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B. Kykywikun, B. M. Mapyceea, B. 0. Kynemun - xauj. TEXH. HAyK
(Canxkr-IlerepOyprckuit nonurtexHuueckuil yuusepeuret [letpa

Benukoro, MHXUHUPUHTOBBIN LEHTP «LIEHTp KOMIBIOTEPHOIO UHKUHUPUHIA»
CIIoITY)

Paccmotpennl mpoOniembl quBepcuduKaiuu 000pOHHO-TIPOMBIIIIIEHHOTO
koMmriuiekca (OITK) Poccuu B koHTEKCTe rio0anbHON UG poBOil TpaHChHOpMAaIIUH.
[ToguepkuBaeTcsi, YTO Ui BBIMOJHEHUS] 3a7a4dl 10 JOCTHUKCHHUIO JIOTHU
IpaXJIaHCKOHN TIpoayKiuu B obmieM ooveme npoaykiuu OIIK ne menee 50 % k
2030 r. muBepcudUKaIus TOJDKHA OCHOBBIBATHCS HA TEXHOJOTHSAX UYETBEPTOU
IPOMBIIIJICHHON PEBOJIFOIMU, CPEAM KOTOPBIX KIHOYEBas POJIb MPUHAIICIKUT
HOBOM mapaaurmMe IU(pPOBOro MNPOSKTUPOBAHUS M MOJEIUpoBaHUsA. JlaHbI
OTIpENICNICHUs] TAaKUX OCHOBHBIX IOHATHH, KaK «yMHas» MOJIENb, «yMHBIN»
mudpoBoit aBoitHUK (Smart Digital Twin), «ymHas» mudpoBas TeHp (Smart
Digital Shadow), «uudpoBas ceprudukamms», «Dadpuku bymymero».
[IpencraBnen ycmemHbii  onblT  MmxuaupunroBoro 1ientpa CIIGITY 1o
B3aMMOJICUCTBUIO C BBICOKOTEeXHOJNIOTMUHbIMU Tpennpustusmu OIIK, B TOM
quclie MO0 pa3palOTKe «YMHBIX» UU(POBBIX JTBOWHUKOB U OpraHU3AINH
1M (pOBOTO MPOU3BOICTBA.

[Ipesunent P® B. B. Ilytun B mocnannu PenepansHomy Cobpanuio 1
mapta 2018 T. MOTYEPKHYJ, UYTO «CKOPOCTh TEXHOJIOTUYECKHUX H3MEHEHHI
HapacTaeT CTPEMUTENBHO, HIET pPE3KO BBepX. TOT, KTO HCHONB3YEeT OJTY
TEXHOJIOTUYECKYIO BOJHY, BBIPBETCS JaJieKo Brepen. Tex, KTO He CMOMKET 3TOTro
caenaTh, OHa — 3Ta BOJHA — IPOCTO 3aXJECTHET, yTomuT» [1].

B 3TuX ycnoBHsX HEMPEPHIBHO YCIOXKHIIOTCA KaK KOHEYHBIN MPOIYKT, TaK
U TPOU3BOJICTBEHHBIE MPOLIECCHI, a BO3pACTAIOIIAsl CKOPOCTh W3MEHEHUM
MPUBOJIUT K OBICTPOMY YCTapeBaHHIO JHOOOTO HAOOpa MHKEHEPHO-TEXHUUIECKUX
U TEXHOJIOTMYECKUX KOMIMETeHIMi. B cBOIO ouepenp, riobanu3aiivs PHIHKOB,
MOCTOSSHHO ~ yCWJIMBAIOMIAsiCA  To0anbHAash ~ KOHKYPEHIMS, TPUMCHCHHE
HAyKOEMKHUX WHHOBAIlMW, TOSBICHUE CBEPXCIOKHBIX HAYIHOTEXHUYCCKUX
mpobiemM TpeOyrT OT MPOMBIIUICHHOCTH YCKOPEHHUS TEMIIOB Pa3BUTHS,
MPEeNebHO KOPOTKUX ITUKIIOB Pa3pa0OTKH, HU3KUX II€H W BBICOKOTO KauecTBa
POy KIINH.

JIJist yTOBIETBOPEHUS ATHM TPEOOBAHUSM B MHUPE MPOUCXOIUT TIIOOATbHAS
uudpoBass  TpaHchopMmanus OSKOHOMUKH B  HUPPOBYID HSKOHOMHKY, a
BBICOKOTEXHOJIOTUYHON TPOMBIINIICHHOCTH — B IUMPOBYIO MPOMBIILICHHOCTD,
dbopmupyrotcss uudpossie maatdopmel, udposbie ABoiiHuUKM (Digital Twin)
peanbHbIX 00BeKTOB / mpoAaykToB (DT1) u mpousBoacTBeHHBIX nponeccoB (DT2),
pa3palaThIBalOTCS SKCIEPTHBIE CUCTEMBbl MHTEIIEKTYaJbHBIX MOMOIIHUKOB KakK
MEPBbIN 3Tal Pa3BUTUA B CTOPOHY NMPUMEHEHHUS HMCKYCCTBEHHOI'O WHTEIJIEKTA,
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pa3BHBaeTCs ~ aBTOMAaTU3alMsi,  poOOTHU3alMs W HHTEJUIEKTyaau3alus
MIPOMBIIIEHHOCTH, OCYIIECTBIIAECTCS IMEpexo] K KUOeppU3MUECKHM CHCTEMaM,
MPOUCXOIUT 00bEIMHEHNE MATEPUATIBHOTO U ITU(DPOBOTO (BUPTYATBbHOIO) MUPOB.
Otu r100anbHbIE W3MEHEHHUS COMPOBOXKAAIOTCS CO3JaHMEM HOBBIX OH3HEC-
MPOLIECCOB HA BCEX YPOBHSX.

OTHU SBIEHUS YETBEPTON MPOMBIIUICHHOW PEBOJIIOLNH, KOHEYHO, B MIOJHON
Mepe 3aTparuBaloT Poccuio, ee BBICOKOTEXHOJOTHYHYIO MNPOMBIILIEHHOCTh H
OIIK, ¢dopmupyst pamouyHble YCIOBHS, B KOTOPBIX OyAyT paboTaTh NpearpUsTUs
OIIK B o0003puMOl mepcrneKkTHBE U peliaTh 3aJayd, [OCTaBJICHHbIE
PYKOBOJICTBOM CTpPAHBI.

Crparernueckoit 3agaueit OIIK, chpopmynupoBannoii Ilpesunentrom PO B.
B. IlytuneiMm B mocimanuun @DepepanbHomy CoOpanuto 1 npexabps 2016 r.,
ABJIIETCS YBETMUEHHUE BBIMYCKa IPakIaHCKOM MPOAYKIIMH U TIOCTHXKEHHUE €€ 10U
B o6mem oobeme npoaykiuu OIIK 30 % k 2025 r. u He menee 50 % x 2030 1.
[2]. YUyTh panee, B xoae paboueit moe3nku B Tymy 8 centsiops 2016 r., B. B.
[TytuH nmocetun Hay4dHO-Tipou3BojaAcTBeHHOE oOBbeauHeHue «CIIJIAB» u nmposen
cogemanne «O Mepax 1O HCMOJb30BAHUIO TMOTEHIMANa OOOPOHHO-
IPOMBIIIIJIEHHOTO KOMIUIEKCA JJISI BBITYCKAa BBICOKOTEXHOJOTHYHOW MPOIYKIITUU
IPaXKIaHCKOTO Ha3HA4Y€HMsI, BOCTPEOOBAHHOM Ha BHYTPEHHEM BHEIIHEM PBIHKAaX)
[3].

B xoxe paboueit moesnku B Yy 24 supaps 2018 r. B. B. [lytun nposen
copemianue 1o Borpocy auBepcudukanuu OIK, oco60 nmoguepkHyB, 4TO BaXKHO
OCBOUTH TIPOM3BOJICTBO HMMEHHO COBPEMEHHOW M KOHKYPEHTOCIOCOOHOM
IPaXXKIAHCKON MPOIYKIUHA. ITO JAOHKHO 00eCrednTh (PMHAHCOBYIO YCTOMYMBOCTD
npennpusituii OIIK x 2020 r., korma ocHOBHasi 4acTh rocoOOpoH3aka3a Oyner
y>K€ BBbITIOJIHEHA [4].

Hecmotps Ha To uTo 3amada mo ausepcudukanuu OIIK craButcs B Poccun
HE BIEpPBbIE (JOCTATOYHO BCIIOMHUTH ONbIT koHBepcuu B CCCP mnocne Benukoit
OreuecTBeHHOW BOWHBI WM B KoHLE 1980-X TIT.), CylIeCTBYeT ULENbIA psij
OOBEKTUBHBIX U CYOBEKTHBHBIX TPYJHOCTEH Ha TyTH €€ pelieHus B
COBPEMEHHBIX YCIIOBHSIX.

Ilo omeHke 3KCHepToB, AOJIA TPaX)AAHCKOW MPOAYKUIHH, BBITYCKAEMOM
poccuiickumu npennpusituamu OIIK, Bapsupyercs ot 10 mo 25 % ot obmiero
obbema mpousBojacTBa [5, 6]. B xome mmeHapHoit ceccun «l3MeHeHUS
cTpykTypsbl npoussojactBa OIIK: rocygapcTBeHHbIE TPUOPUTETHI NEPCIEKTUBHBIE
pbIHKMY», coctosiBmencs 12 wurons 2017 1. B pamkax MexayHapoaHOU
npombinieHHod  BeicTaBku  MHHOIIPOM,  3amectutens  MunucTtpa
MpoMbIlIIeHHOCTA U ToproBian P@ B. C. OcbMakoB OTMETHUII, UTO 3a MOCJIEIHUE
IATh JIET POCCUWCKAMHM NOPEANPUATHSMH  3aKymuieHo okoimo 80 000
BBICOKOTOYHBIX CTAHKOB, KOTOpPbIC IMO3BOJIIIOT MPOU3BOJUTH MPAKTUYECKU
mo0ble BUABI NpoAyKuuu. OAHAKO «UIsl pelieHus 3ajad mo AuBepcUudUKaANU
npeanpustus OIIK, npuBbikiiue paboTaTh ¢ OAHUM 3aKa3YMKOM B paMKax
roco0OpoH3aKa3a, JOJKHbI 00J1aJ1aTh PHIHOYHBIM MeHTanuTeToM. HemocrarouHo
MPOCTO 3aKYIUTHh YCJIOBHBIA CYIEPCOBPEMEHHBIN CTAaHOK. [Ipu BbIMyCke HOBOU
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MPOAYKUMU HEOOXOJMMO OPUEHTHUPOBATHCS B IMEPBYID OYEPEIb HA PBIHOK U
YUYUTHCS pab0TaTh C TPAXKIAHCKUMU 3aKa3uukamm» [7, 8].

Cka3zaHHOe BbIllIE B TOJHOM Mepe KOppeaupyer ¢ HHpopMauuen
MEXIyHapOJHOU KOHCaNTHUHTOBOM Kommanun McKinsey u amepukaHckoro
®onma uHPopMarMoHHBIX TexHomorut u wuHHOBammil (ITIF), B KoTOpOi
orpaxkeHo cpaBHeHue npeanpusatui OIIK m komMmaHui IpakIaHCKOTO CEKTOpa
Ha npumepe CHIA (puc. 1).

T e g Fosxamcanncoror

Paspabotka npoaykuuu < MNp Has pasp C nnoxo + bBbICTpas, orpaHun no Bp TKa;
P IM U HacTo IMO6BEMOM U + Op uMA Ha P
copepxaHueM pa6or; T NYECKUX P W, KOTOpbie TCH 3a cyeT
+ OpMeHTauus Ha co3faHne YHUKaNbHbIX p HbIX "
F Wi, NPeTeHAyoWMX Ha TO, *  Yyer Tpeb M Hanp BCero oro
YTO OHM NPEACTABNAOT COBOMN Ka4eCTBEHHbLIN CKa4YoK uukna
Nno CpaBHEHWUIO C APYrUMMU
MpoussoacTeo + PaccuuTaHo noa Gonblmne 06bLeMbl BINycka + PaccuyutaHo noa HeGonblune 06LeMbI Bbinycka
npoayKuuu; npoayKuuu;
« [OnuTenbHble UMKNbI NPOU3BOACTBA « BbicTpo nep P Ba
3arpatkl Ha HUOKP koMnaHusmu $5,1 mnpa 5 BeaywmMmm koMmnanHusamm OMNK CLUA B 2012 $38 mnpa 5 kpynHeii N4eckux " CLUA
rogy (Lockheed Martin, Boeing Defense, L-3 B 2012 roay (Microsoft, Intel, Google, Cisco u IBM)
Communications, Northrop Grumman u Raytheon)
Pabora c 3aKkaz4ymkamu + ®opma {Hble OT! c N + Bbl  ypoBeHb pUA 1 HOE P!
YPOBHEM 10BEpUSA; po6 [ KOMMETEHLMI BCEX CTOPOH;
+ OTcyTcTBME NPO3PAavHOCTU U HEBLICOKUW YPOBEHB + CoBMecTHas 06'bEKTUBHARA OLEHKA 3aTPaT U CPOKOB
oBMeHa UH¢opmauven pabotr
Pabora ¢ nocraBwmkamu *  KpuTtepum BeiGOp. - ero u; + Kputepuu BbI6Oopa NnocTaBLmKa — CTOUMOCTh, TMOKOCTb,
] P ] CKOpocTb pabor;
+ T'nbKo HacTy ¥ cocTae

Puc. 1. CpaBuenue npeanpuaruii OIIK u koMnaHuii rpax1aHCKOro
cekTopa Ha npumepe CIITA (MCTOYHUK:
Hentp HTU CIIGITY no marepuanam [9, 10])

B cBoro ouepenb, YmpaBieHUE NEPCHEKTUBHBIX HCCIEI0BATEIbCKUX MPOEKTOB
MunucrepctBa ob6oponsl CIHIA (DARPA) mnpoananu3upoBano CHUTYaIMi0 B
OTpacisiX aBTOMOOWJIECTPOEHHUS, BOCHHOIO W TPaXXJaHCKOTO aBUACTPOCHHS U
BBISIBUJIO TEHJCHIIMIO K YBEIWYEHHIO CPOKOB MEXIY HAdajloM pa3paboTKu |
MOCTYIUICHUEM BOCHHOW aBUATEXHUKHU B BOOPYKEHHbIE CHIIBI € 5 JieT B 1945 1. 1o
27 ner B 2025 r. Ilpu 3TOM B TpakIaHCKOM aBUACTPOEHUU CPOKHU BBIBOJA
MPOAYKIIMU HA PBIHOK TakK)K€ PacTyT, XOTS W HE CTOJIb PAaAUKAIBbHO — C 3 JIET B
1960-x rr. mo 7 ner B 2025 r. B aBTOMOOHJIECTPOCHHUH ke, HA000POT, 3aMETHO
COKpaIlleHUE CPOKOB BBIBOJA MPOJIYKIIMU Ha peIHOK [ ¢ 7 ;met B 1965 r. no 1,5
ner B 2025 r. (puc. 2). B coorBerctBytomeM noknane DARPA curyanus,
CJIOKUBIIIASICS. B BOGHHOM aBHACTPOCHHUU B YAaCTHU BCE Oo0siee yBEIMUYMBAIOIIMXCS
CPOKOB MEXIy HA4alioM pa3pabOTKU W MPHUHATHEM TEXHUKH Ha BOOPYKCHHE,
Ha3BaHa yrpo30i HAIMOHAIBHOW 0€30MaCHOCTH.
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loapl, Nnpoluefwmne ¢ Hayana paspaboTku
* [0 NOCTYNJIeHUsi TEXHUKU B BOOPYXKEHHbIe CUJbl /
* [0 BbIBOAA HAa PbIHOK FPaXAAHCKOM NpoayKUumn
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l'oa nocTynneHus TeXHUKU B BOOPYXKeHHbIe Cunbl /
rof BbIBOAA Ha PLIHOK rPaXKAaHCKoON NPOoAYKLUM

Puc. 2. Pa3znunia B ckopocTu BbIBOJIa Ha pbIHOK Npoaykiuu (Time-to-
Market) Mex 1y MUPOBBIMH JIUJEPAMH aBTOMOOUIIECTPOCHHUS, IPAKIAHCKOTO U
BoeHHoro aBuactpoenus (uctounuk: Lleatp HTU CIIGITY no marepuanam [11])

B napyrom wuccnegoBanun DARPA oTmedaeT, 4To B Ciaydae COXpaHEHHUS
cymecTBytonux TeHaenuuii no pocry BBII CIIIA, pacxomoB Ha 000poHY U
CTOMMOCTH BBIBOJIa Ha PBIHOK OJJHOI'O BOEHHOTO CaMOJIETa, TUIIOTETUYECKH YXKE K
2054 r. cToMMOCTh BBIBOJA Ha PBIHOK OJTHOIO BOEHHOTO CamoJIeTa JOCTUTHET

BEJTMYHMHBI TOJOBOTO OrO/KETa Ha 00OpOHY, a B ganbHeimieM u BoBce [| BBII
CUIA (puc. 3) [12].
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Puc. 3. [Iporuos pocta CTOMMOCTH pa3pabOTKU OJHON MOJEIU BOEHHOTO
camouera B CIIIA (2000-2150-¢ rr.) (ucrounuk: Llearp HTU CII6ITY mo
Matepuanam [12])
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Tabnuya 1

N3MmeHeHne TeXHNYECKUX TPeOOBaHUN U XapaKTEPUCTUK MPOEKTUPOBAHUS
110 HEKOTOPBIM BHUJAaM BOCHHOW NMPOAYKIHH B PA3HBIE IEPUOIBI BPEMEHHU

(uctounuk: lentp HTU CIIGITY no matepuanam [13])

Cnenyto
1960 1990 mee
[Tokazarens (BUI IPOAYKIMN) -€ IT. -€ IT. NOKOJIEH
ue

MortHocTh Ha 1 KT Macchl

(BoeHHBIN camoreT), BT/kr 15 25 60
Macca (kocMu4eckuii KopabJib),

KT 120 3000 10 000
MomHocth Ha 1 T

BOJOM3MEIIICHHS (HAABOHBINA KO

1 1,5 5

pabmn), KBT/T
[Iporpammuoe obecnieueHue

(aspoxocmuyeckas oT

10 2000 10 000
paciib), TBIC. CTPOK KOJa
Her
Cpok pa3paboTkw, JieT 4 12 JTAaHHBIX
8-12 %

Poct croumocTu pazpaboTku B Ioji
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Tabnuya 2
H3MmeHeHne TeXHUYECKUX TPeOOBAaHUN U XapaKTEPUCTUK MPOCKTUPOBAHUS
0 MPOAYKIIMHM aBTOMOOMJIECTPOSHUS B Pa3HbIE TIEPHOIbI BPEMEHH (MCTOYHHUK:
Hentp HTU CIIOITY no matepuanam [13])

1960-¢ 1990-¢ Crnenyroiee

IToxazarens IT. IT.
TIOKOJICHUE
KonnuecTBo KOMIUIEKTYOIINX 103 104 10°
[IporpammHoe obecrieueHue,
THIC. CTPOK KOja 0 1000 100 000
Cpok pa3paboTku, Mec. 60 36 18
0%B

Poct croumocTu pazpaboTku rof

Iloxoxkast cuTyauuss CKJIQAbIBAETCI M B BBICOKOTEXHOJOTUYHOM
npombinieHHOCTH Poccun  (puc. 4). HabmromaeTcss CTpeMUTEIBHBIH pPOCT
CIOKHOCTU W3JEINi, B IMEPBYI OYEpelb TEX, KOTOpPbIE NPETEHIAYIOT Ha
KOHKYPEHTOCIIOCOOHOCTh B paMKax TJIOOaIbHBIX PHIHKOB. (COOTBETCTBEHHO,
BO3pAaCTaeT M CIOXHOCTb TEXHOJOTUH, C MOMOILIBID KOTOPBIX CO3HAIOTCS ATH
U3JIeNIMs, HO C HEKOTOPhIM OTCTaBAaHHWEM OT POCTa CJIOKHOCTHU CaMHX M3JIEIIUU,
MTOCKOJIbKY JUISI PA3BUTUS TEXHOJIOTUH TPEOYIOTCS TOTIOTHUTEIHHBIC BIOXKEHUS U
BpeMsi. HakoHel, ¢ HEKOTOPbIM OTCTABAHUEM OT CIIOKHOCTH TEXHOJIOTUUA PacTyT
KOMIIETEHIIMA — TPaJAUIMOHHBIN IMKJI IOJATOTOBKM HHXKEHEpa (YEeThIpe rojaa
OakanaBpwaTa ¥ JBa roja MarucTpaTypbl) OTCTAET OT CKOPOCTH TOSBICHUS,
M3MEHEHHSI W pa3BUTUS TEXHOJOTMU. B ompeneneHHbIE MOMEHT BpEMEHU
CIOKHOCTh M3JIeJIMA BO3pPACTa€T HACTOJBKO, YTO BBIXOAUT 3a MPEIEIbI
MMOHUMAaHHUS TE€HEPAIBHOIO KOHCTPYKTOpPA, €r0 OMNbITa U 3HAHWUW, OCHOBAHHBIX Ha
OMbIT€ M 3HAHMUSIX NPEABIAYIINX MOKOJICHUH HWHXKEHEPOB («TIpaHb WHTYULUH
TFE€HEPATbHOT0 KOHCTPYKTOPa»). ITO 03HAYAET, UTO OH HAUMHAET CTAJIKUBATHCS C
3a/lauaM¥, KOTOpble HE OBLUIM pELIEHbl HU €ro MpeAllIeCTBEHHUKAMHU, HU UM
caMuM. OIHOBPEMEHHO MNPOHUCXOJIHUT 3KCHOHEHUIHAIBHBIA POCT TEXHOJIOTHM, a
YTOOBI TPOU3BOJIUTH TJI00ATBHO KOHKYPEHTOCTIOCOOHYIO MPOAYKIIHIO B YCIOBUSIX
BCErJa JKECTKO OrPAHUYEHHBIX BpPEMEHHBIX U (PUHAHCOBBIX PECYpPCOB,
HEOOXOJMMO HCHOJIb30BaTh HOBBIE TEXHOJIOTUU, KOTOPBIMU TE€HEPAJIbHBIM
KOHCTPYKTOp, KOMIIAHMSI WM Ilejasi oTpaciib He oOnamaroT. PaBHO Kak
KOMIIETEHI[USIMU MHPOBOT'O YPOBHSI, TOCKOJBKY JJI yJE€pKAaHUS KOMIIETEHTHBIX
KaJIpOB TpeOyeTCsi, B TOM YHUCJE, BLICOKUNM YPOBEHb OIJIATHI TPYJa, KOTOPHIA HE
KaXXJ10€ MPEANPUATAE MOKET MPEI0KUTD.
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+E. 1.6
! : 1 - CnoxHocTb (NpoayKuuu,

npoGnew, ...)

2 - TexHonoruu
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S, KOHCTPYKTOP 3 - KomneTteHuum

A1(t2) > Ap,(t1)

Ay3(t2) > Ajs(t1)
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«IIpoekTupoBaHue 3a TPAHBIO HHTYUIIUHM T€HEPATBHOTO KOHCTPYKTOPA»

(bopoBkoB A. ., 2011)

Puc. 4. Opomonusa tpuaasl «CiaoxHocTh & Texnonmoruu & KomneteHuum»
(uctounuk: lentp HTU CIIGITY):

[J12 — pa3HULIa MEXTY POCTOM CIIOKHOCTH MPOIYKIHHA U POCTOM
CJIOKHOCTH TEXHOJIOTHI;
(123 [] pa3HUIIa MEXKTY POCTOM CIIOKHOCTH TEXHOJOTHUU U POCTOM
KOMITETEHIIUM; So, S1, S2, S3 — TOUKM BO BpeMEHH, B KOTOPbIE (PUKCUPYETCS pOCT
CJI0KHOCTHU

B »tux ycmoBusax, nus Toro 4roObl ObITH ycmemHo#, nuBepcuduxanus OITK
Poccunm nomkHa OCHOBBIBATBCS HA TEXHOJIOTHMAX YETBEPTOW MNPOMBILLICHHOU
peBoroIH (YCIOBHO Ha30BeM Takyro nuBepcudukanuio «Kousepcus 4.0»). O
KaKWX UMEHHO TEXHOJOTUAX UJIET PeUb?
B pamkax ¢opyma «OTkpsIThIe HHHOBaIMN» 17 okTsa0ps 2017 r. A. U. bopoBkos
Jal WHTEPBBIO COTpyIHHKaM BcemupHoro skoHommdeckoro ¢opyma (BOD),
KOTOpbl€ B TOT MOMEHT TOTOBWJIM TMPOJOJDKEHHE U JOMOJHEHHE KHUTH
ocHoBatenst u mnpesugeHta BO® K. IIIBaba «YerBepras mnpOMbIILIEHHAS
peBoroIs» ¢ pabounm HazBaHueM «Shaping the Fourth Industrial Revolutiony.
B untepBpio A. M. BopoBKOB pacckazal O CBOMX B3MIsiAax Ha IU(PPOBYIO
TpaHcopManuio Ou3Hec-Mojeneil, Ou3Hec-MpoueccoB H 00pa3oBaHUsA, O
MOATOTOBKE CHEIUAIMCTOB OyAYILIEro, MOJENISAX pPa3BUTHS YHUBEPCUTETOB, a
TaK)Xe€ TMEPEe/IOBbIX MPOU3BOJACTBEHHBIX TEXHOJOTHAX, 3(PPEKTUBHBIX MOJEIAX
pa3pabOTKU U BHEJPEHUSI BHICOKOTEXHOJIOTUUHBIX THHOBALIMH U .

Pe3ynbTaTOM MHTEPBBIO CTAJIO MpUTJAlIEHHE BLICTYNHUTH 17 HOsiOps 2017
I. Ha 3acenanuu paboueil rpymnmsl B mrabkBapTupe BOD B XKenese Ha ceccun
«Shaping the Future of Production in Russia» («®@opmupoBanue Oyaymiero
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npousBoacTBa B Poccum»)” ¢ mokmagom Ha Temy «Smart Digital Twins and
Factories of the Future as a Tool for Leapfrogging» («YMmHbIe» 1udpoBbie
nBoitHuky 1 @abpuku byayero kak UHCTpYMEHT Jisi oOecrieueHus riao0aabHOM
KOHKYPEHTOCTIOCOOHOCTUY»). B 3acegaHuu NpuHAIM YydacTHE MpeACTaBUTENH
TakuX Komnanui, kak «bazoBeiii anemeHT», «POTEK», «CeBepcranby, «I'aznpom
He(1h», «CUBYP Xonmuury, «Sunexkcy», «Jlaboparopuss Kacnepckoro» u np.
[16].

[IpurnameHHbIM Ha 3acelaHue padoyeil rpyIIibl ObUIN 3apaHee pPa30CIaHbl
MaTepHalibl, B KOTOPbIX ObLIO npeacTaBieHo 10 TexHonorui, BoieneHHbix BOO,
KOTOpbIE OKaXXyT HauOoJiblliee BIMSHME HAa MPOU3BOACTBO B Oyaymem. B
noknanae A. WM. BopoBKOB IpeACTaBUII CBOE BUAEHUE TOTO, KaKM€ MMEHHO W3
MPEJIOKEHHBIX TEXHOJOTUW OyAyT WrpaTh KIIOYEBYIO pOJb (B TOpSAIKe
yOBIBaHUS 3HAUUMOCTH) (pHC. 5):

[MudpoBoe npoekTrpoBaHUE, MOACTHUPOBAHNE U UHTETPAITHSI.
BricOKOIpON3BOAUTENIbHBIC BHIYUCICHMUSI.

3D-nevaTh ¥ aAAUTUBHOE TTPOU3BOJICTBO.

[TepenoBbie MaTepuallbl.

PoGoToTexHMKa U NCKYCCTBEHHBI UHTEIIIEKT.

Bosbiivie gaHHbIe U IEpeOBasi aHAIUTUKA.

«IHTEpHET BEWIEN».

JlonoTHEHHAs ¥ BUPTYyaJibHAs PEAIbHOCTb.

TexHonoruu OJOKYEHHA.

0. TIIpomsineHHbie OMoTexHoIOTHH [17].

HOoo~NoOR~LNE

Robotics and Artificial
Intelligence

Industrial The Internet of
Biotechnology Tmr gs

Big Data and
High
.22;?;;2“
P [ Future of Production
Technology

Al
Digital Design ”d:'l:(:?d
1 Simulation and atenials

Integration \ /
3DP and Additive Augmented
Manufacturing and Virtual

i oo SO _— Reality
Technologies
of Blockchain

Puc. 5. JlecaTb TEeXHOJIOTU, KOTOPBIE OKAXXYT HAMOOJbIIIEE BIUSIHUE HA
npou3BoAcTBO B Oyaymem (ucrounuk: Lleatp HTU CIIGITY mo maTepuanam

[17])
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CronT mOAYEpKHYTh, YTO LENbIA psiA BbLACICHHBIX BO® TexHOIOrM
COBIIAJIAET CO «CKBO3HBIMU TEXHOJIOTUSIMH», KOTOPBIE pPACCMATPUBAIOTCA B
pamkax HanuonanbHoi TexHomornueckoil nauimatubbl (HTU) kak «kirodyeBbie
HAay4YHO-TEXHUYECKUE HAIpPaBIICHUS, PAa3BUTHE KOTOPHIX MO3BOJIUT OOECIICUUTH
paauKaIbHOEC W3MEHEHUE CHUTyallud Ha CYIIECTBYIOUIMX PBIHKAX TEXHOJIOTHM,
MPOJYKTOB U YCIYT WU OyJIeT ClIOcOOCTBOBATH (DOPMUPOBAHUIO HOBBIX PHIHKOBY
[18].

K ckBo3ubim TexHonorusiMm HTU otHocsaTCs (B opsiike, OnpeaeIeHHOM
COOTBETCTBYIOIIMMHU HOPMATUBHO-IIPABOBLIMU aKTaMH):

[] TEXHOJIOTUU XpaHEHUsI ¥ aHATIN3a OOJBIINX JAHHBIX;

[] MICKYyCCTBEHHBIN UHTEIICKT;

[J TEeXHOJIOTUH pacTIPEAECICHHBIX PEECTPOB;

[] KBAaHTOBBIEC TE€XHOJIOTHUU;

[] TEeXHOJIOTUU CO3JJaHUSI HOBBIX U MOPTATUBHBIX UCTOUHUKOB YHEPIHUH;

[] HOBBIE MPOU3BOJICTBEHHbIE TEXHOJIOTHH;

[] TEXHOJIOTUU CEHCOPUKH, TPOU3BOJICTBA KOMIIOHEHTOB POOOTOTEXHUKH;

[ TexHONIOTHU GECTIPOBOIHOM CBSI3U U «MHTEPHETA BEILIEH»;

[J TEXHOJIOTHUHU YIIPaBJICHUs] CBOMCTBAMHU OHMOJIOTHYECKUX OOBEKTOB;

[J HEMPOTEXHOIOTUHU, TEXHOJIOTUN BUPTYaJIbHON U JOTIOJHEHHOM
pPEabHOCTH.

B Hos0pe-nexabpe 2017 r. ObLT MpOBEACH BCEPOCCHMCKHMIT KOHKYPC Ha
IIPEAOCTABIICHUE TIPAHTOB HAa TOCYNAPCTBEHHYK  NOAAECPXKKY LIEHTPOB
HarnmonanbHOW TEXHOJIOTMYECKOW MHHIIMATHBBI Ha 0a3e 00pa3oBaTeIbHBIX
OpraHu3aIliii BRICIIETO 00pa30BaHUs M HAy4YHBIX opranu3anuii. [To 10 ckBo3HBIM
TEXHOJOTUsIM ObUI0 mojgaHo 70 3adBOK, W3 HUX TpeOOBAaHUAM KOHKYPCHOM
JOKyMeHTauuu  cootBeTrcTBoBaio  60. Ilo  wHampaBnenutro  «HoBble
IIPOM3BOJICTBEHHBIE TEXHOJIOTHN» paccMmaTpuBaiioch 10 3agBOK, a moOeauTenem
cran lleatp HTU mna 6a3ze WMHcTUTyTa TIEpeOBBIX IPOM3BOJICTBEHHBIX
texHonoruii Cankr-IleTepObyprckoro monutexHudeckoro yHuBepcuteta Ilerpa
Bemuxoro (eatp HTU CIIGITY) [19].

st peanuzaruu nporpammbl Leatpa HTU CIIOITY 6b11 co3man MOUTHBIHM
cOalaHCUPOBaHHBIM TPOCKTHBIM KOHCOPLHMYM, B KOTOPBIA MO COCTOSHHUIO Ha
koHer mapra 2018 1. Bonwu 36 opranuzanuii, a ero nuaepom seisiercss CIIOITY.
B cocraB koHCOpIIMyMa Ha OCHOBAHWH MOJIIMMCAHHBIX COTJIAIICHUN BXOIAT: 12
BEAYIIUX YHHUBEPCHUTETOB, rockoprnopanus «Poctex», KpynHble NPOMBIILICHHBIE
BBICOKOTEXHOJIOTUYECKHE MPEANPUATHS — JIAAEPbl OTpPACIEH, KpyIHEUIune
Hay4HbIE OpraHu3aluy, BBICOKOTEXHOJIOTHYECKHE KOMIIaHUU -JIAJIEPHI,
YYaCTHUKM TpoekTa «HanuoHanbHble 4YEMIIHOHBI», MNOOEAUTENH KOHKypca
«Pazputne-HTHN» @®onHpa coaencTBUs HWHHOBALMAM, pe3uacHThl DoHaa
«CKOJIKOBO», HHCTUTYTBI Pa3BUTHS.

OnHOW W3 1enerd COTPYIAHUYECTBA B PaMKax KOHCOpLHYMaA SIBIIAETCA
obOecrnieueHue VHHOBAIlTHOHHOTO MPOPHIBA, CO3/1aHue r100anbHO
KOHKYPEHTOCTIOCOOHON MPOJYKIMK HOBOTO TOKOJICHHSI C TOHUMAaHHEM, YTO
MIPOCTO HAJUYUE BBIICYKA3aHHBIX TEXHOJIOTUN — JIUIIb HEOOXOUMOE, HO HUKAK
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HE JIOCTaTOYHOE YCJIOBUE JJIsi MPUCYTCTBUSA Ha II100adbHOM PBIHKE B YCIOBHSIX
YETBEPTOU IPOMBILILIEHHON PEBOJIFOLIMHU.

NHHOBallMOHHBIM  MPOpPBIB  MOKET  OOECIEUUTh  ONTUMAIBHOE U
3¢ (PeKTUBHOE KOMIUIEKCUPOBAHUE PA3JIMYHBIX U3 YUCIA Jy4dlux B mupe («best-
In-class») TexHONMOTHIT ¢ 00aBJICHUEM OPHUTHMHAJIBHBIX KPOCC-OTPACICBBIX
MHTEJUIEKTYaJbHbIX HOY-Xay, C(OPMHUPOBAHHBIX, KaK MpaBWIO, B MPOLECCE
paboThl ¢ pa3IMYHBIMU ITPOMBIIUIEHHBIMUA KOMIAHUSMHA — MUPOBBIMU JIHJIEpaMU
B paMKax MeEXJIYHapOJHON CHUCTEMbI pa3feieHus TpyAa, y4acTHsl B TJ100aJbHBIX
TEXHOJOTMYECKUX  Lernoykax. B urore  dopmupyercs  KOMIUIEKCHOE
BBICOKOTEXHOJIOTMYHOE pelIeHNe, KOTOPOE alpuoOpH SBISETCS JIy4IIUM B MUPE U
KOTOpO€, a 3TO MPUHIHUIIMAIBHO BaXHO, OOecrneurBaeT B KpaTyallllue CPOKH
OpPOEKTUPOBAHWE W MPOMU3BOJCTBO  IJ00AJBHO  KOHKYPEHTOCIOCOOHOM
NPOJYKIIUU HOBOTO MOKOJICHUS.

Takue kommiekcHbie pemieHusi — Ludpossie, «YMHuble», Bupryanbubie
®abpuku bynymero (Digital, Smart, Virtual Factories of the Future) — umeroT
OPUHIMITHAIBHYI0O CXEMY B BHJIE€ TpUaabl «IU(POBOE MPOCKTUPOBAHUE U
MOJIETUPOBaHKE & HOBBIE MaTepHalibl & aJIUTUBHBIE TEXHOJOTHUUY», B KOTOPOU
IpaiiBepoM BBICTYMAET HOBas MapagurmMa LU(PPOBOTO MNPOEKTUPOBAHUS H
moaenupoBanus Smart Digital Twin — [(Simulation & Optimization)-Based
Smart Big Data]-Driven Advanced (Design & Manufacturing) [20].

bonee 40 ner Ha3aa co3naHue W MPUMEHEHHE B pa3pabOTKE TEXHUUYECKHX
cucreM u koHCcTpykiud CAD-cucrem (cUCTEM  aBTOMAaTH3MPOBAHHOIO
npoeKTUpoBaHus) Obulo mpu3HaHo HarmumoHanbHbIM HayyHbIM (onHmom CIIA
(NSF)  BenuuaiimmuM  cOOBITMEM,  TO3BOJMBIIMM  PE3KO  TOBBICUTH
IPOU3BOAUTEIBLHOCTh TPYA U CPABHUMBIM B 3TOM CMBICIIE C HAYaJIOM «3IOXH
anekTpudecTay [21].

CerogHss B COBPEMEHHOW BBICOKOTEXHOJOTMYHOM MPOMBIIUIEHHOCTH
IPOU3OILIA 3HAYUTEIbHBIE CTPYKTYPHBIE HW3MEHEHHS — CMEUIEHUE «IIEHTpa
TSOKECTW» B [I00aNbHOM  KOHKYPEHLIMM HA  3Tal  IPOEKTUPOBAHUS.
TpaauumoHHbIE TOAXOABl U TEXHOJIOTUH, OCHOBAaHHBIE, KaK IPAaBHUJIO, HA JJOBOJKE
U3JIeTUN MyTEM JOPOTOCTOSIIMX HCIBITAHUM, JOCTUIJIM CBOErO «IOTOJKa» B
pa3BUTUU u MIPUMEHEHUU u, bakTuuecku, CTaHOBSITCS
HEKOHKYPEHTOCTIOCOOHBIMH.

Panee npouecc pa3paOOTKU BBITJIAJEN CIEAYIOIIMM O0pa3oM: HA OCHOBE
peasibHOTO O0BEKTa CTpoMjiach ero (usuueckas MoOJAeNb, KaK IMpPaBuio,
Yype3BbIlYAHO  yNOpOLIeHHas, KoTopas B  mpouecce  (OPMHPOBAHUS
MaTeMaTU4eCKOM MOJEIN OMUCHIBAJIACh YPABHEHUSIMU MAaTEMaTUYECKOU (PU3NKU
(T. e. cTpomynach MaTeMaTH4ecKas MOJIEb, BKIIOYAIOIIAs MaTeMaTHYECKOe
ONHMCAHME MOJECIUPYEMON KOHCTPYKIMH B COOTBETCTBHUM C TEOPETUYECKUMU
MOJIOXKEHUSIMM ~ KMHEMAaTHKW, JUHAMUKM M [POYHOCTH, OCOOEHHOCTSIMHU
MOBEACHUS MAaTEPUAJIOB MO/ IEHCTBUEM HArpy30K U TEMIEpPATyp U T. 1.). Jlanee B
pe3yiabTaTe MHOTOYMCICHHBIX W JOPOrOCTOSIIMX HATYPHBIX HCHIBITAHUHN
OMBITHBIX 00Pa31OB (MPOTOTUIIOB) MOJYYad JIOMOJIHUTEIbHYI0 UHPOPMAIUIO O
MOBEJICHUH («OTKJIMKE») OMBITHOIO O0paslia, a 3aTeM HWTEpPAllUOHHBIM IyTeM
OCYIIECTBIISIIACH KOPPEKTUPOBKA MATEMATHUECKOM pacyeTHON Mojenu, paboueit
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KOHCTPYKTOPCKOM JOKYMEHTAIIMH, a 10 UTOraM — U JJOBOJKAa KOHEYHOTO U3EIHS
110 TpeOyEeMBIX 11€JIEBBIX XapaKTEPUCTUK.

[Ipu 5TOM Ba)XHO OTMETHUTH, UTO AJEKBATHOCTh M3HAYAILHO BBHIOPAaHHOMU
dbu3udeckor Mojenu, MOHMMaeMas Kak «IpaBHJILHOE Ka4€CTBEHHOE OIMCAHUE
00beKTa MO BBIOPAHHBIM XapPAKTEPUCTHKAM» U «IPABUIBHOE KOJUYECTBEHHOE
onucaHue OOBEKTa MO BHIOPAHHBIM XapaKTEPUCTHUKAM C HEKOTOPOM pazyMHOMU
cTeneHpo TouHocTw» [22, c¢. 110-111], ocraBanack nocratouHo HuU3KOH. B
KauecTBE aprymMeHTa NpUBOJMIIOCH YTBEP)KIEHUE, UYTO NpH BbIOOpe Oolee
aZIeKBaTHOM M OoJiee CIOKHOW (PU3MYECKONW MOJAENIM MaTeMaTH4ecKash MOJIEIb
MOTJla OKa3aThCsl HACTOJIBKO CJIOXHOM, 4YTO JUIsl AaibHeWlied paboTbl ¢ Hel
noTpeOoBaIOCh Obl €€ 3HAYUTEJIPHOE YIPOILICHHE M, KaK CJEJACTBUE, CHUKEHUE
anekBatHocTu [22, c. 119]. B nHacrosiiiee BpeMsl 3a CUET NMPUMEHEHUS METOAa
koHeuHblx dnemMeHTOB (Finite Element Method, FEM), koMmbrOTepHBIX
texHojorui mupoBoro ypoBHa (CAD-CAE-CFD-FSI-MBD-EMA-CAO-HPC-
..) CTajo BO3MOXHBIM PaJUKAJIbLHO TIOBBICUTH YPOBEHb aJICKBATHOCTH
busnyeckux  Mojened, a Omaromaps — ucHojb3oBaHHIO  «best-in-class»
KOMITHIOTEPHBIX TEXHOJIOTUH MUPOBOTO YPOBHSI U HOBOM MapaJurMbl IIU(pPOBOTO
IPOCKTUPOBAHUSI M MOJICTIUPOBAHUS — TIOBBICUTH YPOBEHb aJCKBATHOCTH M
MaTeMaTHYECKUX MOJENE, a COOTBETCTBEHHO, W YPOBEHb IMOJIYyYaeMbIX
YUCJIEHHBIX pe3ynbTaToB (puc. 6). DTO MO3BOJUT NPAKTHUYECKU IOJHOCTHIO
OTKa3aTbCid OT MHTYUTHBHBIX METOJIOB pabOThl HMHXKEHEPOB, KOrJa HOBas
KOHCTPYKIIMSI CO3[aeTCsl, KakK TpaBWJIO, HAa OCHOBE YK€ paboTarommx
IPOTOTHIIOB: «OT A00pa A00pa HE HILYT», «Iydllee — Bpar xopoiiero». Ha stom
JTane MPOUCXOAUT MAECJETUPOBAHME OTBETCTBEHHOCTH 3a MOJECPHHU3UPYEMOE
U3JIeJIMe MPEIIECTBYIOMINM MTOKOJIEHUAM KOHCTPYKTOPOB, Y KOTOPBIX 3a4acTyIO
Ob10 OOJBIIIE BpEeMEHM U (PUHAHCOBBIX CPEICTB Ha pa3pabOTKy yxkKe
AKCILUIYaTUPYEMOro u3zAenus. bonee Toro, CEroAHsIIHUX KOHCTPYKTOPOB OCTPO
BOJIHYET BOMPOC — «A KakK MOBeJET ceOs MOJIECPHU3UPOBAHHOE H3JENHE, a Kak
OHO ce0s TPOSBUT HA TEX WM HWHBIX PEKMMax HKcIuryaTanuu?y». KMmeHHO
MO3TOMY CO3/1a€TCA Majo KOHCTPYKIIMM, MalluH, MPUOOPOB HOBOTO MOKOJICHUS
WIM  TPUHIUIWAAIBHO  HOBBIX, KOTOpPBIE  JIOJDKHBI ~ OBITh  TJI00aJBHO
KOHKYPEHTOCIIOCOOHBIMH, ~ BOCTPEOOBAaHHBIMH ¥ KaCTOMH3UPOBAHHBIMH,
MEPCOHATN3UPOBAHHBIMA WJIM Jla)K€ KAaCTOMHBIMHM, T. €. C CaMOro Hayana
CIIPOCKTUPOBAHHBIMM  MOJl  TMOCTOSIHHO  TOBBIIIAOIIMECS  TpeOOBaHUS
MOTpeOUTENS U TI100aTFHOTO PHIHKA.
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P
AQeKBaTHOCTb Moaenu
M; @, M, o,
TpaAuUMWOHHbIN NoAXo, CoBpeMeHHbIN noaxon
K NOCTPOEHUIO PU3NHECKUX K MOCTPOEHUIO (PU3NYECKMX
M MareMaTUu4eCcKux Mogeneu ¥ MaTeMaTU4eCKMUX Modeneun

Puc. 6. CpaBHUTENBHBIN aHAIW3 TPAAULIMOHHOTO U COBPEMEHHOTO
MOAXO0B K MOCTPOCHUIO (PU3NIECKUX MAaTEMAaTUUECKUX MoJieNiel (MCTOYHUK:
Hentp HTU CIIOITY no matepuanam [22]):
P — peanbHbI 00BeKT; @1, @2 — pusnueckue moaenu; My, M —
MaTeMaTUYEeCKUE MOJCIIU

3a cueT MPUMEHEHUS HOBOW MapaJurMbl ITU(GPOBOrO MPOCKTHUPOBAHUS U
MOJICJTMPOBAHMSI CTAJ0 BO3MOXKHBIM YWTH OT TPaIUIIMOHHOW CUTYaIlMH, KOTJa
YUCJI0O U3MEHECHHMH W3Jenus (B CHIIy JONMYIICHHBIX ONIMOOK MJIM TOJYyYCHHBIX
HOBBIX, PaHEC HE YUYTCHHBIX CBEIACHHUI) M, COOTBETCTBEHHO, BO3PACTAIOIINE
3aTpaThl HA MX BHECEHHE PaCHpPENE/IAIOTCS Ha MPOTSIKEHUU BCETO KU3HCHHOTO
IUKJIa pa3pabOTKH — OT CTaguu TNPOCKTHPOBAHUSA JO Hayalla CEPHHHOTO
MPOU3BOJICTBA (M3BECTHO, YTO YEM I103)KE BHOCSTCS WU3MCHCHHS, TeM OOJIbIINE
U3JICPKKH HECET KOMITaHMsI). B UTOre CTaHOBHTCS BO3MOXKHBIM COCPEIOTOYHTH
OCHOBHYIO JIOJI0O U3MECHECHHUI M 3aTpaT Ha CTaJMH IMPOCKTHPOBAHUS U TEM CaMbIM
3HAYUTEILHO MHHHUMHU3HUPOBATh OOINMKA OO0BEM 3aTpaT, COKPATHTh H3IACPIKKH
o0ecIeyuTh CO37aHUE HAYKOCMKHX BBICOKOTECXHOJOTHYHBIX H3JCINH HOBOIO
MOKOJICHUS B KpaTuauiune cpoku (puc. 7).
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TpaguumMoHHOe NPON3BOACTBO

CroumocTb

KoHuenTt

BnuatHue uucna
U3MEHEHUI Ha
CTOMMOCTb

O6biuHoe uncno
U3MEeHEeHWIA

Yucno nameHeHnn

'S

NpoexTuposanue Mepegaua Ha MNpou3sopcTao TectupoBaxue Hiiiss
NpoM3BOACTEO ONbITHOro OnNbITHOro ]
obpa3ua obpasua 14 cepuiHoro
L LR L LR LR LR LR LR LY TROMIBORCTRN
T2
MONBITKY o o o o o o o o o o o o o o o e o o o o o o o o o o o o
BHeceHun
U3MEHEeHUI * T3
MpoexTuposaHue MpoekTuposaHue
nop safaHHbie CPoKU Ha 3a8aHHYI0 CTOMMOCTL
Hapywero orpaHuuenne HapyweHo orpaHuueHue
POKER NI COORRM, . ... PbiHKa NO CTOMMOCTH
(«oKHO BO3MOXHOCTE!»)
ﬂepe.u.oaoe npomnseBoacTeBoO
A Hoean napagurmMa undpposoro A
NpoeKTUpoBaHuA (YyeT MakcuManbHoro
xonuuecTsa TpeboBaHMil pasnMuYHbIX 3Tanos
Oftrition WKna paspaboTku 1 NpouM3BoACTEa)
yucno u Reaps PO A
U3MEHeHUI
3
a -
G ‘. - R g
g «YmMHan ¢ < a3 g %
s Moaenb» ~ Sim
° A M ~ z
= S =
v A N
\ \ o
\ \ 9
\ \ s
\ \ +
\ \
Kpusan \
s3arpar L Bpemsa/stan
1
' XU npogyxra
KoHuent s
Smart Digital Twin — MNepepaua [Mpounssopcrso TectuposaHue Hauyo
[(Simulation & Optimization)-Based Ha bITHOro OnbITHOro CeEpUUHOro
Smart Big Data]-Driven Advanced | npoussoacTso obpasuya obpasuya npoussBogcTea
(Design & Manufacturing)

Puc. 7. CpaBHeHHE TPaIUIIMOHHOTO (@) ¥ TIEPEIOBOTO (6) IPOU3BOJICTB

CMmemieHne «IEHTpa TSOKECTH» B KOHKYPEHTHOW OOpnOe B CTOpPOHY
MIPOEKTUPOBaHUs ObLIO OoTMedeHO B 2015 r. amMepuKaHCKONW aHaJIUTHYECKOU
CIICLIMAIM3UPYETCS HA OKA3aHUH  YCIYT
PLM-pewrennii

komnanuern CIMdata,

CTPATCIrUICCKOIo

(MCTOYHUK:
Hentp HTU CIIOITY mo marepuanam [23])

KOTOpast
KOHCAJITHHTA

BBICOKOTCXHOJOI'MYHBIM KOMITAHMAM.

IIoCTaBIINKAaM
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Ne 1 OBOPOHHAA TEXHUKA 2018

Eme panee, B 1993 r., YHuUBepcUTET NOATOTOBKU CIELMAIUCTOB 1O BOeHHbIM 3aKkynkam CIIIA
(DAU), npoBeas craTUCTHYECKMI aHAIN3 MPOEKTOB aMEPHKAHCKOro MuHHcTepcTBa 00OPOHBI,
BBISIBUJI, YTO pealibHbIE 3aTPaThl HA MPOTSKEHNH BCETO )KM3HEHHOTO IMKJIA U3enus (C HaKOIIeH-
HBIM MTOTOM) PaCIpenessaioTCs CIeayIMIM 00pa3oM: KOHIeNnTyanbHoe npoektuposanue (Con-
cept) — 8 %, npoektuposanue (Design) — 15 %, pazpabotka (Develop) — 20 %, ucneiTanus u npo-
u3BoacTBO (Test/Prod) — 50 %, skcruryatamus Biote a0 yruinusanuu (Operations through Dis-
posal) — 100 %. IIpu 3TOM, HarpuMep, K OKOHYAHUIO CTaaUN MPOEKTHpoBaHus 10 85 % 3arpar Ha
NPOTSDKEHUM BCEro KM3HEHHOTO LIMKJIA W3/ENs CTAHOBATCS 3aKOHTPAKTOBAHHBIMU 00s3aTellb-
cTBamu («committed costs») B CHITy y)Ke MPUHSATHIX MPOEKTHBIX PEILIEHUI, XOTs peabHble HAKOT-
JIEHHBIE 3aTPaThl K TOMY MOMEHTY COCTABIISIOT JIMIIBL 15 % OT 3aTpar Ha MPOTSKEHUU BCETO JKU3-
HEHHOTO LuKiIa u3aenus. [103ToMy CTOMMOCTh MCTIPABIICHUs JOMYLIEHHBIX OINOOK MHOTOKPAaTHO
BO3PACTaeT — YeM IM03Ke BHOCATCS H3MEHEHUs, TeM I0poKe OHM ooxonsatcs (puc. 8) [24, 25].

Pacnpe.qenel-me 3aTpaT Ha NPOTAXeHUU XXU3HEeHHOIro UuMKna msgenus

za\J

100% — — 95%
3aKOHTpaKTOBaHHbIE

90% — obasatenbctBa —_, 85%

Defense Acquisition University
80% —

70%

70% —

60% —
WUcnbiTanus /

s NPOU3BOACTBO

40% —

30% —

20%—

3aTpaTbl Ha NPOTSHKEHNUMU XKUIHEHHOTO UMKna
n3aenus (B % ¢ HaKONMeHHbIM UTOrOM)

0%

Bpewms

Puc. 8. CronMocTh McHIpaB/IeHHs! OIMIHOOK ¥ BHECEHUSI M3MEHEHMI Ha Pa3HBIX CTAUAX Pa3padoTKu
npoaykra (ucrounnk: llenrp HTHU CIIGITY nmo maTtepuanam [24])

OueBHHO, YTO B paMKax pa3BOpaYMBArOIIENCsA Y€TBEPTOI MPOMBIIIIEHHON PEBOIIOLMH JTUe-
pamu OyAyT CTAHOBHUTBHCS MMEHHO T€ KOMIIAHMHU, KOTOPBIE, HAXOASCh B II00AIbHBIX TEHIEHLIUAX
(G PoBOIl SIKOHOMHKH, TIEPEHOCAT AKIEHTHI CBOEH AeATEeIbHOCTH B 0071aCTh M(POBOTO MPOEKTH-
POBAHUSI U MOJETUPOBAHUSA, KOMIBIOTEPHOIO M CYNEPKOMIBIOTEPHOrO0 MH)XXMHUPUHIA BMECTE C
METOAAMU MHOTOKPUTEPUAIIBHON, MHOrONapaMeTpU4ecKOil, MHOTOAUCHMUILIMHAPHON, TOMOIOIH-
4yeckoil u Tornorpaduueckoil onTuMu3anu, OMOHNYECKOro Au3aiiHa, aAqUTUBHOTO MPOU3BOJCTBA,
poboruzammu u T. 1. [26, 27].

B ocHOBe HOBOIT mapaaurMel H(POBOro MPOEKTHPOBAHHUA M MOJAESTHPOBAHUS JIEKHUT HCIOb-
30BaHUE€ CIIOKHBIX MYJIbTUAUCLHUIITIMHAPDHBIX MATEMATH4YE€CKUX MOIIe.IIeI‘/'I C BBICOKHM YPOBHEM
aJIeKBaTHOCTU pEaJbHBIM MaTepHagaM, KOHCTPYKUMAM M (PU3MKO-MEXaHHYECKHM IpOIeccam
(BKJIFOUAsi TEXHOJOTMYECKNE M MPOU3BOACTBEHHBIE), ONMHUCHIBAEMbIX YPaBHEHHUSMU MaTeMaTHye-
CKOI1 (u3uku, B nepByro odepens, 3D HecTauuoHapHBIMU HeMMHEHHBIMI AU (epeHnnanbHpIMU
YPaBHEHHUSAMHU B YaCTHBIX MMPOU3BOIHBIX.

Takue maremMaTHuYecKue, WIN «yMHbIE», MOJEIH, arperupyloT B cebe Bce 3HaHUA, KOTOpPbIE
INPUMEHSIOTCS TPH MPOEKTHPOBAHUU, NMPOU3BOACTBE M IKCIUTyaTallMM M3JeNIusi, MPOAYKTa, KOH-
CTPYKLMH, MAIIMHBI, YCTAHOBKU, TEXHUYECKON W KNOEephU3NIeCKOil CUCTEMBI:
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1) (yH1aMEHTaJbHbIE 3aKOHBI M HayKU (MaTeMaThueckas (pusuka, Teopuu
KOJI€OaHM, ynpyrocTy, MIACTUYHOCTH U T. 1., MEXaHUKA pa3pyLICHUs, MEXaHUKa
KOMIIO3ULIMOHHBIX ~ MAaT€pUajIoB M  KOMIIO3UTHBIX  CTPYKTYp, KOHTaKTHOI'O
B3aUMOJICUCTBUS, JMHAMHKA M IPOYHOCTh MAIIMH, BBIYMCIUTEIbHAS MEXaHHUKa,
TUIPOa’pOIMHAMUKA, TEMI0MaccOOOMEH, AIEKTPOMArHeTH3M, aKyCTHKa,
TEXHOJIOTUYECKas MEXaHUKa U JIp.);

2) reometpudeckue (CAD) U BBIUUCIUTENBHBIE KOHEYHO-IJIEMEHTHBIE
(CAE) nmonHomacmitabHble MOJENH peadbHbIX OOBEKTOB U (PU3HKO-MEXAHUUYECKUX
MPOLIECCOB (HApHUMEp, y3JI0B U MEXaHU3MOB, UX KUHEMATHYECKUX, TUHAMUYECKHUX
U TMPOYHOCTHBIX OCOOEHHOCTEM, a Takke CONpPSLDKEHHHM 3JIEMEHTOB KOHCTPYKLUU
MEXay CO0O0W MOCPEJCTBOM CBAPHBIX TOYEK U IIBOB, KJIEEBBIX COCAMHEHWM, AJis
KaXXJO0r0 M3 KOTOPBIX XapaKTepHbl CBOM MOJEIM TOBEACHMS TPU Pa3IUYHBIX
BO3JICHCTBUSAX);

3)  TOJHBIC IaHHBIC O MaTepUaNIaX, U3 KOTOPHIX U3TOTABIUBACTCS U3JICIHE,
BKJIIOYasg  JaHHble 00 HMX TOBEACHUM TMPU  BO3JACHCTBUU  TEIIOBBIX,
ANEKTPOMAarHUTHBIX M JPYrUX  TOJIEH, CKOPOCTHOM  Je(popMUPOBAHMH,
BUOPALIMOHHOM, YJapHOM, Majio- U MHOTOIMKIIOBOM Harpy>KeHUsX (OIBIT pelieHus
CJIOHBIX MPOMBINIJICHHBIX 3a/lay MOKa3bIBAET, YTO, HAPUMEp, AJIsi U3TOTOBJICHUS
Ky30Ba aBTOMOOWJISI MpeMUyM-Kiiacca mpumeHsiercss okosno 200 mMaTepuasioB, cpeau
KOTOPBIX METaJUIbl, CIUIABbI, MOJMMEPHI, KOMIIO3ULIMOHHBIE MaTepHAalIbl, HAKOHEII,
MeTaMaTepHalibl ¢ ONTUMAIbHOM MHUKPOCTPYKTYpOH. [[1s1 KOppEeKTHOro OmMHCaHHSs
(U3UKO-MEXaHUYECKUX TPOLIECCOB, MPOXOMASIINX KOHCTPYKIMU TPH Pa3IAYHBIX
BO3JICHCTBUAX, HANpUMEp AMHAMUYECKUX, IJI KaXKJIOTO MaTepuaia HeoOXOJIUMO
3HATh OOIIMPHBINA HAOOp MapaMeTPOB U XapaKTEPUCTHUK, BKJIOYAs KPUBBIE YIPYTO-
IUTACTUYECKOTO J1e(QOPMUPOBAHUS TPHU PA3IUYHBIX CKOPOCTSIX AehOpMHUpPOBAHUS,
KPUTEpUH Havalla pa3pylIeHUs, MOJEIH €ro Pa3BUTHS U HAKOILJICHUS TOBPEXKIACHUIN
B MaTepuajax u T. 1.);

4)  uHpopMaIHio 00 IKCIUTYaTAIMOHHBIX peKUMax (HOPMaJIbHBIC YCIOBHS
AKCIUTyaTalluy, HAPYIIEHUsS HOPMAIbHBIX YCIOBUW OJKCIUTyaTallid, aBapUHbIC
CUTyallun U T. J.), BKJIIOYas Ty, KOTopas oOecrneduBaeT 3aJaHHOE IOBEICHUE
KOHCTPYKIMM B T€X WM HHBIX CUTyalMsAX (TaKk HA3bIBAEMOE MPOrPAMMHPYEMOE
MOBEJICHUE — HaIpUMep, HeMUHEIHbIE 1eOpMUPOBAaHUE U pa3pyLICHUE 3JIEMEHTOB
KoHCTpYyKImu aBromoOmiss B 5 000...8 000 cBapHBIX TOYKax MOPH Pa3IAYHBIX
BapHaHTaX BO3MOXKHBIX CTOJKHOBEHHI MO3BOJIAIOT JOCTHYb HEOOXOJUMBIN
BBICOKUIM YpOBEHb MAaCCUBHOW 0€30MacHOCTH, OOECHEYHUTh BBDKMBAHHE U
MUHUMAJIBHYIO TPABMUPYEMOCTb BOAMTENS U ITACCAKUPOB);

5)  maHHBIE O TEXHOJIOTHSX NPOM3BOJICTBA M COOPKM KaK OTIEIBHBIX
AJIEMEHTOB, TaK U KOHCTPYKUMH B II€JIOM (HaIlpUMED, «MHTEIUIEKTYaJIbHOE» JINTHE,
«MHTEJUIEKTyaJIbHAS»  IITAMIIOBKA, Y4Y€T  IPEABAapUTEIbHOIO  HaIpSKEHHO-
1e(OPMUPOBAHHOTO COCTOSIHUSA, YIPaBICHHE WM, Y4Y€T JIOKaJbHBIX YTOHEHMH,
KOpOOJIEHUI AeTallel Mocie TEXHOJIOTMYECKUX MPOLECCOB, a TaKKe BUPTyalbHas
OLICHKA TE€XHOJOTMYHOCTH JI€Tajeil — BO3MOXHO JIM U3rOTOBUTH UX TEM WIH HMHBIM
criocoboM, Oyzaer nu oOecrnedeH TpeOyeMblii ypOBEHb MPOYHOCTH, KayecTBa
M3TOTOBJICHUS M COOPKH KOMIIOHEHTOB U JIp.);

6) Tpoune XapaKTepUCTHKH W  MapaMeTpbl (HampuMep, TOJHBIC
BUPTYaJIbHBIE  AHAJOTM  BCEr0  HUCHBITAaTEIBHOrO  O00OpydOBaHUsA,  BCEX
UCIIBITATENbHBIX CTEH/IOB, KOTOPBIE NPHUMEHSIOTCA NPH NPOBEIECHUH HATYpPHBIX
HCTIBITAaHUH).

Koneuno, Ttakoe arperupoBaHHE, BCEX 3HAHUM, KOTOPBIE HCIOJIb3YIOTCS
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Ipy  CO3MaHWM TPOAYKTA, SBJSETCS JIMIIb HEOOXOAUMBIM, HO HHKAK HE
JOCTaTOYHBIM YCJIOBHEM sl (POPMHUPOBAHUS «YMHBIX» Mojeneld. bonee BaKHBIMU
MIPEICTABIIAIOTCS CIICAYIONINE KIFOUeBbIC KOMIIETEHITNHN, 0€3 KOTOPBIX (hOPMHPOBATH
«YMHBIE» MOJICITH HEBO3MOXKHO:

1. KacTromuzanus: «ymHas» Mojeib Bcerna Gopmupyercs u3 «best-in-class»
TEXHOJIOTUHA MHPOBOT'O YPOBHSI, NMPH 3TOM JaHHAs KOMIICTCHIUS MPEArojaract
OJTHOBPEMEHHO W CIIOCOOHOCTh MTHOBEHHO OTKIMKHYTHCS Ha 3ampoc 3aKa3yuka,
KOTOPBIN caM ONpeesieT KPYT HCIOIb3YEMBIX TEXHOJIOTHIA, U CITOCOOHOCTH PEITUTh
WHXCHEPHO-TEXHOJOTUYCCKYI0  MPOOJEMY-BBI30B I 3aKa3dhKka, KOTOPOMY
HEBAXHO, C MIOMOIIBI0 KAKMUX TEXHOJIOTHIA 3TO OyJET CleaHo.

2. CHCTeMHBI WHXUHUPHUHT: B KKK MOMEHT BPEMEHH HEOOXOIMMO
JIEp>KaTh B IMOJIC 3PSHUS BCIO CUCTEMY U BCE €€ B3aUMOJICHCTBYIONINE KOMIIOHCHTHI,
9TOOBI HE MPOUCXOJUJIO CHUTYallMid, KOTJa YIYYIICHHE XapaKTePUCTUK OJIHOTO
KOMIIOHEHTa BJICUET 3a COOOH yXyAIIeHHWE XapaKTePUCTUK JPYroro. ITo0 0COOCHHO
BaYKHO, TTOCKOJIbKY HM3BECTHO, YTO B KOHEYHOM HTOre KOHKYPEHTOCIIOCOOHOCTH
U3JIeNNS OTIPEIeNIAeTCs ero Hanbosee ci1abbIMi KOMIIOHEHTaMHU, a HE TEMHU, KOTOPbhIe
CIIPOSKTHPOBAHBI HJIH MTPOU3BEICHBI HA MEPOBOM YPOBHE.

3. MHoOTOypOBHEBasl MaTpHIla IIEJICBBIX TIOKa3aTeled W PECypCHBIX
OrpaHUYCHHUN (BPEMEHHBIX, (DMHAHCOBBIX, TEXHOJIOTHYCCKUX, MPOU3BOJICTBEHHBIX U
T. JI.): OMNBIT PEHIEHUS CJOKHBIX MPOMBIIUICHHBIX 3a7a4 VHKXWHAPUHTOBBIM
neutpom CIIGITY m T'K CompMechlLab mo 3akazam JHAMPYIONIUX MHUPOBBIX
KOMIIAHUW CBUJIETEIBCTBYET, YTO TakKas MaTpHlla COJEPXKHUT JECATKH ThICSY
(mpumepro 40 000 ... 60 000) memeBeIX TOKaszaTeneil W TpeOOBaHMIA,
NPEeIbSBIIEMbIX K TMPOAYKTY B II€JIOM, K €ro KOMIIOHEHTaM M JeTaisiM B
OTJIEJIBHOCTH, a TAKXKE PECYPCHBIX OTPaHUUYCHUIA.

[TpuHIIMNIHATBHO Ba)XHO MOHUMATh, YTO KaK OEHYMApPK-MPOIYKT, IEJICBBIC
XapaKTePUCTUKH, TaK U PECYPCHbIE OTPAaHUYCHHSI MOTYT MPETEPTIIETh U3MEHEHUS WIIH
YTOYHEHUSI, YTO MOTpeOyeT BHECEHHUSI B KpaTyallliue CPoKH (Hampumep, B TEUCHUE
HEJeNIM) U3MEHEHU B MHOTOYPOBHEBYIO MATpHUILy — «YIPABICHHE U3MEHEHUSIMU,
KOTOpOEe 00eCIeunBaET HEMPEPHIBHBIN XapaKTep pa3paOOTKU U MPEJACTaBIsAeT COO0M
JIPYTYIO BXKHEHUIITYI0O 0COOCHHOCTh HOBOM MapagurMbl MPOCKTUPOBAHMUS.

Jpyrumu ciioBaMH, MHOTOYPOBHEBAasi MaTpulla IEJEBBIX IOKa3aTeled u
PECYPCHBIX OTPAaHUYCHUH TTO3BOJISIET THOKO PearupoBaTh Ha IEUCTBUS KOHKYPEHTOB,
a 3HAYUT, B KOHEYHOM HWTOT€ YYUTHIBATH TpUALy TPEOOBAHUN COBPEMEHHOTO
rJI00AIBHOTO pPBIHKA — COKpaimieHne BpeMeHu mpuHsaTHsS pemieHuit (Time-to-
Decision, T2D), ux ucnonnenus (Time-to-Execution, T2E) u BeiBoa npoaykiinu Ha
rio0ansHbIN peiHOK (Time-to-Market, T2M).

4, Banmupamus «ymMHBIX» Mojeneit: B mudpoByo (HopMy JOHKHBI OBITH
MepeBeCHbl Pe3yabTaThl HATYPHBIX UCIBITAHHUM, B TIEPBYIO OUYEPENb TEX, KOTOPHIC
MPOBOJMIIUCH I JOBOJAKHU M3JENIUNA pa3inuHbIX oTpacisax eimie Bo BpemeHa CCCP.
N3BecTHO, Hampumep, 9TO B aBUAKOCMHYECKOW OTPACIN MOTCHITHANT (PU3HYECKUX U
O0COOCHHO MaTeMaTHYECKUX MOJeeii, KOTOphIe JieaT B OCHOBE OOJBIIMHCTBA
KOHCTPYKIIMH W WHTETPUPYIOT ONBIT W 3HAHUS TPEABIAYIIUX TOKOJCHUN
WHXEHEPOB, TMPAKTHYECKN UCYepIiaH. B cBoe BpeMs ObUIM MCTpayeHbl OTPOMHBIC
(UHAHCOBBIC CPE/ICTBA HA JOBOJKY M3CIINNA TTOCPEACTBOM HATYypPHBIX HCIBITAHUMN, B
pe3ysibTaTe dYero ObUT JIOCTUTHYT TMpeAea B TPUMCHSIONINXCS WHXCHEPHBIX
pemieHusIX. DTO O3Ha4yaeT, 4YTO, MPOJOJDKas BHOCHTh B HHUX MHHUMAJIbHBIC
W3MCHECHHS, HEBO3MOXXHO BBIBECTH HAa PBIHOK MPOIYKT HOBOTO TIOKOJEHUS,

MOCKOJIBKY YK€ HET TeX (1)I/IHaHCOBI)IX16B03M0>KHOCTGI7I JUIsL MPOBEICHUS
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JIOPOTOCTOAIINX DKCIIEPUMEHTOB, KOTOpPhIE OBUIM y COBETCKHUX T€HEpaJbHbIX
KOHCTPYKTOPOB.

3neck ymecTHO niepedpazupoBath u3BectTHoe u3peuenue M. HeroToHa o cBoux
ycnexax: «Ecnu s Bumen ganpliie Apyrux, TO MOTOMY JHUIIb, YTO CTOSUT Ha IUIeYax
TUTAaHTOB» B BBIpaKEeHHE «J[OCTHXKEHUSI HAIIMX HWHXKEHEPOB [OJDKHBI OBITh
0o0yCJIOBJIEHBI TE€M, YTO MBI CTOMM Ha IUIe4Yax OIU(GPOBAHHBIX TUTAHTOBY», TJIC
MMEIOTCS B BUJY HUMEHHO OIM(DPOBAHHBIE TEXHOJOTHYECKHUE 3aJe]bl COBETCKUX
reHepaTbHBIX KOHCTPYKTOPOB.

S. «Iudposast ceprudukauus»: OUZHEC-TIPOLIECC, LENbI0 KOTOPOIo
SABJISICTCS MPOXOXKAEHUE C TEPBOrO pa3a BCEro KOMIUIEKCA HATypPHBIX,
cepTU(UKAIIMOHHBIX, PEUTUHTOBBIX M MPOYUX HCHbITaHUI. Pa3paboTka u3genus B
paMKax 3Toro OM3Hec-TpoIlecca ¢ CaMoro Havajia BeIeTCsl Ha OCHOBe «best-In-class»
TEXHOJIOTUH MHPOBOTO YPOBHS, CHUCTEMHOIO0 WH)XMHUPUHTA, MHOTOYPOBHEBOM
MaTpPUIIbI [EJEBBIX MOKa3aTeIe U PECypPCHBIX OrpaHUYCHUM, BAIUIAIMKN «YMHBIX)
MOJENeld M, CcaMo€ TJIAaBHOE, C TIOMOIIbIO BBINOJHEHUS JIECATKOB ThICSY
BUPTYaIbHBIX MCIHBITAHUNA KaXJIOTO KOMIIOHEHTa (y3ia, JeTaldd, MEXaHu3Ma,
COMpsDKEHUST W T. J.), MaTepuajioB M BCEH CHUCTEMBI B IIEJIOM. DTO TO3BOJISET
yOPaBIATh  TOBEJACHUEM  OyKBIBHO  KaXJAOro KyOMYEeCKOTO  MHJUIMMETpa
KOHCTPYKIIMHM ¥ KOHTPOJIUPOBATH €T0 Ha BCEX ATAlax KU3HEHHOTO IUKIIA.

OmnbIT pelIeHHUs CJIOXKHBIX TMPOMBINUICHHBIX 3aAa4  VHXUHUPUHTOBBIM
neutpom CIIGITY m T'K CompMechlLab mo 3akazam JHAMPYIONIUX MHUPOBBIX
KOMITAHUI TOKa3bIBa€T, 4YTO 3a mnociaeanue 10 €T y JIuaepoB MHPOBOTO
aBTOMOOMJIECTPOEHHUSI MPOU3OILIO PAAUKATILHOE M3MEHEHHWE COOTHOIICHHS YHucia
HATYPHBIX U BUPTyaJIbHBIX HCTIbITaHUH: eciu B 2007 1. ux cooTHomeHue 0b110 100 K
100, To B 2017 1. — yxe 5 x 10 000!

[IponemoHCcTpHupyeM «udpoBYIO cepTU(DUKAIINIO» HAa MPUMEpPE peaTu3aiuu
POEKTa TOCYJapCTBEHHOTO 3HAYEHHS MO CO3/IaHUI0 OTECYECTBEHHOTO aBTOMOOMIIS
npemuyM-kiacca (mpoekt «KopTtex») Ha ocHOBe pa3paboTku EamHoit MomyiabHOU
wiatopmMbel I8 TPOWM3BOJACTBA  JIUMY3MHA, CElaHa, BHEJOPOKHHUKA U
MUKpOaBTOOyCca JUIsi TIEPEBO3KM W COMPOBOXKICHUS TMEPBBIX JHUI[ TOCYAapCTBa
(romoBHOM wucnonHutTeap — ['HI[ PO DPI'VII «HAMMW», 30Ha OTBETCTBEHHOCTH

Nuxunupunrosoro nentpa CIIGIIY — mpoektupoBanme u  pa3paboTka
KOHCTPYKTOPCKOW JOKyMEHTAIlMM JJIS TPOU3BOJCTBA KY30BOB BCEX YETHIPEX
aBTOMOOMIICH ).

Hatypubie ucnbitanus Ha 6e3omacHocTs 1o mporpamme Euro NCAP (kpami-
TeCThl) cocTosiuch 2 utoHA 2016 r. Ha HE3aBUCUMOM MOJUTrOHE B bepnune, rae
cenan mpoekra «KopTex» ¢ nepBod MONBITKA MOJTYyYMIT BBICIIMKA Oamn — 5 3Be3.
DTO MOATBEPIAWIIO BHICOYANIINN YPOBEHb aJ€KBATHOCTU Pa3pabOTaHHBIX «yMHBIX»
MoOJielell Ky30BOB M TPOBEICHHBIX BHUPTYyaJIbHBIX HCHBITAHUI Ha O€30MaCHOCTH
peasbHbIM aBTOMOOUJISIM U HATYPHBIM SKCIIEpUMEHTaM [28].

Hatyphbiii kpaii-tect siBiasieTrcss HauOosiee TMOJHOW M CJIOKHOW OLIEHKOMU
KadecTBa U  Oe3omacHocTd  aBTomMoOwiia. Kaxaeliii  aBTOMOOWIIE  JTOJDKEH
YAOBJIETBOPSITh BCEM TpPeOOBAHUSIM CEPUU CEPTUPUKALMOHHBIX U PEUTUHTOBBIX
WCTIBITAHU U, TS TOrO YTOOBI 00€eCIeunTh ero rI100aIbHYIO
KOHKYPEHTOCTIOCOOHOCTh HA MUPOBOM PBIHKE.

BuptyanbHbpiif Kpami-tecT aBTOMOOWJS SIBISIETCS MYJIbTUAUCHUILIMHAPHON
BEpUIMHON, B KOTOPOM TpPEACTaBICHbI NPAKTUUYECKH BCE HAyKU — OT
MaTepUaNoOBEICHUSI M MEXaHUKU JO0 TEXHOJIOTMI WU3rOTOBIEHUS, BCe (PUBUKO-
MEXaHHYECKHE TPOLECCHI, CBSI3AHHBIC C,-a3POANHAMUKOM, BUOpaIUsSIMU,
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OUHAMUKOM, IPOYHOCTBIO U  YCTAJIOCTBIO, BCE  TUIBI  HEIUMHEWHOCTEHU
(reomeTpuueckue, (puU3MYECKHE, KOHTAKTHBIE B3aMMOJCHCTBUS, HAKOIJICHUE
MOBPEKICHUHN, JIOKAIbHBIE PA3PYLIEHUS U T. [1.), @ TAKXKE IIUPOKO MPUMEHSETCS
BEChH CIIEKTP TEXHOJOTMUA ONTUMHU3ALHHU U T. 1.

BupryanbHblii  Kpami-trecT  aBTOMOOMJSE  —  OBICTPONPOTEKAIOIIMIMA
TWHAMUYECKUNA TPOIECC, JIMTEIBHOCTh KOTOPOro coctapigeT nopsaka 200...250
Mc. lllar wHTerpupoBaHUs Ui YMCIEHHOIO pPEIIeHMs 3aJad cOocTaBisieT 1 MKc.
O61ee konuyecTBO maroB uHTErpupoBanus — 6omnee 200 000. Bes ata nndopmanus
obpasyer Gombmme pfanHHele (Smart Big Data) «ma Bxome» (6Gomee 2-10%2
napamMeTpoB) «yMmHOW» Mozenu. IlpoBeneHHblEe BHUpPTyaJibHbIE HUCIBITAHUS
JOTOJHSIOT 3TOT MaccuB — mnonydaemM Smart Big Data «ua BbeIxoge»: mnpu
CYNEPKOMITBIOTEPHOM MOJEIUPOBAHUU IpoLecca IIUTeNbHOCTRIO 200 Mc «Ha
BBIXOJIE» MONIyYaeTcsl MACCHB JAHHBIX, cojepxkammii 6omee 10* mapamerpos. B
HECKOJBKUX JIECATKAX MUJUTMOHOB y3110B (mpubmusutensHo (1...3)-107) perymnspuo
«cyuThIBaloTCA» Ooniee 50 mapaMeTpoB, TaKUX KakK MEpPEMEIICHHs, CKOPOCTH,
ycKopeHus, ne(popMalyu, HanpsskeHus W Ap. B urore momyuaercss 5-10% kpusbIx,
MCYEPITBIBAIOIIE OMUCHIBAIOIINX MMOBEICHUE «YMHON» MOJIEIH.

B HaCTOfIIee BpeMsi, MO COOOIIeHUsIM MUHHCTpa MPOMBIIIJIEHHOCTH U
topropiu P® JI. B. MantypoBa, BeJeTcsi ONbITHAas JKCIUTyaTalys aBTOMOOWIEH
npoekra «KopTex», maptus MamuH nepenana B ['apax ocoboro HazHauenus ®CO
Poccun, a myOnuvHasi npe3eHTalysl HaMeueHa Ha JIeHb MHayrypauuu lIpesunenra
P® [29].

OneIT B3aUMOJICHCTBUS NHXUHUPUHTOBOTO LIEHTpa CIIoIlY C
OPEANPUATUIMHA, TPOU3BOASALIIMMHU BOCHHYIO NPOAYKLHMIO WIH HTPOIYKIHIO
JBOMHOrO Ha3HA4YEHUSs, TMOKa3bIBaeT, 4TO «UU(]PpoBas cepTudukanus» SBISETCS
aKTyaJIbHOM. DTO CBSI3aHO C TEM, YTO B paMKax BBIMOJHEHUS TOCOOOpOH3aKa3a U
muBepcudukaruu OIIK mpeanpustusM BbIIENIeTCS Takod 00beM (HHAHCOBBIX
CPEACTB, KOTOPBIM MpEAnojaracT MPOBEAEHUE JIMIIb HECKOJIBKUX (KaK MpPaBUIIO,
OIHOTO-/IBYX) JIOPOTOCTOSINIMX HATYpPHBIX MUCHbITaHUWA. (O4YEBHUIHO, UYTO C
UCIIOJIb30BAHUEM  TPAAULMOHHBIX  MOJAXOJOB  CTAaHOBUTCA  HEBO3MOYKHO
UTEPALMOHHBIM IyTEM KOPPEKTHUPOBATh MAaTEMAaTHYECKYI0 PACUETHYIO MOJEIb,
pabouyi0 KOHCTPYKTOPCKYIO JOKYMEHTAIIUIO, a IO UTOTaM — U JI0BOJIKY KOHEUHOTO
U3JIEeNUs 0 TPEOYEMBIX LIEIEBBIX XapaKTEPUCTHK.

IIpu 3TOM B OTEYECTBEHHON NPOMBINUIEHHOCTH IPEICTABIECHBI B OCHOBHOM
reomerpuueckue 3D-monmenu, Ha OCHOBE KOTOPBIX BBINOJHSAIOTCS JOCTaTOYHO
IPOCTbIE KUHEMAaTUYECKUE, CTaTHYECKUE, JMHAMHYECKHME M BHOpalMOHHbBIE
pacueThl, pe3yNabTaThl KOTOPHIX OO0NaNaloOT, KaK MpPaBHJIO, HHU3KUM YPOBHEM
aJICKBaTHOCTH pealbHbIM OO0BEeKTaM u mpoueccaM. [lomydeHHble YHCICHHbBIE
pEe3yJIbTaThl, ECTECTBEHHO, HE MOT'YT MPONTH BaJIUAALMIO IO pe3ybTaTaM HAaTypHBIX
UCIIBITAHUHM, TOCKOJIbKY MOCTOSSHHO HaOJI0AaoTCcs OOJNIBIINE pACXOXKJICHUS B
MOBEJACHUM pEaJbHbIX OOBEKTOB M LM(PPOBBIX MOJEIEH WIH PACXOXKACHUS B
uH(popMaIi, KOTOPYI (QUKCHPYIOT YCTAHOBJIEHHBIE JAaTYUKHM W I1OKa3bIBAIOT
uuppossie Mozenu. COOTBETCTBEHHO, TAKUE MOJIEIN HE MO3BOJIIIOT BOCIIPOU3BECTU
C BBICOKOI TOYHOCTBIO TIOBECHHE OOBEKTOB Ha MPOTSHKEHUH BCEro UX )KM3HEHHOT O
LMKJIA, a TIOTMBITKA JEJNaTh 3TO HA PAHHUX 3Tanax pa3paboTKU LU(POBBIX MOAEIEH,
€lle /10 TOro, Kak OHU CTaniu Ooyiee aJeKBaTHBIMH PEaJTbHOCTH, 00OpayMBaETCs
«panscTapTOM», KOTOPBIM mepenaér «dctadery» mpodieM U HECOOTBETCTBUM Ha
CJIEIYIOIINE 3Tallbl dKU3HEHHOIO IIUKJIA MPOAYKTA, IPH ITOM BO3PACTAIOT U3IAEPKKHU
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M, COOTBETCTBEHHO, 3aTpaThl, KPOME TOTO, YBEIMYMBAETCs oOliee Bpems BBIBOJA
U3JIEHS Ha PHIHOK.

«YMHas» MOJedb 3a CUeT CBOEH BBICOKOW aJeKBaTHOCTH, Oijarogaps, B
nepByto ouepenb, Smart Big Data «Ha BXxome» M «Ha BBIXOZAE», MO3BOJSET
3HAUUTENBHO «IPUONHM3UTHCA» K PEATbHOMY OOBEKTY — OOECIEUMBAET OTIUYHE
MEXIYy pe3yibTaTaMH BUPTYaJIbHBIX M HATYPHBIX HCHBITAHUN B mpenenax = 5 %
(HampuMep, BalHIalUs «yMHBIX» MOJENIel B Kpall-TecTaX B aBTOMOOMJIECTPOCHUU
npoucxoaut  npubnamsutensHo 1o 500  marymkam).  MIMeHHO — Takylo
BBICOKOQ/ICKBAaTHYIO MOJENlb, KaK IMpaBWIO, HA3bIBAIOT LU(POBBIM JABOMHUKOM
obobekTa / mpoaykta (Digital Twin, DT1).

Kak OpL10 MPOJEMOHCTPHPOBAHO HA MPUMEPE aBTOMOOMIBHOTO Kpall-TecTa,
OONBIION BKJIAJ B aJEKBATHOCTh MOJEITH BHOCAT JaHHBIE O TEXHOJIOTHIX
M3TOTOBJICHUST (HApUMEpP, «HUHTEJICKTYaJIbHOE» JUThE, «UHTEIUICKTyalbHAs)
IITAaMITOBKA, Y4€T MPeBAPUTEIHLHOTO HANPSHKEHHO-Ie()OPMUPOBAHHOTO COCTOSHUS,
YTOHEHHsI W KOpPOOJEHHMS JeTajel Tocie TEXHOJOTHMUYECKUX IMPOIECCOB).
CoOTBETCTBEHHO, BBICOKOAJIEKBATHYIO «YMHYIO» MOJEIh C y4ETOM OCOOCHHOCTEH
KOHKPETHOTO TMPOU3BOJICTBA Oy/IeM Ha3blBaTh ITMPPOBBIM JIBOWHHUKOM 3TOTO
npousBojcTea (Digital Twin, DT2).

Heo0xoamMMo MOg49epKHYTh, YTO AJI YCHEITHOTO (POpPMHUPOBaHUS TUGPOBBIX
nBOMHUKOB oObekta / mnpoaykra (DT1) u mnpousonctea (DT2) Tpebyercs
00BeIUHUTh (YHKUHMHU TPATUIIMOHHBIX HHKEHEPOB-KOHCTPYKTOPOB, TEXHOJOTOB,
MaTEpHUAIOBEOB, PACUYETUMKOB U JAp., YTO (HOPMHUPYET COBEPIIEHHO HOBBIM THII
WH)XEHepa — «CUCTEMHBIN HHXXEHEPY.

O6benunenne nudpoBoro ABoMiHHWKa oOBekTa / mpoaykra (Digital Twin,
DT1) u uudposoro npoitHuka npousBojactsa (Digital Twin, DT2) B pamkax eguHo#
U(GpOBON MOJIETM HAa OCHOBE BBHINIOJHEHUS JECSATKOB THICSAY BHUPTYaIbHBIX
UCIIBITAHUN B TIPOIECCe CIEIUaIbHBIM 00pa3oM OpPraHU30BaHHON «IU(POBOH
cepTUdUKAIIUY TTO3BOJISIET CHOPMUPOBATH «YMHBIN» U(PPOBOM JBOMHUK IEPBOTO
ypoBHs (Smart Digital Twin, SDT1).

BriocnenctBum, y)xe Ha sTarne 3KCIUTyaTalldd, BKJIIOYasi, HapuMep, PEMOHT,
SDT1 nenaeT BO3MOXHBIM «IIOPOXKIECHUE» «yMHOW» 1nppoBoit Tenn (Smart Digital
Shadow, SDS) Ha oOCHOBE «yMHOW» MOJZIETH, KOTOpas aJeKBATHO OIMHUCHIBACT
MOBEJCHUE PEaNbHOTO O0BEKTa / MPOAYKTAa HA BCEX pexuMax paboThl (Harpumep,
MyCKA W OCTAHOBBI, HOPMAJbHBIC YCIOBHS pPalOThl, HAPYIICHUS HOPMaJIbHBIX
ycIIoBUiA paboThI, aBapuifHbIE CUTyauu u 11p.). DopmupoBanue SDS nmpoucxoaut 3a
CYET MOJy4YeHHUsI ONepaTUBHON WHGOpPMAIUU O (QYHKIIMOHUPOBAHUHN KOHKPETHOTO
0o0BeKTa MPOAYKTa MPH TIOMOIIM TEXHOJOTUH TPOMEIIUIEHHOTO WHTepHEeTa WH
muarHoctukn  (Health Monitoring System, HMS). Dta nmonomHutensHas
uHdopMaIMs, TOJNyYCHHAss Ha JTame dJKCIUTyaTalldd, I[O3BOJSET TPOJOJIKUTH
«obyuenue» SDTI, nemas ero eme Oonee «yMHBIMY», TOBBIMIAS €TO YPOBEHB
aJCKBaTHOCTH ¥ TIO3BOJISSI B JalbHEUIIEM MOJCIHPOBATH C €ro IMOMOIIBIO
pa3TUYHBIC BO3MOXKHBIC ¥ HEMIPEABUACHHBIC CUTYAIlNH, BKITIOUAs X KOMOWHAIIUU H
CHAJIOKCHHS», a TaKKe OKCIUTyaTallMOHHBIE PEXUMBI (HAMPUMEp, OIICHUBATH
YPOBEHb BO3MOXKHBIX MOBPEXKICHUI UM OCTATOUYHBINA pecypc). bnaronaps necsitkam
TBICSY TPOBEJACHHBIX B TMporecce «IUPPOBON CEPTHPUKANUNY BHUPTYATBHBIX
ucnblTaHuid nipu co3nanum SDTI1, ecth deTkoe mpeAcTaBleHHME O PACHOJIOKECHUU
KPUTUYECKUX 30H, B KOTOPBIX MMEET CMBICI pa3MeliaTh T€ WIW WHBIC JATYUKU
(axcenmepoMeTpbl, TEH30METPHI, NAaTYMKU TEMIEpPaTyphl, JaBICHUSI, CKOPOCTU H T.

1.). OTO  TO3BOJSIET pasMKalbHO, (COKPATUTh YHCIO CaMHX JATYHKOB U
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peryisipHo (HampuMep, €XKEIHEBHO) TMOJIydaeMbli 00beM OOJBIINX JIAHHBIX
(paxtuuecku Bmecto Big Data popmupyercst Smart Big Data), yBenuunuTh CKOpOCTh
uX O00pabOTKM U BHECEHHS HeoOxonumbix wu3MeHeHut B SDTI1 nns  ero
TpaHchOpMaLMK B «yMHBIH» HU(POBOM ABOIHUK BTOporo ypoBHA (SDT2) (puc. 9 u
10).

[IpyHIMOUANbHO BaXXHBIM MpeAcTaBigeTcs oTinuue SDS oT mnoHsATus
uudposori Tenu (Digital Shadow, DS). B stom ciyuae mon 1mudpoBod TEHBIO
MOHUMAETCs] HU3KO0a/IeKBaTHasl reomeTpuueckas 3D-Monenb, ypoBeHb a/IeKBaTHOCTH
KOTOpPOM TBITAIOTCSI MOBBICUTH 332 CYET JJIUTEIBHBIX U JOPOTOCTOAIIMX HATYPHBIX
UCIIBITAHUM UM PEKMMOB HKCILTyaTallMM U MOCTYNAIOMIMUX JAHHBIX C U30BITOYHOTO
KOJIMYECTBA IaTYMKOB HA PEAIbHOM OOBEKTE.

ApekBaTHOCTb P KMIHEHHDIA LUK

LI - Habop Bcex B3auMOYBSA3aHHbIX Cragus |
Mo @45 MogeneW ANs JOCTUXEHUs BCexX LnchpoBoii HMS /

/ﬂ nokasatenemn Ha BCex pexumax ABORHUK Industrial \/—/
_|padotel _ _________ Internet OcTaTou4HbIN
. 4 YMHas mogensb 1 pecypc

m/\.. e e nincn] LM NE N

1

I

] i 1
M, o, AfeKBaTHOCTb Uncbposasi mopens i Craguall Cragua N . |
Mogenu CAH-mozens oueHku paboTtocnocobHocTU |

| “dpanbcTapT”

Cragusa N

r
Feome‘rfmwecxau Mopenb + cﬁopoquaﬂ Mogenke

Maremaruyeckasn /
SnekTpoHHaa mogens 1

rEOMeTF N4eckan mogenes P- peanbﬂhlﬁ oﬁ'beKT
oD.cAD) ?,,..., D, — PU3NYeCcKan Mogenb
M;,..., M, — MaTemaTU4eckas Mogenb CNOXHOCTb

Puc. 9. TpaauImoHHBIN M COBPEMEHHBIN MOIXO0/] K IIOCTPOCHUIO (PU3HIECCKUX
u Matematudeckux mojenent (ncrounuk: Lentp HTU CIIGITY):
P — peanbHblii 00beKT; D1, ..., Py, — Pusnueckue moaenu; M, ..., My, —
MaTeMaTUYEeCKHUE MOJICIN
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P YKU3HeHHbIN UuKn
ApekBaTHOCTb m
soT1  ~ ) SDS ) SDS ) .
o-0- > L >
M, ®, I SDT-2
uo "y : [ SDT-1{Based SDS
|
|
3D-CAE-CAT | ! : lloT
M, @ il
3D-CAE 2l
el
P
| | : (HMS / lloT)-Based DS
1l
|
|
| L)
M h
1 I CnoxHocTb

™

P i DT-1 DT-2 SDT-1  SDT-2
~

SDT-2=(DT-1 + DT-2) + SDS = SDT-1 + SDS

Puc. 10. CemeiicTBO PU3NYSCKUX U MATEMaTHICCKUX MOJICICH (MCTOYHHK:
Hentp HTU CIIGITY):
DT U mudposoii noitnuk; SDT [ «ymHbII» 11U poBoii 1BoiHuK; DS []
ugposas TeHb; SDS [ «yMHas» nudpoBas TeHb

Takum o0pa3om, HoBas mapamgurmMa (New Paradigm) npoextupoBanus
OCHOBaHa Ha pa3paboTke mpolecce «IUppoBoi cepTUdUKAIUN) U MPUMEHEHHUH
cemeiictBa Smart Digital Twins (DT1, DT2, SDT1, SDT2 u 1. 1.). DTy HOBYIO
HapagurMy KpaTko MOKHO BBIpasuTh (opmyioi Smart Digital Twin — [(Simulation
& Optimization)-Based Smart Big Data]-Driven Advanced (Design &
Manufacturing) — mepexoBble NPOESKTHPOBAHHE M IPOU3BOJACTBO, JIpaiBEpOM
KOTOPBIX SIBIISIETCS «YMHBIN» HHU(PPOBOM IBOWHUK, (HOPMUPYEMBI B pe3yJbTaTe
mynbTuauctummuHapHoro (Multi-Disciplinary) / muoromacmrabuoro (MultiScale)
YHUCIICHHOTO MOJICIMPOBAHUSA M TPUMEHEHUS MHOTHX TEXHOJIOTMHA ONTUMM3AIUU
(MultiCriteria, MultiParametric, MultiDisciplinary, Topology, Topography, Sizing,
Shaping u 7ap.) HA OCHOBE CHEIHAIBHBIM O00pa30M TE€HEPUPYEMBIX «YMHBIX)
oonpmux gaHHBIX (Smart Big Data) «Ha BX0e» U «Ha BBIXOJIEY.

[lonsiTHO, 4TO nmerampHO paszpaboraHHas W 3PGEKTHUBHO TpPHUMEHSEMas s
pemieHusl 3a7a4 BO MHOTHX OTPACIAX BBICOKOTEXHOJOTUYHOW MPOMBINIICHHOCTH
HOBasi TapaJurMa MPOCKTHPOBAHUSA YPE3BBIYAMHO Maj0 HMEET O0OImero ¢
reoMeTpudeckor 3D-Moenb0 U MPOCTENINMU pacyeTaMt, C KOTOPBIMU 3a4acTyO
accommupyeTcsi  1UGpPOBOEC  MPOCKTUPOBAHME W MOJCIHMPOBAHUE. B
NmxuanpuaroBoM 1ieHtpe CIIGITY u 'K CompMechLab Becs mporece mudpoBoro
MPOCKTUPOBAHUS W MOJCIUPOBAHUS, BKIOYas (OPMHPOBAHWE MHOTOYPOBHEBOU
MaTpHIIBI TIEJICBBIX MMOKA3aTeNIe M PECYPCHBIX OTPaHUYCHHM, a TakKe pa3paboTku
«YMHBIX» MoJieled ¥ UUPPOBBIX JBOMHMKOB B Mpolecce «IuPppoBoit
ceprudukanuu» (BBHITOJHEHHUS JIECATKOB THICSY BHUPTYAIbHBIX HCTIBITAHUIN)
MPOBOJMUTCSL Ha OCHOBe crnenuanu3upoBanHoil CML-I{udposoii mnarpopmsr CML-
Bench (pa3zpabotka poccuiickort 'K CompMechLab, xotopas B 2017 r. Obuia
yaocroena HammonanbHoil npomeinuieHHON npemun PO  «Uugyctpusi»n). Ota
miaTgopMa 00eCrieYnBaET BEICOKYIO CTEMIEHb aBTOMATH3AINH TTpoiiecca pa3padoTKu
Ha OCHOBE JIYYIIIUX TIEPEIOBBIX TEXHOJIOTHI MUPOBOTO YPOBHS («IKOCUCTEMBI «best-
in-class» TEXHOJIOTUII»), O6IHaH21prI[O€MKOCTI> pa3paboTKu u
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conpoBoxacHUsT KoTopbix mnpeBbimaer 1 000 000 yenoBekoner, a CTOMMOCTH
paspabotku  mpeBblmaer 100  wmupn  gosiapoB. IS OJTHOBPEMEHHOTO
YIOBJICTBOPEHHUsI B TMPOIECCE TMPOCKTUPOBAHUS JECSATKAM ThHICSY  IIENIEBBIX
noKaszaTesiell ¥ PeCypCHBIX OTPaHUYCHHUI MPUMEHSETCs CIeNHaIbHO pa3paboTaHHas
CML-DOkcneprHas wuHTemiektyanbHas cucreMa CML-AI (paspaborka Comp-
MechLab), xoTopasi sBiS€TCS CUCTEMOM «HUHTEJUIEKTYaJbHBIX NOMOUIHUKOB» U
[[EJICHANIPABIICHHO  pPa3BHBACT  HAMpPaBJICHWE MNPHUMEHEHUS  HCKYCCTBEHHOTO
WHTEIUICKTa B Haumboyiee CIOKHOM W TBOPUECKOM TMpolecce — TMpolecce
npoekTupoBanus (puc. 11).

OTOT HOBBIM TOJXOJl, OTBEUYAIOIIUNA TIJIO0ANbHBIM TEHACHIMSAM YETBEPTON
NPOMBIIIUICHHOW PEBONIONMH M [H(PPOBOM SKOHOMHKH, TO3BOJSET MPOBOIUTH
pa3paboTKu ObICTpee, JACMIeBIC M C TOMOIIBI0 3HAYUTEIBHO MEHBIIEro dYrcia
pabOTHHUKOB, a TAKXKE CYIIECTBEHHO CHIKAET KOJIMYECTBO BO3ZMOKHBIX H3MEHEHUH U
YTOYHEHUH Ha dTarax MpOM3BOJICTBA M SKCILTyaTallii, 3aMETHO YMEHBIIIAET 00BEMBI
HATYPHBIX UCIBITAHWN, HAKOHEII, TIO3BOJISIET TUHAMUYHO M 3()PEKTUBHO yHPaBIATh
M3MEHEHUSIMU 1IEJIEBBIX XapaKTePUCTHK U YUYUTHIBATh HOBBIC OTPaHUUCHUS, KOTOPHIS
BO3HHUKAIOT Ha JTanax MPOeKTHPOBAHUS, IIPOU3BOJICTBA WIIH IKCILTyaTaI[UH.

HecmoTps Ha CBOIO KIIOYEBYIO pOJIb B YETBEPTOM IMPOMBIIUICHHOM
PEBOJIIOIMM U TUIAHOMEPHYIO 3(P(EeKTUBHYIO pa3pabOTKy Ha MNPOTHKEHUH
NOCJCMHUX  JECATH  JIET  TPaHCHAI[MOHAJTBHBIMH  BBICOKOTEXHOJOTUYHBIMHU
JTUAUPYIOUTUMU MUPOBBIMU KOMIAHUSIMH, HAYUHAS C TOTAJIbHOM «TUTHUTATIU3AIIN
u co3ganusa nudposeix makeToB (Digital Mock-Up, DMU), nudpoBoit nBOMHUK
muimb B aBrycte 2017 1. BhepBble TOSIBWICS HAa ILUKIE 3pPEJIOCTH TEXHOJIOTHM
I'aptaepa (Gartner Hype Cycle for Emerging Technologies). Takoe mosnHee
MOSIBJICHHE, BEPOSITHO, CBSI3aHO C TEM, YTO STH KOMITAHHH CIEIHUATIBHO 3aJepiKaliu
pasmenienue Digital Twin Ha KpuBOH, NOTOMY YTO HWMEHHO JTa KJIIOUYeBas
TEXHOJIOTHUSI CO3JAaET OTPHIB, OCHOBY JUISI TEXHOJOTMYECKOTO MPEBOCXOJCTBA (pHC.

12).
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Puc. 11. Dkocuctema TexHoorui, ucnpitarenbubiid onurox (TestBed), CML-Ludposas mnarhopma CML-Bench, CML-
OkcneprHas uHTeUIeKTyanbHascuctema CML-AI, [udpossie hadpuku (L[D) (nctounnk: Lentp HTU CIIGITY)
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Puc. 12. OrnensHple NpON3BOACTBEHHBIE TEXHOJIOTUN HA IIUKJIE 3PEIOCTH
texnoynoruu ["aptaepa 2016 1. (@)2017 r. (6) (Gartner Hype Cycle for Emerging
Technologies) (ucrounuk: Llentp HTU CIIGITY no marepuanam [30, 31])
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HecnyyaiiHo Ha TOpOTSXKEHUHM MNOCIAEAHUX S5—7 JeT UU@PpPOBbIE IBOMHUKU
Haxo[saTcs B (OKyce BHHMMAHMS BOEHHO-NIpOMbIIUIEHHOrOo Komruiekca CIIIA.
ITIpumepno ¢ 2010 r. HannoHanbsHOE ynpaBieHUE IO a3POHABTUKE U UCCIEAOBAHUIO
KocMuyeckoro npocrpanctsa (NASA) peryiasipHO yka3biBaeT LM(POBBIE ABOMHUKU
B CBOMX TEXHOJIOTUYECKMX JOPOXKHBIX KapTax, a ¢ 2011-2012 rr. »Tto monsTtue
UCIIOJIb3YeTCSI B KOHTEKCTE pa3pabOTKH HMCTPEOUTENs CIEAYIOLIEro MOKOJIEHUS U
KOCMHUYECKHUX anmapaTtoB [32].

B 2013 r. B nokymenTe BoeHHO-Bo3AyHbIX cuil CIIIA «Global Horizons.
United States Air Force Global Science and Technology Vision» («I'moGanbHbie
ropu3oHThl. ['moGanpHOe HaydHO-TexHoJoruueckoe BugeHne BBC CIIIA»)
upoBble JIBOWHUKM OBLIM Ha3BaHbl «()AKTOPOM, pPAJUKAIBHO MEHSIOUIUM
cymectBytomiee nojoxenue aem» (Game Changers) [33]. IlpumeuatenbHO, 4TO
Hapsiay ¢ OUGPOBBIMU JBOMHMKAMU B pasznene 9 JoKyMmMeHTa, Kacarouemcs
OPOM3BOJICTBA M MaTepHANIOB, TaKUMH (HaKTOpaMu TaKKe YKa3aHbl TEpeloBbIe
POM3BOJICTBEHHBIE TEXHOJOTUM M HOBas MapajurMa cepTuduKanuy U aTTecTaluu
NPOIYKIUH, TOTYYEHHON C UCTIOJIb30BAHUEM ITUX TEXHOJIOTHH.

B nokymente BBC CHIA nonsitue nudpoBoro ABOMHUKA UCTIOIB3YETCS B
TECHOM cBA3U ¢ mousTHeM «uudposas HuTh» (Digital Thread). CornacHo Hay4yHO-
TEXHOJOTUYECKOMY BHUJEHUI0O BOCHHO-BO3AYIIHBIX cui Digital Thread u Digital
Twin cocTosiT W3 MPOrpaMMHBIX CHUCTEM MEPEJOBOTO MOJAEIMPOBAHUS, KOTOPbIE
COCIMHAIOT MaTepuajbl, NMPOCKTUPOBAHUE, IPOU3BOJCTBEHHBIE, TEXHOJIOIMYECKUE
nporeccbl M Opou3BoAcTBO. lludpoBoit  ABOMHUMK U «uM@poBas  HUTHY
o0ecneunBaOT ONEPaTUBHOCTh M KAaCTOMHU3ALMIO IIOJ ONpPEJEICHHbIE 3aJauH,
HE0O0XOAMMBIE /IS pa3paOOTKU U IPUHATHS CaMOJIETOB Ha BoopykeHue [33].

[MudppoBoil NBOMHUK SBISIETCA BUPTYaJIbHBIM IIPEJCTABIEHUEM BOEHHOTO
caMoJIeTa, KOTOpPOE€ MOHHMMAETCS KaK CHCTEMa JAHHBIX, MOJEJEH M IPOrpaMMHBIX
CUCTEM YHCJIEHHOTO MOJEIMPOBAHUSA, IPUMEHSEMBIX HA IMPOTSKEHUU BCETO
KU3HEHHOTO IMKJIA U3IENHS U MO3BOJIIIOIIUX OTCIIECKNBATH KaK/IbI KOHKPETHBIN
camoJieT U paboTy KakJoro 4jeHa Ha3eMHOTo OOcCIy)XUBaroulero nepcoxana. IIpu
ATOM CHUCTEMBI YucieHHOTro monenupoBaHus (Modeling & Simulation) gomxHBI €
camMoro Hayayia pa3paOOTKH OOECHeuHTh NPOU3BOJCTBEHHYIO TEXHOJIOTHYHOCTH,
BO3MOXHOCTh IPOBEJIECHHS OCMOTPOB M JJINTEIBHYI SKCIUTyaTalWIO, a JIaHHBIE,
IIOJIYYEHHBIE CO CTapblX M HOBBIX CaMOJIETOB, MO3BOJIAT BHOCUTh KOPPEKTHBBI B
MMEIOIIKECS MOJEIN U IPOrHO3UPOBATh MOBEJIEHNE KaK HAa YPOBHE BCEl CUCTEMBI,
TaK U Ha YPOBHE OTJI€JIbHBIX KOMIMIOHEHTOB [33, 34] (puc. 13).
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Puc. 13. CtpykTypa undpoBoro ABoMHMKA MIaHEpa IO METOJIUKE
Uccnenosarensckoii nabopatopuun BBC CIIA (AFRL) (uctounuk: Lentp HTU
CIIGITY no matepuanam [34]):

1 [J waTerpamus JaHHBIX C TEXHHUYECKUMHU Mojaensimu; 2 [ ormudpoBaHHAsS
reoMeTpusi KOHKpEeTHOro camosneta; 3 [ mudpoBoit ABOMHUK IIaHepa camodiera; 4
[J Momenu HaKOIUICHHUS TOBPEXISHUM; 5 [ KOHEYHO-dJeMEHTHas Mojeib;, 6 [
a’poAMHaAMUYecKass Mojenb, 7 [J JgaHHBIE OCMOTPOB M TexoOciyxuBaHus; 8 [
MOJIETHBIE JTAHHBIE;

9 [ cBotictBa MaTepuaioB; 10 [ mudgpoBoit ABOMHUK TpeOyeT TaHHBIC U
MOJIEJIH, TIOJTydaeMble U3 «IU(POBON HUTH

BaxxHpIM sBIISICTCS Clienyroliee pasaudyue B ompejeracHur mnoHsTui Digital
Thread n Digital Twin: «uudpoBas HUTB» [] CKOpee «TEXHOJOTHUS CO3JaHUS H
UCIIOJIb30BaHUSl IUM(GPOBOrO JBOWHMKA BOCHHOW TEXHUKHU [UIsl TPOBEICHUS
JTUHAMUYECKON OIEHKU €€ COCTOSHUS M BO3MOXKHOCTEH B peajbHOM BPEMEHH IS
JYUIIeTO MPUHATHS PEIICHUN MO 3aKyIlKam», B TO BpeMs Kak Iu(poBOMl JBOMHUK
MPEICTABIAECT COO0M «TEXHUUYECKOE OMMCAHUE CHUCTEMBI BOOPY>KECHHS, OCHOBAHHOE
Ha (pU3MYECKUX MAHHBIX, B pe3yjbTaTe TEeHEpallud, YIPABJICHHUS W MPUMEHEHUS
JTAHHBIX, MOJIeNIed W WH(POPMAIUA W3 JOCTOBEPHBIX MCTOYHMKOB HA MPOTSHKCHUH
BCET0 JKM3HEHHOTO IIMKJIa TAKOW CUCTEMBI» [35].

OueBuaHO, uTO M1 Poccny KOMIETEHITMN B CO3IaHUH ITUGPOBHIX TBOMHUKOB
(DT1 & DT2) «ymubIx» nudpossix apoiiHnkoB (SDT1 & SDT2) obecneunBaroT
noctwkenune 1enei auBepcudukanuu  OIIK  (Enabling Technology). Onu
TO3BOJISIIOT 32 KOPOTKHE CPOKHU (OT HECKOJIBKUX MecCsIeB 10 1,5-2 1eT) oCyIeCTBUTh
«aBorHOM ckadok» (Double Leapfrogging), Haumnas c Tekymero (He OYECHBb
BBICOKOT'0) POCCHUHCKOTO YpOBHSI pa3pabOTOK 10 MUPOBOTO, a 3aT€M U OMNEPEAUTH
JTUUPYIONINE MUPOBBIE KOMITAHUH, 3a/1aB BHICOKHE TEMITbl Pa3BUTHS 110 CPABHEHUIO
C KOHKYpPEHTaMH.

Ha mnepBoM »3rame BO3MOXKHO co3AaTh IU(POBON ABOMHUK OEHUMAapK-
MPOAYKTa 3a CUYET WCMOJb30BAHUS PEBEPCUBHOIO WHXUHUPUHTA, MapagurMbl
OTKPBITHIX MHHOBALUN (2 MpU HEOOXOJMMOCTH — W MPOMBIIIJIEHHOTO IIMUOHAXKA),
BBICOKOITPOU3BOIUTENILHBIX BBIUMCICHUH W T. A. Ha BTOpoM »Tame 3a cuyeT
CYNEPKOMIBIOTEPHOTO WHXWHUPUHTA BMECTE C METOJIaMH MHOTOKPUTEPUATBLHOM,

MHOT'OITApaMETPUUECKOM, 26MHor0J1chI/IHJ1HHapH017I,
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TOMOJOTUYECKOM M Tomorpauyeckod ONTUMH3ALUU, a TaKkKe OHOHUYECKOrO
Iu3aiiHa W aJJUTUBHOIO MPOU3BOJACTBA OOECHEUYMBAIOTCA TAaKHE XapaKTEPUCTHKU
MPOJIYKTOB, KOTOPBIE 3HAUYMUTEIBHO OIEPEKAIOT XAPAKTEPUCTUKH MPOAYKTOB Y
JUAMPYIOUIUX MHPOBBIX KOMIIAHHMM, B PE3YJIbTATE€ YEro CTAHOBUTCS BO3MOXKHBIM
MPEOJ0JIETh TEXHOJIOTMUECKYI0 OTCTAJIOCTh W 3aHATh JHMAMPYIONIME MO3UWLUU Ha
peiake. Takum oOpa3oM, B KOHKYpeHTHOW Oopb0Oe Ha TJI0O0AIbHBIX pPBIHKax
moOeXaaeT TOT, KTO OBICTpee pa3pabaThiBa€T MHOXKECTBA (CEMENUCTBA) «YMHBIX)
u(ppoBbIX ABOWHUKOB (puc. 14).
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UncdpoBon ABONHUK.
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Puc. 14. Cxema oGecrieueHust riod6aIbHON KOHKYPEHTOCITOCOOHOCTH 3a CUET
IIPEOJI0JICHUSI OTCTABAHUS TTOCPEJACTBOM <«JIBOMHOTO CKaukay (MCTouHUK: LleHTp
& HTU CIIGITY):
BR [J dynnamentansubie uccnenoBanus; AR [ npukiannbie uccienoBaHus;
WL — mupoBo#i ypoBeHb; e [][JOTKpbIThIC HHHOBAIIWH, || peBepCUBHBIN
WHKUHUPUHT, [ | BEICOKOTIPOU3BOIUTEIbHBIE BHIYUCICHHUS, [

B Poccun pazpaborka HUGPOBBIX ABOMHUKOB BEAETCS B paMKax CO3JAaHHS
[udporsix, «YMHubIX», Bupryansabix ®adpuk Byaymero (Digital, Smart, Virtual
Factories of the Future). Konnenmus «®abpuk Byayiiero» peamusyercss B paMKax
TOpokHOUW KapThl «TexHeTr» (mepenoBbie MPOU3BOACTBEHHbIE TexHoiorun) HTU u
Mmeranpoekra «®Pabpuku bynymiero», HaieiaeHHOr0 Ha pPa3BUTHE M TOBBIIICHUE
KOHKYPEHTOCIIOCOOHOCTH OTEUECTBEHHOMN BBICOKOTEXHOJIOTUYHOM
MPOMBIIINICHHOCTH 32 CYET pelIeHUs WHXCHEPHO-TEXHOJOTUYECKHX MPoOIem-
Bb130BOB (Industrial Challenge Problems) rocynapcTBeHHOTO 3HA4Y€HMsI, KOTOPHIE HE
yAAeTCsi  PEHIUTh  BBICOKOTEXHOJO-TUYHBIM  MPEANPUSATUSIM C  HOMOIIBIO
TPAIUIUOHHBIX TOAX0A0B (puc. 15). Meranpoekr «®abpuxku bymymero» Obu1
0100peH Ha pacmmpeHHoM 3acenanuu HabmomarenpHoro coBeta AHO «AreHTCTBO
CTpPaTerMYE€CKUX WHUIIMATUB IO MPOJABUKEHUIO HOBBIX MPOEKTOBY», COCTOSBILIEMCS
21 nrons 2016 r. mox npeacenarensctBoM [Ipesunenta PO B. B. Ilytuna, u no ero
WTOraM COBMECTHO ¢ MunHnpomtoprom Poccurm U BBICOKOTEXHOJOTUYHBIMU
KOpTOpaInusMi W KOMIAHUSMHU BENETCA peryisipHas padora mo (GpOpMHUPOBAHUIO
MEPEUYHs] NMEPCIEKTUBHBIX JOJTOCPOYHBIX MPOEKTOB IO HampasieHusM HTU s
peanuzanuu npoekrta «Dadbpuku bynymiero» [36].

28



BectHuk BocTouHOo-CuOMPCKOIl OTKPBHITON aKageMHUH

“TexHeT” (NnepefoBble NPOU3BOACTBEHHbIE TEXHONOIMMU)

4 1.3. TotanbHas
uudpoBusaums
BCEro XM3HeHHOro

LincbpoBusauns Bcero KU3HEHHOTO UMKNa

LUMKna usgenuin Cragus |
(CAXx, PLM, MES, 7 ’

ERP, ...); z L

A

Cragusa ll Cragus lll
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Cragua N
A

|. 2. Paspa6otka
cUucTeM LM poBbIX
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usgenuu mn

D

@
(&)

npoueccos;

- > D :
\ «YMHbIe» undpoBbie «YMHbIe» uncpposble
mogenu usgenun / moaenu npoueccos /
@ ucpoBble ABONHUKM @ umcdpoBbie ABOMHUKMA
D AD
’

I. 1. Co3pgaHue
uucpoBon
nnarcopmbl
(«3kocucTeMbl»);

o D

&S

I
LUucposas
nnarcpopma
(“akocucrema”)

> I
)

IIl. Kappsbi (“®abpuku Byayuero”) M.
1. ®rOC (NpuMKnaaHas MarucTparypa,...); -

OCHOBHbIE€ KOMMNETeHLUUU:

/

Cuctema pernameHToB (“perynatopuka’)
“BbicTpble nobeabl” = Jlyywne npakTuku = PernamenTbl = ...

. 3apgava-BbI3oB— GbicTpas

KacTOMMW3aLMs OTKNMKa Ha
3anpoc 3aka3uuka;
CuUCTeMHbI MHXUHUPUHT;
MHoroypoBHeBas MaTpuua
ueneBbiX NOKasaTeneu n
orpaHuyenuid (~104-10%);

. Paspa6oTka u Banupauus

MaTematuyeckux Mogenen
C BbICOKUM ypPOBHEM
afleKBaTHOCTH;
XKU3HEHHbIA LUKN

(CAx, PLM, MES, ERP,...);

. KoHTponb kayectBa Ha

BXOJe U Ha Bbixoae
(wrpokoe NnpuMeHeHne
BUPTYanbHbIX UCNbITAHUIA
- “uudposasn
cepTucukauus”);
Cucrema MoTuBauuu;

Ceptudukaumsa (“uucposas ceptudmkauma” Ha ocHoBe
BanuAMpPOBaHHbIX MaTeMaTU4eckux mogenen);

3.

2. TMpodeccuoHanbHble CTaHAAPTHI; 2.
I

Puc. 15. TpexypoBHeBas cxema ®abpuk byaymiero, npencrabinennas 14
deBpans 2017 r. B xoae ogobpenust nopoxxHou kapThl « Texner» HTU Ha 3acenanun
npe3uanyma Coseta npu [Ipesunente PO nmo MmonepHU3auu SKOHOMUKH U
MHHOBAallMOHHOMY pa3BuTHio Poccuu nox pykoBonactsoMm IIpeacenarens
[TpaButennsctBa P® JI. A. Menpenena (ucrounuk: lleatp HTU CIIOITY)

B HacTositiee Bpems WmxuaupuHroBeiM  1eHtpom  CIIGITY, TK
CompMechLab, a Tenepr u B pamkax Ilentpa HTU «HoBble mpousBoaCTBEHHBIC
TEXHOJOTUW» Ha Oa3ze MHcTUTyTa mnepenoBbIX NPOU3BOJCTBEHHBIX TEXHOJIOTUN
CIIoITY (Llentp HTU CIIGITY) Benmercs akTtuBHas padbora mo cosnanuio Dadpuk
Bynyiiero ¢ BBICOKOTEXHOJOTMYHBIMH NPEANPUATUAMHU U3 Pa3IMYHBIX OTpaciei
MPOMBIIINICHHOCTH:  aBTOMOOMIIECTpOoeHUsI  (LIEHTPaJIbHBIM HMHCTUTYT OTpaciu
«HAMMWM», VYabsHOBCKHMI aBTOMOOWJIBHBIM 3aBoj, «Bomrabac», KAMA3J),
neurarenectpoenus («OHK-Catypn», «OJK-KnumoB» u aAp.), CylOCTpoeHHUS U
kopabnectpoenus (Cpemgne-HeBckuit  cynmoctpoutenbbii  3aBog, CIIMBM
«Manaxut» ® JAp.), aBHACTPOCHUS U BepTojeTocTpoeHus (OOBeAMHEHHAS
aBUacTpouTenbHas kopropauus, «I'paxnanckue camonetsl Cyxoro», Kopnopamus
«pkyTt», ABnannonnsii kommuieke uMm. C. B. UnpromuHa u xonguHr «BepTonersl
Poccun», Kb «KamoB» n1 MockoBckuii BepTonE€THBIN 3aBoj uM. M. JI. Muns).

B 2017 1. B mpomecchl IMGPOBOM TpaHCHOPMAMH T10 HHHUIIHATHBE
[Ipesunenta Pecnybnuku Tatapctan P. H. MuHHHXaHOBa  BKJIIOYUIIUCH
MamHoctpoutenbHble npennpuarus PT: HIIO «OKb um. M. II. CumonoBay,
Kazanckoe MoOTOpoCTpoOUTENbHOE NPOU3BOJACTBEHHOE OObenanHeHue, KazaHckuit
BeproneTHoii 3aBog 1 KAMA3. B Cankr-IletepOypre co3man IlpoekTHslii oduc
«Dabpuku bynymero» (momoxenue o IlpoextHom oduce 25 wutoms 2017 r.
noanucan ryoepuatop ropoaa I'. C. IlonraBuenko). B paboty IIpoekTHoro odmuca
AKTHUBHO BKJIIOYWJIUCh PYKOBOJIUTEIN BBICOKOTEXHOJIOTUYHBIX MPOMBIIUICHHBIX
npeanpustai  ropoxa, Cor3a NPOMBIIUIEHHUKOB MW NOpEeANPUHHAMATENEH U
npopuiabHbIX KoMUTETOB [IpaButensctBa CankT-IleTepOypra.

B 2017 r. Wwxunupunroseii uentp CIIGITY ¢ pabGounmu u
obUIMATLHBIMM BU3UTAMH MoceTunn Oonee 250 neneranuif. bombpmras dacTe
BU3UTOB ATO BCTPEUHU C TMOTCHIHAIBHBIMU 3aKa3dyMKaMd, B TOM UYHCIE C
npenacrasuresamu opranunzannii OIIK Poccun.

29



BectHuk BocTouHOo-CuOMPCKOIl OTKPBHITON aKageMHUH

C 2015 r. no ¢espans 2018 r. Uwxunupunrossiii uentp CIIOITY nocernnu
MPEACTABUTENIN CICAYIOIMUX MPEANPUATUN, BKIIOUYEHHBIX B CBOJHBIA peecTp
opranmzauuii  OIIK [37]: OObenuHeHHass aBUACTPOUTEIbHAS  KOPIIOPALMS
(ABuanuonnsiii komiieke uM. C. B. Unbtommna, Kopnopauus «UpkyT»), XOnIuHr
«Beptonerst Poccum» (MockoBckuit 3aBog um. M. JI. Munsa, Kb «Kamosy),
O60benunenHass nBuratenecrpoutenbHas kopnopamus («OLAK-Carypny», «OJK-
Knumony), HannoHnanbHblii MHCTUTYT aBHAlMOHHBIX TexHosorui, HUM IIIK nuwm.
10. A. Tarapuna, Konctpykropckoe 01opo mpudbopoctpoeHust uM. akaaemuka A. I
unynoBa, Muctutyt xumuueckoit ¢pusuku uM. H. H. Cemenosa PAH, HITO «OKb
mm. M. II. CumonoBa», Konuepn «KanamuukoB», KupoBckuii 3aBoj,
OObenuHeHHas CYJIOCTPOUTEIIbHAS KOpIoparus (Cpenne-HeBckuit
cynoctpoutenbHbii 3aBoa, CIIMBM «Manaxut»), HIIII «Aspocunay, Kouuepx
BKO «Anmaz-Anteit», KoHCTpykTOpcKOe OHOpO CHENHAIBHOTO MAaIlTUHOCTPOCHHSI,
I'O3 «OO0yxoBckuii  3aBoA», 3aBOA  PATUOTEXHUUYECKOTO  0OOpYIOBaHUS,
MaimuHoctpouTenbHbl  3aBoJ  «ApceHan», HIIO «Kyprannpubop», HIIO
«Crpena», KAMA3, IITHUU cynosoro mammunoctpoenusi, HIIK «YpanBaronzaroay,
«3BE31A», 3aBoa um. Kosuikoro, «Kommnpeccop», [THITIO «JlenHunen» xosauHra
«JIEHITOJINT PAOMAIILL», [ITHNUU PTK, POAI-BHUND®, Konuepun «l'panurt-
Onekrpon», Kbroumam wmm. A. O. Hynensmana, HIIO «Opuon», Kopnopamus
«TakTtnueckoe paketHoe Boopyxkenuey», Konnepn «MIIO-T'uaponpudop,
koMmaaust «Monot-Opyxue» u ap. Kpome toro, Mmxunupunrosiii eatp CIIGITY
HEOJHOKPAaTHO MOCEIIAI0 PYKOBOACTBO HaydHO-HCClIenoBaTeIbCKOr0O HHCTUTYTa
(kopabnectpoenuss u BoopyxkeHus BM®) BVYHI[ BM® «BoenHo-Mopckas
akagemusi» 1 HITO «KonBepcusi».

Nuxunnpunarossiii nedTp CIIOITY 23 wurons 2017 r. moceTusn 3aMecTUTENh
npeacenarens Komiernn Boenno-npombinieHHol komuccun O. WM. Boukapes, 1o
utoram Buzuta opopmieH [Iporokon, B kotopom ykazanbl opranuzamuu OIIK mis
nepBoodepenHoro B3ammojencTug. 3atem 12 wuronst 2017 1. B CapoBe Ha 6aze
POAL-BHUND® coctosuioch 3aceganue (CoBeTa TJIaBHBIX KOHCTPYKTOPOB 10
CUCTEME BOOPYKEHHSI CYXOIMYTHON COCTaBJSIONIEH CHJI OOIIEro Ha3HAauyeHus, Ha
KoTopoM ¢ naoknanoM Beictynasn A. WM. bopoBkoB, m B IIporokose mo uroram
3aceaHus yKa3aHbl PEKOMEHJAIHMH 10 MPUMEHEHHIO TEXHOJOTUW HU(PPOBHU3AIUU
MOJIHOTO KU3HEHHOTO IMKJa 00pa3lloB BOOPYKEHHUS M BOCHHOW TEXHHKH OOIIEro
HA3HAYEHHUS C UCMOJIb30BAHUEM KOMIIETCHIIMA, omnbiTa W pecypcoB POALL-
BHUND® u Unxunaupunrosoro nentpa CIIGITY.

[Ipeqmerom BbIllIEyKa3aHHBIX BCTPEY W 3aCEaHUl CTalM OIpeaeTeHue,
oOcyxneHne U (GOopMUpPOBAHUE TIEPEUHS WHIKCHEPHO-TEXHOJOTUYECKHUX MPOOIIeM-
BbI30BOB mpeanpustuii OIIK. BocTtpeboBanHOCTh mnoaxona WHXUHUPUHTOBOTO
nentpa CIIOITY oOycnoieHa, B MEpBYK OYepeab, KOMIETCHIIMSIMH B CO3JIaHUU
udpoBeix ABOMHUKOB (DT1 & DT2) u «ymubIX» mndposeix noiaukoB (SDT1 &
SDT2).

VYcneumHsM MpuMepoM pa3pabOTKU «yMHOTO» IUGPOBOro JIBOMHUKA IS
npennpustus OlIK aBnsercss MHOrosnetHee cOTpyIHUYECTBO MHKXKMHUPHUHTOBOTO
nertpa CIIOITY ¢ HHUU cynooro mammHocTpoeHus. C 2004 r. mo 3aka3y 3TOTo
OPEANPUSATUS CIECIUANINCTHl LEHTPA YYAaCTBOBAJIM B HECKOJBKUX MPOEKTaX IO
pa3pabOTKe HOBBIX a’POPUHUIIEPOB B3JIETHO-TIOCATOUYHOIO KOMILUIEKCA TSHKEIBIX
aBuanecymux kpericepoB (TABKP) «Anmupan ®nora Coserckoro Corosza
INopmikoB» n «Anmupan ®@nora Coerckoro Coro3a Ky3Henosy.
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OCHOBHBIE UCXOJHBIC XapAKTEPUCTUKH JIJIsI ONMCAHUS JUHAMUYECKOTO
npoiiecca:

[ CKOpOCTh nojsieTaroniero camosnera [ mpumepno 200...240 km/u;

[] Macca rnojjeratomero camojera [ okono 20...30 T

N BpEMsI TOPMOXKEHHS caMoJleTa Ha nainyoe — 10 3 c;

[ npoOer («IyTh TOPMOXKEHUS») camoeTa no nainyoe — menee 100 m;

O neperpy3Ku, UCIBIThIBAEMbIE JIETUMKOM TP MOCAAKe Ha nanyoy [ He
ooiee 4,5 g.

B paMKax  OpoeKTa A [OJHOMAacluTabHOro  MOJEIMPOBAHUS

a’poUHUAMEPOB OBLIM pa3pabOTaHbl YHUKAIBHBIC «YMHBIC» MaTEMaTHYECKHUE U
KOHEYHO-3JICMCHTHBIC MOJICIH NaTyOHOTo a’poduHHIIEPa, TPETHAZHAYCHHOTO IS
nocanku camosieroB Ha mnany0y TABKP, B TOM wuyucie co3mana cepus
NPOCTPAHCTBEHHBIX ~ MAaTEMAaTHYECKUX W KOHCYHO-IJIIEMCHTHBIX  MOJCICH
THIPABINYCCKON CUCTEMBI MaNyOHBIX jAeMI(pEepoB, TOPMO3HOW MAIMHBI U
KOHIIEBBIX nemnepos, OTIpe/ICIICHBI HEOOXO0TUMBIC THIPABINICCKUC
XapaKTePUCTUKH BCEX DJIEMEHTOB TPYOOIIPOBOJOB, pa3paboTaHa MaTeMaTHUecKas
MOJIEJTb y4eTa UX B3aUMHOT'O BIIUSTHHUS.

BbutM  BBITOTHEHBI MHOTOBApUAHTHBIC JHHAMHUYECKUE PACUETHI C IEJIBIO
MOJICJIMPOBAHMS ~ TIpoOIlecca TOPMOXKCHHUS TPU  BAPBUPOBAHWUW  Pa3IMYHBIX
napaMeTpoB (MacChl MOJBMKHBIX YaCTCH TOPMO3HON MaITUHBI, MACCHI JICTATEILHOTO
anmapara (JIA), ckopoctu 3anervieHuss JIA 3a mpueMHBIA TpPOC, CHUJIBI TATH,
oTkJIoHeHus JIA OT Kypca npu 3alelUIeHUH 3a TPoC | T. 11.). Taxke Oblia mpoBeaeHa
ONTUMM3AIMSA CYIIECTBYIOIIEH KOHCTPYKIIUH.

«YMHBIN» HGPOBON NBOWHUK MayOHOTO a’dpoduHUIIEépa ObUT pa3paboTaH
Ha OCHOBE 3(P(PEKTUBHOrO KOMIUIEKCUPOBAHUS W TNPUMEHEHHS KOMITBIOTEPHBIX
texHojoruit muposoro ypoBHs (CAD-CAE-FEA-CFD-FSI-MBD-CAO...), a Takxe
Ha ocHoBe CML-Iudposoit mirargpopmer CML-Bench ¢ mnomompio CML-
DKCIEepTHOM HMHTEJUICKTYaJIbHOU CHUCTEMBI CML-AI — CHUCTEMBI
CIIeLIMATU3UPOBAHHBIX UHTEJUICKTYAJIbHBIX TOMOITHUKOB [38, 39].

[IpoBenennbie pabOTHI MO3BOJIUIH CO3/1aTh U OTJIAIUTh METOAUKY
MOJICIIMPOBAHUS U MCCIIEIOBAHUS THAPABINYECKOTO TPOCOBOTO a’poduHuIépa

(puc. 16).
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Puc. 16. O6muit Bu noaHoMacmTabHON «yMHON» MoenH a3poduHUIIEPaA
(uctounuk: lentp HTU CIIGITY no matepuanam [40])

ITo 3ampocam I'eHepanbHON mnpokyparypsl P®, BoeHHON mnpoKypaTypsl
CesepHoro (¢uora, Boennoro craeacTtBeHHoro ympapieHusi CreaCTBEHHOTO
komuretra Poccuu o CeBepHomy (GioTy pa3paboTaHHBIC «yMHBIE» MOJCIHM HAIUIHA
IIMPOKOE NMPUMEHEHHE B PACCIICIOBAHMM JABYX ABHALMOHHBIX MPOUCIIECTBUA — D
centsa0pss 2005 r. B CeBepHOll ATIIaHTUKE BO BpEeMs IIJIAHOBBIX IOJIETOB MOPCKOM
aBuanu U 3 gekabpst 2016 r. B BocrouHOM Cpenn3eMHOMOpPhE Tociie 00eBOro
BbLIETa B paMKax BoeHHOU omneparuu poccuiickux BKC B Cupuu. B o6oux ciyuasx
BO BpeMsl MOCAJIKU CaMOJIETOB MPOU30IIEN 0OphIB TOPMO3HOTO Tpoca TOcie 3alena
rakoMm, B pesynbTaTe 4ero JIA ckatuiauch ¢ mamyObl, ynajld B MOpPE M 3aTOHYJHU
[400042].

[lomuepkHeM Ba)KHOCTh M TPYIHOCTh PEaM30BaHHBIX Oosee ueM 3a 10 ser
MPOCKTOB. A3pOoPUHUIIEP ABIACTCS CIOXKHEUIEH TUHAMHYECKON CHUCTEMOM, caMoit
OTBETCTBEHHOW KOHCTPYKIIMEH JIFOOOTO aBHAHECYINETro Kpeicepa WM aBHAHOCIIA,
omnpeestonei 6a3oBbie PYHKIIMH U JTaXKe KIACC ITHX O0EBBIX KOpaOeH.

Hampumep, B deBpane 2018 r. cTano u3BeCTHO, YTO YTpaBieHHUE COBETHUKA
riaBel  MuHoOopoHbl CIIIA 1o TecTHpOBaHWIO M JUATHOCTUKE BOOPYKEHUU
PEKOMEHJIOBAJIO OTJIOXKHUTh yAApHbIE WCIBITAHUS HOBEHIIEro cylepaBHaHOCHA
«/Ixepansy P. ®opa» mo 2024 1., korga OyAeT claH BTOPOM KOpaliib cepuu —
«/Ixon ®. Kennegu». IlpuumHON cTana HEHAIEKHOCTh JJIEKTPOMATHUTHBIX
KaTamyJibT HOBOW pa3paboTku, a’poduHUIIEPA, TOIHEMHUKOB OPYXKHS W pajapa,
KOTOpasi MOXET MPUBECTH K TOMY, YTO ABMAHOCEI] CTAHET HENPUTOJHBIM JIs
BBITIOJTHCHUSI OOEBBIX 3aJlad, B YACTHOCTH, He OyaeT oOecrieueHa HeoOXoaumas
4acToTa BhUIETOB camosieToB. OTMeTuMm, uto «J>kepanba P. ®opa» odomencs CIITA
B pekopaubie 12,9 mupn nomnapoB. Kopabas 061 3anoxen B 2009 r. u cnan ¢iioty B
2017 r. [43].

B HOsiIOpe-nexkabpe 2017 r. cnenuanuctel WHXUHUPUHTOBOTO ILIEHTpA
CIIOITY coBmectHo ¢ HTI «udopmrexnukay — ¢puauanom OI'YIL «HUNUCY»
MPUHSIN y4acTHE B MPOEKTE MO pa3padoTke «MeToIuuecKuX PEeKOMEHAAIUi 1o
opranuzanuu 1udpoBoro mnpousBoAcTBa Ha npennpuarusx OIIK» (manee
Metoauyeckrue peKOMEHJIalNK), OCYLIeCTBIsBIIUMCS Munnpomtoprom Poccuu u
HaIpaBJICHHBIM Ha OpraHu3anuio udpoBoro mpousBoacTsa Ha npeanpustusax OITK

[44]. -
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B Meronuueckux peKOMEHJIalUuaX ObUIM YCTaHOBJEHbI OCHOBHbBIE
MOAXOJbl K aHalM3y MCMOJIb30BaHMS TEXHOJOTHA IU(POBOro MPOU3BOACTBA HA
npeanpustusax OIIK. TlomyuyeHHble pe3yiabTaThl MOTYT OBITh NPUMEHEHBI IS
ONpEeNeNICHUs]  MPUOPUTETHBIX  HAMPABJICHUN  pa3BUTUS  MPEANPUATHN U
(opMHUpOBaHUS COCTaBa IEPBOOYEPEAHBIX MEPONPUATUH 1O LUPPOBU3ALUU
IIPOLIECCOB ITPOU3BOICTBEHHOMN AEATEIBHOCTH.

B pa3paboTke MeTOaMYEeCKUX pPEeKOMEHJAMA TMpPUHUMAIU ydacTue
BENyIIME HAYYHbIE U MHKUHUPUHIOBbIE KOMIAHUU: POCCHIICKOE TEXHOJIOTHYECKOE
arenrctBo  (IIpoextHbiii odpuc Munnpomropra Poccun), POAL-BHUNDD,
unxeHepHbid HeHTp TEKNER, koncantunrosas ¢upma Claire&Clarté, kopnopauus
«"anmaxtuka», komnanust COJIBEP u np.

B COCTaB  JKCHEPTHOIO  CoOOIIecTBAa  BOLLIM  MPEACTABUTEIU
NPOMBIIIJIEHHBIX W 00pa3oBaTeNbHbIX opranuzanuii — «Pockocmocy, «Poctex»,
OObenMHEeHHAsT CYJIOCTPOUTENbHAs Kopropauus, KomnaHuum «Ackon» u «Tonm
Cuctembly, Yp®@VY, MITY «CTAHKWH», OObeauHeHHas aBUACTPOUTEIbHAS
koprioparusi, ¢upma «IC», MITY wum. H. 3. baymana. Meroguueckue
pexomMeHganuu Obutk anpoOupoBaHbl Ha cienytommx mnpeanpuaruax: CpegHe-
Hesckuit cynoctpoutensHbid 3aBoa, Kopnopanus «Upkyr», KoHcTpykTOpckoe
O0topo mpubopoctpoenus um. akagemuka A. I'. Illunynoa, IlpousBojacTBeHHOE
oObenuHeHNE «YpadbCKUU ONTHUKO-MeXaHW4eckuid 3aBoa» um. J. C. Smamosa,
WNxxeBckuii anekTpoMexanndeckuit 3aBo «Kymom» (puc. 17).
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19 pekabpsa 2017 r.
KOOPAMHauMOHHbIﬁ coBeT
N0 MHPOPMALMOHHBIM
TEXHONOrMAM NPeanpUATIIA
OGOPOHHO-HPOMblLUﬂeHHOFO
KOMIJiekca

MpencTaenex n ofobpeH
npoekT MeToanyeckux
pekomeHaauuit

20 pekabpsa 2017 r.
HayuHo-npakTuyeckui
ceMuHap

MpeacTaeneH, o6CyXOEH 1
of06peH NpoekT
MeTtoaunyeckux
pekomeHgauun

MpeseHTauusa cpeacTs
LiMchpoBM3aLIMmn Npon3BoaCTBa
OTeyeCTBEHHON pa3paboTkn

lMpe3eHTaLys NepesoBoro
onbiTa B o6nacTy
LMdPOBU3aLIMM NPOU3BOACTBA

Puc. 17. Dramnsl pazpaboTkn Metogudeckux pekoMmeHaarui [45]

CrenmaaucTbl

NHXUHUPUHTOBOTO

LEHTpa

CIIoITY

BBIIIOJTHHUIIN

oOcnenoBanue ypoBHs Iudposuzanuu AByx npeanpustuii OIIK: Cpenne-Hesckoro
cynoctpoutenbHoro 3aBonaa (r. Cankr-IletepOypr) m MpKyTCKOro aBHAIlMOHHOTO
3aBojia — ¢unmana Kopnopanuu «pkyt» (1. UpkyTCKk).

Iemn oOcienoBanus:

[ anpoOarusi METOIMKY TOJTydeHUsI HHPOpMauu 00 MMEIOIITNXCS
AJIIEMEHTaX U TUTAHAX Pa3BUTHS MU(PPOBOTO MPOU3BOICTBA;
O MOJIYYCHHE UCXOTHBIX MAaTEPHUAIIOB I pa3pad0TK MeToIu4ecKux

pexomenanuii. O0cienoBaHle MPOBOAMIOCH B ISITh ITATIOB:
1) moAroTOBUTENBHBIN ATAT;
2) oTan 00caeI0BaHUs PEANPUITHS;
3) aTan OLEHKH YPOBHS LU(POBU3ALMH NIPEIITPUITHS;
4) sTam omnpe/eNneHns MPUOPUTETHRIX HaNpaBlIeHU nu(poBU3aIUU

MIPEANPUATHUS;

5) aTam NoAroTOBKU UTOTOBOT'O OTUETA.

Ha noaroroBuTenbHOM 3Tane NpUKa3oM PYKOBOJAUTENS KaXKI0rO
npeanpusTus Oblia co3aHa paboyas Tpymna Mo oleHKe ypoBHs HU(poBU3aLUU
MPEANPUATUS U ONIPEACICHUIO MPUOPUTETHBIX HAIPABICHUHN €ro pa3BUTHS B LETSAX
OopraHu3anuu Hu(pPoBoro MPOU3BOCTBA.
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OO6cnenoBanue NPEANPUATUNA OCYIIECTBISIIOCH IKCIEpTaMu B cepe
uudpoBuzany NyTeM HaOIIOACHUS, 00CYKACHUS U (PUKCAIINK TaHHBIX B
crienuaibHble (POPMBI CAMOOIIEHKH.

DopMUPOBAHUE MACCHUBA UCXOAHBIX TAHHBIX TPOUCXOJAUIO MMyTEM
3anoJiHeHus (HOpPM CaMOOIIEHKH YPOBHSI ITU(POBU3AIUHN TIPEATPUATHS, KOTOPHIE
coAep Kaau CIEAYIOIINE Pa3/IeIibl:

1 — onienka ypoBHS HUPPOBU3ALMY TPEATPUITHUS;

2 — OIIeHKa YpOBHs HIU(PPOBU3AIUU TPOU3BOJICTBEHHBIX MPOIECCOB;

3 — o1leHKa YpoBHS o0ecrneueHust nHHOPMaIIMOHHONW 0€30MacHOCTH;

4 — UCTIONIb30BAHUE ANMApPAaTHOrO 00ECTICUeHUSI UMIIOPTHOTO MTPOU3BOJICTBA;

5 — ucnonap30BaHUE TJIO0ATBHBIX TEXHOJIOTUM [IUGPOBOTO MPOU3BOJICTBA HA
IPEeANPUITHH.

B pe3yabTaTe 3aloJIHEHUs pasziesioB Obuta chopMUpOBaHA MaTpulla
OIICHKM TJyOWHBI BHEAPECHHUS DJIEMEHTOB IM(PpPOBOro MpPOM3BOJACTBA HA
obcnenyembrx npeanpustusx. C MOMOIIbI0 MaTPHUIlbl pa3padOTaHbl MPETIOKEHUS
10 COCTaBy MEPONPUATUN ISl BHEJPEHUS DJIEMEHTOB IIU(PPOBOTO MPOU3BOJICTBA HA
PUOPUTETHHIX HANIPABJICHUSX.

Ha ocHOBaHuM mpOBENEHHOW OIICHKH OBUI OMPENENICH psi MEpPONPUSITHH,
PEe3yIBTAaTOM KOTOPBIX CTAJIO0 BBISABICHUE AaKTYyaIbHBIX [IJI1 Pa3BUTHSA MPOOJIEM.
Taxoke 6bu10 chopMHUpPOBaHO BUACHUE TTyTEH ITU(PPOBU3AIIUY TPEATIPUITHIA.

B xone omeHku npeanpustuii OIIK cTamo BO3MOXHBIM —cAenaTh
yOenuTeNbHbIe BBIBOJABI: O PA3NIMUUAX YPOBHS LU(PpOBU3AIMN 00CIIETOBAHHBIX
NPENNPUSATU; O BIMSHUM HAa YPOBEHb LU(PPOBU3AIMHU MIPOUYHOCTH KOOMEPAIUHU I10
TOPU3OHTANH (JIOTUCTUKH, YPOBHS Pa3BUTHs IUGPOBHU3AIMU Y KOHTPAreHTOB), MO
BepTHKaIM (Mexay 3akazuukoM, Paspaborunkom u IlpomsBoiucTBOoM), a Takxke
CJIOKHOCTM W BHJA CEPUMHOCTH BBINYCKAEMbIX HW3ICINH, MNPOU3BOJICTBCHHOU
crienup UK KaxK0M OTpacy.

C 1enbro ONepaTUBHOTO PEIIEHUS BOIPOCOB, CBSI3AHHBIX C BHEAPEHUEM Ha
npennpusitusix OIIK coBpeMeHHBIX HHTETPUPOBAHHBIX WH(DOPMAITMOHHBIX CUCTEM H
TEXHOJIOTHH, OBUIM TOATOTOBJICHBI MpemaokeHuss Munnpomtopry Poccun o
CO3/IaHMM HOPMATUBHOM TEXHUYECKOM JIOKYMEHTAllMM, pPErIaMEeHTUPYIOLIEeH
MPOCKTUPOBAHUE U MPOU3BOJCTBO BOOPYKECHUI, BOCHHONW U CHEIHATBHOU TEXHUKHU
B uppoBoM dopmare.
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