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INJIAHUPYEMBIE PE3YJIBTATBI OCBOEHHUA OOII
no Harnpasyienuro 09.04.02 MudopMaimoHHbIe CUCTEMBI M TEXHOJIOTHH

Kon
KOMIIETeHIIMH

HaumeHnoBaHne KOMIIETEHIIHH

yHHBepcaJIbeIe KOMIICTCHIIUU

YK(Y)-1

CrniocobeH oCymecTBIATh KPUTHUECKUH aHaIn3 MPOOJIEMHBIX CUTyalluid Ha
OCHOBE CHCTEMHOT0 IT0JIX0/1a, BEIpa0aThIBATh CTPATETHIO ICHCTBUMA

YK(Y)-2

CrniocobeH ynpaBisiTh MPOEKTOM Ha BCEX ATarax ero >KM3HEHHOT'O IHUKJIa

YK(Y)-3

Crnioco0eH OpraHu30BbIBaTh U PyKOBOJIUTH paOOTOM KOMAaH/IbI,
BBIpa0aThIBasi KOMaHIHYIO CTPATETHIO IS JOCTUKCHHSI IIOCTABICHHON
1eNH

YK(Y)-4

Crioco0OeH MpUMEHSITh COBPEMEHHBIE KOMMYHHUKATHBHBIC TEXHOJIOTHH, B
TOM YHCJIC Ha HHOCTPAaHHOM(-bIX ) sI3bIKE(-ax), ISl aKaJICMHUUECKOTO M
poecCHOHATEHOTO B3aUMOICHCTBUS

YK(Y)-5

Crnioco0eH aHanmu3UpOBaTh U YYUTHIBATh Pa3HOOOpa3ne KyIbTyp B
MPOIIECCE MEKKYJIBTYPHOTO B3aMMOJICHCTBHS

YK(Y)-6

Crnioco0eH orpeiensaTh U pealn30BbIBaTh IPUOPUTETHI COOCTBEHHOM
JEATEIILHOCTH M COCO0BI €€ COBEpIICHCTBOBAHUS HA OCHOBE CAMOOLICHKH

OomenpodeccuoHaATbHbIE KOMIIETEHIIMT

OIK(Y)-1

Crioco0eH caMOCTOITEIBLHO HpI/IO6peTaTL, Pa3BHUBATb U IPUMCHATDH
MAaTeMaTUUYCCKHUEC, CCTCCTBCHHO-HAYYHbIC, COLIMAJIbHO-3KOHOMUNYCCKUEC U
HpO(l)eCCI/IOHaHBHBIC SHaHWA I PCHICHHA HCCTAHAAPTHBIX 3a/la4, B TOM
YHCJIC B HOBOM MJIM HE3HAKOMOI Cp€ac U B MCXKJAUCHUIIJIMHAPHOM
KOHTCKCTC

OIK(Y)-2

CrniocoGeH pa3pabaTbiBaTh OPUTHHAIbHBIE AITOPUTMBI U IPOTPaMMHbIE
CpeZACTBa, B TOM YHCJIE C UCIOIb30BAHUEM COBPEMEHHBIX
WHTEIJUICKTYaJIbHBIX TEXHOJIOTHH, ISl pelIeHus MpodecCHOHANBHBIX 3a/1a4

OIK(Y)-3

CrniocobeH aHanu3upoBaTh NPOPEeCcCUOHATBHYIO HH(POPMAIIUIO, BHIAETATH B
Hel TJ1aBHOE, CTPYKTYpUPOBATh, 0POPMIISITh U IPEACTABIISATH B BUJIE
aHAJTMTUYECKUX 0030pOB ¢ 00OCHOBAHHBIMU BBIBOJIAMH U
pEKOMEHIalUIMHU

OIK(Y)-4

Crnoco0eH mpuMeHsITh Ha MPaKTUKE HOBbIC HAyYHBIE IPUHIIUITBI K METO/IbI
HUCCIIeJOBAaHUN

OIK(Y)-5

CrniocobeH pa3zpabaTbiBaTh U MOJIEPHU3UPOBATH IPOIPAMMHOE U
anmnapaTHoe odecredeHre nH(HOPMALIMOHHBIX U aBTOMAaTU3UPOBAHHBIX
CUCTEM

OIIK(Y)-6

CrniocobeH 1CIosIb30BaTh METO/IbI M CPEJICTBA CUCTEMHOI MHKEHEPHH B
o0yacTy MmoyiydyeHus, epeadn, XpaHeHusl, epepaboTKU U MPEICTaBICHUS
uH(pOpMaIMU TOCPEICTBOM MH(OPMAITMOHHBIX TEXHOJIOTHM

OIK(Y)-7

CrniocobeH pa3pabaThIBaTh U MIPUMEHSATH MaTEMAaTUUECKHE MOJIEITH
MIPOLIECCOB U 0OBEKTOB MPU PEIICHUU 3a7a4 aHallu3a U CHHTE3a
pactpeeIéHHBIX HHPOPMAITUOHHBIX CHCTEM M CHCTEM TIOICPKKU
TIPUHSTHSI pEIICHUN

OIK(Y)-8

CrniocoGeH ocymecTBIATh 3 PEeKTUBHOE yIpaBIeHUE pa3padboTKOi
IIPOrPaMMHBIX CPEACTB U MPOEKTOB

IIpodeccnonabHbIE KOMIIETEHIIUN




IIK(Y)-1 CrniocobeH ynpaBisTh IPOrpaMMHO-TEXHUYECKUMHU, TEXHOJIOTHYECKUMH U
YEJIOBEUECKUMU pecypcaMu

MMK(Y)-2 CrniocobeH ynpaBisiTh pa3BUTHEM 0a3 TaHHBIX

MK(Y)-3 Crnioco0eH ynpaBiaTh paboTamMu 10 COMPOBOXKACHUIO U TPOEKTaMU
coznanust (MoaudHUKaIy) HHGOPMAITMOHHBIX CUCTEM,
aBTOMATU3HUPYIOIIMX 33J]a4l OPraHU3aIIOHHOTO YIIpaBlieHus U Ou3Hec-
IIPOLIECCHL.

MK(Y)-4 Crioco0eH MpoeKTUPOBaTh M OPraHU30BbIBaTh YU€OHBIH mpoliecc 1o
00pa3oBaTeNbHBIM POTrPAMMaM C UCTIOIH30BAHUEM COBPEMEHHBIX
00pa30BaTeNbHBIX TEXHOJIOTUH.

HK(Y)-5 Cnoco6eH oCylIeCTBISITh PYKOBOJICTBO pa3pabOTKONW KOMIUIEKCHBIX

ITPOCKTOB HA BCEX CTaAWAX M 3TallaX BBIIIOJTHCHUA pa60T.




TOMSK TOMCKWU _
POLYTECHNIC NOSIUTEXHUYECKU
UNIVERSITY YHWUBEPCUTET

MuHuCcTEpCTBO HAYKH U BbIciiero odopasosanust Poccuiickoi
DenepanundenepabHOE TOCYAAPCTBEHHOE ABTOHOMHOE
00pa3oBaTeNbHOE YUPEXKIEHHE BBICILIEr0 00pa3oBaHUs
«HALIUOHAJbHBINA UCCJEJOBATEJIBCKUI TOMCKHUIA

MOJUTEXHUYECKUA YHUBEPCUTET»

WnxenepHas mKojaa HHPOPMAIIMOHHBIX TEXHOJIOTUNH U POOOTOTEXHUKU
Hanpasnenue noarorosku 09.04.02 «MHpOpMaLMOHHBIE CUCTEMBI U TEXHOIOT UM
Otnenenne mkoibl (HOLL) Otnenenne naGOpMamOHHBIX TEXHOJIOTUN

YTBEPXIAIO:
PykoBonurens OOII
Casenbes A. O.
(ITonmucw)  ([ata) (®.1.0.)
3AJIAHHUE
HA BBINOJIHEHNE BbINYCKHON KBAJIN(PUKAIMOHHONH padoThl
B dopwme:
Marucrepckoii JuccepTaunu
CryneHry:
['pynna 05(0)
SUUMO02 Poro3un Pycnan AnekcanapoBuy

Tema paGoThI:

Pa3paboTrka nporpaMmMHoOro odecrne4eHusi B BUPTYAJIbHOM pPeajJibHOCTH ISl Pa3BUTHS

IBPUCTUICCKOI0 MbIIJICHU S

YTBep:kieHa MPUKa30M AUPEKTOopa (j1aTa, HOMEp) |

14.03.2022 Ne 45-48/c

‘ Cpok caauM CTyJI€HTOM BBIIIOJHEHHOM pabOThI: ‘ 07.06.2022
TEXHUYECKOE 3AJIAHUE
Hcxonnbie TexHuueckoe 3ananue k peanuzanuu [10 B BUpTyallbHOHN peanbHOCTH

JAaHHbIEe K paboTe | JUIs pa3BUTHsI SBPUCTUYECKOTO MbIIUICHUS
Ilepeuenn 1. O630p UCHIONIB3YEMBIX TEXHOJIOTUN
MOAJIeKA LM X 2. IIpoextuposanue [10
HCCJIeOBAHUIO, 3. Peamuzamus 110
npoexktupoBannio | 4. Tecruposanue [10
U pa3padoTke 5. ®uHaHCOBbIE MEHEKMEHT, pecypcodPPeKTUBHOCTD U
BOIIPOCOB pecypcocOepexeHue

6. ConmanbHast OTBETCTBEHHOCTD
Ilepeyenn Pucynok 1 — Jlorotun Unity
rpaguyeckoro Pucynok 2 — Jlorotun Unreal engine
MaTepuaja Pucynox 3 — Jlororun Godot

Pucynox 4 — Jlorotunn GameMaker
PucyHnok 5 — JIluarpamma Kj1accoB UTPOBOM MEXaHUKHU




Pucynok 6 — Jluarpamma KJ1acCOB CUCTEMBI 3BPUCTHUECKOTO 0TOOpa
Pucynok 7 — Kox ckpunra kommonenta InputControllerComponent
Pucynox 8 — Kop ckpunra kommnonenta InteractiveComponent
Pucynok 9 — Ko ckpurita kommonenTa JointGroup

Pucynoxk 10 — Kox ckpunra komnonenra TagGhost

Pucynok 11 — Kox ckpunra cucremsr AutolnteractiveJointGroup
Pucynoxk 12 — Kox ckpunra cuctemsr AutolnteractiveHandType
Pucynox 13 — Kox ckpunta cucremsl ResetDataSystem

Pucynox 14 — Kon ckpunra cuctemst InputControllerSystem
Pucynok 15 — Koz ckpurnra cucremsr MoveHandSystem

Pucynox 16 — Kox ckpunra cuctemsr TriggerEventHandWithInteractive
Pucynok 17 — Koz ckpunra cucremsr CollisionEventinteractive
Pucynox 18 — Kox ckpunra cucremsr ObjectSelectionSystem
Pucynok 19 — Koz ckpunra cucremsr GripSelectedObjectSystem
Pucynox 20 — Kox ckpunra cucremsr DisableJointObjects
Pucynoxk 21 — Kox ckpunra cuctemsr CreateJointObjects

Pucynoxk 22 — Kon ckpunra cuctemsl DisableGravityJointObjects
Pucynok 23 — Crpykrypa nanusix Data

Pucynok 24 — Ctpykrypa nannsix BaseData

Pucynok 25 — Ctpykrypa nanubix Filters

Pucynok 26 — Enum Amount

Pucynox 27 — Enum Copies

Pucynok 28 — Enum Get

Pucynok 29 — Metox npsiMmoro otoopa JaHHBIX

Pucynok 30 — MeToa KOCBEHHOI0 OTOOP JaHHBIX

Pucynok 31 — Peanmuzanus ¢punstpoB Amount, Copies u Get
Pucynok 32 — Beiaenenue o0beKTOB IpU NPUOIMKEHUH PYKU
Pucynok 33 — VY nepkuBaHue BbII€JIEHHBIX OOBEKTOB B PyKax
Pucynok 34 — CoennHeHnue 00beKTOB

Pucynox 35 — 3anonHenue ucxoaHou 6a3bl

Pucynok 36 — Coznanue ¢puibTpa u BelltogHeHHE MeToa Get
Pucynox 37 — Pe3ynbTaT TECTHPOBAaHUS

Pucynok 38 — Coznanrie HOBOro uiibTpa M BbIonHeHue Metoa Get
Pucynox 39 — Pe3synbTaT TECTHpOBaHUS

Pucynok 40 — 3anonnenue 6a3bl

Pucynok 41 — ®unbTp cUCTEMBI IBPUCTUYECKOTO OTOOpa

PucyHnok 42 — Pe3ynbraT TeCTUPOBAHUS C OHUM MPEIMETOM
Pucynok 43 — Pe3ynbpTaT TECTUpPOBAaHUS C TPEMS ITpeIMETaMu
PucyHnok 44 — Pe3ynbraT TeCTUpOBaHUS CO BCEMU MTPeIMETaMHU
Pucynox 45 — Ilnan sBakyaruu npu noxape u apyrux YC

KoHcyabpTaHTBI 10 pa3iesiaM BbIIYCKHON KBATH(UKAIMOHHOH padoThI

Pa3nen KoHcyabTant
@duHaHCOBbIE MEHEKMEHT, pecypco3((HeKTHBHOCTD U bruikoBa TaThsiHa
pecypcocOepekeHne BacwuibeBna
®denopenko Onbra
ConuanbHas OTBETCTBEHHOCTD
IOpbeBHa
Ha3Banus pa3zeioB, KOTOpbIe 10JKHbI OBITH HAIMCAHBI HA PYCCKOM U HHOCTPAHHOM

A3BIKAX:

HpO6HCMLI 1 NCPCIICKTHUBBI SBPUCTUYCCKOI'O Pa3BUTHUA ‘




Problems and prospects of heuristic development

IInuyrosa Muna
JleonnnosHa

JlaTa BbIJauy 3a/JaHNs HA BHIIOJIHEHHE BBITYCKHON
KBAJIM(UKAIIMOHHON paboTHI 10 IMHEHHOMY rpaduky

33[[3]-[1/[6 BbIJAAJ PYKOBOAUTEC/Ib:

JomKHOCTD )50

V4eHas cTerneHsb,
3BaHHUC

IMoamnuce

Jara

Houent Jemun AHTOH
OUT IOpbreBny

K.T.H., IOLIEHT

3ana1me NPUHAJT K HCIOJJHCHUI0 CTYAEHT:

I'pynna

5(0)

IToamuce

[ara

81MO02 Porosun Pycian AnexkcanapoBud




MuHKCTEepCTBO HAYKH U BbIcIIero oopazosanus Poccuiickoii

DenepanundenepanbHOE TOCYAAPCTBEHHOE ABTOHOMHOE
o0pa3oBaTeNbHOE YUpeKICHHE BhICIIEro 00pa3oBaHus

«HAITMOHAJIBHBIN UCCJIEJJOBATEJIbCKHA TOMCKHI
MNOJIMTEXHUYECKHWHA YHUBEPCUTET»

WNuxenepHas mkosia MHPOPMAITMOHHBIX TEXHOJIOTUH H POOOTOTEXHUKU
Hamnpasnenue noarotosku 09.04.02 «MHpopManinOHHBIE CUCTEMBI U TEXHOJIOTHI
Otnenenue mkoinsl (HOLL) Otaenenne nHpOpMaMOHHBIX TEXHOJIOTHMA
YpoBeHb 00pa3oBaHUs MarucTparypa
[Tepuon Beimonnenus Ocennwnii / Becennuit cemectp 2021/2022 yaebHoro roaa

dopma npecTaBIeHus: pabOTHI:

Marucrepckoii JuccepTaumu

IBPUCTUICCKOI'0O MBIIINJICHUSA

Pa3paborka nporpaMmMHoOro odecrie4eHusi B BUPTYAJIbHOI PeaJibHOCTH VISl Pa3BUTHS

KAJIEHJIAPHBIN PEUTUHI -TIIJIAH

BbINOJTHEHHUS BBINYCKHON KBAJIM(UKAIHMOHHOH PadoThI

‘ CpoK ciauul CTyJIEHTOM BBIIIOJHEHHOM padoThI: 06.06.2022
Jlata KoHTpOJIs Hazpanwue pazgena (Mmomyns) / MaxkcuManbHbII
BU paboTHI (MCCIIETOBAHMS) OaJu1 pasaena
28.12.2021— OcHOBHas 4acTh 85
31.05.2022
01.05.2022 — Hammcanne pazaena «®OUHAHCOBBIH MEHEIKMEHT, 5
07.05.2022 pecypcorhHEKTUBHOCTD U pecypcocOepexeHrue»
08.05.2022 Hanucanue paznena «CoruanbHasi OTBETCTBEHHOCTD) >
10.05.2022
11.05.2022 - Hanucanue pa3znena Ha MTHOCTPaHHOM $SI3bIKE >
06.05.2022
CocTraBuil IpenoiaBaTellb:
JlomKkHOCTD OUO VYuenas crenens, | I[loanuce Hara
3BaHUE
Homent OUT Jemun AHTOH K.T.H., JIOUEHT
IOpbeBuu
IIpuHsn CTyneHT:
0)5(0) [Toamuce [ara
Poro3un Pycian AnekcanapoBuy
COI'JTIACOBAHO:
PykoBoaurens dUO Yuenas crenens, | lloamuch JlaTa
OOII 3BaHHE
Houent OUT CaBenbeB Alekceit K.T.H., JOLIEHT
Onerosuy




_ 3AJIAHME ISl PA3JIEJIA
«®PUHAHCOBBIII MEHE/KMEHT, PECYPCOD®®EKTUBHOCTH 1

PECYPCOCBEPE/KEHUE»
CryaeHry:
I'pynna DOUO
8IMO02 Poros3un Pycnan AnexkcanapoBuy
HIkoua TP Otaenenne mkouabl (HOII) OouT
YpoBens Maructpatypa HanpasieHnue/cnenuuajbHOCTh 09.04.02 «MapopMannOHHBIC
odpa3oBaHus CHUCTEMBI U TEXHOJIOTHUI

HcxoaHble JaHHBIE K pasjaeiay «DuHAHCOBDII MCHC/IKMCHT, pecprOSq)(l)eKTl/IBHOCTL Hu

pecypcocOepe:kenne»:
1. Cmoumocmv  pecypcos  mayunoco  uccneooganus  (HH): | CTOUMOCTE MaTepHaNBHBIX PECYPCOB

mamepuaibHo-mexHu4ecKux, IHepeemudecKux, qbuHchoebzx, ornpeacidiaach 1o cpeﬂHeﬁ prHO‘IHOfI

UHDOPMAYUOHHBIX U YETI08EUECKUX cronMocTH. OKJaabl B COOTBETCTBHU C
OKJIaJJaMU COTPYAHUKOB OpPraHu3alyu.
2.  Hopmol u nopmamuewt pacxo008anus pecypcos 30% paiioHHbBIN KO3 GUIMEHT
3. HUcnonvsyemas cucmema Hano200010dcenus, cmasku Hanoz2o6, | 30%  OTYMCICHUST B  COLMAIIBHBIC
omyucieHull, OUCKOHMUPOBAHUS U KPeOUmo8anusl BHEOIO/KETHBIC (POH/IBI)
IlepeueHs BONPOCOB, MOUIEKALINX HCCIIE0BAHUIO, TPOEKTHPOBAHUIO H pa3padoTKe:
1. Oyenxa xommepueckozo u unHogayuonnozo nomenyuara HTH [IpoBecTr NpenpoOeKTHHII aHAIH3
2. Paspabomka ycmaea Hay4HO-MEXHUUECKO20 NPOeKma [IpencraButh VYcras Hay4HOTO

MIPOEKTa MAaTUCTEPCKOH paboOThI

3. Ilnanuposanue npoyecca ynpasnenus HTU: cmpykmypa u epagux Paspabotats mnan ynpasmenns HTU
npogedetus, O100xcem, PUCKU U OP2AHUZAYUS 3AKYNOK

4. Onpedenenue pecypcHoil, puHaAnCOB0I, IKOHOMUUECKOU Onpenenenue HMHTETpajibHOTO
agppexmugrocmu (hMHAHCOBOTO TOKAa3aTeIs pa3paboTKu
Omnpenenenue HHTETPaIbHOTO
nmokazatenst  pecypcod(heKTHBHOCTH
pa3paboTku
Omnpenernenne HMHTErPaIbHOTO

nokasarens 3pGeKTUBHOCTH

Iepeuyens rpaguyeckoro MaTepuaJa (¢ TOYHbIM YKa3aHHeM 0083aTeIbHBIX YepTexKeii):

«Ilopmpemy» nompebumens pesyromamod HTH

Oyenka KOHKYPeHmMoCcnocoOHOCMU MeXHUYECKUX peueHul
Mampuya SWOT

I'paguk nposedenus u 6r00xcem HTH

Oyenka pecypchoii, punancosoil s¢hpexmusnocmu HTH

agrwnhE

JlaTta BpIayM 3aiaHMs IS pa3fiesia no JuHeitHomy rpaguky

3aganue BbIIAJ KOHCYJIbTAHT:

JIOKHOCTD dUO Vdenas creneHb, 38anue | Ilogmuch JlaTa
JOLICHT bruikoBa TaresiHa KaHJI.9KOH.HayK
Bacunsesna

3a11a1me MPUHAJ K UCIIOJTHCHUIO CTYACHT:

I'pynna [ 24(0) IMoxnuce JHara

SNMO02 Porosun Pycnan AnekcanapoBuy




3AJAHUE JIJISI PA3JIEJIA
«COIAAJILBHASI OTBETCTBEHHOCTb»

CryneHnry:
I'pynna DOUO
8MO02 Poro3un Pycnan AnexkcanapoBuy
HIkoua HUIInuTP Otaenenne mkouabl (HOII) ouT
YpoBens Maructpatypa HanpapieHue/cnenquaabHOCTh 09.04.02 «MadpopmannoHHbIE
o0pa3oBaHus CHCTEMBI U TEXHOJIOTHUI
Tema BKP:

MBbIIIJICHUA

Pa3padorka nmporpaMMHOro odecnedyeHusi B BUPTYaJbHOIl PeajbHOCTH AJS Pa3BUTHS IBPUCTUYECKOIO

HcxoaHble JaHHBbIE K pasjaeinry «Couna.m,naﬂ OTBETCTBCHHOCTb»:

1. XapakrepucTHka 00beKTa HCCIETOBAHUS
(BelmecTBO, MaTEpHAJ, NPUGOP, ATTOPHUTM,
MeTOMKA, padoyasi 30Ha) U 00J1aCTH ero
NpUMEeHEeHUst

OOBEKT UCCIIe0BaHUS: KOMIBIOTEPHBIH UIPOBOM
HPOEKT, MpeACTaBIAIOMMN coboil  ompenenéHHbIE
WUTPOBBIC MEXAaHUKH, BMECTE OOpasyrollue HIPOBOH
IPOIIECC, PEaTN30BAHHBIN C IIOMOIIBIO UTPOBOH Cpebl
Unity Ha IEpCOHATBHOM KOMIBIOTEPE.

Pabota Benach B y4eOHONW ayANTOPUH IUIONIAbIO
28 M? ¢ BOAAHBIM OTOIUIEHHMEM LEHTPAIHLHOTO
TEIUIOCHAOXKEHMs, TJ€ HCIOJNB3yeTCsd MNpPUTOYHAS
BEHTHJISIIIUM, €CTECTBEHHOE OCBEIICHHE, MOTOJIOYHBIE
JIaMIIbl JUIA TIPAMOTO OCBCHICHUSA U 5 CTallMOHAapPHBIX
KOMIIBIOTEPOB.

OOnactp nprMeHeHus: oOyd4aromas ¥ JI0CYTroBO-
pasBIIeKaTeNbHast A TEIHHOCTb.

HepequL BOIPOCOB, NOMJICKAIIUX UCCICAOBAHNUIO, IPOCKTUPOBAHUTIO U pa3pa60T1<e:

2. IlpaBoBble U OpraHu3alHOHHBIE BOMPOCHI
ol0ecreyeHus1 0e30MaCHOCTU NpH pa3padoTke
MPOEKTHOIO pPeleHus :

crienuaIbHbIe (XapaKTepHBbIE TPH 3KCILTyaTaluu
00beKTa ncciaeJoBaHus, MPOSKTUPYyEeMoii paboueid
30HBI) IPaBOBBIE HOPMBI TPYJOBOTO
3aKOHOJIaTEJIbCTBA;

OpraHU3alMOHHbBIE MEPOIIPHUSTHUSI TP KOMIIOHOBKE
paboueii 30HBL

Tpynosoi konekc Poccuiickoit denepanuu ot
30.12.2001 N 197-®3 (pen. ot 09.03.2021);
I'OCT 12.2.032-78 CCBT. Pabouee mecTo mpu
BEITIOJTHEHUH paboT cums. Oomme
SProHOMHYECKHE TPEOOBaHHUS,

T'OCT 12.0.003-2015 OmacHele 1 BpenHbIe
POM3BOJCTBEHHBIC (haKTOPHI;

CanlluH 1.2.3685-21 I'urueanyeckre HOPMaTHUBEI
¥ TpeOOBaHUA K 00ecTIeYeHIIO OE30MaCHOCTH U
(mrmm) 6e3BpeAHOCTH AT YestoBeka (hakTopon
Cpelpl OOUTaHWS,

I'OCT 12.1.005-88 Cucrema ctaHnapToB
6e3onmacaocta Tpyna (CCBT). O6mume cannTapHO-
TUTHCHUYECKHE TPeOOBaHUS K BO3AYyXy paboueit
30HBI

CII 52.133330.2016 EctectBenHnoe u
HUCKYCCTBEHHOE OCBEIIeHNE. AKTyaTU3upOBaHHAS
penakiust CHull 23-05-95;

MP 2.2.9.2311 — 07 «IIpo¢unakTuka CTpeCCOBOTO
COCTOSIHUSI pAOOTHHUKOB TIPH Pa3IMIHBIX BUIAX
npodeccHoOHATLHON e TETBHOCTHY;

I'OCT 12.1.003-2014 CCBT. llym. O6mue
TpeOoBaHUs 0E30MMacHOCTH;

I'OCT 12.1.045-84 CCBT. DnexTpocraTuyecKue
moJist. JlomycTUMbIe YPOBHH Ha pabOvHX MECTaX H
TpeOOBaHUS K MPOBEJCHUIO KOHTPOJIS,




— TOCT 12.1.019-2017 CCBT.
Onekrpobe3onacHocTh. OOIIME TpeOOBaHUS U
HOMEHKJIATypa BHJIOB 3aIIUTHL;

— T'OCT 12.1.004-91 CCBT. Iloxapnas
6e3omacHocTs. O0UIME TPEOOBAHMS;

— TOCT 12.1.030-81 CCBT. Dnextpo06e30nacHOCTb.
3ammTHOE 3a3eMIICHUE. 3aHyICHHE;

— T'OCT 12.1.038-82 CCBT. DnekTpobe30macHOCTb.
[IpenensHO AOMYCTUMBIC 3HAYCHUS HATIPSDKCHUIA
MPUKOCHOBEHUSI U TOKOB.

3. IIpousBoacTBeHHasi 6e30MACHOCThL NPH

pa3padoTKe NPOEKTHOIO peleHns

— AHanu3 BBISBIEHHBIX BPEIHBIX U OMACHBIX
(bakTopoB;

— O00CHOBaHUE MEPOTIPUATHH 11O CHHKEHUIO
BO3JICHCTBUSL.

Bpennsbie pakropsbl:

3JIEKTPOMAarHUTHOE M3Y4YCHUE, MOBBILICHHBIA YPOBEHb
1yma, crabas OCBEILICHHOCTb, OTKJIOHEHUS
IOKa3aTejae MUKPOKIMMATa, HEPBHO-IICUXUYECKUE
MEPErpy3Ku.

OnacHble GpakTopbl:

(aKkToOphl, CBSA3aHHBIE C DICKTPUICCKUM TOKOM,
BBI3BIBAEMBIM Pa3HUILIEH NEKTPUUYECKUX MMOTEHIUAIIOB,
I10J] IEWCTBHE KOTOPOTO Mona aeT paboTaromHi.

Tpedyembie cpencTBa KOJUIEKTHBHOM "
HHAMBHAYAIBHON  3alIMTBI  OT  BBISBJIEHHBIX
¢daxkTopoB:  Oepymn, OSKpaHHpYOLIas  OJEXK[a,

JOIIOJTHUTCIIbHBIC UCTOYHHUKHU CBCTA.
Pacuer: pacyeT CUCTCMbI HCKYCCTBCHHOI'O OCBCIICHUA

4. Jxojoruyeckasi 6e30aCHOCTDH NPHU Pa3padoTKe
MPOEKTHOI0 pPeleHus :

Bo3sneiicTBue Ha celuTeOHYIO 30HY, THAPOchepy U
aTMocdepy OTCYTCTBYeT.

Bo3sneiicTBue Ha muTocepy: yTHIN3anUs KOMIIbIOTEpa
u nepuepuiHBIX ycTpoiicTB (mpuHTepE, MDY, Beb-
KaMephl, HayIIHWKH, KOJIOHKH, TenedoHsI),
JFOMHHECLCHTHBIX JaMil, KaHLEJSPCKHX
NPUHAUICKHOCTEH, MAaKyIaTypHI.

5. Be3onacHOCTH B Ype3BbIYAHBIX CHTYalUAX MPH
pPa3paGoTKe MPOEKTHOTO PelIeHusI:

— Bo3moxasie YC: moxapsl, yparaHsl, ONOJ3HH,
HaBOJIHEHUSI.
Haubonee tunmunas YC: nmoxxapsl.

JlaTta BpIauM 3aiaHMs IS pa3fieia no JuHeitHomy rpaguky

3amanue BbIJIa] KOHCYJIbTAHT:

JlomkHOCTB DdUO YueHnas crenens, 3sanne | Iloanuck Jlata
Ipodeccop ®enopenko Osbra JI.M.H.
IOpbeBHa
3aI[aHI/IC IMPUHAIT K UCIIOJTHCHUIO CTYICHT:
I'pynna ()56 IMoanuce JHara
SUMO02 Porosun Pycnan AnekcanipoBuy
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Pedepar
Beimycknas kBanudukanronHas pabota coxepxkur 90 crpanun, 45

pucynkoB, 30 Tabmuil, 23 ucTouyHuka U 1 mMpHUIIOKEHHUE.

KiroueBsie croBa: DBpUCTHKA, POrpaMMHOE obectiedeHue, Unity.

Ob6bekramu wuccnenoBanus spiugercs [1O mox muiemMsl BUPTyalbHON
peabHOCTH.

Lens pabotel — Pazpabotka 110 moxg VR st pa3BUTHUS 3BPUCTHYECKOTO
MBIIIUICHHUS.

B nporecce BbImoHeHHsT pabOThHI UCIIONB30BAJICS UTPOBOM ABIKOK UNity u
cpena pa3paboTku Rider, mporpamMma peannszoBana Ha si3bike C# ¢ UCTIOJIb30BaHUEM
BHYTpeHHUX Oubmmotek Unity nmpu momornm texnomoruun DOTS.

B pesynbrate BeInoaHeHHs! paboThl Obulo paspadorano 1O mis ycTpoiicTB
BUPTYaIbHON PEaTbHOCTH Pa3BUBAIOIIEE IBPUCTUIECKOE MBIIIUICHHE.

ObnacTh mpuMeHeHus: Pa3BUTHE 3BPUCTUUECKOTO MBIIUIEHUS CPEeU JIIOEH
BO3pacTa ot 7/ 10 25 jeT.

B Oynyumem miaHupyeTcsi HCHONb30BaTh Tekylliee pazpadoranHoe 10 s

pa3pabOTKH TOJHOLICHHOW BUIACOUTPHI.
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OITPEJAEJIEHUSA, OBO3HAYEHUSA, COKPAIIIEHUA,
HOPMATHUBHBIE CCBIJIKA

Ckpunt — B Unity otnmensHBI Kiacc Ha sa3bike  C#, KOTOPBIU
B3aMMOJICHCTBYET C OMpPEIEICHHBIMU O0BEKTAMH U UX KOMIIOHEHTAMH.

Hrposoii nBuxok — Cpena pa3zpabOTKU UTp, BKIIOYAOIIAs BO3MOXKHOCTH
CUMYJISITUN (PU3UKH, PAOOTHI CO CBETOM, pabOTHI C rpaduKoii, paboThl C UTPOBOI
JIOTUKOM, COOPKH IO/ pa3Hble MIaTHOPMBI.

1O — [IporpammHoe obecrieueHue.

JBpPHUCTHKA — B IIMPOKOM CMBICIIE — HayKa O TBopuecTBe. B y3koMm, Ooiee
COBPEMEHHOM — TEOpHsI M MPAKTHKAa OpPraHU3aluy W30UpaTeNbHOrO MOUCKa MpU
PEIICHUH CIIOKHBIX HWHTEJUIEKTYyaJIbHBIX 33Ja4. DBPUCTUYECKUE KOMIIbIOTEPHbBIE
IpPOrpamMMbl OTIMYAOTCS OT MPOrPAMM CUCTEMATHYECKOTO IMOMCKA, MOCKOJIbKY
COJIEpKaT KPUTEPUU OIPAaHUYECHUS MOMCKA B IPOCTPAHCTBE OOJIBIIOTO KOJIUYECTBA

BO3MOXXHOCTEH — IBPUCTUKHU — U HE TAPAHTUPYIOT 0053aTEIHbHOE PELICHUE 3a1a4.
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BBenenne

OBpUCTHKA MPEACTABISIET COOOM CHEU(PUUYECKYI0 HAYYHYIO OTpacib,
UCCJIENYIONIYI0 CO3MJIATEeNbHYIO JesATEIbHOCTh. BBUIY pa3BUTHA 3TON 00JacTH
3HaHUS Ha MPOTSHKEHUM HE MEHEE JBYX TBHICSUYEIETUN CYIIECTBYET KOMIUIEKCHOE
MPE/ICTABICHUE O TIOHSITUU «IBPUCTUKA» Kak TakOBOM. B 001iem »BpUCTHKA — 3TO
TBOpYECKas AEATEIbHOCTh, HAIPABJICHHAS HA PEUICHNE HECTAaHAAPTHBIX 33/1a4.

[IpoGnemMa gJaHHOrO TEPMHUHA 3aKJIIOYAETCSA B TOM, YTO JJIA €r0 MOHUMAaHHUS
YeJIOBEKY HEOOXOAMMO BCIOMHHTH, KOTJJAa OH pellay CIOKHbIE 3aJayH, MMyTeM
TBOpPYECKOU esaTenbHOCTH. [lomydaercs 3HaueHue c10Ba 3BPUCTUKA CChUIAETCS Ha
BOCIIOMHUHAHUS 4ynTaomero. ECTh BEpOsSTHOCTh, YTO BOCIIOMUHAHUS O TBOPUYECKOM
MPOIIECCE OKAXKYTCS HA CAMOM JI€JI€ HE TBOPUYECKUMHU. UTO AEIAeT TEKCT HE JIyUIITUM
cnoco0 nepenayu HHGOPMAaLMK 17151 JAHHOTO TEPMUHA.

[ToaTomy ObuTO pemieHo pa3paborath [0 B BUpPTyalbHON pearbHOCTH JJIS
MOHMMAHUSI ABPUCTUKU U JAIBHEHIIErO Pa3BUTUSA SBPUCTHYECKOTO MBIIUICHUSI.
Hannoe 10 Oyzaer conepxkaTh B ce0€ TBOPUECKYIO UTPOBYIO MEXAHUKY U CUCTEMY
HBPUCTUYECKOTO 0TOOpA B 3aBUCUMOCTH OT MPHUHSATOTO PEIICHHUS.

[enssmMu mpakTUKH SIBISIETCS GOPMUPOBAHUE Yy OO0YUAIOIIUXCS OMPECICHHOTO
COCTaBa KOMIIETEHIMM [ MOATOTOBKU K NPOEeCcCHOHANbHOM AESITENbHOCTH, B
YaCTHOCTH:

e (CnocobeH aHanM3UpoOBaTh MPOohecCUOHATBHYIO HHPOPMAIINIO, BBIJCIATh B HEH
TJIABHOE, CTPYKTYPHPOBATh, OPOPMIIATE U MPEACTABIISATE B BUJIC
aHATUTHYECKUX 0030pOB C 000CHOBAaHHBIMU BBIBOJAMH U PEKOMEHIAIHSIMU

e (CnocobeH pa3pabaThiBaTh U MOJEPHU3UPOBATH MMPOTPAMMHOE U allllapaTHOE
obecrnieueHre MHPOPMAIIMOHHBIX U aBTOMATH3UPOBAHHBIX CHCTEM

e (CnocoOeH ynpaBJATh MPOLIECCAMU U IPOECKTAMU IO CO3JIaHUI0 (MOAU(UKAIINN)
MH(OPMAIMOHHBIX PECYPCOB
Heasro nannoit BKP sBnsercs pazpadbotka [10 B BUpTyanbHO peanbHOCTH 1Jis

NMOHUMAHUS U PA3BUTHUS dBPUCTHUECKOTO MbIuIeHus. Urpa Oyaer mpencraBicHa Ha
wiatpopme WIindowS u BbIONHEHA NP MOMOIIM cpeabl pa3padboTku urp Unity

ucnomb3ys texHonoruto DOTS.
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JIJist BBITIOJTHEHUSI MOCTABJICHHOW 1€ HEOOXOAUMO Pa3pelIuTh CIEAYIOIINe
3aa4Mu:
N3yunTh UCTOYHUKHU 110 BEIOPAHHOH TEME;
[IpousBectu aHanu3 nNpeAMETHON 00JIaCTH;
Br16paTh HHCTpYMEHT pa3paboOTKU;

1

2

3

4. Tlpoektupoanue I10;
5. Pazpat6otarts I10;

6

Tectuposanue I10.
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1 O630p ucHOJIB3yeMBbIX TEXHOJIOTHIA

B xonme BbIMOMHEHUS BBHIMYCKHON KBaNU(UKAIMOHHOW paboOThl ObLIH
UCTIOJIb30BaHBI PA3IMYHbIC TEXHOJIOTUH, TPEOYIOIIUIl ONTMCAHUSI.

1.1 Bbi0op cpeabl pa3padoTKu BUAECOUTP

B nauane pazpabotku [10 Heo6xoaumo BeIOpaTh cpeay pa3paboTKH, TaK Kak
HYXHO pa3paboTaTh UTPOBYIO MEXaHUKY, TO BEIOMPATh HYKHO U3 Cpel pa3padoTKu
Bugeourp. Janee, mis Oojiee TOYHOTO MPHIEPKUBAHUS K NMpodecCHOoHATbHOMY
JIEKCUKOHY, Cpe/ia pa3pab0TKu Urp OyJEeT Ha3bIBATHCA UTPOBBIM JIBUKKOM.

1.1.1 Unity

Unity [1] — mexmnardopMmenHas cpea pa3pabOTKA KOMITBIOTEPHBIX HIP,
pa3paboranHas amepukaHckoir kommanumed Unity Technologies [2]. Unity
IpeACTaBIsieT U3 ce0s OIWH M3 CaMbIX IOMYJSIPHBIX HWIPOBBIX JBM)KKOB Ha

cerogusHui aenb. Jlorotun Unity npeacTaBieH Ha pucyHke 1.

unity

Pucynok 1 — Jlorotun Unity

1.1.2 Unreal Engine

Unreal Engine 4 [3] — wurpoBoit ABWXOK, pa3pabaTblBacMblii U
noaaepxxkuBaeMbiii kommnanue Epic Games [4]. Unreal Engine, Hapsny ¢ Unity,
SBJISIETCSI OJTHUM M3 CaMbIX MOMYJSPHBIX IBWKKOB. B oTinune ot Unity, oH umeer
0oJee BBICOKHM MOPOT BXOJIa M CIICIIMATIU3UPOBAH OOJIBITIE JIJISl KPYITHBIX MPOEKTOB.

Jlorotun Unreal engine mpencTaBiieH Ha PUCYHKE 2.
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UNREAL

ENGINE

Pucynox 2 — Jlororunr Unreal engine
1.1.3 Godot
Godot Engine [5] — otkperThiii kKpocciutarhopmennsiii 2D u 3D urpoBoii
JIBIKOK moj juuen3ue MIT, kotopeiii paspabartbiBaetcs coobmiectBoM Godot
Engine Community [6]. Godot — amMOHMIMO3HBI HOBHUYOK CPEIHd HIPOBBIX
JIBI)KKOB, CBOMMHU akKIleHTaMu Ha HebOompiue 2D u penko 3D urpamu oH o4yeHb

noxox Ha GameMaker. Jlorotun Godot ripeicTaBieH Ha pucyHke 3.

GODOT
w Game engine

Pucynox 3 — Jlorotun Godot

1.1.4 GameMaker: Studio 2

GameMaker: Studio [7] —Mormsbli UHCTPYMEHT AJisi TPO(HECCHOHATBHOM
pa3paboTKu Wrp. SIBISETCS OMHUM W3 CaMbIX IMOMYJSPHBIX HTPOBBIX JIBUKKOB.
PazpabateiBaeTcs kommanueir YoYo Games [8]. GameMaker Studio oTiamdHO
MOJIXOUT JIJIS MpOou3BoACTBa HeOombiux 2D mimu npocteix 3D urp. GameMaker
c1ab0 MCIONB3YETCS CPEAN UTPOBBIX CTYJIUM, @ 3HAYUT 3HAHUS JAHHOT'O UTPOBOTO
JBIDKKA HE CUJILHOTO TOMOTYT MpHW JajbHEWIeM Moucke paboTel. Jlorotun

GameMaker Studio npeacraBieH Ha pucyHKe 4.

¢ GameMaker Studio 2°

Pucynok 4 — Jlororun GameMaker Studio
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1.1.5 CpaBHeHue cpea pa3patoTKu BUIEOUTP
YrtoObl BHIOpaTh MPaBUIBHBIA UTPOBOM ABMKOK, Oy/leM CpaBHHUBATH MX IO
CJIEIYIOLUM KPUTEPHUSIM:

1. ZlocTynmHOCTBh — CTOMMOCTb HCIOJIb30BAHHSI HTPOBOTO JIBHKKA;

2. KpoccnnaTtgopMeHHOCTh — BO3MOXKHOCTD 3aIlyCKaTh IIPOEKTHI HA PA3HBIX
LIEJIEBBIX MIAaTPOpMax;

3. Pabora ¢ 3D — wurpoBoii IBMWXKOK JOJKEH Xopouio paborate B 3D
npocTpaHCcTBe, Tak kKak BKP npoekT nogpasymeBaercs 1o BUPTyaJIbHYIO
peanbHOCTB;

4. Mara3uH pecypcoB — UTPOBOW ABUKOK JIOJXKEH UMETh Mara3uH peCypcos,
KOTOpBIM TO3BOJUT IOJIy4aTh WJIA NpUOOpeTaTh JAOIMOJIHUTEIIbHbIC
nosie3Hble PYHKIUU JJIs1 pa3pad0TKU BUACOUTD;

5. BakaHcuM — Ba)XXHO HCIIOJI30BATh WUIPOBBIM JIBHJKKOM, KOTODPBIN B
JaJIbHEUIITNM MOXET JaTh OIUIauMBaeMoe paboyre MecTo.

B Tabmuue 1 mpencraBiieHbl pe3ysbTaThl CPABHEHUS UTPOBBIX JBUYKKOB IO

BbIOpaHHBIM KPUTEPUSIM.

Tabnuua 1 — CpaBHEeHHE UTPOBBIX ABUKKOB 10 BEIOPAHHBIM KPUTEPHSIM

& unity @ @ GoDOT G‘

Hoerymmoers v |V v | X
KpoccrmardopMeHHOCTb v v v V4
PaGora ¢ 3D v v v X
Marasin pecypeos v v X v
v |V X | X

B pesynbrare, 0OBEKTHBHBIM KPHUTEPHUSM COOTBETCTBYIOT [Ba MIPOBBIX
nsmkka Unity u Unreal Engine. Caenath BBIOOp B CTOPOHY OJTHOTO M3 HUX TIOMOYKET

SI3BIK TPOTPAMMHPOBAHUS TAaHHBIX JBWKKOB. UNity ncnoms3yer s3pik C#, a Unreal
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Engine ucnone3yer C++. B urore Bei60p man Ha urpoBoid nBmxkok Unity tak, kak

JUYHbIE 3HAHMS s13bIka C# peBOCXOIAT 3HaHUS s13bIka C++.

1.2 Cpena pa3padorku JetBrains Rider

JetBrains Rider — kpoccmiatdopMeHHas HMHTEIPUPOBAaHHAs —cpeaa
pa3paboTku mporpaMMHoro obecrieuenus ais maatgopmsl .NET, paspabaTsiBaemas
xommanueit JetBrains. B manHoM ciyuae BaxkHO, uTo Rider mosker BbICTynath
penakTopoM ucxonHoro koma mis Unity ¢ BO3MOXXHOCTBIO MOJICBETKH Pa3HBIX
JacTel Koja ¥ aBTojonoHeHneM. Takxke B Rider yxe BctpoeHa nogaepxka Unity
[9].

1.3 O0630p Texnoaornu DOTS

Crex mH(pOpMaIMOHHO-OpUEHTHPOBaHHBIX TexHosorui (DOTS) mo3Bomser
UCIIOJIb30BaTh BCE BO3MOXKHOCTHM HOBBIX MHOTOSJEPHBIX IPOLECCOPOB 0Oe€3
CO37aHMsl  JIOTIOJHUTEIBHBIX CIIOKHBIX MPOTPAaMMHBIX —anroputmax. [laker
texHomornn DOTS maxomuTcs Bce eme B pa3pabOTKe, KOTOPBIH IOJIydaeT
nocrostHHbie 00HOBIIEHUS [10]:

1. Entities (ECS) — aTo mepexoa oT 00bEeKTHO-OPHEHTHPOBAHHOTO OJIX0a K
WHPOPMAIIMOHHO-OpUEHTHpOBaHHOMY.  Entities  ycmemno — mcnomnb3yer
cucremy Job C# u Burst Compiler, packpsiBas BCIO MOIIIb COBPEMEHHBIX
MHOTOSIIEPHBIX TPOIIECCOPOB;

2. System Job C# - ucnonb3yeT BO3MOXXHOCTH COBPEMEHHBIX MHOTOSIICPHBIX
nporeccopoB. Cucrema pa3zpaboTaHa C HENbIO YIPOCTHTHh MPOrpaMMHUCTaM
C# paspaboTky 6e301macHoro, OpICTPOro M MapauieIn3yeMoro Koja.;

3. Kommunsrop Burst - nosetimas vHa LLVM BbhuuciauTenbHass TEXHOJIOTHS
O9KeHI-KOMIIIALUY npeBpammaeT C# ko1 B ONTUMHU3UPOBAHHBIA MAIIMHHBINA
KOZI;

4. Unity Physics - texmomoruss DOTS, Taxkke mpemocTaBiIsseT HOBBII
bu3nYeCcKuil IBUKOK, KOTOPBIM MMOMOXKET MOJIeIMpoBaTh (U3uKy 6€3 yiiepoa
IPOU3BOAUTENLHOCTH, MOAXOsIIas K COBPEMEHHBIM TpeOOBaHUSAM IS

CETEBOro OOMEHA TaHHBIX
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5. Unity NetCode — wuHCTpyMEHT /sl ONTHMHU3AIMM CETEBOTO KOJa,
MMOMOTAIOIINUK TMPOTHO3UPOBATh HA CTOPOHE KIMEHTA, «aBTOPUTETHBIM
CEpBEp U C HUHTEPHOJSALUEH, YNPOIIAIIMK pa3pabOoTKy IIyTEPOB U HE
TOJIBKO;

6. DSPGraph - HoBeiilass 3BykoBasi MOJACHCTEMa HHU3KOTO YPOBHs, KOTOpas
cCoBMECTUMa ¢ Kommwiasitopom Burst, uro mo3Bosisier mporpaMMucTam u
pa3paboTunkaM 3BYKOBOTO odopMieHHUs pa3pabaTbiBaTh COOCTBEHHBIC
3BYKOBBIE CHCTEMBI;

7. Unity Animation — HHCTpYMEHT [UIsl CO3/aHUS aHUMAIMW, BKIFOYAs
WHBEPCHYIO KHHEMATHKY, CMEIIINBAHUE, MACKU U CJIOH.

ECS — 5910 apXWuTeKkTypHbI MAOJOH [JIsi TMPOEKTUPOBAHUS TMPOEKTa
cocrosimuid u3 "CymHocts KommonenT Cucrema”. I'me “Cymaocts” (Entity) —
OOBEKTHI-KOHTEHHEPHI, HE UMEIOIINI CBONCTB, HO SIBJISIOMIUNCS XPAHWIUIIEM JIJIS
“KomnonenToB”. “KommoHeHT” — 3TO OJIOKM C JaHHBIMH, KOTOpBIE XPaHST
BCEBO3MOKHBIE CBOMCTBA JIFOOBIX UT'POBBIX O0BEKTOB W/WiIM cOObITUNA. M Bce 3TH
JaHHBIE,  HaXoAsIIMecs B  KOHTEMHepax, o00pabaThIBalOTCA  JIOTHKOM,
CYIIECTBYIOIIEW TONBKO B BHAE “CHCTEM’ — 3TO KIACCHI C OMNPEACIECHHBIMU
METOJAMU JUIA W3MEHEHHUS KOMIIOHETOB. JlaHHBIM AapXWUTEKTYpPHBIM NATTEPH
SBJIIETCSI HE3aBUCUMBIM OT Jt000OM cpeabl pa3pabOTKU U HMMEET MHOYKECTBO
peanm3arnuii. Ho xaxaplii “IBIKOK” MO-CBOEMY peann3yeT mHuimanm3anuo ECS
AJIEMEHTOB.

B cramgaptHom Unity (6e3 ECS) wucnomssyrorcst GameObject, kax
“CympHocTH”, a HaciequukaMu kimacca MonoBehavior seisitores “KommoneHTs”
u “Cuctemsr”’. B ECS noruka Bceraa JofkHa ObITh pa3feiabHO OT JAaHHBIX. DTO
MO3BOJISIET OYCHB THOKO YIPABJIATH JOTUKOM, HE JIoMas JaHHbIC. JIpyruM IIrocoM
SIBIIIETCS TO, YTO JaHHBIE 00padaThIBalOTCSA MOTOYHO (3a cueT Job system) B kaskmoii
CHCTEME M HE3aBHCHMO OT “ABMKKa”, B oTiamuuu ot MonoBehaviour, xoTopsrii
MHOro B3amMojeicTByeT ¢ “Native”-uacThio, 4YTO JellaeT IPOEKT MEHee

npou3BOAUTEIbHBIM [11].
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Apxutektypa Entity Component System (ECS) pa3snmensieT maeHTHUYHOCTH
(cymHOCTH), naHHBIE (KOMIIOHEHTBI) W TIOBEICHHUE (CHCTEMBI). APXUTEKTYypa
OpUEHTUPOBaHa Ha JTaHHbIE. CUCTEMBI CUMTHIBAIOT ITOTOKHA JAHHBIX KOMIIOHEHTOB,
a 3aTeM MpeoOpas3yroT TaHHbIE U3 COCTOSHUS BBOJIa B COCTOSIHHE BBIBOJA, KOTOPHIE

34TCM HHACKCHUPYIOTCA.
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2 IlpoexTuposanue 110

2.1 CoorBercrBue 11O 3BpuCcTHYECKOMY NOAXOAY

OT cranmapTHOM y4eOHOUM UTPhI SBPUCTHUUECKYIO UTPY OTIIMYAET TBOpUECKAs
COCTABJIAONIAs, TMYHOCTHBIN XapakTep U 0OJIbIas CTeIIEHb OTKPBITOCTH. [24]

UtoOBl TOOUTHCS TBOPUECKOW COCTaBIISIONICH Tipu paspadoTke [10, Hy)HO
yOenurcs, yTo nercTBUs (TredMIuiel) urpoka sBisieTcs: yHukaiabHbiMH. K mpumepy,
€CJIM B UTPY JA00ABUTH PEIICHHE MAaTEeMATUYECKOTO0 YpaBHEHUS, TO OUYEBHJIHO, UYTO
JUTSL JTFOJICH, pa30MparOIIMXCS B MaTeMaTHKE, PEIICHUE 3a7a4 He OYyJeT SBISETCS
TBOpueckuM. W3 3TOro cremyer, 4Tro TeWMIUIEH OJKEH OBITh JOCTATOYHO
a0CTpaKTHBIM.

J1J1st TOrO, YTOOBI TeMMILICH ObLIT TBOPUECKUM, HEOOXOAMMO, UTOOBI 3a1a4a He
pemanach ¢ IOMOIIBI0 KOMOUHAaTOpUKU. Hampumep, 3aMOK ¢ N-3HAYHBIM KOJIOM
MOXHO OTKPBITh, epeOupast 3HaueHus1. KoHeuHo, MoydeHue Kojia OT 3aMKa MOXKET
U SIBJISIETCS TBOPYECKOW 3a7aueil, HO caMO CYIIECTBOBAHUE PELICHUS C MOMOIIBIO
KOMOMHATOPUKHU YX€ JIeJIaeT €ro IIaTKOoW TBOpYecKoul 3amaueil. B ciywaum, ecnu
CYILIECTBOBAaHHE KOMOMHATOPUKMA B TelMIIee HEU30€KHO, TO HEOOXOIUMO
aKIIEHTUPOBATh BHUMAHHUE UTPOKA HA TBOPUECKUX BO3MOKHOCTSX.

JIoOUTBhCS TPOSIBIICHUSI JIMYHOCTHOTO XapakTepa BO3MOXKHO C TMOMOIIbIO
HEJIMHEMHOCTU WTPOBOro Ipouecca. s peann3anuu HEIMHEWHOCTH WIPOBOIO
mpoiiecca He 00s13aTeIbHO HaTMYMe HECKOJIbKUX KOHIIOBOK. HemmHeHHOCTH MOKHO
JIOOUTHCS C TOMOIIBIO CYIIECTBOBAHUS PA3IUYHBIX MYTEeH K OJTHOM U TOU K€ 1IeIH,
YTO W JIeaeT MyTh UTpoKa Oosiee TMYHOCTHBIM. bosibiias cTeneHb OTKPHITOCTH B
HBPUCTUUECKON HIpe 3aJaeTcsi ¢ IMOMOIILI0 OIMUCAHHBIX BhHIIIE TpeOOBaHUN K
TBOPYECKOW COCTABJISAIOIIEH Y INYHOCTHOMY POCTY.

Pemenue 3anauu B aBpuctudeckoit [10 10mKHO OBITH:
— HoBoii 1y1st Bcex UrpokoB (a0CTPaKTHOM);
— Hepemaemoii ¢ moMorp10 KOMOMHATOPUKY (HJIA 3aCTaBUTh UTPOKA HE

WCITOJIb30BAaTh KOMOMHATOPHKY);
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— OTKpBITON 00pa30BaTEIBLHOM CPeIoil C OTCYTCTBHE 3apaHee U3BECTHOTO
pe3ynbTara.

[lepeiiieM K OMMCAaHUIO TEUMILIES Ha OCHOBE BBIIIE YIOMSHYTBIX MYHKTOB.
HamowmHro, uTo Bujeourpa paspadarsiBaetcs it VR yctporicts. JlaHHBIN BBIOOD
00yCIOBJIEH YHUKAJIbHBIMU BO3MOXXHOCTSIMU BBOJIa TAaHHBIX C TOMOIIbI0 VR mmema
Y KOHTPOJIEPOB.

B ocnoge I10 nexxut urpoBas MexaHuka, MO3BOJISIONIAS COSAUHATD OOBEKTHI,
KOTOpPbIE MOHO B35Th B PYKU. COEAMHATHP UX MOXKHO KakK YroJHO B JIHOOYIO
npou3BosibHYt0  Qopmy. Taxxke  pazbeAMHEHHWE  TPEIMETOB  paboTraer
IPOTHUBOIIOJNIOXKHO COEAUHEHUI0. J[0CTaTOYHO MPOCTO B35Th JBAa COEOUHEHHBIX
00BEKTa B pa3HblE PyKHU, YTOObI pa3beIUHUTH UX.

W nocnennee, 4to ocraercsa caenarb 3T0 CUCTEMY 3BPUCTUYECKOTO 0TOOpA,
KOTOpast BBIAAET Pe3yJIbTaThl 10 MHOXKECTBY BO3MOKHBIX Bapualluil COCIUHEHHBIX
IIPEIMETOB.

Cucrema 3BpUCTUYECKOTO 0TOOpa XpaHUTh B ceOe 0a3y UCXOAHBIX TAHHBIX O
BO3MOXKHBIX KOMOHMHAIUsl COEIMHEHHBIX IpeameToB. OTOOp AaHHBIX MMEET JBa
peXrMa ouckKa: npsiMoil 0TOOp JaHHBIX U KOCBEHHBIN 0TOOP JaHHBIX.

[Ipsmoit oTOOp JaHHBIX MOAPA3yMEBAECT IOJHOE COBIAJCHHS 3HAYCHUU
BXOJITHOTO Habopa 3JIEMEHTOB C UCXOAHBIM HAOOPOM 3JIEMEHTHI.

KocBennblid 0TOOp JaHHBIX TOAPAa3yMEBAET COBMAICHUS 3HAUEHHUI BXOJHOTO
Ha0opa SJEMEHTOB C HMCXOJIHBIM HAa0OpOM JJIEMEHTHI, HO 0€3 yueTa IMOJHOTO
COBNAJCHHUS IO KOJIMYECTBY 3JIeMEHTOB. OCOOEHHOCTHIO KOCBEHHOTO OTOOpa
ABJIIETCS] HACTPOIKa GUILTPOB 0TOOpA, KOTOpas MpeAcTaBieHa B Tabauue 2.

Tabnuma 2 — 3Havuenust GuIbTPOB KOCBEHHOTO 0TOOpa

Hassanue | 3Hauenue Onucanue
Min BbIBOIUT pe3ynbTaT ¢ MUHMMAJIbHBIM KOJJMYECTBOM 3JIEMEHTOB B
HUCXOMHOU Oaze
Amount
Max BbIBOIUT pe3ynbTaT ¢ MaKCUMaIbHBIM KOJIMYECTBOM 3JIEMEHTOB B
HCXOIHOI Oa3e
None BBIBOIUT pe3ynbTaT B KOTOPOM HET OAMHAKOBBIX 2JIEMEHTOB
. BI)IBO UT PE3VYIIbTAT B KOTOPOM, KaK €CTh, TAK U HCT OJJNHAKOBBIX
Copies Include AT pesy POM, ’
3JIEMEHTOB
Only BBIBOIUT pe3ysbTaT B KOTOPOM €CTh OJJMHAKOBBIX 3JIEMEHTOB
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All Ecnu pe3ynpTaToB HECKOJIBKO, TO BHIBOJIUT BCE
Random | Ecnu pe3ynbTraToB HECKOJIBKO, TO BRIBOAMT OJIUH CITyYaiHBINA U3 HUX

Ecau HeT HM OAHOI'O COBIIAACHHS BXOAHBIX HJAHHBIX C MCXOJHBIM Ha60pOM

Get

JaHHBIX, TO cucTeMa Bo3BpaiaeT “‘Het qaHHBIX” B 000UX CITydasx.

2.2 IIpoekTHpOBaHME UTPOBO MEXaHUKHU

Ha pucynke 5 mpencraBieHa AuarpaMMa KiIacCOB HIPOBOM MEXaHUKHU
COEIMHEHUs/pa3beIMHEHUST 00bEeKTOB. Ha KOTOpOil B ITpaBoil 4aCTH PACIIONOKEHbI

KOMITOHEHTHI, XpaHAIIE JaHHBIC, a B JICBOM YaCcTU CHUCTEMBI, 00pabaThIBArOIINE

JAaHHBIC.
ResetDataSystem L~
+0OnUpdate(): void =
Q «Structs
TagGhost
AutolnteractiveJointGroup
+OnUpdate(): void
AutolnteractiveHandType
«Structs
+OnUpdate(): void Jo?mGrt;up
+index: int
+i50riginindex: bool

InputControllerSystem

+OnUpdate(): void [~ astruchs
InteractiveComponent
MoveHandSystem +idint
+ghost: Entity
+0OnUpdate(): wvoid +inHand: HandType
T rrrrrr +collisiobWith: Entity
CreateJointObjectsSystem :-ics%liélauslsqigtgo.golllsIon..alate
- — e +nearHand: HandType
OnUpdate(): void +distance: float
T
DisableJointObjectsSystem
S
+0OnUpdate(): void
TriggerEventHandWithinteractive |—. estructs
InputControllerComponent
+0OnUpdate(): void +handType: HandType
+inHand: Entity
+isJaint: bool
GripSelectedObjectSystem Jposhon. ;'S:tfmion
+0nUpdate(): void ~

ObjectSelectionSystem

+0OnUpdate(): void

DisableGravityJointObjectsSystem

+0OnUpdate(): void

CollisionEventinteractive

+0OnUpdate(): void

Pucynoxk 5 — JluarpamMmma KJ1acCOB UTPOBOM MEXAHUKHU
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B tabnuue 3 mpeactaBieHO ONMMCaHUE KOMIOHEHTOB Ji pabOThl UTPOBOM
MEXaHUKHU COeMHEHVsI/ pa3beIUHEHUSI OOBEKTOB.

Ta6nuna 3 — Onrcanue KOMIOHEHTOB UTPOBOM MEXaHUKH.

Hazsanue

Onucanue

InputControllerComponent

XpaHUT JaHHBIE O KOHTPOJIEpE

InteractiveComponent

XpaHI/IT JAaHHBIC O UHTCPAKTUBHBIX 00BeKTax

JointGroup XpaHUT TaHHBIC HHJICKCA IPYIIIbl HHTEPAKTUBHBIX
00BEKTOB
TagGhost Omnpenensiet BbIICTCHHBIA 00BEKT HHTEPAKTUBHOTO

npeaMera

B Ta6JII/IIIC 4 MNpcaACTaBJICHO OIIMCAHHUC CHUCTCM JIA pa6OTBI HFpOBOﬁ

MEXaHUKHU COCAUHEHUsI/ pa3beIMHEHUS OOBEKTOB.

Tabnuna 4 — Onucanue CUCTEM UTPOBOM MEXAHUKH.

HazBanwue

I'pynma

Omnucanue

AutolnteractiveJointGroup

InitializationSystemGroup

CMeHa MH/IEKCOB TPyl
1. HTHTEPaKTUBHBIX
00BEKTOB

AutolnteractiveHandType

InitializationSystemGroup

CmeHa pyk i
MHTEPAKTUBHBIX 0OBEKTOB

ResetDataSystem

InitializationSystemGroup

COpoc naHHBIX B HA4ajIe
KaKJIOTO KaJipa

InputControllerSystem

InitializationSystemGroup

Perucrpanus BBoga
KOHTPOJIEPOB

MoveHandSystem FixedStepSimulationSystemGro JIBHXKEHUS YK
up
TriggerEventHandWithInteract | FixedStepSimulationSystemGro | O6paboTka KacaHus pyK u
ive Up HWHTCPAKTUBHBIX 00BEKTOB
CollisionEventinteractive FixedStepSimulationSystemGro O0paboTka KacaHus
Up HHTCPAKTUBHBIX 00BEKTOB

MEeXy co00i

ObjectSelectionSystem

SimulationSystemGroup

Brienenne oobekTa
KOTOPBIA MOXKHO
CXBAaTHUTh.

GripSelectedObjectSystem

SimulationSystemGroup

O6paboTka HaXKATUSA
KHOTIKH grip Ha
BBIJICTICHHBIA O0BEKT

DisableJointObjectsSystem

SimulationSystemGroup

Pa3zwenuHuth
COEIMHEHHBIE 00BEKTHI

CreateJointObjectsSystem

SimulationSystemGroup

CoennHNTL 0OBEKTHI
(pyKy ¢ 00BEKTOM, OOBEKT
C 00BEKTOM)
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DisableGravityJointObjectsSys

tem

FixedStepSimulationSystemGro

up

OTKIII0YeHUE TPaBUTALIUU
WHTEPAKTUBHBIX 00BEKTOB

B pyKax

2.3 IIpoekTrpoBaHMe CHCTEMbI IBPUCTHYECKOT0 0TOOpa

Ha pucynke 6 mperncraBieHa auarpaMMa KJIacCOB CHUCTEMBI

IPsIMOTO M KOCBEHHOTO 0TOOpa ¢ puiibTpamu.

astruct=
Filters

+useCopies: Copies
+fromiManyAnswers: Get

+amountElements: Amount

«siructs
DataSelection

- data: Data

+DataSelection(Datal])
+Get{U[]): string
+GetByFilters(U[], Filters): string

-UseFilterGet{Get, List): string

-UseFilterAmount{Amount, int, int): bool
-UseFilterCopies(Copies, bool): bool

zenumeration: wenumeration: wenumeration:
Amount Copies Get
+Min +Mone +All
+Max +Include +Random
+Oinly
wstruct=
BaseData
astructs
Data -data: Data
e g -index: int
+value: T
+values: U +Data(): Data
+BaseData(int)
+Add(T, U[]): void

Pucynok 6 — JlmuarpamMma KJ1acCOB CHCTEMBI SBPUCTHUECKOTO 0TOOpa

BPUCTUYECKOTO

B Tabnuie 5 mpencraBieHO ONMMCaHHWE KIIACCOB Il pabOThI CHCTEMBI

ABPUCTUYECKOTO 0TOOPA.

Tabnuua 5 — Onucanue Ki1accoB CUCTEMbI IBPUCTHYECKOTO 0TOOpA.

Hasanne Onucanue
Filters XpaHUT 3HaueHUs (PUIBTPOB JJI1 KOCBEHHOTO 0TOOpa
Amount OUIBTP MO KOJIMYECTBY IEMEHTOB B BBIXOJHOM Habope
Copies OUIBTpP MO UCIOIB30BAHUIO KOMH 3JIEMEHTOB B BBIXOJIHOM Habope
Get OunbTp A7 BBIBOJIA BBIXOJHOI0 Habopa
Data OnwuceIBaeT HK3EMIUIAP 3JIEMEHTa HCXOJHOr0 Habopa TaHHbBIX
BaseData XpaHUT UCXOHBIE JaHHbBIE
DataSelection O06paboTka UCXOIHBIX JAHHBIX CUCTEMBI IBPUCTUYECKOTO OTOOpa
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3 Peasnuzanus [1O

3.1 Peanu3zanmusi WrpoBoii MeXaHUKH COeIMHEHUs/pa3beInHeHUs]
00bEKTOB
Ha PUCYHKE 7 IIpeJICTaBIICH KO CKpHIITa KOMIIOHEHTA

InputControllerComponent.

Pucynok 7 — Kox ckpunra kommonenta InputControllerComponent

Ha pucynke 8 npencrasieHn koj ckpumnta komrnoHenta InteractiveComponent.
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1entData

Pucynok 8 — Kox ckpunra kommonenta InteractiveComponent

Ha pucynke 9 npencrapiieH kKoJ ckpunTa komnoneHTa JointGroup.

t JointGroup : IComponentData

Pucynok 9 — Kox ckpunra kommnonenta JointGroup
Ha pucynke 10 npencraBneH kol ckpunra koMmmnoneHTa Tera TagGhost. Tak
KaK 3TO TEr, TO OH UMEET MYCTYI0 peajlu3alyio U HYKEH JIUIIb JJIsl TOro, YTOObI
OTJICIUTh WHTEPAKTUBHBIA OOBEKT OT TOYHO TaKOTO k€ OOBEKTa, HO KOTOPBIN
HY>KEH JIUIIb 7151 BBIJICJICHUS 0ObEKTA.

[GenerateAuthoringComponent]

t TagGhost : IComponentData

Pucynox 10 — Kop ckpunta kommnonenta TagGhost

Ha pucynke 11 npencrasien ko ckpunrta cuctembl AutolnteractiveJointGroup.
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Pucynok 11 — Kox ckpunta cuctembl AutolnteractiveJointGroup

Ha pucynke 12 npencrasien kox ckpurnra cucteMbl AutolnteractiveHandType.

Pucynok 12 — Kop ckpunta cuctemsl AutolnteractiveHandType

Ha pucynke 13 npencraBnen koj ckpunta cuctembl ResetDataSystem.
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Pucynok 13 — Kon ckpunta cucremsr ResetDataSystem

Ha pucynke 14 npencrasien kon ckpurra cuctemsl InputControllerSystem.

Pucynox 14 — Kon ckpunta cuctemsl InputControllerSystem

Ha pucynke 15 npenacrasien ko ckpunra cucrembl MoveHandSystem.
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deltaTime;

Pucynok 15 — Kop ckpunra cuctembr MoveHandSystem
Ha PUCYHKE 16 MIPEJICTABIICH KOJI CKpUITa CHUCTEMBI

TriggerEventHandWithlInteractive.

Pucynoxk 16 — Ko ckpunta cuctemsl TriggerEventHandWithinteractive
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Ha pucynke 17 npencrasien kox ckpurnra cucremsl CollisionEventinteractive.

Pucynox 17 — Kon ckpunta cuctemsl CollisionEventinteractive

Ha pucynke 18 npencrasien kon ckpurnra cuctemsl ObjectSelectionSystem.

Pucynok 18 — Kon ckpunta cuctemsr ObjectSelectionSystem
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Ha pucynke 19 npencrasien kon ckpurnra cuctembl GripSelectedObjectSystem.

Pucynok 19 — Kon ckpunta cuctembl GripSelectedObjectSystem

Ha pucynke 20 npencrasien ko ckpurnra cuctembl DisableJointObjects.

Pucynok 20 — Kon ckpunta cuctemsr DisableJointObjects
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Ha pucynke 21 npencrasien kox ckpurnra cucremsl CreateJointObjects.

Pucynoxk 21 — Kon ckpunita cuctemsl CreateJointObjects

Ha pucynke 22 npencrasien kon ckpunra cucteMbl DisableGravityJointObjects.

Pucynok 22 — Kon ckpunta cuctemsl DisableGravityJointObjects
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3.2 Peanm3anus cucteMbl 3BPUCTUYECKOT0 0TOOpa

[TepBbIM €7TOM JIJIs1 CUCTEMBI SBPUCTUYECKOTO 0TOOPA MOHATO0NUTCS TaHHBIC
U3 KOTOpBIH M OynaeT coBepmaTh oTOOp. s XpaHeHHsS MaHHBIX CO3/1aUM
ctpykrypy Data, kak mokazano nHa pucyHke 23. Crtpykrypa Data oGmamaer
0000mEHHLIMY THIIAMHA | B U, 4TO MO3BOJIAIOT CO3JaBaTh JaHHBIE JHOOOro THIIA.
JlanHast CTpyKTypa nuMeeT moiie value — Ha3BaHue JaHHBIX U 1oJie values, kotopoe

XpaHUT CaMH JJaHHBIC.

Pucynox 23 — Ctpykrypa ganusix Data
Crpyktypa Data ommcpiBaeT OOMH HK3eMIULIp AAHHBIX, JJISI OMUCAHUS
MHOXECTB JTaHHBIX CO3JaJuM CTpPYKTypy BaseData, xotopas XpaHWUTh MacCHB
cTpyktyp Data u 1aeT Bo3MOKHOCTB 3aM0IHATh JaHHbIE ¢ TOMOIIbI0 MeToaa Add u
I0JTy4aTh JaHHBIE ¢ TOMOIILI0 cBoicTBa ResultBaseData, kak mokazaHo Ha pHCYHKE

24. Ctpykrypa BaseData nmeeT Bce He0OX01UMOE JIJIs CO3aHUsI MHOYKECTB TAHHBIX
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Data{_.

Pucynox 24 — Ctpykrypa nannsix BaseData
PeanuszyeM BO3MOXXHOCTH COBepIaTh OTOOP JMaHHBIX. {151 aTOrO Co3maanm

(GuabTp 0TOOpA JAHHBIX, KAK MOKA3aHO HA PUCYHKE 29.

t Filters

Amount

Pucynok 25 — Ctpykrypa nannbix Filters
Kaxnprit anemenT ¢uibTpa omuchiBaeTcs TurioM enum. Ha pucynke 26

nokasad GuibTp enum Amount.

Amount

Pucynok 26 — Enum Amount
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Ha pucynke 27 nokaszan ¢puietp enum Copies.

Pucynok 27 — Enum Copies

Ha pucynke 28 noka3zan ¢pmistp enum Get.

Pucynok 28 — Enum Get

Ha pucynke 29 nokaszan MeTo ] MpMOTro 0TOOpa TaHHbIX.

Pucynoxk 29 — Meton npsimoro ot0opa JaHHBIX

Ha pucynke 30 mokazan MeTOj] KOCBEHHOTO 0TOOpAa JIaHHBIX.
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Pucynox 30 — MeTo1 KOCBEHHOTO OTOOP JIaHHBIX

Ha pucynke 31 nokasana peanuzanus ¢pmistpoB Amount, Copies u Get.

Pucynok 31 — Peanusanus ¢unstpoB Amount, Copies u Get
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4 TectupoBanme IO

4.1 TecrupoBaHHWe HUIPOBOl MeXaHUKH COeIMHEHUNA/Pa3beINHEeHUs
00bEeKTOB
Ha pucynke 32 mnpexacraBieHa paboTa BbIJCICHUS OOBEKTOB IIPH

npUOIMKEHUU PYKU K HUM, KOTOPbIE B IaJIbHEHIIINM MOKHO OyI€T TOTHSTh.

SMEeCTUNCA KA MeCTO NpoexuMM.

Pucynok 32 — Beinenenue 00beKTOB Py NMPUOIMKEHUH PYKH
Ha pucynke 33 npezncrasiena padboTa yJaep>KUBaHUs BbIAECIEHHBIX 00BEKTOB

B pyKax.

S nmpeawer
TIyCcxKan Trigger), wwo
‘\:u\\::nca HE MEeCTO NPpoexiiMMi.

Pucynok 33 — Y nepxrBaHue BbIIETICHHBIX 00BEKTOB B pPyKax

Ha pucynke 34 npencrapiiena paboTa COeIMHEHHUS] OOBEKTOB MEKY COOOM.

= eamer
Trigger) wroSsl Mp :
[arip (we oTmycxas cexiymn. we OTmyCKan
ppeMeCcTUNCR Ha mecTo np ‘\zutecmnca Ha .

Triggerh wroG1 Mpeamer
ecTOo npoe«uun.

Pucynok 34 — Coennnenue 00bEKTOB
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4.2 TecTupoBaHHe CUCTEMbI IBPHUCTUYECKOT0 0TOOpa
JIJ1st TeCTUPOBAHUS CHCTEMBI DBPUCTHYECKOTO 0TOOpa HY)KHA 3aOJTHUTh

UCXOJIHYIO 0a3y, Kak MOKa3aHO Ha pUCyHKe 39.

Pucynok 35 — 3anosHeHre UCXOTHON 0a3bl
Hanee, co3manum GuIbTp W BBEIEM BXOJHBIC AaHHBIE B Meton Get, kak

MOKa3aHo Ha pUCYHKe 36.

Pucynok 36 — Co3nanue ¢punbTpa u BeinonHeHne metoaa Get

3amycTuB KO/ BBIIIIE, TTOJYYUM Pe3yJIbTaT, KOTOPHIM MMOKa3aH Ha pUcyHke 37.

20010:32] Turp Ko
UnityEngine.Debug:Log (object)

Pucynox 37 — Pe3ynbTaT TECTHpOBAaHUS
Tenepb, ocTaBUM BXOJHBIC JTaHHBIE HEM3MEHHBIMHU, HO MOMEHsIeM (QUIIbTP,

KaK TIOKa3aHO Ha pUCYHKE 38.

Pucynok 38 — Co3nanue HoBoro puibTpa u BeInoaHeHne Metoa Get

3amycTUB KOJI BBIIIIE, MOJTYYUM PE3yJIbTaT, KOTOPHIH MTOKa3aH Ha pucynke 39.

[20:12:8)] Nee CnoH

UnityEngine.Debug:Log (object)

Pucynoxk 39 — Pe3ynbTaT TECTHpOBAaHUS
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4.3 TecTtupoBaHHe CHCTEMbl 3JBPHCTHYECKOTr0 0TOOpa ¢ HUIrPoOBOH
MeXaHUKOM
J1J1st TeCTUPOBAHUS CUCTEMBI IBPUCTHYECKOTO 0TOOPA C UTPOBOM MEXAHUKOIA,

HEOOXOIMMO 3aMoHUTh 0a3y, Kak Mmoka3aHo Ha pucyHke 40.

Pucynox 40 — 3anonaenue 6a3bi
Ha pucynke 41 mnpexncraBieH HCHOAb3YEMbI (UIBTP JII CUCTEMBI

HBPUCTUYECKOTO 0TOOPA.

Pucynox 41 — ®uinbTp CUCTEMBI SBPUCTUYECKOTO OTOOPA

Ha pucynke 42 npencraBieH pe3yJbTaT TECTUPOBAHUS C OJTHUM MPEIMETOM

B PYKE.
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BuGnuortexa

Pucynok 42 — Pe3ynbTaT TECTUPOBAHUS C OJTHUM IPEIMETOM

Ha pucysnke 43 npejcraBieH pe3yJbTaT TECTUPOBAHUS C TPEMs IIPeIMETaMU

B PYKE.

KomMmHaTa spoctwm

Pucynok 43 — Pe3ynbTaT T€CTUPOBAHUS C TPEMS MIpeIMETaMu

Ha pucynke 44 nipencraBiieH pe3yibTaT TECTUPOBAHUS CO BCEMHU MPEeAMETaMHU

B pYKe.

Toprosws UeHTp

Pucynoxk 44 — Pe3ynbTaT TECTUPOBAHUSA CO BCEMU MPEAMETAMU
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5 ®duHaHCOBBI MEHEAKMEHT, pecypco3(pPeKTUBHOCTH U pecypcochepekeHne
[enbro nanHO#M POOOTHI siBIsieTCs pazpadboTka [10 B BUpTyaIbHOM pealbHOCTH
JUISl TIOHMMAaHUS U Pa3BUTHSI ABPUCTHYECKOTO MbIluieHus. Mrpa Oyaer npencraBieHa
Ha tatpopme WINdows u BeIMOIHEHA TPU TOMOIIU cpebl pa3padotku urp Unity
ucnoJib3ys rexnosoruo DOTS.
Lensto pasnmena sBisgercss omnpeaeneHre 3GOEKTUBHOCTH  HAy4YHO-
UCCJIEI0BATENBCKOTO MPOEKTA.
JlaHHBIN pa3zell, NpeIycMaTpUBaET PACCMOTPEHUE CIICIYIOIIUX 3a/1a4:
e [IpenmpoekTHbIN aHAIN3;
e OmnpenesieHHE BO3MOKHBIX aIbTEPHATUB MPOBEICHUS HAYYHBIX
HCCIICIOBAHUM;
e [lnanupoBaHuE HAyYHO-UCCIIEIOBATEILCKONU PAOOTHI;
e OmnpeneneHue pecypcHoi (pecypcocoeperaroiieit), GMHAHCOBOM,
3 PEeKTUBHOCTHU UCCIETOBAHUSI.

5.1 llpeanpoeKTHHII aHATU3

5.1.1 lloreHuMaJAbHbIE OTPEOUTEH PE3yIbTATOB UCCIEAOBAHNS

TexHoJIOrMM 1IararoT BIEpPE UM Ba)KHO Pa3BUBATh B JIIOJSAX CTPEMIICHHUE K
TBOPYECTBY HOBbIMH crniocoOamMu. C 3TUM MOXKET NMOMOYb pa3padaTbiBaeMasi B
pamkax BKP I10O, pa3BuBaromye 3BprUCTUUECKOE MBIIIUICHUE.

LleneBas aynuropust mpoeKkTa — JIIOIU OT 7 10 25 JeT, T.K. UMEHHO B 3TOM
BO3pacTte (OpMHUPYETCs JUYHOCTh, B KOTOPOM HauOoyiee Ba)XHO pa3BUBATh
HBPUCTUYECKOE MBILUICHHE.

OCHOBHOM MPUYKHOM, MOYeMy ObLIT BBIOpaH 3TOT BO3PACT, SBISETCS MEPUOL
dbopmupoBaHUs TUYHOCTU. B aHHBIN nepuo], BaXKHO pa3BUBAThCS B TBOPUECKUX
JEATEIbHOCTSIX, MOCKOJIBKY MMEHHO TBOPYECKHE JIFOJAHM CO3JAI0T MPOU3BEICHUS
HUCKYCCTBa MHpOBOro Macmraba. PaspabateiBaemoe [IO packpeiBaer wu/mim

Pa3BHUBACT TBOp‘ICCKI/Iﬁ MMOTCHI WAl YCJIOBCKA O9BPUCTHYCCKHUM UI'POBBIM OIIBITOM.
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5.1.2 AHaaM3 KOHKYPEHTHBIX TEXHHYECKHUX PpemeHud ¢ MNo3uIumn
pecypco3¢ddeKTUBHOCTH U pecypcocidepexeHust

C KOHKYpPEHTHO-TEXHUYECKON CTOPOHBI OBLI MPOBEICH aHajdu3 MpPOEKTa,
KOTOPBIN TIO3BOJISIET OIEHUTH 3((HEKTUBHOCTH OyayIiel pa3paboTKu U OTPEICTUTh
HaIpaBJIeHUs JJid ee OyIyIIero MOBBIIECHUS.

[To3unus TEXHUYECKOTO PENIEHUS U KOHKYPEHTOB OLIEHUBAETCA 110 KaXIAOMY
MMOKAa3aTeNi0 B IMATHOAIIBHOM IIKajle, TAC 5 SBISCTCS CHIBHOM mo3uimei, a 1
HauOoJee cinabas. Beca nmokaszareneii, onpeensieMble SKCIIEPTHBIM IIyTEM, B CyMME
JIOJIKHBI COCTaBJIATH 1.

AHanu3 KOHKYPEHTHBIX TEXHUYECKUX PELIEHUH onpeaensieTcs no popmyie:
K =).B;-b; (1)

rae K — KOHKypeHTOCTIOCOOHOCTh HayYHOU pa3paOOTKU UM KOHKYPEHTA;

Bi — Bec moka3zatens (B 0JIAX CAMHUIIBI);

bi — 6am 1-ro nmokasareJs.

B Tabnuue 6 npencraBieHa OUEHOYHAs KapTa JJIsl CPaBHEHUSI KOHKYPEHTOB,
Pa3BUBAIOIIMX U MPpONaraHaupyronmx cxoxue oonactu B I'T. KoHkypeHTHI:

— The Legend of Zelda: Breath of the wild,

— Deus EX,

— The Witness.

Tabnuua 6 — OueHo4Has KapTa JJisl CPaBHEHUSI KOHKYPEHTHBIX TEXHUYECKUX

peLIeHUI

Kputepun onenkn Bec bayibl KonkypeHnrocnocooHocTh

kputrepusi | By | Ba | B | Bs | Ky | Ka Ko | K

1 2 3 4 5 6 7 8 9 10

TexHn4yeckHe KPUTEPUH OLEHKHU pecypcoddeKTHBHOCTH

DHEPro3KOHOMUIHOCTh 0,2 5 3 4 4 1 0,6 0,8 0,8

Y 1006CTBO IKCIITyaTaluu 0,15 4 5 4 4 0,6 0,75 0,6 0,6
BbricTponeiicTBue 0,1 3 3 4 4 0,3 0,3 0,4 0,4
[ToTpeGHOCTH B pecypcax 0,2 5 2 3 3 1 0,4 0,6 0,6
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JKOHOMHUYECKHE KPUTEPHH OlleHKH d(PPeKTHBHOCTH

KoHnkypeHTOCTIOCOOHOCTD

0,1 3 5 4 103 05 0,3 0,4
IIPOAYKTa
ITocnenponaxuoe

0,15 4 3) 3 06| 0,75 06 | 045
COIIPOBOX/ICHUE
[IpennonaraeMplii  CpoK

0,1 5 5 5 |05 05 0,5 0,5
9KCIUTyaTalH

HUror 1 43| 3,8 3,8 3,75

HCXOI[SI N3 aHaJIn3a TCXHUYCCKHUX pGHICHI/Iﬁ " CPAaBHCHUA UX C KOHKYPCHTAMH,

OBLI CAcCJIaH BBIBOJ, YTO pa3pa60TKa HMCCT KaK IMPCHUMYHIICCTBA, TAK U HEAOCTATKHU

nepea KOHKypeHTaMu. OJHaKO IPOEKT BBIUTPBIBAET B OTHOIIEHUU 3()(PEKTUBHOCTH

K MOTpeOIsIeMbIM pecypcam.

5.1.3 SWOT-ananus

B xone nposenennss SWOT ananuza ObUIA BBISBJICHBI CUJIbHBIC U CJIA0bIE

CTOPOHBI ITPOCKTA, a TAKIKC €TI0 BO3MOKHOCTH U YI'DO3BI. BbIsIBUM COOTBETCTBUSA

CHJIBHBIX U CJIa0BIX CTOpPOH HTU ¢ IMIOMOIIBIO ITOCTPOCHUA NHTCPAKTUBHBIX MATPHIL

IIPOEKTa, KOTOpas IMpeicTaBlieHa B Tadnuile 7 U B Tabnuie 8.

Tabnuna 7 — UHTepakTUBHAs MaTpHIlAa BO3MOXKHOCTEH

CunpHbIE CTOPOHBI IPOEKTA

BosmoxuocTu

Cl C2 C3 C4 C5
Bl - - - + -
B2 + - - - -
B3 - + - + -
B4 - + - + -
BS5 + - + - -

CrnaOble CTOPOHBI IPOEKTA

Cal Cn2 Cn3 Cn4 Cns
B1 - + - - -
B2 + - - + -
B3 - - - - +
B4 - - - - -
BS5 + - - + -

[Ipu aHamM3e WHTEPAKTUBHOM MaTPULII BO3MOKHOCTEH MOXXHO BBIIBUTH

cienyromue koppenupyromue Bo3moxxkHoctu: B1C4, B2C1, B3C2C4, B4C2(C4,

B5C1C3; B1Cn2, B2Ca1Cné4, B3CnS, B5Cnl.
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Tabmuia 8§ — UHTepakTUBHAS MaTpHIlA YIpo3

CuJiIbHBIE CTOPOHBI TTPOCKTA
Cl C2 C3 C4 C5
v1 + - - - -
Y2 - - - - +
VY3 - - - - -
Y4 - - - - -
Yrpo3sl Y5 - - - - -
Crna0ble CTOPOHBI IPOCKTA
Cnl Cn2 Cn3 Cn4 Cn5
v1 - - + - -
Y2 - - - - +
V3 + + - - -
Y4 - - - - -
Y5 - - - + -

IIpn ananm3e MHTEPAKTUBHOW MATPHULBI YIPO3 MOKHO BBIIBUTH CIICIYIOLINE

koppenupytomue yrpossl: Y1CI1, Y2C5; YV1Cn3, ¥Y2CnS, Y3CnlCn2, Y5Cn4.

Pesynsrar SWOT-ananmm3a npencrasiex B Tabmmie 9.

Ta6muma 9 — Pesynprar SWOT-ananuza

CujbHble CTOPOHBI TPOEKTA:
Cl1. MacmrabupyemMocThb
IIPOEKTa

C2. Urpa wHampaBieHa Ha
pasBUTHS YeJI0BEYEeCKUX
crocoOHocTe, a He  Ha
3apaboTOK JieHEeT
C3. Manas
pa3paboTKH MIPOEKTa
C4. TlomyueHune YHHUKaIbHOTO

CTOUMOCTbB

Caabble CTOPOHBI MPOEKTA:
Cnl. Heo6xoauMocTh OOTBIIIEro
YEIOBEYECKOTO pecypca  Juid
KOHKYPEHTHOTO pa3BUTHUS
MIPOEKTA

Cn2. OtcyrcTBHE
KOMITaHUH ITPOEKTa
Cn3. OrcyrcTBue (UHAHCOBOM
MOIJIEPKKU TIPOCKTA

Cn4. OTcyTCcTBHE CHEUAINCTOB

nuap-

texHosorud DOTS

B3. Bonbiasg ¢cBo0oa neicTBHUSA
Ha UTPOBOM TIOJIE

B4. VYaydmaer moHUMaHWE
3HAUYEHHUS CII0BA «IBPUCTHUKAY
B5. Ucnons30Banne TEXHOIOTHH
OpenXR TUTSt
KpOCCIIaTOPMEHHOCTH

OIIBIT.

Cl1 — B2. Texuomorus DOTS

WUTPOBOTO OTBITA B CMEXXHBIX o0nacTsx
CS. Huskuii mopor Bxoja B Urpy | pa3paboTku
Cn5. OrcyTcTBHE  UTPOBOTO
pazHooOpasus
BosmoxHOCTH: C4 - Bl. U3 manoro xonmnyectsa | Cn2-B1.  BBumy — mamoro
B1. Manoe koan4ecTBO NpsSMBIX | KOHKYPEHTOB, Ooblle | xoMYecTBa IPSAMBIX
KOHKYPEHTOB Ha PBIHKE NoJIb30BaTeNei _ CMOTYT | KoHKYpEHTOB, MeHee
B2. Vcronp30BaHue | MONYYHTh YHUKAIBHBIA HIPOBOH | pooa o JMMa  KAueCTBEHHAS

HI/Iap'KOMHaHI/ISI.
Cxu5 — B3. CoOopa neiictBuin

JenaeT POEKT JIETKO . .
MacCIITaGHPYeMBIM JIeTTaeT MOHOTOHHBIN UTPOBOM
C4 — B4. O6bscHenne Tepmuna | [TPOTIECC Goee
«IBpHUCTHKA» W JenaeT urposoii | TPOAOJDKUTEIBHBIM.

OTIBIT YHUKAIBHBIM,
Cl, C3 - B5. becmiatHa
texronorust OpenXR  gemaer
cozmanna VR mpomykroB mon
pasHbIe TIaT(HOPMEI JIEIIEBIIE.

Cnl — B2, Cnl — B5, Cn4 —
B2, Cn4 — BS. Ilpocrora
HCITOIB30BAaHUS TEXHOJIOIMH
OpenXR u DOTS ymensbIraeT
HEOOXOIMMOCTh 0CO0OBIX
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C4, C2-B3. CBoboma neiicTBuii B
WTpe TIO3BOJIIET PacKphIBATh
[MOTEHIHAII I0JIb30BATENS

C2 — B4. PazButue
IBPUCTUYECKOTO MBIIICHAS Y
MOJIb30BaTEs

CIEINAJINCTOB u
YEJIOBEYECKUX PECYpPCOB JUIS
KOHKYPEHTHOT'O pa3BUTHSL.

Yrpo3br:

V1. Manas 3anHTEPECOBAaHHOCTh
UTPOKOB B TIPOEKTaX MOJA0OHOTO
XKaHpa

Y2. Bo3MoxeH BO3BpAT CPEACTB
n3-3a HECOOTBETCTBUS
OKUJIAHUSIM OT UTPBI

Vy3. Co3manne  MOJOOHBIX
KIJIOHOB MPOEKTa JUTS
BBITCCHCHUSA C pbIHKA OpUTIHaJia
V4. U3MmeHeHWe KpUTEpUEB
myOJIWKame  HAa  TOPrOBOU
TUTOIIAKE

V5. 3abnokupyroT AOCTYI K
3apy0eIKHBIM TOPTOBBIM
TUIOINAAKaM

Cl - V1. [Tocne
MacCIITa0HPyEeMOCTH MOKHO
pacIupuTh BO3MOXKHOCTH
JKaHpa UTPBI, YTOOBI
3aMHTEPECOBATH OombITIe
UTPOKOB.

C5 — V2. Huskuif mopor Bxoja
JTOJI’KCH YMEHBIIIUTh KOJMYECTBO
BO3BPaTOB CPE/CTB.

Cn3-V1, BBUHOy  MasoH
1I€JIEBOM ayAMTOPUH, TOTOBOM
cpady  ompoOoBaTh  UIpY,
(hMHAHCHPOBAaHUE Oyner
KpalHe CII0KHO HaWTH.

Cnl, Cn2-Y3. OrcyrctBue
nuap KOMIIaHUU u
YeJI0BEUYECKHUX pecypcoB
YBEJIMYUT BEPOSTHOCTH
BBITECHEHHUS C PBIHKA Cpelu
KJIOHOB.

Cn5 — V2. [Ilpuuunoit
BO3BpaTra CpEICTB  MOMKET
CIIY’KUTh OTCYTCTBHUE
pa3Ho00Opa3us B Urpe

Cm4 — VY5, HeobxomumocTtb
y3KHX  CICUHUAJIUCTOB IS
obxoma OJIOKUPOBKH Ha

TOPTOBBIX TUIOMIATKAX

Takum oGpazom, o pesynprataM SWOT — anHannza MOXHO 3aKIIFOYUTh, YTO

I[&HHI::IIZ IMPOCKT MMCCT IMPpaBO Ha CYHICCTBOBAHUC, HO HYKHO OBITh TOTOBBIM K

KPUTUKE U KOHKYPEHTaM, ITyCKall © HEMHOT'OYMCJICHHBIM.

5.1.4 OneHKa roTOBHOCTH NMPOEKTA K KOMMePIUAIN3aANNU

B rtabmune 10 mpencTaBiieH 3amoJIHEHHBIM OJIaHK OIIEHKH CTENEHU

ITOTOBHOCTH IIPOCKTA K KOMMCPILIMAJIN3aAIIUH.

Ta6numa 10 — biian O1eHKH CTETIeHN TOTOBHOCTH MPOEKTAa K KOMMEPIHATH3aI|H

Ne Crenenn YpoBeHb
n/m HanmeHnoBanue popabOTaHHOCTH MMEIOIINXCS 3HAHUI
HAYYHOTO NPOEKTa y pa3paboTyrKa
1 Onpenenen ICIMe}oumﬁcs[ Hay4YHO- 3 3
TEXHUYECKUH 3a1eT
OrnpeneneHsl NEPCIEKTUBHbBIE
2 | HampaBJICHHS] KOMMEPIUAIA3AINH 2 2
HAYYHO-TEXHHUYECKOTO 3ajel1a
OmnpenesneHbl OTpaciu U TEXHOJIOTUU
3 | (ToBapsl, YCIIYTH) TS IPEIOKEHUS Ha 3 2
pBIHKE
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Omnpenenena ToBapHas popma
4 | HayYHOTO-TeXHUYECKOTO 3a/ieN1a IS 1 1
MIPEJICTABJICHHS HA PHIHOK

Omnpe/ieieHbl aBTOPBI U OCYIIECTRIICHA

5 1 1
OXpaHa WX Mpas

6 [IpoBeseHa orieHKa CTOMMOCTH 1 1
MHTEIJUIEKTYaJIbHOH COOCTBEHHOCTH

7 [TpoBeeHbI MApPKETUHTOBBIC 1 1
MCCIICIOBAHMsI PHIHKOB COBITA
Pazpaboran 6uzHec-11aH

8 | KoMMepIaTH3aIi HAyIHON 1 1
pa3paboTKu

9 Onpe/eneHsl MyTH TPOABHKCHUS 1 5
HAYYHOH pa3pabOTKH Ha PHIHKE

10 Pazpaborana crparerus (popma) 3 3

peajin3aly Hay4YHoU pa3paboTKu
IIpopaboTaHsl BOIIPOCH

11 | MexayHapOAHOIO COTPYIHUYECTBA U 1 2
BBIX0/1a Ha 3apYOEKHBIN PHIHOK
[TpopaboTaHbl BOITPOCH UCTIONB30BAHUS
12 | ycnyr uHbpacTpyKTyphl MOAIEPIKKH, 1 1
MIOJTyYCHHUS JIBIOT
IIpopaboTaHsl BOIIPOCH
13 | puHaHCHpOBAHHS KOMMEPIUATU3AIIH 1 1
Hay4YHOH pa3paboTku
Nmeercsa komanaa s

14 | xoMMepHHaTU3aluyd HAyYHOU 1 1
pa3paboTKu

15 [TpopaboTan MexaHU3M peanu3aluu 3 3
HAy4YHOTO MPOCKTA
HUTOTI'O BAJJIOB 24 25

B pesynbTaTe cymMma 0ajoB CTENEHH MPOPaOOTAaHHOCTU HAYYHOTO MPOEKTA
paBHa 24 W cymMMa OaJUIOB MO YpPOBHIO HUMEIONIMXCS 3HAHWM paBHa 25, 4YTO
OTpeeIsICT TEPCIeKTUBHOCTh TIPOSKTa HIDKE cpeaHero. /[l MOBBIMICHHS
MEPCIEKTUBHOCTH TMPOEKTAa HYKHO OOJbIIIE HAMpPABJICHHBIX CHEIUAINCTOB H

pPa3BUTHE HABBIKOB TEKYIIUX Pa3padOTUMKOB.

5.1.5 MeToabl KOMMEPIHAJIU3ALNH Pe3yJIbTATOB HAYYHO-TEXHUYECKOT 0
HCCJIeI0BAHMUS

[Ipoananu3upoBaB  METOABI  KOMMEpLHAIU3AIMKM, BBIOpAH  METOJ
opeanusayusi cCo6CMBEeHH020 U CO6MeCmHbIX npeonpuamutl. Tak Kak, yKe UMeeTcs
COOTBETCTBYIOIIUI TIEPCOHAT JIJIsl 3aBEPIICHUS Pa3pabOTKU MPOEKTa O MOJTHOTO

3aBCPIICHUA. TanKe, YUUTBIBAA, 9TO IIPOCKT CO3AACTCSA HC IS KOMMCPUYCCKUX
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Henei, To HaWTu (PUHAHCHPOBAHME HAa HAIIMX YCJIOBUAX JUIS MPOEKTa OYEHb
MajoBeposATHO. W mmaHupyercsa pa3pabareiBaTh NPOEeKT B PD, a pacnpocTpaHATh

ero Ha 3apyOe)KHBIX TOPTOBBIX IUIOMIAIKAX, TaKUX Kak Steam u Oculus.

5.2 Uuunuanus npoeKra
B tabmume 11 npencraBieHbl 3aMHTEPECOBAHHBIE CTOPOHBI MPOEKTA.

Tabnuua 11 — 3anHTEepecoBaHHbIE CTOPOHBI TPOEKTA

3anHTepecoBaHHBIE CTOPOHBI IPOEKTA O:xuaHns 3aNHTEPECOBAHHBIX CTOPOH
Hayunsblii pykoBOIUTEID [InanupoBanue pa3pabOTKU MPOEKTA
PazpaboTunk Pa3zpaboTka nmpoekra
TecTupoBIIMKYN ITony4yenus pe3ysbTaToB TECTUPOBAHUS
paboThl IpoeKTa

B tabnune 12 npeacraBieHa MHPOpMALUS O MEpPapXUU LEIEH MpOoeKTa U
KPUTEPUSAX TOCTHXEeHHs Lenel. Llenn npoekra BKiIo4aroT B ceOs 1€yl B 00J1aCTH
pecypcod3PheKTUBHOCTH U peCypcocOepeKeHHUs.

Tabnuua 12 — [enu u pe3ynbTaT IpoeKTa

esin mpoekTa: Pa3BuTh 3BpHCTHYECKHE HABBIKH MOJIb30BATEIIS
O:xupaemble pe3yJibTaThl

Pa3BuTHE 3BPUCTHYECKUX HABBIKOB
NMPOEKTA:
Kpurepun NPUEMKH

T TBU I'OB
pe3yJibTaTa MpoeKTa: Otcyrersue baro

PaborocnocoOHOCTh Beex 3amaaHupoBaHHBIX QyHKIM [10

TpeboBanus:
Cobmto1eHue mpaBujl TBOPUECKOTO UTPOBOTO MOTOKA
CobroieHne TEXHUUECKIUX HOPM

B tabnuie 13 npegocraBiaeHbl yYaCTHUKUA paboyveil Tpymniibl IpOeKTa.

TpeGoBanus k
pe3yJibTaTy MpoeKTa:

Tabnuua 13 — Pabouas rpymma npoekra

Ne ®UO, ocCHOBHOE MECTO Pone B nmpoekte DOyHKIUU Tpyno-
n/n paboThl, JOIKHOCTh 3aTpartskl, yac
Jemun AntoH IOpbeBuu, | PykoBoaurens [InanupoBanue
1 TITY, douent OUT MPOEKTa, 10
KOHCYJIbTUPOBaHUE
IepcoHaa
2 Poro3un Pycnan | PazpaboTunk Pazpabotka Bcero 504
AnekcanapoBuy IIPOEKTA
UTOrI'O: 514

50



5.3 IlnanupoBaHue ynpapjieHUsA HAYYHO-TEXHHYECKHUM MPOEKTOM

5.3.1 Ilnan mpoekTa

BaxHbIM 3Tarmom mpoBeaCHUsI HAyYHO-UCCIICIOBATEIHCKUX PAOOT SBIISACTCS
HEOOXOJMMOCTh  IUIAHWPOBaHUS  PabOT, OMNpeneseHWe TIepedHs  pador,
pacmpesieieHue BpeMEHH paboOT MEXIy BCEMH HCIOJHUTEISIMU TPOEKTA.
VicniomHUTEISAMH TTPOEKTA SBIISIOTCS CTY/ICHT M HAYYHBIN PYKOBOTUTE.

B Tabnume 14 mnpeacraBieH TMepeueHb OSTanmoB W paboOT, a Takke
pacnpeneseHue UCTIOJIHUTEIIEH 0 TAaHHBIM BUJaM paboT B paMKax MPOBOIUMOTO
HAYYHO-HCCIIEIOBATEILCKOTO TIPOEKTA.

Tabnuna 14 — Ctpykrypa paboT B paMKax Hay4YHOTO UCCIIEOBAHUS

Ne HanmenoBanmne pa6oTsbl Hcnoanurenn padboTbl

1 | Beibop HayyHOro pykKoBoauTensi Marucrepckoit | Porosun Pycnan AnexcanapoBuy

paboTsl

2 | CocraBieHue W yTBEp)KIEHHE TeMbl Marucrepckoi | Porosun Pycnan AnexcanmpoBud

paboThI Hemun Anton KOpbeBuu

3 | [Mombop w wm3ydeHue JutTeparypel 10 Teme | Porosun Pycnan AnekcannpoBud

MarucTepckoil padboTsl

4 | Ananu3 npeaMeTHON o0nacTH Porozun Pycnan Anekcannpouu
5 | Pa3paborka I10 Porozun Pycnan Anekcannposuu
Tectuposanue [10 Poro3un Pycnan AnekcannpoBuu

6 | CornacoBaHue BBINMOJIHEHHONW paboThl ¢ HayuyHbIM | Porosun Pycnan AnekcanapoBud

PYKOBOJIUTENIEM Hemun Anton KOpbeBuu

7 | Bommonnenue npyrux yacrei pabotsl (¢puHaHcoBbIN | Porosun Pycnan AnekcannpoBuu

MCHCIP)KMCHT, COllMaJIbHasA OTBETCTB CHHOCTI))

8 | [MoxBenenue UTOroB, opopmiieHHe PadbOTHI Hemun Anton FOpseBuu

Porozun Pycnan Anekcannpouu

CormacHO TPOU3BOJCTBEHHOMY KayleHmapio (s 6-IHEeBHOW pabodeit
Henenu) B 2022 romy 365 kaneHmapHbIX JgHeW, 299 pabouux 1HEH, 66
BBIXO/THBIX/TIpa3THUYHBIX JHEH. Takum 00pa3zom, Ko PHUITMEHT KaJICHTapHOCTH Ha
2022 ron paBeH:

Tkan = Tkan / (Tkan — Teeix — Trop) = 1.22
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[Tocne pacyera k03¢ dUIIMEHTa KAICHIAPHOCTH MOXHO COCTABUTH TAOIHILY

BPCMCHHBIX rokazaTesiei IMPOBCACHUA HAYYHOI'O HCCIICHOBAHUS, IIPUBCACHHAA B

tabaune 15 u nuarpammy ["aHTa.

Tabnuna 15 — BpemeHnHble mokaszaTenu IpoBEACHHsI HAYYHOTO UCCIICIOBAHUS.

HaumenoBanue paboTsl Ucnonuurtenu | TpynoémkocTts pador, uen- | JnurenbHocTh

paboTsl THA pabort, THU
Tmin Tmax | Tox | Tp Tk

Br160op HayuyHoro | Porosun P. A.

PYKOBOAMTEINSI MarucTepcKon 1 2 14 1 1

paboThl

CocraBnenue u yrBepxkiaenue | Porosun P. A

TEMBI MarucTepCKoi padoThI Hemun A. O. ' g LA ' '

ITon6op " nzyuenue | Porosun P. A

JTUTEPaTyphI o TeMe 1 2 1.2 1 1

MarucTepCcKoi padoThI

AHanu3 npeaMeTHo# obnactu | Poro3un P. A 5 10 7 7 9

Pa3pab6otka [10 Porosun P. A 14 30 28 28 30

Tectuposanue [10 Porosun P. A 3 10 7 7 9

CornacoBanue BbllONHEHHOU | Porozun P. A

paboThI C HayuyHbeIM | [lemun A. IO. 5 10 7 7 9

PYKOBOJIUTENIEM

Boemmonnenue apyrux uacreit | Porosun P. A

paboThI (unaHCOBBIH 3 4 3.4 ) )

MEHE[KMEHT, coluayibHas

OTBETCTBEHHOCTb)

IlogBenenue utoros, | Poro3un P. A

oopmienue paboTsl ° 10 ! ! °

Ha ocHoBe Tabnuiiel 15 mocTpoeH KaeH1apHbli TuTaH-TpaduK UCCIIeI0BAHUS

(nnarpamma ["anTa), npencraBineHHbIN B Tabauue 16.
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Ta6muna 16 — Jluarpamma I"anTa.

HpO,Z[OJ'DKI/ITCJ'IBHOCTB BBIITOJIHCHU A pa60T

Oran | Ucnomautenu | [Ipo1oinKUTEIIEHOCTD ®espaisb Mapr Anpenb Maii
3 2 3 1 2 3 1 2
1 C 1n
C,
2 1
HP
3 C 1n
4 C T
5 C 281
6 n
C,
7 T
HP
8 C 21
9 C On




5.3.2 IloTeHUMAIbHBIE PUCKH

NnentuduumpoBaHHble PUCKU TMPOEKTa BKIIOYAIOT B C€e0S BO3MOXKHBIC
HEONPEEICHHBIE COOBITUS, KOTOPhIE MOTI'YT BO3HHKHYTh B IPOEKTE M BbI3BATh
HOCJIEACTBUSI, KOTOPBIE MOBJIEKYT 3a cO00M HexenatenbHble 3¢ dexTsl. B Tabnuue
17 npencraBieH peecTp pUCKOB I TEKYLIETO IPOEKTa.

Ta6muna 17 — Peectp puckos.

Ne | Puck Horenuuansn | BepositHoct | Biausnun | YpoBen | Croco0sl YciaoBus
oe b e pucKa | b pUCKA | CMATYeHUs HACTYIICHUS
BoO3/eilicTBHE HACTYIUICHU pHCcKa
A
Pa3buenne 3angaHUpOBaHH
IIYHKTOB Bl  JTam  He
1 | Yopasnenu Bricoku
IInanupoBanue 4 5 . IUIAHUPOBAHU | BBIIOJHAETCS B
€ IPOEKTOM i
s Ha Oomee | cpok
MEJNKHE YaCTH
Breimyctuth Ha PBIHOK
. CpenHu | MPOAYKT, Kak | HOCTYIUT
2 BHeninuii PrrHOK 2 4 el POAYXT, THHT
i MOKHO MoJOOHBIN
paHblIe MPOAYKT
UcnonezoBan | [Ipekpamenue
ue 00CITyKMBaHHS
3 | Texnuueckn Texuomorus, Cpennu
9 1 3 . HECKOJIbKUX TEKYIINX VR
i JOCTYITHOCTh i .
pasHblil BUAOB | rapauryp B PO
VR rapautryp

5.4 Boa:KeT HAYYHO-TEXHUYECKOI0 MCCJIeI0BAHNS
Pacuetr cMeTHOW CTOMMOCTH €€ BBIITOJHEHUS IPOU3BOJUTCS MO CIEAYIOIIUM
CTaThsM 3aTpar:
e MaTepHualbHBIE 3aTPAThI;
® aMOPTU3ALMOHHBIE PACXO/IbI;
e 3apaboTHas 1IaTa UCIOJHUTENCH;
® OTYHUCJICHUS BO BHEOIOXKETHBIE (DOHIIBL;
® [IPOYHUE PACXOJIbI.
CymectByeT 3 BapuaHTa BbINOJHEHUS ucciienoBanus. [lepseiit cnocood (Hcrr.
1) — ucnosib30BaHUe OECIUIATHBIX CPEJACTB JUIsl MPOEKTHPOBaHuUs. BTopoii crmocob
(Ucn. 2) — npuobperenue GU3MYECKUX CPEACTB ISl MPOSKTUpOBaHUs. TpeTuit
cnoco6 (Mcn. 3) — npuobOperenune mnpodeccuoHanbHbI TUGPOBBIX CPEACTB
MPOEKTUPOBAHMS.
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C Touku 3peHus (PUHAHCOBBIX BIIOKEHUH, BApUAHTHI WCIIOJHEHHS OymyT
OTJIMYAThCS JHIIb MaTepHAIbHBIMU 3aTpaTtaMu. /[ BapuanTa Mcn. 2 HeoOxoauma
IOKYIIKa JJUCTOB OyMaru M KaHIeIApCKuX npuHayiesxkHoctei (470 pyouieii 3a mauky
Oymaru A4 500 muctoB + 92 py6us 3a maGop pyuek Ha Bech cpok Hanucanusi BKP). Jlns
BapuaHnTa lcr. 3 HeoOX0IMMO MOKYITKa IPUIIOXKEeHUS 1)1 ipoekTupoBanus XMind
Pro 3a 8174 py6us1 Ha Bech cpok Hanucanust BKP.

MarepuainbHble 3aTpaThl BKJIIOYAET B ceOsl 3aTpaThl Ha AJEKTPOIHEPIHIO,
NOTPAYEHHYI0 B XOJE BBIIIOJIHEHHUS TMPOEKTa Ha paboTy HCIOIb3YEMOTO
000pyI0BaHUS, pACCUNTHIBAEMBIC TT0 (hOPMYJIE:

C3J'I.O6 = P06 * Lop * ]—[9

riae Pos — MomHoOCTh, oTpedsieMas 060pyioBanueM, kBT;

LD — Tapud Ha 1 kBt-yac;

tos — BpeMsl pabOThI 000OPY/I0OBaHMS, YacC.

Jlns Tomckoro noMtexHudeckoro yuusepeuteta [[9 = 6,59 py6./kBT-uac (¢
yuetom HJIC). Bpemst paboTsl 000pyaoBaHus, onpeaesiercs no hopmyiie:

tos = Tpn- Kt

rne Tpy — TPYdOEMKOCTb pabOT, M3 pacyera, 4TO MPOAOIKUTEIbHOCTH
pabouero JgHs paBHA 8 YaCOB;

K: <1 — ko3 uimeHT ucnosib3oBaHusi 000pyI0BaHUS 110 BPEMEHU, PABHBIM
OTHOIIICHHIO BPEMEHU €ro paboThl B IpOIleCCe BBIMOJHEHUs TpoekTta K TPJI,
ONpEAENSIETCS HUCIOIHUTEIEM CaMOCTOATENbHO. MOIIHOCTh, MOTpedisseMast
o0opyaoBaHUEM, OmpeAenseTcs no GopmyJe:

Pos = Puow - K¢

r7ie Pyon — HOMUHAIBHASI MOIITHOCTH 000pYy0BaHuMsl, KBT;

K. < 1 — xodddunueHt 3arpy3ku, 3aBUCAIIMNA OT CpEIHEH CTeNeHU
WCIIOJIb30BaHUsl HOMUHAJIBHOW MOITHOCTH. {7151 TEXHOJOTHYECKOTO 000py10BaHUs
Mmasnoi momHocT KC = 1.

Tabnuua 18 — 3aTpaThl Ha AJEKTPOIHEPTHUIO

55



HaumenoBanue Bpewmst pabotbl [Motpebasiemas 3arpatsl Dok, pyo
o0opymoBaHus obopynoBanus tOb, | momrHOCTE POB, KBT
qac
Hoyt6yx 608 * 0,9 0,065 35,57
HUroro: 35,57

B cratbe «AMOpPTH3AIIMOHHBIE OTYUCICHUSI) PACCUYUTHIBACTCS aMOPTH3AIIHS
UCITOJIb3yeMOro 00OpYOBaHUS 32 BpEeMs BBIMIOJHEHUS MpOeKTa. PaccunThiBaeTcs
o gopmyiie:

Cu = (HA'H06'tpq) ‘Tl)/FI[

rae Ha — rogoBas HopMa aMOpTU3allUuU €IUHUIIBI 000PY10BAHNS;

[os — OanmancoBasi CTOMMOCTh €AMHUIIBI 000pynoBaHus ¢ yuetom T3P;

tpp — ¢akTuyeckoe Bpemsi pabOThl OOOpPYAOBaHUS B XOJI€ BBINOJHEHUS
MPOEKTA, YUYUTHIBACTCS HCTIOTHUTEIEM MPOEKTA;

N — 9MCII0 3aICCTBOBAaHHBIX OJTHOTHUITHBIX SUHUIL 000PYI0BAHUS;

Fj — nelicTBUTENbHBII ro10BOM (OHI BpEMEHU PadOThI COOTBETCTBYIOILIETO
o0opy10BaHUsI.

HA:1/2,5=O,4

[Ipu mwectuaHeBHOM paboueit Hexene Fp= 299 * § = 2392 yaca, orcroga
paccurTaeM aMOPTH3AIUs HCIOIB3YEMOTO 00OpYAOBAHMS 32 BPEMS BBITIOJHEHUS
MIPOEKTA.

Cam = (0,4 - 65000- 608 - 1) /2392 = 6 608,7 py0.

3aTpathl Ha 3apabOTHYIO IIATY:

3n = 30CH + 3zlon

3nech 3ocx — OCHOBHAS 3apaboTHas 11aTa, pyo;

310n — JOTIOTHUTENIbHAS 3apaboTHAas T1aTa, pyo.

3apaboTHas rIaTa OCHOBHAS:

Boen =3 * Tp * (1 + Kp + K,) * K,
3nech 3,y — CpelHeTHEBHAS 3apaboTHAs TU1aTa, pyo;

K.y — mpemuaneleiii koappunueHt (0,3);

K, — koaddunment norar u Hagdasok (0,2-0,5);
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K, —paiionnsrit koaddumuent (s Tomcka paseH 1,3);

T, — IpoAOIKUTETBHOCT PabOT, BBINOJIHAEMBIX pAOOTHUKOM, pad. IHU.

CpennenneBHas 3apaboTHas 1uaTa:

B3u=3u*M/F,

3nech 3, — MECAYHBIN OKJIa] pabOTHHKA, PYO.;

M — KOIMYEeCTBO MecAIEB padOTHI O€3 OTITyCKa B TEUCHHUE I'0/1a;

F,— neificTBUTEIBHBIN TO0BOM (HOH pabouero BpeMeHH nmepcoHaa, pad. JH.
M cnenyetr npunsaTh 3a 10,4 mecsia, Tak Kak pabodas Henemns IJIUTCs 6 gHeH, a
oTHycK — 48 qHel.

Tabmuma 19 — bananc pabodero BpeMeHH (17151 6-THEBHOW HECIIH )

[Tokazarenu pabodyero BpeMeHU Jau
Kanennapusie qau 365
Hepabouue (ipa3HUKH/BBIXOHBIC) 66
[Torepu pabouero BpeMeHH (OTIYCK/HEBBIXO/IbI IO OOJIC3HH) 56
JlelicTBUTEBHBIN TOA0BOM (POH pabodyero BpeMeHn 243

Takum obpazom, B 2022 rony AEHCTBUTENBHBIM rOAOBOW (POHI paboyero
BpeMeHH cocTaBiseT 243 nHsa. Mcxons u3 Bcex HalWJeHHBIX MOKa3aTeael MOYKHO
COCTaBUTh TaOJUIy pacueTa OCHOBHOM 3apaboTHOM miaThl. CTOUT OTMETUTH, UTO
3apriaTa cryaeHTa B mecsi paBasercs 4030, a pykoBoauTens — 33664 pyOiiei.

Tabnuma 20 — PacyeT 0ocHOBHO# 3apabOTHOM MI1aThI

Ucnonuurenu Oxutan, CpennenneBnas | 3atpatbl | Koadpdurnuent | Donp
py0./mMec. | cTaBka, BpEMEHHU, 3/mnathl, pyo.

py0./pab.neHp pab.nHu

Hemun  Anrton | 33664 1346,56 8 1,699 18302,45
IOpbeBuy

Porosun Pycnan 4030 161,2 63 1,699 17254,37
AnexcaHnipoBu4

Hroro: 35556,82

OTYUCIICHHUS B CONMANIbHBIC BHEOIOKkeTHBIE hoHasr 30 % 10667,05
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B cratpro «lIpoune pacxoapDd» BKIIOUEHBI pacXOAbl, KOTOPHIE HE YUYTEHBI B

NPEAbILIYIIUX CTaThAX U cOCTaBISAIOT 10 % OT cyMMBbI BCeX MPEbIAYIIUX PACX0JI0B

(HCH 1) CHpo‘i - (CMaT + C3n + Ccou + Can.o6 + CaM) : 0,1 = (0 + 35556,82+

10667,05 + 35,57 + 6 608,7 ) - 0,1 = 5286,82 py6

(I/ICH 2) Cnpoq = (CMaT + C3n + Ccou + Can.o6 + CaM) ’ 0,1 = (470 + 35556,82+

10667,05 + 35,57 + 6 608,7 ) - 0,1 = 5333.82 py6

(HCH 3) CHpO‘i = (CMaT + C31‘I + Ccou + an,o6 + CaM) : 0,1 = (8174 + 35556,82+

10667,05 + 35,57 + 6 608,7 ) - 0,1 = 6104.22 py6

Tabnuna 21 — Pacuer 6romxera 3atpatr HTU

Crats satpat YcnoBHOe Cymma, pyo
0003HaueHue HUcn. 1 Hcen. 2 Hcmn. 3
Martepuaibl ¥ TOKYITHBIE U3IETHS Cuar 0 470 8174
OcHoBHast 3apa0boTHAas TUIaTa Can 35556,82 | 35556,82 | 35556,82
OtuwrciIeHus B COHaIbHbIE (DOHIBI Ceon 10 667,05 | 10 667,05 | 10 667,05
Pacxo/1pl Ha 3JIEKTPOIHEPTHIO Cono6 35,57 35,57 35,57
AMOPTH3AIMOHHBIC OTYUCIICHUS Cam 6 608,7 6 608,7 6 608,7
[Tpouwne pacxompt Crpou 5 286,82 5333,82 | 6104,22
HUroro: 58 154,96 | 58 671,96 | 67 146.36

5.5 OueHka cpaBHUTEJIbHON 3(PPeKTHBHOCTH MCCIEAOBAHUS

B Ttabmumne 22 mnpencTaBieHa CpaBHUTENbHAs OIIGHKA XapaKTEPUCTUK

BAapHUAHTOB MCITIOJB30BaHUA IIPOCKTA.

Tabnuma 22 — CpaBHUTEIbHAS OLIEHKA XapaKTEPUCTUK BAPUAHTOB MCIOJIb30BAHUS

POEKTa
1o Becosoi Tekymmii TpoeKT
Kpurepun Ko3hULEeHT (Men. 1) Hen. 2 | Hem. 3
rapamerpa '
1. CmnocobctByer pocty
MIPOU3BOIUTENIFHOCTH  TpyJa 01 4 3 S
10JIb30BATENIS
2. YnobcTBO B OIKCIUTyaTaluu
(cooTBeTcTBYeT TpeOOBaHUIM 0,15 5 > >
noTpeOuTes)
3. TloMexoyCTOHYHBOCTH 0,15 5 4 5

58



4. DueprocOepexeHus 0,2 4 5 3
5. Hapexnocrts 0,25 5 5 4
6. MarepuaioeMKoCTh 0,15 4 4 5
HUTOI'O 1 27 26 27

Ton(Uen.1)=4*0,1 +5*0,15+5*0,15+4*0,2+5*0,25+4*0,15=4,55
Uen.2=3*0,1+5*0,15+4*0,15+5*0,2+5*0,25+4*0,15=4,5
Uen.3=5*0,1+5*0,15+5*0,15+3*0,2+4*0,25+5 *0,15=4,35

B tabmure 23 npencraBieHa cpaBHUTEIbHAS A ()EKTUBHOCTH Pa3pabOTKH.

Tabnuua 23 — CpaBHutenbHas 3G PEKTUBHOCTH pa3pabOTKU

Ne MOKa3aTeNn Texymit npoekt Ucn. 2 | Uen. 3
/11 (Ucm. 1)

1 WuTerpabHBIN (PMHAHCOBBIN ITOKA3aTeIh 0,87 0,88 1

pa3paboTKu
5 WHTerpanbHbIi TOKa3aTelb 4.55 45 4.35
pecypcorhHeKTUBHOCTH pa3pabOTKH
3 WuTerpanbHbIil mokazarenb 3QEeKTHBHOCTH 5,23 5,14 4,35
4 CpaBuuTtenbHas 3 (HeKTUBHOCTh BApHAHTOB 1 1,02 121
WCTIOJIb30BaHUS
Wrtak, pacruianupoBaHa CTpyKTypa pabOT TMpoeKTa U OMpe/eCHBI

OTBCTCTBCHHBIC JOJIDKHOCTH AJISI UX BBIIIOJIHCHUS. B cooTBeTCTBUM C HA3HAUCHHBIMU

paboTamu OblJIa pacCUUTaHa UX TPYAOEMKOCTh M COCTaBJIeH Tpaduk padoT.

OO0mast AIUTENbHOCTh MPOEKTUPOBAHUS W Pa3pabOTKU MPOrPaMMHOIO

npoaykTa coctaBmia 63 gusa. OOmmit Oromxer coctaBmin 58 154,96 pyoOneit s

tekymiero npoekrta (Mcm. 1 =4.55). On Bkitodaer B ce0s 3aTpaThl HA OCHOBHYIO U

JIOTIOJIHUTENIHHYIO 3apa00THYIO IJIaTy paOOTHUKOB, OTYMCIICHUS Ha BHEOIOXKETHBIC

(bOHI[BI N HAaKJIaJJHbIC pAaCXOAbI.
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6 CO]_II/Ia.]'leaH OTBETCTBCHHOCTD
6.1 HpaBOBbIe u opranu3anuoOHHbIC BOIIPOCHI o0ecreuyeHus

0e301macHoOCTH

6.1.1 CnenuajbHbIe MPABOBbIE HOPMbI TPYJI0BOI'0 3aKOHOIATEJIHLCTBA
TpynoBsie OTHOIIEHUST MEXK Ty paboTOAaTENIeM U PAOOTHUKOM PETYIUPYIOTCS
C MIOMOIIIBIO 3aKOHOAaTENbHOrO akTa "TpymoBoit kojaekc Poccuiickoin @eaepanun”
ot 30.12.2001 N 197-®3 (pen. ot 26.05.2022) [12]. D10 peryimpoBaHue MOMOraet
HaiiTh OajaHC B BOMNPOCAX, CBSA3AHHBIX C OpraHU3alMed TpyJa, YNpaBICHUEM
TPYJOM, 3apa0OTHOM IJIATOM, TPYAOBBIMU CIIOpaMu U T.1. Huxke mpuBeneHbl ero
HanOoJIee BayKHbIE 17151 COOIOIeHUs (PparMEeHThI:
— HopmanbHass NpoOJODKUTENBHOCTh pabo4yero BpPEMEHU HE JIOJKHA
npeBblaTh 40 4acoB B HEAENIO;
— B Tteuenue pabGouero mHA (CMEHBI) paOOTHUKY JIOJDKEH OBITH
MPE0CTaBIIEH MEPEPHIB ISl OTAbIXA U MUTAHUS TPOJIOKUTETLHOCTHIO HE
Oonee nByx 4acoB U He MeHee 30 MUHYT, KOTOPBIA B pabodee Bpems He
BKItouaercs. [IpaBuiiaMu BHYTpPEHHErO TPYIOBOTO paCIOpsiKa MOXKET
OBITHh yCTAaHOBJIEHA OTMEHA TIepephiBa, €CIU YCTAHOBJICHHAS ISt
pabOTHUKA TPOJOJKUTEILHOCTh €XEIHEBHOM pPabOThl (CMEHBI) HE
MPEBBIIIAET YETHIPEX YaCOB,;
— Bcem paboTHHMKaM MPEIOCTaBIISIIOTCS BBIXOJHBIE JTHU (€XKEHEIeTbHbIN

HETMPEPBIBHBIN OTHBIX).

6.1.2 MeponpusiTusi o IJIaHUPOBKe padouero Mecra

Pazpabotka 1O oT Hauanma v A0 KOHIIA Beldach B OJHOM TMOMENIEHUH —
ayJIMTOpUH OOIIEH TII0MA b0 28 KBaApaTHBIX METPOB. J[HeM paboTa mpoBOAMIACE
C HCIOJB30BAaHUEM COJIHIIA — €CTECTBEHHOTIO MCTOYHHMKA OCBEIICHUS, YTPOM U
BEUEPOM MTOMEIIEHNE OCBEIIAIACH 3 CBETOAMOAHBIMHU JJaMiiamu 1o 13 BT MonHocTH
B Kaxmoi, uto »kBuBajgeHTHO 100 Bt namn nakanmBanmia. Ilomemenue
000py/10BaHO OOJIBIIUM KOMITBIOTEPHBIM CTOJIOM M KOMITBIOTEPHBIM CTYJIOM
cTaHjgapTHOro pasMepa. Kpecio Moxer Bpamarecs Ha 360 rpaaycoB 1o
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TOPU30HTAIM U 00OPYJOBAHO 5 TMIACTHUKOBBIMU KOJIECAMHU JUAMETPOM IO 55 MM
kaxaoe. C 1enpi0 MUHAIMH3AIUN BO3JCHCTBUSA BpeAHBIX (pakTopoB Ha aBTopa [10
npu ee co3JaHuu, padoyee MECTO JOJDKHO OBITh OpPraHM30BaHO C YYETOM
tpeboBanmii ['OCT 12.2.032-78 «CCBT. Pabouee MecTo mpu BBITIOJIHEHHHA PabOT

cuns. OOrme s3pronoMudeckre Tpedboanus» [13].

Hwxe mnpuBenensl Haunbonee BaxkHbIe [JIs1 COOJNIOJEHUS (PparMeHTHI

CTaHJapTa:

— Ilpu paGoTe AByMS pyKaMu OpraHbl yIPABICHUS Pa3MEIIaOT C TAKUM PACYCTOM,
4YTOOBI HE OBLIO MEPEKPEIIMBAHUS PYK.

— Ilomemienus, rae pasmemarorcs padoune Mmecrta ¢ [IOBM, nomkHbl OBITH
00OpyZOBaHbl 3AIIUTHBIM 3a3€MJICHUEM (3aHYJEHUEM) B COOTBETCTBUU C
TEXHUYECKUMU TPEOOBAHUSIMU TI0 SKCILTyaTaI[UH.

— B nomemenusnx, o6opynoBanHbeix [19BM, mpoBoautcst exXeaHEBHAS Bia)KHas
yOOpKa U CHCTEMAaTHYECKOE MPOBETPUBAHUE MOCIE Ka)XJAO0ro yaca paboThl Ha
[I19BM.

— [loABMKHOCTh Kpecja OTHOCUTEIbHO TO0JIa WM JPYyrod MNOBEPXHOCTH, Ha
KOTOpPOM OHO YCTaHOBJEHO, MOXET He OorpaHuuMBaThcsi. B cmydae
HEOOXOUMOCTH 00ECNEUYeHHs] CTPOTO ONPEEICHHOIO MOJIOKEHUS YeJIOBeKa-
oIepaTopa Mo OTHOUIEHUIO K CPEACTBAM OTOOpakeHHsI THPOPMALIMK U OpraHaM
yOpaBJEHUS, a TaKKe B CIydae, €CIM TPYJOBas AECATEIbHOCTh YEJIOBEKa-
ornepaTopa CONpsI’KEHa ¢ CHJIOBBIMH M PE3KMMU ABUKECHHUSIMU, KPECIIO JOJIKHO
ObITh (pukcupoBaHo. Ilpu 3TOM, B 3aBUCHMOCTH OT XapakTepa TpPYJI0BOU
NeSATEeILHOCTH OTepaTopa, NOJDKHA ObITh 0OecreueHa BO3MOKHOCTh M3MEHEHUS
MOJIOKEHUSI Kpecila WM CUIEHBS B TOPU30HTAIBHON MIIOCKOCTH € (pUKcauuen
€ro B HY»KHOM ToJ1io’keHHH. [Ipr HEOOXO0AMMOCTH MOJIBUYKHOCTH Kpecya J0JKHa
3a/1aBaThCsl Takke BpauieHueMm kpecia Ha 180-360° BOkpyr BepTUKaIbHON OCH

OTIOPHOM KOHCTPYKIIMU Kpeciia ¢ (puKcaiueil B Hy»KHOM TTOJIOKESHUH.
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— PaGouue cTombI cemyeT pa3Meniath TaKUM 00pa3oM, 4TOObI BUICOAUCTIICHHBIC
TEPMHUHAJBI ObUIM OPUEHTUPOBAHBI OOKOBOI CTOPOHOI K CBETOBBIM IIpOEMaMm,
9TOOBI €CTECTBEHHBIN CBET Majjall MPEHUMYIIICCTBEHHO CJICBA.

— DKpaH BHJIEOMOHUTOpA JOJDKEH HAXOJUThCS OT TJia3 TMOJb30BaTeNs Ha
paccrossuuu  600-700 MM, HO He Ommke 500 MM c ydeToM pa3MepoB
anaBUTHOIIMPOBBIX 3HAKOB U CUMBOJIOB.

ABtopoM Obutn coOmoaeHbl Bece TpeboBanms ['OCT 12.2.032-78 [13]. Bo

BpeMs BBIMOJHEHUS BBIMTYCKHOW KBaU(UKAIIMOHHOW pabOThl HE MPOUCXOIHIIO

ClydaeB, HECYIINX B ce0e yrpo3y ISl 3I0POBbS U J)KU3HHM, a TAK)KE TPEI0CTABICHUS

OMACHOCTH ISl OKPY>KarOLIEH Cpeibl.

6.2 Ilpou3BoacTBeHHAs] H€30MIACHOCTD

B nannom noapaszaesne npou3BoUTCs aHAJIN3 BPEIHBIX U ONACHBIX (PaKTOPOB,
KOTOpBIE MOTYT BOZHUKHYTh Ha OJJHOM M3 3TaIlOB BBINOJIHEHUS PA0OT MO CO3JaHUI0
IIPOEKTA.

OTka3 OT  paccMOTpeHHMs]  XHUMHUYECKHMX  (PakTOpoB  0O0yCIOBIEH
HE3HAUUTEIbHOCTBIO UX HAJTUYHS Ha pab0YeM MECTE WU MX MOJHBIM OTCYTCTBUEM.
B tabnuiie 24 npencraBieHbl BO3MOXKHbBIE OMIACHBIE U BpeAHbIE (DAKTOPHI.

Tabnuia 24 — Bo3aMOXHBIE OMTaCHBIE U BPEIHbIE (haKTOPHI

®axropse! (I'OCT 12.0.003- Otansl paboT HopmaTtuBHBIE TOKYMEHTBI
2015) E o 8 =3
5 = ) = o
g, 2 §* s | & E
=8 |£E |28
1. OrtknoHeHne noKazaTesen CaunlluH 1.2.3685-21
MHUKPOKJIIMAaTa B  3aKPBITBIX I'uruenndyeckne HOPMATHUBBI |
MTOMEILEHUAX TpeOoBaHUS K  0OECHEeUeHHIO
0€30MMacHOCTH u (unm)
0e3BpeAHOCTH sl  4YeJIOBEKa
+ + + | dakropoB cpenbl ooutanus [14]
I'oCT 12.1.005-88  Cucrema
CTaHapTOB 0€301acHOCTH
tpyna (CCBT). Oomme
CaHUTaPHO-TUTUEHHUECKHUE
TpeOOBaHUS K BO3JIyXy paboueit
30HHI [15]
2. OTcyTCTBUE WU HEJIOCTATOK + + + | CHull 23-05-95* EcrecTBeHHOE U
€CTECTBEHHOI'O CBETA MCKYCCTBEHHOE ocBelieHue [16]
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3. HegocraTounas + + + | CHull 23-05-95* EcrecTBeHHOE U
OCBEIICHHOCTh paboueli 30HbI HCKYCCTBEHHOE OcBetieHue [16]
4. IToBbIIEHHBIN YPOBEHB CanlluH 2.1.8/2.2.4.1383-03
AJIEKTPOMATrHUTHBIX U3TYYCHUH ['uruennyeckne TpeOOBaHUS K
+ + t | pasmemenmio U SKCIUTyaTanum
HepealoNINX PaJHOTEXHUYECKUX
00bekToB [17]
5. HepBHO-niIcUXH4eckue TpynoBoii konekc Poccuiickoi
Ieperpy3ku, MOHOTOHHOCTb + + t | ®enepammu ot 30.12.2001 Nel97-
TPYAOBOTO MpoIecca @3 (pen. ot 27.12.2018) [12]
6. I1oBbIICHHBII YPOBEHD I'OCT 12.1.003-2014 Cucrema
nryma + + + | CTaHZapTOB 0E30MaCHOCTH TPYyJa.
HIym. Oo6mmue TpeOOoBaHUS
6e3omacHoct [18]
7. Y nap aneKTpUYECKUM TOKOM roct 12.1.019-2017 CCBT.
+ + + | Dnekrpobe3omnacHocth.  OOmue
TpeOOBaHUSI U  HOMEHKJATypa
BUIOB 3aluThI [19]
HpeI[CTaBJ'ICHHBIC BBIIIIC IIPONU3BOACTBCHHBIC (baKTOpI)I OKa3bIBaKOT

HCTAaTHUBHOC BJIMAHHNC HA OPIraHHU3M YCJIOBCKaA, ITO3TOMY H€O6XOI[I/IMO 3HaTb O

AO0ITYCTUMBIX HOpMax UX BOSﬂCﬁCTBHH.

6.2.1 OTK/JI0HeHUs MoKAa3aTelell MUKPOKJINMATA
MUKpoOKIUMaT OMpeaensercd ACUCTBYIOIIMMU Ha OpraHu3M YeJIOBEKa
MOKa3aTes MU  TeMIEpaTyphbl, BIAKHOCTH M CKOPOCTH JIBDKEHHUS BO3AyXa.

JlmuTenpHOE  BO3ACHCTBHE Ha 4YejJoBeKa HEOJArompuUsITHBIX — IOKa3aTeleH

MHKPOKJIMMATA YXYALIAET €Er0 CAMOYYBCTBUE, CHUKAET MPOU3BOAUTEIBHOCTD TPY/1a
U MPUBOJUT K 3a00JI€BaHUSIM, MIOATOMY B OpraHU3AIMU JOJDKHBI 00ECIeUnBaThCS
OntumanbHble U JOMYCTHMBIE

OIITUMAJIBHBIC IIApaMCTPbl MHKPOKIIMMATA.

BEJIMYMHBI TTOKa3aTeIed MUKPOKIIMMAaTa Ha pabounx mectax [14] mpeacraBieHb B

tabmnurie 25.
Tabmuma 25 — OnTumanbHble U JOMYCTUMBIE BEJIMYMHBI TOKa3aTenen
MUKpPOKJIMMAaTa Ha pabo4ynx MecTax
OnTuMaJibHbIEe 3HAYEHH S XAPaAKTEPUCTUK MUKPOKJIMMATA
Ilepuon rona Temneparypa Temneparypa OtHocurensHast | CkopocThb
BO3ayxa, °C MOBEPXHOCTEM, | BIAXKHOCTH JBH>KEHUS
°C BO3aYXa, %0 BO3/IyXa, M/C
XOJIOTHBIN 22 -24 21-25 40 - 60 0,1
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Terubrii 23-25 22 - 26 40-60 0,1
JonycTuMble 3HAYEHUS XaPAKTEePUCTHK MUKPOKJINMATA
[Tepuon rona Temneparypa Temneparypa OtnocutenbHas | CKOpOCTh
Bo3ayxa, °C MIOBEPXHOCTEW, | BIAXHOCTb JBUKEHUS
°C BO31yXa, % BO3/yXa, M/C
X OJIOTHBII 20-25 19 -26 15-75 0,1
Termnbrii 21 - 28 20-29 15-75 01-0,1

6.2.2 HegocTraTouHasi 0CBEIIEHHOCTDH

Henocrarounast ocBEIEHHOCTh paboyeil 30HbI MOMENIEHUs, 000PYJ0BaHHOM
I1K, Taxxe sBisgeTcs OJHOM U3 MPUUMH HApYyLIEHUS 3pUTEIbHON (DYHKIINH, a TAaKKe
BJIUSIET Ha o0LIee caMOuyBCTBUE U 3(PPEKTUBHOCTD TPYA.

HckyccTBEHHOE OCBEIICHHE B TOMEIIEHUIX 11 3Kkcrutyatauuu 11K gomkHo
OCYILECTBISTHCS CHCTEMOH OOILEro pPaBHOMEPHOIO OcBelleHus. B cimyuasx
NPEUMYIIECTBEHHOW padOThl € JOKYMEHTaMH, CJEIyeT HPUMEHSATh CHUCTEMBbI
KOMOMHHMpPOBAHHOTO OCBeLIeHUs (K OOIIeMy OCBEIICHHIO JOIMOJHUTEIbHO
YCTaHABIMBAIOTCA CBETUIBHUKM MECTHOTO OCBEILUECHHS, IpEIHAa3HAUEHHBIE MJIs
OCBEIICHMSI 30HBI PACIOJIOXKEHUS JTOKyMEHTOB). OKHa B IOMEUICHUSX, THe
HKCIUTYaTUPYETCsl BBIYMCIIUTENbHAST TEXHHUKA, MPEUMYIIECTBEHHO IOJKHBI OBITh
OpUMEHTHUPOBaHbl Ha CEBEp MU CEBEpO-BOCTOK. Hopmupyembie mnokazarenu
€CTECTBEHHOTO, MCKYCCTBEHHOTO M COBMEIICHHOTO ocBemieHus [16] ykas3aHbl B
Tabnuue 26.

Tabnmuna 26 — Hopmupyemble MmokaszaTtelid €CTeCTBEHHOI0, MCKYCCTBEHHOIO U

COBMCIICHHOI'O OCBCIICHUA

Paboyas EcTtecTBeHHOE OCBElIEHNE CoBMeIIIEHHOE OCBEIIEHNE
IToBepxHOCTB KEO e H, % KEO e n, %
U TUIOCKOCTb
HOPMHUPOBAHHUS
pMHD IIpu BepxHEM [Ipu BepxHEM
KEO u [Tpu
ITomemenus W W IIpu
OCBEILIEHHOCTH OOKOBOM
KOMOMHHPOBaH KOMOMHHpPOBaH | OOKOBOM
(I'ropuzonrans OCBELIEH
HOM HOM OCBEILIEHUHU
Had, OCBEILEHUH 1 OCBEILIEHUHU
BeeprukanbHa B Hl
) ¥ BBICOTA
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IJIOCKOCTH HaJ
MIOJIOM, M
Kabunersl,
pabouue
KOMHATHL, r-08 3,0 1,0 1,8 0,6
oducHl,
MIPEICTaBUTEh
CTBa
HcKycCTBEHHOE OCBELLIEHUE
OCBeIIECHHOCTD, JIK
[Tpu xoMOUHUPOBAaHHOM Koaddumue
TToMereH s OCBCILICHUU [Ipu TokasaTein HT
o01mem yJIbCaIUN
TCKOM(OpT,
Bcero Ot o01rero OCBETICH M, He Goinee OCBETICHHO
3478 ctu, Ko, %,
He Oosee
KaOuneTtsl,
paboune
KOMHATEL, 400 200 300 40 15
oducsl,
IIPEJICTaBUTEb
CT Ba

Ha pabGoueM mecTe UCnoJib3yeTcs JIIOMUHECHEHTHBIE Ta30pa3psiIHbIE JIAMITbI
(OTKpBITBHIE IBYXJIaMITOBbIe CBETHJIbHUKU TUMAa OJ]) Oeoi IBETHOCTH JJIsl 0OILEro
PaBHOMEPHOT'O OCBELIEHUE.

JlaHo momenieHue ¢ pazmepamu: 1auHa A =4 M, mupuna B = 7 M, Beicota H
= 2,5 m. Beicota paboueit nosepxHoctd hp,, = 0,8 m. Tpebyercs coznaTh
ocseeHHocTh E = 300 k.

Kosdpdumument orpaxenuss cren R = 30 %, moronmka R, = 50 %.
Koaddumment 3anaca k = 1,5, koappuuument nepasnomepnoctu Z = 1,1.

PaccunTbiBaeM cucteMy OOIIEro JJIOMUHECHEHTHOTO OCBEIICHHUS.

Bri6upaem cetunbHuku tuna O/, A = 1,4.

[Tpunss h, = 0,5 M, monmygaem h = 2,5-0,5-0,8 = 1,2 m;

L=14-12=1,68 m; L/3=0,56 ™ .

Pa3melnieHpl CBETUIILHUKY B JIBa psfa. B kKaxaoM psiiy yCTaHOBJIEHBI O 2
ceetwibHuKa THNa O/ moutHocThio 40 BT (¢ anuuo# 1,23 M), pu 3TOM pa3phIBbI
MEXIy CBETWJIbHUKaMHU B psiay coctaBiaT 50 cM. YuuThiBas, 4TO B KaXIOM

CBCTHJIbHUKC YCTAHOBJICHO /IBC JIAMIIBI, 0611166 YuCJI0 JJaMII B IIOMCIIICHUHN N=28.
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Haxonum nHIEKC moMemeHus
1=28/12-(4+7) =2,12.
Omnpenensiem k03 (PUIIHEHT UCTIOIB30BAHUS CBETOBOTO TOTOKA!
n =0,61.
®.=(300-28-15-1,1)/(8-0,61) = 2840 JIm.
OnpenenseM 3IEKTPUIECKYI0 MOIIIHOCT OCBETUTEIBHON YCTAHOBKH
P=8-40=2320 Br.
6.2.3 IloBbIlIeHHBI YPOBEHD 3JI€KTPOMATHUTHBIX M3J1y4YeHHUit
VYBenuueHne KOJIMYECTBA U POCT MOIIHOCTH Pa3JIMYHBIX HCKYCCTBEHHBIX
HMCTOYHUKOB (PaZUOCBSA3b, PAAUOJIOKAIIMS, PACIIUPEHUE CETEH BBICOKOBOJIBTHBIX
JUHUN  3JEeKTpolepeaady, MHUKPOBOJHOBBIE [€YH, KOMIIBIOTEPBI, HOYTOYKH,
TEJIEBU30PbI,  TPAHCIOPT) MPUBOAAT K 3HAUUTEIBHOMY  pPOCTY  YpPOBHSA
AIIEKTPOMATHUTHBIX M3JIyYEHUN B ropojax | HACEJIEHHBIX IYHKTaX, KOTOPBIC
CO3JAl0T JIOMOJIHUTEIbHOE HMCKYCCTBEHHOE 3JIEKTPOMArHUTHOE TII0JIe, KOTOpOE
HEOJIAronpUsITHO BIUSET HA 3/IOPOBbE YEIOBEKA.
DJIEKTPOMAarHUTHBIE BOJHBI TPUBOJAT K HEOJArONMPUSITHBIM H3MEHEHUSIM
B opranusme. B Tabnuie 27 npencraBieHbl NpeaeabHo 1onycTuMbie ypoBHH DMII
nuarna3zona yactoT 30 k['1-300 [Ty Ha paboumnx mectax nepcoHana [17].
Ta6nuna 27 — [IpenensHo ponyctumbie ypoBHU OMII nuanazona vactor 30 kl'1i-

300 I'T'y Ha pabouux MecTax mepcoHana

Junanazonax yactoT (MI ')
[TapameTtp
0,03-3,0 | 3,0-30,0 | 30,0-50,0 | 50,0-300,0 | 300,0-300000

IIpenensHo  momycTuMoe  3HadeHHe DIk,

20000 7000 800 800 -
(B/M)? - 4
IIpenensHO  gomycTuMoe  3HaueHue DIy,

200 - 0,72 - -

(A/M)? - u
IIpenensHO  IOMyCTUMOE 3HAUYEHUE D113, 200
(MxBT/cM?) - u
Maxkcumaneastii [I1Y E, B/m 500 296 80 80 -
Makcumansusiid [TAY H, A/m 50 - 3,0 - -
Maxcumansbiii Y 1719, MxBT1/cm? - - - 1000
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6.2.4 HepBHO-IcUXHYeCKHE NEePerpy3Kkn

HepBHo-Ticuxuueckue Neperpy3kd — COBOKYMHOCTh TaKUX CIBUTOB B
NCUXO(HU3HOIOTMYECKOM COCTOSHUM OpTaHM3Ma 4eJOBEKa, KOTOPhIe Pa3BUBAIOTCS
1ocJie COBEpIIeHUS pabOThI U MPUBOAST K BPEMEHHOMY CHIKEHUIO (D PEeKTUBHOCTH
tpyaa. CocrosiHHe yTOMIIEHHS (YCTaJOCTh) XapaKTEpU3yeTcs OINpeAeTICHHBIMU
O0OBEKTUBHBIMU MOKA3aTENSIMHU U CYyObEKTUBHBIMU OILYICHHUSIMH.

HepBHo-Ticuxuyueckre neperpy3ku MmoApasIessioTcs Ha CIeAyIOHe:

— YMCTBEHHOE NIEPEHAIPSKEHUE;

— MepeHanpsHKeHNe aHaI3aTOPOB;

— MOHOTOHHOCTb TPYAa;

— SMOLIMOHAJIbHBIE MEPErPy3KHU.

[Tpu mepBBIX CUMITOMAX MCUXUYECKOTO MIEPEHAIPSHKEHNUS HE00X0IUMO:

— J1aTh HEPBHOU CUCTEME paccIaOUThCS;

— paloHalIbHO YepeaA0BaTh NEPUOABI OTJbIXA U PaOOTHI;

— HayaTh 3aHUMATbCS CIIOPTOM,;

— JIO’KUTHCS CHATh B OJIHO U TO K€ BpEMS;

— B TSDKEJBIX CIydasXx 0OpaTUTHCS K Bpayy.

EcTecTBeHHO, YTO MOJHOCTBIO HUCKIIIOUUTH MPOBOLUPYIOLUIUE (HAKTOPBI U3
YKU3HU BPSAJ JIM yIACTCsl, HO MOYKHO YMEHBIITUTh UX HETATUBHOE BO3/ICHCTBHE, 1aBast
HEPBHOM CHUCTeMe HEOOX0auMbIN oTAbIX [12].

6.2.5 IloBbIlIeHHBII YPOBEHb LIyMa

BrusHue myma Ha CIyXOBOW aHANMM3aTOp MPOSIBISIETCS B aypalbHBIX
addekrax, KOTOphIe, TIJaBHBIM 00pa3oM, 3aKJIIOYAKOTCA B  MEIJICHHO
IPOrPECCUPYIOLIEM MOHIKEHUM CllyXa [0 THUIy HEBpUTa CIYXOBOI'O HEpBa
(koxyeapHblii HEBpUT). B Tabmuiie 28 mpeactaBieH TPENETbHO TOMYCTHMbIC
YPOBHU 3BYKOBOTO JIaBJICHUS, YPOBHH 3BYKa M 3KBUBAJCHTHBIC YPOBHM 3BYKa JIs

OCHOBHBIX HamOoJiee THITHYHBIX BH 0B pr,[[OBOﬁ ACATCIBbHOCTH U pa60q1/1x MCCT

[18].
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Tabnuna 28 — [IpenenbHO JOMyCTUMbIE YPOBHHU 3BYKOBOTO JIABJICHHSI, YDOBHH 3ByKa
Y DKBHUBAJICHTHBIE YPOBHHU 3BYyKa JJII OCHOBHBIX Ham0OJIe€ TUIIMYHBIX BUOB

TPYJOBOM IESITEILHOCTH U pabOYnX MECT

YPOBHI/I 3BYKOBOI'O 1aBJICHUA, I[B, B OKTaBHBIX II0JOCAax CO

Bun TpynoBoi nesaTenbHOCTH, CpPEIHEreOMETPUYECKUMHU 4acTOTaMH, I'1g
paboriee mecTo 315 | 63 | 2| 21> 11000 | 2000 | 4000 | 8000

Brinonnenue Bcex BUIOB paboOT
Ha MTOCTOSIHHBIX pab0oYnX MecTax
B IMPONU3BOACTBCHHBIX
MIOMENICHUSX U HA TEPPUTOPUHU

107 | 95 | 87 | 82 | 78 | 75 73 71 69

IToaBepraromuecs: LyMOBOMY BO3JECUCTBHIO JIFOJU, YALIE BCETO KAITYIOTCS
Ha rOJIOBHBIE O0JIH, KOTOPBIE MOTYT UMETh Pa3HYI0 MHTEHCUBHOCTD U JIOKAJIU3ALIMIO,
TOJIOBOKPYXKEHUE TPH TEPEMEHE IIOJIOKEHUS TENa, CHIKEHHE NaMsATH,
MOBBIIEHHYIO YTOMIIIEMOCTb, COHJIMBOCTb, HAPYLIECHHS CHA, 3MOLMOHAIBHYIO
HEYCTOWYMBOCTh, CHIDKEHHE alIeTUTa, MOTIUBOCTh, 00JM B o0nacTu cepaua. [lym
— 3TO OJIMH X CaMbIX CHJIBHBIX CTPECCOPHBIX ar€HTOB. BiusiHue Iyma cKa3bIBaeTCs
Ha (QYHKUMSIX SHIOKPUHHOM M MMMYHHOW CHCTEM OpraHu3Ma, B YaCTHOCTU 3TO
MOJKET IPOSIBIATHCS B BUAE TPEX INIaBHBIX OMOJOTrMYecKuX 3((EKTOB: CHUKEHUE
UMMYHUTETa K  WH(QEKIMOHHBIM  OOJE3HSIM;  CHIKEHHE  HMMYHMTETA,
HAIllpaBJICHHOTO TIPOTHB  Pa3BUTUSA  OIYXOJIEBBIX  IPOLECCOB;  IOSBICHUE
ONaronpusTHBIX YCIOBUM Ui BO3HMKHOBEHMS M Pa3BUTHUA AJUIEPIMUECKUX U

ayTOMMMYHHBIX IPOLECCOB.

6.2.6 Yaap 31eKTprHYeCcKUM TOKOM
B Ttabmuie 29 npencraBieHbl 3all[MTHBICE MEPbl MPU OCHOBHOW 3alllUTe |
3alMTe TPU HAJTMYMU HercnpaBHocT [19].

Tabnuna 29 — 3anmTHbIe MEpbl TPU OCHOBHOM 3alllUTEe W 3alllUTe MPU HAIWYUU

HCUCIIPABHOCTHU
3ammuTHBIE MEPHI OcHoBHas 3amuTa (3anmTa mpu 3ammra mpu HaJINIUHA
OTCYTCTBUU HEHCIIPABHOCTH) HEUCTIPaBHOCTH (3amuTa npu
HaJIMYUHU MPOCTOM
HEHCITPaAaBHOCTH)
3ammTa ¢ MCI0Jb30BaHHEM VcunenHas u30IsIus
JBOMHOM WM  YCHUJICHHOU
W30JISIIA N
OcHOBHas U30JISLIHS | JlommoTHUTEIbHAS H3OJISIIUS
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3amuTa ¢ ucnoib3oBaHueM | OCHOBHas M30NIALNSA, BapuaHTH: | BrlpaBHHBaHMe [IOTEHIUAJIOB,

BBIPaBHUBAHUS MIOTCHIMAJIOB | - (TBep/ias) OCHOBHAS U30JIALIMSA; | oOecreunBaromiee 3aIIUTY,
- OCHOBHAasl W30JISIUS: BHYTPU | BapHaHThl (OJHA Mepa 3alluThl
OTpaXKCHHI U 000JI0YCK; WIA MOIXOAAIas KOMOMHALIHS
- 3a Oaprepamuy; CIICTYIOIINX Mep):
- pasMelleHHEe BHE  30HBI | - BbIPABHHBAaHHC IOTCHI[HAJIOB B
JIOCATAEMOCTHU JJIEKTPOYCTAHOBKE;

- BBIpaBHMBaHUE ITOTEHITHAIOB
IS 2TIEKTPOOOOPYIOBAHHS,;

- PE-n1poBOJIHUK;

- PEN-npoBoaHuK;

- 3alIUTHBIN SKpaH

3ammTa ¢ MCII0JIb30BaHUEM - ABTOMaTHYECKOE OTKJIFOUEHHE
aBTOMATHYECKOIO HCTOYHHMKA MUTAHUSI

OTKJIIFOUEHUS HCTOYHMKA

MUATAHUS

3ammra ¢ MCHOJB30BAHUEM - [IpocToe pazaenenue uemnei
BJIEKTPUUYECKOr0 Pa3IeIICHUs

nemnen

3ammra ¢ MCIOJB30BAHUEM - HeroxonpoBosinas cpena
HETOKONPOBOJIAILEH CPEJIb

3amuTa ¢ HMcnosib3oBaHueM | Jpyrue mepsl Hpyrue mepsl

APYTHUX 3allIUTHBIX MCP

Jpyrue Mepbl yCHUIIEHHOH 3aIUThI
Yz[ap QJICKTPUICCKMM TOKOM MOMCHTAJIbHO BBI3BIBACT Yy IMOCTpAAaBOICTO

CWIbHBIA IIIOK, KOTOPBIA MOXET CONPOBOXKIATHCS TaunonuHanusMu. [Ipu
MOopakeHUH OOJIBIIIE BCErO CTPaAat0T rOJI0BHOM MO3T U cepaue. [locnencTrus ynapa
TOKOM MOTYT OBITh SIBHBIMH: OXOTH, OOJIb, HApPYIIECHHUS CEPJACYHOTO U
JIBIXaTEJIbHOTO PUTMOB, TOJIOBOKPY>KEHHUE, HAPYIIIEHUE 3PEHUS, CO3HAHUS, UHOTa
BO30YXKJIEHUE, PETporpajHas aMHE3Hs, Pa3pbIBbl MBIII TMPU HX CYIOPONKHOM
COKpAIlCHUH, TAK)KE BO3MOXHBI KOMIIPECCHOHHBIE U OTPBIBHBIE MEPETOMbBI KOCTEH.
Ecnu ynap Obul HECWIBHBIM, MOCIEICTBUSI MOTYT OBITh HE OYEBUIHBIMHU, HO HE

MCHEC OITACHBIMHU JJIA )KU3HU U 3JOPOBbS YCJIOBCKA.

6.2.7 OnpenesieHue MepoONPUSITHH 1O YMeHBIIEHUIO Bpeaa OT
BO3/1eHCTBUS BbISIBJCHHBIX (PAKTOPOB

UTtoObl YMEHBIIUTH BO3JEHCTBUE BPEIHBIX (PAKTOPOB HEOOXOAUMO
o0ecrneunBaTh ONPEEICHHbIE MEPOPUATHS KaK MIPU IJIAHUPOBAHUHU TIPABUIILHOTO
o0ycTpoilicTBa paboyero MoMemeHus, Tak U B mpoiecce padorsl. Tabmuma 30
OMHCHIBAET HEKOTOPHIE MEPOMPHUATHUS, TO3BOJIAIOMIMNA  YMEHBIIUTH  BpPE.

BBISIBJICHHBIX (DAKTOPOB.

69



Tabnuna 30 — OnpeneneHne MEpPONPHUATHIA 10 CHUXKEHUIO BO3JEHCTBUS BPEIHBIX

dakTopoB
DaKTOpbI MeponpusTus 10 CHUKEHUIO BO31eHCTBHUSA
OOecnieueHne MOMELIEHUsS CUCTEMaMH 000rpeBa, BEHTHJIMPOBAHMS,
YBIIAKHEHUS
[Tonnepxanue
3amuTa OT COJHIIA: IITOPBI, K031, HABECHI
MUKpOKJIMMATa
[TpaBuibHOE pazMmeleHus: pabounux MecT
Bnaxnas yoopka
CBoeBpeMeHHas YHCTKA CTEKOJI OKOH U OCBETHTEIBHBIX IPUOOPOB
[Inoxas
PeMOHT 1omeIeHns B CBETIIBbIX TOHAX
OCBEILIEHHOCTH
YcraHoBka 0oJiee MOIIHBIX JIaMIT B IPABUIIBHBIX MECTaxX
Ucnonp3oBars XKK-3xpan
[ToBblIICHHBIM
Pacnionarate MOHHUTOD B yIUIy IOMEIIEHUS — CTEHBI IIOTJIOMAIOT
YPOBEHb
U3IIy4yeHUe
JIEKTPOMAarHUTHBIN
BrIkitoyaTh KOMIIBIOTEP B IIEpEpbIBaX MEKAY paboToi
U3JIy4eHU N
Coxkpaiarh Bpems 32 KOMIIbIOTEPOM
HepsHo- PaOora He Oonee 8 4acoB B JIeHb
IICUXUYECKUE Pabora utepaninoHHO, NpepbIBasich Ha HEOOJIBIION OTABIX KaXKIbIN Yac
Heperpy3Kku BBIXOIHBIE KaXKIYIO HEIEITIO
E>xeronHas npoBepka KOMIOHEHTOB DBM Ha nonoMku
Ynap
M3mMeHuTh BIAXHOCTH BO3JyXa B COOTBETCTBUH C HOpPMamu
ANEKTPUYECKUM
MUKpOKJIMMATa
TOKOM
IIpoBepuTh 3a3eMIIEHUE PO3ETOK

6.3 DKko0rnuecKas 0€30MaCHOCTD

BrImmonHeHME MOCTaBICHHOTO MPOEKTa TPeOyeT UCIIOIh30BaHUE HOYTOYKa M
MaJIOYHMCIICHHON Tiepud)epun — BCE 3TO HE BHIOPACHIBACT B OKPYXKAIOIIYIO CPEIY
KaKUX-JTMOO BPETHBIX BEIIECTB.

OpnHako, TPOW3BOJCTBO JaHHOW JJEKTPOTEXHUKH, €€ YTWIM3alUSd |
YTHIIM3AIMS ~ KaHIEISIPCKUX TMPUHAUISKHOCTEH u  Oymarm —  (akTopsl,

OTPULIATCIIBHO BJIMAIOIMHUC HA 3KOJOTHYCCKYIO 0e30MacHOCTh Ha INIaHETE 3eMIIs

[21].
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6.3.1 [Ipou3BOACTBO M YTHIN3AIUS TEXHUKHA U KOMILJIEKTYIOIIHX

[Tpon3BOACTBO M yTHJIM3AIUS COBPEMEHHBIX BBIYUCIUTEIBHBIX YCTPOWCTB
COCTAaBJISIIOT CEPhE3HYI0 MPOOJIEMY: TEKCTOJIUT, UCTIOIb3YEMBIN TTPU IPOU3BOJICTBE
MHUKPOCXEM, HMEIOIINX CPOK Pa3sIoKeHHUs 0oJjiee Thicsau jet [21].

Kpome Toro, npu npou3BOJCTBE BpEHBIE BEIIECTBA HE PEIKO MOMAJaloT B
BOoZloeMbl. HeouMilleHHbIE CTOKM CIMBAIOTCS HEMOCPEICTBEHHO B BOJOEMBI U
coZiepKaT psifl SIMOBUTHIX XUMUYECKUX COSAUHEHUH, TSOKETbIE METAJUTBI, @ UHOT 1A U
paJroaKTHBHbBIC KOMIIOHEHTHI [21].

DBITOBOM MycOp M KaHLEISIPCKHE TNPHUHAMICKHOCTH TNPU HEBEPHOU
YTUIU3ALWN 3aTPYAHICT HUPKYIIAINUIO BOJBI U Pa3iarasich OTPABIISET BOJTOEMBI.

6.3.2 HopMmbl 3K0JI0THYeCKOi 0€30I1aCHOCTH

VY oduca nomkeH ObITh 3aKIIIOUEH IOTOBOP HA BBIBO3 U YTHUIIM3ALIUIO OTXOOB.

Henw3st ckimamupoBaTh W BBIBO3HTH COBMECTHO TBEPJbIE KOMMYHAJILHBIC
OTXO/JIbl, OPTaHW30BAHHBIE B MPOIIECCE KUZHEIEATEIBHOCTH, U OTXO/IbI OPTTEXHHUKHU.
MakynaTtypa He MOAJEKHUT 3aXOPOHEHHUIO, TMOCKOJBKY SIBISETCS BTOPUYHBIM
MaTepUaIbHBIM PECYPCOM, T.€. MOXKET OBITh UCIIOJI30BaHA MTOBTOPHO.

BbIBO3 0TX0/10B Ha YTHIIM3AIIMIO U 3aXOPOHEHUE JOJIKEH OBITh TOITBEPKIACH
JOKYMEHTaJIbHO, MHA4Ye OTXOMAbI OYyIyT paccMaTpUBATHhCS MPOBEPSIONIMMHU Kak
HECaHKIIMOHUPOBaHHbBIE [22].

B oduce nomken ObITh OpraHu3oBaH ydeT OOpa30BaHUS U JBIKCHUS
OTXOJIOB.

6.3.3 MeponpusiTusi 10 COXPAHEHHUIO IKOJOTHYECKOI 0e30MaCHOCTH

Meponpusitus, MO3BOJSIOLUIME COXPAHITh HKOJIOTMYECKYI0 0€30MacHOCTb,
HaxoJI5ICh Ha CBOEM paboyeM MecTe:

— IlpaBuiibHAS yTUIM3AINS TEPCOHAIBHBIX KOMITBIOTEPOB U HOYTOYKOB, a
TaKXK€ WX KOMIUICKTYIOIIHX;

— Hcnonb30BaHue sHEprocOeperaronifx Jamir;

— Hcnons30Banne akKyMyJISTOPOB BMECTO COJIEBBIX OaTapeek;

— CBOEBpEMEHHOE OTKIIFOUEHNE HEUCTIOIb3YEMBIX JIEKTPOIIPHOOPOB;
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— IIpoBeneHue 3K0I0rnuecKoro ayuTa.
6.4 be3onacHOCTDH B Ype3BbIYAHBIX CUTYALUSIX

Co3znmanue mpoekTa mpoxoauio B yueobnou ayauropuu TIIY. Bo3moxen
cnenytomuii ciucok YC:

— Iloxap;

— HaBonanenue;

— 3eMJIeTpsICEHHE,

— Teppopuctuyeckuit axr;
— Ilannemus.

HauGoiee BeposiTHOE Upe3BbIYaiTHOE MPOUCIIECTBUE — ITO MOXKAP B
3IaHUH.

6.4.1 IMoxap

OCHOBHBIMM TNPUYMHAMH T[IOXapa SBISIOTCSA: KOPOTKOE 3aMbIKaHUE,
neperpyska ceTH, 00JIbII0E MEPEXOTHOE CONPOTUBICHUE, UCKPEHHE U T.]I.

B cBsa3u ¢ atum, cormacao 'OCT 12.1.004-91 «IloxapHas 6€301acHOCTb.
OO6mue TpebGoBaHUs», MpH PabOTE C KOMIBIOTEPOM HEOOXOAMMO COOJIOAATH
CJICyIOIIe HOPMBI NOKAPHOI 6e3onmacHocTH [23]:

— Ui TpEeIOXpaHeHUs CETH OT TEePEerpy3oK 3ampeniaeTcss OJHOBPEMEHHO
MOJKJIIOYATh K CETH KOJMYECTBO MOTPEOUTENEH, MPEBBIIAIOIINX JOMYCTUMYIO
Harpys3Ky;

— paboThl 3a KOMIBIOTEPOM MPOBOJUTH TOJBKO MPU HUCIPABHOM COCTOSIHUU
000py0BaHUs, DIIEKTPOIPOBOIKH;

— UMETh CPEJICTBA JI TYIIEHUS MMOoXKapa (OTHETYIIUTEND);

— YCTaHOBUTh KOJIMYECTBO, pa3sMEpbl U COOTBETCTBYIOLIEE KOHCTPYKTHUBHOE
WCIIOJTHEHUE PBaKyallMOHHBIX MYTEW U BBIXOJIOB;

— o0ecneynTh BO3MOXKHOCTh  OCCHPEMSITCTBEHHOTO JBW)KCHHUS JIIOACH 10
ABaKyallMOHHBIM MyTsM. [Ipoknaaka Bcex BUIOB Kabelieli B METATTHYECKHUX
ra3o0HANoOJIHEHHBIX TPyOax;

— OTJIMYHBIM BapUAHT IS PEIOTBPALEHUS BO3TOPAHMUSL.
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I'maBHOE BO BpCMsI I10Kapa — HC IOAAaBaTbCA ITAHUKE U I[GI\;ICTBOBEITB COrJj1aCHO

NpaBWJIaM NMOBeAeHHs B MTOJOOHOM Ype3BhIYANHON CUTYaALIUN:

1.

BbI30BUTE TIOXKAPHYIO OXpaHy, COOOIIUB CBOW ajapec, (GaMuiIuio U HOMEp
TenedoHa.
OTKIIIOYUTE BCE DIEKTPOOOOPYAOBaHUE, OBITOBBIE IPHOOPHI, Ta3.
3akpoiite (WM He OTKpBIBAiTE) ABEPU U OKHA, CBOOOIHBIN JOCTYI KUCIOPOAA
TOJIbKO YCHIIUT OTOHb.
Ecnu rutams eme HeOOBINOE, MTOMBITAWTECH €0 MOTaCUTh CBOMMH CHJIAMHU:

. BOCIIOJIb30BABIIHCH OTHETYIIIUTEIICM;

b. HakpbIB OYar MIOTHOW TKaHBIO (IITOPHI, OJIESIIO);

C. 3achlllaB OYar 3eMJIel MU TECKOM;

d. 3a;muB oyar BOJOM.

. B ClIydac HCYAAaBHICTOCA TYIICHHA, CPOUYHO 3BAKYHPOBATHCA U3 INOMCIICHHA

(3manust). Ilpu »ToM He mnonp3oBaThes udTom! I[lo BEHTUIIALIMOHHBIM U
JU(TOBBIM IIAXTaM OTOHB PACTIPOCTPAHSIETCS C OTPOMHOM CKOPOCTHIO — ACCATKHU
METpPOB B CeKyHIy. [I0 BO3MOXHOCTHM HCHOJB3YMTE 3alacHbIC IOXKAPHBIE

JIECTHULBI U BBIXO/IbI, KOTOPBIE MTOKa3aHbl HA PUCYHKE 45.
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6.5 BeiBoa mo pasaeny

B xoJie uccnenoBanus o couuaibHOM OTBETCTBEHHOCTH OBUIH PACCMOTPEHBI
IPABOBBIE U OPraHU3alMOHHBIE BOIPOCHI 0OECIEYEHMs] OE30MACHOCTH, a TaKKe
OpraHU3alMOHHbIE MEPONPUATHS IPH KOMIIOHOBKE padoyeid 30HBI.

Brienensl v npoaHalIu3UpOBaHbl BPEAHBIE U ONACHBIE (DAKTOPBI, BIUSIOIINE
Ha YeJoBeKa, Haxonduerocs B ogpuce. bbun onpeneneHsl cpeacTBa 3allUThl, OT
BBISIBJICHHBIX BPEIAHBIX U OMACHBIX (DaKTOPOB.

b1y BbISIBIEHBI OBITOBBIE OTXO/bl, HETATUBHO BIIUSIOLINE HA OKPYKAIOILYIO
cpeny. K HUM OTHOCATCS CEBIIME AKKyMYJSTOPHBIE YCTPOWCTBA, OyMaKHbIE
OTXOJIbl, IEPErOPEBIINE JaMIIbl. JJaHHBIE OTXObI HA MECTE PAOOThI yTHIU3UPYIOTCS
coriacHo ['OCT.

PaccmoTpena HaumbOosnee pacnpocTpaHeHHass 4Ype3BblUaHAs CUTyalus —
noxap. [loxxap MoeT ObITh CIEICTBUEM KOPOTKOTO 3aMbIKaHHUsS WJIM HEBEPHOMH
HKCIUTyaTalH JIEKTPONpUOOPOB, a TaKkKe HeCOOTIOACHHS TEXHUKU 0€30I1aCHOCTH.
B paznene Oblia npuBeneHa cxeMa 3BaKyaluu Mpu noxape u apyrux YC.

[IpaBoBble M OpraHU3allMOHHBIE BOIPOCHI OOecreyeHus: 0e30MacHOCTH
PEryIUpYIOTCS TOCYyIapCTBEHHBIMU OpraHami. [ IpaBuia u HopMbl 151 oOecrieueHus
HOPMAJIBHBIX ~ YCIIOBHUM TpyJda BCEX COTPYAHUKOB YCTAHABJIMBAIOTCA Ha

rocyJ1JapCTBEHHOM YpPOBHE.
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3akiroueHue

B xozme BbIONHEHUS BBITYCKHOW KBaJU(pUKALUOHHOW paboThl Oblia
pazpaborano IIO B BHUpTyalbHOW pEATbHOCTH [UIS TIOHUMAaHUS W Pa3BUTHS
IBPUCTHYECKOTO MBIIIICHHS.

N3HavanbHO OBLII0 HEOOXOUMO U3YUYHUTh U MPOAHATU3UPOBAThH IIPEIMETHYIO
00nacTh — 3BpUCTHKA. ITO ObUIO caenano B pamkax HUPC, rae BeiOpaHHbIE TEMbI
OBLIM TECHO CBSI3aHbI C JAHHOW MPEMETHON 00JIaCThIO.

[lepen nauamoMm pa3pabOTKU OBLJIO Ba)XXKHO BHIOpATh MHCTPYMEHTapuil —
UTPOBOM JBIKOK. B X0/1e cpaBHEHUsI XapaKTEPUCTUK U OCOOEHHOCTEN BBIOOp Mmaj
Ha Unity, kak caMblil yJOOHBIN U (yHKIMOHATBHBIM.

[locne BBIOOpa HMHCTPpYMEHTapHsl MpHUIIENT Yepel NPOEKTUPOBAHUA —
pazpadotku I1O. beuia mpoaymaHa TBopueckass UrpoBas MEXaHMKAa M CHUCTEMa
IBPUCTUYECKOTO O0TOOPA.

B pesynbraTte pa3paboTaHa U NOPOTECTUPOBAHO UIpOBas MEXaHUKa
COCMHEHUs / pa3beAUHEHUsS OOBEKTOB M CHCTEMa SBPUCTHYECKOIO OTOOpa,
MO3BOJIAIOIIAS MOJYYUTh JTAHHBIE M3 UCXOAHOW 0a3bl JaHHBIX, OTCOPTUPOBAHHBIE

HarpsMYHO HJIM KOCBECHHO 11O HAaYaJIbHBIM BXOAHBIM JaAHHBIM H (bHHBpr.
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Problems and prospects of heuristic learning

Nowadays, heuristics is the science of productive thinking (the creation of the

previously unknown), aimed at the creative solution of a problem (task).

Consequently, heuristics is closely related to creative and project activities, where

enlightenment and insight are the leading element. In addition, heuristic training

includes non-standard mental operations and manifests itself in personality

characteristics:

the ability of a person to make a heuristic choice among numerous possible
options for finding solutions;

the ability of a person to deduce guesses that significantly reduce the time
to find a solution to a problem;

the ability of a person to intuitive thinking;

the ability of a person to integrate new ideas;

the ability of a person to understand the conditions for finding solutions to

problems, developing hypotheses.

It should be noted that heuristic learning contributes to the disclosure of the

internal reserves of the individual, which help him to create new knowledge, to

construct it in his activities. The main features of heuristic methods can be

distinguished:

psychological strategic idea including the removal of inertia of thinking,
the coverage of all possible approaches to solving the problem, the
definition of the nearest areas of the task;

adaptive component of the methods, i.e. purposeful solution of the problem
taking into account the specifics and subjective-personal qualities of the
problem solver;

interface with massive and informational components of the problem
solving process (study of structural features and specifics of the problem
being solved);

an informed choice based on the knowledge of the teacher and the student;
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— narrowing the search for a solution to the problem by means of ARIZ (an
algorithm for solving inventive, X tasks) that incorporates the experience
of similar solutions.

Therefore, the distinctive features of heuristic learning are variable-
probabilistic, unifying, and model character. Since we have defined heuristics by a
certain general method of solving problems, we will proceed to the consideration of
heuristic teaching methods.

The forecasting method is based on the process of studying phenomena, trends
in the development of the forecast of the solution of the problem. Forecasting is a
type of cognitive activity of a person aimed at designing forecasts of the
development of an object, through retrospective analysis. It should be noted that
prognostics has about 4 forecasting groups: on factual information, expert
information, forecasting on analogues, forecasting systems.

The method of association involves the activation of semantic connections
(metaphors, random concepts). The idea of using the method is based on establishing
a connection between previously unrelated and unrelated concepts. The catalog
method involves the transfer of knowledge (attribute, property, i.e. characteristic of
an object) from one area to another. The method of focal objects involves the transfer
of some features to a more improving object.

The method of heuristic questions involves the initiation and organization of
activities to increase the productivity of intelligence, where ideas are generated and
the most acceptable and effective solution to the problem is chosen.

The method of synectics involves intensive, psychological activation when
solving a problem. The method works in a group of 6-8 people of various specialties
and interests. Morphological analysis synthesis is characterized by the constructive
implementation of a systematic approach to solving the problem. Finally, the
algorithm for solving inventive tasks, the method is based on the sequential

execution of actions by comparing the ideal and the real in the object.
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ARIZ includes nine stages: object analysis, analysis, model development,
definition of contradictions and selection of a standard, resource mobilization, use
of the information fund elimination of contradictions, application of the received
solution, reflection.

Thus, heuristic teaching methods make it possible to overcome the monologue
of the pedagogical process and contribute to the disclosure of the student's personal,
creative, potential, manifested in creative, cognitive, activity, personality
characteristics.

Problems and prospects of heuristics in video games

Few approaches are currently linking the results of heuristic evaluation
methods to user experience. Especially in the field of computer games, where the
experience is the leading factor, different aspects can be evaluated using heuristics.
This discussion of current advanced interaction games leads to the introduction of a
set of specific evaluation heuristics applicable to the user experience of these games.

Regarding game heuristic evaluation, the data show to some degree that game
heuristics evaluation is overrated in literature as compared to reality. A significantly
large amount of sampled companies are not being involved in heuristic evaluation
despite its stated benefits in the literature. Various reasons were exposed as to not
using heuristics in game evaluation such as the lack of knowledge and experts, lack
of time, and lack of suitable heuristics. These findings call for future research on
promoting the heuristic evaluation to game companies and providing game
heuristics that are clearer and apply in practice.

The majority of the companies which employed game heuristic evaluation
developed and used their own heuristic lists. Moreover, the respondents involved in
heuristic evaluation considered that specific lists should exist for specific genres and
new games. These results indicate a natural practice and an expected attitude towards
game heuristics, given that on the other hand, the majority of the practitioners found
the existing heuristics unsuitable. However, ideally, heuristics is a means to provide

some form of standardization among similar products, thus creating heuristics for
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each game or gamification system is neither economically sustainable nor
conceptually justified. Perhaps researchers and practitioners together should agree
on what constitute good game heuristics, to avoid unnecessary efforts to be spent on
creating tailored heuristics that are difficult to use outside their domain. Thus, there
Is a need for a collaborative effort between researchers and practitioners to develop
heuristics that are comprehensive and useful to practitioners, and to increase the
awareness, adoption and diffusion of heuristic evaluation practice in game
companies. In addition, more case studies and surveys should be conducted to
explore the benefits of game and gamification heuristics in development contexts.

Heuristic evaluation in game and gamification development

Game development business has become very competitive. Therefore it is
very important to develop games that stand out from the vast amount of other
competing game titles. Usability of the game is crucial to ensure game acceptance
and subsequently positive players’ reviews. Usability is important in gamification
development as well as it optimizes player engagement and accomplishment of
individual and organizational objectives. Usability is defined as being the extent to
which a product, system, or service can be used by specified users to achieve
specified goals with effectiveness, efficiency, and satisfaction in a specified context
of use.

One successful method to ensure good usability is heuristic or expert
evaluation, which has been also introduced in the game context and proven to be
useful in game development. However, the existing game heuristics are typically
criticized for being too general to suit the specificity of different games genres. Thus,
the literature has become abundant of various lists of game heuristics from which it
is difficult to choose. Moreover, the available game heuristics need further
development to improve its comprehensibility and clarity. Furthermore, the
conceptualization of game usability represents also an issue in employing heuristic
evaluation as the understanding and definition of game usability affects the way

heuristic evaluation is conducted, its scope, and the categories in the heuristic list.
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Some game usability heuristic lists include only issues of interface, controls, and
methods of interaction, while others also add aspects of gameplay and mechanics.

This study investigates through a survey approach the views and practices of
the game companies regarding game usability heuristics and the extent to which they
utilize heuristic evaluation as a game usability method. The aim is to understand the
practice of game heuristic evaluation given the current debate in the literature on
what constitutes game usability and effective game usability heuristics. The purpose
Is also to understand how game heuristics adoption could contribute to the design
and development of effective gamification systems that reach their goals to motivate
users to utilize them and to change their behavior towards the desired target.

Heuristic evaluation (HE) is a widely used software usability evaluation
method in industry because it is considered a discount usability method not requiring
a lot of infrastructure, time, and money. It involves a group of experts evaluating a
software product guided by a list of so-called heuristics that provide rules of best
practice design, first individually and then as a group. A single person can also
perform HE, although using more than one evaluators is recommended in order to
find more problems.

Heuristics can be used in game development as early as in the concept design
phase and prototype phase, where they can help to inspire a creative player
experience as well as to identify usability problems before becoming too expensive
and difficult to fix. Although most of the generic heuristic lists can be used in
analyzing the user interface of a game, these heuristics still fail to address the
fundamental game play issues.

Federoff created a set of 40 game usability heuristics that are categorized into
game interface, game mechanics, and gameplay heuristics. This is the first set of
heuristics targeted to games and many of the subsequent game heuristics build on it.
Heuristic list has four categories (gameplay, story, mechanics, and usability

heuristics) and has been found to be very helpful in early phases of game design for
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evaluating general issues. Further developments of game heuristics targeted specific
genres, mobile games, multi-player games, and social media platforms.

Several authors focused on developing general heuristics for games instead of
targeting those to specific genres or types of games. Their game usability heuristics
are built around a modular framework consisting of three categories: device specific
heuristics, gameplay and game story heuristics, and virtual interface heuristics.

Some of the existing game heuristics are of particular relevance in the
gamification context, where the educational or instructional aspect, the engagement,
and the fact that the users are not necessarily experienced players or gamers are
issues of primary concern. Gamification represents the use of game design elements
In non-gaming systems to improve user experience and user engagement.
Gamification is viewed as having a business or organizational orientation, namely
gamification is considered beneficial to an organization or goal (such as education)
by creating and maintaining intrinsic motivation of users to achieve desired target
behaviors through the play of a well-designed game.

The design of gamification involves introducing game-design elements into
the software development of the target system, and it is challenging. Thus, game
heuristics can facilitate the development of the gamification system and ensure that
the target objectives of the system are fulfilled. A relevant research in this respect,
in particular applicable to the educational aspect of gamification, is that by Omar &
Jaafar who developed the first set of playability heuristics targeted to educational
games. This set of 34 heuristics focuses on five aspects: user interface, playability,
content, education, and multimedia. Sweetser, Johnson, and Wyeth created a
heuristic list of 165 heuristics for evaluating real-time strategy games based on the
gameflow model by Sweetser & Wyeth to achieve detailed gameflow criteria for one
game genre. These heuristics have eight categories: control, immersion,
concentration, player skills, challenge, clear goals, and social interaction; these
could be applicable to gamification design to ensure flow and engagement.

Desurvire & Wiberg introduced a set of heuristics focusing on the experience of the
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new players, particularly casual gamers. They addressed the game usability and
game usability heuristic evaluation through the concept of game approachability,
which they define as making games initially more friendly, fun, immersive, and
accessible for those players who have the desire to play, yet do not always follow-
through to actually playing the game.

In addition to the three sets of heuristics above that are relevant to
gamification, Tondello, Kappen, Mekler, Ganaba, and Nacke developed a heuristic
list specifically targeted to gamification design. This list distinguishes between three
types of heuristics based on the type of motivation the system is targets: intrinsic,
extrinsic, and context-dependent motivations.

To understand how practitioners perceive game usability and practice
heuristic evaluation, a series of surveys among North American (Canada and the
USA) and North European (Denmark, Finland, Ireland, Latvia, Lithuania, Sweden,
the UK) companies were conducted. Data were collected as part of a larger, long-
term research effort to understand the views of practitioners on usability and their
utilization of usability methods in the game development. The present study focuses
on data collected during 2012-2016 starting in Finland (2012), then extending to
other Northern European countries and further to North America (2016). The survey
reached in total 331 companies in North Europe (NE) and 802 companies in North
America (NA), whose contact information was mainly available on
gamedevmap.com.

The first survey, which was conducted in Finland in 2012, contained mainly
open answers and the obtained data were coded and used to form categories that
were utilized in the subsequent surveys as multiple-choice answers or multiple
answers in close-ended questions.

The questionnaire consisted of 39 questions: 29 close-ended questions and 10
open questions. The questions were in English. Only questions regarding the concept
of game usability and heuristic evaluation were analyzed. In addition, relevant

background information about the participantswas reported.
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Usability was regarded as very important in games by both NA companies

(average score 4.68 on a 5-point Likert scale) and NE companies (4.69). When asked

to rate the importance of different aspects of game usability such as interface,

controls, user experience, flow, game mechanics, the top three aspects associated

with game usability were user interface, controls, and user experience.

Table 1 shows the ratings by region. No significant differences were found

among the ratings in NA and NE by employing the Mann-Whitney test. Many of the

respondents do not view game mechanics, fun and gameplay as well as flow and

game challenge amongst the most important aspects of game usability.

Table 1 — Aspects of game usability

Aspect of NE companies (V= 45) NA companies (¥ = 59) Total (N = 104)

usability n %a H %a " %o
User interface 42 93 % 49 83 % 91 88 %
Controls 41 9] % 51 86 Y g2 88 %
User experience 38 84 % 53 90 % 91 88 %
Flow 32 71 % 39 66 Ya 71 68 %
Challenge 26 58 % 40 68 % B 63 %
Gameplay 25 56 % 39 66 % 64 62 %
Fun 22 49 % 36 6l % 58 56 %
Mechanics 20 44 % 38 64 % 58 56 %

Table 2 shows the extent of employing heuristic evaluation in the sample of

companies conducting usability activities (n = 34 and 50 in NE and NA,

respectively). The proportion of NA companies performing HE (28%) is greater than

in NE (18%). Nevertheless, the overall utilization of this approach seems overrated,

in reality reaching only 24% of the sampled companies that perform usability

activities.

Table 2 — Heuristic evaluation in game development

Game companies Perform usability activities Perform game HE

n % I S
NE companies 34 76 f 18
NA companies 50 85 14 28
Total 84 81 20 24

Companies not conducting HE have given different reasons for not employing

game HE (Table 3). Among them is lack of awareness, perceived time costs or other

costs (too time consuming, no time to test new methods, expensive), lack of human

resources to perform HE, lack of knowledge or expertise, not perceiving HE as
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worthwhile, and perceived unsuitability of the heuristic lists (e.g., too general, not
comprehensive, unsuited for own games).
Table 3 — Reasons given for not using heuristic evaluation in game

development

Reason NE companies | NA companies Total

N=34(m N=50(n) N=8(n)
Did not know about HE 11 20 31
Did not know how to use HE 3 10 13
Thought that HE is too time consuming 4 5 9
Did not think it is worthwhile 2 5 7
No suitable existing heuristic lists | 4 5
Not enough people to conduct HE 3 2 5
Seen as too expensive 1 1 2
HE did not produce good results when used 0 1 1
Other | 3 4

Among the reasons of employing HE, respondents noted that HE is cheap,
effective, easy to use, fast to perform, and reduces the number and/or severity of
usability problems. Table 4 shows the reasons given for using heuristic evaluation
as part of usability evaluation.

Table 4 — Reasons given for using heuristic evaluation in game development

Reason NE companies | NA companies Total

N=6(n) N=14(n) N=20(n)
HE is an effective way to find problems 3 11 14
Proactive use of HE reduces the number of 4 9 13

problems found in later stages of development

HE is easy to use 3 ] 9
HE is not too time consuming 4 4 8
HE is a cheap method 3 3 3]
Other 1 2 3

When asked to characterize the existing heuristics lists, many respondents
using HE characterized them in a positive light. Moreover, the majority of the
respondents indicated that there are a lot of lists and that the heuristics should be

specific to each game genre or each new game.

What do you think about the existing heuristic lists?

Number of responses

they are too general they are no single list exist should be specificto  new game requires
comprehensive each genre anew list

M Disagree HWUndecided Agree
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The way the game HE was employed varied with respect to company size, to
whether the evaluation is done by own employees or by external experts, and to the
kind of team involved in HE. The general profile of a team performing HE is one
that functions within a large company, with own employees as usability experts, and
typically consisting of a single member. In NA, teams of three members and external
usability experts were also common. Different roles were involved in HE such as
player champion, lead designer, user researcher, programmer, quality assurance
specialist. Companies used as game heuristics mainly their own lists, as well as
Nielsen’s list of heuristics adapted or used together with own list.

This study described the state-of-the-art of heuristic evaluation in game
development companies. The aim was to understand the practice of game heuristic
evaluation given the current debate in the literature on what constitutes game
usability and effective game usability heuristics. The purpose was also to understand
how game heuristics adoption could contribute to the design and development of
effective gamification systems that reach their goals to motivate users to utilize them
and to change their behavior towards the desired target. Though the sample size of
surveyed companies is relatively small, the findings provide interesting and valuable
insight on how companies understand game usability and apply game heuristics in
game development with implications to gamification development.

Game usability was seen mostly associated with user interface, controls, and
user experience, which are general aspects of usability not specific to games. The
more specific aspects such as flow, challenge and gameplay were also seen related
to usability, but they did not reach consensus as to their importance among the
developers. Moreover, fun and game mechanics were the least associated with game
usability. However, a slight trend could be observed in the North American
companies which recognize these attributes as part of game usability to a larger
extent.

Regarding game heuristic evaluation, the data show to some degree that game

heuristics evaluation is overrated in literature as compared to reality, a significantly
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large amount of sampled companies not being involved in heuristic evaluation
despite its stated benefits in the literature. Various reasons were exposed as to not
using heuristics in game evaluation such as the lack of knowledge and experts, lack
of time, and lack of suitable heuristics. These findings call for future research on
promoting the heuristic evaluation to game companies and providing game
heuristics that are clearer, easier to understand and apply in practice, and providing
examples similarly to the ones developed by Nielsen.

The majority of the companies which employed game heuristic evaluation
developed and used own heuristic lists, and/or used an adapted Nielsen’s list.
Moreover, respondents involved in heuristic evaluation considered that specific lists
should exist for specific genres and new games. These results indicate a natural
practice and an expected attitude towards game heuristics, given that on the other
hand, the majority of the practitioners found the existing heuristics unsuitable.
However, ideally, heuristics is a means to provide some form of standardization
among similar products, thus creating heuristics for each game or gamification
system is neither economically sustainable nor conceptually justified. Perhaps
researchers and practitioners together should agree on what constitute good game
heuristics, to avoid unnecessary efforts to be spent on creating tailored heuristics that
are difficult to use outside their domain. Thus, there is a need for a collaborative
effort between researchers and practitioners to develop heuristics that are
comprehensive and useful to practitioners, and to increase the awareness, adoption
and diffusion of heuristic evaluation practice in the game companies. More case
studies and surveys should be conducted to explore also the benefits of game and

gamification heuristics in development contexts.
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