B. B. EropoB

KOTHUTUBHAS
MCUXOI0OMA

B MPOMBIL/IEHHOW
EE3OMNMACHOCTU

YYEBHOE
NOCOBNE



COLEPXAHWE

BBELEHWUIE ...ttt 7

FNMABA X NCUXONOITMMYECKNE KOTHUTUMBHBIE TEXHONOINW..

1. KorHuTuBHaa napagurma u KOrHUTUBHAA NCUX0NOrns
1.1. KOrHUT1BHAA HayKa U KOrHUTMBHaAsA NCUXO0NOrus...
1.2. KOrHUT1BHAA Mofe/b No3HaHna
BL3 TTCUIXONMOTUA MHTEIUTEKT . vt eueeuvesteeseestesiessteseesseassestesseeseesbessesssessesssesbassesssassesssnsssssesssessessessessees
1.4. Teopuu NHTENNEKTA
1.5. Moaxofbl K MOAENMPOBAHNIO KOTHUTUBHBIX CUCTEM
1.6. T1CUXONMOTNSA KOTHUTUBHDBIX CTUMEM.....vviviirevieiiereteeietete s sieveae e st s e beresn s s s ebese s s

2. OnpefeneHne NOHATUA «KOTHUTUBHbIE TEXHOMIOTUN»
N CMIELUNDUKAE UX TIPUMEHEHMS . c.eviuiiiienieste ettt sttt sttt sttt ettt e s bt beb e e 19
2.1. TOHATMIAHBIN annapaT KOTHUTUBHBIX TEXHOMOTUM .....c.ouieieieieiieirineieneeseesn e ssenenes 19
2.2. V'HHOKOMMYHWKALMOHHbIE U COLMaIbHbIE CUCTEMbI

KK KOTHUTUBHDBIE MOLEIU ...cuvuitiitieteseeeett sttt sttt sttt sb ettt ekt

2.3. KOTHWUTUBHBIA KOMMbIOTUHT
2.4. KOrHWTVBHasA KOMMbIOTEPHAs TEXHONOIMSA rpaduKy Ha COBPEMEHHOM 3Tare

3. BO3HUKHOBEHME MaTepus-He3aBUCUMOro KOaMpoBaHus
3.1. MpeanocbinKM BO3HUKHOBEHMSA MPUHLMMNOB KOAMPOBAHUA MH(opMaLMu
3.2. ToHATME «3HaHWe» U NOHATUE «MH(opMaLus» B (hUNIOreHese YenoBeka
3.3. HelipoHHbI MexaHW3M KOAMPOBaHWS CUrHaIa HOMEPOM KaHana

(KOLMPOBAHME MECTOM)....ueuveveuteteueseseetesesssteseseseesesessesesesesbesesssesbe st abasese e sbebessabsbesssesbesasesessenas 33
3.4. CyTb theHoMeHa Google-nepeBogunka v Google-pacrno3HaBaTtens YyCTHOM PeUn.................. 35
3.5. Cnyyau 3axBara 3HaHUAMU UHNLNATUBBI Y UEMTOBEKA. ......cccuiuiviriieiiiiiieicis e 37
3.6. AnbTepauua popMMpoBaHUA MexaHu3Ma pediekcum

NOA BAUSHNEM (DEHOMEHA KTTOTOKA ... .cveueuerertesittesesestesesessesesesessesesessssesessesesessssssesessesesesessenes 40

INABA 2. KOTHUTUBHBIE TEXHONOTM MW CTEPEOCKOMUYECKOW
BN3YANMN3ALNN
4. MpocTpaHCTBEHHOE BOCNPUATME 06bEKTa 3pUTENbHON CMCTEMOI YenoBeka .
4.1. 3PheKT NPUCYTCTBUA N UHBAPUAHTbI €70 COZMAMOLLIME. ...
4.2. OCHOBHble NMpUEMbI JBYMEPHOIA BU3yanu3auum
4.3. Tepexof, K KOTHUTUBHbIM TEXHONOT UM TPEXMEPHOI BU3yann3aLum AaHHbIX...
4.4. Ctepeosh(eKT KaK NPOCTPAHCTBEHHOE BOCMIPUATUE OOBEKT . ...c.cvvuriiieieiieiiiieieirie s
4.5. TIpUMeHeHVe HyneBoro, NPAMOro n 06paTHOro ctepeo3ddeKTa...
5. BUHOKynapHasa AncnapaTtHoCTb UCTepeorpaduka
5.1. M3y4eHue cTepeoncuca ¢ NOMOLLbIO CrieLyansHoro npubopa....
5.2. MexaHu3Mbl BOCMIPUATISA YAANEHHOCTU 06BEKTOB
5.3. Tunbl cCTEM BUPTYabHO PeasbHOCTM Kak KOTHUTUBHBIX
TEXHOMOT M ..ottt 55
5.4. CycTeMbl TEIENPUCYTCTBUSA 1 TEXHONOMMKN 06eCreveHuns
IPPEKTA MPUCYTCTBUS ..eievirieiteteseeteseeseetesesssieseseeesbeses e bebe st sbebesssebese e abebe s sbebeseabebese st sbebennas
CUCTEMOTEXHMKA BOCCO3faHNs 3p(heKTOB NPUCYTCTBUS 1 B3aMMOAeCTBMA B 3b-cLeHe......
6.1. TOHATME BUAEOCLIEHBI Y USMEHEHMNE TOUKM B3OP @ .eeurieeeirirereiiiaresreseenesiesressesesiesaeseesesne e
6.2. MpUHUMMBI MAHUNYNALMKX C NPeAMETaMU Ha BULEOCLIEHE. ...
6.3. MpucnocobneHns, N3MeHAOLLME TOUKY B30pa..
6.4. TexHonorus Bocco3gaHus agdekTa npucyTCTBuA
6.5. TexH0nornsa BocCo3faHNA AMMEKTa BIAUMOLEMACTBIR. c.....vvrrrreereicierreneseiseseseeesennesseesneens

o



6.6. MpVHLMNbI BUPTYaNnbHOr0 OHNaH-MWpa ANs B3aMMOZEACTBIA NONb30BaTeNs
CTPEXMEPHOI BU3YANININPOBAHHOM CLEEHOM . ....evuvrieiisceeiiieeesecie et
6.7. CpaBHeHMe IBYMEPHOI BU3yann3almm Ha MOHUTOpPe
C TPEXMEPHBIM BOCTIPUATUEM UBTTOBEKA. ...ttt bbb

FABA 3. CACTEMOTEXHUKA NMPUMEHEHWNA COBPEMEHHbIX
KOTHUTUBHBIX 3B-TEXHOTOT UM ..o ssssssessses
7. YCTpPONCTBO U NPUHLMN AeNCTBNS TPEKEPOB
B CUCTEMAX 3P -BUBYANMMBALIMY c.ceiriniieiiieieeieie ettt
7.1. Tpekepbl Kak TEXHOMOTUY BUPTYANBHON PEANBHOCTM .....covuieveeiieeiersiniereenesseesssnesseennnesnens
7.2. Y NbTpa3ByKoBble, ONTUYECKME, NHEPLIMOHHbIE U 3MIEKTPOMAr HUTHbIE
CUCTEMbI TPEKMHTA. ATTPEKUHT ....oiitiiecteiitieiesses ettt
7.3. TenekoHepeHUMs 1 HanpasneHye B3opa COGECEHUKOB .......
7.4. TvipocKon A5 onpefeneHns HanpasieHus B3rNsda Yenoseka...
7.5. Tpekepbl Kak cuctema, cnefdilas 3a [BUXeHUsMU TYN0BULLA, MOMI0BbI, F1as.
7.6. Cnegswue pafmocucTeMbl PErUCTpaLMy MeCTOMOMOXEHUS YeNoBeKa ........
8. TexHOMorMn nNonyyYeHns CTepeockonnyeckon NHPOPMaLUN ...............
8.1. CKaHVpOBaHWe METPUYECKMX [aHHbIX MaTepuaibHbIX 06LEKTOB U UX LiBETA.
8.2. Knaccudmkaums n texHonorny 30-cKaHepoB Na3epHOro NPUHLUMNNA. ................
8.3. MeTofpl 1 TEXHOMOrMU CKaHUPOBAHWS TPEXMEPHBIX BUOOrMYECKNX 0OLEKTOB ..
8.4. Knaccnukauma n TeXHOMOTUN 3O-MIPUHTEPOB. ...c.crvrverererrereiereereseesessenesnenesenenes
9. TexHONOrMM NpefCcTaBAeHNS CTEPEOCKONNYECKON NH(opMaLnK ...
9.1. YCTpOICTBO W NPUHLMN AEACTBUS CTEPEOOUKOB N CTEPEOIKPAHOB ....cevcevevne.
9.2. MeTogbl OLEHKM CNOCOGHOCTW BOCMPUATWA CTEPEOCKOMNYECKON MHDOPMALUN............
9.3. YCTPOICTBO M NPUHLMAN LEACTBUS CTEPEOHAYLUHUKOB. c..v.vvvveeiriisceeeseeseiesseenesenseenns
9.4. YCTPONCTBO M NPUHLMM SENACTBUNA LUAEMA YV R .ottt
9.5. TexHONOrny 3axaata U CUHTe3a JBMKEHNI U MUMUWKN..
9.6. CUCTEMBI C TAKTUbHOW OBPATHOM CBABBHD ...uvuvveiiiiieiieieieieieieteieeeie et bessbe s sesenns
9.7. TaKTUNbHbIV GPAANEBCKNIA AUCTINEN LNIA CIEMBIX .vvevieiiiiisiieesissesetsesess st seessssenes
10. CncTeMOTEXHUKA CTEPEOCKOMUYECKNX MOHUTOPOB 36-BU3yanH3aumnu
10.1. Pa3BUTVE TPEXMEPHOTO N30OPAKEHMS ....vvriireiieieseiereseieieseieieseieseseeesesebesesebeseseeeseneens
10.2. Bufbl ANCNNEEB TPEXMEPHOMN BUBYANNBALMM. ....evevreireiciereseeseeie e nseesens
10.3. HR3D - 6ygayluee aucnnees 30-Bu3yanusaunm
10.4. MporpaMMHoe o6ecrieveHre MOHUTOPOB 30-BU3YANTUBALUMM.....c.eevereeireeeieririeiereseeieeens
10.5. MporpaMMHbIi NAaKeT AUtOdesK 3dS MaX .....cciciriririririririe e
11. MpuHUMNbI pa3paboTKy CTEPeOCKONNYECKUX TPEHAXKEPOB..
11.1. TTOHATME W NPUHLMNBI MOCTPOEHUSA TPEHAMKEPA. ... eveurerieeeeristereeeesesrerese s seeneenes
11.2. HaBbIKM 1 CTpaTervn 06y4eHNN YHUEHNKA HA TPEHAKEPE ...vvreeiererirriereesesieresesieie e
11.3. CTpYKTYpHas cxema TpeHaxepa 41s popMMpoBaHNS 06pasHbIX HaBblKOB.... .
11.4. Moaynu nocTpoeHns TpeHaxepa Ana (OPMUPOBaHNA 06Pa3HbIX HABBIKOB....................

INTABA 4. KOTHUTUBHbBIE TEXHOJIOM UV BUPTYAJIbHON

VN BOTMONTHEHHOM PEANTBHOCT Moo ssiss s 155

12. Cneundmka 1 NpUMeHeHNe KOTHUTUBHbIX TEXHONMOT WA
B AOMONMHEHHOMN PEAMBHOCTM ...vuiuivirireiererrisesese ettt
12.1. MosBNeHNe TEXHONMOTMIA AONONHEHHOI peansHocTK (augmented reality, AR). .
12.2. BapuaHTbl UCMO0b30BaHNA AR: OTCNIEXMUBAHWE U YMPABIEHUE. ...
12.3. BapuaHTbl UCnonb3oBaHua AR: 0Tpac/b 34paBo00XpaHeHns

N CO3[,aHNE JOCTYMHOMN CPEAB . ..vvuerieiisiseieeiscieesessseiessesiessesesseesssnesseenas

12.4. BapnaHTbl UCMO0/b30BaHUA AR: CTPOUTE/NLCTBO, aPXUTEKTYPA U LEKOP .c.ovvervrereierreeenees 159



13.

.13.7. BapuaHTbl ncnonb3oBaHua VR: cdepa CTpouTensCTBa 1 NPOEKTUPOBaHNS

12.5. BapuaHTbl ucnonb3oBaHus AR: o6pa3oBaTesibHas, NCMX0Nornyeckas

1 lopuanyeckas cqepbl
12.6. BapunaHTbl CNonb30BaHUA AR: UCKYCCTBO, KYNbTypau COLUYM.
12.7. BapnaHTbl ucnonb3oBaHns AR: 30,0p0OBbIil 06pa3 XNU3HM
12.8. BapnaHTbl UICMONb30BaHNA AR: UTPbl Y BOEHHBIE 380U ......cveeeevireiiienieeeiesie e
Cneunduka v NpUMeHeHNe KOTHUTUBHbIX TEXHONOT NI
B BUPTYANTBHOM PEAMBHOCT M ..ueviirieeiiseieretseseiessseseiet sttt
13.1. O6nacT NPUMEHEHUS KOTHUTUBHbIX TEXHOIOT WA
13.2. MepcneKTUBbI MCNO/b30BaHNS BUPTYaNbHOW peanbHOCTY
13.3. BapuaHTbl 1CMonb3oBaHNUs VR: MHAYCTPUS KMHO 1 Pa3B/ieyeHuid. .
13.4. BapuaHTbl UCM0Mb30BaHMA VR: MEAULUHA N CMIOPT....covvereenene
13.5. BapunaHTbl ncnonb3oBaHua VR: Hayka, 06pa3oBaHue 1 KyNbTypa...
13.6. BapmaHTbl Ucnonb308aHna VR: MHAYCTPUA MOAbI

13.8. BapuaHTbl ucrnonb3oBaHusa VR: Mefua, peknama, TefleKOMMYHUKaL MM u TOprosns...... 181

FMABA 5. MPUKNAOHBIE KOTHUTUBHBIE TEXHONOI NI

B MPOMbILTIEHHOM BE3OMACHOCT W oot 184

14. KOTHUTUBHbIE CMCTEMbI MOHUTOPUHIA COCTOSHUIA TEXHONOTMYECKNX NPOLIECCOB
MPOMBILLNEHHOM BE30MACHOCT U ..vuveveiiiiiietsiietsis ittt bbbttt 184
14.1. Ba3oBble MOHATNSA B CGHePe NMPOMbILLIEHHON BE30MACHOCT . ....vvvvieireeieieieieieeeseseeeneneens 184

15.

16.

17.

14.2. Peanu3auns MHAOOPMaLMOHHON CUCTEMbI MPOMBILLEHHOV 6e30MacHOCTH

4515 c60pa MH(HOPMALLMK O COCTOAHUM TEXHOOTNYECKNX NPOLIECCOB

1 060py/0BaHNSA BOAHOIO TpaHcnopTa
14.3. MprHUMN paboTbl aBTOMATUYECKONA NAEHTU(UKALMOHHOI CUCTEMbI
14.4. BepoSTHOCTHOE MPOrHO3MPOBaHWe Pa3BUTKS COObITHI

NPV NPUHATUN peLLeHunii B NPO6IEMHbIX CUTYaLMAX..

TexHonoruy cTaTuyeckoi n AnHammueckoin 30-Bn3yanmsaumm
B CUCTEMAX aBTOMATU3NPOBAHHOTO MPOEKTUPOBAHMU ...ovvviriiiiiieiiiieiiirieisiriesiee i 194
15.1. Pabouvie MecTa NPOEKTNPOBLLMKA B 061aCTW MalIMHOCTPOEHNS

C NMPUMEHEHNEM TPEXMEPHOW BU3YANM3ALIMN AAHHBIX ....cevvrieeeeescieeisieieesiseeeseeseeeessnnseneas 194
15.2. Cneupndrika MH(opMaumuy o TpeXMepHoii hopMe MalMHOCTPOUTENbHBIX AeTaneil....... 197
15.3. Busyanusaums Lenoro nsgenuns u AMHaMmnka ero YHKLUUOHUPOBAHUA .......cocvvrervcrennenn 198

15.4. TpexmepHas BU3yanu3auus AMHaMUUYeCKNX aBapuitHbIX CLIeH UCMbITAaHWA MaLWH....... 200
15.5. Pa3paboTka paboyero Mecta Mojenbepa OAeX bl U BU3aXUCTA....
15.6. KorHuT1BHbIE TEXHOMOT UK NpeAcTaBieHns 3D-faHHbIX B KOMMbIOTepe

O (DOPME TEMA HEITOBEKA . ..vuvvireteiesireetesttetetenestete et s st st sbe e se sttt b bt eb bt b b ne b b se e ebenis 204
KorHuTtusHble TexHonorum 30-susyanusauuu ans hopMmmposaHus
ONEPATOPCKUX HABDBIKOB ...cuciuiiiiiiiiciiiiisic st 208
16.1. KOrHUTUBHbIE TEXHONOTMMN MPeAbABNEHNS 3pUTENbHON MHADOPMaL K

B TPEHAKEPAX AN 0OYUEHNA BOLMTEMEM . c..vviveiiieieieieieieieierereieseie e esesesesenas 208
16.2. Vicnonb3oBaHMe 3puTeNibHON UH(OPMALMMN B aBUALUOHHBIX TPEHAKEPAX ...cvvveeirererererne. 211
16.3. OCOBeHHOCTY 0TOBPaKEHNS MHGOPMALLMK Ha TPEHaXepax

YKENE3HOAO0POXKHOTO TPAHCTIOPT vttt 218
16.4. Cneumdmka B3yanu3aL i Ha TPEHaXKePaX MOPCKOM HABUTALMM...........oveereeeeriririrnnennns 219
16.5. CUCTEMOTEXHUYECKME KOMMOHEHTbI YCTPOICTB A/151 HAaBUTaLL MK

Ha MECTHOCTN @BTOMOBUIA, YEMOBEK®. ..vvererreiersesisereeeseseiesssesseseseseseessssenssesesesenesssssnsnenns 221
KOrHWUTUBHBIE TEXHOMOTMMN Ha CNYXKOE KOCMUYECKON MHAYCTPUM ..coeerveeieereeeereneeseennne 223

17.1. CucTeMoTeXHUYECKME Pa3paboTKy /11 ONTUYECKOrO CKaHUPOBaHUS
MoBepXHOCTY 3eMnn 13 Kocmoca
17.2. KapTorpagus 1 co3gaHvie 31eKTPOHHbIX KapT MOBEPXHOCTW 3eMnn




18.

19.

20.

17.3. TpeHaXepbl Y CUMYNATOPbI BUPTYa/IbHO PeaslbHOCTU NS KOCMOHABTOB. .....cuvcveeeeenes. 233
17.4. BapnaHTbl MCMONb30BaHNSA BUAEOMH(OPMALIMN O 3emne
TexHonorun 30-BH3yanun3aLHN B HAHOTEXHNYECKUX CUCTEMAX...
18.1. CunoBble MaHUNYNATOPbI C TaKTWU/IbHOM 06PaTHOM CBA3bIO

[/191 aTOMHbIX CUJI0BbIX MUKPOCKOMNOB
18.2. CCTEMOTEXHUYECKME 3MIEMEHTBI MaHUMynAaTopa...
18.3. CucTembl yNpasieHns CUNoBbIMU A4ePHbIMU MI/IKpOCKOI'IaMVI...
18.4. KOrHUTMBHbIE TEXHONOTUW 0TOOPaXKEHUS YBENNYEHHOI BUAEOCLEHbI....
18.5. OK30CKeNeT € TaKTWU/IbHOI 06paTHON CBSA3bHO
18.6. MOHATUE «MHTYUTUBHO NOHATHBIV MHTEP(ENC»
BO3MOXHOCTWN KOFHUTUBHbIX 31>-TeXHOMOrWiA B MeMLIMHCKON 0Tpacim
19.1. MprMeHeHWe CUCTEM BUPTYabHO peanbHOCTY B MeAULMHE
19.2. Nicnonb3oBaHWe po60TOB-MaHUNYNATOPOB B MeguULMHe
19.3. BMOUHXEHepHbIE TEXHONOTUW: XMpyprudeckas cuctema Da-Vinci, Raven |1
19.4. VHhopMaLMOHHbIe KOTHUTUBHbIE TEXHOMOMMW TPEXMEPHOI BU3yanmsaLmm

MeAULMHCKNX faHHbIX
19.5. MpuHUMN AeCTBUA 1 MPUMEHEHWE AETEKTOPA S1XK U
19.6. HasHayeHue N BO3MOXHOCTU TPEHAKEPOB C GUONMOrMYECKOl 06PaTHON CBA3bHD ............
MapKeTUHIOBbIe KOTHUTUBHBIE 3P-TEXHOMOTUH...c.oviiiiiiiiiiic s
20.1. HennHremncTMYecknii MHTEPHET Ha ocHoBe 36-06pa30B BUPTYaNlbHON peasbHOCTH.
20.2. AHann3 HeTOYHOCTM BOCMPUATINA XapaKTePUCTUK TOBapa,

MPefCTaB/EHHbIX Yepe3 UHTEPHET..........
20.3. Pa3paboTka npuiaska Ans BblKNagKn ToBapa
20.4. OcobeHHOCTM NpeACTaBNeHNs TOBapa Ha NpuiaBKax NacCMBHOrO

N aKTUBHOMO TaNa B UHTEPHET-MATAZMHEAX ..c.eiververeeiirererisierenere s esre e ens 284
20.5. Bocnpoun3seeHMe JaHHbIX U CPeACcTBa MoyYeHUs BU3yanbHO nHdopmaLmm
notpebutenamu
20.6. VicnbiTaHue MHAOPMALMOHHbBIX CUCTEM BOCNPOU3BEAEHNS B IKCNEepUMEHTaX
C NMOTPEOMTEIIAMMY. ...ttt ettt sttt eb et se s st bbb b e st bbbt b bbb et et e neb b eb e neebenennas 291
BAKJTHOUEHWUIE ...ttt sttt sttt bbbt besbe st eneetentennane s 293
CMNCOK MCMOJIbBOBAHHDBIX MCTOUHUKO B .....cocvceieeie e 294



