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OBLUIAA XAPAKTEPUCTUKA PABOTHI

AKTyaJIbHOCTb TEMBI.

3a/1auK 1I0MCKA OIITUMAJBLIUBIX B TOM WJW HIOM CMBICJIC MIOTOWICHOB YACTO
BO3HUKAIOT TNPH anajlu3e U HOCTPOCHUH YMCJEHHLIX METOJI0B. B Teopun silbix
Pa3HOCTHBIX CXCM JLISI PCNIEHHUA HeCTallMoNapHbLIX 33/1a4 UMM SIBJISIIOTCH MHOLO-
YICHDB! 1IEPCXO/a OT HAYaJbHbIX JIAHIIBIX K PCNICHHIO B BHIODANHDLIK MOMCHT Bpe-
MeHH. B cOBpEMCHHBIX YCJIOBUSIX OCODEHHO HCHUDLIM SIBISCTCH CBOKCTBO JIEIKO
1 3pPCKTUBHON paciapauIeIMBAEMOCTH TakKuX cxcM. Bmecre ¢ TeM npu ux uc-
110J1L30BalHM JUIst DCLICHHS >KECTKUX 3a/la4 MaTeMaTHYCCKOM DU3NKK wWward 1o
BpemMeln OBBIMHO CYIIECTRBCHHO OI'DANMYCHDI YCJIOBHCM YCTORUHBOCTH, UTO Jieda-
er aKTyaJlbHOM mpoblieMy HaxOXJCHHsI MHOOWICHa nepexoja, dopma obnactu
YCTORYMBOCTY KOTOPOI'O HAHDOJICE 1HOJIHO COOTBCTCTBYCT XapaKTCPy CICKTPaA 10~
craBJieHHoM 3aj1auu. Bimakue njicn HaxosT IpUMCHCHUE TIPH HOCTPOCHUA JIMHCH-
HbIX MTCPAIIMOHHLIX MCTO/IOB, KOI'JIa 33/la4a ONTUMHU3AIMK CBOJMTCS K 1AX0X/ie-
HUIO MHOTOWICHA repexoja, naubonce sagpekrusHo nojassioucro onmbky. B
Ka4yCCTBE TAKOIO MHOIMOUJICHA 0ObIYHO BCPETCS MIIOIOWIICH, HAPUMED, 4eObllUCs-
CKHM, 06J1aJaloNH HEKOTOPBIMU IKCTPCMAJILULIMH CBOHCTBAMM Ha MIUOXCCTRE,
COJEPXKAIICM CICKTP oneparopa peluaeMoi 3ajiadu. ObumMu npobieMaMu B 3TUX
ABYX TNPDUWJIOKCHHUAX TCOPHUHU MHOI'OYWICHOB #ABJIAKOTCH, BO-1ICPBLIX, OPraHU3alius
BbIYHCJICHUH, YCTORYHMBBIX 110 OTHOLICHHUIO K OLIMOKAM OKDPYIVICHUS! BITyTPU CCPUH
UIAl'0B METO/la, Pealin3yioliedl BLIODAHNDLI MHOFOYIEH 1EPCX0/1a, U, BO-BTOPLIX,
nosIyyen e KoJIM4eCcTBEHHLIX JAHHbIX O clieKTpe 3ajayM. [lepBas u3 uux Ha cero-
JUHSIIITHUA JICH B 3HAYUTCIILHON CTCIICHU PCIICHA € NOMOIILIO PEKYPCUBHBIX aJ11'0-
PUTMOB MOCTPOEHHMs! YCTOMYMBBIX MCPECTaloOBOK llapaMcTpoB. Bropas sisisicres
ropassio bosee TPy HON, €€ JIETANBHOC PEHICHHE B KOHKPCTHOM CJIy4ac MOXCT
0Ka34TbCsl CPABHWMO [0 CJIOXKHOCTH C PEHICHUEM MCXOonof 3asaun. Ojako ya-
CTO MOXKHO JIaTh TPUBIHKEHHOC ONUCAHME CIICKTPA, KCXONS U3 DU3MUCCKUX WJIN
Kakux-Jnbo UHbIX COOOPAXKCHHUIA, 1 BLIOPATH MHOI'OYJICH 1IEPCX0/1a, 10 BO3MOXHO-
cri 6M3K0 COOTBCTCTBYI0IUE 3TOMY oltncannio. [1pu stom Buibope HbiBacT oucHb
HOJIEBHO YYUTbIBATb TaK>Xe€ CBOHCTBA MHOI'OYJICHOB, CBsi3aHHBIC C yﬂO6(1TB()M pe-
anusanum, 00BHEMOM TPeDYEMBIX JUTsl OCYILCCTBIICHUS LWATA BIMUCIUTCIBLHLIX PC-
CYPCOB, & TaKXKe BO3MOXHOCTBIO UCHOJL30BANUS JIAIHBIX, 1I0JYYCHILIX Ha 1PC)i
niecTRylonux warax. IlepcnekTusHol TeMol Juist uceiie/loBalinst aBiisercd yuer B
I)?lC‘Ié'l‘aX 3(1')(1)(3KTOB B3aMMHOI'O BJIMAHWA METOJI0B PA3JIMYHOr0 Ha3HA4YCHUSI, MC-
HOJIL3YI0WUX OBLLYI0 HJICI0 ONTHMHU3AIMK MHOIOUJICHOR MCPexXo/ia. IJKCTpeMalih-
Hble CBOMCTBA MHOTOWICHOR YeDbllIcBa TaKXKC OTBCYAIOT 3alpocaM 1udpoBol
(bnm,'rpan,nn. BH(‘)JII)(‘)HI/[(‘) CICIUAJIBHBIX MHOT'OYJICHOR OT XapaKTCpHLIX OHcpaTo-
POB B 3TOM cllydac 1103BOJINT PacCUUThIBATh Ha KadCCTBCHHYIO (bmn)'rpaumo C
y‘lé’ 'OM OCODCHHOCTCH WCTOYHHMKOB JlaHHbIX. B kauecrse IIPHJIOKCHHUA HUCCHICHyC-



MbIX aJl'OPWTMOB BLIOPaHDI 3ajlauk rujipojimnamuku. Vx penienine sisasicrest Bax-
1IbIM HAIIPABJICHHEM MAaTEeMaTHUECKOI'O MOJIesIMpoBalinst U Tpedyer 3hdekTHBHBIX
YHCJICHHBIX MCTOJIOB.

Ilean paboTbl.

Henb pucceprannoHHON paboThl COCTOMT B UCC/IC/I0BAHUH 3PDCKTHBHOCTH M
OIITUMUBAIMM 1IPDUMCHENNS YCTOMYMBBIX SIBHBIX Pa3HOCTHBIX CXEM MPOrpaMMbl
DUMKA, Mer0/10B ¢ HYyHKIHAME 11CPEX0/ia, OCHOBAHHBIMU Ha YeObILIEBCKUX MHO-
rowiciax, u Buxpesoit popmbl I'pomekn-JIamba B 331a4aX rHJAPOJAHHAMUKH.

Hayuynas HoBM3HA.

OCHOBHBIMH HOBBIMM DE3yJIbTATAMKU PAbOTHI SIBJISAIOTCA:

ncenenosanue sdpdekrnnocTr cxem nporpammbl DUMKA ¢ nnepemcHHbIMH
1araMM N0 BPCMCHH, OPHEHTHPOBAHHLIX HAa PACNOJIOXKEHHbIH BOJM3M MHMMOH OCH
CIIEKTD, B 33/1a4e BUXPepa3pellaioniero MOACTUPOBAHNS U B CDABHEHUHU CO CXEMOHR
Anamca-Bamdopra;

- BJTOUHBIN BAPHAIMOHHDBIA METOJ NOJY4YEHHsI HAYaJIbHOrO NMPHOJIHKEHUST TIPH
peiciuy ypasuenusi [lyaccona st 1aBieHns, yuuTbIBAIOLIMA XapaKTep 110cJe-
JIOBATEIbHOCTH BpPeMCHHbIX waros cxembl DUMKA-8;

METO/L y/\BOCHHs YCTORYHBOH N1€PECTAHOBKH UTEPALMOHHBIX NAPAMETPOB JIsl
OJIHOIIIArOBOI'O YeObIIEBCKOTO METO/a,;
~ MCTOJ] HCSIBHOM onepaTopHo# ucbpilueBckodl (umbTpanuy.
Bce paspaborannbie MeTOibl IPOrPAMMHO PCAJIU30BANbI.

ITpakTUyeckas 3HAYMMOCTD.

HccenepoBatible # porpaMMHO peajlu30BaHHble B paMKax JIHCCEPTALMOHHOM
paboTbl MeT0/1bl MOTYT ObITb NPHMEHECHBI JIJIsl YCKOPEHHS PACYETOB U 110BbILIEHUS]
TOYHOCTH (PUIILTPAIMH NIPH YUCIEHHOM MOJCIUPOBAHUM TYpOYJEHTHBIX TCUEHHH.

Anpobanus paboThl.

PesyabraTsl auccepraumMoHHON paboOThI JIOKIAAbIBATIMCHL ABTOPOM M 0bBCyXaa-
JIKCh HA Hay4HoM ceMunape MHCTHTYTa BbiuMcinTeNbHON MaTemaTuku PAH u Ha
ClIe/ly IoMX KOH(DEPCHIHUSIX:

Hayunbie kondepenin MOTHU (Mocksa-Jonronpyausis, 2004-2006, 2008),
VIII Mexaynaponusi#t cemuuap-coseianue “Kybaryphbie ¢hopmynsl 1 HX
npunoxenust” (Ynan-Yna, 2005),
- HI Mexaynaponuas koudepennus “Maremaruueckue ujen I1.J1. Yebpiena
M MX TIPUJIOXKENHE K COBPEMEHHbIM mpobnemam ecrecrso3nanust” (ObuutHck, 2006),
Mex aynaponible KOHEPEHIHH 110 HHGMOPMAIMOHHBIM TEXHOJIOTHSIM JUIs Ha-
yK 06 okpyxxaowei cpeje “CITES” n “ENVIROMIS” (Tomck, 2006-2008),
XVI Bceepocenitickas kondepennus “Teoperntieckue 0CHOBLI U KOHCTPYHPO-
BAHKE YHCJICHHDBIX AJIPOPHTMOB U PEUICHHUC 33/1a4 MATCMATUYCCKON (PUBHKHM C TIPH-
JIOXKCHUCM K MHOI'OIIPOICCCOPIibIM CHCTCMaM” (,Hlo_[ico, 2006).
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PesyapTaTl uactn paboThl GuITH HPC/CTABICHD B pAMKAX COBMECTHOIO JIOKNa-
Jia Ha 14-m Cumuosuyme AER 110 siiiepuiniv peakropam (@unasiigus, 2004).

Ily6nukanumn.

Pesynbratst nzsoxens 8 11 neuatnsix paborax, us uux 2 onybiMKoBasbl B pe-
dbepupyemom xyphade, pekomenjiosaiitiom BAK PO juis sanwrnl kanijiaTekux
Juccepralgiil. Crincok ocHOBHbIX paboT npuseidn B koHie apropedepara.

JInunbiéi BKJa4 aBTOpA.

Bksian asropa B pabors! [1] u |3] 3akiiodaercst B coBMECTHOR paspaboTKe aJi-
OPUTMA HCsIBHOM 4eDblIICBCKOM DHILTPAITMH U CI'O NPOrPAMMHON peaJin3allny.

CrpykTypa n 00b€EM auccepTamyu.

Luccepraiins cocTonT U3 BBeJICHUs!, TPEX 1V1aB, 3aKJIOUCHUSI, CIIMCKA JINTCPA-
TYpbl U3 74 HaumeHoBaHuil, cofepxkur 15 wiunocrpanuid u 1 rabuuny. O6LEM
Jiccepraliu cocrasiisicr 116 crpanuit.

COJEP>KAHUE PABOTEHI

Bo BBeZmeHMH 0bCyKIaeTcsl paccMaTpuBacMas 3a/laia M ONUChIBACTCS CTPYK-
TYpPa JIMCCCPTAIMH.

TnaBsa 1 jucceprauuy NoCBALWEHA TCOPCTHYECKOMY HMCCJICJOBAHMIO TTPOBICM
OIITMMHM3AI[MM MHOTOYJICHOB 1ICPEX0/Ia B CBCTE PEUICHHS 33124 IHJ(PO/IHHAMHUKH,

Jna cocraBiienusi OCHOBbl DACCMATPUBACMBLIX METO/IOB HPUBC/ACHK Ga30Bble
cBeJeHUs 0 MHorowenax Yebuilicra, Kacalonuecs BO3MOXKHBIX BAPHAHTOB OIIpe-
Jieienus, hbopMyl /IS KOPHEH, TOYCK 3KCTPEMYMa W KOMIIO3KIMH MHOI'OYJICHOB,
$bopMyTHpOBKY 3KcTpemalbibix Teopem Yebbinesa 1 Mapkosa. Tax, KOpiu Mio-
rounena Yebbimesa crenenu n nepporo poaa T,(z), UPUBEJEHHOIO K OTPE3KY
[, M] aciicrBuTensHol ocH, 3a1a10TCs GHOPMYIIOH

2 % — 1
M+m— (M — m)cosyj,m’ Vit 2n ' (1)

Tk

rae {jx}, k =1,...,n - nepecranoska 4nces or 110 n.

B zsanHoii pabore HCCIIC/OBAHUE YHCIICHHBIX MCTO/I0B JUIsl PCIICHKS HECTAIUO-
HAPHBIX 33/[a4 OrPAHUYCHO SIBHBIMU PA3HOCTHBIMM CXCMaMM 110 BPCMCHH, KOTOPbIC
OOBIYHO JICI'KO OLIUCHIBAKOTCS MTPH MOMOIIM MHOMOUJICHOB 11CPEX0/1a, HOCTPOCHHBIX

JUIst JIMHEHHOM 3a/1a4u
du

dt

OT HAYaJILHOI'O yCJIOBUA K pclIeHHI0 Ha BI)I6I)H.HI]OM CJIOC 110 BPCMCHH:

= —Au, uls=0 = up, (2)

uy = R\'(A)UO.

ot



Luist 3ana4, 1IPUBOJIIIIMXCS JIMHCApU3aluel 1 oTOpacLIBAUCM CBODOSHOIO 4JiC-
Ha B npaBoil 4acTu K Bujy (2) co crekTpom oncpaTopa A, JICKAIMM HA WK
Tecio BOAM3M MHUMOH ocH (HampuMmep, pacuéToB TeYeHUH ¢ GOJLUIMMH YMC/a-
mu Peitnonbaca) Gynem ucnonnsosars sBHbic pasHoctHbie cxembl DUMKA-T u
DUMKA-8 (B.U. JleHener, UBM PAH). D1um cxcmam COOTBETCTBYCT MHOI'OYJICH
1iepexoJia

Pi(z) =1 = lyz + (L42)%/2 — (142)3/6 + (l42)* /24, (3)

obmacTh yCTORUMBOCTH KOTOPOI'O TIPH CYMMAapHOM Iuare JUiMHbl ly 3aXBaTbiBacT
orpesok MuuMol ocu [—24/2i/l4, 2v/2i/ls]. Kopiu muorousiena (3) pasbusaior-
¢l Ha KOMIUICKCHO CONPS>KEHHDIE 11aphl, TI03TOMY COOTBETCTBYIOIME BPEMEHHBIC
wary MoryT 6bITb pealinzoBaHbl B AeAcTBUTCbHON apudmMernke. IIpuBe/CHHbIN
YCTOHYMBBIA OTPE30K MEUMOMH OCH SIBJISIETCS! MAKCHMAJILHO BO3MOMCHBIM 110 JIHHE
JUlsi MHOTOUJICHOB 11CPEX0/ia cTelieHH 4 ¢ JecTBUTeIbHbIMU KO3bduHenTaMu Bu-
sal—lyz + az® + b2 + c2%, a npy yBenuucHuu crenenu Muorousiena s 3ajay
€ HAJIMYHEM MHUMOIO CIIEKTDA YBCJIMYEHHE CpejiHero wara orpanunycto. Ilosro-
My JUISi THJIPOAMHAMUYECKHX 33/1a4 ¢ GosbiuMu yncaamu Pefinonbca onpasjia-
HO IIPUMEHEHHE YKA3AHHDBIX CXEM, BXOJSIMX B CBOBOIHO JOCTYIHYIO POrpaMMy
DUMKA.

B pamkax auccepraiioHHON paboTBl HCCIeLyeMble YHCJIEHHBIE METOfbl Obl-
JIM BHEJIPEHbI B JIMHAMMYECKYIO BUXDEpPa3penialoNiylo MoJiejb TeYeHUS BSI3KOM
HeoxxkumaeMol kuakocrd A.B. Tnasynosa (MBM PAH). [lnst ucnosnbsyemoit B
He#t pa3HOCTHOH cxeMbl Ajamca-Bauidopra nposeéH aHamOrM4HbIA aHaIN3 06-
nactu ycrottuusocty. Ilokaszano, 4ro sra obsacTh Kacaercss MHMMOH OCH B HyJie.
[Tpn aroM nprOIMKEHHOE PELIEHNE Uy, COOTBCTCTBYIONEE MHUMOMY COOCTBEHHO-
My 3HaueHMI0 A onepaTopa A, Moxer pactd TpH maioM |A|, kak 1 + N|A|*/4.
[Toka3zaHo Tak>e, Y4TO B CiIy4ae HAJIMYNS JCACTBUTENBHOTO CHEKTPA HCIIOJIb30Ba-
Hue cxembl Ajiamca-Batudopra MoxeT NpUBOAKTL K BO3HMKHOBEHHMIO B PCHICHHH
JIBYX11aroBoro wyma. Ha oCHOBaHMH 3THX PE3yNbTATOB MOXKHO C/1eJIaTh BhIBOJ O
HEXCJIATENILHOCTH PUMEHEHHs! 3TOH CXeMbl HANPSMYIO /ISl HHTEIPUPOBaHHUS 110
BPEMEHHU B MOJIeAsX Ty POYJIEHTHOCTH.

Tak>xe B 11epBoii rnase uccienyercss On0UHbIA YeObILICBCKUN UTEPAIMOHHbIH
Meroj| pelicHus ypasueHus IlyaccoHa jiist HaxoX/leHMsl JIaBJIEHUsT HA KaX/IOM
BPCMEHHOM Luare. 3alucaHHbIf JUis ypaBHEHHs B “KPACHO-uépHOM” BH/le

(& o) (&)=(%) 0



cro wal npejcrasisier coboit urepanunio Faycca-3eiiesst ¢ nonpaskoit

Dipttt = Ciph + fu,

k+1/2
Dap, " = Copt*t + f,
k+1/2
pEY = ph + a5 — ).

Jns owubKu € MPUOJHAKEHHOTO pelliennsi U3MEHCHUC 33 [MKJL U3 N uTepalmii
OIIUCbIBACTCH MHOI'OYJICHOM Mepexo/ia PN JUIs1 BTOPOI'O 6ﬂ0Ka HCHU3BCCTHBLIX, TaK
4TO
N
Py(t)=[J(1-ait), & =Py(I-T), T=D;'CoDi'Cr.  (

=1

(1}
~—

Hnst ipuMensieMoit B BUXpepa3pelaioneil MojIC/M JIMCKPETION 3allUCy ypaBlic-
uust Jlyaccona B jiMccepralliy JI0Ka3aHo ¢ MCHOJIL30BAHKCM pe3ysibTaroB pabor
. fAura, yro oncparop I — T obnanact 6a3ucoM U3 cOOCTBEHHBIX BCKTOPOB H CI'O
CIICKTD JIEKHT Ha HCKOTOPOM OTPE3Ke AeHCTBHTE bHOIM ocu [g, 1], > 0.

ITyctb ¢ 110MOIIBIO HEKOTOPLIX JIOMOJHUTCIABHLIX JAHHBIX MOJIYUCHA OICHKA
cuekrpa Sp(I — T) € [m, M] (nanpumep, m = ¢, M = 1). Toryia B kauccrse
Py B03bMEM HOPMHMPOBAHHBIA B COOTBETCTBUM C NICPBBIM paBeHCTBOM (5) MHOrO-
uiien Hebbllesa 11CPBOro pojia, NPUBC/ENLIR K 0Tpesky [m, M]. Dror Muorowien
HaUMMeHee OTKJIOHSCTCH OT HYJIsl Ha JIAllHOM OTPe3Ke, obecriednBas Takum 0bpa3om
Haulyduiee Cpejid MHorowienos suaa (5) nojasienne ownbku. Coorsercrsyiowee
OTKJIOHEHHE PaBHO

y
1 —

Eye 20 e o= VWM
1+ +/m/M

1+ o2N’

M YMEHBIIACTCS ¢ POCTOM N, 1103TOMY HMEET CMBIC/ MCHOJBL30BATL J0CTATOYHO
GONBIUE UTEPAlMOHHbBIE ILMKIIbI. VI TCPAIIMOHHBIE 11APAMCTDbLI G SBJSIIOTCS BC-
JIMYHHAMHA, OOPATHBIMH K KOPHSIM MHOIOUJICHA 1ICPCX0JIa, BHIYMCIISIIONUMCS 110
dopmyne (1).

dns obecnedcHus yCTOMYMBOCTH 3TOI'O MCTO/A 110 OTHOLUCHHUIO K OLIMOKam
OKDYIJICHUSI Y 110JIy4eHUs] XOPOHICH OBIICH OLCHKH LIOPCIIHOCTH HeoDX0/IMMa Ta-
Kas 1CPCCTAHOBKA YHCCI (i, YTOOb BCIAHYHHDI

i N
N N
Vo= 1—-ajt)|, ¢ = max 1—ajt
= max ,-1:[1( ait)|, q = max inIH( it)

N N NN
(g = 1), arake Y ;o g, sy gV ObTM OrPAIMUCH L HOCTOAHHBIMH, 3aBH-
cAIUMY TOJILKO 0T m/M. Merojl 1oj1y4eHUs! TAKMX 11CPECTAHOBOK 11yT8M pasJio-
XKElUsl MIOIOUJICHA [ICPCXO/LA B 1IPOUBBE/ICHUC IPOBIO-PATHONATLILIX (DYHKIM,

-1



3aBHCSTIUX OT TPHUIOHOMCTPHUCCKOI'O napamerpa, B ciyvac N = 2P3™ npepioxen
8 paborax B.U. Jlc6eaena u C.A. QuHorenosa. Ero Moo ynpocrurs, MCKIIOUNB
AHAJIN3 TPUI'OHOMETPHUYCCKHX 1APAMETPOB, C HOMONLBIO CAEAYIOIEH JIOKa3aHHONH
B JIMCCCPTAIMH JICMMBbI.

JIEMMA 1. Ilyets |B] < 1, Torna

T3n($)_,8 = g bucn
—Tgn(e) — ,8 n0nCn,
e
= Tu(z) — ;m b= Tu(z) — p2 o= To(z) — p3 o= M+m
T T(O) -p’ " Ta(6) - T.0)-ps’ =~ M-m’
lpr23] < 1, p1 >0, p3 <0, sign(p2) = —sign(B), p3 < p2 < p1,
1pUYEM

Ap < by <cp, e <1, |enbn| < 1.

OcHoBblBasich Ha jicMMe, CPOPMYIUPYEM METOJ, YIIOPAA0YMBAHUA UTCPALHOIHbIX
11apaMeTpoB B BH/IC 110C/IC/0BATENLHOrO pasbuenus (nepes 1IpUBeJICHUEM K OTPE3-
Ky [m, M]) MHorouncHos nepexoa creneuyu m;, KpaTHOM TPEM, BUAA ;—:ﬁ%’%’, Ha
MHOXMTC/IM (MHOTOUJIeHbI) cTenenyu ny/3 npu p < 0 B NOPH/IKE Cn, /3, bn,/3, Gn, /3.
Ecnu xe B pasbuBaemom Muorounetie p > 0, T0 MHOXHTENIH M COOTBETCTBYIOLIHE
uM kopiu Bysiem 6path B nopsijike by, /3, Cn, /3, Gn, /3. B Anccepranuu npuseaén Tak-
JKC AJI'OPHTM aHAJIO'MYHOrO pa3bMEeHHs MHONOUJICHOB Mepexo/ia YGTHOH CTeleHy.
OcyuiecTsisist 110CNEN0BATENBIO ITH J1Ba ANTOPHTMA, Mbl CMOXEM CTPOUTE YCTOM-
YMBBIC lICpECTaliOBKU napaMmerpoB jnudbl N = 2P3"  najouide onTuMalibHbll 110
YebninieBy MHOrOUICH NEPEX0AA M0CIE NPOMEXYTOUHBLIX MTEpalil ¢ HOMCPaMH
1,2,4,8,..,2P,3-2P, 9. 2P . 372P

JonosHuTeIIbHO B ANCCEpPTALMH NIPEJJIOKCH U TPOTECTUPOBAH CJIELY IOLIMH TTPH-
€M y/IBOCHUSA JUIHHB] YCTOMYMBOMA NEPECTAHOBKH 11apaMeTpoB: ecin (j, - KOpeHb

muoroyseua T, (z), To napa =+ % KopHu MHorousena Ton(z). Kopens ¢
MHHYCOM OIIPEACISIET UTCPAIMIO, MHOTOY/IEH MEPEXO0jla KOTOPOH MEHbIIE ¢JIMHU-
bl 110 MoAy0 Ha orpeske [m, M. [losTomy eé bGysem ocyliecTBAATL Nepsol B
COOTBETCTBYIOLUEH nape urepatiui.

ITockonbky 1lepBoe ypaBHeHde u3 (4) mocjie KaXJ0R HTCPalUK BLINONHSET-
€St TOYHO, B KAYECTBC KPUTEPHUST OCTAHOBKH WTEpAalnii BO3bMEM MaJIOCTh OLIMOKH
BTOPOI'0 YPaBHEHNS, PA3PCIICHHOIO OTHOCHTCIILHO Py. COOTBETCTBY0LIAs HEBsI3Ka
onpe/iensieTest 1pocToi hopMysion, He TpebyIOmEH JIONOJHATENBLHOIO BblYHCJIeH Usl
KaKHX-Mbo olicpaTopon

k_ & k+1/2
T9 =Py — P2 )



a JUIst OLUMOKH ClIpaBe/UIMBO HCPABCHCTBO
lle3l < I =T)7MlIr3ll < m™* 75

B HEKOTOpo# HopMe || - ||. Boifop B kauectse MHMKATOPA CXO/IMMOCTH HOPMbI
OWHOKU (& He HEBSI3KH) ABJSIETCH JKEJATC/AbHBLIM, T.K. HOPMa HCBAZKH MOXCT
YMEHbILATHCSE B IPOLIECCE CYETA HC TOJNBLKO BCJIECTBHC CXO/JUMOCTH, HO ¥ M3-33 M3-
MCHCHHUSI CNCKTpaJibHOro coctasa. Onpesnenenne BeJMUMHB] M ABJIACTCS CJIOXKHOH
3ay1a4ei, oHa MOXKeT ObITb MPUOIHKERHO PellieHa ONbITHBIM NYTEM ¢ TOMOIIBLIO Ha-
6ITI0ICHUST CKOPOCTH CXOJMMOCTH BO BCIIOMOI&TC/ILHOM YMCJICHHOM 3KCHEPUMENTE
C peUICHHEM 3a/lJaHHOTO ypaBheHus (4).

Jast yckopeHus cxojiuMocTy 6109HOr0 4eObILIEBCKOr0 METOA MOXHO IIpUME-
HUTb O/IHH U3 aJI'OPUTMOB HAXOXKJIEHHS! HAYAILHOrO TTPHOIMXKENVS 110 pe3yJihbTa-
TaM LIPC/ALLECTBYIOLMX BPEMEHHbIX 11AroB. Mbl npuMeHUM “DU3HYECKHA” 110JX0/,
UCIIOJIb3Ysl [10J1Y YEHHYI0 paHee HiOPMAIIMIO O XapaKTepe 1101 JIaBJICHHUS], HE TPC-
6ytouyio 60nbi0ro 06béMa naMsATH.

Ecnn 3anucars ypashenue [lyaccona Ha HOBOM €JI0€C Jiisl TONPABKH K JIABJICHHIO

A6P(t+71)=F(t+7)—F@t)=®(t+71), 6P(t+71)=P(t+T1)— P(t),

C COOTBETCTBYIOLUIMMHM KDAeBbIMH YCJIOBHSIMH, TO HavajibHOE MPUOIMXKEHHE s
uTepalimontoro noucka 6 P(t + 7) MoxHo B3sitb paBubiM ot + T7)P(t), rue ko-
acbdunpent onpeaeanTs MeronoM Puria, ucnosb3ysi 3HaKoONpeaenéHbii onepa-
TOP U3 YpaBHEHHs JU1 BTOpOro 6J0Ka HeussecTHbIX. JlOMONHUTENBHO YUTEM, 4TO
cxeMa DUMKA-8, peannsyiouias merog Iunna 4-oro nopsijixa, npejoaraet uc-
T0J1b30BaHUE HYJICBbIX M HEHYJIEBbIX [IAroB 110 BpemeHu. Onpeaennm st Kaxaoro
U3 9TUX JBYX THIIOB LIAroB HayajbHOE TPHOIMKEHHE 10 NONPABKE C PCAbIAYLLEro
wara Toro xe tana. OTMeruM, YT0 MOXHO TaKXKe HUCI0JIb30BaTh METO/| HAMMEHb-
LIMX KB3JPATOB BMecTo MeToAa Puria, a B KauecTBe BTOporo 6a3suCcHOrO BEKTOpa
B3sTh BesmunHy div PU, umerowyio cMbica “neperoca”’ AaBjieHUs TIOTOKOM KM Ji-
KOCTH.

I'naBa 2 nocssileHa OCHOBaM METO/IOJIOTMH BUXPEPA3PCLIAIOLIEr0 MOJLEJIHPO-
BaHHUsl, OIUCAHMIO YUCIICHHON peaslM3aliMi IPUMEHSIEMOH MO/EJIN U POBEAEHHbBIX
PAacyY€ETOB.

Hccneayemble MeTospl BLUTH MPOTECTUPOBaHbI Ha IPUMEPE PEXMMA MOJIEJIH,
HCIONB3YI0Ero TypOynenTioe 3amMbiKaHue CMaropricKoro, JUisi 3a/1a41 Mojieiu-
POBaHHSl TCUCHUS HECX)KMMACMOM >KHUJIKOCTH B IJIOCKOM Kalalic ¢ NPensiTCTBUCM
B BHJIC IIPSIMOYIOJIBHOIO IMIMH/pa. B rnase onucatbl cnocobbl pazsHOCTHOR all-
IIPOKCUMAIMK HCJIMHERHbIX cilaraeMbixX B ypasHenusix Hasne-Crokca B pasnindninix
dopmax Ha oKTazPaibHBIX (CMEIEHHBIX) CCTKAX C IOCTOSHHBIMU LUAIaMH BJI0JID
KOOPJIMHATHBIX HAIIPABJENN, IPCIUIOKCHHBIX Blicpsbic B paborax B.U. Jlebenena



(B 3anajHoi smreparype  staggered grid). Ocnosioe BHUMaHHC ML YACAUM BUX-
pesoii popme (dpopme 'pomekn-JIamba). Eé npumenciine nanbonee ecrecrseno
TTPH UCIHONIBL30BAHUH HEITPAILIOPA3HOCTHLIX ATHPOKCUMAILHI 110 HPOCTPAHCTEY B
CHILy OPTOIOHAJILHOCTH Ha A depenimansinoM ypoBHE BCKTOPa CKOPOCTH U BCK-
TOPA, COCTABJICHHOrO U3 HEJIMHCHHBIX Yiienos ypasHenuii Hasbe-Crokca B BUXPC-
Bo#t ¢opme. Kpome TOro oHa HO3BONACT UCKJIOUMTL Y4aCTb HEJHHEMHBIX 4JICHOB
U3 pOBJCM 3aMblKaHMst M LIOCTPOCHHMSI allIPOKCHMAIMH, 1ICPCHOCH MX B COCTAB
0bobénIoro Jlassicius Bepiyanu. Ha ucioib3yeMblx cerkax passinuiiblc KOMIIO-
HCH'TbI CKOPOCTH OIIPC/ICIICHDI B PA3IHYHBIX TOYKAX, HOITOMY Jijisi BUXPCBOH op-
Mbl MCIIOJIL3YCTCS AITPOKCUMAIUSE B JIUBEPI'CHTHOM BHJIC, TAKas Y4TO CKaJspHOe
IIPOU3BCJICHAE BCKTOPA CKOPOCTH HA BCKTOP, COOTBETCTBYIOLUMI BUXPEBOit opMe
HCJIMHCHHBIX WICHOB, MOXHO 3anucarh (B 0bo3HaueHHsIX 1% % JUIsI OIICPATOPOB
MIITCPIIOJISITIM M KOHCUHOH PAa3HOCTH BJIOJb -OT0 KOODJIRIATHOIO HAIIPABJICHUS C
MabIoNOM U3 ABYX TOYCK, LIO [OBTOPSIOIUMCS MIJIEKCAM [IPOU3BOJIMTCS CYMMHU-
poBaiine) B Bujie

—Tlz,=1z; —1z,7— 1z,

—— 1T anU; ™ i 1 )

Ui(ROt - 52)i1 =6 1U]611:<U 251 611:[.] ’ (6)
j i

1rjie uepes S2 0bo3HaMeHbl OUIMOKY JANCKPETU3AIMM BTOPOro nopsaxa. B jmccep-
TallMK JI0Ka3ala JICMMa, XapaKTepU3yolias TOYHOCTb BbIIOJIHCHUS CBONCTBa Op-
TOI'OHAJILHOCTH BCKTOPY CKOPOCTH JIJ1sl NCCNC/LyeMON PA3HOCTHON allllPOKCHMAlUU
BUXpEBOH HOPMEI.

JIEMMA 2. Ilpu jloctaroyuiio rinajikom 1oJie CKOPOCTH BbIPAXKCHUE (6) SABJIACTCS
MaJIoi BCJIMUMHOM 1IOPS/IKa O(h?') B KaXkJI0#1 BHyTpeHHe# Touke obiacty, e h -
MaKCHMaJIbHbI# M3 LIArOB CCTKH BJI0JIb KOOPJAHHATHBIX HallPABJICHHI.

Kpome roro juist octarouHOro usieHa 1oJiy4eHo siBHOE BhIPa’kKCHUC

1z, h? aU; hZ \ 2
Ui(Rot — 52); zf% (U(9 JR”) Uaa (g—g) + O(h%),

IVIC TCI30p
R, ou;  0U;
;= _
dr; Oz
COCTOMT M3 KOMIIOHCHT POTOPa CKOPOCTH.

Hauiee B j1anHoi riase onucans nporpamma DUMKA u peanunsanus Buxpepas-
PCHIRIOINECH MOJICIH B CJOXKHON 00JIACTH, BKIIOUYAIONAs BUXPEBYIO OPMY HEJIU-
HCHHBIX 4JICHOB, BA0UNDIA YeObIIIEBCKUH MTEPAIMONILIH METO/L U BLIYHCIEHUC
YJIYHHICHHOI'O la4daJbioro ﬂp"())’[”)’((ﬂ]“ﬂ MeTOJ/IOM PHTL[a. Hpe}m())Ken BAPDUAHT

34/1alMs IPAUYHBIX YCJIOBMEI Jyist jlassiciinst Bepuyann. Peanuvsosan Ha sisbike
Doprpan ¢ pacinupenuem MPI o6t napauicibnbiit unrepdeiic juist BUXpepas-
pemaiomei mojicin u cxem DUMKA u Anamca-Bamdopra (AB), skiouatonmii
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UCIOJIb30Bale MHOroMmepibix Maceusos ¢ arpubyramu TARGET v POINTER.
Hns oncparopa neBot yactu (4) B yCJUOBHSAX JIAHHON DEAVIM3AIMU MOJICIH JIOKA-
3aHa CHMMETPHYHOCTH U [10JIOXKHUTELHAS OlPE/IeJCHHOCTD.

Ilpu 1poBejienl YUCIIEHHBIX KCMICPUMEHTOB, NOCTABJIEHHBIX JIJIsi 1IPOBCPKH
3¢ GHEKTHBHROCTH UCCICAYCMBIX B PABOTE METOAOB, 110J1yUYEHbI CJICILY IOLIHC OCHOB-
HbBIE PE3YJILTATDI:

1) B ucciegyemoil 3a51a4e BUXpEpaspeIlialoNiero Mo/ICAMPOBAKKS NPE/IIIOYTHTE b
HbiMu pexxumamy nnporpammbl DUMKA seasitorest pexxumbl DUMKA-7 u DUMKA-
8, opHeHTUPOBaHIILIC HA MHUMBIN clieKTp. OHH MO3BOJISIOT NONYUHTL PEIIEHHE,
6JIM3KOC N0 CTATUCTHYCCKUM XaPAKTEPUCTHKAM K PEIIEHHIO, T0JyUCHHOMY C MC-
noJjib30BalueM cxembl AB.

2) Ha cranjiaprHoM pa3speienuu 288 X 72 x 144 makcuMaJibHbIN CpejiHUi 1iar,
NO3BONSAIOUMA YCTOHUMBO cuuTaTh ¢ nomoulbio cxembl DUMKA-8, na 12% npe-
BOCXO/IMT ananornynbiit war cxemb! AB. Ha pa3speuienuu 96 X 24 x 48 cpejiuuit
war cxeMbl DUMKA-7 na 15% 6Gonbiue wara AB. Ilpn uckycecTBeHHOM yMCHb-
LIEHHH 4JleHOB 3aMblkanusi Cmaropuuckoro B 10 pa3 cxema DUMKA-8 naér 27%
NPEeHMYLICCTBO B JUIMHE CPEJIHEro 1ara 1o cpaBHenuio ¢ AB.

3) B nepuoaunueckom kanasie 6e3 npeusitcTus ¥ 63 3a1aHHON ABHO AMCCHNAIUH
cpejunit war B cxeMe DUMKA-T7 okazancs na 70% Gosblne cpeguero wara B cxe-
Me AB npu 0iMHaKOBO# 110 MOAYJIIO OLWKMOKE COXPAHCHUS IHEPIUM.

4) PaspaGoTanHbil METOA NOJIyYeHHsl NIEPECTAHOBOK HTEPALMOHHBLIX NAPaMeTpoB
N03BOJISET YCTONYHBO UCTIONL30BATH YeObIIIEBCKHE MHOrOU/IEHbI iepexoa. B pac-
4€Tax MPUMEHSJINCh MHOIOUYJIEHD! CTelleHH 10 648.

5) BBesienne yiydueHHoro Havajibioro npubauxenus s pexkume DUMKA-8 na
CTaHAaPTHOM pa3pellleHHH [T03BOJISICT COKPATUTh KOJIMYECTBO UTepauMit 118 1aB-
JIeHWsl B CTATHCTHYCCKU yCTaHOBuBLUCMCs pexkume Ha 24%. B atom cayuae cy-
IECTBEHHBIM OKa3aJloCh B3sITHE B KauecTBe 6a3uCHOro BeKTOpa B MeToje Putua
NONPABKH K JaBJICHHIO C TPE/bIALYHICI'0 BPEMEHHOTO 111ara TOrO »Ke THIa (HyJIeBOro
WM HEHYJIEBOrO).

T'naBa 3 nocesinieHa pa3paboTKE U TCCTHPOBAHHMIO HEABHbLIX YeObIIIEBCKUX Olle-
paToOpHbIX PHILTPOB.

[Mocne 6a30BBIX cBejienndt U3 TEOPUH (PUILTPALMH M ONMCAHUS ABHOIO ye-
6biireBCKOro hHILTPA 1IPHBEJIEHA KOHCTPYKIMS Pa3pabOTaHHOTO B JUCCEPTALUH
HesiBHOIO 4ebbiiieBckoro ¢unbtpa. [lycts Boibpan Hekoropsiil oneparop L, obna-
JIAIOLIMA 110JHOM CUCTCMOM cOBCTBEHHBIX QYHKIME 1;, 1 COOCTBCHHLIC 3HAYCHUA
v; koToporo Jiexar ua orpeske [0, 1], § > 0, n - nopsigox duanrpa. Onpeaenum
bunbTp u — uf nesiBuo ¢ nomombIo ypasHenus

(Po(L) + 6LMuf = P,(L)u, (7
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e

mn
P.(t) = [J(1 - ),
i=1
a L™ — n-as crenenb oncparopa L. Torna mpeobpasosanuce koadgunuenton s
PABNOKCHUN PUILTPYEMOTO DJCMEIITA OUXCHIBACTCSE HIepexo/ioi (ynkiunel F(t),
TAK 4T0

1
u= Z’Ilﬂﬁi —uf = ZFn(Vi)ﬁid)i, Fo(t) = m’m

3a/1a8 napamerphl 4y; ClcHradibibiM 00pa3oM yepe3 KopHU Milorowsiena Yebbiiiesa
1ICPBOrO Pojla CTelneHd 1, NoJIyYuM 1epexojiyio dbyHKImo, OIU3KYI0 K C/IMHKIE
Ha OTPE3Ke 11PO1YCKaHUs, JlaJice 6bl(3Tp() ClIaJJAI0ILYI0 B COOTBCTCTBHYU C 'l*eopeMoi&
MapkoBa 1 06J1a4a101y10 YCObILICBCKMM aJILTEPHAHCOM BCJIUYNHDBI 7) HA HCKOTO-
pom orpeske 1ojiansicius supa v € (14 2a)™!, 1]. Buibupas oneparop L, MoxHO
OCYHICCTBIISITL (DUALTPANHKIO 110 Pa3iuuHbIM abopam coBCTBEHHbIX (yHKiui.

ZonostHuresibHbIC TPUEMbI yJy Y1ICHUS! (DUILTPAIIME MOL'YT 3aKJII0YATLCS B CJIC-
aywoweM. TlojyieKaiui GUILTPAIMH 3JIEMCHT % NPEJCTABUM B BUJIC U = U + W
1 nojepricM duabTpanun Juub w. [IpaBuabEe# BHIOOP v 1103B0JHUT J0OHTHCA
TOrO, ITOOBl YACTH'IILIE CYMMbl B Pa3JIOKCHHM W 10 COOCTBEHHBbIM (HYHKIHAM
olicpaTopa L jIoCcTarouto OLICTPO CTPCMHIIMCH K CBOGMY lIpEAey, 410 ociabuT
acbdekr Tubbca. Hanpumep, juist u = (ug, .., um)T,n =3

1 m+1-2k
Vg = 3 (w1 + U + (w1 — um)y(2k)), 2= o1
1 2 1. ) "
y(z) = —§5 (z - §z3 + 52") , y(E) =1, y (1) =y (1) =0.

B ciiyqae cuiibHOM HCOAHOPO/IHOCTH MAcCHBa U €r0 TAKXKE MOXKHO [IPE/(BAPUTC/Ib-
HO Pa3/IC/INTI, HAa XapaKTepHyo (GopM-dyHKIUIO, HANPUMED, IKCIOHEHLUAILHYIO
JUIst 33j1a4 s)ICPHOR dusnKK. B ciyyae BO3HUKHOBEHUs TIPOBJEM € 11IOCTAHOBKOM
HCOJIOPO/INBIX 'PAIIMUYHBLIX ycioBuit B (7) 3alMieM ypashenue Jjisi 11011PaBKy
® = u — uF ¢ O/IHOPOHBIMU KPACBBLIMU YCIIOBUSMH.

[ocrpocHtbic GUAbLTPLI peasin3oBalibl B 1IporpaMMe Ha sizbike QoprpaH, Bbl-
HOJINCH PSJL TCCTOB, B TOM YHUCJIC C ABYMCPIbIMH JatiibiMu. [poBesieno cpaBHeHue
HCHABHBIX 1eObIeBCKUX HUanbTpoB ¢ puibrpamu [loTrepa ¢ ucnonnssosativem pe-
sysnbraros H.A. Canblinkosa 1 110Ka3aHo, 4TOo [epBbie sBJIsoTCs bosee OIN3KUMH
K OLITUMaJIbHLIM € TOYKM 3peiins Kpurepusi Basne-Ilycceena.

B zakimoueHnn Kpartko ¢HOpMYNTHPOBANLI OCHOBHBIC PCIYABTATHI JIHCCEPTA-
MM,

12



OCHOBHBIE PE3VYJIBTATBl PABOThI

IKCIEPUMEHTANILHO U TEOPETHUYCCKH HeC/Ic0Bala 3¢ MEKTHBHOCTS YCTOM M-
BbIX sIBHbIX pasHocTibiX cxeM nporpammbl DUMKA ¢ nepementbiMy liaramu 110
BPCMCHH, OPHEHTHPOBAHHbIX HA PACIIONOXKEHHbIH BOJIM3M MHUMOH OCH CHEKTD, B
3a/iaue BUXPCPa3pellaiollero MoJICIHPOBAHUS U B CPABHCHUH CO cxeMoil AjaMmca-
Bamidropra.

PaccMoTpeH 1 peasin3oBaH HOBbIA KOMOWHHPOBAHHBIA HTEPAIMOHHBIH MeTO/]
10J1y4EHHs NONPaBKH K 0000IEHHOMY JlaBiiennio u3 ypasHenus [lyaccona, yuu-
THIBAIOLIUI XAPAKTCP U3MCHEHHUS DELIeHHH Ha NOC/ACAOBATCILHOCTH BPEMCHHAIX
waroB cxem DUMKA-7, DUMKA-8, a takxe coueraoniuit 0606118HHLIA MeTO,
Purua ¢ xapakrepubiMu Jjuist 331a4n 6a3ucHbIMU QYHKIMSIMHA ¥ 6JIOYHBIA 4yebbl-
eBCKUH BapuauuoHHblit Metosl. Ilpenniokena HoBast MOANMHUKAIHNS AJIIOPHTMA
BbIYMCJIEHUS] TAPAMETPOB B yCTOH4YKBOM BI0UHOM 4eDbIIeBCKOM BeCKOHEUHO npo-
JI0J12KAEMOM HTCPALIMOHHOM MeTojle ¢ JyiMHON nukna N = N(r,p) = 3727

— Ilpeasioxkena u peann3oBaHa TpEXMEpPHAsi Pa3HOCTHAs ANNIPOKCHMAIINA HEJIK-
Hettnoro useHa ypasHenuit Hashe-Crokca Ha okTaspasibHbix (CMEImEHHBIX) CCT-
Kax B BUXpeBoli ¢opMe ¢ 3aMEHOM KJIacCH4eCKOTo JaBieHus Ha 000bIEHHoe naB-
Jichie BepHynau, uMeronias AMBEPreHTHbIN BHJ M OPTOTOHAJIbHAS C TOYHOCTbIO
e nuxe O(h?) ceTouHoMy BCKTOPY CKODOCTH.

- Co3J1al U peaii30BaH B IPOIPAMME ajiFOPUTM HEesIBHOH 4eObIleBckod Gpun-
TpalyH, B TOM uyucie muoromepto#t. IIposenénnoe cpaBuenne ¢ pusbrpamu Ior-
Tepa [10Ka3aJ10 JIydlilee COOTBETCTBUC HOCTPOCHHBIX YeDbllEeBCKUX (PUILTPOB KPH-
TEepHIO onTuManbHocTH BaJsne-Ilyccena.
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