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AnHoTtanusa
Pabota mocBsmeHa npobsieMe aHaJIM3a MHOTOMEDPHBIX JTAHHBIX B 33J/lauaX MHOTOKPHUTE-

pUAJTBHOU ONTUMU3AIUU. ABTOpaMu copMyJIMpoBaHa IMOCTAHOBKA 33/layd aHAIW3a B 00-
II[eM BUJIE M PACCMOTPEH IIpUMeEp MPOBEJEHHs TAaKOTO aHaIu3a JJId 3a7jauydl ONTUMU3AIUN
JIByXMAaCCOBOU IMHAMHUYECKON MOzieTi. B kauecTBe MeTo/1a pelleHus 3a/1a4 BBICTYIIAeT Me-
TO/ BU3yasm3anuu. B pabore jaHO KpaTkoe onucanue Meroza. Kpome toro, moapo6HO onwu-
ChIBAaeTCsA KOHBelep BU3yaJIU3allud, IPUMeHAeMbIU 14 pelleHus 3aiauu aHanmusa. Cdhop-
MYJIMPOBAHBI CYKEHUA TPEX THUIIOB, KOTOPbIE MOKET BEIHECTH aHAIUTUK. [Ipe/iyioxken ajro-
PUTM pellleHUs 3a/jJauy aHaIn3a ¢ UCIO0JIb30BaHNeM MeTo/ja Busyanusanuu. OnucaHo paspa-
O6oraHHOe IporpaMMHoe cpeicTBO Visual Analytics Tool, peanusyroree onmucaHHBINA KOHBEH-
€p BU3yaJIHU3alUU U MO3BOJIAIONIEE IPOU3BOIUTh AHAJIN3 MHOTOMEPHBIX IAHHBIX B COOTBET-
CTBUM C IPeJIOKEHHBIM aiaroputMoM. OmNHCaHbl HOJyYeHHBbIE Pe3ysbTaThbl NPUMeHEeHUs
IIPOTPAMMHOTO CPEICTBA JIJIs1 aHAJIN3a JAHHBIX JByXMAaCCOBOU IMHAMUUecKol mozeiu. I1po-
BEJIEHHBIM aHAINU3 TMO3BOJISAET CTPOUTH CYXKJIEHUS O UYBCTBHUTEJIHBHOCTH 3HAUEHUH I€JI€BBIX
byHKIMI K U3MEHEHUSM TapaMETPOB, BBIIEJIATh KJIACTEPHI PEIIEHUH, Hanbosee OJIU3KUX K
njieaily, a TakKe O BJIMAHUM (PYHKIMOHAJIBHBIX OIPAaHUYEHUN Ha IIOJIyyaeMble 3HAUEHU Iie-
JIEBBIX QYHKIIUH.

KiroueBble cj1oBa: MHOTOMEDHbBIE JIaHHbIE, aHAJINU3 JAHHBIX, METOJ] BU3yaJIU3alluH,
MHOTOKpUTEpUaIbHAS ONITUMU3AITUA.

pbIM OyZeT NMPOU3BOAUTHCA OTOOD MOje-
BBenenue JIUpyeMBIX 00BbeKTOB. TakuM oOpasoM, Ie-
pesl KOHCTPYKTOPOM BO3HUKAET 3ajada
MHOTOKPUTEPHUATBHOU ONITUMHU3AIHH.

ITog, MHOTOKpPUTEPHUAIBHOU ONTHUMU3A-
el MOHUMAaeTcs Ipoliecc OTHOBPEMEH-
HOW ONTHUMU3AIUU JABYX WU OoJiee KOH-
dauktyomux neneBbix GyHkuu C B 3a-

CoBpeMeHHbBIE KOHCTPYKTOPCKHE pa3pa-
OOTKM ¥ MPOEKTUPOBAHUE IIPEICTABISIOT
coboli mporiecc BbIOOpa HanboJiee IMOAXO0-
JISIIed KOHGUrypauu pa3padaTbIBaeMOro
o0beKTa U3 Ynca BOBMOXKHBIX. IIpu aTOM
JUISL COKpAIIeHUs 3aTpaT Ha U3TOTOBJIEHUE

IPOTOTUIIOB HCIOJb3YeTCA MOZEIUpPOBa- nanHoi obnactu ompepenenus !. Haiitu
HUe. Brijendaercsa paAx BapbUpPYEMBIX IIa- Hapyqnee penenue — sHa49uT HauTH O/~
paMeTpPOB, XapaKTEPU3YIOIIUX Ipubop, HO WJIN HECKOJIBKO TaKHUX COBOKYITHOCTEU
YCTPOUCTBO, MEXaHU3M H T.J., 33/1aI0TCsS 3HAYEHWH IIepeMeHHBIX © wu3 obsacTu
OTPpaHUYECHHUA HAa 3HAYEHUA 3TUX ITapaMET- OIlpeJieJIeHus, IIPU KOTOPBIX 3HAUYEHUA Iie-

POB, ONpeAesIAITCA KPUTepUH, II0 KOTO-
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JIEBBIX DYHKITUHN OBLIU OBl TPUEMJIEMBIMHE
UL JTULIA, TIOCTABUBIIIETO 33/1a4y.

B [1] mpencraBiieH ajirOPUTM peIlIEHUS
ONTHUMHU3AIMOHHON 3a7laud C OJHOU IieJie-
Bou (yHKuuen. Takike CyIeCTBYIOT pas-
JINYHBIE TOJIXOABI K PElIeHUI0 MHOTOKPH-
TepUaJIbHBIX 33J1a4, TaK, HAIPHUMED, B pa-
borax [2] u [3] paccmaTpuBaloTCs pa3BU-
THS aMEePHUKAHCKON U (PAHIY3CKON IIIKOJI
pellleHusT MHOTOKPUTEPHAJIPHBIX 3a/ad.
OO1muM B 3TUX MOAXOAAX SIBJIAETCS TO, YTO
B IIpoIlecce pellleHus 33J1auil BO3HUKAIOT
HA0Opbl MHOTOMEPHBIX JIAHHBIX, KOTOPBIE
TpebyeTcs MPOoaHAJIM3UPOBaTh. Paszimya-
IOTCA TTOAXOABI II0 TOMY, KAaK UMEHHO IIPO-
BOJAUTCA aHAJIU3 OTUX JIAHHBIX: KaKHUe
MIPEATIOCHUIKY JIEJIAIOTCA U KaKue CyxKje-
HUA TIOJTyYaIOTCA B pe3yJibTaTe aHAIN3a.

Bo Bcex BBIIIEYIIOMSAHYTBIX pab0Tax MbI
BU/IUM AaKTHUBHOE HCIIOJIb30BaHHE BHU3ya-
sm3anuu. IIporpaMMHBIE CHCTEMBI, pac-
cMaTpuBaeMble B 3THUX paboTax, MO3BOJIA-
IOT TOJIy4aTh M300pakeHus, KOTOpbIE II0-
MOTaIOT AHAJMTUKY B IIPOIECCE PEIEeHHUS
3a/aui. OTH U300paKeHUsT MOTYT CTpO-
UThCS /I HATJISTHOTO TIPEeJICTaBIEHUs pe-
3yJIbTATOB aHAJIN3a, a TAKXKE MOTYT - JJIf
IIPE/ICTAaBJIEHUsI MHOTOMEPHBIX /JIaHHBIX,
BO3HUKAIOIUX HA MIPOMEKYTOUHBIX STAIax
pellleHusi, YTOOBbl ONpPENEeTUTh JaTbHEN-
mue 1maru. TakuMm obpa3om, BU3yasn3a-
U1 eCTeCTBEHHBIM 00pa30M BOIILIA B KOH-
IENIUI0 pelleHusl 3a7lady MHOTOKPUTEPHU-
aJIbHOUM ONTUMU3AIINH.

Hoxeitme Tomac chopmynupoBan mapa-
JIUTMY BU3yaJbHOW AHAJIUTUKUA — CIIOCOD
pellleHusi 3a/lay aHaJW3a JIAHHBIX C HC-
MIOJIb30BAHUEM CIIOCOOCTBYIOIIETO HHTEP-
akTUBHOTO wuHTepdelica. OHa mNpu3BaHa
COBMECTUTHh IPOCTPAHCTBEHHO-0Opa3HOE
MBIIIIJIEHE YeJI0BEKa C OTPOMHBIMU BbI-
YUCJIUTEJIbBHBIMU BO3MOKHOCTSIMU COBpe-
MEHHBIX KOMITBIOTEPOB. B mporiecce pere-
HUSA 33/1a41 TPOTPAMMHO MOXKET IIPOU3BO-
JIUTHCST CJI0KHOE YHCJIEHHOE MOZEeJIMPOBa-
HUe, HO IIPU 9TOM oOparHas CBA3b C aHa-
JINTUKOM BCETJ]a OCYIIECTBJIAETCS IMOCpes-
CTBOM H300pakeHNU Ha SKpaHe MOHHUTOPA.
KonkpeTrHoit popMoii BU3yaJIbHOU aHAIU-
TUKU SBJISIETCA METOJ, BHU3YyaJIH3allHH,
onucaHHBIA B [4]. OH BKJIIOYAeT B ceOs
KOHBEWEp BU3YAIM3AIMN W BU3YaJIbHBIN
aHAJIN3 TOJIyYeHHBIX M300pakeHuu ¢ IOo-

cyIeiyIolel MHTepIpeTaneil pe3yIbTaToB
aHanu3a. KoHBeliepoM BuU3yan3anuu
HAa3bIBAETCS MUHTEPAKTHUBHBIM U UTEPATUB-
HBIU aJITOPUTM IIOCTPOEHUS N300paKeHUN.

B nmannHoi1 paboTe omucaH mpoiece pas-
pabOTKH MpOorpaMMbl BU3YaJIbHOTO aHAJIH-
32 MHOTOMEDPHBIX JJAHHBIX B 33/1aUax MHO-
TOKpUTEPUATIbHON onTumusanuu. O mpe-
MMYIIECTBAX HCIIOJb30BAHUSA BHU3yaIH3a-
MY TIPU PEIIeHUU 337ja4 MHOTOKPUTEPU-
aJIbHOM ONTHMHU3AIlUN PAcCKa3bIBAETCSA B
pabore [5]. B HacTtosmiel craThbe TaKKe
MOKa3aHbl BO3MOXKHOCTH pPa3pabOTaHHOM
[POTPAaMMBbI ¥ IPUMEPHI €€ HCI0JIb30Ba-
HUA. B 1mOcsie/IcTBUM OHA CTaHET YacThio
IIPOrPAaMMHOTO KOMILIEKCA, IIpeIHa3Ha-
YEHHOTO JJIsl PelIeH’s 33/1a4 MHOTOKPH-
TepUAJILHOU onTuMu3anuu. Ero paspabor-
Ka IIpeJICTaBIsIeT cOOOU OOJIBIIION IPOEKT
HNHctuTyra MHTe/UIeKTyaibHBIX KubepHe-
tnyeckux Cucrem HUAY MUOU. Ilpo-
rpaMMa BHU3yaJIbHOTO aHa/IM3a JIaHHBIX
paspabaTpiBaeTcsi  KoJuleKTHBOM — YHJI
No227 «Hay4yHnasa Busyanusanusa».

1. dopmanpHasg TOCTAaHOBKA 33Jlaud
aHaIN3a

[Ipu pelreHWU 3a7]ad MHOTOKPHUTEPH-
aJIbHOM ONTMMH3AlMi BO3HUKAET 3ajjava
aHajM3a JaHHBIX. B o0ieM Buje oHa
BBITJISAJTAT CJIETYOIINM 00pa3om:

Jlano:

o P={pup2pad - yoncecmeo dei-
CMBUMEeAbHbIX NepeMeHHbLX, 3a-
daHHbLX HA obaacmu onpedeaeHus.

C= {'511'521 ...,Cm} —

m npouedypHo
3a0aHHbIX Yenesvlx PYHKYULL Imux
nepemeHHbLX.

Cz = C; (le P2, "'rpn):
20ez €[1..m].

° G = {311 G2 el gk} — k npoueaypHo
3adaHHblx  PyHxyull, 3adarowux
donoHumMenvHble 02PAHUHEHUS HA

o6.acmy onpedenerus T.
_{ Pio <p; < Py
g_:l'{pJ_J Pa ---in} % G_;f’

20e Fi-/P i+ Gj - deticmeumenvhole
yucaa,i1€[1..ql,j€[1..k].
Tpeoyemces:

Chopmuposamsv cyxcdeHus o coemecm-
HOoM nogedeHuu @yHxyuil mHoxcecmsea C
Ha obaacmu ux onpedeneHusl.



B craTtbe paccmMarpuBaercs 3a/1adya MHO-

maccesl, Ki u Ko — xéctkoctu, C — femndu-

TOKPUTEPUATIPHON ONTUMHU3AIMH, OIIU- pOBaHME. Takum obpasom,
caHHas B [6], KoToOpas CBOAUTCA K 3ajaue P = {ky,kz,my,ma,ck K pacce My pUIIOsKe-
aHaIM3a JaHHBIX ¢ g = 5, k = 3, m = 4. OHa P cos(ar)
YIMeeT BUL: Ha TapMOHHMYecCKas CHJIa =
3amaHa JByXmaccoBas JAMHAMHYECKAS P=2000 H; w=30 (c).
MOJeJIb, CM. PUCYHOK 1. 3xmech Mi u Mo
K4 K
el RS X
M, :[I] M, E
C
P cos(mt)

Pucynok 1. /luHamuyeckasa MOJeJIb.

YpaBHeHUs JIBUKEHUSA UMEIOT CJIeAyIo-
U BU:

M
1%, +C(X, - X))+ K X,

MyX, +C(X, - X))+ Ky Xy + Ky (X, - X)) =0

3a7iagbl IATh BapbUpPyeMbIX IIapaMer-
POB:
P: = Kl,pz = M4, D5 = C

Ko, p3 =My, ps=

W TpaHUIBl Bapuanuu, O0OpasyoIIue
napauienenunen I1,

1.1-109<p;<2.0-10°¢ (H/m);
4.0-104<p2<5.0-104 (H/m);
950<p3<1050 (KT);
30<p,<70 (K1);
80<ps<120 (H-c/m).

HNmeroTesa Tpu (QYHKIIMOHAJIBHBIX OTpa-
HuueHus I' (Ha cymMMy Macc ¥ Ha mapIu-
aJIbHBIE YACTOTHI):

hllfr:f) Pyt py=1100, D

g:(p)= ,,/ _<420(c7);
270 = gi(p)= 44 <320(c7).

35.0

+ K ()L .&j = P xcos(@i)

Bepxnue orpaHuueHuda Ha g2(p) u

g3(p) He SABJIAIOTCA »KECTKUMHU U MOTYT B
HEKOTOPBIX MpefiesiaX U3MEHATHCS.

[TyTém 00BbeaHEHU TapaJliesienunea
II u ¢yskuuoHaNIBPHBIX orpaHudeHuu I
oJryuuM obJsiacth onpezeserus T.

OnTtuMu3anus MTPOBOJINJIACH II0 YEThI-
PEM KpUTEpPUAM KauyecTBa:

Ci = X0 (MM) — ammutuTyia  KosiebaHUi
TEPBOU Macchl, MUHUMU3UPYETCS.

M: + M2 (Kr) — METaIJIOEMKOCTh CHCTe-
MBI, MAKCUMH3UPYyeTcs1. B HacTosmen pa-
00Te 3TOT KPUTEPUH OBLIT 3aMEHEH HA KPU-
tepuit C2 = 1120 — (M1 + Mz), 4TOOHI CBe-
CTH 3a7lady K 3a7laue MUHUMH3AMUU JJId
BCEX KPUTEPHEB KAavyecTBa. 1120 KI' — MakK-
CUMaJIbHO BO3MO>KHOe 3HadeHue M + Mo,
TaK KaK B YCJIOBUHU 33/IaUM MPUCYTCTBYIOT
orpannuenusa M: <1050 u M2 < 70.

Cs = X19/Xast u C4 =0/g2 (6e3pazmepHbIe
BEJIUYMHBI) — JUHAMUYECKUE XapaKTepHU-
CTUKU CUCTEMBI, r7ie Xist — CTATUYECKOE OT-
KJIOHEHHEe Macchl M: IO/ BO3JIEHCTBHEM
cuibl P, MUHUMUBUPYIOTCA.

B mporecce pemenusa 3aga4u ¢ UCIIOJIb-
30BaHMEM KOMIbIOTEpA JaHHAA MOCTAHOB-
Ka 3amayu ObLIa IIpe/icTaBjieHa B BHJIE
daiina popmara lua, B KOTOpOM B TEKCTO-
BOM BHJIe IIp€JICTaBJIEHbl Ha3BaHUs Ilepe-
MEHHBIX, OTPAHUYEHUHA C COOTBETCTBYIO-
UMY 3HAYEHUSIMU U 11eJIEBBIX (PYHKITUH B



BUZle (PYHKIMH s3bIKa IMIPOTPAaMMHUPOBA-
HUS.
Tpeoyemces:

Chpopmuposamsv cyxcdeHus o coemecm-
HOM nosedeHUU Kpumepues kauecmea
C; =X1ﬁ, C. = -(M1 + Mz), C3 = X1o /XJst u
Cs=w/g= 8 YKa3amHvlx 2paHuyax eapua-
yuu I1I:

1.110°<p:<2.0-10° (H/Mm);

4.0104<p2<5.0-104 (H/Mm);

950<p3<1050 (K2);

305p4<70 (x2);

80<ps<120 (H-c/m).

2. BpIOOp MeTOma pele-
HHA IIOCTABJICHHOM 3aauyu

Jlsis pelieHUs IIOCTaBJIEHHOU 3a/jaum
aHaJIM3a MHOTOMEPHBIX JaHHBIX OBLI BBI-

MNepsas 3apgava

Opan meron Busyanuszanuu. CyTb MeTOoza
BU3yJIN3AINU 3aKJIYAETCI B TOM, YTO
HCXOJTHBIM aHAJIU3UPYEMBIM JIAHHBIM IPU
MIOMOIIY IIPUKJIATHON IPOrpaMMBbl BU3ya-
JIN3AIUU CTaBUTCSI B COOTBETCTBUE HEKO-
TOpas UX CTaTHYeCKas WIN JUHAMUYECKas
rpaduveckass HWHTEpIIpeTanusa, KOoTopas
BU3YJIbHO aHAJIU3UPYETCS, a PEe3yJIbTAaThl
aHayM3a BTOHW rpaduvecKoll MHTepIIpeTa-
MU 3aTEM HCTOJIKOBBIBAIOTCS 110 OTHOIIIE-
HUIO K UCXOJTHBIM JTaHHBIM. TO ecTh, MeTO/
IpeJicTaBasgeT cobOU TOcef0BaTeIbHOE
pelleHre ABYX 33/a4: 337a4d HEIOCpe/-
CTBEHHO BU3yaJIM3AIIUU U 33J1a4yd BU3Y-
QJIHOTO aHAIN3a M300paKEeHHWH C moce-
NYIOIlled HWHTEpIIpeTanell IMOJIy4eHHBIX
Pe3yJIbTATOB M0 OTHOIIEHUIO K MCXOHBIM
JTAHHBIM.

Bropan 3agava
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Pucynok 2. PenreHue 3ajauyu aHa/Inu3a JAaHHBIX METOAOM BU3yaJIu3alUU.

AnropuTMm npezcTaBIeHNUs aHAIM3UPYEeMBbIX IAHHBIX B BIJIe UX HEKOTOPOTro rpaduyecKoro
1300pakeHus MPeAyCMaTPUBAET BHIIIOJTHEHHUE CJIEAYIONIUX II1arOB:

3aTaHHe HCXOIHEIK
TAHHEDL

PrIETpaImT JE}[ Marmmar }E}{ PernepHsr

Pucynok 3. KouBeliep Bu3yajin3aium.

COBOKYIIHOCTb 3THUX IIAroB, MOCJIEA0BA-
TEJIPHO BBHITIOJIHAEMBIX BO BPEMEHU, IPU-
HATO Ha3bIBaTh KOHBEWEPOM BHU3yaIH3a-
ruu (visualization pipeline).

2.1. KouBeliep Busyajnsamnuu

3azaHre MCXOAHBIX AAaHHBIX (Sourcing)
— mpoIecc MOJIYyUYeHUS WCXOMHBIX JIAHHBIX
KOHBeliepa BHU3yaJIusanuu. VcXomHble
JlTaHHBIE MOTYT OBITh IIOJIyYE€HBI PpPa3Iud-
HBIMH cIioco0aMu, KaKk B BHUJZE TaOJIHIIBI,

TaKk U B BUJIe 3HAUEHUU 3a[JaHHBIX (QYHK-
IUH.

®urprpanusa (Filtering) - mnpenBapu-
TeJIbHasg 00pabOTKa HCXOJHBIX JAHHBIX U
MOJIyueHUe Pe3yabTUPYIONUX OTHUIBTPO-
BAHHBIX JIAHHBIX, KOTOpPble OYAYyT HCHOJIb-
30BaThCs B JajJIbHENINEM JJis BU3yasin3a-
nuu. [Ipumepamu omepanuii stana Guib-
Tpaliid MOTYT OBITh WHTEPIOJANUI U
CIIQKUBAHME UCXOHBIX JAHHBIX.



[Iponiecc duapTpaniuu He ABJAETCA
00s13aTeJIbHBIM U B OOIIEM CJIydyae MOKET
OTCyTCTBOBATb.

Mbamonuar (Mapping) — oT¢HIBTPOBaH-
HBIM JIJaHHBIM CTaBUTCSA B COOTBETCTBHE
OIMCaHHEe IPOCTPAHCTBEHHOH CIIEHBI, KO-
TOpO€e BKJIIOUAeT B cebs reoMeTpUYEeCcKyIO
MOJIeJIb STOU CIIEHBI U OIHCAHUE €€ OITH-
YeCKHUX XapaKTEePHUCTHK. ['eoMeTpuueckas
MOZIeJIb IMIPEJICTABJIsET COOOM COBOKYTI-
HOCTh TPEXMEDHBIX T€OMETPUUYECKUX ITPU-
MHUTHUBOB WJIH/U CJIOJKHBIX TreoMeTpHhde-
CKUX O0OBEKTOB.

Pengepunr (rendering) — mnosydeHue
rpauueckoro u300pakeHus pe3yJIbTaTOB
MannuHra. 3D peHiepuHT UMeeT psAJ, Ia-
PaMeTPOB, K HUM OTHOCSTCH:

1. Kamepa

2. HcTouyHUKU OCBelIeHUs

3. Cpena mpocTpaHCTBEHHOH CIIEHBI

2.2, BusdyaibHbI aHAJNU3 IIO-
JIyYEHHOTO U300parKeHusl

[Ipouiecc Bu3yasibHOTO aHaIu3a rpadu-
YeCcKOTo M300paKeHUsA 3aKJII0UAEeTCA B BU-
3yaJIbHOM aHaJIN3€e TOU IPOCTPAHCTBEHHOU
CIIEHBI, KOTODOH IIOCTaBJIEHO B COOTBET-
CTBUE 5TO wu300pakeHne. BusyasbHbBIN
aHaAJIN3 MPOCTPAHCTBEHHOU CIIEHBI CTPOTO
He dopmanusyeM. B kauecTBe OCHOBHBIX
3aj1ay, pelraeMbIX 4eJIOBEKOM B IIpoIecce
aHaAJIN3a, MOXKHO BBIJIEJIUTD CJIEIYIOIIE:
aHam3 (opMbI TPOCTPAHCTBEHHBIX 00H-
€KTOB, aHAJIN3 UX B3aUMHOI'O PacCIOJIOKe-
HUSA U aHAJIN3 ONITUYECKUX aTpUOyTOB IIPO-
CTPaHCTBEHHBIX 00BEKTOB. B ciryuae, korza
YyeJIOBEK HE YJIOBJIETBOPEH pe3yJIbTaTaMH

aHaAJIN3a, JJIs MOJIYyYeHUs JIyJIIuX pe3ysIb-
TaTOB IIOBTOPHO BBIIOJIHAIOTCA BCE WU
YyacTh IIaroB KOHBelepa Bu3yau3anuu. B
pe3yJibTaTe, pelleHre 3a7jaunl aHaIn3a uc-
XOZHBIX JJAHHBIX METOZIOM BU3yaJIU3aI[UH
YCJIOJKHSIETCSI M CTAHOBUTCS UTEPATUBHBIM
Y1 UHTEPAKTUBHBIM.

3. Pagpa6oTka aaropurma
pelieHun IMOCTaBJIE€HHOMN
3azauu

Kak ObLI0 yKa3aHO BBIIIE, BHIOPAHHBIN
MeTO/I, pPellleHNs 33/I1a4M aHaJIN3a IPeAIo-
JlaraeT IOCJIeZJoBaTeJIbHOE pelleHue JIByX
3a71a4: 3a/la4uy HEIlOCPe/ICTBEHHO BU3yasIu-
3alMM M 33/1a4¥ BU3YaJIPHOTO AaHAIN3a
M300pakeHUuH C IOCJIeAyIoed HHTepIpe-
Talnued IMOJIyYeHHBIX Pe3yJIbTaTOB IO OT-
HOIIIEHUIO K UCXOAHBIM JaHHBIM. PaccMoT-
puM pa3paboTaHHBIA AJITOPUTM KOHBele-
pa BU3yaIN3alui.

KoHBeliep COCTOUT M3 YETBIPEX HTATIOB:
Sourcing, Filtering, Mapping u Rendering.
BrimostHeHMEe Bcex 3TAllOB KOHBelepa sB-
JisieTcsl UHTEPAKTUBHBIM U UTEPATHUBHBIM,
3aIlyCKaTh KOHBeWEep BU3yaJTIU3aIlUU MOXK-
HO IIOBTOPHO c Jitoboro srama. Mecra, B KO-
TOPBIX IIPEJlyCMOTPEHO BJIWSAHMIE HA paboTy
KOHBellepa, HoMeueHbl MUKTOrpaMMOU ye-
soBeka. Hampumep, mosiyuuB usobpaxke-
HUe OJIUH pas, I10JIb30BaTesIb MOXKET 3aIly-
CTUTh KOHBelep He C Hayaja, a ¢ 3Tamna
Mapping, npenBapuUTEIbHO U3MEHUB €0
MapaMeTphl.



3anyck KoHBelepa
BU3yanusauumn unu

M3MEeHeHWe napameTpoB
3Tana 3agaHus MCXO4HbIX
OaHHbIX

3apaHne UCXOOHbIX AaHHbIX

onTMManbHbIX
n-ok?

PacueT MNapeTo-

¥
L}
L}
- MapameTpbl: ;
HUTBIBaHNE U3 N - KonuyecTeo HaGopoB '
hanna NocTaHoBKK ancen :
3agaydd aHanusa [ - TN renepatopa !
OaHHbIX .
i
L}
L}
A 4 .
PacyeT n-oK 3Ha4Ye HUIA E
napameTpoB W kputepues | Avckpemsayua '
Mo CYUTAHHON sagjauu '
L}
nocTaHOBKe 3a4a4n '
]
L}
L}
I
L}
L}
MHoKecTBO n-oK
"""""""""""""" 3Ha4YeHUI NepeMeHHbIX
NameHeHue W DYHKLMIA
nonb3oeaTerieM
napameTpoB 3Tana
unsTpayuu
v P unsTpaumA
.
1
1
i
1
N3MeHUTb !
oGnactb H
onpeaeneHna?
1
1
.
1
A i
1
1
Het 3anoMHUTb HoBble :
OmpaHU4eHns E
1
1
1
1
1
1
i
1
Ja MpoBoanTL {
pacyeT napeTo- :
1
1
i
ONTUManbHbIX N-0K .

.| Hopmanuzayua !

= n-oK H

MHoecTBa n-oK 3HaYeHWi
"""""""""""""""" nepemMeHHbIX U yHKLWA,
MCXOAHbIX U HOPMarn30BaHHbIX
Y




MNameHeHNe
nonbzoeaTtenem
napameTpoB 3Tana
M3NNWHT

BbiGop nonb3oBgaTenem
TPex Touek ans
NoCTPOEHNA NAOCKOCTU

'

LobGaeneHue
NrocKocTM

feomeTpUsauna
Nn-oK B BUAE TOYEK

eobxoanmo
N NocTpoeHne
OTPe3KOoB
0o Hadana
KoopAuHaT?

Y

PacyeT MHOXecCTEa
OTPE3KOE OO0
Havyana KeopguHaTt

HeobGxogumo
nW NocTpoeHUe
OTPE3KOB B
KnacTepax?

MocTpoeHUe

MannuHr

MapameTpbl:

(Mucno = 0) d1 - noporoeoe aHa4YeHUe
ANWHbBI 0Tpeska Ao
Havyana KkoopauHaT

(Mucno = 0) d2 - noporoeoe sHa4eHUe
ANWHbI OTPe3Ka B
KnacTepax

(Maccue U3 Tpex -BbiGpaHHan

LienovyncrerHblX) nonb3oBaTenem

TPONKa KoopauHaT

Y
PacuyeT MHOXecTBa

OTPE3KOE,
CoeQWHAKLWX TOYKK
B KnacTepax

cUeHbl

N3meHeHKe
nonb3oBaTenem
napameTpoB aTana
peHaepuHr

MonyeHWe
n3obpaxeHnA

Bbieog U3oGpaxeHUa

Ha 3KpaH KOMNeKTEpa

CueHa, cogepKawan cepbl,
LUMAMHAPBI W NAOCKOCTH

PeHpepuHr

MapameTpbl:
MonoxeHWe Kamephl
Tun npoekyun

PucyHnok 4. O01masa cxema aJiropurMa



isMeHeHWe NnapaMeTpoB
sourcing

nonb3osaTenem
napameTpos filtering

N3meHeHne NameHeHne
nonb3oBaTengm

napameTpoB mapping

‘ [
Sourcing » Filtering

3anyck KoHBelepa
BU3yanusauuu

Mapping

Rendering

Y
Y

N3meHeHHe
nonb3osaTenem
napameTpoerendering

Beieog n3obpaxeHna

Ha 3KpaH KOMNbKTEpRa

Pucynok 5. Cxema KoOHBeliepa BU3yaJInu3aIini.

3.1.1. ITosryueHre HMCXOAHBIX JaH-
HBIX

Ha manHOM 3Tarie MpOUCXOAUT IOIyde-
HHE WCXOJHBIX JIAHHBIX. ITaIll SBJIAETCSA
VIPABJIsIEMBIM — HMEETCA BO3MOXKHOCTH
WHTEPAKTUBHO PEJAKTHPOBATh BXO/JHbIE
JlaHHBIE. A HMMEHHO, II0JIb30BATENIO JIO-
CTYITHO:

e U3MeHEHHe TPAHUI] TapauiesIelu-

neza Il rpanun Bapuanuuy;

e BBIOOp criocoba reHepamuu 3HaAYe-
HUU IMapaMeTPOB — TeHepaIusa paB-
HOMEPHO pacIIpe/ie/IEHHBIX CIy4dau-
HBIX BEJIMYWH WJIN TeHepalus KBa-
CUCITyJaUHBIX  IIOCJIEIOBATETHLHO-
creri CoboJis;

e BHIOOD KOJIMUECTBA JIAHHBIX JJIs
pacuera.

JTan COoJIEPKUT /iBa 0JIOKA: B IMEPBOM
IIpU CYUTBHIBAHUU U3 (ailyla MOCTAaHOBKU
3a/lauM aHaAJIN3a JIAaHHBIX HA BBIXO/E MMe-
eTcsl e€ OIHMCaHNe B BHUE MPOIEAYPHO 3a-
JTAHHBIX (QYHKIIUHI; BO BTOPOM ITPOUCXOJIUT
1peoOpa3oBaHUEe HENPEPHIBHBIX (QYHKITUH
B INCKPETHBIE, MHAYE TOBOPS, IIPOUCXOTUT
JINCKpeTU3anus 3aaaud. JlaHHBIH OJIOK
MIO3BOJISIET MOJIYIUTh YIIOPSAOUEHHYIO CO-
BOKYITHOCTh N JIEUCTBUTEJIPHBIX UHCET
3HaYeHUN (GYHKIUNA U mepeMeHHbIX. Ta-
KyI0 TIOCIeZ0OBATEIbHOCTh Jajiee OyzeM
Ha3bIBaTh N-KOU.

JTuckpemusayua 3adauu

Yucio reHepUpPyeMbIX COBOKYITHOCTEU
N 3HaueHWU TEPEMEHHBIX U IIEJIEBBIX
(GyHKIMN 3asiaeT IMOJIb30BaTeNb. TakuM

obpa3om, Kaxjas n-ka OyAeT UMeTh IO-

psamkoBeiii Homep f= LN Tlockompky
KaKJasgd N-Ka XapakTepU3yeTcs YHOPso-
YeHHOU COBOKYITHOCTBIO N JIEHCTBUTEIIb-
HBIX YHCeJ, 3HAUEeHHEe IepeMEeHHOU WIn
1eJieBOd (QYHKIIUHM OyzeT MMeTh 0003Ha-

yeHue Pit u C=tr cOOTBETCTBEHHO, TIe

t=Lqyz=1m Takum 06pasoM, Mbl MO-
J)KEM OJIHO3HAYHO OINpPeAesATh 3HAUEeHUs
paccMaTpPUBAEMBIX BXOJHBIX I€pEMEHHBIX
U COOTBETCTBYIOIIUX II€JIEBBIX (YHKIINN
KOHKDETHOH N-KHu.

beuin peanns3oBaHbl JiBa MeTOJA TI'eHe-
panyu 3HAYEHWH BXOJIHBIX IEPEMEHHBIX
ISl ONpesiesieHus 3HAYEeHUH I[eJIEBBIX
dbynkmuii: caygaHeii 1 Co60IEBCKUT.
Teopernueckoit 6a30¥ A1 peaTu3aIruu
aJITOPUTMAa reHepaIuy BXOJAHBIX IepeMeH-
HbIX MeTozoM CoboJist mocay»kuia pabora

[7].

3.1.2. PuabpTpanua

Ha manHOM 3Tame mpoMCXOAUT IpeJiBa-
putesibHasA 00pabOTKa JAHHBIX, MMOJIyYeH-
HBIX Ha TIPEJIBIIYIIEM 3Talle: UMEeeTCs BO3-
MOKHOCTh HM3MEHSTHh 00J1acTh OIpezesie-
HUA U BBIIEJATh 3HAUEHUs I]eJIeBBIX
dyuknuit, coorBercTBytomux Ilapero-
ONTUMAJIPHBIM BapHUaHTaM pelIeHuN OIl-
TUMU3AIMOHHON 3aiauu. JlaHHbIEe HOpMa-
JIN3YIOTCS, U HA BBIXOJIe UMEIOTCA MHOXKe-
CTBO N-OK 3HAUEHUU IepeMeHHbIX U IieJie-
BBIX (PYHKIUN, a TakKe HUX HOPMAaJIU30-
BaHHbIE 3HAYEHHU .



JTan cocTOUT U3 TPEx 6JIOKOB (CM. pu-
CYHOK 4): B IIEPBOM II0JIb30BaTEJIb MOKET
U3MEHUTh IIpe/iesibl HEPABEHCTB, 33J1al0-
muX (QYHKIWOHAIbHBIE OrpaHuueHus I,
OllpeZieIEeHHbIE B IIOCTAHOBKE 33/IaUd, TEM
caMbIM MeHssl 00JIacTh OIpPe/ieJIeHUs; BO
BTOPOM, IO JKEJIAHWIO II0JIb30BATENA, U3
MHOKECTBA N-OK 3HAYEHHUH IIepeMeHHbIX U
GYHKIMI BBIIEIAIOTCA N-KH, ONTHMAJIb-
Hble 1o [lapeTo; TpeTuii 6JI0K OTBEYAeT 3a
HOPMAJIM3AIUI0 3HAYEHUH IePEMEHHBIX U

byHKIMI.

Hopmaauzayus 3HaueHuilt nepe-
MeHHbIX U hyHryuil

I mocTpoeHUus1 TeOMETPHUUECKON MO-
JleJIN TI0JTyYeHHbIe TaHHbIe HOPMaJIU3YIOT-
cs JINHEHMHO TaKUM o0pa3oM, UTOOBI BCe
3HAUEHUs 10 KaXKJOU IIepEMEHHOU U
dbyHKIIUH cofep:KaIrch B IIpefiesiaX OTpes-
Ka [0, 100].

BerumcndioTes MakcUMaJibHble U MU-
HUMaJIbHbIE 3HAUEHUsA IIepEMEHHbBIX U Iie-
JieBbIX (YHKIUU cpeau Bcex N-ok. J[s
Ka>K/ION YIOPs/IOUEeHHOW COBOKYITHOCTH N
JIEVICTBUTEJIPHBIX YKCEJI IOJIyIUM HOBBIE
MHO>KECTBA:

P=(ibiB) e

b

3Ha4YCHUA

Pir gasxoit mepemenHoi Pi paccunTteiBaer-
cs no popmyie:
Pir — min pit

ey t=1d

Pe=——= 4 100,i€ [1 ... ql.

s rae 3Ha4YCHHUA

€zr Kaknod meseBoil PpyHKIMM ©= paccum-

ThIBaeTcs 1Mo popmyJie:
Ege — Mi0 Exp

é,=—-=2 4100,z
MAX Czp— MUD Czp
t=LN t=LN

€[1...m].

TakuMm o0pa3oM, HIeaTbHOE pelleHHe
3a7ladil MHOTOKPUTEPHAIbHOH ONTHMU3a-
UK, UMeEIoIee MUHUMAJIbHbIE 3HAYEHUS
10 KaKJIOMY W3 YeThIPeX KPUTEPUEB, OKa-
JKeTcs B Hauvase koopauHaTt (0, 0, 0, 0)
HOPMAaJIM30BaHHOTO TPOCTPAHCTBA KPHUTE-
pHUeEB.

3.1.3. MnnuHr
Ha panHOM 3Tamne mpoucxoguT reoMeT-
pu3anus JaHHBIX U IOCTPOEHNEe MPOCTPaH-

CTBEHHOU CII€HBI. YTOPSAJAOYEHHBIE COBO-
KYITHOCTH N JAeHUCTBUTEJIbHBIX YHCEJ pac-
CMaTPHUBAIOTCA KaK TOYKHM B N-MEPHOM
npoctpaHcTBe. OcCyIeCTBISAETCA BBIOOP
TPEXMEPHOTO MOAIIPOCTPAHCTBA UCXOTHOTO
N-MEPHOTO IIPOCTPAHCTBA, KOTOpOe OyjieT
HCIOJIb30BAaThCs JIJIA CO3/IAHUs IMPOCTPaH-
CTBEHHOHN cleHbl. Takoll moaxon ObLI
MpeJIoKeH B pabore [8].

Ha smanHOM 3Tarme CyIecTBYIOT JIB€ TOY-
KU BXO7Ia: TIepBas — IIPH 3aIlycKe KOHBele-
pa BU3yaJIM3aIiii 3aHOBO C dTaIta MAIITHH-
ra Win IOJyJYeHW! YIpaBeHUs U3 JTara
dunpTparuu; BTOpas — npu A00aBIeHHU
I0JIb30BAaTEJIEM TOYEK JJIA IOCTPOEHHUS
mwiockoctu. Cpasy 1ocjae TOoJydyeHUus
YIIpaBJIEHUSA, MPOUCXOAUT reOMeETPU3AIIHs
00beKTOB. MHOKECTBAa HOPMATM30BAHHBIX
IapaMeTpoOB W KPUTEPHUEB IPEJICTABJIAIOT-
cs B BHUJIe HaOOpa TOYEeK B MHOTOMEPHBIX
npocrtpanctBax P u €. B manpHelniem Oy-
JIeM Has3bIBaTh HMX IIPOCTPAHCTBOM TIapa-
METPOB M IPOCTPAHCTBOM KPHUTEPUEB, CO-
OTBETCTBEHHO.

ITo >xesaHUIO MOJIL30BATEIIS, AJITOPUTM
peAycMaTpUBaeT Jo0aBjeHHe B  IIPO-
crpanctBa P u ¢ MHOXKeCTBa OTPE3KOB
MeXXAy TOYKaMH W HavyaJioM KOOPJUHAT,
OTPE3KOB, MOIAPHO COEIMHSIIONIUX TOYKH,
U IJTOCKOCTEH.

ITocnegHuM OJIOKOM 3TOrO STama sBJs-
€TCsI IIOCTPOEHUE CIIEHBI.

[TonyuyeHHble Ha BJTamne QUIBTPAIUN
MHO’KECTBA 3HAUYEHUH C HOPMaIM30BaH-
HBIMU JJAHHBIMH HCITOJIb3YIOTCS I 00pa-
30BaHUsSA TPEXMEPHOT'O IIPOCTPAHCTBA {X, Y,
7} caeAyomuM 00pa3oM: BBOAUTCA TPOUKA
ywuces {a, b, c}, rme a, b, ¢ € [1 ... q+m], a1
yucyia OyyT ompezesisiTh BBIOpAaHHOE B
JITAHHBIT MOMEHT MOJAIIPOCTPAHCTBO TAKHUM
Pa» A< q
Ca—qr @ > (¢
CBIBAIOTCS QaHAJIOTUYHBIM 00pa3oM.

3aTeM MHOTOMEpDHBIE TOUKU IIPOEUpPY-
I0TCSI Ha 3a/IaHHOE IIOJIIMPOCTPAHCTBO. B
BBIOPAaHHOM {X, Y, Z} MHO?KECTBO TpOeK (xi,
yi, zi) ompezesnseTcsa CIEAYIIUM obpa-
Pia» @< q
Cia—qy A > ¢
aHAJIOTUYHBIM 00pas3om, i€[1, N].

obpas3om, 4To X = { ; V U Z ollu-

; V1 U zl 3ajamorcs

30M: Xl = {



Ha muoxectBax Fu Cnopmanusosan-
HBIX JQHHBIX, IIOJIyYeHHBIX Ha STalle
dunprpanuu, BBeIEM QYHKITUHN:

o P(Lj) - pynkumio pacuéra pac-
CTOAHUU MEX/y TOUKaMHM 11 j,
. p(0,)) _ pynkuumio pacuéra pac-

CTOAHUA 40 HAYaJIa KOOpAWHAT.

OHM nOpUHUMAKT CJIeAyolue 3Hade-
HUA:
. B ciryuae ecoim Bce 371eMEHTHI {X, Y,
Z} coziep;KaTcs BO MHOKecTBe P:

o I o
p{}u_f} = .\Ilz:'ﬂl{pw_ p_;l:l'}

M

p(0,1) = JELJEL}-

) B cirydae eciiu Bce 2y1eMeHTHI {X, ¥,
Z} cozepskaTcs BO MHOKecTBe €:

: I — a2
P{_l';_f} = .JZ;-CJ.{C“‘_ C}?‘}

b

: g n
p{ﬂ.l !‘} = ulz:{:l{.é\:l‘}:'

. B nporueHOM ciyuae, P67) e za-
JaéeTcs.

[Ipu mOCTpOEHNHU CIIEHBI OCYIIECTBIISIET-
cs1 fobaBeHne Habopa JIMHUN, OTPAHUUU-
BaloOIUX Kyb [0, 100], TpU OHIUHAPA JJIA
obo3HaueHus HampasieHusa oced X, Y u Z
U TEKCTOBbIE MOJINCHU Ocel. 3aTeM, TOUKU
JIOTIOJIHAIOTCA 710 TpExXMepHBbIX cdep,
IUIOCKOCTH Pa3MeIAoTCs Ha CIleHe, BIIU-
ChIBasICh B KyO [0, 100], OTpe3KH JOIOJI-
HAIOTCA JI0 UWINHIPOB.

Ilox cdepoit mnoapasymeBaeTrcsi MpoO-
CTPAHCTBEHHBI OOBEKT CO CJIEAYIOIIUMU
reOMeTPUYECKUMHU U ONITHUECKUMHU XapaK-
TEPUCTUKAMMU.

l'eomerpuueckue XxapakKTEPUCTUKU:

SphG; = {p;(xy i, 2;), '-"},

I7ie pi — KOOPZAWHATHI [IeHTpa chephl,

I — paauyc, 3a7jlaBaeMblil I10JIb30BaTe-
JIEM, ¥ TI0 YMOJTYAHUIO PABHBIU €IMHHUIIE.

Onruueckre xapaKTepPUCTUKU:

Sph0; = {Red;,Green;, Blue;)
Red, Green, Blue € [0; 255]

I[log ©waWHAPOM MNOAPA3yMeEBAETCA
MIPOCTPAHCTBEHHBIN OOBEKT CO CJIENIYIO-
IIMHU T€OMETPUYECKUMU U ONTHYECKUMU

XapaKTEepUCTUKaMM.
FeOMeTpI/I‘-IeCKI/Ie XapaKTEPUCTHUKHU:
Cvli;, = {A,B,r}
>

rme A u B - TOYKH, COOTBETCTBYIOIIUE
OCHOBaHHUAM ITUJIMHAPA,
I — pajuyc, 3a7laBaeMblii IOJIb30BaTe-
JIEM.
Onruueckre xapaKTepUCTUKU:
Cyl0; = {Red;, Green;, Blue;}
Red, Green, Blue € [0: 255]

Red,,= 255 (1 - ""‘:“B”) Green; = 150 ”"‘:“B”
b
(AB
Blue; = 255 PT}

rae d = di B coIydae coeITMHEHUs TOUEK
mpoctpanctB P u € oTpe3kaMu ¢ HyJI€BOM
TOYKOH,

d = d> B cjIydae MOMapHOTrO COeTUHEHUS
ToueK mpoctpaHcTB P u € oTpe3kaMu.

[Tox IUIOCKOCTBIO  IO/PA3yMeEBAETCSA
MIPOCTPAHCTBEHHBIN OOBEKT CO CJIEAYIO-
IIIAMH TEOMETPUYECKUMHU U ONTHYECKUMU
XapaKTepUCTUKAMHU.

FeoMmeTpuyecKre XapaKTePUCTUKU:

Planel; = {A, B, C}’

rae A, B u C - Touku, 3ajaHHbIE I10JIb-
30BareJieM /ISl IOCTPOEHU S IIJIOCKOCTH.

OnTuyeckre XapakKTepUCTUKU:

PlaneO; = {Red,, Green;, Blue;}
Red, Green, Blue € [0; 255]

Pe3ysibTaTOM BBINIOJTHEHUS STara sBJIs-
I0TCA TeoMeTpUuecKass U ONTHYEecKas Mo-
JleJIN CI[eHBbl. DTU MOJIEN HCIHOJIb3YIOTCS
JUJIS TIOJTyYeHUs MPOeKIIMOHHOTO0 Tpaduye-
CKOTO M300pakeHus Ha dTare rendering.

3.1.4. PengepuHr

PesysibTaTOM B3Tamna peH/IEPUHT SBJISET-
csl TPOEKINOHHOe U300pakeHue mpo-
CTpaHCTBEHHOU cIieHbl. Ha sTOM 5Tamne 3a-
JAI0TCsT aTpUOYTHl BUBYAJIMBAlHHU: II0JIO-
JKEHUe KaMephl, IMOJIOKEHWE WCTOYHHKA
CBeTa, yroy 0030pa, ¢pusmyeckre xapakre-
puctuku cpenpl. Ilosb3oBaTesb UMeeT
BO3MOKHOCTh ~MEHATh IIOJIOKEHHe |
HampaBjieHHe KaMephbl, BBIOUpATh OPTO-
rpapuuecKyr0 MJIM U30METPUUECKYIO IPO-
eKIUIO.



3.2. Pemmienue 3agaum BU-
3yaJIbHOTO aHaJIu3a M MC-
TOJIKOBAHUE  Pe3yJbTaToOB
II0 OTHOIIEHHUI0 K MCXO/-
HbIM JaHHBIM

Pe3ysipTaTOM BBINIOJIHEHUA 3Tana MAII-
IUHT SIBJIAIOTCSA TeOMEeTPUYECKass U OITHU-
YecKas MoJenu cueHbl. Hamu 6wty mipes-
JIO>KEeHBI CYXKJeHUA TPEX TUIIOB, KOTODBIE
MOXKHO CZleJIaTh B IIPOIecce BU3YaJbHOTO
aHaJIM3a TOJIy4YeHHON IPOCTPAaHCTBEHHOU
CIIE€HBI.

1) CyxxzeHrue O CXOXKeCTU W PA3JIUUUHN
moJiokeHuss cdep (3HaAUEHUH IIeIeBBIX
byHKIMI):

BrisiesiuB HECKOJIBKO OJIM3KO PAacHoJio-
JKeHHBIX cdep B OHOM TPEXMEPHOM IOf-
IIPOCTPAHCTBE IIBETOM U U3MEHUB aHAJIU-
3UpyeMoe TPEXMeEPHOE IOAIPOCTPAHCTBO,
AHAJIUTUK MOKET MOHATh, COXpPaHAEeTCA JIU
naHHasg OJIM30CTh B JIPYTUX IOJIIPOCTPAH-
CTBax.

2) Cyk/ieHHe O CXOXKECTH U PA3JINYUHN
oJI0’KeHuA cdep Mo OTHOIIEHHIO K Haua-
JIy KOOpZIUHAT:

. MoOKHO J1ey1aTh BBIBOJBI O 0JIM30-
CTH TIOJIOKeHUsA chep K Havary KO-
OpIMHAT B BBIOPAHHOM TpEXMep-
HOM IOAIIpOCTpaHcTBe. MeHad
MIOATIPOCTPAHCTBA, AHAJIUTUK MO-
JKeT c/ies1aTh BBIBOJBI O OJIM30CTH
nosiokeHusaA cdep K HyJI0 B n-
MepHOM IIpocTpaHcTBe. B pamkax
paccMaTpuBaeMoOUd  ONTUMU3AIU-
OHHOU 33/laYd HOJIb B N-MEPHOM
IIPOCTPAHCTBE ABJISIETCA UJI€AJTb-
HOU TOYKOH.

o MeHsi1 moporoBoe 3HaueHue d,
P KOTOPOM OyAyT MOSBIATHCS
IWINH/PHI MEXKAy Ha4yajJoM KOOp-
JuHaT u cdhepamMu, pacCTosIHUE /10
KOTODBIX OT Havyajla KOOp/IMHAT
MeHbIIIe IIOPOTOBOTO 3HAYEHUS,
MOXKHO C/IeJIaTh BBIBOJBI O OJIM30-
CTU 3HAUEHUMH 1IeJIeBhIX (PYHKITUHI K
Hyat10. OnpeziesieHne CTeleHu pas-
JINYUA TOJ0XKeHus cdep Apyr oT-
HOCUTEJIPHO JIpyTa IPOU3BOJIUTCA,
OpPHEHTHDPYSACh Ha I[BET IUJINH-
nipoB. CuHUH 11BET 0003HAYAET pac-
cTosiHUe, OJIM3KOe K IOPOTOBOMY,

KpacCHBIN — MaJjioe, IO CPAaBHEHUIO C
HuUM. OTCyTCTBUE ITUJIUHAPOB TO-
BOPUT O OOJIBIIIEM PACCTOSHHU,
YyeM 3a/JlaHHOe IIOPOrOBO€ 3Haue-

HUE.
3) Cy»xmeHue o Kiractepax cdep:
. MeHsss moporoBoe 3HaueHue do,

IIPU KOTOPOM OYZAYT MOABJIATHCA
OWINHAPBL Mexnay cdepamuy,
paccTosiHE MeX/Jly KOTOPBIMU
MeHbllle IIOPOTOBOTO 3HAYeHU,
MOXKHO Oy/IeT c/ies1aTh BBIBO/BI O
O0JIM30CTH N-OK JIPYT C JPYTOM.
IIBet MO3BOJIUT MIOHSTD,
HACKOJIBKO JIaJIeKO JIPYT OT JIpY-
ra OHU HaXOJATCA.

. Beiiensii 1[BETOM HHTepecylo-
mue cdepbl, AaHAIUTUK MOKET,
paboras B IPOCTpPaHCTBE Iapa-
METPOB, W3Y4YUTh IOBeJieHUe
chep, oOpasyoIIX KIacTePHl B
IIPOCTPAHCTBE I[eJIEBBIX (PYHK-
IUH.

4. PazpabGorka mporpam-
MBI M 3KCIE€PHUMEHTAJIbHAA
ampooOanus

Pa3zpaboTka mDpOrpaMMHBIX MOJyJiel
WHTEPAKTUBHOTO BHU3YaJIbHOTO aHAJINU3a
MHOTOMEPHBIX TAHHBIX COCTOSIJIA U3 YEThI-
PEX OCHOBHBIX YacTel: peajn3allid WH-
Tepdeiica XxpaHeHUs U 0OPabOTKH MOJTYy-
YEeHHBIX MHOTOMEPHBIX JIAHHBIX, peajin3a-
U GYHKIUUA TOJYyYEeHUs BU3YaJbHOTO
MIpEeJICTaBJIEHUs MHOTOMEPHBIX /IaHHBIX,
paspaboTku wuHTepdelica I0JIb30BaTEA.
Jl1s1 peasim3aniyl aJITOPUTMOB ObLIA HAIH-
cana mporpamma Visual Analytics Tool.
A3k mporpammupoBaHus — C# ¢ UCIIOJIb-
30BaHHEM MHCTpyMeHTa pa3paborku Unity
B MOJYJIAX Pacyéra W BU3yaJIM3alluU JaH-
HBIX, a Takke Lua aj14 onmucaHus Mojienn
3a71aud.

Metoiosioruss pa3pabOTKU IIpeaycMart-
pUBAEeT WUTEPATUBHBIA IOAXOJl, KOTOPBIN
3aKJIIOYAETCSI B OOCYXIEHUU IPOMEXKY-
TOYHBIX Pe3YyJIbTaTOB HA HAyYHBIX CEMUHA-
pax pazpaboTumkoB. bpuia Hcmosib30BaHA
cucreMa KOHTpoJsisi Bepcuit Gitlab. Omna
M03BOJISIET HE TOJIBKO YA0OHO W OBICTPO
00MEHUBATHCA UCXOAHBIM KOZOM, HO U CO-
JIEP>KUT B cebe MeXaHW3M OTCJIEKUBAHUS



3a71a4, MEXaHU3M aBTOMATUUECKOU COOPKU
MPOEKTA M COXPaHEHWs HOBBIX (U yxKe Cy-
IIECTBYIOIIUX) TOTOBBIX K 3aIIyCKY BepCHUI.

[Tpu 3amycke mporpaMMbl OJIb30BATENb
MOXKET O3HAKOMHTBCS C IIOCTAHOBKOU 3a-
mauu B oOIeM Buje, BbIOpaTh ¢aiii, co-
JlepKaliil ITOCTAaHOBKY 33/a4yd, ITOCMOT-
peThb e€ U INepelTH K reHepaluu JaHHBIX.
OKHO, ¢ KOTOPBIM B3aUMOJIENCTBYET I10JIb-
30BaTesIb, UMEET TPU BKJIAJKH, B OJHOHN U3
KOTOPBIX OH HENOCPE/ICTBEHHO 33/IaeT Ma-
paMeTphl AUCKPETU3AIUH W TMPUHUMAET
pellieHrie O BbIZieJIeHUU cdep, COOTBeT-
ctBytomux IlapeTo-onTUMasbHBIM BapH-
aHTaM pelleHNu! ONTUMHU3AIMOHHOU 33J1a-
yu. Bropas Bkjasika M03BOJIAET UBMEHUTh
Ipe7iesibl HEPaBEHCTB, 3a/aloNux QyHK-
MOHAJIbHBIE orpaHmueHus I. B Tperbei
[10JIb30BaTeIb MOKET YBU/IETh CTeHEPUPO-
BaHHBIE YHCJIOBBIE 3HAUEHUS B TAOJIUUHOM
BUJIE.

Pucynok 6. OxkHa nmporpamMmabli.

YrpaBiieHHe CIEHOW peaTn30BaHO IMPHU d», pamuyc cep Ha cieHe, BHIOpPATh IPO-
MIOMOIIIA HECKOJIBKUX OKOH, ITO3BOJISIOIINX EKIINI0 KaMephl, BKJIIOUHUTh OTOOpakeHue
W3MEHSATh 3HAUYEHUA JUIMH OTpe3KoB d: u TOJIPKO OTMEUEHHBIX [T0JIb30BaTeseM cdep,



M0Ka3aTh CIHUCOK OTPAHUYUBAIOIIUX IJIOC-
KocTell M OTpeAakTupoBaTh ero. [lanenn
MO?KHO CBEPHYTb.

4.1. Pe3yabTarsl padoThI MPO-
rpaMMBbI

[TporpamMma MO3BOJISIET CTeHEPUPOBATH
YKa3aHHOE II0JIb30BATEJIEM KOJIMYECTBO
JTAHHBIX, MOCJIE YEro BU3YaJIbHO UX IPO-
aHaIM3UpOBaTh. [IporpaMmma CBOeBpeMeH-
HO pearupyeT Ha HaXKaTUsl U JIBUKEHHUS
MBIIIU. B mporecce TecTupoBaHUs reHepu-
pPOBAJIUCh JaHHBIE O 100’000 Touek. Ilpu
MPOBEZIEHUM WCIIBITAHUN Ha Pa3JIMYHBIX
KOMITBIOTEpAX, BpeMs pacuera u sjobaBiie-
HHA TOYEK Ha CLieHYy He IpeBhIIao 60 ce-
KYH/I.

CrouT 3aMeTUTb, YTO IPOJIeJIAHHAS HaJ
MIOJIb30BATEIBLCKUM UHTepdericoM paborta
JIOCTaTOYHA, UYTOOBI 00ecrevyuTh yA0OHYIO
MaHUITYJISIUI0 MHOTOMEPHBIMH JJAaHHBIMU
A aHaymuTuka. EMy mpezjoctaBiieHbl He
TOJIBKO BO3MOKHOCTHM MEHATHh IIOJIIIPO-
CTPAHCTBO {X, y, Z} U CTPOUTH IWJIUH/PHI
Mexay chepaMu, HO TaKKe BO3MOXKHOCTb
BpallleHuss KaMephl Ha CI€HE U IEPEKIIIo-
YyeHHs1 €€ TMPOEKIIUU MEXK/y IePCIIEKTUB-
HOH U OPTOTOHAJIBHOU. BakKHO OTMETHTSH,
YTO II0JIB30BATEJIIO JIOCTYIIHA BO3MOXK-
HOCTb U3YYUTh JITaHHBIE B TAOJIMIHOM BUJIE.

5. IIpoBe e HHBIN aHAJIN3

[IpoBeném BU3yasIbHBIM aHAIN3 CIIEHBI,
OITMCAHHBIH B II. 3.2.

Bribupaem o06s1ak0 cdhep B mpocCTpaH-
CTBE IMapaMeTPOB:

~

Yo,

|

Pucynok 7. O6sako cdep

PaccmoTpum  crieAyoIuil  iMamnasoH
3HAYEHUH:
1.1¥106 < K1 < 1.37*106;
4.0%104 < K2 < 4.3%104;
1020 < M1 < 1050;
30 < M2 < 58;
80 < C<120.

OcylecTBUM TEepPexof] B IPOCTPAHCTBO
KPUTEPHEB W 3a[afydM IIOPOrOBOE 3Haue-
HHe, IPU KOTOpOM cdepsl 13 ob1aka CBs-
3BIBAIOTCA [[AIMHPAMH. W HBIMU
cJ10BaMu, 00pasyIoT KJIacTePHI.



Pucynok 8. Kitacrepsl B IpOCTPAHCTBE KpUTEPHEB

Vmes moAmpoCTpaHCTBO, 0Opa30BaHHOE

XlﬁrCE:_
oeJIeBbIMU (1)}7HKI_[I/IHMI/I Fr, COOTBET-

CTBEHHO IO OcAM abcIpice, OpAUHAT U arl-
IUTUKAT, U3MEHUM HOAIIPOCTPAHCTBO, MPO-
il

u3Be/id 3aMeHy IiesieBod (YHKIUU P:HA

Pucynok 9. Kiiacrepsl B u3MeHeH-
HOM HOAIIPOCTPAHCTBE.

W3 pucyHKa 10 BbIHECEM CYyKIEHUE TH-
ma 3 (o kimacrepax cdep). Ha pucyHke
MO?KHO 3aMETHUTh, YTO JIBe Maphl cep, BU-
3yaJIbHO HaXOMSIIUXCS Ha OJTHOM PacCTOsI-
HUU B TPEXMEPHOM IIPOCTPAHCTBE, UMEIOT
MOMAPHO COENUHSIONINE WX ITUJIHHIPHI
pasHoro mBera. M3 3TOro0 MOMKHO C/iejIaTh

BBIBOJI O TOM, YTO 3HAUEHUS HE MPUHATHIX
B PACCMOTPEHUE KPUTEPUEB PA3JIUUHBL.

Pucynok 10. IlomapHoe cpaBHeHHue
PAaCCTOAHUA MEKITY TOUYKaMU.

Tak:ke MOXKHO 3aMETHUTh, YTO OOJIAKO B
MPOCTPAHCTBE MapaMeTpPOB 0OpasyeT KJia-
cTep OJIMBKO PaCIIOIOKEHHBIX APYT K APY-
Iy TOUEK, B TO BpeMs KaK B MPOCTPAHCTBE
KPUTEPHUEB TOUKH OOJIEE OTAATIEHBI IPYT OT
npyra. Takum o06pa3oM MOKHO C/IeJIaTh
BBIBO/JI, YTO HE3HAUUTEJIbHOE U3MEeHEHNE B
IPOCTPAHCTBE ITAPaMETPOB BEJIET K 3HAUM-
TEJIPHOMY HW3MEHEHHI0 B IIPOCTPAHCTBE
KpuTepueB. ITO HaOJIO/IEHUE II0JIE3HO B
KOHTEKCTe aHaJN3a YyBCTBUTEJIHHOCTH
pellleHus K U3MeHeHUI0 TapaMeTpPOB.

BriHeceMm cy»kJieHre TUMa 2 0 OJIU30CTH
3HAUEHUU 1eJIeBbIX (MYHKIUU K MUHU-
MaJIbHBIM, TO €CThb K H/IeaJIbHOMY pelle-
HUIO B Hauasie KoopAuHart. IIpoBossa BU3y-



aJIbHBIA aHAIN3, OTMETUM HaWMeHbIINe,
TO eCTb 0OoJiee IpeAIIOUYTUTEIbHbIE 3HaYe-
HUS 1[eJIeBBIX (PYHKITUH.

U3 pucyHKa 11 MOKHO YBUJETH, UTO:

1) 3HaueHHaA QYHKIUU X2 Gnuskn K
MUHUMAaJILHOMY — chepbl 00pa3yloT CKOII-

JIeHune Bo3Jie Iiockoctu OYZ.
fin]

2)  3uaueHus QYHKIUH 7’ « pas6po-
CaHBI 110 BCel 00JIacTH OIpeJiesIeH s, 3Ha-
YeHWU 11eJIEBOU (QYHKITUU CUIJIBHO OTJIMIHO
OT MHHUMAaJIbHOTO — cdephl pacrpesesie-
HBI 110 BCEH cIrieHe B MPOGUIBHON MPOEK-
180508

Y - m1+m2 (Criteria)

Z - wip1 (Criteria

Pucynok 11. Cuena co cpepamu u
IMUJINHAPaAMM:

a — ¢poHTATBPHAA TPOEKIUsA; 0 —
npoduibHad NPOEKIHUdA; B — Tropu-
30HTAJIbHAA NPOEKNUs; I' — IPOeK-
IIMOHHOE N300pakeHue

BriHeceM cyk/ieHue THIIa 1 O CXOKeCTU
U Pa3jIMuuU IOJIOKEHU:A cdep. JHaUeHUs
Lii]

X - X1d (Criteria) Y - m1+m2 (Criteria)

6 JBYX IIeJIeBbIX (QYHKIHHA -’ iz 00pasyrT
obstako Touek. I'paHuma 3Toro obsaka 1o
(opme cuIbHO HAaTTOMUHAET TUTIEPOOITY, U3
Yyero MOXKHO CJ/ieJIaTh TPeIJIOKeHUe, UTO
9TO CBS3AaHO C HAJIOKEHHBIMH Ha IIapaMeT-
pbI q)yHKHI/IOHaJIbeImMI/I OTPAaHUYEHUSIMHU.

o 1 CZ
I[.T.[H (I)yHKuI/II/I Py 3aBUCHUMOCTh He
Ha6JIIOI[aeTCﬂ - C(l)epr pacipeae1eHbl
IIPpAaKTHUYE€CKHX paBHOMEPHO.



V byuxiuit X15,C2 ggavenus pacrpesie- peiiEM B MPOCTPAHCTBO IIapaMeTPOB U
JIAI0TCH BOJIM3U MaJIbIX II0 OTHOIIEHUI0 K OTMETHM IIBETOM OJIMIKAMIINE K BBIIETIEH-
HBIM CEepHI.

HYJII0O 3HA4YeHUN QyHKIUN Xis cepsbl
pacmpeziesieHbl BJIOJIb OJTHON U3 OCEH.

BeiiestiM  1BeTOM OJIMBKHE K HYJTIO
cepsl B mpocTpaHCTBE KpurepueB. [l
5TOTO  BOCHOJIb3YeMCA  BO3MOKHOCTBIO
CTPOUTD NMJIMHAPHI 0 HaYaia KOOPAUHAT.

Pucynoxk 13. CuHa co cpepamMu "
IUJINHAPAMH.

[Tepeiiném oOpaTHO B MPOCTPAHCTBO
KpHUTEpUEB.

Pucynoxk 12. Cuena co cpepamu u
IUWJINHAPaMU.

BbiGPAHHAR NPOEKUMA
X:(X1d(Criteria) v |

¥i(m1+m2 (Criteria) - |
2Z: w/p! (Criteria) v |

Pucynok 14. Cuena co cpepamMu 1 TUJIHNHAPAMHA.



BriHecem cykzieHUe THUNA 1 O CXOXKECTH
1 pa3JINuUU MOJI0KeHUs cdep i1 PUCYH-
ka 14. Cdepsl, OJU3KHE B HPOCTPAHCTBE
[MapaMeTpoOB K BbIJIEJIEHHBIM I€PBOHA-
YaIbHO chepaM, He SIBJISAIOTCA OJTU3KUMHU B
IIPOCTPAHCTBE KpUTepHeB. JTO O3HAYAET,
YTO mpu HeOOJBIIOM HN3MEHEHUM Iapa-
METPOB, 3HAaUEHUE 1eJIeBON DYHKIIUU 3Ha-
YUTEJIbHO MEHSEeTCH.

JakKJIrIoueHue

B craTbe ObUIH OmHCAHBI pa3pabOTKa U
HCIIOJIP30BaHKUE IIPOTPAaMMHOIO CpeJICTBA
BU3yaJIbHOTO aHain3a. BusyanbHasa aHa-
JINTUKA TPUMEHSIACh B OTHOIIEHUM 3a/a-
YU MHOTOKPHUTEPHAJIBHON ONTUMH3AIUH,
oblllee Tpe/icTaBJIEHHE O KOTOPOU OBLIO
IpuBeZieHO BHaYase. Takke ObLIa MMOCTPO-
€Ha MOJieJIb JAHHBIX JIJISI MHOTOKPUTEPH-
aJIbHBIX 33J1a4, pa3paboTaH aJITOPUTM,
TIO3BOJIAIONIUH OCYIIECTBIATh QHAIN3 STUX
JAHHBIX MeETOJIOM Bu3yanudanuu. C 1o-
MOIIPI0 PEaJTM30BAaHHOU MPOTrpaMMBbl OBLI
IIPOBEJIEH aHA/IU3 JAaHHBIX 33Jl1a4M, CBs-
3aHHOM C OITHUMHUBAIUEN JIByXMacCOBOU
AUHAMUWYECKOH MOJIEIH.

bruta mpoaHanmu3WpoBaHa ~ UYBCTBU-
TEJILHOCTh PEIIeHUN ONTUMHU3AIMOHHOU
3a71a4yM, MMOKA3aHO, UYTO PEIIeHUs SBJISIOT-
csl HEYCTOMYMBBIMU: TPU HEOOJIBIIUX W3-
MEHEHHAX IMapaMeTPOB MOJETU ITPOUCXO-
JIUT CyIIIECTBEHHOE U3MEHEHNE €€ ONTUMU-
3allMOHHBIX KpPUTEpPUEB. BusyanpHO ObLIA
BBIZIEJIEHA COBOKYITHOCTb PEIleHui 33aj1a-
Yy, SIBJISAIONMIASCA ONTHMAIBHOHM IO arpe-
¥ (c,)?
rupoBaHHOMy KpuTepuio N+ . Tak-
ke, o ¢GopMe TMPOEKIUA MHOTOMEPHBIX
00J1aKOB TOYEK OBLIU CeJIaHbI CY3KIEHUS O
HAJIMYUU 3aBUCHMOCTH MEXKAY ONTHUMU3U-
PYEMBIMH KPUTEPHUSIMH.

B panpHelem muiaHUpyeTcs pa3BUTHE
B HECKOJIPKMX HaIlpaBJieHusx. llepBoe —
9TO pacIIupeHHre BO3MOKHOCTE MHTEPaK-
TUBHOTO B3aWMOJIEHCTBUSA I0JIB30BATENA C
pa3paboTaHHON HpOTrpamMMoOi. A MMEHHO,
Oyzer mobaBieHa BO3MOKHOCTH OJTHOBpeE-
MeHHO PpaboTaTh cpady C HECKOJbKUMU
TPEXMEPHBIMU MPOEKITUSIMH TOYEK B MHO-
TOMEPHOM IIPOCTPAHCTBE, II0JIB30BATEh
CMOJKET U3MEHSATH ONTUYECKUE TapaMeTPhI
CIIeHBI: pacKpamuBaTh c@epbl B pa3HbIE

IBeTa, TAKUM 00pa30M HATJISIZTHO BBIJIEIASA
3aHTEPECOBABIIINE €ro COBOKYIHOCTH.
Taxoxe OyzeT nobaBieHa QYHKIUA ITOCTPO-
enusa 2D-rpadukum g1 aHanmsa, HAMPU-
Mep, CTOJIOUATHIX JUArpaMM 4YacTOT JJIst
pacCUMTAaHHBIX 3HAUEHUH IMapaMeTPOB U
KPUTEPHEB.

Bropoe — BKJIIOUEHHE B IPOTPaAMMy
YHUCJIEHHBIX METOJ0B, NMPUMEHSEMBbIX JIA
peleHus 3a71a4 MHOTOKPUTEPHUAJIbHOM OII-
TUMU3AIUH, TI03BOJIAIOMNX 6€3 HUCII0JIb30-
BaHUs BU3yaJIU3AlUU ITOJIyIUTh MOTEHITU-
JIbHO ONITUMAJIbHBIE PEITEHUS.
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