ry:8H0 00BIMTIO COXPAHUTH BEPUBLIMH HECKONBRO
nepBeIX sHavammx midp (4—5 3HamoB), W OOITOMY BEITAC-
JIeHHA JO.UKHE OBITH 3aKOU4eHR! JO TOTO, Kak 70 HHX T0H-
ner «BolHA omuGRH okpyrieungs». Eeam omnbxa oxpyrae-
1HA e, HAPACTAeT OF IHara R WIATY HO SKCIOHEHI[HAIBHOMY
BaKOHY, TO 5TO DNPHBO;(HT, KaK UPABIUIO, K ABOCTY ila IIPO-
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MO;RYTOUIIOM STAmle BBHIMHCIeHNE, ecmn (kak B npudepe 2)
iglie, = M.

Ecan M., =107, ¢, = 107", 1o apocr nacTymaer mpa i, >
> (p+ k,)/1g ¢, Nuade olcrouT feso Npu CTeneuHOM pocTe
omnfrm oxpyraenms, Ilyers |8yl =~ i"ey (n=1); rorma

1
ADOCT HACTYNHT DPH ig€y = Muw, T. e. upu iy == ( Meo) =
— 10(p+k0>-'n

Orcwja BigiHo, 9o npn n={ aBocTa ne 0y eT B Cu-
Ay  ovesmmmoro  orpamnyenus <M, =10~ Iepa-
BeHcTBO |8y <, rje & = 107" — sajannan ToYHOCTL, cnpa-

19 =Ry .
BeIJIABO IIpH l<( ) = 10 "o7h = I, Eciu sananw e
0

H &, TO 9TO HEPABEHCTBO 03lavacT OTPANNTEHIC IIa WICHO
ypasHEeHEH { < i, Tar, mpn &, =12, k=0 mieen i< 10°",
tak uto ¢ < 10° npu n=2. flemo, wro MOKIO yKa3aTh TaK0e
6onbmIoe 7, WTO JOUYCTHMOe UNCHO YPABUEUNH i, 0YeNb Ma-
10, Oamako, 1a IPARTIHe OOLIYNQO BCTPETAIOTCA ciaydall Iie-
Goawmoro # (wanpusep, a1A Mmeroa mporoxnn (§ 3 rr. D)
n =2, T. ¢. DOTPeMILOCTL NAaRAMINBACTCA NO KBA,IPATHYHOMY
BAROHY € POCTOM YHcIa ypasneunii).

Ilpo pemenmnr yodoil 3agavyu  1eo0XO0JIHMo 3HATL Ka-
Kite-T0 BXoJliible (MCXOAUBIE) jaliibic — HAYAILIBE, TPAHII-
Hple gnadeHus ickoMoll Qyurimy, wodddumientsr u apasylo
YACTD YpaBHelnut I Ip.

Jing Raskgoil 3ajaui CTABATCA OMUM H TE iKC BOIIPOCHI:
CYINCCTBYCT A4 PEUISINIC 3ajaMil, ARICTCA JIU 010 eIifHCT-
BEHUBIM H Kak 3aBHCUT DellUelnie oT BXOANBIX jannsix? Bos-
MOYRUBL [IB& CAYTas:

dazana HocTaBIeHa KOpperTHo (3ajava RopperTia); aTo
auayut, wro 1) sagaua paspewrniya 1pu AOGBIX JIOMIYCTIIMBIX
BXOJURIX JAHHBIX; 2) NMeeTcs  e;uiHCTReHoc — pellenne;
3} pelenme 3agavMu HeUupePHIBHO BABIHCHT OT BNOTIHBIX jali-
neiX, (ManoMy N3MeHeHI BXOJ(HBIX JAHUBIX COOTBETCTBYET
MAJTOe U3MCHEMITC DeLICIIA) — MHEIMI  CHOBAMIf,  3aaud
YCTOIMYHRA,

3agaua mocramiena HeRoppertHo (3aj1ava HeRoppeKTa),
CCJAM ee pemieHine IeyCTOHWIIBO OTHOCHUTEABHO BX(THBIX JTal-
HBIX {MaTOMy I9MEHeHNI0 BXOAHBIX JafHBIX MOIKET COOTBEI~
¢TBOBATH §0bIoe M3MEHPHIE DOIIeHMA).

IIpumepom woppeKTUOH 3aj@dl MOKeT CAY:KMTH Bagada
UHTeIPAPOBAHHA, 4 LPAMEPOM HEKODPEeKTHOH 8ajaTm — 3a-
nada guddepeHOUpPoBatAA,
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IHpuveps. 1. 3agjava naTerpuposanuna [a-
na dysrnua f(z); Hairy uaTerpa

Y [ (z) dx.
0
:
damenny [ wa f m paccmorpum J = g f(@) dr mw pasmocts

8 =J —J = j6fd’r (6] = Tix) — 1 (a )) Oreroga runho,
gro |87 < mdx [8/ {2y ], |8 1<Ce, coan [8/1< e, 1. 6 7

Ht‘l‘lpE'pHBIIO dammm ot {. [last meldnczenua muerpﬂrm J
BOCLUGILIYEMCA KBAIPATYDPHO dopMymoii:

N N
.1 8
Jy= 2 caf (), a>0, Moep==1
k=1 f=sl
TloBTopaa paceykIeNTs, NpUBC/EHNLIE BLITIE, 1mnv11mx
N
8y=JTy—=Tyrs X f'A(?p-h) = \ o OBy
LT }:- 1
N
675 | << X e max |8/x] = max |8kl
LENT JEhgN 154N

Taxuu o0paszom, 3ajlaa BEIVICRENIIA NNTETPaya 1Mo KBampa-
Typaoi GopMyle KOPPeRTHa,

2. Jaxava qupdepeHIIUPOBAINIA Jamqa an-
(pepenuupopantusa yurmun  ulz), Bsamasnoit  npudIiRel-
10, SIBTACTCH  HEROpPPeRTHOHE, B cadosm  jene, NOYCre

~ . R .

w () == ulx) -} - sin N*r, rae N joceratonso veauro. Torga
» merpure £ (ia HEROTOPOY OTPCAKe O (6> n/N*))
unees I18ule =10 —ull = I/N<e upn N = 1/e. s mor-

PEUIHOCTII 3L pOrBOHBIX  8ur' =i’ — 1 = Ncos Nr mueent
180" llc == N = 1/e. Taxuw ofpaszoy, yaaoMmy naseuemiio Ofe)
s € $yrruun wlz)  cooTBeTcTBYer OOJLINOE  M3MeHeHN®
((1/e) » € ee IpaA3BOTHOL.

looroyy sumcnennoe gndupepermuupoBaime TakRe HeROP-
pextHO. Urober maiiTn npubinmeHRHOe 3HauyeHie NPONBBOI-
moft mo diopMyIe pasnocTmoil mpomaRaIuoil ¢ #eroropoli
ToqHOCTEH & > ( TP YCTOBMIL, uTO dyurtma aajana ¢ nor-
peruroeTeio 8; (18] < 8,), meofxounmo BrmoMiese yemonil
corzacoBaHua €, O, u Wwara kb cersu, HaNPUMep, BUA £ =



16 BREACANE

= k¥d, (k=consl>0 me zaBmcnt ot k, 8), mpuues mwmar
CeTKH Orpanuded KAk CHE3Y, TAK U cBepXy. Tarum oOpazoM,
MOCTIZRAMAA TOYHOCTh 4HCIEeHHOUo An(dePeHInposaniy JH-
MHUTHpPYeTCA TOYHOCTBIO 33TalHA CaMoil (yKI[HIL.

B pgauuoil KEHTe MBI paccMaTpiBaeM TOIBRO KOPDCKTHEBIS
3871290 11 KOPPCKTHBIE YHUCICHHLIE METOBl, OPHeATHPOBANHEIS
HA Hcmob3onanue IBM.,

Unenendpte MeTOIH  ;(A0T  HpHOMMKeNIoe  pemIenie
sagavn. JTO 3HAYHT, YTO BMECTO TOSHOTO peileyna i (PyIrs-
HEE M PYUKIIOHAKA) HEROTOPOIH 3a1a9Il MBL HAXOAUM De-
weune y APyroi 3agaun, G4H3K0E B HEHOTOPOM cmbicie (ia-
mpuMep, o MopMe) K HCKOMOMY., Kak ¥sKe YKa3BIBAJIOCK,
OCHOBHAA I(esl BCEX MeT0I0B — JHCRPCTHAAMNA [Id allllPok-
cuMaiHa (3aMeHna, npubauskenie) icxoaBoii sagaan gpyroil
sapazefi, Gomee ymobuoit maa pewenna wa IBM, opmiem
pelienne AMOPOKCHMHPYIOMIEH 3a7adi 3aBUCHT 0T HCROTO-
PLIX DApAMETPOB, YODPABIAS KOTOPHIMH, MORHO OIpPCIENNTE
penrcHue ¢ tpebyeMoi Todnmocrhio. Hamprumep, B 3ajave fime-
HEHIOTO HATETPHPOBALNS TARUMI HApPaMeTPAMI SRIAKNTCA
YalIel U Beca rBagparyproil gopmyabl. [ladee, pewenue muc-
KpeTHOH 3a/JaYH SABASETCA HICMEHTOM KOHETHOMEPIOre [po-
c1paeTBa. OCTAHOBHMCS 11a DTOM OjIpobilee,

PaccyoTpuy, HampnMep, IHCKDETHSALHI IPoCTpalcrBa
H={j(z)} Pyurnuii flz} uempepeiHoro apryvenrta 1€
=la, bl. Ha otpeare ¢ < z < b nBejleM KONMewlioe MHOMKECTRO
Toder o ={z, i=0,1, ..., N, my=a, zx =b, 2, < Z:,}, Ko~
Topoe HadorReM cerkol. Toukn =z OymgeM wmasmBarh yaaanu
cetku w. Ecmmn paccrosnme A= 2;— xiny MERAY COCEUIHMH
ysmaMI TOCTOstHRHG (He aapucHT OT i), Ry =AHh I Beex i=
=1,2,..,, N, 10 cetThy o HasHBAWT pugHoyepnol (¢ wa-
eox h), B mpoTuBiOM Cayiae — HepasHoaepnod. Buecto
dyunumt flr), oupemesennoll mst Beex z < [a, b), Gymem
PaCCMATDHBATE ceTourylo (dyrkyuio y:= fla.) neiouncren-
goro apryyenta { ((=0, 1, ..., N) mam yaia 2, CeTku o,
a H={f(z), z=la, bl} savennw rouvewunoMeprny (pasvep-
woetn N -+ 1) npoctpamcrsom Hy., =1y, 0<i< N} cerou-
HEIX gryukiit, Ouerujno, 4ro cerovuyio Pyuxumo y; = f(z,)
MOKHO DACCMATPHBATE KaK BEKTODP ¥ = (y,, ¥y, ..., Ux).

Moo nposecTn TarKe ANCKPETHIANUI0 I NMPOCTpaHCcTBa
Qyurkoui f(z) Muorux ncpemeuusix, koriga 7= (z,, T, ...
«+. Tp) — TOUKA P-MCPHOTO BRINIOBA TpocTpaHcTBa (p > 1).
Tak, #a nuaockoctn (2, z,) MOKNIO BBECTH CETRY ® = {7, =
= (i,hy, ibhy), i, L=0, £1, £2, ...} Rax MHOXecTRO TOTEK
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i
(y310B) mepecedeHHS e PN IARYIAPHLIX NPAMEIX :cI( v

3:2([2) = dohgy Ry > 0k, >0, 3,0, =0,£1,£2,..., rge ky
1 K — WIarH CCTRH 1O RANPAaBACHUAM I, II Iy COOTHETCTBCI-
no, CeTKa ®, OYCRHIIO, pABHOMCPUA MO Ka/KAOMY I3 IIepe-
MeHLBIX B oTjeannoctit. Bymecto $yurimmm [(x) = f{x,, z,)
{ly/leM paccMaTpuBaTh CeTOUHYH (YHRIUI

= i.lhl’,

Yiyi, = [ (lhhy, fhhy).

Feim ceTRa  CORGPIRUT TONBLKO T Y3lIbI, ROTOPHIE [PHHAM-
Aemar npamoyroasuury (0ssx, <[, 0<z, <1]y), Tax 910
hy=1,/N,, h.=10/N,, 10 cetra umceT KoHeuHoe uHncio NN ==
= (N,+1)(N,+1) ysaos, a npocrpaucto Iy CETOTHHIX
DYHKOUEA ¥i==Y;, .0, ABTACTCA KOHEUIIOMEDITBIM.

Mpr seioly paccMaTpiBaeM TOJILKO KOHETHOMEPHOE I1Po-
CTPRACTRO CeTOYHLIX (ynrupll. Samensg mpocrpadctBo H =
={f(x)} Pynrumit nmenpepuiBHOrC apryMenta M HCXOAHYIO
aagady npoctpauctbom Iy cetouselx yurmumil m IHCKpPeT-
Hoil anmpokcumalmell HCXOTHON 3a4auu, Mhl JOMANB OBITH
yBepeHsl, 4to OyjAeM Iyulle NPHOTHAATHCA K PEIUCHHI0 HC-
XOmHofi 3ejaud Npu YBeIMUeHUM WHcIa yamos. OmeHkKa Ka-
TecTBA IPHOMMKeHMA # BBIGop cuocofa auDPOKCUMAIHH —
T7IaBHAA 3afa4a TEOPHH TUCAEHHLIX METO/OR.

OcuoBuoe cojepsauue HKHHrH B TOM ILTH MU0 cTe-
eI CRABAHO ¢ NPUMENEHUCM PA3HOCTHBIX METOL0R IR pe-
wenua aumddepenManbELIX ypabueidil, Beileany ara raas-
HBIX BOlIpOCa:

— nonyuenne auckpernoi (pasHOCTHOi) aTmPoRCIMAIT
tdepenupanpabix  ypaBueHli u  HeclejoBanile NOMYTa-
IOIXCSI NPH 3TOM PASHOCTHBIX ypuBReui;

— peilieiiie PasvOCTHBIX ypaBhenwii.

Ilpn modydennu ANCKpPeTHON atnlpokcusManiin (pasuocT-
noli cxeMbl) BaKHYK DPOIb Hrpaet obuee TpeSopanue, urolst
PasuOCTHAA CXCMA KaK MOJKHO dytille IpHGausama (yomeTn-
ponana) ocBoBHBIE CBOHCTRA HCXOINOTO nugdeperninaIsHOTO
vpaBHenls. Takue pPasHOCTILIE CXCGMBI  MOJEHO 110J1Y4YaTL,
HanpuMep, IPH 0DOMOIH BAPUALIIOHHBIX [PUHIHIOR 11 HHTeT-
parbmaix coornowennii (ey. rr. 1V). Quenka Toq10CTH Pa3nocT-
MOH CXeMDl CBOJUTCA K II3YHCIUIIQ MOTPEITHOCTH ANIPOKRCH-
Mammi u ycroiluusocrn cxemsl. Mayuenne yerodTiBocTi —
HEeNTPATLHLIE BONPOC TEOPWH THCICHHEIX METOJOB M eMy
yhoeasterest 0OJDINOE BiMMaline B JaHHOH KHHTe. AJTOpHTMEL
OUA CJAOMIBIN 33J1aY MORHO TPeICTABITL KaK IOCIe0Ba~

~
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teannoets (memoury) mpocThix adroputrMop (Mopyieit). Ilo-
aTOMY MIIOTHEe NPHHMINHAJILHbIE BOOPOCH TEOPUR MHCIEHHBIX
MeTO0B MOJKHO BBIACHHATH WA NMPOCTEIX AJNTOPHTMAX.

B raase 1 paccatpusanoTcs ofgHOMEpHLIe (3aBHeANIHE
OT OJIOr0 NEJOUNCIEHIOr0 apryventa) pasnocTDbie ypaBHe-
A, MEl orpaundiiBacMes mayuyeHHeM DadHOCTHEIX ypaBHe-
HUII TepPBOTO H BTOPOTO 1OpsAKoB. Pa3HocTEbIE VDaBHCHIA
Broporo HOPATKA IpejcTaBAAOT co00H cHeTeMy IHHeHHBIX
arrefpanvecKiX YpasHeHHi ¢ TPeXAHATOHAILIION MaTpHIeH.
Jas pelmends KpaeBBIX 3agad JTA STHX YPABIEHHI HPHUMC-
IsIeTCH TAR HaseBaeMulil Metom mporoexkm, B I rmase nambi,
B BUTe COPABOTION0 MaTepHasa, cBefeHHA o0 miInefiunx
OTEPATOPAX B KONEIHOMEDHOM NpocTpaHcrse, D jgarnmeil-
eM  lece/y10Tcs CBOHCTBA pPABHOCTIRIX OHCPATOPOR Kak
TMueHnBIX ONepaTopoB B KOEETHOMEDHOM HPOCTPAIICTBE €O
CRANAPMBIM Tpoussejlentiey, ITpd aroM NCHOML3YeTCA IIPo-
cTeflumi MareMaTHYecKHH ammapat — (Jopay.asl PasIocTIO-
ro aud)@epeHnIIpOBALTA NPOISBC @I I CYANMIPOBAHIA J10
TACTAM,

Bo Bropoli raasc mararaeTcA 1PAgUIUIOHNMI  Mareprian
ULCHENHOIY AFATIZAD IHTCPNONIHIA, cPegHERBAIPATIN LS
ANMPORCIIMANNA II TICICHIIOE NHTeTPHPOBALLIE.

IIpn aunmporemyannn urbdepenuymaiuubiy,  ypasnenil
Ha CeTKe TOIYTAIOTCA DAANOCTILIC YPABHENIA, NPeACTABIA-
wiHe co0oll crereMy AuUEHUHX agrefpaudecrix ypannenni
BHICOKOro Tnopagra {pavioro wiuely VyaIJos ceTRI) €O cIe-
HITATLITOH (paape;r:enuﬂii, T. C. NMEIOMEIl MITOTO HYICBBIX
amevenron) wMarpimel. [poereitmuit npusep Taroil sarpu-
OB — TPeXIATOHAILIAS MATPUIA — OLUT YRA3aH RLe.

B vmase 11T namararores wuemeninme MeTojnl penienis
cueTeM MuieffENX adredpauteciuy ypaBHeunil

N
Sagpd =1, i=1,2...X, (1)

KOTOpLIE MO/KHO BaTICath B MaTpiuiod Hopie
—_— N
du={, %))

roe A = (ay) — wBagpaTHAs MarTpni(a paz\[epa NXN, n=
N
= (u', u,..,u)——ncm\xbm Bertop, [= ],j,..,[)
.iﬂ,‘;(aHHLIH BeKTOP {mpaBas 4acTe).
s pewmeund cHeTeM ypaBHeuui NPIMERANTCA NpAMbe
I UTepanuoHHbIe MEeTOREL



BBEIEHUE 19

B § 2 ra. 1II paccmarpupaoTess Mero; HeKXogenma la-
yeea O MeTo[ KBajparuore KOpud -— OpAMbie MeTojbi, Tpe-
Sywmne jwig  pemenan  cncrems O(N?) apmPuerudecrux
aeficTemi.

ITpy usyvennm uwrTCpanuoNHLIX MeTONOB CHETCMY JiHefi-
ULIX anredpauvecknx ypanhennil (2) ynoSuo TpakTopars Rak
onepaTOpHOE ypaBHEHIC NePBOTO pojla ¢ oOeparopoy, aei-
erpyloununt 3 N-mepnov npoctpanctse Hy (A My~ Hy),
u, f& Hy, U106l no/MepRuY¥TH ORBIBAICHTIOCT: MATPHINOIL
H onepatopHoii (opM 3mirich, GymeM MaTpumoy M cooTBeT-
CTBYWIUMIA OnepaTop 0003BAYATE 0IHOI U Tol ke Gyknoi A.

IIpr maxoimennn reopun HTEPAIGIOMIBY MeToNoB {(oqHO-
WIArOBBIX FUIN ABYXCIONILIX) BAKIYI POAL UTPAET Kanio-
nmueckag Qopsa HTEpalIIon o cxXeMpl

Ypoqy— Yy .
SR T Ay =1, L —=0,1,... aas seex yy = Hy,y

()

1h':'1

rae A4, B: [[x - Hy, {7} — wrepaimonibie napaMerpsl.

Bewogy upeanodaraercs, 10 oueparop A caMocoupsisRen
1 nonomiteasso onpegenen (A =A¥>0). Jorasana obimas
reopeMa 0 CXOAHMOCTI CTANUONAPHOIO MeToga ¢ Ty =T=
= const. JlocraTountiM yeuoBueM CXOTUMOCTH SBASETCS He-
PaBeHeTno :

By, y) > lz (Ay,y) nas seex ye I, (4)

riie B B* — Boolle rosops, HecaMocoupsadiendbil onepa-
rop. Orciofa ciaeiyer €XOAnMOCTL METoj)d IpocToil nrepa-
I, MeTosa Seitieds, MeToja HepXueil pejarcauu.

Fcan nspectin Tarne iocrofuuwe Y >0, ¥.>y, 410

v, (Be, 2) < (e, 2) < v(Be, 2) maa veex xe 1y, (3)

rpe B=B*>0, 10 Moo ualiTit ouTuMaibabeiil debpimien-

. *
cKnil HAGOp TMapaMeIpos (Txl, 1P KOTOPHIX BHUHCIHTEN-
WBIE TIpomecc YCTOMwuD II GeaaBoCcTe.

PaceMaTpHBAeTCH — YHUBePCALBHbIE  [(TONEPEMeHHO-Tpe-

. “«
Yrognlibill Meto)y ¢ I-l'd60p()M {Tk} I ONCPUTOPOM

B=D+ wd DD+ wd,), (6)

rge D=D*>0, A] = A,, A, +- A, = 4, wmarpamer 4, u
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A, — rpeyronsisie. [loxyiera dopuyna aad mapaMerpa o.
AnropuT™ mus HTOTO MeTofa OUeHEH Ipocrod. Belomy mpHBO-
maaTea (opMyNbL UIA HHCAa nTepauuil, WpH KOTOPHIX HOCTU-
raercAa TpebyeMaa Tounocrs. Cpapiele PazmnuHBIX METOROB
[IpOBeARHO Ha MOMENBYOT 3amaue JULI PAgHoCTIoro ypapue-
HHEA BTOPOrO TOPANKA Yi— —21}‘+J‘H=—h fy i=1, 2, ..,
cen N—1, Yo =Yn = 0, h=1/N, comnercmvzomcro Kpae-
Boil 3ajave u” (z) =—f(2)(0<=z < 1), u(0) =ul1) =0, 3ro
ypaBHeHme eCTh ONNOMeDUEIH aiajior ypapmesms Jlannaca.
Tak KAk 9HCI0 HTEpPAIid UPAKTHICCKY He BaBICHT OT IHCIA
H3MepPennid, TO NPH CDUBHEHHH MOMLO OTPANUMKTBCA BTOMH
omuomepoii sagadedt. Iomepemenuo rTpeyromnubii MeToR

Tpebyer O (_V_— In ~1—) urepauuii, e ¢ >0 — sajaEnan

TOTNOCTD.

3aMern™, uro B riase I1I ¢ moMomblo mpocteiimiux ma-
TEMATMIECKHX CcPeficTR (DAKTHTECKH H3JI0/KeNna A0CTATOIHO
monHaA obUIAA TEOPH:l WTEPAlHONIBIX  METOMOB peInenns
ypasuenna Au=f (4 = A4*>0),

OCHOBTIBIE‘ IronATUA TCOPMN Pa3ioCTHRIX CXeM! HOPPBIH-
HOCTH  ANMpOKCHMAI(NM,  YCTOHTIMBOCTH,  CXOHMOCTE H
TOUHOCTH HBJATAIOTCA I1a IPUMepax KPAaeRkIX 3aj1ad M 3afa-
7u Homm pus obsikzosenunx auddepenrnalbHEX ypaBHe-
it (rr. IV o r. V). B nmage [V nayuaoTes TpextoucTnsie
pasHOCTHRIE cxeMbl I 06bIknoBennoro jiuddeperiinaibHOro
YPABHEHUA BTOPOTO TOPAAKA

'&"i:("(x)%)“ @Wu=—~j@), 0<z<l,
u0) =u;, u()=u, k(@>0 g@>=0. (7

Hecmemosalsl BOIpochl 0 CROPOCTH CXOAHMOCTE (0 MOPsmKe
TOYHOCTH) ONIIOPONHEX PaJHOCTHHIX cXeM Ha HepPaBHoMep-
HBIX CeTKaX M JiIf ¢IydYas pasphBHEIX KoadPuumenTor. JTo
m0TpefoBaNo MOMyUelaA BECcbMa TOMKHX AUPUHOPHLIX OIUENOK,
BEIDAKAIMNY YCTOHIABOCTS  PA3HOCTHOH ¢XeMBI MO 1paBoit
YacTi.

Lo momydyelnHsa pasHOCTHBIX CXeM MOTYT OLITH MCIIOIb-
30PaHHEl  PA3NIHUHBIEe MOTONH — UITErDOIMIITEPUOIATMONHEIE
MeTof, MeTOf aNnNpPOKCHMAUHH KBagpaTtuiyoro PyHKmuoHANA,
metojsi Purma m laneprmna (§ 5, ra. 1V),

Ina pemeuns safaunm Rolim pas  ypaBHeHAA IePBOTO
OOPALKa

L= ftw, >0, u(0) =1y ®)
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npeMensTea Metogk Pymrre — Kyrra m AmaMca, mamoskes-
HEI¢ B rIaBe V, JTH MeTOIW UPUMEHUMBI H IA CHCTEMBI
¥paBmeHUH, Korjga f, 4 — BeRTOPH,

Oco6oe Mecto B riaBe V sannmMaet aajata Koum pas
CHCTeMBI NTHOEHHBIX YpaBHeHul

%-—IFA“::]((”, >0, u(0) =y, (9)

rpe A =(a,)— wBagparmaa wmarpuma N XN, ult) = (',
wooo, uwt), =/, £, ..., [¥) — BexTop-pynKmuA pas-
MepHocTH N,

Taras a3agaua, B 4aCTHOCTH, BO3HHKACT, ecIH B ypaBle-
HEH TeNI0HEDOBOAIOCTH

u a2 #u
t :Au+f("r’ t)‘ Au: 2+ P
a

2 4
1 O,

QB

z = (2, 75 (10)

(1)

3aMEHNTL omepaTop olamnaca Ay cOOTBETCTBYIOIIHMM PasnOCT-

HBIM ounepatopoM. Torga (9) MomuO TpakTOBAThL KAK METOR

UpAMBX AIA ypapnehus temtonpoognocta (10). Hemonbaya

LA pellleHUA ITOH 3aJAaTH KaKYW-THOO OTHONIAroByK cxe-

MY, MBI TIDHXOXIM K JBYXCIOHHOH OHePATOPHO-PASHOCTHON

&)xeMe 0011ero BEJA, KOTOPAS 3aNIChIBACTCH D KAHOHAYECKOH
opMe

U1 — U
B———— 4 Ayp =, k=0,1,..., aam ncex y,= Hy,

(11)

rie A, B: Hy— Ily — quneitnsle omiepaTopsl, T — war cef-
KH 1o ¢,

Ilm:aaarm,'q'ro HBO&\'OZ[HMOB H J0CTATOYHOE YCJIOBIIB yc-
TOHIHBOCTH CXEMBI HMEeT B

B> -21.»'1 i (Br,z) > —;-{AI, 2)gan mobux z = Hy. (12)

ATo — OCHOBHAA TeopeMa oO0Leil TeoplH ycTOHYHBOCTH OmHe-
‘patoprio-pasHocTHEBIx cxeM {ep. A. A. Camapckmii «Teopua
PajHOCTUBIX CXeM»), IpHUrofHEad ATA HCCHeJOBAHUA ycTOHIH-
BOCTH pa3MOCTHBIX CcXeM [N YPAaBHeHHA ¢ YacTHBIMH IpoO-
H3BOAHBIME MaTeMarmueckoit @usuku (em. ra. VII). Daxru-
9ecKH, B § 4 HMAn0sReHB! 0CHOBH ofiedl TeopER yCeTOHTHROCTH
Pa3HOCTIIBIX CXCM, BRAKYAA H ACHUMINTOTHYLLRYIO yCTOﬁ‘{H'
BOCTD.
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Ceegenna, monyuenusie B Tuanax 11—V,  mosBongior
Ges Tpyna OEpeliTH K MAYYENNI0 TeOpUN pPasmoCTHEIX Mero-
LOT pelleriis ypasieillil B YacTHLIX NPomsBomibix. I3 raanc
VI Taxoe mayvuernme NpOBeNello JIIA PalNOCTIHIX cXeM, ail-
HpoRCIMAPYIONINX ypanmenie Ilyaccoda n  OIMHOTHICCRIE
ypaBuenus B NPAMOYTOALUILKE ¢ KPacBbIMH YCAOBHAMO Nep-
BOTO pojia. JReCh PaccMoTPennt Kak BOIPOCHI CXOTIMOCTH,
TAK W METOJ(El pelleHUs PA3NOCTHLIX ypaBrnemmii.

Hamuaue ofmeit recopun yeToilumnOCTR ADYXCIOMHIIX paa-
BOCTHBIX c¢xeM (ri. V) yOpolaeT HAA0YKEINe PasiloCTIBIX
METOXOB [IA YPARUEHIIA TE(OIPOBOJHOCTI C TIOCTOAIHBIMI
n nepeMenunImMu roaddumrnentamn, nposegenmoe b riasve VII
S/ech PAacCMATPHRAIOTCA TAK:IKe DKONOMHYELIe cxeMnl (mepe-
MeHHNX NAnpanlieHilif, pacuielifieHss H T. I.) JUIA MHOLO-
MepHHX 3ajav, a Takie OOMImH Ipmurpnt cyMMaproil am-
TPOKCAMATIAH, KOTOPHIH T03BOAAET NPOBOJMTH paclieielne
CIORHLIX 3alad HA NOCHENouaTedbHOCTH (ojice FIPOCTHX W
CYN[ECTBEITHO YUPOUIATL PEIIeHNe MHOTOMEpPNEIX 3afad MaTe-
MarHdeckofl usnKy,

Ciregyer OTMETHTB, UTO OCIIOBIIOE COBPIKAMNE KIINTH H3-
JaraetcA ¢ efgunoii Touxm speunsa. IimuHCTBO MocTHraercs
34 cgeT TPAKTOBKH DA3LOCTHLIX ¢XeM KiK OLEPATOPHBIX MU
OITePATOPHO-PA3HOCTIEIX yPaBIeH{ ¢ oIeparopaMu, MeicTBY-
I0U(HMHE B KONETHOMEPHOM TIPOCTPATICTNe €0 CRAIAPILIM TPO-
usbegenneM. [Ipy HOcTpoeHUM TEOPMH HTEPANMORUBIX MeTO-
OB U TEOPHH YCTOYMBOCTH PABIOCTITHIX CXCM HCIOJNB3YIOTCH
upocrefimue croiictpa omeparopon (MATPHI): 3UAKOOIIpeje-
JeHHOCTh, CaMOCOTPIReHHOCTh, HEKOTODPHe CBOUCTBA coOCT-
BenHBIX BHAUeHHH H cOBCTBeHHBIX BEKTODOD; MKAKKX Opem-
TONOEeHHN 0 CTPYKTIYPe ONCPATOPOB IIPH 9TOM e JleSaeTCH.
Bee yemoBna TeOopHH OKA3aNKCh OUEHDb YNOOHBIMHE As IIPO-
BePRE B CJIy7ap KOIDKPETHLIX Pas3HOCTHHIX cxeM. Martepman
rnas VI m VII MosxeT cayEuTh ocmoBoil fyiA msydenns Gomee
moaHo# Teopnw mo wHuram [6, 9],



Tnasa I
PA3IIOCTHBIE YPABHEHIIA

I3 oroit raase nayvarorest ceTounple QYUK OeXOUNCIOT-
1OTO apryMefiTa 11 PasnocTUble Ypapnennsd BioDOro mopajka.
Hanaraercs mpoetelinmii MaremaTtnvyeckIil anmnapart mis n3y-
YeHTsi ceToulblX (DYyDKIUI o PasmOCTHRIX olepartopoB. Jlns
PEWeIA PasNoCTHRIX yPaBlelllil BTOPOTO MopAAKa HpHMe-
HACTCHA METOT IICRAIOUCHITA, RA3ILIBAE MBI METOTIOM IIPOI‘OHI{II.

§ 1. Cerounme ¢pynrmmn

1. Cerounipie pyuruwizn n jeiierpna max HaMin, Kaw yike
VHOMHHAN0Ch, B APNOIHAEUNBIX MCTOZAX OOHYHO (PYNKIMIL
HCHPEPBIBHOrO apryMenra 3aMensloTe QYNRUHIMA TUCKPeT-
noro aprymenta — cerounbmMu Qyuwnuamn, Cerounyio Pyuk-
YUK MOEKHO pacc.ua'rpuna'rb Rak ({)}-’I[I{HI'IEO HeJOUYHCTCHHOTO
apryMenirta:

yidy=y, i=0 %1, £2 ...

Jlas y(i) MouiHO BBECTI OTCpALMH, ABISIONINECH TICKPETITHIM
(pasmocrnsiM) awrasiorom oliepaunit guddepeRnnposang u
MHTETPHPOBAHUL.

AHAN0roy 1epBoil Opoi3BoIHOI ABMAKTCA PARIOCTI Rep -
6020 nROpAdEa:

AYi = lYi+1 — Yi — npasas pasnocts;
Vyi = Yi— Yi—p — 16603 p(l.?HOL‘Tb;

1
by, = -i— (Ayi +vy) = 5 Wi — Vi 1) —

YERTPAALHAR PAIHACTL,

NPIL ATOM JIerKO 3aMCTHTH, 9T0 Ay, =V Yit1.
Jlagee MoKHO HAONCaTh PASHOCTH €70p020 ROPROKA:

i\zy;‘ = A(AyJ = A(yiul - y.) = Yiio 2yi+1 + Yi
AVy; = A(y; - yi—i) = {Yfiey— !ls) - (y; - ym) =

= Yoy — 2Yi T Yiny,
TAK 4TQ
A’y = AV i
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AuaTOTHIHO onpeNe/seTca pasBocTe m-20 nopadka:
Amy‘ _— A(Am—iyi)’

COMeIRAINAS BHATSHIA Ifi, Yirty « o+ o Yi+m, OIEBHAHO, TTO

EI Ay; = Yiyr — Un _Z:;¢Vyj= ¥i— Yr—1-
Ge=

i==h

2. Pasnoctreie amaaornm gopmyn nudpepennupopanig
Npon3BeieHHA W WHTerpnposanna no vacram. llyers y, v, —
OPOU3BOIbHEE (PYHRINH teTouucienioro aprymenra. Torpa
CUpaBemiuBb POPMY.ILL

A(yﬂ»’a). = yAvi t v A= yosAv vy, (1)
Vi) =y vu T iy pe= 19 v+ Uim Vi (2)
ROTOPHe TpoBepAITCA HemocpeaeTnento, Hanpunep,

A(Jiv{) Yip1lipr — YiV4
YAy + vp,,Ay,- = y.-(v,-ﬂ —-v)+ lr7:+1(y(+1 — y.) =
= YoV — Wit = Ay,
IIpu meBoje hopmynsl g V(yr,) fiocTarouno ygecrs, T10
\v) (yivi) == A(y(_iv.--l).
Oopuyunt (1), (2) npencrapasior cofoll anamzora ti]opwy-

TR nu(i)(bepeﬁunposaﬂﬂﬂ npoussenennn (y(xjviz)) = yv’ +
+ vy’
AnanoroM QOpMYIR MHTErpupoBAHHA IO YaCTSIM SIBIS-
erca $opMyIa cCyMMHPOBAHKA To 9aCTAM:
N—1 :v
Z Wb = — 2 vy i - @)y — W, (3)

KOTOPYIO 3aLCHBAIOT TaK/Ke B RHJe

N—1 N—
2;1 Yyillvy = — Z ViVl + UV — Yoy (%)
-

Jliag Beinosia q)opmyslm (3) eocmombayemesa gopmyaoii (1);
MeeM

pAv = A(yivi) — ViAy = Alywd — Vip1 V ity
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HOCKOMBRY Ay, =V ¥:;1; OTCONA LOTYYaEM
N-1 R
A_l yidey + A.l Vivii =

N—-1 N—

= %A(ytv E Vi1 Vit - E viYY; =

1:0

= YNUN — Yolg — 21 v Vyi - 21 viVyi = (Y0)y — (Yv)y
= i=

N-1 N

Eenn y0=0, yn =0, 10 Z yidv; = — 2 iVl

=0 ==
Qopmyny cyMMHPOBANAA [0 YACTAM Mo;hno HCIIOTB3O0~
BATH ;UIA BBIUHCJETHA CYMM,

N
IIpuvepn. 1. Buumeruts cymMmy Sy = 2 i2", 1loxo-
i=1
SRUM Uy =i, Gy =2, TaK 4to
i
Vi=yiat 2 =y + X2 =y 42 -2
j==1

Botbepem y,=2—2%* torga yy=0. Tax rax v, =0,
Avi=1, to na (3) cnenye'r

N N—-1
Sy = 1_2l viVy= — Z YiAv; = — Z Yi=
= e N 2‘ 21+1 A"2N+1 — (2N+1 . 2),
=0
Tak aT0 Sy = (N — 125+ + 2.
N N—1

2. Bpruuennts Sy = 2, t(i—1) = 2 (i + 1). TTonosmnm

(=i yv;=i+ 1. Torpa 11+1—t + (i + 1)—v1+(2+%+
+(L-I—1))==(v1—1)+(z+1)(1+2)/2. v-mv,—l-l—zx
X (i + 1)/2. Bufepem v, uz yemorus vy=0, 1. &. v, =1—
— NN +1)/2. Upumenas dopmyny (3) u yuurmbas, uTo
Yo=0, vy =0, yy;: =1, naxonam
N—1 N-1

Sy= 2 i(+ ZJAW*“‘“ZU*:V%——ZTH:
=1 =0 =1 =1
== ~1)(v1—~1>—~—2 (1) =

(N —1O) NN+
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1

ra uro Sy == o (V= NV 1), Orcwopa caenyer, uio

N

P2 e V= Sy i
f=]

<

NN )
5 ;

§ 2. Pasuoernnie ypannenus

1. PasnocTHmie ypasHeHIuL JlHEeiii0e ypasiele OTHO-
cuteasio eerounoll pynxnma y, = yli) (=0, =1, 2, ...)

a Dy +a.@yli+ D+ Faddyli+m)= /G, (1

rae a (i) (k=0,1, ..., m), /(i) — 3agaminie cerounsle Pyun-
i, (1) 70, an(i) 7 0, naspiBaeTca AUHeUHLLE PASHOCTHDLNL
ypasuenuen m-ro nopaska. Ouo cogepiiut m + 1 swavenni
dynrunmn yli).

TMomusyses dopMyaamMu o pasumocteit  Ays, A’yy ...
eony AT MOKTIO BRIPABHTL BUAMCHUA Yivt, Yivzs «oey Ymit
Yepes y, M YKA3RWNME PAHOCTI: Yy = ¥ T Ay, Yo =
=A%y, + 2y, — ¥i= ANy +2Ay:+y: w1, . B pesyanravte
u3 (1) modyunv DOBYI 3AUIChL PA3noCTHO20 YPAGHENUL M-TO
DOPANKA:

oDy, o DAy, + ... FanldAmy: = fi),
i=0, =1 %2, ... (2

(ueM 1 OOBACHACTCA TEPMOH «Pa3nwociHoe ypannewnie»). Eec-
. KOAPPUIMCITBL dgy A4y o .y Qn HE 3ARUCAT OT 4, €70 1t
@» 70, To (1) nasmBaercsa THNENHBIM Pa3lNOCTILIM YDABHC-
HMEM M-To TIOPAZRA ¢ ROCTOANHBIMY Koddfuruenrau.

Ipn m =1 n3 (1) noayyaes pasuocTive ypasHeHRLC REp-
6020 nOpARdKae

@Dyt a(Dyiy =), ald#+0, afli)#0, (3)
npun m= 2 Pas3InocTioe  ypanIiciiiie aTopoeo ]10[)}'(0}3(1
ﬂvo(é)yi+a|(i)yi+1+a1(i)yi.|.z="f(i), au(” 7‘:0, ﬂg(i) :’éo.

Mer ovpanguuMcd H3ydenueM PagHOCTHBIX yPaBHemwii
NMepBoro I BTOPOTG TOPHTKOB.

2. ¥YpacucHua nepeoro nopAaKa. PacenorpriM pasHoctiioc
ypaenenite nepsoro nopajka (3). Ilogeravanaa yi.y = yi + Ay,
TOAYIIM

Eo(i)y,+a1(l)Ay.=f(i), i, =aa+ a,,
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Mpocrefiumivu mpmMepani PA3HOCTHRIX YpaBHeHHH mep-
BOrO HOPANIta MOTYT CIV:KITE YPaBHEHAR A TIEHOB aphQ-
METHYeCROH DPOTPECCHM Yiyy = Y: T+ d 1 reoMeTpudecKoil mpor-
PECCHH Yiyy = GYs

Sannmem ypasmentre (3) n vije

yf+1“q,y,-+qn, {4
rne gi= —a,(i)/a,(D), ;= f(i)/a,{i). Orcwga BngHo, TTO
pemenne y(i) ompeeyeno OAMO3HATN0 OPH § > f), eCIH 3ana-
1o snavenne yli). [Myers upu i =0 zazano y, = y(0). Torga
MOMKIIO OUPENeTHTE Yy, Ysy +-vs Ui ... LIOCICIOBATENLHO INC-
RIOYAA Y1y, Yio1y « -+ Yy N0 Gopmyne (4), momyuim
Yirr = Qi1 oo« Gofo + @i+ @iy T qugiapiz F L

B T PR A

—1 i
Y = (II gh) bt 3 ( 11 qs) T )

lr—o =k 41 /

LTI

[as ypasnerus ¢ nmocronurnniM loddiuiiiesToM ¢; =g OT-
CIOfla MoIyuacM

yil—1=q ZQ ﬂ(Pk’ v=U, 1, 2, + .1y (6)

T. €. peflieHme pasNiOCTIOTO ypaBmenna (4) ¢ HOCTOAITHBIMHU
koapummentamm.

3. Hepapencra mepsoro mopsagka., Eeim B BoIpaseHAAX
rana (1) nin (2) 3HAK paBeHCTBA 3aMEHHThL AHAKAME Hepa-
BeHeTBa <, >, <, 2, TO NONYYUM PA3HOCTHLIE HEPAEEHCTEA
m-ro nopaaka. [Tyers pano pasioctiioe nepaBencTso nepsoro
TIOpAMKa

Y <gquitf, 1=0,1,2 .., ¢=0; (7)

me orpanmduBag obMuocTw, faiee Bcerga cuntaem g = ()
(0, q, f: mavecraer), Halimem ero pemesue. llycrn »; — pe-
urenne pasmocTHOr0 ypapHeHHs

vep=qut i, =0, 1, ..., vi=1. (8)
Torma cupasefIuBa OIEITKA
Yi < Uy (9
B camom pmexe, serunTas (8) ms (7), maxomum
Vi — i SO — ) < Wiy — i) 5
A i:\ qi“ (.yo - Uo) = 0
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[logcraBue B (9) aABuoe Bulpamenne JIA v;, NOTYYAM

qyo Eq _,‘ kz i=0_11.v,2:.‘"‘f (10)

— pemenue mepasencTsa (7).

4. YpasHeHu¢ BTOPOro MOPAJKA ¢ NOCTONHHBIMEH Koa(dn-
mueATaMi, PaccyMoTpuUM pa3HOCTHOE ypasilelie BTOPOTO 110-
PALKA .

by —cyitay— =/, i=01, ..., a+0, b+*0, (11)

roapduumenrsr Kotoporo ue zapmcAr or i Beam fi=0, 10
VpaBu¢HHe

byi+1_cyg+ayi—g=0, l=0, 1, ey (12)

Ha3uBaeTcA 00nopodnuim., Ero pemenme moyker ObITh Hal-
LEHO B HBIIOM BHIe.

IMycrtes §j, — pemenne opnopommoro ypasmemun (12),
¥ — karoe-un6o pewreniie HEOHOPOHOTO ypanuCHIss (11,

Torma mx cyMMa ¥i== y; -+ Ji TakKe ABIAETCA pelIeHHUEM
HEOJHOPOHOTO YPaBIeHHS:

- * - * - L
b(yim +yi) — e @i+ y7) F a (i visa) =
- - — i * * »
= [byips — c¥i -+ ayioy | + [bylo ~ eyl - ayiny] = fi
J10 cBOMCTBO — ciIejcTRie aHNeltHocT ypasuenus (11); omo
COoXpaHfeT CILIY JJIA pasnocTuoro ypasuenna (1) mio6oro mo-
panxa. Odepnano, 9T0 eIl §; ABAACTCA DellelNeM OANOPO.-

Horo ypaBuenna (12), To u cji, rae ¢ — upouspoALIAs TIOCTO
AHHAA, TAKGKE Y,I(OI!JTOTBOPHET 9TOMY YDPaBHEHIO.

1
IMyers 1 u yi¥ — 1pa pemenns ypasmesmsa (12). O
HABBIBAIOTCA AUNEUHO HE3A6UCUMBLMU, @CIN PABEHCTBO

ey Fey =0, i=0,1,2,...,

BO3SMOI{IO TOALKO I1IDH € =Cg’~=0. 970 9KBUBAIEHTHO TpeﬁO-
BAHHIO, ITO ONpeaenuTelnL CHCTEeMb

et + Czym =0,
eoytim + Cth—m =0, m==+1,+£2,...,

OTIUYeH OT HYAA IS Beex i, m. B gacrnocr,

FIVENC)

3 i

B =] 0 @ 0.
i+1 i1
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4

Tax nie, Kak u B Teopnu auddepeHNUATILHEIX yPaBHeHHH,

MOKIIO BBeCTH HOHATHE 06Wee0 peuleRud PA3BOCTHOTO YPAaB-

)3 2 a
nerusa (12) u mokasars, 910 ecaum pemenus v, ¥ nmmeit-
HO HEe3ABUCHMH, To oluiee pemenue ypasHenma (12) uMmeer

BHJ,
] ¥
¥i = eyl +et®,

rge ¢ ¥ ¢~ IPOM3BOJbHbIe mocToAHHbIe, Oflee pelmeHNe
HeogHopogHoro ypasaenma (11) Moo mpeicTaBuTL B BHIE

yi = ey + oy + yi, (13)

re Yi —kakoe-tnGo (wactmoe) permemme ypapmerma (11).
Jlna ompemedeHuA ¢, it ¢, Kaxk 0 B caydae audiepenuainb-
nulX ypaBHeHHui, HAj0 3a7aTh JOMOJHITENBHEE YCIOBHA —
HavaJdbHBIE 1M KpaeBble.

TactHoe pemenue ypasmenna (12) Moswuo nafitd B sB-
noM Bmpe. DymeM mckath cro B Bulle §i = ¢', rae ¢ 0 — He-
u3BecTHOe TOKa wHicao. [locme wopctanoBka y,=q" B (12)
NMOJYYHM KpajpaTioe ypaBHeHHe bg® — cq -+ a =0, mMemnliee

KOpIH
e ch — 4ab €= Vc2 — 4ab
n= % O %

A

B saBucHMocTH 0T sHadeunii Juckpusmmmaumta D =
= ¢’ — 4ab BO3MOKHBI TPH caydas:

1) D=c*—4ab>0. Ropuu g, u ¢, felicTBATENALHB I
pastuaHsl, VM COOTBETCTBYIOT YacTHHIE pelleilnd

(1 3 (2) B,
W' =g Yn = g2
3TH pelleHns JNOHe#iHo HE3aBUCIMEI, TAK KaK OTIANYeH OT
HYIA OIpejeuTeNb:

R h+1
1 %
h +1
2 9

Ay = = qigk (g — g,) #£ 0.

Jametum, ut0 ¢, 70 n ¢, %0, nuate a=0 u ypasmenue
{12) me spuseTest PasNOCTILIM YPABIEHIEM BTODOFO HODALKA.
Obutee peutenne ypasuennsa (12) umeer nugg

Yk = cyq} + o0 (15)

2) D=c*—/4ab <0. Rmagparuoe ypaBHEHHC IMEET KOM-
IERCHO-CONPAHEEHHBIe KOPUIL

_ i ViD] ¢~ i V[D]
ql—*"—Tb_s g = 7b s
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rae [~ MUAMasg eAMARNA. JTH KOpNH yA00HO [peJcTABHTH B

BHUNE -
ViD]
s

. ] T
= .pe"&‘, g = pe~'9  p == }/ T P = arctg
JacTupiMin peitenHANMN ABAAOTCA U TOMLKO (PYHEKRIIT
g; = pre™® — p* (cos ko + i sin ko),
h i .
q: = ple™ %% = p" (cos kg — isiD k),
o u PyHKIAN
n » X 2 por
yi = pteos kg, y = p'sinke,

KOTOPHIE JIMHeRHO He3lapUCHMBEL B CHAY JuHEeHAnoH HesaBHCH-
voetr Qyurmuir sinke u cos kg, Ofmee pemenne umeer
BIL

yr = p*les cos kg + ¢, sin k). (16)

3) D=c*—40b=0. Kopry peHcTBUTCNLIE W paBHEL:
¢1=¢,=1c/{2b) = q,, Jluneiino ue3ABUCHMHMMHO ABIAIOTCH
DeIICTIH A

w =g, v = kqp. (17)
Moxamew, wro Jh ecTh perdensie ypapuenng (12):
byihi— ey a2y = b (k + 1) g6t — chgh + atk —~ 1) g3 7=
=k (bgy" — cqy + agy ') - (bgs — @) gp =

2
, D
Tak  EKak bgy—a=>5 4—;; —a=—— =0 Iocxonbry
h
do Aq P AR
Awpyy = e U»0+ e = 20, 1o pemenna (17)

TuHeAn0 He3aBHCHMEI, B ofljee pemieHHe uMeeT BUJ
1] R :
Yr = €3G0 -1 Cokdo-

5. Mpumepsr. PaccMoTpEM HPHMEPE PCOICHAEA Das3noct-
uRX ypapmenmil Broporo mopsapka (11).
1. Haiitu ofmee peiienue ypaBuedna ‘
Ynps = 2P+ Ums =0, a=b=1 ¢=2p>0.
Boamosknm tpu cayaas. 1) p<<1. Homomum p==cos«;
rorpa D =4{cos’a — 1) == — 4sin @ < (. YacTHble pelleBHns
AMeIoT BHT ’

yit = coska, pi¥ = sin ko.
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2) p>1. lloaaran p=cheg, noayuuw maa ¢ KBampai-
noe ypasmeuie ¢°—2chag+1=0; ero juckpmumant pa-
pern D =4{ch'a—1)=4sh’a, a Kopunm uMewT BHE ¢, .=
= ch o £ sh o = e*%, HacTnaMI pelmenusyMu IBIA0TCH PYUK-
LI

yfl” = c¢h Le, yff) = sh kc.

3) p=1. B orom c.nyrme —2¢+1=0, q,, ,=1, qacrt-
HEIe PEIIeHHT EMCIOT B =1, y2 =k a ofmee pere-
HOE MMEeeT BM(

U= ¢4 + Czk.
2. Hal‘r’ITH peuresine ypaBHeHHS
Ynrz — Yss — 24 =0,

Hucxprsunant pasen D=1+ 8 =0, ropraMu Oyayr ¢.=
={1=x3)/2, qo=2, qo=—1. Obmee pemenme HMeeT BHJ

yn = ;2% + co(— DA,

3. Haiitu ofuiee penienue ypanHeHHS
Yt —yk—Gya-j = 2, 18

O6imnee pelleinite HEOHOPO/LIOTO Y PARHCINIL €CTD CYMMa Y =
=Yp +Yr obmero pelneHnsa i, ONHOPOIIOre YPaBUENHA H
L3

YacTHOTO DemIeHMsI Yn HeOJHOPOAHOro ypaBHeHna. Haidpem
cHaYala o0Iee permenyie 0JHOPOTHOr0 yparuesuda, [[uckpuvu-
pauT papen D =1+24=25>0, w wxopum HKBajpaTHOro
ypaBHEeHIL q —g—6=0 papmn q1—3 qz—-.? TAK YTO
gV = 3“ y? = (— 2. Yacrnoe penrenue Uk ov;:e\f HCKATE
B BO;e ¥n = c2%, 1 ¢ = const. HoacTanaas ys = c2* 5 (18),
mosyunm e(2M — 2% — 6.2 1) = ¢ 22N — 4) = 2" e =— 1.
OGmee pemenue ypasaenna (18) mueer Bug

Yo =20+ 3+ e~ 2)* —

6. PaznocTHoe ypaBHEeHMe BTOPOrO NOPHAJKA ¢ IEPEeMEH-
gpivMu xodpPunmentamiu. 3amawa Homm w wpaemas sanava.
Pacemorpim Temeps paaHOCTHOe ypaBHEHHE ¢ UEPEMEHHBIME
koaddunmeETaME

biyi+1—Ciy¢+aiy;‘_|=[ﬁ aﬁéo, b,‘*o, i=0, 1, 2, nea

(19)
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Tar xak b:7 0, 10 us {19) momywaey cIegyiollee peRyppeHT-
HOe COOTHOIIEHTE:
Yy~ Ay -

Yipy = 7 , b0 (20)

i

BHIDasuM yi.q It Yi-, T€pes y, M pasnocTn 1epuoro u BTOPOro
nopsjikon. Torma ypasnenue (19) nmepennimetca n sH;1e

Avyi-i'(bi_ai)Ayi_(ci_ai_bi)yi=fia a;7#0, b:+0.

Pemense pazHocTOOro YPABNEHHA IepBOT0 MOpALKA 3&-
THCHT OT OJHONH NPOMAROIBIIOH IOCTOAUIIOH W oNpeJelAeTCs
OJIFT031IAYHO, eCIM 3aJaH0 ONHO JONOIHHTeNLHOEe YCJIoBue,
HANDPEME]D, Yo =Cp. PellleHNe YPABHCHMA BTOPOTO HOPINKA
OMpPeACHIsieTcA ABYMS TPOMABOIBHBIME NOCTOAHHBIMA 11 MOMCT
OuiTh Halgeno, ecim 3aJaHH JiBA JOTIOJHITENBHBIX yCIOBILL
Ecnn ofba yenosust 3ajjanbl B ABYX COCEIHMX TOUKAX, TO 3TO
aadaua Kowu. Ecma e mpa yeloBMA 3aflalibl B ABYX PAa3HBIX
(1o e coceqnux) TOYKAX, TO MoJyvacMm xpaesyro sadauy. Jlas
Hac 0CHOBHOH mHTepec GyAyT NIPENCTABIAATL KPaeBbIe 3ajadi,
Bsepem obosravenne

Ly, = biyfips — ey asyicy

1 copMyTHpYeM aTH 3afauu Gonee mogpodio.
3adava Kowwu: walitTy penrenuce ypapuweHHa

yg=f,', iz’], 2, v ey (21)
HpH JNOOOJNHUTEIABHBIX YCI0OBHUAX
Yo =1y Y1 = o (22)

Bropoe ycnonme (22) mokno sanmcatn mmave: Ay, =y, —

= Yo = la— {4y = |44, W TOBOPHUTH, IT0 B CIyYac samaunm Ko
3afjausl B ofHOA Touke i = 0 BeXmunIlHl

Yo==Ui, Aye=U. (227
Kpaesan sadava: nafita petnenue ypaniesns

Lyi=f'i, l—:l 2 ..,.7\-1,

npa IOIOJIHTENIBHBIX YCJI0BWAX
Yo =1, Ys= o, N=2. (23)

B rpammuspix yanax i=0 nw i=N wmowwo 3amath He
TOALKO 3HAUYEHMs (yHKIIU, 0 U IX PasHOCTH M KOMOMHA-
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NHA, T. e, BeIpaMmeHnA oAy, + 3y upi i=0 7 oVyst
+ Buyy npu i=N, Tarde yciosug MORHO 3AlNCATH B BILLE

Yo=ufi F b, Yn = KoYy T fa (24)

Ecm %, =z, =0, 1o orciona noxysaes ycaosus nepgozo po-
da; opu %, =1, #x, = 1 nmeenm ycaosus eropozo poda

Ay=— Uy, V¥x = Na (25)

Ecim %, 0; 1, 1o (24) wHa3bBAWT YCAOGUANU TPETHEZO
voda:

_ ziAyU + (1 el ‘}{l)yl} = Uy,
(26)
K VYn T (1 — 20 ys = 1o,

Kpome T0ro, BO3MOIKHBI Lpaesbie 33juaud ¢ KoMOmHammel
BTHX KPAeBBIX YCHOBHEA: 1pH i= () — yCJA0BIsL OXHOTO THIA,
upr i =N — yenonna apyroro thua.

Pemenue sagauw Ifomu paXodurtca Meyocpe;cTBEHHO H3
ypasueuuna (21) no penyppenrtnoii gopmyie (20) ¢ yuerom
HRYANBHBIX HaHNbIX ¥, =, ¥ = [ ’elueHlie KpaeBBIX 3a-
HaY HAXOAMTCA 00Je€ CIORUWM METOLOM -— METOHOM HCKII0-
YeHUA — It OYJeT WATOCHO TUTKe.

Jlan ypasuenisn ¢ noctosunblMil RoaddiientaMuy peile-
Hie Kpaesoil aajadn Moiker ObpITh Halifleo B ABHOM BHAe.

ITpuwmep. Naiitih pertenie wpaeroll aagaun

Ayoy=1, i=1,2 .., N—1 y=0 y.=0 (27

O:propounoe ypashenue A%y, =1i s — 2y, T ¥ir =0 nMeer
oblee pemerne §; = ¢, + ¢.i. Yacruoe pemreHue yi peon-
HoponHoro ypasreuns Ay, = Y — 2yt yoy =1 umes B
pipe yi == cit. IlojicTanaan 210 Beipaskende » ypasuenme (27),
naxomud A%, == ¢ (i =1 =28+ (i —1)) =1, 1 e c=
=1/2, TaKk 910 Yi = Yi+ y? == ¢+ cyf + 72 Jlag ompeie-
JNEHOR €, W ¢, CAVHAT kpaesble yeiopuga upn (=0, i=N:
yo=0=0, yy =N+ N/2=0, c;=—N/2, Taruu obpason,

1 !

Pio= e N e — Y )

ecrr petnewne sagadi (27).
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§ 3. Pemenne pagnocTimx Rpaesuix 3apay
I8 ypanueniii BToporo nepaira

1. PentcHue pasHocTHLIX KPACBBIX  3a/1a4 MCTOJZOM IIpo-
roHRRn. Hpacsan zagava

ailfi-s — Ciifi T iy =—Ff, a¥F 0, &5+0Q,
i=1,2 .., 8=-1, (1)
Yo =AY F e Yy = Halxo ot e

mpeacraBasget cofol  cncreMy anmeilnbix  adredpairveckKnx
vpasHentnii ¢ rpexanaronacuioii  marpngefi  pasmepa
(N+1) XN+ 1)

| ul n ...0 H o0 L0 0 0

e A | 00 .0 0 0
i 00 LLoay e by L0 0 0

] [$ Y] 0 B LLoay 1 TN b.\'—l

t 0o .0 vy L4 — A, i

Baecto (1) mosino nanncars
Ay =f) Y= (.’!m Yiy v vy ’/\)v f= (.u'h '-'],h e ony '_'fi\‘-'l\ “2)-
(2)
B caywac mepsoit Kpacnoil 383840l COOTBCTCTRYIOMIAA MaTpH-
na umeet pasmepuoern (V — 1) X (N — 1),
Jlaa pemenun rpaesoil sajaun {{) MuMHO HCOONB3ORATH

CIEAYIOMNIT  MeToT  UCkIIOweiis, uadblBacMEUL  aeTodoM
npozouru. IlpeinogToEnM, WTO 1MeEeT MCCTO  COOTHONICHIER

e = S w30 (3)

¢ Heonpe e nunM  KouhdUILeHTAMY Sy, I P, T MO
CTaBUM Yoy = a4, + 30 s (1)

(o~ ey + by = =+ @ds),

CPAaBMITBas ATO TO:ReeTno ¢ (3), maxoai

2]
' . ' . !
I e L E et B
n.ﬁ. - F
i T : AT ) e
By = =12V L, (5)

Henoanayeym rpacnoe yeaorue upu i=0 gra  onpejeneins
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oy, By Ha dopyuya (3) o (1) v =0 naxo;uu
Oy = Ay, BL=H1- (8)

Juan oy u By W Tepexo;n o1 I\ i+ 1 »n gopvyrax (4) n (5),
OTPEeNIN @; T 3; LA uc(‘\ =2 3 ..., N Bmtnm.ueuun
ro gopyyae (3) neryres uyu\! nepexmta or i+1 ki{ne
BUAA Yipy, HAXOMHM ¥¢), W IS TTaYaja  OTHX  BHYUCICIHIT
180 3a7aTh ¥v. Onpezenns yx I3 KPAeBOTO VCNOBAA Yy =
=%yy—;t U, 1w yemosua (3) mpu i=N-1 py_, =
= @yYx + fy. OTciosia maxo;my
R
gy oY a{;‘ : )
N P4
CoBepey Bee (DOPMYJIBE UPOLORKIL II 3amMilieM HX B IO-
PAARE WpUMeTenus:

(=) b; ) .
e e e SLESE U2 RETR Al NI T S
(=) B A
ﬁ-. B "‘ﬁ‘ ! i==1.2 e A‘r -1 ﬁ = (9)
il €, — 0 ’ o ' , l ;
(<}

Yi = Ui Yi -']'- ﬁi{‘-l! i= N — 1\, N — 2, sy 2, 1, 0,
i, - 2By
YN= o

(10)

Crpearu mokagblRAlT Hampasmelwe cgerta: (—) ot § & i+ 1,
(«<)—ori+1ui

Taxndy 06pa3oy, kpaead 3ajla4ya [LTH YPABHEHIH BTOPOTO
nopAara  ceejena K tpes  3amauvam o mas ypasgernnii
UePBOTO TOPAKA.

2. YeroiunBocTs MCTORA NPOTOHEH, DopMyILl HPOrOHRI
MO0 NPUMEITATE, ecan snaMenatenn apodein (8) u (10) ne
06paulaloTes B YL, JLOCTATOMHBIMH VCIOBHAMI 3TOT0 SABIA-
IOTCHA HepARencTha

led =z lal+1od, =1, 2, ..., N-1,
‘r{ll'

(n

e = 1, |32, | = 1,

IToramey, 9to npn yemosuwsx (11) anavenareqan ¢ — ai O
1 — cixx, He oODPAAIOTCS B HYIL 1 -

lesl <1, i=1,2,..., N. (12)

Mpegmonomuy, uto |a;l <1, m morames, urto |l <{;
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TOTAd OTCIOA 1 U3 vetopns log =]z, <1 Gyier caeno-
pate (12). Paccyorpuy pasnocts o — @t — 14l 2 el —
—iadlel — b =lalt =) 20, Tax wro e, —aoul =
Z|b| >0, n aul =Ibl/lci—am! <1,

Baverny, wro ecan || > | i |+ [b:,,[ xoTa Obl B oHOM
TouRe i == f, TO l0t:] < 1 jA Heex i, M B TOM WMCIe A
i=N: lay <1 Torna =y =1 — laylin =
Z1— axl >0, u yeaowue |n,) + x| <2 sApiagercs amiu-
mnt. Bean x,] <1, 1o lax! <1, Ecuu e |x,0=1, 7o
Yol <t lax] 1. u MmBr aveen M — o] =1 — ax] X
X |l 2 1 — fn,] > 0. Tarna 06pasod, NpH BRIIOAUGHIH YC-
gosuit (11} aamawa (1) usmeer ej(MICTRENHOE peUiende, KO-
TOpPoe Mbl Haxo;ium mo GopMyaay nporoukn (8)--(10),

Buuncienust 1o gopyyaay (8) —{10) nexytea na IBM
UPHSAMIKEHTIO, ¢ Kouewupa wieIoM sHatawnx undp, B pe-
ayapTare oMOGOK ORpYEAcHNA (PAKTHYECKH HaXOIMTCA HE
(pyuruun y; — pemenne sajaum (1), a §, — pemenue Toil
ke 3ajaum ¢ Boamyulenislvu woadpuunentaym 4, b, &,
%1, XK B ApaBbMit gactaMu fi, Wy, Ws. Boauuxaer ectectse-
HHEIT BONPOC: lie TmpPOuCNOMUT i B X0J@  BBIYNCJICAHI Boa-
pactaisue OUMORH OKPYISICNUS, UTO MOJKeT NPHBECTH RaK R
noTEpe TOIHOCTH, TAK H K HERO3MOKHOCTH UPOIOIKATH BBI-
YuCIeHUA H3-3a pocta onperesAemniy metmuun. llpmaepos
MOKRT CIYRUTD BaxoseHne y, no Qopyyle Yo, = ¢l Ipi
g > 1. Tockoanky y. = ¢"Ye, ANA JW0EOTO Y, MOKIO YKa3aTh
TAKOE Ry, TIPH KOTOPOM Yy, Oy:eT MAWNITHOK HecKomedlo-
ctpi0. QaRTHYLCKH B CWIY OWAGOK OKPYTACHHA ONpeIess-
eTCA HE TOYHOG Juavene Y, a 3iQ4enie §J; M3 YPABHOHNH
Fios =qf:+ ., 3¢ n —omnbra oxpyraesusa. Jlaa worpem-
Hoetn Oy, = §; — y; nmoayuus ypaspenne 8y, = ¢dy; + n
(i=0, 1, ... 8yo=n). Ha dopuyaw 6y, =¢n+nl¢g —1)/
/g — 1) muzno, wro owudwa by, opn ¢ > 1 dRCOOHEHNHANR-
HO DACTET ¢ POCTOM i,

Bepueymesa ® MeToy TNIPOTONKH II TOKAMEM, YTO MpH
lel <1 ombra 8y, we nmapactaer. B casonm jene, ma §, =

== a.'+|!7i+1 + [3;'4.1‘ Ui = Qi Wit + }5; oo cdeayer Sy = oy OYiry,
167 < laic i 18yl < 18y ], Tak rar low, ] < 1.

Eems ygeern. wto B xojle BHUACAeHBH BO3MYIAKICH M
KOs PRUITenTs %iyy, Piey, TO MOMHO MOKa3aTh, YTO OLINGKA
Oy mpomopIItONAlILHA KBAApATy uucia yaIo N

may [ Oy | < gy N,
1N

Te e, — omwmfra orpyraeuus, OrciJa BUAHA CBAZL MeRIY
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tpedyeMolf TOUHOCTRIO & PRLIOHHA 8aJ8ud, umcioM N ypas-

weEnit M wpcIoM 3Hatamnx ungp IBM, nockouabry e.N? = €.
3. Jipyrne papuanthl MeToia nporoHkH. PaccMorpenswiii

nmre Meron uporonki (8)—{(10), npu koropox onpeeenye

¢i TPOU3BOMTCA MOCIE;IOBATENBIO CIIpaBa HANEBO, Ha3biBa-

T Rpasoli npoeoRKol, ANajOTUMI0 BHINHCHIBAIOTCA (opiy-

LBl A2BOLL NPO20NKY:

(<) a; . . . .

Gimme———, I=N—1,N—-2,...,2/1 Ey=nmn,

— Nk
Ci hi“’l‘f!

(13)

(=) b,i1]i+1—1'- fi

hi = o — bk {=N—1,K-2, ""2',1’ Iy = Uy,
(14)

(=) . . T |
Yirr = Sic1¥i + Niprs I = 0,1, .. ') N—1, Yo = ..X_ L1,

=&
(15)

B cadoMm fdese, TPEIMOIATAH, UTO Yipi = Scpsli T MNitts
HeRaIaEM 43 (1) yiy; noIyans

‘—fi =Y+ (bi§i+1 - C.)ye+ bﬂhﬂ,

HJIHU
2 . C Tl iy

Vim = b Yima ™ e;— b,
Cpasnmsast ¢ Qopmydoll ;= &y + Bi, voaymum (13) n
(14). 3natenne y, HAXOADM M3  YCIOBHA Yo =+ 1, ¥
dopmyasl  yo = §,y; + 1. Ha nepasencrsa le;—biEusl =
Zled — 1Bl g2 ad + 101 (1= 18D, M=%l =1-
— 18, l1%,} muawo, wro yenomns (11) rapamTapyioT DpUMeH-
MoeTh HOPMYT 1e80H TDPOTOHKM M HMX RBIYACHHTEILHYIO VC-
TolanBoCTh, Tark Kak |El <1 (i=1,2,...,, N).

KomOunamusa JeBoH If UpaBol TPOrOHOK  jaerT merod
gerpeunviz npoeonor, B atom metome B obmactn 0<i<
<i,+1 mo gopyyaam (8), (9) BeIYHCHAIOTCA NPOrOHOYHBIO
coadduumentsl o, Py, & B ob1actu i < i< N mo Popmyian
(13), (14) naxomartea §; m n. llpm i=1i, npoussonurea co-
upsykende pemenuit B gopme (10) u (15).

Ha dopuyn yi,= i+ 1¥igr1 + Big s Vigr1 = Eig+1lip+ Mg+
HAXOIHM
Bigr1 T %ig+aN,

Vo =T—a &t

- c"io-l-lgiu 1



as U7 1T PAATIQOTHOIE VP ABUIETIHS

dra Bopmysa WMEET CMBIC/L, Tak Kalk XOvs GOl Ojia 13 He-
24T l§50+1i pa | %y | ey (1) mennwe  epnnsnsr,
u, caerosarvemino, L —ai & 4> 00 3uaa yi, womso mo
Qopuyere (10) naftrn see g, npu i <i,, # oo Gopayae (151 —
JHANEHTIA Y, Wpil 1 > iy, Beiduenenst npu > i, Wi << i, Ipo-
BOMATCH aBTofonMilo (lyeer MecTo pacmapaniemisanue BUI-
qncentii), Meroyl serpequsx nporoyor ocobeiie  ynoben,
ecm, mampinie]d, Tpedyerca HailTir y; MUl DO (HOM  Yyade
P== i,

§ 4. PasznoeTnnic Ypanmeung Kak onepaTopubie

ypanuenug

1. Juneiinoe wpocrparerso.*) Pacemorpay Muomectro H
ACMENTOR X, Y, Z, ... OTHOCHTEALIO KOTOPLIX  H3BECTTO,
WTO: RAMN0il Nape saesmenros x w y ¥s [/ wawmm-To obpason
COMOCTABNARTCH  Tpetiil wrement z € ff, uansiBaeMuii  #X
cyMMol 1t ofosmayaeMelil Zz==x 1 y; KaajJI0My 3iaeMenty
7€ H u gamoMy uleny A comocraraserca axeMent u < I,
Ha3bLiBae MBI Upon3Benednem ¢ na 4icto A 1 ofosuadaeprit
yepen u = Ax.

Muomecrso 1 HaspIBaeTCa AUHEIHBIM  RPOCTPANCTEOM,
eCNN ODCpalil CIOECOUM 3 YMHOMEUWS Ha YucIo, Onpe-
qeseiiiblie A er0  WICMeHTOB X, U, 7, ..., Y,/ 0BJIETBODHIT
€€ YIOTITM aKCHOMAM:

) z+ty=y+ax g adwobeix 2, y=H (Romuyratun-
HOCTE CI0KRILS);

2) e+yltz=ax+{y+z) A nobux z, y, z€H
(acconaTHBNOCTE CHOMKLIIA);

3) cymiecTByeT baemenT «nyab», ofosnavaemsii 0, Ta-
RO, 910 & + 0 =2 upn nodox z = /H;

4) a1s nodoro sneMerrra x € H cyulecTBYeT npoTHROTG-
amwusldt snesment (—z), Tarodi, uro z + (—2) =0;

Ml z=ua

6) {(Awz = Alpr) (acconmaTHBHOCTD YMDOKCHIIA);

izt y)=he+iry; G+wz=iz+tpz (Eerpudy-
TURIOCTE YMIO/KETIIA OTHOCHTebIl0 CHOMeNns), Tae A m p —
awobe qiucna.

Jlmieiflioe IPOCTPANCTBO HA3LIBAIOT KOMHAEKCHBIM, CCIT
T T DIRMENTOR olpeNeTeHo YMHOAEHIE HA KOMIIERCHBIE
yHeTa, U JelCrsuTedbreld, ecaIil  ONpPeNE’elno YMHOMeHIe
TONBYO Ma feiceTBITeabHbIe dicIa.

*) Cwm, manpmep, Taenw B A, leamak 3. [, Jluneiinas as-
rebpa.— M.: Haywa, 1974,
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diementn z, y, % ... auieiiuoro upocrpancrsa H na-
3BIBANOT BERTOPAMI,

Berropes x4, 2, ..., Zx DASBIBAOT AUAELHO  REIABUCU-
MOLMU, CCHL PABEIICTDO

ety Fegr o Feney =0 (1

BOINMOIKHO TOJBLKO NPH ¢, ==¢,=...=cy =), Ecin ke Haii-
AYICA €y, €1y « vy Cy, MO BCE PABHBIE NYII0, TAKHE, YTO HMCET
MecTo paseHcTBO (1), TO BOKTODBL £, ..., Ty TA3LIBAIOT AL~
Hetino zasucusmviai. Marcumansunoe  wneno {(ecau oo cy-
MECTRYET) UHEHNO  LHE3ARACUMBIY.  HEKTOPOB  JLLUEHHOTo
npoctpaicTBa {1 11a3nBARTCH PasMepROCTLIO  11DOCTPALCTBA
H. Hpoctpancrso, ofiaaiaoumee GecriiedHbBIM MHOHECTBOM
JHNEANO Ne3aBHCUMBIX BEKTOPOB, 1ABBIBACTCHA OECKONEHHO-
ME PHBIM,

TMpoctpancerso {f 11a3bIBAETCA HOPMUPOGEHHBLA, CCAW LIS
rasaore z </ onpepescuo pemectrennoe uncto izl wa-
3BIBAENMOE HOPMOU, KOTOPOE YjIOBNETBOPAET YCIOBIAM:

1) izl >0 npu x5 0; 2l =0, ecau x = 0;

2) |Ix+_/| izl + |r;” (}Iepanmlcmo 1‘90)101];.11[11\.&1)
3) feal = lel Nl vpe ¢ — wucao.

Egraudossin {COOTBETCTBEING YHUTAPHBLE) LEPOCTPAICT-
ROM Ma3bIDAETCHA KOUeUHOMEpPIVe ;|elCTBUTEIbloe JHeTnoe
upocrpancreo H (CoorBeTcTEe N0 KOUEUHOMePHOe KOMImeKe-
uoe nngeifitoe mpocTpauctso /1), B KOTOPOM Kamgoll mape
KEKTOPOB  Z, ¥ IOCTARJIEUO B COOTBETCTBUE  BCL{CCTBEHNOE
(koMmiaercuoe) unciao (z, y), Nasninaersoe CcAEALPHBIM RPO-
uagedenuers dTHX BCKTOPOH, DPHUEM  HbILIOAITEHbL YCINOGUA:

B cuyuae epriiiona npocTpalicTsa:

1) {a, y) = {y, ) {cunserpirusocrs);

2) {zy+ e, y) =z, y)+ (x,, y) (anerpubyrosuocrn):

3) G, y)=~nlx, y) (oguopouocry), riae A -— awboe
JIeHCTBUTEILHOE THMCIO;

4 ecan 70, To (x, ) >0,

B cryvae yirrapioro mpoetpalicTba:

) (z, y) = - (y, x);
2) (2, + 2., J)—(.r., y) + (z, y);
3) (J»x, y) = Az, ) man no00r0 KOMILIEKCHOIO wICTa A}
4) ecan x 0, To (z, ) >0,
3aMeTu, uTo BReAeHHoe ckagAploe nponavegenme (x, y)
nopoainaet 8 H HopMy

izl = 1(z, z). (2)
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Crnpase;iso nepasencrso Ko — byuakosckoro
He, pi*<ie, o)y, ), (3)
KOTopoe € YUeToM (2) MO0 3aUHCATE B BIL(E
Ha, )| =< bzl gl

2. Jhuneiinpe oneparophl ¥ KOHEYHOMCPHOM IPOCTPAHCT-
Be. blyers A — noneunoMepuoc JHHCHHOE TPOCTPAHCTBO CO
cRaAApUBIM lpousseieien (x, y). Obosuavus wepez L) ue-
woropoe monpoctpancrso H. Kean vakioMy Bertopy €D
NOCTARIel B COOTRETCTRIE N0 ONPELUENEHHOMY MPABANY Bek-
rop y=Ax uz [, vo rowopar, uro s H sanauv oneparop A.
Muomecrso D < /I nasuisaercea odaacrvio onpedeieHus oue-
paropa A 1 oSoanavaercn D{A), Muomecrso seex BeKTopos
Buja y = 4z, £ < D{A) naswisaeres 60aacrvio sHavenui one-
patopa A u oboznagaerea R(A). Feauw DiA)=H, 1o reso-
pAT, uto ouepartop A 3ajan wa I, -

Oneparop A UAsLIBAIT AwlelAslM, CCIl O &) aXHTH-
pel, T. e. Ar tx)=Ar + Az, ;un x0deix z,, el
6) oguoposier, 1. e. Alex) = cAzx o a0bwx ze fl w awoe-
oux ancea o, Tpeboranmsa a) 1 6) SRBUBATEHTHH YCIOBIIK
Aler, + eory) = ¢, Ax, + 0, Az, I8 D08KIX 2y, 2, H 1 aw-
BbIX queed ¢, H oy

Jluneliserii omepaTup Ma3BIBAETCH OZPUHIULUEHHbLM, ECIHH
cyneersyer tTakadg nocrosnnas M >0, uro

lAxt < Mzl s 0dmx xe H. {4)

Townas BWRKNAA rpanh Mnoxseersa vuncen M, yaosieTBopaio-
mux yeaosmo (4), waseinaetea Hopaoti ouepatopa A u oboa-
nagaercs A l,', cho_‘ yro

lAal < I1AN Gl (3)

Mpr @y;ieM Bcerjia pacCMATPUBATH OTPAHNYeNNpte THHETHbe
onepatopur A, sajtannsie va {1 ¢ ofiaacteio sinavennit R{A)=
= /1. Taxoit oucparop A orobpamacr I/ B I, uro saancei-
naerca B wige A: I - H.

BB nofeustoMepmoM MPOCTPANCTRE 080 JHICHULIT olie-
PATOP OrpaInMCIi,

Hoan ramnomy y € /1 cooTBETCTRYET TOALKO GHHU KERTOD
zeH, nua rotopory Axr =y, To 3TUM COOTHEICTBIIEM Oupe-
JlenseTesn olnepaTop A ', Raavigaenbiid ofparnem: A~ H
— If. U3 oupejiencuns ofpartuore oneparopa A~' cieayer,
770

A Ax) =z, AlAd7'y)=y nana nwdex r, y=H,
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Omnepatop D, aeficrsywmuit no npasuny Dz = 4{Bx),
faablBaeTea npousaedenuest vucparopon A w B n ofoana-
vaetes [)=AB. Ounepatop E HasbpiBaeTcl eJUHILYHbLYL
(roadecTeennpy), eciu Exr =2z past Bcex z€ /. Ecan cy-
utectryer A, 10 A7'A = AA~' = FE. Ouepatopst 4 u B Ha-
3LIBAKOTCA nepecTanoeounoivmi, eciii AB = BA,

Ouepngno, uto A~' — nuHelinsiii omepaTop, ecui JneeH
onepatop A. HuMeer MecTo cnenylomee yTeepRIenue;

Jaa roro uTobu suneinmiit  onepatop A: H — 1 wvea
00paTHELL, 1e00X0AMNG W ;IOCTATOMHO, UTOOLL ypaBHeHHe
Az =0 mmeno eguHcTBenHoe pemnerne z = 0,

Onepatop A*: /I - I Ha3niBaeTcA conpaicenHbM oLe-
patopy A: Il - Il ecan ‘

{Az, y)={z, A*y) ana nwbwx =z, y= A,

Ounepatop A cavoconpaxen (cusmerpunen), ecan A= A*
(wma (Az, y)=(z, Ay) paa awdux z, y= /1), Byiem na-
abIBATh HMHeliHBII omepatop A: nodomuresbHulM, ecal
(Ar ) >0 (x=ll; 25+ 0); noaowuresono onpedeseHnvlm,

can - (Ax, a) = 8lzll* (e =D, rie § >0 — aneno; Heorpu-
z;are,zbubm, ecan (Az, 2) =0 (x< 1, Jlwdoi onepatop A
MOKHO TPEICTABHTD R BUIE CYMMBI:

1 1, "
A=A, 4 Ay A= 2 (A A%, A A —ax,
L] o b
me A, = 4, CAMOCOTPARENHBIE oueparop, 4, = — 4,
KOCOCHMMeTPUYHEI 0Omeparop, I KOTOPoro B jlelicTBHTE. L-
HOM mpocrpanctBe (A,z, 1) = —(x, A,2) = -—({Az, x) n, cie-

govareanno, (A,x, z) =0, llostoMmy 115 miooro omeparopa
A B peiictBuTenbHOM IpocTpawcTne [/ mumomuseres  pa-
BEHCTBO
(Az, z)= {4z, ) aum J0ipx x </l (6)
Mer 6yen H0Ab30BATHCA OTEPATOPHLIMH HOPAREHCTBAMI!
=0, ecan (Az, 2) =0, aa peex re
A>0, ecan (Az, ) >0, ana scex =, 2#0; (7)
= 61, ecan (Ax, x) = 8llxl®, nan seex z€ H,
rae E — edunuunuwiii omeparop.
Hepasenctno
B=ogd
03HAYaeT, UTO RBeLozueno yeaosime B-od =0, 1. e

(B —adl)zx, 2) 20 (y1a secex z= H).
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Eco A #= A% » qefictsiuteda ozt Npoerpancrie, to epa-
perctso A =0 (A >0) asxsunaxentino vepasenctsy A, =4
(4,>0), gro cxexver ma (G).

ITyers, A~ nmosomureannsiil omepartop. Tora cymect-
Byer obparinidi onepatop A~ I -~ H, npauem A~ >0 npu
A>0, (A7) =4"" upn A*=A. B camoxnr jexe, oncparop
A-' cymecrsyer, ecmn  ypasHenme Ax =0 umeer To1BKO
TpuEnaabioe pewenite. Honyeris, arto Ax =0 nopu z +#0);
torna 0= (Az, 2) mpu 2+ 0, WTo TPOTHBOPEUHT VCIOBIK
A>0 wmn (Az, 2) >0 upu z7 0. Takuy odpasoy, ecan
A >0, o yparnenue Az =y pMCCT QUHICTREITIOC PeUICIRE.

3. Codcrnennpie smaucHnd auHeiimoro oncparopia. llyerw
A — caxoconpa:sennsiii omepatop B N-MepHoM OpocTpancT-
Be /I co cratspnniy npoussenewies (). Pacevorpmy aeda-
Yy 0 coNCTeeHHBT 3Hauenusy omeparopa A: Tpefyercna mair-
TH TaKMe anavwenns uapasertpa A (codcréenHuie 3HaveHUA},
OpH KOTOPEIX OLLOPOINOE ¥ pasiielnme

Az =14 (8)
mMeeT IeTPHBHATLHLIE peinenid {(cofergenivie serTopwl).
fpunreges ocHosnsle akTel 13 amIeiinoit a1redprr o 3atade
Ha COGCTRCNIIBIC 3TTAYETIA,

1) Casocoupaaternii ouepatop A iusieer N opToHOpMU-

-

POBAHHKIX COOCTHEHIBIX HEKTOPOB &, S». ..., En:

e

. X ‘ 1, s=m,
(Es Em) = Oy Bom = lo S = m

2} CooreTeTBYIOLIUe CODCTRENHLIe 3HAWCINIA TCHCTHIL-
TeNbHb W MOTYT OBITH PACTIOTOMEHE! B MOPAILE BO3PEC1AHMA
EX a0COTIOTHBIN BEIHIUH:

ng-ngkz's‘?---’:!k_\.'[. (107

3) Ectn A — mocroskarensuntii  ouepatop, To Bee coier-
BeHHBIe TicIa {7,} ModO:RIITE LB

O0<<2, <ha<...< )y (117

(%

B cavon jieme, A, = (A%, IOMENF = (48, &) >0, Tar nan
£, 7= 0.

4) Hpouspoasumit nextop & H Mownoe pasiomilrs 1o
coBCTBEHHNA BeRTopad omepatopa A = 4*:

N
N -

T = :_' ciBr. cx = (2, Sk (12)
=1
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OpHYeM CHPABEIHEBO DABCUCTBO
N

o

fef = X e (13)

k-1

I3 cavox jeae, nocway yegdomst (9) 0pTOHOPMUPOBAHIIOCTI
cnerexn {€,) 1meen

N
|l '/I:”ﬂ = (Jr x) = (H cnis ZJ e ) -

[ |
N N NN N
NN 2
e Z Z creye (Ex, &ur) == / L Cinrdpnr = Z Che
k=1 b=y ,—=1 k=1 Rk

9) Bean A =A*>0, ro pemenne  ypappemta Az =f
MO0 [PEICTABITE B RIIC

N
N\ }rk

fogee &, (14)
o1 ’-
rie fo={/, &) — xoadppmmuent Pypoe Pynruun /. Bocnmoin-
BYEMCHA TIPE/\CTaBNSLTAMII

W N
“v ‘1 ;
2= 2 b f= 2 L
k-1 k-1
W HATIIIe
R

VAHomRasag 7o PaBeleTng CRaNMApHoO la Eh H yJULTBIBAS, YTO
(E\Rs g.’{’)_'l_affhﬁ ][&1“,'[01\[ (= }-lich =l TR = f’i/}"’f‘

6) “.(H)M{I CAMOCONIPDAREIIIOT) oniepaTopa A pasiia MO;(V-
N0 ere 11audoiplIIery COOCTREINITOTO 3UATETILA;

l:'l I @ N | 7\_& ] - ”L»;\' f (15)
10k N

13 cayoym [ede, ooasaynen (12), vonyarr

N N
4l Al -
RS 4\_4 CI:AE,[(_ = :.l lh(-'l.'"‘::\.'t.r
kel h=
monoeaay (10) 0 (43) myeen
N
PR ” 2 .
jAxfP = > hich Av|aF.
k=1

7. e. lAl<|iy]. 3rta omemka pocruragTes.  leiictru-
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Teanno, npu z = §y myeen LAzl = IAEN = D Exl® = [2x]7,
rak Rak Eli2=1. Orciona m caejtyer, uto A4 = [Ax].
7) Eeann A = A*, 10
[ A== s}ll}) | (A, 2)|. (16)
|xlte=1

8) Ecau A=A*>0, vo ME < A < hE, uan
alrlP < (A, 2) i 2l 4,>0, zell, 17)

9) Ecau oneparop A HoToRATETEH, TO OH B MOJOAKHTENL-
10 oOpEmenei, T. €. CYUIeCTBYeT TaKad IoctoArmasg 6> (,
uto ma yeaosus A > () caenyer mepaperetso A = 6E. Han
CAMOCOMPAREHHOTO OUEPATOPAE 9TO CBOHCTRBO CIeTyeT M3
ceolictBa 8). B obniex cayuae NDeICTaBmA A B Buge cyM-
unt A=A, + A, rae A, =A; >0, 4, = — A] — kococmn-
MerpHieckmii omepatop. Taw xan ('—11:r, z) =0, 1o {Az, 2} =
={(d,x, z) > 0. las A, sepuo cnoiictro 8). {loxsvag &, =
=M{A,) =58>0, noaywaen (d.z, a) =4z, 1) = izl nan
peex z = 17, .

10) Eean cymectnyer @*, To omepatapisie luepanencrsa

=0, Q¢*CQ=0 (18)
SKBHBAJENTHBL. 3T0O ¢IeJIVeT 113 TOALIECTRA

(Q*CQuz, 2) = (CQx, Qz) = (Cy, y),

e y =Qr, x=0Q'y.
11) Tlyets A, w0 A, — caMocoupszkeiniple, HOTORETEND-
HEIE H HepecTanoBovibie omepatopsl & /-

A=A >0, 4, =A1>0, A4,=4,1, 19

Toraa oneparoprr 4, n A., ux evyiva 4, + 4, v upoussege-
wme AA, umewt 0810y cHCTEMY  coOCTREHHBIX  (DYRK-
it {&,):

- Je e a {9
Ay =28 A8 =278
A(dy - Ay =k (4)) 4+ 2
A (dydy) = b (4,2
12) Ecom A= A4*>0, 7o onepatop A~ '=(4-")*>0
TAK/AHE CaMOCONpPAMKEN, HMeeT Te ke CcoBCTBEHIIbIe BeRTOPHI,
9T0 m omeparop A, u cobcTBennEle  3madeunsg (A7) =
= 1/MA),

B camom xeme, ma AR, =23, creayer §=7,47'%,,
T. e, (A~1E, = (1/X)E,. Orciona 8aKTI09AEM, 4TO HEPABEH-
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cra ME<Ad<iGE n (W ESA ' <U/0)E oxsuBa-
JleHTUBL.

4, Ododwennan sajana Ha codersennuie sHavennsn. 1lyers
A271a11 CAMOCOUPATEU B MONOuTeNLUbE onepaTop B. Bre-
JBM  1I0BOE  CRAJADPHoe Dpoussejenine (r, y),=(Bz, y)
nopuy llyily=7¥(By, y). Upocrpancrno H co  craJApubm
nmpousseieunest (x, y)y HANLIBACTCA ANEP2ETUNECKUM 1 POCT-
PamcT80M W oBosnavaeres /.

PaceMoTpUM  000BHIEBTIYIO 3a/lauy 1A coBCTRENibIe 311~
Tenus, COCTOANLYIO B OTBICKAULL HeTPHBHANLABY pelieHHi
v ypasileAna

Av=puBr, v#0, (20

rjie A — cavMoconpaKennii 11010K RTETbiisll oMeparTop.
{Iyere onepatoput A i B Npe;icTEBAENH COOTBOTCTBEHHO

nmatpanavu 4 = (uy), B=(b;) (i, j=1, 2, ..., N). Onepa-
Topuoe ypasHende (2()) MO/KNO 380HCATH B BHJIE CHCTEME
AMHEITUBIX aJdrebpalyecKuX ypasHenIuT

N .\'

2 a,-ju N }l N Jr’ o= 1,2, N,

i1 3= 1

rre v, ..., v — Romiuonentsi Bewropa v. Ilas oupenecie-
nuA codeTRenNLIX 3navenfil noaydaeM anredpanvecRoc ypan-
nenne N-it cremein

dot {a; - pbdy) = 0. (21)

Jaa sazagn (20) cipase;inBel CBOICTRA, AHALOrM4HBIE
croficTBAM 06RO 3avayH 1A COOCTBEHIbIC 3Rat4eiis,
A HMEHHO: CYIEeCTHYIOT N OPTOHOPMUPORAHHBIX B CMbiCHe
cKamApHoTO npouaseeuna (z, y)s CODCTBEHHBIX BEKTOPOR

(g, Unda =084, &k, m=1 2 .., N, (22)
KOTOPBIM COOTBETCTRYIOT COBCTBOIHbIE 3UaYeHIA

O<p, <...< (23)

ITo amastornn ¢ . 3 uneeM

N N
Al . 9
T = h}. ety O =(x,Ui)p, 2= X ca (24)
HEs ] h—=1

Chnpase L Tiubl ONEPATODPHbIe HEPABEHCTSA
LB <A< B, {25)
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upuueyM py — Hopma omnepatopa 4 B Iy, 910 3HAIDT, 9TO
PAx!, < 1Al Nzl .

Samezayue. Hepaseucrsa

1WBsAsB, v, >0, (26)
V1S Py =Yy, E=1,2, ..., N, 27
IKBUBATCNTILI. B caMoM jeae, pastoiKiuM upomsonb}{mﬁ
N ;
1 .
BeKTOP ¥ - = L cpny naijles (4 — By = _1 e (n— V) Buy
k=1 h=L
11 CRASAPIoe J1pOH3Be; lenne
N N
, . S Lo \ 2
(A — By, z) — ,}_' ci (W — ) (B, on) = 'L (i — ) ks
-1 =1

TAe ¥ — 0Au0 13 gucen ¥, wiu Y. oaavas x = v, palinem
(A =9Bvy, vi) = W — 4. lyete ¥ — 9. u sBLLOIIENO Ye-
dosie A < y.B; Torja ju < y.. Bepuo e obpatioe yTBEpIMHK-
Aenue. ATAJIOTNYII0 NPOBOJASTCA  pacCyskteltis Nnpu ¥y = .

5. Juneiinme mpocrpaHeTsa cerounwx (Ppywromii. Pas-
HOCTHBIE ONEPATOPHI. 13 jlambpeiliied Mpl OyAUM paccMaTpu-
BATL PYUKIYIN, 32]aluble  §la  COTHE € LeJOWICIeNINIMU
V3aaMII:

oy=1{i: i=0,1, ..., ¥.

Eenn na orpeske Otz <1 wseern ysuw z,=ih, h= 1N
(i=0,1, ..., N), 70 10:1y4I1M PABIOMEPHYIO CCTRY ¢ IIArOM
A Rak COBOKYUNOCTL Y310B ;= ik ¢ HeTOWHCIeUNBIMII IH-
HeKRCcaMu:

o, ={x;=ih: i=0,1, ..., N, h=1/N}.

Tepexod or o;(10lf ceTKM K APYLOI OUCBUCI 1T Mbl YACTO
e OymeM Jemath pasaiylsg MOKIY Do,

Ofosmaunm  wepes Qv ={y, i=0, 1, ..., N} npoer-
PAUCTRO CETOTMBLX dvurigi, sa;angex na cemc Wy, epes

Qvp=1yy, =0, 1, .., N; yo=0, y~=0} — uojupocr-
paHCTBO cerounbix (yUIRINI, 32(aHHMN Da @y I obpanial-
IUXCA B HYNL B PPAIMMHBIX y3Aax cemn (n\ Yo=Yyx=0,

Dyuruun na Q\_; Oynem o0o3HavaTh J(l) = yl
PacemoTpayM npmMepsi IPOCTeRINAX DPA3HOCTHHIX OTEPATO-
poe. Jna omepartopa npaBoif pasHocTA A HMeex

Api=yus—Yy, =01, ..,8-1
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00.14CTLIO onpe;w.'wnlm apaserest $day g, oBdacTLIo  snabe-
HIif — npocTpanetso QN == {y;, i=0,1,..., N —1}  paa-
Mepuoceti N,
Jns oueparopa Jeroft pasnoctn §ouimMeey
V==Y, i=1,2) . N,
of1acTs ompegescins ¢eTh Qyyy, 06:1acTh 3HaAYCHTH — npoct-
paricte QN == {y;, i = 1,2, ..., N}
s Popuyan
! Ay = Ay = AV ) =y — 20y
BIHO, HTO OHEPATOp 8100 p.mm(:'ru onpenetend JUIg ce-
ToynbIX Gynwunii y npx i=1, 2, ..., N —1, r. e. orobpa-
maeT Qx, o B upocrpunerse Qv =y, i=1, 2, ..., N—1}L
DTHS R eBoflerBOM 0f1a1aeT pasdvocTniil oueparop A:
Ayi=byy —cyi+ay,- =
== b,‘_‘f\(v y,) - (b.‘ e f!,}k\_" U,.) - (('i —a;— bf)yh
i=1,2 ..., N¥—-1,
oo Ay, e Qo tenu € Qv 1IN, B coOKpanenuodl saumu-
eur, A Q0 Qg
Pacesorp i pa.;uc)CTHym KPACBY ) 32,144y
Ayi=—f, i=1,2, ..., N—1 yo=1n, yv=1. (28)

I 3aT0eM ce B MATPUYHOM BIIIe:
AY =D, (29
r;e D= C(F+auw. fo ..., fx-s, feor T byoille) — maBecTusii,
= (Y1, Yn «.v, Yr-2. Yx—1) — HEHBZBECTHBIE BERTOPSI pas-
seproert N — 1, d — wpajpaTaan Tpex;HaroialibHAH MaTPH-
na pasMepa GV — 1) X (¥ — 1)
-0 b . 0

1
e a, —c, by .. 0
0 ven Day oy ey
Cpasumsaa (28) u (29), Bpuuy, 4YTo Moo HamHCcaTh
Ayi=—pn,i=12, .., N—1,
Ay =~y T by, ©o= i T asu,,

KU‘“"\yii (Pi‘_‘:fi, 1:21 3, v N—

o

(28)
Kyh'-i = An—sYN-3 = Cn-1lYNe1y Pt = fyar T by_ipa.
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Paanoctouii omepatop .\ orofpanmsaer Qoo n Qu_y. Herpy.-
BO 3axMeTuth, 910 .\y; = Ay Byecto (28”) noayan
.‘\yi=““(P;, i=1, 2, ey .N’—'_[.

Bseney Temepsn onmepatop A, coorseTeTBYOIUNT MaTpHENE

(29), mozaran
~ a
Ayi=—Aygi=—-Ay, i=12,..,N-1.
Torza BMecTo pasHOCTHoHl EKpaeboli 3azaum (28) moayzmm
OlepaTOPHOE ypaBHeHHe
Ay=1q,

e A: Qe ~ Qo o€ Qyoy, 70 e, onepartop A 1eiicTayer

na Oy, 8 Oy, Ouentno, uto A — [EHEHALIE  onepaTop.
3aMeTHM, 4TO MOKHO Tak/ARe CUMTATh (HMes B BILLY, 4TO

Ay = —Ay)., wto A otoSpasuaer Q_v.,.j B Oy,

B upoctpancrse H = Qy_, Mokuo BBeCTH CRAIAPHOE
HpPOHAaRe,(€HHS

N—1
1 ~
(¥, 1) = — z yit
i=1
H HopMY _

Ecau paceMarpmeaiores sTopas (%, = %.=1) m1m Tperns
{x, 70, », % 0) rpaewnic aazaun (cm, (1) § 3), To maTpmua
A ects wBagpatmas yartpuma passMepa N+ 1D XN+ 1) o
omepatop A oupeTeafeTcA CIeAYIOIMIIM 05pasoM:

Ay;' = __\y: = '-(biy[+[ — Gy + U.y:-;% == 1, 2, PR iV_ '1,
Ayo == —(H;yi -~ yo), Ayx = —(!lx — ’/-2!/.\'—1)-

B stoM caygae onepatop A oTofpamiaer TPOCTPANCTBO Ce-
rouunix dyusnuit H = Qx., v cebs: A: H - 4.

B jaupneiimen Mpl Gy1eM PACCMATPHBATEL DePBYIO Rpae-
BYK 3afa9yy i PASHOCTHOIO YPaBHeHHA BTOPOrO HOPAIRA;
B 9TOM ClIyHae, Kak Oblo Dokasamo Bee, H = Q. |

6. Pasmoctame dopmyin pEHa. PaceMoTpum pasHocT-
gLlft omepartop L:

Ly, = by — ey T aiyi-y, t=1, ..., N—1. (30)

Ecam b, 7 ac., TO COOTBETCTBVIOIIAA MaTpPHLA He ABIAETCA



§ 4. PASHOCTHBIE YPABHEHHA KAK ONMEPATOPHBIE 49

cumMeTpuunoi, Ona cuMMeTpuiya TOILKO B Ciydae
b;=-"(l.~+1, fg1, 2’ vy AN?"—i. (31)

YautetBan 870 ycsosie, HepemuureM Ly, B cleTyoOmeM
BE7E:
Ly = ai ooy — i + sy =
=AY —yd —aly;i— yi)) — (e — @i = a Dy =
=0 Vs =~ VY — (6o — @, — a3y =
= Ala,Vy)— (e;—a,—ay )y (32)

Pazobpev otpesor [0, 1] rouramm x; Ha N paBHLIX uwacrei,
noaoskmy ylz,) =y, = y(i) 7 seeneym oBoanaveuus, KOTOPBIME
SyneM B anLieifmeM BCKIY M0JIL30BATHCAT

R =i, i=0,1, ..., N, 5,==0, ayv=1,

N
Ay, Vieg — ¥ Vy; ¥i — ¥imy
Yoi =3~ = o T T s (39
e Vi iy AV
yx:,i = Ve (l) - IR - B :

Paaneany meipaskenue (32) ma A* w moaydmm  pasHOCTHHI
oueparop
Ay = (ayy),; — di

1 N .
di-—n,—i—l—g—(ei——a;—m_‘,l), f=1, .., N=1

(34)

B § 1 6m1a momyuera tbopuyaa CYMMUPOBaHHUSA To "ACTAM

N—1
; yidr; = — 2 viVy - )y — (90)g (35)

Toawsyace oboasauenusanu (33), mepeunmrem ee B Buxe

N N
2 yzba1h"‘ -~ Zl. Ut.’/" h -+ yl/)\’_(y")m (36)
i=y =
N-1
TaK KaK Ey A = z y,( ) -—Ey.vﬂh
(= =) in()

aa jaubHefwero HIToKeHHA HaM  ylo6Hee B JeBOH
gacth (36) secTH cymmmppopadue or i=1 g0 =N —1; sTo



50 UL L PASLIOCTULIE ¥PADBIIEINLT

upuBo UT K hopmyiie

N—-1 N
-
_2 Yivxih = — 2,1 viyz b 4 )y — yovse (37)
=1 =
TTojeraBHM cloja Uy = @25 ;5 TOJYYIM
N-1 \4
21 yi(azg) b= — 2-!1 @Yz 2 (i — Yo (02),
i =

(38)

Jro — nepgas pasuwocrras opuyaa 'puna. Momengenm B ueil
MeCTaMU Y; I 2

N—1 N
‘21 (ayz) h = — 2 aizg Yz b (ay52)y — % (ai3),

(38"
Buiquran (387) us (38), moxaywaen @ropy  paswocrryio
g,b'up.uy.-! y I'puna
N-1

2 yi(azz), b = 2 21 (ays), b ax (35 — 5y5)y —
~ (%0 (a%3), — @ (av3),)-  (B9)

Eciir BHIOTHEUE! yeitoBuA
yo=z,=0, yy=:2y=0, (40)
o < o

Te y=y z2=20y., To B npapoil yactn pasexcrsa (39)
nBa Hoe: [e;um\ caraeMblx oOpaialnTed B HYIL 1

N1 ) o ‘\.“11 o I
> yi(az;)ﬁh = 3 z;(ay;:)c A (41
ima} by i1 Y Ly
N
Briyntas u3 obeux uactedt rosgecrsa (41) cymuy 2 d; ymhi
=)
(o]
uonyuaex eropyro gopryay puna qnm y, € Qe
N—-1 Rt S
> yi .\z h= 3 zAyh (42)
fmm] jxm}

IAA PasHOCTHOTO onepaTopa

AYy; == (a}}&.)” — diy;, Bua Beex ¥ & Oneg. (43)
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Oyers H = Qy_, — upocipanctso ceroynnix Qyirnunit yi,
sanaunsix opu i=1, 2, ..., N —1, co ckauApubin upomsne-
JeHuext

Ny
(y, l') = }_:. !/;l'lh

iz
n HopMoif
ly! =11y, 9.

Bsejiem oneparop 4:

Ay=—Xy, yeIl. (44)
Toraa sropyw Gopyyay I'puna MOERHO 3auHCaTh B BIie

(y, Az)=(Ay, ). (45)
Jra HopMyaa BLPAKAeT ¢BOliCTRO CAMOCOTPSRENHOCTIL Olle-
paTopa A A* =4 u, caeposatennno, A*= A, llpu z—-i;
€ Qp,y nepuat Gopyyaa Fpnna (38) jaer:

N

Yy 9 e .
— 2 1 (arj-) hoes 2 “il._y},i) h>0
i—1 =1
o
i i 0, ;>0 (46)
C
(rar I“m _;U= v=0, T0 paueucmo NYAT0 BOSMOMNNG TOTBKO

it 1/. =0 {i=1,..,¥— 1)), Vyutuisas oupeienenuc osie-
paropa A, naifem
N
(g, y) = 2 @ (y3, ) + Edmh>0 @ >0, d;>=0.
FESH 4 t=]

(47)

Takuy 06paszoM, pasuocTublll  olteparop A, olpeelennbil
dopayaanu (43}, (44), gBasercs caMOCOUPSKCTNILIN R TI0J0-
RITeIENL: A = A% > 0. ecoru

a>0, =0, i=12 ..., N-1, av>0 (48

7. Yeaosne camoCONpPsKCHHOCTH PA3HOCTHOLO OLEPATOPaA
sTopore nopajka. Mu yéeuniucs B roM, uwro ycrorne (31)
JOCTATOUIO A CaMOCOOPAKEHHOCTI DANIOCTIION0 ONEPATODa

(30) B mpoctpancrBe A =y, [Honaaen, uro yeaosue (34)
reolxoanMo A  camocoupsmennocru L. Hpeacrasmm L
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B BILle CYMMDL:
Ll]i i L,yi -+ L-:f{.',

Liyi=a:, iy~ y) ~ alyi — g — (e — a: — by,
Lzyr= (b.'“ain).'lu.u

Oueparop Ty, = PA\y;, Ay = (au-) . — diyi, kaw Bolro
NOKa’ao n 1]])9 ABIAYIEM Hylll\’l‘(’ ABITACTCA ca\mconpﬂmeu—
HBIM B TpocTpanctee J7 —-Q\H e I =Q,_; co cRasApRRIM

N=1
uponapesennes (Y, ) = E yitif. Iloatosy MOARO naHIcath:

i

(s 0 0) = (0 - ) =
= (8 7) = (i A7) + (2 B) = (= 1) =

N—-1

VL
== nd h_ (l)i —_
=1

a ) (Yiate — giti ) e

s 2 o ¢
Oreopa sugno, wro (Ly, v)={y, L), v. e. L =L* roanko
UPH YeAOBHE

N-1

g.} i —aii) (gis i — g ) b= O (44)

B cicty NpouaBoABIOCTH Yi W U MOKBO WIHTH  yiv: 8y,
1y e 6;.;“. rje i, — modoft Ppuncuposaminiit yaex (i, = 1,2, ..,
vy N= 1), 65— cuvmor  Kpowesepa., Toraa  uosydns
i — Yt = 8 5 yeaosue (A9) taer by = a1y Ten
caMBlM HeoldXoIHMOoCTs Ve TosHA (31) jlokazaya.
e/ (YeT OTMETUTD, YT ypaBueliye
Lyi= -/ {(5M

MOAHO IIDHBECTH K BHY
L'y;*A(AiVyf)—D,-y‘=-*1".-, (51)

rae L — cavMocompamenunil otepatop. B camom jede, yM-
HomnM ofe vacTi ypasHenug (OU) va w7 0:
Lyom= pa gy — ped + bpiyic,= — i

H no*rpeﬁyeu, q1ofH I8 NOJTY9eHHOTO YPABHEN WA BBIHOI-
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wiock yeaosue (31), 1. e.
b =) = g = A

b,

Orciojia modyqaeM U;jp = (T'——) o=y lI byi@y)1 M ypan-
i+t

menue (51}, rae Ay =aq,;, Di=ple;— b) Fi= wif

8. CobcTBennbie snHaucHNA pa.muc'rlmro onepampa BTO-
poro mopsjka. PaccMoTPUM  pasuocTiyio 3agaYy  ua cofer-
HEHHDBIE IHAUEUIA:

(a)— A A== 0, 1 1,2, L N — L, yys yy =0,

(52)

wi Ay=hy, y=Qy_, e A ofipe\easnercn  paBeHCTROM

(44). Ouepatop 4 camoconpsminen H NOJAOKUTENEH, TOITOMY
K HEMY OTHOCHTCA BCe CRalaHioe B 1. 4,

Hoa mpocreiimero  eavuad e, =1, di=0 cobersenusie

3HAYENUA H COOCTREHILIE BERTOPH! MOMHO HafiTH B ABHOM

pijie. Mrag, tpedyeTca HailTW HeTpUBRHANbHBE pelleHUA O1-
HOPOJHOTO YPABHETIA ¢ OJIODOTHBIMM RPAaeBBIMH YCIOBAAME

SLhy =0, i—=1,2,..., N1, RN=1
YVo=0, yx=9, 350 (5

[Tepemumes ypasuweune (53) B Bm(e

I\l

v —2cos oyt yio =0, 2eosa=2-—1k:,  (H4)
Ofulee peniellse 3TOTO YPaBNENAA IMeeT BIL{
Y = ¢, cos fa + ¢, sin fe, (53)

TpedyeM BHITONUEHUA KpPaeBHMX  YCIOBRH: J, = ¢ = (),
Ys = ¢y 8in N = (. Tar Kak HINeTCA UeTPHBHAIBHOE pene-
awe, 70 ¢; =0 msinNa=0, 1. e. Na=ma (m=0,1.2,...),
¢ =, = mn/N =mnh, Ha cootnomenua 2cosz =2 — ph*
HAXOTHM

M= 2(1 — cosa) = 4sin? %,
(56)

" R 4 . o Tmh
A A == ? sin’ 5

ATOMY IHAYEUIIO A, COOTBETCTBYET coleThBennad (yHHIMA
ymit) =csinamz, c#*0, zi=ih, i=0,1,2 ..., N, (7

ONpeneqsHHasA ¢ TOYHOCTLE) A0 NPOUIBONBHOIO IOCTOAHHOIO
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mnoauiTend. Hetpyano saveTurs, 410
yx{i) =csinnNa;=cusinmi=0, i=01, 2, ..
Yypli) =csin (N + Dz = ¢ sin [aNa, + a2zl =
== ¢ sin ar cos i = (—1)y,{i),
Yagms D) = (=g (D), m=1,2 .., N—1,

(Lejl0RATEILI0, JHNeHH0 Fe3aBUCUMBl MR PyuRrILan ¥.(i)
npr m <<N. Taxum obpasosm, naigreno nerpnBuaanuoe pe-
wenne {coberrentnie pynrnnn y,.(i), cooTseTeTsynIne ¢ob-
CTBEHHBIM BNATEHHAM An).

BriGepem MuokwTens ¢ Tak, wroOnl  mopuMa  (yHKUEE
¥.(i) obina pasua eganmne: Iy, (i)l = clsin amaill =1, ¢ > 0.
[na oToro mamo BLITHCIMTL

N-1 N—1
. " < a 1 .
[singma, | == 2 R Sin® nay, = ~- E k(1 — cos 2numay).
kst h—1

Oboanavasg o =2nmh 1 3aMeHSA  cos 2nma, = cos ok =
= Re ™", naiiexm

N--1 N—-1 . .
3 9 , \ o G e
hcos 2numay, = Re et — hRe ————— == — ]
P — ;
k=1 =1 e
" N1
o < ' — 1) R 1 .
Isin may [P = ‘_..,_..J___ ~— 2 h cos 2nmay, ==
< he—§
N1
R
fsinama)=1/V72;
cIeoBaTenblio, ¢ = Y2, Tanny obpasoy, dynrma
Uuli) = Y2 sin mmux; (58}

HOPMHPOBAKA K e HHIIE.

Coficrserunte ymxnur y.() u y.l0), coorserereyioniue
PAIHBIAL CcOBCTBEUBIM 3UAYCHUNAM A, M A,, OPTOTONANBIGL B
CMLICIe CKAJIAPWOTO TPOHANEIENNA

N1
PR I :
Y Iv’) = Z yil'ih.
i=1
Janava (53} Asingeress wacTHuM cayvaeM 3agzatn (8) ¢
o

omepatopom Ay (i} =— Y5, (i). IToT  omeparop, oueBHIHO,
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§ 5. TIPTIITIIIT MALRCITMY M A

CAMOCONPHAMKCTT H DOVTOAITCICH, Talk Ralk
N—1

(Ay,y) = X (v5..)2 >0

=1

IToaromy Bee crasauioe B 1. 3 oCtaeTess B ¢NAe T B Ao
clyvae.
CofcTsennsie dnavenia A, RO3IPACTAIOT € POCTOM 8, Taw

. Th . mh . .
Kak sin —— s<{sin—— (s -~ 1) <t mpn s<C AN, 1lanvens-

- 4 . o Th
nee COBCTBEHNTOC RuAYEHIE PARUO Ay = St = Haur-
(4
4 o A
Goubltiee cofeTneinoe SHACUME PABUO Av_y — 55 08T =5,
o om ak ah
TaKk Kar Sin-—— (-\ — = SIH{T -— _,_) = 008
nt

- of sink .
lle;‘mnncan AooBowsie Ay - ‘-TI"(~——] yE=ak/2 < n/4

g
H OyuHTBIBas, 4ro £N E/E yObIBaer o i
&= n/4. moaywaem A, =8 npu A< 1/2.

Hast Joeop maeeM ONENRY Ax—, << 4/RY n, enegopaTednno,

S<h, <A, k=1,2 ... N—1.

HMOeeT MIINTMYM 11pl

§ 3. MMpnnmnn MaReMMYMA 08 pasuoeTnax  ypanuneusit

1. Hpmmun maxenstyya n ero cuejgerons, [us pasnoer-
UBIX YPABHEHUH BTOPOTD NOPA/(Ka € MHOIORITE I LHEIMI KO-
hHLe HTAM K

Lyi=ay—,— ey T by = —q.
i=1, 2. ... N =1 yo= U, gy =, (1)
>0, >0, eiz=za b, i=1 2 .., N1 (2

RMEeT MeCTO CHCAYIOMUNT TPHINLIH MARCHEMYMa.
Teopema 1 (rpuwyun makcunyma), Hyers  pnanocr-
nutii oneparop 1. onpedeaen dopuyaarae (1), (2), Fean fan

dynrnunn y,, 300arRON Ha CeTRE ® W OT.ULMHOI 6T ROCTORH-
noii npe =i N—1. swvnoaweno  yeaogue Ly, =0
(Ly: <0) npu scex i=1, 2. ..., N =1, ro ara Pynryus ne
MONKET RPUHUMATH HAUTOALULEZ0 NOLOHUTCALHO20 (HauMEeNb~
@20 OTPULATEAbHO20) BHAYERUR 80  BRYTPEHHUI  Y3ALT
cerru,

HokasatTeanctno llyvern Zyi=0 (i=1, 2, ...
von V= 1), Tlpenuotosk e, 910 TEOPeMa HEBEPHA It I B Ie-
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ROTOPOM  BHYTpeRues -yaiue i=iy, | K iu <N —1, qocrnraer
HauBONBUICTO MOTOMRHTEILLOLO SHANERIS  Yi == TAN §; ==
Bai. ¥

=M,>0. Tak rar y; ¥ const, To naijjerca BuyTpeunumil
vaea i, (i, MoWeT coBlAATh © i4), B ROTOpOM Vi = ¥i =
=M,>0, a B oyroN B3 COCETHHX Yy3i0B, RANpHMep, B yale
=iy~ 1, BBIIOTNAETCA CTPOTOE HEPABEHCTBO ¥ig—1 < Yi, Ia-
naniem poipakenue ua Ly, w pmge Lyo= by, —y) —
— (s — Yioy) — {ei — @i — by, B yane i =i, nmeeym

Lysy = biy i — ¥ig) — @iy (U3, = yiy—1) —
— (i — @iy = bi;) Y1, <0,

470 OpoTOBapesur npegnonokenu Ly, =0 nas Beex i=
=1, 2, ..., N—1, B tom wucie jyia i =i, [lepsoe yreepi-
AeHHe TeopeMbl 10kaszauo, Bropoe yTnepaieuie J10Ra3bina-
eTcd aaiopmyno ([oCTaTodHo 3aMEHHThH y; Na —¥; M BOC-
UOAB30BATECA TONBKD UTO JOKAZAHHLIM yTREDHIenuenm),

Caegcreue 1. Ecau evinoanenm yciosus (2), Ly, <0
(i=12, ... N-1), p.20, y»20, 70 =0 {i=
=0, 1,...N).

Ecau Ly, =20, 4, <0, yx <0, 70 gy, <0 (i=0,1, ..., N

JHowrasareaberso. llyvers Ly < 0wy, <0 xora 6u
B ONHOM BHYTPCHHEM Y36 { = {4} TOTAa ¥, ACCTHTAeT HAM-
MEHBUIEr0 OTPHUATENLHAOTG 3HAYEHHsA RO BHYTpEHHEM yaje,
9TO HOBOBMOMKHO B CHIIY IPHHINILA MAaKCHMYMAa.

Ciaenernue 2. Ecaw 20, n.20, p. 20, 70 pewe-
Kue aadavu (1)—(2) neorpunareavno: 3, =0 (i=01,...,N).

Canejgcrsue 3. Ecauw evinoanenwvr ycaosus (2), 1o 3ua-
dava

Ly;=0, i=12 .. N~1 y=0 y;=0 (3

uMeer ToAbKo Tpuduadshoe pewerue 1 dadava (1), (2) odno-
GHAUHU PA3PELUMA Rpu TOGHT G {i, Mo

HNowasateawcrvo. llpeinosaras, d9ro penieHne y;
aanagn (3) oTHHYHO 0T HyAA XOTHA GBI B O;(HOH TOWKe ix= iy,
MULL UPHXOM K HDPOTHBOPEYUN) ¢ NPHHLNIOM MaKCHMYMA:
ecaTn ¥i > 0 (v, < ()),To Y JOCTHTRET NOJI0KUTL.IBHOTO HAH-
Goapmiero (OTPHUATENBHOTO HAaMMelbLIero) 3HaveHud B He-
RoTopoii BHyTpelHeil Touke i==i, 4ro sesvoszMosuo, Cremo-
BaTEILHO, Y, = 0.

Teopema 2 (reopena cpasnenun). Hycre y, — peute-
rue aadawu (1), (2), j: -— peutenue sadauu

L-y-ig_-(;‘j, ::1,2,...,:\'-‘-*1’ ;02!:1, g:’\,:p'i



§ 5. IPOHIIAD MARCHMYMA 5y
U BOINOUAHECHBL YCAOBUR

It < g, I <, ol < e
Toeda cnpaeec’i.‘zuaa m;e}mu
lyil <y n0m seex i=0,1, ..., N,

HonaaaTenLCTBO. B cuay caeictana 2 unMeeM j; >
= 0. Tan pasnoetd ;i — y 0 cyMMBt 17,+ ¥; moayuaeM ypas-
newne BiAa (1) ¢ npaspivm_qacTayy g — ¢, = 0, p, — g =0,
=20 n ¢t e =0, potp =0, M= 0 cooTser-
ctvenno. Tox Ran ¢ 20 u potpa =0 (=1, 2), 10
B cuny caeactsna 2 gi—y, =20, g+ p: =0, ornyia cieayer
~< <y, lyl < i, uto 1 TpeBosadoch NOKaBaTL.

DyHRINIO J; BA3BIBAWT MEXOPaAnTOU XIA PEWEHHUA 3a-
daun (1), (2). -

2. Onenka pewedus Kpacsoit zanaud. leuienme KpaeBof
gagaqan (1), (2) npejcrasum B BUje CyMMBl §i = gV - y‘ﬁ’.
rie yﬁl’——pemeuue HEOHODOJHOTO YPABUEHHA € OAHOPOI-
HBIMH KPAeBBIMH YC.IOBHAMMU:

Lyi=—g, i=1 2, .., N=1, p.=pys=0, (4

(2
a Ui - pewrene o/ \N0pPoLHOr0 YPaBHEHUA C HeO1HOPOIHKI-
MH KpaeBbIMYA YCIOBHAMH!

Ly:=0, i=1,2, ..., N—4, p.=p, ¥ =, (3)
HokanieM, uro 1A ¥\~ cupase;uilisa OLeHKA

may |7 [<max (], [ pa ) (6)

n€igN
ITyers ;s — pemrenne 3ajavin
Ly:=0, i=12,...,N—-1,
Go=ix=pn, pn=max{lpl, Il

I (2) 13 | )
Torga nmo TeopeMe cpasHeHHA | Ui l iJi y & B CHIY HPHH-

NUOR MAKCEMYMAa max |70 <, 7an Kak y: =0 vomer j10-
0<i<N

CTHTAThH NAHGONLINET0 TOMOMHTEIBHOTO 3NAYEUHA TOILKO HA
rpanune, T. e. npH i =0 mwan i = N.

HeTpy,uo joka3arb, 4To BeIHYMHA MAN |y;| AB1IAeTCA

0<igN

nopyoit. Ilopuy mpuuste obosmauars cumsoroym lyie, Ta-
EHM 06pa3oyM, Mal Doayaran oneHry ly®lle < max ([, [pal),
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Teopexa 3. Hyerv gotnoanens ycaosus
la.| >0, 18>0, d=lel~lal = 15> 0,
=12 .., 81 (D

Toeda daa peuwenua saduuu {4) cnpasedansae oyenra
/

il <lg/dlc (&)

Horaaatenvcrno. jlag nokasarcabersa nepemumen
(4) B npje
Cilfy = Uilfuey v DYy F G 1"
yers |y} ocTuracr nanfonnuwero 3Rawenns |y;ﬂ|>0
npn =i, (0<i, <N}, rawx wro |4, | |1y, | npu awoboy i=
=0,1,..., N Torna s (47) upu i =i, caeyer

Icio ’ l 91"] —— 1 diyYig—1 + ()ioy"v"‘l + Piy I < ] @iy, Jl Yiy—1 ] +
+ |b"0 I Yig+1 , E ! By l = (1 i, ! + I biu, | y"-n + ,“'50 ”'
nl

(lciol —_ia’-(lt_lbilll),yjlilgl([ ur j!’"ul |d‘

Tes camual omeura (8) jloxasana.
Baveuannc., Lem yenosus di=e¢ —a;—b;>0 non
d,=leid —lal — 164 > 0 ne vmaoaneno, naopusep,

di=ci—a;—b;=0, 0,>0, b,>0, i=1, 2, ..., N—1, (9

1

T. e. d, MOSECT B ICKOTOPLIX yaiax o0panarbed B HYdb, TO
TeopeMoll J moNL30BATLCA Tleab3d. 13 ToM cayuae [LUg ouell-
KU pemenua ¥ sagawu {4) Moo moerynat, tax. [Ipei-

CTABUM Y; B BIle CYMAMBl [, = U, + W, I\ w; — peurenie 3a-
Jaun
c‘.
Lw, = b(w., —w) —a(w, — w,_,) =—¢,

i=1,2, .., 8N—1, wy=wy=0  {0)
Torpa v: oNpejCAAETET N3 YCA0BHI
Lv,= bi(vi+, —v)—alvi—v) —du = —dt,,

i=1,2 .., N~1, vo=uvy=0, 1)

B proy moxiH0 yOCAMTLCA, CRIAALBAA 1I0YICHIO YPaBHeRUN
(10) 1 (11), Qysxumo w; MO¥HO OIEHATE HEIOCPOACTBOH-
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no {ex. ron IV, § 3), nauticas ee 3 ABUOM bOde, a Juls
OLENRI I HaAM HONa/l00HTCA

Teopeya 4. Has pewenus sadawu ({1} npu yeiosuax
(9) enpusedausa oyenra

!, < tell,, (12)

Horxasareancrno Ferm d;=0, To B cHTy cXejcT-
pug 3 v;=0 1u ouenra (12) sommoanena, llvers d; 7 0 xoTa
6t R o;u10it Togre, llocTpoiry MaskopanTy #; RKaR pelleHHe
3a71au

LE,-=—(Z;ZU.7;[, i=1, 2, <eay J."\l'"_'j, i;g:ZT_\'::O.
[tyern 7,20 noctiraer manGontmero  3uadenuf npH
=iy} TOT,@ Uiy oy — U 'og 0, L,ﬂ v,-n_1>O ums (4) caeqyer

din;iu S bin (T""u"'l - l:"o) T (l i "u—l) + d’ul y =
— )

o,

Eemn di >0, 10 v << | i, |

(12), rax  waw|ei| < v Eeam d = 0, To ypasnmene 1)

H MGLI cPady 1oJIydTaeM OIIGHKV

TpHEENAeT B — b‘o (! bl ™ ) -+ (l g — U ;0—1) =0, u
- .—,z,'r-n.Tah Kak #, s£const, TO

I3 Hero caIemyer,vTTo Ui 41 —-{,0
CYIMECTRYOT TaKad Toyka i =i, B ROTopoii Uiy == U, 2 B CO-
cexuefl touke, uampmyep i =—i; + i, 11[4 1 <L11; TOTJl@ 3]eCh
diy =0, 11 MBI TONYYHM  DPACCMOTPRHMBI  BBlTe  Caydaii:
ll"||"1|6<|u’10{ ||lt e

3, OneHra pelleHns pasHOCTHOrO YPABHEHMA TPH 160
momn PpopMya mporoHru. s cayuas, rorma b;=a.,, T.e
xKorga ouepatop Ly, sBIUARTCA CAMOCOHDAKEHITLIM, MOMHO
onenurky pementie sagzaun (4) mpr momomm  dopaya mpa-
poit mporomru, Y paspemue (4) maM ymolHO 3ammHcaTh B
thopaie
‘XJL = (a.)!_,:)t, lyx - —

i=4 .., ¥ =1L y=0yxn=0, (13)
a;>0,d; =0
[TepennmreM ero B OGBIYHOM BM;|e:
Uillior — Ol T Qg = —R¢, Yo=Yy =0,
C,=a~i+a,'+3+h2di, a;>0, i=]. 2,..,. "1
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PaccyoTpuy dopruyian uporoskn
Yi—= @in¥ips F Bisy Yn =0, i= 1,20 N —1,
%ty r

s L = i— 1 2 Al
a!“'] - ci"‘azai“ al ”0; = 1,—:, vy JN 1,

o

A ~
“iﬂi [ q"ih
¢ —-—aiai

’ ﬁlzo’ i:"l»“?‘!"':i"v‘—‘l.

i+1 77

Hpu yeosuax (7) mveer ol <1 u
N N

(i <[yl S B <lyn+ 2 [Bef= 2 {B:l
s=li+1 a=i+1

Broaa ¢vuruwo a.3; = 1. noaygaex
Nir = (i 4 R g,

i <<l 2l d < tmd -+ 2 5 oy

TAK 4TO

o | < th

‘B peayapraTte noayudaeMm i1f pelleHHA 3a0a94 ANPHOPHYID
OLIEHRY
s

N
e < 2}“vh|% 012 Zhltfﬂnpna, ¢; >0.

O7olt OUEHKOM MW BOCHOJB3YEMCHA NPH HAYYIEHOHE CX0oJAMO-
CTM DA3HOCTHEIX CXe,



Taasa 11

HHTEPIIOIAITHA H YHCJITEHHOE
HHTETPHPOBAHHE

§ 1. Huvepuoaamua i npubamkenue OyuruHii

1. MlocrasoBka sapauu. O}HOM Wa OCBOBULIX 3ajad 9HC-
JAeHHOrO aMaM3A ABJAETCA 33]a4a 00 NHTePNOJIAUNH PYHK-
uwit. Yacro tpe6yerea BoccranoButh (Pynriuno f(z) aad
BCeX anadeunwil r HA Ofpea3ke 2 <<z < b, ec1H H3BECTHH ee
3HAYEUHA B  HEKOTOPOM KOUWCYHOM  MUCIC TOYER ITOro
0OTpeaka, JTH 3HAYEHHHM MOTYT OBITL HAGNHI B pesyInLTaTte
naGrojesuii (M3MepeHHHE) B KaKOM-TO HATYPUOM JKCIEPH-
MeHTe, 1ufe B peaynbTaTe BhiGuClemidi. lpove Toro, Mosker
oKaaathed, yto hynruna fr) sanaerca QopsryToff 1 BLIYHC-
Jendsa ee 3WAUEHRS IO 3Toii fopMyde ovdens TPYI0MKH,
TIOATOMY ;KeXaTeIblo MMUTH AT (pyHk1uu Gosee 1pocTyw
{(MeHee TPYIZOeMKYW 1A BuMHcieumi) d¢opumyay, RoTopas
1no3BoiAa 0K MAXOTUTL NPHOMIKeHIloe 3JMAYEHIe paccMar-
pusaeMoit pynrRuuu ¢ Tpedyemoil TouiocTno B [060E TouKe
oTpeska. [ peayinTatre BORMUKACT CILVIONAA MATEMATHYe-
cKag 3ajava.

ITycrn uva otpeske e<r<b zanana ceTka o ={r,=
=a<r<..<z,=b) u B ee V3.ax 34/iaHbl 3HAYeHHNA
dbyurimu y(z), pasume ylz) =y, ..., yla)=y...,ylz) =
== y,. Tpedyetrca 1HOCTPONTE UHTEPROIANTY — HYHKIHKO
flz), cornarawyio ¢ gyurumess y(z) B yanax cerxm:

fa)=y, i=0,1, ..., n (1)

OcHoBHAA Iedb WHTEPOOMALMM — LOJAYIHTDL  OBICTPEBIR
(9%OHOMMUHBIH) AJrOPHTM BLIMMCICUHA 3HAveHH f(x) 1ax
3HAYEHHH I, He CoJepsRalluxca B TadIHue ;aHHEIN,

OcuoBHOHl Bompoc: Kak BeibpaTy AHTepnOIAHTY [f(2) H
KAK OLeHATh norpemHocts y(z) — f(x)? Hutepuomupywume
$yurngu f(z), K&K HPABKIO, CTPOATCA B BUJe JAuHeIHEIX
RoMOMHAIIAA HEROTOPBIX TeMEHTAPHBY (JyHRLHIL:

h
J@) = 3 b (@),
rae {®,(z)} — puKcEpoBaHEbIe uHONHO HeaaBuCHMEE PYHK-
UBH, Cq Cy, ..., C, — He ONpejeJeHHNE HOKa Ko3D@HEIUenTSH.
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T3 yenosuii (1) wonyuuwm cueremy -+ [ ypasuenuit oTHo-
cureanno xoadpdunnenton {c,}:
n
2' C‘l{(.[)}{ (Tl) = Ui i= (}, l., ceay 1N
k==
ITpexmonosiin, wro cuetesma Gyasunii M () Tarona, aro
up awbom Beibope yauog ¢ =, <, <..,<z,=b OTIN-
YeH OT HYJIA ONPE;Ie I TeTh CIeTevn:

Dy(zg) D) -0 P ()
A @) = ol Tln) B )
(Dn ('T'n) ‘T’l () --- By ("’711)

Torga mo sagamueiy y: (=0, 1, ..., n} ogHesnagno on-
pegenstoren Roadummneirtsl ¢, (k=0 1, ..., »n).

B radecTRe cucreMs! nEBeiino mesaBuclMbIX (PYIRIUMI
{D(x)} wuame ncero BHOWUPAKT: CTENEIHBIC  (BYUROIT
@, (2) = 2" (8 orom cayuac [= P, (2) — noanuoM crenenn n);
rpuronomeTpuveckne  dynemm  {D,(2) = cos kz, sin kz}
(f -—— rpuronoyerpudecknil uomiuos). HemoansyoTes rtakme
PALEONANLIEIE PYTIKILIIL
a,.m

e
& %y "

B, Pl ﬁpm"

If JipyTHe BB BNTepuoaupyourx fynrunit. M pacesor-
PUM  WHTEPNOJAINOBRbBIE HOAHUOMDBL I CIUIATI-HNTeIONA-
0 — CaYYaii KYcoTHO-TOTHINMAATLION MITePTOTAINiL,

2. TloaunoMHAILHAA uHTEpOOXANMA, Hasectyio, uto mo-
fan meupepmnuan na orpeske (e, b pynrma [lx) momer
OBITL XOPOING NPIGMTNENa HeROTOPRIM woarwoyom P, (x)*):

Teopexa Beiiepmrpacca Jdaa awdoeo >0 cy-
wecteyer noaunom P,{x} crenenu n=nle), Tarol, uro

max | f(x) — Py, () | <e.

xn=[n,h]

r-l- ... -ta

OnHaK0 9Ta TEOPEMA 1le ;1aeT OTBETA Ha BOTDOC O CYIOIe-
CTBOBAIMIN  XOPOILETD JHTEPNOAAIIOHIION0 TOTIHONMA 1151
sazanforo Mioectra Touer {(z;, yil.

Hrar, ©OyaeM HCRATD UATEPROAAYUOHMSLLE NOIUHOM B
BILIE

n

Al K
P {z)— l; CP--'I"‘Z (2)
i Q

*) Cwm. maupmvep, Mupun B. A, Tlosear 3. [., OCHOREL MaTeMa-
TRY9eCKOTo akasmaa, 4, [L.— Al Hayra, 1980, ¢. 50,
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rae ¢, — neonpeledentpie kosddunuente. loaaras fla) =
= iy, NUAYUaeM CICTCMY [IITHEHNBIX YpasleHni

™ .-.TL —_—
¢yt ey - o - Gy = Y,

e R T Il CNJ-I = yli

. , n
o F €y + - T Codn = Yne

Onpejemuredes aToli CHCTCMBL ALIACTCA oTUCTABI 0T nyus
onpejeantean Bamiepmon;ia:

9 n
1 P P
Aol R . g
= 171 1= {ry — xp) 5= 0.
RO nah>m 0
2 "
Lz, oy ... x,

Oreoga cle1ver, uTo nureprnodsnueuusii noamuom (2) cy-
imecTeyerT o ejpunersenr  (opM  Banncun  Cre eyiLecTByer
MHOTO).

3 wagecrBe Baznca {D,(x)} MB namir Gasue N3 o;odse-
pow 1, x, 2°, ..., 2", Jag perumenennii Gogee y100UbIM AR-
AneTes Gasuc nomnnoyMos Jlarpansga {I,(z)} cTenenu n man
rosfiguyuenros JAdaepanx:

[1, ceanr =k,
10, ecan is&k, ik =0.1,...,n

!"- (Jv'{) o

Herpy;ino BIACTD, YT 10JUNOM CTEIeInt 7t
]
Li(z) = ;" (z) —

(5= ) (€= 7)) o (= 2 ) (3= ) oo (7 )
(‘!l{* hd ) (rh - ‘51) e ('TI: — Ty ) (‘rir - 'tft+l) N (zk - "'n}

yiopaersopaeT arum  yeaosuas, Ioamnom 1,(x), onesiuino,
oupeelseTea ¢IUUCTBCHELIM ofpazom. B camon Jese, mycrh
CYUIeCTBYeT elue oJin noaanoM [.{z); Tora ux pasuocTs
Tlx) — L{z) = ¢.{x) eerp uoamHOM cTemeuu 7, obpamawn-
muiica » uyas 8 2+ 1 roakax z, (i=0, 1, ..., n). D710 BOA-
Moscno Toabko npu L(a) — L) = 0.

[loammom L(z)y, mpnmmMacT amadenne y, » TOUKe T, It
PABEH MY BO BCeX OCTAILNLIY Yaiax z, upn j =+ k. Orcioja
¢J1e;yeT, YTO HNTePHOJAIIOHIEI TOIIL0M

pn (:5) == 2 Zh (x) Yi = z Y [I i (3}

R=xg) ivh Ty =
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HMeet credend ue shvume n u P {z) = y. Qopuyay (3) nma-

suiBalOT ghopryaoll Jazparaca. Uneao apugmetvueckux mei-

cTBIt Aas  Beiwmcnaenns wo (3) uponopimosansHo nf, [an

oueBRE Gamsocta moimuoMa P(x) k dysnuun f{x) mpexuo-

maralT, 4To cyniecTByer n -+ 1-g nmenpepbisHas TPOH3BOIHAS

[+ 9{x). Torna mMeet wecto fhopmynra I8 NMOrpeHIROCTH
nEl

1@ =P =~ i e —a), t=ia bl

3. Hareproaanuonuaa ¢opuyaa Heiorosa. [pn suimnc-
qenuAax Ha IBM ynoGua uxrepnosayuonnas gopmyasa Helo-
Tonma. 1A ee samucH LATO BBECTH TAK HasbiBacMble pas;ie-
Nemibie PA3HOCTH:

pasdeaennas pasnocts nepeozo nopadra: yla, x) =
= [ylx) ~ yle))/(z, — x,);

pasfeaenias pasnocTe eropozo nopadka: ylz, x;, x,) =
={yla;, ;)~yla;, M xi~2) 1w 7. ;5 Eeam yla)=
= P,(1) — HOJKDOM CTEHOHN 7, TO WA HEro uepsad paane-
aenHan pasnocth Plz, z.) = [P(x) —~ Ple )/ iz —z,) ects n0-
ampEOM cremenn # — 1, BropasA paamocts Plx, x,, *y) — moau-
HOM CTeNeHH n— 2 M T. 1., Tak uro (n-1)-1 pasjgeiennan
pPa3HOCTDL PaBHA DY,

Hs oupejenennsa pasgesesuslx pasHocTedl chenyer:

Pz} = P{z,) + (¢ — z,)P(x, z,),
Plx, x,) = Plx,, z)t(x—x)P(x, x4 1),
P(x, Ty .1'1) =P(-’1’5,), Zy, xz) + (x_x:,}P(I, Loy Tyy xz)

u T, 1. Orewaa noayuus ;a8 Plx) dopuyay
P(x) = P{z,) +
+ (x — z))Play, 2+ (e — )z — ) P(xo, z,, 22) T ..
vt @—aa—z) .. (@~x)Pxy 21y o, o). (4)

Ecau Plx) — unrepnodangosHeld noannom 148 Gynx-
neH y{z), To ero 3uadennAg ® yajnax CeTOR COBIATAIT €O
anavesuAME (yHxwun y(z), a 3HAUUT, COBIAJAIT U pa3je-
JeEHule pasHocTH. [lostomy BMmecTo {4) Moo HanmcaTh

f(x)zyo"!"z;l(x_%) (x —ay) .

e (= Xaq) YTy Ty ooy Tn)

(noaunom Huvworona), Tlocne roro Kak BhlYMC/HeHBI PABOTLH-
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Yhle Pa’duOCTH, BBIUNCIATL U0aHHOM HiloTtona vio6Eo wuu
cxeme [opuepa:

o) = ylx) + (o — z)ylay, o) + (& — 2 ) ylxy, 2y, 22) +. .01

Briymcaenme f(x) mam Kamgoro x TpedyeT n yMHOKEHRHH It
2n caoskeynil MM BEYHTAHMIL

Cymectsylor 1 apyrue dopyy:ms nrTepnonauuy. Cpenn
nux uauboiee YOOTPEOUNTEIbHR IPMUTO6A UHTEPHOAAYUR.
3aech sajaya CTABHTCA TAK. JajfaHH n yaunos {z;}, n aHave-
anii gyaxmun {y) w » anagennit mpousBopmoit {!/z’ Tpe-
Oyercs HAWTH WOINHOM MAKCHMAILHOH cTemedm 2n — 4, Ta-
ROii, 910

Px)=y, Puy=y, i=12...,n

Fean Bce x; pasaudiiel, TO CYmECTBYET eTUICTBEHHOE pelme-
HHe, KOTOPOE HAXOAHUTCA CIOcoG0M, AHANOTHUHHM MeTOIy
Jlarpamka.,

Caegyer mMeTs B BIIY, 9TO NpPIMeHEHMe [OJAHOMA BHI-
COROH CTememH MO}keT NPHBOUTH K TPYIHBIM upolreMmawm,
CBA3AHHBIM C omnﬁﬂanm OKPYIICHUA,

4. CuxafiH-HHTEpUONANAA. PaccMOTPEM  CIEUAAIRHRLII
cIydal  KYCOUHO-TOIMHOMHAIBION NHTEPIOIANNN, KOTZa
MeRAY JIIOOBIMA COCEAHHME YaIaMH CeTKH (DyHRKHUA HETEp-
noaupyerca RyGmuweckmm nomuoMoM (kybuneckas cnaaiin-
unrepnoasyua), Ero roaddHIEeHTH Ha Kai(I0M HHTepBase
OHpPeACIAIOTCA H3 YCIAOBIH cONPAKEHHA B Y3IaX:

fi= s
f’ 2 —0) = e, + 0,
=0 =f"(z;+0), i=1,2, ...,n~—1.

Hpo.\le TOTO, Ha I'PAHHLe HPA ¥ =2Z, 0 & = Z, CTABATCH YC-

10BUA
7 x) =0, ["(x)=0. (&)

byney uckaTh KyOudecKHH moamnoM B BHIe
@) =a; + bl — xin) + ez — 222+ dila — 2, ),
T <zr<z. (6)

i

3 ycnosus f; = y; uMeenm
faimy) = ai = Yiwys
fla) = a; - bih; + bt + dikl = s, (7)
}Z»,;:—"J.‘i—.’l?,‘_l, a=1,~,,..,n—1.
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Beraucan mMpoisBOANbIe:
{{x) =0+ 2¢(x - x,...) + 3dilx — 7:2y)?,
77(x) =20+ 0dilz — zmy), o <z<uiy
H moTpeSyer OX HempepubinHOCTH npi Z == 2!
bioy = by - 2e0; - 3dili,

. . ()
C;“::':Ci-}- C}Liihi, l=='l,2,,..,n—~l.

Qfuee YNneIo NeNaBecTULY RoMPPIIIIeNTOB, 0IeBUIHO, Dub-
wo 4n, wuaeno ypasneunii (7) u (8) pasno 4n— 2. Hejocra-
J0IMIe Jsa YPaBIenis monyvacM us ycuonmil (0) upn x =z,
W=,

e, =0, col3duh, =0.

Borpasran s (8) dy=(¢;.y — ¢;)/3h, vojcrasisas dTo Blpa-
wenne v (7) 0T MEWI0UAR & == Yy, TTOTYIIM

b; == [(.1/1 — ]j;__l)"}h] -— "Ll‘.; h[ (CH'I ‘}" 2['1')? i :11 21 ve g it — 1..

, 2
Un == (== Yn) Ful — 5 hacan

llogcTanus Temeps wwipaskemusn nafA by, by, u d; B Hepsyio
popuyay (8), mocae wecioMHBIX TPeodpPasOBaHIl TOJYTAEM
JUIA OmpeJeleRds ¢; PasloCTHOE YPABHEHIHE BTOPOroc Mo-
pPAAKA

Hivqg ™ U; Y ¥ig
Bicirl 2 (it lei) e qt g gine *3( - - :

hioy k;

€

t=-1,2, 00, —1, (9
C KPAEBLIMU YCIAOBHSIMIL

=0, ¢,.,=0. (10

Yeaonue ¢, =0 swsmsatentno yeiaosuw ¢+ 3d.h, =0 u
ypamHenio ¢ = ¢, -+ dh,. Pasnoeruoe ypasuenme (9) ¢ ye-
aopuayu (10) peraerca MeToJ0M TPOTORKIL

Mosk110 BRECTII DONATIE CRJAALUHE nOPRdKa M KaK Jyun-
1M, ROTODAA ABIHeT A MOJBHOMOM CTCOCIIH M 1Ha KaxIoM
I3 OTpe3koB CeTKI U BO BCEX BOYTPCUHHX Y3alaX CETRU
YIOBICTBOPAET YCJIOBHAN HenpepsiBHocTH (yUKUEH B 1po-
U3BOANEIX 70 mopstia m — 1 Brounreasno. Ofwiumo oA
HHTEPHOOJAALUN NCHOAB3YIOTCA caydanm m =3 (paccMOTpeH-
HEH BLIIe LyOiyecrnil codaiin) o m =1 (auneinoui cnaaiii,
COOTBETETBYIONUIH ANIPOKCHEMALIIY Tpafura Qyusuni i)
JoMauoil, npoxoauleli sepes Togku (&, yi)
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5. Hpumcnenne mutepuoasuun, Hnarepiuowmus  upine-
HHCETCA BO MHOTEX BAJRMAX, CBABANUGIX C BHYMCAETIAMY.
YRazKe s mewoTophle HA ITHX 3A.Tal.

O6paloTka  QUBMUECKOTO  BHCTEPHMEUTA — UOLTpPoCIue
NPHOIHKeNHERIX OPMYS AUT XAPAKTCPIBIX BEIYUI U0 Tab-
JMYHBIM TAUIBIM, THOMYYEUUbIM IRCHEPUMELTANBIY.

Hocrpoeinte npudniuxenusx Gopyy:l 0 AAHIBIM BEIYIHC-
STUTEALHOIO JKCIEPHMEHTA, 13,(6Ch BOBIIMIKAT HCECTANApT-
IBIE 38,449 UITCPUOMUII, Tak KAk o0uluno uwwyres dop-
MYIR BO3MOsKII0 00iee DPOCTOH CTPYRTYPHL.

Cy6tabyauposanne, T. e, crylyesive TalIuil, HpUMeHg-
eTcA B TeX CAYYAAX, KOIfa TenoCpPej(CTReHHOE BLIYHCICHIE
yurigii TPy, U0 HAH KOrJa HMeeTCa Mall) BKCHepPHMEeH-
TAaABHBIX Jaufbily, B Mamny ssogurtca nebojnman Tabii-
N\a, a HY/KIibie OPU pacueTax AHAUeHIA QYHKIUH HAXOIATCA
o Mepe MeoGXoMIMOCTH no MuTepmnosAumounnocil dopsyie,

Rurepuoaainua mprnMveiusieTcd Taryke B 381ave 00paTHOZ0
urTepnoAupoanuR: 3ajama tadamua Y. =ylr); maitnm
rak dyorimmo or y. Ilpumepom ofpatioro DBuTepMoXMpoBa-
HIA MOKET CTY:RHTL 3ajaua O HaXOJIenuu Kopueil ypap-
nennA.

{urepromaonnste HOPUYAN HCHOTLAYIOTESA TAKKe DPK
BBIMHCIEHIN HHTErPAIOB, JIPI HANHCANNET PA3NOCTHLIX aH-
npokcaManuii g guddepeni(aibibly ypasueuiil 1a ocHo-
Be JHTErPAILHBIX TO/KIECTB.

Marevartirteckoe obecnevenme gwdoil DBM  cortepwur
CTAT,IAPTHBIE TPOrpaMMul HITePHOIHPOBANNA,

6. Cpeanexsajipathunan annpokcwyanusa. Jlo cux 1nop
AtRL PACCMATPHBAJIN IOCTPOPHIIE ILITEPHOTAUHONNBIX IMOTI-
HomoB y(r), CORNAAOMIIX Co 3NAYCHIAME HCXOIHOH PyHE-
nuu f(z) EA EEKOTOPOM MHOKECTBe YATOB HA CeTRe !

ylz) = f{lx), z,€0.

Qynruns ylz) npubamraer {amnporcusupyer) Gywnumo
fir) ma matepBaie ceTkm,

Hyets Lila, bl — npocTpancrro peldecTBeHnbx ¢y IR
CO CRATAPIBIM TPOTIAnefeHme

b
(toq) = [ e@ar

II HOPMoOi

Vi, = V. D
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PaceMorpusd ofmywno 383adqy of annpokcAMalmH QyHK-
mun f(z) ¢ynknuamu L., samensia tpefoBaume y;= f; ycio-
BHeM MUHMMyMa HODMBL || f— yir, L1r MaxocrH mHopMsL:
M — yle, <#, 1ne £ >0 —3agjanuas T04HOCTS.

Ormckanme inf||f —ylz,  ectn satava o waxommeHnm
nauayyuLe2o cpednexsadparuirozo npubauxwenus. B kaue-
crBe y(x) BOBBMeM 0606UyerHbIL ROTUHOM

k1)
8 v
y(z) = ’Z e (1),
=0
rae g, (x)} — cemeiictso  opromopyupoanmux ua [a, bl
Pyunmit
fl, k==m,

(as En) = Bume Bem =10 3

r, — OpouaBoasable koadduumenter. Torna 3anaua maxok-
NeHHA HaNJIyYIUero CpefHeKBaAPATHUION0 NIPHONHKEHAH
CBOJTUTCA K OTHICKAHHIO MHHHMYMAa yHruuE n -+ 1 nepeven-
IBIX Cp, €4y ooy Chl

!
minl
Lent
Butumc1ny cpednersadparuuioe yrionenue

I — gl = Ifll — 2¢f, y) + lyle,

1@ = B an )] = Flen e e

HoxcraBaas cloga BLIPAsKeHAA

(f, 9= é} e (f, @) = éo fer Fo=(f, )y
lylE= 2 e

10Ty IM

=y =17F+ Eﬂ(ch —hr= XA

k=g

OTcloga BUANO, YTO MIHHMYM TIOTPEUIIOCTH TOCTHIAeTCs npi
¢ = fa, T. €. na YHRLIL
n

Yi@) =yn(0) = 3 fagpu (2).

k=0
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B arom cilyyae

T

h=0
Tarny ofpasosM, mamiywiiee cpenexsaipaTwdaHoe IpHOTH-
JRellie CyUIecTBYeT U egHAcTBenAc. (MO LPHBOINT K 3ajlayve
0 BHITHCJIEHHH HHTECPANOR JUIA OUpefenenus o, = f, = {f, ¢,).
Ecmn ¢ynrmun {g,} ofpasyoT noanywo opromopmmponan-
HYI0 CHCTEMY, T0O BHINonnAercH pacencrgo llapcesaan —
Crexaosa

a

- b
2 fi=[rF@de= (12)
* a
Cpaernusag (11) ¢ (12), naxoqum
[f—ul2= X Jjh
h=nt1

T. e. If —g,ll > 0 npr n — o) mawsyumice cpeanERBAPATHY-
Roe mpubIEKende cxogAates E f{2) H BOIMONRHA ANNPOKCH-
sManua ¢ 6ol ToudoeTel: f—jy.ll<e, ecam n=Nle)
{(n MOCTATOYHO BEIHKO),

3daMedaHBe. Bee paccywmeHus cOXpaHAT CILTY, ec-
T¥ CRaAHpHOEe upomaBejeniie Gepereda ¢ secom plz) >0

b
(f, g) = Ef(x) ¢ {7) o (2) d.

BosMmoguEl 1 J[pyrHe KPHTEPHH ANNDPOKCHMATHHN, Korja YK-
JoHenue f— y MUHHMH3HDYeTCA B ADYroH HOpMe, HampmuMep,
B nopye mpocipanctsa C (pasromeproe npubauscenue). Tpu
HAHIYY(UeM pABHOMEPNOM nNpRiIIKenHH MH  OTBICKHBAEM
dyurquw y{zr), Ha KOTOpOH NocTHracTCA

min max | f(x) — y ().

{yy aLxgh
Onmako moka me Hal;(eN0 MeTO7a HAXOMJIeANA aa KOoHewdHoe
yucso jelicTBuE RosPPHUMEHTOB HAHIYWYLIEro PaBHOMEDPHO-
T0 HpHOAMKeHHA JanA (JYyHKOUH, 3ajaHHOH HA OTpe3ke
[a, b]l. Bosmomphl ¥ gpyrHe mocTaHOBKH 3ajgad anmpoKCH-
MAlHH — HA JMCKPETHOM MHOMECTHe, HA COBOKYIIHOCTH OT-
peakop m xp. Uaywamwrcs Tammke MeTONEl HeNHHeHHOH am-
IPOKCHMATINH, HAUPpUMep, INIPH TOMOIUM pANHOHANBHLIX
¢gyurumis. 910 orasbBaeTca 3QdeKTHBHEM npA obpaboTre
DKCIIEPIMEHTOB.
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§ 2. Yucaennoe nurerpnposanie

1. Tlocranoska zaaawn. Ilpocreliuine kBapparypuie dhop-
Myaw, 3aJa4a UUCAEHHO20 UNTEZPUPOSAHUA COCTONT B Hil-
X0 [eHAN MPBOIMKEeIIIOr0 31aTeHIIA HETPrpasla

h

T = 7@, m

o

o

e ) — sagamnan @yusuma, Ifa orpesre e, b] vnognten
cetka o={r: 2, =<y, <., . <x<In,<...<iy=0}
7 B KauecTse NPAGIHAEANOro 3HAUCNHA LUTETpaTa PacCMAT-
PRBaETCA MICAO
N
Tl =2 el (z), ‘ (2)
-
rie f(z)) — 3navenun Gyaruun f{z) B yalar =, ¢; — 6e-
coenle MnoxcuTeay (geca), 3aBHCHIEE TOILKO 0T VAIO0B, 1O
ne 3amrmesme or pebopa flx). Mopmyaa (2) masmsaeteA
raadparypuoti Popuy.aoi.
3ajJa9a SHCIICHHOr0 HATErPHPOBANHA NPHE HOMONM RBaT-
PATYDP COCTOMT B OTLICKANMH TAKHX Y3708 {r} m Tarux pe-
con {c}, urobn nozpewiHoCTy Keadparyprod diopay.au
X

b
DU=2 ef@)— {f@)dz=Tnin— 11/

120

fula MHMIMaabHoLl A QYHRTMAE ¥3 32140HOTO Kaacca
(seamima D[] 3asmemrt or raajwecru fz)). Ipn nocrpe-
eHHIl KBa/PATYPHOIT HOPMYIAK 00BYHO TpeICcTaBIAKT II-
rerpa:1 (1) B BHTe CYMMBI HHTErpaxos Baja

p
{ 7 (@) da,

«
RadAd (Bl M8 KOTOPHIX CBOAMTCHA K CTAWJAPTHOMY HITEIPATY
710 OTPesKY e{HHMYHON TIIHEL

Lifl={ f(s)ds (3)

¢ TOMOMLI0 3aMEHB

—_
[
S

z=q+ (3 —~a)s,
Hz) =fla+ (3 —als) = Fls),

(13
—



§ 2. YUCILHHOE HHTETPHPOBAHMNE. 7
TdR 9TO
1
ﬁf(x)d 5 ds=nL|f], ®x=f—a
0

(wepry cmepxy max f(s) Oyjem omyckats). Bynem cumrars,
YTO © — PABHOMEPHAS ceTka. TOrja MOMHO HaOUCATH

N
J{f] == 2 "Il"

iw]

:\\l'_ 1

Ji= § j@dr=nr{i@o +nsds
:\‘,1_1 0
, Eean N = 2{, — gerunoe wilcIo, 1o
J[I Z J“l—-lv
111 1
T = | fode=2 f [ (&sims -+ 2hs) ds,

Xajemy

1
Tawua oOGpasod, 3a;jaua CBOJATCA K UOCTPOSUMID KBalpa-
Typuoil Gopayast juis nnrerpasa (3) mo eJIMILIIHOMY OTpes-
ry. Bnifepes na orpeswke 0<Ks<1 yaam 0=y, <5 <<, .,
< s ) (wadaon wesaipaTypHOit GopMYIn) I HUCTAROM
anrerpady (3) B coorsercTRme oparyIy
m
A () = X paf (sw)- (6)
k=0
PaccvoTpuy ppocteiirgne waapaTypusie GopMyabl:
.;ﬁ)op.uy.fm_ npamoyeoabtuka (Wabnon  CONEPHUT  O;{INI
yaexr):

{
m o=, Po == 1, Sg = 5 A(f) = f(:,—),
gopuya Tpaneyun (Ipa yasa):
m=1, p;=

1
1 D=5 s=0, s=1,

ARy =5 0) + 1y
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popuyaa Cunncone (1pu yazal:

1 4 1
m=2, Po=Dy=751 1= F sp=0, Si=5 sy=1,

At =510 +41(g)+ f)

n gpyrze. Ila mpakrdke, ¥aR DPaBUIO, NpEMeNsTeA (Op-
MYJIH ¢ ne0oILImuM THCION yanos imabiona.

Hanumem Temepes cOOTBeTCTBYONIHE (OPMYASl NIA UH-
rerpata (1) na pampomepmoit cevke {x;=1ih} ¢ marom h.
YaurpBag aaMery (4) 1 (D), momydamM:

dopMyTy DpAMOYTOIBEHKA:

N-1

Ix[fl= E hf(Zigan)y  Timpp = @i - 5 h; 7
e

dopryIy Tpamenmi:

I
J—
~

Ii
L

[
=
L

N
Ixlfl= Qef@h co=cx=1, &=
=0

8)

gopuyay Cnuncona:

N
Tnlfl= Deif @) & = 5 (fo + 4Fy 4 21 + 4y + - .

1=

o 2fye A N vy mpr ¥ = 2. (9)

2. Hoerpoenne kBagpaTrypunix $opmyia. B cuny crasan-
HOTO BhIe HATOMEINe TOCTATOTHO BECTH 1A CTAHIAPTHOYO
nuterpara (3), KOTOPOMY CTABUTICH B COOTBETCTBHE KBaIpa-
typaag $opMy.Ia

m

1
[Fds= 3 paf (sn). (10)

0 k=0

B olriesm cayuae ¥vaist W Beca HEUJBECTHBI I HOUISIKAT OlI-
pexeIeHn.

PacemoTpuy cuagaaa eaywail, Korja ysabl 3aJaHBl W
Tpedyercs Halitn Beca kBazpaTypuoit Qopmyam {p}. Mu
OyxeM moan3oBaThCA Tpeboammer: dopmyda (1) Jommua
OBITE TOYHOH jiTA m0boro moaufsoma P,(s) crememn r << m:

MPI=LIP), r<m. (1
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Haa Ttoro yroGsl moaumoM crememn 7 yiowaersopaa (11),
foctaToano norpefoBarth, yTo0H KpaapaTypHas (opmyna Obi-
e TowHoB Fuf smoGoro ognodmena s crememu o (0=0, 1, ...
v 7). Vuureiean, aro Lls°] = 1/(g+ 1), noayuaem us (11)
m+ 1 ypassennit

Po+ P+ »vo - pm=1,
p()347+p131 e !mSm =172

I LT TP

P 50 4 pl”f -+ . Prnsm = 4 (0 - 1)}

« ¢ 4 4 4 & -

Py Pl 4 oo A PSS = 1 (m+1)

dTta cOcTeMa HMeeT eNANCTBENHOe pDemeHHe, TAK KAK ee ol-
peneanTeney ABIAETCA OBpPefeJATeNh BalICPMOHIA, OTIH%-
HHIfl OT Wynd, ecIi HeT COBHOATAIODIMX V3IO0B, 8 < 8§ <<...
v < S

Taxr, moaarag m=2, s,=0, 8, =1/2, s, =1, \myeem cH-
creMy potptpa=1, p/2+p.=1/2, p/4i+ p.=1/3, pe-
UIeAIeM KOTOpoll AmaAwTcA Beca (Popymyanl Cummcoma: p, =
=p,=1/6, p,=4/6. Taram obpaaom, goprayaa Cumneona
ABUAGTCA TOYHOH A DOAMHOMA Bropod crememn. Omako,
B CHIY CHMMETDHH, OIA ABIAETCA TOYHON H JJA BCEX HOJH-
HOMOB TPETBGE CTeneHu:

Py(s) =1+ a,(s — 1/2) + (s — 1/2)* + ay(s — 1/2)°,

TaK ®ak oHa Touma yAA [(§) = (s —~1/2)°, B camox jere,

o414l 87404 ()0,
o~ £1]- o 2o

QopMyaL NPAMOYTOILHHKA H TPATENHH TOYHHL JIA JIA-
pefigoii (PyEKOum, T. e. ;1A NOAMHOMa Teppoil cTemeud,
B HeM Jerro YOeIIThCA HemocpeICTBeHNO.

B ofmest caydae B nauecrse P, (s) moskHo Bm0parts HE-
TePHOJAUIONIEI HoTnHOM Jlarpanka

i
Pp(s) = kE I (s) f sy,
-0

rae 17 (s) — nATepnodawnonwEEl Koapdumuent Jlarpamisa,
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113 paBeuciaa
1

1 nt
Pol = | Pus) ds = 3 /(s [ ™ (s) ds — 2, pif (54)
Y =0

BEARO, 910 Qopuyiaa (10) Togua ;A mModNHOMAa cTemeHi m,
eCTH BECOBMIE MUOKUTEIH P, OHPeJelaloTes 1o (Gopiyue

P j' 15 (s) ds. (12)

DopMyNBl TAKOY0 THIA HA3BIBAIOT KBAPATYDHLIMH Hopmy-
aaxmu Koreca.

Hpunenesx B kagecTse nmpuepoB HoZoGnbix dopmyn emge
;1Be KBa/parypusie (HOPMY.IbL:

na deTHIpeXTouedHoM wafione, s, =k/3 (k=0 1, 2, 3},
m=3:

A =g (101 3(3)+3(5) + 1)

[+ ]

1
Py=Py= 7, DP1=Pa= g

na mATETOYednOM Iwabione, s, =h/4 (k=0,1, 2, 3, 4),
m = 4:

AU = (7740 + 327 (3) + 127 (3) + 32/ (2 + 77 1)),
o | i )

T xR 12
Dy =Py =3y PL=Pe= gy Do gy

¥ Bcex TpuBefeHHLX BhIIIe NATH KBampaTypHelx ¢op-
Myl WA0NONBL COCTOAT 113 Y3/I0B, CHMMETPHYHHIX OTHOCH-
te)bHO cepequnsl § == 1/2 oTpeska 0 < s <1,

3. ®opmyna Teiizopa ¢ OCTATOYHLIM WIGHOM B HHTE-
rpasibHol opme, lIpH HeeTegoBaHMH NOrPCHIHOCTR KBa(pa-
rypuoit opMyan Ham mouanobmrcea dopmyna Teiiopa ¢
OCTATOTHLIM WHEHOM B UITerpadAbHoil gopue:

Flo) = 1) + 5/ O 4 5 1 O + o 420 10+ Ryyo(s),
(13

Roga () = { £=0" oo g gy

)
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Jra gopMyia MomeT GhITh AXOWAZANA MIIYRIHeH 10 7.
s n =10 ona sepna:

1) = 1O+ ts), Ryts)= [ 7 @yae.

0

Hdouyerus, uro ona sepua Aaa n. Wdrerpuposaunes mo 4a-
CTAM TOTYTRAEM COOTHOMICHIE

P

jlts-—f} /(n ”(l)dt

0

s [
(g - )1

¥ ‘s — T -2
e T o SRR ) IR L P
] 0

R
gl : (r— )" ,

n ;- +t ind-9)
=TT 10 + o’ Paya,  (14)
0

KoTOpoe ¥ jokageizaer dopsmyay (13) jpas »+ 1. Beoia

$ryuruA
(¢ Unt upn § 2= -
n (b) - lO np“ §<O, (1'))
sannmey GopyyIy JLIA 0CTATOMTOre WwieHa R, B Bute:
1
£, (s) = { Kn(s—oy ey () dt. (16)

[}

4. @opmysa AA HOTPEINHOCTH KHaApaTypHOR dopMyabl.
Ilepeii;jeM K BEIBOAY (OPMYIB TI# HOFPeItHOCTIL KBaj|pa-
TYPHOI hopyy.The

AN =Al - Lij] {17)

B wIacce (Y Jynuoud, mvewnuny (n-F {)-lo nempepnin-
AVI0 NpoH3BoINyl Ha orpesre (< s<1: j(s) =V [0, 4],
Toraa mepma Ggopayia (13), waw

F6) = Pa(9) + Rupa (9, Puls) = 2op [7(0). (19)

c- 0

s npegpigymero (cM. m -2) ACHO, TTO JIA HOTHHOMA
P.(s) crenenn n ¢gopmyra (10) apugerca Toumoil B JIBYX
CIy9Aax: npH n<sm -+ 1=n, ecxu m verHo m gopmyna
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CHIMMETPHYNA; OPO 72 <X M = R, BO BCeX APYrHX ciayuanx. Mut
0y1eM NOKA mpejuojaraTh, UTO
AP )=LIP,), 1 e n=n, 1y
Obpatumes remeps ® pasmoctu Alf) u nojcrasim [=
=P, + R, b 7). Yawrwizan (16) u (19), noayans
Alfy=A[A—LIJ| =
= (‘\ [Pnl - lepnl) -1 (~\ ]Ru MI — L I»R:le |) =

o |
= MByd — LR o] == E Pr u\ Ky (sy — 1) f‘"nvrl) {f) dt —
0

h--0

i1
— (R =/ P mydds
00
1

1 m

== Y[E pekn (s —1) — { Kuts — 1) ds] FD @y dt.
¢ Lk=0 a

Hoasayacs peipamennen (15) jaa K.(s — 1), naxogmm

1

. B G P T S
j.ﬂn (s—1t)ds = .Y nl ds = (=17
0 t

B peayaptare (opMysa I8 DOTPEIIHOCTH TIPAHHMART BIT

1
A = Fun 0 0 a, (20)
0
rie
- . ' . (1 — 1)t
Fpi (f) = kz,ﬂ prKn (s, —8) — ETEV (21)

OTCIO}_[H ciaeqyer oleilka JIA norpelldocTH
|tA(f)I gMn.i.icu:,.l (22)

npu |[f*F <M., vie M.y, >0 — voctosuman, u mpu

L

cars= | | Pusr )1 d.

Ecam #,,,(¢) ve menger smara na orpeske 0<s<1, 10 B
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CHay TCOPCMBL O CPETHEM HMeeM

\
A =" Py @, 10, 1)
8]

5. OueHKa norpemioeTn KoHkpeTawmx dopyya. Mp mo-
dyamy otepky morpemmmoct A(f) == Alf] — LIf] rsagpa-
TYprOIT QOPMYIALT JEIA CTANIAPTUOrC MUTErpala (3). Tpu
nepexole K gopMyaam jaa  nurerpatos (1) m (3) Hamo
VIECTD, MTO

A7 Lo 47 ()
57 P

¥

) =f@), r=a-ff-a)s, dr==xds, #x=p—o.

Hovromy fas norpemnocti
m 6
dlf) = 3 npu (o) — | /() dz = »A ()

k=) o
B cuay (22) pepia dopmy.aa

[ << epe"™ max | " ()],
x={a,B}

1
Cari = [ 1 Puss (1t

[]

T Boiuncaenun uorpemsoctu Jylf) —JLf), ovesmmo, najio
HPOCYMMHPOBATL Na ceTxe morpemmocta | D71,
PaccMoTpHEM 0pOCTCNIHE KBIAPATYPHBlE HOpMYIILL
1) ®opmyaa upamMoyronbuura: m=0 p, =1,
se=1/2, A(f) =7(1/2). B cany gopmyns (20) nmeexn
1

- Y -, ' | —
a={eoroa ok (f - - 150
¢
e Fyl)=—(1—802<0upn ¢t >13 F,{)= (12—
—O)—(1—=0¥2=—2<0mpn £ <0, 1. e, F(OI<0—
BUAKONOCTOTHHAA (PYIURIUA ©

1

B =Tt )ty = — LW = 0,1,

%
]
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Oretoja cagjayer, 110
x

i
3
W) — | @)= — g R,

x5
E{ = [(Fi_l, .’I.T;]. (23)
CyuMmppya mo i=1. 2, ..., N n yunteinas, wro cpeTuee
apudreTHIecRoe paBilo
~
Nou ) =it Ef" €)= /" &%) b—a). 5 = a. 1),
et

HOAYUAEN [TA TIOTPEUTHOCTH POPMYILY NpAMOYTOILNIIRAL

Di(f) = — 2 [ @0 — a)

Eemr f(z) imueeT leupepsiniieie TPOH3ROLILIe 110 Kpailiueil
Mepe uerseproro nopsiaka, fla)eC™ (nZZ4), To somno
HATHCATh AaCHMUTOTIHUCCHOS DARTOMKENHE ZAA JIOCPCUIHOCTIT

DN =k + ald, (24)

e
h

Oy — — ~3L4- f [ (n)yde = — ?14— ) — 1 (a)

a

B caxoar aee, nojictasur » (20) Bhipasieiire

Fo=7(z)+ =g (g)+ 7 (== o

ne U,
TOCIe VECAOKILIY Buaicienil aif e
5 L T, v
()= — _34 s (—‘;J ta /T me(00).

Orciojla caeTyer, uTo

Dy (f) = 2, Wi + o z i

i=] i==1

Yumrreisan, uto B cuay (23)

N ., hz
Nhfign= | @ de— 2V &) 06— ), $*elab,

{am)

nonydaem pasiorenme (24),
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Ha (24) mmymo, 4ro dopMyTa DPAMOYLOILIIIKA HMEET
ueTBepTHil nopAxRok Tounocti: Dx(f) = OWk*), ecanr dryms-
uaa j(z) ypoviaernopmer yeaomiie f(a)=f(b). Leau ns-
pectuel ['(a) w f(b), To MOMKHO TIONOMKHOTH }‘(x) tp(:c)+
+ oz -+ Br®, rae glz) yiosaersopsaer yemonmo @'(a) = ¢’(b),

ecIH BLGpaTH @ = ﬂ%—@, p= f’(b]—"f)(-)- Tor;a
b b
jf dr = E¢(r dx -- ¢,
a a

c= —i,—rx (b* — a®) - —1.-ﬂ (b — ™.

Materpan ot qlz) Brumenderea mo (popMyde OpAANYTOdb-
HUKa ¢ Tounocteio O(h*)

2) bopuvaa T paueuun; m=1, po=p =1/2,
§y = O, § = -

A = L70) 4 Ty

Oyurmmua F, (1) = i, t{1 -1 >0 snaromocToAHHA, MOBTO-

My BepHA OlEHKa

Dx ()= "G —a), relal,

T. €, Ro:acb(buuueu'r upu A® B BoIpasKeNHN 1A NOTPEIIHOCTH
dopuyan tpamenun B 2 pasa Goanme, dves ;A HOPMYIBI
upavoyroiauinrka, 1ToBTOpPAA  paceyiwjenng, analorHYHBIC
TIPORE;\ETILIM  BbiNe, YOentlaeMca B TOM, 4T0 EBepHa ¢op-
MYyHA

Dy(j) = =200 V)’ npu [0, nz4

1
Te o oupeeageren coraacio (24), o, = O(1),

3) @opuvaa Cummceoda: m=2, g=10; 5, =1/2,
$: =1, po==pa=1/2, pi=4/0,

\(f) = %{?(0) + A7) 7).

Tan war opuysa Comneona Towna (1A HOJHHOMA TPeTbol
CTCHCIN, TO R == 3. 11 MBL BLIMUCII5@A:
'l

Ay () = \1 7Yy ar,

Y _pnd
F() = —é-(}\ O —n-- K (1 1) -»—-A (_-._ 1 — (1_2:}.
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OTcrona BaxoInM

Fy )= .

(2 -— 31‘), t < '::z—;

|.i

[

7

Fo) = = (21— 1 —3(1—1)Y), >+

Fi
F oty >0 naa scex te (0, 1),

W odnavnT,

1
1
jF‘ () dt = mo,

TaK 9TO BepHA li)Op\iy'la

.’) _880 ("}), neE (0, 1).

Tlepexona x muterpaiam nmo z R YYHTLIBAA, 4TO x=2h,
7V ) = @YY (&Y, moaymav

S Ry T
Dy (j) = X 2htA=i iy del =
==y .
xiq

b—a v
= LDV @Y, Erela, bl

rie N =2i, h=1/N.
Fean flr) e C™ (n226), 10 MOMKHO MONYTHTE pasioke-
HYe BHAA

Dy (f) = a.;h‘ + aekﬂv Qg = 0 (1)’

1
oy = i | 7V (@ dx = e (57 () — 7 ().

.
Q

6. Hosrumenne nopsaxka rounocrd. Meroy Pywre. [[ua
KBaApaTypPHRX ¢opMy:n (1m0 aHATOCMU ¢ HPEIhLAVILIM) M-
HO DOIYYUTH ACHMOTOTHYECKOe padlodeHse BII(a

Dy(f) =03} = Nf) = a.® + al* + a,2° +

ecia  fz) ~— pocratouno raaakaa  dyukuua. IIpm  sTom
lotasel 3uawuTenBHO Menmbwe lo,! (A =2, 4), moaToxy noesl-
Menye NOPAJKA TOYHOCTH KBaIPATYPHOIl (OPMYIel BechMA
Ba2KHO,
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[TposesieM pacgeTsr na JRYX paBHOMEPHBIX. cema\ C ma-
raMi k, 1k, coo'rne'rc'rnemw H HaiijleM BRIpasRedus J" "l =
= JNI [f} H J [f] = J"V‘Z [f}, hlArl = h?.N2 = b — qa. HOTpe‘
Oyey, wrobm IOrPeINHOCTh JITA HX JIHeHHON KoMmOInamm:

P*(f) = oD" () +- (1 — @) D™ (j)

61.113 BO‘IH"{IIHOII Goee BBICOKOTO MOPATKA O CPABHEHUW C
p"a D . Eean aas D" = Dy umeer mectro dopwyna BHIa
D=7l -Jfl=a,h* +ak'+..., g¢g>p,

T0 A4 Dt = (OJM 1+ —o0) J" [f}) —J[f} nonyumm
B (1) = ap (oh? -+ (1 — o) D) + g (0h = (1 — ) RD) + ...
Briepes mapamerp a B3 ycaosus ohf - (1 —o) k] =0
= h3/ (1} — BY).
Torga AMeexM
D"(h = agloh] + (1 — o) R + ... = O (1),
h = max (hy, h,),

npnuem oh] L (1 —o)h? < 0. Taw, ecn p=2, g=4, 10
DMy = —ahihi .. = O@}Y). Takny ofpazos. wpore-
JA BBYMCTEHMA HA JIBYX CETKAX C maraMu &, u f. ¥ Ry, M
OBBICHAR MOPARXOK TowHocTH Ha 2 {(Ha ¢ — p) nna J = GJ”’ -

(d—a) T

3aMeTuM, 9TO homémmpvn $opMyay Tpameuun JTpau (1]
I npﬂwoyronb}mha anwl]] ¢ maroyM 2h, Mut moayInM op-
Myay (,mmcoua J? wan © marom hs

mm{f] = -rpanlf] + J:r’fmm [f] -
= % (fy - 4fy + 2f, + oo - 2faney F 4foves -+ fax)s

rie h={b—a)/(2N).

Mero pacuera ma HeCKOJBKHX CeTRAX UpilMeuseTea TIH
TORLIMENHA NOPA{KA TOYHOCTH [Jaxke B TOM CAVYae, KOraa
HeHsBecTed UOPAIOK I1aBHOIO WieHa norpewrHocti (npoyecc
Dirrena), llpegronomuM, ¥TO A MOTPENTHOCTH HMeer
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MECTO IpeICTaBIenue
DY) = b +aht+ ..., ¢>p.
Tag "To
P =TI+ aph? +ah?+ ..,
fIposeey BBIUNCIewnA na Tpex cerrax: hy, =h, h.= ok,

hs=p*h {0 < <1). Oupeneuy cuavamza p. Jipu atow mpe-
Hebperaey wrenoM (A7), ObpasyeM oTHOINEHLE

}q[ﬂ_J?n“] ml’-—hfz‘z 1—pP :[L)P
=SS = P —pf)
O maitieM

p=~Indin [—f

3rag npubamrennoe 3NAYeNne p, MORUO MeronoM Pymre,
DB3/0KEeNMbIM BBIIlle, TOBHICOTE NMOPATIOK Todnoctm. Jlas aTo-

ro obpasyeu rombpuanmo J "o (1 — a) th I Bhibe-
pexoTag, wrodw ol - (1 — o) b = (0 + (1 — a) p*) k® = 0,
1. e. a=p"/(p? — 1) =1/ —~A). Tora ;18 LOTPENINOCTR
D" ="~ ] noaryuacy

DM f) = Oine).

I{oHegno, Bce BTH pacCyHiIeHEA IMEIOT CMBICT TPIf COOTRET-
ereymoieil ragroetu Pymxnua flx).

7. lipyrme kBagparypuoie gopyuyam. Des uapywenns
OOIIHOCTI MOIKHO CINTATh

1

Tl = {1 an (27
0

Mer pacemarpusagn ,10 cn\ HOP RBa1paTyprble (HOPMYITEL ©
aamaHaRIMO yaaedy {r,)

Talfi= Zenf (n). (26)

k=0
Jty PopMYIBl TOYHB IAA BeexX noaHnodMos crencun N, Ecan
CYUTATH HEUIBECTHRIMHA 1@ TOABKO Cp, MO M YAIEL Ty, TO MOHK-
HO TpeGoBaTh, YTOOM KBajpatypHaa dopmyaa (26) Gswia
touHofi juA Bcex monnsHomoB cremenu 2N —1. Tanas ¢op-
MyZa BasEBaETCH (fopuu.wu Iaycca Tpe(vn. uTOBBl 1A

i

ogmogaenoB 1. ». 2%, ..., 27, ... 2Y dopuyaa Guna Touwnoil,
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T. &
N Ol
g
T2 E o™ = J‘ LY i . i
A [ ] - n h’ mai| m 17

¢

m =04, ..., 28 — o,

HOJYUHM I8 Y30B O necos 28N -+ 2 ypasneuni
ey ey b ey =1,
Culy 0 oo ey = 12,

L T T T S S S S S S S

neo no. B il LY I
Coly €L - eyay = 1.(m + 1),
2N |1 BN .

S O S LIS B 4
Ofmee qieno HeusnecrunX pasio 28 + 2+, e, N+ 1 nens-
BecTHbIX yamon 0 N+ 1 seconsix mnokurerteir. Yucrao ypas-
el Tarme pasno 2N+ 2 Mokuo jorasate, wto wanu-
CAHNAA CHCTEMA YPaBienuil nMeeT pererie,

[Tpusejies npocreiimym Gopyyty Taveca npy N =2

. 5 . B b
It g5 Fle) g5 T 55 1 (@),

T8 .

) S Via - Vos 1

e e O e T
Qopuyasl I'ayeca (a0 XOPoHIYIO TOUHOCTE UPll 1e6G0IbITONM
qicie y3iIoB.

Eme onumsr npnyepoy amigerca RBajpatypuag gopmy-

aa Hebeiesa, B ROTOPOIl .BRIGNPAOTCA HAaNAYHLING YIABI B
UpC;II0A0eIAH, YTO BCE Beca paBan. B a1oM caymae

\mT_ZHU

L

Tpcowi qto0sl QopyyTa Buta rtounoit qma fle) =z, ..,
ooy Z¥, noayyimy N oypaBmenmnd iA onpeelNeHHA I, g, ...
ey T

y R

n 1

m m ' — — |,r
Ty +.2-3':"-..‘r’.'1'\ —m, m—1,2,...,‘\.

9rn ypasHeHna nMmeroT pewennst opu m=1, 2, ..., 7, 9,
a npr m=8 o m=> 10 He MMeIOT BeilecTBEHULIX KopHeil.
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Iipu m =3 (Popryaa UeGsiimepa myeeT BIL;|

Sf dems Tyl = gl (S =2V E) 4 1 () /(3 +4 >J]

Jag nee woagdurpent upn IV v onenve A norpemnyo-

‘TA B JBa pasa MeHsime, ey ;LisT (popMyan Camucona.
3ameuannsa B paje ciyiaes BBITUCIEHHI0 HKHTErpa-

0B JOAMRHO TpPeNINeCTHOBATHL UX mpeofpasonaniie, YIMTLHIBA-

onee cnenudHEKY DoIRETEerpaIbhoii  Pynkumn. [lpivepsr

1) .f(J:)=;1% J, @, @70, 1. e ) uvect oco-

Gennocrs mpu z =10, Jra ocobeunocTh YeTpaHReTCHA 3aMeHOil
nepenem{oi‘u

j () do j"(_dx—?f.,w)dlfzajlf(ﬁ)dt, L=V
1]

[t

2) YogsinTerpansnas QYHRINA HMeeT HKCIOHeHLIIAlL-
upiii xaparrep: flz) = ce™, 1. e. Pynaxuua In f(x) munefina.
ITpeacranmy f(z) B Bumie f(z)=exp {ln f(z)}, wpomnrepno-
ampyem ln f{z) anmeiino na orpesre [xi-,, z]:

I f(d) = — 2 nfiy + —— =L 1y,
R Ty ¥y

H 3aTeyM OpPOMHTErPHPYEM TO Z OT Zi—, 10 X JTa Qopiy.ia
ORA3ZBIBACTCA HOMe3HOH HA PARTHEE.

3) Ecam f(z) spasercm Gecrpo ocumiaupywomeit Qynk-
LECH. TaK 9TO ee MoMBO samucaTh B snne flz)= y(z) cos wz,
rje "acToTa ® » 1 Beiuka, To UpPH BLYMCIEHIN IHTErpaja
MOKHO BOCHONBIOBATHCA caelylommM npuemom. (Hauana
[POHHTETPAPYEM MO TACTAM:

*i

j' flz S‘ ¥ (x) cos o da ==
Xi—1 X1
X ]
= -+ ysin oz 1L " (z) sin vz d
~ - y n .
Xi~1 Xi-1

Ecan y(2) — nmpeitnan na [z, ) $ymsunn, To maTerpax
cmpapa Gepercst b sABEOM BHJe. Lean y(r) — moampom cre-
Meunm », TO UHTErPUPOBAHME IO TACTAM NPOH3BOINM 7 pPas,



Faawsa TIT

YHCJIEHHOE PEIHEIHE CHCTEM JHHERHBIX
AJITEBPAHYECRIX YPABHEIIHNA

B3 at0ii raabe msyTanTCA MeTOAW THEIEHHOTO pellenif
cuereN JHHeHHBIX ajredpamiecRuX ypaBmeumii, T. e, THCIeH-
Uble MeTOIbl JHEeHofl anredpsl. CyuecTByw©T ;|Ba THIA Me-
TO;10B — IpAMBIe = HTepanlonnbie, Mol paceMaTpuBac
npeiRne BeeFo MeTo;t uekiaonemid [ayeca 11 cmereM 006-
HMIero #H,{a I BAPHANTHL — METO] UPOTOTIKH H METOIBl MaT-
pRymoHd IPOTOHKH (1A CICTEM CHemnaibloro BEJa (C Tpex-
AMAroHaIbHOH I $J0YHO-TpexMaronalibnoii MaTpumasu).
J10 — npaubie Merodur. I1x s>ddeKTHBHOCTL JABHCHT OT no-
PAIRA CHCTEMBI I CTPYRTYPH MAaTpIIHT,

1ipu mayueHmu wrepayUoHHLIL MCTO{0B MBI TPAKTYEM Cif-
CcTeMY YPaRIeHHHA KAK olepaTopHOe YpaBHeHIE MepBoro po-
na Aw={ n nanaraem obu{yo TEOpUW HTEPAIMOMUHBIX Me-
TOAOB JiIA OUEpaTOPHBIX Ypanuewuii IPH MHHHMAIBHBIX
HPe;IOOIOKEHAX OTHOCHTe b0 omepatopa A. Ofmas rteo-
pPOA MO3BOJIAET [OKABATR CXOMUMOCTD HTepaluil ;i1 MeToIa
Jefilenst H MeTola pepxHeil peraRcanif HPH MIHHMATEHBIX
orpauudeHnax Ha omeparop A. PaccMoTpeHEl JRra KIacca
meto;on: 1} 1Is caydas, Korga H3BecTOHI rpampnst Ty, > 0
W Y, 2 Y, cmeKTpa omepatopa A B HEKOTODPOM 3SHepreTHge-
croM mpocrpanctee /Ip: 2) que coaydas, KOraa TpaHOObl v,
n Y. nerasecTHel. BechMa odiferTrEHEIN ABINETCA IOMepe-
MCHHO-TPEYIOJIbHBIE MeTO;l, KOTOPHIH H3y4daerca B § D.

§ 1. Crerempl anMeliHMX anreOpanyeciux YpPaBHCHHMIL

1. Cncrems1 ypasHemwii, Ocnosnas safgada JnHeHHO# ax-
1e0pbl — peuicHHe CHCTEMhBl YpaBHeHHH

An = {, (1)

e uw=~(u", ..., o) — scxomsiii BertOp, f= {(f, f¥ . .
., f1) — m3BecTHBll pextop pasvepuocts N, A =={a;)
(z j=1, 2, ..., N) — ksagparnas marpuna pasmepa N XNV
¢ BICMEHTAMH ;.
Dygem npeanoxzaraTn, 4T0 MATpAmAa A HEBHPO:RIEHA;
det A %0, tak uro ypanmenne Au = {( umMeeT TOIBKO TPHUBH-
adbHOe pemrenie, H cucrema (1) mMeer ejgmdcreenHoe
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peluenue
u=A""f

B rypee nuneiinod aure6pe pemenne ciucteyst (1) o0bia-
uo mmpakaior po Qopmymam Iipamepa B pmme ormolueniii
onpepenuteseii. [[nA wncrnenyoro pemend cucremsr (1) arir
$opMyTsT HeNMPHIOZHEL, TAK KAK OHH TpeO0yT BBIUHCIENHA
N+ 1 ompejennreneit, aro Ttpefyer Goablmoro wwcenma Jei-
crunit (nopanka N| apudmeruwecssx omepaumii). Jame npu
ABIdope HANMIYUITETO MeTOZa BEIINCIEUTC OJUOTO OIpeIeTi-
rend Tpelyer IpHMepPHO TAKOIO jKe BpeMeHH, TITO M peile-
HIe CHCTeMBI NHHEHUBIX YPABHEeHUH COBPeMCHHLIMH JHCICH-
nhME Mero;\aME. Hpome Toro, caejiyer wumers B BHAY, uTO
perunciIenuA mo Qopayaaym Hpamepa wacto BejyT K Goib-
WIuM OmIHGKAM ORDYIIeHHH.

Oco0enyoCTL OONBIIMIICTBA YHCAOHHEIX MerofgoB mid (1)
COCTOUT B OTKARe OT HAXOny(enua obparmoi martpmuu. Oc-
NnosRoc Tpefopanmme K METOLY peIIenHs — MUHEMYM YaCIa
apudMeTHIeCKEX MeficTBEH, HOCTATOMMEIX JIA  OTBICKANILS
OpUlIH/KeHHOTO  peIIenvA ¢ 3aJaHHoli ToIHOCTBIO & > 0
{(9KOHOMHIHOCTL THCHEHHOTO METO]A).

2, Yaernnte caysan cuereM. 1lecaoikHo DeIInTL CHETEMY
(1) ® nepewncTeHHLIX MIKe TACTHHIX ciaviaAx. Jlyerp mart-
pina A — duaconaavnan, 1. e a;=0, jFi, a;¥0 (i, j=
=1{, 2, ..., N). Torja cucrema nyeer mig

n __ ju
@€, ) = f ),
OTRY,[d DAaXO1M
AR /“)/(Iu, i= 1, 2, o N

Pean A — nuwacnas rpeyeoavnas Matpuya, T. e. a; =70
npi j>=i G, j=1,2 .., ), a0,

{ 1 =
N ) R ¢
"oy Maa -0
A == . ,
1_[1:\‘1 ﬂ."?’ P ﬂ,\v»\

TO CACTEMA YPABHeHuil HMeeT BWJ

(1) (1)
ay ==
aglum -+ amum == _fm,

2 ! N N
aNlu(U ‘%‘ a_l\,f-zu()) —I— A e aNNu(\) = f( ]d
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HoMmoonenTw BeRTOpa @ HAXOIATCA NOCAEAUBATCILIO LI
mepexo;ie oT # K n+ 1, nawunan ¢ n=1:

(L)
5%) ! &) 1 7ran 1
U = w u - = - (f — 021“( ), cary
11 og
T A
(n 1) 1 da 1) )
u e [ 1 — 2 Quiype |
(TR R N fronst

n=23....,N—1.

Yrobm maittm Bewtop u = (a'", . ., @'Y}, rpedyetea 1 +3-+
+5+...+ 2N —1 =N apndsernveckux efieTpni.

Eciu A — aepruas 7peyzoawvnas marpuua, T. ¢. a;=0
upu f<iya;#=0(,j=1,2 ..., N)

‘11] !712 e lllﬂ\-
Qyy oo 2,y
I I
4 .
{) (l,\'“l,:\""l 1 ﬂ-\v_\“\x
AR

70 crerema (1) mMeet BiL(

(2 ; (A
a“um-[- L e R

Aottt® =2 L apyut™Y

- !‘(111

2)

s f‘(-

IS (N} {N—1
Lay_ gz =71 ):

N — f(NJ

(N~
an—1,¥—

ayyit .

Kovmounents: BeKropa = A™'f onpeleanioTes HOCTe10BA-
TeabHO DnpH mepexote ot # + 1 kK n no gopaytax

N
. ANY y
Ny _ f () 1| am 2 G
uw = y oo U = 7 _ a,,ku)....
NN nn Bt

n=N—1,N=2 ...21. (2

aro TpedyeT Takse N° JelicTmHil,

Buibop MeToma # ero SKOHOMHUNOCTH BARMCAT OT BHA
MATpHIAl A, a TAKEe OT TH& KOMILITEepa.

Han mmormx 3ajaw A apagerca paspexcenuol yarpuyeli,
GOTLIITHCTRO DIeMEHTOR KoTopoii — Hysm. Takwe MaTpmist
9aCTO OOARISIITCHA 1IPU PasHoCTHOI  anmporenmanun aud-
depeHIUAIBABY YpahHeHHil. diaeMenTsl 9TOl MATPUIL 06bIY-
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110 BLI'HICHAKTCA 0 3a2auubiM (GopMyJaM, T OX MOHIO He
XPAHUTH B ONEPATHABHON HAMATH MAMWHBL. JTO 09eHbL Bajt-
HO, TaR KAK OOPAJOK TAaKHX MATPHI, MOMET NOCTUTATL He-
CKONIBRIX JEeCATKOB H JaAte COTEH THICAY.

YaeTHpIM CTyYaeM DPA3peskeHIoil  MATPHIET ABIAETCH
JAERTOUNAR MATPUYQ; BCE €€ HeHYJIPBLIC 3TeMenTH HAaXOMNAT-
cA BOMHMAN IIaBHOH OHATOHANH, T. e. ay =0, ecam |i —j| >1
tne <N, OramuEsie 0T UYJAA BICMEHTHl PACIOIOMEHBI Ha
21+ 1 mgmaromasiax, BEMIOUAA TJIABOYI0 puaroHans, I[Ipume-
POM ABJIACTCA TPEXIUATOHANBIAA MATPHILA

"—cl blﬂ ... 0 ~

A a,z—-egbg...(} .

0 ¢] My —exn_

Cootrerctryomas cnerema (1) mveer Bux

— cluu’ -4~ blll-ﬂ) f(l)s
ainY — e® 4o p Y = 7,
axu™ P —exit®™ = fu,

i=23...,N—1

I1o pasHoCTIIOE YpABHEHHME BTODOLC NOPANKA, KOTOPO® ME
pacCMATPHBANE B T, I, rie A ero pemieHHA OPAMeNAICHA
METO; HPOTOHKH.

3. OnmeparoprHoe ypapHeHWe mnepBoro poja. Iasecro,
9TO BCAKAS MATDHIA A=(ay G, j=1, 2, ..., N) oupege-
aser aumeliunii ouepatop A, orofpaskaloUIuii OPOCTPAHCTBO
HY u cebn:

Ause Y g moboro us HY mmm A: HY - HY,
Oﬁpa'mo RamgoMy omepatopy A (8 Heroropou Gasmce
4y ..., Ex) coorserctByer MartpHua A = (a;) pasmepa N XN,
rjie a; — KoMuoHeHTa mekTopa AE; IlosToMy ME MosmeM
pacematpusath (1) Kar oneparopHoe ypasnenue nepaozo
poda -

Au=f u, fell’ (3)
¢ omeparopom A: HY - H7,

Urobnr monueprEYTHL SKBEBANeATHOCTH 3aiaw (1) m (3),
MBI COXPAlTHM OO It TO Re (lﬁOHHB‘lQHliB A Rax T MaT-
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puns, Tak ® gaA omepatopa. Humgexe N y HY Bynesm omy-
ckaTn 1 macars mpocro H. ITepexo; or (1) K omeparopHOMY
ypanneunwo yjgofes jyia H3AoKeuOd TEOPHH LTePALIOHHEIX
MeTo0B. IIpa aToM EKakam-aub0 Komkpermam mudopais
0 CTpyKType MaTponni A ne uCIoab3yeTcd,

B mpoctpancrre H Bpesen cranspHoe npouasesenue ()
n mgopmy llul =¥(z, u). Bynem npeamozarats, WTo omepa-
Top A ABIAETCA CAMOCONPAKCHHBIM H TOMOMRHTETIBHBIM:
A=4*>0. Bygem paccmaTpuBarh TaKdie 2UEPreTHUYCCKHE
npoctpanctsa Hp €o cRaNAPHEIM TpoHBBe[eHNTeM (2, ¥)p=
= (Du, v) a1 mopuoii lull, =¥(Du, u), rae D -— xuneiinsit
CAMOCOTPMAReHNBI HMOJOKMTOABHEI omepatop: D@ H — H,
D=D*>0.

Obozraquy wepes (5, A (s=1, 2, ..., N} cobersen-
Hble BEKTopm i cofcrreunsie snadenus omeparopa A:

g.=hE, (&, &u)=06.n sm=1,2..,N

Tark ®agk 4 >0, 170 2, >0, 7 MoKHO cunTaTh, uTo O <), <
<A< ... K Ay, £ 3089UT, COPABEIUING HEPABCIICTBO
ME<<A<iE, A/ =min}, Aix=max}i,.
s 5
Ortnonrenue #y/A, na3bIBAIOT UUC.10M 00YCA06.1EHROCTU.

Ha nparroxe vaofHee u0AB30BATHCA 00paTBBRIM OTHONIE-
HEeM, T. e. mapayeTrpoM E=A,/Ay, KoTOphI ME 6yieM Ha-
aBBaTh Mepoli odycaossennocTu. Ov nero, kar 310 OyIeT
NOK33aB0 M€, 3aBHCHT CROPOCTH CXOAMAMOCTH HTepaltui.
Mapaverp § ;Wi pPABHOCTHBIX YPaBHEHHH, ANNPOKCIMAPYH-
INUX YpABHeHHA MaTeMmaTAYecroii dwisnru (HaupAmep, ypamn-
wenna Jlamiaca), maa: E= 10~ —10~* (aucito ofyciosren-
HOCTH BEIHRO),

s dopauyant v = 4-'] suno, 910

gl < 1A= AL UA=t = 1/3,.

+}T0 NepaBeHCTBO BLIPasKaCT YCTOHYUROCTSL [eileldA 34;1a9d
(1) mo mpapoit gactu. Ecan 14~ = 1/k, ouens seasko, 10
3agada (3) MOMmeT ORA3aTHCA HEKOPPEKTHOH, T. e. HeycTol-
YAROH MO OTHONIEHHI0 K OMNA0Ka: B 3aJaHHH NPaBOH 9JacTH,
B TOM THCJIE K OITAGKAM OKDYISIEHHA,

4, llpAMbe W HTEDALAOHHBIE METONbI. ‘IMcAemHBle METO-
#pl pemeruA cucteMbi (1) ycaonno pasfmpaoT na gse rpyu-
IIBI, BLIIEIAA NPAMEE M HTePALHOHHBIE METOAsl (HMenTCd,
KHOHEUHo, B THOpWIHBIe MeTo[bl). I/pamsle MOTOMH MO3BONM-
10T 3a KOHEPYHOE WICI0 JEHCTBRH IONYYATR TOYHOe pelllenus
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cHCTeMHl YpaBHeHRmi, ecanm Bxoguas wrpopmanma (mpamas
qacTh YPABHCHHA f I @TeMeHTH @; Marpunnt A) 3amamst
TOUHO H BLIYHCACHHA BenyTes Oes okpyraeHnA. IlpocTefminit
HPHMep TpAMOro Mertofa — Metop UPoroEkn. Komeumo, nps-
MBIe METOIBl TAKAe MAlT pellleHHe ¢ Onpefejedmodl Tod-
UOCTBI0, KOTOPAS 3aBICHT 0T omuOOK OKPYIIeHHEA, T. €. OT
MAIIIOL, W OT XApaKTepa RLYNCHAHTEIBHOH YCTOHUHBOCTM,
YTO BABICUT OT CAMOr0 METOMA.

Hrepayuonnsi 2etod 1mo3BoNAeT HAUTH NPHOIAREHHOE
percune crcTeMul IyTeM IOCTPOeHHHA IOCKeN0BATEABHOCTII
npubmkensii (iTepannii), NaYnHAA ¢ IEKOTOPOTO LATAMb-
noro npubamkenud. Camo npudmneRNnoe pelierne  gBJIsL-
eTCA DPe3VIbTATOM BEIMICICHNIT, HMOMYUYEHHKIM TlocHe KoHew-
JIOTO THCIA TTePalni,

BuiGop toro mar Hnoroe yHCAEHIOro MeToJa 3aBHCAT OT
MHOLHX 0OCTOATEILCTB — OT HMEIOUTHXCsl HPOTPaMM, OT BIIA
marpuupt A, or Tuma pacdera u ap. IMogcum caoBa «Tiom
pacuerar, BosMo;Runbl pA3NEe HOCTANOBKI 38TaYM:

1) maiftm pemenile oxuo#t Komkpermoit 3ajauu (1);

2) mafitm pemremie HecKOILKIX papranton 3sataq (1)
¢ oauoii W oToft ske marpiuneid 4 1 PazHBIMI DPaBBIMI -
craMu f. Moier oRa’saThCH, UTO NEOHTHMAILUBIT JEIA OBOI
sajaun (1) MeTro1 annAercAa BechbMa dDGERTUBUGIM JEIA MUO-
roBaplIaHTHOTO pacyeTa,

Iipn MHOropapwanTHOM pacyeTe MOKHO YMEHBUINTDL Cpejl-
Hee WYHCHO Olepanmil {Asd oIuoro BapHANTa, eciIH XpamlTh
HEKOTOPBIE BEMITIANBL, & 1€ BEYHCIAATH NX 3AHOBO TNA Kaw-
JOF0 BapHANTa. JTO, KOUEYlO, 3aBHCAT OT MAMIHINBL, 0T 00L-
€Ma ee ONepPaTABAOI HAMATI,

Ha cxaranpnoro scHO, 9T0 RAIGOP ANTOPITMA JIONKEH 3a-
BUCETL OT THMA DAacdeTa, OT 00BEMa ONEPATNBHOH WAMATI
MAaIIHHBI H, KOHEYWO, OT MOPAXKA CHCTEMH. HawecTBo aaro-
PUTMA OIpe/ledACTCA TeM MALUMIULIM BpPeMereM, KOTopoe
rpebyerca juia maxomdenua pemenna cicrems (1), Ecre-
CTBENHO BHIOWPATEH TOT METO, JJIA KOTOPOTO BPEMA petlenriis
MIFIMMAA LG 1O CPaBuedHio ¢ ApyruMum Mertojami. O HaKo
ppeMsl pacdera 3JaBUCHT OT MUOTOX (DAKTOPOB: OT YHCIA
apaPMETHICCHIX 1T JOTHYCCKIX JTelCTRITH, KOTOpPBhIE HYHARHO
SATPATATD [[IA 10AYTElHNA DelleliA ¢ 331aHu0il TOIROCTLI),
0T OBICTPOICHCTRUSL ¥ ONCPATHBHOH NAMATH MAMIHHBL, OT
ragectna uporpaMmsl. llpn TeopeTidecknx onemxax kate-
¢TBA ANTOPUTMOB IIX CPABNeHHe npoBOTITes 1m0 umeay (He)
aprVeTHUGCKUX ACHCTBHIL, JIOCTATOMHNMYX TA MAXOATHI
PeTIelNs 3A;1A4A ¢ 3aTanHol ToOYHOCTLIo & >> (),



§ 2. APMIMLIE METGLI 01
§ 2. IIpamuie meromHl
1. Merox TI'ayeca. IMeceTcsi HECKOIDLKO BOIMHCTITCTBIBIX

BapHaHTOB METOTa Faycca, OCHOBAHHOTO ila [j{ee mnocime’0-
BATEILHOTO WCKIIOTEHIIA, HPOII(‘CC peroenng  CuWeTeMDL aHa-

HeitHEIX anrefpamveckwx ypawnenuii Az = f, wiu
N
\ . .
oy f 1 L2000, (1)
=1

1o meroty layeca coctout ms [(BYX DTanos.
Hepreit aran (apamold xod). Cuerema (1) npneo-
ANTCH K TPEYTOALHOMY HILLY
7+ Bta =, (2)

e r=1{(x, ..., zy)-—-wemssectunlit, ¢ ="{p,. .... ¢x) —
UAHECTIIRH  BCKTODH, BY — nepxinstsi Tpeyrosbuas MarTpiia.
Bropoii stau {ofipatunii zod). Henssecrupe zx,
Txys . &, OUpeTeIATeA mo Gopyyram (2) ws § 1.
Hepeiinem » moapodEoMy nsamwennio Meroaa. Tepviuai
mar Meroia Faycca cocront B NCKINOMEN A 13 BCEX YDaB-
Henuil, KpomMe LepBOro, HEM3RecTHOTO 2. llpennoiomny,
yro a, 7 (), pasgenum meproe vpasuenme (1) (i=1) ma a,
n aamnnreM cucremy (1) B Bije
Xy + by_rxg —}‘ . hi_ bl_\'-TA\' == [F;, bu == (11';/”“,
2j= N, @ =fHlay, 3
(f,-l.‘rl'}'a,glfg"l"...+a,_\';l'x=‘];, i=2 3. Ve N, (/i)
Vuaummny ypasaeinie (3) 1A a,, riae i-— 1woe 13 umcen

i=2, 3, ..., N, u BEUTeM [OIYIEHNOe Ypaslemde R i-ro
ypapredna (4):

(ai'l - aﬂbtz)fg + “ e + (lai_‘\' s a”b“\')-rx = fi - G,.(p",
i=2.3 ... N
Broa obosmayenisn

D o . .
a(u =0y — Ilb]js fi = fi_aik(fl! le )= 20 000N,

nﬁpﬁﬂﬂme\l UOle‘IeHIIyIO CIICTCMY VpaBHEHIlH ('JI\BHBRIIE‘HT-
uyio cocreme (1)) B Bn:ge

2y A~ byoTo - o0 - BTy = Oy,
(1(11]73‘, .+ 0(1)2:\* == (tl), = 2, 3, sy N.
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1Tepsriii cTo:Ge1L MATPILLW DT0/ CHCTEMB COCTOMT 113 HYy:leir,
KPOM® HepBoro dnesenrta upl {=1, j =1, pasuoro eamuume,
Bropo# wmar cocrontT B HCKTOUEHAN I, U3 CHCTEMBI

{ 1 (1

a,'z)xz - ... —l—a( Yoy —= fi )

(6)

D 0
avir, - .. avhay = f‘\’)-

Iaa aToro pasieauM mepBoe ypanBeuue Ha asy:

Ty + bogy + -0 A DaxZx = @y
¢, =[P/l by =all/dl, j=3,..., N,
YMHOMIN ero 3ateM Ha (~ ai)) I caomuM ¢ ypasHeHueM
a‘.i’xz +alr, b a2y =7, i=3,4,..., N
B pesyabpTaTe moAyIEM CUCTEMY
Ty 4 Doyy -+ oo A DanEN = @y -

a3z + ... +aey =P, i=34 ... N,

() {1 1 2) (1 (1
aj; = au) - azz)bzr jf =i - aao)qlgo

i—=3,4 ...,N. (8

HAnsg xs, 5, ..., Tx AMeeM cHCTeMY (N — 2)-Tr0 mopsaka, ama-
aorHIRyK cucreMe (6) (N — 1)-ro nopaAsKa g Za, Ty, ..., Ty
IIpogoaman paceymaenaa, mocie (N—1)-ro mara
(T, e. HOC/Ie UCKAWYCHIUA Xy, Ly, ..., Ty—() TMOAVIIM
(N-1) (N— N1 (N—1
avy Iy = f\ , HTH TN = §¢N, (v = fl\ )/0 NN ), (9)
B urore mpuxoguym K cmereme (2) ¢ mepxyell TpeyroiwHoil
MaTpuueii:
.’L‘1 + blgmz + b|3I3 + S + b[;\'-‘r.‘\' = (Plv
£ + bn.‘l‘s + . + bg_\.,r_,\, = @2,
(10}
Tyt b:\‘—i, Xy = Pr-g,
ITx =OPx.
OfipaTuniii xo; MeToga I'ayeca cocTouT B oUpeeleREN BeeX
x; ua cuctemsl (10) ¢ Bepxmeidl Tpeyrouswnoii marpameii, He-
TPY;IHO MOKA3aTh, 4TO HWIJIOKeHHBIH Beile Meroy laycca

MOXHO IPHMEHATH B TOM Cilydae, Korjla BCe INIaBHRle MHHO-
PRI OTIAHYHB: OT HYIA.
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IMoacauraeM umciao yMHO:ReHHHE 1 jledennit » metoqe Ia-
yvecea. PacemorpuMm cnavasa npsamoii xox. Ha nepeom mare
tpebyerca Qy = N* jexenmit n ymuomtenuif, BTopofi mar Tpe-
oyer Q,=(N—1)* peitcteuit m 1. 7. Beero Haj0 cjeaars
N 1waros npAMOTO Xoja, 3aTPATHS HA ATO

N R
r NNED 2N}
Dk N XX )

k=1 B=1

yMHO:KeHHR u pgemenuit. Jlam ofparmoro Xxoma, 0dYeBmmHO,
oyacno cjlenate N(N —1)/2 ymnomenmil. Taxum oGpasos,
nag pemennsi cucreMbl ypapHenmi (1) Tpebyerca Q=
=N(N*+3N—1)/3 ymuomennit u ' jeremuit. IIpumepso
CTONBKO JKe NOoTpebyercs cro:KeHH,

ITpusenem nmpuniep npamenmeriug Metoxa 'ayeca, Pacenor-
pay cHcresMy Tpex ypapmenuit (N = 3)

2z, + 4z, + 3z, = 4, (11)
3$1+$2—2I3=—2, (1.2)
b, e+ T2, =17, 13)

Opasoit xoa IIeproii mar. Pasgemum wmepeoe
ypaBHeHIle Ha a, = 2!

2+ 20, + 1,52, =2, (14)

Vuuownu (14) ma —3 u caomun ¢ (12), aateyM yMHOMHM
(14) na —A u caowum ¢ (13):

—52, — 6,5z; = —8, (15)
Jr, s =1. (16)

MH HOIYYILIN CHCTeMY BTOPOTO HODAIRA.
Bropoii mar. Pasgemim (15) ma —5:

z,+ 1,3z, =186. (17)
Vyuomny (17) ga —3 u caomuym e (16):
—2.92, = —5,8. {18)

Tperuit mar, Jleaus (18) na —2,9:
Zy=2.
B peayabrate monyaman cueteMy
z,+ 2z, + 1,52, = 2,
z,+ 1,3, =186,

3'3=2
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¢ Bepxuell TpeyroabHofl MaTpunmeil

1215
01 14,3].
0ol
OBparowit xo1 Il3 cnerewnr moctetoBaTenno na-
xoun: =2 z=16—-13-2,=106—-13 2=~1, z, =

=2—2z,— 1,0 -2,=1. Tarom o0pasoyM, pememite CHCTEME
(11} —(13) naiiteno:

3.'1==‘1, I2=—1, Ig'=2.

2, Metop KBajIpaTHOTO KOpHA. JTOT MeTOJ HPHTO/IeH 1Id

CHCTEM
Ap=§ (19)

¢ »pMETOBOIL (B JleilcTBUTENbIOM CIYYae — CHMMerpHunoil)
marpmiein A, Marpana A pasmaraerca B npousBeIeHme

A = S*DS, (20)

rie S — pepxusn TpeyroanHaf, D — INAroHATEHAS MATpI-
na, Peuienne ypasnenus Au = j cBOJUTCA R HOCH€{0BATEI B~
HOMY PeHlenuio JBYX CHCTeM
S*Dy=f Su=y. (21)
YroSer mosryusiTi: paanoskenne (20), oGoanauaem S = (s},
D ={d;6;) n naxojuym
N N

i

(DS')ij = hzld;ks‘}q' = dysiy, (S*DS); = ;.2 :S‘kidj,hshj.
= i1

Tak Kak S8* = (§;), r/e 9Yepra — KOMILTERCHOE COMPSKeTe,
B peayavraTe moayvaeum ypanuenue
N
kZ SuiGurSn; = ajj. (22)
Cuerexy ypawsnennit (22) Moxua0 pemars pexyppentso, Taw
Kai S — BepXHAN TPeyTONBHAN Matpona, To 8 =0 npu
k>0 5,=0 npu k<\i u, cieI0BaTennio,

N -
2 ShiSniluy =
k=1 .
=1 N
= 2 SwiSuun 1 Susidis - SpiSn;dpn =
fous Pl
-1

= »2 Srisnjden - Susiydi = a5
-7y



§ 2. NPIIMEIE METOILI a5

FHpu i =j umeem

-
IsuPdit = aii = X | sus P (23)
=1
Butbupas
i1
d;; = sign (a;,- ——kz [ Sk |3dhk),, (24)
=1
waikres
/ i
4 Bl ¥
S == -‘/ Qi — ’Z ]-*kil'dkk . (35)
S}
Mpu i <j noayuaem }
i~1_
a;— ’L 58 nn
$ij == - ‘ (26)
3345

Tonarag i =1, 2, ..., MAXOJIIM TOCI€J0BATEIBNO
§11 = V' @yl dyy =signag;, Sy V' Gy — dyyl 812 - - -

Onpepe;ureas MaTpilibl, 04CBHANO, PABEH

Az

det A =[] diste

i—=t

Merog reagpatEOro Kopua tpedyer vopagwa NY/3 apud-
MeTH4Yeckux peticteuil, 1. e. npun Oomnmux N oum Bhpoc
feicTpee meroma Taycca n 3aRIIMAET BABOE Melbiie AYECK
HaNATH, E)TO OGCTOHTOJBCTBO OG'BF[CHF[ETCH TCM, 4YTO MCTOQ
HCTIOABAYET NIPOPMATIITIO 0 CUMMETPIIIl MATPHIILL.

3. Cpazp meroan aycea ¢ pasno:keHHCM MaTpHusl Ha
mpoxurenn. [lycrs paEa messiposigennas matpuna A pas-
sepa N X N. IlpegcraBum ee B BUAC Nponapegenii

A=BC A=(a), B={(,), C=I), 20O

the 8 u C — ypeyrompibie MaTPILbl BHA
=5 0 . e 00T - -

I le¢, ¢ Cyy
2“1 0 N
)
by by O Lo G UL ey oty
B Oy by by 0 U hCobiog 1 gy
_bﬁ'l i);\r.-‘ b.\'l [1_\-_\.-_ {0 0 .. 1

T. e bp=0 npn k>0 cp=0 upu k<i cio=1 1y 7



96 131 111, PRIIEHHE AJTEEPAHUYECKHMX YPABHEHIN
CICAYET, 4T0 .
htd

aj; = hE bistaj
=1

It peo6pa3yeM ary CYMMY ABYMA cnocoﬁam{'

N —1
H blhc.hg == 21 bakchj + bucu -+ E blhchj 2 Dinerj + bucu,
k=1 =1 =1
.7 1 i—1
kzl btkch;r = "AI b; hChj -+ bucy 2 bmckj = ’12 bzhf-k; -+ lecJJ‘
= =1 k=j+1

Oreconga uaxo;m M

bij = t;— 2 Dixen; mpd iz=j, by =ay, 6 =1,
k=1
—1
Cij = 2 bucrj] npu <]
k=1

Mavpuns B 1 € naligensr.
Pewenne ypasuennn Au = BCu = { cponpnren K wociaeno-
RATCALHOMY PCIICHHIO yPABICHI

Be=f Cu=q.
Hocrpocune sarpmy B u € n maxokienne ¢ = B'f coor-
BOTCTBYIOT IPHMOMY XOOY, A I)B]]JOI[I’IQ ypaunemm

cooTBeTCTRYCT 00paTHoMy xony meroxa l'aycea.

§ 3. Mrepammonusie MeToabl

1. MeTon, uTcpammii jas pelIcHNA CHETeMhl JHHEHHBIX
anredpanyeckux ypasucunit. Ocofoc BHUMaHMeE B ITOf riane
MBI VICHOM HTEeDATIHONHLIM METORAM, TAK KAK OuN IIHPOKO
NPUMCHAIOTCA AN PeIUCHHA PA3SHOCTHBIX YDAaBUENHI Mare-
MATHYECKONl (MA3UKU, OASPATOPAM KOTOPBIX COOTBETCTBYIOT
ACHTOYHEIe MATPHIE /A BBHICOKOTO HOpALKA.

Tlepefizes k ofmemy onMcanunio MeToda urepayuil s
CIICTeMBI JIMHEIHEX airefpamvMecKuyY ypapHenuil

Au={ (0

Iliisi ee peenns pHIOMpaeTCH HEKOTOPOE HAYANBHEOS mPROIH-
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serue Y, & H 1 nocaenoBaTcapHO HAXOAATCA MpnlausKeHHLe
pemrermiin {urepammu) ypasueuna (1), 3mauenme urepayun
Unyy BBIPAKACTCA Wepe3 N3BCCTIBIe NPCHAJYINIe HTepaluI
Uiy Yn—ty »++ LLCIHI IPN BLIUHCHCTIME Yppy NCLOAR3YETCH TOMB-
10 OHA MPEALIAYINAA NTCPAIISL ¥y, TO HUTEPAIIIOHILIIT MeTop
NA3BIBAIOT OOHOWazo8bln (WML J8YLCAOUHDIN) METONOM; CCIHI
3RC Ypy1 BHIPAXRAETCA T€Pes IBe UTePALMM ¥y 1 Yu—1, TO METON
nagmBactea deyrwazosvia (Ham Tpexcaolinvin}, Mm Gyaem
PACCMATPHBATL B OCHOBNOM ofHollaronsic Merogil. Bymem
cuntarh, uro A: If = /I —aujeiinsin  onepaTtop B KOHel-
IIOMepHOM mnpocTpancrse J/  co CKAJNAPIBIM IIPoU3Beje-
e (-, ),

Baxuylo posp urpact salluch HTEPAIMOHHBIX METOIOB B
equaoil (raHomniteckoit) ¢opme. JloGoit meyxcroiisil nre-
PAmAOHNLIE MeTOJ MOMHO 3aIMCarThL B clefyiolllell KawoHH-
yeckofi hopme;

Bykt—lyi + Ay =1 k=0,1,..., 1aa seex y, = I,

Rl

(2)

rage A: H— H — onepatop mexogmoro ypasucnnsn (1),

B: H—+ H — augefiubiii oneparop, uvewlnuid ofipatneiii B,

ff — noMep HTepAIMM, Ty, Tsy «-., Thyt, o-.— ATCPAIHOHHTIE

napaMcTpsl, Tuys > 0. Ouepartop B wmosicr, BoobIie rowpops,

JaBHCCTL OT HOMepa K /5T MPOCTOTHI HANOMRETHST Mbl ITPER-
HoJIaraeN Beoay, uto B ne sanucur or k.

Femu B =E — cannuvuasil omeparop, T0 MeTo;

Ynyy — ¥

+ Ay, =1 k=0,1,..., nun seex y, H,
Trt1

@

HAa3LBAIOT AGHLLY: Y4y HAXOMUTCH 1O ABNOH (Popmyie
Y1 = Yn— Ta H(Ayh -

B ofuey cayuae, upn B #* E, seron (2) waawpaior e-
NI UTCPATMOHIIEIM MCTOJOM: LI OHMpegeleus ¥, ., WI0
PELIITL ypaBlicEUe

Bynr—x '—“B.Vk — Tuy |(4"'I Ye— f) =FJ¢, k== 0, 1, ... (4)
EcrectBenHO TPCOOBATH, TTOOB 00DBeM BHYHCIACHMI IaA pe-

neHNA cHcTeMu By, =1F, 6pln1 MeHLIDe, €M 00T.CM BbHI-
‘HCIeEHH JMA TPAMOIO PCLHCHHA CHCTeMS A = f,
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TounocTs nrepanmortoro Meroga (2) XapaRTepHayeTes
BENMWIHITOH TMOTPCIIIIOCTH 2, == lfy — U, T. €. PABHOCTLIO MEKIY
pemeniuer y, ypasueHna (2) u TOYUBIM pellenueM U UCXOA-
moH cHCTeMBI JuNEeHHRIX anre6pamvyeckux ypasmeumit. ITog-
CTANOBRA ), =%, + & B (2) OpHEROIET K OMHOPOJHOMY Ypas-
LEUN JGTs MTOTPeIIHOCTA:

B%ﬁ—+Azk=0, E=0,1, ..., z=y—1 (5

ToBopAT, uTO UTEPAIHOHHLII MeTOR czrodurca B Hn, ecqn
lim |24 p = 0, toe zilp =YDz, 2), D=D*>0, D: H—~ 1.
koo

Ofpano 3aga0T HEKOTOPY NOTPEniocTh (OTHOCHTEN .-
ay©) & >0, ¢ KoTopoii Haj{0 HAWTH npudauskeEHOe pellleHHe
¥Yry T TPEKPAT(alOT BBIYMCIEHHA, KaK TOJALKO BBIMOJTHAETCA
YCIOBILE

Ty — ullp < elly, — ull,. (6)

Ecau n = nle) — namvensiuee us qucel, 18 KOTopHx (6) BEI-
MOTHAETEA, TO OBulee THC:T0 apupMeTHIeCKHX TefeTBHI, KOTO-
pHle 3aTPATUBAIOTCH IS NMAXOMAEHUA NpHOMMEeNuoro pe-
wenns ypasuenns (1), pasro Q,(e) = nle)q,, roe ¢, — wucao
AedcTnuii, 3aTpAuHBaeMBIX JIA HAXOAEJENWA OFHOH HTepa-
Y, T. €. AAA pelleHns ypasHenwa (4). 3agaua coctonT B
MrHEMH3anun (,(e) nyrem BmGopa B n mapamerpos {t.).
HagwreM ¢ mpocTefiiux ATepanmoHHEIX METOIOB.

2. Merog npocroii mrepamuu. 1 peimeHHs clcTeMbl
ypasHenmii (1) Moer GBITL HCnoXL3ODAH MeTed npocrod
urepayLu

J\V
(1) {1) Y (§))] H{i . p - \
yh—.‘-ltyhz —T(Z aiﬂ)’h;r -1 ))1 121,2, --'a*n"a (7)
=1

rjae v >0 — mrepanuonublii napayMerp. 3anitmen (7) B one-
paropioil gopne:

B 70 Ay =f, k=0,1,..., nas wex yy= I (8)

Cpapmreas ¢ (3), BHmuM, dTo MeTOf NpocTol NTEPAIEN
3ajaeTcd ABHOH [BYXCJOMHOH cxeMoH ¢ IDOCTOAUHBIM Iapa-
MOTPOM T, =T,
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CymecTsyor 1 ApyrTHE BapMAUTBl METOTa NPOCTOHR mTe-
palul, HampuMep Takoil:

(0 1 $) §0
Y1 =g ( 2 GijHr — .

\ jwi
Hoperanaas copa
1+N N )
\ G 5 ( (i t '
é @y =.Z*laijyh) — ayn’ = Ay — Dy,
iri j=

e D = (a;6,,) — quaronaipuan Marpia, Hoayuaes
N

h (D 1 Gy 400
Y1 = ¥o — Z aijyn’ — 1
i
HIA, B KAHOHHIECKOM BHUIE,
Yy ¥y ;
D—i‘-——‘—l-Ay/, = {, ke-=01,...,7=1.

Xora gopmazapo ata cXeMa avisgercda Heasnol (B=D#E),
oguaro D = (a:6;) — quaromanpias MAaTPHOA 1 TTOTOMY Yaes
OHpefeIdeTcsI N0 ABHHM QopMyaaM,

3. Meron 3elinean. Bechma mmpoxo Ha npantnke (oco-
GeEHO B TeX caydasx, Korga HropMaini o Marpaie A ue-
JOCTATOTHO) TPHMEHAETCA HTePalVOHULIH .veTod Jelidean
B ogHoIl M3 Apyx dopym:

i N

N () (3) (1) : !
2.} aijyi'ij-l-l J_ . Z EJJ’k = ] 1 @i ?&01 i= I_y 2: ey ]V)

i1 Ry

1 N (9)
2 al;J;t” + 2 uygtjll = j(i)? i —] 2, .. o N. (10)
=1 =it

M3 oGeux HopMys ROMUOHEHTH BCKTOPA Y4y HAXOAATCA 110-
caeoBate;ablo. Tax, m3 (9) nociemoBaTelbHO ONPEICTIAEM

(1) (2) )
Yid-10 Yh=15 ¢ = s Yht1?
N
{1 1 [1 2
Yi = — } Z Aiyr |
j—=2
. N i-1
) (z) ) ' (3)
Yotr = 57 E @iy — 2, “’i}yhﬂ):
u j=it1 =1 /

Pa 2, ... N,
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Iglonbayﬂcz, (10), wuaxomum nocmemoBateanHo mIa =0,
N—-1,...,1

1 N
N j»
Yoy1 = Tun 2 fl'vJJh 2
. i1 N
() (0 y () 0
Yot1 =57 = Z Qe — E A1 |s
“ii =1 j-it1

i=:;’v—1,...,1.

3anuimeM 5ToT MeToX B Marpuunoil (oweparopuoif) Qopwe.

Jlna atoro npegcrapuyM MaTpuumy A B BIIE CyMMbI
A=A-+D+4+

rge D =(a;0;) — puarouanvuas marpimma paasmepa N XN,
A7 = (a3} — wRuag rpeyroasnas (MONIUATOMATEHAR) yAT-
puUa ¢ myasMim Aa raasmoii puaromami, aj; = 0 npr j2>>1,
ay; =ay; npu j<<i, AT ={af;) — wepxmasz tpeyroasmas
(Hagguaronalplian) MATpIUA ¢ KyJAMI XA THasHoH muarc-
pamy, ai;=0 upn j<i, ¢ = a;; npu j> i s onpegese-
mmA D, A* caegyer, uro

—1
Dy(l) — aﬁy(r)l A—y(n) _ Zl al_‘;y())’
)

N Y
Aty = 2 ay'?, (AT = D)y = 2 iy

§5TH i
1lostomy ypasmenue (10} mospo 3auucate B BIie
({(A*+ D)y, )+ (A ) =9 i=1,2 .. N,
HIH, B BOKTOpPHOIT (opate,
(At 4+ D)yt Ay =1,
Hocne ouenngnbix npeodpasoBanmii
AT+ Dy + A~y = AT+ DYy, — yp) +
+ (A~ A+ DNy = A+ D)y, — y) + Ay,
satyrniey yMeto; Sedfena (10) » RanomnueckoyM Bue:
D+A N ypeor—y) tAy=/f, k=0,1, 2, ... (1)

Cpapmusas ¢ (2), sugmy, uto Metox 3eiizena (10) coormer-
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CTBYeT
B=D+A* 1={,

1. €. cxema (11) asagerca messnoit, Opnaro, Tak Kax B =
=D+ A% — rpeyronbHas MaTpHla, TO MTEPAMA Jpyy HaAXO-
MHUTCSL MO HBHBIM (POpMydaM. AHAJOIHYHO 3ANIUCHIBAETCA I
Apyroii BapnanT MeToja 3ei;lens:

U') .%A_)(yk-kl"—yh)-l_‘[lyhnfa kzoy 1, v (12)

norma B=D+ A~ — miuas rvpeyroanmas Marpuna. [anee,
n . b Oyger moxaszavo, uTo Merorn 3eleiisT CXOMHTCSH, ecuH
A — CHMMeTPUYHAS NONO/KITENEHO ONPEJEIeHAA MATPITA,
4, Mertox Bepxmeit penakcammm, YroGel ycroputh mTepa-
JUIONAELH Lpolece, MOKHO NPHEBECTH MeTO; Jeljiera K Me-
TONY BepXIell peIaRCcamil, BBOAA HTCPANIUOHHBIE HMapamerp

®, TAK 410
75

(D - wd-) Tas 7 e

[0

Ay = 1,
k=001, ..., nan oneex y,es H. (13)
Cpasnnsas ¢ (2), sy, 9t0
B=D+wpd-, t=0.

IpeoBpasves ypasierne (13) & pacueTHoMy BEAY. Yuntbi-
Bas, YTO

(D - wA-) D ‘4yk-(A‘ - )r/m]

-I‘(A — A=~ f—,{)m - («‘1— -4 ‘%U)yh -t |(1 *( *%) D}y;,,

HMCeM

(A_ - —'i,;' D) Yney -k (A'k - (‘1 - %) D) yr = |

Orcroga ;1axogial

i1 N
(1) (1} () (6H AT
Yats = Vi + fm Eaijyhﬂ"‘zauyk pi= 1,2, N
it =i

Hpu @ = 1 moxyuaem gopmyny Mertoma 3eiizent.

CropocTh CXOOUMOCTH METOAa BCPXHEH pejaKcai(uir za-
BHCHT OT napaMerpa ®. B m. D noraskeM, 4To Ang cXogd-
MocTH MeTofa nafo norpefosath, arofer 0 < @ <2,
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5. CXognMOCTh CTRITOHAPHHX HTEPALHOHHBIX METO/10D.
Mertonq 3eiigexst m MeTonq nepXHell pelaKcallld ABIANTCA
npm&epanm TCABILIX CXCM BHIA

¥
)z h+1 —

- +~ Ay =/, k=0,1,..., 118 BCex y, € H,

(14)

¢ LHECAMOCONPAKEHHBIM OlleparopoyM B, HMelmM o6paTHb i
oweparop B~'. Merog (14) masnmaerca crayuonapuery ure-
PAUMOHHEIM MeTOMOM, Tak Kax B W T He 3ABUCAT OT HOMepa
urepanun, s CyHIeCTROBANIEA obparHoro omepatopa B!
ROCTATOUHO TIOTpe(ioBaTh MOAOKHATCABHOCTH onepaTtopa B,
Hyers B=D+ wd~. Tak vax 4 =4*>0, r0 {47y, y) =
=A%y, y), (A")*=A4-, u snamwur, (Ay, y)=1{(Dy, y)+

+ 247y, ), 1. e
{(Ad-y, y) = % (A—Dyy, y).
Ilogcrasasa o710 nsipaskenne B gopayay (By, y) = (Dy, y) +
+ w(d"y, y), uaxomu
(By,y) = ('1 — % @) (Dy, y) + 0 {4y, y) > 0,

e O< <2
Jlast YIOTPeLIoeTH 2, = J, — U MBI HONYYaeM OIHOPOJHOE
YpanueHne

B zh.+l—zk 4 A" _O k_O 1 2 o
---‘--:t-—— 1 AzZy =\, =\, ,.<.,po—-yo‘—u~
(15)

Tecopewa 1. Hyere A — cavoconpaxennsli noaoxu-
TeAbNbLL ONePATOP Il BLINOAHEHO YCA0BUE

T s
B> — A (16)
Tozada nerod urepaynti (14) crodurcs ¢ H,, 7. e.
“Z;;"A = []yh-— ully, =0 npu I — oo,

JorasateancTBo, Hay nosapodurea oHepreTHYeCKOR
TO/RXECTBO

-4 ~2 z — 2 0 2
9 ((B . % A) h+1T B kHT h ) A+ P zngq [ = | 2 lfas
‘ (17)

roe Nzl = (4z, z). Cmawama nmpeofpasyem ypasuenme (15)
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K BHIY
(B—Fa) 205 | L d@tan=0 (8

T

z — I
IOJICTABHB JUIA  JTOTO gz, — _%~ (Zry1 + ) — .%..ﬁlr_ﬁ

Yunoman (18) ckanapo ma 21 (l'l_;_i) == 2(Zr41~ 2n)
u yunreigan, uro (Az,,,, z,) = (2,4, Az), Tak kKag A =A4*
Az, + 24010, Zgy — 20) = (Azigyy Ze) — Az, 2,) +

+ Az, zi4y) — (Aziyy, 2 = Az, 2p) — (A2, 7)),

nomyuaenm (17).

Ilycrs BeOnueno yemosne B> tA/2. Torna nepsoe caa-
raeMoe B JaeBoH uwacTH TomZectsa (17) neoTpmuateanuno B
I zai1 i <) 28 Ja- Orcrona caenyer, uto Q< llz,,,ll, <lizl, <
< ... =z, 1. e. mocae;ionarensrocTs, {I12,/i4} — neBoapacta-
IOLIaA 1 orpanHvyuesigas Cuna3y Hyﬂe;\l. HOOTOMy B CHIIY TeOpe'
mul Beitepiutpacca {liz,/,} exomutes upn k - . lokamey, uro
lim 'z, = 0. :

A—o0

T
Onepatop P = B — - A nojoxkurenen, a P,=
T 1
=B, -3 A= - (P 4 P*) monomurespHo OlpefelNet, T. €,

cyuiecTsyet Taxkoe uncao 6 >0 (ev. v T § 4), wro
(Py, y) = (Pyy, y) = 8lyl® nna seex y={1.

[loatomy ua roskmectBa (17) noayuacM HepapencTso

EL PR N P P *)
B cuny cxognmoctu {lzl,} oreroga caepyer, uto cymecTryer
Jim 54— 501 = 0. (19)
Janee, n3 ypasrerus (15) maxogum
Ay = — = Blop — ), 3= — = A"B (G4 — ),
(A2, 2) = =5 (4B (1 — 2, B (zavr — 2))
o o < A8 Plaee — a P (**)

Orcioia 1 13 (19) sakmiouaem, wro lm lz,i. =0,

L+ o0
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Bameuaunue. Hs mepasencra (#), (#») cucyyer, dro
seroyy nrepaumit (14) cxomures npm  yerosum (16) co cxo-

. 2 s 2
POCTLIO TEOMCTPHIECKOIH Oporpecen, | 2 I < p*lafh, rae

pzzi_— 20t ]l)<1-

la2]] 8]
Mpumenunm ToopemMy 1 anA NOKasaTeldbCTBA CXOTHMOCTH
paccMOTPEHHHEX B HI. 2—4 UTepamHOHILIX MEeTO/0B.
M BTO,C[ npoc*roifr nrepanun, B=EFE, ¥Yaurnnan,

yio K22 —rr ||A|| A, umeexn

T . T 1 T
Bwvﬁﬂﬁ“TA>Hﬂ""ﬂA>°
pH -"iﬂ-u%>0. Meron upocToii uTepalmm cXOgUTCH

NpH BceX 4HAYCHHAX T, YMOBACTBOPAKIIHX HePABCHCTBY
T < 2/0All,
Merog 3etigena, B=D-+ 4, v=1. B arom cayuae

1 1

= 5+ (4 — A7),

e

((B — % A)y, y) =Dy y) o (AT =AYy, y) =

= = (Dy, ¥) >0,
ecn D > 0.
3aMmeuwanue., Hepaseucrso D >0 caeny er m yCII0~
pug A > 0. B camom jreae, myers 4 >0 n &= (!, ,0);

rorga (AE, &) =(DE, &) =au{EV>0, . e au>0 AHaJ‘[0-
ruyno y0e:mpaemcs, 4uTo a4y >0, #, caegosareapro, D >0,
Taxumm ofpazoy, MeTod 3eiimena pcerna cxoxarcda, ecan A —
CaMOCONPAReN HbII TOMTO/RUTENBHBLE omeparop.

UtoSl TONYIATH ONCHKY CKOPOCTH CXONHMOCTH, Haj0
cgerats Ooxce cuapuble upepgmomoxkenns, Ilpmsegem oxmy
4 TeopeM.

Teopenma 2. Merod Jeiidean cxodurcs co ckopocTvbio
zeomerpuneckoll npoz2pecculs co snasmenareren q <1, ecau
A=(a;)=A4%*>0, u

1+N

Eél“ﬁléﬂauh fe=1,2,..,N, g<1. (20)
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B cadoym jgeme, aom norpemmocTm Z, =y, — U mMeem

aiizi(ti-‘?-l == E (I,,Z;”_'l — 2 auZE)’
i< i>i
[aii] lzw(fl1|‘~<\2 [ai;] 22, 4*2]‘1:':‘”4({’) ;
Ji ji

(1) . s
IIyern maXlz;H.l] HOCTHTACTCA IPH H(‘I(OTOPOM i =1, Tawv1ro

bauele == |2} Jaiy | - bornsle < 3 s i Lale +
+ 2 ||l zxdes
I>ig
aoale <[ 2 || /(] aii,| — i | )]0 20l
bl <[ 2 o/ @) = & Tl 1mle

B cuny yenosus (20) nmecs

Z I aim‘!g q I aiofol - jggo i (lsojl << CI(I aiaiol - j%o l aiojl)!

>

H, CNeIOBATIILHO,

kert],

a@;

!Zh+{] f)‘J Zyie 4

YT0 ¥ TPEBORATOCT NOKA3ATE,

Yenonne (20) oavavaer, yro 4 = (g;)— maTpnna ¢ quaro-
HaNBHEBIM mpeobiajannew.

Meropg BmepxHeil penarxcauumu, B=D+aed,
T = . Haiigem pasuocrs

B3 A=D {04~ — 5 (4~ + A+ 4 D) =

= (1——”,;-)0 + 5 (4= — 4%
I BBIMHICIIM

((B__;_A)y,y):(1__)(DJ,y)>0 mpn 0<<o <2

Takum oGpa3oM, METOR BEePXHEH PeldaKCAlHH CXOITCA IIpH
m06ex snavermax o € (0, 2), ecin 4 = A* >0,

6. CropocTh cXoTuMOCTH HEABHOIO METOIa DPoeToil mTe-
papu. Camoro graxTta CXomuMoOCTH HTepanmuil HexocTaTOUHO,
uro0Bl CYIOTL O NPRIOANOCTH MJAA MPAKTHRA MTEPAIOHHOTO
metofa. Hykma mudopManms o ¢KOpoCTH CXOTHMOCTII METO-
ma, T. e. QaxTAYECKM o WHCne UTepaumii n = n,(t), mocra-
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TOUBHIX A PeHIeHUA 3ajaun ¢ Tpefyemoil TounHocToio € >0,
Yueno wrepanmit n(e) aaBucnT 01 mapaMeTpa T, KOTODHIL U
CJCHYeT BBHIOWDATL M3 YCIOBUA MHUMMYMA YuCia HTepanuil
= n{e), npu xotopom BhnomnAerca ycuonue fly, —ulp <
<elly,—ull,, e D — menoroprit oueparop, D =D¥>0.
Mur Gymem paccMaTpusaTs HeSIBHYIO CTRIIONADHYI CXEMY
(neasuy0 cXemy 1POCTOH MTCpAIUL)

B—y"i:—yi + Ay =f, k=0,1,..., quascex y, & 1,

(1)
rae A m B — mososiuTenniible caMOCONpayKeTHbIE OTepaToPs.
Meroapr 3eiizena w BepxHed pesaxcamum Iie TPUHAJIC-
/RAT 9TOMY ceMelCTRY cXeM, TaR Kak AJA HUX onepartop B
He ABIALTCSA CAMOCONpPHMCIULIM. A noupasku
w,=B"rn, n=Ap~1

BLITNIOJTHAETCA {Tar e, KaK I I DOTPEeInOCTH Ip = [, — u)
OMHOPOAHOE ypaBUelue

B-'”’*_ﬂ“_“’i b Awy =0, k=01,..., wy=B-1(dy, — f),
(22)

rhe = Ay, — | — Hensaka, w, = B~'r, — nonpaska. B camMou
mene, ua (21) maxognm
Wi =¥ — 87 Ay — ) =y~ 0y,
Aypss — = Ayp~ [ ~ 1AWy, iy =10 — T,

Tar war r,= B(B~'r,) = Buw,, 1o orciona ciegyer (22),
Bygem mpepnosarats, 4To BBILIOJIEHB! OI€PATOPHGIE He-
paBeHCcTBA

WB<A<YB, v,>0, 1,=y>0, (23)
nn

Y{Bx, 2) < (Az, z) < 7,(Bz, 2) naa Beex z=H, (24)

rfle TOCTOAHHLIE Y, Y2 H3BECTHHL.

Teopema 3. Hycrs svinoanent: ycaocsus (23), (24),
Toefla munumaavnoe uucio urepayuii no merody (21) do-
CTU2GETCA NpU

2

T= Ty = =————,
BTN

(25)
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I pu srom évinoakseTca HepadeHcTeo
Ay, — flg-1< Pn” Ay, — fug—ls =1,2,..., (26)
po=1—E/{1+8), E=x/T. (27)
Horazarcusctpo. [Jna pewenna sagaun (22) Boc-

UOTmBAYeMCsl caenywuieil oucuroil {ToKasaTeNnbCTBO OHCHKH
UPHBOAUTCA B 151, V)

lwls < pmiwly mpn 1< 14, (28)
rpe p=1—1y. Muwsmym p (upm KoTopoMm, umeno mHTe-

palnif, MHUHMAIBHO) MOCTHIAETCA MNpH T =Ty p= pu
=1— 1y, =1 —E)/(1+&), Ocraerca yuecrs, uto lw,l,

=B, |p = = |rnllp—1-  Teopema morasanma.

Tb
Tpebys, utobm Po<Le, wnux (1/p)" = 1/e, noayaunm
ONCHKY 16 YHCJIa UTeparfuii:

= o (/) In (1/p,). (29)
3aveuanme. Dyurona ¢-(§)=ln(1+§)/(l—§)—~2§
wonosaTensna  miag Beex O <E<1, Ttak waw @'(E) =

=281 —E) >0, ¢(0)=0; noarmly 1/1n {1/p,) < 1/(
1 yeaosne (29) porionuero, ecn

=nyle) = (1/(28)) In1/e, E=17/¥, (30)

(n,(e) — BooBie TtoBOps, menenoc), Yeaoeme (30) Bonee
yiobuo aaa omeHok. Omenka Py < £, 0YeBu;U0, BLIIOJINEHA,
ecal nyle) <n<ne)+ 1. IlosroMy B KauecTBe n mocTa-
Touno 6path HeAyK TacTh wmeaa n.{e) + 1.

7. Mogeapnaa samaua. Cpannennc pasiudublx HUTEPALU-
OHHBIX MeTOZOR OyAeM IPOROAHTH Hi CICAVIOUIEH STATOMHOIM,
HIT MOJeJNbHOH 3ajaue

v, — v, v, ~ .
L Bl i=1,2, . N —1,

3
k

Uy == My, Uy = fly, o= -1\—, (31)

KOTOPAA ABIACTCA PA3HOCTHOHR cXeMoll JIA RpaeBoH 3amaun

2 ~
Sml;=—f('r)’ 0<z<<t, uw(0)=p, u(l)=np,

Jaulniey cicTeMy YpPaBHEeHH{l cHATanma B MaTpuIHoil dopde:
Av =§, (32)
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roe v = (0 v®, . p®-) — gerrop pasmepruocrn N —1 u
A — Tpexpmaromanbian Marpuna pasmepa (N —1) X (N —1):

-—2 10 .., o
_.-__.i 1—-21 ... 0
w 0 1 —2

0 ‘e 0 1 —

ITpapas wacts ypaeHcnua (32) mmeer rommomentsl fi= f,
npu i =2, 3, ..., N=2, i=Ff+u/k, !N—i_fh ,-i"u/h‘
Marpune A cooTBeTCTBYET O0ICpATOD A nCelicTBYOUMIA B
mpoerpancerse H =Q certountx (I}vmuum, 3aJJAHHEIX B0
BHYTPERWIX Y3iaX CETRI @)= {r;=1ih, 0<i<N} IIVCTL
Av= vz, v— cotomnan ¢yHEKINA, BAj@IMIAL IA COTRE @) =

o= {g; = zh, 0 < i< N} u ofpaiaomascsa B 1yis HA IPAHUIle
upu i =0, NV. Torga Mono mamHCcaTs

5 s e
/117._.—{\1), UEQ=H, ve .

Boemex » H =0, nar oﬁr,mno, CRATAPHOC 1 POMIBCLEHIIE
AY
(y.v) = X yar h

-1

1 Bocronbayemes Qopmyaama (17), (56) ma § 4 ru. 1,
B CHIY ROTOPBIX

(Av, w) == (v, Aw), T.0. A= A%

(Av,v) =80}, &= ;742 sin? 3L, A SE.
Jlamee, nmecn
JA] = A = —-—cuﬁ h

OuenuM ugcTo NTEPANAN NAA ABHON CXOMBL ITpocToi
urcpanuu B cryvae  Mojienstoll sagatu. WUmcem B=F,
SE<A<AE, 1. 0.

v . A
y, = T T e = O —
T v A § » g5~ ——.

Jlna micna ntepamuit nieey

n (&) = n, (e) = L7

28

[S=]
—

ure
—
=
=
3
-
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1 - — 2 9
Bamamn & =107 = 7' rorma n, (a)z?: N2,

B uacrocry, wucno mwrepaiguii:
nle) = 200 upn N =10,
n,{e) = 20 GO0 npu N = 100.

Metog upocroil HTepaIH CUALHO 3aBUCHT OT 9HCTA
vpasuenait N (ny{e) » N*). Hie npusogatca yetomsl (cM.
§§ 4, 5), naa xoropsrx oTa 3aruHcumocTh 12 ot N GymeT Goace
enadoit (n(e) = N n n,(e) = ¥YN).

3ajava (31) sapngercs THIHUYNON, TAR KAK anaIorwdIoe
PABHOCTHOR YPARUCINC MO;CANPYCT PAaBHOCTHOC Ypauleins
Jlammaca B jinyMepItoM H TPEXMEPHOM Cilyvasx, a UHCIO ATE-
patgit MpaRTIYecKN 11e AaRICAT oT Ymcla maMepeumit (3api-
CAT TOALKO OoT A).

8, Tpexcnoiinaa exema, Ecoir ¥4y BBMICTACTCA TO IBVM
TIPCABIEY TN TTePATIAM Yy 1L Jf5—;, TO HTEPANTIONUL MeTO
HaspiBaoT dsyzuiceasuiy  (nnn 7pexcaointin).  Llpneenmen
pmMep Tpexcroiiuoit mrepamuounoi exemol, fluwan . Tpex-
CHOWHAA CXCMA ¢ NOCTOSUNBIMI TADAMETPAVI O0BIYR0 3&-
MUCHBACTES B BIC

Y= U+ ad(E — 1,y — gy o+ (1 o) Tuf,
k=1,2,... (33)

Tlepsas nTepamist BLIMUCIALTCH IO STHEOMY METOZY NPOCTOR
HTCPATLIL:
yo= (K -1y, F 1) gna seex y. € H, (34)
rje
2 ° 1—VE . i .
—_— . a py, pym——=, L=k (35
\’l'i‘ \,2 e fl 1‘.‘VE 1 ,‘,21 ( )
Vi, o> 0 — rpauuupl  cuenrpa oncparopa A =A* v E<
< A< y.E,
MorHO nokasaTh, yTo mis meroma (33), (34) wncno mre-
panuil HAXOAUTCS Wi VCIOBHAH

Ty =

I LS

\

Orcwoaa BUgHO, UTO

n, (&) ~ ﬁ%}'—g]n %, 1<y 2. (36)
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Mas mopenunoi aanaau VE =~ nh/2 u

¢ 1 0,32
Yy Lln—ac, —
noley = - In—=c¢,—

1 . - -
ln—m¢ 32V npn eave 1,

Ypeno @Tepaniii:
ny(e) = 32+ 060 mpu N =10,
ny(e) = 320 + 620 mpu N = 100,
T. €. 3HAUUTENLHO MeNDLIC, YeM [y IPOCTO MTepanum,
Heasnaa tpexcnofinad cXeMa mMmeeT BUJ
Byes, = 1+ a¥{B — 1,4y, ~ aBy,-, + (1 + 2)1,f,
k=12, ..,
By, = By, — 1Ay, T v/ nmaa seex yo = H.
Ecmr B = B*> (), mrnoaseus zepasercTsa (23), (24) u o,

T, BRIGACAATC 1o opmymam (35), 10 wia 4mcIa Wrepammil
omerka {36) Bepma m B 2rToM caydae.

§ 4 Isyxcaolinas urepauoHHAA cxeMa
c tl('Bﬁl)Ill.[(’:]l(3!’&1[]!!][ Hapamerpaml
1. Ioeranosra sajauu. IIycts pamo ypasuenne
Av=f A. H—H. (1)

PaccMOTpEM HTEPAlMOHHYI0 ¢XeMy ¢ IMCPeMEHHBIMH napaMer-
pamu {7}

Yoo1—— Y
—"—“—_‘—CI——J-—{—Ayh——._ » k=0,1,2,..., nus Beex y, < II.
ht1
(2)
OnsropoarioMy ypaBHEILHIo
z — =z
B E Az =0, k=0,1,2,..., Zy=y,—u (3
Tht1

YIOBJIETBOPSET He TOIBRO NOTPEMIHOCTH 2 =¥Yp — U, MO0 N
mompanka wi=B Ay —f) (=0, 1, ...} ¢ HavaJpHBIM
yenosneM W, = B~'(Ay,~f). Vcaosge oroHYaHMA mTeparmii
KMEeT BHJ

iz fp <elzly, non lw,lp < ellw,ilp, (4)

M3z (3) smgHo, uTO
Ty = ShiaZey,  Si=E — 1,874, {5
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rae S,y1 — omepaTop mepexoiga co cuos k& ma choit A1
Uermoyas Zu, 2y~ ..., %, Daligem opu k=n—1:

In = Tnzu, Tn = SnSu—i sa SZSi:

roe T, — paspewarowuii oneparop cxemsl (3)., Orcioma cae-
Ayer, uTo ,
Uzl < glzoln,  gu =Tl (6)

Yeaosre oxomdamnA  urepaupu  (4)  BBRINOJAIEHo,  €Cad
Ju = ”Tn"D = €. (7)

Jua ouemkn wmena mrepaunit 7 =n{e) nago mosyvnTh
Hepanerctso (7).
Paccmorpum sisnyio cxemy (2)

D Ty =1, k=0,1,2,..., ()
Tht1

npudeM 3agano Jboe Yy, =H, u poibepeM IapameTpw
Ty, Toy v.vy Ta 3 yoaosma minzn{e). Ipu atom npeynona-
TALTCH, Y10

A=A4%*>0, yWE<A<yl, 4,>0,

Hia HesAskn 7y=AY,— ] BLINOJHAETCS OJHOPOAHOE
ypapEeHHe

Thy1 ™ Tg
Tl +Ark"'—'—'01 k=0;1,:2z"';ro=‘4y0'""f1
HIIH
Topt = SppaThs Sipt =E — 1,4
Otcroma Haiijem
f"ra=-’["rzrﬂy Tn=Sisz---Sn.
Paspemaimuii omeparop 7. €cTh MOINIOM CTEUEeHH 7t OTHO-
curesE0 A:
T,=P(4)=(E—~gANE-r1,4) ... (E—1,4)
¢ RoaUDHEHTAMH, 3aBHCAIIHMI TOJBKO OT Ty, Tz, «.» Ta-
I8 HaXOMASHUA Ty, Tz, + ..y T, HOIYIAEM OLEHRY
et = 1P, (A,
1lago maiiTn Tarue Ty, Ts, ..., Tn, OPE ROTOPLIX [P,(A)

MHHUMAJIbHA, I OIECHUTE OTY HOPMY 4yepe3 [OCTOsIIHbIE i
1 ;. IIpusemem Oes noKasarenbcTeBa pemlenne droli aamadul.
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g

2i —1 . :
Ofoamagup  uepes M, == {— COS 5 T, § == 1,2, ...,
MHOKecTBO  nyieilt  noaukmoma — Yedvuuesa T.lz) =

=z cog (narccos ) ma otpesre — 1<z <1, a uepes {us} —
n100y10 mocHeA0BaATeAbHOCTE STAX Hyiaell, w, =M,. Muum-
MalbHOe wne;1o nrepanuii 2(e) JocTuraeTes npHm sHAYEHIAX
18 PAMETPOB

T

T:'_??Thi k=1,2; vyl
fYe

2

Ty ==

Ty = ——————
0 ‘}’l —_l“ IR

1Tpu 5710M BHIIIOAHAETCA OLEHKA

2p% {— 1%
Ay, — 1< gl dyo— 7l 90 = —250, .01=¢-

1 pdt -VE
(10)

Cxema (8) ¢ mrepanuonupnm napamerpasm () masuieaerca
yeluiedckol urepayuonnoll cxevoli.

n . en
Tpefopanire ¢, <e mm 2p; <& (l + o) ) BHIIOTHEHO,
i - .
ecan 0 <CE2, min

i 201
n(e) = 1n ?/ln?l. (11)
: . 1 1+ g
dameuan {cp. § 3, n. 0), o In— =In—"-=>>2 Vg!
n TV
austeruy (1) Oomee CILIBHBIM Tpe(’iDBEHHEM:
7€) > 1, () = o I (12)

ynoosrn ana mporeprar, Ha (12), ouesngmo, cregyer (10),
H ¢n,E.

CpapunM mo ameny umrtepaunii cxemy {8) ¢ yrasaHHEHM
1afopoy mapaMeTpos H MeTof IpPOCTOil nTepamiy Ha IpEMe-
pe mopembuoli samawu w3 § 3. B oroy cayuae § = n*h'/4,
VE=rh/2,

s meroga npoctoit nTeparm

nt (e) &~ 2k mpn e = 107

Jlna aebpimescroft cXeMH

ni® (e) = 3,4 nmpm e= 1074
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Orclona Rirfino, uro

ns? &~ 34, nPa 200 npn N =10 (2 = 1/10).
0 ! )
¥~ 340, AP A 20000 mpn N =100 (k= 1,100).
p j
2. O6ocuoBanne ouTHMaarvoro peiGopa wapamerpon. Ile-
pefifeM R fmoxazarenncTBy ouenrn (10) B caywae urepamuon-

upix mapaverpos (9). TTaym ueodxomuo waiitn min| Py (4)].
{a}

()

IToxmaoxn

Po(Ay =] (E—1.4) =

he=1

=yt d b ol A =1, P(0) =1

ABNAETCA CAMOCONDAMeNHEIM omepatopoM. Ilvers &, A, (s=
=1, 2, ..., N) — coGerBennble $yHRTUYE H COGCTBEHHBIE 3HA~
yenns omeparopa A:

A-Ek = 7\-3‘%3, (E_:,u 1ém) = 6671], s, n= 1, 2, vy ANY-

Oneparop A* mveer Te ke cobcTBeHHBle QyEROUN U €oG-
®
CTBEHHDIE 3HAMEHUA As

A'e =g, (13)

Vumoman (13) ma ¢, m cyummpys mo A =0, 1, ..., n (c,=1),
IOy TH
n n

P,(A) g = 2 ad'ty = 2 Mg = Pn () &

k=0 h==Q

Cpasmmnpas 370 ¢ P (A4)E, = h(P.(A))E,, Bupmm, 370
AP (4)) =P (0(4)).

CoficTBeRHBIe 3HAUEHUA OMePAaTOPHOr0 momnuoMa £,(A4)
ompexesnmioTea Kag momnmomsl P,(A) or cooTBeTCTByHOIIMX
cobeTBeHHHX sHaveHnit omeparopa A, a coGcreeEEne ¢yHEK-
LOI — Te ke, 9T0 A y omepaTopa 4. B cmi1y caMoconpsikeH-
moctr onepatopa P,(A) ero wopva puBHa HanGonpmeMy IO
MOZYIKN coUCTBEHHOMY 3HATEEHI)

[Pn(4)]| = max | Py Xyl

1<3<N
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ColcTBerHble sHaveHUa A, omeparopa 4 near ma orpes-
ke [vi, v21: ¥: <A, < ¥.. Ouennnmo, uto

max | Py, (A | << max [Py ()],
1<s<N vy €y

FAC HenpepLiBlbIil APrYMCHT I LPHIHMACT BCe 3HaveHHA HA
orpeske [yy, Y], 1, cnejopare;sHo, 3ajava O MEHEMyMe
1P, (A coommrest ® sapave o Mummmarce oamsoma P,(z),

T. ¢. 0 maxomgenun min max | Py, (z)[
{Th} ¥ €x<vy

Orobpasmy orpesok Ly, ¥.] na orpeésor [—1, 11, nonaran
1
z=5h—vit+ntnl, —Isi<i,
upn P <KLYo (14)

Torma P.(t)=P.(1), Veropge wnopuuposrm P,(0)=1
UPUHUMAET B

Pty =1, t,=—1/p, (15)
Hrar, tpebyercAa HafiTi moJHHOM, HANMENCE YRIOHAN-
muiicst or HyJda Ha orpeske ~1<{<1, rak urolm

max [ P,(¢)| 6blr MEEEMAadeH OpH ZONOIHUTEILHOM YCIOBUU
Bopmuporklt (15). TakuM DOIMHOMOM ABIAETE] IOJIMHOM

Ty (1)

Py (t) = T, (16)
rie T,(t) — noaunon Jebvuuesa,
T, (t) =cos{narccost) mpu |¢|<1, (17

1 o q\n 32 4
Tn(t)= [+ VE=D)" + (= VE=T)"]
opu | ¢|>1. (18)
Iloqunon Yebnimiesa mveer Hymn

2_.‘...___._ { T, i= 12 21 ey n. (19)

t; = cos 5

Momgrom  P.(2) =1 - 121 — 12). . .01 — 1,.2) HMeer
uyan ;= 1/1.

TpeGys, urobel KOPHH ITHX IOIHAOMOB COBIANANM, H YYH-
rereas cnash (14) mesmay z m ¢, wonywaem 2=[(y,+7,)+
+ (v, —y)tl 1, otkyna caenyer

=2ty F (. —ydtl, i=1,2 ..., 7 (20

Jdra dopuyma coxpander cmiy npn mwboMm cnocofe ymopsA-



§ 4. IBVXCIOAHAA NTEPAITHOHHASM CXEMA 1435

goueHns Hyiaell noamioMa Yelpmesa; HampuMmep, BMecTo

2i —1
(19) MO:KUO HIOXOEHTE &; = — COS 55— - VMen oro B

supy, npuxoguM K dopuyine (9). 3amerny, uto ceau n=1,
T0 MONYTaeM T; = T, — OUTHMAILHEIN NADAMETP MEeToga Hpo-
¢TOH HTepaluu.

Wrar, mapaMeTpsl Ty, Tz +.., T. ONPeJeTeHB COINIACHO
(9). Haiijem Temeps

gn= max [P,(z)|= max [P, ()]=
Py ExEYs —1€i<1

Tn (2) 1

To () lTn I’

tak kag max |7, (t)] = 1. Haeem |41 > 1; mostomy ana
—15fL

= max
~1l €1

1<
17.(t,)| Bocmoanayemca gopumynoit (18) mpu ¢ =t,. IIpeoB-
pasyeM BXOIAN(He B Iiee BLIPAKReHMNS:

S RN S -
gz w—t=gt=Vizdl=

—ti= +2VE e VEP/a—y =

=(1+ Vg)z/(i —5H=0xVH/(OFVI),
TAK 4TO ]i0[-|—]/-13—-1=pi, Itoi—l/ig—1——"9u H

, N W S A
ITate) | =7 (5 +08) == 5

Onenra (10) morasana.

3. BsiuncamTenbHag yCTOHUABOCTE M ymopAnodYeHHe mapa-
merpos. Wrepamuonanrii meron (8) ¢ yeGnimescknM Habopom
nmapaMeTpos {1,} HHOrjga Hasmsalwr XMerodom Puuapdcona.
WspecTen oE JIaBHO, OfHAKO [0 HeJaBHETO BpPEMEHH IIOYTH
He HOCIIOJB3oBaJMCA Jia Hp&RTHKe H3-3a 8LHUCAUTEAbHOU 1e-
ycroduugocru, IlosenuM aTo DoHATHE Na npuMepe, BosbMem
CHCTeMY ypaBHEHHI

u(@i—1)—2ul@+uli+1)=0, i=1,2, ..., N—1,
21)
ul® =1, ulN)=0.

Ee pemenmem ssaaerca uli) =1~—uaz, x.=ih, h=1/N,
Bypom HcRaTe pelleHme JTOH 3a7aTH YeGBIMICBCKUM HTEpa-
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nuoERRM MetomoM ana N = 20. Jmauenne n,{e) MEH MomeM
ppramcanth. Omo Mo:keT ObITh meuenwsiM. Beibupaem G-
:aliuree mesoe n == n,. Jua magEmx N u ¢ nveem nle) = (4.
3nasn

v = sin® — = 2oz

rl“—‘h- PR Yz'—h; "5y
1 . th e

=7 = tng ~ = ~ (0,006,

MOJKHO BBHIYHCIHTH T, no dopmyae (20). B kavectBe mamamib-
HoTo npubamiRerusa Gepercsa dryEKOUA

o (L i=0,
Yo ‘lo, i> 0.

Oxaswinaeres, uyro gaa meroaa (8), (9) meGeapasmmamo,
B KakoM uopnajre Gepyrea Hynm W, noamEoMa Yebninepa.
Paccaorpunm ana cmocoba mymepanun myreii:

2k —1
al)Wi:COS_'g_,;—n’ k=1,2,...,n,

2k —1
2n
PeayantaTl pacueron npusojintca B Taba 1.

Qy) i == — COS .

Tadaunua 1

HaGop @, l ITadop .,

5 Ak%m:f!yk(xil-y,‘__j(xi ] A t\htmgflyh(xi)—ykﬁ_ih.L)I

1 K3
53 0,12 1 206
bH] 27 2 2,613
57 1,49.104 4 8.2.108
59 3,7-107 7 3,3.40m
GO 2.6.10f 0 1,2.4014
i3] 2,510 11 1.9.1(ne
62 J3.5-101 12 ABoer
63 3-1018
84 Arcer

IIpm Menbminx 3navdemmax N o 7 MOMKET ORA3ATLCA, 4TO
pPOCT ITPOMEeHYTOUHBIX BHATENIl Y, HC HPHBOMIT &K aBOCTY,
OADAKO TPONCXOANT HAKOILIeHNE OMINGOKR OKPYIANMHA, If IIOC-
e n WTepANEH yclosme OKomuanns wrepammil KAy, — [l <
< elldy, — fl me BEImONAAETCA.
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ITH fBe 0CO0EHIIOCTH BBITHCIRTENLHOTO MPOIEcca — POCT
[TPOMEKYTOURKIX JuaTennii, IPHBOJATIHY K aBoCTy, H HAKOI-
JIeEMe OMKOOK ORPYIAEEHA — MBI XapAKTCDU3YCM OJUHM Tep-
MUTIOM -— 8LIMUCAUTEAbIAR HeycTounugocTs, llpuunna BoI-
UMCINTeTbIION HEeYyCTOHUNROCTH 9efLIMIeBCKOro MeTola B TOM,
wro mopMBI IS4l omepatopa mepexoma S =E — Tayid
AIA  WeROTOPSIX  Wrepanui  OoMnIme  eHHMIKLI, a BBITHC-
IHTEHBULI TPOIECC SBASETCA PeANbBLIM, T, ¢, IMeloTCA
OTpAlNYCHNA CHHay N CREPXY 1Ta gomycTmmule gucra (coth
MAIIUTIIMIT HyIb # MAUMHEAAN GECROUCTIOCTE) H B HAKIOM
aKTe BBIYECNCHHMH MOMBIAKTCA OIMHOGKH OKDYrIeHNH.

Bermmemay mopmy ana S, = £ — 1. Tak wax Sz = S,
t0 | Sii1]= up [(Shyiz, 2)|- M3 yemomnit yE<A<

[ixdll-=1
<vE  emenyer (T~ DE € 104 — E < (1. — DE.
TTopcrasmaa cioga BhIpaiceHne il Tyyy M YIUTHIBAA, TI0
1— T, = ToYs — 1 = po, nOIyuaemM

_ [ (1 — ”h)
1= pghy,

OTeoaa HaXomimM

1;,}_ .
ELy A—E< (70(—}1_,)_E

1 [

1.
Jﬁo( - 1) upn >0,

) L 1 pohg
Sl =lesd — B =1,
Yo
EETY Polte npu py <0,

rak wto IS, fi<1 um meex W, >0 m S, 1>1 mnpa
pe < — (1 —pa)/(2p,). Tar nak

2n —1 b
( ) =cos5—, k=1,2,...,n,

SHp s — cos 2n 2n

o
— COS Fyd
&R

1o jum Goasilero wncxa uomepon & mmeenm IS0 > 1, u ecan
UONPAT TCTOFb3YETCS MUOIO IIAPaMeTpoB Ty, AJA KOTODPBIX
1S.I> 1, To wponcxomuT HarolieHIe IOTPETNUOCTII OKPYT-
Jemit w pocT ATePAHODTHX 1PHOIMReHNE, 1TO I I PABOJIUT
¥ REMUCIUTENBHOH HeycToHYHBOCTH,

Urodnr ocnabutb aToT DexTt, ecrecTBelilo 1TONBITATLCA
TepeoRaTh TAPAMETPLY Ty, JUIA KOTOPBIX, ISyl > 1, ¢ mapa-
metpamir, miam Kotopux ISt <1, Ha »sroM nytnm m mposo-
AUTCA HOCTPOEUTE TAROIT IOCTe0BAaTeIRHOCTA IIapaMETPOB
{1y}, O1A KoTOpOil €XOAUMOCTL WTCPAQEH HOCHT MOHOTOH-
uplil XapaKTep H BBIYHUCIHTE(bIIAA HEYCTOHYHABOCTE OTCYT-
crByer., JmeercA mpaBEIo TaKoTo YHNOPAJOTEHHAn Hyaelt
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2i—1
t,= —cos—Z— i moamnoma deObiepa, a TeM CaMBIM W
napamerpos {1;}, ans awBoro 7, NPH KOTOPOM HMCET MECTO
BLIYKCIVTRJBLAH YCTOHUNBOCTE,

My mpmBefiem OTO mpaBnio AT CIydas, KOTga R ecThk
cTenmens uucna 2, n=2¢, p>0—neroe uucuo*), Ofosna-
YHM YOOPA;(OYEN0e MO 3TOMY MPaBILTY MHOEKECTBO Ly.ael &
Yepes

Emn = [_ Ccos Bu ﬁl ==

n - r
e G(i ) onuo ns uevernnix wieex 1, 3, 5, ..., 2n—1. 3a-
faya CBOJNTCA K YUOPAJOUEHHI0 MHO/KECTBA 7 NCYCTHBIX
n n
ancen: 0, == (80 007, L 0%, Mexopst w3 wroske-
* ®
crea B, = {1}, nocTpous Muomecrro On =8, o fopayaan

oM =12 ..., n],n:=2p,

"n

2m} (m})
8( Oi B

2i~1 —

am) . y -1
02™ = 4m — O™, Pe=1,2 ., mym=1,2,...,2°7},

ecn 8 nasecrum, CooTBeTCTPYRMYIO TIOCKeOBATENb-
HOCTH mapaMeTpos 1T, ) OyAeM anLisarh  ycrorvuem na-
gopox. llyetn, naupusmep, n = 16 = 2', llocnenorareasnio lla-
XOTUM 9.—{1} 0.,=1{1, 3}, 0, —{1 7, 3, o), 6x~{1 15,
7,9, 3, 13, 5, 11} B,.,—{l, 31, 15, 17 7, 20, 9, 23, 3, 29,
13 i‘) 5, 27, 11, 21). Ipun nepexoge ot 0,,, K Oa :1001:110\1110
nocse KadAoro 0812y rioeraniTh wieno, pasuoe 4m — 0gio,
{nymepamus coortnercrayeT 0,). «¥Ycrtoftumnasny wocseroBa-
TeABROCTE B, e 3ABUCHT OT 3ajawit, CXOMMOCTH HTePAIIl
A oToro nabopa MAPAMCTPOR {Til NOCHT MEMOHOTOHUHI
xapaktep, uo Kogclanus 3aech UEBEINKH H B KOHEYHOM
cYCTE B3ATYXAKT,

IIpusegem peaynwTarm pacgetor ang sagaun (21) 1o
cxeme (8), (9) ¢ yeToiiunmemy waGopox napametpon {Tx):

k4 4 8 16 24 w2 48 50 52
4, 89,6 47 1,1 0,2 0,0 004 £5107F 6,7.007%  87.1079

4, Heapunie cxemnl. Merox Jeiijtean n merton pepxueii
perakcanEn c¢XofATca ObICTPCe ABHOTO METOAA MPOCTOH 1TC-
pamun. IloaToMy mepexopq K HCABHBIM CXEMaM OIIPaBIuIBaeT

*} Mpapuao ymopagowenna {t,} &11 1wboro n MOERIO AaiiTn A
[6, 91.
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cebn, Kax my®uo metbupats omepatop B? QcHOBHBIM sBIfA-
etca ofmee Tpefosanue MumuMyma fgeitctpuit Q(e) gam ma-
XO;RECHUA PElICHHA ¢ Tounocteio € > (0, KoTopoe cBopurcH
K pBym rtpefosaumam: 1) o MHOuUMyMe wHcHA HTCPAIHi,
KOTOpoe 3aBucuT kKak ot 13, Tak u ot BeiCopa {1.}; 2) o mu-
HHMYMe qHciaa gelcTBuif 1isi perieHNs ypasHCHHA

.By k)1 = Fk .

(skonomuunocre oneparopa B). ITpuvepom Mosker Guith Tpe-
YIOJALHEIL 0IepaTop, COOTBETCTBYIOLIHH TPEYroALAQOH MaT-
puIe.

IMoxaneM Temeps, 9TO pE3YIBTATHL, . IOIYIEHHLIE BHIILE
Ang ABHOH CXeMBI, MOAHO INEPeHeCTI! Ha HesBUYI0 CXeMy,
PaceMorpuy HeABHYIO cxeMy

Byk?——_—ﬁ‘ 4-Ayy =1 k=0,1,..., pua scexy, € H,
k1
(22)
e A=A*¥>0, B=B*>0n
wWB<Ad<y.B y.>0 (23)

"
BuifHpas HTepalHoRNLe TapaMeTps: {Tx) 1o gopmyman
(9) u ymopsAgowdBam WX B COOTBETCTRUU ¢ NPCHRITYHIUM
LYIIKTOM, IOXYIMM [T pellleHNst sajgadqn (22) oneuky

207
1Ayn — f”B—l < gnldy,— f"B-l:. gn = i—_l_"'lpTi,;,
1—VE 11
=—2 E== (21
P1 1 + -‘/E g .},2 ( )

rae Y, H Y, — unelda, sxogsmue B (23). das umceta mrepammit
n=n{e) sepum omesrn (11} u {12). Urobn yGeauThes B
3TOM, J0CTAaTOUHO cBectu 3afgady (22) K sKBUBAJeHTHOH 3a-
Jade A0A ABNOI ¢XeMbl

zﬁl——; o Ca =0, k=0,1,...,2,=B"w, (25

rie 7, = B'"?w,, C=B""?4B~"* — camoconpmReHAHl MOI0-
ARATEIBHEIH OHEpATOp ¢ TPANHNAMII ClEKTpa Y, H Y,

1E < C <.k, (26)

B camom jgeme, Tak xax B=B*>(0, 10 cymecTByer
1/2 1/2 " 1/ y y
B'* = (B'Y*)* > (., Nleiicteyna onepatopom B~'* ma ypasHe-
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mne (22), momywaem (25) gaa x, = BY*w,. Obparusiii Xof
paccyrpennii ouenngen. OcTaeTcd AORA3ATH DRBHBAIENITHOCTE
nepaBescts (23) u (26). Pacemorpum dyHKUIOUAT

J=U{A—yB)y, y)=(Ay, y) —1(By, y) =
= (AB*(B'?y), B~"*(B"*y)) —~(B'?y, B'*y) =
= (Cz, z) —y{x, z) = ({(C — yE)z, 1),

rme =By, Tax kax y (a. 3Eadnr, i ) — POU3BONBHEIIL
BexTop us H, To W3 paBeucrsa

J=(A—~Bly, y)=UC~yE)x, x) 27

crenyet, uto omeparopl A —yB n € —+E myenTr ognEako-
BHe SHakm. Lcmm, panpumep, A —y, B =0, 10 mpu =1,
pagencreo (27) paer C—Y,E=0 m 1. 1.

Jlaa asmoit cxemsr umeenm omesry Izl << ¢,llz,l. Tloneras-
asa cofa o, = BY?w, = B~"*r,, r,= Ay, — [, monyzaem onen-
ry (24).

Hdust merogos 3efimensa m Bepxmeit pemakcammun B 7 B,
R HOTOMY HeILdsi BOCHOIL3OBATHCHA HeOLIMEBCKIM HaGopou
mapaMeTpoB.

§ 5. Tonepemenno-rpeyroanupiit MeToq

1. Ilonepemenno-Tpeyroannmii meron, Dymem paccumarpu-
BaTL HeHMBHYI ATCPAHOAHYO CXEMY

BTkt dy = f, k=01, ... @

Tpry

Fean oneparop B mpepcranaser coGoit mponssegenme KoHed-
HOTO 9NCJAa SROHOMHTHEIX OIEDATOPOB, TO OH TaKMe DKOHO-
smugen. Tax, DKOHOMHMUHEIM sIBIseTcsi omncparop B =BB,,
PaBHBII NPOM3BeeHHI0 TPEYIONBHEIX oleparopoB B, m B,

Paccyorpum tak HashiBaeMsll nonepemerHo-TDey20AbHbI
serog — Meton (1), mas Koroporo omeparop B mMeer Buj

B=(D+ oR)D*D+ aR,), (2)
me D=D*>0, Ri=R, R +R,=R, R=R*>0,

© > 0 — mapaMerp.

TMorakem, uTo omepaTop B ABISETCA CAMOCOMPAMKEHHEIM
E MOJI0KUTeNbHBIM, T. e. cxema (1) ¢ omepatopom (2) mpm-
HAJIEMHAT HCXoAnoMy cemeiicTey cxem (2) m3 § 3 m mosmmo
[OTB3OBATECA BCEMY MONYYeNHBIMH paHee pesyabraTtaMim o0-
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nreit Teopa. B camon neae,
(By, v) =D+ oR}DUD+ ull)y, v)=

= ((D+ olt)y, DD+ oR,)v) =
= (y, (D+ oR)D D+ wR,)v),

a smauut, (By, v)=(y, Bu), 1. e. B=B* [lance, Raxomum
(By, )=((D-+0Ry) y, D (D = By y)=|(D -+ Ry [ -1>0,
T, 0, B=B*>{,

Oneparopy R coorseteryer marpuua R = (r;). B kaue-
etBe matpun R, m R MO/KHO BsATh HIAKHIO M BEPXHIOW
TpeyroNbHEIE MATPHIH, T. C.

rall, j=1,
R, = ('1_,7)’ ri = \Tij i<li,
0, j>4§
rii;l?-‘: j = i1
R,=(rf), ri=iru i>i
0, j<<i.

Ecim R — cumverpuugas Matpiuua, 7i=Try, 10 By m R,
B3aHMHO conupszenss, H, = Rl

B rauectBe D = (dy;) Bo3bMEM [AHATOHANBHYIO MATPHIY.
Torma D+ wR, — mukusag tpeyroasnag, a D+ wfl, — sepx-
HAA Tpeyrosibuas Matpuna. Tarns ofpasos, mponece urepa-
OAi CBOTHTCA K MOMepCMCIHOMY 00palleHHd HIKHel o BepX-
pelt TpeyrombpHEIX MaTtpmm (oTCIO& M Ha3BaHHC Merofa).
DB camom pgcie, mia KaKAofl HTepalul Hajo peliaTe ypas-
HCHHO

BJk.. = (D + (I)R )D-1(D + (JJR )Jh+1 =Fﬁ- (3)
O6osmauan DD+ 0B, yser = Jurr, mOIyIARM
(D+mR1)yu.|.1=Fﬁ, (D+0)Hz)./k+1ﬁ*DJh+[,

E=0,1,... D

Baneuan, a0 (Ryy, y) = (R, y) = (Ry, y)/2, maxomum
(D + oRp)y, y) = Dy, y) + 0 Ry, y) =

= ((D + % R)y, y) =({(D+oR)y, y) >0,

rag nag D >0, 0 >0u R> (.
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Otcroma chegyeT cyilecTROBAHHe OOpPATHLIX OIIePATODOR
(D+ oR), (D+ oR,)™", r. ¢. paspemmMocts samad (4).
2. Buifop mapamerpa . Urofel mommaosaThes  ofmieii
TeopHeli, HaXO CHAYama HAMTH IapaMeTpsl Y, W Y; BXOJAUIRE

B HepaBeHCTBA
wWB<Ad<ny.B (5)

ROTOphle B CIUIY OTPANAYCHHOCTH H TONO;KHTEABHOCTH Ofle-
paropoB A u B Bcerga BbinoiueHH. HauneMm ¢ onpegenenns
napamerpa @ = ().

{ )HEM ma. Hycre oneparop B onpedeaserca no gopmuyae
2}, e0e

R;::Rla R1‘|‘Rz=R’ R=R1*>0

u R ydoenereopaer ycaosuan

R>8D, 6>0, RDVR,< TR, A>0. 6)

D

Toz0a cnpagedausa oyenka

§ ° 1
v B<L R< v,B, e 5 (7
ﬁ' ?2 ?‘ 1— ob+ 0,250%4" ' 2o @)

(=] o
Ornowenue §=vy,(0)/ (o) uneer naubosvwee snavenie
npu

©=o=2/VBA; (8)
npu aTox

2 2V 6 »° § > 6
oy T TR R T wny s @

HokxasarcenbcTBo. Hcpaneucma (6) osmawatoor, 4TO

(Ry, 1) =8 Wy, ), (D7'Ray, Ryy) <7 (Ry. v)

in Beex ye= H.

3 O

MMocne npeoGpasosanmii
= (D+ oR)D D+ oR,) =
=D— o0 +R)+ o' RD 'R+ 20(R/ + R.) =
=D ~-R)D'(D-wh, +20R
noayTaeMd
By, y) = (D71 (D — ©Ry) y, (D — 0By y) + 20 (Ry, y) =

= [ (D — wRy) ylf-1 + 20 (Ry, y) = 20 (Ry, y),
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TaR 4T0

B>20R, un R<‘%B, '\?2_—.~2_

Iloayaus tenepn omeury j1a B ceepxy. Yumreinaa (6),
nafigem

2
B=D-+oR+ ro‘ZRID_leg%- R+ oR L+ "’TA R<

(1 + od - o M) R,

R]}‘GIB, ™~ —6(1+ Y l_mﬁ&)

Yueno utepatiuil, ueobxojuiMoe 50 PelLeNHsL YPaBIEIH
Ry = {, 3aBucutT 0T OTUOLIEHHS

£0) = y/1: = 2081 + 08 -+ ©*6A/4) .

BuGepem o na yo1o8ua makcuMyma Og(m) Ilpupasunnag Hy-
T nponaBo;[HyIOE (0)=26(1— maﬁA/lr)(i + w6+ 0*8A/4)
HAXOJHM m—m—Z/PﬁA mpa aTOM g (co) < 0. Hoacrapmsan

370 3MATeHNE 03 B (opMynEl pas 'y,, 'Tz= E(m) noayuaem ¢op-
myay (9). JlemMa joxasana.
3. Cropoers exonuMocTH.
Teopema. Iycre oneparop A =A*>0 npedcrasaen 6
L]
sude cymmnt A= A+ A,, A, = A;, u evinoanenst ycaosus

AZ6D, ADTA,<TA, §>0, A>0.  (10)

Tozda 6/m nonepemenno-rpeyeoabrozo Meroda (1) e
=D+ 0A)D' D+ wd,), D=D*>0, (1)

¢ napaxerpon o= 2/VOA u uebuiwesckun nadopor napa-
NETPOS

"[‘—' To T, = 2 p . i—-E
T ttpun’ 0 vtw T t-g7
_W o 2V 19
=0 = ——= (12
L 117

e ’——..__.L_ :-6_ l’e@‘
WE Gy T Ty T a M ‘"*(H)
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gocrarouno nle) urepayuil:

e () <K n(e) <<ny (&) -1, nyle)<<In %— /(2 Ve f/ﬁ);
(19

npu ATOM SULINOAHEHA OYEHKA
[Ayn - fﬂﬂ"‘}. E‘|| Ayo - fhg 1 (15}

Howasateancrso. Bocnonbayemes — mpemsliymeil
neMMoil, uonaragn R=A4, R,=4,, B, = 4., a rawke plenkol
(24) ma § 4

llAyn—“flIB A< qnl Ay, — i”B 1
V]

207 1-VE
== P e
i_[‘pl 1 V‘E

Tast wpena srrepait 2 = nle) » § 3 G702 noNyIENa OUeNKA
note) < nle) <nmle)+ 1, rpen, (&) <In u/( VE).

Uoacrasasns cioaa & = 2¥n/(1 + ¥n), nosyuun (15).
4. Tlpumep mpHMEHEHHs HOHEPEMEHHO-TPeYTONBIOrO MC-
TO;lA, 1’ AceMOTPIIM MOMEIBITYIO 3/lany
.y — 2uy -y

Hom | me L i 1,2 N — 1,

an, it hz

UO o ()7 i N == 0. {16)

[Iycre H = Q — npoctpauctno cerounsix  Hynwmiii, sapamn-
IIBIX DO BHyTpeHEux ysmax i=1,2, ..., N — 1 cersn ou; see-
7eM CKANApPIIOe IpOIaBefiele

e\'--l
y, v o Yilil.
1«—[
(o]
Oneparop Ay= — Yax ABIAETCA CAMOCONPALKEIHBIM If MOJIO-
SKHUTENBHO OTIPeeTeHILIM:
. 4 wh
A= bE, = — sin® .

w? &
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Bregem oneparopst Dy =y (D=E) u

J{z Yo ¥iy
Ay = Ry = 2 o LT
Veii Viey — ¥;
A2y = Rzy = — ;:1 == e hz : N Al -}- /12 = A.

Hrepamwn (g, = y(i) maxoparcs mo dopMynay

(£~ oA) (g1 = ( +o —}—Jl_—'—) == Py (i),
2 41

— . 05}141 (i . 1] _l_ hu["k “)
Yraa (1) = 3 s

k™ - ®
(E -+ 0Ay) ypt (i) —

== Yuin () — == @i 4 1) — 1 @) = g ()

OROHYATENLHO HMeeM

gy (6 - 1) 4 1% _/p 1(c)

UJ*-h

Yreq (f) =
i=N—-I,N-2,,,,2 1

3Hauemns iy, (i) HaxounTes NI0CIENORATEN IO IPH IBIKE HIEH
caesa manpaso {or i —1 x i), a yuy.() — cnpasa naaeso (ot
i+ 1 % i); TP DTOM YUUTHIBAIOTCA KPaeBBIe yCIOBHSI

ypﬁ,[(O) = 07 yk.g.{(;’\?) = 0.

Mopmyasl ToJofmoto Tima Ha3WBAIOT dopiyianu Gezywezo
CHETA.

Ha papemetsa ¥z ;,, = ¥x,i CHEjyer, 370 A7 =4, B ca-
MOM Jiele, Tak KAk Uy = Uy -k Avy = hl-x,l, TO

N—-1 N—-1
(Agy, v) = — 2 Y, ¥ = 111 2 Yit1Vx,i ==
i==] EE
N N- N-1
_Jll'alw .‘dy‘ X,i }d Yz, = = h zy’ = (y, 11"')v
=2 i=1

"
T. €. Al = 442.
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Brigucany nocronunym A:
(4,459, ¥) = (Ayy, 4py) =

N—-1
S\ 1
=5 & b= e X ()
N
1
< k()= E Y= —= Ay ),
i=1 =1

oTEyaa cmeayer A = 4/h* Taxum oGpasoy,

5 ah i - ah
W= = sin? 5 A l/nz—,-

2V w1+ V)~ Vﬁ ~ak, VE= Van,

TaK ITo

o 2
ny (E) ~ T‘/—ﬁ—ln T.

Eean € =107, 70 at0 maer nyle) = 3/Vh.
Pesyavrat raxon:

n,(e) =140 npn k=1/10 (N¥=10),
nole) = 30 upn A=1/100 (¥ = 100).

HamoMunm, ato npu N = 100 mago egenars 20 000 nrepamuii
o MeToRy mpocTolt nrepamnu i 340 uTepanui mo ApHoi Te-
OpimeBckoil cxeme. TakuM obpaioM, HomlepeMeHO-TPeYrolb-
neLil MeTOj OKasadcsl JyYLIIM Cpej(d TexX MeTo;{0B, KOTOpLIe
MBI H3YYauIH,

§ 6. Bapnannonno-nrepanHonnbe MeToAb

1. Meron MuHnmanbnpix HeBA3ok. [lo cUX Ilop mpm H3y-
TeHHH n:repauuom{mx MEeTOg0B MII BCEOJ[)" npe;qno.rlarann, q10
ToCTOsIHHBle Y; M Y, — MPAHANB cmekTtpa oueparopa A B H
wrn B Hz — uaseerusl, Yto geqatn, ecin Taroit undopMaImn
He‘l‘? B I9TOM CiIydae MORHO IlpI'IMeH}ITB MeTOabI, I1€ HCIOAL-
3yI0IHe & ABHOM BHTe MapaMeTpel Y; M Yy JTO MeTO;l
BaPHATHOHEOr0 THIHA, Jech MBI PACCMOTPHM METONB MHHI-
MAJBHBIX HEBA3OK, CHOpeilllero cuycka H CONPA/ReHHBIX
TrPagUeHTOB,
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Haunem ¢ serofa MunuMaibnblr HeA30K A ABHOM
CXeMBbI

Yrni1— Un .
‘T + Ay =/J, k=0,1,..., puascex y, = H.
i1
(1)
Odnn nepaskn r,= Ay, — [ nMeeM 0IHOPOINOe ypaBHeHHe
Thar— Tn . :
_—:[—"___TPA”!:O, A5:011y°"1 ro‘_—"/lyo_-f' (?‘)
k41
[lapaMerp Tis; OyjieM BHIOHPATH U3 YCHOBHS MHUHMyMa He-
BABKH Thyy 1O HOPME:
' 5 .
[rieslP = lre — e Arf =
- 12 [ . . o2 Ay, 2
= “’R " — -grk-,Ll (fh- A’h) 1 Thrt ” Ary, [f' = ¢ (th H)‘
Ipoanddeperpyem 3To Bhipaskeiine 00 Ty.(, IPHPaBHAEM
npoMaBoIHyI0 @ (Ty,,) ny:awo:
q)’(Tk+l) = - Z(rk, Ark) + 21:&1 l”Arh”:: =
1T ualigest

_ (Arlr’rh)
T4n® s

Ilpu aToM 3HMaueHUIt Tyh,y wTOpas npomzroiiag ¢~ (1,,.,) uo-
AORATEALHRA H, CAeNoBATeNLHO, JOCTHraeTcs min ||y [P
Thiy
o cux mop Bl He npeanodararn, uto A — camoconps-
smennmit omeparop. Keau me A = A*¥ >0, 1o Bepus olieHii

1 rh+1“<, pollrell, 1Ay — fIC 3" Ayy — 1
—z ¥

_ : . 1
Po = g E= (4)

Tuer E—1,2,... 3)

-t

re Yy W Yo —TOWMbIE IPAITHILL cextpa onepatopa A. B ca-
MOM Jese, TaK Kak IpH 3HAUCHUU Ty.; corfacHo (3) Hopma
Irpe ! MHEEMaALHA, TO IPH TIOOOM T 7 Thyy OHA MOMKHA
BO3DPACTATH, HODTOMY

Hroy 2 =l — 10 AT << Iy — AR P < IE — 1, 412078,07,

C npyroii cTopoTsl, N3BECTHO, 4TO
1E — 1,4l = p, mpu t, = 2/(y,+ v.).

Orcioga n caenyer, 110 Il < polind,
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TaxiMm obpasoM, MeTO] MHIHMAIDLIHX HEBII0K CXOXUTCA
¢ Toil e CROPOETHIO, YTO I MeTOA upocTol wrepamimy (ecan B
MeToe NPOCTOH NTepAlNIl IICHONB3YIOTCH 1T0YHBle 3HAYenLs

¥y 1Y)
B cayuae neABnorc Meroa UeRnAsoK, HIU NeToda RORpa-
60x, pmecro (1) wonyuaeMm ypasHeHHe [ LOUDABKL:

B T R o Aw, =0, k=01,
Thtt
wy =B 'y, wy= B {4y, — Ny, ()
TAe Tpys OOpegessercs 1o Gopvye

(1’1!!‘;( * wh)
(B“'Awh, Awh)

o= 0,4, <o (6)

Tht1 =

Buecro (4) moayuaem ouenry
[ Ay — fllB_l < Pg ﬁ A.Vo — fug-d-

2. Merog ckopeiimero cuycka. fIpnsiii nerod cropeliuezo
CRYCKE OTIATAETCH OT METOHJA MIIMMAIBILIX HEBA3OK TOJb-
RO PopMYIoH ARA Ty,

. (wem) Qo -
7 =0,1, -+ )

Sta dopmyna moaydaerca aubo M3 YCIOBUA MITHMYMA HOP-
bl zyp,ll4 morpemrHOCTH Zhy, = Ypy, — U, Judo U3 ycIOBEA
OPTOTOHAJNBIOCTH HEBA3OK 7, H Iy YMHOMKAg CHAJIAPHO
YPaBHOHUE Tyey =Ty — T A7, Ma 7y, Homyuaenm 0= (r, r)—
— Ty (drs, rh) orryaa caeayer opuyna (7)., Iockoanky
Az, =Ay,— Au=ry, 10

(Azpp 1, 2141) = (Azk — T A2y, 2p — Th4 1AZh) =
= (rp ~— Tap1Arn, 20 — Tepaln) = (Tny B1) —

— 2tp4y Py 1) A T (Ark, ).

2 .
Jnddepennupy |% B0 T.., I DpupapruUBag mponsBOX-
HYI0 Hymo, noxyane (7).
Hanee, nveey

H Zp 1||A = | (E - Th+1A) I uA == " (E - TGA> 2z hA =
<[ E — Al lalh < ot )2 Jas
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T. e,

' | — i n b
15414 =V yesr — ula <y, — ula.

Megog cropeftmero cmycka cxomnTea v M, ¢ Toil sme
CHODOCTBI), 9T0 H MCTOX TIPOcTOil 11T pAaIIT.

3. Merog coupamkenusix rpaguenToB. Boaee 6uicrpo exo-
TANIICCH METO;Ibl BapHALJOHHOIO TUTIa MOHWIO HAlTH B RIAc-
Ce HeABRALIX TpBXCJIOﬁ'HBlX BTeparoHREIX CXEM:

Byh..H = ah+i(B - Th:l—iA)yk +{1 - am)Bym +
+ O:h+1Th+1f, k= 1, 2, - (8)
Byh = (B — T|t1)yo + Tl_f.
Mzt paceMOTPIM MeT00 conpadennbly 2paduenTo8, MAPo-

K0 HCII0ILAyeMBIil Aa npakTirke. [an Hero mTepannoHNEle ia-
PAMeTDhl @it M Trey OIPENEIIAIOTCT 10 POpMYyTIaM

(Wr‘ wir) ( Th-Ll (rh-! wh) i )-1
Thiy = sg———y Oy = |1~ " p ; 3\ T '
T Ay, @yt + X T (Th—p Wiy} % !

9
rme k=0,1, 2, ..., B npeamoaosenmm, wro A= A*>(,
B = B* >0 'yiB A< N,B, 4, > 0. QopMyant TIA Turr, Cret
TIOJYYAITCH M3 TPeGORaHNA MIARMYMa HOPMH paspeuralome-
ro oneparopa. IIpm »TAX oNTHMEIBHEIX 3HAYenUsIN HTepami-
OHUBIX FTapaMeTPOB BepHA OLEHKA

2p?
i -— — = |
fyn—ufa<<anlvp—ula gn T+
- VE ¥,
= —— — , 1
pl 1_;_ VE E ?‘3 ( O)

T. €. CKOPOCTh CXOIMMOCTI MeTOqa CONDMHEeHNMLIX TPaauci-
TOB — TAKasf e, KaK H CKOPOCTH CXOJUMOCTH J(BYXCIIOHTIOFO
HTCPAMUOWHOT0 MeTofa ¢ JefullmeBCKuMN mapaMerpamu (Ko-
TOPBMI NCHOILAYET Yy M Y NPHA BBIAMCAETHIN LapaMeTpoB
T,4y). YlosToMy ao1a 9ic/iIa mTepauil HMmeeM orzexm‘n

noleyine)ynyle)4-1, nyle) = 2

in =

B wauectBe omeparopa B MoKHO n3ATH dnamopnaoaanumii
OncpATOP TMOMEPCMeHHAO-TPeYTOALHOI0 METONa
= (D -+ 0A) D7 (D 4- 0d,),

A+ A4,=A>0, Al =4, D=D*>0.
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Pacuers! NMOKA3HBRIOT, 9T0 9YHCIO HTEPAUMH 10 DTOMEpe-
MEHHO-TPeYroALHOMY METOAY B COYEeTAHHH ¢ MCTOAOM CONpA-
JReHHBIX IPATHEATOB MEHbINe, YeM B ¢lyJae MCOONB30OBAHUA
yefLImeBeKOH ¢XeMbl.

§ 7. Pemeyne neamnefivnx ypaBuenmit

1. Hrepanmounuie merosi. PaccMOTpEM HeumHCHHOE ypan-
LCHHE

f(£)=0, aelq, b, (N

re f(z) — HenpepeisHaa PymKnna. YpapBenue MokeT HMeTh
QUM IH HNecKolbko KopHeil. Tpefyeres: 1) ycTaHOBHTH
cyuecTBOoBaHHe KOpEel ypavHeHua; 2) HalTn npubimwren-
npie suateHnA Kopiell. Yacro ofe samaum pemaiores ONHO-
npemenHo, [Ing naxomyeURs Kopuell DPUMEHAOICA NTepa-
IHOHHEIe METOJIbI,

Ipocrefiinuy spagerca xerod Auzororuu (Aedemus yo-
voaam), Ilyers f(z,)f(z,) < O; Torna ma orpesue lz,, zl ue-
;RUT Be MeHee omHoro kopuA. Haiinem [(z,), Tne #,=
= (z,+ 2,)/2, 0 BozbMeM Z; — To U3 3UAYEHHH &, HIW T,
IR KOTOpOro BumofHseTcs ycmosde f(z:)f{zs) < 0. Orpesok
[z,, 2;] cuosa genum momomam, m 1. A. Jeaenne mpoaomaium
o0 Tex Mmop, Hoka JWIHHA OTpe3Ka CTaHeT MeHbme 2g, Ije
£ -—— TOYHOCTB, ¢ KOTOPOH HAjJ0 ONpejeNHTs KopeEb, Torma
cepeAvHA 3TOTO OTpe3Ka M JaeT aHAYeNue ROPAA ¢ TpefyeMoit
TouHocThI0 €, Ilpomece, ¢oueBHjHD, CXOOUTCA €O CKOPOCTEIO
TeoMeTpuYecKoil 1iporpeccHu co sHaMenatenem 1/2, Hepocrar-
KB MeToja: BHOOpD HavajbHEOre OTpe3ka [z, zJ — sapanee
HefcHO, K KAKOMY KOpUIO coliferes upouecc (ecan ux He-
CKOMBEO Ta [z, z41).

Bropoit merox — xerod npocrod urepayuu. Tlepemusey
ypasuenue (1) B Buje

z = qlz), (2)
r;1e @{z) MomI0 OHpEICIATH OjUIM I3 COOCOHOB:
¢lz) =2 —aflz), o= const,

olz) =z + pla)flz), plz) — nponsposibras Qyaxmoud, He
myMcioNIas KopHel ma orpeake {a, bl.
Merog npocroil urepannn ompejensercs Qopiyaoi

Zn+1$(p(xn), n=0, 1., 2, 't (3)

rie R — ©oMep HTepaliil, I, — 33jaHN0e LPONIBOILEQ
wagareRoe mpubammenue. TpeGyercn malitn mpubmmwenmo
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pentenne (kopens) 2 = z* ypannenun z = ¢(z) ¢ OTHOCHTEID-
HoOll 1orpemocTsio € > 0, rak, 97065 WpH BCeX X = N, BH-
HOJHATOCH HEPAREHCTBO

1\111'—\1*} Slxo"“‘l‘* n?n@(e). (4)

J10 yemoEe MOMeT GBITL BRINOJHEHO, eCIH NOCTe]0BATE]b-
gocte urepanwil {r,} cxomutes mpu n - o K mpegeny

z*: lim x, = z*. Ecan (4) uMeer MecTo, TO BHYHCTeRHA
N—>x

MO0 TPeKPATHTh UPH n = Ry, Orcoga BUIHO, 410 OCHOB-
UBIM ARJIACTCS BOTIPOC O CXOJHMOCTH HTEpallAll, a TaK#e
0 CKOPOCTHM WX CXOZHMOCTH, T. €. 0 MHHHMAILIOM TiCHe HTe-
pamnit n,(e), upsn koropom Bmmommeno (4). IIpeanc:omnm,
4YTO B WEKOTOPOH O-OKpecTHOCTH

A={z,=8, z,+8), 6>0, (5)
T0dKB ry GyHrmun ¢(z) yaomaersopser yemonmio Jlamwnia;
lplz”) —glz) | < qlz” —2'| ana nwiux z', 2" €A (8)
¢ KoappunmenTom g < 1:
O<g<i (7)
n nycrk HaTalbHag lendawa &, — ¢lz,) Mama, Tax 4ro
{z, — gplz) ] < (1 - g)8. (8)
Torjla crpapeguiBel clieTyIONIe YTBEPHACHUA:
— Bece mTepamua z, (=1, 2, ...} npanagne;kat WATEpP-
BATY A: z, € A;
~— MOCAe0BATeNbHOCT {z,} Mpm n -> e cXOJHTCH K Ipe-
Jedy o, ABAAIOMeMyces KopHeM ypasmenua (8);

— ypapuenue (2) imeeT TONLKO OJHE KOpenb B A.
Yerosue x, € A o3Hamaer, uro

ixh—xo} <ﬁ. (g)

B cury (8) mveem |z~ z| =lglz) — z.| < (1~ )6 < 86,

1. e, (9) Bmmonsenc npm k=1, M,mm,hm MEeTONOM HIIYK-

uny, aro (9) cupasepaueo masn scex k=1, 2, .... Ilpeano-

JOMHM, UTO (f) DpHIDosTHeHO OpH k=1, 2, ..., r, Torna MOMHO

BEHYNCIATH (r Tn) B Tnyy= cpf:rn) Vis (6) cresyver, ITO
II&H“‘I}al = ¢($h CP(-TA-‘l) qlrh_xk—il T, €,

|$k+l‘¢k|~¢-@ixn"’xn~1|- (10

ITocnemoBaTedbHO DPHMEHAA 5TO  HEPABCOCTRO, HAXOJHM

’mh.H-—.Thl quf-rl—ftﬂ, k=1, 2, vy Nne (11)
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YHATHBAA, HTO Tyt = To = (Tpyy — Za) T (X0 = Za-1) + ...
coot 2y~ 2 + (2, — 2,), monyunn

[Zngy— 2, | <(g"+ ¢" 4 o g4 1) |z, — x| =

1—g"tt 1
139 111”30|<m111‘“'of<5r

=

T. . .y €A, Tag wax sepasericrio (9) B cuny {8) mepuo
m1A k=1, 1o oo primonAEAeTcx u pun k=2, 3, ...

PaoccmorpuM  Temeps  pasHOCTL  Tagm = Tn = Ty.m —
- xﬂ+m—t) -+ (xnﬁlm—s - $n+m+z) + ... +(xﬂq.-a '“'Ind.-i) + (.’l’,l,_‘-,i —
— Zy) M OHEHHM Ce:

’$n+m"‘1'nI<(qm_.1+qm—2+--. +q+1)[1’n+1—-—{rn{é
4 —g™
< L aq ‘x1 $0;<qn6’

1—y
T. 8 [Taym— 2l >0 npn n > u awobom m~=1, 2, ...
Orcroga, B cumy kpmtepua Homm, caepyer  cxomi-
mocts {z,}: lim z, = z¥ =A. [lepexoga szatenm B (3) x upene-

nN—oo

1y npn n — oo, yGemmaeMcd, uTo z* ecThb KOpelb ypaBuenis
(2): cp(:c*) JT10T KOpeib emmcmeuﬁmn B caMoM peue,
IIYCTL CYWeCTBYRT DA passhx KOPHA z' u z” #z’, TAR IT0
o' =glz’), 2" =glz"). Torza lz"—-2z'|= |0;>(.1: ) —

(z)!<qlx ~l<lz” =2, 2 e lz"-=2I<
<lz” = z'|, aro Hemo3MOTIO.

Hs norpemusoctyt 2,41 = 2,4 — 2* nMeeMm

|Zngi] = l@plz,) — gla?)] < glz, — 2* =
=gqlz,l < g"*'z,], (12)
{2, < q"“izul,

T. €, MeTOJ NPOCTON HTepallilH CXOJUTCA €O CKOPOCTHIO reo-
MeTpuyeckod Imporpeccus. Ypcao mrepanHii, mpu KoTopoM
BhIMOHENO HepaseHcTBO (4), ompejensdeTcaA M3  yCaoBus
n
g e 1.0

1

MumuManesoe umeno n.le) mepauuﬁ, npu Kotoperx (4} su-
110J{ieHO, OMEBIIAHO, PABHO

n, () = [ln -:—[ln -;- ] (13)

rge [a]l - meaas wacts wcaa a > 0,
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3amevanue, Ecan @lz) uMeer mponasogmyo Ha A, To
(6) BHIONHeHO B caydae, ROLZA

lp'(x)| < q ana pcex z €A, (14)
2. Meron Herorona, Meton oupegelsieTca $opMyTon

T = an— el [ @) A0, A =012 (15)

I1a popMyIa IOMyYaeTCs, eClll B PasioAe i
0= f(a*) = fl@a) + (@* — 20) ' (20) + o (&% — 2)* 1" (B,
E=ap +0(2* —z), 0KOCL, (16)

rie z* — rounioe pentenme ypasEeuna [(z) =0, orGpocuth
HOCIAEHAN WIEH, 3AMEHHB T¥ HA .41

0= flz.) + (@) @0y — za).

Metog Hreloroma masbiraloT rarxe xMerTodox Kacareabuvix
WIH MeTofoy auMeapusayuu. Ero reoMeTPHILCKAA HHTEPIpe~
TANus — y9acToK KpuBoil y = f(z) npm z € [z, 2.4, ecan
T, <Znyy (WIE OpH & € [Zngy, Zal, CTH Zo > Zoyy), 32MeHA-
ercA OTPe3KoM KacATeJabHON, NPOBeReHHOH H3 TOUKH I = I,.

Bammemsan flx) =0 B Buge z = ¢(z), pugaM, YTo MeToj
JluoToOHA MOKHO TPAKTOBATH KAK METOJ TPOCTOH 1Tepamn
{3) ¢ npanoit TacTHR

glz) =z — flz)/f'(z). (17}

ITponmmrocTpupyeM meton Heloroma Ha npuMepe mapie-
YeHEs KBAJPaTHOro KOpHH M3 gmega a>>0, 1. e, peiuenus
ypapHenua z*t =g win f{z) = 2* —a =0. [Ipumenaa dopmy-
ay (15), mosyausm

1 a y
anl_l:—é—(:Cn——]—a), }lzﬂ_,.l,...

Myere a=2. Bubupas z,==1, mafizem z, = 1,5, z, = 1,417,
zy= 1,444, ..., T. e. HTEpanKll cXOIATCA OHEHE OEICTPO,

Quenun cropocTh GXOZHMOCTH uTepaumil. Ilpeamomosxuy,
4TQ CYMIBCTEYET BeLleCTBOHHAIN kopenb z* ypasmenmsa (1),
PaceMoTpHM HEKOTOPYIO OKPECTIOCTh KOPHA:

Ay = (% — &y, 2* + §;),  §,>0.

Byaem equrars, uro dyusuua (17) npaman guddepenyupye-
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Ma B A.; II €e llTDpﬂﬂ ]I])OII.'%B();I,H&}I orpatiieiias
lg” ()] < 24, {18)

rne ¢ > 0~ pocronnuas. Pasnosum ¢lz) g crpoxy Teiitopa
B OKDECTHOCTH Z = T*:

¢ @) = ¢ (@) + ¢ @9 @~ %)+ L
g=a2* +0{x—a%), 0oL (19)
Briamcnsis sate -
I = Y, 7 ) = —(f (—j—) J
i 3ameuast, uto @ (x*) =0 npu f'(z*) # 0, vonyany

__’"'_)_

¢ () = ¢ (2¥) + ®. (20)

Jna norpeinoeTH 2,4y = Zngy — &¥ momyunM Popyyay:

& 1 o
Zupy == Tnpy — 3% = 9 (Ty) — ¢ (%) = 5 (Tn — T*)¢" (2,
1 ey 2
Zpey = 5" T (‘a] Zgpe

Otcroae 1 13 (20) caegver

Q

(2001 < g2 (20

B R 2 b
(Jooaﬁarxan L‘ = ¢'z,}, moaywaeM Uy UL <L
gfe=-1

... <11 L1y, W, caeonateInHEo,

[20g | < —-(q! 7" h (22

Otcioga sBuano, uro nrepannn (13) exoxsarea & ropaio z* npu
n— oo, ecmn

q:5) <1 wam {z,] = [z, — %] < 1/9q, (23)

T e. HaUambHOe NPHO.IUKEHNE HAXOMHTCA B OKpPeCTHOCTH
Ay=(a* —1/q, 2*+ 1/¢) ¢ 8 = 1/q Kopusn z=2z* ypasme-
mus (1). B atom caytae meton Huworora, kax npasato roso-
PHTb, CXOANTCA ¢ Keadparuunol ckopocTvio (MeTon mpocToil
Hrepamiii CXOTHTCA €0 CHOPOCTHIO TeOMETPHIecKoit Npor-
pecen).
Veaosue oxwounwaung mtepamuit |z,] <elzl, xar creayer
w3 (22), man |z, | <(glz,1)*" ™" 1z, pamoamemo, ecan n=n,le),
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e
n, (g) == [ln( + In - /]n |Hlu 2] (24)

OueRUAHO, TTO €cHN HAYAIBHOE HPNSIUARCHHS HAXOJITCS
B Majoll onpecruocTn ¥, TO M Bee [oIeAYIOIEe HTEPAIHH
ocrauyTest B aTolf owpectnoctit Ay, B camom pmene, mycrs
oy —a*| < 68, wupuwuem g8 <1. Torja 6ygeM uMeTs
Loy — 2% < gl — ¥ P < g8 <8y, o — 2% < gla, — 2*P <
< g8, <f, U T. I, TaR UTO —z¥ < §, jua :obero
n=1,2,

Jameuaung 1. Mp we ocranasBunpaeMca hHa JoRa-
2aTeJIBCTRE CYLIECTBOBAINIA KOPWA & = T*,

2. KRpajpanunymo CXO;IMOCTH  MeToa Huotona MoxHO
YCTAHOBATE 1t 1pu Gomee caadwx orpanugennax na  flz):

() =M >0, /7@ <M, nna scex z= A, (25)

Hcnoawnays (15) m (16), mony4lM B18 HOrPELIHOCTH Zyiq ==
= Inpy — &¥ BRIpARCITE

a2

e
Znt1 = 5 iz (1:,,) Zny

II3 ROTOPOTO B CHITY \C."[OBIII/I ( 3) clengyer HCpPAaBeHCTBO

|vn+|l q!uula {{“—"';Wg/(mul)

rotopoe connajaer ¢ (21) {pasmanume TomBKO B q) Hanpmeit-
niMe paccysiueHisa mpaBogAT K (22), (23) u (24).

3. HenpepmBanmii Meroj IIblo'mHa. Pemerne ypapaeHns
f{z) = 0 Mo;kuH0 paccMaTpPUBATH Rak upelel npu §— o pe-
uienia sajtaun Iouni:

YL@y =0, 230, & (0) =ty (26)
ecat ator mpeden cymectsyer. OfosHauum depes z = z(t)
pemenue sagaun  Honm, uepes Zy — peuieHHe ypaBlcHHS
j(x) =0, Jlnsg ux pasuocrn 2(f) = z(I) — 4 nmeen
1 (d '
ZH({@ - =S5+7E 2 E=a,+ 6z
0<CoL,
Iu )
- Zra®z=0, t>0, z(O)=uy, aly=/E

QTclona suzwo, uto [z(8)} ~ 0 mpu ¢~ o0, ecin ['(z) >0,
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Jns pemenns ypasneHes (26) Hajo BOCIONb3OBATHCH Ka-
KEM-THGO ABHEIM MeTofgoM. Buictpora cxogmmocta (i) & x,
32BHCUT TOTGKO OT BeJMYMHE Lipou3BojHoit f(z).

4, Meron cerymux. Brrancaenme mpousronmoit f'(z,) B
MeToje tho'rmm MOMET OKa3aTheA Tpyroemumm. Ecoaum 3a-
MeHNTH fn pasnoCTHLIM oTHOUIeHHEM (f, — [a—1)/{(Z, ~ Zu-y),
TO MK DOJYTHM HTePalWOHHBIY METOT CERYILHX

. (#n— Tn_y) f (%n)
e )

Metox cemymux cxoguTes MegaeHHee Metoja HeloToma,
oxuaro B (27) BpaHcaAercsa Toabko QyHRIHA, a B (15) Hagoe
HaxoduTh 1 pyTKuHIO U ee mupomssopuyio. lontomy olsem
BHITHCIeHNH Ha KaRTol uTepamum B MCTOJe CEKYIIHX, BOOD-
e TOBOPA, MeHBINe,

@7)



F'rasa IV

PA3HOCTHBIE METOJbI PEINEHHUA
HPAEBBIX 3AIAY IJIA OBbIKRHOBEHHLIX
JAHOOEPEHIIHAJIBIIBIX YPABHEHIN

§ 1. OcuoBHBIC MOHATHA TEOPHN PAIHOCTHBIX CXeM

YuusepeaibAKM THCIEHHBHM MeTOTOM pemenus gud-
depeHLNaIBHBIX YPABHEHHN ABIACTCH METO;] KOHEYHBIX paa-
noorell. Ilpesie dex mepexodTs K ero U3dQMeLLIo, Heol-
XOAHMO DBECTH OCHOBHEIE HDOHATHA TEOPUH DPAa3HOCTHBIX
CXeM ~— annpoKCHMALHNI0, YCTOHYHDBOCTD 1 CXOMHMOCTL,

1. Hpocreiftmune pasnocTuble onmeparopbl. [usa momyuenuA
BMecT0 Auddeperuanbioro ypasHeHEA pPa3dHOCTHOTO YpPaB-
HCHUA Heo0X0dnMo:

— 3ameuNTh 00macTh HeNPePHIBHOTO WIMEHECIIHSA apTy-
MEHTOB IUCKPETHHIM MLOKECTBOM TOUEK (cerkoil); .

— zaMeuuTh, (ammpoRcHMupoBaTh na cerxe) gnddepen-
L0AaNbHOE VPABHEHHE DAZHOCTWBIM YPaBHEHHEM,

Bewpoc o0 <ucsennoMm pewennd AudipepenmaILEOrG
YPABHCHNA CROJUTCA K BOMNPOCY O pelleHHH PadHOCTHBIX
ypanheHuid. B upeabI1yHINX TI1aBaX MBI ViK€ pPaccMaTplLsatd
UPHMEPH CEeTOR:

1) papuovepuag ceTka Ha orpeske 0 <z <1 ¢ marom h:
MHOMKECTBO y&I0B @, = {z;,=ih, i=0,1,2, ..., N, h=1/N};
z,=0, zy =1 — rpanngune yaIsl; wx={z, =ik, i=1,2,...
ooy N — 1} — MHOMECTRO BHYTPCHHHX Y370B;

2) sepasuoMepHas cetka: oTpesox O0<<z<{ paabusa-
etea "a N dactell IPOMSROBHEIMU TOYKAME Z, < I, <<...
v << Xyoy BT, — X;., — IIAr CeTRI;

— Ev
@y ={z;, i=01,...,N,2, =0, zyx =1}, Z hy=1,
=1

op = {r;, 0 <Ti<<T N},

3) ceTra ma otpesxe 0 << T: w, ={ta=nt, n=0,1,...
veny BT =T

Baeero (PYUKLUHD HeupephiBHOTO apryMenTa (HampHuep,
ua otpesre 0 =<r < 1) paccmarpmeaerca pymkums ylz) =1y,
MICKPETHOr0 apryMenTa I; TAe Z; — y3elL CETKH @, WIM ap-
TYMEHTA i~ HOMepa y3da, OrTa (YHKIUA HAIHBAETCA cé-
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rounot. Jlobyw cetounyw $yHRUUO y{r) = §; MOKHO Ipel-
CTABNIL B BHJE BEeKTODA

Yo={(yo ¥, ..o, Ys-u, y.\-).

ITosTomy mmosecTBO ceTounnix ¢yukmuid obpasyer Kojcd-
HOMepHOe mpocTpascTBO [/, B JaHHOM ciydae padMepHOCTIL
(N +1). O6biyro paccMATpPUBAETCA CeMelicTBO ceTor {wi),
3ABUCAIGIIX OT miara Kak or unapaserpa, IfoatoMmy m cerou-
HEHe pynkuun y == y,(z) 3aBHCAT OT mAra Kar oT mapaMerpa
(ann ot N), ecau ceTka w, paBHoMepua. Ecaum ceTra Hepas-
nOMepHA, T0 HoJ k& momiMaerca BeKTop h = (k, k., ..., Ax).
EctecTrenno moatoMy c¢HaGIuTh NPOCTPAHCTBO CETOUMBIX
$yHRImL 1glekcom kA 1 nncate H, B mpoerpanctne /i,
MOKHO BBecTH HOpMY !-lih. ¥Ra/mesm mpocteiimie BHn HOpY:

le= max [y(@)[ nwm fyle= max |y:f;

xEwy 0si

N1 1/2
y" = ( > t"Eh) .
fr=g

JduddepennuaTensil  onepatop saveHgeTca  PaziocT-
HblM ONEPAaTOPOM, ARHCTBYIIIUM B NPOCTPAHCTHE CETOUHLIX
(pynRmmit.

[Tyers G — obaacry esxamosa upoctpancrea R (p==1,
2, 3) ¢ rpanuneii I'. Hanpuvep, G — nmreppar 0 <z <1,
['—r1ourn =0, z=1; G — opavoyroivaur 0 <z, </,
0<z,<l, z=I(z, 2)=G (p=2), I' cocTour M3 oTpe3ron
PAMBIX z, =0, 332—1-. z1=0, z,=1, u 1. 8. Tlycre 3apan
JUTHeH HEBLil nmbtbepenuna.mmn omepatop L, meiicreyompmil
Ha ¢yurnmio v(z), z= G, Beexem ua G =GUT ceTky o,
11 OydeM paccMATPHBATE cCTOYHYIO (yHRIHI Di(x), Z € o).
3avenny Lv B Touke z,S w, amueinolt romBuusanuell 3ma-
genuil vu(z) cerounoit PyHENUEM HA HEKOTOPOM MHOMECTDE
V3IOB CETRM, KOTOPOE HA30BeM W abA0HOM

(Lav)i = X alon(z;), @& on(G), 1

x;S0;

e a?,- — koo dulnenTs, 0; — malIoH, 6; S W

Taran sameHa Lv ma L,v masuiBaeTca annporcumayued
Ha cerke muddepeHIHEATIBEONO omepaTopa L pasHOCTHBIM
omepaTopoM L., WIN Pa3HOCTHOU annporcumanlieli onepato-
pa L. Waygenne pasnoctamx anmpokcmManmii L, omeparopa
L o6HYBO OpoBOAHTCH CHAYAIA JOKAJIBHO, T. e. B X000i1
dburcapoarroll Togxe cetkm, Iloctpoenme L, mazo maum-
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maTh ¢ Bebopa madiona olz), T. e. MHBOHECTEA Y3208, coceT-
HHX ¢ YBIOM I & @y, B KOTOPHIX 3Na9eHUA COTOTHOH (PyHK-
nuu v, {x) Moryr 6HTH MENO.ILAOBAHE DPE HANNCAHMM BHI-
pasmeHist I8 L.

PaccMOTPIIM 1ECKOIbRO TPUMEPOB IOCTPOeHUA L.

. dv

Ilprmep 1, lleppas wpoussoyman: Lv = == v (x).
BoabMenm Tpu vana (@ — A, z, -+ k), Momno noumnhaonam-
cA MI0GBIM 113 BBIpAaMe Uil

vz - h) — v (1)

[J;:'U =
k

= p, (madaos (z, 2 -+ A));

Liv= l‘_‘_'_‘_l};.ﬂ?i' = r= (mabaou (z — h, 2));

Ly KET h)é;"('t_h) = v, (mabaon (x—h,z + h))
ﬂ.

YacTo nprMensoToa Haammm Liv =vy, — npasas, Lyv=
= Uz jesas, Lyv = p, = ——(L;-t v -+ Liv) ~ yenrpasvuas

PABHOCTIIbLE npouaeoanwe Ha rpextoueynom maGmous
(x—h, 2, x4 k) MOEHBEO Ompe/eIUTL DA3HOCTHHN omepaTop

Li"v=ov, + (1 —o)rs,

rie ¢ — jeiicreuTenbusiii napaverp, Taxim ofpasoM, cyine-
eTryeT OecKomevYnoe MMOMECTBO DPABHOCTIIBIX AMITPOKCHMA-
W uepsoil IfPOU3ROLON HA TPOXTOYEYHOM LabioHe.

IToepewniocreio annpoxcusayuu oneparopa L omeparo-
por Ly 1a36inaloT paaHocTb

11:' = LJ,U — LU.

Topopar, aro Ly, wieer m-ii nopadox annporcuMayuu 6 rov-
Ke X, et

Pla) =Lala) ~ Loln) = 0™ nan 1) < M7,
rne M = const >0 ue sappcur ot A, m >0,

Hewonpsya dopauyty Teiinopa

vz h) =v@) k()
e

P @ Y @ o),
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HETPYAHO NOJYYHTH OINEHHN
e =V =0h), v;—V =0(%), v,—V =0(h%,
x

PO = L — Lo =0 ((o - —}) h - kZ).

. d ,
Hpumep 2. Bropas mpowapoasas: Lu = — = 7 {z)
£
BosnMeM TOT :k¢ TpexToueuNnil miadiron, ¥To n B npumepe i,
M HANHLIEeM PastocTIHI omepaTop

Ly (z) = v (z - h) — iz () + v (z — h)‘

Sameuan, aro v{z + A) = v (2) + hiy, v(z — k) = v(z) — hvg,
npeoGpaayem Lyv(z):
v () — v= (2) ve (@ -t By — v (=)
= T (9:0)

th (;L‘) =

IToxeayace Qopmynoii Teitnopa ana viz £ k), paxonmm

V=Lyw—Lv= —115;— VYV (2) 4 O (k%) = O (4?),

T. e. Ly uMeeT BTopoli epANOK ammpoKCHMAaIHIL

O6s1ar0 TpefyeTcA ONEHKA NUTPENINOCTH anmpOKCHM4-
IHH T1a CeTKe, T. e, B HeroTopoit cetounoit wopume {-I,. Toso-
par, uto L, mveer m-ii nopadok annporcumayuy ma ceTke,
ecny

HL(XU;,_ - (Lv)hHh = O(hm).

2. Pasmocrnaa cxema, O6piyno anddepennnanbEce ypan-
nepne Lu = f(z) pemaercd ¢ HEKOTOPLIMH JIONOAHMUTEILIHbL-
MH YCIOBUAME -— HavansueiMu (3agjayn Homm), Kpaeswiwi
{(kpaepasg sajava), Aubo U € HAYANEHLIME, H ¢ KPaEBBIMI
VCIOBRAMHM., ITH JIONOJHHTEIbUbIE YCIORHSA UPU [epexojle
X DPa3HOCTHHIM YPABHENHAM HAJO0 TAK/KE aNIPORCHMHEPOBATD.

Tyers zamana neworopan obaacte G ¢ rpapunmeit I' o
gycts mimerea pemerme u= u(x), r <G, auneitnoro Judg-
depeHLUNATLIOT0 YpaBIeHNA

Lu={(z), reG, {3)
¢ IOWORHUTEIBMNBIM YCIOBHCM HA CPAHMIL:
ule) =qplz), z=T. (4)
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Beettem B ofacty G=G+1I cetxy Gi=wnt s, <G,
v I, w nmocTaBuM B cootBeTcTbue 3anade (3), (4) pasmect-
UYI0 3agavy ¢ JHEelinsIM oneparopoy L, miga (1):
Lipn=qnx), z€ 0y o) =w@), zeq. (B}
Oyrromn y.(z), @iz}, v5(2) sasncar or mara k cerkin
Mepaa h, moaywaem nocaexopateaptioetd {yal, {@J. {wl.
Tarny 006pazoM, MBI DRCCMATPUBAEM He OIUY PasuocTBYIo
3ajgady, a cemeiicTso 3a’ad, 3aBHCANIEe OT napaMerpa A.
JT0 CeMCHCTBO 32789 HABLIBAGTCHA PAIHOCTHODL CxEMOU.
NMpamep 1. 3amawa INensu:

Lu= St fhu=]@), >0, u(0)=u,
Pasnocrnan cxene Disepa nyeer pux

Fniqy— ¥
Lr.’l'—?“‘*_‘!.}‘—y""*'xyn:fm
yﬂ=y(tm}7 bn == NT & Wy, nzoaiv---ach:ua'

IMMpumep 2. lepsas kpaepan 3atasa:
Tu=u"=—f(z), 0<z<l, uwld)=p, vd)l=p,. (0)
Bocoob3yeMcA  FPEXTOYCUHLIM  PA3HOCTABIM  ONEDNATO-
por (2): Loyi= 1y, = Wi — 20 4 yi—)/h*  w noxywms

PA2AOCTAYID KpaeBylo 3aZlaty [a CeTHe Wy = [ZZ; == lh, 0 =
fitéN, IN='1}:

Liyi=yy,=~T i=12,...,N—1,

!

Yo=Mp yn =1, ()

3. Yeroitamroers, ax ynobuo nepeiitnt B 2anuck pas-

noctroit exensl (B) B omeparopnoit dopme. daa sroro cna-
gaga samuimes ypanHens (5) v matpuanoil dopie

AY'.T‘(DA, (1)

va0 Y, ~ uckoMLHi KOHedmoMepubI mertop paamepnoctH N,
paBHOil THCTY YIJIOB CETKH, D ROTOPHIX HEHBBECTHH! 3HATEHHS
cetouniolt pynrmum y, (g1a nmepBoit kpaepoit sagaum {(0')
pasveprocts Y, paBua N — {1 -— uuCHy BHYTPEHHHX Y3IO0B
cetkn), 3uavwenns y(z;) B yamax 7,€ @, ABIAWTICA KOMIO-
uenTaMu  BeKTopa Y, Qalzi) — KoMmomenTet BexTopa s,
A — wpajparman MaTpuua pasmepa N XN,

Bpenem N-meprnoe mpoerpauerpo H, ceTodrHx ynk-
umii, B IyeTh Ay — JEHeHHB OIepaTop, COOTBETCTBYIOLIKH
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marpune A: 4,: H, ~ H, Bsecto (7) MoMHO HAUHCATE
Anyn = Qny O E H,. (8)

Oycrs  [fs,) # [J(2,) — mexoTopste mopMpt B mpOCTpaH-
ctee Hi.

Bynem rosoputs, uro pasHocTHam cxema (8) yeroiuusa,
ecId cymecTsyer takasg nocrogsmmags M >0, me sasmcaAnias
or h m or BuBopa s, ITO A peuleHHA Y. ypaBHenus (8)
HMeeT MECTO ONeHKa

Yyl < Mlonlen ()

OpH BeeX JOCTATOUHO MAILIX Al [A] < ..

Pasnocrnas cxema (8) maswmacres kxopperrHotll (rop-
PEXTHO NOCTAGAEHMOU), eCIH peluenHe ypasHenua (8) cyime-
CTBYeT W CJUHCTBEHHO IPHE JIOOHX BXOANLY NAHHBIX ¢\ H,
W eCiW Pa3HOCTHAA CXCMa YCTOHIMDA, T. €. BLIMOJHENO He-
paBencTBo (9).

YeToHanBoeTs cXeMBl 03HAYACT HENPCPHIBHYK 3aBHCY-
MOCTH DEIIPTIHA Ya OT BXOIHHX JaUIHX, NpHieM dTa Hempe-
PHiENAd 32BUCHMOCTL pasHoMepua Ho h. Ecam §i — pemenue
ypasuenas Aujs = G, 10 Anfs — 1) = G — Qn B CHITY mTiuLIi-
uocty Ax; Tor [a ua (9) caexyer

h == Un |l{1h) M ” Cn — QCh ”("h) (10)

Mano_\iy H3MeBenM10 BXOJHbLIX MOBEEBRX COOTBETCTBYET Malloe
N3MEeHCHHG pelIeHusd.

Ecau cxema (8) paspemmnma, To cymectsyer ofpaTHblil
onepatop An' u

yn =AD" ¢r, [unlap) < | 4] o leanys (11

rne A =l Ax Yi24>1) — mopaa omeparopa Ai’.
YcTon'mBocrL O3HAYAET DABHOMEPHYIO 10 A OrpaHHdcH-
HOCTL 00paTHOTO onepaTopa

AT < M. (12)

Cxema lneycrou ea, eCNH He CYIMeCTBYET TAKOH NOCTOAH-

noit M, me BaBH{,HIT.ILH or h, KOTOpad mpeBocxommia OLl
1

hAh I, 7.e. A “’ HeorpaHMAeHHO Boapacraer mpu Al - 0.

Mo:rer onaaancn 4TO BMOCTO KPAEBOT0 YCIOBHA HEPBO-
To poja # = Opm z = I' samaEo ycmosde

w=plz), z=T, (13)
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rae ! — yeroroprifl smiHeHnB juddepenlmanpHEE  omepa-
Top, HampnMep, lu=u"—ou, 0>0 wm lu=u" npm x=0
g z=1), Toraa smecro sajagu (3), (4) mMeenm 3amauy

Lu=fz), z=G; lu=nlz), z=T. {14)
CooTBeTcTRYyWOIAA pasHoCTUAA ¢xeMa GyneT mMerh BHS
Lipn=1, upn xS @a, L= upn z=7, (15}
rae I — muHeflHBI Pa3nOCTHDLIA OUEPATOP, ANTPOKCHMHAPY-
ouwi omepatop [ MomeT OKasaTLeA, KPOMe TOTO, 9470 ¢
3 W, Hago omemmBath B pasubix gopuax '@l dulg, .
Cxema {13) yeroiduuga, ecan s ee peileuns g, cHpa-
BeJIIABA OLleHKA
1T e, I ar i
Iyn 1%(1;,) <My ‘i—‘h‘li('zh) -+ lei Ma "(-"lh)’ (16)

rae M, >0, M;> 0~ nocroarywe, He 3apucaue T A 0 oT
BBIOOPA BXOTHBIX JAITHEIX @y H fn

(Cieayer OTMeTHTh, 9T0 paszHocTuaa cxema (15) ramsme
Mower GBITH 3aricaga B omncpatoproM Buie Anyn = gu, 0T
naro mpn s1oM |-fop) B (9) u (16) soryr we cosmaiate, Takr
JRe KaK W caMH Dpasbie "acTH (9T0 SICHO Yike XA HepBoit
Kpaeroil aajavM),

4, Ipumep yeroiiuneolt cxems. B mawerrne npumeps
yCTOWANBOH CXEeMEI DACCMOTDIM pAJLOCTHYI0 LpaeByio 3a-
ATy

Yiy =24+ Vi
n?

"—'-""q"is i=1,2,...,N-—1,

Yix,i =
Go=0, yv=0, IN=1 (7

Caeaya § 4 ru. I, onpemenum oneparop Ax ITycts A, — npo-

CTPAHCTBO COTOYHBIX (DYHKIUIH, D3aJaHHBIX BO BHYTPeHHHX

y (i=1, 2 N —~1) cer Boss ye H, (u-

yamax (i » 2y v ceTkil. BospMem y r lm
a

mexe kb y ylz) nmoxa omyckaem) W QYHRIMIO ¥, cOBNANAN-

Oy ¢ § BO BHYTPeHHUX y3waX M papHYK HyI0 HA Ipa-
[+ o

nnge: y,=yy = Torna omeparop A, ompemeium mp# 110-

MOIH TOMCCTBR

(Ahy)iz_ﬁ' 5:1,2’“"3\.'_15

ax, it
o moayumy sMecto (17) oneparopmoe ypasHeHue
Aryn = pa. (18)
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i3 mipoctpancTse [/, BBOANM CKAJIAPHOC NPOISBCUCHUE
N-1
(y,v) = }4 yivih.

Onepartop Ay B [/, caMOCONPIMREN N ONO/RUTEIBHO OTpPe-
nexen u

SE< Ay < AE, man Syl < (A, y) < Alyl?
aaa Beex yeI, (U9)

rne 8 ©# A — manMenbince u Haufoupmee COOCTBOHIBIC 3ira-
YeHiA ouepaTopa /, pasmHbie
) nh o
G = ?Sln‘—z-*, : ~|fA];“-~}—COS 5 (JU)
L —_ L3
Obparnmiit omepatop Ai' camocompmaen, ecam A = Aj.
B § 4 rr. 1 moxasano, wro uepapescTea (19) susuBacesTHnI
OLepaToOPULIM HePABCICTBAM

TELS AL

1 5 ~1]

s 1=+ @y
Otcroma creqyor panuouepnaa OrpanIYenliocTh IOPMBL 006-
pathoro onepatopa Ap': [ 47| <C1/8 <18 u anpuopnan
olgHKa

el < —*!‘ @nl t‘ nl 22)

BLIDAMKATON(AS YCTOHUUBOCTE CXEMBI (18). ATy OLEHRY MO~
HO WOTYUYNTH METOTOM 3UCPFCTAUCCROX HEDABEHETS, ue HpI-
feras K ouevke codetrenmHx 3uasenuit Ay (Ar'). B caxon
nedae, yaynomns  ypasuenwe Ay, =@, craispio na  yu
Awyy, y)=1{@y, ¥ U BOCHOILAYEMCT llEPaBENETHAMII

N 1
(Gn yn <lonllynl fon F<-5(An Yn yn); TOrma  mony-
yom aepaseuctne 8'y,l° < iy, orkyaa mwocaenyer ouen-
ra {(22).
Cxema (17) yerolinusa Tamae B mopye llyic:

1 ! Pl , |
slesS5lenle, lyle=1[yle, = max g (23
1N

JTO CIe;(yeT M3 OKEHKH DenrenyA TPEXTOGLIHON PasmOCTHON
Kpaesoi 3ajgaun, mexydsennoit B m. 3 § O ra. I. B xammon
CAYUEAE ONLHKA HMECT BMT
N—1 ]
fonfle < 5‘ h V k[(rnl/“(ﬁf' S‘ Tah<“"'1¢h‘1c»
§==1
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T&K HaK
I\Y
z:tk lﬁZs H“'_i) ke o= 1;h<—i-.
g=1 E=] “

3. Ilpaxep Hewoppextsoii exemut, [Iyerrn gama cxema
Ahyh = (Ph
p 14~ e npm 2] = 0. Pacemorpum obparnyl sazagy —
OOpPeeIHTs LPaByl) JACTh (p OO [3BECTHOMY PELIEHUIO Y
-1
Bypn = yn, DBn= 45"
OHa anIseTcs HEKOPPERTHO, TaK Kar
~1 —=1}~1
1Bt = () =1 4] >0 npu |R]—0.

AT0 3HAYAT, 4TO 1,14 1060l moeToanmoiH M, e AADUCHAIEIL
oT k, MOmEHO YRa3aTh TaKoe By, 9TO IB;, .> M npu
| A} <h,,,.ch Th @n — PEIUGHEE yPABHEHHA Bf.q:n Fay & @rn—
peluenie ypanHeBud thpn— Y5, TOTNIA

”q:h Wl < By~ IHllyfL all.
Ecnu sxe
1B l< M .'f mpu | k|

TAK YTO CHpaBeJIHE0 HePABEIICTBO

“q)h - (Pl-]l = Jlj'lgh - yh”,
TG GyAeM TOBOPHATE, UTo cxeMa keaswycroduuea. Momuo au
HoIR30BaTRCH 9TOI cXeMoil 1IA ompegenessis ¢ ¢ Tpedy-
evMoif TOIHOCTBI0O €, eCUH ¥, 38JaH0 ¢ HEKOTopoH TodU-

HOCTBO Ey:
17, — yll << e?

~1 ]
11s mepascrcrsa | g — gn ) <<IBR [k — ya]  caeayer, aro
pemmme aagaun  Bupn= onpe,xe.'merm ¢ TOYHOCTBIO
'Bh l,eo. Ilyern tpebyerca maliTu ¢ ¢ Tounoetsmw & > 0,
tak uTo gy — @4l < € BTO BOZMOMKHO WPW yeI0BAR

|
LB e <.

Orcroga ompefenneN jgonyeTnmplil mar k22 Ay, 1. €. Ro,
IlogcHmyM 370 Ha KoHKDeTHOH 3agawe (17). Mum mnee

IIMeeM 4
4 5 U

—_ Qe e .
o cos” =5 < el

18 =1 dn]= A=
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n yerosme | Bi'le, = Ae,<{e sumoameno, ecan 4ei/h <
=8 Ban
h=h,=2Ye,e,

Orcroaa BH;(HO, TTO TOYNOCTH 3aTanFA BXOJHHEX JAHHBIX €,
fomaHa GbITh GolJee BRICOKOH, €M TOUYHOCTL € OITpe/eleHUA
PemIeHnA,

IIycrs, mampmarep, 3ajJagsl OOTPEIMHOCTH HOPaBOil HacTH
go=10"* m rpebyenas tounoeth ¢&==10"* Torga h,=
=2.10"*=1/50, . e. Tounocth & = 10— MOMKHO HOAYIATE
ToARKO ma ceTke ¢ marom A = 1/50. Ecan ke, maopmyep,

i — it %
&y = T'io Le =107 10 hy=1 un tousoers e&=10"*

HEAh3A JOCTHUE IIH Ha KaKoil ceTke npm Takofi TOYHOCTI
BanmaBHA BXONHEIX JTANDBIX.

6. Annpoxenmagna n exonmmoets, [Ipm peruenum saga-
gr (14) pasnoCTHEIM MeTOnOM U0 3uaTh, ¢ KakKoil T04-
NOCTBLIO peltenne pastocTHOd 3ajady apEOJIMIKRaeT pemIeRne
nexoanoil sagawm, JIsa ONEHKZ 1OTPeLInoCTH, JOOYCKacMoi
upn aayene {14) passocTmoii exeyoit (15), mato cparruTh
PeINGHIIA 9THX 3aja4. ITo cpasnenmne Oy;eM HDPOBOMITE B
npocrpauctse M, cerowusix dyurgsid. O6ozmaumm  gepes
unlz) smawemya ¢ynxuouit wlz) — ToYHOTO peMIeRNA 33T
(14) — ma cerre w;: u, <= H, Paccyorpnym morpelinmocTs

Zp == Y — Us,

rie y.— pemeume 3amawm (15). Tlomeranmaa yu==2, + w,
B {10) m cumraa u=ulx) sapgaunofi Gyirumer, monyuwn
JUIA Z, PASHOCTIYIO 3a/auy

Lizn=1n, 2Say Lii=v, 27, (24)

rae s = @n — Lully HASBIBAIOT ROZPEWLHOCTHIO ANNPOKCUMA-
yut dan ypashenun Ly, = ¢, Ha pewenun u=ulzx) ypas-
nenus Lu = f(z) (neeaara 0as pusmnocTnold cxemvr na pewe-
nuud, Vi ==y — Ly, — DOrpeIinocTs  AMUPOKCHMALNE 1A
PA3HOCTHOTO KPaeBOro YCIOBHA Ly, = |, HA pelIeHmu 3a7a-
g (14).

ByneMm ropoputs, yro!

paaHOcTHAA cxeMa (13) cxodurca, ecan

I2aliip) >0 mpm |h]—0;

pasmocTHAA c¢xeMa (10) HMeeT TOUHOCTL M-TO IOPHAIRA
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W czodures co ckopocrvio OCRI™), ecan
b2afany = lyn — ualiyy < M{RT
[l Zh If(lh] =0 (lh [m)‘ m > 0!

I

rge M >0 — nocrosnunan, we saBucAman ot A,
Pasmoctnan cxema (13) intect m-& nopadok ennpokcu-
MAYUL HA PO eHUU, ecan

| '(’h) = (l h’lm): ;l Vi !l(li,) = () (f h lm), m> 0. (25)

Ouerra HEBA3OK V» I Vi NMPOGOIUTCA B TPeIMOI0AKeHHH,
9TO PEemIcHie MCXOTHOH 3aJawil CYMIECTBYET W IMERT CTOdh-
KO HOPOM3BOAHBIX, CROALKO TPEOYETCA OPE LOJIYIEHIH 71-TO
HOPAJIKA ANIPOKCHMAIHI,

ITpusenes 1Ba mpuMepa OLEHKRI .

Ilpumepn. 1. Mveerca samaua

Lyy=—y, =¢), 2=ih, 1<IiKN—1, yy=yv=0,

(26)
Lu= —u" = flx), 0<z<<1, uw(0)=u(l)=0

B sToM cayvae xpaenbie YCIOBHA Y10BIETBOPAKTCA TOYHO,
v =0 (uniexe 2y @lx), ulz) moxa omycwaem) 1

."Ii-'h ={ — Lh == + u;x = (P + (u.” _;_ _%_h?ul\" »-I- 0 (hl)) .=

= (@4 u) oY OO = ¢ — F+ O (),

Tak Kagr u” = —[f{z) OTcm;[va sugno, aTo ylc = O(h%),
ceay modokuTE @ = [ man ¢ = [+ O,

B w1 Mpt omesmBa;am rorpemuocts ¢ = Lyu, — (L),
na1a nponaBodpHoll ¢yHkmmu. Ilpm oneske mOrpemHOCTH
Zp = Yn — Uy HCHOJL3YETCH HEWIsKa 1, XAPaAKTePH3YIOMaA
HOrPeuIiocTh aunpox\cxmaum[ omeparopa Lu — f omeparopox
Lis— ¢, na pemennn u=nulx) uUcxoIHoit 3atamn. YUuTH-
pas, uro f-— L.n =0, opeactranuyn 1, = ¢ — L.y B BEHIS

rL - (f‘l:'f‘ Jhu'h) - (! - Lu)h
= {pn — fn) — (Lpttn — (Lu)n) = W q’tlz)’

{1 RES (1)
rae YH = — (Lpwn — (L)), 4% = @rn— fun Y —  mo-
IpeIgHoCTS anupomnumum L omepatopoM I, ma pemennn
u=ul(zx) asagaum (6), q,h ~— MOrPeIiHOCTh &NIPOKCAMAHE

upapoi wactm ypasuenma. TpeGopamue | nlfis, = O (2™,
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OUEBEIN0, DHIONRCNO, ooin |k 5(o =0 (1r1™. | 1}512)1“2,,)=

=0 (|h[m). OInako 9TH ycAoBHA HE ABRJIAIOTCH HeoOxoTi-
MBIME A1 oneHRN i, = O(|h|™), o uem cbuperem-
CTRYET CIEYINT(N [EPIMep.

2. IMeppan wpacrax sazaua (6), Beramemmr

— i = u;_ - = —,-h- Y00y = 0y,

Myers ¢ = f-]— iz*fn_, 1.8 ¢ — ] = 0. Orcoza nug-

HO, 9T0 qm = ( Hm q;m = 0 (R, opgHaKo cxcMa MneeT
9eTBePALII I[OpH,T[OI{ annporccmram-m, TaKk Hak

_qul)__l__lp(i)_q)___f_l_ 12’ v_ii_o(h‘l -

™ 00 = (7 ™) + 0 ),

1|J.= (h*), Tam EKan u“’-l—f”(;r)=0 B CUAY ypaBUemusd

"+ flz) =0

7. Caab yeToMWHBOCAN ¥ AUNPOKCIANUN €0 cXodu-
MOCTBIO. PaceMOFPHM  nmliciiiyio paswocrHy® cxemy (15).
Fcrn exeaa yeroliuana 5 annUpoRCHMEDYyeT MEXoIHYI0 3a7a-
gy, T0 oma cxoautcAa (ofbIUn0 FOROPAT! «IF YCTOWUIBOCII
H ATIPOKCHMAUWH €XeIyeT CXOJMMOCTh CXOMEr). I3 eanowm
ltene, JIN& OOTPEIIHOCTH Zx ==}, — Uy MBI HOJYYaEM, B CHIY
avrefiroetn L, i, sagazy (24), auageriteyio salave (15)
g ys. IMoaromy, ecaw cxema (15) yeroituusa, T. e. pepmEa
onenka (16), To u ;wia z, BepHA oueuwKa

I 20 sy << Myl Wreliony -+ Ma]|valiayy. (27)
Orcwoga suIHO, 110

h k43 H(lh) = H !)h — uy “('ih) — O (l h i'm)’
ecIa

I ¥n Ly = O (a1 s liay = O (17 |m)

Taxum ofpasoM, mayvuenwe CXOAHMOCTH M TOPHAIKA TOT-
HOCTH PAasNOCTNBIX CXeM CBOJETCA K H3YI€HHK MOTPCHIHOCTH
AUNPOKCAMALMH W YCTOHWHROCTH, T, ¢. K MOJYYCHHK) AUDU-
oprsx onernok (16),

Opumep. Jlam pasnoctnoii exemut {(17) (¥z,,= — @i

t=1,2,-+., N—1, y,=0, yv=0)  pance monyiena
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OLeHRa (23). oﬂorpemnocn QIIPOKCHMAIYIL, OYeBU/IHO, CCTh

[ nlle, = O (7% upn @ = fi, [ nley = O (AY) mpr @i =f; 4
,2

== sz—-f;x.i. Tawg Kar 2= .~ —Vya; 1upH {=1, 2, ...

xx,1

conw N—1,2,=0, 2y =1, 10 m jn2 z BepHa oneEKa [2zf¢<
1
< lle. orryna caenyor My — e = O™, rae m=2

, »°
mpr @=f,m=4 upn @ =f-- ]'gf;x-

Tem camurm maydeune cxemnl (26) sasepimeno (usyzemue
cxenmpl (26) (harTmueckn WPOJSMONCTPHPOBAHO NA TOCIBI-
MUX TPex mpuMepax)., IT0 — THIMNMAMA TpPIMep Toro, Kak
NPOROZHTCA U3YYElINe PA3HOCTHLIX CXCM.

§ 2. Oanopopgunie TPeXTOYGUHEIC PABNOCTALIE CXEME

1. Mexouran sagawa, PacemoTpus 1epRy® KpacBym 3i-
Jauy s ofsiinonenuora puddepeuinaibuore  ypapueHRs
BTOPOTO IOPAIKA:

L=k ) — g@u = —f@. 0<z<l,

F@=e>0, g0, w0 =y, ul)=p,
Taroe ypanuenwe ONNCLIGAET CTAMOHADHOE, T. €. He MeHd-
OUICECA 1O BPeMeMY DaclpeAisieHWe TeMIepatypsl {(craiiio-

HapHoe YPAaBuenue TeILIONPOROAHOCTH) WM KOHUEHTPATHU
{ypapmenne anddyaum). Eean v = ulz) — reMoeparypa, To

, 1 .
W (r)=—1k(2) -7};—‘- — rtemIoBoi noror {(k{z) — roaummment

8y

TETLIOTPOBOZHOCTIT).

damaua (1) wumeer epmucrnedHoe pemremme, ecxn A{z),
g(z), flz) — rycoumo-neupepsBuble  Pyurimn. et hlx)
IMeeT DasphiB IEPROTO pPoaa B Touke # =&, tak wro [kl =
=fE+0)—k(E-0)#*0, To B 5T0Hl ToUKe AORUEI OHITH
IeTTPePHIBITEI TEMIICPATYPA U K Tewsonoil motor — (ku'):

(ul =0, [ku'l=0 mpm z=E.

Boayomum 11 gpyrue Kpaeswle yciaoBug mpn x =0, z = 1:
ko' =om—p, opn z=0, =k’ =00 — p, mpu z = 1. Bean
¢, > (), To aTo YCJIOBHE TPETEEro o;ia, UpE 0 =0 uMeeM ye-
aome BToporo pojga (ku' = —u, mpu z=0). BosmokmEk
KOMBHEALNE DPA3MHTIBIX yetoBmil npn z=0 o z=1.

2. Tpextoueunnie pasmocthble cxembl, la  orpeawe

<zrs<{ BoegeM pamnoMCpHYBL CCTRYy O = {ri=1ih,
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i=0,1, ..., N} c marox h=1/N u spfepem TpexTOUeUHBIIl
mabaon (zi—y, &, Zisy), Ha KOTOPOM H OVeM HICATH Pa3HOCT-
HYI0 cXeMy, amnporcuMupynouyto sa;avy (1), Jdwboe pas-
HOCTHO® ypaBpmenHe na aToM miaGaone GyjeT uUMeTh BILI

bl'yi+l — Cilfi + ailYi—y = _h’Z{Pi? (2)
rae a;, by, ¢ — Kos(pdumments, zapucsaude ot klx), ¢lz) =
h. Oun noka ue onpejenenst. Ilepennmes (2) nmuave:

1, ¥ip1— ¥ Vi — ¥
T(L‘i : T — i hil)'—diyi:_q:i: (3)

(Z;‘_ = (¢; — @y — b~) AR

Byiem ToBOpuTH, ITO PASHOCTEAA cXeMa OOHOPOOHA, ecTH
ee ROIPAIIUIEHTHI BO BCEX Y3NIAX CeTRH Iasg T06eIX Kopd-
domuentos AnPHePeHIUAIDPION0 YPaBHEnUA BbIYHCIAANTCA
Mo ogHHM H TeM ie copmydam. Tak, ecid prectn Qynk-
noonaast AlE(s)], BlE(s)], DUk(s}), Flf{s)), ompeinenennsie
ndaa ofnx Kycoumo-nenpepeiBHEX  QYHRUMA BHa OTpesKe
—t<s<< 1, n BuumcanTts Koadduuuents cxemur (3) 1o
dopuyiam

a;= Alk{x,-+sh)]), b= Blk{z,+ sh)],
d,=Dlkix, +sh)), ¢ =Fiflz;+s)], FKs)=k(x,+ sh),

To Takam cxema Oyaer oauopo;inoi. IIponesev upocereiimme
$yHRUMOTAIN

AR = F(=05), @ = ks = klz:— 0,50,
F(Fis) =f0), ¢ =fi=fz) n1 ;L

Ecan exema oimopoiira, To YA00HO MOILSODATLCR He3bIn-
JEKCHOW cueTeMol ofo3HadeHuil:

Ay = -,17 (bys —ayz) —dy = — g, 2 op,
y O =1y, y()=pH &
r1e
a=alz), b=0>blr), y=ylx), x=ihe
Ye==(yle 4+ k) —y @) y;= () —y@—)h

s paspewmmmoctu 3sajzauu (4) jocTaTodHo, WYTOOH
a>0, b>0, d =0, npn aToM penreyne Mo#Ho HaiiTA Mero-
zox uporonkn (ex, ra. I, § 3).
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3. Yeaosun annpoxemManmun, BeimcImyM  norpemHoceTh
AOOPORCHMAINI ¢xeMbl (4);

1
= [ e ) — ey | — @~ gy - 0= 1,
rae v{x) — NpousBOIRHAA 0CTATOUHO CIATRAA  PYHARIIA,

k, g, [ TaRAke MMEIOT UVMARIOe IO X0y HATOMKEHIHA THCI0
oponrsBoHbIX. Bocnohnsyescea dopmyaon Teittopa:

9
vlexh) =1 k' @+ 5" @) £ 5 v @+ 00

1 HaiieMm

[ A R vy K o h3
Lx v 2 L 6 v g 0 (" )1:
I3 A
. N Mo L ' 3
l:\.—‘ = 1 — ...3_..1 - _O._....;_ -+ O(h )'

ITozcrarmy 311 BRIpa/KEHNA (144 Uy W Uz B Gopuyay 114 |

1pz(-%-(b—a)—k')1r'+(—’)+f———a) SREACL0 i
—@d—Qrtg—1+0R.

OTtcr0;1a BILIHO, 9T0 ¢Xeva HMeeT BTOpoll HOPAIOR AnIpok-
CHMallli, ecdl BHIOINEHbl YCAOBIHA

=K@ +00), L5t =k@+ 00,
d=g@+ 00", o=F@+00). ()

B srom caysae = O(R%),
Cxexa (4) ¢ roaddumuenramu

b—a
h

b, = ]f@LUz y 4= ki—ul,"?p di =g ;= fll?

k..
T 2Ky T Ry
b= h ',} y = Risy, di=€1iz Qi = fi

V0BIeTBOPAET YCI0BHAM (D) BTOPOro MOPA;IKA anmpoKCHMa-
o, & cxeMa ¢ Kospdanmenrasu
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¢ YAOBJIETBODACT JAXKe YCIOBIIKG IIepBOrQ HOPAKA alllpoR-
CIIMAIH, TaK RAR

(b1 — @) — &{ = O (1),
§ 3. KouceppaTHPHbE pa3HOCTHLIE CXEMK

1. Oanopopusie KoHcepBaTHBHble cxemsl, B § 4 ra. I wmut
VCTAHOBHIM, 9To HEOOXOMUMEM H [OCTATOUBHM YCJIOBHEM
CAMOCOOPAATCHHOCTH pasHocTHoro omepatopa Ay (cumyer-
PUYHOCTH MaTPHIEL) FLBILFIETCH yexosne b;=ay,. B aroym
cryuae 3amaua (2) ma § 2 opummMaer BUT

A, 1 Yirg — Vs Ui — Wiy
Ay = T[a*‘fl ) — @ ] —diji = — @

i=1,2,c0y N—=1, yg=p;, yn=p, (1)

Ypasienme

Yir1 — ¥ Vi ¥iy ] 5
iy = —a— —hdiy; = —~hg: (2

ABAAETCA CETOYHEIM AHAJIOTOM ¥PABHEHUA 0asaHca Temla Hi
gurepnaie (Bimipy Tipi/p):

Fit12 Tit1/2
Wio1rg — Wim1/ — j qu dr = - j‘ fa)de, w=FkJ,
Xi~1/2 Ti—1/2

{ROTOpoe DoaydaeTcA UPH IOHTEIPUPOBALME ypapHemus (1)
#3 § 2 OO0 OTPLSKY Zimyn < &S Ziayse), U HASBIBAGTCH KOH-
cepgarudnol cxeMol, T. e. ¢XeMOH, IuA KoTOpOil BHION-
WAIOTCA DPA3OoCTHEE ANATOrH (PUSHYCCKIX BAKOHUB COXpa-
HeHHA.

TpeGosauue b,-=af_l A OJOPOIHON CXeMBI 03HAYAET,
aro  Bli(z+sh)] = Alk(x+ (s + 1)/k)], wan  BlE(s)] =
=AlR(s+ 1)] zaa »ofHX KycouHO-HENPRPHBHEY (YHRII
i(s) ma orpesxe [—1, 1]. Dro Bosmommo Toiabko B ToM cay-
Tae, Korja (i)\«'HId.IIIOlL{I'I Alk(s)] me sapmcur or smavemmii
Js) opn O0=<s<1, a B[k(s)jum suadennii A(s) 1pm
—{<s=0, tax wro alz) =Alk(z+sh)] mpa ~1=s<0.
Kosddunuent a{x) xoEcepBATHBIOH CXEMB BABHCHT TOIBKO
or suevenuii k{z) na orpeske [z —h, z]. Yearoma wmroporo
nopAfKa annpokcuMagEr () u3 § 2 1A roucepRaTHREHOM



§ 3. KOHCEPBATHBHLIE PASHOCTHBIE CXEMbBL 133

exeMsl (2) DpEEBMAKT BHJ

a(z k) —~a(2)
’ =L (z)+ 0 (A%,

‘ @
alzg+h)Fals) :
5 =k (l‘) - 0 (kz)’

1) =q@+0®), ¢@=/@+00m). &
Orclga, B TACTHOCTH, CIeJYeT, 1TO
alz) = k(z) = /,hE (2) + ORY) = k{z —'/.k) + ORY).
3annmeyM KoHCepBATHBNYI0 cxeMy (2) B 0Geabii;i@KCHEIX

obosHATeHITAX:
(a43) , — d @)y = — g (2),
z=ihes oy yO0) =, y) =p, )
Byaesm tpefomarth, 9T00n BBIUOIHAIUCE TAK#e YCIOBMA
aze,>0, d=0. (6)

Ha mparTnre caemqyeT Moab30BATLCA TIPOCTHIMU (OpMY-
JaMu QA &, d m @, Haupumep, ¢ = ki, di=q, @i= I
Ec paspeip GyukiMn A(Z) HAXOAUTCA B yaTe =1,
reTKH, TO BEIYACAAM KOd(PHINEHTH ONOPOIHON CXEeMBI:
a;=kip uma a.='/(klz , +0)+ klz,—0)),
di=Yqlz;—0)+ qlz.+0)0), @i="fa,—0) + flz, + 0)).
B artoym caygae yeaoeua {(3) BHNOTHEHH BCRIY, & YCJIOBHA
(4) 3aMEHAIOTCA YCIOBIAMII

d; ~ l/z(f]i—o + Qi+o) == O(hz), P — i/'.'.{fi-o + _fi+o) = O(k*),
[Tpupegey mpuMep cxeMbl, KodNIHeHTE KOTOpPOIl BEHI-
QUCIAITCA HYTEM NHTEeTPIPOBARIA TIO HATEPBANAM CeTKIL

x; ~1 0 -1

B S‘ dr - j‘ ds )
L S EA{T) o k(s -1 sh) ’
—1

\ Xi—1
Xey/z 1
‘Pi == --;—- g\ f(Jf) diﬂ = S f(.Ii --!'- Sh} (ZSq
) :
¥i-1,2 12

Xi+1/2

diz--;‘— f q{z)dz = f (ri o sh)d
Yi-12

Ouesuro, 1o yesosua (3), (4) BEinoiIEeHbL,
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2. Ilorpemsocts annporcuMannd. PaccMoTpuM  KomHCcep-
BATHBHYIO CXeMY BTOPOTO HOPsiAKa annmpokcusalyd. 11yerb
u = ulz) — rounoe pelsenne 3aTauH
Lu=(ku') —qg(lu=—flz), O0<a<{,

w@) =, ull)=mp, (G

a y,=y(z) — pewenne pasuocTHoll npaesoil 3azasm (H).

PaceaoTpis MorpeirnocTs CX€MBI, T, €. CeTOUHYH (YHRIIIIO
z{x) = ylz) —ulx), 2E ..

Moacrasiaa y(z) =z{x) +ulz) B ypasrenne (3) m mpeqno-
sarag, wto ulz) — sajammas Pyukunua, TOIyunM A8 HO-
rpemuoctn z(z) 3amauy

Az = (az;)x —ds = —(x), TS w0

2(0)=0, z(1)=0, ae¢,>0, d>0, ()
rre ¢ (2) = Au + ¢ (2) = (au;), — du +4- ¢ — nesaska cxe-
e (3) ma pemenun u = u(z) ucxonmoll nuddepenuanbuoii

EEREL IS
Yuutsrsan, aro Lu + f = 0, nanuuwenm

Y= \u+g)—Lutf)=Nu~Lu+(g—f=
= [(auz), — (ku')’] —{d—q)u (g — /).

ITo npeamoaomenuw, cxema (5) YIOBIETROPAET YCAOBIAM
BTOpOr0 DOPSKA AMNPORCUMALNH. OTO 3HAYNT, 4910 =
=0(Rh*), emn k=C, ¢, {=C*, ueCY, n, cicjosatens-
Ho,

Iyl = 02,

ITpn »THX IpeIIIOI0KenIIaAX cxeMa IMeeT RTopoil mops-
JTOR TOUHOCTH,

O1nako 3T0T ke TODA;(OK TOMHOCTH COXPAHAETCA U NP
Oolee c;1abEIX TPEDOBALIAX TAAIROCTH:

kla), glo), jlel®, uel?, (7)
Jdexyma. Ecau sunoanenst yeiosus (1), ro cnpagedau-
en dhopruy.aa
() g g — (0002

- 2 = (hu'); + O (R, ®)

ede u=ulz) — pewenue ypasnerua (0),
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Horasateancrso. Bocnoiavayemen gopmynoir Teii-
Topa:
, R 1 ' oo i
Pizre 7= U ko= by o = 0 e vy (O,
1 '
0L, I (0t — Vi) = vi 4 O (B3).

H()Irraﬂ'lﬁﬂ uola v=Fku' wu yudAteBag, uro (ku')” =
= (qu — [}, (kn’)” = {(qu—[}", noayuaaem dopuyny (8).
B cizy gemu uorpenmoc*rh ANNPOKCUMALMH | MOMKHO
NPEICTaBHTE B RH;IE

& [ g

b= et gy W= (ug), — iy b= 00
upn yeaosaax (7).

Yanrenaa jazee, Iro

;= ki_yg -+ O (h%) npu k(1) & CP,
Yy — Uy ' (3)

U = ——— = (Wi + O (0% mpn w7
poryzaeM ;= O(h%), B camom gexe, U= Uiyn -+

* r ! 7 ” D
SV R A YRRy R O (B,

1 ’ 1.
Uiy = Ujnyy — 5 higg_y - 5/ )zu,_, o -0 (28,
’ "
Ug | = %i-1/a - O (%),
!
aptts, = (Kimyg = O %) (uimgn + O ) = (k' )i+ O (B7),
i = 0 (k).

Hmke Gyjer noTyuena anpiopaan onenra izl wemoepes-
cTBENO depes 1 i ¢F.

3. Aupropame omenku. IlepeiigeM &« oljcHKe noTpeinio-

ctn z vepes Y. JIperpme Bcero HAMOMINM ONEHKY, DIOJNYYEH-
uywo B § 5 rx. I ¢ moxowmblo MeTofa NPOrOHKIL

l2le < Zhthl

i=1
OTKYZA CIeAyeT

[
lale << 5

.lﬂ.

Tl

o

1
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[loraxewm, 970 ZaA pelleHus 3aavH
(azp), —dz= — o TE0n, o (0)=z(1) =0,
eze, >0, d=0
CIIpaBeflaNBa OLeHRA
2
Jale << = (1, full, ®)
1
N
rie efosnadeno (y, v) = X yiik.
i=1
Ilpencranmym z B BOfe CYMMEI z==w+v, rae w o v —
penieHna 3a1a4
(aw—.) == Uy TE W, W(O) =1 (1.) =
Av = ( -) —dv=—dw, zs=wy v =v{H)=0

Pyuxpwio w Mul HaiigeM B ADUOM DHAe, & MIH OMEHRA
BOCILONBSYeMcsl IPHIHUOM MarcEMyMa. Ma ypasuemn

(awy + W, =0, (aw;),  + W= (aws), =4
clefiyer, 970 Gy + W =2 const = ¢,. Ilponenem ouesuanme

npeolpa3oBaHd:
1 i
(C — )k Sy ok N Ha
a-_wl_l_]_..._._.‘.___:coz E__..z a._h_{_u,o’
%i D ™
N N "
)
O:wyzcox—-»— -;i'iz;

a
=1 R ey
N
f \Jy}
¢ = 2 ) / o
h=1 % R=y it
Broga oBoamadgenme

{ N
h
w= 2} 0<a<t,

a
k=i “h[fm) R

raiyiem
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Orcloa crexyer

fwi] = m(f-oc)zi'&’f,{-a 2 hu;,

h=1 # h=i+] e
ol thl K
L A el WY A
<t =aj 2 2 a, \\‘z a
k=1 h~»1+1 A=
azee ocraerca yuectb, UTO a4 = ¢; > 0, 1 MBI HodydaeM
N
1
W el 4
Jwie < = anm (L (10)
1 )=
Jas omeHKD v BoCHOae3yeMcs Teopemoit 4 u3 § 5 rm. It
folle < lwlg. (11)

Ofneaunsnn gepasercrsa (10) m (11), umeem
1 . 2
fzle=lw+ vllC<2l5w1|C‘<;:(1, [ ]
T, &, AoKAJaHa omeEra (D),

(OfpatnMcs Tetleps & agage (67), rme | = n.+ ¢*. Wpex-
CFABHM Y B BHJe

i1
U= Uy THE P =1; + E; B (12)

1 BocToNB3¥eMca omeHkoft (9). Toraa ANA peHieMHs safadn
(6') moaygemM cn‘enymmne a.upnopn‘me OI[CHKN;
h=1 ] (13)
ﬁﬂ!cé-;l-{(i, I+ (@& [ * 1)

3 nai
h=1
OcraeTess fdomasarb, 970 mMeer Mecto dopmyia (12). B ca-
i=1

MoM mene, 00osHATAR [y = E hlha, BHIUM, 4TO Pip; — =

felo<<2 utm+2h

=h'¢‘i1 T. €, "Pi =g B P = ﬂx + Px = P, DHE Pi == T - Pi
4. CxopmmocTs W ToumoeTh pasmocTHoit cxemst, Ilepeii-
AeM E OUE€DKe TOLHOCTH pasEOCTHOH cxemul. llpenmonaras,
970
k(z), qlz), fz)eC®, uwlz)el®,

uomyzaenm n{z) = 0(h%), ¢* = 0(h*). Teueps ocraerca BoC-
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nonb3oBaThes aupunopnoill omemkolt (13), karopyio Moo
3aMEHATE I §o.ee rpyGoil oUeHKoH

iﬂkéfﬁﬂrHWWd

Orciopa caeayer, 110 cxema (J) panﬁmrepuo CXOMIITEA €O
RTOpHIM mopsiakoM, 7. e, bzl =Yty —uilc < MR®, ecnn pur-
rmonnentr yeaonusa (7).

Bonee TpyaHBIM ABJIAETCA JOKA3aTeNbCTRO CXOXHMOCTI
cXeMHl B KlIacce paspHBHbX rod@pmmmentos k(z), ¢lz),
f(z). daan mpoctorsl OyAem paccMaTpHBATH caydaid, Koraa
k(x) mmeer paspeIB HepBOre poja B onHol Toure, a ¢lx)
% f(x) HempepwiBmBI I mpAHARIEKaT Kiacey O,

OGosmazum gvepes Q™la, b] muomecTBo KycoumO-Herpe-
purBubx QyHKIHI, 3aJaOHEIX Ha oTpeske la, bl 7 mMeromux
ua [a, b] k wycouno-menpepbIBHEIX NPOH3BOAIBIX.

Hrak, oyers k(z) = Q¥ ¢(z), ) = C® n k(z) mmeer
puspiB 1epBOro pola B Touxe & na orpeske [z, T,pdl, TAR
aro § =z, 1t 6h, 0 <8< 1 {lpu z =& BBHIOMHEHH yCIOBISL
COUPSTRENnA

o =uy, (ku')o=Gu),=u,
rie
Lc=0E+0), vo=v(E~0).

Torga n=0(*) mpmi=sn+ 1, ¢T =0 (h* npu peex i=
=1,2, ..., N—=1, Ny =au Uy o — k) nsye, oacTanass
crga
ey = w(®) + (1 — 6) kil + O (h2),
Uy = u(E) — Ohu_ + O (h?),
Ugn = (nsy — W)k = Bul + (1 — Q) u + O () =

(u)_ (B,
U= 0B =

= w, 1-9- ) + O,
(ku’)"-f—lh = (hu' -+ om=uw v + 0 (h) ©wpm 0> 1/21
(U )nsrpe = (U} + O (h) = wy +- O (h) mpm  B<T3/,
HoNyyaeM

)
Mo+ = Wy [an+1 (x— 4 11; ) -— 1] 4+ O ),
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T. €. MNaxy= O{1) ga T060ll exeMul, 1 TOILKO OIS CXeMbI
¢ koahpuauenroM
o -1
e 1 j dr
a =1+ @)

“1’—1

nyeeM 1., = O(k). B cayom Jene,

g ng 0

T 1 dz | dr. 0 . 1-—0
i) | fm = o,

Ipoy £ £ -

o — N
T, €. dniy (kﬂ L 17—9) =14 O (k) 1, cnemoBaTelIsHO, gy =

|
£

=Q(k), B upaeywo uact, Hepasemctsa (13} exogmt Be-
JITigiita
;,\T
G = 2 A+ ksl
i=1, i¥n+1

Tem caMBIM [OKAa3aHa clefylomas TeopeMa.

Teopesma. B kaacce paspurauwir xkosgbuyuenros
Ex) = Q®, ¢lx), lz) & CP® mobus oduopoduan pasnocTras
cxena (5) 68Topoe0 nROPAOKA ANnPOKCUMAHLL UMNeeT nepebzu

nopﬂaon TOUNOCTU, @ czexMa ¢ Kodiguyenron az—a, uMeer
6Topoll nopador TOUNHOCTU,

§ 4. OgHopogHbie cXeMbl HA HEPABIOMEPHBIX CETHAX

i. KoucepsaTnBHan cxeMa Ha HCPABHOMEpPHoOH ceTe,
Budepem Ha otpeske <<z << | nponssoanOyio nepakuoMep-
HYIO CeTRY

or=1Azr, i=0,1,.., N, z,=0, z.=1},

Jlan moxydenns TpexToueuNol KoHcepBaTuBHOO cXeMmpl Ha
HepabHoMEpHOH ceThe HamnmeM ypasHellne DadaHca Ha OT-
peake [xi—ga, Tiyesal:

Fi12 ¥izye
Wisys — Wimgz — j quda == — ‘ () dr, we ku'
*i—1/2 Xi~1/2

Omo numerca OAWHARUBQ RaR [1A PAaBLOMEPHOL, 1ar &0 Wi
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HepaBHOMepHoit ceTku. OcTaeTcsa ATTPOKCHMHPOBATH BXOIA-
IAe B ypasHeHwe fajavca IUTCTPANH H NPOISBOITBIE:

e (o1 i i 7
Wiog/e == (K1 )ingze ~ a; pTe = I Ty
3
¥it1/2 ®it12
Y f(z) dz ~ ([J:T‘fi, 5 gud;z: ~ diui?‘zi,_
Fi-1/e Xi—1/2

1 '
B = 5 (he =+ Rina),

rae d; 1 @; — HEROTFOPHe cePoTHBle (PYHKINI. B pesymbTate
TOTyTaeM PasHOCTIYIO CXEMY

1 Yioy ~ W Yi = Yiag
_ N — e (1) = —— e
ﬁ‘i [a'l-}'l hi-{-l ! 'hl' diyl Tiy,

} N —
i=14,2, ..., N—1, yo=up, yv=n, @
daa d; m ¢ necuoawsyemen npocreiummn gopMynaMu ¢; =
=f, di=gq, i=1, 2, ..., N—1. Reapdurgnenr a; ompege-
anetes sHadennAMn K(2) ma wireppane (-, Z:), TOdTOMY
ero MOKHO B3ATh TAKIM JKe, KAR Il Ha PaBHOMEPHO{ ceTwe;
TaK 910 @; = ki—y + O (R}) upn klz) = €,
2. Ilorpemmmeocrs ammpoxenmamni. BsedgeM ofosmaxeniin

Yi— Y Uigqg — ¥y Hisq— ¥;
y:l o .,l_.h_.‘_.l, Yu,j = _ﬁ,i_._..., -’/%‘1 e _“__.%___...7.
’ i ity - i

O 3aRIIIeM pas3iioCTIIYI CXeMy B BHje
(a,y;)g-— dy =0, T=IE 0 Yy=1U;, Yn=U, (1)
Tlonarag 2 =y — u, TOTIYINM I8 2 YPABHCHTE
(ag)p—de= — ¢, €0, f=2y=0, (2)
rae
p=ANAu+ o= (ﬂu;);«-——- du 4 ¢ 3)

ecTl, Letssra A cxemst (1) ma pemewnm u == u(z),
Jdevma 1 Eeauw quel™, f=C?, 70 das noepewno-
CTU aRBPOECUMATUL 1 CRpagedausa (iopayia

¢ = 11:?“3‘ ‘P*! ({l)

e M= (i), — (k' )iy —~ kiqu — £)1/8, i = O (k}) npu
G = fo, di=q..
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BOCIIDJII:(!YEMCJI TOHRJAESCTBOM 113 II. ’1, JallEcaB ero B BHS

*i41/2
1

0=uws—2 [ @u—pan wi= @)
I="'i‘1/2

BriuTeM 510 TOMARCTBO U3 pasemcTsa (3):
®it1/3

V= L(au&')i_(k“’)i—ll’z] — (du); + @i + i j (qu — f) dx
xt—l.'z

()

Wunrerpan, croammuii cnpaia, UPeACTABEM B BMIE CYMMB!
fBYX HHTErpajioB: OT Ti—4s2 A0 Xy U OT &; A0 Tiy42; padilaras
3aTeM HONBIHTErpanbiylo QyHkmuw [ =qu—f B OKpecr-
HOCTH y37a X = z;, HaifeM

k173 x3
rTii j flo)ds = n—i f [7i -+ (z — =il dz + 0 (A2) +
¥i~1/2 x_q72
*it1/2 ]
+ S \Ti + (& — 20T de + 0 (RY,) ]_

(hﬁ-l ) +0 (n‘f)’

rag kar kY A, < (2h)%. Bamema AL f: = Al fien +
4 0 (k}11) paer

Tit1/2
L[ T@dze=T4 6+ 0 (1),
ixiuuz

Iloncrasanas 310 Beipamenme ¢ f = qu—{ 8 (3), npuxogum
i popmyue (4).

Jlng omeHwH 71); 1O TOPSAARY DPACCMOTPHM  Pa3HOCTD
(eu), ~ (ku');_,,,upu yexonmn k= C%, us (0. Ilonb'syncb

NPeANOTOmeHIeM @i = Ki_yp + O (3 ) n dopMyIaMil i ==
= Ui_yjp + haticase/ 2 F Rii—g /8 + O (B, wiey =iy —
*’liui’—l,'e/z + h?u;'_l,rg/B +0 (h%)’ Uz = (W — wiog)ihy =
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= uj_q -+ O(R)> woayuaen
{aug); — (ht')ioqie =

. (A:»,-_],r.l -- 0 (hf)) (ut_, (k )) — (f' )iy — O (kf)
Tawum o0panod, CTPaBeINBA OMeNKA

i = O (BF) npm k(%) qla), [(2)e=C®, ulx)e ™,

Jameuvanne, Met upeguomarann, uro d, n ¢; ompexe-
WSHOTE N0 upocrediuam Qopmyram: di= ¢, ¢;=f. Fean
3¢ ACHONRIYIOTCS DOTee CIOHHSIC QOPMYIH, HaOpuMep

Rifioyre =t i/ e

X Slicope T8 iy iy 1 '

i == T , Q= T 5 fz)de,
Ni1/3

1o cetouvyo Qyumipuo ¥ = 0 (83) — (di — g) us + (@i — )

* L ]
MOKEO TPEICTABITE B BHNC Vi == px, 4+ i , IHe ‘b?*:

=0 (1), pi—0{Y), v vavewnrs B Popayae (4) 1M, Ha
cyMMy N+ opo

W= (o b e+ B (&)

po== O, no=0(), " =0k npm kg [
wes O,

3. Onenra cxopoern cxoanmocti. Lia sajauu (2)—(4)
CIPADC/WIMBA AIPHOPTIAS ONLIRA

nzucszél (L Il -+ @ g ), (©6)

N
re (y,v]= 2_;_]1! ifi. Bcardt peimonnenst yeaosua (7) g3 § 3,

To W =0 (}z ) IPL = 0 (h[)

Hoacrasansa 1 u \b? B (B), yoenitaemen » Tom, 9T0 enpa-
RELMUBA CACAYIOUAR TEOpEeMA.

Teopema, B kaacce eandrux kosguyuenros k, q, €
e (" wodaa cxeva euda (1) coxpanaer eropoll nopador
TOUHOCTU WO RPOUAEOI6HON NOCAE008ATEALHOCTU HEPAGHO-
NEPHROLT CETOK.

*
qumsan daMewanle 1. 2, P MO0 TIPEACTABUTH B

BUJE 1p[ =pp;t tpz s THoe pj= O( ) q;;, =0 (ﬁ;), Torna
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sMecto (6) Bepua oneHxa
ole <o (00 I+ pll -+ (1 1917}

TeopeMa O BTOPOM IOPHIRE TOTHOCTH 1A HepaBHOMepIoil
COeTKe cOXPAIseT Cudy.

Eenu roodpdunumenr k(z) mmeeT paspuipbl DePBOro poad
B KONETHOM MHCHe TOMEK, TO BCET[a MO0 BHOpPaTh TaRy®
nepasuoMepHyio cetity wu(k), 4ro TouKu paspeisa Symyr ya-
samu aroi cerxd. Torpa nodast oxema Oyjler ¥MeTL BTOpOi
TOPSINOK TOYHOCTH.

Hrax, mobaf omnopoaHas cxeMa BTOPOro NOpAOKA Aatl-
npokenManuu (P = O(h*)) na paBHoMepIOA ceTke B B Kiaacce
riaprux  Koapduunentos nMeer BTOpPoll MOPsHIOK TOYNOCTH
HPH CHeNMadLHOM BRGODe IlepaBROMepHBIX ceTok wi.(k) B
KJIacce PA3PhIBHLIX KO3PJPUIUERTOB.

4. Toanan exema. [lug samawnm (1) na § 2 moswuo mo-
CTDOHTB TOYNYI0 TDPEXTOYEUIYO CXEMY, peldenle KOTOpoH B.
Vy3Jax NPOMBBONBHOH CETKH COBIANACT ¢ TOYHLIM peIIeRHeM
w=ulz) Kpaesoil samaun A gaddepernnmalLEONO ypaBie-
uua. HpoumnocTpupyeM BO3MONNHOCTL 1MOCTPOUITA  ToTI0N
cXeMbl HA TACTHOM Cayuae samaun npu ¢lz) = 0:

(k'Y =—fz), O0<z<{1, ul®)=0, ull)=0. (7)

IlponHTerpupoBas ypasmende OT X5 A0 X, JIOJAYIIM y[pabile-
e

x

.

/() a2 = 0.

(') — ()i +

x{

Paapenum ero Ha k(x) m mpomHTerpupyeM mo X cHauaja OT
Ty M0 Tiyy:

7

Tiag %, Al
Tk Y . .
Uipr — g — (hu')s z‘{(:—) + i l.{{_i') s fE)dE =0, (8
:’Ci ;Ll ®i

3aTeM 0T Zi—y JI0 Zit

xi

wi— e~y | 2o s (ma =0 @

i3 Xiwy %

xl
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Beegey olosnauenne

xi -1
‘-_] i dx
ai 7, 5 sl B
xi_l

, 9 o
Vusonum (8) Ha ﬂ-i+1/hi~}-]u (9) — ma aj /}Zi I BBEIUTEM I3
Tepsoro peavabTaTa BTopoir. [loayuny ypanmenme

1 Uiy — o=,
[—— 0 -—a; - {1 = O
i [am P TR, CR=

(]

AT
(a"u;,;,,‘. 4 ¢ =0, (10)
e

Smdt - 5 i | 10

Eean nodomars 3:' =z,+sh upn i<z’ <Hmn ’=z+
- Shipy Ipu < 27 < Ty, To 3Ty DOPMYITY MOREO Meperni-
caTh TAK:

o )
h.a? ! dS 1 1Y i
j kK (z 4 shy J‘ e+ My di +

8

1
0

Tarum ofpasoM, cxema (10) sBngercsa TouHoll Ha mpous-
BOJbHOH HepaBHOMEPHON ceTKe W [Jis THGBX KycoaHO-Hempe-
pemueix Pyuknni k(x) o flz). HomedHo, npakrmzeckoe nec-
nONLA0BaNe 3TOH CXeMBl 3ATPyANeNo TeM, yto Koadiumu-
enThl BRIpaKawTea depes muterpanw ot k{r) u f(z) n no-
OTOMY IR BX BOLIINCICHIT HaAmo NOJIL3OBAThCA KBagparyp-
HeIMR DopMyIAMH.

3. lloppucane mopsaaka Toynoern. M3 mpegmpymero sc-
HO, 9T0 J.I51 MOBBIIIEHHA TOTNOCTH NPHOIMIREHHOTO pelneHAs
nafo mu6o yMeHbIIarh WAar cetkn R, X160 MOBHINATH MOpPA-
stoK TouroeTs cXeMmbl, ONHAKO cXeMH MOBBIINEHHOTO MOPANKA
TOYHOCTH MedecoofPasHo CTPOMTE THINL Jus ypaBHeHHl ¢
mocToAnuBME KoaddHIHeNTaMM, TaK KaK HATACAlMe TAKHX
¢XeM 1A YpaBHeHHH ¢ uepeMeuunME Xo3dPHEimenTaMu
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CONPAMEHO ¢ GONBIIEMA TEXHHUSCKOMHE TPYNHOCTAME M YaCTO

HPHABOOAT K TPYJOeMKHM aJTOPHTMAaM, Mm yiKe NpPUBOIHIA

npumep cxemn O(h*) ana ypasnemnsa u” = —f(z).
PaccmorpuM Teneps ypaBHeHHe

u” —qgu=—flr), g=-const>0,

Hannmey pasRocTHY®0 cxeMmy Ha PaBHOMEpHOIl ceTRe:
Ay=y; —dy=—qla)

n poifepeM d ¥ @ Tak, 4ToGB OHa HMEJA AMUPOKCHMAINIO
O(h*). IlorpemmocTs annpoKcHManAU paBLa

p=Autg=(Au—v)—d—qu+to—f=

22

=pu ~@—-qQuto—+0@

v

Monerannn cwoga w'¥=qu" —f" =qlgu—f) —f" =q¢u—

—gf — {7, nomyunm
2 "
= —(t—g—t@)uto—(r+5a+ )+ 00
2
care;nona're.nbﬂo, P =0(h'), ecam mnonomurs d = ¢ -+ %q‘z,

¢=] —I- (qf 4 /). IlopsjoK TOYHOCTHM COXDAHHTCA, €cCiid

JaMeHHTD n cbopMy.ne I @ TPONIBOAHYI [” ee pasHOCTHOMU
annpoxcumanmeii f- , Tar max A" =R*f; - O (hY).

IToBrleHHe ToYHOCTA CXEMBE TyTeMm y_menbmennﬁ h or-
pPaHnYEBaeTCA Takiie TpefoBaHIeM ODKOHOMHYHOCTH, T. ©,
SKOHOMHNH BpeMeHH IIOAyYeHHA peunleHHA ¢ 3afauHoid To9-
Bocthlo, IlooToMy mHAa mpakTHKe 4acTo TpHMeHsETCA pacder
mo ofHOH M TOHE MWe cXeMe na MOCIeJOBATENLHOCTH CETOK,
N03BONAKIIKA TIOBLICHTL TOYHOCTH 0e3 CYIIeCTBEHHOTO yBe-
anuennsa ppemenu cyeta (Merox Pymre), B nmpepmonosxesnnn
AOCTATOYHO TMARKOCTH pellleHHA.

IIpeamomoycim, 4T0 ANA pellenndA DA3HOCTHOI 3afaunm Ha
q10601 paBHOMepHOH COTKe CHpPaBe[JiNBO ACHMIITOTHYECKOE
Pa3oeHne

=wta@) bt 0w, B>E>0, (1)

rae alz;) He saBucat ot h. Tpefyeres HaltTH ceTouHyw HyHE-
Hu §;, IAA KoTopoll

—~ul+0( ?) (12)

Ha HEKOTOPOM MHOKEeCTBe Y3J0B (Oh.
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Pacemorpny jne cerrn wp B o, ¢ niaruMn By 1k,
nMelomue o0Mie yaubl, MHOMecTBO 06mux ysnon obosnatnv
~ fy & .
oy, Llyers yi B y;° — pelmenusi pazuocTuoit 3ajlaulm na cet-
HAX Wy, ¥ W, coorsercrBenno. Ofpasyem nx mmeiinyio

~ h h
1 , 2 _
rwoMmOmuaigto y; = oy; - (I—a}y. I TOTCTABIM  CIOTH
passoikeune (11):

¥i= i+ o () (thl + (1 —0) h:l) + O(hkz)~

Npupasunsan wynwp xoaddunuent npn «lz:), waiienm

o = hat /(i — 1)Y); (13)

NPH BTOM B y3Nax 2, € @, Brmoamderces tpebosaume (12).

Taxum o0pazoM, A NOBLILIEIINA TOYLOCTIH CETOTUOIO Pe-
TMeHHa Ha HEKOTOPOM MHOIKECTBe Y3JM0B ®, HBajo DelInrh
3a7lavy ABKMBL MTa CCTHAX Gp H Op, 116PECERANIHXCA 110
ATOMY MHOMECTBY, M COCTABUTE HX Iugefinyio xoMbmuamuio
¢ koaddunmentamn ¢ u {1 — o), rjie ¢ ompegeaseTca coriac-
1o (13). ~

B wactnocru, Moiiuo BasTh ke =h/2, h, = h; rorja @, =
= @ . Jla cXeMBI BTOPOTo MOPsZKa TOYIOCTI LMeeM ki = 2,
ks=4Auo=—1/3, 1—a=4/3.

Bo3MokEOCTD nosyuenusa pasioieiid

z; =y — u; = ala;)h* + ORY)

CMeAyeT H3 pasiwrenns wessard ;= plzdh® + O(RY), roro-
pas ABIATCS TIPAROH TACTLI 3aJauu

i\z=*—'lp, Zg\:Z‘\rzO.

Hemoapaosanme HepaBHOMEPHEIX CETOK OTKDHBAeT GOMb-
ulle BO3MOYKHOCTH 9MIHPHYECKOTO [MMOBBIIUIEHHA TOYHOCTI
0ea ypeqryelusa YHCNA YBIOB, €CJAH IMeeTCA UpejBaplTelb-
nas audopManud 0 LOBEJeHUN PeIeIHA HCXOZHOH 3ajadil
Tag, B ofXacTH CHILHOIO H3MELEeHHA Kod(PHIeHTOR 1T 1Ipa-
BOH TacTm ypaBileHHA eCTeCTBEHIO CTYCTATHL Cetky. BOmmam
rpangme! pas3peiBa KoaQduimenros OOBIYHO CETKY CIYIGAIOT
0 3aKOHY TeoMerpuieckofi nporpeccuin, Urodnl womywiTh
UPEABADUTEGILEY0 HINQOPMAII0, MOKHO NPOBECTH CAATATA
pacuer ma rpyGoil ceTKe M Ioclae 3TOTO OKOHUATCJBLIBA pac-
eT — Ha CUENHAILION cCTHE.
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§ 5. Meroau nocTpoCHEsA pasHOCTHLIX CXCM

113 mpenslaymero Acmo, 4TO PA3MOCTHBIE CXEMBI NI KOH-
KpetHOro AugdepeRnuaaLHOTO YPABUSHN AOMMRHED UPABMIH-
10 OTPAMKATh B IPOCTPAHCTBE CETOUNBIX (YNKIHA OCHOBHEIC
cBOiicTBA MCXOMION 3agaun (Tarime KaK CAMOCOTPMMENHOCTD,
nHaKoompenencHnocTs n T. A.). lan paccmorpernmoil uamu
BLIIe KpaeBOH 3amaul BasKHEIM TpedosauneM oKazajoch
CBOUCTBO KOHCEBATHBIIOCTIT, SKBUBAJICHTHOE CBOUCTBY CAaMo-
COTIPSINSEHNOCTH PABIIOCTUOrO ONepartopa. Baikmoll sanageit
ABIACTCA [OIYUeuNe pPa3NocT/IHIX ¢XeM ¢ 3AJaHHBIM KauecTt-
poM. Jlus mocrpoenns TAKHX cXeM B HACTOAWIEe BPEMA HC-
IfOTh3YETCA DPAR METoOB, O KOTOPBIX DAacCKABHIBAGTCA B
3ToM maparpade.

1. Hurerpo-natepnonanuonnsiit Meton. OCsramo mndide-
peunuanblioC ypaBueHie BBHIDAMkaeT NCKOTOPbI (uamuecKuil
3aKOT COXpANeNIs. JTOT 3aKOH MO/KLI0 DAmHcaTh B HMITEr-
pamproll Qopse mas unrepnada (sweiiku) cetkm (ypamrenme
Gamanea), Jluddepennuanniioe ypaptienne TonydaeTes uwi
ypaBmenns Gamnarca WP CrPeMIeNUI IIara COTKA R NV B
OPEANONOAKEIHH  CYIIeCTBOBALMS  NCIPEPHIBUNX  MPOH3BO;L-
HOBIX, BXOJAIMHX B Yyparmenne, Bxopauye B yparwHemic
Gayamca 17a ceTKe TTPOWABOMIIEIE 1T HITErpATH CIegyeT 3aMe-
NATh OPROAMGRCINEIMIL BRIPASKETIAME Ha ceTke. B pesyan-
TaTe TOMYUIIM OZTOPOANYI0 cxeMmy. Taxoil MeToj m irasuina-
CTCH UHTE2PO-UHTEPROASUOKNBLY, METOOOM WAU MeTodor G-
aanca. IlponnmocTpupyes cro na mpiMepe 3ajgavin

(ku’) —qu=—flz), 0<z<i, (ha')—ou=-—p,
npuz=0, wll)=p, )

Hanmoien ypasmenne Gasanca Ttenqa ma otpeske 0 <<z < I
Yit1/2 Xi+1/2
Wipa—viap + | 1@de= | g@ulxa,
*i—1/2 Xi-1/3

w=ku', ()

re {—w(x)) — motor temna, g¢lzlulz) — MOmMAGETL CTOROB
(mpu ¢ <0 — UCTOTHIIKOB) Telya, MPOUOPHHUONAILIAA TCM-
mepatype, f(2) — maormocth pacipefefieNuA BHEIMOHX [IC-
rounuros (eToroB) Temra. B3 Zemoii wactH 9TOrO ypanmennsg
3anicano ROJMTeCTRO TEMIA, OCTAIIIEToCH 34 CIeT TCIIIONNX
ITOTOLOB Ta OTPesKe [Zi—yjs, Ziye2] T 3a CUET BlemuUnNX rrc-
TOTHUKOB, B OPABO YACTH — KONHYECTBO TCILIR, OTRABACMOC
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PHeWHeH cpefe 3a cder TeunooOMeHa Ha OOKOBOM MOBepX-
HOCTH,

Yrobst monyunth n3 (2) TpexToueyHoe PasHOCTHOE YPAaB-
HeHUE, 3aMerM Wi—yz, Wipyz W HATErPANH B ypaBHenunm (2)
auHelHOR KoMOnHauMell 3HAYEHUH OOJBIHTETPANBHHX (QYHK-
i B yamax cetku (%iy, Zi, %i4q), HAIIPHMED,

Fit1/2 Tit1/2
'JiT S g ux)de~duy, di= - g (x)dz.
Xi1/2 Xi—1/2
IIpounTerpupyem pasenctBo ¥ = w/k no = 0T Zi-y o
xj
w i
U — Uy = W dr~ kwi_lfa 2
*i—1 !
i -1
@ = 1 j‘ dx
LR k(z)
*jo1
B peaynsrate moaydaem uz (2) cxemy
1 Vig1— ¥ ¥i— Ui
"h_la!'-+1 e — O 1]—diyi='—%
Tt/
H
w=t | r@a
Fi—1/2

Ipn BuBoge Mul QARTHUECKH OPEINOAATalH AALIL, 4YTQ 4 ==
=2 cONSt TPH Zi-yp = T XK Tigype, W =cONSt HPU 2, ST < 20,
Buecro HamuecamHBIX 3dech BHIDOReHMH JuA ai, d;, ¢

cCTECTBEHUo BaATh Oojee mpoctble (JOPMYIBI, KaK aTO M je-
1ajock B npemmaymux maparpadgax. Hanumiem pasmoctayio
ANNPOKCMMALIAIO jUIA KPAeBOTO YCIOBHA TDEThero Poja IpH
z=0, Jlna 3t0oro BOCHONB3YeMCA ypaBueHHeM Oajgamca Ipu
Os.xng"thlfg

*l/2 %173

Wy — Wy — j. qudr= — I f(x) du.

0 0

Hopcrapaaa croga

— »d — , o
Wyg = G sy Wy = (ku')y == Uy — gy
*1/2 *1/2

{ qude~ guoih, | f@ar ~fth
1}

]
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M 3aMeHAA BCIOAY W Ha J, WOAYIHM DPasHOCTIOe KpaeBoe yc-
JoBMe
@iy 5.~ 0o T i — hqoyo/2 = —hfJ/2,
KOTOPOE MOMKHO 3aHACATH B BATE
QY31 = O — Wy, THe 0y =0y + hqy/2, py =y + hf/2.
&)

Onennv Ha pemrennn u = i{z) ypasHenna ({) penuunny He-
BA3JKH

= ayu; | — Oy -+ .

IMogerabus cioa @ = kig + O (BY) = kg + 1/2hko +0 (hg),
Uy = Uy + hug + hfug/2 + 0 (h )y Uzq = (u,1 — uh = ug
-Hhug /24 O (1Y), TOAYIHM
V= (h')y + Nk (h)y — Oy + g 4 O (BY) =[(ku'), —

— 0yuty + W) A+ YR () — qu -+ fl, 4 O (') = O (h¥),
T. €. PasHOCTHOE Kpaekoe ycaoBHe tperwero poga (3) am-
npokcuMupyer ycuaosHe ku’ = o, — , upn z=0 ¢ morpew-
HOCTEIO BTOpOro mopagra v = O(h?).

/1A mpaKTHIeCKOro MCHOML30BAHHH Kpaesoe yciaoBHe (3)
HaJa0 3aIlNCATL B BUJE

~ a ~ hy
Yo = %Mil1 — Ky %y = ! s = L
e, -+ hal

a, - ha
Jl.1A ToBHIIEHUA TOYHOCTH CXeMHl CIEAYET HCHONL30BATH
11pH BRIYACIEHMH WHTErpajloB UHTEPHOJANNK (olee BEICOKO-
ro TMOPAAKA.
2. Merog annpoKRCAMALAN KBaJPATHYHOTO (DYyHKIHOHAAA,
Kpaenas 3amaua

Lu=(ku') —qu=~fz), 0<z<1, ul®=0 ull)=0

JEBHBAaJIeNTHIA 3amade 00 OTHICKAHHE MAHAMHIHDYIOLIETO 3Jie-
MeHTa HBAAPATUIHOre (PyHRIEOHANA
1

1
Jiu) = § (b wy + qut)ydo — 2} fu dz.
1]

Bnenem Ha otpeske 0<z<1 cerky ow={z;=1ih, i=0,
1, ..., N} n annpokcumspyem ¢ynrumorad. [[1a sroro cHa-
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Haja mpeacTaBHM €To B BIAEC CYMMLI NIITErpajloB U0 HUTED-
BAJIaM CeTKH:

N *l
Jlul=3 Jiuh Jijul = | ()R- g —2u) dz,
=t i1

noche 4ero anmporcuMmupyes Ji, HamupiMep, Tax:

e

‘ k(u')de = a;(ug )°h,

%4

{ @ =2 dem hoy@e — 2000+ @ = 2/

xi__‘

rie a; — HewRoTopuiii koa(hunnernst, manpiuMep
X,
L

a; = 717' Yk(x)d:c.

¥ie1
B pesyavrare moxyamy @yuripmonan
N .'V—-‘l
Jily) = 12 hay () - 2 (@l — 2fgw) by
h==1 ' -2

rae y.= y(i) — npomsoannas cerounasa Qynruus, obpama-
joutasies B uyas upu =0, N,
Ypasuenie
1\1
Ay = ¢ uan 2 agy; = ¢, A= A*>0,
3=1

IMeer pellleHWe, MHHRMUSNpYIouee (QyiRmIonai

N N
Iyl =y, ) — 2, p) = --21 agyyi— 2 -2. Qi
2,171 1=

B srou Mo/kHO yOe;iTLCA, NMPUPARIAR 1Y [POUBRO;(HYVIO

af 4 [y} il &1
=9 s — Q= A
ay:u ~ ‘ZI alUJy) "q:to 0! i)y?o >07
=

Tak RKaK ;>0 1A meex (=1, 2, ..., N B cuay nodomu-
reapiioct A >0,
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Brluncnsst npousBojibie

Ty v )
T = 2aiy; i — 204495 ;. + Qi — 2/ hy
ﬁaJh 2a, 26 .
=t b L 9p 0
E)yf h h —|_ 9‘( > 1

yoexgaeses, T1o saeMenr y = y{r) & [, MunnmvMmsupyommii
RKrafipaTutslii  GYyHRINUMOUAT, SBIACTCA pellelrHeM 3ajadin

,

(ay;-)x,{“' qilyfi = — Ii i = 1!21 v -1“\! - 1’ Yo = YN = 0.

3. Metox annpoxcuManyu HHTErPAABIOLe TOMKACCTBA
{meron eymmaropunix Tomyects), Ilyern
k'Y —qu+f2) =0, 0<az<1, uwl0)=ull)=0. (4)
Vmuoman ypaspeure (4) pa mpomsponnnyio jurddeperru-
pyemylo dymrunio v(z), ofpamarwouyioca B wyib upn z =0,
=1 u unrerpupysa no z ot 0 go 1, momygaeMm TOH(IECTBO
1
I(w,v)= S‘(ku'r.‘-’ -+ que — fv) dx = 0.
o
3aMelas] N0 ANATIOTHM ¢ I, 2 muterpald M WPON3BOJUBE U,
V', HallgileM CYMMATOPHOE TONAELCTHO
N N1
1
Ly, vl = X awyg vz .0+ 12( (qiyi — T vk = 0.
=1 =1
Honaras sates, naupuvep, v =85, 0<ly <N, u yunrnr-
Bad, 4TO v_;“.=0 opr i<iy ® i>i;+ 1, Vs — 1%, v
= 1/h, noxyuum

1 1 ,
b Gupsties— - agz,) + @ — PR =0 mp 7 -,

T e (ayRe—qy = — |-
4, Meromm Purua u By6uopa — Tanepruna (Bapuanmon-
HO-PaJHOCTHHIC MCTOANI). 3ajava 0 MHHuMYMe (QYHRIMOIAla

Ilul = (Au, u) — 2(u, §),

rie A — caMoConpsUReHHBIl M NOJOKHTEALHO Ompeae.Ien-
uBli smneinuiil onepatop B ruandeprosom upocTpaEcte H
co CKANAPHLIM TpoIrsBefemmiien (z, y), HKBHUBaNeHTHA 3ajave
O petlienHn ypapuenis

Au=/.
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Beoanrca HOCJIEIL(OB)aTeJILHOCTB KOHEYIOMEPHKIX HPOCTPAHCTH
n ,
V. ¢ Gaaumcom |95 1, i=1,2,..,n
Merod Purya sakamwdaeTca B TOM, YTO MINETCA HIeMEHT
u, € V,, moaaMmsupybomui ynrguoran {ul p V.. Ilpn-
OXMEKeNHoe pellenne u, WIOTEeTCA B BHIe CYMMBI

Up = 21 Y% )
=

TU Y1y +v. Y. — BenaBecTHBe Koddduimentsl. Beluncaenusa
RA0T

n

I'un) = Z &isyil; — 2 ?:111 By

ii=1
o = o = (Ag; @5}y Bi=(f, g}
Hu,) =0y, ys ..., y) ecth dyERUHE 1 KodDPHIEEHTOR

¥« Iprpasausag uymio npoussoxaste 0f(u,}/dy:, momyuum
CHCTeMY i ypaBHeHHH

n
Zaijyj—ﬁizo, i=1,2,_....,n,;
=1

NI ONPONENCIHS Yy Yzy « ooy Yns
MpommtocTpupyeM Meroy( PHTma Ha npuMepe 3amaun
(4). B xauectse dyuxumn @lx) BossMen dyuxiuio:

i 0, s<<—1, s>1,

fpz(x)=n(zh )=nf($), N =1+ 8 —1<s<0,
1—350<s<<1.

Hopcrasaan B dopmyny masa oy Ag; = —(kcpg)'—]—qcpi,_ mMeeM

1
dn; dn;
o = (Agj, ¢5) = j.( - ot mf) dz
0
1
Bi = { 7o) i (@) da. ©)
0
BrigicIeHda JanoT
d
=0 upn 2<azi,, T>ziyy

aw, \‘f./h OpH %4 <<T < Ty
Az T\ — 1k mpu i <x <Zipp



§ 3. METOABI NOCTPOEHN PA3HOCTHLIX CXEM 173

Creiona u ua {6) pmuio, 4ro marpuna [a;l Tpexpnmaromats-
Ha&, TaK HAaK oT HYJ4d OTAHYTE JHIUB Te Oy, AAA HUTOPBIX
j=1i~1,1, i+ 1. Uosrouy pia y, norydaeM cHCTeMY

Ay, iy iy + s, Y + Qi, i1 Y1 — pi= 0.

Beogs oGoanaverus

ai=— hay oo RPdi= hoty o R0 sy + o 11),

ﬁf == hﬁfpi
1 3aMeTaT, UTO Chiyq i = O iq;y HOJNYUACM CXEMY

ayi—y — (@i + aigy + 23 yi + aipyie + AP =0,
nig
{ayz)e — dy + ¢ =0, (7)
rae
1]

0
a; = 5 k(x; - shyds - h® 5 g {x; - sh) s (1 + s5) ds,

-1

-1
¢ 1

di = E g+ sh)y(1 + s)ds + f g {(zi 4- shy (1 — s) ds,
- 0

(Pi'—:jf sh) (1 -\-s}dsi—ff(a:i-Jf-sh)(l——s)ds.

JT0 — ¢XOMa BTOPOrO TOPSAKA annpOKCHMAIHH,

B merode Bybnoea — laseprune pewenue u, TaxKe
umertea & suge (6), onHaroe Koa@dmuuenTsl y; MaxoAATCA HI
YCiI0BHSA oOpTOroHanpHoctd HeBABKH Au, —f Kk OGasucuwnM
dyrrunam gz}

(Au,— f, @) =0, i=1,2 ... n (8)

UpH BTOM CAMOCONIPAMKENHOCTL omepatopa A He Tpebyercs.
Jlnsa sapaun (4) cuosa BHIGHpacM Te ke Ga3HCHDle (I)yxmunu
TMoacrasaasn (6) B (8), moayynm cHCTeMy ypaﬂnemm AIA Y
Boiyneasng oy 8y, OPHXOTUM K Toit iKe camoi cxeme (7),
HOTOPYI0 MH HONY9UIH MeToioM Pmria.

IIpn yrasamnoM muiGope woopauHatTHBX Qynwouil ¢lz) =

( Z—;
=M
OaJanT ¢ MeTOJOM KOHE'MHRIX JJeMEHTOH.

)MBTO)II:I Putita n DBy6nosa — "aneprnua cos-



I'maBa V

SATTAYA KON OJI5 OBBIKHOBEHHBIX
JTUOOEPEHIIUAJIBHLIX YPABHEIINN

B oroii r1aBe MB paceMOTPRM PAasHOCTHEIE CXCMBL Ui pe-
meHua o6BKIoBennpIX audepeHIMATLOLIX YpaBieanit (ro-
ofme ropops, NMeJUNCHUEIX) TePBOTO MOPALKA ¢ HATANLHLIME
nauasiMu (aamaun Homm). Bro — Kaaccuieckasa obIacti 1PH-
MEHEHNS UHCHel{blX MeTomoB. FlMeeTcs MHOLO pasHOCTHHIX
MeTOHOOB, ¥aCTL HAa KOTOPBIX BOIWHKIIA B JTOMANTUITHYR AMOXY
A OKasamach mpurojaroil u juid cospemMenmx 9BM. Mur orpa-
IHYAMCH KPATKEM HANOKEITHeM OCITOBHBIX PAZHOCTHRIX CXeM,
KOTOpBlE NIAPORO HCNOABAYIOTCA HA TpPAKTHKE H 1A KOTOPHIX
UMOI0TCH COOTBETCTBY[OHIHE CTE\]U[&IPTHH(’. ITPOFI)EMMBI.

§ 1. Merogst Pynre — Kyrra

1. 3anana Komu nas ypanaeHna nepsoro nopajxa. llyers
tpefyerca waiitn wenpepslBHY® mpn 0<<{< T d¢ynrmuno
n=ult), yronnecrsopawmyio anddepennmaabioMy ypasie-
AU TIpd § > 0 B HAU&IbHOMY YCHOBHK npa { =

du

=), 0T, u(0) =u, )

rjte f{2, u) — nagandas ncupepnBuas QYUKLNA ABYX apry-
MeHTOB.

Lear dymruus (£, #) onpegedena B MPAMOYTOILIHKE
D={0<t<7, lu—ul<U} u ynormeTsopacr B ofuacTH
D no mepemennoit u yesosuio Jlumuuna:

If(t, ul) f(t Urz)[ %K!ui-u;
mag scex (f, u,), (t, w)e=D, (2)

rne K =const >0, To samaua (1) nveoT ennHcTBeHNOE pe-
nieyue.
Jas mokasaTtenbeTsa HrToro yreepkaenun ypapremne (1)
unrerpupyercs ot 0 jo ¢
t

wlt) =1+ | /(s u(sn ds, ®)
[



§ 1. METOILI PYHTTE — K¥TTA 175

a8 TMOXYYeHIOe HRTCLPANELIOC YPaBUeule pPeiLIaeTesl METoIOM
TOCAeOBATEIBHLIX TpubmIAienni (meronom Iluwapa):
t
s (1) =y - [ 5 uals))ds, (%)
i
rme n— toMep npudmtews (prepamunn), Metog urapa
CXOANTCS Il OllpemensieT eiuncyBelioe Deiiciifle yPABHCLIA
(3) waw zagaau Konmr (1),

IToT MeToq J0ARGIACT NailTH UPHOLIGKennoe peltelne
sagaun (1), ecan B (4) saveunTs UTETPAI KAKOI-ING0 KBag-
parypnoit opMynoii. Oagare ofves sotducaenil JuIs woay-
HENITOre ANTOPHTMA BEJIK, TOR Kk JUTH Kadyioil nrepaunyn
(npu Qurenposaiios £ neolxoiIMo BBMNCIATL NUTETPAI.

Huorja ama npHOAmRenoro peuicius sy (1) wuc-
HOJB3YETes  aladuTuieckuid MeToa, ochosamumii 1a nrea
pasitoskenus B psij TefiZopa pentennst zagaun Womuw (1),
Hpadamaenwoe pewmeune u, () nies n BRae

H

un (l) = W0y 4wy, 0T (5)

ANE
|
k-1

f] I

rae uV (D) —=

w0y (k= 2) ua.\n,m'r('ﬂ nocaeiosare oy uhdepeuu-
poBalnen ypamwmlﬁ ()

W2 (0) = u" ) = ” / (l' “) = [102e) - [0, 00) 1u (0, ug)y

( N = (00, & snanemta  1IPON3BOIEHDBIX

w8 @y = u™ () =

w fra (0, ) A= 2 (0 w0 wy) b {0 gy (O L

i Af 7

. Az i
Jo= =5 lu—me Jue gy uT

s mMannix I seroq pstiuos (5) MoiKer jaBath yuporice
HPUSRILKeHTE 11 TOTHOMY PETICHITIO 14 () LI He ofests Goab-
mwity 2. 371ech 00BHEM BRCUCICIMI 3aRNCHT He TOABRO 0T
rouwrmocrit £ >0 (tu(t) —n, () <e) n or n=nle), 1o u or
puga - Gyuritr f{, %), Tak KoK HAXWLIEHIO TDOM3BO;(SBIX
'™ (¢) MOKET ORA3aTLOA OURTL TPYAOCMENY,

B pmampueidniem Mbl OyjieM  IPCINON4raTh BCHAY, HIO
Pyurnua f{f, u) u#BIneTCA T0CTATOYHO TTagKOM, T. e. mbeeT
CTOIBEKO NpPOH3BONEBIX (mo ¢ u mo ¥), CKOJTBKO TpelyeTes
o X0y WBAQKEHHA.
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ITpesxae geM mepexoanTs K HII0MKEHUIO PABHOCTHLIX CXeM
ats aagasn (1), ocTamosuMcs Ha Bompoce o6 ycTolumpocTi
pemenua 3ajaun (1), Kak namenurca pemenme 3ajaqm (1)
TIipH H3MeHemmu HavaabHoro ycaosusa? Ilyers (t) — pemre-
Hre yparuenua (1) ¢ navampueim yexosuem #@(0) =@, Jina
norpemroctn z{(¢) == (¢} — u{t) noayvaen ypaBHeHHe

dt =a(tyz, 0T, 2(0) =z =1u—u, (0)

rae alt) ={f(t, 1) — ¢, Wl/z=f0¢, u +02), 0B <1,
Pemeunney (6) sipaserca (I)ymumﬂ

z(t) =z (0) exp ja (s) ds}

1}
Ecam f, <0 gaa seex ¢, u, To
[z()] < {2(0)} w128 —ul)] < 7, — uw,l
-win seex 1= {0, T1,

7. e. pemenne aagaun (1) yerodiuueo mo HavadpubiM JAall-
HBIM (OOTPEIUNOCTh B HAYAMLHEIX JAANIBIX He HapacTaer).
3agaga (1)} yeroiiunsa Takae H mo npasoil gacTIr:

) —u® <@, ~u,! +eT npn 0<t<7T, ecnn f. <0,

rae i (t) — pemenne aajaun (1) ¢ mparoit 4acTeio
F=f, @)+ &, 16/l <e, e=const>0,

Pemenne 3agaun (6) mpn { ~ o Bejer ceba aHaIOTIUHO
peleHII THHEANOT0 YpABHEHI

Loiau=0, 0<I<T, 2(0)=1,

KOTOPOE MO:KHO paccMaTpHBath Kay MOJeNbHOE YpaBlHeHie
TIPH UayueHUH YCTOHYHEBOCTH.

2, PagHocrHan cxema Jiinepa. BseneM Ha oTpeske usH-
rerpuposanua 0 <t < 7T cetky w.={t,=nt, n=0,1, ...},
Byzem ofo3nagath vepes y. = y(t.) cerounyk dyurnuwo,
IIpocTelinEM wACHEHHBIM MeTofloM pelieHma ypasmenua (1)
ABIACTCH PR3HOCTHAA cxema Jiaepa:

BV g, =0 g =ty (D)

3maveyun y, == y({,) HaX0nATCA NOCHEJOBATEIbLHO, HAYAHAA
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¢ Yo = Uy, N0 suBLOH DopMyae
yn+!=yn+tﬂtm yn)v n“_*O, L v Yo = U,

Buecro u=u(t) Mm paxoguM ceTounyle (QYnKIm® Y, =
= y(t.) — mpubmxenuoe pemenue aajzaua (1),
Cetounaa ¢yuruuA

Zn =y, —ult,)
ABIACTCA NO2PLULHOCTBIO  PasdHOCTHOH  cxemsl, Hammmenm

ypaBHEHHE JUiA Z,. JIJIA 3TOro MOJCTABHM Y, = 2, T u, B (7)
1 y4TeM, 9TO

yn+1 - yn = (zu-{l = zn) + (u’n+1 - un),
j[tﬂs yﬂ) = j(tﬂ, un) + Ij(tnq un + zu) - l(tns un)] =

= f{t,, Us) + &taza,
rae
o = fulty, u, +0z,), 0<0<1,

B peayaptare momyyaen 118 z, 3ajgaqy

Tngr ™ in

T = Onln +¢m =071a °'°;Zo=01 (8)

Tie . — HEBRA3KA MIN NOZPEULHOCTH ANIPOKCHMAIHH CXOMEI
(7) na pewenun u==u(t) sagaun (1), pasnas

=, ©)

u
Yn = fltn, uy) — "‘l‘ﬂt_‘

Ouenny ¥, opu T~ 0. [Ina atoro noicraBm

2
' L y du
u'n+1"—"urn+TUn+-2—Un+..-(u=m‘)

s (9) u, yuuteiBaf, aTo cormacuo (1) @, =f{{,, u,), moay-
yuM: = O0(1) wm [, = maxJ_\pn!zO(r). ITo o3mavuaeT,
DEins

u4To cXeMa Jijlepa HMeeT nepablii NOPAJok annpokcuMayiu.
Ilokaskenm, gTo cxema Oitnepa cxogutca, T, e. Izl ==
=y, —ude~0 napn 71-0, n umeer repewii nopadok
TOYHOCTU, T. €,
lz],= max |z,|=0(1).
U‘fn-‘r

ﬂOK&G&TE.‘IBBTBO npoBe;eM B NPeInoOJOREHIH, 1TO
—E<ft, W<0, 1<K (10)
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N3 (8) ompemeanmy
Zaps = 1+ 100,02, + TPy,
[2Zari) < [+ 1o,z + ol ] < {z.] + '[|1|>,,|,

rak Kak |1+ 1ol <1 cornacmo (10). Orciola caegyer, 4To
ki3 ki3

|Zn1:-1|\<JZo|-f-EDT\IIJsI:2f|‘|’$!= (11)

1. e. lzl, = O(1),

Ecan yenosne (10) me sumonneno, no [/ < K, To BMecTo
(11) monyuum 12,441 < TeXTlyle, u yroepgenne |zl = O(t)
OCTaeTCH B CILIE,

3. Nlopmmenne mopsjika ToudHoern, Meton ‘ilsepa Beco-
Ma IPOCT, ONHAKO faeT IHa3Ryl0 ToumocTh. llopaion Tou-
HOCTH THCIEIHOTO PeUIeHIA 1o T MOANMO  TIORBICUTh, LC
yeromuad anroputma, Fies aseroda Pyneze nosplmenns Tou-
HOCTH COCTOMT R caejylomnes. llpe;uonomnM, yrto pemienne
u=u{t) spagercs JOCTATOYHO INIAARIM M IMEeT MeCcTo cjie-
OYIOmee pasiaodRenile NOTPETINocT Z, =¥, — M, [10 Creue-
HAM T:

Yo =, t el plr - {1

rme a(t) m B(¢) — dynwigni, ne sanueanpe ot T,

BpiGepes fBe COTRI ¢ WAFAMII T, H T,, UMCKOH{TE 061N
ysant (maupumep, 1T, =1, T» = t/2), penniy na xKani cer-
we sajavy (7) u waipes Y& (fn,) ¥ y (1n,) coorserernen-

Ho. BoseMem ofmpii gua JIyX ceTor  yaed lux =1, =lny
g mammnen (12) nmpn 7 = p*:

Y (L) = 1 () + @ ) T, + O (1),
P (tw) = 1 (L) 4 2 (Ene) T, + O (T3).
Odpasyem nunefinyo Romﬁnnaumo ¢ mapaMerpoM O3
Y (tas) = o' (tax) + (1 — 0) ™ (ue) —
= u(te) + 107, + (1 = 0) Ty] 2 (tw) + O (3§ 4 73).

Buifupas ¢ ma ycuosua oty + (1 —alt, =0, 1. e. momaras
0 = 1,/{1, — 1}, Ioayyaex

U (Ens) = u (Inx) + O (1%, T =max (1, T,).

Ceroumas ¢ymnmus § upmbamsxaer pemeune u=u(l) co
BTOPHIM DOPATKOM TOYHOCTH 10 T. Takum o6pasoM, ML mo-
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BHICHJIH TOYHOCTL MeToJa Jiinepa, NpoBEIA ;iBa pacuera Ha
CeTRAX ¢ IaraMu T, U T.. ITY HOPOICAYPY MOKUO ITIPOLOI-
wuth, umes B suxy (12). Tlpomops pacuetsi no cxeme (7)
Ha TpeXx CeTEax ¢ miaraMH T, Tz, T3, MBI (}IlpeJIe.T[llM pemem{e
sagaun (1) ¢ TpeThbuM DOPAXKOM TOMHOCTH B y3max, ABIAK-
MIHXCH OGHIHMH JUIA 9THX TPCEX CETOK.

4. Cxemor Pynre — Kyrra, [lopamgok tozHoetH Moiivo
MOBBICHTDL ITYTEM yCJlO?KHBl[HH paBHOGTI{Oﬁ CXEMBI. BECI’Ma
pacmpocrparens! Ha Tpartuke czexst Pywnee — Ifyrra sropo-
TO H 4eTBEPTOTQ HOp}I;[EOB TOYHOCTH.

Beiancaennsn mo cxeme Pyure — Hyrra sropore Hopamxa
TOYHOCTH TponogATcA B apa »rama, Ila nepsom »rame Ha-
XOHMTCA TPOMEKRYTOUIOE 3HAUeHHe [, mo cxeve Jiuepa ¢
WIAroM .

o =Yyn tatfli., y.);
HA RTODOM dTame HAXOJUTCA 3UAYEHHC Yayy To opMyne
Untr1 =Un T 14 — 0)f(t,, y,) T otflt, + ar, 7.,
rne a>0, 0> 00— uapamerpm. Wernouan y,, moayumm
JUIA Ynyy CXEMY
— = (1 — 0 f (b, Ya) +
A of (tu = at, i 4 ot (ty, ya))- (13)

IMopsa: 10k TOYIOCTH CcXeMhl 3aBIICHT OT HAPAMETPOB o, T.

HafineM BEIpakemme )15 1eBASKM, HIH MOTPEINHOCTH an-
npokcuManya cxemst (13). Jna artoro, o amamordu ¢ m. 2,
nepeneceM (Y,,.y — Y,)/T B NPaByw YacTh M IQACTABEM i,
Uny, BMECTO Yr, Ynii. B PE3YABTATC TONYUHM IJIA HEBAZKH
BBIDAKETiNg

P = (1 —a)flt,, u,) +oft, + ar, u, +atfli, u,)) —

Ynty

— (Ugpy —u )/t (137

Bocnoas3oBabBindcs  paafdomenuamu no Gopmyne Teilnopa,
TONYIAM

P, = T (000 — 1/2) u, + 0 (1),

Otcmopa BHjHO, 9T0 cxema (13) mmeer Bropoil mopgok am-
npoxcaMamun P, = O(1*) npy BLmonneHun yCI0BUA

go = 1/2, (14)
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TaknM ofpasoM, CYIIeCTBYeT OAHOIApAMETpHUECKOE ceMei-
cto cxem (13), (14) BTOoporo mopfisKa ANNpPOKCHMALEY.
PaccMoTpus wacTHEE ¢IyTam,
1) o=1, a=1/2:

Yn = Hn Yaqpr — ¥ T -
7 A ftn, yn), —,‘_n = flta + 5 Yn) (15)
ITo naBecTnam cxeMa RPedUKTOP — KOPPEKTOP, WIH CHET —
nepecuer, Ee MOMKHO IepelIncaTh HIlave:
- T T =)
Yn==1Yn |- 5 f(tn, Y Yntr = Yn + tf (tn + PR ynJ,
HAH, TOCHe ACKANYeNHs ., B BHjie

(Yre1 — Yu)/T = f[tn + “;“’ Yn - % 1 (tn, yn)]' (15’)
2) a=1/2, a=1:

yn+1: ¥n __ % [f (fns ) + | (Ent1s Yn+1f (o yn))). (16)

Ty cXeMy TaKKe MOKHO TPAKTOBATH KaR CXOMy NpeTuK-
TODP — KOPPEKTOD: CcHauaia — cxeMa Oiilepa ¢ marom ¢
(npedurrop):

Jo=Ynt 7f{ts, y);
3aTeM — cxeMa ¢ HoaycyMMoil (koppexrop):

(yn+| - yn)/‘t = "/z[f(tn, yn) + f(tn+1, !71;)]4

Haea Mmero/la TpegurTOp — ROPPEKRTOP 9aCTO HCIOMB3Y-
eTcA OpH HAIHMCAUU DA3HOCTHEIX eXeM /A YpaBHEHNH Ma-
TeMaTHueCKOH PUIUKI ¢ UACTHHIMH OPOM3BOMUBIMA,

IIpueegem dopyynnl mia cxemnt Pyure — KyTra 4-ro mo-
pAJKA TOTHOCTH:

DRI o S e () - 2Ry () + 2Ky () + ey ),

11:0,1,...,y0=u0, (17)

riae Ky, ki, ks, k, — Dompasky, BHIUMCIfeMble o (opMysan

k1=f(tny yn), ksz(tn+‘r/2, yu+1k1/2)1
(18)

ky= [t /2, yot+1ks/2), ko= flta+ 1, y. + k).

ITpu ompegexnenun y,.., U0 3aganiloMy y, Hago 4YeTsipe pada
BEIYNCIATE NPaBYK TacTh,
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IfoacumM, kax pectu caeT mo atoi  cxeme. Ilpa n=0
H3BECTHO Yo = Uy, Mo;KHO BEIYHCIHTL WOCNeTOBATENBHO Ky,
ks, ks, K, W pafitu

B = Yo F Tk (V) + 2k () + 2hy () + s (o)

nocile 4ero BHIYUCIHeHHA moBTopsiores mpu n=1, 2, .., 1A
IIeBA3KH IIOTy4YaeM BI»I[]H}KOIIIIO

Yn = % [y (un) + 2k (un) 4+ 2kg (un) -+ Ky (100)] —

Uy g — U
)

rie kilu,) (i=1, 2, 3, 4) onpepennotea no dopumymnam (18),
B KOTOPHIX BMCCTO ¥, IIOJ[CTABJIENO Uy.

IlpoBona pasiomense U.y,, k.(u.), k), k(u,) B oR-
pectHOCTH =1, yGeszgaesca B ToM, 410 .= O(7*), 1. e,
cxema (7), (18) umeer geTBepTHI MOPAJOK ANIPOKCHMAIIMIIL,
ectH u=u(f) HEMeeT deTHIpe HEIPEPHIBHBIX IPOMABOTHBIX.

Bee merosun  Pymnre — Hyrra ssinsworea senwnmu (ot
OIpee e A ¥,y HAJ0 TPOBECTH BHIYHCIEHHA IO ABHBIM
dopMynam) u odrowazoseimu (InA onpeIeNeHHA Y,.; TATO
¢flesaTh OJHH IDAT Ha CeTKe OT £, K fuyy).

5. YeroiiumBocTh pasHocTHHX ¢XeM, B m. 1 mu1 paccmor-
penn BaskHoe cBoiicTBo nupdepennuaibaoro ypasuenus (1) —
yerofiaupocrs (Mo mauaspHBEIM JaHABIM M TO TpaBoil wacTu).
JliA MaydeinA YCTOMYMBOCTH [0 HAYAALHBIM jJANNEIM He-
aumeitnoro ypapuendd (1) GymeM paceMaTpEBaTs Mo/e/bHOE
ypaBHEHHe

% +Au=0, A=-const>0, t>0, u(0) =y, (20)

—it

Ero pemenue u(t) = u,e~™ y6uBaer opa A >0 n

lu(t) < lu,) npu A=0 gaa meex 20, (21)

7. e. ypasuenne (20) yecroiivuso npu %20, uro cooTBeTeT-
Byer ycrosuio f, < 0.

BeognTes ecrecTBeHHOE TpeGoBamme: I8 Pa3HOCTHBIX
¢XeM, ANIPOKCHMHDYIOUIHX MOJeNLHLe YPaBHEHHA, JOMeH
BBIIOMHATLCA anajlor mepapencrtsa (21):

ly.l < lyol noa Beex n=1, 2, ... (22)

Mur yBHIUM HEMKE, 9TO 9TO Ie BCErJa BHIIONHAOTCH.
PaccMoTpuM pAg mpuMepos.
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1) isuan cxema Diiaepa:

yn y ¢
_+—1——1 F M =0, ynp1= {1 —TA) ¥n. (23)

Orcroma BAAIO, YTO YCIORAE
Iyn+11 il/nl g...{é I!r/ul (2‘,})

seimorneno mpu |1 — 1Al <1 man —1 <1~ A <1, . e. upn
TA < 2, (25)
Ecmn, nanpumep, T 2 3, 1o
Woed =T ~ g, ] 22y, = .. 2 22y,
lyel = 2*y,) >~ uwpn n- o,

Cxena neycToiuisa, yeaosue (24) me erinmoaneno. Tamm
OGPEHOM cxema DJfinepa (23) yeaoswo ycrolvusa mpm TS
<2/h, A>0.

2) lleasuar cxema JDiidepa:

UYnt1 — ¥ 1
—nlt—f FAn =0, yap = e (26)

Tar rak 1/{(1+1A) <1 mpn a6mx T2 =0, To cxema 6Hes-
YCR08HO YCTOUNUBA:
ol < lye!l mpu awémx v w A=0, n»=01, 2 ...(27)

ki

3) CxeMa ¢ Becamu:

a1 ¥
T

FAOYnpr + (L —0)yn) =0, Yug1= q¥yn- (28)

CxeMma ycrofiunea mpu

1—({1—a)Th
l91<1 g= S0

Buguy, uro lgl <1,ectm—1—0th <1—-{{ —o)th <1+ om)
i 1+ 1(o—1/2)A =0, rax aro 1+ oA = W/2>0. Ta-
ruM ofipasoM, cxeMa ¢ BecaMm GeaycanosHo (mpn
706X tv) ycTodumna umpm o>1/2 m ycnoBHO
yeToiwuna npn o < 1/2; ecnm << 1/((1/2 — o)Al

4) Cxema P}nre—HyTTa ETOpOrO 1HOPAJ-
xa. [ogcranara » hopuyny (13) f= ~Ay, nmouyvaem

I 9a o
Ynir = QYn» Q= t— 1A+ T TAS (29)
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.. 1 o
Cxema yeroiwupa, |yl <y, ecmnigq|=1— 1k 5 T3
<1, yro mueer mecro npn
ThE 2, (23)
Cxema Pyure — KyTra nroporo nopsika ycToHIHBa TPI TOM
Ae YeOOBULU, 9TO T ABmas cxeMa Jdiilepa.
5 Cxewa Pyure — hVTTa JeTBEPTOTO IO~
paxxa. Ioperananst f= —?.y s (17), (18), nonyuaen
Unwy = ql[m
1 .

¢—=1—71h -+ 5 oA — Lo +57 1"7\, . (30)

Ilepaneucmo lql <1 pmmonseno npu TA < 2,78, T. e, yecao-
BHE YCTOHYHBOCTH CXCMEBL YCTEEPTOrO IOPAJKa HEMHOLO CIa-
Bec ycuonusa (25) 7uA cXeMbl BTOPOTO LOpsilLa.

I uPHMeRBl 110Ka3LIBAIOT, UTO  siBlible OJJONIATORBIE
CXEMBl YCJI0BUO YCTOHMMBALI, 4 CPeAN NCABHEIX CXEM HMEITCH
Beayciosro (a6coaiorno) yerToigupwie (mappmmep (28) mpn
0>=>1/2). Ecau A >0 Beamro, To mar T, B cuay (25), mas
ABUBIX CXeM Taf0 BRIOMPATH TOCTATOTHO MAIIBIM,

6. O cxommmocrn n Tounoeru, Cxema Pynre — Hyrra aaa
Heo;mopo:[noro ypasnesus

S ph=f(), >0, u0)=un, (31)
mveeT BHT
Yuts = it 1@, ¢=gqltd), (32)

roe BRIPAMKCHHAA A ¢ B (P, 3ABWCAT OT DOOPATKA CXEMEL
Tar(, AJ3L CXENMBI BTODOTO JTOpPATINAG UMeEN

g—1-—1h —l——TQ"‘-'

n = (1 —0) f{ta) +of (ta b a1), ao= 5.

Hng morpemntoety 2z, == Y, — U, TOIYUaeM

g
BN HT n -] ()v - '.—) o T q/n
man
Sty == Qa4 T, 1= 0,1,2,...,2,=0,
rhe |, — HeBjI3Ka, pasHafd

"pn =@n — (uu-,'—l ol u.,‘)/'ﬂ = 0(‘[2),
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B cmany yeaosua yerofisusoern (25) lgl <1 u
n
ENENEN IR A RN IR LY (33)
=f
OTKyIa 1L clegyer, yTo cxema (32) cxoamTes m wreeT BTOPOI
mopagor TounoctTH (exojmres co ckopoctnio O(<*), mam cxo-
AETCA €O BTOPBIM DOPATKOM):

llzlle = O(x?).

Taxus 06pasoM, ecinm cXeMa YCTOINBR B AMNPOKCEMHDYET
ypapuenme (1), To oma cxomurcAa, JTo yTBep:jeHHme, TOKAa-
BAHHOE JIIA MoneaploH BaJaum, mMeeT ofiee amawenue I
copaseIaBO A J0GOI M3 cXeM BTOpPOTO MOPsARA.
AHAJOTHYHO [ORABLIBAETCA CXONHMOCTE €U  CHOPOCTLIO
O(7*) cxevnt Pyure —Hyrra (13) npu  yenormu fu<O0.
B 37oM cayuae AR %, = Y. — U, OpH 0o, =<'/, pomydaem
3ajagy .
Zpt1 ™ “n _B 1 1 y
’_—i_——' = " "']— T T‘Yn z‘n + T"Pﬂ' (3*)
rae ﬂﬂ=fu(tm u'n+eizn), Yn =fu(tn+ 1.'/2,’ un+ eazﬂ) (O =<
<0,<1,i=1, 2), a {. onpexenserca no gopyymre (13,
Iepenumen (34) s supe

2o = Qa2 t Ty o =1+ 181+ 17.72),

Venorne yerodausoctd lg.l <1, wnw —1<¢g. <1, Oymer
BrUTONKEHO, ecnd 2 — T[3.0 + Yot® Fallyal = 0, Y, 7ipal Ial <
< |B.{, mam tly,l < 2. Ilepsoe HepaBeHCTBo BHINOIHEHO
Tamke IpH T/P.l €2, ®w, caegoBaTenLHo, lOCTATOUHO,
9T06RI

K<2, (35)

ectn [, <0, <K, (¢, u)=D. Venonue (35) amanornano
(25) u ofecneanpaer pumoanenme onekn (33), ma moropoii

U clenyeT cXoguMocTs cxedyl (13) co BTopelM nopaaxoM,
fizll, = O(1?).

§ 2. Muoromarossie exeMbi, Meroant Azamca

1. MRorowaroesie cxemnl. B § 1 MEl paccMaTpHBAnB Me-
Tonu Pynre — Hyrra mana wucaeHsoro pemehus palaqu
Homa

du

—r=1tu), 0T, u(0) =, (1)
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DTH MeTO;[Bl ABRISKTCA 00HOWLA208bIMU MeTodaMU: TpH OHpe-
JeMeHHN HOBOTO 3HAYEHHMA Y.y; MCIOILAYETCA IMIOG 3HATE-
"He y.. B obmeM crytae ziA oOpefeleHHA OpnOIHKEHEROrO
pPeLICHHSA Y, MOMKHO DAacCMOTDOTh M-UA206blE PAIHOCTHLIE
czexer {m 2> 1), T, e, ypaBHEHHA BH;A

m m
v 4
Z'_:""yn—h_—‘“zbhfn—h, n=m;m+1, ey (2)

k=p k=D
rje @, b, — gAcaosbie KosdduInenTs,
fu—h = f(tn—ka yu—-h), 423 #* 0, b0,

B wacrnoctd, npuy m=1, b =0, & =—a,, a,= —a, nony-
gaeM cxeMy Jiimepa.

Cxema (2) HaspiBaeTcsl sBHOI (9KeTpamonAugoERHOI), ec-
nu b, =0 u 3HAYeHNA ¥, OUPE;EIANTCA Tepe3 TpeLl;yIiHe
3HAUEHUA Yu—iy Yn-2y ». . Yn-m OO ABHOI dopmyne

1 1
Y = 0_2 (DrTfn-k — QnYn—i) = - F (ynm1.- Yn—24 v+ -,yn_m)~
0 k=1 o
Brigucnenns DaunnalwTcA ¢ n=m, YTo6u maitta Y., mamoO
337aTh M HAYATLHBIX BHAUEHHE Yo, Y1, ..., Ymei, HX MOMKHO
naitty, maopamep, metogoM Pymre — Hytra, kotopmit mc-
HOMB3YET JHNIb O](H0 HAYAJLHOEe 3UAUEHHE Y, = Uy,

Ecan b, # 0, 1o cxesa (2) nasmBaerca Heasuoit (mutep-
TDOJAINOHHON): A HAXOKTEHHA Y. UPH KAAIOM R HaAo
pemaTh Headjyelloe ypaBHeHHe

aoyu - bﬂ}’(tny yn) = F(yn—i, y»-2, LEEAEYY yn—m). (3)
JTo HenuHeiiHoe ypaBHelile MOKIO pelIaTth, UARPHMEp, Me-
togoM Hpwromua,

[Torpemuoctb annpoRCHMAnEn cXeMer (2) Ha pemends
u=ult) ypasmenusa (1), muE HesA3Ka, oOmpejeldeTcs HO
dopmyme

n: m
1
Yu = hz baf (Erwry Un—p) — - kEﬂ Apln_p. (4}
.‘..—.0 —

TopopaT, uTo ¢xema (2) uMmeer s-ii nopadox annpoKcuMayul
(mmu mpocto, uTo exema (2) mumeer s-ii nopadox), ecan

lgle =0(t) mm Mgl < M1, s>0, (5)
rife M = const > { He 3RBHCHT 0T T.

Koadduuentor a,, &, nogdupamnT, ucxoad n3 TpeboBanuii
aHNPOKCHMAIMY B yeTOoHUEBOCTHE. Bes mapymennsa ofuxmocTit
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MOMHO CHYHTATL, YTO

> b =1, (6)

k=0

rak wak koadipmimertht ypasmenua (2) ompegexensl ¢ Tod-
HOCTBIO ;10 MuomHTend. Pasaarag 1, mo cremesss T m Tpe-
6yda, 9ToOR LepA3Ka HMelda 3JallHBIH MOPA;IO0K, TOIydae
VCJAOBHA A onpelelienus @, b, [Mocromnery uw=1 ccth pe-
menune ypaspenus u, = (¢, u) npu f=0, na (2} credyer,uro

m
5
> ay =0. (7
h=—=p
Ofsrano ama mocTpoenna cxeM (2) mpuMcenmioT apyrue
NpHEMEI, TCHOAB3YION[He HHTCDPHIOAANMOTHLE I KRA;(PATyp-
uete Gopuymma, Tax, unrerpupya zuddepennnainuoe ypas-
menme (1) mo ¢ 3 mpegenax ot fn—n, A0 In, moaydaeMm

ty
Un — ura—no = 5 f(ty U (t)) dt. (8)

fn—n,

Yro0m mONYINTH OTCIOTa PA3HOCTUYI0 CXCMY, MOMKIQ HC-
NOJb30BATS WA HHTETpala Kakyio-mafo KBaIparypuyio
dopyyay.

2. Merog Anamca. Kaskgan rpanparypuag dopmysia Io-
POMIAeT COOTBETCTNYIOHIAA  METOJ THCICHHOTO pemIells
obmEIOnenHoro nEddepennuansioro ypasmemna (1), ame-
HHM B TOIECTBC

In
Un—tnoy = | Fltu )L, ()
ey
KoTOpoe cooTBeTcTBYeT To:ikacetsy (8) mpm m, =1, murerpaa
KBajpaTypHoit dopmy:oi:
fn

(8, u() dt = TED baf (tneps Un—p)- (10)

i

Vaurmean (9) n (10), Mommo manmears pasiocTHyr czemy
Adamca:

m
"yj"'t';j—n_—l = 2 bkf (tn_h, .f/n—;;)- (11}
A=
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Oua moser Gorh monyuena s (2), eccau nomomarn g, =0
mpu k=2, 3,...,mund =1, a, = ~—1,

Heaaparypuaa dopmyra (10), ma ocmose KoTopoli moct-
poema cxeMa Ajamca, COTeP/KHT YSIH CEeTOR, Iie UpHHAMIe-
AAIHe NUTEPBATY UATCrPUPOBAULA 1~y <1<, Ofsrano
HelUoIL3IyeTea Tpebonatue, urofel uBajparypnas dopniyna
GsL1a TouwoH Jum Muorowtena creuedw 72, Ilpu  droM BEI-
OmpaeTcA  MHTEPNOAUHOMIBIT  MHOTOWIEH ¢  Y3IaMK
tn, tn~1, ey t“-mo

IIpn TakoM [OCTPOENHMH CXEMH ee HOrPEIIHOCTH  am-
NPOKCHMAI[NN  COBIIA;IACT ¢ IOTPElIHOCTHE  KBAIpaTYpHOI
opuyms. B camoym jeme, uesaska xnia cxemnl (11) pasna

T

m
o U, — i,
Py == Z bl (bn_ps tn—p) — —
h=y

MMonerasian cwga na (9) nopaxenie

tn
Uy — Uy 4 . 1
L L 5 1@, u@adt,
tp—1
noaygaeM POpMYAY 1A MeBAIRM:
m 1n
1
Yn = 2 bhf (t'n—!n un—h) - 5‘ f(t¢ i ([)) dat. (12)
k=y L
3. fBHoic n HesBRbie cxeMbl, Ecan b, =0, 1o cxema (11)
ABNSETCS ABIOIT 11

m
Un == Yn-1 "'“ T 2 bhfn—h- (13)

==

Hpocrefimuy nmpiuMepoM sABHOH cXeMbl AjaMca fABIAETCA
cxeya Jdilepa

yn “yn—-i il Tjn—l Hpﬂ m = 1, bg = 0, b1 = 1. (14-)
Eern monowure 8 (11) m=1, b,=1, b,=0, 10 moayaum
MeABIYIO cxeMy AjlaMca
Un - yn-—[
T

[

= fo, wmm y, — tflt., ¥.) = -t {15

Tlensman cuawater puunaea oanomaropasa (m = 1) cxema

Yn—Un

T = %U (Ear yn) -+ Ftne1, Yn-1)] (16,
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COOTBeTCTBYeT 3HaveHmAM m =1, b,=b, = 1/2 u ameer BTO-
pofi mopanox annpokcumanur; P, = O(t*). laa onpenenenus
Yo maTo pemarh (npy Kamnom n) Heduneiidoe ypaBHeHHE

Un— ovf(tn, Yn) =Fucy, e Fooyssyomy+ a1/t Yn-1)
PaccyoTpEM Telleph ABYXINATOBGIE cxeMpl AjaMca, COOT-

petcTBylOmue M =2, flenaa meyxmaroBaa {(m =2) cXema
IIMeeT BiLL

bpn—Y¥py
T

3 1
= f fu—l - "‘2' fn—*zs

3 i
m=2, by=0, bl=f? b.l:'-'i)"

amn

Ona mveeT BTOPOI NOPSIOR ANNPOKCAMALAN:

3 1 Uy —Up_y
Yn = 3 f(tn—1s Un—y) — 5 [ (b, Un—s) — — = 0 (172)'
Hcenetyem yeToHIHBOCTD COOTBETCTBYIOMEH MO;IeALHOH
CXEeMB

Yn—Yn_y , (3 1
2= = S (7 Yn-y— 3 y-»-ﬁ) = 0. (18)

Iloacrasnnaa cwofa ¥, = ¢, HOJIYINM
3 1
qzh(i—-?}l)q—-gp“—*(], B o= AT. (19)

Tak kak D =1—pu —5} p? > 0 npm a06EX p, To KopHE ¢,

g: NeHCTBUTeNbHL § DA3THYHE. YCTONINBOCTH 03HAUAET, 4TO
lg,l <1 u |g,] < 1. Bocnonbayemes ¢IevIOIEM CBOMCTBOM,
ROTOPOE NPOBEpsieTCsl HeMOCPeNCTBEUHO: KOPHH KBaIpaTHOrO
ypaeienus ¢+ bg+c =10 ¥e mpepocxoAT o MOLYIK €IH-
HHuOY:

lgo .l <1, econ |bl<1+e, c<1. (20)

Jaa ypapnenns (19) umeem b =3u/2 — 1, c = —p/2, n ycio-
pue {3p/2 — 1| <1 — p/2 srinonreno npu p < 4, nan

<1,

7. e. cxeMa (18) yeaoBno yeroirumsa (map T JoMKeR ORITH
B 2 pa’da MeHble NONYCTHMOPO IIara B cXeMe Jitepa).
Hannmews asyxiarosyio (m = 2) uesaBuyo cxemy Axau-
ca. Tpebya, urobrr kBagpaTypuas gopmyna (10) Gbra rounoi
Aaa monunodMos cremenu 0, 1, 2, 1. e. F(2) = [z, ulf)) =
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= {1, ¢, #}, maxomam xovddummentn by = 5/12, b, =8/12,
b, = —1/12. CxemMa mMeeT BUJ

Un— Yno 1
S = 55 (Bfn A 8faq — fua): (1)
HeenegyeM yeTOHYHROCTS 3MO;IBIBHON aagady
Yn — Yn~ A
St 5 5y 8y — Yres) = 0. (22)

Ilomaras y.= g", MONYYEM XapaKTeDHCTATeCKOe ypaBHEHHE
ag® +bg+¢=0, a=1+%r7\,, b= -i%ﬂ,-— 1,

1
cC= —ETK

Venosua (20), npm xotopmx |g. .l <1, npuummanr Bug
bl Sa+te, ¢e<a. Orcopa caexyer, aro cxema (22) yerofi-
yiBa Opn TAh < 6.

4, 3anava Komn muA ypasHeHHsa BToporo HopAfnKa. Pac-
eMoTpaM 3ajaty Houn:

2
S=fu), >0, 1O =u,

du
m (O) = ul.

Han6o:1ee pacHpoCTPAHEHHKIMA ABNAKTCA deTodvl lllTépuepa:

(23)

m
y —2y + Yn—
n+1 1211 -1 _ h;_l bef (th-n, Yn—1),
mz=20, n=+12,..., (24)

- ¥, —~ ¥,
Yo = Upr Y1 = U WIH - =

3mavenue ¥, (unm &,) BLIG@paeTcA Tak, aTo5H TOrpeImHOCTY,
AUIPOKCHMALUA v = — [u(t) —u(0)] — u 0 — ulmfena omn-

pefleTenELIl HOPAAOK, Hanpaumep, v = O(t?), rge p — MOPAROK
annpoxcHMamun cXembl (24). I']anpn\iep, HPH p = 2 HaXOANM

u(r) =10+ (0 + ~T u(0) + 0 (x%),
Vo= UL"i"’;—'u(O)-;!. “}“O(Ta) - "'ff(o) U’(O)) +
0 (% — Evl +u=0 (12)1
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ecIn MOTOWUTH
#,=u+ '/sz(Oy uo): iy =u,+ tid,.
Ecan b-,==0, to cxema (24) — gBuasd, Tak Kak s npa-
BYK) YacTh BXOASIT TONBKO U3BCCTHDBIE 3HAYEIMHI Yn, Yn—iy - - -

veoy Yueme Leam b 70, 10 cxema (24) — HenBHaA w ans
OITPEIIICIIHA Ynyy HAZO PUIUATL YPaBHELHE

yn+1 - b-—if(trH—h yn-;-t) = F(yn, yn-’h ey yn-m, tn).

oia noayueHns pasuocTHON cxemsl (24) BOIYMCTUM HHTEUpAT

tn 4y tn tn+y
5 u'vdt == j uw’v dt+ 5 wedt=
fp—1 th-1 th
{Jl
= (v — w') ’::—1 + (W'v — w') l::f_l - Y uv'dt,  (25)
n—1

rae v(t) — kycouno-myEeduan QyuKuMa
J(t — tpa)T OPM by SEK

2 (E) = . 26
e () l(tn“ — it apH b, KE g (26)
Toerasum (26) 8 (25) u yurenm, uro v” (¢) =0:
fri
w'vdt= ".%"(un—l — 2+ Unai) (27)
Tn—y

Yunowan zatem ypasuenne (23) ua v(f) u yuurnBaa (27),
TOAYIEM TOMRALCTBO

thit
Upn o _2“1x.+“11— 1 ‘
- — = f flt, u(®)vydt. (28)
th—y

lMorperunocts annpoxenvanun  cxemwt (24) ma pememun
u=nult), nan nessaska nuna cxeMsl {(24), oupenenserca gop-
MY O

m
_ Uyoq— 2up -y g
1]:71 = 2 blff (tﬂ—ka uﬂ—-.‘i) - 12 1
h=—1

KOTOpaH B cuay Toskgectsa (28) wmower OblTh gaumcaHa B
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BHIE
m thi1
\lJn = 2 bh.f (tn—h, un—h) - % S f(t, u (t)) v (t) dt. (29)
he=—1 trs

Brona mosyro mepemermyilo s= ({—{,)/t, sanumem uHTEr-
pax B Gomee ymoGHOM Bupje:

Inm 1
-:— 5. F(t)v(t)dt:j F (t, + st) v (s) ds,
tp_1 ~1
— 15 s<0,
F_—"j(t1 u‘(t))! L’(S)= 1—¢ S>O.

Ha (29) Bmamo, uto mepmoe caarasMoe ecTh Knajparyp-
Haf opMyIa raa maTerpama ot Qyskmam F(f) = f(£, u(t)) ¢
secom v(t) =0, TTorpewmmnocTs aONPOKCHMAIAN CXEMBI HOJ-
FIOCTBI0 ONPedeldAeTcA TOTPEIHOCTHI0 KBaapaTypriodl dgopumy-
asl. 1Toerpoenasie Ha OCHOBE 3TOTO METOALI HAIBIBAKWT Tawte
merodamu Abanca — Ilrépmepa.

Camast vpocras @opMyIa NPAMOYTONRHUKA JaeT cXeMy

Unpr — 2¥n -+ Vny
2“ = f([n-s !/'n),
thaq
1 . 1
TAR KAK T v(t)ydt = 1.
fn—1
Jina moTeanroll 3anaun
2
d” d
4;‘ "l‘ Au = 0, t> 0, 1 (0) S 0, i (O) = U,
dt dt
MecM o
Yngq = ¥lin 7T Y ,
n41 gn n—1 -+ ?vy'n =0

7

ToaeTaBIfa cona Y= ¢", gaxoany ° — 21 — 1*A/2)g+ 1=
=0; D<0 npm At*<<4, 1<<2/Vi; mpu otom lg,l =g} m
cyema yeroiiansa upn yemonnm 1< 2/ Yh wan t¥a <2,

5. CucreMm ypapmeHui., MHOTIE Meroje NCepeHOCITEA
Gea m3MemeHHA na sajauy Homm pia cncreMm  ypasHeHHH

du
== flt,w), >0, w@) =u, (30
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e w="(u'(t), ), ..., w(0) — wckonbiit, {= (', f,
oo ) —samaunutii  pexTopnt, Japmmem (30) HokoMuo-
HEUTHO:

=f(tu, t>0, t/O=u, i=12..,N @)

Ilycte ¥, v — nBa pemenna zajagn (30) ¢ PAYAILIBIMA fali-
peiME #(0) = u,, v(0) =v, Jlna Hx pasuocTH 2 =4 — U mO-
JYUYMM CACTEMY JHHeHNbIX ypapHelni

n
d2t ;
T e 3,
il

re @y ~— 3navenie OpPoH3BONioi df/0u’ B HeKoTOpOH cpeji-
weit rouke (¢, ¥y, u;= (0", v*, ..., v, &/+0, 7, o', ..,
L, M) 0o, <1, j=1, 2,..., N). Tlooromy nuneitnoii
MOJleNIbIo CHCTeMBl neauielinmx ypassemmi (30 apasercs
JIIEHHAA cucTeMa

N
d s N
O 2 aie = ' (2) (32)
fn
1, B BexTOpNol dopme,
Lpdu=1), A=ay. (33)

Il yeToHTUBOCTH 9TOTO YPABUEHIST MO HAUANBHBIM JTAaTHLIM
jlocraTo4Ho, 4ToOb MaTpuiia A OplJIa HEeOTPHLATEJBIOH.
B caeaywmiem maparpade Oyayr nafineunr ueobxonmmble I
J0CTATOINEIE YCJIOBHA YCTOMYHBOCTH CXeM I CHCTEM Jlf-
HefiHbIx ypasmenwit (33),

Ha mpakTHke wacto BCTPeUAIOTCHA cucTeMU  ypamHemuil,
KOTOPLIC HASLIBAWTCA KECTKUMH I pellleHue KOTOPBIX 06LIT-
HEIMH MeTO/laMI TpeacTaBafer Goapiune TpynHocT. Ilycto
{’,} — cobcTpennsie yAcaa Mmatpunm A (ecan A — wecn-
MeTPHYNASA, TO M dMoryt Owth  woMmaexenwiMii), Cicremy
ypapreruit (33) wasmiaor aecrroi, ecxn Rod, >0 (=1,
2, ..., N) u ecsin oTmomenue §= m«i‘( Re M/mln Re A» neauo,

Ecan matpmma A cRMMeTpu4na, T0 Bee coﬁcmeﬂﬂme yne-

Ja PeIecTBeHIIH M 7kecTKoCTh cucTembt (33) osuawaer, wro

MaTpra A monoMTeILHA W 9To cHeTeMma (33) muoxo ofye-
JoBIeHR, T. e,

max 2
P

g:v—-—>>1.

min A
R (]
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HecTrEMB, B wacTHOCTH, ABIAIOTCA ypaBHeRHS, HOMIY-
9QI0OINCCA NPH CBe/ICHMN YPABHENHW ¢ WACTHHMHA IIPOHIBO.-
OEIME K cHCTeMe 00bikuoBeHAHX pudifepeHUHaNbHEX ypan-
HeHnit myTeM pasmOCTION amNpOKCHMAUHA ouepaTtopa, Coacp-
MRAleT0 NPOU3BOJANBIe IO CPOCTPALCTBEIbIM IepeMeHnHRM
(nanpumep, onepatopa Jlanjaca D ciyyae ypaBHeuda Temio-
1L POBOJHOCTY).

fIBHble MOTONLI OKAZAMUCh HEUPUTOAULIME AN YMCJleH-
NOFO penlenyd KeCTHWX CHCTéM, TAaK RaK OUH TPHBOJAT K
GONBOIAM OrpaHMTeINAM (14 [Har H3-3a Tpehosanuil ycrouym-
BoctH B ymepb TpeGoBanusiw TouHocTH, llostennM aT1o ma mpn-
Mepe cHCTeMEl IBYX ypaBHeuud

du du e, 0
-a-tl—}—alul =0, —7+au=0 4= (01 0_2), >0,
(34)
a,>0, ¢,>0, a,>a,

Pemenne oroil cucteMsr ecTn BexTop
u (1) = (g (), uy (),
— ' - t
u () =u, (00 ", uy () =1, 0)e

ero KOMnoHenTh yOmBaWOT ¢ poctom ¢, mpuuem |u.(¢)| <
< |u, (£} upn pocTarouno Gomniom &.
Bosbmem ABHYIO CXOMY

i+l n n+1 n
yl _'y1 ' 0 Ju —!/2
ay l =

T T
n=0,1,...,50 =yi(ty), i=12 (35

Cucrema pachafaerTcda na Oea YPABHENHA, KaW(I0e H3 KOTO-
PBIX MOMKHO DENIaTh OTHENBIT0, OTHAKO OHM CBS3A0BI BHIDODPOM
obmero mara . Cxema ycTofiunpa, ecim OINOBPEeMCHTO BEI-
NOINUAKTCA JIBa yeaonwa a,T<s 2 n 2,1 < 2. Taxk wau a, > ay,
10 06a YyCHOBHA BEUIOJNHEND, eciIi T < 2/d,. [lonycTaMonii war
T ompejlesiseTca PaKTMUCCKE Tofl KoMmuonentoi u.(f) peme-
nusi, KoTopasa BGricTpee yOnBaCT,

Jltna pemenusa cucreMs (34) mprroama veABHas cXeMa

nt1 ni) n
¥y "‘!/| n 1 Yo = Yy
+ay =0 —

T
KoTopas yc’roiiquna npu 0dnx T B g, =0, a; = 0.
B mocaenHee BpeMs OOABAICA PAM MOBBIX HCHBHBIX CXCM,
ATTOPATMOB IIA EX N OpPOTpaMM, TPHIOAABX IJIA pellenusg

-+ azy‘? = Oa

n41
gy =0,
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HECTKHX cUCTeM JUHEHHLXx u nexmneiinnix muddepeunnans-
HLIX ypanneuni,

6, O6uue samecuanna. 1. Ilpu suiGope Toro maIm wmuoro
YHCIEHHOTO METOild YYMTRIBAETCSA MHOLO OBCTOSTCHBCTB, Ta-
KHX, Kak o0beMm BBIUMCIeHMH, 1pefyeMulil 00meM omepaTHD-
uoit navarn IVM, mopstior TounOCTY, YETORYHDBOCTHL 110 OT-
OOIIenH® K omnbxaM oRpyraciud u np. Mul paceMarpunanu
BCIOJY MCTOJLI ¢ LIOCTOSULM miaroM T =1, — t,. llepexon k
HePeMELUUOMY [IATY Tayi = lnyy — £n TOCHT (POPMANLEBIA Xa-
paKTep 1 1A OJNOMIAIOBLIX CXCM ¢ TIPHBOAT K KaKAM-JH-
60 HOBBHIM OPHITUOMAILILM BonpocaM. Jlist MIOromiaroBhix
(m = 2) cxem GopMyaHt MelsIOTC.

B ofmeM cityaae penreHue MOMKET GBITH CHABHO MEHSIIO-
meiicst nemoyoTounol @yanuueil. EcrccTeenHo moJb3oBaTh-
Cs Hepa]illo;\lﬁpl—l()ﬁ CHTKOﬁ n yMCllhlUﬂTh mar (Cry]llaTb ceT-
Ky) B ofmacthn Owicrporo maMmeuenus (pyHrumu ult), urofsl
obecreunTn Gomee Tounoe npubikeune ull) ceroTHbLIM pe-
menxem. Ojnaxko sapance HaM HEH3BCCTIO [TOBEJeHHE pelle-
mug u = ult), TosroMmy ma mpaxruke HOCTYHAIOT TaxK: HpoBo-
OAT cHadaJia pacyer I1a PABHOMEpHOH CeTke; eclIM BHJHO,

aro pelienue u =u{t) cHILHO MEHSETCS 1A LEKOTOPOM WHH-

teppae fy < i< 1* 10 cetka crymaerca mna [iy, i*] m
HPOBOIATCS pPClieHHe 38JaYH Ha Takoll HepaBmoMepHOH cet-
ke, Doofme peKOMeH;[YyeTCA HPOBOAHMTL pacYeThl na HeCKOIIb-
HKEX CI'YNIAPIIHXCST CeTKAX. Kcjam HpH CrymeHHH CeTKH pe-
MICHHEE MAaJ0 MEIIeTed, TO HY/KHad TOYHOCTH TOCTHIHYTA.
JLIst 1oesimenuA nopAgKka TOYHOCTH LUPUMEHEM MerTon PyH-
re, UCUONLAYIONMEA pacdeThl Ma pPadublx cetTkax (ecam peme-
Hue &= ulf) obmajaer MOCTATOYHOH MIaTKocTBK). B Xoje
pacdeTa MOMET OKA3ATLCA NMeofXOMMLIM HCHONL3OBATH CXe-
MBI Pa3noro MOPAdKa TOUHOCTH B PaslBIX 00IACTAX HaMeHe-
HUA APTYMETa.

2. Yacro npuxonmTeA pelnars ypasHeHHs! ¢ CEABHO Me-
oI UM e koM QHIeNTaMH, HATPAMED,

du

S=atu, t>0 v0)=u, (36)
Taxoe ypapHeHHe BCTDeHaeTCA OPH ONMCAHMY 3afaT XHMHU-

wecnofl Kametnru. Ero pemernuem asaserca $yHxmus

t
u(t) = u,exp ‘ o () dsj.
0

Eeau oft) =0, To MonHo 0MB30BATBCA CXeMoi JHaepa mpH
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awbov T
Yogs = UYn T Ty = (1 + 1002 Yn. (37)

Eemn swe alt) <0, To momer okasaTees, aro 1+ 10n <0
TPH HEKOTOPOM 7 =7y H yn+1<<0, T. e. pemenme Tepser
CMBICJI. B dToM ciygas MOKHO HONB30BATRCH HEABHOH cXeMOil

yn+1 = yn + 1auyn+h
Your = Yo/ (1 —10,), 1 — 100, > 1, (38)

KoTopasg ycTo#umna mpu mobix 1. Ecam «lf) smenmer smax
TIPH HEKOTOPHIX 3HAYeHHHX I, To B Tex yamax, rpe alf) >0,
Haj0 HCHOJL30BATL HBHYI CXeMy (37) a B yaiax, rie a(t)<
< 0, — uenBuyl cxemy (38).

Meroner AnaMea ABAAIOTCA MeHee TPYNOEMKHMHM 10 CPaB-
HeHuIo ¢ Meromamu Pynre — Kyrra, Henocratkom wmetojgos
AnmaMca #sBJIseTCA HECTAHTAPTHOS HAYAJ0 BLITHCICHHN; JIA
OTIPENeNeHta Y, Y2. -+ oy Ym—t OOBIIHO HCIOIL3YCTCH METOJ
Pyure — Ryrra. Jlas jeyxmaropeix (m Tem Oojdee MUOCLOIIA-
roBBIX) cXeM AjaMca H3MeHeRHe miara T TpeOyeT YCHIOiKHe-
ung QOpMyn, B OTId%He OoT Mertofa Pyure — Kyrra. Ha npax-
THKE HCIOIL3YeTcA KoMOWHauusa meTo:os PyHre — Ryrra n
Ajamca ¢ nporpastmoll aBTOMaTMd9ecKoro BBIGOpa mara AJd
OO.YIeHMA 3afaHHOH TOYHOCTH.

§ 3. AnnpoxcaManua safnaud Koum
I cHCTeMbl IHHCHHEIX 00LKHOBCHHBIX
mudPpepennmaIbHbIX YPABHCHHN HEPBOTO MOPATKA

f. 3agaua Komm. B orom naparpade mer GymeM uzydaTs
JAMHefHBIE PasHOCTHLIe ¢XeMbl (OANONIArOBBle KA JBYXCIOM-
HBle), KOTOpPLIe NOABIAIOTCA fpM aTOpokcumanuu zaga4wn Ho-
IIE T CHCTeMbI STHHeHHEIX 00BIKHOBeHTBIX Auddepenmuann-
HHIX YDAaBHEHHH [EPBOr0 HOPARKA, 4 TAaK/Ke OPH ANNPOKCH-
Manui OHEO@EPCEIUANBHbBIX YPABHCHUH ¢ TaCTULIMM I1IPOI3-
BORHEIMH (MeT0]] DpAMEIX).

Pacemorpum samaty Homm

s N
'dTIuT —l_ Eaijuj: fi (£)7 t>0, U»i (O) =] u;‘,, i: 1*2,_..1_,'7V_
=1
(1

O6o3nagan uwepes A = {a;) wBagpatuyio MaTpuiy pasMepa
N XN c saemeiuTamu aq, ile 3aBUCAINME oT f, Jepe3 u(t) =
== (u'(t), u*(f), ..., u"(f)) — ucwomeiii, a uepes f{{) = (f'(1),
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£, ..., (1)) — sagamEBA BeKTOpPH pasMepuocts N, 3&-
IHIIeM CHCTeMYy B BHJE

du
SAHAu=1@1), 20, u)=u, (2)

CoxpanuM T0 e olospauenne A H [AA COOTBETCTBYILEro
omeparopa, fAeiicTBylomero B upoctpauctse HY pasmepunocra
N(A: HY — H")., B npocrpauctee I/¥ ppeneM cralgpHOe
npouasenenne {u, v) n nopmy lull = ¥V(u, w). Bynem npeano-
narark, 9T0 onepatop A HONOMKUTEIeH:

A>0, wm (Az, ) >0 pun seex z€ Y, =+ 0.

3anava Komm {1) mpu ycronnn (2) uMeeT exmmcTBeHHOE
peiuenne. B camoyM pnese, DycTh CYLICCTBYRT JiBa peUIeHHNA

7(t) m () sapaum (2). Torna MX PasHOCTS yHOBIETBOPAET
OMHODOXHBIM YCIOBHM

3—:+Az=0, t>0, 2(0)=0, z(t)=wu(f)—

=1

0. O
dz
Yuuokaa (3) craiapHO na z H YYATHIBAA, 4TO (z, ﬁ):,
1 4
=35 (2, 2), no.rxyqae.u

2312 P+ (45,2 =0,

-

la@ P+ [ Az @), 2 de =z OF.

0
Tak kar A >0, z(0) = 0, 10 orcoxa caemyer, 9710

lz()12 =0, z(6) =0, @lt)=ult).

OrseTum onHO BalKHOe cBOHCTBO pentemus 3sajadnm (2)
opn [(¢) =0

e @] <e ™ Ju(O), ecn A= 4%=0, (4)

rae A — HaEMeublilee COGCTBEHHOE 3HauellMe OmepaTopa A:
AL =MEn k=12, ., N, 0<M <A <., . < Ay

Jlan nokasareascrBa (4) 6yaem mexaTs pemrenne u(t) aagadu

(2) B pupe

N

N
U (t) = h§1 Ay, (t) Eha ” u (t) jll2 = 2 alzl (t)'
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ITocne noncTamoBkM 9Toro BHpakKeHus B ypapnexue (2) ¢

7(8) = 0 maitnes
N
dao,
gl (T: + lW'h) g, =0,

dak —hyt
A, CIe0BATEILIO, —; T haw = 0, an(t)=an@e ™,
TaK 4TO
N N
A\ —2h,¢ =2t~ At
wf= Bak@e “<e " Foai@)=e " [uOPF
=1 h=]

2. PaznoctHnie cxembl. BpefleM ceTKy ¢ maroM T mo me-
peMeHnoMy ¢ o, ={t,=nt, n=0, 1, 2.} u oBoanavmm
uepesd Y, = y(i,) CeTOUHyI0 (QYUKUNIO apryMeHTa b, = nt
{mmm n) co suaucnnamu B H", Hlaunmem ABEYO cxemy

v — ¥
T b A =1a =042, ..., y=ug &)

TAK 49TO Ynyy HaAXoOUTCA 0O ABHOI (I]opmyrle
Y4t = Yn — T(Ayﬂ - jn), n= 0» 11 21 cony Yo = U (5’)

Pemrenne y, sapa3n (5) saBucdr He TOAbKO 0T T, uo & otV
aaa ot napaverpa i = 1/N: y.=Yn « n. QaxkTUdecKky M
paccMarpHBaeM He oiny 3aaauy (3), a COBOKYMHOCThH 3ajla4
{5 »} N5 BCeBO3MOKHBIX T X A. ITO U ecTh Pa3nocTHaA cXe-
Ma. Ee pememmem sapnnertca cemeiictso Qysruuil {y..n).
Yro6hl He YeRORHATL 3a1H1Ch, MBI fiyaeM B TeX ciydvasAx, Kor-
Ja 9TO HG BhI3LIBAET NHejlopasymenuii, HHEIeKCH T Uk ouyc-
kath. Cxema (5) sasasetca odHowazogol (wnm deyzcaolinoil)
DPA3HOCTHOL cxemoli.

Booduie noa deyrc.aolrnoi cxeMoll IOHUMAIOT ypaBHeHUe,
cBA3BIBANONIEE 3HAYeHHmA BekTopa Yy(f) ;A AByX sHadeHmi
apryMenta { =1t, m t==t.,, (215 ABYX caces):

Byn{-i:Cyn-'- Fn. n=0‘ i,...,
rie B, ¢ — wsagpatupie matpunw N X N (a1upefinnie omepa-
topu B, C: HY = HY), y., F'n — Bexropsr paasepnocrn N.

JTo ypasHeHMe MOXHO Bcerja Oepenncats B CJIeIyRlieM
KaHOHUIECHOM BHIE!

v _yn
B_nﬁT—'JFAyn:(Pﬂ; n=0,1,2...;, yo=1uy (6
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Jlas1 ONpeHeNe HA Yy, HAMO PElIHTH ypaBHeHHe
BYni =0, ©, =By, — 1(Ay. — ¢,).

Bysem Bciofy mpeirnonaraTs cyliecToobaHiie ofpaTHoro ome-
patopa B,

Fean B = E — eqnEUuNHNE 00epaTop, T0 MH nodydaeMm
asuyro cxemy (5). B caywae B+ E cxemy (6) massmaror me-
26r0id, HacTo BCTPEYAKTCH CXEMBI

Ypiy —

¥
- %+ Aynir = @n (uucro nemguaa cxema), (7)

Yni1— ¥n

1
= +5 A(yn + Ynt1) =@n (cummerpuunas cxena).

(8)

Onu ABNAITCH YACTHHIME cayuaamu (npua=1na=1{/2)
CTeMbl ¢ 8eCaMU

¥niy—Hn
P+ Ay + (L =0y =, n=0,1,...,
)

KOTOPYIO MO:KIO 3alHcarh B KaHoHN'leckoM Bune (6) c
B =FE+ 014, (10)

ecin yuecTh, 9YTO OYp:s T (1 =0y =y, + at{§nsy — ya)/1.

3. HorpemHocrs anipokcumanuy. Ilyctn u = u{f) — permre-
ume sagaun (2), y, = y(f,) — petenne sagaun (6); moacras-
aga B (6) p,=u,t 3, A TOCPENUIOCTH Z, = Y, — Ug,
u, = ult.), nonyuac™m

B Znia 2y Az q. n==0,1.2 z, = 0 ('11)
< + AZy = Yp, TV Ly &y ey “0 !
rae

u,_ . u
‘Pn:(Pn—Aun—B—LlT;—‘f“ (12)
ecTh HeBABKA, WAM NOrPellHoCTh ANUPOKCHMANAN A CXeMHl
(6) ua penrennm u = ult) ucxognoit 3agaun (2).

Tyers huly,, ol 2 — sexoropnte HopMut B HY=If,. CxeMa
{(6) cxomurea, ecin Nz ll,, - 0 npr v — 0 maa peex n==12,...
Cxema (6) uwMeer m-ii nopadok TouHOCTU, WIAM CXOIUTCA CO
cxopocTeio O{1™), ecny

Nzl =00™), . e. Hz,lly, < Mt™, {13)

rge M = const He 33BHCHT OT T.
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Hanomuum, uto cxema (6) mmeer m-ii nopadox annpo-
KcumMayuu na petmenMn ypasuenua (1), ecam ;g ueBsakm P,
BRITIOJHeTCS OleHKa

gall oy = O(z™), (14)
Boiacanm yeaopra annporcuManuu cxems (6) ¢ m=1, 2,
[Mpeyitonarasa, 910 = ul(f) umMeeT uywKNoe 1o XOMY H3A0MKE-

NHUA THCIO HPOHA3IBOIBLX, HAXOAUM

. 2 ..
umn(u +%u+—§-u\, +0(z%),

nl-1/2
- ( Ju w o dt ]
tn =g wn={gr )
2 .
- ( -Z_ tT u\mm-{_ 0,
%( Upty — Up) = l.‘nnfz + 0 (1%,
= (Au + B'u‘,ﬁ_”2 Aun+1/2 4- 0 (%) =

= @n — fnt12 + (f — Au —~ i‘)nﬂlg =+
+(E—B +-’2cr—*4)£’m+112+0('52) =
= Qn — fntra +(E — B+ %A) ;['n-l-l/:! -+ O(1h).

Orcrona BuHO, TT0 yoaosue (14) Gymer Bmmoameno, ecun
|| Pn— Int1s2 "(2) = 0 (1™),

E—-B+—A 2l =0, m=1,2
(2}

(15)

B uacruocTH, I ABHOH cxeMbl (B cayuae B = L) umeeMm
T ‘i
“T Au,l] = 0 (1),

1 [ ¢nlizy = O (v) mpn [ @n— fnsye| == O (1), Ranprmep, npn

Pa = [n.
Tlua cerviellpwmon cxempt (0=1/2) B=E + 14/2, ec-

a8 g, — fapspll i3 =0(13), 10 Il = 0(1%), HOCKOABKY
E — B + tA/2)ull 4, = 0; TIPH 3TOM MOKHO B3sATh, HATIPUMED,
an == fn+ 1/2¢
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Czrema ¢ onepexenuerm (0=1) umeer 1-ii mopsmor am-
npoxcuMauun, Tak Kak {E — B+ tA/2Nih,, = tlldull,/2 =
= 0(1).

4. YeroiiunBoeTb a1 cxoaumocers, Hax ormesaigocr DHIINE,
cxema (6) yeroiuusa (Do HagaNbHBIM NAEHBIM H IO DpPAaBOM
9acTH), 6c/IH €e peluenne NCHPepPLIBIO 3aBHCHT 0T BXO/UEIX
NAHHHX (OT Y, A OT ¢,), IPHYEM ITa 3ABHCEMOCTH HeIpephIB-
Ha 10 T # N, wam no k. JlaA oueHku pemendas 3agavi
nonnayeMmcs nopmott lully,, a mra oumenkm mpapoit wacTm —
nopmoit vl ;). Bocmoanayemes Golee cTporum olIpejieseHHeM
YCTOHIMBOCTH.

Cxema (6) Gyner ycroiiuueod, ecam gad JAIOOBIX Yo,
¢ CYymecTByIOT Takue nocrognuusie M, >0 g M, > 0, ne za-
BHCAINNE HA OT T, M1 OT N, Yo, @u, 9T0 MIA pEUICHHA 3a/a-
7 (6) BEINOAHAETCA HEPABEHCTBO

Hyn oo <M Lyo ko -+ M, max | gal. (16)
0<k<n

Ecan cxema (6) ycroiivnsa n ofi1anaer ammpokcmmaiyiei
bgall sy =~ O mpu v — 0, T0 oma cxommrea:

lyn—uxlyy >0 apy v—0, n=1, 2, ... (17)
(N3 annpokcHManuu ® YCTOHINBOCTH CJIOAYeT CXOAHMOCTD
cxemot). B camom gene, ecan cxema (6) ycroitamea, To mas

pemleHnA 2z, = y, — u, 3amagn (11), cornacuo (16), seinou-
nAeTCA OHelKa

2 ey << M, max | gufo) (18)
p€h<n -

Orciona u caegyer, uto Nz,ily, = 0, ecan lyp.l,, — 0 apu
T+ 0.

Mayveune cxoaUMOCTU 0 (OPAAKA TOTHOCTH CBONHTCH K
A3YMEHUI0 MOrPEINTIOCTH ALLPOKCHMAINYU U  YCTOHYHBOCTI
pasnocrnoii cxemn (6).

§ 4. YeroliunmBocTs gByxcoinod cxembt

{. Ycroliunrocrs 00 nauaidbupiM mAaHHBIM, DyaeM pac-
CMaTpUBATH JBYXCJOHHYIO cXeMy B KanomHuYecKod topme

Yny1 — Vn 1
B =" Ay =q, n=01,...,
3a7AHO HauadbHOe sHaueHwe y, = f, (1)

rie A, B: fl ~H {(H=H"Y), Pewenue 3amaun (1) mom-
HO OpejcTaBuTh B BHAe cymmul y = y''' 4+ y'* pemennii nByx
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3amaw
Y 1 ¥
BJ"“;'“L"!'Ayn:Oy n=0,1,..., Yo=1 (2

B Ynt1— ¥n
T

FApn=¢n n=01,..., y=0, ()

(y*"! — pemenme zapaun (2), y¥ — pemenue sapadn (3)).
Cxema (1) ycrofiumpa no HaYalbILIM JAHHHIM, CIH AAS
peurenna zafauu (2) pepHa OmeHKa

Nyallyy < Myl (4)
Cxema {1) ycrofiumpa mo npasoil gacTm, ecam Jis pemenys
safadn (3) Bepua omeHEa

fyn o << My max { g o) ()
0<h<n

3mecs M,, M, ue 3asucar or N, 1, n.
Mm Bynem noss3oBathea Gonee DPOCTHIM YCAOBHEM YCTOM-
YHBOCTH M0 HAYAJLEBLIM AAHHBIM:

lyall iy << Wyacilliy, ooy Hyllyy <yl (M =1 (6)

a TaKiKe YCJOBHEM p-yCTOUYHBOCTHS
gl < pllga-d, < oo prilply,, p>0. (7

Quesuquo, 9T0 CXEMa yeroifumea B cMEICAe onmpefelenns (4),
ecau p == €Y%, rae ¢, = const me aanucur ot n, T, N. B arom
ciydae 'p"‘ = ec"t“\{ec”T =M upn 0, <7, ¢,>0 mau
pr<1 opu ¢, < 0.

B opocrpamctse X BRemeM cKaaapuoe npomasefenme (,)
u nopmy lzl =7¥(z, z}. Myers D = D* > 0 — camoconpa-
JREIHBIH  1IOJOMRMTe]bHEBI onepaTop. B KasectBe HODMBL
Hiyll,,, BHIGepeM dHEPreTHISCKYID HODMY

Iy, =yl = V(Dy, p- (8)

B uactaocrd, D=A, D=E uiu D=B (npu B=B*>0),
Uz (2) crenyer, 910
Yns1 = 8y,, S=E — tB~'4, (9)
riie S — ouepaTop nepexona co clAof Ha caoil.
CxeMa (2) ycroiftumsa 8 H,, eci clpaBeqiIuBa OLHCRKA
”yn+1“D é- ”yn”D- (10)

Hs ouenkm fy,, Iy =08yt <USI My,  cnesyer, aro
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nepasenctBo {10) sEsupameuTHO YCIOBHIO

ISy << 1. a1

9710 ycaoBue, B CBOK ouepeb, dKBHBAJEUTHO YCIOBHIO
2 2 v v
Jp=ylp —|Sylp = (Dy, ) — (DSy,Sy) =0
maarcex ye H. (12)

TaxaM ofpasom, (10), (11) r (12} oxeumageuTus, T. €. BH-
noxucnue moforo U3 NHEX Biever aa cooil BEINONNEUHEe ABYX
MPYIIX.

2, Heofxopumoe M J0CTATOYIIOE YCJHOBHC YCTOHUHBOCTH,
OcaoBHuA Teopema.

Tecopema 1. Ecau A= A* — canoconpsimennviti noio-
auTeALHVIL Oneparop u cywecréyer oneparop B!, to dan
yerotinugsoctu cxemwr (2) ¢ H.a:

"yn-“HA = ”yn”A (13)
Heobz00usMo u GocTarouno, wrobul GLINOAHALOCH HEPABEHCTEO

(By, y) — -%— (Ay, ) >0 dan ecez y= H, uau B> % A.
(14)

Horaazarenncrtro [ocrarouuno ylegutses B 9RBU-
pagedtHocTd (14) v nepamenctsa J, =0, vze
Ja= {4y, y) — (ASy, Sy) =
= (4y, y) —(Ay —tAB Ay, y— 1B~'4y) =
= 2t(AB Ay, y) — v {AB'4dy, B~*Ay).
O6osnauns B4y =z, Ay = Bz, nonyaum

Ja=21 ((Bx, x) — —} (dz, x)) =0 puasnBeex z= H,
(15)

T. e. mepapewcrsa (14), (1D) u, cmenmosarcmbuo, (13), (14)
BKBMBAIenTubl. JT0 3unaunt, uyto nd (14) caenyer {11), (12)
mpu D=4 u (13) (ycaosue (14) mocratouno pung ycroiidi-
poctH). Eean ske cxema yeToifuusa, T. e. pumoiddeHo (13) uwmm
ISy <1, To J4 =0 m, cnemopateasuo, 8= 1A/2 (HeoSxonm-
MocTh yenoBns (14)).

3aMegauue. Yeaonne (14) MoEHO DOACHHTD HA HpH-
Mepe PadHOCTHOI CXeMbl

I

bt ey =0, n=0,1,2..., ¢>0, b>0
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¢ THCIOBBIMH Koadduiuentamu g, b. JTa cXeMa COOTROTCT-
ByeT samadve Hommn

bu'() +ault) =0, t>0, ul0)=u,.

M3 dopMynnt ya,, = {1 —1a/b)y. sunvo, uTo cxeMa ycTolvn-
Ba, T. ¢ |yodl Sy <. <y, ecim |1 —1a/bl <14,
—A=<i—1a/b<1, 1. ¢. b= 10/2, Ananorns ¢ omepaTopiEM
nepaseHCTBOM B = 1A/2 ouenwujina.

3. Ilpumepwt npumeneHus ocwopHeii Teopemm, IIpu-
Mep 1. flpwag cxema: B=E, A =A% > (0. U2 nepaseucraa
Komu — Byusaxoncroro (Az, z) < lAzlllzll < 1AHNZI® enejy-
er A < IALE, ann
1

E= 1y

A. (16)
PacemorpuM temepy pasuoets B~ -:1—- T4A=E — % 14>

1 1 1 T
= I 4] A“—«—z 1A == (____."A” _—Q-)A. Tax rag A >0, 10

yeaopue 17 — - 14 22 0 Gy;ier pelnoaueno npn .ll%ll— ———;;—2
=20, 1. e. mpn
1= 2/11Al. 17

D10 HeoOXOJUMOC M LOCTATOYHOE YCJOBHC YCTOUYHBOCTH AB-
woit exemsl B I Uyl <l lla).
lipumep 2. Cxema (9) ua § 3 ¢ secamu, A=A*%>0,

Has nee B=E+ 014 n Bm?TrAzE—}— (cr——-%—)ui;

> (T:‘_l- 4+ (o — i,) r) A>=0, ceuu

P4

1[0 — + a0, (18)

Orciona BHANO, 9TO cXeMa ¢ Becamn ycrowamsa B /1, npu
ao6mx 1> 0 (6eayenosuo ycroiyusa), ecam o = 1/2, mye-
nosro yeroiwuna mpn T < 1/[{1/2 —o)llAl], ecnu o < 1/2.

Mprmep 3. Veroiunsocts 8 H (upn D= £) cxemu ¢
pecamn (9) n3 § 3:

!

(B +owd) D00 gy 0, n=0,1,2...,

19
B = E + otd. 9

IIpumensn omeparop A~' K oGenv gTactaM ypasHenus (19),
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nonysaem

% Yy — ¥ >
B-—"—“—T——“--{-Ayn:O, n=901,2,...,

~ ~ 20
B=A""+otE, A=E. (20)

- bt ]
Jta cxeMa ycroifyua B cuay teopessr 1 B My =17 (4" =

=Z:E>0) apa B— -—.l—*zZ:A“-]-(o-—%) £ >

p (T«%T 4+ (0 — -i—) 1:) £2>0, 1. e. opu punonrennn (18)

1
(mpm sToM MH y%am ouenry A1 ,Em I, wotopaa cie-

ayer ua (16)). Tarum obpasoy, ma (18) caeayer, 4ro 1A
(19) Bepua ouenka (10) mpu D= A, 1. c.

<< Hgol, (21)
Cxemy {19) mommo zamncars, 8 Bafe
Yoy = Syn, S=(E+ot4)"VE -1 - 0a)14),
A=A4*>0. (22)

IloatoMy nust wee npu ycexopnu {18) sepna ouenra (21), 4ro
03HavaeT

I(E -+ 014)=1 (E — (1 — o) t4) | < 1,
com 14 (0~ 4)c1A1>0 29

JdTa olleERa MoHAaJoGHTCA B AanbHelineM,

4. Yeroitunnocts & Hp.

Teopema 2. Ecau A=A4A%>0, B=B*>(, ro daa
yerodvueocru cxemer (2) @ Hy:

By alls << Nyally (24)

neobrodumo u docrarouro, 4robbl BLLNOARAROCH ycaoeue (14),
MoxaszarenrcTso. Cxemy (2) samuuem  Buge (9) &
mOKakeM, YTO YCIIOBHO

187y < 1 (25)

sksmpanentHo mepaseHcTBy (14), 1. e. ma (14) cuepyer (25)
g, obparmo, u3 (25) caegyer (14).
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Nlycts y — mpownssoasnbiii sexTop ua fI; mpejcrasuM ero

B BHMe
N

1
y = 2| ahghr
h=|
rpe {%} — coferpennnie bexTOpLl 3ajayis:
Agh = MB&, Ay > 01

1, k=m, km=12...,N. (26)
g == ==
{Bgfn ‘am) ka [0, J £ m,

Yanteisag, uto SE =&, — 1B7'4E, =1 — AL, BSE =
= (1 — T\, BE,, maitgem

N
(ByT y) = kzl az) (Ay, y) 24 A'kafu
= h==1
N (27)
(BiSy, Sy) = 2 ot (1 — ) IS Z ai = | S| By, 9),

rae

1813 = max (1 — Tha)2. (28)
l kg N
[TepaBenicTso (25) 9KBHBAIEHTHO YCIOBHIO
<2, k=12 .., N, (29)
KOTOpPOE, B CBOI OYepcAb, DKBHBAJEHTHO Hepapeuctny (14),
TaK Kak
TA
(By, 1 J)—— Ay, y) = Zak(l—m‘i)

h=i

Ten cambiM okBABatenTHocT (24) m (14) nowasana.

5. p-ycroHumBOCTH.

Teopema 3. Ecau A=A%>0, B=B*>0, 70 neof-
zodumblm U DOCTATOUHBIM YCAOBUEM P-YCTOUUUBOCTU CIEMBL
(2) ¢ awbun p>0:

Myl <plylll,, D=4, B, (30)

ABARIOTCA ONEPATOPHDIE HEPAEENCTBA
t—op 1+p
P pA< 2B (31)
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Noxasateanceno. Hepanenctoa (31) prsunazentim
yemosusam (M. rin 1, § 4, o, 4):

S L L L R

rae Ay — cobcTrennue umeaa sagauic (26),
Jomyerum, wro D=5 u sepam (31) wm
(32). U3 (32) cmepyer —p<thi—1<p, [1—1h,)<p, u
o
cany (27) IS0, <p (rax waw |S8|p — mammewnwan nmocro-
AHHASA, sl KOTopoil Bepuo HepaBeHcTBo (BSy, Sy) <
< M{(By, y)), 1. ¢ ecrpasenanpa omenxa (30) (mocraTou-
rocth). Ecam sepua ouenka (30), to |1 — il < p 1, cremo-
pateasno, seimoancunt (32) u (31) (neoGxomumocTs).
AHajoruuno JoRa3EBaeTCs Teopema m mpu D = A, ecan
yuecrh, 4TO

N
(ASy, Sy) = 3 aida (1 — Th)® << max (1 —1h)? (4y, y).
A1

1<h<N

W3 (30) caenyer
ily,‘llp = p"”yG”D,

Boaparaer Boupoc, npH KakEX YCAOBHAX HMeeT MECTO
aupuopruas omesra (30) ¢ p<<1? OrseT ma nero jaer cue-
OYIOUWas TeopeMa.

Teopema 4 Hycry euinoanenst yeaosus

A=A4%¥>0, B=B*>(0, 1 B<A<.B, 1.>0 (33)
Toeda Han pewenusn sadavu (2) eepua oyenra

lyasdlo <pliyan, p=1—1y, D=4, B, (34)

ecau
2

’l’ ‘\’ ‘

Jlna moxasatenbcTna HAjo BBMYMCANTH HopMmy  |[S [ =
=|S]s = max [1—hy| mpa yeaowu, 4To Y << Ax < Y,
<khx

T T, T (30)

0<y =0 < 22 .. < Ay =¥, PaccmoTpaM passocts

G = (1 — TA)E — (1 — Th4)% = 2T (hy— Ay) (1 — 0t xl))

Orciona BumuO, 970 ¢ == 0 upn 1 — —:— Ay +2) =1 — ;

X (e + 7)1 — 2y £y =0, e max[1—hy|—

1<h €N
=1 — 1y, ecanm t< T, Teopema mowasaHa.
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6. ¥Ycrofivasocrs no npasoit wactd. Merog sHeprermue-
CKHX HepaBeHCTB, PPaccmoTpum szajady (3) E mepenmimem ce
B BH[e
yn+l=Syu -+ TB«i(Pu, n=[)) 11 ey

S=E—1B4, y,=0. (36)
BociionbayeMes HepaBeHCTBOM TPeYrodbHKKA
gyl <USy M, + 1B, < ISl Myl + tiB-"g,ll,. (37}

Ecnu seimonuens! ycaosus teopeMsl 2, 1o B=B*>(0, D=
=B w ISl,=ISl,<1 mpm B> A4, [B¢als=

= (B (B ¢n)s B '¢n) = (B ¢n, @)= @n [,‘ZB—I, u u3 (37)
caeayer

lgnel < ynln + Tlgnlg-1.

Cymmupyn mo n=20, 1, 2... n yuutsisast, 910 ¥, =0, 1moxy-
iy
n—1

lysta < X vl ol )

dTa anpuopHAA OLEHKA BBIPAMACT YCTOMYABOCTL cxemnl (1)
0 1paBoi 4&CTH OpH TOM #e ycronuu (14).

MosHo HoNyInTh B Apyrue OUMCHKH. [JiA 3TOrO BOCIOIb-
ayeMmes BechMa OGIIMM METOZOM SHEPreTHYeCKHX HEDABCHCTB.

i ) T Ype1 — Y,
Honcrasum yn =5 ¥n + ¥nt1) —5 ——— B (1):

Ypey — ¥ 1
(B_.%-A)n—i:»——n—FTA(ynﬂ‘i‘yN) == G-

VMHOKEM 3T0 ypaBuenn¢ cKalxapHo HA 2{y.,, —y,) # yu-
TeM, 9TO (A(yn.u + !/n), Youg1— !/n) = (A Un+ty I/u+1) +
+ (Ayn, yﬂ+l) + (AynrMs yn) - (Ayny yn) = (Ayn+17 yn+t) -
— (AYn, Ya), TaR RAR (AYny Yor1) = (AYnyi, ya) B coxy caMo-
conpamenHocTn A. B pesynbrate 10XyqmM «3HepreTHuecKoe
TOMRIECTBOY

2o((B— 5 4) otz s I L Ay ) =

== (AYn, Yo) + 2(Pn, Ynt1 — yn)-  (39)
Orcioga BujiHO, 9To OpH ¢, =0 1 B > %— A4 pepna omenka
(13).
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Ynt1
IIpeoGpasyeM 2 (¢n, Yni1 — ¥n) = 21 (%, “——1) Hns
OTOF0 BOCHMIB3YyeMCA IIePaBGUCTBOM'

|ab|=(1/§§a)( b) aa“—l—-é-bz,
roe a, b, € > 0 — miobue gucaa. B mamewm caywae

¥
2 @ns Y — ) < 20] | L2018 |

yn+1
TN ST
Iopgerapnas oTy omeuky B TOMIECTBO (39), HOLYIAM

4 —Hn Ynp1—V¥n 2
2 ((B—ep —Fa) i Tin i) e

T T

Slynla+ 55 lonl  (40)

< 2ve

Ecan sunmonueno HepasemcTno
BzeE+ A, >0, (41)
1o 13 (40) caenyer (¢ samenoil n ma k)

T o <Twnla + 5 hen

Cymuupyn no k=0, 1, 2, -1, no*xyuaeu OLIEHKY

lgnts <lwola + = Er D [Py (42)

h=p

KOTODAf BHIPARAET yeroituuBocTh cxemul (1) no npasnoit ua-
CTIO M HO HAUAILIHM NAHHHIM B /4.

IIpamep. Cxema ¢ pecamn (1): B=FE +o14. [Ina mee
ycnosue (41) osnauaer, 4to

(1—e) E (cr ~ -}) 1A4>0.

B qacrnoctn, onenxa (42) BepHa MpPR € = lao=1/2.
7. Acumnroreacckan ycroliwwsocrs. [Ina asagaqn I{omm

St Au=0, t>0, u(0)=u,
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8 § 3, m. 1 Guina moayuena oneHka
lu 1< e ™ u O,
Tae Ay == mm A (4).

ITaHne\f YCIOBIIA, IPI KOTOPHIX AHAIOrIUHASL OLEHKA HMC-
eT MecTo Wi exeMul (2). BocmonssyeMes Teopesoir 4. ITycere
BRIDO:IHEHH! ycaoBHA (33), Toraa B emay (34), (35)

[nla <o™|ypls, p=1—1p 7T, =~ l+v (43)

Otcio1a cIegyeT ONEHKA, BHPA/RAONAA CBOICTBO ACHMITO-
THYeCHOH YCTOUIHBOCTI

" —Vit
".U-n 1<<e v ” Yolla

(mpu arom yuteno, uro P = 1 — 1y, <e
PaceMoTpum cxeMy ¢ NecaMH H TIPEITNONOHRHM, ITO

SES<A<AE, §=21>0, A=x:>0. (43)

_‘[v‘) .

Beraneaay vo i Y., Yuntbisasa (43), nveem

B=E 1 otd 2(% + o'r) A=

"2

n< [% or) A—L o4 (46)
7,

B3

Jaa asugoil cxeMmut 7, =48, 7. =3\ yciosue acuMuioInYe-
CKOM yCTOHMIBOCTI

-

T 2/(6+ A) (47)

fammsiko K ycionmio odmwioil  ycroitunwoctu ¢ p==1. llpo

070 yenonme t<2/(y,+1y.) nmpuBoROr K HEPARBEHCTRY

24206 — 1/2)1(8 + A) — 20(1 —6)T°0A = 0.
Ipu =1 owo Bmnouneno anA :oloro T, T. €. YNETO He-

sIBHAf cxeMa ¢ 0 =1 GeaycIoBno ACUMOTOTIMCECKY yeToildn-
Ba, CIIMMOTPH‘HI&}I cxeMa

Yager — Yn

1 ,
T + % 4 Uns1 + Yn) = 0, o= 5 (48)

ACHMIITOTHYECRII FCTOIYIBA 1P yCJOBIL
T T, T¥=2/76A (49)
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i Geaycinopuo yerofidnsa o oOblMHOM cMbicne, B atom cayaae

—n1+0{1%) —T
=g ! <e

Il Beplia OLeHta
—yt .
luad<<e " uyl upr t<1*, 0 =1/2. (50)

Uro nporsoiiper, ecaw yeloBiue T <7, fie BBIIOIHENO, T. P,
1> 1,2 Torpa max|1 —th, | gocruraercas we mpn k= I,
K

anpu k=N u p= 17— 1. Acumuroruxa {(npu Goawmnx 1,)
pelleHRA pa3uocruoii 3agaun He uMeer umvero obiiero c
ACHMIITOTHYECKHM peilenmeM ucxogsoil sagaun, Taxnm o6-
PasoM, Hapyllelne acHMOTOTHYeCKOH VCTOHIHMBOCTH TIPUBO-
JUIT ® ToTepe TOTHOCTH CXeMBl TPH OONBINHX £,



arasa VI
PA3HOCTHLIE METO/bI
JJIA YJIUNTAYECKHAX YPABHEHHMH

B aroff rmase Ml paccMOTPMM pPABHOCTHBIE CXeMBl M Me-
TOABL pellelyus PA3NoCTHRX YPaBHEHHU A YpaBHeHns
Ilyaceona o SIIMNTHIECKHX YpaBHeNMH ¢ [epPEeMEeHHBIME
xooddunuentamu,

§ 1. Paznocriinie exemunt gua ypaenesus llyaceona

1. Uexonnaa sapawa. Pacestotpum ypasHenne Ilyaccoma

2 .2
a"n a"u

Au = — == — f (2, 7). 1)
(1‘1 (I2

By,:{e.\l IICKaTL ero peuleine, HeUpenninloe B IPAMOYTOdb-
HHEKe

=G U I1= {I=(£Ih :ro) 0 Zq, o = 1 2}
n HpHHI'IMa]OlIIee Hoa rpanme r 3aJalnbie JHAYEHHS:
ujr ll-(.’lf) (2)

3azaua, onpejleaseMan ypasuenmes (1) n yeropmem (2), ma-
suipaeTca sadauell Jlupuzae (nepeoil kpaeeoll sadaueil),

2. Pasnocraan cxema «Kpeer». Jlusn uwHeneHHOro pemle-
nist 3azagn (1), (2) meegem v G cethy wn= o U o= {2,=
= (ilhiy izhz), Z‘a, = 01 1., aeay l?vn,, ha, = lu/]Va,, o = 1., 2} u
ofoauaunM uepes ¥i = Yii, = ¥ (i, iy = ylz,) ceroumylo
Gynruup, 3aJanuy0 Ha o) £y ¥ Ry — MArd CeTKA IO KOOP-
HIHATAM &, B Z,.

Yrofisl marmcaTh pasnocTiyid cxemy pas (1), (2), am-

2 in 0
APORCUMUDYEM Lamayi H3 npouaBoiunmx 0°w'0zg ma Tpex-
roteTHoM mabaoue, moTaTas

PL u(r, —h, r,)— 2u(z, ) + u (v, by, )

o~

—— u-
ot i REY
P (T Ty~ ) — 2u (X, w,) + u(z)y 2, + k)

—

axd B2 - ua_fg;cg’
T3 3
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anak ~ oanavaer anoporcaManuwo. lloansyacs aruMm BHpa-
repuasm, aaMenuy (1) pasmocTHHIM ypaBuenneM
p (i, — 1 1) — 2y (i 1) R A RUEPEA

2
hl

g(ipe by — 1y — 2y (i 1) 4w (i 1, 1)

- ]I_.
I

= =10k, @

WH, B COKpPAIIe ol 3anlcH,
V3%, (i, B) 1-ys o (Ey i) = — F iy, )

¥,
B Oespinercnslx o0o3navennax nMecy
y;lxl (x) + y;2x2 (2) == — J(2), @ == (i}, ih) € 0p (G). (4)

\ 9TOMY YPABHENNIO HA;0 NPHCOSAWIUTL KpAeBhe yeIo
R stomy ypasnenno upa (coe;1l paens BIHA
y=nl2), z=~0>h, ih)Ey. {(5)

Tpanuma ¥, cetr  cocront us Beex yaxaos (0, i), (N, i),
(i, 0), (i, Ny, wkpome mepunn mnpaMoyroasiara (0, 0),
(0, N,), (¥, 0), (NN,), xotopeie ne necuoassyioTca. 1aa-
HocTnoe ypaBueume (3} aanucano na matwrouewnom uiabione

(i, —1, &), G+, ), G, k), G, =1, Gy, i+ 1.

Cxemy (4) wacto maswminalor cxemoit kpecr. Beau hy=h, =
=fh, T. . CETRI HO Z, H Zy COBLUANAIOT, TO CCTKY ) Ha3hl-
BaloT keadparnoii. lla ranoil cerre pasmoctuyio cxemy (4)
MOKIO JAmUcaTsh B BUIe

y iy, iy =
i) (1) Dl i) (7, AT (101

4

Hlus omwoporioro ypasuenia (f = 0) noaywaeu

Yy, Iy) = i [y —1t i) +y (i +1,0) +
+ y(ilv iz — 1) + Y (':11 i‘z l 1)]1
T. e. sBHadedme B IEUTpe IMabaoila ONPENC:IseTCR Kar cpe;l-
Hee apH(MeTHuecKoe BUATCHUI B OCTANLHBIX Y3Xax mab.omna.
3. Horpemuocrs anmporcumaynn, ilyers &= u{z) — pe-
medue samaxu [Qupwxme (1), (2), a y=y(i, i,} — pemenne
paanoctuol sagauy (4), (3). Pacemorpuy morpemuocts
) =ylz) —ulz), x=/_(ih, k)€ .
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Tloacrasaaa y=z-+tu 8 (4), (3), nonrywuaeM fia8 Horper-
nocry 2= z(x) MeomHOpOANOE YpanIeHHe

Az = % - T, = TV (z), z& on(G), (6)

¢ O;THOPOTIHEIM KPAeREIM YCAOBIEM
z=0 npn xS (7)
3160k
Y@ =Aut @) =u  tug, () 8
€CTh HeBA3KA WM NOTPEHIHOCTE AJIIPORCHMAI(MH JJA CXEeMEL
(4) ma pemenun v = u{x) ypapmeunna (1),
[Mokaskem, uTo

A2+ nl
i< M, =5, (©)
rie
A, = max iﬁ —(?:-I-L-
e ;é(, i).’t:i' Bzg )

B cavom germe, yYuTHBag QOPMYILI

d
U Xy by, ) = w (g, Ty) Ry % (), 2,) +
1

PR k
e ou i du
T2 o (g, wg) &= 6 ad (@, 25) +
. h1 1'1411 -
"E_d“z_‘(ll T}, ayp ez 0k, 006, <,
o by it
u(;r,‘ T, = hz) =1u (-7711 z,) =+ h~2 E(xl! 'T)_) + 0 Py (“rl’ 172):[:
2 2
93y, h-g #u ~ -
v P 5 (s 7y) ey (21, o) Ty = Ty -+ Bhy,
o 'Z
00,1,
FaXOIIM
: 24 PEEPL
Au b 'u — ‘2 o 7
= | ) | &5 — (@, 2} + = (zg,
¥ 2a? Py (z) % om v Ty 2/,0 i\ 2)-

Orcwpa n 3 (1) caeayer (9).
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Tarum ofpason, cxema (4) mmeer BTopoil mopsioK all-
DPOKCEMAlME,

. CxemMa moBBIIICHIIOTO ROPAARA TowHocTH. Wcnommays
NMeBATHTOYEYHEH mabaon (zy, z,), (z,xh,, x.), (zy, T, £ h,),
(xtzl:h,, z, %+ k), MOMKHO HOCTPOMTH CXEMY, AMEIOI(YI0 weT-
BEpPTHI TOPAMOK aNmpoKcEMauum (M TOMHOCTH), ecyid Ipej-
NONOMHTL, YTO PEHmISHHE 3ajadu (1)—(2) u=ulz)=
e C*®(%). 9ra cxema AMeeT BHUX

2_]_ .

Ay= (Al + A+ AA, ) y=—0¢{), £ 0,

Y (1‘) = (I), I & Yh,
Ay=vz., Aw=vz. (10)

2

R A
{‘p sz [ -!-» 71'-21— "\lf + ng -’\2f'

HemocpesicToennas npoBepKA DOKA3RIBAET, YTo HEBAZKA
paBRBa

$=Au+q=00h". (11)

Ilns nmorpemmocti 2=y —u, rjie ¥ — pemenne sagaqn (10),
nony4aeM
ANz=—y(z), z€ay z2=0, z&1. {12)
o]
5. Cpoiicrea pasuocraoro ouepatopa. Ilycrs y{x) — ce-
Touhan QYNKUMA, 3afaHuas na cerre y = ox{G) u pannas
o
HYJIO HA TPanule Y, CeTKH, M IYCTh { — MIIKECTBO CeTod-
o
ublx Qysroui y.
Onpenenun (mepa'rop A caexyomuy ofpasoM:

Ay = — \J —a y*m — ;}_)s_‘ st Beex ye=Q, (13)

rae § - OpPOCTPAuCTBO CETOTHRIX QYURIFE, 3aTANTLIX KO
[5)
BHYTPOTHHX y3IluX COTKH & II COBNATAIOIRIX TaM € §,
Q
ylz) = y(z) npn z € . OBoanavasn

1 (ll’ z,)

1

w0 =
[p:zf{—-(—hz—“i, z, = hy, 0<1‘2<12,

= f o —ee oy 2y = — Ry, 0Ty <y,
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Bz 2)

¢=f+—- 0z <], Zy = Iy — Ry,
hZ

_ k(= 9)
¢ =4 —5—

3 O < J.‘l < ll’ xg = kﬂt

2
plz) = f(z) B oCTAIBHBIX TOUKAX Z € @, JANHOICM pA3HOCT-
Byl cxemy (4), (5) B omepaTopHoM Bujie:

Ap=g, y, p=4H, (14)
rie H=Q.
Bseneym B /] cranapnoe npon3segenie
N 1~1 \q*'-l
(y, v) = 21 2 y(zl. iy) v (iys 1s) Iyl
11= Iz—

n moraeM, 910 oueparop A camocompsaen, Ipexcrapom 4
o
B Buge cyMMel A=A, + 4, rue Ay = — oy Ay = —

o
= Yiyx,r U TOKAGKEN, HTO RaK/BIi H3 (OTHOMEDNBIX» Omepa-
topos 4, m A, ABAAeTCA CcaMOCOMPsReHubIM. [[ocTaToduo
nokasath 0To AuA omeparopa A, PaceMOTpHM cRagapHos

nponaBeJCcHIC

Ny—1 '\]—1
(Alya v) = 2-1 ’1’2 12 yxx (‘1! )L(Zli ‘1 1 N (15)
Ta== ]_-

Bocrnoabayescs o;uosepnoii fopmyroit Upmua (ra. I, § 4):

Ny-1 Ny-1

o . © »
Doy UiV ik = X (i iy v“ (iy, i) oy
i1=1 fad § 11_ 1

MoxeTasas aTo BHpa:kenne B (15), noaywaenm

Ny—1 1\1-—1
(A, ¥) = — E hy 21 y (iy iy) b (1 i) hy | =y, 431).
12_—‘ ll—

) -
Anamornuno y6em;laemca » ToM, aro 4y = Ay, m, crejosa-
TEILHO,

(Ay, v) = ({4, + 4,)y, v) ={4,y, v)+ (4w, y) =

=(y, 4,v) + (y, 4;0) = (y, Av),
T, 8, A¥ =41,
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Ecnu BocmoabzosaThen nepBoit  pasmocTHOH opMynoi
I‘puna

E 5’ iy, 1) y (iy, Eg) By = — > (.’l; (s ia))zhn
=1 i=1 1
TO MONYIHM
Nyl Ny
Ay, )= 2 hy Z ( s (s {2))212'1:’ 0,
12«1 7= =1 1

n, a”amormggo, (A,y, ¥) >0, Tax w10 A>0, 1. e. A —
CAMOCONPFKCHHBIH U HOXOMUTECALIO ONpeneleHHBIH  oue-
paTop.

Herpymuo wmafita rpanuugs 6 w A omepatopa A, T. e.
yHCIa, JUIA KOTOPLIX BRIMOAHeHH Hepasenctna 0E < A < AE,
rae E — emmEpvELil omepaTtop. B caMom gexe, B § 4 run 1
IOKAZAaHO, YTO

7\1*1 Nl '\'1—-1
&, E (!1’ (g, L)) < Z (yx (i1 1) ) <A 2- (y iy, a))%h
=1 iy=
e
A /] 4 nh
0; = - sin?s, A= - cos® —.
1 h? le ? 1 hI Zil

CyMMHpyR »TH TiepaBcHeTsa no =1, 2, ..., N,—1, no-
aysam 8,(y, y) < Ay, ¥ <Ay, y).
Anazoruzno naxoamrM 8,{y, y) < (d.y, y) < Aly, y),rae

R .‘tie,z 4 5 J‘[hz
b, = 5 sin 77, Ay, = h—gcos ETRG
Orcioga crenyer
Syl < (dy, y) < Allyl?, (16)
rie
g Ty 4 . h
6.—_61——62_———112-51n2_—21— + — sin? T
hl 1 'hi "2 -
A h Q¢ (1”
3 4 Jqh,
A=A+ A, =— cos? 5+ } — cos® 2.
1 2 hlz 2] I_ '13 212
B wpampate (I, =1 =1) ua weanparnoii cetre (h, =

= h, = h) UMeeM

8 . ok 8 s MR 8
8= —sin? &, Azﬁcos =, 0+ _\-_:7;. (18)

h” = L
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6. PaanocTHaa 3ajava Ha codcTDeHHble 3HAYendd. Pac-
CMOTPHM 3ajady: HaiiTu TaKWe sHauenms pmapaMerpa A (coG-
CTReNHbe 3HAYEHHA), IPU KOTOPBIX OJHOPOHAA 3ajlaya

y3‘1“1 + y;).x'z + Mi = Oa & Wp, Y == Or TE T (19)

HMeeT NeTPUBHANBIME pemenus (cobcTheHHble (YHKIMM),
Bocrmonbayemes MeTojioM pas;iciieHHA HepeMeTusx n bynem
HeraTh pemenue sajaun (19) B Bume Dpouaneneita

ylz,, a,) =vizJw(z,) =0 (20}
dynxm v(x,), sanucmueil Tonsko oT z,, u Gynkmin w(z,),
sapucAmeil To:bko ot T, [ogeramis (20) B (19) 1 pasjenus
HA == Ui, TIONYUIM

v- we
xvl.xl o ’;:2"‘1 — (_—12“ ) E Oy, (21)

JieBass wacTh 3aBIUCHT ToaLKe OT Z,, a HpaBajd — TOJABRO OT
Ty; paseHeTBo (21) BO3MOMHO TOILKO RPH YCOBAH

LN w—
Ny X n .‘c.b,x._‘ 1
_+_l - )\,(”__. [ R A = )\'( ),
v w

rie A"V =const. Orcioza nodyuaey JBe OAHOMepuble 3aja-
tm na cobcrsennbie snavenus nas orpesnos 0<<ih, <[, 1
< Lk, < I, c0OTBETCTBEHHO!

+ }(\) . 0’ 0 < ‘TI == i’lh“l < l], 1 = 0, i‘l = O’ .(;V],

‘ll\.

22)
w. A APw=0, O<ay,=ih<l, w=0 i,=0N,
e (23)

e AP =3 — A mam A=A A,
Obpamanmces k 1. 8 § 4 ra. 1, swnnmem pemenne 3amad
(32), {23) B Bige

) 4 . bnf.h

Ay = —sin? s
AL .
w(fl) {x;) = ‘/Tsm 31 Lo k=12, ..., N —1,
9



218 1. VI OJIMHIITAUECKAE VPABREHHA

7 :I}' e N
wffz)(:cz) = l/—— gin k,=1,2,....N,—1,

rje l:lfcn:_'la.hu, lo = i,.n,Nu, a=1, 2
Otecroga cne:(yvr 970 3amaga (19) mieer coBerBeHHBIE
IHATEHUA

4 . . 't’-‘nh] 4 :(Azh
ZH ko = =8I0~ ~—57— ;- — 8In*
172 h‘i 211 } le !

bp=1,2, .., No—1, a=12 (24

I COOTBETCTBYIOM AR COGCTBOHHEBIE QYIRIME Yi= ""*1 {x)) w,, UENT

r—
J‘(kl:tl nkaz

4 .
Yo = Ygp, (71, L) = v I sin L sin —27 et

Tq = igha, lg=0,1,...,No, ka=1, 2, . Na— 1,
a=12 ()

Ara cobcTnennsie PyHKIAA OPTOHOPMIPORAHLL:

(yhlsz ymlmg) = 6h1m13h2m2»
Ha (17) n {(25) Bujuo, uro

6 = I’llin ?"hlk‘.’. = A"l,l’ A = max 7\4;‘1;2 = )""vl._l‘ Na_l’

rie 8 m A ompenenatorca mo Gopuyxzay (17), Hdaa 6 m A
BEPHEI OLIEBKH

1 1
628(1—2-1 E) At

1

2
h) + h_;. (“6)

7. QmepKa CROPOCTH CXONMMOCTH cXeMbl «kpeer». Ilpnn-
nun makenmyMa. Jag morpeursoctn 2=y — U cXeMul B I. 3
mo:ayuena aagava (6), (7), rie

B@) = O R, hf = kit b @7)

D TPeIHOI0KEHNH AOCTATOYHOH T[IAAKOCTH pemIenmf i =
= u(x) € C“(G) mexozuoili samamu (1), (2). Jloramem, 370
cxema (4) cxomutes co cropocreio O(RI®) (myoer BTOpOI
NOpATOK TOTHOCTH) B ceTourod mopve C, T. e, ||z||c-0(!h|’)

rae |2le = lnam‘i 12(z)}. Ina arore maM moragoduTca omeHKA
h

pemenusa 3agayu (B), (7) wepes mpasyw uacts 1. PasHoct-
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Haf aanaza Jlapuxie (4) ABAAeTCA UACTHRIM clyHaeM 33870
Flyl=ai 3,03, — biy—1,,¥i1-1,4, — bipra,iglhi 1,9, -
— by, 1, 1¥iyig~1 — Dig iy iyt = Pigiye
z:= (LA, L) Sy y=n, v, (28)
TAC @ = aii,, b= iy, —noodpduuuentsr, B cnygae (4) mwxeen
@y, =2 (T:T + ';LL).
1 2
A

b’ 4o =
a2 11.1211
B2

biy i, = 0.

bij 11,1, = (29)

=
N-b:a

Oneparop £yl Moxuo sanncate Hiave:
L ) = diji¥iyiy + big—iy (Vigiy — Vig-1,y) +
+ Oipeniy (¥ig, 6 — Vi) F Digay-1 (Figi, — Y1) +
~+ biy igt (Wigiy — Wigig+1)y  (30)

rae dijs, = @igsy — bij—1iy — Oij41i, — big i1 — bipigtae
By;leM npenonarats, 4To BHIOIHEUBI YCIOBUA

d=diji, 20, b4, >0 by 4,000 (31)

HOnna sagaus (4) mvees d =0,

Teopema 1. Hycrs evnoanenst yeaosus (31) u ¢lz) =
=20, yly=0. Toeda pewenue ypasnenua (28) neorpuya-
reabno, T, . yla) 2 O 60 6cex yarar cerku wy = oxlG).

Horazarensctro. llpegmomoskum, [dro yrBepIKae-
Hie TeopeMH HeBepHO M CYMISCTBYeT 0 Kpaimedl Mepe opHUH
yaen i, = (&3 h,,i%%,), B KOTOpOM ¥ (7)) < 0. Torna dynkuma
y(x) B HEKOTOpPOM BIIYTPENIIEM Y31e COTKY AOMKHA HpPHHI-
MaTe pauMenbliiee  OTPHENATEJILHO® a3dadenne Mmin y (z) =

xSwy
= Y (Z4)- B arom yane srimormsmercs ypasuerue (28), Ecan
d{zy) =0 1 @(z,) = 0, 10 ypasuerue (28) BbimoineHo TONh-
Ko mpm yemosunm Y (2) = y (T4) ®o mecex yanax maGmoma. On-
HaKo, TaKk Kag @(x) ¥ 0, To cyImecTBYeT V3en Zi,q,B KOTOPOM
Y (Tiy) == ¥ (73,) = miny (x) = ¢, <O u no npaiineit mepe s
OJHOM Yale, HAIPIME] IPR I =T +1, HMeeM Yi +1>> Cq, U, CIe~
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noarensuo, & (Ul |eex;,, <U, 9o mpoTHsOpewHT yCIOBHIO
Zlyl = ¢(z) = 0. Tonyucnuoe IpoTULCPCTIE M OKAIHIBALT
TEOPEMY.

Teopesa 2 (reopema cpasnenus). lycre y(x) — pewe-
nue aadavu

Llpl=q¢, z€w, F=p, z=T {32)
u ewinoanenst yeaogun (31). Eeau
lp(a) < ¢la), z=wo, Ipl@)l<plz), zey, (33)
70 0aa pewenus 3adavu (28) sepra oyenka

fyl < jla) dan erex 2= o,

Nocratouno  y6eputeen, wto aag Qyarunit u =j(z) 1
+y(z), v=jlx) — yla) BEmoamensl ycuoBua TeopeMnl 1, u,
cnejosateqstio, u(z) = 0, viz) 2 0, wn ylz) = —y2), yla)s
<gjlx), r.e Iyl <.

Hrax, dynxiun j(x) anaercs uaxopanto. Eean Mamo-
panra y(z) naiinema, to pemwenne sajpavn (28) omeuusaercA
corzacno reopeme 2. Jlaa sajlaun {4) B RavecTBe MayKOpanTHL
BeI6epeM Qyuxknu©

y(@) = ClLr— (2} +ad)l, L2 8 (3%)

Belyucnus  cnayajga @ = [Jl e — Ay = Ci\ (1'1 4z )
== C (A2} - Ap23) = 4C, max kan (x1)5€1N1 = —-E-((xﬁ— hy)*—
l

— Qi (1, — 1y)?) = 2. Wa Qopmynm (34) mupno, wro p =

= j(z) >0 na rpannue ¥, OfpatuMca tenepn x 3agate (6,

(7) nua morpemmoctn z =y —u cxeMpr (4), Babupans AC =
= |yle u yumremsan, uto Zly, = 0, monywaem [z{z)| <

) h
< ylz) <CL* rar wato

“1a

L7 oy
lzle <5l e (35)
Orcoona m ua (9) cae;yer papHOMEpPNag CXOTUMOCTL CXCMBI
{(4) co BTOpBIM TOPAJKOM TOTHOCTH.
Jamegannme. Yparmenne (28) Mmomii0 3aMeudTh ypas-
nelneM Gomee ofIuero By,

Zlyl = a(n)y(x)— _Emb y(

B X

) == (),

o>
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rie alz) >0, bz, &) >0, o(z) — muomecTBO yaIoB §#
LrabIoHa ¢ UGHTPOM D yije &, TpPidenm
d@ =a(@— 2 biH=0
E=aly)
Jlns ypapuenus (306) nepum Teopemnt 1 m 2. B enyuac exenmst
TIOBBINICHIOTO NOPAIKA TOYIOCTU MaGioM COCTOHET 13 jiess-
TH Y3108, MIOMecTBO 0(2) ~— M3 BOCHMH  yaios, HpudeM

5 7y - ~2 .
4=z (hl *h; 9), a 5 IpaBoi dacTh uMeI0TesT RodphdmnenTHt

1 - -2y 1 ~2 -y
T (5h7% — h3?), T (5h3* — hTY),  KOTOpBIE NOAGKUTENbHO
TOIBKO IPU VCJAOBHM

1/‘-_} h/h < ,:)

H, CACHODATCABHO, oleHKa Bijla (30) Symer monyvatnca npi
UTOM YCHOBHM.

§ 2. Peurenyic pasHoCTHMIX YpPaBHEHINH

1. UpnMme MeToam, Mceron paspesnenua nepemensbx. Cn-
CTeMA PASUOCTHRIX Ypasiewuil man 3aiawy [lupaxze na § 1;

Ay = xpT + Yapxy = o), s€wp y=p. 2E 7 (1)

iMeeT MarTpuiy wbicokoro nopanka (N, — 1)(¥, — 1). O6s1u-
wo Gepyr Ny, N;~ H0—100, rax wro wMcio ypaBHCNUHA B
cucrteme (1) papuo 10°—10% PemcHue cHCTCM CTOAL BEICO-
ROTO NOPAAKA MCTOLOM l’ay(‘m norpedosalio OG5 wuciaa nei-
CTBUI nopsaa (Ni— 1N, —1)%, 7. e 108 —10"* peficT-
Buii, ecau Obt y cucremer (1) 1me 61,1.110 OLIIOTO XOPOIIEro Ka-
WecTBA. MATPMIlA CICTeMEI ABIAETCH Ciabo 3amoNMHCeHUOH
u meer anmb ~ SN N, otauubRx oT uyas omeMenros. [Jo-
DTOMY JUIA PEUIeHUA CHCTEMbI PAdHOCTIIRIX YPaBUCURE Yyga-
¢res  TMOCTPonThL  Meroas, TpebGywmue OGN In N) u pace
OWN) pencersnit, roe N = (N, — )N, — 1), Quumem onux
13 UPAMBIX METOJ0B pEMiCHns PABIMOCTHOH 3agaun Jupnxae
ypapuenna Jlyaccoua B upaMoyroIsiliKe,
HepenumeM zagauy (1) » Brye
. o
3._/ = ”'M * + ;. g, = TP (2), r& wn, Yly, =9, (2)

2

rie g(x} = y(2) upu r < o), a plz) oupepenserca no dop-
vyram (14) na § 1.
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Fe pememre MO0 HAlTH METONOM paaneﬂculm uepe-
MeHNBIX. 1IycTh ‘UA ) (z,), lm} (k=1,2, ... Ny—1) —cob-
cTBeHHMe (VIR U COGCTRBENIBIe BUAYCHIA 3afatTh

AwF+iv=0, z= 0, v0)=pll) =0 3

Buipasrenns qias Ay ,) n vﬁ,z) {ry) maum B m 6, § 1.

o
Paznoskay pemenne y(z,, z.) m mpasyw Tacts ¢lz,, x.)
2
no cobersembiM Pyuunumy {} o Uy

. A{:I

U@ @) = 2 e, () vy (22), @)
21
Ng~1

q.‘ (Ili :I'l) = 2 (p{"»g ("El) l"’fg(azﬁ)! (5)
tp==1

e Ty =lcha =1, 2, .., Na—1, a=1, 2, ¢le) n
Py (1) — wospdrouentit Pypre, manpumep,
Ne—1

er,y (41) = 2 hatp (04, Bodts) vy, (Tle)-

io=1
4

Upumenum onmeparop A=\ +A; K npponssegennmno
Chgl)h‘z:

Acy, (1) vi, (75) =
= Up, (Tg) Ayr, (1) + eay (7)) Aginy(ra) =
= Ur, (@) Aycn, (@) — M cn, (21) U, (25) =
= [Asen, (z) — AL ce, ()] v, (x,).

Ilopcrasnsia aarem oaro Boipaskemme B (2) m yInTwBan
(5), momywamm
Ng—1

2 {Alckz (‘Tl) hl chg (xl) + ':Pﬁ.z (‘rl)] vk2 (-7;2) = 0- (6}

B cm:y ODTOTOHAMBLAOCTH {Up, (%,)] BT TOMTECTBO BO3MOsIHO

TOXLKO [OpH paBencrse HYMKN BHIDKEHAA B UrypHBIX
CKOOKAX:

Mgty (@) — M3 cng (@) = — gn, (2), Ky=1,2,...,N,—1,

-'-Cl == ilh'll 0 < il. < A'.l, ckz (ilhl) = 0, il. == 01 Arlo (7)
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B camom pene, ymuokan (6) ckaaspno ma Uy, (T), uMeeM

No-1 Ny—~1
0= EI {-}n (Uryvny) = kgl { Wby = {- Iy = 0,

rae {:}x, — comeprmMoe Qurypioil crobrm (6).

3anawn (7) pemamTcst MeTONOM HPOTONKH; BCero Tpefy-
eTca N, — 1 pas mcIoOAL30BATH QJNTOPATM DPOTOHKH JAMA Ay==
=1,2,.., Na—1. 3man ¢, (z,), Haiidem mo Qopsryme (4)
pemeEne 3amaun (2). [{aa atoro Hamo CHATANA BEIMHCIHTH
roapunmentr  Dypre Gy (2y) (Bp=1,2,...,N;—1). Hs
dopmya (4) m (5) mummo, uro ylx,, z,) n P, (%) BEIIMCAA-
IoTes 1o Gopmymas 0FHOr0 ¥ TOTo 3Ke BHA:

S
w= Nasin®, i=1,2,..,N—1. @)
E=1

Pazpaboran crneuuadnubil anropurd OGrICTporo mpeodpa-
sopaunsa Qypbe I RLIYHCICHHS CYMM, KOTOPHI MOIBOJALT
BHIGHCIATH cyMMy (8) 3a SN log: N apadueTuvecknx peii-
creuit  {npu N = 2, n — uenoe wucmo) smecro O(N*) mpu
00bI9HOM C€Moco0e CYMMHPOBAHHA. JTOT AJATOPHTM IIOSBOJISA-
eT HaiiTn pemienne ucxoxnoii aamaun (2) aa O(N N, log: Na)
peiicteuii. MeTox paspmenenysa NMCpeMEeUNEIX MOMRHO KoMOu-
HHPOBATD ¢ METOOM PERYRI(I IH MeKOMUIOIMIHE, SBJIAIO-
nuMes Moauduranued meroga Iayeca. B peayasraTe nony-
quM aNTOPUTM ¢ wuucioM peifersmii @ & SNV,N,log: N., uro
B NBa pasza MeHbille, 3eM I8 AITOPHTMA2 pasfelenid, DpH-
BeJleHHOTO BBIIIE.

2. Hrepaunonsanie merofst, Jlaa peiieuns pasHOCTHOR
sagaun Jlupuxne mis ypassennsi Ilyaccona B mpsiMoyrons-
HUKe HaHG0e® DKOHOMMYHEIMHE ABIAIOTCA HpAMbie MOTOMEL
B  wacrosiuiee BpeMsa MMeOTCS CTAHJAPTHBIE IPOTPAMMEL
HA QITOPHTMHYECKIX s3RKaX (OPTpad W airo) NN perre-
Hisi  ypasHenkifl IlyaccodMa B NIpAMOYTONLHMKe ¢ KPaeBbIMH
YCIOBHAMHE TpPeX TUIIOB, a TAKMKE €O CMEINATIHRIME KpaesslMuU
yenopHaMu. OnHaxo B caydae, Korfa oGnacth He fABIAETCH
MPSIMOYTONEHWKOM TN pPACCMATPUBAIOTCH YPABISHWA € T€-
peMeHHbIME  KodPdHIHeHRTaMH, UPHMEHATCA UTepaLl-
oHHEE MeTOgel. (DARTHYIECKE NpAMbie METOZBl BKOHOMHY-
OH QUL B CAyYae, KOTHA NepeMeltHhle DasfelsioTes.

B ra. 11l paccmapipanack TEOPNA HTePALHOHHBIX METO-
AOB 1A YPaBHeHIIS

Ay=1¢,
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rie A =A*>0. CpasHeHIle PasINYIEX METOI0B IIPOBOUI-
JOCh JIIA  MOJCALHOI  ofmoMepHoil Jagaum  Ha OTpe3kKe
I<z<i:

=@, z=ih, O0<Ti<<N, py,=y~x=0.

2]
JAna mneo omepatop A mmeer By Ay = — ¥, [pannms
onmepatopa A ONpPCIeTAITCA IIOCTOARTIEIMT

A . o Th 4 Th
§ = —sin®—-, A=-—cos®
h “ L “

Uuco mrepamuit mia paceMorpenniix B ra, III mertomos sa-
BACAT 0T OTHOIIEHUHA

M=t e AL (9)

2 b

Pacemorpuy  remeps B KamecTBe MoZeJLHON IBYMEpPHYIO

sagasy Jupuxae B egmnammom keagparte (I, =l =1) na
KBaapaTioil ceTRe ¢ marom k = Iy = ha:

o

Ay ==y~ Ve = Ty L (10)

3wy
UneTo HHTEPBAJIOB 10 RARIONMY K3 HanpawiIennii panmo N,
Tak 910 & = 1/N.

Ppaunust 8 m A omepartopa A uaiyeunt u § 1 {em. (18)
w3 § 1), oruomennme m=58/A conuagaer ¢ (9). Orcioa
CIeTYeT, 9TO VHCIO HTEPANHii He 3aBHCHT OT YHCJA HEMepu-
it (ecru Ay % ko, L7 L, To caabo samucnt). Tosrody Te
ONEHKH YHCT HTCPAmUil PAa3TmYUBX HTCPALONHEIX MeTo-
OB, KOTOPHI® MBI MOV A O UTOMEPHOE MoTenbuoii 3a-
JA8TH, COpaBeI;UIBEl 1 A0A JIBYMEDHOIO ciayuad.

B cuayvae HexsagparHON cerKN mueTo UTepAIQUd A
ABYMEPHOM 3aMaTH Moer HecKOABKD DTANMATRCA 0T 9Icdn
HTepanyil s o)\HOMepHol 3a1auil.

Mpr paceMOTPHM 37eCh NNIIL NOHEPeMEHHO-TPEYTOALITIT
HTeDAOHMOHULBH! MeTOJ[ X34 pPeniemns pasuocTHoll sazaun n-
prxae (10).

3. MonepeMenno-rpeyroubaplii Merox. g pemenua ouc-
PATOPHOIrO YPaBHEHHH

Au=j, A=A*>0, A: I~ H, (11)

8 i, [II pacemaTpmeannck jiBYCIONHBIE OJHONNATOBBIE ITe-
pamiionble  MeTOADl, KOTOPBIe 3aMICHIBAINCL B CHETYIOUICIT
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Kanonmyeckoil dopve:

Y 4
B k+Tl b1 Ay, = fo R=0,1,...,8
kL

nna Beex y,e H, (12)

e B: H—~H B=B*>0. lin A n B BLIOIHEHs YyCIO-
BHH

Tie Yi, Y= — MOCTOAHHLIE,

Munuvazenoe wimeao mrepammit minz (8) upn samanHbIX
{Ta)

Yi, Y. TOCTHTaeTCs NIpU BRIGOpe WeOEIUIEBCRHX MapaMeTpOB

T, = 7/ T, - —_— 0y =
1 o puah ’ 0 ’\!1 o ?2 > e

TO 2 ! — g E Tl

1=
E=1,2,...,n, (14)

rge @, UPOHALIE;KNT NEeROTOPOMY CIelNaibHO YIOPAIoIeH-
UOMy Muod@ecTsy lyleli moauioma Uebpimesa; npH TaKOM
yiuopsaouennn mertoy (12) aprsgerca BHTHCIUTEIBHO VCTOM-
YUBBIM.

Jlaa ompe;ietennn (k+ 1)-it nTepauuu mveeM ypaBneume

Byl:-n == Fh, Fo= Byk - Th+‘1(Ayl¢‘_ ﬂ

Uieno nefieTenit IpH BBIYMETENNE ¥y, 3abreur of B. Bri-
Gipast

B=(D+0d ) )D{D+ wAd,), (13)
vvie A4, m A,— onepaTopol ¢ TPEYTOALHEIMI MaTpHIAMI
AV =4,,4,--4,=A4, a D=D*>0 —  npousponsnuli

omepaTop, NOAYuaeM — HOmepeMenHo-TPeYTOALHBIE  MeTo.
O6srano D =(diy:,) — muaronaxbnas Matpuna. B ra TIT na-

ila Te0pHA DTOTO METOIa H Hanuenm TOCTOHIHBIL Ty, Y2 1 ©
P 3aNadHBIX FCMOBAAX

AZ20D, AD4, <G4, 80, AZ=8>0, (16)

HOTO])HE MORIIO 3alllcaTh B DRBIIBBJ[EITT]IO\{ BHJE:
(Ag, ) =28 (Dy.y), (DA, Aqy)< (Ay, y).

B aToM caygae myeewm

_r e 2VE s, 17
0 .V'E- - 1_-\/']'1‘1 rf : ( )

sy
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a g 4vncia n'repalmﬁ BepHA OLNEHKA

1 2
n(e) & n,(e) = —— In (18)
22 :/n 8
4, IonepeMeHHO-TPEyroAbIMI METONT A4 Pa3HOCTHOH 3a-

naun Jupuxae, O6patnMca k aagade (10}, Oneparop A mpep-
CTRBYM B BHAe cyMMEL A =4, + 4, rue

L]

11 nonoxmuaM D =FE. Conpmmennocts A, u A, A,=4{ vye-
TAHMABJIMBAETCS CPABHEHHEM MX MATPELD JUIE € IOMOLIBI0
.“ - L]
nepsoit pasmoerioir Gopmyas I'pmaa: (4, y,v) = (y, 4; v) =

= (y: sz)‘
Hoia ompenenenus y, ; moayiaeM ypabHeHHe

Bypy1 = (£ + 04;)) (E + 04y) ypi1 = Fi,
= By + Ta (A + @) (=l 34 =0 mpm s ).
3HATERHA Ypyy HAXOMATCH IOCAEN0BATENBHO H3 YPADNEBHA
(E + 0d)) ;}‘1) =Fy, (E-+0dy) ;h+1 == ;)(‘1)-
Orciona monyvaeM GopMysILl

20 (1 — 1, 1)+ Ve 1 —1yFy (i
S . Q¥ (4 ) Jk (tyy By=1)yFy (i), 1)
Yu (i 1) = ’

(o w %y
" w » 0]
fy = — =2,
PR TRl

!jk-l-l(ilﬁ lﬂ) =
- [ ¥y (1 L k) F %8y (1, D) 50 (0, ia)]. (19)

TN

Q
Y00 OnpedeanTs gt (i1, 15), BEIOHDACM YBea1 §) =1, {» =
=1 B jgeBOM YINly OpAMOYTOJBLIIIEA; TOra ocmumme jiBa
vana (4 —1, i) u (i, io—1) wabnoua {(;, @), (ii—1, i),

(i, {,— 1)} nemar ua rpamnue um, clegopatennuo, y'(i, —

e~ o
—1, i) =y, ip — 1) = 0 usBecTHEL 3Haﬂ g npn i, = 1,

D
i, =4, TOCIeNOBATENBHO HAXOKEM V& opu i, =2, 3, ...
eouw Ni—1 1 i,=1 (ua mepBoii crpoke), [{aiee, momaraev
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o
s (1 "
i, =2 ¥ MaX0TUM MOCTEeT0BaATeILHO Yi )na BTopon CTPOKe IpH

ii=1, 2, ..., N—1. 1a onpencienns y,,,; IPOBOJUM BBHI-
unerenna na mabmome {(iy, i), (i, +1, &), (i, &+ 1} no
('Tououmt CBEPXY BHIA! (I)m\cnpyen zl—l\' —1 N-—=2, ...

, 1, m npu RamIoM i, MEHHBM ip=N—1, | ‘—z,

2, 1. Haunomaem cuer y;.H ¢ ya3ma (y=N,—1, i,=
= N,~1) B Bepxuem mpaBoM yriy. CejyeT OTMETHTb, 4TO
a

CYeT Yh,y MOKHO TAKKE BeCTH IO CTPOKAM CITpaBa HaNeBo:
durenpyeMm i, =N,—1, N.—2, ..., 2, 1 u Opu KaKIOM i,
meumem i =N, —1, N;—2, ..., 2, 1. Bopouem, puyliciesme

o
yz&n MOMHO BECTH Ileé Mo CTPORAM, a mo Croibliay CHHAY
BBEDX. JTO BOAHO H3 cammXx (OPMY.I.

Briuucnerua BexyTes mo pexyppenTnnim ¢opumyaam (19);
cyeT, O0UeBMNO0, ycTOHYHR. AaroparM mofo6HOTC THIIa, KAl
y)Ke OTMeuasIoch, HABBIBAKT al20puUTMom Oeayujeco cyera.

Ifoncunraem ymemo apnfiMerndeckux AeficTBHIT Ha OfHH
yaen cerwi: Boigmcaenme Fy tpebyer 10 omepammit cmoe-
mnAa m 10 OTIePATUTil YMIQIREHNSA; BEUNCIERIE Yy.; NPH 3a-
pamoM  F, Tpebyer 4 omepamum cromerns H 6 omepammit
YMIOKE A,

Hroro tpebyercn mim onmpefesienua y,,, B OJHOM Y3Ie
nposecTn 14 omepanmmii ciosenua u 16 omepamuit ywmmose-
Hmr.  Umeno pmedeTBUNl MOMKEHO YMEHBINHTBH, €CHH XPaEHTH
B OIIePAaTHRHOI MaMATH He ORHY, 4 [IBe MOCTeNOBATEILHOCTI

{y} w {w,y} w gar ompenemenmus y,,., MONB3OBATBCA adTO-
PHTMOM

(E+ 0A) a1 = Agut f, (E+ 040001 = Wreym

[«]
Ynpr = Yn T Thp i White

B aToM cayuae AIA Nepexofia OT Ya K Yuy: AocraToumo 10
onepaiuil croxennii n 10 omepammii yMno:cerna Ha omH y3eIL

5. Bufop mapamerpoB momepeMeHHO-TPEYrOIBLHOIO METO-
na aaa pasuoctHoH samaum Mupuxiae. Yrofu Bocmonnao-
BaTbca obmeil Teopmeii ri. [II (ea. § 5 ro. II1), najo mafita
mocTosiEnbie 0 m A, BXxomfigme B ycrosme (16), B pamem
caygae A =A,+ A; > 8E, rne 6 — manMenbmee col6cTBOH-
HOe SHAUCHHE omeparopa A, paBHOe

1 .,y 1 . o h
§ = -{l —,51112,— —“-Sll'lg'.....z . 20
( sin® b+ ofsint 2 (20)
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Pacemotpum ouneparop A D7'A, = A, A,. YunreiBas, 4T0
AT = Ay (b + ahy)’ < (fi? + afi) (1 +02),

HRXOMIM

(A A5, y) = (A, Agy) =

1 1 2 1, 1 ; 2
~(Frsn g )= (G 5 (om0 0=
Np~1 Np—1

1 i : V' V' 2L 2] 3
B (7 N _‘r‘—z;) z e {(yxl)z B (yxﬂ)_]ilizhlhz =

il=1 i2=1

1 1
< (l_‘" + )T) (Ay, ).
Nl ‘2

Tar kak {em. § 1 o V)

No~1 N1 Ni—-1 No—1
Ay, y) = X by X )t ¥ Ty 2 (Ya)}s
hr-l i 1—1 Ly==f <

CpaHHHB as mepaBeHCcTRa
1
(i) <[ 57 =

| hy

)(Ay y) a A4, <-l A,

|

JanaIoTaed, ITo

= (Z—l- —h—") (21)

3uax § u A, maxoauy 1 =~6/A 1 no dopuyTan§ Sra V ma-
XOIUM llapaMeTpsl Y, Ys: &, DOCI® Uero ONEHIBAEM THCIO
urepanuii mo gopryTe
2 1 1 —VE
nie) ~In —/ln—, P, —= 1=V
I3 0,

RV

MMonnsyaer  nle), BeIGupaeM yerolinnsmii nmafop uedbimen-
CKIX HAPAMCTPOB Oy, Tiors B ® = 2/VOA.

{TpuBenmem pesyuakrar cpaBHENHsI MeTOHOB peIlEHISN 110
WICHy uTeparuil n,(e): meroma mpoctolt mrepaimi (rzf,“(e)),
MBHOM CcXeMBLI ¢ YcOBIIIeRCKRIM HaGOpOM (n(g2J (8)) H Hone-
PEeMEHHO-TPEYTONLIION0 MeTollA (no (s)) WA AByMepHol Mo-
jteapnioll 3agaun (10), noabsysch DpubammeHHBIME (Hopmy-
mamn ) (e) & 2742, nf) He)x 3,2 hngMe)x 2,9 Viupn & =
= 10~ (rabm. 2).
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Tatmnupa 2

h -n( (1))(5) n(lﬁ}(e) n(u )(E)
110 200 32 b
1/50 5 (00 164 2
1/100 20 000 320 29

6. PasnocTumic ypaBuenHs ¢ lepemeHnmMH Ko3GPunuen-
ramu, [ycts rtpebycrcn B npamoyrompamxe G = {{z,, z,):
0< a2, <1y, =1, 2} pemurs sajiauy Jupwxie JJIA 2IHI-
THIECKOr0 VPABHEHUA ¢ NEPEMEHHBIMH KodPEUuuentaMu:

Lu=Lwu+ Ly = — f(2),
z=(r, )G u=plx), zel, (22)

Lot = gi— (ke () 35 0<er<hal) <epa=t, 2,
a '1

rie ¢, 1 ¢, — nocroaunme. Hpu ky ==k, =1 nonygaem ypan-
uenue llyaccona Au = —/.

Pasimoctiiag  cxevMa  CTPOMTCA  na  cetve  w, = {r, =
= (i\hy, Hh) | 1a=0, 1, ..., Nuy ho =1/Ng, a =1, 2}, Ka-
Ablit omepatop L, 3aMCHAEM hA  TPEXTOYEYNOM IAafJoHe
(e — ha, Tu, ¥o + hy) PRIUOCTHBIM OIEPATOPOM:

1 afla} (ul“ Ya) r:) g (u - u(_la))

Agut == (am”xa)xa %, hig R

o ?
rae w0 wow (G 4 1) By, ok, !t 1) = y (hhy, (i, = D) 1Y)
Jlam @, u @, MO}REO BRIOPaTs npocreiinme BRIPamenns

ay (@, 2,) = ky (2, — 1/2hy, 75) = k(T30

—12.
ag ey, @) =ky (2, Ty — 1/2hy) = ]W ))1
oBeCICUHBAIONIEE BTOPOM MOPA; 10K ANNTPOKCHMAIHMH:

Aglt — Lou = O (h3).

B pesy.aeraTe omepaTopy Lu CTaBHTCA B COOTBCTCTBUE pas-
HOCTHBLE omepaTop HA UATATO4EWOM Mmabioue:

A=A+ \Nu = (alu;rl)x1 + (a,u_—tz)xz.
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Hanminey PasHOCTHYIO CXeMY
Ay=—f2), 2=, y=nlz), zE1, (23)
I<u<a <, o=1,2
COOTBETCTBYIOUIYK aajaue {22),
Bue;ien B npoctpancetse cerodnux gyaruuii H = Qy ome-
parop
Ay=—Ay, A=4,+ 4,
Ay= —Al;}, Ay = -Azz‘
u zamowmey (23) B omeparopuoil dopae:
Ay=q, y, o= H,

TAe ¢ OTaAM4YaeTca 0T f TOALKO B 4 OPATPAHMAHEIX yalax
(=1, Ny~ 1, 0<iL, <N, u (O<i, <N, &,=1, N,—1).

Onepatop A, 0YeRMNO, ABIALTCA  CAMOCOIPHAKEIIBIM!
(Ay, v)={y, Av).
Ha dopmyant

‘\rl—l o a A'ﬁl o
"" 1.1221 (a1y;1)xl .ilyflhl = 'i;‘?-I—-.-l (1 (y;l)z)ilkl

u mpepasenctsa 0 <c¢, < a < ¢, crenyer, 4ro
e Ry, y)< Ay, y) <c(Ry, y) uman o R< A <R, (24)

rie R ccTh ma3ywennbiil BhIme omeparop Jlamgaca

Q o
Ry=—v; . — V5 (25)
Otcloia 3aRIIOIaeM, 4TO
[6) (s}
¢ OE < A < ¢, AF,

[+] Q
rite 8 © A ompeaeasiotea dopuyramu (20), (21).

Jas pemenna aajadn (23) Mo/KHO BOCDONB30BATBCA LO-
[epPeMEeHBO-TPEYTOIBHEIM METOI0M ¢ ONEPATOPOM

B = (E + oR)(E 4+ oRy), R,+R,=R, R;=Rg
opu D= E.
o
B aroy caywae mveem Y, B<A<V,B, e Y= 0V, Y=
(o] o o
= Cy¥s, 8 UOCTOANHBEIE 7Y, M Yy HAMIeHK 1A oNepaTopa
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(25). Jlas uncsia nTepaiymii nyeeM omeREY

¢, — - 1 2
7o ‘e)“l/ ERE, RO =t

Jlna ypaBHeHHf ¢ nepeMeHHBLIMH Ko3(PQUIAeRTAMH Tpe-

Gyerca B Yco/c; pas Gonblme mTepanuii, WeM AjfA VDABHEHHA
IIyaccous,
Ta6nmga 3

. b= 132 b= 1/128
e | p=F |D=dxE|D=E D=dmE
2 23 20 45 39
8 46 23 90 47
32 92 25 180 53
128 184 26 360 57
512 367 26 720 59

O;HaKo MOMRIO He BBOAHTHL olepaTop K, COOTBETCTHYIO-
muil omepaTopy Jlamiaca, & Cpa3y NPEICTABHTH ONEPATOP C
nepeMeHNBIMH Kod(uimenTaMI B BH/E

4= Al -+ A21
1 1 1 1
Ay = 71(0111;1 +5 yﬂxl) -+ N (azy;_z 45 ya:cz)s,
1 7 (+1 1 T (4 1
Ay = —4 (ai l)yxl +“§—ydx1) —-,;—(a& 2)!/:»2 ‘l‘*z-'yax,)-
1 2

QOnepatop B BuGupaerca B popme
B=(D+ 0d,)D'(D+ od,), (26)

rie D =d(z)E — gmaronainruas matpuna, J{ag mpoMeHeHEA
obimeii Teopmn Hajno HafiTH mocToAmHHE § W A, BXxogAmuEe B

yeaosua A= 68D, A, DA, < —A); A, Kosdpdunuenr d(r)} Bu-

fupaeTca HB YCMOBMA MakcHMyMa orHomenua m=08/A, m,
Crle[OBATENLHO, MaKcEMyMa & = Y/Y,. B pesyibrare momy-
gaeTcs ANrOPHATM, ¥ KOTOPOro w@ca0 Brepamuil nye) crabo
3ARHCHT OT OTHOUIEHHA C;/¢,, OO0 3TOM CRUIETEIHCTBYET
Tadu, 3.



I'nasa VII

PA3HOCTHBIE METOZbI PEINEHUA
YPABHEHWA TEWJIOUPOBOIHOCTH

B »Toif riape paccioTpensl pasioCTHblE CXCMEE A pe-
meHus YpaBHeHuA TeiaonponoiocTH, l[QT'dSH-HU uneene,1oua-
HO OAHOMEpIIoe ypaBiemme ¢ IoCTOAuTLIME Koo(ipunuenta-
M. Hpnnenenm paarocriiele CXEeMBI A MUOIOMEIoro ypan-
Tenia Tensoupono;THOCTH C nepeMenuniMi Koa(diaprentamis,

§ 1. ¥Ypasaenne TCnIoNporoHOCTH ¢ HOCTOSNHHBIMU
KO3 PHIIIeHTaMI

1. Hexopnaa sagaua. Ilpowece pacwpocrpanciiss teira
B oyHOMepHoM creprde 0 <z <[ onnceisaerca YpapHerneM
TenA0HPUBOTHOCTH

du a AN
Pr = o7 (’i‘ %) -+ fo{z. 1), (1)

rae u=ulz, ) — rexueparypa B TouKe I CTe/KHA B MO-
MEHT {, € — TEILI0eMKOCTh €THNMIBL MACCHL, P — MAOTHOCTh,
Cp — TENTOCMKOCTD €;INIINGI LTIl A — Koadduuuent teu-
NOTIPOBOAHOCTIL, f, — IUIOTIOCTD TEIIOBEIX HETOUHIIROB. B 0f-
eM cayuae k, ¢, p, fo MOTYT 3aBRCETH Ne TOJLKO 0T Z U I,
no u 0T Temmeparypsl u=u(r, t) (kBasununciinoe ypabune-
HHe TEWAOUPOBOALOCTI) W nlaske oT du/dx (ueiuneitioe ypan-
nerue). Ecan %, e, p nocroanust, To (1) MOKUO 3aIucarth
B BIHIE

0
au s A1, J"(1
—_—— T — . — — 9
ot “ ozt fod cp ’ 2
vie  a® = k/(cp) — roshdumuent TeMmepaTyponpoBOANOCTIT.
Bea orpanuuennsa obmuocTo Mo:no cyprath a=1, [=1.
B . ) o a’t
CaMOM jiele, BBO;UT MepeMelpe Iy == ~—, {) = T fi =

12
= —= f, Boxy4iM
a

ou

—

0!]

Lty O< <1,
Ul‘i
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Msr Gymem paccMaTpuBaTh MCPBYIO Kpaenylo 38;ady (mmoria
FOBODAT: HATANLHO-KpaeBylo 3ajauy) B obmactu D={0<

<z<1, 0<t<T} Tpebyerca nuaiitu HempepuiBroe B D
pemenue u=ulz, {) 3ajauu
a 2
- =%§v—|—f(x,t), 0<z<<1, 0<t<T,
wlz,0) =u, (@), 0<e<<t, w0, ) =u (), (3
u(l, ) =u,(t), 0t T.
2. Hexotopnie cBoiicTBa pelleHuil ypasHeHHR TeIIOOPO-

popaocth, B cuny mpmununa MaxkcHMyMa JUIA pellCHHA aa-
navu (3) uMeeT MecTo OUEHRA

max |u(z )< max(max |4 @), max ju, @)}
o<xgd, 0T 0€x<1 0gt<T ’

T
max | (1) +§ max|f(z 0l 4
0gteT § o<zt

EEN

PacemoTpus 0IHOpoJHGE YpaBHENHe ¢ OFHODO;IMBIME KDaeBHI-
MO YCIDBAAME:

S T e, 0<i<T,
At Oz
w0, )=u(1,)=0, 0<<tLT, (9)

u(r,0) =y, (1), 0Lzt

Permenue 5ToH 33,244 HAXONHTCH MeTO;(0M Pa3fieneuida Hepe-
MEHIBbIX B BH/le
o
~hpt
u(z, ) = X e ' Xy (1), 6)
k=1
rae A, @ X.(2) — cobcTBennbIe 3naveHns H OPTOHOPMHPOBAH-
uHie cofcTRenHble QYHKIUA 3a7aYu
X"+2X=0 0<z<i1, X{0)=2X({1)=0,
pasibie _
te='n?,  Xyla) = ¥2sin knx, (7)

HpIIeM
1

(Xhz Xm) = r s (I‘) X (1’) dz = 8pm,

]

1, hoa=m,
ka [ ‘

101 k= m.
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B ca\m\x eile, Boe TACTHHE pemeHm (rapsmonnkm) uy (2, f)==

= cre Xk (%) yaon1eTBOPAT YPABHEHEK H KpaeBLIM YC-
nopany (5). H3 sagaabeoro yelosus

5@ 0) = @) = ek (@) @

HaxojATca Koapduunentsr ¢, = (u,, X,).
M3 (B) m (8) caexyer

fu (@) F = ((z, b), ulz, 1)) =

Qg ~Ypt o —2ht - Y
= X MIXp<e T Za=e Tul
)

h==]

/A8

I!. U "2 4‘_1 C?{ M >y > .0 >A = n2,

-
-

Tarmy obpasoy, ;as peimenna 3ajagm (J) sepEa OIeHKA
Ayt 2
le(l<e™™ fu,l A= a3 )

BRIpA/KAKINAS CBOHCTBO acuMmmToTHUeCcKOl (mpm ¢ — o) yec-
Toftuupoctd 3ajaqn (D) mo mawambpmeIM mameeiM (§ 4 m,
ra. V). B cany soapacramma A, = A*n* ¢ poctom £, nagumas
¢ Herotoporo MomesTta ¢, B cymae (0) 6ymer Hpeobaa;ate
HepBoe ciaraemoe {(mepsaf rapMoumral, T. e, GyJgerT mMeTs
MecTo NpulIMkennoe paBencTso

u(r, t)y =~ cle“s‘I‘X1 {z).

JTa CTAINA HpPOIecca HAILIBACTCA Pe2Y.LAPHBIM PEIUMOM,
3. Paanocrupic cxemnt, B oGaactu O BBenem ceTky

Opp = {Crity): ay = ih, t;=jr,i=01,...,N,h = UN,
=01, ... Liv=T/L})

¢ warayMi: k mo z n t no f. JaMengs DPOH3BOAUYI0 IO &L
Pa3HOCTHRIM BBID&;KEHHEM

5211, b it1 2"1' [ Uiy 4
~ u = U-_ .= Au,
1

6:2 hz xx,1

nveero (3) moaywum coeremy andpepeniHANbHO-DASHOCT-
wbIx ypasrennil (xeTod npasuiz)

dv, i
T-Altlfu 1=1,2,...,
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¢ KDAeBBIMHM H HAUAILHEIMH YCJIODHAMH
vo() = u, (1), vt} =u,(t), v{0)=u,lz,).
Jlaa uuenenuoro pemenna HTOH  3aNaud, 10 AHAJOIAM
ra. V, 3aMeHNM NPOH3ROIIYIO DO § PA3NOCTHEIM OTIOMIEHHAEeM
. R 1 JJ
dv; " v (f40) — i (1) el 2 );i
dt T - T AL

Npapylo TacTh BOALMEM B BHJe JMHHeHHOH RoMOmnauum 3Ha-
uennii npy ¢t =t; (a j-m cuoe) u ¢t =t {ma {j+ 1)-mcnoe):
pitt—y]

T

= oAy + (1 — o) Axl + ¢}, (10)

e ¢ —napanerp a (pl~nm<o'ropaﬂ TpaBafg 4YacTh, ¥anpu-
F172
Mep, Th = fu(P. = { u 1. g Clofa HAJ0 NPUCOE/UHHTE

JIOHONHATEILIIBIE YCHOBITA

v ui (), yh = ua(t), ¥} = uy (20, (11)
i=0,1,2,...,0<i<AN.

Cxema (10) onpeserrena na fi-troveunow nradiuocne

(ep, 240) (-riyxt.‘i'i-l) (Zite L)

o

: X X
(r;zq, tJ') (x, tJ') ('Ii-l-h t)

Pacemorpunm saBuyio cxeny (0 =0) na 4-rogedionm mraf-
J0e:
it =l v =il
1 o X

i
+ ¢ (12)
Suauenuna ma {j 1)-u ecnoe maxojaTca no aBHoit dopyre

. 2ty
yitt = (1~—]—§)yf+ (s - wlia) + el

B cayuae o=1 modyyaeM NOJIHOCTBI0 WEABHYID CXeMy —

cxeMy ¢ omepesxenses ua mabione XX %
i+ i J+1 J+1_ i1
v — b ¥i1— {- Vit 3
= -+ ¢ (13)

T hz '
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j+1 .
}IJm ollpejeaCcHUA yji 3 (13) HodydarM KPaeBylo 3a,laTy

2 |. ]
Tt (1 ) s S e H 0<i<,
i3
’ i j j+1 Jj+i
J[':i' = y? “E‘ nl’gﬁ qﬂ = U (lj'l-l)! UN = Uy (tJ"!—l)’

KOTOpafA PeIIaeTcA MeTOm0M NPOTOLKM,
Yacro wucnoapayerca CAMMETDHTRAS MeABNAg  cXema
(vnoraa ee uasmsawr caexmoli Kpanka — Hukoacona) ¢ 6=

— X K X,
=1/2 n mabmonom o !
. 1, . .
y'; 2 S yji B 5 JJ+1 2|}j+ -l‘yri N y'ji—l — 2”‘?[ - y%+1 _|_ j
T 2 2 X i

(14)

j+1
3uatenusa y’,+ Ha HOBOM CJIOC B B 3TOM Clyyae HaXOJIATCHA
MeTO/(0M TPOTrCIKH 1A I{paesoﬁ 33;1a9N:

zf.yffl (1 +— )ui“ +7y’f:‘= — K 0<i<N,
ysz = 1ty (t41), e iy (3541), (15)

¥l = (1 - h%)yf Y (fh—l - y1+1) + T({];

B obwenm cayeae (mpm aobon g) cxeva (10) nashrmo'rcﬂ

exemoti ¢ secamu. 1lpnm ¢ 0 ona neAsuaa n yz oupee-
aAeTCA METONOM TIPOYOTIKM KAR peleuus sajiayu

otAyl Tt — it = — Fl 0<i<N,
W=y ), Y =), T=010 00 (16)

Tlepeiimem x nayvennso cnolicrs cxems (10) ¢ awobuv .

4. OgeHKa ROrpemiHOCTH annpoxesMauss, Yvobu  oue-
HHTB MOPHATOK TOTHOCTH ¢xeMmnl ¢ necamu (10}, majo cnawa-
J1a OEUNTH NOTPeNINOCTh aLNPOKCHMAiluu {IeBAany) I 1aii-
TH ANPUODHBIE OUEHKRH, RBIPLRA0LNNE YCTOHTHROCT CXeMul
uo mpavoil wactu. Pasnmoctmam cxema (10), (11) yuwroipaer
ITaYaJbHble H TPAalHYHbIe fadpble Touno. Ilepemmmienm cxemy
(10) B Geanunercuoit GopMe. Bposa oboanatennsa

i1 Vigy = 205 1y

y=yh gyl Ay sy e ;
(i

41

"5 s
y=—=———" Y=oyl (1 — )y
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HoJay4yaen

¥ = Ay + @, (28;) € 0n, ylz, 0) = u,(z),
17
yo=u1(t), y:v=uz(t) (t*—_—t;:jT, ].'=0, 1, Lo

Ilycrs u = ulz;, #;) — rounce pemenne ncxopnoi sagawm (3),
y — pentenne pasHocTroM aamagm (17). llogcrasmas s (17)
Yy =2z u, noTyYnM JJIA DOTPeIIIOCTH Z ==Y — u CJeAYIomue
VCIOBHA:

zy=A2" + 1, (2, t) E 0,
2, =0, z(0, =z(1,t)=0, (18

p=Au+op—u, (19}

€CcTh IOTPeMIROCTh anmpoxcuMauuu cxemsl (17) ma pewemui
u=ulz, 1) sagauyn (3) (EeBA3Ka cxeMEI).
ITafiney pasionsernye P MmO crexend 72 H T § OKPECTHOCTU

- 1 .
TOYKH (a:g, L=1;+ E—r). YunreBas, 4To

177e

u(°)=o'z}—}—(1——0)u=u+u —l—(U——;-)Tun

2
~ - 1 av 9% T 63_&

- 21 Yoo _ 1
VEVT T T T w8 A
ve=v (ﬂ:’ £+ ”1" T)’

1 v © 0% 1 o' 4

v=v—g v T e T e O
2

A = u- = Lu - "—“W + O, Lu= ’2’

Oy TaeM
<~ au ) . = f 1 o
P = (L““f ;)'I“P—f’r'kc-T)TL"%T
b L4 0 )

Tawr rak v cuny vpapnenua (3) mvees

L - | — T =0,
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T0
au
L =L +Lf
at :
11

P o= ((p — 7 (0’ — %) TLTf) + (%- s (0’ — -%—) 'r) L% -
- O (1* -} h¥).
Orc;ia BYIHO, ITO

Y=0(T+hY mpu ¢ = [ & o:;!:%,

Y=0(@+h?) npm ¢ — ] u U:_}z_,

Ec:on nefparst o tak, 9to6s1 koaduiment nipu L Gola
paeH HYIO:

1 PR

0=G*=T"— 12‘[1 (20)
a (@ DOIOKHTE pannmu
—j -{——-—Lf il 8 QT = ] e 19 .\/ (20

{082 mupasienus oriavalTca na nenugumy O(hY), Tak Rak
Af—Lf=0(h?), To MH NOJAYYMM CXeMmy MOBHIIEHHOro (mo
%) HOPANKA ANUPOKCUMAUMH: Y= 0(h‘+tz) HPH O == Oy
JTa cxeMa Take EHeABHAT, M TI0ITOMY v} maxomarca ua
YPaBHeHNA O,TAY — Y = — F wmeronom TPOTOHKM,

5. Yeroitgnsocts cxempr, OGpatnMes K U3y9eHHI YCTOH-
guBOCTH N cxomEmocTH cxeMbl (17). Paccmorpum cmayara
ABHYK cxeMy (6=10) ® uucro mnesmsHylo cxemy (o=1).
Ypasuenue (17) pua ARmOH CXeMbI BaIiIeM B BHIE

2 . s - X .
yi = (1—7;-)y:+—,—}(y£ﬂ +yla) Hrel, O<i<H,

:“'1 0 . (22)
=0, y¥'=0, =y (x), O<LiN.
Ecnmun rosddprnuent npn yZ: HEOTPUTATENEH, T, €.
T A2, (23)

1o He (22) caemyer, 4To
il < gl + <l (24)
rae lylec = max |y;|. CymmupoBaume mo & or 0 o j—1
oxi<N



§ 1. YPABHEHUE C [TOCTOAHHBIMY KOS®OUMIMUEHTAMIO 239

naer j
1
e <1l + 3 T1# o (25)

970 EEpPaBEHCTBO I BBHIPAKAET YCTOHYHBOCTHL B CETOTHOHM HOP-

ve ( ABHOH CXEMH TI0 HATAJBHBIM JAafiHLIM M IO 1PaBOil

gact upu yemosuu (23) (asnas cxeMa YcroBHO ycroilvmsa),
Heannywo cxemy (17) mpu o = 1 nepenvimeM B Bu;e

g+t i+1 i j
AP —yl = —F;, Fi=yitgl
e

-yl - (1* "T)yi“ +yld=— Pl 0<i<w,
L

wh =i =0

Bocuonesyercs: Teneps Teopemoll 3 us § 5 rin. I: maa perme-
HHA 34747
Aoy — Cyi+ Ay = =1,
C,‘=A“+&41+1+Di, O<i<N, yﬂ_ r\—"—O

BepHA OlieHra

n

wle<| 5y

B mamcy caygae A,= A, = /%, D; =1,
il < UR < Dyl + ol (26)

Orcroga cymaupyem mo k=20, 1, ..., j — 1, moay4aes onex-
gy (25), Tarum obpaaoM, YHCTO HeABHAA cXeMa Ge3yCIOBHO
ycTofqmMBa, T. €. yCroitdmea ups aobwx T M k. B cayuae
IPOU3BOJIBHOTO G PABHOCTIIOE ypaBlieHHe HMeeT BHL

01: i+1 2at j+i a7 J+1 ]
i ( -+ ) 1- Yinh = — Fi,

O<1<N, yzH = y‘}\rl == (),

; 2(1— j - j j }
Fi— (1 - ...(_hg_a.).l)yf + Lh—f—)—z— (vl + vl + vl

Otcioza BHjulo, 4T0 Koa(ImUUEnT HPH ¥ UCOTPHLATENCH,
eCJIIx

9

h‘z . I -
TS:\'—‘Z(_.'{_“"-&T in 021— 5T (2/)
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Hpu srom yenosmm [Fll, < Iyl + tllglle; monbayser sarem
reopeMoit 3 w3 § 5 ru. I, mosyumm onemky (25) upm yemo-
suH (27). B wacruocru, mia cmmurpntmoﬁ CXeMEL yCTOHTH-
BOCTH B C’ oMeeT MecTo mpu T < A’, DarkrHYeCKH ¢ cXeMa
(17) ¢ 0= 1/2 Geaycinoeno yeToiuuBa B € 10 HATALbLIBIM
JAHIUBIM, TAE 9TO

iyl < M g,

rae M,=const>1, Oanaxo »T0 1ePaBEICTBO JIOKA3HIBASTCH
JIOBONBHO CIHOSKHBIM CIIOCOGOM.
Hume Oyjier mokasauo, 4To B IPYroit mopMe YCIOBHe
VCTOHYHBOCTH CXEMbLI C BecaM| HMeeT BHS
B

6200=i——; (28)

TAK 9T0 cxema ¢ 02> 1/2 GesycaoBHO YcToliumBa, a mpH ¢ <
< 1/2 BMecro (27) cTaBUTCA YCNOBHE YCTOHTIHBOCTH

B*

TS T

29)

Yrasamusiii peaynsrar (29) monywaercs ma ocHoBe ofmeit
TEOPUN yCTOHTHBOCTH.
IIo apmanornu ¢ § 4 ru. I Beegem oncpaTop A:

Q
Ay =—Ay, yEQ,JEu,
2 Q —-—

e £2-— MHoKCCTRO (PYNHIHN y, 33,laNTEIX YA CETRE @) ==
={z;: xi=ih, i=0,1, ..., N, h=1/N} u pasaex HyII0 Ha
rpague Hpu i=0, N, a y — Muomeerso Qynromii, aaman-
HHX MO BUYTPEUHBX yajaX ceTKH z € o, = {r;: &, =ik, i=
=1,2,..,N—1, h=1/NL

Janmmey cXeMy ¢ BCCAMI B Kauodldeckoi dhopie:

Bz, +Az=19(t), teaw., Z(0)=0, B=FE+otd. (30)

T 3TOTO I0CTATOUHO MO;CTABHTE 2 =gzt (l—gz=1z+
+o(z—2) =z+ 01z B (18).

Omepatop 4, nax mokazano B 1. I, caMoconmpsamen I mo-
aomuarenen: A =A*>(, ecnm cralApHOe NIPOH3BEJCHWE B
H onpenexutsd mo gopMyne

N

2 yivift.
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Yeroitansoern exemsl (30) mecne;oBana B . VY, rge mo-
Kasano, 4ro cxema (30) yeroituisa 8 /1, mpn

1 1
=g, e ————, 3
L @D
B pammom cayuae | dff = -—;—coq* ——.0rciona cienyer, 4To
13

exeva (17) verofinusa wpn gwdox t u h, ecm ¢= 1/2,
Bean 0 < 1/2, 1o cxesa yetofunpa mpi
1

TS =Tl

Hogcrapran cwjia kAl = 47k, woayvaen

— W , a
T & mj—, 11 4([:’2 —_ U)Téh-o

B wactuoct, npu O == 0, uvMeem 4(1'2 — 0,) v = A% 3 <h?,
T. ©. CNCMA JIORLLLENIOrQ NOpA;IKa AnipoKCHManmun Gea-
YCAOBHO, YCTOHUYIBA.

6. Cxomumocrp cxemur. [las morasaTedncTsa  CXOLHMO-
ern cxeyut (17) 1210 MOAYYUTL ATpUOPHYID OTEHKY ;WA 3a-
gaanr (30). DBocuoabayeMesn nepapencTBoM UIA 2, IOXYYen-
THIM M1 1LCCIEMOBAHIT CXOAMMUCTIL CX€M B i, V, B cuny
rotoporo ;uua (30) i (18) sepua onemka morpeurnocTi

i1
19h< B ol | s 030, a0, ()

) ()

G
Hosieranun cwjia Az == 2= * mnaifaen,

l2fh = (2,5 = — (2, 7= (5 %) 351 B (2 )

I BOCHONL3YeMCA OILCTIKOIL

172

lzlc = max 2l << 2 hizz )] = ““‘“ZHA'
a n

=1
B pe3dyarTaTte mo.Tydaen

i-1
157 < = X vl (33)
k-0

1. e. cxema {(17) exo;ures B ceTounoii nopyMe € ¢o CKOPOCTHI
lyi—w e =17|c— O*+ 1) nprn 0=£1/2, 02=a,,
|zl =0 F - 1), o=1/2. Eeam 0,20, 1. c. 12 h%0,

16 A, a. Cavaperiri
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TO H A CACMBI O = Gy, Depna onenka (33) u
2 e = O (R} -+ ) npu 0 = gy,
7. AcumuroTnycckaa yerofiupgoers, CBoficTBO acHMNTO-
Tudeckoil (mpa ¢ —> o) yeroiiuusoetu sajadn (3) mo ua-

YaJbHBIM NAHNLIM Boipaxiaer ouenka (9). Hpu Gompmux ¢
pewene aaiaun (B) oupejeiserca meppoil rapMouuROM

—a
wlz, )y~ ce” X (@)
(perynsipumii pesmnm). Ecrecrretno TpefosaTh, 4Tobul pe-
LIeHe pasHocTIoH 3ajaun

yg=04\!7+(1 —G)‘\y. -’L=lhs t=jT?
(34
i=1,2,..,8-1, j=0,1,..,

y(0, 1) =0, y(1, 1) =0, ylz, 0) = u,lz),
061214310 ANAdUTIYeCKUMH CBOHCTBA M.
B ra. V A omepaTopuo-pasHOCTHOR CXeMEI ¢ BecaMy
By, +4y=0, t=o, yl0)=y, B=E+ o014,
SE<A<AE, 6>0, 4=4*>0

VCTAHOBJEeHa aCUMOTOTHYECKAH yCTOfI"lllBUCTb CXeMBI € BE-
caMu

; ~tsf @
i< eyl
NpPpH JOOOJHUTEJILIOM YCHOBHE
1 < 1,(0),

rae To=2/(8+ A) nan apuool cxemmn (§=0}, 1,=0 (v -—

moboe) pua neasuoi cxemsl (0= 1) u 1, =2/V8A mna cum-
MeTpAINOl cxeMb (o = 1/2). [laa cxemn (34) nmeem

4 . 1) 4 s TR 4
§ = — sin* 5 A= mcos® -, §4 Az= o,
h” 2 Lt 27 + h*

Han nenoit cxexml (0 =0} 7, = A%2 ©# ycioBne acuMOTO-
TIMeckoll YeTORYHBOCTH COBNQ8eT ¢ YcloBHeM obBITOON ye-
ToftutiBocTH; HeAsHad cxema 0 = 1 no-mpesiuesmy Gesyciios-
no yeroitumpa, Quuako cumyerpuuyuaf cxema (o ==1/2), 6y-
Iyad Oesycaokuo yeToH4HDOH B OORITHOM CMBICITe, ACHMIl-
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TOTMHMECKA YCTOYIBA NP1 YCAOBIIH

n* ~

TSETO, Ty == _EEEE‘FU 5

B artom cnyuae pememme pasmocthoil 3ajaum  (34) ¢
o= 1/2 npu Goxpuiux ¢ ompejensieTca NepBOH rapMORHKOIN:

i 5 s P T
T2 ¢,07sin nz; & ¢, gin ez
T 1 ¢ 1

I3 13 i “"\
3nees p = {1— 1/2t8)/(1 - 1/218) = ¢7"1* {1 4 0 (z%).
Feau yemoBue T T, napymeno, T, e. T > T,, TO IOpH
foanmmnx ¢ npeofiajlaeT He mepBas, a HOCHE|HH TAPMOHHKA:

vixepisinn (N —1) 2y = e,pi (— 1) sin mxy,

e pee MEAL b » X
e P AT , . Kolleu1i0, He HMeCT BUYero
obimero ¢ pemrenuenm augdepenuanpioro ypasnennsd.
TpeGosanne acUMUTOTAYECKOH YCTOHIHMBOCTH TECHO CBA-
BAHO € TOYTIOCTBIO CXeMbl U (parTuvyecku ozliadaeT 1n Tpelo-
BaHIe ACHMOTOTHYECKON TounoctTH, (JCODCHHO TeTKO B3TO
HPOABIHETCA NMPA PACcTeTax na peatbHblX ceTKax 1A 0oib-
suix £ OTMETHM, 9TO yeIoBue T = A/m JiA ciMMeTpHTHOH
cxeMBl He AsjigeTcA obpeMenunrenunidM. [oKa3bpiBaeTcs, 94TO
aneto messnas cxeMa (o= 1) Momer ofecnedntn mpueMie-
MYI0 TOYNOCTH B chydac BoJABMINX 3Hauenmi { TOALKO upH
(Ware T, CPaBHAMOM C MIATOM ABTOH CXeMpl, Y10 JIHuIaeT
THCTO HeABHYIO CXBMY [P TiPODE;IENHI PACcIeTos [IA GoiL-
DX ¢ ee OCHOBHOTO NPEHMYINECTDA -— YCTOHUUBOCTIL TP
mobeIx T u .,

§ 2. MuoroMepuble 3aayH TENAOIPOBOTHOCTIL

1. PasnoctHbple exembt ¢ Becamu. Ha murockoctu 7=
=(x,, z,) pacemoTpum obsacts G ¢ rpanmieii I'. Bynem me-
KaTh pemenuc 3ajaUA TemIolposogunoctn B ofaactn G =
=G+ 1 qua seex 0<<{<<T. Tpebyered npalita QyHRIAIO
ulx, t), oupemenmennyio B mnmanEApe Qy =G X [0, T] =
={{x, t): z€G, 0<{<T}, yaosretsopuonyo B Q=
=GX{0, Tt={{z, t): z=G, 0<t< T} ypasHeunwo Teu-
JI01IPOBO;IHOCTH

Ju o &
;—t =Lu [z, ), Lu=— 1 —, (1)
d:f;l oy
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KPaeBEIM YCIOBISM mepsoro pojia ma rpamuie [N obaacrn G
u=plz, 1), zel, 0<t=T, (2)
¥ HavaiBslioMy yeaosuio mpu = 0:
ulz, 0) =wula), 0. 3
Ipejimonossmy, 4T0 (7 — IPAMOYFOXDIIMI:

G={z=1(z, ) 0<a, <], 02, <[,},

Beejiem 8 G OpAMOYIOILHYIO CETRY
(i)

op = {2, = (.r{il), 1!.(;2)): B e gy, g == 0,1, 0., Ny,

ho = lo/Ng, a—1,2}
¢ rpauuuei
o= {a:i= Gk, LR i, =0, N, 0<i, <N,

iv=10, N, 0<i,< N}

Ammpoxcrmupyey omeparop Jlammaca Lu = Au pasnocTHeM
omepatopoM ia miaTHToucumom wabnome {ca. ra. VI, § 1)

Lu~Auw-=ug g

Banauy (1) —(3) zamennm nadidiepenanspo-pasioeTioil
3ajladed (MeTOOM NPAMBIX):

dv; (1) . .
= Avi () -+ filt), 1=y i)y v (0) == ug (2),

e ay vl r'l’h capa(t), 0ULT. {4

Beenes na orpeske 0 <I< T cetiy o ={;=ju: 0<< <<
< T} ¢ warosm t. Hanunmem cxemy ¢ necanit

Lt

y !

=AMt (L= eh T=01, .,

rie ¥ =ylz, ) =ylih, izh_zz 1), x="{uhk, iLh)<S o
IpucoeuuiM K ypasieinsid (D)

ylz, 0) =u,(z), x =ik, izh)) € ou,
(5’
ylz, =wl), z=y t=jTE o

Otciofa BAHO, 9TO [7IA ONPCIeNCINGL ¥ = y' '’ ma HOBOM ¢J100
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t==1;, NAZ0 pemuTh PasLOCTIOE YpaBnienie
~ -~
y—otAy=F, V=y+ {1 —-0oltAyttg, z=a,
y=Uu, <y (G)
Paapewurnsocts aToif Sajaun CieiyeT H3 TOro, €TO olle-
patop (£ —otA) ABIAETCH LOJOKNTEABIO  OLDEeenbIM
npu o> —1/(zlAD, B cmay 1toro, ure (E—oT1A)y=
Q
= (£ + otA4)y B npocrpancree cerodnslx QYurROmt y, sa-
FAMIEIN [ CeTRe @, H 0BPAIAIDIMAXCa B UYIL LA TPanHie

¥r lep. ra. V1), Tlowasmenm aro.
Bronn cramapuoe npoussejenne

(y,v) = z y (@) v (z) by

=g
Ny—1 No—1

= X2 I 2; by ik, isha) 0 {1k ishy  (7)

=1 =1

n yuatesag, 9ro {(dy, y) < (Agiliyll < 14Ny, naxonus

(£ —otA) g, §) = (- oty g, y) =
=yl -+ ot {dy. ») = (ﬁ + U't) (dy, yy >0,

tak RKak (Ay, y) = 6yl >0 (e ra. VI, § 1, 1. 3).
SamumieM 1oapobuo B OMmjeKenold  QopMe  pasmocTiios
ypabucuue

) (:I;il"l,ig =+ ’gil‘H.,ig) (1 + 20 (py + va) Yiye, -
+ o7,y (Ulwq . g-ilizﬂ) — —Fii, 8
e
Yigig = Y (fhy, Tohe)y  y1 = ThE, 9y = UG,
Fijiy = (1 =21 = 1) (g + V2D yigip -+ (L — 0V ¥y (03,10, +
+ iy a1,4,) T = 0) Ve (Yigig-1  Higay 1) T+ iy
gilii = ‘ail igr i = (ithyy 1hs) & Yoo

~
J10 paspmoCTHAs Kpaenas 34Jla4a penraeTcsl OTIOCHTEALNO Y
TCMHU K¢ METOJaMu, YTo I pasnocThas 3ajada {mpuxie gus
ypasaenns [lyaceona (cum. ra. VI, § 2), 3acesr roodpuumen-
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TLI YPABHEHHASA HOCTORNNEL, 001acTh G — OPAMOYTONLIHK,
HOITOMY HAHOO0JIEe DKOUOMHIIBIMH ABJAIOTCA HPAMLIC Me-
TONLI PelICHHA pasHocTuwix ypamueuuit (8). Wrepanmounisie
MeTORbE McHee 9KOHOMITUIIBI,

2. YeroliuaBocth H cxopuMocth. [loabayacn ompepcsel-
HbIM BHIe B Ii1. VI onepatopom A:

Ay:——-f\u-*——/- ;ESOQ, ye=Q =1,

xyx - y?ch.z’
ganumenm cxeMy (3) B Ramonvgeckoir dopue:

+1_ . .
Bi"—T_IL—KFAy:’:(P;a j:0s17"'s y“:um yEH\

(D)
= E - otA.

Oueparop A maywen B ra. V1. On sisaserca cavMoconpsamen-
HEM 0 DOJ0KHTEHLNO  OHpPeeNeNuibiM B HPOCTPANCTRO
H = Q pasmepuocru

Ny~ 1) (Ny— 1), A=A* §ESAKAE,
rHe

R JT/!,l :r'lh_z
8, -z qm-i F —2 sin o=
4 W4 o ey
AD ooz F COs~ :’.7—‘ - ]72 €0s* 57t AO = |'| A " (IO)
1 2 2

B cwny obmeit reopim (em. ra. V) exema (9) yeroiunna
» {4 npy

i 1
020, O =35 — Al (11)
B uactmoetH, s Asmoll ¢XCMEL UMeeM YCIOBIIe
2 2 2371 .
T =, <=+ =] . (12)
Ay By By '

I1a kBampatnoi cetee (h, = h.=h) yc1oBHe YCTORYITBOCTIE
ABIOI CXeMLI UMeeT BHI

T << hil4
(ep. ¢ yeaormamu T << A*2 nas omnowepuoit zagaunm), Us
(11) Bwano, 9TO cxeMLI ¢

o=1/2,
B ToM wicae umeto uessnada (0=1) ©H cuMmerpudman
{0 = 1/2), Beayciuonuo yerolivmsel. Heuyw cxemy (g =0)
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MOJRII0 3alHCATI» B BHje
11 G ¢ j j j
yglh = (=2 (y, - ) .‘/gl’iz + % (5‘{1—‘1.1'2 -+ y?iiﬂ,iz) +
'_}_ 'Y’Z. (yfl .ig—l 'If_ ygl.ig‘f'l] -+" T‘Fglig' (l 3]

Cysma roaddmipentos upir ¥ B upasoii vactn (12) pas-
ua e;juumaue. Keam Bee KodHPOUIMEHTH  HEOTPUUATENLID,
T. €. BHITQAHEHO YCIA0BHe Yy Vo << 1/2, v, — T/hi, y,= T'hs,
3RBHBaJenTHOE yeaoBu0 yeroiuusoern (12), to ua (13) cuc-
JYCT HCPABeUCTBO

g+l < ||y~’!lc -+ r:Iq:"HC.

Cymyupyn mo k=0, 14, ..., j—1, 1nosyZaeM OICHRY
{ep. § 1)
. it
[l <lsle + 2 <l e (14)
=0

ROTOPAA COXPAIACT CBIY NPB TIOOLX HI3rax CeTKE JIJIA YHC-
To neABnoi cxeMu (o= 1), Bo BCEX NPYIMX CIYUAAX OLell-
ka (14) mmeer mecto mpm o = { — 1/7A,. [Jas ;0xazatens-
CT8A CXOMMMOCTH HAJ0, KaK 00bIMIO, HCLIC/OBATH ULEBH3KY

P = Alou 4 (1 — odu) + ¢ — w..
Yanresan, ur0 Aw=Lu -+ O(h]®, |k]'= = by - hy»  mo

AHAJIOPHH ¢ OJHOMCDHBIM €IydaeM HaxXoHM

p = O @—Qom.

A mOTpemrHoCTH 2 == [ — U HMCCM 32,149y

gt i

Tee !, j=01,0, 2= 2(0) - 0.

OTciona 1 O3 anpUOPHHIX ONCUUK CAeyeT ¢X0AuMocTh B C
exemst (3) co cropoeteio O(t+ [A1*) vpu 0% 1/2 n O(* +
+1kR1*) npn o = 1/2 {Hoanas apaiorus ¢ OMHOMEDUBIM CIY-

1
IAO'
Jlast pewemig 3a7aul, B CHIY OUEHKH, HOIyYeHHOH B

1. V, BLIIIDJAITARTCA HEPABeiCTRo

waesm), cenm o =1 —

j
“z”lﬁ,;éz,r!%lphll npu 0200=%——%, =0,
0

h=p



248 Il VIl YPABHEHME TEINIOITOBOTHOGTH

i (=)
|]Z"i == “zui[ + ” zﬂ:‘ag’ Aly == yrlnl A‘-’y = 1;2.\‘2'
Nl \"“'-1 1\‘—‘1 1\0
leli= 2 3 k(s G )+ 2 3 (s, 1)
1-1 ig=1 11—1 2—1 4

Orcwojla  caenyer Gesycaoniafg  YETORGUBOCTE  CXOULMGCTI
cxembt (D) B I, co cropocruio Ot + [RI*) npn o+ 1/2,
o= 1/2 u Ql* + |k]®) opu o = 1/2.

IMpopeneniioe BLMIE HeclefoBanme HAZ0 FOOOJHITL YC10-
BHAMH aCUMUTOTHUYECKOI yCTOf[‘{IIBDCTH HOCI-\O.TII»]{Y JTI ¥C-
JIoBHA T < Tg 6]:1"11 NOMYYICHBL [ ODepdTOpHO pdd[lOCTll(Ul
CXEMBI C BeCcaMl ¢ HPOHIBOJIPHBIM OII€PAaTOPOM

A=4%>0, 8,E<A<AE,

TO IMI MOMKHO BOCIOAB3OEATHCA N JUIA damieil cxeMut (D),
TMonsayach poipasxentann (10) gua 8, B A, moayusaexm ye-

{LoBits aenyIToTIYCCKROl yeroftanmsoern T <K 1Y, 15V == 2(:{; -+
. 0
—-1 "
4 =) s msnoii exemm (0= 0), 1< 1Y, 1Y = e
h3 2 VOO./\U,

6y Ay m3 (10), ;s cusmerpiranoit exesst (o0 = 1/2),
B gactuocetn, opu Ay =h.=~h, |, =L ={ umeex

\ 8 . Ak 8 ah B2
Oy r=—gsiniar, Ay = —yeosts o
I’

R e =T
R I A
Ty == ?(Slﬂ —) %:}3—.
IIpejencuoe suatenue T, B jBa pasa MeMbIUue, weM 'LId
omHoMepuoii cxemst (5) na § 1.

Ynero weagniag cxema ¢ = 1 0e3ycionno acHMOTOTHUECKT
yeroiiumba,

3. Hepevennnte koddduumentsr. Pacemorpum sagauy (1),
pejIonaras, 4to [ CCTh BIAMNTHYCCKUN 0HepaTtop BTOPOLo
opARKa ¢ mepeMeHHbMu KodpduientamMn u fes csmemail-
UBIX IPOHIBOMHEIX:

Lu==Lu+ Ly, Lu= (],] (x, 1) ’”’)j

oi 1
L2u = (]x 2 (L' i) ;u )

C; é_ ]i'a (51:_) Z') “-<-. Cay (Tz t) = QT = (O T}
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Rasptit n3 ouepatopos L, u L. anmpokcHMEpYeM DasHOCT-
HBIM TPEXTOYETHBIM OIIeDATOPOM:

LI ~ 5\1, [li Y~ L;\.z,
Aw =(alv;,1)x , Ay = (agvi) s

2/%3
rae a,=a,(hy, iRy, 1), a=alih, ik, t) — TeKoTOpPBIC
(yIRIOOHANR OT 3madeddit &y H X, COOTBETCTBENIHO; B NPO-
cTeiimeM caydae a, = k,((i, — 1/2)h,, Zzhn, 1), a. = k.(i,hy;
(i, — 1/2)hy, 1), 910 OGecnednBaeT BTOPOH IOPAIOK ANIpPOK-
camanma: Agu — Lgu — 0O (ha), a == 1, 2. Onepatopy L cra-
BUTCSL B COOTBETCTBHC PA3HOCTHBIN oncpaTop A:

Av=Apr+Apr= (alr:;l)xl -1 ( R ] o

272

1

(1)
BammmeM A,.v 0 A B mEmercuoii dopve
Vii1dy Yy

AJ,U o [al ((l ' 1) hh iihi; t) + -

1

Vs s — U
. N L S ]
— ay (iyhy, isho; 1) h o b
1 d

. U1 — Vi,
Ay = 7:_[‘1'2 (ihyy (fe + 1) Ry B) 2“__}5____(1_1; -

92

iia i{,T9—1
— a, (i, Lk t) ——'——-—h—'z—}

PasnoctHas cxema ¢ BecaMd HMceT ToT ke B (3), 9ro
u B u. 1. Beperea 1o ime cetounoe mpoctpanctso I = Q co
CRAIAPURIM nuponasenenneM (7) ® sBoguTca omeparop A:

Ay = — &y = “(alyal)n (alz-\l‘}*z

YuuTnibag, d9r0 ;WA O/II0MEPHOTO CAyYasd omlepartopa

4 Ay = — (a?/;)x

e (Ay, y) <Ay, < ey (dy,y), Ay = — Yz
0, Kasey,

NeTpy:A0 ybeaurhea, 9TO TaKHe jKe HEDPAKENCTBA BLIOOIUA-
10TeA H [IA JByMepuoro onepatopa (15):

clfigA..{cz;l, zfiy = -

*1%1 . xg,‘cz
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Orcio;ia pugno, 9ro 8E << A < AE, § = ¢,8,, A = ¢;A,, rIe
8 1 A, onpeaessuorest no dopmyaar (10). Has onpeqene-
muA y =y na uosom cnoe moayaaem asajady (G), mie A

onpeseaseres us (15). B caywae spuoft cxemu y onpejens-
CTCA B Ray10M y3ne T € o, 1no dopuyie

~

y=y+ U —-c)tAy + 1q.

Jlast uesnubix cxem (0 % 0) najio pewars HATHTOUCTIOE pas-
HOCTIIOE YpaBueunue ¢ MepesennuiMu Koodduruentamu, 3necn
HCLUONB3YIOTCA HTePalMonHbIe MeTOXb, naufoiee 3KONOMHAI-
DHM M3 NHX ABIACTCA NONEPCMENHO-TPCYTOABLILIA MeTO[
{em. ra. 'V, § B), wnedo mrepaunit [ KoTOPOro ecTh BenH-

»

1 i

anna O (F_]n ?), econr T~ O(R). Onucanne momepeMenIro-
P ke

TPeYTOIBENOr0 METo; @ ;Ui PAsHOCTILIX ypasHemuii ¢ mepe-

MelnbsiMil Koddgunneuramn jano B ra, VI npUMeHATEARITO

& ypasuenuo (6) ¢ omepatopom A pizia (1D) ero caejyer

HECKOIBKO BIT101I3MCTINTD,

§ 3. OxonoMuuHLIC CXeMbl

1. Meron mepemenupix npanpasiaennii, Cpasmiym ABuble o
nestsubie cxeMnr (3) No ;\ByM XapaKTepHCTHRaM: 00beM BbLI-
qHCAeHNH (i onpesenenna y't' W oorparuYenue rma mar t.

flewasa cxewma: 1A onpejeacnus ¥yt ua cerke ws
HAJ0 3aTpPaTHTL YHCIO ACHCTRUIH, HPOUOPIOIANLIIOE HHCNY
VAIOB, T. €. YIICIO JefcTBUN, NPUXOTANIINCGA HA OJIHI y3ed,
e 3aBHUCUT OT CeTKH . ()l1aKo wWar T KEeCTRO oTpailirdel
CBEPXY ycJaoBHeM

T<<T(h): v<<h*4 npm h,=h,=h gna cxemst (13).

Hensmaa_cxema (0=1/2): juia oupejgencoua y+!
najio pemnts cueremy (N, — 11N, — 1) usruroveynnix pas-
HOCTHBIX ypaBileliMil; Jias ¥roro, 1o Kpaliueil Mepe B cayuae
nepesemnx roddpduuuenton, Tpebyerea dmeno geiiersnit na
O/(LUIE YBCT CETKN o), Bo3pacTalouce mpu |kl -> 0.

Bosunnraer zanaTa — NocTpoiuTs CXCMBY, COYETAIOUIME AYY-
ule KavuecTBa MBOLIX 1 HCHBIBIX CXCM: (e3YCIORNO yETOil-
YlBLIe, ¢ THCIAOM JeHCTBIN Ha RKamaoM €Joe, MPOMOpPIHO-
UAJBHKIM THCIY Y3:J0B CETKH @ TAaKie CXeMbl NPHHATO Ha-
3LIBATH IKOHOMUUHLIMY, HolleTHO, MBI ZOIKHBI CAENATH OrO-
BOPKY: 6E3yCIOBHO YCTOMYMBBIC B OOBITHOM CMBLICAC CXeMBI
ROMYKHLL OMTH ACHMITOTHYECKH YCTOHYHBBI, 4TO TPHBOIMT
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E OrpalfyCHHI0 Ha INar, 3lauHTedbilo Gomnee caabomy (na-
apnMep, T h/(2a) npw o =172, hy=hy=h, I, =1 =1),
ueM yenoBue yeroduusoctu (1< A%4) A upuoil cxessl
Herary, yeaopne v = 0(h) ecrecrsenno j1a cxemm O(1° +
+1h1%),

ITeperte snovomnunme cxeMsl mospiauces s 1950—
1956 rr. m Golam nazwsaisl veTodaMu nepeMeHHLr HAnpas-
aemiit, Ocwonnag alrOpUTMHYECRAST UALA 1N DROUOMEYIO-
CTH COCTOHNT B TOM, 9TO (50 IEPEXOIa CO CJOA f; Wd CTOd
fip1 180 PEIATL MCTOOM LUPOTONHKU TPEXTOYEHlbie PasiuocT-
Hble YpaBheuuA c¢lladana eJI0Ib CTPUK, & 3aTeM — BAGIE
cTOJOLOR CETKI ;.

Ilpuseger opMysast MeTOda TEPEMEINIBIX HalpasIenui
(npomonkuo-nonepednonn cxemvr Hucmena — Pergopda) nus
sapawn (1) ¢ omeparopom ZL: Lu=Lu+ L.u, rue L, —
OJHH H3 ONEPaTOpOD:

9 3] an
Lou = :;-[—: 1an Lgu = — (ka (z, ) an ), a==1,2

dx 9.
Ty a a

Hycts Az, As — coOTsETCTDYIONME TPCXTOYCUHBIE ONCPATOPHY
1 A=A+ A, Bpoaa npomesyrounioe anavenne y = yt'3
GopMyJNEDYEM DasHOCTHYW CXEMY DCpeMeHlihlx Hanpab-
Jlenuii:

j+1/2 i - ; . ;. -
¥ y jrye i . jr1/e
oy = Ay +\Ny' +9¢, t=on y =p

yz’-H_ViH.‘z jr1/e i1 j 1 i+l
= Ay + Ay 9, a=Ean y=p

T2
upn iy =0, No. 3’ = wol), & € s, (2)

Ihe | — IpoMensyToulioe suaveuue dyuruun ulz, t), pannoe

n o= _).. — A, (p,jﬂ — [Lj).

Jaa oupeserenna y™'* m ' nmeeM pasHoCTHBIE KpaeBble
LERCRedol

‘/ZTA;‘U“UE _ yj+l/2 — -Fj,
Fj — yj + 1/2T(1\2yj + (F}), r = G)h’
Yt = l-l—-- i,=0, N, (3)
i/zr‘,\ayﬁl _ y;i+1 = ____l,’)«{-j,'z,
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3
13,1
L2

FH—!/Z — yi-H/Z + 1/21(‘,\lyi+l/3 + (pj)’ re (!)h‘
g = =0, N,

Tlepraa 2ajaua pemaetca 1poroixoid mo crTpokam (i, =1,
N,— 1), sTopan — mporoakoii mo crombmam (i, = 1,
2, ..., N;— 1), Uucno jeileTsnil HA OJHMH Y3€d KOHETHO IT
Ife 3aBUMCHT OT CeTRI,
Cxema (3) yeToduuBa kak MO HAYAJADLIBIM JANNLIM, Taw
o 1o mpasoif wacTH nupn Mobmx T n [kl u HMeeT TOIHOCTE
O(v*+ |R]%). B arom MoKu0 yOe;MTLCA UYTEM HCKIAWYCHH
¥+ p cpezenmna cxemu (1), (2), Kk oKsunasenTHOll ABYX-
c10ilIToif cxeme ¢ (paKTOPHBOBAHHBIM omepaTopoM B
U:i+1 _ J.f

B! Feed, j=01,..., Y=u,=H, 4

pe(E+ 3a)(E4 T 4) A= —Ad =i

2 2 XgFg

CC:-L 2,

rie H = — npocTparcTBO ceTOYUBX (YHRUYWH, 3aJadHHBIX
BO BHYTPEHHHX y3MaX COTKH (m,

Ogesunuo, turo Ay = Ay >0 a=1,2, 44, = 4,4,
lloatomy B=E+ t4/2+vA,4/22E+ TA/Z >14/2, n
exeMa yveroiiuupa.

2, Gaxropuzopannnie exemu. Oucpatop B, npepmerasicn-
npiii B BHAE HPOU3BEIEHHA [EeCKONbRKUX OHCpPATOpOBR B =
=B.B,...B;, 0yiicM HasbBaTh (flakTOPUIVGANKLIM, A COOT-
BETCTBYWLIYIO c»\'emy

gt — .
Ay_q)9 ]“0;1,~~1y0=y(0)‘ (5)

— (parTopusosannoli cxemol,
Ecan jan pemenna sapaw.

Boo=T,, a=1,2,

¢ najaHHO# mpanoit wactwio F. Tpedyerca O(NN,) gucno
nelicTsHii, To W ang oupedenenua ¥ ' mo useecTmoMy ¥’ ua-
no O(NN,) peitetBuit (omepatop B «aromommueinr»). Tak
ROK

Byt = B\B,yt! = I
TO AJATOPUTM CBOMITCA K NOCHEIOBATENBHOMY pellelsio ypas-

HeHuil
52 3 V2 R 7] 1 S dtLs2
Biy S F) Bzy =Y .
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Onupasck ma Teopuio yeTofignBOCTH JBYXCIOHUBIX CXeM, ie-
TPy IO, OTTI]J&BJUIHCL OT CXEeMBl ¢ BECaMIl, TIOCTPOMTL 3NOITO-
MUY1YI0 PaKTOPH3OBAn Y cXCMy (METOAOM peTYyAApUaaun),
Hrag, nyers
A=A+ 4, D:-E-otd=E+ot(d, - 4y,

A = A}, A, = 45

1 1
Toraa cxema (9) ua § 2 yeroityuna npr 0 2= 6, = 7 T Tpar
Javenum b (9) omeparop B (arTOpPHBOBAILBIM OIEPATOPOM

={(EF+atANE +a14,),
oTAIUAKUIMET or B wiemom ¢*1:A A,
B=B+g¢14,4,.
B pesyasrate monyany Qak10pH3OBAHHYIO CXeMY

S . .
I)’y—ot—'l/-—i—fly] == (DJ, ]._.;O, 1,..,,y0 == UOE}[, (6)

roro aie nopsjka amnpokcamaumut Olla — 1/2)v + °), wro n
NnexXonuasg cxeMa ¢ Becaml. Taik KaK nexolmast cxemMa ¢ ne-
camn yeroitausa (622 0,), To u darTopnusonaimas cxeMa (6)
VeToltinBa B CILTY YCI0BNH

E>B=1A/2,

xoTopoe Ruimo:meno, ecn A, 1 A, nepecranopouns i Ay =
= Ay >0, == 1,2,

Jlaa onpejieaenna y
= J7, man

1 MB moayuaes ypasuenme Byl =

(E+ otA)E + o1A)y't = 17,
Fi= By’ + 1(@V — Ay,
KOTOPOR PEIOASTCH IOCHEHOBATCALIO:
(E+otd)g=F, (E4otd)y*=j

(¢ cooTBercTBYIOIIMII KpaesbiMu Yedosramn). Bodee nio-
HOMUYITHIM (JKOUWOMMS 118 BHYUNCICHNII mpanoil vacty F7) an-
JAAeTCA CIEAVIOUITH ATTOPIITM:

(E+otd)uwt=F =0 — Ay,

(E+ otddw! = w7 i+t = i 4 gt

Oprako mpu 3TOM Haf0 XPAaHOTH HE OJMI, & Ba BeKTOpa
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(w™'% ynn w™* u y'). lpn 0 =1 na (7) cnexyer sropas cxe-
Ma mepeMeHHLIX nanpasienuit (cxema Hyeaaca — Pexgiopda)

i+1/2 i . . .
Y — ¥ j+1/2 J i
AT Ay =
Jrr__ it/e pit1e i
(E + T‘4B) .f} ‘EJ —_ J - f .

3. Meroj, eymmapuoi annporeaMamau, Yrolor nonyuurth
JROHOMUYWHEIC CXEMEI Jifisl NIHPOKOTO RIACCA 3ajay (ypaBHe-
NHA ¢ DepeMeuuBMH  KoddduaenTaMi, obaacta cIoRAOH
(Gopysl B T. 1), MeOBXOXHMO MAIMEUHTL TOUATHE PAJHOCTION
CXCMBI.

Mpt otasbiBaeMest OT OOBIMHOTO TOHSTHS ANMPOKCHMA-
OME, KOTOpPOEe MbLI PaccMaTpunajid BLIINe, ¥ JaMCIAEM ero
Goslee cnabbIM HOHATHOM CYMMAPHOU annporcuMayuu, llo-
sicund ero. Hyers nepexon ot cios j v caomw j+ 1 ocymect-
BIAGTCA B HCCKONBKO TAIOB, 1A KAMKIOM H3 KOTOpBIX HC-
HONL3YeTcA 00bUIaA JRYXCHOHUIAR ¢XeMa, 116 ANAPOKCHMIIPY-
onas HCXO/I0C  ypaBiiellde, 0/HaK0 CYMMa HCBABOK J1A
Raynoll npoMe:xy Ui exeMsl

14
o= El Y (8)

CTPEeMIITCA K HYAW NPH CTPCMASHHH K IIYJXI0 IHara T 1o Te-
peMeHHOMY I

MJI,O[O MeTona CyMMflpHOﬁ AOTPORCAMAUHNN MO:KHO H3JIO0-
AMHTR Na opuMepe 3amatu Romw past obniknosedHoro mudide-
PeHIHAJLIIOr0 YPaBIeHHa

du

- +oaw=7j(), >0, u()-=u, )]

rie a > 0 - aucxo. Hpeanonomum, uto
a=a,+ sy @, > 0, a; > 0, ﬂt) = f|(t) + fz(t). 10

Quesito, UTO TAKOE TPEACTABICUIE ROIMOMKHO BCOF{A.

Bregem cerky @, ={t;=jt, j=0, 1. ...} @ na xamumou
mare {f, t,.,) Oyoem pemarsr BMecto (9) nocjieZoBaTeIbHO
OBa ypaplueHUA
1 vy T
5 T atm= L), GKIS<tap =1+,

(1)
dveyy

g T e =Tt tha<iKn

a
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€ MAYAILIKIII TAFIEIM I
v () =0lt), v, () = v L),
j=0, 1, PR U“,(O)=ua. (12}
Peutennes sagaan (11)—{(12) apanercn dynrmus
ult) = b’(z)(”. (13)

Raknmoe a3 ypasmemmif (11) annpokcnmumpyem apyxcdoii-
HOlf paamocToil cxeMol ¢ warom /2. Haunpumep, posbiyem
NeSIBHYI0 cXeMy

j+172 i i1
¥ —Y it g
LTV Lyt =g,
14
j+1 j+1/2 (14)
yrt— i Fl j
—_— “:“ a.zg' == fas

T

Borumenny messswm P, u ¢ aax cxem (11). Homcrarum B

(11

V=714, y
g+ 4

j+1/2 j+1/2 +1/2 i+1 +1 j+1
3 = 7 —I—uj , 1 __ g3 +uJ+’

¥
i+1/2 j
p _:‘ a,z = - \pll

it _jtilz .
2 —— F J+1
__._1:— l_ a,z —
: j+1/2 i

3 0 — Ui
Zu-—O, IIJ]_ e —"'_"'_—"'.E 4" aiu 1

S i

j i+1
) = — + a -

Iloncranasa cwopa
a s 5 4 . 9. H :
w'tt = (g -+ /2 + 07, w=(a—1tu/2)*"* + 007,
noayTaes

N [+ 341 /4
§i = (u;‘2 Logu— fl)”l’l + 0(1),

(15)
¥ = (2 - au— L 1o

OTcroa BHMNLO, ITO ¢l =0Q), ¢J=0(), oanakro

1]3{-;—413_::0(1)-—»0 nps 1 0. (16)
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Bce mposeneduble BHOIe pacey:iaenns, maugnas ¢ ([0),
(11), (14), coxpamawT cudy, ecin g, B @, — MATPUIH AT
onepatopu, a &, f, ¥ — BEKTOPSI,

Taram obpasom, cxema (11), (12) apnporcaMApYer 3ana-
ay (9) n cymmapuom cmeicre (16) (tawue cXemsl MBI Hasbl-
BaeM a0JUTUBHBIMIL).

daa goxasatenneTsa cxommmoctn cxemnl (11}, (12) mano
MOAYYNTL OHEHRY I norpemmoctd '+ == y'*' — w) yun-
THIRAIILYI0 cpolictBo (16) cyMMapHO# amEpPOKCUMAIHHE.
Moaossum

‘Pa = "ED: + IIJ;,
1{3“ = (73,:‘2 +au — fa)“”z, 1]1; =0(070), a=1,2

zi+1/2 L1

= Njerg + Eivrm & = N1 + ety
rhe 1js1. Gje — PEIIerHst 3amad
Nivrz =M T TP, Mo = Ny + Ty,
j‘:O, 1, caey T =O,» (17)
(14 01‘5)&5.,_;,2 = Ej + Tﬁ;x, 1+ aaT)Ei»M = EJH/Z + T';E‘h
i=01,..., (8
g(; == O,

Sk S
Pr =P — &1/, P2 == P’ — 2,TH;:1.

(19)

[a I o
Otciona waxomgum  Mj1=1;-F 1 (‘Pf + !lJﬁ) =M. s

=MNy==0, 1. e. n,=0 pasn neex j=0,1,...,02=§,
e = T = 0 (1), T == 0 (1) (20)
Ha (16) nosryvaem
1851172 | <GS +T|'?|Ji |
Bl <I& el + W <& o0l [0,
TAK 4TO CIPABeJTHUBI OLEeHKA

2 J ~ .~
< S R+ 3D, o1

13 koTopoli B cunty (17), 1 ciaefyeT cXoTAMOCTE CO CROPOCTHIO
O(t) apgutusaOH cxeMs! (14).
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Baeero (11) mokuo m3sth APYTYI0 CHETEMY YDaBHeHRIL:

rll‘( )
—2 fapay = H1), LUt tay ) = e (),

Vs (22)

i T Al = (), IS b v (6) = vy (),
i=0,4,..., v»0)=u,
PemreriemM o1oii 3ajayn siasercs QymKnis
v(t) = v, (1), (23)

B oranane or (11) agec ofa ypanHenna untepupetspy-
0OTCA Ha BceM orpesKke !, <t <1{,,, A DO3TOMY amipokcnma-
ILHA 3THX YPaBHCHRH nposonnTest ¢ ularoM T (a me /2, wan
B caydae {11)) o maer Te we cxemu (14). O6a cmocoba cne-
reuun 3ajaun (9) k cucreme zamau (11) nwam (22) necuonsb-
3ylOT OIHO B TO iKe cBOICTBO

a=aqa, +a, (24)

u yenonne [= /[ -F [, noTopoMy Beeriia MosKI0 VIOBICTBO-
PUTD.

PacemorpuM B KauectiBe upuMepa ypaBHEUHe TEHNION po-
ROIHOCTI

'(E' = I’u f(.‘l'.' 1)) & == (‘Tls 372): (25)

L)

I
d

Lu—Auw=Lyu+ Ly, lLu= T A 1, 2,
[

Ly n L, — conmoMepuwie» onepaTopu, PemicHile ypaBneHHS

™= Lul’(rx) A fa (26>

O9eBHII0, SIBMLCTCA Godec TpocToit 3apavcil, veM pellleHHe
ypasuenun (25). Yenosuss L=L,+ L, f=f 4 [, rapauTs-
PVIOT CYMMapNyl0 aNIpoKCHMAIUNO s CXeMBl, Mojydaio-
wieiica npu o8B0 aNNPORCHMATIN, [TalpuMep, ¢ TOMOLILIY
JABYXCIA0INI0N CXeMBI ¢ BCCAMH  Ka/RI0C0 U3 ypaBHeHMII cu-
CTEMDY

Ol’m)
Ji

du
1
—E = Ly + iy <<t vy =1,
dug,
—‘ﬁ(—“)- = Lyvp -+ fo KIS = v,

.

7= i
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B peayanTate MblL JONYUHM AJAHTUBAYI) CXCMY, TORMIb-
MO-O[TIIOMEePNY ) CXeMy I CXeMY Pacuieiienmis
g1 _ 0

] ¥ 4 bR PRy j v/
o Aoy U= y) bl ze o
giFL iR i 172 :
L = y — 1\2(0'.3.!12 11— AV ) + ¢,
=W, |- O! ‘17 rety (27)
yﬂ = u’ﬂ (I), T e= (l)]],
i+1/2 it1se 1 it
yj |Vh = .u" ! v Y |'b'h =p

3necn Ay==y g Ay == ¥, .- [Tapamerper g, 0 0, ompe-

wx
JeFAI0TCA U3 yeaoBull  yeroilumBoCcTIL M anIPOKCHMAIINM,
Haupomep, npn 0, =0,=1 nonytacMm cxemy ¢ ouepee-
e

i i . -
i ) Jti/e J
_____T__..._ = ‘I\*ly + F1y

~ i/

e
FE A1

Py, o o
L t" T g, =0t

Momerannsia cioga p =z -+, 2 =294 (v +u*)/2

yHt = 4 G osyiuM AnA TOrpemnocTit z ypaBlenis
1172 g

== Az i,

SHL e

A Litl i
p = A?‘ZJ -+ ll).‘z,

rre n — penenme meXoanoit safgaun (23), ¢ & . — nesssry,
parmbie

-~ -~
u - 1 w—u

g i ~ 1a—u
= ‘\1"—?‘— oy P e Aqt Ty
=t ou=
Ovciopa ARG, ato = O(1), .= 01), 1. e. wampgoe i

vpasnemnit (27) 5 OTEABUOCTI HE AMUPOKCHMEDYLT ypas-
nenne (25), BoseMeM cyMMy nemaaok

LV ol PN ¥

[{

- a A~ Le~u
7 + Aju— < + ¢ 4y =

=Ly L) d— 5 gy 4 @t O 4 A,
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rue @ =u"t'? Yqurppaa ypasnenue (23) npm t =t ,;, no-
Ay uIy
P=p + g~ 2+ 0+ 1R1D =00t + |RIP),
2 2
lhl“‘ = hy + hy,
[ 6:¢
@t e = 2+ 0%,
9TOro MO/KHO JOCTHCHYTH, (10JAraf, HamgpuMep,
Yo,
¢ =0, .= """ wn ¢, =, = /2,
Moo mokasaTp, uto cxema (27} cXoIeres DaBLOMEpHO
€O CKOPOCTLIO
Oz + 1A12), 1. e. Iyt — ity = O0(x + [R[%).
W3 npusenequsix GpuMepoB BRJHO, UTO METOL CyMMAapiiol
¥
ANMPOKCHMAIAN TOSBOAAET HPOBOJUTL PaCIlelienne Caovk-
HBIX 3aJaY HA DOCHAed0BATENBHOCTH 00jiee DPOCTHIX M Cylne-

CTBEHHO YITPOIIATh peIteHMe MHOTOMEDHBIX 3a1a¥ MAaTeMaTH-
YeCcKOH (DH3UKH,



JOHO,JIIEHHE

Mapm-aaropprTM B MeTOJ PeSYKUMH J;IA PCLUCHAA CHCTE-
MBI JHBEHHLIX ypasHeuwll ¢ TpexAHaroHaldbHOH MaTpunei

Bo MHOrUX DpPIKIOKEINAN DBETPCYAINTCH 34/ a€H, BPUBOJAILTe K
PENieRIO CHCTEM HUHCIEWXY AnreOpanyeckny YpPasueluri Crelindin-
HOT0 Buja (¢ PAIPEKCHION MATpHieil, uMenIued MHOTO HYICBLIX
QICMCHTOB) BLICOKOre MOPAIKA. Takue ClCTEMid BOINUKAOT NPH pa3-
HOCTHOH AOTPOKCHMANUNT JANUNVHYCCRNX Vpasieuwit il upyw  Me-
NOB30BAHNN HEeABHLIX CXCM JIA VPADHEINST TCILIONPOBOIHOCTI ¥ Jp.

Hocoe  anvporepmauunn  obmikmonennero  gugdepeunnaisnoro
YPABHCHAA BTOPOID NOMLIKE DA TPUXTUMCUHOM lradione B WG IV
OLLTO IOAYYCHO PAIHUCTHOU YPEBACIUC BTOPOro NOpAIKA. KOTOPOC
IpeacTaBtses €000 CHCTEMY JSICHHBIN ajrehpantceRny ypapnenui
nopsigka N —1 (N — 1 —wucito BIVTPCHIIIX Y30B) € TpeXIuaro-
HRALHOR MaTtpmiell. B § 3 o T juia peiteHis tako#d cuerepis bt
HOCTPORI MeTIL, (A PLadnsaliin wetoporo tpedvercs (V) apudme-
THYCCKHN OHCPAIDA,

Hpu annpoxenyatun jiByMeproro ypasuesus llyaccona na -
Toveunon wabaone B T VI Hwia 0ayvena pasHocTIRUL CXeMa, K-
TOPOIl COOTDETCTBYCT CHUCTCMA JMICHNBIY axTehpandeckuy  ypasinennit
€ NATUIMATOURILION MaTphuell nopagka N = (V- 1) (N2 = 1), rac
Ni— 1, Nie=1 — uuc 0 BHYTPRIONX Y4108 UD  IGGEIOMY  JIailpan-
aennmo. 1Ipn pasdiennn BeRT™opa HOUBBOCTHLIX 1A GI0KU, coleprraniue
o Ny — 1 2TCMEUTON, MK HOAYHIUM HAIHCH CUCTEARN ¢ (J109UQ-THEN~
mimaronagknoii yaTmoledi, yucoo OTokos woropoil pasuo Ny — |, Jlaa
Taroil cocresn n § 2 ron VI Dbl paceMoTpenr MeTa;l pasiesicns Jne-
peMennsix ¢ onentkoit (N log ¥) Juot ancaa enepauwit. 1lpu mporo-
KPATUOM PCMCHINT CNCTEM HOTOOIIOr0 THHA NAaAsHOC IHAYCHIC OpInd-
PUTAET JRONOMIMIDCTE BLIYICATTEILHLY ATOPHTMOR.

Hiske Hy1eT NocTpoest NpaMoil MeTOT pelledinsd CRELTa (hHLIY CH-
CTEM C TPUN;IHATDHANRHON MATPIMCH, 110 KOTOPOIO TPedyeTcs BCero
O(N) onepannii Kak B Cy¥ae, KOLJd 2IeMCHTLE MATDIUBL CYTh Cha-
JAPLL TAK I B chvaac SI0MI0H MaT iRl

1. Maput-aaropury. Cuauasia paceMoTpuy cayuail. Korja nieMen-
T MATPIULH — CKAAAPhL 3&!]._"!!1“0.\1 CHCTOMY ¢ TPONAATOHANLHOIT
Matpynelt B MIe TPOXToYeNHol pasHocTUOR dazaun:

—Yica+ Cypi— i =F, Igi<N—1, y= 00 gy =0, (1)

rae ¢ —uneno, o npenoacskmy, 9to N = 2k 4 |, Fean paanocrioe
VpaBHeHNe BTOPOTO MOpA;ika (1) 34UNCATL B BIfle PeKyPPeUTHIIX €O~
OTUOIeHIFH

Yiy1 = Cy: ~ Vi — Fh l.:; 11 Yo = 0‘ (2)

TO HETPYANUO 3OMETHTh, 9TO BCC HCUABeCTHHIE ¥; MOAHO HallTH Toche-
zoBaTcabio no GopMyNe (2). ecanm KakuM-Indo cmocofioM BOIYICTHTE
3da9ennc yi. llpu 3ToM mwdoe y; Gymer aummeRrno BhIPAKATBCA Te-
pe3 yo m ). CkasagHoe JaeT BaM OCHOBAHHE 3aMIcaTh 11a Joborg
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i = 1 covTuomeHne

Yiot = QY= Biet¥o— Pi (3
¢ neonpedcAcHuLIMD noka wkoadrurirenrtasu &g, Py, pi. Ecan oo-
JOALUTD

ay =1, [5—1 ‘:O: pO:O‘ ' (4)

10 (3) Gyner cupaseminpo u npu i = 0. Hrar, pemeuno 3axagu (1)
Oymes nckath B Buge (3) aam aoboro i == 0.
danncwban (1) B BRIe PeRYPPeHTHIN COOTHOMENHEH

Vier =Cpi—yis1—F;, ig¥—1, yy=0 (%)
# MPOBONA AHAJNOTTYILIE DACCYRICINA, NOAYTNM, 4TO pellele na-
mavy (1) aam awboro i = N MOMHO HCKATEL B BHE
Vi1 = Ex—i¥a-t = Na—imYyy — Gvu,s (6)
eCTH HOJ0KHTH
Bo=1, my=0 go=0 (M

3aMEeTHM, UTO £CAM Yy—; OYNCT Baiifledo, TO BCC ¥; MOMKOO BEIMHC-
anTe uocxegoBarcasio o dopmyae (5).

Hatigem 1 1 yn_. Jar ororo onpegeawyM roaddruments! .
Biy & M. pi gi. Cpassusan (2) w (3) opu i=1, a (3) u (6) opu
t= N — 1, noayuum

a, =8 =C, pp=mo=1 p=F, qo=Fn_s (8}

Halinem Teneph PeRYpPenTHulc QOPMYaul QA1 ORPOICICHHA Iic-
KoMnIx koxbdunuenton. lloacTanny (3), a TakKe BEITCKAIONNIIC U3
Uero BRIPAKUIANA [N Y H §i-y:

Y¥i = Giy1— Bicalo— Pi-1y Yi-1 == i) — Bi—s¥e— Pi-2
p ypanucung (1}, Toayumm
—(@i-z — Cttimy + @y g + Bics — CPuoa -t B o +
+pice—Cpiag+pi=F;, ix=2

Tins 1orn uTohW DTN paBeHeTBa ObLOT TORACCTLEHULIMI JLIA Deex i,
J0CTATOMHO MONOANTE K18 { 2= 2

pi=Cpioy—pia1 Fuy (9)
o == CUit~— @y, Pimt == CPina — fi-a (1n)

Amnarornvgo, wermoabays (6) n (1), noxywum Jas i << .V—2 pe-
KYPPOHTHEE COOTUOIIEHH

gry-t = Cx—i—t — gr-t—2 + Fy
En—i = CE&n—ics~ Eneiony Ny—1-1 =Ciln'-1«z~—11,\'-¢_3.
BaMeHsnn 3aeck N — i Ba §, nonyanM Kaa i = 2 GopMyint
gi=Cqgiv—qgia+ Fx_y, (1)
B =CEii—Eicay M-y = Oz — Ni-a (12)

Urak, gopMyant (4), (7)— (12} UoAHOCTLI OUPeTeNAT RCHOMbIR
wxoadpuanentor.  Cpasensan (10) ¢ (12) npw ycrommax 4}, (M), (8},
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nosiyanM, 9ro fy = 1, = E; = a; ga# i 2 0. Taxum odpasoy, ¢op-
Myah (3), (6) npnnyManoT BUA
Yipt = Q¥4 ~ Qi (Yo — Pi, 1220, (13)
Yiet = QN i1 — OAN—im¥N¥ — §u-1, SN, {14)
e )
Pz‘=CPi—l'—p,"'2+Fi. 1221 Pﬂzov Pizl‘!-‘ (ls)
g =CQict—Gica+Fx_iy 122, g=0, ¢a=7Fx_y, (16)
;i = 0ty — iz, 1322, do=1, & =C. (17)

Hainem Temeps i 1 yny—). JMasa atoro moaommy m (13) i =k,
a B (14) i = k4 2. Yuutmsag, 910 ¥ = 2k + 1, uoayunm

Yu41 = Op¥Y1— Qrt¥o— Pry Hot1 = Cp—(¥n—t— Cp-2l v = Qa—y,
BriunTas 13 BTOPOTC PABEHCTBR IepBOe, MOAYTIUM YpaBuelie OTHO-
CHTEIBHO Ify B Yy—1!

Ax—1Yn—1— UkY1 + Che Yo — Ah—2Y N = Qh~1 — Ph- (18)
TMoaygam cige OAHO ypaBNeHUe JIA ¥y Il Yy-4. HOJATad i = k—1 B
(13) m i=Fk+1 s (14) » BLIYNTAA H3 UEPBOTC PaBeHCTBA BTOPOE,

— QYN+ Tu=i¥i — Q1Yo+ Ra—1¥ A = Pr—y — Qi (19)
Yuurnisag, 9to yo = y~x = 0, cunoskmm 1 perureM (18) n (19). Hoay-
THM OKHHBAJIEHTHYIO CHCTCMY

(@t — i) (Yxw1+ 1) = Qa1 = Pr + Pa—1— qn,

(20)
{ar—1+ aw) (yxo1— 1) = a1 — Pu— Pt + ¢y
pemas KoTopyw, HaiifleM HCKOMLIC JHATEHINT ¥, M ¥y
{2 2y ~1 i
v,= (ak-l - ak) 1% (%51 — Pn) oy g (Ph—1— )] @

N1 = (aﬁ—luai)_llah—l(qkml’_' pk) - @y (pk—l - qh)]'

TarpM 00pazoM, BUTOPUTM peiDeHHT 3agadn (i) cocTouT B RUI-
mrcnerun wo gopyyiam (15)—(17) woopdHuneHTOR pr_1. Pr, Gr—1,
Gu, Groyy Gne 10 hopMynam (21) — auageMu® ¥y, Jx—) 11 HOU3IBECTHHIX
Yi, =2, 3, ...k, no dopuyse (2), 4 At i=N--2 N--3 ...
von k4 1 o dopMyac (5) ups JATAHHLIX Yoo ¥y 1 BLILHCICTHLIX ¥y,
Yyt ONNCAMHLIT &ITOHTM IOJYYILT HAJRAHHE MAPW-A120PUTMA,
Jlergo uoacwitTaTh, 4TO JAS ero peaausamuy 1pebyercs upuMepno 8Y
ouepanui. Moskino uoKasaThb, uTo cean € 5 2 cos mafy, m — uenoc
wiciso, 10 3ajava {1) paspewrnnma upu X060l Tpanofi wacTi n a;f_ﬁe
a&aﬁ. Crte;ioBaTeiibito, B 2TO) coy4ae opmyant (21) me cogepskart
Jeaent Ba 1IYMb.

OnucauMplii BUOIC MApI-AJIvOPHTM MOKRHO NCIONL30BATL M B
ciydde, Rorxa C — KBajpaTHasg MaTpUua, F; -— 3ajaHNble, a ¥; — HC-
KOME(C BCKTOPLI, JAMETIIM, YI0 DACCMOTPenFEas aMu B 1. VI pas-
noctHasn sanasa Hunpuxne nag ypasrcunsa llyaccoma Ha npsaMoyrodns-
HO#l DABMOMEPHON [0 KAJKIOMY HAUPADIEHIIO CCTRe, BBONewlodl B
OPAMOYIOPBYK, MOXeT OhTo sauucaHa B Bule (1). B oToM caywae
KOMIOIDeHTAME BEKTOD& ABIAIOTCA 3HAYETHA MCKOMOH CeTOSBOR (yHK-
OHA, COOTBETCTRYMNIMe i-H CTPOKe CeTKH, a Martprua C — Tpexfiua-
FOHa/IbHAR B 6 [OPAZOK DPaBeH THCLY BHYTPeHHEX CTPOK CETKH.
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flyers M — mopapgox smatpuunt €. Torna BOKTOPHE pi, g; HMEOT
pasmep M I A BRITHCIAEIIST Py-y, Ga—1, Pr. gr DO DopMyaam (15),
(16) novpedyercs O(MN) onepanuit. OYeBHIHO, YTO TaKkoe 3Ke KOJIH-
ueCTRO Oie¢pamuil morpeGyercn IT VA HAXO!RAEHNH BEKTOPOB ¥i, 2 <7
<K N—2, mo dopuynay (2), (5). PaccMoTpudM Telleph BOHPOG
O BRYHMCICHUH ¥ B Y —).

3 Gopmyant (17) coeiyeT, 9r0 ¢p CCTL NOMUOOM cTeOeun Kk oT
C, apaucM, ecn € — qucio, 70 @y — aareOpARYCCKUA MOJHAOM, a ec-
ag &' — maTpuua, T0 @ — MaryPIYEnE NoasBoM. JIiH DOADHOMA, YAOB-
SICTBOPSIOLIEr0 PERYDPENTIOMY cooTHomennn (17), ecth annoe ipep-
crasiaenne: ax = [y (C/2), e Uy {r) — noannom Yedwminesa nroporoe
poja ctemetin A

sin (A - {Yarcecs ¢
SN Ureens e ’ lri<st,

Uv 4} == . i
O VES VAT
sV e C oL

Heuonnave ADIOe RLIPASKCNITC ARH uy, & 2= 0, n yunruean, 910 @) —
OOINBOM ¢ CAITHINGHGIM l{OO@d}llu[lE]l'l'OM pr:i C'('{lplU(,'ﬁ CTeueHy, M-
HO MOAYMITL CHIYIONIIC Dasioisenn:

h

_ =N
Oy = Gopq —'H(C—‘2Lus T L‘),
=1 2| .
B . (22)
Gy '[’ xe o llI ((,' — 2 ¢us _),l,__-‘;iT E)
e ] iy

Hemooanayst (22) u (20), mocTpomd ce Iy 0nLHEL anropiTse \is Haxok-
KeHus ¢y H o Y¥yv—1d

Py P Gy — Ppy U T T Gy T Py T P T G
@RUE—Nm o\,
(C — 2 cos W I == 4
{23)
%1
v, =05 (o, — w0y, gy = 05 (¥ wy).

(C — 2 cos 2l E) wy=w_y, L2, k,

Tax Kak Kassnaa 13 cucteM (23) mMeer TPOXAHATOHAIBRYIO MaTPHIY
(IHCaO TauX CHCTEM 2K} 1 MOKET §Th peITeHa MCTOOM POTOHKN
¢ sarpavoit O(M) oucpauwit, To NIA HAXOIKACHHSI ¥y M ¥x - UOTPe-
Overca O(NM) apu@MeTHYecKIN OICPANUH.

Hraw, a8 pemelns cieTeME (1) ¢ Tpexanmarowaasloll MaTprLci
QOCTPOCH METOZ C© uucJoM apndyerudeckns oONepalumii, RPpoHaprIo-
HAHBHAIM H1UCHY HEHMZBECTHLIX.

(fpaTuM BHUMaHWE Ha 10, 9T0 HOCTPOSHHLUH MapIU-AJATOPHTM MO-
skeT OblThb yncdenbo weycrToilzupus. Neifierspreasno, ectn sucao €
YN0B5eTDOPACT ¥CA0BUKD |C| = 2, 70 [/ aJTOPHTMA XApPaKTePenm DKc-
MOTCRIUAILBLIE Ho N poer MorpeiinocTl, NOCKOMLKY CpPeXH KOpHeH
XaPAKTEPACTIYECKOTO ypaBHCriA ¢° — Cg -1 =0 OMeercH OHHH.
0 Moayiwm foapwe eRUEUOA, Takoro e THNa HeyCTolYHBOCTL
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HMCET MECTO ¥ B TOM ciaywqae, Korjla Marprma € ameer cofcTBeHILIE
3HATCNHA, MpesocXoAimae 0o Moayo 2. Jan Taknx 3afied B HacToA-
LIee DPCAGT MOCTPOCH HAPHANT MAPUI-ANTCPUTMA, YCTOMSMBEIA B TOM
CMBCJE, YTO TJOrPCITIOCTL  PACTCT RO CTCMETIHOMY  38KODY NPT
pocte N.

2, Metoj pejyknun. B pane ciyuacs mpi polUeHH CMCTOM JH-
HCHHLIX &1rcOpANTIecknX ypaBEeHHH ¢ TPeXJHATOHAJIBHOH MaTpuileid
Jobmoe 3HAUCGHUC HMECT TONNOCTh MOAYYEHHOTO pemienus. Alann3
(QopMym MeTo;[a [POreHKH, KOTOPLIM [PHMENACTCH A peleNHA Ta-
KHX CHCTEM, JIOKARLIBACT, YT0 MCTOYHHKOM IIOFPCINEOCTH MOTYT Cly-
ANTh QOPMYab! LIS SHUNCIeHUs nporonounuix wouddunmentos, It
DOPMYIILI COMCPRAT OMEPALHIO feleHUA HA PaslocTh OJHIKUX 10 3HA-
yeuio peawuny, Hmxe Gymer paccMoTped MeToj PegvEIuM peoTelins
YK23QHIBIX cpeTeM, ¢BoGOuLHE 0T DTOro HeceTaTKa.

Hrar, nycih tpebycres HAUTH pelllellie TpexTodedHod pasioct-
HOH# gamaqu

—~ 0y ey~ by =, 1IN,
(2%)
Yo = 0, yn =10,
THO ¢; = ai + bi+di, i >0, by >0, d; == 0, N = 2", Waen mero-
7la PCIVIGWN COCTOUT 8 UOCACJOBATCIbHOM HCKTIOIEUHT W3 CHCTEMED
(21) HeM3BeCTHDLIX CHAYAA ¢ HOUCTHHLIMM HOMGPaMHK, 3aTCM ¢ THOMepa-
M, KpaThudu 2, # T, [I.
BunumeM Tpy wuiayrue DofipAX ypasHcuwA cucremut (24) ¢ wo-
nMepami i — 1, 4, i + f, TOe { — weTHOE ALUCHO:
I ) _ _ .
—E gy (@ T oy T Gy b=y (29)
' N — 5
—oyi @ Thtd)y—by ., =1, (26)
=@l T @y T T ) Vi — M Wi T i @0

VYamomman vpasuemne (20) ua a‘i” =a;(a;_, + by - d,i__])_‘, ypas-
nedsme (27) ma B(El) =0 (e, o, -l d;.H)’l I CIGLAJLIBAH 110~
AYUCHILIe ypasHeUnd ¢ (26), rafyem

- a([nyi—-z - (a(i” + l'?) T dEn) ¥i— b(il)yi+p_ - f§1)1 -

22,46, ..., N =2, y =0, yy=0, 23
1

rie “g” = “$ )"‘1-4' b-(in = ﬂ%nbﬂ-v d-(iu = “(il)diq +d;+ Bgl)di+l’
= alf A4 1 By, Feau HemsmecTHIE © CTURIMA 10-
sepamn OyyT HaiilecEW (08N yI0BIeTBOPAIOT clicTere (28)), To oc-
TANLHLIE MEHIBeCTHLIe ONpeaeasitea oo opyyre

fi-r aliy by
v = e o A

OuucasUni npoece UCKIYOHHN HCH3IBECTORX MOMKCT GLITH, DUe-
BHIHO, IPHEMeNleH K cucTeMe {28), w3 KOTOpoit ma sropoM urare Jy-
AYT HCKINYCHR OCHAIRECTOLIE ¢ HOMCDAaMM, KDATHHIMH 2, 0 Ie Kpar-
HBIME 4 B pesyastarc l-ro mara npomecca MCKIIOTEHHS DOXYYMM
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CHcTEeM Yy
__ aE“ l+ ( m+ bcl)_|_ dm) v — b(”u f'(i”’
) 2
i:2‘,2.2',.3.z’, oV =2y =, yl.x,-=0, @9
rae
(D __ (D¢ Z—]) ”) (Npi—1
& =@ = B; b,ﬂz)p
() oo () (f‘«n gD (1) (1—
& = afd! G d( 2, o
Al
11 ()j{ ~)1;" | f(z -1) ﬁ(r)fuﬁ}) " "
a(_t):ﬂ(_l—l)( - —I—b“ 1) 4 D )—1’ 30
i : i—a! i—gl—1
(D) _ (11} (l—-l) (7 - 1) (1—1) YL
Bi7 =2, ( el T Vg +dz+21-1) '
i=2',2-2,a-z',...,;-—2-. 1>1.
3100k HCO0I630BaHLL 0003IaA%C a” = a;, 59 =, d" = d;,
] t i i 1 i
£ =1,

Npornece gewmouenna sakouturcs wa (r— 1) mare, Korma
cuctena (29) Gyaer ¢OCTOATE 113 0;(HOrO YPUBHCHENA OTHOCIUTENBHO HEe-
H3BCCTHOTO ¥ /o= Y 5 4+ 13 oTore ypasirenns Hainexm

f(n—'l) R atu B, 1 (ﬂ 1)

at—1 T Tou - 'Iu i m—-] .\' ) (31
Yon-1= (n—l) (1—1) ey Y= uxy = 1)
E 2, b—m— o|-d an—1 a

OcTaTbHbie HCH3BCCTHLIE OLPCTCHSIIOTCA 110 (I)Op)ly.‘[ﬂ?\[

j(i” == a('nf!i o , - b(“.l 1ol

Y= A P ed N
2

(32)

e l=n—2 n-—3 ..., 0, yo =y = 0. 3amernM, uro dopmy:a
{(32) microvaer » cebn dopyyay (31) upu i = n — 1.

Jitak, B MCTOIC PEAYRIMU HAa TPAMOM Xojue IO (bopl\n daM (30)
aan =12 .., n-— 1 BRIYNICIRWOTCH a() (,(l) (!'“J, }’l , a Ha
ofipatHoM xojte 1o gopmyac (32) nax l-— n——l n—2 .., 0 Ha-
XOITCH MCKOMOE pelteume. QTMeTHM, UTO MeToX Ile Tpebyer Komou-

] 1 0
HEHTEILAOH HAMATH. Tal HAR BOJIUIEHBI am b() d() f( MOIyT
I—
OLiTh pasMELIeHLI COOTDETCTRCUID HA dMecre 2‘ 0?_], b(l 02_ v

a1 ATV fan peaciaanun Metoja TpeSyeren 12N caomeinni,
8N ymuoikensi u 3 gederui.
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— -— jlyraaca — Peripopma 254

—- — KBasuycToiaunam 145

— — Kouccpearubnasg 152

— — KOppeKTHas 142

Rpanka — IIuxoicona 236

— — Kpect 212

TORANBEO-OANOMCDHARL 258

-— — Muoromarosas 184

m-ro  HopAJEA  TOYHOCTH

Iapcepaiia — CTek-

yCTORTHBAA

— — m-maroBag (m >= 1) 185
— — ueyctodgnBas 142
— — ncasgag 198
-— — opa”omarogas 181
— — IImemena — Perdropma 251
IPCIURTO] — ROPPCKTOP
{cuer — mepeeder) 180
— ~— Dacmeuneqma 258
— — p-ycrofannan 201
— — Pynre — Kyrra 179
— — ¢ Becamn 198
-~ — ¢ onepemenneM 198
— — cmvnMeTpuusgan 198
— YCIOBHO YCTOHUMBAA cXeMa
(mpnuep) 182
— — ycrofausag 142, 143



fIPEAMETHLIH YKA3ATENB

PazgocTHas  cxema  veOnmesn-

ckasg urepanuonpas 112

— yHeTo HeasHaa 198

— Jirepa 144, 176

— JnoNoMMuHAM 250

— spuan 198Y

PasnocTuoe  ypasnemie AuncH-
Hoc ¢ nocTomumsiMy  kodddu-
nertamu 26

— — m-ro nopapka (m = 1) 26

— —— ogmopopnec 28

PaznocrHeie HepaBeucTsa 27

— ¢opmyaust I'puma 50

CeTra kBappatmas 242

~— nepannomepuas 10

— papnomrpHaa 16
Cerounan $pynrnun 16, 138
Crnalig uopsura m 66

2%
(‘,pgéuwunanpa’ruqnoe YRIOHCHIC

CXORIMOCTh  PA3NLOCTHOR  cxedbl
(co cxopocthio Ok|™) 146

— ¢ KBIPATHYHOT  CKopo¢TBIO
134 :

Ypasreune TCHIOOPOROREOCTH
232 )

YerToiiaunocTl, pasLocTHOR  cxg

Mul ¢ BecaMu 182 -

Qopuyna Teiiiopa 74
@opmynst Gerymero cuera 125

Yiciennoe maTerpuposaine 70
Uncno ofyexosnenmocTn 89

Ma6non 139 .
— KBapparypHolt dopmyan 71



CIIHCOK OBO3HAYEHHH

wy = {i; i=0,1, ..., N} —cerra ¢ HEXOYHCILAARNI ¥37TaMA

wy = {x; = ih, h = 1/N, 0< i << ¥} — panmoMepuan ccrka ¢
maroM k2 ma orpeake [0, 1]

/s — AT COTRH @h

yi = y(r;) = y(i) — 3mavenne cerounold ¢ymxommm B M ys-
1€ CCTHIT

=~

Ghp — HEPARAOMEPHAA CeTKA

Rh; = x;— ¥;-1 — WAT UCPABIOMEPHOH COTRH Wil

1 '
By = - (hi + hiyy)

L4 =v(a'1.x?2)~nnaqenlie ceToumol  ARyMepHOA dyuKIum B

'112 \ il
yane (i, j)
(] 2 . .
Vijig = "["‘212 N Tiy? tn)— BHAYCIAIC ceTOMHON Pyurmiry B yate {7, j)
2 2%

na n-) HPOMCHHOBI cnoe
-~ - I
v?.“ = v — 3pavelne CCIOURod  gByMcpuod dywripmn B yane
{i, i} ma (n 4 1)-M ppcMcnEOM cape
Yi = Yitt ~— yi — UPABAT PAINOCTDL B i-M y37e
Vyi = yi — ¥i—y — TEBAA PA3NOCTL B M yale

by, = -5 (Vyi -+ Ay;) — gewTpasLuas pasuocTb B i-M yaic

A’yipr = A(Vyig) = A(Ay:) — PasHOCTE RTOPOTO MOPHIEA
Yr,i = (Yiy1— y:i)/h — Opasag  pasHOCTUAA  OpOO3BOIIas B
yane z;

Y=, (¥ — #;_y)/h — A€BAT PasHOCTRAN MPONIBOHAR B Y& T:
Yo = (¥iy1 ¥i-y)/ (2h) —TEOTPANLIAN PAINOCTHAR HPON3BOL-
x4 :

H8R B yiae z;
o
— — L he
yi:,i— (¥ 2y, yi_l),h BTOPas PAJHOCTHAN TTPOIIROHA
H — ruInfepToRO HpoCTPARCTRD
(y, r) — ckauApmoe TPOMSBCIeRHe JneMeHToB ¥y, re lf, [yl =

=¥ (1 v)
E — e;minnunnll omeparop
A* — onepatop, CONPsIKCHHbLA omepaTopy A
A~! — omepatop. ofpaTonii oncpatopy A
A > () — ponosRUTCALTILIE omepaTop
A 2 0 — BeoTpHOATEeIBHLIA O0Depatop
4 = 8£, 6 > \.— mon0KUTEIBHO OMPEIRNCHHLIE OIepaTOp

lylla= ¥{4y, v). y = H,— oBepretuueckas nopya



CITUCOK OBO3ITAYEIIHI

HpOGTpHHC-TBO CEeTOYHBIX (I)ym\'m!ﬁ:
QN+1={yi, 220 . .,fr
QN~] _{Jl‘ i=0,..., ¥ L =(1, Iy = U}

J‘ ~— (yakuns u3 QN-H

Qf = {yy i =01, ..., § —1}
Qy={v, 1=1,2,..., N}

CKa/ApABIe NPOH3BENEHI U HOPML HA COTKe:
N-1

W)= X yph lul=V9

1—1
(p,v] = 2 yiv b, Nyl | =V vl

[‘JH-_max y(z) | = max |y (x;)
C xle%l (1)[ {;(."VI ( I

21



