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ABTOpbl fOKNafa BolpaXkawT 0cobyto 6narogapHocTb MuMHUCTEpPCTBY
HayKu U BbicLlero obpasoBaHus Poccuickon Mepepaummn 3a nogaepxKy
npoekTa ¢popcanta KOPOHTUPbLI B HOBLIX HAyKax».
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OT WoKa — K HOBOM OTKPbITOCTH

HoBble pucku pbiHka UA

Bo3mo)xHa nu HoBasi «3uma UN»?

MpoMbILLINEHHOCTb — Ba)XHEWULUUii apauBep pocTa pbiHKa
Jonrocpo4yHble nepcrekTusbl UU

Byayuwiee BbluucneHunin 8 U

Bbi30oBbl pa3BUTUS annapaTtHoro o6ecneyeHus ansa UA
Kak U n3aMeHUT NpoMbILLSIEHHOCTb

Poccumn Heo6xoauM peuH)XXUHUPUHT. PEUHXXUHUPUHTY —
UCKYCCTBEHHbIA UHTENNEeKT

Ninpepckue ambuuunmn CaHkT-Metepbypra Ha pbiHke UU

3aknoyeHme

Bubnuorpagusa
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Ha momeHT noarotoBkM goknapga Poccuiickaa ®Pepepauusa okasanacb nog gaene-
HMeM 6ecnpeueneHTHOro KonvMyecTBa MEXXAYHapOOHbIX 3KOHOMUYECKUX CaHKLMNA.
B nepBylo ouyepedb OHU 3aTPOHYNU BbICOKOTEXHOMOIMYHbIE OTPACSM 3KOHOMMWKM
M LLEeNoYKM NocTaBoK. B aTux ycnoBusix 3n060aHEBHbIM CTAHOBUTCS BOMPOC 0 fallb-
Heliluen 3BOMIOLUMM B Hallleit CTpaHe TEXHONIOrUiA UCKYCCTBEHHOro uHTennexkta (MN).
MCcKyCCTBEHHbBIN MHTENNEKT B NpeacTaBfeHMM aBTOPOB A0KNaga — NpopbiBHASA Tex-
HOJ10rUSi 3KOHOMMKM, CNOCO6HAas ChbirpaTbh Ba)XHENLLYI0 POSib B pa3BUTUN POCCUNCKON
NPOMbILLNIEHHOCTU. B 6nuykHen nepcnekTtnBe UN MOXKeT cTaTb KJIOYEBBIM WUHCTPY-
MEHTOM peLUeHUs 3aday PeuHXXMHUPUHIa U MMNopTo3ameLleHus, obecneunTb one-
peXkawuiee pasBuTne OTOENbHbIX HANPaBAEeHUN 0Te4eCTBEHHOM MPOMbILLIEHHOCTW.

3a nocnepgHue 50 net cdopmupoBancsa HOBbIN TEXHONOTMYECKUN yKnaf
COBpeMeHHOoro obuectea. 3HauYNTeNIbHOE YBeNMUYeHne Yncna Hay4yHbix paboT B o6na-
CTU KOMMbIOTEPHbIX HayK (M, B YaCTHOCTU, UCKYCCTBEHHOI0 UHTENIeKTa) NpuBeno
K ¢$OpMMpPOBaHUIO HEO6XOAUMbIX MPEeanochbiioK ANs MNOSIBMEHUMS psifa 3aKpbiBa-
IOWMX TEXHOMOIMA, KOTOPble CMOCOOHbI MBMEHUTb rNobanbHYl0 pacCTaHOBKY CUI
M 3aBEpLUNTb Nepexon 0T UHAYCTPUanbHOro yknaga K uMbpoBomy.

COMP 600 000
Al (COMP)

500 000

400 000

300 000

Pue. 1. 200 000
CooTHOLIEHNe KonnyecTBa ny6nu-

Kaumit no Teme «MCKyCCTBEHHbIN

WHTENNeKT» BHYTPU OTPACNMN 3HAHUMN
«KoMnbloTepHblie HayKu» ¢ 06LuUM 100 000
KONMUYeCcTBOM Ny6nuKaunit BHyTpu
KOMMNbIOTEPHbIX HAayK. Scopus,

1970-2021

12 %

ny6nukaumii B 2021 ropy
B 0Tpacnu «KomnbioTepHble

HayKu» NpUXoAUTCS Ha
TemaTuku, ceasaHHble ¢ UU

NcTouHuk: ®oHp LICP «CeBepo-
3anap» no gaHHbIM Scopus

1970
1972
1974
1976
1978
1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002

HoBasa uudpoBas cpepa CyLWeCTBEHHO yBenuMuyuMna BblYUCAUTENbHbIE CMO-
COB6HOCTU N 06bEM XpaHUMbIX 3HAaHUMW, coenaBWwWCb GyHOAMEHTOM AN 3KCNaHCUn
pblHKa TexHonoruni UM B pasnunyHblie 0Tpacin 3KOHOMUKU — OT PELLUEHUSI UHXKEHep-
HbIX 3a4a4 B MPOMbILLUNIEHHOCTN A0 CaMOro LLMPOKOro KOMMEPYECKOro NpuMeHeHus!.

MN cTtan OCHOBOM MNPOMbILLAEHHO-TEXHONOIMYECKOW MOAUTUKN PasBUTbIX
CTpaH, OTKPbIB HOBble BOSMOXHOCTW ANS peanusauuy NnosHoMacluTabHON KOHLEen-
uMn ymHon ¢abpukum n gaxke UN-ueHTpmMYHOro nponssoacTtea. [lpyu 3aToM HEKOTOpbIe
rocygapcTBa onuMpalTCs HA HEero Kak Ha KPUTUYECKYH0 TEXHONOINio CBOEro pasBuTus,
BCMeACTBWEe Yero orpaHMYMBaeTCs ee pacrnpocTpaHeHue 3a py6exkom. Tak, B CLUA
B 2021 ropy 6bin1 usgaH 6unnb N2 12607, B KOTOPOM OnpefeneHbl OrpaHNYeHns Ha
nepegavy 3HaHWA U TEXHOJSIOMUA, cBABaHHbBIX ¢ U, ons paga ctpaH (Bknwdas Poc-
cuio). Ceiivac 3Tu BbI3OBbI YCYry6ng0TCcs, YTO 060CTPAET YYBCTBUTENIbHOCTb OTeYe-
CTBEHHOW 3KOHOMUWKM K rnobanbHbIM TpeHAaM pasButusa. Poccuinckas nigyctpus MU
CTONKHYNacb C yrpo3oi n3onsunn Halwmx uccnepoBaTtesien oT MUPOBOM HayKu, pas-
paboTUMKM HaAUYMHAIOT owyLaTh AedUUNT annapaTtHoro obecnevyeHus; npeanpuHn-
MaloTCS NONbITKW MOJIHOW 6/T0KUPOBKU AesaTeslbHOCTH oTpacnu (B T. 4. 61okupytoTes
akKayHTbl GitHub)2.

2004

2006

2008
2010
2012
2014
2016
2018
2020



BBEJEHUE

B utore HauMHaeT GoOpMUPOBATHLCS 3aNpPoC Ha Nepexon OT COCTOSHUSA LLIOKa
K COCTOSIHMIO HOBOW OTKPbLITOCTU, YTO 03HA4YaeT co3faHMe HOBbIX MEXAYHapOOHbIX
Hay4YHbIX MapTHEPCTB W CTpPeMiieHne [OoCTUYb Heob6XOAMMOro YPOBHSI TEXHOJOMU-
YeCcKOW aBTOHOMHOCTU. CTOUT 06paTUTb BHMMaHUE HA PUCK BOSHUKHOBEHUS HOBOM
«3umbl UM» B NpMMEHEeHMU OTOEeNbHbIX MHCTPYMEHTOB W COKpaLleHMW p[ocTyna
K annapaTtHoMy o6ecneveHuto (Mo aHanorum ¢ cutyaumen 80-x rogoB XX Beka). 310
06CTOATENbCTBO MOXET 0KasaTbCs 0C06eHHO 3HaunMbiM Ons Poccuiickoin Mepepa-
Lun, Ha HeonpeaeneHHoe BpeMs OKasaBLUEWCHA M30MIMPOBAHHON OT MHOMMX TEXHOJ0-
rmyeckmux uenodvek. bonee Toro, «3uma UN» MoXKeT O0KasaTbCs rMaBHbIM OrpaHUyu-
BaloLWMM GaKTOPOM A5 BOCCTAHOBEHUS U POCTa 0TEYECTBEHHOW 3KOHOMUKU. Begb
uMeHHo MU cnocobeH cTaTb OCHOBOW COBPEMEHHbIX TEXHONOMMN PEUHXKUHUPUHIA —
KpaeyronbHOro KaMHsi HOBOM apXMTeKTYpPbl MMMNOPTO3aMeLLaloLWmnX Nporpamm.

HecmoTps Ha To, 4TO TexHosornn NN pasBuMBalOTCS B PasHbIX pPermoHax
CTPaHbl, Mbl CYMTAEM, YTO MUMeHHO CaHKT-MNeTepbypr Mo)eT caenaTbCcs oOHOW U3
rnaBHbIX MMOWAA0K AN BHEAPEHUS! UCKYCCTBEHHOr0 WHTENJIEKTA B MPOMbILLSIEH-
HOCTb U CO34aHUS CTeKa Crneunann3npoBaHHbIX TEXHONOIMA PaA3BUTUS NPOMBbILLIEH-
Horo WUWN, opueHTUPOBAHHOI0 Ha MOAAEPXXKY OTpacfieBblX CMeunarnucToB, BbiHYXX-
OEHHbIX MPUHMMATb peLLleHUs B yCNOBUAX HEONpeneneHHOCT U HEMOMHOTbI AaHHbIX.
B ropofe y>xe ceiyac cyLecTByeT pa3B1MTas saKocuctema ans paspaboTku nepcnex-
TUBHbIX PELUEeHUA N CUCTEM, a TaKXXe Koonepauum npogyKTMBHOrO npodeccuoHarb-
HOro 3KCMepTHOro coobLiecTsa ¢ NOTPE6UTENAMU — PASNIUYHBIMU OTPACNSAMU MpPO-
MbILWIIEHHOCTU. KOCUCTEMA BKIIIOYaEeT B cebs BeayLme By3bl U UCCneaoBaTeibCckue
opraHusauum ropoga, Accounaumnio «MN B NpOMbILLITIEHHOCTU», KOMNAHUN U UHCTU-
TYTbl PA3BUTUS, aKTUBHO MHBECTUPYIOLLME B UCKYCCTBEHHbIN MHTENNEKT. B poknapge
paccMaTpmMBalOTCH MEXaHU3Mbl pasBUTUS NpoMblLneHHoro U ycunuamm npodeccu-
oHanbHoro coobuwecTtsa u MpaButenbctBa CaHkT-NMeTepbypra.
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HOBbIE PNCKU
PbIHKA U

B HecTabunbHOM reonoNuMTUYECKoOW 06CTaHOBKE Pa3BUTME TEXHOOMMN UCKYCCTBEH-
HOro MHTennekTa B Poccum oKasbiBaeTCsd nog yrposoin usonauuu. Becnepcteue
CaHKUMK coKpallaeTcs dUHAHCUPOBaHME, HAPYLLATCS LENOYKM NOCTABOK KOMMO-
HEHTHOM 6a3bl, NPOMCX0AMT 0TKa3 OT COTPYAHUYECTBA C POCCUNCKUMU YUeHbIMU 3,
Ocob6eHHO 60/1e3HEHHblI CaHKLUMM B OTHOLLUEHMM MOCTAaBOK MNpPOAYKUWUW L[BOMAHOrO
Ha8Ha4YeHUs,, HanpuMMep 4YMNoB U NONYNPOBOAHMKOB. «)KeneaHas» cocTaBnswowas
ons otpacnu U kpaiHe Ba)kHa. Mo oueHKe Bcepoccuiickoih akageMnum BHeLWHe Top-
roenm MuHakoHompassutus PO, o6beMm nmnopta nonynpoBOAHUKOBOW NMpoayKuuu,
nonagatoLero nog CaHKUMN, B OEHEXXHOM BblpaXXeHUN cocTaBUT 0KoJ10 470 MAH gon-
napoB — 3TO NMPUMEPHO YETBEPTb BCEr0 MMMOPTA NPOAYKLMM OAaHHOro Tuna.

06bem umnopTa NonynpoBof-
HUKOB, KOTOPbIA COXPaHUTCS

06bem MMnopTa nonynpoBoa-
HWKOB, MoOMapaloLLero nop
caHKuun

470
MIH gonn.

1430
MIIH gonn.

Puc. 2.

06beM MMnopTa NonynpoBOAHUKO-
BOW NpoAyKuuu B Poccuio, KOTOpbIiA
oKa)keTcsl nop, AelicTBMEM 3KOHOMM-
YeCKMX OrpaHuyYeHui

NcTouHuk: BABT

Hano)eHHble OrpaHMYeHUs 3aTparvBalT NPaKTUYECKU BCE CTpPaTernyecku
3HAYMMble OTPacin MPOMbILLEHHOCTU CTPaHbl: 060POHHYI0, aBWALMOHHY, CYAO-
CTpOUTENbHYO, GUHAHCOBbLIX TEXHONOrUi, TENeKOMMYHWKaLMOHHYI M Ap. Yxopn
C POCCUWCKOro pbiHKa KPYMHEWLIMX MOCTaBLUMKOB MNPOrpamMMHOro o6ecnevyeHus
(EPAM, Oracle, Microsoft n SAP), Kak U 0TKa3 0T 06CNY>XUBaHUS, NOBLICUT YA3BU-
MOCTb NMPOMbILLSIEHHbBIX KOMMAHWIA U YBENUYMUT KOJIMYECTBO OLUMBOK, YCIOXKHSAOLWMX
nx paboTty*“.

WU, nonapgas nop aHanornMyHble OrpaHWYeHusi, TEM HE MEeHee MOXXeT CTaTb
OOHUM M3 OCHOBHbIX MEXaHU3MOB Pa3BUTUS POCCUNCKOM MPOMBILLINIEHHOCTN B 3TUX
ycnousix. OH paccmMaTpyMBaeTCs KaK MHCTPYMEHT PEVMHXMHUPUHIA TEXHOMOruin
B peasibHOM CEeKTOpe SKOHOMWKWM ANS 3a[ay BOCMOMHSAKLLIEr0 MMMOpTO3aMelle-
HUS. Hanpumep, ncnonb3oBaHWe METOAOB FreHepaTMBHOro Au3aliHa No3BonsieT BOC-
NPOU3BECTUN MU YCKOPUTb LMK CO34aHUS U3OENUsa C YY4eTOM CBOWCTB MaTepuanos,
Harpysku Ha uagenue n gpyrux napametpoB®. UM oTKpbiBaeT BO3MOXXHOCTU U AN
OMNepeXKalLLero MMNOPTO3aMeLLLeHUs, co3[aBas NPUHLMNMANBLHO HOBble LUdpoBbIe
TEXHONOrMKM B OTPacnsax, TPagMUMOHHO OCHOBAHHbIX Ha 3KCMEepUMEHTaNbHbIX Nof-
xopgax. Mo nporHo3am akcnepToB, K 2025 roay 30 % HOBbIX NeKapcTB U MaTepuanos
6yOeT KOHCTPYMPOBAaTbLCH C MOMOLLbI0O METOA0B reHepaTnusHoro NG,



OT LUOKA — K HOBOW OTKPbLITOCTHU

OpQHaKo B YCMOBUSIX OFpaHUYeHMs O0CTyna K Hay4YHO-TEXHMYECKOM MHPOop-
Maumu (B 4acTHOCTH, yxoda U3 cTpaHbl WoS 1 Scopus’) yBneyeHne «co6CTBEHHbBIM
nyTemM» MOBbILAET PUCK WIONSAUMOHM3MA, yXyALlalowero KayecTBO wccrepoBa-
HUM U yCyrybnsioLLero TeXHonorm4yeckoe oTctaBaHme. Agantauus oTpacin K HOBOMU
peanbHOCTM NogpasyMeBaeT BbiCTPaMBaHWE HOBbIX MeXOYHapoOHblX NapTHEpPCTB,
n3mMeHeHue popmMaToB COTPYOHMYECTBA U YNPaBEHUS 3aLLMTON UHTENNEeKTYanbHOro
npaea. B n6om cnyyae 3aKpbITOCTb OT MMPOBOFO0 HAay4YHOro M TEXHONOrMYECKOro
coobulecTBa He aBNsieTCS NpueMnemMon ctpaterveit gns poccuinckon chepol UA.

Bonbluoe 83HaYeHMe UMEeET NOALEepPXKKa HAYUYHOro CeKTopa MHAYCTPUU. 34eCb MOXHO
BblAENNTb YeTbIpe rMaBHbIX PUCKA.

1 Pucku orpaHnyeHuss oByCTOPOHHEro o6mMeHa
Hay4HO-TexHu4yeckon nHpopmaumen

MpenctaBnsaeTCcs BaXXHbIM COXPaHUTb COTPYAHMYECTBO C HEWTpPasibHO HACTPOEH-
HbIMWU NMOWAaAKaMU U BbICOKOPEMTUHIOBbIMKU >XypHanamu. OcobeHHOCTb coBpe-
MEHHOW HayKu B TOM, YTO MPOPbIBHble UCCNEeAoBaHUS U paspaboTKuM BO3HUKAT
NPeMMyL,ecTBEHHO B O06LMPHbIX MYNbTUOMCLUUMIMHAPHBIX WM  MeXOoTpacneBblX
cynepknactepax u ceTax. K pyuckam OTHOCSATCH SIBHble U HESAABHbIE OrpaHUYeHus
JOCTyna K MeXAYyHapoaHbiM pedepaTuBHbIM CUCTEMaAM M 6a3aM [aHHbIX, npe-
NATCTBUS K ONy6/IMKOBAHUIO CTaTei B BEAYLUMX MEXAYHApPOOHbIX U3OaHUAX, BO3-
HMKaKLWMe Ha YPOBHE pPeLEeH3UPOBaHUA, MHEHUN YNEHOB peaKosnerum n rnaBHbiX
pefnakTopoB. TakvMe OENCTBUS NOPOXKAAT 06paTHY peakuuio B BUAE 0TKasa oTe-
YEeCTBEHHbIX Hay4YHbIX KOJIJIEKTMBOB OT Ny6nukauui ctaten B BeAyLLIMX MUPOBbIX
M3OaHUaX, UCMONb30BaHUSA MeXXOyHapoaHbix 6a3 gaHHbIX, B T. 4. WoS u Scopus,
M CBASAHHYI0 C 3TUM OMACHOCTb YyTPaThl aKTyaNlbHOCTM U Ka4yecTBa UCCNed0BaHUN.
C 1996 no 2021 rogbl B Poccuu Bbiwnu B cBeT 1653 HayuHble paboThbl, HANNUCAHHbIE
B COTpyAHMUecTBe c 3apy6exxHbiMu uccnepgosatenamu (19,8 % oT obuiero ynucna
ny6nukaumm no teme UN).

MokasaTeneH npumep pasBUTUS KUTaWCKOM Hayku. Haxopgsacb nop pein-
CTBMEM CaHKUWNA, KUTan He TONbKO He 0TKasanca oT nybnuvkauum B MeXayHapoga-
HbIX YXypHanax, Ho 1 yBenun4yun o6bem cBOero npucyTcTBua B HUX. OTOEenbHO cTOUT
cKkasaTb, yYTo [locTaHoBneHue MNpasuTenbcTea PO N2 414 He orpaHMYnBaeT UCMOSb-
30BaHMe 3apybexkHbiXx 623 QaHHbIX U NPaBO Y4YeHbIX NyHIMKOBATbLCA B BbICOKOpEN-
TUHIOBbIX XXypHanax®.

e Konu4ecTBO Ny6nukauui 40 000
no U/ B Kutae

KonuuyectBo ny6nukauui 35 000
no U B MexxayHapoaHoi

Konna6opauuu
30 000

25 000
20 000
15 000
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Puc. 3. 5000
COOTHOLLEHME KONMYyecTBa BHYTPEH-
HUX U MeXAYHapOoAHbIX Ny6nukauuin
no reme UN B Kutae, Scopus
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2 PuCK yTpaTbl KayecTBa 3KCNEpPTMU3bl HAYUYHbIX
NpoeKToB

Ona nogpepXXaHWs BbICOKONO YPOBHA 3KCMepTu3bl Heobxogumo dopmupoBaTb
9P PEKTMBHYIO N HE3ABUCMMYIO BHYTPEHHIOI CUCTEMY OLLEHKM UCCRenoBaHnin cuna-
MK paboTalwwmx B 0Tpacnm akcnepToB. NogobHas nHuunaTmnea yxxe boina peanuso-
BaHa AHanuUTUYecKUM LeHTpoM npu lNMpaButenbctBe PO ana rpaHTOBOro KOHKypca
Ha co3faHue uccnepoBaTeNlbCKUX LeHTpoB MW, na oT60opa KOHKYPCHbIX 3asiBOK
Torga chopmMmpoBanm 3KCrNepTHbIM COBET — OH OMNpPeaenssn, y Kakux LeHTpoOB ecTb
LaHCbl HA MaKCcUMaJsibHOe PasBUTUE U KOHKPETHbIe peaysbTaThbl®.

3 Puck cokpalleHust COTpyaAHMYECTBa B HAY4YHOM
cekTope (pa)xe B rpaHuuax PD)

BosMO)XHO yXxyplwleHMe pecypcHoro obecnedeHuss uccneposaHuin B codepe WU
M yTpaTa OpMEeHTUPOB MCCNEOO0BaHUN cpeaun TexX KONMeKTUBOB, KOTopble 6blfin BOB-
ne4yeHbl B MeXXOyHapogHble Konnabopauuun, npekpatuswime paboty. Heobxogumo
BOBJIeYb B COTPYOHMYECTBO LIECTb co3faHHbIX B 2021 rogy nccnepnoBaTenbCKUX
ueHTpoB MW, npodunbHble LEeHTPbl KoMneTeHumMin HTU, a Tak)ke BCe 3anHTepeco-
BaHHble By3bl U 0Tpacnesble accounaumm. DopmmnpoBaTtb Konnabopauum noMorawT:
co3faHue BHYTPEHHEro penosnTopus uccnenoBaHuii (B T. 4. OTKPLITOro Koga); pas-
BMTUE dopmaTa rpaHTOB M NporpaMm, OPUEHTUPOBAHHbBIX HA MEXUHCTUTYLNOHASb-
HOE COTPYOHNYECTBO; yYpexxaeHue npodunbHOro XXypHana, B nepcrnekTuee cnocob-
HOro BbIATV Ha YPOBEHb BLICOKOPEUTUHIOBbIX uapanuii (Q1) B mupe.

! I PUCK CHMXEeHUs pe3ynbTaTUBHOCTU FOCNOOAEPXKKHU
B o6bnactu A

DpOHT UccnenoBaTenbCKUX 3a[ay LUMPOK, a pecypcbl orpaHMYeHHbl. Bbino 6bl Lene-
coo6pas3Ho cdhoKycupoBaTbCHA Ha 3ajayax M cBepx3agadax, MMmewwmx bonblioe
obwecTBeEHHOe 3HaYeHWe. PerynsapHas oueHKa pe3ynbTaToB MCCRefoBaHUA NoMo-
XeT onpenensTb PUCKWU MOTEpU MPUOPUTETOB U Yrpo3bl MHTEpecaM rocypapcTBa.
C nopo6HbIMK Lensmu 6binM co3paHbl KOMUCCUM B BenukobputaHuu. B pononHe-
HMe K 6MBnMoMeTpUYEcCKOn 3KcnepTuse pas B TPU-YeThbipe roga cobupaeTcs aKc-
nepTHas KOMUCCUS, KOTOpasi oLeHMBaeT paHee ony6nnMKoBaHHbIe HAayUHble CTaTbu
Mo YPOBHIO 3HAUMMOCTU (BCEMUpPHAA 3HAUYMMOCTb, HaLMOHANIbHAS, PerMoHasnbHas,
He 3Haunmasa nyénukauus). Kaxxgble 15-20 net popmMmpyeTcs KOMUCCUS AN usyde-
HUS HAUWOHANbHbIX Ny6nukaunii B pyHOAaAMeEHTaNbHbIX 061aCTAX 3HAHUN.

B cuTyauuu, Korga MHOrMe TEXHOMOrMM OKaXXyTCs HemoCTynHbIMM [N
pPOCCUACKMX NPeanpuaTUii, OCTPO BCTAaHET BOMPOC O COBCTBEHHbIX MepenoBbiX
paspaboTkax, KoTopble cMoryT ob6ecrnedyntb 3ddeKkTuBHoe YHKLMUOHUPOBAHUE
NPOU3BOACTB, CHUXEHME MPOU3BOOCTBEHHbIX U3AEPXKEK, UMdpoBy TpaHcdopma-
LMI0 CYLLECTBYIOLLMX MOAXOA0B M peLUeHWE HOBbIX 3a4ad B KIOYEBbIX 0TpPacnsax
9KOHOMMKMK. OpHaKo nepeBof, HanpMmep, BCEN MaLUMHOCTPOMTENIbHON NPOAYKLUUU
B PoccuM Ha 0TeYeCTBEHHYI0 3/IEKTPOHHYI0 KOMMOHEHTHY 6a3y notpebyeT 60nb-
LUNX BPEMEHHBIX W GUHAHCOBBLIX 3aTpaT. UM cTaHeT Heo6XOAMMBIM KOMMOHEHTOM
TaKUX TEXHONOrnin. KpaliHe Ba)KHO, YT06bI MHBECTULMU B UCKYCCTBEHHbIA UHTENNEKT
B 61vKalumMe rogbl UMeNn O0CTaTOYHbIA 06 bEM M KOHLEHTPUPOBASICb HA TEXHO-
norusax, obecneynBaroLMx NpopbIBbl B MPON3BOACTBE, HAYYHbIX U KOHCTPYKTOPCKUX
paspaboTkax n NoTpebuTenbckux cepsucax B Poccum.
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BO3MOXXHA J1M HOBA4H
«KSUMA NIN»7?

HecmMoTps Ha 3HAUMTENbHbIA NOTEHUMAanN ganbHenwero npuMmeHeHnsa MU, BoSHuUKalT
cepbe3Hble Bbl30Bbl, CMOCO6HbIE OFPaHMUYNTD AaNbHENLLYI0 3KCMAaHCUI0 3TOro pbiHKA.
9KcnepTbl OONYCKaT HacTynneHne HOBon «3umbl UM». MNaBHada npuynHa — anna-
paTHbIE OrpaHUYeHus, Bbi3BaHHble 06pbIBOM LLenoYeK NOCTABOK U AOCTMXKEHMEM MNpe-
0,enoB BbIYUCNIUTENbHbBIX CNOCO6HOCTEN.

MocnegHue 10 neT Mbl Habnwpanu TPeTbl BOSHY KPYMHbIX MHBECTULUN
B MN. C 2012 no 2020 ropbl HaKoMfeHHbI 06beM MHBecTULUA B UM cocTaBun oKoMo
346,4 mnpa ponnapos. Mo cpaBHeHUO ¢ 2012-M 06eM MHBECTULUI BbIPOC B 26 pas™.
UMW npucyTCcTBYET NOUYTU B KAXKA0M M3 NPOOYyKTOB aKocucTeMbl Google (Search, Cloud,
Gaming)". B 2020 rogy uccnepoBaHue Gartner nokasano, 4To 66 % OMNPOLUEHHbIX
KOMMNaHui ¢ Hayana naHgemuun COVID-19 yBennuunm unun He M3MeHunn o6 bem UHBe-
CTULUMIA B UCKYCCTBEHHbIN UHTENNEKT'2. MOXKHO YTBEPXAAaTb, YTO KOMMNaHUM BUOAT
B U npe)xpe BCero UHCTPYMEHT O/15 PeLleHUst KOHKPEeTHbIX NPUKIagHblix 3agad™.

Ho npu Bcex o6bemax WMHBECTULMI, BbICOKMX TeMnax pasBUTUS U BHeape-
HUS TexHonorum MM no-npexxHemy HeT HaAeXHbIX U MaCCOBbIX peLeHui B 06nacTtu
6ecnuNoTHLIX aBTOMOBUNEN, aBTOHOMHbIX CUCTEM YMNPaBfE€HUS YMHbIMW YCTPOM-
cTBamu, camoobyyatLmnxes unopoBbix accucteHToB™. B 2016 rogy Business Insider
npepckasbiBan, 4to K 2020-My no poporam 6yayT myatbes 10 MAH 6eCnunoTHbIX
aBTomMo6unen™. B 2019 roay MnoH Mack 6bi51 yBepeH — yXXe Yepesa rof B Mvpe byneTt
1 M/TH aBTOHOMHbIX Takcu'™, a B 2022-M nogBuTCA po60T ¢ CUnbHbIM UM, HU ogHO 13
3TMX NpeAcKasaHui noka He c6binocb. YpesMepHbIN ONTUMU3M B OTHOLLEHMU MNPO-
rpecca MCKYCCTBEHHOro MHTENMNeKTa onaceH: BeAb €Cnv pasBuTUe TEXHONOMNN He
onpaBpaeT CyLLECTBYOLLMX OXXnaaHuin (M MUHBeCTULMI), TO MOXKET HACTYNUTb HoBas
«3uma UN» c oTTOKOM CpPeacTB U UCCNedoBaHW U3 OTpacnuv, Mo aHanorum ¢ npo-
WwnbiMM aTanamu passutusa UNT3,

B 1960-e rogbl nepBble uccnegosatenun UMW cumtanu, 4To OO0 NOSBNEHUS
WHTENNeKTyalbHblX MalUMH, CNOCO6HbIX MbICIIUTL HA YPOBHE YesloBeKa, 0CTanochb
Kakux-to 10 net'®. TeM He MeHee, faXke ceivyac anropuTMbl ganeku oT BOCMpPOUS3-
Be[EeHUs 4YenoBe4YecKoro MmbiwneHus. MHTepec uccnepoBartenen COCTOAN B UCNOSb-
30BaHUM O0eOyKTUBHbIX METOO0B 06y4YeHus. AMEepMKaHCKMe y4yeHble co3ganu mate-
MaTMYeCcKyl Mofesflb HelpoHa Mo3ra 4yesioBeka, nepBylo HelipoceTb (MepcenTpoH)
W MNepBbil HEpOKOMMbIOTEP, pacno3HaBaBLUMI NaTUHCcKUe 6yKBbI'™®. B cepeauHe
1970-x 6pMTaHCKWI y4yeHblid [ykenme JlaTXunn v uccnepoBaTesibCKas opraHmMsauns
DARPA napannefnbHO BbiNyCTUAM O0KMAanbl, B KOTOPbIX MOCTaBU/IM NOL COMHEHUE TO,
4yTO UccnepoBaHug B 06nacT UM npuHecyT nonb3y B 6nuykaiwem 6yayiem?® 2,

B 1980-x rogmax WU ocHoBbiBancs Ha OBYX TexHonorusax: 1) skcriepTHble
cucteMbl Ha 6ase npaBun; 2) HEMPOHHbIE CETU, BO3HUKLUME Bnarogaps NosiBIEHUI0
HOBbIX 06yYalolmnx anropuTMoB™. A y)Ke B KOHLE AeCATUNeTUs npousoLlen psg
cobbITuit (Kpax pbiHKa MaLluH LISP*, oTcyTCTBME 3HAYMMbIX Pe3y/bTaToB B NMPOEKTE
Fifth Generation Project), KoTopble NPMBENN K BOSHUKHOBEHMIO «3UMbl UN», OTTOKY
WHBECTULMIA M UCCNenoBaHUin 3 otpacnu. [JenyKTUBHBIA Noaxon okasancs Tynu-
KOBbIM B CUIy OTCYTCTBUS HEOOXOOMMbIX MOLLHOCTEN, CIOXHOW CUCTEMbI NMpaBun,
HEBO3MOXHOCTU co30aHUsa 6asbl 3HAHWI AN HOBbLIX 0611acTel HayKn?2.,

B rogbl «3umbl U» pasBuMBanocb MalliMHHOe 06y4yeHue (ML), oHO HauyuHa-
Nocb Kak Teopus CTaTUCTMYECKOro 0by4YeHus, 3aTemM nepeLusio B MeToAbl UHAYKTUB-
Horo BbiBoga?®. K 2010-m aTa BOJIHA MOMy4Yuna MOLLHbIA UMMYNbC C MNOSABEHNEM Helt-
POHHbIX ceTell, 06yyalwmxcs Ha 6onblUMX Ha6opax AaHHbIX 'S,

OCcHOBHas OBMXXYLLas CMla COBPEMEHHOIO MaLUMHHOIo 06y4yeHUs — 3To rny-
6oKoe 0by4yeHue, pa3BepTbiBaHNe 605ee 06LWMPHBIX HellpoceTen Ha 6onee 6bICTPOM
KOMMNbIOTEPHOM 060pyA0BaHUK, No3BoNSAOWEM cobupaTb U 06pabaTbiBaTh 60nbLUMe
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o6bemMbl obyyalwmMx OaHHbiX. Takas cTpaTernss «macwTtabupoBaHua» nony4yuna
HOBOE pa3BUTUE CO BpeMeH KoHKypca ImageNet (2012), sanycTMBLUErO PEBOSIOLMIO B
rny6okom obydyeHun?:. CnycTa 11 net rny6okoe o6ydyeHne No-npexHeMy OOMUHUPYET
B pasBUTMM MaLLUUHHOro obydeHus: 2021-i4 cTan rogoM «MOHCTPYO3Hbix MW-mope-

nem»?s,

My6okoe 06y4YyeHUe KPUTUKYIOT 32 U3JIULLHIO pecypcosaTpaTHocTb. Mo on-
TUMUCTUYHBIM MPOrHO3aM, YT06bl NONYUYNTb KO3PPUUMEHT norpewlHocTM 5 % gng
6a3bl faHHbIX ImageNet, Heo6xoauMo yBenMYMTb BbluncneHus Ha 105 ruracdnonc.
3aTtpaTbl Npy 3ToM Bo3pacTyT Ha 1010 ponnapoBs, BbI6GpOCHI CO, yBenuuartcs Ha

104 lbs?8.
16
17
18
19
Puc. 4.

KonuuyecTBo napameTpoB COBPEMEH-
HbIX Mopenel UA, mnpa napameTpoB
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MomMuMmo pecypco3aTpaTHOCTU, AafibHENWEMY Pa3BUTUIO FMYHOKUX HENPOH-
HbIX CeTell NPenaTCTBYIOT ClenyoLme orpaHuyeHns 27 24

— «XPYNKOCTb» — cucTeMa HecnocobHa afanTMpoBaTbCs K HE60bLUMM UBMEHEHUSM
BXOAHbIX JaHHbIX;

— KayecTBO HEMPOHHbIX CeTel 3aBUCUT OT KayeCcTBa M KOMMYecTBa MOCTynawLwmx
OaHHbIX;

— KatacTpoduyeckoe 3abbiBaHME — MpU NBYUYEHUM HEMPOHHbBIMU CETSAMU HOBOW 3aa-
4Yu cTapble 3agayun 3abbiBaloTCS;

— Hecnoco6HOCTb 06bSACHUTL pe3ynbTaThl PeLleHns 3agay ¢ NOMOLLbI HEMPOHHbIX
ceTeu B CUTyaLMSaX C BbICOKOM CTEMNEHbIO PUCKA;

— «CaMOHaAEesiHHOCTb» aJirfoPMTMOB MaLLUMHHOIO 06yyYeHns — MW pomxeH NoHnMaTb,
KOrga OH He yBepeH B pe3dynbTatax unu He obnagaeT 4OCTATOYHbIMU 3HAHUAMU 06
06beKTe, U OelcTBOBaTb B COOTBETCTBUMN ¢ 3TUM (Hanpumep, nepegaBaTb ynpaB-
neHne aBToMo6MnemM 4YenoBeky npu o6Hapy>xeHuM abCconiTHO HOBOro 06beKkTa Ha
popore);

— oTcyTcTBME Yy UM 30paBoro cMmbic/iia — CnocobHOCTH OLeHuBaTb 06CTOATENLCTBA
W 0encTBOBaTb B COOTBETCTBUMU C HUMMU;

— HenpoceTH NNOX0 CAPaBASTCS C PeELLeHMEM MaTeMaTUUYECKUMX 3aau.

Kpome TOro, cyLlecTBYylOT MaTeMaTU4YeCcKue OorpaHuvyeHMs B BuAe Bonpoca

0 paBeHCTBe KnaccoB crnoxHocTu P u NP (npo6nema nepebopa). B cnyyae nonoxu-

TenbHoro otBeTa (P paBHO NP) MHOrve crioXkHble 3agauun 6yayT pellaTtbca ropasno

bbicTpee, YeM ceiyac?®, CnycTda noneeKka nocrfie Toro, Kak npo6nema 6bina dopma-

nn3oBaHa, BCE 60MblLUe YyYEeHbIX CKIOHSeTCA K TOMY, 4TO P He paBHo NP. 3ToT 6apbep

Ons nccnepoBaHuii N, BOBMOXXHO, HUKOr4a He yaacTCcs NpPeoaoneTb, U CIIOXKHOCTb

anropuMTMoB Bcerga 6yoeT orpaHMunBaTh Hallu BO3MOXHOCTU 2,

HecmoTps Ha paf rnobanbHbIX NPennochbifioK, CNOCO6HbLIX BBECTU pblHOK U
B COCTOSIHME «3UMbI», MANOBEPOSITHO, YTO 3TO NMPOU30OMLET CO BCEMMU €r0 CEermMeH-

Tamu. TopMmoxeHne 6ydeT xapakKTepHO NuWb AN HekoTopbix. CneunanucTbl nona-

ratT, YTO B OTPAC/NM HACTYNUT OTK/IOHEHWE OT CTPaATEernyeckoro HanpaBleHUa rny-

60Koro oby4yeHus: Korga-To UCCNepoBaHUS YLIIW OT 3KCMEPTHbIX CeTen, a Tenepb

CMOryT yiTK 0T ML, BceLesio nonaraloLerocs Ha HenpoceTun?,

[na poccuicKoro pbiHKa cuUTyauunm «3umbl UU» mMoxKeT 6biTb CBA3aHa

c geduuMTomM annapatHoro o6ecnevyeHns M3-3a 06pbiBa LENOYEK MOCTABOK, MPUH-

LUNUanbHO BaXKHbIX ANns paboTbl ¢ 601blLUINMN HEMPOHHBIMU CETAMWU. 3TO MOXKET Npu-

BEeCTU K POKYCMPOBKE MMEIOLLUXCH PEeCypCcoB Ha 3apadvax, ob6ecneyeHHbIX 3aKa3om

B OrpaHMYEeHHOM CMeKTpe oTpacren.
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NPOMbILLUJIEHHOCTb —
BAYHEWLLMA OPAVBEP POCTA
PbIHKA

MpeonpuaTtua n opraHvM3dauuyM BO BCEX OTPACNSaX YBENMYMBAOT CBOM MHBECTULIUU
B MM c uenbio nognepXaHns KOHKYPEHTOCMOCOBHOCTU M MOBbILWEHNS 3 DEKTUBHO-
cTn. Hanpumep, B uccnepgosanmm Harvard Business Review ycTaHOBNEHO, 4YTO yBENU-
YyeHMe pob0TM3MPOBaAHHbIX TPAH3AKLUMA 3a cYeT ncrnonb3oBaHus UN Bepet K pocTy
npogaxk. CornacHo oTyeTaM KOHCaNTMHIOBbIX KOMMAaHUI, KOMMYecTBO poboTM3unpo-
BaHHbIX TpaH3akumii B 2019 rogy pocturno otMeTku B 10,1 mnpg gonnapoB™. B uenom
nporHo3upyeTcs pocT pacxonos Ha cuctemsl U ¢ 85,3 mnpa gonnapos B 2021 rogy
00 204 mnpp B 2025-M npu cpegHerogoBoM Temne pocta 24,5 %28,

HapaboTaHHbIA noTeHuman UHaycTpum 4.0, KoTopas 3a npowlegllee gecs-
Tunetne cnocobcTBOBana aBToMaTusauunm UM UMPPOBU3ALUN MPOMbILLAEHHOCTH,
OTKpbIBaeT BO3MOXHOCTU Ans passutusa coepbl UA. UHbDopmaumsa, koTopas Haka-
nnvBaeTcsa B 6a3ax AaHHbIX NPOMMNPEAnpUATUIA, NO3BONSET NPEAnonioXKUTb, UYTO
UMEHHO MPOMBILLIEHHOCTb CTAHET OOHUM U3 KI4YeBbIX ApanBepoB passutusa UU.
K 2027 rogy mMakcumalsibHble TeMnbl pocTa NpuMeHeHus UN 6yoyT NpMxoanTbCcs Ha
npovM3BoaCcTBeHHYI0 chepy — Ha ypoBHe 31,1 % CAGR. 3a Heil ¢ 60nbLUMM OTPbLIBOM
cnepyeTt noructuka (CAGR — 24,7 %), sgpaBooxpaHeHne (CAGR — 22 %) 1 ¢uHaHCco-
Bbll cekTop (CAGR — 21 %).

N0 un loT OBBbEMbI PbIHKOB UM OBBEMbI PbIHKOB UU
B CEKTOPAX 3KOHOMUKMU, B CEKTOPAX 3KOHOMUKMH,

Ku6ep6esonacHocTb 2021, MAIPQ Aaonn. 2027, MIPA ponn.
. 060pOHHbLIN ceKkTop
. (DUHAHCOBbIV CEKTOP

45,7
NponsBoacTBO 1
3npaBooxpaHeHne 26,6 74 81,6
2,9

. TpaHcnopT U NOrUcTUKA .

Pureiin 91,9 o7 327,2

4 _— .

Opyroe MAPO aonn. MAPO gonn.
Puc. 5. 8,5
06beMbl pbiHKOB UU B cekTopax 3Ko- 567

HOMMKM, 2021-2027, MnppA fONNapoBs

UcTouHuk: ®oHp «LICP «CeBepo-
Banap» no paHHbiM 360iResearch,
IMARC Group, Mordor Intelligence

MpoMmbIlLNEHHOCTb BXOAMT B 4YMCNO ApanBepoB pbiHka WU B CLUA, Kutae,
BenukobputaHum, UHguu, HO>kHoi Kopee, cTpaHax EC. OHa >xe cTaHeT OOHMM U3
OCHOBHbIX 3aKa34MKOB UCKYCCTBEHHOr0 MHTENNEKTa U CBA3aHHbIX C HAM UCCefno-
BaHun B Poccun.

OQHaKo B OTNMYME OT MHOMMX pas3BUTbIX CTPaH, roe KI4yeBble ponu npu-
HapgnexkaT cneunanusupylowmmcs B o6nactu UM komnavnam (Hanpumep, DeepMind),
B Hawei cTpaHe 6onblloe 3HadyeHWe 6yneT MMeTb HedTerasoBblii GusHec 3O 3 23,
3T 06BbACHAETCH ero BbiCOKOW CaHKUMOHHOW YCTOMYMBOCTbLIO, a TaK)e MNoTpebHo-
CTbl0 B OTPac/ieBbIX pPeLleHUsX Ha pasHbiX TEXHONOrnvyeckux nepepenax (Bknwovas
MeTannoo6paboTKy, MalUMHOCTPOEHME, CTPOUTENBCTBO, NOTMCTUKY U Np.). Hapagy
C MeTannypruen, XMMMYeCKOn NPOMBbILLIIEHHOCTbI U HEKOTOPbLIMU APYrMMU NPOUN3-
BOACTBEHHbIMU MHOYCTPUSIMU MMEHHO HedTerasoBblii CEKTOpP NpeTeHAyeT Ha cTa-
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Tyc Hanbonee aKTMBHOM OTPAC/IM MPOMBbILLSIEHHOCTU, 3AUHTEPECOBAHHON B PaA3BUTUMN
pblHKa TexHonorui UU. KomnaHuu cekTopa BbICTYNawT MHULMATOPaMM MacLiTab-
HbIX KOOMEpauMOHHbIX MPOEKTOB M 3aKa3uyukamu uccrnefoBaHun U paspaboTok
B 91Ol cdepe. B 2021 roay 6bina cozgaHa Accoumaumsa «MCKYCCTBEHHbIA UHTENNEKT
B NpombiwneHHocTM» (yupeantenb — NMAO «lasnpom HedTb», NO3XKe B COCTAB une-
HOB accouuauun Bowna komnaHua MAO «TaTHedTb»). Accoumnauuma nogaepxmeaeTt
ncenenoBaTenbCKuMe LEeHTPbl U KOMaHObl y4YeHblX, 3aHuMalowmxcs WU, peanusyeTt
obpasoBaTefibHble NMPOrpamMMbl AN CTYAEHTOB BY30B W COTPYOHUKOB MPOMbILLSIEH-
HbIX NPegnpUATUA, NPOBOOUT MEPOMNPUATUS NO Pa3BUTUIO pbiHKa UU-TexHonoruim.

Ha mupoBom pbiHke WU HedTerasoBas MPOMBILNEHHOCTb TakXe wurpaeT
3aMeTHY0 posib. OpueHTauns pa3BuTbIX CTPaH Ha AeKap6oHM3aunilo, YCUNEHNE KOH-
KYpPeHUuMnN Ha pbiHKe HedTerasoBoro Cbipbs — B 9TUX YCNOBUAX HA UCKYCCTBEHHbIN
WHTENNEKT Bo3narawTcs 6onblune Hapexabl. KoMnaHMm 06beauHATCS B KOHCOP-
LMYyMbl, HANPaBNsiss COBMECTHbIE YCUMUA HA co34aHue macwTabHbix UN-TexHonormi,
noMorawwmx pellaTb BOMPOCbl OMEpPauMOHHON M MNPOM3BOLCTBEHHOW 3ddeKTuB-
HocTn. OQuMH N3 Hanbonee SpPKUX NPUMEPOB — KOHcopuuyM KomnaHuin Shell, Baker

Hughes, C3 Al u Microsoft, peanuaytowux nimumaTuey Open Al Energy Initiative 32.

UPSTREAM

MIDSTREAM

DOWNSTREAM

(]

WU B TEONTIOTMYECKUX UCCNEAQOBAHUAX
— AHanus nnacta

— C6op ceicMMYeCcKUX OaHHbIX

— 06paboTKa CeMCMUYECKUX faHHbIX

— 3D-UMUOKUHI CENCMUYECKUX [aHHbIX

WU B PASBBEJO4YHOM BYPEHUHU

— MNnaHMpoBaHue CKBaXXWH

— ABTOMaTusauus 6ypoBbIX yCTAHOBOK

— MOHUTOPUHT BypeHunst

— ONTUMUBaumnsi BYypeHusi B pexxnme peasb-
HOro BpeMeHu

— UcnblTaHne CKBaXXWMH C NOMOLLbIO UHTEN-
NeKTyasnbHbIX 4aTYMKOB

— MNporHos BbIX0Aa U3 cTpost 060pya0BaHUs

WU B OLLEHOYHbIX PABOTAX

— YnpaBneHue reonoro-reopmusnyeckumm
OaHHbIMU

— OundpoBKa KapoTaXHbIX AuarpaMmm

— WHTepnpeTauus KapoTaXHbIX guarpaMmm

— PacuyeT napamMeTpoB OLEHOYHOr0
6ypeHus

— MopenvpoBaHue KonnekTopa

— XapaKTepucTuKka Konnektopa

NN B PASPAEOTKE MECTOPOXXAEHUNA

— Pacnono)xeHne CKBaXWH 1 ero onTuMu-
3aUus, KOHTPONb GYHKLUOHUPOBAHUS
CKBa)>XWUH 1 Mpouy.

a(a
=\
WU B OBbIYE
— obecnevyeHue gaBneHnsa nnacTa,
KOHTPOJIb 6630HaCHOCTM, NPOrHo3 noBe-
OEeHNs CNnos n npoy.

Puc. 6.
TunoBble HanpaBneHUs NPUMEHEeHUs
WU B HedTerasoBoi MHAYCTPUU

&

WA B CTPOUTENIbCTBE TPYBEONPOBOAOB

— ONTMMK3aLUUs TPACCMPOBKU Ny TH CTPOU-
TenbcTBa Tpybonposona

— OnpepeneHne MecT pacrnonoXXeHus Tep-
MWHAaIOB U COeAUHEHUI TPyBOonpoBoaoB

co
WU B TPAHCNOPTUPOBKE

— PacueT Hanbonee aKOHOMUYHOI0 MapLU-
pyTa

— CucTeMbl aBTONUIOTA U @aBTOCTbIKOBKU

— MOHWTOPUHI TaHKepoOB

e

WX B 3KCNNYATALUM TPYBEOMNPOBOAOB

— ABTOMaTU3aLUs KOMNPECCOPHOMI
cTaHuun

— PaHHee npepynpexaeHue o Heucnpas-
HOCTSAX

— KOppO3UOHHbI MOHUTOPUHT U AUArHO-
cTuKa

WU B PACNPEAENIEHUU PECYPCOB

— AHann3 3KOHOMMWYECKMUX M MOrOAHbIX
YCNOBUiA [N NPOrHOSMPOBAHUS Crpoca

— ONTMMU3AUUA XpaHUnuLa

WcTouHuk: ®oHp «LCP «CeBepo-3anag» no gaHHbIM
King’s College London, European Centre for Energy and
Recourse Security

fnll

WA B HEOTENEPEPABOTKE

— ABTOMaTM3aLUus U ONTUMU3ALUSA AKTU-
BOB npoueccoB HedpTenepepaboTKu

— Wcnonb3oBaHWe [aTYNKOB U MUKPOKOH-
TponnepoB Ana o6cnyXuBaHus nHdpa-
CTPYKTYpbl U paHHEro npeaynpexapeHus
aBapui

&

WU B YNPABNEHUW HE®TEXPAHUNULLEM

— MpeAnKTUBHASA aHANUTUKA U anropUTMbl
NpeauKTUBHOIO yNpaBneHus

— CHWXXeHUWe 3aTpaT Ha aKcnnyartauuo
CKNaACKMUX NoMeLLeHunin

— 3ddekTUBHOE 06CNYyKUBaAHNE 060OpPY-

00BaHus

MW B BEBONACHOCTU U OXPAHE OKPY-

MXAIOLLEW CPEQDI

- yﬂaHEHHbIIZ MOHUTOPUHI CKNagCcKUx
nomMeleHuii 1 o6opynoBaHns

— O6Hapy>keHue yTeyek

— O6Hapy»xeHune gedopmaunm o6opyno-
BaHUA
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Bonbwoe BHUMaHMe Bonpocam npumeHeHusa WU ypgenaeT MeTaNAYpPrus. 3z rpynna HIMK rectupyer uHHo-

Y>ke cerogHsi crnekTp mcnonb3oBaHua UM poBonbHO WMpPoOK. Kak n B HedTeraso- Ezitwmjomilay‘;xg':gsgfo“a
BOI OTpac/in, OH OXBaTbiBAeT BCE OCHOBHblE TeXHONOrMYeckue nepenenbl: 0obbivy uHTennekTa // HIMK [caiT],

2021. — URL: nlmk.com/ru/
nonesHbIX UCKOMaeMbix, o6oralleHue pyabl, NPOU3BOACTBO YKefnesa 1 cTanu, NpokKar, odia-conter/press.roleases/
NOFUCTUKY, NPOAAXU U MaAPKETUHI. MeTannypruyeckue KomMnaHMM aKTUBHO pasBU- nlmk-pilots-iot-and-ai-
BaloT napTtHepcTBa B 3101 cdepe. pynna HIIMK 3akniouuna cornawieHne o cTpare- innovations.

rmyeckom napTHepcTBe ¢ Accouunaumen nabopaTopuii No pasBUTUIO UCKYCCTBEHHOIO
WHTeNNeKTa, NMAaHUpys pacliMpsaTb COTPYAHMYECTBO B o06nactv uudpoBusaLmun
pas3nn4yHbIX NPOU3BOACTBEHHbIX MPOLECCOB, B T. Y. TeXHOMNorMm MHTepHeTa BeLlen
M UCKYCCTBEHHOI0 MHTENNeKTa >,

[o6blua MNepepaboTka MpounsBoacTeo enesa [poM3BOACTBO CTaNn MNpokaTka u oTaenka Mpopaxkun
1 MapKeTUHT
PaspaboTka, Arnomepa-
norpyska Msmenb- O6orawe- unoHHas  [loMeHHas KousepTepHoe fopsiyas  XonopHasi MoKpbi-
1 nepesosKa YeHue  Hue dabpuka neyb npousBoacTBo OTNMBKA MpoKaTKa npokatka Tue
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OnNTMMM3aLMa KOMMIEKCHOFO NNaHUPOBaHUS

[BMXXMMoe AaHHbIMW ynpaBneHne NocTaBLMKaMu, ABuXMMas NMA SKOHOMUS NpU 3aKynKax

[BMKMMOE faHHbIMW KafpoBOe MnaHMpoBaHWe, aBTOMaTUYECKUIA CKPUHUHT Pe3loMe, anropuTMbl YAEP)KaHUs COTPYAHWUKOB
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MpOrHo3 KpeauTHOro pucka 1 pasmepa cueToB

Pue. 7. *MA — NnpoABUHYTas aHANMTMKa
TunoBble HanpaB/eHNS NPUMEHEHUS

WU B MeTannypruyecKkom npombiLl-

NeHHoCTH

34 ApwaBckuii A. UcKycCTBEHHbIN
WHTENNeKT B MeTannypruv /
A. ApwaBckuit // HIMK [cawnT],
2018. — URL: cloud-digital.
ru/sites/default/files/13.25-

. 34
MeTouHuK: HITMK 13.45_arhavsky_nlmk_new.pdf.

AHanorumyHble TeHOEHUUN HabNOOaTCsa M B OPYTrMX OTPACAX NPOMbILLEH-
HOCTW, YTO YKa3biBaeT Ha MOoTeHUMas CeKTopa, a Tak)Xe Ha cneundunky oTeyecTBeH-
HOro pbiHKa . B yCroBUSIX CAHKLMOHHbBIX OFrPaHUYEHMWI U paspbiBa MeXXAYHaPO4HbIX
TEXHOJIOTMYECKUX LenoYek ¢ y4yacTMeM POCCUMICKUX MpeanpuaTuii nepen NpoMbiLl-
NeHHOCTbIo PD BCTAOT CUCTEMHbIE BbISOBbI, CBA3aHHbIE C MOUCKOM CrMoco60B O0CTH-
YKEHUS TEeXHOJIOrMYecKon aBTOHOMHOCTM M caMogocTaToyHocTU. OTeyecTBEHHbIe
peLueHnst B 06/1aCTU UCKYCCTBEHHOMO MHTENNeKTa — OAHO U3 Ba>KHEWLLMX CPpeacTs
AN OBUXKEHUS B 9TOM HanpaBeHUW.
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EYOYULEE BbIYUCEHNN
B UK

Hayka 06 MCKYCCTBEHHOM WHTENNIEKTE B 3HAYUTENIbHOW CTEMEeHN onvpaeTcs Ha [o-
CTMXXEHUS B CMEXHbIX HaMNpaBfeHUsX — BbIYUCIIUTENbHOW TEXHUKE U paboTe ¢ AaH-
HbiMK. MMOCKONbKY 3TN 06M1acTV 3HAHWIW COCTABMASIOT OCHOBY Ons passutusa UU, ux
Heo6x0aMMO paccMoOTpPeTb B NepByio oyepenb. MpeogoneHune psapa GpoHTUPOB B 3TUX
HanpaBneHnsXx cnocobHo o6ecneunTb CYLLECTBEHHbIA nporpecc B cdepe WUCKYyC-
CTBEHHOr0 MHTEeNNeKTa.

LLTypMyeMble 30HbI B Pa3HbIX HAay4YHbIX KONMEKTMBAaX U CTpaHax HasbiBalT
no-pasHoMy — yBeNM4YeHnemMm napameTpoB mopgenen UU, ycnoXXHeHMem anropuTmos,
06paTHOI MHXXeHepuen Mo3ra, pasroBOPHbLIM MHTENIEKTOM U Ap. *%. [1ns poccuinckoro
pbiHKa UUN cneundunka GpoHTUPHON 30HbI MOXKET He COBNaaaTh C rnobanbHOMN.

DOpPOHTUPbI B TEXHOMOMUAX BblYMCNEHUN

"l KBaHTOBbIe BblYUCEHUS

KBaHTOBbIA UCKYCCTBEHHbIA MHTENNEKT, T. €. Takon WU, BbluMCneHus Ans KoToporo
OCYLLECTBNsIeT KBAHTOBbIA KOMMblOTEP3®, Noka elle ganeKk oT peannsauum — 8-kKy-
6UTHbIE M 16-KYBUTHbIE KBAHTOBbIE KOMMbIOTEPbLI MCMONb3YITCH B dyHOaMeHTanb-
HbIX HAyKaX, HO HEe MPUHOCHT CyLLEeCTBEHHbIX Pe3ynbTaToB B HayKe 06 UCKYCCTBEH-
HOM MHTennekTe®.

BonbWMHCTBO KNnaccuyecknx anroputmoB NN yrxxe nepeBefeHbl OANS KBaH-
TOBbIX KOMMbIOTEPOB, NMO3TOMY rMaBHbIN GPOHTUP B HACTOSLLMN MOMEHT — co3aa-
HVWE TAKOW KBAHTOBOW BbIYUCIUTENIbHON CUCTEMBI, KOTOpas Morna 6bl NPUMEHATLCS
B 3ajayax MalUMHHOIro obyyeHus c 6onblueit 3pPeKTUBHOCTBIO, YeM TPaAULMOHHOE
BbluMcnuTENbHOoe o6opynoBaHune 3.

[ns 3TOro KBaHTOBbIE BblYMCIMTENbHbIE CUCTEMbI O0/MKHbI caenatbcs 60-
nee cTabunbHbIMK B OTHOLLEHUM OLLMOOK 1 6onee MmoLHbIMW. HeobxoanMmo co3paTtb
dperimBOpKKN gna MopoenupoBaHus n obydyeHus cuctem WU, KoTopble cTanm 6bl 06-
LLEeNPMHSATBIMM 3a CYET OTKPbLITOro Koga u cnocobcTBOBaNM paseBuTuio coobuiecTea
pa3paboTUNKOB M NOSIBIEHWNIO HOBbIX CLLEHAapUEB NPUMEHEHNS KBaHToBOro U3

20
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2 PacnpepeneHHble cUCTEMbI

TpaguunoHHo mopgenn WU o6y4daldT Ha BbICOKOMNPOU3BOOUTENIbHBLIX CUCTEMAX
SIMD-apxuTekTypbl (cepBepbl ¢ rpaduyecknmu kaptamu). OgHako pa6oTa ¢ Mac-
wTabHbiMM Mopenamu WU, a rnaBHoe, ¢ 60MblIMMK OaHHbIMKM TpebyeT pas3BuUTUSA
cneuManManMpoBaHHbIX pacrnpefeneHHblX CUCTEM, BKIYawLWwmnx B cebsa reorpacdu-
YECKN pasHEeCEeHHble BbIYUCNTENbHbIE CUCTEMblI Pa3HOM apXMUTEKTYpbl, KOTOpble
MOryT NpUMHagnexatTb pasHbiM BragenbueM. Jna 3TUX cMCTeM 3apadva 0bydeHus
Mopener cTaHOBUTCSA Mepapxudeckoi. Mpu aTom rnaBHas npo6nema B o6nactu Ta-
KUX pacnpefefieHHbIX CUCTEM — NMOPTMPOBAHUE HA HUX apXUTEKTYp Mopenen ma-
LUMHHOro 06y4eHuns, 0CO6EeHHO C YYEeTOM pa3MeLleHnsa AaHHbIX. HE06XoaMMo TakKe
paspaboTtaTb MeToAbl peanu3auuy napanfnefbHbliX BbIYMCIEHUN B 3TUX CUCTEMAX,
BKJll0oUYas NnaHMpoBaHMeE U ynpaBrieHne pecypcamm ',

PelwleHne nepeyncrieHHbIXx 3apay NO3BOJIUT CYLLECTBEHHO YNyYlUUTb BOS3-
MO>XHOCTM Kona6opauumn Hay4HbIX FPynn U YNpPOCTUT [OCTYN K AaHHbIM, pacnoso-
YXEHHbIM B pacnpepneneHHbIX UCTOYHNKaX ¥,

3 HeilpoMopdHbIe BblUMCIeHUA

CoBpemMeHHas Bbl4MCNUTENIbHASA TEXHUKA OCHOBaHa Ha apxuTeKkTypax ¢oH HenmaHa,
KOTOpble NpeanonaralT nepemMeLleHne gaHHbiX Mexxgy Gusnyecku pasgeneHHbIMU
npoLeccopoM M NamsaTbio. B TaknMx ycnoBusx Hema6eXkHbl MPOCTON MOLLHOCTU Mpo-
ueccopa npyv MHTEHCUBHbIX BbIYUCINEHUSAX, 0CO6EHHO B 3apadax MCKYCCTBEHHOrO
WHTENNeKTa, KOTOpble CUTIbHEE NMPOYMX 3aBUCAT OT 60/bLLOro 06 beMa AaHHbIX.

OTBETOM Ha 3TOT Bbl30B 6yfeT nepexod BblYMCNUTENbHOrO 060pyn0BaHUS,
ucnonb3yemMoro gns paéotbl mogenei UM, K HeMpoMophHBLIM CUCTEMAM, 3/IEMEHThI
CTPYKTYpPbl KOTOPbIX MOFYT OHOBPEMEHHO XPaHUTb U 06pabaTbiBaTbh AaHHble, KaK
HEeNpPOHbI Mo3ra. CUCTEMbl OCHOBaHbl HAa CMaWKOBbIX HEMPOHHbLIX CETSAX, BbICTynato-
LWMX 3aMEeHOM COBpPEeMEHHbIM npoueccopam. BMecTo TpaH3UCTOPOB 3[€eCb MCMOJb-
3YI0TCSH UCKYCCTBEHHbIE HEMPOHbI, KaXX bl N3 KOTOPbIX CNOCO6EH CAMOCTOATENIbHO
PYHKLMOHMPOBATbL M NOCbINATb CUrHanbl A4pyrum HeMpoHam B ceTu. Kogupys nHoop-
MaLuuIi0 B CaMUX CUrHanax u ux NepMogu4yHoCcTH, CnamkKoBble HEMPOHHbIE CETU UMU-
TUPYIOT eCTeCTBEHHbIE NpoLuecchl 06y4YeHMs B OTBET HA BHELUHME CTUMYIbI.

B paspaboTke HeWpoMOPOHbIX BbIYUCIIUTENbHbLIX CUCTEM COXPaHSATCS
OrpaHMYyeHusi, CBA3aHHbIE C BbICOKOM CTOMMOCTbLIO U CIIOXXHOCTbIO MacwTabupoBa-
HUA. XOTH MHOrMe HeMpoMopdHbIe CUCTEMbI NMO3BOMAIOT OCYLLECTBAATL 06yyeHue
B peanbHOM BpPeMEHU, NEPBUYHYIO TPEHUPOBKY Mogenen UN Bce ewe npuxoguTtcs
BbINOSIHATD Ha OCHOBE TPaAMLUMOHHBLIX apXMTEKTYpP. He paspaboTaHbl U apXUTEKTY-
pbl Ha6opoB KoMaHp (ISA) onsa HelipoMopdHbIX NPOLLECCOPOB, KOTOPble CMOrnu 6bl
NOSTHOCTbIO peann3oBaTb UX NoTeHumnan. Euie ogHO NepcneKTUBHOE HanpaBneHne —
paspaboTka Moaenein UCKYCCTBEHHOro MHTeNNeKTa ANs KOHKPeTHbIX 3afad, KoTo-
pble BCTPOEHbl HEMOCPEACTBEHHO B annapaTHyl 4acTb HEMPOMOP®HbIX CUCTEM —
aHarnorosoro UU.
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MeTtopgunyeckune dpoHTUpPbI MU 1 paboTa ¢ gaHHbIMK

'] MHTerpauus HelipoceTeBoro U KOrHUTUBHOIO
noaxoaos

Moaxod K UW, oCHOBaHHbIA HA 3HAHUSAX, HA3bIBAKT KOFTHUTUBHbLIM (CMMBOJIbHbLIM) 38,
MMeHHO Ha HeM 6blfIM OCHOBaHbl 3KCMEPTHbLIE CUCTEMBI, KOTOPble pa3pabaTbiBannch
B 1980-x rogax. B HacTosLlee BpeMsi MHTEPEC K 3TOMY HanpaBfieHUi0 BO306HOBNSA-
€TCH, MOCKOJIbKY MMEHHO 3HaHWS, a He faHHble, MOryT 6bITb OCHOBOW ANA NPUHS-
TUS UCKYCCTBEHHbIM UHTENJIEKTOM aBTOHOMHbIX PeLleHnin®® u nepeHoca onbiTa U3
OofHOM 3apaun B Apyryw“’. 3To nos3BonuT npumeHaTb MM B HedopmannsoBaHHbIX
o6nacTsax M co3gaBaTb MHOMOC/IOMHbIE CUCTEMbl UCKYCCTBEHHOMO MHTENNeKTa ans
6usHeca, COCTOsALLME U3 MHOXKECTBA areHToB, A4eACTBYHOLMX Ha OCHOBE 3HaHul (cu-
CTEMbl 3MEepAXXEHTHOro MHTennekTa)’®. OgHaKo ocTaeTCs HepelLleHHoW npo6rnema
WHTEerpauum sHaHui B apXMTEKTYpPY CYLLEeCTBYIOLLNX HelpoceTen s,

2 CucTeMbl rM6pMAHOro UHTENNeKTa

MMBPUOHBIA MHTENNeKT npegnonaraeT co3faHMe TakKUX CUCTeM, B KOTOPbIX UCKYC-
CTBEHHbI/ MHTENeKT paboTaeT COBMECTHO C eCTECTBEHHbIM, PACLUMPAS BOSMOXKHO-
CTU YesioBeKa, NP 3TOM He 0TAaBas NoJiHblA KOHTPOSIb MalunHe*',

®DPOHTUPOM B CO34aHMU CUCTEM TMEPUAHOrO UHTENNEKTa aBnaeTcs obecne-
yeHue MHTeponepabenbHOCTU eCTECTBEHHOIO U UCKYCCTBEHHOro UHTennekTa"'

MpeoponeHne 3TOro NPensaTCTBUS 3aBUCUT OT Nporpecca B NOHMMaHUKN 3aKO-
HOB PYHKLMOHMPOBAHUSA YeNT0BEYECKOro MHTeN/IeKTa, pa3BUTUA CPeAcTB nepegaym
MHbOpMaLMKM OT YesloBeKa K MallMHe U Hao6opoT, a TakXe 0T paspaboTKM 3KoCU-
CTEeM rMbpuaHOro UHTENNEKTa, KOTopble NO3BOIM/M 6bl IEFKO MHTErpUPOBaThb HOBbIe
NPoOOYKTbI*2,

3 leHepaTUBHbIN UCKYCCTBEHHbIN UHTENNEeKT

CvcTeMbl reHepaTMBHOro MW noTeHuManbHO MOryT MO3BO/IMTbL OCYLLECTBNATbL aBTO-
MaTuMyeckoe co3[aHMe HOBbIX CMCTEM UCKYCCTBEHHOrO MHTE/NIeKTa, a TaKXXe pas-
JIMYHOrO TBOPYECKOro KOHTEeHTA. KnoveBble GPOHTUPLI B reHepaTUBHOM UCKYCCTBEH-
HOM MHTennekTe — dopmanuaaumns HeonpenesieHHOCTel, CBA3aHHbIX C paccyeToM
BEPOATHOCTU peaKuMu Ha CreHepupoBaHHbIN KOHTEHT, W npobnembl o6xoga npo-
CTpaHCcTBa MNOUCKA — HOBbIE a/ITOPUTMbl ONTUMU3ALUM NPU FeHepaL UM KOHTeHTa S,

LI- O6yueHue c nogKpenneHMem

CoBpeMeHHble MeToAbl 06y4YEeHUs C NOAKPEeneHUEM HaX0AATCSA B TYNUKE, MOCKOSb-
KY UX NMPUMEHEHNE B peLleHnn peasbHbiX 3a4ay cTanknupaeTcs ¢ npobnemon Heob-
X0OMMOCTU 60NbLLOIO KoNMYyecTBa 6€30WNO0YHBLIX UTEpPALUIA, UTO TpebyeT anunTenb-
HOro oby4yeHus. ®poHTMpPOM BypeT ycoBepLIEeHCTBOBaHME YCTOMYMBOCTM METOO0B
06yyeHnsa ¢ NnogKpenaeHNnemM K oLuMbKam U aHoManmam B AaHHbIX 2,
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5 O6BACHUMbIA UCKYCCTBEHHbIA UHTENNEKT

PeweHusa, KoTopble NPMHMMAKT NpaKTUYecKn Bce mogenun MU, He nogpalTCcs 06b-
SICHEHMIO U MHTepnpeTauuu. B To xe BpeMs ons MHorux cdep Mx MCNonb30BaHUS
KpanHe Ba)XHO MOHMMAaTb, 3a CYeT 4Yero 6bl/I0 NPUHATO TO UKW WHOe pelueHune?.
MPOHTUP COCTOUT He TOJIbKO B pa3paboTke MeTo40B 06bSCHEHMS pelueHuid UN, Ho
M B TOM, YTO6bl OLLEHUTb M NPOBEpPUTb paboTOCNOCOBHOCTL U NPUFOAHOCTb 3TUX Me-
TOAOB ANS peasibHbIX 3agay™”.

6 KoppeKuus olwn60K UCKYCCTBEHHOr0 MHTENNeKTa

MNCcKyCCTBEHHbBIM UHTENNEKT, OCHOBAHHbIN Ha OAaHHbIX, MOXET COBepLUaTb OLINOKMY,
KOTOpble CNOXHO oTcneauTb. Yem 6onble pasmepHocTb mogenu WU, Tem Bbiwe
B HEN PUCK OLUMBOK M TeM MEeHbLUe ee NPUrogHoCTb ANS NPUHATUW PELLEHUIA, conps-
YXEHHbIX C PUCKOM™*S. B apXxuTeKType MOAeNein NCKYCCTBEHHOIO MHTENNEKTA O0/K-
Hbl NOSIBNATBLCS OTAENbHbIE CUCTEMbI, KOTOpPblE ByoyT OTCNEeXXMBaTb U KOPPEKTUPO-
BaTb OLUMBKU U «pa3obyyaTb» Mogenu NN45 38,

m——— /IHTErpaLnsa HEWPOCETEBOr0 1200
1 KOTHUTUBHOIO NOAX0A0B

1105

CucTeMbl rM6puMaHOro
MHTennexKTa

[eHepaTUBHbIA UCKYCCTBEH- 1000
HblA UHTeNNEeKT

06yueHue c nogkpenne-
HueM
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CTBEHHOr0 UHTENNeKTa
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Bbl30Bbl PASBUTUY
ATINAPATHOIO OBECNEYEHUA
ong nn

K Hauyany 2020-x rogoB 4enoBe4yecTBO BMIOTHY0 NPM6NIN3NNOChH K NOpory aencTeus
3akoHa Mypa*. O)xupgaeTcs, YTO B NepBOM NOSIOBMHE OECATUNETUS nNuaepbl Nonynpo-
BOAHWMKOBOW MPOMbILLUNIEHHOCTHN 3anNyCTHAT B CEpUNHOE NPOM3BOACTBO YnMbl C pasmep-
HOCTbIO NpoueccopoB 3-4 HM u MeHee. oKa 4To 3TO ocTaeTcsd GPOHTMPOM PA3BUTUSA
nonynpoBOAHMKOBOW NPOMBILLIIEHHOCTH, HO YK€ O4YEeBUAHO, YTO YKa3aHHbIN YPOBEHb
6yaeT AOCTUTHYT.

Takoil ypoBEeHb pa3MepHOCTU OTKPbIBAET HOBble BblYMCINTENbHbIE BO3MOXK-
HocTu gnsa UT-uHpycTpun. UM-cucTeMbl CTAaHOBATCSA BCE 60M1ee NPOM3BOAMTENbHbLIMU.
Mpn 3TOM OHM MMEIOT CXOXKMUIN C POCTOM Pa3MEPHOCTU YMNoB TeMn pasBuTud. Mo cno-
BaM nporpammucTta Google Knuda 9Hra, Konu4yecTso BHYTPEHHUX NPOEKTOB, KOHL,EH-
Tpupylowuxcsa Ha UM B Google, yaBanBaeTcsa Kaxkgble 18 MecsaueB“®, T. e. cooTBeT-
CTBYeT TeMMNy YBeNIMYEHUS KONM4YecTBa TPAH3MCTOPOB, pa3MeLlaeMblX Ha KpucTtanne
MHTerpanbHol cxembl, — 18-24 mMecsua (3akoH Mypa).

B TO >Xe BpeMsi Npu 06CYXXAEHUN BOMPOCA O BbIYNCAUTENbHbLIX NEepPCneKTu-
Bax Ansa cuctem UN ctan akTMBHO MCMNONb30BAaTbCHA APYron 3MMUPUYECKUIN 3aKOH,
Ha8BaHHbIN N0 MMeHU [I)keHceHa XyaHra, reHepanbHoro gupektopa komnanum NVIDIA.
CornacHo 3akoHy XyaHra, rpadudeckue npoueccopbl (GPU) nporpeccupyloT ropasao
6bicTpee, YeM LeHTpasbHble (CPU), a nponsBoanUTeNIbHOCTb KPEMHUEBLIX YMMOB, 06e-
cnevyMBalLWMX UCKYCCTBEHHbIA MHTENNEKT, yBEIMYMBAETCS KaXkable ABa roga 6onee
yem BOBoe“. N0 cpaBHEHWUIO C 3aKOHOM Mypa, KOTOpbin GOKYCUPYETCS MCKIYU-
TenbHO Ha TpaH3ucTopax LI, 3akoH XyaHra oxBaTbiBaeT COBOKYMHOCTb O0CTUXXEHUI
B apXMTEKTYPE, MEXCOEeAMHEHUSAX, TEXHOMOIMMU NaMSATH U anroputTmax.

Ivckyccumn 06 annapatHom obecrieyeHum onga MW (B T. 4. 0 3aKoHe XyaHra)
B nocregHue gBa roga noBbICUIM MHTEHCUBHOCTb Noucka GpoHTUpa pas3BUTUSA KpPeM-
HMEBOW 3NEKTPOHUKKU. OTbIWET N1 MUKPOS3NEKTPOHUKA anbTepHaTUBY KPEeMHUEBOMU
nnatdopme Unun BoingeT B HOBble TEXHONOrMYECKUE peLLeHusl, No3BonsioLL e coxpa-
HATb TEMMbl pOCTa NPON3BOAUTENIBHOCTM NPU O0/HKHOM YPOBHE 3HEeproadppeKTUBHO-
CTU BblUUCIUTENbHbIX cucTem (B T. 4. gNns UMW), — rnaBHbIA Hay4HbI GPOHTUP anna-
paTHoro obecnevyeHus Ha cnepyiowme 15 net. UMEHHO UCKYCCTBEHHbIN UHTENNEKT
B3BWHUYMBAET 3aMNpoc Ha co3faHue 605ee BbICOKONPON3BOAMTENbHbIX BblUMCNTENb-
HbIX cucTeMm. HabniwgeHne 3a HanpaBfEHUSMU PaA3BUTUS UCKYCCTBEHHOro WHTEn-
neKTa — K14 K NOHUMaHUI0 TpeHaa pasBuUTUA BblYUCIUTESIbHbBIX CUCTEM B LLeSIOM.

HoBoe nokoneHve caMoobyyaloLmnxca HeMpoMopdHbIX NMPOLLECCOPOB

BarkHenwnn GpoHTMP pas3BuTUS annapaTHoro obecneyeHua gnsa cuctem UM — nomck
HOBbIX apXUTEKTYp BbluucneHnn. OguMH M3 LeHTpanbHbIX GOKYCOB PasBUTUS 3TOro
HanpaBfieHNs — co34aHue HeMpoMopdHbIX NPOLECCOPOB, KOTOPbIE NO3BOMAT BbINOJI-
HATb BUoNoao06HbIE HEMPOMOPGhHbIE BbIYUCITEHUS C NOBbILLEHHOW 3G hEKTUBHOCTLIO.

Komnanus Intel B 2017 rogy paspaboTtana HeipoMopdHbIA LndpoBoK npouec-
cop Loihi c BO3MOXXHOCTbIO 06y4YeHns Ha uune. Loihi paboTaeT no Tem e npuHuunam,
4YTO M YenoBe4yecKui Moar, u cogep>XuT 130 ThiC. UICKYCCTBEHHbIX HEMPOHOB U 130 MIH
cuHancoB“®, a 06yuyeHne NaeT ¢ UCNoNb30BaHWEM PasHbIX TUMNOB 06paTHOM CBASW.

B 2021 rogy 6bin npegcTaBfieH npoueccop BToporo nokonenus (Loihi 2)
M cpepa nporpaMmuMpoBaHus Lava ¢ OTKpPbITbIM UCXOO4HBIM KOOOM, NO3Bonsowas
cospaBaTb NPUIIOXKEHUS ONs HelpomopdHbIX npoueccopoB“. 3Ta paspaboTka
nomMoraeT 3HAYNTESNIbHO YBENMYMUTb CKOPOCTb U 3HepreTudeckyio adpdekTuBHOCTbL UN.
YnyuJweHnus B apxutekType Loihi 2 galoT BO3MOXHOCTb onep1MpoBaTb HOBLIMWU Kilac-
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caMun HeMPOMOP@PHbLIX anropuTMOB U NPUIOXKEHM, obecrneumBas NOBbILLEHME CKOPO-
cTh 06paboTku Oo 10 pas*®. bnarogapsa HedbpoMopdHbIM YMMam peLlaeTCs LWMPOKUiA
Kpyr 3agad: NnpMMeHeHne KOMMNbIOTEPHOr0 3peH1s, pacno3HaBaHWe rofoca n XecToB.,
nouck u ontTumusauus (nokanbHbli nonck). Komnaxus Intel y)xe cospana po6otnau-
pPOBaHHbIE PYKWU, HEMPOMOPPHYI0 NCKYCCTBEHHYIO KOXY U aNirOpUTM pacrno3HaBaHus
3anaxoB C NomoLLblo Yuna Loihi.

Paspa6oTaHHbI B MIT nofiHOCTbIO aHanoroBbIf Brain-on-a-chip ctan Ba)KHbIM
LaromM K MosiB/IEHWIO MOPTATUBHbIX HEMPOMOPOHbBIX YMMOB C HUSKUM SHeEpromnoTpe-
6neHnemM ons pacnosHaBaHus 06pasoB n apyrux obyuvarwuwmx 3agad. Usobpetartenu
3a4BNSAOT: 3TOT AN3aiH UCKYCCTBEHHbIX CUHAMNCOB NO3BONIUT UCMNONb30BaTb ropasgo
MeHbLUMEe NopTaTUBHble ycTpoicTBa Ha UN, cnoco6Hble BbINOMHATE CIOXHbIE BblYMC-
NeHUs, KoTopble NoKa A0CTYMHbl TONbKO 60MbLUMM CynepKoMnbloTepam 5°.

B Poccun Takyke BegyTCs MccnenoBaHus B 061acTv HEMPOMOpdHbIX BblYMC-
JNIeHMA M npoueccopoB. HanpaBneHuMe pasBuBaeTCs cunamMu Konnektumeos MOTU,
Ckontexa, CM6raTy «J13TU» 1 apyrux By30B U HAyUHbIX LLEHTPOB.

KBaHTOBbIE npoLeccopsl

Ha KBaHTOBble BblYMCMEHUS BO3naralTcda 6onblive HagexpAabl: C MX MOMOLLbIo
yoacTcs npeofoneTb BblYMCNUTENbHble 6apbepbl, CBA3aHHble C 3aBepLUeHUEM
OencTBusa 3akoHa Mypa. YnpaBneHue BblYUCIIEHUSIMU Ha YPOBHE KYBUTOB MOXKET
OTKpbITb AN U/ HoBble BOBMOXXHOCTU, CBA3aHHbIE C BbIXOAOM 3a npepfernbl OBOUY-
HOM CUCTEMbI: CHU3UTb MOrPeLlHOCTb U MOBLICUTb TOYHOCTb BbIYUCAEHUN, YYULUNTD
06paboTKy AaHHbIX.

B 2020 roay IBM 3anycTtuna 27-Ky6uTHbI KBaHTOBbIN MK. K 2023-My Komna-
HUS NNaHupyeT YBENMUUYUTb MOLLHOCTbIO CBOMX KBAHTOBbIX KOMMbIOTEPOB B YeThbIpe
paza®'. Kopnopauus Google ewie B 2019 roay 3asiBMna o cosgaHun NepBoro B Mupe
54-ky6MTHOro npoueccopa. KomnbloTep Ha ero 0CHoOBe BbINOSHWA cheunduyeckue
pacyeTbl, Ha KoTopble y 06bI4HOro MK ywnu 6bl ThICAYM NN faXKe AEeCATKU ThiCaY NeT.

PaspaboTunku komnaHuu QuantWare, uenblo KOTOPON SIBNSAETCS BbIMYCK
OOCTYMNHbIX KBAHTOBbIX MPOLLECCOPOB M COMYTCTBYHOLLUX CUCTEM, CUMTAIOT, YTO NOCne
2025 ropa®’, a MoxkeT 6biTb U paHblLEe, KBAHTOBbIE TEXHOMOMMKU CTaHYT pacnpocTpa-
HATbLCH HAMHOIO aKTMBHEE, YeM celdac, U UCMOoNb30BaTb UX MOXHO byneTt B 605b-
LLOM KONIM4YecTBe oTpacnen.
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KAK UM UBMEHWUT
MPOMbBILLJTIEHHOCTb

Kak 6b110 0TMEYeHO Bbille, 04Ha U3 KNo4YeBbiX chep, rAe 0XXMgaeTcs CTPeMUTENb-
Hoe pasButne WWN, — npombineHHocTb. o oueHkam McKinsey, UCKYCCTBEHHbIN
WMHTENMEKT MOXEeT MPUHOCUTb OKOJSI0 3 TPAH O0M1apoB eXerogHo B BOCbMU OTpac-
NEax npoMbltunieHHocTH (puc. 10)5%2. B a6CONIOTHbLIX 3HaYeHUaX HaMbonbliaga npubbinb
oXXupaetTcsd B aBTOMOBGMNECTPOEHMM M MEPefoBOV SMEKTPOHMKE. MaKcumanbHbIM
3¢ deKT N0 OTHOLLEHMIO K BbIpyUKe MPOrHO3MPYyeTCH B CEKTOPE BbICOKUX TEXHOJIOTUM.

26

. A3apokocMuyeckasi MpoMblILL- 8
NIEHHOCTb M 060poHa

®dapmaueBTUKa U MeaULUH-
CKue ToBapbl

. HedTerasosas npoMbiLLnEH- 7
HOCTb

XuMunyeckas NpoOMbILLSIEH-
HOCTb

BbICOKMe TexHonorum
. OcHoBHble MaTepuanbl*
ABTOMO6UNECTpOEHME

‘ MepepnoBas anekTpoHuka/
nonynpoBOAHMUKM

Pue. 10.
Bnusinne UM Ha pasnuuHbie oTpacnu
NPOMbILUNIEHHOCTH

BrnusiHne U Ha yBenuyeHune npubbin OTHOCUTENBHO BbIPYYKM oTpacnu, %

McTouHuk: McKinsey

* OCHOBHble MaTepuarnbl BKAYalnT
mMmaTepuanbl onsg co3gaHua 60nb-

LUMHCTBA TOBAPOB U KOHCTPYKLMUi 1

(opeBecuHa, YepHble, LBETHbIE, Apa- 0 200 400 600 800 1000
roueHHble MeTanbl, CTanb U XUMK-
KaTbl, CTPOUTENbHbIE MaTepuarnbl). BnusiHne UWN Ha yBenuyeHue npubbinun, Mnpg gonn.

loT Analytics B cBoemM oT4yeTe 0 pbiHKe npomblwineHHoro UA B 2020-2025
rogax Bblgensdet 33 suga npumeHeHusa UMW Ha npegnpuaTmusax, cnonbayrowmx UHTep-
HeT Bewen®. Ona Poccun Hanbonee 3HAYMM Bbi30OB PaA3BUTUS CUCTEM MHXKEHEp-
HOro MOAEnMPOBaHUS, NMPUHATUS PELUEHWR, a TaK>Xe NMPOU3BOACTBEHHbIX CUCTEM
C ucnonb3oBaHWeM TexHonorn UN. Pa3BuTne MEHHO 3TUX HanpaBfieHWi Morno 6bl
cTaTb NPUOPMTETOM NPOrpaMM NOOOEPXKN 06paTHOro NPOEKTUPOBAHNUS B YCIOBUSAX
L0JITOCPOYHbIX CAHKLMOHHbBIX OrpaHUYeHnin n 06pbiBa L,eno4YeK NocTaBoK.
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UH>xnHMpuHr, geuxkumbii UN (Al-driven engineering)

Moka npumeHeHne WU cocpenoToyeHo B 061acTu yMHoro npoussoactBa (noBbilwe-
HUe 3 PEeKTUBHOCTM M COKpalleHMe OTXOAOB), reHepaTMBHOro AusaliHa U aBToma-
TU3UPOBAaHHbIX CO60POYHbIX po60TOB. TUNMYHASA aBTOMATM3aLMA HE peliaeT BOMNpOChHI
MHOMBUOYaNbHbIX 3aKas0B Masbix napTuii (Batch Size 1 unu Order of One). Ha cmeHy
aBTOMaTM3aunn O0SKHA NPUATM aBTOHOMHOCTb, Korga poboTbl He NnepenporpaMmmu-
pylOTCH Y4eN0BEKOM NOA NPOM3BOACTBO HOBOIro NPOAYKTA, & y4aTCHd CAMOCTOATENbHO
cobupaTtb TOT UM MHOM BapuaHT. Siemens Corporate Technology paspa6oTanu Takoro
po60oTa, KOTOpbI MOXXeT NpoaHannsnpoBaTb Mogenb npoaykTa u3a CAIMP u HaWTU
COOTBETCTBYIOLLlee pelleHMe no cbopke. LG CNS npu nomowin obnayHoro cepeuca
YMHOW ¢abpuku cobupaloT gaHHble Ha NPOTSAXXEHUN BCEro NpoM3BOLCTBEHHOIMO Npo-
uecca n MOryT npegckasaTtb noteHumanbHble gedexkTbl B NapTMM A0 TOro, Kak oHa
6yneT npousBeneHas”.

OgHMM M3 60MblLUMX BbISOBOB 34ecb aABNgeTcd ucnonbsosaHne UM B apgu-
TuBHOM npoussoacTee (AM). OcHoBHble Npo6rnemMbl AM — Kak rosioBka 3D-npuHTepa
NOBANSIET HA MUKPOCTPYKTYPY MOly4aemMoro Marepuana u Kak KOHTponvpoBaTb Nnpo-
uecc AM, 4Tob6bl NONYYNTb AeTanu ¢ XXenaeMblMn xapakTepuctukamu. Ons peweHus
MCMOJIb3YIOT CypporaTHyo Mogenb *, KoTopas BblNonHAeT GyHKLUUN ®* npenBapuTenb-
HOM ONTMMU3aL MK, YNPaBleHNa NPOLECCOM Ha MecTe B peasibHOM BpeMeHu 6naro-
paps U B paTtunkax, nepeHocumocTu UN-mMoaenu mexxay pasHbiMu ycTponcTeamu u/
unu Buaamu coipbs (reteporeHHble maTtepuanbl gnsa AM).

B uenom nporpamMmupyemMble aTyMKu U OCHOBaHHble Ha W nepudepuitHble
BblYMCIEHNS UMEIOT NEePBOCTEMNEHHOE 3HAYEHUE C TOYKWU 3PEHUS YnyulleHus Mope-
nen UM gnsa 6ypyuiero umMdpoBOro U MHANBUAYANLHOIO NPoM3BoacTBa s,

Mepeuncnum uccnenoBaTenbCckue 3agaunm ons MHXUHUPUHIA, ABUXXUMoro UNSs:

MapameTpuyeckoe oTobpa)keHune B pas-

1 Co3paHne uHTepaKTuBHbIX DSE **
HbIX LLUKanaX: BO3MOX>XHOCTb aBTOMaTUYECKU

B NMOMOLL,b 6
cneuvanucTam, KoTopble paspabaTbiBaloT

OWn3aKH, HO He 06n1afalT TEXHUYECKUMUN KOM-
neTeHUMaMMN ong paspaboTku mogenen.

OnpepeneHne XxapakTepUCTUK NPOCTPaHCTBA
NPOEKTHbIX PELUEeHU, KOraa MOXHO BbICTpOo
cAenatb BbiBOA O TOM, KakKas 4acTb MPOeKT-
HOro peLleHus aBnsieTcs xopoluen / nnoxon /
obnapatouien cneundnyeckuMmn cBoncTBamMu.

ABTOMaTMyecKas reHepaums orpaHuyeHun /
NnpaBuW/ NPOEKTHOro peLleHus: npasuna

W OrpaHUYeHUs rapaHTUPYIOT, YTO NIOrMYeckue
1 duUsnYecKne acneKTbl peLleHns cooTBeT-
CTBYIOT NPOEKTHbIM TPeB6OBaAHUAM.

ABTOMaTU4yeckas GopMynMpoBKa 3apau:
3apalTca TpeboBaHusa u MHGopmMauums

0 NPOLUSOM, a cucTeMa A0JI)KHA aBTOMAaTuU-
yecku chopmynmpoBaThb LeneBylo PyHKLUMIO,
YUYMTbIBasi CBOM OrpaHUYEHUs.

ABTOMaTUYeCKas reHepaLms CypporaTHon
Mogenu: aBToMaTusauus aToro npouecca
1M36aBUT OT HE06X0AMMOCTM 3HATb cneundm-
YyecKune MHCTPYMeHTbl anga ML.
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MeHATb NapaMeTpbl C/TIOXXHbIX CUCTEM B pa3-
HblIX MacwwTabax ¢ NoOMOLLbIO NPUBA3KHN.

ABTOMaTUYECKUIN COOP AAHHbIX N3 TEXHMN-
yeckoro 3agaHus (T3): croXHbI nNpouecc,
KoTopbl TpebyeT He Tonbko NLP, Ho n nay-
YEHMs B3aUMOCBS3U MeX Oy pas3HbiMU YacTs-
Mu camoro T3 n dyHKLUSAMU, ONUcaHHbIMU

B AOKYMEHTE.

MoHMMaH1e N3MEHEHWN BO BpEMEHM Yepes
CUCTEMY YrpaBfieHNA BePCUAMU: NMOCKOJIbKY
KOMIM/IEKCHbIE MPOEKThbl MMET MHOI0 BEPCUNA,
BO3HMKaeT BOMPOC O CNOCOB6HOCTM aHamnm-
3UpPOBaTb CYLLHOCTU U OTHOLLUEHMA MeXay
06bEKTaMM B MNPOEKTE HE TONIbKO B CTATUKE,
HO 1 B AMHAMMUKe.

Bo3MO>XKHOCTb NepeHoca peLleHuin B gpyrue
npoeKTbl / NnaTtgopmbl: 06bIYHO 3Ta 3agava
B TEOpMM NpoLLe, YEM Ha NPaKTUKE.

Mpob6nema BbI6Opa anropMTMOoB: Bbi6Op anro-
puTMa fosxKeH 6biTb 060CHOBaH 3agadei.
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NN-ueHTpUYHoe NpoM3BOOCTBO

UU-ueHTpUYHbIE CUCTEMBI BKIIIOYAIOT B Ce6S LUMPOKOMACLUTABHbIN MOHUTOPUHT, pac-
npegeneHHble CUCTEMbl YMNpaBlieHUs, NepenoBble CUCTEMbl CBS3SUM W pasfuyHble
YPOBHM UCKYCCTBEHHOI0 UHTENNEKTA Ha nepudepum s*,

NHTepHeT BeLLen M UCKYCCTBEHHbIN MHTENNEKT — ABe OTAEeNbHble UHHOBaLUN,
KOTOpble B KOMBMHAL MM CYLLLECTBEHHO BMSIOT Ha pasHble oTpacnu. B To Bpems Kak
MHTepHeT Beweit (IoT) npeacTaBnseT cob6oit cucTemMy CEHCOPOB, UM cny>XUT Mosrom,
KOTOpPbIA KOHTpONupyeT aTy cuctemy. UM B patunkax MHTepHeTa Belleil 06HapPY>Ku-
BaeT owunbkn npu cb6ope AaHHbIX, CAMOCTOATENILHO ONpeaenseT naTTepHbl, BbicTpa-
MBaeT NorMyeckue LLenoyku u genaeT BbiBoabl %C.

Y1066l cam UKW mor Hanpsmytlo 3adpdekTMBHO paboTaTb C AaHHbIMM OT gat-
yukos loT, uenecoobpasHoO MCMONb30BaTb aNpUOPHbIE 3HAHWUA NpegMeTHoON obnacTu,
cocpepoToyeHHble B UMPPOBOM pABOMHMKE. LiMdpoBon ABOMHWK — NPOrpaMMHbIN
aHanor ¢pu3nyeckoro ycTpomcTea, MOAENUPYIOLWNA BHYTPEHHUE MPOLLECCbl, TEXHU-
YecKkue XxapaKTepucTUKN 1 NOBeAEHNE peanbHOro 06beKkTa B yYCNOBUSAX BO34ENCTBUSA
nomMex 1 oKpy>katwulei cpebl%’. OH ucnonb3yeTcs Ans nNiaHUPoOBaHUS, MOAENNPOBa-
HUS CNpoca, KOHTPONS, ONTUMU3ALUK, NOBbILWEHUS 3P HEKTUBHOCTH.

NN coBmecTHO € uMbpoBbIMU OBOMHUKAMU DUKCUPYET BCE, YTO NPOMCXOAUT
Ha Mpou3BOACTBe, M 6narogaps aHanu3y AaHHbIX MOMOraeT onepaTopaM MpWHWM-
MaTtb 6onee 3ddeKTMBHbIE OMNepaLnoHHbie peweHuda. KombuHauus 3TMX TeXHOono-
M MOXEeT npefcKkasaTb BO3MOXKHble MONIOMKU B 060pyAoOBaHUN U ONpeaenuTb Mx
NPUYNHY, NPEeanoXUTb BapuaHTbl COXpaHeHus paboTocnoco6HOCTM 06opyaoBaHus,
CBOAS BPeMsi NPOCTOs K MUHUMYMY 58,

Mcnonb3oBaHne UMW B npou3BoacTBEe He OrpaHUYMBAETCH U3roTOBIEHUEM
KOHKPETHOM NpoayKUUn. MICKYCCTBEHHbIA MHTENNEKT MOXET cobupaTb U aHaNM3npo-
BaTb AaHHble 0 NpeanpuaTun B Lenom bnarogaps MHTerpaunmn gaHHbIX 0T OTAENbHbIX
noacucTemss,

MU paccmaTpuBaeTCcs B Ka4eCTBe Ba)KHENLLEero afieMeHTa, KoTopbli o6ecne-
YMT CneqyoLWnii Wwar B 3B0IOLMN NPOM3BOACTBEHHbIX cuctemM. Ecnm B 2010-e rogbl
wna undpoBM3dauus, B T. 4. pacnpocTpaHeHue nnatdopm WHTepHeTa Bellen, TO
B 2020-e U/ Bo3bMeT Ha cebsi posib OCHOBHOIO MHCTPYMeHTa pasBuUTus. MIMeHHO oH
NMO3BONUT OCYLLECTBUTb Nepexon 0T TPaAULMNOHHbLIX KPYNHOCEPUIAHbBIX NMPOU3BOACTB
K TMB6KUM NPOM3BOACTBEHHbLIM CUCTEMAM, CMOCOBHBIM 3KOHOMUYECKN 3PPEeKTUBHO
NpoV3BOOUTb MEeNIK1e Cepumn NpoayKumum o,

MU cTaHeT 62a30BbIM 3/1EMEHTOM B apXUTEKTYPE COBPEMEHHbIX KACTOMU3UPO-
BaHHbIX NPOM3BOACTBEHHbIX CUCTEM. 3TO NpeanonaraeT HanM4yMe rno MeHbLUen Mepe
YeTbipex OCHOBHbIX 31EMEHTOB: YMHbIX YCTPOMUCTB, YMHbIX B3aumocssasen, cnos UN,
YMHbIX cepBuCcOoB. MpenmMyLLeCTBOM TakKUX CUCTEM CTaHeT yny4dlleHHas NpoM3Bog-
cTBeHHasa 3abdeKTUBHOCTb, obneryeHHoe npodunakTuyeckoe obcnyxmBaHue, pas-
BUTble YMHbIE LIeMoYKM NOCTaBOK °.
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MpoMbillneHHaa MeTaBcesieHHad

KniouyeBass cuna meTtaBcenieHHON — cNOCOB6HOCTb obecneynBaTb LENOCTHbIN OMNbIT
Norpy>XeHns B BUpPTyanbHyl cpeny 6narogaps NOBCEMECTHOMY W MOCTOSIHHOMY
NoOKJIOYEHM0. B NpoMbILLIEHHON MeTaBCEeNIeEHHOM MOryT cogep)XaTtbcs undpoBbie
OBOMHUKKN peanbHbiX 06bekToB, 3D-Mopenn Ha ocHOBe faHHbiXx MHTepHeTa Bellel,
WHTEepaKTUBHbIe NNaTdOpMbl AN YNPaBeHUs U aHannsa gaHHbIX.

BapuaHTbl MICNOIb30BaHUSA NPOMbILLNEHHON MeTaBCceneHHOoM ®';

— MOBblLLUEHMEe Y3HAaBaeMoCTU 6peHpa C MOMOLLbI BMPTYaslbHbIX 3KCKYpCUIiA MO
dabpuke M MHTEPAKTUBHbIX BUPTYasnbHbIX MEPONPUSATUN;

— BWUpTyanbHble Npe3eHTaLnn NPoayKTOB U YCNYT;

— nnaTeXu ¢ UCNoNIb30BaHNEM TEXHONOrnn 6rok4yeiiHa, kpuntoBanioT u NFT;

— COBMECTHbIE UCCeAoBaHUsA U pa3paboTKu Ans NPOeKTUPOBaHUS, MOAENMPOBaHUS
N TECTUPOBAHUSA NPOAYKTOB U YCIYT;

— nony4yeHne o6paTHOM CBA3KM OT LUGIPOBBIX KIMEHTOB AN YNYYLIEHUs KayecTBa
06CNY>XMBAHWSA KNTMEHTOB B peasibHOM MUPE;

— WMHAYCTpManbHas MeTaBCesIeHHAas KaK 0CHOBA A1 AOCTMXEHUS KOMNaHUSMU Kap-
60HOBOro 6anaHca.

B BMW cospanu BupTyanbHoro 3D-gBoviHuKa ¢abpukun B PereHcbypre gns
COBMECTHOI paboTbl COTPYAHWKOB CO BCEr0 MuMpa B peasibHOM BpemeHu. Komna-
Hus AB InBev paspaboTtana KOMMNAeKCHy LUM$poBY MOAENb CBOMX MUBOBAPEH U
Lenoyek noctaBoK. B HacTosiLee BpeMsi MPOBOAUT SKCMEPUMEHTLI C «LNDPOBLIMU
nabMu» gNs CUMynsiLMM pearMpoBaHus peasnbHbliX COTPYAHUKOB Ha HOBble paboyne
npoueccobl.

ApanTaums HOBbIX TEXHONOrMi noTpebyeT OT KOMMAHUA He TOJNIbKO Npuo6-
peTeHust HoBoro 060pyA0BaHUSA, HO U NPeoaoNeHUs «uMdppoBOro MeHTaNbHOro pas-
pbiBa» — NPUHATUS BIUSHUA W3 BUPTYanbHOW cCpefbl: YYaCTHUMKOB 3KOCUCTEMBbI
M NOTEHUMAaSNIbHbIX KITMEHTOB.

YenoBeko-malumMHHoe B3aumopencteune (HRC)

Konna6opaTtuBHble po60Thl (KO60TbI) — OANH U3 0693aTeNbHbIX KOMMOHEHTOB UHAY-
cTpum 5.0, B KOHLENUUN KOTOPOWN NEXXUT COBMECTHas paboTa 4yenoBeka u poboToB.
Ko60Tbl HE MOTYT NMPUUYMHUTL BPEn YenoBeKY WNM OKpyXXakwum npegmetam 6na-
rogapss MHOrOYMCNEHHbIM CEHCOpaM, KOTOpble OTCMEeXWBaWT Nwboe OBMKEHUEe
BOKpYr®2. OcHalleHWe NpepnpuaTUS Ko6oTaMu faeT CyLLeCTBEHHOe KOHKYPEHTHoe
npenMyLLLECTBO BragenbuaM 6usHeca, B T. 4. paboTallWwmMM C KMENKOW cepuen»
M «nopd 3akas». Mcnonb3oBaHWe UUMPPOBbLIX ABOMHUKOB B YeNOBEKO-MalUMHHbIX
cucTemMax ynpocTUT NMPOEKTUMPOBAHME, MHTErpauuio, onepaumoHHY OesTeNbHOCTb
N PeKOHPUrypaumio CUcTeMbl Ha NMPOTSXKEHMUM BCEro YXUSHEHHOI0 LMKna s,

ABToMo6unecTpouTenu Dirr Systems AG u Ford ncnonb3ytoT konnabopaTtus-
HbiXx po6oToB LBR iiwa oT komnaHum KUKA Ha TpygoeMKOM u TpaBMOOMNacHOM 3Tane
YyCTaHOBKM ¢pap 1 cuctemMbl NoMoLLm Boantenio. Ko6oTbl CMOMIN K TOMY >Ke NOBbICUTb
KayecTBO M CKOPOCTb CHOPKU, YTO YMEHbLUNIO CTOMMOCTb aBTOMOBUNSA 4,

NN-meTogbl B MPOMBILLIEHHOCTH

TpaguunOHHbIE aHANUTUYECKME METOAbl, TaKUe KaK perpecCUMOHHbIN aHanus, Kna-
cTepu3aums, aHcamMbnb gepeBbeB pelieHnn n gpyrue dopMbl NOrM4YeCKUX BbIBOOO0B,
aKTMBHO UCMONb3YITCHA B pasnuyHbix oTpacnax (puc. 12). MW obnapaeT 60nbWIUM
NoTeHLManoM MPUMEHEeHUs B pal3HblX CeKTopax, OAHaKo 60nblUOro pacnpocTpa-
HEHUS MOKa He MOoNy4us - 0TYaACTU U3-3a OTHOCUTENIbHON HE3PENnoCTU TEXHOMOruin
M OpraHn3aLnoHHbIX Npo6seM, CBA3aHHbIX C pasBepTbiBAHMEM 3TUX TEXHONOMM 52,
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NN n3ameHUT KOCMUYECKYI0 OTpacsib

CnepyoLunin aTan 0CBOEHNS KOCMOCA CBA3aH C UCMONb30BaHMEM TexHonormi NHpy-

cTpumn 5.0. UccnepoBaTteny BblOeNga0T OBe TEXHONOIMYECKNUE OCHOBbI 1S pa3BUTUS

UHOycTpum 5.0°5:

1. YyenoBeKo-MalUMHHOE B3aWMOAEWCTBME: MWHTeNsIeKTyanbHas aBToMaTu3auus,
yMHble ¢abpuky;

2. 6MO3KOHOMMKA: BUO- N HAHOTEXHOMOrMKN, 6nonornsaumns.

TexHonoruu KoHuenuum MHayctTpum 5.0 %8:

— YenoBeKO-MalUMHHOEe B3aMMOLENCTBME OTKPOET BO3MOXXHOCTb KOMOBWHMpOBAaTb
CUNbHbIE CTOPOHbI NoAen u po6oToB BO BPEMS MUIOTUPYEMbBIX MUCCUNA, a TaKXe
OCYLLECTBATb TEXHONIOMNI0 TenenpucyTCcTBUSA 4YenoBeka B KocMoce (po6oT-aBa-
Tap);

— 6MOTEXHONOrMN U YMHblE MaTepuasbl: CaMOBOCCTaHaBAMBAOLWMECH MaTepuansl
Ons 06LIMBKM KOCMUYECKUX Kopabnen u ckadaHapoB, NerkMe matepuarbl, No3BO-
nawwme OocTaBNaTb 6osiee TsHKenble rpy3bl B AaneKuin KOCMoC, YMHble MaTepu-
anbl AN TEMNepaTypHOro KOHTPOns;

— undpoBble OBOWHUKU U CUMYNALUM O1S co3aaHNs coTeH (MM Thicsiu) BOSMOXKHbIX
CueHap1eB KOCMUYECKMX MUCCUI, YYMUTBIBAKOLLMX MHOXECTBO $paKTOpPOB, KOTOpbIe
BAIMSIIOT HA NPOLLECC OCYLLECTB/IEHNS 0,eATe/IbHOCTM B KOCMOCE;

— WCKYCCTBEHHbI MHTENNEKT, CNOCOBOHbLIN K MPUHATUIO CAMOCTOSATESIbHbIX peLleHui
M afanTUpPyeMbI K HOBbIM YCITOBUSAM, NOBLICUT 3 HEKTUBHOCTb aBTOMaTUYECKUX
Muccuii (aBTOHOMHOCTb MIAHETOX040B AN paboThl Nog semsei unu B newiepax,
KOOPAMHALMIO CNYTHMKOBbIX FPYNMMPOBOK MeXay coboii, npegBapuTenbHyo obpa-
60TKY AaHHbIX);

— 60onbluMe faHHbIE U MATKWE BblYMCIEHNS NO3BONAT NpeAckasbiBaTb NPUBANXKEHNE
KOCMWYECKOro Mycopa M ApYyrMx 06beKTOB K KOCMUYECKOMY annapaTty, YTo nomo-
XeT usbexkatb adpdekta Keccnepa* npu yBenuyeHun KonnyectBa 06bEKTOB Ha
opbuTe®’.
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POCCUN HEOBXOANM PEUHXWUHUPUHT.
PEWHXWHWUPUHTY — NCKYCCTBEHHbBIM WHTENJEKT

B cBa3u Cc cokpaLlleHMeM nMmnopTa annaparHoro obecrnevyeHns Ons UCKYCCTBEHHOr0
WHTENMeKTa BO3HMKaeT yrposa paspbiBa NPOU3BOACTBEHHbIX uLeno4vek. PeweHnem
npo6sieMbl CTaHET 3anyck NporpaMm penHXuHMpuHra (06paTHOro NpoeKTUpPoBaHUS)
annapaTHOro U NPorpamMMHoOro obecrnevyeHus.

06paTHbIN MHXWHUPUHI — UCCe0BaHNe HEeKOTOpPOro yCTpoWcTBa WNM Npo-
rpamMmbl, a Tak)Xe OO0KYMEHTaLuuM Ha Hero, And Toro 4tobbl MOHATb MPUHUUN €ro
pa6oTbl 1 (4alwe Bcero) BOCNPOM3BECTU YCTPOMCTBO, NMPOrpaMmy WM UHOW 06BbEKT
C aHaNIOrMYHbIMU PYHKUUAMU, HO 683 KONMMPOBAHUSA KaK TaKoBoro %,

PasBuTtune TexHonorun M oTKpbIfio HOBbIE BO3MOXXHOCTM AN1S1 PEUHXXUHUPUHIA.
HoBOCTM 0 NpUMeHeHun cucTemM 06paTHOro NPOEKTUPOBAHUSA CTaIN PETYISPHOM YaCTbio
uHdopmaumoHHoro dpoHa B M. B nioHe 2020 roga npoM3oLLsio spKoe cobbiTue: Komna-
Hus DeepMind npepcTtaBuna cuctemy UM ¢ dyHKLUNEN PEUHIKUHUPUHTA NPOrPaAMMHbIX
npoaykToB. UMesi 4oCTyn TOMIbKO K BX04aM W BbiX04aM Bbl6paHHOr0 MpUIoXKeHUs,
cucTemMa, nony4ymsBLlasa HaseaHue IReEn, MOXXeT MHOMOKPAaTHO ynyyllaTb KOMNUIO Lene-
BOrO MPUITOXEHUS, MOKa OHa He cTaHeT PYHKLUMOHANIbHO 3KBMBAIEHTHOW opurMHany .
Mono6HbIe NpMMepbl FOBOPST 0 TOM, Y4TO 6n1arofaps UCKYCCTBEHHOMY UHTENNEKTY Ha
PbIHKE BbICOKUX TEXHOTOrMN BO3HMKIIN HOBblE BOSMOXXHOCTM A1 UTPOKOB, UMELLUX
OrpaHNYeHUs Ha MCNONb30BaHNE OPUTMHANbHLIX NMPOAYKTOB, U TeX, KOMYy TpebyeTcs
BOCCTaHOBUTb pPELLEHNS, ONMCaAHNE KOTOPbIX YACTUYHO YTEPSHO.

B TO e BpemMsi TEXHONOrnMn PeuHXMHUPUHra CO3OAKT HOBbIE PUCKU ANS
pblHKa M obuwecTBa B uUefioM. [oTpebyeTcss He TOMbKO MepecMoTpeTb 3aKOoHOoAa-
TENbCTBO B 0611aCTU OXpaHbl MHTENNEKTYaNnbHOro npaBa: pa3BMTUE TaKMX peLleHuin
MO>XeT MOSIHOCTbI U3MEHUTb YCTAHOBKMU U 06LLECTBEHHbIW B3rns Ha KONMpoBaHue
Kak sBneHune .

Opyroe nonesHoe KayecTBo U/ B 3apavyax peuHXUHUPUHra matepuanbHbIX
06BbEKTOB — BOSMOXHOCTb CYLLECTBEHHO YNpOCTUTb TpeboBaHMs K 060pynoBaHuio,
HeobxoaMMOMY L7159 MOSIHOrO OnpeferieHns UX XapaKTepucTuK. ITO [ocTuraeTcs
nyTeM co30aHUs HemnosHbIX LuuMdpoBbIX OABOMHUKOB 06beKTa Ha ocHOoBe 6a30BbIX
daKTOB, KOTOPbIE NIErKO U3MEPUTb C NMOMOLLbI0 MMetoLerocs o6opypoBaHus (B yacT-
HOCTWU, MaccorabapuTHbIX XapaKTepucTWK). A ocCTalibHble 3/IeEMEeHTbl [OBOWHUKA
(Hanpumep, B popmMe ypaBHEHUI C KOHKPETHbIMU KO3 PULMEHTAMM, OTPaXKAIOLLLUMM
HeTpMBMasbHbIE CBOWCTBA U3Ae/Ns) BOCCTAHAB/IMBAKTCS NOCPEACTBOM TeXHOOrmi
aBTOMAaTMYECKOro MaLNHHOIro 06y4YeHMst HA 0CHOBE KOCBEHHbIX 3KCNEPUMEHTaNbHbIX
AaHHbIX. [Ipy 3TOM B psife cry4YyaeB MoryT 6biTb BOCCTAHOBMEHbBI HE TONbKO CKPbIThbIe
cBoMcTBa 06beKTa, HO U 3/1IEMEHTbl TEXHOIOFMU ero CO3OaHUS.

AnnapatHoe o6ecneyeHune

CaHKUMM 0COH6EHHO 3aTPOHYMM NOCTABKY Y3KOCMEeLManm3mpoBaHHbIX YAMNOB, MO3TOMY
PEUHXXUHUPUHT TEXHOIOMMA CO30aHUS NOMYyNPOBOAHMKOBOM NPOAYKLUMN CTAHOBUTCS
OOHWM N3 BaXKHEMLLNX YCIO0BUIA pas3BMTUSA POCCUIACKOro pbiHKa M. OTcyTcTBUE peLue-
HUI 30eCb MOXET NMPUBECTM K TOMY, YTO NPOrHo3bl ouepenHon «3umbl UN» cbypyTcsa
npexne Bcero ons oTe4eCTBEHHOrO, a He rnobanbHOro pbiHKa. 3a4aun PENHXKUHK-
pUHra 0XBaTbIBaKT HE TONbKO cdepbl MPOEKTUPOBAHMSA U NMPOM3BOACTBA MUKPOCXEM,
HO M 0611aCTb CO34aHMS UX K/II0OYEBOro 3BeHa — NONYNPOBOAHUKOB. MCKYCCTBEHHbIN
WHTENNEKT CMOXXET CTaTb NOME3HOMN TEXHONOTMEN ANS PEUHXKUHUPUHIA N UMMNOPTO3a-
MeLLeHns, TONbKO Korga cam bygeT o6ecrneyeH oTe4eCTBEHHOW NONYNPOBOAHUKOBOM
npoayKumen.

B Halwei cTpaHe eCTb CBOM MNpPOeKTbl yHuMBepcanbHbix (CPU, DSP, GPU)
n ysKocneuuanuanpoBaHHbiX (FPGA, ASIC) MUKPONPOLLECCOPOB, a TaK)Xe TEH30PHbIX
npoueccopoB. Poccuiicke KomnaHMu paspabaTbiBaloT UX OU3aiH, 04HAKO NpoM3BO-
OUTb 3TU MUKponpoueccopbl B PO 3aTpygHUTENbHO M3-3a O0TCYTCTBUS obopypnoBa-
HUS, B YaCTHOCTKU nuTorpados.

Poccus camMocToATeNnbHO MOXET BbIMyCKaTb MPOLECCOPbl MO HOpPMaM He
MeHee 65 HM (Ha 3aBoge «MUKPOH»), KOTOPbIE cUMTaNMCh NepenoBbiMu B 2004 roay ™.
Ho pgna adpdekTuBHbIX UN-cnucTem TpebyloTcs peLleHus Ha MUKponpoLeccopax pas-
MepHocTbio 16 HM 1 HMXKe. KomnaHna TSMC yyke MoXeT genatb 4Yunbl N0 TOMON0rnu
5 HM™ 1M NnaHupyeT QOCTUTHYTb 3 HM 2,
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POCCHN HEOBXOANM PEUHXWUHWUPUHT.
PEWHXWHWUPUHTY — NCKYCCTBEHHbBIM WHTENNEKT

CerogHs ob6opygoBaHue Ofs NpousBOACTBA MPOLLECCOPOB MO HOpPMaM 7 HM
M MEeHbLUEe co34aeT TOJSIbKO 04Ha KoOMNaHua — Hugepnangckas ASML. [1na gocTtuke-
HUS paspelweHns 0o 10 HM ucnonbayetcs TexHonorus (EUV-nutorpacdwus) ropasgo
6onee crioXHas M goporasi, Yem AN YMNOB MO TOMNOosIorMmM Bbllwe 10 HM 72,

B Poccuiickoit @epepaumm ecTb 3a4esibl N0 paspaboTKe ONTUYECKON CUCTEMbI
M ee 31eMeHToB ansa ¢otonutorpaPmyeckmMx yCTaHOBOK Ha AJjiMHe BOJSHbI 13,5 HM
(MDOM PAH), ncTtouHuka nsnydeHns (UCAH PAH), cBEpXTOYHbLIX CMCTEM MOSULUOHM-
poBaHua ansa ¢otonutorpacdos (nabopaTtopus «Amdopa»). OgHaKo TexHonorus EUV-
nutorpacdumn TpebyeT TaKXXe CBEPXMOLLHbIX 1Ta3€pOB 1 Ype3BblYaNHO POBHbIX 3epKarl,
4YTO genaeT ee o4yeHb goporoi. MpoussoacTeo EUV-ckaHepoB ans ¢otonutorpadum
oT ASML okynaeTcs Nn1LIb NpuY BbiMyCKe YMMNOB B 60MbLUMX KONMYecTBax, peannso-
BaTb KOTOPbIE MOXXHO TOJIbKO Ha rnobanbHOM pbIHKE.

Ho cylwiecTByeT M Apyron nyTe — Hanpumep, 6esmacoyHas nutorpadua. Ang
CO3[aHUS YCTAHOBKN TPEBYIOTCH YCUUSA MHOMUX KOJINTIeKTUMBOB: cosaaTteneit MOSMC
(MMKpoONTUYECKUE 3SIEKTPOMEXAHUYECKUE CUCTEMbI), paspaboTYMKOB MCTOYHUKA
N3NYy4YeHMs U KOOPAUHATHbBIX CTOMOB, MPOU3BOAMTENEN YNPABNSAIOLLEN SNEKTPOHUKMY,
B T. 4. CNeuMann3mMpoBaHHOro KoOHTponnepa. B Poccuu ecTb Takue npoekThl. Tak, UOM
PAH BbicTynaeT KoopguHATOPOM NpoeKkTa B o6nactu 6esmacoydHoi nutorpacdumn. Co-
rnacHo OTKPbITbIM AaHHbIM, co3aaBaembii nutorpad 6yaet B 10 pas gewesne, 4em
EUV-nuTorpad, a onbiTHbIA 06paseL, MOXXeT 6biTb MNONy4YeH Yepes NATb-LIecTb feT 2,

B niobom cnyyae cospaHve cBoer nuTorpaduyeckon MpPOMbILLIEHHOCTU —
CNOXXHas U anuTenbHas 3apgada. YTo >Ke KacaeTcsd KpPaTKOCPOYHOW NMEepPCneKTUBbI
annapaTHoro obecrnedyeHusl, nepeg oTeyecTBeHHON nHaycTpuei U BecTaloT 6onbLune
BbI30Bbl U OFrPaHUYEHUS OafibHENLLEero pasBuTus.

NporpaMmmHoe o6ecneyeHune

Mockonbky Python, Lisp, R, Prolog n C++ — ogHU U3 camMmbix NONyNsipHbIX 93bIKOB NPO-
rpamMmmMmunpoBaHnsa UM — He npuHagnexar onpegeneHHbIM KOMNaHUAaM, HET pucka npe-
KpalleHns ux noggep>Xkun B Poccumn, yero Henb3s ckasaTb 0 Java u MATLAB, koTopble
SABNAOTCHA COBCTBEHHOCTHI0 aMEPUKAHCKUX KOMMaHWUM.

Bonblwylo npobneMy npencTaBnsailoT ¢periMBOpKW, Beab Haubonee nony-
napHble us Hux (TensorFlow, Keras, PyTorch u Caffe2) npuHapgnexat Google u Meta
Platforms. B Poccuu ecTb cob6cTBeHHble «lnatdopma-THC» un PuzzleLib, a Takxe
o6bnayHaa nnatdopma IACPaaS, nnatdopmbl onsa cosgaHus mopenen UU SMILE
u DataMall. Tem He MeHee, NepecTpoMKa CyLLECTBYIOLLMX MPOEKTOB MO POCCUNCKUNE
¢pelimBopkK NoTpebyeT BPEMEHN U YCUNUIA 73,
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CaHkT-lMeTepbypr — 0guMH U3 KPYMNHEULLINX LEHTPOB pa3paboTkn U NpUMEHEHUs Tex-
HOMIOrMIA UCKYCCTBEHHOro MHTeNNeKTa B Poccuiickon Mepgepauunn. MNocnegHue natb
net B NeTepbypre oTMeyaeTcs ycuneHne ny6nmkaLMoHHON akTMBHOCTU B chepe UN
M CBSASAHHbIX C HUM TEXHOMOMMA. 30eCb eCTb COBCTBEHHbLIN YETKO BblPaXE€HHbIN KOM-
NeTeHTHOCTHbIN Npodusb (CBoM cTpaTernyeckme komneteHuun) B o6nactu UU, coop-
MUPOBaHa yHUKanbHasa 3KOCUCTEMA, BK/OYaLWwas BegyLime By3bl U Hay4YHble opra-
HM3auuM ropoga, NapTHEPOB U3 peasibHOro CEKTOpPa U OPraHoB ropoACcKOM BNacTu.

CoBpemMeHHas nosectka MU B Poccum n B yacTHocTu B CaHKT-MNeTepbypre
onpenensieTcs CUMbHbIMA KOMaHOaMW W LeHTpamu, KoTopble 6yoyT pasBuBaTb
M COBEepLUEHCTBOBATb CyLLEeCcTBYWL e pa3paboTKM U HanpaBneHusa ¥,

HecmoTps Ha TO, 4TO B MoOCKBe BbiCOKas UeHTpanu3auuss GUHAHCOBbIX
M ynpaBrneH4Yeckux NoTOKOB, a YMCIO BY30B, 3aHUMawLWmxcsa ncenegosannamm A
B CaHkT-MeTepbypre, HEBENMKO, OHN BECbMa KOHKYPEHTOCMNOCOG6HbI.
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Poccuiickue yHUBepcUTeTbI: cpef-
b LIEHHOE LUTUPC ive no
Tematuke UM B 2016-2021

McTouHuK: Scopus 2016 2017 2018 2018 2020 2021

B CaHkT-leTepbypre cyulecTByeT CU/bHash MaTemMaTudeckasl LUKOMa, 4YTo
TakXe oTpa)xaeTcs B KonuyecTtse nybnukauuin no UM B paspene «Matematuyeckue
Hayku» (puc. 14). B uenom B Poccun, no 6ase gaHHbIX Scopus, ny6nukauum no gax-
HOW TeMaTuKe B OCHOBHOM OTHOCATCA K MaTemaTuyecknm (37,8 %), KOMNbIOTEPHbLIM
(33,8 %) 1 uH>KeHepHbIM Haykam (10,4 %).
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B CaHkT-lMeTepbypre ecTb Hebonbliasa rpynna nccneposarenen UN, paseu-
BalOLMX CBOM Hay4Hble LLUKOMbl. 3TO 0HO U3 KOHKYPEHTHbIX MPEMMYLLECTB ropoaa,
B UH)XXEHEPHbIX BYy3axX KOTOPOro TPyASATCS reHepaTopbl HOBbIX aen. Cpean Hay4YHbIX
opraHusauui Metepbypra B chepe U moxkHo BbligenuTb HAY BLU3, CMN6IY, YHuBepcu-

TeT UTMO, CN6IraTyY «J1I3TU» n CMNenY Netpa Benukoro.

Mo penTUHry akageMmM4yecKuMx M nccrnepoBaTtenbCKkux yupexkgeHuii SCimago
Institutions Rankings, onpegpensiowemy 3¢deKTUBHOCTb UCCNEOOBAHUA YHUBEPCH-
TEeTOB, pe3ynbTaTbl MHHOBALUN U BAMSAHWE Ha 06LLECTBO, M3MepsieMoe UX BUOUMO-
cTbio B UHTepHeTe, B Tone nuaepoB — CM6rY, CNeny («Monutex»), HAY BLU3 n HNY
UTMO (puc. 15). 3Tn e By3bl NMMAUPYIOT Cpean YHUMBEPCUTETOB, Cneunannsmpyio-
LLMXCSA Ha «KKOMMbIOTEPHbIX Haykax» (puc. 16).

Puc. 15.

PaH)XupoBaHWe YHUBEpPCUTETOB
cpeAu Hay4HbIX opraHuaauui Poc-
cuu B paspene «MatemaTtuyeckue
HayKu», 2021

UeTouHuk: SCImago

Puc. 16.

PaH)xupoBaHue yHusepcutetos (ron-

10) cpeay Hay4YHbIX OpraHu3aL it
Poccuu B pasgene «KomnbloTepHbie
Hayku», 2021

WeTouHuk: SCimago
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Puc. 17.

KonuuyecTBo ny6nukauuin no reme
WU cpepu nccnepoBatenbCcKux
opraHusaumit CaHkT-lMeTtep6ypra 3a
2015-2022 (Scopus)

MeToyHuk: Scopus

Mo paHHbIM KapTbl UN, B MeTepbypre paboTtawT 34 KomnaHum B chepe WU,
4yTO B NATb pas MeHblue, YeM B cTonuue (187 komnaHuii). U3 KpynHbIX UT-KomnaHuim
B CaHkT-lMeTepbypre ecTb dHAeKc (B KayecTBe noapasaeneHusa «sHpekc.06nako»,
HanpaBneHnss no 6ecnunoTHMkam Yandex Self-Driving Group, «$Hpekc.Tonoka»),
a Tak>ke JetBrains n BKoHTakTe.

B ropoge ycnewHo ¢yHKUMOHUPYIOT ABa Hay4YHbIX LEHTpa HaLuWOHANbHOro
YPOBHS B 0611aCTM WCKYCCTBEHHOr0 MHTENNEKTa, CO34aHHbIX Npu YHUMBepcuteTe
NWTMO u npecnegyowmx KommnnemeHTapHble uenu. COBOKYMHO OHU ¢GOpPMUPYIOT
caMmblii KpYNHbIN ropoacKoi xab YyenoBeYyeckoro kanutana B 061acTv nccregoBaHui
M paspaboTok cucTeM npuknagHoro MU, o6beanHsatowmnin 6onee 300 cneumanmcToB.

HauuMoHanbHbIA LEHTP KOFHUTUBHbLIX pagpaboTok (LleHTp KoMneTeHuuii HTW)
cosaaH B 2018 roqy no CKBO3HOM TexHonorm «MallunHHoe 06y4YeHNe N KOTHUTUBHbIE
TexHonorum». OH OPUEHTUPOBAH HA Pa3BUTUE TEXHONOMUIA YCUNEHHOIO UHTENNEKTA B
4YacTu CO3[aHMs 0TPacNeBbIX CUCTEM NOAAEPIKKU MPUHATUS PELUEHUA B pa3nnYHbIX
npeamMeTHbIX 061acTax M B3aMMOOENCTBYET C MHOYCTPMaSibHbIMUM NapTHEPaMU Ha
OTKPbITOM pbiHKe (BK/Yas NPOMbILLNEHHOCTb, 3HEPreTuKy, puTeisn, GuHaHCcoBbIN
CEKTOp, 3 paBOOXpaHeHue u ap.).

HanpoTus, uccnenoBaTenbCKui LEeHTP «CunbHbln UA B NPOMBILLNIEHHOCTUY,
oTKpbiBWuUicA B 2021 rogy B paMkax depgepanbHOro npoekta «McKycCTBEHHbIN
WHTENNEeKT», CTPOUT CBOK [eATeNnbHOCTb Ha dpoHTMpax TexHonorui UWU, obecne-
YMBaLWMX BOCNPOM3BEOEeHME TBOPYECKON aKTUBHOCTM OTpacfieBbiX CrneunannucTos
(KOHCTPYKTOpOB, TexHonoroB u np.). Konna6opauuio ¢ MHQYCTpPUanbHbIMU NapTHe-
pamMu OH peanuayeT NOCPEACTBOM WMHCTUTYTa eOMHOro 3akasuvmka — Accounauunu
«MCKYCCTBEHHbIN MHTENNEKT B NPOMBILLMIEHHOCTM», KOTOpas ynpaBnseT 3akasamu
OTAENbHbIX MApTHEPOB U NPUBAEKAEMbIMU K HUM pecypcamu.

CoBoOKYyMHO 06a LeHTpa GopMUPYIOT YCTONYNBYIO MOLENb, 06ecnedynBaloLLyto
MONHbIN LMK CO30aHUSA U BHEeAPEHUS NepCNeKTUBHbBIX TEXHOMOrM NnpuknagHoro UN
B pasfMyHbiX 3agadax (He orpaHMYeHHbIX NPOMbILLSIEHHOCTBIO U CYLLECTBYIOLLUMM
napTHepamu). MIpyM 3TOM OTKpbITas CTPYKTYpa OpraH1Msaumm 1 yrnpaeneHns LeHTpamm
Nno3BONSIeT HA NEerMTUMHOM OCHOBE BOBJleKaTb KOMaHAbl UCCnepoBaTesiei n paspa-
60TUYMKOB N3 APYrUX YHUBEPCUTETOB U HayUHbIX opraHnsauui (kak Netepbypra, Tak
n Bceli Poccun) Ha konna6opaTuBHOW OCHOBe. 3TO AaeT BOSMOXHOCTb AalibHelllero
pacwimpeHus npucyTcTBus CaHkT-MeTepbypra Ha pbiHKe TexHonorun UM 1 nosbiwe-
HUS NnpodeccnoHanbHoOM yaHaBaemocT CeBepHON CTONMLbI.

Mpn noppepxke Accoumaumm «MUCKYCCTBEHHbIA WHTENNEKT B MPOMBbILUSIEH-
HOCTW» OpraHnM3o0BaHO GUHAHCUPOBAHWE HAy4YHO-UCCNEeOoBaTeNbCKUX MPOEKTOB,
BEAEeTCS HACTAaBHUYECTBO 1 NOAAEP)KKA LUECTM MOMOAEXHbIX HAay4YHbIX nabopaTopui,
CO30aHHbIX Ha cpeacTBa rpaHTa MuHobpHaykn Poccun, npoBoaaTcs o6pasoBaTtenb-
Hble nNporpammbl «LLKona Kno4yeBbix nccnepoeatenei B UM» (ons cTyoeHToB M acnu-
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paHToB) u «llkona sakasuyuka B UW» (gna KomnaHuiAi u rocopraHos). Kpome Toro,

peanuayeTcsl OpUrMHabHbIM KOHKYPC MOMCKOBbIX uccnepoBaHuin BlueSkyResearch,

NoaAeP>KUBAOLLMIA NMOUCKOBbLIE UCCNEOOBAHUS HA PaHHMX cTagusx ¢opMUPOBaHUS

naeun (puHaHcupyetTcs MOHOOM NOAAEPXKKU MHHOBALMIA U MOJNTOLAEXKHbBIX UHULUATUB

CaHkT-lMeTepbypra). OcHOBHas 3ajaya KOHKypca — TeCTUpOoBaHWe MEeXAUCLUMIU-

HapHOro MHHOBALMOHHOIO0 MeXaHM3Ma BbISIBIIEHUS MEPCNeKTUBHbIX HaYy4YHbIX TEM BO

PPOHTUPHBIX, BbICOKOPUCKOBbLIX HanpaBleHUSaX C NOCNeayLumM CoO3aaHneM peLue-

HWIM, OCHOBaHHbIX Ha HEMPOHHBIX CETAX U/WUMM MALLMHHOM 06y4YeHun ™,

B o6nacTu npuKnagHOro UCKYCCTBEHHOMO MHTENNEKTA ropog MMeeT Komne-
TEHUUN B peLleHnax ansg MeguumHbl n HedTerasoBoro cektopa. Bo MHorom aTo onpe-
LOensieTcs HalMunMeM KpyrHbIX 3akasuukoB (B nepByto oyepefb «Ma3npom HedTb»).
HecMoTps Ha To, 4TO pa3paboTumku UM n 3akasunkm nokanuaywTcsa B CaHkT-MeTep-
6ypre, c60p OaHHbIX U MPpaKTU4YEeCKoe NPUMEHEHUE CO34AaHHbIX MOOEeNein 3a4acTyio
npoucxoauT B Apyrux pernoHax PO.

BONMbLUMHCTBO KJ/OYEBbIX MCCNedoBaTene WCKYCCTBEHHOro MHTeNnnekTa
B CaHkT-MeTepbypre yBepeHo: 4Ns TOro, YTobbl ropod Hayasn ¢opMMPOBaTbLCS Kak
CaMOCTOSATESNbHbI UCCe[0BaTeIbCKUIN LEHTP B 06/1aCTU UCKYCCTBEHHOIO MHTEN-
nekTa, Heobxogumo obecneynTb psg YCIOBUNA.

1. Co3paHue nnowapgku ONs Koonepauuu MeXay opraHamu ropogckon BracTu,
YHMBEpCUTETaMM, UCCNEeOOBATE/IbCKUMU LEeHTpamMu U 6usHecom B Bupae LleHTpa
aKcnepTuabl B M, KOTOPbIN CMOXXET peann3oBaTb NpaKTUYecKne nNpoekThbl depne-
panbHoro maciiutaba.

2. PasBuTre u yHudukaumsa (B yacTu Nyylnx NpakTUK) HanpaeneHuin NoaroToBKu
Mo UCKYCCTBEHHOMY MHTENNEKTY B YHUBEpPCUTETAX. XOTS MHOrME YHUBEPCUTETHI
OTKpbIBanu HOBblE NPOrpaMmbl NOAFOTOBKM Mo UM B TeyeHne nocnegHux net, oo
cux nop cyuiecTByeT npobriema nNpuBnevYeHUs M NepenoaroToBKM npenopaBaTte-
nen, 6e3 4ero HEBO3MOXXHO MacLUTabMpoBaTb NOArOTOBKY CNELNanIMCTOB NO 3TUM
HanpaBeHUsM.

3. NMy6nnyHoe nosnumoHnpoBaHue CaHkT-MeTepbypra Kak MerapernvoHanbHoro xaba
B 06/12CTU UCKYCCTBEHHOI0 MHTENEKTA, B T. Y. 3a CYET KOHLLEHTpaLUN yCUIui Ha
HULWeBbIX 3agadax ons UM (npexkae Bcero MHOPACTPYKTYPHLIX), a TaKXKe NyTeM
Cc034aHUS HOBbIX paboynx MecT.

lFeorpacus poccuitckoro pbiHka Al u ML Ha Hayano 2019

Nons «uudpoBbix» BaKkaHcuii B Poccun, B T. u. B Metepbypre,

Lo

(o6wee uucno KomnaHumit — 329) 2010 u 2019, % oT o6Luero Yncna BaKaHCUI Ha PbiHKE

286 2,6
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MockBa CankT-NeTepbypr HoBocn6upck EkatepuH6ypr Mpoune Poccus MockBa CaHkT-lMeTepbypr PervoHb!
Puc. 18.
MoteHunan CaHkT-MeTepbypra Ha 2010

poccuiickom pbiHke UU
2019
NcTouHuk: ®oHp LICP «CeBepo-
3anap» no paHHbIM OpentalksAl
1 HeadHunter

MMeHHO 3T MexaHM3Mbl ByayT pa3BMBaTbLCS NP peannsaunn NporpamMmel
LeATeNbHOCTN Hay4YHO-06pa3oBaTesibHOro LLEHTPa MUPOBOro YPOBHSA «MCKycCTBEH-
HbI MHTENNEKT B NPOMbILLIeHHOCTU» B CaHKT-MeTepbypre, BOBeKas B CBOW opbu-
Ty BCE HOBblE OpraHn3aLumn co BCen CTPaHbI.
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B ycnoBusix HecTabunbHOW reononuMTUYeckKon o6CTAaHOBKU npuemne-
MOW cTpaTerven gns Hay4yHoro cektopa mHgyctpum MM Poccumn ctaHeT
HapalinBaHue n NogaepXka coTpyaHMYecTBa C HEMTPalbHO HAcCTPoO-
€HHbIMX MNnowagKkaMmn U BbICOKOPEWTUHIOBBIMWU YXYpHanamu, paspa-
60TKa He3aBUCUMOM BHYTPEHHEN CUCTEMbI OLEHKU UCCIea0BaHUA B
o6bnactn UN cunamm paboTalnx B OTPaciiM 3KCNepToB, pasBUTME
B3aMMOOENCTBUS MEXAY Hay4YHO-UCCNeaoBaTeNlbCKUMU KONNEKTU-
BaMu CTpaHbl, $OKYCMPOBKA Ha uUMeWwMx o06LiecTBEHHOe 3Haue-
HMe 3apadax n ceBepx3agadax. KpanHe Ba)KHO, YTOObl MHBECTULUMK B
MCKYCCTBEHHbIA MHTENNEKT B Bnanykanwue rogbl o6naganu goctaTou-
HbIM 06BHEMOM M KOHLEHTPMPOBANINCb HA TeXHonorusx, obecneynsa-
IOLWKUX NPOPLIB B NMPOM3BOACTBE, HAYYHbIX N KOHCTPYKTOPCKUX paspa-
60TKax u noTpebutenbcknx cepeucax B Poccun.

MMeHHO NpOMbILLNEHHOCTb CNocobHa cTaTb OCHOBHbLIM NOCIIE FoCy-
papcTtBa uHBectopom B uHpgyctpuio UM B PO. HedTerasosbiii cekTop
npeTeHAyeT Ha cTaTyc Hauboree akTUBHOW OTpaciiv, 3aMHTepeco-
BaHHOM B pa3BuUTUM pblHKA TexHonorui U, Hapsagy ¢ metannypruen
N XMMUNYECKOM NMPOMBbILLUIIEHHOCTbIO.

B cBS13K ¢ cokpalleHnem nmnopTa annapaTHoro obecneyeHus
ONS UCKYCCTBEHHOr0 MHTEeNNeKTa HeobxoamMmo 3anycTuTb Npo-
rpamMMmbl PEVHXXUHUPUHIA annapaTHOro U NporpaMMHoro obe-
cneyeHuns. TexHonormn UM oTKpbIBaAOT HOBble BOSMOXHOCTU A4
PEUHXXUHUPUHIA, YCKOPSAS M ynpoLlias npouecc 06paTHOro npoek-
TUPOBAHUA YCTPOUCTB.

CaHkT-MNeTepbypr aBnseTCA 0OHUM U3 KPYMHEWLLMX LLEHTPOB paspa-
60TKUN 1 MPUMEHEHMUSA UCKYCCTBEHHOr0 UHTeNnexkTa B Poccun 6naro-
Oaps HaJTMUYMI0 KOHKYPEHTOCMOCO6HbIX TEXHUUYECKUX BY30B, HaYUYHbIX
OpraHuMsauuii U1 KOMNaHWi, COBEPLUEHCTBYIOLLUX TexHoorum UK.

B MHTepecax ganbHenwero pasemMTua Heo6xoQMmMo cosnaThb nio-
WanKy ans Kkoornepauun mexay opraHamMu ropoacKoli BlacTu, YHU-
BepcuTeTaMu, UccriegoBaTe/IbCKUMM KONTEKTUBAMU U BUSHECOM B
Bupge LleHTpa sKkcnepTUsbl N0 UCKYCCTBEHHOMY MHTENNIEKTY, Moaep-
HU3MPOBaTb U YHUPULMPOBATL HANpPaBleHUs NoAroToBKMU B 06/1aCTH
U B yHMBepcuTeTax, CKOHLEHTPUPOBATb YCUIIUS Ha HULLIEBbIX 3apa-
yax OJ/1 MCKYCCTBEHHOr0o UHTENeKTa.
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