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INJIAHUPYEMBIE PE3YJIBTATHBI OBYYEHUS 11O OOII

Kon
pe3yJabTaTa

PesynbTar 00yueHns
(BBIMYCKHHUK /10JIKeH OBITH TOTOB)

Ilpogheccuonanvhvie komnemenyuu

P1

Hcnonb30BaTh 3HaHUS B 00JIACTH €CTECTBEHHBIX U MIKCHEPHBIX HAYK IS pa3paOboTKu
HOBBIX IPOrPaMMHBIX IPOIYKTOB

P2

[IpumenaTy riyOOKHMe 3HAHWUA B OOJIACTH COBPEMEHHBIX TEXHOJIOTHHA pPa3padoTKu
MpOrpaMMHOTO 0OecTIeYeHUS IJIsI PEIISHHS] MEXIUCIIMIUIMHAPHBIX MHKE HEPHBIX 3a7a4
Y TIPOCKTUPOBAHMM MPOrPAMMHOTO 0OecTieY eHusI

P3

[IpumeHATh IyOOKHe 3HAHUS B O0JIACTH MPOSKTHUPOBAHMS, pa3pabOTKH U MOAIEPIKKA
COBPEMEHHBIX  pACTIPE/ICNICHHBIX ~ aBTOMATH3HMPOBAHHBIX, MUK POTIPOIECCOPHBIX,
00JTaYHBIX ¥ MTHOPMAIMOHHO-TEJICKOMM YHUKAIIMOHHBIX CHCTEM

P4

OCyIIeCTBISITh TOCTAHOBKY M pEIICHUE WHIKCHEPHBIX HWHHOBAIIMOHHBIX 3ajad,
CBSI3aHHBIX C Pa3pabOTKOH NMPOrpaMMHBIX MPOAYKTOB, C NPUMEHEHHEM CHCTEMHOTO
aHaJM3a, MOJICJIMPOBAHKS OOBEKTOB U YHCIICHHBIX METOIOB ONTUMHU3ALIMH TPOLECCOB
MPOrpaMMHOr0 0OecTIeYeHHUS

P5

[TpuMenaTh 3HaHUSA B 00JIACTH Ppa3pabOTKH U (DYHKIMOHHUPOBA HUSI BEIYUCIUTEIIBHBIX 1
WHTEJUICKTyallbHBIX ~ CHCTEM TpuU  pa3pabOoTKe MpPOrpaMMHOr0  oOecreyueHus,
KOHKYPEHTOCTIOCOOHOTO Ha MHMPOBOM DBIHKE

P6

[lpumenaTp 3Hamwss B 00JacTM 3anrbl  WHQOpMAamMM JJIT  COXpaHe HUS
nH)OpMAaIMOHHON OE30MaCHOCTU TpHU pa3paboTKe, DKCIUTyaTalid M TOAJACPKKE
TPOrPAMMHBIX TIPOJYKTOB U CHCTEM

P7

[MpodeccronansHO BIIAIETh MHOCTPAHHBIM SI3BIKOM HA YPOBHE, HEOOXOIMMOM IS
OCYIIECTBICHU  MNPO(ECCHOHANBPHON  JesATENPHOCTH B MHOS3BIYHON  cpene,
pa3pabaThiBATh  MPOTPAMMHOE  CONPOBOXICHHE, TMPEACTaBIATh M  OOBSCHATH
pe3yabTaThl MpoheCCHOHAILHONM MHHOBAIMOHHOW pabOoTHI.

P8

[IpumeHsaTh 3HaHUSI B 00JIaCTH petneHust Grioco(CKUX ¥ METOI0JIOrMY €CKHX TPo0JIeM
HAayKH ¥ TEXHUKH, COBPEMEHHBIX TPOOJIeM HHPOPMATHUKA U BBIYUCITUTEILHOM TEXHIUKH
P UCCIIEI0BATEIbCKOM A TEIFHOCTHU U pa3padoTKe MpOrpaMMHOr0 oOecey eHus

P9

BreapsTh, OKCIyaTHpOBaThb W TOAAEPXKHMBATh COBPEMEHHBbIE MPOrPaMMHBIE
NPOAYKTHI, 00JagaTh HAaBBIKAMU COXPAHEHWs] M MOBBINIEHUS UX 3()(PEeKTUBHOCTH,
BBITIONIHSITH MPAaBWIA U HOPMBI COLMANIBHOM OTBETCTBEHHOCTH Ha pabodueM MecTe

YHuse PCATBbHBIC KOMIICTCHIIMH

P11

[IpumenaTp 3HAHWSI W YMEHHS B O0JAacTH TPOCKTHUPOBAHWS, MEHEIKMEHTA
WHHOBAIIMOHHBIX MHXEHEPHBIX MPOEKTOB, C UCTIONH30BAaHUEM U COOJIONCHHEM TMPaBIIT
3aIUThI THTEJUIEKTyaJIbHOH COOCTBEHHOCTH

P12

[Toka3pIBaTh BBHICOKMI ypOBEHb KBAJIM(HUKAIMK B pabdOTe KAK, TaK M B COCTABe WIH
PYKOBOZICTBE TpYIIOH, yMeTh paborarb B KOMaHIE CO CIELMAIMCTaMHU Pa3HBIX
npodeccHif, HECTH OTBETCTBEHHOCTH 3a NPO(EeCCHOHATBHYIO IeSTEIbHOCTh U
COOJIIO1aTh KOPIOPATHUBHBIA UMUK KOMIIAHUH

P13

VMmeThb INPUMCHATH COLMAJIbHBIC W KYJIbTYPHO-HPaBCTBCHHBIC ACIICKTHI B pa3pa60TKe
HMHKCHCPHbIX MHHOBAIIMOHHBLIX IIPOCKTOB

P14

OcymecTBIsATh  TEPHOAMMECKHA  TOBBIICHWE  KBaIMPUKAIMU B 00JIACTH
npodeCCHOHANTBHBIX KOMIICTCHITUH, CICIUTh 32 HOBIICCTBAMHU U HOBOBBCJICHHIMH B
o0JracTH MpodeCCUOHATBHBIX MHTEPECOB




Munucrepcrso odpazosanus U HayKu Poccuiickoii @enepauun
(enepanbHOE TOCYIapCTBEHHOE aBTOHOMHOE 00pa30BaTEIbHOE YUPEKICHIE

BBICILIETO 00pazoBaHUs

<<HAHH9HAJIBHLIﬁ I/ICCJIEI[QBATEJILCKI/Iﬂ
TOMCKHNH MOJIMTEXHUYECKUU YHUBEPCUTET»

Huctutyr xubepHeTHKH

Hanpasnenue noarotosku (cnenuanbHocTh) - 09.04.01 MHdopmaTrka 1 BEIYMCTUTENbHAS TEXHUKA
Kadenpa nndopmaTik ¥ MpoeKTUPOBaHUS CUCTEM

YTBEPXAIO:
3aB. kadenpoit

(MMommucr)  ([ata) (®.1.0.)

3AJIAHUE

HA BBINOJIHEHUE BBINYCKHOM KBaJIN(MKALIMOHHOH padoThI

B dopwme:

| MaFHCTCpCKOﬁ Auccepranuun

(bakanaBp ckoii paboThI, AUIUIOMHOTO TP 0eKTa/paboThl, MArUCTEP CKOH JIMCCEp TALIHH)

Crynenry:
I'pynna ®UO
8BM4b XacaeBoii /luane 3ypapoBHe
Tema paGoThI:
Pa3paboTka MeTO/I0B BU3yalM3aIluu CIOXHBIX 3D Moaeneit
VYTBepxKaeHa MpUKa30M JUPEKTopa (1aTa, HOMED) | Ne 780/c, ot 05.02.2016 1.
CpoK c1auu CTyJICHTOM BBITIOJITHEHHOH paOOTHI: | 11.06.2016 1.

TEXHUYECKOE 3AJJAHME:

HcxoaHble JaHHbIE K paGOTe

OObekT uccienoBaHUs — METOAbl BU3yalIHU3alluu
cnoxubIX 3D Moneneit. OOBEKT MPOSKTUPOBAHUS —
METO/I MapIIMPYIONX KyOOB.

[lepuoanueckuit pesxxum padoOTBhI.

Bug ceipest - mporpaMMHoe oOecrieueHue.
TpebGoBaHMs K TPOAYKTY: BU3YaTH3AIUs CIOKHBIX
3d mozeneit ¢ MOMOIIBID METO/A Map P YO IIX
kyooB. Cpema  pa3pabOTKu  TPOTPaMMHOTO
obecnieuenus: Microsoft Visual Studio 2013,
maardgopma  Windows Presentation Foundation.
S3BIK IPOrpaMMHPOBAHUS: 00 BEKTHO-
opueHTUpoBaHHbI  C#, pacumpsemblii  S3bIK
pasMeTku i npuioxxkennii XAML.




IlepeyeHb MoJIeKAIIMX HCC/IETOBAHUIO,
NPOeKTHPOBAHUIO U pa3paldoTke
BOIIPOCOB

Ananu3  suTepaTypl € LENbI0  HU3Yy4EHUSs
JTOCTH)KEHUH KOMIIBIOTEPHOHN Tpadukd B 00iacTu
pa3paboTKu METOJI0B BU3yau3anuu 30 0ObeKTOB.
HccnenoBanne s4eeyHbIX METOJOB BU3YyallHM3alllU
3D o0OBekTOB: Mapummpyrmmx KyOoB, Kanefipo,
Cxanbl. Peanu3zanus Merona MapImpyronmXx KyooB
Ha margopme WPF.

Ananus pe3yJIbTaToB paboThI MeToaa
Mapumpyroumx KyOoB. CpaBHUTENbHBIM aHaIU3
U CCIICZIOBAaHHBIX aJITOPUTMOB.

[IpoBenenue HKOHOMHUYECKOTO aHanusa
pe3ylbTaToB HCCIeAOBaHUS U 3(PQPeKTUBHOCTU
paboThI anropuT™ma.

BrisaBienue 0COOEHHOCTEN COLIMAJILHOMI
OTBETCTBEHHOCTH (YHKIMOHUPOBAHUS
MIPOTPaMMHOTO IIPOYKTA.

IlepeyeHns rpap mueckoro Marepuasa

CxeMbl pa6OTLI AJITOPUTMOB, WJUUIFOCTPAI[UXA 3TAIlOB
BBIITOJIHCHUA METO0B, PC3YJIbTAThI pa6OTBI MCTOAa

MapIMpYOIHMX KyOOB.

KOHchIbTaHTBI 1Mo pasaejiamMm BbIHyCKHOﬁ KBaﬂHq)HKaHHOHHOﬁ paﬁoTbI

Paznen

Kouncyabrant

O030p JauTepaTypsl Hemun Auton FOpreBuu

HccnenoBanue ajiropuTMoB
BHU3YaJIN3aLMU TPeXMePHBIX
00LEKTOB

Peanuszanus anropurma
Mapumpyrumx Ky0oB Ha
miargpopme WPF

AHaJIu3 pe3yJbTAaTOB

®uHaHCOBBIH MeHesKMeHT, | Konoronckuit Bnagumup KOpseBuu

pecypcodd e KTUBHOCTH U
pecypcocOepe:keHIE

ConuanbHast Axynos Iletp AHaronbeBud

OTBETCTBCHHOCTDH

Paznen BKP, Boinonnennsii | Jlemun Aaton IOpeeBnu
HA MHOCTPAHHOM fI3bIKe Cunopenko TarbsiHa BanepbeBHa

Hazpanus pa3aejgoB, KOTOpPbLIC T0/I’KHbI ObITh HANMMCAHBI HA PYCCKOM H HHOCTPaHHOM

A3bIKAX:

O030p JuTEpaTYpPBI

HUccaenoBanue AJITOPUTMOB BU3YAJIU3AIIMU TPEXMEPHBIX 00bEKTOB

Peanuszanus anropurmMa Mapumpyroumx kyooB Ha miargopme WPF

DOUHAHCOBBIH MEHEKMEHT, pecypcod(d () eKTUBHOCTH M pecypcociepeske Hue

. COIII/IaJILHaﬂ OTBETCTBCHHOCTDH

1
2
3.
4. AHAJIM3 pe3yabTaTOB
5
6
2.

1. Visualization of three-dimensional objects with the help of triangulation algorithms for




defined surface

2.2. Methods for solving a triangulation problem

JaTa BbIIauM 32JaHUS HA BHINOJHEHUE BBIITYCKHOM 19.02.2016
KBAJIU( MKANMOHHON padoThI MO JUHETHOMY rpad UKy
3agaHue BbIJAJ PYKOBOIUTEJIb:
Jl0J1KHOCTH D®UO Y4yeHnas creneHs, Moanucey JlaTa
3BaHHe

u.o0. pykoBoauTtens kad. | Jlemun AHTOH KaHJI. TEXH.
HIIC, IOpreBHY HayK
noreHt kad. UIC
3ajaHue NMPUHAJ K UCTIOJHEHUIO CTYI€HT:

I'pynna (0} (0] IMoanmucs Jara
8BM4b XacaeBa /lnana 3ygpapoBHa




_ 3AJIAHUE JUISL PA3JEJIA
«®UHAHCOBBIII MEHEJ’KMEHT, PECYPCOD®®PEKTUBHOCTh W

PECYPCOCBEPEX XEHUE»
Crynenty:
I'pynna DOUO

8BM4b XacaeBoii /luane 3ypapoBHe

Hucraryr KHOCPHETHKU Kagenpa NupopMaTHKu 1
IIPOEKTUPOBAHUS
CHUCTEM

YpoBeHb 00pa3oBaHus MarucTp Hanpasaenue/cnieuuansuoets [ ()9 04.01 I/IH(l)OpMaTI/IKa
1 BBIYHCIIMTCIIbHAA
TCXHHUKA

Hcxonubie nanHble K pasneny «DUHAHCOBBIH MEHEDKMEHT, pecypcodPPeKTUBHOCTh U
pecypcocOepexeHuey.

1. Cmoumocmob pecypcos nayunoco uccieooganus (HH):
MAmMepuanbHO-MEXHUYECKUX, IHEP2eMUIecKuXx,
PuUHAHCOBBIX, UHPOPMAYUOHHBIX U YET0BEHECKUX

2. Hopmbl u HOpmamussi pacxo008anuspecypcos

3. Cmasku HIC u coyuanvroco nanoza

IlepeyeHsb BONMPOCOB, MOAJIEKAMMX HCCIeI0BAHUIO, MPOeKTHPOBAHMIO M Pa3padoTKe:

1. @opmuposanue nraua u epagura paspabomru u
eneopenus IP

2. ObocHnosanue HeoOX00uMblX UHgeCcmuyul 015 papadbomxu u
eneopenus UP

3. Oyenxa pecypchoil, uHanco80U, COYUATLHOU, OI00IICEeMHOU
apppexmusnocmu UP u nomenyuanvbrblx puckog

Hepe YeHb rpa(]) HYCCKOI'0 MATEPHUAJIA (c mounbim yKasaruem 006sa3amenbHblx yepmedicell)

1. I'paghux paspabomxu u enedpenus UP
2. Hneecmuyuonnwvui naian. brooscem UIT

| JlaTa BpIAaun 3a1aHAs 1051 pa3ieia 10 JHHeHOMY rpad UKy | 01.05.2016

3ana}me BbIJTAaJ KOHCYJbTAHT:

JloJ1KHOCTH (037 (0} YueHasi cTeneHsb, Hoanucs Jara
3BaHHE
JIOLEHT Kad. Konoronckuit KaHJI. DKOH.
MEHEPKMEHTA Bnanumup FOpseBuu | Hayk

3a11a1me NMPUHAJI K UCIIOJTHEHHUIO CTYACHT:

I'pynna DdPUO IToanuch JlaTa

8BM4b XacaeBa [lnana 3ydapoBHa




3AJTAHUE JUISI PA3IEJIA
«COLMAJILHAS OTBETCTBEHHOCTh»

CtyneHry:
I'pynna DOUO

8BM4b XacaeBoii [luane 3ygapoBHe

Hucrury KUOCpHETHUKU Kadenpa Nudopmatuku u
IIPOCKTUPOBAHHA
CUCTEM

YpoBeHb 00pa3oBaHUs Marucrp Hanpasaenune/cneunansuoets [ 09.04.01 I/IH(bOpMaTI/IKa
X BBIYMCJIIMTCIIbHAA
TCXHHUKA

Hcxoanble AAHHBIC K pasaery «COIII/laJIbHaH OTBETCTBEHHOCTb)» .

1. Xapakrepuctuka 00beKTa HccieJOBaHMs (BEIIECTBO,
MaTrepual, Ipruoop, airopuTM, METOIMKa, pabouasi 30Ha) 1
00J1aCTH €T0 TPUM CHEHUS

1. Aneopumm mapwupyiowux Ky608.

Obaacmv npumeHeHUA: KOMAbIOMepHas epaguxa.
Chepol npumenenus:

- HayuHble UCCed08aHUs,

- MeOuyuHa.

IlepeveHnb BONPOCOB, NMO/JIEKAIMX HCCJIEI0BAHUIO, POe KTHPOBAHUIO U pa3padoTKe:

1. IlpousBoacTBeHHAs 0€30MACHOCTH

1.1. AHanmu3 BBISIBJICHHBIX BPEIHBIX (hJaKTOPOB MPH
pa3paloTKe 1 SKCIUTyaTaluy IPOEKTHPYEMOro PELeHHs
1.2. AHanmu3 BBISIBJICHHBIX OMACHBIX (DPaKTOPOB MPH
SKCIUTyaTalMu MPOEKTHPYEMOrO PELICHHUS

1. Ananu3z épednvix u onachvix paxkmopos mpyoa
UHIICEHEPA-NPO2PAMMUCIA, U PA3PABOMKA Mep
3auumpl OMm HUX, OYEHKA YCA0GUL mpyod U
MUKpOKAUMAmMa paboyeii cpedwvl, CO30aHue
ONMUMALLHBIX YCA0BUTL MPYOd, MEXHUKU
bezonacHocmu u nodcapHol npoguiakmuxu. B
Kauecmse ucxoOHblX OAHHbIX UCTLOIb308AHbL
napamempul pabouezo noMeweHus, 8 KOMmopom
npou3800UIAC, pa3paboOmKa u ycio8us mpyoa npu
pabome ¢ nepCoHALLHBIM KOMILIOMEPOM.

1.1 Awnanusz epeonvix paxmopos:

- Mukpoxnumam;

- Tlpouszgodcmeennviti wym u sudbpayuiL;

- Hccredosanue oceewjennocmu;,

- DnexmpomacHumHble 80JIHYL;

- Honusupymoujee uziyueHue,

- [Tlcuxogusuonocuueckoe go3deiicmsue.
1.2 Awuanuz onacmuix ghaxmopos:

- Mexanuueckas onacHocmo,;

- Tepmuueckas onacHocmy;

- Onexmpobe3onacnocmy;

- Tloxcapnas besonacrocmo.

2. 9KoJ0ru4ecKas 0€30nacHoOCTb:
—  3ammra ceJmreOHoH 30HbI
—  aHalw3 BO3JICHWCTBUS 00BbEKTa HA aTMOC(epy
(BBIOpOCH);
—  aHanm3 BO3JIEWCTBUs 0OBEKTa Ha THIpOCchepy
(cOpochr);

2. Boisignenue 61008 3a2psi3HeHUull u
SHep2emuYecKux vlopocos (uymvl, ubpayuu,
UBTYYEeHUs) HAHO CUMBIX OKpYIHCatowell cpeoe 8
npoyecce paspadomKu npo2pamMmMHO20
obecneuenus 8 nomewenuu oguca. Ymuiusayus




— aHanm3 BO3JIEWCTBUA 00BEKTA Ha JIUTOChEpY
(oTx0mBI);

— pa3paboTaTh penieHus 10 00eCIey CHIIO
AKOJIOTMYE€CKOM 0€30MaCHOCTH CO CCHUTKaMU Ha
HT/Il mo oxpaHe OKpy>Karolie Cpeasbl.

AKKYMYAAMOpHLIX bamapeil.

3. be3omacHOCTH B Ype3BbIYAHHBIX CUTYaUAX:

— mnepedesb Bo3MoxkHbIX UC npu pa3paboTke u
9KCIUTyaTallMi MPOEKTUPYEMOr0 PEIICHHs;

— BbIOOp Haubonee TummaHONH UC;

— pa3paboTKa MPEBEHTHBHBIX MEP IO
npeaynpexaerno YC;

- pa3paboTka JeHCTBUI B pe3y/IbTaTe BO3HUKIIEH
YC u Mep 1o JMKBUAAIMK €€ MOCIIeACTBUI.

3. AHanu3 803MOHCHLIX UPE36LIYAUHLIX CUMYAY UL,
KOmopule MO2ym 803HUKHYMb 6 pabouem
nomewjeHuy oQuca u yCmaHoeKa oowux npasu
noB8edeHUst U peKOMEHOayull.

4. IlpaBoBble U OPraHu3alHOHHBIE BOMPOCHI
o0ecneyeHNs 0€30IaCHOCTH:

4.1. CrnempanbHble (XapakTepHbIE PU
AKCIUTyaTali 00BEKTa UCCIIeI0BAHNS,
MPOCKTUPYyeMOl pabodeH 30HbI).

4.2. I1paBoBbIe HOPMBI TPYIOBOTO
3aKOHOJATEJILCTBA.

4. OcHognvle npogoouUMble NPABOBbIE U
0p2aHU3AYUOHHBIE MEPONPUAMUS NO 0DeCnedeHU0
bezonacHocmu, mpyosaumuxcs 6 0QuUCHOM
nomewenuu. OmgemcmeeHHOCMb 3d OUUOKU.

| Jara Bp11auu 3a1aHuA /11 pa3jeJia Mo JuHeliHoMY rpag uky

| 15.05.2016

3ana}me BbITAJ KOHCYJbTAHT:

Jlo:KHOCTH (0% (0]

YueHasi cTeneHb, Moamucy Jdata

3BaHHE

accucteHT Kag. ObX Axynos Iletp

AHATOJIEEBUY

3a11a1me NMPUHAJI K UCIIOJTHEHHUIO CTYACHT:

I'pynna D®UO

IHoamich JlaTa

8BM4b XacaeBa Jluana 3ydapoBHa




Munucrepcrso odpazosanus U HayKu Poccuiickoii @enepauun
(I)ez[epaﬂLHoe ToCyAapCTBCHHOC aBTOHOMHOC o6pa30BaTenLHoe YIPCKACHUC
BBICILIETO 00pazoBaHUs
«HAIIMOHAJIBHBI UCCJIEJOBATEJIbCKHUMN
TOMCKHAM NOJUTEXHUYECKHNA YHUBEPCUTET»

Huctutyr xubepHeTHKH

Hanpasnenue noarorosku (cnenuanbHocth) - 09.04.01 MndopmaTrka 1 BEIYMCIUTENbHAS TEXHUKA
YpoBeHb 00pa3oBaHUs - MaTUCTP

Kadenpa nndopmaTuke 1 IpOESKTHPOBAHUS CHCTEM

[lepuon BeImoOMHEHN S - oOceHHUM / BeceHHn# cemectp 2015/2016 yaeGHoro roga

dopmMma npecTaBIeHNs PabOTHI:
| MarucCTepCKasa Juccepranus
(baxanaBpckast paboTa, IUIUIOMHBIA TIp OEKT/paboTa, MarucTep cKasi IHUCCEp TaLs )

KAJEHJAPHBIV PEUTUHT-TLTIAH
BbINOJIHE HUSI BBIIMYCKHOM KBAJIU() UKALMOHHON PadoThI

Cpok ciauu CTy/IEeHTOM BBINTOJIHEHHOH paboThI: | 11.06.2016
JlaTa HasBanme pasgena (moayJs) / MaxkcumaJ b HbI i
KOHTPOJI s BHJI padoThI (MCCJIe10BaAHNUS) 0aJja pasuea (MoayJas)
14.03.2016 0630p 1umepamypol
26.03.2016 Hccneoosanue — ancopummos — @uzyamu3ayuu  mpexmepHuix
00veKmos
16.04.2016 Peanuzayus ancopumma mapuwupyiowux Kyo6o8 na niamgpopme
WPF
30.04.2016 Ananusz pesyibmamos
14.05.2016 Qunancosvlli  MEHeONCMeHm,  pecypcodphexmusHocms U
pecypcocbepedicerue
28.05.2016 CoyuanvHas omeemcmeeHHO Ciib
11.06.2016 Visualization of three-dimensional objects with help of
triangulation algorithms for defined surface
Methods for solving the problem of triangulation
CocraBuJl IpenoiaBareb:
JonkHOCTH D®UO Y4yeHas cTeneHsb, IMoanuck Jara
3BaHHE
1.0. PYKOBOJUTEIIA, Jemun AHTOH KaHJI. TEXH.
noueHTt kad. UIIC IOpbeBuu HayK
COI'JTACOBAHO:
3aB. kadeapoii dUO YueHasi cTeneHs, Moanuce Jara
3BaHHE
u.0. pykoBoautens kad. | Jlemun AHTOH KaHJI. TEXH.
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PE®EPAT

Beimycknas xBanu pukanmonHas padora Bxrodaer 180 c., 45 puc., 19 tadin., 35 UCTOYHHUKOB,
2 puJL.

KmroueBnsie cnoBa: sUeedHbBIC MCTOAbl BHU3yaIW3allUM TPEXMCPHBIX O6’I)GKTOB, METO
Mapumpyronmx Kyoos, meron Kaneiipo, meron Ckamsi, WPF

OOBEKTOM UCCIICIOBAHUS SIBJSIFOTCS  SIYCCYHBIC METOJbI BU3YAIHM3aIl[Ud  TPEXMEPHBIX
00BEKTOB: METOJ MapumMpyronmx Kyoos, meros Kaneiipo, meron Ckambl.

Llenb pa®oThl — HCCIEIOBAHME METOJIOB: Mapumpyroumx KkyooB, Kaneitpo, Cxaisl,
peanu3anus MeTo1a Map IMp yro M X KyooB Ha muiatdopme WPF, cpaBHUTENBbHBIN aHAIN3 JaHHBIX
aJITOPUTMOB.

B mporuecce uccienoBaHus TPOBOAUIMCH AKCIIEPUMEHTHI MO BU3YaJIM3allMU TPEXMEPHBIX
00BEKTOB METO/I0M Mapumpyoumx Kyoos Ha muiatgopme WPF.

B pesynabrate ucciegoBaHus ObLIO U3Yy4€HO TPU SYEEUHBIX AITOPUTMA BU3yallU3allud
00BEKTOB, pealu30BaH MeETOoA Mapumpyloumx kyoo Ha minatrgopme WPF, mnpusenen
CPaBHUTEIBHBII aHAJIN3 aJITOPUTMOB.

OCHOBHBIE  TEXHHMKO-IKCILTyaTallUOHHBIE  XaPaKTEPUCTUKU:  BH3yaIHM3alHs  METOJA
Map Py I X KyOOB MOKET MMPOU3BOANTECS HA KOMITBIOTEPE, pabOoTaroIeM 1101 OTlepariiOHHON
cucremoii cemeiictea Windows ¢ nnargopmoit .NET Framework ne nuxe 4.0.

CreneHb BHEIPEHUS: 110 MEpe HEOOXOTUMOCTH ISl 3aMHTEPECOBAHHOMN CTOPOHBI.

OGnactu mnOpuUMEHEHUs:: KOMIIbIOTEpHas TIpaduka, BU3yaIH3alUs DSKCIEPUMEHTAIbHbBIX
JAHHBIX, (QYHKIMOHAIBHOE MpeACTaBICHNUE, MEIULIUHA.

DxoHoMHu4YecKass 3 (PPeKTUBHOCTH/3HAYMMOCTh PabOThI: JAHHOE WCCIEAOBAaHUE HOCHUT
HCCIIEOBATEIbCKUM XapaKkTep M HE HeceT 3a COo00H MpsMON SKOHOMHUYECKOW BBITOABI. Ho
pe3yNIbTaThl JaHHOW PabOThl MOKHO IIPUMEHSTH B TATBHEH IMX MCCIICAOBAHUSIX B paMKaxX JTaHHON
TEMAaTHUKHA M 00JaCTe TPUMEHCHUSI.

OCHOBHBIMH TIEPCIICKTUBAMU PA3BUTHS HCCICAOBAHMS Ha OymyIiee SBISIOTCS: pa3paboTka
metonoB Kaneitpo u Ckanel Ha miargopme WPF; Moau gukarusi anropuTMOB Map P YO LI X
kyooB, Kanelipo u Ckanbl A1 ONTUMHU3ALNY [IPOIIECCAa BU3YATH3AIUY TPEXMEPHBIX OOBEKTOB.

BeinyckHas KBayiu pUKallMOHHAs paboTa BBIMOJIHEHA B COOTBETCTBHH C TPEOOBaHUSAMU
craggapta TITY (CTO TITY 2.5.01-2006) B TekcToBoM penakrope Microsoft Word 2010.



OmnpexaesieHusi, 0003HaAYCHHS, COKPALLICHUS, HOPMATUBHbIE
CCBLUIKH

JlanHas paboTa coIepKUT TEPMUHBI U OTIPE/ICICHUS |

AJITOpUTM — HA0Op HWHCTPYKIMH, ONHUCHIBAIOIIMX TOPSJAOK JIEHCTBUMN
VCTIOJIHUTEIIA 11 TOCTHXKEHHSI HEKOTOPOTO PE3YJIbTATA.

Anroputm « Mapumpyonme Kyob» (anri. Marching cubes Algorithm, B
nep. ¢ aHrJI.— «AJrOPUTM MIATAIMX KYOUKOB») — SUYECUHBI AITOPUTM B
KOMITBIOTEPHOUN TpaduKe, CO3MaHHBIH, 751 OOpaOOTKM TMOJUTOHAIHLHOW CETKH
U30MOBEPXHOCTU TPEXMEPHOTO CKAISIPHOTO TMOJs (Yalle Ha3bIBAEMOW CETKOM
BOKCEJICH).

Aaroputm KaHneiipo — s4eeuHbIi alIrOpUTM KOMIBIOTEPHOU Tpaduku, B
OCHOBE KOTOPOTO JIEKHUT pa3OHeHHE MPOCTPAHCTBA HAa OMPEIEICHHOE MHOXKECTBO
A4EEK - TPEYIrOJbHBIX IHUPAMHJ, OMPEACIICHUE SYEEK, KOTOpPbIE MEPECEKAOTCS C
3aJIaHHBIM 0OBEKTOM U anPOKCUMAIIHS TIOBEPXHOCTH B BHISIBICHHBIX SUEHKaX.

AaroputM CKajbl - S4€€YHBIM METO/, BU3YATU3UPYIOMMKA CKaJsipHbie 3D
HOJIS1, SIBHO 3aJlaHHbIE (DYHKIIKEH.

BoxceJ (B pa3roBopHO# peun gokcens, aHri. VOXel — oOpa3oBaHo U3 cIoB:

0o0béMHBIN (aHra. Volumetric) wm mukcen (amri. pixel)) — snemeHT 00BEMHOTO

n3 O6pa)KCHI/DI, conepxcamm"d 3HAYCHUC  JJIEMCHTA pacipa B IPEXMCPHOM

OPOCTPAHCTBE, SBJSICTCS AHAJOTOM JIBYMEPHOTO TMHUKCENa Ui TpEXMEPHOTO
POCTPAHCTBA.

IToJIMroH - MHOTOYTOJIbHUK, MUHHMAaJTbHAS TIOBEPXHOCTD JJISI BU3YyaTH3aI[lH
B TpEXMepHOU rpaduke.

MoauronanbHas ceTka - (auri. polygon mesh wm coxp. mesh) — sto Habop
BEpIIMH, pebdep M TpaHeH, ONpeneisIIoNMX MOBEPXHOCTh OOBEMHOW (GUTYPHI B
koMmIbroTepHOi 3D rpaduke v MpoCcTpaHCTBEHHO-00BEMHOM MOIETIMP OBAHUH.

Tpuanryasinusi — 3To pazOreHne TeOMETPUIECKOTO 00BEKTa Ha CUMITIICKCHI.

Hanpumep, Ha TIIOCKOCTH 3TO pa30bHeHe Ha TPEYTOJIbHUKU.


https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%90%D0%BB%D0%B3%D0%BE%D1%80%D0%B8%D1%82%D0%BC
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D1%8C%D1%8E%D1%82%D0%B5%D1%80%D0%BD%D0%B0%D1%8F_%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5#.D0.9F.D0.BE.D0.B2.D0.B5.D1.80.D1.85.D0.BD.D0.BE.D1.81.D1.82.D1.8C_.D1.83.D1.80.D0.BE.D0.B2.D0.BD.D1.8F
https://ru.wikipedia.org/wiki/%D0%A1%D0%BA%D0%B0%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5_%D0%BF%D0%BE%D0%BB%D0%B5
https://ru.wikipedia.org/wiki/%D0%92%D0%BE%D0%BA%D1%81%D0%B5%D0%BB
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%9F%D0%B8%D0%BA%D1%81%D0%B5%D0%BB
https://ru.wikipedia.org/wiki/%D0%90%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9_%D1%8F%D0%B7%D1%8B%D0%BA
https://ru.wikipedia.org/wiki/%D0%A0%D0%B0%D1%81%D1%82%D1%80%D0%BE%D0%B2%D0%B0%D1%8F_%D0%B3%D1%80%D0%B0%D1%84%D0%B8%D0%BA%D0%B0
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D1%91%D1%85%D0%BC%D0%B5%D1%80%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE
https://ru.wikipedia.org/wiki/%D0%A2%D1%80%D1%91%D1%85%D0%BC%D0%B5%D1%80%D0%BD%D0%BE%D0%B5_%D0%BF%D1%80%D0%BE%D1%81%D1%82%D1%80%D0%B0%D0%BD%D1%81%D1%82%D0%B2%D0%BE

K>m wmn kemn (anrn. cache, ot ¢p. cacher — «mpsitaThy; IPOM3HOCHTCS
[kae[] — «kom») — mpoMexyTouHBIN Oydep ¢ OBICTPBIM JOCTYTIOM, COJIEpIKAIIHiA
uH(GOPMAIHIO, KOTOPast MOKET OBITh 3aIIPOIIEHA C HAUOOJIBILEH BEPOSITHOCTBIO.

CBepx0osblasi MOBEPXHOCTh — 3TO TOBEPXHOCTh, KOTOpask HE MOMXKET

YMCECTUTH CBOM UCXOJHBIC JaHHBIC B IMTAaMATHU KOMIIBIOTCPA.

CxagasipHoe noJie — 310 QyHKIIMA, 0TOOpaXkaroIas B IIPOCTPAHCTBO
B nanHoii paboTe HCT0JIb30BaHbI CCHIJIKY HA TOKYMEHTHI:
@enepanbHbiil 3ak0H OT 22.07.2008 N 123-®3 TexHUUECKHl PErIaMeHT O

TpeOOBAHUSIX MTOKAPHOH OEC30TTACHOCTH.

B Tekymeit paboTe ucnosib30BaHbl CIAEAYIOMUEe 0003HAYEHUS U COKPAIICHUS:

WPF (Widows Presentation Foundation) — mmardopma nms cosmanus
HACTOJIBHBIX M Be0-Opay3epHBIX MPUIOKEHUA C IMUPOKUMHU BO3MOXKHOCTSIMHU JJIsI
JIBYMEPHOW H TPEXMEPHOM KOMIBIOTEpHOW Tpaduku, BXOIImAs B COCTaB
wiatgopmel .NET Framework u nonnepsxuBatomas si3bik C# 1 XAML.

C# (mMpOoM3HOCHUTCS «CHU IIApI») — OOBEKTHO-OPHEHTUPOBAHHBIN SI3BIK
IpOrpaMMHUpPOBaHMs, pa3paboTaHHbIN KommaHued MICrosoft kak s3bik pa3paboTKH
npwiokenuii s maargopmel  Microsoft .NET Framework u BoociencTBum
ctangaptuzupoBanubiii kak ECMA-334 u ISO/IEC 23270.

XAML - (eXtensible Application Markup Language) — pacmmpsieMblii
A3bIK PA3METKHU JIJISl MPWIOKEHUN (MIPOU3HOCUTCA [3amil] WM [35MJ1]), OCHOBAHHBIM
Ha XML s3bIK pa3MeTku Uil JEKIapaTUBHOTO NPOTrPaMMHPOBAHUS MPUIIOKEHHM,
pa3paboTaHHbIi koMmanuerd Microsoft.

2D (2-D) — abOpeBuarypa (ot auri. 2-dimensional), koTopas MoeT
O3Ha4yaTh: YTO-JIMOO, WMEIOIIee [IBa W3MEPCHHUS, JBYMEPHOE IPOCTPAHCTBO,
nBymepHas rpaduka (2D).

3D (3-D) (ot amrm 3-dimensional) — aO0peBuarypa, KOTOpas MOKET
O3HauaTh: 4YTO-TMOO, HMEIIIEe TPU WM3MEPEHHs, TPEXMEPHOE TMPOCTPAHCTRO,
TpéXxMepHas rpaduka.

OBM — 31eKTpOHHO-BBIYUCIIUTENIbHAS MAILIMHA.


https://ru.wikipedia.org/wiki/Microsoft
https://ru.wikipedia.org/wiki/.NET_Framework
https://ru.wikipedia.org/wiki/ECMA
https://ru.wikipedia.org/wiki/ISO
https://ru.wikipedia.org/wiki/IEC
https://ru.wikipedia.org/wiki/%D0%AF%D0%B7%D1%8B%D0%BA_%D1%80%D0%B0%D0%B7%D0%BC%D0%B5%D1%82%D0%BA%D0%B8
https://ru.wikipedia.org/wiki/XML
https://ru.wikipedia.org/wiki/Microsoft

K — nepcoHaIbHBIN KOMITBIOTED

HP — HayuHbIl pyKOBOIUTEb.

N — nnxenep.

ECH - equnbIii conpaibHBIN HAJIOT.

H/AC — nanor Ha 100aBIEHHYIO CTOUMOCTb.
OY — orHeTyumrels yrieKUCbIi.

YC — upe3BblYaliHbIC CUTYALIHH.
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BBenenue

MoenupoBaHre W peaTMCTUYHAS BU3yalM3als TOBEPXHOCTEH SBISETCS
KIIFOUEBOM COCTABILIIOIIEM MHOTMX [PWIOKEHUM pazHOM HampasieHHocTH. U
OCHOBHBIM TpeOOBaHMEM K IMIOJICUCTEME BI3YAJIU3allUM TMOJOOHBIX MPUIOKEHUIN
SABJISIETCS JOCTHXKEHUE PEATUCTUYHOCTH BUPTYaJIbHOM MOBEPXHOCTH (UM penbeda) mpu
COXpAaHEHHU MHTEPAKTUBHOM 4acTOThl 0TOOPaKEHUS.

OcHOBHBIEC MPO0JIEMBI, JIEKAIINE B OCHOBE TaHHOTO UCCIIEI0OBAHUS:

1.  OTtcyTrcTBHE TOTOBBIX 00BEMHBIX HUCCIIECIOBATENHCKUX PA0OT MO N3yIEHHIO
OCHOBHBIX &JITOPUTMOB BU3yaJIM3AIIUU TPEXMEPHBIX 00 HEKTOB.

2.  OrcyrcTBHE peamm3aliid  alTOpUTMa MapIIMpYHOMUX KyOOB Ha
wiatrpopme Windows Presentation Foundation.

AKTYaJILHOCTB JIaHHOW paboThl 00YCIIABIMBACT HE TOJBKO PEIICHHUE TaHHBIX
npo0JjieM, HO M B@XKHOCTb pEAIM3allMd W TPUMEHEHUsS [aHHbIX aJrOPUTMOB B
KOMIIBbIOTEpHOH rpaduke. B HacTosiee BpemMsi pakTUUECKH HU OJlHA C(pepa HayUHbIX
UCCJIIOBAaHUM, TEXHHWKH, Ja M TPOCTO HU OJIHA c(epa XKM3HU HE 00XoAsTCs Oe€3
BU3yaIM3alliM  JTaHHBIX. JIOCTIDKEHUS KOMITBIOTEpHOW TpaduKkd MNPUMEHSIOTCS
MOBCIO/TY ¥ BHEAPSIOTCS BO BCE C(Pephl KM3HEneaTebHOCTH. [IporpaMmMHbIe PO TyKThI
UCIIOJIb3YIOTCSL KaK B MPSAMOM BHJIE, TAK U B KAUECTBE CPENACTB JIJISI CO3MAHMS APYTUX
porpamMmm, CUCTeM, KOMIUIEKCOB. Oco00 BemmKa 3HAYMMOCTh Ka9€CTBEHHOM, TOYHOU 1
OBICTPOI BU3YyaIM3all1 JAHHBIX B TAKUX 00JIACTAX, KaK:

1. Hayunble uccnenoBaHusi: Qu3uka (BU3yaqu3alus 3KCIEPUMEHTAIbHBIX
JaHHbIX W Jp.), MareMaruka ((QyHKUMOHAJIbHOE MpPEJCTAaBICHUE, BU3YyalU3alys
TPEXMEPHBIX CKASIPHBIX MOJIEH, HOBEPXHOCTEHN U T.J1.) U APYTHE.

2.  Menuumna. 9Tta 00JacTh MPOCTO HYXKJAETCS B MPUMEHEHUH, Pa3BUTUU
CYILLECTBYIOUIMX U CO3/IaHUH HOBBIX ITOPUTMOB BU3YAIM3AllMA TPEXMEPHBIX JaHHbIX,
o0beMoB, uryp M 00BekTOB. [locTpoeHne TpexMepHBIX OOBEKTOB, B OCOOCHHOCTH
BU3YyaJIM3allysl 0 UCXOTHBIM JIBYMEPHBIM JIaHHBIM TIOMOTae€T MEIUIIMHE 00CIICI0BATh

COCTOAHKC 310POBbA YCJIOBCKA U APYI'UX JKUBBIX CYHICCTB, IPCAOTBPAIATh U JICHUTH
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MHOrue O0oje3HH, 3a0osieBaHus, NPOOJEMbl 370poBbi. C MOMOLIBIO AITOPUTMOB
KOMITBIOTEPHON Tpa(huKi MOXKHO BU3YAIM3UPOBATH OPraHbl YEJOBEKA: JIETKUE, MO3T,
HEPBBI U T. 1.

B cooTBeTcTBUY C 3TUM, LIETBIO JTAHHOTO UCCJIEIOBAHUS SIBJISIETCSL

1. H3ydyeHme OCHOBHBIX CYILECTBYIOIIMX aTOPUTMOB BU3YyalU3alu
TpeXMEPHBIX 0ObEKTOB.

2. Peammanus amroputMma Mapimdpyoommx Kyoos Ha miardopme Windows
Presentation Foundation.

J1J1s1 HOCTHXKEHHSI TaHHOM 1€ He0 0 X0 JUMO BBITIOJTHATH CJICAYIOIINE 3a1a4H:

1. u3yuuTh NPEAMETHYIO O00JIaCTh, HCCJEAOBATh JUTEPATYpY MO JTAHHOU
TEeMaTHKE;

2. TpoBecTH 0030p CYIIECTBYIOUIMX OCHOBHBIX AJTOPHUTMOB BU3YyalIH3alH
HESIBHO 3a/IaHHOM [TOBEPXHOCTH;

3. peam30BaTh AMTOPHUTM MapIIMPYIOMMX Ky0oB Ha tuiardpopme Windows
Presentation Foundation;

4. BU3YyalIM3UpPOBAaTh C TOMOIIBIO PEATM30BAHHOTO aIrOpUTMa MPUMEP
yactn MPT, m3HauanpbHO 3aJ]aHHON HESIBHO JBYMEPHBIM H300paXEHUEM, U JIPYTHE
IPUMEPHI;

5. BU3YAJIM3UPOBaTh C TOMOILIBIO PEATM3OBAHHOTO AITOPUTMa U JApYyrue
IPUMEPHI;

6. W3yuduTh, MNPOTECTUPOBATH M TMPEICTABUTH PE3YJIbTaThl pPa3pabOTKU
POCKTA;

[/. TPUBECTH CPABHUTEIbHBIM aHAIM3 HEKOTOPHIX  CYILIECTBYIOIIMX
aIrOPUTMOB, a UMEHHO: «Mapumpytoumpe Kyosn», Kaneiipo, Cxasl.

8.  Z1aTh OLIEHKY SKOHOMUYECKOU A((HEKTUBHOCTHU IPOECKTA;

9. m3yunTh HOPMBI U OCOOCHHOCTH COITMAILHOW OTBETCTBEHHOCTH TPHU
pa3paboTKe IPOEKTa,;

10. caenares BBIBOABI U 3aK/IFOUEHHUE.
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Hayuno-npaktuueckasi 3Ha4UMOCTb pabOThl B OCOOCHHOCTH TIOITBEPIKAACTCS
3HAYMMOCTBIO TOM 00JIACTH MCCIIENOBAaHMI, B KOTOPOIl OHAa HE TOJBKO NPUMEHHMA,
HO U MOMIPOCTY HE0OX0AUMO (MEIUILIMHA).

Jlia peanuzanuu MeToJa ObLUTM U3YyUYEHBI pa3JIMUHbIE BEPCUU U MOAUDUKALUU
aITOpUTMa MapIIMPYIOMUMX KyOOB, BBITIOJIHEHHBIE HAa Pa3JIMYHBIX IUIATPopMax
pa3IMYHBIMU pa3paboTYMKaMU M B pa3Hoe Bpems. [IpoTOTUIOM [t HBIHEIIHEH
pa3paboTku ctan mpoekT Ilayma bopke, xotopeiii B 1994 Tomy BBUIOKHI CBOIO
peann3annuio METoJa B CBOIO DJIEKTPOHHYIO OMOMMOTeKy. [/laHHas mporpamma Oblia
peann3oBaHa Ha s3bike CH++ Kak KOHCOJIBHOE MPHIIOKEHHE ¢ mojyiepkkoi Unix-
nexkcukn. [layn BuzyammszupoBan yacte AgaHHbIXx MPT, u3HadampHO 3aaHHBIX B
Ka4eCTBE IBYMEPHOTO U300pakeHus nuarpaMmmsl MPT.

HecmoTps Ha TO, 4YTO QIrOpUTM MApPUIMPYIOUMX KyOOB BIEpPBbIE ObLI
npeayoxed B 1987 rony Ha koHdepenimu SIGGRAPH BuibsiMom JlopeHceHOM U
XapBu KnaifHoM, HalMyue BepCUH €ro peajusalud W MOJU(UKAIIMIA,
pa3paboTaHHBIX B CaMO€ pa3HOE BpeMsi, MOATBEPIKIAET 3HAYMMOCTh U BAXKHOCTH
cylecTBOBaHusl anroputMma. Ceiuac airoputM HaxOAUTCA B CBOOOJIHOM JOCTYIE H
HE HOCUT Ha ce0e HHKAKWX OTPAHMYEHUH TI0 BO3MOXKHOCTH €r0 HCIOJIBh30BaHMS,
peanm3anuu U Mo U(PUKAITIH.

JlanHas pa3paOoTka anropuTMa MapUIMPYIOUIMX KyOOB HE TOJBKO HMEET
MOJIOKUTENbHBIN 3(PPEKT OT MPUMEHEHUS, HO U J1aeT IIUPOKHUE MEPCIIEKTUBBI IS
CBOEr0 JaJIbHEUIIET0 Pa3BUTHs, YCOBEPIIEHCTBOBAHUS U BO3MOKHOCTH MPUMEHEHHUS
B KQUE€CTBE CPEICTBA AJISl CO3JJaHUHU HOBBIX ITPOTPAMMHBIX POTYKTOB.

OCHOBHBIE HETOCTATKH, BHISIBJICHHBIE B X0€ PAOOTHI:

1. HexBaTka BpEMEHM Ha pealM3aluil0 M JPYTHUX  ITOPUTMOB
BU3YyaJIM3allMU HESBHO 3a/IaHHBIX TOBEPXHOCTEH;

2. HEXBaTKa BPpEMEHHU Ha MOJIU(PHKAITUIO arOpHTMa MapIIAPYIONHX KyOOB
C LEJbI0 TMOBBIUIEHUS €ro MPOU3BOAUTEIBHOCTH U YJIYYIIEHUS KpPUTEPUEB

OIITUMM3allHH.
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1. O0630p auTepaTypsbl

KommbrorepHas rpaduka - 3To ocodas 001acTs HH(OOPMATHKHA, OTBEYAOIIAS
3a npencrasienue 2D, 3D — mobpaxenuii, Buneo u anumarmu cpeiactsamu [1K.
3aponunace KommbloTepHas rpaduka B 1950-x rogax. CHauyana ¢ MOMOIIBIO HEe
MOXHO ObUIO BBIBOJUTH JIMIIb HECKOJBKO JECSATKOB OTPE3KOB HA HSKpaH.
CoBpeMeHHbIE CpEeICTBA W HHCTPYMEHTHl KOMIbIOTEpHON Tpadukud JaroT
BO3MO>KHOCTb CO3/IaHUS PEATUCTUYHBIX M300paXKEHUM, 10 KaY€CTBY HE YCTYHAIOIIUM
Ka4eCcTBEHHBIM (oTorpadusiM, U He TOJbKO. CyILECTBYIOT pa3IMYHbIE annapaTHbe U
IporpaMMHbBIE CPEJCTBA, OOECTICUMBAIOLINE CO3JaHHE CaMbIX PAa3JIMYHBIX BHUIOB
U300paKEHNUH, HAUMHAS OT HECJIOKHBIX KOHCTPYKTOPCKHMX YEPTE)KEH U 3aKaHuMBas
BBICOKO PEATUCTUYHBIMU MOICTISIMU PEATbHBIX 00BEKTOB.

O6nacTi TPUMEHEHUSI KOMIBIOTEPHON Tpapukd OECKOHEUHO IMPOKH,
MOXHO CKa3aTb, OHAa HCHOJIb3YETCS MPAKTUYECKM BO BCEX OOJAcTIX HAyKH U
TEXHUKH, TaKkXKe SBJIAECTCS  HEOOXOAMMOW  COCTaBJSIIOUICH  MOAABJISAIOLIETO
OOJILIIMHCTBA HAYYHBIX W WHXEHEPHbIX JIUCUMIUIMH T[pPU  BU3yaIM3aLUU
BOCIIPUHUMAEMbIX O00pa30B W TMpHUIaHUsA OOJIMKY TMOJy4aeMbIX-TIepeaBaeMbIX
nH()OpMAaIMOHHBIX 3HAaHWUW. B mo0oi cdepe AeITenTbHOCTH W TPOQPECCUOHATHLHON
cpeae CyIIeCTBYET HEOOXOAMMOCTh MPEACTABIISATh, PE3EHTOBATH CBOU U HE TOJIHKO
UH(POPMAIIMOHHBIE JaHHbIE, UTOTU PabOTHL, OTYEThl HAa KOMAHIHBIX 3aCEJAHMSX.
Oco0Oyt0 3HAYUMOCTh BO3MOYKHOCTH KOMIBIOTEPHOW TpapuKd HMEIOT B TaKUX
00JIacTAX, KaK: MeIUlMHA (KOMIbIOTEpHas Tomorpadus), reoaesus, KapTorpaduu,
reopusuke, saepHoil (Pmuke. Camoll TpUOBUIBLHOM c(epoll  MPUMEHEHUS
KOMITBIOTEPHOU rpauKu sBIIsieTCA C(hepa peKIaMHBIX YCIIYT, TEIEBUICHUS U IPYTUX
OTpacyiel UHAYCTPUHU Pa3BICUCHUMN, MCHOJIB3YIOIMX aHUMAIlMOHHBIE BO3MOKHOCTH
KOMIIBIOTEPHOU Tpadpuku ((PHIbMbI, KOMIBIOTEpHBIC HIpbl). OcOOYI0 3HAYMMOCTH
BO3MOYHOCTH KOMITBIOTEPHOM TpaduKu HECyT Uil pa3pabdOTKH M HCIOJb30BaHMS
KOMITBIOTEPHOI'O MOJIEIIMPOBAaHUs, C TOMOIIbIO KOTOPOro OOY4aroTCs MHJIOTHI,

JIETYUKHA, KOCMOHABTHI W TpEACTaBUTENEH apyrux mpodeccuit (TpeHaxepsl). bes
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3HaHUN OCHOB KOMITbIOTEPHOU IrpadMKu HE MOTYT OCYIIECTBISITH CBOM UCCIICIOBAHHUS
U Ipo(pecCcHOHANBHYIO e TEbHOCTh HU MHKEHEP, HU YUCHBII.

WTOroBBIi pe3yibTaT MPUMEHEHUS! CPEICTB KOMIbIOTEPHOM TpaduKu - 3TO
U300paXEHUE, HCIOJB3YIOIIEECS sl CaMbIX pa3MyHbIX Lened. CXembl, KapThl,
rpapuueckrie 0003HaUYECHUsI BOSHUKIIM €Ile B TIyOOKHE BPEMEHA, T.K. JIy4yllle BCEro
OOJILIIMHCTBO JIFOJIeH YCBAUBAIOT MH(POPMALIKIO YepPE3 OPTaHbI 3PEHUSL.

Ha panHBIii MOMEHT KOMIBIOTEpHash rpaduka SBISIETCS JOCTATOYHO
CJIO’KHOM, OCHOBATEIIHbHO MPOPaOOTAHHOW W MHOTOACIIEKTHOW HAyYHO-TEXHUYIECKOM
nucuuimHoW. Camble ee BOCTpeOOBaHHBIE MOIYJM, HApUMEp, CBSI3aHHBIC C
reOMETPUYECKUMHU  NpeoOpa3oBaHUsMHU, CHNOCO0AMH  OMHCAHHUS  KPUBBIX U
MOBEPXHOCTEH, K HACTOSIIIEMY BPEMEHHU M3Yy4eHBbI J0BOJILHO obOmmpHO. Ilepeuenn
obsacteil U cep MOCTOSHHO PAacTET U PA3BUBACTCA: 3TO U METOIbl PACTPOBOIO
CKaHUPOBAHUsI, U CTIOCOOBI y/laleHUs] HEBUAMMBIX JIMHUN M TIOBEPXHOCTEH, 3a7aHKe
1[BETa, OCBEIIEHHOCTH, 3(PQEKTOB TEHEW, MPO3PaYyHOCTH U TOJIYNPO3PaYHOCTH,
TEKCTYPUPOBAHUE U JIP.

O6nacTh HCTONB30BaHUSA TPUMEHEHHUS KOMIBIOTEPHON TpapuKu MOKHO
pa3aenuTh Ha 4 OCHOBHBIE CEPHI.

1. IlpeacraBiienue nHGopMaUn

KommbioTepHass rpaduka pemaer mpoOsieMy MNpeNCTaBiICHUS pPa3IMuHbIX
00bEMOB CaMbIX Pa3IMYHBIX JaHHBIX (HAIPUMEP, CHEKTPOCKOMUYECKHUX AHHBIX,
JaHHBIX pe3yJIbTaToB HCCJICIOBAHU, JAQHHBIX AP OKOMACIITAOHBIX
COIIMOJIOTUYECKUX OTIPOCOB).

[Ipaktyecku HM OmHA OO0JacCTh COBPEMEHHOW HAyKu HE 00xoauTcst 0e3
rpaduyeckoro mnpexacraBieHuss wuHpopmanuu. Kpome HaydyHOTO NpUMEHEHUs
KOMITBIOTEPHOM TpaduKu NJIsT PEHICHUs] MCCIEN0BATEILCKUX 3aad, KOMIbIOTEpHAst
rpaguKa WUCIHOJB3YeTCS W JUIsl MaTeMaTHYeCKOTO MOJCIUPOBAHUSA TIPOIECCOB H
SBJICHUH, KOTOpbIE HE MOTYT O0OXOmuThCsa 0€3 TpaduvecKoro OToOpaKEeHUS.
Hampumep, mporiecchl, mNpoTeKalomue B arMocdepe WIM OKeaHe, HarjsJaHO
MU300paXKar0TCsl C MOMOIIBIO BH3YATM3allUN PA3JIMUYHBIX KapTHH TEUEHUH WM TIOJeH

TCMIICPATYPhI. 3Dr COMCTPHUA TNIACTOB, PACIIOJIOKCHHBIX Ha 3HAYUTEILHOU FJIY6PIH6
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aurocepbl B T'EOJIOTHH MOXKET ObITh MPEJICTAaBIICHA C MOMOIIBI0 KOMIBIOTEPHOM
rpaduKy.

Camas 3Haummas o0O0JAacTh NPHMEHEHHsS KOMIIOTEpHOU Tpaduku —
MEIWIIMHA, TI03BOJIIET TMPUMEHSATh METOJbl JTUArHOCTHUKH, OCHOBAaHHBIE Ha
npenacTapiennd 3D BH3yanM3alMd BHYTPEHHUX OPTaHOB delloBeKa. MarHUTHO-
pe3oHaHCcHasi ToMorpadust (B 4aCTHOCTH, HAIIPUMEP, YIILTPA3BYKOBOE UCCIICIOBAHUE)
AT BO3MOXKHOCTh TMOJYYUTh TPEXMEPHYI0 HHGPOpPMAIMIO, KOTOpas 3areM
MOJABEPracTCsl MareMaTndeckoil oOpaboTke W BHIBOAMTCA Ha dKpaH. Kpome Toro
MIUPOKO  Wcroyib3yercss W 2D rpadumka: 3HIEDaIorpaMMbl, MHOTPAMMBbI,
KapJAHOTpaMMBbl, OCYILECTBIISIOIIME BBHIBOA Ha TIpaonoCTpOUTENh W SKpaH
KOMITBIOTEA.

2. IIpoekTupoBaHue

Kpurnuecku BaxXHO PUMEHEHHE KOMITBIOTEPHOU TpaduKku B CTPOUTEILCTBE,
OTOOpaKEHUU UYEPTEXKEH apXUTEKTYPHBIX MPEIMETOB, OOBEKTOB U COOPYXKEHHH, a
Taoke m3aenuii. OcoOyro CJI0KHOCTh M BKHOCTH TPEACTABISIET TO, YTO MPOIIECC
NPOEKTUPOBAHUS BBIHY)KJCHHO HOCHT HMTEPATUBHBIA XapakTep, T.K. KOHCTPYKTOP
UCIIPOOYEeT MHOXECTBO BAapHUAHTOB U BBIOMPAET CaMbIil ONTHUMAIBHBIA  TO
OTIPEICNICHHOMY TIEpEYHIO MapameTpoB. BHOCHUT CcBOW BKJIaJA B JaHHYIO CTOPOHY
NPOEKTUPOBAHUS YacTO€ OTCYTCTBUE TEPBOHAYAIBHBIX UYETKUX TpeOOBaHUM
3aKa3yuKa, KOTOpBIA HE BCErja cpa3y M KOHKPETHO TMPEACTaBISICT MTOTOBBIN
pesylbTaT W ero  TEeXHWYecKue  xapakrepuctuku.  KoOHCTpyupoBaHue
npeBapUTEIbHBIX MAaKETOB, OCOOCHHO Ha MHOTHX JTamax paloThl, - JOCTATOYHO
J0JITO€ W Joporoe jeno. B HacTosiiee BpeMs CYIIECTBYIOT Pa3BHUTbIC MOIIHBIS
NpOrpaMMHBIE  CPEICTBA aABTOMATHU3AIMM  TPOEKTHO-KOHCTPYKTOPCKUX — PaboT
(CAIIP), ¢ momo1ipi0 KOTOPBIX BO3MOYKHO OBICTPO CO3/1aBaTh YEPTEKH OOBEKTOB,
OCYIIECTBIIATh PA3JIMUHbBIC PacueThl U T.J1. McTIONB3ys TaHHBIE BO3MOKHOCTH, MOYKHO
JeTalbHO TPENCTAaBUTh MAKEThl, MPOEKIMU u3lenus, npoaykra cpeiactBamu [IK,
TaKOkKe pPacCMOTpeTh €ro B OObEMHOM BHJE C pa3MYHBIX CTOpPOH. JlaHHBIE
MHCTPYMEHTBHI MPOCTO HEOOXOAMMBI U JAHW3aiiHEpaM WHTEephepa, JaHAmAQTHBIM

JIU3aHEpaM.
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3. MoaeaupoBaHue

MopaenmupoBanue - ~ 3TO HUMHTAIUS Pa3IMYHBIX CUTyallMid, KOTOpHIE
BO3HHMKAIOT, K TPUMEpY, MPU TMOJIETe BEpPTOJieTa WM PaKEeThl, MepeABIKEHUH
aBTOMOOMIIST U T.J. Ha aHTrnmMiickoM sI3bIKE JydIlle BCETO XapakTepu3yeT IaHHBIN
nporecc TepmuH Simulation. Celivac MojenmipoBaHUe MPUMEHSETCS HE TOJILKO JIJISI
NPOEKTUPOBAHUS U CO3/IaHUS PA3IMIHBIX TPEHAXKEPOB. B MapKeTHHTe, TeICBHUICHUH,
TENICBU3MOHHON peKiaMe, B HAy4YHO-TIOMYJISIPHBIX M JIPYTMX aHPOB (uibMax B
HACTOAILEE BpeMs BU3YAJIM3UPYIOTCS JBIKYLIMECS OOBEKTbl, KOTOpPbIE IO
BU3YAJIbHOMY TPEJCTABICHUIO HE3HAYUTEIbHO YCTYHAIOT MOJIYYEHHBIM C MOMOIIBIO
Bugeokamepbl. Ocoboe  OCTIKEHHE  KOMIbIOTepHas rpaduka  mojapuia
KAHOMHIIYCTPUH BO3MOXHOCTBIO CO3JaHMs CIEIP(P(PEKTOB, HEMBICIUMBIX TaXKe B
4eJI0OBEUKOM BOOOpaKeHHUH B MpeskHee BpeMsl. B mocnennee Bpems Habpaia 000pOThI
NOMYJISIPHOCTh Takas cdepa MPUMEHEHHs] KOMITBIOTEPHOU TpapuKh Kak CO3JaHHe
BUPTYaJIbHOU PEATbHOCTH.

4. I'padpuyecknii moab30BaTeIbCKMIl HHTEpPdeiic

['paduueckuit uaTEpdEiic HE BCerma COMPOBOKAAT CUCTEMBI IpaduIecKoro
BbIBOJIa MH(popMaruu. Panpmre mHbDOpmanms. maxe rpadudeckas, BBIBOAWIACH B
aHanoro-uM(ppoBoM Bujae WIM 1O OTAeabHOCTH. Celvac TNpakTUYECKU BCE
wiaTpopMbl  MPOTPAMMHUPOBAHMS  MOJJEPKUBAIOT ~ BO3MOKHOCTh  CO3JaHUS
rpaguueckoro uHTepderica, KOTOpas akTHUBHO HCHOJBb3yeTcs pa3pabOoTUUKaMH.
JlunepoM B IaHHOM acmeKTe SIBISIOTCS pa3paboTku B obsactu cetu Internet. B
HACTOSIIIeE BPEMs 3aHSIIM MEPEI0BOE MECTO B 00JIaCTH pa3pabOTKH BEO -TEXHOJIOT UM,
paziuuHble BeO-Opay3epHbIe MPUIIOKEHUS, PEATU3YIOIHE pa3HOOOpa3HBIE CPEICTBA
oOmieHus B cetn. HecMoTpst Ha TO, 4TO 3TH NpOrpamMMbl pabOTArOT MO/ YIPABICHUEM
Pa3HBIX ONEPAIMOHHBIX CPEl, OHU PEATM3yIOT, OJIHM M Te K€ (YHKIUH, OKHA,
OaHHEpBI, aAHUMAIIAIO U T.I1.

CoBpemeHHasi KOMIbIOTepHas rpaduka BbIJEISET CIEAYIOUME OCHOBHBIC
HanpawJeHus: W300pa3uTelbHas KOMIbIOTEpHAs rpaduka, oOpaboTka M aHAIM3

n300paXKEHUI, aHaJIN3 CLIEH, KOMITbIOTEpHasi rpaduka i1 HayqHbIX a0CTpaKLUi.
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[IpeameToM HM300pa3uTeIbHOM KOMIBIOTEPHON Trpa@UMKH  SBISIIOTCS
CHUHTE3UPOBaHHbIE U300 pakeHs. ba3oBbie 3a1aum, KOTOPHIE OHA PEIIIACT:

e  IOCTPOEHHUE MOJEIN 00bEKTa U (POPMUPOBAHNE U300PAKEHHUS;

«  ImpeoOpa3zoBaHME MOJEIU U U300paKEeHNUS,

o  wuaeHTudUKaUI 00BEKTA U TIOJTyYeHHE TpeOyeMoi uHpopMaIuu.

O0padoTka W aHAJIU3 H300paKeHUIl TPEUMYIIECTBEHHO 3aTpParuBaroT
udpoBoe mpeAcTaBicHUE H300pakeHn. HCTPYMEHTBI KOMITLIOTEpHOW Tpaduku
UCTIOJIb3YIOTCS JIJIS:

e  YBEIWYEHHUS KauecTBa M300paKeHUS,

e  OIICHKH U300paKCHUS;

e  pacmno3HaBaHuUs 00pa3oB.

AHaJIM3 ClEeH ompejeNsieT abCTpaKTHbIE MOJIETU Tpapuueckux OOBEKTOB U
B3aMMOCBSI3U MEXAy HUMU. OOBEKTHI HCIOJB3YIOTCA KaK CUHTE3UPOBAHHBIC, TaK U
BBIJICJICHHBIMM Ha CcHUMKe. OJHMMM W3 TakuxX 3a7ad SBISIOTCS, K TMpUMEpY,
MOJIEIMPOBaHNE "MAIIMHHOTO 3peHus" (POOOTHI), aHATIM3 PEHTIEHOBCKUX CHUMKOB C
BBIJICTICHHEM W W3yYCHHEM WHTEPECYIONMEro oObeKTa (BHYTPEHHETO OpraHa),
pa3paboTKa CHCTEM BHUICOHAOTIOACHUS.

KoruntuBHasi komnbloTepHasi rpaduka — OTHOCHUTEIHHO HOBOE
HampaBJIieHWe, TOKa €IlIe TOJbKO pa3BHUBarollieecsi. B oCHOBe ee lexar wujeu
BU3yaJIM3allii HAYYHBIX a0CTpaKIUid, KOTOPBIE MOTYT TIOCTIOCOOCTBOBATH POKICHUIO
HOBOTO HAay4HOTO 3HaHUs. TexHudyeckou 0a3zoii miisi Hee SBIIOTCS MoliHbie OBM u
BBICOKOIIPOM3BOIUTENIbHBIC CPEACTBA BU3yanu3aruu [19].

TpéxmepHasi rpagmka — pazjiesl KOMIbIOTEPHOU TpaUKH, MOCBSIIEHHBIHN
METOJaM CO3[aHWs H300pKEHUW WIM BHUACO MyTEM MOJEIUPOBAHUS OO0BEMHBIX
00BEKTOB B TPEXMEPHOM MPOCTPAHCTRE.

3D-MoneimpoBaHue — dTO mpollecc co3manus 3D momemn oOBEKTa.
3amaueit 3D-mMomeMpoBaHus SBISIETCS pa3pad0oTKa BU3YaIbHOTO 00BEMHOTO 00pa3a
HEoOXoaUMOTO 00BheKTa. MOIETTh MOJKET SIBIISITHCS TPOTOTUIIOM PEaTbHOTO 00BEKTa
OKPY>KaIOIIero €CTECTBEHHOTro mupa (aBTOMOOWIM, KOMETa, MUIAHEThl W T.J.) WU

OBITH a0COJTFOTHO A0CTPAKTHOM.

24



['padmueckoe wu300pakeHHEe TPEXMEPHBIX OOBEKTOB  XapaKTepU3YETCs
MMOCTPOEHUEM T€OMETPUYECKOMN MPOEKINH TPEXMEPHOU MOJIENN ClYeHbl HA TIOCKOCTh
C TMOMOIBI0 crenuanbHeiX nporpamMm. C mosBieHuneM 3D-gucruieeB u  3D-
OPUHTEPOB, TpEXMEpHas rpauka HE 00s3aTelbHO JIO0JDKHA MPOEIUPOBAaThCA Ha
ockocTh [19].

AJITOPUTM — HA0Op HWHCTPYKIMH, OMHUCHIBAIOIIMX TOPSAOK JIEHCTBUN
VCIIOJHUTEI U1 JOCTYIKEHNSI HEKOTOPOT'O pe3yJIbTara.

AITOpUTMBI ~ CO3/JaHUSI ~ PEAIMCTUYECKUX  W300pAXEHMHA  JOJKHBI
obecrieunBaTh  Iepelady CBOMCTB  MOJCIHPyeMOro oObekTa: O0O0OBEMHOCTB,
pacnoJioKeHue, rnepeadya MoJTyTOHOB, TEHH, OCBELIEHHUE, TEKCTYPbl MOBEPXHOCTU U
T.7. ['eHepamusi Takux OOBEMHBIX HW300paKEHUN TMPEICTABIsIET COOOW O4YEHb
CJIOKHYIO BBIYMCIIMTEIbHYIO 3a7a4y. B CBA3M C 3TUM Ha NMPAKTUKE BBIMOJHSIOT €€
JEKOMIIO3UIMIO: OOBEKThl pa3OMBAIOTCI HAa COCTABHbIE YacTH, M CJOKHBIE
n300paxeHus: GopMHUpYIOTCA U3 ToydaeMmbix (parmeHToB. Ha mpaktuke, Haubosee
4acToO MpUMEHSIETCs pa3OueHre U300pakeHuil Ha TPEYTrOJIbHUKHA. JTO CBSI3aHO C TEM,
YTO TPEYTrOJIbHUK - MPOCTEUIINHI IOJIATOH, BEPIIMHBI KOTOPOTO OJHO3HAYHO 331ar0T
rpaHb. ANTOpPUTMBI pa30MEHUsT Ha TPEYTOJIbHUKU CYIIECTBEHHO MpOIle, YeM IpH
UCIIOJIb30BAHUU JIPYTUX NOJUIOHOB. Pa30OueHne Ha TpEyrojabHUKU CYIIECTBEHHO
YIPOILIAET pealn3aluio npoueayp peHaepunra. Hy um HakoHel, Ha TpeyroJbHUKU
MOYHO T'apaHTHPOBAHHO pa30UTh JIOOYI0 00JacCTh, YEro HE CKaXEWb O JIPYTUX
nosmronax. llpomecc pa3OueHuss TOJMIOHAILHOW O00JIAaCTH €O CIIOXKHOM
KOH(HTypalyei B Habop TPEyroibHUKOB Ha3bIBACTCS TPUAHTYJIsIHEH [15].

B nanHoii paboTe mpuBOAUTCS 0030p CYIIECTBYIONIMX OCHOBHBIX aITOPUTMOB
BU3YaJIM3allii HESBHO 3aJIaHHBIX TOBEPXHOCTEH Ha ocHOBe rotoBoro [19]. Takke
JUIsl 0030pa B YMCIIE APYTUX CCHUJIOK HCIOJIb30BAaH TEKCT AHIJIOS3BIMHOM CTaTbU
Matthew Ward [24]. OcoOyio posib B JaHHOM HCCJICAOBAHHUH OTBEIH TPEM
anmroput™maM: «Maprmpytonme KyOby, Kanelipo um Ckanbl. s ux o630pa Obun
UCIIOJBb30BaHbl HE TOJBKO CYIIECTBYIOUIME MHOTOYMCJICHHBIE JIMTEpaTypHbIC

HCTOYHUKH HA PYCCKOM A3BIKC, HO U aHI'JIOA3BIYHbIC CTATbU aBTOpOB-paBpa6OTLII/IKOB

naHHbIX MeTo10B [25], [31], [26].
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OcHoBHasE  3amaya  PEKOHCTPYKLIMU  IOBEPXHOCTH  (PopMyIaHpyercs
CICTYIOIMM 00pa3oM — HEOOXOJAWMMO HAWTH ONTHUMAILHYIO amMpOKCUMAIIHIO JIJIs
HEU3BECTHOM MOBEPXHOCTU TaK, YTOObI MUHUMM3UPOBATh MOTPELIHOCTh U3MEPEHMUS,
BO3HUKAIOIIYIO K3-3a OTPAHUYEHUS 10 TOUHOCTU B M3MEPUTENbHBIX MPUOOpAX WM
U3-3a HEJI0OCTATOYHOT'0 KaY€CTBA OBEPXHOCTU (PU3UUECKON MOIEIH.

OTIMYUTENTLHOW YEPTOM BCEX AITOPUTMOB BOCCTAHOBJIEHHS MOBEPXHOCTEM
ABJIACTCS MX HCKIIIOUUTENbHAs PECYPCOEMKOCTh, OOYCIIOBICHHAs HE0OX0IMMOC ThIO
00paboTKM OOJBINOrO 4YHCIa OJHOTHUIHBIX JAHHBIX, TIOATOMY TOBBIIICHUE
MPOM3BOIUTENBHOCTH PEATU3AIMN TAKUX AITOPUTMOB SIBIISIETCS aKTyaJIbHOM 3a/1auei
[18].

Cornacho [18] Bonee pecypcoéMkum U MeHee ONTHMUZHPOBAHHBIM SIBJISICTCS
AITOPUTM MapUIMPYIOMIMX KyOOB, KOTOPBI, TEM HE MEHEE, MHTEPECEH I 3aaay
VMHTEPAKTUBHOTO M aBTOMAaTUYECKOTO BOCCTAHOBJICHUSI TOBEPXHOCTEW OOBEKTOB,
MPEICTaBJICHHBIX 00JIAKOM TOYEK, a TAKXKE JJI MOCTPOEHUS BBIMYKJIBIX 000JIOYEK.
[ToaTOMy B nanHOM paboTe OyIeT peaTn30BaH IMEHHO 3TOT aJITOPHUTM.

AJNTrOpHUTM COCTOUT U3 JBYX OCHOBHBIX cTaauil. [lepBas ctagus: noctpoeHue
HessBHOM (pynkmum F: D>R, tnme D mpunamnexutr R3 -0OKpecTHOCTh MOBEPXHOCTH.
Oyaknus F mpenctaBmsger co0ol OIEHKY PacCTOSHUS OT JIFO00H Todkw w3 D 1o
NOBEPXHOCTH. Bropas cTagus: TpUaHTYISALMS TOBEPXHOCTH HYJIEBOIO YPOBHS
¢ysakumu F npu noMoum anroputmMa MapImpyomux KyOoB.

AJNTOPUTM MapUIMPYIOIIMX KyOOB MOKHO Pa3/IeJUTh Ha 2 3Tana:

1. Pasbuenue obmactu G mpoctpancTBa R3 Ha 3amaHHOE MHOXKECTBO STYEEK,
OTIpeJIeIeHUE STUEEK, IEPECEKACMbIX HCKOMOW MOBEPXHOCTHIO.

2. Annpoxkcumariyisi IOBEpXHOCTHU B HAHJEHHBIX STYEHKAX.

AJNTOPUTM MapIIMPYIOMUX KyOOB COAEP>KUT MHOIO 3TAllOB, Ha KOTOPBIX
BBITIOJTHSIFOTCSI HE3aBUCHUMBbIE 3a/ladyd. Halmune He3aBUCHMBIX 3aJad  SIBIISIETCS
JIOCTAaTOYHBIM YCJIOBHEM U1l pacniapajuieNiiBaHus anropurma. K HuM oTHOCSTCA:

e  BBIYHUCJICHUE UJICHTH(PHUKATOPOB TOYEK;

e  MEpEeyNnopsiI0YEHUE TOUEK;

. BBIJICJICHUE BOKCEICH CCTKHU,
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e  BBIYHCJICHUE A0JIOHOB STYEEK;

e  TEHEpauus TPEYrOJIbHUKOB.

ANTrOpUTM JOJKEH COAEPKATh CIEAYIOIIME [IIaru:

1. Peammzanusi yCKOpSIIOLIEH CTPYKTYPBL, IJIs1 BXOJHOTO HAOOpa TaHHBIX.

2.  BoccTaHoBieHue 1oJist HopMaien.

3.  BbluncneHue OlleHKH pacCTOSHUM.

4. HaxoxJeHue MOBEPXHOCTU HYJEBOTO YPOBHS OIIGHKH PAacCTOSHUS
(AIrOpUTM «MapIIUPYIOIIUX KYOOBY).

Ha nepBoM miare B KayecTBE YCKOPSIOWIEH CTPYKTYpPbl TNPEAJIaracrcs
UCIIOJIb30BATh PEryJsipHYIO CeTKy. llapaienbHoe NMOCTpOEHHE PETyISIPHOM CETKH
COCTOUT W3 IIATH JTaloB: MOCTPOEHUE OTPAHUUYMBAIOLLETO MApAJUICIEIINIIEA,
BBIYUCIICHUE UACHTU(PUKATOPOB TOUEK, COPTUPOBKA HJIEHTU(DUKATOPOB TOYEK,
nepeynopsIourBaHie TOUEK, BbIIEJICHUE BOKCENel ceTku. B urore, B mamsitu OyayT
COXPaHATHCS TOJIBKO T€ BOKCEJIM, KOTOPBIE COAEPIKAT TOUKU TAHHBIX, YTO O3B0 JIET
3HAYUTEIILHO CHU3UTh UCITOJIb30BAHNUE BUIEOTTAMSITH.

Ha BTOpOM miare, HEOOXOUMO HAWTH KacaTEIbHYIO TUIOCKOCTH ISl KaKIOU
Y3 TOYEK BXOJHBIX JaHHBIX.

Peanmm3oBaTh MOKHO B TaKOM ITOCJIETOBATENBHOCTH:

1. Ilomy4yuTts u3 rnodanbHOM MamMmsTH 00pabaTbIBaEMyIO TOUKY.

2. OnpenenuTp LEI0YUCIEHHbIE KOOPIUHATHI BOKCENS (X,Y,Z).

3. BeInoyHUTE BEIOOPKY MHAEKCOB TOYEK BOKCEII (X,Y,Z) U €ro COCeen.

4. CxonupoBaTh TOYKHU C MOJYYECHHBIMUA HUHIECKCAMH B JIOKAIbHYIO MaMSITh U
OTCOPTUPOBATH TOUKH 10 BO3PACTAHUIO PACCTOSHUS.

5. BeiOpath U3 TOKaIbHOM MaMsITH KOOPIUHATHI OMKANIINX TOUEK.

6. BeryucauTh IeHTPOUI U IOMECTUTH €r0 B BHIXOIHOM Oydep.

7. BpluMCIWTh MaTpUIly KOBapualuu sl BbIOpAHHBIX TOYEK, HANUTH
MUHUMaJbHOE COOCTBEHHOE YHCIO U TOMECTUTh COOTBETCTBYIOLIMH €My

COOCTBEHHBIHN BEKTOP B BBIXOIHOM Oydep.
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J171s1 BBIYKCIICHUSI OLICHKU PACCTOSTHUS MPEAJIaracTcsl MoMeENaTh [EHTPOUIbI B
YCKOPSIIOLIYIO CTPYKTYPY, YTO ITO3BOJISIET UCIIOJIB30BATh CIIEAYIOLIYIO MTapAIUIEIIbHYIO
CXEMY:

1. TTomyuuts U3 riao0aTLHOM MaMsITH 00padaThIBAEMYIO TOUKY.

2. OnpenenuTs LEN0YUCIECHHbIE KOOPIUHATHI BOKCENS (X,Y,Z).

3. Haiitu 6mvbkaiimii IEHTPOU U COOTBETCTBYIOIIYIO €My HOpMAJTh.

4. BbIYMCIUTH OLIEHKY pacCTOSHUS.

Crenyer OTMETHUTH, YTO, HECMOTPS. HAa CBOK MOMYJISPHOCTh M IIMPOKOE
NpUMEHEHHE, aTOPUTM MapIIMPYIOMMX KyOOB MMEET CYIIIECTBEHHBIH HENO0CTATOK:
Ha JIOCTATOYHO MPOCTHIX y4aCTKaX MOBEPXHOCTH OH BBITIOJHSET CJIUIIKOM OOJIBIIOE
KOJIMUECTBO paszneneHuid. Hampumep, Ha MOBEPXHOCTH, KOTOpas MOXKET ObITh
anmnpoKCUMUpOBaHa ¢ NoMolibio 440 MOJMIOHOB, KIACCUUECKHUM AJTOPUTM MOMKET
cremepupoBath  mnopsaka  67000. DTO  TOMYEPKUBACT  BBIMIPHIII B
NPOM3BOIUTEIBHOCTH OT paclapayieIMBaHusl, HO TaK)Ke€ TOBOPUT O HEOOXOAMMOCTHU
yiy4iieHus 0a30BOro arOpuTMa.

B nanno# paboTe moka3aHo, 4TO 3a7adya TOBBIIICHUS MPOWU3BOIUTEIHHOCTH
METOJOB, PEKOHCTPYHUPYIOUMX W BW3YAIU3UPYIOIIMX MOBEPXHOCTh, SBISIETCS
akTyanpHOM [18].

[enbro maHHOM pabOTHI SBISETCS peaTU3allisl METO/1a MAPIIUPYIOMIUX KyOOB
Ha ruatrdopme Windows Presentation Foundation.

JU1s 1OCTHKEHUS! JaHHOM 11eJIH HE00XO0JUMO BBITIOJIHUTH CJEYIOIINE 33]a4U:

1. wuccrienoBarh MpeAMETHYIO 00J1aCTh U IUTEPATYPY MO JAaHHOU TEMATHUKE;

11. mpoaHanM3UpOBaTh CYILECTBYIOIIME OCHOBHBIE AJTOPUTMbI BU3YyaIU3alU
HESBHO 3aJJaHHOV TIOBEPXHOCTH;

12. Bu3yanu3upoBaThb C  TIOMOIIBIO  PEATM30BAHHOTO  AITOPUTMA
MapHmmpyrommx Kyoos Ha miatdopme Windows Presentation Foundation mnpumep
yactd MPT, m3HavambHO 3a7aHHON HESIBHO JBYMEPHBIM H300paKEHHEM, U JIPyTue
IPUMEPHI;

13. Bu3yanu3upoOBaTh C TIOMOUIBIO PEATM3OBAHHOTO aNTOPUTMA U JPYTrHUe

IpPUMEPBI;

28



14. BBISIBUTH, OLIEHUTb, NPOAHATU3UPOBATH PE3YNbTaThl  pazpabOTKH
IPOEKTA;

15. cpaBHHUTb HEKOTOpPHIE CYIIECTBYIOIIME AJITOPUTMbI, @ HWMEHHO:
«Mapumpyromue kyos», Kanelipo, Ckabl.

16. oueHUTbh SKOHOMUYECKYIO 3(P(PEKTUBHOCTH MPOEKTA;

17. mpoaHanmM3upoBaTH HOPMBI U O0COOEHHOCTHU COLIMAITLHO
OTBETCTBEHHOCTHU IIPU pa3pabOTKe MPOEKTa;

18. mpoananu3upoBaTh BIBOABI U 3aKIIOUEHUE.

OOBEKTOM HCCIICAOBAHUS SBJSIIOTCS METOJbI BU3YyaIW3alMK CJOKHBIX 3D
moaenei. [Ipenmerom nccnenoBanus BISETCS METO] MapILIMPYIOIIUX KyOOB.

Hayynas win mnpakTudeckassh HOBM3HAa — peaau3auus MeToja
Mapumpyomux kyooB Ha miargopme WPF. Ha pannoit mnardgopme wmeton
pealn30BaH BIEPBbIE.

IlpakTnyeckasi 3HAYMMOCTHL pe3yabTaToB BKP: peann3oBaHHBI METOJ
MOXET TPUMEHSTHCA B Pa3JIMYHBIX O0JIACTAX MaTeMaTuku, (U3UKW, MEIUIIUHBI,
HarpuMep:

1. Busyanuszamusi sKCrepUMEHTabHBIX AaHHbIX. Hampumep, uHpopmamu,
COOpaHHO! C Pa3JIMYHBIX JaTYUKOB, CEHCOPHBIX CETEH, Pe3yJbTaTOB HM3MEPCHH,
PE3yNbTaTOB UMUTALMOHHOTO MOJIEJMPOBAHHUS.

2. Busyammzauus —(QyHKIMOHAIBHOTO TpeAcTaBiieHUs. Busyammszanus
CJOXHBIX TpPEXMEPHbIX OOBEKTOB B MAaTEMAaTUKE, BIBYalIM3alUsl aHAIMTUYECKU
3aJIaHHBIX TOBEPXHOCTEH U T.I1.

3. Buzyanuzauus MeIUIMHCKUX HAOOpPOB JaHHBIX. OIHMM H3 IIHMPOKO
UCIIOJIb3YEMbIX METOJIOB JHUAarHOCTUKU sBIsieTcss Tomorpadusi. Tomorpadesr,
paboTarolpie Ha PEHTTEHOBCKOM MPUHIIUIIE (KOMIbroTepHas Tomorpadusi, nanee KT)
U Ha MAarHUTHO-pe3OHAHCHOM mpuHumne (naree MPT) No3BOJSAIOT NOJIYyYWTH
N300paXKEHUsI MHOKECTBA CEUEHUI Tella MalueHTa BJI0JIb KaKOW-TMO0 OCH, KOTOphIE
JIat0T MHOTO UHGOpMaI 00 0COOEHHOCTSIX €r0 aHATOMUU U (PU3UOJIOTUU. MeTo bl
BU3YyaJIM3allMU TO3BOJISIIOT PEKOHCTPYUPOBATh TPEXMEPHYIO CTPYKTYpPY OPTaHOB IO

MHOJKCCTBY IapaJlJICJIbHbIX CCUCHUH. BPISyaJIHBaHI/IH BCCI'O Haﬁopa JaHHBIX B
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HACTOSIIIEE BpeMsl peaJn30BaHa B NPOTPAMMHOM 0OOecredyeHUH OOJIbIIMHCTBE
COBpEMEHHBIX TOMOrpadoB, HO 3a4aud BBIACICHUA TPEXMEPHBIX OOJacTeH,
BU3yaIM3aluu O00JIaCTM HHTEpEca, 3aJaHHOW HadOpOM KOHTYpPOB Ha cCpe3ax,
BU3yaIM3alusl 001acTy MU PaJHOJIOTHYECKOM JICUEHUH NAllMEHTOB, KaK MPaBUIlo, B
TOM IPOTPAMMHOM 00ECIIEUEeHUH HE PEaTM30BaHBbI.

4. Buzyanuzanusi SKCIEPUMEHTATbHBIX M MOJIEIbHBIX JaHHBIX, U3 JAPYTHX
oOnacTel, TakuX Kak I'€0JIOrHs, METEOPOJIOrHsl, MOJIEKYJSIPHBIM aHaIu3, JUHAMHKA
xuakocTeii [19].

B pesynbrate BbINOJMHEHUS pabOThl C MOMOLIBIO aNroputMa ObLia
Buzyanm3zupoBana MPT, a Takoke Apyrue npumepbl TPEXMEPHBIX 00bEKTOB.

Peanm3anus u anpodanusi padoThl: M0 TaHHON TeMaTUKE ObLI IPE/ICTAaBICH
NOKJIa] Ha KoHpepeHuuu «I arapuHckue uteHus», . Mocksa B anpene 2016 r.

MeToabl Hcc1e10BAHUSA

JlaHHOE€ WHCCIEeOBaHME HAXOJAWTCS HA SMIMPUYECKOM YPOBHE HAYYHOTO
no3HaHus. B ocHoOBe mccienoBaHus MPUMEHEH OJWH M3 OOIIMX METOJO0B HAy4HOTO
MO3HAHUA — METOJI SMIIUPUYECKOTrO HCcieAoBaHus. M3 MeEToloB AMIUPUYECKOTO
YCCJICIOBAHUS MPUMEHEH METO/I: MaTepHAIbHOE Mo ieMpoBanue [21].

OcHoBHOE cpeacTBa pa3pabOTKH — s3bIK mporpammupoBanuss C# (XAML),

cpenapazpaboTtku nporpammuaoro ooecniedenus: Microsoft Visual Studio 2013.
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2. MUHAHCOBBII MeHeIKMEHT, pecypcod(peKTUBHOCTL H
pecypcocoepexkeHue

Jlannas paboTa mocssileHa pa3paboTKe aropuTMa KOMIBIOTEPHOU rpaduKku
«Mapumpyfomnme Kyos» Ha 1uargopme Windows Presentation Foundation.
COOTBETCTBEHHO, JIaHHAs paboTa UMEET SKOHOMUYECKYIO COCTABJISIOIIYIO, KOTOPYIO
HEOOXOIUMO OIICHUTH C IIEJIHI0 OTPEACIICHHsI 3HAYMMOCTH BBITIOJIHEHHOUM PabOThl U
€e BKJIa/ia B 3a/IaHHYIO0 00J1aCTh UCCIIEOBAHMS.

Ilenmpt0o maHHOTO pa3zena sABIETCS aHamM3 (HPUHAHCOBO-PKOHOMHUYECKOMH
CTOPOHBI  BBIMIOJIHEHHOW paboThl. OlueHuBalOTCS (PUHAHCOBBIC 3aTpaThl Ha
HCCJIEIOBAHUE, NACTCS SKOHOMHUYECKAas OIIEHKa PE3yJIbTaTOB €€ BHEAPEHUA W
OIICHMBAETCA  SKOHOMMYECKash  LENecoOoOpa3HOCTh  peanu3aluu  pa3paboTKH,
MPUBOJAUTCS KOMIUIEKCHAasI OIIEHKa HAyYHO-TEXHHYECKOTO YpPOBHA pabOThI,

OCHOBAaHHas Ha SKCIICPTHBIX JJaAHHbIX.

5.1 Opranu3anus v IJIaHKPOBaHHUe pPadoT

[Iponiecc peanmmzarnuu pabOTHl JTOJDKEH OBITH PalMOHAIBLHO CIUIAHUPOBAH,
paccuuTaHa 3aHIATOCTh KaKJOrO M3 YYaCTHUKOB M CPOKHU BBITIOJHEHUSI OTAEIbHBIX
paobor.

B nanHoM monpasznene COCTaBIsiETCS TIEPEUEHb MPOBOJUMBIX PpadoT,
ONPENEISIOTCS. WX  MUCHOJHUTENM W pPAalUOHAIbHASA  MPOJOJLKUTEIbHOCTD.
[InanupoBaHue paboT HArIsAHO MPEACTABICHO HA JTMHEMHOM TpaduKe BBITIOJTHEHHUS
paboTel. [l BBIMIOJNHEHWS TMEPEYHCICHHBIX B Tabmuie 5.1 paboT TpedyroTcs
CIIECLUAINCThI: MHXKEHEp (B ero poiu aehcTByer ucnoiaHutens HUP) u nayuyHbIid
PYKOBOJIUTEIIb.

Jlunelinplii rpaduK OTpakaeT XPOHOJOTHYECKU YIOPSIOYEHHbIE TaHHbIC,

KOTOPBIE CBE/ICHBI B Tabymiy S.1.
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Tabnuma 5.1 - CocTtaB paboT ¥ IPOIOHKUTETHHOCTD X BHITTOTHEHHSI

3arpyska
JTanbl padoTbl HUcnosiauTes | HCHIOJHUTEIE
7|
ITocTanoBKka 3agaun
1. IloctanoBka mened ®  3aj;ad,
HP HP —100%
MOJTy4EHHE UCXOTHBIX TaHHBIX
2. CocTtaBieHue M yTBEpKICHUE S HP — 100%
TpeOOBaHMIi K Mporpamme ’ N —10%
3. CocraBnienue KaJICHIapHOTO HP - 100%
HP, 1
riaHa N —-10%
HccnenoBanne TeMbl M H3yYeHHE TEOPUH
4.  TlombGop m 0030p JIUTEPATypHI IO HPL T HP — 30%
TEME ’ N —100%
5. UccnenoBanue AITOPUTMOB HP — 10%
HP, 1
BU3YyaJIM3alUU TPEXMEPHBIX 0OBEKTOB N —100%
Peasmzanus nporpaMMHoO YacTu
6. Peammzarus aropuTMa
. 5 HP. T HP —10%
MapIIMpYyIONMX KyOOB Ha Mmiardopme ,
N —100%
WPF
HP —10%
1. AHanus pe3yJabTaToB HP, 1
N — 100%

I/Isyqune AOIOJHHUTECJIbHBIX COCTABJIAIOIMX U JOKYMECHTHPOBAHUEC

8. Pacuer HKOHOMHYECKOU
_ " N — 100%

COCTABJISTFOILICH UCCIICIOBAHUS
9. Ouenka COIMAILHOM

4 N — 100%
OTBETCTBEHHOCTH UCCJICIOBAHMS
10.  Odopmnenue MOSICHUTEIbHO T

14 N —100%
3aIMUCKU
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HP — 60%

11. TloaBenenue UTOroB HP, 1
N — 100%

5.1.1 IIpoao1sKMTEILHOCTH 3TANIOB PadoOT

B  namHoii  paboTe pacder  MPOJOJDKUTEIBHOCTH — 3TaloB  paboT
OCYILECTBIIIETCS  OINBITHO-CTATUCTUYECKUM  METOAOM, KOTOPBIM  peamm3yercs
AKCTICPTHBIM CTIOCOOOM.

DKCHEPTHBIN CIMOCOO HCTIONB3YETCsl MPU OTCYTCTBUU MPOEKTA, KOTOPHIHM MO
BCEM 3HAYMMBIM NapameTrpaM uaeHTudeH BbinogHsemor HWP, m mpenmonaraer
reHepaluo He0OXOJUMBIX KOJMYECTBEHHBIX OLEHOK CIEHUAINCTaMU ONPENeTIeHHON
npeaMeTHon obsactu. g omnpedeneHUsT BEPOSTHBIX (0KUAACMbIX) 3HAYEHHM

POJAOJDKUTEIHLHOCTHU pa0oT tox IpUMeHsieTcs hopMyIa:

¢ = Slmint 2tme (1.1-a)

oo — !

5

rae tmin — MUHUMaJIbHAS TIPOJOJDKUTEIHLHOCTD paOOThI, JIH.

tmax — MaKCHUMaJIbHAA IMMPOJOJLKUTCIIBHOCTD pa6OTI)I, JdH.

JIs1st TOCTpOEHUS JIMHEHHOTO TpadrKa pacCUUTHIBACTCS JJTMTEILHOCTh ITATIOB
B pabouumx JHIX, a 3aTeM [EPEBOJAUTCA B KajeHaapHele JHUA. Pacuer
MPOIOJDKUTEIBHOCTH BBITIOJIHEHNS KOKIOTO dTana B padbounx auix (Tpy) BemeTcs 1o
bopmyie:

t
Tpp = 2
PR Ky (1.2)

1€ tox — IPOOIKUTENBHOCTD pa0OTHI, JH.;
Ksx — k03¢ (QULMEHT BBINIOIHEHUSI pa00T, YYUTHIBAIOIIUNA BIMSHUE BHELIHUX
(GakTOpOB Ha COOJIIOJIEHUE TMPEIBAPUTEIILHO OIPEIEICHHBIX JUJIMTEIbHOCTEN, B

YaCTHOCTH, BO3MOXHO Ky, = 1;
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Ky - xosdduiment, y4IuTHIBAIONIMA JOTIOJHUTEILHOE BpeMs Ha
KOMIICHCAIIMIO HEMPEIBUCHHBIX 3aepKEK U coryiacoBaHue padort (Ky = 1-1,2; B
ATUX TPaHUIaX KOHKPETHOE 3HAYCHHUE MPUHUMAET CaM UCIIOJTHUTEID ).

Pacuer mnpogoDKUTENTHLHOCTH dTama B KaJICHIAPHBIX JTHSAX BEIETCA IO
bopmyre:

Tyy = Tpp - Tk, (1.3)

rae Txy— NpOIOJKUTEILHOCTD BHITTOJHEHUS ATara B KaJICHapHBIX THSX;

Tk — xosddumMeHT KaleHAApPHOCTH, TO3BOJIIIONIMK  MEPEeUTH  OT
JTJUTETLHOCTH PaboT B pabodyux MHAX K WX aHAJIOTaM B KaJICHIAPHBIX MHIX, W
paccuuTbiBaeMblii o popmye”

Tian
Txan — Teg — Tnp (1.4)

TK:

riae Txan — Kanenaapubie 1HU (Txan = 365);
Tgy — Berxoanbie 10U (Tp = 52);
Ty — npa3aauunbie qau (T = 10).
365
TK =
365—-52—-10

Tabmuia 5.2 oTpakaeT NPOJOJDKUTEIBHOCTh BCEX OTamoB paboT U UX

= 1,205

TPYIOEMKOCTh TIO JABYM HCIIOJHUTEIIM Ha Kaxmaom odtame. Ctonomer (3-5)
JEMOHCTPHUPYIOT dKCIIEPTHBIN crioco0 mo ¢opmyie (1.1-a). Ctonbmpr 6 1 7 comepxar
BEJIMUUHBI TPYJOEMKOCTH 3Tama g KaXJ0TO M3 JBYX YYaCTHHKOB NPOEKTa MpHU
kodpdunmente Ky = 1,2. Kaxmoe w3 HUX B OTACTBHOCTH HE TMPEBBIIIACT
COOTBETCTBYIOIEE 3HAUCHUE 1w K. CtonOupl 8 m 9 comepxar Te KE€ cambie
TPYIOEMKOCTH, BBIPAKEHHBIE B KaJlleHAApHbIX AHAX mpu Tx = 1,212. HUror mno
CTOJIOIly S5 oOTpakaeT OOIIYI0 OXHWIAEMYI0 NPOJOJDKUTENBHOCTh padOThl HaA
MPOEKTOM B pabOYUX JHAX, UTOTH TIO CTOJIONAM 8 1 9 — o01mme TpyI0eMKOCTH IS
KaXJ0TO U3 JBYX YYaCTHMKOB paboThl. J[Be MOCIETHUX BEIMYUHBI UCTIOIB3YIOTCS B

JNanbHENIeM ISl ONPENENCHNs] 3aTpar Ha OIUlaTy TpyAa YYaCTHUKOB M NPOYHE
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3arparel. BenuuuHbl TPYyJOEMKOCTH 3TanoB MO UcHOJHUTENSIM Tyq (maHHBIE
CTOJIOOB 8 M 9 KPOME HTOrOB) MO3BOJSIOT MOCTPOUTH JIMHEWHBIM Tpauk

OCYVIIIECTBJICHUS TTpoeKTa (CM. Tabu. 5.3).

Tabmuia 5.2 - Tpyno3arpaTsl Ha BBITIOJTHEHUE 3TAIIOB MPOEKTA

Tpynoemkocts paboT MO
[IpoaoipkuTenbHOC
HUcnomxaure WCHOJIHUTEIISAM Y€l - TH.
OTan Tb paboT, THH
m Tey Tkn
tmin tmax tO)K I_IP I/I HP I/I
1 2 3 4 5 6 7 8 9
1. IToctanoBka
menein u  3azgad,
HP 2 4 28 13,36 | — 407 |-
MOJTy4CHUE
HMCXOTHBIX JaHHBIX
2. CocTaBieHu
¢ W YTBEpXKJICHHUE
HP, 1 2 3 24 12881029 (35 |0,35
TpeboBaHU K
mporpamme
3. CocTaBienn
e kanermapsoro | HP, 2 4 28 1336|034 (4,07 |0,41
[UTaHAa
4. [logGop w
0630p ymteparypsl | HP, 11 10 14 11,6 | 4,18 | 13,92 | 5,07 | 16,87
10 TEME
5. Uccnenosan
ne AITOPHUTMOB
BU3yaJIM3alluu HP, 1 10 12 10,8 | 1,3 12,96 | 1,58 | 15,71
TPEXMEPHBIX
00BEKTOB
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6. Peamuzarusa
alIropuTMAa
Map I YIOIIX HP, 1 15 21 174 |1 2,1 |20,88 | 2,55 | 25,31
KyOOB Ha
wiatpopme WPF
7. Anams
HP, 1 10 14 116 |14 |1392 |1,7 | 16,87
pe3yJILTaTOB
8. Pacuer
PKOHOMMYECKOM
41 10 14 11,6 | - 13,92 | - 16,87
COCTAaBJIAIONICH
HCCJIEIOBaHUA
9. Ouenka
COIIMAIbHOM
u 10 14 116 | - 13,92 | - 16,87
OTBETCTBEHHOCTH
HCCJIEIOBaHUSA
10.  Odopmnenu
€ mnosicHuTeNpHOM | U 8 10 8,8 |- 10,56 | — 12.8
3alUCKU
11. TloaBenenmue
HP, 1 2 4 2,8 2,02 | 3,36 |2,45 | 4.07
UTOTOB
104,0 126,1
HUroro: 94,2 | 20,6 25
7 3
Tabnuua 5.3 - Jluneiinsiii rpadux padbot
TpynoeMkocTs paboT 1o
[Tpoa0mKUTENBLHOCT

HUCITOJIHUTCIIAM 4YCJI.- JH.

Spam Hcnomuauren b PaGoT, JIHH
" Ten Tkn
tmin tmax t0>l< HP 141 HP 141
1 2 3 4 5 6 7 8 9
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12.  IloctanoBka
menel MW 3aaad,
MOJTy4YCHUE

HMCXOTHBIX JaHHBIX

2,8

3,36

4,07

13.  CocraBiienn
¢ U YTBEP)KICHHC
TpeOoBaHU K
porpaMme

HP, 1

2,4

2,88

0,29

3,9

0,35

14. CocTaBJiieHH
e KaJICH/IApHOTO
IUIa”Ha

HP, U

2,8

3,36

0,34

4,07

0,41

15. TlopnGop w
0030p JUTEpaTyphI
0 TeMe

HP, "

10

14

11,6

4,18

13,92

5,07

16,87

16. HccaenoBan
ne AJITOPUTMOB
BU3yaJIM3alluu
TPEXMEPHBIX
00BEKTOB

HP, 1

10

12

10,8

1,3

12,96

1,58

15,71

17.  Peanmuzanus
aIrOpuTMa

MapIIP yIOIIIX
KyOOB Ha
mwiatrpopme WPF

HP, 1

15

21

17,4

2,1

20,88

2,95

25,31

18. Anpanmus
pe3yJIbTaTOB

HP, "

10

14

11,6

1,4

13,92

1,7

16,87

19. Pacuer
YKOHOMMYECKOM
COCTAaBJIAIOIICH
HCCJIeIOBAaHUSA

10

14

11,6

13,92

16,87

20. Ouenka
COIIMAJILHOU
OTBETCTBEHHOCTH
HCCIEA0BaHMS

10

14

11,6

13,92

16,87

21.  Odopmuenu

10

8,8

10,56

12,8
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€ IOACHUTEIILHOMI
3aIlIUCKHU
22.  llomeenenue | pp | 2 4 | 28 |202 336 |245 | 4.07
HUTOT'OB

104.0 1261
HWroro: 94,2 20,6 | 25 |

HP - . - 1l
5.1.2 PacyeT HaKOIJIEHUS TOTOBHOCTH NPOEKTA

Llenpbi0 JaHHOTO IMyHKTA SIBIISIETCS OLIEHKA TEKYIIMX COCTOSIHUMA paboThl HaJ
NpOEKTOM. BelnynHa HAKOIUICHHS TOTOBHOCTH PabOTHl OTpakaeT, Ha CKOJBKO
IPOIICHTOB TI0 OKOHYAHUH TeKyInero (I-ro) 3Tama BBITIOJIHEH OOIIHiA 00beM padoT 1o
MPOEKTY B LEIOM.

O0o03HaueHus:

e  TPoOi. —o611as Tpy10€MKOCTb MPOEKTA,

e  TPi(TPk)— tpynoemkocTts i-ro (k-ro) stama npoekra, i = 1,1;
e TPiH — HakomneHHas TpPyJOEMKOCTh 1-T0 JTama MpPOEeKTa MO0 €ro
3aBEpLICHNY,

e TPy (TPkj) — TpynoeMkocTs paboT, BHITOJHIEMBIX j-M y4aCTHHUKOM Ha

I-M 3Tane, 371ech j = 1,m — HHAEKC UCIIOJHUTENS, B HAIlIEM CjIydae m = 2.
Cremnenb roTOBHOCTHU oTipenernsiercs popmyoii (5.5)

CT. = TP X TP Y= Zjny TPem
; =

Tpo6m. TP06m. chzl 2;n=1 TPrm

5.5)

[MpumenutenpbHo k Tabmuue (5.2) Benmmumbbl TP (TPyj) Haxomsarcs B
cronobmax (6, = 1) u (7, j= 2). TP osn, paBHA CyMME UHCEN U3 UTOTOBBIX KJIETOK 3TUX
ctoomoB. [Ipumep pacuera TP;(%) u CI'i (%) Ha 0OCHOBE ATHX JTAHHBIX COJIEPIKUTCS

B Tabutie (5.4).
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Tabmia Onmoka! TexkcT yka3aHHOr0 CTWIS B JIOKYMEHTe OTCYTCTBYeT. .4

- Hapacrtanue TexHruueckoii rOTOBHOCTH paOOTHI M yAETbHBIN BEC KaXKI0T0 3Tara

Oran TPi, % CIi, %

23. TloctanoBka 1enel W 3aaay, TMOJyYEHHE

HUCXOJIHBIX JaHHBIX 2.7 2.7

24. CocTaBjieHHE W YTBEpXKICHHE TpeOOBaHUM

K MpOorpaMme 2.5 5.2
25.  CocTaBlieHHE KaJIeHJapHOTO IJIaHa 3 8.2
26. IloxGop 1 0630p TUTEPATYPHI IO TEME 14.52 22.72
27. MHccnenoBaHue alropUTMOB BU3yaIU3allUU

TPEXMEPHBIX 00BEKTOB 11.44 34.16
28. Peammzamusa anroputMa MapIIMpYIOMIUX

KyOoB Ha rardpopme WPF 18.43 52.59
29. Axanu3 pe3ysibTaToB 13 65.59

30. Pacuer »>KOHOMHYECKOW COCTABJISAIOIICH

HCCJIEOBAHUS 11.17 76.76

31. OrmeHka COIUAILHOW OTBETCTBEHHOCTH

UCCIIEIOBAHUS 11.17 87.93
32. OdopmieHne NOSCHUTENbLHOMN 3aMUCKU 8.47 96.4
33. TloaBeneHue UTOTOB 4.32 100.00

5.2 PacueTt cMeTBI 3aTpaT Ha BBINIOJHEHHUE IMTPOCKTA

B coctaB 3ampar Ha co3gaHWe TPOEKTa BKIIOYAIOTCS BCE PAaCXOpl,
HEOOXOMUMBIE MJI pealn3anuy TepedHs paboT, BXOMSIIMX B COCTaB JaHHOM
pazpaboTku. CMETHast CTOMMOCTh PacCUYMTHIBACTCS IO CJICYIOIIUM CTaThsIM 3aTpar:

e  Marepualbl ¥ IOKYITHBIC U3 ICTIHS;

e  3apaboTHas [J1aTa;

®  COUMAIbHBIN HAJIOT;
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®  pacxo/Jibl Ha AJIEKTPOIHEPTHIO (0€3 OCBEIICHNUS );

®  aMOPTHU3ALMOHHBIC OTYUCIICHHUS,

e  KOMaHJHPOBOYHBIC PACXOJIBI— JIJIS TAHHOTO IMPOEKTa HET;

e  OIUIaTa YCIyT CBS3H — JIUIS TAHHOTO MIPOCKTA HET;

e  apeHaHas IUIaTa 3a MoJIb30BaHUE MMYILIECTBOM — JUJIsI TAHHOTO TPOEKTa
HET;

®  MPOYHE YCIAYTH (CTOPOHHUX OPTaHHU3AINI ) — JIJIsl JAHHOTO IIPOCKTa HET;

e  mpouue (HaKJIaJHbIE PACXOIbI) pACXO/IbI.

5.2.1 PacueTr 3aTpaT Ha MaTepHaJbl

K Ttekymieii cTarbe pacxo0B OTHOCHUTCS CTOMMOCTh MAaTepHAIOB M JPYTHX
MaTepUaATbHBIX IIEHHOCTEH, KOTOPHIE pacXOIYIOTCS B Tpoiiecce padoTsl. Taxke crona
OTHOCSTCS CIEHAIbHO MpHOOpETeHHOE OOOpy/IOBaHWE W TPOYHE OOBEKTHI,
OTHOCHMBIE K OCHOBHBIM CpencTBaM, cTOMMOCThIO 710 40 000 py0. BKIFOYHTENBHO.
[lena mMarepuabHBIX PECYPCOB OMPENETSETCS Ha OCHOBE IIEHHUKOB WM JIOTOBOPOB
Ha TOCTaBKy. B J1aHHYIO CTarbi0 BKIIOYEHBI M TPAHCIIOPTHO-3arOTOBUTEILHBIE
pacxoasl - A JaHHOTO TpoekTta mx HeT. Croja e BKIIIOYAIOTCS PacXobl Ha
COBEpIIICHWE CACIKH KYIUIM-IPOJAXA — JJIg JAaHHOTO TIPOEKTa MX HeT.
[TpuOMMmKeHHO OHW OIIEHWUBAIOTCS B TPOIEHTaX K OTIYCKHOM IIEHE 3aKyraeMbIX
MarepuaioB, o0bidHO 310 5 + 20 %. HcmomnuTens paboThl CaMOCTOSTEIHHO
BBIOMpACT WX BEIMYMHY B YKa3aHHBIX rpaHunax. Jms maHHOW paboThl BBIOpAHO

3HaueHue 5%. Pacuer npencrasied B Ta0I. 5.5.

Tabmmua 5.5 - Pacuer 3arpaTt Ha Marepualibl

Llena 3a Cymma,
HanmeHoBaHMe MaTepHaioB Koui-Bo
bymara nns npuntepa popmara A4 | 190 1 ym. 190
KapTtpumx st npunTepa 1550 1 . 1550
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HUroro: 1740

Pacxoawr Ha marepuaist ¢ yaeroM T3P paBabl C,,r = 1740 * 1,05 = 1827 pyO®.

5.2.2 PacyeT 3apaGoTHOM MJIaTHI

JlaHHas cTaThsi PacXOAOB BKIIOYACT 3apabOTHYIO IUIATy JABYX y4YaCTHHUKOB
NPOEKTa: HAYYHOTO PYKOBOAMTENS W WHKeHepa. OcHOBHas 3apa0OTHas IuIaTa
pacCUUTHIBAETCS HA OCHOBE TPYIOEMKOCTH BBITIOJHEHHS KaKIOTO 3Tama, a TakKe
BEJIMYMHBI MECSITHOTO OKJIaja PYKOBOIWUTENS M WCTIOJHUTENA. B manHOM ciydae
paccMaTpUBarOTCs CIEYIOIINE OKIIAIbI:

1) Hay4HBIH PYKOBOAWTENL: JOJDKHOCTh — 3aB. Kaenpowu, CTEleHb —
KaHIuAaT TEXHUUYECKUX HayK;

2) UCIOJHHUTEIb. MPOrpaMMHUCT 1-ro KBaIM(HUKAIMOHHOTO YpPOBHS, B
cooTBeTcTBUH C OKyamamu TIIY.

CpennenneBHas tapudras 3apadotHas 1iara (311.,) paccumTeiBacTcs Mo
dbopmyre:

3L = MO/24,83 (5.6)

rae MO — MecsiuHBIN OKIad UCTIOJTHUTEINS,

YUMTBIBAIOLLEH, UTO B rojly 298 pabouux JAHEH U, CJIeI0BATEILHO, B MECSLIE B
cpenneM 24,83 pabouux aHs (pH IMIeCTUIHEBHOM paboueii Henene) .

Pacdersr 3aTpar Ha MOJHYIO 3apa0OTHYIO TUIATy MPHUBEIEHBI B TaOimie 5.6.
3arpaTbl BpEMEHH TI0 KaXJIOMY UCTIOJHUTENO B PabodmMX JHAX C OKPYIJICHHEM JIO
EJIOTO B3sIThI M3 Tabimiel 5.2. [[ng ydera B €€ cocTaBe MPEMUiA, JOTIOJHUTEIBHON
3apIuIaThl ¥ pallOHHOW HaJOABKH HCIIOJB3YETCS CIACHYIOMUN PSIa KO3(PPHUITUESHTOB:
Knp = 1,1; Kyonsn = 1,188; K, = 1,3. Takum o0pazomM, a1 nepexona ot tapudHon
(6a30B0i1) CyMMbI 3apa0OTKa MCIIOJHMUTENS, CBI3AaHHOM C y4acTUEM B NPOEKTE, K
COOTBETCTBYIOILIIEMY TIOJTHOMY 3apabOTKy (3apIUIaTHOM 4YacTH CMEThI) HEOOXOUMO

MEPBYI0 YMHOXHUTh Ha MHTErpalbHbIN kKodddumment K, = 1,1* 1,188*1,3 = 1,699.
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Beieykazannoe 3HaueHue Konsnm NpUMEHsETCS MpU IIECTUIHEBHOW paloueid

HCICIIC.

Tabnuma Oumoka! TekeT yka3aHHOT0 CTWISI B IOKYMEHTE OTCYTCTBYeT. .3

- 3arpatsl Ha 3apabOTHYIO IJIaTy

3aTpart
CpennenHeBH | bl
Oxkaan, donp
HUcnosnure ast BpeMeH | KoapPpumu
pyo./me 3/m1aThl,
JIb cTaBKa, , eHT
c. pyo.
pyo0./pad.nenb | pad.aH
"
29 744,
HP 57 1197,93 21 1,699 42 740,94
7864,1
n . 316,72 104 1,699 55963,16
Hroro: 98704,1

5.2.3 Pacyer 3aTpar Ha COLHUAJBbHBIA HAJIOT

3atparbl Ha equHbli conuanbHbIi Hasor (ECH), coctaBmstor 30 % ot
MOJTHOM 3apa0OTHOM TUIAThI TI0 MIPOEKTY. /laHHBIE 3aTpaThl BKIIOYAIOT B ceOs
OTYMCJICHUSI B TIEHCHOHHBIM (POHA, (GOHABI COIUMATBHOIO W MEIUIIMHCKOTO
CTpaxoBaHUSI.

Ceon. = Cin * 0,3. B mamem ciygae Coop, = 98 704,1 * 0,3 = 29 611,23
pyo.

5.2.4 Pacuer 3aTpaT Ha 3J1€KTPOIHEPrHUI0

3arpaThl Ha DJCKTPODHEPTHI0 BKIIOYAeT B ce0S pacxoabl Ha
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AIIEKTPOIHEPTHUIO, TOTPAYEHHYI0 B XOJI€ BBINOJHEHUS MPOEKTa, HAa pPaboTy
3aJ1IeHCTBOBAHHOTO 000PYAOBaHUsI, U PACCUUTHIBAIOTCS IO (popMmyIe:

Can.06. = P06*t06 * I—I9 (57)

rae Pos — MOIITHOCTB, MOTpeOsieMast 000pyaoBaHueM, KBT;

L5 — Tapud nHa 1 kBt-uac;

tos — BpeMst paboTh 000PYIOBAHUS, HaC.

B TITVY Il = 5,257 py6./xB1-9ac (c HIC).

Bpewmst paboThl 000pyIOBaHMs BBIYUCISETCS Ha OCHOBE WTOTOBBIX JAaHHBIX
Tabmuiel 5.2 s uaxerepa (Tpx) W3 pacdera, 4YTO MPOJOIDKUTEIHHOCTH paboUdero
JIHSI paBHa 8 4acoB.

tos= Ten™ Ko, (5.8)

raie Ki<1- xoadduument wucnosnb3oBaHus 00OpYJOBaHMSI MO BPEMEHH,
PaBHBIM OTHOIIICHUIO BPEMEHU €ro padOThl B MPOIECCE BBITIOJHEHUS MPOEKTa K Tpp,
npuHs camoctosTensHo Ke = 0.9.

MotHOCTh, ToTpedIIeMas 000pyI0BaHUEM, OTIPEACIIIECTC IO (hopMyIIe:

Pos = Puow. * Kc (5-9)

rae Puow. — HOMHHAIBHAS MOILITHOCTh 000pyAOBaHMsl, KBT;

Kec <1l — xoapduuueHt 3arpy3ku, 3aBUCSUMA OT CpEOHEH CTerneHu
UCIIOJIb30BaHUS HOMHHAIBHOW MOIIHOCTH. JlJIi TEXHOJIOTHYECKOTO 000pyHIOBaHMS
Mastoit mommHocT! Ke = 1.

PesynbTaTtel pacuera 3aTpar Ha 3JEKTPOIHEPTHUIO TMPECTABJICHBI B TaOJMIIC

S.1.

Tabmia Onmoka! TekcT yka3aHHOr0 CTWIS B JIOKYMEHTe OTCYTCTBYeT. .4

- 3anaTI>I Ha 3JICKTPOIHCPTUIO TCXHOJIOTHYCCKYIO

Bpemst  pabotsr | [Totpebmsiemass | Tapud
HammenoBanue 3aTparsl

000pyIOBaHUS MoOIHOCTh  Pog, | I, , pyo/
0060pyI0BaHHs Dos, pyoO.

top, gac kBT kB1uac
[lepconansubiii | 8%104*0,9=748,8 | 0,3 5,257 1 180,93
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KOMIIBIOTEP
CrtpyiiHBIN 5,257
PYE 30 0,1 15,77
MIPUHTED
Hroro: 1196,7

5.2.5 PacueT aMOpPTH3AIIHOHHBIX PACX0J10B

B nmanHOM cTarbe omnpenensercs  aMOpTH3auus  33I€MCTBOBAHHOTO
000py10BaHus 32 BpeMs BBINIOJIHEHHUS IPOEKTa 1o hopMyIie:

Hy * Hop * tpy * 1
CAM = r )
A

5.10)

rae Ha — rogoBas HopMa aMOpTU3aLUK €IUHUIIBI 000PYA0BAHUS;

Lop — 6anancoBast CTOMUMOCTb €AMHULIBI 000py0BaHus ¢ yuetom T3P.

F 1 — neiicTBuTENbHBINA ro0BOM (OHI BpeMEHU pabOThl COOTBETCTBYIOIIETO
000opynoBaHusl, OEPETCs U3 CIIEHUAIBHBIX CIPABOYHHUKOB MM (PaKTUUECKOTO peXUMa

Cro UCIOJIb30BAHNA B TCKYIIEM KAaJICHIAPHOM I'OY.

Fn=8%* 104 = 832 yaca.

t,p) — (QakTnyeckoe BpeMss pabOThl OOOpPYAOBaHMS B XOJI€ BBINOJHEHUS
IPOEKTA, YYUTBIBAECTCSI UCIIOJIHUTENIEM TIPOEKTA;

N — 9UCJIO0 3a1eiICTBOBAHHBIX OJHOTUITHBIX UHHI] 000Dy 10BaHMUSL.

Ha ompenensiercss mo [aHHBIM TIOCTAHOBJIEHUs MpaBUTeNbCTBA PO «O

KJIaCCU(PHKALIMM OCHOBHBIX CPE/ICTB, BKIIOYEHHBIX B aMOPTH3AIMOHHBIEC TPYIIIIbD).
JlaeT pamouHble 3HaYEHUA CPOKOB amopTuzauuu ooopyaosanus = CA. Hanpuwmep,
g IIK aTo 2 =+ 3 rona.

Bennuuna t,0epeTcs Ha OCHOBAHNH (AKTHYECKOrO PEKUMA HCTIOJIb30BAHUSA

000pyA0BaHUS B TEUEHUE TEKYIIET0 KaJIEHAApPHOTO roia.

Tabmmia 5.8 - AMOpTH3aIIMOHHBIE PACXOTBI
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H, o5, pyo. tpy» 9ACOB | N, IIT Fp,uac | Cpy, pyo
IIK 0,4 45 000 832 1 832 22 500
[Mpuntep | 0,5 12 000 30 1 500 360
Hroro 22 860

5.2.6 PacueT npo4mx pacxo/10B

B crarbe «IIpoune pacxoap» OTpaKeHbI PaCXOAbl HA BBINIOJHEHUE MPOEKTA,

KOTOPBIE HE YUTEHBI B MPEABIIYIIMX CTaThsIX, UX CIEAYET NPUHATH paBHbIMU 10% oOT

CYMMBI BCEX TMPEbIYIIMX PACXOI0B, T.€.

Cnpoq. = (CMaT + C3n + Ccou + Can.06. + CaM) ) 091

JI1s1 Hatero npuMepa 3To

Cupos. = (1740 +98704,1 +29 611,23 +1196,7 +22 860)- 0,1 = 15 410 py6.

Teneps onpenensiem o01ILyI0 C€0€CTOMMOCTH MPOEKTA.

5.2.7 Pacuert o0uiei cedbecTOUMOCTH Pa3padoTKu

Tabmma Oumobka! TekeT yka3aHHOrO CTHISI B IOKYMEHTe OTCYTCTBYeT..9

- CMmerTa 3aTpar Ha pa3padoTKy MPOeKTa

CraTes 3aTpaT YcioBHOE 0003HAYEHH E CymmMma, pyo.
Marepuanbl 1 nokynHbie u3aeaust | Cyar 1740
OcHoBHas 3apaboTHas T1aTa Cin 98704,1
OTtuncienus B corpaibHbie POHIBI | Ceoy 29 611,23
Pacxobl Ha 3JIEKTPOIHEPTUIO Csn 1196,7
AMOPTH3aLMOHHBIE OTYUCIICHUS Can 22 860
[Ipouue pacxoabl Crpou 15410
Hroro: 169500

Htoro 3arparsl Ha pa3paboTky coctaBuam C = 169 500 pyo®.
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5.2.8 Pacyer npudbLIH

[lpubbus OT peanu3anuy TPOEKTa MOXKET PacCUUTHIBATHCS PA3IUYHBIMU
crioco0aMu, B 3aBUCUMOCTH OT KOHKPETHOU cuTyaruu. Eciu y HMCroJHUTENb HET
JAHHBIX JJI UCTIOJIb30BaHUS CTCIUAILHBIX METOAOB, MPUOBLIL CIEAYET MPHUHATH B
pazMepe 5 + 20 % oT Mmoo ce0ECTOMMOCTH TPOEKTA.

JlanHas paboTa UMEET MMPOKYI0 MHOTOOTPAacjeByIo cepy NPUMEHEHUS U HE
UCIIOJIb3YEeTCsl B MPSIMOM BHUIE, KaK MPOAYKT, a JMIIb SBISETCS CPEACTBOM JIJIs
BU3YAIIM3alUU TPEXMEPHBIX OOBEKTOB U JIaHHBIX B KOMIIbIOTEPHOI rpaduke. YToObI
IPOAYKTOM MOT T0JIb30BaThCS UCCIIEI0BATENh WK PAOOTHUK, HAPUMEP, MAaTEMaTUK
WIM Bpad, HEOOXOIMMO Ha OCHOBE JAHHOTO MpPOAYKTa-CPEICTBA pa3padarhiBaTh
Ipyrue MpoTpaMMHBIE TIPOIYKTHI B CBS3M € 3TUM MPOrpaMMHBIN MPOIYKT HE HECeT
3a coO0M TPsAMON HPKOHOMMYECKOM BBITOJbL B Haiiem mpumepe npuMeM NpUObLIb

ycJI0BHO paBHO# 8 475 py0. (5 %) oT pacxo0B Ha pa3pabOTKy MPOEKTA.

5.2.9 Pacuer HJIC

HJIC cocrtaBisier 18% oOT cymMmbl 3aTpar Ha pa3paboTKy W npuObli. B
HameM cirydae 1o (169 500 + 8 475) * 0,18 = 177 975 * 0,18 = 32 035,5 py0.

5.2.10 Ilena pazpadorku HUP
Ilena paBHa cymme moyiHOM cebectommocT, nmpuobmn u HJIC, B Hammem
cirydae
Mampery = 169 500 + 8 475 + 32 035,5 = 210 010,5 py0.

5.3 OueHka 3KOHOMHYECKOM IPPEeKTUBHOCTH NMPOEKTA

B nanHoll paboTe peanu3yercss alrOpUTM KOMIBIOTEPHOM Tpaduku

«mapumpyomnme kyoe» Ha miathopme WPF. O6nacteh mpuMeHEHHs] JaHHOTO
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aNIrOpUTMa OYEHb LIMPOKA, AJITOPUTM MOXKET MPUMEHSTHCSA MIPH MPOTPaMMHUPOBAHUH
KOMITIBIOTEPHOM Tpaduku B pa3iauyHbIX cdepax mnpumeHeHus. Ho dToObI
UCIIOJIb30BaTh BO3MOXKHOCTH JIAHHOTO arOpUTMa [Jisl BU3YaIM3alMU CJIOKHBIX
TpEXMEPHBIX 0OBEKTOB, HEOOXOAUMO, UCTIOJIB3YS TaHHYIO pa3padOTKy Kak CpPEACTBO,
pa3pabarbiBaTh HOBBIE CHUCTEMbl C TIOHATHBIM M JIOCTYIHBIM pPabOTHHUKaM
OTIpEICNICHHbIX obJsiacTeil uHTepdericoM B3aUMOJICHCTBUSI C  MOJH30BaTElIEM.
Jpyrumu cioBamu, TaHHBIN IPOEKT HE SIBISIETCSI CAMOCTOSTEIIbHBIM.

[Tockompky pa3paboTKa HE HOCHT KOMMEPYECKHH XapakTep, OIleHKa
DKOHOMHMYECKOH  A((EKTHBHOCTH  JJII  JAHHOTO  TMPOCGKTAa HE  SBIIIETCS
11eIecoo0pa3HOM.

JlaHHBI TPOJYKT MOJKET OBbITh HCIOJIb30BaH B JalbHEMIIMX HAyYHbBIX
UCCIICIOBAHUAX M, BO3MOXXHO, B OyIyllleM, MPU €ro pa3BUTUM M HHTEIpalvu K
KOHKPETHON 00JacTH, CHUCTEMbI, KyJa OH OyAeT BCTpauBaThbCsi CMOTYT HOCHTH
KOMMEPYECKHM XapakTep U MPUHOCUTH SKOHOMUYECKYIO TPUOBLIb.

N3 nmocTowHCTB AaHHOW Pa3pabOTKM MOXKHO OTMETUTh HEOOXOJMMOCThH B

HEOOJIBIINX pPecypcax MepCOHATbHOTO KOMITBIOTEPA.

5.3.1 Ouenka Hay4YHO-TeXHHYeckoro yposuss HUP

HayuyHo-TexHu4YecKuil ypOBEHb ONPEIENSCT BIUSHUE MPOCKTa HA YPOBEHb U
JTUHAMHUKY OOeCIeueHUsT HayYHO-TEXHHYECKOro TMporpecca B TEKyIleHd o00JacTu.
OreHka HaydHOM IICHHOCTH, TEXHHMYECKOM 3HAYMUMOCTH U A(PPEKTUBHOCTH,
IJIaHUPYEeMBIX U BbITioNHsAeMbIXx HUP paccumThiBaeTcss MeTo10M OaIbHBIX OIEHOK.
CyTp OaIbHOM OIIEHKH COCTOUT B TOM, YTO KaXJAOMY (DaKTOpy MO YCTAaHOBJIEHHOM
IIKaJle TIPUCBAMBACTCS OTPECICHHOEe KoamdecTBO OamioB. CyMmapHas OICHKa
pacCUMTBHIBACTCS TI0 CyMMe OaIOB MO BCeM ToKazarensMm. M Ha ocHOBe JaHHOM
OIICHKH 3aKIIF0YaeTCs BBIBOJI O mesiecooopasnocTa HUP.

NuTerpanbHplii MokazaTellb HAyYHO-TEXHUYECKOTO YPOBHSI PacCUUTHIBACTCS

o gopmyie:
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3
Kiry = ) R, 514
i=1

rae lyry — MHTerpanbHBIN UHAEKC HAYYHO-TEXHUYECKOTO YPOBHSI;

Ri — BecoBo# KO3 GUIMEHT 1-TO MPU3HAKA HAYYHO-TEXHUUECKOTO 3(PPeKTa;

Ni — KOJIMYECTBEHHAsI OIIEHKA 1-TO MPU3HAKA HAyIHO-TEXHUIECKOTO A deKTa,
B Oasax.

Tabmmma Owmmoka! TekcT yKa3aHHOTO CTWISA B JOKYMEHTe

otcyrcTByeT..10 - BecoBbie koaddurmentsl npuzHako HTY

IIpu3Haku HaAy4YHO-
TeXHUYECKOIo XapakrepucrTuka npusiaxka HUP Ri

3¢pdexra HUP

CuctemaTu3upyroTcsi ¥ 000OIIAIOTCS CBEACHMS,
YpoBeHh HOBU3HBI 5 _ 00,4
OTIPEEIISFOTCS ITyTH TATBHEHIIINX MCCIIeI0BAHHMA

Teopernueckuit Pa3paboTka cmocoba (airopuT™m, mporpamma 001
]
YpOBEHb MEpOTPUSTHI, yCTPONUCTBO, BEMIECTBO U T.I1.)
Bo3MmoxHOCTB
Bpewms peanu3zaium B TeUeHUE MEPBBIX JIET 00,5
peanu3anum

BennuunHa MHTErpaibHOTO OKa3aTesNsl NpuHaIeKUT naTepBaty [0, 10].
Tabmmma 5.11 oTpakaeT COOTBEICTBHE KadeCTBEHHBIX ypoBHer HIUP

3HAYEHUSIM ITOKA3aTessl, pacCYUThIBaeMOTro 1o gopmyie (5.14).

Tabmua 5.11 - CoorBercTBue

Yposens HTD IMoka3arear HTJ
Huzkwmit 1-4

Cpennuii 4-7

Bricokuii 8-10
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JUI TaHHOTO MPOEKTA YaCTHBIE OLICHKU YPOBHS Nj U UX KPaTKO€ 0OOCHOBAaHUE

npuBeIeHbI B Ta0mIe (5.12).

Tabnuma Oumoka! TekeT yka3aHHOT0 CTWISI B IOKYMEHTE OTCYTCTBYeT. .2

- OueHKH HayYHO-TeXHUYeCcKoT0 ypoBHs H/P

Bri6pan
3HayuUM YpoBeHb O6ocHoBaHue
®axrop HTY HBIN
OCTh dakTopa BBIOpAHHOTO Oaya
Oarmn

PazpaboTtka
aJropuTMa
MapIIHP YIOIIUX
KyOOB Ha
COBPEMEHHOU
YpoBeHb IIEPCIEKTUBHOU
0,4 HoBas 5
HOBH3HBI miarpopme WPF ¢
BO3MO>KHOCTBIO
MoaupUKaAMU |
ONTUMU3 AU

JAaHHOTO MECTOOa B

Oyyiiem

6 PazpaboTan

IIPOrpaMMHBIN

MPOJIIYKT,

PazpaboTtka
peaU3yrOUIMn
crioco0a
Teopernueckuii AITOPUTM
0,1 (mporpamma,
YPOBEHb Map P YIOIIUX
peanu3yronas
KyOOB TSt
AJITOPUTM)
BU3YyaJIM3aluU

TPEXMEPHBIX

00BEKTOB
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Buzyammzarus
TPEXMEPHOU
Bo3MOXXHOCTE B TEUCHHUE 00BEKTOB

0,5 10
pea3anuu IIEPBBIX JIET pazpaboTIMKaMu

KOMITbIOTEPHOM

rpaguku.

Orcrona unTerpanbHbii nokaszarens HT'Y niis Hamiero npoekra CoCTaBIIsIeT:
by =0,4*5+0,1*6+05*10=2+0,6+5=7,6
Takum oOpazoM, onupasich Ha JaHHbIC TAOMUIBI 5.15, BUAHO, UTO JaHHBIN

MPOEKT UMEET CPEIHUN YPOBEHb HAYUHO-TEXHUYECKOTO0 A eKTa.

BeiBoa: B pganHoM pazgene Obula TpoM3BEACHA OIICGHKA Pa3IUYHBIX
HPKOHOMHMYECKHX aCIeKTOB pa3paboTaHHOTO mpoekTa. Ha ocHOBaHMM TOIy4YEHHBIX
PE3YJIbTATOB MPOEKTY MOMXKHO AaTh CJIEAYIOUIYIO XapaKTEPUCTHUKY:

®  [IPOEKT OTHOCUTCS K KPAaTKOCPOYHOMY BHIY MPOEKTOB MO BPEMEHU
pa3paboTKy;

® [IPOGKT MOXHO OTHECTH K KATErOPHUM MAaJbIX MPOEKTOB TIO
MacIITaOHOCTH;

®  aKTyalbHOCTH pemaeMoi poOIeMbl MOBBIIAIOT

KOHKYPEHTOCTIOCOOHOCTh IMTPOEKTA B TEKYIIEH MPEIMETHOM 001aCTH.
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2.1. Visualization of three-dimensional objects with the help of

triangulation algorithms for defined surface

Visualization of an implicit surface it is visualization of the surface defined by a
three-argument function and a fixed value of this function, called the level.

Xy, 2[f(x,y,2) =c) (2.1)

where f(x,y, z) — the defined function, and ¢ — the defined level.

The Algorithms of surface rendering build the image of a surface in three-
dimensional space. However, it is more convenient to make restoring not of this
surface but the surface approximating it with the help of triangles. The first original
surface can be approximated by polygons and then the polygons are visualized with
graphic libraries.

The problem of visualization appears in many areas of mathematics, physics,
and medicine:

- Visualization of experimental data. During the experiments in physics,
often it is necessary to display the information immediately from all sensors.

- Functional representation. Some mathematical tasks or calculations
need to visualize a geometric object, which is defined by a single continuous
describing function of several variables, which look like F(X) > 0.

- Medicine. Computers use makes possible the development in new areas
ofsuch technologies as computed tomography, magnetic resonance imaging (MRI)
and positron emission tomography. With the help of tomography equipment, we can
get many images of some sections of a patient's body. It allows to give characteristics
of his features of anatomy and physiology. These images with a big clarity can show
us the different organs. Visualization techniques give possibility to reconstruct the
three-dimensional structure of the organs using a variety of parallel sections. Often
for the right diagnosis, a doctor just visually analyzes the individual images of the

object sections obtained from the tomography examination.
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Similar approaches are used for experimental and simulated data, which are
obtained in other areas, such as fluid dynamics, geology, meteorology, molecular
analysis.

In the process of visualization, an important role is in determinating the
function that describes the desired surface. Most of application tasks use the function
in a tabular form

However, sometimes there are some problems in which there is not a clear
imaging, or a table of values has the irregular grid.

These problems can be in many applications, for example: range measurement
using irradiation surface or reconstruction of three-dimensional structure with the help of
plurality of sections contour in the medical research.

These problems use the following sequence of actions: the surface S, a set of
the sampling Xapproximated by the tangent planes passing through each sampling point
X [1].

Then the desired function, which defines the surface, is calculated as follows:
for each point of the space R the function at this point is equal to the nearest distance
of the tangent plane with the + sign, if the point there is inside the volume, bounded
with the built planes, or with the sign — if the point there is outside this volume. After
that, the surface is exposed triangulation defined by areceiving function.

It is clear that the task of constructing a triangulation on the original set of
points is ambiguous, so the question is: which of the possible triangulations is better.

The triangulation is called optimal if the sum of the lengths of all the edges is
minimal among all possible triangulations of the original set of points.

However, the task of constructing a triangulation is NP-complete. Its
complexity is O(eN ), however, in practice, approximate algorithms are used. .

There are so-called a greedy triangulation and triangulation which they build
also is called greedy.

The complexity of the work of the greedy algorithm for some of its
improvements is O(N 2 log N). It is rarely used in practice for the reason of a high

complexity. .
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2.2. Methods for solving a triangulation problem

In addition to optimal and greedy algorithms, there are other triangulations
and the methods to construct them. All the methods applied in solving the
triangulation problem of are divided into the following three groups.

—  Cell-based methods. The methods of this type make partition of the
triangulation on the cells consist of parallelepipeds, triangular pyramids, tetrahedrons,
octahedrons, etc. Then, each of surface triangulation performed in individual cell.
Moreover, each cell is triangulated one of the previously defined methods, it means
that coordinate values for triangles simply "substituted" from a predetermined table.
To use this type of methods is necessary to specify the allowable error of
approximation, from which to select the cell size. After that, with the help of the
known triangulation tables to get the required set of triangles. In this procedure the
triangulation of each cell is reduced to the analysis of the values at the vertices of the
cell - in other words, it is determined which vertices are "inside" the surface, and
which - "outside." Based on this we can conclude on the adequacy of the definition of
the function only in the cells of the vertices.

-  Method of predictor-corrector. The methods of this class are based on the
addition to the existing plurality of triangulation points another lying on the plane
tangent to the given function (this position predictor (predictor) - predicted), and then
moving it to the imaging surface (this position corrector (corrector) - corrected).

By using the methods of this class, you must know the value of the function at
all points of space and find at least one point belonging to the desired surface. The
method consists in increasing the number of triangles iteratively - each iteration of the
method to an existing set of triangles added another, built on the edge of the triangle
and the predicted extreme (and then adjusted according to the curvature of the surface)
of the point.

— Pre-tessellation methods & particle-based methods. The essence of these
methods lies in decomposition of the desired surface in the part to further their
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triangulation. Splitting apart in pre-tessellation techniques involves breaking the
surface on the surface of the primitive - fragments of spheres and planes. Splitting
into pieces in the methods of particle-based constellation of at least intellectually -
sought only fragments of the planes. In this connection, there is a problem already
triangulate parts.

— Pre-tessellation methods & particle-based methods). The essence of these
methods lies in decomposition of the desired surface in the part to further their
triangulation. Splitting apart in pre-tessellation techniques involves breaking the
surface on the surface of the primitive - fragments of spheres and planes. Splitting
into pieces in the methods of particle-based constellation of at least intellectually -
sought only fragments of the planes. In this connection, the problem arises already
triangulate parts. Most often, this process reduced to a Delaunay triangulation, that is,
the selection by the local Delaunay triangles connecting portion of a surface.

All these methods have both advantages and disadvantages. The basis of the
first type of methods - triangulation independent of each cell using triangulation
tables - is both their strengths and weaknesses. The high speed of these techniques
makes them more attractive in relation to other methods and makes it possible to use
them in interactive applications, but the big drawback is their relative indifference to
the behavior of the function is selected the set of points. In other words, it is
impossible for properly visualize the local curvature - scale triangles is always
proportional to the size of the cell. Such methods are ideally suited for the
visualization of three-dimensional scalar fields defined ona regular grid.

Methods of the second and third type are useful only when rendered fields
defined at every point of the part of space that we are interested. A great advantage of
such methods can considered as their dependence on the local curvature of the
function - in such methods are not minor details "will be gone." Despite the strong
loss in speed compared with the methods of the first group and restrictions on the
differentiability of functions and connectivity of the surface, they attract a high

"quality"" of the resulting surface.
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2.2.1. Algorithms for constructing a Delaunay triangulation

Firstly, the task of constructing the Delaunay triangulation was set in 1934 by
Soviet mathematician Boris Delaunay. triangulation is called the Delaunay
triangulation , if the circle inside circumscribed around any triangle constructed, does

not fit one of the given points of triangulation (see Figure 2.1).

Figure a.1 - Triangulation of Delaunay.

It is the complexity is determined of O(NlogN ) arithmetic operations. There
are algorithms that reach this estimation in the average and worst cases. Furthermore,
it is known that the algorithms are able to achieve in some cases on average O(N).

List of the most famous algorithms for constructing the Delaunay
triangulation:

1. lterative Algorithms

(@) Simple iterative algorithm

(b) Algorithms with search indexing triangles

(c) Caching algorithms search triangles

(d) Algorithms with the changed order of addition of points

2. Algorithms for constructing a Delaunay triangulation merger

(@) Merging Algorithm Divide and Conquer

(b) A recursive algorithm for cutting diameter

(c) Bandpass fusion algorithms

3. . Algorithms for direct construction of the Delaunay triangulation

(@) Incremental algorithm
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(b) Step by step algorithms with acceleration of searching Delaunay’s
neighbors

4. Thetwo-pass algorithms for constructinga Delaunay triangulation

(@) Two-pass fusionalgorithms

(b) Modified hierarchical algorithm

(c) Linear algorithm (d) Fan algorithm

(d) The algorithm of recursive splitting

(e) Belt algorithm

Now, many people are working on improving and creation of new algorithms.
Main reason it is instability of known algorithms and unsatisfactory time of their
work on real data sets.

The following there are some of the faster and simple for implementation
algorithms for constructing the Delaunay triangulation.

2.2.1.1. Iterative algorithms

All iterative algorithms based on the idea of sequential addition of the points
in the partially constructed Delaunay triangulation.

Let there be the Delaunay triangulation on the set of (n-1) points. Another n-i
point added to the already constructed structure of a triangulation as follows.

Step 1. First produced localization point, that is, It is a triangle (built before),
which gets the next point. If the point does not fall into the triangulation, it means that
triangle is on the border triangulation is closestto the next point.

Step 2. If the point came on the previously inserted triangulation node, then
this point discarded, otherwise the point inserted into the triangulation as a new node.
Thus, if the hit point on an edge, it is splitting into two new and two adjacent triangle
edge it is also divided into two smaller ones. If hit point inside any triangle then it is
split into three new. If the point came out of triangulation, the builds one or more
triangles. Then, occur local checks of new triangles for conformity the Delaunay
condition, and performed the necessary constructions.

58



The complexity of the algorithm consists of the complexity of the search
triangle, which is added to the next step point, the complexity of the construction of
the new triangles, as well as the complexity of the relevant restructured triangulation
that is result of unsatisfactory inspections pairs of neighbors triangles obtained
triangulation to conformity the Delaunay condition.

In the construction of the new triangles are two possible situations: the added
point falls inside, or outside of triangulation. In the first case, making creation of new
triangles, and the number of operations performed by the algorithm is fixed. In the
second - necessary to build additional external triangles to current triangulation, and
their count may be equal in the worst-case n—3.

However, for all the steps of the algorithm will be added at most 3N triangles,
where N - the total number of starting points. Therefore, in both cases, the total time
spent on the construction of triangles O(N).

Any addition of a new point in the triangulation could theoretically
compromise the integrity of the Delaunay condition, so after adding points usually
immediately made local check on the condition of the Delaunay triangulation. This
check should cover all newly constructed triangles and adjacent to them. The number
of such evolutions in the worst case can lead to a complete rebuild entire
triangulation, so the complexity of rebuilding is O(N ). However, the average number

of these pas rebuilding the actual data is only about three [24].
22.1.2. Simple iterative algorithm

In a simple iterative algorithm search of the next triangle is implemented as
follows. Take any triangle, already owned by triangulation (eg, randomly selected),
and consecutive transitions on connected triangles searched the desired triangle. In
the worst case, we have to cross all the triangles of the triangulation, so the

complexity of such a search is O(N ). However, on average to evenly distribute the

squared only necessary to make O(\/N ) transition operations. Thus, the complexity of
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the iterative algorithm is the simplest in the worst case O(N 2), and an average - O(N

3/2) [27].
2.2.1.3. Cachingalgorithms searchtriangles

When implementing these algorithms is based cache - a special structure,
which allows for time (1) to find a triangle, close to the target. In this modified
triangles from the cache is not removed (assuming that each remote triangle as a
record in the computer memory is converted into a new triangle and therefore
permissibility reference to the triangles is not affected by the algorithm), the same
triangle can repeatedly be in the cache, and some triangles may be absent at all there.

The basic idea of the cache is to build a more simple planar partition of the
plane than the triangulation, in which you can quickly perform localization points.
For each element, a simple reference is made to partition the triangle of triangulation.
The search process is reduced to asimple localization element-partitioning, click on a
link to the triangle and the subsequent localization of the desired triangle algorithm of
a simple iterative algorithm of Delaunay triangulation. As such partitioning is easiest

to use a regular square network [24].
2.2.1.4. The iterative algorithm to the static cache search

The triangulation algorithm to search a static quotation must select a number
m and make cash in the form of a two-dimensional array r size of m x m to refer to
the triangles. Initially, the array must complete the link to the very first constructed a
triangle. Then, after performing another search, which was found by a triangle,
starting the search with the square (i, j), you need to update information in the cache:

rij == link to T . The size of the static cache should be selected according to the

formula m = sx N 3/8, where s - coefficient of static cache. In practice, the value of s
should take ~0,6 —0, 9 [33].
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The first time, the cache is not updated completely, the search can go for a
long time, and then speed are increased. This shortage is deprived of the following

algorithm.,
2.2.15.  The iterative algorithm with dynamic caching search

The triangulation algorithm with dynamic caching search you must have a
minimum size of the cache, such as 2 x 2. As the number of points added to the
triangulation necessary to consistently increase its size by half, thus overwriting the
information from the old to the new cache. At the same time it is necessary to
perform the following shipment to increase the cache

(r - the old cache, rT - new cache): vi,j = O,m—1:

Increase in dynamic cache size must be carried out twice every time when the
number of points in the triangulation n =r x m2, where

r - dynamic cache growth factor, and m - the current size of the cache. In
practice, the value of the coefficient of dynamic growth in the cache, select =3 —8.

Labor-intensive triangulation algorithms for caching like all iterative
algorithms constitute the worst case O(N 2), and an average of even distribution of
static caching - O(N 9/8) and for dynamic caching - O(N) [32].

For the majority of random distributions starting points, this algorithm is
significantly faster than any other algorithms. However, on some real data in
which sequential starting points are close to each other (for example, in terms of

relief contour maps), dynamic caching algorithm may spend more time than other

algorithms.
2.2.1.6. Iterative Algorithm with layer thickening

You must break the plane with a point in the iterative algorithm triangulation

stratified condensation on n = (2U + 1) x (2Y + 1) Elementary cell-squares of equal
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size. Each square is numbered from 0 before 2U and horizontally from 0 before 2V
vertically. Next, introduce the concept of layers. It is believed that the point belongs

to layer 1, If both numbers are multiples of its square 7] (then all the reference points
forma layer O, layer 1 + 1 It is asubset of the layer i, and the maximum number of the
layer k = min(u, v)). According to numbers of pairs of values of all the points i layer
are dividing into four subsets:

1. The corner points (both their numbers are multiples 2i + 1) - this layer i +

2. iInterior points (both their number is not a multiple of 2i++ 1);

el 11

2i,2j, r2i,2j+1, r2i+1,2j, r2i+1,2j+1 =ri,j.

This caching algorithm allows working equally effectively on a small and a
large number of points in advance without knowing their number.

3. X- boundary points (only the coordinate X number is a multiple of 2i +
1);

4. Y-boundary points (only the Y-coordinate is a multiple number 2i + 1).

For arbitrary sets of points of this algorithm (like all other iterative

algorithms) has the complexity of (N 2). If the reference points have a uniform
distribution, the complexity of the algorithm is the average case O(N).

The advantage of this algorithm is more and what is uniformly consistent in
sticking triangulation nodes, it is possible to get rid of the situations the construction
of long narrow triangles which are then rearranged. Due to this, the faster the

algorithm on real data than many other algorithms.
2.2.2. Cell triangulation algorithms

2.2.2.1. Algorithms "marching cubes"”, Caneira and Rocks
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The earliest construction of the triangulation algorithm cell surface algorithm
IS "'marching cubes" Lorensenom submitted in 1987.

The algorithm proposed by Caneira (also called "marching tetrahedra 5"),
based on the partition of the space into triangular pyramids.

Rocks algorithm developed for visualization three-dimensional scalar fields
defined by a function defined at each point of space.

These algorithms discussed in the sections "marching cubes method",
"Caneira Method" and "Method of the Rock" [34].

2.2.2.2. Marching tetrahedrons 6 algorithm

Marching tetrahedrons 6 is algorithm that proposed as an alternative
Guezekom Caneira algorithm. The main difference between these two methods is that
for MT6 algorithm eliminates the need to change the templates directly to the mirror
and back. This achieved by partitioning a symmetrical tetrahedron box 6 shown in
Figure 2.2.

Comparisons can be conducted on 4 criteria:

- The speed of work;

- Error of approximation;

—  The number of generated triangles;

- Thequality of the generated triangles.

=7/ )=

Figure a.2 - Split the box into 6 tetrahedrons
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Thus, the honeycomb type discussed algorithms have the same basis.
Therefore, the speed and the approximation error they differ insignificantly. The
complexity of these algorithms is O(N ). Therefore, they are enough to compare the
two parameters: the number of triangles and the "quality".

2.2.2.3. Marching prism algorithm

The region of spacefilled prisms with regular triangles at their base.

Perhaps the prism 64 and the intersection of the case surface, which is stored
in a special table. These 64 cases can be reduced to 9, using turns and symmetry
relative to a plane parallel to the base of the prism and passing through the middle of
the vertical edges as well as the possibility of applying the sign function. Figure 2.3
shows all the 9 cases. It is noted the top, on which the function has a positive value, a

negative value on the other vertices.

a) ) B) r) A)

e) x) 3) )]

Figure 2.3 - Possible cases of the intersection of the prism and the surface.

2.2.2.4. Triangulation five-vertex pyramid

The region of space divided into cubic cells. Each cell is divided into 6 five
top of the pyramid: the pyramids are the vertices of the cell center and at the top with
4 of each of the 6 faces of the cube. Next, the triangles constructed at the intersection
of the pyramid and the surface. Possible variants of intersection 32 and the surface of
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the pyramid, which can be reduced to 6 nonequivalent, as at the pyramid vertex 5.
Figure 2.4 presents 6 non-equivalent variants. It is noted the top, on which the
original function takes positive values. For a software, implementation of the
triangulation method uses the numbering of edges in the method of the Rock and the
table of the 32 cases, the intersection of the pyramid and the surface [35].

< \W
R\ #

Figure 2.4 - Options intersection of the pyramid and the surface.

2.2.2.5. Marching octahedrons algorithm

The region of space filled octahedrons. Filling carried out in the following
manner: a region of space filled with cubes and cubes building rib from the centers of
their peaks. The result is a network of octahedrons, in which eight ribs - ribs is
constructed for each face of the cube, with its center and adjacent to the center of the

cube it. Figure 2.5 presents options for surface intersection and octahedron.
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Figure 2.5. Options intersection of the pyramid and the surface.

After filling in the field of space octahedrons the approximation triangles

intersection of the surface and each octahedron[23].

2.2.3. Triangulation extra-large surfaces

As already mentioned, and shows significant problem cell algorithms is their
indifference, that is, the inability to always correctly visualize the behavior of the
surface inside the cell. Reducing the size of the cell can solve the problem, but then
there is another - lack of memory. The surface, the raw data that do not fit in the
computer's memory, called ultra. If the surface does not fit into memory, the video
memory cannot fit it even more. Therefore, such a surface visualization by
conventional methods takes a very long time.

Conventional algorithms for constructing a Delaunay triangulation as a
method of surface modeling and visualization are not suitable for large volumes of
raw data.

One of the first attempts to work with large triangulations can be as simplified

algorithms for constructing triangulations.
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The task of constructing simplified triangulation is also NP-hard. Therefore,
in practice it uses approximate algorithms that divided in accordance with the
strategy used in two main classes, working from top to bottom and bottomto top.

Top-down strategy starts with a simple approximating model consisting of
one or more triangles, covering the original triangulation. Further, the triangulation
consistently adding new points to until you reach the desired resolution. One of these
algorithms is the algorithm of «selector of Delaunay» .

In bottom-up, strategy begins with the initial operation of triangulation,
triangulation number of elements and gradually decreases until a desired number of
nodes reached or a predetermined tolerance from the initial triangulation simplified.

Algorithms for constructing and visualizing extra-large surfaces allow
interactively work with models, significantly exceeding the amount of available
RAM.

2.2.4. Adaptive triangulation

An adaptive triangulation method is to make the level of detail (and pitch
obtained mesh) is inversely proportional to the distance to the observer.

On the other hand, because the triangulation is not adapted to the local
features of the surface, it is overly excessive. A more significant drawback of the
method is that it cannot guarantee the specified accuracy of the approximation, which
will be especially noticeable on complex surfaces.

In the methods of M. Gross (M. Gross) et al., And A. Pereberin wavelet
coefficients are used only for construction of adaptive triangulation, and no
compression is applied. More importantly, the methods described cannot achieve a
desired restoration accuracy. As a solution to this problem, we propose a two-step
method of coding adaptive triangulation, in which the wavelet coefficients form the
basic information, which complemented by the residual information, ensuring that the

adaptive triangulation approximates the surface with a given error [34].
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In the first stage of building a compressed representation of the original multi-
scale grid heights sequentially filtered and decimated, resulting in a multi-level
pyramid, each level that is a grid with increasing twice-sampling interval in each
direction, approximating the original with decreasing accuracy.

Each level of the pyramid divided into square blocks having the same number
of elements that combined in a hierarchical structure quadro-tree. Built hierarchy is
compressed downward recursive algorithm starting from the blocks at the very rough
approximation level (level 0). In addition, for each block of encoded information that
allows us to refine its net heights and get the elevation grid blocks 4 subsidiaries.

The matching area is composed of several loops. To ensure consistency grids
heights only one contour, but to elements of normal maps on the borders calculated the
same way, it needs more. Each circuit compressed without using the wavelet
transform. Elements of the circuit regarded as one-dimensional sequence of samples of
the high places that are quantized and encoded [28].

2.2.5. Algorithm of the Finch and Bishop.

The algorithm can significantly reduce storage costs, as calculates the net for
the current position of the camera without the use of a pre-existing data. The
effectiveness of the algorithm achieved by using a regular grid and the use of pre-
defined simple ways to coarsening when removing the camera from the display
surface area. Reduced storage costs is due to the calculation of the grid for the current
position of the camera without the use of a pre-existing database.

The algorithm uses the concept of the level of detail (LOD). Each LOD level
on the surface is given a uniform square grid. Step partition your for each level, and
is a power of 2: LOD = 0 for the move is the minimum for LOD = 1 each cell side
length twice bigger than LOD = 0, etc. Cells for LOD = LODmax are the most rude
and partition called pages. The number of levels is a parameter of the algorithm.

The result is a triangulation algorithm, presented in the form of a sequence strip.

Each individual strip directed along the axis Ox surface (minor route), and the
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sequence strip ordered along the axis Oy (majeure direction). In the process of
triangulation occurs processing is not the entire surface but only the area visible at the
moment on the screen. The projection of this area onto the plane Oxy named footprint
[23].

2.2.6. Modern trends in research and development

Trivial task in the construction of three-dimensional models of range sequence
of images presented in the form of individual triangulation grids (shells), is the problem
of combining these triangulation grids. Its solution involves the construction of a single
coherent shell, corresponding to the original data, without duplicating the surface areas
that are visible from several species. An important requirement of the algorithmic
solution of the problem is the high processing speed, since saturated scenes with
complex objects can take many forms with many describing the triangles (about 10°,
106 and above).

At present, the emphasis in increasing the performance of applications shifted to
the active use of parallel systems and coprocessors. Increased productivity is achieved
through the extensive use of massive vector parallelism or pipelining and specialization
thanks calculators, customized for a specific task.

The superiority of the conventional stream processors in the tens of times the
computing power makes it a promising treatment is two-dimensional images on the
stream processors.

Modern graphics API (OpenGL, DirectX) allow you to program the stream
processors in high-level language (GLSL for OpenGL and HLSL for DirectX), which
greatly simplifies the design, reduces the time.

Until recently, relatively few attempts undertaken paralleling recovery
algorithms surfaces of which method it is worth noting that use as the octree data
structure for storing the processed pixels. There is also a reconstruction algorithm

based on Poissonsurfaces using adaptive mesh as accelerating structure.
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Currently, one of the methods implemented a parallel algorithm for
constructing a Delaunay triangulation in the plane using the graphics processor is
considered. In this paper, we consider technology NVIDIA CUDA.

There is a parallel algorithm resurfacing for massively parallel architectures.
The basis of the developed algorithm marching cubes algorithm is taken.

Promising also is the idea of the use of stream processors for image
processing in the browser-based applications due to their limited access to the
computing power of the CPU.

For a long time image processing in the browser-based applications can be
implemented using two major approaches: using java-applet and using Flash-
component. For example, in image processing is widely used java- applets Imagel
library.

With the advent of HTMLS5 standard made possible image processing directly
on javascript language using the canvas element. The advantage lies in the absence of
the need to install any plug-ins, but this method is difficult to use multi-core, and an
image processing program is running on a virtual machine javascript. These factors
have a negative impact on the performance approach: its speed is several times less
than the image processingspeed by using ImageJ.

Currently, widespread PixelBender technology implemented in Adobe Flash
since version 10.0. This technology allows to a limited extent to use the possibility of
stream processors, developing programs for them in a special language specific to
Flash.

Implementation of OpenGL ES 2.0 for use in browser applications - February
10, 2011 open standard WebGL specification was published. WebGL provides an
opportunity to develop OpenGL-programs directly on javascript, including the use of
vertex and pixel shaders.

A significant advantage in favor of WebGL is still the fact that its use does
not require the installation of additional modules, technology support is provided
directly in the browser. All this makes it a promising technology for image
processing organization in browser applications [30].
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