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NHKeHepHana WKona MHGOPMALMOHHBIX TEXHONOTMN N POBOTOTEXHUKM
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HanpasneHue nogrotosku 09.04.03 MpuknagHaa MHGOpMaTHKa
OTtpeneHne MHGOPMALMOHHbIX TEXHOOMMI
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CrypeHT
8KM61 Eppemos leoprmit AnekcaHapoBuy
Mpynna dNno Mognuck Jata
PykoBoautenb
AoueHT YepabiHues EBreHnin Cepreesny K.T.H., 4OLEeHT
JomKHOCTb ol71e] YyeHasd Moanuce [aTta
cTeneHb, 3B8aHue

KOHCY/IbTAHTbI:

Mo pasaeny « PUHAHCOBbIN MEHEAKMEHT, pecypco3dpPeKTUBHOCTb U pecypcocbepeskeHme»

OOUEeHT CrapukoBa EkatepuHa BacunbeBHa K.®.H.
JomKkHOCTb lol7[e] YyeHas Moanucok [ata
CTeneHb, 3BaHMe
Mo pasgeny «CoumanbHaa OTBETCTBEHHOCTbY
Accuctent Aspeesa VMpnHa NBaHOBHa
LJonKHOCTb ono YyeHasA cTeneHs, Mognuck [aTta
3BaHMe
AONYCTUTDb K 3ALLLATE:
Pykosoautenb
00Mn09.04.03
V::;;f;pﬂ:f‘:::» MapyxunHa O.B. K.T.H., 4OLEeHT
JoueHT OUT
NLINTP
JonKHoCTb (ol7]e] YyeHasn cTeneHb, Moanucok [arta
3BaHue

Tomck — 2018 .




Ilinanupyemble pe3yabTaThl 00yUeHHUS 10 MPOrpamMmme
09.04.03 — IIpuknagnass nHPOpMaTHKA

Kon

Pe3ysabTar 00y4yeHnus

P1

[TpumensieT 6a30BbIe U CHIEIIMATIBHBIC 3HAHUS B 00JIACTH COBPEMEHHBIX
UH(POPMALMOHHO-KOMMYHUKALMOHHBIX TEXHOJIOTUH ISl peILICHHS
MEXAUCIUIITIMHAPHBIX MHXKCHEPHBIX 3a1a4.

P2

[IpoBOAMT TEOpPETHUUECKUE U SKCIIEPUMEHTATIbHBIE HCCIIEOBAHUS, BKIIFOYAOIIUE
MOMCK U U3yYeHHE HeOOX0IMMOI HaydHO-TeXHUYEeCKOW nH(pOopMaluu,
MaTeMaTH4ecKoe MOAEIINPOBAHNE, TPOBEICHNUE SKCIIEPUMEHTA, AHAIIA3 U
MHTEPIIPETALMIO TOTYYSHHBIX JaHHBIX B 001acT HHGOpMaTU3aLuU U
aBTOMATHU3ALMK NIPUKIIAJHBIX IPOLECCOB U CO3AaHMsl, BHEAPEHUS, IKCIUTyaTal[u1 U
yIpaBiIeHUs HTHPOPMAITMOHHBIMU CHCTEMaMH B TIPUKIIATHBIX 00JIaCTIX

P3

BHenpsiet, conpoBoXXIaeT U KCIUTyaTHPYET COBPEMEHHbIE HH(POPMALIMOHHbIE
CHUCTEMBI, 00ECTIEeYMBATh UX BBICOKYIO 3((hEKTUBHOCTH, COOIIOIATh MTpaBUiia
OXpaHbl 3J0POBbS U 0€30MaCHOCTHU TPY/Ia, BHIMOIHITH TPEOOBAHUS O 3aIUTE
OKpYKaloIleil Cpeabl

P4

AXTHBHO BJIaACCT MHOCTPAHHBIM SA3BIKOM Ha YPOBHEC, ITIO3BOJIAIOIICM pa6OTaTB B
HHOS3BIYHOMN cpeae, p33pa6aTBIBaTb JOKYMCHTAIUIO, IPC3CHTOBATh U 3allIUIIATh
PE3YyIbTAThI I/IHHOBaI_[I/IOHHOf/'I PIH)KGHCpHOﬁ ACATCIIBHOCTH.

P5

BrnaneeT u mpuMeHseT METObI M CPENICTBA MOJTyYEHUs, XpaHEHUS, TIepepabOTKU U
TPaHCIALUU UH(YOPMAIUK TOCPEACTBOM COBPEMEHHBIX KOMITBIOTEPHBIX
TEXHOJIOTUH, B TOM YHCIIE ITI00AJIbHBIX KOMIIBIOTEPHBIX CETEH.

P6

D¢ dexTuBHO paboTaeT HHANBUAYATHHO, B KAYECTBE WICHA U PYKOBOIUTEIIS
TPYIIIBI, COCTOSIIICH M3 CIIEUATMCTOB PA3IMYHBIX HAIPABJICHUA U KBaTU(UKAIUH,
ACMOHCTPUPYCT OTBETCTBCHHOCTDL 3a PC3YJIbTAThI paGOTBI U TOTOBHOCTbH CJIEAOBATH
KOPIIOPAaTHUBHON KYJIBTYpE OpraHU3aIluu

P7

CaMOCTOATENbHO YUUTCS M HEMIPEPHIBHO MOBHIIIAET KBAUTM(UKALUIO B TEUCHUE
BCEro Nnepuojaa npoecCHOHAIbHON AEATEIbHOCTH

poduab «CucTteMbl KOPIOPATHUBHOIO YIIPABJIECHHUSI»

P8

[Ipumenset riry0okue npodeccuoHallbHbIe 3HaHHUS OCHOB IIOCTPOEHUS
UH(POPMALMOHHBIX TEXHOJIOTUH U CUCTEM, JOCTATOYHBIE IJIsl PEIICHUS] HAYYHBIX
npodeCCHOHATBHBIX 3a]1a4 IPOU3BOJCTBA. 3HAET COBPEMEHHBIE TPOOIIEMBI U
METO/IbI IPUKIATHON HH)OPMATHKU U HAYYHO-TEXHUYECKOTO PAa3BUTHS
UH(POPMALIMOHHBIX TEXHOJIOTUH.

P9

CraBUT U pemaer 3a/1a4u KOMIUIEKCHOTO aHalln3a, CBA3aHHbIE ¢ HH(popMaTH3amuei
Y aBTOMaTHU3alMel MPUKIAIHBIX MPOIECCOB; CO3aHIEM, BHEIPEHUEM,
JKCILTyaTaluei U yrnpaBieHueM HHPOPMAIIMOHHBIMY CUCTEMaMH B MPUKIIATHBIX
00JacTsIX, C UCIIOH30BAaHHEM 0a30BBIX U CIICIIMATHHBIX 3HAHUI, COBPEMEHHBIX
AQHAJTUTUYECKUX METOJIOB U MOJeIIen

P10

CriocobeH opraHu30BBIBaTh pabOTHI 10 MOAETHPOBaHUIO pukiIaaHbix MC u
PEHHKUHUPUHTY MPUKIATHBIX U MHOOPMAITMOHHBIX MTPOLECCOB MPEATIPHUATUS U
opranuzaruu. CriocoOeH ynpaBiATh MPOEKTAMH 110 WH()OPMATU3AIMH MPUKIIATHBIX
3aaa4 u co3ganuo MC npeanpusTuid U opraHu3aui.




MuHucTepcTBo 06pasoBaHuA U HayKK Poccuiickoii depepaumnm

depepanbHoe rocyaapcTBeHHOe aBTOHOMHOE

obpasoBaTesibHOE yypexKaeHune Bbicliero obpasoBaHumn
«HALMOHA/bHbINA UCCNEAOBATENbCKUNA
TOMCKWUIA NONUTEXHUYECKUIA YHUBEPCUTET»

NHKeHepHana WKona MHGOPMALMOHHBIX TEXHONOTMN N POBOTOTEXHUKM

HanpasneHue nogrotosku 09.04.03 «MpuknagHaa MHGOPMATMKa»

OTtgeneHve MHPOPMALMOHHbIX TEXHONOTUI

YTBEPXOAIO:

PykoBogutens OOMN 09.04.03 «MpuknagHasa nHpopmaTnka»

MapyxuHa O.B.
(PK10)

(noanuce) (mata)

3AOAHME
Ha BbINOJIHEHUWE BbIMYCKHOW KBaAUPUKALNOHHOM paboTbl

B popme:

MarmcTepckom amccepTtaumm

(6akanaBpckoit paboTbl, AUNIOMHOrO NpoeKkTa/paboTbl, MarncTepckoi anccepTaumnm)

CryaeHty:
lpynna (017 o]
8KM61 Edpemosy leopruto AnekcaHgposuuy

Tema paborbl:

MpoeKkTMpoBaHMeE 1 Pa3paboTKa MHCTPYMEHTapMA AN apXUTEKTYPHOMN BU3yaM3aLmm

npoctpaHcTea B UnrealEngine4

yTBEpKAeHa NPMKa3oM ANPEKTOPa

20.04.2018 r. N22796/C

CpoK caauv CTyAeHTOM BbINOJIHEHHOM
paboTbl:

05.06.2018r.

TEXHUYECKOE 3AAAHMUE:

McxopHble aaHHble K paboTte
(HaumeHosaHue 06veKMa uccaed0o08aHUA Uu
MPOEKMUPOBAHUA,; MPOU3800UMENLHOCMb UAU
Haepy3Ka; pexcum pabomei(Heripepol8Hbil,
nepuoouyvecKuli, yuxkaudeckuli u m. 0.); 8uod cbipba
unu mamepuan uzdenus; mpebosaHus K
npodykmy, usdesauro uau npouyeccy; ocoboie
mpeb0o8aHuUA K 0cObeHHOCMAM
hYHKYUOHUPOBAHUSA (3Kcriayamayuu) o6vekma
unu usdenus e naaHe bezonacHocmu
IKCNAYamMayuu, 8aUAHUA HO OKPYHCAOUWYo cpedy,
3Hep203aMmpamam; 3KOHoMuUYecKull aHaau3 u m.
0.).

O6beKT uccneposaHus: MnasHbl Kopnyc HA
TNY, Tomck, npocneKT JleHnHa, 30.
ApPXUTEKTYpHaA BM3Yyann3sauma, NnocTpoeHmne
CLLEHDbI.




MepeyeHb nognexxawmx
uccnefoBaHUIO, NPOEKTUPOBAHUIO U

pa3pabotke Bonpocos

(aHanumuyeckuli 0630p no AumepamypHoim
UCMOYHUKAM C Uesbio 8blACHEeHUA docmuxceHul
Muposoli HayKu mexHUKU 8 paccmampusaemol
obs1acmu; MOCMAHOBKA 300a4uU UCC1e008aHUS,
MPOEKMUPOBAHUA, KOHCMPYUPOBAHUA,
codepxcaHue npoyedypoi UCCedo8aHus,
MPOEKMUpPOBAHUS, KOHCMPYUPOBAHUS,
obcyxcdeHue pe3yabmamos 8binoaHeHHoU
pabomel; HQUMEHOBAHUE O0MOAHUMENbHbIX
pasoesnos, nodaexcawux pazpabomeke;
3aKaoueHue no pabome).

1. Oco6eHHOCTM apXUTEKTYPHbIX
BU3yanunsaummn.

2. AHanu3 nporpamm no TpexmepHomy
MOAENNPOBAHMIO.

3. AHann3 UrpoBbIX ABUXKKOB.

4. PekomeHAyeMbI NPOrpaMMHbIA KOMMIEKC
ONA aPXUTEKTYPHOM BU3yanmsaumu.

5. AHanu3 UMerLmnXca peLeHunm

6. Victopnueckas cnpaBka

7. NMpoeKkTnpoBaHMA 06BbEKTA apXUTEKTYPHOM
Bu3yanmnsauum B UnrealEngine4

MepeyeHb rpaduyeckoro marepuana
(C MOYHbIM yKa3aHUeM 06A3amesnbHbIX
yepmexnceli)

ApXUTEKTYpHasA BU3yansauma: NocTpoeHue
TpexmepHon moaenn obbeKTa nccnenoBaHus,

KoHcynbTaHTbl NO pa3aenam BbiNyCKHOW KBanudpUKaLMOHHOMK paboTbl

(c ykasaHuem pasgenos)

Paspen

KoHcynbTaHT

®UHAHCOBbIM MEHEOXKMEHT, pecypcoadpPeKTUBHOCTb U

pecypcocbepekeHne

CrapukoBa EkaTepuHa BacunbesHa

Co LnanbHaA OTBETCTBEHHOCTb

AspeeBa MpuHa MBaHOBHa

Paszpen BKP Ha MHOCTpaHHOM A3blKe

KpacHoBa TaTbAHa MBaHOBHA

Pazpen 2

HasBaHuA pa3pgenos, KOTopble A,0NXKHbl 6biTb BbINOJIHEHbI HA PYCCKOM M MHOCTPaHHOM

A3blKax:

0630p Nporpamm Ans CoO34aHUA MHTEPAKTUBHbIX NPUIOKEHNN

[ara Bblgaum 3a4aHMA HA BbINOJIHEHUE BbINMYCKHOMU
KBannPpuKaumoHHOM paboTbl No AMHeMHOMY rpaduKy

3aaaHue Bblgan PyKoOBOAUTENDb:

JomKHOCTb dNno YyeHaA cTeneHs, Moanuce [aTta
3BaHue
AoueHT YepabiHueB EBreHni K. T. H.
CepreeBuy
3aaaHue NPUHAN K UCNOTHEHUIO CTYA,EHT:
lpynna ®no MNognucy JaTta

8KM61

Edpemos [eopruit AnekcaHapoBsuY




3AOAHUE ONA PASAENA
«COUNANIbHAA OTBETCTBEHHOCTb»

CrtyaeHTy:
Fpynna (o]7]e]
8KM61 Edpemosy leoprunto AnekcaHaposuiy
WKona nwnTP OTpeneHue uT
YpoBeHb MmarmncrTpaTypa HanpasneHue/cneumnanbHoctb | 09.04.03
obpasoBaHus «MpuKnagHas
MHbOPMaATUKa»

MUcxopgHble gaHHble K pasgeny «CoumnanbHasa OTBETCTBEHHOCTbY:

1. XapakTepucTnka obbeKkTa uccnegoBaHmn
(BewectBo, matepuan, Npnbop, anropuTm,
MeToauKa, paboyan 30Ha) n ob6nacTn ero
NpUMeHeHns

O6beKTOM UCCNeA0BaAHUA ABNAETCA NPOrpaMMHbIe
cpeacTBa 414 CO34aHMA aPXUTEKTYPHbIX
BM3yanusaunin. [aHHbIM NporpamMmMHbI KOMMAEKC
6yaeT NPUMEHATCA CNELNANUCTAMM ONA CO34aHUA
aPXUTEKTYPHbIX BU3yanmsaumsa Ha UnrealEngine4.

MNepeyeHb BONPOCOB, NOANENKALLUX UCC/IeA0BaHUIO, NPOEKTUPOBAHUIO U p33p36OTKe:

1. NpousBoacTBeHHaA 6e3onNacHOCTb

1.1. AHanu3 BbIABAEHHbIX BpegHbIX paKkTopoB npu
pa3paboTKe 1 aKCNAyaTaLMN NPOEKTUPYEMOTO
pelleHuns B caeayrowen Nnocnes0BaTeNbHOCTH:

- GM3MKO-XMMMYECKaa NpMpoaa BpeaHoCTH, eé
CBA3b C pa3pabaTbiBaeMoit TeMoi;

-pencteme GaKTopa Ha OpraHM3M Yes0BEKa;
-npuBeaeHne AONYCTUMbIX HOPM C HEO6X0AMMON
Pa3MepHOCTbIO (CO CCbIIKOM Ha COOTBETCTBYOLWME
HOPMATUBHO-TEXHUYECKUI LLOKYMEHT);
-npegnaraemble cpeacTBa 3almThl;

-CHa4yana KoNNeKTUBHOM 3aLMTbl, 3aTeM —
WHAMBUAYANbHbIE 3aLUMUTHbIE CPeacTBa).

1.2. AHanu3 BbIIBAEHHbIX ONACHbIX GpaKTOPOB NpU
pa3paboTKe 1 aKCNAyaTaLMN NPOEKTUPYEMOTO
peleHuns B caeayowei Nocaen0BaTeIbHOCTH:

- MeXaHW4YeCcKMe onacHOCTN (MCTOYHMKM, CpeacTBa
3alUuThbI);

- TepMUYECKME ONACHOCTU (MCTOYHUKM, CPeACTBa
3aLLUNTbI);

-3n1iekTpobesonacHocTb (B T.4. CTaTUYecKoe
3/IeKTPUYECTBO, MOJTHME3ALLNTA — UCTOYHUKY,
cpeacTBa 3aLWnThbl);
-MOXKapoB3pbliBO6E30MaCHOCTb (MPUYMHDI
npodunakTMyeckme MeponpuATUA, NepBUYHbIE
cpeacTBa NoXKapoTyLeHus)

Ycnosua Tpyaa paboTalowmx Xxapakrepmusyerca
BO3MOXXHOCTbIO BO34EMCTBUA Ha HUX C/1eAYIOLLMNX
BpeAHbIX NPOU3BOACTBEHHDbIX PaKTOPOB:

- OTK/I0HEeHMe noKasaTesieit MUKPOKAMmaTa B
nomeLeHnu;

- Hepgoctato4Hana ocBellEHHOCTb paboyeit 30HbI. -
3puUTenbHOE HanpAXKeHUe;

YMCTBEHHOE nepeHanpsaskeHune

- NoBbILLEHHbI YPOBEHb LLyMa.

- MosblweHHasa TemnepaTypa MNK;

- NoBbILWEHHbIV YPOBEHb 3/1EKTPOMArHUTHbIX
N3y4YeHuUl;

K onacHbim pakTopam OTHOCUTCA:

- 3N1EKTPUYECKUI TOK

KopoTKoe 3ambikaHue

CraTnyeckoe an-so

2. dKonornyeckas 6e3onacHoOCTb:
-3aWmTa cenmuTebHom 30HbI

AHann3 HeraTMBHOro BO34,eUCTBUA Ha
OKpPY»KaloLLyo NPUpoAHYIO cpeay:




- aHa/In3 BO34eNCTBUA 0O6beKTa Ha aTMocdepy
(BbIBpPOCHI);

-aHann3 Bo3aencTeuna obbekTa Ha rmbpocdepy
(cbpocsl);

-aHa/n3 Bo3aencTeusa obbeKkTa Ha anTocdepy
(oTxoabl);

-pa3paboTaTb pelweHme no obecneyeHumto
3Konornyeckom 6e3onacHOCTM CO CCbIIKAMM Ha
HT/, no oxpaHe OKpyKatoLen cpeapbl

nepepaboTky BymaKkHbIX OTXO40B,
YTUAM3ALMA NIOMUHECUEHTHBIX 1AM,
KOMMNbIOTEPOB M APYroi OPIrTeXHUKM.

3. be3onacHoOCTb B Ype3BblYaMHbIX CUTYyaLUAX:
-nepeyeHb BO3MOXKHbIX YC npu paspaboTke u
3KcnayaTauum NpoeKTUPYEMOro peLlleHus;
-BblbOp Hanbonee TMNMYHoOM YC;

-pa3paboTKa NepBMYHbIX Mep Mo
npeaynpexaeHuto 4C;

-pa3paboTKa AeNCTBUI B pe3ybTaTe BO3HUKLLEN
4YC 1 mep no AnMKBMAaaLMn eé nocneacTsuii.

Bo3morkHble YC Ha 06beKTe: KOPOTKOE 3aMblKaHue
3NEeKTPUYECKON LLenn MOXKeT NOBeYb BO3ropaHue,
KOTOpPOE rpo3unT YHUUTOKEHMEM JOKYMEHTOB U
Apyroro umetowierocs obopyaoBaHums.

B uenAx npenoTBpalleHmA BO3ropaHma
Heobxoammo cobntogaTh Npasuaa TEXHUKK
6e3onacHOCTU Npu paboTe ¢
anekTpoobopyaosaHuem. MNpenycmoTpeHHble
cpeacTBa NoXapoTyLeHus (cornacHo
TpeboBaHMAM NPOTUBOMNOXKAPHOM 6e3onacHoCTY,
CHu1M 2.01.02-85); orHeTyLwMTENb PYUYHOM
YrneKncaoTHbIn OY-5.

4. NpaBoBble U OpraHM3aLMOHHbIE BONPOCHI
obecneyeHuns 6e3onacHOCTU:

-cneumnanbHble (XapaKTepHble NPy SKCNAyaTauum
ob6beKTa uccnenoBaHuma, NpoekTUpyemon paboue
30Hbl), NPaBOBble HOPMbI TPYAOBOTO
33aKOHOAATeNbCTBa;

-OpraHu3aLMOoHHblE MePOoNpPUATMA NPU
KOMMNOHOBKe pabouei 30HbI.

Pabouyee MecTo A0/IKHO COOTBETCTBOBATb
TpeboBaHMam FOCT 12.2.032-78: pabouunit cTon
OOIKeH BbITb YCTOMYMBBIM, UMETb OAHOTOHHOE
HemeTaNInYecKoe NoKpbITUE, He obnagatollee
CNOCOBHOCTbIO HAaKaNAWBaTb CTaTUYECKOe
3NEKTPUYECTBO;

Pabounit cTyn AomKeH UMeTb AN3aliH,
WCKIOYAIOLWMNI OHEMEHME TENO N3-3a HapyLLUEHUA
KpOBOOOpaLLeHUs NpK NPOAOAKUTENbHON paboTe
Ha pabouyem mecTe; paboyee MecTo A0MKHO
COOTBETCTBOBATb TEXHUYECKUM TPpeBOBAHMAM U
CaHWUTAPHbIM HOPMaM.

[aTa BblAaum 3a4aHuna 415 pasgena no AMHelHoMy rpaduky ‘

3aaaHue BblAan KOHCYNbTaHT:

AonxKHocTb (017 [o) YyeHas cTeneHb, Mopnucb Aarta
3BaHue
Accuctent | Asaeesa MpuHa MBaHOBHa
3apaHue NPUHAA K UCNONHEHUIO CTYAEHT:
lpynna (07 o] Nopnucb Darta
8KM61 Eppemos leopruin AnekcaHaposmy




3AAAHME AN PA3AENA
«®UHAHCOBbIA MEHEAMXMEHT, PECYPCO3®®EKTUBHOCTb U

PECYPCOCBEPEXXEHUE»
CrypeHTy:
Fpynna (o]7]e]
8KM61 Edpemosy leoprunto AnekcaHaposuiy
LWWKona nwunTP OTtpeneHue nuT
YpoBeHb MaructpaTtypa | HanpasneHue/cneumnanbHoctb | 09.04.03 «MpuknagHasn
obpasoBaHus nHoOpMaTMKa»

McxopHble gaHHble K pasgeny « PUHAHCOBBIN MeHeaKMeHT, pecypcoadPeKTUBHOCTb U

pecypcocbepexkeHunen:

1. Cmoumocmb pecypcos Hay4yHo20 Uucciedo8aHus
(HU): mamepuanbHO-mexHuU4ecKux,
aHepezemMu4ecKux, UHAHCOBbIX,
UHOPMAUUOHHbIX U Yes108e4eCcKuXx

2. Hopmbi U HopMmamuebi pacxo008aHUS Pecypcos

3. MCﬂOﬂb3y€MGFI cucmema HGfIOZOO6ﬂO}I{€HUFI,
CMAasKu HAs10208, Om‘*IUCHEHUU,
aUCKOHmUpOBGHUFI u eraumOBGHUH

Paboma c uHgpopmayuel, npedcmasneHHOLl 8
POCCUlICKUX U UHOCMPAHHbIX HAYYHbIX
ny6aAUKayUAaxX, AHAAUMUYEeCKUX Mamepuanax,
cmamucmuyecKkux 6ronaemeHax U U30aHuUsX,
HOPMAMUBHO-MPAB08bIX OOKYMEHMaX.

MepeyeHb BONPOCOB, NOANEKALUUX UCCIEA0BAHUIO, NPOEKTMPOBaHUIO U pa3paboTke:

1. NnaHuposaHue npoyecca ynpasneHua HTU:
CMpyKmypa u epaguk nposedeHus, 6rodicem,
PUCKU U Op2aHU3ayus 3aKynoK

Pacyem kanumasnsHsix enoxceHuli npu
Ucrnoab308aHUU KOMMboMepHoU mexHUKU,
coomeemcmeayrowieli MUHUMQAbHbIM
mexHu4Yeckum mpebosaHuam 014 pabomel
Mpo2pPaMmMHO20 KOMIAEKCd.

Pacyem kanumaseHoix eno0xceHull npu
UCrnosb308aHUU KOMMblOMepHOU mexHUKU,
coomeemcmasyroujeli pekomeHoyemosim
mexHuyeckum mpebosaHuam 0718 pabomel
Mpo2pPaMmMHO20 KOMIAEeKCd.

2. OnpedeneHue pecypcHol, huHaHcosol,
3KoHomuveckol aghgpekmusHOCMU

Pacyem cpoka oKynaemocmu, 4ucmozao
OUCKOHMuUpyemoz20 0oxooa

MepeueHb rpaduueckoro matepuana (c TOUHbIM YKazaHMeM 06A3aTe/IbHbIX UepTerkei):

1. Kanumanohvle 61024CeHUs MOOEPHUZAYUL

2. Iloxazamenv 3KOHOMUYECKOU I hexmusHoCmU 8apUAHNO8

[aTta Bblgauun 3agaHua gna pasgena no AMHelHomy rpaduky

3aaaHue BbiAaN KOHCY/NbTaHT:

LonxHocTb ®Uo Ydewan crenenb, MNopnuch Data
3BaHue
AOUEHT CrapukoBa EKkaTepuHa K.§.H
BacunbesHa
3aAaHue NPUHAN K UCMIO/THEHUIO CTYAEHT:
lpynna (017 o] Nopnucb Darta
8KM61 Eppemos leoprunin AnekcaHgpoBumy




PE®EPAT

BrinmyckHas kBanudukarmonHas padora 159 nmuctoB, 78 pucyHkos, 28
VMCTOYHUKOB, | MpuUiIOKEHUE.

KuaroueBble ci10Ba: MOJETMPOBaHUE, IPOEKTUPOBAHUE, APXUTEKTypHAs
Busyanmsanus, UnrealEngine4, 3DsMax, ZBrush, Autodesk Maya

OO0beKkTOM HCCIeI0BAHNS ABJSACTCS: TNIaBHbINA Kopnyc HayuHoro
uccienonaresbckoro Tomckoro [lonmntexauueckoro YHuBepcurera.

Henbro 1anHO# padoTHI ABJIAAETCH: AHAIN3 CYIIECTBYIOIUX PEILICHUN IS
apXUTEKTYPHOU BU3yalM3allnu, pa3paboTKa 371EMEHTOB JIsl apXUTEKTYPHOH
BU3YaJIU3AIMU 00BEKTOB UCTOPUUYECKOTO HACTEIUS.

Hay4Hasi HOBH3HA MCCJIeIOBAHUSA 3AKII0YACTCH:

- B 10100p€e ONTUMAJILHBIX MyTEH U CIOCOOOB pa3pabOTKU MOAENEH st
CO3JaHUs APXUTEKTYPHOU BU3yaIM3aLUU.

B pesynbraTe nccneaoBanus ObLI MPEAJIOKEH TPOrPaMMHBIi
UHCTPYMEHTApUH, KOTOPBIN MO3BOJIUT 3HAUUTEIHHO COKPATUTH BPeMsI pa3pabOTKu
APXUTEKTYPHBIX BU3yaTU3aLN.

CreneHb BHeJAPEHU: IPOBEICHO UCCIIEIOBAHUE, CACIAHBI PEKOMEHAALUN.

O06Js1acTh IPpUMEHEHNsI: TPOCKTUPOBAHNE OOBEKTOB APXUTEKTYPHOM
BU3YaJIU3aALNH

JkoHOMHMYecKasi 3¢ PpekTUBHOCTB: J[aHHAS paboTa MOCITYKUT AJIA
KOMIIBIOTEPHON apXUTEKTYPHOU BU3YyaIH3alUU OOBEKTOB HCTOPUUECKOTO U
KyJbTYPHOT'O HACJIEIUs.

BrinyckHast kBanugukanuoHHas padoTa BHIINOJIHEHA B TEKCTOBOM
penaktope Microsoft Word 2010, mporpamMmmax 1ij1st TpEXMEPHOTO MOACTHUPOBAHUS
3DsMax, Zbrush u nporpammHoe obecriedeHue sl Co37aHue KOMIBIOTEPHOM
uHTepakTuBHOU Bu3yanusaiuu UnrealEngine4.



O0o3HauyeHNs COKpALIEHUIT
B nacTtosmieit paboTe UCIonb30BaHbl CleAyIONINe 0003HAYEHHS 1
COKpAIIeHUS:

MKO — MeTo KOJTMYECTBEHHOM OLICHKU
[I9BM — nepcoHanbHas 3JIEKTPOHHAS BBIYMCIUTEIbHAS MAIlIMHA

NURBS — HeoHOpOIHBIN palnoHanbHbIN B-cruiaitH, MaTeMaTuueckas
dbopma, mpuMeHseMast i1l TeHePAIUK U TIPEACTABICHHS KPUBBIX U TIOBEPXHOCTEH.

W] — urpoBoy 1BHKOK
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Beenenne

JIroboli My3eil mnpencraBiaser coOOW YacCTUIy HCTOpUM, U 0O€3 3HaHUS
UCTOPUU CJIOXKHO MPEACTaBUTh U MOCTPOUTH Oynymiee. K coxkaneHuto, B Haiie
BpeMs Majo JIoAeH, OCOOEHHO MOJIPOCTKOB, KOTOpbIe Obl HHTEPECOBAIUCH
MY3€sIMU U HCTOPUEN.

[TocelieHne Takux yupexxaeHuil 00oraaer BHyTPEHHUI MUpP YETIOBEK, 1aeT
BO3MOYKHOCTb €My IPUKOCHYTHCSI K MCTOPMM M MPOLLIOMY, a TaKXE€ YBUICTbH
MHOTHE IPEAMETBI, KOTOPBIE OH YK€ HE BCTPETUT B COBPEMEHHOM KU3HU

Uepe3 HOBBIE TEXHOJOTMHU MOSBIISETCS BO3MOYKHOCTH IMPHUBJICYb JHOJEH K
U3YYEHUIO MYy3€eB, Be/b JIerde U yAO0O0HEe W3YUYUTh BUPTYaJbHBIM My3eil, uem
NPOBOANTh TPAJULMOHHYKO JKCKypcuto. CaMHM IyTH pELICHUS MPEICTABISIIOT
co00¥ M3y4eHHs] HOBBIX MPOTPAMMHBIX MPOIYKTOB, CAMOTO My3esl U OIU(pPOBKa

WU MOJEINPOBAHUE HKCIIOHATOB U IPEAMETOB HHTEPbEPA U SIKCTEPHEPA.

B HpiHemHeM oOmecTBe BecbMa 3HAYMTEIBHO CTOMT THpobiema cOepexeHus
KyJIbTYPHOTO HacJequs, TaK Kak OT 3TOr0 BO MHOTOM 3aBHCHT NEPCIIEKTHUBA CTPAHBI, a TAKXKe
ceMell M TOJpacTalomero MokojeHus. I, 0e3ycIOBHO, CIIOKHO NPEICTaBUTh Pa3IUYHYIO
JIeATEIFHOCT B OTCYTCTBUH TAKOTO YCIIOBHS, KaKk MH(OPMALIMOHHOE 0OecredeHue.

[IpoBens uccnenoBanue, ObIIIO BBISABICHO, YTO U3YYEHHE MY3€sl C MOMOIIBIO
HOBBIX TEXHOJIOTHI BBI3BIBAET KUBOM MHTEPEC CPEU IIKOJIBHUKOB U CTYACHTOB, a
3HAYUT, JIIOJU CTAaHyT OOJIbLIE MHTEPECOBATHCS OOBEKTAMU HCTOPUYECKOTO
HacJIeus, a CIEeI0BaTEeNbHO, U Y3HABATh OOJIbIIE O COOCTBEHHON UCTOPHH.

AKTyaJbHOCTh TeMbl: My3eu, Kak U JIpyrue OOBEKTbl HMCTOPUYECKOTO
HacJIeusl, — 3TO XPAaHWIUIIA HAKOIUIEHHOTO Y€JOBEUYECTBOM OIBITA M LIEHHOCTEM.
Ho nakomnenust 3t noswkHbel paborats. Co3naHue BUPTYyalbHOM BU3yallM3alud
WIM SKCIO3ULMKU BO  MHOTOM CIIOCOOCTBYET NPHOOIIEHUIO UIKOJIBHUKOB H
CTYJEHTOB K HCTOPUU. OTHU TEXHOJOTHMH TO3BOJSIOT CTUMYJIHUPOBATh HX
[O3HABATEJIbHYI0 AaKTUBHOCTb M MOBBIIAIOT 3(P(EKTUBHOCT OOY4YEHHUS C
IOMOUIbIO BHEAPEHUSI UHTEPAKTUBHBIX U CETEBBIX (POPM.

BupryanbHble (MHTEpakTUBHBIE M CETEBble) (HOPMBI B3aUMOJAEHUCTBUSA
I0JIb30BATENsI C SKCIIOHATAMU 3HAYUTENIBHO PACHUIMPSAIOT PAMKHU TPaJAULIHOHHOTO
My3es, ¥ MOTYT MpPEACTaBIsATh COOON HEKUi CHHTE3, OOBEAWHSAIOMHUN B cebde
HECKOJIbKO Bapualuii My3es, 3a4acTyl0 HCKIIOYAOUIUE APYT Apyra B PeajbHOCTH
(“my3ell — BKcno3ulMIo”, “My3ed — MacTepckyr’, “My3ei-teatp”, ‘“my3el —
UTPOBOE MIPOCTPAHCTBO, IOCYTOBBIN LIEHTP, «MYy3€H-KpeaTUuBHAsl Ja00OPATOPUSD?).

Co3naHue BUPTyalbHBIX BU3YyaJU3alUd MO3BOJIUT PACIIUPUTH ayJUTOPHUIO
NOCETUTENEH U CAeNaTh O0OBEKThl MCTOPUUECKOIO Hacienus 0osee NOCTYHMHBIMU
JUIs U3Y4YEHUs U nocelieHus. Pa3paboTka u mpoeKTHpOBaHUE NHCTPYMEHTAapUs IS
CO3MaHUSA APXUTEKTYPHBIX BH3YyaJH3allUil SIBISETCS CIOKHBIM KOMIUIEKCOM H
onpenenseT ps 3a1ay.
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IlepBast 3amauya — co3gaTh APXUTEKTYPHYIO BU3YAIHU3ALUI0 MAaKCUMAJIbHO
OJIM3KYIO K OPUTHHATIBHOMY OOBEKTY.

Bropas 3amaua — pacmnosioKUTh MMEIOLIMECS SJEMEHTHl HAa BUPTYaJbHOU
ClI€HE TaKiUM 00pa3oM, YTOObI B pEaIbHOCTHU MOCETUTEIh CMOT OPUEHTUPOBATHCS B
00BEKTE BU3YAIU3AIIHH.

TpeThst 3alaua — UCIOIB30BaTh MMEIOIIUECS TEXHOJOTUM U MOJATOTOBUTH
HAKOIJICHHBI WHCTPYMEHTApUW IS JAJbHEUIIEro HMCIOJb30BaHUS OymayluMu
pa3paboTYUKaMH.

Heapr pabdorbl: AHaNM3 CyIIECTBYIOIIMX HWHCTPYMEHTOB CO3JAHUSA
BUPTYaJIbHBIX BU3yalIU3alMil U CO3JaHNUE apXUTEKTYPHOU BU3yalU3allH II1aBHOTO
kopriyca TITY. Jlns peanuzaiuy MOCTaBJICHHOW 1€ HEOOXOJUMO BBITIOJHUTH
CIEIYIOIINH 3aJa4U.

1. ITpoBecTu aHanU3 CyIIECTBYIOIIUX KOMIUIEKCHBIX PEIICHUIN JIJIs1 CO3aHuUs
BUPTYAJIbHBIX SKCKYPCHUM U apXUTEKTYPHBIX BU3yaIU3aLINA;

2. IlpoBecTd MOATOTOBKY [Jisl CO3JaHUSl APXUTEKTYpPHOW BU3yalu3alluu
IIaBHOTO Kopiryca ToMckoro ITonuTeXHu4eckoro Y HUBEpCUTETA,

3. PazpabGortaTh apXUTEKTYpHYIO0 BHU3yaJIM3allMI0 TJABHOTO KOpIyca
Tomckoro [lonurexHuueckoro YHuUBepCUTeTa;

MeTtonosiorust 1 MeToAbl MCCJIEI0BAHUS: B JaHHOW paboTe MpOBEACH
aHanmu3 WH(OpPMAIMKU 1O BOIMPOCY apPXUTEKTypPHOW BH3yaM3allid B Cpele
UnrealEngine4.

C nmomomrsio nporpamMmbl 3d MoaenupoBaHus ObLTH MOCTpoeHbl 3d Moaenu
APXUTEKTYPHBIX 3JIEMEHTOB, KOTOPbIE MOTYT HCIIOJIb30BaThCA ISl MHTEPbEpPA U
DKCTEPbEPA  CO3JABA€MbIX  BHU3yaJIM3alMi, BIOCIEACTBUM C  IOMOIIBIO
IpOrpaMMHOr0 obOecredyeHust Jisi CO3JAaHUsl HMHTEPAKTHBHBIX KOMIIBIOTEPHBIX
npuinoxkenuit UnrealEngine4 Obim  pa3paboTaH MNPOEKT TIJIaBHOTO KoOpITyca
Tomckoro IlonurexHnueckoro Y HuUBepcurera.

HayuyHasi HOBU3HA HCCJIEIOBAHMS 3aKITIOYAETCS B MOJ00PE ONMTHMATBHBIX
nyTed M CcHocoOOB pa3pabOTKH Mojeded i CO3/JaHusl apXUTEKTYpPHOU
BU3yanu3aluu. BupTyaibHas 3KCKypCcHs — 3TO 3aMEYaTelIbHOE MPUKIKOYEHNE B
MHP HOBBIX WJIM Y3HABAa€MbIX BEIIECH, KOTOpas CTAHET OTIPABHOM TOYKOM K
NPOOYKJICHUIO KETaHUsl PEaTbHOrO MOCEHICHUS] MECTa UCTOPUYECKOTO Hacyenus
TE€MH, KTO €€ TIOCETUT.

13



I'maBa 1.

1.1. OO030p uMerOMMXCS pelIeHUil

Ha pgannbiit MOMEHT pa3paboTKa MOJHOCTHIO BUPTYAJIbHBIX KOHCTPYKTOPOB
HKCIO3HIINN MY3€€B PEAKO UCIOb3yeTcs. B OCHOBHOM 101 BUPTYaJIbHBIM MYy3€EM
NIOHUMAETCS CUCTEMAaTH3alisl SKCIIOHATOB B 0a3zy JaHHBIX C WX ONHCAHUEM H
pa3melieHue B cetd VMHTEpHET MOJIHOTO CIUCKAa SKCHO3MLMHU JJI IMPUBICUYEHUS
IIOCETUTEIICH.

Taxke  Hamboyiee  pacmpocTpaHEHHBIM  BapHAHTOM  peaau3aluu
BUPTYaJIbHOTO MPOCTPAHCTBA SIBISETCS CO3[aHUE IMOIIATOBBIX IMaHOPAMHBIX
AKCIIO3UIMN W pa3MelleHre MOJy4YeHHBIX (oTorpaduii Ha oduIMaTEHOM caiiTe
YUPEKACHUS.

Puc.1.1. [Tanopamuas skcnio3unus mysest uM.Ilymkuna

Opnnako, ¢dupma "Ilaparpad" cozmana B 1996 romy mpoaykr Virtual Home
Space Builder (VHSB), npennasHadeHHbId i1 CO3JaHUS BHUPTYaIbHBIX
TPEXMEPHBIX MHPOB, KOTOpble MOXXHO BbicTaBUTh B CeTu Ha BceoOlee
0603penue[3].

C nomompl0 3TOr0 MNPOAYKTa (OPUTMHAIBHOE PYCCKOE Ha3BaHUE -
"KoHCTpyKTOp BUPTYyaIbHBIX MUPOB') MOKHO "CTPOUTH" MHOTOATaXKHbBIE 31aHUS U
110 CBOEMY BKYCY MOKPBIBaTh CT€HbI Pa3IMYHBIMHU TeKCTypamu. Ha cTeHbI MOXHO
"Bemarp'' KOMIBIOTEPHbIE KAPTUHKH, KaK CTaTUYECKHUE, TAK U AHUMALWOHHBIE, U
MOJAKJII0YaTh K HUM MY3bIKaJIbHOE COMPOBOXK/ICHHUE.

Puc.1.2. Bupryansnsiii myseii "Ilapal'pada”
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C MOMeHTa BBIXOJA [AHHOI'O MPWJIOKEHUS MPOLLIO YK€ MHOIO JIET H
TEXHOJOIMM CIENalyd OrpOMHBIE LIaru Brepen. B cBoéM HMHTEpBBIO mopraity
«Tennmuuma  couuanbHBIX ~ TEXHOJIOTMW»  3aMECTUTENb  JAUPEKTOpa IO
UH(POPMAILIMOHHBIM TEXHOJIOTHSM ['0Cy1apCcTBEHHOTO My3esd M300pa3UTENIbHbIX
uckyccts umenu A.C. Ilymkuna Brnagumup OnpenenéHoB TOBOPUT, 4YTO Ha
JAHHBII MOMEHT YK€ CYLIECTBYIOT YETKHE ONPEIECICHHS, YTO MOYKHO CUMTATh
BUPTYAJIbHBIM MY3€€M, a YTO HE MOXKET HOCUTh TaKoe€ Ha3BaHuE. «BupTyanpHas
pPEAIBHOCTb — 3TO PEaJbHOCTh, B KOTOPYIO MBI AMOLIMOHAJIBHO MOIpy’KaeMcs 3a
CYET OLIYLIEHUH, 3ByKOB, Buaeopsaa. CTOUT NMPU3HATh, YTO BUPTYaJIbHBIX MY3€EB
C TMOJHBIM MOTPY’KEHHEM €Ille€ HE CYLIECTBYET.» - TOBOpUT Buagumup
OmnpenenénoB. OaHAKO C MOSABJIEHUEM TEXHOJIOIMH BUPTYaJIbHON peasbHOCTU U
BCcE OONBIIMM pacCIpOCTPAHEHUEM, M YACLIEBICHUEM CpPEICTB pa3padOTKu B
BUPTYAJIbHOM CpEle, CO3[aHHUE «IOJHOCTBIO BHUPTYaJIbHOTO» My3€s YXKe
CTAHOBUTCSI BOBMOYHBIM.

Tax, nanpumep, nemwxok UnrealEngine (c Bepcuu 4.10) nmo3BossieT pabotath
U BBITPYXKaTh IOJIyYE€HHBIE NMPOEKThl B BUPTyalbHOU peasibHOCTH. KoHeuHO, Ha
JaHHBIH MOMEHT TEXHOJIOIMs €Il€ He A0 KOHIA ONTHMHU3MpOBaHa, HO paboTa B
OYKAaX  BUPTyaJdbHOHW  PEAJBHOCTH  MO3BOJISIET  pa3pabOTUMKy  JIydlle

IMPO1YBCTBOBATH CO3/IaBACMbIC UM YPOBHU U MHTCPLCPHI.

UnrealEngine

JIBM)KOK HE CTaBUT OTPAHWYCHUS 10 pa3Mepy OSKCIO3UIUUA WU TI0
pacrmoJIOKEHUI0 OOBEKTOB Ha CIIEHE, €IWHCTBEHHOE OTPaHUYCHHE — JTO
BOOOpaX€HUE MOJIH30BaTENS U €ro kenanne. KoHewuHo, mepen paboToil B JTaHHOM
JBI)KKE HEOOXOJMMO HM3YYHTh €ro OCHOBBI M CHOCOOBI A(PekTuBHON pabOTHI B
HEM.

Kak Obu10 CckazaHO BbIllle, pa3pab0TKa BUPTYaJbHBIX KOHCTPYKTOPOB HE
HOBA, W pa3MYHbIE OTPACIIeBbIE PELICHUS MOSBISAIOTCSH, BPEMS OT BpPEMEHHU.
OpnHako pemreHus B cepe MOJSTUPOBAHUS MY3€€B 3a MOCICIHIE HECKOJBKO JIET
pa3BUBAINCh HWCKIIOUHUTEIFHO B KadecTBE (POTO OKCIO3ZWIMHM, HYTO OTCEKAeT
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TUTaHTCKHE BO3MOXXHOCTU UTPOBBIX JBMKKOB U TEXHOJOTUH 3d-MOJIeTMpOBaHUS B
LEJIOM.

Ha naHHBII MOMEHT TOHSTHUS «BUPTYaJIbHBIM MYy3€i» COIEpKUT B cebe
coOpanue paszHoro poaa Web-cTpanuir u pazHoro pojaa koHteHta. [lomoOHble
CTpaHWYKU coaepkar B cebe cOopHukn u (Qororpaduu HKCIOHATOB U3
pa3zHOOOpa3HBIX XYyI0KECTBEHHBIX coOpaHmii. Takoro pona BUPTyalbHBIA My3ei
MOKHO cJelaTh B BapHaHTe Karajora (ruiockuii). EcTe emé onuH Bui, Koraa
«rOCThb» CIOCOOEH MpojenaTh MyTh MO 3ajJaM WIM KOMHAaTaM U JI000BaThCs
HKCIIOHATOM CO BCEX CTOPOH (TpE€xMepHbIM). «['OCTb» Takoro Mys3es MOMKET
CaMOCTOSITEJIbHO BbIOpaTh 1000 MOHPABUBIIMICS €My OOBEKT, TOCMOTPETH €rO.
A Take mpu KeJlaHUM COXpaHUTh cebe Ha kommbioTep. Ha cerogHsmHui 1eHb
ATO MPEKPACHBINA CIIOCOO PENIUTh MPOOIEMY 00BETMHEHUS HOBEUIITUX TEXHOJIOTUN
U KyJIbTYypY.

Pemenne B cdepe TpEXMEPHOro MOACIUPOBAHUSA HMMEET OTPOMHBIE
npeumMyiiectBa. OCHOBHBIMU IUTIOCAMU JaHHOW pabOThl MOXXHO Ha3BaTh €€
NPaKTUYHOCTb, CPABHUTEIBHYIO IMPOCTOTY B OCBOCHMM M JajibHEWInas
BO3MOKHOCTh COBeplIeHCTBOBaHUA. KoHeuHOo, [ JanbHEWIIero yiaydlleHus
0a30BOi1 MporpaMMbl HEOOXOAUM Oara)xx 3HAaHUM U YMEHHSI, UMEHHO JJIsl 3TOU LIeNn
B IJJaHAX MAarucTepckod paboTsl OyneT CTosATh pa3paboTka raiga mo pabore B
TpEXMEPHBIX pemakTopax, aBmwkke UnrealEngine m oOBsSCHEHHUS MEXaHU3MOB
paboTHI.

MoHO cKa3aTh, 4YTO Ha pPa3pabOTKy MHCTPYMEHTapus IJs CO3JaHUA
BUPTYaJIbHBIX IPOCTPAHCTB, a KOHKPETHEE MY3€eB, CIeAyeT BbIOMpaTh
pOrpamMMbl, KOTOPbIE MAaKCHUMaJbHO YAOOHBI, MPOCTHl B OCBOEGHHUU M (€CIU HE
IUTAHUPYETCS KOMMEpPYECKOE HCIOJIb30BAaHUE) MPEIOCTABISAIOT MaKCUMalbHbIE
BO3MOXHOCTH OecruiaTHO. B cetn MIHTEepHET ecTh MHOXKECTBO CTaTeil, B KOTOPBIX
pacxBaqMBaeTCsl TOT WM WHOM WMIPOBOM JBMIKOK, WM MPEBO3HOCUTCS OJHA
nporpamMma asisi 31-MOJENIMPOBAHNUSA, a IPYyTrue YHUUIDKaoTcs. B ganHon padote
MHOIO ObljIa OCYIIIECTBIIEHA MOMBITKA OOBEKTUBHO PACCMOTPETH IUTFOCH U MHUHYCBHI
ATUX MPOrpamMM Ha JaHHBIM MOMEHT U 00OCHOBATh CBOM BHIOOP MHCTPYMEHTAPHSI.
Taxke, MpOBEACHHBIM aHAIM3 C TMEPEUYHUCIECHUEM IUIIOCOB M MHUHYCOB 3THX
nporpaMMm MOMOXET OyAyIMM MOJIb30BaTeIeM BbIOpaTh HanOoJiee MOAXOASIINUNA
JUTs ce0sl BapUaHT UHCTPYMEHTApUS.
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1.2. AnHanu3 npemyiaraeMbIX MHHCTPYMEHTOB JUISl peaIu3aluu MPOeKTa

1.2.1 AHaau3 TpEXMEPHBIX PeIaKTOPOB

B HacTosIMii MOMEHT CYIIECTBYET OIPOMHOE MHOXECTBO IPOrpam,
NpeIHa3HAYEHHBIX AJIsi TpEXMEpPHOTo MojenaupoBanus. C UX MOMOLIBI0 MOXKHO
co3JaBaTh KaK OTHAENbHbIE H300paKeHUsT U OOBEKThl, TaK M COBMEIAThH
KOMITBIOTEPHYIO IpaduKy C peaibHbIM BUJIEO.

Uuayctpust mpennaraet OOJbLION BBIOOp pELICHH A pa3lUYHbIX 3a]ad,
JaHHBIE MIPOTPAMMbI U3YMIISIOT M BBI3BIBAIOT Y MHOTHX HMHTEPEC K TPEXMEPHOMY
MOJIEIUPOBaHUI0 U aHuManuu. OpaHako, BBIOpaTh PEAAKTOP MJIsl KOHKPETHBIX
ueseil ocra€rcs TpyAHOU 3amadeid. st Toro 4roObl HE TPATUTh BIYCTYHO BpeMs,
HEO0OXOJMMO B3BECUTh BCE CHJIbHBIEC U CJIA0ble CTOPOHBI KaXIOW U3 MMEIOIIMXCSA
porpamm.

Blender ot Blender Foundation

310 cBoOO0AHO pacnpocTpansemoe 11O nis TpéxmMepHOro MOAECIMPOBAHUS U
aHUMAIIHH.

Coznanne MOAOOHBIX MPUIIOKEHUN — 3TO HEBEPOSATHO TpyJAHAS 3ajaya.
YyuteiBass TOT (AaKT, UYTO EAMHCTBEHHOW Harpajod paspabortuuku Oyner
onmaronapHocTh 3D-XyJIOKHUKOB CO BCEro MHpa, 3ajadya [0 CO3JaHUIO
OecIu1aTHOTO MPO(PECCHOHANBHOTO PelakTopa TPeXMEpHOU rpaduku HEBO3MOKHO
U MPOCTO HAMpPOCTO He peannzyemo. OJHAKO MPOEKT OT pa3pabOTUYMKOB U3
koMmaHabel Blender Foundation He TonbKO yBUIEN CBET, HO, Onarojapsi yCHUIUSM
coo0I11ecTBa, MPOJIOJDKACT Pa3BUBATHCA M IO CEW JIeHb, HE yCTyHas HU B 4YeM
KOMMEPYECKHUM aHaJIOTaM.

OcoOenHocThIO0, KOTOpast mo3BoJsieT Blender 6pITh KOHKYPEHTOCIIOCOOHBIM
— 93T0 TO, yTo K pabore Han Blender MokeT MpUCOENMHUTHCS MOJIB30BATEND
mo6oro ypoBHs. Illupokuii BEIOOp MHCTpyMEHTapHsi, KOTOPbIN MOSBUIICS B 3TOU
nporpamMme, OOHOBIISICS OrPOMHBIM YHCIIOM HE3aBUCHUMBIX I0JIb30BaTENEH,
pa3paboTaBIIMX W CO3AAaBaBIIMX T€ WM HHbIE (QYHKIMM Ui peald3aiiu
COOCTBEHHBIX 3ajau.

BecombiM NPEUMYILECTBOM TaHHOU POrPaMMBI SIBJISIETCS
KpoccruiaropMeHHOCTh. Blender oanHakoBO TPOWM3BOAUTENHFHO W CTAOWIIBHO
cebst mokasbiBaeT Kak B Linux, Tak u B Windows. Kpome Toro, nmporpamma xopoiia
ce0s mokaszpiBaeT naxe Ha [IK ¢ oueHb caGbIMM TEXHUYECKMMU TMOKA3ATENSIMHU,
BILJIOTH /10 KOMIIAKTHBIX PEIICHUMN, TAKUX KaK HETOYKH.

MunuManbHble TpeOOBaHMS: OJHOSJAEPHBIA MPOIECCOpP € YacTOTOW OT 1
['Tu, omepatuBHas mamath oT 512 MOaiT u BugeokapTa ¢ 00bEMOM MaMSTH OT
64Moaiitc nogaepxkoit OpenGL.
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Jlnia cozmanusi TpexMepHOi TpaduKu B porpaMMe IpelyCMOTPEH IUPOKUIA
apceHan cpeacts. B Blender cymiecTByeT BO3MOKHOCTh ONIEPUPOBATh CUCTEMaMHU
U TpylNIaMd 4YacTUll, KOHTPOJUpPOBAaTh Beca OTACJIbHbIX YacTULl IpHU
TEKCTypUPOBAHUH, a TaK XK€ 3a/1aBaTh HAIPABJICHUE JJIsl YACTUILl TP aHUMALUU U
UCIIOJIb30BaTh BHEIIHHUE CUJIbI, TAKHE KaK BETEP.

Jna co3nanus 3PQexra TeKydux Tell, TAaKUX KakK JIbIM WIH >KUJIKOCTh, B
nporpaMMe MPEeAyCMOTPEH CHUMYISATOP «TEKy4YHMX» YacTUll, WU (IIIOUIOB,
KOTOpBI Ja€T pa3paboTUYUKy BO3MOXKHOCTH MPOCUUTHIBATH JBUKEHHE YACTHIL..
Tak jxe Moib30BaTeab MOXKET MPOCUUTHIBATH (PU3UUECKUE 3aJauu, HAIPUMED
MOJICJIMPOBAHUE IMOBEACHUA MATKUX TeJl, B PEXKHUME pEaJbHOIO BPEMEHH.
ITporpamMma mnoszBossier penaktupoBate NURBS-noBepxHOCTH, MCHONIB30BaTh B
paboTe MeTaboJIbl U HACTPAauBaTh OCHACTKY MEPCOHAKEH.

Bo3MmoikHOCTH:
¢ IOJUTOHAJBHOE MOJENHpoBanue, criaitibl, NURBS-KkpuBbI€ 1 TIOBEPXHOCTH;
o PEXHUM JICTIKH;
¢ CHCTEMa YacCTHILI;
o JMHAMMKA TBEPIBIX U MIATKHUX TEJI: AKHUIKOCTh, IIEPCTH/BOJIOCHI U T.1.;
o CKEJIeTHas aHMMAllUs;
e BCTPOCHHBIE MEXaHU3Mbl PEHICPUHTa M MHTErpalus CO CTOPOHHUMHU
BH3YaJIH3aTOPaMU;
e PENaKToOp BHUIEO;
o (yHKUMU co3nanus urp u npuioxenuit (Game Blender).
IlnrochI: TOCTYIHOCTb, OTKPBITBI KOJ, KpOCCIIaT(OPMEHHOCTb, HEOOJBIION
pazmep (okosio 50 MeradauT), MUPOKU PyHKITMOHAIL.
MuHycBI: OTCYTCTBHE JOKYMEHTALMU B 0a30BOM IIOCTABKE.

3DsMax ot Autodesk

[TonnodyHkIMOHAMBHAS TpodecCHoHaIbHasl MporpaMma Ajsi CO3JaHus U
penakTUpOBaHUs rpapuKy U aHUMAIIUH.

JIaHHBIM TPEXMEPHBIM pPENAKTOP MoJb3yercs B Poccum M BO BCEM Mupe
3aCIy’KEHHOM MOIyJIpHOCThIO. B 0Oojbliel cTeneHu 3TO CBSI3aHO C TEM, YTO
penaktop ot Autodesk Oomblie HampaBiIeH HAa APXUTEKTYPHYIO JEATEIbHOCTb.
Eme 10 Havaysa akTUBHOIO 3Tama CTpouTenbcTBa B 3DsMax MoOHO co3nath
TPEXMEPHYIO  (DOTOpPEANMCTUYHYI0O MOJENIb HUHTEpbEepa WM  DKCTEPhEpa,
IIPOJIEMOHCTPUPOBAB 3aKa34YMKy KOHEYHBIM PE3yJIbTAT U BHECTU MU3MEHEHHUs €I
J10 TOT'0, KaK 3a3By4av MOJIOTKH.

B 3DsMax orpoMHO€ KOJHMYECTBO HHCTPYMEHTOB, HCIIOIb3YEMBIX IPH
MOJIECJIMPOBAHUY aPXUTEKTYPHBIX BU3YyaJIU3allMid — OT 3arOTOBOK JBEPEN U OKOH,
a TaKXe APYTUX 3JIEMEHTOB UHTEPHEPA, O CPEACTB 0KUBIICHUS OKPYKEHUS, TAKUX
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KAaK pacTUTENbHOCTh, JIECTHULBI W oOrpaisl. Takke B JaHHOM IPOrPaMMHOM
KOMILJIEKCE MPUCYTCTBYIOT 3JEMEHThI, MO3BOJISIONIME MPOU3BECTH aHAIU3 U
HACTPOWKY KapThl OCBEIIEHHOCTU TPEXMEPHOro MpoekTa. J[OMmOJMHUTENbHO, s
oOJIerYeHHs] CO3/1aHHsl KOHEYHOTO TIpaUuecKoro NpoAyKTa, B MPOrpaMmy
UHTETPUPOBaH (HOTOPEATMCTUYHBIN BU3yann3arop. JlaHHas HaICTpOHKa MO3BOISIET
NOOUTBCS ~ BBICOKOM ~ CTEMEHH  MPABAONOAOOHOCTH  MPOCUUTHIBAEMOIO
U300paxKeHHUS.

IIpu Bceil cBoell cinokHOCTH, 3DsMax HMMeeT NOBOJBbHO HHU3KHA MOPOr
BXOXJIGHUS W  JIETKO u3y4aeTcs. boiblioe KOJWYECTBO JOMOJHEHUs, WU
«IJIATUHOBY»  KOMIIEHCUPYET  OTCYTCTBHE  KaKOro-imbo  crenupuyeckoro
uHCcTpyMeHTa. [lpy mnomoiu mnoAOOHBIX JOMOJHEHUH MOKHO CYIIECTBEHHO
pacHIMpPUTh CTAHJAPTHBIE BO3MOKHOCTH HPUIIOKEHHUS.

Pazbepém manpumep, wmoxynb Afterburn. Jlamsbiit  mmarme  gaét
BO3MOYKHOCTh CO3/1aBaTh PEaJMCTHUYHbBIE B3PBIBBI, a NIOCJE ycTaHOBKE Dreamscape
3DsMax mnony4yaeT [OINOJHHUTENIbHbIE BO3MOXXHOCTH JUIS CO3JaHUS BOABl U
IPUPOAHBIX JTaHAIIADTOB.

K emé onnomy mmtocy 3DsMax BO3MOXKHOCTh JOOABUTh K CTaHAAPTHOMY
HA0Opy HWHCTPYMEHTOB OIPOMHOE KOJUYECTBO aJbTEPHATUBHBIX MPOrpPaMM-
BU3yanu3aTopoB. [loMHMMO BCTpOEHHBIX MHCTPYMEHTOB, TaKUX Kak mentalray, ans
3DsMax MOXHO 3aJeHCTBOBaTh YIydllleHHble U Ooyiee OBICTpble W TOYHbBIE
cUCTeMbl Buzyanusanuu, Hanpumep finalrender, V-ray u Maxwellrender.

3DsMax mo3BojsieT MOJb30BATENI0 OYEHb T'MOKO YHPAaBISATh YaCTHUIIAMHU,
co3maBasg camble pasHble Ad@exTol. o BHeApeHHs CHenHaIU3UPOBAHHOTO
WHCTPYMEHTA JJI1 UMUTALUU TPEXMEPHBIX BoJioc U mepctu(moayins HairAndFur),
pocuYE€TOM (PU3UKHU BOJIOC 3aHUMAJICS BCTPOeHHBIN Moayib ParticleFlow. I1pu ero
UCIIOJIb30BAaHUHU, aHMMAaTOpaM YJaBaJlOCh OIKCHIBATh CUCTEMY 4YaCTHUI[ TaKUM
00pa3oMm, YTO MOTy4YanoCh AOBOJIBHO PEATUCTHYHAS WILTIO3HSI BOJIOC HA OOBEKTaX.

[Tocne mosiBnenus crenuanbHoro momynst HairandFur paGora co cronb
CJIOKHBIM 3JIEMEHTOM TPEXMEPHOW MOJEIM, KaK BOJIOCHI M LIEPCTh M CUJIBHO
ynpoctuiack. B gaHHBI MOMEHT, paboTa € BOJoOCaMH MepcoHa)xa OoJblie
HAIIOMUHAET padoTy MapuKMaxepa.

MuHuManeHble TpeOOBaHUS: ABYSACPHBIN Mpoleccop, padoTarouuil Ha
gyactote He Hmwke 2,4ITu, 4 GB onepatuBHOW mnaMmsaTd (HKeJIAaTEIbHO
JBYKaHAIIbHOM), HEe MeHee S512M0 BumeomaMsaTd C TOIJACPKKOW TEXHOJIOTHUN
Direct3D 9, Direct 3D 10 umm sxe OpenGL.

Bo3mo:xHoOCTH:
e MOJEIHMPOBAHUE HA OCHOBE MOJUTOHOB, cruiaiiHOB 1 NURBS,
o MOIIHAs CUCTEMA YaCTHII,

¢ MOJYJIb BOJOCHI/IIEPCTb,
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« pacmmpensbie meiaepsl Shader FX,

o TMOJJEPXKKA HOBBIX M YCOBEPILIEHCTBOBAaHHBIX MeXaHU3MOB Iray u mental ray.

e AaHMMAIIUS TOJIIIBI,

o wumnoptT u3 Revit u SketchUp,

e UHTErpanusi KOMIO3UTHHTIA.
N mHOTOE Npyroe.
Ilntochl: OrpOMHBIA  (PYHKIIMOHAT, MHOXKECTBO IJIarMHOB M 0Oydaromen
uHbOpMaIuu.
Munycsbi: TpeOyrOTCsS OOHOBIICHUS Il KOHKYpPEHIMU C Oosee «MOJIOJIbIMI)
porpaMmMaMH.

ZBrush 4 ot Pixologic

[Iporpamma ans 3D-monenupoBaHusi, OTIMYUTEIBHOM OCOOEHHOCTHIO
KOTOPO SIBJISIETCS TEXHOJIOTHSA, TaK Ha3bIBaeMasi, «TpEXMEpHas JCTKa.

JlaHHBIN BUJ CO3[aHUSA TPEXMEPHBIX Mojejeil Hanboyiee CXOXK C JICTIKOM.
3D-XynoXHUK, TP TIOMOIIM BUPTYaIbHBIX KHUCTEH, m3MeHseT (opmy 06a3oBoi
MOJIENIA U MPUAAET HYKHYIO (OopMy OOBEKTY IMPHU MOMOIUIM CTAHAAPTHBIX KOMAaH]I
«B/IABJIMBAHUS» WIN «BBITTUBAHUSY.

W3navanpHOo  cyliecTBoBasio  OecruiaTHOe — mpujokenue  Sculptris,
pa3zpaboTaHHOE MIBEICKUM MporpammuctoMm Tomacom I[lerepconom. Temrbr ero
pa3BUTHS OBLTU CTPEMUTENBHBIMHA, W TOIMYJSIPHOCTH MporpamMMbl B cpeae 3D-
XYJOKHUKOB cTajla pacTh. OTH (aKThl MOATOJKHYJIM pa3pabOTUYHUKOB
KOMMEpPUYECKOTO aHaJora TMpOorpaMMbl JJisi TPEXMEpHOW Jsenku — Zbrush,
co3naHHoi komnanuen Pixologic — k mpuriamenuio pa3paboTYMKa-I3HTY3UacTa B
CBOM DSbl, B Pe3yJibTaTe yero mporpamma Obla BkiIrodeHa B makeT ZBrush. Ha
CErOJHAIIHUN JIeHb SBJISETCS JUAEPOM Cpelld IporpamMm B cdepe TpEéxmepHou
JIETIKH.

Nmerommiics B mporpamme  Sculptris HHCTpYMEHTapuil COBEPIIEHHO
OecnonezeH s oOJagaTesiel MoiHoro nmakera ZBrush. MHorue HoBOBBeAEHMS,
KoTophie paszpaboran IlerepcoH, mpocTto ayOonupyroTcs B psfe HHCTPYMEHTOB
ZBrush.

BeposiTHee Bcero, umeroniasics B OTKPBITOM AOCTyle OecrijiaTHasi BEpCHs
Sculptris He OyaeT OOHOBIATHCS W OCTAHETCS B 3aMOPOYKEHHOM COCTOSHUHU.
Opnako Jnaxe yxe BHEAPEHHbIE (PYHKIMKW OYEHb IOJIE3HBI I CJIOXKHOTO
MOJIEJIUPOBAHUS, B OCOOEHHOCTH OPraHMYECKUX OOBEKTOB (IEepeBbs, MHU U T.1.).
[Tporpamma Sculptris, a cnemoBarensHo u ZBrush, waeanbHbIli HHCTPYMEHT IS
CO3/IaHUS JIUI] 17151 IEPCOHAKEN U KaKUX-JTMOO0 KUBOTHBIX. HO B CBsI3U CO CKyIHBIM
WHCTPYMEHTApUEM, MporpaMma HE CaMOJOCTaTO4YHa, MW A  KPYIHBIX
MOJIHOLEHHBIX TMPOEKTOB €€ MCMOJb30BaTh HE pyKOMEHAyeTcsa. B mpuioskeHun
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HEJOCTAeT CPEACTB U MHCTPYMEHTOB JJIsi pa0OTHI C TEKCTypaMU U BU3YaJIU3AlUH,
HE TOBOpS yxe 00 aHumanuu. Tak 4Tto afsg paboThl HAJl KPYMHBIMH MPOEKTaMU
CcTOUT BbIOpaTh ZBrush.

B ZBrush MoOXHO uUMNOPTUPOBAaTH M HKCIOPTHPOBATH MOJETU B
nomyisipaoM ¢opmare OBJ, 4TO mMO3BOJSET OCYIIECTBISATH MEPEHOC B ITY
nporpaMMy OOBEKT M3 CTOPOHHUX PEJaKkTOpoB, Takux kak 3DsMax uwnmu Maya, u
3aBEPLIUTH €r0 MOJEINPOBAHHUE.

MunumanbHable TpeOOBaHUS: NBYSAEpHbIE MPOLECCOPBl, C YacCTOTOM OT
2,5T'T1, onepaTuBHas mamsaTh oT 61°0 (3kenaTenbHO 8), BUACOKAPTHI C MAMATHIO OT
116, ¢ mognepxkkoit OpenGL 3.3 u BbIIIIE.

CINEMA 4D ot MAXON

Cinema 4D sBnsfeTcs YHHUBEpPCAIbHBIM MPOTPAMMHBIM KOMIUIEKCOM ISt
CO3/IaHUA U PEIAKTUPOBAHUSA TPEXMEPHBIX 3(P(PEKTOB U OOBEKTOB.

B 1991 roay mporpammuctel Hemeukoi komnanun MAXON Computer
BEPHO yraJajiu JA0Jroe Bpems MyCTOBABIIYIO PhIHOUHYIO HuUllly. OHu pa3zpaboTanu
KoHuenuuo nporpammbel Cinema 4D TakuMm 00pa3oM, YTO 1I€HA MPOrPaMMBbl, IO
CPaBHEHUIO C YK€ HMEIONIMMHUCS Ha pPBIHKE PEHICHUSIMH, OKa3ajlach
JEMOKpPAaTUYHOM, HO TMpPU DITOM NPWIOKEHUE MOJAECPKUBAIO  HHTEpPEC
npodeccuonanoB B obmactu 3D wu moctossHHO pa3BuBaercsa. Hutepdeiic
IPOrpaMMbl HHTYUTUBEH, YTO MO3BOJISIET pa300paTbcsa B HEM HOBHUKY B KOPOTKHE
CPOKH.

C MoMmeHTa  BBIIyCKAa Ha  PBIHOK, (YHKIHOHAT  MPOTPAMMBI
YCOBEPILIEHCTBOBAJICA M PACUIMPUIICS OYEHb TIOJIE3HBIMU JIOMIOJHEHUSIMU U
miarunamu. Ha ceroansimauii nens B Cinema 4D npuCyTCTBYIOT HHCTPYMEHTHI U
GbyHKUIMOHAT ISl CO3aHusl aHUMAIlMK TIEPCOHaXKeH, yao0Has cpena Jiyisi paboThl ¢
YacTUI[AMH, MOILHYIO cUCTeMYy (DOTOPEATUCTUYHON BU3yallU3allMu U, YTO HEMAJIO
BaXXHO, YIOOHBIE HHCTPYMEHTHI MOJICTUPOBAHUSI.

B mno3muux Bepcusix Cinema 4D aiaroputM BHU3yaTW3alUUd TMOJTHOCTBHIO
nepepadoTaH, TaKKe BO3POC MOTSHITHAT 00pabOTKH TpeXMEpHBIX clieH. biaromaps
’TOMY Yy TMpOrpaMMbl TMOSBWJIACH BO3MOXHOCTh IPOCUUTHIBATH CBETOBOE
B3aUMOJICUCTBHE OOBEKTOB Ha CIIEHEe, a Takke TrjJo0ajdbHble MapaMeTphbl
OCBENIEHHOCTH.

JlaHHBIM TPOrpaMMHBIA KOMIUIEKC B OCHOBHOM MCHOJIB3YETCS JIsi CO3/IaHMUS
rpaduku B puIIbMax, aHUMAllMOHHBIX KApTUHAX U PEKJIaMe.

MuHuManeHble TpeOOBaHUS: ABYSACPHBIM TPOIECCOpP, C YaCTOTOM OT
2,5ITu ¢ mognepxkoit SSE3, omepatuBHas mamsate oT 410 (xenarenbHo 81°0),
BUJICOKAPTHI ¢ MaMAThI0 OT 41'0 ¢ moaaepkkoit OpenCL 1.2 wiu HOBee.
Bo3moxknocTH:
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o nosmronaisHoe U NURBS-MoaenupoBanue;

o BodyPaint 3D (Mmoayns uis co3nanust pazBepTok UV U TEKCTYPHBIX KapT);

o TeHepalus U aHuMalusi 00bEKTOB;

o TEpPCOHAXHAS aHUMAIUS;

e JIMHAMHKA MSTKUX W TBEPIBIX TET;

e MOJYJIb JUISI CO3IAHMSI PEATMCTUIHBIX BOJIOC;

« cuctema yactul] Thinking Particles;

e HEIUIOXOM BCTPOECHHBIM BU3YaJIU3aTOP.
Ila1ochl: TETKOCTh B OCBOEHHWM, HWHTYUTHUBHBIM  HHTEpdeENc, OTIMYHBIN
GyHKIIMOHAJ, MHOKECTBO OOYyYaroIuX MaTepuajioB, TecHas cBsi3b ¢ Adobe After
Effects, Houdini u 1.1.
MuHychl: HEOTIIAXEHHASI CUCTEMA TIepexojia MEXKITy BEPCUSIMHU.

Maya ot Autodesk(AliasWavefront)

C MOMEHTa CBOEro MOSIBJEHUS U 10 MOKYNKH NPHIOKEHUS KOMITAHHEH
Autodesk, nanHbIli TpEXMEpPHBIN pegakTop npoTtuBonocTaisuics 3DsMax. Cpeau
npo(eccUoHaNOB B OTPACIU TPEXMEPHOU I'padUKW JAaHHBIA MaKeT UCHOJIb3YyeTcs
yanie Apyrux. JlaHHBI TPEXMEPHBIM PENAKTOP UCIOIb3YETCS TAKUMHU KPYITHBIMH
cryausimMu, kak Dreamworks, Pixar, WaltDisney u apyrumu.

B nporpamme Bech HEOOXOOUMBIM HMHCTPYMEHTApUM i  CO3JaHUs
TpexMmepHo# rpaduku. Maya ma€T BO3MOXKHOCTh XYJOKHHUKY MPOUTH BCE ATAIbI
co3nanus 3D-mMozenu B OJHOM mporpaMMe — OT CO3/aHHE MOJENH W aHUMaluu
0 paboOThl C TEKCTypaMy, KOMIO3UTHHTA W TOCIOWHOTO peHaepuHra. JlaHHBIHA
penakTop JaéT MOJIb30BATENI0 BO3MOKHOCTb MUMHUTHPOBATH (DU3UKY TBEPABIX U
MSATKHX TeJ, IOBEJEHUE TKaHW, HUMUTUPOBATh Tekyuue 3(]dekTbi, pabora ¢
noApOOHON JeTaM3allui  TepcoHakel (co3maBaTh CyXOMl M MOKPBIM MeX,
aHUMHUPOBATh BOJIOCHI U T. 11.).

OTnUYUTENbHON 0COOEHHOCTHIO JAHHOM MPOTPaMMBbl, KOTOpask BBIIETSET €€
U3 YHUCJIa JPYTUX JOCTYIHBIX PEAAaKTOPOB, ABisieTcs Mmoaynb PaintEffects. Jlannbiii
IUTaruH 1a€T BO3MOXKHOCTh PUCOBATh BUPTYAIbHON KUCTHIO TPEXMEPHBIE OOBEKTHI,
TaKHe Kak LIBEThI, TpaBa, 00beMHBIE Y30pbI U Ipouee. [Iporpamma umMeeT 10BOIBHO
BBICOKMH Topor BxoxzaeHus. OpHako, Ojarogapsi oOIIEIOCTYHBIM 00YyYaroluM
MaTepuaiaMm, HAaYMHAIOIIKE MOJIb30BATEIN MOTYT OBICTPO €€ OCBOUTb.

MunumanbHble TpeOOBaHMS: MHOTOSICPHBIN IIeHTpalbHBIN nporeccop Intel
Pentium 4 unmu AMD Athlon ¢ nogaepxkoit Habopa komana SSE3, onepartuBHas
namsTh oT 41'6, Buneokapta ¢ OpenGL ot 4I'0 Bugeonamsaru.

Bo3mo:xHoOCTH:
o moyiHbIK Habop wuHCTpyMeHTOB i NURBS- wu  nonuronanpHOro
MOJEIUPOBAHUS;
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¢ MOIIIHBIE CPEACTBA OOIIEH U MEPCOHAXKHONW aHUMAIIH;
e pa3BUTasl CUCTEMA YACTHIL;
« TexHozorus Maya Fur (co3nanue mexa, BOJIOC, TpaBbl);
« TtexHosorus Maya Fluid Effects (MogenupoBanue xxuakocteit, atmocepsl);
o JMHAMHKA TBEPJBIX U MITKHUX TEII;
o IIMPOKUN HAOOP CPEACTB CO3AAHMS TUHAMUYECKHX CHEIP(PPEKTOB;
o UV-TekcTypsbl, HOpMaJIM U LIBETOBOE KOJUPOBAHMUE;
¢ MHOTOMPOIECCOPHBIN THOKUN PEHIEPHHT.
ILnrochl: OrpoMHBIN (QYHKIIMOHAT U BO3MOXKHOCTH.
MuHyCBI: JJIMTENBHOE U CIOXKHOE OO0yueHHE, BBICOKHE TPEOOBaHUS K CUCTEME,
BBICOKAsI LICHA.

Vue9xStream ot E-on software

MopenvupoBaHue peasbHOT0 MHpa — 3TO MOCTOSHHAsI MpoOjemMa, KOTopas
crout nepex 3D-nuzalinepamu. st TOro, 4ToObl yMEHBIIUTH 3aTPAThl HA CHEMKHU
AHUMAIIMOHHBIX KapTUH, CO3/IaTeNId IOCTATOYHO YacTO MPUMEHSIOT JEKOPAIHIO C
abdextom 3D. Ilpu pa3paboTKe KOMIBIOTEPHBIX WIP M apXUTEKTYPHBIX
BU3yaJIM3allMil 3HAYUTEIIbHYIO POJIb UTPAET PEAUTUCTUYHOCTh TPEXMEPHOTO MUPA.

Jlist Toro 4toObl MEpPEeHEeCTH Ha 3KpaH CMOJECIMPOBAHHON OKpYXKEHUE, U
9TOOBI TIPM 3TOM OHO HE CMOTPEIOCHh (albIIMBO, CTOUT MPHUIOKUTH MAcCy
yewmid. Kaxxpiii 00beKT Hamero Mupa 00J1a7aeT CBOS HETIOBTOPUMOM (POPMOiA.
[Tpupona co3gaHa Tak, YTO HEBO3MOXKHO BCTPETHUTH JBa aOCOJIOTHO OJIMHAKOBBIX
pacTeHus] WM CKaxkeMm uesioBeka. Co3jgaHue 3el€HON pacTUTEIbHOCTH Ha CIICHE
CTaHAAPTHBIM, KJIACCHYECKHM CIOCOOOM, HampUMEpP METOJOM MOJUTOHAIBHOIO
MOJEIUPOBAHUs, OUYECHb 3aTPATHO IO BPEMEHU M cWiaM. Vue9xStream momoraer
pemmTh 3Ty mnpolJemMy 3a KOpoTKoe BpeMs. JlaHHas OCOOEHHOCTh SBIISIETCS
KJIFOUEBBIM [TPEUMYILIECTBOM MIPOTrpaMMBbI OT e-onsoftware.

JlaHHBIN TeHepaTop TPEXMEPHOIO OKPYKEHUS OTPAaHMYE€H MHCTPYMEHTAMHU
caMoTro MOJeMpOBaHus 00BheKTOB. B cBoelt chepe pa3paboTku OKpykeHus, Vue
HE UMEET CEPhE3HBIX KOHKYPEHTOB.

B uHcTpyMeHTapuu mporpamMmbl HaxoJIUTCsA OoJbinasi OUOIMOTEeKa pasHbIX
AJIIEMEHTOB, HEOOXOJUMBIX MPU TeHEpalMy OKPY>KEHHUS: 3arOTOBKHM MaTepHalioB,
HA0OpBI PACTUTENHLHOCTH, HACTPOEHHBIE BapUAHThl OCBEIIEHUS U MHOTOE APYroe.
Emé omHOM OTIMYUTEIIBHOM YEpTOW NpPOrpaMMbl — BO3MOYKHOCTb WMMTALIUU
9KOCUCTEMBI. JlaHHAs PYHKIMS CAMOCTOSTEILHO CO3/1aéT PEATUCTUIHYIO KapTHHY
OKPYKAaIOIIET0 MHUpa, HAIOJHSS yKa3aHHBIE MOJIb30BaTeieM OOJacTH HaboOpoM
pacTeHUil, JAEpeBbEB, IBETOB W KyCTapHUKOB. [Ipum momMomm HHCTpyMEHTa
«BUPTYyaJIbHAsI KUCTH)» TMOJIb30BATEIb «PUCYET» PACTUTEIBHOCTh MPSIMO B CLEeHE. B
VuexStream BCTpOEH «IPOABUHYTHI» MEXaHU3M BHU3yaIHM3allMM, KOTOPBIM
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MO3BOJISIET TIONYYUTHh BBICOKOKAUYECTBEHHOE (HDOTOPEATUCTUIHOE HU300paKeHHE,
OJTHAKO ATO CKa3bIBAETCS HA MUHUMAJIbHBIX CHCTEMHBIX TPEOOBAHUSX.

[Iporpamma TpebGoBartesibHa K anmapaTHBIM BO3MOXKHOCTSIM. M cam mporece
BU3yaJlM3allMM 3aHUMAET JIOBOJIbHO MHOTO BPEMEHHM, AAXKE €CJIM HCIMOJb3YEeTCs
YIPOLIECHHBIN BAPUAHT MPEaNnpOCMOTpA. Bnopouewm, n3o0paxkeHue,
CTEHEPUPOBAHHOE B MPOTrpamMMe, C MMPUMEHECHUEM BCEX BCTPOCHHBIX TEXHOJOTHM,
MIOPAXKAET CBOCH PEAUTUCTUYHOCTHIO.

MunuMansHble TpeOOBaHUS: MHOTOSICPHBINA MPOIECCOP C YacTOTOH OT
21T, onepatuBHas namMath oT 11'0, BugeokapTa ¢ maMsathio oT 41°6.

1.2.2. AHaau3 nporpamMm Uil CO3IaHNS HHTEPAKTHBHBIX BU3YaJIu3aluil

B nanHBIf MOMEHT BBIOOp KakK NOPTATUBHBIX, TaK M CTallMOHAPHBIX
YCTPOMCTB MpejaracT NoJb30BATEI0 BBIYUCIUTEIBHBIE MOITHOCTH 3HAYUTEIBHO
BBILIE TEX, YTO MMEJIMCh y YEJIOBEUYECTBA BCErO0 HECKOJBKO JeT Haszad. OngHako
UCIIOJB3YIOTCS JTaHHBIE pECYpPChl BOBCE HE JUISl  CJOXKHBIX BBIUYHCICHUI.
CoBpeMeHHBIE TEXHOJIOTMH B OOJIBIIMHCTBE CBOEM WCIIONB3YIOTCSA JJIS WUTP W
pasBiieueHui. Pa30epéM HECKOIBKO pemeHuil Uisi CO3MaHusl TSHKETOBECHBIX
MpPOEKTOB. [[7s1 CO3MaHUSI MHTEPAKTUBHBIX APXUTEKTYPHBIX BU3yaIM3ALUM 4acTO
UCIIOJB3YIOTCS HUCKIIOUUTEIBHO TpPEXMEpPHbIE penakTopbl. Co3IaHHBIE TaKUM
00pa3oM IPOEKThl MPEJICTABIIAIOT JOBOJBHO XOPOIIYIO BU3YyaIU3alUI0, OJHAKO HE
NPEAOCTABISAIOT MOJHOIO  CIEKTpa BO3MOYKHOCTH  B3aWMOJICWCTBOBATH €
oO0beKkTamMu Ha creHe. J[Jis JaHHBIX Iiesed OoJibliie MOAOMAET MPOrpamMMBbl s
CO3JJaHUN MHTEPAKTHBHBIX MPUJIOKEHUU M UTP, KOTOPBIE HOCIT 00Iee Ha3BaHUE
«UTPOBBIE JBUKKNY.

CeronHsi CyleCTBYET MHOXECTBO TOTOBBIX I UCIIOJIb30BAHUSI UTPOBBIX
JOBW)KKOB. KOHEYHO, MOXKHO CO37aTh [BHKOK CAMOCTOSITENBHO, OJIHAKO 3TO
3aHMMAET CJIMIIKOM MHOro BpeMmeHu. [loa koHel pa3paOOTKH MPOEKT MpPOCTO-
HanpocTto ycrapeer. OQHAKO KpyNHbIE WMIPOBBIE CTyauu st AAA-IPOEKTOB
NOATOTaBIMBAIOT COOCTBEHHbIE JBW)KKH. B  OCHOBHOM 3TO CBSi3aHO C
OTYMCJICHUSIMA U3]IaTEJII0 UTPOBOTO JBMKKA. {7151 HE3aBUCUMBIX CTYyAMN U MHIU-
pa3paboTYKOB 00JIee JOTUYHO UCTIOIH30BATh TOTOBHIE IBUKKHU.

Huwxe npuBenéH aHamuM3 YacTM M3 HMEIOUIMXCA Ha pPBIHKE TOTOBBIX
pEIIeHH, a TAaK)Ke 0OBSICHIUM BBIOOP MPOTPAMMBI, TIOIXOISIIEH 0T HAIITH TICIIH.

Urposou JIBUKOK - LEHTPAJIbHBIN MPOTPAMMHBINA KOMIIOHEHT
KOMIBIOTEPHBIX M BUICOUTP, a TaKKE MHTEPAKTUBHBIX mpuioxkeHun. C
ucronb3zoBanueM ganHoro IIO  ympomiaercss pa3paboTka, y HOpOrpaMmbl
MOSIBJISIETCS. BO3MOYKHOCTh 3aITyCKaThCsl HA HECKOJBKUX TUIaTGopmax, TaKuX Kak
MEePCOHATBHBIE KOMIIBIOTEPHI, MOPTATUBHBIE CHUCTEMbI, HAIpPUMEpP UIPOBbIC
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KOHCOJIM, a TakKXKe 3alyCKaTbCsl Ha Pa3HbIX BEPCHUAX OINEPAMOHHBIX CHCTEM,
Hanpumep, Linux, Mac u MS Windows. [1]

B coctaB UrpoBoro IBMXKKa BXOJST: BU3yaln3aTop, GU3HUECKUN JBIIKOK,
3BYK, CUCTEMY CKPHUIITOB, aHUMAIMIO, NCKYCCTBEHHBII MHTEIUIEKT, CETEeBOM KO,
yIpaBlIeHUE MNaMAThI0O U MHOTOMOTOYHOCTh. [IpM MOBTOPHOM HCIOJIB30BAaHUU
OJIHOTO WIPOBOTO JABM)KKA MOXKHO 3HAUUTEIbHO COKOHOMUTH Ha TMpolecce
pa3paboTKu Wrpsl WIKM JApyroro mnpoekta. COBMECTHO C HCIOJIb30BAaHUEM
IPOrpaMMHBIX KOMIOHEHTOB, UTPOBBIE IBHXKKH MPEAOCTABIISIIOT OOTaTyro NaluTpy
WHCTPYMEHTOB IS BU3YaJbHOU pa3paboTKu. J[aHHBIE WHCTPYMEHTHI MO3BOJISIOT
CO3/1aTh MPAKTUYECKH MOTOYHOE MTPOU3BOJICTBO UTP.

HUrpoBbie NBWKKAa, B COCTaB KOTOPHIX BXOMAT BCE BBIINICONMCAHHBIC
KOMIIOHEHTbI, UHOTIa HA3bIBAIOT UTPOBBIM MOAIPOrPAMMHBIM 00€CIIEeYeHHEM, TaK
KaK, C TOYKH 3peHHUs Ou3Heca, OHU MPENOCTABIAIOT TMOKYI0O M MHOTOKPATHO
UCIIOJIB3yeMYI0  TpOorpaMMHyr0  miathopMy €O Bcell  HeoOXommmoun
(YHKIIMOHATBHOCTBIO Il pa3pabOTKH HWTPOBOTO NPUIIOKEHUS, COKparas
3aTpaThl, CIIO)KHOCTh M BpeMs Pa3padOTKH.

CymiecTByeT paclpoCTpaHEHHOE 3a0Ny’)KIIEHHE, YTO WIPOBBIC JIBHKKHU
MOJIXOJAT WMCKIIOUUTENBHO I co3naHus urp. OIHAKO HWMEIOIIUNCS B HHUX
MHCTPYMEHTApUH MO3BOJISIET CO3/1aBaTh MHOKECTBO BUIOB TpaUUECKUX MPOECKTOB
U UHTEPAKTUBHBIX TPWIOKEHUSIX, TAKUX KaK peKIaMa, apXUTEKTypHbBIC
BU3yaIM3allii, 00yJarone CUMYJISTOPbI U CPEIbl MOACINPOBAHHUS.

WHCTpyMEHTBI U BO3MOXHOCTH, BUIUTBbIE B JIBIXKOK, CO3JaHbl MJis
YIPOIICHUS W YCKOPEHHs pa3pabOTKU WTp, YTOOBI M30eraTh MOTepU BPEMEHU Ha
HaYaJbHBIX JTamax pa3pabOoTKu TpuiiokeHWH. BakHo pasznuuarh rpaduueckue
JIBMKKW Y UTPOBBIE IBMKKH. ITPOBO# IBYKOK — 3TO TOT OCHOBHASI COCTABJISFOIIIAS
UTPBI, BKJIIOYANOMIas B ce0s WTPOBYIO JIOTUKY. B ONHCaHHOM HIKE CIHCKE,
HEKOTOpbIE CUMTAIOTCA  BCE-TaKM WIPOBBIMH, HO B CBOEM OOJIBLIIMHCTBE 3TO
rpaduyueckue IBHKKH. DTO CBSI3aHO C TE€M, YTO KJIIOYEBOW OCOOEHHOCTHIO IS
YCIEIIHOTO WHTEPAKTUBHOTO TMPHIOKEHHs, OyAb TO Wrpa, WM BU3yalIH3allus,
CUMTAeTCs UMEHHO TpadrKa, a He 3BYK, HE JIOTUKA, U HE (hH3HKa.

JlJis CpaBHUTENIHLHOTO aHaIM3a OBLJIM BEIOPAHBI CaMble YaCTO MCIOJIb3YEMbIC
Ha JaHHBIA MOMEHT MPOTPAMM JIJISl CO3/IaHUS MHTEPAKTUBHBIX MPHIOKEHUHN, WIH
JIBMYKKOB, TIPEIOCTABIISIONINX CBOIO OECIUIATHYIO BEPCHUIO MOJIh30BaTEN0. MHOTHE
U3 OTMHCHIBAEMBIX PELIECHUH SBISIFOTCS KOMMEPUYECKUMU:

1) CryEngine ot xommanmm CryTek- nIBWKOK HOBOTO TMOKOJICHHS,
pa3pabotannbiii Crytek mist co3gaHust urp ¢ odeHb sipkoil rpadukoi. OpHON U3
OTIIMYHUTETIFHBIX OCOOCHHOCTEW [aHHOTO [IBXKKA MOXXHO CUHUTATh BBICOKHE
CUCTEMHBIE TPEOOBaHUS JJIsl pa3paboTIrKa U KOHEYHOTO MOJIb30BaTEs.
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2) UnrealEngine ot xommnanum Epic Games — oIuMH M3 CaMBIX YacTo
WCIIOJIb3YEeMbBIX UTPOBBIX JIBIKKOB BepxHero ypoBHsa. Epic Games B Hosi6pe 2009
rojila BBIYCTWJIA MPOTrpaMMy B OTKPBITHIM AocTyn. Ha maHHBIE MOMEHT Bepcuu
JBUYKKA TIOCTOSIHHO OOHOBJISIFOTCS M 10pabaThIBAIOTCS ¢ YYETOM OOpaTHOW CBS3U
OT MOJIB30BATEIIEH.

3) Unity 3D ot kommanuu Unity Technologies — mMynbTumiatgopMeHHbIH
UTPOBOM JBUKOK, HE O(QOPMIICHHBIM K OMpPENEICHHOMY CTHIIIO WP, OOJBIIYIO
MOMYJISIPHOCTh TOJIYYHJI BO BpeMeHa paccBera MOOWIBHBIX uUrp. C BBIXOJIOM
Unity5 orpannuenus ¢ 6eciiaTHON BepCUu ObLIIM CHATHI, OJJHAKO JOXOJ C UTPhI HE
nosoken npessimars $100 000.

4) SourceEngine SDK ot Valve Corporation — n3Ha4ajabHO HCIOJIH30BAJICS
UL co3aaHus MoAuQUKauMii Ha ABUXKKE Source. Pacmpoctpansiercs OecriiaTHO
gyepe3 cepBUC Steam JUIsl BCEX UTPOKOB, KYMTUBIIUX JH000M mpoayKT Valve.

Pa3bepém ux 6omee moapoOHO

CryEngine "4
JIaHHBIN BHXKOK ObUT aHOHCHPOBAH B
—

2001 rony, Ha mpe3eHTallui UTPhI, B KOTOPOH

OH BHepBble ucnonb3oBaics — FarCry. _ —_—
BusyanbHo, UTPBI MIPOUTPHIBAIIN C R y — N G | N —
COBpPEMEHHUKAM, OJIHAKO BHEJPEHHBIEC B JBUKOK TEXHOJOTHH JJIsl CBOET0 BPEMEHU
OBLTM  JTOBOJBHO TPOTpecCUBHBI. [[ns mmMpokod OOIECTBEHHOCTH JBUXKOK
u3BeCTeH No coocTBeHHBIM urpaMm Crytek, cepun Crysis.

Pa3paboTurikyu M3HAYAIBHO MpeciefoBaId 1eJib pa3paboTaTh UHCTPYMEHT
JUTsl pa3pabOTKH, a HE CO3/1aBaTh HA HEM UIpbl. Tak 4To Bce pa3padaTbiBaeMble Ha
JAHHBII MOMEHT  urpoBble mnpuioxeHus ot Crytek — 3To JgeMoHCTpauus
BO3MOKHOCTEH JBM)KKA C LEJIbI0 CHENaTh JOMOJHUTEIbHYIO PEKJIaMy CBOEMY
TJIaBHOMY ITPOJIYKTY.

Nmeercss Tpu BapuWaHTa WCMONb30BaHMs aBWKKa OT cryaun CryTek
CTOPOHHUMU pa3paboTUYNKaAMMU:

[lepBbIit - 3TO 171 MCMONB30BAaHUSA B KAuyeCTBE YYEOHOro MocoOust u st
u3/laHus OeCIUIaTHBIX Urp, 0e3 mosiydeHus npuObuid. YTOOBI BOCIOIB30BATHCA
JAHHBIM BapUaHTOM HEOOXOJMMO TOJbKO MPOUTH PErUCTPalMI0O Ha OUIUATIHEHOM
caiiTe Kak pa3pa0OTUMK M cKayaThb JIBJKOK Ha CBOIO pabouyyio MalluHy.
JlanpHeinero cormacoBaHus ¢ pa3padoTINKaMU ABUKKA HE TpeOyeTCs.

Bropoii BapmaHT - 8 KOMMEPYECKOTO  Hcnoib3oBaHusA. [lpm
WCITOJIb30BAHUU ATOTO BapHaHTa MCTIOIB3YETCS TaAKOW BUI JTUIEH3UH, KaK «royalty-
only 20%». 310 03Ha4aeT, 4yTo pazpaboTuuk 00s3aH oTaaTh 20% Bcero J10Xoja ot
POJAXK UTPHI.
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Tpernii - ans HECTyIMHHBIX, TaK Ha3blBaeMbIX «HAU»-NIPOEKTOB U
3arpykaembix wurp (He Tombko g IIK). Kommanus-paspaboTuuk He
pacrpocTpaHsAeTCs O CTOUMOCTH IAaHHOTO BapUAaHTA.

[Tocnenuuit, 4eTBEPTHIN BAPUAHT JIMIIEH3UH - JIJISI CEPbE3HBIX MPOEKTOB. [
YTOYHEHHUS CTOMMOCTH MCTIOb30BAHUS UTPOBOTO JABUKKAa HEOOXOIMMO B YACTHOM
nopsinke cBsi3athes ¢ Crytek, B OTKpBITOM JocTyrne WH(pOpPMAIUs O CTOMMOCTH
OTCYTCTBYET.

B ommume oT mpenpiaynmx OporpaMM  CepuH, KOTOphIE  OBLIU
OpUEHTHUPOBAHbl HCKIIOUUTENIbHO Ha HacTojbHble KoMIibloTepbl, CryEngine
BepcuU 5 B 0OJIbIIIEH CTEIEHU HACTPOEH Ha CO3JaHUe MYJIbTUIIAT(HOPMEHHBIX UTP
U TOpWIokeHud. B ero mporpamme yxe Ha cTapTe NPUCYTCTBYET MOIAEPKKA
mI00anbHBIX MHOTOMONB30BaTENbCKUX (MMO) wurp. CryEngine 5 oGnamaer
OLIETOMJISIFOIIMMHM ~ BO3MOXXHOCTSIMM ~ BH3yaju3allUd B PEAIbHOM BPEMEHM.
dusnueckas cocrapisronias Asuxkka CryPhysics Takxke paboTaeT HE3aBUCUMO OT
¢uznueckux API, Takux xak PhysX.

Bmmiteie B mporpaMMmy — aHMMalMM  MOJCHCTEMBI, TaKHWE  Kak
WHIUBUyaId3alusl TMEepCOHaXel, mnpoueaypHoil aehopMHpPOBAHUE JIBHXKECHMUS,
napaMeTpuyecKkass CKEJETHas aHUMalHWs, 3HAYUTEIbHO YIIy4YlIa€TBU3YaJIbHYIO
COCTaBIIAIONIYI0 CO37aBaeMbl MPOEKTOB. BeposiTHO, HU3Kas mnomyisipHOCTh Cry
Engine 5 Ha ceromHsAmHui 1eHb 00yCIOBICHA IIEHOBOW MOJMTUKOW KOMIAHUU U
MO3/IHUM BBIXOJJOM Ha PBIHOK OTHOCUTEIBHO JAPYroro KpymHOro urpoka. B
JAHHBIA MOMEHT YCJOBHUS TPUOOPETCHHS] JUIEH3MH TPUOIM3WINCHh K
KOHKYPEHTHBIM PELICHUSM, YTO MOXET NPUBECTH K MNOMYJSpU3ALUUA JAHHOIO
JBUKKA B cpefie pa3paboTYMKOB.

CTouT OTMETUThH, YTO JAaHHBIM JBUKOK HauOoyiee MOAXOIUT ISl UTP H
MEHee BCEro JJisl IPYTUX BUIOB pabOThl ¢ Tpadukoil. IT0 00YCIOBICHO 10BOJIBHO
BBICOKMM IOPOTOM BXO3KJICHHSI HOBBIX IOJb30BAaTEIEH U OTCYTCTBUEM Pa3BUTOIO
coo011ecTBa.

MuHMManbHbIE CHUCTEMHBIE TpeOOBaHUS: ABYSJEPHBIM Mpoueccop ¢
yactoToi oT 2I'T11, onepaTtuBHas namsTh ot 4I'6, Buaeokapta oobémMom ot 2I'6 ¢
noajaepkkoit DirectX 11 u Boite.

UnrealEngine

Hanmucanneiit Ha C++, IBMXKOK MO3BOJISIET CO3/aBaTh
KpOCCIUTaTOPMEHHBIE UTPHI, JOCTYITHBIE JJisi OOJBITUHCTBA
onepalMoHHbIX cucteM. UE4 MHOrokpatHo mnoiryqal
Harpajbl Ha HWHJIYCTPUAIBHBIX MEPONPUSTUAX, a TaKKe

aKTUBHO HCIOJIB3yeTCs B KuHeMarorpage HW He pas UNREAL
CTAHOBWJICS JIYUIIIMUM UTPOBBIM/TpapUIECKUM JBHUKKOM roja. ENGINE
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Ha cerogusmnnii nens UnrealEngine4 siBisieTcss cambIM HCHOJB3YEMBIM
pemieHrueM (U3 cBOOOJHOpACIPOCTpaHsAEMbIX) i npoekToB AAA kiacca. B
yucie u3BecTHhIX TpoekToB: Gears of War, BioShock, Batman: Arkham, Mass
Effect u MHOTHE NpyTHE.

[TonmynapHOCTH ABMIKKA CBS3aHA C COTPYAHUYECTBOM ¢ Microsoft, JOBOJIBHO
HU3KUM TTOPOTOM BXOXKICHUS ISl HOBBIX pa3pabOTYMKOB, paHHUM BBIXOJOM Ha
PBIHOK, a TaK)Ke MPHBJICKATEIHBIMHU YCIOBUSIMU NPHOOPETEHHS] MCXOTHOTOKO/IA
IPOrpaMMBbI JJIS UCTIOJIb30BaHus. [Ipu mpuoOpeTeHnn ABUKKA CYIIECTBYET OIHO
TpeOOBaHMsI — B CJIy4ae €CIIM MPOSKT HayMHaeT 3apabarbiBath Oosnee $3000 B
KBapTaj, Torga pa3paboT4UK O0O0si3aH OTHPABIATH CO3AATEN0 JBMXKKA 5% OT
npubbUM. B ocTanbHBIX ciydasx paboTa Cc JIBWXKKOM OecrutatHas. Takoke
CYLIECTBYIOT OoJbllIMe cOooOIIecTBa pa3padOTUYMKOB U (HOPYMBI, Ha KOTOPBIX
HOBHUYOK MOJKET HAaTH MHTEPECYIONIYI0 ero nHpopmarnuio. [lepednciennpie Boiie
KadecTBa AenaroT nporpammy oT EpicGames caMbIiM MOMyJISIPHBIM pEIIeHUEM IS
WCITOJIb30BAHUS B OOJIBITNX TPOEKTax. [3]

B nanHbIii MOMEHT IIporpamMma MCIOoNb3yeTcs sl pa3pad0TKU MPUIIOKEHUN
JUIsl Bcex uMeromuxcs miardopm. Tak ke, aKTUBHO MCHOJIb3YETCS JJI CO3/IaHUs
BU3YyaJIM3alMil U BUAECOPOJIMKOB. biaronaps BCTpO€HHOMY pelnakTopy reoMeTpHH,
y pa3paboTurKa €CTh BO3MOXKHOCTh CO3/1aBaTh CJIOKHBIE OOBEKTHI BHYTPU CAMOTO
JIBHKKA.

[Tocnennsisi Bepcusi mporpaMmMbl Obiia BeimymieHa 16 suBaps 2018 roga. B
JaHHy0 Bepcuio (4.19) BXOAUT BO3MOKHOCThH CO3/1aBaTh MPUIIOKEHUS HE TOJIBKO
JUISl CTaHJIapTHOTO YIPAaBIEHUS, HO U C HCIOJIb30BAHUEM CPENICTB PabOThI C
BUPTYaJIbHON PEaIbHOCTBIO.

MuHuManbHbIE TEXHUYECKUE TPEOOBAHUS: YETHIPEXBAAEPHBIA MPOLIECCOP C
gactoto oT 2,5 I'Tm, omeparuBHas mamsTh oO0béMoM OT 8I'0, BuicoKapTa C
00béMoM namsatu ot 11°6.

Unity 3D -

JlaHHbBIN JIBUKOK cral
MOMYJISIPHBIM TOCJI€ W3JAHUSI UIPHl Ha lJnliy
MOOUJIbHBIC YCTPOMCTBA, 1oJ1

ynpaBienuemM [Os u  Android -

Shadowgun. C Toro mMomMeHTa JIBMKOK HaOWpan MOMYJISPHOCTb, U Ha JAHHBIN

MOMEHT SBJI€TCA OJHMM M3 CaMbIX MOIMYJIAPHBIX PEIICHUH IS MPOEKTOB HA

MOOUJIBbHBIE TIAT()OPMBI, C UCTIONb30BaHUEM cMellanHo# rpaduku (2D/3D).
UNITY mnocraBnsieTcss B JIByX Bepcusix - IuiaTHoM u OecruiatHoi. Ecthb

BO3MOXKHOCTh ISl BBIITyCKA MPOEKTAa, HE 3aIUIaTUB IMpakTUuyecku Huyero. [locie

CO3JaHMA INpOeKTa Ha OECIUIATHOM JMIEH3UH, Cco3JaThb MpoPUIbL B CETH

nognepxkku aBuxkka UNION, 3arpy3uTh MCXOOHHMKHA TpoekTa. B 3ToM ciydae
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JPYTUe TMOJIb30BATENM CMOTYT HNOPTUPOBAaTh pa3paOOTaHHBI MPOEKT HA MHOTHE
1aTHOPMBI.

CymiecTByeT BO3MOKHOCTh O€CIIJIaATHO OMpoOOBaTh MJIATHYIO JIMIIEH3UIO Ha
npoOHbIi nepuo B pazmepe 30 AHe, y ABUKKA €CTh TOJILKO OJWH BUJI JIMLIEH3UH -
Unity Pro, croumoctsto 1500 mommapoB. /[omogHUTETRHO K CTOUMOCTH JTUIIEH3UH
U TpU KEJTaHUU MOXKHO JOKYNHUTh MOAYJW JJIsi TMOPTHUPOBAHUS MPOEKTOB HA
npyrue miardopmel, ctoumocteio oT 4008 mo 15008, u miroc 500 gonmapos 3a
KOPIOPAaTUBHOE UCITOJIb30BAHUE.

OcCHOBHOH 1IeNBI0 Pa3pabOTKH MPOEKTOB — 3TO OJHOMOJIB30BATEIILCKHUE
urpsl st PC. Ilpy moMonm HOAKIOYAaEMbIX 3KCIIOPTEPOB MOKHO BBITPYKATh
rOTOBbIE TPOEKTHI MO Apyrue omnepaunoHHsie cuctemsl (Linux, Mac u T.1.),
KOHCOMMM (KaK TMPONUIOTO, TaK M TMOCJIEAHETO TIOKOJEHUSI) W MOOWIbHBIC
texHosoruu (I0s, Android u 1.11.).

JIaHHBIM ITPOTPAMMHBIN IPOAYKT C KAXKIbIM I'OJIOM YJIYUIIAETCSA U PA3BUBAECT
cobcTtBeHHBI (PyHKIMOHAN. Ha ceromHsmHui JeHb JBMIKOK Hayald BBITYCK
MIPOEKTOB ISl CepbE3HBIX TaTdopM. JlJis HE3aBUCUMBIX U Majo 00ecreyeHHBIX
npoekToB, Unity — 0AHO M3 caMbIX cOaJaHCHPOBAHHBIX PEIICHUM Ha JAHHBINA
MOMEHT. Ero HEHST 3a HU3KHUI MOPOT BXOXKAECHUS U1l HOBBIX IOJIB30BATENIEH, a
TaKKe 3a HaJuyue OecljaTHOW BepCUH, KOTOopash B MOCJIEIHUX pelu3ax IIo
(GyHKIIMOHATy MPAKTUYECKU HE OTJIMYAeTCs OT IJIaTHOM. brnarogaps sToMmy BOKpyT
JBUKKA OPTaHU30BaJIOCh OTPOMHOE COOOILIECTBO.

brnarogapst rpamMmoTHOMY AM3aiiHy TJIaBHOTO OKHA MPHWIJIOKEHUSI, IporpaMma
MMEET JIOBOJIbHO HHM3KMH MOPOT BXOXKJICHUS: IPUCYTCTBYET BO3MOYKHOCTD
BBITIOJIHUTH MPAKTUYECKH BCE MPOTrpaMMHPOBAHUE UTPOBOTO MHUpa MPU MOMOIIH
Pa3IMYHBIX PENAKTOPOB, HE HAIMIMCAB IIPU 3TOM HHU CTPOUYKH KOAA.

MuHuMaNbHbIE CHUCTEMHbIE TpPEOOBaHUS: JIBYSJEpPHBIM MPOLECCOp C
gactotoi ot 2 ['T, onepatuBHas mamsth oT 2I°0, BujeokapTa ¢ 00bEMOM MaMSITH
ot 512 M6 ¢ mogaepxxkoit DirectX10.

SourceEngine

JlaHHBI WTIPOBOU JIBUXKOK,
pa3paboTaHHbI KOMIIaHueH Valve Sou r‘ce
Corporation OblJT  BIIEPBBIC

b

™

3aJICUICTBOBAHHBIN B CJIEIYIOLIUX

urpax: Counter-Strike: Source, Half-Life 2, u np. OTnnuutensHoit 0COOEHHOCTHIO
JJAHHOTO JBHMXKKA, KOTOpPAsl BBIAEISAET €ro M3 pPsAla KOHKYPEHTOB — aHUMAIUs
IIEPCOHAXEHN, B YACTHOCTH, JIMLEBAsA, KOTOPasi COAECPKUT MHOKECTBO CPEICTB IJIS
CO3[IaHHS BBIPA3UTEIIbHOW MHMHUKH M TOYHOM CHUHXPOHM3alMM PEYU AKTEPOB C
aHuManuen. Takke IBMIKOK OTJIIMYAET MPOABUHYTHIM HUIPOBOM HMCKYCCTBECHHBIN

WHTEJUIEKT, KOTOPBIM MOXeT 3()PEeKTUBHO yHpaBiIsATh MNPOTUBHUKAMU WIIU
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COIO3HMKaMH Wrpoka. ['paduueckuii NBWKOK OBUT OJHUM U3 TIEPBBIX, TJIE
NPUMEHSJTUCH CIIOKHBIE IeinepHbie 3¢ dexTsl. B urpax Ha ABUXKKE aKTHUBHO
MCIIOJIb30BaNaCh HIEHAEpHas BOJA, OTpa)Karouas OKpyKarolnuil MUP.

®usznueckuii IBMXKOK co3naH Ha ocHoBe Havok. On mo3BossieT
paccUYUThIBaTh MHOTHE (U3MUECKHE OOBEKTHI, TAKHUE KaK TBEPIbIC Teja, YIPyrue
Tena, BEpPEBKU, MOBEPXHOCTH U T.N. CylllecTBYeT BO3MOXHOCTh CO3JaHUS
PEATMCTUYHBIX TPAHCIIOPTHBIX CPEICTB, OT MAalIWMHBI JO KaTepa Ha BO3AYIIHOMN
NOAYILIKE W Beprodéra. [lims mpocuéra MmoBeneHWs TPAHCHOPTHOIO CPEACTBA HA
JIOpOre WM B BO3[yX€ HCHOJIb3YyETCS MHOI'O MapaMETPOB, HAIPUMED CLEIUICHHUE
KOJIEC ¢ IOPOroM, Macca MalIuHbl. J[JI1 npuiaHus pealTuCcTUYHOTO JBWKEHUS TEIy,
UCIIONIb3YeTCsl (pU3MKA TPSMUYHOM KYKJIbI; CO3/IaHHAS 3apaHee aHUMAalUsi MOXKET
CMeIMBAaThCs ¢ PU3MKON peasibHOTO BpemMeHu. C pa3BuTHEeM Source, B HETO ObLIH
noo6asnenbl: HDR-peHaepuHr, IWHAMHUYECKOE OCBEIICHHE ¢ 3aTEHEHHUE C
BO3MOKHOCTSIMH CaMO3aT€HEHUS OOBEKTOB, MSTKUMH TEHSIMHU OT (IIPUCYTCTBYET
BO3MO>KHOCTh MCIOJIb30BAaHUS TPAJUIIMOHHBIX KApT OCBEIIEHHUS), MHOTOSACPHBIN
PEHIIEPUHT JJIsl MHOTOSIIEPHBIX IIPOLIECCOPOB, PAa3BUTasA CUCTEMA YACTHLL.

MuHuMaNbHbIE CHUCTEMHBIE TpEOOBaHMS: JIBYSJAEPHBIA MPOLECCOp C
gactoto ot 1,71Tu, omepatuBHas mnamsth oT 1I'6, Bumeokapra ¢ 00BEMOM
namsTi oT 512M6 ¢ noanepsxkoii DirectX9 nnm Bolte.

1.3. BreiBoa no riaase 1

Tpexmepnass rpaduka — 3To HayyHass oOJacTh, B KOTOPOH BO3MOXKHO
IIOCTOSIHHO Pa3BHUBAaTh CBOM HABBIKMA M COBEPIICHCTBOBATH CBOY 3HAHUS U YMEHUS.
[ToaTromMy mnepeuncieHHEe OTIMYMIA B HHCTPYMEHTaX M CHocobax peanu3anuu
IIOCTABJICHHBIX  IIOJB30BATENEM  3a7ad, KOTOpPbIE MPENIararoTcs  KaxKIbIM
TPEXMEPHBIM PEIAKTOPOM, — 3aJaHue o0beMHoe. Bripouem, /uist Kak10ro U3 HUX
XapaKTepeH CBOM  ompenenéHHbld  HAOOp  WHCTPYMEHTOB M CPEJCTB,
onpenensomui 00JacTh TpuMeHeHus Kaxaoro 3D-pegakropa.

3DsMax — 3TO HAC&IbHBI HWHCTPYMEHT I  apXUTEKTYpPHBIX
BU3yanu3anuil. OCHOBHBIMH MPEUMYIIECTBAMHA MOXHO HAa3BaTb COBMECTHUMOCTD C
MHOKECTBOM TpmiiokeHuit ot kommnanuu Autodesk, nampumep ArhiCad, AutoCad.
Taxxe mmsa pa3paboTumka AOCTyNHA OOIIMpHas OMOTMOTEKa ApXUTEKTYPHBIX
MaTepuasoB, U THOKKUE HACTPONKHU BU3yalIn3aTopa.

Maya — wuJeanbHbIi MHCTPYMEHT JUisi paOOTHUKOB KUHOMHIYCTPUH H
coznareneil rpaduyeckoro KkoHTeHta. B mpotuBoBec 3DsMax, koTopbiii OoJibiiie
paccuuTaH Ha «TeXHapei», a Takxke Jojaeil ¢ onbiToM. Habop HHCTpyMEHTOB
3TOT0 penaKkTopa MOAOHAET JUId HAYMHAIOIIMX, a TakKXe OH OYeHb OJIU30K
TBOPYECKUM JIIOASM U XYAOKHUKAM.
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Cinema 4D u VuexStream — 3TO ny4ymuii BapuaHT JUisi 3HAKOMCTBA C
TpEXMepHbIM MojenrpoBaHueM. Co3naHre COOCTBEHHBIX MUPOB B Vue AOHKHO
MOHPABUTCS JIIOOOMY.

Blender — wupaeanpHOe pemieHue aisa dKoHOMuUM Orojpkera. CodeTaHue
yIOOHOTO MHCTPYMEHTapusi U OECIIaTHOTO PACIpPOCTPAHEHHs NIETAar0T JaHHBIH
TPEXMEPHBIN PEJAKTOP UACATHLHBIM BHIOOPOM I HEKOMMEPUYECKUX MPOEKTOB.

Tax xe mist Tex, KTO XOTea Obl COIKOHOMHTH CpelCTBAa MpHU pa3paboTke
noibkeH ObITh MHTEpeceH u Sculptris. K coxkanenuro, u3-3a 3aMOpPOXKEHHOTO Ha
JAHHBII MOMEHT COCTOSIHUSI M OTCYTCTBHMIO OOHOBJIGHHUH, €ro MOXHO
UCITI0JIb30BATh UCKIIIOYUTEIBHO KaK BCIIOMOTATEIbHBIN HHCTpYMEHT. st Tex, KTo
X04yeT OoJiee MOAPOOHO M3YUYUTh BO3MOKHOCTHU TPEXMEPHOM JENKW, HE HaWTH
Jqyd4iiero pemienus, yem ZBrush.

Jlns neneil Hamiero mpoekTa ObulM BbIOpaHbl mporpammbl 3ds Max u
ZBrush. 3ds Max — u3-3a SIBHBIX MPEUMYIIECTB MPU CO3JAHUH APXUTEKTYpPHOU
BU3yallM3ali, a Tak)Ke OrpoMHON OumbOnmoreku wmogmeneit, a ZBrush — nmns
yn00CTBa CO3JaHUS APXUTEKTYPHBIX 3JIEMEHTOB, TAKMX KaK pas3IMYyHOrO poja
JIEMTHUHBI, MOJIIUHT Y, PO3ETKHU U T.]I.

Jlanee B riaBe ObUIM PACCMOTPEHBI HEKOTOPHIE COBPEMEHHBIE HWIPOBBIE
IBWKKU. B pesynbrare mpoBeAEHHOrO aHaim3a, ObUT CAENaH BBIBOJ, YTO BHIOOD
3aBHCHUT OT IOCTAaBJCHHBIX 3a7ady W leneld. M3 ananuza MpUBEACHHBIX JaHHBIX
MOKHO BBIOpaTh WTPOBOM NBIKOK, MCXOJs W3 OrOMKeTa MPOEKTa U HaBBIKOB
KOMaH bl pa3padOTYNKOB.

O003HaYMM OCHOBHBIE XapaKTEPUCTUKH pacCMaTpPUBAEMbIX B TJIaBe
POrpaMMHBIX KOMILJIEKCOB, Ha KOTOpbIe oOpaliaeT BHUMaHUE 0JIb30BaTENb MPU
BBIOODE:

e VYpoBeHb BxOXJeHHUsA. TpeOoBaHHWE K HMEIOMIMMCS 3HAHUAM IS
paboThl ¢ BEIOpaHHBIM ABMXKKOM. Mcnonssyem «H» - ecnu HU3KUN u
«C» - cpenHHmid.

e Croumoctb. XoTss B paboTe © paccMaTpPUBAIOTCS YCIOBHO
OecruiaTHbIE JBMXKKH, Y KaXJIOTO M3 HHUX €CTh [OJHOLICHHAS
KOMMEpUecKasi BepcHsi, IIeHa Ha KOTOPYI0 HMEET HEMaJOBa)KHOE
3Ha4YEHHE.

o [lonnep>xuBaemMble MIATPOPMBI U UCTIOTB3YEMbIE S3bIKH.

e Uror ananuza urposoro I10

[TonydyeHnHsle cBefeHUsT ObUIM 3aHECEHbl B TaONMUIy /IS HArJsIHOM
JEMOHCTPAIINH TLTFOCOB U MUHYCOB KaXKJ0TO JBIKKA. (Tabm.1.1)

He crout paccumthiBaTh Ha TO, YTO B paboTe ObUIM PACCMOTPEHBI BCE
cymectByomue [1O mis pa3pabOTKM HMHTEPAKTHUBHBIX NPUIOKEeHUH. J[aHHBIX
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IporpamMM CYIIECTBYET OIPOMHOE MHOXXECTBO, HO OHHU JMOO HE BOCTPEOOBAHBI,
a1M00 OBUIM HKCIONB30BaHbBI JJII OIPAHUYEHHOTO 4Hcia MpoekToB. CyliecTByeT
pecypchl ¢ ONMMCAaHUEM MPOTPAMMHBIX PEIICHUN AJI CO3[aHusl UTP Ha MOOUJIbHBIE
m1aTGOpMbl, OAHAKO UX (DYHKIIMOHAJ HE CWJIBHO Pa3IMYaeTcs, a UX KOJIMYECTBO
He moanaércs aHanu3y. OnuchbIBaeMble B TJIaBE JABWKKHA B OOJBIIMHCTBE CBOEM
MpeaIaraloT MePeHOC MPOEKTOB Ha MOOWMIIbHBIC TIATHOPMBI, TaK KEe HEKOTOPHIE U3
HUX TIO3BOJISTIOT pa3paldaThiBaTh MPOCKTHI B BUPTYAIBHOU PEATHHOCTH.

Ha cerognsmiauii eHb BBITyCKaeMbIe TPOEKTHI IETST PHIHOK HAa HECKOJIBKO
YPOBHEM, U JIJIsl KQXKI0r0 YPOBHS €CTh CBOE pellieHue ABMKKOB. KpynHbie (pupmbl
1o pa3pabOTKe UHTEPAKTUBHBIX KOMITBIOTEPHBIX MPHIIOKEHUN U BUJICOUTP MOTYT
MO3BOJIUTh cebe pa3palOTKy COOCTBEHHBIX UIPOBBIX JIBHXKKOB, JIaHHbBIE
IPOTrpPaMMbl  UCTIOJIB3YIOTCSl MCKITIOYUTEIIBHO BHYTPH KOMIIAHWUM WJIM TOJBKO B
MPOIYKTaX OT OMPEACIICHHOW CTyIuu. BO3MOXHO, TaHHOE pernieHrue B 4€M-TO U
IIPOUTPHIBAET CBOOOJHO PACHPOCTPAHSIEMBIM WIPOBBIM JBIDKKAM, HO 3TO
OTIPAaBIAHHOE PEIICHHUE CTYAMI, KOTOPBIC BRIOPAI TOTPATUTh BPEMS U JICHBI'H JIJISI
pa3paboOTKu COOCTBEHHOTO JIBHKKA.

B HHM3KOM 1LIEHOBOM CErMEHTE, Ha CTBhIKE MaJlbIX U CpPEIHUX OOJIXKETOB,
ucrionb3yercst  Unity. DTo pemieHde sl KOMIIAHUM, KOTOPBIM JIEIIeBIie
npuodpectu ganHoe [10, uem pazpabaTeiBaTh U co3naBath cooctBenHoe. Ho Unity
Bce O0JbIe 003aBOAUTCS TOTOJHUTEILHBIMU (DYHKITUSIMU, KOTOPBIE JCIAIOT €ro
PETEHAYIOIMM Ha MpoeKkThl AAA-knacca.

OpmHako Ha CETOMHSAIIHANA MOMEHT, IS Pa3pabOTKH Yy HE3aBUCHMBIX T€iM-
JU3aHEpOB M MOJIEJUIEPOB MOSBWIACH BO3MOXHOCTH HCIIOJIb30BAaTh WIPOBBIC
JIBUKKH, HalleJICHHbIE HAa NMpUiiockeHust AAA-Kjlacca ¢ MUHUMAaJIbHBIMU 3aTpaTaMu
CpPEeACTB Ha ero ucnojb3oBanus. Takue nBmwxkku, kak CryEngine u UnrealEngine
MPENIOCTABISAIOT OTPOMHBIE PECYPChl U MMEIOIIMECS B CBOOOJHOM JIOCTYIIE
WHCTPYMEHTHI, KOTOpPHIE OOJIETYAIOT CO3/IaHUE BU3YAJIbHO NPHUBICKATEIBHBIX U
XOPOIIIO TEXHHYECKHU BHITIOJHEHHBIX MTPOCKTOB.

JIyisi BBITOTHEHUST TIOCTAaBJICHHOW 3amaun Obln1 BeIOpaH UnrealEngine 4.
JlaHHBIM MpOrpaMMHBIA KOMIUIEKC HMMEET OOJbIIMe MNpPEeUuMylIecTBa Mepea
KOHKYPEHTaMH B IJIaHE CO3[IaHUsl MPOrPAMMUPYEMBIX MHTEPAKTUBHBIX 3JIEMEHTOB
U BU3YaJIbHOM COCTAaBIIAIONICH MPOEKTOB.
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Ta6n.1.1.

CpaBHEHHE UTPOBBIX JIBUKKOB

Hazpanue VYposens | CroumocTsb [onnepxka nardopm S3p1KH Hror
CryEngine C becrmatHo, B ciydae ecim  npuObLih | KoHconmu TTOCJIETHETO u | Hammcan 1 | YCOBEpIIEHCTBOBAHHEIE TEXHOJIOTUHU
npoekTa He mpesbimaeT $5000 3a kBapTai, B | mpeamnocieaHero nokouexus, PC. ucnonpzyer  C++, | HaMmMCaHUS CKPHUINTOB, BU3YAJIBHO SPKHA U
HWHOM citydae 5% #31aTernto He momnmepxmuBaer MOOMIBHBIE | COOCTBEHHBIN KpacHBBIM, HO BONPOC CTOMMOCTH M JIMIIEH3UU
IAT(GOPMBL. CKPHIITOBBIN  SI3BIK | OCTaBJSICT MHOXKECTBO BOIIPOCOB.
Lua
UnrealEngine | H BecruiatHo, B ciy4yae ecid npuObuh ¢ | BeIrpy3ka  TpOGKTOB Ha  BCe | COOCTBEHHBIN 3ameuarenbHas ~— KapTHHKA, BO3MOXKHOCTb
npoekrta He npesbiniaeT 3000$ B kBapTal, B | CYIIECTBYOIIHE mIaT)OPMBI, | CKPHUIITOBBIA SI3BIK | BBITPY3KH MPOCKTOB Ha PAa3JIMYHBIC TAT(HOPMBIL,
HMHOM cityuyae 5% u31aTenio ABMKKa BKITtouass Web. UnrealScript, a | Omaromapss cucteme Blueprint He TpeOyer
takke C++ OOJNBIIMX TIO3HAHHUK B MPOTPAMMHUPOBAHUH
Hcnonp3oBanne TexHonoruu ot nVidia PhysX
MOMOTAeT JOOWTHCS XOPOIIMX BH3YATBHBIX
MoKa3aTesen (gacTuipr), a TaKkxKe
B3aMMOJEHCTBHE ¢  OOBeKTamMH  (peakims
B3aMMOJICHCTBUS 0OBEKTOB).
Unity 5 3D H becnmatHass Bepcust Uil He3aBUCHMBIX | MoOwibHble 1iatdopmbl, koHcoin | C#, Java script, Boo | Xopomas rpaduka, He TpeOyeT i co3IaHus
pa3paboTYHKOB, MOCJEIHETO W  MIPEANOCICIHETO NIyOOKUX TIO3HAHUH B IPOTPaMMHUPOBAHHU.
Bepcus TSt kommepueckoro | mokonenus, PC, Flash
ucnonb3oBanus: 1500$
SourceEngine | H Kax nBmwxok He pacnpoctpansiercs, Bce | Koncomm TOCIIEAHETO n | Hammucan na C++ Xoporrast aHUMAaIusl IEPCOHAKEH, B TOM HHCJIE
IIpaBa OCTAIOTCS 32 Pa3pabOTUNKOM JBIKKA. | MPEAIOCICTHETO TTOKOJICHUS, oumeBas. Tak ke OTIWMYaeTCs JIOBOJBHO
OmHako AOCTYIEH JUIsl BCEX TOJIB30BAaTENIeH | TaKKe MOOMIIBHBIX YCTPOMCTB. KaueCTBEHHON aHWMalMed TpaHcrnopTa U

Steam g paspaborku
MoaudUKALMT IS UTp.

(anaTCcKuX

B ocnoBHOM ucnonssyercs ans PC.

¢usukoi. OQHAKO NPOUrPHIBAET KOHKYpPEHTaM
B rpaduke u UN.




I'maBa 2 PaGora B BHIOPAaHHOM HHCTPYMEHTaPUH

2.1 Onucanue BLIOPAHHOTO HHCTPYMEHTAPHUA

2.1.1 Texundyeckue KOMIIOHEHTHI

Hcxons u3 TpeboBaHMI K KOMITIBIOTEPHOM cUCTEME ISl pa3padOTKU U
IIPOEKTUPOBAHMS MOJEIIEN I ApXUTEKTYPHOU BU3yaIu3aluu, a TAKKE CLICHBI

apXUTEKTYpPHOU BU3yanu3anuu, BeinodHeHHo# B Unreal Engine4, 0003HaueHHBIX B

rinase 1.2. «AHanu3 mpeajaraeMoro HHCTpyMEHTapus», Moa0epEM amnmnapaTHbie
KOMITOHEHTBI, KOTOPbIE MOJAOUIYT JIsl pa3pabOTKHU.

Tabmuna 2.1
TexHuueckue TpedOBaHUA ISl BHIOPAaHHOTO MPOTPAMMHOI0 HHCTPYMEHTApUS
[Iporpamma IIpoueccop OneparuBHas namMath | Bugeokapra
3DsMAX JBysinepHbIi Ot 416 (Kenarensno | OO0BeM mamsiTu OoJiee
MIPOILIECCOp C JIBYKaHAJIbHYIO) 512M6, ¢
yactotoi oT 2,41 Ty noanepxkon OpenGL
u DirectX10
ZBrush JBysinepHbIi Ot 616 O0beM maMsATH OT
MIPOIIECCOP C 16, ¢ moaaepKKoi
gacTtoToii oT 2,511 OpenGL u DirectX10
U BBIILIE
UnrealEngine4 UeThlpExbsiaepHbIT Ot 8I'6 OO0beM maMsTi OT

poLIECCOp C
gactotout ot 2,51 T

1T°6, ¢ mognepx Kot
OpenGL u DirectX10
U BBIIIIE

U3 Ta6HI/IHbI MOXEM BbIBECTH MHMHUMAJIbHBIC CUCTCMHBIC Tpe6OBaHI/I$[ PRI |

KOMIBIOTEPA, KOTOPBIM OyeT UCTIONB30BaH JjIsl pabOThI B BHIOPAaHHOM

IPOrpaMMHOM KOMIUIEKCE: YETBIPEXBSIEPHBIN MpoILeccop ¢ yacToToi ot 2,51 T,

onepaTuBHyIO namsTh oT 81'0 U BuaeokapTy ¢ 00bEMOM Bujeonamsity ot 11°0.

Yro kacaetcs xpaHuwiuila nHGopmaiuu, To caMmbiM 3G (HEKTUBHBIM BEIOOPOM

TSl pa3paboTKu sBisieTcs SSD-HakonuTesb 1151 CUCTEMbI U TipuiioxkeHuit 1 HDD-

HaKOIIUTCJIb AJII KOHTCHTA.

Ho cTout moMHUTE, 9TO YeM 00JIbIIIEe NMEIOIINECS anmapaTHBIE CPEICTBA

PEBOCXOIIT MUHUMAJIbHBIE CUCTEMHBIE TpeOOBaHUs, TeM KOM(OpTHEe 1 ObICTpee
OyZAeT OCyIIeCTBIAThCA pa3padoTKa.

[To onMcaHHBIM CUCTEMHBIM TPeOOBaHUAM, ITPU TOMOIIM KOH(pUTypaTopa

cOOpKH KOMIIBIOTEPA, MpeIocTaBsieMoro caiitoM dns-shop.ru/configurator, ObH
BBIOpaHBI CIEIYIOIINE COOPKHA KOMITBIOTEPOB:




Taonuma 2.2

Kondurypanuu komnsrorepa it paboThl ¢ BBIOpaHHBIM HHCTPYMEHTApUEM

N MuHuMabHbIE Pexomennyembie
AnmnapaTHbII KOMIIOHEHT
XapaKTePUCTUKU XapaKTePUCTUKH
LleHpanb L mpoteccop AMD Ryzen 3 1200 OEM Intel Core 17-7700
4x3100Mhz 4x3600Mhz
Mateputickas mata MSI B350 TOMAHAWK ASRock F?tality B520
PLUS Gaming K4
Bujeoxapra Gigabyte GTX 1050 LP 2Gb | ASUS GeForce 1060 DUAL
GDDRS5 6Gb GDDRS
OmepatuBHas mavsTs Kingston HyperX FURY Patriot Signature Line DDR4
Black Series DDR4 2x4Gb 2x8Gb
S 120GB‘SSD AMD Radeon R5 | 250Gb SSD WD Blue+ 2Tb
Series + WD Gold 1Tb WD Black
. Be Quiet STRAIGHT Power
brok nuTanus Chieftec ECO 700W 10 800W
Hrorosast CT(;)?I(\;IOCTB cOopKH, 49 591 102 282

Kopnyc Deepcool Tesseract BF yepHbiid
» T, Mini-ITX, Standard-ATX, 1x USB 3.0, 1x USB 2.0

pTa Gigabyte GeForce GTX 1050 LP [GV-N10500C-

Kynep ana npoueccopa DEEPCOOL Ice Blade PRO V2

b, 1500 ofi/MuH, 30 45, 4-pin, noacseTka)

& § @mM

Baitrc, 3anuce - 290 Méair/c, Silicon Mation

ck WD Gold [WD1005FBYZ]

rpm, K3wW namate - 128 MB, RAID Edition]

2 I6 GDDRS5, 128 Bur, 1566 MIL - 1506 MM, DisplayPort, HDMI {2

enL AMD Radeon RS Series [R55L120G]

Mpoueccop AMD Ryzen 3 1200 OEM 22 999
A , L3 - & M, 2xDDR4-2667 MIL, TDP 65 81] 2XDDR I 83 meramna
MarepuHckas nnara M5 B350 TOMAHAWK PLUS
& i 7 999 MaTepuHCkan nna SRock Fatallty B250 Gaming K4 6 999
0, 4xDDR4-3200 M, 2xPCI-Ex16, ayamo 7.1, Standard-ATX] B
- 1151, 2400 ML, 2xPCI-Ex16, ayawo 7.4, Standard- B

3090
l’:‘?'ﬂi‘smax: 3aBTpa (C

12 999

B warasvHax: 33873 (C
12000

6199

4, B arasnMax: 328Tpa (C
1200

nuTaHua Chieftec ECO 700W

3299

B marazusax: 38570 (C

Lx4+4 pin CPU, 11 SATA, 4x & uepesd

A POWER 10 800W [BN237] 10 799

FC, 24 pin, 1x 4+4 pin C A, 2x 6+2 pin PC-E]

Puc. 2.2. Kondurypamus koMmbroTepa,
COOTBETCTBYIOLIETO PEKOMEHIyEMbIM

Puc. 2.1. Konduryparmus koMmmprorepa,
COOTBETCTBYIOIIETO MUHUMAIIbHBIM CHCTEMHBIM

TpeGOBaHUAM /17151 pabOTHI CHCTEMHBIM TPEOOBaHUAM i1 PaOOTHI
Kpome anmapaTHbIX CcpeACTB HEOOXOAMMO MPUOOPECTH CTaHAAPTHOE

IporpaMMHOe 00ecrieYeHre, TaKoe KaK ONepallMOHHYI0 CUCTEMY M MaKeT O(PUCHBIX

nporpamm. K nannomy I1O orHocutcs — Windows 10 pro 64-bit, Microsoft Office

365 s noma u Ou3Heca.
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Windows 10 Pro 13 999

Odwmc W genonpouzeogcreo Microsoft Office 2016 gna gomMa w
Qs i esanis 15 299

Puc. 2.3. Heobxomumoe muaumansHoe 110 npu nmokymnke KoMmbroTepa.

Yro kacaercs cpeabl pa3paboTku, TO OyaeM yuuTbiBaTh, 4To EpicGames
npenocraBimsier Unreal Engine OecrutatHo, B ciiydae eciv NpuObLIL HE Oyner
npesbimath 3000$(~188 000py6. o xypcy Ha maii 2018r.) 3a KBapTaJl.

2.1.2 TIporpaMMHbIe KOMIIOHEHTHI VISl CO3AaHUSI BUPTYAJbHOI cpeabl

Jlist paboThl MO CO3JAaHUI0 BHUPTYAIBHBIX SKCHO3UIMHA M TMPOCTPAHCTB
cienyeT BbIOpaTh cyulecTByollee Ha AaHHBIM MomeHT [10, oObenuHéHHOE O
Ha3BaHHEM «UTPOBOM JBHIKOK).

UrpoBori JBWKOK — O3TO LEHTPAJIbHBIM IPOTPAMMHBIA  KOMIIOHEHT
KOMITBIOTEPHX W BHJICOUTP WJIU APYTHX WHTEPAKTUBHBIX MPHIIOKEHUH C TpaduKoii,
oOpabaThiBaeMoOii B peaibHOM BpeMeHru. OH 00eCrieYrBaeT OCHOBHBIC TEXHOJIOTHH,
yOpoUaeT pa3pabOoTKy M 4YacTo AA€T BO3MOXKHOCTH IPOEKTY 3alyCKaTbCsi Ha
HECKOJBKMX IIaThopMax, TaKUX KaK MIPOBbIE KOHCOJIM W HACTOJIbHBIC
ONEPALMOHHBIE CUCTEMBI.

JIns co3maHus BUPTYAIBHOM Cpenbl B JAHHOM IPOEKTE MCIOJIb3YETCS
Unreal Engine — urpoBoii JIBWXOK, pa3paOaTbiBaéMbIii W MOJJACPKUBACMbIM
komnanuen Epic Games [5].

[lepBblii MPOYKT, CO3/IaHHBIM Ha 3TOM JBUXKEe — Unreal — mosiBUIICA
B 1998 roxy. C Tex mop pa3nnyHbie BEPCUU JIBIKKA OBLIM MCTIOIB30BaHbI B 00Jice
COTHE UTP U JIPYTUX MPOEKTOB.

HNepapxusi 00beKTOB

Bce »anemeHTBI WIpoOBOTO JIBHJKKA TMPEACTaBICHbl B BHUJE OOBEKTOB,
UMEIOIINX HaOOp XapaKTePUCTHK, U KJacca, KOTOPBIM OMNpenessieT AOCTYIHbIC
XapakTEepUCTUKU. B cBolo ouepenp, OO0 KIacC SBIAETCA «IOUYEPHUM)
kiaccom object. Cpenu OCHOBHBIX KJIACCOB M OOBEKTOB MOXKHO BBIJCIUTH
cieayrouue:

AkTép (actor) — pOAUTENBCKUM KJIAcC, COJAEpKalluid BCE OOBEKTHI,
KOTOPBIE UMEIOT OTHOLIEHUE K UTPOBOMY INPOLECCY U UMEIOT MPOCTPAHCTBEHHBIE
KOOPJAUHATHI.

[Temka (pawn) — du3nyeckas MOJIeb UTPOKA UM 00BEKTA, YIIPABISIEMOTO
VMCKYCCTBEHHBIM MHTEJUIEKTOM. Ha3BaHue MNpOMCXOAWUT OT aHrji. pawn — TOT,
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KeM manunyaupytom (AU newka, modTOMy TaKol 00BEKT 0€3 KaKoh-100 MoaeIn
BBITJISIAMT Kak Memka). MeTol ympaBlieHUs OMHUCaH CIEIUATbHBIM OOBEKTOM,
TaKOH OOBEKT HAa3BIBACTCS KOHmMpoiepom. KOHTpoiep HCKYCCTBEHHOTO
WHTEJJICKTAa OMUCHIBACT JIMIIL OO0IIEe TOBEICHHE TEIIKH BO BpPEMs HIPOBOTO
npoliecca, a TaKue MapaMmeTphbl Kak «37J0pOBbe» (KOIMYECTBO MOBPEKICHHIA, ITOCIIE
KOTOPBIX TeIIKa mepecTaéT (pyHKIIMOHUPOBAThH) WM, HAIPUMEDP, PACCTOSHUE, HA
KOTOPOM TIEIIKa 0o0paliaeT BHUMaHUE Ha 3BYKH. 3aJIAlOTCS JIJIS KaKI0TOo 00BEKTa
OTJEIBHO.

Mup, ypoBenb (world, game level) — 00bekT, XapakTepu3yromnmi oo1me
CBOMCTBA «IPOCTPAHCTBa», HAMPHUMEp, CHIY TSHKECTH M TyMaH, B KOTOPOM
pacmonaralTcs Bce akTEpbl. Takke MOXKET coiepkaTh B cebe MmapamMeTpsl
UTPOBOTO TIpolecca, Kak, HANpUMep, WIPOBOM PEXKUM, UL  KOTOPOTO
npeHa3HauYeH YPOBEHb.

Jlnst paboThl ¢ MPOCTBIMU M, KAaK IMPABHIO, HEMOJBUKHBIMH JJIEMEHTAMHU
UTPOBOTO MPOCTPAHCTBA (HANPUMEDP, CTEHBI) UCIOIB3YETCs IBOMYHOE pa3OHeHue
IIPOCTPAHCTBAa — BCE MPOCTPAHCTBO JIEIUTCSA HAa «3alOJTHEHHOE» U «IycToey. B
«IyCTOW» YaCTH MPOCTPAHCTBA PACIIONIaraloTCsi Bce OOBEKTHI, a TaKKe TOJIBKO B
HEll MOXKET HaXOJUThCS «TOYKAa HAOMIOJEHUS» TPU OTPUCOBKE CIICHBI.
B03MOXHOCTB MOJTHOTO WJIM YACTHYHOTO MOMEIIECHHUS OOBEKTOB B «3aIIOJTHEHHYIOY
94acTh MPOCTPAHCTBA HE MCKITIOYACTCS, OJIHAKO MOXKET MPUBECTH K HENPABUIBHOM
0o0paboTke Takux OOBEKTOB (Hampumep, pacuéT (U3NYECKOTO B3aMMOICHCTBHS)
WIA HEeTPaBWJIBHOW OTPUCOBKH B CITydae TOMEIICHUS Ty/a «TOYKH HAOIIOICHUS
(mampumep, 3 dexT «3ana 3epkan»). Bee nmemku, monagaronme B «3arnoJIHEHHYI0»
94acTh MPOCTPAHCTBA, CPA3y KIOTHOAIOTY.

Puc.2.4. I'paduueckoe nzodpakenne «oTpucoBkm» B nBIkke UnrealEngine
3onupoBanue. B kamepy He nonajaeT HU OAUH NMOPTa (IIyHKTUPHAS JTUHUS)

KpPacHOM 30HBI, TO3TOMY OOBEKTHI B HEM HE 00padaThIBAIOTCS BOBCE.

[ToBepxHOCTH (surface) siBIsieTCS OCHOBHBIM DJIEMEHTOM JBOMYHOTO JIepeBa
IPOCTPAHCTBA. IJTH O3JEMEHTHl CO3JAIOTCS Ha TPAaHU TIEPECEUCHUS MEKIY
«3allOJTHEHHOW» W «IIyCTOW» YacTsIMU MPOCTPAHCTBA. [pynma 3JIeMeHTOB
JIBOMYHOTO JepeBa IMPOCTPAaHCTBA Has3biBaeTcs HoaoM (node, pyc. yzer). OTOT
TEPMUH, KaK MPaBWIIO, YHOTPeOsieTcss B KOHTEKCTe node count — KOJIMYECTBO
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HOJIOB Ha JKpaHe WJIM B WIPOBOM MPOCTPaHCTBE BooOmIe. KonuuecTBo HOMOB,
OJIHOBPEMEHHO BUJMMBIX Ha D3KpaHE BIMSIET HAa MPOU3BOJUTEIBLHOCTh NpU
IPOPUCOBKE ClEeHbl. Eciaum KakoW-TO HOJ HE TMomajaeT Ha »HKpaH WId
NEPEKPHIBACTCS LIETMKOM JAPYTUMH HOJAAMH, OH HE OOCUUTBIBAETCS — 3TO CIY>KUT
JUIS TIOBBILIEHUS TPOU3BOJUTEIBHOCTH, OCOOEHHO B 3aKPBITBIX MPOCTPAHCTBAX.
Pa30uenue Bcero mpocTpaHcTBa Ha TPYIIBI HOJAOB HA3bIBAETCS 30HUPOBAHHEM.

Onucanue «3arnoJHEHHBIX» U «ITYCThIX» YaCTEW MPOCTPAHCTBA BBIMOJIHSIETCS
C TOMOIIbI0 Ha0Opa 3aMKHYTBHIX TPEXMEPHBIX OOBEKTOB, COCTaBICHHBIX W3 HE
nepeceKaromuxcsi mopepxHocret — Oparteit (brush, pyc. kucms). ITOT TpUHIUIT
MOCTPOEHUSI MPOCTPAHCTBA HA3BIBAETCS KOHCTPYKTUBHOM CILIOIIHON I€OMETpPHUEH.
['eomeTpusi MOXKeT OBITh «aAJUTUBHONW» (BCE MPOCTPAHCTBO HM3HAYAIBHO
«IMYCTOE») U  «BBIUUTATENBHOI»  (M3HAYAIBHO  3aMOJHEHHOE  MaTepuen
IIPOCTPAHCTBO).

bpamm nensarcs Ha Tpu TUNA:

Crmnomabie (solid) — MOMHOIEHHO Yy4YacTBYIOT B JIBOMYHOM pa30MeHUU
POCTPAHCTBA.

AnnutuBHble (additive) — «3amoyHSIOT» TBOUYHOE MPOCTPAHCTBO.

Boruutatenbhsie (substractive) — «BbIpe3aroT» 00bEMBI B IPOCTPAHCTBE.

[Tony-ciuiomnbie (semi-solid) — He BAMSIOT HaNpsAMYH Ha JIBOUYHOE
JIEPEBO MPOCTPAHCTBA, OJIHAKO BIUAIOT Ha €€ PU3nuecKyro Mojelb. MoryT ToiIbpKo
«3aMOJHATH» MPOCTPAHCTBO. CiyKaT AJisl CO3JaHUs «HEBUAUMBIX) MPENITCTBUMN, a
TaK)K€ CHMYKECHMS YUCia TTOJIMIOHOB U HOMOB [3].

ITycteie (non-solid) — TOJBKO cCO34al0T TOBEPXHOCTH, HE BIMSIIOT Ha
JBOMYHOE JI€PeBO MPOCTpaHcTBa. VCHONB3ylOTCS MNPEUMYUIECTBEHHO A
co3llaHus 06vémos (volume) —  4YacTb  NIPOCTPAHCTBA, KoTopas  oOiagaer

CBOMCTBaMH, OTJIMYHBIMU OT CBOMCTB UTPOBOro Mupa. OObEMBI UMEIOT IPUOPUTET,
CBOicTBa 00BEMA ¢ OOJBIIMM MPUOPUTETOM MPUMEHSIOTCA K HAXOIAIIUMCS B HEM
aktépam. MrpoBoi Mup Bcerga mMeeT MUHUMAJbHBIA IpuopureT. [Ipn nmomomm
00BEMOB MOXKHO HM3MEHHUTH TPABUTAIMIO, BA3KOCTb, TYMAaH M TOMY MOJOOHOE.
OObémbl, HaunmHasg c¢ Bepcun JBWKKa UnrealEngine 2, wucnonb3yrorcs amis
CO3/1aHUA BOJbI (HO HE BOJHOM MOBEPXHOCTH).

IIporpaMmMupoBaHue U JIOTMKA

B aBuKKE MOKHO NHCATh UTPOBYIO JIOTUKY Ha C++, a TakKe C NOMOILBIO
BU3yaJbHON CUCTEMBI porpammupoBanus — Blueprint.

Boirmsiiut oHa ciemyronum 00pa3oMm:
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Puc 2.5. Anroput™ copTUPOBKH (METOOM BCTaBKH) I10 IIeHE IPEIMETOB B HHBEHTApE

biynipuHTBI — 3TO BU3yalbHBIM CKPUIITOBBIA SI3BIK, KOTOPBIA ITO3BOJIET
HamycaTh JIOTUKY Oe3 MPUMEHEHHs S3bIKOB NporpamMmmupoBanus. Kakum Obl
CJIIOKHBIMU WJIM TPOCTBIM HE KAa3aJIUCh OJYNPUHTBI, OHU OCTAIOTCS MOIIHBIM
UHCTPYMEHTOM, Ha KOTOPOM MOKHO CO34aTh IIOYTU YTO YIOJHO, OT IPOCTEHBKOIO
IIEPCOHAXa WU OTKPBITHUSA ABEPLbI 10 MPOLEAYPHOU IeHEPALUHA YPOBHH.

B urtore nannas cuctema Hay4uiia MEHsl HE TOJIbKO paboTaTh C HE e, HO U
O4YEHb XOPOLIO Jaja IMOHATh, YTO HYXHO CTPOUTH JIOTHKY TI'DPaMOTHO,
ONTHMHU3UPOBAHHO M OOJYMaHHO, M KaK 3TO Jejarhb. Tak e O4YeHb XOpPOIIO
pa3Buia JIOTUKY B cepe MOCTPOECHHS aITOPUTMOB.

Takum 00pa3oM, HAaUMHAIOIIKME HUIPOJEIbI, MPOTPAMMUCTBI, WU IPOCTO
JIOAM, KOTOPbIE 3aMHTEPECOBAHBI B TOM, YTOOBI CAENaTh YTO-TO CBOE, MOryT 0O€3
TpyAa OOy4UThCS HE TOJBKO paboTe ¢ biynpuHTaMu, HO U y3HaTh MHOTO HOBBIX
BEILIEH, HE TOBOPS YK€ O PA3BUTUH JIOTHKHU.

MarepuaJbli:

Puc.2.6. Pabota ¢ marepuanamu B aBwxkke UnrealEngine

Tyr pabora npoOUCXOAUT TaKUM >K€ 0O0pa3oM, OJIHAKO HET HUKAKUX
JIOTUYECKUX TOCIIEIOBATEIBHOCTEH, TOJIBKO MaTeMaTHKA.

C nmnoMoupl MaTeMAaTHYECKUX OMNEpaToOpoOB U TEKCTYp CO3/Ial0TCs
MaTepHabl, KOTOPbIC BIIOCICACTBUN OyAyT HAIOXKEHBI HA KAKOW-TMOO OOBEKT B
Bamieil crieHe. C camMoro Hadaja MOXET OBITh HE TIOHATHO, W 3a4e€M 3TO BCE
BOOOIIE HY)KHO, OJTHAKO, KaK 3TO HA CTPAHHO, JAHHAS CHCTEMa OKa3bIBACTCS OUCHb
MOJIE3HOM JUIsl TOTO, 4YTOOBI CO3/7aBaTh HYXXHbIE WM JaKe T€HepUupyemble
MaTepHuabl.
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Bor mnpumep wmarepuana, KOTOpPBIM TE€HEPUPYET LBET, METAJUIMYECKUE
JieNany, TIaJKOCTh B HY)KHBIX MecTax M Jaxe penbed. Bce 310 u3 onHOM
TEKCTYPBI:

Puc.2.7. PaboTbl co cnoxHbpIMU MaTepuanaMu B 1Brxke UnrealEngine

KoneuHno, Tekctypa He 0ObIUHas, a crielualibHasl, HO CyTh B TOM, 4YTO MOCIE
U3YYEHUS] CUCTEMbl U HEOOJIBIIOTO OIbITa, MOXHO HAYYUTHCS CTPOUTH Camble
HEBEPOSTHBIC BelU [4].

Unreal Engine 4 mpenoctaBiisieT HEKOTOPbIA Habop, Giarogapst KOTOPOMY
MOKHO CO3/1aTh YTO-TO CBO€, HE mpuberas K CTOpOHHEMY codry (He cuuras
TEKCTYD).

BHyTpu penmakTopa cCyliecTByeT HWHCTPYMEHT, T10J Ha3BaHuem BSP,
Osaroiapsi KOTOPOMY TMOSIBJISIETCSI BO3MOXHOCTbh CIPOEKTHUPOBATH CIEHY. XOTs
WHCTPYMEHT W TMpeJHa3HayeH HJisi NPOEKTUPOBAaHMS, a HE i (PUHAIBHOTO
pe3ynbTaTa, HO C MOMOIIbI0 HETO MOKHO CHEJIaTh HECIOXKHYIO MOJIENb U Jaxe
CKOHBEPTHUPOBATh €€ JJIsl TOr0, YTOObl OHA MOTJIa MoJBeprarbes pusmke. MoxHO
caenaTh oM, 3a00p ¥ ToMy 1Mog00HOe. UTO yroaHo, Ha YTO XBAaTUT TEPIICHUs, TaK
KaK MHCTPYMEHT TI0Ka YTO HE CaMblii yIOOHBII B UCTIOIb30BAHHH.

Tax ’xe mpenocTaBisieTCss HHCTPYMEHTAPUI ISl CO3aHusl JaHAmA(TOB, C
MOMOIIIbI0 KOTOPOTO BO3MOKHO CJI€NIaTh JOBOJBHO KPAaCHUBBIA MENH3aK U HACENIUTh
€ro TEMH CaMbIMU MOJENSIMHM, a TaKXK€ pPACTUTENBHOCTBIO M KAKHUMHU-TO
JOTIOJTHUTENbHBIMU JeTalsIMU. J[00aBUB HEMHOTO MOCT OOpabOTKH, ¢ KOTOPOiA,
KCTaTu, padoTaTh HE TaK-TO TPYJHO, MOXHO MOJYYUTh 3aMeUaTeNIbHYI0 KapTUHY
IIPUPOIHON CILIEHBI.

UnrealEngine 4 mo3BosisieT paboTaTh HE TOJBKO Ha BHYTPEHHEM pPEIaKTOpe
Mojieie B JBIJKKE, HO Takke paboTaTh ¢ BHEIIHMMHU MPOTPAMMHBIMU MaKETAMH.
[Ipoctota B wummnoptupoBanuu (uepe3 ¢dopmar FBX), mpocrora ycTaHOBKH,
HaJIOXKE€HHE MaTeprasioB, paboTa co CBETOM, 3alleKaHWe U MHOTOE JApPYyToe.

FBX sto dopmar (aitnos pazpadboranusiii 1 npuHaaiexamuii Autodesk. On
UCIIONB3yeTCsl Al OoOecreyeHus  B3aUMOACMCTBHS  MEXIy UU(PPOBBIMU
NPUJIOKEHUSIMUA CO3/JaHMS KOHTEHTa, Takux Kak Autodesk MotionBuilder,
Autodesk Maya, u Autodesk 3ds Max. Ilporpammuoe obecneuenune Autodesk
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MotionBuilder nognepxxuBaer FBX n3nawansHo, B TO Bpems kak Autodesk Maya
u Autodesk 3ds Max Bkiouaer FBX marussl.

Unreal Engine umeer nmoanep:xky FBX, koTopsiii mo3BossieTr obecrneuynBaTh
UMIIOPT C JIIOOOTO MPUJIOKEHUS IJIs1 CO3/IaHUS KOHTEHTA, MOJACPKUBAIOIIMX
JnaHHBIN opMar.

Ocsewenue

Jl51s TOro, yTOOBI CIIeHa BBITJIsIENa MPHUBIEKATEIFHO, MOXKET MOHAI00UTHCS
npaBuiIbHO padoTath ¢ ocBemeHneM. Unreal Engine 4 mpenocTaBiser mupokuii
HA0Op MHCTPYMEHTOB JJisi paboThl cO cBeTOM. OT MPOCTBHIX MCTOYHMKOB CBETA,
KOTOpBIE SIBJISIFOTCS OCHOBOM CO3/IaHMsSI OCBEILIEHHsS Ha CLEHE, OO0 Mpocyera
CTaTUYHOTO CBETa W TEHEW, Osaromapsi 4yeMy MOKHO IOJIYYUTh HauBBICIIIEE
KAaueCTBO OCBEIICHHOCTHU Balllel KApThl WJIA YPOBHS.

HUcToynnku ocBelieHust

OcBemnieHne Ha CIEHE co3gaeTcss Onarojaps pacCTaBiICHUIO B HeH
UCTOYHHKOB CBETa TaM, L€ HYyXeH cBeT. bnarogaps stum uctouHukam, UE4
MTOHUMAET, KAKME YUYACTKU OCBETJIATh, @ KAKUE 3aTEMHATh. A TaKK€ B 3aBUCUMOCTHU
OT MCTOYHUKOB OINpPEAENSITh, KAKOE KAYeCTBO OCBEIICHHS JOHKHO OBbITh, KAKUM
OHO JIOJIKHO OBITh, KAKOW TUI TEHEH UCIOIB30BaTh U TaK Jajiee.

THnbI HCTOYHUKOB CBETA

B Unreal Engine 4 umeercs yeTbipe THIa HCTOYHUKOB CBETA:

Directional (HanmpaBneHHbIil), B OCHOBHOM, HUCIIOJb3YETCS I YJIUYHOIO
CBETA, UAYLIMU U3AJIEKA, HAIIpUMEp, COJIHIIA.

Point (ToueuHblli MCTOYHHMK CBeTa) — OOBIYHAs «jiIamIiouka». Mcmyckaer
CBET BO BCE CTOPOHBI U3 OJJHOM TOYKHU.

Spot (IIpo>keKTOpHBIIN) TakXKe UCIYCKAET CBET M3 OJHOM TOYKH, HO B OAHY
CTOPOHY, TOA00HO (DOHAPUKY.

Sky (HebGecHblit) ucrounuk ceta Oeper (OH Balield CIEHbl U MPUMEHSET
ero Kak oOIlee OCBEUIeHHE AJisi Melled Ha BamieMm ypoBHe. MHoraa HasbIBaioT

23

OMOUEHT OCBEIEHUEM.

V/
J

Directional Light Point Light Spot L1ght Sky Light

IToaABMKHOCTH HCTOYHUKOB OCBeleHns [2]
JIns Kakaoro MCTOYHMKA cBeTa Ha BKIajuke «Transform» ecTh CBOMCTBO,
HazbiBaromieecs «Mobility» («IToaBHKHOCTEY).
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4 Transform
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Bcero cymectByer Tpu nmapaMmeTrpa:  CTaTHU4YHbBIM, CTAMOHAPHBIN,
noABWXKHbBIN (Static, Stationary u Movable, cootBercTBeHHO0). Kaxapiii u3 HUX
CWJIBHO BIMSIET Ha pabOTy HMCTOYHMKA CBETa, UYTO TaK € OTpaKaeTcs Ha
MIPOU3BOAUTEIIBHOCTH.

Buapl moIBMKHOCTH HCTOYHUKOB CBETA:

CratnyHbiid — [I0JTHOCTBIO CTATUYHBIM H.C., KOTOPBIA MPOCUUTHIBACTCS B
OTJEILHOM MPOLIECCE U MOUYTH HE TPATUT PECYPCOB KOMIIBIOTEPA B MPOLIECCE UTPHI.

CrauuoHapHbiil — VICTOYHHUK CBETA, KOTOPBHI MOKET U3MEHSTh CBOM ILIBET
M CBOK) HACBIINIEHHOCTh B pPEAJbHOM BPEMEHHM, HO HE MOXKET IEePEeMENAThCH,
BpaIaThCs WM MaCIITAOMPOBATh CHITY CBeTa. Tak K€ MPOCUYUTHIBACTCS OTIEIHHO,
OJTHAKO MOKET OTOpachiBaTh TEHH OT JUHAMUYECKUX OOBEKTOB

IMoaBu:knbIi — [loJHOCTBIO JMHAMHUYHBIA H.C., CIIOCOOHBI MEHSATH BCE
CBOM XapaKTEPUCTHUKU B pEaJbHOM BpPEMEHH U CO34aBaTh IOJIHOCTHIO
JMHAMHUYECKOE OCBEIIICHHE.

Pab6ora ¢ KonTenrom

He Bce comepxumoe, KOTOPOE HCIOIB3YETCS MPU CO3AAHUU CLIEHBI TOJDKHO
OBITh CO37aHO B pefakTope. BOMBITMHCTBO BU3YyalIbHBIX aCCETOB OYIET CO3MaHO
U3BHE, UCIIOJIb3Ysl TaKHe MHCTPYMEHTHI, kak 3ds Max, Maya, Photoshop, ZBrush u
npyrue. Hiwke npuBeneHo TOBOJILHO o0Iee pa3iefieHue acceToB, KOTOphIe OyayT
CO3JIaHbl B pEJIaKTOpE U T, YTO OYAYyT CO3aHbI M3BHE.

Penaxkrop Unreal Engine CTopoHHMe MPOrpaMmbI

Hrposeie ypoBHH

MaTepHaL 3x MEpHBIE CTaTU4HbIC MOJIEIIN
P (StaticMesh)

CucTeMBbI YaCTHI]

Mopenu co ckenetom (SkeletalMesh)
Kunematorpaduueckue CiieHbl

) CkeJeTHas aHUMAaIASA
CkpunTsl Blueprints

Jloruka N
Ocserienue

TekcTypbl
3BYyKH

Content Browser (Kontent bpay3ep) — nanens, rjae XpaHsaTcs Bce ACCEeThI
(KOHTEHT) Balllero NpoeKTa, rJe MOKHO UMIIOPTHUPOBATH HOBBIE, OPraHU30BHIBATD,
IpOCMaTpUBaTh, OTKpbIBaTh M MoAU(UIIMPOBATH CymiecTByrommue. Tak xe
KonTent Bpay3sep mo3Bossier pacnpeaensiTh KOHTEHT MO MamnKaM JAJsl TOrO, YTOOBI
ynoOHO paboTaTh ¢ HUM B MpOLECCe CO3JaHHs MpoeKTa. Tak e MO3BOJSIeT
KOIIMPOBATh WIH NepeMEIaTh ACCEThI MEXKY MMANKAMHU.
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Static Mesh npencraBnsier co0oif 4acTh T€OMETPHUH, KOTOpas COCTOUT W3
MHOKECTBA MOJIMTOHOB, KOTOPhIE MOTYT OBITh 3arpy€Hbl B BHUJIEONAMATb. IDTO
MO3BOJIIET UM OBITh 3P(EKTUBHEE, TO €CTh OHM MOTYT OBITh TOpa3/io CJOXKHEE,
YeM JpYrue TUIbl T€OMETpUH, Takue Kak Opamu. Tak Kak OHU KALIUPYIOTCS B
BUJICOTIAMSATh, CTAaTUYECKME MEIIM MOXXHO TepeMeniath, Bpamarh U
MacITabupoBaTh, HO UX BEPIIMHBI HE MOTYT OBITh AHUMUPOBAHHBIMUA KAKUM-JIHOO
o0Opazom.

Static Mesh gBIAIOTCSI OCHOBHOM €IMHMIICH, MCIIONB3YEeMOM ISl CO3AaHUS
MUpOBOM reomerpuu, coznanHoi B Unreal Engine. 1o 3D-Moaenu, co3jaHHbIE BO
BHEIIHUX NPWIOKECHUIX MojenupoBanus (Hampumep, 3dsMax, Maya, Blender, u
Tak gajnee), kotopeie umnoptupyrorcs B Unreal Editor yepe3 Content Browser, a
3aT€M HCTOJB3YIOTCS PA3IUYHBIMHU CIIOCOOAMM JIsl CO3/IaHUSI BU3YATN3UPYEMBIX
anemeHToB. [logaBmstomiee OOJBITUHCTBO JIFOOBIX KapT B WIPE, CACJIIAHHBIX Ha
Unreal, OyneT cocTosITh U3 CTaTHK MEIIEH, KaKk MpaBujio, B Buae Staticmesh Actor.
OHHU Tak K€ MOTYT OBITh HCIOJB30BaHBI ISl CO3MAHUS TOJBIKHBIX OOBEKTOB,
TaKUX Kak JBEepU M JUQPTHI, JUCTBA U JIaHAIA(THBIE AEKOPALMU TMPOIEAYPHO
reHepUpyeMbI€ 31aHHsI © MHOTO€ JIPYToe€.

Vmmopt StaticMesh UV passeprka s UV passeprka s
OCBCINCHUA OCBEILEHUS

Skeletal Meshes moctpoensl U3 AByX uacTeil: Habopa IOJMIOHOB U
UEpapXUYecKoro Habopa B3aMMOCBSI3aHHBIX KOCTEW, KOTOpPbIE MOTYT OBITh
VCIIOJIb30BaHbI TUISt aHUMaIuu MOJINTOHOB.
Skeletal Meshes yacto ucnonb3ytorcss B Unreal Engine 4 misi mpencraBieHus
NEPCOHAXKEH WM OPYTHX >KUBBIX 00BEKTOB. 3D Mozenu, OcCHACTKa M aHMMAIUA
CO3/Ial0TCA BO BHEIIHEM NPWIOKEHUM 1 MoJenupoBaHus u anumauuu (3DS
Max, Maya, Softimage, u T.1.), a 3atem umnoptupyiorcs B Unreal Engine 4 u
COXPaHSIOTCS B aCCETHI ¢ TOMOIIBI0 KOHTEHT Opay3epa Unreal Editor[3].

TexcTypsi [1]

Texcrypnsl (Textures) — u300pakeHHs, KOTOpPbIE UCIOJB3YIOTCS B
Marepuanax (Materials). OHu oToOpa)katroTCsi Ha TOBEPXHOCTH, TJI€ NMPUMEHEH
Marepuan. Tak e TEKCTypbl HAaHOCSTCS HEMOCPEACTBEHHO — HalpuUMeEp, Kak
TeKCTypy ocHoBHOTO IBeTa (Base Color textures) — wiam 3HAYCHUSIMU TUKCEJICH
TEKCTyphI (1iu texels), KOTOpbIe UCIIONIb3YIOTCA B KaUECTBE MAaCKU MaTepHalia WiH
JUIS. JPYTMX WIEWJAEPHBIX BBIUMCICHUM. B HEKOTOpBIX CilydasX, TEKCTypbl HE
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UCIIONIB3YIOTCSl B MaTepuaiax, a oToopaxaroTcsi Ha uHTep(deiice monb3osarens. [1o
Oonplleld dYacTH, TEKCTYpPhl CO3JAIOTCS BO BHEIIHWUX MporpamMmax s
penakTupoBaHus n3o0pakenuit, Hanpumep Photoshop, a 3aTem ummnopTtupyrorcs B
Unreal Editor yepe3 Content Browser. Tem He MeHee, HEKOTOpPbBIE TEKCTYPHI
co3matorcs B Unreal, nampumep Render Textures. OHm 0O0BIYHO comepkar
HEKOTOPYI0O MH(QOPMAIMIO CIEHBI, 3aleyeHHyl0 B TeKCTypy (render to Texture),
KOTOPYIO OyIyT UCIOIb30BaTh B JPYTOM MECTE.

OauH mMaTtepuan MOXET HCHOJIb30BaTh HECKOJIBKO TEKCTYp AJS Pa3iIHMuHbIX
neneii. Hampumep, mpocToil MaTeprant MOXeT HMETh TEKCTYPhI C 0a30BbIM IIBETOM
(Base Color), kaproii otpaxenuii (Specular) u kaproii Hopmaneir (Normal Map).
Kpome TOro, moxker ObIThb TekcTypa cBeueHus (Emissive) u mepoxoBaTtocTu
(Roughness) moBepxHOCTH, OOBIYHO OHM XpaHUTCA B alb(a-KaHamax JIPYrux
TEKCTYP.

2.1.3 IIporpaMMHBbIe KOMIIOHEHTHI VISl CO3IAHNS APXUTEKTYPHBIX 3JIeMEHTOB
B Ham Bexk OypHOro pa3BuTHS HH(POPMAIMOHHBIX U MYJIbTUMEIUWHBIX
TEXHOJOTHH Yy KaXJOro YeJOBeKa YK€ HMeEEeTCs BIIOJIHE c(hopMHpoBaBIIeecs
IpeICTaBICHUE O TAaKUX MOHATHIX, KaK TpexMepHoe n3odpaxenue, 3D-rpaduka,
TpEXMEpHOE MojenupoBaHue. i1 KOro-To JaHHbIE CJIOBA OTPaHUYMBAIOTCS
UHAYCTpUEH pa3BiedeHuil. Bcemy sTOMy, B INEpByH oOuepeib, CIIOCOOCTBYET
HEBEPOSATHBIN NMPOPHIB COBPEMEHHOW KMHOMHAYCTPUM B CO3/IaHUU PEATTUCTHYHBIX
3D-cnepddekToB, KOTOpble MBI BCE MOXEM HaOI0AaTh B IMOJIOOMBIINXCS
¢unbpMax Ha 3KpaHax TEJIeBU30pa, B KUHOTEATpaxX 1 Ha MPOCTOPAX MHTEPHETA.

Opnako, cdepa KUHO [aleKO HE EIWHCTBEHHAs 00JacTh NPUMEHCHUS
pealuCTUYHON TpexMmepHoil rpaduku. Takue HampaBiIeHHs >KU3HEIEATEIbHOCTH,
KaK apxXuTeKTypa W JH3ailH, HampsMyr accouuumpyrorcs ¢ Mupom 3D.
BuptyanbHele 3D MupBI HAaCTOJIBKO MOPAKalOT CBOEH PEAIUCTUYHOCTBIO H
npaBronogoOueM, 4YTO 3aBOEBBIBAIOT CepALa JIOAEM BCEX BO3pacToOB H
COLIMAJIbHBIX KATETOpUH.

CnenyeT OTMETHTb, YTO B HACTOSINEE BPEMs CYIIECTBYET MHOXXECTBO
MaKeTOB MPOrpaMM TPEXMEPHOr0 MOJEIHpPOBaHUs, Takue Kak Maya, 3D Studio
Max, ZBrush, Blender u wMuorue apyrue. [Ins co3maHus apXUTEKTYPHBIX
JIEKOPAaTUBHBIX 3JIEMEHTOB B CO3/1aBA€MOM IMPOEKTE HCIOJIB3YIOTCA MPOrpaMMBI
ZBrush u 3DSMax.

[Ipexxne yem mepeiTH HEMOCPEICTBEHHO K ONMMCAHUIO JTAHHBIX PENAKTOPOB
HEOOXOJUMO IOMHHUTb, YTO CO3[@HUE IIOJHOLEHHBIX TPEXMEPHBIX OOBEKTOB
(He3aBUCUMO OT BBIOOpa MPOTPAMMHOTO MPOAYKTA) BBIMOJIHSIETCS MO OOIIeMY
aJITOPUTMY.

OH BKJIIOYAeT B ce0sl TaKKe dTambl, KaK:
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® CO3/1aHHE T€OMETPUUYECKOIN MOEINH;
® HaCTpoiKa mapamMeTpoOB OCBEUICHMUS;
e paboTa c MaTepuaIamMH.

ZBrush — rporpamMmma IS 3D monenupoBaHus, CO3/1aHHas
komnanuein Pixologic [2]. OtnuuurtenbHO 0co0eHHOCTRIO naHHOTO 10 sBsiercs
UMUTALMS TpoLecca «JICMKW» TPEXMEPHON CKYJIBNTYPbI, YCUIEHHOTO JBUKKOM
TPEXMEPHOTO PEHAEPUHTa B pPEaJbHOM BPEMEHHU, YTO CYIIECTBEHHO YIPOIIAET
mpolenypy co3madus Tpedyemoro TpéxMmepHoro oObekTa. Kaxkmas Touka
(Ha3pIBaeMas MUKCOJIb) COAEPKUT HH(POPMAIIMIO HE TOJIBKO O CBOMX KOOPAMHATAX
XY u 3HaueHUSX 1BETA, HO TaKXKe W TIyOuHe Z, OpUCHTAIlMN U MaTepuaie. ITo
3HAYUT, YTO €CTh BO3MOXXHOCTh HE TOJIBKO <JICTIUTH» TPEXMEPHBIA OOBEKT, HO U
«pacKpacuTh» €ro, pucys mTpuxaMu ¢ riryouHoil. To ecTb He MPUAETCS PUCOBATH
TEHW U OJNUMKH, 4TOOBl OHU BBIVISIACNM HaTypalibHO — ZBrush sto caemaer
aBTOMaThuecku. Takke ObICTpo paboTaeT co craHaapTHbiMU 3d oObekTamu,
UCIIONIB3Ysl KHUCTH [UIi MOAU(UKAIMU TEOMETPHH MAaTEepUajioB U TEKCTYP.
[To3BonsieT MOOUTHCS MHTEPAKTHBHOCTH TPHU OOJIBIIOM KOJWYECTBE TOJUTOHOB.
Hcnonp3ys crienaibHbIe METOJIbI, MOXXHO MOAHATH JCTATU3AIMIO 10 TECSITKOB (a
TO W COTEH) MUJUTMOHOB TOJIMTOHOB. TaK)ke MMEETCS MHOKECTBO IMOIKITIOYAEMbIX
MoyJel (paboTa ¢ TeKCTypaMu, TeOMeTpUel, MHOKECTBO HOBBIX KHCTEH, ObICTpas
UHTerpaius ¢ npodeccuoHalbHbIMU MakeTamMu 2d rpadMKd U MHOTOE APYroe).
ZBrush 4R7 sBnsiercs nmocnequuMm B 4 nuHelike ZBrush, 3aTem yxe mocnenyet 5
cepus. Kak u B npenpiaymux penusax, Pixologic He mpocTo BHeCIU HEOOJIbIINE
WU3MEHEHMS, & BHEJAPWIM JOBOJBHO KpynHble HoBulecTBa. Pakrtnuecku, 4R7 —
OJIMH U3 CaMBIX OOITUPHBIX PEITU30B 4 JINMHEUKH.

ZModeler — 310 yMHas OJUTOHAIbHASA CUCTEMA MOAEIMPOBAHNUS, KOTOPAs
npeaHa3HadyeHa Ui YIpoIIeHHs mpoliecca co3aanus mojaenu. ZModeler ObicTpo u
JTUHAMUAYECKU CO3JaeT HOBbIE (POPMBI, Jieiasi 3TO Jierye, 4eMm Koraa-imdo mpexe:
iaBHble (OpMBI, ynaneHue OJOKOB MOJUTOHOB, MPUCOEAUHEHUE YacTed Io
MPOJIOKEHHOMY MYTH U MMOBTOPEHUE BAIlIUX JACHUCTBUM B OJIUH KIIUK!

NanoMesh n ArrayMesh — Bbrl, kak XyJI0KHUK, CMOXET CO3/1aBaTh Oosee
CIOXHBIE W JETAIM3UPOBAHHBIE PAOOTBhI, COXpaHsSsl HU3KWK moaukayHT. U
NanoMesh, u ArrayMesh mo3BonsT co3AaBaTh MHOKECTBEHHBIE 3K3EMIUISPHI
(uHCTaHCHI) JIFOOOTO O0BEKTa, KOTOpPhIE BBl CMOXKET€ KOPPEKTUPOBATh B
CUUTAHHBIE CEKYH/IbI.

Yayumenubii BPR Render — Cucrema BPR penaepa teneps Oyner
penneputh Bech Surface Noise, Kak IUCITIEHCMEHT. DTO Kak-OyJITO HAJIOXHUTh
KapTy IUCIUIECMEHT Ha MOJIEIb, HO TIPYU 3TOM BaM HUYETO HE HYXKHO OYyJIeT JeaTh.
Bb1 mostyunrte 4ype3BbIYAWHO JETAIM3UPOBAHHBIA PE3YyJIbTAT BO BPEMS PEHAEPA,
HE3aBHCHUMO OT KOJINYECTBA MOJUTOHOB.
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ZBrush to Keyshot (ZBridge) - Tenepb BbI C JIETKOCTBIO CMOXETE CBA3ATh
ceoii  ZBrush ¢ Keyshot 5 s monyueHuss TruUnep-pealTMCTUYHBIX U
BBICOKOKAYECTBEHHBIX M300pakeHui. Ecnu BoI eme He 3HakoMmbl ¢ Keyshot 5 nnun
€CJIM €ro CTOMMOCTh BaM He M0 KapMmaHy, Pixologic mpemyiaraet «creuudaibHyrO
Bepcuto» KeyShot ais ZBrush.

Ioanep:xkka 64-0MTHOM apXHTEKTypbl — Pa3IBUHBTE I'paHULBI BAIIEro
BoOOpakeHus ¢ 64-6utHoit Bepcueit ZBrush 4R7. ZBrush Teneps ucnons3yet BCio
naMsTh Balllero KOMIBIOTEPA , YTO MO3BOJMUT CO3/1aBaTh 0oJiee CIOXKHBIE pabOTHI U
YCKOPHUT BECH ITPOILIECC.

ZRemesher 2.0 — Peromosioruss HuUKOTIa HE ObLIA JIPY>KECTBEHHBIM
MPOLIECCOM ISl XYJIOKHHUKOB. Ternepp ¢ MOMOIIBIO OJHOTO KIIMKA, BBl CMOYETE
aBTOMATHYECKU CO3/1aBaTh opranndeckyro uiu hard surface rononoruto. Ecnu xe
BaM BCE JK€ HE MOHPABUTCS MOJYyYEHHBIA PE3yNIbTaT, BbI B JIIOOOM MOMEHT MOXKETE
B3STh JIEJIO B CBOU PYKHM M BHECTHU MPABKU C IOMOLIBIO KPUBBIX, KOTOPHIE IIOMOIYT
ONPENEIINTH HAIIPABIICHHUE MOJUTOHOB.

FBX Import/Export — IIponomxkas paboTy Haja yJIydIIEeHHEeM WHTETpalyu
MeXIy mporpamMmHbiMu Tmaketamu, ZBrush 4R7 npencraBmser HoBbii FBX
NmnopT u Dxcnopr.

Puc.2.8. DOneMeHT pnekopa g BHYTPEHHEH OTIEIKH, BBINOJHEHHBIM B MpOrpaMMme
ZBrush

3D Studio Max — 53T0 mnOporpaMMHBIA KOMIUIEKC, pa3pabOTaHHbBIN
komnanue Autodesk, myis mogHOIEHHONW pPabOTBHI C TpEXMEpPHOU TIpaduKoi,
COJIEPKUT MOIIHBIM MHCTPYMEHTApUN MOAXOISAIIMI JUisi paboThl HE TOJBKO C
TPEXMEPHBIM MOJIEIIMPOBAHUEM, HO M I CO3/aHUs aHMMaluu. B cTaHmapTHBIM
NakeT TakXKe BXOJUT IMOJACHCTEMAa BH3YyalHM3allMd, MO3BOJSIOMIAS JOOUTHCS
JOBOJBHO  pEaTMCTUYHBIX  Busyanuzamuil.  Jnsg  moctmxkenuss — Oosee
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(GOTOPEATUCTUYHBIX PEHACPOB CYIIECTBYET BO3MOXKHOCTh BOCIIOJIL30BATHCS OoJiee
MOIIHBIMU BU3YyaJlu3aTOpaMu, pazpaboTaHHbIMU crieranbHo it 3D Studio Max.

3DSMax 1o3BOJSIET YCHEIIHO peaju30BaTh BCE CTaHAAPTHBIE OTallbl
pa3pabOTKu U CO3JaHUsl TPEXMEPHOU MOJENHU J1a’Ke MaJOOMNBITHOMY WJIM COBCEM
HEOIMBITHOMY TOJIb30BaTet0. JlaHHass BO3MOXKHOCTH TMOSIBWJIach Onaromaps
UHTYUTUBHO MOHSATHOMY, pYy>KECTBEHHOMY HHTepdeiicy, oOomupHoi 61OIMOTEeKN
TFOTOBBIX MOJENEHd W MarepuaioB. Takke HEMalayl pOJb ChIIpajgo IMIHUPOKOE
pacrnpocTpaHeHHE JNaHHOTO MPOAyKTa Ha TeppuTopuu ObiBiiero CoOBETCKOTO
Coro3a - U KaKk UTOT, CBOOOJIHBIN JOCTYIT K OTPOMHOMY KOJIMYECTBY UHTEPECHOU U
M0JIE3HOM UH(OPMAIIUH.

B nanHoM pegakTope ecTb OrpOMHBIN BEIOOP TPEXMEPHBIX 00BEKTOB — CIOAA
BXOJAT M CTaHAAPTHbIE TEOMETPUUYECKHE MPUMHUTHBBL, M 0OOJEe CIOXKHBIC
npuMHuTUBBL. [lOCTpOeHHE HECIOXKHBIX TE€OMETPUUYECKHX OOBEKTOB 3aHHUMAET
HECKOJIbKO CEKYH[. BC€ 4TO HyHO — 3TO BBIOpaTh NOAXOISIILYIO MOJEIb U BBECTU
HEOOXOJMMbIE TapaMeTphl (BbICOTA, JUIMHA, IIUPUHA, PAAUYC U T.1.).

Taxxe, Onarogapsi UHTYUTUBHOMY HHTepdelcy MporpaMMbl, HOBUYKY HE
COCTaBUT TpyJAa paboTaTh cO cIUlaiiHaMu (MOJIETMPOBaHKE HA OCHOBE CIUIANHOB).
HeBeposiTHO y100HON MOKa)keTcss W paboTa ¢ KOMaHJaMU ISl MOJIUTOHAIBHOIO
MOJIEJIMPOBAHUS, @ TAK)KE C MHCTPYMEHTaMH JUIsl CO3JaHus moBepxHocTel besbe.
B03MOXHOCTh pEeNakTUPOBAHUS CETYATHIX MMOBEPXHOCTEH HAa Pa3HBIX YPOBHSIX
(Oyap TO BepIIMHBI, CETMEHTHI W T.I.) oOjerdaer paboTy CO CJIOKHBIMU
MOBEPXHOCTSMU M TIO3BOJIACT JOOUTHCA MaKCHMaJbHOW HAIJSIIHOCTH B HX
npenacrasieHuu. boibiioe konruecTBO MOAMGUKATOPOB C JIETKO HACTPAUBAEMbIMU
napamMeTpamMu jigs paboThl C TE€OMETpHEel MOJAeNr TIOMOTYT BOIUIOTUTH B
peaIbHOCTh CaMbl€ CMEJIbIE UJIEH.

Jlns pabotel ¢ wmarepuaiamu B 3DSMax wucnosib3yeTcs BCTPOCHHBIN
UHCTPYMEHT - peAakTop MarepuainoB. lIpu moMomm HaHHOro MOAYJb CO3/1aHUE
CJIOKHBIX B IJIAHE CBETOIPOIYCKAHUS M CBETOOTPAXKEHHUS MOBEPXHOCTEH, TaKHX
KaK CTEKJISIHHBIE WIH 3€pKAJIbHBIE, 3AlIMET COBCEM HEMHOrO BpeMeHU. CXOJCTBO C
00bEKTaMU pPEeaTbHOTO MUpPA JIOCTUTAETCS B MPOLECCE BU3YATU3ALINH.

[Ipu momo1u rpaMOTHOTO Jau3aiiHa pabouero uHrepdeiica mporpaMmsl (Ha
pabouylo TMaHeJab BbIHECEHBI MUHMMAJIbHOE HEOOXOAMMOE KOJMWYECTBO KHOTMOK,
uisi  pabOThl  C  KOTOPBIMH  MOXHO  MOJb30BaThbCsl KAaK  CTAHJAPTHBIMU
MaHUMYJIATOpAaMU  BBOJA(KOMIBIOTEPHBIE  MBIIIM,  KJIaBUAaTypa), TaKk U
npo(ecCHOHANBPHBIMU ~ HWHCTPyMEHTaMH  (rpaduueckdil  IUIAHIIET))  MOpOr
BXOKICHHS JI7I51 HOBUYKOB 3HAYUTEIEHO CHUXKACTCS.

Crout oTMeTHTb, 4YTO mMocieaHue Bepcuu mnporpammbl 3D Studio Max
coziepxaT abCOIOTHO BCe HEOOXOAUMBIE JIsl pa00OThl KOMIIOHEHTHI M MOJIYJIH. DTO
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rpynnsl MOAU(GUKATOPOB BEIOOpA, CETOK, MOJIUTOHOB, ONTUMU3ALIMN TOBEPXHOCTH
Y MHOTHE JpyTHeE.

[IporpamMma umeeT MOAU(PUKATOPHI A1 UMUTALUN BOJIOCSIHOTO U MEXOBOTO
nokpoBa. Bo3moxHocTH co3gaHus A(QQEKTOB CTPMXKKM U IIPUYECHIBAHMS,
JBW)KEHUS B COOTBETCTBUU C 33JIaHHBIMM IapaMETPaMM KECTKOCTH, BIAXKHOCTH U
T.JA., @ K&KAYIO CLIEHY MPU aHUMAIlMd MOTYT COMPOBOXKJATh 3BYKOBBIE 3(P(PEKTHI.
[Ipruem nporpamma noAAEpKUBAET PA3INYHBIE 3ByI(OBBIe (bopMaTLI

JOE 8- -G6E[ IS Austodesk 3ds Max Design 2015 PLSS4max [ggﬁu @ - - & x
it Immmmmam Amm mwummhmmmrm Customize  MASOR

e %BEEF FERCODH ORI “IH k& *h % PI@E’EL‘[.@EEO

@25 e/mA
OCadhars

(=]
]
3
=9
=
=
5
=
i
3
(=
[E}
[8]
[<]

B| T

E 7"€1E_Iu%‘|ﬁ\fl$\l\\l\s‘\lI},I\fl*\l\\,\l?\lél\\l‘é\l\\é:\l’(’\Hls\all\\*'\l\eﬂ\\I*Il\\,}s"fl\é\\\l'gll\*VI\(IHI\

[ vone secnd ? @ Bl Wmos 2fe  (eu-wom mwr—'---—-wuus’

o 10 SR ol e sovn |\ res |0l HED 8 AE
Puc.2.9. DnemenT nekopa, BeIMOTHEHHBIN B iporpamme 3DSMax

[Ipu pabGoTe B NaHHBIX peaakTopax ObLIM ouudpoBaHbl Il HajdbHEMIIen

HWHTCTPAllMU B ABUKOK 3JICMCHTBI BHYTPCHHCTO U BHCIITHCTO JICKOPA.

2.2 O01uii BLIBOJ 1O IJIaBe

Hcxonsgs U3 ONHCAHHOTO BBIIIE HWHCTPYMEHTapHus, ONPEAEIUM, UTO
pa3paboTka BUPTYaJbHOW SKCIO3UILIMU WM BU3yalu3allii B JAaHHOM cliydae OyaeT
pa3pabaTbiBaThCsi € Y4YETOM BO3MOXKHOCTEH BBIOPAHHOTO MPOTPAMMHOIO H
TEXHUYECKOTO MHCTPYMEHTAPHSI.

Kpome BHenpeHUs: 3JIEMEHTOB JIeKOpa M CIIEIOBAHUIO ONKCAHHON B TJiaBe
JIOTUKE B3aMMOJENUCTBUS ¢ KommoHeHTamu mnporpammbl UnrealEngine4, crnenyer
NOMHUTHh 00 OXXUBJIEHHHM CcClEHbl B mpoekte. s »tux ueneit UnrealEngine
npeajaraeT  JOBOJIBHO  yIOOHYHO W JIETKO  HACTPaMBaeMyl0  CHUCTEMY
UCKYCCTBEHHOTO HHTEJUIEKTa, KOTOPBIA IOMOXET C€O03[aTh Uil KOHEYHOIO
MOJIb30BATENS OUIYUICHHs MOCEIICHUS PEAIbHOTO OOBEKTa HCTOPHUYECKOTO WU
KyJIbTYPHOTO HACJIEIUs.
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I'nmaBa 3 Pazpa0oTka apxXuTeKTYpHOH BU3YaJIU3aLHHU [JIABHOI0 KOpIyca
Tomckoro IToiuTexXHNYECKOro YHUBEpPCUTETA.

3.1. UcTopuyeckasi cipaBka 00beKTa

OCHOBHBIM apXUTEKTYpPHBIM CTUJIEM OOBEKTOB MCTOPUYECKOTO HACIEIUs B
Poccun, BO3BeAEHHBIX BO BTOpOW MoOJIOBUHE XIX BEka, SIBISIETCS UCTOPU3M WU
DKJIEKTHKA.

Ha3Banue «3KIeKTHKa» TPOU3OIILIIO OT TPEYECKOTO EKAEKTOG, «M30paHHBIMH,
OTOOPHBIN». IKIEKTH3M B apPXUTEKType — HAIPaBJIEHUE B APXUTEKTYPE,
nomunuposasiiuee B EBporie u Poccuu B 1830 — 1890-e rr. B 3apy0exHoii
TEPMUHOJIOTUY HOCUT Ha3BaHWE — POMAHTHU3M (7151 BTOpoit uetBepTu XIX Beka),
Beaux-Arts (603-ap) (111 BTopoii nojoBuHb XIX Beka) v UCTOPU3M (B
COBPEMEHHOM MHpE). XapaKTepU3yeTCsi CMEIICHUEM PA3THUUYHBIX «UCTOPUUECKUX)
CTHJIeH, TAKMX KaK HEOPEHECCAHC, HE00APOKKO, HEOPOKOKO, HEOTOTHKA,
HEOMaBPUTAHCKUN CTUJIb, HEOBU3AHTUNCKHUI CTHIIb, ICEBIOPYCCKHUM CTUIIb, UHIO-
CapalMHCKUN CTUIIb.

B navane npouuioro Beka aBaHrapJuCThl B MOMBITKAX CO3/1aTh YTO-TO HOBOE
BCE BpEMSI «HATBHIKAJIMCHY HAa BEUHYIO UCTUHY — YK€ KOTJa-TO U KeM-TO BCE OBIIO
CO3/IaHO paHbIIE.

U cTano nmoHsATHO, YTO, €CIU TOWTHU IO MYTH HEKOTOPOTO 3aUMCTBOBAHUS U
COBMEIIEHUS YK€ CYIIECTBYIOIIETO, MOKHO CO3/1aTh YTO-TO HOBOE U MHTEPECHOE.
CoBpeMeHHbIN apT-Au3aiiH CMEIIMBAET 3aMaJHOE U BOCTOYHOE, CTaApOE U HOBOE —
apT-JIeKO C Xail-TEeKOM U 3THO, TO €CTh MHTEPhEPHI Hauajla TPETHErO ThICAYEIETUS
M0 CTUJIMCTUYECKOMY COCTaBY UPE3BbIUAHO MHOTOKOMIIOHEHTHBI. UIMEHHO 3TO
MPUHATO HA3bIBATh DKJIEKTUKA (UICTOPU3M)

@DOpMBbI U CTUIIM 3/IaHUS B SKJIEKTUKE MPUBS3aHBI K €r0 (YHKIIUU.
DKIJIEKTUKA «MHOTOCTUIIBHAY» B TOM CMBICIIE, YTO MOCTPOUKH OJJHOTO NIEPUO/IA
0a3upyIOTCs Ha pa3HbIX CTHIIEBBIX IIKOJIAX B 3aBUCUMOCTH OT HA3HAUEHUS 31aHUM
(Xpampbl, 001IeCTBEHHBIE 3/1aHMs, (haOpUKH, YaCTHBIE JOMa) U OT CPEJICTB
3aKa34MKa (COCYUIECTBYIOT OOTaThlii AEKOP, 3aMOJIHSAIONINN BCE TOBEPXHOCTH
MOCTPOUMKHU, U SKOHOMHAS «KPACHOKUPIHUYHAS» apXUTEKTypa). B aTom
MPUHLIUNHATBHOE OTINYUE SKIIEKTUKHU OT aMIIupa, TUKTOBABIIETO €IUHBIN CTUIIb
JUTSI IOCTPOEK JIF0OOTO THIIA.

Ctporo roBopsi, 3KJIEKTUKA caMa 10 ceOe HE ABJISIETCS OTIAEIbHBIM CTUJIEM,
TaK Kak ee 0COOEHHOCTh KaK pa3 M 3aKII0YAETCs B CMEIICHUHU Pa3INYHbIX CTHIICH
Ha pa3Hoil ocHOBe. JlocTaTOYHO YacTo B cpefie NpodhecCUOHATBHBIX apXUTEKTOPOB
TEPMHUH KJIEKTHKA HOCUT HETATUBHBIN XapaKTep, KaK HalpaBJeHUE, HE
MPUIEPKUBAIOIIEECS KOHKPETHBIX paMOK cTuiied. C Ipyroi CTOPOHbBI HEJb3sl HE
OTMETHUTH YTO MOYAC COUETAHUE ONPEEICHHBIX CTUIIEH, CIEIAaHHOE CO BKYCOM U
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TOHKUM YyThEeM, MOXKET CO3/]aTh YHUKAJIbHbIE POU3BEICHUS apXUTEKTYPbl U
WHTEPbEPHOIO TU3alHA.

XapaKkTEepHbIMU YEPTAMU SKIEKTUYECKOTO CTHIIS SIBJIAFOTCS, TECHOE
CIUIETEHHE MPU BO3BEICHUU 3[1aHUS TEXHUUECKHUX ACTIEKTOB C XY/10’)KECTBEHHBIMU,
MOHYMEHTAIBHOCTh, N300MIIHE IEKOPATUBHBIX SJIECMEHTOB.

[Tocne aHanu3a npeacTaBUTENEN CTHIISA, ObLIIM BBIIEJIEHBI ApXUTEKTYPHBIE
AJIEMEHTBI, KOTOPBIE CTOUT BKJIFOUHUTH B OMOIMOTEKY ISl CO31aBAEMOTO
WHCTpYMEHTapus. bubmnoreka TpEXMEepHBIX MOJIENICH 3HAUUTEILHO COKPAIAET
BpeMs MIPHU CO3aHUM BU3yanu3aluuu. Her HeoOX0oAMMOCTH BbIYEpUYUBATD U
MOJEIUPOBATh CTAHAPTHBIE JIIEMEHTHI SKCTEPhEpPA U MHTEPbEPA, TAK KaK OHU YiKe
UMEIOTCS B OMOJIMOTEKE.

B xadecTBe 1€MOHCTPAIMOHHOTO MPOEKTA, B KOTOPOM OYIyT MOKa3aHbI
BO3MOKHOCTH apXUTEKTypHOU Bu3yanu3amuu B cpene UnrealEngine, Obu1 BEIOpaH
IJIABHBIM KOPITYC TOMCKOTr0O NOJIMNTEXHUYECKOTO YHUBEPCUTETA.

HanuonaabHblii  ucciaeaoBareJbCckuidi ToMckuli mnmoJuTeXHHYECKHH
YHUBEPCUTET — CTAPEUIINN TEXHUYECKUM BY3 B
3aypajbCkou yactu Poccuu.

TIIY saBusiercs OHHUM W3  KPYIHBIX

I I nepenoBeIXx  yueOHbIX  1eHTpoB  Poccum,

. €IMHCTBEHHBbIN By3 a3uWarckol yactu Poccum,

TOMCKUI BXO/SIIMA B MATEPKY JIYYIIMX TEXHUYECKHX

- YHUBEPCHUTETOB CTpaHbl [Homyunn
NONINTEXHUYECKUIA

VHUBEPCUTET MEXyHapOIHOE IIpU3HAHUE, SABJISISICH

MOJIHOTIPABHBIM YJIEHOM MHOTHUX

MEXAYHAPOIHBIX OpTaHU3aIUH.

I'maBueiit (nexuuonHsiit) kopnyc TITY (TTU)Pacnonaraercs nmo agpecy mp.
Jlenuna, 30; panee np. TumupsizeBckuii, 9; panee yn. Canonas, 9.

[TocranoBnennem Coeta MunuctpoB PCOCP ot 4 nexabps 1974 r. Ne 624
30aHUEe ObUIO BKJIIOYEHO B YHMCIO NaMSITHUKOB AapXHUTEKTYphl (eaepaabHOro
3HAYEHHUS.

B I'nmaBHOM Kopmyce TITY
HaxoasaTcss My3sen UCTOPUU
TITY, BeicTaBOYHBIN LEHTD.

3naHue ObUIO 3alpPOEKTUPOBAHO B
KOMILJIEKCE IOCTPOEK Tomckoro
TEXHOJIOTHYECKOIO WHCTUTYTA B
MuHucTepcTBE HaApOJHOTO MPOCBEUICHUS

apXUTEKTOPOM  BEIOMCTBA  aKaJEMHUKOM
P.P. Mapdenbaom. IlnaHupoBasoch Kak
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TJIaBHBIN JIEKIIMOHHBIN KOpmyc UHCTUTYTA. [IpoekT 3manus Obl1 cocTaBieH B 1895
r. C 1896 no 1900 roasl rpaxknanckum unxkeHepoM @.d. I'ytom Benoch €ro
ctpoutensctBo. B 1907 1. ObBUIM TPUCTPOEHBI JOMOJIHUTENbHbIE OOBEMBI,
YJIMHUBIIIAE OOKOBBIE KPbUIbs Kopiyca. [Ipoekt ux 6bu1 coctaBiien @.@. 'ytowm,
CTPOUTENBCTBO Bed rpaxnaHckui uHxeHep A.J[. KpsukoB. 3p1aHue wnmeer
Ooratylo apXMTEKTypHO-IEKOPATUBHYIO 00pabOTKy J3KCTepbepa M HHTEphEpa,
BBIIIOJIHEHHYO B 3KJIIEKTUYHOW MaHepe.

TopkecTBeHHas 3aKknaaka 374aHus TJIABHOTO JIEKHMOHHOro kopmyca TTU
coctosiack 06.07.1896 r. CtpoutenbHbie padoThl B 1896 I. orpaHUYUIINCH JIUIIb
OrpaXkJIeHHEM MeCTa M 3aroTOBKOM CTpOMTENbHbIX MarepuanoB. B 1897 r. 6puin
BBIPBITHI TpaHIIEW M TMOJOXEH (QyHIaMeHT mnoj Qacaj TJIABHOTO KOpmyca.
CTpouTeNbCTBO LUIO  MEIJIEHHO, HENOCPEACTBEHHO PYKOBOAMBIIMN UM
noneyuTeNnb y4eOHOro oxpyra @DIOpPUHCKHM TO NPUYMHE 3aHATOCTH CBOEH
OCHOBHOM pPa0OTON M IIOXOTO 30pOBbS, CTPOUTEIBCTBY 3JaHUNA HMHCTUTYTA
BHUMaHMs yaensn mMano. Ilocne ero koHuuHbl B stHBape 1898 r. cTpouTenbHbIN
koMmuteT B Tomcke octancs 0e3 pykoBoauTesns. [locie nnuTenbHbIX NEPETOBOPOB
24.01.1899 r. mpodeccop xumuu E. JI. 3ybameB Obll Ha3zHAYEH AUPEKTOPOM
Tomckoro TexHosornyeckoro uHcturyta. C mnpuesnom B Tomck 3yOaiiesa,
BCTYIIMBIIEIO0 OJHOBPEMEHHO M B JOJDKHOCTH MpPEACEAATeNss CTPOUTEIBHOIO
KOMUTETA, 3HAYUTEIIbHO YCKOPHIUCH Pa0OTHI IO BO3BEICHUIO 3/IaHUI MHCTUTYTA,
IIPOEKTUPOBAHUIO HOBBIX KOPITYCOB U Y4€OHO-BCIIOMOTaTEIbHbIX YupexxaeHuid. Ha
obmem cobpanun ['ocymapctBenHoro CoBera 3 wmroHs 1900r. ObuIO TIPUHSTO
peleHne  OTKpPbITb  TOMCKMII  TEXHOJOTMYECKHA HHCTUTYT B  COCTaBe
MEXaHUYECKOTO,  XMMHUYECKOTr0, TOPHOIO H  HHXKEHEPHO-CTPOUTEIBLHOIO
orneneHuil. OCHOBHbBIE CTPOUTENbHBIE pa0OTHI O BO3BECHUIO 3/IaHUI MHCTUTYTA
3aBepuiIuch He B 1901r., kak nepBoOHAYAIBHO OBLIO MPETYCMOTPEHO TIAaHOM, a B
1907r. 3aTskka CTPOUTENIBCTBA OOBIICHSIACH 3HAYUTEIBHBIM 00bEMOM MOCTPOEK,
3aJiep>KKOM  KpeauToB. Ha Xome CTpOUTEeNbHBIX paboOT TSHKENO OTpa3uiiach
oO1IenoauTHIecKass 0OCTaHOBKA B CTPaHe, CBSI3aHHAS C PYCCKO-STMIOHCKON BOWHOM
u peostonreit 1905-1907 rr. I'masubiii kopnyc TTU ctpomsics B 1897-19071r.

22 wions 1896 ropa rpaxpanckuii uHxeHep @.®. I'yr Bomen B cocTaB
CTpouTENbHOrO0 KOMHUTETA IO BO3BEACHUIO 31aHUN TOMCKOTO TEXHOJOTMYECKOIO
MHCTUTYTa B JOJDKHOCTU cTpouTens. ['yT cTanm mepBbIM CTPOMUTENEM KOMILIEKCA
31aHui TOMCKOTO TEXHOJIOTMYECKOTO HHCTUTYTA, OH PYKOBOJMJI CTPOUTEIHLCTBOM
sToro komiuiekca ¢ 1896 mo 1905 roxawl. 37aHus TIaBHOTO, XMMHYECKOTO H
(U3MYECKOT0 KOPIYCOB OH CTPOWJ MO MPOEKTaM, cocTaBieHHbIM B lletepOypre
apXUTEKTOPOM  MMUHUCTEPCTBA  HAPOJHOIO  MPOCBELICHHUS  aKaJIEMHUKOM
apxutektypsl P.P. Mapdensaom. HecMoTpst Ha THiaTenbHYO MPOPAOOTKY ITPOEKTa
P.P. MapdenbaoM, mpu NpuUBSi3KE MPOEKTa K MECTHOCTH HEM3MEHHO BO3HUKAIIU
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CJIOKHOCTH Y HEYBA3KH, KOTOPBIE MOTJIA PEIIATHCS TOJBKO HEMOCPEACTBEHHO Ha
MecTe cTpouTesibcTBa. lloatomy crpoutento koprmycoB @.@. ['yTy mOCTOSIHHO
MPUXOJIWIIOCH PENIaTh MHOMXECTBO 3a/1a4, BHOCUTh KOPPEKTUBBI B COCTABJICHHBIC
aKaJIEeMUKOM TMPOEKThI IJIaBHOTO, XUMHUUYECKOTO U (PU3NYECKOTO KOPITYCOB.

3.2. AHAJIM3 MM EIOIIUXCS peleHn i

Ha panHbIii MOMEHT B MHAYCTPUU HMMEETCS PAJl PEIICHUN MO CO3/IaHUIO
APXUTEKTYPHBIX BU3yaIM3aIlMid U BUPTYAJIbHBIX dKCKypcHil. B MX 4uciIo BXOIUT:
MOJIHOCTHIO 3aCKPUNTOBAHHBIC, YACTUYHO 3aCKPUITOBAHHBIE, a TAKXKE C OTKPBITHIM
nepeaBrKeHneM. B MOTHOCTHIO 3aCKpUNITOBAHHBIX MOJIB30BATENS OT Havaja U J0
KOHI[a Oy/IeT BECTH MO BUPTYATbHOMY TYpPY «THI», OCTAHOBKU HE MPEAYCMOTPEHBI.
B naHHOM BapuaHTe BUPTYaJbHOTO Typa HET HaBUTAallMOHHOTO HHTepdeiica, u
M0JIb30BATENb UJIET YK€ MO 3arOTOBJIEHHOMY 3apaHee pa3padOTUYMKOM CLEHAPHIO.
Ha cerogusiiiHuii JeHb 4allle BCErO0 BCTPEYAIOTCS YACTUYHO 3aCKPUNTOBAHHBIC
BUPTYaJIbHbIE TYPHI. 3/1ECh B KOXJI0M ClIeHE (3ajie My3es1) MOKHO OCTAaHOBUTHCS U
OCMOTPETbCS, a TOJIbKO TOCIE HaXKaTh Ha TOYKY IEpexoia MEeXAy CIIEHaMU —
xorcror. Kak BapuaHT, mpu TOMOIIM MOJOOHOTO BHUPTYalIbHOIO Typa €cCTb
BO3MOXXHOCTh PacCMOTPETh BCE S3KCIOHAThl B 3allax My3ed. BuprtyaabHbIMU
TypaMH C OTKPBITBIM TNEPEIBMKEHHUEM MPUHITO CUUTATH MOJIHYIO BUPTYaJIbHYIO
IPOEKIUI0 My3esi. OTO OJUH U3 CaMbIX CIOXHBIX METOJOB pa3pabOTKU B
TEXHUYECKOM IUIaHe, TaK Kak MpPU CO3JaHUM TOJHOW BHUPTYyaJIbHOW MPOEKIUU
HE00XO0MMO UCIIOIb30BaTh TaK Ha3biBaeMoe 3D-MonenupoBaHue.

OcHoBHasl 3a/aya MOAOOHBIX MPOEKTOB — 3TO UMHUTHPOBATh NMPUCYTCTBUE
YelioBeKa B CaMOM OOBEKTE KYJIbTYPHOIO M HCTOPHYECKOro Hacneaus. JlanHoe
pelieHne Aa€T BO3MOXHOCTh BCEM KEJIAIOIIUM MTOCETUTh MHTEPECHBIE SKCIIO3UIINU
WM MECTa B JII000e y100HOE BpeMsl, a TAKXKE periatoT mpodiemMy JOCTYITHOCTH AJis
MaJOMOOMIBHBIX TpaxkaaH. B pabGore Oyner paccmaTpuBaThCS CO3/IaHUE
MOJIHOCTHIO UHTEPAKTUBHON ApXUTEKTYPHOU BU3YyaJIU3allMM, B KOTOPOM KOHEUHBIN
M0JIb30BATEIb HE OTPaHUYEH B TEPEABMKEHUM U Yy HEro €CTh OIpeaesi€éHHas
cB0o0OOma IEeHCTBUS.

BuprtyanpHOil  3KCKypcwedl — (TypoM)  HOpPHHATO  CUMTaTh  CHOCOO
PEATMCTUYHOTO OTOOPaKEHUSI TPEXMEPHOTO MHOTO3JIEMEHTHOTO IPOCTPAHCTBA HA
skpaHe. OJHUM M3 CHOCOOOB pealr3alud JAaHHOW 3a/ladydl MOXHO CYHUTATh
MOIIAroBele  (POTO-3KCKYpPCUH. ODJIEMEHTaMH MOAOOHBIX MPOEKTOB SBIISIIOTCS
chepuyeckue maHOpaMbl, KOTOPbIE COECAMHEHBI MEXAY COOOM MHTEpPaKTUBHBIMU
CCBhUIKaMU-TIEPEX0/IaMH, T.€. XOTcroTamMu. [IpocTbiMU Cli0BaMH, BUPTYaJIbHBIN TYp
SBISIETCSL OOIIMM 00O03HAYCHUEM JISI HECKOJBKUX OOBETUHEHHBIX CHEPUICCKUX
naHopaMm, MEXIy KOTOPbIMH TMOJb30BaTellb B MPOLECCE MPOCMOTpa HMMEET
BO3MOXXHOCTh BUPTYaJbHO Iepemelarbes. B mogoOHble MPOEKThI TaKKe MOTYT
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BXOJUTh U APYTHU€ WHTEPAKTUBHBIC 3JIEMEHThI — BCILTBIBAIOIINE UH(POPMAIIHOHHBIE
OKHA, MOSICHAIOIINE HAAMUCH, rpadudecKku 0(pOopMIICHHBIE KIIABUIIIM YIIPABICHUS U
T. 1. BupTyanbHbiii Typ co37a€T y ob30Bateliss Hekuil 3 dEKT NprUCcyTCTBUS, T. €.
ApKHE 3aloOMUHAIONIMECs 00pa3bl, KOTOpbIE MO3BOJISIOT MONYYUTh Hauboiee
nosHyro uHpopmanuio 00 oOwekre. [laHHOe pemieHue, Omarogaps MPOCTOTE
peanu3aluy B JAHHBIA MOMEHT SIBJISIETCS JUAEPOM IPHU CO3IaHUHM BUPTYaIbHOU
pealn3anuy CylmecTByionero oorekra. OAHAKO y TAKOro PelIeHUs UMEIOTCA U
CBOM HenocTaTkh. K HUM MOXXHO OTHECTH 4YETKHWE TIPAaHULBI IMEPEMEILEHUs,
OTpaHUYEHUS B KaueCTBEe M300paXKEHUsI U COMYTCTBYIONINE HEY00CTBA KOHEYHOTO
MOJIb30BaTENS.

Kak yxxe Ob10 cka3aHO BbIIIIE, /17151 BHITTOJIHEHHSI TIOCTABJICHHBIX 3371a4 ObLIH
BbIOpaHbl ~ MPOrpaMMbl,  KOTOpbIE  MO3BOJSIOT  CO3/AaBaThb  MOJHOCTBIO
VUHTEpPaKTUBHbIE NpWIOKEeHUs. lIpu co3maHMM apXUTEKTYypHBIX BHU3yalM3alUl
peanbHbIX OOBEKTOB, HECMOTPS HAa HMCHOJb3YyEMOE NPHIIOKEHHUE, WCIOIb3YITCS
CTaHAAPTHBIE I BU3yAJIM3AlMU B TPEXMEPHBIX PEIaKTOPaX 3Tallbl.

Haunyqmmmii criocod cipaBuThCs € JIF000M 3aaueil — MpoaHaIu3upoBaTh €€
U pa3douTh Ha O0o0Jiee MPOCThbIE COCTABISIIONIME. ODTOT IMPOILIECC aHalu3a U
IUTAHUPOBAHUS JOJIKEH OBITh HA CTAJMU TIOJFOTOBKM K paboTe Haa MPOEKTOM.
JlanHble AEWCTBUSA SABIAIOTCS HEOOXOIMMBIM U HEOTHEMJIEMBIM TpeOOBaHHEM,
0COOEHHO €CJIM MPUCYTCTBYIOT OTPAHUYEHUS IO BPEMEHU U CPEACTBAM.

Kaxx b1l apxutekTypHblid 3D npOoeKT co3/1a€Tcs B HECKOJIBKO 3TaIlOB:

e (oTochEMKa

e 0o0Mep nmoMenIeHusl

® BHIYCPUMBAHME IJIaHA

® CoO3/JaHuE€ KOPOOKHU MOMEIICHUS
® HA3HAYCHHE MATEpPUAJIOB

e Mebelnb U aKkceccyapbl

® [IOCTAaHOBKAa CBETA

e BU3yaJIu3aLus

Bce maru co3znanus mpoekTa sSBISIOTCS BaXKHBIMU, TPEOYIOT HEMAJIO YCHIIUN
U BpeMEHHbIX 3aTpar. CpoK BBITOJHEHMS MPOEKTA HAMPSAMYIO 3aBUCHUT OT TOIO,
CKOJIbKO BpPEMEHH MOTPayeHO Ha BBIMOJHEHUE Kaxaoro isTama. [loatomy ynobnee
U 3QdexTuBHEE paboTaTh B TAKOI MOCIEI0BATEILHOCTH.
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1 ran. ®oTo u 00Mep NOMeIeHust

; ITepBbiii sTan mo OonblIed 4YacTU SIBIAETCA
opraHm3anMoHHeiM.  Ilpoucxomutr  BcTpewa ¢
3aKa34YMKOM, Ha KOTOpOH OOrOBapUBAOTCS MKEJIaeMBbIil
pe3ynbTaT MU MPOBOIATCS 3aMepbl NOMeElleHHs. B
cllydae BU3yallU3allid KPYMHBIX OOBEKTOB, TAKUX KaK
TOProBbI€ UEHTPbI, My3€i WM 34aHUSI YHUBEPCUTETOB,

TO, JJI YOPOUICHHS BPEMEHH 3aMEpOB, MOXKHO
BOCII0JIb30BATHCS UMEIOIIUMHUCS B 003aTEIIbHOM MOPSI/IKE TUIAHAMU 3BaKyaluu.

[Ipu moceieHuyn HapuUCyWTe IUTAaH TMOMEUIEHUS M 3aMEphTE BCE CTEHBI,
BBICTYTIbI, BBICOTY M IIMPHUHY MPOEMOB, PACCTOSIHHE OT IOJIa JI0 OKHA, U BBICOTY
MOTOJIKOB U T. [I. TakkKe CTOUT yYUTHIBATh ABEPHBIE MMPOEMBI, apKH, IEPErOPOIKU
U T. 1. B nanpHenmeMm, npu nepeHoce IjlaHa B KOMIBIOTEPHYIO MOJENb, BCE 3TO
npurogutcsi. HeoOxomuMo mpous3BecTd MOAPOOHYIO (OTOCHEMKY ITOMEIIECHUS.
[Ipu Bocmpouw3BeneHUH MENKUX AeTanei, ¢oTtorpaduu OyayT OYEHH KCTATH.
Taxke CTOMT MOJAPOOHO OTCHATH HMMEIOLIYIOCA OTAENKY IMOMEIIEHUs — 3TO
OPUTOAUTCS TPU CO3/IaHUM MaTepuajoB M TEKCTYp Ha KOHEYHOM JTare
Busyanuzanuu. Ecou B nmomemieHuu  OonblliMe€ OKHA, TO  00s3aTENbHO
chotorpadupyiite Bua W3 OKOH. J[aHHBIE CHUMKH MOTYT TOHAIOOWTHCS IS
Haubosee PealMCTUYHOrO IpencTaBieHus oobekTa. [Ipu cozmaHumM 3KCTephepoB
MOJKHO czienaTh pororpaduu BUIOB MECTHOCTH BOKPYT MPOEKTHUPYEMOTO MPOEKTA.
[ToroMm wumMu MOXHO OyAeT BOCHOJNB30BATbCS JJS CO3JAHUS  OKPYKECHHS.
O06s13aTeIbHO 0OTOBOPUTE C 3aKa3UMKAMU CPOKHM CIadyM MpoekTa u Oromxer. Beé
3TO HEOOXOAMMO TPENyCMOTPETh MJi TOr0, YTOObl MPaBUIBHO PACCUUTATH
BPEMEHHBIE U TPY103aTPATHI.

2 3tan. BeluepuuBaHue miaHa noMeuieHust

JIaHHBIN 3Tan MOXHO CUMTATh CAMBIM ITPOCTHIM
u ObicTpeiM. [lpu Hamuuumm y pa3paboTuuka WK
au3aiHepa BCEX HEOOXOIUMBIX pa3MepoB,

HayMHaeTcss paboTa MO BBIUEPUMBAHUIO IJIaHA
nomenienuss. Jns ynobctBa, nydmie M ObICcTpee
UCIIOJIb30BaTh KaKOW-HUOYIb MPOTPaMMHBIN MPOAYKT
JU1s1 IPOEKTUpOBaHu, Hanpumep, AutoCAD.

Opnako, ecnu 3HaHUN U yMeHui 1 pabotel B AutoCAD He xBataer, TO
MOXHO YEpTUTh B KOHEYHOW mporpamme sl BU3yaluzaluuu (TpEXMEpPHbIH
penaktop Ttuna 3DsMax, WM UrpoBOM JBUXKOK), XOTS CTOUT BCE-TaKH
03HAKOMUTHCS C TAKETOM aBTOMaTuyeckoro npoektupoanHusi AutoCAD, notomy
YTO YaCTO MOTYT MPEMIOKHUTh YK€ BBIUEPUCHHBIN IJIaH, KOTOPHIM, KaK MPaBUJIO,
BBINIOJIHEH B 3TOM mporpamme. MHoraa, 1yisi COMHUTENBHOM SKOHOMHUM BPEMEHH,
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BU3YaJIU3aTOPhl MBITAIOTCS M30€XaTh 3Tara BBHIYEPUYMBAHUS IUIaHA W TBITAIOTCS
CTPOUTH «HA TJIa3», HO ATO HE TOJBKO BepX HempodeccHuoHaInu3Ma, HO U 3aJIoT
HEIMPONOPIIMOHATILHOCTH.

3 3tan. Co31anne KOPOOKH MOMeNIeHUs

KopoGka momemeHuss — 3To mycTas cCleHa
MOMEIICHNS, BKIIOYArONas B ce0sS BCE CTEHBI C
OKOHHBIMU WM JABEPHBIMU MPOEMaMH, TMOJ U MOTOJIOK,
IUTMHTYCA U KapHU3BI, OAJIKK U KOJIOHHKEI. Bocco3nanue
KOpOOKM TMOMEILEHUsS BHYTPU MPOrpaMMmbl  JUIs
BU3Yyalu3allMM — 3TO HEOThEeMJIEMBbI JTam B
pa3paboTKe MPOEKTA.

~
Al

OObIYHO, €cIM HE WTHOPUPOBAJICS BTOPOW 3Tal, TO HMEETCS 3apaHee
BBIUEPUCHHBIN IMJIaH MOMENICHUSI, YTO 3HAYUTEILHO YCKOPUT CO3JaHHE KOPOOKHU
noMelIeHns U He co3fact mpodsieM. CTEHbBI MOXXHO CMOJEIMPOBATH CaMbIMU
pazHpiMu criocobamu. Ilpu mocTpoeHuH CTeH, MPOEMOB, KOJOH MU JAPYTUX
ApPXUTEKTYPHBIX  2JEMEHTOB  HeoOxomuma To4yHocTh. B UnrealEngine4
CYILIECTBYIOT 0a30BbIE 3JIEMEHTBHI [0 CO3JaHUI0 APXUTEKTYPHBIX OOBEKTOB(CTEHBI,
JBEpHbIE NPOEMBI, KOJIOHHBI M T.J.). TaKXKe CTEHbl MOYKHO CO3[aBaTh IpH
UCIIOJIb30BaHUU Opalieil — 3JIEeMEHTOB C U3MEHSEMOM reOMETpHUEl B IBUKKE.

4 3tan. Co3gaHue JONMOJHUTEIbHBIX 3J1€MEHTOB IKCIIO3M MU

Hanonuenue MOMEIICHUS AIIEMEHTAMHU
O0OCTaHOBKH, JI€KOpa, akceccyapaMd U MPOYUMHU
AJIEMEHTAaMU MHTEpPbEpa - 3TO CaMblil IVIaBHBIN 3Tall
J000r0 MpOoeKTa.

He Bcs mebenb cMoienupoBaHa 3apaHee, 4To-T0 U3
00CTaHOBKH NPUJETCSI MOAEINPOBATH

camocTosTeNbHO. OOIIMM COBETOM IpH pa3zpaboTKe
Mozeneil MeOenu — CTOMT MOAEIMPOBAaTh OOBEKTH MEOETH B OTAETBHBIX (aiinax, a
3aTeM BHEIIPSITh UX B CIIEHY C TPOEKTOM. Takum 00pa3zom, MOXKHO
OpTaHM30BBIBATh COOCTBEHHYIO OnONMMoTeky Moseneit. [Ipu moxenupoBanu
MeOeNn B aKCceccyapoB MOXKHO HCIIOIb30BaTh BCE H3BECTHBIE METOIbI
mozaenuposanus. [Ipu ummopte B UnrealEngine cienyer moMHUTB, YTO 10
TIOCJIEIHUX BEPCHUil moiaepkuBaetcst popmat Moneneit *.fbx. mpu BeIrpy3Ke u3
TPEXMEPHOTO PEIAKTOPA BMECTE C MOJIENBIO BRITPYKAIOTCS U HA3HAUCHHBIE
MaTepuabl, 1 CBETOBas KapTa 0ObEKTa.
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5 stan. IlogGop 1 Ha3HaYeHHEe MATEPHAJIOB
i . OTOT 3Talm KpPEmKO CBA3aH C MPEAbLIYLINM.
OOBIYHO 53TH JTambl MEPEMELIMBAIOTCA, T.€. €CIU

n00aByseTCs HOBBIM 3JIEMEHT HHTEphepa, TO €My
cpasy Ha3HayaeTcs MaTtepua.
NmenHo TekcTypsl u MaTepuainbl  MPUAAIOT
UTOTOBOMY PE€3yJbTaTy PEATUCTUYHOCTb.

Koneuno e, A7 co3qaHusl XOpOIeH TEKCTYPhI
NPUTOINUTCS 3HAHUE KaKoro-HUOY b rpaduueckoro nakera, Harpumep, Photoshop.
B 3DsMax ecTb penakTop MaTepuajoB, ¢ TIOMOIIBI0 KOTOPOTO MOXHO CO3/1aBaTh
MaTepHalibl C MOBTOPSIOMIUMCS y30POM, CIOKHbBIE COCTaBHBIE MaTepHaIbl, CTEKIIO,
MITYKaTypKy U Jpyrue HeoOXOIMMbIE B apXUTEKTYPHBIX BU3yalIHU3aIHIX
MaTepuasbl.

B UnrealEngine ecTs cOOCTBEHHBIN peAaKTOpP MaTEpPHAJIOB, MO3BOJISIOMINN
CO3/1aBaTh KaK MPOCTbIE MAaTEPHAJIbl C MOBTOPAIOIIUMCS y30POM, TaK U 0ObEMHBIE
MaTepHalibl, HalpUMepP MapKeT ¢ AepeBIHHBIM y30poM. CylecTByeT crernuaibHast
nporpaMma JUis CO3JaHMs CJIOXHBIX MaTepualoB, MOJ Ha3BaHueM Substance
Material. JlanHas mporpaMMa JOBOJIBHO MPOCTa B OCBOCHUU M UMEET OOJbIIuE
BO3MOXXHOCTH ISl CO3/IaHUsl Pa3HOro poja MaTepuajoB. PaccraHoBKa Ha clieHe
BCEX JJIEMEHTOB OOCTAaHOBKM U TMOAOOp MaTepHalioB — camble JOJTHE 3Tallbl,
TpeOyroIIne 3HAUNTENbHBIX 3aTpaT BPEMEHHU U TEPIICHUS.

6 stan. IlocranoBKka cBeTa

g

T 7, CaMbIi CJIOKHBIM M CaMbIii OTBETCTBECHHBIN

sran. [I70X0 TOCTaBIEHHBI CBET MOXET BCE
ucnopTuTh. HyHO mpenycMOTpeTh BCE HCTOYHHMKHU
CBETa, KOTOpble OyQyT B peajbHOM MOMEIECHUU, U
cMmoaenupoBath ux. MmenHo Ha 3toMm 3Tane 3D
XyIOKHUK  TpOsBIseT ce0sd Kak  TBOpUYecKas
JUYHOCTb. B KaXIOM  OTAEIBHOM  IPOEKTE
IIOCTAHOBKA CBETa — 3TO HOBHM3HA. CBET UIPAET BAXKHEMIIYIO POJIb U B UHTEPHEPE
U B DKCTEPBEPE.

B03MOXHOCTH MOAENUPOBAHUS JAMHAMUYECKOTO CBETa M TEHEW Ha CLEHE
npu npoektupoBanuu B UnrealEngine4 cuibHO COKpaiairoT BpeMs Ha JaHHOM
sTane. PaznuuHbie BapuaHThI OCBEIIeHUs (HAPaBICHHBIN, TOYEUHBIN, CBETOChEpA,
IIPOEKTOP) MOMOTAKT MPAKTHYECKH Cpa3y K€ MOCMOTPETh KOHEYHBIA BapHAHT
Buzyanmu3anuu. OgHako HEoOXOIuMO MpHU pa3pabOTKe BHU3yalU3allMd BPEMs OT
BPEMEHM MPOU3BOAUTH MPOCUET CBETOBOM CXEMBI, 3TO MTOMOTAET MOCMOTPETh Ha
pe3ynbTaT U YBUAETh BO3MOKHbBIE HEIOUYETHI M OMIMOKH, KOTOPbIE TOMEIIAIOT MPU
JanbHenIen padoTe.
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7 3ran. Buzyanuzauus

Busyanuszamusa — 3TO WUTOTOBBIA 3Tall BCEU
MIPOJICJIAHHOM paboTHI. [Tpu pazpaboTke
APXUTEKTYPHBIX  BU3YAIM3alUM B  TPEXMEPHBIX
penaKTOpax CTOWT YYUTHIBATH HECKOJBKO (PAKTOPOB.
Bo-nepBbix, 3TOT 3Tam  TpedyeT MpaBUIBHOMN
MIOCTAaHOBKHM KaMep, Bellb OT BEIOOpa paKkypca 3aBUCUT

OYeHb MHOTO€. BO-BTOpBIX, HEOOXOAMMO MPABHILHO
noao0paTh pa3Mep U pa3pelieHrue n300paxKeHus.

Ecnmu mo3BomnsieT Bpemsi, TO WTOTOBBIA PE3yJNbTaT MOXXHO «JIOBOJHMTH» B
rpaduueckoM penakrope, Hanpumep B Photoshop. B kadecTtBe wuTOroBOro
MPOJYKTa MOXHO JIeJIaTh HE TOJHKO KapTUHKH, HO ¥ MAHOPAMHBIA PEHIEPHHT, U
IPOJIET KaMephl 10 MOMEUICHUIO, T. €. BUICOPOIIUK.

B paccmatpuBaeMOM TIPOEKTE, KOHEUYHBIM dTam pa3padOTKH — 3TO
WHTEPAKTUBHAS BU3yalu3alusi, B KOTOPOH BO3MOXHO TIOJHOE B3aWMOICHCTBUE
MOJIb30BATENsl M BHU3yalu3alMu. Tak )K€ B MUTPOBOM JIBIDKKE MOJXKHO CO3/1aBaTh
BUJICOPOJTUKHU.

3.3. Co3naHue apxXuTEeKTYPHOIl BU3YaJIM3AllUM B NPeAIaraeMom
HHCTPYMEHTApPUH

[IpoekTupoBaHre W CO3JaHWE AaAPXUTEKTYPHOW BU3yanm3aluu Oynaer
MPOU3BOIUTHCS Ha O0ase nBmxkka Unreal Engine 4.

[IpoektupoBanue m000ro mpoekta B UrpoBoM nBikKe oT Epic Games
HauYMHAeTCs ¢ BbIOOpa HayaibHOTO YpoBHS paspabotku. UnrealEngine 4
npejaraeT HeCKOJbKO BapUaHTOB HAYaJIbHBIX YPOBHEH, B JAaHHOM Cilydae BbIOOp
CTOUT MEXIy BUIOM KaMepbl — OT TEPBOTO WM OT TpeThero mnuima. JlaHHbie
BapHaHTHl TMpeajaraloT Hamboyiee yAOOHBIE BapUAHTBl  B3aUMOJCUCTBUSA

TI0JIB30BATEIIS ¢ 0OBEKTAMHU Ha CIICHC.
o .

Projects New Project

s can be added later by clicking Add Feature or Content Pack in Content Browser

. |
Blank

C:\Usersihome\Documents\Unreal Projects -
N

Folder

Create Project

Puc.3.1 Oxno BbIOOpa HavansHOTO Habopa 3nemenToB B Unreal Engine 4
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Bri6paH Buj OT TpeThero Jiuua.

Puc.3.2 Bug HauanbHOTrO HabOpa eMeHTOB Ajs TpeThero jmna B Unreal Engine 4
ITocne CO31aHuA Ha4daJIbHOI'O YPOBH, OUYUCTUM YPOBCHb oT
npeaAyCTaHOBJICHHBIX HAa HET'O O6’I>€KTOB, OCTaBUM TOJIBKO CTEHBI U IT10JI.

Puc.3.3 Ilycras cueHa s BapuanTa OT TpeTbero Juna B nporpamme Unreal Engine 4

ITocne oumcTkm CIICHbI, U3MCHHUM q)YHKIII/IOHaJI, HCHOHBBYGMBIﬁ T'JIaBHBIM
repoeM pEeKOHCTPYKIIMH, a HMEHHO J00aBUM KHOMKY JEUCTBUSA, Oyiaromaps
KOTOpOfI OH CMOXKECT BSaHMOHeﬁCTBOBaTB ¢ 00BEKTaMHU Ha CLCHC.

Project Engine - Input

Engine

Puc.3.4 Oxno noGasnenus neiictBus s nepconaxa B Unreal Engine 4
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Tenepp, Ipu HaXaTUW HA JIEBYKO KHOIIKY MBIIIM, MOJIB30BATEIb CMOXKET
BCTYIIaTh BO B3aUMOJCHCTBHE C MPEIMETAMU, PACCTABIICHHBIMU Ha CLIEHE.

Takxe n1o6aBUM BO3MOXKHOCTh CMEHBI BHJIa Kamepbl. OTKpOEM B pelaKkTope
OJIyIPUHTOB TMPEJICTABJICHHYIO IO YMOJYaHUIO MOJENb MepcoHaxa. JlobaBum
KaMepy i Buja oOT mnepBoro juna. CTOUT yYHMTBIBATh, YTO €CIM MPOCTO
MIOCTaBUTh KaMepy Ha MECTO, TO OHa He OYyJIeT MEHSTh IOJIOKEHHSI COTJIACHO
JBW)KEHUIO MBIIHN. /{711 yCTpaHEHMs] 3TOTO HEIOCTAaTKa YCTAHOBHUM IApy Ba)KHBIX
HITPUXOB B pefakTope OaunpuHTOB. B cBoiicTBax kamepbl MOCTaBUM (PIIaXkoK CO
cBorictBa «Lock to HMD», 3aTem niepeiiném B okHO «Event Graph» u nponuiiem
JIOTUKY cpabaThIBaHMsI CMEHBI BHJIa KAMEPBI IIPU HAKATUU HA KHOIKY « V).

FIESSWROCHaNgEe EESEGAmerd

FPSCamera

[ Toggle Active

2v — P

Pressed [ / Target

Released [

Key

Puc.3.5 ®ynkuuonan i CMEHbI BUJa KaMepBbI.

Ilepen HauamoMm pa®OTBl HaJ  HENOCPEACTBEHHO  BU3yalu3alUen
HEOOXO0MMO J00aBUTh CO3/IaHHYIO B BHIOPAHHOM HHCTPYMEHTapHH OUOIMOTEKY
JIEKOPATUBHBIX JI€MEHTOB, HACUUTHIBAIOIIYIO 0K0JI0 600 00BEKTOB M BHEAPUTH UX
B UTPOBOM JBUKOK.

[ Nes & Import [Z) Save Al & 3 | = Content » dec_elem »

Puc.3.6 3arpyxennsie moaenu B aBuxke UnrealEngine
[Ipu mepenoce mozenmu c¢ pacmmpenuem *.fbx, B ciaydae OTCYTCTBUS

3aKpEIIEHHBIX 32 HEW TEKCTYyp, Ha HEe€ aBTOMATHYECKH HAKIIAAbIBAETCS MaTepual
no ymonyanuio, Ha3BaHHbIH WorldGrid. Oto genaercs 3a Tem, 4ToObI BHEAPEHHBIN
3JIEMEHT HE MCMOJIb30BaJl OOJIBIINE BHIUMCINTEIbHBIE MOIIHOCTH MPHU MOCTAaHOBKE
Ha CLIEHY WU JajibHeHIIel ero Moaudukammm.
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Puc.3.7 JlekopaTuBHsblii anemeHT B aBmkke UnrealEngine
Ha wmnoptupoBaHHBII OOBEKT MOXKHO HAJIOXKHUTh TEKCTYpPy, Kak B

PEAAKTOPEC MOACIIN, TaK U IIPHU PAa3MCIICHUN Ha CIICHEC.

Puc.3.8 Mogens ¢ Halmo)KeHHBIM Ha HETo MarepuaioM B aBmxkke UnrealEngine

[Tocne QopmupoBanusi OMOIMOTEKH IEKOPATHBHBIX JJIEMEHTOB, MOYKHO
IPUCTYIIUTH K HENOCPEIACTBEHHOMY IIPOCKTUPOBAHUIO BU3YAJIU3ALIUH.

J{u3aiiH ypoBHS

CornacHo  ONMCaHHOW  paHEe JIOTMKM  CO3JaHUs  apXHUTEKTYPHBIX
BU3yaJIM3allMil CHaYajla CO34aAuM YEePTEXK TOMEILICHUS.

Ha nepBoM 3Tamne npoeKkTupoBaHUs UCIIOJIb3YIOTCSl 00IIEI0OCTYHbIE ChEMKH
OOJBIIOr0 pa3Mepa W IUJIaHbl, TaK Kak pa3paldaThIBAETCS OCHOBHOM CKeJeT
KOHCTPYKLIHH.
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Puc.3.9 ®orto ¢acana rmasaoro kopmyca TITY
T TR RS S R

Puc.3.10 pucynok rimasuoro kopnyca TITY

N3 anamuza npoctynmHod wuHGOpMAllMM B aBTOMAaTU3UPOBAHHOW CHCTEME
npoektupoBanus M udepueHuss AutoCAD Obul co3maH MiaH 3Taka TJIaBHOTO
KopIyca.

Mnan MnasHoro kopnyck Ha oTm. 0,000

Puc.3.11 ITnan sTaxka B mporpamme AutoCAD
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Ilocne cocraBneHus IUIaHA JTaXEH, ONPENECIEHBbI pa3MeEpbl JIECTHUL] U UX
pacrnosoKeHue.

3areM, cienyw JTalnaM apXUTEKTYpHOM BH3yanu3aluu, Oblla CO3/aHa
KOpOOKa MOMEIIEeHHUS.

B 1BMXOK IepeHeCceHbl CXEMBI ITOITAXKHBIX IIEPEKPBITUH.
[ ) CONCE B ) Gk

Level: FirstPersonEsampletlap (Persistent)

T e () )

Puc.3.14 [lapaanas nectHHIla, BUJ C IPOJIETA IEPBOTO ITAXKA.

Level: ThirdPersonExampl
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Puc.3.15 Bun cBepxy Ha KOpOOKY MTOMEIICHHUS.

Crnenyrolum 3TaroM ObLJIO pa3MeTKa IpaHMI] dJIEMEHTOB (pacajia, s STOTro
OBLTM M3MEPEHBbI BBHICTYIAIOIINE JJIEMEHTHI (hacajga TIIABHOTO KOPITyca, CO37aH
yepTéx. VI3 Hero B NBMKKE OBLT CO3/TaH OOBEKT JJI PEJAKTUPOBAHUS Ha CIICHE.

e
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PHC 3 16 Yepréx dacana napamunoro sxoga B ['K TIIV.
-] . CBeEE b B EDEDk:

Puc.3.17 Yuacrok crensl B UnrealEngine4.
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Jnst  mo0oit  Bu3yanm3anud HEOOXONMMBI HUCTOYHUKH €CTECTBEHHOTO
OCBEILIEHUS.

IIpoHukanus cBeta B KOpOOKY IOMEIIEHUS OCYIIECTBIISETCS YePE3 OKOHHbIE
Y JIBEPHBIE TPOEMBI.

JloGaBieHne wuX B JBUXKKE OCYIIECTBISIETCS Orjaromapsi CBOWCTBaM
reoMeTpuuecKux nmpuMHUTHUBOB. CBoMicTBO “Add” mo3Bossier 100aBIsATh HA CLEHY
reoMeTpuueckue OOBEKTh, a CBOMCTBO ‘“‘Subtract” BbIpe3aTb OOBEKTHl U3
UMEIOLINXCA Ha CIieHe MPpUMHUTHUBOB. CyIIECTBYEeT BO3MOXKHOCTh KOMOMHHUPOBATH
HECKOJIBKO BBIPE3a€MbIX YaCTEeH, HaIpUMeEp, ISl CO3/1aHUsl apOYHOT0 IPOXOAa.

Recently Placed o

Box
Basic

Lights Cone
Cinematic Cylinder
Visual Effects

Geometry

Volumes @ Linear Stair
AllClasses

Spiral Stair

Sphere

& Subtract

Puc.3.18 CroiicTBa reomerpudeckux npuMuTHBOB B UnrealEngine4.

O E==D CD C T

Puc.3.19 Apounslii poém ais mapaJgHOro BXO/a.
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Jlnis nanpHeWell BuU3yaln3alud HEOOXOAWMO HCHOJb30BaTh (GoTorpaduu
OTAETbHBIX Y3HAaBAaGMBIX JJEMEHTOB apXUTEKTyphl M WHTEpPhepa TIJIABHOTO

KopITyCa.

Puc.3.21 Odopmnenue
MapaHON JIECTHUIIBI

Puc.3.22 Xonn nepBoro staxa

Pabora ¢ oxkpykeHueM BU3yaIu3alMU

Jlns cosmanust OoJsiee MOJAPOOHOM CIIEHBI BHE 37aHUsA, NpU paboTe B
UnrealEngine4 ecTh BO3MOXHOCTb CO37aTh TONOTpa@UUECKH PEATUCTHUYHYIO

KapTy MECTHOCTH.
Beirpy3uMm KapTy BBICOT HMHTEpPECYIOIIEM HAac MECTHOCTH C caura

terrain.party[4].

terrain. party

HEEE C@ng

Puc.3.23 CHuMOK KpaHa cTpaHUIIBI caiiTa terrain.party[4]
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st manamadTHRIX PEKOHCTPYKIMI HEOOXOAMMO CO37aTh CIICIMATbLHBIN
MaTepual, KOTOPBIA B JaIbHEHIIIEM TO3BOJUT U3MEHSITh MaTepuajbl CO3JaHHOTO
o0BekTa (Ha ropax MCIOJIb30BaTh TEKCTYPY TOp, Ha MPUOPEKHBIX TEPPUTOPHUAX —
necok, u T.1.)[9].

Cozmamum snmemenT Layer blend. /lo6aBuMm B HETO HOBBIC AJIEMEHTHI IO
KOJMYECTBY HCHoOJb3yeMbix wmatepuaioB(Adds Element) wm HazoBéM wux
cootBeTcTBeHHO (rock — ckanbl, gravel — 3emutst, grass — TpaBa  T.1.).

e — Height blend.

JI71s Bcex CO3aHHBIX 3JIEMEHTOB BbIOpaTh blend typ

Puc.3.24 Otkpeitoe okao Editor B Unreal Engine 4

3aTem I BCeX CO3JaHHBIX MaTeprayioB co3naaumM landscape coordinates.

JIIsE KaXKI0oTo CO3[aHHOTO 3JEMEHTAa B OKHO PEIaKTOpa HEOO0XOIUMO
MOMECTUTh TEKCTypy (mepertammth U3 content browser) W 00BEAUHUTH
CJIETYIOIIUM 00pa3oM.

Puc.3.25 Cs3u mexay Tekcrypamu u layer blend B Unreal Engine 4
Ckonupyem landscape coordinate u layer blend. /lo6aBuM B 0OKHO peakTopa
HOPMAJT TEKCTYP (3JIE€MEHTBI, OTBEYAIOIIUE 33 BU3YaTbHBIN 00BEM).
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Puc.3.26 Ces3u Mmexy HopMaisimMu TekcTyp | layer blend B Unreal Engine 4

CoxpaHuM CO3/1aHHBII MaTEpHaJL.

UtoOel «kpacuTh» JaHamadT, JUIsI  BCEX CO3JAHHBIX MaTepHUalioB
HeoOxomuMo co3aathk layer info(create layer info —> weight —> blended
layer(normal)) mociie BeiOOpa MaTepuasna Bo BpeMsl Co3aHus JaHamadra.

Hanee, B Unreal Engine 4 nepetiném Bo Bkiaaaky Landscape.

Rfr Modes

V&YW
3 e

WISEEES  Sculpt

4 Landscape Editor

T
‘.

-
Selection

Clear Companent Selection

Puc.3.27 Okno pabotsl ¢ nanmmagdrom B Unreal Engine 4

BribepeM HHCTpYMEHT cO37aHie HOBOTO JaHAmagTa.

B nosiBuBmemcs: okHe BoioepeM «Import from file» u B rpade «Heightmap
file» ykaxkem ImyTh K BBITPYKEHHOM C caiiTa KapTe BBICOT.

B ucnonb3yembix MaTepuaniax BeIOEpeM 3apaHee CO3/1aHHbIE.
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e Modes

4 Landscape Editor

Landscapel

MNew L ape

4 New Landscape

Create New

Material

000 )7 1000 EL 000

Ene -~ M

Puc.3.28 HHCprMeHT co3nanus HoBoro nanamadTa B Unreal Engine 4

[Tocne oxoHYaHMsI CO3[aHUSI KOPOOKM MOMEIICHHUSI HACTAET BPEMS STallbl
paboTHI ¢ MaTepuanaMu U TEKCTypamH.

Pabora ¢ TekcTtypamu

[Ipu pabGore c HaOOPOM CTaHIAPTHBIX TEKCTYp B JBMKKE BO3HMKIIA
CUTyallus, TpU KOTOPOW HMEIOIIHECS MaTephalibl HE ONTHUMU3UPOBAHBI JIf
npoekTa. [Ipu 3anmycke BU3yanu3aiuu OHA CMOTPEIUCh HepeanucTuaHo[ 10].

Jist peuieHust 3TOM 3afauv HEOOXOJIUMO OTKPBITh HYKHYIO TEKCTYpY B
penakrope u J00aBUTh OJIOK, KOTOPBIM B JajdbHEHIIEM MO3BOJUT MEHATHh pa3Mep
MPOPUCOBKA TEKCTYPhl B pEaJbHOM BpPEMEHU. OITO JACHCTBHE IO3BOJIUT
MacCIITadUpOBaTh MaTepUabl AJIsl KaXI0r0 OTJEIBHOTO 3JIEMEHTa BU3YaJIU3alIHH.

OTkpoeM uHTepecCyIolUi MaTepuai Ayl peaakTupoBanus. [Ipu HaxkaTuu Ha
KHOTIKY «M» K TekcType mobassetcs ameMeHT «Multiply». 3atem, mocie HaxkaTus
KHONIKK «S» pobaButcst anemeHT «Scalar Parameter», npucBoum emy wums
«Tex_Scale». Ilotom, Ha)kaB Ha NPaBYI KHOIKY MBI, 100aBUM DIEMEHT
«Texture Coordinate» B pemaktop. CoenuHUM AOOABJIEHHBIE paHEE ASIEMEHTHI
yKa3aHHBIM CIIOCOOOM.
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Puc.3.29 Cssska, HeoOXxoaumas [UIsl pEJAKTUPOBAaHMS pa3MEpOB Marepuaia B
UnrealEngine 4

OTy CBS3KY HEOOXOAMMO 100aBUTh KO BCEM MMEIOIIMMCS TEKCTypaMm B
penakrope. Ho ecnu Tekctypa mpocrtasi, TO MOXKHO COEIUHHMTH €€ TOJIBKO C TOH,

KOTOpasi UMeeT CBsI3b ¢ «Normal)» B OmMcaHuM TEKCTYPHI.

Puc.3.30 CBsi3u Mexay HOpMasel TeKCTYpbl U co3aanHoi cBsizku B Unreal Engine 4

3aTem HaxkMeM Ha KHOTIKY «Compile» 1 coxpaHum.

N3 nu3MeHeHHOM TEKCTyphl Ha)kKaTHeM IpaBOM KHOMKH co3fanuM Material
Instance, KOTOPBIN U OYJET UCIIOJIb3YyEMbIM MAaTEPHATIOM.

JloGaBuM ero Ha CieHy (B JaHHOM Clydae U3MEHSIEM MaTepuall MapKeTa), u
MapajyIeIbHO OTKPOEM €T0 B PEIAKTOPE.

Texctypa cMOTpHUTCS 3HAYMTENILHO Oo0Jie€ pPEATMCTHYHON, YeM TIpH
NPUMEHEHUU CTaHAAPTHOTO 00pasia.
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Puc.3.33 Ilon, cTeHbl M TMOTOJOK B CIEHE C MCIOJIb30BAaHUEM OTPEIAKTUPOBAHHBIX
MaTepuajoB
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Hacrpoiika ocBeleHus

[Tocne oxoH4aHus paboOT ¢ MaTepuajgaMH HAcTaéT BpeMs IJIsl HACTPOUKU
apaMeTpOB OCBEIICHUSI.

OcHOBHBIM OCBEIIIEHWEM Ha clieHe sBisieTcs cBeTtocdepa (sky sphere). s
YBEJIIMYEHUS] TMPOHHUKAIOUIETO CBETa B TIOMEILICHHE, CIEAyeT pPa3MECTHTh 3a
OKOHHBIMU MPOEMaMHU 10 HEOOJIBIIOMY MPOXKEKTOPY.

Hapg skcmoHaTamu WM 3J€MEHTaMM CLEHBbI, Ha KOTOpPbIE CTOMT OOpaIiathb
BHUMaHUE CTOUT Pa3MeCTUTh JuO0 TodyeuHslit cBeT(point light), mubo onare-Taku
HaIpaBJICHHBIN CBET mpokekTopa(spot light).

[Tocre MOATOTOBKU CIIEHBI, HAYHEM CO37]aBaTh AKCIOHATHI BUPTYaJbHOTO
My3esl.

Ho mpocto Kycok 3emin B KOMHATe OyJIeT CMOTPEThCS HEUHTEPECHO,
MO3TOMY TPHUIAIUM €MY PEaJTUCTUYHOCTH W CO3/aJUM CTEKJISIHHBIM CTEH[, Ha

KOTOPOM U OYAYyT pa3MeIIeHbl pEeKOHCTPYKIIUH.

Puc.3.34 Ctrenp 1t 5KCIOHATOB, TOJTHOCTHIO co3nanHblid B Unreal Engine 4

Co31aHue 3J1IeMEHTOB BUPTYaJIbHOM BU3yaJIn3aluu

K coxanenuto, B Unreal Engine 4 HET BO3MOXXHOCTH CO3MIaHUS BCEX
HEOOXOMMBIX 3KCIOHATOB. JIJIst 3TOTO BOCMOJIB3yeMCs BO3MOXHOCTsIMU 3DsMax,
B KOTOPOM OyIIyT CO3/JaHbl SKCIIOHATHI M KAPTHUHBI.

B rimaBHOM OKHE cO3aaauM MPOCTON KyO O pa3MepaM H300paKeHHS.

Y06epéM 3HAUYOK C OMNUMUU HUCIOJIB30BAaHUS MHUPOBBIX KOOPAHUHAT. ITO
MOMOKET B JallbHEWIIEM TMpU BBITPY3KE, HAJIOXKHUTh Ha CO3JaHHBIM KyO
n300pakeHue.

OTtkpoem Bkianky Modity, npucBanBaem o6wekty Editable poly, Beioupaem
Polygon, BeiesieM TUIIEBYIO YaCTh KapTHHY.

Bo Bxiagke Edit polygons BeiOupaeM insert U CABUTraeM MOJUTOH BHYTpPb 11O
pasMepy KapTUHBI. 3aTeéM B TOW K€ BKJIaJKe BbIOMpaeMm ¢yHkiuio Extrude u
B/IABJIMBAEM KapTUHY IPUMEPHO HA CAHTUMETD.
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Breixogum u3 Polygon. [Iponenaem BcE€ Toxke camoe jisi BCEX MMEIOIIMXCS
N300paKEHUM.
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Puc.3.35 [loarorornenHsiii 00beKT B Iporpamme 3DsMax 11t BRITPY3KH B TPOCKT
[Tocne co3manus KapTWH, HEOOXOJWMO HMX BBITPY3UTH B ONPENCICHHOM
¢dopmate(FBX), mnaue Unreal Engine He ompenenut uX Kak OOBEKTHI IS

MMIIOpPTa B MPOEKT[8].

SearnFa

Puc.3.36 Pa3memniennsiii 00bekT Ha criene B Unreal Engine 4
N3menenue reometpun BHyTpu Unreal engine4.

BHyTpu nBmKKa ecTh COOCTBEHHBIE MHCTPYMEHTHI U3MEHEHUS T€OMETpHUU
00BeKTOB. ECTh BOBMOXHOCTH CTAaHAAPTHBIX KOMAH]T TPEXMEPHBIX PEAAKTOPOB KaK
«BrimaBnBaHME», «KU3MEHEHHUE PAa3MEPOBY», U T.JI.

V3MeHeHHI0 TeOMETPUH TTOIBEPTarOTCs ONpeae€HHbIe 00BEKTHI PelakTopa,
Haxosmmecs Bo Bkiaake “Geometry” unu “BSP”.
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Search Classes
Recently Placed

Basic

Cone

Lights

Cinematic Cylinder
Visual Effects
Geometry

Volumes

All Classes

Puc.3.37 DneMeHThl U3MEHSIEMOW T€OMETPUH
Pazbepém n3menenue reoMmeTpun 0OHEKTOB HA TTPUMEPE KyOa.
[~ ] repmtn J @ 12 ] ev ‘ o T CE @ e (2 )

Puc.3.38 Dnement ky0 u3 nanenu “Geometry
N3meHeHne reoMeTpun OOBEKTOB IMPOU3ZBOAMUTCS IPU TMOMOIIU TaHEIH
“Geometry editing”.

'{l_r Maodes

& Edit Extrude

Fen

Puc.3.39 ITanens “Geometry editing” B UnrealEngine 4
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Jns mpumepa paboThl ¢ H3MEHSEMOW TreoMeTpuer pa3depéMm co3maHue
y3HABAEMOT0 3JIEMEHTA OKPY>KE€HHUS 31aHUsI TJITABHOT'O KOpITyca.

IlepBeiit 3Tanm — ¢dororpadupoBanue. IlpoBeném ocMoTp coO Bcex
BO3MOYHBIX YTJIOB 3TOF0 MOHYMEHTA.

Puc.3.40 ®otorpadun monymenta Tomckuii [lomurexauyeckuii Y HUBepCUTET.
3aTeM NpoBEIEM 3aMePhI JIEMEHTOB.

[llupyHa W BBICOTA OCHOBHOTO KyOa(MOIJOXKKHA IIBE€TA METAJLIUK)
cocraBisier 220 cm. lIupuHa 31eMEHTOB 3€JEHOTO U uyepHOro 1BetoB 70 cm.,
paccrosHre MexAy HUMH 20cM., KyOM4ecKHe 3JIeMEHThl UMEIOT BbicoTy 70 cM.,
npsAMoyrojbHbie 140cM.

DneMeHThI 3€JEHOr0 U YEPHOIo LBETa BHICTYNAOT Ha 10cM. OT OCHOBHOIO
Kyoa.

Hcnonb3ys AaHHBIE 3aMEPBI, TOSIBISETCS BO3MOKHOCTh CO3AaTh PA3JIMHOBKY
KyOa npu nomoinu uHctpymenta “Extrude”. CTOUT mOMHUTBH, YTO B Clyyae, €Ciu
HEOOXOJAMMO M3MEHUTHb pa3Mepbl HOBOTO  BJEMEHTa, TO HEOOXOAUMO
MEePEKIIIOYUTHCS Ha HHCTpYMeHT “Edit”.
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Puc.3.41 N3menénHas reoMeTpus pyU MOMOLIH HHCTpyMeHTa “Extrude”
Tenepp mpu momomu Bc€ Toro xe uHCTpyMeHTa “Extrude” BhITAHEM

BBICTYTIAIOIIHNE 3JIEMEHTA Ha HY)KHOE PACCTOSTHHE OT OCHOBHOW KOPOOKH.
‘ D@m= [ rHoE B EB EDEnE

Edit ® Extrude

Level. ThirdPersonExamplehap (Persistent)

Puc.3.42 M3menénHas reoMeTpus P MOMOIIM HHCTpyMeHTa “Extrude”2

[Tocne Toro, kak Bel mocuuTaete, 4To paboTa ¢ reOMETpUECH 3aBepIlieHa s
JAHHOTO D3JIEMEHTA, MOXXHO BOCIIOJIB30BaThCA (YHKIHMEH PabOThI C TeoMEeTpHen
“Optimize”. Jlannast pyHKIUS OOBEAMHUT JIEMEHTHI OJHOU MJIOCKOCTH B OOIIIHIA,
YTO MMOMOXKET COKPATUTh BPEMS HAJIOKEHUS TEKCTYP JJIT OOBEKTA.

== Content Browser
I AddNew'=" XL Import Save All

FERRMZLCERM co=rch TPU Monument

Monument_ I8

eose.

3 items (1 selected)

Puc.3.43 Texcrypsl 1u1st MOHYMEHTa TOMCKHI MOMUTEXHUYECKUA YHUBEPCUTET.
3aTeM co3aaauM U3 TaKHX XKE K}’6OB IMOCTAMCHT U CTCHY C HAAIIMCBIO.
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Puc.3.45 MonyMeHT niepei TJIaBHBIM KOPITYCOM C J100aBJICHHOM HaMHUChHIO
Pa3MemeHne Ha CII¢HE JOMOJTHUTCJIBbHbBIX 3JICMCHTOB
ITocne pasMCIICHNA Ha CHCHE CO3AAaHHBIX OKCIIOHATOB, IMMOAKIIOYHM K HHUM

ayJIMo COMPOBOXKIEHUE, YTOOBI MPU MPUOIMKEHIH BKIIOYAIACh 3aMUCh, B KOTOPOU
XPAHUTCS ONMCAHUE FKCIIOHATOB.

Unreal Engine 4 B HacTos11Iee BpeMsl MOAIEP)KUBAET UMIIOPT HECHKATHIX 16-
OWTHBIX 3BYKOBBIX (DaiJIOB C JIO0OW YacTOTOW MHMCKpEeTH3aluu (CM. TaOJHIly
Huxe). [ TOCTHKEHUST HAUTy4dIIuX Pe3yJIbTaTOB PeKOMEHIYETCsl, UCTIOIb30BaATh
yactoty auckperuzanuu 44100 I'n unm 22050 T'u|6].

Crnemmdukanmm PCM, ADPCM, DVI ADPCM
dopmar WAV
Burpeiit 16

KommuecTBo xananos Mono, Stereo, 2.1, 4.1,5.16.1,7.1

NmmopT 3BykoBoro ¢aiina B pemakrop reHepupyer acceT Sound Wave,
KOTOPBI MOXET OBITh BBICTABJICH HEMOCPEICTBEHHO HA YPOBEHb MM MOXKET OBITh
ucnoias3oBaH Ay co3aanus Sound Cues u orpeaakrupoBad BHYyTpu Sound Cue
Editor.
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NmmopT 3ByKoBOTO (haiisia MOKET OBITh CICTIaH ABYMS ITyTSIMHU:
Uepes Content Browser:
B Content Browser, HAKMMaeM KHOTIKY Import .

== Content Bro

I Add New: ~ [E]SaueAII & 3 | &= Content »

search Folders fo] TrFilters ~ [EEEIRINIEEE

& Content

0 items

Puc.3.46 Uuctpyment umnoprupoBanus o0bekToB B Unreal Engine 4

Bribupaem ¢aitn .\WAV, KOTOpbIi HYyKHO UMIIOPTUPOBATb.

Wi

BriOupaem 3BykoBoii (aitnn B okHe [IpoBoganka Windows u neperammm ero
B Content Browser.

Unreal Engine 4 Taxke mojjiepKMBaeT MHOTOKaHaJIbHbIE (Hampumep, 5.1)
3BYKH M HCIIOJb3YeT CIENHaJbHOE HMEHOBaHHWE MpH HUMIOpTE (aaoB s
UCIIOJIb30BaHUsI HECKOJIBKMX KaHAJIOB.

[Tocne no6aBneHus: 3ByKOBOM JOPOKKH B UTPOBYIO MAIKy, CO3JaAUM aKTOP
¥ 100aBUM 3aIUCh K HEMY B OKHO VIEWpOTt.

Puc.3.47 Otkporteiii Editor nist co3gannoro akropa B Unreal Engine 4

[locne poGaBneHuss 3BYKOBOM JIOPOXKKM, CHEJIaeM Tak, 4YTOObl OHa
IPOUTPHIBAJIACH TOJIBKO MPU MPUOIMKEHUH MOJIB30BaTeNs K SKCroHaTy. st aToro
CO3/1aJIUM TUISt aKTopa coOBITHE OnComponentBeginOverlap u
OnComponentEndOverlap, nepetamum 3BykoByr0 n0opoxkky B okHO EventGraph,
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co3naanm s gopoxkkn pyuakmuu Fadeln, FadeOut n o0bemnHNM X TTOKa3aHHBIM
CIIOCOOOM.

Puc.3.48 HeoOxoaumble CBS3HM JUIi KOPPEKTHOW pabOTHl 3BYKOBOHM mopoxkku B Unreal
Engine 4

ITocne MIPOJCIIaHHBIX MaHUITYJISILHH, pa3smecTum aKTop B
HeHOCpeI[CTBeHHOﬁ OJIM30CTH C OIUCHLIBAEMBIM B AyJAUOIOPOIKKE SKCIIOHATOM.

Tenmepp, mnpu nOpuOMKEHUH TOJb30OBATENsl K  JKCIOHATy  Oyner
IMPOUTI'PBIBATHCA ayAHUO 3aIlliCh, B KOTOpOﬁ COACPIKHUTCA OIIMCAHUC DKCIIOHATA.

JJIeMEeHTA MO0JIb30BaTeIbCKOro rpadpuueckoro uurepgeiica

BceTrpoennsie B aBMKOK OT komnanuu EpicGames WHCTpYMEHTHI TTO3BOJISIET

cO37aTh 32 KOPOTKOE BPEeMs MPUSATHBIN M (DYHKIIMOHAIBHBIN TMOIH30BATEIHCKUAN
uHTepdENC, KOTOPBIA MPEAOCTABUT KOHEYHOMY MOTPEOUTENI0 BO3MOXKHOCTH TIO
HACTpOMKe TpaduKu, SIEMEHTOB yNPaBICHUS, U T. 1.

N3HadyaibHO CTOMT YNOMSIHYTh, 4YTO «BHUKETBDY - 3TO CTaHAAPTHBIN
WHCTPYMEHT, BXOJSIIMNA B OJKJIACC IPaPUUECKOTO MOJIB30BATENbCKOT0 KOHTEHTA
BHyTpr UE4. 3OT0 HacTpauBaemblil «OJIIyIPUHT», KOTOPHIM HAIEJIEH HAa CO3/IaHUe
AJIEMEHTOB HWHTEPAKTHUBHOIO B3aUMOJEUCTBHUS IIOJIB30BATENS M OKPYKAIOLIEH
cpenbl. Co3maHue JAaHHOTO MHCTPYMEHTA JIOBOJIBHO MPOCTOE, HEOOXOUMO B OKHE
00o3peBarenss COASPKUMOTO TPOEKTa, MPU TIOMOIIM HAXATUS MPABOM KHOMKHU

MbIIH 100aBUTh « Widget blueprinty.
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The widget bluegrint enables extending UliserWidget the user extensible Uwidget
wald [Cxri + ALL) for tnore

Puc.3.49. DnemeHT co3aHus MMOJIb30BaTENLCKOr0 HHTepdeiica

Camo0 OKHO pemakTUpOBaHUE OYyIyIIETro IOJIB30BATEIBCKOTO HWHTEpdelica He
CWIBHO OTJIMYACTCA OT JPYIMX PENaKTOpPOB, BHEAPEHHBIX B JIBHKOK, 3a
WCKIIIOUCHUEM  BBIJICJICHHOW 30HBI MPOCMOTpa, KOTopas OyaeT BHJIHA

I1OJIB30BATCIIIO ITPpHU aKTHUBAILIUH.

Score : 99999

Puc. 3.50. 'maBHOE OKHO pefakTopa BUAKETOB

[To ymomuaHuto ipu penakTUpOBaHUHA BUKETOB OyeT OTKPHIT PEAAKTOP B
pexxume Designer(/luzatinep). JlaHHBIN pexxuM OTBEYAET 3a CO3/]aHUE BU3yaIbHOM
COCTaBIISIIOILIEH BHUIKETA, KOTOPBIA B MOCIEACTBUU OyJIeT OTOOpakeH Ha IKpaHe

IIOJIB30BaTCJIA.
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Taomuna 3.1.
CocTaBJsIoIye OKHA PEIAKTOPa BUJKETOB

1. Visual OKHO, B KOTOPOM TTPOUCXOIUT HACTPOMKA BAIIETO BUKETA B
Designer rpauueckKoM pexume.

CrHucOoK 3arOTOBJICHHBIX JIEMEHTOB BHIXKETa, KOTOPbIE MOTYT OBIThH
2. Pallete MEPECEHbl U YCTAHOBJIEHBI B PEAAKTOPE MOCPEACTBOM

nepeTacKuBaHUS

3. Hierarchy

OToOpakaeT IPeBOBUIHYIO CTPYKPYPY KOMIIOHEHTOB Ballero
BUJDKETA

4. Sequencer

[Tanens JJIA CO3a4aHuA aHI/IMaHI/Iﬁ KOMIIOHCHTOB Balll€ro BUJKCTA

5. Details

OTtoOpaxaeT HaCTPOITKe BHIOPAHHOTO KOMIIOHEHTA WJTH BUDKETA B
LEJIOM.

B penaktop Takxke BCTpOE€H HA0Op CTaHIAPTHBIX AJIIEMEHTOB YIpaBJIeHUS,

TAKNX KaK pPa3HOTro BH/JAAa KHOIIKHM, TCKCTOBBIC II0JIA, H306pa)KeHI/I$I H Jpyrux,

KOTOpPBIC MOI'YT HOHa,Z[O6I/ITBC}I JIIA pa6OTLI IO CO3JaHHIO ITIOJIB30BATCIBCKOI'O

uHTepdeiica. Bece 3T 371€MEHTHI MOKHO HACTpauBaTh MOJ] KOHKPETHBIE HYXbI.

BI/II[BI KHOIIOK OITMCAaHBI B Ta6JII/II_[e HMKC.

Ta0Omuna 3.2.
CHHCOK IpYIIT 3JIEMEHTOB BUKETA

Common

CraHapTHbIE 3JEMEHTBI, KOTOPBIE HCIIONB3YIOTCA yale Bcero. B
JaHHYIO0 Tpynmy BxonaT pasnuunble kHomku(Button, CheckBox),
Hepenaktupyemblie TekcToBble nmomsi( TextBox, Text, Slider).

Input

DNeMeHThI, MpeIHa3HAUYCHHbIE JJI1 BBO/IA KaKoU-1100 nHpopmanuu
noJib30BaTesieM. B 1aHHyto rpyniy BXOJAST 3JIEMEHT BbINAAaroIIero
meHo(ComboBox), 0J10K TUISt BBOJIA 1udpoBoro
3HadyeHusA(SpinBox), Omoxk i BBOJA  PEIAKTUPYEMOTO
MHOroctpouHoro tekcta (TextBox).

Panel

DneMEeHTHI [UIsl OpraHU3aliy APYTUX 110 ONPEAEIEHHBIM MTpaBUiiaMm,
HampuMep B TAOJIMYHOM BHUJIE WIH IPYT 3a IPYTOM.

Primitive

Cxoxuil Mo pyHKIIMOHATY C MPEABITYIUM, HO (DYHKIIMK OTBEYAIOT
3a anumanuio snemeHToB(CircularThrobber, Throbber, Spacer), a
TaKXKe BHEJpEeHHEe peaakTupyeMbix TekcToBbiX nojier(EditableText,
EditableText(MultiLine))

ITepen HavanoM pa3pabOTKM COOCTBEHHOTO MEHIO HEOO0XOAUMO CO31aTh
o0wekT BlueprintClass ¢ mapamerpamu HUD.
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‘1-[' Pick Parent Class
4 Common Classes

Q Actor An A is an object that can be placed or spawned in the
n actor that can be "po: ' and receive

e of Pawn that includes the ability to

s an actor responsible for controlling a
r

played, its rules,

that can be

«» View Options~

Selact Cancel

Puc. 3.51. Oxuo cozganuss HUD-xiacca

3aTteM yKa)xeM eMy JIOTHKY cpaOaThIBaHUs MPH 3aIyCKe MPOEKTA.

e ] R,
8 Create Menu Widget = J Add to Viewport

T{}- Event Begﬁlay » ————__h_‘____- >
/ Class Menu- Return Value

Target
Owning Player

Puc. 3.52. IIporpammupyemast 10ruKa mokasa MEHIO MpH 3aIlyCKe MPOeKTa

CTOWUT MOMHHUTH, YTO I OTOOPaKCHUS CO37]aBAEMOTO MEHIO HEOOXOJAUMO
NpUKa3aTh JABMKKY 3allyCKaThCs C HEro, Ui 3TOr0 MOXKHO KakK CO3/aTh
coOcTBeHHYIO Bepcuto KomrmoHeHTa GameMode,Tak #, 94TO HAMHOTO TPOIIE,
CKOITUPOBATH y)KE UMEIONTUICS B DJIEMEHT ITPOSKTa U HA3BaTh €ro0 COTJIACHO CBOUM
HYKaM.

4 Game Mode

oI Ll ThirdPersonidenu  w [€ SO RE s

GameMode

Default Paw

HUD MainhMenuHUD = O+

. CEE « o +
ST « © +
O « o +

Puc. 3.53. Hactpoiika MHpOBBIX IapaMeTPOB

[Tocne mpoaenaHHbIX ASHCTBUIA YK€ MOXKHO OpaThCsl 3a HACTPOMKY CamMoro
MEHIO U ero (PyHKIMOHAIA.
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[Tomectum kHOmMKM BHYyTpu KommoHeHTa Panel - VerticalBox. [lannoe
JIEUCTBUE B JAIBHEUIIEM MTOMOXKET MPU HACTPOMKE BUIAUMOCTU OTAEIBbHBIX CIOEB
MEHIO.

[Tocne pacnonokeHusi BCEX KHONMOK MEHIO B OKHE BHJDKETa, MOXKHO
IPUCTYNUTh K HACTPOWKE BHEIIHETO BHAA KHONOK. /Ui 3TOro MOKHO
BOCIIOJIb30BaThCS KaK BCTPOECHHBIMU MHCTPYMEHTAMU CTUJIM3AIlMU, TaK U CO3]aTh
obopmiieHHEe B CTOPOHHUX mporpammax, Takux kak Adobe Photoshop, Gimp,
ScetchBook.

] D @ ¢

iﬂli!rulllll _ ,

Puc. 3.54. Bun BumKeTa MEHIO 1MOCTIE HACTPOHKH 3JIEMEHTOB OTOOPaKCHHS

Jliist monp3oBarens Oyner 6oJiee HarJISIAHO, €CJIM MPU HaBEIEHUH Kypcopa Ha
KHOIKY, €€ BuJ OyJeT HEMHOro MeHATbcs. Hampumep, oHa MOXXET HEMHOIO
NOMEHATh OTTEHOK. [[ns 3Toro, B mapamerpax CTWIS y KHOIOK MpPOIMHUILIEM
CBOMCTBO OTTE€HOK IIPY HABEJIEHUU KypCcOopa U NPU HAKATUU HA KHOIIKY.

I [ ~herit S

0410376

Draw As

[+ Margin

Puc. 3.55. ITapameTpbl CTHIISI KHONIKH, pa3fen oTTeHok (“Tint”)

Jloruka paGoThl MEHIO TaKOBA — M3HAYAIBHO BHJIHBI TOJBKO TPU OCHOBHBIE
KHOIIKHM, TIpU BblOOpe kHOMKU «HacTpoiika» OTKpbIBAaETCS 3KpaH € KHOMKaAMHU
HACTpOWKa pa3MepoB HKpaHa M BO3BPATOM K OCHOBHOMY MeHIo. [Ipu BbIOOpE
KHOIIOK HAaCTPOMKHU U3MEHSIETCS pa3Mep paboyero sKpaHa.

JIJist TIaBHBIX KHOTIOK, TaKWX Kak «Start gamey, «Options» u «Quit game

(GyHKIHMOHAT JOBOJBHO MPOCTOW. JIJIsi KHOMKK CTapT — 3TO OTKPBITHE TJIaBHOTO

YPOBH: ITPOCKTA, IJIS1 KHOIIKHU BBIXO — 93TO 3aKPbITUC BCCTO OKHA ITPOCKTA.
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_J Remove from Parent

> On Clicked (Start_Button) [ Open Level g
P e I » o

Target [ self

> on Clicked (Exit_Button) " quit Game
»

Puc. 3.56. IIporpammHas joruka cpadbaTsiBaHus KHOTIOK «Start gamey, «Quit gamey

qYTB 0oyiee CIOKHOM SIBJISICTCS JIOTHKA KHOIIOK HAaCTpOCK M BO3BpaTa K
OCHOBHOMY MCHIO. I[J'Iﬂ HHUX HGO6XOI[I/IMO HAaCTPOUTb BUAUMOCTD pPa3JINYHbIX CIIOEB
MeHo. Ha JaHHOM OJTall€ HaM MW IPUTr0XAACTCA paHCC CO3JaHHBIC IIaHCIN

VerticalBox.

" set visibility [ set visibility
€ On Clicked (Options_Button) " Vid rget is I

Main Menu

J set Visibility
> on Clicked (Return_Button) T Wid

Main Menu

Puc. 3.57. IlporpammHas joruka cpadatrsiBanus KHOMOK «Optionsy, «MainMenuy
N3menenne pasmepa pabouyero n3KpaHa OCYIIECTBISETCS MPU TTOMOIIH
KOHCOJIbHOM KOMAaHJbI «Setres X », C 3aJaHHbIMH IIapaMCTpaMH JSKpaHa.

[Tono6GHBIM 00pa30M MOKHO U3MEHSTh Ka4eCTBO rpaduKu, TEKCTYp, IPOPUCOBKU U

T.H.

€ On Clicked (1920+1080)  Execute Console Command
» » V]

& On Clicked (1280:720) J Execite Console Command

& on Clicked (540-480) [ Execute Console Command
» » D

Puc. 3.58. @yHKIIMOHAT KHONIOK U3MEHEHHSI pa3Mepa pabodero skpaHa
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Ecnu 3amycTuTh NMPOEKT HAa JaHHOM JTare, MpU Ha)XXaTHH Ha KHOMKY «Start
game) Kakoe-TO BPeMs MEHIO U caM MPOEKT OyAyT HEaKTHUBHBL. JTO CBSI3aHO C
HOATPY3KOW 3JIEMEHTOB MpPH Tepexoje Ha OCHOBHYIO cleHy. J[ias KoHeuHOoro
MOJIb30BATENsl JaHHAs 3aJep>KKa, MHOT/A MPOJOJDKUTENbHASA, MOXET BBITJISACTD
KaK «3aBHCaHHE» IMPOTPAMMBI, YTO MOXKET IPUBECTH K HETaTUBHOMY OIBITY
ucrnonb3oBaHus.  Jng  u30eraHuss  MOAOOHBIX  CIEHAPUEB,  CO3A3TUM
JIOTIONIHUTEIBHBIA  BUJDKET OJKpaHa 3arpy3kd M YCTAaHOBUM €My JIOTHKY
cpabaThIBaHUSI.

[lonobHO BUIKETYy TJABHOTO MeHIO, co3aanuM snemeHT Userlnterface —
Widget, u npucBoum emy ums LoadingScreen. [locne storo mpumaaum emy
BHEIIHUI BHJ dKpaHa 3arpy3kud. B gaHHOM ciydae 310 OyJeT mpoctas HaJlluch
«3arpy3ka», OJHAaKO MOXHO J00aBUTh TIOJOCY 3arpy3ku W Jpyrue

AHUMHPOBAHHBIC 3JICMCHTLI.

Puc3.59. Buewnuii Buj skpaHa 3arpysku

Tenepp B paHee co3maHHbId (QyHKIMOHAN KHOMKU «Start Game» nob6aBum

OJIEMCHTEI IICPEXO0Ja Ha SKPaH 3arpy3KHu.

& On Clicked (Start_Button) T Create Loading Screen Widget = a ° J Open Level
» — Completed b — — B

Puc. 3.60. IIporpammHas J1oruka 3amycka 3KpaHa 3arpy3Ku

[Tocnenuuii srtam, m00aBUM (GYHKIHWIO BBIXOJA B TJIABHOC MEHIO TIPH
Haxkatun KHOMKU Escape(“Esc”). B oOmux HacTpoWkax IpOeKTa, BO BKJIAIKE

Engine- Input no6aBum cpabaThiBaHUsI TPU HAKATUUA KHOTIKH.
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4 Bindings

the input behavior and the

a

[ Jump + x
F N ToggleMenu + X
Escape hd shirt [ ot [ At @ cmd [l X

oz @

Puc. 3.61. Jlo6aBneHue COOBITHS MPH HAXKATUN KHOIIKU

ITocne sroro, B Blueprint mepconaxa mo6aBuM (yHKIIMOHAT, YTOOBI MpHU

Ha’XXaTHH Ha KHOIIKY IIPOUCXOJHJIO IMTCPCKIIIOUCHHUC SKPAHOB.

= i) " Addto Viewport
> InputAction ToggleMenu J Open Level " Set Game Paused = Create Menu Widget ol aiget

| e 4 P—0 Pp— ="

Paused ) Return Value s Return Value Target
-

Puc. 3.62. Jlo6aBienue GpyHKIIMOHATA Y TIEPCOHAKA

Ha 3T0M co3nanne npocToro moyib30BaTeabCKOro HHTEpQelica 3aKOHUYEHO.
ITpu 3amycke mpoekta OyJeT MOSBIATHCS OKHO TJIABHOTO MEHIO C 3JIEMEHTAMU
HACTPOMKHU pa3pelIeHus 3KpaHa, [IpH Mepexojie MeX/1y cLieHaMU IIpoeKkTa OyeT
MIOKa3bIBaThCS SKPaH 3arpy3Ku.

3.4. BoiBoja 1o riaase 3
1. Co3naHue apXUTEKTYPHBIX BU3yaJIU3alUi B CO3JJaBA€MOM MHCTPYMEHTAPUU
MO3BOJIUT 3HAYUTEIIBHO COKPATUTh BPEMs pa3pabOTKH MPOESKTOB.

2. OnmcpIBaeMbIe CITOCOOBI pa3pabOTKH OTIEITBHBIX AJIEMEHTOB MPOEKTA
CUUTAIOTCS ONTUMATHHBIMH.

3. IIpu mpoeKTUPOBAaHUU APXUTEKTYPHBIX BU3yalU3alMid HEOOXOAUMO YETKO
cle0BaTh 0003HAUEHHOMY MO3TAITHOMY IJIaHY pa3pabOTKH.
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I'maBa 4 ®UHAHCOBBII MEHEIKMEHT, pecypco3dPeKTUBHOCTH H
pecypcocoepexenne
Bsenenne

B nmanHOoM paszmene paccMaTpuBaeTcs OKOHOMHUYECKHHA 3PEPEeKT OoT
IPOEKTUPOBAHUA U Pa3padOTKU WHCTPYMEHTapus IJIA CO3JAAHUSA apPXUTEKTYPHBIX
Busyanmusanuii B UnrealEngine4.

OO0beKT uccjiel0BaHusA — UHCTPYMEHTAPUIN ISl CO3/IaHUsl apXUTEKTYPHBIX
Busyanuzanuii B cpeae UnrealEngine4.

Leab JaHHOrO MPeANPOEKTHOr0 AHAJM3Aa — MPOEKTUPOBAHUE U CO3/aHUE
KOHKYPEHTOCTIOCOOHOM pa3pabOTKH, OTBEUAIOIIEH COBPEMEHHBIM TPeOOBaHUSIM B
obJtactu pecypcocoepexeHus: U pecypcodPheKTUBHOCTH.

JI7is TOCTHKEHUS TOCTAaBICHHON e HEOOXO0IMMO BBIIIOJHUTH CIIEIYIOIINE
3aJlauu:

e OmeHKa KOMMEPYECKOT0  MOTEHIHAda W NEPCIEKTUBHOCTH
IPOBEICHUSI HAYYHBIX UCCJIEI0BAHMI;

e OrmpezeneHre BO3MOXHBIX allbTEPHATUB M MPOBEJICHUS HAYYHBIX
MCCIIEIOBaHHM, OTBEUAIOIIUX COBPEMEHHBIM TPEOOBAHUAM B 00JACTH
pecypcodhHEKTUBHOCTH U PECypCOCOEPEKEeHHUS,

e [InanupoBaHHe Hay4YHO-HCCIEAOBATEIBCKUX PAOOT;

e OmnpeneneHue pecypcHol, puHAHCOBOM, OOKETHON, COLMATBHOU U
YKOHOMHUYECKOH 3PPEKTUBHOCTH UCCIIECOBAHUSI.

B pabote paccmaTpuBaeTcs HHCTPYMEHTAPUH AJIsl CO3/IaHUS aPXUTEKTYPHBIX
Bu3yanu3anuii B cpene mnpoektupoBaHus UnrealEngine4. [lannas paspabotka
IpelHa3HaueHa JUIi COKpalleHUSI BpPEMEHH pa3padOTKUM  apXHUTEKTYPHBIX
BU3yalu3alii  OOBEKTOB  HMCTOPHUYECKOTO M KYJbTYPHOTO  HacieIus.
[ToTeHIMaNbHBIMU  TI0JIB30BATENISIMU  pa3padaThIBAEMOr0 PEIICHUS  SBIISIIOTCS
CTYIIEHTBI, TMpernojaBaTesid, Ha4yMHAIOUMEe U  npodeccuoHaibHbie  3D-
IPOECKTUPOBILMKH, LEJIbI0 KOTOPBIX SIBJISIETCS CO3JAAHUE HMHTEPAKTHBHBIX
DKCKYPCHH U MTPE3EHTALUH.

4.1. OueHKa KOMMEPYECKOr0 MOTEHI[MAJIA U NMEPCIEeKTUBHOCTH MPOBEACHUS
HAYYHBIX HCCJIET0BAHMI

4.1.1 IloTreHuMAJIbHBIE IOTPEOUTEIN PE3yJIbTATOB UCCIEI0BAHUSA

Jlnsg aHanu3a mnoTpeduTeneil pe3yibTaTOB HCCIENOBAaHUS HEOOXOIUMO
pPaccMOTPETH EIeBOI PHIHOK M MTPOBECTH €r0 CETMEHTUPOBAHUE.

[leneBoil PHIHOK — CErMEHTHI PhIHKA, Ha KOTOPOM OyIeT MpoAaBaTbCs B
OynymeM paspaboTka. B cBOIO odepens, CErMeHT pPbhIHKA — 3TO 0COOBIM 00pazom
BBIJICTICHHAS YacTh PhIHKA, TPYMIBI MOTpeOuTeNel, 00Iaaaromux onpeaeIéHHIMA
OOITMMH MPU3HAKAMHU.
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CermeHTHpOBaAHUS — 3TO pa3jeieHUe MOKynaTenei Ha OAHOPOJHbIE TPYTIIIHI,
JUISL KOKJIOM M3 KOTOPBIX MOXKET MOTPeO0BaThCS ONPEACIEHHBIN ToBap (yciayra).

[leneBbIM pPBIHKOM TMPOEKTA SBIAIOTCS HE3aBUCHMBIE CaMOCTOSTEIbHBIC
IU3aiHephl W pa3padOTYMKK  ApXUTEKTYpHBIX Bu3yanm3anuil. Kpurepun
CEIrMEHTUPOBAaHUA JaHHOM paboTel — mpodeccuss B chepe pazpaboTku
ApPXUTEKTYpPHBIX BU3yaJU3allUi, MOTPEOUTENH, COLMAIbHAS TPHUHAJIEKHOCTD,
CTyleHH o0Opa3oBaHusl, Hay4yHas CTENEeHb, 3BaHUE, BUJ NOTpeOUTENeH, Kiacc
UH(POPMAIIMOHHBIX TEXHOJIOTHI.

Beinenum Haunbosiee 3HauMMBIE IJi1 pa3padarbiBaeMoil MHGOPMaIMOHHOU
TEXHOJIOTUH KPUTEPUU: KIIACC MEIUITMHCKOW HH(POPMAIMOHHON TEXHOJOTHH H
norpebutenn. Ha  OoCHOBE  BBIABIEHHBIX  JAaHHBIX  IOCTPOMM  KapTy
CEerMEHTUPOBAHHUS, OHA Mpe/icTaBleHa B Tabmuie 4.1.

Cdepa TexHOJI0THIT CO3aHUA APXUTEKTYPHBIX BU3YyAJIN3aNM i

MogaenupoBanue | IIpoekrupoBanue Pa3pabotka
ApPXUTEKTYPHBIX BUPTYaJIbHOU MPOTrPaMMHUPYEMBIX JIEMEHTOB

3JICMCHTOB CIICHBbI BHpTyﬂJ’IBHOﬁ OKCIIO3NIINN

HezaBucumpbrii
pa3paboTunK

CoTtpynHuk
CTYIHH-
pa3paboTunka

CoTtpynHuk
YUPEKACHUS,
3aHMMAIOIIETOCSI
paspaboTkoit

oTpeduTesnn

Tabnuna 4.1 Kapra cerMeHTUpOBaHUS PHIHKA YCITYT:
PaspabarpiBaembiii

WNHcTtpymenTapuii,
npemyaraeMbiii «KUNIGINE» WHCTPYMEHTapui

B PE3IYJIBTATC IMOCTPOCHUS KAaPThl CCTMCHTUPOBAHMNA BbIABJICHO, KAKUC HUIIIN

Ha PBIHKE YCJIYT HE 3aHATHl KOHKYPEHTaAMH WX II€ YPOBEHb KOHKYPEHIIMH HU3O0K.

Hcxons u3 MONydeHHBIX JaHHBIX, OBLUIO NMPUHSATO pelIeHue pa3padoTarhb
MHCTPYMEHTApUH Ul CO3/IaHusl apXUTEKTypHbIX Busyanusanuii B UnrealEngine4
OCHOBHBIM MOTpeOUTENIeM KOTOpPOM OyayT He3aBUCHMbIe pa3pabOTUYUKU U
COTPYAHUKHU YUPEKICHUS, 3aHUMAOIIEr0Cs pa3paboTKOM. Opnnako
CMOJICJIUPOBAHHBIE APXUTEKTYPHBIE DJIEMEHTHI TaKK€ MOTYT OBITh MCIOJIb30BaHbI
CTYIUSIMU-Pa3padOTIYNKAMU IJIsl SKOHOMUU BPEMEHHU.
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4.1.2 AHa1U3 KOHKYPEHTHBIX TEXHMYECKUX pelIeHuil

[IpoBeaemM CpaBHUTENbHBIA aHAU3 KOHKYPEHTHBIX TEXHUUYECKUX PEUICHUH,

CYILIECTBYIOIIUX Ha PBIHKE: CO3/IaHME ApPXUTEKTYPHBIX BU3YyaJU3allUi CTyIuen

«UNIGINE», pa3pabarbiBaeMblii WHCTpyMEHTapuid. AHaIuU3UpyeMble JIaHHbBIC

npeacTaBiIeHbl B Ta0nuie 4.2.

Ta6mmma 4.2 — OneHovHast KapTa Il CPaBHEHUSI KOHKYPEHTHBIX TEXHUYECKUX PEIICHHUMA

(pa3paboToK)
Bec Bbanawbl KonkypeHTOCIOCOOHOCTH
Kpurtepun onenku
KpuTepus
B(b BKl BKZ K(b KKI KKZ
1 2 3 4 5 6 7 8
TexHn4ecKHe KpUTEPUH OLEHKHU pecypcoddeKTUBHOCTH

1. IloBb11ICHME
MPOU3BOAUTEIBLHOCTH TPYIa 0,13 5 5 4 0,65 0,65 0,52
MOJIb30BATENS
2. Y100CTBO B KCILTyaTaluu 0,05 5 4 5 0,25 0,2 0,25
3. HanexxHoCTh 0,15 5 4 0,6 0,75 0,6
4.11

OTpeOHOCTH B pecypcax 0.04 5 4 5 0.2 0.16 0.2
naMsITH
5. be3omacHoCTh 0,07 5 5 5 0,35 0,35 0,35
6. ®yHKIIMOHAJIbHAs! MOITHOCTh
(mpenocTaBisieMbie 0,08 4 3 4 0,32 0,24 0,32
BO3MO>KHOCTH)
7. IlpocToTa 3KCIUTyaTaluu 0,06 5 5 4 0,3 0,3 0,24
8. KaqecTBo HMHTEJUIEKTYaJIbHOTO 0.1 5 4 4 0.5 04 04
uHTepderica

JKOHOMHUYECKHEe KPUTEePHH OlleHKH I(PPeKTUBHOCTH

1. K

OHKYPEHTOCIIOCOOHOCTh 0.1 5 3 4 0.5 03 0.4
MPOIYKTa
2. llena 0,15 5 2 3 0,75 0,3 0,45
3. Cpok BBIX0/1a Ha PHIHOK 0,01 4 5 5 0,04 0,05 0,05
4. Ilpeanonaraemslii CpPOK 0.01 5 3 4 0.05 0.03 0.04
IKCIUTyaTaIiH
5.1

OCTICTIPONIANKHOE 0,01 5 14| 3| 005 [004] 003
o0cIy)XKMBaHUE
6. ®ruHaHCUPOBAHUE HAYYHOM 0,04 5 ) ) 02 0,08 0.08
pa3paboTku
Hroro 1 67 | 54 | 56 4,76 3,85 3,93

AHanmM3 KOHKYPEHTHBIX TEXHUYECKHUX PEIICHHUH Ompeaensercs mo Gopmye

4.1:

K=YB 5,
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rae K — KoHKypeHTOCITOCOOHOCTh HayYHOU pa3paboTKU MM KOHKYPEHTA;

Bi — Bec mokazarens (B 105X €AUHUILBI);

bi — 6ann 1-ro mokazaresnsi.

OcCHOBBIBasICh Ha 3HAHUSAX O KOHKYpPEHTaX, 0OpaTUM BHUMaHUE Ha CUJIbHBIC
CTOPOHBI pazpadaThiBAEMO HHPOPMAITMOHHON TEXHOJIOTHH:

— Hwuskas nena.

— BO03MOXHO TOCTOSIHHOE TOIMOJIHEHHE U J0padoTKa KOHEYHBIM
MO0JIb30BaTENIEM.

— JIIMTeNnbHBIN CPOK HJKCIUTyaTalu (MPaKTHUYECKH Oe3rpaHUuYHbIA CPOK
IKCIUTyaTallH, B CPABHEHUH C TOJMYHOM JIMLIEH3UEN ).

— KauectBo mocnenponaxxsHoro oOcayx)uBaHus (MOAAEPKKa MPOIYKTa B
TEYEHUE BCEro CPOKa rapaHTUN).

— s

MHWHHMAJIbHBIC BJIOXKCHMUA.

pa3paboTku  HMH(POPMALMOHHOM  TEXHOJOTUU  TPEOOBAIHCH

4.1.3 Texnoaorust QuaD

Jlns ananu3a pa3palaThIBaeMOro MpoekTa MpuMeHeHa TexHonorus QuaD.
JlaHHAast TEXHOJIOTHS MO3BOJIIET U3MEPUTh XAPAKTEPUCTUKHU KadecTBa pa3padbOTKU
U ee MEepPCIEeKTUBHOCTh UCIOJB30BaHUsl B padbore. B ocHoBe TexHomoruu QuaD
JEKUT HaXOXKJEHUE CPEAHEB3BELICHHON BEIMYMHBI ABYX TIPYII IOKa3aTEJEH:
KayecTBa M MNOTeHIMana pa3paboTku. Kaxnaplii mnokasaTenb OlEHMBaeTCA
HKCIEPTHBIM IMyTEM MO CTO OauibHOM Iukaine. B Tabmune 4.3 npencraBieHa

OLCHOYHAs KapTa.

Tabmuma 4.3 — OueHo4YHas KapTa JJisi CpaBHEHUS KOHKYPEHTHBIX TEXHUUECKHUX PEIICHHUI

. Cpenne
Bec MaxkcuMajibHblii |OTHOCUTEIbHOE
Kpurepum ouenkn banbl B3BellIEHHOE
KpuTepus 0aJ 3HAYCHHUE
3HAYeHHe
1 2 3 4 5 6
Iloka3aTein OEHKHM KayecTBa pa3padoTKu
HanesxHocThb 0,2 80 100 0,8 0,16
YHUGUIIUPOBAHHOCTH 0,1 90 100 0,9 0,09
DyHKUHORATEHAA 0.2 90 100 0.9 0,18
MOIITHOCTH
IIpocToTa skcruryaranuu 0,2 75 100 0,75 0,15
KauecTtBoO
HMHTEJUIEKTYyJIbHOTO 0,2 80 100 0,8 0,16
uHTepdeiica
Iloka3aTe/u OLIEHKH KOMMEPYECKOTro NMOTeHIHAIa pa3padoTKu
KoHkypeHTOCTIOCOOHOCTh
MPOJIYKTa MO CPABHEHUIO 0.1 20 100 0.8 0.08
C CYILLECTBYIOLIUMU ’ ’ ’
CHCTEMaMH
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| Hiroro: |1 | | 100 | | 0,82

OreHka Ka4ecTBa M MEPCIIEKTUBHOCTH 10 TexHojoruu QuaD ompenemnsiercs
o ¢opmyie 4.2:
I1,=28B b, (4.2)

I'ne HCP — CPCIAHCB3BCIICHHOC 3HAYCHHUC IIOKA3aTCd KadcCTBa U

MEePCIIEKTUBHOCTH HAyYHOH pa3paboTKH;
Bi — Bec mokazarens (B 105X €AUHUIBI);
bi — cpenHeB3BemIeHHOE 3HAUEHUE 1-TO TTOKA3aTEelIs.
ITomyuaem, uro 11, = 0,82.

3nadenue /1, NO3BOJIAET FOBOPUTH O NEPCHEKTUBAX Pa3padOTKU M Ka4eCTBE
npoBeAeHHOro uccnenosanus. Tak xak 7, = 0.82, MOXHO yTBEPKIaTb, 4TO

JaHHasA paSpa60TKa ABIIACTCA HCpCHCKTI’IBHOfI.

4.1.4 SWOT-ananu3

SWOT-ananu3 sBAsS€TCS OJHUM M3 CaMbIX PacHpOCTPAHEHHBIX METOJOB
aHaJI3a U CTPATErMYECKOIro IUIAHMPOBAHUS B MEHEIKMEHTE M MapkeTuHre. OH
JAaeT 4YETKOE NpeJCTaBlIeHHE O (PaKTOpax BHEIIHEH W BHYTPEHHEH Cpelpl U
YKa3bIBAa€T, B KaKWX HAIPABJICHUSAX HYKHO JEHCTBOBATh, MCIONb3Yys CHJIbHBIE
CTOPOHBI, YTOOBI MAKCUMHU3HPOBATHh BO3MOXHOCTH U CBECTH K MUHUMYMY YI'PO3bI
u cialbie cTOpoHBl. C MOMOIIBI0 3TOTO METOJa MOKHO 0003HAYMTH OCHOBHBIE
po0JIeMbI IPOEKTA, ONPEAEIUTh MyTH PEIICHUS U EPCIIEKTUBY Pa3BUTHSL.

O6bekrom ansa  mpoBeneHuss SWOT-ananusza  sBisieTcs  mporece
UCIIOJIb30BaHUsl UHCTPYMEHTAPUS I CO3JaHUsl apXUTEKTYPHBIX BU3yaJln3allui B
cpeae UnrealEngine4.

Pe3ynbrarom aHanusa siBisieTcsl pa3pab0oTKa MAPKETUHIOBOM CTPATErHMU WIN

TUIIOTE3bI [T TaJIbHEHIIIEH TPOBEPKU, OHU TIPEJICTABIICHBI B Ta0uIe 4.4.
Tabmuma 4.4 SWOT-ananmuz

CuiibHbIE cToponbl | Ciiabble CTOPOHBI HAYYHO-
HAY4HO- HCCJIeJ0BATEILCKOT0
HCCJIe0BATEIBCKOI0 NpOeKTa:

NMpoeKTa: Cnl. HexBanuduiupoBaHHbIe
Cl.  VYnpouenue pabOTHI | OIB30BATENH;

c TpéxMepHbiMH | Ci12.  3HAYUTEIbHbBIC
pemakTopaMH U UTPOBBIM | BpeMEHHBIC "
JIBUKKOM. MHTEJUIEKTyallbHbIe 3aTPaThl Ha
C2.  Cokpamienue peanu3anuio;

BpemeHu npoektupoBanus u | Cn3. TekydecTb KagpoB
pa3pabotku apxutekTypHoit | Cn4. Cpok BbIX0J1a HAa PHIHOK.
BU3YaIH3aIiH.

C3.  Ananus
MPONYIIECHHBIX 3HAYCHUI
C4.  BoccranoBneHus
MPOMYCKOB B HMCXOJHBIX
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TaAHHBIX

C5. KommiekcHas

OLIEHKa pEe3yJIbTaTOB

MIPOCKTUPOBAHUS

aApXUTEKTYPHBIX

BU3yaJIM3aLUN.
Bo3moxHocTH: I Tounoe cnenoanue | 1 IlpenocraBnenue
BI1. VYBenudeHue IpeaIaracMbIM maraM | KOHCYJIbTalUi KJIMEHTaM;
CKOPOCTH TPOEKTUPOBAHHUS | O3BOJIUT 3HauuTenbHo | 2 Ilpu pa3paboTke y4UTHIBATH
APXUTEKTYPHBIX COKpaTUTh BpeMsi Ha | Hauboee BpeMsI3aTpaTHbIE
BU3YaIHU3aluii; pa3paboTKy U | Tambl, COKpAIlEHUE BpPEMEHH
B2.  HUckmouenue IIPOEKTHUPOBAHUE JIOJKHO OBITh 3HAYUTEILHBIM;
omuOOK,  CBS3aHHBIX  C | APXUTEKTYpPHOM 3 IlpuBneueHue KaJapoB U3
YeJI0BEYECKUM (PaKTOpoMm; BU3yaau3aluu; TIIY  1O3BOIMT  yBEIWYUTH
B3.  Pacmmpenus 2 Pemienue poOJIEMBI | TEMITBI PaOOTHI HaJl MPOEKTOM.
¢dbyHKIIMOHAA OTCYTCTBYIOIIUX JAaHHBIX;
nH(OOPMAITMOHHOM 3 PaszpabatpiBacmblie
TEXHOJIOTHH; WHTEPAKTUBHBIE  PEIICHUI
B4.  VYBenuuenue MO3BOJIUT MIPUBJICYb
MacimTadoB MPOEKTA. Oounbliee YHCIIO

I0JIb30BaTENEH.
Yrpo3sl: 1 Coou B pabore moxno | 1 HccrnenoBanue HOBBIX
V1. CoOou B padorte; HCKJIIOYHTh 3a CYET | TEXHOJOTHN ISl paCIIMpEeHUs
V2. Iloreps IpPaMOTHOIO BbIOOpa | CIIOCOOOB TPOECKTHPOBAHUS U
KOHKYPEHTOCTIOCOOHOCTH; paszpaboTunka U | pa3pabOTKH  apXUTEKTYPHBIX
¥3.  Orxkas OT | IPEAOCTABICHNU  JIYYIIUX | BU3yaJu3aluil.
TEXHUYECKON  TOMJEP)KKH | MHCTPYMEHTOB JJist paboThl. | 2 IIpoBoauTh pa3paboTKy
MPOEKTa MoCcIie BHEAPEHNU; | 2 AHamu3 paHka MOJOOHBIX | MHOOPMAIIMOHHONW TEXHOJIOTHH
V4.  OtcyrcrBHE  crpoca | TEXHOJIOTHI JUIsl | TAKUM  00pa3oMm, YTOOBI OHa
Ha paclIipeHne pa3padOoTKU. | YAOBICTBOPEHUS Obu1a ruOKoii, JIETKO

TpeOOBaHUI KIIMEHTOB. BOCIPUUMYHUBOU K

U3MEHEHHUSM.

4.2. IlnaHupoBaHue HAYYHO-HCCIEA0BATENbCKUX padoT

4.2.1. Ctpykrypa padoT B paMKax HAYYHOTI' 0 MCCJIeT0BAHUSA
[InanupoBaHre KOMIUIEKCA MPEAroaraéMbix pabOT OCYIECTBISETCS B

CJIEIYIOLIEM MOPSIJIKE:

— ompenesreHue CTPYKTypbl paboT B paMKax HAYYHOTO MCCIIEIOBAHUS;

— OlpeneneHne YIaCTHUKOB KaKIoU paboTH;
— YCTaHOBIIEHHE MPOIOJDKATEITLHOCTH PadoT;
— TOCTpOEHHE UCCIICJIOBAaHUN |
pazpaboToK.

J1J1sl BRITIOJTHEHWST HAYYHOTO MCCIIeIOBaHus chopMUpOBaHa pabodas Tpymma,
B COCTaB KOTOPOW BXOMST CTYJEHTHI M MPEMOJaBaTeb — PyKOBOAUTENb MPOEKTA.

[To xaxmomy BUIYy 3alsIaHUPOBAHHBIX PabOT YCTaHOBJIEHA COOTBETCTBYIOLIAS

rpaduka TpOBENEHUS HAyUYHBIX

JOJIZKHOCTD HCHOJ’IHHTCJ’ICﬁ, 9THU JAHHBIC IIPCACTABIICHBI B Ta6J'II/I]_IC 4.5.
Tabnuua 4.5 - [lepeueHs 3TanoB, padboT U pacnpeaesieHle HCIOTHUTENeH
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Ne JoaxHoCTH
OcHoBHbBIE ITaNbI Coaep:xanue pador
pao. HCTIOJTHUTEJISA
DopMHUpPOBAHUE TEMBI U 1 [Ipoxymats niero u 3anucaTh PykoBoaurens,
ey pa3paboTKu OCHOBHBIE JJaHHBIE CTYJIEHT
PykoBoaureinn
2 [MoapoGHOE onKCcaHKue HICH K ’
CTYJIEHT
3 BrisiBrienue pyHKIIMOHATBHBIX PykoBoaurens,
Pa3pabotka OJIOKOB CTYIEHT
TEXHUYECKOTO 3aJaHUs PyYKOBOIHTEIb,
4 OmnpeneneHus coaepanus OJIOKOB
Cryaent
5 KanennapHoe mnanupoBanue pabot | PykoBomurtens
[Touck pemeHus no Kaxaomy
6 Cryaent
(GYHKIHOHATBHOMY OJIOKY
7 Peanusanus HaliIECHHOTO PEILIECHUS CryneHt
ITouck moaxomoB A
pEIeH s TeKyIHX 33124 8 TectupoBanue CryneHnt
Otnanka: ycTpaHeHHe OUIMOOK U
9 MMOBTOPHOE TECTUPOBAHUE OJIOKOB CryneHnt
IIPOEKTa
10 Onenka 3¢ GeKTUBHOCTH PykoBoauTtens,
Oo6o0mieHne 1 orieHKa MOJYYEHHBIX PE3yJIbTaTOB CTYACHT
pe3yJIbTaToOB 1 Omnpenenenue 1eaecoo0pa3HOCTH PykoBoauTens,
nposenenust OKP CTYACHT
Pa3pabotka rpaduueckoro
12 p pad CryneHnt
. MaTepHaa 1o npoeKkTy
PazpaboTtka TexHn4YecKoi
. PykoBoaurens,
JOKYMEHTAlUU U 13 | Bo60Op MpOEKTUPYEMOl TEXHOIOTUI
CTYIEHT
IIPOEKTUPOBAHUE Y
14 Onenka 3¢ GeKTUBHOCTH PykoBoauTtens,
MH(OPMALIMOHHOW TEXHOJIOTHH CTYJIEHT
TectupoBanue TecTupoBaHre KOHEUHBIMHU
. 15 CryneHnt
nH(pOPMALIMOHHON MI0JIb30BATEISIMU
TEXHOJIOTUM KOHEUHBIMU
16 JlopaboTka CryneHt
I10JIb30BATEISIMU
Odopmrnenne oTaera HO .
CocraBieHne NOSICHUTEIbHOU PyxoBoauTtens,
HUP (xommexra 17
3alUCKA CTYJIEHT

nokymenTaiuu mo OKP)

4.2.2. OnpenesieHue TPYA0eMKOCTH BbINIOJIHEHHUS padoT

TpynoBbie 3aTtpaThl B OOJBIIMHCTBE Clydasx OOpa3ylOT OCHOBHYIO 4YacTh
CTOUMOCTH pa3pabOTKH, MOATOMY Ba)KHBIM MOMEHTOM SIBIISIETCSI OIpeeeHHE

TPYAOEMKOCTH pabOT Ka)KJOTO U3 YYACTHUKOB HAyYHOTO MCCIIETOBAHUS.

TpynoeMkocThb

9KCIICPTHBIM IIYTEM B 4YCJIOBCKO-AHAX M HOCHUT BCpO}ITHOCTHBII\/'I XapakTep, T.K.
3aBUCUT OT MHOXCCTBA TPYAHO YUHUTBIBACMBIX (l)&KTOpOB. I[J'IH OIIpCACIICHUA

BBITIOJTHCHHUA

HaYy4YHOTI'O

93

HCCJICAOBAaHUA

OLICHHUBACTCA



OKHJIaeMOT0 (CpEeIHer0) 3HA4YCeHHs] TPYAOEMKOCTH t.,; HCTHOIB3yeTcs (opmyia
4.3:

3tmini + 2tmaxi
tODIL‘i = 5 . (4.3)

I'ne

Lo i — OKHUAAEMAs TPYJAOEMKOCTh BBITIOTHEHUS -0 pabOThl YEIOBEKO-THH;

tmin i — MUHIMAJIHHO BO3MOXKHASI TPYJAOEMKOCTh BBITIOJIHEHUS 3aJaHHOM 1-0H

paboThl  (ONTUMHCTHYECKAs OIIEHKA: B MPEINOJIOKEHUH Haumbosee
0JIaronpUATHOTO CTEYEHUSI 00CTOSATEIBCTB), YETOBEKO-/IHH;

tmaxi — MAKCHMaJIBHO BO3MOJKHASI TPYJAOEMKOCTH BBITIOJTHEHUS 3aIaHHOM 1-

oif paboThl (IMecCUMHMCTHYECKass OIEHKa: B TMPEANOJOKEHUU Haunbosee

HEOJIAronpUsTHOTO CTEYEHUSI 00CTOATEIHCTB), UETOBEKO-THH.

Ucxons w3  oXumaeMod  TPYJOEMKOCTH  paboT,  ompenensercs
MPOJOJDKATEIFHOCTh KakIoW paboTel B paboumx pmHsAX Tp, yduThIBaromas
NapaJJIeTbHOCTh  BBITIOJTHEHHUSI Pa0OT HECKOJbKHUMHU HCTIOJHUTEISIMU. Takoe
BBIYHCIICHHE HEOOXOAMMO Jii 0OOCHOBAHHOTO pacyeTa 3apabOTHOM IuIaThl, Tak
KaK yJIeTbHBIM BEC 3apmuiaTbl B OOIIEH CMETHOM CTOMMOCTH HAYYHBIX
UCCIIEIOBAHUM COCTaBIIAeT OKOJIo 65%. IIpomomKuTenbHO OIHON pPabOThI
onpenenseTcs o dhopmyie 4.4:

o=t (4.4)
rae
T,,; — IPOJIOIKUTENBLHOCTD OTHOU PabOThI, pabovue JIHH;

toxi — OXHUIaeMasi TPYJAOEMKOCTh BBITIOJHEHUS OIHOW pabOTHI, YEIOBEKO-
JAHU,

Y, — 4HCIIEHHOCTh UCIIOJIHUTENEH, BBITOIHSIOMIUX OJHOBPEMEHHO OAHY U TY
e paboTy Ha JaHHOM 3Tarie, YeJIOBEK.

CocraBum Tabsuily 4.6 U MOACYUTAEM 3HAYECHUS Loy M Tp; U1 KaXKIOW M3

pabor.
Tabnuua 4.6 — [lepeyens paboT U MojACYET MOKa3aTeIen

ITepedyens pador t min t max t oxx k| Tpi
[Iponymate uzaero u 3anucartb 4 7 52 ) 2.6
OCHOBHBIE JaHHbIE

8 10 8.8 2 4,4
[MoxppoOHoe onucanue uaen
BrisBienne GyHKIHOHAIBHBIX ) 4 2.8 ) 1.4
0JI0KOB
OnpeneneHus Coaep>KaHus ) 6 3.6 2 1.8
0JI0KOB
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Kanennapnoe ninanupoBanue | 4 22 | 22
pabot
ITouck pemienus 1Mo Kaxxaomy 7 14 9.8 ) 4.9
GYHKIIMOHATTLHOMY OJIOKY

60 100 76 2 38
Peanusanus pemenuii

10 14 11,6 1 11,6
TectupoBanue
OTtnanka: ycTpaHeHHE OMTNOOK U
MOBTOPHOE TECTHUPOBAHHE OJIOKOB 7 71 12,6 ) 6.3
IpOeKTa
Onenka 3¢ HeKTUBHOCTH 6 12 8.4 ) 42
NOJYYEHHBIX PE3yJIbTaTOB
Omnpenenenue 11e1eco00pa3HOCTH 4 7 5.2 2 2.6
nposeaenuss OKP
Pa3paboTka rpaduyeckoro 4 14 ] 1 ]
MaTepuaa 1o MpoeKTy
Br160op mpoexTupyemoit 1 5 2.6 ) 13
TEXHOJIOTHH
Onenka 3¢ (eKTUBHOCTH 4 6 48 ) 2.4
UH(POPMALMOHHOM TEXHOJIOTUI

10 15 12 2 6
TecTupoBaHUE TEXHOIOTUH
Hcnpasnenue ommook, 7 14 9.8 1 9.8
nopaboTKa
Harnncanue nosscCHUTENbHON 10 15 12 2 6
3aIKCKH

4.2.3. PazpaboTka rpaduka npoBeeHus HAYYHOT0 UCCJIeI0BAHUSA

CocTaBum rpaduk npoBeaeHUs HAyYHbIX padboT B popMe aAuarpamMmbl ['aHTa.

Jluarpamma ['aHTa — TOPU3OHTAIBHBIM JICHTOUHBIA TpaduK, Ha KOTOPOM
paboTbl TO TEeMe MPEACTABISAIOTCS MPOTSHKEHHBIMH BO BpPEMEHHM OTPE3KaMH,
XapaKTEPU3YIOIIMMUCS JaTaMy Hayajla U OKOHYaHUS BBINIOJIHEHUS JTAHHBIX padoT
[1].

s ynobctBa mocTpoeHusi rpaduka, JUIMTETBHOCTh KaXKIOTO M3 HTAroB
pabor w3 paboumx MOHEW TmepeBeneM B KajeHaapHble 1HU. Jlms 3Toro
BOCIIOJIB3yeMcs opmMyInoii 4.5:

T, :Tpi 'kmm» (45)
rie
T ; TIPOJOIDKUTEILHOCTD BBIIIOJHEHUS i-if pa0OThHI B KAJIEHJAPHBIX THSIX;
T; — HPOIOIDKUTENIHOCTh BBITIONHEHHS i-if paGOTHI B pabOuMX JHSX;

k. .,— KOO UIIMEHT KaJIeHIapHOCTH.

95



KoaddummenT kanengapuoctu onpenensiercs no popmyne 4.6:

k _ T;caft
R (4.6)

I'ne

T sy — KOMMYECTBO KAJICHIAPHBIX THEN B rOAY;

Tyux — KOJIMYECTBO BBIXOJAHBIX JHEW B TOJY;

T,p — KOIMYECTBO MPA3IHUYHBIX THEH B TOILY.

k an=365/(365-125)=1,5.

PaccuntanHble 3HaYeHUs B KaJEHAAPHBIX JHAX MO Kaxnou padote Ty
OKPYTJIUM JI0 LIEJIOTO YUCJIA.

Bce paccuntannbie 3HaUeHMs CBEACHBI B Ta0UILy 4.7.

Hcnonnurenu:

P - pyxoBogutens;

C - ctyzeHr.

BpemenHnble napaMeTpbl pacCUMTaHbl I TPEX UCITOTHEHUN.

Ucnonuenue 1 — Pa3pabaTsiBaeMblii HHCTpYMEHTapHIA;

Hcnonuenue 2 — pemenue Ha 6aze «Uniginey;

Ucnonnenue 3 — Pemennie Ha 6aze «Knower».
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Ta6nuna 4.7 - BpeMeHHbIE MOKa3aTeM MPOBEACHUS HAYYHOTO UCCIIE0BAHUS

Tpynoémkocts pador JimTeabHOCTD
JdanTenbHOCTH padoT pador B
timin, YEJI-THU tmax, 4€TI-THU Loxi> YET-THA B padouux auax Tp; KaJIeHIapHBIX
Ha3Banue pa6oThl, HCIIOJTHUTE/IH nusx T
— o on — o on — N on — (@] on — N on
= =} = = =} =} = = = = = = = = =}
Q Q Q Q Q Q Q Q Q Q Q Q Q Q Q
= IR R =~ =~ = = =~ = =~ = =

[IpogymaTs uaero U 3anucaTh

I
~
W
|
|
(o)

v
)

5,2 6,2 2,6 2,6 3,1

N
N
(9]

ocHOBHEIC JaHHkIe. P,C

[ToapoOHOE onMcaHue UaeH.

P.C
BrisiBnenue (pyHKgI/I((:)HaJIBHLIX OJIOKOB. ) 3 3 4 5 5 2.8 3.8 3.8 14 1.9 1.9 ) 3 3
Onpenenenus comg)mamm 010KOB. P, ) 3 3 6 5 5 3.6 3.8 3.8 1.8 1.9 1.9 3 3 3
Kanennapuoe ruianupoBanue pabort. P 1 2 2 4 7 7 2,2 4 4 2,2 4 4 3 6 6

[Touck pemeHus no Kaxaomy
¢dbyHKIIMOHATEHOMY 0710KY. C

Peanusamus Haiiersoro pemerms, C | 60 | 60 | 621100 | 115|120 76 | 82 | 852 | 38 | 41 | 426 @ 57 | 62 | 64

Tecuposane, C 1010 (10| 14 | 14 | 14 | 11,6 | 11,6 | 11,6 | 11,6 | 11,6 | 11,6 | 17 | 17 | 17




[Tponomxenue Tadauibl 4.7

Otnanka: ycTpaHeHHe OUIMOOK U

npoekra. C

Onenka 3¢ (HeKTUBHOCTH TOTYUYCHHBIX

pesynsraros. P,C 6 6 6 |12 | 12 | 12 8,4 8,4 8,4 4,2 4,2 4,2 6 6 6

OmnpeneneHue 1e1ecoo0pa3HOCTH

nposeserus OKP. P.C 4144 7|88 52|56 |56 26|28 |28 4|44

Pazpabotka quarpaMm 1o IpoeKxTy.

C 4 4 3 /14|11 | 11 8 6,8 6,2 8 6.8 6,2 12 10 9

Bri6op HpOGKTHng}CMOﬁ TEXHOJIOTUH. | 1 1 5 3 3 2.6 1.8 1.8 13 0,9 0,9 ) 1 1

Orenka 3heKTHBHOCTH

. 4 4 4 6 6 7 4,8 4,8 5,2 2,4 2,4 2,6 4 4 4
nH(popManmonHo# Texnonoruu. P,C

TeCTHPOBAHHE KOHCTHEIMU 10013141520 |23 12 | 158 | 17.6 6 79 | 88 9 | 12 | 13
noab3oBareiamu. C

HcnpaBnenue ommbok, qopadorka. C 7 8 10 | 14 | 15 | 21 9,8 10,8 14,4 9.8 10,8 14,4 15 16 22

Cocrasnenue HO";H(I:‘TGHI’HOH BAMICKH 0 L 10 [ 10 015 | 14 | 21 | 12 | 11,6 | 144 6 58 | 72 9 9 | 11

Hroro: 147 | 153 | 157 | 268 | 276 | 302 | 1954 | 202,2 | 215 | 113,5 | 117,7 | 125,6 A 170 | 177 | 188




[lo nanupiM pacyeraMm, WH(GOPMALMOHHAS TEXHOJOTHUS I aHajIu3a JaHHBIX
Oynet pa3paboraHa:

— B I1iepBoM ucnojHeHuu 170 gueu

— BO BTOPOM ucnoJiHeHuu 177 nHei

— B TpeTheM ucnojiHeHuu 188 nueit

CrnenoBaTesnbHO, MOXHO CJENaTh BBIBOJ, YTO B MEPBOM MCIOIHEHUU PAOOTHI
OyJeT BBINOJHEHA ObICTpEE.

Ha ocHoBe Tabmumpbl 4.7 ObUl TOCTPOEGH Kal€HAAPHBIA IUIaH-TpaduK,
IpeCTaBICHHbIN B Ta0nuie 4.8.

['paduk cTpouscs Ajii MAKCUMAIBHOTO T10 JJIUTEIbHOCTH UCTIOJHEHHSI paboT B
paMKax Hay4HO-HCCIIEAO0BATEIbCKOTO MPOEKTa C pa3OMBKOM MO MecsAlaM U JeKagam
(10 nmHeit) 3a mepuoj BpeMeHU AWIUIOMUpoBaHuUsA. [Ipu sTomM paboThl Ha Trpaduke
BBIJICJICHBl  Pa3jIMYHOM  IITPUXOBKOM B  3aBUCUMOCTHM OT  MCHOJHUTENEH,
OTBETCTBEHHBIX 3a Ty WIH UHYIO pabory.
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Ta6nuna 4.8 - Kanennapusiii mian-rpaduk nposeaenuss HUOKP

Ne Bua pa6or Tyis I[Mpoao/ kN TENbHOCTDH BBHINOJHEHUS PadoT

KaJl. aexadpb (peBpaan MapT anpeJb
JH. 1 2 3 1 2 3 1 2 3 1 2

1 | IIpogymaTs uaeio U 3an¥caTh OCHOBHBIE TaHHBIE. 4 .

P,C

2 IMoapo6Hoe onucanue uaeu. P,C 7

3 Brusasienne GyHKIIMOHAIBHBIX 0510K0B. P,C 2

4 Ompenenenus coaepxanus 610xoB. P,C 3

5 KanennapHoe mnanupoBanue pabot. P 3

6 [Touck perieHns mo Kaxaomy 7 |

($yHKIHOHATBHOMY 010Ky, C
7 Peanuzanus naitnennoro peuenus. C 57 I
TectupoBanne. C 17 *7
Hroro 100 -— Cryaent ~"KOBOI[I/ITCJ‘H>
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[Tponomxenue Tabauib 4.8

Ne Bug pabor Txis IIpomomknTEIbHOCTD BHINOTHECHUS PadOT
KaJl. anpeJb Mai HIOHb
JH. 2 3 2 1 2
9 OTiagka: ycTpaHeHHe OITHOOK U IIOBTOPHOE .
TecTHpoBaHHEe OJOKOB mpoekTa. C 9
10 OneHka 3 PEKTUBHOCTH MOTYICHHBIX
pesynpraTos. P, C 6 .
11 | Omnpenenenue 1enecoo0pa3HOCTH MPOBEACHUS .
OKP. P,C 4
12 Pazpa6oTka guarpamm mo npoekty. C 12
13 Bri60op npoekTupyemoit Texuosnoruu. P,C 2
14 Onenka 3 dexTuBHOCTH HHDOPMATMOHHOH
texnonoruu. P,C 4
15 | Tectupopanue koHeUHBIMHU MOJIB30BaTENAMH. C -
16 | Hcnpasnenne ommbOOK, qopadboTka HHTEpdekca.
C 15
17 CocTaBJeHHe NOSCHUTEIbHOI 3anucku P,C 9
Hroro 70 [ — Cryzenr [ PyxoBoauresnn
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4.3. Broaker HayYHO-TeXHUYecKoro ucciaenosanus (HTH)

[Ipu mmanupoBanuu Oromxera HTU nomxHO ObITH 00ECIEUYeHO MOJIHOE U
JIOCTOBEPHOE OTPAXKEHUE BCEX BUAOB PACXO/IOB, CBA3AHHBIX C €r0 BBIIIOJIHEHUEM. B
npouecce hopmupoBanus Oroxera HTU ncnons3yercs cienyromnias rpynnupoBKa
3aTpar Mo CTaThsIM:

— Marepuasbsble 3aTpatsl HTU;

— pacyer aMOpTHU3ALUH;

— OCHOBHas 3apaboTHas IJIaTa UCTIOJHUTEIIEH TEMBI;

— JIOTIOTHUTENIbHAS 3apaboTHAas T1aTa UCTIOTHUTENICH TEMBIL;

— OTYMCJICHUS BO BHEOIOXKETHbIE (DOH/IBI (CTPaXOBbIe OTYHCIICHUS );

— HAaKJIAJHBIE PACXOIBI.

4.3.1. Pacyer matepuanbHubix 3aTpar HTU
Pacuer maTepualibHBIX 3aTpaT OCyIIecTBIsAETCS 10 hopmyse 4.7:

3,14 = (1+kT)'Zi=1ui 'Npacxi’ (4'7)
rac m — KOJHUYCCTBO BHUAOB MATCPHUAJIBbHBIX PECYPCOB, HOTp€6J'I$I€MBIX Inpu

BBIINIOJIHCHHUH HAYYHOI'O UCCIICAOBAHUA,
N

paei — KOIIMYECTBO MATEPUAIBHBIX PECYPCOB i-rO BHJA, IJIAHMPYEMBIX K
WCITOJIb30BAHUIO MPH BHITIOJHEHWN HAYYHOTO UCCIEAOBaHUS (IIT., KT, M, M2 U T.11.);

[{i — meHa mpuOOpETeHHS SUHUIIBI 1-TO BUIa TTOTPEOIIEMBIX MaTepUATHHBIX
pecypcoB (py0./mt., py0./kr, pyo./m, py0./M2 U T.11.);

kT — xo3dduument, yuuTHIBAIOMUN TPAHCHOPTHO-3arOTOBUTEIIbHBIC
pacxonpl. TpaHCHOpTHBIE pacxoibsl MpUHUMAaTCs B mpexaenax 15-25% ot
CTOMMOCTH MaTE€pHUaJIOB

Tak kak paboTa mpennojaraeT HENOCPEICTBEHHOE B3aUMOJACHCTBUE C
MEPCOHANILHBIM KOMIbIOTEpoM. Iyt pa3paboTku WHOOPMAIMOHHONW TEXHOJIOTHH
HEOOXOMMBI CIIEMYIONINE MAaTePHATbHBIC PECYPCHI:

— CucremHblil 070K

— IlpunTep

— KnaBuarypa

— Monurop

— KomMmbroTepHas Mblilb

Pacuer maTepualibHBIX 3aTpat MpeicTaBieH B Tadmune 4.9.
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Ta6muia 4.9 - MaTtepuanbHbIe 3aTpaThl

. KoIu4ecTso Heﬂs;; el., 3anaTb(I3]::)l, n;;;f:pnanm,
HaumenoBanue o, | = TS ®
5| 5 |5 |Hend |Aen.2 | Uen3 | Uen.l | Ucen.2 | Mcen3
= ==
CucreMHbIi 010K 1 1 1 | 49591 | 63297 | 102282 | 49591 63297 | 102282
[TpunTep 1 1 1 | 8500 | 8900 | 25000 8500 8900 25000
MonuTtop IIT. 1 2 [ 2] 9690 | 13990 | 17500 9690 27980 35000
Knasuatypa 1 1 1 | 1450 | 1520 1650 1450 1520 1650
Manunynstop 1 1 1 850 900 890 850 900 890
Hroro: | 70081 | 102597 | 164822
4.3.2 OcHoBHasi 3apa0d0THASI IJIATA UCIIOJHUTEJIEH TeMbI
OcHoBHas 3apa0oTHAs TUIaTa pacCUUThIBaeTcs 1o dpopmyse 4.8:
3 =30 T, (4.8)

H

rae 3,., — OCHOBHas 3apaboTHas IuiaTa OJHOTO PaOOTHHKA;

T » MMPOJOJIKUTCIIBHOCTD pa60T, BBIIIOJIHACMBIX HAYYHO-TCXHUYCCKUM

paboTHUKOM, pal. aH. (Tadmu. 4.7);

3,,— cpeaHeIHEeBHAs 3apa0bOTHas 11aTta paboTHUKA, PYO.

CpenneaneBHas 3apaboTHas Miata paccuuThiBaeTcs mno ¢popmyse 4.9:

rac

3011

—_ 3,1’[ ) M
F

b

A

3 — MECSIYHBIN TOMKHOCTHOM OKJIaa paboTHHKA, pYO.;
M — konmuecTBO MecsIeB paboThl 6€3 OTImycKa B TeueHue roaa. [Ipu ormycke
B 28 pad. quss M =11,08.
Fy — neicTBUTENBHBIA TOAOBOM (OHA pabo4ero BPEMEHHM HAYYHO-

TEXHUYECKOTO NepCcoHana, pad. JH.
MecsuHbIil OMKHOCTHON OKJIa] pabOTHUKA pacCUMThIBAETCSA MO (popmyrie

4.10:

rae

3m = 3pc * (1 + kyp + k) * Ky

3¢ — 3apaboTHas 1jara 1o TapudHou cTaBke, pyo.;

kp— npeMuanbhblid Kodhduuunent, pasubiii 0,3; (30% ot 3,)

k, — ko3¢ dunuent gonnar u HaxOAaBOK;

k,, — paiionHbIi K09 hurmenT, papHbii 1,3.

(4.9)

(4.10)

Pesynbratel pacuera JEHCTBUTENBHOTO TOAOBOrO (pOHAA NPOBEICHBI B

tabmnurte 4.10.
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Ta6mmia 4.10 — bananc padodero BpeMeHH

IToxa3arenu paGouero Bpemenn, 1o | Ucnonnenune 1| UcnosiHenue 2 | UcnioiHenue 3
KanengapHoe unciio quei B rogy 365 365 365
KonuvectBo Hepabounx aHEH
Breixonurie 104 104 104
[Tpazguuky (PaKTHYECKH 1O KaXKIOMY 13 13 13
rozy)

[Inanupyembie moTepH OTITyCKA 28 28 28
JleilicTBUTENBHBIN TO10BON (POHT 220 220 220

PacyeTt 3aTpar Ha OCHOBHYIO 3apa0OTHYIO MJaTy MpuBeAeH B Tadnuie 4.10.
[Ipu 3TOM 3aTpaThl Ha OMJIATy TpyJda CTYyJEHTa-IUIIJIOMHUKA OIMPEAENSIOTCS Kak
oknaj cryaeHta 13952,44, a oknaa pykoBoauTeNsl mpoekTa coctasisieT 23264,86.
Koadpunument K, yuntsiBaromuii paloHHbINH KO3QPUIIMEHT paBHBbIi 1,3.

Tabnuna 4.11 - 3aTpaTsl Ha OCHOBHYIO 3apabOTHYIO ATy

Hcnonnurenn | Paspsn 36sPyo. k@ kﬂ kp 3, 3, Tp , 3 .

pyo. py6. | pad.nu pyo.
_.| PyxoBogurens | Ct. nmpen. | 23264,86 | 0,3 | 0,15 | 1,3 | 31605,3 | 1591,8 28,9 | 46003,02
= Cryaent 1 13952,44 10,3 | 0,15 | 1,3 | 18954,4 | 954,6 111,3 106247

~| HToro 152250
o | PyxoBommrens | Cr. mpen. | 23264,86 | 0,3 | 0,15 1,3 | 31605,3 | 1591,8 30,9 | 49186,62
5 Crynent 1 13952,44 1 0,3 | 0,15 | 1,3 | 18954,4 | 954,6 113,7 108538
~ | Hroro 157724,6
o, | PyxoBomurens | Cr. mpemn. | 23264,86 | 0,3 | 0,15 | 1,3 | 31605,3 | 1591,8 33,5 | 533253
E Cryaent 1 13952,44 1 0,3 | 0,15 | 1,3 | 18954,4 | 954,6 121,6 | 116079,4
~ | I'Toro 169404,7

4.3.3 lonosiHuTeIbHAS 3apadoTHAs IJIaTA

I[OHOHHI/ITCJIBHa}I 3apa60THa51 [mjiaTa BKJIFOUYACT 3ap360THy}o IJ1aTy 3a HC

oTpaboTaHHoe  pabouee
3aKOHOJIATEILCTBOM [1].

BpeMms,

HO

rapaHTUPOBAHHYIO

JNEUCTBYIOLIUM

Pacuer nononHUTENHEHOMN 3apabOTHOM TIATHI BeaeTcs mo ¢popmysie 4.11:

3

oon

=k

don 30011 b

4.11)

rae k,, — K03()PUIHMEHT TOMONHUTEILHON 3apabOTHOM IIaThl (HA CTAAUU

POEKTUPOBAHUS NpuHUMaeTcs paBabM 0,12 —0,15).

[Mpumem, uto k,, paBen 0,12. Pe3ynpraThl M0 pacyeraM JOMOJHHTEILHON

3apabOTHOM IIJIaThI CBEJICHBI B Ta0auIty 4.12.
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Ta6muia 4.12 - 3aTpaThl Ha JOTOJHUTEILHYIO 3apa0OTHYIO IJIATY

OcHoBHas K JonoJiHUTeIbHAS
3apmiarta( pyo.) 03(1)(1)1/IIII/IEHTu 3apmiara( pyo0.)
JAOMOJTHHUTEILHOI

Hcnoauurenn .

- ~ . 3apa0oTHOi - ~ n

5 S 5 ATkl (Kyon) S 5 S

= = = = = =
PykoBonurens | 46003,02 | 49186,62 | 53325,3 0.12 5520,362 | 5902,394 | 6399,036
CryneHt 106247 | 108538 | 116079,4 0.12 12749,64 | 13024,56 | 13929,52
Hroro 18270 | 18926,96 | 20328,56

4.3.4. OT4yHCIeHNs BO BHEOIOIKeTHbIE (POHIBI (CTPAX0OBbIe OTYHUCICHHS)
Benuunna otuucnenuit Bo BHEOIOMKETHBIE (DOHIBI ONPEALSISIETCS UCXOIS U3
dbopmyer 4.12:
36H€6 = k6H66 ’ (3ocu + 30071 )’ (4 12)

rae k,.,— Ko3(pPHUIMEHT OTYMCIICHNI Ha yIUIaTy BO BHEOIOKETHBIC (hDOHIBI

gHEO
(nmencuoHHbIN HoHI, HOH 00513aTEIIBHOTO MEUIIMHCKOTO CTPAXOBAHUS U TIP.).

Ha ocnoBanumum mnyHkta 1 c1.58 3akoHa Ne212-®3 nna yuypexIeHUH,
OCYIIECTRIISIOMMNX O0O0pa3oBaTeIbHYI0 M Hay4yHyIO JesTeabHocTh B 2014 romy
BBOJIUTCSl TIOHM)KEHHAsi CTAaBKAa CTPAaxOBbIX B3HOCOB —27,1%. OtuucieHus BO

BHEOIOIKETHBIE (DOHABI IPEICTaBIeHbI B Ta0nuie 4.13.
Ta6muma 4.13- OTurciiennst BO BHEOIOHKETHBIC (DOHIBI

OcHoBHas 3apa0oTHas njara, | /lonmosHuTebHas 3apaboTHAs

pyo. miara, pyo.
HUcnoanureanb
= = = = = =
(P @ A &9 en [P @ &9 o
= = = = =

PyYKOBOIHTEI MPOEKTA 46003,02 | 49186,62 53325,3 [ 5520,362 | 5902,394 | 6399,036

106247 | 108538 | 116079,4 [ 12749,64 | 13024,56 | 13929,52

CryneHt
Koaddumnment
OTYMCIIEHUI BO 271%
BHEOIOKETHEIE
b oHIBI
Hrtoro
Ucnoanenue 1 46210,92
Hcnoanenne 2 47872,58
51417,7

Hcnoauenue 3
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4.3.5. Hakiagnble pacxoabl

Haknamupele pacxonmbl Y4YUTHIBAIOT MPOYHME 3aTpaThl OpraHu3allu, He
NOMAaBUIME B MPEAbIAYIIME CTaThbH pPACXOJOB: Ie4aTh U KCEPOKONHUPOBAHUE
MaTepHaioB HCCIEI0BAaHMS, OIUIaTa YCIYr CBSI3U, AJIEKTPOIHEPTHH, IOYTOBHIC
pacxonsl 1 T.4. Ux BenuuuHa onpenensiercs no gopmyie 4.13:

3 =(cymma cmameiil+7T)-k

HAKJ

(4.13)

up
rae kup — ko3QPuIMEeHT, yYUTHIBAIONINNA HAKIIAIHbIE PACXOIbL.
Benuunna koadunmenTa HakJIagHbIX pacxo 0B paBHa 16%.
Hcnoanenue 1: (70081/7)*0,16=1601,85

HUcnonnenne 2: (102597/7)*0,16=2345,1

Hcnoanenue 3: (164822/7)*0,16=3767,36

4.3.6. ®opmMupoBaHue 0I0ZKeTA 32aTPAT HAYYHO-HUCCJIEI0BATEIbCKOI0 POEKTA
PaccuntanHas BelIM4YMHA 3aTPAT HAy4YHO-UCCIEA0BATEIbCKOM pabOThI (TEMBI)
SBJIIETCS. OCHOBOM 1711 (hopMHpOBaHMsI OIOJKETa 3aTpaT MPOEKTa, KOTOPBIA IMpH
dbopMHpOBaHUN JOTOBOpA C 3aKA34MKOM 3alMINACTCS HAYYHOW OpraHu3amueil B
KauecTBE HIDKHErO TMpeAeNia 3aTrpaT Ha pa3paboTKy HayYHO-TEXHUYECKOM
IPOAYKIIHH.
Omnpenenenue Or0pKeTa 3aTpaT HAa HAYYHO-HCCIIEIOBATENbCKHM MPOEKT IO

Ka)XJIOMY BapHaHTY UCTIOJIHEHHS TTpUBE/IEeH B Tabuiie 4.16.
Ta6nuua 4.16 - Pacuer 61omxera 3arpar HTU

Cymma, pyo0. Ipumeuanue
HaumenoBaHue craTbu
Hcen.1 Hcen.2 Hcen.3
I Matepuanbiibie 3apatsl | ¢, 102597 164822 Myxr 4.3.1
HTU
2. 3atpatbl IO OCHOBHOM
3apaboTHOM 1IaTe 152250 157724.6 169404,7 [Tynkr 4.3.2

UCHOJIHUTEIEH TEMBI

3. 3aTpaTsl o
HOHOHHHTGUHBHOH 18270 18926,96 20328,56 Iysxr 4.3.3
3apaboTHOM 1aTe
HUCITOJTHUTEICH TEMBI

4
Orancnenns 80 4624092 | 4787258 | 514177 Tysxr 4.3.4
BHEOIOKETHBIE (DOHIBI

5. HaxknagHeie pacxo/ibl 1601,85 2345,1 3767,36 [lynkr 4.3.5
288443,8 329466 409740

6. bromxer zarpar HTU Cymma 1-5

BobiBoa: OCHOBBIBaACh Ha JAHHBIX, MOJY4YEHHbIX B NMyHKTax 4.3.1 — 4.3.5,
OBIT paccuMTaH OIOMKET 3aTpaT HAYyYHO-HCCIIEIOBATEIHLCKOW palbOTHI JJIST TpeX
ucnotauTeneld. Hanbomee HU3KUM 10 ce0ECTOMMOCTH OKa3ajiCsi MPOEKT TMEePBOTO
UCIIOJTHUTEJISA, 3aTPAThl HAa €r0 MOJIHYIO peajn3aluio cocTapisior 288443,8 pyOeil.
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4.4 OnpenesieHne pecypcHoii (pecypcocoeperaromieii), puHaHCOBOI,
OI0/I’KE€THOM, COLUAIbHON M IKOHOMUYECKOH I(PPeKTUBHOCTH HCCIIeI0BAHUS

OddekTuBHOCTh OMNpeNeNsieTcss Ha OCHOBE pacyeTa HHTErpajibHOTO
nokasaresis 3(HEeKTUBHOCTH Hay4HOTo ucciaeaoBaHus. Ero HaxoxaeHue CBsI3aHo C
OTIpE/ICNICHUEM JIBYX CPEIHEB3BEIICHHBIX BEIUYUH: (UHAHCOBON 3(P(HEKTUBHOCTH U
pecypcoddHeKTUBHOCTH.

WNHTrerpanbHpiii  mokazaTenb (HUHAHCOBOW A(PGHEKTHBHOCTH  HAYYIHOTO
WCCJICIOBaHMS TOJY4YaloT B XOJIe OICHKH Oropkera 3arpaT Tpex (uimu Oosee)
BapUAHTOB UCIOJIHEHUS HAYYHOTO HCCIIEIOBAHUS.

HNuterpanbubiii GuHAHCOBBIA MoOKAa3aTeJb pa3pabOTKU OMpEaessieTCsl IO
bopmyie 4.14:

HUCILL pt
Tpnap = 5~ (4.14)
1€ Ly — MHTErPaNbHBIN (PUHAHCOBBIH MOKa3aTeNlh PaspaboTKy;
®pi — CTOMMOCTB 1-TO BapUaHTa UCTIOTHEHHUS;
®max -  MakcHUMaibHas CTOMMOCTb UCTIOJTHEHUS HAaY4YHO-
MCCIIEI0BATENILCKOTO MPOEKTA (B T.4. aHAJIOTH).
Pacuer:
288443.8
II/IC]'Il — — 0,7
PuEP T 409740
wenz | 329466
Iowsp = Trgn = 0.8
409740
409740

ucn3 __

I - —
P T 409740

[TosryueHHass  BeIMYMHA  WHTETPAIBHOTO  (UHAHCOBOTO  ITOKA3aTelIs
pa3paboOTKH OTpakaeT COOTBETCTBYIOIIECE YUCICHHOE YBEIIMUCHNE OIOKETa 3aTpaT
pa3paboTk B pasax (3HaueHue OOJbIE EeIUHUILI), JTUOO COOTBETCTBYIOIICE
YHCIICHHOE YEUIEBICHHE CTOMMOCTH pa3paboTKW B pa3ax (3HAYCHHE MEHBIIE
€AUHUIIBI, HO OOJIbIIE HYJIA).

Kak BuIHO W3 pe3ynbTaToB, MOJyYECHHBIX Bbile, Mcmomnenune 1 umeer
HAaUMEHBIINN MHTETpaJIbHbIN (PMHAHCOBBIN MOKA3aTellb, @ 3TO 3HAYUT, YTO JIAHHOE
UCCIIeJOBaHUE 00J1a1aeT HAUMEHbIIEH CTOUMOCTBIO Pa3pabOTKH.

WHuTerpanbHblil ToKa3aTenb pecypco3PPeKTUBHOCTH BapUAHTOB UCTIOJIHEHMSI
00BEKTa HCCIIeIOBAHUS MOKHO OTIpeienuTh 1o Gopmyiie 4.14:

I,=Ya, b, (4.15)

rae I; — WHTErpanbHbIi MOKasarenb pPecypcodPPEKTUBHOCTH JUIS 1-TO
BapHaHTA UCIIOJIHEHUS pa3pabOTKy;
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a; — BECOBOM KO3((PUIMEHT 1-T0 BapHaHTa UCTIOJHEHHS pa3paboTKu;

b’ b’

i, % — OampHas OLEHKa 1-r0 BapHaHTa MWCIOJHEHUS pa3paboOTKH,

YCTAaHABJIMBACTCA OKCIICPTHBIM IIYTEM I10 BBI6paHHOﬁ IITKaJIC OICHUBAHMA,

N — YUCJIO TApaMETPOB CPaBHEHUS.
Pacuer uHTerpajlibHOro Mmokaszateis pecypcod(P(GEeKTUBHOCTH NpPHUBEACH B

tabmnuite 4.15.

Tabmuma 4.15 - CpaBHUTENBHAS OIIEHKA XapaKTEPUCTUK BApPUAHTOB UCIIOJTHEHUS MTPOCKTA

O0beKT ucciaer0BaHus Becogoii
k03ppuumeHT Hcen.1 Hcn.2 HUcen.3

Kpurepun napaMerpa
1. CriocobeTByeT pocty
IIPOU3BOJUTEBLHOCTH TPY/1a 0,3 5 4 4
M0JIb30BaTENs
2. Y10O6CTBO B DKCILTyaTaliu
(cooTBeTCcTBYET TPEOOBAHUAM 0,2 4 2 4
noTpeodurenei)
3. ITomex0ycTOMUMBOCTb 0,15 5 3 3
5. HagexHocThb 0,25 4 4 4
6. MaTepuaaoeMKoCTh 0,1 5 4 4
UTOI'O: 1 4,55 3,45 3,85

Iy yen1=5%0,3+4%0,2+5%0,15+4*0,25+5*0,1=4,55;
Iy yen2=4%0,342%0,2+3%0,15+4*0,25+4*0,1=3,45;
Iy yen3=4%0,3+4%0,2+3%0,15+4*0,25+4*0,1=3,35.

Hcxons v3 BbIUMCICHMI, MOKa3aTelb pecypcodddextuBHoctu Mcnonnenus
1 uMeeT JOCTaTOYHO BBICOKOE 3HaueHue (Mo 5-OalbHOMW IIKajie), YTO TOBOPUT 00
3(p(EKTUBHOCTH HUCIIOJIb30BAHUSA TEXHUYECKOTrO IMpoeKkTa. Bricokue Oasmibl
HAJE)KHOCTH U NOMEXOYCTOMYMBOCTU MO3BOJIIOT CHIENaTh BBIBOJ O HAJEKHOCTH
pa3pabateiBaeMoit uHpopmannonHoi texHomoruu. HTU-2 u HTU-3 ycrymarot
HTU-1 B
pecypco3hHeKTUBHOCTH JaHHBIX UCCIEIOBaHMM B cpaBHeHUH ¢ Vcnonnenuem 1.

WuTerpanbHbiii  mokazaTenb 3(PQPEKTUBHOCTH BAPHAHTOB HCIOJHEHUS

JaHHOM IIOKa3aTclIC, qTo CBHUACTCIILCTBYCT 0 HHU3KOM

pa3padotku (I,.; ) paccuutbiBaeTcs 1o dopmyiie 4.16.

1 —ucn
Lt = I”—p’;l (4.16)
unp
4,55
II/IC]'Il = W = 6'5
3,45
IHCHZ = 0_8 =43
3,85
IHCH3 == T == 3,85
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Ormpaﬂcs Ha TIIOJIYYCHHBIC JIdHHBIC,

MOXHO

clejaaTh BBIBOJI,

qTo

s pexkrruBHOCT, HcnonHeHUs: y HTU-1 Beime, yem y napyrux (paBHo 6,5), Ha

BropoMm Mecte HTU-3 (4,3), u camblii Hu3kuii nokazatens y HTU-2 (3,85).
3 PpeKTUBHOCTH

CpaBHeHI/IC HHTCTPAJIBHOTO IIOKa3aTCJIA

BAPpHUAaHTOB

UCIIOJTHEHHS Pa3pa0OTKH MO3BOJSET ONPEACTUTh CPABHUTEIBHYIO 3P(PEKTUBHOCTD

npoekTa M BBIOpaTh HauOolsiee IenecooOpa3Hblil BapHaHT W3 MPEIJIOKEHHBIX.

CpasrurenbsHas 5QPEKTUBHOCTE NPoeKTa (3, ) paccunuThIBaeTCs 1o popmyie 4.17:

1

acp — Iucn.l ,
ucn.2
Dep1 = 4’—3 =1,51
4,3
3Cp2 == E == 1,12
3,85
3cp3 = H = 0,59

(4.17)

CpaBautenbHas 3GHeKTUBHOCTH pa3pabOTKu, IpeacTaBiieHa B Tabuiie 4.18.
Tabmuma 4.18 - CpaBuurtenbHas 3 PEKTUBHOCTD pa3pabOTKH

e IToxa3arenn Hcn.1 Hcn.2 Hcn.3
n/n
1 NHrerpanbHbli (buHAHCOBBII [I0Ka3aTellb 0.7 0.8 1
pa3paboTku
) WuTerpanbHblil mokazaTenb pecypcodddexkruBHocTH 4,55 345 3.85
pa3paboTKu
3 | UaTerpansHblii mokazarenb 3¢G(HEKTUBHOCTH 6,5 4,3 3,85
4 CpaBHuTebHas 3P PEKTUBHOCTD BapHaHTOB 1,51 112 0.59
WCTIOJTHEHUS
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OO0muii BLIBOJ 1O pa3jaeny:

B xonme paboThl ObLT OMpeesieH LEeIeBOM PhIHOK MPOEKTa, MOCTPOCHA KapTa
CEerMEHTUPOBAHMSI, BBISBJICHbI HUIIM HAa PBIHKE YCIYT, HE3aHSAThIE KOHKYPEHTAMHU
WM TJi€ YPOBEHb KOHKYPEHIIUU HU3O0K.

[Ipou3BeneHa OLEHKAa KadyecTBa U MEPCIEKTUBHOCTH MO TexHojorun QuaD,
rze ObLJIO BBISIBJICHO, UTO JJaHHAS pa3pad0TKa ABIISETCS MEPCIEKTUBHOM.

[Tpomssenen SWOT-ananu3a, B X071¢ KOTOPOTO OBLIN PaCCMOTPEHBI Clla0bIe
U CHWIBHBIE CTOPOHBI Pa3padOTKH WHCTPYMEHTApUs, BBISBICHBI BO3MOXKHBIC
NEPCHEKTUBBl €r0 CO3JaHUsl U PAaCCMOTPEHbl BAPUAHTHI MHUHUMHU3ALUU BIUSHUS
yIrpo3, KOTOpble MOTYT 3TOMYy momemarb. [ mnoBbimeHus 3¢h(HEeKTUBHOCTH
paboTbl HEOOXOAMMO MHUHHUMHU3UPOBATH OIIMOKH, KOHTPOJIUPOBATH MPOLECC
CO3/IaHUS U MPOBEPATh pabOTy MH(OPMALMOHHONW TEXHOJIOTUH B COOTBETCTBUU C
MIOCTAaBJICHHBIMU TPEOOBAHHSIMHU.

B pamkax aHanM3a KOHKYPEHTHBIX TEXHUYECKUX PpEIIECHUW, OIpe/esieHa
TPYJOEMKOCTh JAHHOI'O IMPOEKTa, oHa paBHa 170 nHAM. OTO Ha 7 IHEW MEHBIUE,
yeM y HTU-2, u na 18 nueit menbiue, uem y HTU-3, 9yTo roBOpUT O TOM, 4TO
JAHHBIN MPOEKT Oy/AET BHIIIOJIHEH ObICTpEE, YEM €ro KOHKYpEeHTHbIe BapuaHThl. Ha
OCHOBaHUM TPYAOEMKOCTH ObliIa MOCTpoeHa AuarpamMma ["aHTa.

Tak xe ObuUTH pacCUWTaHBl BETUYMHBI 3aTPaT HAYYHO-MCCIICTOBATEIHCKUAX
pabot. B pe3ynpTaTe mpoBeAeHHBIX pacueToB, OromxkeT 3atpaT HTU Ucnonnenus 1
coctaBui 288443,8. bromxer HTU Ucnonnenus 2 pasen 329466. 3 McnosnHeHus:
409740. 13 yero MOXHO CAENATh BBIBOJA O TOM, YTO IEPBbIA BapUaHT UCIIOIHEHUS
HAaMMEHEe 3aTPaTHBIN NpU peann3aluy MPOeKTa.

[lepBoe wWCHOMHEHHWE JUAMPYET M MO T[OKa3aTeN0 CPaBHUTEIbHOU
s dexkrrnBHOCTH, OHO paBHO 1,51, B To Bpems kak mist HTU-2 sTor mokazarenb
pasen 1,12 , a gua HTU-3 - 0,59. C mo3unmii TexHUYeCKOW W (PuUHAHCOBOMH
pecypcoddHEeKTUBHOCTH MOXXHO CJieJaTh BBIBOABI O TOM, YTO HAy4YHO —
TEXHUYECKOE PELICHHE, MPEACTABICHHOE MEPBbIM HUCIIOJIHUTENEM, SIBIISIETCS Oojee
NPEANOUYTUTETBHBIM.
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I'maBa 5 CoumnajbHasi OTBETCTBEHHOCTDH

Beenenne

OcHoOBOIONArarOMMMA  AJEMEHTaMH B KOMIUIEKCE  MEpPOIPUSATHIA
HaIpaBJIEHHBIX Ha COBEPIIEHCTBOBAHNUE YCIOBUHM Tpyia AJisi paOOTHUKOB, SBIISIETCS
MUHMMU3AIUs BEPOSITHOCTH BO3JAEHCTBUS HA HUX MOPAXKAKIIMX W BPEIHBIX
MPOU3BOJICTBEHHBIX (PAaKTOpPOB, a Takxke oOecredueHrne KomMpOpTHON paboueit
Cpepbl.

B nmanmHOM  paszmene  paccMaTpHBAarOTCSL  BONPOCHI  OE€30MACHOCTH
KU3ZHEIEITeIILHOCTH M OXPaHbl Tpyaa npu padote 3a [I9BM.

Paznen comepXUT aHamM3 OMACHBIX M BPEIHBIX (DaKTOPOB, BO3ZHUKAIOIIMX
IpU TMPOEKTUPOBAHUAX APXUTEKTYPHBIX BHU3yaJu3alMid W HWHTEPAKTUBHBIX
NPWIOKEHUH, TaKKe pelIaeT BOMPOChl 0€30MaCHOCTH B YPE3BbIUAMHBIX CUTYaIUSIX
Ha OCHOBE TPEOOBaHMI IEUCTBYIOMMUX HOPMATUBHO-TEXHUYECKUX TOKYMEHTOB.

[IpoekTpoBaHuE aApPXUTEKTYPHBIX BU3yaJdU3alMHd SBISIETCA  CIOXKHBIM
KOMIUIEKCOM. TOJIBKO IPH JOCTHMIKEHHUE ONPEAEIEHHOTO YPOBHS 3HAHUM U YMEHUHI
MOYKHO CO37]aBaTh apXMUTEKTYpHYIO Bu3yanu3anuio. OOBEKTOM HCCIEIO0BAHHUS
SIBISIETCSI  KOMIIBIOTEpHAsl CcUCTeMa JUIsl  MPOEKTUPOBAHUS  ApXUTEKTYpPHOU
BU3yaIN3alUu.

['maBHO# 3amadyedl MpU BBINOJHEHUU JIUCCEPTAIMOHHON pPabOThl SBISETCS
pa3paboTka MHCTPYMEHTApHsl ISl CO3JIaHUA ApPXUTEKTYPHBIX BHU3yalu3alluid |
WHTEpaKTUBHBIX TpuiiokeHuil B cpene Unreal Engine4, a Takxke mpoekTUpOBaHUE
JE€MOHCTPALIMOHHOU BU3yalu3aLuu [JIaBHOTO KopIryca Tomckoro
[TonmuTexHUYECKOTO YHHUBEPCHUTETA. BBINOIHEHNE HAay4YHO-UCCIIEN0BATEIbCKON
paboThl Hampsimyto cBs3aHO ¢ pabotoii [IK. To ects MecTo paboThl — 3TO MECTO
oneparopa I1K.

Hay4yHo-TeXHMYECKHIT TPOrpecc BHEC CEPbE3HBIE W3MEHEHHS B YCIIOBHS
MPOU3BOICTBEHHOM JEATEILHOCTH PAaOOTHUKOB YMCTBEHHOTO TpyAa. Ux Tpyn cran
O0ojiee MHTEHCUBHBIM, HAIpPSKEHHBIM, TPeOYIONIMM 3HAUYUTENbHBIX 3aTpar
YMCTBEHHOW, SMOIMOHAJIBHOW H (U3MYECKON »SHepruu. ITO MOTpeOOoBao
KOMITJIEKCHOTO PEIIeHUs] POo0IeM 3PrOHOMUKH, TUTUEHBI W OpPTaHU3AIuu Tpy7a,
periaMeHTallul PeKMMOB TPyJa U OT/bIXa.

B HacTosiiiee Bpemsi KOMIbIOTEpHAs TEXHUKA IIUPOKO MPUMEHSIETCSI BO BCEX
00JacTAX JeAaTeqbHOCTH uenoBeka. COoriacHo MeEXIyHapoJHOMY CTaHIapTy Ha
APrOHOMUYHOCTh U Oe3omacHOCTh AuciieeB TCO’03 npu paboTe ¢ KOMIIBIOTEPOM
YEeJIOBEK  MOJABEPraeTcs  BO3ACHCTBUIO  psla  OMAacHbIX M BPEIHBIX
MPOU3BOJACTBEHHBIX  (DAKTOPOB:  DJICKTPOMATHUTHBIX  MOJeH  (AmMama3oH
panuoudactot: BY, YBY u CBY), nuadpakpacHOro u MOHU3UPYIOLIETO M3Ty4EHUH,
IIryMa U BHOpAIuu, CTAaTHYECKOTO YJIEKTPUYIECTBA U JIP.
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PaGota ¢ KOMOBIOTEPOM XapaKTEPU3YETCS 3HAUYUTENIbHBIM YMCTBEHHBIM
HalpsOKEHUEM W HEPBHO-DMOLMOHAJIBHOM HArpy3Kol OIEpaTOpOB, BBICOKOM
HaIpPSHKEHHOCTBhIO 3PUTENBHOW PabOThl U JOCTATOYHO OOJIBIION HArpy3kod Ha
MBI PYK Npu pabore ¢ kiaBuatypoir DOBM. bonblnoe 3HaueHHe HMEET
pallMOHaNIbHAsT KOHCTPYKIHUSI M PACIOJI0XKEHUE AJIEMEHTOB pabouyero MecTta, 4To
BKHO JIJIS IO/I/ICP KaHUS ONITUMAIBHON pabodeil mo3bl YeIoBeKa-omepaTopa.

5.1 AHajau3 OMmacHbIX BpPeaHbIX (PAKTOPOB M BO3MOKHBIX YpPe3BbIYAMHBIX
CUTyauuii, BOSHUKAIIUX BO BpeMs padoTsl onepatopa IBM

5.1.1 YpoBenb myma Ha padboueM MecTe

Ha omeparopa DBM, mpu HaxoxaeHun Ha pabouyeM MecTe, MOCTOSHHO
MPOUCXOJIUT pa3lIMYHbIE AaKyCTUYECKHUE BO3JEUCTBUA (LIyM, YIBTPa3ByK U
nH(ppaszByk). Illympr OecmopsgouHO HM3MEHSIOTCS BO BPEMEHH W BBI3BIBAIOT
HEeMpUATHBIE CyObeKTUBHBIE oulyieHus. [llym BpenHo nelcTByeT Ha 310pPOBbE U
Tpyn moned. OH sABisieTcss oOEOMOIOTUYECKUM pa3ipaxkuteneM. B pesynbrate
BO3JICUCTBHSI IIIyMa CHHKAETCS MPOU3BOIUTEILHOCTh TPYAA, PACTET YHUCIO OLIMOOK
pu paboTe, MOBBIIIAETCS ONACHOCTh TPABMUPOBAHMUSI.

[Ilym mpUBOAUT K CHUKECHUIO BHUMAHMS, 3aMEJISIET PEAKIIMIO YEJIOBEKa HA
MOCTYIAIINE OT TEXHUYECKUX YCTPOUCTB curHanmbel. Illym cmocoOGcTByeT
YBEJIMYCHUIO YHCJIa BCEBO3MOXKHBIX 3a00JICBaHMI €Iie M TIO0TOMY, 4YTO OH
YTHETAOIIE JCHCTBYET Ha MCUXUKY, CIOCOOCTBYET 3HAUNTEIHLHOMY PAacXOJI0BAHHIO
HepBHOM »Hepruu. Illym Ha pabouem wmecte mnomab3oBatens IIK co3zmaéres
BEHTWJIALIMOHHOW cucTteMo OBM u mewataronum yctporctBoM. Ilo cytu — 370
KOoJIeOaHMs, MOPOXKJIAaeMble B HEM pa3IMYHBIMM MEXaHUYECKUMHU MPUBOAAMM,
MHOTOKPaTHO YCHWJIMBA€MbIE BCEBO3MOXHBIMU PE30HUPYIOIIMMHU 3JIEMEHTAMU
KOHCTPYKLIMM U MEPENABAEMbIE B BO3IYIIHOM CpElE€ MOJIb30BATEIIM KOMIIBIOTEPA,
B BUJIC PA3JIMYHBIX MHapa3UTHBIX IIyMOB.

OCHOBHBIM HCTOYHHKOM IITyMa Ha paboueM MECTE SBIISICTCS CHUCTEMHBIN
00k KommbioTepa. B HacTosiee BpeMsi CYyIIECTBYIOT MOJHOCTBIO OecUIyMHbIE
HACTOJIBHBIE KOMIIBIOTEPHI, B KOTOPBIX MPUMEHSETCS KUAKOCTHOE OXJAXACHUE U
AJIEKTPOMArHuTHBIM Hacoc (0e3 IBWXYIIUXCS dacTei), TBepaoTenbHbie [13Y.
OpnHako Takue peuieHus HE MOJAXOMST IJis YCIOBUM MPEANPUSATUS, IO3TOMY Jajee
OyIlyT pacCMaTpUBaThCS PEUICHUS B HU3KOM U CPEHEM LIEHOBOM JIMaNa3oHe.

CToUT OTMETUTH, YTO MPUEMJIEMBII YPOBEHb IIyMa JUIsl KaXJOro 4YeloBeKa
WHVBUyaJICH, HO B OOJIBIMMHCTBE CitydaeB ypoBeHb 10 30 1b Ha paccrosiHuu 1 m
MO>KHO CYUTATh KOM(MOPTHBIM.

OCHOBHBIMM UCTOYHHKAMH IIIyMa B KOMIIBIOTEPE ABJISIIOTCS:

e BeHTunATopsl:

O BCHTHUJIATOP O0Ka IIMTaHuAI,
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O BEHTWJISITOP Mpolieccopa,
O BEHTUJISATOP BHUJIEO KAPTHI,
o (poHnTanehblil BeHTHIsTOP HDD,

e ‘KecTkue nucku.

HemocpenctBeHHO Ha BECh BBIXOJHOW IIIyM CHCTEMHOTO OJIOKA BIUSET
apXUTEKTypa KOpIyca CHUCTEMHOr0 OJIOKa W MaTepHall, U3 KOTOPOTO OH CJejaH.
Jlyuyme Bcero BbIOMpPATh KOPIYC C BO3MOKHOCTHIO YCTaHOBKH 1-2 (DpOHTaNBbHBIX
BEHTUJISITOPOB, 1 Ha 3ajHEl CTeHKe M | BEHTWJIATOPOM HAa BEpXHEW KpbIliKe (IpH
ATOM OJIOK MUTaHUS JOJKEH pacroyaratbCcs BHU3Y Kopiyca). Ha naHHbIE MOMEHT
Ha pbIHKE OIOJKETHBIX PEIIeHHH HEe TaK MHOTO0 KOPIYCOB C HECTaHAApPTHBIM
pacnionoxxenneM BII (to ectb cuuzy). Cpenu Mozeneil cpeaHero auarna3oHa IeH
MOHO BbiienTh Antec Mini P180 (4 000 p.).

Kpurepuu Be160pa MaIONTyMHBIX BEHTUISITOPOB sl KOPITYCa U BUCOKAPTHI,
cleyIoLue:

Bonbmoi quamerp nomacteit (ot 80 Mm);

Huskoe 3nauenue cuibl Toka (0.1-0.2 A);

Penkoe pacnonoxenue nonacreu;

['mapo-noAIMITHUKHA.
Pucynok 5.1. Kopnyc Antec Mini P180

TpeboBaHMsIM MEPBBIX TPEX KPUTEPUEB YIOBICTBOPSIET OOJIBIIIOE KOJTHMUECTBO
Hepoporux BEHTHIATOPOB (10 300 p.), BEHTHWISTOPHI C THUAPO-TIOJIIMITHUKAMHU
00b19HO cTosT Ha 100-200 pyOneit nopoxe.

Ha naHHBIE MOMEHT CYIIECTBYET OOJIBIIOE KOJIMYECTBO JKECTKUX TUCKOB C
HU3KUM YypoBHeM 1mymMa. Kak mpaBWio, 53TO JIOCTUTAETCS TMOHUKECHHBIMH
obopotamu pabotel. Hanpumep, nuHelika xectkux auckoB Western Digital Green
Caviar paboTaeT B auana3oH ot 24 1o 29 nbA.

Taxke CTOMT OTMETUTh HENABHO TOSBHBINKECS TBepaoTenbHbie [I3VY, y
KOTOPBIX OTCYTCTBYIOT MEXaHWYECKHE YacTH, a 3HAYUT, OTCYTCTBYET IIyM MpH
pabote. OmHAKO Takue pelieHHs] Ha JaHHBIH MOMEHT SIBIISIFOTCS JOPOTUMHU U BPST

J1 MOTYT OBITh pEKOMEH0BAHBI JIJIs1 paboThl B KopriopaTuBHBIX [1K.
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Pacuyernast yactb

VYpoBeHb 1IyMa, BOSHUKAIOIIUNA OT HECKOIBKUX HEKOT'€PEHTHBIX HCTOYHUKOB,
paboTaoMX OJHOBPEMEHHO, TIOJICYMTHIBAETCS HA OCHOBAaHUM MPUHIUIA
HHEPreTUYECKOr0 CYMMUPOBAHUS U3TYyUYE€HUN OTAEIIbHBIX HCTOYHUKOB:

Ly = 10lg ¥i=7 10%F, rae

L; — ypOoBeHb 3BYKOBOI'O JIaBJICHUS 1-I'0 UCTOYHMKA IIIYyMa;

N — KOJIMYECTBO UCTOYHUKOB IIIyMa.

[Tomy4yeHHbIe pe3yNbTaThl pacyeTa CPaBHUBAETCS C JTOMYCTUMbIM 3HaYE€HUEM
YPOBHSI IIyMa AJisi JaHHOro pabodero mecta. Eciam pes3ysibTaThl pacdeTa BbIIIE
JOMYCTUMOI'O 3HAYEHUS! YPOBHS IIyMa, TO HEOOXOAMMBI CHEIUAIbHBIE MEPHI IO
CHUKEHUIO IITyMa, KOTOPhIe OBLIN OMKCAHBI B TEOPETUUECKONU YaCTH PabOTHI.

Jlnst pacuetoB Bo3bMeM TUIOBYIO (Ha konerm 2017 rom) koHUTyparmio
KOMIIBIOTEpA CIeAyIoeil KoHpUurypamuei:

e Kopnyc — ACCORD P-28B

e Ilpoueccop — Intel Pentium G4600, 2/4 snpa/moroka, 3,6 I'T,
3Moaiir L3, LGA1151-vl, OEM

o Kynep nns nporeccopa — Cooler Master DP6-9GDSB-PL-GP

e Marepunckas minata — Socket Intel H110 GIGABYTE GA-H110M-
S2H(AMD 770, 2xDDR4 DIMM, 4x SATA 6Gb/s, 2xPCI-E xI,
1xPCI-E x16, SB, 1I'6ut Realtek GbE LAN, 4x USB2.0, 2x USB3.0
Micro-ATX) (ret);

e Monayns oneparuBHoi mamatu — 8I'b DDR4-2400/2666 Crucial
CT8G4DFS824A(ret) (2 mt.);

o JKectkuit auck — 1Tb Seagate "Western Digital WDI10EZEX"
7200006./muH., SATA 6I'6ut/c (oem);

e Buneokapra — PCI-E NVIDIA GeForce GTX 1050 Ti, 4Gb GDDRS5
(ret);

e IlpuBog DVD+RW — 24x8x16xDVD/48x32x48xCD Sony Optiarc
"AD-7243S", uepnsiii (SATA) (oem);

N3 »sroit  koHGUTYpald BBIACIUM JJIEMEHTBI, KOTOPHIE CIOCOOHBI
TEHEPHUPOBATH IIyMa W 3aIMUIIEM WX YPOBHH 3BYKOBOTO JaBjieHHs B TaOmuiry S.1.
CTOUT OTMETHTb, YTO UCHOJB3YIOTCSA ABA (aKkycThueckuil Aernuden, Kak MpaBHiio,
HUKe ¢dakruueckoro 3HayeHus Ha 10 n1b), a He Ab B cuily TOro, 4YTO UMEHHO 3TOT
napameTp aaercs Jig annaparypbl. [[OCKOJIbKY HE YUYHTBHIBAETCS pPACCTOSTHUE OT
nporpaMMHUcTa J0 CHCTEMHOro OJioka, TO Oojee Hu3Koe 3HaueHue AbA Oyaer
ONTHMAaJTBHBIM JTsI pACYETOB.

Tabmuma 5.1
VYpOBHHU 3BYKOBOTO JIaBJICHUSI HCTOYHHKOB IIIymMa Ha paboyeM MecTe
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HcTouynuk myma YpoBensb myma, 1bA
BenTunsarop 610ka nutaHus 19
2 BEHTWJISITOpA KOpIyca 26
BenTwiisitop npoueccopa 35
Bentunsarop BuaeokapTsl 25
Kectkuit quck 28
CD/DVD-npuBoa 39

[ToncTaBuB 3HAauYEHWsS YPOBHS 3BYKOBOTO JABJICHHUS ISl KaXKIOTO BHIA
obopynoBanus B popmyiTy, MOTyInM:

LY =10-1g(10%° + 10%° + 10%° + 10%°> + 10%® + 103%)=139,71 nb

[TonydyeHHOE 3HAYECHHWE HE MPEBBINIACT JOMYCTUMBIM ypOBEHb IIIyMa s
pabouero mecta mporpammucta (50 n1b) ('OCT 12.1.003-83).

5.1.2 MukpokauMmar.

HemnocrosinHasi Temmeparypa B IMOMEUIEHUM MOXET BbI3BaTh (PU3MUYECKU
OUCKOMPOPT Yy  COTPYAHHMKOB, YTO  HEraTMBHO  TMOBJMSIET Ha  UX
IPOU3BOAMTENLHOCTU Tpyaa. [Ipu BBICOKOW TeMiiepaType BO3AyXa B MOMEIICHUU
KPOBEHOCHBIE COCYJAbl IOBEPXHOCTM Tena pacmupsitorcd. [Ipy noHMmxeHuH
TEeMIIepaTypbl OKPYXAIOUIEro BO3/yXa KPOBEHOCHBIE COCYbI KOXKHU CY>KaIOTCSI.

[loBbimieHHass  BAaXHOCTh  (0>85%)  3aTpylnHSET  TEPMOPETYJIALHIO
BCJICJICTBUE CHIDKEHUS HCIAPEHHs MO0Ta, & OYEHb HU3Kas BIAXKHOCTH ((p<20%)
BBI3BIBACT MEPECHIXAHUE CIAM3UCTHIX 000JI0UEK JAbIXaTeNbHBIX MyTEH.

Canutaphsbie npaBuia u HOpMbI 2.2.4.548-96 ycTaHaBIUBAIOT ONPEACIEHHBIM
MUKPOKJIUMAT [IJI1 BCEX THUIOB pabounx miomernieHnid. OHM  BBITIOJHSIOT
00s3aTeNbHYI0 (YHKIHUIO I JI000H W3 BO3MOXHBIX (OPM COOCTBEHHOCTH.
CanlluH 2.2.4.548-96 o00s3bIBaeT cleaoBaTh O€3yCIOBHBIM IIpaBUJIaM W
TpeOOBAaHUSIM, BBITIOJTHEHHUE KOTOPBIX corjlacHo ctathe 212 TK PO nHanpsmyro
3aBUCUT OT paborogatenss [3]. Hesbimonnenue TpeOoBaHUM  BeOET K
OTBETCTBEHHOCTH U 3aKpEIUISeTCA KaK HapyllIeHUe TPYJAOBOr0 3aKOHOIATEIbCTBA U
yIIeMJICHHE TpaB, paboTaronux [4].

Kareropun paboT u HOpMBI yKa3aHbl HIKe B Tabmuie 5.2. Jlomyctumbie
HOPMBI NIPEACTaBIEHBI B Tabnuie 5.3.

Takum o00OpasoM, mJis TEMJIOBOTO CaMOYYBCTBUSI 4YEJIOBEKA BaXKHO
ONpEeJEIICHHOE COUYETaHUE TEMIIEpaTypbl, OTHOCUTEIbHON BIAXKHOCTU U CKOPOCTH

IBIKEeHUs Bo3ayxa. Jlanueie Obun B3saThl M3 CanlluHa 2.2.4.548-96.

Tabmuma 5.2 —
OHTI/IMEUII:HBIC BCIINYHNHBI HOKa?)aTCHCﬁ MI/IKPOKJII/IMaTa Ha pa60q1/1x MEcCTax
TIPOU3BOJICTBEHHBIX ITOMEIICHUI
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[lepuon | Kareropusi |Temmnepartypal Temnepatypa |(OTHOCcUTeNnbHAsA| CKOPOCTh
roja pabor mo | Bo3ayxa, °C |IOBEpXHOCTEH,| BJIAXKHOCTh  |ABMIKCHUS
YPOBHIO °C BO31yxa, % | BO31yXa,
»HEpro3aTpar, Mm/c
Bt
Xonoaubiid| la (1o 139) 22 -24 21-25 60 - 40 0,1
Tennerit | Ia (o 139) 23 -25 22 -26 60 - 40 0,1
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Tabmauua 5.3 —

HOHYCTI/IMBIG BEIIMYMHEI ITOKa3aTeIIeH MHUKPOKJIMMAaTa

2 Temneparypa CKOpOCTh ABMKEHUS
5 BO3aYyXa, °C BO3/yXa, M/C
5 JnanazoH| /lmamazon o Jliist Jliist
< HIDKE BBIIIIC =3 N O |IManasoHa|quMamnasoHa
= | 8 w X 3
g z gs ONTUMAJb | ONTHMANBH | & 8 T I |TemIepary|Temiepary
é 3 (:D HBIX  |bIX BEJIMYUH E gp © g % p BO3/yXa |p BO3ayXxa
s % '-é BEJIMYUH % E z g HIKE BBIIIIE
3 E s =g g = | ONTHMAJIb | ONTUMAIb
§ a IS 8 HBIX HBIX
B BEJIMYNH, | BEJINYUH,
":U He OoJee HE
- Oonee™*
Xomn |[a (mo 20,0-21,9 | 24,1-25,0 | 19,0- | 15-75%* 0,1 0,1
omH (139) 26,0
bIi1
Temnn|la (no 21,0-22,9 | 25,1-28,0 | 20,0- | 15-75* 0,1 0,2
st (139) 29,0

nuanaszoHe or 23 mo 26 °C.
Bnaxxnocts Bozmyxa — okosno 40 %. Ckopocth aBmwxkenus Bozayxa — 0,1 m/cek.

Temneparypa BO3ayXa B IOMEIIEHUU B

I[OCTI/IFEICTCH 9TO 3a CUCT UCIIOJIb30BAHUA CPCACTB MCCTHOI'O KOHJIUIMOHUPOBAHNA
BO3ayXad, KpPOMC JOTOro IIOMCHICHHUC IIPOBCTPUBACTCA BO BpPEM:A O6€I[€HHOFO
NepepniBa. OXHa}KI[CHI/IC COTPYAHUKOB HE IIPOUCXOOIHT, TaK KaK ITOMCIICHHC
XOpouIo OTarjinBacTCs.

HapaMeTpLI MHKPOKJIIMMAaTa pacCMaTpuBacMoOro rnmoMemeHusaA COOTBETCTBYIOT
HOpMaM, CJI€A0BATCIILHO, CO6JIIOI[aIOTC$I HCO6XOI[I/IMBI€ JJIsA pa6OTBI YCJ10BU:.

5.1.3 DJieKTPOMArHUTHOE M MOHU3HUPYIOILEee U3JTydeHUs

Jucriien (MOHUTOpBI) SIBJSIIOTCSI OCHOBHBIM ~ MCTOYHHUKOM — BPEIHOTO
BO3JICCTBHSI HA 3JI0POBBE JIOZICH, paboTaromux ¢ mnepcoHambHbiIMH OBM. B
Oonblllel CTEMEHH BPEAHOE BO3JIEHCTBUE OKa3bIBAIOT MOHUTOPHI HAa OCHOBE
AIIEKTPOHHO-Ty4eBbIX TpyOOoK (DJIT).

YacTOTHBI CHEKTp W3IYYEHUST MOHHUTOPA XapaKTEPU3YETCS HaIUYHUEM
PEHTI€HOBCKHUX, UH(ppaKpacCHBIX u IPYTrux

AIIEKTPOMArHUTHBIX KosieOanuii. oHu3upyoliee n3ydeHue CylecTByer B popme

yIbTPa(UOIETOBBIX,

PEHTI€HOBCKOTO U3JIyYeHUS] BHYTPH AJIEKTPOHHO-IY4YeBOM TPYOKHU, CO3/1aBasiCh MPU
CTOJIKHOBEHHUH 3JIEKTPOHA CO CTEKJIOM IKPaHHOU MOBEPXHOCTH.
DNEeKTpOMAarHUTHbIE IOJIS, MPEICTABISAIOT peajbHyI0 yrpo3y. BuusHue
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AIIEKTPOMArHUTHOTO M3JIY4YeHHs] BbI3bIBACT HW3MEHEHHE OOMEHa BEIIEeCTB Ha
KJIETOYHOM YPOBHE, HapylIEHUE JESATEIbHOCTH CEPAEYHO-COCYIUCTON MU
LEHTPaJIbHOW HEPBHOW CHCTEMBI, HAPYLIAIOTCSl OMOJIOrMYECKHUE MTPOLIECCHI B TKAHAX
U KJIETKaxX, TaKKe BO3JIEHCTBYET HA OpraHbl 3peHMs. BepeMEeHHBIM >KEHIUHaM
pexoMeHyeTcsl u30erarb OOJBIIOrO BIMSHUA JJIEKTPOMATHUTHBIX H3ITyYEHUH.
DNEeKTPOMarHUTHbIE M3IY4YEHHs] MOBPEXKIAIOT 3allUTHOE OWOMOoJe 4YeloBeKa u
OTPULIATEJILHO CKAa3bIBAIOTCA Ha €ro 370pOBbE, MOBBIIIAS PUCK BO3HUKHOBEHHS
pa3nuuHOoro pona 3aboneBanuil [2]. HampskeHHOCTb 3IEKTPUYECKOTO MOJS |
IUIOTHOCTh ~ MAarHUTHOTO IOTOKAa MpeicTaBieHbl B Tabmumax 5.4, 5.5

COOTBETCTBEHHO:
Tabmura 5.4 —
HanpsskeHHOCTB 3JIEKTPUYECKOTO MOJIA
JImana3oH 4acrToT HanpsizkeHHOCTB 3JIEKTPHYECKOr0 MOJIs
5Tu—2 kI, E1 25 B/Mm
2 kI'm — 400 xI'n, E2 2,5 B/m
Tabmuma 5.5 —
IImoTHOCTE MArHUTHOT'O IIOTOKA
Jluanma3zoH 4acTror IInoTHOCTH MATHUTHOTO MOTOKA
5Tuy—2«xI'g, Bl 250 uTn
2 kI'm — 400 xI'n, B2 25 uTn

st Toro, 4TOOBI CBECTH SJIEKTPOMATHUTHOE W3JIyYeHHE K MHUHUMYMY,
CHUCTEMHBIE OJOKM HEOOXOIUMO pacrojiaraTh HACTOJBKO JAJBIINE OT COTPYIHUKA,
HAaCKOJIBKO 3TO BO3MOXHO, TaK JK€ NPUMEHSIOTCS KUIAKOKPUCTALINYECKUE
MOHHUTOpPBI, HM3JTy4YE€HHWE KOTOPHIX HAMHOIO HIKE. MOHHUTOPBI JIOJKHBI OBIThH
pPacHoJIOkKEHbI TaK, YTOOBl U3MYyUYEHHUS MOTJOMIAIUCH HE JIIOJIbMU, TO €CTh B YIIIy
WJIU y CTEHBI.

[IpenenbHO [AOMYCTUM YPOBHEM HANPSHKEHHOCTH  DJIEKTPUYECKOHM U
MarHduTHOW COCTaBISIIONIMX sBisieTcs aAuana3oH vactoT 30 kl'm - 300 MI'm.
YPpOBEHb HANPSIKEHHOCTH JJICKTPUYECKOM W MAarHUTHOM COCTAaBIAIOIIMX Ha
paccMaTpruBaeMOM MECTE HAXOISTCS HAa JOIIYCTUMOM YPOBHE.

5.1.5 HepocraroyHasi OCBEIIECHHOCTD

OTCyTCTBHE WIH HETOCTATOYHOCTh €CTECTBEHHOT'O OCBEIIICHHS, TTIOBHITIICHHAS
SApKOCTh CBeTa, OJMKK (OTpaKeHHE CBeTa OT OJECTAIIUX IMOBEPXHOCTEH),
MyJbCAIlMsl CBETOBOTO TOTOKa (MepIaHue H300pakKeHHs) OKa3bIBAIOT BPEIHOE
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BO3JICCTBHE HA 3/I0POBbE YEJOBEKA — pa3JApa)K€HUE 3pUTEIbHBIX OPraHOB,
rOJIOBHBIE 00JIM, YTOMJICHHE.

MecTtHoe ocBellleHue He pekomeHayercs. Mcnonb3yeTcs: olliee OCBEIIeHHE.
MakcumainbHas ocBerieHHOCTh 400 JK, 6J1ecKOCTh MeHee 15 en., mysbcanus MeHee
10%.

OcCBelIeHHOCTh Ha TOBEPXHOCTH CTOJIa B 30HE pa3MeIleHus padodero
nokyMmenTa aopkHa O0bITh 300 - 500 nk. [lomyckaercsi yCTaHOBKA CBETHUJIBHUKOB
MECTHOTO OCBEUICHMS I IOJACBETKH JOKYMEHTOB. MECTHOE OCBEUIEHHE HE
JIOJDKHO CO371aBaTh OJMKOB Ha MOBEPXHOCTU 3KpaHa U YBEJIMYHMBATH OCBEIIEHHOCTh
skpana 6osee 300 Jk.

Cnenyer orpaHu4YMBaTh MPAMYIO OJECTKOCTh OT MCTOYHUKOB OCBEILEHUS,
OpU 3TOM SIPKOCTh CBETALIMXCS MOBEPXHOCTEN (OKHA, CBETWIBHUKH M Jp.),
HAXOSIIUXCS B TOJIE 3pEeHuUs, HE T0JKHA ObITh Oosiee 200 K1/KB.M.

Crnenyer orpaHM4MBaTh HEPABHOMEPHOCTH PACIpPEAEIICHUS IPKOCTU B MOJIE
3penust MoHUTOpoM U [I9BM, mpu 3TOM COOTHOILIEHHE IPKOCTH MEXAY pabodrnMHU
MOBEPXHOCTSMU HE JOHKHO mpeBbimath 3:1 - 5:1, a wmexay pabounmu
MOBEPXHOCTSMHU U TOBEPXHOCTSIMU CTEH U o0opyaoBanus 10:1.

Jlammibl peKOMEHJIyeTCsl HMCHOJb30BaTh OEJIOro CBETa, XOJIOAHOTO Oenoro
cBeTa, Hanbosiee ONMM3KME K €CTeCTBEHHOMY cBeTy. MomHocTts namn 36-40 BT,
temrepatypa 3000-4200 rpamycoB KenbBuHa, TOrga OHM HE JAaOT BBICOKOIO
yIbTPapUOIETOBOTO U3TYUCHUS.

OCHOBHOM MOTOK €CTECTBEHHOTO CBETa JOKEH ObITh ciieBa. COIHEYHbIE
Jyuyd U OJIMKMA HE NOJDKHBI MoNajaTh B Moje 3peHus padoraromero ¢ [19BM
COTpYAHHKA.

BBenem ompezneneHdss OCHOBHBIX €IMHMI HU3MEPEHHs, HCIOIb3YEMBIX B
pacyeTax.

Jltokc (oOo3HaueHwWe: 1K, 1X) — eAuHHUIA WU3MEPEHUS OCBEIIEHHOCTH B
cucteMe CH. JIroKC paBeH OCBEIIEHHOCTH IMOBEPXHOCTU IUTOMIaab0 1 M? mpu
CBETOBOM IOTOKE MAJIal0IIEr0 Ha HEE U3IIyUeHUs], PAaBHOM 1 JIM.

Jlromen (o0o3HaveHue: 1M, Im) — eauHUIIAa U3MEPEHUS] CBETOBOTO MOTOKA B
CHU. OpuH 1mOMEH paBeH CBETOBOMY IOTOKY, HCIIyCKA€MOMY TOYEYHBIM
V30TPOMHBIM MCTOYHUKOM, C CWIOW CBETA, PABHOM OJHOM KaHJENE, B TEICCHBIN
yroJj BEJIMYUHOM B OMH cTtepaaual (1 aim =1 ka X cp).

Kannena (o6o3nauenue: cd; ot nar. candela — cBewa) — oxHa U3 cemu
OCHOBHBIX eauHul] u3Mepenus CH, paBHa cuie cBeTa, UCIyCKA€MOI'o B 3aJaHHOM
HaIlpaBJI€HUU HUCTOYHUKOM MOHOXPOMATHYECKOro M3iIydeHHus dactoToi 540-1012
repl, JHepreTHYeckass Cujia CBETa KOTOPOro B 3TOM HANpPaBJICHUH COCTABISIET
(1/683) Bt/cp. (cTepaaman).
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Bri6upaem cetunpHuku OJ] ¢ Tazopa3psaHBIMU JamMIaMu; TUT TPOBOJKH -
3aKpbITasi B CTPOUTEIBHBIX KOHCTPYKIUSAX MO IITyKaTypko, mposoja - AIITIB,
BBIKJIIOYATEIb ~ HOPMAJIIBHOTO  KCIOJHEHUS;  CBETWJIBHUKUA  PACIOJIOKEHBI
napajieibHbIMU psajilaMd. MUHHUMalIbHAsE OCBEIIEHHOCTh OT KOMOWHUPOBAHHOIO
oceenienust E,,;, x = 400 sk, obmiee ocsemenue E,,;, o = 200 JK.

Cucrema ocBellleHUs — KOMOMHUpOBaHHas: oOIee pPaBHOMEPHOE IUIHOC
MECTHOE.

[lotpeOHass ~ ocBEmIEHHOCTh  MPU  KOMOMHHMPOBAHHOM  OCBEILEHUU
ra3opaspsaHbIMA JaMIaMH OT CBETWJIBHUKOB 00IIero ocBeuieHust E,, ¢ =
200 sk, oT MecTHOTO — E); p = 150 JiK;

HeobOxoaumprii koadduriment 3amaca (1o BeiaensieMon neun) Kz = 1,6;

Haubosee BpIroHOE OTHOIIEHUE PACCTOSIHUS MEX Ty cBeTribHUKamMu CBL k

L
BBICOTE IOJBECKU CBETUIBHUKOB hpg:y = ~¢B / heg = 1.6;

Legg =Y Xhp=16%x2=32wMm; Legm = 1.2Mm;
PaccTositHue Mexay CBETHIBHHKAMU MO IIUPUHE TPUMEM PaBHBIM JTMHE
cBetuabHUKa 11r0c 0.05 M.
PaccTostHue OT CTEHBI 10 TIEPBOTO Psijia CBETUILHUKOB:
L =03XLegy=03%32=096m
PaccTostHue Mex 1y KpalHUMU psiaMu 110 IITUPUHE TTOMEICHUS
Li=b—2XL; =8-2%x0.96 =6.08m
Yuciao psiioB, KOTOPOE MOXKHO PACIOJIOKUTh MEXKIY KpaHUMU psIaMu T10
HIUPUHE TTIOMEIIECHUS:
Negm = LZ/LCB_m -1 =ﬁ_ 1=4
OGr11ee 9uciIo psAI0B CBETUIILHUKOB IO IIUPUHE:
Negmo = Negm +2=4+2=06
Paccrosinre Mex 1y KpallHUMU PSJIaMUA CBETHJIBHUKOB TIO JTHHE TIOMETICHUS
Ly=a—-—2XL; =9—-2%096=7.08mM
Uuciao CBETUIIBHUKOB, KOTOPOE MOXHO PACIHOJIOXKHUTh MEXKIYy KpaHUMU

psAlamMU IO JJIMHE:
7.08

_Ls _
Nepp = /LCB.Zl_l_ 3.2 -1=1

OGriee 9ucio psI0B CBETUILHUKOB 1O JIJTMHE
Negpo=Neppg+2=1+2=3
OOG1iee 4KCiIO PsIOB CBETUIILHUKOB, KOTOPhIE HEOOXOIUMO YCTAaHOBUTH IO
JUIMHE U [IUPUHE:
NCB.OBLL[ = Ncpamo X NCB.[[.O =6+x3=18
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KoaddummenTtsr otpaskenust ot cTeH (pcr) U MOTOIKOB (Pror) - MO OKpacke
CTEH U MOTOJIKOB:

pcr = 56%, pror = 73%.

Koaddumment Z, YYUTHIBAIOLIMHA PABHOMEPHOCTh OCBEUICHUS B
3aBUCMMOCTH OT THIIa CBETWJIBHUKOB U OTHOLIEeHUs y:z = 1.13.

[Tnomaar moJia OCBEIIAEMOro MOMEILEHHUS:

Sp=aXb=9x8=72kB.M

[lo nmvHe a W MmMpUHE b TMOMEMIEHUS, U BBHICOTE MOJBECKH CBETHIHHUKOB
hcp HaXOMMM MOKa3aTeTh MOMEIIICHUS

axXb 72
“(axb)Xheg 28%17
Koadduiment ucnonbp3oBaHus cBETOBOTo notoka: ny = 0,53.

% 1,5

Pacuérnsiii (moTpeOHbIiT) CBETOBOM MOTOK OJTHOM JIAMITHI:

Equ XKz Xz XS
0K 3 m_ 150*1.6*1.13*72/(18*053) = 2046

Frpacy =
Ncgosu X Ny

[To nanpsokenuto B cetd Uy ¥ CBETOBOMY MOTOKY OJHOM Jammbl Fjpacy =
2046 nm no crpaBounbiM Tabmuiiam (COCT 2239-70) onpenemnsiem HEOOXOIUMYIO
MOITHOCTH 3nekTponamiibl JIJ140-4 Wy = 40 Bt. B kax1omM CBETUILHUKE UMEETCS
namna JIJ140-4 co cBeTOBbIM MOTOKOM Fjjtag;. = 2340 sM;

JlericTBUTENbHAS OCBEIIEHHOCTD!

Fptapn * NCB.OBIH *NMu 234018 0,6

K3 *z * S T 1,6%1,13 %72
B ciayyae HemocTaTOYHOTrO OCBEIICHMS MOMEUIEHUS HEOOXOIUMO Pa3HUILY

MCXKAY MNOpCAOCTaBIIEMBIM IIOMCIICHUEM M HOpMOﬁ A1 KOHKPETHOIroO BHOA
IIOMCIUICHHUA JOJIXKHBI 06CCHC‘H/ITB NCTOYHUKHU CBECTA MECCTHOI'O OCBCIIICHUI.
Onpe/:[enﬂeM BeJII/I‘-II/IHy OCBCIICHHOCTH, KOTOpYIO JOJIKHBI O6€CHC‘-II/ITB
CBCTUJIbHHUKHN MECTHOI'O OCBCIIICHN A
E = Eyyx — Eneiiers = 400 — 171 = 2291k

5.2. Ananu3 ncuxopusnyecknx (paKTopos

5.2.1 CraTu4yeckue HArpy3Ku ¥ MOHOTOHHOCTh TPYAa

CocTositHuE MOHOTOHHOCTH BBI3bIBAETCS JEHCTBUTEIBHBIM M KaXKYIIMMCS
0JIHOOOpa3reM BBIMIOJIHIEMBIX Ha paboTe NBIKeHUM u nerctBuil. [lox BausHHEM
MOHOTOHHOCTH Y€JIOBEK CTAHOBUTCS BSUIBIM M O0€3y4acTHBIM K padoTe.

JlnutenbHOE npeObiBaHUE B (PUKCUPOBAaHHOM paboyeil mo3e, HE0OX0AMMOCTh
BBOJIa C KIaBHATyphl OOJBIIOrO0 KOJUYECTBA HHQPOpPMALIUUA, HEOOXOAUMOCTD
ObICTPOrO BBOJA MH(POPMALIMU, CMEHHBIN pexXuM paboThl, OTCYTCTBHE MEPEPHIBOB,

121



— BC€ JTO OTPHULATENBHO JAEUCTBYET HA OPTraHU3M 4YEJIOBEKAa, NIPUBOAS K
MPEXKIEBPEMEHHOMY YTOMJIEHUIO.

Takke, BBINOJHEHHME MHOTMX OINEpalil BbIHYXAaeT nonb3zoBatens [IK
npeObIBaTh B M03aX, TPEOYIOMIMX AJIUTEIBHOTO CTATUYECKOTO HAIMPSHKEHUS! MBIIIIII
CIIMHBI 1I€H, PYK, HOI. OTO NPUBOAUT K HMX YTOMJIEHUIO U IMOSBICHUIO
00JI€3HEHHOCTH, OJIEPEBEHENIOCTH M OHEMEHUS B MBIIIIAX IIEU U MJIEUEBOro Mosica,
001X B TIO3BOHOYHHKE, OOJIE3HEHHOCTH U OJIEPEBEHETIOCTH B MBIIIIAX PYK U HOT.
Bone3HeHHbIEe OIIYHIEHUSI B PAa3IMYHbBIX TPyNax MBI CBSI3aHbI C TEM, YTO OHH,
MOCTOSIHHO HAaXO[IIChb B COCTOSIHUM COKpAILEHUs, HE pacclabiisatoTcs, BCIEACTBHE
4Yero B HUX YXY/JUIAeTCsl KpOBOOOpallleHHE.

[IpyuunHO# GoJIe3HEH MaNbIEB U KUCTEH PYK SIBJIsETCS crienuduka padoThl Ha
KJIaBUAType: I0Jb30BAaTEIN C BBICOKOM CKOPOCTBIO NOBTOPSIOT OAHU M TE€ XKE
nBHKEeHUA. [10CKOIBKY Kaka10€ Ha)KaTUE Ha KJIIABUILY CONPSKEHO C COKPAILCHUEM
MBIIIL, CYXOXWJIHS HENPEPBIBHO CKOJB3AT BIOJb KOCTE M CONPHUKACAKOTCS C
TKaHsIMM, B PE3YJIbTATE PA3BUBAIOTCS BOCIIAJIUTEIIBHBIE TPOLECCHI.

OTMe4eHHBIE HPrOHOMHYECKHE HEYJA00CTBAa BBI3BIBAIOT HEOOXOJUMOCTh
BBIHY)KJIGHHOM paboyell Mo3bl M MOTYT MNPUBECTH K HApyUIEHUSIM B KOCTHO-
MBIIIIEYHOU 1 miepudepruiitHON HEPBHOM CHCTEMAX.

C 1enbro CHUKEHHS HAIIPSHKEHHOCTH TPYAa U YMEHbBIIEHHUS] OTPULIATEILHOTO
BJIMSTHUSI MOHOTOHHOCTH HEOOXOIUMO MPOBEICHUE CIICAYIOIINX MEPOTIPUSTHIL:

® [IepepHIBBI B paboTE;

® U3MEHEHHUE COJIepKaHUs U TemIma padoT, BHIMOIHAEMbIX B CBOOOIHOM
puT™ME U B puTMe, HaBsizbiBaeMoM mnporpammoi [IK (uepemoBanue
pEeAaKTUPOBAHUS TEKCTA U BBOJA JAHHBIX);

® BBEJCHHUE B PEXKHUM TpyJa GYHKIIMOHATIHLHONU MY3BIKH.

PexxuMHbIE MOMEHTBHI pabouero AHsS (TMMHACTHKA, MEpPEpBIBbI, JEHCTBHE
CTOPOHHUX pa3Apa)kuTeseil) oka3biBalOTCs 3P(HEKTUBHBIMU TOJILKO B TOM CiIydYae,
€CIM MX XapaKTep M MECTONOJIOKEHHUE CTPOrO YUYUTHIBAIOT COOTBETCTBYIOILIHE
«KPUTUYECKHUE MOMEHTBD) TPYAOBOTO IPOLECCA, BBIIBUTh KOTOPBIE IO3BOJIIET
aHallM3 JTUHAMHUKA PaOOTOCIOCOOHOCTH M H3Y4YEHHE MCHUXO(PHU3NOIOTHUECKIX
CABUIOB B OpraHU3Me pabOTarOIIUX.

Jns  coxpaHeHus 310pOBbS IOJIB30BATENA CIEAYET IPUACPKUBATHCS
HEKOTOPBIX HECIIOKHBIX

TIPABUIT;

e paboyee MECTO JOJKHO ObITh YOOHBIM M 00eCreunBaTh HOPMaIbHOE

(YyHKIIMOHUPOBAHUE OTIOPHO-JIBUTATEIHHOTO anmapara n
KpOBOOOpAIICHHUS;
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e cymmapHoe Bpems pabothl 3a [IK B TeueHune pabodero qHs HE TOHKHO
NpeBbIIaTh 4 4acoB;

® [I0CJI€ KaXJ0ro yaca paboThl CIeAyeT ejaTh NepepbiB, KAK MUHUMYM,
Ha 10-15 wMumHYT, BO BpeMs KOTOPOTO HEOOXOIWMO BCTaTh U
BBITIOJTHUTD PSJT YIIPAXKHEHUH IS T71a3, TIOSICHUIIBI, PYK U HOT;

e He nenarb Oosiee 10 ThICSY HaXKaTHIA Ha KJIaBUILIM B TEUYEHHUE Yaca;

® DPa3BUTh CUCTEMY MOTUBALIUU TPYJa U TOHUMaHUE HEOOXOIMMOCTH €0
pE3yIbTATOB;

® CO3/IaTh BHENTHUE YCJIOBHSI, OCJIA0ISIIONTNE BIEUYATICHUE OJHOOOpa3us
paboThl ((PYHKIIMOHATBLHOTO IIBE€TA MPOU3BOJCTBEHHOIO MOMEIIECHHUS,
000pyI0BaHUE KOMHAT TICUXOJOTUYECKON pa3rpy3KH U T.I1.).

5.2.2. llepenanpsizkeHue 3peHust

Pabota ¢ MOHUTOpOM — ABJISIETCS CaMbiM BpEIHBIM  (AKTOPOM,
BO3JICHCTBYIOIIMM Ha MOJIb30BaTeNs. JIMTENIbHOE HAXO0XKICHUE MEpEeN NHUCIUIEEM
KOMITBIOTEPA BPEIHO OTpPAXaeTcsi Ha 3pPEHUU 4YeJIOBEKa — IIOBBIIIAETCS
pa3apaKuMoCTh, CHIDKAET €ro OCTPOTY, YXyauIaercs paboTa roJJOBHOTO MO3ra — y
YeJI0BEKa MOTYT BO3HHKATh TOJIOBHBIE 00U U pe3b B I1azax. [locie ueTspéx yacos
paboTHI 3a KOMIBIOTEPOM HAUYMHAIOTCA HenoMmoraHus. HanMeHblyro Harpysky Ha
rjla3a OKa3bIBAa€T CUMTHIBaHWE MH(GOPMAIMM C MOHUTOpPA, YyTh OOJbIIE — BBOJA
uHdopmaluu, a camas CWibHas YTOMIJIIEMOCTb BO3HHMKAeT Mpu padoTe B
JMAJIOTOBOM  pEXuUME U 3aHsATUS  (IPOCMOTP) KOMIIBIOTEPHOM TpaduKou.
[IpuunHamMu HapylieHUsI 3pEHUs SABISIOTCS MEpIAHUE SKpaHa (BO3HUKAET MpHU
4acTOTE€ TOPU3OHTAJIbHOM pa3BepTku He Bbie 50-60 I'l), HEBbICOKas PE3KOCTh
CHMBOJIOB, MEJKHUM TEKCT MPOrpaMM U JOKYMEHTOB (HOPMHUPYETCS OTHOIICHUE
IIUPUHBI 3HaKa K BbIcOTe) [7], Haimuue OIWKOB M HCKKECHHH, MPOOJEMBI C
ONTUMAJIBHBIM ~ COOTHOLIEHHWEM SIPKOCTHU M  KOHTPACTHOCTH, HENPABUIIBHO
BbIOpaHHAsl OCBELIEHHOCTh B MOMelIeHH. Bece 310 co3naer cepbe3Hbie mpooieMsl,
OPUBOASIINE K 3PUTEIBHOMY AUCKOMMOPTY M yXyAueHuto 3peHus y 60-85 %
II0JIb30BATEIIEH.

JIist ipeaynpexaeHus YXYIIIECHUsT 3peHUsT HE00X0IMMO PYKOBOACTBOBATHCS
CJIEIYIOLLM:

Hcnonp30BaTh AWCIUICH C JOCTATOYHO OOJBITUM pa3sMepoM D3KpaHa U
4aCcTOTOM FOPU3OHTAIBLHOM pa3BepTku cBhimie 70 I'm;

Ycrpanuts OJUMKH € SKpaHa:

— MOHUTOP JOJKEH UMETh MAaTOBYIO OAHOI[BETHYIO [IOBEPXHOCTB;

- HE pacrmojiaratb 5KpaH, OOpaIleHHbIM B CTOPOHY OKHa (JIOmycKaercs
pa3meniaTh MOHUTOP NEPHEHIUKYIISPHO OKHY);

— M0JIb30BaThCsl OKOHHBIMU IITOPAaMU, 3aHABECKAMH, JKAJIO3U;
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- pa60qee MCCTO HC pacnoJaratb HCIOCPECACTBCHHO IIOJ MCTOYHHKOM
BCPXHCTO NCKYCCTBCHHOI'O OCBCIICHHA,
- CTCHA HAIIPpOTHUB 3KpaHa MOHUTOpPA JOJIKHA OBITH MaTOBOﬁ;

5.2.3. YMCTBeHHO€ NepeHanpsKeHme.

YMCTBEHHBIH TPyA — 3TO paboOThl, CBA3aHHBIE C MPUEMOM U TepepaboTKOi
uHbopMaIuu, TpeOyIoIe HANMPsHKEHNS CEHCOPHOTO armapaTta BHUMaHUS, TaMsITH,
aKTUBALIUK MPOLIECCOB MBbINLICHHUS [8].

YMCTBEHHBI TpyJ HUMEET psij ocoOeHHocTel. Yare BCero OH CBsI3aH C
CUISYMM O00pa30oM KU3HM W JJIUTEIbHOW pPabOTOM B 3aKpbITOM IMOMEUIEHUU.
VYcunennas pabota mo3ra TpedyeT O0JbIIOro MPUTOKAa KPOBU K HEMY, UTO B CBOIO
ouepeib CBSI3aHO C TMOBBIIIEHUEM TOHYCa COCYAOB MO3ra. JT0 (PU3MOIOTHYECKOe
MOBBIIIEHWE TOHYCAa COCYJOB IPU HENPaBWIbHOW OpraHU3allud TPyJa MOXKET
NepelTd B MATOJIOTMYECKOE, YTO MOXKET MPUBECTH K CTOMKOMY IOBBIIIEHUIO
apTepUAILHOTO J1aBJICHUS.

Kax Bcsikass nHTEHCHMBHAsI pa00Ta, YMCTBEHHBIH TPy HEM30€KHO CBSI3aH C
YTOMJIEHUEM, KOTOPOE MPUBOJIUT K TOMY, YTO YEJIIOBEKY IMPUXOJIUTCS 3aTPavyuBaTh
Ha OOBIUHBIA 00BbEeM pabOTHI OoJbIe SHEpruu. HecMoTpss Ha 9TO, OH JIOIyCKaeT
OIMUOKH, M, HAKOHEl, YTOMJIEHWE NPUBOAUT K HEBO3MOXHOCTH MPOAOKATH
pabory. [lpu HEeymMEeHNM TPaBUIHLHO OPTaHW30BAaTh YMCTBEHHBIH TPy HACTyHaeT
COCTOSTHUE XPOHUYECKOTO YTOMJICHUS, KOTOPOE MOXET 3aKOHUUTHCS UCTOILICHUEM
HEPBHOU CHCTEMBI WM Pa3BUTHUEM COCYIMCTOTO 3a00JIeBaHUSI.

Jlist Toro 9to Obl M30€XaTh HETATHBHOTO BO3JCUCTBHS TCUXO(DH3NIECKUX
(bakTopoB HEOOXOAUMO CMEHHUTh PUTM TPYAOBOW NESITENLHOCTH, ycTpauBarh 5-10
MUHYTHBIE TIEPEPBIBBI B paboTe MPUOTUZUTENHLHO Yepe3 KaXKIbli 4yac, a BO BpeMs
nepepbiBa PEKOMEHAYETCS UCIIOIb30BaTh AKTUBHBIA OTIIBIX. JTO MO3BOJIUT CHU3HUTh
YyTOMJIIEMOCTh ¥ TOJHATH  PabOTOCTOCOOHOCTH  YeJNOBEKAa. Y UYUTHIBAs
OTpHULIATENIbHOE BIUSHUE MOHOTOHHON paboThl HAa pabOTOCIIOCOOHOCTH PAOOTHUKOB
OYEHb BAXKHO MCIOJIb30BATh C YYETOM KOHKPETHBIX CKJIA/IBIBAIOIIUXCS YCIOBUM BCE
BO3MOXKHBIE MEpbI MPEIYNPEKISCHUS ATOT0 HExenaTenpbHoro sBieHus. Ocoboe
3HAQYEHUE 3/1€Ch MMEET NPABUIIBHOE IPOEKTHUPOBAHUE COACPIKAHUS TPYIOBBIX
onepalnii, yCTAaHOBJICHHE U COOJIIOICHHE PALlMOHATIBHOTO peXUMa TpyJa U OTIbIXA.

Jlns HamOoJiee WHTEHCUBHOW W TPYAHOHW YMCTBEHHOW pabOTHI JIydlie
OTBOJIUTH yTpeHHHE Yachl. [Ipuctynas k pabote, HEOOXOUMO M03a00TUTHCS O TOM,
9TOOBI KOMHATa, B KOTOPOM TPEACTOMT paboTaTh, B JOCTATOYHOW CTEIECHU
BEHTWIHpPOBaIach. VICTOYHUK OCBEIIEHHS] pabouero Mecrta JOJIKEH HaXOJUThCS
cleBa W HE OBITH CIMIIKOM SPKHM, YTOOBI HE BBI3BaTh yTomuieHws ria3. [llym
MemiaeT paboTe, MOATOMY €ro M0 BO3MOKHOCTH HYKHO UCKIIFOUHTb.
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5.3 AHa/1M3 BBISIBJICHHBIX ONIACHBIX ()AKTOPOB

Tak kak paboTa COTpyIHHKA CBSi3aHA HETOCPEICTBEHHO C KOMITBIOTEPOM,
CJIeIOBATENILHO, MTOIBEPKEHA BO3ICHCTBUIO OTIACHBIX (PAKTOPOB MPOU3BOICTBEHHOM
cpenbl. DOTUMU (HaKTOpaMU SBIISFOTCS:

— MEXaHWYECKHE OMACHOCTH;

— TEepMHUYECKHE ONacCHOCTH;

—  3IEKTPOOE30MacHOCTb;

Paccmotpum 60s1ee moapoOHO KaXkblii U3 YKa3aHHBIX BbIIIE (DAKTOPOB.

MexaHuyeckue OMAacHOCTH, Bo3HHKawomue npu padore c¢ IIK, moryr
BBI3BATh TSDKEIIbIE MIPEMETHI ObITa, TAKUE KaK:

—  CTyJIbS,

—  CTOJIBI;

— CHCTEMHEIE 0JIOKH;

— MOHHUTOPBHI;

—  MYyJIbTUMEAHUITHOE 000PYI0BaHKE OOJBIITNX TabapUTOB;

— BEHTHIATOPHI;

— paauaTopbl OTOIUICHUSI.

[Ipu paGoTe C OmMMCAaHHBIMH BHIINIE MPEAMETaMH, HEOOXOIUMO COOIIOAATH
MIPOCTHIC HHCTPYKIINU:

— HE MBITaThCs MOYUHUTH 000pyIOBaHUE 0€3 COOTBETCTBYIOUINX 3HAHMIA;

— HE TepecTaBisaTh Mebenb W o0opyJoBaHHE O€3 COTJIacOBaHUSA C
PYKOBOJICTBOM;

—  OTKII0YaTh 000PYIOBaHHE Mepe/1 epeMeneHUEM Ha JPYTYIO TTO3UITHIO.

Tepmuyeckue omacHOCTH B OQuce MOTYT OBITh CBSI3aHBI CO CIIETYIOIIUMHU
NPUYMHAMU:

— paauaTopbl OTOIUICHUS;

— HCcTOYHUKH OecniepedoitHoro nutanus 11K

—  KOMIBIOTEPHI.

Hnsg Ttoro utoObl OOPOTHCS € TEPMHUUYECKHMMH OIMACHOCTAMH HYXHO
cOOIOAaTh CICAYIONIHE MPaBUiIa;

— HE CIMBaTh BOJY C PaUaTOPOB OTOILICHUS;

— He pa30upath JTFOOYI0 TEXHUKY BO BKIIOYCHHOM COCTOSTHUM;

— OCTOpPOKHO TMOJIb30BaThCsl MpHOOpaMu ObITa MPU Pa3orpeBe MHUILU U
MIPUTOTOBJICHHSI HAIUTKOB C TOPSUEH BOIOM.

DJIEKTPO0€30MACHOCTh SIBIISICTCS OMAcHBIM ()aKTOpOM M OOBIYHO OHa
CBsI3aHA CO CIEAYIONUMHU UCTOYHUKAMHU:

— CTaTH4YecKoe 3JIeKTPUYeCTBO;

CraTtuueckoe QJIICKTPUICCTBO — 3TO COBOKYIIHOCTb ﬂBHCHHﬁ, CBJA3aHHBIX C
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BO3HUKHOBEHHEM, COXpPAHEHHEM CBOOOJHOTO JJIEKTPUYECKOTO 3apsAga Ha
MOBEPXHOCTU MaTE€PUAIOB U3JEIUM WM Ha N30JIMPOBAHHBIX MPOBOAHUKAX. 3aps/Ibl
HAKaIIUBAIOTCA Ha OOOpYyJOBaHMM UM MaTepuajgax, a COMNPOBOXKIAIOIIHE
AIEKTPUUECKUE PA3Psiibl MOTYT SIBUThCS MNPUYMHOW TMOXKApOB U  B3PHIBOB,
HapyILIEHUsI TEXHOJOTMYECKHX IPOLECCOB, TOUHOCTH MOKA3aHUW BIEKTPUUECKUX
npuOOpPOB U CPEACTB aBTOMATH3AIUH.

JlomycTuMble  YPOBHM  HAINPSHKEHHOCTH  3JIEKTPOCTATHYECKUX  IOJIEH
ycraHoBieHsl B I'OCT 12.1.045-84 «Onekrpocratnyeckue mnoss. JlomycTumblie
YpOBHM Ha paboynx MecTtax U TpeOOBaHUS K MPOBEIACHUIO KOHTPOJISL.»
JlomycTuMble YPOBHH HAIPSKEHHOCTH TMOJIEH 3aBUCAT OT BpEMEHU NpeObIBaHUs Ha
pabounx  Mecrax. llpenenbHO  JAOMYCTUMBIM  ypOBEHb  HAMNPSKEHHOCTH
3NIeKTpocTaThdeckux nosen pased 60 kB/mMm B 1 u.

[Ipumenenue cpeAcTB 3aUIUTHl PabOTAIONIMX 00S3aTENbHO B TEX CIydasx,
Korna (hakTHUYeCKWe YpPOBHU HANPSXKEHHOCTH JJIEKTPOCTATHUYECKUX TIOJeH Ha
pabounx mectax npesbiaoT 60 kB/M [9].

—  JJIEKTPUYECKHH TOK;

DNEKTPUYECKUNA TOK MPEACTABISAET COOOM CKPBITHIM TUI OMACHOCTH, T.K. €r0
TPYAHO OMPEACNIUTh B TOKO- M HETOKOBEAYIIMX YaCTAX O0OpYIOBaHHs, KOTOpHIC
SBJISIFOTCS XOPOIIMMHU IPOBOJHUKAMM 3JeKTpuuecTBa. CMEPTENHbHO ONMACHBIM IS
YKU3HU YEJIOBEKa CUUTAIOT TOK, BeIMUMHA KoToporo npesbimaeTr 0,05A, Tok MeHee
0,05A — 6e3omacen (mo 1000 B).

B paccmatpuBaeMom paboueM MecCTe, HaxoHATCs MpUMEHseMble B padore
KOMITBIOTEPHI, MPUHTEP, KOTOPbIE MPEICTABIAIOT COOOM OMaCHOCTb MOBPEKICHUS
NEePEMEHHBIM TOKOM. VCTOYHMKM TIOCTOSHHOTO TOKa Ha pabodyemM MecTe
OTCYTCTBYET.

OOmme TpaBMbl, BBI3BAaHHBIE JEUCTBUEM DJJIEKTPHUUECKOIO TOKa —
NIEKTPUYECKUI yaap, MOTYT HPHUBECTH K CYAOpPOraM, OCTAHOBKE JbIXaHUS H
CEpIIEYHOI NeATEeIbHOCTH. MECTHBIE TPaBMbl: METAUIA3ALMUSA KOXKH, MEXaHUYECKHE
MOBPEXKICHUA, 05KOTH, TAK¥Ke OYEHb ONACHBI. (I'OCT12.1.006-84
«DNEeKTPOMArHUTHBIE MOJIS paaruovacToT. JlomycTuMble ypOBHM Ha pabounux MecTax
U TpeOOBaHUS K MPOBEJICHUIO KOHTPOJIS)

MeponpusiTusi 3alIUTHI IPH JIEKTPOOE30MACHOCTH CJIeAyIOLIe:

—  OTKJIIOYATh 3JEKTPOOOOPYAOBaHNE TP €0 PEMOHTE;

— NEPUOJMYECKH CHUMATh 3JIEKTPOCTATHUYECKOE HANpsKEHHE, Kacasch
najablaMu PYK, 3a3€MJICHHBIX TOBEPXHOCTEH;

— g 0e30MacHOCTH BO BpeMs Ipo3 HEOOXOIUMO YJIOCTOBEPUTHCS O
HAJIMYUE MOJIHUEOTBOJA, U TOrO (hakTa YTO BCE PO3ETKH B O(HMCHOM MOMEIIECHUH
3a3EMJICHBI.
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5.4 Jxkonornyeckas 60e30NaCHOCTH

XapakTtep NpPOU3BOJCTBEHHOM [EATENbHOCTH HE MNPEaIoyiaraeT Haludue
CTAallMOHAPHBIX HMCTOYHUKOB 3arps3HEHUs OKpykaromied cpenpl. VcTouHUKOB
3arpsi3HEHUs: aTMOC(EPHI HET.

[Ipu paccMoTpeHUU BIUSHUS MEPCOHAIBHOTO KOMIBbIOTEpa Ha aTMocdepy u
ruapochepy BpEOHBIX BBIOPOCOB HE BBISBICHO. AHAIM3 BO3JCHCTBUA Ha
autocepy CBOAUTCA K  OOBIYHOMY OBITOBOMY Mycopy U OTOpocam
KU3ZHEJEATEILHOCTU YeloBeKa. B cilyyae BbIXOJa U3 CTPOSi KOMIIBIOTEPOB, OHU
CIUCBHIBAIOTCS W  OTHPABISIOTCS Ha CHEUUAJIbHBIM CKIIAJ, KOTOPBIA MIpH
HEOOXOJAMMOCTH TMPUHUMAET ONpPENENEHHbIE MEpPbl MO YTUIU3ALUN CHUCAHHOU
TEXHUKU U KOMILIEKTYIOIIUX.

JItTOMUHECTIEHTHBIE HYHEProcOEeperawmuye JaMIbl - KAa4eCTBEHHO HOBBIN
UCTOYHUK cBeTa. JlloMuHecleHTHass Jlamma »3TO TpyOKa C 3JIEKTpoJaMu,
HAIIOJIHEHHAS] TIapaMH PTYTH W WHEPTHBIM Ta30M (aproHOM), a €€ BHYTPCHHHE
CTEHKH TIOKPBITHI JtoMuHOPopoM. B oTimume OT TpagWIMOHHBIX JIAMIT
HAKAJIMBAHUS CIEKTPAJbHBI COCTaB BUJIMMOIO HU3IYYEHHUS JIHOMHHECIIEHTHBIX
AHEprocOeperarolux JamMi 3aBUCUT OT COCTaBa JIIOMUHO(OpA, B CBSI3U C 4YEM
MOCJIETHAE MOTYT UMETh Pa3HYyI0 LIBETOBYIO TEMIIEpaTypy, KOTOpasi OmpelessieT
et Jammnbl (2700 K - msrkuii 6ensrii cser, 4200 K - gueBHOM cBeT, 6400 K -
XOJIOJHBIN OCIBIN CBET).

OCHOBHOI HETaTUBHBI MOMEHT TPH HCIIOJIb30BAHUU JIFOMHUHECIIEHTHBIX
Jamn - Haymmuue Hebombioro konwmdectBa (40-50Mr) prytu. PTyTh repMernyuHO
W30JIMPOBAHA B CTEKJISIHHOM TpyOKe, MO3TOMY C TOUYKHM 3PEHHS] TOKCHKOJIOTHH
AKCIUTyaTalus jJamn 6ezonacHa. BrieneHue ssJ0BUTOrO BEIIECTBA B OKPYIKAIOIILYIO
Cpely BO3MOYKHO TOJBKO B Clydyae TEXHUYECKOTo MoBpexaeHus. [losTomy mamibl
TpeOyroT ocoboii yrunuzauuu. Henb3st BbIOpackiBaTh 3HEProcOEperaroime JIamIibl
B MYCOpPONPOBOJA M yJIu4HbIe KOHTeHHepbl Mt coopa THO. Ilpu moBpexaeHuu
JaMIl HEOOXOIUMO TPHHITH MEPhl 0€30MacCHOCTH: MPOBETPUTH MOMEIICHUE, MPHU
MOMOIIIA BJIAXKHOW BETOIIM COOpaTh OCKOJIKM W Kalld PTYTH B TE€PMETHYHYIO
€MKOCTb C KPBIIIKOW, TPOBECTH BIAKHYIO YOOPKY.

[upokomacmTabHOE HMCHOJIB30BaHKUE JamIl Oe3 MPUHATHA Mep Mo cOopy,
XpaHEHHI0, OO0E3BPEKUBAHUIO M YTWIM3AUMU TPU HAPYIIEHWU LEIOCTHOCTH,
HEen30€KHO MPUBEAET K MOMAJIaHUI0 BPEJAHOrO BEIIECTBA B aTMOCHEPHBIA BO3AYX,
TIOYBY.

B nensix 6e3onmacHoCTH 00paliieHus C pTyThbCOACPKAIIUMU OTXOIaMH, JIAMITBI
OPUIIEANTNE B HETOJHOCTh, HE TMOBPEXKIas, HEOOXOANUMO YTHIH3UPOBATH,
MOJIb3YSICh ~ yCIyraMu  CIEeLUATM3UPOBAHHBIX — opraHuzauuii. [loBpexxneHHbIe
PTYThCOJEpKAIlINUE JaMITbl OMTACHBI 17151 3I0POBbSI.
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5.5 be3onacHOCTh B Ype3BbIYaHBIX CUTYALUAX

CraHpapTHO, TMpu  pa3pabOTKE apPXUTEKTYPHBIX  BHU3Yalu3alMi WM
WHTEPAKTUBHBIX MIPUJIOKEHUHN paboueii 30HOH SBJISIOTCS ouCcHBIE ToMeleHnii. Ha
TakOM OOBEKTe Kak O(QUCHOE IMOMEUIEHUE MOTYT BO3HUKHYTH CIIEIYIOUIUE
ype3Bbryaiibie cutyanuu (UC):

— TEXHOTEHHBIE;

— DKOJIOTUYECKUE;

— MPUPOJHBIE.

IHoxapbl.

[Toxxapbl — 3T0 HanboJee YacTO BCTPEUYArOIIAsACs Ype3BblUaliHasl CUTYAlLUs B
oducHbix momemeHusx. [loa moxapom MmoHUMaeTcs HEKOHTPOJIUPYEMOE TOpEHHE
BO BPEMEHHU M IPOCTPAHCTBE, HAHOCSIIEE MaTepUalbHBIM yHiepd U co3jaaroniee
YIpO3y JKM3HU W 3A0pPOBbIO JtOoAei. OrseracuresibHbIE CPENCTBAa: BOJA, MECOK,
NeHa, Tra3000pa3Hble BEIIECTBA, MOPOIIOK, HWHEPTHbie ra3bl. (OCHOBHBIMU
npuunHaMu Takod YC Kak mokap SBJISIOTCS MOBPEXKICHHUS WM 3aMbIKaHMS
AJIEKTPOIIPOBOJIKK, 00OpYJIOBaHWE, OOpPHIB TIPOBOJOB, HE COONIOACHUIO MEp
nokapo6e3omacHoctu B oduce [10].

[ToxxapHast 6€30MaCHOCTh — COCTOSTHUE 00BEKTa, MPU KOTOPOM UCKITIOYACTCS
BO3MOXXHOCTh T0apa, a B CJIydae €ro BO3HUKHOBEHMS MPENOTBPALIACTCS
BO3JICCTBHE HA JIIOJIEM OmacHbIX (PAKTOPOB MOKapa M 0OECHedYMBAETCS 3alluTa
MaTepUAJIbHBIX IEHHOCTEM.

[Toxxapnast 06e30mMacHOCTh OOECHEYMBAETCS CHUCTEMOM MPEAOTBpPAILEHUS
nmokapa W CHUCTEMOW TOXKapHOW 3ammTbl. Bo BceX CIyKeOHBIX MOMEIICHUSIX
oOsi3atensHO  JoMkeH ObiTh «llman osBakyammu Jr0feil mpu  moxapey,
pPErVIAMEHTUPYIOIIMKA ~ JIEUCTBHS  II€pcOHala W IIOCETUTENIEM B Cllydae
BO3HMKHOBEHHUs OYara BO3FOPAaHMM U YKAa3bIBAKOIIMI MECTa PaCIHOIOKEHUS
MOKapHOM TEXHUKHU.

HcrouHrkaMu BO3ropaHusi MOTYT OBbITh 3JEKTPOHHBIE cXxembl JDBM,
YCTPOMCTBA JJIEKTPONMUTAHUSA, KOHIWLHMOHUPOBAHUS BO3[yXa, TI€ B pPE3yJbTaTe
pa3IMuYHBIX HApYIICHUH OOpa3yloTCs MEperpeTbie 3JIEMEHTHI, JIIEKTPUUYECKHE
UCKPBI U IyTH, CIOCOOHBIE BBI3BAThH 3arOPaHKUe FOPIOYNX MAaTEPUAJIOB.

B coBpemenHbix OBM o4eHb BBICOKAS IJIOTHOCTh Pa3MELIEHUS 3JIEMEHTOB
AJIEKTPOHHBIX cXeM. B HemocpeacTBEHHOM OJIM30CTH APYT OT APYyTa pacroiaraTcs
COEIMHUTEINbHBIE TPOBOJa, Kabenu. Ilpu mpoTekaHuM MO HHUM 3JIEKTPUUYECKOTrO
TOKAa BBIIEIAETCS 3HAYMTEIBHOE KOJMYECTBO TEIUIOTHL. [IpM 3TOM BO3MOKHO
orutaBjaeHue wu3osauuu. s oTBojga M30BITOYHOM TermmoThl oT DBM  cmykar
CUCTEMbl BEHTWIALMM U KOHJIWLHMOHUPOBaHUS Bo3ayxa. Ilpm mnocTrossHHOM
JNEHUCTBUM STH CHCTEMbI MPEACTABISAIOT COOOM JOMOMHUTEIBHYIO MOKAPHYIO

OINIaCHOCTb.
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Jlnst  GonpIIMHCTBA TIOMENICHWH, Tae pasMemensl OBM, ycraHoBieHa
KaTeropus nokapHoi onacHocty B. OxHoli n3 Hanbosiee BayKHBIX 3a]a4 MMOKapHOU
3alUThl SABJIAETCSA 3alUTa CTPOUTEIBHBIX IOMELIEHMA OT pa3pylIeHud WU
o0OecrieyeHne UX JOCTATOYHOM NPOYHOCTH B YCJIOBHUAX BO3ACHCTBUS BBICOKUX
TEMIIEpaTyp NpH TMoXkape. YUUTbIBas BBICOKYID CTOMMOCTb 3JIEKTPOHHOIO
0o00Opy/ZOBaHUSI W IIEHHOCTh HMeEWIIEHcs y (UPMBI JAOKYMEHTAIlMH, a TaKxke
KAaTerOpUI0 MOXApHOW OMACHOCTH, 34aHus, B KOTOPBIX MPETYCMOTPEHO
pasmemenre DBM, nomkHbI ObITh | WK 2 CTETIEHN OTHECTOMKOCTH.

[IpyurHaMu BO3HUKHOBEHUS MOXkKapa B 0(UCE MOTYT CTaTh:

1. HencnpaBHOCTH AJIEKTPONPOBOJKH, PO3ETOK M BBIKIIIOUATENIECH, KOTOPHIE
MOTYT MPUBECTH K KOPOTKOMY 3aMbIKAHUIO I ITPOOOI0 U30JISLUY;

2. UCTOJIb30BaHKE OBPEXKACHHBIX (HEHCIPABHBIX) 3JIEKTPOIIPHUOOPOB;

3. HUCHOJB30BaHUE B MOMEIICHUU OJIIEKTPOHATPEBATENbHBIX MPUOOPOB C
OTKPBITHIMU HarpeBaTeIbHBIMU 3JIEMEHTAMU;

4. BO3HUKHOBEHHE I10Kapa BCJIECICTBUE MONAAAHUS B 3JaHUE MOJIHHH;

5. BO3ropaHue 3/1aHus BCJIEACTBUE BHELUIHUX BO3/ECHCTBHUIA;

6. HeakKypaTHOE OOpallleHHE C OTHEM M HECOONIIOIEHHE MEep MOKapHOU
0€30MacHOCTH.

Jnsg  mpodunakTUKA —TMOKapa HEOOXOAMMO TPOBOAUTH  CIEIYIOIIHE
MEPOTPUSITHSL:

l. misi MCKIIOUYEHUsT BO3HHUKHOBEHHS MOKapa MO MPUYMHE HEUCIPABHOTO
3NIEKTPOOOOPYIOBaHMS, HEUCIPABHOCTH B  JJIEKTPONPOBOJIKE, pPO3ETKaX M
BBIKJIFOYATENSAX HEOOXOAMMO MPOBOAUTH IIJIAHOBBI OCMOTp, BOBPEMS BBISBIATH U
CBOEBPEMEHHO YCTPAHATh HEUCIIPABHOCTH;

2. HeoOXoauMble Mepbl Uil HCKIIOUEHHUS MOXapa H3-3a HEUCIPABHBIX
3JIEKTPONPUOOPOB BKIIIOUAIOT B Ce0 CBOEBPEMEHHBI M KayeCTBEHHBIH PEMOHT
3IIEKTPONPUOOPOB, a TAKKE HE UCIOIB30BaHUE HEUCIIPABHBIX TPUOOPOB;

3. B umemsx mnpoUIAKTUKU TOXKapa TMpeajaraercsi HE MPOBOAUTH
o0orpeBaHNe TMOMEIIEHUS 3JIEKTPOHATPEBATENbHBIMU MPUOOPaMU C OTKPBHITHIMU
HarpeBaTebHBIMU JJIEMEHTAMU, TaK KAaK B IOMEILEHUU HaxoJATCs OyMaskKHbIE
JOKYMEHTBI, CIIpaBOYHas JUTEepaTypa u T.II., a Oymara — JIESrKOBOCIIJIAMEHSFOIIUICSI
peaMET;

4. B LeNsIX YMEHBUIECHUS] BEPOSITHOCTH BO3HMKHOBEHUS IOXkapa BCIEIACTBHUE
KOPOTKOTO 3aMbIKaHUSI HEOOXOAMMO, YTOOBI JIEKTPOIIPOBOIKA ObliIa CKPBITOM;

5. B JIETHM NEpHOJ BPEMEHH BO BpEMS IPO3bl BO3MOXKHO IONAJaHUE
MOJIHUU U BO3HUKHOBEHHE TM0XKapa, BO U30eKaHUE ITOTO HEOOXOIUMO YCTaHOBUTH
Ha KpbILIE 3/1aHNS MOJIHUEOTBO/;
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6. s yCTpaHEHHS BO3MOXXHOCTHM BO3TOpaHUs W3-3a KypeHUS U
HEOCTOPOXKHOI'O OOpaIlleHUs] C OTHEM HEOOXOUMO 3alpeTUTh KypeHue B o(prucHOM
MOMEIIEHUH U Pa3PEIIUTh €r0 TOJBKO B CTPOTO OTBEICHHOM JIJIsi STOT'O MECTE.

B nemsix mpemoTBpalnieHus Moxapa HEOOXOAMMO PEryJISIPHO MPOBOAUTH C
COTPpYAHUKAMH TIPOTHUBOIOKAPHBIA HMHCTPYKTaX, HA KOTOPOM 3HAKOMHTH
pabOTHUKOB C MPaBWJIAMU MPOTHBOTIOXKAPHOU O€30MAaCHOCTH, a TaKXKe 00ydaTh UX
WCITOJIb30BAHUIO TIEPBUYHBIX CPECTB MOKAPOTYIIICHUS.

B clydyae  BO3HMKHOBEHHS  TOKapa  HEOOXOJMMO OTKJIIOYMTH
ANIEKTPONIUTAHUE, BBI3BaTh IO Tele(OHY TMOXKAPHYI KOMaHAYy, 3BaKyHpOBATh
JIOJIEW W3 MOMEIICHHS COTJIaCHO IJIaHy 9BaKyallud W MPUCTYHUTh K JIMKBHUIAIIMU
noskapa.

JIist TymieHusl MmMoapoB HA HAYAIBHBIX CTaAHMSX MOXHO BOCIOJIB30BAThHCS
MOJIPYYHBIMUA CPEICTBAMHU C IIEJBI0 MPEKpAIEeHUsT JOCTyla BO3AyXa K OOBEKTY
BO3TOPAHMS WM TPUMEHUTHh OTHETYIIUTENTW. B moMemeHusx, rae pa3MemeHbI
OBM, npuMEHSIOTCS TJAaBHBIM 00pa3oM  YTIEKHCIOTHBIE  OTHETYIITUTEIH,
JIOCTOMHCTBOM KOTOPBIX SIBJISIETCS BbICOKas 3(()EKTUBHOCTh TYIIEHUS TMOXKapa,
COXPAaHHOCTh  DJIEKTPOHHOTO  O0OpyJOBaHMs, JUPJEKTPUUECKHE  CBOWCTBA
YTJIEKUCIIOTO Ta3a, 4TO MO3BOJISET MCIOJIB30BaTh 3TH OTHETYIIUTEIN /1K€ B TOM
ciIydae, KOTJla He yJIaeTCs 00ECTOUUTh AJIEKTPOYCTAHOBKY Cpasy.

B mensx mpemoTBpalieHus BO3ropaHUs HEOOXOAMMO COOIONATh MpaBHiIa
TEXHUKHA 0€30MacHOCTH MpHU paboTe C IIeKTpoodopynoBanueM. [IpemycmoTpeHHbIe
CpelcTBa  MOXAPOTymIeHUs  (COTIacHO  TPEOOBAHHSIM  MPOTHUBOIOKAPHOM
oeszonacHoctu, CHull 2.01.02-85) mOoMmKHBI HAaXOAUTHCS B HEMOCPEICTBEHHOM
JOCTYIHOCTH JJIs IEpCOHAIA.

5.6 IlpaBoBbIe U OpPraHU3alMOHHBIE BONIPOCHI 00ecnedeHnsi 0€30MacCHOCTH

PerynupoBanue oTHouieHuidl B cdepe oxpanbl Tpyaa B Tomckoil o0macTu
ocymecTBisiercs TpynoBeiM koaekcoM Poccuiickoit denepanuu, ¢eaepanbHBIMU
3aKOHaMHM U MHBIMHA HOPMaTUBHBIMH NPAaBOBBIMHU akTamu Poccuiickoii @eaepanuu,
COAEpKAIUMU HOPMBI TPYJIOBOTO MpaBa. ['0Cy1apCTBEHHOE yNPABICHUE OXPAaHOU
Tpyda Ha TeppuTopun TOMCKON 007acTH OCYIIECTBISIOT (eaepalbHbIE OpPTraHbI
UCTIOJTHUTENIbHOM BacTH, ATMUHUCTpanus ToMckol 00mIacTH.

B cooTBeTCTBUM € rOCYy1apCTBEHHBIMU CTaHAAPTaAMU U IPABOBBIMUA HOPMaMU
obecrieueHrs 0€30MACHOCTU MPEAYCMOTpPEHA pallMOHANbHAS OpraHu3anus TpyJa B
TEUEHHE CMEHBI, KOTOpasi MPEIYCMATPUBAET:

— JlnurensHOCTH paboueil cMeHbI He OoJiee 8 4acos;

— VYCTaHOBJIEHHME [IBYX pErjJaMEHTUPYEMbIX HepepbiBOB (He MeHee 20
MUHYT 11ocjie 1-2 yacoB paboThl, He MeHee 30 MUHYT ocJje 2 4acoB padOoThI);

— OOenennslii nepepbiB He MeHee 40 MuHYT. OOsI3aTENIBHO MPETyCMOTPEH
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OpeIBAPUTENbHBI MEIOCMOTp MpH TMpHeMe Ha padoTy H TMEePHOJUUYECKHUE
MenoCMOTpbl. Kakaplii COTpYOHHMK JOIDKEH NPOMTH HHCTPYKTAXK MO TEXHHKE
0e30macHOCTH Nepe]] MpUeMoM Ha paboTy U B albHEHIIIEM, T0JKEeH OBbITh IPOHIeH
MHCTPYKTAX I10 3JeKTP0oOE30IacHOCTH U OXpaHe TPyaa.
TpeboBanust k opranuzanuu paboOUnX MECT MOJIb30BATEICH:
[Tpu pabote 3a KoMmbIOTEpOM, ocymiecTBisisi 3D MoaenupoBanue oOBEKTa,
pabouee MecTO JOJIKHO OBITH OPraHU30BAHO CJIEAYIOIIUM 00pa3oM:
e JlocraTouHOoe paboyee MPOCTPAHCTBO, MTO3BOJIAIOLIEE OCYLIECTBUTh BCE
HEOOXOIMMBbIE IBWKEHHSI U TIepEeMEILICHHSI.
e JlocraTouHble 3pHUTEIbHbIC, (PU3MUYECKUE U CIYXOBBIE CBSI3H MEXIY
VHXEHEPOM U MALIMHOW.
e OnTuManbHOE pa3MelieHne O0OpYyIOBaHUS, BXOJSLIETO B COCTaB
pabouero mecra.
e Pabouee Kpecio TODKHO JIETKO IMEPEeMEIIaThCs U TOBOPAaYMBATHCA,
UMETh PEryJINpyeMOoe MO BHICOTE CUACHbE, HAKIOH CIUHKU U CHJICHB,
a TaKke ONTHUMAJIbHYIO TBEPAOCTh pab0UYNX MOBEPXHOCTE.
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Pucynok 5.3 — 30HbI 10CATaEMOCTH PYK B TOPU30HTAIBHOM MJIOCKOCTH.
a - 30Ha MaKCUMAaJIbHOU J10CSITaeMOCTH;

0 - 30Ha JIOCATaeMOCTH MaJbLIEB IPU BBITIHYTOH PYKeE;

B - 30Ha JIETKOH 10CSATaeMOCTH JIaJIOHU;

T — ONTUMAJILHOE MPOCTPAHCTRBO VISl TPyOOH pyuHO# pabOTHI;

I - ONITUMAJILHOE TIPOCTPAHCTBO JIJIsi TOHKOW PYYHOM paboTHI.

DKpaH aucIuies MOJDKeH OBITh pa3MeIeH Ha ONTUMAaJIbHOM PACCTOSTHUU OT
omeparopa (0,6 - 0,7 M.), mpu OSTOM IUIOCKOCTh DOKpaHa [OJDKHA OBIThH
NEePHEeHANKYJIIpHA JIMHUM B30Pa, YTO JOCTUTAaeTCs HAKIOHOM pabouyux MaHesei,
KOTOpbIE JOJKHBI O0ECNEeYrBaTh PErYJIMPOBKY YIJIa HAKJIOHA MO TOPU3OHTAIM B
npenenax 30° u no Beptukain S0°. MOHUTOP JIOJKEH UMETh PETYIUPOBKY SPKOCTH
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U KoHTpacta. Pabodee MecTo MOMKHO OBITH OPraHW30BAHO C YYETOM
sproHoMuueckux TpeboBanuii B cootBerctBuu ¢ ['OCT 12.2.032-78 «CCBT.
PaGouee Mecto mnpu BbIMOJHEHUMH paboT cunada. OOmMe >ProHOMHYECKHE
tpedoBanusi» U ['OCT 12.2.061-81 «CCBT. O6opyaoBaHue MPOU3BOJACTBEHHOE.
OO61ue TpeboBaHus 6€30MaCHOCTH K pab0OYUM MECTaM;

1200
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Pucynox 5.4 — KoHCTpyKITHs TUIaHUPOBKHU pabodero mecta onepatopa 9BM

[Ipy spkOM BHEIIHEM OCBELIEHUH JOJDKHBI TMPUMEHSTHCS CHEIHaIbHbIC
aHTHOJMKOBBIE KO3bIphKU. KilaBuaTypa momkHa pacronaraTbCsi TakK, 4YTOOBI
pabounie ABM)KEHUSI HAXOAWINCh B HanboJiee JOoCTynHOM 30He. PyHKIMOHAIbHAs U
OyKBEHHO- IM(POBas 4YaCTU KIABHATYphbl A YAOOCTBA IOJB30BAaHUS JIOJKHBI
OBITh pa3/esIeHbl, @ LBET KJIaBHUII JODKEH ObITh KOHTPACTHBIM IO OTHOIICHHIO K
L[BETY MAHEIH.

Konctpykuus paboueit mebenu (pabounii cToJ, Kpecio, MoAcTaBKa i HOT)
JIOJKHa ~ obOecrieynMBaTh ~ BO3MOXKHOCTb — WHAMBUAYAIbHOW  PETYIUPOBKH
COOTBETCTBEHHO POCTY MOJb30BATENA U CO3[aBaTh YAOOHYIO MO3y i paloOTHI.
Boxkpyr IIK nomxHo ObITH 00ecriedeHo cBOOOJHOE MPOCTPAHCTBO HEe MeHee 60 -
120cm. PabGoumii cTON JOMKEH OBITh YCTOWYMBBIM, HMMETh OJHOTOHHOE
HEMETAIUIMYECKOE IOKPhITHE, HE o0jajampliee CHOCOOHOCTbIO HaKallIMBaTh
CTaTMYECKOE  JJIeKTpUuYecTBO. Paboumii cTyn  JOJDKEH MMETh  JU3aiiH,
UCKJIIOYAIONIMKA OHEMEHHE Tella W3-3a HapylIeHUs KpOBOOOpAIlEHUs MpH
OpOAODKUTENbHOW paboTe Ha pabouem wmecte. PabGodee MecTto OMKHO
COOTBETCTBOBATh TEXHHYECKUM TPEOOBAHUSIM M CAHUTAPHBIM HOPMaM.
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OO0muii BLIBOJ 1O pa3jaeiy

B Xxone BbITIONHEHUS NaHHOTO pasiena ObUIM PAacCMOTPEHBI M OIMHCAHBI
aCTleKThl  TPOW3BOACTBEHHOHW  0€30MacHOCTH,  aCMeKThl  JKOJOTHYECKOU
Oe3omacHOCTH, Mephl 0€30MacHOCTH B YPE3BBHIYAMHBIX CHTYyaIUsX, MPaBOBBIC U
OpraHM3aIMOHHbIE BOMPOCHl obecrneueHus: 6ezonacHocTu. M3nmoxkensl TpeGoBaHUs
K pabouemy MecTy corpynHuka. Co3laHHBIE YCIIOBHS JIOJDKHBI 00€CIIeUnBAThH
koMpopTHYI0 paboTy. Ha ocHOBaHWMM M3Y4EHHOW JMTEPATypbl, OBLIM YyKa3aHBI
ONTHMAaJIbHBbIE TMapaMEeTPbl MUKPOKJIMMATA, YPOBHS IIyMa, a TaKXe MpPOBEICH
BBIOOpD CHCTEMBI W pacueT ONTUMAJIbHOTO OCBEIICHUS MPOU3BOJCTBEHHOTO
nomenieHusi. CoOM0IeHNEe YCIOBHUH, OMPEACIISIOMNX ONTUMAIBHYIO OPTaHU3aIHIO
pabodero Mecta COTpyIHUKA, TIO3BOJIUT COXPAHUTH pabOTOCTIOCOOHOCTh B TCUCHHUE
Bcero pabodero IHS, YTO B CBOIO Ouyepenb OyIeT crmocoOCTBOBaTh CKOpEHMIIIEi
pa3paboTke HHPOPMAITMOHHON TEXHOJIOTHH.
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3akioueHue

B Xoze BBINOJHEHUS BBITYCKHON KBaJM(UKALMOHHOW paboThl pazpaboTaH
UHCTPYMEHTAPUH JUIsl CO3JJaHUsl apXUTEKTYPHBIX BU3yanu3auui Ha aABwxkke Unreal
Engine 4.

B pesynbrare BbINOJHEHUS BBIMYCKHONW KBaJIW(UKAIIMOHHON paboThI,
MIOCTaBJICHHAS 11eJIb U 33Ja4i ObUIH BBIOJHEHBI U JOCTUTHYTHI.

Jlnis pelieHust NOCTaBICHHBIX 33/1a4 ObLIa MPOJIeNiaHa cieayomas padboTa:

1. ObocHOBaHa HEOOXOAUMOCTH Pa3pabOTKU HHCTPYMEHTAPHS;

2. IlpoBenéH aHamu3 3JIEKTPOHHBIX PECYPCOB IO AHAJOTMYHBIM TE€MATHKaM, W3
pE3yJIbTaTOB KOTOPOI'O YAAJIOCHh IMOIYYMTh IJIaH pa3pabOTKH COOCTBEHHOMH
BU3YyaJIN3allNY;

3. IlpoBegeH aHanmu3 CYIIECTBYIOUIMX WIPOBBIX JIBUXKKOB, YTOOBI BBISIBHUTH
HauboJee MOAXO AN ISl pEIIeHUs TOCTABICHHOM 3a/1a4u;

4. TlpoBenéH aHAIN3 UMEIOMIMXCA TPEXMEPHBIX PEIAKTOPOB, C LENbIO BBISIBICHUS
NOAXOSIINX JJI1 JOCTHXKEHHsI 0003HAYEHHBIX LENEH;

5. Bpu1 npopaboTaH Au3aiiH U CTPYKTYpa BU3yaIU3alluy;

IIpu pa3paboTke HHCTpyMEHTapusi ObUIM HCIOJB30BaHbl BO3MOXHOCTH
COBPEMEHHBIX TEXHOJIOTMM TpPEXMEPHOIO MOJEIMPOBaHUS M  pa3pabOTKU
MHTEPAaKTUBHBIX TNpWIOKeHui, Takue kak 3D-pemakropsr 3Ds MAX, ZBrush,
Unreal Engine 4 wucnonp3oBancsi Kak OCHOBHOW HMHCTPYMEHT JUIsl CO3JaHUS
WHTEPAKTUBHOU TPEXMEPHON BU3yAIN3ALIAH.
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An overview of programs for creating interactive applications
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Introduction

Any museum is a piece of history, and without knowledge of history it is difficult to
imagine and build the future. Unfortunately, in our time there are not enough people, especially
teenagers, who would be interested in museums and history.

Visiting such institutions enriches the inner world of a person, enables him to touch
history and the past, and also to see many subjects that he will not meet in modern life
Through new technologies, it is possible to attract people to study museums, because it is easier
and more convenient to study a virtual museum than to conduct a traditional excursion. The
solutions themselves are the study of new software products, the museum itself and the
digitization or modeling of exhibits and interior and exterior items.

In today's society, the problem of saving cultural heritage is very significant, since the
prospect of the country, as well as families and the younger generation, largely depends on this.
And, of course, it is difficult to imagine different activities in the absence of such a condition as
information support.

Having carried out the research, it was revealed that the study of the museum with the help
of new technologies arouses a keen interest among schoolchildren and students, which means that
people will become more interested in the objects of the historical heritage and, consequently,
learn more about their own history.

Actuality of the theme: Museums, like other objects of historical heritage, are storage of
the experience and values accumulated by mankind. But these accumulations should work. The
creation of a virtual visualization or exposure greatly facilitates the involvement of schoolchildren
and students in history. These technologies allow them to stimulate their cognitive activity and
increase the effectiveness of training through the introduction of interactive and network forms.

Virtual (interactive and network) forms of user interaction with exhibits significantly
expand the scope of the traditional museum, and can represent a kind of synthesis combining
several variations of the museum, often excluding each other in reality ("museum-
exhibition," "museum-workshop, "Museum-theater", "museum - playing space, leisure
center", "museum-creative laboratory").

The creation of virtual visualizations will allow to expand the audience of visitors and
make historical heritage objects more accessible for study and visiting. Development and design
of tools for creating architectural visualizations is a difficult complex and defines a number of
tasks.

The first task is to create an architectural visualization as close as possible to the original
object.

The second task is to arrange the available elements on the virtual scene in such a way that
in reality the visitor could navigate in the visualization object.

The third task is to use available technologies and prepare the accumulated tools for future

use by future developers.

Objective: Analysis of existing tools for creating virtual visualizations and creation of
architectural visualization of the main building of TPU. To achieve this goal, you must perform
the following tasks.

1. To analyze existing complex solutions for the creation of virtual tours and architectural
visualizations;

2. To conduct preparation for the creation of architectural visualization of the main
building of Tomsk Polytechnic University;

3. Develop architectural visualization of the main building of Tomsk Polytechnic

University;
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Methodology and methods of research: in this paper, an analysis of information on the
issue of architectural visualization in the environment UnrealEngine4.

Using the 3d modeling software, 3d models of architectural elements were built that can
be used for the interior and exterior of the visualizations to be created, then the project of the
main building of Tomsk Polytechnic University was developed with the help of the software for
creating interactive computer applications UnrealEngine4.

The scientific novelty of the study is to select the optimal ways and methods for
developing models for creating architectural visualization. A virtual tour is a wonderful adventure
in a world of new or recognizable things that will become the starting point to awakening the
desire for a real visit to the place of historical heritage by those who visit it.

Chapter 1.Review of available solutions

At the moment, the development of fully virtual designers of museum exposition is rarely
used. Basically, a virtual museum is the systematization of exhibits in a database with their
description and placement on the Internet of a full list of exposures to attract visitors.

Also, the most common variant of virtual space implementation is the creation of step-by-
step panoramic expositions and placement of the received photos on the official site of the
institution.

However, Paragraf created the Virtual Home Space Builder (VHSB) product in 1996,
designed to create virtual three-dimensional worlds that can be displayed on the Web for
everyone to see [3].

With the help of this product (the original Russian name - "Designer of virtual worlds"),
you can "build" multi-storey buildings and to your liking to cover the walls with different
textures. On the walls, you can "hang" computer images, both static and animated, and connect to
them musical accompaniment.

Fig.2. Virtual Museum "Paragraph"

Since the release of this application many years have passed and the technology has made
huge strides forward. In his interview to the portal "Greenhouse of Social Technologies", the
Deputy Director for Information Technologies of the State Museum of Fine Arts named after A.S.
Pushkin Vladimir Spechenelov said that at the moment there are already clear definitions that can
be considered a virtual museum, and that can not bear such a name. "Virtual reality is a reality in
which we are emotionally immersed by sensations, sounds, video sequences. It is necessary to
recognize that virtual museums with full immersion do not yet exist, "says Vladimir Speciflenov.
However, with the advent of virtual reality technologies and the increasing proliferation and
cheapening of development tools in a virtual environment, the creation of a "fully
virtual" museum is already becoming possible.

For example, the UnrealEngine engine (from version 4.10) allows you to work and unload
the received projects in virtual reality. Of course, at the moment the technology is not yet fully
optimized, but working with virtual reality glasses allows the developer to better experience the
levels and interiors created by him.
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Fig.3. Work on editing the level in the glasses of virtual reality in the engine UnrealEngine

The engine does not set limits on the size of the exposure or the location of objects on the
stage, the only limitation is the user's imagination and desire. Of course, before working in this
engine, you need to learn its basics and ways to work effectively in it.

As mentioned above, the development of virtual designers is not new, and various industry
solutions appear from time to time. However, decisions in the field of modeling of museums over
the past few years have developed exclusively as a photo exposure, which cuts off the tremendous
capabilities of game engines and 3d modeling technologies in general.

At the moment, the concept of "virtual museum" contains a collection of different kinds of
Web pages and all sorts of content. Similar pages contain collections and photographs of exhibits
from a variety of art collections. This kind of virtual museum can be done in the version of the
catalog (flat). There is another kind when the "guest" is able to make a way through the halls or
rooms and admire the exhibit from all sides (three-dimensional). "Guest" of such a museum can
independently choose any object you like, see it. And also if you want to save yourself on the
computer. To date, this is a great way to solve the problem of combining the latest technology and
culture.

The solution in the field of 3D modeling has huge advantages. The main advantages of
this work can be called its practicality, comparative simplicity in development and the further
possibility of improvement. Of course, to further improve the basic program, you need baggage of
knowledge and skills, it is for this purpose that the plans for the master's work will include
developing a guide for working in 3D editors, the UnrealEngine engine and explaining the
mechanisms of work.

We can say that the development of tools for creating virtual spaces, and more specifically
museums, should choose programs that are most convenient, easy to learn and (if commercial use
is not planned) provide maximum opportunities for free. On the Internet there are many articles in
which this or that game engine is touted, or one program is praised for 3d modeling, while others
are degraded. In this paper, I made an attempt to objectively consider the pros and cons of these
programs at the moment and justify their choice of tools. Also, the analysis carried out with a list
of pros and cons of these programs will help the future user to choose the most suitable option for
the toolkit.

1.2. Conclusion of chapter 1

Three-dimensional graphics — this is a scientific field in which it is possible to constantly
develop skills and improve knowledge. Therefore, listing the differences in the tools and ways to
implement the user-supplied tasks that are offered by each three-dimensional editor — the task is
voluminous. However, each of them has its own specific set of tools and tools that determines the
scope of each 3D editor.

3DsMax is the ideal tool for architectural visualization. The main advantages are
compatibility with many applications from Autodesk, for example ArhiCad, AutoCad. Also, for
the developer is available an extensive library of architectural materials, and flexible visualizer
settings.
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Maya is an ideal tool for film industry employees and creators of graphic content. In
contrast to 3DsMax, which is more designed for “techies”, as well as people with experience. The
tool set of this editor is suitable for beginners, and it is very close to creative people and artists.

Cinema 4D and VuexStream — this is the best option for acquaintance with three-
dimensional modeling. Creating your own worlds in Vue should be liked by anyone.
Blender is the ideal solution for budget savings. The combination of convenient tools and free
distribution make this three-dimensional editor an ideal choice for non-commercial projects.
Also, for those who would like to save money in the development should be interesting and
Sculptris. Unfortunately, due to the currently frozen state and the lack of updates, it can only be
used as an auxiliary tool for three-dimensional modeling.

For those who want to learn more about the possibilities of three-dimensional modeling,
there is no better solution than ZBrush.

For the purposes of our project, the programs 3ds Max and ZBrush were chosen. 3ds Max
— because of the obvious advantages in creating architectural visualization, as well as a huge
library of models, and ZBrush — for the convenience of creating architectural elements, such as
various stucco moldings, moldings, rosettes, etc.

Further, in the chapter were considered some modern game engines. As a result of the
analysis, it was concluded that the choice depends on the specific case and the project. Based on
the above data, you can also make a choice based on your budget and the skills of the designer.

It is not necessary to count on that in work all existing software for development of
interactive applications were considered. There are a lot of these programs, but they are either not
needed, or were used for a limited number of projects. There are resources with the description of
software solutions for creating games on mobile platforms, but their functionality is not very
different, and their number cannot be analyzed. The engines described in the chapter mostly offer
the transfer of projects to mobile platforms, as well as some of them allow you to develop projects
in virtual reality.

Nowadays, there are several levels of games and applications, and for each level there is a
solution for the engines. Large firms in the development of interactive computer applications and
video games can afford to develop their own game engines, these programs are used exclusively
within the company or only in products from a certain studio. Perhaps this solution loses
something to freely distributed game engines, but this is a justified solution for studios that have
chosen to spend time and money to develop their own engine.

In the low price segment, at the junction of small and medium budgets, Unity is used. This
solution is for companies that are cheaper to purchase this solution than to create something of
their own. But Unity is increasingly acquiring additional functions that make it pretending to be
AAA-class projects.

However, at the moment, for the development of independent game designers and
modelers, it has become possible to use game engines aimed at applications of the AAA-class
with minimal expenses for its use. Such engines as CryEngine and UnrealEngine provide huge
resources and freely available tools that facilitate the creation of visually attractive and well-
executed projects.

To accomplish the task, UnrealEngine 4 was chosen. This software package has great
advantages over competitors in terms of creating programmable interactive elements and a visual
component of projects.
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Chapter 2. Software tools.

Based on the requirements for a computer system for developing and designing models for
architectural visualization, as well as scenes of architectural visualization performed in Unreal
Engine4, we will select the hardware components that are suitable for development.

Table 2.1.
Technical requirements for the selected software toolkit
Program Processor RAM memory Graphic videocard
3DsMAX Dual-core processor > 4 GB | More than 512Mb
with frequency of (Preferably two- | GRAM, with support
2,4GHz channel) OpenGL and
DirectX10
ZBrush Dual-core processor > 6GB More than 1Gb
with frequency of GRAM, with support
2,5GHz of OpenGL and
DirectX10 or higher
UnrealEngine4 Quad-core processor | > 8GB More than 1Gb
with frequency of GRAM, with support
2,5GHz of OpenGL and
DirectX10 or higher

2.1.1 Software components for creating a virtual environment

To work on the creation of virtual exposures and spaces, you should choose the existing
software, united under the name "game engine".

The game engine is the central software component of computer games and video games
or other interactive applications with graphics that are processed in real time. It provides core
technologies, simplifies development, and often enables the project to run on multiple platforms,
such as gaming consoles and desktop operating systems.

To create a virtual environment in this project uses the Unreal Engine - a game engine,
developed and supported by Epic Games [5].

The first product, created on this engine - Unreal - appeared in 1998. Since then, various
versions of the engine have been used in more than a hundred games and other projects.

Written in C ++, the engine allows you to create projects for most operating systems and
platforms: Windows, Linux, MacOS and MacOSX, consoles, etc., as well as on various portable
mobile devices, for example, devices Apple (iPad, iPhone), managed by 10S and others.

Object hierarchy

All the elements of the game engine are represented as objects having a set of
characteristics, and a class that determines the available characteristics. In turn, any class is a
"child" class object. Among the main classes and objects we can distinguish the following:

The actor is a parent class containing all objects that are relevant to the game process and
have spatial coordinates.

Pawn (pawn) - the physical model of a player or object controlled by artificial intelligence.
The name comes from the English. pawn is the one manipulated (or pawn, so such an object looks
like a pawn without any model). The control method is described by a special object, such an
object is called a controller. The artificial intelligence controller only describes the general
behavior of the pawn during the game process, and parameters such as "health" (the amount of
damage after which the pawn ceases to function) or, for example, the distance at which the pawn
pays attention to sounds. are set for each object separately.

World, level (world, game level) - an object that characterizes the general properties of
"space", for example, the force of gravity and the fog in which all the actors are located. It can
also contain parameters of the game process, such as the game mode for which the level is
intended.
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To work with simple and, as a rule, fixed elements of the game space (for example, walls),
a binary partition of space is used - all space is divided into "filled" and "empty". In the "empty"
part of the space are all the objects, and also only in it can be the "point of observation" when the
scene is drawn. The possibility of full or partial placement of objects in a "filled" part of the space
is not excluded, but it can lead to incorrect processing of such objects (for example, calculation of
physical interaction) or incorrect rendering in case of placing "observation points" (for example,
the "mirror room" effect). All pawns that fall into the "filled" part of space, immediately "die."

Zoning.

The camera does not get any portal (dotted line) of the red zone, so the objects in it are not
processed at all.

The surface is the basic element of the binary tree of space. These elements are created on
the verge of intersection between the "filled" and "empty" parts of space. A group of elements of
a binary tree of a space is called a node (node, Russian node). This term, as a rule, is used in the
context of node count - the number of nodes on the screen or in the game space in general. The
number of nodes simultaneously visible on the screen affects the performance when the scene is
drawn. If a node does not hit the screen or is covered entirely by other nodes, it is not calculated -
this serves to improve performance, especially in confined spaces. Partitioning the entire space
into groups of nodes is called zoning.

The description of "filled" and "empty" parts of space is performed with the help of a set
of closed three-dimensional objects made up of non-intersecting surfaces - brush (brush, Russian
brush). This principle of constructing a space is called constructive continuous geometry.
Geometry can be "additive" (the whole space is initially "empty") and "subtractive" (initially
filled with matter space).

Brushes are divided into three types:

Solid - fully participate in the binary partition of space.

Additive - fill the binary space.

Subtractive ("substractive") - "cut out" volumes in space.

Semi-solid - do not directly affect on the binary tree of space, but they affect its physical
model. Can only "fill" the space. They serve to create "invisible" obstacles, as well as reduce the
number of polygons and nodes [3].

Empty (non-solid) - only create surfaces that do not affect the binary tree of space. Used
primarily to create volumes - a part of the space that has properties that are different from the
properties of the game world. Volumes have priority, volume properties with a higher priority are
applied to the actors in it. The game world always has a minimum priority. With the help of
volumes, you can change gravity, viscosity, fog and the like. The volumes, starting with the
version of the engine UnrealEngine 2, are used to create water (but not the water surface).

Programming and Logic

In the engine, you can write game logic in C ++, as well as using a visual programming
system - Blueprint.

Blueprints are a visual scripting language that allows you to write logic without using
programming languages. No matter how complex or simple the blinkers seem, they remain a
powerful tool on which you can create almost anything, from a simple character or opening a
door to procedural level generation.

As a result, this system taught me not only to work with it, but also very well let know that
it is necessary to build the logic competently, optimistically and deliberately, and how to do it. I
also developed logic very well in the construction of algorithms.

Thus, beginners igrodelov, programmers, or just people who are interested in doing
something of their own, can easily learn not only work with the Blueprints, but also learn many
new things, not to mention the development of logic.

Materials:

Here the work is the same, but there are no logical sequences, only mathematics.
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With the help of mathematical operators and textures, materials are created that will later
be superimposed on an object in your scene. From the very beginning, it may not be clear, and
why all this is needed at all, however, strange as it may seem, this system is very useful for
creating necessary or even generated materials.

Lighting

In order to make the scene look attractive, you may need to work properly with lighting.
Unreal Engine 4 provides a wide range of tools for working with light. From simple light sources,
which are the basis for creating lighting on the stage, to the calculation of static light and
shadows, so you can get the highest quality of illumination of your card or level.

Lighting sources

Lighting on the stage is created by placing light sources in it wherever light is needed.
Thanks to these sources, UE4 understands which areas to brighten and which ones to darken. And
also, depending on the sources, determine what quality of lighting should be, what it should be,
what type of shadows to use and so on.

Types of light sources

In Unreal Engine 4 there are four types of light sources:

Directional, mainly used for street light, going from afar, for example, the sun.

Point (Point light source) is an ordinary "light bulb". Emits light in all directions from one
point.

Spot also emits light from one point, but in one direction, like a flashlight.

Sky (Sky) light source takes the background of your scene and applies it as general
lighting for meshes at your level. Sometimes called Ambient lighting.

Working with Content

Not all content that is used when creating a scene must be created in the editor. Most
visual asses will be created from the outside, using tools such as 3ds Max, Maya, Photoshop,
ZBrush and others. Below is a fairly general separation of the asses that will be created in the
editor and those that will be created from the outside.

Content Browser - the panel where all materials and models (content) of your project are
stored, where you can import new ones, organize, view, open and modify existing ones. Also,
Content Browser allows you to distribute content to folders in order to work with it conveniently
in the process of creating a project. It also allows you to copy or move Assets between folders.

Textures [1]

Textures are images that are used in materials. They are displayed on the surface where
the Material is applied. Also, the textures are applied directly - for example, as the Base Color
textures - or the pixel values of the texture (or texels), which are used as a material mask or for
other shader calculations. In some cases, textures are not used in materials, but are displayed on
the user interface. For the most part, textures are created in external image editing programs, such
as Photoshop, and then imported into the Unreal Editor through the Content Browser. However,
some textures are created in Unreal, for example Render Textures. They usually contain some
scene information, render to Texture, which will be used elsewhere.

One material can use several textures for different purposes. For example, a simple
material can have textures with a base color (Base Color), a specular map and a Normal map. In
addition, there may be a texture of the glow (Emissive) and a roughness (Roughness) of the
surface; they are usually stored in alpha channels of other textures.

2.1.2 Software components for creating architectural elements

In our age of rapid development of information and multimedia technologies, each person
already has a fully formed notion of such concepts as 3D image, 3D-graphics, 3D modeling. For
someone, these words are limited to the entertainment industry. All this, first of all, is facilitated
by an incredible breakthrough of the modern film industry in creating realistic 3D special effects,
which we can all observe in the favorite movies on TV screens, in cinemas and on the Internet.

However, the sphere of cinema is not the only area of application of realistic 3D graphics.
Such areas of life as architecture and design are directly associated with the world of 3D. Virtual
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3D worlds are so amazing with their realism and credibility that they win the hearts of people of
all ages and social categories.

It should be noted that at present there are many 3D modeling software packages, such as
Maya, 3D Studio Max, ZBrush, Blender and many others. To create architectural decorative
elements in the created project, the programs ZBrush and 3DSMax are used.

Before proceeding directly to the description of the data of editors, it is necessary to
remember that the creation of full-fledged three-dimensional objects (regardless of the choice of
the software product) is performed by a general algorithm.

It includes such stages as:

* Creation of a geometric model;

+ adjustment of lighting parameters;

» work with materials.

ZBrush - a program for 3D modeling, created by Pixologic [2]. A distinctive feature of
this software is an imitation of the process of "sculpting" a three-dimensional sculpture reinforced
with a 3D rendering engine in real time, which greatly simplifies the procedure for creating the
required three-dimensional object. Each point (called pixol) contains information not only about
its XY coordinates and color values, but also the depth of Z, orientation and material. This means
that it is possible not only to "sculpt" a three-dimensional object, but also "paint" it, drawing with
strokes with depth. That is, you do not have to draw shadows and glare, so they look natural -
ZBrush does it automatically. Also works quickly with standard 3d objects, using brushes to
modify the geometry of materials and textures. Allows to achieve interactivity with a large
number of polygons. Using special methods, you can raise the detail to dozens (and even
hundreds) of millions of polygons. There are also many plug-ins (working with textures,
geometry, lots of new brushes, fast integration with professional 2D graphics packages and much
more). ZBrush 4R7 is the last in the 4 line of ZBrush, then 5 series will follow. As in previous
releases, Pixologic did not just make small changes, but implemented quite large innovations. In
fact, 4R7 is one of the most extensive releases of the 4 line.

Fig.2.8. Interior decoration element, made in the ZBrush
3D Studio Max is a software package developed by Autodesk for full-fledged work with
3D graphics, contains a powerful toolkit suitable for working not only with 3D modeling, but also
for creating animations. The standard package also includes a visualization subsystem that allows
you to achieve fairly realistic visualizations. To achieve more photorealistic renderers, it is
possible to use more powerful visualizers designed specifically for 3D Studio Max.
3DSMax allows you to successfully implement all the standard stages of developing and
creating a three-dimensional model, even for a little experienced or very inexperienced user. This
opportunity has appeared thanks to an intuitive, user-friendly interface, an extensive library of
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ready-made models and materials. Also, the wide distribution of this product in the territory of the
former Soviet Union - and as a result, free access to a huge amount of interesting and useful
information - also played a significant role.

Also, thanks to the intuitive interface of the program, the beginner can easily work with
splines (spline-based modeling). It would seem incredibly convenient to work with commands for
polygonal modeling, as well as tools for creating Bézier surfaces. The ability to edit mesh
surfaces at different levels (be it vertices, segments, etc.) makes it easier to work with complex
surfaces and allows you to achieve maximum visibility in their presentation. A large number of
modifiers with easily adjustable parameters for working with the geometry of the model will help
to realize the most daring ideas.
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Fig.2.9. Interior decoration element made in 3DSMax

When working in these editors, elements of internal and external decor were digitized for
further integration into the engine.

2.2 General conclusion of the chapter

Based on the tools described above, we determine that the virtual exposure or visualization
in this case will be developed taking into account the capabilities of the selected software and
technical tools.

In addition to implementing decor elements and following the logic of interaction with the
components of the UnrealEngine4 program described in the chapter, one should remember the
revival of the scene in the project. For these purposes, UnrealEngine offers a fairly convenient
and easily configurable artificial intelligence system that will help create an end-user experience
of visiting a real historical or cultural heritage site.
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Chapter 3. Development of architectural visualization of the main building of Tomsk
Polytechnic University.

3.1. Historical reference of the object

The main architectural style of objects of historical heritage in Russia, erected in the
second half of the XIX century, is historicism or eclecticism.

The name "eclecticism" comes from the Greek exAextdg, "chosen, selective". Eclecticism
in architecture is the direction in architecture that dominated Europe and Russia in the 1830s and
1890s. In foreign terminology it is called romanticism (for the second quarter of the XIX
century), Beaux-Arts (bos-ar) (for the second half of the XIX century) and historicism (in the
modern world). It is characterized by a mixture of various "historical" styles, such as neo-
Renaissance, neo-Baroque, neo-Rococo, neo-Gothic, neo-Mauritanian style, neo-Byzantine style,
pseudo-Russian style, Indo-Saracenic style.

At the beginning of the last century, avant-garde artists tried to create something new all
the time "ran into" the eternal truth - it was once and somehow everything was created before.

And it became clear that if you follow the path of some borrowing and combining an
existing one, you can create something new and interesting. Modern art design mixes Western
and Eastern, old and new - art deco with high-tech and ethno, that is, the interiors of the
beginning of the third millennium are stylistically multicomponent. It is customary to call
Eclecticism (historicism)

Strictly speaking, eclecticism in itself is not a separate style, since its peculiarity is
precisely the blending of different styles on different bases. Quite often in the environment of
professional architects, the term eclecticism is negative, as a direction that does not adhere to a
specific framework of styles. On the other hand, it should be noted that sometimes a combination
of certain styles, made with a taste and a subtle flair, can create unique works of architecture and
interior design.

Characteristic features of the eclectic style are, close plexus in the construction of the
building of technical aspects with artistic, monumentality, an abundance of decorative elements.

After analyzing the representatives of the style, architectural elements were selected,
which should be included in the library for the created toolkit. The library of three-dimensional
models significantly reduces the time when creating visualization. There is no need to draw and
model the standard elements of the exterior and interior, as they are already available in the
library.

As a demonstration project, which will show the possibilities of architectural visualization
in the UnrealEngine environment, the main building of Tomsk Polytechnic University was
chosen.

The National Research Tomsk Polytechnic University is the oldest technical college in

the Trans-Ural part of Russia.
TPU 1is one of the largest advanced educational
centers in Russia, the only university in the Asian part of
. Russia, which is one of the five best technical universities
in the country. He received international recognition, being
- a full member of many international organizations.
TOMCKWUU - The main (lecture) building TPU (TTI) is located at
MOJIMTEXHUYECKWMWM Lenin Ave., 30; previously Timiryazevsky Avenue, 9;
previously st. Sadovaya street, 9.

YHUBEPCUTET Decree of the Council of Ministers of the RSFSR of
December 4, 1974, No. 624, the building was included in the number of architectural monuments
of federal significance.

The building was designed in the complex of buildings of the Tomsk Technological
Institute in the Ministry of National Education by the architect of the department, academician
R.R. Marfeldom. It was planned as the main lecture building of the Institute. The project of the
building was compiled in 1895. From 1896 to 1900, the civil engineer F.F. Gut was carried out its
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construction. In 1907 additional volumes were added, extending the side wings of the hull. Their
project was drafted by F.F. Gut, the civil engineer was led by A.D. Kryachkov. The building has a
rich architectural and decorative treatment of the exterior and interior, executed in an eclectic
manner.

3.2. Analysis of available solutions

At the moment, the industry has a number of solutions for creating architectural
visualizations and virtual tours. These include: fully scripted, partially scripted, and also with
open migration. In a completely scripted user from the beginning to the end will lead on a virtual
tour "guide", stops are not provided. In this version of the virtual tour, there is no navigation
interface, and the user is already on the script prepared by the developer in advance. To date,
there are often partially scripted virtual tours. Here in each scene (hall of the museum) you can
stop and look around, but only after clicking on the point of transition between scenes - hotspot.
As an option, with the help of such a virtual tour there is an opportunity to view all the exhibits in
the halls of the museum. Virtual tours with open movement are considered to be a complete
virtual projection of the museum. This is one of the most complicated methods of development in
technical terms, since when creating a complete virtual projection, it is necessary to use the so-
called 3D-modeling.

The main task of such projects is to imitate the presence of a person in the very object of
cultural and historical heritage. The given decision gives the chance to all wishing to visit
interesting expositions or places at any convenient time, and also solve a problem of availability
for disabled citizens. The work will consider the creation of a fully interactive architectural
visualization, in which the end user is not limited in movement and he has a certain freedom of
action.

Virtual tour (tour) is considered to be a way of realistic mapping of three-dimensional
multi-element space on the screen. One of the ways to implement this task can be considered
step-by-step photo-tours. Elements of similar projects are spherical panoramas, which are
interconnected by interactive links-transitions, i.e. hotspots. In simple words, a virtual tour is a
general designation for several unified spherical panoramas, between which the user in the
process of viewing has the ability to virtually navigate. Similar projects can also include other
interactive elements - pop-up information windows explaining the inscriptions, graphically
designed control keys, etc. The virtual tour creates a certain presence effect for the user, i.e.,
bright memorable images that allow obtaining the most complete information about the object.
This solution, due to the ease of implementation at the moment, is the leader when creating a
virtual implementation of an existing object. However, such a solution has its drawbacks. These
include clear boundaries of movement, limitations in the quality of the image and accompanying
inconveniences of the end user.

As already mentioned above, to complete the tasks, programs have been selected that
allow you to create fully interactive applications. When creating architectural visualizations of
real objects, in spite of the application being used, the standard steps for visualization in 3D
editors are used.

The best way to cope with any task is to analyze it and break it down into simpler
components. This process of analysis and planning should be at the stage of preparation for work
on the project. These actions are a necessary and indispensable requirement, especially if there are
restrictions on time and money.

Each architectural 3D project is created in several stages:

* photography

* measuring the room

* drawing a plan

* creating a box of a room

» Assignment of materials

» furniture and accessories

» staging of light
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* visualization

All steps to create a project are important, they require a lot of effort and time. The
deadline for the project depends on how much time is spent on each step. Therefore, it is more
convenient and efficient to work in such a sequence.

1* stage. Photo and measurement of the room

The first stage is for the most part organizational. There is a meeting with the customer, at
which the desired result is discussed and the premises are measured. In the case of visualization
of large objects, such as shopping centers, museums or university buildings, then, to simplify the
measurement time, you can use the mandatory evacuation plans.

It is necessary to make detailed photo-taking of the room. When playing small details,
photos will be very handy. Also, it is worthwhile to photograph in detail the available interior
decoration - this is useful when creating materials and textures at the final stage of visualization.

2" stage. Drawing a plan of the room

The second stage is the easiest and fastest. When you have all the necessary dimensions,
you sit at the computer and start plotting the room plan. It is more convenient and faster to do this
in any design program, for example, AutoCAD.

However, if you do not have enough knowledge and skills to work in AutoCAD, then you
can draw in the final program for visualization (a 3D editor like 3DsMax, or a game engine),
although it's worthwhile to get acquainted with AutoCAD's automatic design package, because
you can often offer a drawn out plan, which, as a rule, is executed in this program. Sometimes, for
doubtful time savings, visualizers try to avoid the stage of drawing a plan and try to build "by
eye", but this is not only the height of unprofessionalism, but also a pledge of disproportion.

3" stage. Creating a Box of a Room

The box of the room is all walls with window and door apertures, floor and ceiling,
skirting and cornices, beams and columns. Creation of a box of a premise is an integral step in
creation of the project. At this stage, you will need knowledge of various methods of building
walls and a little practice.

Usually, if the second stage was not ignored, then there is a pre-drawn out plan of the
room, then creating a box of the room will not create problems. The walls can be modeled in
many different ways. When building walls, openings, columns and other architectural elements,
precision is required. To ensure the accuracy of modeling in 3DsMax there are various
possibilities, such as alignment, precise input of movement, rotation and scaling values, bindings
and much more. In UnrealEngine4, there are basic elements for creating architectural objects
(walls, doorways, columns, etc.).

4™ stage. Furnishings

Filling the premises with furniture, accessories and other interior elements is the most
important stage of any project.

When working on this stage in three-dimensional editors, it is desirable to make furniture
in a separate layer so that it is easy to turn off the visibility of these objects. Something from the
furniture will have to be modeled by yourself, something can be taken from the libraries of three-
dimensional models. The general advice when developing furniture models is to model furniture
objects in separate files, and then to integrate them into the scene with the project. Thus, you can
organize your own library of models. When modeling furniture and accessories, you can use all
the known methods of modeling. When importing to UnrealEngine, remember that the latest
version supports * .fbx. When unloading from a 3D editor, the assigned materials are also
unloaded along with the model, and the light map of the object.

5™ stage. Selection and use of materials

The fifth stage is firmly connected with the fourth. Usually these stages are mixed, i.e. If a
new element of the interior is added, then the material is immediately assigned to it.

The materials give the final result realism.

In UnrealEngine has its own editor of materials, allowing you to create both simple
materials with a repeating pattern, and bulk materials, such as a parquet with a wooden pattern.
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There is a special program for creating complex materials, called Substance Material. This
program is quite easy to learn and has great opportunities for creating different kinds of materials.
Furnishing and selection of materials the longest stages, requiring a lot of time and patience.

6" stage. Staging of light

The most difficult and most responsible stage. Badly delivered light can spoil everything.
It is necessary to provide all light sources that will be in a real room, and simulate them. It is at
this stage that the 3D artist manifests himself as a creative person. In every single project, the
production of light is a novelty. Light plays a crucial role both in the interior and in the exterior.

The possibilities of modeling dynamic light and shadows on the stage in UnrealEngine4
greatly reduce the time at this stage. Various lighting options (directional, spot, light, and
projector) help to see the final version of the visualization almost immediately. However, during
the development of visualization, it is necessary to make a light scheme from time to time, this
helps to look at the result and see possible errors and errors that will interfere with further work.

7™ stage. Visualization

Visualization is the final stage of all the work done. When developing architectural
visualizations in three-dimensional editors, several factors should be considered. First, this stage
requires the correct setting of cameras, because a lot depends on the choice of camera angle.
Secondly, you need to correctly choose the size and resolution of the image.

In the project under consideration, the final stage of development is interactive
visualization, in which full user interaction and visualization are possible. Also in the game
engine, you can create videos.

3.3. Creating an architectural visualization in the proposed toolkit

Design and creation of architectural visualization will be made on the basis of the engine
Unreal Engine 4.

Designing any project in the game engine from Epic Games begins with the choice of the
initial level of development. UnrealEngine 4 offers several options for the initial levels, in this
case the choice is between the kind of camera - from the first or from the third person. These

options offer the most convenient options for user interaction with objects on the stage.
AL Urireal Proj owser = 3
Projects New Project

™ Blueprint

C:\Users\home\Documents\Unieal Projects.
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Folder

Fig.3.1 Window for selecting the initial set of elements in the Unreal Engine 4

Selected species from a third party.

After creating an entry level, clear the level of the objects pre-installed on it, leaving only
the walls and the floor.

After clearing the scene, we change the functional used by the protagonist of the
reconstruction, namely, we add an action button, through which it can interact with objects on the
stage.
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Fig.3.4 The window for adding an action for the character in Unreal Engine 4

Now, when you click on the left mouse button, the user will be able to interact with
objects placed on the stage.

Also add the ability to change the look of the camera. Open the default model of the
character in the editor of the bluprints. Let's add a camera for the first person view. It is worth
considering that if you simply put the camera in place, it will not change position according to the
movement of the mouse. In order to eliminate this drawback, we will establish a couple of
important strokes in the editor of the bricks. In the properties of the camera, put the checkbox on
the "Lock to HMD" property, then go to the "Event Graph" window and prescribe the logic of the
camera change when the button "V" is clicked.

[ Toggle Active

— b

Target

Fig.3.5 Functionality for changing the camera view.

Before you start directly on visualization, you need to add the library of decorative
elements created in the selected tools, which includes about 600 objects and incorporate them into
the game engine.
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Fig.3.6 Loaded models in the engine UnrealEngine

If you transfer a model with the extension * .fbx, in the absence of assigned textures, the
default material named WorldGrid is automatically superimposed on it. This is done so that the
embedded element does not use large computing power when staging or further modifying it.
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You can apply a texture to the imported object, both in the model editor and when placing
it on the stage.

Fig.3.8 The model with the material superimposed on it in the engine UnrealEngine

After the formation of the library of decorative elements, you can proceed with the direct
design of the visualization.

Level Design

According to the logic of creating architectural visualizations described earlier, we first
create a drawing of the room.

At the first stage of the design, large-scale public surveys and plans are used, since the
basic skeleton of the design is being developed.

From the analysis of available information in the automated design and drafting system
AutoCAD, a floor plan of the main building was created.

Mnan Mnaskoro kopnyck Ha oTM. 0,000

vvvvvv

Fig.3.11 Floor plan in the AutoCAD program

After drawing up the plan of floors, the sizes of ladders and their arrangement are defined.
Then, following the stages of architectural visualization, a space box was created.

The engine of the floor overlaps.
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Fig.3.15. Top view of the box of the room.

The next stage was the marking of the borders of the facade elements, for this purpose the
protruding elements of the main building facade were measured, and a drawing was created. From
it, an object was created in the engine for editing on the stage.
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Fig.3.17 A section of the wall in UnrealEngine4.

For any visualization, natural light sources are needed.

The penetration of light into the box of the room is carried out through the window and
door openings.

Adding them to the engine is due to the properties of geometric primitives. The "Add"
property allows you to add geometric objects to the scene, and the "Subtract" property is to cut
out objects from the primitives on the stage. It is possible to combine several cut-out parts, for
example, to create an archway.

Fig. 3.19 Arched opening for the front door.

After the end of the creation of the box of the room, it is time to work with materials and
textures.

Working with Textures

When working with a set of standard textures in the engine, a situation has arisen in which
existing materials are not optimized for the project. When starting the visualization, they looked
unrealistic [10].

To solve this problem, you need to open the desired texture in the editor and add a block
that will later allow you to change the size of the texture drawing in real time. This action will
allow you to scale materials for each individual visualization element.

Open the material of interest for editing. When you press the "M" button, the "Multiply"
element is added to the texture. Then, after pressing the "S" button, the "Scalar Parameter"
element will be added, assigning it the name "Tex Scale". Then, clicking on the right mouse
button, add the "Texture Coordinate" element to the editor. We connect the elements added earlier
by this method.

This link should be added to all available textures in the editor. But if the texture is simple,
then you can connect it only to the one that has a link to "Normal" in the texture description.
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Fig.3.30 Links between texture normals and created bundles in Unreal Engine 4

Then click on the "Compile" button and save.

From the modified texture, pressing the right button will create a Material Instance, which
will be the material used.

Add it to the scene (in this case, change the material of the parquet), and open it in the
editor in parallel.

The texture looks much more realistic than when applying a standard sample.

Fig.3.32 Sex scene after application of the modified material in Unreal Engine 4

Do the same with the textures of walls and ceiling.

Lighting adjustment

After finishing the work with materials, it's time to adjust the lighting parameters.

The main lighting on the stage is the light sphere (sky sphere). To increase the penetrating
light into the room, it should be placed behind the window apertures along a small spotlight.
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Over the artifacts or elements of the scene, which are worth paying attention to is to place

Fig.3.34 Stand for exhibits, completely created in Unreal Engine 4
Creating virtual visualization elements

Unfortunately, in Unreal Engine 4 there is no way to create all the necessary exhibits. To
do this, we will use the 3DsMax capabilities, in which exhibits and pictures will be created.

In the main window, create a simple cube for the image size.

Remove the icon from the option to use the world coordinates. This will help in future
when unloading, overlay the image created on the cube.

Open the Modify tab, assign it to the Editable poly object, select Polygon, select the front
part of the picture.

In the Edit polygons tab, select insert and move the polygon inside to the size of the
picture. Then, in the same tab, select the Extrude function and press the picture down about a
centimeter.

We leave from Polygon. We will do the same for all available images.

After creating the pictures, you need to upload them in a certain format (FBX), otherwise
the Unreal Engine will not define them as objects for import into the project [8].

Changing the geometry inside Unreal engine4.

Inside the engine there are own tools for changing the geometry of objects. There is an
opportunity of standard commands of three-dimensional editors as "Extrude", "resizing", etc.

Geometry is subject to certain editor objects located in the "Geometry" or "BSP" tab.

Search Classes

Recently Placed

Basic

Lights LOE
Cinematic Cylinder
Visual Effects

Geometry

Volumes Linear Stair

All Classes

Fig.3.37 Elements of variable geometry
Let's analyze the change in the geometry of objects using the example of a cube.
The geometry of objects is changed using the "Geometry editing" panel.
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Fig.3.39 "Geometry editing" panel in UnrealEngine 4

For an example of working with a variable geometry, let's analyze the creation of a
recognizable element of the environment of the building of the main building.

The first stage is photography. We will examine from all possible angles of this

monument.
e

Fig.3.40 Photographs of the monument Tomsk Polytechnic University.

Then we will measure the elements.

The width and height of the basic cube (color metallic substrate) is 220 cm. The width of
elements of green and black 70 cm., The distance between 20cm., Cubic elements have a height
of 70 cm., Rectangular 140cm.

Elements of green and black color protrude by 10cm. from the main cube.

Using these measurements, we can create a cube layout using the "Extrude" tool. It is
worth remembering that in case you want to change the size of the new element, you need to

switch to the "Edit" tool.
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Fig.3.41 Modified geometry with the tool "Extrude"
Now with the help of the same tool "Extrude" pull the protruding elements to the desired

distance from the main box.
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Fig.3.42 Modified geometry with the tool "Extrude" 2

After you find that the geometry has been completed for this element, you can use the
"Optimize" geometry function. This function will combine the elements of one plane into a
common one, which will help reduce the time of texture mapping for the object.
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Fig.3.43 Textures for the monument Tomsk Polytechnic University.
Then we will create from the same cubes a pedestal and a wall with an inscription.
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Fig.3.45 Monument in front of the main building with the inscription added

Placement of additional elements on the stage

After placing the created artifacts on the stage, we'll connect the audio accompaniment to
them so that when we approach it we include a record in which the description of the exhibits is
stored.

Unreal Engine 4 currently supports the import of uncompressed 16-bit audio files at any

sampling rate (see table below). For best results it is recommended to use a sampling frequency of
44100 Hz or 22050 Hz [6].
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Importing an audio file into the editor generates a Sound Wave Asset that can be directly
set to a level or can be used to create Sound Cues and edited inside the Sound Cue Editor.

Unreal Engine 4 also supports multi-channel (for example, 5.1) sounds and uses special
naming when importing files to use multiple channels.

After adding the sound track to the game folder, create the actor and add the entry to it in
the viewport window.

Fig.3.47 Open Editor for the created actor in Unreal Engine 4

After adding a sound track, we will make it play only when the user approaches the
exhibit. To do this, create an event for the actor and OnComponentBeginOverlap
OnComponentEndOverlap, drag the audio track to EventGraph window to create a track Fadeln
function, FadeOut and combine them in the manner shown.

Fig.3.48 Necessary connections for correct operation of the sound track in Unreal Engine

Element of the graphical user interface

After the done manipulations, we will place the actor in close proximity to the exhibit
described in the audio track.

Now, when the user approaches the exhibit, an audio record will be played, which
contains the description of the exhibit.

The initial menu for the project should include several main functions, the main ones of
which are:

» Starting the program

* Adjust the quality and size of the screen

* Exiting the program
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The game engine UnrealEngine 4 allows you to create menu and pauses widgets using
only visual programming.

The work takes place in the built-in tools WidgetEditor.On engine with a menu widget
itself has two windows, Designer - to change the appearance of the widget and Graph - for
programming logic.

The logic of the menu is as follows: initially only the three main buttons are visible, when
the "Setup" button is pressed, the screen with the buttons "Quality settings", "Screen size
adjustment" and "Back" is opened. When selecting the adjustment buttons, the quality of the
display on the screen and the size of the working screen are changed.

% - W 2wt & B . oommem T vesorer RGN

Fig.3.51 WidgetEditor, the Graph window in the UnrealEngine engine

3.4. General conclusion of chapter 3

The creation of architectural visualizations in the created tools will significantly reduce the
development time of projects.

The described ways of developing individual elements of the project are considered
optimal.

When designing architectural visualizations, it is necessary to follow clearly the indicated
phased development plan.

Conclusion

In the course of the final qualification work, a toolkit for creating architectural
visualizations on the Unreal Engine 4 engine was developed.

As a result of the completion of the final qualification work, the goal and objectives set
were met and achieved.

To solve the tasks, the following work was done:

The need for the development of tools is grounded;

The analysis of electronic resources on similar subjects was carried out, from the results of
which it was possible to obtain a plan for developing its own visualization;

The analysis of existing game engines is carried out in order to identify the most suitable
for the solution of the task;

The analysis of available three-dimensional editors has been carried out, in order to
identify those that are suitable for achieving the indicated goals;

The design and structure of visualization was developed;

When developing the toolkit, the capabilities of modern 3D modeling and interactive
application development technologies, such as 3D editors 3Ds MAX, ZBrush, Unreal Engine 4
were used as the main tool for creating interactive three-dimensional visualization.
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