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JoMuHupyloWwUM (aKTopoM, onpegensiowumMm pasButve Poccun B ycioBUsIX Fno6anbHom
KOHKYpeHUUn, aBAsieTcs  "TeXHONoruyeckui  npopbiB”"  Kak  CTpaTernvyeckum  BeKTOp
No31LMOHUPOBAHUSA FOCYAapCTBa HA PbIHKAX BOGHHOW U rpaXAaHCKOM NPOAYKLMUN C LLeJIblo 3aLMUThl
€ro >XW3HeHHO BaXHbIX UHTEPEeCcOoB U Nepexopa K HOBOMY TeXHOJIOrn4eckoMy yknagy. B cucreme
obecnevyeHus TexHosoruyeckom 6esonacHocTM Poccum B CyleCTBYIOWEA U MPOrHO3IMpyemon
cucTeme OTHOLLEHUW, B TOM YuUc/ie C y4eTOM NPUOPUTETOB Tak HasbiBaemMomr LuppoBON SKOHOMUKMU,
6a30BbIM 3/1IeMEHTOM "MSArkoi cwuibl', 6e3yC/IOBHO, SIBASIETCS WHTeNNeKTyaNbHblA MNoTeHuuan
HauuM, UHHOBALMOHHOCTb U KOHKYPEHTOCNOCOG6HOCTb MPOAYKLUMU MUKPO- U HAHOMHAYCTPUW.
Bce BblleckasaHHOE UHTErpupyeTcs B pamMKax MOHATUSA "Hay4YHO-TEXHOJIOFMYeCKUiA cyBepeHUTeT"
(ot ¢ppaHu. la souveraineté — HE3aBUCMMOCTb, CAaMOCTOATE/NIbHOCTb). B ycnoBuax rno6anusauumm,
6e3ycnoBHO, Heusb6eXHO COoKpalieHUe CyBepeHuTeTa, B TO BpeMsl Kak WHTe/JIeKTyasibHas
msonaums BepeT K CTarHauuu, No3Tomy Heob6xoamMmo o6ecnevnTb INAEPCTBO MO PSAY KOYEBbIX
HanpaBieHUi, onpeaensawWwmx rnobasbHy He3aBUCMMOCTb, MAPUTET U NPEBOCXOACTBO.

The dominant factor determining the development of Russia in the conditions of global
competition is the "technological breakthrough" as a strategic vector of positioning the state
in the markets of military and civilian products in order to protect its vital interests and move
to a new techno-economic paradigm. In the system of ensuring technological security of
Russia in the existing and forecasted system of relations, including taking into account the
priorities of the so-called "digital economy", the basic element of "soft power" is undoubtedly
the intellectual potential of the nation, innovation and competitiveness of micro- and
nanoindustry products. All of the above is integrated within the concept of "scientific and
technological sovereignty”. In the context of globalization, the reduction of sovereignty
is inevitably. While intellectual isolation leads to stagnation, it is therefore necessary to
provide leadership in a number of key areas that determine global independence, parity and
superiority.

/b0 HACTOSIIIeH CTAThU SIBJISIETCSL aHAIN3 6a30-

BBIX HaIlpaB/JIeHUH IapaJUrMbl 'TeXHOJOTHYe-

CKOTO CyBepeHHTeTa" POCCUM IIPUMEHHUTENBHO
K Pa3BUTHIO MHKPO- U HAHOTeXHUKH Kak 6a3rca HHOO-,
9Hepro- U 6MOTeXHOCEPHI MECTOr0 TEXHOTOTMUECKOT0
yKIafa.

HAYYHO-TEXHOJIOTMYECKWIA BA3UC

WECTOrO TEXHOJIOTMYECKOI 0 YKNALLA.

MUKPO- W HAHOTEXHUKA

CrenyeT OTMETHTb, UTO ABKKYIIMMHU CHJIAMHU, OIIpe-
JensIOMUMU AUHAMUKY CTAHOB/IEHUS U Pa3BUTHS
HOBOTO TeXHOJIOTHYeCKOTO yKaaja, SBISIOTCS He

CaHKkT-MeTepbyprckuin rocyAapCTBEHHbBIN 31eKTPOTEXHUYECKUI yHuBepcuTeT “13TU" (CNBMTY "13TKN") (197376, CaHkT-MNeTepbypr, y. Mpodeccopa
MonoBa, a. 5) / Saint-Petersburg Electrotechnical University "LETI" (ETU "LETI") (5, ul. Professora Popova, St. Petersburg, 197376, Russia)
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STANDARDIZATION

Tabauya 1. Xapakmepucmuku G-20 MexHoA02U4ecKo20 yYKAaoa
Table1. Characteristics of 6th techno-economic paradigm

BasoBble TeXHO/10rum

Basic technologies

Peliaemblie 3apa4u
Objectives

e ATOMHO-MOJIEKY/IIPHAS MHXEeHepus
* DBMOHMYECKas NHXXeHepus 1 poboTOTEXHMKA

* bBWoMHPOPMALMOHHbIE U MHDO-CeTeBbIE TEXHONOT U
*  MUKPO- M HAHO3HepreTnka

e TpaHCNOPTHblE KOMMYHMKALMOHHbIE TEXHOIOrUMN

* KocMunyeckue TexHonornm

e Atomic Molecular Engineering

* Bionic engineering and robotics

e Bioinformatics and info-network technologies

e Micro-and nanoenergy

e Transport communication technology

e Space technology

FnobanbHble MTHPOPMALMOHHbIE KOMMYHUKALMOHHbIE CETU
CUCTeMbl NCKYCCTBEHHOIO MHTENEKTA U MCKYCCTBEHHbIe
opraHbl

KomnnekcHasi pob6oTm3aums. HeTpagmumMoHHas
3HepreTmnka

OcBOeHMe TPYAHOAOCTYNHOrO 3eMHOIO M BHE3EMHOI O
NpoCTpaHCTBA

Global information communication networks

Artificial intelligence systems and artificial organs
Integrated robotization. Unconventional energy
Development of remote terrestrial and extraterrestrial
space

TOJIBKO SKOHOMHYECKHe CTUMYJIBI, HO U Psifi 6a30BBIX
baKTOPOB, KOTOPBIE TECHO CBSI3aHBI C TAKMMHU ITOH -
THUSIMH, KaK HallMOHAJIbHAs U TeXHoJoruyeckas 6es-
OIaCHOCTb, IPEBOCXOACTBO U IapuTeT. Ux obecreue-
HHe B pAMKax roCyAapCTBEHHBIX HHTEPeCOB Haps Ly
C KOMMepIHaTU3al el NPOAYKIIMH BHOCUT 3HAYH-
TeJIbHBIM BKJIAJ B 3BOTIOLUK CHCTeMOOOPa3yIOMUX
TEeXHOJIOTUH, OIpelesoIuX 00K HOBOI'O TeXHO-
noruyeckoro ykiaaga (tabmn.l) [1]. He obnagas mocta-
TOYHOM COBOKYIIHOCTbBIO 3HAHU I, HEOOXOLUMBIX [JISI
aHaJIK3a BCEro KOMIIJIeKCAa TeXHOJIOT UM, KOTOphIe
onpezensiioT QOpMHUPOBAHHE LIECTOr0 TEXHOJIOTHYe-
CKOTO yKyIaja, o6paTHMCS JIHIIb K HaIIPaBIeHUSIM
MUKPO- K HAHOUH>KeHEPHH.

B pamkax aHanu3a 6a30BBIX TeHJEHILIUN Pa3BUTHUS
eCTeCTBeHHO-Hay4YHOro 6a3uca IecToro TeXHoJoruye-
CKOT0 YK/Ia/JIa CJIe[lyeT OTMETHUTb, YTO OCHOBHBIM CHCTEM-
HBIM CTPaTerM4ecKHUM HaIlpaBlIeHHeM, [10-BUIUMOMY,

CTaHeT aKTUBHOe HCII0/Ib30BaHMe PaHee HeM3BeCTHBIX
CBOMCTB MaTePHAJIOB M KOMIIO3UIIMI, BOSHHUKAIOIMINX
IIpU Iepexofie K 06beKTaM C/lelyIoNIHUX BUIOB:

* CBOKCTBA KOTOPBIX 3aBHCST OT pa3MepHOro 1 KoHop-

MAaIIHOHHOTO $aKTOPOB;

* IIpeJCTaBISIOMMX COOOM HHTEr PALIKIO UCKYCCTBEHHO

1 eCTeCTBEHHO yIIOpsSIIOUeHHbIX CHCTEM;

* UHTerpUpYOIIHNX MaTepHaIoBeJUeCKU 6a3Hc Heop-

FaHHUYEeCKOM M OPraHHYeCKOU IIPUPOAbI;
¢ B OCHOBe QYHKIIMOHHPOBAHMUS KOTOPHIX JIESKUT KOM-

I1JIEKC KOOIIepaTHBHO-CHHEePreTHYeCKHUX IIPOLIeCCoB

U SIBJIEHUH.

IIpu pelleHHHU 3aad 10 CO3AAHUIO U IPAKTUYECKOMY
HICII0JIb30BAHUIO 0OBEKTOB C BhINIEyKa3aHHBIMH CBOM-
CTBaMH HeoOXOIMMO OIIpeJIe/IUTh K BO3MOKHEIE IIPHO-
PUTETHBIe HAITpaB/IeHUs GyH/IaMeHTaTbHO-TIOKCKOBBIX
HCC/IeIOBAaHUH 1151 0becIiedyeHUsI HHTEJTIEKTYaIbHOTO
6a3mca MHHOBAIMH IIECTOr0 TEXHOIOTMTYeCKOro YKIaJa:

he purpose of this article is to

analyze the basic areas of the

"technological sovereignty"”
paradigm of Russia in relation
to the development of micro- and
nanotechnology as the basis of
the info-, energy- and biotechno-
sphere of the sixth techno-eco-
nomic paradigm.

SCIENTIFIC AND TECHNOLOGICAL
BASIS OF SIXTH TECHNO-
ECONOMIC PARADIGM. MICRO-
AND NANOTECHNOLOGY

It should be noted that the driv-
ing forces that determine the

dynamics of the formation and
development of the new tech-
nological order are not only eco-
nomic incentives, but also a
number of basic factors that are
closely related to such concepts as
national and technological secu-
rity, superiority and parity. Their
provision within the framework
of state interests, along with the
commercialization of products,
makes a significant contribution
to the evolution of the backbone
technologies that determine the
appearance of the new techno-
economic paradigm (Table 1)

[1]. Lacking a sufficient body
of knowledge necessary for the
analysis of the whole complex of
technologies that determine the
formation of the sixth techno-
economic paradigm, let us turn
only to the areas of micro- and
nano-engineering.

As part of the analysis of the
basic trends in the development
of the natural scientific basis of
the sixth technological order, it
should be noted that the main
system strategic areas is likely
to be the active use of previously
unknown properties of materials
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CTAHAAPTU3ALMSA

* 3aBHCHUMOCTb CBONCTB MaTepHaOB U CHUCTEM
OT XapaKTepUCTHUYeCKHX Pa3MepoB;

* HeTpaJHIIMOHHBIE BU/bl CHMMETPUHU U KOHPOpMa-
LIMH C TUHAMHYeCKH IlepeCcTparuBaeMOM CTPYKTYPOK;

* Iepejaya dHepruu, 3apsifa U MHGopMalllK Ha OCHOBe
KOOIIePAaTHBHBIX CHHEPreTHUeCKHX IIPOLIeCCOB;

* MOJIeKYJISIpPHOe pPacIio3HaBaHMe KakK 6a3uC CelIeKTUB-
HOCTH 1 U30HPaTeIbHOCTH ITPOLIECCOB;

* IIpoLecchl CaMOGOPMHUPOBAHHUS, CAMOYIIOPSIIOYEHUS
Y CaMOOpraHHU3al1H;

* KOHBEPreHTHbIe CUCTeMBbI —~ MHTerpallMs Co3/laBae-
MBIX 4e/I0OBEKOM MCKYCCTBEHHBIX HEOPTaHHYEeCKHX
CHUCTeM U 06beKTOB 6HOOPraHHUYeCKOL IIPHPOALL.
[IpoAyKTOBYI0 MOZENb MUKPO- U HAaHOTEXHUKHU

IIeCTOr0 TeXHOJIOTHMYeCcKoro ykaafa ompefensT cle-

Aylolle OCHOBHble HalpaBAeHHUS IPHUKJIATHBIX

HCCIIeIOBAHHH:

* pacmpezienieHHbIe CAMOOPTaHU3YOIIecs pedieKCHB-
Hble HHQOPMaLILOHHBIE CeTH;

* NoNHUOYHKIMOHATPHBIN afJAITUBHBIN Yel0BeKO-
MaIIMHHBIN HHTepeFIc;

* MCKYCCTBEHHBIe OpraHbl U HedpapaMaKoIoruyeckas
KOPPEeKIIH s COCTOSIHU S 6000 beKTOB;

+ poboToTeXHHYeCKHe 3aMelIA0NHe CUCTeMBI;

+ 6HOHHYECKHe, B TOM UYHCJIe KOTHUTHUBHBIE, a/Ir0-
PUTMBI U IPUHIUIIBI QYyHKIIUOHHUPOBAHUS.

B mpaKkTHUKY OLleHKH TeXHOJOIHUH [0/I’KeH BOUTHU
HOBBIM TEPMHHOJOTHYECKUH 6a3uc, onperensom i
X TaKTHKO-CTPAaTeTH4ecKylo 3Ha4YMMOCTb (KpUTH-
YyecKHe TeXHOJOTHH, TeXHOJOTUH IIPeBOCXO/CTBA,
HeIlpeJBUJIeHHbIe TeXHOJOTUH) U QYHKILIHOHATBHO-
npeIMeTHYIO HaIllpPaBJIeHHOCTb (MYJIbTUAUCLIU-
IJIMHApHBle, IpUpoJononobHble, 6MOHHUYECKHe,

KOTHUTHUBHBIE, 6HOMHPOPMALIMOHHBIE, KOHBEPIeH-
THBle, Kubeppusudeckue). Tak, pa3BUTHe COBOKYII-
HOCTH TaK Ha3blBaeMBIX IIPHUPOLOINOLOOHBIX KOH-
BepreHTHBIX TeXHOJIOTUI omnpefenseT 6omnee riny6o-
Koe Mo3HaHHe U, 6e3yclI0BHO, UCIIOIb30BAHHE BO3-
MOKHOCTeH MaTepHa/IbHOTO MHPa Ha MHUKPO- U 0CO-
OeHHO HaHOpPa3MepHBIX YPOBHAX, Korjga gpakTude-
CKH CTAHOBUTCS 6e3pa3IUUHOMN HUCXOAHAS IPUHA-
JIeKHOCTb aTOMa MJIM MOJIEKYJ/IBl K 06BeKTYy OpraHu-
YeCKOM UM HeOpraHHU4eCcKOM IIPUPOAbL. ITO CO3MAeT
NPpeAIoChIIKY K CHHTe3y HCKYCCTBeHHBIX, paHee He
M3BeCTHBIX B IIPUPOJie, CUCTeM He IIPOCTO 10 COCTABY
Y (UIH) CTPYKTYpe, HO U, B IIEPBYIO 04epe/ib, II0 CBOM-
CTBaM, a, c/eJloBaTelbHO, QYHKIMOHATBHEIM BO3-
MOKHOCTSIM. [IJISl TAKUX CUCTeM JI0/IKeH OBITb CBO-
CTBEeHEH 0COOBII XapaKTep MPOTeKaHUS IIPOLeccoB
nepeayuu HepruH, 3apsija U KOHGOpMaIHOHHBIX
M3MeHeHHUH, OTIMYaIOIHMXCs HU3KUM 3Hepronorpe-
6ieHHeM, BEICOKOK CKOPOCTBIO M HOCSIIMX MPHU3HAKHU
KOOIlepaTHBHOI0 CHHEPreTHUUeCKoro Ipolecca.
TpeboBaHUS K GYHKLIMOHATBPHBIM CpefaM Oyny-
ero, SBJISIOMMMCS OCHOBOK Te€XHOJOTHYEeCKOTO
npopsiBa B 06/1aCTH 3/1eKTPOHHON KOMIIOHEHTHOM
6a3sl (9KB) HOBBIX IIOKOJIEHHH BKJII0YAIOT CBepX60IIb-
My MHPOPMALIMOHHYIO eMKOCTh, BBICOKYIO y/le/b-
HYIO SHeproHaChIIIeHHOCTbh, CeJIeKTUBHOCTD K BHEII-
HUM BO3JeHCTBUSIM, aCCOLIMAaTUBHOCTb K pacIpe-
Je/IeHHOCTb IpolieccoB 06paboTku MHGOPMALIKH.
B HHX TaK>Ke MOT'YT COYeTaThCsI IPOLecChl PyHKIIHO-
HHUPOBAHHUS U CAaMOOOHOBIISIOMEroCst CHHTE3a.
XapaKkTepu3ys IepcleKTHBLl Pa3BUTHS MUKPO-
Y HAaHOCHCTeM IIPUMeHHUTENIbHO K TeXHO- 1 OHooTex-
Hocdepe, 6e3ycI0BHO, CIeflyeT BBLAENIUTH TPHU Hauboree

and compositions arising from the

transition to the following types of

objects:

» whose properties depend on size
and conformational factors;

« representing the integration of
artificially and naturally ordered
systems;

« integrating materials science base
of inorganic and organic nature;

« functioning of which isbased ona
complex of cooperative synergistic
processes and phenomena.

When solving problems of cre-
ation and practical use of objects
with the above properties, it is nec-
essary to determine the possible

priority areas of fundamental

research to ensure the intellectual

basis of innovation of the sixth tech-
nological structure:

 dependence of the properties of
materials and systems on the
characteristic dimensions;

« unconventional types of sym-
metry and conformation with a
dynamically tunable structure;

« transfer of energy, charge and
information based on cooperative
synergistic processes;

 molecular recognition as a basis of
selectivity of processes;

 processes of self-formation, self-
ordering and self-organization;
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« convergent systems - the integra-
tion of man-made artificial inor-
ganic systems and objects of bio-
organic nature.

The product model of micro- and
nanotechnology of the sixth techno-
economic paradigm will be deter-
mined by the following main areas
of applied research:

« distributed self-organizing reflex-
ive information networks;

« multifunctional adaptive man-
machine interface;

« artificial organs and non-phar-
macological correction of the
state of biological objects;

« robotic replacement systems;



STANDARDIZATION

IIPOrPeCCUBHBIX JMHAMMYHO Pa3BUBAIOLINXCS TEXHONIO-
TMYeCKUX HaIlpaBJIeHHUs:

* KubepdHU3HUeCKHe TeXHOIOIHH;

* OHOHMYECKHe TEXHOTIOIHH;

* 3Heproobecme4uBalm e peKyIepUPYIOIMIHe

TEeXHOJIOTHH.

TakuMm 06pa3oM, IieseBble GYHKIIUH B paMKax $op-
MHPOBaHHUS VI TeXHOTOIMYeCKOro YKJIaZa Ha JaHHBI
MOMEHT MOTYT OBITh OIpe/ie/IeHbl KaK JOCTHKeHHe
HOBOT'O Ka4yeCTBa KU3HHU B YCIOBUSIX [IUPOBOM TPaH-
cbopmanmu obmecTsa ¢ obecrieueHHeM KOMMYHHKA-
benbHOCTH, KHUbep- 1 6106e30I1aCHOCTH U reHepalluu
"JesIoBeueCcKoro KaIruTana' HOBOrO IIOKOJIEHHS.

POCCUIACKOE TEXHO/IOTMYECKOE NOJIE

MUWUKPO- W HAHOTEXHUKU B YC/IOBUAX

[NIOBA/IbHOW KOHKYPEHLIMK

O611asi CUTyalHsl, XapaKTepH3yOIasi COCTAaB COBPeMeH-

HOM TexHOChephl B paMKaXxX Pa3BUTHS BOCTpebOBaHHOM

PBIHKOM HHAYCTPHH, MOKET OBITh OITpe/ie/leHa B pAMKax

COBOKYITHOCTH CJIe/IyIONTHUX KOMMEPUECKHX U TeXHOJIO-

TMYeCKHUX IT0/IXO0/I0B:

* TEeXHOJOTHHU IIPOPBHBOB (MHTeNJIeKTyaJlbHOE
IIPEBOCXOLICTBO);

¢ TeXHOJOTMHU 3aUMCTBOBaHHUS (IpHobpeTaeMsle,
"BOopyeMble" TEXHOIOTUL);

* TeXHOJIOTUH ONTHMHU3AIHH (yCOBEPIIEHCTBOBAHHUS);

* TEeXHOJIOTMH KOOIIePALHH (QIbSHC-TeXHOJIOTHH),
Pa3BHUTHe U peasin3aliys BCeX [IepedHCIeHHbIX BUIOB

TpebyeT MHBeCTUIIUN. CTpaTerysi TEXHOIOTMYeCKOTo

CyBepeHHUTeTa, 6e30I1aCHOCTH U KOHKYPEeHTOCIIOCO6HO-

CTH ompejiensieT HeobX0mHUMOCTh AU PepeHIIHPOBAH-

HOTO ITO/IX0JIa K yueTa COBOKYITHOCTH GpaKTOPOB:

¢ HAJIMYMS HayYHO-TeXHOJIOTHUECKHX 3a/1eI0B;

* IMIPHUHAAJIESKHOCTH K 6a30BBIM CHCTEMOOOPA3YIOIHM
TEeXHOJIOTHSIM Pa3/IMYHBIX OTPAC/IEBbIX TEXHOIOTHYe-
CKUX IIJIaTPOPM;

* YHHBepCaJIbHOCTb U BOCTPe60BAaHHOCTD TeXHOJIOTUH
Be/IOMCTBeHHBIMHU OPraHMU3aIUsIMH, OIpe/eNnsio-
MMM HallHOHAJIBHYIO, BOGHHYIO K TeXHOCPEPHYIO
6e30I1acHOCTb FOCYAAPCTBA;

* IIPUHAJJIEKHOCTb K 6a30BBIM TEXHOJIOTHUSM C IJIH-
Te/IbHBIM FOPH30HTOM KOMMEPYeCKOH peaHu3aliiy;

* IOCTYIIHOCTb JUHAMUYHON peaau3aliuu cobCcTBeH-
HBIX KOHKYPEHTOCIIOCOOHBIX PellleHHUH C pOPMUPOBA-
HUEeM OTeueCTBeHHBIX TeXHOIOTHYeCKHX HHIIL,

* OTHeceHHe TeXHOJIOTHH K 0C000 YyBCTBUTEIBHBIM,
HaXOASIIUXCS II0J CAHKLIUSIMHU, UCKIIOYAIONHIMHU
BO3MOKHOCTB MX 3aIMCTBOBAHHSI;

* HeoOXOZMMOCTB IOJIyYeHHS U OCTYITHOCTD II€Pefio-
BBIX 3apy0esKHBIX TeXHOTIOTHH;

* CepUHHOCTb IPOAYKLHH Ha 6a3e pa3BUBaeMOU
TEeXHOJIOTHH;

Tabauua 2. CucmemHble mexHoAo2u4ecKue npuopumembal
npu cozdaHuu Kb

Table 2. System technological priorities when creating
electronic components

CucTteMHble TeXHoJiormye-
CKUe Np1opuUTeTbI
Technological priorities

rpynna TexHonorum

Technology group

TexXHON0rMn NCKYCCTBEH- * HaHomatepwanbi.
HbIX M NPUPOAONOA06HbLIX e MeTamartepuanl
MaTepuanos * YrnepogHble Matepuasbl
Technologies of artificial e OpraHo-HeopraHu4yeckme

and nature-like materials rMbpuaHble KOMAO3ULUK

e Nanomaterials

¢ Metamaterials

e Carbon materials

e Organic-inorganic hybrid
compositions

TexHonornm TpaHcohep- e DIeKTPOMArHUTHbIN
HOro 1 6MoTeXHOCHEPHOTO N aKyCTUYeCKM

MOHUTOpPMHra (Kocmoc, MOHUTOPUHT
BO3A4YLUHOE, Ha3eMHoe e MynbTUCNEKTpanbHbIe

1 NOABOAHOE NPOCTPAHCTBA, TEXHOM0r K
61MONPOCTPAHCTBO) * HenponopobHble NHbOP-

Technologies of transfer and
biotechnospheric monitoring
(space, air, ground and under- | e
water spaces, biospace)

MaLMOHHbIE CUCTEMDI

N anropuTMbl

Electromagnetic and

acoustic monitoring

e Multispectral technology

e Neural-like information
systems and algorithms

TexHonornm knbepdunsnye- e WHTepHeT BeLLen

CKOTro MpocCTpaHCcTBa 1 RFID- TexHonornu
Technologies of cyber-physi- e bunonopobHble cMrHanbI
cal space W anropuTMbl

e boAblUME MACCUBDI
NAHHbIX, 061a4YHble
BblYNCNEHUS

* BwuptyanbHasa v gonon-
HeHHas peasbHOCTb

» KnbepbesonacHocTb

* Internet of things and
RFID technologies

e Biosimilarsignals and
algorithms

e Largedataarrays, cloud
computing

e Virtual and augmented
reality

e Cybersecurity

MpupoaonoaobHbie 6mo- e HenpomopdHble cucTembl
HWYeCKNe N KOTHUTUBHbIE *  WCKyCCTBEHHbIE OpraHbl
TexXHONA0rnm » JlabopaTopumn-Ha-yune
Nature-like bionic and cogni- e "YMHas ogexaa"

tive technologies * bBropoboThl

e Neuromorphic systems
e Artificial organs

e Lab-on-a-chip

e Smart clothes

e Biorobots
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Tabauua 3. HanpasneHus pomoHuKu

HanpasneHue

Area

MpombIneHHas
doTOoHMKA
Industrial photonics

Table 3. Areas of development of photonics

O6nacTb NpUMeHEeHUs!
Applications

OnTnyeckne TeEXHOIOrMY HaHece-
HWS, yaaneHus u mogmdunumposa-
HVS MaTepuanos

AunarHoctuka (onTuyeckme nsme-
pUTENbHbIE CUCTEMbI, TEXHUYE-
CKoe 3peHue)

Optical technologies for applying,
removing and modifying
materials

Diagnostics (optical measuring
systems, technical vision)

NHdopmMaLnoHHas
doTOHMKA
Information
photonics

OnTnyeckas cesi3b
OnTuyeckas Hasuraums
YCTponcTBa 0TO6paXKeHMS
MHpopmMmaLnm

KBaHToBas MHboOpmaTmka
Optical communication
Optical navigation
Displays

Quantum informatics

PagnodoToHmnKa
Microwave photonics

Pagnonokauyms
PaaOMOHUTOPUHT

1 OMo3HaBaHue

Radar

Radiomonitoring and recognition

doToBONbTANKA
Photovoltaic

ConHeYHas 3HepreTmka
NK-doToHnKa

Solar energy

IR photonics

brnoceHcopuka
Biosensorics

[MpoMbiLlLieHHas

CneumanbHas (lokaums, LanbHO-
METpUSA, yripaB/eHue)

Industrial

Special (location, ranging,
management)

brnodoToHMKa
Biophotonics

ONTOCEHCOPUKA 1 ANATHOCTUKA
doTOoTEpanms U XMpyprus
Optosensory and diagnostics
Phototherapy and surgery

ApXMTEKTYpHas
doToHMKA
Architectural
photonics

OcBelleHne

WNHTennekTyanbHoe OCTeK/IeHeH e
Lighting

Smart glasses
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* KOHKYPEeHTOCIIOCOOHOCTb IIPOAYKLIMH Ha 6a3e pa3Bu-
BaeMOM TEXHOJIOTHH;

* OSKCIIOPTHBIM NIOTeHIHAJI TPOAYKIMH Ha ba3e pa3Bu-
BaeMOMU TEXHOJIOTHH.

Co3maHMe U afanTanys 6a30BbIX 37leMEHTOB HH/Y-
CTPUH 37IeKTPOHHOM KOMIIOHEHTHOM 6235l FapMOHH3H-
PYIOTCSI B pAMKaX CTPaTeruy TeXHOJIOTUYeCKOH He3a-
BUCHUMOCTH II0 KPUTEPHUSIM 3KOHOMHUUECKOH 3ddex-
THUBHOCTH, OIIEPAaTHUBHOCTH IIOCTAHOBKHU Ha IIPOH3-
BOZICTBO, IIUPOTe HOMEHKJIATYPHl U BOCTPebOBaHHOM
CepHUIHOCTH, a TAKKe UMIIOPTO3aMellleHHUI0 U KMIIOp-
TOHE3aBHUCHMOCTH. LleslecoobpasHa CTPyKTypHU3aLIHsI
MHOPACTPyKTYPHOr0 TeXHOTIOIMYEeCKOro 6a3rca UCXos
K3 COBOKYIIHOCTH paHee IIepedyrCIeHHBIX QyHKIUI,
KOTOPBIE OH JI0JI>KEH BBITIONTHSTH:
 cucremoobpasyomre HHPPACTPYKTyPHBIE CEPUE-

HBble IIPOU3BO/ICTBA;
 rubKHe afaNTUBHbIE TUHUH MeJIKOCEPUIHOTO0 MHO-

TOHOMEHKJ/IATyPHOIO IIPOU3BO/ICTBA;
¢ TeXHOJOIH4YeCKHe [eHTPHl KOJJIeKTUBHOTO I10Ib30-

BaHHS KOHTPAKTHOT'O IIPOM3BOJICTBA;

e TeXHOJIOTHYeCKHe LIeHTPBl KOAJeKTHBHOTO I0JIb-
30BaHUS NOPOTOCTOSIIIUM "CAHKLIMOHHBIM" U YHU-
KaJIBHBIM 0060pyoBaHHEM;

¢ YHHKAJIbHBIE KOOIIEPALIMOHHBIE KJIACTEePHI TEXHOJIO-
TFHYeCcKUX [IPOPBIBOB-TIPEBOCXOICTBA.

B paMKax aHa/lIH3a KIOYeBbIX TEXHOIOTHH, OIIpe-
JeNsOIKX TeXHOJIOTUYeCKY0 He3aBUCHMOCTb MOTYT
OBITH OITpefie/IeHBI CJIefiyIOIIHe IIPOC/IeSKHUBaeMble B UX
3BOTIOLINH 6a30Bble TEXHOIOTHH
* HaHoOpa3MepHBle [2];
 medarHble (TubKue, KOHPOPMHEIE);
 2D- u 3D-uHTerpauuu (cbopouHsle);
¢ TeTepOreHHOI MY/IBTHUPYHKILHMOHAIBHON HHTEIPa-

LIMH (OIITOIeKTPOHHBIE, PAII0GOTOHHEIE);

e MYJIBTHAUCLUIIIMHAPHON HHTerpaluu (Kubepou-
3u4ecKkHe, 6LOHUUYEeCKHUe).

B kadecTBe oTBeTa Ha I7100aIbHBIE BEI30BBL U YI'PO3BL
C Y4eTOM TeXHOJIOTHYeCKOM He3aBHCHMOCTH IIPH
cosgaHuu KB MoOryT OBITH ompeneieHbl CHCTeMHbIE
TeXHOJIOIrHYeCKHe IIPHOPUTETHI (Tab.2).

CoBpeMeHHBIH 3TaIl XapaKTepU3yeTcss 6ypHBIM
LleJIeHANIPaBIeHHBIM Pa3BUTHEM IIPUPOLOIIOL06HBIX
U TPAHCOUCLIUIIIMHAPHBIX TeXHOJIOTHH [3], ompese-
JSIOMUX FAPMOHHUYHOE COUeTaHHe UCKYCCTBEHHOTO
U €CTeCTBEHHOTO MHTEJIJIEKTA B TAKUX 00/1aCTSIX, KaK:
e KauecTBO JKH3HU YejoBeKka - buoTexHocdepa (Tex-

HOJIOTUH IIePCOHUULIMPOBAHHOM U IIPOrHOCTHYE-

CKOM MeIUIIUHEL);

* 30deKTHUBHOCTDh HYesoBeKa B 'LUGPOBOM
Mupe" - uHPoTexHOCDepa (Ye10BeKO-MaIIHHHBIH
nHTepderic, KOMMYHHKabenIbHOCTh U Kubepbes-
OIIaCHOCTbD);
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 bionic, including cognitive,
algorithms and principles of
operation.

The practice of technology assess-
ment should include a new termi-
nological basis, which determines
their tactical and strategic impor-
tance (critical technologies, superior
technologies, unforeseen technolo-
gies) and functional-subject orienta-
tion (multidisciplinary, nature-like,
bionic, cognitive, bio-information,
convergent, cyber-physical). Thus,
the development of the so-called
nature-like convergent technolo-
gies determines a deeper knowledge
and, of course, the use of the capa-
bilities of the material world at the
micro and especially nanoscale lev-
els, when the original identity of
an atom or molecule to an object of
organic or inorganic nature actu-
ally becomes indifferent. This cre-
ates a prerequisite for the synthesis
of artificial, previously unknown in
nature, systems not only in compo-
sition and (or) structure, but, first
of all, in properties and, therefore,
functionality. Such systems must be
characterized by the special nature
of the processes of energy trans-
fer, charge and conformational
changes, characterized by low
energy consumption, high speed
and bearing signs of a cooperative
synergistic process.

The requirements for the future
functional environments that are
the basis of the technological break-
through in the field of electronic
components of new generations
include extra-large information
capacity, high specific energy con-
tent, selectivity to external influ-
ences, associativity and distribu-
tion of information processing.
They can also combine the processes
of functioning and self-renewing
synthesis.

Describing the prospects for the
development of micro- and nanosys-
tems in relation to the techno- and
bio-technosphere, three of the most

progressive dynamically developing

technological areas should certainly

be singled out:

* cyber-physical technologies;

« bionic technology;

« energy supplying recovery
technologies.

Thus, the objective functions
within the framework of the forma-
tion of the VI techno-economic para-
digm at the moment can be defined
as the achievement of a new qual-
ity of life in the conditions of the
digital transformation of society
with ensuring sociability, cyber and
biosafety, and new generation of
human capital.

RUSSIAN TECHNOLOGY FIELD
OF MICRO AND NANOTECHNOLOGY
IN CONTEXT OF GLOBAL COMPETITION
The general situation characteriz-
ing the composition of the modern
technosphere within the framework
of the development of the indus-
try demanded by the market can be
determined within the framework
of the following commercial and
technological approaches:

¢ breakthrough technologies (intel-
lectual excellence);

* borrowing technologies (acquired,
"stolen” technologies);

e optimization technologies
(improvements);

* cooperation technologies (alliance
technologies).

The development and implemen-
tation of all these types requires
investment. The strategy of tech-
nological sovereignty, security and
competitiveness determines the
need for a differentiated approach
and taking into account a combina-
tion of factors:

« availability of scientific and tech-
nological groundworks;

« affiliation to the basic system-
forming technologies of various
sectoral technological platforms;

« universality and demand for tech-
nology by departmental organiza-
tions that determine the national,

military and technospheric secu-

rity of the state;

+ belonging to the basic technolo-
gies with a long horizon of com-
mercial implementation;

« availability of dynamic imple-
mentation of own competitive
solutions with the formation of
domestic technological niches;

« classifying technologies as espe-
cially sensitive, under sanctions,
excluding the possibility of their
borrowing;

« need for and availability of
advanced foreign technologies;
 serialization of production
based on the technology being

developed;

« competitiveness of products
based on the technology being
developed;

« export potential of products
based on the technology being
developed.

The creation and adaptation of
the basic elements of the electronic
industry are harmonized within
the framework of the technological
independence strategy according to
the criteria of economic efficiency,
production efficiency, breadth of
the nomenclature and demand of
serialization, as well as of import
substitution and import indepen-
dence. It is advisable to structure
the infrastructure technological
basis, based on the totality of the
previously listed functions that it
should perform:

+ backbone infrastructure serial
production;

 flexible adaptive lines of
small-scale multi-product
manufacturing;

« technological centers for
collective use of contract
manufacturing;

« technological centers for collec-
tive use of expensive and unique
equipment;

+ unique cooperative clusters of
technological breakthroughs and
superiority.
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+ obecreueHHe YeloBeKa pecypcaMu — SHEProTeXHOC-
depa (uncras pecypcocbeperaromias SHeprus, peKyIie-
Ppalys S3Hepryuu U3 3grpa U OKPY KaoIeH Cpe/ibl).

SNEKTPOHHAS KOMIMOHEHTHAS BA3A
AN WECTOro TEXHONOMMYECKOIo YKNAAA
BOCTpe60BaHHOCTI> 9Kb 6YILET OIlpeneasiThbCs UCXO0Is
13 0cobeHHOCTE! PhIHKA, OPHEeHTHPOBAHHOrO Ha 060-
POHHO-TIPOMBIIIEHHBI KOMILIEKC U, 6e3yc/I0BHO, pas-
BHUTHE COLIMAJIPHO-OPUEeHTHUPOBAHHAIX I'PaKAAHCKUX
TexHOJIOrui. Hambosee MHPOKO HCIIOIb3yeMOM B MUPO-
BOM IIpakTHKe Kaaccupukaimen KB, 1103Bos0NIeN
OIlpefie/INTh ee QYHKLIMOHAIbHOe Ha3sHaYeHHe, CJlefyeT
CYMTATh CIeAYIOIIYIO:
* HMHPOPMALIMOHHAS JIeKTPOHUKA,
* CHJIOBas SHeproobecrieurBaroIas 3eKTPOHUKA,;
* MHKpOBOIHOBas (CBY) 3/1eKTPOHUKA;
* OIITO37eKTPOHHKA (POTOHUKA);
* MMKPOCHCTeMHas TeXHUKA, BK/II0Yas CeHCOPUKY.
J7151 BOTIONMHUTENBHBIX YTOUHEHUH IIHPOKO HCIIONIb
3YIOTCS IIOHATH S HAHOIEKTPOHHKA, IJIa3MeHHas 3JIeK-
TPOHHKA, BAKYyMHas 3/IeKTPOHHKA, MAaTHUTO3/IEKTPO-
HHKA, GOTOBOBTAMKA, KBAHTOBAS 3JIEKTPOHUKA, Opra-
HUYecKas 3IeKTPOHUKA, OM03IeKTPOHUKA U [Ip.
Ype3BbIYalHO 3HAUM MO aJIETEPHATUBOM U OIlpesie-
JIeHHBIM JOIIOJIHeHHEeM 3JIeKTPOHHKU C TOUKH 3peHUs
reHepanyu 1 o6paboTKU CUTHAJIOB, Ilepelavdil SHeprUH
1 UHOOpMallMH sBJsieTcs GOTOHMKA. JJoposKHas KapTa
"Pa3BUTHeE OIITO3IEKTPOHHBIX TEXHOTIOIHUH (POTOHUKA)"
yTBepKaeHa PacropsskeHueM IIpaBuTenscTBa PO o1 24
uionst 2013 roma Ne 1305 1P ¢ usMeHeHHSAMH, YTBePKAeH-
HBIMHU PacriopskeHueM [TpaBUTenbCcTBa PO 0T 23 MIOHSA
2016 roma Ne 1299 riP. ®oTOHMKa oIIpeeieHa Kak o6acThb

HayKH U TeXHUKH, CBSI3aHHAs C TeHepallhell U pacIpo-
CTpaHeHHeM II0TOKOB GOTOHOB, yIpaBleHHEeM HUMHU
Y MCII0Ib30BaHHEM HUX B3aMMOJIEHCTBHUS C BellleCTBOM.
ITpoaykiHs GoToHHUKHU (POTOHHBIE YyCTPOKCTBA) ~ IIPH-
OOpBI U CHCTEMBI, [JIs KOTOPBIX 6a30BBIM IIPOLIECCOM
SIBJISeTCS Nlepefiava SHePruM UK HHQOPMALIUH II0TO-
KoM $0oTOHOB. PaKTHUECKH, eC/IH OTBJIEYbCSI OT MHOKe-
CTBA IIOHSITUH, UCIIOIb3yeMbIX B PAMKAX COBPeMeHHOK
TePMHUHOIOIUH "GOTOHHKA" (MKOHMKA, KOrepeHTHast
OITHKA, KBAHTOBas ONTHKA, HAHOPOTOHMKA, KBAHTO-
Basl I7IeKTPOHMKA, OIITHYeCcKas MHYOPMaTHKa, OIITOTeX-
HHKA, OIITOYIEKTPOHHKA, GOTOBOIBTAHKA, PAAH0POTO-
HUKA, QoTOMHOPMATHKA, GOTOITEKTPOHHUKA, UHTeET-
pa/IbHAsSI OIITHKA, BOJIHOBAsI OIITHKA, JIa3epHas TeXHUKA)
U oIlpefleNIUTh ee QYHKIIMOHAIbHOE Ha3HAaUeHHe, TO
YCJIOBHO MOSKHO BBI/I@/TUTD Psifl 3HAUMMBIX MH/YCTPHA/Ib-
HBIX HaIlpaB/IeHUH (Tab71.3).

YKa3aHHBIe TeXHOJIOTHU QOTOHUKU MMEIOT LIHPO-
KHe BOEHHBIH U I'PaskAAHCKUE PBIHKU, OHAKO C TOUKH
3peHUs IepcleKTHBHON JKB ocoboe BHUMaHUe Cel-
yac obpaliaeTcst Ha Ba HallpaB/leHHs: HHGOPMaIIHOH-
HYI0 U PafuodoTOHUKY. PyHAaMeHTa bHble OTIMYH S
3/IeKTPOHA U POTOHA KaK HOCHTeJIer SHepruu U HHGOP-
MaIl{H, a TaKKe IIepexof, 0T CUCTeM raTbBaHHUYECKUX
CBsI3ell Ha OIITUYeCKHUe MPOSIBISIOTCS B IIEPBYIO oue-
pelb B OBICTPOEHCTBUM, IIMPOKOIIOIOCHOCTH, ITOMe-
X03al[UIIeHHOCTH, UHPOPMAILIUOHHON eMKOCTH.
OrpaHHU4YeHHUs, KOTOPble JOJKHBL OBITh IIPeosioIeHb
B paMKaX Pa3BUTHS JaHHBIX TeXHOJIOTUH TOXKe XOPOIIO
HU3BeCTHBI. [1 pafuoQOTOHUKH - 3TO alIlapaTHBIN
06paTUMBIN MUKPO- HAHOMHTepderc, "91eKTPOHHUKA-
OITHKA", a /151 UHOOPMALIMOHHOM GOTOHUKH ~ afall-
Tallusl KJIACCHYeCcKOro MaTepHasoBefdeckoro b6asmuca

As part of the analysis of key
technologies that determine tech-
nological independence, the fol-
lowing basic technologies that can
be traced in their evolution can be
identified:

» mnanoscale [2];

« printed (flexible, conformal);

+ 2D and 3D integration (assembly);

+ heterogeneous multifunctional
integration (optoelectronic,
microwave photonic);

« multidisciplinary integration

(cyber-physical, bionic).

As a response to global chal-
lenges and threats, taking
into account technological

independence in creating electronic
components, system technological
priorities can be defined (Table 2).
The modern stage is character-
ized by rapid purposeful develop-
ment of nature-like and transdis-
ciplinary technologies [3], which
determine the harmonious com-
bination of artificial and natural
intelligence in such areas as:
quality of human life - biotech-
nosfera (technologies of personal-
ized and prognostic medicine);
human efficiency in the "digi-
tal world" - information technology
(human-machine interface, inter-
personal skills and cyber security);
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human resources - energy tech-
nology (clean resource-saving
energy, energy recovery from the
ether and the environment).

ELECTRONIC COMPONENTS

FOR SIXTH TECHNO-ECONOMIC
PARADIGM

The demand for electronic compo-
nents will be determined on the
basis of the characteristics of the
market, focused on the military-
industrial complex and, of course,
on the development of socially-ori-
ented civilian technologies. The
most widely used in world prac-
tice classification of electronic
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K TeXHOJIOTMM MHKPO-, HAaHO- U OIITOIeKTPOHUKH
K pellleHHIO 3a/J1a4 CO3JaHUSI ONITHYECKUX KOMIIbIOTEp-
HBIX IJIATGOPM.

Ocoboe MeCTO 3aHUMAIOT TeXHOTIOIMH co3aHUs KB
7151 CB@PX3KCTPEeMAaJIBHBIX YC/IOBUI SKCIUIYaTaLIMH: a3po-
KOCMHUECKOH chepsl, TeXHOTeHHO-OIACHBIX 00BEKTOB,
BKJIIOYas IePHYIO SHePreTUKY, XMMHUYeCKHe [IPOrU3BO/I-
CTBa, SHEProceTH X TPaHCIIOPTHBIE CPe/ICTBA C BBICOKKMM
yPOBHEM 3/IeKTPHUYECKHX U MAaTHUTHBIX I107I€k, HMITYJIb-
CHBIX CHJIOBBIX SHEpProreHepHpyOIIHX U SHeprorpeobpa-
3YIOIIMX CHCTeM. YCIIeX B IAHHOM chepe obecriedrBaeTcs
B IIEPBYIO Ouepe/Ib MaTepHasIoBeI4ecKor 6a30k 1 KoMIIe-
TeHIUSIMU pa3paboTunKa. HeobxommMble SKCTpeMalib
Hble [TapaMeTPhl HeBO3MOKHO JOCTHYb Ha MaTepHaiax
HM3KOI0 KayecTBa. [loggepskaHue TeXHOIOTMYeCKOro
MOTeHI[Haa, obecrevHBaloIero He3aBUCKMOCTb U 6e3-
OITACHOCTB TOCYAAPCTBA B YCJIOBUSIX PeasIbHBIX, IIPAKTH-
4yecKH 6eCCpPOUHBIX CAHKLIME JO/KHO PACCMaTpPHBAThCS
KaK IIPHOPUTETHAs 3ajJada C JOCTH KeHHEeM II0JIHOrO
CyBepeHHTeTa U UMIIOPTOHe3aBUCHUMOCTH. B JaHHOM
C1y4ae IIpH oLeHKe 3QeKTUBHOCTH IIPOAYKLIMH B Kaye-
CTBe KpPUTEepHeB IOTPebHUTebCKUX KaueCTB JOMUHH-
PYIOT HHTe/JIeKTYJIbHBIM M MHHOBALIHOHHBIM [TOTeH-
LIMa/IBl, 3HAUUMOCTD B PellleHUH 3aa4 obecrieueHUs
0e30I1aCHOCTH roCyJapcTBa, YeloBeka U obIecTBa.

XapakTepu3ys pa3BUTHe TexHonNoTUH IKB nns
COLIMa/IbHO-OPHeHTUPOBAHHOU Cephl, OTMETHM, YTO
B PaMKax MIeCTOr0 TeXHOJIOTMYeCKOro yKaanaa, bes-
YC/IOBHO, II0J1y4YaT CBOe Pa3BUTHe TaK Ha3blBaeMble
Kubepodrsruyeckre TeXHOJIOTUU — HTepHET BelleH.
B coBpeMeHHOM ITOHKMaHUU 3T0 "MIHTepHeT JIofek’,
BK/IOYas 6MOMeIUIIMHCKHE MTePCOHUPUIIUPOBAH-
Hble TeXHOJIOTHH IIPOrHOCTUYECKON MeJULUHEI [4]:

OOMAIIHSSI AUATHOCTHKA U HedapMaKolorudeckas
KOPpeKIHs PU3HUO0TOrUUeCKOTO COCTOSIHUS, YMHAs
ofleXk/la, MHTeJJIeKTyaIbHas KOKa, CEHCOPHO-KOPPeK-
THpYomHe 6HOMMIIIAHTBI. CIIPOC Ha HOBO@ KaueCcTBO
SKHU3HH U JOTro/IeTHe TpebyeT SKOHOMHYeCKH JOCTYII-
HOTO IPY’KeCTBEHHOT0 UHTepderica "yejoBeK - CeH-
copHO-UHPOPMALIMOHHAS U KOPPeKTUPyomas 6uo-
TeXHHYeCcKas cpepa’. [lepcOHUOULIMPOBAHHBIM,
TOCTYIIHBIH IJISI IIMPOKOTO KPpyra MallueHToB 6romMe-
OUIMHCKUE MOHHTOPUHT IIpefonpeenul pa3Bu-
THe KPYITHOCePUIHOM HH/YCTPUHU CEHCOPOB U METOK
C IIMPOKKUM HCIIONb30BAHHUEM IIe4YaTHBIX TeXHOJIO-
ru [5] B coueTaHUU C 2D- 1 3D-c60PKOI, B TOM UHCTIe
rubpUIHBIX cUCcTeM. Hapsiay ¢ HU3KoM cebeCTOMMO-
CTBIO MPOAYKIU MU rUbKas ImedaTHAs 31eKTPOHHKA
1 GOTOHHKA obecreyrBaeT KOHPOPMHYIO HHTerpa-
LHio B 61M000BEKTH U peanu3anuio obMeHa I10 Tex-
HOJIOTUSM MHTepHeTa Bellel. PaKTHUUECKH, KHU3Hb
yeJIOBeKa JIO/KHA CTaTh [IepBOCTeIIeHHBIM 00beKTOM
TeXHOJIOTHUUeCKHUX PeBONIOLHI, U IePpCOHUPHULIHPO-
BaHHBIM MeJUKO-6HOIOrHYeCKHUH SKCIIPeCC-MOHHUTO-
PHUHT MOXKeT pacCMaTPUBAThCS KaK aJalITHPOBAHHAS
Kubepdu3ryuecKas TeXHONIOTHS.

WHBECTULIM B "YENIOBEYECKMWIA KANUTAN"
BaskHEHMIIHUM 3/IEMEHTOM B JOCTHUKEHUU TeXHOJIOrHYe-
CKO¥1 He3aBHUCHMOCTH SIBJISIETCS M3MeHeHHe [TapaUTrMbl
KaZ[poBoro obecriedeHu st TEXHOJIOTUH, TO eCTh MHBECTH-
LU B "4yeloBeYeCcKUN KamuTaa . CoBpeMeHHOe COCTOsI-
HHe KaJpoBoro obecrieuyeHUs] BBICOKUX TEXHOIOTHI
XapaKTepU3yeTcst CIeAYIOLMMH YepTaMU:
+ 06mUM CHHKEHHEM eCTeCTBeHHO-Hay4HOro obpa-
30BaTeJbHOIO YPOBHS BBIIIYCKHHUKOB LIKOT, HUX

components, which allows to deter-
mine its functional purpose, should
be considered the following:

« information electronics;

« power electronics;

« microwave electronics;

* optoelectronics (photonics);

« MEMS, including sensorics.

For additional refinements, the
following concepts are widely used:
nanoelectronics, plasma electron-
ics, vacuum electronics, magneto-
electronics, photovoltaics, quantum
electronics, organic electronics, bio-
electronics, and others.

An extremely important alter-
native and a certain addition to

electronics in terms of generating
and processing signals, transmit-
ting energy and information is pho-
tonics. The roadmap "Development
of Optoelectronic Technologies
(Photonics)" was approved by the
Order of the Government of the
Russian Federation. Photonics is
defined as the field of science and
technology associated with the gen-
eration and propagation of photon
fluxes, their control and the use
of their interaction with matter.
Photonics devices are devices and
systems for which the basic process
is the transfer of energy or informa-
tion by the flow of photons. In fact,

apart from a variety of terms used
in the framework of the modern
terminology of photonics (iconics,
coherent optics, quantum optics,
nanophotonics, quantum electron-
ics, optical computing, optical engi-
neering, optoelectronics, photovol-
taics, microwave photonics, photo-
electronics, integrated optics, wave
optics laser technology) and deter-
mine its functional purpose, it is
conditionally possible to identify a
number of significant industrial
areas (Table 3).

These technologies of photon-
ics have wide military and civil-
ian markets, however, from the
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HeJIOCTaTOYHOM IIpodeCcCHOHAIbHOM OpHeHTalluek

Y HU3KKM yPOBHEM MOTHBAlIUH;

* OTCTaBaHMeM 06pa30BaTeTbHOM Cpefibl OOMBITHHCTBA
BY30B U, KaK CJIeICTBHe, ITPOdeCcCHOHATbHO-KOMIIe-
TEHTHOCTHOT'O YPOBHSI BBIIIYCKHUKOB OT PeabHbIX
NoTpebHOCTE N SKOHOMHUKH;

* daKkTHYeCcKH II0Teper OTpPac/eBOM K OTCYyTCTBHEM
KOPIIOPAaTHBHOM U MHYCTPHAIbHO-PBIHOYHO aIaIl~
THPOBAHHOM HayKH;

* C71a6BIM HCII0/IB30BAaHHEM HH/LYCTPHAIbHO-TIPOMBIII-
JIeHHBIMHU IIapTHepPaMHU KaJpoBOro IOTeHIHAa,
a Takke J1abopaTOPHO-3KCIIePUMEHTAIbHOMN 6a3bl
OpraHM3aIUM AKaZleMHUH HayK K BY30B JJIsl IIPOBe-
IeHUs IPUKIaHBIX UCCIeJOBAaHUM U TpaHcdepa
TeXHOJIOTUH;

* OTCYTCTBHMEM KOOPJHHAIIMK IpOorpaMMHO-Iieje-
BOT'O IVIAHUPOBAHU S IIPU peasik3alliy OTPac/IeBbIX
IIPOrpaMM C FOCYIapCTBEHHBIMU HMHBECTUIUSMU
B HayKy 1 06pa3oBaHUe B GOopMe IPOEKTOB K TPAaHTOB;

* OTCYTCTBHeM 6a3 JaHHBIX KpPUTHUECKUX K BOCTpebo-
BaHHBIX TeXHOJIIOT UM OTPac/IeBOM HallpaB/leHHOCTH;

* OTCYTCTBHEM MOTHBAIMOHHBLIX MEXaHH3MOB JJIs
[IPOMBIIIIEHHBIX IPeIIPUSTHE, 00eCrIeqBaOIINX
"IpeBpalleHHe" HAyYHBIX [10APa3JeleHUI By30B
Y AKaJleMHHU HayK B OTpacjeBble 1a60paTOpUU AJIst
TpaHCcdepa TeXHOJIOTUH U KaZ[pOBOro IIOTeHIIHaIa.

B paMKax peanmn3yeMbIX TPAHTOB U IPOEKTOB, HHBe-
CTHPYeMBIX TOCYIapPCTBOM, B KadecTBe 6a30BBIX IT0KA3a-
TeJel UCIIONb3YIOTCS He BCerza aleKBaTHble KpUTEePUU
OLIeHKH, KOTOpbIe He OTPaskaloT II0TPebHOCTH peasIbHOM
5KOHOMHUKHU U, B YaCTHOCTH, MH/IYCTPHUA/IBHO-TIPOMBIII-
neHHON cdeprl. HoBast obpa3oBaTenpHast mapagurma
npodeccHoHaIbHO-OPHEeHTHPOBAaHHOr0 06pa3oBaHU

JOJIKHA BK/IIOYATh Psifi KOHKPETHBIX AeHCTBUM, rap-
MOHHUYHO BOCIIPMHHMAaeMBbIX IIPOMBIIIIEHHOCTBIO
Y Hay4HO-00pa30BaTe/IbHOM CPefoH:

 dopMyIHPOBKA aT/aca HOBBIX BOCTPeOOBaHHBIX ITPO-
dbeccur, BRIOYASA TaK Ha3blBaeMble "3aTOPHU30H-
THBIE";

* ollpele/ieHHe roC3aKasa Ha IlepeyueHb CIIel[HasIHCTOB,
HaIlpaBJIeHU I U IPOUIIer IOATO0TOBKH;

* ONTHMH3ALHUS (Ce/IeKIKs) MTPOPpeCcCHOHATBHBIX CTaH-
IApTOB M MX TAPMOHH3aLIM 1 C 06pa3oBaTe/IbHBIMU;

+ dopmynnpoBka TpebOBaHUM K KBATUPHUKALIUU U ee
HEe3aBHCUMOM OLIeHKE;

* PpasBUTHe MPeACTaBIeHUN 00 MHAUBUYAIbHBIX
MPOPUIIIX KOMIIETeHLIUE ~ TO eCTh [IePCOHUPUIIPO-
BaHHBIX TPA@KTOPHSIX Ha PhIHKeE TPYyZa;

* aHaIM3 IOTPebHOCTH B KOMIIETEHLIUX "LIUPPOBOTO
WH>KeHepa" /IS Pa3IUYHbIX chep HesTeNbHOCTH
(Hay4HOM, HHYCTPHUAJILHOM, KOMMYHHKAI[MOHHO-
MHPOPMAIIMOHHOM, OH3HeC-TOBAPHOL).

Be3 BhIIIeyKa3aHHBIX MEPOIIPUSTHI HEBO3MOXKHO
cdopMupoBaTh 3G PeKTHBHYIO COBpeMeHHY0 06pa3oBa-
TeJIPHYIO [TapaIMT My, YIHUTBIBAOIY0 ITPOGECCHOHA/b
HYIO HAaIIPaB/IeHHOCTb. JTO AeK/IaMHPYIOT MUHTPYZ,
donp nHPPACTPYKTYPHBIX U 06pa30BaTeIbHBIX IIPO-
rpamm POCHAHO u npyrue opraHu3aluu, ﬂeﬁCTBYM‘
IIMe B HAallMOHAIbHOM CHCTeMe KaJpoBoro obecreue-
HHUS U KBaTUQHKALIHH.

ObecmeyeHue r106aIbHOM KOHKYPEHTOCIIOCOOHO-
CTH B 06/IaCTH MPOPBIBHBIX TEXHOJIOTMM, HTHHOBALILIOH-
HOM ITPOAYKIIMH U PeaK3alius 3a1a4 TeXHOJIOINUeCKOk
HEe3aBUCHMOCTH (CyBepeHUTeTa) OIlpeieNsiloT Heobxo-
IOYIMOCTB, BO-TIePBBIX, PE3KOTr0 BO3PacTaHUS 3HAUHMO-
CTH MHTeJUIeKTYa/IbHOK COCTaBIISIIONIEH "UeIoBeYeCKoro

perspective of a promising elec-
tronic components, special atten-
tion is now being paid to two areas:
information and microwave pho-
tonics. The fundamental differ-
ences between an electron and a
photon as carriers of energy and
information, as well as the tran-
sition from galvanic coupling sys-
tems to optical links, are primar-
ily manifested in speed, broad-
band, noise immunity, information
capacity. The limitations that must
be overcome in the development
of these technologies are also well
known. For microwave photonics, it
is a reversible hardware micro-nano

interface, electronics-optics, and for
information photonics it is an adap-
tation of the classical materials sci-
ence basis and micro-, nano- and
optoelectronics technology to solve
problems of creating optical com-
puter platforms.

A special place is occupied by the
technology of creating electronic
components for super-extreme oper-
ating conditions: aerospace, tech-
nogenically hazardous facilities,
including nuclear energy, chemical
production, power grids and vehi-
cles with a high level of electric and
magnetic fields, pulsed power-gen-
erating and energy-transforming
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systems. Success in this area is
ensured primarily by the mate-
rial science base and developer
competencies. The necessary
extreme parameters cannot be
achieved on poor quality materi-
als. Maintaining the technological
potential that ensures the indepen-
dence and security of the state in
the face of real, practically indefi-
nite sanctions should be considered
as a priority task with the achieve-
ment of full sovereignty and import
independence. When evaluating the
effectiveness of products, intellec-
tual and innovative potentials, and
importance in solving the tasks of
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KalMTana', JOMUHHUPOBaHHe B JOCTHXXKeHUU 3P dek-
TUBHOCTH TPyJa MHAUBHUAYATbHOIO MPodecCHOHa b
HOro $aKTopa, COL[MATbHBIX 1 MOTHBALIMOHHBIX aCIIeK-
TOB JlesITeJIbHOCTH (MHHOBAIIMH [O/IKHEL KMeTh MOTH-
BAaLIMH), BO-BTOPBIX, COaJIAHCHPOBAHHOCTH GHMHAHCHPO-
BaHUSI IIPU CO3/laHUU HOBBIX [TPOK3BOJACTBEHHBIX MOILI-
HOCTeH, a TaKsKe TeXHOJIOTHUH U KaJpoB HayuHO-06pa-
30BaTe/IbHBIX KJIACTEPOB, OCYIECTBISIONIKX TPaHCchep
3HAHUH (COM3MePHUMOCTb BIOKEHU I B MaTepHa/IbHYIO
Y MHTeJIJIeKTYaIbHYIO ITPOAYKIIKIO).

3AK/NIOYEHUE

BasoBas Lie/lb NPHU JOCTHUKeHHUH TeXHOJOTHYeCKOH

He3aBHCHMOCTH B PaMKaX HayKOeMKHX TeXHOJIOTUH

OTe4YeCTBeHHOU MHKPO- U HAHOTeXHUKH ~ OPMHUPO-

BaHHe HOBOU MHAYCTPHUAJIbHOI CPpeAbl U MeXaHH3Ma

IIPOMBIILIEHHO-HayYHO-00pa30BaTeIbHOrO IIapPTHEP-

CTBa, OPUEHTUPOBAHHBIX Ha KOHBePIreHIJHUIO HayK

Y TeXHOJIOTHUH /151 pealr3allui MeXIUCIUIIMHAP-

HBIX HCC/IeJOBAHUI U pa3paboTok, pa3sBUTHeE IIepco-

Ha/IM3MPOBAHHOTO NPOPeCcCHOHATLHO-OPUEeHTHPO-

BaHHOTO0 06pa3oBaHUs U obecriedeHUsT MeKOTpaciie-

BOM Hay4YHO-MH>KeHEPHOH AeATe/lbHOCTH Ha PBIHKE

HayKoeMKOK IIPOAYKIIMK HOBOI'O TeXHOJIOINYeCcKOro

yKIaga.

I1pu 3TOM pelIaloTCs C/leyOlILe 3aadu:

e peamu3auug QyHJaMeHTA/IbHEIX M IMOHCKOBBIX
KCC/IeIOBAHUM, OIIpe/e/II0I X TeXHOJIOI MU IIpe-
BOCXOJICTBA C AJIMTe/IbHBIM HayUHO-TeXHOJIOrHye-
CKKM TOPH30HTOM peal3alluH U COLIHaIbHO-9KO0-
HOMUYECKOH 3 beKTUBHOCTHIO;

* IIpoBefleHHe MPUKJIAJHBIX UCCIeJOBAaHHH C Ce/leK-
IIHel, CHUCTeMaTH3allMed M HaKOIJeHHeM

3HAHUU B MeXIUCLUIIMHAPHBIX 06acTax, Gop-

MHPOBAHHE KOHKYPEHTOCIIOCOOHBIX TeXHOIOI -

YeCKMX HHUII C ITMHAMHYHOH 3KCIIpecc-TpaHCchop-

MallMeH 3HAaHHUH OT UCCIeI0BaTe/IbCKOM CTaHuU

K IPOM3BOCTBEHHOM;

e IpefoCTaBIeHHe COBpeMeHHBEIX Npodeccuo-
HaJIbHO-OPUEHTHUPOBAHHBIX 06pa3oBaTeIbHBIX
ycayr gst GopMHUPOBaHU S HOBOM reHepal U IIPo-
deccHoHaIbHOM 3/IUTH Kak 6a3uca obecrieyeHUs
KOHKYPEeHTOCIIOCOOHOCTH OTe4YeCTBEHHOH IIPO-
OYKLMUU U TeXHOJIOTHYeCcKOro CyBepeHHUTeTa.

B KauecTBe IPHUOPUTETHBIX HAaIlPaBIeHHUM, Tpe-
OyoMmMMUX KOHILEHTPAallMK HUHTeJJIeKTYa/lbHBIX,
HHOQPACTPYKTYPHBIX U GHUHAHCOBBIX PECYPCOB, OIIpe-
JleJISIIOIIUX BO3MOXKHOCTD pean3allii Hay4HO-TeX-
HOJIOTHYeCKHX IIPOPBIBOB, IJIHUTEIbHBIX BOCTpebo-
BAHHBIX TOCYJapCTBOM M 06IIeCTBOM FOPH30HTOB
HHAYCTPHaIbHO-TeXHOJIOTHUeCKOr0 Pa3BUTHUS, Cle-
AyeT oIlpe/le/INTh CUCTeMHOe obecIieueHHe TeXHOJIO-
FUYeCKOT0 CyBePeHUTeTa B COBOKYIIHOCTH obacTen
CO3/JaHMSI MUKPO- U HAHOTeXHHKHU:

* KOHGOPMHOM ITIepCOHATH3HMPOBAHHOM OBHOTEeXHOC-
depsl (TeXHOTOTUH IPOTHOCTHUYECKOUN U [IEPCOHU-
bULIMPOBaHHOU MeJUIIUHBI, IUIIEBOU U papma-
KOJIOFMYeCcKoM 6e30I1acHOCTH);

e TapPMOHHU3HPOBAHHOM be3omacHON HHPOTeXHOC-
beprl (HeripoMopdHBIe KOMIIBIOTePHBIE IIJIAT-
dopmsl, MHTepHeT Belell, Kubepbe3oracHOCTS);

* 30deKTHUBHOM pecypcocbeperammuieil SHeproTex-
Hocdepsl (pekyIepal s SHepIuX U3 3dHpa U OKpy-
SKAIOIIEeH CpeJibl).

KoHeuHas 1leJb FapMOHH3MpOBaHa C 3aja-
Yyel II0 pa3BUTHUI0 Ha 6a3ze HpeANpUATHH

security of the state, individual and
society, dominate as criteria for con-
sumer qualities.

Describing the development
of electronic components for the
socially-oriented sphere, we note
that the so-called cyber-physi-
cal technologies, the Internet of
things, will certainly be developed
within the framework of the sixth
techno-economic paradigm. In the
modern sense, this is the "Internet
of people", including biomedical
personalized prognostic medicine
technologies [4]: home diagnos-
tics and non-pharmacological cor-
rection of the physiological state,

smart clothes, smart skin, sensor-
corrective bioimplants. The demand
for a new quality of life and longev-
ity requires an economically acces-
sible friendly "human - sensory-
information and corrective bio-
technical environment" interface.
Personalized biomedical monitor-
ing available for a wide range of
patients predetermined the devel-
opment of a large-scale sensor and
label industry with extensive use
of printing technologies [5] in con-
junction with advanced packag-
ing, including hybrid systems.
Along with the low cost of produc-
tion, flexible printed electronics

and photonics provide conformal
integration into bio-objects and
implementation of the exchange
using the "Internet of things". In
fact, human life should be the pri-
mary object of technological revolu-
tion, and personalized biomedical
express monitoring can be consid-
ered as an adapted cyber-physical
technology.

INVESTMENTS IN HUMAN CAPITAL

The most important element in
achieving technological indepen-
dence is a change in the paradigm
of staffing technology, that is,
investment in the human capital.
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CTAHAAPTU3ALMUA

060pOHHO-TIPOMBIIIJIEHHOT 0 KOMILJIEKCA IIPOK3BOJ-
CTBa I'PaKAAHCKOM HayKOeMKOH IIPOAYKIIMH U MOKET
OBITH OIIpefie/ieHa Kak reHepallus U TpaHcdep 3Ha-
HHUI 1 TeXHOJIOTHUH B HAyKOEMKYI0 HHHOBAIHOHHYIO
chepy st obecrnedeHUs MepPCOHUPULIIUPOBAHHOM
KoMOPTHOM be30macHON 5KOHOMHUYeCKH 3GGeKTUB-
HOMU Cpe[bl 0OONTaHU S Ye/loBeKa.

MOXXHO OTMETUTh cileaymmuye yrpo3bel U pUCKH

Ha 3Talle epexofa P® K mecToMy TeXHOJOTH4e-
CKOMY yK/IaAy u obecledeHHIO TeXHOJOTUYECKOTO
CyBepeHHTeTa:

CTarHalldsg UHHOBALIMOHHBIX TeXHOJIOTUH (HU3Kas
3 PEeKTUBHOCTD SKOHOMHUUYECKHX BIIOYKEHUN);
CHUKeHHMe KauyecTBa 4e/JI0BeYeCKOro KaIlMTalla
(obmee cHUXXeHHUe 00pa30BATENBHOTO YPOBHS
W MOTHBAIUU);

3aMMCTBOBaHUe 6A30BBIX AMIIAPATHO - IIPOrpam-
MHBIX CPeJCTB HHPOPMAIIMOHHON UHOPACTPYK-
Typbl (yTpo3bl HUHGOPMALIHOHHON 3aBUCHUMOCTHU
U TEPPOPHU3MA);

HCKYCCTBEHHOE YCKOpPeHHe TeXHHUYeCKOH 3BOJIIO-
UU 6e3 OlleHKHU "0MMacHOCTH" CO3aBaeMBIX MaTe-
PHAJIOB U TEXHOJIOTHUYECKUX IIPOLECCOB (3KOHOMHU-
YecKoe CTUMY/IMPOBAHHE TeXHOJIOTHH, He IIPOIIe-
KX "3BOJIOIIMOHHBIH 0T60P").
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that ensure the "transformation”

The current state of high-tech staff- + weak use by industrial partners
ing is characterized by the follow-
ing features:

a general decrease in the natu-
ral-science educational level of
school graduates, their lack of
professional orientation and a
low level of motivation;

lag in the educational environ-
ment of most universities and,
as a result, in the professional
and competence level of gradu-
ates from the real needs of the
economy;

in fact, the loss of industry and
the lack of corporate and indus-
trial-market-adapted science;

of human resources, as well as
laboratory and experimental base
of organizations of the Russian
Academy of Sciences and uni-
versities for carrying out applied
research and technology transfer;
lack of coordination of program-
target planning in the imple-
mentation of sectoral programs
with public investment in sci-
ence and education in the form
of projects and grants;

lack of databases of critical and
demanded sectoral technologies;
lack of motivational mecha-
nisms for industrial enterprises
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of scientific departments of uni-

versities and the RAS into indus-

try laboratories for the trans-
fer of technology and personnel
potential.

In the framework of grants and
projects implemented by the state,
not always adequate evaluation
criteria are used as basic indica-
tors, which do not reflect the needs
of the real economy and in partic-
ular of the industrial sphere. A
new educational paradigm of voca-
tional education should include a
number of concrete actions that
are harmoniously perceived by
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industry and the scientific and edu-

cational environment:

e creation of the atlas of
new sought-after profes-
sions, including the so-called
"over-the-horizon";

+ determination of the state order
for the list of specialists, training
areas and profiles;

 optimization (selection) of profes-
sional standards and their har-
monization with educational
ones;

« formulation of requirements for
qualification and its independent
assessment;

+ development of conception of
individual competency profiles
that is personalized trajectories
in the labor market;

 analysis of the need for com-
petencies of the "digital engi-
neer" for various fields of activ-
ity (scientific, industrial, com-
munication, information,
business-commodity).

Without the above activities, it is
impossible to form an effective mod-
ern educational paradigm that takes
into account professional orienta-
tion. This is recited by the Ministry
of Labor, the Fund for Infrastructure
and Educational Programs of
RUSNANO and other organizations
operating in the national system of
staffing and qualifications.

Ensuring global competitiveness
in the field of breakthrough technol-
ogies, innovative products and the
implementation of the tasks of tech-
nological independence determine
the need, firstly, of a sharp increase
in the importance of the intellectual
component of the human capital
(innovations should be motivated),
secondly, the balance of funding
when creating new production facil-
ities, as well as technology and per-
sonnel of scientific and educational
clusters engaged in the transfer of
knowledge (commensurate invest-
ments in material and intellectual
products).

CONCLUSION
The basic goal in achieving techno-
logical independence in the frame-
work of high-tech domestic micro-
and nanotechnologies is the forma-
tion of a new industrial environ-
ment and a mechanism of indus-
trial, scientific and educational
partnership focused on the conver-
gence of science and technology for
the implementation of interdisci-
plinary research and development,
development of personalized voca-
tional education and provision inter-
disciplinary scientific and engineer-
ing activity in the market of high-
tech products of a new techno-eco-
nomic paradigm.

The following tasks are solved:
 implementation of fundamen-

tal and exploratory research that
determines the technology of
excellence with a long-term sci-
entific and technological horizon
of implementation and socio-eco-
nomic efficiency;

« carrying out applied research
with the selection, systematiza-
tion and accumulation of knowl-
edge in interdisciplinary areas,
the formation of competitive tech-
nological niches with a dynamic,
rapid transformation of knowl-
edge from the research stage to
the production stage;

« provision of modern vocational-
oriented educational services for
the formation of a new generation
of professional elite as the basis
for ensuring the competitiveness
of domestic products and techno-
logical sovereignty.

The priority areas requiring the
concentration of intellectual,
infrastructural and financial
resources that determine the pos-
sibility of implementing scientific
and technological breakthroughs,
long-term industrial and techno-
logical development horizons in
demand by the state and society
should determine the system sup-
port of technological sovereignty

in the aggregate areas of micro-

and nanotechnology creation:

« conformal personalized bio-
technosphere (prognostic and
personalized medicine technol-
ogies, food and pharmacologi-
cal safety);

« harmonized secure informa-
tion technology sphere (neu-
romorphic computer plat-
forms, Internet of things,
cybersecurity);

 efficient resource-consum-
ing energy technology (energy
recovery from the ether and the
environment).

The ultimate goal is harmonized
with the task of developing civilian
high-tech products on the basis of
enterprises of the military-indus-
trial complex and can be defined
as the generation and transfer of
knowledge and technology to the
knowledge-intensive innovation
sphere to provide a personified,
comfortable, safe, economically
efficient human environment.

The following threats and risks
can be noted at the stage of tran-
sition of the Russian Federation to
the sixth techno-economic para-
digm and ensuring technological
sovereignty:
 stagnation of innovative tech-

nologies (low efficiency of eco-

nomic investments);

« decrease in the quality of
human capital (general
decrease in educational level
and motivation);

 borrowing the basic hardware
and software of the informa-
tion infrastructure (threats of
information dependence and
terrorism);

« artificially accelerating techni-
cal evolution without evaluat-
ing the "danger” of the materi-
als created and technological
processes (economic incentives
for technologies that have not
undergone "evolutionary selec-
tion"). [
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