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1. Beeneunue

1.1. llenm um 3amauu JoKiIaaa
Henbto IlybnuyHOro aHaJIMTUYECKOTO JOKIAAa [0 HOBBIM Ipou3BoAcTBEHHBIM TexHoorusm (HIIT)
ABIIAETCS aHaNM3 cuTyauuu B Poccuu m mupe, GopMupoBaHUE KOMIIJIEKCHOTO BUJCHHS MEPCIIEKTUB
Pa3BUTHsSI TAHHBIX TEXHOJOTHMH B Poccum u pa3paboTka MpenIoKeHHH MO0 MepaM HX TOCydapCTBEHHOMN

MTOJICPKKH.
3anmaun J{oxnaza cOCTOSAT B CIEAYIOIIEM:

e OIpeJereHue MOHITUS, CTPYKTYphI U conepxxanus HIIT;

® aHaJIM3 COCTOSHHUS M OCHOBHBIX HaIlpaBJICHUN pa3BUTHUA OTIAENbHBIX cerMeHTOB HIIT B Mmupe
u Poccuu;

® OIICHKa MUPOBOIO OIBITa UCHOJIb30BAHUS PA3IMYHBIX Mep cTUMyaupoBanus pazsutus HIIT
Ha rOCyIapCTBEHHOM YPOBHE;

e aHanu3 3(QPEKTUBHOCTH U JOCTATOYHOCTHU CYIIECTBYIOIMX Mep roCyAapCTBEHHON MOIUTUKH,
peneBaHTHBIX 1 noanepxku pazsutus HIIT;

e pa3paboTKa MPEUIOKEHUI MO0 MepaM aApECHON rocyIapCcTBEHHON moaaepxkku pa3Butus HITT

B Poccun.

1.2 TleneBas aynutopus JA0KIaaa

HCJ'ICBaSI ayauTopus I[OKJ'IE[I[& MOXKET BKIIIOYATh:

e (enepanbHBIE M PETHOHAIBHBIC BEIOMCTBA, OTBETCTBEHHBIE 3a (OPMHUPOBAHHE MeEp
TOCYJapCTBEHHOW TOJUTUKM B O0JacTH Pa3BUTHS HAYKH, TEXHOJIOTUM, WHHOBAIIHH,
IPOMBILUIEHHOCTH, MAJIOTO M CpeiHero OusHeca u T.1.

® UHCTUTYTHl  pa3BUTHS, OCYLIECTBILIOLME  LEJIEBYIO  IOJJAEPKKY HWHHOBAlMOHHOMU
JIESATEIIBHOCTU U CTUMYJIMPYIOIIME TEXHOJOTUYECKOE PA3BUTHE;

® [IpeJICTaBUTENN KOMIaHUI-oTpedbuTeneld n koMnanuii-npounssoautenet npoxaykuuu HIIT;

® HCCIeNoBaTeNbCKUE OpraHu3amuu, padboratomme mo remaruke HIIT;

e BHICIIME Y4eOHbIE 3aBEJCHMS, 3aHMMAIONMECS MOJATOTOBKOW KaJIpoB IO TEMaTHYECKHM

HalrpaBJICHUAM HOBBIX IIPOHU3BOJACTBCHHBIX TEXHOJIOTHH.

1.3 Onpenenenue U CTPYKTypa HOBBIX TPOU3BOJICTBEHHBIX TEXHOJIOTHUM
BoinBukenne HIIT (kak ennHOTrO KOMILIEKCAa TEXHOJIOTHH) B KAaue€CTBE OJHOTO M3 KIFOYEBBIX
TEXHOJIOTHYECKUX MIPHOPUTETOB B Psific pa3BUTHIX cTpaH mpou3omwio B 2010-2012 rr. u cmocoO6CcTBOBAIIO

MOABJICHHUIO HOBBIX HCCJICIIOBaHHfI, H3ydaroupmXx MpuYrHbI, COACPKAHUC U MCPCIECKTUBLI PAa3BUTHA HOBBIX



texHosoruii. Tem He MeHee, 10 HACTOALIETO BPEMEHU HE BBIPAOOTaHO OOLICIPUHSATOTO OMPEESICHUS

HIIT [1].

HaunGonee mmpoko HCIOIB3YyeTCs MOHSITHE «IepegoBOro mpou3BojacTBa» (advanced manufacturing),
BBeJeHHOe HarmonaneHOl accoumanueil TepCHeKTUBHBIX MPOU3BOACTBEHHBIX TexHonorui CIIA

(National Association of Advanced Manufacturing, NACFAM):

IlepenoBoe mpoOU3BOACTBO - 3TO IPOU3BOJCTBO, B KOTOPOM LIMPOKO MCIIOJIB3YKOTCS KOMIIBIOTEPHBIE,
BBICOKOTOYHbIE M WH(POPMAIMOHHBIE KOMIIOHEHTbHI, HHTETPUPOBAHHBIE C BBICOKOIPOU3BOAUTEIHHOM
pabouell CHIIOM, KOTOpO€ CO3JaeT CUCTEMY, COUETAIOLyl0 B cebe IpPEeUMyIeCTBa MacCOBOIO
MPOU3BOJACTBA U, B TO K€ BpeMs, TMOKO HACTPOEHHYIO Ha HEOOXOIMMBIN B JaHHBII MOMEHT O00BEM
BBIIIYCKAa, U 0O0JaJarollyl0 BBICOKOH CTEMEHBbIO KACTOMM3ALMM C LIEJbI0 OBICTPOrO pearupoBaHUs Ha

MOTPeOHOCTH KIMEHTOB.

[lomumo 3TOTO OmpeneneHuss UCHOIb3YIOTCS U Apyrue. B ToM uucie MOKHO NMPUBECTU CIEIYIOIIE

HHTCPIPETAlUU MTOHATHUSA IICPCAOBOI0 IMMIPpOU3BOACTBA:

IlepenoBoe mMpOU3BOACTBO — 3TO COBOKYIHOCTb YCHJIMH, KaXI0€ M3 KOTOPBIX OCHOBBIBAETCSA Ha
TITyOOKOM BHEAPEHUW HWH(GOPMAIIMOHHBIX TEXHOJOTHH M TIEPEJIOBOTO IMPOrpaMMHOr0 obecreueHus,
aBTOMATU3AIMU MPOU3BOACTBEHHBIX MPOIECCOB, BHICOKOTOUYHBIX AATYMKOB U CETEH WU/MIIM HCIOIB3YET
HOBBIE MaTepuaibl U T€ BO3MOXKHOCTU, KOTOPHIE OTKPHIBAIOTCS OJlarofaps HAy4YHBIM JOCTH)KCHUSM B

obmnactu ¢usuku, ouonoruu, xumuu (CoBeT koHCynbTaHTOB Ipe3usieHTa CLIA mo Hayke ¥ TEXHOJIOTUAM

~ PCAST, 2011) [2].

IlepenoBoe HpOM3BOACTBO — 3TO IMPOU3BOJCTBO, OCHOBAHHOE HA YIYYIICHHBIX CYIIECTBYIOLIMX
W/WIN CTIELMATIBHO CO3/1aBaéMbIX HOBBIX MaTepHalax, U3/EIUsAX U Mpolieccax, MOCPEICTBOM BHEIPEHUS
JNOCTH)KEHUW HAayKH, TEXHUKH, BBICOKOTOYHBIX M MH(MOPMAIIMOHHBIX TEXHOJOTUH, HHTETPUPOBAHHBIX C
paboueil cuiloil BBICOKOH MPOU3BOIUTEILHOCTH, HHHOBAIMOHHBIM OM3HECOM WJIM OpraHU3al[MOHHBIMU

mogensamu (MucTUTyT ananu3a BoeHHbIX mpobiiem CIIIA - Institute for Defense Analyses) [3].
B pamKkax JaHHOTO MCCIIEIOBAHUS MTPEJIAraeTCsl HCIOJIB30BATh CIACAYIOIIEE OIPEIC/ICHHE:

Hoevie npouzeoocmeennvle mexHono2uu — 5M0O KOMNIEKC Npoyecco8 NPOeKMmuposanus u
U320MmoeneHus Ha CO8PEMEHHOM MexHON02UYeCKOM VposHe KACTOMU3UPOBAHHBIX
(UHOUBUOYAUSUPOBAHHBIX) MAMEPUATLHBIX 00BEKMO8 (Mo8apos) pa3IuiHOU CLONCHOCMU, CIMOUMOCHb
KOMOPbIX CONOCMABUMA CO CIOUMOCHbIO MOBAPO8 MACCOB020 Npouzeoocmea [1].

B Hacrosiee BpeMst HET YCTOSBINCHCS TOYKH 3PSHUS M HA TO, KAKUE BUJIBI TEXHOJOTHI OOBEIMHSICT
cunteruyeckoe noustue HIIT. B [oxnane mbl ucnons3dyem crenyronryto cermentanuto HIIT (Tabauya

1).



Tabnuna 1 - OCHOBHBIE CErMEHTHI M IIPUMEPBI TEXHOIOTU M, BXoasmx B HIIT

Cermentsl HIIT

TpaguuuoHHBIE TEXHUKA

U TeXHOJIOTHH (TIpUMEPBI)

Hosrie TeXHUKA "

TEXHOJIOTUU (TIPUMEPHI)

TexHoJOrMM OpraHU3alUM YU yIPaBICHUS

CUCTEMHO-UHXCHEPHBIC

momxompl, LEAN

HUHTEJUIEKTY AJIbHOE
NPOU3BOJICTBO,  AJIbSIHCHI,

obavHOe IIPOU3BOJACTBO

MuoromepHoe
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HcTouHuK: cocTaBICHO aBTOpaMHn

1.4 MI/IpOBBIC u pOCCHﬁCKHG PBIHKHA HOBBIX ITPOHU3BOJACTBCHHBIX TEXHOJOTUN

Muposbie peinku HIIT

MupoBsle pblHKH, cBsizaHHBIE ¢ pa3BuTueM HIIT, cymecTBeHHO pasnuyaroTcs Kak 1Mo maciradam,
TaK ¥ 10 TeMIaM pocTa. Tak, pbIHOK aJyIMTUBHBIX TEXHOJOTUH XapaKTepH3yeTCsl JOCTATOYHO MAaJIbIMH
o0beMamu (2,2 MIIpA. A0JIL.), HO OBICTPBIMM TeMnamu npupocta (6osee 27%), B TO BpeMsl Kak pPbIHOK
IPOTPAMMHBIX MTPOAYKTOB Ul Pa3padOTKU IPEAMETOB MPOM3BOJCTBA IO 0OBEMaM COCTABIISIET OKOJIO 22

MJIpA. AOJUL., HO B IOCJEIHUE IOAbI IEMOHCTPUPYET CPEAHUE TEMIIBI IPUPOCTA HA ypoBHE 6,7%. KpaTko

0030p mupoBbIx peiHkoB HIIT mpuBoauTes Huxe.




AJJUTHBHBIE TEXHOJIOTHH

PoiHok agnuTuBHBIX TexHonorui B mupe B 2012 r. oueHuBaics B 2,2 MIpPHA. J0JJIL., U3 KOTOPBIX
OCHOBHOIl 00beM BBIpyukd - 54%, mpuxomuiics Ha yciuyrd, 26% - Ha obOopynoBanue, 19% - Ha

matepuaisl (Pucynok 1). Cpeaneronosoii Temn npupocta peiHka 3a 2010-2012 rr. cocraBui 6o1ee 27%.

Ha priake 00opymoBaHUsI B3pBIBHOW POCT XapakTepeH JUIsl IepcoHaNbHBIX 3 D-ipuHTEpOB, KOTOpHIE
B 2008-2011 rr. moka3slBajiM Tpex3Ha4yHble TeMIilbl pocTa. [Iponaxu npomblnvieHHbIX 3 D-npuHTEpOB

TAKKE PacCTyT, XOTd U HE CTOJIb 6BICTpBIMI/I TEMIIaMU.

Ha priake matepuanoB B 2012 r. Gojiee MOJOBHUHBI PHIHKOB 3aHUMAIOT MPOJAXH (POTOMOIUMEPOB,
ellle MOYTH YeTBEPTh PhIHKA — IOJIMMEPHI IS Ja3epHoro criekanus. Jlons metamioB B 2012 r. coctaBisiia
TOJIBKO OKOJIO 6% OT mpoaax matepuanioB st 3D-neyatu B Mupe.
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Hcrounuk: paccunTaHO aBTOpaMH Ha OCHOBE [4].
Pucynok 1 - JluHaMuKa u CTPyKTYpa phIHKA aJTATHBHBIX TEXHOJIOTUH B MUPE

Cornacuo nporuosam Wohlers Associates k 2021 r. MupoBoii peiHOK 3D-TieyaTn MOKET TOCTUTHYTH

pasmepa B 10,8 MiIpa. 10J171., YTO COOTBETCTBYET cpeAHerogoBomy temny pocta B 2013-2021 rr. B 19,3%.

B 0030pe KommaHui-mpou3BOANTENCH MPOMBIIUICHHBIX 3D-npunTepoB, npuseaenHom B Wohlers
Report 2013, poccuiickue KOMIAaHUU He OTpakeHbl. B To ke Bpems mo manubiM Wohlers Associates na
Poccuto mpuxogutes okono 1,9% ot obmero konmuectBa 3 D-mpuHTEPOB, YCTaHOBJICHHBIX 32 MEPHO]

1988-2012 rr. [4].
PoGoToTexnuka

B 2013 r. 06beM MUPOBOTO PHIHKA IMMPOMBIIIIICHHONH POOOTOTEXHUKH OIEHUBAJICA B 9,5 Mip.I. 0L

B 1o e Bpems, eciu yduThIBaTh cMeHbIe pIHKU (pbiHKU 1O 1mis poboTtoTexnuku, nepudepuiinoe



obopynoBaHue u JAp.), TO 00beM MHPOBOTO PbIHKa poOoToTexHudeckux cuctem B 2013 1. cocraBisit

nopsizika 29 miipa. moiut. [5].

JluHaMMKa TpPOM3BOJACTBA IPOMBIIUICHHBIX pPOOOTOB B MHPE Ha HPOTSHKEHUU MOCIEIHEro
JecsTuiieTus: Opljla HeycTounBOoil — BO BTOpoil mosioBuHe 2000-X IT. pOCT MPAaKTHYECKU OTCYTCTBOBAJ, B
nepBbIe MOCTKPU3MCHBIE TO/BI HAa PhIHKE HAOMIONANICs OBICTPBIM pOCT (¢ HEOOIb oW KOPPEKTUPOBKOM B
2012 r.), B 2013 r. 1, no nporHo3aMm, B 2014 1. pbIHOK NPOMBIUUIEHHOW POOOTOTEXHUKU MPOAOIKUT

ObIcTpBIN pocT (PucyHox 2).

C TOYKM 3peHHUs OTPACIEBON CTPYKTYphl OTPeOIeHU s HPOMBILUIEHHBIX POOOTOB Ha IEPBOM MECTE C
OOJIBIIMM OTPBIBOM HJAET aBTOMOOMIIECTPOMTENbHAS OTpacib, 3a HEH — OTpacib IO IMPOU3BOJCTBY

3HeKTpOHI/IKI/I/3JIeKTpOTeXHHKH.
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Hcrounuk: [6].

Pucynok 2 - Jlunamuka mporu3BOCTBA MTPOMBIIITIECHHBIX POOOTOB B MHUPE (THIC. IITYK)

Cornacuo omenkam McKinsey k 2025 r. 15-25% pabGourx MeCT B MPOMBINUICHHOCTH M CEJILCKOM
XO3SIMCTBE B Pa3BUTHIX CTPaHAX MOTYT OBITH SKOHOMHYECKH 3(PPEeKTHBHO 3amerieHbl podoTamu [7]. Tlo
ounenkaM BCG MUpPOBO#l pbIHOK MPOMBIIUIEHHBIX POOOTOB MOXET AocTHub K 2025 1. 24,4 mMapa. A0l

[8], uTO cOOTBETCTBYET CpeIHEr0IOBOMY TEMITY IIPUPOCTA PHIHKA IIPUMEPHO B 8,3%.
KoMno3unuoHHbIe MaTepUaIbI

MupoBoii ppIHOK KOMIO3MLMOHHBIX MaTepuaioB B 2011 r. oueHuBancs npumepHo B 19,6 miupa.
JIOJUL., IPUYEM PHIHOK KOHEYHOH MPOIYKIIUH U3 KOMIIO3U LIMOHHBIX MaTEpUaIoB OLEHUBAJICS B 55,6 Mip/.

nost. [9]

10



B 2011 r. ocHOBHOI 00BEM HCIOIB30BAHUS KOMITO3UTOB IMPUXOJUTCA HA TaKWe OTPACIH Kak

JIEKTPOHMKA | 3JieKkTpoTexHuka (19%), ctpoutennbctBo (17%), Tpancnoprt (14%) (Pucynok 3).

NOTPEOHTEMLCHM  DROMHE
8 Tosapm 3%

7%

SNEKTPOKMKS W
ANEKTPOTEXHMHE
19%

TPy O/ Ganm
13%

Hcrounuk: moctpoeHo Ha ocHoBe [10]

Pucynok 3 - OTpacneBasi CTpyKTypa MHPOBOTO PBIHKa KOMITO3U IIHOHHBIX MaTEPHUAIOB

B TO ke BpeMms eciiu aHaNIM3UPOBATh CTPYKTYPY BBIPYUKU IO HamOosee MmepeJoBbIM KOMIIO3UTAM —
Ha OCHOBE YIVIEBOJOPOJHBIX BOJIOKOH, Iojiydaercs, 4yTo okoso 40% BBIpydKH MpPUXOAUTCA Ha

A’POKOCMHUECKYIO OTpacib, 13% - Ha BETPOIHEPIeTHKY, a Ha aBTOMOOUIeCTpoeHHe — ToJIbKO 3% [10].

[To mporHo3amMm MUPOBOM PHIHOK KOMIO3UIIMOHHBIX MatepuanoB BeipacTeT Kk 2017 r. 1o 29,9 mupa.

JIOJII., TIOKa3aB CPEHEr00BbIe TeMITbl pocTa B 7% [9].
PbIHOK MpOorpaMMHBIX MPOAYKTOB JUISI pa3padoTKU NpeAMeTOB MPOU3BOACTBA

MupoBO PBIHOK TNPOTPAMMHBIX TPOJYKTOB ISl Pa3padOTKM MPEAMETOB NPOHM3BOACTBA (B
CTpYKTYype, npencTaBnennoi komnanuein CIMdata)! onenuancs B 2013 r. npuGIM3HTENLHO B 22 MIPIL.
nomwn. OCHOBHas 4acTh pbIHKAa Npuxoquiack Ha paszauudble urxeHepHsie [10 (CAD/CAM/CAE).
Hau6omee 6victpo pociu CAM, CAE u PDM cermenTs! peinka PLM. Hecmotpst Ha To, uTo peiHok PLM
B 2008-2013 1T. AEMOHCTpUPOBAI CPEAHME TEMIIBI Npupocta — 6,7%, TEMIIBI IPUPOCTOB B CETMEHTAX

CAM u CAE 6b1u cymectBeHHO Boie - 13-14% (Pucynok 4).

1 B 1aHHYI0 KATETOPUIO HE BXOJAT CHCTEMBI DJIEKTPOTEXHHYECKOTO U IJIEKTPOHHOTO NPOEKTUPOBAHHS, CHCTEMBI JUIs
APXUTEKTYPHOTO M CTPOUTECIIHHOTO TPOCKTUPOBAHMUS, CIICIHAIN3UPOBAHHBIC MHC TPYMEHTHI U ap. [11]
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Hctounuk: Ha ocHoBe [12].

Pucynok 4 - JluHaMuKa 1 CTpyKTypa MUPOBOTO PhIHKA IPOrPAMMHBIX TPOJIYKTOB ISl pa3paboTKu

MPEMETOB TPOU3BOJICTBA (MIIP. AOJLI. )

ITo mporuozam ClMdata obmmit peinok k 2017 r. mpeBbicuT 50 MIpA. IOJUL, a CPEAHETOMOBBIC

TEMITbI pocTa cocTaBsT 8,7% [12].
Poinku HIIT B Poccun

B Hacrosiee BpeMsi B OOJNBIIMHCTBE OTpacieid, KoTopsle siBistoTes paspadotunkamu HIIT, B Poccun
CJIOKMJIACh JOCTATOYHO TSDKENAsl CUTyalWsl, XapaKTEPU3YOLRsACsA, ¢ OJHON CTOPOHBI, JOMUHUPOBAHUEM
MHOCTpaHHBIX Komnanuii Ha peiHkax HIIT, ¢ apyroii — cymecTBeHHBIMH TPOOJIeMaMu OTEYECTBEHHBIX
KOMIIAaHUH, MPEMSATCTBYIOUMX YBEJINYEHUI0 HX KOHKYPEHTOCIOCOOHOCTH («Ioporue» (UHaHCOBBIE
pecypebl, 1eUIUT BHICOKOKBATM(UIIMPOBAHHBIX MH)KEHEPHBIX Ka/IPOB, YCTApPEBIME OCHOBHBIE (DOHIBI U

T.IL.).

Tak, HanpuMep, B CTAaHKOCTPOCHHMM IIOCIEAHUE TOJbl JI0J OTEYECTBEHHBIX IPOU3BOJUTENCH Ha
BHYTpEHHEM pblHKe cocTtaBistia 5-10% (ans cpaBHenus B CCCP B 1985 r. mons oTeyecTBEHHBIX

IPOM3BOMTENEH B ITOTPEOIEHMH CTAHKOB COCTABIISUIA OKOJIO 92%7)

B To xe Bpems, B psge oTpacieil (IIpexkae BCEro, 3TO OTPAciH, CBs3aHHBIE C Pa3pabOTKOM
uHxeHepHoro [10, KOMIO3MIMOHHBIX MaTepUAOB M W3CIHH W3 HUX, Ja3epHOTO0 00OpYIOBaHU)
OTEYECTBEHHBIC KOMIIAHUW CyMEIHM 3aHSATh ONpEJEICHHBIE PBIHOYHBIE HHUIIM M COXPAHUTh

TEXHOJIOTMYECKU I YPOBCHBb ONMU3KKI K MHPOBOMY.

2 Jlonst paccUMTaHa Ha OCHOBE CTATUCTHKU TI0 CTAHKOCTPOEHMIO (B IITyKaxX) Ha OCHOBE JaHHBIX [13].
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B oGmactu mpombinmieHHONW pOOOTOTEXHUKH U 3 D-TIPUHTEPOB POCCHUIICKHE TTPOU3BOIUTEIN TOJIBKO

HAYMHAIOT (POPMHUPOBATHCS U TIOKA HE MPETEHIYIOT Ha KaKyr0-JI100 CYIECTBEHHYIO OO PHIHKA.

TouHble OIEHKH, Kak 00beMOB PHIHKOB, cBsi3aHHBIX ¢ HIIT, Tak u monelt oTedyecTBEHHBIX KOMITAHUH
Ha HUX, 3aTPYIHEHbI MPOOJIEMaMH € JIOCTYITHOCTBIO CTaTUCTUUYeCKON nH(opmanuu. MMeronmecs oneHku
cutyauun Ha poccuiickux peiakax HITT orpaxens! B Tabnuua 2Error! Reference source not found..

Tabmuna 2 - OO0beMBl POCCHICKMX PBIHKOB, CBA3aHHBIX ¢ npousBojacTBoM HIIT, u omenku mnonei
OTEUYECTBEHHBIX KOMIIaHUN Ha HUX B 2012 1.

o

00LeM PbIHKA™ | O0Te4eCTBEHHbIX

PbIHOK (MJIH. OJLJ1.) KOMTIAHUIA™
CTaHKOCTPOEHHUE

(MeTamiooOpaboTKa) 1712 (2013) 5-10%

B T.4. JIa3epbl 332 (2013) 26%

HUH)XXEHEPHOE IO (mCAD,

mCAM, mCAE, cPDM, npou.) 205 30%
3D-puHTEpHI <3 <5%
IMpomemmuieHHas pobototexnuka | 40 <5%
KOMIIO3HUITUOHHBIE MaTePUAIIBI <350 20%

* - OLIEHOYHO.

Hcrounuk: [14-21]

IIpoOJieMbI 1OCTYNHOCTH cTAaTUCTHYeCKOH MH(popmanuu 1o peiHkam HIIT
AHanmm3 cutyauud B otpaciax-nipousBoautensix HIIT B Poccum 3aTpyanHsieTcs OTCYTCTBHEM
OOIIEJOCTYITHON CTaTUCTUKH IO MHOTUM pbIHKaM, cBsi3aHHbIM ¢ HIIT. Tak, mpakTu4ecku OTCYyTCTBYIOT

JAaHHBIE 110 PhIHKAM 000pYIOBaHUs JUIsl IPOMBIIIUIEHHON aBTOMaTH3alluu, 000pyI0BaHus AJ1sl 00paboTKu

IIJIACTUKOB U T.A.

Bonee neranu3upoBaHHYI0 MH(POPMALUIO YIAETCS MOMYYUTh MO JAHHBIM TaMOXXEHHOW CTaTHCTUKU

(Tabmuua 3Error! Reference source not found.).

Tabmuma 3 - OO0BeMBI SKCIIOPTAa ¥ UMIIOPTA IO OTIACTBHBIM phIHKaM, cBs3aHHBIM ¢ HIIT, B 2013 1. (Mi1H.
JTOJII.)

AMIIOPT /
KOJIpI SKCIIOPT
MIPOIYKTOBBIC TPYTIIIBI THBO/] UMIIOPT SKCTIOPT (pa3)
CTaHKH, B T.Y. 8456-8466 2839 100 28
Jla3epHbIC 845610 83 3 25
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JUIsi 00paOOTKN HEM ETAIUNTMYECKUX W3S 8464-8465 650 5 119

JacTH W IPUHAICKHOCTH 8466 309 28 11

obopynoBaHue 11 O0OpabOTKHM pe3WHBl U

macTMacc, MeYd | KaMmepbl, MammHbl mis | 8454, 8455,

CBapKd, ONOKH [ JUThs, JIUTeHHBIE MAaIIWHBL, | 8477, 8480,
METAUIONPOKATHBIC BAaJKU U CTAHBI 8514, 8515 2767 142 20
IpuOOPEI I KOHTPOJISI U YIIPaBICHUSL 9024-9032 3383 865 4

Yrnepomuctele MaTepuaisl, cTekiaoBosiokHo u | 390730,

M3ICIHS U3 HUX, STOKCHIHAS CMOJIa 681510, 7019 | 342 147 2
MPOMBIIUICHHBIE POOOTHI 847950 41 1 70
BCETO 10414 1292 8

Hcrounuk: 6a3a ganueix TH BDJ]

Opnnako aaxe mo nanHbiM TH B3]l 3auacTyro TpyaHO YETKO BBIJAECIUTH CTATUCTUKY, OTHOCAIIYIOCS

umenHo k HIIT.

Tak, nanHble mMo BHeumHel Toprosie 3D-npuntepamu BimroueHsl B koa THBOJI 847759 (mpoune
MalMHbl Ul JUThs U (OPMOBAHUS), OJHAKO IMOJYYUTh CTATUCTHKY OTIENbHO 1o 3D-nmpuHTepam Ha
OCHOBE OTKpBHITHIX JaHHBIX THBOJl (maHHBIEe OOCTYNMHBI MakCMMAIbHO B 6-TH 3HAYHOM KOJe) HE
MPEICTAaBIIACTCA BO3MOXHBIM, T.K. 3D-mpunTephl oTpaxarorcs mo 10-tu 3naunomy Koy (8477598000).
AHaloruyHas CUTyallMsi C YIJIEPOJHBIM BOJIOKHOM M U3JCTUSAMH U3 Hero (yriepoJHble BOJIOKHA

npoxoaT mo 10-3raunomMy koay 6815101000).

Tarke u3 o0uero o0beMa 3JIEKTPOMEXaHUUYECKOTO 00O0pynOoBaHUs (OTpaKEHHOTO, HampuMmep, Mo
xkogam 8535-8537, 9541 u np.) He yAaeTcs OTAEIBHO BBIICIUTH 000PYIOBAHUE, UCIIOIB3YeMOM sl HYXKIT
IPOMBIIUICHHOW aBTOMaTW3aluy (pene, MepeKIoyarend M mpod.). To e camMoe OTHOCHUTCA M K

npubopam Uit KOHTPOIIS U ynpasieHus (koabl 9024-9032).

I[aHHBIe Poccrata mo MNpon3BOACTBY YAaCTUYHO JOCTYIIHBI TOJIBKO JUJIA CTaHKOCTpOHTeHLHOﬁ

OTpaciu, BbIJIETICHHE 00bEMOB MPOU3BOICTBA MO APYruM oTpacisiM, cBsizanHbIM ¢ HIIT, 3arpynHeno.

Ucnonwp3zoBanue craructuku 6a3 nanHbix npennpustuil (Hanpumep, CITAPK) taxxke npeacrasnisercs
3aTPYIHUTENBHBIM, T.K. 3a4acTyl0 B BBIpy4Ke Ipennpusatuii, cBszaHHbix ¢ HIIT, sHaunmtensHas nomus
NPUXOAMUTCS HE Ha oOopymoBaHWe (MJIM MaTepHaiibl, yciuyru) cBszanHoe ¢ HIIT, a Ha mpoune J0XOmbl,

YTO HC MO3BOJISICT KOPPECKTHO OUCHUTDH Pa3MEPhbl PbIHKOB HIIT.

[IpencraBnsiercsi, uto HamOoliee pPENECBAHTHBHIM HCTOYHHKOM HHMOPMALMH SIBISIFOTCS pPa3TUYHBIC
OTpaciieBble MM HEKOMMEPUYECKHE OpraHh3alliy, OJHAKO [0 MHOTMM pbIHKaM, cBs3aHHbIM ¢ HIIT,

HOI[O6HI>IX OpFaHI/I3aI_[I/II71 HJIX HCT, WJIX OHU HC PACKPBIBAIOT HCO6XOI[I/IMYIO I/IH(I)OpMaI_[I/IIO, B PE3YJIIbTATEC
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4ero 3a4acTyr0 OLCHKAa PBIHKOB OIIMPACTCd Ha MHCHHUA HJIM SKCIICPTOB, MJIM OTACIBHBIX YYAaCTHHKOB

PBIHKOB.

B pa3BuUTBIX cTpaHax W Ha MHPOBOM YpOBHE OIICHKAa PBIHKOB, cBsizaHHbIX ¢ HIIT, Bemercs B
OCHOBHOM HJIM Pa3IMYHBIMH OTPACICBBIMH OOBECIAMHCHHUSAMH, WM CICIHATN3UPYIOIMMUACS Ha 3THX
pbhIHKaX KOHcalTUHTOBbIMH KommanusimMu (Gardner, ClMdata, Wohlers Associates, IFR wu np.),
COOMPAIONIMMH U TPEIOCTABIISIIOIMMA HH(POPMALIHIO 110 JaHHBIM PHIHKAM B OTKPHITOM JOCTYITC HJIH 3a

ILJIaTYy.

Takum o00pas3om, [Uis MOBBILEHUS WH(POPMAMOHHOW MPO3payHOCTH poccuiickux pbiHKOB HIIT
MPEICTaBISAETCS HEOOXOAMMBIM CYIIECTBEHHBIN POCT POJIM OTPACIEBBIX OPraHU3AlMN U OTKPHITOCTH HX

JaHHBIX.

1.5. I3meHeHus B oOpabaThIBaroOIEi MPOMBIIITIEHHOCTH
WN3menenune ob6nuka oOpaOaThiBalOUel MNPOMBIIUIEHHOCTH MPOUCXOJUT Ha TPEX OCHOBHBIX

B3aMMOCBSA3aHHBIX YPOBHAIX:

e Ha MakpoypoBHe (ImoOanmu3alus, pEruoHaIM3alus, JIOKAIN3ALUs MPOU3BOACTBEHHBIX
[[ETI0YEK);

® Ha MUKpOYPOBHE (M3MeHeHHue Ou3Hec-Mojeneil: onopa Ha 3dgdexr macirada, «OepexInBOe)
IIPOM3BOJICTBO, MOJIETH KU3HEHHOTO IIUKJIA U3AEIHs, KACTOMU3AIUs TPOAYKIINH U MTPOY.);

® Ha ypOBHE TEXHOJOTWU (aBTOMATH3aIMs M POOOTH3AIMS TPOM3BOJACTBA, HCIOJIB30BAHHE

HOBBIX MAaTCPUAJIOB U HpO‘l.).

BHenpeHre HOBBIX METOJOB W TOJIXOJOB  YIPABJICHUS  IPOM3BOJICTBOM, Pa3BUTHE
HHPOPMAITMOHHO-KOMMYHHKAIIMOHHBIX TexHoyoruil (MKT) mapamiensHO ¢ mporieccaMu TIIo0au3auu
npou3BoAcTBeHHBIX wHemoyek B 1970-2000-x rIT. CyIIEeCTBEHHO H3MEHUIM OOMUK 00pabaThiBaroieit
npoMbeIuieHHOCTH.  lllmpokoe mNpUMEHEHWe Ha TpaKTUKE KOHICNMIHMH O KW3HCHHOTO IUKIA,
«PACHMPEHHBIX MPEANPUITUIY, CHCTEMHO-UHXKXEHEPHBIX METONOB (AKTUYECKH HM3MEHUJIO MapagurMy
pazgenenus Tpyra (pazmenst  2.1.2 wu  2.1.3). Hawamoce ¢dopmupoBaHHEe paclpeaeIeHHbIX
MPOU3BOACTBEHHBIX IIETOYEK CJIOXKHOM KOH(HUTYpalnu, OPHUEHTUPOBAHHBIX Ha «OEPEkKIUBOECH
MIPOU3BOICTBO, HCIIOJL30BAHUE JICIIICBBIX PECYPCOB 110 BCEMY MUPY U BBIOJHEHUE KECTKUX CTAH/IaPTOB
kayectBa [22]. BemeactBue mporecca mio0anM3aldyd TPOMCXOIMII TIEPEHOC W3 Pa3BUTHIX CTPaH B
pa3BHBAIONMECS MMPOU3BOJCTBEHHBIX MOIIHOCTEH, TEXHOJIOTHH, KOMIICTCHIIUH W ONPEICICHHOTO CJIOS
TEXHOJIOTUYECKUX KOMIAHUM, 3aHUMABIIMXCS 00CTy)KUBAaHUEM HEMOCPEACTBEHHO MPOU3BOJICTBA.

MupoBoii sxoHomuueckuii kpuszuc 2008-2009 1T. pe3ko oboctpus chOpMHUPOBABIIMECS B
MOpEeAbIAyle JCCATUIICTHS TPOTUBOPEUHUS], CBSI3aHHBIE C MPOU3OLICANMM MepedopMaTHPOBAHUEM

O6pa6aTBIBaIOI_HeI7I IIPOMBIIITICHHOCTH, B paMKaX KOTOPOro OCHOBHBLIC NPOU3BOJACTBCHHBLIC MOMIIHOCTHU
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OKa3aJINCh CKOHIICHTPUPOBAHBI B Pa3BHBAIOIIMXCS cTpaHax (mpexe Bcero B ctpanax FOro-Bocrounoii
Azun, B yacTHocTH — B Kurae), a TEXHOJIOIMH, KIOYEBbIE KOMIIETEHIIMU U, COOTBETCTBEHHO, OCHOBHAs
4acTh NPUOBIIM — B Pa3BUTHIX cTpaHaX. [locTENEeHHO KOMIIAHUM HOBBIX MHIYCTPHAIBHBIX CTPaH CTaJIN
BBITECHATH C PHIHKOB TPAJIMLIMOHHBIX JUAEPOBS, U Kak cieactue, B Hadane 2010-x rr. 8 CIIIA u EC na
NEepBBIA IJIaH BBIIDIA M€ O HEOOXOIUMOCTH PEMHIYCTPUATIM3ALMU HAlMOHAJIBHBIX SKOHOMHMK Ha
OCHOBE HOBBIX IIPOM3BOICTBEHHBIX TEXHOJIOTUM, C LIEIIBIO MOBBIIIEHUS X KOHKYPEHTOCTIOCOOHOCTH.

MotuBanuu CTpaH K pa3BUTHIO HOBBIX IIPOM3BOJCTBEHHBIX TEXHOJIOTUM, TEM HE MEHEE, pa3HBbIE.
Jis CHIA 3T0 He0OXOAMMOCTh YKPETUIATh JTUAEPCKUE TTO3UIIMU, TOHUMaHUE TOTO, YTO IMOJUTHKA BHIBOJIA
IIPOM3BOJICTB 3a MpeAEsbl CTPaHbl HE OlpaBjajia ce0s U MOTYT ObITh IOTEPSHbI BaKHbIE KOMIIETEHLIUH.
ITostomy st CIIIA onHO W3 KIIOYEBBIX HAINpaBlIEHUE JEHCTBHUI - 3TO pelopu3alus Uil BO3BpaT
IIPOM3BOJICTBEHHBIX MOIIHOCTEN B CTpaHy, pa3MeleHue ux Bommsu neatpos HUOKP.

[nst crpan 3ananHoit EBpornbl OCHOBHOM 1EJIBbIO SIBJISIETCSI COXpPAHEHUE JIMJIEPCKUX MO3ULIUHN 110
psly CETMEHTOB Ha  BBICOKOTEXHOJOTMYHBIX pBIHKAX B  YCIOBUSX AKTMBHOIO  pPa3BUTHUA
npousBoacTBeHHBIX TexHosnoruid B CIIIA u Kurtae. Kutaii, B cBOIO ouepenp, CTaBUT 3aady pa3BUTHS
HOBOM MHIYCTPUU JJISl TOTO, UTOOBI B OOJIBIICH Mepe ONMUpaThesi HA COOCTBEHHBIE CUJIBI.

BaxxubiM (pakropom, croCOOCTBYIOLMM MPOLECCY PEUHIYCTPUATU3ALUKN Pa3BUTHIX ASKOHOMHUK
cranoButcs passutue HIIT, mo3Bossronmx mnepeiTM Ha HOBbIE OM3HEC-MOJIENIM, OCHOBAaHHBIE Ha
KacToMu3auuu mnpoxaykiuuu. Kacrtomuzamus obOecrednMBaeTcsi 3a CYET YCKOPEHHS U YJEIIEBJICHHS
pa3paboTKu HOBBIX MOJIEJIe M THIIOB MPOAYKIMHU Ha 0a3e HOBBIX TEXHOJOTMH (Hampumep, TEXHOJIOTUH
3D-nedaTH), a TarKe OpPraHU3aHKN THOKUX MPOU3BOJICTBEHHBIX CHCTEM, OIIEPATHBHO PEArHpyoNMX Ha
M3MEHEHHUE PHIHOYHBIX oTpeOHOocTel. KacToMu3anus moBBIACT POJIb ayTCOPCUHTA, M TOTOMY - MaJlbIX
U CPEIHUX MHHOBAIIMOHHBIX KOMIIAHUH B IIPOU3BOJCTBEHHBIX 1lenT04Kax. CpelHHEe KOMIIaHUU CTaHOBSITCS
BAKHBIMU «y3JIaMU» KaCTOMHU3UPOBAHHOIO ITPOU3BOJACTBA.

C uHOPACTPYKTYpHOM TOYKM 3pEHUs MOJOOHBIE M3MEHEHHsS B IPOM3BOACTBEHHBIX I[EMOYKAX
HaxoJsAT CBOE OTPaXEHUE B TOM, YTO PACTET YUCIO KOMIAHUMN, OCHAIIEHHBIX BBICOKOTEXHOJIOTUYHBIM
00opyioBaHUEM, 1 OPUEHTUPOBAHHBIX HA BBIITOJIHEHNE MEIKOCEPUIHBIX 3aKa30B (Tak Ha3bIBaeMble (al -
7a0bl, HKOO-IIOMBI, BOPK-IIONBI), B TOM YHWCIE — JUIS MHHOBAIIMOHHBIX (UpPM, KOTOPBIM Tpelyercs
OBICTPO M HEIOPOro M3rOTaBJIMBATh MpOoOHbIe mapTuu npoxykuuu. Tak, B CLIA Ha nomo moaoOHBIX
KOMITaHUHM B HacTosIIee BpeMs MpuXoauTcst okosno 30% BCero prlHKa METAJTIOPEXKYIIEro 000pyIOBaHus
[23]. Takue xommanum (OPMHUPYIOT CBOECOOPA3HYIO TEXHOJIOTHYECKYIO HMH(PPACTPYKTYPY I Majoro u
CpEeIHEro MHHOBALMOHHOrO Ou3Heca. Co37aHHME CETH OKa3bIBAIOIMX YCIYTM KOMIIAHMH I103BOJISIET
CHU3UTb MHBECTUIIMU CO CTOPOHBI MHHOBALIMOHHBIX MAIbIX U CPEIHUX NPEIIPUATUN U IOBBICUTH

3arpy3Ky TEXHOJIOTHYECKOTO OOOpYIOBAHMS 32 CUET 3aKa30B CO CTOPOHBI BHEIIHETO PhIHKA.

3 Hawunbouee SIPKUC NPUMEPBI — TOMUHUPOBAHUE Ha PAAC MHUPOBBIX BBICOKOTECXHOJIOTMYHBIX PBIHKOB KUTAUCKUX KOMITAHUI:
Huawei, Lenovo, ZTE u mp.
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2. KntoueBble TexHONMOTHUH, (POPMUPYIOIIIME OOJUK MEPCIEKTUBHOTO
POM3BOICTBA

2.1. TlepcrieKTUBHBIE TEXHOJIIOTUN OPTaHU3AIMU U YIIPABIECHUS TPOU3BOJACTBOM

2.1.1. Onpenenenus

TexHonorun opraHuzanuu M ynpasieHus npousBoactBoM (OVII) 3To moaxoabl, MeTO.bI,
CTaHJapThl, UHCTPYMEHTHI OpPraHU3AIMU B3aHUMOJICHCTBUS MEXIy MPOU3BOACTBEHHBIMH €AUHUIIAMU U
VIIpaBJICHUS HMMH B XOJIe¢ IPOU3BOJCTBEHHOrO Imporecca. [log MpoW3BOACTBEHHBIMH CIUHHUIIAMHU
noHuMarorcs (oOopynoBaHHbIE) paboure MecTa, MPOU3BOACTBEHHBIE YYaCTKH, I11€Xa, KOMILIEKCHI,
3aBOJIbI, MPOM3BOJICTBEHHBIE (DUPMBI U OOBEAMHEHHUS, 4 TAKKE MPOEKTHl M IMPOCKTHBIC MPOTPAMMEI,
MMOCTOSIHHEIE 180 BpEMEHHBIE OpraHu3aIluu. B CUIy  CII0O)KHOCTH COBPEMEHHBIX
W3/IeTN/00BEKTOB/CUCTEM  OIpPECICHNE TPOM3BOJICTBEHHOTO TMpOoIlecca HEBO3MOXKHO CY3HTh 10
npoiiecca BBITTyCKa KOHKPETHBIX JieTajei. HeobOxomumo paccMaTpuBaTth TaKKe
MPOEKTUPOBAHUE/KOHCTPYUPOBAHHUE, TOATOTOBKY  IPOHM3BOJCTBA,  MOJEPHHU3AIUIO,  TMOICPKKY

9KCILTyaTalluU U YTUJIM3allUI0 PE3YJIbTATOB IIPONU3BOJACTBA.

B cocrase texnonoruit OVYII nenecooOpa3Ho BBIAEIATh METOJUYECKYIO YaCTh (I1OAXO0/IbI, METO/IbI
U METOJMKH, CTaHJApThl, MOJIENIN) U HHCTPYMEHTAJbHYI 4acTh (pEriaMEHTHUPYIOLME JOKYMEHTHI U

I/IH(I)OpMaI_[I/IOHHO-TCXHOJ'IOI‘I/IIIGCKI/IG CpCI[CTBa).

CoBpemennbie uHGpopMmalmoHHO-TexHoNoruyeckue (MT) cpencTtBa SBISIOTCS BaKHEHIIMM
KOMIIOHEHTOM TMepCHeKTUBHBIX TexHojoruid OVYII, B CyIIECTBEHHOW CTENEHU PEATU3YIONMM 3TH
TEXHOJOTMM Ha npakTuke. B psae ciydaeB umeHHO paszsutue WT-cpencTtB MO3BONMIIO CO31aTh U

BHEJIPUTH COOTBETCTBYIONIME MepcrekTuBHbIEe TexHoaoruu O VYIL.

TexHonoruu OpraHW3allyl M YIOPABJICHUS IPOM3BOJCTBOM, B TOM YHCIE MEPCIEKTHBHEIE,
HEMOCPE/ICTBEHHO PEaIM3yIOTCSl B BHJIE MPOU3BOACTBEHHBIX M OM3HEC-IIPOECCOB, BBHITOIHSIONMXCS B
COOTBETCTBHE C PENIAMEHTHPYIOIIMMH JOKYMEHTAMH M C HCIOJIb30BAHUEM COOTBETCTBYIOIIMX
UH(OPMAIITMOHHO-TEXHOJIOTUUECKUX ~ CPEJICTB.  OJTH  JIOKYMEHTBI M CpPEACTBA  COCTaBISIOT
MHCTPYMEHTaNbHYI0 4YacTh TexHonoruid OVII u ¢ HeoOXOAMMOCTBIO OTpakaloT BCE OCOOEHHOCTH
KOHKPETHBIX  OpraHu3aluii, TMpOU3BOJCTBA, KOOMEpPAlMM U  pe3ylbTaToOB IMPOM3BOACTBA  —
u3nenus/oobekra/cucrembl. Crienu@uka KOHKPETHBIX OpraHu3aluil He SBISIETCS MPEIMETOM JTaHHOTO
JIOKJIajia, MO3TOMY HMXKE ONUCBIBAtOTCS Mertoaudeckue acrekrsl O VII — moaxoasl, METObI U METOAUKH,

CTaHJIAPTHI, MOJICIIH.
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2.1.2 MoruBanus

3a mocnenHue NECATUIICTUS B MUPOBOW MPAKTUKE OPTaHMU3AIlUU M YIPABJICHHS MPOU3BOJCTBOM
MIPOM3OIILTH CYIECTBEHHbIE M3MEHEHHS, KapJAWHAIBHO IMOBBICHBIIE (PEKTHBHOCTH MPOU3BOJICTBA B
[EeJIOM W €ro JJIEMEHTOB. OJTH HM3MEHEHHUs MO3BOJNIIIM PEHMTh MPOOIeMbl OOecleueHusl KadecTBa
KOHEYHBIX H3JIEINH/00bEKTOB (M KOMILICKTYIOIIMX), COOJIFOACHUS CPOKOB, KOHTPOJISI CEOECTOMMOCTH

U3AEIU/00BEKTOB.

Ha mnpakrtuke ObUI CO3MaH W BHEOPEH IENbIA PsAI COBPEMEHHBIX IOJIXOJOB M METOJIOB
ylpaBJjieHUsA. BaXXHO OTMETUTbH, YTO 3TU METOJIbI HOCAT «HATUHAYCTPHUAIBHBIN» XapaKTep - HECMOTPS Ha
CYLIECTBEHHBIE OTPACJIEBbIE PANIMYUA MEXKAY HPOU3BOIACTBOM BBICOKOTEXHOJIOTHYECKONM NPOAYKIHUHU
Pa3IUYHBIX BUJIOB, a TAKKE CIOKHBIX HHPPACTPYKTYPHBIX OOBEKTOB M KOMIIJIEKCOB (HAmpuMep, U3
ABMALlMOHHO-KOCMHUYECKOW TEXHUKA C OAHOM CTOPOHBI, M CO3JaHHUEM U OJKCIUIyaTalluel aTOMHBIX
OHEProOJIOKOB — C JAPYroi), YHMOMSHYThIE METOJbI Oa3UpPYIOTCS Ha €IWHBIX CHCTEMHBIX ITOAXOJaxX:
pe3yNIbTaThl MPOU3BOJICTBA - CIIOKHBIC U3/ICTHS/00bEKTHI/KOMILIEKCHI - PACCMATPUBAIOTCS KaK CIIOKHBIE

CUCTCEMBI U YUHUTBIBACTCA BECh UX JKU3HEHHBIN OHKII.

DT MeToIbl 3aJald TPHHIUIINAAIBHO HOBBIE OTHOIICHHWS MEXKIY MPEANPHUSATHIMUA BHYTPH
MPOU3BOACTBCHHBIX KOOMEpalUi Pa3padOTUMKOB-MPOU3BOJUTENICH, a TaKkKe C OpraHu3alusIMU
3akazunka. Dakrrdeckn, oHN CHOPMHUPOBAIM HOBBIA YKIAJ B pa3felieHHH TPyZa: MPOU3OIIEN MEPEX0]
oT yIIpaBICHUS PEANPUATHEM K VIIPaBICHUIO KooTepalmei, CBSI3aHHOU c
W3/1eTMeM/00bEKTOM/CHCTEMOM, ¥ OT BBINYCKAa HW3ACITUA/COOPY)KEHHSI OOBEKTa K YIPABICHHUIO

JKU3HEHHBIM [{UKIIOM U3IEIMI/00BEKTOB/CUCTEM.

HanbHelinmM pazsuteM TexHonoruii OVYII sBusercs IBUKEHHE K «00JauHOMY ITPOU3BOJICTBYY,
«TIPOU3BOJICTBY KAK CEPBHCY, «BUPTYAJIBHBIM INPEANPUATHSIM» U T.I. B PAMKax TaKUX IPOTPAMM Kak,
Hanpumep, Industry 4.0 [24], Smart Manufacturing [25], Manufacturing Cloud [26]. OTu uHHIHEAaTUBEI
ObUIM TPUHATHl MPAKTUYECKH BO BCEX MHIYCTPUAIBHBIX CTpPaHax B IOCIEAHHUE HECKOJIbKO jeT. OHu
HallpaBJ€Hbl Ha IIEPEX0J OT MacCOBOIO IIPOM3BOJCTBA K THMOKOMY KaCTOMHU3UPOBAaHHOMY, IpHU
COXpPaHEHUHU HKOHOMUYECKOM H(PPEeKTUBHOCTH MacCOBOIO MPOM3BOACTBA M JOCTH)KEHUU BBICOKON

AKOJIOTUYECKON I (PPEeKTUBHOCTH.

2.1.3 CoBpeMeHHbIE HaIpaBJICHUS M Pe3yJAbTaThl Pa3BUTHS TEXHOJOTWH OpraHU3AlUU U YIPaBIICHUS
IIPOU3BOJCTBOM

MexayHapoaHas. IpakTHKa IIOKa3blBaeT, 4YTO JJIs YCIEIHO pELeHUs 3TUX MpolieM B
YIIPABJIICHUU IMPOU3BOACTBOM B IIOCIECIHHUE ACCATUIIETUS PEaTU3yIOTCS KOHLENLMSA «PacIMPEHHOIO
NPEAIPUATUS», HPUMEHSIOTCS CHCTEMHO-WH)XCHEPHBIE MOAXOABI W CIELUAIBHBIE METOJ0JIOTHHU

(nanpumep, Defense Acquisition System, [27] - ynpaBiieHHE 3aKa30M U TPHOOPETEHUEM).
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Bce 3TH KOHIENIMHM W TOAXOIBI PACCMATPUBAIOT H3ICTHS/O0BEKTHI KaK EIUHYIO CIIOKHYIO
CUCTEMY, a MPEANPUITHS KOONIEPAINU — KaK €AMHBIN MPOU3BOJICTBEHHBIN KOMIIJIEKC, 00eCTIeUnBAIOIIH It
BECh KU3HEHHBIW IHKI  U3IeIus/00beKTa/cucTeMbl  (pa3paboTKy, MPOW3BOACTBO, IOJJEPIKKY

AKCITyaTallMi ¥ YTHUJIM3ALHI0) B TECHOM B3aUMOJCHCTBUM C OpraHU3alusIMHU 3aKa3unKa.

Bo-nepswix, Takas JOTHWKa 3aJaeT IMPOU3BOJCTBEHHO-TEXHOJOTUYECKYI0 OCHOBY HHTETpAIlUU
NPEINPUITAN B KOOTIEPAIMIO M YIPaBICHUS MU Ha HOBBIX MPUHIHNAX. IMEHHO MCIIOIB30BaHUE ITUX
OPUHIUIIOB obecneunBaeT 3(PPeKTUBHOCTh Pa3pabOTKH M MPOM3BOJACTBA. DTO AHAJOTMYHO TOMY, KaK
¢rHAHCOBasE M aKIIMOHEPHAs OCHOBA HCIHOJB3YIOTCS ISl OOBEIUHEHHS MPEANPHUATUN B XOJIJHMHIOBBIC

CTPYKTYpHI (Wiu Apyrue GOpMbI FOPUINIECKOTO OOBETUHEHHS) U AJIs1 KOPIIOPATUBHOTO YIIPABJICH HSl.

Bo-emopubix, cuCTeMHO-UH)XEHEpPHBbIE MOAXOAbl MPEANoyiaraloT MpUMEHEHHUE psiia MpaBUil WM
PEriIaMEHTOB, ITOBBIIIAOIIN X 3(1)(1)6KTI/IBHOCTB MMPON3BOACTBCHHBIX IMpOoUECCOB. Ot IMPpHUEMBI
MHOTOKPaTHO TPOBEPEHBI Ha MPAKTUKE W OMHUCAHBI B COOTBETCTBYIONMX CTaHmapTax. OHH KacaroTcs,
MPEXKIe BCEro, CHCTEMaTH3allMK BCeX TPEOOBAHUHN K XapaKTEPHCTUKAM H3EIH ii/0OBEKTOB CO CTOPOHBI
3aka3uuka, TOCTOSSHHOTO JIOBEICHUS dTUX TPEOOBAHUU 10 BCEX YJACTHHKOB KOOTEPALMH, PETYISPHOTO
KOHTPOJISI peain3allid TPeOOBAaHWH B TPOEKTHBIX PEIICHUSX, MPOIEAyp BHECCHHS HW3MEHEHUH B
MPOCKTHBIE  PEIICHHS 10  HM3ACTUI0/00BEKTY/CHCTEME, KOHTPOJII  CTPYKTYPHI, OCHOBHBIX U
QTBTEPHATUBHBIX MTPOCKTHBIX PEIICHU, PUCKOB M CEOECTOMMOCTH H3/CINNsI/00bEeKTa/CHCTEMBI, IIMPOKOTO

HCIIOJIB30BAHU A MCKIUCHUITIIMHAPHOIO MOACTIUPOBAHH .

B-mpemwux, crienuagbHble METOJOJOTHM YIpaBIeHHS 3aka3zoM (Hampumep, Defense Acquisition
System, [27]) obOecrieunBarOT PPEKTUBHBIA KOHTPOJIb HAJ pealu3aliieil CIOXKHBIX TEXHOJOTHUYCCKUX
IIpOrpaMM B YCIIOBUSIX BBICOKOM TEXHOJOTMYECKOW HEONpPeAeIeHHOCTU. IIpoekTHbie IporpamMmel
CO3/IaHUsI HOBBIX 00pa3lioB M3AETUN/OOBEKTOB HE MOTYT ObITh «KYIJIEHBI TOTOBBIMU» - B HUX BCEra
npucyrcTByetr Oombmasi monss HUP, cremoBarenbHO, OOJbIME TEXHOJOTHYECKHE PUCKH, M HHU OJIUH
MOAPSTYMK HE CMOXET pealr30BbIBaTh TaKyl0 IpOrpaMMy KaKk MHOTOKPaTHO IOBTOPEHHYIO C
M3BECTHBIMU MPOOJIEMaMU U pUCKaMM. DTO 3aTPYyAHSIET yIPaBICHUE CTOMMOCTBIO TaKUX IMPOrpaMM: Ha
MPaKTHUKE HEBO3MOXHO HCIIOJIB30BaTh KOHTPAKTHI ¢ (pUKcHpOBaHHOU 1eHOM. HecMoTps Ha pa3nuuHbie
opuandeckie (Gopmarbl B3aMMOOTHOIICHUM MEXIy 3aKa3uuKOM U Koollepanueld HMCIOJIHHUTENEH,
IPAKTUYECKH BCErJa peau3yeTcs NPHUHIIUI <«3aTpaThlt» (4acTo MmyreM OOOCHOBAaHHOTO IepecMoTpa
KOHTPAKTHBIX 00S3aTEIbCTB), YTO OTPAXKAET OOBEKTUBHYIO SKOHOMHUKO-TEXHOJIOIMUECKYI0 OCHOBY TaKHUX
nporpamMMm. OJHako ©pU TaKUX YCIOBHUSAX MWCIOJHUTEIM HE 3aMHTEPECOBAaHbl B IOBBIIICHUU
s¢dexTuBHOCTH CBOEM paldOThI, YTO MPUBOAUT K HEOOOCHOBAHHBIM pacxojam. I[lo3ToMy KOHTpPOJb
«pe3ynpTaT MPOTUB 3aTpaT» €O CTOPOHBI 3aka3zuMka MpuoOperaeT KiIodyeBoe 3HaueHHe. DakTudyecku

3aka3yuK B TaKoil MporpaMMe BBIHYKIEH HECTH Haubojee CYyLIECTBEHHbIE TEXHOJOTHYECKUE MU
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npoekTHble puckd. CrenuanbHble METOAOJIOTUH YIPABJIEHHUS 3aKa30M Kak pa3 M pa3paboTaHbl Jyis

peUICHUA 3THUX 3aJiaY.

B—uemeepmuix, Bce Ooblliee 3HaUCHUE MTPUOOPETAET COUCTAaHNUE MHIKEHEPHBIX U SKOHOMUUYECKHX
MO/IX0/I0B, MPEXKIE BCEro, B YaCTU aHaIM3a 3aTpaT U OLEeHUBaHUs Y(PEKTOB Ha BCEM KU3HEHHOM LIUKIIE
CIOXKHOTO wm3nenusi win oObekra. COBpEeMEHHBIC 3apyOeKHBIC MPAKTHKH WHTETPUPYIOT OTICIIbHBIE
NPEANPUATUSA-IOPUINYECKUE JIMI[a B pAaCIMpPEHHbIE MPEANPUSTUS <«BIOJIb KU3HEHHOIO IHMKIA
U3JENUsA/00BEKTay, a TAkKe COCPEJOTAYNBAIOT B OJTHOM «IEHTPE» U TEXHUYECKUE, U SIKOHOMUYECKUE, U
OpraHMu3allMOHHbIE cnocoObl ympasieHus. [lpu sTom ocoboe BHHMMaHHE YIAENIAETCS MaKCUMAallbHO
BO3MOXXHOW YHU(MKAIIMK U CTAaHJAPTU3ALHNK IMPOU3BOJCTBEHHBIX MPOIECCOB KaK OCHOBBI 00ECTICUCHUS
BBICOKOTO CTa0MJIBHOTO KauyecTBa, KOHTPOJHPYEMBIX CPOKOB U cebecTomMocTd. PernameHTUpyroTCs HE
TOJIBKO PYTHMHHBIE IPOLIECCHI MAaccOBOIO IPOU3BOACTBA, HO TAKKE U IPOLEAYPHl CO3JaHUS HOBBIX
U3JIeNNi, MaTepualioB, TexHONOTHH (ctanmaptel U moaxoabl Product Development Process mmpoxo

00CYKITAIOTCSl B CIICHALHOM JINTEPATYpEe M BHEAPSIOTCS B BEIYIIMX KOMITAHUSIX).

B-nsimuix, nHGOPMAIIMOHHO-TEXHOJIOTHYECKIUE CUCTEMBbI 3aHSUIH 0C000€ MECTO B MPOU3BOJICTBEHHOM
VIPaBJIICHUU: OHU CTAJIM COBEPIICHHO HEOOXOIMMBIM HMHCTPYMEHTOM, KOTOPBIH OOecCIeuyuBaeT u
OBICTpBIE ¥  yIOOHBI WHQPOPMAIMOHHBIA OOMEH, W OOBEAUHEHHE YYaCTHUKOB KOOMEpPAIIHH,
HaXOJSIIMXCSl Ha CYIIECTBEHHOM TeorpauveckoM YIaleHHH, W BO3MOXHOCTh XPAHEHHUS OOJBIIX
MaccuBOB mHpopManuu 00 u3aenusx (00beKTax) C BapuaHTaMd M BO3MOXKHOCTBIO YIOOHOTO JIOCTYIIA, U
mMHoroe npyroe. Passutre UT obecrieunsio CymecTBEHHBINH TPOTPecc B CIACIYIOIMX TPEX HANPaBJICHHSIX:

1. «3amena xyromana u peticwmunvry. CAD, CAM, CAPP cucrembl KapAWHAIBHO OOJETYIH U
YCKOPUJIM TPOCKTHBIE W KOHCTPYKTOPCKHE pPAa0OTBI, TPEXIE BCErO 3a CUET MAacCCOBOM
ABTOMATH3aIlMU PYTHHHBIX, OTHOCUTEIBHO MPOCTHIX, HO TPYAOEMKHX, OIEpaIUii.

2. «3amena nocapugmuyeckou auneukuy. IlosSBUIACh BO3MOXHOCTh «TOTAJIBHBIX JCHICBBIX
HHKCHEPHBIX PACYETOB M MOJCIHPOBAHUSY: CTAII0O BO3MOKHBIM MOJICIIMPOBATH CYIIEPCIIOKHBIC
00BEKTHI, HAIIPUMEP, CBOMCTBA BelecTB U MarepuaioB (direct numeric simulation u ananornyssie
MOJIXO/IbI); TAKKE CTAl0 BO3MOXKHBIM (JICIIEBO» MOCIMPOBATH MACCOBBIE IMPEAMETHI; CTAIO0
BO3MOYKHBIM W II€JIECOOOpa3HBbIM «CHayajla BCE IMPOBEPUTh HA MOJICNH, a MOTOM OTJIUTH B
METajuIey MM «CaM HapucoBal — caM OBICTPO cienam». Pa3BUTHE TEXHOJIOTHH «OBICTPOTO
MPOTOTUITUPOBAHUS (3[UIMTUBHBIC M AaHAJIOTUYHBIC UM) YCKOPHUJIO ATOT TPEH/I.

3. «Cnom opeaHuzayuoHHbIX 2panuy eHympu Koonepayuuy. B pesynbTate IiyOOKOH HHTErpaluu
pabouyux MECT W MPOU3BOJCTBECHHBIX CAMHHUII ITYTEM BHEIAPEHHUS CKBO3HBIX MPOM3BOIACTBEHHBIX
MPOIECCOB W EAWHBIX CTAHJAPTOB MPEIACTABICHHUS JAHHBIX BO3HHUKIM TeorpaduuecKu
pacrpelielieHHbIe «PaCIIMPEHHBIC MPEANPHUATHS W BUPTyalbHbIe paboOuue TPYIIbI, BHYTPU

KOTOPBIX MPAKTUYECKH OTCYTCTBYIOT IPAaHUIIBI MEXAY opreinHuIiamMu. JlanpHeHImM pa3BUTHEM
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Takux (OpM KOOIEepaluy W OpraHU3alluy MPOU3BOJICTBA SBIIAIOTCA «00JauHOE MPOU3BOACTBOY,
«IIPOU3BOJICTBO KaK CEPBUCH U T.II.

IleneBass mHTerpupoBaHHas apxutekrypa WT-cpeactB, momiepX uBaONMX MPOIECCH HaYaJIbHBIX

CTaJMii KU3HEHHOTO LHKIA U3MeNuii (0OBEKTOB) OT KOHIIEMIIMM O 3aIycKa M3MENHsS B MPOU3BOJCTBO

(mepemaun 00ObEKTA B IKCILTyaTAIIMIO), MOXKET OBITh IpeicTaBlicHa B BUuAe Pucynok 5 u PucyHok 6.

Pucynox 5 - CTpyKkTypsl OCHOBHBIX MOJICJICH U TAHHBIX 00 U3eInH (00BEKTE)
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Pucynok 6 - Ctpykrypa UT-mmatdopm

WnterpupoBannble TakuMm obOpazom WT-cpencTtBa BmecTe ¢ HPOM3BOACTBEHHBIMU IPOIECCAMH,
JaHHBIMH 00 wu3nenuu (0OBEKTe) W IKCILUTYaTHPYIOIMMH WX COTPYJIHHKAMH OOpa3yloT «CHCTEMY
yIpaBJIEHUs MPOEKTUPOBAHUEM/KOHCTPYMPOBAHUEMY. SIIpOM Takol CHUCTEMBbI SBJISETCS €IuHas MOJIHas
AJIGKTPOHHASI CTpyKTypa W Mojenb usnenus (oowvekra) (OCT-2053), (I'OCT-2052). UT-cpencrsa

00eCcIeunBarT JJIA pa6OTaIOH_[[/IX C HeH COTPYAHHUKOB BO3MOXHOCTHU CO3JaHUA TMPOCKTHBIX U
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TEXHOJIOTUYECKUX DPEIIeHHH, (GOPMUPOBAHUS CHCTEMHON apXUTEKTYphl M3neius (00BEKTa), yIpaBJICHUS
TpeboBaHUsIMU, KOH(UTypanueil uznenus (00beKTa), U3MEHEHHUSMH, MapAIIICIIBHOE MPOSKTUPOBAHUE,
paboThl B BHPTYaBHBIX pabOUMX Tpynmax W HMX COBMECTHOH pabOTHI, WCIIOIB30BAaHUS OIBITA U
HapaOOTOK, TUIAHUPOBAHUS U KOHTPOJSI PECYPCOB, 3aTpaT, (PMHAHCOBBIX PE3yIbTATOB, PUCKOB Ha BCEX
CTaMSX KL W3/1eT1 /00 bEKTa/CUCTEMBI, YIIpaBJICHUS CpOKaMHu IKCILTyaTaI[iu

U3AETIUN/00BbEKTOB/CUCTEM.

AHanoruyHble  ApXUTEKTYpHBIE TMpeACTaBieHUs (HE MNPUHUUNUAIBHO OTIMYaloumecs OT
BBILICIIPUBECHHBIX) CYLIECTBYIOT M JUIsl CTaJui HKCIUIyaTalluud (B TOM YHCJE TEKYIIMX PEMOHTOB H
cepBuca), MOJAEpHU3AUUU (B TOM YHMCIE KaMUTAIbHBIX PEMOHTOB), BBIBOJA M3 OJKCIUIyaTallud U

YTUIIN3alluu.

BaxxHo OTMETHTh, 4YTO HA POCCHMCKUX NPEANpUATHAX coBpemeHHble WT-cpenctBa BHeOpeHBI
JOCTaTOYHO IIMPOKO, M «3aMEHa KyJIbMaHAa WU PEHCIIMHBI), KaK U <«JI0Tapu(MUUYECKON JMHEUKHU» BO
MHOIMX ciydasx mpousomuio. OpjHako M3-3a MacCcoBOW (pparMEHTapHOCTH OHM3HEC-IIPOLIECCOB
OpraHU3aIlMOHHBIE Oapbepbl COXPAaHUJIMCHh HE TOJBKO B PaMKax KOOMEPALMH, HO U BHYTPH OTICIBHBIX

NPEANPUATUNA, YTO U TPUBOAUT K OTEPSAM dPPEKTUBHOCTH IPOU3BOICTBA B LIEJIOM.

B pesynbprare pazButus coppeMenHbie cucteMmbl OYII koMnanuil — MHyCTPUATIBHBIX JILACPOB, TAKUX
kak Boeing, Lockheed-Martin, BAE, General Dynamics, Raytheon, BMW, Toshiba, peamusyror u

HCIIOJIB3YIOT:

1. CucreMHO-UHXEHEPHBIE TTOIXOIbI:

e xoHreniuu xuzHeHHoro mukia (OKL[) [28] u mporecchl yrpaBiIeHUs XU3HEHHBIM LIHKIOM
npoxaykra/oobekra/cuctemsl (Product Lifecycle Management, PLM, [29]) B ToM uucie «BOopoT
npunstus pemeHuit» (Decision Gates); TIaHUPOBaHWS W KOHTPOJII PECYPCOB, 3arpar,
(MHAHCOBBIX pe3ylIbTaTOB, pUCKOB Ha Bcex craausx KL wu3nenus/oobexra/cucTemsl,
nanpumep, Total Ownership Cost, Total Cost Management [30]; ympaBineHus cpokamu
IKCILTyaTalluu U3AeTNi/00BEKTOB/CUCTEM;

e ympaBienue tpeboBaHusmu [31], xordurypanmen [32], [33] usMeHeHUsAMH, MapalielbHOE
MPOEKTUPOBAHUE, BUPTYyalIbHbIE pa0o4yme TPYINbl U UX COBMECTHAas padoTa, MCIOIb30BAHHE
OTBITa U HapabOTOK.

2. MonynbHOCTb, TIIaTGOPMBI, KPYITHOOIOYHAs COOpKa U MOHTAX.
Mopene- u nara-1eHTPUYHOCTD

4. VYmupaBieHHEe TPOCKTHBIMH MPOTpaMMaMd W TpoeKTamMu B 1enoM [34], Tawke pa3inuyuHbIe
pacumpenus, Takue kak [35] u [36]

5. KoHnenuuu pacumMpeHHOT0 MPeapUsTHsI, HHTEIPaIUs TaHHBIX U TpoieccoB [37].
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YHuBepcanbHble (OpMATM3MbI TPEICTABICHUS JAHHBIX, TAKAE KaK S3bIK TIPEICTABICHHS CETCBBIX
onrosoruit OWL [38], cranaapt npencraienus CAD-nganubix STEP NC [39] u [40], cpeacrsa
onucanus o0bekToB cTanmapra 1SO 15926 [41].

Konnenuuu «HenpepriBHBIX yiydmenuit» - TQM, LEAN [42] u npyrue.

[TpuHUIHTIBI 6€30yMa)KHOTO JOKYMEHTO000pOTa (TEKCTOBOM 00OPOT MCKITFOYEH ).

VYnpasnenue ‘“on-line”: oT4ETHOCTH, MEperIaHUpOBaHUE, (OPMHPOBAHUE MPOU3BOJCTBEHHOIO
3a/IaHus, 3aKPBITHE MEPUOAa W JPYrue ONEPAlMH BBIMOIHSIOTCS «HAXaTHEM OJHOW KHOIIKWY,
MPAKTUYECKH aBTOMATHYECKH, O€3 TMPHUBJICUCHUS COTPYIHUKOB, BBIMOJHEHHE OIEpalui

perucTpupyercst B cucreMe “on-line”.

Kak utor, coBpemennsie cucreMsl O YII obecrieunBaroT clieayrone KIF0UYeBble BOZMOKHOCTH:

IPOTHO3UPOBAHME U  KOHTPOIb CPOKO8 U  cmoumocmu  pa3pabOTKM U BBIIYCKa
U3JeNUi/00bEKTOB/CUCTEM, a TalKe MPOEKTOB M MPOEKTHBIX IIPOrPaMMm;

obOecrieueHne TpeOyeMoro Kkavecmea W3NETUNA/OOBEKTOB/CUCTEM B  II€JIOM, OTACITBHBIX
KOMITOHEHTOB U padoT;

CO3/IlaHWE HOBBIX H3ICINI/O0BbEKTOB/CHCTEM B 3aJaHHbIE CpPOKH, IPOTHO3UPOBAHHE U
MaKCUMaJIbHBIN y4€T OTPEOHOCTEN 3aKa34uHKOB;

nepexoJ, K KOHTPaKTaM >KU3HEHHOTO LHKIA, K «dIpojaxe (OOeBbIX) BO3MOXKHOCTEH» BMECTO
MPOJIaXKH H3MEIUH, K OCYILECTBIECHUIO CEPBHUCAa B COOTBETCTBUE C «COINIALIEHUSMHU 00 ypOBHE

CEpBHCay.

2.1.4 HoBble TpeH bl pa3BUTHS TEXHOJIOTUIM OpraHU3allluy U YIIPaBJIEHUs IPOU3BOCTBOM

I[a.]'[bHefI].Hee Pa3sBUTUC TCH,Z[GHHHﬁ, OIMMHMCAHHBIX B MPCABIAYHICM pPA3ACIIC, MPOUCXOAUT B (bOpMe

CIICYIOIMX TPEHJIOB:

1.

VMHUIMATHUBEL  Pa3BUTHUS MPOU3BOJICTBCHHBIX HMHTEIUICKTYaIbHBIX CHUCTEM M IOJXOJIOB
(manufacturing intelligence), takue kak Industry 4.0 [24], u Smart Manufacturing Leadership
Coalition [25].

Maneneiimas rnobamusamus kooneparuu (Global Product Development) [43];

HoBbie ¢opMbel Koomepanmuu M MEXKOPraHHW3alMOHHOTO B3aUMOJICHCTBHS, Takue Kak Virtual
Enterprise [44] u anbsichr [45];

[Mepexos K «IIPOU3BOJCTBY Kak cepBUcy [46] u «obmauHOMy Tpou3BOACTBY» [26];

Cosmanue uHbpacTpykTypsl «obimaunoro mpousoacTtay - Industrial Internet [47], [48], [49];
OTtneneHre U aKKyMyJIMPOBAaHHE HEBEUICCTBEHHBIX (DYHKUMI: MAPKETUHT, KOHIICTIT/TPEOOBAHH 5,

apXUTEKTypa, Koomepanus, cepTu@uKkaius, Mpoaxu, CepBuc.
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NunuuaTuBbl pasBUTHSA NMPOU3BOACTBEHHBIX HHTE/JIEKTYAJbHBIX CHCTEM U II0JX010B
CrnenuanucTbl MPakTUYECKH BCEX Pa3BUTHIX CTPAH CUMTAIOT, UTO SKOHOMHUKA HAXOIUTCS Ha ropore 4-

i TNPOMBIIUICHHOW pPEBOJIOIUU, B OCHOBHOM IIOJl BJIMSHMEM pa3BUBAIOIMXCA HHGOPMALIMOHHBIX

TEXHOJOTUH, COMMKAIONMX U HWHTETPUPYIOIMX peajbHbIN, BEIIECTBEHHBbIH, M BUPTYAIbHBIH,

HHGOPMAITMOHHBINA, MUD. [IpOMBITITIEHHOCTH Oy/IyIero OyneT XapaKTepru30BaThCs:

e CyIIECTBCHHOW  WHIMBUJyaTU3alMed  TMPOAYKIIUU TPH  YCIOBHUU  BBICOKOW THOKOCTH
KPYITHOCEPUITHOTO NIPOU3BO/ICTBA;

e TIyOOKON MHTErpaluy MOTpeOuTeNnell U MPOU3BOJUTENCH B paMKaX CKBO3HBIX MPOI[ECCOB BCETO
’KM3HEHHOTO IUKIA M BCCH LEMOYKH CO3IaHMsI CTOMMOCTH / MOTPeOMTENbCKO# 1ieHHOoCcTH (Value
adding chain);

® CBS3bI0 IMIPOIIECCOB BBIMYCKA W cepBUCAa MPOAYKUMM U (POPMHPOBAHHS TaKuUM 00Opazom
«TUOPUTHBIX MTPOIYKTOB.

Oco3HaBasg 5TU TEHJEHIUH, MPABUTEIbCTBEHHBIE OPraHM3ALMU U MPOMBIIUIEHHOCTh Pa3lIUYHbIX
CTpaH WHHIIMUPYET Takkue WHUNMATuBbl Kak Industry 4.0, I'epmanus [24] u Smart Manufacturing
Leadership Coalition [25], CIIIA, a Tarke opraHu3anuu TexHojormdeckoro passutus National Network
for Manufacturing Innovation [50], American Lightweight Materials Manufacturing Innovation Institute
[51], National Center for Defense Manufacturing and Machining [52].

IMpoekr Industry 4.0 oxBaTbiBacT Kak MPOMBIIUICHHBIE TEXHOJOIMYECKHE, TaK M COILMAIbHBIC
acTeKThl pa3BUTHUSA. DTO IMPOEKT, HAIMPaBJICHHBI Ha oOIlepexarolee pa3BUTHE HWHOOPMAIIMOHHBIX U
KOMITBIOTEPHBIX TEXHOJOTWi. Bemymyto posib B 3TOM mpoekre wurpaet Siemens. Hekoropeie wu3
komroHeHTOB Industry 4.0 yxxe MOSBIISIOTCS U UCIOJNB3YIOTCS Ceifuac, B YaCTHOCTH MPOU3BOACTBEHHBIN
WHTEpPHET, CTaHIapThl OOMEHa TMPOMBIIUICHHBIMH JAaHHBIMHU, MOJCIUPYIOIIEe IMPOrpaMMHOE

066CH€‘I€HI/I€, qTO NpUuAacT ydaCTHHKaM M S3KCIICPTaM YBCPCHHOCTDb B PCAJIM3YyCMOCTH ITPOCKTA B LICJIOM.

[Mpoexkr Smart Manufacturing, WHUIIMUPOBAHHBIA PSJOM aMEPUKAHCKUX MPABUTEILCTBEHHBIX
arcHTCTB M BEIYLIMX IPOMBILIUICHHBIX KOMIIAHUW, HAIIPpaBJICH HA HUHTEIPUPOBAHUE B PEAJIbHOM BPEMEHU
U B paMKax IPOM3BOACTBEHHBIX CE€TEW MHPOPMAIIMU U JAHHBIX, OTPAaXKaIOIIMX BCE aCIEKThl TPEOOBAHMUI,
KOHIIENINH, KOHCTPYHUPOBAHHUsI, TPOCKTUPOBAHMs, IIPOU3BOJCTBA, JIOTUCTUKU, HKCIUIyaTalluH, CEpBUCA
INPOJIYKIIMH, TO €CThb Ha CO3JAaHHME <JIPOU3BOACTBEHHOIO HMHTEIUIEKTa». OTO JOCTHIAETCS IyTeM
BHEJpEHUs OOJIBILOTO KOJWYECTBA H3MEPUTENBHBIX JAaTYUKOB, OOBEAMHEHUSI UX CETAMH, cOopa u
00paboTku WHGOpPMAIMU OT HHUX, COBMECTHO C MOJICIIMPOBAHMEM IIPOM3BOJACTBEHHBIX U JIPYIHX

IPOLIECCOB ISl BRIPAOOTKU PELICHU B peXXMMe PeabHOTO BPEMEHH.

Llenu mpoexra Smart Manufacturing Bxmo4aroT:
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e paspaborarb pedepentHyro SM  (Smart Manufacturing)-apxutekTypy, OCHOBaHHYIO Ha
CTaHJApTaX, WHULUHUPYEMON IIPOMBIIUICHHBIMU KOMIIAaHUAMH W nojuaepxkuBaemon UT-
pa3paboTYnKamu;

e co3math SM-mmardopMmy pa3pabOTKH, BKIIOYAIOIMICH Ccpexy pa3pabOTKd C  OTKPHITOU
ApXUTEKTYpPOH;

e peaym3oBath R&D mpoekrsl B o6mactu SM-cucrewm;

e CrocoOCTBOBATH NMPUBIICYCHUIO ((MHAHCUPOBAHUS VIS TAKHX ITPOCKTOB;

e CO03/1aBaTh MUJIOTHBIE 30HBI U1 BHeApeHUsI SM-cucrewm;

® aKKyMyJIMpOBaTh W TapMOHU3HpOBaTh TpeOoBaHUs K SM-cucremMam OT MalblX, CPEIHUX M
KPYIIHBIX KOMITAaHUH;

® CO3JaBaTh U o0neryarb JAOCTYIT K HOBBIM JICHICBBIM AATYWMKAM W CCTCBbBIM TCXHOJIOTUAM.

JanbHelmasi ri1o0anu3anys Koomnepanuu

Ecnu TeyeHwe B TOCIEAHMX HECKOJBKUX JIECATHIICTHH HaOIIOJanach Io0amu3anus IernoveK
MPOM3BOJUTENCH C IEeNbl0 OO0beAMHEHHS (YHKIUH TPOM3BOJICTBA, CEHYac BO3HHUKAET TEHACHIIUS
rio0anu3any KoMaH] pa3padoTdynkoB npoaykToB [43]. Cl0XHOCTh MPOAYKTOB TPeOyeT pasHOOOpa3HbIX
KOMITETEHIINH pa3paO0TUYMKOB, YTO MPHUBOAUT K HEOOXOAMMOCTH OOBEAWHEHUS HMHTEPHAIIMOHAIBHBIX
reorpavecKy pacrlpeleiCHHBIX TPYII B paMKax €IUHOW KoMaHnbl. Kpome TOro, BKIIOYCHHE
pPETHOHAIBHBIX Pa3pabOTYMKOB MO3BOJISIET OMEPATHBHO W 0OJee TOYHO pearupoBaTh Ha MOTPEOHOCTH
JIOKaJIbHBIX PBIHKOB. Clieqyronme HampaBiICHHUsS BBIACTSIOTCS KaK KIOYEBBIE UIsI oOecreueHus

r100aTbHON MHTETPAIUU Mpoliecca pa3paboTKH MPOIYKTOB:

1. ynpaBnenue CAD-pmaHHBIMEH O NpOAyKTe, CHOPMUPOBAHHBIMH B pasnu4HbIX HcxOnHBIX CAD-
CHCTEMaXx;
yipaBJieHue JaHHbIiME 0 cocTaBe nposykra (Bill of Material data);

yIpaBJjieHUE MHOKECTBOM KOH (pUTYpaluii OHOBPEMEHHO;

2
3
4. yhnpaBieHHE ITIOOATBLHBIM PACIPEICICHHBIM IIPOI[ECCOM BHECCHUS U3MCHCHHUIA;

5. ympaBieHHe COBMECTHOM paboToii pacnpenenenubix rpymi (collaboration capabilities);

6. ympaBieHHe KITacCH(PUKATOPAMHU COCTaBa U3JICIHS;

7. ympaBJICHHE TOCTaBIIMKAMH/CYOTIOIPSTINKAMU.

[lepBbie veThipe 00NACTH CBs3aHBI ¢ (OPMUPOBAHUEM JAHHBIX O MPOIYKTE M YIPABICHUEM HMH.
[latas o00jacTh SBJIACTCA KPUTHYHOM Juis obOecrieueHHss JPPEKTHBHOW COBMECTHOH pabOThI
3aUHTCPCCOBAHHBIX JIML, BHYTPHU KOMIIAaHWHU, YICHOB aYTCOPCHHIOBBIX KOMAaHI paSpa6OT‘-H/IKOB u

0OJIBIIOr0 4YKCIa Teorpaduyueckd yIATCHHBIX 3apyOeXHBIX IOCTaBIMKOB/CyOrmoapsaunkoB. COoop u

HAKOIIJICHUC HCTOPHUUYCCKHMX W AaKTyaJIbHBIX JaHHBIX 00 U34CJIINKU, BKIKOYAasd AAHHBIC MCXaHHWYCCKUX,
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anekrpuueckux W apyrux CAD-cucreM, SIBJISETCS COBEPIICHHO HEOOXOJAUMBIM JUISI BBITIOJHCHUS
pa3paboTOK B CPOK M B paMKax Oro/pkeTa. 3akIIOYMTENbHBIE W3 BBLACICHHBIX 001acTedl SIBISIIOTCS

KITIOUYEBBIMU ISl YIPABJICHUS pUCKaMU U CTOMMOCTBIO pa3pabOTKU U MPOU3BOICTBA MPOAYKTA.

HoBble ¢opMbl KoOOmEpanuu ¥ Me)KOPraHW3alMOHHOTO B3aMMOJEHCTBHS, TaKHe KaK aJbSHCHI,
Virtual Enterprise

Konuenuust «BUpTyaabHOTO mpeanpustus» (virtual enterprise) WHTEHCHMBHO pa3BUBaeTCs B
nocnenuue roasl. s «suptyanbHoro npeanpustus» (BIT) nano muoro onpexnenenwuii, Hanpumep, BIT —
3TO BPEMCHHAs CETh HE3aBUCHMBIX OPraHU3al[MOHHBIX 00pa3oBaHWii, B TOM 4YHCIIC OHM3HECOB U
CIICI[HATICTOB, KOTOpbIE pabOTAlOT Ha CaMOIPOW3BOJIBHOM OCHOBAHWH, JUIS PAa3BUTHS CBOHMX
KOHKYPEHTHBIX TIpeumyiiecTB. OHH BEPTUKAIBHO MHTETPHPYIOTCS Ul OOBCIMHEHUS CBOMX OCHOBHBIX

KOMIIETeHIIMH 1 QyHKUHI B €IMHYI0 OpraHU3aIHIo.

B pamkax oOmeeBpomneiickoii mporpaMmbl HCCIEAOBAHMI W TEXHOJOTMYECKHX pa3paboTOK
BBIMTOJIHSIETCA LENbIA Psii IPOEKTOB, HAIpaBJEHHBIX HA pa3BUTHE KoHuenuuu BII, B paMkax KOTOpbIX
pa3pabaTbiBaeTCcs IMPOKHI Kpyr TeM OT 3aKOHOAaTeNnbHBIX oOcHOB BIl 1o mnomaepxuBaronmx

IIPOTPaAaMMHBIX IIPOLYKTOB.

EBporneiickass MPOMBIIIICHHOCTb XapakTepusyeTcs OOJbIION [0Jied Majoro M cpenHero Ou3Heca.
CoOTBETCTBEHHO, Il TOrO 4YTOObI pa3BHBaTh HOBBIE TEXHOJOTMM U MHHOBALIMM HEOOXOAMMa CeTeBas
(OKOCUCTEMa», OOBEIUHSION@AS Malblii U CpEeJHUN OM3HEC IJI KOHCOJUJAIMU PECYPCOB M CO3JaHUS

(G(pHTquCKOﬁ MacCCBD».

Hpyroit HOBO# (hopMOI COBMECTHON pabOTHI SBISETCS CO3JaHHE MPOMBIIUICHHBIX aJTbIHCOB. DTOT
MOJIXO/I PealTu3yeTcsi B paMKax MporpamMMbl pa3padoTku nepcrekruBHOro scmuHIa 3YPO (Arr Warfare

Destroyer) mis BMC Acrpanuu [45].

YyacTHUKaMU ajbsHCA SIBISIOTCS ABCTpaJIMIICKOE TMPaBUTEILCTBEHHOE areHTCTBO Defence Materiel
Organisation (DMO), ABctpanuiickue npombinvieHable komnanuu ASC u Raytheon Australia, a Tarwke

MapTHEPHI — UCIaHCcKas KopadsectpouTenbHas pupma Navantia u Lockheed Martin u3 CILIA.

Henbto Takoil (opmbl opraHuzanuu SIBJISETCS YIydlleHHE pPabOThl Koolepamuu (Cpokd, OIOMIKET,
yIOpaBJIeHUE pPUCKAMH M OOEBBIMH BO3MOXXHOCTSIMU KOpabisl) 3a cyeT cioma OapbepoB MEXIy
IPOMBIIIEHHOCTBIO M 3aKa34MKOM, a TAKKE MEXKTy OpraHM3alusIMH MPOMBIITICHHOCTH MEXIy CO00i Ha
OCHOBE TPUHIHUIIA «pa3ienseM HpoliemMbl U paszaenseM 3aciayru» (pain-share and gain-share). AsbsiHc
ocHoBaH Ha crenuadbHoM goroBope Alliance Based Target Incentive Agreement (ABTIA)
OTIPE/ICIISIONIEM KOOTIEPAIHIO U COBMECTHOE MIPUHATHE PELICHHUH, a TalOKe yIpaBlIeHUE BHYTPHU AJIbsSHCA C

LECJIBIO 3alllMThl MHTCPECOB 3aKa3unKa.
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OCHOBHBIMHU MTPEUMYIIECTBAMHU aJIbSHCA KaK (OPMbI OpraHU3alUH SBISIOTCS:

® BCC YYaCTHUKH paboTarT, (POKycHpYysACh Ha OOIIEM pe3yiabTare W u30eras HEKOHCTPYKTHBHOTO
COINEPHHUYECTBA, YTO XapaAKTEPHO JISI KOHTPAKTOB C (PMKCHPOBAHHOMN IIEHOI;

® DpHUCKM U OTBETCTBEHHOCTh pAa3[ENAIOTCd M YOPABISIIOTCS COBMECTHO, YTO CHHXKAeT
KOH(POHTAIIUIO MEX/y YIaCTHUKAMH;

® YYAaCTHUKU OT NMPOMBIIUICHHOCTH MOTYT YIy4llaThb CBOM (DMHAHCOBBIM pe3ynbTaT TOJIBKO 3a CUET
3¢eKTUBHOCTH, T.K. HE3AIUIAHUPOBAHHBIE PA0OTHI HE AAIOT NPUOBLIN;

e puObBUTL H  TPOOJNEMBI  PA3ACISAIOTCSA  MEXKIY IPABUTEIBCTBEHHBIM  yYYaCTHHUKOM H
MIPOMBIIIIIEHHOCTHIO YKBUBAJIIEHTHO;

e OpHUEHTalus Ha OM3HEC-pe3ybTaT CTUMYIUPYET MPU MPUHATHH PEIICHUN IMOAXOJ «IeNaTh Kak
MOYKHO JIy4llle JUIsl IPOEKTa;

® «CIIOM TEpPeropojok» MEXIy OCHOBHBIMU YYaCTHUKAMU YHUYTOXKAeT JOJITMEe W 3aTpaTHbIe
JMCKYCCUHM MEXIY HUMHU.

DTU NpeuMyIecTBa JOCTUTAIOTCA 32 CUET CIeIyIOUMX OpPraHMU3allMOHHBIX 0COOCHHOCTEH albsiHCA!

1. yuactme 3akazumka B Imporiecce pa3paboTku u Mmpou3BojcTBa (areHTctBo DMO) nenaetr mpoeKTHyIO
nporpaMMy aOCOJIFOTHO TPO3pavyHON Juisi 3aka3urMka, YTO COOTBETCTBYET wujeosioruu [27],
SBJISTFOIIICHCSL 00sI3aTeNIbHOM ISl TPUMEHEHUs B 3akazax Munucrepcta 06oponsr CIIIA;

2. «CKBO3HBIE» IMPOU3BOJICTBEHHBIE MPOIECCH B paMKax KOOMEpaIiH, 3aKperyIieHHbIE Yepe3 JI0TOBOP
anbsHCAa U HEMOCPEACTBEHHO OOECHEeYMBAIOIIME TOT CaMbIH «CIIOM IEPEropoIOK» MEXIY BCEMH
Y4aCTHUKAMU

3. crnenuduueckie >KOHOMHYECKHE YCIOBHS JIOTOBOpA, 3a/alolie MpaBuiia I[€HOOOpa30BaHHS OT
o0beMa paboT. OCHOBHOM OOBEKTMBHOM IKOHOMUYECKOM MPOOIEMOIl TaKuX MPOEKTHBIX MPOrpaMM
SBJISIETCS MMEHHO IeHooOpa3oBanue (pasgen 2.1.3, mpo "3arpateit"). DTa mpobiiemMa pemaercs
IPUMEHEHUEM HJIEH [EHOOOpa30BaHMs OMIIMOHOB, UCXO/IS U3 0XKUIAEMOM BOJATHIFHOCTH 02a30BOTO
aKTHBa. AHAJIOIOM BOJIATUJIBHOCTH MPUHSTHl KOJIEOAaHUS OTKIOHEHUW CpPOKOB/CTOMMOCTEH
NOTOOHBIX MPOEKTOB, B3SThIE M3 MCTOPHYECKHX JAaHHBIX. VI3BECTHO, UTO MOJOOHBIE AONTOCPOYHBIC
JOTOBOPBI, peanusytonme uaero 'risk/profit sharing", 3akmrodaer kpymnHeiimas aBUAacTPOUTETbHAS
KOPIIOpanus ¢ MOCTABIIMKAMH 3arOTOBOK M JIETaJled M3 MeTallla JJIsl CHHYKCHUSI pUCKOB KoJieOaHU i
Ha ChIpbE B JI0JITOCPOYHOM TIEPUOJIE.

YdacTHUKA albsiHCa CPOPMUPOBAIIN YCTOWUUBYIO CTPYKTYPY YIIPABJICHUS, BKITFOYAOIILYIO:

L yr[paBJ'IHIOHH/II\/JI CoBeT ¢ HE3aBHCUMBIM npeaceaarcsiceM BO TIJT1aB€ M HOPCACTABHUTCIIAMU BCEX

Y4aCTHUKOB U 3a1<a3q1/11<a;
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e KOMHTET Npoekra BO TiaBe ¢ PykoBoautenem mpoekra or DMO, B cocraBe ympaBisiomx
mupekropoB ASC, Raytheon, a Taroke ynpaBIsiolM AUPEKTOPOM allbsHCA

® VIPABISIONIYIO ONEPATHBHYK KOMaHIy, BKIIOUAIOIIYI0 JUPEKTOPOB M MEHEDKEPOB OpraHU3aIuil
aNbsIHCA.

B 11€710M OTBETCTBEHHOCTD YIaCTHUKOB aJIbsIHCA BKIIFOYACT:

e DMO — o0m@ast OTBETCTBEHHOCTD IEpe]] TOCYIApCTBOM 3a BBIITOJHEHHE TTPOEKTa B LIEJIOM B CPOK H C
TpeOyeMbIMU OOEBBIMH BO3MOKHOCTSIMU,

e ASC - «kak kpynHeilmas KkopabiecTpouTeNnbHas Koprmopauus ABCTpajJiid OTBEYaeT 3a
IPOCKTUPOBAHWE M TIOCTPOIKy KopaOield B IIEJIOM: IOCTPOHKY OJIOKOB (IPUMEHEH METO[
KPYITHOOJIOYHO!H COOPKM, MOCTABIIMKA OTBEYAIOT 332 OTCEKH KOpalOisi B LIEJIOM), 32 MHTETPALUIO
OJIOKOB, MHTETPALIUIO OPY)KHUsSl M IPYTHX CHCTEM, COOPKY Ha 3aBOJIC; KOHTPAKTAIMIO 110 OTACIBHBIM
0J0KaM; TPOCKTUPOBAHHE B IIEJIOM; YIPaBJICHHUE IOCTABIMKAMH OCHOBHOTO OOOpYIOBaHHS M
OpYXUsi; INIAHUPOBAHKE M KOHTPOJIb; HCIBITAHUS U IIepeaady B coctaB (uioTa;

e Raytheon Australia oTBeuyaer 3a pa3pabOTKy M HHTETPALMI0 BCEX CUCTEM — YIPABICHHS, OPYXKHUS,
CBSI3H U T.[I.;

e Navantia sisercsi pa3paOOTYMKOM ICMHHIIA, BHIOPAHHOTO B KAauyeCTBE aHAJIOra Uil CO3/1aBacMOro
KOpabisl, MOITOMY OTBedYaeT 3a pa3paboTKy KopaOelbHOW MmiaT(opMbl M TOCTABISET OTIACIBHBIC
OJIOKH;

e Lockheed Martin ssnsiercst paspaborurkom exunoit (it HATO, CIIA u coro3HHUKOB) KOpaOenbHOM

paKeTHOﬁ CHUCTCMBI Aegis, " MO3TOMY OTBCYACT 3a UHTCIrpalluiO 3TOI CUCTEMBI B IIPOCKT.

Ilepexoa k «00;1a4HOMY NPOM3BOJCTBY» U «IPOM3BOJICTBY KAaK Ce pPBHUCH

Konnenmus «o6naka» mpeanoiaraer, 4To MOJIb30BaTENH MEPEHOCIT/IIEPENAIOT B «00IaKo» (PyHKIUU
JUISL TIOCIIE/TYFOIIETO MCIIOIb30BAHMS 110 MPHUHIIMITY «KOTJ]a HEOOXOAMMO, IIauy-IoJib3yrocky (pay-to-play
architecture). IlepBoHadanbHO 3Ta apXuTeKTypa Obuia oTpaboraHa B WT obmactu, ceiyac aenmaroTcs
MOTIBITKH PEai30BaTh «00Ia4HOE» MPOU3BOACTBO [26] 1 mpou3BoacTBO-Kak-cepsuc (MaaS) [46].

Unes MaaS He cBOAMTCS K ayTCOPCUHTY MPOM3BOACTBEHHOH (YHKIIMH, OHA PaccMaTpUBAETCs Kak
IIyTh peaau3aluy KaCTOMU3WPOBAHHOIO NPOM3BOJICTBA IO 3aKa3y W TECHO CBs3aHA C OpraHU3aluen
B3alMOJICHCTBUSI MEXly IPOM3BOJCTBEHHBIMU €AMHULIAMU U BUPTYaJIbHBIMU NPEANPUSITUSIMU.

[Mpoexr “The ManuCloud” BeImosHsIETCS KOHCOPIMYMOM EBpONEHCKUX MPOMBINUICHHBIX KOMITAHUH
¥ YHUBEPCUTETOB TAKKE B paMKax OOIIeeBpOIEeHCKONM ITPOrpaMMbl UCCIIEIOBAHUH C I[EJIbI0 TECTUPOBAHUS
KOHIIENIIUU  cepBUcC-OpueHTUpoBaHHbIX WT-cpepctB B kadecTBe  miuaTgopMbel Ui ceTel

IPOM3BOJICTBEHHBIX MPEANPUATHH, pean3ys, TakuM 00pa3oM, BUJIEHUE «00IauHOT0» MPOU3BO/ICTBA.
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Pe3ynbraThl npoekTa MO3BOJAT MOTPEOUTENIO HCIOJIB30BaTh IPOU3BOJCTBEHHBIE BO3MOXHOCTH
PEKOH(UTYPUPYEMbIX  BUPTYaJbHBIX  IPOU3BOJACTBEHHBIX CETe HAa OCHOBE OOBEIMHEHHBIX
IIPOU3BOACTBEHHBIX IIOMAIOK, NOAJECPKUBAEMBIX  CHELUATU3UPOBAHHBIM IIPOrPaMMHBIM
o0ecrieyeHHEM.

Omua wu3 o00pasnoB pa3pabaTbiBaeMOro B paMKax IMPOEKTa MPOrPaMMHOIO oOecreueHus
npeaHasHaueH Ui CO3JaHHs OMONMOTEKH <«WMHKAIICYIHPOBAHHBIX» IPOM3BOJACTBEHHBIX CEPBHCOB C
BO3MOXXHOCTSIMM yaJI€HHOro focryna. OCHOBOW SBJISIETCS BBICOKOCKOPOCTHAsS CETh IEpefadu JaHHBIX
COCAMHSIONRS «MUKpopaOpuku» moxa ympasieHueM WT-cpeacTB MoaenupoBaHHSs, MPOCKTHPOBAHUS,
IIJIJAHUPOBAHUS, TEXHOJIOTMYECKOM ITOATOTOBKY IIPOU3BOACTBA U T.JI.

WuTterpamuss 1u@poBBIX TPOM3BOACTBEHHBIX TEXHOJIOTMH C OYeHb THOKUM OINepaluoOHHBIM
MEHEJKMEHTOM O0ECIeUuT ONepaTUBHBIM KOHTPOJIb HAJl MPOLlecCaMH MPOEKTHPOBAHMS, U3TOTOBIIE HUS,
KOHTPOJISI KaYeCcTBa BO BCEH II100aIbHON TPOU3BOICTBEHHOM CETH.

Ilepexon K KacTOMHU3MPOBAHHOMY T'MOKOMY IPOU3BOJCTBY, KaK YK€ OTMEYalOoCh, SBIISETCS
OCHOBHBIM HAIlpaBJIEHUEM pa3BUTHUS MPOU3BOJCTBA, OCHOBHBIM MPEANOCHUIKAMH AJISl 3TOTO SIBJISIETCS
roroBHOCTh ruOkux WUT-cuctem, moaiepXuBamonmx «00JauHOE» MPOU3BOACTBO, C OJHOW CTOPOHBI, U
IIPOU3BOACTBEHHBIE MPOLECChl, W (U3NYECKHE MPOU3BOACTBEHHBbIE €AWHHUIBI ¢ apyrod. [Ipoekr
ManuCloud Opi1 3amymeH umeHHO Juisi uccienoBaHusi WT-mpou3BOACTBEHHBIX aCIEKTOB TaKOTO
nepexoAa M s pa3padOTKu U MPOBEPKH TeCTOBbIX 00pasuoB UT-undpactpykrypsl. [lunotupoBanue
IPOEKTa OCYIIECTBISUIOCh B TPEX HHIYCTPUSIX — (POTOBOJNBbTAMKA, OPraHUYECKUE CBETOIUOJBI H
MOCTABIIMKN aBTOUHIYCTPHHU.

BaxHO OTMETHTB, UTO COBPEMEHHBIE CTAaHKN/00pabaThIBAIOIIME IEHTPHI «TOTOBBI JJIS1 BKITIOUCHHUS
B [IPOU3BOJICTBEHHOE 00JIAKO»: MPaKTUYECKd  CTaHAApPTOM  CTajlO0  HUCIOJb30BAaHHE POOOTOB-
MaHUIYIATOPOB (JUII CMEHbI HHCTPYMEHTa, TOJIOBOK, Jep)karesied, oOpabaThiBacMbIX JeTaieid),
KOHTPOJUIEPOB M CPEACTB KOMMYHHMKALIMM JUI BKIIOYEHMS B CETh. Taike 00OpyrIOBaHUE MOPOXKIAET
OO0JIBIIOE KOJIMYECTBO IPOM3BOACTBEHHBIX JAHHBIX, MHTCHCHUBHO PAa3BHBAIOTCS IMPOTOKOJIBI OOMEHa,
oOnme MHoromjaargopMeHHble HH(GOPMALlMOHHbBIE cpeabl U T.4. MH(popMallMoHHas yacTh POU3BOJICTBA
TaKKe TOTOBA K «00JIaKy».

Co3nanue UHPPACTPYKTYPbl «00JAYHOT0 MPOU3BOJACTBAY

Heckonbko coBpemeHHbIX HampasieHuil pa3sutus UT He oTHocsarca k TexHonorusm OVYII, HO
co3naloT MH{@pacTpykrypy passutus OVYII, B uacTHOCTM «o0OnayHOro mnpousBoAcTBa». K 3Tum
HalpaBJICHUsM OTHOCSTCS MHTepHeT Bemei (internet of things), mexxmanmunoe B3aumoericteue (M2M),
npoMmbliUieHHbI  uHTEepHET (industrial internet), Gombume manusie (Big Data). DTtu  obnactu
MIEPECEKAIOTCS, UX IPAHULIbl HE SBJSIOTCS TOYHO OIpPEAEICHHBIMH, HO Ui LieJiell JaHHOro oTdera

Ba)KHBIM SBJIIETCS UX BIMSHHE Ha «00JIauHOE IIPOU3BOACTBO», 3TO BJIMSHUC U 6yz[eT pacCcMOTPCHO.
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Wurepuer Bemeit  (internet of things, 10T) — o6macts, oxBaThIBarOL@s YHHKAIBHO
uJeHTU(UIIpYyeMble OOBEKTHI, WX BHUPTYyaJbHOE IPEACTaBICHUE B HHTEPHET-NOAOOHON cpene u
WHPOPMAITMOHHBIA 00MeH (B3ammojelcTBue) uepe3 3Ty cpexay. l0T dopmupyer cets mpubGopos
(TaTYMKOB, MCIIOTHUTEIBHBIX MEXaHHU3MOB, «MUKPO(GAOPHK») IMyTeM MX TOpU30HTAIBHOW HWHTErpPalluH.
[Ipumenutrensno k OVYII 10T obOecieunBaer cOOp JaHHBIX/3HAHWUW O (PYHKIIMOHUPOBAHUH
«TIPOU3BOJICTBEHHOTO 00JIaKay, KOHTPOJb MIPOU3BOJICTBEHHON U BHEIIHEH CPE/IbI, CPABHUBACT TPHOOPHI B
paMKax BCEH CeTH, MO3BOJISET MpenyrajbiBaTh IPOOJEMbI B TaKOW CETH W BBISBISATH IMAOJOHBI

IIOBCACHUA.

MexmManmuaHoe B3aummojeiictBue (M2M) — mumpokas o0nacTh, OXBaThIBAIOMAS JIOOBIE
TEXHOJIOTHH, 00€CTICUNBAOIIHE IMPOBOIHOE U OECITPOBOTHOE AaBTOMATHYECKOE B3aUMOJICHCTBHE MEXTY
MEXaHWYECKUMHU WIIH JJICKTPUYSCKHME MprubopamMu. ITa 00JacTh OUeHB OJNM3Ka MPEABLAYIICH, pa3iuaus
B TOM, 4T0 M2M paccmaTpuBaeT B OOJIbINCH CTEIIEHM HMEHHO B3aUMOJICHCTBHE, a HE ceTh. Kak mpaBuio,
B3aMMO/JICHCTBYIONME TPUOOPHl HMMEIOT yHUKAIbHBIC HACHTH(PUKATOPBI, COCTOST W3 JTaTYUKOB,
WCIIOJHUTEIIBHBIX ~ MEXaHU3MOB, KOMMYHHMKAI[MOHHBIX CPEJICTB, AaBTOHOMHOTO  YIPaBJISIOIICTO
nporpaMMHOTO obecriedeHus. M2M obecrieunBaeT MMEHHO MHGOPMAIIMOHHBIH OOMEH — MOHUTOPHHT
COCTOSIHUS MPUOOPOB, BBISBIISIET OUMOKU U cOOM MprOOPOB, MO3BOJISET YIAUICHHO AIMUHUCTPUPOBATH U

pEeKOH pUTrypupoBaTh IpUOOPHI U T. 1.

[Mpombinmennsiii naTepHeT (industrial internet) oObIYHO MOApa3syMeBaeT WHTETPAIMIO CIIOKHBIX
(M3MYECKUX MAIIMHHBIX KOMIIJIGKCOB C CETEBBIMHU JATYMKAMH M POTPAMMHBIM OOeCIieueHneM, OOBIYHO
peanusyercs Ha MapauielIbHOW WHTEpHETY MH(PACTPyKType, Ha OOIMX MIIM YaCTHBIX KaHaJaX, SBISETCS

boiee 3alMIICHHBIM, 3a CUCT JOIMOJHUTCIIbHBIX CPCACTB 3allIMThI JaHHBIX.

boneume nanusie (Big Data, BD) gacto moHMMaroTcs Kak 00J1acTh METOJOB W HHCTPYMCHTOB
00paboTKH OONBIIMX M CIOXKHBIX (32 CUET Pa3HOPOJHOCTH, HEU3BECTHOCTH B3aUMOCBSI3€H U CKOPOCTH
MOSIBJICHUSI) MAacCUBOB NaHHBIX. Metoapl BD oOecrnieunBaroT aHaJIM3 W UCCIICAOBaHUE BO3HUKAIOIIETO
HEW3BECTHOTO MTOBEJCHUS CIIOKHBIX CHCTEM, O0JIeTYeHUE, YICIICBICHUE, YCKOPESHUES MTPUHSITHI PEIICHUH,
OoJiee TOYHOE MCCIEOBAHUE MPEIITOYTCHHUI IOJIB30BATENEH, 32 CUYET ITOr0 SKOHOMHUIO PECYPCOB MPH

pa3paboTKe, POHU3BOJICTBE, CEPBUCE H T. 1.

BonbImHCTBO U3 BHIIEPACCMOTPEHHBIX 00JIACTEH MMEIOT HE TOJBKO MPOMBINIIEHHOE MTPUMEHEHUE,
MO3TOMY OHHM M paccMmaTpuBaroTcs kak mHppactpykrypa OVYII, Bce BMecTe OHHM Takke 0OeCleuynuBarOT

CICOYIOIME BO3MOXKXHOCTH:

® MHOTOACHEKTHBIH aHAJIN3 MIPOU3BOJCTBEHHON CPEIbl H OKPYKAIOIICH Cpelibl;
e caMo00ydyeHHE Ha OCHOBE coOupaeMoii nHdopmauu;

® T[POAKTUBHOE MPHUHATHE OU3HEC-PEIICHUH;
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® UHTEIPUPOBAHHBIN YEIOBEKO-MAIMHHBIA aHAIN3 JaHHBIX;

® JWCIOJIB30BAHHE MPEACKA3BIBAIOIIMX AITOPUTMOB H ITOIXOJIOB;

e UHTErpamus ¢ OM3Hec-CHCTEMaMH.

B kauectBe nmpuMepa WH(POPMAITMOHHBIX HHCTPYMEHTOB, PEaTH3YIONMX IIEPEUNCIICHHBIC TEXHOJIOTHHI
MOYKHO YHMOMSIHYTh CO3IaHUE MHTETPUPYIOLNMX MPOTPAMMHBIX MPOAYKTOB (i Bcex miuatdopm — Win,
10S, Andr...) i «I1erkoro» OOBEAMHEHHs dYepe3 «00JaKko» aBTOMAaTHUYECKUX 0O0pabaThIBAIOIIMX

IIEHTPOB U pabOYUX MECT KOHCTPYKTOPOB, TEXHOJIOTOB U T. 1 [53].

OtaelieHne U AaKKyMYJMPOBAaHMEe HeBelleCTBEHHbIX (YHKIMIi: MAPKeTHHT, KOHIeNT/Tpe00BaHus,
apXUTEKTYpa, Koonepauus, ce prud MKamus, Npoaaku, cepBUC

CymectBeHHBIM TpeHaoM B obmactu OVII sBusercs o6ocoOlieHHE H  aKKyMYJIHPOBAaHHE
HEBEIICCTBEHHBIX MMPOU3BOJICTBEHHBIX (DYHKIIUN, TPOUCXOIAIICE 110 ABYM NpuunHaM. C OHOW CTOPOHHI,
MPOAYKTHl TPOU3BOACTBA CTAHOBATCS BCE CIOXHEE, W JU3ailH, W JIpyTM€ HEBEIIECTBEHHbBIC
COCTABJISIIONME MPOYKTa 3aHUMAIOT BCE OOJIBIIYIO JIOJII0 B C€0ECTOMMOCTH M II€HE, COOTBETCTBEHHO,
HEBCILIECTBEHHBIC (DYHKIIMU CTAaHOBATCS Bce Oosiee W Oosiee MapkuHAIBHBIMU. C Opyroil CTOPOHHBI,
CJIO)KHOCTh KOHEUYHBIX IPOIYKTOB TPeOyeT YCIOKHEHUS MPOIECCOB 3aKa3a W MPUOOpPETEHHUS HOBBIX
TUIIOB W3JIEHI1/00BEKTOB/CUCTEM, OCOOCHHO B BOSHHO-IIPOMBIIIUICHHOM KOMILIEKCE [27] M KalTUTaJIbHOM

unaycrpun [54].

B pesynprare KOMIaHWHM, BBIMYCKAIONME KOHEUYHBIH TMPOIYKT, (aBTOMPOU3BOIUTEINH,
MPOU3BOAUTENN ABUAIIMOHHOW TEXHUKM W JIPYTHE) BBIMOTHSIOT (YHKIMU HCCICHOBAHUS H
MIPOTHO3UPOBAHMS PhIHKA U cIipoca, GopMUpPOBaHKE KOHIIENTA MPOAYKTa, (OPMUPOBAHUE TEXHUUYECKUX
TpeOOBaHMM, TMPOCKTUPOBAHUE/KOHCTPYMPOBAHHUE TMPOJIYKTa, KOHEUYHYIO COOpKY, cepThu(dUKaIunIo,
MPOJIaXKH, MOCIENPOJAXHBIA cepBuc. HemocpencTBeHHOE M3rOTOBIIEHHE KOMIIOHEHTOB BcCe OOJIbIIE U
Oonbllle mepefaeTcs CHEUUATU3UPYIOUMMCS Ha JTOM HocTaBUMKaM. IIpoucxoauT ecrecTBeHHOE
pa3feneHue HUIL U3TOTOBUTENM  KOMIIOHEHTOB  IOJY4aloT MpUOBUIL OT  TEXHOJOTHYECKOU

cricoyainm3ailuy M OT 00BEMOB BBIITYCKA, HIPOU3BOAUTCIM KOHCYHOIO IIPOAYKTa — OT )11/13a171Ha,

HHTCTpalli U CCPBHCA.

B kauectBe mpmmepa MokHO npuBectH Kommanuioo Cross Rail [54], yupexmenHyro
MPaBUTENBCTBOM BenMKoOpUTaHUHU AJIsl CTPOUTEIBCTBA HOBOM BBICOKOCKOPOCTHOM KEJIEe3HOJOPOKHON
cucteMsl B JIoH0HE (B JOMOJIHEHUE CYIIECTBYIOLICH ). DTOT KpynHelnmii B EBpone nH@pacTpyKkTypHbIit
npoekt ¢ Oroxerom £14.8bn craproBan B 2009, 1-it moe3n nomxen npoitu B 2018 1. Ko 2-my kBaprany
2014 r. mpakTHYecKd 3aBeplieHa MOA3eMHasi IPOXOJKa MoJA LEeHTpadbHON yacThio JIoHgoHa (0Koj0 35

KM), IIpU 3TOM OTCTaBaHUE OT UCXOJHOIO rpaduka cocTaBuio 1 Henento, nepepacxoyia Ol0HKETa - HET.
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Cross Rail 611 co3maH I BBEIOJHEHHS (DYHKIIHH acquirer’a - yrpaBJeHUS IMPOSKTHOW ITPOrpaMMoin
CO37aHUs CII0KHOM TPAHCIIOPTHOM CHUCTEMBl U HHTETPUPOBAHUS €€ B CIIOXKHBIA MYJIbTUCUCTEMHBIN

KOHTCKCT:

e yIpaBlieHUS TEHHNOAPSAYMKAMH (MX HECKOJbKO, OHH pa3felsioT CTPOSIIyIoCS CeThb 10
reorpaduveckuM (parmMeHTaMm) ¥ KOHTPOJIb MOAPSTINKOB HUKECTICIYIOIMX YPOBHEH;

®  yIpaBJEHUS T'EHIIPOCKTUPOBIIMKAMH (TOXE HECKOJBKO);

® B3aMMOJICUCTBUS C perynsaropamu (okono 10 opranusamuii BHyTpu craporo JIoHJ0HA, B LIEHTPE, B
TOM YHCIIE apXEOJIOTUUYECKUI HAl30D);

e ympaBJeHUs 00JIMKOM 00bekTa (TpeOoBaHU S, KOH(MUTYpAITUS U T. 11.);

® AKKyMYJIMPOBAHMS JIOKYMEHTOB/JAHHBIX Ul CEpTU(QUKAIMK U Tepefayd B  DKCIUIyaTaluio
(commissioning u handover) - Takke HECKOJIBKUM OpPTraHU3aIUSIM.
[rar camoro Cross Rail cocraBaser oxomo 300 denoBek, OpPraHMW30BaHbl BbIIAECICHHBIE

MoApa3AeNieHUs YIpPaBJICHUS TPeOOBAaHUSIMH, YIPABICHUS KOHQUTYpaluel, yrpaBlIeHUS CO3JaBaeMOi

TPAHCHOPTHOM CHUCTEMOMN B II€JIOM, yIPaBJIEHHUS JOKYMEHTaMH, IOCTaBKaMHU U T.J., KOTOPbIE PEaTn3yIOT

COOTBETCTBYIOLE (DYHKIUU.

OcHoBHBIE TTPOOJIEMBbI MPOEKTHOW MPOTpaMMbl HE TEXHUYECKWE — TOHHENU, CTAaHLIMH, TTOJBUKHON
COCTaB, aBTOMAaTHKa U T.II. HE TIPEACTABJISAIOT CO00M HHUYero HoBoro. OCHOBHBIE MPOOIEMBI HAXOISATCS B
o0JacTy OpraHu3alyy MPOEKTHON MPOTPaMMBI B I1€JI0M, KOOPAUHAIIUY UCTIOTHUTENEH, B3aNMO/ICHCTBUH
C peryastopamu, (QUHAHCHPYIOIMMH OpTraHW3allUsIMU, ayAUTOpaMH, OyIyIMMH  BJIAJCITBI[AMU-
OKCIUTYaTUPYIOIIMMHU  OpTaHHU3aIUsIMHU, a TalKe OpraHHu3alis MAacCIITa0HBIX CTPOUTEIBHBIX padoT
(MaccoBOe IBHM)KCHUE TPY30BHKOB W TSDKEIOW TeXHUKW) B 1eHTpe Jlonmona. Takum oOpa3om, co3maHa
crienuanbHas KOMIAHUs, KOTopas camMa HHYEro HE CTPOUT M HE MPOEKTHPYET, HO CYIIECTBEHHO

J00aBIISIET CTOMMOCTD MPOEKTA 3a CYET OPTaHU3allMH U KOOPIUHAIINH.

2.1.5 O6001meHne u aHaIu3
Ananmusupys passutue texHonornit OVYII B Teuenuwe mnocineanux jer (pasgen 2.1.3) u HOBBIE

dopmupyronmecs: TeHAaeHuu (pazaen 2.1.4) MoKHO BBIAECTUTH CIEAYIOIME B3aMMOCBSI3aHHbIE TPEHIbI:

e Bce Ooyiee YCHIIMBAETCS MPOIECC PA3JEICHUS «BEIICCTBEHHON» W («MHTEIUICKTYaTbHOW» YacTel
npousBojcTBa. [Ipoucxogutr oQopMIeHHE (WHTENIEKTyallbHOW YacTH» IMPOM3BOJACTBA  Kak
CaMOCTOSITEIBHON IMOJOTpaciy — CO3JaHHe, MOAEpHH3aus HHpopMaunoHHOH wmoxenu (MIM)
npoaykra u T.1. Kpome pocra uncna kommnanuii, 6M3HECOM KOTOPBIX SIBJISETCS MH)KEHEPHbIE YCIIyTU
(3To OBLIO W paHee) MPOSBIISIOTCS HOBBIC (JAKTOPHI: BO—TIEPBBIX CTaHIAPTHU3AIUSI WHIKCHEPHBIX
YCIIYT, U Kak CJeJCTBUE, «O(IIOpHbIE pa3paboTKuy», a BO-BTOPBIX CYLIECTBEHHBIH POCT CTOMMOCTH

«WHTEIJICKTYAJIbHOW YacTH» MPOU3BOACTBA/MPOIYKTA TIO OTHOIICHHIO K «BEIIECTBEHHOW», MPEKIE
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BCEr0 M3-3a YCIIOKHEHHUs IPOJYKTOB IPOM3BOJCTBA. DKOHOMHMYECKOE CMEILEHUE aKIEHTa OT
BEIIECTBEHHBIX  OOBEKTOB K  HHTEUICKTyAIbHBIM  TOJKPEIUIIET  TPEHA  BBIACICHUS
«MHTEJUIEKTYaJIbHON YacTHU» B CAMOCTOSITENbHYIO MOA0TPACIIb;
«HTEJUICKTYaJbHAass YacTbh» TPOAYKTa MPOU3BOJACTBA — HWHQPOPMALMOHHAS MOJENb TaKoKe
UHCTUTYaJIU3UpyeTcst U Bce Oosiee craHOBUTCS ToBapoM. ITonnas M BrrodaeT uHGopMaimoHHbIe
KOMIIOHEHTBI M MapKeTHHTa, U TPEOOBAHMI, M PE3yIbTaTOB MPOSKTUPOBAHMS/KOHCTPYHPOBAHUS, U
TEXHOJIOTUU H3TOTOBJICHUS, U CEpTU(UKALIMYU, U JIOTUCTUKU, U TJIAHOB, U CTPYKTYPbI KOOIepauu
pa3paboTUYMKOB-U3TOTOBHUTENCH, © aApyrue aTpuOyrel. WM dopmupyercs, H3MEHSETCS W
ucnonbp3yercss Ha Beex craausx JKL[ Bcemu ywacTHukamu koomepanuu. MM cos3pmaercs B
COOTBETCTBHE C METOJJAMHU U TIOJIX0JJaMH, TIPEJCTaBIeHHBIMU B paznene 2.1.3. Poas UM noBeimaercs
— OHa MHCIOJNB3yeTCs HE TOJIBKO JUIi W3TOTOBJIEHUS MPOJYKTa (HampuMep, Kak OCHOBa IS
KOHCTPYKTOPCKO-TEXHOJOTUYECKON OpraHu3aluy IPOU3BOJCTBA), HO TalKe A CcepTHU(HUKALNU
IPOAYKTOB U JAPYTHX IIeNeil;
«BEIIECTBEHHAs! 4YacTh» IPOM3BOJACTBA TAKKE CYIIECTBEHHO MEHSETCA: C OJHOW CTOPOHBI,
POUCXOIMT CHEIUAIN3ALNS TPOU3BOAUTEICH KOMIIOHEHTOB CIIOKHBIX H3/IEIHI/00BEKTOB/CHCTEM, C
JPYroil CTOPOHBI, CaMU H3/€NHs/00BEKTHI/CUCTEMBI BCe OOJble U OO0JIbIE CTAHOBATCS MPOIYKTaMH
MHTETPALlUN «CTaHJAPTHBIX» CEPUIHO BBIITYCKAEMBIX KOMIIOHEHTOB (UJIU YCIIYT);
OPOUCXOAUT JajbHeWmas rnobanu3anusa. He TOJbKO 1ENOYKd MOCTaBIMKOB CTAHOBATCA
robansHBIMU (HampuMep, yxe ceituac Boeing 6osee 50% KOMITOHEHTOB MOJIydaeT OT 3apyOeKHBIX
IOCTaBUIMKOB), HO TakKe IPOLECC CO3JaHMs HOBOTO INpPOJYKTa — camas CyTb OM3Heca — TaKke
CTaHOBUTCS ITIO0ATLHBIM;
OPEONpUSTUS — TPOM3BOAUTENM KOHEYHOTO TMPOJYKTa OCTABIISIOT 3a COOOH  co3maHue
UH(OPMAIIMOHHON MOJEN U (U3MUYECKyl0 COOpPKY KOMIIOHEHTOB IIPOJAYKTa, a BCE OCTalbHOE
CTaparoTcs MepeaaTb ydaCTHUKAM KOOIIepaluy;
BCE OTH M3MEHEHHUsSI B CYLIECTBEHHOH cTeneHu OasupyloTcs Ha pa3BUTUU COOTBETCTBYIOIMX
UH(OPMAITMOHHBIX TexHOoJOoTHi, mpudeM WT He TONBKO MOIEPKUBAIOT, HO BO MHOTHX CITydasx
CTUMYJMPYIOT U3MeHeHus B TexHonorusx OYIL

Takum oOpazom, nmanpHelmee pazButue TexHojoruii OVYII (kak METONOB, MOAXOAOB, TaK U
MPOrPaMMHBIX CPEACTB, U PEITIAMEHTUPYIOLMX JOKYMEHTOB) OyJeT HampaBjeHO Ha oOecreueHue

CIICYIOIMX OW3HEC-BO3MOKHOCTEH:

MOJTHOIIEHHOTO CO3/IaHWsl U MaHUMYIMPOBaHHUs MHOOPMAIMOHHOW MOJENBIO TMPOJYKTa Ha BCEM
KU3HCHHOM IMKJIE TMPOJAYKTa MapajyiebHO C MaHUMYIUPOBaHUEM (U3UYECKH CYIIECTBYIOIMM
MPOJYKTOM, B TOM YHCJIE OOECIICYeHHE H3TOTOBJICHUS, CEPTU(PHUKAIIUK, MOJICPHU3AIUU TTPOIYKTa

IMpONU3BOACTBA,
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CHeUaJbHBIX BO3MOXKHOCTEH 3(peKkTHBHOTO BKIOUeHUsI B UM mpojyKTa «cTaHJapTHBIX» CEpUITHO
BBIIIYCKaEMbIX KOMIIOHEHTOB (MJIU YCIIYT), @ TAakKe KOMIIOHEHTOB JIPYIUX ITOCTABIIMKOB;
CHEeIUaJbHBIX BO3MOXXHOCTEH MaHumnyaupoBanuss MM co CTOpOHBI HEKBaTU(UIIMPOBAHHBIX
HoJIb30BaTeNel (Ui obecreueHus: JOCTyla MacCOBOTO 3aKa3uyrKa M MacCOBOM KACTOMHU3ALIUH), B TOM
YHCIIe C TOMOIIbIO HECTaHJAPTHBIX CPEICTB BBOAA-BBIBOIA HH(OPMAIIUH;

CHEeMaJIbHBIX BO3MOXKHOCTEN ucnonb3oBanus B UM panee pa3paboTaHHBIX TEXHUYECKUX PELICHU,
TUIOBBIX peIleHUM, pedepeHTHBIX permeHuit (ans oOnerdyeHus cepTUUKALUN, MaccoBOH
KaCTOMM3AIUH ),

obecrieuenne >(pexkTUBHOTO W YHUPUIIMpOBaHHOTO HMH(GOpPMAIMOHHOTO HHTepdeiica B (opmare
nonHO VM Mexy BceMHu MpOU3BOJICTBEHHBIMH €IMHUIIAMHU, B TOM YHCJIE B JIOTHKEe HHTepdeiica ¢

MMpON3BOACTBCHHBIM 00J1aKOM.

CMesKHbIe C(l)epl)l, 3aTparuBacMbi€ TEXHOJIOTHAMU OVYII u yYcioBud pasBuTHUusl

Texunomorun OVII cBs3aHBI ¢ HayYHbBIMU HCCJIICAJOBAHUSAMU B obOactu MCHCIPKMCHTA U SKOHOMMKH,

HOI[FOTOBKOI71 Kaapos, C I/IH(bOpMaIII/IOHHLIMI/I TCXHOJIOTUAMMU.

I[J'IH Pa3BUTUA COBPECMCHHBIX texuojoruii OVYII BaxkHbl CJICOAYIOIUC YCIIOBUS:

pacumpeHHasi TOATOTOBKa KaJpoB B 007acT cOBpeMeHHBIX TexHomoruii O VII;

CO3/IaHUE U PA3BUTHE TEOPETUUECKUX MOJIENIeH U METOJIOB COBpeMeHHbIX TexHoioruit O VII;
co3manue mporpammuoro ob6ecrnedenus (I10), 6a3 manubix (BJl) mist mommepXku COBpEMEHHBIX
texuoaoruit OVII;

co3nanre VT OCHOB KOMMYHHKAITMOHHBIX UH(PACTPYKTYP C TEPaOMTOBBIMH CKOPOCTSMH IepeIavn
uHQOpMAINK; 3alMThl KOMITBIOTEPHBIX WH(PACTPYKTYp; MEPCHEKTUBHBIX CPEICTB U MPOTPAMMHBIX

CHUCTEM 3allIMTHI JAHHBIX; SA3bIKOB U CHMCTEM IIPOIrpaMMHUPOBAHUA.

s pa3BuTHS coBpeMeHHbIX TexHonornit O VIl u cMexHbIX cep HEOOX0AUMO ydacTHe TOCyAapCcTBa

B CO3JaHUH OpFaHI/I?)aHI/IOHHO'HpaBOBOﬁ OCHOBBHI. AKI‘yaJ'IBHBIM 3ajladyaMHU SABJIAIOTCS:

dopmupoBaHue QenepaabHbIX W PETHOHAIBHBIX TEXHOJOTHYCCKUX KIACTEPOB, M HHIKCHEPHBIX
IEHTPOB B 00JIaCTH CHUCTEM MOJACPKKA COBpEMEHHBIX TexHonoruit OVYII;

OpraHu3allksl U OCHaIeHUE (eaepalbHBIX IEHTPOB KOJUIEKTUBHOTO TOJB30BAHUS I TOICPKKA
M CCIIEIOBATENILCKIX U OMBITHO-KOHCTPYKTOPCKUX paOOT KOHCOPLIMYMOB U aJIbSIHCOB;

dopmupoBanue «IeHTPOB TEXHOJOTHYECKOTO MPEBOCXOACTBA» B cepe COBPEMEHHBIX TEXHOJIOTHI
OVII;

MepecMOTp NEHCTBYIONMX TOCYJApCTBEHHBIX MPOTpaMM B OOJIACTH HMCCIEAOBAaHUN U pa3pabOTKu
coBpeMeHHBIX TexHonoruit OVYII;

BKJIIOUEHUE COBPEMEHHBIX TexHOIOorni OYII B HHTErpupOBaHHbIE TEXHOJIOTNUYECKUE LIETIOYKH.
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Bbapbepsbl pazButust Texuosoruii OYII
Texuonoruun OVYII ABASAIOTCA «MATKONY», OpraHU3aMOHHONW 00JIACTHIO, YTO OOYCIIaBIMBAET XapaKTep

6aprepoB BHenpeHUss. K OCHOBHBIM Oapbepam OTHOCSTCS CIIEAYIOIIHE!

e 3aKkoHOJaTesbHas 0a3a, B TOM YMCIIC TEXHHUYECKOE PETYIHPOBAHUE;

e pa3paboTaHHBIC M PEKOMEH/IOBAaHHBIC METOANKN/UHCTPYKIIUN/UHCTPYMEHTHI;

e o0pa3oBarenbHble MPOTPaMMbl ISl HEPENOJrOTOBKU CYIIECTBYIOUIMX M IOATOTOBKM HOBBIX
KaJIpoB;

® HHEPIMOHHOCTH Ka/IPOB, MPUBBIUKU pabOTaTh MO-CTapOMY, HEXKEJaHHE ITePECTPanBaThCs BOOOIIE,
HETPUATHE IIPO3PAYHBIX» TPOLIEIYP.

Bmecre ¢ Tem Oapbephl, CBOIO o4epenib, 00yCIaBIMBAIOT BO3MOXKHOCTH BHEIIPEHUSI COBPEMEHHBIX

Texuomorui OVII:

® OTCYTCTBHE KaKMX-JTHOO KamUTalbHBIX 3aTparT;
® COOTBETCTBEHHO MHHUMAJIbHBIE CPOKU, HEOOXOIMMBIE JUIsl OpraHU3aI[MOHHBIX U3MEHEHUH;
® CYIIECTBEHHOE KOJMYECTBO HApaOOTOK B OTKPBITOM JIOCTYIE, KOTOpPBIE HYKHO TOJBKO
aJar TUPOBATh.
Macurradbl BiAusiHUS
Copemennbie TexHosnorun OVII, kak ObLIO OTMEUEHO BBIIIE, SIBISIOTCS pelaloNMMU (akropaMu
BIUSHUS HAa COONIOIEHUE PUTMHYHOCTH MPOHM3BOJICTBA, TUIAHOBBIX CPOKOB M CEOECTOMMOCTH, a TaKKe

Ka4ycCTBa I/IB,Z[eJ'II/Iﬁ u pa60T.

Muorue u3 texnonoruit OVYII tarke oGecneynBarOT CHUKEHHE CPOKOB U CE0ECTOMMOCTH pa3pabOTKu
HOBBIX M3AeNHi (ympaBieHHE TPeOOBaHUSIMH, MapajuIeIbHOE MPOSKTHUPOBAHHUE, MHTETPAIUs JAaHHBIX,

0e30yMaKHBIH JJOKYMEHTOOOOPOT).

Oddexrer ot BHempeHus texHosoruid OYII Moryr ObITh BecbMa CYIIECTBEHHBIMH, HAmpUMEp, IO
oueHkam otuera [55] BHenpenue npouenyp OVYII mpuUBOAUT K CHUKECHHUIO KOJIMYECTBA HEYCIEHIHBIX
npoekToB Ha 15%, CHMKEHUIO KOJIMYECTBA MPOEKTOB ¢ mepepacxonoMm Oromkera Ha 10%, MOBBILIEHUIO
IIPOU3BOAUTEILHOCTH BBINTOJIHEHUS NPOEKTOB Ha 10%, CHUKEHUIO Tpy0o3aTpaT Ha aJMUHUCTPUPOBAHKE

MPOEKTOB Ha 25%.

Kak cneacrtBue, BHeApeHue coBpeMeHHBIX TexHosorudl OVII BbI3bIBAaE€T yCKOpEHHE WHHOBAIUN U

IOBBIIICHUEC KOHKypGHTOCHOCOGHOCTI/I IMPOMBINIUICHHOCTHU B I[CJIOM.

2.1.6 Ouenku nepcnekTus st Poccuu
Texyumii cratyc ucnons3oBaHus B Poccun onumcanubix Bbie (paznens! 2.1.3 u 2.1.4) meronoB u

noaxonoB OVYII npuenen B Tabnuna 4. TaGnuua 4 mo3BosisieT caenaTh BBIBOJ, YTO MEPCIIEKTUBHbBIC
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texnosnornn OVYII B Poccum HaxonadTcs Ha caMOM HayajdbHOM YPOBHE, YTO IMOKA3bIBACT HAIMYHE
pe3epBOB 3(1)(1)€KI‘I/IBHOCTI/I U CO31a€T 3HAUYUTCIIBbHBIC HepCHeKI‘I/IBBI paBBI/ITI/Iﬂi 3TN TCXHOJIOTHHU HMECT

CMBICJI BHCAPATH IMPAKTUYCCKU Ha BCECX IIPOMBINUICHHBIX MTPEAIIPUATUAX.

Tabauya 4 — Texywuti cmamyc ucnoavzosanus mexnonoeutl OVII ¢ Poccuu

Iomxoner 1 metonpr OVYII Texkymuii cratyc

CHCTeMHO-UH)KEHEPHBIE T10IX0 bl IIpoueccer ympasnenus JKI[ mMeroTcss Ha BceX NMpeanpuaTHaxX (MPOIECCOB He
. | MoxeT He ObITh, MHAYE TPEIMPHUATAS HE MOTYT paboTaTh), HO Ha MOJABJIAIONICM
e Konnmenmum PLM, mnomHoi

OOJILIINHCTBE npez[npnﬂmﬁ OpOoHeCChl CJIOXUIUCH CTUXHMHO M HE SBIIIOTCS
CTOMMOCTH JKHU3HCHHOTO

BCIJ(bCKTI/IBHBIMI/I. B OTACIIBHBIX ClIydasaX TMpOUCCChbl CTAaHAAPTU3UPOBAHBI H
HUKJIa, yHOpaBJIC€HUA CPOKaMH

JIOBEJICHBI JIO YPOBHEH, COOTBETCTBYIOIIUX M EXIyHAPOHBIM ITPAKTHKAM .
IKCILTy aTAIUH.

He w3BectHbl  (akThl  HWCTOJB30BAaHUS  KOHICHIUM  ITOJIC3HOCTH  WIIH
e VhpasieHue TpeOOBaHUAMH,
. cebectoumocTn Ha Bcem JKII.
KOH(pUTYpaIue,
W3MEHEHUSIMH, TapaJuleJIbHOE Ha TIIPaKTUKE IIPOMBINUICHHBIC MIPpEAITPUATAA HE HUMCIOT AZICKBATHBIX
MPOEKTUPOBAHHE. KOMIIETEHIIMH W CcHUCTeM ydera cebectoumoctd mpoaykiuu. CebGecTomMOoCTh
paccYuThIBa€TCS, HO TPHU TOM HE YUUTHIBAIOTCA BCE HEOOXOIMM bie (haKTOPHI, B
ToM uwuciae 3atpatel Ha HHP uiam npousBOACTBEHHBIE 3aTpaThl BHYTPU LIEXOB
(COOTBETCTBEHHO, W MPEANPUSTHS B LIEJIOM) HE Pa3sHOCATCS Ha M3ICTHS / JTUHUH

U3ICIHUH.

EcTb OTHeNbHBIE MONBITKA HAYaTh HCIOJB30BATH MOAXO[bl YIPABIEHHS CPOKOM
JKCIUTyaTalui KanutaibHbix o0bektoB (Plant Life Management) ma yposue

pa3paboTKU KOHIETIHIA.

Moy npHOCTb, wiatpopmsl, | [TnathopMbl — KCHONB3YIOTCS, KPYHTHOOIOYHAsI COOpKA HE HCHOJB3Y STCS.

KpynHOOJI04YHas cO0pKa U MOHTaX.

Monene- 1 gaTa-LIeHTPUIHOCTb IIpakTuuecku Ha BCeX HMPEANPUATHUAX NEPBUUHBIM SIBIIETCA YEPTEX C «MOKPOH
HNOJINNCHIO», HA OTACNIbHBIX INPEMNPUATUAX NAapajUIe/IbHO YepTekaM IMepeaaroTcs

B 3JICKIpOHHOM Buje VM u3nemmid.

B otnensHBIX ciyuasx obmras M m3aemist/00beKTa HCHOMb3yeTCsl HECKOIBKIMH
WM Jaxe BCceMHU nojpasjencHusMu npemnpustusd. Kpaiime peako WM

HCHOJIb3YETCA TAKKE U CMEKHBIMU NPCANPUATHAMU.

VYpasienue npoektHeiMU | [Iponecchl ympapieHHsi NPOEKTAMM JIOCTATOYHO LIMPOKO BHEAPSIOTCS BO BCEX

nporpamMaMu U npoexkramu, EVM u | ungyctpusx. Kak npaBuiio, B yacTi KaJeHIApHOTO U PECYpPCHOTO IJIAHUPOBAHUSL.

IPD

CraHzapTi3MpOBaHHBIE M COOTBETCTBYIOIIME  MEXAYHapOJHON  NpaKTHKE

IIPOLIECCHI yIIPABJICHUE IPOrPaMMaMU TOJbKO HAYMHAKOT BHEIPATHCS.
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Pacmnpennoe NpeanpusiTHe,

UHTCTpanusa HJaHHBIX W IIPOLECCCOB

(interoperability)

He wu3BectHBl (haxThl peanm3alui KOHIEHINH «PacmMpeHHOTO NpemupHusTHD.

Ha OTHACJIbHBIX MPCANPUATAAX BHEAPCHBI €OWHBIC TMPOLECCHI C OTACIbHBIMU

CMEXKHHUKAMH.
MuTerpanuss UHXEHEpPHBIX JaHHBIX MPAKTUYECKH OTCYTCTBYET, W3BECTHBI
€MHUYHbIE Clly4ad IepeJadyd HENOJHON JJIEKIPOHHOW MOJEIu MEXIy

OpraHU3alMsAMU U NOAPA3AENEHIMU BHYTPU OPTraHU3ALMM.

CraHpapTel TpeNCTaBICHHUS AAHHBIX U

uHpopmanuonnoro obmena OWL,

STEP NC, ISO 15926.

M3BecTHBI eIMHUYHBIC CIy4Yau BHEJAPEHHs CTAaHAAPTOB OOMeHa JaHHBIMH.

Ilo ISO 15926 Bemytcss oTaenbHBIE pPAabOTBI TPEMS-MIATHIO HEOOJBLIMMH

TpynmaMy 53HTYy3MacTOB, KpYyIHBIE NpempusatHs penko 3akassiBaror HUP B

JIaHHO# 00JIaCTH.

TQM, LEAN u nmpyrue.

LEAN — 1octatoyHo MOMYJSIPEH, €CTh HECKOJBKO KOHCAJITHHIOBBIX (HpM,
peanu30BaBIIMX JecATKM IpoekToB BHenpeHuss LEAN Ha npoMBIIUIEHHBIX

TP ePHUATUSIX.

be3dymaxubIit JIOKYMEHTOO0O0pOT.

VYupasnenne “on-line”.

He u3BectHel (akThl BHEAPCHUS  IOJHOMACHITAOHOTO  0e30yMa)XHOTO

,I[OKyMeHTOO60pOTa B MPOMBIINIJICHHOCTH, HHU OpraHMU3allMOHHO -

pacnopsAguTEIIbHOTO, HHU TEXHHYCCKOI'O; AaHAJIOTMYHO M DJJICKTPOHHBIX apXWBOB

MPOEKTHO-KOHCTPYKTOPCKOH JIOKYyMEHTAIIHH.

YHpaBJ'IeHI/Ie MIPpOU3BOJACTBOM on-line pC€aiM30BaHO B paMKaxX OTACJIBHBIX IIEXOB, O
(1)3KTaX BHCJIPCHHUA TAKOTO YIPABJICHUSA B paMKaxX BCETO NPpCANPUATUA WM TEM

OoJee Koomnepanun HE U3BCCTHO.

Manufacturing
4.0,

Product

intelligence, Industry

Smart  Manufacturing.Global
Development; Virtual

Enterprise u anbsicsl; «IIpou3BoacTBO

He usBectHO (i)aKTOB y4dacTtus IPOMBINUICHHBIX Hpe)Il'IpI/IﬂTl/Iﬁ B pa3pa60TKe nim

3aka30B HMP 1o naHHBIM HalpaBieHUSM.

Kak CEpBUCH» u «obmaynoe

TIPOM3BOJICTBOY HNudpactpykrypa

«00JIavyHOTO MIPOM3BOJICTBA -

Industrial Internet;

Otnenenue u akkymyiupoBanue | He wu3BecTHO (HakTOB aKKyMyJIMpOBaHUS HEBEUIECTBEHHBIX (YHKIUH «BIOJb
HEBEILECTBEHHBIX ¢ynknuit: | Bcero XKIy.

MApKCTHHT, KOHueNT/TpedoBanns, TloBceMecTHOE OTIAEICHHE MPOCKTHBIX HMHCTUTYTOB W/wm KB 0T 3aB0ojOB u
apXUTEKTypa, KOoOTepaIus,

cepTUdUKaIMs, IPOJAKH, CEPBHLC.

MIPOU3BOJACTBEHHBIX MpEeMIpUATHH  (Kak HacJjeaue)

JpYTUX

SBISIETCSl  BBIJCJICHUEM OTHENBbHBIX (GYHKUu Ha ompenaeneHHoMm odtame KL

HUCTOPUYECKOC

(«momepex», a He «BHodb JKLI»), uTo Ha mpakTUKe co3xaeT Oapbephl MEXIy

OpraHu3alussMu 1, TAaKUM o6pa30M, MNPOTUBOPCUUT TPCHAY .

Hcemournuk: cocTaBiaeHO aBTOpaMHU.
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OcHOBBIBasICh Ha OlleHKaX [55] nnu [56] MOKHO CKa3aTh, YTO BHEAPEHUE MEPCIIEKTUBHBIX TEXHOJIOTHI

OVII nact noBsimenne YPpPeKTUBHOCTH MPOU3BOCTBA B I1€JIOM HE MeHee 4eM Ha 15-25%.

3a mocienHUE JECATUIICTHS Ha IMOJAABISIOIIEM OOJIBIIMHCTBE POCCUUCKUX MPEANPUATHI
BHEIPEHO OO0JIbILIOE KOJIMYECTBO PAa3IMYHBIX MH(GOPMALMOHHBIX cucTeM (Hampumep, ERP-cucremsr B
pPa3IMYHOM COCTAaBE BHEJIPEHBI NMPAKTMUYECKUM HA BCEX 3HAYMMBIX IPENNPUATHSAX, TAKKE MPAKTUYECKA Ha
BCEX pabOuMX MECTax MPOEKTUPOBIIMKOB M KOHCTPYKTOPOB OOJIBIIMHCTBA MPEANPUSITUH YCTaHOBIIEHBI
CAXx-cucremsl u T. 1). Poccuiickue npeanpusTus LIMPOKO HUCIIOJIB3YIOT T€ K€ CaMble MPOTrpaMMHBIE U
TEXHUYECKHE CPEJCTBA, YTO M 3apyOexHble MpeInpUsITUs. BOIbIIMHCTBO CETMEHTOB MH(OPMAIMOHHO -
TEXHOJOTUYECKUX PbIHKOB Poccuiickoit @Pexpepauun obecreunBaeTcs IOCTaBKAMH —OOLIEMHPOBBIX

BEH/IOPOB, HAIpUMED:

CAD, CAM, CAE, PDM — nnatdopmbl ypOBHSI KPYITHOTO TPEANPUSTHS U IPYTHE;
e  ERP-cucrembl ypoBHS cpeHUX U KPYITHBIX MPEIIPUATHIL;

° Bl-cucremsr;

®  CHUCTEMBI YIIpPaBIIEHUS JOKyMEHTOOOOPOTOM YPOBHS KPYITHOTO MPEANPUSTHUS

®  BBIYHCIUTEIbHBIC CHCTEMBI YPOBHS KPYITHOTO TIPEATIPH SITUS,

° BBICOKOITPOU3BOAUTCIIBHOC CCTCBOC 060pyIIOBaHI/I€.

OmHako mpu BHEIPEHUU HHQPOPMAIMOHHBIX CHCTEM B TOJABIISIONEM OOJBIIMHCTBE CIIy4acB Ha
MEepBOE MECTO CTaBWJIMCH 3aaaund BHeapeHus UT-cucrem, a He TexHosornii OVYIL DTo m mpuBeno k
CUTyalldW TIOYTH  TOTAIGHOTO oOXBaTa pab0YMX MECT COBPEMEHHBIMH  HH(MOPMAIIHOHHO-
TEXHOJIOTUYECKUMH CpPEACTBAaMH B COYETaHMHM C YCTapeBIIMMU H KpaiiHe Hed(DPeKTuBHBIMU
texaosorusimu OVII — coderaHne COBpPEeMEHHBIX d(PPESKTUBHBIX MHCTPYMEHTOB W HEAJCKBATHOTO WX

MNPpUMCHCHU .

[TosToMy BHeapeHue coBpeMeHHBIX TexHonoruii OVYII nomkHO OBITH COKYCHPOBAHO HE CTOJBKO Ha
aBTOMaTH3allM¥ PabOYMX MECT IyTeM BHEAPEHMs JOMOJHUTENbHBIX POrPAMMHBIX CPEJCTB, HO MPEXk/e
BCCIr0 HAa OpPraHU3allMOHHBIX M3MCHCHHUAX — HOBBIX PCriIaMCHTAX BBaHMOHeﬁCTBHH, I/IH(bOpMaI_[I/IOHHOM

oOMeHe U T. II.

Bueapenue texnosornii OVYII Ha KOHKPETHOM MNPEANPUATAM WX KOOINEpalUuU MPEANPUATHI

noApasyMeBacCT CJICAYIOIUC MIaru:

1. apmantanuio meroauk U moaxonoB OVII k cnenuduke TpeanpusTHs U TPOU3BOACTBEHHOTO
KOHTEKCTa, OKPYKAOILETO IPEANPUSITHE;
2. CcoO3lIaHue HOBBIX MOJIEJIe MPOM3BOJCTBEHHBIX U OU3HEC-TIPOIIECCOB, PEATU3YIONIMX HOBbIE

Texaonoruu OVII;
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3. Ha OCHOBe Mojeiell - pa3pabOTKy peryiaMeHTOB W MHCTPYKIIMH ISl COTPYIHUKOB, a TAKKe
TpeGoBaHMI K  MHGPOPMALIMOHHBIM cucremam, IO/JIEPKUBAOILIMM HOBBIE
IIPOM3BOJICTBEHHBIE U OM3HEC-IIPOLIECCHI;

4. peanmuzanuio TpeOOBaHWM K WHQPOPMAIMOHHBIM CHCTEMaM BKIIOYas MOJCPHU3ALUIO
CYLLECTBYIOLIMX CHCTEM, BHEIPEHHUE HOBBIX, UHTEIPALUIO U T. 1.;

5. oOydeHue COTPYIHHUKOB pabOTe B paMKaxX HOBBIX IPOM3BOACTBEHHBIX U OM3HEC-TIPOIIECCOB.

2.2 KoMnbploTepHbIe TEXHOJIOTUH JJISl MOJICIIMPOBAHUS U TPOU3BOJCTBA U3JIEINN
2.2.1 OnpeneneHus U COKpALCHUS

B »stoM pa3zmene, Oyayr WHCIONB30BaHBI PACIpOCTPAHCHHBIE B MPOPECCHOHAIBHOW Ccpele

AHTTIOA3BIYHBIC COKPAIICHM A:

CAD: Computer-Aided Design: B IIMpOKOM CMBICIIE, HCIOJIB30BAHUE KOMITBIOTEPHBIX TEXHOJIOTHI
IUISL CO3MaHMs, aHauu3a W MoAM(UKamWi au3aiiHa MPOAYKTOB; B 0Oojiee y3KOM CMBICIE, TPEKIE

BCETO, JUIsl CO3/IaHHUsI TPOIYKTOB.

CAE: Computer-Aided Engmneering: ncnosib30BaHUsI KOMIIBIOTEPHBIX TEXHOJIOTHH i UHKEHEPHOTO

aHanu3a (MEXaHUYeCKOoro, TEPMOAMHAMUYECKOTO U T.II.).

CAM: Computer-Aided Manufacturing: ynpaBjieHHE TPOU3BOJCTBEHHBIM O0OpPYJIOBaHUEM C

MIOMOIIIHIO TIPOTPAMMHBIX CPEZICTB.
CAX: cokpammenune CAD/CAE/CAM/CAPP.

PLM: Product Lifecycle Management: Ou3HEC-mOAX0A IO TMOIICPKKE COBMECTHOTO CO3/IaHMS,
pacpoCTpaHEeHHSI W UCIOJIB30BAHHS JAHHBIX 00 HW3ICTUU/O0BEKTe B TEUCHUE BCErO JKU3HEHHOTO
[IUKJIa OT KOHIIEMIIMHU JO0 BBIBOJA M3 AKCIUTyaTalluu W yruiausaruu. [logxon oObeawHsET rOACH,

npoiiecchl, HHHOPMAIMOHHBIC CUCTEMBI U JaHHBIC.

PDM: Product Data Management: MCIIOJIb30BaHNE KOMIBIOTEPHBIX TEXHOJOTUH ISl YIpPaBJICHUS
JAHHBIMH O KOHKPETHOM IIPOJAYKT€/O0BEKTE: MPOEKTHAs JOKYMEHTAIus, IPOU3BOJCTBEHHbBIE

crienupuKay, He0OX0IMMbIe MaTepHalIbl U TaK Jajee.

MCAD: Mechanical Computer-Aided Design: CAD mis pa3paOoTKn MeXaHWYECKHX KOMIIOHEHTOB

HIPOJIYKTOB.

AEC CAD:  Architecture, Engineering, And Construction: CAD nnst apxXuTekTypsl u

CTPOUTEIBCTBA.

BIM: Building Information Modeling: wuHpopmManoHHOE MOICTHMPOBAHUE 3/IaHU .
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EDA: Electronic Design Automation: cpeacTBa MpOeKTHPOBAHHUS JIEKTPOHHUKH.

2.2.2 MoruBanus

Cuctempr CAD (Computer-Aided Design) 1 CAE (Computer-Aided Engineering) B HacTtosiee
BpeMsl SIBIISIFOTCS ONHUM W3 OCHOBHBIX CIIOCOOOB IPOEKTHPOBAHUS MPOAYKTOB (HAYaJBHBIX CTaIui
KM3HEHHOTO LMKIa), B OCOOCHHOCTH CIIOXHBIX U BHICOKOTEXHOJIOTUYHBIX, JUIS KOTOPBIX KOMITBIOTEPHBIN
JM3aifH TIPaKTUYECKH SIBIISIETCS €IMHCTBEHHBIM crocoboMm paspaboTku. Hampumep, coBpeMeHH bie
MHUKPOCXEMBbl ¢ MUJUTMAPJAMHU TPAH3UCTOPOB, ObLIM Obl HEBO3MOXKHBI 0e3 pazutusg B 1970-80-x romax
KOMITBIOTEPHBIX CPEACTB MPOSKTUPOBAHMS, MOJICITHPOBAHUS, ONITHMH3AINH 1 TECTHPOBAHUS, KOTOPHIC, B
CBOIO Ouepe/lb, OCHOBaHbI Ha mporpecce (yHJaMEHTAIbHBIX aJrOPUTMHUYECKUX HCCICIOBAHUN B

HECKOJIBKAX 00JIacTsIX.

Ha Pucynke 7 mmwke cucremsl CAD/CAE, mognepxuBator co3nanue 3D reoMeTpruyeckoil CTPYKTYphI
(CAD) u pacuernsix mozeneit (CAE), a tawke (yHKIIMOHAJIBHBIX MOJEICH, U SBIISIOTCS OCHOBHBIMH
CPEICTBAMHU CO3/JIaHHS JAHHBIX O IMPOJAYKTaX, B JaJIbHECHINIEM WCIIOIb3YeMbIX BCEMH CHCTEMaMHU

OpraHu3alyy U YIIPABJICHUS IPOU3BOACTBOM.
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EDA

MCAD

Pucynok 7 - OCHOBHBIE TPYIIIIbI TEXHOJOTUN TPOESKTUPOBAHUS IIPOTYKTOB

Cucrempr s gu3aiiHa mexanudeckux cucreM (MCAD, mammuoctpoutensubiii CAIIP), mo
CpPaBHEHHUIO C CHCTeMaMu MpoeKTupoBaHUs 31ekTpoHUkd (EDA) mommKHBI moafepKuBaTh pa3paboTKy
HaMHOTO Oosiee pa3HOOOpa3HBIX M3MCINM, C TMOMOIIBI0 Pa3HOOOPa3HBIX TEXHOJOTHH. Eme 6Gonee
CYIIECTBEHHOW  sIBIsieTCS  mpobiemMa  pa3paboOTKH  CHUCTEM U1 «MYJAbTHAUCIUIIIMHAPHOT O
MPOEKTUPOBAHMS, TO3BOJISIIONIME CO3JaBaTh, AHAJIM3UPOBATH W  ONTHMH3HPOBATH CHUCTEMBI C
ANEKTPUYECKUMHU, MEXaHUYECKUMHU M JIPYTHMH 3JIEMEHTaMH B €IUHOM KOHTEKCTE, M BKIIOYaTh UX B

PLM-cucremsr.

HecmoTpst Ha UM TETEHYIO HCTOPHIO PAa3BUTHS, 110 TaHHBIM KomMnanuu Business Advantage, ypoBeHb

BHEIpeHUs Naxe 0asucHbIx TexHonoruii CAD (TpexMepHoe MonenupoBanue), nainek ot 100%. [Ipu atom
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b 28% y4acTHHKOB OINpoca HMCHOJIB3YIOT MOJAETMpOBaHuE, BiIoyaromee B ceds cpenctBa CAE
(Bp1OOpKa 409 KomMnaHuii-nionb30Bareneil Texnonoruit CAD, pacnpenereHHbIX 0 Pa3TMYHBIM PETHOHAM

u obnacTsM aestensHocTH) (PrcyHoK 8).

Current Trends Snapshot — Awareness/Usage

S Avareness Hllaago —Al‘;pf;{fﬂfﬁ'l”

B1%

Trends with low
adoption — awareness
a5 Blone is Insufficlent to
drive usage of these

Trends with above
average adoption -
awareness translates to
usage for thess trends

Business Advantage

Nore: Adoption ratio sHOows ws0ge s @ proportion of those wiho ove oware of o trend

Hcrounuk: [57]

Pucynok 8 — Yposens BHenpenus CAD n CAE TexHonoruii mo aaHHbsIM kommanuu Business Advantage

I[anLHeﬁmee pa3sBUTUC U H606XOI[I/IMOCTI> NpUHOUITUAIIBHO HOBBIX ITOAXOA0B K CAxB COBPEMCHHBIX

YCIOBHSIX 00YCIaBIMBACTCS HECKOJIIBKUMHU (PAKTOPAMHU:

1. uHIMBHAyanu3anus W TMOBBIIIEHUE CKOPOCTH pa3pabOTKU HOBBIX MPOIYKTOB M HOBBIX BEpCUU
IPOAYKTOB TpeOyeT yCKOpeHHs IMKIa AW3aiH-TeCTHPOBAHUE, YTO BO3MOXKHO TOJIBKO 32 CYET
3HAYUTEIBHOTO PACIIMPEHHS POJIU KOMIBIOTEPHOTO MOJCIUPOBAHMS. Y CKOPEHHE IIUKIA CO3/aeT
BO3MOKHOCTH JUIsSl U3TOTOBJIEHUSI M TECTUPOBAHMS IPOTOTUIIOB MPOIYKTOB, M TOPU3OHTAIBHOM U
BEPTHKAIBHON MHTeTpanuu pasnnanbix cpencts CAD/CAE/CAM,

2. paclpeesieHHO€e TPOU3BOJICTBO U MOBBIIIEHNE TMOKOCTH IIPOM3BOACTBEHHBIX LIEMTOYEK TpeOyeT

CYIIECTBEHHOTO PACHIMPEHUS KOJIMYECTBA PAOOTHUKOB C KOMIETCHIHSMHU B OOJACTH KOMITBIOTEPHOTO
J3aifHa, YTO BO3MOXKHO TOJIBKO IPH <IEMOKPATU3aLUMU» CYIIECTBYIOUMX CHCTEM, C TOYKH 3PEHHS

HGO6XOI[I/IMOFO CIICHUAIIM3UPOBAHHOTO YPOBHS MOATOTOBKHU HOJ'IB?;OB&TCJ'IGﬁ;

3. mojaneprKKa Ha BCEX ATaIax pa3paboTKH MPOIYKTOB, YAAJICHHOTO COBMECTHOTO JIM3aiiHa;
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4. HeoOXOOUMOCTh aJanTallii K HOBBIM TEXHOJIOTUSM (B YACTHOCTHU, aJUIUTUBHBIM TEXHOJIOTUSM U
TEXHOJIOTUSM C HCIOJIb30BAHUEM COBPEMEHHBIX MaTEPUAJIOB).

Mgb1  paccmatpuBaeMm, Tmipexzae Bcero, cpeactBa MCAD, Hambosnee ONM3KO CBS3aHHBIE C

MPOM3BOJICTBEHHBIMU TEXHOJIOTHSMU, HUCKIIo4as mporpamMmHoe obecrneueHue AEC (apxuTekrypbl u

CTPOUTENbCTBA) U, B ocHOBHOM, EDA. XoOTs nmu3aiiH 3JIEKTPOHHBIX KOMITOHEHT a0COIFOTHO HEO 0X0UM

JUISL pa3BUTHSI MHHOBAIMOHHBIX IPOAYKTOB, 3Ta OOJIbIIAs 00JaCTh OOBIYHO PACCMATPHUBACTCS OTACIBHO.

2.2.3 OcuoBuble Texnonoruu CAD u CAE
JIist 0OCYXKIACHHS TEKYIIETO COCTOSIHHUS O0JIACTH M IEPCIEKTHB €€ Pa3BUTHS Mbl HAYHEM C KPaTKOTO

0030pa OCHOBHBIX TEXHOJIOTHH.

Cucmemvl mpexmeprozo 2eomempuieckozo modenuposanus (3D computer aided-design). Mmuorue
pannue cucreMbl CAD  (mampumep, kommanuu Autodesk)  mpexnae Bcero, mepeBOAWSIA Ha
KOMITBIOTEPHYIO OCHOBY TPaJUIMOHHBIE IPOLECCHl MPOEKTUPOBAHHUS, OCHOBAHHBIE, MPEXKJE BCEro, Ha
JBYMEPHBIX YEPTEXkaX, HO JOBOJIBHO OBICTPO IMPAKTUYECKU BCE BEIYIME CHCTEMBI NEpelnid K padboTe B
OCHOBHOM C 3-X MEpHBIMH MOJENSMH H3EIHH, U3 KOTOPHIX MOKHO OBLIO CTEeHEPHPOBATH IBYMEpPHBIC
HPOEKIINU Ui IPOU3BOJICTBEHHON JOKyMEHTAIUU.
OcHoBHas 3amaua cucreM 3D CAD - mpenocraBUTh IOJIB30BATENI0 BO3MOYKHOCTH OIPEIEIEHUS U
MOCIeAYIOmEeH MOAMPUKAIINA TEOMETPUUECKO (POpMBI YacTei M3aenus, HO He WX (QU3UUYECKUX CBOIMCTB
UM TIpollecca U3rOTOBJIEHHMS. B OCHOBE BCEX CHCTEM T'€OMETPUUYECKOTO MOJECIMPOBAHUS JIEKHUT
OTHOCHUTEIBHO HEOOJbIIOe KOJMYECTBO CTaHAAPTHBIX MOJIXO0JI0B K KOMIIBIOTEPHOMY IPEICTABICHHUIO 3-X

MEPHBIX OOBEKTOB:

Teepoomenvhas ceomempusi (S0lid geometry). ITpencraBieHue 0ObEKTOB, KaK pe3yibTara Omeparuit
(mepeceyeHne, OOBEIMHEHHME, PA3HOCTh) HAJ DICMEHTAPHBIMH OOBEKTAaMH LMIMHAPHI, CQepHl,
napajienenunensl U T.1.). ['panuunsie npedcmasnenus (Boundary representations): BKIIOHArOIMeE B
ce0sl TOMOJIOTHYECKYI0 MH(pOpPMAIuio0 (KaK MPOCThIE YacTH IIOBEPXHOCTH CBS3aHBI JPYr C JIPYrOM,
HalpuMep, COCEIHHE TPaHW Kyda HMCIOT o0Iee pedpo) M reoMeTpudecKyro (gopma KakIOH YacTH
MIOBEPXHOCTH, HAIPUMeEp, Kak/asi TpaHb KyOa - kBajapaT). OCHOBHBIM CPEACTBOM OIMCaHHS TEOMETPHUH B
WHIYCTPUATBHBIX TPUJIOKECHHIX SBISIIOTCS CIUIaiiHbBI, Oonee KoHkperHOo, trimmed NURBS (trimmed
Non-uniform Rational B-Splines), mnpakTuyecku SBISIONMECS WHIYCTPUAIBHBIM CTaHAapTOM. B
ONpEIENIEHHbIX HUIAX (KOHIENTYaJbHbIN AM3aiiH, cO3laHuE MOJENEH A NPUIOKEHUN B WHIYCTPUU
pa3BIEUYECHUI U TpeHa)kepax), MOMYASPHBI T.H. «IOBEPXHOCTU MojpazneneHus» (subdivision surfaces) u

MpsSIMOE MCIOJIb30BaHUE ceTOK (polygonal meshes).

llapamempuueckoe moodenuposanue. BaxHo pasnenaTe mapamMeTpuyecKoe IpeAcTaBiIeHUE

IrCOMCTPUUCCKUX 00BEKTOB U moAaxod K HUX ITOCTPOCHHUIO. B mapaMEeTpudICCKOM IPCACTABICHHUHA (1)OpMBI
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00pa3oBaHbl M3 KOHCMPYKMUBHBIX JleMeHmo8 (features) ¢ TiapameTpamu (HampuMmep, pasMepamm).
KOHCTpYKTUBHBIE AJIEMEHTHI MOTYT OBITh Kak opMamul (Hampumep, MOBEPXHOCTH BpAILCHUS), TAK U UX
MoauUKAIUAMU (Harpumep, J00aBJICHUE CKPYIIICHHH ompeaesieHHoro paauyca). [lapamerpsl pa3HbIX
AJIIEMEHTOB CBS3aHBI JPYT C JAPYroM: HApUMEp, paJuyc OTBEPCTHS B LIIMHAPE MOXKET ObITh 3a7aH Kak
YeTBEPTh €r0 pajuyca. OTOT MOAXOJ IMO3BOJISIET W3MEHSTHh TBEPIOTEIBHBIC MOJCITH HE Hapymas WX
nenoctHocTu. Hambosee pacnpocTpaHeHHBIH BapuUaHT CTPYKTYPHI MapaMeTpUUYECKUX Mojenei Ha Oase
NPEIBICTOPUH, TPU KOTOPOM IMapaMeTphl 3JEMEHTOB JO0ABIICHHBIX II03)KE 3aBHUCAT TOJBKO OT
napaMeTpOB paHee CO3AaHHBIX JIEMEHTOB. boiee MPOABUHYTHIN TUII MOJENEH, BapHallMOHHbIE MOOelU
(variational model), mo3Bossier ompeneNnATh MPOU3BOJIBHBIM HA0OP COOTHOILICHHI IapaMeTpoOB, HE
3a00TACH O TIOPSIIKE CO3/IaHUsI, HO TpeOyeT OoJiee CIIOKHBIX BBIUMCICHUN MPH M3MEHEHHSIX MTapaMeTpOB,

C MCIIOJIb30BAaHUEM ceomempuyeckux pewameineli (geometric solver).

IIpsmoe mooenuposanue (direct modeling). Tlonxon K reoMeTpHYECKOMY MOJEIMPOBAHUIO, MPHU
KOTOPOM TOJIh30BATE€h MOKET HEMOCPEICTBEHHO MEHSTh 3JIEMEHTHl TPAHUYHOTO TIPEICTaBICHUS
(ckakeM, TepeNBUHYTH WM H3MEHHUTH pa3Mep TPaHH MapajuleieuIe]ia), BMECTO H3MEHECHHSI TapaMeTPOB
KOHCTPYKTHBHBIX JJICMEHTOB, KaK MPH TPATUIIMOHHOM ITapaMEeTPUICCKOM MOJSIUpoBaHuH. IIpu 3TomM
psIMOE MOJICIMPOBAHUE MOJMKET COYETAThCs C MapaMETPHYCCKUM IIPEACTABICHUEM TI'€OMETPUUYECKUX

JAHHBIX.

Cucmemvr  unoceneproeo ananuza (computer-aided engineering). IMocne pa3paboTku
T€OMETPHUECKUX MOJENEH MOXKHO I1M00 HAMPAMYIO MEPEXOANTH K CO3MAHUI0 M MCIBITAHUIO (PM3MUECKUX
POTOTHIIOB, MO0 TPOWTH CTaJUH KOMIBIOTEPHOTO aHaliW3a W ONTHMH3AIUN Ul YMCHBIICHHUS
KOJINYECTBA UTEPAIlii, TPEOYIOIMX H3TOTOBIICHHS IIPOTOTHIIOB B MPOIIECCE pa3pabOTKH OKOHYATEILHOTO
mu3aiiHa. KommbrloTepHbIid aHanu3 - Hambonee Haykoemkas yacth CAD/CAE/CAM, T.k. oH TpeOyer

TOYHOI'0O MOACIINPOBAHUSA (1)I/I3I/IIIGCKI/IX MponecCoB U (I)YHKHI/IOHI/IpOBaHI/ISI W3OS,

COBpCMeHHHC CHUCTEMBI aHalln3a IIO3BOJIAOT MOJACIMPOBATH HJI/IpOKI/Iﬁ JAuarra3soH (bI/I3I/ILICCKI/IX

npoiieccoB. Hauboiee pacnpocTpaHeHbl CISIYIONE THITBI MOJICITUPOBAHMS:

AHnanuz mexamuueckux ceolicme (structural analysis): pacder dJIaCTUYECKUX U TIIACTUUYECKHX
nedopmaruii, KaK CTaTUYECKUX, TaK M JUHAMUYECKUX, MPOYHOCTH, aHAIIN3 KOJICOAaHUW, MEXaHHUECKOM
YCTOMYMBOCTUA. ITOT TUII MOJICITHPOBAHMS HanOoJiee PacpoOCTPaHEH U MIMPOKO MPUMEHSIETCS TSl BCEX

THUITOB MAaTCPHUAJIOB: MCTAJIJI, IIJTACTUK, KOMITIO3BUIITHMOHHBIC MATCPUAJIbl U T.[.

Mooenuposanue ounamuxu cucmem meepovix men (rigid body dynamics). CumymupoBaHue CIIOKHBIX
MEXaHHYECKUX CHCTEM C OOJIBIIMM KOJIMYECTBOM JBHIKYIIMXCS DJIEMEHTOB (HAIIPUMED, MaHUITYJIATOPOB
IPOMBINUICHHBIX POOOTOB ¥ MOTOYHBIX JIMHUI) METOJAMH, YIUTHIBAIONMMHA Je(POPMAIlUU OTACIBHBIX

qaCTeﬁ, Tpe6yeT AOPOroCTOAIMX W JOJITUX BBIUMCICHHUM M YacTO HE SBISCTCS HGO6XOI[I/IMBIM.
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CucTteMbl MOJEIUPOBAHUS AWHAMHUKMA aOCOJIIOTHO TBEPJIBIX TEJ OCHOBAHBI Ha CHEIMAIM3HMPOBAHHBIX
BBICOKOI(MPEKTUBHBIX METOJaX MOJECIMPOBAHUS, IPEANoaralonmx oTcyrcTBue aedopmaruii. Taxue
CHCTEMBI MTO3BOJISIIOT MOJIEITMPOBATh CIOKHBIE CHCTEMBI C OOJIBIIMM KOJMYECTBOM MaJIoIeOPMHUPYEMBIX

JIBUKYILLAXCSL 4acTeEM.

Boiuucnumenvras euopoounamuxa (computational fluid dynamics, CFD). PacueT moTOKOB KHIKOCTH
U raza (HampuMmep, B JBUTATENE HIIM BOKPYr camoiiera). HamGolee CyImEeCTBEHHYIO POJIb UTPAECT MPH
POCKTUPOBAHMH aBHAIIMOHHOW TEXHUKH, B aBTOMOOMJIBHOM MPOMBIIIIIEHHOCTH U KOPabJIeCTPOCHUH, HO

TAKKE HUCIIOJIB3YCTCs, IO MEPEC MOBLIMICHUA JOCTYIIHOCTU, BO MHOIHX APYTUX 00J1aCTAX.

Tennosou ananus (thermal analysis. Ananu3 pacnpefeneHud TeMIepaTypbl B pa3INYHBIX YCIOBUIX
TerIoo0MeHa ¢ mporeccaMu TU(pdy3un, KOHBEKIUU U U3TydyeHus. T.K. TemI000MeH 4acTo TECHO CBSI3aH
C MEXaHWYECKMMH Harpy3KaMHd, COBPEMEHHBIE CHCTEMBl TEIUIOBOTO aHallM3a, KaK IPaBHIIO,
MHTETPUPOBAHBl C CHUCTEMaMH aHAJIM3a MEXaHMYeCKUX CBOMCTB. C Ipyroil CTOPOHBI, MpPU HAIUYUHU
IIOTOKOB JKHJKOCTH WJIM Ta3a, MPOLECCHl TEeMI000MEHa MOJEIHPYIOTCS OJHOBPEMEHHO C IOTOKaMH.
HanGonee BakHYIO pOJIb 3TOT BUJ aHAJIM3a UIPACT MpPH MPOCKTUPOBAHUU JBUTATENCH, CaMOJIETOB U

KOpalJel, pakeTHON TEXHUKH, SHEPTETHUYECKUX TeHEePaTOPOB, OXJIaIUTEIICH.

Onexkmpomacnumnoe moodenuposanue (electromagnetic simulation). YucnenHoe MoaeaupoBaHue
CTaTUYECKUX M JUHAMUYECKUX HJIEKTPOMAarHUTHBIX MOJeH.  DTOT KIacC TEXHOJIOTHIT MOJETUPOBAHUS
HeoOxomuMm st paspabotkn  CBUC, mewaTHBIX TjIaT, JJIGKTPOMEXaHWYECKHMX CHUCTEM H
TEJIEKOMMYHUKAIIMOHHBIX ycTpoiicTB. B nernom, peiHok cpencts EDA (Electronic Design Automation)
00BIYHO paccMaTpPHBAETCS OTIEIBHO OT Ooiiee oOiero peiHka CAD, HO B psiie BaKHBIX MPHUIIOKEHHUH (B
YaCTHOCTH, IMPOCKTUPOBAHUE HIIEKTPOMEXaHMYECKHX CHUCTEM, aHaJM3 paclpelesiecHui TeMIepaTyphl,

CBs3aHHBIX C SJICKTPHYCCKUMU HCH?IMI/I) CYHIECTBYCT HOTpe6HOCTI> B MHTCIPUPOBAHHBIX CUCTEMAX.

Mooenuposanue npoyeccos (process simulation). @usnuyeckoe ¥ KMHEMaTHYECKOE MOJCIHPOBAHUE

KOHKPCTHBIX IMPOLECCCOB, TAKMX KaK JIMTHC U IITAMIIOBKA.

Onmumuszayus (Optimization). KoHeuHo# 1enbi0 au3aiiHa SBISCTCS HAXOXKJICHHUE KOMIIPOMHKCCA
MKy pPa3TuYHBIMH TpeOOBaHHUSIMH K TMPOAYKTY NPH MHHMMH3AIMKM 3aTpaT Ha HW3TOTOBJICHHE,
IKCIUTyaTallii0 W oOcinyxkuBanue. CpencTBa aBTOMATUYECKOW ONTHMH3AIlMH, B TOM YHCIC
MHOTOKPUTEPHUAIBHON W MHOTOAMCHUILIMHAPHON ONTHMHU3AI[MH, WHTEIPUPOBAHHBIE CO CPEICTBAMH
MO/JICTTUPOBAHUSI, YCKOPSIFOT M YIPOIIAIOT 3TOT MPOIECC, 10 CPABHEHHUIO C PYYHON ONTUMHU3AIUCH TyTeM

HU3MCHCHUA OTACIIBbHBIX TApaMCTPOB CUCTCMBI.

Cucmemmnoe npoekmuposanue na ocnose moodeneti (model-based systems engineering). INCOSE

onpenensier MBSE kak (opMain3oBaHHOE NPUMEHEHHUE MOJACIMPOBAHUS Ui MOJJIEPKKH CHCTEMHO-
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MH)KEHEPHBIX IIPOLIECCOB — YIpaBJICHUS TpeOOBaHUSIMHU, AMU3aiiHa, aHaIN3a, BepuPUKalluy U BaluAalluu
CUCTCM, HauMHad C KOHICHTYaJIbHOI'O HHSaﬁHa, U A0 MO3JHUX CTaIII/II\/'I KU3HCHHOTO IUKIIa CUCTEMBI. C
toukn 3peHus cpencts CAD/CAE, mognepxka MBSE 00buHO cBsi3aHa ¢ WHTETpamell TeOMETPUU H
(M3UYECKOTO MOJICTMPOBAHUS CO CPEICTBAMH APXUTEKTYPHOTO OMHMCAHUS M MOJIEIMPOBAHUS CTPYKTYPhI

CHCTECM.

3uauntensHas nons cpencts CAE, 3a uckioueHHeM MOJEIMpOBaHUS pabOThl MEXaHHU3MOB, U
IOTOKOB JKUAKOCTH M JJIEKTPUUECKUX II0JIel, OCHOBaHBI Ha Memoode KOHEYHbX I1eMEeHMO8 -
MaTeMaTHYeCKOM MOJX0A€ K MOJECIMPOBAHUIO (M3NUYECKUX MPOLECCOB U PELUICHUH OOIBIIMX JTMHEHHBIX
U HEIUHEHHBIX CHCTeM aireOpanyeckux ypaBHeHHH. B peramsx nayunbie ocHoBanus CAD u CAE

paccMOTPEHBI HIKE.

2.2.4 Benynme mexayHapoaabie npousBoautenn CAD u CAE - cuctem; TeHICHIIUN Pa3BUTHS

B nacrosmmee Bpems paspabotka cuctem CAD/CAE ckoHIIEHTpUpOBaHA B HEOOIBIIOM KOJIMYECTBE
KPYIMHBIX KOMIIaHWH, KOTOpbIe 3a mociennue 10-15 meT mocteneHHO 00pa30BaIuCh MyTEM MOTIIOMICHHU S
KOHKYPEHTOB. «boJIbIliasi YeTBEpKa» KOMIIAHUM BKIIIOYAET B ceOsl, B OPsIKE YObIBaHUSI 00BEMOB MPOJIAXK

3a 2012 r, B nomnapax:

e Dassault Systemes (France/USA): 2614.0 muH.;

e Autodesk (USA): 2312.2 muH.;

e Siemens PLM (Germany/USA): 1768.4 miH.;

e PTC (USA): 1257.2 miH.

Kaxmas w3 3THX KOMIIaHHH B HACTOSIIEE BpeMs, IyTeM pPa3paOdOTKH HOBBIX MPOIYKTOB U
TIOTJIOIICHUST JIPYTMX KOMITAaHWM, WMeeT TMOoJHyl JuHeiky npoaykroB mis CAD, CAE u PDM,
nopaepxkuBaronmx PLM-konuenuuoo. Tpu BeAylMX KOMIAHUHU, CIIENUATU3UPYIONMECS B OCHOBHOM Ha

CAE, Bxirouaror:

e ANSYS (USA) 798 muH.;

e Altarr Engineering (USA) 240 miH.;

e MSC (USA) 188.6 muH.

OTnenpHO CTOMT OTMETHTH KoMmmanuio Mathworks (o0bem mpomak 760 MIH.) - TPOM3BOIUTENS
MONYISIPHOM  cpeAbl uis 4uCieHHBIX pacuetoB MATLAB wu cpeapl MOJENUPOBAHUS CIOXKHBIX

IUHaMHA4YecKuX cucrteM Simulink.

[IpoaykTel KOMIIAaHMU UTPAIOT OOJIBIIYIO POJIb B MHXKEHEPHBIX MPUIIOKEHUSX, HO HCIOJB3YIOTCH,
CKOpee, KaK MHCTPYMEHT OBICTPOrO CO3JIaHUsi COOCTBEHHBIX pa3padOTOK BHYTPHM KOMIAHUH, YeM Ui

IpAMOro pe€IICHNUA KOHKPETHBIX WHXKCHCPHBIX 3a1a4.
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Cocrosinue nen B8 CAM, B orimune ot PLM/CAD/CAE, otnuuaercss OTCYTCTBHEM KOHCOJIU AU
(xots B 2013 Havamacb u B 2014 aKkTUBHO MPOJOJDKWIIACHK KOHCOJUJALMS), M CYILECTBEHHOMU
PazapoOIEHHOCTBIO. DTOT CEKTOP TECHO CBSI3aH C MPOU3BOJACTBOM O0OPYIOBAHUS M HE PACCMATPUBAETCS

B 3TOM pasciic B ACTAJIAX.

Heo6xonmuMo OTMETHUTD, YTO MHOTOYHCICHHBIE KOMIIAHUH CPEIHEr0 U MAJIOTO pa3Mepa MpoI0JIKaI0T
UrpaTh KPUTHUYECKYIO POJb B 3TOH 00JAacTH, HECMOTpPsSI Ha JIOMHUHUPOBAHUE KPYINHBIX KOMIAHUN Ha
PBIHKE: 3HaYUTEIbHAS 10JIsI MHHOBALIMOHHBIX IPOAYKTOB U KOMIIOHEHT IIPOAOJIKAET CO34aBaThCs B TAKUX

KOMIIaHUSX, YaCTO MOMIOMAEMBIX 00Jiee KpyIHBIMH.
Kpynnsbie komnanun B o6s1actu CAD: 1uHeiiku NpPoayKTOB U TeHIeHIHH B PAa3BUTHHI

XoTd KaxJas U3 BEAyMX KOMIIAaHUH Cpelu MEepedrCIIEHHBIX HMEET MPOJIYKThl BO BCEX OCHOBHBIX
kateropusix CAD u CAE, ux crpareruu pasBUTHs CYLIECTBEHHO pa3iIM4alOTCA. AHaIW3 HEJAaBHHUX
NpUOOpPETEeHUIT M HOBBIX HPOIYKTOB 3THX KOMIIAHUN XOpPOIIO OTPaXaeT COBPEMEHHOE COCTOSIHHE

o0JyacT u TCKYIIMC TCHACHI WU PA3BUTUS B LICIIOM.

Dassault Systemes

Dassault Systemes sBisieTcsi KpynHeiliel komnaHued Ha peiHke.  JIuHelika mpoaykroB Dassault
BKJIIOYAET HECKOJIBKO OCHOBHBIX rpyni: ocHOBHble rpynnbl: CATIA (CAD mnpoAaBUHYTOrO YpOBHs),
ENOVIA (PDM), u aBe rpynmbl, kotopbie MoxkHO oTHecTH K CAE: SIMULIA (mabop makeToB st
MEXaHHUYECKOTI0, TeIJIOBOTO aHanu3a U rujgpoanHaMuku) u DELMIA (myaHupoBaHue U MOJIEIMpPOBaHHE
MPOU3BOACTBEHHBIX MPOLECCOB B Macirabax mpeanpustus). B gomnonHeHue, OTHOCUTEIBHO HEAABHO
ObuIM co3laHbl Tpynnbl TpoaykToB 3DVIA (Bu3yanu3zalus M ylaleHHOE COTPYAHMUYECTBO), U HEIAaBHO
nobasnenHble GEOVIA (CAD nns mpoexkrtupoBaHus 100b14M Mosie3HbIX uckonaeMeix) 1 BIOVIA (PDM
U MOJACIMPOBAHUE MOJIEKYJISIPHOTO YPOBHS [UIi OWOMEOUIIMHCKMX W XUMHUYECKUX KOMIAHHH).
B nomonHenue k ocHoBHoi JmHuMH — CATIA/ENOVIA/DELMIA/SIMULIA, xommanus Dassault
Systemes mojnepxuBaeT JUHHIO TpoAykroB SolidWorks, opueHTHpOBaHHYIO Ha CpeIHHE U Majble

MPEANPUATHUS.

KuroueBoit mpoaykr ¢upmbl — cucrema TpexmepHoro mnpoekrupoBanus CATIA, momHocThio, 3a
HCKIIIOYCHHEM TE€OMETPHUYECKOIo sapa, pa3paboTaHHas caMoOil KoMIaHUeEH. [Mognepxanue u
pa3paboOTKy T€OMETPUUECKOTO sapa BeAeT JOoYepHss kommanus Spatial, mpuobperennas B 2000 ronmy.
XoTs KOMIAHUS HUKOTZA HE IpeKpaliaia COBEPIICHCTBOBAHME OCHOBHOTO MPOJAYKTa, B HACTOSIIEE
BpEMs OH JIOCTUT OTHOCUTEIBHO CTAaOUIIBHOTO COCTOSIHUS;, TOCEHNE U3MEHEHHS B 3TOM 00JacTH, KakK U

Y MHOTUX APYIUX HpOI/I?)BO,HI/ITeJIef/'I, CBsA3aHbI C ITOBBINICHUECM MONYJIAPHOCTU IPAMOI0 MOACIIUPOBAHUA.
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Ilpuopumemor u menoenyuu paseumus. B HacTodiee Bpems, OCHOBAa MapKEeTHHIa MPOJIYKTOB
Dassault Systemes - upess 3DEXPERIENCE, kotopasi cama KOMIIAHHSI HE OINpPEIENIeT B TEXHHUYCCKHX
tepmuHax. Hambonee 3amernpie koMroHeHThl 3DEXPERIENCE — pactimpenue uaeun product lifecycle
management, WHTETPAIUsS CPEACTB IMOJJICPKKA MApKETUHTA U B3aUMOJCHUCTBUS C MOTPEOHTENsIMU Ha
Bcex dTanax paspadotku mpoaykroB. Jlpyroe onucanue 3DEXPERIENCE - u3yuenue Bcex mporieccoB

KIMEHTa U pa3paboTKa peleHni, HalleIEHHBIX Ha MOJTHYIO MOAJIEPKKY 3TUX IPOILIECCOB.

K pasButHio B 31Ol oOmacTu OTHOCUTCS mpuodperenue kommanuu Netvibes B 2012 roxy,
paspabarbIBaroleli CpecTBa MOHUTOPHHTA M aHAlIM3a COIMANbHBIX ceTeil, u komnanuu RTT B 2014,
MPOM3BOJUTENS IPOTPAMMHOTO 00ECTIeYeHHS [T TeHepallii 1300paXeHU U BII€0 BBICOKOTO KauecTBa,
OpHeHTHPOBaHHBIX Ha MapkeTHHT (npoaykr 3DEXCITE). OnHako 3HAYUTENbHAs JIOJISl Pa3BUTHSA
Dassault mpogosmkaer ocraBatbesi B pamkax CAD/CAE, koTopbIM nocBsieH 3ToT paznen. Ilo ckopoctu
pocta noxonoB, npoaykrtsl CAE (SIMULIA u DELMIA) nuaupoBanu, ¢ poctom 25% B 2012 roxy, x0T

1o abcomoTHbIM nugpam JuaupoBan CAD Bricokoro yposHs (CATIA).
Pazsutue cpencts CAD/CAE moxet ObITh pa3eneHo Ha JIBa OCHOBHBIX HaIlPaBJICHUS:

Co30anue HOBbIX HaANpAsIeHUll, pacuupaAIowWUx KiueHmckyro oasy Dassault Systemes, n TpeOyo11yt0
NPUHIMIHATGHO HOBBIX noaxonoB: mpoayktel GEOVIA (2012), ocHoOBaHHBIE Ha MPOIYKTaxX
npuobperennoii B 2012 xomnanuu Gemcom, crerUaIn3upyIOMICcss Ha TPOSKTUPOBAHUU TSl TOOBIYH
nosie3Hbix uckomaembix, 1 BIOVIA (Ha ocHoBe Accelrys), cucrempr PLM u MopenupoBanus mis
BBICOKOTEXHOJIOTHYHBIX KOMMAHUN, BEAYIMX pa3pabOTKH B OONACTIX XUMHUYECKUX U OMOIOTHYECKHX

TEXHOJIOTUH.

Pacwupenue ouanazona cpeocme CAE, B xoutekcre rpynn npoaykroB CATIA u SIMULIA. JIBa
OCHOBHBIX BEKTOpa Pa3BUTHS — CIEHHATU3UPOBAHHBIC CHUCTEMBI I KOHKPETHBIX MPOU3BOJICTBEHHBIX
MPOIEeCCOB U cpeacTBa ontumu3anuu. B 2011 Opuia mpuobOpeTeHa kommaHus Simulayt (mpoekTupoBaHue
Y aHAJIU3 U3JENHI U3 KOMIIO3UIIMOHHBIX Marepuanos), B 2013 - Simpoe (JiuThe u3enuii U3 NIacTuKa) u
Safe Technology (MomenupoBaHue ycTaqocTH MaTepualioB). B 001acTy onTUMH3AIUKM TPEITOKCHUS

Dassault ocHoBaHbI Ha pa3paboTkax Hemenkoit komnanuu FE Design (Tosca).

[lepBast TeHAECHLIMS TaKKe MPUCYTCTBYET B Mpoaykrax Solidworks, oppueHTHpOBaHHBIX HA CpeTHUN U
Masiblii OM3HEC: B MOCJEIHUE TOfbl pacIIMPEHbl CPEACTBA I MPOEKTUPOBAHUS JIUThS U3 IJIACTMACCHI,

mTraMIIOBKH METaJllla U SHGKTpH‘IQCKOﬁ Pa3BOJKHU.

Taxke CJIeayeT OTMCTHTBH, 4YTO pa3BUTUC CPCACTB JIA yaaneHHoﬁ COBMECTHOM pa60TBI Hazg

MPOJIYKTAMU YK€ JIOJITO€ BpeMsl SBJSIETCS OJAHUM U3 mpuoputetoB Dassault Systemes, kak U mojaepxka
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MO/JIeJIe-OpPUEHTUPOBAHHBIX CHUCTEMHO-UHXKEHEPHBIX IPOIEeCCOB, Mpexie Bcero, Dymola.  Moxno

0’KMJATh JAIBHEHIIETO Pa3BUTHUS IIPOTPAMMHBIX CPEACTB VISl CACTEMHON UHKCHEPUU.

Autodesk
[To cTpykrype cBoeil nuHeilku mpomaykroB, Autodesk mpomomkaeT CyIeCTBEHHO OTJIMYATBCS OT
JIpYrux KOMIIAHUM B BEIYLICH IpyIlrme, XOTs B pe3ylbTaTe HEeNaBHUX MPUOOpEeTeHUH W HabIomaeTcs

OmnpeCacICHHAad KOHBCPICHII M.

[lonp3oBaTenbckast 0Oaza Autodesk 3HauuMTENbHO HMpEe, YE€M Y JAPYrUX KOMMIAHUN «OO0JIbLIO I
4yeTBEepKU», Onaropapst Oosiee pasHOOOpasHOMY HAOOpy MPOIYKTOB, JOCTYIHBIM I[€HAM HAa MHOTHE U3
HUX, ¥ OpUEHTAI[Me He TOJBKO Ha MPO(eCCHOHANIOB, HO M Ha MMPOKOTO MOJIb30BaTeNsl. 3HAYMTEIbHAS
noist mpoaykroB Autodesk opueHTHpoBaHa Ha mojb3oBateneil B mHayctpun CMU u pasBieueHuit
(KOMITBIOTEpHAsT MYJIBTHUILTUKAIINS, CHeluanbHbie d(deKTsl i kuHemarorpada, 3D Busyanusanus s
MapKeTHHra W HWHQOpPManuu, KOMOBIOTepHble Urpel U T.A.). C mpuoOperennem kommanuu Alias,
xomnanus Autodesk Biageer AByms HambOosiee paclpOCTPAHEHHBIMHM MPOAYKTAMH BBICOKOTO YPOBHS B
3TOM obOnactu, Maya u 3D Studio Max.  XOTsI OCHOBHBIE MOJXOJbl K TEOMETPHUECKOMY (PU3UUECKOMY
MOJEIMPOBAHUIO B 3TUX cucTeMax U cucteMax CAD cXonHbl, IPHOPUTETHI B Pa3BUTUM 3TUX CUCTEM
CylIeCTBeHHO omimnuatoTcs. Ilo Mepe m3meHeHus morpebHOcTe B oGnactu mpomsinvieHHoro CAD,
MOXHO O0KHJaTh, YTO MHOTHE TEXHOJIOTMH, CO3/IaHHbIe Uil HYXI uHayctpuu CMU u pasBieyeHui,
OyayT HaXOJUTh BCe OOJIbIlIee MPUMEHEHUE B HOBBIX IIPOMBIIUIEHHBIX MPUIIOKEHUSIX, KaK MbI 00CYTUM

HHMIKC.

N3 «Oonpmoit yerBepku» y Autodesk TpaauimoHHo Obla Hanboyiee OrpaHWYCHHAs MOAJEPIKKA

PLM-konnenmuu (orpannyerHas pyHkiuonambHocth PDM-nipoaykra Autodesk Vault).

HauOonee u3BectHbIil mpoaykr - 310 AutoCAD, camslii pacnipoctpanennbiii maker CAD B mupe,
UCIIOJIb3YEMBIH Ul 3HAYMTEIBHOIO KOJMYECTBA IPUIIOKEHUHN B pa3HbIX 001acTAX, U MOJIEPKUBAIOLIMI
paboty kak B 2D, Tak u B 3D. CymectByeT Habop criennaIn3upOBaHHbBIX BEPTUKAIBHBIX MPHIIOKEHUN
Ha ocHoBe AutoCAD: nampumep, Architecture, Civil 3D, Electrical, Mechanical, Plant 3D wu T.m.
[Mpoxykr Autodesk Inventor, cucrema mapamerpuueckoro MoaenupoBanus B 3D, HaleneHa Ha CXOIHBIN

JIMara3oH MoTpeOuTeseH 1Mo 1eHe.

B o6nactu CAE, ocHoBHBIMU siBIIsFOTCS Tpymmbl iporpamm Autodesk Simulation (Mechanical, CFD,
Composite Analysis, Composite Design, Flow Design), u Autodesk Nastran. Tawke BHUMaHHS
3acaykMBarOT Tpoaykrel Alias Studio — mnpumepsl npoaykroB, s pbinka CAD (Hampumep,
MPOEKTUPOBAHMUS BBICOKOKAUYECTBEHHBIX ITOBEPXHOCTEH Il aBTOMOOMJIECTPOCHHS), KOHKYPEHTHBIC

MPEUMYILECTBA KOTOPBIX CBSA3AHBI C UX KOPHSAMH, YXOJSAIIMMH B MPOIYKTHI JAJIsi HHIAYCTPUU Pa3BICUCHUMN.
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OTHOCHUTEIIBHO HEJIaBHO TOSABWJICS KOMIUIEKC OOJavyHbIX mpoaykroB 360, moapoGHee
PaCCMOTPEHHBIM HUXKE. Tarke crout ormeruth npoaykr ReCap mist cozmanus 3D mopenedl u3

M300pakeHUH 1 ero obJayHbIi aHagor 360.

IIpuopumemeor u menoenyuu pazeumus. MOoOXKHO WIEHTUDUIIUPOBATH JBAa OCHOBHBIX HAIIPABJICHUS

pasBUTHS: 00JaYHBIE CUCTEMBI, U PACIIMPEHHUE MOJIEPKKA MOICITUPOBAHHUSL.

Obnaunvie cucmemvi. Hanbonee 3aMeTHble MHHOBAIIMM KOMIAQHUU CBSI3aHBI C CUCTEMOW OOIaYHBIX
npoaykroB 360, ObICTpO pa3BUBAOILEHCA B MOCIEAHUE [Ba rofa. Pa3Butue 3TON IpymIibl MPOIYyKTOB
TECHO CBSI3aHO C UJEeH «IeMOKpaTH3alluu» Au3aiiHa, T.e. noBbleHue nqoctynHoctu cpeacts CAD/CAE
KaK 110 IIeHe, TaK U 10 TpedyeMoMy ypOoBHIO TToaroToBkH monb3oBateneit [58]. CEO Autodesk Kapn Bacc
B MHTEPBBIO engineering.com XapakTepu30Ball OOIIyl0 MJel0 00JauHbIX cucreM Autodesk criemyronmm
oOpazom: “Peub mIeT o TOM, YTOOBI TOBBICUTH IMPOU3BOMUTEIHHOCTh... MBI BUJUM JIBa BaKHBIX
MPEUMYIIECTBA OOJIAYHBIX TPUIIOKEHHI: OECKOHEYHO MaCIITabupyeMble BBIUYMCIUTEIbHBIE PECYpPCHI,
KOTOpBIE BCET/a MPEAOCTABIIIOT HEOOXOIMMYIO BEIYMCIUTEIbHYIO MOITHOCTD [JUII KOHKPETHOH 3a71a4H].
C npyroii cTopoHBI, [00aK0 —| 3TO ecTecTBeHHAas IuaTdopma Uit COBMECTHOM paboTsl. Ilpakrnuecku
HET MPOEKTOB, HE BKIIOYAIONMX B ce0s MHOTUX JIOeH min ¢upM. MBI IpeaocTaBiIsieM HHCTPYMEHTHI,

HEOOXOIMMBIC JIJIsl KOOPAMHAIIMY U COTpyaHuYecTBa» [59].

Jlunus mpoaykroB 360, Brmouarommast B cebs cpeactBa CAD (AutoCAD 360, Fusion 360), PLM
(PLM 360), unxeHepHbIXx BerauciaeHui (Sim 360) u (4T0 HEOOBIYHO JIsi «OoJbIoN YeTBepku») CAM
(CAM 360), T.e., B IpUHLMIE IOKPHIBAET BCE OCHOBHBIE KAaTEropuum NpoAaykroB. OpHako HX
BO3MOYKHOCTH Ha JTAHHBIM MOMEHT CYIICCTBEHHO OTPaHHYEHBI, TI0 CPAaBHEHHUIO C TAKUMH K€ CHCTEMaMHU

TOTO K€ HarpaBJieHHs, ckakeM oT Dassault nimu camoro AutoCAD [59].

Pacuupenue noooepoicku moodenuposanus. AHanu3 HeAaBHUX MpuoOpereHnil kommanuu Autodesk
MOKa3bIBAeT, YTO pa3BUTHE BO3MOkKHOcTeH komnaHuu B obnactu CAE Taike sBIsieTcs CylECTBEHHBIM
MPUOPUTETOM, XOTS camMa KOMIaHus Tmpexae Bcero ooOcyxkmaer CAE B KOHTEKCTE OOJa4HBIX
MPUIOKCHUH. Uckmiouass mpuoOperenuss B o0JacTH MHIYCTPUU pas3BJeueHUi, Haumboiee
CYIIECTBEHHBIMH HeNaBHUE MpuoOpeTeHusMu sBistoTcs: Blue Ridge Numerics (2011, BeraucnuTenpHas
runapoauHamuka), Firehole Technologies (2013, komMmo3ulnMOHHBIE MaTepHanbl), H, Haubomee
cymectBeHHo, komnanus NEI Software B 2014, spisromasics o1HOM M3 BeIyIMX KOMIAHUN B 00JIAacTH
CAE (manmpumep, npoaykr NEI Nastran, KoTopbiii cymecTBeHHO npubmusmn Autodesk — k nmumepam
obmacti CAE 1o ypoBHI0 npoaykroB). Cpeau Apyrux BaxHbIX mpuoodperenuii — Delcam (2013), oqun u3

KPYIHBIX NpousBoauTeneit cuctem mist CAM.
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[locne HemaBHUX TpUOOpeTeHHWI JWHEWKa mpoayktoB Autodesk crama HamMHOrO ONIMKE K
MPEUIOKEHUAM JIPYTHX KOMITAHUM OOJIBINON TPOMKH, HECMOTPSI HAa OOLIYI0 OPHUEHTALMIO KOMIAHUHU Ha

CpEemHUHN U MEJKU OU3HEeC U MacCOBOTO MOTPEOUTETIS.

Siemens PLM Software

Siemens PLM, 6a3zupyromasicss B8 CLIA, B oriauune oT octanpHbIX KpynHednmx CAD xommanwuii,
SBIISICTCSL TIOJpa3ie]ICHNEeM KpYyIHEHIel HeMelnKol KoMmaHuu Siemens (BajgoBod moxon - 86.3
MIJUTHApIOB eBpo). KomnaHwus, Kak BHIHO M3 Ha3BaHUs, cTaBUT PLM B LIEHTp CBOMX MPHOPHUTETOB.
Hctopuuecku ona oOpaszoBajiach IYTEM CIIOKHOW II€NMU TPUOOPETCHHH M CIUSHHUN, C OCHOBHBIMHU
IpylnamMu IMpPOIYKTOB, OCHOBAHHBIX Ha pPa3padOTKaX B IPOLUIOM HE3aBHCHMBIX KOMITAHUN

UGS/Unigraphics, SDRC, u Texnonoruu, mpuobpereanonr y MSC.

OcuoBHble mpoaykTel koMmmnanuu B oonactu CAD/CAE (uckmouas PLM): nuaus NX, Birogaromas
MPOJIYKTHI TI0O BCEM OCHOBHBIM HAIPaBJICHUSM, I10 YPOBHIO U OPUEHTUPOBAHHOCTH Ha KPYMHBIX KITMEHTOB
cxomnas ¢ rpynnamu mpoayktoB CATIA/SIMULIA Dassault Systemes. Ilpoxykrsr 6panma SolideEdge,
CO CXO’KeH, HO 0oJiee OTpaHMYeHHON (PYHKITMOHAIBHOCTHIO OPHEHTHPOBAHBI HA OM3HEC CPETHETO YPOBHSI.
OtnenbHbIE TUHUKA TPOAYKTOB MpenmyiiecTBeHHO cBs3anbl ¢ CAE: Femap - coznanue u aBTomaTuydeckast
reHepanus cetok, uHTepdeiic c¢ pemaremsimu u CAD), LMS Imagine.Lab/AMESim — cucremHoe
MPOCKTUPOBAaHUE M MexaHOTpoHWka, LMS VirtualLab u Samtech— MozenmupoBanme MeXaHWU3MOB U
npouHoctu. llpomykrel Fibersim mpenHasHaueHbl A TPOSKTUPOBAHUS U MOACTUPOBAHUS U3JIEIHI U3

KOMIIO3UTOB.

Siemens PLM nuneH3upyeT 3HAYUTEIBHBIH HA0Op MPOTPAaMMHBIX KOMIIOHEHT JAPYIUM
MPOU3BOAMUTENSAM TIPOTPAMMHOTO O0OECIEeUeHHs, B YaCTHOCTH, TeoMmeTpuueckoe sjupo Parasolid u

reoMeTpuyeckuii pemarens D-Cubed.

Ilpuopumemuol u menoenyuu pazeumus. B ortnmume ot xommanuii Dassault Systemes u Autodesk,
xomnanus Siemens PLM He nextapupoBana B mocjieIHUE TOJbI CYIIECTBEHHBIX U3MEHEHU Kypca. Yak
I'puacradd, mpe3uneHT KOMIaHUHU, CKazal B MHTEPBbIO MOpTalTy engneering.com: “J{7s Hac BOIpoc HE B
HaxOXJICHUU [M BKIIOYEHHME B HAIM HIPOIYKTHI| IMOCIEIHEH MOJHOM TEXHOJOTMYECKON HOBUHKH.
Cxkopee, Kakoe MECTO 3THX TE€XHOJIOTMH B IMPOM3BOJCTBEHHBIX IMPOLIECCOB HAIMX KIMEHTOB, KAK OHU
MIO3BOJIAT HAIMM KIMEHTaM IOJIydUTh JOMOJIHUTENIbHbIE TPpEUMyIiecTBa. B03MOXXHO Koe-4TO [U3 TOrO,
YTO MBI JIEaeM| BBIIVISAUT KaK MOCTENEHHbIE YIYUIIEeHUsI — IIYCTh TaKk. MBbl He TOHseMcs 3a SIPKUMH, HO
KpPaTKOBPEMEHHBIMH HoOBanusMu (we are not a ‘“flash-in-the-pan” kind of company).” [60] Cpenun
TEKyULMX HANpaBJICHUW pa3BUTHS KOMIAHUM OH YIOMSHYI HOJJIEPKKY CHCTEMHO-HHKEHEPHBIX
MPOIIECCOB, B KOHTEKCTE Npuodperenuss LMS, unTerpanuio au3aiiHa ¥ MPOU3BOJCTBA, U B, KAUYECTBE

Oonee oOmel wmaew, cpeiacTBa momuepkku “‘science of the product”, momenupoBaHHUs BCEX aCIICKTOB
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npoaykra.  MHTepecHOW 0COOCHHOCTBIO TpoaykToB Siemens PLM sBiseTcss NnpuOpUTET MHOTIO-
nnatgopmeHHbix 1 multi-CAD cucteM, NOANEPKUBAIMX HE TOJIBKO HMIIOPT M3 KOHKYPUPYIOLUX
cucteM CAD, HO W MHTErpalui ¢ CUCTEMaMH APYruX KoMmmnaHui, Hanpumep, uHterpanuio CATIA c

PDM-npoaykrom Teamcenter, u nporpamma JT Open.

[puobperenust Siemens PLM 3a mocnenHue HECKONBKO JIET — MPaKTH4YeCKH Bce u3 obiactu PLM u
CAE, B uacTHOCTH, OJHO U3 CaMbIX KPYHNHBIX NMpuoOpeTeHuil — kommanuss LMS; B couetanuu c
npoaykramu auHuM NX Nastran, nmpuobperenue LMS BriBeno Siemens PLM Ha Tperhe MecTo cpenu
xkomnanuii CAE mo mpogakam, 3HaYMTEIBHO YKPENHMB HX IMosiokeHue: mo pacueram C. ITaBmosa [61].
Hpyroe mnpuoOperenue — xommnanus Vistagy (2011, nu3aiiH U MoaenupoBaHHUE U3ACIHH U3

KOMITO3UIIMOHHBIX MaTEPHAIIOB).

PTC

[NocnenHsis KoMMaHus «OONBIION YETBEPKU» CYIIECTBEHHBIM 0O0pa3OM YCTYMaeT OCTAIBHBIM TpeM
nmo ooveMy mpomax. MHcropuuecku, kommanusi PTC paspaborana KOHIEMIIHIO TapamMeTpUUECKOTO
MOJICTUPOBAHMS, KOTOpas JOJroe BpeMs OblJa OCHOBHOM JUIi BCEX BEOYIIMX KOMIIAHUM.
OcuoBubie mpoayktel PTC B o6mactu CAD/CAE xoncomumupoBanbl mojn Opangom Creo: Creo
Parametric, Creo Direct, Options Modeler (3D CAD), Creo Sketch and Layout (2D CAD), Creo
Simulation (CAE, mexannueckoe M TepMallbHOe MojenupoBaHue) u Simulation Extensions (advanced
simulation, mechanism dynamics, spark analysis, fatigue and plastic), Busyamuzanus (Creo View,

lllustrate).

B o6mactu PLM, ocunoBro# npoaykr PTC - PTC Windchill, B o6mactsx Texkymmx npuoputeroB SLM
(service lifecycle management) m ALM (application lifecycle management) Servilgistics u Integrity.
PTC rarke mojiepkUBaeT CHCTEMY WHTEPAKTHBHBIX MHXKEHEPHBIX BhiuncieHnii MathCad, cxomgHyro ¢

Matlab u Maple o yHKIIMOHAIEHOCTH, HO B I[EJIOM YCTYIAIOUIYI0 MM 110 BO3MOXXHOCTSIM.

Ilpuopumemer u menoenyuu pazeumus.  OCHOBHAs HJlies] KOMIAHUU — arpecCUBHOE DPa3BUTHE
koHuernuu PLM B o6nactm ycmyr Service Lifecycle Management w B 00JacTH  MOIICPKKA
MPOTpaMMHOTO OOecleueHus, CBs3aHHOTO ¢ mpoaykramu (Application Lifecycle Management). Ilo
cimoBam JIxkuma Bpayna, mnpesumenta Tech-Clarity (kommanuu 1o wu3ydeHuio pbiHka), «[PTC]
paccMmarpuBaer ‘‘servitization” (pa3MplBaHUE TPAaHUIBI MEXIy MPOAYKTOM U [CBS3aHHBIMH C HHM]
yCIIyraMu) Kak KPUTHYECKYIO MEPEMEHY B MPOM3BOJCTBE, M CTPEMUTCS MOICPKHBATh 3TH EPEMEHBI
CBOMMHU TIpojaykTamu». «OHH BUJIAT, 4YTO pa3pabOTKa MPOrPAaMMHOIO OOCCIICUCHUS IS «YMHBIX)
MIPOJYKTOB SIBJISIETCSI 3a[aueii, KOTOPYIO MPUXOIUTCS PEIlaTh X KIMEHTaM, U XOTAT, YTOOBI Y HUX OBLIO

COOTBETCTBYIOLIEE perieHue [62].
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[Ipaktryeckun Bce HemaBHue mnpuobpereHust kommanuum PTC - B obmactu PLM, SLM u ALM
(Servigistics, Enigma, Atego), 4TO cormacyercs C 3asBJICHHBIMH KOMIAHUEH MPUOPUTETAMU.
[IpunoOperenne xommaHum Atego, B YaCTHOCTH, IPOM3BOMAIICH NPOTpaMMHOE oOOecreueHue st
MOAJIEPKKMA MOJEJIe-OpUEHTUPOBAHHON CHUCTEMHOW HHI)KEHEpHH, MokaszpiBaeT, yto PTC Ttakke crana
npenaBath OOJbIOE 3HAUEHHE 3TOM oO0jacTu. 3aMEeTHM, YTO ATO TAaKKe €IUHCTBEHHAs KOMITaHWUS,
OTHOCUTEJIBHO Majio yuesston@s BHUMaHus pazButhio CAE: no ouenkam C. IlaBnoBa, OCHOBaHHBIX Ha

nanubix komnanuu CIMData [61] PTC ne BxoauT gake B 10 TuanpyroImMx KOMIIAaHUH B 3TOH 00JIacTH.
Beoywue cneyuanusupoeannsvie komnanuu CAE

Xots B iennoM obmacte CAD/CAE nocturia kpaiiHe BBICOKOW CTETIEHU KOHCOJIMIAINHU, U KOMIIaHUH
Mpeaararonmpe pemeHus Al MHOTUX CETMEHTOB PhIHKA M OONBIIMHCTBA acniekToB PLM noMuHUpPYIOT, B
obomactu CAE (PucyHok 9) ecTb HECKOJBKO CICHHATM3MPOBAHHBIX KOMIIAHHl, WIPAIONMX KpaifHe

BAXXHYIO pOJIb, B 0cOOEHHOCTH, Kommanust ANSYS.
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Hcrounuk: [61]

Pucynok 9 - JIunepsr peinka CAE B 2010-2013
ANSYS

[Tponykrer kommanuu ANSYS BriIro4yaroT B ceOs OOJIBINION HAOOp CPEACTB IS MOACIUPOBAHUS
AJEKTPOHHBIX CXEM, I[I€YaTHBIX IUIAT M JJICKTPOMAarHUTHOTO MOJIETUPOBAHMS, KOTOpPHIE MbI HE
paccmarpuBaeM B netansix, CFX u Fluent myist MogenupoBaHus MOTOKOB KUJKOCTH, MEepeHOCca Terja U
MOJICIMPOBAHUS PEAKIIU, B OOJBIIOM JWaIa30HE 3aad, HalpUMmep, adpoJMHAMHKA B aBUACTPOCHUH,

MoJieupoBaHre HeTIHBIX MIaTgopM U MojenupoBanue nmotoka kpou. ANSYS Mechanical - cucrema
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Uil aHanmu3a JaedopMainuii, BKIOYAs HEIWMHEWHBIE W JUHAMHYECKHE, IMOAICPKHBAIOAS CBSI3aHHOE
peueHue 3amad gedopManuu M TEIUIOBOTO OOMEHAa, aKyCTMUECKUX M JAPYruX 3aaad. VHTerpanuoHHas
matgopma ANSYS Workbench momnepkxuBaer nHTErparino ¢ MHOTOUHMCICHHBIMU cucteMamu CAD,
MOIUGUKAIIMM M CO3JaHHMs (Py4HOrO M aBTOMATHYECKOTO) TE€OMETPUUECKMX MOJIENell M CETOK,
MapaMeTpUYecKoro aHaliM3a W ONTHMH3AIlMU, ¥ CHCTEMHOTO MojenupoBaHus.  OTIenbHas Tpymma
MPOAYKTOB MpCAHA3HAUCHA JJId UCIIOJIb30BAaHUA OCHOBHBIX IPOAYKTOB JJI MaCHII‘aGHBIX BBLIUHMCJICHUN Ha

cynepkomnbiotepax (High-Performance Computing).

Ilpuopumemuor u menoenyuu pazeumus. OOmas crpaterus pazButus ANSYS B TedueHue T0JToro
BpeMeHHM Xapakrepu3yercs Jo3yHroM “Simulation-Driven Product Development”, T.e. pa3pabotka
MPOJYKTOB Ha OCHOBE MojenupoBaHus. OOm@as TEHICHIUS B MOCIEAHUX pa3paboTKaX KOMITAHHH —
MOBBIIIEHUE UHTETPAIlMU Pa3HBIX TUIIOB MOJENMPOBAHUS. MyIbTUIUCIUIIIIMHAPHOE MOJCTUPOBAHUE —
yXKe JI0JITOe BpeMs OJIHa W3 CHJIbHBIX cTopoH mpoayktoB ANSYS, a mpuobperenue xommanuu Estrel u
HelaBHee comameHue ¢ Modeleon B mepcrnekTuBe J00aBISET CPEACTBA TMOMJIEPKKA CHCTEMHOM
WHXXCHEpUU K mpoaykram kommanuu ANSYS, 4to pacumpsier nuama3oH MOTEHIMATBHBIX KIMCHTOB
komnanuu. Jlpyrue mnpuoOperenus simodaror EVEN (Evolutionary Engineering AG), HeGObIIyIO
KOMITaHUI0, DPa3palbaThIBAMOIIYI0 CHCTEMY aHajiu3a M ONTHMH3AIlMH KOMIIO3MIIMOHHBIX MAaTepUasoB,
SpaceClaim, mpousBomutens mgoctynHod cuctembl CAD, OCHOBaHHOH Ha NPHUHIUIIE TPSMOTO

MozenupoBanus, U Reaction Design (MomenupoBaHie XHMHUYSCKUX PEAKIIHAN ).

Altair

Kommanus Altair Engineering mnpousBogut auHUIO CAE mnpomykroB HyperWorks, koTtopsie
BrmovyaroT RADIOSS  (anamu3 HEIMHEHHBIX U JUHAMUYECKUX JedopMmariuii), MotionSolve
(TBepIOTENbHOE MOJCIUPOBAaHUE), HA0OP CPEACTB IS TMOATOTOBKM JAHHBIX, TEHEPAMH CETOK U
BHU3yaln3anuu, B yactHocTu, HyperMesh ¢ momgaepkkoil au3aiiHa m3nenuii U3 KOMIo3uToB, AcuSolve
(CFD), FEKO (snexrpomarautHoe wmomenupoBanue) OptiStruct m HyperStudy (ontummszanus), u
CUCTEMBI TS MOJICINPOBAHUSA MPOIECCOB HyperXtrude " HyperForm,
Houepnsist xomnanus SolidThinking Beimyckaer nponyktst CAD Evolve u Inspire. OcoOblit uHTEpec
npeacraBuser Inspire, TpOAyKT Uis AW3aifHa Ha OCHOBAaHUHW MOJIEIUPOBAHUS, KOTOPBI MHTErpHpyeT
cpencTBa  ONTHMH3AIMM, B YaCTHOCTH TOIOJOTHYECKOW ONTHUMHM3AIUHM, B pabouuii mpolecc
KOHLENITYaJIBHOTO JH3aiHA. Hpyroe HenmaBHee mnpuobperenue Altar — xommanust PBSWorks,

pa3paboTunk cucreMHbIX nporpamm aist HPC.

Ilpuopumemol u menoeHyuu pazsumusl. Kak u Ansys, Altair pazBuBaer cpeactea CAD B
nonosnHeHue cBoux npoaykroB B obmactu CAE u cpenctBa HPC, coxpansis ¢okyc Ha ¢usnueckom
MozenupoBanu. (OJiHAa U3 OCHOBHBIX 4epT komnaHuu Altair, genaromiasi ee NpoayKThl YHUKAJIbHBIMU —

JIOJITOBPEMEHHBI MPUOPUTET aBTOMATHYECKOM ontumu3anuu (opmel (mpoaykr OptiStruct cymecTByer
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Ooyiee IBaALATH JIET), B TO BpeMs Kak Jpyrue KpymHble komranuu B oOmact CAE BKIOYMIKCH B
pa3paboTKy CpeICTB ONTHUMHU3AIMU OTHOCUTEIBHO HelaBHO. Hamuuue 3TOW TEXHOJIOTHMH I103BOJIMIIO
Altair pa3pabotarh pemeHHs JUIsi KOMITO3UIIMOHHBIX MaTepUalioB, HE HMMEIONME aHaJIOTOB Y JPYrux
npousBoauTeneii.  Tawke 3TO co3maeT OCHOBY [uid Oyaynmx paspabotok B obmactu CAD/CAE s

alIUTUBHBIX TEXHOJIOTHH.

MSC

Komnanuss MSC — onna u3 crapeiiumx Ha peinke CAE, pa3paboraBiias nepBoHayajlbHble BEPCHHU
kosa Nastran (mo3znHee, KoMIaHus Oblla BBIHYXK/IEHA JUILEH3UpoBaTh Nastran IpyruM KOMITaHHSM, IS
MPEKpAILCHUs JIeJla O HAPYLIEHUH aHTUMOHOIIOJIBHOTO 3aKOHOAATENBCTBA; Tak NosBUIMCh NX Nastran u
Nei Nastran). Ilocme mepwoma cmama W BHYTPEHHEH pEOpraHU3allMd, KOMIIAHHMS CHOBA YBEPEHHO

pa3BUBAeTCs.

[IpoaykThl KOMIIAaHWUW BKIIOYAIOT MPOJIYKTHI MO BCEM OCHOBHBIM HAIMPABJICHUSIM MOJCITHUPOBAHMUS:
MSC Nastran u Marc (medopmanuu W MyJABTHIUMCHHUIIMHApPHOE MojenupoBanue), Adams
(MonenupoBaHue cucrteM TBepAbix Ten), EasyS Dytran (B3aumonelcTBUE KUIKOCTU U TBEPIBIX TeN),
Actran  (akyctmka), Sinda (temmooOmen), MSC Fatigue (yctamocte MmarepuanoB), Digimat
(MonenupoBaHue H3ACIUM W3 KOMIIO3UTOB), Patran (MoaenupoBanue U reHepauusi cetok) u EasyS

(ToIIepKKYy CHCTEMHOTO MOJICIIUPOBAHUS).

Ilpuopumemuor u menoenyuu pazeumus. Kommanus MSC Hanbosiee KOHKPETHO ONpPEACIIsIECT CBOH
MPUOPUTETHI, KOHIEHTPUPYSICh Ha pa3padOTKe HOBOTO MPOJAyKTa Apex, MHTErpUpPYIOIeTO CpeacTBa
MPSMOTO TE€OMETPUYECKOTO MOJECIMPOBAHUS U MHTETPAI[MU CETOK, MYIbTU(PU3NYECKOTO MOAETUPOBAHUS

U OIITUMHU3AIIHU.

Ilo cnoBam CEO komnanuu Jlomunuka ["amiemno, “MoaenupoBanue ceiiuac — CpeCTBO MPOBEPKU
Ka4yeCcTBa [3aKOHUYEHHOTro Au3aiiHa].  bpuio OBl MpeanmodTHTENIBHO HCIOJIB30BaTh MOJICIMPOBAHUE Ha
HaMHOTro OoJjiee paHHUX CTaAuAX Ou3aiiHa. 3HaHue [PU3NUecKoro| MoBenEHUs MPOIYKTa HAa PaHHUX
yTanax (aHTACTUYECKH MOBBILIAET MPOU3BOAUTENBHOCTE». KOHKpETHbIE 1ieNn, 3asBJIEHHbIE 111 Apex:
yCKOpeHHEe Tpolecca cosfgaHust cetok B 10-50 pa3, cokpaiieHue BpeMeHH OOydeHHsl paboTe ¢
MPOTPaMMOM OT JHEH W MECAIIeB 70 YaCOB, MHTEPAKTUBHBIN pab0oUYnii MK, YBEIIMYCHU S MAaKCUMaTbHOTO
KOJINYECTBA KOHEUYHBIX 3J1IeMeHTOB B 250 pa3 1o 0.25 Musummapza, MHTerpanus onTUMHU3alU1, U OTKPBITHE

UHTEPQCHCOB IS MPOTPAMMHBIX CPEACTB APYTUX KOMITaHU# [62].

ﬂ pycue KoOmnanuu

HecmoTpst Ha BBICOKMI YPOBEHb KOHCOJIMIAILIMH, JPYrde KOMIAHUHM HMIPAIOT CYIIECTBEHHYIO POJIb.
Hanpuwmep, nponykr Sketchup (ObiBmmii Baagenen - Google, teneps Trimble) ssisiercs mpoaxykrom CAD
¢ camo# OOJIBIION TOIB30BATENbCKON 0a30it (38 MiTH.) 6Iarogaps pacrpocTpaHeHu o OecIIaTHON Bepcuu
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yepe3 Google. Xots Sktechup, mpexne Bcero, mpennasHadeH misi AEC, mpoaykT MCIONB3yeTcs BO

BCCBO3MOXKHBIX IICIIAX.

Jlpyroe BaxkHoe coOblTHEe — mpuoOpereHne kommanuei 3D Systems KpynHelled Ha pbIHKe
aJIMTUBHBIX TexHONoruii kommanuu Geomagic. Hesamonro mo storo Geomagic Kymuia KOMITAHHIO
Alibre, npomsBomsmyo cucreMy MCAD, koropas ycTymaeT I10 YHCIY I[0JIb30BAaTele TOJIBKO

Solidworks, mpunamtexamiei Dassault Systemes.

Tawke untepecen npumep komnanuun ZWCAD (Kuraii, ¢ R&D B CIIIA). Xots nuHelka IpoayKToB
KOMIIAaHUU U CYIIECTBEHHO YCTYMaeT MPOJyKTaM «OOJbILIONW YeTBepKu», Omaromaps Tomy, uro B 2013 r.
MUHHCTEPCTBO TMPOMBILIUIEHHOCTH ¥ HHMOPMALMOHHBIX TexHoJornit Kurtas pexoMeHI0Balo MPOIYKT
ZWCAD B kayecTBe MpOJYKTa, COOTBETCTBYIOLIETO CTaHAApTaM O€30MaCHOCTH MMHHCTEPCTBA, Y
KOMITAaHUU MOTYT IOSIBUTHCS CYIIECTBEHHBIE JOMOJTHUTEIbHBIE BO3MOKHOCTH JJs pa3BUTHsA. (Cxoxas

cutyauus ckiaasiBaerca B Poccun nns komnanuun ACKOH.

B passumuu CAD/CAE cucmem moxcHO 8bidenums ciedyoujue 0CHOBHbIE MEHOCHYULL.:

Onepeocarowguti  pocm CAE u moodenuposanusi 6 wupokom cmuicie.  XOTS KOMIIAHUH, 34
HCKITIOYEHHEM Celuanu3upoBanHbIX KoMmnanuii CAE, peko BKITIOYAOT pa3BUTHE CPEACTB (PU3UUECKOTO
MOJICIUPOBAHHUS B CIUCOK OCHOBHBIX IMPHOPUTETOB, W3 aHajiu3a MNpUOOpeTeHuHd U (UHAHCOBBIX
TEeHJEHIIMN pbIHKA BUAHO, 4To cucteMbl CAE urpatot Bce 6omee Bo3pacraroiyto poib. [IpumeuaTeneH
dakT, 4YTO TMOYTH KakJIas KpylmHas KOMIIaHMS 003aBenach CpeICcTBaMU JJIsi  MOJAETMPOBAHUS
KOMITO3UITMOHHBIX MaTepUaiIoB MyTeM MOMIIOIMEHUs KOMIIaHUH, paboTarommx B 3Toi obnactu (Symault,

Firehole Technologies, Fibersim, e-Xtreme).

Hnmeepayus CAE/CAD, «demoxpamuzayusy npunosxceruti CAE. B Tedenme mocnemHux net
MPOUCXOAUT IMOCTENEHHOE TEPEOCMBICICHUE TpaauimoHHoro B3rsiga Ha Mecto CAE B mporecce
MPOEKTUPOBAHMS, OT CPEICTBA MPOBEPKH AM3AiHA, K CPEICTBY pa3pabOTKu. B CBs3M ¢ THM BO3HUKAET
HEOOXOIMMOCTh CHWIKEHUS TPEeOOBAHWN K KBAIM(UKAIIUU IOIH30BATESI CHCTEM MOJCIHPOBAHUS T.K.
YK€ HE MPUXOJUTCS OKUIATh, YTO HHTEPIPETUPOBATH PE3YNIbTaThl Oy/IET CIEHHATUCT MO (PU3UUECKOMY
MOJIeTHpOBaHuI0. B Hanbosee SBHOM BHJIE 9TH TSHACHIINY MPOSBIIINCH B PUOPUTETAX KOMITaHUH Altair

u MSC, HO cXOJIHBIE UJIeU TIPUCYTCTBYIOT B MPOayKTax KommaHuu Autodesk u apyrux.

Onmumuzayus. XOTsS aBTOMATHYECKas ONTHMH3AINS UCIIOIh30BaIach KoMnanuel Altair B TeueHue
JIOJITOTO BPEMEHU, IPOJIBUHYTHIE CPEJICTBA ONTUMU3AIUM, UHTerpupoBanHbie ¢ CAE, ctanu nosBisTeCs

B MPOJYKTaxX APYrUX KOMIAHUN CPaBHUTEIBHO HEJIABHO, U MOKHO OXKHUJIATh YCUJICHUS 3TON TEHCHIIHNH.

CAD 6 obaaxe. llpaktundecku Bce kpymHble kommanuu CAD/CAE B Toit mim wHOW Qopme

BBIPA0OTAIM CTPATErHIo Mo oOJauHbIM mpoaykram. Ecnu Autodesk nemaer oGnauHble MPUIIOKEHHS

56



KIIOYEBBIM TTPHUOPUTETOM, OCTAJbHBIC KPYITHbIC KOMIIAHWHM 3aHHMAIOT 00Jiee OCTOPOKHYIO TO3MIIHIO,
XOTS ¥ OHU JOCTAaTOYHO OBICTPO Mepenrid oT TOYkH 3peHust, yTo CAD mnaoxo COBMECTHM ¢ 00JIakoM, K
pPa3BUTHIO OOJAYHBIX MPOAYKTOB HaumHas ¢ PDM, Ho Obictpo mpomBurasice k CAD/CAE), wu
BKITIOUEHUIO MOJIENIA <«IIPOTPAMMHOE O0eCleYeHHUsl KaK yCllyra», B KayeCTBE OJHOTO M3 BapHUAHTOB
npogax. CleayeT OTMETHUTh, YTO IMOKA HE SICHO, JUIS KAaKOW YacTH pPhIHKA 3TOT IOAXOJ OKAXKETCs
noaAxoadamymM: BO3MOKHO, OH IIOMOKCT CHHU3HUTHL IIJIAHKY OOCTyIlla K CPEACTBAM IPOCKTUPOBAHUS

BBICOKOI'O YPOBHA IJId CPEAHETO U MAJIOTO ousHeca.

THosviwenue nonynapnocmu pewenuti multi-CAD, mendenyusi k pazoerenuio niamgopm u
NpULodCenuti, u Oobuel OMmKPbIMOCHU. B »sroif obnactu Siemens PLM Bo MHOroM 3aHMMaeT
JUIUPYIONME TTO3WIIMU, BKIAIBIBAs CYIMIECTBEHHBIE pecypchl B momanepkky multi-CAD pemeHuii, ot
PDM no CAE, u nognepxxanue otkpsIThix Gopmaros (JT, STEP). TpanunuoHHO crienuanu3upoBaHHbIC
KOMITAaHUU TaKkKe YAENSIOT 3TOMY OOJbIloe BHUMaHHUe. MOXKHO HaesThCs, YTO TEHAEHLUHMH B 3TOH
o0macT TOHU3AT Oapbep JUISI BBIXOJAA HA PHIHOK HEOONBIMX KOMIIAHMM — TIPOM3BOAMTENEH

CIICHHUAIIN3NPOBAHHBIX KOMITIOHCHT.

Iloooeporcka cucmemHo-uHMICEHEPHBIX NOOX0008. XoTd mard B 3TOM HaIpaBJICHUHU CHETaHbI
OTHOCUTEIBHO HEOOJIBIIE, 3aMETHO, YTO OOJIBIIMHCTBO KOMIAHUW YACNSIOT BHUMAHHE WHTETPAIlUH

cpenctB noanepxkku MBSE B Toit mium uHou ¢opme.

Tloooepoicka adoumusHblx mexHoao2ul. XOTS B TOH WJIM WHOW (hopMe MPUMHUTHBHAS MOJICPKKA
aJZIUTUBHBIX TEXHOJOTUMN MOSBUJIACH BO MHOTUX MpoaykTax (9kcrmopT B STL, «0YMCTKa» CETOK M T.II.)
Oosiee cepbe3Hble CcpeicTBa, HeoOxoaumble i 3D mevatu moka MPHUCYTCTBYIOT TOJBKO B OTIENbHBIX,
KaK [IpaBUJI0, HE OCHOBHBIX NpoaykTax. C HeJaBHUM IpUcoeInHEHHEM koMmnaHnuu 3D Systems K peIHKY

CAD MoxHO 0XHJaTh Hadajia 00siee aKTUBHBIX pa3pabOTOK B 3TOM 00JacTH.

2.2.5 Poccuiickue npounsBoautenu CAD u CAE — cuctem: TeHIGHIIUN pa3BUTHS

Poccust mMeeT CylieCTBEHHBIH MOTEHIMAN JJIs Pa3BUTHS JaHHOM o0jacTu, T.K. pOCCHUiicKue
KOMIIaHUH 00J1a/1al0T BBICOKHUM YPOBHEM KOMITETCHITMH, OJ1aroaapsi 10JIrOMYy OTIBITY pa0OThI, B TOM YHCIIE
B KAaueCTBE MOCTAaBIIMKOB IPOTPAMMHBIX KOMIIOHEHT JUIsi MHUPOBBIX JujepoB. Poccusi — oana u3
HEMHOTHX CTpPaH C KOHKypeHTocrmocoOHbIMH Tpom3BomutelsiMd CAD. OpgHako HYKHO OTMETHTHh

ONPCACIICHHBIC CJIO)KHOCTH B Pa3BUTUHU 3TOIO PbIHKA B Poccun.

O6beMm peiaka CAD B Poccuu B 2013, o onenkam komnanuu IDC, coctaBunu 162 MitH. 10JU1apoB,
XOTSI peabHBI PBIHOK MOXKET OBITH B 2-3 pa3a OoJbllie 3a CUET HEIUIEH3UPOBAHHOTO MPOTPAMMHOTO
obecnieueHusi. B 1r000M citydae, OH COCTaBISICT KpaifHE HEOOJBINYIO JIOJI0 MHUPOBOTO phIHKA (Oosee 8
MUJUTHAPJOB JIOJUIAPOB), 3HAYUTEIHHO MEHBINYI0, 1Mo oTHomeHHI0 K BBII mim oO6vemy mponsBoacTBa,

4YCM B Pa3BUTHIX CTpaHax. 9t10 CBUACTCIBLCTBYCT, C OHHOfI CTOPOHBI O CYIICCTBCHHBIX BO3MOKHOCTAX
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pocTa, HO C JAPYroll CTOPOHBI, O HU3KUM HHTEPECE MPOMBINUIEHHOCTH K BHeapeHuto pemeHuit CAD.
bonbiuass 4acTh pOCCUUCKOIO phIHKA KOHTPOJIUPYETCS KPYINHBIMU MEXAYHAPOAHBIMU KOMIIAHUSMU, HO

JIOJISl POCCUMCKUX KOMITAHUH HA HEM JIOCTATOYHO 3aMETHA.
Beoywue poccuiickue komnanuu-papadomuuxu

ACKOH

Cawmpblil KpynHBIA cpeau poccuiickux npouspoauteneid cucteM CAD — rpynna komnanuit ACKOH -
6onee 8500 xnueHToB, 060poT - 983 mMummona pyoneit B 2013 r; mo nH@opMaluu KOMIIAHUH, €€ OIS
poccuiickoro peiHka CAD cocraBiser 15-20% [63]. OcnoBHble mtpoayktel — cpenctBa MCAD
KOMIIAC-3D, KOMIIAC-I'padux, simpo C3D, cucrema PDM JIOLIMAH: PLM) — camas kpyrnHas u3
pOCCUNCKUX KOMIAHUN B 3T0i oOnactu. OTinunTtenbHol ocodeHHocTh0 TpoaykToB ACKOH sBusiercs
cobcTBeHHOe reomerpuueckoe sapo C3D, goctynHoe s AMIeH3UpOBaHus (JIMLIEH3UPOBAHO MPUMEPHO
JIECSITBI0O POCCUUCKUMU U 3apyOeXHBIMM KOMOaHUsMHU, paspabotunkamu CAx). Kommanus He
pa3pabateiBaer cpeactBa CAE (momnmepkuBaercs uHTerpanus c¢ mnpoxykramu HTL[ AIIM), HO
paspaboTana monHyro JuHEWKy cpeacte PLM, PDM u cnenumanu3upoBaHHBIX paCHIMPEHUM OCHOBHBIX
npoaykroB. B crpareruu pasButus npoaykroB u cepsucoB ACKOH 3amereH yder M3MEHEHUH Kak B
MIPOU3BOACTBEHHBIX TEXHOIOTUSIX (1M (PpOBOI )KM3HEHHBIN LUK U3AETNH, alTATUBHBIE TEXHOJOTHH ), TaK
u B UT-tpenmax (oOnauHble BBIYHMCIEHUS, MOOUIBHOCTH). 3a mocieaHue Heckonbko et ACKOH
npemioxuia norpedutensim KOMIIAC-3D u3 obnaka (IpoeKT HE HaIIeN CIpoca CPeaud POCCHHCKUX

NPEANIPUATUI ).

3T0 MO3BOJSIET KOMIAHUU YCHEIIHO PaboTaTh ¢ MPEANPUATHSIMU, KOTOPbIE JOKHBI HCIOJIB30BaTh
CUCTEMBl POCCHUICKUX MPOM3BOIUTENEH MO COOOpakeHUsM Oe30MacHOCTH, HalpuMeEp, y4acTBOBATh B
pa3paboTke THUMOBOW WH(POPMAIMOHHONW CHUCTEeMBI siepHOro opyxkeriHoro komruiekca (TUC SA0K)

coBmecTHO ¢ POAL-BHUD® na 6a3e nmpoxykro ACKOH.
Ton-cucmemuwi

Ton-cucrembl — cyas o BceMy, BTOpOHl mo BenuuuHe poccuiickuil npoussogutens CAD (2500
wineHToB). OcHoBHble NpoaykThl JuHUKM T-FLEX ocHoBanbl Ha sinpe Parasolid, nuneH3upoBaHHOM y
komnanuu Siemens PLM Software. T-FLEX Bxmrouaer cpeactBa 2D u 3D CAD, ocHOBHBIE cpeicTBa
CAE (Anamu3 u JluHamuKa, JUis MOJENMpOBaHMS JedopManuif, TENJIOBOro aHalIW3a, BUOpaluid,
YCTaJIOCTH, U cUcTeM TBepAbIX Ten), cpenctBa CAD u PLM u cnienimanu3upoBanHbie penieHus. B mienom,
no auanasony ¢yHkuuil npemioxenus T-FLEX Onu3ku k qpyrum nporpammam CAD, paccunTaHHBIX Ha
cpemHUd W Maiblii OusHec. CymectBenHoe npeumyinectBo cucrem T-FLEX mis poccuiickux

noTpeduTeNnel — MHTErpalns HalMOHAIBHBIX cTanapToB. Kommanus T-FLEX coBmecTHO ¢ KoMnaHuei
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JIEJAC yuactByer B pa3padotke PI'Sl (poccuiickoro reoMerpuyeckoro sjpa), (UHAHCHPYEMBIM
npaButesnbcTBOM P®. B HacTosiee BpeMs, INUIAHOB IEPEBOAUTH CBOM IPOAYKTHI HAa HOBOE SIPO Y

KOMITaHUU HET.
Hanocogpm

Komnanuss Hanocodr cpaBHUTENbHO HEOObIYHA: ee 0a30BbIH mpoaykr, 2D cucrema nanoCAD,
pacripocTpaHsieTcs OecIIaTHO, M MPEJCTaBJIsET COOOH OTKPBITYIO MiaaTgopMmy s pa3paboTKH
(MpeuMyIIeCTBEHHO IIATHBIX) CHEUATU3UPOBAHHBIX MPHUIOKEHU. B Hacrosmgee BpeMst 1O0CTYyHO
3HAYUTEIbHOE KOJIMYECTBO TAKUX MPHIJIOKEHUM, HapuMmep, A Au3ailHa MEXaHU3MOB, 3JIEKTPUYECKOM

Pa3BOJIKU, TMHUH AJIEKTponepesay v T.1.
Komnanuu-npousBoaureu cpeacrs CAE

Psin xommanuii-npounsBoauteneit cnenuanusupyrores Ha cpeactBax CAE, B wactnoctu, HTL[ AIIM

(WinMachine), xomnanus @unecuc, komnanus Tecuc u apyrue.

OTH KOMIIaHUU ITOJIy4alOT 3HAYUTEIbHYIO YaCTh J0XO0/a OT BBIIIOJIHEHUS IPOEKTOB MOACIUPOBAHUS
U3ICIUNA WM KOHCTPYKUMH IO 3aKa3y, M TaKKe MOTYT BBICTYNIaThb KaK HMHTETPaTOpbl IPOTrPAMMHBIX

MPOAYKTOB MexayHapoaHbix komnanuii CAE (ocHOBHas 4acTh mpemiokeHuid Tecuc).

[Tponykrsl komnanuu HTL AIIM noanepskuBator uHTerpanuio ¢ npoaykramu komnanuu ACKOH
U BKJTIOYAIOT MPOAYKTHI ISl OCHOBHBIX THUIIOB (DM3MUYECKOTO MOJICIIMPOBAHMS: aHaIM3a aedopManuii u
MPOYHOCTH, TEIUIOBOIO aHaliM3a, MEXaHHKH TBEPAbIX TeJ, TEUeHHUs JKUJIKOCTH M raza. Tawke

nojaaepxuBaercs untTerpamus ¢ npoaykramu CAD xommanun ACKOH.

OTHOCHTENBHO HEaBHO co3/1aHHast koMmmanus «Duaecucy GoKycupyeTcsi Ha IPOYHOCTHOM aHAJIM3e,
HaICJICHHOM Ha COBPEMEHHBIC TPUIIOKECHHS (KOMITO3UITHOHHBIC U JAPYTHE CIIOKHBIE MAaTePHAIIBI, 3a1a4H
reou3nKy, ydeT BIMSHHS JePekToB W T.1.). OTIuuMTeNbHON YepTod mnpoaykra kommnanuu, CAE
Fidesys, siBiisieTcss BKIIOUCHHE, C HAYaJbHOW CTaIuu Pa3pabOTKH, COBPEMEHHBIX MOAXOMOB K 3ajadam
NPOYHOCTHOTO aHalu3a, M MOJENeH MaTepuajioB M jAedopMaliii, a Takwke HaleIeHHOCTh Ha
COBMECTUMOCTh ¢ OCHOBHBIMU cucreMamu CAD. Cpeay COBpPEeMEHHBIX TEXHOJOTHM, 3aJI0)KEHHBIX B
CHCTEMY: paclapajUleTMBaHNe BBIYMCICHUM Ha BCEX CTAAMSIX aHAIN3a, HCIIOJIb30BAHUE CIEKTPATIBHBIX
QJIEMEHTOB, B JIOTIOJHEHHE K KOHEYHBIM, KOHCUHBIC AJIEMEHTHI C Pa3pbIBHBIMH 0a3MCHBIMH (DyHKIIUSIMU
(discontinuous Galerkin method), u Hanme)KHBIE METOIBI TCHEPAIUU CETOK. Pemenus xommnanuu

JOCTYIIHBI B BUJIC 00J1a4HOrO CEepBHUCA.

Jpyrue poccuiickue KOMIIAHUM
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Oco6oe nonoxenue 3annmaet komnanus JIEJJAC, kak mpou3BOIUTETs TPOTPAMMHBIX KOMITIOHEHT, B
YaCTHOCTH, (10 HEJaBHEr0 BpPEMEHH) reoMeTpuueckoro pematens LGS eduncmeennoco B Mupe
koHKypeHTa pemarenss D-Cubed (Siemens PLM), noctynaoro mns nunensupoBanus u PKS. LGS 0wt
npoaaH KommaHuu Bricsys; yacts paspabotunkoB JIEJIAC mepenuia B Bricsys, 00pa3oBaB poccuiickoe
oTaeneHue kommaHuu. Jlo mpomaxu texHomoruit Bricsys, komnanus JIEJJAC Ha npoTsHKEHUH MHOTHX

JeT pa3pabaTbIBasia IPOrpaMMHbBIE KOMIIOHEHTHI A7t Dassault Systemes.

Hpyras ynukanbHas komnanuss — DATADVANCE, paspabarbiBatomias NpoaykT pSeven Juis
MHOTOKpUTEPHAIIbH O ONTHUMH3AIMM, AaHaIU3a YYBCTBUTEIBHOCTH, CHUXEHHS pPa3MEpPHOCTH,
IIJJAHUPOBAHUSL DKCIIEPUMEHTOB, KOTOPbIMH HE MMEET NIPSIMbIX SKBUBAJICHTOB B IMPOAYKTaX BEIyIMX
MEXIYHAPOIHBIX KOMITAaHUN (Kak y)Ke oTMedanoch, mHTerpanus cpeacts ontumusanuu B CAD/CAE
HaxoIUTCA Ha JIOCTATOYHO paHHEM OJTale); KOMIAHUs YCHEHNHO COTPYIAHHMYAET C KIMEHTaMu B

pa3NUYHBIX 00JIACTSX, BKIIOYAs COTPYIHUYECTBO ¢ Airbus.

XOTsi B OTOM paszene Mbl HE pPacCMaTpUBAIU B JIETATSIX COCTOSHHE W TIEPCIEKTUBBI Pa3BUTHUS
cpencte CAM, cnemyer oTMeTUTh Hamuuue B Poccuu KOMIAHWN C BBICOKMMH KOMIIETCHITUSIMU IO
paszpabotke cuctreM CAM U ¢ KOMMEpPUYECKUMU KOHKYPEHTOCITIOCOOHBIMH MPOAYKTaMH B ITOW 0OJIACTH.
Hamnbonee wW3BeCTHBI M pPacIpOCTPAHEHBI CPEOUM POCCUMCKUX MPOMBINUICHHBIX MPEAPUSITHM -
notpebuteneir cuctemsl AJIEM (xommanus AJEM), 'eMMa (HTL[ «I'eMMay, 6asupyercs B 1IAI'N),

SprtCAM (xommanust «Crpyr-TexHOIOTHS).

Psin 3apyOexxnbix kommanuii (Bricsys, TurboCAD, Mentor Graphics) numeer otaeneHusi pa3pabOTKu

B Poccun.

Bosnbuiyto pons Ha poccuiickoMm peiike CAD/CAE urparoT KoMnaHuu, IpeloCTaBIISIONMe YCIIyry Mo
BHEJPEHUIO MPOTPAMMHBIX CPEACTB, CUCTEMHOW MHTETPAIlMH U MPOU3BOJCTBY MH)KEHEPHBIX PACUETOB.
Muorue kommanuu ycayr B obnactu CAD/CAE, nanpumep, CompMeshlLab, koHKypeHTOCTIOCOOHBI Ha
MHPOBOM PBIHKE M HMEIOT 3HAUMUTEIbHOE KOJMYECTBO KIMEHTOB 3a pyoexxom.  [lpyroil mpumep —
CapoBCKUIl HMHXKEHEPHBIM IIEHTpP, COYETAIONIMN HMHXKEHEPHbIC YCIyrd U mpoaaxy mnpoaykroB CAE

xommanuu CD-adapco.

JloBonmbHO  OONBIIIOE YHUCIO POCCHUCKUX KOMIAHUM TPOU3BOAUT  CICHUATH3UPOBAHHBIC
MpOrpaMMHBIC  MPOJYKTHI JUIsI TPOCKTHPOBAHWUS W pacdeTa B Yy3KUX 00JacTsax, Hampumep,
TpPYOOIIPOBOJIOB, MPOEKTUPOBAHUS MeOEnu M T.M. B HEKOTOPHIX CIOydasx OTHAENbHBIC MPOIYKTHI,
Hanpumep, npoaykrel CSoft, pa3pabaThIBarOTCS Kak pacIIMpPEHHUs IPOrpaMMm oOOINero HasHadeHus (B

ciyqaae CSoft, AutoCad).
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Poccuiickuii pertnok CAD pacter ObICTpee pa3BUTBIX CTpaH, BO MHOTOM 3a CYET HH3KOTO ypPOBHS

BHCAPCHHA U ICPCXOJa HaA JICTAJIbHOC ITPOTPaAMMHOC obOecrieucHuEC B OCIICAHUEC I'OJbI.

2.2.6 O0001IEHNE U aHATIU3

Ilapamempol cnpoca

Braromapsi BBICOKOW CTETIEHW 3aBUCHMOCTH TIpollecca pa3padOTKd TPOIYKTOB OT IPOTPAMMHBIX
CHUCTEM, TIporpecc B O3TOH 00JacTH HMeEeT MPUHIHUINUATBLHOE 3HAYCHHE MPAKTHUUYECKH IS BCEX
MPOU3BOUTENICH, B OCOOCHHOCTHM B BBICOKOTEXHOJIOTMYHBIX 00sacTsX. (COBpPEMEHHOE COCTOSHHE
cpenctB CAx, Hambornee ONarompusTHO TpeOOBaHUAM KPYIMHBIX TPAAUIIMOHHBIX TOTpedUuTeneit
(HampuMep, aBTOMOOWJIBHBIX W ABHAIIMOHHBIX KOMITAHHWH), C OTHOCHUTENBHO JUIMHHBIMH IIUKIaMH
pa3paboTku, OONMBIIMMH OTAETIaMH Pa3pabOTKH HOBBIX MPOIYKTOB, BKIIOYAIOIIME TPYIIIBI CIIEIHATNCTOB
0 KKIOMY JTaIly pa3pabOTKH MPOJayKTa. ITO, MPEKIC BCEro, CBA3AHO C JOMUHHPYIOMECH MOJICIBIO
Ou3Heca KOMIAHUN «OONBIION YETBEPKH» OPHUCHTHPYIONMXCS Ha KPYIMHBIX KIHNEHTOB (HampuMep,
croumocth padouero mecta CATIA Dassault Systemes Bapsupyercst ot $10,000 1o $60,000, mroc 18%
CTOUMOCTH B TOX 3a TMOJJEPXKKYy, JAENarollyl0 HNpoayKTel Bbicokoro ypoBHs (CATIA, NX)

MaJIOAOCTYIHBIMH JJISl CPETHUX U MEJIKUX KOMITaHUH ).

[Mponykrel cpennero ypoBHs (Solidworks, SolidEdge, Autodesk Inventor) moctymHBI msi cpemHero

Ou3Heca, HO UMEIOT OoJiee orpaHUYEHHBIE BO3MOKHOCTH ocobeHHOo B yactu CAE.

B TOXe Bpems, crmpoc Ha cpelacTBa IPOEKTUPOBAHMS CO CTOPOHBI HEOOJBIIMX KOMITAHUH,
3aHUMAOMIUXCA TMPOU3BOACTBOM B ONPCACICHHBIX HUIIAX, CTaOMIILHO pPacTeT, U HUX HOPUOPUTCTHI
HAUYMHAIOT OKa3bIBaTh 3aMETHO OOJIbIliee BIMSHUE HA pa3BUTHE IPOrPaMMHBIX IPOAYKTOB. B uactHOCTH,
MOKHO OTMETUTH YIpOIleHHe HHTepdeiicoB monb3oBarenei, ocooenno st CAE, n3smeHenue 1eHoBOI
MOJIMTUKH, B YAaCTHOCTH CBS3aHHOE C IIEpEeMELICHHEM B OOJIaKO, PAaCHMpPEHHE BO3MOXKHOCTEU JUIS

CpPEIHEro W Majoro Ou3Heca.

B Poccrnu 0THOCHTENBHO HU3KUM CIIPOC, IO CPABHEHUIO C pa3MepaMu SKOHOMHUKHU, BEJET K CI0KHBIM
VCIOBHSIM  JUIS  POCCHUHCKUX TPOU3BOAUTENCH. KpynHble KkoMIaHWu B  aBUACTPOHUTENBHOM
aBTOMOOMJIECTPOUTEIBHOM 00acTsIX, Hanbosiee mpoABHHYTHIE B 00acTu BHeaperus CAD, kak mpaBuiio,
paboTarOT C KOMIAHHUSAMH «OOJBIION YETBEPKU», a CIIPOC POCCHUIMCKOTO CPEAHEro M Mayoro Ou3Heca Ha
npoayktel CAD HeZoCTaTOYHO pa3BUT YIS MOIEPKAHUS aKTHBHOTO Pa3BUTHS 00JacTH, TPEOYIOIIETro

CYLIECTBEHHBIX BJIOKECHUM.

Yenosus paseumust obnacmu
Ycmemuoe pasBUTUC O6J'IaCTI/I, BHE€ 3aBHCHMOCTH OT HallMOHAJIBHOI'O KOHTCKCTA, 1 MaKCHMMH3aALlHs

saddekra ot pazButus CAD TpeOyeT HECKOIbKUX YCIOBHUI:
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Cmumynuposanus pazeumus npodykmos. Co3naHue ycIOBUM U NOAIepKa MH(PaCTPyKTyphl IS
TECHOTO B3aUMOJICHCTBUS pa3pabOTUMKOB C MPOMBIIUIEHHBIMH MOJIB30BATEISIMU CUCTEM, JUIS CO3JaHMS
MPOJYKTOB, TOIB3yONmMxcs cupocoMm. Kak mokaspiBaeT npuMep corpynuuyectsa komnannu ACKOH ¢
BHUND®, rockopnopaliui MOIYyT UIPaTh BaXXHYIO pOJib, COTpyAHMYAs ¢ mpousBoautensmu. Cruemyer
TaKKe OTMETUTh, YTO MOJO0OHBIE MPOEKTHI MOTYT CTUMYIUpPOBaTh HHTerpanuio 110 pa3HbIX MOCTaBIMKOB
B YBSI3aHHBIC TEXHUYECKH, (DYHKIIMOHAIFHO M METOJMWYECKM HOBBIC KOMIUIEKCHBIC PEILICHHS, KOTOpBIC
3aTeM MOJEPKUBAIOTCS M Pa3BUBAIOTCS B KAUECTBE CIEAYIOIMX Bepcuil kommepueckux UT-npoaykros,

JOCTYIIHBIX APYIUM IMPOMBIIUICHHBIM HOTpe6I/ITeJ'ISIM.

Obpa3zosanue norvzosamerneti, noodepaicka euedpernus. Ilpomykret CAD u ocobenno CAE TpeOyroT
BBICOKOTO YPOBHSI IOJTOTOBKH ITOJIB30BaTelNeii, Ha YPOBHE MEHE/DKMEHTa KOMIAHHWH Tarke TpeOyercs
noHMMaHue moreHiuana BHeapeHus cpeactB CAD/CAE/PLM B coyeraHuu C IepecTpoikon

MMPOU3BOACTBCHHBIX ITPOLICCCOB.

Oty gaxkTopbl TpeOYIOT pa3BUTHUS CHCTEMBbl 00pa30BaHMS MOJIb30BATENEH, HALIEIEHHYIO HE TOJBKO
Ha OOydeHHE KOHEYHBIX II0JHh30BATENCH OTACIBHBIM D3JIEMEHTaM CHCTEeM, HO M Ha aJanTaluio

MPOU3BOACTBEHHBIX MPOIIECCOB K UCMOJIb30BaHMIO cpeacTB CAX Ha BCEX YPOBHSIX.

Cmanoapmuzayus. lTlognepXka YCHJIMH 1O CTaHAApTU3aluud (OPMATOB JAHHBIX M TEXHOJOTHH
WHTETPAIlMU CUCTEM, TTOOUIPEHHE MOJICPKKA OOIUMX (B YACTHOCTHU, OTKPBITHIX) CTAHAAPTOB OTAEIbHBIMU
KOMITaHUSIMU -pa3paboTYMKaMH, CO3/IJaHUE U UCIOJIb30BaHHE MIaTPopM, B TOM YHCIe 3apyOekHbIX. Kak
MOKa3bIBaeT npumMep MHOTHX YCIEIHBIX pOCCUICKUX KOMIIaHUH,
3HAYUTENbHAs [JOJNs J0XoJa B JAaHHOW oO0NacTu TMoJydaeTcsi MMEHHO 3a CcuYeT pa3padoTKu
CIEIUATTM3UPOBAHHBIX PACIIMPEHUN CYIICCTBYIOIMX MPOIYKTOB OOINET0 Ha3HAYEHUs, COOTBETCTBEHHO,
MaKCHUMallbHOe OOJIETYEHHE BBIXOJAa Ha PBIHOK TAaKUX PACIIMPEHUN — KIIOYEBOM 3JIEMEHT pa3BUTHS

o0JacTH.

Onepesicarowue nayuuvie paspabomxu.  Heobxomuma mnoanepkka HaydHO-HCCIEIOBATEIbCKUX
OpraHu3aluii U YHHUBEPCUTETOB, BeAylnMX (yHIaMEHTAJbHbIE HCCIIECIOBAHUS B O0JIACTSX, CBA3AHHBIX C

CAX. bonee neranpHO TEPCIEKTUBHBIE HANpaBJICHUS HAyYHBIX MCCIEIOBAaHUN OOCYKAalOTCs B

CIIEIIYIOIIEM pasjiedie.

Hayunvie nanpasnenus pazsumus CAD u CAE
Kakx moHsaTHO #3 HaOMIOAaeMbIX TEHICHIMNW pPa3BUTHS KOMMEPUYECKHX CHUCTEM, IPOJOJLKEHUE

Pa3BUTHSI CUCTEM B ITHX HaIIPABJICHUSX TPeOyeT HOBBIX TEXHOJIOTHH, Mpeke Bcero, B oomactu CAE.

Mnozoypoenesoe moodenuposanue u eviuucienus.  CTaHJapTHBIE TOAXOJbl K MOIEIUPOBAHUIO

(HarpuMep, MOBCEMECTHO HCIIOJIb3YEMbIE IOJXO/bl, OCHOBAHHBIE HA HECTPYKTYPUPOBAHHBIX CETKaX U
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KOHEUHBIX 3JIEMEHTAax), He MO3BOJIAIOT, Jaxe npu ucnoiaszoBanun HPC, sddexruBHO MonenupoBaTh
CHUCTEMBl M MaTepHallbl CO CIOKHOH CTPYKTYpOH pa3IMYHBIX MAaciraboB: KOMIIO3U IUOHHBIX,
HaHOMaTepuajoB, MaTepUaloB, MPOU3BEIACHHBIX C TOMOMIBIO AJJIUTUBHBIX TEXHOJOTHH U
OouomarepuanoB. Hampumep, nokanbHas KOH(UIypamus BOJIOKOH KOMITO3U IHOHHOTO MaTepuania, MOKET
MMETh KPUTHYECKOE BIUSHHE Ha MaKCHUMallbHble HANpSHKEHUs; B TOXKE BpeMs, HEBO3MOXKHO
MOJICTTUPOBAHUE TOJHON CTPYKTYpHl Ha YPOBHE OTJIENIbHBIX BOJIOKOH. HeoOxoanma pa3zpaboTka METOIOB
M CHUCTEM, T[IO3BOJISIIOLMX MPOU3BOAUTH BBIYUCICHHS Ha pa3HbIX YPOBHSX pa3pelieHus,
IPOCTPAHCTBEHHOTO W BPEMEHHOTO, HWCIHOJB3Yys pPa3IMYHble MOJEIU, U KOHTPOJIMPOBATH OUIMOKU
BBIYMCIIGHUI TIpU TMepeHoce HHGOpPMAUU MEKIY YPOBHSIMU, MaKCUMH3UPYS J(PHEKTHBHOCTH
BBIYMCIICHUH. BonbUMHCTBO ~ CYIIECTBYIOIIMX KOMMEPYECKUX MPOAYKTOB HE MOAJIEPKUBAIOT
aBTOMAaTHYECKYI0 U KOHTPOJUPYEMYIO CBS3b BBIUYMCIEHUH pa3HOro Macumaba, XoTs IepBhIe
CHELUATU3UPOBAHHBIE CPEJICTBA C IOJIEP)KKOH MHOTOYPOBHEBOTO MOJICIMPOBAHUS YXKE MOSBUIIHUCH.
Jpyroii BaHBII BapuaHT MHOTOYPOBHEBBIX BBIUMCIEHUH — pelieHue OoJbIMX (COTHM MUJUIMOHOB
[IEPEMEHHBIX) JUHEWHBIX U HEIMHEWHBIX CUCTEM YPAaBHEHHUM, BO3HMKAIOIMX MPU MOJAEIUPOBAHUH, C
IIOMOIIBIO Pa3HbIX TUIIOB MHOTOYPOBHEBBIX AJITOPUTMOB, OJIHA U3 CHJIBHBIX CTOPOH KOTOPBIX — XOPOLIME

BO3MOKHOCTHU pacnapajuieIMBaHus BBIYACICHU .

Memoouvl nonuscenus pasmeprocmu.  CIOXHBIE CHCTEMBI, COCTOSIME M3 OOJIBIIOTO KOJINYECTBA
qyacTed, MaTepHalibl ¢ T€TEePOTeHHON CTPYKTypoil TpeOyroT OOJIBIIMX BBIUMCIUTENIBHBIX PECYPCOB IS
MOJICTMPOBAHUS. DTO JIeJaeT ONTUMH3ALHIO (TpeOyIOIyr0 MHOTOKPATHOTO MOJEIUPOBAHUSI CHUCTEMBI
JUISE  pa3HbIX 3HAYCHHI ONTHUMHU3UPOBAHHBIX IMapamMeTpoB) ITUOO HEBO3MOXKHOM, JHUOO CIUIIKOM

MEJUICHHOM WJIM 3aTPaTHOM.

[IpumeHeHME CYIMECTBYIONMX U pa3pabOTKa HOBBIX METOJOB MOHWKEHUSI PAa3MEPHOCTH TTO3BOJIAT
aBTOMATUYECKH CO3[aBaTh MPUOIU3UTENbHbIE OMUCAHUS KOMIIOHEHT, WJIM YacTel CHCTEMBI,
MO3BOJIIONIME HA TOPSAKA YMEHBIIMTh BBIYUCIUTEIBHBIE pECcypchl Uil "BHYTpeHHEro 1ukia"

OIITUMHU3ALlUH.

Texnonocuu unmezpayuu ousaina, anaiusa u onmumusayuu. IPHEKTUBHOCTH COBPEMEHHBIX CUCTEM
CAD/CAE orpannyeHa TpaJullMOHHON Pa3eNeHHOCThI0 KOMIOHEHT, ISl Pa3HBIX CTaui, CO3IAIOIILyI0
NPENATCTBUS Ul YCKOPEHMS LMKIA Iu3aiiHa. VHTerpanus CymecTBYIONIMX METOJOB M KOMIIOHEHT,

pa3paboTaHHBIX 0e3 ydeTa KOHTEKCTa OMTHMH3AINH, UMEET OTPaHUYCHHYIO d()EeKTHBHOCTS.

Jlns umHTerpanmuu BceX JTalmoB LHUKIA B €AMHOE lieJloe, HeoOxoauma pa3paboTKa HOBBIX
MpPEACTABJICHNUM, AAHHBIX W AITOPUTMOB, JUISI UHTETPUPOBAHHOIO MOJECIUPOBAHUE PAZHOPOIAHBIX
(¢u3MYECKUX MPOLECCOB U CHUCTEM (MEXaHUUYECKHX, TEIJIOBBIX, D3JIEKTPUUYECKUX); HaIllpuMep, st

OIITUMHU3A U (bOpMLI NpCAIOYTUTCIIbHBI  AJITOPUTMbI  HC Tpe6y1-OH_[[/Ie HJIMn MHUHHUMUBHUPYHOLIHNC
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HEOOXO/IMMOCTh TeHepaluu CeTOK. JIpyruM BaKHBIM HalpaBJIEHUEM SBIISIIOTCS HCCIEAOBAHUS IO
CO3/IaHUI0 HOBBIX THUIIOB TOJIb30BATEIBCKUX HHTEP(EHCOB I MHTETPUPOBAHHBIX CHCTEM, C IEJIBIO
VIPOILIECHUSI U3y4eHHUs IMPOCTPAHCTBA BO3MOXKHBIX PEIICHHM, a TalKe CHUXAIOMMX TPeOOBAaHUS K

KBATM(UKALIMH TTOJIb30BATEIS.

Oppexmusnuvle u Hadedxchvie ceomempuueckue arzopummsl. Benynme kommanuu B odnactu CAE B
MOCJIeIHEE BpEeMsl YAEIsUIM CYLIECTBEHHOE BHUMAaHHUS CPEICTBAM TI€OMETPHUUYECKOrO MOJEITUPOBAHUS,
IPEXAE BCEro, CBS3aHHBIX C IOCTPOCHHUEM CETOK. B KOoHTekcTe onTuMu3auuu (OpMbl, MpoOIEeMBbI
aBTOMaTHUYECKOIO  CO3JaHUs  CEeTOK, WM  ucnosb3oBaHuss CAD  reomerpum  HampsMmyro

(uzo02ceomempuieckuli aHaIu3) UMEIOT OOJBINOE 3HAUCHUE.

Cmamucmuyeckue Memoovl U Memoobl MAWUHHO20 OOYYeHUsl 0N UHICEHEPHBIX NP ULONCEHUI,
paboma ¢ OonvuwumMu o0Ovemamu OarHuIX. [ E€OMETpUUYECKOe W BBIUYHUCIUTEIBHOE MOJICITUPOBAHUE
CIIOXHBIX CHUCTEM M CTPYKTYp CO37aeT 3HAYUTENbHBIE O0BEMBI JaHHBIX; TPUMEHEHUE CTATUCTUYECKHUX
METOJIOB ¥ METOJIOB MAIIMHHOTO OOY4CHUS TTO3BOJISIET HAXOIUTh KPUTHUYECKHE 3aBUCHMOCTH CHCTEMBI OT
MapaMeTpoB, KOTOpPbIE MOTYT MCIIOJIb30BAaThCS B IMIPOIECCe ONTHUMH3AIMHU, W CO3MAaHUU MOJEIeH
MOHM)KCHHON pa3MEpPHOCTH. OTOT THUII TMOJAXOJ0B YK€ YCIEIHO pa3padaThiBacTCsl KOMITaHUEH

DATADVANCE.

Hpyrum acnektoM paloThl ¢ OOJBIIMMH OOBEMAMH JAHHBIX SIBJISIETCS TOHUCK T€OMETPUYECKU
MOJOOHBIX MOJETIEH, CXOXKHUX UM COBIAJAIONIMX C MOJENSIMHU, TpeOyIOUMMUCS Uil HOBBIX pa3paboTokK,
COKpAIIAIONMX BpeMsSl MPOCKTUPOBAHUS, WM TMOJHOCTHIO YCTPAHSIONMX HEOOXOAUMOCTh CO3TaHUS
HOBBIX MOJieJiell B OTAENBHBIX claydasx. B oTinume OT TEKCTOBOTO MOUCKA, MOUCK TeOMETpUHU TpeOyeT
pa3pabOTKM HOBBIX TEXHOJIOTUH CpPaBHEHHS TEOMETPHYCCKUX MOJENed. OTH TEXHOJOTUH TaKKe
HEOOXOIMMBI JUIA 3alUMThl MHTEUIEKTYalbHOM cOOCTBEHHOCTH. Ha MHPOBOM pBIHKE TOJBKO HAUMHAIOT
MOSIBJIATBCA TEXHOJIOTMM JaHHOrO Kiacca oT Bexyumx npousBoguteneii (EXALEAD OnePart ot
Dassault Systemes, 3DPartFinder B SolidWorks). Kommanun ACKOH wu JIEJJAC wumeror cBou

TEXHOJIOTHYecKue pa3paboTku B 3T0it obnactu: Pilot-ICE u LGC.

Mooenuposanue peoxux cobvimuu. Bo MHOTHX 3amayax MpPOEKTHUPOBAHHUS HEOOXOAUMO YYUTHIBATH
KpaliHe peJKhe, HO KaTacTpoduueckue sl CUCTEMBbI COOBITHS, HAampuMep, 3(MPeKThl MOTOKOB YacTUIl Ha
AJEKTPOHHBIE KOMIIOHEHTBI CIyTHUKOB. Co3nanne BBIYUCIUTENBHBIX METOJOB, MO3BOJISIOMMX
3(dekTUBHO OOHAPYKUBATh BO3MOXKHBIE COOBITHSI TAKOTO POJa, U TOYHO OLICHMBATH UX MOCJIEACTBUS U
BEPOSTHOCTh, UMEET (PYHIAMEHTAIBHOE 3HAUEHHE I Pa3pabOTKh KPUTHUUECKUX CHUCTEM, TPEOYIOIIMX

BBICOKOI'O YPOBHA HAJIC)KHOCTH.

CAD onsn  Ouonocuueckux cmpykmyp mamepuanos. COBPEMEHHBICE METOABl JW3aiiHa |

MOACIIUPOBAHUSA MPCUMYHICCTBCHHO MPCAHA3HAUCHBI MJIA IMPOCKTUPOBAHUA MHAYCTPHUAJIbHBIX CUCTCM U
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MEXaHU3MOB DA3JIUYHBIX TUIIOB W aPXUTEKTYpHBIX KOHCTpyKuui. C pa3BuTtHeM OUOUHXKEHEPHH,
BO3HHMKAEeT HEOOXOIMMOCTh MPOCKTUPOBAHUS OWOIOTMYECKHX CHCTEM C y4€TOM HX €CTeCTBEHHOIO
M3MEHEHHS (HampuMep, CO3/lIaHHhe OMOPHBIX CTPYKTYp Ul TPAHCIJIAHTATOB, MCKYCCTBEHHBIX OPraHOB).
Takue 3amaun TpeOYIOT pa3BUTHSI HOBBIX MATEMATHYECKUX M BEIYUCIUTEIBHBIX METOJIOB, HAIICIEHHBIX Ha

MOJIETTUPOBAHUE CTPYKTYP C Y4ETOM OMOJIOTMYECKUX MPOIECCOB.

HUcnonvzosanue cencopnvix OamHulx 6 npoyecce npoekmuposanus. MHOTHE 3ajaud COBPEMEHHOTO
MPOCKTUPOBAHUSA, MPEXKIE BCErO, CBSI3aHHBIC C WHIMBUAyaTU3allUed MPOAYKTOB, TpeOylOT ydera
KOHTEKCTa, T.C., YK€ CYIIECTBYIOIIMX OOBEKTOB, C KOTOPHIMU IPOEKTUPYEMbIH MPOAYKT OJIKEH
B3aMMO/ICHICTBOBATL: HANpUMeEp, afanTanus Me0end K IMOMEIICHUI0 WM OJCKIbl, WIH OO0YBU K
notpebutento. IOTo TpelyeT pa3paboTku A(PEKTUBHBIX M aBTOMAaTHYECKUX METOIOB ITOCTPOCHHUS
KOMITBIOTEPHBIX MOJIeNIeH, BO3MOXKHO, C Y4€TOM HE TOJBKO T€OMETPUH, HO B (DM3MUECKUX MapaMeTpoB,
CYIIECTBYIOIIMX MpEAMETOB. B cBOw0 odepenb, METOIbl MU3aiiHA, aHAIM3a M ONTHUMH3AIUU JTOJKHBI
OBITH MPUCIIOCOOTICHBI K PaboTe ¢ aBTOMATUYECKH MOCTPOCHHBIMH, YaCTO HEMOJHBIMU U HETOYHBIMH,
MOJICISIMA peallbHbIX O0BbEKTOB. J[pyroe HampaBJjeHHE HCCIIEOBaHUMN, CBS3aHHOE C UCIOJIb30BAHHEM
W3MEpPEHUN B TPOCKTUPOBAHWU -- T.H. "aCCUMWJIAIMA" NAaHHBIX, T.c. pa3paboTKa CHCTEMaTHYECKHX
MO/IXO/IOB K aJanTallii BBIYUCIUTEIBHON MOJENN U BKIIOYEHHEM ONTHMHU3ALMOHHBINA MPOIECC TaHHBIX

MOJYYCHHBIX IIYTEM UCIIBITAHUS IIPOTOTHUIIOB WJIM MPCABIAYIINX Bepcnﬁ IMPOAYKTOB.

Macwmabwl énuanus

XOTs1 KOHKpeTHbIE MaclIradbl BJIMSHUSA OLEHUTb TPYIHO, U3 BCEX TEXHOJOTMYECKHX (PAKTOPOB,
nH(opMarMoOHHbIE TEXHOJOTHH, B 4YacTHOCTH, TexHosuornu CAD/CAE, umeroT Hambosee MMpOKoe U
CYILIECTBEHHOE BJIMSHHE HAa YCKOPEHHWE MHHOBAIUMM, COKpAIEHHWE U CHUXKEHHE CTOMMOCTH pa3paboTOK

HOBBIX IIPOIYKTOB, H, KaK CJICICTBHE, MTOBHIIIICHNE KOHKYPEHTOCITOCOOHOCTH.
[IpuMepsl Takoro BIIMSHUS BKIIOYAIOT:

Hns xpynsasix kommnanuii: cuctembl CAD/CAE nenaroT BO3MOXHBIM MOJHOE MOJIEIIMPOBAHHE
CIIO)KHOH cucTeMbl (HalpuMep, CaMoOJIeT, 3JIEKTPOCTAHIUs, CIIYyTHUK), BKIKO4Yas COOpKy 4acTeid.
DJIEKTpUYECKHE, MEXAaHUYECKUE U XUMHMYECKUE MPOLIECCH U UX B3aUMOJACUCTBME MOTYT CYIIECTBEHHBIM
00pa3oM COKpaTUTh HEOOXOAMMOCTh IKCIEPUMEHTAIbHONW IIPOBEPKU OTAEIBHBIX CUCTEM U UX IEPEIEIIKU

B pE3YJILTATC HCCOBMCCTUMOCTHU BEISIBIICHHOM Ha MMO3AHHUX dTarax p213pa6OTKI/I.

Hanpuwmep, xomnanuu Boeing, Gnaronaps ucnonszoBanuio PLM u MonenupoBaHus Mpu CO3IaHUU
787,  ymaloch ~ YMEHBIIMTH Ha  ToA  oOmee  Bpems, 3aTpadyeHHOE Ha  pa3paboTKy
[64].
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Jns HeOONBIIMX KOMIIAHWM M CTapTamoB: JOCTYINHOCTh HHTETpUpPOBAaHHBIX cpeacTB CAX, B
YaCTHOCTH, OPUEHTHPOBAHHBIX Ha I0Jb30BATElNs, HE OOJAJAIONIEr0 HSKCIEPTH30H B ONPEAETICHHON
o0jacTd, a TakkKe BO3MOXKHOCTH HCIIOJB30BAHUS OTKPBITBIX AJIEMEHTOB JAM3aiiHa, CYIIECTBEHHBIM
00pa3oM CHMIKAeT PUCKH, M YMEHBIIAET BpeMs pa3pabOTKU HOBBIX HMPOIYKTOB. Jlo mocneanero
BpeMeHU HeOOoNblMe KOMIAHUM IMPEUMYIIECTBEHHO MOJIb30BAMCh MpocTeiinmmu cpeactBamu CAD;
nocienHue MHUOKUATUBBL Autodesk M Apyrmx KOMmaHui MO MOJENH «IPOrpaMMHOE OOecrieueHre Kak
yeiayra»y, a Tawke CAD crapranmoB, monoOHBIX sunglass.io, 3HAYUTENIBHO pPACHMPSIET BO3MOXXHOCTHU

npumenenust CAD/CAE u PDM juis 3T0i KaTeropuu 1mojiab30BaTeNneil.

3amMeTHuM TakKe, YTO MHOTHE, €CJIM HE BCE, HOBEUIIME TEXHOJIOIHMHU MPOU3BOJICTBA CYLIECTBEHHBIM
0o0pa3oM 3aBHUCIT OT NPOrPAMMHOM TMOJJIEPKKU: HalpUMEp, HUCIOJIb30BAHHE CHCTEM aIUTHBHBIX
TEXHOJIOTUH B TIPUHIIUIIE HEBO3MOXKHO 0€3 CO3/IaHUSI KOMIBIOTEPHBIX MOJIENEH U3JEIUI, YTO OOBSICHSIET

nHTepec Beaynmx komnanuilt 3D neuaru Stratasys u 3D Systems k cpenctBam CAD.

B kauectBe xommoneHT o60me cuctembl PLM, cpenctBa CAD/CAE Ttaroke sSBISIOTCS HEOOXOAMMOM
YaCThIO TEPECTPOWKU TMPOU3BOJCTBEHHBIX IPOLIECCOB MJIsi MOBBIMICHUS 3(PPEKTUBHOCTH U THOKOCTH

MPOU3BOICTBA.

2.2.7 Ouenku nepcnektus uist Poccuu

Bozmoorxcnocmu onsa npouzsooumeneti

1. Iloodoepoicka pocculickux cmanoapmos, adanmayus K CReYyuaru3upoSaHHviM mpedo8aHUsIM
poccutickux nompeoumerneti. Ha TaHHBIA MOMEHT, MOXHO CKaszaTh, 4YTO 3TO SIBJISETCS OJHUM U3
OCHOBHBIX HampaBJieHU paboThl OoibImMHCTBA pa3zpadboTunkoB cucreM CAD. brnarogaps stomy gaxropy
Ha pBIHKE TPUCYTCTBYET 3HAYUTEIbHOE  KOJMYECTBO MPOAYKTOB, OPHEHTHPOBAHHBIX HA
CHEIUAIM3UPOBAHHBIC MPUIIOKEHUS; 0COOEHHO MHOTO TaKUX IMPOAYKTOB B OOJIACTH HPUJIOKEHUH JUIS

AEC, rne nogiepkka HallMOHAJIBHBIX CTAHIAPTOB UMEET M1EPBOCTEIIEHHOE 3HAYCHUE.

2. Paszpabomia unHo8ayuoHHbIX NPOOYKMOE 051 MUp0o802o peinka (Harpumep, ontumusamus , CAD
JUISL aJIMTUBHBIX TEXHOJOTUH, MOJHOCThIO MHTEerpupoBaHHble MpoaykTsl CAD/CAE, WHHOBalMOHHBIE
KOMITOHEHTHI), OCHOBaHHBIX Ha (yH/JIaMEHTaJIbHBIX pa3paboTkax B Poccuu; Ha JaHHBIH MOMEHT, TaKHX
npumepoB otHocutenbHo Mano (komnanuu JIEJJAC, DATADVANCE), Ho, mpencraBisercs, 4YTO
HaMuuue OONBIION HAydHOW TPAJAWIHK B OOJACTH MOJEIHPOBAHHS W ONTUMHU3AIMU, WU COXpaHEHHUE
OTHOCHTEJIBHO  BBICOKOTO  YpPOBHS  (yHAaMEHTAJbHOTO O0pa3oBaHUs CO3Jae€T  OINpEACICHHbBIE

KOHKYPEHTHBIE [TPEUMYIIECTBA.

[loctenierHoe OTKpbITHE TUIaTdGopM Bemynmx npousBoautencii CAD moTeHInansHO CO3aeT HOBBIE

BO3MOYKHOCTH B 3TOW 00JIaCTH, IO MOJAEJH, HallpUMep, pa3paboTKu MpHuiiokeHui Ha miatdopme Android
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(ecnu, momoOHO Altair, Beayipe MPOM3BOIUTEIN HAYHYT TOJJICPKUBATH PACIPOCTPAHEHUE MPOIYKTOB

BHEIIHUX MTPOU3BOAUTEINEH ).

3 «HMumennekmyanvHolii aymcopcuney - BBIIOJIHEHUE 3aKa30B KPYMHBIX 3alaJHBIX KOMIIAHUM Ha

pa3paboOTKy MOAYJIEH IS KPYITHBIX CHCTEM.

Haunbonpburyro 1eHHOCTh B 00JAaCTH Pa3BUTHSI MEPCHEKTUBHBIX MPOU3BOICTBEHHBIX TEXHOJOTHI
IPEACTABJIAIOT IIEPBBIC JBA HalpaBieHUs. PacumpeHue mepBoro HalpaBJICHUSA B HACTOSIIMM MOMEHT

npeobnamaromiero B Poccun, 3aBUCUT OT pacimpeHust 6a3bl pOCCUUCKUX MOJIb30BATEIICH.
Boszmooicnocmu ons nompedbumerneti

[orenumansuo, cpeacrea CAD/CAE, ocoOeHHO UCIONB3yeMble COBMECTHO B KOHTekcTe PLM,
MPEIOCTABIISIIOT CYIIICCTBEHHBIC KOHKYPEHTHBIC MPEHMYILECTBA I KOMITAHHH -T10JIb30BATEIICH. Kak
yKe 00CYXKNanoch B MPEIbIAYIIMX pa3jiesiaX, B KOHEYHOM HTOTe, MPOTPaMMHOE OOECTeUueHHe — JIUIIb
UHCTPYMEHT U OIpPEIeISIIoNMM  (PAKTOPOM TMOBBIICHUST d(PPESKTUBHOCTH  SIBJIICTCS  OpTraHHU3aIlHs
MPOU3BOACTBEHHOTO MPOIIECcCca, B TOM YHUCJIE C yIETOM BO3MOXKHOCTEH CYIIECTBYIOIMX WHCTPYMEHTOB
CAD/CAE.  Jlna KpymHBIX POCCUMCKUX KOMITAaHUH, €Ille He BHIPA00TaBIIMX CTPATETHUIO B ATON 00acTH,
BO3MOXXHOCTH, B OTCYTCTBHHM OTPAHWYCHHI, CBS3aHHBIX C O€30IaCHOCTBIO, B I[€JIOM JKBUBAJICHTHBI
CYIICCTBYIOIIMM JIJISl KPYITHBIX 3allaHbIX KOMIAHUM, T.K. UM JOCTYITHBI YCIIYTU U MPOJYKThI KOMITAaHUH
Dassault u Siemens PLM, a Takke pOCCHUICKMX KOHCANTHHIOBBIX KOMIAHUW M MHTETPaToOpOB,

pa60TaIOIJ_[I/IX C OTUMH CUCTEMAMU.
Hau6omnee OIrpaHUYCHBI BO3BMOKHOCTU CPECAHNUX U MAJIbIX KOMIIAHHUH, 11O HECKOJILKUM ITpUYINHAM:

® HECOOTBETCTBUE (YHKIHOHATA «KOPOOOYHOTO» MPOTPAaMMHOTO OOECHeUYeHHUs HYXKAaM HX
IIPOLIECCOB;

e BO MHOTMX CiIy4asX OTCYICTBUE€ IIOHMMaHUs HEOOXOIMMOCTH H3MEHEHUH B
IIPOM3BOJICTBEHHOM IIPOLECCE;

® HEIOCTAaTOYHBIH YpPOBEHb NOATOTOBKM TiepcoHana s wucnons3oBanus CAD/CAE, u
TPYIHOCTb OLIEHKA DKOHOMHYECKOTO 3(ppeKkra OT BHEAPEHUS JOPOTOCTOAIIMX HOBBIX CHCTEM

B IIPOU3BOJCTBEHHBIN IIPOLIECC.

Texumnueckue TenaeHunu B pasButuu CAD/CAE, onncanHble paHee, TOMOTal0T pelarh 4acTb 3TUX
npobseM (CHUKEHHE CTOMMOCTH, YHPOLICHHMS HCIOJB30BAHMS), HO HE PEIAIOT 33/a4M MPEOJOTICHHUS

HECOOTBETCTBUS HY)XJaM OTpeOuTesell 1 BEIpaOOTKU MJIaHOB W3MEHEHUS MPOIIECCOB.
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2.3 [IpombIiieHHass U CEpBHCHA POOOTOTEXHUKA

2.3.1 OnpeneneHus ¥ TUIIOJIOTUS POOOTOTEXHUKH
Llenpro HACTOSAIIETO paslena sSBISETCS HCCeloBaHHe o0JacTedl MPOMBIIIIEHHOW W CEepBUCHON

pobororexauku (robotics), BAMAIOIMX Ha MPOU3BOIACTBO HM3ACIHMA, JOOBITY MOJE3HBIX HCKOMAEMBIX H

TpaHcnopT. B kauecTBe ompenenenus podota npunsra Gopmynmuposka cranaapra 1SO 8373:2012 (myHkr
2.6):

Po6oT — mpuBoAHON MeXaHU3M, JAEHCTBHS KOTOPOTO MPOrpaMMHPYIOTCA B ABYX U 0ojiee ocax U
BBIMOJIHSIFOTCSL C  ONPEACJICHHOM CTENEHbI0 AaBTOHOMHOCTH, OCYILUECTBIISIOIMN JIBHXCHUE B

OHpCI[CJ'IGHHOfI I HETO CPEAC, UCIIOJIHAA IPEAHA3HAYCHHBIC 3a 1a4u.

HaHHBIfI CTaHJapT BBLACIACT ABa OCHOBHBLIX KiIacCa p060TOBI IMPOMBINIUICHHBIX U CCPBUCHBIX,

CpeIu MOCIEAHUX - TTOIKIACCHl MPOECCHOHABHBIX U MEPCOHATBLHBIX POOOTOB.
Crangapt Aaer ciaeayronme onpeaeaeHus:

® [IPOMBIIUICHHBIA POOOT - aBTOMATHUYECKd  YINPABJSIEMBIH,  IepernporpaMMUpyeMbIid,
MHOTOLIEIEBOM MaHUIYIIATOP, MPOrpaMMHUPyEMbIH B TpeX WM 0oJiee 0csAX I UCIIOJIb30BaHUS B
aBTOMATH3allM¥ TPOMBILIUIEHHOCTH, KOTOPBIM MOXeT ObITh JHOO0 3aUKCHUpOBAaH B MeECTe
YCTAaHOBKU MJIM UMETh BO3MOKHOCTb II€pEMELICHM S,

e cepBHCHBIN (mpodeccHOHANBHBINA) pPOOOT - BBIMOJNHSET TOJIE3HBIC 3a7audl Ui JIFOACH WIIN
000py/10BaHM S, 32 UCKIIOUEHUEM NTPOMBIITIEHHBIX pOOOTOB.

Tunonorus NpOMBILIUIEHHOW U CEPBUCHON POOOTOTEXHUKH UMEET HECKOJIBKO U3MEPEHUI:

A. Tlo Tumy peiHKA, OTpacid  TPOMBINUICHHOCTH  WJIM  XO3MHCTBA,  MPUMEHSIOIIETO
pobororexauueckre KoMiiekcTsl (PTK):

e [IpompinisieHHass pOOOTOTEXHUKA: aBTOMOOHUJIECTpOEHHUE, COOpKa AJICKTPOHUKH, aBTO3AIMYacTH U
Tak Jlanee, Mo WHAYCTPUSIM;

e CepBucnas (mpodeccuonanbHas) poboroTexHuka: IlomeBas poOoToTeXHHWKA, B TOM YHCIE,
MOJIEBO/IYECKAs, IKMBOTHOBOAYECKas, JaepeBooOpadareiBatom@s u T.4. [IpodeccnonansHas
yoopka. MOHHTOpPUHT U HabmoAeHue 3a 0ObekTaMu. CTPOUTEIBCTBO U CHOC 37aHui. JlorucTuka
Y TPAHCIIOPT | T.1I.

B. B 3zaBucumoctu ot ctuxum npumeHeHusi PTK: Hazemusbie, BO3aymHbIE, MOPCKHE (HAIABOJIHBIC,
MOJIBOJIHBIE), KOCMUYECKHE.

C. B zaBucumoctu ot ¢usnueckoit popmbl PTK: manumnynstopsl, poGoToTeXHHYECKUE MIATHOPMBI,
sK30ckeneTsl, Mmeramopgusie PTK, HaHO 1 MEKpPO-pOOOTHI, aHTponoMOp(dHBIE.

D. B 3aBucumocTH OT cTemneHH aBToHOMHocTH ympaBieHus PTK: mnporpamMmmupyemsie,

TeJeyIpaBlisieMble, CYIIEPBU30PHBIC, KOJTA0OpaTUBHBIC, aBTOHOMHBIC.
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2.3.2 DKOHOMHYECKUE U COLMANIbHBIE (PAKTOPBI Pa3BUTHS POOOTOTEXHUKH
PobGoroTexnuka cTama OJHUM U3 Haubosiee OOCY)KIAeMBbIX M YIOMHUHAEMBIX HANpaBJICHHUI Ha

JH000M MHTyCTPHAJIbHOM MJIM MHHOBAIIMOHHOM (opyme. HenaBHuMil onpoc, MpoBeAeHHbIH aMepHKaHCKUM
uccienoBaTesnbckuM 1eHTpoM Ilbtom cpenm 1 896 skcneproB M3 OM3HEca M HAYKM, BBISBUJ, YTO
MOJIaBJISIOIEe OOJIBIIMHCTBO M3 HUX BEPST B TO, YTO pPOOOTOTEXHUKA TPAHCHOPMUPYET KU3Hb YEIIOBEKA

CaMbIM 3HAYUTEILHBIM 00pa3oM B TeueHue crieayronmx 10 et [65].

PasnuyHbpie 4YacTHBIE OpraHU3allMM M TOCYJAPCTBEHHBIC BEIOMCTBA MPOBOIAT OOJIBIIYIO
aHAIUTUYECKYI0 PabOTy MO cOOPY JaHHBIX U MPOTHO3UPOBAHUIO PA3BUTHUSA OTPACIH POOOTOTEXHUKH. B

Tabnuna 5 coOpanbl BaKHEHIIME YKOHOMUYECKUE MPOTHO3bI Pa3BUTHS OTPACIH POOOTOTEXHUKH.

Tabnuna 5 - BaxkHeiime mpor1o3bl 0Tpaciu poOOTOTEXHUKU

ITporHo361 OueHka
(Mip 1 $)

O6uiee BiausHEE POOOTOTEXHUKH HA MHPOBYIO 9KOHOMUKY K 2025 1. [66] 5270

MHupOoBOIi pHIHOK BCEX BUIOB POOOTOTEXHMKHA M IporpaMMHOT0 obecrieuenus k 2020 [67] 151

MupoBoii pEIHOK MHIYyCTpUaIbHOU pobGoToTexHUKH K 2020 r. (IBYKpaTHBIM pOCT O OTHOLIEHHIO K | 75

2013 r.) [68]

Pasmep prinka poGoToTexHukd B Snonun x 2020 mo miany K. AGe [69] 25
PBIHOK O€CIHIOTHBIX JIeTaTe/IbHbIX armapaToB k 2020 [70] 12
PriHOK cepBucHOM poGoToTexHuku k 2020 [71] 29

BonpmHCTBO  HMccnenoBareneil  BBIACISAIOT TP OCHOBHBIX (hakTopa BOCTpEeOOBAHHOCTH

POOOTOTEXHUKH.

Bo-nepsvix - TpanmuuuoHHas KOHKYPEHIIUS 32 TOBBIMICHUE TTPOM3BOAUTEIBHOCTH Tpyna. Huskas
CTOMMOCTh paboueit cuibl B FOro-Boctounoit A3uu nepecrana ObITh OCHOBHBIM (PAKTOPOM, BIMSIOIIM
Ha BBIOOP MECTOPACIIOJIOKEHHSI PON3BOACTBEHHBIX MomHOCTeH. Kommanum oco3zHanu, 4to 011M30CTh K
NOTPEOUTENI0 SBJSIETCS CTPATETMUECKUM KOHKYPEHTHBIM IPEUMYIIECTBOM, M MO3TOMY aKTHBHO
MHBECTHPYIOT B aBTOMATH3alMI0O U POOOTH3ALNIO0, KOMICHCHUPYS 3aTpaThl HA JIOPOTOCTOSIIYI0 Pabodyto
CHUITY TTOBBIIIICHUEM ITPOU3BOIUTEIBHOCTH TPY/A 32 CYET MAaKCUMAJIbHOW aBTOMATH3aIlMU PYYHOTO TpYy/a.
K npumepy, ¢abpuka xommanunm ®Pummnc B [laHuH, HCIONB3YIOM@AS COBPEMEHHBIX MPOMBIIUICHHBIX
poOOTOB, MMeEET 4YHCIeHHOCTh pabounx B 10 pa3 meHbiyto, yem aHajoruyHas (abpuka B Kwurtae,

HMCromias COITIOCTAaBUMBIN 00BEM BBIITYCKA ITPOAYKIIHH.

OCHOBHOW NPUYMHOW MOBBIIEHHUS MPOU3BOAUTEIBHOCTU TpyAa MPH MacCOBOM HCIOJIb30BAHUU

pPOOOTOB SIBJISIETCS] MOBBIIICHUE KOI(PPHUIIMEHTa HCIOIb30BaHUA OOOpPYIOBAaHUS 32 CUET COKpPAIICHHS

69



BpEMEHHU IMEPEHACTPOMKM U HE3alUIAaHMPOBAHHBIX MPOCTOEB. Talke MNPOU3BOAUTEIBHOCTh TpyHAa

BO3pacCTacT 3a CUCT:

e [IOJyIepXKaHUS TOCTOSSHHOTO TeMna paboThl B pexume 24/ 7;
® BO3MOXXHOCTH YCKOPEHHOTO M3MEHEHMS KOH(QUIYpallUKU MPOM3BOACTBEHHOM JINHUM IIPU BHECEHUU
W3MEHEHUI B IPOU3BOJACTBEHHBIN MPOILIECC;
e BBICOKOM TOYHOCTHU U MOBTOPSIEMOCTH PE3yIbTATa;
e pacnpoctpaneHuss MHoroueneBblx PTK, BBRINOIHSAIONMX HECKOJIBKO BHJOB ONEpallMd B XOnE
OJIHOTO ITPOM3BOJICTBEHHOI0 IIpOLIECCa.
BHenpeHne poOOTOTEXHMKHM TAKKE YMEHBIIAET OOLIy0 3HEProeMKOCTh MPOU3BOJCTBA, TaK Kak JUis
pasmernienust PTK T1peOyercs mnomemeHne MeHbIIeH Tmoiom@aau. Takke IOMEIIeHHE, B KOTOPOM
pasmeniatoress PTK u roe He TpeOyeTcss MOCTOSIHHOE MPUCYTCTBHE JIIOJEH, MOXKET UMETh OoJiee ciiadblit

YPOBCHBb OCBCHICHUA U OTOIJICHUA.

Bo-émopvix — NOBBIILIEHHE CPEIHEr0 BO3pacTa TPYAOCIHOCOOHOIO HACENEHMS B PAa3BUTHIX CTpaHax.
Hanpuwmep, cpennuit Bo3pact mykuuH B SAnonuun— 46 ner. Kommanus BMW oxupaer, aro k 2020 roay
CpelHUN BO3pacT paOOTHUKOB COCTAaBUT MpUMEpPHO 55 JeT. AKTHMBHAas, a MJaBHOE, Oe3oracHas
JESTETbHOCTh TPYSIMXCS CTapIero BO3pacTa JOCTUTAeTCs 3a CUET BBHICOKOM CTENEHU aBTOMAaTH3allUU
ux paboTel Ha mpowusBoiacTBe. Hampumep, Ha 3aBoge BMW paGoune ynpaBisroT oneparueil 04nCTKH
TSOKENBIX TUTEHHBIX (opM ¢ momoIbio MonHbIX MaHumynaropoB KUKA. Cpenu nmpuduH BHEIpeHUS
aBTOMaTtu3aluu 3Toro mpoiecca BMW HaspiBaeT HMEHHO yBeIHMYEHUE CPETHETO BO3pacTa pabOTHUKOB.
[TocnencTBust BaKHBI HE TOJBKO Ui KOMIIAHWHM, HO U JUIsl OOILECTBA, TaK KaK aKTWBHAs KHU3Hb Ooliee

ITOXXHUJIBIX J'IIOI[@I;'I MNpUBOAUT K YMCHBIICHHUIO HAIPYy3KM Ha MOJIOJ0C ITOKOJICHUC.

B-mpemuvux - coznanue 0e30macHbIX IPOU3BOICTBEHHBIX ycI0BH . Vcnonb3oBanue poOOTOTEXHUKHU B
MPOMBINUIEHHOCTH, YHEPreTUKe WM MpU J100bIYe IMOJE3HBIX HCKOMAEMbIX MOBBIIMIAET O€30MacHOCTh
TPyZa, YMEHBIAS PUCK BPEIHBIX (HAaKTOPOB IMPOHM3BOJICTBA, TOCICACTBHI aBapuii M YpE3BBIYAHHBIX
cutyauuii. CokpalleHuE aBapUMHOCTH MPOUCXOJUT 32 CUET HCKIIOUEHHs PYTHMHHBIX OIepauuil u

CHIDKEHUS 00IIeH ycTanocTu paboTarommx.

2.3.3 CtpykTypa OTpaciu MpOMBIIIICHHOW U CEPBUCHON POOOTOTEXHUKH
Monutopuar M®P mo3Bonser pacrnpenenuTh MOCTaBKUA MPOMBIITICHHBIX POOOTOB MO OTPACIsM
ucnons3oBanus. Ha Pucynox 10 BuaHO, 4TO JMaepamMu MO MCIIONB30BAHUIO MPOMBIITICHHBIX POOOTOB

SABJIAKOTCA TaKUEC OTPACIIM KaK aBTOMO6I/IJ'IeCTp06HI/Ie H ITPOU3BOACTBO 3JICKTPOHHKHU.
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Pucynok 10 - O0beMBbI TpoJaXx B THICSYAX pOOOTOB 1O cekTopaM npombiiwieHHocTH 2011-2013 rr.

Pucynox 11 moka3piBaeT, 4TO MPOMBIITICHHBIE POOOTHI AKTUBHO MPHMEHSIOTCS BO BCEX BUIAX
IPOU3BOJCTB, HO JHUIUPYIOLEH OTpacibld IO CpeAHed IJIOTHOCTH POOOTOB  SBJISETCS

aBTOMOOUJIECTPOCHHE.
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Pucynok 11 - CpaBHeHHE IIOTHOCTH poOOTOB (uucio podoros Ha 10 000 Tpyasmxcs) B
ABTOMOOMJIECTPOCHUH U IPYIUX OTpaciell MPOM3BOJICTBA B HEKOTOPBIX CTpaHaxX

CoracHo [72] HachIIIEHHOCTh pOOOTaMU TPOU3BOICTBA AJICKTPOHUKHN M OBITOBOM TEXHUKH BO3pOCia
o4t B TpU pasza mo cpaBHeHuro ¢ 2009 romom. Hu3zkas crommocTh paboueil Cuibl B cTpaHax A3uu
nepecTaeT ObITh KOHKYPEHTHBIM TIPEUMYIIECTBOM, YTO BBI3BIBACT TpaHC(OpPMAIMIO TPOU3BOJICTBA
a3uaTCKUX COOPOYHBIX KOMITaHW. Hampumep, 3aKimoueHO coraiieHue MexAy kommanusmu Apple u
Foxconn o0 uHBecTULIMAX B POOOTU3ALIMIO MIPOU3BOJICTBA TAWBAHCKOTO TPOU3BOIUTENS B pa3Mepe OKOJIO
$7 mupa [73]. OCHOBHBIM MOCTABIIMKOM OOOPYIOBAHHUS MO STOMY CODNIAIICHHUIO SIBJISCTCS STIOHCKUIN

npousBoauTtens podotorexnuku FANUC.

Pucynok 12 nokaspiBaeT pacnpenenenne poOoTOB MO CTPaHaM.
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Pucynok 12 - KonmnuectBo ucmons3yemMbrx po6otos Ha 10 000 3aHATHIX B TPOU3BOACTBE IO U30PAHHBIM
CTpaHaM

B 2013 romy cpemHeMupoBOil YpOBEHBb POOOTH3AIMHU COCTABIUT 62 pobdota Ha 10 THIC. TPYAAIXC,
it ctpad EBponbl 3TOT moka3zarens Obu1 paBeH 82, CeBepHoit Amepuku — 111, Asun u ABctpanuu — 51.
Hns Kurtasgs ypoBeHb IJIOTHOCTH MPOMBINUIEHHBIX po0oTOB coctaBisti 30 poGotoB Ha 10 ThIC.

TPYSIMXCS], 3aHATHIX B MPOMBIITICHHOCTH, a it Poccun — 2 po6ota Ha 10 THIC. TPYISIMXCS, 3aHATHIX

B IIPOMBIINUTICHHOCTH.

PucyHok 13 moka3sIBaeT pernoHAIbHOE pacipeaeiieHue MpoaaK MPOMBIIITICHHBIX po6oToB B 2013 T.
— B THXOOKEAHCKUI PETHOH IMOCTABJISIETCS 0OJIbIe pOOOTOB €XKETr0HO, YeM B EBpory 1 AMEpUKH BMECTe

B3ATBIC.
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Pucynok 13 - [Ipojaky MpOMBITIDIEHHBIX POOOTOB B 3aBUCUMOCTH peruoHa (Teic. mr.) B 2013r.

Pucynox 14 wummocTpupyeT pErHOHAIbHOE pAaCHpeeiCeHue TPOJaX CEPBHCHBIX POOOTOB.
PervonanpHbIe OTIUYMS TMPOAAXK CEPBUCHBIX POOOTOB OT IMPOMBINUICHHBIX OOBSCHSIETCS TEM, YTO
MPOMBINITIEHHOE TTPOM3BOACTBO B KuTae ere He OKOHYMIIO a3y pocTa, U COOCTBEHHUKH ITPOM3BOJICTBA

(GoKycupyloTCsI Ha MAaKCUMaJbHOM aBTOMATH3allMM IIPOLIECCOB, KOTOPbIE YKE JOKA3aId CBOIO

IMPUBJICKATCIIBHOCTD C TOYKH 3PCHUS BJIOXKCHUA CPEACTB.
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Pucynok 14 - [Ipogaxku cepBUCHBIX pOOOTOB B 3aBUCUMOCTHU OT peruoHa (Teic. urr.) B 2013 1.

ITo onenkam M®P [71] ¢ 1998 B Mupe ObLI10 pa3paboTaHo, IPOJAHO U 3a/eiicTBOBaHO okoJo 150

000 cepBuCHBIX pOOOTOB BCEX BUJIOB, YTO MpuMepHO B 10 pa3 MeHbIIe 00IIei NHCTATUPOBAHHOM 0a3bl

MMPOMBIIITICHHBIX pO6OTOB. [Toutn momoBuHA NPOJAaHHBIX B MUPE CEPBUCHBIX pO6OTOB HUMCIKOT BOCHHOC

npumeHenue (Pucynok 15).
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Pucynok 15 - [ToctaBku cepBHUCHBIX pOOOTOB 110 o0yacTsM mpuMeHeHust (mr.) 2012-2013 rr.

Tabmuma 6 conepUT CBOIHBIE IUMPHI IO POOOTOTEXHHUKE.

Tabnuna 6 - KiroueBbie HHAUKATOPHI oTpaciu podororexuuku 2013 T.

Iloxa3aren

3HauyeHnune

Uncno mpoJaHHBIX IPOMBIIUICHHBIX PpOOOTOB

179 TeIC. IT.

Yucno IpoJaHHBIX CEPBHCHBIX POGOTOB (B TOM YHCIe BOCHHBIX — 45%) 21 TeIC. WIT.
MupoBoif peIHOK IPOMBIIUIEHHOH POOOTOTEXHHKN $29 mapn
MupoBoi ppIHOK CEpBUCHOM POOOTOTEXHUKH $3.57 mapn
OO01ee KOMYECTBO MHCTAUBIIANA TMPOMBIIUICHHBIX POOOTOB Ho 1, 6 MuH. mT.
OO01ee KOMMYeCTBO MPOU3BEICHHBIX CEPBUCHBIX POOOTOB Jo 150 TteIc.mT.

Hcrounuk: [71]

B Tabnuua 7 npuBeaeHbI CBEACHUS O KPYITHEHIIIMX MUPOBBIX MPOU3BOJUTENAX POOOTOTEXHUKH.

Tabnuua 7 - Kpynueiinime MUpOBble KOMIIAHUU-TIPOU3BOIUTENH IPOMBIIUIEHHBIX pOOOTOB

KomMmmnanusa

Kpatkoe omucanue

Siemens

AG

Hemernkuii TpaHCHAIlMOHAJBHBIA KOHLEPH, pa0OOTAOIIMA B OONACTH NPOMBINUICHHONH TEXHUKH

(BKIFOYast pOOOTOTEXHUKY)

QJICKTPOTEXHUKHU, DJICKTPOHHUKH, OHCPIECTUYCCKOIO OﬁOpyZ[OBaHI/I}I,
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Iepmanus TpaHCIOPTa, MEIUIIMHCKOTO 00OPYIOBaHUS U CBETOTEXHUKH, a TAKKe CIEIHAIN3UPOBAHHBIX YCIIyT B
Pa3sMMYHBIX 00JACTIX MPOMBIIIICHHOCTH, TPAHCIIOPTA U CBSI3M.

Rockwell Benymuit  aMepuKaHCKAH  TPOM3BOJUTEIh MUKPOKOHTPOJUICPOB U CPEICTB  MPOMBINUICHHO T

Automation aBTOMATH3AIHH, JJIEKTPOOOOPYAOBaHUS M IPOTPAMMHOTO 00SCIIeUCHMS.

CHIA

FANUC Snonckast kommnanusi, npousBoguTens UIIY W cucteM NpPOMBILUICHHON aBTOMAaTU3alMM, a TaKKe

SAnonus NPOMBIIUICHHEIX po0OoToB. Ha3sBaHme komMmaHWu mpexactaBisieT coboif akponuMm ot Factory
Automation  NUmerical Control (<ABroMatu3aiist  TEXHOJIOTHYECKHX IPOLEccoB U UnCIoBoe
YIIpaBICHHUEY ). JesarensHOCTD KOMIIaHUH FANUC cOCpeoToueHa B TpeX
cthepax: Cranku, JlazepHoe o6opyaoBanue, [IpoMbITIIIEHHBIE POOOTHI.

KUKA Hemenkass xoMmmnaHus, HPOU3BOAMTENs NPOMBIIUIEHHBIX po0oToB. KoMmaHus 3asBiseT, UTO

Iepmanus SBISIETCSl OJHUM M3 TPEX BELyLIMX MOCTABIIMKOB MPOMBIIIJIEHHBIX POOOTOB UIsi aBTOMOOMIBbHOM
NPOMBILUIEHHOCTY Ha MUPOBOM M BEAyIIUM IOCTABUIMKOM Ha eBpomeilickoM pbiHke. KUKA nmeer
25 nouepnux komnanuii B Coemunensbix Illtatax, Mekcuke, bpazwmu, Snonun, Kutae, Kopee,
TaiiBaHe, MHIMM W MOYTH BO BCEX CBPOICHCKUX CTpaHaX, IJIABHBIM 00pa3oM 3T0 (UIHABEl IO
IIpOJiakaM U 00CIy>KUBAHUIO.

ABB llIgerust | Asea Brown Boveri Ltd. — mBeacko-miBeiinapckasi KOMIAaHUsS, CIENHATN3UPYIONIAsics B o0nactu
SJIEKTPOTEXHUKU, YHEPTETHYECKOTO MAIIMHOCTPOSHUS M MH(OPMAIMOHHBIX TexHoJornid. KoMnanus
ocHoBaHa B 1988 romy ciusHuem mBenckoid kommanuu ASEA u mBeiinapckoil Brown, Boveri &
Cie. Oducsl xkoHUEepHa mpeacTaBieHsl B 6onee 100 ctpanax mupa

Yaskawa Awmepukanckuii Qrman smoHcko kommnanun Yaskawa Electric Corporation, Beaymiero MUpOBOTO

Motoman MPOU3BOUTENS] HHBEPTOPOB, CEPBOIMPHUBOJIOB, KOHTPOJUIEPOB H IPOMBIIIICHHBIX POOOTOB.

SAnonus

OcnoBannas B 1915 rony, YASKAWA Oblna muoHepoM B YNpaBiCHUH JBMXKEHHEM W MPUBOIHOMN
TeXHUKH, 3aIlyCKe HHHOBAIMOHHBIX IPOJYKTOB, KOTOPBIE ONTUMU3UPYIOT HPOU3BOIUTEIHHOCTD H

3( G eKTHBHOCT MAIIIMH U CHCTEM.

IIponyktel u pemenuss YASKAWA moMoraioT ynpaBisiTh aBTOMAaTH3alMeN MPOLECCOB B PA3INYHBIX
OTpacisiX IMPOMBIIUICHHOCTH, TAKUX KaK TOPHOJOOBIBAIOIIAS HPOMBIIUICHHOCT, CTAJCINTCHHAs,

CTaHOYHaAd, aBTOMOGI/IJ'IBHaH, yIakOBOYHas, nepeBoo6pa6an,IBa10maﬂ, TCKCTUJIbHAA,

MOy IPOBOJHUKOBAS M IPYTHUX.

IIpombinuieHHasi podoToTexHuka B Kurae

Kutaii ctanm OCHOBHBIM PBIHKOM COBITa JUIs MPOMBILUIEHHBIX poOoToB: B 2013 1 20% OT romoBhIX
PO MPOMBINUIEHHBIX poboToB (moutu 37 000) mpuxoautcs na KHP (Pucynok 16). IonHoe 4mcio
UCIOJIb3YyeMbIX pOOOTOB B KMTAaHCKOW MPOMBIITICHHOCTH AOCTUINIO 133 ThIC. ITYK (B TOM YHCIIE OKOJIO
10 ThIC. POOOTOB, YCTAHOBJCHHBIX Ha 3aBOJax TaWBaHLCKOM kommanuu Foxconn B Kurtae). MOP [71]

YKa3bIBaCT, 4YTO PCaJIbHOC KOJINYCCTBO pO6OTOB B Kurtae Moxer OBITBH ropasio BBLHIIIC, TAK KaK B
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https://ru.wikipedia.org/wiki/%D0%A7%D0%9F%D0%A3
https://ru.wikipedia.org/wiki/%D0%A7%D0%9F%D0%A3
https://ru.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BD%D0%BE%D0%BA
https://ru.wikipedia.org/w/index.php?title=%D0%9B%D0%B0%D0%B7%D0%B5%D1%80%D0%BD%D0%BE%D0%B5_%D0%BE%D0%B1%D0%BE%D1%80%D1%83%D0%B4%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5&action=edit&redlink=1
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D1%80%D0%BE%D0%B1%D0%BE%D1%82
https://ru.wikipedia.org/wiki/%D0%9F%D1%80%D0%BE%D0%BC%D1%8B%D1%88%D0%BB%D0%B5%D0%BD%D0%BD%D1%8B%D0%B9_%D1%80%D0%BE%D0%B1%D0%BE%D1%82

CTaTHUCTUKE YYTEHbl TOJBKO OQUIUaIbHble Mpojnaxu. OnHAako U O3TU LUPPBl yKa3blBalOT Ha
CYIIECTBEHHBIM POCT U BaXHBIA TpeHA: Kutail sBnsieTcs U OymeT SBISTHCS OCHOBHBIM MOTpPEOUTENEM

MPOMBIIUIEHHON POOOTOTEXHUKH.
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Ucrounuk: [71].
Pucynok 16 - ['onoBble MOCTaBKU MPOMBILUIEHHBIX poO0TOB B A3uu 1o faHHeIM M®P 2014 1. (TbIC. 1IT)

OCHOBHOW NPUYMHOM 3TOrO SIBJISETCA CHUXKEHHME INPOM3BOJICTBEHHBIX M3/EPKEK U IMOBBIIICHUE
MPOU3BOJUTEIBHOCTH TpyAa. Tak, mo maHHBIM [/4] 00BEM MPOMBINUIEHHOTO TMpOou3BojAcTBa B Kutae
BbIpoc Ha 70% 3a mepuon 1996-2008 rr., a 3aHATOCTH B 3TOM CEKTOpe yrnana Ha 25%, 4TO MOXXET ObITh

00BSICHEHO JINIIL YBCJIIMYCHUEM JOJIM aBTOMATU3allu HAa ITPONU3BOJICTBC.

3HaYUTENFHBIC BIIOKEHUS B aBTOMATH3AIMIO ¥ poOoTu3auio apromoounecrpoenus B8 KHP npusenu

K CYIIIECTBEHHOMY POCTY IJIOTHOCTH pOOOTH3aIMU B 3TOM oTpaciu — 281 pobot Ha 10 ThIic. paboTarommx

(Pucynok 17).
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Pucynok 17 - ['omoBble poaxu MPOMBIIIICHHBIX POOOTOB 110 OTPACIISIM MPOU3BoACTBa B Kutae (ThiC.

Poct ncronb3oBaHust pOOOTOTEXHUKH B JPYIUX CEKTOPAX TAKKe MPUCYTCTBYET, HO OOIIee 3HaYCHHE

IUIOTHOCTU poOoTH3anuu B KuTae Bce ere mout B 4 pas3a yCTyNaeT CpeIHEMUPOBOMY, OCTABIISSI MECTO

JUTSL POCTA.
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OueHpb BaXXHBIM (JAKTOPOM SIBJISIETCS TO, YTO KKIBIH TpeTUH poOoT, mponaHHbii B Kutae B 2013,

ObLI Taroke mpousBeneH B Kurae [71].

2.3.4 Texymiee pa3BUTHS TEXHOJIOTHI MTPOMBIIIIEHHON U CEPBUCHON POOOTOTEXHHUKH 3a PyOeKOM

CoBMecTHOE HCIOJIb30BaHUE POOOTOB U JII0/Ie i, THOKHe MPOU3BOJACTBEHHbIE s14eiKH

JlanHbIe TPEeABIAYIIMX Pa3esioB CBHACTEIBLCTBYIOT O TOM, YTO POOOTHI HCIIOJB3YIOTCSI MacCOBO
MPAKTUYECKH BO BCEX OTPACTAX, UTO JETaeT BO3MOXHBIM IIMPOKYIO ONTHMH3AIUIO MPOU3BOACTBEHHBIX
MPOIIECCOB, KOTOpPHIE pa3padaThIBAIOTCS, MOJCIUPYIOTCS W BHEIPSIIOTCS 3apaHee C pacuyeToM Ha

TOTAJIBHYIO pO6OTI/ISaI_II/IIO U COBMCCTHYIO pa60Ty MallliH "1 pa60q1/1x.

B yacTHOCTH, 3TOMY MOCBsIICH eBpomeiickuii nccnenoBarensckuii mpoekr LIAA — Lean Intelligent
Assembly Automation [75], co3marormii THIOBYIO apXHTEKTYpy OpraHW3alliyd IMPOM3BOJCTBA Ha 0ase

COBMECTHOM paboTHI JTr0el 1 poOOTOB.

OmHuM M3 CIENCTBUM TpeHJa Ha ONTHUMHU3AIHNI0 pabodyero MpOCTpaHCTBA C YYETOM TOTAJIBbHOMN
poOoTH3aluy MPOU3BOJACTBA (B TOM YMCIIE PA3HOPOJIHOIO, MEJIKOCEPUIHOIO) SBJIAETCS KOHLIEMIUA
rubkoro mpowmsoactBenHoro wmoayns (I'TIM, cell manufacturing/production system) [76]. Cormacuo
koHuenuuu ['TIM, mpou3BOACTBEHHBI MOIYIb — CAMOAOCTATOYHOE MOAPA3ACICHUE MPOU3BOJCTBA, HA
KOTOPO€ BO3JIOKEHA OTBETCTBEHHOCTh 33 3HAYUTEIbHYIO YacTh co3AaHus rotoBoit getanu. ['TIM numeer B
CBOEM COCTaB€ BCE HEOOXOIMMbIE CTaHKH, BKIOYas poOOTOB, KOTOpbIE JOJKHBI 001anaTh
BO3MOYKHOCTBIO MCIIOJHEHHSI pa3IMYHBIX ONepaluid, BKIOYas aBTOMAaTHYECKYI0 CMEHY pabouero
uHctpymenta. I['TIM moxer pononHstbes koHuenuued «Muayctpun 4.0» u  «[IpoMbIUIEHHBIN
UHTEPHET» 3a CUYET CBSA3H PEaJbHOIO IPOM3BOJACTBA U BUPTYAIbHOW peanbHOCTH. «IIpOMBINUICHHBIN
WHTEPHET» B CBOKO OUYEPENb TAKKE JENACT BO3MOXHBIM ITOIY4YEHHE TEIEMETPUH B XOJE BBINTOJIHEHUS
IPOM3BOJICTBEHHBIX OINEepallii B pEKUME OHJAH U BBINOJIHEHHE HEOOXOAMMBIX KOPPEKTHPOBOK

IMPON3BOACTBCHHLIX ITPOIECCOB.

[IpuMepoM Takoro MpPOM3BOJACTBA MOXKET CIYKHUTh (pabpuka aBro3aBoma “Tesla” [77] B ropome
®pemont (CIHA). B mpomsBoacTBe wucnonb3yercs Oomee 160 MmpPOMBINDIEHHBIX POOOTOB.
JIOTTOTHUTENPHON OTJIMYUTENIBHONM YepTOW 3aBOJa SBJAETCS IMPOKOE HCHOJIB30BAHWE MPHUHIMNA
«Materials-to-People», cormacHo KOTOpOMy 3aroTOBKM aBTOMOOWIICH TIEPEMENAIOTCS IO  IeXy C
MTOMOIIBIO CIICIIUATBHBIX KOJECHBIX aBTOHOMHBIX TuiaTdopM. [logoOHas KOHCTPYKIUS 3aBOja JeIacT
BO3MOXXHBIM TEPEHACTPONKY IMPOU3BOJCTBA WM OTICIBHBIX JIMHUH B OINEPATHBHOM PEXHUME IPH

HEOOXOIMMOCTH W3MEHEHHS KOH(PUTYpAITMH U3IEITHH.

EBpomneiickuii HCClIeI0BaTEIbCKAN MPOEKT KOHCOpPIIMYMa W3 BOCEMHAAIATH YHUBEPCUTETOB W
MPOMBILIVICHHBIX TpeANnpusaTHii «3aBoa 3a oauH jaeHb» (Factory-in-a-day) [78] mmeer cBoelt 1enbio

MaKCUMaJIbHOE COKpalleHue (B MEpCHeKTHBE 10 HYNs) NMEepBOHAYAJIbHBIX 3aTpaT MalbIX M CPEAHHX
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MPEANPUATUI 10 OCHAIICHUIO 3aBOJIOB POOOTOTEXHUKON M aBTOMATU3UPOBAHHBIMH ITPOU3BOICTBEHHBIMU

nJim CGOpO‘-IHLIMI/I JIMHUAMHA.

Hcnonb30Banne MpOMBINUIEHHBIX POOOTOTEXHUYECKHX T€XHOJIOTHII B MAJIOM U CpeIHeM OU3Hece
VYcunenue OOppOBI 3a MOBBIIMIEHWE KOHKYPEHTOCIIOCOOHOCTH MAaJIOTO M CpeIHEero Ou3Heca B
IKOHOMHYECKH Pa3BUTHIX CTpaHaX CIIOCOOCTBYET MOSBJICHUIO MPOMBIIUIEHHBIX POOOTOB, 00JIaaommx
OJHUM HJIM JBYMS MaHHUITYJISATOpAMH, W TMPHUTOJHBIMHA JUIS HCIIOJB30BAHUS HA MAllbIX M CPEIHUX
OPEINPUITUSX Ha JIMHUSAX COOPKM WJIM YIIAKOBKH TMPOAYKIHHU. Takue poOOThI COOTBETCTBYIOT BCEM
HEOOXOMMBIM TPEOOBAHUSIM MPOMBIIIIICHHON 0€30MacHOCTH U CIOCOOHBI padOTaTh PSAIOM C JIFOIABMH,
VIAOBJICTBOPSiSl TPeOOBAHUSAM HEOOXOJMMBIX CTaHAAapTOB, B uwacTHoctH, Machinery Directive u Low
Voltage Directive [79]. Takum pobGoram He HY)KHA CIHEIHalbHAas 30HA OE30MMaCHOCTH, TaK KaKk OHHU
00J1a]al0T pSAZIOM CEHCOPOB, OOBIYHO Ha OCHOBE JCHICBBIX YIBTPA3BYKOBBIX COHAPOB, MO3BOJISIOIIM X
OTNpE/ICIUTh HAIMYHE TOCTOPOHHUX OOBEKTOB psIOM ¢ poboToM. OOnmMii Kiacc Takux poOOTOB,
MMEIOIMX JOCTaTOYHYIO CTENeHb 0e30MacHOCTH it paboThl B COBMECTHOM C JIFOJbMHU IIPOCTPAHCTBE
Ha3pIBAIOT KO-poOoTamu. B Hacrosmmii MOMEHT YyKe €CTh OOOCHOBAaHHBIC HCCIICIOBAHUS
PEHTA0CNBHOCTH TIPUMEHEHUS TPOMBIIITICHHBIX POOOTOB ISl MaJbIX peAnpusITHii. B wactHoCTH, poOOT
Baxter umeer cTOMMOCTh BJIaJIecHUsI MEHEE OJHOTO J0JUIapa B 4Yac, M3 pacyueTa UCIOJIb30B aHUS KPYIIIbIC
Cyrku B TeueHue 6 nHell B Hexenro B Teuenue Tpex JyeT [80]. Coxpamenue 3arpar mpeanpusaTaii Ha
pabouyr0 CHJIy W TMOBBIIICHHE MPOU3BOAUTEIBHOCTH Tpyda (MPOU3BOJCTBO OOJBIIETO KOJIMYECTBA
MPOJAYKIIMK 32 CYET MEHBIIET0 KOJIMYECTBA YCHIIUM) SIBJISICTCS OCHOBHBIM JKOHOMHYECKUM JIpaiiBepoM
TAKOr0 MPOHUKHOBEHHUs. OJHAKO BO MHOTHX HCCIICJIOBAHHBIX OW3HEC-KelcaxX YIIOMHHACTCS TakkKe
MOBBIMICHUE QIACTHYHOCTUY» IPOU3BOICTBEHHBIX MOIIHOCTEH 3a CYET THOKOW aJlanTaliy 10 CE30HHBIM

HJIX SKOHOMUYCCKUM N3MCHCHUAM CITPOCA Ha ITPOAYKIIUIO.

AKTHBHO HJET Tawke pa3paboTka MHTYUTUBHO MOHSTHBIX I10Jb30BATENIIM CHCTEM YIPABICHUS
npomslimieHHbIME  PTK, ympom@aronmx nepBOHAYaIbHYHO WHCTAULIMUIO WM IIEPEHACTPOMKY U HeE
TpeOyloMX IepcoHala, MPOLIEJIIero JJIUTENBHOE  JIoporocrosimiee  oOydyeHHue MIM  YCIyr
cnenuanu3upoBanHoit kommanuu. Ha mocnemneit BoicTaBke AUTOMATICA-2014 npakrtuueckud Bce
KpYIHBIE MMOCTABIIMKUA IMPOMBILUIEHHBIX POOOTOB IMOKAa3ajld TaKWe CHCTEMBI YIpaBJIEHHUs, paboTarolme

no npunnuny Plug-and-Play [81].
IIpumepui 3apydexcnuvix npoeKmos 6 001acmu NPOMbIUICHHOI U CEPBUCHOIL POOOMOMEXHUKU

Humeepayus pewenuii: Universal Robot u Schunk
Harckas kommanus Universal Robot siBisieTcss oIHUM U3 HOBBIX UTPOKOB Ha PHIHKE MPOMBIIUIEHHON
aBTOMAaTHU3allud U pOOOTOTEXHUKU, OHA ocHOBaHa B 2003 roay. [lonyuuB momnepkky oT rocyaapcTsa B

Buje uHBectunuidi B 2008 1. B pasmepe 1,34 MiH. 0/U1apoB, KOMIIAHUS Hayajga IPOU3BOJICTBO
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KOJUTA0OpaTUBHBIX POOOTOB, MpPEAHA3HAYECHHBIX UIS MalbIX M CpeIHUX Hpexnpustuii. OCHOBHBIC
unHoBanuu Universal Robot cocpemorouyeHbl B cucreme ynpaBieHHs IBH)KEHHUEM IMPOMBIITICHHOIO
MaHUMYISITOPa, OOJIAAFONIETO HEOOXOAWMOMN CTENEeHBI0 OE30MacHOCTH JUIsl JIIOJICH, HAXOISIIMXCS B
HEMOCPEACTBEHHON Onm30ocTH 0T pobota. Jlerkocte mycka W TepeHanagkd obecreunBaeT OBICTPYIO

OKYITaeMOCTb ISl MAJIOTO U CpeJIHero Ou3Heca.

OcHoBa nuHelku mnpomeinvieHHBIX poboTtoB URS5S u URI0 — mectuocHele MaHUMYASTOPHI,
IPY30I0IbEMHOCTBIO 5 U 10 Kr COOTBETCTBEHHO. MaHUIYIATOPBI MOTYT MCIOJIB30BATHCS C Pa3InYHBIMU
TOJIOBHBIMU YAaCTSIMH, YCTAaHOBKA KOTOPBIX MOYKET IPOBOJIUTHCS HE3aBHUCHUMBIM HHTErpaTropoM B
3aBUCHMOCTU OT OIEpPALlMOHHBIX 3aj1ad. B yacTHOCTH, I 3aBOAA MO HM3TOTOBJICHUIO MJIACTUKOBBIX
VILIOTHUTENECH MJIsi aBTonmpousBoautenedd B Tpemnebopre, Ha manumynaropsl URS OblTH yCTaHOBJICHBI
3axBarhl, co3maHHble Kommanued Schunk. HHrterpatopom, mNpUBICYCHHBIM K MOJCPHH3ALUU
MpeanpuaTus, Obljla COo37aHa OMepaloHHAs MOJENb TMOKMX MPOU3BOACTBEHHBIX MOJYJEH, KOTOpbHIE
NoJipasyMeBaId ACUCTBUS OJHOTO pabOYyero ¢ OJHUM MAaHUIIYISTOPOM U BOCEMbIO cTaHkamu ¢ UITY
onHoBpeMeHHO. /o BHeapeHus: poOOTOB OJIMH YEIOBEK B MOJOOHON suelike MOT 0OCTYKHBAaTh TOJBKO
TPH CTaHKa OJIHOBpeMeHHO. MIHTepecHO, 4TO B OTMCAaHHOM IIpUMEpe KOMITaHUS HE COKpATHJia HA OJHOTO

pa60qero, HO CMOIJIa MHOTOKPATHO YBCJIIMYUTH BBIITYCK IPOAYKIHUHU U PACIIMPUTH OOJIKO PbIHKA.

Ko-pobom «Baxtery

JanHbIi K0-poboT paszpadboran kommanueir Rethink Robotics, coznannoii Pogau Bpykom, Beixoamem
U3 JPYyroi KpymHo# poOOTOTeXHHYeCKOH Kommanuu - IRobot. TIpogaxu poborta Hauaawuch B KoHIE 2012
roma. Croumocth poborta coctaBiser $22 000 B HavaabHOH KOMIUIEKTauH. OTIMYUTEILHBIMU

0COOECHHOCTIMU 3TOTO KO'pO6OTa SABJISIFOTCA:

® BO3MOYKHOCTb BBOJIA B OKCILJIyaTallMIO B TEYEHHE Yaca I10CJIe JOCTaBKU,

® BO3MOXXHOCTh OOy4eHHS pPOOOTa HOBBIM OIEpalUsM C IOMOLIBIO TAaKTUJIBHOIO OOy4eHUS.
YenoBeKy JOCTaTOYHO JIMIIb BBIIIOJHUTH BMECTE€ C poOOTOM psia neiicTBuil. Baxter umeer nare
BCTPOEHHBIX KaMep AJIs paclio3HaBaHUs ACHCTBUI YelIoBeKa pu 00y4eHUN.

Beicokuii ypoBeHb 0€30MaCHOCTH IS YEIOBEKa JOCTUTACTCs 3a CUET aKTUBHOM M MACCUBHOM CHCTEM
O0e3omacHOCTU. AKTMBHAas CHCTeMa O€30MacHOCTH BKIOYaeT B ce0s YIbTPa3BYKOBbIE JAaTUHKH,
nepeanme CUrHaIbl 0 ONMM3KUX MOCTOPOHHUX oOBbekrax. IlaccuBHas cucrema GesomacHoctu Baxtera
MMeEET CUJIOMOMEHTHBIE NPUBOABI HA MPYXKHHAX, YTO JEJaeT WX IBUXKEHHs Oosiee IMaCTUUYHBIMU — IIPU
CTOJIKHOBEHUM C TMPENATCTBUEM HE IPOMCXOAUT 3HAUMTENbHOro coyrnapeHus. Kpome toro, Baxter
CIIPOEKTUPOBAH CIELMAIBHO, YTOOBI HE UMETh OCTPBIX, BBIJAIONMXCS YIJIOB U AeTallell — 3TO AeaeT ero

Oosiee O€30MIaCHBIM, YeM TpaaulinoHHbIe TpombinuieHHbIe PTK.
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ToyHOE 4YMCIO MPOJAHHBIX MAllMH HE PACKPbIBACTCS KOMIIAHHWEHM, OJHAKO IO JAaHHBIM aBTOpa,
OCHOBHBIC TTOKYITATEN B HACTOSIIMI MOMEHT — MCCIIEJIOBATEILCKUE U Y4eOHBIE IIEHTPHI POOOTOTEXHUKH.

Yucao I/IHCT&J’IJ’I?[HI/Iﬁ B ITIPOM3BOJCTBCHHBIX KOMITIAHUAX ITOKa OCTACTCA HESHAUYUTCIIbHBIM.

KnroueBbiMu otnuuusimu Baxter ot po0GoTa W3 Mpeapayliero mpuMepa SBISIFOTCS BO3MOXXKHOCTH
CaMOCTOSITeIbHOW HACTPOWKH poOOTa Ha MPOU3BOJICTBE MPSIMO U3 KOPOOKK O€3 CreIualbHbIX HABBIKOB.
Kpome Toro, po6or Moker oOydarbcs U 0e€3 mepenmporpaMMHUPOBAHHS C TMOMOIIBIO TpaduuecKoro
uHTepderica — poOOT MOXKET 3alIOMUHATH JBUKECHHUS, KOTOPHIE BBHIMIOJIHSACT YEJIOBEK €0 MAaHUITYISTOPOM

Y IIOTOM MOBTOPATH HEOJHOKPATHO, TOCTOSHHO YIIy4Iliass TOUHOCTh PabOTHI.

[IpoMbITITIEHHBIMH ~ KO-pOOOTaMH, HMMEIONMMH JBa MAaHUIYJISATOPA, 3aHUMAIOTCI U JApPYrue
KoMImaHuu. He Tak naBHO nuaep pbIHKA MPOMBIIUIEHHOW POOOTOTEXHHWKH MBenackas kommanus ABB
NpeACTaBMiIa Takke MHIOTHBIA oOpasen aBypykoro pobora «fOmm» — Dual Arm Concept Robot,
uMmeromero 14 cremneneid cBOOOABI U BBIMTOJHSAIOUICTO PSAZ ONEpaIuii, KOTOPbIe HEIOCTYIHBI TEKYLIEMY
TTOKOJICHUIO TIPOMBINITICHHBIX poOoToB. [lo 3asBienuo ABB, nanubiii po6oT 00namaeT HEOOXOAMMBIMHU
CEHCOpaMH, OCHOBAHHBIMH Ha PACNO3HABAHWHM BHJICOM300paKEHHUsS, KOTOPHIE AENAIOT HAaXOXKICHHE
JIOJCH PSIOM C pOOOTOM TOJHOCTBHIO Oe3omacHbIM. KoMIaHWs IUITaHHpPYeT HadyaTh MPOJaKHA 3TOTO

pobora B anpene 2015 roxa.

Pobomusuposannvie copnompancnopmmuvie komniekcol u npoexkm komnanwuu Rio Tinto “Mine Of The
Future”

Pa3paboTka W BHe[peHHE B JOOBIBAIONMEN TMpoliecC POOOTU3MPOBAHHBIX TOPHOTPAHCIOPTHBIX
kommiekcoB (I'TK) w B memom aBTOMaru3anusi TOPHOMOOBIBAIONMX paldOT UIsi MaKCUMHU3AIUH
ornepanoHHON 3(MPEKTUBHOCTH TPOM3BOJACTB SIBIISACTCS BAXKHEHIIMM MPUOPUTETOM CTPATETHUCCKOTO
pasBUTHS MHPOBBIX JuaepoB otpaciau n00bam — BHP Billiton, Rio Tinto u agp. Ilo onexkam
uccienoareneil [82] u pa3pabOTUYMKOB POOOTOTEXHUKH OOIAS PKOHOMHUS OT BHEIPECHHS CEPBUCHOM

POOOTOTEXHUKH B TOPHOAO0OBIBAIOIIE PAaOOTHI COCTaBIIsIeT mpuMepHO 15-20%.

OCHOBHBIMU MPEUMYLIECTBAMU NpuUMeHeHHs: poOotusupoBanHeix ['TK ¢ wucnonb3oBanuem

POOOTHU3UPOBAHHOMN TEXHUKHU sABJIsIFOTCsS [83]:

® COKpallleHHE 3aTpaT 3a CYeT BHICBOOOXKICHUS U MepekBamuukanuu padoueii cuist 10 10%;

® CYIIECTBEHHOE MOBBIIICHHE MPOU3BOIUTEIBHOCTH PabOThl KapbepHBIX aBTOCAMOCBAJIOB, 32 CUET
YCTpaHEHUS! HETEXHOJOTMUYECKUX IPOCTOEB (TIEpECMEHKa, MEpephlB Ha 00el, YeIOBEeYeCKue
HyxJb1), KTI" cymecTBeHHO BO3pacTaeT, MEHSETCs] TEXHOJIOTHS MCIOJIb30BAHMS aBTOCAMOCBAJIOB.
PoGotusnpoBanHbie aBTOCAMOCBAIIBI pabOTarOT 0e3 JAesieHusl Ha cMeHbI 0 8 yacoB. CokpaleHune
3aTpar MOXET Jocturars 12%;

e yMeHbllleHHe u3Hoca umH (10 12%);
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e [IOBBIIIEHUE OE30I1aCHOCTH TOPHBIX pabOT 3a CUET YCTPaHEHMsI YEeJIOBEKA U3 30Hbl TOPHBIX PadoT;

® BO3MOXXHOCTH OBICTPOTO M3MEHEHHS MapIIpyTH3allMi TEXHUKH Ha Kapbepe, Tak Kak HET
HEOOXOJMMOCTH B MEpEMELICHUH BOJUTENEH OT OAHON MallMHBI K APYTO¥t;

e 00paboTKa W aHAIWU3 JOMOJHHUTEIBHOM WHQGOPMAIIMA C CEHCOPOB MAIMH JJIs ONTHMHU3AIUU
ropHbix padot (big data, industrial internet);

® BO3MOXXHOCTb IIPEO/I0JIETh HEJOCTATOK KBATM(UIIMPOBAHHBIX KaJPOB, CBOMCTBEHHBIN IS BCex
no0ObIBaroIX orpacieit [84];

e BO3MOXHOCTb  COKpaTMTh  KallUTalbHble  3aTpaTbl Ha  CTPOMTENBCTBO  COLMAIbHOM
un¢pactpykrypsl npu Greenfield mpoexrax — mnpoekTHpOBaHHWE HOBBIX MECTOPOXKICHHM, K
npumepy, DIbTUHCKUI YronbHblil Kommieke umu npyrue (HE0OXOIUMO MOCTPOUTH MOCENIOK C
uH@pactpykrypoit He Ha 5000 uenosek, a Ha 500). HekoTopble aHAMTUKN YKa3bIBAIOT, YTO TAKOE
KHUITbEe MOKET CTOUTH 10 1 MutH momtapoB CIIIA ua paGouero.

e BO3MOXHOCTb BECTH TOpHbIE pPAa0OTBl B YCIOBMSX, IJi€ 3alpelieHO IPUCYTCTBUE JOAEH
PETyIupYIONMMHI OpraHamMu (KpyTble 0OpTa KapbepoB, U €CTh OTpaHWYCHHE Ha padoTy Jronei, a
BECTH OTKPBIThIE TOPHBIE pabOThI 3(PeKTUBHEN, HEKEIU YEM YXOAUTH MO/ 3eMIIIO).

IMporpamma Rio Tinto “Mine Of The Future” mostanHo peanusyercs ¢ 2008 roma COBMECTHO ¢
IPOU3BOJMTENEM TsDKeNnoil TexHuku Komatsu u psom apyrux BeHaopoB [85]. Ha mepBoM sTame Obli
peanmu3oBan mpoekr AutoHaul™ 1o ToJHONH ABTOHOMH3Aal[MU TPY30BOTO  IMOE3/la YaCTHOM
KenesHomopoxkHoi nuHuM Rio Tinto o6me#t amunaoit nmpumepro 1 300 kM. CTOMMOCTB MpoOeKTa
cocraBmia $518 mun. [86]. B 2010 romy Obul BBeleH B CTPOM LEHTP OMEPAIMOHHOTO YIPABICHHUS
kapbepoM [Innbapa (01HO U3 KPYMHENIIMX MUPOBBIX MECTOPOXKICHHH Kele3Ho! pyasl [86]) u Hauanuch
MCIBITAHUS TEXHOJIOTUH aBTOHOMHBIX KAPBEPHBIX CAMOCBAJIOB I aBTOMATH3UPOBAHHBIM CUCT €M OYpPEHHSL.
Haunnas c¢ 2012 Hauyanoch NpPOMBINUIEHHOE BHEAPEHUE AaBTOHOMHBIX KapbEPHBIX CaMOCBAJIOB
(moctaBuMK caMocBajioB — Komatsu). B HacTosimmiit MOMEHT BCe 3a/IeCTBOBAHHBIE B IMPOEKTE MAIMHBI
paboTaroT B pexuMe aBTOHOMHOro mnepeauxenus Ha ocHoBe GPS/TJIOHACC-naBuranuu B
muddepeHITnATBHOM peXuMe (TOYHOCTh MO3UIIMOHUPOBaHUS 10 10 CAaHTUMETPOB) C TOMOIIIBIO 06a30BOM
(yrounsromiet cranuuu GPS). B nacrosiumii MoMeHT B Kapbepe I[lmibapa paGoraer 53 aBTOHOMHBIX

KapbepHBIX camocBana. B mampHeiimem, B mpoekre «Mine of The Future» ux gmcimo Oymer A0BEAEHO 10
150.

B O6H_ICM BHUAC ABTOHOMHBIC TCXHOJIOTMHM B TOPHOTPAHCHOPTHBIX KOMIIJICKCAX PCATIU3YIOTCSA C

IIOMOIIBKO CUCTEMBI, HMeEIOIICH CJICOAYIOIIUE 3JICMCEHTHI:

e 0OOpTOBBIE CHCTEMBI: KOMIUIEKC YIPaBJICHUS JBUKEHHEM CaMOCBAJIOM (WJIM JPYrod TEXHUKOW) C
MOMOIIBIO DJIEKTPO- M THAPONPHUBOAOB; KOMILUIEKC aBTOHOMHOW HaBUTAllMM BKIIOYAET B ceOs

nojcucTeMy OOHapYyKEHHUsI MPEMsITCTBUI (KOMIUJIEKCMPOBAHHME JAaHHBIX C MCIOJb30BAaHUEM
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Ja3epHBIX JaTbHOMEPOB), MOACUCTEMY IO3UIIMOHUPOBAHUS (C MCIIOIB30BAHUEM BBICOKOTOUHBIX
GPS-npreMHUKOB), CHCTEMY BHJICOHAOIIOJCHHS U TENICYIPABICHUS; KOMIUIEKC WHEPIUAIbHOM
HaBUTAIMH, BKIIOYAIONIMI CpeACTBa KOHTPOJS TOJOXKEHHUS PYIS M KOJIEC, KOMIUJIEKC CBS3H C
IIEHTPOM OIIEpPAIlMOHHOIO YIPaBJIEHUS; KOMIUJIEKC cOopa IUarHOCTUYeCKoW WHQOpMalUU U
nepeadn TeJIEMETPHH B LIEHTP YIIpaBJICHUS,

® I[ICHTPAJM30BAHHBIC CHCTEMBI (HAXOJATCS B IIGHTPE YIPABICHUS): KOMIUIEKC KOHTPOJI,
IUTAHUPOBAHUS U YIPAaBJICHUS JABM)KEHHEM; KOMILICKC aHalM3a JAHHBIX; XPaHWINIIE [H(POBBIX
KapT; MOJIYJb IOCTOSHHOTO OOHOBJCHHS IU(POBBIX KapT KAPHEPHBIX YCTYIIOB Ha OCHOBE
MapKIIeH IePCKUX JaHHBIX U TPEKOB CaMOCBaJa,

e paaunoceTh B nuanazoHe 2.4 u 5 't ¢ mpomyckHo# criocobHocThi0 HE MeHee 400 MouT/C.

2.3.5 TlepcrieKTUBHBIC HAIPABJICHUS U MUPOBBIC IIEHTPBI Pa3padOTOK B 00JIACTH MPOMBINUICHHOW U
CEPBHUCHON POOOTOTEXHUKU
Otuer SPARC [87], moxmroroBieHHBIH B pamKax eBporeiickoii mporpammsl  Horizon 2020,

UCIIONB3YEeT KIACTEPHBIM MOAXOJ K TEXHOJOIMSM JUISl BBIAEICHUS OCHOBHBIX HAaIlpaBJICHUHN
UCCIIEeIOBaHUM B 0O0JAcCTH MPOMBIIUIEHHOM W CEpBUCHOW pPOOOTOTEXHUKU. Bblaenstorcs yeTsipe

OCHOBHBIX KJIaCTCPa TCXHOHOFHﬁ, KOTOPBIC MOT'YT ITPONU3BOJIbHBIM O6p330M I(OM6I/IHI/Ip0BaTBCSIZ

® COBEpIICHCTBOBAaHHME METOJIOB pPa3pabOTKW W KOHCTPYHPOBAHHS POOOTOTEXHUYECKUX CHCTEM.
PoGoToTexHrnueckre KOMIUIEKCHI — CJIOKHBIE TEXHMYECKUE CHCTEMbl, MMEIOUE MHOKECTBO
JMHAMHUYECKA CBSI3aHHBIX KOMITIOHEHTOB. Jlnsi X co3maHus Tpedytorcss 3(dekTuBHBIE |
HaJIeXKHbIE CPEACTBA Pa3pabOTKU apXUTEKTYpbl, KOHCTPYMPOBAHHUS, AU3aiiHA, MOJEINPOBAHUS U
nporoTunupoBanust HoBbIX PTK;

® COBEpLICHCTBOBAHME YEJIOBEKO-MAIMHHOIO B3aUMOJCHCTBUS, KosabopaTUBHAs POOOTOTEXHHKA.
[Ipeanonaraercs, uto cienyromee nokosneHne PTK Oyner B3amMoielcTBOBAaTH C UEIOBEKOM,
[I0JIb30BAaTEEM, HANpsAMYyl0, O€3 MCIOJIb30BAHUS CIOXKHBIX CpPEACTB IPOrpaMMHUPOBAHU,
MOHMMasl €CTECTBEHHbIE CIIOCOObI KOMMYHHUKAI[MU C YEJIOBEKOM — pedb, )KECThl M, BO3MOXHO,
HelipounTepgeiicel. K 3ToMy ke HampaBleHHIO cJelyeT OTHECTH MCCIEeIOBaHUs IO
HCIIOJIb30BAHUIO BO3MOXHOCTEH <« WHTEpHETa BeIel» s pPOOOTOTEXHUKH, «OOIauHON
POOOTOTEXHUKI» - pacmpeensis MaKCUManbHO (hpeKTUBHBIM 00pa3oM 00paboTKy MHGOpMALIUH
MEX]ly LIEHTPOM YIIpaBJieHUs U OOPTOBBIMU KOMILIEKCAMH po0oTa;

® COBEpILICHCTBOBAHHME CTENEHW ABTOHOMHOCTH pPOOOTOB. DTO BKIIOYaeT B ceOs TOBBILICHHE
CTEIIEHU OCO3HaBaHUs POOOTOM OOCTAaHOBKM BOKPYI HEro M JUHAMHMYECKOE IIAHUPOBAHUE
NEUCTBUH B HEIETEPMUHHUPOBAHHOW Cpele, WM HUHBIMU CIIOBaMU — HHTEJIEKTyaIu3alusl

POOOTOTEXHUKH;
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coBeplieHCTBOBaHUE (OpM U 0a30BBIX TEXHOJIOTUH MexaTpoHUKU. CrnocoOHOCTh d(PPeKTUBHO
BBITIOJTHATH CBOIO MHUCCHIO BO MHOTOM 3aBHCHT OT TOTO, HAaCKOJBKO 3(PPEKTHBHO peain30BaHa
MexarpoHHass 4vacte PTK, KOHTpomnepbl, CEHCOphl, NPHUBOABI, OSHEProcHaOXKEeHUE U
sHepronotrpednenure. Tawke K 3TOMY TEXHOJOTMYECKOMY KIACTEPy OTHOCSTCS TEXHOJIOTUH

KOMMYHUKAIIUK MeXay neHTpoM yrpasieHuss 1 PTK unu rpynmnoit PTK.

ITo nanusim The Robot Report B mupe HacuuThiBaetcs 3 065 opranu3anuii, JeSTEILHOCTh KOTOPBIX

MOYKHO HAIIPSIMYIO OTHECTH K CO37aHut0 pobororexuuku (PucyHok 18).

OﬁpHSOBaTEJ"I bHBIE M MCCNeA0BATENbCKME OPraHWM3aUMK

CrapTtansi

CepBucHas po6oToTexHWKa (NepcoHasnbHan)
CepsucHaa pobOTOTEXHWKA ANA TOCYA3PCTBA ...
WHTerpatopbl

MpombliliieHHas po6oTOTEXHWMKA

MocTaBLWMKN KOMMOHEHT 1065

0 200 400 600 800 1000 1200

Hcrounuk: [88]

Pucynox 18 - KonnyecTBO opranu3anuii, 3aHHMaIONMXCs pOOOTOTEXHUKOU (OKTsI0ph, 2014)

Ha mnpencraBnenHold Ha cailite kapte [88] MOXHO BHUIETh, YTO OOJBIIMHCTBO KOMITAHUM,

3aHHUMaOIMXca poboToTeXHUYeCKON TeMaTukoil pacnonaratorcst B CILIA, Esponeiickom Coro3e u Kutae

— HHTGJ’IJ’IGKI‘y&JIBHHI’I KalliuTaJl B 3TUX PCTUOHAX OYCHBb BBICOK. HNmenno sto no6y>Kz[aeT HallMOHAJIBHBIC

MPAaBUTENBCTBA K CTUMYJIMPOBAHHIO MHHOBAIIM, UCCIIEIOBAaHUHN U pa3pabOTOK B 001aCTH MOACPHHU3AIINT

MPOMBIIIUNICHHOTO MPOU3BOJACTBA B LCJIOM U pO6OTOTeXHI/IKI/I, B 4aCTHOCTH. HpaBI/ITeJ'IBCTBa CTpaH 9THUX

peruonoB B Tedenue 2013-2014 rr. paspabotasin uiaum OOBSBHIM O pa3pabOTKE CTpaTErHYeCKUX

IporpaMM pa3BUTHS M MOJJEPKKA HalMOHAJIBHBIX pPOoOOTOTeXHHUYecKuX oTpacieil. B Tabmuna 8

coOpaHbl JJaHHbIE 00 OCHOBHBIX M3BECTHBIX HAIIMOHAIBHBIX POTPAMMaxX pa3BUTHS POOOTOTEXHUYECKOM

oTpaciiu.

Tabmuna 8 - 'ocynapcTBeHHbIE TPOTpaMMBbI Pa3BUTHS POOOTOTEXHUKU B Pa3BUTHIX CTpaHax

Crpana Hazpanue T'ox OcHoOBHbIE HamNpaBJie HUS OueHka MHBeCTHIHA
CIIA National Robotics | 2011 Ludposoe npou3BoACTBO, | [lpumepHO $500mH Ha
Initiative [89] MeIUIMHA ¥  3IpaBoOXpaHeHue, | pobototexHuky u3 $2.2 mupx
CepBHUCHas, KOCMHUECKas u | eepo 1o 2020 r. Ha mudposoe
BOCHHAs poOOTOTEXHNKA. | MPOW3BOACTBO. Ha  Tekymmit
TToanepxka 3a CYeT [ MOMEHT  TpO(QUHAHCHPOBAHO
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HCCJICIOBATCIIBCKUX TPAHTOB

npoektoB Ha mnpumepHo $100

MUITH
Esponeiickn | SPARC [90] 2014 IpompimutenHas, cepBucHas, | €2.8 mupx, w3 Hux €700 MiH
it Coro3 poboToTexHHKa TOCYapCTBEHHBIE TpaHThl, €2.1
MJIp/ — 4aCTHbIE MHBECTULINH
Opannus France Robots | 2014 Bcee obmactu rpaxpaHckoi | 100 MaH  eBpo, HOAIEpPIKKA
Initiative [91] poOoTOTEXHUKN IPOEKTOB d4epe3 TpaHThl Ha
HCCIIeIOBAaHUA M CyOCHOuU Ha
MOJCPHHU3ALHIO TIPOU3BOCTB.
Bemmko6pur | Robotics and | 2014 UntennektyanbHas poOoToTexHuka | £158 MJIH HAa  MOJIEPKKY
aHUs Autonomous M ABTOHOMHBIC  TPAHCHOPTHBIC | HCCICIOBaHUH H pa3paboTok
System [92] CUCTEMBI
Snouus Robot Revolution | 2014 IpombiiienHass W cepBucHas | Mper paspaboTka HpOTpaMMBbl.
[93] poboToTexHuka, (oxycupoBka Ha | AHoHCHpoBaHa OnuMmnHaza o
MepCoHaNbHOM poOoTOTeXHUKE Wi | poboToTexHuke B 2020 T.
3a00ThI O MOKHIIBIX
Kuraii* IIporpamma 2013 ABToMaTtuzanuss ©  pobotusanus | $82 mupa B TeUEHHM TISITH JIET
MOICPHHU3ALUH HPOMBILIICHHOCTH OJJHOTO PErHoHa
HPOMBIIUICHHOCTH
B obOyactn WkemssiH
[94]
IOxHas Intelligent  Robot | 2014 OcuoBHast 1enb mporpamMbl — | KWN 2.6 1pma. B. 2014-2018
Kopes Development and CTUMYJIUPOBaHHE crpoca  Ha | IT.
Distribution POOOTOTEXHUYECKYIO POy KIIHEO

Promotion Act [95]

HallMOHAaJIbHBIX HpOH3BOI[HTeIIeI71

2.3.6 CocTosiHME POCCUUCKON IMPOMBIIITICHHON U CEPBUCHOM pOOOTOTEXHUKH

Ilo nanaeiM MOoHUTOpUHTa M®P B 2013 Toay B pocCHICKON TPOMBILIUIEHHOCTH OBLIO BHEAPEHO 615
poOoToTexHn4Yeckux KomIuiekcoB (yBenmuueHue 34% mno cpaBHenuto ¢ 2012 r). OOmee wyucio

MPOMBILUIEHHBIX POOOTOB, MHCTALIMPOBAaHHBIX B Poccuiickoit ®denepanuu cocraBuio 2 400 mmryk.

Pacnipenenenue Mexay ceKTopaM IMpOM3BOJICTBA MOKa3zaHo Ha Pucynok 19.

4 ,Z[aHHBIe 0 BCEMY Kuraro we IMpe€ACTaBJICHBI, OJHAKO O Maciitabe BIJIOKEHUH MOYXKHO CyauTh 110 MporpamMmme pO6OTH33.LII/II/I

MIPOMBIIICHHOCTH OJIHOM 00acTH.
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H [orpy304H0-pasrpy3ousbie paboTsl

W Csapka

® Okpacka

ABTORpOM

B MeTtannobpaboTtka

Ucrtounuk: nanasie MOP, 2014

Pucynok 19 - Pacnipesnenenre mpoOMBIIITIEHHBIX pOOOTOB 10 CEKTOpaM IMPOMBIIITICHHOCTH B P occuiickoii
denepaunu

TCKYH_ICC 3HAYCHUC IIJIOTHOCTHU pOGOTI/ISaHI/II/I MPOMBIIINICHHOCTHU B Poccuiickoit q)e}:[epaunn

cocraBmiio 2 PTK na 10 000 3ausThIX, uTO B 31 pa3 MeHblle MUPOBOTO ypoBHS (62).

OTcraBaHWe POCCHIICKON MPOMBIIITIEHHOCTH IO CTETIEHH poOOTH3aluK OE3yCIIOBHO MPEACTaBIsET
CYLLIECTBEHHYIO YIpO3y, HO OJJHOBPEMEHHO CO3/1a€T M BO3MOXHOCTH IO poOOTH3allMU MPOU3BOJICTBA U

CYIIECTBEHHOMY TIOBBIIICHHIO €T0 (PPeKTUBHOCTH.

B Poccum 10CTaTO4HO MHOTO M KPYHNHBIX HAay4HBIX LIEHTPOB, BY30B M YaCTHBIX KOMIIAHWH,
MPOBOJISAIIMX HCCIENOBaHUSA M pa3paboTKH B 00IacTH poOOTOTEXHUKU - 127 KOMIaHWH, MHOTHE U3
KOTOPBIX MMEIOT MPOEKThl U MPOAYKTHI MUpPOBOro ypoBHs. K mpumepy, B «CKOJIKOBO» CO3/1aH LIEHTP
POOOTOTEXHUKH, KOTOPBIH 00beanHseT cBbllle 30 mpoekToB. MHOTrHME U3 3TUX IPOEKTOB Y)K€ BBIBEJIM HA

PBIHOK CEpUIHBIE HIIM TIPEICEPUITHBIE 00pa3IIbL.

2.4 AnMTUBHOE ITPOU3BOJICTBO

2.4.1 OcHOBHBIE ONPENEICHUS U PHIHKK aJJIMTUBHOTO MPOU3BOICTBA

Aooumuenoe npouszeoocmso (All, tarke AM — ot anri. additive manufacturing) mpexacrasssiet
co00il KIacc MEepPCIEeKTUBHBIX TEXHOJOTUH KACTOMH3MPOBAHHOTO MPOU3BOJACTBA JETallel CIOXKHOMN
GopMbI IO TPEXMEPHON KOMIBIOTEPHOW MOJENN MYyTEM IMOCIEI0BAaTEIbHOTO HaHECEHUs MaTepHraa (Kak
MPaBUJIO, TOCIOWHOTO) — B MPOTUBOMOJOKHOCTh TaK HA3BIBAEMOMY GblUUMAIOUWEMY NPOUIBOOCHIBY
(HampuMep,  TPAJIMIMOHHOW  MEXaHWYecKoH  oOpaborke) [96]. Jleranwm  W3roTaBIMBAIOTCS

HEMOCPE/ICTBEHHO 10 KOMIThIOTEpHOMY (aiiity, coaepkaiieMy 3D-Mozenb, BUPTYaIbHO HApe3aHHYIO Ha
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TOHKHE CJIOM, KOTOpbId mepemaercs B All-cucreMy, mis mociodHOro (GopMUpPOBaHHS KOHEYHOTO
m3nenus. All-TexHonoruu 00ecreynBarOT THOKOCTh, MO3BOJISIONIYI0 OBICTPOE MPOM3BOJCTBO CIIOKHOM
KaCTOMHU3UPOBAHHOW MPOIYKIIMK M 3alacHBIX 4acTei, KOTOpble MO0 HE MOTYT ObITh M3TOTOBJIEHBI C
MOMOIIBIO TPAJAUIIMOHHBIX TPOU3BOJCTBEHHBIX TEXHOJOTHH, NTHOO TpeOYyroTCs B MaiblX OOBEMax.
CnoxHas koHuUrypamus (Hanpumep, HaIUYMEe B JETajdl BHYTPEHHHX KaHAJIOB OXJIaXACHHS), KOTOPYIO
HEJb3s TMOJYYUTh CTAHOYHOW OOpabOTKOM, MOKET OBITh JIETKO BOCIPOU3BEICHA CEICKTHBHBIM
HaHeceHHWeM Mmarepuana. K nmpeunmyiectBam nugpoBbIX MOJENeil OTHOCUTCS HE TOJIBKO MPOU3BOJIBHOCTh
GopMbI, HO W BO3MOXHOCTb WX MOMEHTAIBHOW Tepeaadyd B JIFOOYI0O TOYKY MHPA, YTO I103BOJISET
OpraHHu30BaTh JOKAIbHOE MPOU3BOJCTBO B MUPOBBIX Macirabax. Eime ogHo#l BaxHOW 0COOEHHOCTBIO
texHonoruii All sBisiercss OMM30CTh TMoMydaeMol (OopMbl M3IENHs K 3aJaHHOW, YTO CYIIECTBEHHO
COKpalllaeT pacxXoAbl MaTepwala M OTXOAbl mpou3BojcTBa. CoBMecTHOe wuccienoBanue European
Aeronautic Defense and Space Company (Bpucrons, BenukoOputanusi) u EOS Innovation Center
(YopBuk, BemukoOpuTaHus) mokasago, 4To SKOHOMHsS Chipbs mpu All moxer mocturats 75% [97].
bnaromapst Bcem »TMM KadectBam, All, B CpaBHEHHWHM C TPATUIIMOHHBIMUA TPOU3BOJCTBCHHBIMH
TEXHOJIOTUSMHU, OO0NaNaeT 3HAYUTETHHBIM IMOTEHIIMATIOM B TOM, YTO KAacaeTcs COKpAaIleHUs 3aTpar,

SHEprocOepeKeHMs U CHHXKEHUS BpEIHbIX BEIOPOCOB B aTMocdepy.
YHukaneHbie Bo3MokHOCTH All oOecrieunBaroT ciienyronme npenmyiectsa [98]:

- COKpallleHHME€ CPOKOB M CTOMMOCTH 3aIlyCKa M3JeNIUs B IPOU3BOJCTBO Oiaromaps OTCYTCTBHUIO
HEOOXOJMMOCTH B CIIELUATN3UPOBAHHON HHCTPYMEHTAIbHON OCHACTKE;

- BO3MOXKHOCTb U DKOHOMHUYECKAs! 1[€1eCO00Pa3sHOCTh MEJIKOCEPUITHOTO MTPOU3BO/ICTBA;

- OIepaTUBHbIC U3MEHEHHUs B IPOEKTE Ha 3Tare MpOU3BO/ICTBA;

- (QyHKUMOHANBHAs ONTHMH3ANMS TPOAYKIUU (HApUMeEp, peaau3amus ONTHMAIbHON (QOPMBI

KaHAJIOB OXJIAXK/ICHUA);

- DKOHOMHYECKas 11eJ1eCO00Pa3HOCTh MPOU3BOACTBA KACTOMU3UPOBAHHON ITPOIYKIIUH;

- COKpallleHH€ MOTePb U OTXOA0B IIPOU3BOJICTBA;

- BO3MOXXHOCTH JUIsl YIPOLICHHMS JIOTUCTHKU, COKpAlleHUsS BPEMEHU IOCTABOK, YMEHBIICHHUS

00BEMOB CKIIAJICKHX 3aIlacoB;

- MepcoHanu3alus qu3aifHa.

Hecmotpst Ha 1O, uTto Ha mnpotrskeHuu nocnegHux 20 jer AIl paccmarpuBaercs Kak HOBast
HepCreKTUBHAs TEXHOJIOTUsS U AEMOHCTPUPYET IOI0BOM TeMI pocTta 26%, ero uctopust HacuuteiBaet 150
JeT, yXoAs KOpHSMH B Takue oOnactu, Kak QorockymenTypa u Tomorpadust [99]. V wucrokoB
coBpemenHoro All, oguuM u3 Hanbosiee U3BECTHBIX METOAOB KOTOPOIO CIYXHT cTepeonuTorpadus (SL,
ot auri. Stereolithography), crout momxox, npemioxeHHsid B 1951 rony Mronuem (Munz). Cucrema
MroHI1a HCHOb30Baa MOPUIHEBOW MEXaHW3M JUId IOCJeN0BaTelbHONH H30MpaTebHONW 3aCBETKH U
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oTBepAcBaHMs (OTOMOJMMEpPA IO CEUEHUSIM CKaHupyemoro oObekra. B 1986 romy, xommanums 3D
Systems Hayalla TPOMBINTIEHHOE UCIOJIb30BaHKe cTepeonuTorpaduu. [IpumepHo B TO ke Bpems ObLIN
paspabotanbl MeTo bl All ¢ ucmonbp30BaHNEM HarpeBa Jia3epHBIM U 3JIEKTPOHHBIM JTy4OM. OTH METOJbI
ObUTH BHEIPEHBI B MPOU3BOJACTBO B 1990-x TT., mo3BONMB ucmonb3oBarh All st M3roToBIEHUS
Metaummaeckux o00bekToB [99]. CormacHo otdery KoponeBckoil WH)KEHEpPHOM akaJeMUHM HayK
BenmukoOputanuu 3a 2013 r., ckauok B paszsutue TexHosoruii All mpousomen B 2009 r., korna ucTek
CPOK JEMCTBUS OJHOTO U3 KIIOUEBBIX MATEHTOB. DTOT MATEHT Kacajcsl METOJa N3TOTOBJICHHUS 0OBEKTOB
nyreM mnocioiHoi Harutasku (FDM, fused deposition modeling) u onuceiBai BiAaBIuBaHue (IKCTPY3UIO)
IJIACTUKOBOW HUTH, (OPMUPYIOIIEH TOTOBYIO JieTalb, C MOJJICPKUBAIOIICH CTPYKTYpOH W3
JIOTIOJIHUTENIBHBIX MaTepuanoB. VcreueHue cpoka IedCTBUS MaTEHTa CAeNaio BO3MOXHBIM PaIuKaIbHOE
(BroTh 10 90%) cHUKeHUE 1eH Ha cucTeMbl 3D-meuaTtu. DTO HE TONBKO OTKPBLIO PHIHOK 3D-meyatu
JUISE TIAPOKOTO Kpyra TOTpeOuTeneil, HO W 3aCTaBWJIO MHOTHX MPOU3BOJAUTEIICH W HWHBECTOPOB
nepecMoTpeTh cBoe OTHOIeHHUS K All W CBSI3aHHBIM C HMM BO3MOXHOCTSIM, MpoOjeMaM U pHUCKaM.
[lpencraBuTein  aBHAINIMOHHO- KOCMHYECKOW IMPOMBINUICHHOCTH, aBTOMOOMIISCTPOCHUS, W Jaxe

APXATCKTOPBI U CTPOUTCIIN YBUACIIHU B AIl HepCHeRTI/IBHHﬁ HHCTPYMCHT UIA pCHICHUSA CBOUX 3a1aY.

C nepBBIX K€ JIET CBOEro cyuectBoBaHus, pasButue All compoBOXAanoch axXuOTaKEM U
3aBBIMICHHBIMU OxuaHusMu. [lo omenkam kommanwu Gartner (2012 r), B Hacrosmmii MmomeHT, 3D-
1e4yaTh HaxXOJUTCS Ha IUKE <GaBbIIIEHHBIX oxuaaHui» (Pucynok 20). HecmoTps Ha TO, 4TO MHOTHE
cuntaroT All-TeXHOJIOTHH TPOPHIBHBIME U KITFOUEBBIMU JIJIsl TPEThEH MPOMBINITIEHHO!N peBoitoruu [ 101],

IMOKa, UX BJIMAHHUC, B TCPMUHAX MUPOBOIO ITPOU3BOACTBA, OCTACTCA BECbMa YMCPCHHBIM.
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Pucynox 20 - [uki 3penoctu TeXHOJIOTUH 1Mo cocTostHuIo Ha 2012 1., mocTpoeHHbIN KommaHuen Gartner

Koncynerant Teppu Yonep (Terry Wohler) coctaBnsier u mojuepkuBaeT HauOoJiee MOJHBIA CBOJ
3HaHuil o TexHoyorusx All, a Takke perymspHO MyONHKYeT OTUYEThI, KOTOPBIC MPUOOPETH PEIyTaIlUio
HanOoJiee aBTOPUTETHOTO HMCTOUYHMKA WHGpOpMAnuu O (MHAHCHUPOBAHWUM, TEHJIEHLMIX, BO3MOXKHOCTSIX,
KOJUICKTUBHBIX MPOEKTAX, UCCICJOBAHUSAX M TEPCIEKTUBHBIX TEXHOJIOTUAX B 3TOW oOmactu. CormacHo
otuery Youepa, omnydoaukoBaHHOMY B Hosiope 2013 1., B 2012 1. 00meMHpOBOM CEKTOP MPOAYKIIHHU H
yeayr All moxazan cOBOKyNHBIM rofoBod mpupoct 28,6%, 4ro, B mepecuere, COOTBETCTBYET PBHIHKY
oobeMoMm $2,204 mapa. Ilo mporrozam Youepa, k 2021 r. o0beM poiaka All cocraBut 6omee $10 mup.
Hccnenoanust McKinsey Global Institute cBuaerenscTByOT 0 ToM, uTo BiusiHue All Ha mupoBoit BBII
MokeT K 2025 r. moctuub $550 mupa B rox [66]. Eme omHMM IMokazaTeleM, KOTOPBIH OTCIIEKHUBAET
VYonep, sBiIseTcs KoJIWuecTBO mpojaHHBIX yctaHoBoK AlIl. B 2012 r. Opuio mpomano moutu 8000
MPOMBINIUICHHBIX cucTeM (¢ meHoi Beime $5,000). B cTpykType 10X0M0B, MONTYIEHHBIX OT TPOU3BOCTBA
u yciuyr B obOnactu All, mons, mpuxonsmascs Ha HM3TOTOBJIECHHWE COCTAaBHBIX YacTell KOHEYHOM

MPOAYKLINH, BbIpocia npakruuecku ¢ Hynd B 2003 1. 10 28% B 2012 1.

2.4.2 Texnonoruu u 000pyIOBaHUE aATUTUBHOTO TPOU3BOICTBA

3a JBa MNpOLICAINMX JECSITUNIETHS ObUIM pa3paboTaHbl HECKOJBbKO IporeccoB M cucrteM All a
BO3MOXXHOCTH HUX NPUMEHEHHUS CYIIECTBEHHO PACHIMPUIINCh M CETOJHS OXBAaTHIBAIOT [WAIla30H OT
OBICTPOTO TPOTOTUNHPOBAHUS W W3TOTOBICHHS MPOCTHIX (PH3MYECKHMX MAKETOB [0 TOUICPKKH B
pa3paboTke Ju3ailHa MNPOIYKUMM, CO3JaHUS JHMTEHHBIX MoOJAeNed U, B TIOCIEIHEe BpeMs,
HEMOCPEICTBEHHOTO MPOU3BOACTBa cepuiiHbIX m3aenuii (Tabmuna 9, Tabnuma 10). B wactaocTn, GE
Aviation 00BsIBUI 0 CepuilHOM BBINYCKe TOIUTUBHBIX (opcyHok s asuratens LEAP [101, 102].
[lepebie All-cucteMbl NPOM3BOAWIM M3AETUS MPEUMYIIECTBEHHO W3 TOJUMEPHBIX MaTepuaoB
(MIacTUKOB), TOTJa KaK CErOJHSIIHHME YCTAHOBKUA CHOCOOHBI MPOM3BOAMTH JETalu M3 Meramia. B
aJTUTUBHBIX IIPOLIEccaxX C UCIOIb30BAaHUEM METAJIOB, JeTald (OPMUPYIOTCS ITyTeM MOCIeA0BaATEIbHON
MOCJIOMHON HAamnJaBKU WM CIIEKAHHWS METALUIMYECKOTO MOpPOLIKA. Takass BO3MOKHOCTh IPHUBJICKATEIbHA
T€M, YTO TIO3BOJISIET W3TOTOBJICHUE JeTaJie TOYHOW WM ONu3KoW K 3amaHHOW ¢opmbl  0e3
MHCTPYMEHTAJIBHONH OCHACTKM C MHHUMAIBHOW MOCIenyloIed MexaHooOpaboTkoi, mmubo BooOIme 6e3
Hee. DTO TpencTaBiseT OCOOBIM HMHTEpec [UIisi aBUAIMOHHO-KOCMHUYECKOH MPOMBIINUIEHHOCTH U
OMOMEIUIIMHBI, TTOCKOJBKY JIeNaeT BO3MOXKHBIM BBIMMYCK HM3/CIHHA C BBICOKUMHU OJKCIUTyaTallHOHHBIMHU

XAPAKTCPUCTHKAMU TIPpU HU3KUX O6H_II/IX 3aTparax.

Tabmuma 9 - [ponecchr All, crpynmupoBaHHbIE IO COCTOSHUIO UCITOIB3yEMOTO MaTepuaa

CocrosiHue Ipouecc Marepu ajibl
Marepuajia
Kunkoe Crepeommrorpadus (SL)

87



M3rotoBnenne 00BEekToB myTeM mnocioiHOM [lommepst

Haraeku (FDM)

Crpyitnas neuats (IJP)

IMopomkoo6pasnoe 3D-meuats (3DP) TMoymMepsl, MeTaIUTbl, KepamMmuka

CenextuBHOE NazepHoe criekanue (SLS)

Ipsimoe nazepHoe crnekanue MetaiwioB (DMLS)

CenextuBHas na3epHas miaBka (SLM)

DnexTpoHHO-Ty4deBas iaska (EBM) Mertamst

Ipssimoe Hanecenne MetamwioB (DMD)

TouHoe mazepHoe popmosanue (LENS)

Teepnoe IocnoiiHoe  m3roToBIeHWE  00BEekTOB W3 [lommMepsl, MeTawiel, KepaMuKa

mictoBoro Matepuana (LOM) — miacter Y KOMIIO3UIIMOHHBIE MaTepHabl

Ipou3BoMBHOE OSKCTPY3HOHHOE (HOPMOBAHHUE

(EFF) — npoBosoka

Uctounuk: [103]

Poinok All-ycraHoBok aenutcs Ha Tpu cermeHTa [99]. Camble BBHICOKHE TEMITBI POCTa OTMEUYAIOTCS
JUIs ietieBbIX 3D-pUHTEPOB, OPUEHTUPOBAHHBIX HA CO3JJaHNE KOHIENTYaJbHbIX MAKETOB U IPUTOIHBIX
JUISL SKCIUTyaTauu B o¢ucHO# cpene. Bropoit Habop TeXHONOTWM, 3aHUMAIONMU MPOMEKYTOUHOE
MIOJIOKEHHE 1O CTOMMOCTH, IIpeIHa3HauyeH Uil CO3AaHMS IPOTOTUIIOB JE€Talel C pa3IMYHON CTEIEHbIO
TOYHOCTU W/WIHM (YHKIMOHAIBHOCTU. JlemeBble M CpeJHHe MO CTOMMOCTH YCTAaHOBKH OOBIYHO
OpUEHTHUPOBAHbI Ha MOJMMEpPHbIE MaTepualibl. YCTaHOBKM BBICOKOTO KIacca, COCTABJISIOMMX TPETUM
CETMEHT, MO3BOJIAIOT MPOU3BOJICTBO MOJIMMEPHBIX, METANINUECKUX U KEPAMUUYECKUX AETAlEeH; UX LIE€HBI
Bappupyiotcst ot $200 000 mo $2 000 000 [99]. VYcraHOBKM BBICOKOTO Kiacca MOTYT OBITh
ONTUMHU3UPOBAHBl B pacyeTe Ha H3TOTOBJICHHE KPYMHOTa0apUTHBIX NeTajeld, MOCTH)KEHHE BBICOKOM
MPOU3BOAUTENHLHOCTH, HCIOJB30BAHUE HECKOIBKUX MAaTEpPHAIOB, WJIM C JIIOOOH Jpyroi Ienblo, 4To
noBbimaer crouMocth cucreMsl. K 2013 1. mpousBoacTsoM u nponaxeil All-ycraHoBok 3aHumanuch 16
xomnanuii B EBpomie, 7 B Kurtae, 5 B CIIIA u 2 B SAnonun [104]. K yucny Bemynmx u3roToBuTenen
cucreM All otHocarcs amepukanckue kommanuu 3D Systems u ExOne, uzpaunbckas Stratasys,
mBenckas Arcam, a tawoke Hemernkue EOS u Voxejet. [lo uncity CMOHTHPOBAHHBIX CHCTEM C OOJIBIIIMM
orpeiBoM JuaupytoT CIIIA, cobpaBume y cebs 38% NpPOMBINUIEHHBIX YCTAaHOBOK. 3HAUMUTEIbHOE
KOJIMYECTBO YCTAaHOBOK JKCILTyaTHpyeTcs Tawke B SAnonuu (9,7%), I'epmanun (9,4%) u Kurae (8,7%).
Honst Poccum cocraBmsier 1,4%. Huke mnpencraBieH KpaTKuii 0030p CaMbIX pPacHpOCTPaHEHHBIX

nporueccoB AllL

KuakocTHble npoueccbl

Cmepeonumoepaghus (SL, Stereolithography)
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[Ipoutecc  crepeonutorpaduu, KoTtopelii Obul  mepBbiM  All-mporieccom, BHEIPEHHBIM B
MPOMBIITIEHHOE TPOU3BOJICTBO, JIyUllle ApYyruX TexHoJoruid All oTiakeH B TOM, YTO KacaeTcsi TOUHOCTU
M3TOTOBJICHUS, KOHTPOJMPYEMOCTH IapaMeTpOB M MOHWMaHUsA ero mexanusma [105]. DroT mpormecc
BKJIIOYAET B ceOs: MOAENMpPOBAHUE JeTanu U InpeoOpazoBanue B (aitn dopmara STL mis cozmanus
00BbEMHON TTOTMTOHATILHON CETKH M TOJJICP)KUBAIOIICH CTPYKTYPHI; Hap €3Ka TpexmepHoit moaenu B STL-
dopmare s co3maHus Habopa CEUEHHUI; mepelaya pacceueHHON MOAETH B CTEPEOIMTOrpadudecKuit
anmapat (SLA); mocnoiHoe (OpMHUpOBaHHUE JETadd U TOJJICPKHUBAIOIICH CTPYKTYphl B BaHHE CO
CHELHAJIBHBIM ITOJIMMEPOM C IIOMOIIBIO APTOHOBOTO J1a3epa, KOTOPbIN OUEpPUMBAET JBYMEPHBIE CEUEHHUS U
MPUBOJUT K OTBEPACBAHUIO MMOJIMMEPA; YIATCHHE IMOIEPKUBAIOIICH CTPYKTYPhI U, IPU HEOOXOAUMOCTH,
MOCJIEYIOIIEE OTBEP/AECBAHUE JETaIM JUIsl OKOHYATEIbHOW MOJIMMEPHU3ALIMU ITIOCPEICTBOM YIIPABIISEMOIO
oborpeBa win B Y®-neun. Crepeonutorpadus 4acTo UCIOIB3YETCs ISl OBICTPOTO MPOTOTHITUPOBAHUS
(BIT) u ObICTPOTrO M3rOTOBJIEHUS WHCTPYMEHTAIBHOW OCHACTKH C IIENIBI0 CO3IaHUs mpecc-(opM U Gpopm
JUIsT TUThA. B mocnenHee BpeMs H3y4alOTCS BO3MOKHOCTH TPUMEHEHHUS CcTepeoiuTorpaduu Juis
TKaHeBOW WHkeHepur B meauiuHe [106]. [TpobieMsl ¢ A0ITOCPOUHOM CTAOMIBHOCTBIO H3rOTOBICHHBIX
JeTaleil OorpaHUYMBAIOT BOBMOKHOCTH HCIIOIB30BAHUS CTEPEOTUTOTPpA(GHH ISl CEpUITHOTO MPOU3BOICTBA
u3nenuii. OCHOBHBIM OrpaHMYEHHEM CaMoro Ipoliecca SBJISETCS MOTPeOHOCTh B IMOJIEPKUBAIOIICH

CTPYKTYpE, YTO YBEJIMYMBACT PACXOJbl MaTEepUaia U YIJIMHICT IPOU3BOACTBEHHbIN UK [107].
H3zeomosnenue oovexmos nymem nociotinou nannasxku (FDM, Fused Deposition Modeling)

Kak u crepeonurtorpadus, FDM — onuH U3 caMbIX paclpOCTPaHEHHBIX MPOIECCOB M3TOTOBICHUS
KOHIIENITYyalIbHBIX M (QyHKIHMOHATBHBIX MpoToTuroB [108]. Matepuan pacriaBisieTcss B pa3orpeToM
COILIIe-103aTOPe, ABMKEHHUSMH KOTOPOTO HEMOCPEIACTBEHHO YIPABISET IPOrpaMMHOE obOecredeHune
CHUCTEMBl aBTOMAaTHM3allMU IMpou3BojicTBa. [locne >KCTpy3uM U3 coma, MaTepual OCThIBaeT U
3aTBepAeBaeT; uzaenue GopMUpyeTcs MOCIeNOBaTeNbHBIM HAaHECEHHEeM CIIoeB Marepuana. [lockombky
MaTepuaj HarpeBaercs 0 Temmeparypbl julb Ha 1 °C mpeBblaoIeld TeMneparypy ILIaBJIEHUs, OH
CTAaHOBUTCSI TBEPJbIM MPAKTUUECKH CPa3y MOCJE IKCTPY3UHU, COCTUHSIACH C MPEIbIIYIIIMME CI0IMU. J{ms
W3TOTOBJICHUS W3JENHUI CIOXKHON (OpMBI C HABUCAIOUMMHU YaCTSAMH C IOMOUIBIO OTAEIBHBIX COIIEN
CO3Jal0TCs TOJIEPKUBAIONME CTPYKTYphl (Ormopbl). B kauecTBe Marepuana yaie BCEro HCHOJB3YIOTCS
nomunaktug (PLA) u akpunonutpunOyraaueHctupos (AbBC-1naacTuk), KOTOpbIA 00JerdaeT U yCKOpsieT
nevarh Onarojaps CO3JaHHIO PACTBOPUMBIX OIOpP U MOKPBITHS, YIy4IIAIOLIETO KaueCTBO IMOBEPXHOCTH.
Pa3zpemienre M TOYHOCTH MOJENM OTIPAaHUYEHbl JAMAMETPOM COILJIa, @ CKOPOCTh HU3TOTOBJICHHUS —
HEOOXOJMMOCTBIO BBINOJHATh (DM3UUECKHE IEPEeMEIICHUs COoIla 4epe3 pabouyto o6sacTb. TOYHOCTH
U3rOTOBJIEHUsT MokeT aocturath 0,05 mm. IlpuMeHuMOCTH 3TOrO mpolecca orpaHuuMBacTCs Oosee
c1abbIMM MEXaHMYECKUMHU XapaKTepUCTUKAaMU U 0Oojiee HU3KUM KaueCTBOM IOBEPXHOCTH KOHEYHOIO
MPOJIYKTa MO CPAaBHEHUIO C JETANSIMH, U3TOTOBJICHHBIMH MOCPEICTBOM TPAJAUIIMOHHOTO JIUTh. AHAIU3Y
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BIIMSIHUS XapaKTEPHUCTHK ITpoIiecca Ha 3TH CBOMCTBA ObUIN MOCBAIICHBI MHOTOYHMCIICHHBIC HCCIICIOBAHNS,
Hanpumep: [109-111]. Ilpoxykuusi, mnosydeHHas MocpeAcTBoM Ipouecca FDM, umeer CHIIBHO
BBIPQKEHHYIO MEXaHHYECKYI0 aHM30TPOIIHI0O M COJACPKHUT 3HAUYUTEIbHBIE OCTATOYHBIE TEPMHYECKUE

HaIpPsDKEH S, BBI3BIBAIOIHE IehOpMaIliK, KOTOPbIE BIHUSIOT HA MEXaHUUYECKYIO MPOYHOCTH U3/ICITHH.
Cmpyiinas neuams (IJP, Inkjet Printing)

Kak u crepeonurorpadus, crpyiiHas medaTh IpEACTaBiIsieT COO0Ml HaHECEHHE U OTBEP)KICHUE
CBETOOTBEPXKIAEMBIX IIOJIMMEPOB, KaK MNpaBWIO Ha ocHOBe akpwia [98]. Cpemm KoMMep4ecKux
YCTaHOBOK BbIenstoTcss cuctemMbl Object Systems u 3D Systems. OTu yCTaHOBKM HAHOCST PsA
MOJIMMEPHBIX CJIOEB C MOMOIIBIO NEYATAOIMX FOJIOBOK, COAEPKAIMX MHOXKECTBO COIIEN, YTO MO3BOJISET
JIOCTUTaTh BBICOKOM CKOPOCTH IeyaTH, COKpalpsi KOJIMUYecTBO MpoxojioB. Kaxaplil cnoit goTononnmepa
OTBEp)KAAaeTCs YAbTPadrOIETOBBIM HM3ITydEHUEM HEMOCPEACTBEHHO B XOJ€ Ie4yaTH, TaKk 4TO HUKAKOrO
JIOTIOJIHUTEIBHOTO OTBEPKACHUS O 3aBEpILICHUH Mpoliecca He Tpedyercs. HecMOTpsi Ha OTHOCHTENIBHO
BBICOKYI0 TOYHOCTh M XOpOIIEE pas3pellieHHue 3TOro Mpolecca, MOITydeHHbIE M3/eNus, U3-32 CBOMCTB
MaTepuanga, IO CBOMM XapaKT€PUCTHKAM IPOUTPHIBAIOT HU3JEIHUAM IOIYYEHHBIM TPaJAULMOHHBIMU
meronamu. Ilomumo 3Toro, cepa NpuMEHEHHUs] CTPYHHOM Me4aTH OrpaHUYEHA MPOTOTHIIMPOBAHUEM U
TOYHBIM JINTHEM M3-3a HEJIOCTaTOUYHO BBICOKOM CKOPOCTH M3rOTOBJIEHUS J€Tajlel, OrpaHUYEHHOIO

BBIOOpA MAaTEPHAIIOB U XPYIIKOCTH KOHEUHBIX U3ICTUN.

IMopomkoBbie mpoiecchl
Cenexmusnoe naseproe cnekanue (SLS, Selective Laser Sintering) u npsamoe JnasepHoe chnexkawue

memannos (DMLS, Direct Metal Laser Sintering)

Ipomecc SLS momapasymeBaeT criekaHHe MOPOIIKOBBIX MaTepHUaaoB ¢ MOMOIIRIO ytasepa [112, 113].
Kak u B ciyuae npounx npoueccoB All, npouecc SLS HaunHaeTcs ¢ NOATOTOBKYA KOMIIBIOTEPHON MOJIENH
W3/IeTus B CHCTEME aBToMartu3upoBaHHOro mpoekrupoBanus (CAD). 3arem Mojenb paccekaeTcss Ha
TOHKHUE CJIOM, YTOOBI MOJYYUTh MH(OPMAIMIO O KOHTYpe KaXIO0ro cios. B mporecce M3roToBiIeHHs
U3/eTUs TPUMEHSIETCS TOHKMH MOPOIIOK, KOTOPBII paBHOMEPHO paclpeAessseTCsl BAIMKOM 10 MOJICTaBKe
YCTPOMCTBA U BBIOOPOYHO CKAHMPYETCS MO KOHTYpY jJa3epoM ¢ MommHocThio 25—100 Br. Tonumna cios,
Kak mpaBuiio, He npeBbimaer 100 MkM. BpeMs 3acBeTKU Ka)KJI0H YaCTHUIIBI JIA3€pPHBIM MyYKOM HAXOAUTCSA
B npenenax ot 0,5 no 25 mc. Ilpu cTonp KOPOTKMX TEIUIOBBIX IUKIAX CIIEKAHME IMOPOILIKA B TBEPAOM
COCTOSIHUU HE MPOUCXOJUT, U AJIS TOCTATOUHO OBICTPOTO CIIEKaHUS HEOOXOUMO YACTUYHOE HIIH MOJTHOE
pacmuiaBiienue vactull. llpouecc He TpeOyeT MOCTpPOEHHUs MOIJEPKUBAIOUMX CTPYKTYpP, IOCKOJIBKY
HEpaCIJIaBJICHHBIN MOPOIIOK CaM CIYKUT OIMOPOU ISl MOAENIN, & TEPMUYECKHE HANIPSHKEHU S CHUXKAOTCS
IIyTeM HarpeBa €MKOCTH C MOPOLIKOM. BBICOKOKpHCTAIUIMYHBIE MOJUMEPHI (MPEXk/Ie BCErO HEHJIOHBI),

CIICKACMBIC YCPC3 IMOJIHOC paCIlJIaBJICHUEC YaCTH1, 00eCIIeYnBaOT MEXaHUYECKHE CBOﬁCTBa, JOCTAaTOYHBIC
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JUIl KOHEYHbIX u3nenuid. Hampotus, amop@Hble MaTepuaibl, CIEKaHUE KOTOPBIX OOBIYHO IPOUCXOAUT
IIpU TEMIIEPAType CTEKIOBAHUs, NEMOHCTPUPYIOT HENOCTATOYHBIE IIPOYHOCTHBIE XAPAKTEPUCTUKUA U
MO03TOMY HaXOIAT MPHUMEHEHHUE JIMIb B ObICTPOM MPOTOTUIMPOBAHUHU, B YACTHOCTH MPH MOJITOTOBKU
dopm s muthsa. [Iporece DMLS TpeOyeT HCHONB30BaHUS CBS3YIOIMX BEIECTB C TeMIIEpaTypoit
IIJIABJICHUS HUJKE, Y€M Yy OCHOBHOIO METAJNIMYECKOTO KOMIIOHEHTA. B KauecTBe TakuX CBS3YIOLMX
MaTepUaroB MOTYT HCIIOJIb30BAThCS ITOJIMMEPHBIE IOPOIIKH, KOTOPBIE BBIKUIAIOTCS M3 U3ICIHS NPU

nocJeaytome o0padoTke, TMO0 METAUTMUYECKUE TOPOIKU ¢ 00Jiee HU3KOM TOUKOH IIaBICHUSI.

[IpumeHnsieMble J1a3epbl pa3HOOOpPa3Hbl — B HX YHUCIO BXOJAT Jia3ephl Ha JUOKCUJE YITIEpoJa,
Nd:YAG-nazep (aqmrOMOMTTPHEBBIN TIpaHAT C MPHUMECHIO HEOAUMHUS), BOJOKOHHBIC JIa3ephl, JAUCKOBBIC
nazepel U T. 1. [113, 114]. Beibop na3zepa oka3pIBaeT CYIIECTBEHHOE BIIMSHUE HA MPOIECC CIICKAHUS
YaCTHUI] TOPOIIKA, MOCKOJIBKY CTENEHb MOTJIOMIEHUS JIa3epHOTO HW3IydeHHUs MaTepuajioM 3aBHCHUT OT
JUIMHBl BOJHBI H3Iy4eHHS, a METAUIypTUYeCKU MeXaHW3M CIEKaHUs OIpeAeNseTcs MIOTHOCTHIO
SHEPIUHU Jlazepa. B oTiaMune OT YMCTHIX METAIOB, TIABJIEHUE KOTOPBIX TPOUCXOAUT OJHOBPEMEHHO I10
BceMy 00BbEMY, y JIETHPOBAHHBIX METAIIMYECKUX MOPOIIKOB €CTh JMAaIa30H TeMIlepaTyp, B KOTOPOM B
Ipolecce IUIABJICHUS/3aTBEPICBAHUST KHUAKAs W TBephas ¢asza cocymecTByroT. lIporecc mpsiMoro
JIA3EPHOTO CIIEKAaHUsI JITMPOBAHHBIX MOPOILIKOB, MPEICTABISIIONMMI 0COOBII MHTEpeC Ui TEXHOJIOTHI
AIl TpeOyeT TOYHOTO KOHTPOJISI IMapaMeTpoB Ja3epHoW 0O0pabOTKu it 0OecreueHusI HEKOHTPYIHTHOTO
TJIaBJICHWST TIOpolka B JByxdasHoW oOmactu. OpHako XapakrepHbie mis DMLS nmokann3oBaHHBIE
OBICTpBIE TETUIOBBIC UKLl OCIIOKHSIOT TOYHOE YIPABJIEHWE TEMIIEPATypOl CHEKaHHs. DTH TPYIHOCTH
OPUBOJAT K HEJOCTATOYHOMY YIUIOTHEHHIO MOPOIIKA, BOSHUKHOBEHHUIO T€TEPOTCHHOW MHKPOCTPYKTYPHI
U YXYIIIAIOT CBOWCTBA M3IENUN W3 JISTHPOBAHHBIX MOPOMIKOB. [103TOMY, JUTS MTONYydeHHS TPUEMIIEMBIX
MEXaHUYECKUX CBOICTB, OOBIYHO TpeOyeTcs MPOBECTH MOCIEIYIOILyI0 00paboTKy, TaKyt0 KaK HarpeB JUIs
MOBTOPHOTO CIIEKaHMU S, TOpsUee N30CTATHIECKOE MTPECCOBAHUE MITM BTOPUYHOE HACHIIIICHHE MaTEPHAIOM

c Oosiee HU3KOM TemriepaTypol miasieHus [114].
Cenexmuenas nasepnas naaska (SLM, Selective Laser Melting)

CenexrtuBHas na3epHas miaBka — 31o All-npouecc niaBieHUs MOPOIIKA B €eMKOCTH, MOJIXOASAIIMIMA
JUISL W3TOTOBJICHUS METAJUTMYECKUX, KEepaMUYECKUX M MoJuMepHbx wuzfaenuit [114]. Yame Bcero
HCIIOJIB3YIOTCSl METAJUIMYECKUE TOpOLIKM C pasMepoMm 3epeH B auanaszoHe 10—-40 mxm. Ilopomok
HAaHOCHUTCS Ha pabouyro miaThopMy pacrpeAeTuTeNIeM MOpoIka, GOPMUPYIOIMM CIION TommHOW 20—
40 mxM. Jlazep Bwicokoit moumoctu (0,05—-1 xBT), mox ympaBieHHMEM MHpPOrpaMMHOIO OOecreueHus
YCTAaHOBKHM, OYEpYMBAET KOHTYp M BBIOOpOUHO paciuiaBiser nopoiwok. [Ipomecc mosTopsieTcs i
KaXI0ro cios, A0 HoiaHoro (opmupoBaHus uznenus. Jis j1a3epHON IJIABKU HCHOJIB3YIOTCA TE K€
YCTaHOBKM M TPOLEIypbl, 4TO U B mponecce SLS. ENnHCTBEHHOE OTIIMYME CENEKTUBHOM JIa3epHOU

IJIaBKU OT IIporecca SLS cocrout B TOM, 4YTO B IPOLIECCC SILM MPOUCXOAUT ITOJIHOC PACIIIIABJIICHUC
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MIOPOILIKAa. DTO CYHIECTBEHHO YIIYYIIAET MHKPOCTPYKTYPY M XapaKTEpPUCTHKU W3JEIUs 10 CPAaBHEHHUIO C
DMLS. IInotHocTh 99,99% ans MeTaIMYecKuX U3ACTUN TOCTHKHUMA 03 MOCIEAYIoIed TepMUIECKO
00paboTku [114], a OTYETHI MOKA3BIBAIOT, YTO UTOTOBBIE XapAaKTEPUCTHKUA MaTepuajga COIMOCTaBUMBI C
XapaKTepUCTUKAMH JeTajlel, MOJIydeHHBIX MexaHooOpaborkoil. Eme oxnum mnpeumymectsom SLM
SBJIIETCS] BO3MOKHOCTh padOTaTh C YHCTHIMU LIBETHBIMH METaJIaMM, TAKUMU KaK TUTaH, AIIOMUHUN U
MeZlb, KOTOpBIE BIUJIOTH JI0 CETOJMHSINHErO THS HE MoaAaBaluch obpaborke meromom DMLS. Opnako
nporecc SLM TpeOyeT BBICOKOM MOIIHOCTH Jia3epa, XOPOINETOo KauyecTBa JIa3epHOTO ITydKa M Mayion
TOJILMHBI TOPOLIKOBOIO CJIosl (YTO O3HAuYaeT 3aMeJJieHue u3rotosyeHus)). bonee Ttoro, mnpu
3aTBEpJICBAaHUU, JETAIM CKIOHHBI JaBaTh CHJIBHYIO YCAIKy, BbI3bIBas 3HAUMUTEIBHBIE OCTATOYHBIE
HallpsDKEHHUS B M3TOTOBJIGHHBIX MW3/EIMAX; 3TH OCTaTOYHBIE HANPSDKEHHUS MOIYT HPUBOIUTH K

I[e(l)OpMaI_[I/IHM " JaKE PACCIIOCHHAM B KOHCYHOM ITPOAYKTC.

Jnst HaBHCarONMX SJIEMEHTOB W3AETUs HYKHBl MOJJIEPKUBAIOLE CTPYKTYpbl, a TEepMHUYECKUE
HalpsDKCHHS,  TMOpOXKAaeMble  MpoIeccoM, TpeOyroT Hamuuus  ¢ukcaropoB. Kak wu B
cTepeonuTorpadguieckoM mpolecce, Co3IaHue OMop MPUBOAUT K MEpepacxoly MaTeprala U BhIHYKIAeT
npuoOeraTb K TMOCTEAYIONMEH YUCTOBOW 00paboTke. Yaime BCEro MCIOIB3YIOTCS KOOATBTOXPOMOBBIC H

THUTAHOBBIC CIIJIABbI, CILJIABBI HA OCHOBE CTAIM M HHCTPYMCHTAJIbHBIC CTAIIH.
Jlaszepnoe nanecenue memannos (LMD, Laser Metal Deposition)

Otot Meton omuaercs oT DMLS u SLM cniocob6om nomaun nmopomka. Cucrema LMD cocrout u3
MOPOIIKOBOTO MHUTATENs,, KOTOPHIH BBOJHUT MOPOIIOK Yepe3 COIUIa B CHUCTEMY Mojaud Tra3za. MoIHBIN
Ja3epHbIA My4OK CBETUT CKBO3b LIEHTP Habopa comen u GoKycupyercs BOIHM 3U MOAJI0KKIA — OCHOBBI, Ha
KOTOpOW OyneT M3roToBleHa neTaib. [1oA7oXKa CKaHUPYETCs B IOMEPEYHBIX HAIpPaBICHUSX, YTOOBI
chopMupoBaTh TpeOyeMyl0 T€OMETPHIO, a 3aTeM IPOUCXOJUT IOCIONHOE HAHECEHHE MOPOIIKA J0
dopmupoBanusi TpexmepHoro uzaenus. LMD-cuctema, oObenuHsomas B ced0e MHOTOOCHYIO CHCTEMY
MO3ULIMOHUPOBAHUS, BO3MOKHOCTD I10JIa4M HECKOJIBKUX MaTepUajioB U (B psjie CIy4aeB) MaTEeHTOBAHHYIO
CHCTEMY YIpaBJICHHs C OOpaTHOW CBS3bIO, MOXKET MCIIOJIB30BATHCS JUIS M3TOTOBIICHUS HOBBIX JETAJCH,
BOCCTAHOBJICHHSI M PEMOHTA MOBPEKICHHBIX WJIM HW3HOIICHHBIX HM3ICNTUN, a Takke A HaHEeCEeHUs
M3HOCOCTOMKUX U aHTUKOPPO3UOHHBIX MOKPHITUH [114]. CiocoOHOCTh MO/aBaTh HYKHBIA MaTepuall B
Hy)XHOoe Mecto gaeT LMD-mpoueccy psii yHUKaJIbHBIX TNPEUMYIIECTB, HEIOCTYMHBIX Ipolieccam
SLS/SLM, koTOopble HMCHOJB3YIOT €MKOCTh C TOPOIKOM. IIporiecchl mMpsIMOTO HAaHECCHUsS METaJIIOB
(DMD), Ttounoro nazepnoro ¢opmoBanusi (LENS) u Directed Light fabrication mo cyru sBustoTcs

Pa3sHOBHAHOCTAMHU TexHonoruu LMD.

Onexmponno-nyuesas niaska (EBM, Electron Beam Melting)
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[Iporiecc >IEKTPOHHO-TYYEBOM TIJIABKM OB IMOCTABJIEH HAa KOMMEPUYECKYI0O OCHOBY KOMITaHHMEH
Arcam (IIIBeuuss) B 1997 r. OcHoOBOHl mporecca SBISETCd TEPMOIIEKTPOHHBIM H3Iy4aTelb,
WCIIONB3YIOIMI  BOJb(MPaMOBYIO HHThH JUIsl CO3MaHMs Iydka sjekrpoHoB [115, 116]. Ckanupyronmii
My4OK BHIOOPOYHO TIJIABUT METAJUIMYECKUH TOPOIIOK (C TOMmMHOUN cios 70-250 MKM), BBI3BIBAs €TO
criekanue. [lopomok, crneknmiics BOKPYr W3ICHHs, OOECIeunBaeT OIMopy s TOBEPXHOCTEH,
HaIPaBJIEHHBIX KHU3Y, @ B MpoIlecce MOCTOOPAOOTKH CUMIIACTCS, TEM CaMbIM COXpaHssl OOJIBIIYIO YacTh
HE IMOJBEPIIIErocsl CIEKaHWIO MOpPOIIKa A MOBTOpHOro ucnois3oBanus. [Ipounecc EBM BwirogHo
OTJIMYAETCS OT JIa3epHBIX MPOILECCOB O0Jiee BBHICOKOW CKOPOCTHIO CKAHUPOBAHHS, YTO COKpAILAET BPeMs
M3TOTOBJICHUSI W3JENHS, U MEHBIMMH TEPMHUUYECKUMHU HamnpsokeHUsMU. OJIHAKO KPYr HCIOJIb3YeMbIX
MaTepUaJOB OIPAaHUYEH MPOBOJSAINMMHM SJIEKTPUUYECKHI TOK METAUIMUYECKMMH MOPOLIKAMH, a KaYECTBO
MOBEPXHOCTU M3JENHSl YCTYHaeT pe3ynbTary Jja3zepHbix mporeccoB. [Ipouecc EBM BeimonHsieTcss B
KaMepe C TIyOOKMM BaKyyMOM, 4YTO JeNlaeT ero JOBOJBHO 3aTpaTHBIM, HO oOierdaer paboTy c
MaTepuajgamMH, UyBCTBUTEIBHBIMH K OKUCICHUIO, UYTO BAXHO, HAMpUMep, IS H3TOTOBJICHUS

MCINTUHCKHNX UMIIJIAHTATOB U B HCKOTOPBIX aBMAITMOHHO -KOCMUYCCKUX ITPUITTOKCHUAX.

TBepnoTe/ibHbIE MPOLECCHI

Ilocnotinoe useomosnenue 06vekmos u3 aucmosozo mamepuaia (LOM, Laminated Object Modeling)

Cucrema LOM cocraBnseT wusaenue/neranb W3 JUCTOB MaTepuaja, BBIPE3aHHBIX J1a3epoM, U
ckperuisier ciaou BMmecte [117]. [dns ymaneHus HexenaTenbHbIX OCTATKOB MaTepHaia OOBIYHO HYXHA
mocToOpaboTKa, BBHITTONHSAEMAsT PyYHBIM HMHCTPYMEHTOM (Tak HaszbiBaemas «T1oBoika»). IIpormecc LOM
NPUMEHSETCSI KaK Ui OBICTPOTO TMPOTOTHUIHMPOBAHMS, TaK W JUISI  OBICTPOTO HM3TOTOBIICHUS
MHCTPYMEHTAILHOW oOcHacTKU. HecMOoTps Ha ompeaeneHHBIN mporpecc, AOCTUTHYTHIM B pa3paboTke
HOBBIX TMIOJUMEPHBIX W METAUIMYECKUX MAaTepuasioB, STOT MPOLECC PEAKO TMPUMEHSETCS s
M3rOTOBJICHUS KOHEUHOW mpoaykuuu. Cpeau NOpUYMH TaKOrO IOJOKEHUs Belled — TPYIHOCTh
«IOBOJIKWY», OTPAaHUYCHHASI TOYHOCTHh (POPMUPOBAHUS U3CINN, HEOAHOPOAHOCTh CBOMCTB MaTepuaia u
CJIO’)KHOCTH C KOITUPOBAHKMEM U JOJTOBEUYHOCTHIO MEITKUX OCOOCHHOCTEH U JIeTaleH U3IeIHs.

Tabmuua 10 - VMcTOuHMKM SHEPIMU U XapaKTepUCTUKA THUIUYHOTO OOOpYIOBaHUS A aJUTHBHOIO
IIPOU3BOACTBA

Y cTanoBka Ipouecc Padouee HcTouyHMK IHeprum

TPOCTPAHCTBO (MM)

Emxocmo ¢ nOpOUIKOM

ARCAM (A2) (a) EBM 200 x 200 x 350 DeKTPOHHBIN My4YoK, 7 KBT
EOS(M280) (b) DMLS 250 x 250 x 325 UtrepOueBblii  BOJOKOHHBIN
nazep, 200400 Br
Konnenr LaserCusing (M3) (b) SLM 300 x 350 x 300 BosiokoHHBIH Ja3ep, 200 Bt
MTT (SLM 250) (b) SLM 250 x 250 x 300 WtrepOueBblii  BOJOKOHHBIN
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nazep, 100-400 Br

I'pynma cuctem Phenix (PXL) (c) SLM 250 x 250 x 300 BousiokonHBI nazep, 500 Br
Renishaw (AM 250) (d) SLM 245 x 245 x 360 Jlazep, 200 wm 400 Br

Realizer (SLM 250) (b) SLM 250 x 250 x 220 Jlazep, 100, 200 wm 400 Br
Matsuura (Lumex Advanced 25) (e) SLM 250 x 250 B mametpe  MrrepOueBblii BOJIOKOHHBIM

naszep, 400 Br

Tlooaua nopowxa

Optomec (LENS 850-R) (f) LENS 900 x 1500 x 900 Bosokonnsiii mazep IPG, 1
wm 2 kBt
POM DMD (66R) (f) DMD 3200 x 3 670 x 360 BosokoHHBI ~ Jazep ¢

JUOJHOM  HaKa4yKoW WM

JWCKOBBIN Ha3zep, 1-5 kBt

Cucrema  mazepHoro  otBepxuaeHus LC 1000 x 1000 x1000  Nd:YAG-nazep

Accufusion (g)

Jlazep Irepa (LF 6000) (c) LD JlazepHOe€ TIIAKMPOBaHUE

BeAM (MAGIC LF6000) (c) CLAD 1500 = 800 x 800 Bonokonusiii  yazep 1000-
6000 Bt

Trumpf (b) LD 600 x 1000 B mmHy

Huffman (HC-205) (f) LD [lnakupoBaHue CO2-
Ja3epoM

THooaua nposoroku

Sciaky (NGI) EBFFF (f) EBDM 760% 480 x 500 CBapOouHBIH HCTOYHHK TOKa

¢ MomHocThi0 oT 40 kBt

npu HanpspkeHuu 60 kB

Cucrema MER npousBosbHO  PTAS FFF 610 x 610 x 5180 IBa HUCTOYHUKA
(dbopMOBKH (FFF) MIOCPEACTBOM mocTosiHHOro Toka 350 A
CEJIEKTUBHOM CBAapKM IUIA3MEHHOM Qyrou 11 CO3JaHMs INIa3MEHHOU
® nyrH

Uctounuk: [118]

OHepeonompebneHue u 8nusHUE HA OKPYHCAIOUYIO CPeOdy

HcuepnpiBatoiiee cpaBHeHue All u Jpyrux MpPOU3BOJICTBEHHBIX MPOIECCOB C TOYKUA 3pEHUS
HHEPronoTpeONeHHs, PacXOJOBaHUs BOJHBIX PECYpPCOB, 3aXOPOHEHHUS] OTXOJOB U HCIOJIb30BAHMS
NEpPBUYHBIX MaTepHalloB nposesieHo B pamkax npoekra ATKINS [119]. Pe3ynpTarel mpoeKkTa yKa3bIBalOT
Ha TO, YTO C TOYKH 3pEHUS BIHMSHHS Ha OKpyxXamolyto cpeny All umeer siBHble MPEUMYIECTBA, OJHAKO
sHepronoTpednenne 3toi Texnonoruu (13,1 xr CO2 Ha u3nenue) 3HAYUTEIHHO BBIIIE MTOKa3aTeNnei s
texHonorut muths (1,9 xr CO2). Bupouem, npyrue ucciieoBaHus MOTPEOJICHHS SHEPTUU B PA3TUYHBIX
nporeccax All Bemyr K 3aMETHBIM PAcXOXKICHHUSM B JAHHBIX, YTO YKa3plBaeT Ha HEOOXOJMMOCTb
JanpHeliero, Oosiee IeleHANpPaBJICHHOTO HM3y4eHHS ATON MpobOiaemMbl. AHATOTMYHBIM 00pa3oM y

TexHosoruit All ecTb 3HAUMTENbHBIN MOTEHLMA B BONPOCE CHUKEHUS BHIOpOCA MAPHUKOBBIX ra3oB
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MIOCPEJCTBOM OINTHMM3AIUU JIM3aliHa U3JENIMA U COKpAIEHHUs OTeph MaTepuaia. Pe3ynbraTel mpoekra
ATIKINS npuBoaaT K 3aKIIOUYEHHIO, YTO ONTUMAIbHBIA JAU3alH JOJKEH NpuBOIuTh K 40%-HOMY
CHIDKCHHUIO Beca M dKoHOMHUHU MaTepuania [119]. BelmomHeHHBIN B paMKax MPOEKTa aHAIN3 MTOKa3bIBAET,
YTO CHH)KEHUE Beca MarucrpaibHoro camosnera Ha 100 Kr Ha MPOTSHKEHUHU BCETO KU3HEHHOTO IUKIIa
BJICUET 3a c000ii FKOHOMHUIO $2,5 MITH Ha TOTJIMBHBIX PacXoJiaxX U COKPAIAeT BEIOPOCHI YIIIEKHCIIOTO Ta3a
Ha 1,3 muH T. MMeercs HECKOJBKO OTYETOB MO pe3yabTaTam wuccienoBanui BausHus All Ha
okpyxatomyto cpexy [101, 120, 121]. Ognako MHOTHE BOMPOCHI OCTAIOTCS HEpa3peIICHHBIMHU, U TOYHAs
OIlEHKa JKoJloThdeckux mocienctsuii All Tpebyer nmanpHEWImMX uWcciaenoBaHuii. B dacTHOCTH,
BBISIBIICHUE HCTUHHBIX IPEUMYIIECTB M BO3MOXKHBIX IOJBOAHBIX KaMHeW B ucroib3zoBanuu All-
TEXHOJIOTUH MOXET OBITh BBIMOJHEHO TOJBKO B paMKaX CHCTEMHOTO IOJX0/ia K aHAIN3y KU3HEHHOTO
[UKIA U3IeNus, TpousBeaeHHoro ¢ nomoisio All-mporecca. [lpu sToM o4eBUIHO, YTO HAMOOMBIMH
MOTEHIIMAI B  BOMPOCAX CHUXEHUS BIUSHUA Ha OKPYXKAIOLIyI0 CpeAy HUMEIOT U3JeNus,
CIIPOCKTUPOBAHHBIE TaKUM 00pa3oM, 4TOObI B MOJTHON Mepe 3aJeliCTBOBaTh YHUKAIbHBIE BO3MOKHOCTH

10 CHUIKEHHIO Beca, mpeyiaraempie TexuosorusmMu All.

2.4.3 Texynme W NepCHeKTUBHBIE TPUMEHEHUS aJIMTUBHOTO TPOU3BOACTBA
Ha cerogus mnpeobGnanatomeit obGnactbio ucnoibs3oBanus All-mporeccoB ocraercs ObICcTpoe
nporotunupoBanue. HekoTopyro uvacte mpuiioxeHuil TexHosoruu All cocraBiser Tarke ObICTpoe

HU3TrOTOBJICHUC HHCTPYMCHTaHBHOfI OCHACTKH, B YaCTHOCTU IIPOU3BOJACTBO npecc-(I)opM.

[To mMepe coBepIIEHCTBOBAHUS CYIIECTBYIOIMX M pa3pabOTKN HOBBIX, OOJee pa3BUTHIX TEXHOJIOTUH
AIl onm Haxomsar cebe Bce Oonee mmpokoe nmpumeneHue (Pucynok 21). CeromHst 3TH TEXHOJIOTHUH
UCIIOJB3YIOTCS JUISl U3TOTOBIICHHS Pa3HOOOPA3HOM MPOIYKIUHU, B TOM YHCIIE MEAUIIMHCKIX HMILIaHTATOB,
OpTONCANYCCKMX HW  CTOMATOJIOTUYCCKUX I/ISI[eJII/If/'I, CJIYXOBBIX almnaparoB, HWHCTPYMCHTOB JJIA
dopmoBaHMs, aeTaneil Ul aBUAIMOHHO-KOCMHYECKOH M aBTOMOOWMIIBHOH IIPOMBINUICHHOCTH,
DJIEKTPOHHKH, TIEPCOHAXKEH BHUICOUTP, TPOU3BEICHNUH HCKYCCTBA, FOBEIMPHBIX U3ACTHI, KOMMEPUYECKOTO
ocBereHus1, 3D-TkaHel, MUIIEBBIX MPOAYKTOB U MHOTOrO Apyroro. MccnenoBanus nmo npumeneHuio All

B 6I/IOM€)II/IHI/IHCKI/IX MPUIIOKCHUAX YK€ TOABOAAT HAC K 3a4a4€C CO3JaHHA )KUBbBIX TKaHEH.
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Apxutektypa lNpoune
locyaapcreo/ P 4% TYP p4°

oBopoHHanA TpoeHUe
NPOMBbIWAGHHOCTL 19%
5%

AKagemu4eckKme

Asromobunec

UHCTHTYTbL...

MeanuuHa
16%

Hcrounuk: [104]

Pucynok 21 - Jlonst pa3aIM4HbIX OTpaciiell B CTPYKTYpe JOXOJ0B MOCTaBUMKOB yciryr All

Meauuuna

B MemuuumHCKMX ~— OPHIOKEHHSX  4acTO  HEOOXOIMMO  M3rOTaBIMBATh  MPOAYKLHIO,
MEePCOHATTM3UPOBAHHYIO C TOYKU 3peHUS GOopMBbI M PYHKII i, 9TO 00YCIIOBICHO YHHKAILHOCTBIO KaXI0TO
nanuenTa. Texnomoruum All crmocoOHBI caenath MPOU3BOACTBO IMEPCOHATM3UPOBAHHOW MPOAYKIUU
SKOHOMHYECKH IIeJIECOO0Pa3HBIM TP MHUHHMAIBHBIX KOMIIPOMHCCAX B Ju3aiiHe. [[pyruM MOTHBOM
ucrnonb3oBanus All B MEIUIIMHCKUX TPUIIOKEHUSIX SBIIIETCS pa3Mep phlHKa. MeIuIMHCKIE TPUII0KEHUS

All-TexHONOTH MOXKHO Pa30MTh Ha CIEAYIOIME KaTETOPUM:

- OuoMojmenMpoBaHWE, KOTOPOE BKIIOYAeT B ce0s HM3rOTOBICHHWE (PU3MYECKUX MOJeIei
aHATOMUYECKOTO CTPOCHHS UYEIOBEUYECKOTO Tella U, TOBOPS IIMpe, OUOIOTUUECKUX CTPYKTYp IS
XUPYPTUUECKOTO TECTUPOBAHUS U TNIAHUPOBAHUS OTIEpaIlnii;

- MPOEKTUPOBAHME U U3TOTOBJIICHUE NEPCOHAIU3UPOBAHHBIX UMILIAHTATOB JIJIsl PEKOHCTPYKTUBHBIX
omepamnui, peabMIMTaIluy U TIIIaCTHYECKON XUPYPTUH;

- TPOU3BOACTBO UMILIAHTATOB C MMOPHUCTON CTPYKTYpOH (MaTpHIl) U TKaHEBAst MHXKEHEP U,

- M3TOTOBJICHHE CIIELHAIN3UPOBAHHBIX XUPYPIHUECKUX HHCTPYMEHTOB U MPUCIIOCOOICHU;

- JIOCTaBKa JIEKAPCTBEHHBIX CPEJCTB U U3rOTOBJICHNE MUKPOHHBIX MEULIMHCKUX YCTPOUCTB.

C Touku 3penust npumeHeHus All-TexHonoruii 3Tu o0NacTH HAXOJATCS Ha PA3IMYHBIX CTAIHUAX
pazButTus: B oaHux All yxe ucmonb3yercs Ha IMpPaKTUKE, TOTJA KaK B JIPYTMX TMOKa JIMIIb BEIyTCS
uccinenoanus. [Ipennonaraemsiii mpolecc OMOMOAECTUPOBAHUSI HAYMHACTCS C TOTO, YTO JIHAIMii Bpady
WM XUpypr 3ampanmBaer 3D-ckaHMpOBaHWME MHTEpECYIOUeH ero oONacTH Tena MalueHTa C
UCIIOJIb30BAaHUEM MEIULUHCKUX cpeAcTB Bulyanuszauuu (Hamp., MPT wmm KT) [122]. Pesynbrars
CKaHMPOBaHMS 00pa0daTHIBAIOTCS M MEPEAAIOTCS B CIICHUATU3NPOBAHHOE ITPOrPaMMHOE 00eCTieueHue ISt

BBIWICHEHHS HY)KHOW aHAaTOMHUYECKON CTpYKTyphl. [lonmyueHHbie nanHbie mpeodpasytores B ¢opmat STL
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u ucnoib3ytoress All-ycTaHOBKOW JUIsi M3rOTOBJIEHUS COOTBETCTBYIOILETO OpraHa WM 4YacTH Tela.
HmeroTcst oTueThl 00 YCHENIHOM H3TOTOBICHWHM WM WCHBITAHWM TEPCOHATM3MPOBAHHBIX CEPACUHBIX
ki1anaHoB [123, 124], uckyccTBeHHBIX UemtocTel [125], KoMmo3uTHON YacTH KOJIEHHOTO cycraBa [126] u
aKPUJIOBBIX KPAHMOIJIACTUYECKUX HMMILIAHTATOB, M3TOTOBICHHBIX METOJOM cTepeonurorpaduu [127,
128]. C mnomompto EBM-cucrempr Arcam HajJaXeHO MAacCOBOE IPOM3BOJICTBO areTaOyIsIpHBIX
KOJITAuKOB, TPUMEHSIEMBIX MpH NPOTE3UPOBAHUHU Ta300eqpeHHOro cycraBa. Mcmonnp3oBanue All
MO3BOJISIET MPOU3BOJIUTh MMILIAHTAThl C MOPUCTON CTPYKTYpoil, oOjerdaroimieli mpopacTaHue TKaHe
[104]. KmroueBsiM mipenmyiiecTBOM All-TeXHOIOTHI SBISETCS BO3MOXHOCTh aIalTallUd TEXHUYECKOTO
peleHns] MEAUIIMHCKOM 3a/1a4M K MHIWBUYaJIbHBIM JIJaHHBIM naluenTta. B obnactu npotesupoBanu s All
JIeJIaeT BO3MOXHBIM IPOEKTUPOBAHUE U U3TOTOBJICHUE OOJIEMYEHHBIX U HEJAOPOIUX COCTABHBIX IIPOTE30B

(HampuMep, PyKd WIM KUCTH), YIpol@si cOOPKY CIIOKHOTO y3/la M IpeBpal@s €ro B eIMHOe H3JeNue
[129].

Texnonorun All mpuUMEHSIOTCS TaKkKe A CEPUITHOTO NMPOU3BOACTBA U3JEIUHM HCIOJIb3YEMBIX B
CTOMATOJIOTUU. BO3MOXHOCTH NPOU3BOAUTH OAHOTHUIHYIO MHPOAYKUHIO MalbIMH HapTUAMH C
MUHHUMaJIbHBIMU 3aTpaTamu fenaeT All-texHonoruu 3gQpeKTUBHBIMU B 3TON cdepe, rrie Kaxabli KIMEeHT
BBIJIBUTAeT CBOU TpeOoBaHuUsA. JlJi1 CTOMAaTOJIOIMYECKUX TPUIIOKEHUH OYEHb XOPOIIO MOAXOIUT Mpoliece
SLM, IOCKOJIbKY M3JeIHSI UMEIOT CII0KHYIO TEOMETPHUI0, TPEOYIOT 3HAUUTENbHON MHIMBUAYAIU3aUN U
HUMEIOT BBICOKYIO COBOKYNHYIO ctouMocTh [130]. CBepx TOro, M3roToBJIEHHE MHOXKECTBA YHHMKAJIbHBIX

JeTajeH 3a OquH HpOI/ISBOI[CTBCHHHﬁ UK JAeJaeT BO3MOXKHOM MAacCCOBYIO KACTOMU3AIUIO ITPOAYKIIUH.

ATIl-TeXHOJIOTMU HAXOJAT CBOE IMPHUMEHEHHE Takke B cdepe CIyXOBOTO IMPOTE3MPOBAHHUS: JIBA
BEAYIIMX MPOHU3BOJUTENS CIYXOBBIX HHCTpyMEeHTOB, Siemens n Phonak, mpumenstor cucremsr All ms
CEPUMHOIO IPOM3BOJCTBA HHAUBUAYAIN3UPOBAHHBIX CIYXOBBIX amnmapatoB. Kak M B JApyrux
MEMIUHCKAX MPUIIOKEHHUSIX, TPOLIECC MPOSKTUPOBAHUS HAUNHACTCS C TOTYICHHS TAHHBIX MAallUeHTA 110
(GU3MYECKOMY HJIM 3JICKTPOHHOMY OTIEUATKy yXa, 4YTOOBI CO3[1aTh TPEXMEPHYIO MPOM3BOICTBEHHYIO
Mozeb. B HacTOSIIMIT MOMEHT JUIsi H3TOTOBJICHUS CIIYXOBBIX allapaToB UCHOIB3YIOTCS Iporecchl SLS u
SL [103]. Mepexoa Ha All-TexHONOrHH 00ECIIEYMBACT MMOYTH TOJTHOCTHIO aBTOMATH3MPOBAHHOE PEIIICHUE
3a/1a4M, COKpallas CPOK IMOCTABKH arlapara JI0 OJHOTO JHS M TOBBIIIAS OO MOJOIIEANMX C NepBOi

PUMEPKH armaparoB 10 95% [107].
ABHAIMOHHO-KOCMHYECKasi IPOMBINLIE HHOCTh

ABHALIMOHHO-KOCMUYECKas MPOMBIIUIEHHOCTh IPOSBISAET OCTphli nHTepec k All-TexHomorusm c
MOMEHTA HUX IOSBJICHHUS; BO3MOKHOCTb YCTPAaHUTh MHOKECTBO OIPaHMYECHMN Ha IIYTH OT IPOEKTa K
MPOM3BOJICTBY TIO3BOJISIET pEAIM30BAaTh B IMPOEKTE pELICHHs, NOBBIIAMNME 3S(HEKTHBHOCTD U

CHHXKArmuc BEC z[eTanefI. bonee TOro, 1Mo camMoi cBoeH NpUupoac 3TOT PBIHOK Tpe6yeT MeHKOCGPHﬁHOFO
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MPOM3BOJICTBA BBHICOKOKAYECTBEHHBIX JeTalel, M0ITOMY M30aBJIEHUE OT HHCTPYMEHTAIBHOW OCHACTKH,
npennaraemoe All-TeXHONOTHSMHU, TPUHOCUT CYIIECTBEHHBIE BBITOJbI. OIHAKO CepTU(HUKAIIMOHHBIC
TpeOOBaHMs, XapaKTepHBIE Ui TaKAX OTBETCTBEHHBIX MPHUMEHEHWM, SBISIOTCS BEChMa IKECTKHMH,
MTOCKOJIBKY OTKa3 KOMIIOHEHTOB MOXKET C BBICOKOWM BEPOSTHOCTHIO TOBJIEUYb 32 COOOI TpaBMBI M THOETH
monei. Tem He MeHee psiI CHCTEM W MaTepualioB Mpoied cepTtudukanuio, u cerogas All-Texaonoruu
WCIIONB3YIOTCS JJIT METKOCEPHITHOTO MPOM3BOACTBA JETaliel JieTaTeNbHBIX ammapaToB. Kommanus
General Electric (GE) 3asBuna 0 TOTOBHOCTH K OTHOCHTEIBHO MAacCOBOMY IMPOW3BOJICTBY TOILTUBHBIX
dopcyHOK aiisi cBOero HOBOro TypOoBmHTOBOrO aBurareinss LEAP ¢ momompro mporecca DMLS us
kobampTOoXpomoBoro moporika [101, 102]. GE ormeruna, 4To MOXKET MPOW3BOAMTH IO MEHBIIEH Mepe
25 000 dopcyrok B Toxa (ogHOMY nBHTaTENt0 Tpedyercs 19 dopcyHok). Jpyrue 3aHsThIe B 3TOW OTpaciu
kommanuu, Takue kak Lockheed Martin, Boeing u Siemens, Takke MPUCTATbHO U3y4arOT BO3MOXKHOCTH
ATl XypHanucTel yIBepKAawT, 9To kommanus Boeing mpoussena merogamu All 6o1ee 20 000 neraneid,

KOTOPBIC YK€ UCIONB3YIOTCSA B BOCHHBIX U TPAXKIAHCKHX camojieTax kommanuu [131].

B yactHOCTH, Boeing ycTaHOBHMJIa KOMIOHEHTHI, M3TOTOBJICHHBIC M3 TEPMOILIACTHKA IO IMPOIECCY
SLS, na rpaxmanckux camodietax cepuid 737, 747 m 777 u uUCHONIb30BaJla HECKOJIBKO COTEH TaKUX
netaneil Ha camonete 787-i cepuu [132]. B nononnenue k 3romy MHOkecTBO SLS-netaneit ycranoBlieHO
Ha HECKOJBKUX BEPCHSAX BOEHHBIX CAMOJIETOB, TaKUX KaK CaMOJIET JajJbHEro BO3AYIIHOTO
paaroJIOKAIlMOHHOTO OOHapyxeHuss u ympasiaeHus, moxaenu C-40, AWACS u P-8. Eme omaum
MPUMEPOM MOXKET CIYKUTh TPYOOIPOBOJ OXJIAKICHUS (CHCTEMa KOHTPOJIsS COCTOSIHHMSI Cpelbl) Ha
ucrpeoutene F/A-18E/F Super Hornet, paspaboranHom kommanueir Boeing mms BMC CIIA.
Texuonorus SLS mo3Bosmia HHXEHEpaM O0bSTUHUTH PA3IMYHBIC KAHAJIBI B TUHBIC JICTAIH, BCTPOHUTH B
HUX MEXaHHM3Mbl KpEMJCHUsS U COKPAaTHTh OOIee YUCIO KOMIOHEHTOB. DTO CTaJO BO3MOXHBIM
Omarozapsi CIOKHOW TEOMETpUM JeTaliei, peanmuzyemord wmerogamu All. B umrtore mporecc cOopku

YHOPOCTHJICA U COKPATHJICA BO BPpEMCHHU, a BEC CaMOJI€Ta CHU3UJICAL.

HccnenoBanust cokpallleHus 3aTpaT, BbI3BaHHOro npuMeHeHuem All B a’spokocMuyeckoi
WHIYCTPUH, YKa3blBaeT HA 3HAYMTEIBHBIA BBIMTPHII MpPH pabdOTe HAJI HEKOTOPBIMU NETASIMU HITU
3agadamu. Hampumep, ncnonszoBanue npouecca LENS a1 BoccTaHOBIEHMS! TypOMHHBIX JIONATOK Ha
BoeHHOM ckiage B AnuucroHe (CIIA) mpuBomuT k skoHOMHH $6297 Ha KaXIoW AeTaid, 4TO JAcT
roJI0Byt0 SkoHOMUIO $1 444 416 [118]. AHaNOTHYHO ATOMY, KaK IMOKa3bIBAIOT PACUEThl, BOCCTAHOBJICHUE
TOPIIOB JIONATOK B aBurareiie AVS8B, M3roroBieHHBIX M3 THTaHOBOro cruiaBa Ti-6AF4V, mo3somser
cokoHomuth $715 000 B rox [118]. Kommanus BeAM, npou3sBoautens 000pyIOBaHUS IO TEXHOJIOTUU
CLAD, 3aHmMaeTcs TakKe BOCCTAHOBIIEHUEM IISATH BUJIOB JI€TaJICH /IS ra30TypOMHHBIX IBUTaTeNnei Pratt
& Withney, yBemmumBas ux cpok ciyx0bsl ¢ 10 000 mo 60 000 yacoB. Takum oOpazom yixe

BOCCTaHOBJICHO Oosee 600 nmeraneit, mMpu ITOM IKOHOMHS JOCTUTACT JECATUKPATHON BEITUYUHBI OT
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croumoctu Jeranu. CriemayeT OTMETHTh, YTO HE AUIMTHBHBIM CIOCOOOM BOCCTAHOBUTH J3TH JIETAIN
HeBo3MOxHO. NASA mepeiiis Ha aJIMTUBHOE MTPOU3BOJICTBO JKAPOIPOUYHBIX MH)KEKTOPOB ISl pAKETHBIX
JIBUTATENIEeH COKPATUIIO BPEMsI M3TOTOBJIEHHUS C IIECTH MECSIEB 1O TPeX HEIeNb W CHU3WIIA 3aTPaThl C
$10 000 no $5000 3a kaxkmyro neranb. B nuTeparype YIOMHHAETCS MHOMXECTBO IPYIHX CXOTHBIX
COOOIIEHHIT O COKpAIICHHH PACX0/I0B Ha aBHALMOHHBIEC JIETANIN, B TOM YHCIIE IIPOTHO3UpPYeMasi SKOHOMUS
JUI aBUaKOMIIaHUU B pasmepe $2,5 MuiH ToJbKO 3a cueT cHikeHus Ha 50—80% Beca MeTaIUTMYECKUX

KpEIUJICHHH B CaJlOHE IIPU WX U3TOTOBICHUH C MMOMOIIBIO TexHoaoruit AIT [104].
ABTOMOOMJIECTPOEHUE

B cuity OTHOCHTENBHO BBICOKOW CTOMMOCTH W MAJIOM MPOU3BOAMTENBHOCTH TexHonoruid All mx
MpUMEHEHHE B aBTOMOOUIIECTPOCHUHU IIOKAa CBS3aHO IPEUMYIIECTBEHHO C aBTOCIOPTOM. Bricokue
00BEMBI TTPOM3BOJICTBA M TPEOOBAHUS K KAY€CTBY MACCOBBIX TPAHCIIOPTHBIX CPEJICTB MPHUBEIH K TOMY,
910 wucnons3oBaHue All-TexHomoruii CHOKYCHpPOBAIOCH B OOJIACTH HM3TOTOBJICHHUS MPOTOTHIIOB U
MHCTPYMEHTAJIbHOM OCHACTKH, TOMOras KOMITAHHMSIM COKPAaTUTh LUKI pa3pabOTKUM U TMPOM3BOJCTBA.
XOopoumM MpUMEpOM HCIoNb30BaHus All B aBTOMOOMIECTPOCHHH MOXET CIYyXHTh u3rorosiexnue 100
Kpbiliek ombiBatenst ¢ap ama Lamborghini Gallardo, BeimonHennoe xommanuerr CRP Technologies c
nomonpio SLS-006paboTku Marepualia ¢ HallOJHEHUEM U3 YIIIepoAHBIX BOJOKOH [133]. B aToMm ciyuae
All-TexHoNOrusi MO3BOJMIIA COKPaTUTh CPOKU JJISi DKOHOMHYECKU LEeJIeCO00pa3HOro H3rOTOBJICHUS

Majoi MapTUuu BBICOKOKAUYCCTBCHHBIX KOMITJICKT YOI X.

Komnanuss Daimler AG (Lryrrapt, I'epmanusi) B mnaptHepctBe ¢ Concept Laser u
@payHroepoBCKUM HMHCTUTYTOM JIQ3€pHBIX TEXHOJIOTMH 3aMEHMJIa JOPOTOCTOSIIME M JUIMTEIbHbIE
MPOIECCHl JINThS B KOKMJIb M B TecuaHble (JOPMBbI, NPUMEHSBIIMECS Ui H3TOTOBJICHHS KPYITHBIX
(GyHKIMOHATIBHBIX METaJUIMUEeCKUuX yactel, All-nporneccom, mO3BOIMBLUIMM ONTUMHU3UPOBATH FEOMETPUIO

JeTaneil U 100uThesl CHUKEeHUs Beca [134].

I'psanynme nepcrektuBbl npuMeHeHHs: All-TexHonoruii B aBTOMOOMJIBHON IMPOMBIIUIEHHOCTH
npoJieMoHcTpupoBasia kommanus Local Motors, kotopasi ¢ moMoipto 3D-meyaTd U3roToBuja MepBbId
MPUTOHBIN JIJIS TOE3I0K aBTOMOOUITL 1o/ Ha3BaHueM Strati [135]. DTOT AByXMECTHBIN JIeKTpOKap ObLI
BIEpBbIC OUITMATILHO TIpe/CcTaBlieH yonnke B ceHTs0pe 2014 r. B Uukaro. Strati coctouT Bcero u3 49
JieTanell, BKIo4Yas HareyaTaHHbI Ha 3D-nipuHTEpe KOpIyc, B TO BpeMs KaK TUITMYHBIN TPOMBIIUIEHHbBIN
aBTOMOOMJIb UMEET B CBOEM COCTAaBE HECKOJBKO ThICSY eTaneil. [leuaTh aBTOMOOUIIS M3 TEPMOTLIIACTHKA,
YCUJIGHHOTO YIJIEPOJHBIMU BOJIOKHAMH, C IOMOIIBIO Ja3epHOM CHCTEMBbI 3aHsula mpuMmepHo 44 daca.
ABTOMOOMJIb CITOCOOEH Pa3rOHSATHCS 10 CKopocTu 40 MUJIb B 4ac M MPOE3KATh HA OAHOM 3apsiake 10 120

muitb. [Ipogaxku Strati moryr Hauatecst B 2016 1., a ero nena cocraBut $18 000-34 000. dpyrum
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IIPpUTOAHBIM JJIsI OKCILIyaTallun 3J'I€KTpOMO6I/IJ'I€M, HU3TOTOBJICHHBIM C ITOMOIIBIO 3D-neqam, CTaHET

Urbee 2, KOTOpbIi OyeT TPOU3BOJUTHCS ¢ TOMOIIBI0 TexHosornu FDM [136].
IIpon3BoacTBO TOBapoOB NOTpedJIe HUSE

Texnonorun AIl HaupM TaKke CBOI HUILY B MPOU3BOJCTBE Pa3HOOOpPa3HBIX TOBAPOB MAaCCOBOIO
noTpebJeHus U MPEeAMETOB AoMaiHero obuxoma. Pacmonokennas B Hunepmanmax xommanust FOC
3aHUMaercss I1UQPOBOH pa3paboTKOW MpeaMeTOB 00CTaHOBKM (abaXypoB, CTYIBEB U JIPYTHX
JIEKOPaTUBHBIX 3JIEMEHTOB), MIPOU3BOAS UX M3 HEWJIOHOBOTO MOPOIIKA C MOMOIIBIO TexHojoruu LS mo
Mepe TOJy4yeHHUs 3aKa30B dYepe3 HHTepHET. AJJIMTUBHOE MPOU3BOJCTBO JaeT OoJjblie CBOOOBI
nnsaﬁHepy, MMO3BOJIsIA €MY CO3JaBaTb YHUKAJIBHBIC IMPOAYKTBI, OTIHYarOOMECA OT BCEro, 4YTO
NpeJICTaBlIeHO Ha pbIHKe. JlomoJHUTENbHAs I[IEHHOCTh MPOJYKTa, BO3HHMKAMOLIas Oiarogaps ero
YHUKAJIbHOCTH, [JAaeT BO3MOXKHOCTb IIPOM3BOJUTENIO Ha3HauaThb Oosee BbICOKyO IeHy. CBobona
IIPOEKTUPOBAHUS PACIPOCTPAHAETCS U Ha KIMEHTOB, KOTOPHIE MOTYT Y€pe3 MHTEPHET CAMOCTOSTEIILHO

VIPaBJIATh AU3ANHOM MPOAYKTA.

Eme ogHOM MiuTIOCTpanvel NpeuMylIeCTB, KOTOpbIe JaeT yrnpasieHue All yepe3 MHTEpHET, CIIyKUT
xomnanus Figureprints — cepBuc 3D-neuatn nepconaxeit urpsl World of Warcraft. Knuentsr moryr
CO371aTh COOCTBEHHOTO IIEpCOHa)ka C MOMOIIBI0O IPOTrpaMMbl Ha CalTe W OTIPaBUTh CBOW 3aKa3
npousBoguTento. Durypka mNepcoHaXka HW3TOTABIMBAETCS HA IEHTPAIM30BAHHOM IPOU3BOJICTBE B
COOTBETCTBHH C 3aKa30M M BBICBUIACTCS MOKyHaTeN0. B MTpoBOil MHAYCTPHH YKe CYIIECTBYIOT COTHH
MIJUJTMOHOB BUPTYaJbHBIX MEPCOHAXKEH, KOTOPHIX MOKYHATeId BIIOJIHE MOTYT 3aXOTETh NPEBPAaTUTH B
¢uzmaeckne oObekThl. 1o 3TOM NMpHYMHE WTPOBYIO HMHIYCTPUIO MOKHO paccMaTpuBaTh Kak OJHY U3
CaMbIX TPUBJICKATEIbHBIX pPHIHOYHBIX HHII s All-texnomormit. CepBuc Shapeways mnpemiaraet
M0JIB30BATEISIM TTAT(OpMY, TO3BOJISIIONIYI0 HE TOJBKO CO31aTh COOCTBEHHBIH AWM3aiiH MPOIYKTa, HO U
NPEUIOKUTh €r0 Ha MPOJAXy APYTUM IOJ30BATENISIM UYepe3 WHTEPHET-Mara3uH. Takue orepanuu
IOMHUMO TIPOYETO CO3/[AI0T CETh B3aMMOOTHOLIGHHH Mexay KimeHtamMu u  All-opraHuzanusimuy,

pacnpeessony0 IpoU3BOACTBO B COOTBETCTBUU C HEOOXOUMBIMU PECYpCaMH.

2.4.4 IlpenarcTBUs HAa IyTU PacpOCTPAHEHUs TEXHOJIOTUH aJINTUBHOIO IIPOU3BOJICTBA
HaunOonee 4acto ynoMHMHAIOTCA ClEOyOIME TEXHUYECKME M HKOHOMHMYECKHE Oapbepsl,

NPEMSITCTBYIOIME IMMPOKoMy pacnpoctpanenuto AIT[99, 104, 116, 118]:

- CBOiicTBa Marepuana (IETaJidi YacTO HWMEIOT aHHU30TPOIHBIE CBOWCTBA, YTO OOYCIOBJICHO
nocioiHo# npupoaoi All-mporieccoB; BIOOp MaTtepuaioB s All Becbma orpaHudeH);

- TOYHOCTb M3TOTOBJICHHS W KAa4eCTBO IMMOBEPXHOCTH jerajieil (mpakruuecku Bce All-mporieccsr
TpeOyIoT mocieayroneli MexaHooOpaboTKU B MeCTaX COWIEHEHUM, MOCaZOYHBIX MECT BaJOB U

T.J1.);
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CKOPOCTh U3TOTOBJIEHUS (OrpaHUYeHa MEJIKOCEPUITHBIM MIPOU3BOJICTBOM);

BBICOKHE KallUTATbHBIC BIIOKCHHUS,

BBICOKass CTOMMOCTb MaTepuanioB u oOciayxkuBanus (All-mpoieccsl TpeOyOT CreruanbHbIX
(hopMaTOB MaTEpPHAIIOB, KOTOPBIE MOTYT OBITh JOPOXKE TPAMUIIHOHHBIX (JTUCTHI, IPOQUITH, U T. T1.)
B 100-200 pa3; obopynoBanue All Bce emie HeCOBEPIIEHHO);

OTINYHSI B TEOMETPUHU W CBOHCTBAX MEXKIY <UICHTHYHBIMUY» JCTAISIMUA, W3TOTOBJICHHBIMH Ha
pasHbIX YCTAaHOBKAX;

3aKpbITasi apxuTekTypa OonbumHcTBa All-ycTaHOBOK, YTO HE IO3BOJSET HCCIENOBATENSIM U

TCXHOJIOI'aM BapbUPOBATh YCIIOBUA O6p2[60TKI/I.

Attecranust All-o6opynoBaHus SBISETCS KPUTUUYECKH BaXKHBIM (akTopoM st BHeapeHus All u

BBICTYIIACT HCOGXOIII/IMLIM npceABapUTCIILHBIM YCIIOBUCM JUIA CCpTI/I(I)I/IKaL[I/IH KOHCTPYKIIMOHHBIX Y3JIOB. B

HaCTOHH_II/Iﬁ MOMCHT OTME€YACTCA HGYCTOI\/'I'—II/IBOCTB XapPaKTEPUCTUK OT ACTAIN K ACTAJIN U OT YCTAHOBKHU K

YCTaHOBKE. HpOI_ICCC aTTeCTallUu TCXHOJIOTUU IJId TOIO MJIM MHOT'O MaTcepuajla MOKCT OBITh PAa3JINYIHBIM,

OIHaKO HEKOTOPELIC 00s3aTeNbHbIE DJIEMEHTHI SBIISIOTCS 06H1PIMI/I. MosxHO BBIACIIUTG TPU OCHOBHBIX

Bompoca [118]:

ABNISICTCS.  JTM  TEXHOJIOTHS  NMPUMEHEHMs  JaHHOro  MaTepuaja mIpopaboTaHHOH U
cTanaaptusupoBaHHoil? Ilpouecc mpou3BOACTBa MaTepuaia JOKEH COOTBETCTBOBATH JKECTKO
3aJJaHHON criennUKaIlUH,

MMeEeTCsl JIM JIOCTaTOYHO IMOJIHOE OMHMCaHUEe XapaKTepUCTUK TEXHOJOTHU MPUMEHEHUs JaHHOTO
MaTepI/IaJIa? HGOGXOHI/IMO HaJIMIUEC CTATUCTHYCCKHU JOCTOBCPHBIX MOAHHBIX O MCXAHHUYCCKHUX
CBOMCTBaxX MaTepuaia, COOTBETCTBYIOIHE TpeboBanusm MMPDS;

6BIJII/I JIK MMPOBCACHA ACMOHCTpPALMA TCXHOJIOIMHU NPUMCHCHUA JAaHHOT'O MaTepI/IaJIa? CocTaBHBIE
YacTW TEXHOJIOTUU JOJDKHBI OBITh MPOAEMOHCTPUPOBAHBI B COOTBETCTBYIOIEH paboueii

CUTYALUH.

ATTeCTaI_[I/IH AIl AT TPpUMCHCHU S B KOHCTPYKIHMOHHO KPUTHYCCKUX ITPUIIOKCHUAX CTAJIIKUBACTCS CO

3HAYUTEILHBIMH MTPOOJIEMaMH 1O CIIeAYOIMM rnpruanHam [118]:

AIl — w™omomast ¥ OBICTPO pa3BUBAIOIIASCS TEXHOJOTHS C OOJBIIMM YHCIOM JOCTaTOYHO
paszHopoanbIx All-ycTaHOBOK;

CTaHJApTH3aIlusi — TEPBbI IMAr B TPATUIMOHHOM Iporecce arrecranuu. OgHAKO
«3aMOpaXKMBaHUE» Tpolecca, HEOOXOAMMOE TIPH CTaHJapTH3allMH, BCTYMAeT B MPSIMOC
cozepkarenbHoe mpotuBopeune ¢ All-o6paboTkoit;

reHepamus HeoOX0AUMOro o0beMa JaHHBIX O MEXaHUUYECKHX CBOMCTBAX MaTEpUaliOB COMpPsDKEHA

CO 3HAYHUTCJIBbHBIMU (bHHaHCOBI)IMI/I 1 BPCMCHHBIMH 3aTpaTaMHu.
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K npumepy, TpaIMLHOHHBIM MOAXOJ K arTecTallud W CcepTU(UKALMU JAeTalei JeTaTeabHbIX
anmaparoB SBJSIETCS BECbMa 3aTPaTHBIM KaK ¢ (PMHAHCOBON TOYKM 3peHUs (HEOOXOAUMO 3aTpaTHTh
ceeime $130 mutH), Tak U ¢ BpeMeHHOU (TpeOyercss mpumepHo 15 net) [118]. Oxgna numk HapaboTka
CTaTUCTHUYECKH 3HAYMMOM 0a3bl JaHHBIX 00xoauTcs B $8—15 muH., TpeOyer ucnwiranus 5 000—100 000
oOpasiioB W 3aHuMaeT Oonee 2 jer. Takum oOpazom, TpeOyIOTCS albTepHATUBHBIC ITOIXOJIbI
no3Bossifore  yckopenHoro arrtecranuio [118]. B CIIA mowckoM TakuX METOAOB 3aHUMAIOTCS
areatctBo  DARPA B pamkax OTKpbITOW npom3BoJcTBeHHON mporpammbel (Open Manufacturing
Program), 1 BMC — B pamkax npoexkra DDM ACT. HarnmoHanbHblli MHCTUTYT MHHOBALIMI B 00JIacTH
anmutuBHOTO npousBojicTBa (NAMII) Taoke mpuHUMAaeT 3agBKU HA TPAHTHI 110 MIPOBEACHUIO pa3paboTOK

B OTOI 00JIacTH.

JUis  MeTalnaM4ecKuX MaTepualoB OpraHU3alliy IPOBOJIME CEPTHU(PHUKALMIO, KaK IPaBHIIO,
paccMmarpuBaroT MeToAsl All Kak mpouecc «CBapkm», 4TO CAEPKHUBAET MPOIpPecc ITOW TexHosoruu. B
OTJIMYME OT JIMTEHHBIX MPOILECCOB, IJI€ TEPMUUECKAasl UCTOPUsI OJMHAKOBA IO AaHHOW neranu, B All-
Ipolecce TEpMHUYECKasi UCTOPUS OTIMYAETCA Ul Pa3HbIX 4acTed M3IENus, YTO MOPOKIAET OCTaTOUYHBIE
HanpspkeHus. HeyBepeHHOCTh B TOYHOCTM M HAJAEKHOCTHU KOJIMYECTBEHHOIO OIKMCAaHUE TEMJIOBOTO
pacripesieieHuss B JeTald Bie4YeT 3a cOO0OM HEeOoNpeleNeHHOCTh B OCTATOYHBIX HANPSHKEHUSIX U
MUKPOCTPYKTYPHBIX CBOWCTBax. Ha cerogHsmmHuii 1eHb 3TO IPUBOJUT K TOMY, 4TO HCHoJIb30oBaHue All-
IIPOLIECCOB, KAK IMPABMJIO, CONPOBOXKAAETCS YPE3BBIYANHO CTPOIMMM MCIBITAHUAMM JJIs KOHTPOJISA
COOTBETCTBUS CBOMCTB M3/EIUs MCXOJHBIM CHEHU(UKAIIUAM — YTO CBOJUT Ha HET BCE MPEUMYIIECTBA

AAIATUBHOIO ITPOU3BOACTBA.

[MpousBonutenu All-o60pynoBaHHsl OOBIYHO MPUBS3BIBAIOT CBOE 000OpYAOBAaHUE K CIIEL U (PUUECKUM
ImporeccaM YIpaBJIEHWS MU IAaTEHTOBAHHBIM MaTepHaliaM, IIPAKTUYECKH IIpeBpallasg YCTaHOBKY, B
«UEepHBIN SIMK» U TEM CcaMblM OrpaHMuYMBas e€e NpPUMEHEHHE Ha pblHKe. Ha mpakThke HEKoTOpble
MMPONU3BOANUTCIIN O60py210BaHI/I$I JaX€ HacTauBarOT Ha TOM, YTO OHH CaMHM JOOJIDKHBI BBIIIOJIHATH
IPOrpaMMHYIO HacCTPOMKY YCTaHOBKU JJisi IPOM3BOJCTBA KOHKpeTHOW aeranu. Takas Ou3Hec-MoOjeNb
OTPaHUYMBACT BO3MOXHOCTU INPOM3BOJAUTENEN W3enuil (1OJIb30BaTeNell U ONepaTopoB YCTAHOBKH) B

TOM, YTO KaCa€TCd MOHUMAHUA U Pa3BUTHA METPOJIOTUHA AIl MponeCCOB.

Crangaptu3zanus npoueccoB All, koTopast BeAeTcsl B HACTOSIMNA MOMEHT, CIY>KUT BaKHBIM 1LIaTOM B
pactpoCTpaHEHUM JaHHOTO THIMA TPOM3BOJCTBA C HCHOJb30BaHHEM MeTawioB. B 2009 r. B
AMepuKaHCKOM OOINeCTBe Mo HCHbITaHuio MarepuanoB (ASTM — American Society for Testing and
Materials) 611 copmupoBan komuteT F42, B 3amaun KOTOpOro Bxojuia pa3paboTKa MEXAyHApPOIHBIX
crannaptoB B oOmactu All. Crneunduxanus ASTM F2924 nns All myreM niaBieHHUs B €MKOCTH
nopoiika tTutaHoBoro criaBa Ti-6Al-4V Obiia omobpena B 2012 1. Bbutn co3aaHbl U Ipyrue BaXKHbIC

CTaHJIapThl, B KOHEUYHOM HTOre crnocoocrBoBaBume pa3Butuio All, B Tom umcie ASTM F2792,
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crangaptuznpoBaBiumii TepmuHonoruio All (2009 r.), u cnennduramus dopmara daiina gt AII ASTM
F915 (2011 r.). Cranpmapt ¢aiinoBsix (opMaToB JenmaeT BO3MOXKHOM Ieperady HPOEKTOB MEXIY
Pa3TUYHBIMU TIPOTPaMMHBIMUA W anmnapaTtHeiMu cucteMamu All. OH OblT pazpaboTaH TakuM o0paszom,
4yTOOBl TOJIEPKUBATH IOJHOIBETHBIE IPOLIECCHl C HCIOJIB30BAHUEM HECKOJIBKMX MAaTepuajioB H

BO3MOXXHBIMU IPAJIMEHTAMU 110 MUKPOCTPYKTYPE U MaTepHaliaM.

[[lmpokoe pacnpoctpanenue All-TexHonoruii mnpeanonaraeT #uX peHTabeTbHOCTh. MDaKTOpHI,
onaronpusitcTByrome All-TeXHONIOTHSIM B CPaBHEHUU C TPATUITMOHHBIM TPOU3BOICTBOM, MIEPEUHCIICHBI
B Tabmuma 11. Tlpum pa3zpaboTke SKOHOMHYECKOTO OOOCHOBAHHUS Ui HCHoib30BaHus All-metomos
BMECTO TPAJAUIIMOHHBIX MPOU3BOACTBEHHBIX IOJIXOJOB HEOOXOAMMO TMPUHHUMATH BO BHHUMAaHHE
MHOXeCTBO (akropoB. Cpemn Hux (1) ¢urcupoBaHHBIC 3aTpaThl / 3aTpaThl Ha OJHOKPATHOE
MPOU3BOACTBO, (2) CTOMMOCThH MpOIlecca aTTEeCTAllMU U CePTU(PHUKAIIMYA KOMIOHEHTOB, (3) pacxoasl Ha

JIOTUCTHUKY | (4) CTOMMOCTH 3aTpau€HHOTO BPEMEHH.

Tabmuma 11 - dakropsl, 61arOMPUATCTBYIONHE AJUYIATHBHOMY M TPAIUIIHOHHOMY ITPOM3BOJICTBAM

Baaronpusitcteyror All BaaronpusitcTByroT TPaIHMIHOHHOMY
MPOM3BOACTBY

Massie 00beMBI TPOHU3BOACTBA Bonpmme 06beMbI IPON3BOJICTBA

BrIcokast CTONMOCTs MaTepHaioB Hwuskast cTomMocTh MaTepHaIoB

Beicokas cTOMMOCTh CTAHOYHOU 00pabOTKH Jlerkocth 00paboOTKH AeTaNCH

]_ICHTP AJIM30BAHHOC TTPOU3BOJACTBO

Hcrtounuk: [118]

All-TexHonoruu B HACTOSIMHA MOMEHT y,I[O6HLI JJIL U3rOTOBJICHUA MaJIbIX HapTHfI, AJI1 KOTOPBIX
0oJyiee BBICOKAs CTOMMOCThH CIICOUaJIbHOTO CBIPbA KOMIICHCHUPYETCA CHHXXCHHCM ITOCTOSAHHBIX 3aTpar,

CBSI3aHHBIX C TPAJUIIMOHHBIM TPOU3BOACTBOM (PucyHOK 22).
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Hcrounuxk: [137]

Pucynok 22 - AHaiu3 peHTa0eIbHOCTH MPOU3BOJICTBA Y3J1a CAMOJIETHOTO IIACCH MPH MCIIOIb30BAHUU
muths noj nasneHuem (HPDC) u mporecca SLS
103



Cnenyer oco00 OTMETUTh Takue xapakrepucTuku All, kak CcKOpocTb, T'MOKOCTb M JIETKOCTb
IIepEHANIATK1, ITOCKOJIBbKY OHM JEJIal0T BO3MOXKHBIM IPOM3BOJICTBO «TOYHO B CPOK». XOTSI TAaKOW THUII
HSKOHOMHHM TPYIHEE U3MEPUTh, MPEACTaBISAETCS OUeBUIAHBIM, YTO All ABIsSeTCs LIEHHON BO3MOKHOCTEIO,
KOTJla KpUTHYECKast JeTaib (Hy)KHas, CKaXeM, JJIsl TOTo, YTOObI CHCTeMa OCTaBallach (PYHKIIMOHAIBHOI)
MOYET OBbITh M3TOTOBJIEHA 3a HECKOJBKO THEH BMECTO HECKOJBKUX Henenb. bojee Toro, Ais KPYMHBIX
opraHuzaiuii, Takux kak MunucrepctBo oboponsl CIIA, conepkanue ckiaga 3alacHBIX YacTeil MOKET
TpeOOBaTh BBHICOKUX 3aTpaT M CIOKHBIM 00pa3oM 3aBUCETh OT MHOecTBa (akropoB [118]. Texnonorun
AIl ciocoOHBI COKpaTUTh JOTUCTHKY, CHU3UTh PACXOJbl M 3aTpPaThl YIHEPIUHU, CBSI3aHHBIE C YITaKOBKOM,
TPAHCIOPTUPOBKOM M XpaHEHHEM 3anacHbIX yacTed. OJTHAKO UX TOYHOE BIIUSHUE HA LIETIOYKU [TOCTAaBOK

OCTacCTCA €UIC Tpe6yeT JOIIOJIHHUTCIIBHOI'O aHaJIn3a.

2.4.5 HamnpaByieHus ucciae0BaHuM

Cerogusi uccienoBanust B obmactu Al Bemyrcss NpeMMyIIECTBEHHO B CIEHHAIW3UPOBAHHBIX
MCCIIEIOBATENILCKUX IIEHTPAX, KOTOPHIE CO3MAI0TCS B YHHBEPCHUTETAX MPHU MACIITAa0HOW IOJIEPKKE OT
MPOMBINUIEHHOCTH U MPaBUTENbCTBA (Kak (eiepalbHOTO, TaK U MECTHOTO). Bce cunbHee BOBJIEKAIOTCS B

9Ty HACATCIIbHOCTb HAIMOHAJIBHBIC MCCICIOBATCIIBCKUEC HWHCTUTYTBI U na60paT0p1/H/1 MI/IHI/ICTepCTBa

o6opons! CIIA.

«JlopokHasi KapTa» pa3BUTHUS AJJTUTHUBHOIO MPOU3BOJACTBA, cocTaBieHHas B 2009 r. mo uroram
CeMHHapa ¢ ydacTueM 65 KIIYeBBIX JKCHepToB [99], omuchIBaeT NMPHOPUTETHI HCCIEAOBAHUN IO
OCHOBHBIM HaIlpaBJICHUAM aJIMTUBHOTO MMPOU3BOJCTBA. B HACTOSAIMIT MOMEHT 3TOT JOKyMEHT SIBJISIETCS
PYKOBOJACTBOM, KOTOpPOE HAIMPABISET HCCIAEAOBATENbCKYI0 paboTy B oOmactu All u ciayxut ee

obocHoBaHueM. Hanbomnee BaxkHbIe IPUOPUTETHBIE HAMMPABIICHUSI BKITIOYAIOT B €SI CIEIYIOIIHE:
Ilpoexmuposanue

- PazpaboTka KOHLIENITYyaJbHBIX METOJIOB IMPOEKTUPOBAHUS, KOTOPBIE MOMOTYT ONPEACIUTh
TPaHUIbl U MPOBECTU MCCIEIOBAHUE MPOCTPAHCTBA MPOEKTHBIX pelieHUM, oTkpeiBaeMoro All-
TEXHOJIOTUSIMHU.

- Pa3paboTrka HOBBIX NPUHLUMUIOB pabOThl JUIsI CHUCTEM aBTOMAaTU3UPOBAHHOIO
MPOEKTUPOBAHUSA, KOTOPBIE IMOMOTYT IPEOJIOJIETh OTPAHUYEHUS CYIIECTBYIOIMX IMOIXOIO0B K
00BbEMHOMY MOJICIMPOBAHHUIO B TOM, YTO KacaeTcs MPEJCTABICHUS CIOXKHBIX TEOMETPHUUYECKUX
CTPYKTYp U OJIHOBPEMEHHOTO HCIIOIb30BAHMS HECKOIBKUX MAaTEPUAJIOB.

- Pa3zpaboTka MHOrOypOBHEBOI METOJI0JIOTMHU IIPOLIECCAa MOAETUPOBAHUS U OOPAaTHOIO
MPOCKTUPOBAHUSA, KOTOpask IMOMOXKET OPHUEHTHUPOBAThCA B CIOXHOW CHCTEME COOTHOLICHUU

«@IpOLIECC — CTPYKTypa — CBOUCTBa».
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- Co3ganue METOJOB MOJCIUPOBAHUS U MPOCKTHPOBAHKS C BAPHATHBHOCTHIO IapaMETPOB:
dopma, mporecc, CBOICTBA.

Mooenuposanue u ynpasnenue npoyeccom

- PaspaboTka mpeacKa3aTeNbHBIX MOJCIEH Il CBs3€H «Ipolecc — CTPyKTypa —
CBOWMCTBAa», HWHTCTPUPOBAHHBIX B  CHCTEMBl aBTOMATH3UPOBAHHOIO  MPOCKTHPOBAHUS,
KoHCcTpyupoBanus u mpousBojactsa (CAD/E/M).

- Co3naHue afanTUBHON M CaMOPETYIHPYIOIMIECHCS CUCTEMbI YIIPABICHUS C BO3MOKHOCTSAMU
npsIMOMl ¥ OOpaTHOW CBS3U. AJTOPUTMBI CHUCTEMBI YIPaBICHUS JOJDKHBI OMUPATHCS Ha
MpeJICKa3aTeNIbHYI0 MOJIENb PEAKI[UU CHCTEMBI Ha H3MEHEHHSI B IIPOLIECCe.

- Co3nanue HOBBIX JIATYMKOB (SENSOTS), CIIOCOOHBIX (DYHKIIMOHUPOBATH B PabOYHMX KaMepax
yctanoBoK All, u pa3paboTka MeTOZOB 00pabOTKM HHGOPMALMH, IMOJYYeHHOH oT Habopa
pa3IMYHBIX AaT4uKoOB (Sensor fusion).

HpOI/;€CCbl 6 mMamepuajiax u yCmaHo6Ku

- Joctmxkenue Oosee MOTHOTO MOHUMaHUs Qu3uku All-TexHOJOruii, KOTOpoe Y4UTHIBAET
CJI0)KHOE B3aMMOJICHCTBUE PA3NTUYHBIX (PU3NUECKUX SIBICHUN.

- Paspaborka macuraObupyeMbIX W CKOPOCTHBIX METOIOB JIMHEWMHON W MOBEPXHOCTHOM
00paboTKH MaTepHaloB JUIsl yBEIUUEHUS POU3BOAUTEIEHOCTH 000PYIOBaHUSI.

- Cozmanne s All-ycTaHOBOK  KOHTpOJIJIEPOB C  OTKPBITOM  apXUTEKTYpoll U
NEPEHAIAXKNBAEMBIX MOYJIEH.

- Peanuzaums yHuKanpHBIX ocoOeHHocTe AIl B NpOM3BOACTBE ANUTAKCHAIBHBIX
METAIJIMYECKUX CTPYKTYp, BBIIYCKE J€Talei, COCTOSAIMX M3 HECKOJIBKUX MAaTepuaigoB U
IPaJEeHTHBIX MaTEPUAJIOB.

- Pa3paboTka METOHOJIOTMH OIPEENICHHUS TOTO, TOUYEMY HEKOTOPbIE MaTepHallbl MOTYT ObITh
oOpaboranbl Mmetofgamu All, a HeKOTOpble — HET.

- Pa3zpaboTka MHCTPYMEHTOB JJsi MOATOMHOTO aJJMUTHUBHOTO IPOU3BOJICTBA CTPYKTYp M
YCTPOWCTB U JUIsl IPOEKTUPOBAHUSI HAHOIIPOU3BO/ICTBA.

- Pa3paboTka HKOJIOTMUYHBIX («3EJIEHBIX») MaTepuajoB, B TOM YHCIIE OMOpa3iaraeéMbix,
MOoJUIeXkKalMX BTOPUYHON nepepaboTKe U MOBTOPHOMY MCIOIB30BAHHUIO.

CyliecTByrollM€ MPOMBIIUIEHHBIE CUCTEMBI aBTOMAaTU3UpOBaHHOrO npoekrupoBanus (CAD) mioxo
MOAXOAAT U1 MOJEIUPOBAHUS J€Tallel CIOXKHOM KOHCTPYKUMH (HAampUMEp, PELIETOK WJIN SUYEEK),
COJICPIKAIMX THICSYU PA3MYHBIX (OPM H/HIIH COCTOSIIMX M3 TPAJIMCHTHBIX MartepuanoB [99]. B atux
Clly4asx, M3-3a OCOOCHHOCTEW HCIOJIb3yeMbIX TexHoJorui mapamerpusanuu, CAIIP, kak npasuio,
paboTaroT MEJIEHHO, 3aHMMas COTHM Mera0aToB WM Jaxe rurabailThl OlEepaTUBHON MaMATH. JTO
CYIIECTBEHHO  oOrpaHuuuBaeT  npumeHeHue  cymectBytoumx CAIIP  ans MopenupoBaHus
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KOMITO3UIIMOHHBIX, TPAJUCHTHBIX W OHOJOTMYECKHX MAaTepUANIOB; IOATOMY, HEOOXoqnMa pa3paboTka
CAIIP ¢ mpuiienom Ha pelieHre Takux mpoodiieM. bosee Toro, Ui ONTHMAaNbHOTO IPUMEHEHUS B 331a4ax
All cucTeMbl aBTOMaTH3HMPOBAHHOTO MPOSKTUPOBAHUS JIOJDKHBI YMETh MPeoOpa3oBBIBATh TPEOOBAHNUS K
MEXaHMYECKAM CBOMCTBAM H3/IENUs B OCOOCHHOCTU T'€OMETPHH /MM paclpeeSCHUs] MaTepuaioB —
3aa4a, TpeOyloIash WHTETPAliil COOTHOIICHUH <IpOlecC — CTPYKTypa — CBOWCTBA» B CHCTEMBI
aBTOMATH3UPOBAHHOTO MPOEKTHPOBaHUs, KOHCTpyrpoBanus U npousBoiactsa (CAD/CAE/CAM). Oto, B
CBOIO ouepeab, TpeOyeT pa3pabOTKM  COOTBETCTBYIOIX  BBIYMCIMTENBHBIX  METOJOB  JUIS
MHOTOYPOBHEBOTO MOJICITMPOBaHMs, OOpPAaTHOrO WPOCKTHPOBAHMS M ONTUMH3aUMU. Ele omHuUM
HalpaBJICHUEM pPAa3BUTHUS SBIICTCS HHTETPAlMsl METOJOB aBTOMATH3MPOBAHHOTO KOHTPOIS B
CAD/CAE/CAM-cuctembl, 94T0 MOKET TOMOYb B BOIPOCAX aHAIM3a U3/Ienii IN SitU HemoCpeICTBEHHO B
XOZIe M3TOTOBJICHUS, NpPHU YCIOBUHU, 4YTO B pabouyro obmacte All-ycTaHOBKM MOXKHO YCTaHOBHTH
COOTBETCTBYIOIIME  JMaT4Wkd. KOJIUYECTBEHHOE  COMOCTABICHHE  HOMHUHAIBHBIX  MPOCKTHBIX
XapaKTepUCTUK (TEOMETPUHU U COCTaBa MaTepuaia) M3/IeNus ¢ pealbHbIMU HETIOCPEICTBEH HO B MPOIIEcce
M3TOTOBIICHUSI MOXKET OTKPBIThH JOTIOJHUTEIBFHBIC BO3MOKHOCTH ISl CO3JaHUS YIPABISIOMEH 00paTHON

CBA3H.

Jlns miaHupoBaHMS Mpoliecca U aHaln3a U3IeInsl HEOOXOAUMMBI BBICOKOTOUHBIE Mozenu. Cephe3Hbie
npoOneMbl B pa3paloTKe TakuxX Mojene cBs3aHbl ¢ npucyieil All-mpoueccamM HM3MEHUYMBOCTHIO
YCIIOBHH, 3aTpyIOHSIONCH yrpaBieHue mnpoieccoM. OJHUM M3 MOAXOI0B K PEUICHUIO 3TOW MpoOIeMbl
sBisieTcss ocHameHue All-yCTaHOBKM pPa3TMYHBIMH JTATYUKAMH W WHTEIUICKTYyaJIbHBIMHA CHUCTEMaMH
ynpasieHus [99]. DTo co3gaer mOTpeOHOCTh B pa3pabOTKe METOAOB YIPEKIAIOIIEro YIpaBJiICHHUS,
KOTOpbI€ MO3BOJSAT NPEIBHUAETh BOSHUKHOBEHUE B IPOLIECCE HM3rOTOBJIEHUS MPOOJEM, CBSI3aHHBIX C
reoMeTpuel HM3Aenus, MaTTepHaMU CKAaHUPOBAHUS M JPYTMMHU 3aBUCAIIMMH OT KOHKPETHOTO M3JENHUs
YCIIOBUSAMH. MeTO/IbI YIIpaBJICHUS ¢ OOPATHOM CBSI3bI0 HY)KHBI, YTOOBI CKOMIICHCHPOBATh OTKIOHCHHUS B
YCIOBUSIX TpOLIECCa, YYECTh Pa3iu4Msl JIOKAIbHOTO COCTaBa MAaTEpUAIOB U CIPABUTHCS C JPYTUMHU
npoOiemMaMu 00pabOTKU, KOTOPBIE CIOXKHO MpEACcKa3aTh 3apaHee. MoAenu U KapThl Mpolecca J0JKHbI
MMETh BBIUMCIUTEIBHYIO PEIN3aLHI0, YTOOBI OOJIEMYUTh CUMYIISAIIUIO U aHalu3 mpoliecca. Heo6xoaumer
Talke YIOOHBIE ISl TMOJIb30BaTeNsl WHCTPYMEHTBHI MOJIEIMPOBAHMS, MO3BOJISIONME IJIAHUPOBAHUE

nmponecca U UCIBbITAHWUA HOBBIX JATYUKOB U MCTONOB YIIPABJICHH .

Jnst >ddekTHBHOTO yIpaBieHHUS MPOIECCOM TPeOyIOTCS HOBBIE TEXHOJOTMH JAaTYUKOB, YTOOBI
OTCICKUBATh TOYHOCTDH (bOpMI)I HU3ACIIHsA, KAYCCTBO IMOBCPXHOCTU M BOSHUKHOBCHHUEC MAKPOCKOIMUYCCKUX
nedekToB (HampuMep, MOp WM TPENMH), a TakKe MapaMmMeTpbl caMoro mpolecca (pacmpeneneHue
TEeMIIepaTyphl, pa3Mep OacceiiHa paciuiaBa, pa3dpoc Kameiab CTPYH U T. 1.). DTH JATYUKHA JOJDKHBI OBITh
HPHUCIIOCOOJIEHBI ISl pabOThI B YCIOBUSX TUNUYHBIX st All-porieccoB, — Hampumep, OCYyIIECTBIIATH

IIPOBEPKY Fa6apI/ITOB B C€MKOCTH C IIOPONIKOM, Kad€CTBa IMOBEPXHOCTH B KUIAKOM IIOJUMEPE HIIN B
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MOJJIEP)KUBAIONIMX ~ CTPYKTypax. Paspa®oTka ycTpoiicTBa JaTUYMKOB JOJKHA  CONPOBOXKAATHCS
pa3paboTKO METOJIOB HMHTEpIpPETAlMU UX IMOKa3aHUH M HMHTErpaluy JaHHBIX. boible MaccuBBI
JAHHBIX, TOPOKIaeMble AaTYUKAMH, JOJDKHBI CBOJIUTHCS K opMaTaM, MPUTOJHBIM Ui MOJa4l Ha BXOJI
CHCTEM YIpaBJICHUs YCTaHOBKOH. HakoHelr, op3y MOTYT MPUHECTH TEXHOJIOTUH MAIIMHHOTO OOYYEHHUS,
KOTOpble T03BOJIAT All-ycTaHOBKaM COBEPILIEHCTBOBATh CBOK IPOU3BOJUTEIBHOCTE C TEYEHUEM
BpemeHH. [loka He SICHO, TOAXO/AT JIM CYLICCTBYIONME HHCTPYMEHTHI MATMHHOTO OOY4eHHS JJIs1 YPOBHS

CJIO)KHOCTH 3a/1a4, pUcynmx texHonorusm All

OxHO W3 caMbIX 3HAYUTEIBHBIX HAINPAaBJICHUI HCCIENOBAHUA OOYCIOBICHO HEOOXOAMMOCTHIO
JOCTHOKEHUs Oosiee MOTHOTO M (PyHJAaMEHTAIBHOTO MOHUMAaHUs (PU3MUYECKUX OCHOB KaXJIOTO Ipoliecca
AIl. B yacTtHOCTHM, OZHOW W3 KIOYEBBIX 3a7ad sBJSETCS Oojiee TIIyOOKOE€ TOHMMAaHWE JeTallel
B3aMMOJICHCTBUSL PA3IMUYHBIX HMCTOYHHUKOB JHEPIUU C MarepuanaMmu. lIpumepammu HacymHBIX 3a/1a4
TaKOTO poJa MOXET CIYKHTh NMOHMMAaHHE TOTO, KaK KOJIMYECTBO W pachpereieHne MoTpedaseMoint
SHEPIUU CKa3bIBAaeTCI Ha MHUKPOCTPYKTYpe M CBOMCTBax wuzienus. UToObl BHIOpaTh ONTHMAIBHOE
3HAUCHHE IUJIOTHOCTH OJHEPIUU Jiazepa, HEOOXOOMMO TOYHO 3HATh KOA(PUIIMEHTHI ITOTIOMICHHS
MaTepHalioB; B IIEJIOM DJHEPrHsl Jja3epa JOJDKHA OBITH TEM MEHbIIe, 4YeM BHIIE KOI(OUIHECHT
noromeHus. [lokazarenu MOIVIOMEHUsST MOPOIIKOB, MCIIONB3YyeMbIX B mporeccax All, oTinmyaroTcs oT
MOKa3aTeNneil il aHaJOTMYHBIX MOHOJHUTHBIX MAaTEpHANIOB, a TAaKKE 3aBUCAT OT XapaKTePHCTUK
nporiecca. M3yueHne MeXaHW3MOB IOTJIOUICHHUS SHEPTUU JIA3ePHOTO M3TY4EHHUS MOPOIIKAMU OCTAeTCS

BAXHBIM HaIpaBlicHUEM HccienoBanmii [114].

HeobOxomumMo oOpaTuTh Oosiee mpucTaabHOe BHUMaHHe Ha cucteMbl All cmemannoro tuma [99].
Takyie CHUCTEMBbI MOTYT OTKDPBITh HOBBIE BO3MOKHOCTH OOpaOOTKM, B TOM YHCJIE HCIOJIH30BAHHE
MHOXXECTBEHHBIX aJIMTUBHBIX IIPOLECCOB, COBMELICHUE IIOCIOWHBIX TEXHOJIOTMH C JPYIUMH,
COBMCIICHHE AJIMTUBHOTO M BBIYUTAIOIICTO MPOM3BOJACTBA, WHTETPAIIUIO 3JICMEHTOB W3ICIUS TPH
IIOMOIIU aBTOMaTHSHpOBaHHOﬁ BCTAaBKU KOMIIOHCHTOB. HpI/IMepOM CMEIIAHHON CHCTEMBI TaKOr'O poaga
MOXET CIY)KUTh HaOOp aIMTUBHBIX TEXHOJOTWU, CIIOCOOHBIA CO37aBaTh KOHCTPYKIIMOHHBIE 3D-
MaTCpUuaIbl C DJICKTPOHHBIMU KOMIIOHCHTAMHU, PA3MCHICHHBIMU ITYTEM BHCAPCHUA U HpﬂMOfI 3alluCHU, 4TO
BKYII€ C aBTOMaTH3MPOBAHHBIM BHEAPEHUEM MIPEIBAPUTEIHHO MPOU3BEICHHBIX KOMIIOHEHTOB MTO3BOJISET

HU3TrOTOBUTH MOJTHOCTBIO MHTCTPHPOBAHHOC SJICKTPOMEXaHNYCCKOC U3ACITUC KaK NEJIOCTHYIO CUCTEMY.

MaTCpPIaJ'II)I — HeOoThEeMJIEMAas COCTaBHAs dYacTh TexHojorumi All CGFOI[H?[ 9TH TEXHOJIOI'MH
CIOCOOHBI 00pabaThIBaTh IMPOKHH KPYr OJHOPOAHBIX M HEOTHOPOAHBIX MarepuanoB. KitodeBoii
3ajaueil B o0iacTu co3JaHus U 0OpabOTKUM MaTepUalioB SIBJISIETCS YAyYlllEHWE KAaueCTBA, MOBBIIICHHE
CTaOMJIBHOCTH MpOIecca, BOCHPOU3BOJUMOCTH M HAAEKHOCTH Ul pa3HOOOpasHBIX MaTepUaloOB MpPH
COXpaHCHUHU HHU3KOM CTOHMMOCTH Marepuaia, YCTAaHOBKHU, IIpPOLECCa HU3rOTOBJIICHUA U YU CTOBOM

06pa60TKI/I. Tpa,Z[I/IL[I/IOHHOC MNpon3BOACTBO B MHCJIOM HAIACKHO obOecrieunBaeT BOCITPONU3BOAUMOCTD
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CTPYKTYpbl W CBOMCTB MatepuasioB. IIpomeccer All sBistorcs 0Gojiee CIOKHBIMH, TOCKOJBKY IS
MMOJYYCHHA HOPUCMIICMOIO Ka4dYeCTBa MU3ACIHA MAapaMCTPbl YCTAHOBKU  JOJIZKHBI 6BITL 3adaHbl
WHJMBUIYaJbHO, U B pAE CIy4aeB CTPYKTypa MaTepuaia, CBOMCTBA M MPOU3BOJUTEIBHOCTh HE TOIBKO

OTJIMYAIOTCA OT YCTAHOBKU K YCTAHOBKC, HO 3aBUCAT AK€ OT PACIIOJIOKCHU A BHYTPU O,Z[HOﬁ YCTaHOBKHU.

YuukaneHbld MeTOn 00pabotku B All mpenbsBisier ocoOble TpeOOBaHUS K METAUIMYECKUM U
KepaMHYECKUM TopomikaM. Harmprumep, BaXKHBIM yCIIOBHEM UCIIONB30BaHMs Topomika B All-TexHomormsx
ABIISICTCS. €T0 TEKy4eCTh, IOCKOJIbKY B OCHOBE OOpabOTKM JIEKHUT paclpeieieHue IOpOoIIKa 10
noBepxHoctu (mpomeccel LS/LM) mim momaya mopormika (mpomeccst LMD, DMD) [114]. YtoOw
YAOBIETBOPUTH TpeOoBanusMm All-mpuiioskeHuil, HEoOXOAMMO HajbHEWIee M3ydeHHE XUMHUUYECKUX M
(M3MYECKNX CBOWCTB, METOJIOB ITOATOTOBKM U CIIOCOOOB ONMCAaHUS XapaKTEPHCTUK IMOPOIIKOBBIX
MarepuanoB. PacumpeHue cmekrpa MaTepHaNIOB, MPUTOAHBIX IS aJTUTHBHOIO IPOU3BOJICTBA,
notpedyeT  WCCIeJOBAaHWUS  MHOTODJEMEHTHBIX  cucTeM W ¢opM, B  TOM  4HCIe
JIETHPOBAHHBIX/CMEIIAHHBIX/KOMIIO3UTHBIX TIOPOIIKOB Ha OCHOBE JKejie3a, HUKENs, TUTaHa, allOMUHUH,

MCIU U MarHus.

Ha Texynmii MOMEHT €cTh BeCbMa OIPAaHMYEHHOE KOJMYECTBO IPOMBINUICHHBIX CIUIABOB,
NPUTOTHBIX JUIS HCTOb30BaHus B All-Texnonorusx. Hanbonee nHTEHCHBHO OBLI M3Y4eH CIIJIaB TUTAHA,
amoMuuus u BaHagus Ti-6AlF4V, oGmamaronmii yHHKaJIbHBIMH XHUMHUYCCKUMH W MEXaHHYECKHMH
CBOMCTBaMHM, a TAKXKE XOPOIIO 3aJ0KyMECHTHPOBAHHOW OMOCOBMecTUMOCThIO [118]; 3TOT criaB Harmen
LIIMPOKOE NMPUMEHEHHE B aBHAllMOHHO-KOCMUYECKOM MPOMBINUIEHHOCTH W MemuuuHe. B All-mponecce
KaXIbIA OTHCJIBHBIM CIIOM MeETajula HAHOCUTCSA NOBEpPX IPEIbIAYLIErO, CO3/1aBas CIOXHBIA U
M3MEHSIOIMICS ¢ TEUEHUEM BpEMEHM TeMIlepaTypHbIi MpoQuiIb BHYTpU AeTanu. B urore criaB Moxer
MHOTOKPATHO TEPEXOAUTh U3 TBEPAOH (a3bl B )KHUIKYIO M 00OpaTHO. B 11e10M mporeccsl 3aTBepAeBaHUs
npotekaroT B npoueccax All oTHOCHTENBHO OBICTPO — CKOPOCTh OCTBIBAHMS s porieccoB Tuna SLM
umeer nopsagok 104 K/c. Termosoit motok B All-mporieccax MMeET BBIPAKEHHYIO HAIPaBIEHHOCTb U
Y4acTo TMPUBOIUT K OOpa3oBaHUIO KOJIOHYATOH (COlumnar) MHUKpOCTPYKTYpbl. MUKPOCTpYKTYypa
UTOTOBOIO MaTepHaa ONpeAessieTcss COBMECTHBIM BIMSHHUEM OBICTPOTO 3aTBEpJEBaHU s, HAIIPaBICHHOTO
OXJTKAECHUS U (Pa30BBIX MEPEXOJ0B, BHI3BAHHBIX MOBTOPSIONMMUCA TEPMHUUYECKMMU IUKIaMu. beicTpoe
3aTBEPJIEBAHUE 3aTPYAHSIET CErperalliio XMMUYECKUX AJIEMEHTOB U MOBBIIIAET PACTBOPUMOCTD B TBEPAOU
COCTaBJISIIOLICH, YTO MOXET HMPUBECTH K 00pa3oBaHMIO MeTacTaOuibHBIX (pa3. HampaBieHHbld 0TOOD
TEIJja MOKET 3aJ1aTh MPEANOYTUTENbHOE HallpaBJIeHUE POCTa 3epeH M KpUCTaIOrpaduuecKyro TEKCTYpY.
Bce 3T (akropsl cO3MAIOT CIOXKHOCTH, KOTOPbIE OOBIYHO OTCYTCTBYIOT B TPAJAMLMOHHBIX MpOIlEccax.
Jnst unmpoxoro Kpyra MartepuaioB, HpuMeHUMbIX B All, HeEoOXOAMMO BBIIOJHHUTH MAacIITaOHBIE
UCCIICZIOBAaHUSA JJIsl YCTAHOBJICHHUS! COOTHOLICHUH «@poliecc — CTPyKTypa — cBoiicTBa». Korma Oyner

HAaKOIUIEH JIOCTaTOYHbIH 00beM HMHGOPMANUH, MOSIBUTCS BO3MOXKHOCTH cHOpMHUpPOBaTH 0a3zy JaHHBIX
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(U3HKO-XUMHUYECKUX IPOLECCOB, MPOUCXOMANMX B MaTepuaiax, KOTopas MOMoKeT ymnpocTuTh All

IIMPOKOTO Kpyra MaTepHalioB, CAeIaTh ero 0ojee TOYHBIM U HAJCKHBIM.

IIpu Hamiexamenn TtexHonorun All-mpouecca MeTamMueckue MaTepuanbl JIEMOHCTPUPYIOT
CTaTMYECKUE MEXaHWUYECKHE CBOWCTBA, COMOCTAaBUMbBIE CO CBOMCTBAMHU aHAJOTMYHBIX MaTEepHalOB,
MOJIy4EHHBIX IMPH HCIOJIB30BAHUM TPaIUIMOHHBIX TexHojorui [114, 118]. All-marepuansl uMerOT
MperMyILecTBa Oaroapsi MEHee BhIpaKEHHON XMMHYECKOM cerperaiuy U MEJIKO3epHUCTOCTH, KOTOpbIE
JOCTHTAIOTCS OBICTpBIM oxnaxaeHueM. OpHako xapakrepHas mns All-marepuanoB aHU3O0TPOIHUS
MHUKPOCTPYKTYPbl BJIEUET 3a COOOH COOTBETCTBYIOLIYKD AaHU30TPONMI0 MEXaHMYECKMX CBOMCTB —
HaIpaBJIeHUE, MEPIECHIUKYISPHOE CIIOSIM, OKa3bIBaeTCsl Hauboisiee cinadbiM. J[MHaMHUuyecKue CBOWCTBA
All-cninaBoB (Hamp., yCTaJloOCThb), U3yd€HHbIE 3HAUUTEIbHO MEHBIIE CTATHYECKUX, OOBIYHO ONPEAEISIIOTCS
HAJIMYUEM TaKuX Je(PeKTOB KaK MUKPOIOPHI, KOTOPBIE YacTO CBS3ZBIBAIOT C 3aXBATOM ra30B M KaueCTBOM
MOBEPXHOCTU. BnusHue KauecTBa MOBEPXHOCTH Ha JAMHAMUYECKUE CBOWCTBA OCTaeTCs MPEIMETOM
CHOpOB. B HEKOTOPBIX HCCIEAOBAHUAX YTBEPKIAAETCS, YTO OHO KPUTUUYECKM Ba)KHO JUISl MOBBILIEHUS
comnporuBiieHus: ycranoctu [118], Torna xak B npyrux paboTax Aenaercst BIBOJ O €ro HE3HAUUTEeJIbHOM
pOJIM B paMKax JUHAMUYECKOIO JAMana3oHa >KU3HEHHOro nuia usaenus [114]. JIns nomHoro pereHus
3TOr0 BOIPOCAa HEOOXOAMMBI CHCTEMATHYECKUE HCCIEOBAaHUS, OXBaThIBaIOLWMeE Oojee IMMPOKUNH Kpyr

All-marepuanos.

BrioTe 70 TeKyllero MOMEHTa OCHOBHas jAeaTenbHocTh B oOmactu All Oblna cocpernoroueHa Ha
U3JIENNIX U3 TUIACTUKOB M MeTayuioB. OnHako texHonorust All mpuBiekaTenbHa W JUIS U3TOTOBJICHUS
kepamuueckux — geranedl.  Illupokoe  NMpOMBINUIEHHOE  MCIONB30BAHME  BBHICOKOKAUECTBEHHBIX
KEpaMHUUYECKMX MaTEepHaIOB TECHO CBS3aHO C JOCTYMHOCTBIO TEXHOJOTWM MONydeHUs: (GOpPMBI W3JEIHiA,
ONMM3KON K 3a/IaHHOM, MOCKOJIBKY MeXaHO0OpaOOTKa KepaMUKH SIBJSIETCS BPEMS3aTPaTHBIM U JJOPOTUM
MpoIIeccOM, TPEOYIOIIMM, KaK MPaBUIIO, UCIOIB30BAHUS aTlMa3HbIX HHCTPYMEHTOB. Bo MHOTMX ciydasx
Ha CTaHOYHYIO 00paboTky mpuxomutcs 10 80% Bcex MPOU3BOACTBEHHBIX 3aTpar [138], uTto Moxer
MOCITYXKHUTh XOPOIIIMM CTUMYJIOM JUISl M3TOTOBJICHUS KepaMuueckux Aetaneil Mmeronamu All 3D-meuats ¢
NpSIMBIM HAHECEHWEM MEITKOJMCIIEPCHBIX KEePaMUYECKHX (IBYOKHUCh ITUPKOHUS, ABYOKHUCh THTaHA,
TUTaHAT Oapusl, LUPKOHAT-TUTAHAT CBUHIIA) CYCHEH3UH uepe3 HMH)KEKIMOHHOE COIUIO C YCIEXOM
MPUMEHSIaCh B MCCIEA0BATENbCKUX Ja0OpaTOpUsX IJisi U3TOTOBJICHHMS KaK MHHUATIOPHBIX JAETaineu
CJIOKHOM (POpPMBI, TaK U CTPYKTYPHUPOBAHHBIX TOHKOIIJICHOYHBIX IMOKPHITUH (0€3 UCII0Ib30BaHUsI MACOK U
tpaBieHusi) [138]. B mpomsinuieHHbIx Macmrabax All-mporecc ¢ ycrmexoM NpPUMEHSIETCS TpU
M3TOTOBJICHUHU (OpPM ISl TIECYaHOIo JHUThS B J0ObIBaroled u HedrerazoBoil mpomsinuieHHOCTH. [lpu
ATOM HCIOJIB3YIOTCS TEXHOJIOTUU CTPYHHOM MOPOILIKOBOM MEYaTH, TaKUE KakK MPOIeCcC, PEaTu30BaHHBIN B
All-cucreme ExOne [139]. B aToM cinyyae mpu oTKase AeTald MOXHO ObICTpo HamedaTtats ¢opmy Ha 3D-

IMpUHTEPE, NMEPEAATh €€ B JIMTEHHBIN 11eX JJIe U3rOTOBJICHHUSA OTJIIMBKU, OIIEPATUBHO IIOJYYHUTH ACTAJIb U
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YCTAaHOBUTH Ha MECTO. YCI€X TaKoro MpPOM3BOJACTBA «TOYHO B CPOK», peajan3oBaHHOro oOmaromapss All-
TCXHOJIOTHUAM, OGyCHOBJIeH BBICOKMMU q)HHaHCOBBIMI/I MNOTCPSAMU OT IIPOCTOSA CKBAXKUHBI. Baxnoe
HaIpaBJICHUE UCCIICIOBAHUN TIPEACTABISAET coO00M pacmpocTpaHeHne All-TexHoIOrHil Ha TOYHOE JINTHE,
KOTOpoe TpeOyeT BOCIpOU3BeneHUs 00Jiee TOHKHMX JeTale U JTydIero KauecTBa GopM U CTepKHEH uem

JUTHE B TIeCUaHble (POPMBI.

B Tom, urto Kacaercs u3neNnui M3 NJIOTHOM KEpaMHUKH, IMPOLECCHl POOOTU3UPOBAHHOIO JIHUThS
(robocasting) 1 LOM B HacTosmii MOMEHT SIBJISIOTCS, MOXKaIlyil, HauOoJiee YCIEIHbBIMA BapHaHTaMH
alUTHUBHOIO  IPOM3BOJACTBA  KEpaMHYECKMX  JAeTaJled B  MacIurabupyeMblX  KOJMYECTBax.
PoGoTusnpoBanHOe NTUTHE MPEACTABISAET COOOHM JKCTPY3HIO KepaMHYECKOW Macchl depes (opMyrolee
OTBEPCTHE B 3aKPEIVIEHHOW TOJIOBKE HA MOJABMIKHBIM CTON JHOO M3 MOABUKHOIO MaHUIYJIATOpa Ha
CTallMOHAPHYIO IIOJUIOKKY. Peonornyeckne cBOMCTBA KEPAMUUYECKOM MAacChl MOTYT PETYIMPOBAThCS Tak,
4TOOBI HAHOCHMBIM MaTepHrall OblI1 CIIOCOOEH yJepKHUBaTh COOCTBEHHBIN BEC BIJIOTh IO BBICYIIMBAHUS U
oOxura. PoGorusupoBanHoe IuThe HPGEKTUBHO TPU MPOU3BOJCTBE, HANPHUMEP, KEPAMHUUYECKHX
(GUIBTPOB, UCHOIB3YEMBIX MpH 00pabOTKE METAJUIMYECKMX paciiiaBoB; TexHonoruu All mosBossor
CKOHCTPYHUPOBATh OTBEPCTHS CHEIUAIBHOW (OPMBI, YIydIarolMe XapakTepucTuku QuibTpa. B
npouecce LOM kepamudeckue JMCTHI, IMOJYYECHHBIE IUICHOYHBIM JIMTBEM, TOYHO HApE3ar0TCs IO
3aJaHHOM (opMe U HaKIAIBIBAIOTCA JpYr Ha Jpyra. DTOT METOJ SBJSETCA INEPCIEKTUBHBIM IS
U3TOTOBJICHUS (YHKIMOHAIbHO-TPAJMEHTHBIX KEpaMHYECKMX MW3IeNIUH M U3JeIMil ¢  BBICOKOM
motHocTeio [139]. Hampumep, xommnanus Ceralink, Inc (CIIA) B HacTosImMii MOMEHT KOMOMHHPYET
OMOMMMMKPUYECKUH TOJXO0J K HPOEKTHpoBaHHIO C mnpoueccoM LOM, uCHONMB3YIOIMM MeETaulbl U
KepaMuKy. J[pyruM nepcrneKTUBHBIM HpuiiokeHueM mnporecca LOM [uist n3rotoBiaeHus: KEpaMUUECKUX
JeTanel sBJISETCS MHUKPOCTpYHHass TexXHUKAa. BO3MOXHOCTh NPUMEHEHHsI 00X TEXHOJNOTMM Juis

IIPOM3BOJICTBA U3JEIUN U3 IUIOTHON KEPAaMHKH IIPEICTABIIAET cOO0M 00IacTh AKTUBHBIX UCCIIEIOBAHUII.

Texnonorun All BBI3BIBAIOT TaKKe NESATEIbHBIM MHTEPEC ¢ TOUKU 3PEHUS U3TOTOBJICHUS U3/IEIUHN U3
KOMITO3UIIMOHHBIX MaTepuaioB. Tak, ObUIO NpeANpUHATO U3ydeHue npuMeHuMoctu All-TexHonoruit 1s
IIPOU3BOJCTBA MaTEpUAJIOB C MHOTOYPOBHEBOW Hepapxuyeckodl (yHKIMOHAJIBHOCTBIO HAa HAHO- H
MUKpolkanax. Hampuwmep, yuensle m uHxkeHepsl u3 JlaGoparopun BoeHHBIX HccienoBanuili CILA
COBMECTHO C VYHuUBepcuTeTOM BuckoHCcMH — MbaucoH pa3paboTaid TEXHOJIOTHIO CO3/1aHUs
TPEXMEPHOIO IOJMMEPHOIO KOMIIO3UTHOTO Marepuana ¢ nomoupio All-mporecca B 3I€KTpUYECKOM
nonie [140]. B aToM MeTozne, Ha3BaHHOM JIAMHHAPHBIM CHHTE30M KOMITO3UIITHOHHOTO MaTepuaia MoJ
nonem (FALCom — Field-Aided Laminar Composite processing), 4acCTULIbI B TIOJIMMEPE BHIPABHUBAIOTCS
U OPUEHTHPYIOTCS B JKEJIACMOM HAIPaBJICHUHU C MTOMOIIBIO AJIEKTPHYSCKUX OoJieH IN Situ B J1r000# TOYKe B
XOJle aJTUTUBHOTO MPOU3BOACTBA TpexmepHOH nertanu. Eme omHa BaxHas o01acTh HCCIEIOBAHUMA

CBs3aHa C IPUMEHCHHUEM TexHoaoru All JJIs1 U3TrOTOBJICHHU A METATNIOKEPAMUYCCKUX KOMITO3U IMOHHBIX
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MarepuaioB ¢ Meramnueckoi Matpuieir (MMC — metal-matrix composite). Cpeau IpuMepoB ClieayeT
Ha3BaTh BoJb(pam-kapouanbiii komno3ut (Co-WC MMC), o6paboTka KOTOPOTO BBIMOJIHSIACE KaK I10
nporeccy LS, Ttak u mo mporeccy LMD [114]. B nacrosimee Bpemst imotHocTh MMC, H3roTOBICHHBIX C
nomolpio All-TeXHOJOTHH, CTpajaeT M3-3a 3aXBaTa ra3oB, arjioMepaldy YacTULl U MHUKPOTPELH,
pPa3BUBAIOLMXCS [0 TPaHMUIIAM MEXAy BKIIOYEHHSMH M MaTpuileil. Pemenue stux mpobiem tpedyer
JATbHEUIIeH HcclenoBaTenbekoil padotel. [Ipumenenne nporeccoB All asist mpou3BOACTBA U3ACTHH U3
KOMITO3UI[MOHHBIX MaTepHalioB ¢ Kepamuueckoil marpuiieii (CMC — ceramic-matrix composite) Taxke
ABIISICTCS. 00NAcThi0 akTHBHBIX HccaenoBaHuil [139]. Tak HeCKONBKO TPy H3y4alOT BO3MOXHOCTHU
M3TOTOBJICHUS JeTaled M3 HHTEPMETAUINYECKUX/KEPAMHUYECKUX KOMIIO3UTOB C MOJydeHHEM (HOPMBI
u3aenus, ONMM3KOM K 3a/JIaHHOM, C TMOMOIBI0 WH(UIBTpAIlMU MaTepuansa B TOPHCTYIO CTPYKTYpY

3arOTOBOK, M3TOTOBJCHHBIX yTeM 3D-meuatu [139].

B To Bpemsi kak OCHOBHBIE YCHUIIUS COCPEIOTOYEHBI Ha pPa3pabOTKe MPOLIECCOB M MaTepHAallOB,
uccleioBaTenbckass pabora B obmactu BHenpeHuss All ocraercs BecbMa oOrpaHuueHHOW. MHorue
OmyOJIMKOBaHHBIE Pa0OTHI OMUPAIOTCS Ha CMOJEIMPOBAHHBIE, a HE peajbHble mpuMmepsl. HopMaTuBHas
0a3a no BHeApeHuto All, koTopoii Moru ObI I0JIB30BATHCS JUIA, OTBEYAIOLE 3a IPUHATHE PEIICHUI BO
BHEJPSIONMX OpTaHU3alMsiX, MO-TPeKHEMY HYyxkKAaercs B mpopaboTke. HemocTarouHo wuccieaoBaHbl
TaKKE COLMAJIbHO-OPraHM3allMOHHBIE ACIIEKThl Pa3BEPThIBAHUS 3TOM TexHosIorMU. Bee nmepeuniciienHble
o0nactu TpeOyIOT HCCIeN0BATEIbCKUX YCHIIUM ISl TOTO, YTOOBI 0OECTIEUNTh MIMPOKOE PAcIpOCTpaHEHHE

Texaoyoruit AIL

CoBpeMeHHOe 00pa3oBaHWEe B OOJNAaCTH TPOCKTUPOBAHWUE HE OTBEYACT TPEOOBAHUSM,
npenbsBisieMbiMi - All-TexHonorusivu. HbIHEIHUE TPOEKTUPOBIIMKA MOTYT TPONTH TepeoOydeHue,
OJIHAKO B paMKaX TEXHUUYECKOTO OOY4eHUS W MOATOTOBKU IO MporpaMMaM KOJUICIKEH U YHUBEPCHUTETOB
HEOOXOJMMO TPUIIOKHUTH 3HAYUTEIBHBIC YCHUJIMS K TOMY, YTOOBI CIIEIYyIOIIEe MOKOJICHUE WHKEHEPOB U
uccienoBareneii  Obuto  00yd4eHO TPUMEHEHHWIO TEXHOJOTWH aJAMTHBHOTO MpoW3BOJCTBA. Jlis
MOJITOTOBKHU CJICITYIOIICTO MOKOJICHHS KaapoB B oonactu All TpeOyercst pa3paboTaTh TEXHUYECKUE KypChI
BBICOKOI'O YPOBHA. B paMKax 3THUX KYpCOB CICAYCT YACIHUTH 0co00e BHUMaHUE Hay4YHbBIM OCHOBaM All-
TEXHOIIOTUH M OOYy4YUTh HHXKEHEPOB pa3paboTke Oojiee COBEPIIEHHBIX METOJOB aHaIM3a, CXeM

YIIPaBJIEHUS U IPOrPaMMHBIX HHCTPYMEHTOB 1115 AlL

2.4.6 AinuTUBHOE IPOU3BOJICTBO B POoccHu: TEKylee COCTOSHUE U IIEPCIIEKTUBBI

B Poccum ucnonb3oBaHMEM U BHEAPEHUEM TEXHOJOTMM aJIMTUBHOIO NMPOMU3BOJCTBA 3aHMMAETCS
OTpaHUYEHHOE KOJUYECTBO IPOMBILUUIEHHBIX KOMIIAHUN W HCCIEA0BATENbCKUX LEHTpoB. Jluama3oH
JEATEIbHOCTH 3TUX KOMIIAHMM M LEHTPOB OTHOCUTENBHO Y30K. OHM IPEUMYLIECTBEHHO BBICTYNAIOT B
KayecTBE  MOCpPeNHWKOB, Tmpomaronmx  All-obopymoBanue, W/MiM  3aHUMAIOTCA  OBICTPBIM

MNpOTOTUIIMPOBAHUEM, KOTOPOC IJIsI COBPEMCEHHOTO Al MpCACTaBJIACT co0oii qupamHHﬁ JACHB. OucHb
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MaJloe KOJIHMYECTBO KOMIAHUH pacrojaraeT MOIMHOCTSAMH JUISi TPOW3BOJACTBA (DYyHKIIMOHAIBHBIX
KOMILICKTYIOIIIMX U3 MaTepPHAOB C XOPOIIMMH JKCIUTyaTallHOHHBIMU XapaKTepUCTUKaMHU, TeM Oouiee,
MaJlo, KTO CIIOCOOCH IPOW3BOAUTH 3TH JCTAIH B IPOMBINIICHHBIX KOJMYECTBaX. Takas CHTyalus
OpCANOJIOKUTCIBHO BbI3BAHA BBICOKMM  YPOBHCM  KallUTAJIBHBIX 3aTpart, cBs3aHubIix ¢ All-
000py/moOBaHNEM BBICOKOTO KJIacca, KOTOPOE K TOMY K€ TpeOyeT HaJIM4YHsi COOTBETCTBYIOIIMM 00pa3zom
00y4eHHOTO W TOJATOTOBJICHHOTO TNiepcoHana. Jlpyroil cepbe3Hblii (akrop CBs3aH € TEM, UYTO
MOJIHOIICHHOE HCIOJb30BaHUE mpeumyiecTB All, koTtopbie ompaBaanu Obl €ro NPUMEHEHHE B
MNPOMBIIINICHHOM IMPOU3BOACTBE, MPCAIIOIaract BBLICOKHU YPOBCHBb YHPABJIICHUA BCEM KHU3HCHHBIM

HNHUKIOM IMPOAYKIIMH — HEYTO, YTO B pOCCPIfICKOfI IIPOMBIIIUICHHOCTH IMPAKTUYECKU OTCYTCTBYCT.

OTCYTCTBUIO 3HAUUMON KOMMEPYECKON 3auHTEepecOBaHHOCTH B All-TeXHOJIOTHSX, BBIXOIANMX 3a
pamMK# OBICTPOTO MPOTOTUITUPOBAHUSI, COIMMYTCTBYET BEChMa OTPAHUYCHHBINM 00BEM HCCIEAOBATEIHCKOM
JESITEeTbHOCTH B ATOM 0o6nacTu. B uncno kimtoueBbIX (HaKTOPOB, KOTOPHIM HEOOXOAUMO YAETUTH 0coboe
BHUMAaHUeE, YTOOBI pacuMpuTh npuMmeHeHne All-TeXHONOTHI B pOCCUICKON MPOMBINUICHHOCTH, BXOJUT
Hamnuue (1) uadpactpykrypsl ans All (Hampumep, HHCTPYMEHTOB YIPABIIEHUS KU3HEHHBIM LIMKIOM
MPOIYKIIUU, CTAaHAAPTOB W T.T1.), (2) kBamudumupoBaHHOW paboueit cwibl, (3) moctymHoro All-
o0opynoBaHus BBICOKOTO Kacca U (4) marepuanoB anst All, pa3paboTka KOTOPBIX cama 1o ce0e sBiseTcs

CJI0’KHOW MEKIUCLUMIIJIMHAPHON 3a/1a4ei.

Pazpabotka B Poccun HOBOro All-000pynoBaHMsI TPOMBIIUIEHHOTO YPOBHSI Ha TEKYIH MOMEHT
MOJKET OKa3aThCs HeIleleco00pa3HOl, €ClM TOJBKO €ro CTOMMOCTh (NP CPaBHMMOM KauyecTBe) He
OKaXCTCA 3HAYUTCIIbHO HHXKE CTOMMOCTH O6OPYI[OB21HI/I$I CYHICCTBYIOIIMX MOCTABIIMKOB HJIK K€ HOBOC
oOopynoBanue He Oyaer o0nanaTb NPUHLUUNHAIBHO HOBBIMH BO3MOXKHOCTAMH, JENAOIMMU €ro
MPHUBJICKATEIBHBIM JUISI POCCUHCKOTO PBIHKA. B TO e Bpems pa3paboTKa MpOrpaMMHBIX HHCTPYMEHTOB
u cozganue All-marepuanoB, B TOM 4YMCIE€ MOAXOMAIMX METAUIMYECKUX MOPOLIKOB, MOIYT CTaTh

IIEpCIEKTUBHBIMUA HAIIPABJICHUSAMHU, 110 KpallHEN Mepe, JUIsl BHYTPEHHETO PhIHKA.

2.5 HoBble maTepuansl

2.5.1 CnpoexTupoBaHHbIE MAaTEPUATIBI
Ilon cnpoekTMpoBaHHBIMH MaTepuajamMu OyaeM MOHUMAaTh IIeJIEHANPaBIECHHO CHOPMHPOBAHHBIC

MaTepuaiabl ¢ BHYTPEHHEH CTPYKTYpOH, CIIPOECKTHPOBAHHOW TaKUM O0Opa3oM, 4TOOBI COOTBETCTBOBATH
3aJlaHHOMY Habopy (yHKIIMOHAJIBHBIX CBOWCTB, B TOM YMCJE M BBIXOJAIMX 3a PaAMKU TPaJUIIMOHH bIX
TpeOOBaHUM K OOECIEUeHUIO TOJIBKO Hecylled crnocoOHocTH. CIpoeKTUpOBaHHBIE MaTepHallbl MOIYT
OBbITh KaK MOHOKOMIIOHEHTHBIMH (JIUTBIMH), TaK U MPEACTABIATH COOON CIIaBbl HECKOJIBKUX METAJUIOB,

100 KOMITO3UIIMOHHBIC MaT€prajibl Ha OCHOBC METAINIMYCCKUX, IMMOJUMEPHBIX U KEPpAaMUYCC KUX MaTPUI]

[141,142].
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CrpoeKkTupoBaHHbIE MaTepUaslbl 00JaJal0T OIPOMHBIM ITOTEHLIMAJIOM M MOIYT CTUMYJIHPOBATh
IPOPHIBHBIE UCCIIE0BAHUs, IO KpaliHel mepe, B ABYX obOnactsax. [lepBas oOmacth — pa3paboTka HOBBIX
MaTEpUaJIOB M UX WCIOJIB30BAHME IIPU MU3TOTOBJICHUM JETANIEH, y3J10B U arperaroB C MCIOJIB30BAHUEM
TPAJUIIMOHHBIX TEXHOJOTHM MpOou3BOACTBA. BTopas obmacTb - pa3paboTka TEXHOJOTUU (METOMOB)
IIPOU3BOACTBA JE€TaJIed, y3J0B M arperaroB Ha OCHOBE BHOBb II0Jy4a€MbIX HOBBIX MaTepUalOB C
YHUKIBHBIMH CBOMCTBaMHU. Pasnuume MeXTy yka3aHHBIMH OOJIACTSMH HE BCETZla MOXKET OBITh YETKO
copMyIMpPOBAaHO, TaK KaK IOJy4EeHME HOBOTO MaTepuajla MOXKET MPOUCXOJUTh HEMOCPEICTBEHHO B

MIPOIIECCE UBTOTOBJIICHHS KOHCTPYKLUUHU U C YUETOM (DyHKIIMOHHPOBAHUS KOHCTPYKIIHH.

COOTBGTCTBGHHO, B COBPCMCHHOM MATCPUAIOBCACHUUN MHTCHCHUBHO Pa3BUBACTCA MHOFOYpOBHCBBIﬁ
HepapXuvecKkuii moaxoa K paspaboTke HOBBIX MartepuanoB [143-155]. DTo cBsizaHo C Tem, dYTO
pa3paboTka COBPEMEHHBIX HHKCHEPHBIX METOJOB MPOCKTUPOBAHUS TPeOyeT ydeTa MHOTOYPOBHEBOMH,

MepapXuyecKoll OpraHu3alui MaTepruanoB, KOHCTPYKIIUN, CPEIl U CHCTEM PAa3TUYHON MPUPOIBI.

[lpu pa3paboTke MHOTOYPOBHEBBIX HEpPapXUUYECKUX MaTepuajoB HEOOXOAMMO YYHUTHIBATH, YTO
CTPYKTYpPHBIE RJIEMEHTHI Ka)KIOr0 M3 MacIITaOHBIX/CTPYKTYPHBIX YPOBHEH BHOCST CBOW BKIIAJ, 3a4acTyiO
HeaJIMTUBHBIN, B JeQopMUpOBaHUE M pa3pyllleHHe Marepuana B 1enoM. [IpoekrupoBaHue mogo0HBIX
MaTepHaioB HEBO3MOXKHO 0€3 MPHUBJICUCHHS KaK MPSMOTo, TaK U KOMIBIOTEPHOTO 3KcriepumenTta. Ocoboe
BHUMaHUE YAENSETCS CTPYKTYpHBIM acmekTaMm JedopManuu M pa3pylieHus TBEPABIX Tel (TO eCTh
BJIMSIHUIO OCHOBHBIX COCTABJISIIOIIMX BHYTPEHHETO CTPOCHUS MaTEpUalioB Ha MX aKKOMOJAIUIO K
BHEIIHUM BO3JCHCTBUSIM) W BOMIpPOCaM, CBSA3aHHBIM C HEOJAHOPOJHBIM Pa3BUTHEM ILJIACTHYECKOM
nedopmaruu. s aJekBaTHOTO oOmnMucaHus JedopMallid MHOTOMACHITAaOHBIX Cpell HEOOXOAMMO
pa3pabaTbiBaTh ‘“HepapXudeckue” MOIETH, MO3BOJSIONIME Y4eCTh B3aHMMOCBS3b CIIOKHBIX MPOIECCOB,
MPOUCXO/SIIMX HA PasHbIX MacIITadax U CTPYKTYPHBIX 3meMeHTax [156]. Bompoc o Tom, Kakoil JomKHA
OBITh HepapXuyueckasi MOAENb, OCTaTCs AUCKYCCHOHHBIM U, KaK CIEACTBUE, A KaKIOTO KOHKPETHOTO
cllyyass Takas  MOJEeNb  CO3/aeTCsi  «aJpecHO», T.e.  Y4YUThIBaeTcs  crneuuuka JTaHHOIO
U3JIeNUs/KOHCTpYKIMK/cucteMbl. Takum oOpa3om, mpoOiema pa3pabOTKM U CO3[AaHHS MaTepuaia Ha
OCHOBE MHOTOYPOBHEBOI'O IOJX0/1a HE MOKET OBbITh pellieHa 0e3 MPOKOTO MPUMEHEHUS MOAECTUPOBAHUS
IIPOLIECCOB nedopMupoBaHus U paspyeHus Mmarepuana B YCIIOBUSIX paboTHI

W3JIeNHS/KOHCTPYKIIMU/CHCTEMBI Ha pa3HbIX Maclradax — OT aTOMapHOTO JI0 MAaKPOCKOITHYECKOTO.

AHanu3 COBpEMEHHBIX TEHJEHLMI MOKa3blBaeT, YTO HEOOXOIMMO pa3padaThiBaTh IOJXOJIbI,
KOTOpbI€ BKJIIOYAIOT B ce0si TP OCHOBHBIX KOMIIOHEHTA: 1) MOCTPOEHHE YMCIEHHOM MHOTOYypOBHEBOMH
JTUHAMUYECKOM MOJENM KOHCTPYKIMH (C HCIOJIb30BAHMEM BO3MOXHOCTEH MHOIOYPOBHEBOTO
MOJICTUPOBAHHUS); 2) SIKCIIEPUMEHTAIBHOE UCCIIE0OBAHUE U aHAJIM3 MOBEACHUSI KOHCTPYKIIMH B LIEJIOM U

Ha pa3HbIX YpOBHsX/Macumradax (OT OTBETCTBEHHBIX Y3JIOB W JeTajieil, 10 Marepuaja B COCTaBe
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KOHKPETHBIX 3JIEMEHTOB KOHCTPYKUHH); 3) COBpEMEHHBIE METO/bl HEpa3pyLIAoIero KOHTPOJIS

MaTepHaioB M OLIEHKH pecypca U3/eIus/KOHCTPYKLIUH/CUCTEMBI.

Vpoenu npoexmuposanus mamepuanog
Pa3zpaboTka W MPOM3BOJCTBO CHPOCKTHPOBAHHBIX MATEPUATIOB MOXKET OCYIICCTBIISTHECS HA Pa3HBIX
VPOBHSIX: a) aTOMHOM, 0) HaHOMAcCIITaOHOM, B) MUKPOMACIITAa0HOM (C TPHUBICYCHHEM IOAXO0B
MUKPOMEXaHUKH) U T) MakpoMmacurrabHOM (C  HCIIOJb30BAHHMEM MAaKpPOMEXaHWYECKMX METO/I0B

MOJICTUPOBAHUS U TIpoekTupoBanus) [141, 142, 157].

Hcropuyecku TpaAMLIMOHHBIM MaclraboM MPOEKTUPOBAHUS SIBJISETCS MAaKpPOCKOIMYECKUH, a
MEPBbIMU  CIPOEKTUPOBAHHBIMU MaTepHUajlaMd CTajld IOJIMMEPHbIE KOMIIO3UTBHl C BOJIOKOHHBIM
apMUpoBaHUEM. BbIcokas ynesnbHas >KeCTKOCTh (Ha €IMHMILy Beca) M BBICOKas yieldbHas MPOYHOCTh
KOMITO3UIIMOHHBIX MaTepHalioB IO CPaBHEHUIO CO CIIJJaBaMH Ha OCHOBE aJIOMHUHHS OBbUIM TIJIaBHOMN
MPUYMHON MX MCIOJIb30BAaHUS B TAKUX OTPACISIX, KaK PAKETHO-KOCMUYECKas W aBHAIlMOHHAs, INIE€ BEC
KOHCTPYKIUHU SIBJSUICS KPUTUUYECKUM IapaMeTpoM. M XOTS yHUKaJIbHbIE TEXHOJOTMH MX MPOM3BOJCTBA
MO3BOJISUIM  BapbUpoBaTh (OpMy U CTPYKTYpY, II€pBOHAYaJbHBIE MOAXOJAbl OBIIM  CTPOTO
KOHCEpBAaTUBHBIMA. KOHCTPYKIIMH, W3rOTOBJIEHHBIE W3 KOMIO3WIIMOHHBIX MAaTEpPHaOB, BBINIAEIH
no00HO MX METAUTMYECKUM aHaJjoraM: IMPU WX MPOCKTUPOBAHUM HCIIONB30BAIM TE )K€ MPUHIUIIBI U
MOAXOJbl K HM3TOTOBJICHUIO M PACYETOB MPOYHOCTH W HAASKHOCTH KOHCTPYKIMHA, B KOTOPBIX OHH

HCITIOJIB30BAaINCh.

ApMHpOBaHHBIE KOMITO3UITMOHHBIE MaTepUaibl UMEIOT BaXHYIO OCOOEHHOCTbH: MX XapaKTEPUCTUKH,
Takue Kak MPOYHOCTh M IKECTKOCTb, O0JIaZal0T CUJIBHO BbIpakeHHON aHu3oTponuei. CooTHOUIEHUE
CBOWCTB MaTepualia B PA3NIMYHBIX HAMPABJICHUSIX MOXKET PETYJIUPOBATHCS TUIIOM U XapaKTepoM
apMupoBaHus. Jlaxe eciau HCIONB3yeTcss OJUH THUIl BOJOKOH, TpeOyemble CBOWCTBA MOIYT OBITh
MOJIY4CHBI BaPHbHUPOBAHUEM OTHOIICHHS JOJH BOJOKOH K 00BEMY CBS3YIOIIETO. TeM caMbIM, BIIEPBEIC B
HUCTOPUHU Y KOHCTPYKTOPOB IOSIBUIIACh BO3MOYKHOCTB «@IPECHO» IMPOEKTUPOBATH CBOMCTBA MATEPUAJIOB,

M CIIOJIb3YEMBIX TIPU pa3pabOTKe JIeTaneil U AJIEMEHTOB KOHCTPYKIIUH.

PazButne HOBBIX MNPUHIOUIIOB CO3JaHHA MEPCICKTUBHBIX MAaTCPUAIOB U TEXHOJIOTHM UX IMOJIYYCHU A
IMPUBEII0 K OCOBHAHHUIO TOI'0, YTO IMPOCKTUPOBAHUE MATCpHaia HA OCHOBEC IMMOAXOJ0B MAKPOMEXaHUKU U

MHUKPOMCXaHUKU MOIKET OBITDH BBIMIOJIHEHO U Ha MEHBIIMX MacITadax.

a) amomHwll Macumab

Ha camom manom macmmrabe nmpoekTHpOBaHHWE MaTepuania MOKET OBbITh BBIIIOJIHEHO C ITOMOIIBIO
YHCIIGHHOTO MOJISIUpOBaHusi Ha aroMHoM YypoBHe [158-159]. KommbeioTepHOE MpPOSKTHPOBAHUE
MaTepuasoB sBIsAETCS (GOPMUPYIOINIMMCS HAy4YHbIM HAalpaBJIeHHEM, B KOTOPOM IJIaBHOM 3ajayeit

ABJIACTCA U3YYCHUC MCXaHU3MOB OTKIIMKAa MAaTCpHUalla Ha BHCHIHUC BOS[[CI\/JICTBI/ISI U INOUCK CTPYKTYPHO -
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($azo0BOro cocraBa, COOTBETCTBYIOILEIO MaTepuaiay ¢ TpeOyeMbIMU XapakrepucTukamu. Ilomck HOBBIX
MaTepHalioB ¢ TpeOyeMbIMU CBOWCTBAMH SIBJISIETCS TPOOJIEMOH T100aIbHOM ONTUMHU3AIUN, TP PELLICHUU
KOTOpPOH MOTYT OBIThb HCHOJIB30BAHbI PA3IMUHbIE CXEMbl MAIIMHHOTO OOy4eHHS M MaTeMaTH4eCKOi
ontumu3zauuu. I[lomoOHBI TOMCK M BBIOOP CTPYKTYpHO-(Ja30BOr0 COCTaBa SBISETCS BBICOKO-
Pa3MEpPHOCTHON ONMTHMH3AIIMOHHON MPOOJIEMOI, U MOTOMY TOJIHOE €€ pelicHHEe TPYTHOJAOCTHIKUMO H
JIOJITOE BPEMSI CUMTAJIOCh HEBO3MOXKHBIM. OJHAKO B MOCIEIHUE TOAbl 3BOJIIOLIMOHHBIE ANTOPUTMBI,
UCIIONB3YIOIME MPUHIUII €CTECTBEHHOTO OTOOpa, ObUIM YCIEUHO NMPUMEHEHBI B pa3paboTKe HOBBIX

marepuanos [160].

0) HanoMamepuanbl U HAHOKOMIO3UNbL

HaHokoMIo3uTamMy Ha3bIBAIOT KOMITIO3HIIMOHHBIE MaTepPHAIIbI, Y KOTOPBIX 11O KpaifHel Mepe O/IMH U3
pa3MepoB  apMUpPYIOIMX JSJIEMEHTOB wuMmeeT mopsgok MeHee 100 manomerpoB [161]. Takue
KOMITO3UI[UOHHBIC MAaTepUaibl SBJISIFOTCS TEPCIICKTUBHBIMU M3-3a2 HOBBIX BO3MOXKHOCTEH JIOCTHIKEHUS
BBICOKMX MEXaHHYECKUX CBOWCTB, TEILIOBBIX, JJIEKTPUYECKHX, ONTHYECKUX U JIPYTHUX XapaKTePUCTHK

[162-164]. Boicokue 3Ha4eHHsI CBOMCTB HAHOKOMITO3UTOB OOYCITOBJIEHBI TEM, YTO:

— CBOWCTBA HAHO-3JIEMEHTOB AapPMHUPOBAHUS 3HAUUTEIBHO BBIIIE CBOWCTB  TPAJUIMOHHO
HCII0JIb3YEMbIX HallOJIHUTENEH (HarpruMep, BOJIOKOH );

— OTHOLICHHUC IUJIOHIaNn HX MOBCPXHOCTH K O6’BCMy O4YCHb BCJIMKO, YTO YyIydllaeT HUX

B3aMMO/ICIICTBHE CO CBA3YIOIIMM, MOBBIIIAs MeK(a3HYIO alre3uio.

[IpuMepsl 271€EMEHTOB U1 HAHO-apMUPOBAHUS BKIIFOYAIOT:

HU3KOPa3MEpHBIE YAaCTHUIIBI U arperatsl, B TOM YHCIIe THOPHIHBIC;
— yIJIepOAHBIE HAHOBOJIOKHA;

— yrepoansie HaHOTPYOKH (YHT);

—  YacTHI[Bl NOJIMXEAPATBHBIX OTUTOMEPHBIX CUIICECKBHOKCAHOB;

— METAJUIMYECKHE HAaHOMOPOIIIKH;

— HaAHOIOPOILIKH METAIJIOOKCUTHOW KepaMUKH;

— HaHOIIOPOHIKH KEPAMUKH Ha OCHOBC 6GCKI/ICJ'I0p0)IHBIX COGI[I/IHGHI/Iﬁ MCTaJIJIOB U T.[.

[Ipumepamu ynydiieHHs] XapakTepUCTUK MaTepHaia NPy UCIOJIb30BAaHUM HAHO -apMUPOBAHUS:

— YBEJIMYEHHE BS3KOCTH pas3pylleHUs YIIIENIACTUKOB Ha 85 % MpH BBEIEHUU HAHOIIMH MU
yriepoaubix HaHOTPYOOK (YHT) B cBs3yroinee;

— YBEJIIMYECHHE BS3KOCTH paspymieHuss ctamu Ha 30 %, JOCTHTHYTOE 3aMelieHHeM KapOuoB
KJIacTepaMu C MEJKOUCIIEPCHON KapOUIHOW CTPYKTYPOI;

— YBEIUYEHHE CIBUIOBOM IPOYHOCTH CTEKIOIJacTuka Ha 45 % npu BBEACHUHM YIVIEPOJHBIX

HaHOTPYOOK.
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Bo3MOXKXHOCTBE €O37aBaTh DJIEKTPONPOBOIANME ITOJMMEPHBIE KOMIIO3MIMOHHBIE MaTepUaibl IIPH
BBeeHun YHT B cBssytomee 6e3 moTepu UX MEXaHMYECKUX CBOMCTB IO3BOJISIET CO3/1aBaTh MOJHOCTHIO
HOBBIE MPOAYKTHI, TAKME KaK TMOKUE, IPO3payHble U MPOBOAAIIME IUIEHKU JUISl SJIEKTPOHUKU (HarpuMmep,

CEHCOPHBIX KPAHOB).

Panee BHenpenue mpoaykroB Ha ocHoBe YHT ObUIO OrpaHWuYeHO WX BBICOKOW CTOMMOCTBIO U
MaJbIMH 00bEMaMU MPOMU3BOJACTBA, OJHAKO 00a 3TH OrPaHUYEHHUs YCIEIIHO IPEoJ0JIeBalOTCS B
HacTosimee Bpems. bomnbimas yacTe pa3pabOTOK Ha pPHIHKE YIIEPOJHOTO HAaHOAPMHPOBAHUS,
IPEUMYILIECTBEHHO OCHOBaHAa Ha NPUMEHEHWM MHOTIOCTEHHBIX yriepoJaHbIX HaHoTpyook (MCHT), a
TaKKe yriepoAHblXx HaHoBOJOKOH (YHB). Criektp mpuMeHeHHUsl 0JIHOCTEHHBIX YIIIEPOJHBIX HAHOTPYOOK
(OCHT) ropazno yxe, u moka orcraer o MCHT 1o cBoii 3Ha4MMOCTH U 00beMy. OCHOBHO# TPUUYNHOM,
00yCIIOBIIMBAIOIIEH TaKyl0 TEHIEHIMIO, SBJSIETCS TO, YTO XOTS BBICOKAs CTOMMOCTb BHEIPEHUS
xapakrepHa i Bcex YHT, croumocts OCHT B 50-100 pa3 npeBocxonut croumocts MCHT n YHB.
Tem He MeHee, IEHbl Ha BCE BHUJbl MaTEpUAIOB, MOJYYaEMbIX C TOMOIIBIO YIIIEPOAHOTO

HaHOApMUPOBAHUA, CHUKAKOTCA B CUIIY TOI'O, UTO paCTyT 00BEMBI UX MMpOU3BOACTBA.

Uucno npoussoaurened YHT 3HauMTENBHO BO3POCIO C UCTEUEHHEM CPOKOB JIEHUCTBUS IATCHTOB,
MpUHAISKAIMX MTHOHEpaM phIHKA yriaepoaHbix HaHOTpyOook Hyperion Catalysis International. HemaBno
koMmnanus Bayer Material Science mnpeicraBuiia HOBYIO TEXHOJOTHIO IPOMBIIUIEHHOTO IOJTY4EHHS
MCHT c¢ pocraToyHoil 4YuMcTOTOM M Oojiee HU3KOM CTOMMOCTBIO. JIpyrHMM KIIIOUEBBIMU HTPOKAMHU
ABISIOTCS (paHily3ckast komranus Arkema, Oenmbruiickue Nanocyl u Pyrograf Products, pacnonoxennas
B Can-J/luero xommanusi Ahwahnee Inc., nBe xommnanuu u3 IOxwuoii Kopeu - Carbon Nano-Material
Technology m Iljin Nanotech, a Ttarke smonckas Showa Denka m nBa mocraBumka n3 CeBepHOM

Awmepuku - Raymor Industries Inc. B Kanane u Unidym Inc. B CIIA.

Ceronns 6oJiee cTa KOMIaHUM 1Mo Bcemy Mupy npousoaiat YHT, mpudem oxuaercs, 4To 3TO YUCIIO
BO3pacTeT 0ojiee 4eM JI0 JBYXCOT B T€UEHHUE MOCIEAYIOUMX MATH JieT. B Hacrosmee Bpems nonst YHT
cocraBisieT okono 30% ot oOrero crnpoca Ha Bce HaHOMarepuanbl. OcHoBHBIE TpousBoautenu YHT u

UX TOI0BBIE 00beMbI TTpou3BoacTBa B 2010 romy npuBeeHbI B

Tabmuma 12. Cnemyer Takke 3aMETHTh, YTO KOMIIAHHH M WHCTUTYTOB, aKTHBHO BOBJICUCHHBIX B

HUCCIICAOBaHUA B obmactu YHT YK€ MOKHO HACUUTATh 0oJree THICSYH I10 BCCMY MHDY.

Tabnuma 12 — OcHOBHBIE TPOM3BOIUTENHN YITIEPOIHBIX HAHOTPYOOK
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logoeoit oboem

MpouzeogcTESkHbIN

lponssoauTenb npouIEcACTER, o CrpaHa
TOHH
Umidym, Inc. (acquired by Wisepower 1.6 High-pressure USA
Co.), http:/Awvww.unidym com carbon monoxide
(HiPco)
Toray Industries, Inc. 15 CCVD Japan
http://www toray.com » ‘ _
LLLERELLES Mitsubishi Rayon Co, Ltd 12 CVvD Japan
bt hitp://wwaw mirc.co.jp/english/index html
HaHOTPYGKH
SouthWest NanoTechnologies Inc. 1.0 Cobaitmolybdenum  USA
; catalyst
http://www.swentnano.com (CoMoCAT)*
Kleancarbon Inc 1.0 CVD Canada
http://www kleandarbon com
Showa Denko KK 500 CCVD Japan
http://www.sdk.co.jp/english
CNano Technology Limited 500 CcCcVvD USA
hitp://Awwaw.cnanotechnology.com
Muoro- Nanocyl S A, http:/~swwnanocyl.com® 400 CCVD Beigium
CTEHHDE
yrnepopsne  Bayer MaterialScience AG 260 CCVD Germany
wanotpyBk | hitp://www bayermaterialscience com
Arkema Inc: 50 CCVD France
http:/Awww.arkema-inc._com
Hyperion Catalysis Intemational, Inc 50 CVD USA
http://ww hyperioncatalysis.com

6) MUKpOMeEXAHUYeCKoe npoeKkmupoesanue

[TocpencTBoM yrpaBiieHHs BHYTPEHHEHW CTPYKTYpOM HAa OCHOBE IMOJXOJOB MHUKPOMEXaHMKU MOYXHO
MOJIy4aTh MaTepUajbl ¢ UCKIIOYUTEIBHO BBICOKUMHU JKECTKOCTBIO, TPOYHOCTHIO, TPEIMHOCTOMKOCTBIO U
JIPYT'UMH  MEXaHHUYeCKHMMH XapakrepucThukamu [165-171]. B kadecTBe NpHMEpPOB MOXKHO IPUBECTH
NponueCChl CO3AaHUA I‘I/I6pI/II[HI>IX KOMIIO3MIIUOHHBIX MATCpruaaioB, KOMIIO3UTOB C Hepapanecml‘/’l

CTPYKTYpOH, TKaHBIX, IJIETEHBIX U BA3aHHBIX TEKCTHIIBHBIX MpedopMm.

ITpn kKOMOMHUPOBAHUY Pa3HBIX THIIOB BOJIOKOH B TMOPHAHBIX KOMITO3HIIMOHHBIX MaTepraiax u/miu
NPUMEHEHUH CIIEHHAIbHO CIHPOSKTHPOBAHHBIX CXeM apMHPOBAHUS B MaTepualax C HEpapXHUUecKon
CTPYKTYpOH, ONTHUMH3UPYETCS CTPYKTypa, UTO OOECIEeYMBAET TMOBBIIIEHUE SKCILTyaTallHOHHBIX
XapaKTePUCTHK H3/CIHS/KOHCTPYKIIMU B 1enoM. llpumMeHeHne THOPUIHBIX KOMIIO3UTOB HamOosee
BOCTPEOOBAHO B KOMMEPUYECKOM CaMOJIETOCTPOCHHUH, YTO CBS3aHO C TaKUM HX XapaKTepUCTHKAMH, Kak
HOBBIIICGHHAS TPEIIMHOCTOMKOCTh, yHapHas MPOYHOCTb, YCTAJIOCTHAs JOJTOBEYHOCTb, MEHbBIIAS

YYBCTBUTCIIBHOCTb K KOHIICHTpATOpaM HaprI}KeHI/Iﬁ (HaI[II)CSaM, OTBCPCTUAM U Hp)
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2) npoekmupoearnue Ha MaKkpoypoeHe

[IpoexktupoBanre mMaTepuaia Ha 3TOM ypPOBHE SBJISIETCS HamOOJee paclpOCTPAaHEHHOW MPAKTHKOM
[172], 9TO COXMIIOCH MCTOPUYECKH TPU Pa3pabOTKe JAeTajell W3 KOMITO3MIIMOHHBIX MaTepuaioB [173].
OCHOBHBIM MOJXOJIOM, IPUMEHSEMBIM B HACTOSILEE BPEMsl, SIBJISIETCS U3MEHEHUE CBOMCTB MaTepuaia oT
OJTHOM JMCKPETHOW OO0JIaCTH TMPOEKTUPYEMOTO 3JIEMEHTAa KOHCTPYKUHMH K JPYroil MmyTreM H3MEHEHUS
YHClla CJOEB, a TaKKe YIJIOB OPUEHTALlMU apMHUPYIONIMX BOJOKOH. JIOCTOMHCTBOM 3TOT0 MOAXOJAa C
TOYKH 3pPEHHS TEPCHEKTUBHBIX TEXHOJIOTUM SABJISIETCA "aJIMTUBHBIA" XapakTep 3TOro MpOU3BOICTBA.
JlokanpbHOE M3MEHEHHE TONIMHBI U Ja)ke TeOMETPUHU JETaal B PA3IMUHBIX OOJNACTSAX JIOCTUTaeTcs He

yTeM MEXaHUYEeCKOW (BBIYMTAIONIECH ) 00paboTKH, a MyTeM 00aBJICHHUS CIIOEB.

[locnennue TeHACHIMU B 3TOM 007aCcTH 3aKIHOYAIOTCS B MIEPEXO0JIE OT AUCKPETHOTO K HEMPEPHIBHOMY
MU3MEHEHMIO I[1apaMeTpOB M CBOWCTB BO BCEH KOMIIO3UTHOM JAeTand. OJTO JOCTUTAETCA IyTeM
HEIPEPHIBHOTO YIPABJIECHHUS YIIIaMU OPUEHTALIMHU BOJIOKOH MPHU BBIKIAJAKE U BO3MOXKHOCTSIMU 3D meuatu.
Takoke MOSBISETCS BO3MOXHOCTh IPOEKTUPOBATH/KOHTPOJIMPOBATH HAIPABJICHUS JCHCTBHS HArpy30K B
KOHCTPYKIIMU, TaK KaK B KOHCTPYKIUSAX M3 KOMIIO3UIIMOHHBIX MaTepUalioB pacHpelielieHHE Harpy3ok
CYILECTBEHHO 3aBUCAT OT HAIpPaBJICHUHN YKIAAKU BOJIOKOH. OJHAKO IS CO3JaHUsl TaKUX KOHCTPYKLUI
HE0OX0/IMMO HCIOJIb30BaHHUE CIEHAIbHOTO aBTOMAaTHYECKOTO BBIKIAJ0YHOIO 000pyIOBaHUs, KOTOPOE
Oyner paccMaTpuBatbecsi HUXke. IIpm 3TOM BakHYIO pOJIb UMEET MHOTOYPOBHEBOE MOJECIMPOBAHUE U
JTUHAMUYECKHE  HCIbITAHWE  KaK  KOMIIBIOTEPHOM, TaKk M  OKCIEPUMEHTAJIbHOH  MOJENH
U3IEeNUA/KOHCTPYKIMH. OCHOBHOE MPEUMYIIECTBO 3aKIIOYAETCS B TOM, YTO KOHCTPYKTOPHI MOIY4aroT
WHCTPYMEHTApUH Ui TOTrO, YTOOBI ONTUMAJIBHO (DYHKIMOHATU3UPOBATh CBOMCTBA MaTepuaia UCXos U3

BO3/ICHCTBUY Ha KOHCTPYKLMIO B IIPOLIECCE IKCILIyaTal[UH.

Hpou%‘odcm@o CNPpOEKMUPOBAHHBLX MAmMepualos u KOHCInpyKL;ML?

Hecmotpst Ha TO, YTO COBpeMEHHBIE KOMIIO3UIIMOHHBIE MaTepHallbl UCIOB3YIOTCA B TeueHue Ooee
4eM IISATH ACCATUIECTHN, TEXHOJIIOTUN ITPOU3BOICTBA JIeTAJIE U KOHCTPYKIIUI U3 3TUX MAaTEPUAIIOB JI0JIT0E
BpeMsi NpeObIBaJId B «3a4aTOYHOM» COCTOSHUU. YJIUBUTENBHBIM SIBJISETCS TOT (PaKT, YTO MHOTHE
IPOMBILIUIEHHbIE TPUIIOKEHUS, 33 HMCKIIOUYEHHMEM HECKOJIBKMX CIelHMalbHBIX oOnacTei, paHee ObLIN
OCHOBaHbl JIMIIb Ha TEXHOJOIMH PYYHOro ImpousBojcTBa. IlolyaBTOMAaTH3MpOBaHHBIE HIIH
aBTOMAaTU3UPOBAHHBIE IPOU3BOACTBEHHBIC TEXHOJIOTUHM IMPUMEHSIUCh JHUIL IIPU  HU3TOTOBICHUHU
OasIOHOB W TPYO MyTeM HAMOTKM JKTYTOB HJIM MYYKOB HUTEH Ha BBIMYKIYIO MOBEPXHOCTH COCYAA IO
TEOJC3UYECKUM  WMJIM  OKOJIOT€OAE3UYECKMM  TpackropusM.  JpyruM  aBTOMAaTU3UPOBAHHBIM
IIPOM3BOJACTBOM  SIBJISUIOCH  NYJITPY3MOHHOE  IIPOM3BOJACTBO  OJHOHAIIPABJICHHBIX  BOJIOKHHUCTBIX
KOMIIO3ULIMOHHBIX MarepuaiaoB. BbICOKOTOYHAss ClIOKHAsA TEXHMKa Hadajga IPUMEHSTbCS A

MIPOU3BOJCTBA KPYIMHOTa0ApUTHBIX KOMITO3UTHBIX JieTalled M KOHCTPYKUMM Tosnbko B 1990-Xx romax c
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MOSIBJICHMEM MAaIllMH aBTOMATH3UPOBAHHON BBIKIAIKK JIeHT (ABJI) m aBTOMAaTHM3MpOBAaHHOM BBIKIAIKA

BoJiokHa (ABB).

[IpyuMeHeHNEe aBTOMATU3UPOBAHHOM TEXHUKUA Ul IPOU3BOACTBA KOMIIO3UTHBIX KOHCTPYKLMH,
UMEIOIIMX HECTaHJAPTHYI0 TIEOMETPHIO, IO3BOJMT CJIOMaTh IEHOBOW Oapbep, MPENATCTBYHOIMN
MacmrabHOMY BHEIPEHUIO KOMITO3UIIMOHHBIX MaTEPHAIOB B MPOU3BOJICTBO MOTPEOUTEIHCKUX TOBAPOB.
Manmusl ABB u ABJI, ynomsiHyTbI€ BBILIE, SABJIAIOTCS JIMIIb IPEATEYaMU aBTOMaTU3UPOBAHHBIX CHCTEM,
KOTOpBIE OJHAXJbl CTaHYT YacThl0 OoJiee CIIOKHOM COOPOYHON JTMHUU KOMIIO3UTHBIX KOHCTPYKIHUH,
CIocOOHOM coderaTh pa3IMyHbIE YACTU KOMIIO3UTHON KOHCTPYKLUMM U Pa3IUyHbIE TUIIBI ApMUPOBAHUS.
Cxoxuii yTh OT PY4HOW COOPOYHOW JIMHUU 10 aBTOMATHUYECKOTO POOOTHU3MPOBAHHOTO MPOM3BOJICTBA

IIponuIo aBTOM06I/IJ'IeCTpOGHI/Ie.

2.5.2 MeTamionopouKoBble MaTepUalbl Il AU TUBHBIX MPOU3BOJICTBEHHBIX TEXHOIOTUM

AHanu3 MMEIOUMXCS JaHHBIX TOBOPUT O TOM, 4TO oOnacte MmarepuayioB st All-texHonoruii
HaXOJUTCA B 3a4aTOYHOM COCTOSIHUU M B Hel, 0€3 COMHEHMsI pa3BepHETCs OCTpast KOHKypeHTHasi 6opb0a.
[lo cymecTBy, HEOOXOAMMO CO3JaHHE HOBOTO MATEPHAJIOBEICHUS, YTO CBSA3aHO C HEOOXOJMMOCTBIO

PCHICHU TAKUX CJIOKXHBIX HAYYHBIX U TCXHOJIOTHYCCKUX np06neM Kak:

1) paspaboTka W CO3JaHHE TMOPOMIKOBBIX CHCTEM C YIPaBIACMbIMU/KOHTPOIUPYEMbIMU B
YCIIOBUSIX All pa3MepHbIMHU, (U3UKO-XUMUYECKIMH u reOMETPUUYECKUMHU

napaMeTpamMu/CBOMCTBaMHU;

2) pa3pabOTKa MOIXOAOB W MOJCIECH I OMHMCAHHS IPOIECCOB (OPMHUPOBAHHS CTPYKTYPHO-

($a30BBIX COCTOSIHMI HEmocpeAcTBeHHO B mporecce 3D nmeuaru;

3) pa3paboTKa YKCIECHHBIX METOJIOB U UCIBITATEIILHBIX CUCTEM JIJISl peai3allii MHOTOYPOBHEBOTO
(c yderoM JIOKaJIbHOTO CTPYKTYpPHO-(a30BOTO COCTOSHHUSI MaTepualia) JTHHAMHYECKOTO

MOJCIUPOBAHUS U3JEIUN U KOHCTPYKIUH.

B nacrosiee Bpemsi He CyIIECTBYET OOIMX TpeOOBAaHUN K METAJIONOPOIIKOBBIM KOMITO3UIIUSM,
npuMeHsieMblM B AM-TexHonorusix. PasHele KoMIaHuM-npou3BoanTenn AM-MallMH NPEINHUCHIBAIOT
paboTy c ompeeseHHBIM IEepeYHeM MaTepuajoB, OOBIYHO IMOCTABJISIEMBIX caMOi 3Toil kommanuei. B
pasHbIX MaIMHAX MCIIOIb3YIOTCS MOPOLIKH Pa3InYHOro (PpakuMOHHOIO cocraBa. OIHUM U3 IapaMeTPOB,
XapaKTepHU3YIOIMX MOPOILOK, sBseTcss BenuunHa d50 — «cpeauuii quamerp vactuiy. Hampumep, d50 =

40 mxM o3HavaeT, uto y 50% yacTHI] HOpOIlKa pa3Mep YacTHUI] MEHbILe Ui paBeH 40 MKM.

Tak, Hanmpumep, B mammHax Phenix Systems mcrnonb3yercst mopomok ¢ d50=10 MxM; st MammH
Conzept Laser nmucrepcHOCTh MOPOIIKA JSKUT B mepenenax 25-52 mxm npu d50=26,9 mxm; ams Arcam

pasmep 4actui coctaBisier 45-100 mxm, st mamme SLM Solutions d50=10-30 mxm u T.1. CymecTByer

119



OIIpe/IeNICHHOE HEJOBEpUe K MOPOIIKAaM Pa3HBIX Mpou3BoAuTeneil. Her Hukakoil rapaHTHu, Y4TO KYIHB
MaTepHall y OJHOTO MPOU3BOIUTENS U JOMOIHUTEIBHOE KOJMYECTBO Y JIPYroro, Bbl MOJYYUTE U3JEIUS
OJITHAKOBOTO KauecTBa. Bce 3TO AMKTYeT HEOOXOAMMOCTh CTaHAAPTHU3AIlMM MaTepHaioB i AM-
TEXHOJOTUU. 37ech Toke HeoOXoanma OoJibllasi MccienoBareibckas padoTa, MOCKOIbKY COBPEMEHHBIE
METOJIbl, IPUMEHSEMbIC ISl OLICHKHA CBOMCTB MAaTEpPHAJOB IS TPAAUIMOHHBIX TEXHOJOTUMH, HE MOTYT
ObITh TPUMEHEHBI K aJTUTHBHBIM TEXHOJIOTHSM B CHIJIy HAJMYMsS aHU30TPONHMH, HEH30EKHOW IpU

ITOCJIOMHOM MMPpUHOUIIC CO3AaHUA U3OCTIUA.

3a pyOexoM BOIMPOCH CTaHAAPTU3AIMU 10 MaTepHraliaM sl aJAUTUBHBIX TEXHOJIOTHI HAXOITCS B
komrereHnuu NIST - National Institute of Standards and Technology (CIIA); MexmyHapoaHoit
opranuzanus mo crangaptuzanuu [SO (komuter TC261 mo ammuTUBHBIM TexHOJIOTHsIM), © ASTM
(MexxTyHapoaHBINM KOMUTET F42 10 aaIMTUBHBIM TEXHOJIOTHUAM). B HacTosImee BpeMst pa3paboTaH TOJIBKO
omun cranaapt (ASTM F2924) na marepuan Ti-6-Al4-V mns npumenenns B Texnonorusx Powder Bed

Fusion.

Oco0eHHOCTRIO TIpoIIecca Ta3epPHOTO CUHTE3a, HalpuMep, 1Mo TexHosoruu SLM sBusercs To, 4To
IpPU TMOCTPOCHUHU JETalM JIa3epHbIIl Jyd HE TOJBKO CILIABJISET YACTHUI[BI MOpPONIKA, (GOPMHUPYS TEJIO
JeTa, HO W «IOPTUT» Marepuan, HENOCPEICTBEHHO MPHUJCTaloNMi K MOBEPXHOCTH CTPOSILECHUCS
netamu. I[loaTtomy B mipaktuke paboTel ¢ SLS-ManmmHaMu TPUMEHSIOT METOABl IMPOCEUBAHUS
O0TpabOTAaHHOTO MaTepHuaia C LEIbI0 yaaleHus «OpakoBaHHOW» YacTH C JaJIbHEHUIEM MepeMelnBaHueM
«paboTaBIllero» MOPOIIKa CO CBEXUM. B Kkakoil mpomopuuu — Kaxaas KOMIIaHHS peIiaeT MO-CBOEMY.
Takum 00pa3oM, MIECHTUYHOCTH OOpPA3I[OB, MOCTPOEHHBIX HA OJHOW MAIlMHE, U3 OJHOTO M TOTO XKE

MOpoOIIKa, HO € YICTOM 3THX HIOAHCOB, TAK)KC HC rApaHTHPOBAHA.

OOumM TpeboBaHHMEM K MmopoikaMm it AM-manmH siBisercst cepudeckas Gopma 4acTuIl. ITO
CBSI3aHO, BO-TIEPBBIX, C TE€M, YTO TAaKME€ YACTHIbI 0OJiee KOMIAKTHO YKJIQJbIBAIOTCS B OMpPEACICHHbIN
o0veM. UM, BO-BTOPBIX, HEOOXOAMMO OOECHEUUTh «TEKy4eCTh» MOPOIIKOBOM KOMIO3UIUHM B CHCTEMax

MoJa4yd Marepuaja ¢ MUHUMAIBHBIM CONPOTHUBIIEHMEM. JTO KaK pa3 JOCTUTACTCS MpH chepraeckoit

dopme vacTuil.

Ecnu mopomok uMeeT CAMIIKOM Malbld pa3Mep 4YacTHUIll, TO B IPOLECCe MOCTPOCHUS JIETKHE
qacTulbl OyAyT «BBUIETATb» U3 30HBI pacIllaBa, YTO MPUBEAET K OOpaTHOMY pe3ylbTaTy — MOBBIIICHHOU
[IEPOXOBATOCTH JETall, MUKPOMOPUCTOCTH. Ellle 0MH HIOAHC: AJISi TOTO, YTOOBI BBUICTAIONIME U3 30HBI
paciuiaBa yacTHMIIbl Ha IOMNAJaJId Ha COCEHUE YXKE CIIABJIECHHbIE Y4aCTKU MMOBEPXHOCTb CTPOSIIETOCs
CJOsl, BHYTpH paboueil kamephl CO3[al0T HANpaBJICHHBIH «BETEpP», KOTOPBIM CHyBAae€T BBIJICTEBIIHE
YacTULIbl B CTOPOHY. DTO TAaKKE MOKET MPUBECTU K CIMIIKOM MHTEHCHBHOMY BBIHOCY CTPOUTEIBLHOIO

MaTepuajia U3 30HbI ITOCTPOCHUS. B CUJIY 9TUX NIPUYUH IIPpU pa60Te C MCJIKOAHUCIICPCHBIMU ITOPOIIKaMHU C
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d50 <10 MKM NOpPHMEHSIOT MaJOMOIIHBIE Ja3ephl, CICIOBATEIbHO, MaJONPOU3BOIUTEIbHBIC. Takue
MMOPOHIKN (C COOTBCTCTBYHOIIIMMU HaCTPOﬁKaMH MaH_II/IHBI) NpUMCHAKOT B OCHOBHOM JIs1 U3IOTOBJICHUS

MPIKpO-I[CTﬂIIGfI, KOTOPBIC HHBIM CITOCOOOM H3rOTOBUTH HE MMpCACTaBIACTCA BO3MOXHBIM.

OnpeneneHHble TPYIHOCTH MPU pabOTe ¢ MEIKOAMCIEPCHBIMU MMOPOUIKAMH BO3HHUKAIOT B CBSI3H C
UX TOBBIIIEHHON CKIOHHOCTBIO K KOMKOBAaHHIO. DTO HaKIaJbIBaeT OCOObIe TPeOOBaHMS K YCIOBHUSAM

XpaHEHHMS MaTepUAIIOB U dKCILTyaTaluuu AM-MammH.

Memoobr noayuenua Mmemaniuyeckux HOPOWKOGHLIX MAmMepuanoe 011 a0OUMUBHBIX

MmMexHo102ul.

CymeCTByeT MHOXCCTBO MCTOAOB IMOJYUCHHUA MCTAJUIOIIOPOIIKOB, YCJIOBHO HX pPasACIsAIOT Ha
(1)I/I3I/IKO-XI/IMI/I‘-I€CKI/IG n Mexanmueckue. K (1)I/ISI/IKO-XI/IMI/III€CKI/IM OTHOCAT TCXHOJIOTHUH, CBA3aHHBIC C
(I)I/I3I/IK0-XI/IMI/ILIGCKI/IMI/I MMpCBPAIICHHUAMN UCXOAHOTI'O CBIPBA. HpI/I 3TOM XHMUYECKHM COCTaB U CTPYKTYpa
KOHCYHOI'0 MPOAYKTa — IMOPONLIKA, CYMECCTBECHHO OTIMYACTCA OT MCXOAHOTO0 MaTcpuala. MexaanJeckue
MCETOAbI o0ecreunBarOT MNpOU3BOACTBO MMOPOIIKA U3 ChIPbI 0e3 CYHICCTBCHHOT'O U3MCHCHHUA XUMHWYCCKOTO
coctaBa. K MexaHWMYECKMM MeTOAaM OTHOCATCA, HAIIPUMEP, MHOIOYUCIICHHBIC BAapHAHTBLI pasMoJia B
MCJIbHUIAX, a4 TAKXKC AUCHCPIrHPOBAHUC PaACIJIaBOB MOCPCACTBOM CTPYH Tra3a HWJIH XKUIAKOCTH. OToT

IMpOoUECC HA3bIBAOT TAKXKE aTOMM3AIUCH.

YacTunpl NOPOUIKOB, ITOJIYY4Aa€MbIX MEXaHMYECKUMHM METOJaMH IIyTEM pPa3MoJia, HMEIOT
OCKOJIOUHYIO, HEMPaBUIIBbHYIO (opMy. B M3roTOBIIEHHOM MOPOIIKE COACPKHUTCS OTHOCUTEIBHO OOJIBILOE
KOJIMYECTBO NMpUMeEceH — MPOAYKTOB M3HOCA PAa3MOJIBHBIX TNl U (yTepoBKU MenbHUIIBL. [loaTomy 3Tn

MCTOJbI HC TPUMCHSAIOT IUISA TTOJTYYCHH A ITOPOUIKOB, UCIIOJB3YCMbIX B aJIUTHUBHBIX TCXHOJIOTUAX.

JlucnieprupoBaHue paciiaBa — HauOoliee MPOU3BOJUTEIbHBINA, SKOHOMUYHBIA M A()ESKTHBHBIHI
croco0 TOMy4eHHs MEJKUX W CPeIHUX MOPOHIKOB MeTaioB. 60-70% oObeMa BceX MPOMBINUICHHBIX
MOPOIIKOB MOJY4al0T UMEHHO ATHUM MetofoM [174]. PacmbuieHue (aTOMU3ALNIO) IMIMPOKO MPUMEHSIOT
IPH TPOU3BOJICTBE IMOPOIIKOB MHOTOKOMIIOHEHTHBIX CIIJIABOB, B YaCTHOCTH, C aMOP(HON CTPYKTYpOH,
KOTOpast TO3BOJIET JOCTUYL PABHOMEPHOTO XMMHUUYECKOTO COCTaBa KOMITO3UIINH, JTAXKe IPU COJEPIKAHUU
JICTUPYIOIIMX KOMITOHEHTOB BBITIE WX MpPE/eiia pACTBOPUMOCTH B OCHOBHOM KOMITOHEHTE cIiiaBa. Kpome
TOTO, TIOPOIIIKHU, MTOTYyYEHHBIEC C UCMOJIB30BAHIEM METOJIOB TUCIEPTUPOBAHUS PACILIIABOB, UMEIOT GOpMy

YaCTHII, OM3KYyI0 K cPpeprIecKoil.

bonee 90% Bcex MOPOIIKOB, MPUMEHSEMBIX B aJJUTUBHBIX TEXHOJIOTHIX MOJIY4al0T METOAaMH
qucneprupoBanusi pacmiaBa. OCHOBHBIMH TEXHOJOTHSIMHU TOTYYEHUS MOPOIIKOB s AM-ManmH

SABJIAKOTCA:

- ra3oBas aTOMH3allus (pa3HOBI/I}1HOCTI/I TEXHOJIOTUHN — BOJsAHAsA U MacCJIstHas aTOMI/ISaHI/ISI);
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- BaKyyMHasi aTOMH3AIIHS,
- IIEHTPOOEIKHASI AaTOMU3AITH .

l'azosan amomuzayus. COTIIaCHO ATOW TEXHOJOTMH METAUl PACIIABISIIOT B IUIABMJIBHOW KaMmepe
(0OBIYHO B BaKyyMe HJIM MHEPTHOM cpeJie) M 3aTeM CIMBAIOT B YIPABISEMOM PEKUME Uepe3 ClielnaibHoe
YCTPOWCTBO — pPACHBUINTENb, TA€ IPOU3BOIUTCS pa3pylieHHE TOTOKA JKUAKOTO METajula CTpyei
MHEPTHOTO Ta3a moj jaaBieHueM. (s nmomydenust menkux mopomkoB d=10-40 mxMm, Hambonee 4acTo
MPUMEHSAEMBIX B aIMTUBHBIX TEXHOJOTHSX, UCIOIB3YIOT Tak Ha3biBaeMmble VIM-aTomaiizepsl (Vacuum
Induction Melting), B KOTOpBIX IJIaBHJIBHYIO KaMepy M KaMepy aTOMH3allud BaKyyMHUPYIOT IS
MUHUMH3AIMA KOHTaKTa paclijlaBa C KUCIOPOJOM W a30TOM, HEMOCPEACTBEHHO TEpei IPOIecCOM
paclbUIeHUs Kamepy pacHblICHHs 3alOJHSIOTCS MHEPTHBIM Ta3oM /0 aTMOC(EpHOrO JaBJEeHMS, a B
MJTaBMIIBHOM Kamepe co3/maeTcs M30BITOYHOE JaBJIeHHe. A caMmy TEXHOJIOTHIO TOJY4eHUs! ITOPOIIKOB C
MCIIOJIb30BAHME MAIlMH ISl BaKyyMHOTO TuiaBjieHHs: HaseiBaroT VIGA - Vacuum Induction Melt Inert
Gas Atomization, T. €. «TEXHOJOTHs Tra30BOTO PACHBUICHHS MeTallla, PaIlUIaBJICHHOTO B BaKyyMHOIA
KaMepe MyTeM UWHIYKIMOHHOTO HarpeBa». [IpUMEHSIOTCS Kak MOBOPOTHBIE TUIIH (A7
BBICOKOIIPOU3BOIUTENBHBIX MAllMH), TaK U TUIVIM C JIOHHBIM CIMBOM (B OCHOBHOM JJIs JJAOOPAaTOPHBIX

YCTaHOBOK).

Jns nnaBKd BO3MOXXKHO HMCIHOJIb30BAHUE KEPAMUUYECKUX TUTIIEH, «XOJIOJHOTO TUIJISD AJIA TIABKU
BBICOKOAKTHBHBIX MaTE€pPUAJIOB, a Takke OCCTUTEIIBHOW TUTABKA MEIJICHHOBPAIIAIOIIETOCS AJIEKTPO/Ia B
KOHMYECKOM HUHAYKTOpe. B 3aBUCMMOCTM OT Marepuana THUIJIS, TeMIeparypa IJIaBJICHUS MOXKET
nocturath 2000°C. PacniyaBieHHBIN METaUT CIMBAIOT B CHIEIIUATIBHBIN TPUEMHHK, K KOTOPOMY TTOJIBOJISAT

WHEPTHBIH Ta3 1Moj JaBjieHneM (0ObIYHO aproH, HHOT/IA a30T).

[Ipouiecc pacmbuleHHs MeTajlla Jjsl J1abOpaTOPHBIX YCTAaHOBOK MMEET TpHU (ha3bl — HAYaJIbHYIO,
pabouylo U 3aKITIOYUTENbHYI0. B HadabHOU (a3e cucTemMa BBIXOAUT HAa pabOuMUil PEKHUM: OTKPBHIBASTCS
KIanaH s CIMBa MeTauia (HE0OXOIUMO HEKOTOpOe BpeMs Ul CTa0MIIM3alUU MOTOKAa), BKIOYAETCS
nojaya paclbUIMTENIFHOTO Ta3a, MPUYEM B TOYHO OIPENCICHHOM COOTHOUICHHH MEXIY KOJINYECTBOM

MeTajla ¥ pacTbUISIONIETo ra3a. JTa (aza JITUTCS HECKOJIBKO CEKyH/I.

Janee HaumHaercst pabovas (asa, B KOTOpOHl Ipolecc CIMBa MeTajula CTAaOMIU3UpPYETCs U
JlocTUTaeTcsi TpedyeMoe COOTHOIIEHHE pacxoja MeTajsla U aproHa B pacmnbuiuTene. B xoHie pabouero
IpoIecca CKOPOCTh BBIXOAAa MeTajula M3 THUIVISI CHHXKAETCs, MapamMeTpbl IOTOKAa H3MEHSIOTCS, U
Hapyumercs: OajaHC MeXAy OTHOLICHHMEM Macchl MeTaula M rasza. OTOT HpoLecC TaKKe JAIUTCA
HECKOJIBKO CeKyHJ. B mepBoi W 3akmouuTenbHOW (Da3ax MOPOIIOK MOJMY4aeTcs HEKOHIUIMOHHBIN.
[TosTOMY /1151 HOBBILICHUS] TPOU3BOAUTEIBHOCTH U 3(PPEKTUBHOCTH CUCTEMBI HEOOXOUMO YBEINYUBATh

JoN0 paboueil ¢aspl B 00meM OallaHce BPEMEHH LHKIA aTOMH3AIMHU. Y3€l aTOMHU3allUM — TaM, TJIe
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MIPOUCXOJUT COOCTBEHHO MPOIECC PACIBUIMBAHUS METalIa, 3TO BEChbMa CI0KHOE YCTPOWCTBO, KOTOPOE
IO KOHCTPYKTUBHBIM U TCXHOJIOTHYCCKUM COO6pa)K€HI/I€M HC MOXET 6BITI: BBIIIOJIHCHHBIM C pasMCpamu,
MEHBIIIE ONpeAeTIeHHBIX. JJI1 KaueCTBEHHOTO PaCIbUICHUS JOKHO OBITh BBIJACPIKAHO OIPEICICHHOE
COOTHOIIICHHE MEX]y PacXoloM MeTajlla ¥ PacxoJoM raza. MUHUMAJBHBIN pacxo]l METajlla COCTABIISCT
npuMepHo 8 kr/MuH wiH okosio 1,0 i/mMuH (1o cranm). [ToaToMy, ecii aToMai3ep UMEET TUTEh 00bEMOM
1,0-3,0 1, umcrmonb30BaTh €ro JUisi KOMMEPUYECKOTO TIONYyYCeHHS IOPOIIKOB HelenecooopasHo. Bech
nporecc OyleT CIMIIKOM KPaTKOBPEMEHHBIM IS CTaOMIJIM3alliy paclbUIMBaHUs B paboued ¢ase u
BBIXOJ KOHAWIMOHHOI'O IIOPOIIKa 6y,[[eT HEBCIIUK. CJICI[yeT YUUTBIBATh U MOCTCHCHHOC CHUIKCHUC
Temreparypsl raza Ha (opcyHke (0 MHHYCOBBIX 3HAUCHHI), YTO CBS3aHO C €r0 WHTECHCHBHBIM
pacumpeHueM Ha BBIXOA€ M3 (OPCYHKH IMPH HCIIOJIB30BAHUHU JO3BYKOBBIX Ta30JMHAMHYECKUX COTEIN.
OT0 mpuemseMo Uis HCCIENOBATENbCKUX IeNiel, HO He IeJecoo0pa3Ho Uii KOMMEPUECKOro

HCITIOJIB30BaHM .

[TpoMbIlTIeHHBIE aTOMaii3epbl OTIAMYAIOTCA OONbIIeH CTa0MIIBHOCTBIO IIpoliecca, 3a CYeT
IPUMEHEHHUs YCTPOMCTB MpPEIBAapUTENBHOIO IMOAOIPEBa Tra3a, a Talke M3MEHEHHEM YCIOBHH (axena

pacinblIsICEMOro METaJlIa.

JUis mpou3BOACTBAa MOPOIIKOB TEXHUYECKH PAIlMOHATBHOW HIDKHEH TpaHuned oObema THUTIISL
cuntaercss 5,0 1 (okoso 40 xr mo cranu). B aTOM ciiydae BpeMs pacHbUICHHS COCTaBUT MPHUMEPHO 5
MHUHYT, U JJIUTENBHOCTh padoueil ¢assl coctaBUT OKoso 4,5 MUHYTHI. DpakIMOHHBIN COCTaB MOPOILKA

MOJKET OBITh pacIllipeH MyTeM YBEIHMYEHHS pacxoja MeTallia yepe3 CIMBHOM KaHal,
Atomaiizepsl Thnia VIGA npuMeHsOTCs, B YACTHOCTH, JJI MOJYYEHHUS CIEAYIOIMX MOPOILKOB:

- HUKeJIeBble >KaponpouHble cruiaBbl (Hamp. Inconel 718, Rene 88, u T.n.) mnst neraneit
ABUALIMOHHBIX U CTAIMOHAPHBIX TYPOUH;

- CIUIaBbl Ha OCHOBE KOOaJIbTa JIsl CIOJIb30BAaHUSI B MEIULIMHE, CTOMATOJIOTHH U TPOU3BOICT BE
MUIIICHEH NOHHOTO PaCIIbLICHUS;

- mopouku s miazmMenHoro HanbuieHUs (Hanp. NiCrAlY, CoCrAlY, u T.1.) U1 IJ1a3MEHHOTO
HaIBUICHUS 3aMTHBIX TOKPBITHI Ha IETAJIA U3 KapOMPOUYHBIX CILIIABOB;

- TIOPOUIKK JJIsA TpaHyIbHOW MeTayutypruu (Hamp. 17-4 PH, 316L) myist aBTOMOOMIBHBIX IeTanei
MaccoOBOTO MPOU3BOJICTBA;

- KOMIO3UIIUM JJIS CIIEKaHHWE B MOPOIIKOBOM cJIo€ (Harp. KoOaIbTOBBIE CILIABhI, IPAaroleHHbIE
MeTaJlIbl) ISl IpUuMeHeHusi B AM-ManmHax;

- BBICOKOJITHPOBAHHbIE CTalM (HAampuUMep, MHCTPYMEHTAlbHAsl CTajb, OBICTPOPE3bI) C OYCHB
BBICOKHM COZICP)KaHHEM KapOUJIOB;

- HOBCTHBLIC MCTAJJIbI HAITP. MCAHBIC UJIKN OJIOBAHHBIC CILJIABBI JJIS PA3JIMYHOIO0 IIPUMCHCHU .
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Texnonmoruss EIGA (Electrode induction guide iert gas atomization - WHAYKIMOHHAs IIJIaBKa
QJICKTpOJa C pacClblIICHUCM I‘aSOM) ABJIAACTCAA €IIIC OAHUM BHUIAOM ra3oBoi arToMu3alum “u pa3p360TaHa
CIIeIMAIBHO JIJIsl TIOJTYYEeHHS TTOPOIIKOB peakTUBHBIX MeTauioB - Ti, Zr, Hf, V, Pt, Ir, Nb, Mo, u T. 1.,
IMOCKOJIbKY IIJIaBKa 3TUX MCTAJUIOB B KCPAMHUUYCCKHUX TUITIAX 3aTPYAHCHA JAKC B YCJIIOBUAX BAKyyMad, a4 B

XOJIOOAHOM THIJIC CBA3aHa C BBICOKMMU 3aTpaTaMi SHEPIUHU.

EIGA-aromaiizep mpuMeHsETCS Ul TTOMYICHHS METAUTMYSCKIX MOPOIIKOB METOJIOM PacIbLICHUS
B ctpye aprona. CornacHo texnonorun EIGA mpyrku (Tak HaspiBaemblii feed stock — chipbe, HCXOIHBIM
MaTepuai) Mocje MpeaBapUTeIbHON BHINIJIABKU B (OpME 3JIEKTPOJIOB TPOXOAAT MHIAYKIIMOHHYIO TIIaBKy U
pacmbUIsIOTCS 0€3 HCMONB30BAaHUS IUIABWJIBHOTO THIVIS. [lmaBieHne NpPOU3BOIUTCS OIYyCKaHHUEM
MEJICHHO BpAILIAIOUIETOCA 3JIEKTpo/Ja B KOHMUYECKHUH WMHAykTop. Kamiam meramia ckambIBaloT ¢ Topia
AJIEKTPOJa B TOJOCTh (OPCYHKM U PACHBUISIIOTCS WHEPTHBIM Ta30M. TUMUYHBIMH MaTepHUallaMH,
MOJIy4aeMbIMU IO TEXHOJOTUHM 0€3 HCIOJIb30BaHUS KepAaMHUKH, SBIISIOTCS TYIOIUIaBKHE U AKTUBHBIE
matepuansl, Hanpumep, TiAl, FeGd, FeTb, Zr u Cr. OHa MOXeT TaKe HCIOJIb30BAThCS ISl MHOTHUX
JIPYruX KOHCTPYKIMOHHBIX MaTepuanoB Ha ocHoBe Fe, Ni, Co Tarke ¢ BHICOKOI MPOU3BOIUTEIBHOCTHIO

3a CYET MOJYHEIPEPHIBHOIO MPUHIIUIIA AEUCTBUSA U OBICTPOIl CMEHBI AJIEKTPOJa.

JpyruM BUAOM aTOMHU3AIlUH SIBJSIETCS TEXHOJOTHS IJIA3MEHHOTO PACHbUICHHUS: B HAIllCd CTpaHe
HamOoyee pacnpocTpaHeHa TEXHOJIOTHS IJIA3MEHHOTO PACHBUICHUS OBICTPOBPAMIAIOIIETOCS SJIEKTPOaa
(PREP - Plasma Rotating Electrode Process), xorjga sHeprusi miia3MEeHHOH CTPyH IMOABOIUTCS K TOPILY
Bpamatomerocss co ckopocteio  15000-22000 06/MuH  snektpoga. OOpa3oBaHHWE YacTHI[ ITOPOIIKA
MPOUCXOAUT MO JCHCTBUEM IEHTPOOSKHBIX CHII. JlaHHAs TEXHOJOTHS XapaKTepH3yeTcsl HanOOIbITeiH
CepUYHOCTBIO TOJy4aeMBbIX TpaHylT M 0ojiee KPYHMHBIM KX pPa3MEpOM IO CPaBHEHUIO C Ta30BOM
aromu3anueii. [IppMeHeHne HOBBIX IJIA3MOTPOHOB W IOBBIMIEHWE CKOPOCTEH BpAICHHS JJICKTPOIA
MO3BOJIMJIO TEPEBECTH OCHOBHOW paOouuii 1uama3oH B 00JacTh, NPUTOAHYIO [UIS aJJIMTUBHBIX

TEXHOJIOTUH W MOJIy4aTh JOCTATOYHO OOJNBINON BBIX0[ 1Mo yactuiam 40-100 mMxm.

3a pybexom mnommMmo PREP-texHomornm pacnpocTpaHeHHE TONydriia TexHosiorus Plasma
Atomization, B KOTOpOH ILIaBJIeHHE MeTajula MPOU3BOJAT C MOMOUIBI0 HECKOJIBKUX IJIA3MOTOPOHOB,
KOTOpBIE MPU KOHTAKTE C PACHBUIIEMbIM MaTEPHAIIOM (JIEKTPOIOM WITH TTPOBOJIOKOH ) B JOKYCHOM TOUKE
obOecrieunBaroT TIaBJICHHUE U JUCTIEPTHPOBAHIE 00pa3yIoNMXCs Karelnb paciiaBa. Hampumep, aTomaiizep
kommaanu Raymor (Kanama) comepKuT Tpu 1ra3MaTrpoHa - TeHeparopa MOToKa HOHU3UPOBAHHOTO Tra3a,
c(OKYCHUpOBAaHHBIX B TOYKY, Kyla MOJBOJISAT METaUl B BHUAE NpoBoJoku. HemocrtaTok TexHomorwii B
HEOOXOIMMOCTH OPTaHW3aIliH CHEIHATLHOTO TTPOU3BOJICTBA (DHUICTOKA — IPYTKA (MPOBOJIOKH) & 1-5 MM,
OJIHAKO TakuM O0pa3oM MOXHO IOJy4aTh BBICOKOKAYECTBEHHBIH 0CO00 HYHCTBIA IMOPOIIOK
MOJIMOCHOBBIX, TUTAHOBBIX CIJIABOB U CILUIABOB HUOOWS, TaHTana, Co-Cr B IIMPOKOM U YIIPaBIIIEMOM

Jana3oHe (PaKIuOHHOTO COCTaBa.
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Baxyymnas amomuzayus. llporecc BakyyMHOH aTroMu3aliid B 3apyOCKHOU JIMTEpAType YacTo
Ha3bpIBalOT soluble gas atomization, T. €. aToMH3aLKs 32 CYET PACTBOPEHHOro B pacmuiaBe raza. Cyrb ero
COCTOMT B CIEQYIOIEM. ATOMal3€ep COCTOUT U3 JIBYX KaMep — MJIAaBUJIbHOM, BHU3Y, U PACHIBUIUTEIIBHON —
BBEpXy. B mimaBmIIbHON Kamepe cO3ar0T M30BITOYHOE JaBJICHHE Ta3za (BOJOPOM, TeNUid, a30T), KOTOPBIMA
pacTBOpsieTcsl B paciiaBe. Bo BpeMsi aroMu3anuu MeTajul, NOJ JECWCTBUEM JABJICHHUS B IUIABUIIbHOU
KaMepe IOCTyHaeT BBEPX K COIJIOBOMY armapaTy, BBIXOSLIEMY B paclbUIMTEIbHYIO KaMepy, IJe
co3/laloT BakyyM. Bo3Hukaronmii mepemajn JaBieHHN MOOYKIAeT PAcTBOPEHHBIN Tra3 K BBIXOAY Ha

MOBEPXHOCTH Karellb pacriaBa U «B3pPhIBAET» UX U3HYTPHU, GOPMUPYS TPAHYIIHI.

Kauecmeo nopowikos, noayuaemvix paziuunvimu memooamu. KauyecTBo nosrydacMbIX OPOLIKOB
3aBHCUT OT METoJla MX MoiydeHus. B 3aBUCMMOCTH OT (OPMBI YACTHI] MOPOIIKH MUMEIOT PazIMUHYIO
HACBHIMIHYIO TJIOTHOCTh, TEKy4€CTh, TPAHYIIOMETPUYECKHI COCTaB, YTO BJIMSET HAa TOUYHOCTh JIO3UPOBKHU
(dopmupoBaHHs €0s) MOPOUIKOBOIO MaTepuaia IMpPU MCIOIB30BAaHUU B YCTAHOBKAX aIUTUBHOTO
npou3BoAcTBa. CKOPOCTh KpUCTALTM3AUMHM 4YacTHIl W HUX JS(PEKTUBHAS MMOBEPXHOCTH OIPEICIIseT
coJiep>)KaHUE BPEIHBIX Ta30BbIX MpUMecei (TIaBHBIM 00pa3oM, KUCIOpOJa U a30Ta), YTO HAIpPIMYIO

BJIMSICT HAa KAUE€CTBO KOHSUHOM JCTaJIn.

[Topomku, momydaemble (U3MKO-XMMHUECKUMHU M MEXaHHYECKUMH (Pa3MOJIOM) METOJIaMH
HEIIPUMEHUMBI U1 aIJUTUBHBIX TEXHOJOIMM BCIEACTBUE BBICOKOIO COJIEPKAHUS KHUCIOPOAA M
ockonoyHoi (opmel. Tlocnennee He moO3BONsET OOecneduTh (OPMHPOBAHUE IJIOTHOTO CIOS TpPH

CCJIICKTUBHOM CIIJIaBJICHUHW HJIK IIPU HAHCCCHUHN B BHUJIC ra30n0p0un<0B0171 CMCCH.

[lopomku, mosydaemMble Ta30BOM, TIA3MEHHOW M IIEHTPOOEKHON aToOMHU3aIMed, OTIMYAOTCS
MPEUMYIIECTBEHHO cepudeckoil GopmMoli M BBICOKOW CKOPOCTBIO KPUCTAJUTH3AI[MA YACTHUII, YTO
ofecneyrBaeT MUHUMAJIbHYIO TIJIONAAb TOBEPXHOCTH M MUHUMAJIbHOE COJIepKaHue KUCIopoa (0OBIYHO

menee 0,01 %) u a3ota (B 3aBUCHMOCTH OT ciiaBa Ha ypoBHe 0,005-0,01 %).

K noxazaTtensim kauecTBa IpaHyll OTHOCUTCS Takke U Je(eKTHOCTh. CaMbIMHU pacpOCTpaHEHHBIMHU
nedekramMu HarOoJiee TPUMEHSEMBIX T'a30PACIIBIIICHHBIX MMOPOIIKOB SIBJIICTCS HAJTHMYHUE CATEIUIUTOB —
MEJIKAX TPaHyll, CPOCHIMXCS Ha MOBEPXHOCTH OoJiee KPYIMHBIX YacTull. VX Halnuue MOXKET BBHI3BIBATH
MpoOJeMbl TP HMCIOJIB30BAHUM OTHOCHUTEIBLHO KPYMHBIX MOPOIIKOB (Oonee 50 MKM), OCHOBHAs e

bpakuus, TpuMeHsiemMasi IJis CEJICKTUBHOTO criaBieHus (MeHee 40 MKM) MPaKTHYECKU JIHMIIEHA STOTO

nedekra.

[Topomok, momydaembii mo PREP-texHomormm xapaxrepusyercs Onu3kod K ujaeadbHOM cdepe
dopMOIi YacTHIl, OJHAKO IMOJYYCHHE TOHKUX (PPaKIUii, MPUTOTHBIX JJISI CEIEKTHBHOTO CIUIABJICHUS C
JOCTAaTOYHBIM BBIXOJIOM TOJHOTO IPEICTaBISIET Cephe3HyI0 MpobiaeMy. OTHAKO JaHHBIE TOPOIIKA MOTYT

C ycrexoM npuMeHsAThes i TexHonornn DMD npu nogaue nopoiika B Bu/Jie ra3010OpOLIKOBOW CMECH.
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Dopmuposanue mpedosanuii K nOPOUIKAM, RPUMEHACMBIM 6 A0OUMUGHBIX MEXHOT02UAX.

ITo CyTu, B aJJUTHBHLIX TCXHOJIOTUAX IMPUMCHAIOTCA MCTAJIO-IIOPOMIKOBLIC KOMIIO3MIIMH, B
KOTOPBIX COOTHOUICHUC PA3JIMYHBIX (bpaKI_II/II\/’I obOecrieunBaeT (I)OpMI/IpOBaHI/Ie IIJIOTHOTO CJIOSI ¢ BHICOKOM
IJIOTHOCTBIO YIIAKOBKH. OT0 B OOJBIICH CTEIIEHH OTHOCHTCS K TEXHOJIOTMSM ITOCIOHHOIO CEICKTHBHOIO
CILIaBJICHHUS, T.K. B TCXHOJIOIHMAX THUIIA DMD uactb IMOpPOUIKOBOI0 MaTtcpuajia NIpu HAHCCCHHUU B BUAC
FaBOHOPOIIIKOBOﬁ CMCCHU pacCCHUBACTCsA, HC ITOolaaast B (1)OKaJ'II)HOC IIATHO MUCTOYHHKA SHCPIrUuU, U 3aTEM

HCIIOJIB3YCTCA ITOBTOPHO.

bananc (QpakumoHHOro cocraBa JO0DKEH o0ecreduBaTh HOpMalbHOE (opMUpoOBaHHME CIOS
(GompIIOE KOMTMYECTBO TOHKOW (PpaKIIuy MOKET MPUBOJIUTH K U3THUIIHEH arioMepauy U MOSIBJICHUIO TPU
paspaBHUBaHUU CJI0sI KOMKOB). Kpome TOro, m30bITOK TOHKOW COCTaBIISIOIIEH O3HA4YaeT MOBBIIICHHBIN
YPOBEHB I'a30BBIX NPUMECEH, YTO CBA3aHO C OOJBIICH YyIENbHOM MOBEPXHOCTHIO Hanbojee AUCHEPCHBIX
YacTHI], a HEXBaTKa — (OPMUPOBAHKME HEIUIOTHOTO CJIOS U TMOBBIMIEHHYIO MMOPUCTOCTH CHHTE3UPYEMOTO

Marepuara.

Bricokas umcroTa IIOPOHIKOB 110 Ta30BbIM IMPUMCCAM ONPCACTIACTCA HE TOJIBKO CII0COOOM
MMOJIYYCHHA, HO U YHUCTOTOM HCXOOHBIX MaTcpruajlIoB (H.IHXTOBOfI 3aroTOBKH, pacXoaycmMoro 3neKrpoz[a),

4qToO AeIacT HCO6XOI[I/IMI>IM KECTKOC PETIIaMCHTUPOBAHHUC ITPUMCHACMBIX HCXOAHBIX MAaTCPHUAJIOB.

Taxkum O6p2130M, K IMOpOIIKaM I aJIUTHBHBIX TEXHOJIOTHH JOJIZKHBI OBLITH BI)Ipa6OTaHI>I OCHOBHBIC

Tpe60BaHI/Iﬂ, BKIIIOYArOMKC:

1. TpeGoBanus MO CPEepUUHOCTH (MOXKET KOCBEHHO OIPENeNAThCS MO TEKydeCTH IOpOLIKa) U

HACBIITHOM IIJIOTHOCTH;
2. TpeboBaHUs 1O (PAKIIMOHHOMY COCTaBY (OMpeNeNseTcs UIsi KOHKPETHBIX MapoK MaTepHalia);

3. TpeboBaHUs 1O XUMHUYECKOMY COCTAaBY M Ta30BBIM MPUMECSIM (I KOHKPETHBIX METalIo-

MOPOIIKOBBIX KOMITO3UIIUIA).

OmnpeneneHne ONTHUMAIbHBIX XapaKTEPUCTHK Ul KaKIOH KOHKPETHOM Mapku cruiaBa TpeOyer
npoBenenuss otaensHo HUP, mnpuBsizanHoil He K aOCTpakTHOMY MaTepHaly, a KOHKPETHOMY

CUHTE3UPYEMOMY U3IEIHIO.

,21.]'[5[ IMOIY4YCHHUSA BOCIIPOU3BOJUMBIX CTaOMIBHBIX PE3YIBTATOB MMOPOUIKU JOJI>KHBI ITPOU3BOAUTLCA 11O
BHOBbB pa3pa60TaHHLIM TCXHUYCCKHMM YCIOBUAM, B KOTOPBIX HOJIKHBI KCCTKO PCIIIAMCHTHPOBATHCA
HCXOJHAaA I[MHMXTa, TCXHOJIOTUA W MapaMETpPhbl IMOJYUYCHHA (B TOM YHCJIIE YHCTOTa HpHMeHﬂeMOﬁ

pacbUIAIONIEN WK 3alMTHOMN CPEe/bl), YCIOBUS TPAHCIIOPTUPOBKU U XpPaHEHHUSL.
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Crnenyer nmoHUMAaTh, YTO CUHTE3UPOBAHHBIA MaTepHall HE COOTBETCTBYET B IOJHOM Mepe aHajory,
MOJIy4aeMOMY TIO0 KJIACCHYECKHM TEXHOJOTUsIM (JIUThA U AedopMarnu), a MPeACTaBIseT cOOON HOBBIM
MaTepuai, KOTOPBIH IMOICKHUT oOmel kBanuukamuy (MacrmopTU3aliun), TPH 3TOM YPOBEHBb CBOWCTB
OygeT B 3HAYUTENBHOW Mepe 3aBHCETh OT MapaMEeTpOB CHUHTE3a, OpPHUEHTALMHM JeTald B KaMepe
MOCTPOCHHST M TIOCICAYIOIEH TEPMHYECKOW WM Ta3oCTaTH4yecko oOpaboTku. YacTe Marepuaios,
BEPOSATHO, TMOTpedyeT 10paboTKM XUMHYECKOrO cocTaBa st Oonee 3()EKTHBHOTO MPHUMEHEHHUS B
aJTUTUBHBIX TEXHOJIOTUAX (HampuMmep, HECBApUBAaE€Mble CIUIABBI) MJII CHUIKEHUS CKIOHHOCTU K

MOSIBJICHUIO TPEUIMH U JIPYTUX CTPYKTYPHBIX Ie(EKTOB.

2.5.3 TexHOMOTHN MHKEKIIMOHHOTO JIUThS U3 MOPOIIKOBBIX KOMITO3UII Ui

KOHKYpEeHTOCIIOCOOHOCTh IIMPOKOTO Kiacca wu3aenuii  (00Iero MAanmHOCTPOCHHs, OBITOBOM
TEXHUKH, aBTOMOOHMJIECTPOCHHU S, aBUACTPOCHHUS], HIEKTPOHUKH) B 3HAUYUTEILHON CTETIEHU OIPEIEIIIeTCs
TEXHUKO-PKOHOMUYECKUMH XapaKTePUCTUKAMH KOHCTPYKIIMOHHBIX 3JIEMEHTOB U NMPUMEHSEMBIX MPU UX
M3TOTOBJICHUW MAaTEpPHAIOB M TEXHOJOTHH. [[J1s moydeHus u3aenuii HeOoIbIoro pasMepa U Macchl (10
300 r) cioxHO#M reoMeTpudecKoi (HOPMBI, BEIYIIMMHU 3apyOCKHBIMA KOMITAHHSIMU BHEAPEHBI M IMHPOKO
NPUMEHSFOTCS. TEXHOJIOTHMH MHXEKIMOHHOTO (OpPMOBaHMsI TOPOIIKOBBIX KoMmo3uimii (powder injection
molding wmu PIM texnonoruun). IlepcreKTMBHOCTh M HHTCHCHBHOE pas3BuThHe PIM-TexHomormii
ONpeaeseTcsl TaKUMHU MPEUMYLIECTBAMHU KaK: BO3MOKHOCTh ONTHUMHU3ALMKN KOHCTPYKLMHU AETalH, YTO
00yCIIOBIIEHO BO3MOXXHOCTBIO CHSATHS MPAKTUYECKH BCEX OIPaHUYEHUH IO CIOKHOCTH (OPMBI
M3TOTaBIMBAEMOI0 W3/ENHS; YBEIUYEHHE TUIOTHOCTH U MPOYHOCTH JAETal; BO3MOXKHOCTh NpUIaBaTh
MOBEPXHOCTAM (POPMHUpPYEMBIX H3MIEIHI BapbUpPyeMyl0 CTPYKTYpPY H CBOWMCTBA, HalpuMep HH3KYIO
IEPOXOBATOCTh, TEKCTYPUPOBAHHOCTH U TIP.; BEICOKUH KOO(PUIIMEHT Hcmob3oBanus MaTepuana — 0,97-
0,994; BO3BMOKHOCTH MOJIY4aTh U3AEIUS C MUHUMAIBHOM TOJUMHON ceueHus cTeHkH A0 0,5 MM; BbICOKast

MPOU3BOUTEIILHOCTD ITPOIIECCa M BOBMOKHOCTH IMOJTHOM aBTOMATH3allMU U POOOTH3AIMHU TPOU3BOJICTBA.
OcHOBHBIE CTUMYJIBI U NIpeaANochlIkH pa3BuTus PIM TexHoaoruii
Ilpeonocvinku pazeumus PIM mexnonozuii

Ilpu mnomyyennn PIM wu3genuil NpPUMEHSIOT TEXHOJOTMYECKOe OOOpYIOBaHME W IPHUEMBI,
3aMMCTBOBAHHBIE W3 TEXHOJOTHM JIMThS TlacTMacc moxa naBieHneM. PIM obecrieueHo pasBuTHem
MPOU3BOJICTBA TOPOILIKOB U CBSBYIOIIMX, amlapaTrypbl KOHTPOJIS HX KAuyeCTBA, METOJOB MOJIy4EHUS
MOPOIIKOB chepruueckoi (GopMbI, KOHTPOIUPYEMOTO pa3Mepa, a TakKe 000pYIOBaHHS TS TTOTYICHUS HX
TOMOTEHHBIX CMECEM C TEPMOIJIACTUYHBIM CBS3YIOIIMM. Pa3BUTHE 3TUX TEXHOJOTHH TMO3BOJIUIIO
MOJTy4aTh (UICTOKH — MOPOIIKOBBIE KOMITO3HMIIUH 3aIaHHOTO COCTaBa, U3 KOTOPHIX JAajiee METOIOM JINThS

TEPMOILIACTUYCCKUX MATCPHUAJIOB ITOJTYJarOT 3arOTOBKU HU3OCIHIM.
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B ocnoBe PIM Texnonoruit exutT 00beAMHEHNE METOJOB IIACTHYECKOTO (POPMOBAHUS M CIICKAHUS
MOPOIIKOB, 4YTO MO3BOJIIET IOJYyYaTh JAETAd CIIOXKHOM reomMeTpuueckoi (OpMbl B MHOTOPa3oBOi
OCHACTKE U CHH3UTh UJIM COBCEM YCTPAHHUTh HEOOXOAMMOCTh JATbHEHIIIEH MexaHu4eckoit 06padoTku. [o
CPaBHEHUIO C TPAJUIMOHHBIMH TEXHOJIOTUSIMU JIUThS M MOPOMKOBOW Mmeramrypruu, PIM texunomoruu
obOecrieunBalOT CHWKEHHE B S5 W Oonee pa3 ce0ECTOMMOCTh HM3TOTOBJICHHS W3ACTUN CIOKHOU

reomerpuueckor Gopmer [175-176].

Baxnoit ocobennocteto PIM TexHonoruil sBisercs BO3MOKHOCTb MOJMYYEHUS MYIbTHMOJAIBHOM
BHYTPEHHEW CTPYKTYpPhl 3a CUET JIOKAJIBHOW WHTCHCHUBHOHM TIACTHYECKOM aedopManuu B Tpoliecce
MHXCKTUPOBAHUS, YTO OTKPHIBACT HOBBIE BO3MOXKHOCTH YIPABICHHUS (U3UKO-MEXaHUYECKUMHU

CBOMCTBAMU KOHEYHOTO H3/ENHSL.
Ilompebnocmu pvinka

basoBas cermeHTanusa peiHKka PIM  ocHOBaHa Ha pas3feneHUM 110 NPHU3HAKY IPUMEHSIEMBIX

MaTCpUuaJIoB. Oxono 82% PBIHKA PIM cocraBistoT n3acians, n3roToBJICHHBIC HAa OCHOBC MCTAJIJIMYCCKUX

nopouikoB (MIM TexHonmoruu), octaibHble 18% - Ha ocHoBe kepamuueckux mnopoukos (CIM
TEXHOJIOTHH ).
Europe Asia North America
Meanumuna 3} Horpebureanckne 1 SuTeaLCKNE
OTpeONTeILCKNE I

Jdenraannan
MeTHIINa
A%

13%~ 4% ToBAph Meamumuna
= Asromobnaccrpoenne 8% .

43% 16%
r ~

" Tosapu

Mammnoctpocnn
I‘J'.P‘ a ‘: Astomobuaect

9%

Jpyrme
.. SMe lq-
Horpebureancine Mammunoctpoenne 4
Tonap 26%
26% .

Mamnnocrpoenue

24%
Pucynok 23 - Pernonansnoe pacrpenenenue npumeHenuss MUM texunonoruit Jlanusie no EBporne
u CeepHoii Amepuke otHOcsTes K 2010 romy, Asust — 2008 roz.

Ucrounuk [177]

B 2012 roay nponaxku u3aenuii, monydeHHbIX mo PIM-TexHonorusM, cocTaBisioT okono $1.5 mip.
[Mponaxwu Ha peiake PIM x 2017 onenuBarorcst B oobeme 10 $4 mupa. B rom uncie okono 30% peiaka —
CHIA, 30% - EC, 40% - ctpansl Asuarcko-Tuxookeanckoro pernona. Oxono 82% peika PIM
COCTaBJIIIOT H3J€IMS, W3IOTOBJIECHHBIE HAa OCHOBE METAJUIMYECKUX IOPOUIKOB. PermonanbHOe

pactipenenenue npuMmeHeHuss MM TexHoornu wintrocTpupyercst Ha PucyHnoxk 23.
IIpenmymecrea MUM TeXHONIOTMHN WILTIOCTPUPYIOTCS JaHHBIMH, IIPEICTaBICHHBIMU B Tabnuua 13.

Tabnuya 13 - Conocmasnenue 803MoACHOCIEl Pa3iudHblX I’lpOu3600€n16€HHblx mexHon02Ull
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IopouixoBas

Hamnpasienue Mexanoo6padoTka Touynoe JHTHE MUM
MeTALTYprus

Bec (rp.) 1 - 10,000 1-1,000 5-2,500 0.01 — 200
TouHnocTs pazmepos (%) <01 05-10 0.1 03-05
OtHOcuTenbHAS

100 99 92 98 — 99

mwioTHOCTH (%)

ITpounocts (% Maxc) 100 > 95 70 > 05
Tonmmuua cTeHKH (MM) 1-100 2-20 2-20 03-10
[llepoxoBaToCTbH

02-4 5 2-5 1

noBepxHocti— Ra (MKm)

CII05)KHOCTh Bricokas Cpenmnss Huskas Bricokas

Bo3MO0XKHOCTH MaccOBOIO)
Cpennsis - BeICOKAst Cpennsis Beicoxkas Beicoxkas
MIPOU3BOJICTBA

Pazsutre MIM TexHOMOTHI 00ECTICUNIIO TTOTYICHUE U3ICTHIH CII0KHONW TEOMETPHIECKOr OPMBI CO
CBOWMCTBaMHM MaTepHana, OJU3KMMH K CBOWCTBa mpokata. B atom cmeicie MIM mpumwio Ha cMEeHY
TPaJUIIMOHHBIM TeXHOJOTHsIM PM, KoTOophie 00ecrieynBalOT HEJTOCTATOYHYIO IUIOTHOCTH Marepuaia u
MOTEPI0 MPOYHOCTHBIX XapakTepucTHK. MIM TexHonoruu oOecreyuian H3roTOBJICHHUE (a) CIOXKHOM
dopmbl  m3genuii (0) W3 IMPOKOTO CIIEKTpa MaTepHalioB (B) C BBICOKMMH XapaKTepUCTHKAMU
(mpuOMMKaOUMMUCS K U3ACTUSAM, MOTydeHHBIM Mexo0paboTkod - TomumHa cTeHkdn oT 0,5 M,
IEPOXOBATOCTh | MKM, MPOYHOCTHBIE CBOMCTBA HA YPOBHE MPOKATA) HO MPHU 3TOM (T) 3HAUUTEIBHO OoJiee
BBICOKOW MPOM3BOJUTEIBHOCTH U (1) MEHbIIEH cebectoumocTu. braronapst BO3SMOXHOCTH U3TOTOBJICHUS
cnoxHoi (opmbl uznenuit, PIM mno3Bossier BbIOMpaTh reoMeTpUio, 00ECIIEUUBAIOIIYI0 CYLIECTBEHHOE
CHIDKEHHE MAacChl U3JENUsl ¢ JOMyCKoM Mo pasmepam Ha ypoBHe 0,3-0,5% xapakTepHBIX pa3MepoB
u3enus. XapakTepHbIM JWana3oH MaccorabapuTHBIX xapakrepuctuk MIM wu3penuii  (BO3MOXKHBI
U3JIENHs 32 paMKaMU 3TUX XapaKTePUCTHK, BOIPOC B 3KOHOMHUYECKoi sdpexruBHOCTH): Macca oT 0,1 10
100, mmua o 250 mMm, TonmmHa cTeHkH OT 0,5 mo 6 mm. Ilpu stom MIM wu3nmenusi noOmMycKaroT
IIMPOKUN CIEKTP MOCT-00paboTok: TepMooOpadoTKa, a30THUpOBaHUE, OOPHUPOBAHKE U T.JA., XUMUUYECKAS
0o0pa0oTka, TpaBiieHHE, Mex0o0paboTKa, HaHeceHHe TMOKPbITUH ((ochaTupoBaHue, IMAIUPOBAHUE,

raJilbBaHOIIOKPBITH A, OPTaHUYICCKUC U W3HOCOCTOMKHE BaKyyM-I1JIa3MCHHBIC HOKpBITI/IH).

Pazgutne CIM TexHonoruii oOyclOBJIEHO, NMPEXIe BCEro, (pU3MUYECKUMHM CBOWCTBAMHU KEPAMHUKH —
KaAPOIPOYHOCTb, DJICKTPOU3OJISSIIMOHHBIE CBOHCTBA, KOPPO3UOHHAS CTOMKOCTh, OMocoBMecTuMOCcTh. CIM

TEXHOJIOTHS MpeIHA3HAUCHA IS TOJaydeHus usaenuii u3 okeuaos (Al, Mg, Zr), kapOu0B U HUTPHUIOB,
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CHUJIMIIUJOB U OOpUJIOB, coiell (XiopuaoB, cyiabharoB, HUTpaToB). Hambosee eMkuii phIHOK OKCHJIOB,

HaMMEHEee — COJICBOM KEPAMUKH.
Oobnacmu npumenenusn u ocpanuvenus PIM mexunonozuii

[lepBrie mpumepbl ycnemmoro mnpuMeHeHuss MIM TtexHonoruit Obu momydeHsl B 1979 romy
(Parmatech Corp.) mpu HU3roTOBICHUHU Kperexa CI0XHOW reoMeTpuu s camojietoB bounr 707/727 u
Ip., ¥ B TOM € IOy, Ta K€ KOMIIaHUs H3rOTOBHUJIA DPACIOPHYK) CHUCTEMY DPAKETHOIO JBUIATEIs
Rocketdyne. B 1988 romy xommanusi Remington Arms mpousBena NMpHUIEIbHbIC TUIAHKK JJIsi BHHTOBKA
Remington model 700 BDL, a B 2000 — neranu mMexanu3ma 3atBopa. CeroaHs AeTaiu, H3roTaBJIMBaEMbIC
mo PIM TtexHonoruu, MCHONB3YIOTCS B CaMbIX pa3HBIX oOyacTsx. Huske mpuBeneH MalIeKo HETOJTHBIN
cnucok obnacteid nmpumeHeHuss PIM TexHomorumu, KOTOpBI OrpaHMYMBAETCS JIMIIL BOOOpakeHUEM
KOHCTPYKTOpa WJIM JAu3aifHepa B KOHKPETHOH cdepe, a TaiKke ONBITOM TEXHOJOra U KaueCTBOM

HCIOJIB3yeMOTo 000pyI0BaHUS.
1) asmomoounecmpoenue:

— JIBEpHBIE 3aMKH, CHCTE€Ma BIIPHICKA TOIUIMBA, CHUCTEMbl AaKTUBHOW O€30MacHOCTH,
3JIEKTPOMOTOPHI aBepei, netanmu TypouH (MIM - meramnmyeckue uznenms);

— KCPAaMHUYCCKHC KIIallaHbl JJId HBHF&TGHCﬁ, KCPaAaMHUYCCKOC CICIIJICHUC B CIHOPTUBHBIX
aBToMoOmIIsIX (CIM - kepamuveckue u3aenus).

2) mounoe mawiuHoCmpoenue, nPUGOPOCMpoeHue, A6UAPAKenoCmpoeHue:

— DJIEMEHTBHI PEXYIIEr0o HWHCTPyMEHTa, 3y0darele Koiéca, paboyme Kojeca HacOoCOB,
MPKUMHBIC JIAMKH MBEHHBIX MAIMH, Kopiryca U aetand 4acos (MIM);

— pexyume CMII, kepamudeckue cormia Jyisi CTPYHHON OYMCTKUA U TUIPOoaOpa3uBHON PE3KH;
(busbepbl, BOJIOKH, KEPAMUYECKUE MOANMIHUKA cKoybxeHust (CIM).

3) anekmpouncmpymenm, 31eKMpPOHUKA.

— 3allacHbIe 4YacTW K mepdoparopam, IpesisiM; HOXHU, PEIETKH MICOPYOOK, OJICHIEepOB,
KyXOHHBIX KoMOaiitHoB (MIM);

— rtemaoorBoasume pamuatopel  (Ha ocHoBe AIN, AIR203), BeIcOKOTEMIIEpATYPHBIE
M30JIATOPBI, TPYOKHM, HYeXJIbl TepMomap, KepaMudeckue Oycbl, KepaMHYeCKHe IaTYMKA W
MycKaTeNu, TMbEe30KepaMUKa, MHUKPOBOJIHOBBIE M  PaJMOJOKAIMOHHBIE  CEHCOPBl s
OECKOHTAKTHOTO M3MEPECHHSI, CEHCOPbI KUCJIOPO/Ia, ONTHYECKU Tpo3pauHas kepamuka (CIM).

4) meouyuna:

— OPTOAOHTHUYCCKHC 6peK€TI>I, XI/IpprI/I‘{eCKI/Iﬁ HHCTPYMCHT, HMIIJIaHTAaThI,

9H/IOIOHTHYECKAE HAKOHCYHUKH, HHCTPYMEHT ayist ouorncuu (MIM);
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— OuWokepamMuka — 3yOHas W opTomeanveckas Ha ocHoBe docdaToB Ca, Na, kepamuueckue
W3IyYaTeIH Ui CTEPUIIN3alii MeIUIIMHCKOTO HHCTpyMeHTa (CIM).
5) 6bimosas mexnuka, nompeoumenbcKue MmMoeapvl, CROPMUBHBLIL UHEEHMAPb, MY3bIKATbH blil

UHCHIPDYMEHM, I06CTIUPHAA U YACOBAA RPOMBIUIIEHHOCHLD .

— JIepKarend JaTYUKOB, KOMIIOHEHTHI POOOTOB, HACOCOB, KIANAHOB, 3aMKOB, JIOTOTHIIBI,
BCTaBKU KITIOIICK JIJIS TOJIb(a, AeTan My3bIKAIBHBIX HHCTPYMEHTOB, (JOTO U BUICOKAMEp, HOXKH,
Tpy3uia JiIsl peIOAKK, KOpIlyca W OpaciieThl 4acoOB, MEXaHW3M 3aBOJa, BEHYAIbHBIE KOJIBIIA,
3anoHku i Mamxet (MIM);

— peryJaupyrolliasi, 3armopHas apMaTypa: 3aJBUXKKH, ITOBOPOTHBIC 3aCIIOHKH, BCHTHIIH,

peryaupyrolme KiarmaHHble mapsl (ap-ceyio), BTYIKA cabHIUKOBOTO y3ia (CIM).

OcHoBHble orpanndenus PIM TexHonoruii nexar B cepe IKOHOMUKU:

® OTHOCHTEIIFHO BBICOKME WHBECTHIIMOHHBIC 3aTpaThl (pa3paboTka W WM3TOTOBJICHHE JIMThEBOU
dopMbI, OOecreynBaroOIIe KOPPEKTHBIM YUeT YCaaku sl TOJNYyYeHHS H3IeNui ¢ 3aJaHHOU
TOYHOCTBIO, TPOBEPKA PEKMUMOB M TIPU HEOOXOJAMMOCTH M3TOTOBJICHUE HOBOW (POPMBI) KOTOPbIC
00ecrneunBaT OKyaeMOCTh TOJIBKO MpU BBICOKUX oObemax (oT 10 mo 20 Teic. en. B rox ais

U3IeTUNA CpeAHel CIOXHOCTH TeomeTpu U mnopsaka 1000 ex. B roj Ui U3AENUM CIOKHOU

hopmbI);

® OTHOCHUTCIIBHO BBICOKHMC OIICPALIMOHHBIC 3aTpaThbl, KOTOPBLIC OMNPCACIACT CTOMMOCTL CBhIPHCBBIX

MaTepHuaioB (ONTUMAIIBHBI U3AeNHs Maccoil MeHee 50 T, CpeTHEeH TOMIMHON CTCHKH ).

B Poccun PIM-texHonmoruu mipaktuuecku He TmpumMeHsitorcs [178]. M3BecTHBI HECKOJIBKO
OTEUECTBEHHBIX KOMIIAHMM, BbIycKaioume Hebospume mnaptuu PIM-uzmenuii U3 (QUACTOKOB
3apyOeKHOTO TPOM3BOJACTBA. OTO «TexHojornueckass KoMIaHus», T. MockBa (mimtech.ru), 3AO
«'pynna AHHUKC», r. MockBa (anics.com), Beimyckatormme MIM wusnenus u3 (UICTOKOB KOMIAHUU
BASF (Catamold) [179] u OOO «Cwuntes», r. JI3epkuHCK (sintez-pm.com), BbImycKaromas MIM
u3nenuss W3 (QUICTOKOB, TMPOM3BEACHHBIX B JloMMHHKaHCKOW pecnyonmke. (OTedecTBEHHOE
MPOMBINUIEHHOE TPOU3BOACTBO (UICTOKOB OTcyrcTByeT. OO0beM mpogaxk PIM wuzgenuit xoMmaHuu

«CHHTE3» COCTaBJISIOT OKOJIO $3 MIJIH.

Oxwunanus pasutue psinka PIM B Poccuu cBsi3aHO ¢ yCHIIMSIMU IO CHCTEMaTH3al[Mu TOTPeOHOCT eit
KPYIIHBIX OTE€YECTBEHHBIX KOMIaHuM, peanusyembix B pamkax IIMP u CIIM, B Tom uucie Ha OCHOBE
CHCTEMAaTHUYECKON 3aMEHBl M3IENNH, MOJIydaeMbIX MeXaHn4eckoii oopadorkoit Ha MIM u CIM u3znenus,
a TalKe pacluMpeHue o01acTH NpUMEHEeHUs u3ennii u3 kepamuku. Pazsutue peinka PIM Taroke cBsizaHO

C aBTOMATH3allME M ONTUMHU3ALMEN NPOU3BOACTBA, HANPABJICHHOM HAa JaJbHEHUIIEE CHUXKEHUE
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ce0eCcTOMMOCTH M OTX0JI0B. B cTpykrype cebecronmoctn MIM (Ha mpumepe HepxkaBerotei cramu) 10-
35 % cocraBisiroT 3aTpaThl Ha ¢uacrtoku, 10-15 % omepanuu cuntesa, 5-20 % BTOpUUHBIE ONepanui,
5 % - mutee, 2-5 % - nebunauHr, 2-10 % Henmpsambie pacxoabl. OXuTaHUS CBSA3aHBI C TTOSBICHUEM HOBBIX
CBSBYIOIIMX, (DHJICTOKOB ¥ TEXHOJNOTHH JNeOMHIMHIA, COBEPIICHCTBOBAaHMEM METOJIMK pacdera
XapaKTePUCTHK JINTHEBBIX (JOPM, YTO B KOHEYHOM HUTOTE MTO3BOJIUT CHU3UTHh 00BEM MapTHH, IIPU KOTOPOM
JIOCTUTAETCSI OKYITAaeMOCTh. Takoke MEepCIeKTUBHBI Pa3padoTKa HOBBIX TEXHOJIOTHH MOTYdEHHUS TTOPOIIKOB

Ha OCHOBE IMPOLIECCOB, HE CBA3AHHBIX C IJIABJICHUEM.
OcHOBHEIE TEXHOJIOTHHU
MIM mexnonocuu

MIM 1n03BOJSIET M3rOTaBIMBAaTh W3JEIHUS U3 MOPOIIKOB (CpeIHUM pasMep — 5 MKM) MPaKTHYECKU
JTOOBIX METAIJIOB U CIJIAaBOB — CTalM, HUKEIb U KOOAJIbTOBBIE CIUIABHI, KAPOIPOUYHBIE MaTEpUabl,
CIJIaBbl Ha OCHOBE THTaHa, Menu. CrlaBbl ¢ HU3KOM TeMIlepaTypoil miaBiieHus (0JI0BO, OpOH3a, IMHK,
AMIOMUHUN) penko OBIBAIOT HSKOHOMHUYECKH BHITOAHBI [isi MIM. M3BectHo Gomnee 200 06a30BBIX
(U ICTOKOB CEpUIHO BBIIYCKAEMBIX 110 BceMy Mupy u Oosiee 1000 BapraHTOB MOPOIKOBBIX KOMIIO3UIIUH,
IIPOTECTUPOBAHHBIX Pa3HBIMU KOMIIAHUSAMH U npeanaraemsix 11 MIM texnonornii. OCHOBHBIE IPYIIIBI

MaTepUaJIOB, U3 KOTOPBIX U3TOTABIMBAIOT U3/eINd Ha ocHOBe MIM TexHosorum:

— Hep)XaBeonme crand (ayCTeHHTHBIE, (QeppuTHBIE, MapTEHCUTHBIE, JUCHEPCHO-
VIPOYHEHHBIE, JYIUIEKCHBIE) C XapakrepucThkamu rnpenena npoynocta 0,4-2,0 I'Tla, capurosoit
npounoctu 0,2-1,9 I'Tla;

— MarHuTO-MSTKHAE€ CIUIaBBl M MaTe€pHalbl ¢ KOHTPOJIUPYEMBIM KOA(PPUIITMEHTOM TEIIOBOTO
pacumpeHus (CIJIaBbl Kele3a ¢ HHKeleM, kobanbToMm) ¢ mpeaenom mpouHoctu 0,4-1,3 Mlla,
npouHocTeio Ha casur 0,1-1,3 I'Tla;

— HM3KOJIETUpPOBaHbIE (HUKENb, KOOAIbT) CIJIABBl U YIJIEPOAUCTBIC CTAIM C IPEIEIOM
npounoctu 0,3-0,6 I'Tla, mpouynoctsio Ha casur 0,1-0,4 I'Tla;

— HUMIUIAaHTHpPYeMble Marepuaibl (KOoOaJbT-XpoOM) C TPEAETOM MPOYHOCTH Ha YpPOBHE
650 MIla u npounocTteto Ha caBur 450 MI1a;

— CIUIaBBI LBETHBIX METAJIJIOB (Meb, OpOH3a).

Ceazyrowue

Be160p cBs3yromero A moiydeHus: (UICTOKa, 00ECIeYMBAIOIIET0 HEOOXOAUMbIE XapaKTePUCTUKU
TEUYEHUS MMOPOLIKOBONW KOMITO3UIIMH, JI0 CUX IOP CUUTAETCA UCKycCTBOM. [lepBoe moKoiaeHue CBA3YIOUMX
COCTOSUIO M3 JIBYX KOMIIOHEHT — BOCKAa WJIM CMa304YHBIX KOMIIOHEHT, TEPSAIOLMX YCTOMYMBOCTb IPHU
HU3KUX TeMIleparypax (00ecreynBalT TEUCHHE KOMITO3UIIUU MPH (POPMOBAHHUH) M TEPMOILTIA CTUYHBIX

MMOJIMMCPOB, TCPAOIMUX YCTOI\/’I“II/IBOCTB npu OTHOCHUTCIIBHO BBICOKUX TEMIICpATypax (O6CCH€'II/IB8.IOT
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MPOYHOCTh OTIUTOW <@3eneHoi» aeranu). IIpomecc TepMooOpaObOTKM KOMIIO3UIIMKM HaA OCHOBE

JIBYXKOMIIOHEHTHBIX CBS3YIOLMX TaKKe OBbLI IBYX-CTaIHITHBIM.

JUis criuakuBaHMsl TEIJIOBBIX PEXKHMOB M COKpAIEHHUsS BPEMEHU TepMOOOpaboTKH (yaaseHus
CBSI3YIOILIETO) BTOPOE MOKOJIEHUE CBS3YIOUMX YK€ MPEICTABIISLIO COO0NH MHOTOKOMIIOHEHTHBIE COCTaBBI.
[Iupoko W3BECTHBIM CBS3YIOIIMM 2-TO TIOKOJIEHUs CTall Marepual, paspaboTaHHblii B 1992 rony
kommanueit BASF [179], cocTosimii 13 moauaIeTaIs Hild MOJTUMETHIIATHICHA (OCHOBHON KOMITOHCHT) H
Hebonmpmx n00aBok monuonieduroB. duacrok cocrosit Ha 40-70 % (mo oOBeMy) M3 METALTUYECKOTO
nmopomka u Ha 30-60% wu3 cBmyromero, koropoe Ha 80-98% (mo wmacce) cocTosmio U3
nonmuMeTwidTIIIeHa W Ha 2-20 % HepacTBOpUMOro mojumepa (MOJIMATHIICH, IOJUIIPOIIHIIEH,
nonuctTupon). Jlanuoe cBs3yrollee Jerko, ObICTPO U MOJHOCTBIO yAANSETCs] B KUCIOTHOM KaTallu3aTope,

obecnieunB 10-KkpaTHOE MOBHIIIICHUE CKOPOCTH POIlecca YIAICHHS CBSA3YIOIMETO (IeOMHANHTA).

Taxke U3BECTHBI CBS3YIOILME HA BOJHON OCHOBE, IPUMEHSEMbIE ISl MATCPHAJTIOB HE TTOABEPKEHHBIX
KOPPO3WH, B JaHHOM CITydae yJaJCHUs CBA3YIOIICTO OCYIIECTBIISCTCS HA OCHOBE MPOLIECCOB BHIMBIBAHMSI.
BriepBeie Takoe cBsByromee Obio mpemioxkeHo B 1998 r. xommanumeit PPT (Planet Polymer
Technologies), mpaBa Ha KkoTOpbhle ObUIM TPHOOPETEHBI M JOBEIACHBI JO pBIHKA KoMmaHueil Ryer

Eneterprises LLC. /lannas texHonorus noiy4duia HazBanue AquaMIM.

B nmanpHeimeM pa3HBIMH  KOMIIAHHSIMH ~ OBLIO  TMPEAJIOKEHO HECKOJIBKO TUOPHAHBIX W
abTEPHATHBHBIX TEXHOJIOTHI IMONMydeHHs CBssyronmx u (uactokoB. B 2002. AAT (Apex Advanced
Technologies) 3anaTeHTOBaNO THOPHAHYIO TEXHOJIOTHIO CBS3YIOIIETO HA OCHOBE BMECH MOJMKapOOHATa,
ATUJICH/IMAMUHOBOTO BOCKA, YBJIQXKHSIOLIEIO areHTa M ryaHujauHa. JlyaapHas cucTeMa, COCTOAIas U3
BOJIOPACTBOPUMOTO KOMIIOHEHTa (yHaasieMOro TEpBBIM) M KOMIIOHEHTA, YIAISIEMOTO IPU BBICOKOU
temmeparype, Obuta mnpemioxkena kommanuedn TPT (Thermal Precision Technologies). Kommanus
Honeywell mnpemnoxuna cessyromee (Powderflo) wa ocHoBe arapa, obecneunBaroiee TEUYCHUE
rejenoJo0HOi Macchl M JAOCTATOYHYIO MPOYHOCTH [l (POPMUPOBAHUS «BEICHON)» NeTalu (TEeXHOJIOTHS
nanee Obuta mponmana komnanuu LMT — Latitude Manufacturing Technologies). Bee atu TexHonoruu
MO3BOJISIIOT TPHUOIM3UTH OCHOBHYIO XapaKT€PUCTHKY CBS3YIOLIETO — 3aBHCHMOCTh €r0 MacChl OT
TEMIEepaTypsl K TaK Ha3bpIBaeMOU «eaibHOi» TGA KpuBOM, 00€CIIeUunBAIOIICH MOJTHBIH MOHOTOHHBIH
pacman cBs3yrolero B auamnazone or temmeparyp 220 (100 % mace) mo 480 (0 % macc) °C. [danHas

KpHUBas ABJISIETCS KIIFOYEBOW OMOPHOMN XapaKTepUCTUKOM AJist TeXHOJI0roB MIM.
Ilpouecc chopmosanus

B otnuuune ot 06b1yHOi PM, MIM TeXHOIOTHS O3B OJISET MOMydaTh U3CIUS CII0KHOU TECOMETPUH C
MJOTHOCTBIO M MPOYHOCTHIO TMpokata (oObiuHas PM oOecneunBaer mmotHocts 80-90% ot

TEOPETUYECKON, YTO CYIIECTBEHHO OTPAaHMYMBACT (DPM3MUYECKHE CBOWCTBA JOCTHIKHUMBIC I TOTO WIIH
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nHoro cruiaBa). KauectBo wm3roraBimumBaeMbix MIM neraneif, MOMHMO KadecTBa HMCXOJHOTO CHIPhS
(puncTokoB) M €ro KOMIOHEHT (TOPOIIKU, CBA3YIOIME) ONPEAEIICeTCS OCHOBHBIMU TEXHOJIOTHYECKUMHU
napaMeTpamM — JaBJICHUEM U TEMIIEpaTypoil mpoiecca (B TOM YMCIIE UX JUHAMUKON U pacipeeeHueM
no oowveMy 3arotoBku). DakTHYECKH CyIECTBYEeT HETpuBHaIbHAS 1O (opme obmacts mapamerpoB P-T,

MIPU KOTOPBIX 00ECTICUMBACTCS MOTYICHNE KaueCTBEHHBIX U3/ICTUH.
Texnonozuu oeounounza

CerojHsi N0 OCHOBE MPUMEHSEMbIX CBSBYIOIMX MX KIacCU(UUUPYIOT Ha 3 TUMa: (a) IPUMEHAEMbIX
JUISL CTAJIBHBIX U3JeNui; (0) MpUMEeHsAeMbIX sl U3TOTOBJICHUS U3/I€NUM U3 TUTAHA U TUTAHOBBIX CIIJIABOB;
(B) mpuUMeEHSIeMBIX JISi M3TOTOBJICHUS KEPAMHUECKUX W3IeNUi. J[JIs1 ymajmeHus CBS3YIOIIETO M3 JIETalld
NPUMEHSIOT TaKue METObl KaK OCaX/IEHUE WM MCIIapeHHE PACTBOPUTENS B KAaTAJIUTHYECKOM cpene
yIaeposa, TrernTaHa, OUXIOopUIa STHJIeHa W Ap. (s KOMIIO3MIIMII Ha OCHOBE BOCKa, IOJHAIeTals);
BBHIMBIBaHHE C TOCIEAYIOIEH AUCTUIUISAIMEH MpU MOBBIMIEHHOW TeMmmepaType (U1 BOJAOPACTBOPHUMBIX
CBSBYIOIMX); KaMJUISIPHBIM MHPOJN3 WM SKCTpAaripoBaHUWE B KOHTPOJIUPYEMOM Ta3oBoil cpede (ams
SPS), BakyymHasi cyOnmuMarius, Cylka U OTKUT (arap). Bpemst neOuHAMHTa BapbupyeTcsl B 3aBUCUMOCTH
OT COCTaBa W YCIOBUH mporecca oT 4 (JUIsl CUCTEM BOCK-TIOJIMATUJICH KallWJUISIPHBIM METOJIOM B Cpeie
BoJiopoJa) 10 60 yacoB (A CUCTEM BOCK-IIOJUIIPONMIIEH YAAISIEMbIX OKCUJIMPOBAHUEM B BO3IYILIHOMN
cpene). CBszyromme Ha BOJHO-TEIIEBOM OCHOBE YHANISIOT BaKyyMHOW CyOJIMMAaIMed MpH MOHMKEHHBIX
Temmeparypax 3a 8 yacoB, Cymkod Ha Bo3myxe — 10 dacoB. YaaneHue monualeTalnb-TOJUITUIICHA B
KaTaJIMTUUYECKOH cpezie mapoB a30THOM MJIM LABENeBON KUCIOTHI pu Temieparype 150 °C BBIOIHSAIOT
3a 6 yacoB. MeTO/ibl, XapaKTepU3yIOIMECS BBICOKOH CKOPOCTBIO MPOIECCA KaK MPABUIIO HEIKOJIOTHYHBI,
MOTYT IPUBOJIUTH K MOSABICHUIO Je(PEeKTOB THIA AMCTOPCUH, PACTPECKUBAHMS, OUEHb TpeOOBATEIbHBI K
TOYHOCTH BBIJICP)KUBAHHS TEMIIEPATYPHBIX PEKUMOB M NaBJieHHs. Hu3kol ceOecToMMOCThIO Tporecca
neOuHauHTa 1pu 3(PPEeKTUBHOM BpeMeHM Ipolecca 6-24 yaca, XapakTepHU3yIOTCs BOJOPACTBOPHMBIE
cBsByonme. VX oTianvaoT Xopolas MPOYHOCTh «3€JIEHOM» JeTalld U BBICOKAas TEKy4eCThb HpPH JIUTHE.
Heckonbko TepsitoT B MPOYHOCTU «3EJICHOW» JIETald U CYLIECTBEHHO B CKOPOCTH Ipolecca (24-48 u)
CBS3YIONME HAa OCHOBE BOCKA (XapakTepu3ysach NMPH 3TOM HHU3KOHW CceO0ecTOMMOCTHIO). JIeOMHIMHT B

KUCIIOTHOHM Cpejie XapaKTepu3yeTcsl CpeHel CTOMMOCTBIO MpoIiecca.
IHopowku ona MIM

K mopomkam mis MIM npenbsaBisior TpeOoBaHUS B 3aBUCUMOCTH OT o0Ojactu mpumeHeHus. CpeqHuit
pa3Mep MOPOIIKOB JIJIsl TPUMEHEHHUSI B aBTOMOOMIIBHON TTPOMBIIITICHHOCTH U MTOTPEOUTEIIBCKAM TOBapaM
— 12-13 mxwm; ans snexrporuku — 11,3 mxm (80 % - 22 mxm), menuuuHbl — 5 MM (90 % - 10 mxm),

Mukpo MIM u Tounoi mexanuku — 2,8 MkMm (90 % - 5 Mkm).

Obopyoosanue ona MIM
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Jns nomydeHust (UACTOKOB MPUMEHSIOT CTaHIAPTHOE CMECUTEIbHOE OOOpYIOBAHHME PAa3IUYHOIO
TUMA, MOCTAaBIIMKM KOTOPOIO HMMEIOTCS BO BCEX CTpaHaX, B TOM YMHCIIE JBYXKAMEPHBIE CMECHUTENH,
IJIyH)KEpHbIE U BUHTOBBIE SKCTPYIEpbl, IJIAHETAPHOIO THUIA MHUKCEpbl, OapabaHHBIE, POJIMKOBHIE,

JJOIMaCTHBIC CMCCUTCIIN.
Ilpoekmuposanue MIM

Jis npoexrupoBanuss MIM ¢opMm Bce NMpou3BOAUTENH MPUMEHSIOT crenuanusupoBaHHoe [10
(Ansys, Moldex3D, Moldflow, PIMSolver, ProCAST, Sigmasoft). BxomueiMu mapameTpamu SBIISIFOTCS

PCOJIOTUYECKIE CBOMCTBA (PUICTOKOB, pa3inyHbIe s pa3Hbix MaTepuaiioB [ 180].
CIM mexnonozuu

JIst M3rOTOBJIEHUS W3MENHUIl CIOKHON (OPMBI M3 KEpaMHUKH MPUMEHSIOT 2 OCHOBHBIX IpoIlecca:
JUTBE TOJ] HU3KUM U JUThE 0] BhicOkUM masienuemM. H/IWJI npeanoxeno B 1950-1960 rr. 8 CCCP.
Huzkoe naBnenue (0,1-1,0 MIla) mpu nuThe B JElIEBYIO allOMUHHEBYIO (oOpMy oOecrieuynuBaeT
HeOobImoi u3HoC Qopmbl (pecypc okoio 10 Teic. m3nenuit). duucTok mpeacrasisier co0oil cMech
KepaMHYECKOIr0 IOpOIIKa U MapaguHOBOIO BOCKA, KOTOphIM mpu Temmeparype okosio 100 °C tewer
(Bsi3kocTh (uactoka ot 1 mo 20 PaS, temmeparypa autks 70-90 °C). dopma OOBIYHO OXIIAXKIACTCSI.
JeOMHIMHT dalle BCEro peIM3yIoT C TIOMOIIBI0 PACTBOPUTENEH, TIOCIE YEero IPOU3BOMSAT
OKOHYATeNbHOE CIekaHue. Ycaaka Bapbupyercs oT 16 % (it oxcumoB amoMuHus) 10 23 % (okcun
UPKOHUs). J[aHHBIM CIIOCOOOM TMOYHarOT MAPTHH MPOAYKIIUU OT JTAOOPATOPHBIX 0 MPOMBIIUICHHBIX.
JIMHUS COCTOUT U3 3JETKPOMOJOTPEBACMOI OOUKM CMECHUTENs Ul IPUTOTOBJICHUS (PUACTOKA U MOAYb
WHXXEKITMOHHOTO JIMThS TOJ JaBJICHHEM cxaToro Bo3ayxa. Jlumep obopynoBanust HAWJI — kxommnanwus

Peltsman Corp.

BJIWJI opuenTupoBano Ha IuThe oA AaBieHueM cBoie 50 MIla, moaToMy GopMbl H3rOTaBIUBAIOT
U3 YIPOYHCHHOW cTayM WM KapOuaa Bosibppama (iieHa ¢opmbl oT $5 Thic. 10 $25 THIC.), KOTOpHBIE
BBIIEpKUBAIOT mopsiaka 0,5 e nukioB. Ouacrok mis BAWII umeer 3HaunMTENbHO OOJiee CIOXKHBIN
COCTaB, KOTOPBIM BKIIOYAET, KpOMEe BOCKa M mopolika, [IAB u TepMomniacTUYHbIE MOTUMEPHBIE
KOMIIOHEHTHI (Bsi3kocTh puacToka ot 100 go 1000 PaS, temneparypa mutbs 120-190 °C). Ilo cpaBHeHHIO
¢ HIAWJI, npouHocts 3emeHoil neranu, nonaydaemMod mnpu BJIWJI 3nauutensHo Beime. HIAJI

OpPUEHTUPOBAHO HA MenkocepuiiHoe, a B/INJI — nHa maccoBoe Npou3BOACTBO.
Beayume muposbie npoussoaureau PIM

Ha poinke pabotaer okono 120 ocHoBHbIX kommanuil [181], u3 xoTopsix 50 — NpOM3BOAUTENN U
MOCTaBIIMKM METAJUNIMYECKUX NOpPOIKOB U ¢uactokoB (42 % peiaka), 30 — mnpou3BoaUTENH
o0opynoBaHus, T.e. MAlMH JUIi MHXEKIHOHHOTO (POPMOBAHUS M TEPMHUUYECKOTO OOOpYHOBaHUS JUIS
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neouHmuHra W cuHte3a (25 %), u oxomo 40 mocraBHMKOB HMHBIX KoMmoHeHT (33 %). Ha perinke
MNPUCYTCTBYIOT C€IIC OKOJIO 100 menkux NMOCTAaBIIMKOB, OKa3bIBAOIIMX MUHHUMAJIBHOC BJIMAHUC HA PHIHOK.

B 2012 r. B oTpacis 6su10 BoBjeueHo 13 800 yen. (Beipyuka $ 114 Thic. Ha 1 4enoBeka B Toj).
Obopyoosanue

Jns GonpumMHCTBA Mpou3BoauTeNel odopynoBanus 11 MIM, nocnennuil coctaBiiseT HEOOBIIIYIO
JIOJIO JI0X0/la B UX cymMMapHOM OusHece. TumoBoe obopynoBanue maiasi MIM TexHONOTui aHAIOTMYHO
000pyIOBaHUIO Ui HMHXKEKIMOHHOIO (OPMOBAHMS IIACTMACCOBBIX H3Jenuil. OCHOBHBIE OTIMYMS:
1) NOBBIIEHHBIH HM3HOC IMHEKOB M 0apa0aHHBIX MEXaHW3MOB BCJIEJCTBUE IMOBBILICHHBIX aOpa3MBHBIX
CBOMCTB MeTAJUTMYECKUX (UICTOKOB (aHamorn4Ho miactukaM ¢ 30 % HamonHeHueM HeisloHa) u 2) Oosnee
ObICTpOoe 3acThIBaHUE (PUACTOKA BCIEACTBHE €ro 0oJiee BBHICOKON TEIIONPOBOAHOCTH MO CPABHEHHIO C
MJIacCTMaccaMu, 4YTO, B CBOIO odepenb TpeOyeT Oojiee BBICOKMX CKOpocTel nuThsi. OOopynoBaHue st
KaTAJIMTUYECKOTO JI€OMHIUHIA SIBISETCS OPUTMHAJIBHBIM /s AaHHOW otpaciu. OOopynoBaHue Uis
CHHTE3a CTaHJApTHOE U €ro MOCTAaBIMKUA MMEIOTCA BO MHOIMX CTpaHax. Tepmuyeckoe o00OpyIOBaHHE
NeOWHIWHTA UM CHHTE3a MPOU3BOAAT B OCHOBHOM B EBpome (okomo 250 xommanwit u3 350 — 72 %
pacnionoxensl B EBporie, 14 % u 13 % npousBoauteneii u3 ctpan ATP u CIIA, 1% - npousBoauTtenu u3
JOpyrux cTpaH). B 3aBHCHMOCTH OT TEXHOJOTMHM (THIA CBS3YIOIEI0O M Marepuaia) TepMooOpaboTKy
BBIIIOJIHAIOT B CpeJlie BOJOPOJa, a30Ta, aproHa u Ap. Ilpoueccsl cuHTe3a, Kak NpaBUilo, IPOTEKAIOT NPU

temmeparype ot 1000 mo 1400 °C, nebunaunra - ipu Temreparype ot 250 mo 650 °C.

OcCHOBHBIE TTPOM3BOJUTENN O0OPYIOBAHMS Uil MHXKEKIMOHHOTO (opmoBanus: Arburg GmbH, Dr-
Boy (MaumHbl MHXekuuoHHOro JuThs, MIM cnennanusupoBannbie Manmubl), Engel, Sanjo Seiki Co.,
JSW (mammubsl nHxekunoHHoro jguthsi, MIM u CIM), Goceram AB (nunum nopg wiou ans PIM),
Peltsman (mammuer ans HAWJT CIM), Wittman Battenfeld (ocHoBHO# mpou3BoauTenh MalmH
MHKEKIMOHHOTO JUThs). Mukpo-MIM Texnonoruu peanusytot no 1, 2 u 3-craauiinoii cxeme. Haubonee
pacmpocTpaHeHo OOOpyAOBaHHE peanusyonme oaHocTaauiiHeii  MIM  mpomecc  (OCHOBHBIE
npousBoautean Arburg GmbH & Co. KG, Battenfeld Kunststoffmaschinen, Dr.Boy GmbH & Co. KG,
Demag Ergotech GmbH, Engel Austria GmbH, Krauss-Maffei-Kunststofftechnik, Mitsui Machine Tools,
Sumitomo Plastics Machinery, Toshiba Machine Co). B nByxcraguitHom mpoiiecce miacTu(UKaus |
WHXXCKIIMOHHOE JINThe pasiesieHbl (mpou3BoauTesin obopymoBanusi — kommanuu Cronoplast, Ettlinger,
Ferromatic, Kunststoff-Zentrum Leipzig, Sodick Plustech). Komnanus Battenfeld mnpoussoaut
oOopynoBanue g 3-cTaAudHBIX MHUKpO-MIM TexHomoruii, e omnepanu IUIACTH(UKAIINH,

JO3UPOBaHUA U MHIKCKIUU pa3aCiICHBI.

Ilopowiku
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K nopoikam npeapsBisioT cienyronmpe TpeOoBaHus: crenu@uueckoe pacipeaeaeHue no pasmMepam
YacTHIl, HU3Kas LI€Ha MPU BBICOKOW HACHITHOW MJIOTHOCTHU, OTCYTCTBHUE arJIOMEPUPOBAHHBIX YACTHIL,
MPEUMYILECTBEHHO cepruyeckas WM paBHOOCHAas opMa 4acTHIl, JOCTATOYHOE MEKYACTUUYHOE TPEHUE,
4TOOBI MPEAOTBPATUTH TUCTOPCUIO MOCIE YAAJICHUS CBS3YIOLIETO, CPEAHHUI pa3Mep yacTull MeHblne 20
MKM (OBICTpBI CHHTE3), OTCYTCTBHME IOpP B YaCTULAX, MUHUMAJIBHBIM PHUCK B3pbIBa U TOKCHYHBIX

33I‘pH3H€HHI>i, YU CTas MOBCPXHOCTH YACTHUIL IJIA ITPCACKA3yEMOI'0 KOHTAKTa CO CBA3YIOIIUM.

Ha priake okono 60% 1mo macce COCTaBIISIIOT cTajbHble nopouku [181)]. B neHexHOM BhIpakeHUU,
48 % pbIHKa — HEpXKaBEIOIAs cTallb, 22 % - oObryHbIe cTanu, 9 % - BonmbdpaMm, 7 % - xene30-HUKEICBbIC
criaBel, 5 % - TuTaHOBBIE CIUIaBhl, 3 % - MenHbIe U 6 % - Tpouune criaBkl. JluanazoH 1eH Ha CTaTbHBIC
noporkr — ot 10 mo 20 $/kr, turanoBwle criaBel — 200-300 $/kr, cnenuduyeckne CruraBbl MOTYT
noxoaute B 1eHe no 1000 $/kr. B marepmanbHOM BBIpakeHUM 00BeM mocTaBoB MIM kadectBa
MOpOMKOB Ha MUPOBOM pbiHke B 2012 coctaBui ot 800 mo 1200 tonn [181]. st momydeHUs KeIe3HBIX
U HUKEJIEBBIX MOPOIIKOB NMPUMEHSIOT KapOOHUIbHBIE TeXHOJOTuU (34 % MOpOILIKOB MOJY4alOT 3TUM
METOJIOM), TakKe MOPOIIKU MOJYy4aloT paclblieHneM MeTasuia B ra3oBoii (28 %) u BogHoit (38 %) cpene.
KirroueBbie mpom3BoguTenu mopomkoB: Hoeganaes, Kobe Steel, BASF, ECKA Granules, GGP Metal
Powder Co., Shenzhen GEM High Tech Co. Ltd, Sumitomo wu apyrue.

Duocmoku

LleHB! HA OCHOBHBIE (PHICTOKH (CTAb M T.JI.) BAPBUPYIOTCS B uamnaszoHe ot 15 g0 50 $/kr. duacroku
Ha OCHOBE JOPOTHX MOPOIIKOB, M3rOTABIMBAIOT KOMIIAHUU HEMOCPEICTBEHHO UISI HYKJ COOCTBEHHOTO
MPOM3BOJICTBA, KaK MPaBWJIO, Takue (UICTOKH HE BXOIAT B JIMHEHKY OCHOBHOW IPOIYKIMH U HE
IIOCTAaBJIAOTCA CTOPOHHUM OpraHus3alnusam. Heckonrsko KPYIIHBIX KOMITaHU U OCYHICCTBJIAKOT

IMPOU3BOJACTBO U IMOCTABKH OCHOBHBIX (bI/II[CTOKOBZ

— Advanced Metalworking Practices — keme3o, cranb, HEp)KaBEIOIME  CTalH,
He(eppOMarHuTHBIE METAJUIBI U CIUJIaBbl, HHCTpyMeHTaNbHbIe cranu: 4600(4650), 4100 (4140),
Fe-Ni, Fe-Si, 17-4 PH, 316L, 420,440C F-75, Mo-Cu, W-based, Ni, F-15

— BASF — cBsByronme Ha MOIMMEPHON OCHOBE, KATATMTUUYECKU yAalsieMble, )KeJIe30 U CTallb
(toproBas mapka Catamold): 4600 (4650),4100 (4140), Fe-Ni, Fe-Si, 17-4 PH, 316L, 420, 440C

— F-75, Mo-Cu, W-based, Ni, F-15

— Inmatec — xepamuyeckue (UICTOKA Ha OCHOBE IMOPOMIKOB Okcuia amoMuuus (A2 O3)
Inmafeed K1008, K1010, K1013 u wuTTpuii-cTaOMIM3UPOBAHHBIX ITMPKOHHUEBBIX ITOPOIIKOB

(ZrO2) Inmafeed K1009 u K1012.
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— PolyMIM  —  ¢uacroku  Hep)KaBEIOIIEH  CTald, HHU3KOJIETHPOBAHHBIX  CILIABOB,
HHCTpYMEHTaJIbHbBIC cTasK, 11 1 TI CIIJIaBbl, ME/Ib M ME/IHBIC CIIJIABBI, CIUIABBI TSHKEIIBIX METAJLIIOB
1 KapOu Bosb(pama, KoOAIbT

— Ryer, Inc — kpynHbIi mOCTaBUMK (GUICTOKOB (MPOU3BOAMMBIX 1O TexHomornu AquaMIM)
tumna 316L, 17-4PH, 420, 440C u np.

— TCK (lomuHukanckas pecnyonnka) - MIM ¢uacroku co CBA3yrOIMMH Ha BOCKOBOM
OCHOBE

— Zschimmer & Schwarz InC — (uICTOKH OCHOBHBIX U TSDKENIBIX METAUIOB. KEPAMHUUYCCKUE

noponku (ToproBas mapka Elutec).

Hpouue nocmaeuwiuKu

B dopmupoBanuu peiika MIM Tarke y4acTBYIOT POM3BOIUTEIM MHTHOUTOPOB Kopposuu (Binder

GmbH, Memmert GmbH, Bertoma) ans koMnaHuii, NpUMEHSIONMX BOJAHBIC TEXHOJIOTHH JICOMHINHTA.

Jns obecriedenusi KOHTpoisi KadecTBa MIM TexHonOruii MPUMEHSIOT HW3MEPUTENH MJIOTHOCTH,
tBeproctd (no Poxsemny, Buxkepcy) aHamu3aTopbl yIiepoAa, KUCIOpPOJa, a30Ta, KalmuJUIIpHBIE
pEOMETphI, M3MEPUTEIN LIEPOXOBATOCTH, MAIIMHBI JJIs UCIBITAHUN Ha PACTSHKEHUE, AHAIU3ATOPbI
COCTaBa, CKAaHUPYIOIME JJICKTPOHHBIE MHKPOCKOMHBI. JIJII TPOBEPKH TOTOBBIX HM3ICIUN Ha TMPEAMET
HaJM4usl BHYTPEHHUX MOP W TPEHMH MPUMEHSIOT aKycTH4Yeckoe o0OpyldoBaHME W MHKPO(OKYCHBIE

PEHTIEHOBCKHUE arnmnaparsbl.
Oouwaa xapakmepucmuka polHKa

B 2012 rnoGaneHbiit peiHok MIM texuomoruit [181] coctaBun $1,51 mupa ¢ mporHo3om pocra K
2018 romy mo $ 2,88 mupa. I'eorpaduuecku 47 % pbiaka ($ 702 MutH) JTIOKaIM30BaHO B CTpaHax A3uw,
21 % - B EBpomie u 26 % - CeBepHoii Amepuke. [IporHO3HBIA TeMI pOCTa phIHKA B OIIDKanmme 5 et
cocrasisiet 11,4 %, B To yncie no peruonam — 54 % B Asuu (CAGR 14 %), nagenue 10 18 % (CAGR
8,5 %) B EBpomne u mo 22 % B Amepure (CAGR 8,3 %) ¢ yBenuuenuem g0 6,1 % (CAGR 12,1 %) B

OCTaBIIICHCS YacTU MHPOBOI'O PBIHKA.

Oxwupaercs, 4To MO CPaBHEHUIO C MOCIEIHUMHU TpeMs roJaMH TeMIbl pocTa pbiHKa (15 %) cierka
3aMEJIATCS, 4YTO CBSA3aHO, MPEXAE BCEro, C TOTAIBHBIM 3ameqieHueM pocra BBII wu
MaKpO’KOHOMHYECKUMH HeolpeneneHHOCTsIMU. [Ipu aToM, ckopee Bcero, peiHOK MIM Esponer n CIIIA

Mo-IpeKHEMY OyJIeT pacTu CyIIECTBEHHO OoJjiee BhIcokuMu Temnamu, yem BBII atux crpas.

JlBa xpymHeinmx ydactHuka pbiHka (ARC Group u Indo-U.S. MIM — camblii KpymHBIH HIPOK)
MEPeCceKIi OTMETKY 1o oObeMam mnpojaxxk MIM mponykuwu B $ 50 mutH. Oxumaercs, uro k 2018 r. ux

noust ipeBbicuT $ 100 MitH, a 50-MuHOHHBINH pydesk mepecekyr ot 5 g0 10 kommanuii [181]. Haunbonee
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HEPCIEKTUBHBIA CETMEHT — PBIHOK OTHECTPEIIFHOTO OpPY)XHS (THCTOJNETHI, PEBOJIBBEPHI, BUHTOBKH). [1o
nanasiM EPMA 2013 rona o0beM mponaxk M3Aenauii, moiiydeHHbIX mo Texnonorun MUM, B Epome

npesbicui 250 mutH. EBpo

Manble ¥ cpenHHE KOMIAHUU MPEUMYLICCTBEHHO paboTaloT Ha TMOKYIMHBIX (HUACTOKAaX, HE
BinaneiBast cpenctBa B HMOKP mo wux paspabotke. KpymnHble kommaHuu, mpecienys Ienu

SKOHOMHYECKOW HE3aBHCUMOCTH, TPEUMYIIIECTBEHHO padO0TarOT Ha (DUICTOKAX COOCTBEHHOM pa3pabOTKH.
Beoywyue npouzeooumenu PIM

B mupe oxono 400 xomnanwuii, padboratoumx B oomactu MIM Texnonoruit [181], B Tom gucie 106 B
CHIA, 69 B KuTae, 41 B 'epmanuu, 38 B SAnonuwu, 17 B TaitBane, 14 B Kopee, 12 B llIBelinapuu. 310 He
ABJIAETCS MPsIMbIM Noka3aTteneM MIM akTuBHOCTH, T.K., Hanpumep, B MHauu Bcero 3 xoMmaHuu, HO C
BEChMa MPUIMYHBIM 000POTOM U MEpCIeKTHBAaMU pocTa (KpynHeimas B Mupe komnanus Indo-US MIM ¢
oobemom mpogax $ 70 MaH U oxugaembiMu Temnamu pocta 40%). MakcumanbHbIi peiHOK MIM B
¢unancoBom m3mepenuu — CIIA ($ 388 mun), manee — OwbicTpopactyumii peiHok Kuras ($ 364 min),
porHok Eporbr - $319mmua (B T.u. $ 108 M — TIepmanus, $ 48 mmun — HWcnanws, $ 67 M —
Iseiitiapusi). Poinok Bpaswiuu cocrasiaser $ 40 mnu, Uuguu - $ 72 man, Snonwn - $ 116 muH.
KymmynstuBHBIN pbiHOK ocTanbHBIX cTpaH (Poccus, Manaiizus, ABctpanus, Kanana, Typrus, W3paniib)

cocraBigeT $ 197 muH.

Junepst MIM peinka - Acelent Technologies Pte Ltd., Advanced Materials Technologies Pte Ltd.,
SolidMicron Technologies Pte. Ltd. (Cunramyp), Changzhou GIAN Technology Co. Ltd., Zhejiang
Yihuo Tech Co., Ltd. (Kwuraii), Ecrimesa (Mcnanus), Epson Atmix Corp. (Slmonus), Indo-US MIM
(Mumus), Schunk Sintermetalitechnik (I'epmanus), Taurus (bpaswmus), ARC Group, Parmatech Corp.,
Kinetics Climax, Inc., Smith Metal Products, Dynacast (CILA).

B cermente CIM pbIHKa Benymlyto pojib MTparoT HeMerkue komnanuu Rauschert, Microceram, MKS
1 Sembach, kymyIITHBHO 00BEMBI MPOJAK ITUX KoMIanui coctaBystior $ 45 muH. JIngepst CIM peitka,
npumensitonme BJIWJI u HJAWJI - CoorsTek, Horn, Morgan Advanced Ceramics, Circle C.
CymecTBeHHBIM (akTopoM, BiusitomM Ha pasButue CIM, sBisercs mpousBonctBo kepamuku (30 %
peiika CIM) u pa3BuTHe KepaMudeckod MpoMblluieHHOCTH (maepsl - Alcoa, Carpenter Technology u
Precision Castparts). Benynme xommanwu B obmact CIM - Avignon Ceramic SAS, ®panmus, B & B
Refractories, Inc., CIHA, Capital Injection Ceramics, Bemuxobpurtanus, Core Tech, Mentor, CILA,
Freeman (Japan) Co., Ltd. fAlmonwus, Itochu Ceratech Corp., Sinmonusi, Orton Ceramic, CILA.

Oowue menoenyuu pazeumus puinka PIM
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Peinok MIM pacter Obictpee PM m 3HauntensHo ObicTpee mupooro BBIIL. Texnomorus MIM B
cTaguu pocra. Ha pblHKe NpeUMYIIECTBEHHO paboTal0T 4YacTHbIE KOMITAHWM, W3BECTHO JIUIIb
HE3HAYUTEIBHOE YUCIIO MyOIuyHbIX komnanuii. [[ns ocHoBanuss MIM kommanuu B ctpaHax EBponsl u
CIIA HeoOxomumo $ 6 MIIH WHBECTMLMU, B CTpaHax A3MH HEOOXOAWMBI CYIICCTBEHHO MEHBIIME
WHBECTUIIMHA. DTa CHUTyallUs SABJISIETCS MPUBJIEKATEIBHONW JJIsl YYACTHUKOB PBIHKA CMEXHBIX OTpacieu
(;muTee mumactMmace, PM, pe3uHBl M CBS3yIOIIME, IPOU3BOAUTEIM IOPOIIKOB), a TAKKE KOHEYHBIX
noJsib30Bareseil (MeAuIIMHa, CTOMATOJIOTHS, aBTOMOOMIbHASL U OpY)KeWHasi MPOMBIIUIEHHOCTD). OaHaKO
MHOTHE KOMITAaHWH, BOILICAIIME HA PBIHOK CIYCTS HECKOJBKO JIET, MPEKpalaioT Ou3Hec T.K. JaHHas
OTpaciib TPeIbsBIsSIET 0coOble TpeOOBaHHS K YPOBHIO KOMIETEHI[MH M OIbITA, JIOCTATOUHOM st
obOecnieueHus pa3BUTUs. HOBBIX yUaCTHMKOB pBhIHKA MPUBJIEKAIOT BO3MOKHOCTH pacllipeHUs Ha HOBBIX
PBIHKAX, B TOM YHCJIE 32 CYET MPUMEHEHHU s HOBBIX MAaTEpUAJIOB U MPOLIECCOB M MX KOMOMHAIUH, UTpasi Ha
OTPaHUYEHHUSIX U BO3MOXKHOCTSX, CBOMCTBEHHBIX KaxaoMy KOoHKpeTHomy wmeroay. CIM u MIM
MPEJCTaBIISIOT COBEPUICHHO pa3Hble TEXHOJOrHueckue mpoueccol. Peinok MIM OyneT B cpesiHeM pacTu B
Te4eHHe OmKallmX JBYX JAecATHIeTHH. VIHCTpYMEHTOM CTUMYIMpPOBAaHUSI pbIHKA SBJSETCA
oOpa3oBaTenbHast IeSATENbHOCTh KOMIIAHUN M YOEXJeHHE KOHEUHBIX IMOTpeOuTesel nmepeiTH Ha HOBBIE
TexHoJIoTuu. [Io MHEHUIO 3KCIIEPTOB, CYIIECTBEHHBIN MOTEHLMA PhIHKA CKPHIBAETCS B CUCTEMATHYECKOM

moAX0A€ K MapKCTHUHTY.

Hcxomubie reorpaduueckue peiHkd MIM OpueHTHPOBAIMCH HAa CTOMATOJIOTHIO U aBTOMOOUIIBHYIO
npombinuieHHOCTh  CIIIA.  MupoBoit  kpuszuc  2008-2009 rr.  mnpuBen Kk  oOBaldy  pBIHKa
aBTOMOOMIIECTPOCHUSI, YTO  MPUBEIO K  OaHKpOTCTBY WM  TOIJIONICHUIO  KOMITaHH,
crequan3upoBaBumxcds Ha MIM TexHOJIOTMSAX I JaHHOrO cerMeHTa. KpylnHble KOMIIaHUHU
TUBepCcU(UIIMPOBAIM CBOM OHM3HEC B Jpyrue oTpaciu (METUIMHA, CTOMATOJOTHS, aBHAKOCMHUYecKas
OTpacib, JIEKTPOHUKA, TEICKOMMYHHKAIIUH, TTPOU3BOJICTBO yKpameHuii). [locnennee necsatunerue Oym
Ha pBIHKE COTOBBIX TeNe(OHOB CTUMYIUPOBaI Mpou3BoAcTBO MIM u mpuBen K MepeMeIeHuio

MOILHOCTEH B CTpaHbl A3UHU, IJI€ COCPEJOTOUEHO MTPOU3BOJICTBO IIIEKTPOHUKH.
Tukcoghopmunz (maznuegvle cniagwl)

[lepciektuBHBIM TpeHAOM B obOnactu MIM TexHONOTHI SBISETCS TUKCOPOPMUHT H3ACTHH U3
MarHueBbIX CILUIAaBOB. MarHuil sBisieTcs 8-M IO pacHpOCTPaHEHHOCTH B 3€MJIE DJIEMEHTOM, YTO HE
CO3/1a€T OrPAaHUYEHMS B CBSI3M C €r0 HEIOCTaTKOM, Kak C aJlOMHHMEM, IpU TOM OH Ha 65% ierue
AMIOMUHUSA U OO0NaJaeT BBICOKOH yIAENbHOM MPOYHOCTHIO. POCT MpPOM3BOJCTBA MAarHUEBHIX CILJIABOB
CIEP)KMBAETCA €ro HHU3KOW  yOapHOM  BS3KOCTHIO, HHU3KOW KOPPO3MOHHOM  CTOMKOCTBIO M
TPELUIMHOCTOMKOCTBIO, BBICOKOM XPYHKOCTBIO IO CPaBHEHHMIO CO CTajbio. OTO 0OOYCIOBJIEHO
FeKCAaroHaJbHOW KPUCTAINIMYECKOW PEIeTKOM MarHusi, kotopas mo cpaBHeHuto ¢ OLK wmu T'TIK

CprKl“ypOﬁ JKCJIC3a, XaPAKTCPU3YCTCA HU3KUMH YIPYTUMU CBOMCTBaMHU. Hel"I/IpOBaHI/Ie AJIIOMUHUEM U
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nuHKOM (cruiaB AZ91D) mo3Bosniio yBENMYUTh MPEACTbHYIO AeopMaIiio pu pacTsokeHus 10 12 % u
IPEIOIPEeNIeNIUII0 IMPOKOe IpUMeHeHue B TeueHue 20 mocienHux JieT. SImoHcKas rpymnmna KOMIIaHUM
USPTO 3amarentoBana (marent CIHA 8,333,924) maruumessiit (97 %) cruaB ¢ nuratypamu P30, B
KOTOpOM TIpU TjacTudeckod aedopmanuu  GOpMHUPYIOTCS UIMHHONEPUOAWYECKUE CTPYKTYPHI,
ofOecrieunBaronye BHICOKYIO KOBKOCTh M YIApHYIO BS3KOCTh MarepHally. DTOT MaTepual MepCleKTHBEeH
JUISL M3TOTOBJICHHSI KOPIIYCOB COTOBBIX TENE(OHOB, HOYTOYKOB M T.J. METOAOM TukcodopmoBanus. Ilo
CPaBHEHUIO U3JCNIUSIMUA M3 MarHUEBBIX CIIJIABOB, IMOJYYa€MbIX TPAJUIIMOHHBIM JIMTHEM, HHKEKI[MOHHOE
dopMOBaHHE TO3BOJSACT MOJMYYUTh H3ICIUSA C YIyYIICHHBIMA MEXaHUYECKUMH XapaKTePUCTUKAMH.
Hanpumep, cmaB AM50A (Al — 5%, Mn — 0,3-0,5%) mnonydeHHBIH THKCOGOPMUHIOM MpH
temneparype 625°C (ckopocth GopmoBanus 1,4 mM/c) obnamaer ciuroBoil mpounocteio 140 Mlla (o
cpaBHeHHIo ¢ 112 MIla g oObIuHOTO JUTHS MOJ JaBjieHueM mpu Temmeparype 690 °C, ckopoctu
dopmoBanus 2,9 mM/c), mpeaenbHbIM pacTsokeHuem 269 MIla (232 MIla gms DC) m mpenenbHoOU
nedopmarmert mpu pactsokeHun 20 % (mo cpaBuenuio ¢ 13 % DC). Takue cBOWCTBa COBpEMEHHBIX
MarHWeBbIX CIIJIABOB (OPMHUPYIOT eMKyio Huily Ha pbeiHke MIM wusnenuit. Kommanus Thixomat
JUIEH3UPOBaIa TEXHOJIOTHIO (JOPMOBAHMS MArHHEBBIX CIUIABOB JIBYM IPOU3BOIUTEINSIM 00OPYIOBAHMUS
s umkeknuonnoro ¢gopmoBanus JSW  (Slmonus) u  Husky (Kamama). Kommamums Dynacast
aJlarTHpOBaJia TEXHOJIOTMIO MHOKECTBEHHOTO cBuUra (2-5 Thic. nukioB B yac) kK MIM nocnie yero Oblia
npuobperena komnanueir Techmire (Kanana). AHAJTOTHYHBIME KOMITIETECHIIMSMH 00J1a1aeT KUTaicKas 1-
SOK Co. Ltd.B crpanax HOBA pabGotaeT psia KOMIIAHW H3rOTaBJIMBAIOIME KOPIyca COTOBBIX

TeJ'IC(I)OHOB n H0yT6y'KOB N3 MAarHueBbIX CIIJIaBOB MCTOJ0OM HHXKCKIITMOHHOI'O (I)OpMOBaHI/IH.
Tumarnoesie cnaaewl

JpyruM HuieBbIM pbIHKOM it MIM  sBisieTCss pBIHOK HW3ACIUN W3 THUTAHOBBIX CIIJIABOB,
COCPEJIOTOYCHHBIA B OCHOBHOM B BBICOKOTEXHOJOTUYHOM CErMEHTE. TWUTaH IUIOXO TOAJIAaeTCs
MEXaHHYeCKON 00paboTKe, YTO pacKpbIBaeT MHTEPECHBIC BO3MOXKHOCTH Juisi MIM texnomoruii. [Toporku
tutaHa o meroay Kposaa umerot pasmep ot 50 go 180 mxm. s momydenuss MIM usnennmit us Ti-6Ak
4V mnokazaHa S(PEKTUBHOCTh CBSBYIOIIMX Ha OCHOBE TMOJUATHJICHA M ATHJICH-BUHUII-AIlETaTa,
napaguHOBOTO BOCKA. Henasuue HCCIIE0BAHUS lentpa  Tenmpmrosbua  (I'epmanus)
MPOJAEMOHCTPUPOBATIN MPOLECC MOTYyYEHHUS MOPOIIKOB TUTaHA pa3mMepoM OT 18 no 27 mkm. OCHOBHBIE

obnactu IMPpUMCHCHU A I/ISI[eJ'II/Iﬁ 13 TUTAHOBBIX CIIJIABOB:

- ABHMaKocMHU4YeCKasi  MPOMBIIDICHHOCT.  OcHOBHOW  cruiaB —  Ti6Al4V
(BBICOKOTIPOYHBIA MHOTOIIENEBOM). [l WM3roTOBIEHUS AeTaneil ABUTaTelieid MPUMEHSIOT
TPEIIMHOCTOMKNE W KOPPO3HMOHHOCTOHKHE cruiaBbl TI-6Al-2Sn-4Zr-2Mo u Ti-6Al-2Sn-4Zr-

6Mo, I M3roTOBJICHUS NMPYKUHHBIX MexaHu3MoB - TI-3Al8V-6Cr-4Zr-4Mo, nocanounsie
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MeXaHH3Mbl — KoBaHblii cmaB  T-10V-2Fe-3Al,  smcrosoit  Ti-15V-3Cr-3Sn-3Al,
tpyoonpoBozbl Ti1Al2.5V, pamsel u snemenTs! neuratens Ti-4Al-4Mo-2Sn.

- Menununa. J[ins W3roToBICHHS MPOTE30B CYCTABOB, ICTAIBHBIX HMILIAHTATOB,
YEJTFOCTHO- JTUIICBBIE UMILIAHTATHI, XUPYPTHYCCKHUE UHCTPYMEHTBI, DIIEMEHTBI
nerOpHIIIATOPOB, KapaIUOCTUMYIATOPOB, CTeHTOB. [Ipumenstor crasel Ti-6AR4V, Ti-6Al-
7Nb, Ti-5AI2.5Fe, Ti-13Nb-13Zr, Ti-12Mo0-6Zr-2Fe. TuTaHoBbIE CILUIABBI 0O0JIAJAOT
XOpoIneii OMOCOBMECTHMOCTBIO, OCTEOTCHE30M KOCTHOW TKaHH, JIydIlield COBMECTHMOCTBIO
YIPYIUX XapaKTEPUCTHK C KOCTHOM TKaHBIO.

Tanumanoesie cnnagwl

Hns MIM wuznenuii mpuMEHSIOT TaHTAJOBbIE MOPOIIKH ISl U3TOTOBJICHUS U3AEIUN C BBICOKUMH
IIPOYHOCTHBIMM CBOMCTBAaMU, YJApHON BA3KOCTBIO, KOPPO3HMOHHOM CTOMKOCTBIO I NPUMEHEHUS B
OQTUCTUKE, XUPYPTUUECKUX MMIIJIAHTATOB, PEXYIIETO HWHCTPYMEHTA, aKyCTHUYECKHX (UIBTPOB U

ONTHUYECKOM amnmaparypsbl.
Maznumnuie cnnaewl

MIM TEeXHOJOTHIO MPUMEHSIOT [UISi W3TOTOBJICHUS MArHUTHBIX HU3JENUA CIOXKHON (OopMBI U3
HHUKEJICBBIX CIUIABOB (TOPOMJAIBHBIE OCTOBBI JJIsi TpaHChOpMATOpOB TOKa, auddepeHInaapHbIe
MepeKTIoYaTeNld TOKa, 2JIEMEHTHI MIATOBBIX JABUTATENCH, SJIEKTPOKIANaHoB, CTATOPOB, ApOCCeNeil u T.1.).
B 2012 romy xomnanus Hitachi paspaborana snekTpudeckuii MOTOp Ha IMOCTOSIHHBIX MarHMTax H3

aMOp(HBIX MarHUTHBIX MaTEPUAJIOB, COJEPIKALIMX HEOAUM U AUCIIO3UH.
Muxkpo-MIM

OnuuMm M3 Haubosiee MEPCHEKTUBHBIX PhIHKOB MIM sBiseTcs pBIHOK MMHHATIOPHBIX H3/AETHM
cioxxHoit ¢opmbel BecoM | T mimm menbine (100, 50 Mr) s MUHHATIOpHBIX MammH (Kommanus Maxon
motors — nuaep Mo U3rOTOBJICHHUIO TaKUX YCTPOMCTB), MEIUIIMHCKUX U XUPYPTUUYECKHMX MHCTPYMEHTOB,
4acoB, IOBEIMPHBIX u3Aenuil. Hekoropele u3Aenuss MMEIOT I€OMETPUYECKUE pa3sMepbl 3JIEMEHTOB
pasMepoM HECKOJIBKO MHKPOH, CHOCOOHBIE COXpaHATh PabOTOCHOCOOHOCTh UIUTENIBHOE BpeMs H
obnajarome J0CTaTo4HOi mpouHocTeio. Kommanus Sandvik Osprey cnemnmanusupyercss Ha
M3TOTOBJICHUH TOPOIIKOB Ui MUKpOo-MIM TexHojorui (K TaKMM IMOPOIIKAM TMPEABSIBIAIOT Hanboee
KecTkue TpeboBaHus — cpeanuil pasmep 2,8 MxM; 90 % - 1o 5 mxm). TpeH1 OCHOBAaH Ha CHUXKEHUHU JI0JIN
CTOMMOCTH MaTepuajoB B CTpykrype cebecrommoctd MIM TexHONOTHI, KOTOpas MPHOIU3MUIIACH K
TaKOBOM MJI TPAJUIIMOHHBIX MPOU3BOACTBEHHBIX TEXHOJOTHHA. Mukpo MIM pBIHOK OXKHIAETCS CTAHET
KIIOYEBBIM CETMEHTOM JUIS HOBBIX CIUIABOB M MAaTE€pHUajOoB YK€ B TEUYCHHE OmmKallmx JeT.

AnHanoruyHbeiii OypHBIH pocT OXHAAIOT U B MIM TexHONOTHSIX OMMETAITMYECKUX W3JICTUN, a TakKe
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MIM TexHOJOTUH IJIsi MEAMIIMHBI. DTO OyIET BBI3BAHO CIIPOCOM B TAKUX OTPACIISIX KaK OMOCEHCOPHI,

MHUKpPOPEaKIIMOHHbIE HA0OPbI, MUKCEPbI, MUKPOABUTATEIN U MUKPOCHCTEMHBIEC TEXHOIOTUH.
Mynvmumooanvhbvie nopouwKoevie KOMROIUYUU

B nocnennee necstuieTMe OCHOBHBIE TEHJEHIMU HCCIIEAOBAHUN, HANpPaBJICHHBIX HA MOBBIIIEHUE
¢u3nKO-MexaHUYeCKuX xapaktepucTuk PIM  wm3menmii, cBs3pIBalOT ¢ 1mMOAOOpOM MOIU(PUKATOPOB
NOpOLKOBBIX Kommosunuid [182, 183-186], B Tom umcie yIbTpaAuCIEpPCHbIX. B psne HaydHbIX
WCCIIeZIOBAaHUH, BBITTOJIHEHHBIX POCCUUCKUME U 3apyoexHbiMu yaerbiMu [ 180, 181, 187-190], moka3ana
BO3MOYKHOCTh TIOBBILICHUS YIAPHOM BS3KOCTH JUTHIX u3jenuid Ha 30 u OGosiee MPOLEHTOB 3a CYET
n00aBJIEHUST B pacIuiaB TOPOIIKOBEIX, B TOM YHCIIE, HAaHOIOPOIKOBBIX MoaudukaropoB. [Ipu sTom
OJTHOBPEMEHHO IOKa3aHO MOBBILICHUE TOKa3aTeael mpezena MPOYHOCTH (BPEMEHHOTO COMPOTHUBIICHUS
pa3peiBy) okoiio 10 %. B psme mybOnmkamuii [183-186] mokazaHo, 9TO WCITONB30BaHHE OWMOIATBHBIX
MOPOIIKOB CYOMHUKPOHHOTO M HAHOMETPOBOTO pa3Mepa Ui H3TOTOBICHHS (UICTOKOB MPUBOAUT K
3alI0JJHEHUI0 HAHOYACTUIIAMU IPOCTPAHCTBA MEXAy YacTHIaMHM OOJIbILEro pa3Mepa, CHHXKEHHUIO
TEMIIepaTypbl CIEKaHUSs, TOCTHKEHUIO MPAKTHYECKH IOJHOTO YIUIOTHEHHS B MPOLIECCEe CIEKAHUS M KaK
CJIEZICTBUE K CYIIECTBEHHOMY YMEHBILIEHUIO MOPUCTOCTH KOHEYHOTO HM3JENUs U POCTY €ro (pusmko-
MEXaHWYECKUX CBOMCTB, B YACTHOCTH YAApHOM BS3KOCTH. B yacTHOCTH, ClieKaHHWE CMECH CYOMHKPOHHBIX
METAUIMYECKUX YacTUIl ¢ HaHoyacTULaMu (10 5 % Macc.) NPUBOAUT K M3MEIBUCHHUIO 3€peH MeTaija
KOHEYHOTO W3/ICNUs, YTO YBEIMYHMBACT €ro yHapHyl Bs3KOCTh. M3BecTHbl uccnenoBanus [191],
yKa3bIBAIOIME Ha TO, YTO CIIEKAHHME HAHOYACTHI] MPOMCXOAUT IPHU TeMIepaTypax CYHIECTBEHHO HUXKeE
TEMIIepaTyp IJIaBJICHUS KOMMAkTHOTO Meramia. CriekaHue HEKOTOPBIX HAHOMOPOIIKOB IPOHMCXOIUT C
BBIJIEJICHHE SHEPrUM, CaMOpPa30IpeBY YaCTHUI], POCTY JIOKAIbHON TeMIeparypbl U WHTEHCHU(UKALIUU
cnekanus [178, 192]. Opnako, B OTIMYKME OT TEXHOJOTHH METAJUTYPTUYECKOTO U JIHTCHHOTO
IPOM3BO/JICTB, JaHHbIE HCCIIEOBAaHUS HOCSAT He cucTeMarhueckuil xapakrep. [Ipomeccel oOpa3oBaHus
CBs3€Hl M BIMSHHE XHMHYECKOTO COCTaBa MOPOIIKOBBIX KOMIIO3HWIHMH Ha (PU3MKO-MEXaHHUYECKHE U
TEXHOJOTMYECKUEe IOKa3aTeNu W3JeIUNA HCCIeIOBaHbl JIHMIIb YAaCTUYHO M JUIsI HEKOTOPBIX THUIIOB
KOMITOHEHT. Bce 3T0 CBUAETENBECTBYET O HEM3YdSCHHBIX BO3MOKHOCTSIX CO3JAHHS TEXHOJIOTUHU TTOTyICHUS
NPELU3UOHHBIX M3AEIMM CIOKHOW TeoMeTpHH, O00JaJalolMX MOBBIIIEHHBIMH XapaKTepUCTHKaAMU
VOApHOW  BSI3KOCTH,  TMPOYHOCTH  TPH  OIKCTPEMANBHBIX  TEeMIepaTrypax ©  OO0JIaZalonmx

KOHKYPEHTOCIIOCOOHOH ce0eCTOMMOCTHIO.
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3 3apyOexHblit OIBIT  TOCYNAPCTBEHHOM  TOAAEPKKU  PA3BUTUA  HOBBIX

IMPOU3BOJACTBCHHBIX TEXHOJOTUH

®opmupoBanne HIIT kak HOBOro TEXHOJIOTMYECKOIO MPUOPUTETA B HAYalle TOCTKPU3UCHOIO ATara
(2010-2012 1T.) pa3sBUTHSA MUPOBOI SKOHOMHKH OBLIO aKTyajdbHO, MPEXKIC BCETO, I Pa3BUTHIX CTPaH,
cTpemuBOmXCS 32 cder BHenpeHus HTII  nukBuampoBarh  HaMETHBIIMECS  TIOTEPH B
KOHKYPEHTOCTIOCOOHOCTH OTE€YECTBEHHOW MpoMbINUieHHOCTH. Hamboree nu3BecTHBIE U MPOpabOTaHHbBIE
nporpammel nojaepxkku passutus HIIT B Hactosmee Bpems peanusyrores B CIIA, BennkoOputanuu u
I'epmanuu. B »TuX cTpaHax Mepbl NONIECPKKHA DPAa3BUTHS HOBBIX INPOU3BOJCTBEHHBIX TEXHOJIOTHI
NeCTBOBAM W paHee. BHOBh BO3HHKIIME WHHUIMATHBBI, 10 CYTH, BCTPAWBAIUCH B CYIIECTBYIOIIYIO
CHUCTEMY HMHCTPYMEHTOB, YUYUTBHIBAJM HUMEIOIMICA ONBIT M OBIM HANpaBlIeHbl Ha YCTpaHEHUE
BBEISIBJICHHBIX paHee NpoOieM (HampuMmep, HEIOCTaTOYHOCTH TMOMICP)KKA Ha TO3MHUX CTaIHsIX
pa3paboTKu HOBBIX TexHosoruil). HanbOonee nmpuMedaTensHpIMU B Ha3BaHHBIX cTpaHax cranu: B CIIA -
«[lapTHEpCcTBO B 00JIACTH MMEPCHEKTUBHBIX MPOM3BOJACTBEHHBIX TexHosornii (Advanced Manufacturing
partnership), B BenukoOpuTaHuM — cO3laHHE KaTamylbT-IEHTPOB W, B YaCTHOCTH, (opMupoBaHHEM
KaranynsTel B 0o0acTi 00pabaThIBAlONMX IMPOM3BOJICTB C BBICOKOH a00aBiacHHON cTtonMocThio (High

Value Manufacturing Catapult), B 'epmanuun — nporpamma «Muayctpust 4.0».

3.1 CoBpemennas nonutuka CIIIA no pazsututo HIIT
Hcrtopus ¢popmupoBanus ¢enepanbuoit moauruku B CIIA B chepe HIIT

CoBpeMeHHasi aMepHUKaHCKasi TTOJIMTHKA B cpepe HOBBIX MPOM3BOJICTBEHHBIX TEXHOJOTHI Oeper
ceoe Hayamo B 2011-2012 romax. Kak oraenbHoe HampaBieHHe OHa Oblla O(UIIMAIBHO 3asBlieHA
b.O6amoii B 2012 1. B [Tocimanuu o monoxenuu crpanbl [193]. K cepenune 2013 1. 661111 chopMUpOBaHBI
OCHOBHBIC HAMPABIEHUS U HHCTPYMEHTHI TTOJIUTHUKH.

Buumanue k HIIT Obuto oOycioBiieHO TiaBHBIM 00pa3oM HEOOXOIUMOCTBIO SKOHOMHUYECKOTO
Bocctanosienus: CIIA mocne peneccuu, perieHus TpodiieM 3aHATOCTH, a TAKKE BBIXOAA Ha HOBBIN ITUKIT
HKOHOMHUYECKOTO PAa3BUTHUS — YCTOMYMBOTO B SKOJIOTHYECKOM M 3KOHOMHYECKOM OTHOUICHHSIX.

[TpuopuTeThl ¥ HaNpaBIECHUS HOBOW MOJIUTUKU OBLITH OTIPEICIICHBI 110 Pe3yIbTaTaM HHTEHCHBHOTO
JUajora ¢ MpeaCcTaBUTENsIMU OM3Heca, HayKl, MPOMBIIUIEHHOCTH, MMOTEHIHAIbHBIMU MOTpeOuTensiMu (B
T.4. C HCIIOJIb30BaHNEM HHCTPYMEHTOB Kpay/JICOPCHHTIA) M BHYTPEHHHUX AMCKYCCHM B aIMUHUCTpanuu. B
1[€JIOM, OHM COOTBETCTBOBAJIM OLIEHKAM DKCIIEPTHOrO coobinecTBa o passutun HITT [194, 195].

[Tocne QopmupoBanusi 0a30BOH KOHIENIMU OyIylmlel TMONWTUKA s ee J0paboTKu U

koopauHanuu benwrii mom B wmioHe 2012 1. copmupoBan «llaptHepcTBO B cdepe IepeaoBoro
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pOMBIIITIEHHOTo Tpou3BozAcTBa» (Advanced Manufacturing Partnership, AMP) — KOHCYJIbTaTHBHBIN
Opras, COCTOSILIMYI U3 NIPEACTABUTEIICH

® [KIIOYEBBIX  (peiepalbHBIX BEAOMCTB, OTBETCTBEHHBIX 3a MOJUIEPKKY Hay4dHO-
TEXHOJOTUYECKOTO W MHHOBAMOHHOTO pa3BuTHs CLJA (MHUHHCTEPCTBO TOPTOBIIHN, B JTUIIE
HamuonaneHoro wHcetutyra craggaproB u  texHojoruii  (HUCT), MunsHepro,
Muno6opousr CIIIA, HACA, Hamuonaneublii Hayunbii ¢oung (HH®D)), a Ttaxke
HallMOHAJBHBIX Ja00paTOpuii;

e KpymHeWnmx amepukaHckux koprmopamuii («Dow Chemicaly, «Allegheny Technologiesy,
«Caterpillary, «Corning», «Ford», «Honeywells, «Intel», «Johnson &  Johnsony,
«Northrop Grummany, «Procter & Gamble» u mpou.);

e Beayumx yHuBepcuteToB (MaccauyceTckuii TEXHOJIOTMUUECKUM HHCTUTYT - MTHU,
Texnonornyeckut  yHuBepcuter Jlxopmkuu, yHuBepcutersl Kapnerm  MenoH,
Creudopackuit, bepxnu, yausepcutersl Kamudopaun 1 Mudnrana).

Brnocneacteuu, B 2013 r. ¢ yyacTHeM MpHUMEpPHO TeX K€ YYaCTHHKOB Obl1 co3maH Paboumit
komuTeT 2.0 MO MapTHEPCTBY B cepe MmepeoBOro MPOMBININIEHHOTO MPou3BoACcTBa [ 196], momyduBImmii
craryc paboueii rpynmnsl PCAST® u mpu3BaHHBIN OCYIIECTBIISATH KOOPAMHALUIO MEPONPHATHN W P
MHBIX OpraHu3alMOHHO-MeToAonornueckux pynkuuii. unancuposanue Komurera 2.0 cocrasiisiio ao 4

MJIH O0JUJI. B I'OA.

Obmas xomno3uuus ¢enepaabuoii moantuku CIIA B chepe HIIT

Bce wmepomnpusatus monutuku b. OGambl B chepe HIIT moxHO pa3menuTh Ha HECKOJBKO
HarnpaBieHui. [Ipexne Bcero, 370 HOBbIE MPOQPHUIbHBIE MEXBEIOMCTBEHHbBIE MHUIIUATHUBBI:

e Mepomnpusrus B cepe COOCTBEHHO MPOU3BOACTBEHHBIX TEXHOJIOTUM, HHULIIMUPYEMbIE U
KoOpAMHHpYyeMble HaluoHanbHBIM NOporpaMMHBIM  0puUCcOM B cdepe MepeoBOro
npousBojactBa  (Advanced Manufacturing National Program  Office, AMNPO),
¢yaknmonupyronmM Ha 0O6aze HUCT. ®opmanbHO sBISETCS OOIEH KOOPAMHUPYIOIICH
CTPYKTYpPOH Takke B OTHOUICHUH BCEX HUXXEPUBEICHHBIX MHUIIUATHUB.

e Uumnuarusa renoma marepuanos [197]° (Materials Genome Initiative) — rocymapcTBenno-
YacTHOE MapTHEPCTBO, MHHIMHUpoBaHHOe B 2011 r. M KoopAMHUpYEeMOEe amnmnaparom
aJIMAHUCTPALIUH.

e Hamuonanenas wmHunmatuBa B cdepe podororexnuku (National Robotics Initiative) —

koopauHuposanacs HH®.

5 PCAST (President’s Council of Advisors on Science and Technology)— CoBeT npu npe3uaeHTe M0 HAyKe ¥ TEXHOJIOTUSIM .
6 MuunuatvBa He HampaBleHa MCKIOYUTEIBHO Ha OMOTEXHOJOTUIECKAE MaTepHaibl. Ha3sanue mpemmonaraet
CHUMBOJIMYECKOE CPABHEHHUE PA3BUTUS HOBBIX TEXHOJIOTHH pa3pabOTKH MATEPUAIIOB C Pa3sBUTHEM KIETOK M3 «kozxa» JJHK.
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Ha BeOMCTBEHHOM ypOBHE 3TH MHHIMATUBBI JOMOJHSIIMCH TPYIIION HOBBIX TEXHOJIOTUYECKUX,
OpraHU3aIMOHHBIX U UHBIX MeponpusaTuii Munsuepro CIIA, Muno6opons! CIIIA — B T.4., AreHTCTBa
MepesIoBbIX O0OPOHHBIX HcchenoBaTenbckux NpoekroB (DARPA), Muntopra CIIIA, Muncens3xo3a
CIIIA, a Ttawke mno psgy HanpaBieHUM HaruoHanbHBIX HMHCTUTYTOB 3apaBooxpaHenus (HIS3,
OTBETCTBEHHBHI 3a ((MHaHCUpOBaHUE U npoBeneHune onomenunuHckux HUOKP).

OCOOCHHOCTh TEPEUNCICHHBIX MEp COCTOsUIa B TOM, YTO OHU HMMENH JEIeHTPAIN30BaHHBIHI
xapakrep. 910 B 1enoMm cootBercTByeT cucreme nomaepxkka HUOKP B CIIA. IlostoMmy paznuyHbie
COOCTBEHHBIE MEPONPUATHS BEAOMCTB OTHOCUJIMCh HA PEANM3alMI0 TOM WJIM MHOM MHMIIMATUBBI I1PU
o0mieil KOOpAWHAIIMK CO CTOPOHBI «TOJOBHOTO» BeAOMCTBA. [Ipy 3TOM MOMIM BO3HHKATH CHUTYallHs
«IyOJIMpPYIOLIET0» OTHECEHMS TOrO MJIM NHOTO MEPONPUATHS Ha CUET pa3HbIX MHUIUATHUB.

Meponpusatus HaumoHajbHOro mnporpaMmMHoro ogmuca B chepe mnepeaoBoro NnNpoH3BOICTBA
(AMNPO)

He cuutas oTnenbHBIX KOHKYPCOB Ha pa3paboTky TtexHudeckux pemeHuit B chepe HIIT,
KTIo4eBbIM HampasienueMm gesrenbHoctd AMNPO  sBasiercss co3manue HammonanbHOl ceTu 1o
pasBuTHi0 Tpou3BoiacTBeHHbIX WHHOoBanwmii (National Network for Manufacturing Innovation, NNMI)
[198], o koTopoit BiepBbIie ObLTO 00BsiBICHO B MapTe 2012 r. B BoicTymieHnd b. O0amsl.

Cerb npezacTaBiseT IPYNIY B3aUMOCBSI3aHHBIX UHCTUTYTOB-Xa0OB IMPOMBIIUIEHHBIX HHHOBAIUH,
OOBEIMHSAIOIMX YCHJIMSI TPOMBIIUIEHHOCTH, YHUBEPCUTETOB, KOJUIE/DKEH, (enepalbHbIX BEJOMCTB U
MECTHBIX OpTraHOB BJIACTU Ha pPETHMOHAIBLHOM ypoBHE. OpraHu3aTropoM HHCTUTYTa JOJDKHA OBIThH
OecripuOblIbHAS  OpraHM3alus (TPaJIULMOHHAs MOJAENb JUIsi HAlMOHANBHBIX JabopaTropuili
koornepatuBHBIX IeHTpoB HHWOKP, mnpusBannas HuBenupoBaTh (PAKTOP «JIACTHBIX» HMHTEPECOB
OTICILHBIX KOMITAHHH ), @ B 337]a4l HHCTUTYTOB BXo1aT [199]:

e OpraHu3aunus W TMOJACpPKKA NPUKIAJAHBIX HCCIECIOBAHUN, NPU3BAHHBIX 3allOJIHUTH
«@pOBAJIbBD» MEXIY JOCTHKEHUSIMU HaykKu M J0paOOTKOM TEXHOJIOTMH [0 CTaauu
MPOMBIIUIEHHOH TOTOBHOCTH, a Takke O00eCleYuTh POCT CONYTCTBYIOUMX —
MOJIEP>KUBAOIIMX — UHHOBALIUI;

® UHCTUTYT 00s3aH BBIBECTH TEXHOJOTMHM Ha CTaJWI0 IMPOMBIIUIEHHOTO MPOU3BOJCTBA U
o0ecreunTh MOAIEPHKKY MPOIIECCOB UX TOPAOOTKH/BHEAPEHUS (TaK Ha3bIBaeMas CTaaus 7 -
9 TeXHOJIOTMYECKON TOTOBHOCTH);

e ofecreyeHre YCIOBUN MOATOTOBKU MPOGUIBHBIX KaJPOB C PA3TUYHBIMU KOMIIETEHIIN IMU
(HUOKP, texHomornyeckue W TMPOU3BOACTBEHHBIE pabdOThHI M JAp.) MO MPOQUIIO
WHCTUTYTA, C YYaCTUEM HE€ TOJIbKO YHUBEPCHUTETOB, HO M JABYXJIETHUX KOJUIECIKEH,
TOTOBSIIIMX TEXHUKOB;

e co3MaHue MHQPPACTPYKTYphl KOJIJIEKTUBHOTO TMOJIb30BaHUS B cdepe cBOel KOMIIETEHIINU —

KakK B 4acTU 00OpyIOBaHUsI, TaK U 0a3 JaHHBIX, C aKIIEHTOM Ha MaJIbIi U CpeHUN OU3HEC;
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® [IOUCK U MPUBJIEYCHNE/00bEIMHEHNE 3aNHTEPECOBAHHBIX CTEHKXOIIEPOB.

Oco0GeHHOCTh MHCTUTYTOB — akKieHT Ha cereBoil xapakrep HWUOKP u TpeboBanue k BbIXOAY Ha
MOJIHYI0 CAMOOKYIIaeMOCTh 4epe3 5-7 jeT (T.e. MpekpaiieHue rochuHaHCUpOBaHus, yTo ¢ GopMalibHOM
TOYKH 3PEHHUS JOJDKHO TOITBEPIUTH «IIPAaBUIBHOCTH» BHIOOpPA TEXHOJOTHH M MOBBICUTH KOMMEPUYECKUN
¢dokyc pador).

Bcero mpennomnaraercsi co3mate A0 45 WHCTHTYTOB, <SIIPOM» JIOJDKHBI CTaTh 15 WHCTHUTYTOB.
CorjmacHO HUTOTOBBIM pEIICHUSIM, pa3NuyHble (eaepanibHble MHUHUCTEPCTBA JOJDKHBI BBIACTUTH Ha
(GyHKIMOHUPOBAHWE OJHOTO MHCTHUTYTa 0 75 MIH J0/Ul. Ha 3 Troja NpU HAIWYUU KAK MUHHUMYM
COITOCTaBMMOM MOAJEPKKUA CO CTOPOHBI KOHCOPLIMYMAa yJacTHHKOB MHcTHTyTa — B opme (uHAHCOBOM
MOJJIEP’KKU WUJIM MMYILECTBEHHOTO B3HOCA (B T.4. Ja0OpaTOpPHOM M MPOM3BOJACTBEHHOM 0a3bl, 3MaHUN U
T.JL.).

[Ipu otOope 3asgBOK BEIOMCTBAMH YYUTBHIBACTCS Iiejas rpynma (akTopoB: BO3MOKHOCTH U
NEePCHEeKTUBbl Pa3BUTHs, HAJM4YME WJIM TOTPEOHOCTM B HOBOM KalMTaJbHOM O0OpPYIOBAaHUH,
HaJn4ue/BIUsIHUE Ha (POPMHUPOBAHHE MPOU3BOACTBEHHBIX IIEMOYEK, MOJATOTOBKY KaJpOB, BIMSHUE Ha
HAy4YHO-TEXHOJIOTHYECKHEe M Tpou3BojacTBeHHble nmo3unuu CIIA mo HampaBieHHIO, CBS3b C MHBIMHU
denepabHBIMU IPOrpaMMaMU U aMEPUKAHCKUMH LIEHTPAaMU KOMITETEHLHH U T.1I.

B xonme 2012 r. Obuio Bbiaeneno 30 muiH. ol Ha cosfganue nepBoro mHctutyra NNMI -
HamuonanbHOrOo MHCTHTYTa MO MHHOBAIUAM B cdepe aaTuTUBHBIX MPOU3BOACTB B SHrcrayHe, Oraiio
(BrocnencTBHH OQUIIMATBLHO TIEPEUMEHOBAH B «AMepHKa Jienaet - «America Makesy [200]).

OpranuzaTopoM KOHKypca Ha WHCTUTYT BbIicTynmio MwuuoOoponsl CIIIA. TloGemutenem cran
KOHCOPIIUYM TPOM3BOJCTBEHHBIX KOMIAHUM, YHHUBEPCHUTETOB, KOJJIe[UKeH U  OecnpHOBUIBHBIX
opranuzanuii  Oraiio, IleHcunbBanum, 3amagHoii Bupruaum (T.H. Merapermon «Tech Belty),
MPEIOCTaBUBIIMX JoMONHUTENbHBIE 40 MiuH pmomn. Jluaepom KoHcopumyma cran OecrprObUIbHBIHN
HanuoHanbHbI#i EHTP 10 000POHHOMY ITPOU3BOACTBY U MammHocTpoeHno (NCDMM).

Hano ckaszate, uro co3manue «America Makesy BbIsIBUIIO ompejieneHHble mpooaembl. Hampumep,
B Xoje KoHKypca Muno6oponsl CIIA momyumno 3asBkd OT 13-TH KOHCOPLMYMOB, B UTOIE XK€ 6ce
KOMIIaHUW W YHHBEPCUTETHI, yJaCTBOBABIIME B KOHKYpPHPYIOIIMX 3asBKaX, B TOW WM WHOH Qopme
HNPHUCOEIMHUIIUCH K IMPOEKTY. 3a CYeT 3TOro oOllee YHMCIO OpraHu3alMil-ydaCTHUKOB M IapTHEPOB
Huctutyra mpeBbicuiio 80 [201]. C ogHOM CTOPOHBI, 3TO MOXXKHO pacCMaTpUBaTh KakK akKICHT Ha
KJIaCTEpPHOM U CETEeBOM acrekre pa3BuTHs MHctuTyra, ¢ Apyroii — o He OO0 KOHIAa NpopabOTaHHOM
CTPATEeTHH U MOAX0JIAX, a TAKKE OXKHIAEMBIX CIOKHOCTSIX YIIPABJICHHS HHCTUTYTOM.

B teuenue 2013 r. 6bu10 co3nano nBa uHctutyra [202, 203]:

® 110 MHHOBAIUIM B cepe 1udpoBOro MpoU3BOACTBA U [ITpOoMBINITICHHOTO | mu3aitHa (Digital
Manufacturing and Design Innovation, DMDII). Uaunmatop — MuHHCTEPCTBO 0OOPOHBI

CHIA. ®unancupoBanue Ha 3 roma — 50 muH moywt. ot MuHoG0poHBI, 20 MIIH JIOJUI.
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npouue ¢enepanbHble areHTcTBa, co 100% coduHaHcUpoBaHUEM CO CTOPOHBI YACTHBIX
HMCTOYHUKOB;

e 110 WHHOBAIUsAM B cdepe MPOM3BOJCTBA JIETKUX U coBpeMeHHBIX MeTaiioB (Lightweight
and Modern Metals Manufacturing Innovation, LM3I). Waunumarop — MuHHCTEPCTBO
o6oponsl CIIIA. ®unancupoBanue Ha 3 roga — 50 muH 101, oT MuHo6oponsr CIIA, 20
MJTH JIOJII. Tpoune (eepaibHbIe arcHTCTBA.

B 2014 r. nosiBuiCs eiie OAWH UHCTUTYT — B cepe CUIIOBOM AIEKTPOHUKH HOBOTO MOKOJCHUSI.

HNuunuaropom BeicTynuino Munsnepro CHIA.

AHaym3 ¢enepaabHoil moIUTHKU B cpepe HIIT
B conepkaTenbHOM OTHOIIEHMH HamOoJjiee 3HAUMMBIMHU SIBJISIOTCSA CJEAYIOLME OCOOEHHOCTH
denepansaoi monutuku CIIA B cepe HIIT:
® CTaBKa Ha KOMIUIEKCHOE DPa3BUTHE CEPUU CMEXHBIX HAIpaBJICHHUI: COOCTBEHHO MPOILIECCHBIX
MHHOBAIlUA 1O CO3AaHUI0 (M3UUYECKUX OOBEKTOB, HOBBIX MaTepHaloB, HOBBIX |T-cucrem,
«HOBOW» POOOTOTEXHHUKH (HA IEPCIIEKTUBY);
® KOMIUIEKCHOCTh IPUMEHSIEMBIX HMHCTPYMEHTOB M OXBaTa mpoOieM — oOT JabopaTopuu 10
MPEAIPUATHUS;
® aKIICHT Ha CETEBbIX U KJIACTEPHbIX NHUI[MATUBAX.

WHpiME  cliOBaMH, TOJUTHUKA HaIpaBlieHAa HAa MAaKCHMaJbHOE TMOBBIMIEHUE J(PHEKTHBHOCTH
M CII0JIb30BAHMS CYLIECTBYIOLUMX PECYPCOB BCEX YYACTHHMKOB MHHOBALIMOHHOW CHCTEMBI.

Opnnako B opranu3anuoHHOM oTHoueHuu nonutuka CIIA B cdepe HIIT nemonctpupyer, c
OJIHOM CTOPOHBI, HECKOJIBKO H30BITOYHYIO CIIOKHOCTh W HEOAHO3HAYHOCTb, C JAPYrOM - «JIOCKYTHBIM»
Xapakrep, HalU4yue MO CyTH IyOnupyronmx Mmeponpustuid. «llmaroit» 3a mogoOHOro ponxa moIXof
SBJIIETCS] OUYEBUIHOE CHHKEHUE Y(PPEeKTUBHOCTH KOOPIUHALIMH.

Hcropuyecku NOMOOHBIA TMOAXOMA, @ TaKKe OMNBIT KAXAOTO M3 YKa3aHHBIX BEIOMCTB II0
OTJICIBHOCTH MMEIOT MOJIOKHUTENIbHBIN OMBIT peain3alii NpopbIBHBIX IpoekToB (Muno6opons: CIIA —
CBEPX3BYKOBBIE M KOCMMYECKHE TEXHOJIOTUMH, VHTepHeT M T.A., MHUHOHEPro — sIEpHBIM IPOEKT,
pacumppoBKa TEHOMa 4YeJIOBeKa W [Ip.), OJHAKO TpeOyeT CHIJIBHOTO «CIOoHcOopay ((puHaHCOBOTO H
MOJUTHYECKOT0) mpoiiecca pazsutus HIIT.

B HacTosumii MOMEHT CIOXHO CyIuTh 00 3(hMPeKTHBHOCTH U pe3yibTaTax HEJaBHO MPUHATHIX Mep
(enepaabHOrO MpaBUTENBCTBA — MHUIMAaTHBA AMP TONBKO B caMOM Hadyaje pealM3alliid U €KEroJHO
aJMUHUCTPATUBHBIE TMOJXOAbl KOPPEKTUPYIOTCS. Bmecte ¢ TeM, YMEpEHHO-BBICOKMN HWHTEpEC

MNPOMBIIIVICHHOCTH W aAKaJICMUYCCKOI0O CCKTOpa K ITOJIUTUKE AI[MI/IHI/ICTpaIII/II/I TOBOPUT O PCICBAHTHOCTHU
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rocynapctBeHHbIX Mep. OJHaKo Jake Ha YpOBHE IPaBUTENIbCTBA (PUKCHpPYETCS MOTPEOHOCTh pocTa
KOOpAWHAIUH yCI/IJII/Iﬁ " CBA3aHHOCTH INOJIUTHUKHU B IICJIOM.

Haxonern, ocrtaercs Bompoc QopmupoBanusi cripoca Ha HIIT. B nHactosimee BpeMs B pamkax
nomutuk b. O6aMbl HaOMIOAETCA MOYTH MOJIHOE OTCYTCTBUE MPAMBIX MEp MO MOOIIPEHHUIO CIIpoca Ha
HIIT. C dopmanbHON CTOPOHBI, 3TO CBSI3aHO HE TOJIBKO C OIOJDKETHBIMH OTPAHWUYEHUSIMH, HO U CO
CTaBKOW Ha TEXHOJOTUYECKUE pellcHUs B 00JacTH MPOU3BOJCTBEHHBIX MPOIECCOB, a HE KOHEUHOU
MPOJYKIIUHK, YTO B MPHUHILIMIIE HE MPEAINOoaraeT B pealusiX aMepUKaHCKOM MOMUTHKH CIIELHAIBHBIX MEp

MOJIICPIKKH.

3.2 'ocynapcTBeHHass WHHOBAIIMOHHAs TIOJUTHKa B oOisactu noauepkku passutus HIIT B

Benukobputanuu

OO0masi  XapakTepuCTHKA COBPEMEHHOI0 COCTOSIHMSI Pa3sBUTHSI HAYKH, TEXHOJOIMH M
NMPOMBIIILIE HHOCTH

BenukoOpuTanus TpaAWLIMOHHO CYHMTAETCS OAHOM W3 HamOojee YCHEIHBIX CTpaH B 00JacTu
pa3BuTHs Hayku U TexHosoruil. Ilpu umcnenHoctu HaceneHus MeHee 1% OT MHPOBOIO HaceleHHUs Ha
BenukoOpurtanuto npuxoautcs noutu 16% nanbonee muTHpyeMbIx myonukanuii B mupe [204], a cpenu

10 Bemylx MHPOBBIX YHHBEPCUTETOB- 3 YHHBEPCUTETAa HaxoasaTcs B Bemmkoopurtanuu [205].

B 10 xe Bpems mia BenmmkoOpuraHuMM XapakTepHa IpoOJieMa INPAKTHYECKOTO IMPHUMEHEHUS
pesynsratoB HUOKP. Ilogo6Hoe coueranue CHIBbHOM HaydyHOW 0as3bl M c1abOW BOCHPUMMYUBOCTH K
MHHOBAIMSIM B TpOMBIIUIeHHOCTH («EBporeiicknii mapagokc») MPUBOAUT K TOMY, YTO pe3yJbTaTaMH

HAyYHBIX OTKPBITHH OPUTAHCKUX YYEHBIX BCE OOJIBIIE IOIB3YFOTCS 3apyOeKHbIE KOMIAHUY /.

Mecrto HIIT B cucreme rocyiapcTBeHHbIX TeXHOJIOTHYe CKMX IPUOPUTETOB

B BenukoOputanun HIIT He BBIAEISIOTCS B Ka4eCTBE OT/ACIBHOTO MPUOPUTETA TEXHOJIOTHYECKOTO
pa3BUTHUs, CHEUHAIbHbIE HMHCTPYMEHTHl TOCYJApCTBEHHOW MOJMTHUKU, HAlpaBJCHHbIE Ha Pa3BUTHE

nmeHHo HIIT, taxke OTCYTCTBYIOT.

B 10 ke Bpemsi B OpUTaHCKON MHHOBAI[MOHHOHN IMOJMTHKE €CTh MOHATHE, MAaKCUMAJIbHO OJIM3KOE K
TOMY, 4YTO TMPHATHO CUYUTATh (IIEPCICKTUBHBIMU IMPOU3BOJICTBEHHBIMH TEXHOJOTUSAMUY». ITO
«00pabaTeIBatOIEe MPOM3BOJCTBA C BBHICOKOW I100aBleHHON cTromMocThio» (high value manufacturing —
HVM). [dns passutus HVM uCons3yroTCs TE K€ HHCTPYMEHTHI HHHOBAIMOHHOW MOIUTHKH, YTO U JUIS

OCTaJIbHBIX HaIpaBJIeHUH, 0003HAUEHHBIX B KAUECTBE IPUOPUTETHBIX HA TOCYAAPCTBEHHOM YPOBHE.

7 Tak, B BemikoOpuranun nonst ¢punancuposanns HUOKP 3a cueT WHOCTpaHHBIX MCTOYHHKOB B 2012 T. mocturama 0,34%
BBII, 4T0 cyIiecTBeHHO MPEBHIMAECT aHAJIOTHIHBIE TIOKa3aTeN JPYTHX PA3BUTHIX CTPaH.
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IIpo0JieMBbI CylIeCTBYHOIMX Me€XAHM3MOB IoCyIapCTBEe HHOM HHHOBALMOHHON MOJTUTHUKH

JlucraHnupoBane OPUTAHCKOTO IPABUTEIHCTBA OT IIPOMBITITIEHHOW MOJIMTUKH, HAYaBIIIEeCs CIie BO
BpemeHa M. Totuep, M Je@UIUT OOLUICHAIMOHANBHBIX CTpaTeTHil MpUBEIM K TOMY, 4YTO B
Bemukooputanuu B 2000-€ TIT. A€CTBOBANO OOJBINOE KOJIMYECTBO PA3HOOOPA3HBIX TEXHOJOTUUYECKUX
LIEHTPOB, TEXHONAPKOB, IIEHTPOB TpaHc(epa TEXHOJIOTMH M T.M., IPH ITOM HUX (UHAHCHUPOBAHUE B
3HAYUTEIbHOHN CTENEHM BO3Jarajgach MJIM Ha caM OM3HEC, UM Ha PErMOHAJIbHBIE OPraHbl MO MOJICPHKKE
WHHOBALMH.

B pesynbprare, HecMOTps Ha (OPMHPOBAHUE OTIEJIBHBIX YCHEIIHbIX WHHOBALMOHHBIX LIEHTPOB, B
IIEJIOM CHCTeMa TMOJIEPXKKU TpaHcpepa 3HAHUN W TEXHOJOTMH W3 HAyKd B IPOMBIIUICHHOCTh B
Bemukooputanuun B 1990-2000-x 1T. Xapakrepu3oBajgach OTCYTCTBHEM JIOJITOCPOYHOTO 0a30BOTO
(MHAHCUPOBAHUSA M CTPATETUH PAa3BUTHS M PACIBUICHHEM CPEACTB. DTO MPHUBOJIWIO K MpodIeMaM BO
B3aUMOJIEHCTBUN C OM3HECOM W, KaK CJIEICTBHE, TPYAHOCTAM KOMMEPIMAIN3AaLUM TEXHOJOTHH B
Benukooputanuu [206].

[Toka3aTeapbHBIM TIPUMEPOM SIBJSUIUCH LIEHTPBI, 0Opa3zoBaHHble B pamkax CoobOmectBa Dapanes (the
Faraday Partnership) B 1990-x rr. Wmest cosmanusi CooOmectBa Papanes omupanach Ha MOJEINb
uHCcTUTYTOB ®payHropepa B I'epMaHuuM, OJHAKO HAa MPAKTHKE CYLIIECTBEHHO OT HUX OTJIMyajlach. B
YaCTHOCTH, B IPAaBHUTEIHCTBE HE OBLIO HAWMIEHO CPEeICTB Ha obecrieyeHre 0a30BOro (MHAHCHPOBAHUS
neHTpoB dapajes, 1 UM NPUXOIUIOCH MOJAraThCsl TOIBKO HAa KOHKYPCHOE I'PaHTOBOE (pMHAHCHPOBAHHUE.
Onnako, MOCKONBKY HeHTpbl Dapaness ObIIM HaleJeHBl Ha MOMOMIh MPOMBIITICHHOCTH B MPUKIATHBIX
OKOJIO-PBIHOYHBIX HCCJIEIOBAaHMAX, BO3HUKAJIM CYIIECTBEHHBIE CIIO)KHOCTU C IOJIY4YEHHUEM TPaHTOB,
KOTOPbIC OPHEHTUPOBAHBI B TIEPBYIO Ouepeib Ha (yHIaMeHTalbHy0 Hayky [207].

JpyruM TNpuMepoM SBJSETCS ONBIT Pa3BUTUS CETH HAHOLEHTPOB: Ha co3laHue 32 LEHTPOB
HaHOTEXHOJOTHI OblIO BbIAENEHO 50 MIH. (. CT., 4TO OBIJIO MPOKOMMEHTHPOBAHO 3KCIEPTAMU Kak

a0COJIIOTHO HEIOCTaTOYHAsi CyMMa JUTS CO3JaHMsI KpUTHUECKoW Macchl yeunuid [208].

Telcyume HU3MCHCHUSA FocyllapCTBeHHOﬁ MOJIMTHKH B 00J1aCTH TEXHOJIOTHYECKOI0 Pa3sBUTHSA

Muposoii 3xkoHomudeckuil kpusuc 2008-2009 rr. cranm TOIYKOM K CYIIECTBEHHOMY IIEPECMOTPY
rOCy/lapCTBEHHOM MOJMTHKM Kak B HaydyHOM cdepe, Tak U B 001acTH HPOMBIIUIEHHON MOJUTUKUA B

BenukoOpuranumu.

Bo-mepBbIX, MIyOOKMM HM3MEHEHHEM CTaj0 BO3POKACHUE AKTHBHOW MPOMBINUIEHHOW IOJIUTHKH,
IpOBOJMMOI OpuTaHckuM mnpaBuTenbcTBOM. B 2009 1. Obu1 omybnukoBaH noxnan  «Hosas
IPOMBILIUIEHHOCTb, HOBble paboune mectay» [209], B KOTOpOoM OTMedansach HEOOXOAWMOCTh YCHUJICHHS
TOCYJapCTBEHHOW IPOMBIIUICHHOW MOJHUTHKA Ui (OPMHUPOBAHUS M PEATU3AlUUA CTPATETHIECKOTO

BHUJICHHUS Pa3BUTHUs OpuUTaHCKOW SkoHOMHUKH. Benen 3a moxmamom B 2009 1. O6bu1 00pa3oBaH eAMHBIN
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JenapTaMeHT Om3Heca, MHHOBauMi ¥ KommereHnuil (BIS)8, kotopeiit 00benuumn B cebe QyHKIMH IO

Pa3BUTUIO HAYKU, UHHOBALIMN U IIPOMBILUTICHHOCTH.

Bo-BTOpBIX, rocyJjapcTBEeHHAasi MOJUTHKA B 00JaCTH MOIEPKKH TpaHcdepa 3HAaHUHM U TeXHOJOTUH 13
YHUBEPCUTETOB B IPOMBIIIIEHHOCTh CTajla U3MEHSTHhCA B CTOPOHY KOHI[EHTPALIMU UMEIOLIMXCS pECYPCOB

Ha HAllUOHAJIbHBIX TPUOPUTCTAX.

B 2010 r. B umMpoKo pacnpocTpaHUBILIEMCS U OJOOPEHHOM INPaBUTENBLCTBOM JokiIage X. Xaycepa
«Texymast u Oymymast posb LleHTpoB TexHomornit n mHHOBaMi B BenmnkoOputanumy» [210] daxrndecku
ObLIO MOBTOPEHO MPEATIOKEHHUE ONEPEThCS HAa MOJIENIb TEPMAaHCKUX HHCTUTYTOB dpayHrodepa u co3natsb

LleHTpbI TEXHOJIOTMI U UHHOBAIU.

Ilo wMuenutro Xaycepa, Takue LIeHTpbl JOKHBI CTaTh <«MOCTOM» MEXIYy HAayKoh WU
MPOMBIIIIEHHOCTBIO, 00ecTieunBasi MOAIEPKKY OoJiee MO3HUM dTaraM HCCIEAOBAaHUN U pa3paboToK Mo

CpPaBHCHHIO dTallaM, NOJACPKNBACMBIMU B YHUBCPCUTECTAX.

B npuBenennoM B gokmane Xaycepa anamm3e [210] cymecTtBoBaBmmx 10 3T0r0 B BenmkoOpuranuu

HOI[O6HBIX HeHTpOB OTMCUYCHBI OCHOBHBIC HpO6J'I6MBI nx CI)yHKI_II/IOHI/IpOBaHI/IHZ

® KpaTKOCPOUYHBII FOPU30HT OM3HEC-MOJIeNIN LEHTPOB (0KOJIO 3 JIeT);

® «pacnblieHUe» (UHAHCUPOBAHUS - HUBKUM YpOBEHb (PUHAHCHPOBaHUSA OOJBIIMHCTBA
IIEHTPOB, YTO HE MO3BOJIUIO JOCTHYh HEOOXOIMMOTO TTIOPOTOBOTO YPOBHS 3(()eKTHBHOCTH;

® OTCYTCTBHME KOOPAMHALMH (POPMHUPOBAHUS MOJOOHBIX LIEHTPOB HA HALIMOHAIBHOM YPOBHE U

crnabast HHTErpanus UX B OOIlyl0 HallMOHAIBHYIO TEXHOJOTHYECKYIO CTPATEruIo.

Jns xoopAMHAMM MOICPKKA MHHOBAIUM Ha HAIlMOHAJIBLHOM ypoBHE B mpaButTenbcTBe B 2010 r.
ObUIO MPUHSTO pEUICHUE, C OJAHOW CTOPOHBI, MPEKPATUTH AEATEIBHOCTh areHTCTB MO PETHOHAILHOMY
passutuio (RDA) (RDA sBisUIMCh OJHUM M3 KIOYEBBIX HCTOYHHMKOB (uHaHcHpoBaHus LleHTpoB
TEXHOJIOTUH W MHHOBAlLMil), ¢ APyrol — mepenarb 4acTb UX (yHKUIHUM HAIMOHAIBHOMY areHTCTBY IO
uHHOBanusaM — Komurtery mo Texnosnoruueckoi crparerun® (TSB) M CyleCTBEHHO paCIIMPHTEH

¢unaHcupoBanue TSB.

HNucTpymMeHTHI Tocy1apcTBe HHOM MOJAUMTUKU B 00aactu HIIT

Oo0bemuuenne B BIS ¢yakiuil mo mojyiepkke WMCCIICIOBAaHUM W IPOMBINUICHHOW ITOJTHTHKA

MMO3BOJINJIA €MY KOMIIJICKCHO HO,Z[OﬁTH K p€ajin3aluu IJIaHOB IO TCXHOJIOTHYCCKOMY pPa3BUTHUIO.

8 Cosman Ha Oase JlemapTaMeHTa HMHHOBauui, yHuBepcuteToB W kommnerenuuit (DIUS) u Jlemapramenta OusHeca,

NpeANPUHUMATELCTBA U peryssitopusix pedopm (BERR).

° Technology Strategy Board (TSB) — rocymapcTBeHHBIH OpraH, He BXOIAINMH B CIPYKTYPY HPaBHTEILCTBEHHBIX
JICTAapTAMCHTOB W YIPaBIIEMbIH OW3HEC-COOOIIECTBOM, SBIIONIMNACSA TJIABHBIM KaHAJIOM peaju3alliil ToCyJapCTBEHHBIX
WHUIMATHB B 00NacTi MHHOBAIMH. OCHOBHBIM HCTOYHUKOM (puHancupoBaHus TSB sensercs BIS.
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1) Koopounauus ousneca u zocyoapcmea

BIS coBmecTHO ¢ OM3HECOM MOJTOTOBWJ CTPATETMU PAa3BUTHS NPHOPUTETHBIX OTpacied (Wiu
CEKTOPOB), GopMHUPYs, TakuM oOpa3om, OOIee JOJTOCPOYHOE BHJCHHE WX PAa3BUTHS. B paMkax 3Tux
CTpaTerHii paccMaTPUBAIUCh Takke crenu@Uueckue s KaKIOW OTpacid TEMbl, KaK TEXHOJOTHH,
KOMITETCHITNH, JOCTYI K ((MHAHCHPOBAHUIO, TOCYAAPCTBEHHBIE 3aKYITKH/ TIO/IEP’KKa TTPOU3BOACTBEHHOM

OCIIOYKH.

HauGonee Onu3kumu k Tematuke HVM sBasioTCS CTparermu pa3BUTHS a’POKOCMHYECKOW H
aBTOMOOWMJIBHOW TIPOMBIIDICHHOCTH, XOTS MEPECeUeHUEe MO0 TEMaTHUKAM TaKKe MMEETCS CO CTpaTerueu

aTOMHOM PHEPreTUKU, BETPSHBIX OMDIIOPHBIX SJIEKTPOCTAHLIHM U Jp.

B pamkax orTpacieBbIX cTpaTerMii B 0OJIaCTM  a3POKOCMHMYECKOH MPOMBIINUIEHHOCTH U
aBToMoOmnectpoenusi BIS opranmzoBan B3aumopeicTBHE ¢ OM3HECOM IOCPEICTBOM OIPEACICHHON
(GopMBI KOHCOPIIMYMA WITH OTPACIEBOrO 00BeMMHEHH Y, YITPaBIIAEMOrO COBMECTHO mpecTaBuTeneM BIS
¥ TPOMBIIUIEHHBIX KOMITaHWH. PoJib MOMOOHBIX OTpAcieBBIX OOBEAMHEHHMH 3aKIIOYAETCs, C OIHOM
CTOPOHBI, B (OPMHPOBAHUHU OOILIErO CTPATErHMYECKOrO0 BHUJCHMS pPa3BUTHUS OTpaciau y OusHeca u
rocyzapcrsa (B T.4. OATOTOBKA AOPOXKHBIX KapT, U3MEHEHUE YCIOBUM JUIs BeleHHUs Ou3Heca U T.J.), C

JIPYroil — B KOOPAMHAIIMU YCUIIUH 0 pa3paboTKE HOBBIX TEXHOJIOTHH.

B aspoxocmuveckoit M aBTOMOOWMJIBHBIX OTPACiAX MO ATUIOH OTPACIEBBIX OOBEAMHEHWH OBLIH
CO31aHbI TAKXKEC CIICHHAJIBHBIC OpFaHI/I3aIII/II/I JUTA q)HHaHCI/IpOBaHI/ISI nu KOOpIII/IHaIII/II/I HUCCIICOOBATCIBbCKUX

IIPOEKTOB:

e ABPOKOCMHYECKHI TexHoJoruveckuii WHCTUTYT (Aerospace Technology Institute) — ¢
00BEMOM CyMMapHOTO (pHAHCHPOBAHUS OKOJIO 2 Mipa. ¢. ct. Ha 2013-2020 rT.;
e llenTp mepcrnekTuBHBIX CUIIOBBIX ycraHoBOK (Advanced Propulsion Centre) - ¢ o0bemMom

cymMMapHoro ¢uHAHCHPOBaHUs OKojo 1 mupa. ¢. ct. Ha 10 ner.

2) Pazeumue uccinedoeamenvckoil uH@pacmpyxkmypol

Jlns pasBUTHS HCCIeNOBATENbCKOM HHQpacTpykTypbl uepe3 [SB Obina 3amymeHa mporpamma
co3nanust cetn KartamynbT — LEHTpOB, co3dgaBaeMbIX Ha 0Oa3e ceTell yHUBEPCUTETOB, B KOTOPBIX
CKOHIICHTPUPOBAHO TMEPEIOBOE HCCIEN0BATENICKOE OOOPYIOBAaHHE MHPOBOTO YPOBHS W BEIyIME

HUCCIICA0BATCIIN.

10 Hammpumep, Aerospace Growth Partnership B aspokocmuueckoit otpaciu, Automotive Council — B aBToM0OWIBHOM OTpacy.
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B nacrosimee Bpems copmupoBano 7 Karanynet (eme 2 Karamynbtel mmanupyercst co3nath B 2014 -

2015 rr.), paboTaronmx B CIEIYIOIMX 001aCTIX:

1
2
3
4
5.
6
7
8
9

00pabaThIBaroIias MPOMBIIUIEHHOCTb C BBICOKOH 100aBJIEHHON CTOMMOCTBIO;
KICTOYHAs Teparls;

noaxroueHHas (connected) uudgpoBast SJKOHOMHKA;

ropojia OyayIero;

odopHas BO30OHOBIsieMasi SHEPIeTUKa,;

CIIyTHHKOBBIE CHCTEMBI M HX TPUMECHCHHUE;

TPaHCIIOPTHBIE CUCTEMBI.

sHepreTudeckue cuctemsl (B 2014-2015 1r.);

JIMarHOCTHUKA U JoKazaTenbHas meaunuHa (B 2014-2015 rr.).

OT60p Tematuku KatamynsT mpoxouii, ONUpasich Ha CIEAyoNme 5 KpUTEPHUEB:

1.

NOTEHUHAJIBHBIH 00BEM MHPOBOTO pbIHKA B oOsacTH crneuunanuzanuu KaramyiabTel
IIPOTHO3UPYETCS B pa3Mepe He MeHee | MIpI. ¢. CT. B rof;

BenukoOpuTanus 10KHA TUAXPOBATH B MUPE B UCCIIEIOBAHUSX 110 TeMaTHKe KaTamynbTsl;
Ou3HEeC JOHKEH MMETh BO3MOXKHOCTh KOMMEPLHAIU3UPOBATH TEXHOJIOTUU U cPOpMHUPOBATH
B BenukoOpuTaHuM 3HAYUTETBHYIO YacTb HPOM3BOJCTBEHHOM IEMOYKHM B 0OOJIACTH
cnenuanuzanuu KatanynbTel;

Karanynbera nomkHa obecrieunBarh npusiedenne B Benukooputanuto THK;

KaTanyana A0JIDKHa MOMOTI'aTh AOCTUTIaTh HAIMOHAJIBHBIC CTPATCTUYCCKUEC LEIIN.

®dunancoBass wmonenb KartamynsT mpeamosiaraeT CIEAyIOIee paclpenesieHue HMCTOYHHKOB

(uHaHCUPOBAHUS:

1/3 — 6a3oBoe (rHAHCHPOBaHUE CO CTOPOHBI TSB;
1/3 — koHKypcHOE (PMHAHCUPOBAHUE COBMECTHBIX MPUKIAIHBIX UCCICAOBAHUN CO CTOPOHBI
TOCYJapCTBEHHOTO U YaCTHOTO CEKTOPa;

1/3 — xouTpaxtsl ¢ mpomeinrieHHOCTHIO HAa HUOKP.

Ha takyto crpykrypy ¢unHaHcupoBanus KaTamynabThl AOJDKHBI BBIXOAWTH B TedeHHe 5 jer. B

CIydya€ HCAOCTHIKCHHA MLECJICBBIX IMOKa3aTelieli 1o MNPUBJICYCHUIO CPCACTB CO CTOPOHBL OousHeca

KaTanlebTa qepe3 5 1eTr ¢ Hayala pa6OTBI MOXET OBITh 3aKpbITa.

[Ipeamonaraercs, 4To rofgoBoi o0beM ¢uHaHCcHUpoBaHUS onHOM KaramynabTel OyaeT COCTaBISTH

nopsika 30-45 muH. ¢. cT. U3 Becex ucTouHnKkoB. O0umii 00veM punancupoBanust KaranyneT B TedeHHE

5 et naHupyeTcs Ha ypoBHe mopsjaka 1,4 mupa. ¢. cr. [211]
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ComtacHo 0030py OpuTaHCKOM opraHu3anuu 1o jooouposanuio 6usHeca CBIl ot 21 urons 2014 r
[212] u3 7 chopmupoBannbix Karanymer Tonmbko onna Karamymera — B 00nacTu oOpadOaThIBaroeit

MIPOMBIIUIEHHOCTH C BBICOKOW JT00ABJIEHHOW CTOMMOCTBIO - Hayalla paboTaTh B MOJHYIO CUITY.

Karanyneta B o0Onmactu oOpaOaTbiBaroIie MPOMBIINTIEHHOCTH C BBICOKOM J/100aBJIEHHOU
croumocteio (HVM) Obuta oOpazoBana B 2011 r. Ha 0a3e 7 yxe CYIIECTBOBABIIMX LIEHTPOB IIPU
yHuBepcurerax. Takum oOpazom, HVM Karanynbra sBisieTcs ceTeBbIM HHCTPYMEHTOM, YTO
o0ecrieynBaeT €€ JONOJIHUTENbHYIO HpPHUBJICKATENBbHOCTh [UId OusHeca. B Hactosmee Bpems HVM
Karanynbra akTHBHO COTpyaHHYaeT ¢ TakuMu kommanusmu kak Rolls-Royce, Airbus, Jaguar Land Rover
u 1p. Co CTOPOHBI TOCYIapCTBa 3alIAHUPOBAHBI HHBECTUIIUH B pazmepe okoiio 140 miH. ¢. cT. B TeueHue

6 neT.

3a uckmoyenuem HVM KartanynsThl, pe3yapTaThl paOOTHl KOTOPOW OIIEHHWBAIOTCS JIOCTATOYHO
BBICOKO [213], octanbHbie L[eHTpHI 70 HACTOSINETO BPEMEHM TaK MU HE Hadalu paboTaTh HA TMOIHYIO
MOIIHOCTh, YTO 3aKOHOMEPHO BBI3BIBAET BOMPOCH! 00 3(HeKTUBHOCTH 3TOr0 MHCTpyMeHTa. [y oTBeTa
Ha Bompoc 00 3¢dexruBHOCTH Kartamynsr B mapte 2014 r. Havyamach NMOATOTOBKa HOBOTO 0030pa

Xaycepa [214], koTopast K HACTOSIIIEMY BPEMEHU €IIIe HE 3aBepIIicHa.

B To xe Bpems npyrue HCTOYHUKU YyXKE MOJYEPKUBAIOT cialble cBsi3u npouunx Karamymsr c
VHUBEPCUTETaMH, HEMPO3payHbie MPOIEAYphl BEIOOpa MPHOPUTETOB, MecTa Jokainu3anuu Karanyiast u

T.1. [215]
3) Hoooepicka MCII u npouszeoocmeennoi yenouKku

B mensx pa3BuTusa NpennpuSATHHA, BXOMSUMX B IMPOU3BOJICTBEHHBIE LEMOYKM B IPUOPUTETHBIX
oTpacisx, NpaBUTENbCTBO BemukoOpuranum B 2012 1. 3amyctmiio MHMDmMatuBy 1O TMOJIEpIKKE
MPOM3BOJCTBEHHON IICMOYKM B IEPCIEKTHBHON oOpabareiBaromieli mpomeiiwieHHocT  (AMSCI),
oobeMoM (uHaHcupoBanus B 125 muH. ¢. cr. B 2012 1. u 120 muH. ¢. ct. B 2013 1. [216] (B dopme
IPAHTOB M CYOCHIMPOBAHUS KPEAUTOB, KOTOPbIE MOIYT ObITh HAIPaBJIEHbl Ha 3aKylIKy 0OOpYIOBaHMUS,

pacxonbl Ha HUOKP u oOydyenue nepconana).

Hnsa nopnepxku wHHOBanuit B MCII TSB mnnanupyer yBenu4uTh (PMHAHCHpPOBAHHE B paMKax

WHuIHaTHBEI 110 TOIAEPKKE HCCIIeAoBaHni B Maabix kommanusx (SBRI) - ¢ 40 mun. ¢. ct. B 2012-2013

r. 10 200 mutH. ¢. cT. B 2014-2015 1. [217]

[MoMumoO 3TOTO, [UIA MOJIEPKKA PA3BUTHS MaJbIX HHHOBAIMOHHBIX (upM B 2012 1. Oblia 3amymieHa
nporpaMma WHHOBAIIMOHHBIX BaydyepoB, a B 2013 r. - mporpamma «llarenTHas kopoOka» («Patent Boxy),
KOTOpasi CHIKaeT 3(hpeKTUBHYIO CTaBKy HaJlora Ha MPUOBLIb, CBA3AHHYIO C MCIIOJIB30BAaHUEM MATEHTOB,

3aperucTpUpPOBaHHBIX B BennkoOputanuu.
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B 2011 r. Opua Tawke co3maHa KoHcanTuHroBas ciyx0a B TPOM3BOJCTBEHHOW 00JacTH
(Manufacturing Advisory Service), 1enpto pabOThl KOTOpPOW SBJISICTCSI OKa3aHHWE KOHCYJIbTaTUBHOMN

MOJIEPKKH MaJIOTO M CpeIHero OM3Heca B 00J1aCTH MTPOM3BOJICTBEHHBIX TEXHOJIOTHH.

3.3 OcHoBBI opMupoBaHUs HHHOBaMOHHOU monutuk OPT" B chepe HIIT

KoHTypbI repmMaHcKoii rocy1apcTBeHHON MOJMTUKY 10 NOAAep:KkKe npoMbiuvieHHocTH 1 HIIT

I'epmanus sBisieTcss OAHOW M3 HEMHOTMX KPYNHBIX MHIYCTPHUAIBHO PAa3BUTBHIX CTpaH, KOTOpas 3a
NpoIleIME TOJITOpa JECATUJIETHS CMOIJIa COXPAaHUTh JOCTATOYHO MOIIHBIA POMBIIUICHHBIN
MOTEHIIMal, OOeCHeYuTh YCTOMYMBBIM POCT MPOW3BEIECHHOW  J00aBIEHHOM CTOMMOCTH B
MPOMBINUIEHHOCTH M SKCIOpPTa CIOKHON MPOMBINUICHHON MPOAYKIUHM MPU MOJOKUTEIHHOM OanaHce
TOPrOBJIM IPOMBIIUIEHHON mpoaykuueil. MeHHO Onaronapsi MpOMBILUIEHHOMY cekTopy ['epmaHus
CPaBHUTENBHO JIeTUe epeHecaa MUPOBOIl (MHAHCOBO-TIPOMBIITIEHHBIN KPU3HC.

OcoOEHHOCTBIO TE€PMAHCKON MOJEIN OpraHu3aluu U (QYHKIMOHUPOBAHUS INPOMBILIUIEHHOCTU
SBIIICTCS] TO, YTO KPYIMHBIX TPAHCHAIMOHAJIBHBIX MHOTOOTpacieBbIX XonauHroB (Siemens AG, Thyssen u
T.I.) ¥ BEAYIIMX OTPACIEBbIX KOHIIEPHOB MupoBoro ypoBHs (Volkswagen, Mercedes-Benz AG, Audi AG,
BMW AG, Hoechst AG, BASF AG, Robert Bosch GmbH, Mannesman AG, Industric AG u ap.) B
CTpaHE pAa3BUT CETMEHT MAaJor0 U CPEIHEr0 HpOMbIULIEHHO20 TEXHOJIOTUYECKOro Ou3Heca — Tak
HaspiBaeMbIXx Mittelstand. Ilpu stom Mittelstand, B oTnmumne OT aHANIOroB B MHBIX CTpaHaX, HE TOJIBKO
BBIMIOJIHSIOT POJb MNOAPSAYMKOB M IOCTAaBIIMKOB KPYIHBIX KOpPHOpanuid, HO M CAMOCTOSTEIIbHO
MpeUIaraloT CI0KHbIE TEXHOJIOTHYECKUE PelieHUs B cdepe Creualu3upoBaHHOTO MAIIMHOCTPOCHHS Ha
OTEYECTBEHHOM W MHPOBOM pbIHKaX. [lo pa3HbIM OllEHKaM NpPOMBINUICHHbIE Majible U CpeAHHE
npennpustus (MCII) oGecnieunBaeT 10 MOJOBUHBI U BhIIE (IO OTAEIBHBIM HampaBlIeHUAM 110 2/3)
npoMbinrieHHoro 3kcnopra @OPI. Kpome Toro, pasButa koomepanuusi MEXKIy OCHOBHBIMH THITAMH
BBICOKOTEXHOJIOTUYHBIX KOMITAaHUH.

B cumy storo Ha ypoBHE (elepanibHOrO MPABUTEIBCTBA OTCYTCTBYIOT IO-HACTOSIIEMY
MaciraOHble HallMOHAJIbHBIE TPOrPaAMMBbl MJIM TPYIIIBI CKOOPIMHUPOBAHHBIX [TPOTPaMM, HAIPaBICHHBIX
Ha BcecTtopoHHee pasButue HIIT. OgHako MCKItOUEHHEM cTaja HOBas MporpaMma, MHUIIUUPOBAHHAS B
2013 r. — «Muayctpus 4.0» (Industrie 4.0), kotopas gajgee paccMaTpuBaercst 6osee moapooHo. [Ipu s3ToM
C MHCTUTYIIMOHAJIBHON TOYKM 3pEHHS KIIOUEBBIMHU SIBIISIOTCS HHCTUTYTHl DpayHrodepa, AaBHO H
ycrenmHo padoraronme B [ epmanum.

KiroueBbiMu ~ opranamu, — oOecneuMBaoMMU  (UHAHCUpPOBaHWE M KOOPJIMHALIMIO
rOCyJIapCTBEHHBIX HHHOBAIMOHHBIX MeponpusaTiii B cdepe HIIT, snsroTes denepanbHbie MUHHUCTEPCTBA

SKOHOMHKH U 3Hepretuku (BMWiI, panee MHHHMCTEPCTBO SKOHOMHKH M TEXHOJIOTHiI), 00Opa3oBaHus U
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Hayku (BMBF), a takwke Hemenxoe uccienoBarensckoe obmectBo (DFG — donn, obGecrieunBaronmiit
KOHKYpCHO€ TpaHToBoe ¢uHaHcupoBanue HUP).
OomecrBo ®paynrodepa
O6mectBo Ppaynrodepa oObeauHsAET 67 UHCTUTYTOB U MCCIIENOBATEIBLCKUX IIEHTPOB, BEAYIIMX
OpUEHTHpPOBaHHbBIE (yHIAMEHTaNbHbIE (HEOOMbINAS YacTh) M MPUKIAJAHBIC HCCICIOBAHUS, a TaKKe
CHEKTp TEXHOJOTMYECKUX padoT B UHTEpecax KpYIMHOro, CpeIHero U Majoro OusHeca U
MPaBUTEIBCTBEHHBIX CTPYKTYp. ['omoBoii OromkeT OO0IecTBa COCTABIsAET MPUOIU3UTENBHO 2 MIIP] €BPO
(2/3 u3 rocymapcTBEHHBIX UCTOYHUKOB, 90% M3 KOTOPBIX — CpeAcCTBa (elepabHOTO MPAaBUTEILCTBA) U
COCTOMT M3 TPEX OTHOCUTEIHHO PAaBHBIX YaCTEH:
e 0azoBOro (MHAHCHUPOBAHUS <GaACIBHBIX» paboT (yHIaMEHTAIBHOTO U MPHUKIATHOTO
xapakrepa (0romkerHbie cpeactBa u Gouasl EC);
® TPAaHTOBOTO Y KOHTPAKTHOTO (MHAHCUPOBAHUSI OPUEHTHUPOBAHHBIX MPHUKIATHBIX
HCCIIEIOBAaHUM CO CTOPOHBI TOCYAAPCTBA, MpOMBINTIEHHOCTH, EC;
® KOHTPAKTHOTO (MHAHCHPOBAHHS, [JIaBHBIM obpazom P OMBIIITIEHHOCTBIO,
TEXHOJIOTUYECKUX PadoT.
XOTsl TOCYapcTBO CIIeNUaIbHO HE akieHTHpyeT paButue uMeHHo HIIT mo mmaum OOmectBa
(HeT HU CIEeUHAIbHBIX MPOrpaMM, HH YETKO BBIPAKEHHOH, «CHYIIEHHOW» OT MUHHCTEPCTB WJIM HMHAYe
0(OPMIIEHHON CHUCTEMBI IPUOPUTETOB) M, HECMOTPS Ha HIMPOKUM criekrp pabor ObmectBall, Gonpias
yacTh HampaBieHuil ero koHTpakTHbIX HUOKP (Tabmuia 14) numeeT npsiMoe Uil KOCBEHHOE OTHOIIICHHE
MMEHHO K IIPOU3BOJICTBEHHBIM TEXHOJIOTHSIM.

Tabmuna 14 — XapakrepucTuka KIOYeBbIX HampaBieHUH koHTpakTHbIX HHWOKP Oo6mectsa
@paynarodepa (2012 1.)

Yucno HHCTUTYTOB
3aTpaTsl (MJIH €BPO) PocT ¢duHaHCHpOBaHUS
Hanpasnenue O6mecTsa,
0  OTHOIICHHIO K
KOHTPAKTHBIX Y4acTBYIOIIUX B
IPEIIECTBYIOIMEMY
HUOKP peam3anuu padoT MO |ONMepanUOHHBIE  KaMUTaJbHBIC
rony, B %
HAaTIpaBJICHHIO
Martepuanst u
14 381 49 11
KOMIIOHEHTBI
MUKpPO3JIeKTPOHHKA 12 230 26 6
UKT 15 212 14 5
ITpou3BOACTBEHHBIC
7 190 18 8
TEXHOJIOTHU
OcBgeleHue u
6 114 19 7
TOKPBITHS

11 Ocuosubie rpynnsl HUOKP O6riecTsa: 3apaBooxpaHeHie U okpyxaromas cpena, UKT, snepremika, pecypcoddGpextuBHOE
TIPOU3BOJICTBO, TPAHCIIOPTHBIC TEXHOJOTHH (BKIIIOYAs HJICKTPOMOOWIN), a Takke 000pOHa M 6€30MacHOCTS.
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ObopoHa u

7 193 (He cnenudUUUPOBaHO) 10
6e30macHOCTE
Hayku o xu3nu 7 114 20 11

Uctounuk: www.fraunhofer.de

[Tomumo 3TOTO, OOITIECTBO BBITIOJIHSET €Il HECKOJIbKO (GyHKINH, Kacarommxcs pazsutuu HIIT.
[Tpexxne Bcero, oHo npenoctasister MCII u kpynmHoMy OM3HECY BO3ME3HBIE YCIYTH B cdepe mepeioBbIxX
HUOKP u comyrctByromeit nestenbHOocTH. Ecnm roBoputh 06 MCII, TO 3TH yClayru CTOST JIelieBIie
«pbriHOUHBIX». [lomonp OOmmEcTBa OKa3bIBACTCS KPUTUYUECKOW I peaU3allud CIIOKHBIX MPOEKTOB,
0COOCHHO TPeOYIOUMX MPHUBICUYECHUS PE3YIbTaTOB MPUKIAAHBIX U (DyHIaMEHTAIBHBIX Pa0oT.

[anee, 3T0 pa3BUTHE «IIPOPBIBHBIX» TEXHOJIOIUN B MHTEPECAX MPOMBILIUIEHHOCTH MOCPEICTBOM
y4acThs Tpynn HHCTUTYTOB PpayHrodepa B peaqusallMi Tak Ha3biBaeMbIX BaxkHednmx (Leitprojekte)
MPOEKTOB. Takue MPOEKTHI BBHIMOJIHIIOTCSA B KOOIEpallMu ¢ OM3HECOM U YHHBEpcUTeTaMu. B HacTosiee
BpeMs peanu3yercs 4 BakHeHImx npoekTa. Hambomnee akryansabiM mis pasButust HIIT sBasercs mpoekr
E? Production, mpeanonaratonmii co3qanue dHepro- u pecypcodhpekrnBHOM Gabpuku ¢ BEICOKOH JT0Jei
aBTOMAaTH3allM¥ U HYJIEBBIMU BBIOpocaMu yriekucioro ra3a. Cpoku peanuzanuu npoekra - 2013-2016
rr. B 2014 1. mo pesynsraram HUOKP B maptaepctBe ¢ Volkswagen AG OO1iecTBOM OTKpBITA OMBITHAS
aBTOMOOMIBbHAsS (Pabprka B r.XeMHUI A oTpaboTku U aemoHcTpanuu texHonoruit [IHT — mepBas us
HECKOJIBKMX TOJ00HBIX 00BeKkTOB. OOnmii 00bem pacxoqoB mo Ilpoekry mo aunuu Obmecta B 2013 -
2014 rr. coctaBui okosio 20 MJIH €BpO.

JpyruM MHCTPYMEHTOM peau3aluy TMEepPeAOBbIX U «IPOPHIBHBIX» TEXHOJOTUH U IPOEKTOB C
ygactuem obOmectBa ®@payHrodepa sBisiercs mporpamma  QOpMHpPOBAHHMS ~ MHHOBAIIMOHHBIX
MPOMBINIICHHBIX Ki1acTepoB. Ha manHbIi MoMeHT geiictByer 20 KractepoB ¢ oOmUM 00BEMOM
¢unaHcupoBaHus B pacyere Ha kiactep no 20-30 muH eBpo. OTo cpencrBa camoro OOrecTBa,
npombinmieHHocTH U 3emenb OPI'. B wiacrepax koonepupyroTcst HHCTUTYThI OOIIECTBa, YHUBEPCUTETHI
u OecripuOBIIbHBIE HCCIIEOBATENBCKHE IEHTPHI, a TakoKe MPOMBIIUTICHHBIE HPEANPUSTHS Pa3HOTO
Macmraba. Knactepsr gopmupyrorcst Bokpyr koHkpeTHoro mpoekra (or HUOKP no mpowu3sBojacTBa) mpu
HaTM4Yuu (UHAHCOBBIX U MPOU3BOACTBEHHBIX 00S3aTENLCTB MAPTHEPOB. BBIOOP KiIacTepooOpasyroiero
MpOeKTa ISl TOJJIEPKKUA SBISETCS W CBUACTEIBCTBOM Haluuus 0a3bl W KaTalu3aTopoM s
JAJIbHENILIEr0 KJIACTEPHOTO Pa3BUTHUSL TEPPUTOPHUM. XapaKT€pHO, YTO IPSIMO MJIM KOCBEHHO IOYTHU BCE
KJIacTephbl CBS3aHBI C TPOU3BOACTBEHHBIMH TEXHOJIOTUSIMU U MPOIIECCAMU.

OTmenbHBIM ~ 3HAUMMBIM ~ HampaBiieHHeM pabor OOmecTBa sBIsSEeTCs 00pazoBaTeIbHAS
nesTenbHOoCTh. [lo TpeTu uccnenoBaTenbekoro nepconasna OOmmecTBa COCTaBISIOT ACIUPAHTHI M MOJIOIbIE
y4EHBIE, pEIICHHE HaydHO-00pa30BaTENbHBIX 337a4 SBISETCS HEOOXOAWMBIM YCIOBHUEM ITOJJICPIKKH
KIacTepOB, MCCIEOBATENLCKUX I[EHTPOB, a TaKKe COBMECTHBIX C YHHBEPCHUTETaMH IPOEKTOB

HCCIIeOBAaHUM U pa3pabOTOK.
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IIporpamma «uaycrpus 4.0»

Hecmotps Ha TO, yro B menom HIIT He sBisioTcs mpeamMeToM MacIITaOHBIX HallMOHAJIBHBIX
IIporpamm, OJIHO HampasJieHue, cBszaHHoe ¢ HIIT, HaxoauTcs kak MuHUMYM ¢ cepenntbl 2000-X rofos B
(doxyce BHUMaHUS (elepalbHOTO MPABUTENBCTBA. DTO CO3JAaHUE CIOKHBIX KHOe(pU3MUECKUX CHCTEM
(K®C1?), HoBbIX nokonenuii BcTpoeHHbIX (embedded systems) maTumkoB, akTyaTopoB, CHCTEM IIPHHSATHS
pPEICHHM, a TaKKe aIrOpUTMOB M  NPOrPaMMHO-ANIapaTHBIX  CPEACTB  ABTOMATHYECKOTO
MHTEJJICKTYaJIbHOTO  YIPABJICHUSI PACHpEIeTCHHBIMU IPOU3BOJACTBEHHBIMU U HH(PACTPYKTYpPHBIMU
npoueccaMu M oobekramu. B @PIT cymiecTByeT KOHCEHCYC, YTO JIaHHbIE TE€XHOJOIMU B IEPCIIEKTUBE
CTaHYT OCHOBOIl MMPOBOIO JIMJIEPCTBA TE€PMAHCKOW NPOMBILUIEHHOCTU. B uucie mep, HaleleHHBIX Ha
npoasukeHne TeMaTHku KPC, MOXKHO BBIAEIUTH NMPOEKTHI IO PA3BUTUIO CEMAHTHYECKUX TEXHOJIOTHHI
WNHTepHeTa, MEXMAlMHHOW KOMMYHMKAIIMM, HOBBIX TEXHOJOTMH M CTaHJApTOB MJIs BCTPOEHHBIX
HHTEIICKTYalIbHBIX crucTeM, (uHancupoBaBumxcss BMWi u BMBF ¢ cepenmunt 2000-x rr. B 2009 .
Obuta npuHsATa «HarmoHanpHas JOpOXKHAA KapTa 1O BCTpauBaeMbIM cucreMam» [218]. B mepuon xpusuca
TEPMAHCKOE IPABUTEIBCKOE CYHNICCTBEHHO aKTMBU3UPOBAJIO IIOMCKA HOBBIX «TOYEK POCTa» U
KOHKYPEHTOCIIOCOOHOCTH, W TexHoyoruu, oTHocsumecs K HIIT, okasamuch B IIeHTpEe BHUMAaHMSI.
Temarnka K®C monyuwia npuopureTHoe BHMMaHue B mpoekre «Muaycrpust 4.0» (Industrie 4.0).
«Munycrpust 4.0» Obi1a nHUOEHpoBaHa B 2012 r. Kak OIMH U3 JECATH <dIPOEKTOB Oymymero» [219] B
pamkax Ilnmana nelcTBUM MO OCyIIeCTBIEHUIO TepMaHCKOM (enepanbHoil «CtTparerun B o0jacTu
BBICOKMX TeXHOJOTHH — 2020», KOHIENIIMY HHHOBAIIMOHHOTO pa3BUTH U yKperieHus nozuuuit ®PI" Ha
MHUPOBBIX pPbIHKax (mepBas Bepcus npeacrasieHa B 2006 r. [220], B 2010 u B 2014 rr. BbIIyIIEHBI HOBBIE
penakiuu [221]).

B nentpe BHumanus «uayctpun 4.0» — cozmanue «ymHOro npeanpustus» (Smart Factory), a
TAaKKE PpEIICHHE CONYTCTBYIOIMX 33Ja4 KaK OCHOBBI 4-U IPOMBIIUICHHON PEBOIIOLMU B paMKax
dopmupoBanuss KOC. Ha atu nenu B Teuenue 10-15 ner mnanupyercs 3arpatuts 10 200 M eBpo [222].

Ocob6ennocteio Muagyctpum 4.0 kak «@Ipoekra Oyaylero» sBISETCS €ro OpraHu3amus. IJTo
(BOHTUYHAs», BHUpPTyaJlbHas MpOrpamMMma, HACOJOTHUYECKH OOBEAUHSION@AS 3HAYUTENIBbHOE YHCIIO
PasIMYHBIX MUHUCTEPCKMX MEPONPHUATHH M HapTHEPCTB C OM3HECOM, M pEalU3yIOLAsCs Ha OCHOBE
rocyaapcTBeHHO-uacTHoro mnaptHepctBa (I'UIl) Ha Bcex cragusax IMUIAHUPOBAHMS, pead3alid U
KOHTPOJISI MEPOTIPUSITUH.

«unyctpust 4.0» cOCTOUT M3 LEJIOTO psAAa MporpaMM M mpoekroB. K uX 4duciay oTHOCHTCH,
Hanpumep, nporpamMa «Hayka ¥ TexHHMKa caMOYNpPaBIISIOLMXCS CUCTEM i mpomblinieHHocTH 4.0 —
IPOM3BOJICTBO, TPOIYKTHI, YCIYIM B MHOTOMEpHOM wuHTepHeTe Oyaymero» (AUTONOMIK fiir

INDUSTRIE 4.0, ¢unancupoBanue Ha rnepBom 3tamne — 1mo 40 muin eBpo ot BMWIi 1 mpoMbIimieHHOCTH

12 Cuctembl, o0bemuusrONMe (QU3MIECKOE W BUPTyalbHOE (MOJENH, YTPABICHHE W T.1.) H3MEPEHHE TNPOU3BOJICTBEHHBIX,
Om3HEeC- M OPTaHM3AIMOHHBIX MTPOIIECCOB, M OCHOBAHHEIEC Ha TIepenoBhIX | T-penieHmsax.
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[223-225]) — macmemnmma mupexueit mporpammel AUTONOMIK. Ilenp mporpamMmel — pa3paboTka
uHTeiekryanpHoro B3aumojeiictsuss UKT u npomelnvieHHOro npousBozictsa. ClenyeT yrnoMsSHYTh U
take Meponpustus IUIl, xak RES-COM (2011-2015 1r., 9 w™MaH ¢€Bpo) mo pa3paboTke
MHTETPUPOBAHHBIX CHUCTEM [AaTUYUKOB M aKTyaTOPOB B ILEJIAX pecypcocOepekeHus B IPOMBILUIEHHBIX
nporieccax; CyPros — cozganme Kubdep-dusndeckux mponu3BoACTBEHHBIX cucteM (2012-2015 1r.) 1 T. 1.
OtnenpabIM poekToM «MHmyctpun 4.0» siBisieTcst oMuH U3 Beaynmx kiacrepoB OPIT - T.H. it'S

OWL, UnTenneKTyanbHble TEXHMYECKUE CUCTEMBI pernona Bocrounas Becrganus — Jlunnel®. B knacrep
BXoaAT 174 opranuzanuu — BKIOYas 126 KPYNHBIX, CpeIHUX M MAJIbIX KOMIIAHHKA B cdepe
MalllMHOCTPOEHUS, IEKTPOTEXHUKH, aBTOMoOuecTpoeHus u 17 ynusepcureros. B pamkax 46 mpoekros
pa3pabaTbIBalOTCSl HOBbIE TEXHOJIOTUM CaMOONTUMHU3ALUM CHCTEM, B3aUMOICHCTBUY YeJIOBEKa U MalliH,
MHTEJJIEKTyalIbHBIX ceTeil M cucreMHod wuHxeHepun. Punancupoanme (no 2017 r.) Kimacrepa
obecnieunBaroT BMBF - oxono 40 MiiH €Bpo, 1 TPOMBINITIEHHBIE TAPTHEPHI — 0K0JI0 70 MJTH €BpO.

l'ocynapctBenHoe ¢uHaHcupoBanue npoekroB «Muayctpun 4.0» ocymectBiasercs BMBF 1 BMWi
IpH ydacTud (QereparbHOr0 MUHHCTEpCTBA BHYTpeHHUX jaen (BMI) u sxcnieptHO# momnepxke Hayano-
IPOMBILIUIEHHOTO anbsiHca B cepe uccnenoBanuii. Kpome toro, meponpustus «Muaayctpun 4.0» umeror
npaBo npereHaoBarb Ha QoHapl EC u ¢uHaHCHUpoBaHHME MO JUMHUM HAIMOHAIBHOM IPOTPaMMBI
«dudposast ['epmanus 2015» (xoopmamnatop — BMWIi) — B wactm paspaborku IT-texnomnoruii,
CTaHAapPTOB U T.II.

KiroueByro posip B IIIaHUPOBAaHUU U noanepxkke peanusanuu «Muxyctpun 4.0» urpaer CoBmecTHast
matgopma mpomeimieHHocTH 4.0 — ympaBistonmii U KoopAuHHUpyonmi opran Ilpoekra B ¢opme
roCyJapCTBEHHO-4YaCTHOTO mapTHepcTBa. OH obOecnedrBaeT B3aWMOJCHCTBHE YYAaCTHHKOB pPadoT.
[Tnardopma coznana kpymHedmmmu otpacieBbiMu acconuanusmu OGPl — denepanbHbIM 00bETMHEHUEM
UH(POPMALMOHHBIX,  TEJICKOMMYHHMKAI[MOHHBIX W  KOMIbIOTEpHBIX  TexHojoruii  (BITKOM),
OO0benuHEHHEM HEeMeUKUuX MammHocTpoutTenbHbiX npeanpustuii  (VDMA) u  leHTpanbHbBIM
O00BEIMHEHUEM D3JICKTPOTEXHUKA M dnekTpounayctpun (ZVEI). Ilo sKcrepTHBIM OLIGHKaM, yYHUTHIBas

akueHT «Muayctpuu 4.0» Ha npodnemaruke KOC u B nenom Ha IT-TemaTke, HanOOBIIYIO aKTUBHOCTb

npossiger BITKOM.

AHaJIM3 repMaHCKOoi mouTUKHU 1o passuruio HIIT

B uenom, repmanckas mnonutuka B cdepe passutus HIIT xapakrepusyercss BBICOKOM
IIPEEMCTBECHHOCTBIO KaK B YacTHM TEMAaTUK, TaK M HMHCTPYMEHTOB. Ee MOXHO paccmaTpuBaTh Kak
JIOTUYECKOE MPOJODKEeHUE OoJjiee paHHUX YCUIJIMU MO CO3JAaHHMIO0 HOBBIX TEXHOJOIMYECKUX MiardopM u

«TIPOPBIBHBIX» TEXHOJIOTH.

13 O u3 permonos 3emum CesepHblii Peitn-Bectdams.
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I[o cyru, denepaibHOE MPABUTEILCTBO JEJETUPYET POJib HAMOHAIBHOIO KOOpAHMHATOpa OM3Hec-
CEKTOPY U Jla)ke KOHKpETHee, KPYITHBIM KOMIIaHUSIM U uX Ou3Hec-accouunamnusM. [locneanme BIMOTHSIOT
(YHKIIUIO CBOETO poja KOJUIEKTHBHOTO CHCTEMHOTO KBan(uipoBaHHOTo 3aka3unka Ha HIIT. B stom
KaueCTBE M KPYNMHBIH OW3HEC, U ero OOBEAMHEHUS JOJDKHBI (B «MICATHBHOMY CIICHApHUH) 00eCHeYnTh
CHUCTEMHYIO COOPKY TE€XHOJIOTUYECKUX IIaT(opM OyAylero U uX TUPAXKUPOBAHHE — IMPHU pa3leNieHUU C
TOCCEKTOPOM PHUCKOB U 3aTpar.

Ha ceromusmmuii neHb OYEBUIHBI MMO3UTHUBHBIE PE3YJAbTaThl TaKOIO MOAXoAa (JIUIEPCTBO
I'epmanuu B EBporie), ogHako ps acnekToB AAHHOIO MOJXOJa ele He onTuMaibHbl. [lepBoe, 310
HEJ0CTaTOYHAsl KOOpAMHAIMS pa3IMuHbIX HampaBieHUW QenepanbHoit nonutukd. [o cux mop
HaOJIIOIaeTCsl CBOETO POIa «IOCKyTHAasD moiepxka pasubsix BuaoB HIIT mo nuuuun BMBF, BMWi, DFG
u OOmectBa dpayHrodepa, OTCYyTCTBHE €IUHOM WICONOTHU pa3BUTHS (4TO, Hampumep, ectb B CIIIA),
«0OoNBIIIMX» TTPOTpaMM B cepe TepeoBOr0 MaTepraIoBEICHHS, IIPOMBIITICHHOW POOOTOTEXHUKHU. 371eCh
SBHO He xBaTaeT aHasnoroB CoBmectHol miardopmbl «uaycTpuu 4.0».

Bropoe — 310 mpoGsiemsr omopel Ha kKpynHbEIH O6usHec B [UIL. D10 He Bceraa onpaBaaHo ¢ y4eTOM
cnenudukn HIIT, xoTopble TATOTEIOT cKOpee K pachpelelieHHBIM M MalbiM (opMaM (Kak B YacTH
pa3pabOTKU TEXHOJOIWM, TaK M HOBBIX OM3HEC- M MPOU3BOJCTBEHHBIX MOJENEH - «MalOCEPUNHHBIX)
npou3BoACTB, I T-yeuyr u 1.1.).

Anamuz «Mugyctpuu 4.0» U psga MHBIX TEKYIIMX MEpPONPUITUM OCTaBisSeT Takke 0e3 oTBeTa
BOMPOC O poik Manbix kommanuit u Mittelstand B mporeccax nuaycTpuansHoi peBomonuu. C ogHOM
CTOPOHBI, B TOCYIapCTBEHHBIX JOKYMEHTaX MOJYEPKUBAETCS 3HAUE€HHWE MaJjioro U cpeanero OusHeca. C
Jpyroii, naxe crpykrypa Ilmardopmbl, a Takke COCTaB y4aCTHHUKOB KpyMHEHIMX WHEOPacTpyKTYpHBIX
MIPOEKTOB CBUJCTEIBCTBYET O JOMHUHHUPOBAHUHU KpymmHOTO Om3Heca. HemocraTounocts moaaepxku MCIIT
MOATBEPKAACTCA TEPMAHCKUMHU aHATUTUKAMU, YTO SIBJISIETCS OJHOW M3 OCHOBHBIX HMX MPETEH3UH K
IIPOBOAMMO# TOCYIapCTBEHHOMN moauTHKE [226].

JleficTBUTENBHO, HEOUEBUAHO, YTO YCTOSBILIMECS, «CTApPbIE» KOPIOpALMU CIIOCOOHBI BO3IIABUTH
HOBYIO MHJIyCTPUATIbHYIO PEeBONIONMI0. HecMOTps Ha TO, UTO OHU JEKIAPUPYIOT €€ HE0OX0IMMOCTD, TTOKa
WX MOJICIM U CTPYKTYPhI aKTMBOB JaJIEKO HE BO BCEM COOTBETCTBYIOT TpeOoBanwusim pasButus HIIT.

Takas nepeCTpoﬁKa CJIOKHA U MOJXKCT 3aTAHYTb IMPOLCCC pCUHAYCTPUATIU3AllUH.

3.4 BeiBoael s Poccnu M3 3apyOeKHOTO OIBITa TOCYIapCTBEHHONH MHHOBAIMOHHOM MOJIUTHKHA T10
noaepxxke HITT

HecMotpst Ha umeronmiics A0CTaTOYHO OOMMPHBIA ONBIT 1O MPUMEHEHUIO MEp TOCYAapCTBEHHOMN

nHHOBaMOHHOW moymTuku mo nomnepkku HIIT B CIIA, BenukoOputanuu u ['epmannu, HeoOXoauMO

OTMETUTBH CIIO)KHOCTh MPSMOTO TEPEHOCa MHCTPYMEHTOB B POCCHUHCKYIO MPAKTHKY, YTO OOYCIOBIEHO
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Ka4eCTBEHHO PA3IMYAOIMMHUCI 0a30BBIMU YCIOBUSAMHU (YPOBEHBb Pa3BUTHUS HAYKH, 0OpalaThIBAIOINCH
IIPOMBIIUIEHHOCTH, KOOIIEPALMOHHBIX CBSA3EH B HAllMOHAJIbHBIX MHHOBALIMOHHBIX CUCTEMAX U T.JI.).

B To ke Bpewms mone3HbMH U1 POPMUPOBAHUS T'OCYIapPCTBEHHOM MHHOBALIMOHHOW TOJUTHKU B
Poccuu npencrapiisitoTest 00IMe TPUHIIUITBL, JIeXkKalpe B ocHOBE BbiOopa u peanmu3zannu HITT.

Cpeny HMX MOXXHO BBLACTUTH NMPUHIUI (OPMUPOBAHUSI MPOMEKYTOUHOTO 3BEHA, CBOETO Poja
«MOCTa» MeXJay yHUBepcuTeTamMu M OuszHecom it pa3Butusa HIIT. Tak, ecnm st nmpeaplaynmx
TEXHOJIOTUYEeCKUX MpuoputeroB, Takux kak WKT u OuOTEeXHOIOTMH, MMEHHO YHUBEPCUTETHI (WIIU
Ou3HeC-UHKYyOAaTOphI, TEXHOMAPKU MPU YHUBEPCUTETAX) SBISUIMCH OCHOBHBIMH «IIOCTABIIMKAMM» HOBBIX
KOMITaHUM C MHHOBALIMOHHON Mpoaykuued Ha pbiHkH, TO it HIIT, opueHTHpOBaHHBIX, B INEPBYIO
ouepe/lb, Ha MAIMHOCTPOECHHME, B CHUJIy OOJbIIEH KamUTAJIOEMKOCTH HCCIEA0BAHMUM, CTaHOBUTCS
HEOOXOJMM JIOMOJIHUTENbHBIN 3JIEMEHT A MOAJCPKKUA pa3BUTHA. B I'epMaHuM TakuMu sjieMeHTaMu
TpaguIMOHHO Obutn WHCTUTYTHI @paynrodepa, B CIIA — HHCTUTYTBI, CO3JMaHHBIE B paMKax
HannoHnanbHOM ceTH MO pa3sBUTHIO NPOM3BOACTBEHHBIX WHHOBallMi, B BenumkoOpuTaHuum — ceTb
HCCIICIOBATEIILCKUX IICHTPOB BHYTpU KaramynbThl B 007acTH 0OpadaThIBAOINCH MPOMBIIUICHHOCTH C

BBICOKOI H00ABJIEHHOI CTOUMOCTBIO.

BroppiM BaXHBIM NPUHLMIOM SBJSIETCS YCUJIEHHE KOOPAMHALMM MEXKIYy TOCYyAapCTBOM U
Ou3HECOM, B TIEPBYIO OYepelb KPYITHBIM, IIPU OMPEACICHIN MacITadOB TOCYIapCTBEHHBIX aCCHTHOBAHHN
Ha wuccienoBaHus. MexaHU3Mbl KOOPIMHALMU 1O OOJbIed YacTH MpeaycMaTpUBAIOT CO3JaHue

Pa3IMYHBIX OTPACIEBbIX KOHCOPLUYMOB, YbH MPOEKTHI COPUHAHCUPYIOTCSI CO CTOPOHBI TOCY/IapCTBa.

Haxonern, 3apyOexHBI ONBIT CBUIETENBCTBYET O PACTYILEH pOJIM MPOU3BOACTBEHHBIX L[EMIOYEK B
HAI[MOHAJIBHBIX 3KOHOMHUKaX U IMOTOMY BaKHOCTH IOJJIEPKKH WX (OPMHUPOBAHHUS U PA3BUTUS 4Yepes3
COICUCTBHE MalbIM U cpenHuM npennpusatusam. [lockonsky passutue HIIT moreHumansHO BinsieT Ha
nepepacmpeseneHue 100aBlIeHHONH CTOMMOCTH B MoJb3y MHHOBanunoHHBIX MCII, nenenanpaBieHHas
noiepxkka MCII rocynapcTBOM MOXKET pacCMaTpUBATHCS KaK Pa3BUTHE MHCTUTYLIHOHAIBHOW 0asbl st

Pa3sBUTHUA HOBBIX ITPOU3BOACTBCHHBIX TEXHOJIOTHH.

3.5. Poccuiickuii ONBIT HCMIOJIB30BAHUSA MHCTPYMEHTOB, PEJIIEBAHTHBIX JJIS Pa3BUTHUS HOBBIX
MIPOU3BOACTBEHHBIX TEXHOJIOTU I

B Poccum Ha mpOTSHKEHMH BCETO IOCTCOBETCKOIO IEPHOJa BBOAMIMCH Kak IpsIMbIE, Tak U
KOCBEHHBIE MEpbl CTHUMYJIHMPOBAHUSI TEXHOJOTHMYECKOTO Ppa3BUTHS, KOTOpbIE, B TOM YHCJIE, MOTYT
OKa3bIBaTh IOJIOKUTEIBHOE BIMSHUE Ha Pa3BUTHE HOBBIX MPOM3BOACTBEHHBIX TexHOJMOTHM. OnHON U3
MEPBBIX AJPECHBIX MEP, OCHOBAHHOM Ha TOCYJapCTBEHHO-YAaCTHOM MapTHEPCTBE, ObUIM «BaxKHeHIme
MHHOBAIIMOHHBIE MPOEKTHI TOCYAaPCTBEHHOTO 3HAa4YeHUs» [227] - KpymHBIE TMPOEKTHI, BHIMOIHSBIINECS
KOJUIEKTUBAMH, OOBEIUHSIONMME MPEJCTaBUTENIeH HAyKH U MPOMBIIUTICHHOCTH. [IpOeKThI JOKHBI ObLIH

peuiaTh KIIHO4YCBBIC HpO6J’I6MLI KOHKypeHTOCHOC06HOCTI/I, B TOM YHCIIC CHHXCHHUA HU3IACPIKCK
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MIPOU3BOJCTBA 3a CUET pecypcocOepekenus. toru peanusany MeranpoeKkToB, M0 JaHHBIM, JOCTYITHBIM
Ha CEroJHAIHUKA JeHb, HEOAHO3HAuHbl. OJUH W3 HEAOCTAaTKOB - TO, uTo (uHaHcupoBanue HUOKP
OCYIIECTBJISUIOCh TOJIBKO W3 cpeAcTB Owomkera, a mposeraeHuem HUOKP 3anumanuch HaydHbIE
OpraHu3allid U BY3bl, U KOHTPAKT 3aKII0OYaJCs MMEHHO C HMUMHU — OBUI MCHpaBJEH IO3IHEE, KOTrna
MOSIBUJICS HHCTPYMEHT «CBSI3aHHBIX TPAHTOBY.

B HOBOIl cxeme «CBSI3aHHBIX TPAHTOB» TPEOOBAJIOCH MPOBOJIUTH OIOKETHBIE CPEACTBA Ha
HUOKP uepe3 xkommanum s nepeurcienuss ux HUM u By3am. Cranmu momiepXkuBaTbCsl HAYy4HO -
MPOM3BOJICTBEHHBIE apTHEPCTBA. [Ipr 3TOM 00BEM COOCTBEHHBIX CPEJCTB MPEATIPUATHS, BKIAIIBAEMBIX
B IIPOEKT, JOJKEH ObLI cocTaBisaTh He MeHee 100% pa3mepa cydbcuuu.

OmauMm u3 5(QdeKkroB NaHHOTO HHCTPYMEHTa CTal0 pacCIMpeHHe HHTepeca KOMIIAHWH K
B3aMMOJICHCTBHUIO C By3aMU U (OPMHUPOBAHHE Ha 3TOH OCHOBE MCCIENOBATENbCKUX ceTel. bplmu Tarke
OTMEUCHBI CJICYIOLIME MO3UTHBHBIC pe3yabTaThl [228]:

— YCUJICHHUE OpPHUEHTALlMU BY30B Ha DPEICHHE IPAKTHUUYECKUX 33Jad, B KOTOPBIX 3aMHTEPECOBAH
OusHec, 1 ycuieHne o0mmeld MOTHBauK (0COOSHHO MOJIOJIBIX) YIEHBIX BECTH HaydHBIE MCCIICTOBAHUS;

— BOBJICYCHHME CTYICHTOB M AacllMPAaHTOB B HCCIENOBATENbCKUN IMPOLECC, YTOUHEHHE
BOCTPEOOBAHHBIX U HEIOCTAIOIMX KOMIIETEHIIH;

— MHCTUTYLMOHAJIM3AI1 s B3aMMOOTHOILICHU I MEX/ly By3aMH U OM3HECOM B MHHOBAILMOHHOI cdepe;
pacumpeHue Koonepamnuu B 00JacTu ucciaeaoBaHuil, GopMUpOBaHUE KOHCOPIUYMOB;

— AaKTUBM3allMsl CENEKIUH JIydIMX CHEHUATUCTOB M MOAPA3NCICHUA B YHUBEPCUTETAX,
npuoOpereHue (MM BOCCTAHOBJIEHHE) HEOOXOIUMBIX HaBBIKOB M KOMIETEHIIUHN (TIpexk/ie BCEro, B YaCTH
pelieHUs MH)KEHEPHBIX 3a/ad), MOJEpHU3alUs 00pa30BaTENbHBIX MPOTPaMM B COOTBETCTBUU C
noTpeObHOoCTIMU OM3HECa.

Haubonvwue s¢hghexmur  Oviiu ommeuenvt 01 CpeOHUX KOMNAHULL, KOMOpble MO2YM 2UOKO
peazuposams HA USMEHEHUs. U UMEIOm NPU SMOM HeoOX00umble OJisl 9020 pecypchl.

IIporpammMbl nHHOBanuoHHoro passutus (IIMP) kpynHBIX KOMIaHMI € TOCYAapCTBEHHBIM
y4acTUEM CTalld €I OJHOW MEpOoil Ui HaydHO-TEXHOJIOTUYECKOTO pa3BUTHUs KpymHoro OusHeca. [TNP
MPE/ICTaBIsAET CO0OM CpeaHecpouHbld (3-5 7neT, ¢ MepCcrneKTUBOr 10 5-9 JeT) KOpHOpaTUBHBIN
MPOTPaMMHBIN JJOKyMEHT, KOTOPBI yTBepKIaeTcst opranamu ynpasienus kommnanuu. Llemu TINP Obuin
c(opMyIMpPOBaHBl B OCHOBHOM B KOJMYECTBEHHBIX TepMHHaX pocra pacxonoB Ha HUOKP u npyrux
3aTpaT Ha MHHOBanuu. [IpakTMka mMokaszajga, YTO KOMIAHUSIM HE CJIOXKHO MPOAEMOHCTPUPOBATH POCT
KOJIMYECTBEHHBIX MOKa3aTelel, OJHAKO 3TO HE 00s3aTeIbHO NMPUBOJUT K MPOPHIBY B pa3BuTuu. Iloka
sxoHoMuueckux d¢dexr ot [P, B ToM uncne BbIpa)KEHHBIA B POCTE€ MPOM3BOJUTEIBHOCTH TpPyAa U
CO3/IaHUH HOBBIX ITPOJIYKTOB, HECOIIOCTABUM C PACXOJAMHU.

C Touku 3peHUs HHOPACTPYKTYPHBIX MEp, PEICBAHTHBIM HHCTPYMEHTOM [UISI TOAIEPIKKA

pPasBUTHUA HOBBLIX HPOU3BOJACTBCHHBIX TEXHOJIOTHHA MOKHO paccMaTpuBaTb TCXHOIIAPKU. B HaCTOsAIICE
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Bpemst B Poccum uayr cepre3nbie e0aThl OTHOCUTENFHO HU3KOW Y(PPEeKTUBHOCTH (DyHKIIMOHUPOBAHUS U
HAIpaBJICHUN JajJbHEWIIEro pa3BUTHS TeXHOMapKoB. [IpoOGneMHBIMH SABISAIOTCS Kak 3()pEeKTHBHOCTDH
pacxooBaHusl OIO/DKETHBIX PECYPCOB B paMKaxX pPas3IMYHBIX TPOTpaMM, TaK W 0a30BbIe TPHHITUIIEI
paboThl TEXHOIIAPKOB. BakHBIM HampaBieHUEM UX pa3BUTHs Ui 1eneid cruMmynauposanus HIIT sBiserca
HapalBaHUE YPOBHS TEXHOJIOTHUECKoW olOecriedueHHOCTH. [loka Takue Mepbl MPUMEHSIOTCS B TUJI0 THOM
pexxume. Tak, MuHsKOHOMpa3BUTHS UHULIUUPOBaAIO B 2010 I. MUIIOTHBIN MPOEKT 10 CO3JaHUIO LIEHTPOB
NPOTOTUIIMPOBAaHUS Ha 0aze HOBOCHOMpPCKOro TexHomapka «Axanemnapk». Cozmanue ILlentpa
OPOTOTUIIMPOBAHMS OBLIO HAMPABICHO HA COJICHCTBUE pE3UJEHTaM TEXHOMApKOB B OBICTPOM U
HEJIOPOTOM M3rOTOBJIEHUH TPOTOTUIIOB MHHOBAIITMOHHOM IPOIYKIIMH U €€ MEJIKOCEPUUHOM MTPOU3BOICTBE

busnec-monens  LlenTpa  TexHonormyeckoro — oOecriedeHus ~— (Tak  Ha3bIBAeTCsl  LIEHTP
IPOTOTUIIHPOBAHUS B AKaJEMIOpOJIKE) OCHOBaHAa Ha CXeMe, B paMKaX KOTOpOil rocyaapcTBO IO
COITIACOBAaHUIO C PE3MICHTAMH TEXHOIapKa 3aKylnaeT HeoOxonmumoe 000pyldoBaHue, a 3aTeM C/aeT €ro B
apeHay IO JIbIOTHBIM cTaBkaM. Ha 06asze 3akymieHHOro o0opyaoBaHus (OpMHUpPYIOTCS HeOoJbImMe
KOMITaHWH, TMPENOCTABISIONME YCIYyId 10 MEIKOCEPUHHOMY MPOU3BOACTBY («WH(PaCTpyKTypHBIE»
KOMIIaHUHU), B TE€pPBOE BpeMs — B OCHOBHOM MJisi Oojiee KPYMHBIX KOMIIAHMI TEXHOIapKa, 3aTeM —
CYIIECTBEHHO pacumpsisi 0a3y KOHTPAreHTOB MW, TakuM 00pa3oMm, oOecmeduBas OOJBIIYIO 3arpy3Ky
00opynoBaHusl.

Takum o00Opa3oM, BO-TEpPBBIX, OOECIIEUMBAECTCS 3aWHTEPECOBAHHOCTb KOMIIAHUM, HCIOJB3YIOLMX
o0opynoBaHue, B €ro BHICOKOM KaueCTBE U MO0 BO3MOXHOCTH HHU3KOH CTOMMOCTHU (T.K. 3TUM KOMITaHHSIM
MIOTOM MPEACTOUT IJIATUTh 3a HEro apeHIHYIo IiaTy). Bo-BTOpHIX, 3a CYET MOCTENEHHOIO pacIllipeH st
pBIHKA cOBITa Ui «MHPACTPYKTYPHBIX» KOMIIAHUI 00ecreunBaeTcss CHUXKEHHE CTOMMOCTU BIIQJCHUS
00opy/oBaHUEM IO CPaBHEHHUIO CO CiIydaeM, Korja o0OpylIOBaHHE HAXOJUTCS B COOCTBEHHOCTH Oolee
KPYIMHBIX HHHOBAIIMOHHBIX KOMITAHUH TEXHOIMAapKa U pabOTaeT TOIBKO Ha HUX.

B pesynbrate (QopmupoBaHHMS B TEXHOMapKe MOJOOHOW <« WHOPACTPYKTYPHOI» TP OCIOUKHI
TEXHOJIOTUYECKUX KOMIIAHUM, MOSBISETCA BO3MOKHOCTH OBICTPO M OTHOCHUTEIBHO HEJOPOTO CHENaTh
OTBITHBIA 00pa3zer] Uil MENKYI0 Cepuio MoJ KOHKpeTHBIHN 3aka3 apyrux MCIIL ITomumo storo, 3a cuet
HAIAYUS CETH <«MHQPACTPYKTYPHBIX» KOMIIAHMHM, C KOTOPbIMH paboTaloT cpa3y HECKOJIBKO
WHHOBAIIMOHHBIX (UPM TEXHOMapKa, YCUIMBAETCS UX B3aUMOJCHCTBUE MEXKIY COOOM U BBICTPAaUBAIOTCS

KOOTIEPAITMOHHBIC B3aUMOCBSI3H, YTO (POPMUPYET MHHOBAIIMOHHYIO CPETY.

[loBbIIIEHNE YPOBHS TEXHOJIOTMYECKOM OCHAILICHHOCTH TEXHONAPKOB AKTYaJbHO TAKKE B CBS3U C
MOSIBJICHUEM OTJIEIbHBIX MOMBITOK IEPECTPOUTHh IPOU3BOACTBEHHBIE LEMOYKA B paMKax KpPYITHBIX
TOCTIPEANIPUATHN C BRIHOCOM OT/IEIBHBIX TEXHOJIOTHYECKUX (DyHKIIUH Ha ayTCOPCHHT MaJIBIM U CPEIHUM

MHHOBAaIIMOHHBIM KOMITaHHU M.

163



4. bubnmuoMeTpuuecKUd M TATEHTHBIM aHATU3 Pa3BUTHS HOBBIX MPOW3BOJCTBEHHBIX

TEXHOJIOT U

AHanu3 nyONMKAIlMOHHOM  aKTUBHOCTHM ObUI  OCYIIECTBJIEH Ha OCHOBAHWHU  JaHHBIX
MEXIyHapoJHOH HaykomeTpudeckoii Oa3sr Web of Science (Wo0S), akkymynupyromeil myonukanuu
0onee yeM 12 Thics4 HanboJIee aBTOPUTETHBIX HAYUHBIX KYpHAJIOB. BEIOpaHHBIN BpeMEHHON HWHTEpPBAI -

nepuox ¢ 01.01.2000 roga o centsi6ps 2014 rona.

[laTeHTHBIM aHaNM3 OCYIIECTBJIICH Ha OCHOBaHMM 0a3bl NaHHBIX kommanuu Questel — Orbit -
KpYITHEWIeTO B MUPE IMaTeHTHOTO (JOHa, CoAepIKaliero cBhie 60 MHJUTMOHOB JIOKyMEHTOB 95 cTpaH u
MEXIyHapOHBIX TaTEHTHBIX BeIOMCTB. BpiOpanHbIii BpemeHHOM nHTepBan - nepuox ¢ 01.01.1994 rona

1o aBryct/cenTsiops 2014 rona.

4.1 NadopMaliioHHbIE TEXHOJIOTUH YIS YIIPaBJICHUS TPOU3BOJICTBEHHBIM IIHKIOM

JlanHble aHanM3a aKTyalbHOTO YPOBHS M TPEHJOB HCCIEIOBATEIbCKOM aKTUBHOCTH B OOJIAaCTH
MH(OPMAITMOHHBIX TEXHOJIOTHH VIS YIIPaBJICHUS MPOU3BOJACTBEHHBIM IIUKIOM B MUPE CBH/ICTEICTBYIOT
0 BBICOKOM MHTEpece K NMPUKIAAHBIM acleKkraM 3Toro HampasieHus. 3a nepuoa ¢ 2000 r. mo ceHTsI0pb
2014 r. B W0S Obio mpounaekcupoBaHol6890 myOnukamuii, MOCBSIIEHHBIX WHQOPMAIIMOHHBIM
TEeXHOJIOTHsM B Tipou3BojacTBeHHOM IuKIe. C 2000-2006 IT. KOJIMYECTBO IMyOJUKALMK 110 JaHHON TeMe B
Mupe HeykIoHHO pocio. C 2008 rosa u o HacTosIlee BpeMs, €XXEroJHOE KOJIMUECTBO CTAaTEH M0 JTaHHOM

Teme, MpouHAekcupoBaHHbIX B WO0S, kosebnercs Ha ypoBHe 1500 B rox (PucyHok 24).
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Pucynok 24 - Jlunamuka oOmero kosiudyectBa myOnukanuid B Mupe u B Poccum B obmactu
WHGOPMAITMOHHBIX TEXHOJIOTHH JJIs1 YIIPABJICHUS MPOU3BOACTBEHHBIM ITUKIOM, 2000-2014 rr. (m1aHnHBIC
WoS na 24.09.2014 r.)

JluzepaMu 1o yaeIbHOMY BeCy B OOLIEMHPOBOM MYOIMKAIIMOHHOM ITOTOKE, IPOUHICKCHPOBAHHOM B

WS, sisitorest EBpocoros (38%) u CILA (28%). Tperse Mecto 3anuMaeT Kutait ¢ 13% myOiukanuii.
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Hons Poccum B 0OIMIEMHPOBOM MacCHBE NyOJUKAIWM, MpouHIekcupoBaHHBIX B WoS 3a 2000-
2014 1r., siBIAETCA HE3HAYMTENbHOM U coctaBisieT Bcero 0,07%. B aGCoMI0THOM BBIpaKEHUH 3TO JIUIIL
12 crareit, nmeronmx addunuanuio ¢ PO, u3 xoropsix 33% SBIAIOTCS MyJIbTHHAIIMOHAIBHBIMU, T.€.
HalMCaHHBIMU [0 pe3ylbTaTaM MEXKAyHAapOAHBIX Koyutabopamuii. B oOmemupoBoM pelTuHTE
MyOIMKAIIMOHHON aKTUBHOCTH IO JaHHOMY HampaBjeHuro Poccust 3aHmmaeTr 56 MeCTO, NPUMEPHO
CTOJIBKO K€ cTaTe uMeroT adduimuanuio ¢ uccienoBarelbckuMu IeHTpamu CroBakuu, JIuBana,

OuIMNNuH U Ypyraas.

3a mocnemnue 20 mer (1994-2014 1r.) B Mupe BbIaHO 5365 mNaTEHTOB, CBS3aHHBIX C
WHPOPMAITMOHHBIMA ~ TEXHOJIOTHSIMU  JIJI1  YVIIPABJICHUsT TIPOU3BOJICTBEHHBIM IUKIOM. JluHammka
MaTEHTOBAHUS 32 PACCMATPUBAEMBIN MEPUOJ IEMOHCTPUPYET CTAOMIIBHBIN JIMHEHHBIN pOCT MAaTeHTHOM
AKTUBHOCTH B MHUpe 10 JaHHOU Teme 3a 1994-2006 rr. (Pucynok 25). Hauunas ¢ 2007 r., pocT maTeHTHOM
AKTHBHOCTH TIPEKPATHJICS, OJHAKO €KETOMHBIH YPOBEHb OCTaeTCs CTAOMIBLHO BBICOKUM U COCTaBIISET

okosto 700 maTeHTOB.

Ristrikution of search rasufts by Publication yeacs

Questsl JO0ts

Pucynok 25 - J/lnHamMuka 00MIEMHUPOBOTO KOJIMYECTBA TATCHTOB B 00JIACTH MH(OPMAIIMOHHBIX

TEXHOJIOTUH IS YIIPaBJICHUS MPOU3BOACTBECHHBIM HUKIOM (manubie Orbit Ha 11.09.2014 r.)

B 4ucno rmaBHBIX mareHTooONamaTeNneil He BOIIGT HU OJWH HCCIENOBATENbCKUN IEHTP MHUpA.
Jecarh BepXHUX MO3ULMKA peUTHHIA 3aHUMAIOT NpombinuieHHble komnanuu CIIA, Anonuun, KOxuOM

Kopewu u TaitBanu (Tabnuma 15).

Tabmuna 15 —MupoBble auaepbl MO YUCITY MAaTEHTOB O0JACTH HH(GOPMAIMOHHBIX TEXHOJOTUN s

yIpaBJIEHUS TIPOU3BOACTBEHHBIM HKIoM, 2000-2014 rr. (manusie Orbit ma 11.09.2014 1.)

Opranuzanus KonunuecTBo maTeHTOB
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CANON 240
IBM 215
HEWLETT PACKARD 97
SAMSUNG ELECTRONICS 95
SONY 74
PANASONIC 73
TOSHIBA 69
TAIWAN SEMICONDUCTOR
MANUFACTURING °0
AU OPTRONICS 59
HITACHI 56

AHanu3 MaTeHTHOW aKTUBHOCTU POCCHUUCKMX H300peTaresyieil CBUICTEIBCTBYET O CKPOMHOM
nosuuun Poccum cpenu crpaH, pa3BUBAIOUMX HWHGPOPMAIMOHHBIE TEXHOJIOTHHU IS YIPABJICHUS
MIPOU3BOACTBEHHBIM LIUKIOM. 3a HcciaeayeMblil nepuoa B Poccun Obu1o BeigaHo 155 maTteHTOB, npuyem
Bcero 31 u3 HuX - poccuiickum 3asButensaM u 124 (80,00%) — 3apyOexkHbIM 3asBUTENSAM. Jl0JIS MAaTEHTOB
C POCCHMCKUM MPHOPUTETOM COCTaBJsieT Bcero b 0,58% oT o0meMupoBOro MaccuBa MaTEHTOB. 3a
npeznensl PO BbIIDIM TOJIBKO 5 MAaTEHTOB PE3UACHTOB, KOTOPHIE HE OTHOCATCS K TPUAJHBIM MAaTEHTHBIM

ceMbsML4,

4.2 KoMIbIOTEpHBIE TEXHOJOTUH JUTSI MOACTHPOBAHUS M IIPOU3BOJICTBA H3/ICITHIA

3a nepuop ¢ 2000 r. mo centsopp 2014 r. B WOS npounaekcupoBano 4175 myOnukanuid, coaep:kanue
KOTOPBIX PEIIEBAHTHO HANPABIICHUIO «KOMITBIOTEPHBIC TEXHOJIOTHH JITSl MOJICTUPOBAHUS U TIPOM3BOJICTBA
u3nenuiiy. CTaOuIBHBIA POCT €KEroHO MHACKCHPYEMOro Yucia myonukanuii Haomomaercs ¢ 2000 r., u
COXpaHSIETCS JI0 HACTOAIIETO BPEMEHH. 3a JTOT Iepuoj] OOmEeMHPOBOW o0beM mybOnukanuii B WOS

yBenu4uIIcs nouTu B 2 pasa (Pucynok 26).

MUP Poccus

%4 Tatent Ha m306peTenne, 3aperncTpupoBaHHbIi EBponeiickum matenTHBIM Glopo (EPO), Biopo MaTeHTOB M TOpP FOBBIX MapoK
CIIA (USPTO) u AnonckuM mateHTHEIM Oropo (JPO).

166




400 -
6..
350 -
5.
300 -
250 - 41
200 - 34
150 -
2..
100 -
l'
50 -
0- 0
c.-qmmvm\or-.ooo\c.-qwmﬂ- O et N M = N D M 00 Y O e O MM wr
= O O O O O O O O O vt vt vt vt vt O O O O OO O O O vt vt vt vt v
00 O O O O O O O O O O O O o 0O O O O O O O O O O O O o o
Lo B o BN o B o B o B B o BT o B o B o BN o B o B o B N B o ] Lot B o B o B o B 5 DR N o B o BN o B o ¥ B o B o B o B o N o ¥ |

Pucynok 26 - /lumammka oOImero KoiWdyecTBa ITYONMKAIMKA IO KOMITBIOTEPHBIM TEXHOJOTHSAM JUIA
MOJETUPOBAaHUS U TPOM3BOACTBA m3aenuii B mupe u B Poccuu, 2000-2014 rr. (nannsie WOS Ha

04.09.2014 1.)

Jlunepamu 1o yaensHOMY Becy B OOIIEMHUPOBOM IMYOIMKAIIMOHHOM MOTOKe SIBIsIIOTCS EBpocoro3
n CIIA, Ha COBOKYNMHYIO JOJI0 KOTOPBIX TMPUXOAUTCA TOYTH ABE Tpetu ctareit (60%). PeitTunr
NyONMKAalMOHHOU akTuBHOCTH BosmnaBisitoT EC-27 (37,3%), CILIA (23,7%), nanee cnenyer Kuraii

(15,1%) u c nByKpaTHBIX OTPHIBOM OT Hero Benukobpurtanus (7,4%).

Honst Poccum B 0OmeMupoBoM oObeMe MyOJWKallMii, TMOCBSIICHHBIX PA3IMYHBIM AacleKTam
UCIIOJIB30BAHMUSl KOMITBIOTEPHBIX TEXHOJOTWH I MOJENUPOBAHUS M TIPOU3BOJCTBA W3ACTUU U
npouHaekcupoBaHHbIX B WoS 3a 2000-2014 1r., coctaBsiet 1,02%. Kaxnas tperss (38%) u3 42 crarei,
uMeronmx addunuanuio ¢ PO, Hanucana MeXayHapOAHBIM aBTOPCKUM KOJUIEKTUBOM. B o0memupoBom
peiiTuHre 1o MyOJIMKAIIMOHHOM aKTUBHOCTH MO JaHHOMY HampaBieHuio Poccust 3aHumaer 23 mecTo,
NPUMEPHO CTOJBKO K€ cTaTeld MMeoT aduiIHafio ¢ UCCIIeA0BaTEILCKUMU IIeHTpaMu Huzaeprnanaos,

I'pennn, Iopryranuu u Pympiauu.

3a 1994-2014 rr. HabmogaeTcsl YCTOWYUBAs MOJTOXKUTEIbHAS JUHAMHMKA YMCIIAa TEXHOJIOTHUECKUX
pELIeHUH, CBS3aHHBIX C MCIOJb30BAHUEM KOMIIBIOTEPHBIX TEXHOJOTMH [UIi MOJIEIUPOBAaHUA U
IIPOU3BOACTBA U3JIENNM, YTO OATBEPKAAET BO3MOXKHOCTH UX HIMPOKOTO MHIYCTPUAIBHOTO TPUMEHEHUS

(Pucynoxk 27).
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PI/ICYHOK 27 - HI/IHaMI/IKa 06HI€MI/IpOBOI‘O KOJIMYECTBA MaTCHTOB, 110 KOMIIBIOTCPHBIM TCXHOJIOTUAM IJIs

MOJICTMPOBAHUS M TPoU3BoAcTBa u3aennid. 1994-2014 rr. (nanusie Orbit va 11.09.2014 1.)

3a nocneanue 20 et B Mupe BbiaHo 2092 mareHTa, CBSI3AHHBIX C KOMIIBIOTEPHBIMU TEXHOJIOTUSMU
JUISE MOAENUPOBaHUSA U Tpou3BoAcTBAa u3Aenuid. bombmias nx yacte umeer mpuoputer CIIA (966),
BTOPOE MECTO I10 KOJIMYeCTBY naTeHToB 3aHMMaeT Kurtaii (560), nanee ¢ CylieCTBEHHBIM OTPHIBOM HIYT

SAnonus (136) u FOxnas Kopes (121).

JlecaTh BepXHUX MO3UMLUNA peHTHHra nareHTooOnajgareneil 3aHUMAlOT MPOMBIIUICHHbIE KOMIAHUU
CIIA, ®pannuu, SAnonnu u I'epmanuu. B uncno tom-30 mareHTOOONMamaTeNel BOLUIO TakKe BOCEMb

YHUBEPCUTETOB MHPA.

AHanu3 TaTEHTHOW AaKTHBHOCTH POCCHMCKUX HM300peTaTeliel CBHACTEIBLCTBYET O Oojiee dem
CKpOMHOW mo3uninu Poccuu cpemu crpaH, pa3BUBAIONIMX TEXHOJIOTUU B JTAHHOW TEXHUYECKOW OOJAcCTH.
3a mBaamaTuiaeTHUW mepuoa B Poccum Obuto Bhimano 32 maTeHTa, mpudeM 17 W3 HUX - POCCHHCKAM
3asBUTENSAM U 15 — 3apyOeKHBIM 3asBUTENSAM. JlOJIs TATEHTOB ¢ POCCHHACKUM MPUOPUTETOM COCTABIISIET
munb 0,81% ot obmemupoBoro maccuBa nateHToB. C 3TUM mokaszareneMm Poccust 3anumaer 10 Mecto B
MUpe, OJHaKo paspblB co crpaHamu-iunaepamu (CHIA, Kwurtail, IOxnas Kopes, fAnonus), Ha noso
KOTOPBIX CyMMapHO mpuxoauTcs 6onee 90% Bcex BbIJAHHBIX B MEPE TaTEHTOB, BEChMa CYIIECTBEHEH. 3a

Mpeaciibl P® Brmien Toiapko OIWH MAaTCHT PE3UACHTOB.

4.3. TIpoMbllUieHHAs U CEpBUCHAsI pOOOTOTEXHUKA

DKCHOHEHIMAIBHBIA POCT MYOJUKAIIMOHHOW aKTUBHOCTH IO HANpPAaBICHUIO IPOMBILIUICHHAS U
CepBUCHasT poOOTOTEXHUKay», 3adukcupoBaHHbi B WOS, Habmogancs ¢ Havama HyneBeix a0 2008 r.,
MOCJIE Yero eXEToJHBbIH 00beM MyONuKanuidi ctabuan3upoBajics Ha ypoBHE okono 5000 mydnukanuii B

rox. Beero ke 3a mocneanue 14 ner B W0S npounaekcupoBano 55841 nmybonuxkanuii (Pucynok 28).
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Pucynok 28 - JluHamumka OOLIEr0 KOJMYECTBA MYOIHMKAIMKA IO HANpPABICHUIO «IIPOMBINUICHHAS WU

cepBUCHAas poOOTOTEXHUKa» B Mupe U B Poccun, 2000-2014 rr. (manasie W0S Ha 12.09.2014 1.)

Bosiee monoBHHBI cTaTeii MHPOBOTO MYOJMKAIIMOHHOTO IOTOKAa HANMCAaHBl aBTOpPaMU M3 CTpaH
Espocoroza u CIIA. Tly0onukaiioHHBIH peHTHHT OTACIbHBIX cTpaH Bo3riaBisioT CIIA (21%), Kurait

(12%), Anonus (12%), I'epmanust (7%), Benukoopuranus (5%), HOxuas Kopes (5%).

Honst Poccuu B 00meMupoBoM oobeMe mydauKanuii, mponnaekcuposanaom B WoS 3a 2000-2014
T., coctaBisieT Bcero 0,32%. M3 180 crareii, umetonmx adpduauanuio ¢ PD, 45 (25%) cozmanbr
MEXIYHAPOJHBIMH aBTOPCKUMH KOJUIEKTMBAMH. B 0OIIEMHPOBOM pPEUTHHTE MO MYyOIMKAMOHHOM
aKTUBHOCTH I10 JaHHOMY HampaBieHHuio Poccust 3aHumaer 34-oe mecto. 1o kommuecTBy myOnuKauii B
MexayHapoaHoM cermeHnte Poccus yerymaer nunepy - CIIA B 66 pa3, Kutato B 38 pa3, AAnonuu B 36

pas.

Bcero 3a mnocnegnue 20 ner (1994-2014 1r.) mo HampaBIEHUIO <«TIPOMBIIUIEHHAs M CEpPBUCHAA
poboToTrexHuka» B Mupe Bbiiano 17053 marenta. HanGosbliee KOJTUYECTBO MAaTEHTOB B JAHHOW 00J1acTH

npuHaekuT pesuaentam Kuras, Anonun u CILIA (Pucynok 29).
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PI/ICYHOK 29 - Z[I/IHaMI/IKa O6H_IeMI/Ip0BOFO KOJIMYCCTBA MMATCHTOB IO HAIIPABJICHUIO «ITPOMBINUICHHAA U

cepBucHas pobororexuuka» (manubie Orbit va 12.09.2014 r.)

JleBsTh BEpXHHUX TO3UIMNA pPEHTHHTA MaTeHTOOOJaaarenell 3aHMMAIOT KPYITHBIE MTPOMBIIIICHHBIE

komnanuu Snonuu, Bennwu, [lIserinapuu, Unauu, ['epmanuu u KOxuoit Kopeu (Tabnuia 16).

Tabnuna 16 — MupoBble auAepbl- MaTeHTOo00 a1aTeN! 110 HAMIPABJICHUIO «IIPOMBIIIUIEHHAS U CEPBUCHAS

pobotorexauka», 1994-2014 rr. (manusie Orbit Ha 11.09.2014 r.)

[TarenTo0ONaKaTEND KonuuectBo naTeHTOB
1. YASKAWA ELECTRIC 289
2. FANUC 263
3. ABB 249
4. MITSUBISHI ELECTRIC 227
5. PANASONIC 201
6. KUKA ROBOTER 191
7. SONY 190
8. HONDA MOTOR 182
9. SAMSUNG ELECTRONICS 172
10. NAL - NATIONAL AEROSPACE LABORATORIES 147
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3a 1994-2014 1. B Poccuu BeIIanbl 673 maTeHTa, 3AMMIIAIONX TEXHOJOTHYCCKAE PEIICHHS B
00JIaCTH TPOMBILUIEHHON U CEpPBUCHONM POOOTOTEXHUKH, M3 KOTOPBHIX 483 MATEHTOB - POCCHICKUM

3asBuTeNsM, a 190 (28,23%) — 3apyOeKHBIM.

Jlons maTeHTOB C POCCHMCKUM MPHOPUTETOM cocTaBiseT 2,83% OT oOIEeMHpPOBOTO MaccUBa
nareHToB (7-oe Mecto B mupe). OTcTaBaHUE MO KOJUYECTBY MATEHTOB HAIIMOHAIBHBIX 3asBUTEICH OT

ctpan-nunepoB (Kuras u SAnonun) cocraBnser 5-10 pas.

3a IpCAcCiibl P® Buimwn 15 nmaTeHTOB PE3UACHTOB, U TOJIBKO OJUH U3 HUX OTHOCUTCS K TPU A AHBIM.

4.4 A1TMTUBHOE MPOU3BOACTBO (TpEXMEpPHasi e4aTh)

3a nepuog ¢ 2000 r. mo centsops 2014 r. B W0S Obu10 nponHaekcupoBano 4615 mybnukanuii,
MOCBSIIEHHBIX TEXHOJOTHSIM aTUTHBHOTO TMPOM3BOJACTBA. J(MHAMHKa MyOIMKAIMOHHOW aKTHBHOCTH
CBUJICTENIBCTBYET O CTA0MJIBHOM HapacTaHWHM WHTEHCHUBHOCTH MCCIEAOBAHMI, TOJIBKO 32 TOCIEAHHUE TPU
rona (2010-2013 rT.) KOJMMYECTBO €XKErOAHO ITYONMKYEeMBIX CTaTe IO TEXHOJIOTHSM aTUTHBHOTO

IPOU3BOJICTBA YBOUJIOCH 10 CPABHEHUIO C TpeaiecTByronpmu Tpems rogamu (Pucynok 30).
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Pucynok 30 -/lunamuka obuero konudectBa nmyonukanuii B mupe u B Poccun, 2000-2014 rr. (nanubie

WoS na 08.09.2014 1.)

bonee nmonoBuns! (60 %) MyOnMKaIMii Mo TEXHOJIOTHUAM aTATUBHOTO TPOU3BOJICTBA OTHOCATCS K
HaykaM O MarepHuajlax U MH)KEHEepHBIM HaykaMm. CiieyeT OTMETUTh B3PBIBHOW POCT MHTEpECA K JaHHBIM
TEXHOJIOTHSIM M B OOJACTH KOMIBIOTEPHBIX Hayk: Tak B 2013 T. KOJIMYECTBO HAYYHBIX TOKYMEHTOB B
BCI[yIII[/IX MG)KI[}IHaPOL[HBIX )KypHaJIaX II0 TCXHOJIOTHUAM aAAAUTHUBHOIO HpOI/ISBOIICTBa, OTHCCCHHBIX K
KOMITBIOTEPHBIM HayKaM, YBEIMYUIOCh MO CPaBHEHUIO C MPEIBIAYIIMM ToJoM Oojee 4yeM B JBa pasa

(Error! Reference source not found.).
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JlupepaMu 1o yznenbHOMY Becy B OOILIEMHPOBOM IYOIMKAllMOHHOM IOTOKE SBISIOTCA EBpocoro3
u CIIIA, Ha 10m10 KaXI0TO U3 KOTOPBIX MpUXoAUTCs Oosiee Tpetu crarei. [1yOnuMKanuoHHBIA peHTHHT
otaensHbIX cTpad Bosriaeistor CIIA (32%), Kurtait (9,6%), Benukoopurtanus (9,5%), I'epmanus (9%),

Oxnas Kopes (6,3%) u SInouus (5,4%).

Honst Poccun B oOmemupoBoM oObeMe MYyONMKAIlMK, MOCBSIIEHHBIX BONpOcaM pa3paboTKu U
W CITOJIB30BAHMS aUTATUBHBIX MPOU3BOJICTB, MponHaekcupoBanHbIX B WOS 3a 2000-2014 rr., siBisiercst
He3HAuuTeNbHOW H cocrTaBisieT Bcero 0.76%. W3 35 crarei, umeronmx addunuanumo ¢ PO, 26%
HalMCaHbl IO pe3yjbTaTaM, IOJY4EHHBIM B paMKaxX MEXKIyHApOJHBIX MPOEKTOB. B obmemupoBom
peiTHHIre Mo MyOJUKAIIMOHHOM aKTMBHOCTHU IO JaHHOMY HampaBieHuio Poccus 3anumaer 26-e mecro,
MPUMEPHO CTOJIBKO JK€ CTaTell WMET adgduinamuio ¢ HCCIeIOBaTEIbCKUMHU ILeHTpaMmu [ 'peruw,

W3pawnis, @unnsaanu, [Honbum.

3a nocnenuue 20 et (1994-2014 rr.) B Mupe Ob110 BbIAaH 9951 maTeHT, CBA3aHHBIN ¢ TEXHOIOTUSMHU
aJJIMTUBHOTO MPOU3BOJICTBA. JIMHAMUKa MMAaTEHTOBAHUS 3a pacCMaTpUBaeMbIi Mepuo]] Obljia cTaOUIbHO
MOJIOKUTENILHOW 3a MCKIIUEHHUEM KpaTtkoBpeMeHHoOW crarHaiuu B 2009-2011 1r. (Pucynok 31).
Haumnas ¢ 2012 r., pocT maTeHTHON aKTUBHOCTH BO300HOBUIJICS M TIO COCTOSTHUIO Ha CEHTSAOPH TEKYIIETO

2014 r. yncno BbIJAHHBIX TATEHTOB YK€ MIPEBOCXOAUT mokazarenu 2013 r.

Ristribution of seacch ceaults by Pulification vears

Cunstol 2014

Pucynok 31 - /luHaMuKa 0OIIEMHPOBOTO KOJIMYECTBA TTATCHTOB, CBA3aHHBIX C TEXHOJIOTHUSIMHU

aJZIMTUBHOTO TIpou3BoicTBa (manubie Orbit Ha 16.09.2014 1.)

Bee BCPXHUC TMO3UIUU pefITHHFa HaTCHTOOGHaIIaTeHeﬁ 3aHUMAIOT MPOMBINUICHHBIC KOMIIAHWHN

IOxnoit Kopen, CIIIA u Snouuu (Tabmura 17).

Tabnuna 17 — OpraHu3anuu-JIuaepsl MO YKCITy MaTEHTOB MO TEXHOJIOTHUAIM aJJIATUBHOTO MPOU3BOJICTBA

(manubie Orbit Ha 20.09.2014 1.)
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ITaTenToo06aanaTe b KoinyecTBo mareHToB
1. SAMSUNG ELECTRONICS 780
2. HYNIX SEMICONDUCTOR 374
3. SAMSUNG ELECTRO MECHANICS 253
4. LG DISPLAY 238
5. SAMSUNG DISPLAY DEVICES 214
6. LG PHILIPS LCD 213
7. SAMSUNG SDI 211
8. LG ELECTRONICS 180
9. LG INNOTEK 157
10. DONGBU HITEK 110

3a wuccrnenyembiii mepuoa B Poccum BbimaH 131 mareHT, 3alMIAIONME  TEXHOJIOTUYECKUE
pelieHuss B O0NAacTH aJIWTUBHOTO MPOM3BOJICTBA, M3 KOTOpPHIX 14 -poccuiickum 3asButensM u 117

(89,31%) — 3apyOeKHBIM 3asIBUTEIISIM.

Hons mareHTOB ¢ poccuiickuMm mnpuoputeroMm coctaBiser 0,14% ot obmemupoBoit. C 3tum
nokaszarenem Poccus 3anumaer 14—e mecto B Mupe, OJHAKO pa3pblB co crpaHamu-iujepamu (FOxnas
Kopes, Anonus, CILIA u Kuraii), Ha nomo xoTtopbix mpuxoautcs 6onee 90% Bcex BBIIAHHBIX B MUpPE

MaTCHTOB, BECbMa CYHICCTBCHCH.

4.5 KoMmnbplOTepHBIM JU3allH C HCIOJIb30BAHUEM TEOPETHUYECKUX Mojened u 0a3 JaHHBIX s
HamnpaBJICHHOW YCKOPEHHOM pa3pabOTKu HOBBIX MAaTEPUAJIOB C 33JJaHHBIMU CBOMCTBAMU

3a mepuon ¢ 2000 r. mo certsiOpp 2014 r. B WOS Ob110 MporHAECKCHpOBaHO 5368 myOmuKaimii,
MOCBSIIEHHBIX KOMIBIOTEPHOMY U3aiiHYy C MCIIOJIB30BAaHUEM TEOPETUUYECKUX MOJEeH 1 06a3 JaHHBIX JUIs
HaIlpaBJICHHOI YCKOPEHHOM pa3pa0OTKu HOBBIX MAaTEpUAIOB C 33JaHHBIMH CBOMCTBaMU. 3a MOCJEIHUE
YeTBIPHAALATE JIET HaOIoAaeTcss CTaOMJIBHBIA POCT MyOJMKALIMOHHOM aKTMBHOCTH B 3TOH 00jacTu

(Pucynok 32).

MUP Poccus
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Pucynok 32 - JluHamuka myOJMKanuii M0 KOMIIBIOTEPHOMY AM3alHY I HAlpaBJICHHON YCKOPEHHOM

2009
2010
2011
2014 _
2005

2007 [

2008
2009

2003 |
2005 [

2000
2001
2002
2003
2004
2005
2006
2008
2010
2011
2012
2013
2014

pa3paboTK HOBBIX MAaTEpPUAIOB C 3aJJaHHBIMU cBoWcTBaMu B mupe u B Poccuu, 2000-2014 rr. (nanHbBIS

WoS na 16.09.2014 1.)

JlupepamMu mo Joyie MyONMKAMidi B OOLIEMHPOBOM TOTOKe, MpouHAEkcMpoBaHHOM B WOS,
seistiorest EBpocoros (41% ot obimero komuvectBa MupoBbix myonukanuit) u CIIA (35%). V Kurtas

8,6% nmyonukamnui, y Anonnu — 5,1%.

Honst Poccun B 00meMupoBoM 00beMe MyOIMKALMi, MOCBSIICHHBIX acTleKTaM HMCIOJIb30BaHUS
CpEeACTB KOMIBIOTEPHOTO JU3aiiHa JuIsl pa3pabOTKU HOBBIX MaTE€PUAJIOB, IPOMHICKCHPOBAHHBIX B WOS 3a
2000-2014 r1r., cocraBmser 1,99%. M3 107 crareii, numeronmx addummanuto ¢ PD, 44% spistorcs
MYJIbTHHAIMOHATLHBEIMU. B 00IeMUpOBOM PEHTHHTE MO MYONUKAIIMOHHOW AaKTHBHOCTH MO JaHHOMY
HarnpaBieHuto Poccus 3aHumaer 16-oe mecro, ¢ orcraBanueM oT juaepa (CHIA) B 17 pa3 u umes

6mu3kue nokazarenu ¢ Typuueit, Ascrpueil, TaiiBanem u Ilonbluei.

JIMHEWHBIA POCT YMCIa MAaTEHTOB, CBA3AHHBIX C MCIIOJIB30BAHMEM KOMITBIOTEPHOIO Au3aiiHa IS
pa3paboTKi HOBBIX MAaTEPHANIOB C 33JJaHHBIMU CBOMCTBAaMHU, HaOMIOAANCs ¢ Hayana HyneBbix a0 2005 r.,
nociie yero jgo 2011 r. mHaOmioganack HEKOTOpasl CTAarHAIMS MMATEHTHOHW AKTHMBHOCTH, CMEHHBIIASCS

cagom B 2012-2014 rr. (Pucynok 33).

3a mocnegaue 20 mer (1994-2014 rr.) B Mupe ObulOo BBIZAaHO 995 TaTEHTOB, CBS3aHHBIX C
pa3pabOTKOW HOBBIX MAaTEPUAJIOB C 3aJaHHBIMH CBOWCTBAMH C HCITOJIB30BAHHEM KOMITBIOTEPHOTO
nu3aiiHa. B 4mcino nmecstu NUIEpoB MO KOJWYECTBY MATEHTOB BOIDIM NaTeHTooOnmamarenu u3 Kwuras,
CHIA, Snonuu u Oxnoit Kopeu, mpu 3TOM HamOOJbINEe KOJUYECTBO MATCHTHBIX JTOKyMEHTOB (51)

npunamnexxuT FOro-Bocrounomy ynusepcurery Kuras (Tabmuna 18).
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Pucynok 33 - /IluHamuka oOIIEMIPOBOTO KOTMYECTBA ATCHTOB, 3AMIIAIONIMX PEIICHUS 110

KOMITBIOTEPHOMY AM3aiHY AJs pa3pabOoTKU HOBBIX MAaT€PHANIOB € 33JJaHHBIMU cBOMcTBaMHU (AaHHBIe Orbit

Ha 16.09.2014 r.)

Tabmuma 18 — Tom-10 oOmagareneld TaTEHTOB MO KOMITBIOTEPHOMY IH3aifHY C HCIOJB30BaHHEM

TEOPETUYECKUX MOJIeNel A pa3paboTKu HOBBIX MaTepuanoB (nanusie Orbit Ha 20.09.2014 r.)

IIaTrenToobaanarennb KonnuecrBo nareHron
SOUTHEAST UNIVERSITY (NANJING CHINA) 51
QUALCOMM 32
CANON 22
HITACHI 21
SONY 16
SAMSUNG ELECTRONICS 14
PANASONIC 14
FUJITSU 13
SEIKO EPSON 13
TOSHIBA 13

3a uccnemyemblid miepuon B Poccumm Obuto BhaHo S50 TATEHTOB, 3aNMIAIONIMX PEIICHUS
UCIOJIb30BAaHMSI KOMIIBIOTEPHOTO JHM3aifHa [Uisi pa3pabOTKM HOBBIX MaTepualioB C 3aJaHHBIMU
CBOICTBaMH, TPUUYEM TOJBKO 3 M3 HUX BBIIAHBI pe3usieHTaM PO, octanbhbie 47 (94,00%) — 3apyOexHBIM

3asABUTCIIAM.

Jlomist MaTeHTOB C POCCUUCKUM MPHOPUTETOM cocTaBiseT Bcero 0,3% oT o0meMupoBoro MaccuBa
BbhIIaHHBIX TTaTeHTOB. [lo aToMy nmokazarento Poccus 3anumaer 11-oe Mecto B MHUpE, OJHAKO pa3pbiB CO
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crpanamu-yaepamu  (FOxnas Kopes, Anonms, CIHA wu Kwuraii), Ha 1010 KOTOPBIX CyMMapHO
npuxonutcs 6onmee 90% Bcex BBIAAHHBIX B MUPE MAaTEHTOB, BEChbMa CYIIECTBEHEH. 3a mpenenbl PO

BBIIIE TOIBKO 1 IMaTeHT pe3nacHTa.

4.6 Kommo3uThl, <«@epapXuuecKue» MaTrepualbl, CKOHCTPYHMPOBAHHBIE I10 IOJOOHMIO MPHPOIHBIX
OromarepuanoB

3a nmepuon c¢ 2000 r. mo centsops 2014 r. B WOS mnpounnekcupoBaHo 26483 myOnukanuu,
MOCBSINCHHBIE KOMITO3UIIMOHHBIM, «repapxudeckum» Marepuaiam. C 2005 r. HaGmrogaeTcst JIMHEHHBIN

POCT IMyOJIMKAIMOHHOW aKTHBHOCTHU O JAHHOMY HarpasieHuto (Pucynok 34).
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Pucynox 34 - Jlunamuka OOIIETO KOJMYECTBA MYONMKAIMK TI0 HAMPABICHUIO «KOMITO3UTHI,

«@iepapxudeckue» Matepuaisl» B mupe u B Poccun, 2000-2014 rr. (manubsie WoS Ha 27.08.2014 1.)

Jlumepamu  mo  yaenpHOMYy ~ BeCy B OOIIEMHPOBOM  IMYOJUKAIIMOHHOM  TOTOKE,
npounaekcupoBanHoM B WoS, asnstotcst EBpocoro3 u CIIA. Ha ux oo cyMmMapHO NpUXOaUTCs 6oiee
60 % npounnexcupoBanHbeIx B WOS crareii. [lepByro mo3umnio myoJInKalmoOHHOTO PEHTHHTA OTIEIbHBIX
crpan 3anuMmaror CIHA (26%) u Kurtaii (17%). Hapsiny ¢ HUMH B YKCIIO JHACPOB IO KOJHYECTBY

nyonukaiuit o Benukoopurtanust (7%), I'epmanus (6%) u @pannus (5%).

3a 2000-2014 rr. B Wo0S 6bUITa MponHAeKcHpoBaHa 371 mybnukanus, umeronas aghuiramuio ¢
P®, uto cocraBnser 1,4% obmemMupoBoro oobeMa myOnuKamui, TpeTh U3 KoTophix (31%) Hamucansl 1O
pe3ynbTaTaM  MEXKIyHapOIHBIX KoJutabopamuil. B oOmeMupoBOM pelTHHTE MNYOJIMKAIIMOHHOM
aKTUBHOCTHM IO JJaHHOMY HampasyieHHt0 Poccus 3aHnmaer 19—e mMecTo, IpUMEpPHO CTOJIBKO XK€ CTaTel
umeroT addunmnanuio ¢ ucciuenoparensckuMu  neHTpamu llombum, [lopryramum, IlBeiinapumu,

Cunranypa

3a mocneaaue 20 et (1994-2014 rr.) B mupe BbiiaH 16871 naTeHT, CBS3aHHBIN C TEXHOJIOTHSIMHU

Npon3BOACTBA WU NPUMCHCHHSA KOMIIO3UIIMOHHBIX, HUCPAPXUUYCCKHUX» MATCPUAIIOB. Ananmusz JWHaAMHKHN
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MMaTeHTHOW aKTUBHOCTH B OOJIACTH «KOMITO3UTHI, HEPAPXHUUCCKHE MATEPUAIIBD) OOHAPYKUIT TTPAKTHICCKH
SKCHOHEHIManbHbIN ee pocT B nepuod ¢ 2000 mo 2007 1r., mociie 4ero pocT 3aMeUINIICs, a, HauuHas ¢
2010 r., HamMeTHIacCh TEHJICHIIMS K HEKOTOPOMY COKDAIICHUIO YHMCJIa €XKErOJHO BBIAABAEMBIX B MHUpPE

[ATEHTOB B JAHHOMW TEXHUYECKOH 00JIACTH, XOTS MaTeHTHAass aKTHBHOCTh OCTAETCS JOCTATOYHO BBICOKOM
(Pucynoxk 35).

Ristributinn of seacch resuits iy Publication vaacs

Dbt wtion ywars

Ouwated 2014

PI/ICYHOK 35 - Z[I/IHaMI/IKa O6H_[CMI/IpOBOI‘O KOJIMYECCTBA MMATCHTOB IO HAIIPABJICHHUIO ((KOMHOSI/ITLI,

«epapxudeckuey Matepuansl» (manasie Orbit Ha 16.09.2014 1.)

Jlmgepamu maTeHTOBaHUSA B JaHHOW TexHuuyeckod obOmactu seistorcs CIHIA (4809 mareHTOB),

SAnonus (2959 narentoB) u Kuraii (2227 nateHTOB).

Cpenn Bemynmx HaTeHTOOONIQAATe MpeoOiafaloT KpymHble komMnaHuu u3 ['epmanuu, ®pannuu,

CHIA n gp. B Tpoliky nmaepoB IO KOJMYECTBY MATEHTOB BOLICN TAKKE MCCIEAOBATEIBCKANW LIEHTP
Nuum (

Tabauma 19).

Tabmuua 19 — Ton-10 mnartenTooOnamateneld B 00JACTH KOMITO3UIIMOHHBIX U «HEPAPXUUYECKUX)

marepuanoB (nanusie Orbit Ha 16.09.2014 1.)

[TaterTooOmanarenn KomuuyecTBo maTeHTOB
1. AIRBUS 169
2. BASF 152

3. COUNCIL OF SCIENTIFIC & INDUSTRIAL
RESEARCH 132
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4. GENERAL ELECTRIC 131
S. DU PONT DE NEMOURS 106
6. SNECMA 106
7. US DEPARTMENT OF ENERGY 101
8. TORAY INDUSTRIES 100
9. JFE STEEL 93

10.  HYUNDAI MOTOR 88

3a wuccnenyemblii mepuon B Poccum Ha TeXHWYECKUE peIIeHUs, OTHOCAIMECS K 00JIacTh
«KOMITO3HUTHI, «HEpaApXUUECKUE» MaTepHaibl», BbIAaHO 1630 maTeHTOB, U3 KOTOPHIX - 316 pesunmeHTam

P® u 1314 (80,61%) — 3apyOeXxHBIM 3asBUTEINISM.

Jlonst maTteHTOB C POCCHHWCKUM MNpHOpPUTETOM cocTaBiseT 1,87% oT o0memMupoBOro maccuBa
nateHToB. C 3TUM moka3zareneM Poccus 3anuMaer 11-oe MecTo B MUpE, OJIHAKO pa3pbiB CO CTpPAaHAMH-
muaepamu - CIIA, Anonus, Kurtaii - Becbma cymectBeHeH. Tak ot CHIA Poccus orcraer B 15 pas, ot
SAnonun — B 9 paz, or Kuras — B 7 pa3. Tem He MeHee, cIeyeT OTMETHTD, YTO IO KOJUYECTBY TATCHTOB
HAI[MOHAJBHBIX 3asBUTENed Poccusi HaxogWTcs Ha OJHOM YPOBHE C TaKMMH CTaHAMH  Kak
Benuko6purtanus (391) u TaiiBans (379). 3a npenenst PO Boinuu 44 nareHTa pe3uIeHTOB, U3 KOTOPHIX 9

OTHOCATCA K TPUAAHDBIM.

4.7 Jlerkne criiaBbl JJIsL aBHaHHOHHOﬁ 1 aBTOMOOHIILHOM MMPOMBIIIUICHHOCTH
3a nmepuon ¢ 2000 r. mo centsaOps 2014 r. B WOS npounzaekcupoBano 2395 myOnukamuii,

IOCBANICHHBIX JICTKMM CIlJIaBaM JIJId aBHaHHOHHOﬁ U aBTOMOOWJILHOM IMPOMBITIIUICHHOCTH. Anamm3
JUHaAMHKHU Hy6HI/IKaI_II/IOHHOI71 AKTUBHOCTU CBUACTCIBLCTBYCT O CTaOUIIEHOM HapaCTaHUU MHTCHCUBHOCTH

uccrnenpoBanuii 3a mepuox ¢ 2000 mo 2012 rr. (Pucynok 36).

MUP Poccus
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Pucynok 36 - J/luHamuka oOIIEro KOJIMYECTBA MYOJIMKAMK B MUpe M B PoccrH, CBSI3aHHBIX C JICTKUMH

CIUTABaMU JIJIsl aBHa- ¥ aBTOMOOMIJIbHOM npomblimieHHOCTH, 2000-2014 rr. (manasie WOS Ha 04.09.2014)
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Jlunepamu mo mo5ie B OOIMIEMHPOBOM MYOJMKAITMOHHOM IOTOKE, OTPAKAIOIIEM HCCIIEIOBAHUS T10
JIETKUM CILJIaBaM JJIsl aBUAIMOHHOW M aBTOMOOMIIbHOM mipoMbitmieHHOCTH B WOS, siBisitorest EBpocoro3 u
CHIA — Ha uX A0 MPUXOTUTCA TOJIOBHMHA crared. [lyOmMKanmOHHBIA PEHTHHT OTICIBHBIX CTpaH
BosraBisitor CIIA (17,7%). Tawke B TOoI 5 cTpaH-1MIepOB MO KOJUYECTBY MyOnmkanuii Bouwm Kuraii

(12,5%), I'epmanus (9%), SAnonus (7,4%), 0. Kopes (6%).

Honst Poccuun B 00memMupoBoM o0beMe yOJIMKAIIHi, TporHekcupoBaHHbIX B WoS 3a 2000-2014
IT., cocraBisier 1,71%. Beero 41 crates B WOS umeer addunuanuio ¢ PO, npuuem 32% Hanucanbl

MCKAYHAPOAHBIM aBTOPCKUM KOJIJICKTHBOM.

B O6H_IGMI/IpOBOM peﬁTHHl"e HY6J'II/IK3HI/IOHHOI\/'I AKTUBHOCTH II0 JAHHOMY HaIIPaBJICHUTO Poccus

3aHUMaeT 17-oe MecTo, nMes okaszarenu, conocraBumslie ¢ [lonpiuei, Apctpanueit u [lopryranueit.

3a mocnemnue 20 ner (1994-2014 r1r.) B mMupe Obl1o BbIIAaHO 544 TaTeHTa, CBS3aHHBIX C
TCXHOJIOTHUAMHA CO3MaHUA U U3YUCHUSA JICTKUX CIIJIaBOB. I[I/IHaMI/IKa IIaTCHTOBAHUA 3a paCCManI/IBaeMbH‘/Jl
MEPHUO TOBOPHUT O CTAOMIIBHOM, XOTSl U HE3HAYUTEIIbHOM POCTE NATCHTHON aKTUBHOCTH TI0 JJAHHOW TeMe

B Mupe 3a nepuoj ¢ 2000 o 2009 rr. ¢ Tpemst Berieckamu B 2003, 2005 u 2007 rr. (Pucynok 37).

Diaarfutiee ul smerih ressits by Pidicnise years

Ounntel 204

PI/ICYHOK 37 - Z[I/IHaMI/IKa O6H_ICMI/IpOBOFO KOJIMYCCTBA MMAaTCHTOB, CBA3AaHHLIX C JICTKUMMU CIIJIaBaMH AJIA

aBMa- U aBTOMOOMJIBHON mpoMbItimieHHOCTH (manubie Orbit Ha 11.09.2014 1.)

B uncno tomn-10 marenToobnagareneil He BOIIET HA OJWH MCCIIEI0BATENIbCKUNM IEHTP Mupa. JlecsTs
BEPXHUX MO3UMLMI pPEUTHHIa 3aHUMAlOT NpoMblivieHHble kommaHuu Snonun, CIIA u I'epmanum,
®paniuu u Kanager (Tabmuma 20).

Tabmnuma 20 — Ton-10 matenTooOManaTeNne B 00JaCTH C JIETKUX CIIABOB JIUIS aBUa- U aBTOMOOHMJILHOM

npomsinuiennoctr, 2000-2014 rr. (manasie Orbit na 11.09.2014 r.)

Opranuzanus KomnuecTBo maTeHTOB
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1. ALERIS ALUMINUM KOBLENZ 21
2. DAIMLER 17
3. ALCOA 16
4. CONSTELLIUM FRANCE 13
5. HITACHI 11
6. ALCAN 11
7. TOSHIBA 9
8. CORUS ALUMINIUM WALZPRODUKTE 9
9. TDK 8
10. PECHINEY RHENALU 8

AHanu3 TMaTeHTHONW aKTMBHOCTH POCCHMCKUX H300peTarenell CBUJACTEILCTBYET O BecChMa
CKpoMHOM mo3uninu Poccun cpenu crpaH, AenaronyXx CTaBKy Ha pa3BUTHE TAaHHOW TEXHUUYECKOW 00JIacTH.
3a uccrnenyembiii mepuoa B PD Obuto BeimaHo 46 maTeHTOB, MpUYEM Bcero 12 M3 HHUX 3asBUTEISIM-

pesunentam u 34 (73,91%)— 3apyOeKHBIM 3aBUTEIISIM.

Jlonss mateHToB € POCCHIICKMM MpHOpUTETOM cocTaBiseT 2% ot obmemupoBoro. C 3Ttum
nokasarenem Poccus 3anumaer 9-oe MecTo B MUpE, OJHAKO Pa3pbiB CO CTpaHaMmH-iujaepamu (Snonus,
CHIA, T'epmanust u Kwurail), Ha gom0 KoTopbix npuxoautcs Oonee 90% Bcex BBIAAHHBIX B MHpE
MaTeHTOB, BECbMa CYIIECTBEHEH. 3a mpeaensl PO BwiIDM TOJNBKO 4 MaTE€HTa PE3UIACHTOB, OJUH U3

KOTOPBIX OTHOCHUTCA K TPHAAHBIM.

4.8 TlopomkoBass METALTYprusi U HOBbIE CIIIaBbI
3a mepuon ¢ 2000 r. mo centsiOpp 2014 r. B WOS mpoumnzaekcupoBaHo 5825 myOnuKaiuii,
MOCBSILEHHBIX MOPOIIKOBOM METANTypIrid M HOBBIM CILIaBaM. AHajIM3 JUHAMHKH MYOJUKAIlMOHHOMN

AKTUBHOCTHU CBHACTCIILCTBYCT O CcTaOMJIILHOM HapaCTaHWU HHTCHCHBHOCTHU I/ICCJ'IGI[OBaHI/Iﬁ 3a nepuona €

2000 o 2014 rr. (Pucynok 38).

MUP Poccusg
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Pucynok 38 - /lunamumka oOrmiero konmdecrBa myosukanmuid B WOS 1o mopomkoBOd MeTaLTypruvl U

HOBBIM CcIUTaBaM B Mupe u B Poccun, 2000-2014 rr. (nanasie WO0S Ha 08.09.2014 1.)

Jlupepamu 1o yAgenpHOMY ~Becy B OOIIEMHPOBOM  NYOJMKAIlMOHHOM  IIOTOKE,
npounaekcupoanHoM B WO0S, smistorcs EBpocoro3 u Kuraii, Ha Hux mpuxogutcs 35,3% u 16,5%
COOTBETCTBEHHO OT 001ero konuuectBa nmyonukanuii. lanee uayr CIIA c¢ 11% mybnukanuit, u Anonus

¢ 8,8%.

Hons Poccuun B 00meMupoBoM 00beMe ITyOTHKAINE, TPOMHISKCHPOBAaHHBIX B WoS 3a 2000-2014
IT., SIBJIIETCS HE3HAuuTeNbHOH W coctaBiser 2,03%. M3 118 crarelt, umeronmx addunmanuio ¢ PD,
34,8% wHamucaHbl MEXIYHAPOJHBIM aBTOPCKUM KOJUIGKTUBOM. B 0OIEMHUPOBOM pEUTHHIE MO
MyOJNIMKAIIMOHHOW aKTHBHOCTH MO JaHHOMY HampaBlieHHWio Poccus 3aHmmaer 16-e mecto, MpUMEpPHO
CTOJIBKO JK€ CcTaTell uMeroT adpuiamanuio ¢ HccienoBaTenbCckuMu meHTpamu Cunramypa, TaiiBanu u

ABcTpanuu.

JluHaMHMKa TIaTeHTHOW AaKTUBHOCTH CBUJCTEIBCTBYET O CTaOWJIBHOH BOCTPEOOBAHHOCTH U
MPOJOJDKAIOIMXCS MOUCKAX HOBBIX TEXHOJOTMYECKUX PEIICHUM ISl MOPOUIKOBOM METaUIypruu u
CIIJIABOB: KOJIMYECTBO €XKETOJIHO 3apEerMCTPUPOBAHHBIX MATEHTOB 3a mociieqHue 10 yer aepxutcs Ha
oTMeTKe okoJio 700 maTeHTHBIX JOKyMEHTOB B roj. Beero 3a mocneanue apaamnats jet (1994-2014 rr.) B
Mupe ObUTO BBITAaHO 8532 mareHTa, CBSI3AHHBIX C MOPOIIKOBOW METAJTYpIHEe W HOBBIMHU CIIJIaBaMU

(Pucynox 39).
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Pucynok 39 - /lunamrka 00meMHpOBOTO KOJMYECTBA IMATEHTOB, CBSA3aHHBIX C TIOPOIIKOBOM

MeTaJTypruei u HoBbIMU citaBaMu (nanubie Orbit Ha 16.09.2014 r.)

B uncno kpynHeidnmx nmareHTooOMaaaTeneil B 001aCTH MOPOIIKOBOM METAILTYPTUM ¥ HOBBIX CILNIABOB

BOIIUTH MPOMBIIIUICHHbIC KOMITaHUU SInonunu, Benukoobputanuu, ['epmanuu u np. (Tabmuna 21).

Tabmmma 21 — PeHTHHT KpymHEHIMX MateHTooONanaTesieii B 00JIacTH TMOPOIIKOBON METaUTypruu U

HOBBIX cI1aBoB (HanHbie Orbit Ha 20.09.2014 1.)

[TatenToobnanarens KonnuecTBo nateHTOB
MITSUBISHI MATERIALS 153
PANASONIC 104
HOEGANAES 100
HC STARCK 96
SEIKO EPSON 92
JFE STEEL 88
KAWASAKI STEEL 85
SUMITOMO ELECTRIC INDUSTRIES 82
HITACHI METALS 74
KOBE STEEL 73

3a uccnenyembli mepuon B Poccum Obun Bbiman 408 mareHt, mpudeMm Bcero 195 u3 Hux

poccuiickum 3asButensm, a 210 (51,47%)— 3zapyOexHbIM 3asBUTENAM. {07 MaTeHTOB ¢ POCCHMCKUM

MPHOPUTETOM COCTaBIIsIET 2,28% OT 00ImEeMHUpPOBOro KojrmdecTBa mateHToB. C 3THM mokaszareneM Poccus

3aHUMaeT 6-€ MeCTO B MHUpE, OJJTHAKO Pa3pbiB co cTpaHamu-iujepamu (Anonus, Kurait, CIIA, FOxnas

Kopest u I'epmanus), Ha 10710 KOTOPBIX mpuxoautcs: 6onee 90% Bcex BBIJAHHBIX B MHPE MMaTEHTOB IO
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MPUOPUTETY, BEChbMA CYIIECTBEHEH. 3a mpejaesibl PO BbIIDIM TOJBKO 7 NMATEHTOB PE3UJICHTOB, OJUH U3

KOTOPBIX OTHOCATCA K TPUAAHBIM HATCHTHBIM CCMbSM.

4.9 O6cyxaeHne pe3ynbTaToB

Pe3ynbraThl  BBIMOJHEHHOTO  aHajdW3a  IOKAa3bIBAIOT, YTO BCE IMPOAHAIN3UPOBAHHBIC
TEXHOJOTUYECKUE  HAINpaBJICHUS  SIBISAIOTCS  JAWHAMAYHO  PAa3BUBAIONMUCS,  IPOMBIIUICHHO
NPUMEHUMBIMH, B paMKaxX KOTOPBIX Ha MPOTSDKEHHH TOCIEIHEro IECSATUIIETUS COXPAHSETCS BBICOKAs

HCCIICA0BATCIbCKAA U MHKCHCPHAA aKTUBHOCTD.

BmecTte ¢ TeM Ba)XHO OTMETUTbH, YTO Pa3BUTHE JIAHHBIX TEXHOJIOTUYECKMX HAIIPABICHUN YXKe
BBIIUIO 32 PAMKH YHHBEPCHUTETCKUX J1a00paTOpuil MUpa U MOIYYUIIO HOBBIM MUMITYJbC pa3BuTus B R&D-
MOJIpa3eNIeHUs X KPYMHBIX MPOMBIIUIEHHBIX KOMIaHUW. B yncno Beaynmx mareHTooOnajzarenei mo
KaXX/IOMy aHaJIM3UPYyEMOMY HAIIPABJICHUIO BXOJAT B OCHOBHOM KPYIIHbIE HHAYCTPUAIIbHBIC KOMIIAaHUH, HA

JOJIFO KOTOPBIX IMMPUXOAUTCA 10 50% IaTCHTOB, BbIJIAHHBIX B MHUPC.

[TyOnukanmoHHasi U aTeHTHAsl aKTHBHOCTh MCCIIE0BATENbCKUX IIEHTPOB U KoMmaHuit Poccuu, k
COKaJICHWIO, HE TIO3BOJISIET TOBOPUTH O HAJIWYAM KOHKYPEHTOCIIOCOOHBIX 3a€lIOB, KOTOpHIE B
KPaTKOCPOUYHOU IIEPCIEKTUBE IO3BOJIAT CTPAHE 3aHATH JIMJAUPYIOLME IMO3ULHUHU 10 IPOMBIIUIEHHOMY
MPOM3BOJICTBY B 0O0JACTSX, SBIAIOMMXCS MPEIMETOM BBIMOJHEHHOTO aHaIM3a. TakK JOJIS POCCHUUCKHUX
MyONUKAlUM, MPOUHIACKCUPOBAaHHBIX B WO0OS, TOCBSIIEHHBIX HCIOIB30BAHUIO HWH(OPMAIIMOHHBIX
TEXHOJIOTUH JIJIsl YIIPABJICHUS MPOU3BOACTBEHHBIM ITUKIOM, cocTaBiseT Bcero 0,07% oT oOmeMupoBoii.
Haﬂnyqumﬁ ITOKa3aTC/Ib Honyqu JUTA HaHpaBJIeHI/IH «HOpOH_IKOBaSI MeTaJIJIypI‘I/ISI 1 HOBBIC CILJIaBbI», HO

U OH COCTaBJIsIeT 4yTh Oosee 2%.

Kputnuueckn HU3KOW SBJSIETCA W IO MATEHTOB, MOMY4EHHBIX pe3uaeHTamMu Pd, sanmimarommx
TEXHUYECKUE PEIICHUS I HOBBIX MPOU3BOACTBEHHBIX TeXHOJIOTHI. OCOOCHHO HU3KA JIOJIS MTATCHTOB C
npuoputeroMm Poccuu B obnactu aamutuBHOro npousBozactBa (0,14%) um HampaBIeHHOW YCKOPEHHOM
pa3paboTKu HOBBIX MAaTEPUAJIOB C 33JJaHHBIMU CBOWCTBaMHU C UCIIOJIb30BAaHUEM KOMITBIOTEPHOTO J3aiiHa

Ha OCHOBE TeopeTHdeckux Mojene u 6a3 nanubix (0,30%).

OOparmaer Ha cebs BHUMaHKNE U HEMPOIOPIIMOHAIBHO BBICOKAsH J0JISI MHOCTPAHHBIX 3asiBUTETICH B
o0memM o0beMe MaTeHTOB, 3apETHCTPUPOBAHHBIX Ha Tepputopu PD, cocraBisiomas mo OONBIIMHCTBY
texHoiorud Oomee 50%. Tax 89% marentoB P@, 3akpbIBalONMX pelmIeHUsS IO aITUTHBHBIM
IPOM3BOJICTBAM Ha TeppuTOopuu Poccuu, mpuHAUIEKUT HHOCTPAHHBIM 3asBUTEIISIM, TJIaBHBIM 00pazoM,
komrnaHusM. Eme Oosee omacHas Jisl TEXHOJNOTUYECKUX WHTepecoB PD cuTyanus CKIaipIBaeTCs B

obnactu ((KOMHLIOTepHLIﬁ HH3aﬁH C HCIIOJIb3OBAHHUECM TCOPCTUYCCKHUX MoOJIeNIel U 0a3 JaHHBIX IJIsA
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HaIlpaBJIECHHOIN YCKOPEHHOW pa3pabOTKU HOBBIX MaTepPHANIOB € 33JJaHHBIMU CBOWCTBaMM», B KOTopoit 94%

POCCHIICKMX TTATEHTOB BbIJIAHBI Hepe3ueHTaM ctpanbl (Tabmuia 22).

B uncino crpaH - TEXHOJNOTMYECKUX JPaWBEPOB BCEX PACCMOTPEHHBIX IEPCIEKTUBHBIX
TEXHOJIOTU BXOIAT Bcero uetsipe crpanbl mupa: CIIA, Snonuns, Kurait u HOxnas Kopes. Ha ux gomnro
MNPUXOJUTCS HauOOJNblLIEE KOJIMYECTBO IMATEHTOB, a TAKKE TPUAJHBIX MATEHTHBIX ceMmel. HekoTopyro

KOHKYPEHIIUIO UM MOTYT cocTaBUTh ['epmanus, @pannus, ['omutanaus, TaiiBaHs.

Texnonornueckue paspabotkn P® BpIAAAT Ha QoHE JUIEPOB IOKA OYEHb CKPOMHBIMH.
Bonbllyto TpeBOTy BBI3BIBAIOT HE CTOJIBKO HU3KHME MOKA3aTeNM JOJM HAIlMOHAIbHBIX MMYOJIMKAlUNd U
MATEHTOB (YTO MOXKET ObITh CBA3aHO, B IEPBYIO OYEPE/Ib, C HU3KMM YPOBHEM MX HHTEPHALMOHAIN3ALINUH),
CKOJIBKO OTCYTCTBUE OTE€YECTBEHHBIX TEXHOJOTUYECKUX IPANBEPOB B JIUIE MPOMBIIUICHHBIX KOMIIAHUU
(B ToM umcie - c rocydactueM). PeHTHMHIHW mnateHTOooONanareneil BO3MVIABIISIIOT WH)KUHUPUHTOBBIE
KoMITaHWU, Manble U cpennue npeanpustus, HUM PAH, Bemynme ynuBepcutersl Poccun, HO He

KPYIIHBIC IPOMBINIUICHHBIC KOMITAHUH.
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Tabmuma 22 - Ilokazarenu pa3BUTHS MEPCIEKTUBHBIX MPOM3BOACTBEHHBIX TexHOMOTH B Poccum,

naTeHTHOro aHanu3a (manueie WOS 3a nepuosa 2000-2014 rr., Orbit 3a meproa 1994-2014 1.

ITOJIYYCHHEIC

M0 pe3yabTaTaM HayKOMETPHYECKOTO U

CTp AHBI-TCXHOJIOTUYCCKUEC

Tost HATCHTOB c Kosmuectso JACPEL HAlIpaBJICHUA
. Homns MMaTeHTOB,
POCCUICKMM TMPUOPHUTETOM, TPHAHBIX
BBIJIAHHBIX HHOCTPaHHBIM

IepcriekTHBHAS MPOU3BOJICTBCHHAS TEXHOJIOTHS BBIIAHHBIX B  P®, B MaTeHTOB c

00I1IEMHPOBOM Maccupe | oPHTGAM B 06mewm MPUOPHUTETOM

. P o0beme mateHToB PD % PHOP

Orbit, % PD
IIpomBIIUIeHHAs ¥ CEpBUCHAST POOOTOTEXHUKA 2,83 28,23 1 Snonus, CIIA, Kurait
[TopomikoBast MeTaJuTyprusi ¥ HOBBIE CIUIABbI 2,28 51,47 1 Snonus, Kurait, CIIA, IOxnas

Kopes, I'epmanus
Jlerkuie crulaBel I aBUAMOHHOW W aBToMOOMibHOU | 2,00 73,90 1 SAnonus, CIIA, TI'epmanus,
MPOMBIIUICHHOCTA Kuraii
Komno3utsl, «uepapxuyeckue) MaTepHabl 1,87 80,61 9 @pannusa, Tepmanms, ClIA,
SAnonws, Kutait

Kommerotepusie  TexHonormu s MonenupoBanus  u | 0,81 47,88 0 CIOA, Snonus, Kutaii, FOxHas
IIPOU3BOJCTBA M3JEIUH Kopes
HNudopmanuonnsie TEXHOJIOTHH UIA ynpagienus | 0,58 80,00 0 CIIA, Snouus, Kutait, IOxnas
MPOU3BOICTBEHHBIM [UKIOM Kopes
KommbroTepHblil au3aiiH s pa3padotku HOBbIX Matepuainos | 0.30 94,00 0 Kurait, CIIA, Snonus, HOxHas
C 3aJJaHHBIMHU CBOMCTBAMH Kopes
AUIMTHBHOE TPOU3BOJICTBO 0,14 89,31 0 IOxnas Kopes, Snonus, CHIA,

Kurait
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4.10 OrpannueHMsI HAYKOMETPUUECKOTO aHaIM3a

IIpoBencHHBIN aHaNW3 HAIPaBICHUM Pa3BUTUs HOBBIX NIPOU3BOACTBEHHBIX TEXHOJIOIUHI
Ha OCHOBE OMOIMOMETPUYECKOr0 M MAaTEHTHOIO aHaJIM3a CBUAETENIBLCTBYET O TOM, YTO JAHHbIE
METO/IbI TIO3BOJISIOT OCTPOUTH OOIIyI0 KapTHHY Pa3BUTHS HA YpOBHE 00JacTed, B TOM YUCIIE B
TUHAMHKe, HO IIpU Tepexoe Ha Oojiee NeTalbHbI ypOBEHb OTAEIbHBIX OpraHu3anuil (1 TeMm
OoJiee y4eHBIX) MOTYT J1aBaTh cO0M. B wacTHOCTH, BRIOOpOYHAsI IPOBEPKA CAUTOB OpTraHU3aIi -
JUACPOB IO 4YMCIy MATEHTOB IIOKa3ajla, YTO B PsIE CIy4aeB B UYUCIEC BEAYLIMX POCCHUICKUX
OpraHu3aluil IMoNajgyd KOMIIAaHUHM, UMEIOIMX BECbMa KOCBEHHOE OTHOIIEHHE K HCCIIETYeMOM
HaydyHoH Temaruke (Hampumep, OOO «Haiika-HH» k Temartrke pa3pabOTKd HOBBIX MaTEPHAIOB
C 3aJaHHBIMM CBOMCTBAMHU C HCIIOJIb30BAaHMEM KOMIIBIOTEpPHOIO aM3aiiHa). B To ke Bpems
W3BECTHBIE UM Ha3bIBa€Mble DKCIIEPTAMH OpraHU3alUMU-JINJEPbl HE BCErNa OKAa3bIBAKOTCS

TAaKOBBIMH 10 UTOTAM OMOJIMOMETPUYECKOTO aHAIN3A.

3HAUMTEIbHBIM OTPaHUYEHHUEM JJIs aHaIu3a OMOIMOMETPUYECKUX TAaHHBIX ABIISETCS TOT
¢akT, 4TO poccuiickas Hayka HMCTOPHYECKH JOCTaTOYHO ciIab0 MHTETPUPOBaHA B MHPOBYIO
HayKy, YTO, B YaCTHOCTHU, IIPOSABIISETCS B KpallHE HU3KOM KOJIMYECTBE POCCUMCKUX MyOIHUKALIUIl

B MEXXIYHAPOJHBIX KypHaiax, HHAekcupyembix WOoS.

CormocTaBJisist pe3ylibTaThl aHaIM3a MEXITyHapoaHOoW 0a3bl maHHbIX WOS U poccuiickoit
6a3el qanHbIX PYHL], MOKHO OTMETHTH psifl CYIICCTBEHHBIX paznuduii. Tak, eciu HampaBJICHUS
KOMITO3UTOB M POOOTOTEXHUKM B O0OMX 0a3ax JaHHBIX HAOWpaAIOT HauOOJblee KOJIUYECTBO
nyonuKaluui, To goss nmyonukanuil (B obmeMm koiudectse no HampasieHusMm HIIT) mo nerkum
craBaM cymectBeHHO Bbiie B PUHIL, uyTo oTpakaer 0oJibllyi0 BHYTPEHHIOIO HAIPaBIEHHOCTh
JAHHOTO HAaIlpaBJICHUs Pa3BUTHS UCCIIEN0BAHUI, UTO, IO-BUIUMOMY, CBS3aHO C €€ OpUEHTalUEN

HpeX/Ie BCero Ha 000POHHBIC MIIM JIBOMHBIC TeXHOIO0TMH B aBuanuu (Pucynoxk 40).

HaoGopor, B o00nactu KOMIBIOTEPHOIO JH3aifHa MarepuaioB M aAJAUTUBHOIO
IMpon3BOACTBA OOJIA Hy6JII/IKaIII/If/'I B MHPOBBIX JXypHajlaX BbIIIC, YCM B pOCCI/If/'ICKI/IX, 4qTO, II0-
BUJMMOMY, CBSI3aHO C OTHOCUTEIBHOM HOBHU3HOM JIaHHBIX HANpAaBIEHUM U IOTOMY
npeoOiaganueM (QyHJAaMEHTalIbHOW CTaJuM HCCIENOBAaHUM M pa3pabOTOK, pe3yabTaThbl IO

KOTOpOﬁ MMpUHATO HY6J'II/IKOBaTB B MCIKAYHAPOAHBIX U3JaHUAX.

HeobxomuMo Takke OTMETUTh, YTO €CIAM B JHAEpPax IO OUOIMOMETPHYECKUM
nokazareiasM 1o 0aze maHHbeIXx WOS ¢urypupyer mMHOro WHCTHTYTOB PAH, TO Mo JaHHBIM

PUHII BepxHUE CTPOKU CIIMCKOB COCTABJISIFOT YHUBEPCUTETHI.
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Pucynoxk 40 — KonmyectBo mybnukanuii mo temarukam HTIT 8 PUHI] 3a nmepuox 1991-2014 rr.
(nmeBwrii rpaduk) u WoS 3a nepuog 2000-2014 rr. (mpaBbiii rpadux)

[louck mo ©6a3e nanubix PUHI] Tamke 3agacTyl0o BbIAA€T BECbMa HEOXHUIAHHBIE
pe3ynbTaThl. JTO CBSI3aHO C TeM, 4YTO 0a3a JaHHBIX HAXOAUTCS Ha HdTarle CTAaHOBJIICHUS, PAL
OpTraHW3allMii aKTUBHO WCIOJB3YeT €€ U TOMOJHIET (KOPPEKTHUPYeT) HWHGPOPMAIUIO O
NyONMKAIUsIX CBOMX COTPYIHHMKOB, Apyrue — Ooyiee maccUBHBI. B pe3ynbTare BO3HHUKIU
nepexkockl, U B PHHI[ MoXHO HalTH HEMano BTOPOCTENEHHBIX MNYOIHKAIIMA HaApPsITy C
OTCYTCTBHEM KIIOYEBBIX MO TEM WU HWHBIM HAMpPaBICHUSIM HAyYHO-TEXHOJIOTHUYECKOTO
pasButus. IIpobGiaemsr PUHI[ mocrossHHO o0O0CYyXmarOTCs B HAy4HOM COOOIECTBEe, Oasza
COBEPILIEHCTBYETCS,, HO IIOKA OHAa HE MOXKET pPAcCMaTpUBAThCS B KAyeCTBE IIOJIHOLIEHHOIO

HMCTOYHHUKA JJOCTOBEPHOM OMOIMOMETpriYecKor nHGOpMAaIUH.
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5. 3aKJroucHue
Ananu3 HampaBicHWH, (QopMHpYIONMX OOJUK HOBBIX IPOM3BOJCTBEHHBIX

TEXHOJIOTUH, a HMMEHHO - TEPCIEeKTUBHBIX TEXHOJOTHH OpraHu3allud W YIpaBJICHUS
MPOU3BOJICTBOM, KOMITBIOTEPHBIX TEXHOJOTUW [UII MOJETUPOBAHHS W TPOU3BOJICTBA
U3JIeNUi, aAIuTUBHOTO MPOU3BOACTBA, MPOMBINIICHHON M CEPBUCHON POOOTOTEXHUKH, a

TaloKe HOBBIX MAaTEPHUAJIOB, TOKA3aj, YTO HApSIy ¢ OONMMH, CBS3aHHBIMA B OCHOBHOM C

HOBBIMHU aCIEKTaMH HCIONIB30BaHUS WH(POPMAIIMOHHBIX TEXHOJOTHH, 3aJadyaMu, eCTh U

crenuduUecKkre I KaKI0ro HanpaieHus. [Ipu 3ToM MHOTHE TEXHOJIOTUH B3aUMOCBSI3aHbI

U 2TO 0O0yclnaBiIMBaeT HEOOXOJUMOCTh HUX OJHOBPEMEHHOTO pa3BUTHUS (HAmpHUMeEp,

MaTepHUaIOB JJIsl aTATUBHOTO MTPOU3BOJICTBA, KOMITBIOTEPHBIX TEXHOJIOTHH ISl YITPABJICHU S

JKU3HEHHBIM LHUKIOM u3Aenuil u ap.). EcTb u HekoTopbie oOume (hakTopsl, BIAHUSIONIE Ha

Bo3MokHOcTH pasButus HIIT B crpane - B OCHOBHOM Kacaroumecs OOINETO YPOBHS

MPOMBIITIEHHOTO  MPOU3BOACTBA, COCTOSHMS HAaydyHbIX HCCIEIOBaHUM, a TaKke

TOCY/IapCTBEHHOTO PETYIUPOBaHUs U OM3HEC-KIMMaTa — 4TO BJIHMSET Ha Bce 0e3 HCKITI0UEHUS

cermenTsl HIIT.

HccnenoBanre MO3BOIMIIO BBISIBUTH CIEAYIOIIME OCOOCHHOCTH Pa3BUTHUSI OTJEIBHBIX
obmnacreit HIIT:

1. B oGmactu pa3BUTHS mexHOI02UL OpeAHU3AYUL U YIPABIEHUS NPOU3BOOCM80M BCe Ooiee
YCHJIMBAETCS MPOLIECC PA3JCICHUS <BEUICCTBEHHOW» U <«MHTEJUICKTYAIBHON» YacTei
npousBozacTBa. [Ipoucxogut odopmiieHHE «MHTEIJIEKTYalbHOW YacTH» MPOU3BOJICTBA
KaK CaMOCTOSITeIIbHOW MOAOTPACTH — CO3JaHue, MOJACPHU3ALHS U T.J. MHPOPMAITHOHHON
MoJenu Tpoaykra. Pacrer umMcno KoMmaHuwii, OW3HECOM KOTOPBIX CTaHOBSTCS
WH)KEHEPHBIC YCITYTH, U MOSBIISIOTCS HOBBIE OCOOCHHOCTH €T0 BEJCHUS: CTaHapTH3AIUSI
WH)KEHEPHBIX YCIYT, U KaK CIIEJICTBUE, «O(IIOPHBIE pa3pabOTKI», U CYIIECTBEHHBII pOCT
CTOMMOCTH («HMHTEIICKTYaIbHOW YacTW» MPOU3BOACTBA/MPOAYKTA IO OTHOIICHHIO K
«BEILECTBEHHOW.

«HTEeNNeKTyabHast YacTh» MPOJAyKTa MPOU3BOJCTBA — HWHQPOPMAIIMOHHAS MOJIETh
WHCTUTYaIH3UpyeTcs U Bce Ooniee CTaHOBUTCS ToBapoM. OHa HCIONB3YEeTCS HE TOJIBKO
JUISL  W3TOTOBJICHUSI TIPOAyKTa (HampuMep, Kak OCHOBA IS KOHCTPYKTOPCKO-
TEXHOJIOTUYECKON OpraHW3allid TPOU3BOJICTBA), HO TakkKe M CcepTU(HUKALIU
MPOAYKTOB M JAPYIUX Ieiei. «BermecTBeHHass 4acThy» MPOU3BOACTBA TAKKE MEHSIETCS: C
OJIHOM CTOPOHBI, IPOUCXOJUT CHELUAIA3AIUS IPOU3BOAUTENICH KOMIIOHEHTOB CIOXKHBIX
W3/IeTN/00BEKTOB/CUCTEM, C JPYIrOM CTOPOHBI, CaMH H3/CIINSI/00BEKTHI/CHCTEMBI BCE

OoJIbIlle CTAHOBATCS MPOJYKTaAMH HHTEIPALlMM CEPUHHO BBIMYCKAEMBIX KOMIIOHEHTOB

(v yeayr).
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2.

3.

4.

Hakonern, mnpoucxomut nanpHeumas robanu3amus. CTaHOBATCA TIOOATBHBIMH HE
TOJIBKO IIETIOYKH TOCTABIIMKOB, HO M TMPOIECC CO3JaHUs HOBOTO MpoIykTa. MecTo
Poccum B 91Ol cdepe moka CKPpOMHOE — €CTh EAMHUYHBIE OpraHu3aluu, TIJe
M CIIOJIB3YETCs TePEAOBhIE TOIXO0 Il K OPraHU3aINU TPOU3BO/ICTBA.

B obnactu KOMIIBIOTEPHBIX TEXHOJOTHH JUIsl MOAECTUPOBAHUS U MPOU3BOACTBA U3ICIUM
Poccusi umMeer CymeCTBEHHBIM MMOTEHUHMANT pPa3BUTHS, IOCKOJIBKY Yy POCCHUHUCKUX
KOMITAaHUH JIOCTaTOYHO BBICOKUU YpOBEHb KOMIIETEHIIM, B TOM YHCIIE OJlaroapsi OMbITY
paboThl B KauecCTBE MOCTABIIMKOB MPOTPAMMHBIX KOMIIOHEHT JUII MHUPOBBIX JHICPOB.
[Ipy sTOM B MHpe CHpOC Ha CPEACTBA IPOEKTUPOBAHUS CO CTOPOHBI HEOOJBIIMX
KOMITAaHWH, 3aHUMAIOIMXCS MPOU3BOACTBOM B OIPEIACICHHBIX HHINAX, CTAOMIBLHO
pacrer. OnHako B Poccum crnpoc Mamoro u cpeasnero oOmsHeca Ha mpoaykrsl CAD
HEOOMNBION, W  TPEUMYIIECTBEHHO KpPYIHBICE KOMITAHWU  3aHMHTEPECOBAaHBI B
ucnonb3oBannu CAD, HO oHU pabOTalOT B OCHOBHOM C 3apyO€KHBIMH KOMIAHUSIMU.
Baxxnoit Obima OBl TEepeOpUEHTANMS KPYIMHBIX KOMIAHUH Ha OTEYEeCTBEHHBIX
pa3pabOTYMKOB, UMEIOIIMX JOCTATOYHBIN MOTEHIIUAI JJIsl CO3aHUSI HOBBIX MTPOJIyKTOB.

B obGnactu pa3BUTHS MPOMBIIUIEHHON U CEpBUCHOU poboTOoTeXHMKH Poccust oTcTaer ot
MEepeIOBbIX HHAYCTPHAIBHBIX CTpaH MO CTENEHU HCIOIL30BAaHUS POOOTOTEXHUKU B
MPOMBITNINICHHOCTH, HECMOTpPS Ha HAIMYHAE HCCICIOBATEIBCKUX IIEHTPOB, HWMEIOIIAX
CYIIECTBEHHBIH HAy4YHO-TEXHUUYECKUH moTeHInan. CiaenyeT OTMETUTh, YTO paboTarolme
B 00JIaCTH POOOTOTEXHWKHA HAyIHBIC IICHTPHI, BY3bl W YAaCTHBIC KOMITAHHH MPOW3BOIST
TOJILKO OTJENbHbIE KOMITIOHEHTHI, TPEUMYIICCTBEHHO Ha YPOBHE CEPUMHBIX U
npeacepuitHbix 00pasnoB. Takas cUTyalusi B TO K€ BpeMs OTKPbIBAeT KaK MUHHMYM JIBE
BO3MOXXHOCTH.  Bo-TIepBBIX, HHU3KHI YpOBEHb pOOOTH3AIMH  OTCUYECTBEHHOTO
MPOU3BOACTBA MOXET CIYKHUTh (PAKTOPOM pPOCTa OTEUECTBEHHON pOOOTO-CTPOUTEIHHON
OTpaciid MPHU YCIOBHHU POCTa 00padaTHIBAIOIIMX CEKTOPOB 3KOHOMHUKH M, B YaCTHOCTH,
Tex oTpacied r1Ae Oyayr BocTpeboBaHbl  d(ekTuBHBIE (B TOM  4uCIe
sHeprod(hpeKTUBHBIE) CpeCTBA MPOM3BOJCTBA. BO-BTOPBIX, BHICOKHI YpPOBEHB CIIpoca
Ha TPOMBINUICHHBIX U CEPBUCHBIX POOOTOB B IMEPEAOBBIX CTpaHax J1aeT BO3MOXKHOCTb
OTEYECTBEHHBIM POOOTOCTPOUTENISIM BCTPOUTHCS B TIOOATBHBIE I[EMOYKA 32 CYET
NPEATIOKEHUS YHUKAIbHBIX, HOBATOPCKUX pEIIeHMH U TMPOAYKTOB (HaAmpumep,
TEXHUYECKOE 3pEeHUE, HABUTAIUS U YIIPABJICHHUE TPYIIIOBBIM ITOBEICHIUEM POOOTOB).

B o0mactu agiuTUBHOTO MPOM3BOJCTBA B MHUPE OCHOBHBIC YCHUJIMSI COCPEIOTOUEHBI Ha
pa3paboTKe TMPOIECCOB M MaTepuajoB, OOpalaeTcs Cepbe3HOe BHHMAaHHE Ha
HE0OXOIMMOCTh MpopaboTK HOpMaTUBHOM 0a3pl 1o BHenpenuto All Cepbesnbie

HpO6J'IeMBI ecTh B 00jlacTH IMOATOTOBKU KaJIpOB. HoBoe nokoseane HHXCHCPOB OOJIKHO
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5.

o0nanaTh HEOOXOJMMBIMU KOMIETEHIMAMU Jii paboThl C MPUHLMINAILHO HOBBIMU
mpoleccaMu KakK MPOEKTHPOBAHHS OOBEKTOB, CO3/IaBAEMBIX C MOMOIIBIO AJJIUTHBHBIX
TEXHOJIOTUH, TaK M HEMOCPEACTBEHHO TEXHOJOTWH (GopMooOpazoBaHUsi U KOHTPOJIS
aJJIMTUBHBIX MPOIECCOB.

B Poccuu ncnonb3oBaHMEM M BHEAPEHUEM TEXHOJIOTUM aJIM THBHOTO MPOU3BOJCTBA
MOKa 3aHUMAETCsl HEeOOJIbIIOE YHMCIIO MPOMBIIUIEHHBIX KOMIIAHUN M HCCIEI0BATEIBCKUX
LEHTPOB, U HEAOCTAaTOYHO KOMIIAHWM pacroiaraéT MOIIHOCTSMH JUIsi IPOM3BOJICTBA
(GyHKIIMOHATBHBIX KOMILICKTYIOIMX M3 MAaTepUalIOB C XOPOIIMMH SKCIUTyaTallHOHHBIMU
xapaktepucTukaMu. FEle MeHble TeX, KT0 CIOCOOEH MPOU3BOJIUTH 3THU JI€Talld B
MPOMBINTIEHHBIX Maciradax. Takas cUTyalus MPEIoI0KUTEIbHO CBSi3aHA C BBHICOKUM
YPOBHEM KamUTalbHBIX 3arpaT ans 3akynku All-oOopynoBaHusi BBICOKOTO Kiacca,
KOTOpOE€ K TOMY K€ TpeOyeT HaJM4Msi COOTBETCTBYIOIIMM OOpa3oM OOY4eHHOTO M
MOATOTOBJIEHHOTO TepcoHana. J[pyroii BasKHBIN (AKTOp CBSI3aH C TEM, YTO MOJTHOI[EHHOE
HCIIONIb30BaHue npeumyiects All B MpOMBINITIEHHOM TPOU3BOJICTBE BO3MOKHO TOJIBKO
MIPU BBICOKOM YPOBHE YIIPABJICHUS KU3HEHHBIM IUKIOM U3ACTUM.

B uncno wiroueBbIX (AKTOPOB, KOTOPHIM HEOOXOIUMMO YIEIUTh 0CO00€ BHUMAaHUE,
4TOOBl pacumpuTh npuMeHeHue All-TeXHOJIOrHil B POCCHUICKON MPOMBILIUIEHHOCTH,
BxoauT Hanuuue (1) uadpactpykrypst s All (Hanpumep, HHCTPYMEHTOB YIIPaBJICHUS
JKU3HEHHBIM ITUKIIOM MPOIYKIHH, CTAHIapPTOB U T. 11.), (2) KBaUPUIIMPOBAHHBIX Ka/IPOB,
(3) moctymuoro All-o6opynoBanusi BbICOKOTO Kitacca W (4) marepuanoB mnst All,
pa3paboTka KOTOPHIX caMa Io cebe SBISETCS CI0KHOW MEXIUCIUTIITMHAPHON 3a/1a4ei.

B Hacrosiiiee Bpemsi HauboJsee mepcreKTuBHBIM HampaBjieHrueM B Poccun MoxeT ObITh
pa3paboTKa MPOTPAaMMHBIX HHCTPYMEHTOB U cosfgaHue All-marepuanoB, B TOM 4uCie
METaJNIMYECKUX MTOPOIIKOB.

B o0macTi HOBBIX MaTepHANIOB CIIEAYET 0CO00 BBIACIUTH METALIMYECKHE TOPOIIKH IS
aJTUTUBHBIX TeXHONOTHH, PIM-TexHOoI0rMM 1 KOMITO3UIIMOHHBIE MAaTEPUATIBI.

OO0macTe MaTepuanoB Ui aJIMTUBHBIX TEXHOJIOTUN TOJIHKO HAYMHAET Pa3BUBATHCS U B
Hel, 0e3 COMHEHHUsI pa3BepHETCs OcCTpas KOHKypeHTHas OopnOa. Ilpum sTom kpaiine
aKTyaJlbHOW  OOJIaCTBIO  TEXHOJIOTMUECKOTO  Pa3BUTHUSI  CTAHOBHUTCS  pa3paboTKa
TEXHOJIOTUH TMONy4eHUS] M OO0pabOTKU METAUIMYECKHX MOPOLIKOB, MPUMEHSEMBIX IS
HanboJs1ee BEICOKOTEXHOJIOTHYHBIX MPUJIOKEHUN aITATUBHBIX TEXHOJIOTHH.
IlepciekTuBHOCTS M HMHTEHCUBHOE paszButhe PIM-texHonmoruit omnpeznensercs B
3HAQUUTEIIbHOW CTEMEHW BO3MOXHOCTSMH  ONTUMH3AIMK  KOHCTPYKIIUU  JIETaJIH,
YBEIMYEHUEM IUJIOTHOCTM W IPOYHOCTH  JETalld, BO3MOXKHOCTBIO IPUJABAThH

MOBEPXHOCTAM (POPMHUPYEMBIX H3ICIUH BapbUpPYEMyIO CTPYKTYpY U CBOMCTBA, YTO
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0COOEHHO BaXXHO W SKOHOMHYECKH J(PPEKTUBHO JUIS TMOIYYCHUS H3ICIUN CIOXKHOU
TeOMETPUUYECKON (POPMBI U HEOOJBILOTO pa3Mepa U MacChl.

[lepcriekTUBBI pa3BUTHS KOMITO3MIITMOHHBIX MAaTEpPUATIOB CBS3aHBI C Pa3BUTHEM JBYX
OCHOBHBIX HampaBjeHU. [lepBbIM SBISETCS yIpaBJICHHUE MaTEepHAIOM HE TOJBKO Ha
Makpo-, HO W Ha HAHO- M JaKe aTOMapHOM YPOBHSX, YTO ITO3BOJISECT CO3/1aBaTh
MaTepuanbsl ¢ 0ojiee BBICOKUMHU XapaKTepHUCTHKaMH. BTopoe HampaBieHHE Kacaercs
COBEPILCHCTBOBAHUSI aBTOMATHU3WPOBAHHBIX TEXHOJOTWH MPOU3BOJCTBA KOMITO3HTHBIX

KOHCTPYKIIUH.

Takum 00pa3oMm, pa3BUTHE HOBBIX NPOU3BOACTBEHHBIX TEXHOJOTHI TTO3BOJISET
IPOMBILUIEHHOCTH TEPEeXOJUTh HAa HOBBIE OM3HEC-MOJAEIH, MPUHIUIHAIBHO MEHs (PaKTOphI,
ONpe/IeNSIONME  KOHKYPEHTOCIIOCOOHOCTh  HAIlMOHAIBHBIX JKOHOMHK. COOTBETCTBEHHO,
CTUMYJIUPOBAHUE PA3BUTHUSA HOBBIX IPOU3BOACTBEHHBIX TEXHOJIOTMH IPEAINOIAracT COYETaHUE
HecTienu(puIeckux Mep (ToCyIapCTBEHHO-YAaCTHBIC MapTHEPCTBA, Pa3BUTHE WH(PACTPYKTYpHI,
(¢uHAaHCUpOBAaHUE KPYHNHBIX IPOEKTOB) M CHEHUATIbHBIX HHCTPYMEHTOB, IOOLIPSIONIX
KOMITAaHUHU K TEPEeXoJly Ha COBPEMEHHbIe OM3HEC-MOJENN YIPaBJICHHUS YXKU3HEHHBIM LUKIOM
U3JIENIAH, IPOLIECCOB U CUCTEM.

B 4uncne cnenuanbHbIX Mep MOJIEPKKA MOKHO YIOMSIHYTH Takue, Kak, BO-TIEPBBIX,
UCIOJIb30BAHME  TPOEKTHBIX KOHCOPLIMYMOB, CO3[aBaeMbIX C IeJIbl0 pa3paboTku |
KOMMEPUYECKOTO OCBOEHHMS, B TOM 4YHCIIE Ha MHPOBBIX pBbIHKaX, OTAEIbHBIX Hauboiee
NEePCIEeKTUBHBIX TPYIII MPOAYKIIMN HAa OCHOBE €MHBIX TEXHUKO-TEXHOJIOTMYECKUX IiaTdopm. B
paMKax KOHCOpLIMYMa Ba)KHO, 4TOObI OBLIM 3aKIIOYEHBI COIVIALICHUS MEXIY KOMIIaHWSIMH,
OPUEHTHPOBAaHHBIMU Ha pa3pabOTKy M TMPOU3BOJCTBO HOBBIX TEXHOJOTMH M KPYIMHBIMH
KOMIAHUSAMHU-TIOTPEOUTENIAMU, B KOTOPBIX 3aKPEIUISIETCSl COIVIacHMe KPYHMHBIX KOMIAHUN K
3aKylIKaM HOBBIX TEXHOJIOTMH M YCTPOWCTB IPU YCIOBHUM BBHIIOJHEHUS TPEOOBAHMM MO HX
(YHKIMOHAIBHOCTH U cTOUMOCTU. B Poccum mpoekTHble KOHCOPIMYMBI MOTYT CO3/1aBaThCs, B
TOM YHCIIe, UCIIOIb3Ys ONBIT U HapaOOTAaHHBIE CBSI3U OT/AEIBHBIX TEXHOJOTHUECKUX IIAT(GOpM,
0COOEHHO TeX M3 HUX, I7le B COCTaBE YYaCTHUKOB €CTh KaK IIPOU3BOIUTENH, TaK U OTPeOUTENN
HOBBIX IIPOU3BOACTBEHHBIX TEXHOJIOTHH.

Bo-BTOpBIX, MOXHO pPAaccMOTPeTh BO3MOXHOCTb co3gaHuss B Poccum lleHTpoB
NEPCIEKTUBHBIX UCCIIEIOBAHUM 110 HAPABJIEHUSAM HOBBIX TexHosorui Ha 0aze HUU nnu By30B
JUIi  TNPOBEJCHUS  HUCCIEAOBAaHMH U  pa3pabOTKM  IEpPCIEKTUBHBIX TEXHOJOTMM  Ha
JIOKOHKYPEHTHOW CTaJuH, a TaKKe IOATOTOBKM CIELUAIMCTOB II0 HOBBIM HaIlpPaBIICHUSAM
TEXHOJIOTUYECKOTO  Pa3BUTUsA. Takue LIEHTpbl, IO HMEKOIIEHCS MHUPOBOW IIPAKTHKE,

o0ecreunBarT HayqHO-IKCIIEPTHYIO U 00pa30BaTEIbHYIO MOIIEPKKY, ¢ (POKYCOM Ha KOMIIAHUU
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MaJloro W cpemHero OusHeca. LIeHTpHI He SBISIIOTCSA 3aKPBITBIMH CTpyKTypamu. OHH MOTYT
paboTaTh Kak Mo 3aKa3aM MPOEKTHBIX KOHCOPIIMYMOB, TaK U Ha BHEIIHUN PHIHOK.

B-tperpux, 1enecoobpa3Ha wMomudukanus ycioBud B chepe UHEOPACTPYKTYpHOU
MOAACPIKKH. HO,Z[ MOI[I/I(l)I/IKaL[I/ICI\/’I MOHUMACTCA HU3MCHCHUC T PUHIOUIIOB JOCATCIBHOCTU
TEXHOMAPKOB M HWHHOBAIIMOHHO-TEXHOJOTHUYECKAX IEHTPOB, (YHKIMOHUPYIOIMX B CTpaHE.
[TockolbKy HOBBIE TIPOM3BOJCTBCHHBIC TEXHOJOTUH TMOAPA3yMEBAIOT KACTOMH3AIUIO U
ayTCOPCHHT, BO3pAcTacT 3HAUCHHE CBS3CH MEXKIY MaIbIMH W CPEJHUMH KOMIaHUsMH. Mx
YCHJIGHHE MOXET IMPOUCXOJUTh IyTeM paclmMpeHust (QYHKUMA MaiblX NPEANpHSATHNA IO
OOCITy)KMBaHUIO CPEIHUX M KPYIHBIX KOMIIAHMW 32 CYET MPEAOCTaBICHUS MM B apeHIy
060py,Z[OBaHI/I$I B TCEXHOIIAPKax Ha JIbI'OTHBIX YCJIOBUAX, PpaClIMPCHUA MCIOJb30BaHUA

WHHOBAIIMOHHBIX BAY4CPOB U APYI'UX MEP.
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