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AHHOTauuA

B nannoit pa60Te paccMaTpuBarOTCd OCHOBHBIC CTa/lUM PA3BUTUSA
Hay‘{HOﬁ BHU3YyaJIU3allun Kak CaMOCTOSITEIIbHOM Hay‘IHOﬁ
JUACHUITTUHBI. PaCCManI/IBaeTCSI OBOJIIOLUA U TICPCHEKTUBBI
pasBUTHUA  OCHOBHBIX KOHHGHHHﬁ, METOAOB W  IIOAXOOOB
BU3YaJIbHOI'O MpeACTaBICHUL PpE3yabTaTOB YUCJICHHBIX
HUCCIIEIOBAaHUM 3a7a4  BBIYMCIIUTEILHON (1)I/ISI/IKI/I, B INEpPBYIO
o4epeab, 3a/la4 MEXaHUKHU KUIKOCTHU U Trasa.

Knrouesvie cuoea: Hay4Has BU3YATU3AYUAL,
BU3YATIBHO20 npe()cmasﬂeuwl, Memoobl susyaiusayuu .

KOHYenyusl

1. BBEOEHUE

JlanHas paboTa NMpeAcTaBIseT aBTOPCKUI aHANU3 SBONIONUU U
MEPCIEeKTUB Pa3BUTHs KOHLENUUA W METOJOB BHU3YaJIbHOTO
MPEACTaBICHHUs] PEe3yJIbTaTOB YWCISHHBIX HCCIENOBaHUH 3a1ad
BBIYMCIHTENPHON (U3UKH, B TEPBYIO oOYepelb, B MEXaHHKE
KHAAKOCTH ¥ Ta3a. JlaHHBIM aHAM3 OCHOBAaH IMPEHMYIIECTBEHHO
Ha  OTEYECTBEHHBIX  pa3paboTkax B  00JacTM  HAy4YHOU
BU3YyaIM3aLUH.

VHTEeHCUBHOE pa3BUTHE BBIYMCIMTENBHON TEXHHKM U METOJOB
MaTeMaTH4YeCKOTO  MOJENHPOBAaHMS  C(HOPMUPOBATU  HOBYIO
Hay4HYIO JMCIUILIMHY, KOTOpas IOJNy4YWIa Ha3BaHHe HAyYHAsA
eusyanuzayusn (Scientific visualization). PazButne Hay4HOU
BU3YyaIU3aIiI Kak CaMOCTOSITENTBHOI JCIIUTUTHHEI,
BOCTpPEOOBaHHOW BO BCeX 0€3 HMCKIIOUEHHS O0JaCTsAX 3HAHHS,
HayKH W WHKCHEPHBIX TEXHOJIOTHH, 3aHAIO [Ba IECSATHICTHL.
310 00YCIOBIEHO TeM, YTO Pa3BUTHE METOMAOB, aITOPUTMOB U
MOJIXOMOB BU3YalbHOTO IPEJCTABICHUS YHCICHHBIX TaHHBIX
MPOMCXOAMIO  HA Ka)kKAOM OJTale Kak OTBET Ha peajbHbIe
HOTPeOHOCTH HAyKH M TEXHHKH K 3TOMY MOMEHTy. J[laHHoe
pa3BUTHE COOTBETCTBOBAJIO YPOBHIO CIIOXKHOCTH PELIaeMbIX
3a7a4, YPOBHIO Pa3BUTHs BBIYHUCIHTENIBLHON TEXHUKH, YPOBHIO
Pa3BHUTHS MAaTEMaTHYECKUX METOIOB.

OZHOBpEMEHHO  pPa3BUBAIMCh  KOHLENLIUHM  BU3YaJIbHOIO
MPE/ICTABICHUS YHCIICHHBIX JTAHHBIX, COOTBETCTBYS
KOTHUTUBHOMY YpPOBHIO U IOTPEOHOCTSAM HAayKH U TEXHUKH B
cooTBeTcTByromuil mnepuoxa. JaHHas pabGoTa paccMaTpHBaeT
IpoLecc MCTOPUYECKOrO Pa3BUTHs HAy4HOH BH3yanu3allUM Kak
OTZAENBHOM JUCLUIUIMHBI U Pa3BUTUS KOHULEMIMH BU3YyalbHOIO
HPEJCTAaBICHUS YHUCICHHBIX JaHHBIX. TaKKe paccMaTpUBalOTCA
COBPEMEHHbIEe MOTPEOHOCTU M MEPCHEKTUBBI Pa3BUTHUS METOJOB
BU3YaJIbHOTO NIPEACTaBICHHUS.

2. PA3BUTUE HAYYHOW BU3YATIU3ALIUM KAK
OTAENbHOU AUCLIUNITIUHDbI

Tepmun Hayunaa Busyanuzayus (Scientific visualization)
MOHSATCH HAa HHTYUTHBHOM YPOBHE — BCEM SICHO, YTO PE4b HJIET O

BU3YaJIbHOM NIpe/ICTaBICHUHI pe3yJIbTaToB Hay4YHBIX
HCCIIEJOBAaHMH C TOMOIIBIO CPEICTB KOMITBIOTEPHON IPaHKHL.

Hayynas Bu3yanm3amus MEpeBOANT Pe3yNbTaThl  HAYYHBIX
HCCIIEeIO0BAaHNH, BEIPAXKEHHBIE B YHCIEHHON (opMe, B BU3yanbHbIE
oOpas3sl. BusyanpHoe mpeicTaBieHHE YHCICHHBIX JaHHBIX
obueryaer paboTy ¢ uH(popManueil u oOMeH 3Toi HHpOpMarIHeil.
Ho rnaBHas menb — yBHJAETb, TO, YTO paHBIIE HENb3s OBLIO
yBHAETh. MIHa"e ToBOps, yBHAETh - HEBUIHMOE.

VYBUIETh HEBUAMMOE XOTENU BCErjaa — 3afoJiro JI0 MOSBIEHUSA
KOMIBIOTEPOB. bonbias dYacTh SKCIEPUMEHTOB B  (U3HUKE,
MeXaHHMKe JXKMAKOCTH U ra3a, TEOpUM YNPYroCTH HMMeNa CBOEH
LENbl0 HE TOJIBKO MONYyYUTh M M3MEPHTh KOJIUYECTBEHHBIC
XapaKTepPHUCTUKH SBJICHUS, HO ¥ YBUCTH UX, CIeNaTh QH3NIecKie
MPOLECCH BUAUMBIMU. MOXXHO BCIOMHHUTH B SICpPHOH (u3mKe
KaMepy BuubcoHa, B KOTOpPOH HCCIEIYIOTCS TPACKTOPHH
SIIEPHBIX YacTHI C UCHOIb30BaHUEM (oTorpaduii 3TOro sIBICHHU.
MOXHO BCIIOMHUTb OJKCIIEPUMEHTalIbHble PAa0OThl B MEXaHHUKE
KHUAKOCTH M Ta3a, TIJe HMCIOJB30BAJOCh IOAKPANINBAHUE
JJAMMHAapHBIX MOTOKOB B KaHalaX, HAKICUBaHUE MAJIMHHBIX
LIEJIKOBBIX HUTEH Ha MOJEIM M MAaKeThl, pa3MeLlaeMble B
a’pOIMHAMUYECKUX TPYyOax.

CymecTByeT aHaJOTHs MEXAy YHCIEHHBIM U (QU3MYecKUM
SKCHEepPUMEHTOM. B  ¢m3nmueckomM 5sKkcriepuMeHTe BO MHOTHX
CllydasX HMMEHHO OITHYECKas KapTHHKa SBISIETCS OCHOBHBIM
HEepBUYHBIM  pe3ylIbTaTOM  HccleqoBaHuil. B obmactu
a’poauHaMUKH  (oTorpadusi KapTHHB OOTEKAaHMS SBISeTCS
OCHOBHBIM MJM €IMHCTBEHHBIM IEPBHYHBIM  PE3yJIbTaTOM
HCCIIE0BaHUI Ha HEKOTOPBIX DKCIIEPUMEHTAJIBHBIX YCTaHOBKAX.
B wucnoeITaTenpHBIX KaMmepax a’dpo0aUTMCTHYECKHX YCTaHOBOK
IPOU3BOAUTCA UCKpOBas ¢oTorpadus MoAenu ¢ NpUMEHEHHEM
TeHeBoro mnpubopa, mpudopa Temrepa win ¢ HpUMeHEHHEM
uatepdepomerpa.  Ita  QoTorpadus  HacTo  ABNIAETCA
CIUHCTBEHHBIM  IIEPBHYHBIM  PE3YJIbTaTOM  OKCIICPHMEHTA.
Hayunenii pe3ynpTaT TOJTy4arOT IIyTeM KadeCTBEHHOW W
KOJIM4YeCTBEHHOU 00paboTku Qororpaduu. B TeHeBoM mpubdope
MHTEHCUBHOCTb TOYEpHEHHs Ha (oTorpaduy IponopHHOHaIbHA
BTOPOH TIPOM3BOJHOM IIJIOTHOCTH. OTO MO3BOJIAET BBIICIUTH
CKauKyl YIUIOTHEHHSA, BOJHBI Pa3peXCHUs, TPaHHULBI obnacTei
oTpeiBHOrO TeueHus. IIpubop Temnepa pearupyer Ha IEpBYIO
MPOM3BOJHYIO INIOTHOCTH, a HHTEP(hEpOMETp pearupyeT Ha camy
BEJIMYUHY IUIOTHOCTH M IIO3BOJIET BBLICIMTh JHMHUU DPaBHOH
IUIOTHOCTH.

OTMeTHUM, 4YTO 3aJ0Jr0 10 TMOSBJICHUS KOMIIBIOTEPOB H
YHUCJICHHBIX IKCIEPUMEHTOB, caMa CyTh IIOJly4YEHUs pe3yJibTaTa B
(bH3UYECKOM SKCIIEPUMEHTE OCHOBAaHA Ha aHAJM3€ MOJIS TCUCHHS,
OoTpakaromemMcss B JACHCTBHM OKCIEPHMEHTAJIBHOTO MpHOOpa.
OCHOBHBIE TOJIOKEHMS, PE3yNbTaTbl U MOCTYJIAThl MEXaHHKH
JKHJIKOCTH M Tra3a ObUIM BO MHOTOM IIOJYYCHBI TaKHM
SKCIEPUMEHTAIbHBIM IyTeM. MHOrMe U3 HHUX OTpPaXXeHbl B
HU3BECTHOM allbOOMe TeYeHHH KUAKOCTH M ra3a Bamn-Jlaiika [1].



Odusnyeckas BU3yaIn3alis B IKCIEPHUMEHTAaX OblIa OCHOBHBIM
HNCTOYHUKOM HMH(OpMAlMd O SBIEHHAX W THporeccax o
HOSBJICHUSI MAaTEMaTHIEeCKOT0 MoJenupoBaHus. C MOSBICHUEM H
pa3BUTHEM YHCJICHHOTO SKCIEPUMEHTa, KOTOpbIA cTan Oonee
JNeNIeBBIM W MaHEBPEHHBIM  HHCTPYMEHTOM  I[TO3HAHUS
(u3H9ecKoil KapTUHBI MUpa, GU3MYECKHI SKCIEPUMEHT OCTalcs
OCHOBHBIM CPEICTBOM KOHTPOJISA M BEpHPHUKAMU UHCICHHBIX
uccnenoBanuii. IIpomomxaloT  pa3BHBAThECI  pa3sHOOOpa3HbBIE
OKCIICPUMEHTAIbHBIE METObl BU3yalH3allMd IPO3PauHbIX Cpel
[2]. CormacHo [2] «...M3BecTHBIE IOCTOMHCTBA ONTHYECKUX
METOJOB - BBICOKas YyBCTBHTEIBHOCTH, OECKOHTAKTHOCTb
MPUMEHEHHs, OTCYTCTBHE BIMSHUS Ha [IapaMeTphl HCCIIEyeMOro
SBJIEHUS, BO3MOXKHOCTb  IPOBEJEHUS  KAYECTBEHHBIX U
KOJIMYECTBEHHBIX U3MEPEHHH - CII0COOCTBOBAIY UCIIOIb30BAHHIO
UX TpH BH3yaIW3aUUH W W3YYCHHH HEOJHOPOTHOCTEH B
MPO3PaYHBIX Cpelax...3agaua BU3yalH3aliid HEOIHOPOIHOCTEH B
MPO3PavyHBIX CpeJax COCTOMT B TOM, 4YTOOBI M3MeHEHHs (a3bl
IPOXOJAIIEro 4Yepe3 HUX BOJIHOBOro (poHTa mpeoOpa3oBaTh B
W3MEHEHHS OCBELICHHOCTH U300pa)KeHHs HCCIEeyeMOro 00beKTa,
KOTOPBIE JIETKO PETUCTPUPYIOTCS ...»

C MosIBJICHUEM KOMIIBIOTEPOB BO3HHMKJIIA BO3MOXKHOCTh IIPOBOJIUTH
YUCJIGHHBIE  JKCIIEPUMEHTHI, OCHOBaHHbIE Ha  YHCICHHOM
pelIeHUH ypaBHEHHH, UCIIOIb3yEMbIX B MAaTEMaTUYECKONH MOJEIH
UccieyeMoro (GM3MYECKOro sSBICHHUS WU MpolLecca.

Ponb METOJOB M QIrOPHTMOB BH3YalbHOTO MPEACTABICHUS
pEe3yJIbTATOB YMCICHHOIO MOJCIMPOBAHUS B BBIYHCIMTENIBHON
¢u3uKe W3HAYAJIBHO PacCMaTPUBATIACh KAaK BCIOMOTATENIbHAs.
Bumsyanusanuss uMenqa  JBeé  OCHOBHbIE  BCIIOMOTATeJbHBIE
¢byHKIMY:

a) oOecreueHne KOHTPOJS ¥ JIyYIIero MOHMMAaHHS YHCICHHBIX
PpE3yJIBTaTOB;

0) wutocTpatuBHas (YHKIUS, oOJierdyarouias 3alloOMHHAHHUE H
OPHEHTAIIUIO B 00CYKICHUSIX U TUCKYCCHSAX.

B Hacrosmee BpeMs U3 WIIIOCTPATUBHOIO U 10 CBOUM (YHKIUSIM
BCIIOMOTATeIbHOTO ~ MHCTPYMEHTa  HAy4dHas  BU3yaln3alus
TIPEBPAIAETCST B MONHONPABHBI HWHCTPYMEHT ITO3HaHHMs, Oolee
TOTO, 3a4YacTyl0 CTAQHOBHTCA €IWHCTBEHHBIM HHCTPYMEHTOM
CIOCOOHBIM IPOACHUTH CYTh MOJEIUPYEMOro (hU3UYECKOro
nporecca.

OTO TpeBpalieHHE IPOUCXOOMIO  CICAYIOIIUM  00pasoM.
COOTBETCTBYIOIIME BpPEMEHH TEXHUYECKHEe TpeOOBaHUS K
pacueram BBI3BIBAJIH HEOOXOJUMOCTh PAa3BUTHS BBIYMCIUTEIBHBIX
METOJIOB ISl peleHus: Bce Oojiee CIoxkHbIX 3anad. [lapamiensHo
C 9THM Pa3BHUBAIKMCh METO/IbI BU3YATU3aLIH YHCICHHBIX PEICHUI
B 9TO 001aCTH 3HAHUS.

PeanbHOE pOXKICHNE HAYYHOH BH3YalH3alMH W KOMIBIOTEPHON
rpaduky ObIIO OOYCIIOBJICHO IOSBICHHEM BO BTOPOH IOJOBHHE
XX Beka rpadonocTpouteneif. ITo a0 BOZMOXXHOCTb HE TOIBKO
AaBTOMATHYECKH IIPEACTaBIATh rpaduku Ha Oymare, HO H
HOPOAMIO Pa3sBUTHE IPOTPAMMHBEIX  CPEACTB  BU3YaJbHOTO
TIPEJICTABIICHHs] UHCICHHBIX HaHHBIX. VIMEHHO B 3To BpeMs
HOSBIIAIOTCS TaKHe IIAKeThl TIpaduUeckux MporpaMM Kak
I'padop[3], CMOI [4], I'pacan, Plot10.

3nech HauyMHAETCS Ppa3BHTHE MPOTPAMMHOrO OOECTICUeHUs,
MO3BOJIAIOIIETO0  MPEACTABIATH  pPEe3YNbTaThl  HAyYHOH |
KOHCTPYKTOPCKO# paGoTHI BH3yaJIbHO.

Ha »sToMm sTame B BBIYMCIHTEIHLHON MEXaHUKE KUOKOCTHU U Trasa
peuraanuch TPEXMEPHBIE CTAllMOHAPHBIC 3aJadul U JABYMEPHBIC
3aga4d, HOCAIIHE, XOTd U HeCTaHI/IOHapHBII\/'I XapakTep, HO

YCTaHaBJIMBAIOIIUECS B IIPOLIECCE pacyeTa K yCTOWYMBOM KapTHHE
TEYEHUs. INosiBuBIIAsICS BO3MOXHOCTh rpauIecKoro
MpeACTaBIeHUs 3TUX  pELIEHWH NOpuBella K  Pa3BUTHIO
HHCTPYMEHTOB BU3YaIM3aLUH.

Heo6XxoauMO OTMETUTh HEOLEHMMYIO pOJb JJISl  Pa3BUTHSA
OTE€YECTBEHHON HAYKHU M TEXHUKH B COBETCKHUH MEpHOJI, KOTOPYIO
CBITpa NporpaMMHBEIA KoMmiuieke ['padop, paspaboraHHbBIA B
Wucturyte npuxmagHoit marematukud uM. M.B. Kenngeima PAH
o pykoBoactBoM HO.M. basikosckoro. [IpencraBineHHbli B Buje
OMOJMOTEK  STOT  NPOrpaMMHBIE  KOMILIEKC  IO3BOJISUI
KBATU(QUIMPOBAHHOMY  IIOJB30BATEI0 HE TOJNBKO  HMETh
TIEPBUYHBI MHCTPYMEHTApPHHA [JIs1 BU3yaJIbHOTO TPEACTaBICHUS
JIByMEPHBIX PE3yJIbTATOB M OJHOMEPHBIX IpaduKoB (HYHKIHH, HO
U pealu3oBbIBATb HA €ro OCHOBE COOCTBEHHBIE HAJCTPOMKH,
MO3BOJISIIONINE BU3YaIM3alMI0 HIMPOKOrO Kpyra 3azad B caMbIX
Pa3IMYHBIX 00TaCTAX 3HAHUAL.

OpfHAaKO ¢ TEYEHHEM BPEMCHH II0 MEpE COBEPIICHCTBOBAHHS
BBIUMCIUTENILHON TEXHUKUM M YCIIOKHEHHUs pellaeMbIX 3aj1ad
CTaJl0 OYEBUIHO, YTO s TOJIyYEHUSI PEalbHOIO Pe3yabTaTa yxkKe
HEJb3s CHayaja IPOCTO PAcCYMTaTh €ro, a IOTOM IPUMEHUTH
n3o00pasuTensHble cpencTa. Crano MOHATHO, YTO MPUMEHEHUE U
pa3sBUTHE CPEACTB BU3YaJIbHOTO MPEJCTaBICHHUS UHCICHHBIX
JIaHHBIX SBJIIETCS CaMOCTOSITENIbHOM BETBBIO HAYKH, PAaBHO
HEe0OXOMMOM BO BCEX OCTaJBHBIX 00IaCTsIX 3HAHHS.

VIMEeHHO 5TOT MOMEHT M ClIefyeT paccCMaTpHBaTh KaK TOUKY
CTAHOBJIEHMS HAyYHOH BH3yalIM3alUM KaK CaMOCTOATETbHON
HaydHOH  gucnmmumHbl. OO  3TOM  pacckasblBal — Ha
nposogusiieMcs B 2000 roxy B pamkax 10-it MexayHapogHoH
koH(pepenimu ['PAOUKOH-2000 kpyriom crone «IIpuMeHeHue
METO/IOB HAyYHOH BH3yalH3allMd B INPHUKIAJHBIX 3aJadax»
C.B.Knmumenko  (MHCTHTYT  (M3MKH  BBICOKHMX  JHEPTHid,
[TporBuHO):

«...BCE HAUUHAJIOCh C IMPOOJEMbl BHU3yalbHOTO IPECTaBICHUS
HAayYHBIX AHHBIX U PE3yJIbTaTOB PacueToB. DTa mpobieMa Oblia
chopmynupoBaHa Ha auckyccun B 1987 romy, koropas
cocTosmack B (QeBpase. Orta IucKyccus Obuia coOpaHa IO
nannnatue ACM  SIGGRAPH  IEEE Computer Society
Technical Committee of Computer Graphics. Ha aToit auckyccun
cobpaiuch JOOM, U OHH C(HOPMYJIHPOBATH OCHOBHBIC 3aIadyd
9TOW HOBOW HayKH, KOTOpas BO3HHKJIA B CBS3M C TEM, YTO B
IraTtax TOrga HayaJM JOBOJBHO MOINHO  HCIIOJNB30BaTh
CYNEpPKOMITBIOTEPH!, ¥ OHM HMOHSIM, YTO TO KOJIMYECTBO UMD H
4uceld, KOTOPOE BBIIAIOT CYHNEPKOMIIBIOTEPHl  HEBO3MOXHO
nepeBapuTh 0e3 HCIONB30BaHUS KAaKUX-TO HOBBIX METOIOB,
HOBBIX TEXHOJIOTUH, HOBBIX CPEACTB...» [5].

B 1987 r. nammonanbHbiM HayuHbIM (ongom CIIIA Obuia
cosgaHa MummmatuBa ViSC  (Visualization in  Scientific
Computing), HaleleHHass Ha CO3JaHUE CHUCTEM BU3YyaJM3aLlUH.
OTH COOBITHS TOJIOKWIM HAYAJIO PA3BUTHIO OTACIBHOW HAay4YHOU
JVICHHIUIMHEL — HAYYHOH BU3YyaJIM3alllH, OOJamaromeil CBOMMH
Hay4YHbIMH (OpyMamH, CBOMMH OpraHaMHM HAy4YHOH Ie4aTH,
CBOHMMH ITPO(EeCCHOHATBHBIMU HAYYHBIMH COOOIIIECTBAMH.

Ha coBpeMeHHOM »3Tame pa3BUTHsA NapauleIbHO C Pa3BUTHEM
CPEICTB BBIYUCIUTENBHON TEXHHKU 3HAYUTENHHO YCIOXKHHINCH
3a/1a4¥ BRIYUCIUTENEHON (QU3HKH. DTO, KaK MPABHIIO, IBYMEPHbIE
U TPEeXMEpHBIE HECTAIIMOHAPHEIE 331auH, OOJaJaIoNINe CIOXKHON
reomerpueil. Yacto momoOHbIe 3a4add IPEANONaraioT CIUSHUE
pa3sIMYHBIX (PU3NUECKUX U MaTeMaTudeckux Mmofeneil. JlaHHble
MaTeMaTHYeCKUe MOJEIH MOTYT OBITh PeaIn30BaHbI HA CIOKHBIX
HECTPYKTYPUPOBAHHBIX ~ CETOYHBIX  Pa30HEHMSX. Ocoboe



3HAUEHHE TIOJyYaloT AJTOPUTMBI pelIeHHs OOpaTHBIX 3ajad,
UMEIOINX CBOEH IIeJIbl0  OOBIYHO ONTHMHM3ALMIO  SBJICHUM,
HPOLECCOB, ONpPENENAIOIMX [MapaMeTPOB 3aJaul, pasIUYHBIX
KOHCTPYKTHUBHBIX TapaMeTpoB U T.M. DTH 3aJaud NPEAbABIAIOT
COBEpIIEHHO HOBBIE TpeOOBaHMA K POJNM BH3YalM3alUH B
Hpoleccax YMCIEHHOrO PEIIeHMs 3ajad  MaTeMaTHYecKoi
bmsukn.

CrnemyeT 0co00 OTMETHTH, YTO Pa3BUTHE IMPOTPAMMHEBIX CPEICTB
BU3yaJM3allMd  BCErAa HOCHJIO  JIOTOHSIONIMH  XapakTep.
BusyanbHoe MpeACTaBIeHHE YUCICHHBIX PELICHHH 3aBHCENI0 OT
BO3MOXKHOCTEH BBIYHMCIIUTEIBHBIX PECYPCOB, B IIEPBYIO OYepe/b, a
BO BTOPYIO — OT YPOBHs pEIIaeMbIX 3aJad MaTeMaTHIECKOro
MOJICJIMPOBAHUS M HCIOJB3YyEeMBIX IIPH ITOM  YHCICHHBIX
METO/IOB.

B nonbiTkax HaiiTu HOBBIE myTH paszButusi B 2000, 2003 rogax B
pamkax  MexayHapoanoii konpepenuun ['PAOUKOH Obin
OpPraHM30BaHBl KpyIJble CTOABI IO TIpoOieMe pa3BUTUS H
NPUMEHEHHs HAayYHOW BH3yalM3alliM B IPUKJIAJHBIX 3aJadax.
Wuunuatopom 31tux (opymMoB sBmsics VHCTUTYT HOpUKIaTHON
marematuku uM. M.B.Kengpima PAH, opranuzaropamu u
moneparopamu Beictynanmu A.E. Bonpmapes, FHO.M.baskxoBckwid,
B.A T'anaktnonos, C.B. Knnmenko. Oti Meponpusitus coOpanu
CIIEIMAINCTOB MX Pa3HBIX CTPaH M3 Pa3HBIX oOnacTeidl Hayku U
TEeXHUKN: OT sifiepHONH (GHM3UKM [0 OWOJNOTMH, MEIMIUHBI H
(apmaneBTHyeckoro npoussojctsa. Ilo xoxy obcysxnenuit 66U10
OTMEYEHO, YTO C Pa3BUTUEM BBIYUCIHMTEIBHBIX CPEACTB,
MaTeMaTH4YeCKHX METOJOB U CIOXXHOCTH peIIaeMbIX 3amad
U3MEHHIACh OCHOBHAS LieNIb NPUMEHEHMs CPEICTB BU3YaIbHOIO
npencraBienus: «He MOpoWIOCTpUpOBaTh YK€ MONYYECHHBIH
pe3yJIbTaT, a MONY4YHTh U MOHATH €r0 C HMOMOIIBIO METONOB U
MOAXOJ0B HAay4yHOW BH3yalM3alluh». Takke OTMEYanoch, 4TO
OJHOW M3 BaXHBIX (YHKIUH Hay4dHOH BH3yalHM3allWU SBIIETCS
COXpaHEHHE U HAKOIUICHHE HAayYHOIO OIBITAa PEIIeHUs 3a7ad B
Pa3IUYHBIX 00JIACTAX HAYKH U TEXHHUKH.

OmHMM W3 BaKHEHIIMX pe3yJbTaTOB ITAaHHBIX (OPYMOB OBLIO
oOcykieHne BBIPA0OTKM OOLIMX KPUTEPUEB  BU3YAIBHOTO
Hpe/cTaBieHus. BbuT BEIABUHYT U MOACPXKAH CIEIYIOMINiT TE3HC:
«Heo0XomuMbIM  NPU3HAKOM  HAy4YHOH  BH3yaJu3anuu
AIBJISIeTCS HATMYHE BH3YAIBHOH KoHUemuum». [lono6HO TOMYy,
KaKk [0 Mepe  pasBUTUs  BBIYUCIHTEIBHBIX  CPEICTB,
HCccleioBaTeN0 ObLI0 HEOOXOAUMO OOOCHOBBIBATH (PU3HUECKYIO
W MaTeMAaTHYEeCKYI0 MOJENH SBJCHUsS, BBHIOOD YHCICHHOTO
METO/Ia, CYETHOH 00JIaCTH, CETOYHOTO pa30UeHHs, TaK ceivac u B
OyayiieM HeoOXOIUMO 3apaHee pa3padaThiBaTh U 0OOCHOBBIBAThH
BU3YaJbHYIO KOHLENIHIO OYyAyIIero MpeACTaBICHHS M aHAIH3a
Ppe3yJbTaToB.

Bruto BBemeHO BakHOE MOHATHE — HH()OPMALMOHHOI IIEHHOCTH
BU3YaJIbHOr0 o0pa3a. Hapsgy ¢ BBIPa3UTENBHOCTBIO U
KOPPEKTHBIM ~ OTOOpaXkeHHeM  (pu3Hyeckoro sBICHHA WM
nporecca BU3YaJIbHBIN obpa3 JIOJKEH o0amars
HHPOPMAIIMOHHOMN IEHHOCTBIO JUTS UCCIIeI0BATEIIS.

3. PA3BUTUE KOHLEENUWA BU3YATIBHOIO
NPEOCTABNEHUA OAHHbIX

Hapannenbﬂo Ppa3BUTHUIO BbIYUCIIUTCIIBHBIX CpEACTB u
MaTEeMaTHY€CKUX METOJO0B, ITapaUICJIbHO  YCJIOXHEHHIO 3a1aq
HayKl MW HHXCHEPUU TIPOUCTCKAJIO pa3sBUTHUC KOHHCHHI/Iﬁ
BU3YAJIBHOI'O NIPEACTABJICHUA YACICHHBIX JaHHBIX.

B nepuon, xorna B BBIYUCIUTENBHON MAaTEMaTHKE U MPUKIIAIHBIX
o0lacTsX  paccMaTpUBalMCh B OCHOBHOM  JIByMEpHBIE

CTallHOHApHBIE WM  HECTAl[OHApHBIE  3a/aud,  KOHIIEIIHS
BU3YaJbHOTO TPEACTABICHHS YHCICHHBIX PEMICHMH 3THX 3amad
ObUTa mpenensHo IpocTa. Ee MokHO mpuMepHO chopMyInpoBaTh
TakK: ((HOJ'IyLIeHHbIe B pacyeTax JaHHBIC CYHIECTBYIOT B BHUIC
JIBYMEPHBIX IIOJ€Il CKAISAPHBIX MM BEKTOPHBIX BEIMYUH. JTH
JBYMEpHbIE  TONS  H300pa’kaloTCsl  COOTBETCTBYIONIMMHU
MPOTpaMMHBIMHU cpeicTBamMu. CKasIpHbIC TOJS B BUE U30JTHHUM
nin OBETOBOI'O NPEACTaBICHUA NPOCTpaHCTBA MEXIYy
U30NMHUAMU. BekTopHble mONA H300pakaroTcsl CTpeIKaMuy,
UMEIOIMMHI MacliTad M HalpaBlIeHHe, COOTBETCTBYIOIIMMHU
TPEJICTAaBISEMON BEKTOPHOH BENIMINHE, @ TAKKE JTHHUAMH TOKa».

B onpenenenHslii mnepuox  3Ta KOHLENIMS yIOBIETBOpsUIA
MPUKJIATHBIM IensIM W 3amadam. JlampHeiimas aeranu3anus
BU3YaJIbHOTO MpPEACTaBIIEHHsI Obljla BO3MOXKHA ITyTEM Pa3IMuHbIX
KOMOUMHAIM B paMKax JaHHOW KOHIETILIUH.

HexnocTaTkoM TaHHOI KOHIENIHMH SBISUIOCH TO, YTO KOJUICKTHBBI
YYCHBIX, KOHCTPYKTOPOB, WHXXCHEPOB u KOJUICKTUBBI
pa3paboTynKoB rpapuyecKux CpezcTB BH3YaJILHOTO
NpEACTAaBICHNA YUCIICHHBIX JAaHHBIX CYIIECTBOBAJIA B paMKax
BBIILICU3IIO)KEHHOW ~KOHIEMIMK abCONIIOTHO —pasleibHo. ITo
CYIIECTBEHHO MEMIANI0 Pa3BUTHIO.

OCHOBHBIE IPHHIUIIEI IOCTPOCHHUS CHUCTEMBl BH3YaJIHM3alUH AT
aHanM3a ABYMEPHBIX CKAJSIPHBIX M BEKTOPHBIX IOJeH ObLM
ycrenHo cgopMynupoBassl B pabore [6]. Tawke B 3Tol pabote
OBLIO TepedYncIeHo HeoOXxoauMoe (QYHKIMOHATEHOE COAepIKaHHe
MOI00HOH CHCTEMBI BH3YaTU3AIHIL.

Ilpu ycnoxHEHUN aNrOpUTMOB W 3alad Jake I JBYMEPHBIX
JAHHBIX PaMKU BBINICONUCAHHON KOHLEMIMU OKAa3aIHCh TECHBL.
TpeboBanoch pacHIMpUTh BO3MOXKHOCTh PabOTHL € JIBYMEPHBIMU
naHHbIMH. CTaHIapTHOE MPE/ICTABICHHIE JBYMEPHOTO CKaIIPHOTO
monst B BHJE TpexMepHoH moBepxHocTH F(X,y) Takke He
MO3BOJITIO B IIOJNHOM Mepe BBIPa3UTh CTPYKTYPY IOIY4EHHBIX
pacueTHBIX JaHHBIX. llpeanaranuce pasmH4HBIE — CIIOCOOBI
KBa3HTPEXMEPHOTO BH3yalbHOIO IIPEJICTAaBICHUS JBYMEPHBIX
JaHHBIX. OCHOBHOHM IENBIO  SBIUIOCH PACIIMPEHHE pPaMOK
JIBYMEPHO! KOHIIETIIHH.

Jlng 3amau  obnajarommMx OCEBOM CHMMETpHEH IIpejtaraics
CIEAYIOIIMH BapUaHT IMCEBJOTPEXMEPHOrO  IPEACTaBICHMS:
CO3/1aTh U3 JBYMEPHON CETKH TPEXMEpHYyIo (HUTypy BpallleHHs U
HOJIyYUTh TAKUM O0Opa3oM IIOJe3HOE TPEeXMEPHOE BHU3YyalbHOE
TpeJICTaBIICHNE JBYyMEPHOH 3a/1a4H.

[pemnaranocs, HampuMep, IOCJIEIOBATENbHO  PACIOJIOKUTD
HEePNeHJUKYIIPHO OCH BPEMEHH HabOp IBYMEPHBIX CEUEHHI,
B3ATHIX B pasHbIc MOMCHTBHI BPEMEHH, M, COCIMHHB W30JMHUH
COCENHMX  CEYCHWH IO  BPEMEHH, MONYyYHTh  HEKYIO
KBa3UTPEXMEPHYIO KapTHHY.

Taxxe nmpemnarancs crexyrouuii moaxoa. Ilycts pacnpenenenue
cKalsgpHOW BenuuuHbl A Oyner (oHOM, Ha HeM IpPeACTaBUM
JMHMSIME TOKAa BEKTOPHYIO BEJIMYMHY B, TONIIMHA 3THX JUHUH
Oyner oTobpaxaTb CKasipHyro BennunHy C, BIONb JIMHHUI TOKa
I[BETOM n300pasum pacripesienieHue BEITHMINHBI D,
BCIIBIXMBAIOIIMMH MapKepaMu npeAcTaBuM E, u Tak nainee.

OcHoBHas mpoOneMa cOCTOSIA B TOM, YTO IIpaKTHYecKas
peanusauus MOROOHBIX  MOAXOAOB  MPOAYLMpOBaga  JHOO
a0COMIOTHO HE(PHU3NYHYIO0, HCKYCCTBEHHYIO KapTHHY, OO0 00pas,

TIeperpyKeHHBII HM30BITOUHON HECKOMIIOHOBaHHOM
nHdopmarmen.
B mepuox, xorga 3ajaud = MaTeMaTUYeCKOW  (u3uKw,

MAaTEMATUYECKOIro MOACIUPOBAaHUA, HWHKXEHEPHBIC 3al1adud B



TIPHKJIAIHEIX 00TACTSIX CTAIM MO OOJbIIEeH YacTH TPEXMEPHBIMU 1
HECTAlMOHAPHBIMM, B HAyYHOH BHU3yalIM3alMd MPOH30IIIA
€CTECTBCHHAs IOIBITKA ABTOMATHYECKH IEPEHECTH KOHLETIHIO
BU3YaJIIbHOTO  MIPEJCTaBICHUS  JBYMEPHBIX  JaHHBIX  Ha
TPeXMepHBIl Cilydail, a TakkKe aBTOMAaTHYECKH IIEPEHECTH Ha
TPeXMEpHBIIl CiTydail yke pa3paboTaHHBIE METOJbI BH3YaJIbHOTO
npencTaBienus. EcTecTBeHHO, BU3yalbHOE MpENCTABICHHE
TPEXMEPHBIX ~ HECTAL[OHAPHBIX  IPOLECCOB  HMEJIO  CBOIO
crenupUKy U cpa3y BBIABUIO PsiJ POOIIEM.

B pabGote [7] omucaHbl TpaJULMOHHBIE METO/BI BU3YalbHOI'O
MIPeACTaBICHUS YHCIEHHBIX peleHuit TPEXMEPHBIX
HECTALMOHAPHBIX 3aJad JUId TAakoW oOJacTH 3HAHUS Kak
BBIYUCITUTEIIbHAS a3pora3oANHaMHUKA. TpexmepHOCTB
MOJENUPYEMOTO HECTallHOHAPHOTI'O mpolrecca co31aeT
CYLIECTBEHHbIE TPYIAHOCTH JJsI BU3YAIbHOI'O IPEACTaBIICHUS
pe3yJIbTaTOB, OCOOCHHO TaM, TA€ BBIUHCIHTENb HE oONazaeT
anpuopHoi uHdopmanueir o xapakrepe TeueHus. COBpEeMEHHBIC
TpeXMepHble HEeCTAI[MOHAPHBIE 3a/aull BBIYUCIUTENBHOU (hU3UKU
BO MHOI'OM HAllOMHHAIOT 3aJjaydl «UEpHOro SIIUKa», Korjpa 0e3
[PUMEHEHHUs aJIrOPUTMOB  BU3YaJlbHOTO MPEJCTABIEHHUS U
KOHTPOJISI MOJIy4aeMbIX B IPOLIECCE pacueTa pe3ysbTaToB JAaxe
JUIS OTBITHOTO PacyeTYHMKa TPYJHO IOJHOLEHHO IPEACTABUTH,
4TO K€ B CUeTHOM oOnacTu mpoucxoiut. Takum oOpasoMm, ans
NPENCTABICHUsS] PEIICHUS TPEXMEPHOW 3aJadd  HEOOXOIHMO
HCIIONB30BaHAE KOMOMHHPOBAHHBIX aJITOPUTMOB ¥ IOAXOJOB
rpau4ecKoro IMpeACTaBICHMS, WHade OOeCHEeYHTh ITOHMMAaHHE
KaueCTBCHHOH KapTHHBI TCUCHUS CIIOXKHO.

B xayecTBe NONBITKY NPEOI0JIETh OTPAaHUYEHUS, HAK/IaIbIBAEMbIE
aBTOMAaTHYECKUM TIEPEHOCOM JIByMEPHOM KOHLIEIIUU
BU3YaJIbHOTO MPEJCTABICHUA Ha TPEXMEPHBIA Cilydaid, Kak
HanpaBJICHHE Pa3BUBAJIOCh CO3JaHME OPHMEHTHMPOBAaHHBLIX Ha
KOHKPETHBIA KJacC 3aiad BBIYUCIUTENBHBIX KOMIUIEKCOB. OTH
KOMIUIEKCHl 00Jajadd MOIYIAMH Hay4yHOM BH3yalIM3alluH,
HpeJHa3HaYeHHBIMU IIOKPHIBAaTh BCE BO3MOXKHBIE HOTPEOHOCTH
BBIYUCIHMTENS B JIAHHOM OIpaHMYEHHOM Kiacce 3axad. B
NomoOHBIE  MOIYNUM  CTPEMWINCh  CKOHIEHTPHUPOBAaTh  BCE
CYHIECTBYIOIIME  CPEACTBA  BU3YaJIbHOTO  NPEJCTABJICHHS
YUCICHHBIX JaHHBIX U BCE BO3MOXHBIC KOMOUHAIIMU 3TUX
CPEJICTB.

VYcnemHsM IPEMEpPOM  pealn3aliii TaKoro MOJXO0Aa MOXKHO
paccMaTpuBaTh  MH(OPMAIMOHHO-BEIYHUCIUTEIBHYIO CHCTEMY,
onucaHHylo B [8], mpeaHa3HaueHHYIO Il MOJCIHPOBAHMS
JBYMEDHBIX U TPEeXMEpHBIX  HECTAL[MOHApHBIX  3ajad
BBIYHCIIUTENBHOH THIAPOJMHAMHMKH. B cpeme 3Toit cucTeMsl
pearn30BaHO TOCTPOEHHE CIOXKHBIX KOMIO3HIMOHHBIX CIIEH,
OTP@XAIOMUX  pPacdeTsl C  KAdeCTBEHHBIM  PEHACPHHIOM
n300paKEHUH TpaHUYHBIX IIOBEPXHOCTEH, M30MOBEPXHOCTEH.
Peanu3oBaHa BO3MOXXHOCTh IIOCTPOEHMS CEUECHHUH, OTpa’kKarolmuX
CTPYKTYpy pacdeTHBIX CeTOK, u3oiauHmi, 2D — rpadukos,
BEKTOPHBIX ToNel. Peann3oBaHa BO3MOXKHOCTB pacdeTa TPEKOB
OTMEYEHHBIX YacTUI] (MapKepoB) B KOHTPOJBHOM o0ObeMe s
BBIICHEHUS TOIOJIOTMU CIIOXKHBIX TedeHHH. J[nd Bu3yanusanuu
CKaJSIPHBIX NOJIEH CYIIECTBYeT BO3MOXKHOCTb BBIICNICHHS [[BETOM
OT/ENBHBIX 3HAYCHWIH aHAIM3HPYEeMBIX CKalApHBIX TIodeil n
HAJTOXKEHNS] Ha TMONMYyNpo3padyHble  HM30MOBEPXHOCTH OJIHUX
CKaJISIPHBIX BEIMYMH KapT C IBETOBOH MHIUWKAIMEH JIOKAIBHOTO
pacnpefeneHHs Ha OSTHX MOBEPXHOCTSAX JPYTHX CKaJSIPHBIX
BeNMYMH. lIcronp3oBaHME MapKepoB JKHAKUX YaCTUI[ HaeT
BO3MOJKHOCTh ~aHMMAIlMM JABIDKEHHS TOTOKA JKHAKOCTH C
BBIJIETIEHHEM JIOKAIBHBIX OCOOCHHOCTEH.

HecmoTpst Ha MHTEHCHBHOE pa3BUTHE B Da3IMUYHBIX Kiaccax
3a1a4 MOJOOHBIX CHCTEM, OHH HE MOIJIM DEIIUTH MHOTHE
l'IpO6J'IeMI>I, TIOABJIABIIAECA TI0 MEPE Z[aJ'ILHCﬁHICFO pa3sBUTUA
BBIYUCIIMTEJIBHON TEXHUKH U BBIUMCIUTEIbHBIX METOO0B. Haao
OTMETHTh, UTO 3a4yacTyl0 CTpPEMJIEHHE peaju30BaTh Bce
HMEIOLIHECs CPEJICTBA BU3YaIbHOTO MPEACTABICHHS PE3yJIbTaTOB,
MPUBOIUIIO K MH()OPMALIMOHHOM MeperpyKeHHOCTH 00pa3oB. ITo
CYIIECTBEHHO TTOHMKAJIO WHQOPMAIMOHHYI0O  IEHHOCTh
BU3YyalIbHBIX 00pa3oB Uil HUCCIENOBaTeled W I0JIb30BaTeNei,
HECMOTPS Ha BBIIAIOILYIOCS BBIPa3UTEIbHOCTh "
MIPUBJIEKATENBHOCTb.

[NosBABIIMECS HOBBIE 3aJauH, YHCICHHBIC METOBI, AlTOPUTMBI
U TIOJXOIbI, OOYCIIOBICHHBIE PA3BUTHEM BBIYHCIHMTEIBHON 6a3bl,
TpeOoBanu HOBBIX MOAXOJOB K BU3yanu3aluM AaHHBIX. OfHAKO
9TH HOBBIE TPEOOBaHNS HE MOTJIH OBITH YIOBIETBOPEHBI B PaMKax
CTapbIX KOHIEMINH BH3yalnbHOTo TpexacTaBieHns. CyTb 3Toit
npobneMsl BelpaxkeHa B BhIcTymieHHH A.K.Anexceea (PKK
«Queprusi», r.Kopones) [9]:

«...3a 0OOpTOM OCTaercsi BONPOC: YTO JK€ HMMEHHO HYXXHO
MPENCTABIATh BU3yalbHO, YTO HamOojee HEOOXOAUMO s
TIPAKTHKH?

Korza k HaM IPUXOAAT CIICNUATIHUCTHI U IPEIaraloT KOMIUICKCHI
IporpaMM AJIs pacdeTa IO TeYEHHS M CPEACTBA BHU3YalbHOTO
IpeJICTaBIeHUs. 3TUX MOJIeH, TO OOIIeHUE HATIOMUHACT BU3UT
¢dororpada B  THOyXyr0 JepeBHIO. MBI BOCXHMIIaeMcs
TPEICTABICHHBIME ~ TONISIMH  CKOPOCTEH,  pachpeneseHHsIMA
TEMIIepaTyphl, IUIOTHOCTH, MAaBieHUs. Ho Ha mnpakTHke 3TH
KpacuBble M300paKeHUs Mbl MOXKEM JIUIIb ITOBECUTh HA CTEHKY,
9TOOBI M000BaThCS. Jas pemeHus MIPaKTHYECKUX
KOHCTPYKTOPCKHX 3aJad HaM HEJOCTATOYHO MOJENHPOBATh U
BU3YaJIM3UPOBaTh 10 TEUSHHs, HAM HEJIOCTATOYHO 3HATh II0JIe
CKOpOCTEeH U paclpeniesicHus JaBieHus u T.0. Ha mpaxtuxe Hac
UHTEPECYIOT KOHKPETHBIE MapaMeTphl AJIsl UCCIEAYyeMOro Kiacca
3ajad,  ONpeieNsieMoro  KOHCTPYKTOpCckod — menbto.  Ham
HEOOXOMMMO  BH3yalbHOE MPEACTABICHHE HMEHHO  3THX
apaMeTpoB M MPOCIEXHBAHNE UX U3MEHEHUH B 3aBHCHMOCTH OT
BapHallM TeX WIN HHBIX YCJIOBHUH...IIporpamMMsl BH3yanu3anuu
JIA0T MH(OPMAIHIO, KOTOpas C TOUKU 3PEHHA €€ NMPAKTHIECKOro
UCHOJIb30BaHUS SIBIISIETCS C OHOH CTOPOHBI CBEPXH30BITOUHOM, €
JIpyroif CTOpOHBI - HejgocTaTouHOW. IIpakTmdeckas 3amada
COIEPXKHUT KpPOME MOJCTH TEYEHHS eIle HEKOTOPYyIo Lelb H
HEKOTOpBle YIpaBisdomue mapamMerpsl. [IpakTuk He MOXeT
HAaNpsAMYI0  HUCIOIb30BaTh IOJIE  TEUEHHA, €My  HYXKHBI
pPEKOMEH/JIAIMK Ha SI3bIKe APYTHX CIEIHUAIHCTOB (IIPOEKTAHTOB,
KOHCTPYKTOPOB M T.I.) IO BBIOOPY KaKHX-TO BapHaHTOB W3
MHOXXECTBA  JOMYCTHMBIX. OJTO  MOXET OBITB  BBIOOD
reoMeTpudeckoil popmel (MUHUMAIBHOE CONPOTUBIICHUE), BEIOOD
yIOpaBleHUus TedeHHeM (MaKCHMalbHOE cMelleHue) u T.4. B
3aja4ax MICHTH(HUKAIUH, [0 W3MEPEHHSM B MOJIE BBIOMpPArOTCS
K03 HIMEHTHI, NCTOYHUKOBBIE WIEHBI, I'PAaHWYHbIE/HAadaIbHbIe
ycinoBus M T.A. Bo MHOrHX ciydasx STH 3aJadyd  MOYKHO
IOCTAaBUTh B ONTHMHU3ALUOHHOM BUJE. B 3TOM ciyuae pemieHue
ra30MHAMUYECKOH 3a7aull SIBISSTCS IEMEHTOM pelleHus Oolee
oOIIed, ONTHMHU3AIMOHHOW 3a/Jaud, CoJepKalled eme Hu
CONPSDKEHHBIE TaPAMETPBI. . .>»

HeoOxoauMel  ObUIM  HOBBIE  BHU3Y&IbHBIE  KOHIICIILIHH,
MO3BOJISIBUIME OTOMTH OT CTaHAAPTHBIX IPENCTABICHUH O
HAyYHOHl BH3yalM3alUH, KaKk O TrpapuueckoM OTOOpaKeHUH
HabOpOB CKASIPHBIX M BEKTOPHBIX mosieil. HeoOxomumbl ObuH
HOBBIE TIOJXOABI, KOTOpBIE MOIJIM OBl B CBOEM pa3BUTHH



obecrneunTh pe€ajibHbIE COBPEMEHHBIC HOTpCGHOCTI/I Hay4YHBIX
HCCIIC0OBAHIHA 1 WHXXCHEPHBIX TEXHOJIOTHIA.

4. AHANIN3 COBPEMEHHbIX KOHLENLUA U
METOOOB BU3YAIbHOI'O NPEAOCTABIEHUA
YUCNEHHbIX JAHHbIX

OCHOBHOI1 3aJjaueii OCIEAHET0 JECATUIETUS B Pa3BUTUH CPEJCTB
Hay4HOU BHU3yalIU3al[u1 ObLI0 MPEOI0JIEHHE 30HBI
B3aMMOHETIOHUMAHUST MEXAy pa3pabdOTYMKaMH HPOTPaMMHBIX
CPEICTB BU3YalIW3alMH U TOTPEOUTENSIMH HX TPOXYKTOB —
HCCIeZIOBaTeNsIMI M MHXKEHepaMi. JTO B3aNMHOE HEMOHHMaHHe
HUMEJI0 CBOM KOPHM B KOHUCIIWH, TpaKTOBaBHICﬁ Hay4HYIO
BU3YQJIM3aLUI0 KaK IpocToe rpaduueckoe 0TOOpaXkeHHE HEKUX
CKaJSIPHBIX U BEKTOPHBIX HOJeH

[TogoOHas TpakToBKa OJIOKHMpoOBala HajbHEHIIee pa3BUTHE, KaK
caMoil Hay4YHOW BU3yalM3allli, TaK ¥ BCEX HAYYHBIX TUCLHUILIHH
u  oOnacreif, TA€ TNPUMEHEHHWE METONOB  BU3YaJIbHOTO
MPENCTABICHUS] MOTJIO ObI IPHBECTH K MPUHIUMHATILHO HOBBIM
pe3ynbTaTaM.

[Ipeomonenne paMOK BBINICH3IIOKEHHBIX TIPEICTABICHUNH —
CTapoil KOHIENIWW — IO 1O Pa3HbBIM HANpPaBICHHUAM.
CoBpeMeHHbIE METO/IbI BU3YAIbHOTO MPEACTABICHUS YHCICHHBIX
JIaHHBIX MOXHO C W3BECTHOW J10Jiell YCIIOBHOCTHM pa3lefNuTh Ha
JIBE TPYIIIBL:

- METOIbl, OCHOBAaHHBIE Ha TIIOBBHIIICHWH BBIPA3UTEIBHOCTH
BU3yaJIbHOTO oOpa3a. B nanpHelimem wn3moxxeHumn OyneM HX
Ha3bIBaTh — «METO/IbI BBIPA3UTEILHOCTIY,

- METOJbl, OCHOBAaHHBIC Ha aHalM3€ AaHHbIX. B panbHeimiem
M3JI0KEeHUU OyZIeM WX Ha3bIBaTh — «MeTOoIbl aHaIn3a JaHHBIXY.

B otnenmpHylo rpynmy HEOOXOQMMO BBLAEIUTH  ITOJIXOJBL,
CBS3aHHBIE C TPOW3OMICAIINM 3a TOCJIEIHEe JeCSITUJIeTHE
MHTCHCUBHBIM Pa3BUTHEM BBIUHCIUTENBHOW TEXHHKH. OTO
SIBJIGHUE  OTKPHIBACT  HOBBIE  BO3MOXXHOCTH  BU3YaJIbHOTO
MIPEACTaBICHUs] YUCIICHHBIX JAaHHBIX, HO IIOPOXK/IAeT HOBBIE
mpo0IeMbl. YTIOMSIHYThIE TOAXO/Abl OCHOBAHBI HAa OpraHHU3aI[HH
BO3MOYKHOCTH MPUMEHEHHS yXKe pa3pabOTaHHBIX paHee METOJIOB,
aJITOPUTMOB, IPOTPAMMHBIX CPEJICTB Ha HOBOW BBIYHCIUTEIHHON
TEXHMKE, peaju3allid COYETaHUS MMEIOIUXCI METON0B C
HOBBIMH BBIYUCIIUTEIbHBIMH BO3MOKHOCTSIMH. Crnenyer
OTMETHUTH, YTO 3TA TPYyIa MOJXO0/I0B, KaK IPAaBUIIO, HE COACPIKUT
B ceOe HOBBIX KOHLEMIMH W  METOJOB  BU3YaJIbHOTO
MPEACTaBICHHs, HO CTPEMHTCS IPUCIOCOOUTH U3BECTHBIE METOIbI
K HOBOHM TE€XHHUKE.

MeTog bl BbIPA3UTECJABHOCTH

OrmceIBaeMast Tpymna METOIOB MMeeT OJHO o0Iee CBOIHCTBO —
OHH TIOCBSIIIEHBI PEIIEHHIO KOHKPETHBIX MPOoOIeM, BO3HHKAIOIINX
IIPU ONPEJEICHHBIX BU3yallbHbIX MPEACTABICHUAX, C MOMOIIBIO
YCUJIEHHUS M MOBBIINICHUS BBIPA3UTENBHOCTH PE3YJIbTUPYIOLIETO
obpaza. Ilpocroii wu yOenurenbHbI TpUEM  IOBBILIECHUS
BBIPA3UTENILHOCTH OOpasa mpeioxkeH B pabdore [10]. B mannoi
pabore paccMaTpHBAlOTCS MPOOJIEMBbl BH3YaIH3allMHd TEUYCHHI
JKUIKOCTH  C  M3MEHYMBOM  IPOCTPaHCTBEHHO-BPEMEHHOU
CTpyKTypoii B oObeMme. B kadecTBe mpumepa paccMaTpuBaeTcs
3ajaqa CBOOOJHON KOHBEKIMM JKMAKOCTH B MOJIOCTH C
JIOKAIBHBIM TEINIOOOMEHOM Ha TOPH3OHTAIBbHBIX MOBEPXHOCTSIX.
Pemenne ¢yHmaMeHTaIBHON IIPOOIEMBl HAYYHOH BH3yaln3alluy
JIOCTUTAeTCs BBIACICHUEM CTPYKTYPHBIX 3JIEMEHTOB TECUCHHS B
coYeTaHHU ¢ aHuUManued. «...Ilpu aHamu3e TedeHHs B MONOCTH
BO3HHKAeT IpoblieMa BU3yallN3alil TEUCHUs KaK MAaKogozo, T.e.

TEUCHHS J>KAJKOCTH B KOTOPOH HHUYEro HET KPOME €€ CaMoil.
OcCHOBHasE TPYAHOCTb BHU3yallM3allM TEUEHHS KaK TaKOBOTO
CBs3aHA C OTCYTCTBHEM Y UEJIOBEKAa alpHOPHBIX 00pa3oB
JBIDKYLIEHCS B 00bEME IKHIKOCTH... MBI BHIUM JIBU)KEHHE
KHUAKOCTH TOJNBKO 4Yepe3 NBIKCHHE KaKHUX-JHOO MOBEPXHOCTEH,
KOTOpBIE MBI CBS3BIBa€M C JKHAKOCTHIO...B paccmarpuBacmom
TEUYCHHH. .. XapaKTEPHON IMOBEPXHOCTHIO, BOCIPHUATHE JBHKCHUS
KOTOpPOW TIO3BOJISIET IMOMYYUTHh TMPEJICTaBICHHE O JBWKCHHUU
XKHUJIKOCTH B 00bEeMe, MOXET CIYXHTh H30MOBEPXHOCTb
HeHlTpanabHOW Temmeparypsl. [lJii 4eTKOro BBIJETICHUS B Kajpe
IpaHMIBl pa3fena o0jacTei, 3aHATHIX XOJOIHOW W TEIUIOH
JKUJKOCTSIMHM, CBS3b MEXJIy WHTEHCHBHOCTBIO I[B€TAa W
TeMIepaTypsl  BblOupaeTca — HenuHelHo#.  Mcmoms3oBaHue
HEJIMHEHHON 3aBUCUMOCTH IPUBOAUT K HAPOUUTOMY 3a0CTPEHUIO
IPaHMLBl MEXAY OOJAcTAMH, 3aHATHIMU TEIUIOM W XOJOIHOH
KUIKOCTAMH. TeM caMbIM  (POPMHPYETCS  MCKYCCTBEHHOE
MpeICTaBICHHE O HAMYUKM B 00BbEME JABYX KHIKOCTESH C PE3KOH
rpanuuei pasaena...» [10].

BaxHpIM ~ HampaBleHHEM  CPEAd  METOOB  BH3YalbHOTO
MPEICTABICHHUS BEKTOPHBIX  MOJNEH  sBIsieTcs — rpynmna
MHOTOYAaCTHYHBIX aHWMAIMOHHBIX MeTonoB [11] (mamee MYA-
MeTo/bl). OHM OCHOBBIBAIOTCS HAa BH3YQJIBHOM IPEICTABICHHH
JIBIDKEHHMST MHOXKECTBA MapKepoB B 0OBEKTHOM IpOCTpaHCTBE. B
pa6ote [12] mpemnoKeHHH €AMHBIA MOAXOA K PACCMOTPEHUIO U
peammzaiun  MYA-MeTOIOB  BH3yalbHOTO  IPEICTaBJICHHS
BEKTOPHBIX  monedd. OH  3akiIoyaercsi B CIIEAYIONIEM.
PaccmarpuBaercss pacueTHas 001acTh IIPOM3BONBHOM (OPMEL.
BHyTpu 005actd mo HEKOTOPOMY TNpaBHIY 3aJaeTCsi KOHEYHOE
MHOKECTBO TOYEK, KAXKIOM M3 HHX CTaBUTCS B COOTBETCTBHE
Mapkep. OT0 — TOUYKH POXJCHHS MapkepoB. B 1aHHOM moaxoze
MapKep OMNpeAeiIeH CBOSH TOUYKON POKACHUSI, BPEMEHEM JKU3HH H
KHU3HEHHBIM 00BeMoM. bonpmmHCTBO pa3HoobOpasHeix MUA-
METO/IOB MOXHO paccMaTpuBaTh Kak 4YacTHbIE CIIy4yau
BBILICOMMCAHHOTO TOJAX0Ja C BapbHPYIOIMMHCS MpPaBHIAMH
3aJ]aHus TapaMeTpoOB MapKepa.

JIpyruM BaXHBIM HaNpPaBICHUEM YCWICHHS BBIPA3UTEIEHOCTH
BU3YQIBHBIX  O0pa3oB  SABIAIOTCA  TEKCTYpPHBIC  METOBI,
ocHoBanHble Ha LIC-metome (Line Integral Convolution).
OcHoBel LIC-meTona m ero Mogupukanuid, mpeaHa3HaYeHHBIX
JUI BHU3YalbHOIO NPEJCTAaBICHUA ABYMEPHBIX M TPEXMEPHBIX
BEKTOPHBIX IOJIeH MoapoOHO omrcansl B [13]. BrlpasurtensHslil u
MHoro¢yskiuoHanbusii LIC - MeTon ycHemHo mpuMeHseTcs
JUI PUCOBaHUS JTHHUNA M TpyOOK TOKa B TpeXMEpPHOH 001acTu.
JlaHHBIA TOAX0J HOMOTa€eT NPEACTaBUTh TPEXMEPHYIO IIyOHHYy U
OpHEHTALUIO B3aMMOHAJIAraloIuXcs JIMHUK Toka. B coueranuu c
KOMOWHAITMAMH TOJIIMHBI JIMHUH TOKa M L(BETA JAHHBIN MOIXOX
yIydlIaeT BOCIPUSATUE XapaKTEPUCTHK TPEXMEPHOIO TEUCHUS.
Hcnonb3oBaHue TEKCTYp, OPUEHTUPOBAHHBIX BJOJIb HAIIPABICHUS
TEYEHHUsI, COBMECTHO C MX AaHMMAalUeld MO3BOJAET IepelaBaTh
JIOCTATOYHO TOJIHYIO HH(OpMaNHio 0 Tedenun [14].

Heobxoqumo moauepkHYTh TOT (akT, 9TO,  HECMOTpS Ha
BHEIIHIOI  BBIPA3UTENBHOCTH 00pa3oB M Ha  BHUIUMBIC
IperMYyIIECTBa B UCCIEA0BAHUAX TOHKUX TOINOJOIUM YMCIEHHBIX
pelleHni, METOABl BBIPA3UTEIBHOCTH HE HAIUIM LIMPOKOTO
NPUMEHEHHS B COBPEMEHHBIX KOMMEPUYECKMX  HPOrPaMMHBIX
MaKeTax BU3yaJIN3allUu. [IprunHOit 3TOMY Ha3bIBaIOT
MaTeMaTH4eCKyl0 CJIOXKHOCTb 3THX METOJOB U  BBICOKHE
BBIYUCIIMTENbHBIE 3aTpaThl. OTH AapryMEHThl IIPU HBIHELIHEM
pocTe  BO3MOXKHOCTEH  BBIYHMCIMTEIBHOM  TEXHHKH  HE
NpPEJCTABIAIOTCS  cymecTBeHHbIMU.  Ckopee  Bcero,  Jeno
3aKJIFOYAeTCsl B TOM, YTO CaMu MO cebe pe3ynbTaThl BU3yadbHOTO



npeacTaBJICHU, TOJIyUCHHBIC npu moMoniu METOI0B
BBIPA3UTCIIbHOCTH, HUMECIOT HEBBICOKYIO HHd}OpMaHHOHHyIO
IICHHOCTH, HECMOTPA Ha BHCIITHIOIO TIPUBJICKATCIIBHOCTD.

Coueranue ¢ ApyruMud  METOAaMHd U HoAXOAaMH  MOXKET
CYIECTBEHHO IIOBLICUTH I/IH(bOpMaIII/IOHHy}O ICHHOCTh HO,E[O6HLIX
MCTOOB.

MeTOg!LI AHAJIN3A TaHHbIX

OmnucelBaeMasi Tpymla METOJOB Tarkke MMeEeT OIHO ofIee
CBOICTBO — JOCTIDKEHHE HOBBIX pE3yJIbTaTOB C IOMOIIBIO
HPENPOLECCUHIOBOTO, HapajieIbHOro pacuety I
JIONIOJIHUTEIBHOIO  aHAJIM3a OCHOBHOrO mois JaHHbIX. Kak
HpaBWIO, TAKOH MOAXOJ MNO3BONSET MPUMEHEHHE H3BECTHOIO M
pa3pabOTaHHOrO B JAPYTMX O0ONAcTAX 3HAHUA  MOIIHOTO
MaTeMaTHdeckoro  ammapata. CyTb  HOBOM  KOHIEIIUU
BU3YaJbHOIO TIPEACTaBICHHS MOXHO C(HOPMYyJIHPOBaTh TakK:
MOJIy4eHHEe OCHOBHOIO TMOJISI AAHHBIX /ISl BHU3YaJILHOIO
NpeJCcTaBJIeHUs; [JONOJHUTeIbHbIe aHAIUW3 M 00padoTka
OCHOBHOIO NOJIs JAHHBIX; IIOJy4YeHHe HOBOIl MHpopMauum,
KaK pe3yJbTaTa [JONOJHHTEIBLHOIO aHAJIU3a M 00padoTKH;
NpUMEHEeHHEe CPEACTB BHM3YAIW3alMH K TOJY4YEeHHOW HOBOWM
HH(pOpMaNMH U K OCHOBHOMY I0JIIO IAHHBIX.

INogoOHast KoHIeEHmIUS HMeeT pa3Hble (GOPMBI U METOIbI
INPUMEHEHHS! U peallu3yeTcss B CaMbIX Pa3HBIX HAIPABICHUAX B
HACTOsIIEe BPEMS.

[Ipocroii, kpacuBblii ¥ A(PQHEKTUBHBIA METOJ, OCHOBAHHBIA Ha
aHanu3e JaHHBIX, ObUI mpemnokeH B pabore [15]. Ilpm
BU3YaJIbHOM NPEACTABICHUU CKAISAPHOTO NOJIS TPH HNOMOLIM
TOHOBOW  3aMMBKM  33/1a€TCS  3aKOH,  YCTaHABIMBAIOLIU
COOTBETCTBHE MEXIy IBETAMH NaJUTPBl M JUaNa30HOM
W3MEHEHUS TPEACTAaBIsIeMONd  CKalIpHOW BeNWUuMHBEL. [lpu
JUHEWHOM  3aJaHUM  3TOT0  3aKOHA  MOXHO  IOTEpATh
CYLIECTBEHHYI0 4acTh HMH(POPMAIMU O pELIeHHH, OCOOEHHO B
00JIacTsX CUIBHBIX W3MEHEHHH BENWYMHBI B y3KHX 30Hax. Bo
n30eXaHWe  3TOr0  INPOBOAUTCS  CTAaTUCTHUECKUH  aHAIM3
pacnpeneneHus 3HAUCHUH H300pa’kaeMoil BEIMYMHBI C LEIBIO
OIIPE/ICNICHUs] HOBOTO 3aKOHa COOTBETCTBUS, YTO IIOMOTaeT
BU3YaJIbHO MPEJICTaBUTh MOJNYyYEeHHOE pelIeHHe Oe3 MoTepu
LEHHOI HHbOpMaLUH.

Jpyroit crioco6 BBIIETEHUS] CTPYKTYp B PEIIeHHH, OCHOBAaHHBIN
Ha TIPUMEHEHHH aJrOPHTMOB 00pabOTKH M300pa’keHHI K IIONIO
JAHHBIX, TONYyYeHHBIX B  IpOIeEccCe  peIIeHHuS  3agad
MaTeMaThiyecko (u3uKH, npemiokeH B padore [16]. Llens
JaHHOTO TIOJXOZa COCTOMT B aBTOMAaTH3aluH 00paboTKn
pE3yIbTaTOB  TPOBEJICHHOTO  UYHCICHHOTO  MOJIEIHPOBAHHS
Ta30AMHAMHUYECKOTO TEYEHHs U IIOMY4EHHS CTPYKTYPHI €ro
CHJIBHBIX pa3pblBOB. B 1aHHOM monaxone ra3oJMHAMHYECKHe
(YHKIMY paccMaTpPUBAIOTCA KaK HHTEHCUBHOCTh U300paKeHUs, a
3Ha4eHUs] QYHKIUH B KaXKI0H TOUKE KaK 2JIEMEHTHI H300paskeHus
(mukcenn). IlpuMeHseTCsl NETEKTOp MEpemajoB W MPOBOJHUTCS
K1accupuKaus OOHAPY)KUBAEMOTO pas3pbhlBa MHPH  HOMOIIH
JUCKPETHBIX  QHAJIOTOB  Ta30JMHAMUYECKHX  COOTHOLICHHH,
BBITIOJHSAEMBIX Ha pa3pbiBe. M3I05KeHHBIH TOJX0/ HE 3aBHUCHUT OT
KOHKPETHOTO BHJ@ pelIaeMod 3ajaud M He TpeOyeT HHKaKon
anpuopHoit  mHQopMarmu o TedeHmdH. OH TIpUMEHHM K
pe3ysipTaTaM  pacueToB, IONYYCHHBIX  JIOOBIM  METOJOM
CKBO3HOI'O CueTa, yCKOpsAeT 00paboTKy pe3ylbTaTOB YUCIEHHOTO
MOJICTIMPOBAaHMs, @  TaKKe  MOBBIIAET  OOBEKTHBHOCTH
MHTEPIPETAIMH MOy9aeMbIX Pe3yJIbTaToB.

9710 HaIlpaBJICHUE TIOJYYHIO HOBOC najpHeiIee COBPEMEHHOE
pa3BUTHUE C TIPUMCHEHUEM MOIIHOTO COBPEMEHHOTO

MaTeMaTHYecKOro ammapara BelBieT-aHamu3a. Pabora [17]
MOCBSIIEHA BBIICIICHUIO W KIACCH(HKAIMU CHHTYJISIPHOCTEH
ra3oJMHAMUYECKUX TOJIH — yNapHBIX BONH, CHAa0BIX W
KOHTAKTHBIX. ANTOpUTM [17] OCHOBAaH Ha pa3l0>KeHUH HCXOIHBIX
ra3ofMHaMU4YeCKUX ToJieil 1o  BeWBIeTHbIM Oazucam ¢
MIOCIIETYIOIINM aHAJTM30M HOJy4eHHBIX KO3 UIINEHTOB.

OnHum u3 Ba)KHBIX HarnpaBJIeHUH HCCIIE0BaHUs
MPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYp B IIOJ€ HYHCICHHOTO
pellleHHsl SBIAETCS aHAIM3 30H IUPKYIANUOHHOIO TEUEHHUS.
ITonoOHBIe CUTyalMHM BO3HHKAIOT IPH OOTEKaHWM IOTOKOM
NPENATCTBHH, IPU B3aUMOJEHCTBUM CTPYH M BO MHOTHX JPYIHMX
cirydasx. B HecTanmoHapHBIX 3aadax Hy>KHO IPOCIEXKHBATh He
TOJIBKO HAIMYME IMPKYIINUOHHOW (BHUXPEBOI) 30HBI, HO H
OTCIICKHBATh €€ pa3BUTHE BO BPEMEHM: IIPOLECC 3apOXKACHUS,
pa3BuTHs M pacnana Buxps. B pabore [18] mpemnoxkeH momxon
OOHapy)KeHHs W TPOCIEKHBAHUS LEHTPA BUXPS B pacueTHOH
00J1acTH, OCHOBAaHHBIM Ha aHalnu3e COOCTBEHHBIX 3HAYCHUI
sIKOOMaHa MAaTpPUIBI KOMIIOHEHT CKOPOCTH. JTOT METOX Obul
YCIEUIHO NMPUMEHEH K psny 3agad. B padore [19] ator MeTos Obu1
0000meH Ha ciy4ail BSA3KMX TEYEHMH W TpPUMEHEH K
HCCIIENOBAHUIO PA3BUTHA LUPKYIALHMOHHBIX 30H B 33jJaYe O
B3aMMOJCWUCTBUU  BA3KOIO TIOTOKAa CO CIyTHOM  CTpyei.
TpaccupoBka LEHTPOB BHMXpEl B IpOLECCE MOJECIMPOBAHMSA
TE4eHUs MO3BOJAET CIEIUTh 3a 3BOJIIOLHOHHON KapTHHOH
TEYEHUs.

[Moaxon, nmpencTaBiaeHHbIN B pabote [20], mpemiaraeT MpoBOIUTD
BH3yaJIbHOE TIPEJICTABJICHUE HE TOJIBKO MapaMeTpoOB OCHOBHOTO
MOJIsl pe3yJbTaTOB PACYETOB, HO MpPU PEIICHHH CONPSIKEHHBIX
3aJa4 MOJydYaTh HOBYIO JOIOJHUTENBHYI WHGOPMALHUIO H3
BU3YalIbHOTO TIPEJCTABICHUS CONPSDKEHHBIX IapameTpoB. B
3ajayax  yIpaBlI€HHs TEYCHHEM, HICHTU(QHUKAINN TEYCHHS
COTIPSDKCHHBIE TTAPAMETPBI UCTIONB3YIOTCS IS pacdeTa rpaJueHTa
ueneBoro  (yHkuuonama.  Busyanuzauus  conpshKEHHBIX
rmapamMeTpoB B OTHX 3aJayaXx MOXeT ObITb €eCTeCTBEHHO
HCTIONB30BaHAa I TOMCKa 30H Hauboinee 3ddexTrBHOrO
KOHTPOJIS WK JUTs BbIOOpa 30H u3Mmepenus. [losne conmpsmkeHHbIX
apaMeTpoB MO3BOJIAET PACCUUTATh U BU3YAIU3UPOBATH BKIIAJIBI
OIIMOKH MCXOIHBIX JaHHBIX, OIIMOKK (PU3NYECKOW MOojaenu H
MOTPEIIHOCTH  JUCKPETHU3allMd B IOTPEIIHOCTh  LIEJEBOr0O
¢GyHKIHOHANTAa. DTO MOXKET HCHOJIB30BATHCS JUISL YMEHBLICHHS
MOTPEIIHOCTH M ISl TONYy4YeHHs PEIICHHs ¢ HeO0OXOJUMOMH
rapaHTUPOBAHHOI TOYHOCTBIO.

Eme OIHUM BXHBIM HANpPaBICHUEM CpPElId METOMOB,
0a3upylolMXcs Ha aHalu3e JaHHbBIX, sBhsercs meron [21].

JlaHHBIE  METOA  paccMaTpHBaeT MOPOOJIEMBI  BU3YaJbHOTO
MIPeACTaBICHHS OTIPEIEIISIOIINX rapameTpoB 3a/1a4
ONTUMM3ALNH, OCHOBBIBAIOUIMXCS HA pelIeHHH OOpaTHBIX 3ajad.
B oO6mem, B IpPaKTUYECKHX IEIsIX OOpaTHbIe 3adayu

(hopMyIHpYyIOTCS  CIEAYIOIMM 00pa3oM: HaHTH TpH KaKuxX
OTIpeIeNAIONNX IapaMeTpax B Kiacce 3amad OydeT BO3HHKATh
MHTEpECyIOllee  MPAaKTHYECKOTO  HCCIEOBATENs  SIBICHHUE.
Omnpezendronye napaMeTpbl BapbUPYIOTCA [0 HACTYIUICHHS
cobObitust (pusuueckoro 3¢dekra) B mpouecce MHOTOKPATHOTO
pacdera 0OpaTHBIX 3a1a4. Pe3ynpTHpyIOIIe B3aNMO3aBUCHMOCTH
OTIPEIENAIONINX MTapaMeTPOB MPEACTABISIOTCS BU3yalbHO B BHIE
MOBEPXHOCTEH, 00BEMOB, K KOTOPHIM MOXKHO HPUMEHHTH
reoMeTpudeckue mpeodpazoBaHus. PaccMaTpuBas MPOCTPAHCTBO
OIIpEIeNAIONNX MapaMeTpoB Kak Habop Oa3MCHBIX BEKTOPOB,
obpatHas 3agada (OpMyIHpyeTcs KaK HaXOXJICHHE B STOM
MPOCTPAHCTBE BCEX MOAoONacTei, rae COOBITHE HACTYIMIIO.
INomoOHast mNOCTaHOBKA BaKHA C TOYKH 3PCHUS BBIPAOOTKH



BU3YQIPHOW  KOHLENIMH UL  IOCTPOCHHS  BU3YaIBHOTO
NPENCTABICHUS] pelleHnit oOpaTHbIX 3amad. OpraHuzanus
MHOTOKPAaTHOTO pacyeTa OOpaTHOM 3aladydl  COOTBETCTBYET
UCOJIOTMH  MHOTOIPOLECCOPHBIX — MapajieNbHbIX — PacyeToB.
JlaHHBI METOONIOTMYECKHI MOJAX0/A OBUT YCHENIHO NPUMEHEH B
pabore [21] I ONTHMH3AIMK BBIYMCIUTEIBHBIX CBOWCTB
THOPUIHBIX ~ Pa3sHOCTHBIX CcXeM (B  KayecTBe  COOBITHsA
paccMaTpuBaIOCh BOSHUKHOBEHUE HEXKENATEIbHBIX OCIMILISIIIN).

Oco0bIM U KpaliHe Ba)KHBIM HAaIlpaBJICHHEM SIBISIETCA Pa3BUTHE
CHCTEM BH3YalIbHOTO IIPEJICTaBIECHHS  AKCIIEPHMEHTAIBHBIX
JaHHBIX, KOTOpPBIE IOMOTAIOT HAKalUINBaTh, BEPH(HIMPOBATH,
CPaBHUBATh M TIPEACTAaBIATh OKCIICPHMCHTAIbHBIC JaHHbIE
pasnuuHbIX THHOB. IIporoTHn momoGHOW cuctembl ExVis Obin
omucadH B pabore [22], rae mpuBeJEHbl OCHOBHBIC INPUHIUIBI
HOCTPOCHHsT M (QYHKIHOHAIBHOTO HANOJNHEHHS I0JOOHON
CHCTEMBI, CHOCOOHOI omeprupoBaTh € OONBIIMMH 00BEMaMU
SKCIIEPUMEHTAIBHBIX U BEIYUCIUTEIBHBIX JaHHBIX.

Ioaxoabl, 06eceYNBAKIINE COOTBETCTBHE COBPEMEHH O
BBIYHCIHTEILHOM TEXHUKE

B otrmenmpHyr Tpymmy, Kak ObUIO YKa3aHO B Hadalle JaHHOTO
pasziena, HEOOXOAWMO BBIICIUTH MMOAXOABl K BH3YaJILHOMY
MPEACTABICHUIO JTAHHBIX M TIOJYYCHUIO YHCIICHHBIX PELICHUI,
OCHOBaHHBIE HAa  HCIIOJB30BAHHM  HOBBIX  BO3MOKHOCTEH
BBIUMCIMTENFHON TEXHUKH. TUNHYHBIM TNPUMEPOM  TaKUX
MOJIXOJIOB MOKHO Ha3BaTh [23], rnue conmepkKarcsl MPUHIMIBL U
MpUMep OpraHU3alMi KOMIIBIOTEPHOW BUPTYAJILHOH J1abopaTopru

Ha 0a3e BO3MOXHOCTEH  TI€PCOHANBHBIX  KOMITBIOTEPOB.
Kommnbtotepnas  mabopatopus COMGA  [23]  Bxmogaer
UCCIeZIOBAaHNE  3aJa4  BBIHYXJCHHOH,  ©CTECTBEHHOH N

TEPMOKAMWUIPHOH KOHBEKIIUH HEC)KUMAEMOW KUIKOCTH Ha 0a3ze
ypaBHennii HaBbe-Crokca B mnpubmmkeHud bByccuHecka B
obOmactsix mpoctod  (opmbl. Busyanmzanus JaHHBIX Hrpaer
Ba)KHYIO POJIb Ha BCEX JTAlax PEeLICHUs 3aauu.

JlpyruM BakKHEHIIUM Ha CErOAHALIHUKA JeHb HaIpaBIeHHEM
SBJIAIOTCA pabOTHI IO OPraHU3alUK BU3yalbHOTO IPEICTaBICHUS
YHCJIEHHBIX JIaHHBIX C IIOMOIIBIO BBICOKOIIPOU3BOAUTENBHOM
BBIYUCIIUTEIBHON TEXHUKH — IApaJUIENbHBIX BBIYHMCIUTEIBHBIX
cucTeM. B kadecTBe MmpUMeEpOB TUIMYHBIX Pa3pabOTOK B ITOH
oOnacT MOXHO mpuBectu [24, 25]. 31ech OCHOBHOH 3amaueit
SBIISICTCA OpTaHM3alHs OTOOpPaXKEHHS Pe3yIbTATOB C ITOMOIIBIO
TPaJULIMOHHBIX METOMOB BH3yalIM3allud IIPU OrPaHUYEHHOH
HPOIYCKHOH CIIOCOOHOCTH KaHAlIOB CBS3M MEXAy pabouei
CTaHIUEH MOIb30BaTEeNsl U CYyNEPKOMIBIOTEPOM AN MONydYEHHS
JaHHbIX. CHCTEMBl, ONUCAHHbIE B BBHINIEYNIOMSAHYTBHIX pPaboTax,
TPH3BaHBl Pa3peliuTh O3TH MPOONEMBI IyTeM OpraHHW3alin
ONTHMAJBHOTO IIOTOKAa JaHHBIX MEXKAY IIOJb30BaTeNIeM H
CYHEPKOMITBIOTEPOM.

5. NEPCIMEKTUBHbIE HATMPABJIEHUSA
PA3BUTUA KOHLUEMNUMA U METOOOB
BU3YAIIbHOIO NPEACTABINEHUA

Ilo Mepe pocTa BO3MOXKHOCTEH BBICOKOIPOM3BOAMTENBHBIX
BBIUHCIICHUH OyIyT HCCIefoBaThcsl Bce Ooliee CIIOXKHBIE 3aJadn
U, CIEIOBATENIbHO, OyIyT Pa3BHBAThCS MaTeMaTHYECKHE METOBI
BBIUMCIICHUI M MaTeMaTHYecKHil ammapar B 1enaoM. OnHuM u3
HEOOXOUMBIX YCIOBHH JaJbHEHIIEro pa3BUTUS HAayYHOU
BU3YaJIN3aLUU CTaHET ajanTauus CylecTBYIOIMX KOHUENIMii,

METO10B u nmoaxoaoB BU3YaJIbHOI'0 npeacraBjaeHUus
YUCJICHHBIX JAHHBIX K NPUMEHEHU IO Ha
BLICOKOHPOM3BOHHTEJIBHOﬁ TEXHHUKE - TnapajuieJibHbIX

BBIYUCIIUTCIIBHBIX  CHCTEMax. 3Z[€CI> OCHOBHas 3aj1a4da —
COXpaHCHUE Hapa60TaHHOFO OIblITa MW TIIEPEHOC €ro Ha
BBICOKOTIPOMU3BOAUTEIIbHBIC BEIYUCIIUTCIIBHBIE CUCTEMBI.

OCHOBHbIM HaIrpaBJICHUEM Pa3BUTUA KOHLICHIJ,PII\/‘I u MCTOJ0B
BU3YaJIHOTO TIPEICTABICHHS YUCICHHBIX IaHHBIX CTaHOBHTCS
JanbHEWIIass pa3padoTka MeTOA0B AaHAAW3a [JaHHBIX, HX
pacuiMpeHde Ha ApyrHe NPUKJIATHbIE 00JACTH M CHUHTE3 C
METOJAaMH BbIPA3HTEIbHOCTH.

BaxHbpIM HampaBieHHEM, HWMCIOIMM B OyaymieM OoJbLIoe
3HauUCHHE, CTAHOBUTCS pa3BHUTHEe CHCTeM 00y4aeMOCTH —
co3laHMe B KJaccax 3ala4 0a3 IKCHEPUMEHTAIBHBIX H
pacyeTHBIX [JAaHHBIX B YHCJIEHHOHl M BU3yaJabHOiHl (opme,
NMO3BOJIAIOIINX  XPAaHeHHe, HaKoIJIeHHe, 00padoTky H
CpaBHEHHEe pe3yJbTATOB B ABTOMATH3UPOBAHHOM pe:KHMe.
PasButue H0ﬂ06HbIX CHUCTEM B Pa3HBIX 00/1aCTAX 3HAHHSI H B
Pa3HBIX KJlaccax 3a/1ad MO3BOJHT PE3KO YCKOPHUTH U KaueCTBEHHO
YIy4YIIUTE NPOLECCH BepH(OHUKAMNA M BaIUIALMH PE3YJIbTATOB,
KaK BHOBbB ITOJTYYC€HHBIX, TAK U HAKOIUICHHBIX PaHEC.

Eme oaHMM BaXHBIM HAmpaBICHHEM pa3BUTHS  CHCTEM
BU3yalU3allid  CTAHET PpPa3BUTHE CHCTEM oOecrmeYeHus:
BO3MOKHOCTH AHAJIU3a M KOHTPOJS CJIOKHOTO (PU3MYECKOro
WIH TeXHOJIOTMYEeCKOro Ipouecca ¢ Pa3HbIX PaKypcoB,
Pa3HBIX BeJIMYHH B pa3Hble OTpPe3KH BpeMeHH B
aBToMaTu4eckom pe:xkume. OpraHuzanusi MOJOOHBIX CHCTEM,
00ecreunBaoNX, IOJOOHO  aBTOMATHYECKHM  JaTYHKaM
CJICXKCHUS, KOHTPOJIb PACUETHOTO MpOIECca MaTeMaTH4eCKOTro
MOJIETUPOBaHUS (PUBNUECKOTO SBICHHS JJOJDKHA CHIPATh BAKHYIO
POJb B HAYYHBIX UCCIIEAOBAHHAX

B cBA3M ¢ 3THM CTAQHOBHTCS OYCHb Ba)XKHBIM H aKTyaIbHBIM
HaIpaBJIeHUEM co31anue " pa3BuTue CHCTEM
CenuaJN3UPOBAHHBIX HHTep(eilicoB B 3agayax Hay4YHOU
BU3YAIN3AalUM, TMO3BOJAKIIUX O00paldoTKy W BH3yaJbHOE
npeacraBJjieHue YUCJTCHHBbIX JAaHHBbIX B pexxkume
aBTOMaTH4ecKoro cueHapusi. [IpooOpa3 mogoOHOW cucTeMbl
omucad B pabote [26]. Vcmonp3oBaHHe TAKUX CHCTEM IO3BOJUT
OTIaXUBAaTh Haubolee HYXHBIH HCCIEIOBATENI0 BHJI, METO,
AJITOPUTM  BU3YAJIBHOTO TMPEACTABJICHUA I O6T>GKTa nim
SBIEGHUS B KJacce 3ajad, CO37aBaTh CIEHAPHUH BH3yaJIbHOTO
NpEACTAaBJICHUSA U ABTOMAaTUYECKU TIEPEHOCUTDH 3TOT cueHapuﬁ Ha
IPyToit 00BEKT U3 ITOrO Kiacca 3aaad.

6. 3AKITIOYEHUE

Hayunas BU3yaJI3aLus CTaHOBUTCS KaTaJlnu3aTopoM
WHTCHCHBHON pa3pa0OTKH HOBBIX OTKPBITHA M TEXHHYECKHX
pelleHHit B Ppa3NUYHBIX OOJACTSIX COBPEMEHHOW HAayKH U
TexHUKU. CHCTeMBbI Hay4HOH BH3yalaM3allud IIOMOTYT HE TOIBKO
JIOCTOMHO MpPEACTaBUTh PE3YNbTaThl BBIUMCIEHUI, HO Taxke
OOBEIMHATh M AaHANM3HPOBATh PE3YJIbTAThl BBIYHCICHUHA H
9KCTICPIMEHTOB, HAKOIUICHHBIE paHee, JIETKO W CBOOOIHO
ONepupoBaTh OTPOMHBIMH  oObeMamu  uHpopMarmu. Jlns
JOCTIDKEHUSI 3TOr0  HAa HOBOM YPOBHE pa3BUTUS HAy4HOH
BU3yaIM3aliH MPEICTOUT PELINTh TaKHe IJOOANbHBIC 3a/1a4H,
Kak:

e BBEIPA0OTKAa HOBBIX KOHIENIWI M CTEHNEHH YCIOBHOCTH
BU3YaJIbHOTO NPEACTaBICHHS (PU3UUECKUX TIPOLIECCOB;

e pa3paboTKa EIWHBIX KPHUTEPHEB KAaueCTBEHHOH OLEHKH
BU3yallbHOTO  TIPEJCTABIECHUS]  BBIYUCIUTEIBHBIX U
9KCIIEPUMEHTANIBHBIX PE3YyJIbTATOB;

® COrJlaCOBaHUE aJITOPUTMOB BU3YAJIBHOI'O IPEACTABJICHUSA



YUCJICHHBIX
TIPOLIECCOB.

pemieHHii ¢ 3aKOHaMH  (PH3HYECKUX
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Analyzing the Evolution of Scientific Visualization Concepts
and Methods for Computational Physics

Abstract

This article describes the main stages of scientific visualization
evolution as original field of science. The development
perspectives for visual concepts, methods and approaches are
considered for problems of computational physics (mainly CFD
problems).

Keywords: Scientific Visualization, Visual Concept, Visualization
Methods
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