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KYMYITYH XKAJIbBI MYHO3/IOMOCY

Jduccepranyusiibik TeMaHbIH AKTYAIIYYJIYTYy. CaHapunTHK
MaajbIMaTThl MINTEN YbITyYHYH 3()(EeKTHBIYYJIYTYH >KOropysaTyy 3amaHOar
KOJJOHMO MaTeMaTHKaHaHbIH aKTyalJyy MacelecH OOJIyll 3cenTeser.
Alippikya, Oyl KOMbIOTEpAMK rpadyka MeHEeH OaliaHbIIIKaH aiMakTapia
Gaiikanar. ['eHepananaHyydy CYpOTTONYIUTYH pealayyiayr'yHa OOJNIOH Tajarl
naiipiMa ecyn Oapyyna, aim 0oyico akbIOETHH/E 3CENTee YbITBIMIapHIHBIH
ecyumyHe anbin Kejer. OmIon sje Me3rwijie, KOm4yslyK THPKeMenep Y4yH
(MuCabl, aBTOMOOWIIIUK >KONIOPAY Ja3epIHK CKaHUPIIOOHYH OCpHIreHACPUH
BU3YAIIAIITHIPYY) MaalbIMaTThl UINTEN YBITYYHYH ©TO YKOTOPKY BUIIAMIBITHI
3apbu1 6050T. CaHapUNTHK MAAIBIMATTHI UIITET YBITYYHYH 3(dexkTuBayynyrysH
JKOTOPYJIaTyy KOJIOPYHYH Owpu —Oyn TpaduKanblK OOBEKTEpAWH Kol
MacITadnyy KOpPCOTYNYIIYHO HETH3ICITeH METOIIOPLY KOJAOHYy Oomym
JCeNTeNeT.

Kemn macmTabayy kepceTynyil — Oyl Kell KaTMapiayy CTPYKTypa, MbIHJA
OMpHHYM KaTMap OOBEKTTH OJIOHO (TOMOHKY ypyKcar Oepyy MYMKYHUYIYTY
MEHEH) XKaKbIHJATHIPYy YUYH JKETHIITYY OOJrOH MaanbIMaTThl KapMal Typar,
KUHMHKA ap OMp KatMapaaH MH(OPMAILUSIHBI KOIYY Y4ypyHAa OOBEKT TOJIYK
KaJpIObIHA KENTHpPHIMEHNHYE (MakCHUMallyy ypykcar Oepyy MYMKYHUYIYTY
MEHEeH) IeTAAINTBIPYY AaifbiMa ecym oiarypaT. Mucaibl, MHTepHET Y4YH
6enrmnyy ¢opmarrapasia 6upu CompuServe (1987-x.) dupmacsr TapaObiHaH
cynymranrad GIF (Graphic Interchange Format) ¢opmartsr scentener. GIF
(opMaTEIHBIH OaifkaraapiblKk alibIpMallapbIHBIH TOOYHA CYpeTTONYIITYH Oapa-
Oapa naaHamaHelm (TIpOTpecCHBAYY Oepyy J[AEreH aTaiblmTarkl) pekKUMUH
naiganaHyy MYMKYHYYJIYTY KupeT. Byn pexumpae cypeTTeiymTyH Oapmblk
JKOTYOJIOPY KaTapbl MEHEH YBIKIIAWT, ajl aHbIKTAJIraH UPIITTE YbIrarT: ajrad ap
Oup 8-um, aHJaH KuiimH ap Oup 4-uy xk.y.c. OHIEHTHN, CYPOTTONYII TOIYTY
MEHEH TOepT OTYyle KepceTyleT, al OoJICo CYpoTTeNYIUTYH TONYK
KYKTOJIYIIYHO YEWHH dJIe aHbIH MaHBI3BIH TYIIYYHYT®, jKaHa 3apbul OONroH
yuyplia aHsl OepyyHY Y3TYJITYKKO ydyparyyra MyMKYHUYJIYK Oeper.

Ken macmtabayy KepceTyJayIITOPIYH MaTeMaTHKAJbIK HETHM3W KaTapbl
KOIUYJIYK ydypiapia BeiiBieT-aHann3 (ke Aa0bIll apKbUTyy aHaJU3) KbI3MaT
Kbutar. BeliBnerrepre HErw3IeNreH METOMIOPAYH JKapJaMbIHIA CaHIBIK
MaajbIMaTTapbl HINTEN 4YbITYy MEHEeH OaillaHbINIKaH, OLIOHYH WYHHJC
qyynapAaH —apbulyy, TpadUKTHK OOBEKTepIH BH3yalJaIlTHIPYy IK.y.C.
MacelieNiepIuH KeHUpU TOOy YEUWJIMIIM MYMKYH. AHIAaH CBHIPTKapsl, Oy
yCcyliap amiblk4a jKaHa MaaHWIyY SMeC MaallbIMaTTaplibl ajbICTaTyyHyH
aceOMHEeH OepHIIreHICPIMH KOJIOMYH KbICKapTyyHY KaHa OLIOHY MEHEH aHJaH
apKBI UILTEI YbITYyra KEeTKEH ICENITOO YbITbIMIAPbIH a3aliTYyHY KaMChI3 KbLIaT.
BeiiBnerrepre  HeruM3genreH  CaHABIK  MaaJbIMATTAapIbl  MINTEN  YBITYYy



QITOPUTMICPUHUH HINKE AaIIBIPBUIBIIBl JKETHIIIIPIUK IKOHOKOH jkaHa
s dexTUBaYY.

Anraq  ckamApABIK  BeMBIETTep  raHa  KOJJAOHYIYyH  KEJTeH.
MynbTHBEUBIICTTED CKASPIABIK BEUBICTTEPre CalbIIITHIPMATYy K33 OHp
apTBIKYBUIBIKTApra 33. Mucanbl, Tallbll KYPYYYYHYH (HOCHUTENIVH)
KOMITaKTTYYJIyTy, OPTOTOHAJAYYJIYTY, CHMMETPUSCHI, HOJIYK YUypiapJblH
CaHBI CBHISIKTYY KacHeTTep, Oesnrniryy O0ITroHI0H, CUrHAIIapAbl UIITEN YbITYY/Ia
Oamkel Kacuerrep Oomyn scentener. CKalspAbIK BEWBIET OMp d3je ydypaa
YIIyJT KacHeTTepAWH OaapblHA 33 000 ambaiT. OKMHYM HKAKTAH ajIbIl
Kaparanaa, MyJIbTHBEHBIICTTEpre HETH3/ENTeH CHCTeMa, OyiapsiH ap OupuHe
6up ane ybakTa 33 6ono anar. Byn mereH, My nbTHBEHBIETTEp OPKYHAOTYIITOH
PEKOHCTPYKIUSHBI  (OPTOTOHAIAYYIYKTYH  3CeOMHEH),  CHTHAJIAapAbIH
YeKTepUHIE >KaKIIBl 3(P(EKTUBAYYIAYKTY (CHMMETPHSHBIH 3CeOMHEH) XaHa
JKAaKBIHIAIITHIPYYHYH JKOTOPKY TapTHOWH (HOJIAYK Y4ypJiapAblH CaHBIHBIH YOH
OoJIylTyHYH 3CeOWHEH) KaMChl3 KbUIAT JIET€HIUKTH OWJIIUpET, JeMeK anap
CKaJIpAbIKKAa KaparaHja CHUTHaJIapAbl JKaHa TajaajapAbl HINTEN YbITyyda
JKaKIIbI apaKeT ATe anar.

JuccepTalMsiHbIH ~ TeMAaCbIHBIH  WJIMMHHA  /101000pJIOp  MEHeH
Oaiiranbimbl. J{yccepTanmsuiblk KyMyll TOMCK MaMIIEKETTHK apXHUTEKTypa-
Kypynym yauBepcutetuHHH (Tomck mraapsr, 2010, 2011, 2013) xana Tomck
MaMIIeKeTTHK yHuBecHTeTHHHH (Tomck maaper, 2012) wimmvuiél usminee
JONOOPIIOPYHYH dernHnae, (GyHAaMEHTAIABIK HW3WIAeeNepAyH PoccHsiibik
(OHAYHYH KapXBUIBIK KOJIZI0OCY MEHEH aTKapbUIAbL.

KymymtyH MaKcaThbl — CAaHAPUITUK MaalbIMaTTHl, MHCAJIbI,
aBTOMOOWJIZIVK JKOJAOPAY Ja3epIuK CKaHepiiee »XaHa Oysl alropuTMAEpIH
JKOJIOpAYH OCETTepUH MOAENNee YYYH MaiiianaHyy ydypyHIa albIHYyyd4y,
MaaJbIMaTTapAbl MyJIbTHBEHBICTTUK-UINTEN YBITYY JITOPUTMACPHH TYPry3yy
JKaHa ONTHMANJAIITEIPYy MEHEeH OaillaHBIIIKaH WIMMHN jKaHa MPaKTHUKAJIBIK
MaceJenepau yeuyy.

JuccepTanysiibIK H3WII0OHYH MaceJieJlepH:

* CaHapUITHK MaaJbIMaTTap/abl MYJIbTUBEUBIIET-UIIITEN YBITYy
ATOPUTMIICPHH TYPIY3YY;
* CaHAPHIITHK MaaJbIMaTTap/IbI MYJIETHBEHBIICT-UIIITEIT YBITYy

ANITOPUTMIICPUH ONTHMATIAIITEHIPYYHY KYPIY3YY;

* aBTOMOOWJIIMK  JKOJIOPAY TPAcCHUpiee TpoOieManapblH — HYedyyIe
CAaHAPHUITHK MaaJbIMaTTap/Abl MYJIBTUBSHBICT-HINTENl YBITYYHY KOJJIOHYYHYH
TCOPUAIIBIK HCTU3AEMECUH HUIITEIT ‘-H)II'yy;

¢ CaHapHUITHUK MaajibIMaTTap bl MyHBTHBeﬁBHeT-PILHTeH YbII'YYHY
ABTOMOOWJIIMK O KOJNIOPAYH YCTYHKY KaTMapblH MOJENee Y4YH KOJIIOHYY
MYMKYHYYJTYKTOPYH U3MII00;



AJIBIHTaH JKbIHBIHTBIKTAP KaHA AJAPABIH KAHbLIBITBI:

» CrunaiiHIap MEHEH OpTO4O KBAAPATTHIK alPOKCUMANMSIIIOO TEOPUSICHIHBIH
HETU3UHIE MAaaJlbIMaTTapJbl MYJIbTUBEUBIET-UIUTEI YbITYY AJITOPUTMIEPUH
TYpry3yy cXemacblHa THEIIeNyy Japaxajarbl Kel Mydejepre OoJIroH
OPTOTOHAAYYIIYK KACUETH KUPTU3UIITEH;

 CaHapuInTHK MaanbIMaTTapIbl MYJIBTUBEHBIIET-UIITEN E1318%%
AITOPUTMJIEPUH KaTyy IHOTaHAIIBIK apTHIKYBUIGIKTApra 33 OOJIOH CBI3BIKTYY
TEH/IeMeNIEp/IMH Y4 AUaroHaJlyy CHCTEMAChIHBIH KO3 KapaHbl YMEC YSUMITHIINHE
ONTUMAJIALITHIPYY >KaHa MapaUIIACIITHPYY aTKAPBUIIBI;

* ABTOMOOWIIZTUIK KOJIIOP/Y TPACCHPIIOe KOUTeMIepYH Yedyy/1e CAHAPHUITHK
MaalbIMaTTappl MyJIbTHBEHBIICT-UIITENI YBITYYHY KOJJOHYYHYH TEOPHSUIBIK
HETH3/IeMecH OepHIITeH;

* Jlazepuk ckaHepIeeHYH MaTepHAIIAPbIH MyJIbTHBEHBIICT-UILITEII YbITYyHY
KOJIJIOHYy MEHEH aBTOMOOWIIMK JKOJJIOPJAYH YCTYHKY OETHH MOJENIee Y4yH
KOJIAOHMO MporpaMMaIapJbiH MMaKEeTU UIITCIIUIT YbITbUITaH,

* Bepunumrepau OukyOayK BEHBIIETTEPIMH >KapAaMblHIA KbBICYY KOy
MEHEeH OeTTepauH  MOJENJIEpUH  ONTUMAJIAIUTBIPYY  MYMKYHUYJIYTY
KOPCOTYIITOH.

KyMymITyH NpPaKTHKaJABIK MAaHHCH CAaHAPUITHK MaajbIMaTTappl
MYJBTUBEHBIET WINTEN YBI'Yy aITOPHTMIEPHH QITAadKbl HMPET ABTOMOOWIIIMK
KOJJIOPZY ~MAarHOCTHKAIOONOTY KeWreimepny dWedyylde J>KaHa aBTOMOOWIIVK
YKOJIOPZYH OCTTEepHH MOJEIICIITHPYY YIYH, AMArHOCTUKAHBI, PEKOHCTPYKIWS JKaHa
ABTOMOOWIIIMK ~ JKOJZOPAY  OHJOM - TY366  JIONOOOPIOPYH — aBTOMATTAIITHIPYY
CHCTeMaTapbIH TAIIAI UILTEN YbIIyy/ia KOIIOHYy/1a Typar.

Koprooro anbIHbII YbITBLIYYYy HINMMIL 2K000710D:

* CaHApUIITUK MaaJbIMaTTapabl MyHBTHBCﬁBHCT-HmTeH 4bIl'YYy
ITOPUTMICPH;

* CaHApUIITUK MaaJbIMaTTap/abl MyHBTHBeﬁBHeT-HmTCH 4bIl'Yy
ITOPUTMIECPHH ONTUMAIIAIITHIPYY;

*  aBTOMOOWJJIMK JKOJIOPAY TPaccHpiiee MpoOieMallapblH Yedyy/le
CaHApUNTUK MaallbIMaTTapAbl MYyJbTHBEHBIIET-UIITEN YBITYYHY KOJJOHYYHY
TEOPHUSUIBIK HETH3/100;

* aBTOMOOWJIMK  JKOJNJAOPAY  MOJENAee  Y4YH CaHAPUITHK
MaaJbIMaTTapabl MYJIbTUBEHBIIET-HIITEN YBITYYHY KOJIIOHYYHYH
KBIMBIHTBIKTAPBI.

JlccepTaHTThIH KeKe caJbIMbl OOITYIT MyJIbTHBEHBICTTEPINH HETH3HHAC
CaHApUIITUK MAaJbIMATTapAbI-UIUTEN YbITYYHYH TE€OPUSIIBIK >KbIHBIHTBIKTAPbIH
4YbITapyy, OCENTOO aIrOPUTMACPUH Tajjall HIITEeN YbIYy, 0.3. CaHIBIK
MOJICTIICIITHPYY, KOJOHMO IporpaMMaliap IaKeTWH HINTEN YbIryy >KaHa
QJIBIHTaH JXBIMBIHTHIKTAP/IbI aHATIM3/100 JCEITeNeT.



JduccepranusinbiH JKBIHBIHTBIKTAPbIHBIH anpodauMALUICHL.
KymymtyH Herusru KeIUBIHTHIKTApsl TMY HYH MeXaHHKa-MaTeMaTHKAaJIbIK
(baxkyJ bTETHHHH D3CENTee MaTeMaThKa >KaHa KOMIIBIOTEPAUK MOJIENI00
kagenpaceiHbiH  (ketekud npo¢. Crapuenko A.B.), TMY HyH KoOIJ0HMO
MaTeMaTHKa jkaHa KuOepHeTnka (akynbreTHuH (ketekun mpod. [oprer
AM.), TMAKY HyH KOIJOHMO MareMmaTHka KadeapachlHbIH (KETeKYH mpogd.
Komymaesa C.H.) xama PHUA Cb HyH MaremaTtuka WHCTUTYTYHYH
MaTeMaTHKaNbIK aHAJIU3WH CaHABIK METOMJIOPYHYH J1abopaTopHsCHIHBIH
(xerexun pnomn. Mupomamdenko B.JL) wmuMmuid ceMuUHapiapblHAa, aHIaH
CHIPTKapel OWp Katap OYTKYJA PpOCCHSUIBIK J>KaHa »dJ apajblK HIMMHUH
KoH(pepeHIMsIIapia: TapajuieNl KaHa >KOTOPKY OHIYPYMIYY JCeNTeeiep
6otonua V, VI, VII cubup xondpepenmmsmapeiaga, Tomck, 2009, 2011, 2013 -
KoK “TeH canMakTyy sMec cuctemManapasl Moaennee” 6otorda XIII, XIV, XV
OYTKYNn poccHsuiblk ceMuHapiapaa, Kpacnosipek, 2010, 2011, 2012 - xok.;
AlimMakTap apaJbIK OJKeTMHYM MEKTel-CeMHMHapna, bemymrTypyy »kaHa
Kiactepauk acenreenop, KpacHospck, 2010; «Mojoaexxp U COBpPEMEHHbIE
WHQOPMAIMOHHBIE TEXHOJOTUM» JereH atanbliurarkl |X cTyneHTTepauH,
aCTIMpaHTTapAbIH JKaHa all OKYMYIITYyJIapAblH OYTKYJI POCCHSUTBIK MIIUMHU-
MPaKTHKAIBIK KoH(pepenuusaceiaaa, Tomck, 2011; OmMY HyH 60 KbUTABITBIHA
apHanraH O apaiblk WIMMuE  KoHdepeHnmsaceiHma, Om mr., 2012; X
CTYZIEHTTepANH, aCIMPAHTTapAbIH JKaHa XKall OKyMYIITYyJapAbH “MoIoaexs
1 COBpeMEHHbIe MH(OpMANNOHHBIE TEXHOJIOTHH J€TeH aTajbIITarsl OYTKYI
POCCHSUIIBIK WIMMHHA-TIPaKTUKANBIK KoH(Mepermusana, Tomck, 2012, Gasananran
JKaHa TaJIKyyJIaHTaH.

JuccepTanusiiblk  KyMyINTa aiblHTAaH WIMMHA JKOOONOpAYH >KaHa
JKBINBIHTBIKTAPBIH AHBIKTBITBl  JKAHA HETH3JeMeJYYJyry CHUMBOJAYK
3CENTee ammnaparblH KOJIOHYYy MEHEH, j>KaHa Ha3apHATTBIK 3CENTeeNepayH
JKBINBIHTBITBIH KaMTBITaH CaHJBIK JKBIMBIHTBIKTAp MEHEH MAakKyJIyKTa, O0.3.
WIITEINUIT YBITBUITAH TEOPUSHBI KOJJAOHYY MEHEH WINTeNUHUN YbITbUIraH
KOJIIOHMO TpOorpaMMaliap/iblH TaKeTH MEHEH JalWIJeHIeH OyTyMmaepre
HETU3/IENIreH.

IMybéauxanusnap. ATKapbuIraH )KyMYIITYH KBIHBIHTBIKTApEl OotoH4Ya 26
GacMa KyMyII >KapblKKa YbIKKaH, anapiblH HW4YMHeH § ymym KbIpres
PecniyOnmkaceinein  skaHa Poccust  @epepammsaceiabin JKAK  TapaObaan
CyHyIITalTraH O KypHaljapAa okapeisutaHrad. KyMmymrapaslH — TH3MeCH
aBTOpedepaTTHIH asThIHIA OCPUITEH.

KymMymITyH cTpykTypachl skaHa KkejeMmy. JluccepTalisulblK >KyMyII
KUPUIIYY/IOH, TOPT OanTaH, )KbIHBIHTBIKTAP/IaH, aAa0uiATTap TU3MECHHEH jKaHa
TUpKeMmenepaeH Typar. Marepuan 181 Oerre Oasnpanran, 2 Tabnuiansl, 48
CYPOTTY >kaHa 2 THpPKEMEHH KaMmThlll TypaT. [laiimanmanran anaOusTrapbH
TU3MECH 75 aTaJIbIIThI KAMTBIUT.



AKYMYUITYH HET'N3TU MASMYHY

Kupumyyne nuccepTalisiHbIH TEMACBIHBIH aKTyalyyJIyTry HETU3JeNTeH,
MYJbTUBEUBICTTEPAUH HETM3HHIE CAHAPUNTHUK MaalbIMAaTTapAbl HINTEN
YBITYYHYH QITOPUTMUH  ONTHUMAJAAIITHIPYY  3apbULABITEl  KOPCOTYNIreH,
W3WIIOOHYH MakcaTTapbl, Macelelepy JKaHa yCynaapbl aHBIKTaJIraH,
KYMYIITYH WINMUH JKaHBUIBIKTAp ’KaHa UINTUH NPAaKTUKAIBIK MaaHWIYYIYTY,
anpoOanusiiap, )KyMyIITYH Ma3MyyHY ’KaHa KOJIoMY KEITHPHIITEH.

Bupunun  OanmTa  BeWBIEeTTEpAM  ©3rOPTYN  TY3YYHYH  HETH3TH
TYLIYHYKTOPY JKaHa aHBIKTaManapbl, Xaap BEHBIECTTCPHHUH MHCAIBIHIA
BEHBJICTTEpM NaWAadaHyyHyH NEpCIEKTHBIYYJIYTYH HETH31eere Kapara
ebenresnep KEITUPWITEH KaHa alapAbl TYpry3yyHYyH JKaHa ©3TepTyll TY3YYHYH
Mucangapsl oepwiareH. AHAaH apel J[0OeIITHH BEWBIETTEPHH TYpry3yy KaHa
©3TepTYIl TY3YY KaHa TUTHJ e Oyn KblpAaainapia BeHBIeTTepAuH 0a3ucuH
KOHCTPYKLMSIOO YYypyHAa MaaHWIyy OOJITOH KAaCHETTEpPHHUH HYHEH K39
Oupnepu kentupwired. OIIOHYy MEHEH »dje Karap CIUIaiH-BeHBIETTEpIH
HETU3106 KEeNTUPWITEeH - B-clutaiiHaslk Macmrabnoody ¢GyHKuusap, B-
CIUTaH/IBIK BEeHBIIETTED, B-CcrutaitHabpIk 670K GHILTPIIEP, XKaphIMOPTOTOHAJIBIK
BEUBIETTEPAN KOHCTPYKLUSUIOO KapajlaraH, KaHa OIIOHJOW 3J1€ KOHKPETTYY
MHCAIIapAa B-crumaitHapIK BEHBIICTTEPIH KEITUPUI YBITapyy
J€MOHCTpANUSUIAaHTaH.

buprnHum OanTelH KOPYTYHAYCYHIa MYJIbTUBEHBIETTEpAUH HETH3MHIE
CaHApUNTUK WHYOPMANMSUIAPABI HIITEN YbITYy aITOPUTMIEPUH aHAAH apsbl
ONTHUMAIJAIITEIPYY YYYH MEpPCIEKTUBAYY MACITeH OWPHHYM JapakaJarsl
CIUTafH-BEHBIETTEPAN TYPTy3yyHYH MypAa Oenrucu3 OOJrOH BapHaHTTApBI,
’KaHa OIIOHIOM 3JIe CaHIBIK MHUCAJIAAp KapalraH.

IKkuHYM 0an 3-)xaHa S-7apaxkagarsl SPMUTTHK CIUTAHHIap/Abl Nalananyy
MEHEH MYJIbTHBEHBICTTEPJJMH HETH3MHIC CaHAPUITHK HH(GOPMALUSIIAP/IbI
WIITENl YBITYy aIrOpUTMICPUH Typry3yyra >KaHa ONTHMAaJaIIThIpyyTa
apHanraH. OpMUTTUK KyOnyk crutaitngapasl (OKC) BeliBieT e3repTyn Ty3yy
KEHEeH KapaliraH jkaHa Y4yHYy JAapa)kajgarsl 0a3uCTHK CIUIaifH-BEHBIETTEpANH
CHCTEMACHI Typry3yJras. BeliBner-ananusaux MaTpPULACBIHBIH
CTPYKTYPAaChIHBIH JKaHa aHBIH OJIOKTyK KOpCOTYJIYLIIYHYH KOHKPETTYY
©3re4YeNYKTYPYH OJCEIKe alyy MEHEH CaHAPUITHK HH(GOPMAIUSIapAb]
MYJIbTUBEHBICT-HIUTENl  UBITYY  QI2OPUMMOEPUH  ONMUMANOAUIMbIPYY
CYHYIITaJTaH, al MBIHAAH HINTEN YBITYYHY KOIl 3CE TE3/ICTKCHTe XKaHa aHBbI
Oamrankel MHOOPMALMSIIAP/ABIH  aja KaH4a KeIll KeJOMYHI® OTKepYyre
MYMKYHYYJTYK OeperT.



3-ay mapaxkanarbl 0a3UCTHK CIUIAiH-BeiBIETTEPANH CHCTEMACHIH

Typry3yy
BeiiBner-e3repTyn Ty3yyHY Ty3yy Y4yH amrad Oumsre .V 'cVicvthl
MEHKMHANKTEpPUHIH cuctemMachl kepek 6osor. Meitnmun OKC 6ap 6onron 6oncyH

neiimn. Amap yays V' — C' xeumMansireima 9 Gorom, 6.a. [a.b] wexryy
KECHHIUCUHIE Y3IYITYKCY3 Iud(depeHIupiIeHyydy Y4YYHUY Japakamarsl
OpPMHTTHK CIUTalHAApPBIHBIH MeHKuHAuTH Oo0yoT. Meim, TYHyHOOpAYH Oup
KanpmTarkl A" qi =a+(b—a)i/2L, i=01...,2%,L>0 TOPYOCY OEPUIICHH.
Basuctuk ¢yHknusmap Macmradnoouy GYHKOMSIapAbH, 0.a. “aTajbK”
BCHBICTTEPANH OKBUIBIIYYCY JKaHa KBICBUIYyCy MEHeH mnaiga 0oJoT
(1.a-cyp.):

t?(3-2t),  0<t<l, t2(t-1), 0<t<l,

() =1 2-1)*(2-1,1<t<2, o ) =1(2-t)*(t-1),1<t<2, ()]
0, t¢[0,2]; 0, te[0,2].

%2 MID/\ /1\ [\:@T\//\ /\ /\;_

a) ]

l-cyp. a) @, ('[), (pl(t) MacImTab004y GyHKIMIapAbH IpadUKTEpH;

6) \VO('[), Wl('[) “3HeNHK” BEeHBIICTTEPIUH CHMMETPHSUIIBIK )KaHa CHMMETPHSITYY

IMeC TYpY
AHpa Oasmctuk QyHKImsmap OopOoprmopy OYTYH caHmapaa OonroH
NS (V) =@, (v—i),k=01Vi,  6yn1  sxepme v=2"(u—-a)/(b—a)+1,

KOPYHYIIYHIOTY TYIOHTManap MeHeH Gepuner. V- Meiikunaurune Beipier —
@3repTYI Ty3yYHY maiinananyy menen dynkmus V" sxama W' neren oxu
aiiMakka npoekimananar, 6y xepae W - meitkuamurn V' MelknHaNrHHIH
V' Meilikunurune 4effMHKM OpTOTOHANAYY TOmyKToocy. Bonrommo ma V'™
MEWKUHANTUHIIETH (YHKIMSHBIH “OUp TOI OJIOHO” KOPCOTYIYIY (PYyHKIUSIHBIH
V'  wMelikupmuruagers  “6up Tom KeHMpH® KOPCOTYIYIIYHOH OKHIMK
JeruManus Kapaxatel (ap Omp Tak, ke ap OHp Kyl 3cem OamTaibIbIH
euypyy) apkeinyy amemaT. Tuemenyy dopMammsmmu Tysyy yayH, V'
MEHKHHIUTMHACTH ap Oup GasucTuk GyHkuus V - MeiKHHIMrMHACTH Ga3HCTHK
(YHKUMSIApABIH  CHI3BIKTYY KOMOMWHAIMSICHI KaTapbl aHJIWTHKAJIBIK TYPHO

TYIOHTYJyIly 3apbil. BeiiBnerrep HazapusaThiHZa Oyad KacHeT KaluOpIUK
KaThIll JeN aTajaT. YUYHYY Japakajarsl SpMUTTHK CIUIaiiHAap »kaHa 2



KaJUOpAMK KaThIIbl YYYH JACUUMAIMsSHBIH KO3(QduIMEeHTH TeMeHJery
(dopMyanapabH CUCTEMACHI TYPYH/I® OENTHITYY:

900 = 90(2t =D+ 2 (00(2) + 00(2 =2+ (pu(20) - 01 (2~ 2), @)

o) :gqn(zt—1)—%(<p1(2t)+<p1(2t—2)+<po(2t)—cpo(2t—2)).o <t<2.

Busaun yaypra V' MelKuBEANTH yayH 6a3sMCTHK (yHKIHANAp TalIbn
KYPYYUYJIopy KeHIWrH OOIOHYa O5KM 3ce 4YOH JjkaHa OopOopiopy OyTYH
cangapaa 6omron N«  (yHkumsiap katapel anbiHar. BeitBnertepauu
MEHKMHAWTMH aHBIKTOOTO KeJICeK, aHJa OKH TapaOblHaH TEH YeKCH3
YJIaHTBUITAaH OWpP KaJNBINTarkl TOPYOJOTY BEUBIETTEPAMH KIIACCHKAIBIK
TEOpUSCHIHA, Oap/AbIK CaHABIK OKTO OyNl Y4yH Oup raHa ‘“oHenuKk”’ BEHBIET
KBICBITAT ’KaHa KeUTBNIAT, skana W " jeren crutaifn BeifBmeTTepauH cepex
Topuonory V" MeHKHHIMIMH CKalApIbIK KoOOHTYyre KapaTa CraiHIapIbH
6up Kblila Kb Topdomory V' MeHKHHIMIMHE YeHHH OpTOTOHAIIYY

TONIYKTOO GONyI cananar. MareMaTukanbik Typae Oyn V- =V W' xen
’Kazpuiat. byn e’ TOMOHKY KOPYHYIITOTY ‘“PHEIHK~ BEHBIETTEp albIHTaH
(1-6, cyp.):

Yo (t) = =20, (2t) + 49, (2t —1) — 2, (2t — 2) — 21, (2t) + 219, (2t - 2), ©))
V1 (t) = 0o (2t) — 0o (2t — 2) + 99, (2t) +12¢, (2t —1) + 99, (2t - 2),

aylap Y4YH ToMeHery 6apabapIbsik OpyH aiar:
j“ oL (X—i)y! (x— j)dx = OVi, j wama k,1 =01.

OpMUTTHK KyOJIyK CIUIailH BeiBIeTTep Y4YyH Jucceprauusiia Oup
KaJbINTarsl TOPYOHYH XXyI >XaHa Tak TYHyHIepy OoroHYa alpbuiMa MEHEH
OO0JITOH aKbIpaJIMaHbIH alKbIH AMEC YEKTYY KaThIIITAPhl ajiblHraH. JPMUTTHK
KyOIyK cIulaiiH-BeMBIEeTTep YYYH MHUcAIJap KEITHPWITEH XaHa HupreMe
0oloHYa TYYHJAyJapAbl JCETOOHYH TYPYKTYy alrOpUTMH CYHYIITaJraH,
OUIOHJIOW  3JI€  TY3YJITOH  KOJJIOHMO  IpOrpaMMajiapiblH  NAKeTHHHWH
KapIaMbIHJIa SPMUTTUK KyOyK CIUTaliH-BeiBIETTEp YUYH SKCIEPUMEHTTEPANH
KBIMBIHTHIKTApPBl KENTHPHIITCH.

TemeHzery ieMMa JanuiiCHIN.

1 — Jlemma. Meiinu OKCB nun MymKyHAYK O6epyy nenrasmu L xana L>1

Y9yH

! 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
ol 0 -32 0 0| _, |0 9 48 8
s o -48 8| |1 4 -2 0o|"
0 0 0 16 0 -4 -2 1
16
0 -28 0 12 O 4 0 0
8 0 -60 0 8 0 12 0
0 0 32 0 0 0 0
0 0 0 16 0 0 0
4 0 12 0 -24 0 12
G- 0 12 0 8 0 -72 0
' 0 0 0 32 0 4 0
0 0 0 0 - 8 0 12
0 4 0 12 0 0
0 0 12 0 16 0
0 -28 0
8 0 -60 8
L 16_
(8 —96 48 0 T
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
Rl _ .0 9 48 8
11 4 -2 0 ’
1 1 0 1 -1 0
-2 -1 1 2 -1 0
0 1 1 1 0 1 -1
0 -2 -1 0 1 2 -1
L 0 -4 -2 1]

OoisicyH, Oyn >kepje, MaTpHUIAHBIH [UArOHAjdbl OOIOHYA >KANTalITHIPBIITaH
YEKUTTEP MaTPUIIAHBIH MaMbluajaapsl Oy yaypaa OMpHHYHM MaTPHIIA YIYH TOPT
Karapra, JKHHYM MaTpHIla YYYH 2 KaTapra TOMOHI® KbUIABIPYY MEHEH
KalTajgaHaT JAereH OCITnI0oHy OUIIHpPET.

Anna xepimn Topuomory OKC MEMKMHIWIMHUH Oa3suCTUK CIUIAHH —
(GyHKIHATIAp, CEUPEKTEIMHICH TOPYOMOTy O0a3uCTHK CIUIAiH-(QyHKIHsIIap
JKaHa BEUBJIETTEP YIYH TOMOHIOTY MaTPHUIANBIK Oapadapabik Tyypa 6010T

0'Gt = [(pL—l | WL—l]RL .
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1 - Hatbliixka. ODKC gpiH BeHBIET-aXKBIPOOJIOPYHYH MATPHUIACH YUYH
kaamaranmaii L ypykcar Oepyy JHAeHI?31u OONroH ydypjaa TOMOHIOTY
MaTpHLANIBIK Oapabap/blK OpyH ajar.

{Q—t}GL R, me[ } [PriQ ]

TeMeHKY Teopema JAaniIeHIeH.
—L L1 ¢L0 ¢L1 L1
1 - Teopema. == [E;o &0 &y ""'ézL T, L>1 MaTpPHUIAIIBIK

66HFI/IJ’IGQCYH KI/IﬁHDC6I/I3, MbIHJa MaTpHULAHbIH 3JICMCHTTCPU TOMOHKY TYPAOTY
TECHACMEIIED 0OIOHYA ACEITENTCH

(28 4 Lo Cr°-12¢5°
4 24 4 |Gt -12(8 + 8
L0 L,0 L,0
L 4 -28 é?a Céhi_lzgfd
(60 12 L Crt—8(&t + ;1)
12 -72 12 | G-t e
Lo 12 s : ’
L1l Ll Ll L1
12 60| |¢ C, 88,0, +&,0)

L 2-1

JKaHa
L0 1 —ct%i=24,..2"-2; € fc“ i=02,....2";
32 16
l,Oz_icl,O l,l:_ 1 (Cll 8(&114'(: ))
' 7R 48 0 '

Byn xepae MaTpuMIaHBIH JUHAroOHadbIHAATbEl YEKUTTEDP MATPHUIAHBIH
Komgocy Oy ydypaa THEIIENYYy HpETTe OHrO SKBUTYy MEHEH KadTanaHaT
JIereHI1 OMIIIUPET JIereH OeIrniIoo mainaaadbUIraH.

BeiiBneT-axbpipooHyH K03(DGHUIMEHTTEPH TOMOHKY MaTpULATBbIK (hopMyIia

MCHCH DCCIITCJICT.
L-1
c
e Rzt
DL

1 — Teopema arPOKCHUMAIIHSIIO0 KECUHUCUHUH y4TapbIH/a
(bUKCHpIICHIeH HOJIYK MaaHHUIepre 33 OONTOH YUYHUY Japa)kalarsl SPMHATTHK
CIUTAMHAP/IbIH BEUBIIET-2XKBIPOOCYHYH aITOPUTMHUH TOJTYK aHBIKTAMT.
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Xoropyna BeHMBIET-aKbIPOO KaThILTApbl (hopManmyy Typae ajbIHTaH.
Kuiiuaku ~ bpIpacToOmO  ajapAblH  JKallalllbl,  SKaNTBI3JABITBI  JKaHA
TECKEPHUIICHYYUYIYTY JaHIIICHICH.

1 — srpacToo. OKC yuyH 1 — TeopeMaHbIH KaThIIITApbIHA KapaTa Kalloo,
HKAJTBI3BIK )KaHA TECKEPUICHYYUYJIYK KaCHETTEPH OPYH ajar.

Byn Oenxymme kepceTyireH OWpPHHYM TYYHIYCY MEHEH CKaJISPABIK
KeOelTyyre KapaTa >apbIM OpPTOTOHAIIBIK, JKaHA Aa3alThUITaH TAalIbII
KYpyYdyre 33 O6onroH yuyH4y napaxanarsi OCB mu Typrysyy airopuTMmaepu
JKaHa ajap YYYH Y4 AMAroHAJAYy 3K MaTpHUIara a)XplpaTyy MEHEH aKbIH 3MeC
Q)XKBIPOO KATHIITAPHIH alyy OUp Kbliija )KOTOPKY TapTHIITETH CIUIalHIAp YIYH
JieTie YIIyHIal 3J1e 5K0J1 MEHEH TY3Y/IreH 0oylry MyMKYH, Oyn 6oiaco OCB nu
TYpry3yy aJlrOpUTMIEPHH TNapajuielb OeNyIITYpYY KaHa mMaijananyy y4yH
YKaHbl MYMKYHYYJYKTOPAYH TY3YAYIIYH KaMChI3 KbLIaT.

AHnaH apbl KyOAyK S3pMHUTTHK CILIaliH BEHBIETTEPAN TYPry3yy CXeMachlH
ONITUMAIIAIITHIPYYHYH OastHIaMachl KapajiraH.

TemeHzery TeopeMa JaIICHAN.

2 — Teopema. Meiimu

M5 =i (v=i),1=1,2,..25 -1k =0,1), ME(x)=w¥), M5 () =-w 2" -v),

GoncyH, Oy xepae v =2 (x—a)/(b—a),
Yo(t) =200 (2t +2) + 49y (2t +1) — 29, (2t) —15¢, (2t + 2) +15¢, (2),
1 (t) =790 (2t +2) — 7 (2t) + 399, (2t + 2) +132¢, (2t +1) + 399, (2t),
W (t) = @g (2t +1) — 4y (2t) + 36¢; (2t + 2) + 630, (2t +1) + 24¢, (2t).

AHIa  QYHKUMATAPIBIH oy L 00.ME(0,i=1,2,..,2" ~1(k=0,2, M} ,(x)}

CHUCTEMAChl TOMOHAOT'Y IIAPTThI KaHAaaTTAHAbIPAT

M5 (x"dx=0, k=0,1 Vi(m=0123)

xana W’ L >0 MelKMHIUIMHIE CyMepKOMIAKTTHIK TANIBIN JKYPYYYYJIOpre

93 OOJITOH 0a3MCTH TY3OT.

Y0akThUIyy KaTapiaapIsl HIITEN YbITYY Y9YH alrOpHUTMICPIH TECTHPIIOO.
[Iporpamma Ty3y/NreHIeH KHHHH, XOTOpyJa KOPCOTYJIreH spexe OoroHua
TYpry3yJiraH 3KH Y4 AHOTAQHAIAYY CBI3BIKTYY TEHIEMEJEepIHH CHCTeMachlHa
XBIPaTyy MEHEH OallTarKbl KaTapiap/blH BeHBIET-aXXbIpalIMaIapblH aTKapyy
MYMKYH Oonyn Kajar, jxaHa OONrOHIO Ja, TEKIIepYy OKCHEPHMEHTTEpPH
KOPCOTKOHIOM, JKOTOPKY BLIIAM/BIK MEHEeH. by Oanrta MINTEIMHUI YbITbUITaH
ANITOPUTM O9KH MaceJeHH 4YedyYyle KOJIOJOHYJNraH, aralm aiTKaHna, XapTeH
(GYHKUMSACHIH aNMpOKCUMAIMUIOOHYH MOJAEGNINK Maceliecu (OMpUHYM Macele)
Y4YYH KaHa aBTOMOOMJIIMK >KOJI TpaccajlapblH BapHALMSIIBIK MO/IEN/106 (3KMHYN
MaceJe) MacellecCuHIe.

Koropyna OasHmanrangapra TasHBII, BEWBIET-O3rOpTYN TY3YYHYH
AJITOPUTMHU TAJIIAHBIIT MIOTCJIWIT YbITbUITAH >KaHa BeﬁBHeTTep)II/IH HCTU3uH/IC
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Typry3yiraH HHpWIEpD MEHEH WIIIOCTPalHAIaHraH  BeHBICT-03repTyIl
TY3YYHYH Mucanbl KenTupwireH. OKbIMBIHTBIKTap TOMOHKY CYPOTTO
KEJMTHPJITEH.

s[e[ajel] #[H[¢] W[E] B[D] @B Masmpocnam fanmewe 3 A
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3 - cyp. bamrranksr niipnHUH HipHICHUIH
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4 - cyp. OpTou0JIOHTOH (YCPEAHEHHON) MAPHHKH Ipaduru

[ Npacparasn crmemsamms < wcno s swasuness seneveror ek
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5 — cyp. OpTOYOIOHTOH HHPUHIH UHPHICHUTIIA
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2-5 - cyperrepae Delphi mporpammanoo uelipecyHme IporpaMMaHbIH
uHTep(deiicn jkaHa JKalmaKk TYIOK 3MeC HHPHUHH — aBTOMOOWIIUK KOJNIYH
TpPaccachIHbIH IUIAHBIH KAKIIBIPTYYHYH YyAaanail 0acKel4Tapbl KOPCOTYJITOH.

OntuManiaiuTehlpyy/iad KUHMH =~ OallTankel HMHpUTe CaJIBIITBIPMAIYyY
UIPUHUH MHAPWICHUIIMHUH Tpadury anja KaHda a3 MOHOTOHIYK aiiMakTapbl
KaMTBIAT. bamrkaya aifTkana, onTUMaNAaIITHIPBUINAH UMPH JKaKIIBIPBIIN Kaiar.

OkuHUM ~ OanThIH ~ KOPYTYHIOYCYHAa  S-mapakajmarsl — 9PMHUTTHK
CIUTaltHIapApl BEUBIET-03TOPTYI TY3YYHY ONTHMAIAIITBHIPYy KapanraH jkaHa
5-mapaxanars! 0a3MCTHK CIUIAMH-BEWBIETTEPINH CHCTEMACH! TypTy3yJTraH.

TeMeHKY TeopeMa JalIHuIICHTEH.

3-TEOPEMA. Meiinu

M2 (%) = Mo (v), M73(X) = My (v), M2, (x) = M, (v),
ML (X) = Wo (v), M (x) = W (v), M, (X) = W, (v),
Myt o () =Wo(2" =V), M, ()= —wy (2" =v), My, ()= w, (2" —v), L 21,
Mio(X)=wo(V+3/2—i), M7(X) =y (v+3/2—i), M (X) =y, (v+3/2 i),
i=23,..2"-1,L>2,
6oncyH, 6y xepae V=2"(x — a)/(b — a), xana
Mo (t) = 0 (2t) — 4o (2t +1) — 4o (2t 1)+ 84(gy (2t +1) — @y (2t ~1)) -
—828(p, (2t +1)+ ¢, (2t - 1)),
M (t) = 35¢; (2t) — 200(p (2t +1) + ¢ (2t —1)) + 80y (2t +1) -
— 8¢ (2t —1)+ 2280(, (2t +1) - o, (2t 1)),
M (£)=35¢, (2t) - 251(p, (2t +1) + 9, (2t =1) - pg (2t +1) -
—po(2t —1)+ 23(¢y (2t +1) - 4 (2t - 1),
W (t) =1296¢, (2t +1)+ (79900, (2t) — 538, (2t —1) - 415450, (2t) -
— 411400, (2t —1)— 9240400, (2t) + 4380409, (2t 1)),
Wi (t) = 4320, (2t +1)+ (2830, (2t) - 12¢4 (2t —1)-1161¢, (2t) -
—12880, (2t —1) - 32372¢,(2t) +13520¢, (2t -1)),
W, (t) = 21600, (2t +1)+ (770, (2t)— 2 (2t —1)— 2450, (2t) -
— 3200, (2t —1) 89009, (2t)+ 33200, (2t - 1)),
Vo (t) =16400(2t) + (28p, (2t +1) + 28¢y (2t —1) +1150¢, (2t +1)—
—115¢, (2t —1)-132000,(2t)),
W1 (t) =800 (2t) + (— @p (2t +1) + g (2t —1) + 37, (2t +1) +
+370, (2t —1) + 4120, (2t +1) - 4120, (2t - 1)),
W, (1) = 4640, (2t) + (— 4pg (2t) - 110, (2t + 1)+ 11, (2t 1) -
~112¢, (2t +1)-112¢, (2t - 1))
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Anja  QyHKUMATAPABIH {Mﬁk(x), i=12..,2" (k=0 1,2)} CHCTEMACHI

TOMOHKY HIapTTapAbl KaHaaTTaHAbIpAT
b
LMiL_k (x)x"dx =0, k=0,12 Vi(m=0.1...5)

xaHa W, , L>0 melikunauruaae 06a3ucTu Ty3eT.

f

6 — cyp. DKH CHMMETPHSUTBIK XaHa OHp aHTHCHMMETPHSUTBIK
yo(t), wi(t), wa(t) “aHenMK” BeHBICTTEPANH KOPYHYIY

VYiyHyH HerM3HH/e OCMMHYM AapakaJarsl 3pMUTTUK CIUIaiiH-BeHBIEeTTEp
Y4YH  @XKbIpaTyy  KaTblIUTapbl  aJblHMAH  JKaHa  JKCIEPUMEHTTEPIUH
JKBIMBIHTBIKTAPhI MEHEH CaHABIK MHUCANJap KEITUPUIITEH.

Yuynuy Oam aBTOMOOWJI J>KOJNJOPYHYH OETTEpHH MOJIEIICIIUTPYYTO
KapaTa KOJJOHYYyJarbl MyJbTUBEHBIET HINTEN 4YBITYYy alTOpPUTMAEPHHE
apHanrad. OKU eI4eMYY y4yp YUYH BEMBIET-03ropTYI TY3YYy Kapairad. Atan
aiiTkaHna KyOayK MyJbTUBEHBIECTTEPAMH HETM3HWH/E KU ©I46eMAYY BEHBIIET-
©3repTYII TY3YYJIep KapairaH. banTeiH Hern3ru 6esyry KHaupeidTuiIreH Tanmbl
KYpPYYdyre 33 O0iroH KyOmyK MyJIbTHBEHBICTTEpAMH >KapJaMblHAA OeTTepau
MOJENIEIITUPYYT® apHANraH — CAaHABIK JKCHEPUMEHTTEPINH KbIMBIHTBIKTAPBI
KEATUPWITEH. DKH OI9eMAYY BEHBIIET KBICYyHYH alTOPHUTMHU IPOrPaMMAaIbIK
TYpZle pean3alMsUIaHraH XkKaHa anpoOalusuIaHraH.

ABTOMOOWJIIUK ~ KOJNJAOPAY  MOACIJACIITHPYY Y4YYH  CYHYIITaJraH
aTOPUTMJCPAN KOJIOHYY SKOJAPAY Ja3epIuK CKaHUPIee OepUIUIITEepUH
IIBIH aJla MIITEN YBITyyHY JXaHa OCpMIIMIITEPIUH THK OypyTyy HpPreMecuH
allyyHy Tajall KbUIaT. YIIyJl MakcaTTa JIa3epAuK CKaHUPIIee OepUIHIITEPHHEH
afpeIM cKaHaap/pl 06yl aiayy, TpacCaHbIH YETHHJETH allblK4a YEeKUTTEpIH
JKOTOTYY, KU CKaHIbIH OPTOCYHJArbl KOPpeNslys YCyJIyH KOJIOHYY, CKaHIbI
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CYpyyHY (TpeOHs) JOKanAamTelpyy, aBTOMOOWIIMK IKOJIAY Jla3epAuK
CKaHHpie® OepwiMIITepuHACTH OomTyKTapasl Talyy JkaHa TONTYpYyy
Macenenepu KapairadH. BeiliBier-aHanuza yd4yH [aijgacsl THE  Typras
OepHJIMIITEPAN UPree — XaJblOaNblH alyy Y4yH Bpe3eHXaMIuH anropuTMUH
KOJJIOHYY cyHymrtanrad. CyHyIITalral ajiropuTMIep MpOorpaMMaiblK TYPIO
peanu3anysUIaHraH jKaHa arnpoOalsyIaHraH.

Tepryuy ©Oamrta Delphi miaTdopMacbiHBIH HErusMHIE aBTOMOOWI
KOJIOPYH MOICIACINTHPYY YYypyHZA MYJBTHBEHBIET WINTEN YBITYYHY
peanu3arsIoody IporpaMMaiIap/blH MAaKeTHHHH OastHaamack! OepunreH. [lakerre
rpadukTrk Te3neryyHYH (Open GL TeXHOJIOTHACKH) armapaTThK KapakaTTaphl Ja
KoJmoHynradH. KonmoHMmo mporpaMmanapIsiH NaKeTHHHH OJOK cXeMaapbIHBIH
GyHKUMSIapel,  OLWIOHAOW  3J€  TyypachlHaH  KeTKeH  CKaHAApAbl
aNNpakIUMAMIo0  YYYH  OKH  YEHEMIYY  MYJbTHBEHBIIET-03rOpTYI
TY3YYJA6pAY KOJOHYYHYH >KaHa JIa3epAuK CKaHEepIeeHYH MaTepHaniapbl
0oroHYa aBTOMOOWIIAMK JKOJJOPAYH YCTYHKY OETHH MOJENIOOHYH CaHIIBIK
JKaHa TIIpaKTUKaJIbIK )I(BIﬁBIHTLIKTapLI KEJITUPUIITCH. Wmrrenun deIrbUIrad
IIporpaMma TOMOHIeI'YAeH MacenenepIu Ye4KeHre MYMKYHYYJIYK Oeper:

1. Texcrruk (aitnpapaa 6epuireH Jla3epAUK CKaHUPIOOHYH OSpHITUIITEPHH
HUMIIOPTTOTO;

2. Bepwirennepnue OynyTyH (oOnaka IaHHBIX) CKaHAApra aXbIpaTyyHY
KYPTY3YYTo;

3. DOrep kaiftananyydy ckanaap 06ap 60Jco, ajgap/ bl )KOTOTyyra.

4. Bepunuintep OyIIyTyHaH KOJ THIKECHHIH OETHH 06Tyl KOpCOTYYTe KaHa
XKOJI OSTHHUH MOJENHMH TYpry3yy YYYH Naigacel THe TypraH OepHIIMIITEpIH
UPTreeHY XYPTy3yYre;

5. Tannanran npoduiaepae xaHa IuiaHaap/a Kaajaraniaai JeTangallTepyy
Jlapakacbl MEHEH CKaHIAp/IbIH, TPEKTEPANH jKaHa KOJIAYH OETUHHH IpaduKTHK
CYPOTTONYIIYH KOPCOTYYTO;

6. OpenGL TexHONOTMSACHIH maijanaHyy MEHEH JKOJJIyH O€THHHH Y4
©JTYOMIYY BU3YAIIIBIK KOPCOTYIYIIYH Oepyyre;

7. Kaanarangaif TanmanraH CKaHAbl JKaHa >KOJNJIYH KaajlaraHaail TpeTuH
BEHBIICT-aHAJIN3 KYPIY3YYTre;

8. IndopmarusiHel  KbIcyy y4ypyHOa Tmaiina Ooiyydy KaTaJbIKTap/bl
CTaTUCTHKANBIK 0aallooHy ailyy MEHEH OHWCBI3BIKTYYy na OukyOayk na
MyJIBTUBEHBICTTEPAN TaWIalaHyy MeEHEH OeTTepau BeWBJIeT aHalu3
KYpPrysyyre.

buceizpikTyy ke  OMKYOAyK  MYJIBTUBEHMBICTTEPIUH  JKapAaMblHIA
OepunuITepIn KBICYY KOy MEHEH OeTTepauH MOJIEJIIEPUH
ONITHMAAIAIITEIPYY MYMKYYYJIYTY MHUcajiapAa KepceTylreH. AWTa TypraH
6osicok, Oepunumurepan 3,97 Kbicyy KOI(QQHUIMEHTH MEHEH OHWCHI3BIKTYY
MYJbTUBEHBICTTEPAMH JKapJaMblHAAa KbICyyla maiza Oomyydy, Oertu
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annpoKCHUMAIUsIIOOHYH OPTOYO KBAJpATTBHIK KAaTalmbIrbl 7.44 MM J€H alllmaiT.
VYuyngai ase Kelcyy Ko3Q(GUIHEeHTH MeHeH OUKYOIyK MyJbTHBEHBICTTCpANH
KaplaMbIHJa KbICyy/a naiina 0onyydy OSTTH alpOKCHMALUIIOOHYH OPTOYO
KBaJPAaTTBIK KaTaJbIBl 5.7 MM J€H ammaiT. DKM ydyplaa TEH YeTTOOHYH
MAaTEeMAaTHKAIBIK KYTYYCY OUPHHYH YUypIy 8,510 M re, am MM SKHHUK
yuypna 9,4-10™ M re 6up a3 KbUIBIIIKAH GOIYTI KaJaT.

CaHOBIK  OKCIIEPUMEHTTEPIUH O KBIMBIHTBIKTAphl BEMBIET ©3repTynn
TY3YYHYH aBTOMOOWIIVK >KOJIOPAYH OCTTEpMHHMH MOJEIIEPUHJIE KOJIOHYY
Y4YH @paKkTHKalbIK JKaKkTaH @aljalyy OSKEHIWIMH KepcereT. Wmrenumn
YBITBIITaH MOJAET aBTOMOOMJI JKOJJIOPYH OHAON-TY360HY  J0JI000pIIOO
ydypyHJa YBITBIII KETKEH JXEpPJIEpAM KECYy jKaHa YyHKypIapAbl TONTYpYYy
00IOHYa WINTEPAMH KOJIOMYH IPAKTUKAIBIK JXaKTaH O3CENTeN 4YbITyy Y4YH
naimasyy 6oJoT.

Kongoumo mporpaMManapIslH TalJaHBII UINTEIUHUI YBITBUITAH MaKEeTH
P® wpm Tomck 1maapwiHmarel «MHZOP-MoOCT»  10NO0OPAYK YIOMyHYH
MPAaKTUKAIBIK HIIUH/IE UIITKE KUPTU3MITEH.

B Tporpawusa npocuorpa gar v ccaniepa - DcepraLpm Kyyesa T———
Gaiiner Mpsss Mnmocrpeum Anmpoxcmsapn
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7-cyp. Herusru nporpaMMaHbIH CHIPTKBI KOPYHYIITY
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HETM3I'M )KbINBIHTBIKTAP )KAHA KOPYTYHJIYYJIAP

* Canapuntuk uH(pOpManMsIApABI MYJIBTUBEHBIICT-HIITEN YBITYYHYH
3CENTes AITOPUTMAEPH CYHYIITAITaH;

+ Canapuntuk uHGOPMaNUSIAPAbl  MYJIBTHBEHBIET-UIITEN  YBITYY
QITOPUTMICPHH ONTHMAIAIITEIPYYHY JKYPry3yyre MYMKYHYYJIYK Oepyyuy
WINMHA XBIBIHTBIKTAP aJIbIHTaH;

+ CaHapunTuk MaajbIMATTapIbl  MYJIBTUBEHUBIET-UINTEN  YBITYYHY
AaBTOMOOWJIZIMK ~ JKOJIOpAY  TpPaccupiee  INpoOjeMalapblH  4Yeuyyyle
naijananyyHyH TEOPUSUIBIK HETH3/IEMECH aTKapbUIIbI )KaHa H3HIICH TN,

* ABTOMOOWJIAMK JKOJIOPAYH YCTYHKY O€THH MOJENIee Y4YH
CaHAPUNTUK MaajbIMaTTapAbl MYJIbTHBEHBIECT-UINTEN YBITYYHY KOJIJOHYY
MEHEH OOJIrOH KOJIJOHMO MPOTpaMMaliapiblH MaKeTH UIITEIHI YbITbUIBI;

* buceBbikTyy )€ OMKyOmyK MyNbTHBEHBIETTEPINH >KapAaMbIHIA
OepuITHIITEepIU KBICYY KOy MEHEeH OeTTepIuH MOJIETACPUH
ONITUMANJIAIITBIPYY MYMKYHUYJIYTY KOPCOTYJITOH.

JuccepranusaHelH KbIMBIHTHIKTapel Tomck, KpacHosipck, HoBocubupck,
Bumkek, Om 1maapiapblHBIH 3J1 apaliblKk WIMMHH KOH(pEpeHUIHUsIapblHIa
’KaHa CeMHHapiapelHAa ampobanusuiaHraH okaHa [1]-[26]  geiinHku
KyMyluTapaa okapeisutanradH. PO semH Tomck maapsiaaarsl «Mumop-Moct»
J0I000PITYK YIOMyHYH TIPAKTHUKAIIBIK KYMYIIyHa KOJIZIOHMO
nporpaMMaiap/blH TAKSTHH UIIKe KUPTU3YY aTKapbuIAbl (MIIKe KUPTU3YY AKThI
THUPKEJITEH).
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Kynyes Anteibex JKammnbexoBnutu 05.13.01 — Cucremansik aHanus, Oamikapyy sxaHa
MaalbIMaTTapAsl HITen 4bryy skaHa 05.13.18 — MaTeMaTHUKaIBIK MOZENO6, CAaHIBIK
METOANOP JKaHa IPOrpaMMalapfblH KOMIUIGKCH aJUCTHKTEpH OOIOHYA  TEXHHKA
WIMMJIEPUHUH ~ KaHAWJAATBl  OKYMYIUTYYIyK  JapakachlH  M3JEHUN  alyy  Y4YH
“MyJIbTHBeIiBJICTTEPAN KOJJOHYY MEHEH CAHAPMIITHK Maa/lbIMATTAPAbI HIUTEN YbITYY
aJITOPUTMEPH ONTHMAAAITHIPYY” JETeH TeMaJarsl JUCCepTalusIChIHA

PE3IOME

YpyHTTYY co3nop: criaHaap, BelBIETTED, DPMHUTTHK cIutaiiHaap,
MYJIbTUBEHBIIETTED, BEHBIIET-03rOPTYII TY3YY.

M3unianee 06bekTH: aBTOMOOMIIIUK SKONAOPAY TPAcCHPIee >aHA IUATHO3IOOHYH
aBTOMATTALITHIPYY CHCTEMAChIH UIITEI YbITYYHYH jKaHa aBTOMOOMIIIUK XKOIIOPIYH YCTYHKY
OeTHH MOJENeOHYH, aBTOMOOMIIIMK >KOJIZOPY OHJI0O0 JKaHA TY30TYY IPOSKTHUPIIOOCYHIOry
Kelireinepny  uyeuyylde CaHAbIK  MaaJbIMaTTapAbl  MYJbTUBEHBIET-UIUTEN  YBILYY
AITOPUTMIEPH.

KyMymITyH MakKcaThl — CaHIBIK MAaalbIMaTTapAbl MyJIbTHBEHBICT- MIUTENl YBITYY
AITOPUTMJIEPUH TYpPry3yy >KaHa ONTUMAaJIAIUTHIPYY MEHEH OaiilaHbIlIKaH WIMMUHA dkaHa
IPAKTHKAJbIK Macelelepay Yedyy, MUCAIbL, aBTOMOOMIIHUK KOIIOPAY Ta3epIHK CKAHEPIoo
&KaHa OyJI aIropUTMAEPAN aBTOMOOUIIIUK SKOJIIOPYH YCTYHKY O€THUH MOZEI106/10 KOIIOHYY.

H3unipee ycyngapbl: KOIOJNIaH Maceneliepiy 4edyyle BeHBIETTep TeopHsach, B -
CIUIaHAp ’KaHa PMUTTUK CIUIaHHIAp TEOPUsCHl, albIpMalIbIK TEHAEMENEPAUH TEOPUSCHI,
OIIOHAOM 3116 DDOM e caHIBIK MOAEN106 METOAOPY KOJIIOHYJIITY.

AJIBIHTaH KBIABIHTBIKTAP JKAHA AJAP/bIH KAHBLIBITbI:

* CrutaifHnap MEHEH OpTOYO KBAAPAaTTBIK ANIPOKCUMALMSIOO TEOPHSCHIHBIH HETM3HUHIE
MaanbIMaTTapAbl MYJIbTHBEHBIET-UIITEN 4BIT'YY alrOPUTMAEPHH TYpPry3yy CXeMachblHa
THEIIeNYY JapakaJarsl KeIll My4enepre O0IroH OPTOrOHANAYyIyK KACHEeTH KUPIU3UITeH;

» CaHIpIK MaabIMaTTapbl My/IbTUBEHBIET-MINTEN 4BITYy aITOPHIMICPUH KaTyy
JMOTaHAJIBIK  apTBIKYBLIBIKTApra 33 OOIIOH CBI3BIKTYY TEHIEMEIEPAHH Y4 JHArOHAIAYy
CHCTEMACBHIHBIH KO3 KapaHJbl SMeC YEUMIHIIUHE ONTUMAIIAIITHIPYY jKaHa MapajUIeIACIITHPYY
aTKapbUIIBL;

* ABTOMOOWJIIMK  KOJIOpAY  TPaccupiee  KeHreiIepyH 4Yeuyyle  CaHapHITHK
MaaJbIMaTTap/bl MyJIbTUBEHBIIET-UIITEN UYBITYYHY KOJJIOHYYHYH TEOPUSUIBIK HETU3EeMECH
Oepuures;

+ JlasepIUK CKAaHEPIOOHYH MaTepHATNapblH MyJbTHBEHBIIET- MINTEN YbITYYHY KOJIOHYY
MEHEH aBTOMOOMIIIUK >KOJIOPIYH YCTYHKY OETHH MOJIENI00 YUYH KOJJIOHMO HPOrpaMMasIap/ibiH
MaKeTH UIITEIHIT YbITbUITaH;

* bepmmmrepau OuKyOQyk BeWBIETTEpIHH KapAaMbIHAA KbBICYY XXOIy MEHEH
0eTTepAUH MOJEIICPUH ONTHMAIAAIITHIPYY MYMKYHUYJIYTY KOPCOTYITOH.

MMaiinananyyra xapara cyHymrap: JlccepTalMsIbIK KyMYIUTYH JKBIMBIHTBIKTaphI
Ja3epAuK CKaHEPIeeHYH OepIireHAep aiMarblH xkaHa OeNYHTeH 0achlll ©TKeH OeIYKTYH
OepuireHep aliMarsIH ajIbIH ajJa HINTEN YbITyy alIrOpUTMICPHH jKaHa 6TMe OenyKTy 6oy
aJlyyHy TPOrpaMMalibIK PealH3alMsuIooro xkKaHa anpoOalusiIooro MyMKYHUYIyK Oeper. Dku
YEeHEMJlYY BEHBIIET — KbICYyHYH aITOPUTMM HIUTEIMI YbITBUITaH jKaHa anpoOalusIaHTaH.
CaHIBIK SKCHEPUMEHTTEPIHUH >KBIHBIHTHIKTAPEl aBTOMOOMIIIUK >KONAOPAYH YCTYHKY OeTHH
OHJIOM TY366 A0J000PIOPYH aBTOMATTAIITHIPYY/Aa OHCHI3BIKTYY J1a, OLIOHION 3Je OUKYOmyK
Jla SPMUTTHK CIUIAiH — BEHBICTTEpM MNaljanaHyy ydyH BEHBIET-©3repTyN TY3YYJIOpAYH
MIPaKTHUKAJIBIK XKaKTaH MaiaaryyIyryH KepceTer.

Komnonyy aiimarbi: CaHapuOTHK MaalbIMaTTapAbl MyJIbTUBEHBIET-HINTEN YBITYY
ITOPUTMJIEPUH ONTUMAJJIALITBIPYY, ABTOMOOMIIIUK XKOJIIOPILY TPACCHUPIIOe, aBTOMOOWIINK
HKOJIIOPIYH YCTYHKY OETTEpHH MOJIEN/00.

23



PE3IOME
muccepranun Kynyesa Antein6eka JKanunOexoBuda Ha TeMy: «ONTHMH3AIMS aJITOPUTMOB
o0padoTkn uudpoBoii uHGopMaALMU ¢ HCOOIb30BAHHEM MYJbTHBEIBIETOB» Ha
COMCKaHME YYCHOH CTENEeHM KaHAWAaTa TEeXHHYECKHX Hayk 1o cnenuanbHocTsiM 05.13.01 -
CucreMHbIH aHanu3, ynpasienue U oopaborka uHpopmaruu 1 05.13.18 - MaremaTnueckoe
MOZICIIUPOBAHUE, YHCIICHHBIE METO/IBI 1 KOMILIECKCHI IIPOTPaMM.

KnioueBble cjioBa: cruiaiiHbl, BEWBIIETH, DPMUTOBBI CIUIAWHBI, MYJbTUBEHBIETHI,
BeiiBaeT-npeoOpa3oBaHue.

OO0beKT MCCJAENOBAHHUS:  aNTOPUTMBI  MYJIbTHBEHBIET-00pabOTKH  1H(POBOI
“HPOPMAIIMKM B PEUICHMH NPOOJIEMbl TPACCUPOBAHUS aBTOMOOWJIBHBIX JOPOT H  JJIst
MOJICTIMPOBAHUSI  TIOBEPXHOCTEH  aBTOMOOWIIBHBIX ~ JOpPOr IIpH  pa3paboTKe CHCTEM
aBTOMATH3ALUH JUATHOCTUKH, TIPOCKTHPOBAHKS PEKOHCTPYKIUH U PEMOHTA aBTOMOOHIBHBIX
JIOpOT.

Leas padoTbl — penieHre HayuHbIX U MIPAKTHYECKUX 3a/]a4, CBA3aHHBIX C TIOCTPOCHUEM
d ONTHMH3ALKEH aIrOpuTMOB MYJIBTHBEHBIICT-00paboTkH 1udpoBoit  uHbOpManuu,
MOJIy4yaeMoi, HampuMmep, HpPH Ja3epPHOM CKAaHUPOBAaHWHM aBTOMOOWIBHBIX JIOpOT, U
HCIIOJIb30BaHKUE ITUX AJITOPUTMOB ISl MOJICIMPOBAHMS TIOBEPXHOCTEH 1OPOT.

MeToabl HCC/IEIOBAHUS: [IPH PELICHUH MMOCTABJICHHBIX 3a/1a4 MPUMEHSUTHCh METOJIbI
TEOpUH BEHBIICTOB, TEOPHH B-CIUNIAWHOB W JPMHUTOBBIX CIUIAHHOB, TEOPHH Pa3HOCTHBIX
YpaBHEHUH, a TaK)Ke YUCICHHOE MOAeInpoBanne Ha DOBM.

IMosy4eHHbIe Pe3yabTAThl H X HOBH3HA:

* Ha ocHOBe TeopuH CpeIHEKBAJPATUYCSCKON AalllPOKCUMALMK CIUIAHHAMH B CXEMY
OINTHUMH3ALMH  AITOPHUTMOB MYJIBTUBEHBICT-00pab0TKH L(pPOBON HH(OPMALMK  3aJI0KEHO
CBOWCTBO OPTOTOHATIBHOCTH MHOTOYWICHAM COOTBETCTBYIOIIECH CTEIICHH.

* BhbINonHEeHO pacrapasiieiiBaHHe AJIrOPUTMOB MYJIBTHBEHUBIICT-00pa0OTKH 1U(POBOI
uHGOPMALMHM TYTEeM CBEICHHSI BBIYMCIHMTENIBHOIO TIPOLECCa K HE3aBUCHMOMY PELICHHUIO
TPEXIMaroHaIbHBIX CHCTEM JIMHEHHBIX YPABHEHHI CO CTPOTMM IMArOHAIBHBIM IPE00IIalaHueM.

» Jlano TeoperHyeckoe OOOCHOBAHHME  HCIIONB30BAHUSI  MYJIBTHUBEHBIIET-00PaOOTKU
rpoBoit HH(OPMAIMK B PEILICHAH POOJIEMBI TPACCHPOBAHHST aBTOMOOKIIBHBIX JIOPOT.

* Pa3paboTaH makeT MPUKIAAHBIX MPOrPaMM JUIi MOJCIHPOBAHMS IOBEPXHOCTEH
aBTOMOOHJIBHBIX JIOPOT C MPUMEHEHHEM MYJIBTHBEHBICT-00pA0OTKH MAaTephalioB JIa3epHOTO
CKaHUPOBAHMSL.

* TToka3aHa BO3MOXKHOCTH ONTHMH3AI[MH MOJENCH IOBEPXHOCTEH IMyTEM CXKATHU
JAHHBIX C TOMOIIBI0 OMKYOHUECKUX MYJIbTHBEHBIICTOB.

PexoMeHanMu 10 HCHOJIB30BaHMIO: Pe3ynbraThl  IUcCepTAlMOHHONW — padoTHI
MO3BOJISIOT TMPOTPAaMMHO PEAM30BaTh M anpoOMpOBATh aJITOPUTMBI IMPEIBAPUTENLHON
00paboTkn obsiaka [aHHBIX JIA3€PHOTO CKAHUPOBAHUS W BBIACICHHUS TPOE3KEH YacTH.
AJITOPUTMBI JIBYMEPHOTO BEHBIIET-CXKATHS IMPOIPAMMHO PEalTNU30BaHbl U anpOOUpPOBAHBL
Pe3ynbTaThl YHCIEHHBIX YKCIEPUMEHTOB MOKA3BIBAIOT NPAKTHYECKYIO MPUTOJHOCTD BEHBIET-
peoOpa3oBaHus Ui HCIOJIb30BaHHs KaK OMIMHEHHBIX, TaK M OMKYyOMYECKHX SPMUTOBBIX
CIUIAl{H-BEWBIICTOB TPH  ABTOMATH3alMM  IPOCKTHPOBAaHMS PEMOHTa  IOBEPXHOCTEH
aBTOMOOHJIBHBIX JIOPOT.

O6aactb npuMeHeHusi: OnNTUMHU3alMs AITOPUTMOB  MYJIbTHBEHBIIET-00pabOTKH
mwidpoBoit  mHOpPMANWK, TpPacCHpOBaHHE AaBTOMOOHIBHBIX  JOPOT, MOJECIHPOBAHHE
MOBEPXHOCTEH aBTOMOOHMIBHBIX IOPOT.
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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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