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OBIIASI XAPAKTEPUCTHUKA PABOTbI

AKTyaJIbHOCTH  TeMbl jauccepTauuu. [loBbimienne >(hQexTHBHOCTH
00paboTku 1HppoBOI HHGHOPMAIIUH SBICTCS AKTYyalIbHOH 3a1aueii COBPEMEHHOU
NpHUKIanHOi Marematukd. OCOOEHHO 3TO 3aMETHO B OOJACTSX, CBS3aHHBIX C
KOMITbIOTepHOH Tpadukoil. TpeOoBaHUS K PEATMCTUYHOCTH TEHEPHPYEMBIX
N300paKeHUH MOCTOSIHHO PAacTyT, YTO, B KOHEYHOM HTOTe, NPUBOJIHUT K POCTY
BBIYMCIIMTEINIBHBIX 3aTpar. B To ske Bpemsi, 111 MHOTHX MPWIOKEHHH (Hanpumep,
BU3yaJIM3alll{ JIAHHBIX JIA3ePHOTO CKaHWPOBAaHHS aABTOMOOMJIBHBIX JIOPOT)
HeoO0X0/MMa O4YeHb BBICOKAs! CKOPOCTh 00paboTku mHpopmann. OmuH U3 myTel
TOBBIIICHHST 3(Q(PEKTUBHOCTH 00pa0bOTKH IM(pOBON HH(POPMAIUH — IPUMEHCHUE
METO/IOB, OCHOBAHHBIX Ha MHOTOMACIITA0HOM TIPEJCTABICHUH TIPadUIecKuX
00bekTOB. MHOromMacmrabHOe MPEACTaBIEHHUE —3TO MHOTOCIOWHAS CTPYKTYpa,
TIEPBBI CITOW KOTOPOH COAEPKUT MH(POPMAIIMIO, JOCTATOYHYIO M Tpydoro (c
HHM3KUM pa3pelieHneM) MpHOmkeHust 00beKTa; pH To0aBIeHnH nH(popMaLy u3
Ka)KJIOTO TOCIIEAYIOIIEro CJIOsl CTEeHb JeTaIN3aliH TOCTENEHHO YBEINUHBACTCS,
NOoKa OOBEKT He OyJeT BOCCTAHOBJICH IMOJHOCTBIO (TO €CTh C MaKCUMaJbHBIM
paspemienriem). Hanpumep, omHMM H3 HOMyJspHBIX (opmaroB s VHTepHer
seisiercss  GIF  (Graphic  Interchange Format), mnpemnoxenusiii  ¢upmoit
CompuServe (1987 1.). K umciny campix 3amerHbix ommumii (opmara GIF
OTHOCHTCS BO3MOXXHOCTh HCIIONB30BAHMS PEXMMa ITOCTEIICHHOTO TPOSIBIICHUS
n300pakeHus (T.H. TPOTpecCHBHasl Iiepenada). B 3ToM pexuMme CTpOKH
N300pa)KeHNUS BBIBOITCS HA DKpaH HE MOAPSA, a B ONpPENCIICHHOM IOPSAKE:
CHavasia Kaknas 8-, 3areM — 4-1 u T. 1. Takim 006pa3oM, IOTHOCTHIO H300paXKeH e
MOKa3bIBAacTC B YETBIPE MPOXOJA, UTO MO3BOISIET €IIE O IOJHOW 3arpy3Ku
N300paXCHUs TOHATH €r0 CyTh, W, B CIy4ae HEOOXOAUMOCTH, IpepBaTh €ro
nepezauy.

MareMaTH4eckoif OCHOBOM MHOTOMACIITAOHBIX MPEICTaBIEHUN BO MHOTHX
CITydasix CIIy)KUT BEUBJIET-aHAIM3 (WM aHaJIu3 BCIIeckoB), C OMOIIBIO METO/IOB,
OCHOBaHHBIX Ha BeHBIIETax, MOXKET OBITh PEIleH IHUPOKHUI KPYT 3a1a4 00paboTKU
YHUCJIOBOH HH(MOpPMAIMM, B TOM 4YHCIIE YCTPaHECHHs IIyMOB, BU3yalIW3alld
rpa¢udecknx 0OBeKTOB W mp. Kpome Toro, 3Tu Meroipl 0OECTEeYMBAIOT
COKpallleHHe 00BEMOB JIaHHBIX 32 CUET yaJeHNs] H30BITOYHON M HECYIIECTBEHHOM
nH(OpMaLHN, CHIDKAsT, TEM CaMbIM, BEIYMCIIUTEIIBHBIE 3aTPAThl HA TOCIIEILYIONIYIO
00paboTKy. ANTOpHTMBI 00paOOTKH HYHCIIOBOM HWH(pOpMaImy, OCHOBAaHHBIE Ha
BeHBIIETax, TOCTATOYHO MPOCTHI ¥ 3(P(HEKTHBHBI B PEATH3ALHIL.

Panee HCONb30BAMHMCh TONBKO CKAJSIPHbIE BEWBNETHL. MyIbTUBEHBIETHI
HMEIOT HEKOTOpPBIE MPEUMYIIIECTBA 10 CPAaBHEHHIO CO CKAIAPHBIMU BEHBIIETAMHL
Hampumep, Takue CBOWHCTBA Kak KOMIAKTHOCTh HOCHTENS, OPTOTOHAJIBHOCTB,
CHMMETpUs], KOJIMIECTBO HyJIEBBIX MOMEHTOB, KaK U3BECTHO, SIBIISIFOTCS] B)KHBIMH B
o0paboTke curHanoB. CKaspHBIA BEHBICT HE MOXET 00JNamarh BCEMH 3THMHU
CBOWCTBaMH B OJTHO ¥ TO e BpeMsi. C Ipyroil CTOPOHBI, CHCTEMa, OCHOBaHHAsI HA
MYJIbTHBEHBIIETaX, MOXKET UMETh BCE M3 HHUX OJHOBPEMEHHO. JTO O3HAYaeT, 4To
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MYJIBTUBEHBIIETEI MOTYT OOECIIEUHMBATH COBEPIICHHYIO PEKOHCTPYKIHIO (3a CUeT
OPTOTOHAIBEHOCTH), XOpOIIyI0 3((EKTUBHOCTh Ha TPAHWIAX CHTHANA (32 CYeT
CUMMETPUH) W BBICOKHH TMOPSIIOK MPHOMMKEHUS (32 c4yeT OONBIIOro 4ucia
HYJIEBBIX MOMEHTOB), TaK YTO OHH MOTYT JEHCTBOBAaThH IPH 00pabOTKE CUTHAIOB U
TIOJIEW JIydllle, YEM CKaJIIPHBIE.

Casi3p TeMbl JUCCEPTALUN € HAYYHbIMH NpoeKkTamu. [luccepranmonHas
paboTa BBINOJHEHA B paMKax Hay4HO-HCCIIEOBATENIbCKHX TPOEKTOB B ToMCKOM
TOCYZIapCTBEHHOM apXHUTEKTYPHO-CTpOUTENbHOM yHHUBepcurere (r. Tomck, 2010,
2011, 2013) u B Tomckom rocynapcTBeHHOM yHHBepcutete (. Tomck, 2012) mpu
¢unaHcoBol noepkke Poccriickoro donma GyHIaMeHTaIBHBIX HCCIIEIOBAHHH.

Hens padoTbl — pelieHre HaydHBIX M IMPaKTHYECKHUX 3ajad, CBS3aHHBIX C
IIOCTPOGHMEM W  ONTHMH3aIMeH  JTOPUTMOB  MYJIBTHBEIBIET-00pabOTKH
rpoBoii MHPOPMAINH, TTOTyYaeMOH, HaIpHMep, NPH Ja3epHOM CKaHUPOBAaHUU
ABTOMOOMJIBHBIX JOPOT, ¥ MCIOJb30BAaHNE 3THX aJTOPHTMOB JUIS MOJICITHPOBAHNUS
TIOBEPXHOCTEH JOPOT.

3agaun AMCCEPTAIMOHHOTO MCCIIEIOBAHNA:

* [loctpoeHne  anropuTMOB  MYyJBTHBEHBIET-00pabOTKH  mH(pPOBOI
uH(pOopMaIuy;

* IIpoBeneHre  ONTHMHU3ALMKM  AITOPHUTMOB  MYJIBTUBEHUBIIET-00PaOOTKU
1 poBOit HHPOpMAIUH;

* PaspaGotka TEOPETHYECKOTO 000CHOBaHHMs UCTIOJIL30BaHMUS
MYJIBTUBEHBIET-00paboTKN  1(poBOH HWHGOPMAIMH B PEIICHUH IPOOJIEMBI
TpacCHpOBaHMUS AaBTOMOOMIIBHBIX JJOPOT;

* VccnenoBanre BO3MOXKHOCTH TIPUMEHEHHSI MYJIBTUBEHBIET-00pabOTKH
mdpoBoil MH(OPMALMK [UIT MOJEIMPOBAHUST TOBEPXHOCTEH aBTOMOOMIIBHBIX
JIOpOT.

ITosyyeHnbIe pe3yabTaThl M HX HOBH3HA:

* Ha ocHOBe Teopuu cpeJHEKBaApaTUUECKON alpoOKCUMAIUU CIUIaiHaMU B
CXeMy ONTHUMH3AIMH  AITOPUTMOB  MYJIBTHBEUBIET-00paOOTKH  I(POBOI
uHGOPMAIIMM  3aJ0)KEHO  CBOMCTBO  OPTOTOHAIBHOCTA  MHOTOYIEHaM
COOTBETCTBYIOIIIEH CTENICHU.

* BrimonHeHo pacnapasiienvBaHie alrOpUTMOB MYJIBTUBEHBIET-00pabOTKM
midpoBoil MHGOpPMALMKM IMyTEM CBEACHMS BBIYMCIMTENBHOIO TIpolecca K
HE3aBHCHMOMY DPEIICHHIO TPEXIMAroHAIbHBIX CHUCTEM JIMHEHHBIX YpaBHEHWH CO
CTPOTHIM JIMarOHAJIBHBIM IpeodIiajaHueM.

* Jlano Teoperndyeckoe OOOCHOBAaHHME WCIIOJIB30BAHMS MYJIBTUBEHBIIET-
00pabotkn 1M(poBoil MHGOPMAIMM B pPEIICHMH NPOOJIEMBl TPAacCHPOBAHMS
ABTOMOOWJIGHBIX JIOPOT.

* Pazpaboran makeT TPUKIAOHBIX TPOTPaMM VST  MOJEITHMPOBAHMS
TTOBEPXHOCTEH aBTOMOOMIIBHBIX JIOPOT € IIPUMEHEHNEM MYJIBTHBEHBIIET-00paboTKH
MaTepuasoB JIa3epHOTO CKAHUPOBAHUSL.



* [TokazaHa BO3MOYKHOCTb ONTUMM3ALUM MOJENEH MOBEPXHOCTEH IyTEM
CKaTHHU JAHHBIX C TOMOIIBIO OMKYONUECKHX MyJIbTHBEHBIIETOB.

IlpakTHyeckoe 3Ha4YeHHe padOTBI COCTOMT B TOM, 4YTO AITOPUTMBI
MYJIbTUBEHBIIET-00pab0TKN 1M(pPOBOI HHGOpPMAIMK BHEPBbIE MPUMEHEHBI B
pelleHnH  MpoOJEeMBl  TPACCHPOBAHUA  aBTOMOOWIBHBIX ~ JOPOT W JUIA
MOJIEJIMPOBAHUSI TIOBEPXHOCTEH aBTOMOOWIIBHBIX JIOPOT' NPH Pa3padoTKEe CHCTEM
ABTOMATH3allMM JTUATHOCTUKH, IPOSKTUPOBAHMS PEKOHCTPYKIMM M pPEMOHTA
ABTOMOOWJIbHBIX IOPOT.

HayuHble 10J10:KeHUs1, BLIHOCHMbIE HA 3aLUTY:

*  AJNropuTMBI MYJIBTUBEHBIIET-00pa00TKN 1(POBOIT HHPOPMALUH,

¢ OnTuMuzaiysi  aIrOpUTMOB — MYJIBTUBEHBIET-00paboTkM  1udpoBoi
HHQOpMAITIH,

* Teopermyeckoe  00OCHOBaHWE  WCIOJB30BaHUS  MYJIBTUBEHBIET-
00paboTkn 1MQPOBOIl HWHPOPMAIMKM B pPEMICHHHA MPOOIEMBI TPACCHPOBAHWEC
ABTOMOOWJIBHBIX JIOPOT;

* PesympraThl TpEMEHEHHS ~— MYJIBTHBEHBIET-00pabOTKM  mH(POBOIH
nH(OpMALH I MOAEITIPOBAHNS IOBEPXHOCTEN aBTOMOOHIIBHBIX AOPOT.

JIMYHBIM  BKJIAIOM  JIMUCCEPTaHTA SIBISETCS BBIBOJA  TEOPETHUYECKHX
Pe3yJbTaToB, pa3pabOTKa BBIYHUCIMTENBHBIX AJITOPUTMOB OOpabOTKH IM(POBOI
UH(POPMAIMU Ha OCHOBE MYJIBTHBEUBIICTOB, a TAK)KE YUCICHHOE MOJEIUPOBAHIE,
pa3paboTKa rakeTa MpHUKJIaJAHBIX IPOTpaMM U aHaJIN3 TTOTyYEeHHBIX PE3YJIbTaToB.

Anpobanun pe3yJbTaToB AuccepTanui. OCHOBHBIE PE3yJbTaThl pabOTHI
JOKJAIbIBAINCH W OOCYKITaanch Ha HAyYHBIX CEeMHHapax  Kadeapsl
BBIYMCIIATENIFHOH MAaTeMaTHKH ¥ KOMITBIOTEPHOTO MOJIETMPOBAHUS MEXaHHKO-
Mmaremarmdeckoro (axymsrera TTY (pyk. mpo¢. Crapuenko A.B.), dakymsrera
npuKIagHoii Marematukn u kubepHetuku TIY (pyk. mpod. Topme A.M.),
kadenper npuxinagHoii mMatematukd TI'ACY (pyk. mpod. Komymaesa C.H.) u
71abopaTopyn  YHMCICHHBIX METOAOB MAaTEeMaTHYecKoro aHammsza IHcruryta
matematuku CO PAH (pyk. mou. Mupommuuenko B.JL), a taroke Ha psazme
BCEPOCCHIMCKMX M MEXIYHapOAHbIX HayuHbIXx KoHpepenumit: V, VI, VII
cHOUpCKON KOH(EpeHIMsIX IO MapaJuleNbHBIM W BBICOKOIPOM3BOAUTEIBHBIM
BeumcieHusaM, Tomck, 2009, 2011, 2013 r.; XII, XIV, XV Bcepoccutickom
ceMuHapax «MojenMpoBaHre HEPAaBHOBECHBIX crucTtem», Kpacnospek, 2010, 2011,
2012 r.; CempMoil MEXpErHOHAIBLHOM IIKOJe—CeMHHape. PacrpeseieHHble U
kiactepHsle  Bbrumcnenus. Kpacnosipek, 2010; IX Bceepoccuiickoil HayuHO-
MPaKTHYECKOH KOH(EPEHIMH CTYICHTOB, AaclUPaHTOB W MOJOJBIX YUYEHBIX
«Mornozie)xp M COBpeMEHHbIE WH(OPMAIMOHHBIE TexHomorum». Tomck, 2011;
MexayHaposiHoi Hay4HOH KoH(pepenimu, nocesiienHoi 60 —neruro Oml'Y, T.
Om, 2012; X Bcepoccuiickoil Hay4HO-TIPAKTUUECKOH KOH(EPEHIMH CTY/ICHTOB,
aCIMPaHTOB M MOJIOZBIX YUEHBIX «MOJIOAEKb M COBPEMEHHBIE MH(OPMAINOHHBIE
TexHosorum». Tomck, 2012.



JlocToBepHOCT, M 00OCHOBAHHOCTH HAYYHBIX MOJIOKCHHH M BBIBOJIOB,
MOJNyYEHHBIX B JUCCEPTAIMOHHOM paboTe, OCHOBaHA HA YTBEP)KICHUSX,
JIOKa3aHHBIX C HCIONb30BaHMEM amllapaTa CHMBOJIBHBIX BBIYMCICHUH, U
MOATBEPKIACTCA  COINIACHEM  YHCICHHBIX  pE3yJIbTaTOB C  pEe3ylbTaTaMu
TEOPETUYECKUX PACUETOB, a TAKXKe Pa3pabOTKON MakeTa MPUKIAIHBIX IPOrPaMM C
NPUMEHEHHEM pa3paO0TaHHON TEOPHUH.

Myomukanuu. [lo pe3ynpTaTam BBINOJHEHHOH paboThl OIMyONMKOBaHO 26
nevaTHbIX paboT, u3 HUX 8 B KypHanax, pekomennoBaHHbIX BAK Keiprezckoit
Pecnyomukn u Poccmiickoit @eneparmn. Cnmcok paboT TpHBeIeH B KOHIIE
aBTopedepara.

CrpykTtypa m 00bem paboThl. JluccepraioHHas paboTa COCTOWT W3
BBEJICHMS, YETHIPEX IJIaB, BEIBOABI, CIIMCKA JIMTEPATYPhI U MPHIIOKeHUH. Mareprai
m3okeH Ha 181 crpanwmiiax, conepkut 2 TabnuIlsl, 48 pUCYHKOB U 2 TIPHIIOKEHUSL.
CrrcoK UTHPYEMOH JTNTEpaTyphl COAEPIKHUT 75 HANMEHOBAHHHA.

OCHOBHOE COJAEPKAHUE PABOTbI

Bo BBegeHHMH O00OCHOBaHA AKTYaIbHOCTb TEMBI HCCEPTAlUM, IOKa3aHa
HEOOXOIMMOCTh ONTHMH3ALUY aJTOPUTMOB 00paboTKH IM(ppOBOil MH(MOpMAIU
Ha OCHOBE MYJIbTHBEHMBIIETOB, OIpe/IeICHBI LIENH, 3a/Ia4l U METO/IbI UCCIICIOBAHNS,
NPUBE/ICHBI Hay4Hasi HOBU3HA M INPaKTHYECKasi 3HAUMMOCTh padOThI, anpolaluy,
coziepkaHue 1 00beM paboTHL.

B nepBoii riaBe mpuUBEACHBI OCHOBHBIE TOHATHA U OIpeNeiIeHUs
npeoOpa3oBaHysl BEHBIIETOB, MPEINOCHUIKM K OOOCHOBAHHIO IEPCHEKTHBHOCTH
HCTIONB30BaHMS BEHBJICTOB Ha TMPHMEpE BEWBIIETOB Xaapa M JaHBI NPUMEPHI X
TIOCTPOSHUSI ¥ TIpeoOpa3oBanys. Jlasee NpuBEICHBI TOCTPOSHNE M IPe0Opa3oBaHue
BeiiBneroB JloOemm ¥ HEKOTOpBIE W3 CBOWCTB, KOTOPBIE Ba)KHBI IIPH
KOHCTPYHPOBAaHMHM Oa3nca BEUBIIETOB B TE€X WIM WHBIX cUTyaunusx. IIpuBeneHo
Taloke OOOCHOBaHWE CIUIAMH-BEHBICTOB — pPacCMOTPEHBI B-CIDIaifHOBEIC
Macmrabupyromme (QyHKLMY, B-clulaiiHOBble BeHBIeTh, B-cruaitHOBBIA 060K
(GWIBTPOB, KOHCTPYMPOBAaHHE TMOJIyOPTOTOHANBHBIX ~ BEHBIIETOB, &  TaKKe
IIPOJIEMOHCTPUPOBAH BbIBOJ| B-CIUIalIHOBBIX BEUBJIETOB HA KOHKPETHBIX IIPUMEPaX.

B 3akmoueHue nepBoil I1aBbl pacCMOTPEHB! HEU3BECTHBIE PaHEE BAPUAHTHI
MOCTPOCHUSI  CIUIAliH-BEHBIICTOB  IEPBOM  CTENEHH, IEPCIEKTUBHBIE Ul
JaNbHEHIIe ONTUMHU3AIMU AITOPUTMOB 00pabOTKH IM(pPOBOH MHpOPMALUK Ha
OCHOBE MyJIbTHBEHBIETOB, a TaKKE PACCMOTPEHBl UHUCIECHHBIE MPUMEPHL
Pacnipoctpanenue 3THX cXeM Ha CIUIaiHBI OoJjiee BBICOKOHM CTENeHH (HampuMmep,
TpeTheH M TIATOH) MOXET IPENOCTaBUTh HOBHIE BO3MOXKHOCTH JUISL CO3JAaHMS
BBIYMCIATENBHO—3()(EKTUBHBIX ~aJTOPUTMOB IIOCTPOSHUSI W HCIOJIB30BAHHS
CIUTaiiH-MYJIbTBEHBIIETOB.

Bropass riaBa MOCBAINEHA IOCTPOCHHIO W ONTHMM3ALMN aJITOPHTMOB
o0paboTkr  1M(poBOK  HMHPOPMAIIMM HA OCHOBE  MYJIBTHBCHBICTOB C
UCTIONIb30BaHUEM JPMHTOBBIX CIUIaliHOB 3-i u  5-if  cremenu. [loapoOHoO



paccMoTpeHo BeiiBieT-ipeodpasoBanne (BII) 3pMUTOBBIX KyOMYECKHX CIDIaHHOB
(OKC) u mocTpoeHBI cHUCTEMBI OA3WCHBIX CIUIAWH-BEHBICTOB TPEThEH CTEIICHU.
[penyioxkeHa onmumuzayusn anzopummos MyabTHBEUBIIET-00pa0b0TKH LU(POBOH
nHGOpPMALMM IyTeM Yy4eTa KOHKPETHBIX OCOOCHHOCTEH CTPYKTYphl MaTpHIbI
BelBlIeT-aHaIN3a U OJIOYHOTO €€ MPEACTaBIEHMS, YTO MO3BOJISIET MHOTOKPATHO
YCKOPUTB 3Ty 00pabOTKy W IPOBOJUTH €€ Ha Topasio 0ojbleM 00beMe UCXOIHOM
UH(pOpPMAIHH.

IMocTpoeHue cucTeMbl GA3UCHBIX CIUIAITH-BeliBJIETOB 3-ii cTENneHn
Jist co3maHus BEHBIICT-IPe0Opa30BaHKe BHAYAIC HaM ITOHAIOOUTCS CHCTEMa

MPOCTPAHCTB V' vt v, . Ilycrs y Hac mmetores DKC. Jims mmx V-

TIPOCTPAHCTBO CIUIAHHOB DPMHTA CTENeHH TpH rimamkocTd C', T.e. HENpepHIBHO
auddepeHupyemMble Ha BCeM KOHEUHOM oTpeske [a,b] Ilycts 3amana

paBHOMepHas ceTka y3moB A"y =a+(b-a)i/2",i=01..,2",L>0. Basucuble

(YHKIHK TOPOXKAAIOTCS CMEIICHUSIMH U CKATHAMU MaCIITaOHPYIOMUX (DYHKIHIA,
T.€. «OTIIOBCKHX)» BeWBIETOB (pHC. 1. a):

t?(3-2t), o<t<y, t?(t-1), o<t<y,
0,()=7 (2-1)*(2t-1),1<t<2, ¢, () =32-1)*(t-1,1<t<2, 0]
0, t[0,2]; 0, t[0,2].

VAN AN M A
A A

a) 0)
Puc. 1. a) I'paduku mactrabupyrommx dynkumii g (t), @q(t):
6) BUJI CHMMETPHHHOTO 1 HECHMMETPHYHOTO «MATEPHHCKIX» BEHBIETOB vy (t), w4 (t)

Torma  GasucHble ~ (QYHKIMM ~ 337al0TCi  BBIP@KECHWSAMH  BHAA
L . . _ oL

Nik (V) =@ (v—i),k=01Vi, TAe v = 2-(u—-a)/(b—a)+1, y KOTOPbIX LICHTPbI
B 1menblx uynchax. C WCIOJb30BaHWEM BEHBIET-TIPEOOpa3oBaHUs (YHKIHS B
npoctpancTee V- mpoemupyercs Ha aBa moanpoctpanctsa, VI uw Wt mae
WL sBnseTcs opToroHa bHBIM - JIOTIONHEHHMEM TpoctpancTBa V-1 10
mpocTpaHcTBa  V L IMpraem «Oonee rpyboe» mpencraBieHne (GyHKOUM B
npoctpanctee VLl momyuwaercs w3 «Bonee TOAPOGHOTO» TPENCTABIEHUS

¢byHKIMM B TpocTpaHcTBe V L MOCPEJICTBOM JBOWYHON AermManiu (yoaneHus
KQXJI0r0 HEYETHOr0, WM KaXIOro 4dYeTHoro, otcyera). Jns co3maHus
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COOTBETCTBYIOIIETO (hopMai3Ma HeoOOXOANMO, YTOOBI Kaxkaas Oa3ucHast (yHKIUSL

B mpoctparctee V"1 Brpakanach aHanmMTHUeCKHM Kak ITMHEHHAS KOMOMHAIHS
0asucHbIX (YHKUMHA B mpoctpaHcTBe V'. Ha si3blke Teopuu BeHBIETOB 3TO
CBOMCTBO Ha3bIBACTCS KAIMOPOBOYHBIM COOTHOLICHHEM. [l  3pPMHTOBBIX
CIUTAHHOB TpeTheH CTemeHH M KOd(HIMEHTa NeIUMAld 2 KaJHOpOBOYHOE
COOTHOIIICHHE M3BECTHO B BUIE CICAYIOLINX CHCTEM (OPMYII:

90(0) =0 2t ~1) + (90 2) + 00 2t~ 2) + > (2(20) ~ (2t ~2), @

ou(t) = %wt ~1) —é(q)l(zt) +1(2t—2) + o (2t) — 9o (2t —2)),0<t < 2,

B namrem cirydae GasucHble (hyHKIUM 1711 IPOCTpaHcTBa V L1 TIOJTyJarOTCS
kak dynkiman N7y KoTopeIx HocuTenm B 1Ba pasa Gosiblle MO MUPUHE U
LEHTPbl B YETHBIX IIENBIX 4YMciax. UTo Kacaercst OmpenesieHHs MpOCTPaHCTBA

BEHBIIETOB, TO B KJIACCHYECKOM TEOPHH BEHBIIECTOB HA OECKOHETHON MPOIOIKEHHOM
B 00€ CTOPOHBI PAaBHOMEPHOH CETKe, Ha BCEH YHCIOBON OCH IS 3TOTO CKIMAETCS

U CABWUIAETCAd E€OUHCTBEHHBIM «MaTepuHCKui» BelBier, u W L1 eems
OpPTOTOHANILHOE  JIOTIOJIHEHWE  CIUTAWH-TIPOCTpaHCTBA HAa  PEAKOH  CeTKe
npoctpaactBa V01 1o mpocrpancta craiiHoB Ha Oonee uacToil ceTke

npoctparctBa V' OTHOCHTENBHO OOBIMHOTO —CKAAPHOTO — IPOM3BEICHHS.
Marematiyecku 510 3amuceiBaercsa, kak V=V-'@®W-! B pabore’ Gpum
TIOJTYYeHBI «MaTePUHCKHE) BeiiBneTs Buaa (puc. 1. 6):
Yo (t) = =200 (2t) + 4o (2t —1) — 29 (2t - 2) — 219, (2t) + 21 (2t - 2), (3)
W1 (1) =g (2t) — 9o (2t —2) + 99y (2t) +12¢1 (2t —1) + 9y (2t — 2),
JUIS1 KOTOPBIX IMEIOT MECTa PaBEeHCTBA!

[” gi(x=i)yi(x— j)dx=0, vi,j 1 kI=0L

Jist  SpMUTOBBIX KyOWYeCKMX CIUIAiH-BEHMBJIETOB B JAHMCCEPTalMU
MIOJTyYCHBI HESIBHBIE KOHEYHbIE COOTHOIIECHUS Pa3IOKEHUS C PACIICIIIICHUEM 110
YETHBIM U HEYETHBIM Yy371aM pPaBHOMEpHOH ceTku. [IpHMBOAMTCS 4YHCIEHHBIN
IpuMep ISl SPMUTOBBIX KyOWYECKHMX CIUIAH-BEWBIETOB M MpPEATIOXKEH
QITOPUTM YCTOMYMBOTO BBIYMCICHHS IPOW3BOJTHBIX IO BBIOOPKE, a TaKXKe
MIPUBE/ICHBI PE3YNIBTATH SKCIEPUMEHTOB JJIsI 3PMHUTOBBIX KyOHMUECKHX CIUIaiH-
BEHBJICTOB € TIOMOIIBIO CO3/IaHHOTO TAKETa MPUKIAIHBIX IIPOTPAMM.

Jlokxazana

Jlemma 1. [Tycts L — ypoBens pazpemienus OKCB u s L>1

! Jia, R. Q. Wavelet bases of Hermite cubic splines on the interval [Text] / R. Q. Jia, S. T. Liu //
Advances Computational Mathematics. — 2006. — Vol. 25. — P. 23-39.
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6 0 0 0 8 —-96 48 0
. |0 -32 0 0| , [0 9 48 8
|8 0o -48 8| |1 4 -2 0|
0 0 0 16 0 -4 -2 1
- ]
0 -28 0 12 0 4 0 0
8 0 -60 0 8 0 12 0
0 0 32 0 0 0 0
0 0 0 16 O 0 0
4 0 12 0 -24 0 12
.,GL* 0 12 0 8 0 -72 0
0 0 32 0 4 0
0 0 0 0 8 0 12
0 4 0 12 0 0 0
0 0 12 0 16 0 0
0 -28 0
8 0 -60 8
L 16_
8 -96 48 0 ]
-4 -4 280 -4 4 0
48 24 0 8 -48 24 0
0 -4 -4 28 .0 -4 4
0 48 24 0 '-. 8 -48 24
AL _ ‘ 9% 48 8
1 4 =2 '
1 1 0 1 -1 0
-2 -1 1 -1 0
0 1 1 -1
0 -2 -1 0 -1
| -4 -2 1]

r7ie  WCIOJb30BAaHO OOO3HAUEHHWE, YTO TOYKH, PAaCCTaBICHHBIE I10
JMAarOHAIH MaTPHUIIBl, O3HAYAOT, YTO CTOJOIBI MATPHUIIBI TOBTOPSOTCS TaK, YTO
OHH CIBHUTAIOTCSI TIPH TOM BHH3 Ha YETHIPE psAAa IUTS IMEPBOH MATPHUIBI U Ha
JIBA psifa — JUIS BTOPON MaTPHIIEL.

Torma mist GasucHBIX craiH-QyHknuid npoctpanctBa DKC Ha ryctoit
ceTke, Oa3WCHBIX CIUTAWH-(QYHKIIMH Ha TPOPEKEHHOW CETKE W BEHUBIIECTOB
CIpaBEIITUBO CIIEAYIOIIEe MAaTPHIHOE faBCHCTBO

o GL = ot | WLAJRL_



Caencreue 1. Ilpu moGom yposHe paspemenus L ains marpuist
BelBer-pasnoxenns DKC umeer MecTo cieayroliee MaTpUYHOE PABEHCTBO

A rae | A I
|:B :|GL RL‘ |:BL:|=|:PL| L )
,DOKEBaHa

Teopema 1. Benmem MaTpUIHOE o0o03HaUCHHE
S R I rle OJEMEHThl MaTpHIbl  BBIYUCICHBI U3
= =[§0 eb0 et e Y,Lzr A TpUl

YpPaBHEHMH BHUA

[-28 4 7l c0-12¢5°
4 -24 4 e? | |cy®-12(e50+ef°
R 4 o : ’
L booBlel || et 12
[-60 12 ks Ct -8t + &5
12 -72 12 |t || cateserteeh
o 12 || : '
12 -60 Ll LO grell L1
- . _ézLil_ I CZL_l 8(§2L_2+EJ2L)
Lo 1C"0i_24 22 et C"li—02
32
10 11 11
G0 =-ch0, glem (c1 ~8(e5t+ 2 ))

31ech MCIONB30BaHO 0003HAUCHHE, YTO TOYKM HA JAMATOHANIN MAaTpPHUIIBI
O3HAYalOT, YTO CTPOKAa MAaTPHIBI TOBTOPSIETCS, CIBHIasCh NpPH OTOM
COOTBETCTBYIOIIEE YHCIIO pa3 BIIPABO.

Torma, koa(UIMEHTH  BEHUBIET-PAa3/IOKEHUS  BBIUMCIAIOTCA U3
MaTpUYIHOH (popMyITBI

cLt -
pL-1

Teopema | MOMHOCTBIO OMNpeNeNseT AITOPUTM BeHBIET-pa3I0KEHUSA
SPMHUTOBOTO CIUIAiiHA TpEThEH CTeneHH C (QUKCUPOBAHHBIMHU HYJIEBBIMHU
3HAYEHHUSAMH B KOHIIaX OTpPe3Ka arnpOKCUMAIIHH.

Beime cooTHomIeHNs BEHBIICT-Pa3ioKeHHs ObUTH MOJyYeHB! (hOPMabHO.
Crenyromum yTBEep)KACHHEM JOKa3aHbl UX CYIIECTBOBAHHE, EIMHCTBEHHOCTD U
00paTUMOCTb.

YrBep:kaenue 1. Jlns coorHomenuit Teopemsr 1 amss OKC numeror MecTo
CBOMCTBa CYIIECTBOBAHHS, CIMHCTBEHHOCTH M OOPATUMOCTH.
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[IpencraBneHHple anTOPUTMBI TOCTpoeHHs 3pMUTOBBIX CB  Tperbheit
CTETIEHH, IOIyOPTOTOHATBHBIX OTHOCHUTEIBHO CKAJSIPHOTO TIPOU3BENCHUS C
HepBOﬁ HpOMSBOI{HOﬁ, U YMCHBIICHHBIM HOCHUTCJIIEM H MOJYYCHUEC IJId HUX
HESBHBIX  COOTHOIICHUW  pa3JOKEHUsi €  pacllelUleHueM Ha  JIBe
TpeXAuaroHajJbHbIC MaTpUlbl MOTYT 6bIT]) CO31aHbl aHAJIOI'MYHBIM O6p330M )44
JUIS CIUIAifHOB Oo0Jiee BBICOKOHM CTENEHM, YTO OOCCIICUMBAET CO3JJAaHHE HOBBIX
BO3MOXHOCTEH [UIsl  pacmapajieIMBaHusl — aJIrOPUTMOB  IOCTPOCHUS U
HCIIOJIb30BaHus SpMUTOBBIX CB.

Jamee paccMmaTpuBaeTCsi ONMCAaHHWE ONTUMHU3AIMH CXEMBI IOCTPOCHUS
KyOMUYECKIX 3pPMHUTOBBIX CIUTalfH MyJIbTUBEIBIIETOB. Jl0KazaHa

Teopema 2. IlycTth

ME () =y (v=i),i=12,..2" ~1(k =0,2), M§1(x)=wy(v), M;‘Lyl(x) =—w (2" -v),

e v =2(x—a)/(b-a)+1,
Vo (t) = —2([)0 (2t + 2) + 4(p0 (Zt + 1) - 2([)0 (Zt) - 15(P1(2t + 2) +15(P1(2t),
Wy (t) =700 (2t + 2) — 7o (2t) + 3904 (2t + 2) +132¢, (2t +1) + 399, (2t),
Wy (t) = @q (2t +1) — 4o (2t) + 36¢q (2t + 2) + 63 (2t +1) + 24, (21).

Torna cucrema QyHKIHIA
{Mg1(0. M (x),i=12...,2" -1(k=0,1), M5 (x)},  yzOBACTBOpsICT
YCIIOBUSM

b .
jaMi'jk(x)xmdx =0, k=0,1 Vi(m=0,,223)
u obpasyer 0a3WC C CYNEpPKOMIIAKTHBIMH HOCHTEISIMH B MPOCTPAHCTBE
whoL>o0.

TecTupoBaHHe ajJrOPUTMOB A1 00paOOTKM BpeMeHHbBIX psmoB. [locie
COCTaBJICHUA IpPOTrpaMMbl C TIMOCTPOCHHBIM II0 BbINICYKa3aHHOMY IIpaBUITY
pa3lioKeHWeM Ha JIBE€ TPEXJIWaroHAIbHBIE CUCTEMBl JIMHEHHBIX YypaBHEHHH
CTaHOBUTCS BO3MOXXHBIM BBITIOJIHATH BEHBJIET-PA3JIOKEHUE HCXOIHBIX PSIJIOB
U, KaK TOKa3bIBAlOT IPOBEPOYHBIE JKCIIEPUMEHTHI, C BBICOKOW CKOPOCTBIO.
Pa3zpaboTanHbIl B JaHHOH TJIaBe ajIrOPUTM INPHMEHSJCS AUl PEelIeHUs 2-X
3a7a4, a IMEHHO, JUI1 MOJAEIBbHON 3a7a4M anmnpoKcHUManun (YHKIMH XapTeHa
(mepBast 3amava) ¥ BapHAIIMOHHOTO MOJIENHPOBAHUS TPacC aBTOMOOMIIBHBIX
Jopor (BTopas 3a1ada).

OCHOBBIBasCh HAa BBINICU3IIOKEHHOM, pa3padOTaH alroOpUTM BeHBIET-
npeoOpa3oBaHuss ¥ IpUBEAEH  [pUMEp BeiiBNeT-1ipeodpa3oBaHus,

WUIIOCTPUPOBAHHBIA  KPUBBIMH, IIOCTPOCHHBIMM Ha OCHOBE BEUBIIETOB.
PesynbpTaThl IpUBEIEHB] HA CIEAYIOIIHUX PUCYHKAX.
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Ha puc. 2-5 mnpencraBieHsl IOCIENOBATENbHBIC JTAIlbl YIIyUIICHUS
IUIOCKOM HE3aMKHYTOW KPHMBOHM — ydacTKa IUTIaHa TpPacchl aBTOMOOMIBHON
JIOPOTH C TIOMOIIIBIO TIPOTPaMMBI B cperie mporpammuposanus Delphi.

[Tocne onTuMM3anMKM 10 CPaBHEHUIO C MCXOMHOM KpHBOHM Tpaduk
KPUBHU3HBl KPHUBOH COJEPXKHUT TOpa3fo MEHbIIE MOHOTOHHBIX YYacTKOB.
Jpyrumu cioBamMy, ONTUMH3UPOBAHHAS KPUBasi CTAHOBUTCS JIyYIlIe.

B 3akmroueHnu BTOpOIl TIJaBbl paccMOTpEHa ONTUMU3ALMA  BeilBreT-
TipeoOpa3oBaHKs! SPMUTOBBIX CIUIAHHOB S5-I CTETIEHN 1 TIOCTPOEHBI CUCTEMBI 0a3UCHBIX
CIUTAliH-BENBIIECTOB S5-I CTEIICHU.

Jlokazana

TEOPEMA 3. Ilycts

MZ20(X) = Mo (v), MP1(X) = My (v), M7, () = M, (v),
M1 (X) = Wo (v), M1z (x) = wy (v), M2 (%) = W, (v),
M1 (0 =Wo(2" V), My, ()= -wy(2" ~v), My , () =wy(2" -v), L 21

Mo (X) = wo(v+3/2—1), M3 (X) = wy (v+3/2-i), M5 (X) = wo (v +3/2 - 1),
i=23,....25 -1 L>2
rae v=2"(x —a)/(b — a)+1, u
Mo (t) = 9o (2t) ~ 4q (2t +1) — 4o (2t —1) + 84(py (2t +1) — py (2t - 1)) -
—828(p, (2t +1) + 9, (2t -1)),
M (t) =350, (2t) - 200(¢, (2t +1) + @, (2t — 1))+ 8¢ (2t +1) -
—80¢,(2t 1)+ 2280(¢, (2t +1) — 9, (2t —1)),
M (1) = 35¢(2t) - 251(p, (2t +1) + 9p(2t = 1))~ 9o (2t +1) -
—go(2t 1)+ 23(g; (2t +1)— gy (2t - 1)),
Wy (t) =1296¢4 (2t +1)+ (79900 (2t) — 538 (2t —1) - 415450, (2t) -
— 411400, (2t —1)— 924040, (2t) + 4380400, (2t - 1)),
Wi (t) = 4320, (2t +1) + (2830 (2t) - 12¢4 (2t —1)-1161¢ (2t) -
—1288¢y (2t —1)— 323720, (2t) +13520¢, (2t — 1)),
Wy () = 21609, (2t +1)+ (7790 (2t) - 200 (2t —1) - 2450, (2t) -
—3200; (2t —1)- 89000, (2t) + 33200, (2t —1)),
Vo (t) =164p,(2t)+(28¢q (2t +1)+ 28¢, (2t —1)+115¢; (2t +1)—
—115¢,(2t —1)-132009,(2t)),
w1 (1) =800y (2t)+ (— po (2t +1)+ po (2t —1)+ 37y (2t +1)
+370,(2t —1)+ 4129, (2t +1) - 412¢,(2t 1)),
Y, () = 4640, (2t)+ (— 4o (2t) - 11¢; (2t +1)+ 119, (2t —1) -
~112¢,(2t +1)-1120, (2t - 1))
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Torma cucrema QyHKIHN {Mﬁk(x), i=12,..2" (k=0 1,2)}, YAOBJIETBOPSET
YCIOBUSIM
[[MY (X" =0, k=012 Vi(m=01...5)

u obpasyer Gasuc B mpocrpanctse W , L>0.

t

Puc. 6. Bun 1ByX CHMMETPHYHBIX M OJHOTO aHTHCHMMETPUYHOTO
«MaTepuHCKHX» BedBIeTOB Yo(t), wi(t), wa(t)

Ha ocHOBe 3TOr0 MoIy4deHbl COOTHOIICHHUS PA3JIOKEHUS UL SPMUTOBBIX-
CIUIAH BEWBJIETOB IISITOM CTENEHU M IPUBEICHBl YMCIEHHBIE IIPUMEPBI C
pe3yJbTaTaMy SKCIIEPUMEHTOB.

TpeTbsi riaBa IOCBSILICHA AITOPUTMaM MYJIBTUBEHBIET-00paOOTKH B
MPUMEHEHHN K MOJICIIMPOBAHUIO MOBEPXHOCTEH aBTOMOOMIBHBIX JOPOT.
Paccmorpeno BII pns  nBymepHOro ciaydad. A HMEHHO. pPaccMOTPEHO
nBymepHoe BII Ha ocHOBe KyOMYecKMX MyJbTHBEHBIETOB. OCHOBHAash 4acTh
TJIaBBI TTOCBSIIEHA MOJICIMPOBAHUIO TTOBEPXHOCTEH C MOMOIIBIO KyOHMYECKHX
MYJIbTUBEHBIETOB C YMEHBIICHHBIM HOCHTEJIEM — IIPHBEACHBI DPE3yJIbTaThI
YHUCIEHHBIX OKCIEPHMEHTOB. AJTOPUTMBI JBYMEPHOTO BEHBIIET-CXKATHS
MIPOTPaMMHO PEATN30BAHBI M alIPOOHPOBAHBI.

[TpumeHeHne  MPEANIOKEHHBIX  aITOPUTMOB  UII  MOJEIHMPOBAHMS
aBTOMOOMIIBHBIX JOPOT TpeOyeT TMpeaBapuTEeNbHOW OO0OpabOTKM ITaHHBIX
JIa3epHOT0 CKAaHMPOBAHMS JOPOT W TOJYYEHUs] IPSIMOYroJbHOW BBIOOPKU
JaHHBIX. C oToit ICJIBIO PACCMOTPEHBLI BOIPOCHI: BBIACICHUC M3 HJAaHHBIX
JJa3€pHOIo0 CKaHUPOBAHUA OTACJIBHBIX CKAaHOB, YAAJICHHUE JHUHIHUX TOYCK Ha
0004YMHaX Tpacchl, MPUMEHEHNE METOJa KOPPEISIIMU MEXIy JBYMsl CKaHAMHU,
JIOKATU3aIHsl TPeOHs CKaHa, OOHapyKeHHE U 3aMOJTHEHUE TPOMYCKOB B TAHHBIX
JIa3epHOr0 CKaHUPOBAHMS aBTOMOOMIBHOW NOpOru. [yist monmyueHus: Tabnuipl —
BBIOOPKH JTaHHBIX, ITPUTOIHOM JJIsl BEHBIIET-aHAIN3a, PEIOKEHO IIPUMEHHUTh

15



aJTOPUTM Bpesenxama. IIpennoxxennsie aJITOPUTMBI MPOTrpaMMHO
peann30BaHbl, TECTUPOBAHBI 1 ALIPOOHPOBAHBI.

B yerBepToOii IjaBe [aHO OINMKMCAHHE IAKETa IPOTPaMM, pPEaTU3YIOLIMX
MYJIbTHBEHBIIET 00pabOTKY NpH MOZAEIMPOBAHUM aBTOMOOWJIBHBIX JIOpOT, Ha
ocroBe miardopmbl Delphi. B makere npuMeHEHbI TakKe anmapaTHbIe CPEACTBa
rpaduueckoro yckopenus (texuomoruu Open GL). IlpuBeneHsl GI0K-CXeMbI
MaKeTa TMPUKIAIHBIX TIPOTPaMM, a TaKKe 4YHCICHHBIE W MpaKTHYECKHe
pe3yJIbTaThl NMPUMEHEHUs JIByMEPHOTO MYJBTHBEHBIIET-IIPE0Opa30OBaHUS IS
anMpoKCHMAIMM TIOTIEPEYHBIX CKAaHOB W MOJEGIUPOBAHUS ITOBEPXHOCTEH
aBTOMOOWJIBHBIX ~ JOPOT [0  MaTepHanaM JIa3epHOTO  CKaHWPOBAHUS.
PazpaboTanHas nporpaMMa Io3BOJISIE€T PELIaTh CIECAYIONIUE 3a1aUH:

1. WmmopTupoBaTh MAaHHbIE Ja3€pHOTO CKAaHUPOBAHMA, 3aJaHHBIE B
TEKCTOBBIX (haifiax.

2. TlpoBoauTh pazneneHue o0Oaka TaHHBIX HA CKaHBI.

3. YOupaTh MOBTOPHI CKAHOB, €CJIM TAKHE TTOBTOPHI HUMEIOTCS.

4. Boimensath u3 oOinaka JaHHBIX TOBEPXHOCTHh JOPOXKHOTO TIOJIOTHA |
MIPOM3BOANUTH BBIOOPKY [aHHBIX, NPUTOJHYIO [UI TIOCTPOCHUS MOJIENN
JIOPOXKHOH MOBEPXHOCTH.

5. IlpeacraBnsate rpaduyeckoe H300pakeHHE CKaHOB, TPEKOB H
MIOBEPXHOCTH JOPOTH B BBIOPAHHBIX NMPOQHISX M IUIaHAX C JII0OOH CTETeHBIO
JeTAIN3aINH.

6. JlaBaTh BH3yaJIbHOE TPEXMEPHOE MPECTaBICHHE TIOBEPXHOCTH JOPOTH C
HCIOJIb30BaHneM TexHomorun OpenGL.

7. IlpoBomuThs BeiliBneT-aHANMHM3 JOOOTO BBEIOPAHHOTO CKaHA W JIFOOOTO
TpeKa JIOpOTH.

8. IlpoBoauTh BeiiBIET-aHANIN3 IIOBEPXHOCTH C HCIOJIb30BAHHEM Kak
OWIMHEHHBIX TaKk M OWKyOMYECKMX MYJIbTUBEHBIETOB C IIOJyYeHUEM
CTaTHCTHYECKMX  OLIEHOK IIOTPEIIHOCTH  BO3HUKAIOIIEH TpPU  CXKATHH
nHpOpMAaIHK.

Ha npumepax moka3zaHa BO3MOXKHOCTh  OINTHMHU3AIMK  MOJEJen
MOBEPXHOCTEH MyTEM CXKATUM JAHHBIX C IOMOLIbIO OWIMHEHHBIX JINOO
OMKyOMUYECKMX MyJITHBEHBIICTOB. Tak TpH CXATHM JaHHBIX ITOMOIIBIO
OMIMHEHHBIX MYyJIbTUBEHBIIETOB ¢ KO3 dunnenTom cxatus 3,97 Bo3HUKaromas
CpelHEKBaApaTHYeCcKass MOTPEUIHOCTh AaNMpPOKCHMAalUK IOBEPXHOCTH HE
mpesocxomuT 7,4 M. Ilpm cxaTum MaHHBIX TIOMOUIBIO OHMKYOWYECKHX
MYJIBTUBEHBIETOB C TakUM K€ KOI(GHUIMEHTOM C)KaTHS BO3HMKAIOIIAS
Cpe/IHeKBaipaTHYecKass MOTrPEUIHOCTh  AlMpPOKCHMAIUK  [OBEPXHOCTH HE
npeBocxXomuT 5,7 MM. MaremaTHyeckoe OKHIAaHWE OTKJIOHCHHS B 00OHMX
Clyyasx SIBJII€TCSI HEMHOTO CMEIICHHBIM Ha 8,5-10'4 M 1Jis TiepBoro u 9,4- 10*
M JAJI1 BTOPOTO CIIy4aeB.
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Pe3ynbTaThl 4YHCIEHHBIX 3KCIIEPUMEHTOB ITOKA3BIBAIOT MPAKTUYECKYIO
MIPUTOHOCTh ~ BEUBJIET-MPe0oOpa3oBaHusi Ul TNPUMEHEHHS B  MOZEIIX
MOBEPXHOCTEH aBTOMOOHMIIBHBIX JOpOr. Pa3paboTaHHass MOJEb MPUTOIHA IS
NPAaKTUYECKOIO BBIYUCICHHS OOBEMOB pabOT IO Cpe3Ke BBICTYIIOB U
3aroJIHeHHS BEIOOWH TPH MPOCKTUPOBAHIH PEMOHTOB aBTOMOOUJIBHBIX JIOPOT.

Pa3paboTaHHbBIi akeT MPUKIAJIHBIX IPOTPAMM BHEIPEH B MPAKTUYCCKYIO
paboTty npoekTHoi opranusanuu «MHI0p-Moct» T. ToMmck, PO.
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Puc. 7. BHennuii BUJ| I1aBHOTO OKHA ITPOTPaMMBbl

OCHOBHBIE PE3YJIbTATBI U BbIBO/IbI
e [IpeioyKeHbl BEIYMCIUTENIBHBIE alITOPUTMBI MYJIbTHBEIHBIIET-00pabOTKH
uudpoBoii HHGOpMaLUH;
e [TonmydeHsl ~ Hay4Hble  pe3yJbTaThl,  IO3BOJIONIME  IIPOBECTH

OIITUMU3AIIAIO0 ANTOPUTMOB MYJIETHBEHBIIET-00pabOTKH nuppoBOU
nHpOpMAINY;
e VccaenoBano TEOPETUYECKOE 000CHOBaHHE HCIIOJIb30BaHUSI

MYyJIBTHBEHBIIET-00paboTkH 1n(poBo HH(POpPMAIH B PEUMICHHH IIPOOIEMBI
TPacCHUPOBaHHsI aBTOMOOUIILHBIX JIOPOT;

e Pazpaboran makeT MPUKIAJHBIX HpPOrpaMM C  HPUMEHEHHEM
MYJIbTHBEUBJICT-00pa0OTKH IU(PPOBOH HHGOPMALIMK I MOJACITHPOBAHUS
MIOBEPXHOCTEH aBTOMOOMIILHBIX JIOPOT.
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e [TokazaHa BO3MO>XHOCTb ONTUMHU3ALMK MOJEIEH NMOBEPXHOCTEH MyTEM
CKaTUM  JAaHHBIX C TIOMOIIBIO OWIMHEHHBIX JHO0  OMKyOW4ecKnx
MYJIBTUBEUBIIETOB.

Pesynbrarel nmuccepraiyi  anpoOMpOBaHbl B MEXKAYHAPOIHBIX HAay4HBIX
KoH(epeHIMsIX W ceMuHapax B ropomax Tomck, Kpachosipck, HoBocuOupck,
Bumikek, Om u omyOnukoBabl B pabotax [1]-[26]. BeimonHeHo BHenpeHue
MaKeTa TNPHUKIAAHBIX MPOrpaMM B MPAaKTHYECKyI0 paboTy MpOEKTHOH
opraumzan «VHnop-Mocty», Poccus, r. ToMCK (aKT BHEIpEHHS MPUIIAraeTcs).
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PE3IOME

miccepranmn  KynmyeBa  AunrteiHOeka JKammnbekoBnda Ha TeMy: «OnrHMu3anus
aqroputMoB  o0paborku  nu¢poBoii  MHpopMamMMm ¢ HCNOIL30BAHHEM
MYJIbTHBEIB/IETOB» HAa COMCKAaHHE y4YEHON CTENCHM KaHAWJAaTa TEXHWYECKHX HAyK IO
criermasibHOCTsIM 05.13.01 - CuctemHBIi aHamM3, ynpaBieHHe U 00paboTka HHPOPMALUK 1
05.13.18 — MaremaTudeckoe MOJICITHPOBAHHE, YUCIICHHBIC METO/IBI M KOMILIEKCHI [IPOTPaMM.

KnroueBble ciioBa: cruiaiiHbl, BeHBIICTHI, DPMHTOBBI CIUIAiHBI, MYJIBTUBEHBIETH,
BelBIIET-Ipe0Opa3oBaHue.

OO0BeKT WCCIIENOBAHUSI: AITOPUTMBI  MYJIBTHBEHBIET-00paboTKM  Iu(poBOi
nHGOpMAI B pPEIICHHH NPOOJIEeMBI TPACCHPOBAHWS aBTOMOOWIBHBIX HOPOT M JUISL
MOJIETIPOBAHMST  MOBEPXHOCTEH aBTOMOOWIBHBIX JOPOI TIPH  pa3pabOTKE CHCTEM
aBTOMAaTH3allMd  JHArHOCTHKM,  HPOEKTUPOBAHMA  PEKOHCTPYKLHM M PEMOHTa
ABTOMOOMJIBHBIX JOPOT.

Ilens paboThl —peleHHe HayyHbIX UM IPAKTMYECKUX 3a/ay, CBS3aHHBIX C
MOCTPOCHHEM M ONTHMHM3ALMeld aJIrOpUTMOB MYJBTHBEHBIET-00pabOTKH  IupoBOi
nH(pOpMAINY, IOJyJ9aeMOH, HalpuMep, INPH JIa3epHOM CKaHWPOBAHWH aBTOMOOWIBHBIX
JI0pOT, ¥ UCHOJIb30BaHUE 3THX AITOPUTMOB JUL MOJIEIMPOBAHUS IOBEPXHOCTEI! 10por.

MeToabl HCCIeI0BAHMS: TIPH PEIIEHAN TOCTABICHHBIX 3a/ad MPIMEHSIIICH METO/IBI
TEOpPUH BEHBIICTOB, TEOPHH B-CIUIAIHOB M 3PMUTOBBIX CIUIAHHOB, TEOPUH Pa3HOCTHBIX
YpaBHEHHH, a TaKKe YHCICHHOE MOepoBaHye Ha OBM.

Iosry4eHHBIe pe3yIbTAThI U MX HOBH3HA:

* Ha ocHoBe Teopuu cperHEKBaapaTU4ECKON anNpOKCUMALMU CIUIaiiHAaMU B CXeMy
OINTHMI3AINHN AITOPUTMOB MYJITHBEHBIIET-00pabOTKH IU(POBOH MHPOPMAIMH 3aJI0KEHO
CBOICTBO OPTOTOHAJILHOCTU MHOIOWIEHAM COOTBETCTBYIOILEH CTEIIECHH.

* BeimonHeHO — pacmapamieNnBaHHE — AITOPUTMOB  MYJIBTHBEHBIET-00pabOTKH
1¢poBoi MHGOPMAIMK MyTEM CBEICHHUS BBIUHMCINUTEIFHOIO IPOIEcca K HE3aBHCHMOMY
PEIICHHIO TPEXANArOHAIBHBIX CHCTEM JIMHEHHBIX ypaBHEHHI CO CTPOTMM AHArOHAIbHBIM
npeobnaaHueM.

» JlaHo TeopeTuyeckoe OOOCHOBAHME FCIIONB30BAHHS MYJIBTHBEHBIET-00pabOTKI
1 poBoii HHPOPMALMH B PEIICHHH IPOOJIEMBI TPACCHPOBAHHS aBTOMOOIIBHBIX JIOPOT.

* Pa3pabotaH makeT NpPUKIAIHBIX HPOTPaMM I MOJENHPOBAHHS IOBEpXHOCTE
ABTOMOOWJIBHBIX JIOPOT ¢ IPUMEHEHHEM MyJIbTUBEHBIIET-00pa00TKH MaTepHaJIoB J1a3epHOr0
CKaHUPOBAHUSL.

* Ilokazana BO3MOXKHOCTb ONTHMH3AIMHM MOJETEH IMOBEPXHOCTEH IyTEM C)KaTHI
JIAHHBIX C TIOMOIIBIO OMKYOMIECKNX MyITbTUBEHBIIETOB.

PexoMeHnmanmym 1o MCNONb30BAHUIO: Pe3ynbTaThl MCCEPTALMIOHHON PabOThI
MO3BOJIIIOT TPOrPAaMMHO PEajiM30BaTh M ampoOMpOBaTh AITOPUTMBI TIPEIBAPHTENBHOI
00paboTKn OONaka JAHHBIX J1a3epPHOTO CKAaHMPOBAHHS ¥ BBIIENCHHS IPOEIKEH YacTH.
AJNTOPUTMBI JIBYMEPHOTO BEHBIIET-CXKATUs NMPOrPAMMHO DPEaIM30BaHbI M alPOOMPOBAHEL
Pe3ynbTaTel  UHMCIEHHBIX OKCIEPHMEHTOB MOKA3BIBAIOT IPAKTHYECKYIO HPHUTOAHOCTH
BEHBIIET-IPe0OPa30BaHMS JUISI WCIONB30BAHMS KaK OWIMHEHHBIX, Tak M OHKyOHMYecKnx
SPMHUTOBBIX  CIUIAHH-BEHMBIETOB TIPH  ABTOMAaTH3allMM  MPOEKTUPOBAHMS  PEMOHTA
TIOBEPXHOCTEH aBTOMOOMIIBHBIX IOPOT.

Obaactb mpuMenenusi: OnNTUMu3aIKs AITOPUTMOB  MYJIBTHBEUBIET-00pabOTKH
MpoBoii MHGOPMALIMK, TPACCUPOBAaHUE ABTOMOOMIIBHBIX JIOPOT, MOJCIHPOBAHHE
TIOBEPXHOCTEH aBTOMOOMIIBHBIX JIOPOT.
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Kynyes Anteinbex XKamnbekopuutun 05.13.01 — TyTymayk aHamus, MaaabMaTTap/pl Oarikapyy
kaHa wumTen ueryy »kana 05.13.18 — MaTemaTuKalblk MOJENIO6, CaHABIK YCYNAap »KaHa
MpOrpamMMaNap/IblH  JKbIMBIHBI ~ AJUCTUKTEPU OOIOHYA TEXHHKA WINMICPHHUH KaHIUIATHI
OKYMYIUTYYJIYK HapakKachlH H3JCHHI alyy Y4yH “MyJbTHBeHBIEeTTEPAN KOJIIOHYY MeHeH
CAHAPMNITHK MAAJILIMATTAPALI HINTEN YbITYy AJTOPUTMHHIEPHH ONTHMAIIALITHIPYY”
JIereH TeMaJIarbl IUCCePTALUSChIHA

PE3IOME

YPpyHTTYy ce3aep: ciulaiiHaap, BedBieTTep, OpMHUTTHK CIUIaiiHIap, MyJIbTUBEHBIETTED,
BEUBIIET-03TOPTYII TY3YY.

M3nnnee o00beKTH: aBTOMOOWIIMK JKOJIOPAY TPAacCHpee® KaHa [UAarHO3I00HYH
ABTOMATTAIUTBIPYy CHCTEMACHIH HINTCH YbITYYHYH KaHa aBTOMOOWIIUK JXOJIOPIAYH YCTYHKY
OCTHH MOJIEI0OHYH, ABTOMOOWIIUK JKOJIOPAY OHNOO JKaHa TY36TYY HPOCKTHPIOOCYHIOry
KelTreiiyiep/ly 4euyyae CaHIblK MaalbIMaTTapAbl MyJIbTUBEHBIICT-UIITEI YbITYY aITOPUTMIEPH.

JKyMylmITyH MakcaThl — CaHIBIK  MaaJbIMaTTapAbl  MyJIBTUBEHBICT-HINTEII  YBITYy
ITOPUTMICPHH TYPry3yy >kaHa ONTUMAIJALITHIPYY MEHEeH OaiilaHbIlKaH WIMMUH JKaHa
MPAKTUKAIBIK MaceNesIepy YeuyyY, MUCAIbI, aBTOMOOIIIMK >KOJJIOP/TY JIA3epIHK CKAaHEePIIoo jKaHa
OyJ1 aJIropUTMIEPAH ABTOMOOWIIIMK SKOJIIOPYH YCTYHKY OSTHH MOJZIENI00/10 KOJJIOHYY.

M3unnee ycyagapbl: KOIOITaH Macelelepiu dedyy[ae BEHBIETTep TEOpHACH, B -
CIUTaHIap jKaHa JPMUTTHK CIUIAHHAAp TEOPHACHI, albIpMalblK TEHIEMETIEPIUH TEOPUsCHI,
OLIOH0H 11e DOMie CaH/IbIK MOJIEN/I00 METOIOPY KOJJOHYJITY.

AJIBIHIaH JKbIHBIHTBIKTAP KAHA ATaPAbIH ’KAHBLIBITbI:

* CrutaiiHzap MEHEH OpTOYO KBAAPATTBIK AINPOKCHMALMSIOO TEOPHSCHIHBIH HErM3UHIE
MaaJlbIMaTTap bl MyJIbTUBEHBIIET-UIITEN YbITYy aITOPUTMACPUH TyPry3yy CXe€MachblHA TUEIIENYY
JlapakaJjarsl KeIl My4ueJiepre OOJIrOH OPTOrOHANLYYIIyK KAaCHETH KUPTH3HIITeH;

» Canzmplk MaanbIMaTTapisl MyJIBTHBEHBICTHWINTEN YHI'Yy aITOPUTMACPHH KaTyy
JIMOTaHAIIBIK  apTBIKYBUIBIKTApra 33 OOJIOH ChI3BIKTYY TEHJIEMENIEPAHH Y4 JUaroHaiuyy
CHCTEMAChIHBIH K63 KapaHAbl SMEC YCUWIMIINHE ONTUMAIIAIITHIPYY JKaHa INapauIeiaeIITHPYY
aTKapBUIBI;

* ABTOMOOWJIIMK ~ JKOJJIODAY  TPAcCHUpiioe  KOWIeillepyH 4Yeuyyl®  CaHApUITHK
MaaJbIMaTTapAbl MYJIBTUBEHBICT-MINTENl YbIIYYHY KOJJIOHYYHYH TEOPUSUIBIK HETH3IEMecH
Oepuures;

* JlasepauK CKaHEPIOOHYH MaTepUAIAApbIH MYJIbTHBEHBIECT—UINTEN YbITyyHY KOJIIOHYY
MEHEH aBTOMOOMIIIUK >KOJIIOPIYH YCTYHKY OTHH MOJIENI00 YUYH KOJJIOHMO HPOrpaMMalIap/ibiH
TTAKeTH UIITENUIT YbITbUITaH;

* Bepunmiurepan OUKyOmyK BEHBICTTEpAMH >KapJaMbIH/Ia KbICYY KOy MEHEH OeTTepInH
MOJIENICPUH ONTHMAIIAIITHIPYY MYMKYHUYJIYTY KOPCOTYIITOH.

Haiinamanyyra kapara cyHymrap: JluccepTalWsulbIK KyMYIUTYH JKBIMBIHTBIKTApBI
JIa3epIuK CKaHEpIOOHYH OepuireHiep ailMarblH jkaHa OeNYHreH Oachlll ©TKOH OONYKTYH
OepwireHaep aiMarbiH aJJIbIH ajla MINTEI YbITyy aITOPUTMJIEPHH KaHa ©TMe OesykTy Oemym
aJlyyHy NporpaMMajblK peaan3alysulooro jkaHa anpoOalUsiooro MYMKYHUYIYK Oeper. Oku
YEeHeM/yY BEHBIICT-KbICYYHYH aITOPHTMH HILITENHUIT YbITBUITAH JKaHa anpodarmsuianrad. CaH/plk
9KCIIEPUMEHTTEP/IMH HKBIHBIHTHIKTAPB! aBTOMOOWIIIMK JKOJIIOPIYH YCTYHKY OSTHH OHJION TY300
JOJIOOOPIIOPYH aBTOMATTAIITHIPYY/a OWCHI3BIKTYY Ja, OIIOHIOW 35i¢ OMKYORyK a SPMHUTTHK
CIUTaifH-BeHBIETTEPM MalaaHyy Y9YH BEIBIET-©3repTyN TY3YY/IOpAYH MPAKTUKAIBIK JKaKTaH
naiganyyiyryH KopcoTeT.

Kostonyy aiimarbl:  CaHapuNTHK —MaalbIMATTapbl MYJIBTUBEHBICT-UIITEN  YBITYY
ATOPUTMIICPHH ONTUMAIAIITHIPYY, ABTOMOOWIIIMK JKOJNJIOPAY TPacCUpiieo, aBTOMOOMIIHK
JKOJIIOPIYH YCTYHKY OETTepHH MOZENI00.
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SUMMARY

of dissertation research of Kuduev Altynbek Zhalilbekovich on the subject:
"Optimization of algorithms of processing of digital information with use of
multiwavelets” for the academic degree of Candidate of Technical Sciences on
competition in the specialties 05.13.01 - the System analysis, management and
information processing and 05.13.18 — Mathematical modeling, numerical methods and
complexes of programs.

Keywords: splines, wavelets, Hermite splines, multiwavelets, wevelet-
transformation.

Object of research: algorithms of multiwavelet-processing of digital information
in the solution of the problem of tracing of highways and for modeling of surfaces of
highways for development of systems of automation of diagnostics, design of
reconstruction and repair of highways.

The work purpose — the solution of the scientific and practical tasks connected
with construction and optimization of algorithms of multiwavelet-processing of the
digital information obtained, for example, at laser scanning of highways and use of these
algorithms for modeling of surfaces of roads.

Research methods: at the solution of objectives the methods of theory of
wavelets, theories of B-splines and Hermite splines, theories of the differential equations,
and also numerical modeling on the computer were applied.

The received results and their novelty:

* On the basis of the theory of mean square approximation by splines in the scheme
of creation of algorithms of multiwavelet-processing of digital information the property
of orthogonality to polynomials of the corresponding degree has put.

» Optimization and parallelization of algorithms of multiwevelet-processing of
digital information on the independent solution of three-diagonal systems of the linear
equations with strict diagonal prevalence are executed

* Theoretical justification of use of multiwavelet-processing of digital information
in a solution of the problem of tracing of highways is investigated.

* The package of application programs for modeling of surfaces of highways for
application of multiwavelet-processing of materials of laser scanning is developed.

* The possibility of optimization of models of surfaces by compression of given
data by means of bicubic multiwavelet is shown.

Recommendations about use: Results of dissertation work allow to realize and
approve programmatically algorithms of preliminary processing of a cloud of data of
laser scanning and allocation of the carriageway. Algorithms of two-dimensional
wavelet-compression are programmatically realized and approved. Results of numerical
experiments show practical suitability of wavelet-transformation for use both bilinear,
and bicubic Hermite spline-wavelets for optimization of surfaces of highways.

Employment: Optimization of algorithms of multiwavelet-processing of digital
information, tracing of highways, modeling of surfaces of highways.
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