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Advanced energy
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- Photonics and light technologies: Photonics, Lithography systems, Optical
measuring systems, Quantum optics, Photonic micro- and nanomaterials
Photonics and light technologies, Cheap Lidar, High performance lasers,
Photonics, Nanostructured materials with special optical properties, lasers and
organic light-emitting diodes based on nanoscale heterostructure
(1 noo1-NI'TNNN NN*'wNa 43 q'yo)

- Precision agriculture (1 nooa-ni'tnnn nn'w1a 20 q'wo)
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Aerospace technology — Uses LIDAR (laser RADAR systems) and laser altimeters,
imaging systems for test and analysis of aircraft, holographic heads-up displays, and
optical pattern recognition systems for navigation

Agriculture — Uses satellite remote sensing to detect large-scale crop effects,
scanning technology and infrared imaging to monitor food production and quality, and
sensor systems for planting and irrigation

Biomedicine — Uses lasers for surgery, therapies such as photodynamic therapy, and
in situ keratomileusis (LASIK) procedures; uses testing and analysis devices such as
noninvasive glucose monitors

(“What is Photonics? | The National Center for Photonics and Optics Education, OP-TEC,” 2017) *
(“New UK Photonics centre to shine a light on healthcare | Electro Optics,” 2017) 2

12



Construction — Includes scanning site topography, laser bar-code readers to
inventory materials, laser distance measuring and alignment, and three-dimensional
analysis to track the progress of construction

Engineering, microtechnology, and nanotechnology — Uses lasers in the
manufacture of electrical devices, motors, engines, semiconductor chips, circuits, and
computers; via photolithography, photonics is central to MEMS production

Alternate Energy / Green Solutions — Photovoltaic Devices (PVDs) are used for
Solar Electric Panels. Recent improvements in cost, efficiency, and reliability promise
that PVDs will be an even greater contributor to Alternative Electric Energy in the
future.

Environmental technology — Uses ultraviolet Doppler optical absorption
spectroscopy (UV-DOAS) to monitor air quality; uses fast Fourier transform analysis
to monitor particulate matter in effluents released from stacks

Geographic information systems and global positioning — Uses optics and
photonics in imaging and image processing to refine atmospheric and space-based
images

Information technology — Uses optics for data storage, ultrafast data switching, and
(especially) transmission of data across fiber-optic networks

Chemical technology — Relies on molecular optical spectroscopy for analysis and on
ultra-short laser pulses to induce fluorescence; chemical vapor deposition and plasma
etching support photonics thin film applications

Transportation — Uses optics for monitoring exhaust emissions to ensure the integrity
of shipping containers arriving from foreign ports, and navigation with ring laser
gyroscopes

Homeland security — DNA scanning, laser forensics, retinal scanning, identification
of dangerous substances, optical surveillance

Manufacturing — Laser welding, drilling, and cutting; precision measurements

Biotechnology — Optical spectrometers and other optical devices are being used to
verify biochemical compositions and monitor biotech processes.

Solid State Lighting — Light-Emitting Diodes (LEDs) are replacing incandescent bulbs
because of their low efficiency and compact fluorescent lighting (CFLs). The cost of
LEDs for outdoor lighting, traffic lights and indoor commercial and office use is now
cost effective.

nMIvnwn nthy) N IR 447->1 2015 niwa win nplivio iwt 7w mivn givin 1y
NOZINI NN NN [M9IRNA NT PIY (N1 TIRY'M 228 -3 7y Tyw ,2005 niwa piwn 1w nniy?
N2I711000 27U NINND DR 7¥17 17D 0Y21TA 0'¥ANAL DO NIYYPYNA NNANt L NImnnn v

.(Tober & Wilkens, 2017a)
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Total 2005
€228 billion

Total 2011
€350 billion

Total 2015
€447 billion

26%
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@ information @ Lighting Displays @ Photovoltaics @@ Optical Component ) Defence and Security
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Production 2005 Production 2011 Production 2015

Total 2005
€228 billion

Total 2011
€350 billion

Total 2015
€447 billion

26%

source: (Tober & Wilkens, 2017b)
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(“Rising Need for Efficient Communication Devices to Stimulate Demand for Photonics in Displays, 2

says TMR,” 2016)

0'71IT2 0'7NINY '7'M0DIN ,0"USIX 0’0 1 Yy 72 'DIx A, WDM — Wavelength-Division Multiplexing

https://shushan.co.il/multiplexing-%D7%91%D7%A2%D7%95%D7%9C%D7%9D-) TnI'na
(%D7%94%D7%AA%D7%A7%D7%A9%D7%95%D7%A8%D7%AA
(“Global Photonics Market Set for Growth | Business | Nov 2016 | Photonics.com,” n.d.) °
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(Tober & Wilkens, 2017b) i

(Gaurav, pmiwy" 9% NPIVIS-NP'MAN PIYA 'I9XN M71IVN 7ITAN DX D'YNAN 707 DRIMIN
:2017)
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Future UK Opportunity

Sector priority area
Next Generation Broadband giving Gigabit connectivity will require fibre to within 200m of the end user;
Broadband Increasing merging of wireless and wired broadband provision based on 4G development and Future 5G;
Development of Radio on fibre;
Data Growth in Data Centres, Cloud storage, electronic trading and Financial services;
Growth in Big data and data based service;
Information,
Data and Optical Quantum information. Major UK opportunity at all points in supply chain;
Communications
On chip photonics integration for data centres, fibre to home, quantum computing and high capacity commes;
Components High reliability components & systems for Satellite Aerospace and Undersea communications;
Growth in use of valued added /Enabling Materials e.g. compound ;Semiconductors and Metamaterials;
Silicon / 111-V hydridisation;
Adoption Increased use of laser based processing by UK industry;

Industrial
manufacturing
with lasers

Forecasts for significant increase in utilisation of laser processes in manufacturing (e.g. automotive 5- 30%)

Manufacturing
efficiency

Laser based additive manufacturing;

Joining of dissimilar materials;

17




Short pulse materials processing;

Surface processing /modification;

Laser processing of composite materials e.g carbon fibre;

Laser welding;

Lasers and laser
components

Ultra-short pulsed, high power high repetition rate lasers;
Flexible lasers (e.g multi-colour, pulse / colour tuneable);

Coatings and components for high power / high intensity laser beam; Laser arrays, multiple fibre arrays

Beam Delivery

Beam patterning using spatial light modulators; High speed scanning systems;
Fibre delivery for high power and/or IR / UV ultra-short pulses

Quiality control&
automation

Precision measurement to increase manuf. Efficiency;
Multimodal sensors combining sensing techniques & multi’hyperspectral imaging;
Combination of laser technology with online non-destructive testing;

Photonics for
Health and Life
Sciences

Health

User friendly mobile point-of-care equipment using light to detect and/or monitor disease / patient condition
with, high sensitivity, accuracy, reliability and speed;

Improved, safer and personalized treatment (therapy and monitoring) and highly targeted therapies e.g
target photo dynamic therapy; Non-invasive people centric solutions;

Development of multiband photonic imaging methods to analyze age and life-style related diseases allowing
clinician/patient to make informed decisions. Must be either label-free or use already safety- approved
labels;

Life Science

Next generation of Biophotonic tools to understand the origin of disease;

Solution to efficiently developing and supplying photonics technology to the large number of subtly different
(niche) life science applications, e.g. one light source for multiple instruments;

Photonics tools for online process control of drug manufacture Photonics instruments for quality control and
counterfeit drug protection;

Food

Lower-cost and faster methods to control water and food safety/ quality (e.g spectroscopic techniques) ;

Lighting
including solid

LED and OLED

I1I-V nitride materials and devices: Lower cost manufacturing processes and materials - substrates, epitaxy,
devices Improved high power, high efficiency LED device structures;
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state LED
lighting

Test and Measure Instrumentation for: LED wafer/ device manufacture and luminaires / lighting systems
Certification / standards enforcement;

Enhanced Organic light-emitting materials with better efficiency, colour, stability, reproducibility;
Materials and manufacturing processes; enabling OLEDs to be price-competitively;

Light fixtures

Innovative designs of LED luminaires based on replaceable fixtures;
Thermal management of packaged LEDs in luminaires Materials for effective light extraction and control
from luminaires;

Systems and control

Intelligent control of lighting systems including self-learning and integration with building control systems;
Integration with PV, renewable energy sources & DC networks Integration with city wide networks;
Human Centric Lighting: health benefits of controlling the lit environment;

Visible light
comms

Fast-switching LEDs, sensors, components, systems and systems integration;

Security,
Sensing and
Defence

Imaging

3D ground mapping and obstacle avoidance. Depth profiling for long range target interrogation;
Active 2D and 3D LIDAR imaging using high repetition rate, low pulse energy lasers;
Synthetic aperture LIDAR technigues for high resolution at extreme ranges;

Larger format thermal imaging cameras operating at > 200K with reduced SWaPC (Size, Weight, Power,
and Cost); Thermal imagers with minimal cooling requirements;

Detectors for discriminative imaging with wide band spectral response and functionality (polarisation,
avalanche gain and spectral response);

Lens-less or compact imaging approaches for improved identification;

Low light CMOS imaging arrays ( Vis and NIR);

Hyperspectral Imaging;

Multi-functional
systems

Broadband optical systems combining multiple sensors and laser wavebands for operation in complex
environments;

Multi-band Infrared and laser countermeasures;
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Remote gas, liquid, solid&perimeter sensing/ characterization;
Laser vibrometry for discrimination of decoys;

Exploitation of metamaterials;

Materials

Laser materials, optical fibre and components at eye safe wavelengths (>1.5um);

Lasers & Sources

Development of indigenous high power multi-band IR/ MIR lasers/ band shifting;

Microwave / TeraHertz frequency generation and detection techniques;

Integrated Photonic components for high speed communications & sensing Optical arbitrary waveform

Research and
Education

Other o
generation;
UK has a world class science and research base in at least three disruptive research fields that offer step
. change improvements in a range of applications:
Science and . ) . ) o
Research -Nanophotonics (sensing, imaging, energy generation);

-Quantum optics and quantum information (computing, secure communications, imaging);
-Extreme light (sensing, imaging, material characterisation and processing, advanced manufacturing);

Education and
training

Growing demand for photonics skills at all levels from management to assembly to R&D;

Significant demand for photonics training for none technical staff, e.g. operations, legal manufacturing;
More integrated approach linking training provision to market/industry demand for skills e.g vocational
training in hi-tech ‘clean’ manufacturing.

Infrastructure and
facilities

Increase access for companies to University and publically funded facilities;
Further increased open access to large scale facilities hosted in the UK and Europe;

Large format optics and imaging systems for satellite imagery, science and space;
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:(Photonics21, 2013)

:(Anderson, 2015 IMn NIXaM NINNAITA 72) ApI0I 517 nIknAaIT &

LEDs, lasers, detectors, image sensors, lenses, prisms, optical filters, gratings, optical fiber.
:NP1II0ID MIXING NINNAIT

LED lamps, cameras, displays, optical scanners, markers, manufacturing and inspection systems.
IN{"I0I9 '00IaN D'MIY'Y NIRNAIT

Lighting, internet & datacenters, smart phones, vision systems, TVs, medical imaging systems
IN{7"1019 D'00IAN D'NN'YY NIXNAIT

Internet, streaming video and audio (music), cloud storage services, e -commerce
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2014/2015 2016/2017 2018/2019 2020
Specific Involve local structures (universities, | Organise courses mainly targeting SME | Support best | Support
programs for | research centres, industries, especially | needs on a local basis; Support smart | initiatives to make | spreading of best

technicians (high

SMESs) and clusters to define needs

specialisation initiatives; Involve national

them

initiatives

school; and international structures (education | selfsustainable so | throughout
vocational and outreachoriented networks, learned | as to guarantee | Europe, where
training) societies, etc.) to exchange best-practice | stability in time. needed, while
and provide support to extend programs respecting local
beyond the local level. specificity.
High level | Strengthen international cooperation | Foster group exercises on specific | Ensure stability and | Ensure pan-
education through Erasmus and similar initiatives, | technological problems and challenges; | self-sustainability. European
(university & mainly at the MSc and PhD level; Support | Promote team work through competition spreading of best
PhD) mobility both for students and teachers; | on specific problems of industrial interest; initiatives.

Introduce summer fellowships (3months);
Set standards for basic photonics modules;

Strengthen  cooperation  with  industry;
Support  innovation  awards;  Foster
interdisciplinary education including

photonics, and cross-fertilisation towards
applications; Foster exchange of information
to support contacts between students and
industries

Involve national and international
structures (education and
outreachoriented networks, learned

societies with student clubs and corporate
members, etc) and industrial partners to
favour contacts between students and
industries.

Lifelong learning

Involve local structures  (universities,
research centres, industries, especially
SMESs) and clusters to define needs

Organise courses mainly targeting SME
needs on a local basis; Support smart
specialisation initiatives; Involve national
and international structures (education
and outreachoriented networks, learned
societies, etc.) to exchange best-practice
and provide support to extend programs
beyond the local level.

Support best
initiatives to make
them self-
sustainable so as to
guarantee stability
in time.

Support
spreading of best
initiatives
throughout
Europe,
needed,
respecting
specificity.

where
while
local

Source: (Photonics21, 2013)
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¢ Integrated photonics;

¢ Quantum optics;

o Diffractive and phase optics;

e Hyperspectral imaging;

¢ Remote sensing;

e Opto-fluidic MEMS (Micro-ElectroMechanical Systems);
e Optical materials and fibres;

e Microscopy, optical communication and cryptography;

e Opto genetics and biomedical optics.
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NANIR-117 01T ,(9%) Nivnn N7 o' L (Mivpwininn 10%) nz'oian ,01TaIR N'N9NI NI7wnn
STIVI 01,07 1270 212 21 (4%) nvai'zra 071 onin L(5%) o™il yipa 71910 ,(8%)

(Cleantech Group, 2016 7w 1wn pivana Cleantech Group nnotsw Innovation Monitor n"ima
NI NNIYAYNN NNIXA N7V NIRENN Dinn2 (J1n'o (1N nimye) VC 7w nixjzoyn 1INk D niin 2016)
NI7'v'1 NM710) NFANIR 7w DINKR DAIND AT IR (IO N7, 14.8% 7y Ty ninnnkn D1wn wwa

(nroaax

n"ya 2ITa1 712 TIA'Y 1D 0100 NN 77101 N7ITA NNRIYA [MOXRNN NIPRZNN NIAIZINDLVN IVZ0 NINKD
[21,TIVI VII'Y QTR LITIAW ,XINN [IONX DX NI070N 771D 90N TV D'77'nD 077 7-1'2 708N DXy
.D'DI¥N 7R DYPNRN IN0oN 'MNYA DNIYPZN DITTY

NIN7 D™M9Y QIX'P VIR ATA W NINWNA NIDIZNI D'X7)7N D'NVY TIA'X ,0'N2 1I0NNN ,0'7PRN "11'Y DY
2NN 10NN KN NI 7ITAN DR YN IT NNAN DX .NIXINN NPOOK NIX WAYT71 NIK7ENN 7V DI'R
TIYIIN D''TA NYSIN X' ND0N 'XI7 NYOIN QN7 1YWY 12D NNONNYT 2170w M7y nTn N (Itna
D'OYTAN 770 .NINIA NNIVIONV 7U NIDNK NISIPNA DI7AN 'Y X7 IR ATl 0T DIN '0Niyn
DINNA D'YTN D'NIN'D - 717N 1207 DN'RNNY NNVNA DT NNAWN NP7 N7X DNANK DY DITTIMNNY
NN¥N "N NOIXRN L(DM NV 'KIN 1Ad) NI'MNAA0 NI'YA DY NNXN DITTINNNTZ D"V DA DT 019710

TIVE D'V NIN'YA QX N¥RD ,NNIXAY NI7P20 N

NITNY NIYpwn 1y 'omn' o'inn 24 ann't (Goedde, Horil, & Sanghvi, 2015) 'mpn yiv'n n1an
NN ARIYNIL TAR T¥N 711 [12'0 NN2NN NNOY 12 DINNN KN DTN NIXK?j7NN DINN .701NaRN DINNA
(Goedde et al., 2015).ANXN T¥XNN

2016,et al. i7"~ v oolan 14
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PONAN] D'RINN-'NN 5.1.2

NM71Ivn N'72702 DaIwNNI DYITAN PIYA 'N790 TNXR NIN LPUNAR — [ITANI NIXZZNN NIFAI71100 110170
OMARN PIVA 077010 o'aiInnn ‘NN .(AgFunder, 2015) o721y mY7230 mimn winnn 8.5% -> 1x'ni
NYN 12,0701 DINANT 0N 0N

D'?'T 191 NNIXN N1ANY NIINNO VIXYE NIN'D 770N - NNIXA NIAN e

DM VIN'UI NPYN DY L,DPYN NIDAYA XY NN 17NN - DL ApYUn e

N'012 NOTINI NID'V NIYXANA D'YTN DT NIN'OL 7NN - DWAT e

IMIXIN V91 NN PYWN 71017 NRNNSINFAIZID0 NINDIIPNN - 'R pwun e

D'N'71 D'NAI D' "N 71T NIV'YI NIINND ,NIFAZ1100 NIN'SL NN - DM NIXIPN e

NOMIXI 719'0N NIV'YA A'XTA'VDIR NIV NDNNS NIND - (NPT NIX7N) ICT Nak e
27U PINON NUMYIE N1 AXTIONIVIR N> NNX' A NINNSAN NNAN 1DINA 7710 .0faxwnn
NI'R7ZN NIPI9SNI NINIYN

N'R77N MIXIN NTIRE N 719107 NrakiRnoLvE NDNNS 7w niN'ol 1znn - Post-harvest o

[ITA NINNO9AI NITAYA ,NNX"AN NNAN - It

DIYTN DINNQ N NIN'D NN - [IYT e

X770 1D IXYENIM'D 7NN - RPN D' e

N1 NIX7pn 5.1.3

A"NIX 71 NVToNAMIR LYRNI NNIXAD 'YTNY NE7nnn LWh0 'w A" T MY DIn NT 19

DNID'Y YT NINAIZID0 ,DIY'N NI7WUNN NIMITID0 7 00D YTAMN AN DINN NN NPT NIR?PN
(Gebbers, nix7pn N0 7w nnamn NRDIYA nawnnn My 07120 DiopmY? yT-nnam 710t ,nnn
NNYONNI ,0'YONY TVI DN'N7 NNIY 2ITan — 0*921Tan 210 2N7 0D NN 178 NIz .2010)
DN7 (1210 ATA1,0N7 NYNTA AT'A2 ,0N7 D'YNTN NMIENY YT 0N (12D DARYN N'190] Niva
NX NI7'Tan ,NTYWA |WUTI D' 7w 71¥0 NI NX NI7Tan 178 nirazio0 pa L(variable rate approach)
niN97 naw' .(N20) 17n-17 jxnn 1x (NO3) Nian 1120 N2'207 0N 'DUY NIN'VPNAI D'R7PNN NN
NI'NINN N7TAN — TNy NPt NIX7EN 79 0701 win'ya nnmy Mo NI 019X WX D' Y

J1'N2R0N NYOUNN NV RN

2un? win'y oX%70"% ninar 720 n'7Tana 01N DPnn NN NdIN I'0 W NptTA NINENY
D'N77NN ‘NN DR 7'Tan? Q2WONN D71¥2 DAY DNITRA (IY'TN 0w 21n17 Niv7nn n7ap nidwwna
(Melkonian et al. 2008; Sela et al. * Aznna niNa *opnt 65$ 2w nry A2"nka NnaT?)
(122 ,0'9011 075 .(Xu, 2014) |'02 y¥IAw nna Yo7 1218 2w nvw Ik, 1 nma 2016;2017)
NITN NN NN 7wnY) 'R7NN ‘NN DR 0N DA 17'TAN NNIXA |30 Ny 11017 DY N WIn'y
.(hopn7 42% 7w nvhy qu 1vaxn, (Scharf, 2011)2"nNa

nAMT rOFAYT NPT NIRZPN N0 7¢ D710 12D DM TR NIRZEN NRIDL 9 nynunT 1Y qin
NTION? [N 1'K 'N2A0N KYIIN D D'2'n DI O'R7PN .n2R0% 0'X7pn DNignn DRIV D'aamm
7V waT DY) NIXK77N2 D'VI'IVINA YIN'YD XY NRPN DAY NI NI .ATYUN 7Y 7n009Ix 71yonn
[ITAN NRIYNP DINNA 7Y NNAN L9002 .0M NNIZA NIDR 7W 1O 1101 72V waT nmwi (N1 |j7an

DAUT 10 ="0pn

S. Sela, H.M. van Es, B.N. Moebius-Clune, R. Marjerison, J.J. Melkonian, D. Moebius-Clune, R. Schindelbeck, 16
and S. Gomes (2016), Adapt-N Outperforms Grower-Selected Nitrogen Rates in Northeast and Midwest USA Strip
.Trials. Agron. J., 108(4), 1726-1734. doi: 10.2134/agronj2015.0606

S. Sela, H.M. van Es, B.N. Moebius-Clune, R. Marjerison, D. Moebius-Clune, R. Schindelbeck, K. Severson, and
E. Young (2017), Dynamic model improves agronomic and environmental outcomes for Corn N management over
.static approach. J. Environ. Qual. 46:311-319. d0i:10.2134/jeq2016.05.0182
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2"NNNILN7Y N'MAN0N 7200 Ny Nvznt 0N 0arwn nixpn (v Walmart, United suppliers)
NNIYNE NNAN YWRD TNYA 7TaN1 )70 1T NNan L n7¢ QXN Mwaw IR Dim'n DX 7*1a0% 'aniva
J'wnni ,n1ana (sustainability) nmvpn Ni71vs NL2aN1 ANMA QOIMN YN DX 111271 190X NID0N

.071¥2 NPT NIR7PN NII7100 7w DTNy NNyY? 9in nirny

JIANPN DY IMIyAYN NNSNNY NISY TWR N7"TA NIXZZN NINAN Wnn N¥@2 1maT AT 7702
V1 ,NYNN NIR NIRON KD O'RAIM X7 TWXR DIYNIE DY DAIND DY 2NN DINN D' Nt TR NIREN
78 7w Ma0xnn YT AN NNNYTE NN27 09710 "WR 0INNN DR 072071 ANKYT [1'01 nwy |
.T272 NnI¥n DINN2 72NN AT 270 ,YIX2 DNINN N'R77N0N NRYTNN DY YT NIDAI 70-"N NNXYND

NTYN QXN 11017 NRIY NIAMRNOLVIE DIY'N |'2 N'¥NAVI'NI Big data

2 AN T 2V YT MY DPANNN 01N P00 DY 1YY Nzt TN NIKZPN 7Y DXIDIN DMWY TN
,'ann N L(GPS) o 'ooian nip'a 'wxnk? (D''TA M LW 0R) DIFR7PN NI71V91 NIFOXN
2un7 NNipn ANann yann ann vy T gxim IR7pEnn N2 0T NrY 09N nNTinn NIXZNn
[72N) D'VI'MON NI'AT NYAR? NTAYN NPT ;NTYA DY DMIPNa DIPNIMN YiZdp Nin'on awen
NN¥2 NIIY NIRY 120 DTYN 2¥N7 D'YAIN 021N 7W NI01I9NA NISN ;NTYN AN Y Niknam (wn?
712" ¥ ANN2 NIWAIDN NISN ;PINNNA AW 7 DN 0'vann L, (D'01'0 IX D' N7 ,NNI019N0)
NIOW 7D DX T 7270 ‘K770 CTIVENED ANl a7y DIpNmn 0Npan Nipomn nTwn 270 D2
NT D2IM1 WWIY? JTIVE D'R'TA DNQTA L [IWATE Q'RPYN DIMND — NI07NNYT [NIX DIONT7 X0 198D yThn
NI'NT 190,712 NIANN DX 777a00,1000 'WIN'Y YT 7 R9nnl 200 YT ¢ 210100 X217 IRY019
TI'Y 7Y NIZIYN DA [2'N "DNN TN NNAN DA N2INAY (10N TN R7PNN 7w DMankn TNR
DA DAY D0'720 ,NIIN2 DIY D707 NNDIY NNANN TI'Y IWDIY 0'R777N DN DN DIY' NP TR NIK?NY
D"A171200 D"WPA 077N D2 O'R77N 01 7Y 19101 .0'"70 DNIX DY NTIAY? NITI9 NIdIN 2'TNNY 0NN

.DNIYIAY yT'NN 7w 120 71X\ DNIR D'Y'NINN

D2IM 7710 ,'X77n7 0''NTA YT'NA NNIEN 7792 niawnnna V7NN NIDNIN NIDYN NN IXD
NINNSNAY TITN |2 -NIYA 170N 01IY ALV7ND MY 'R7PN7 NI'YIN'Y NIX'7na Rponl NI DINX
JptTna NIKEND It

D'NNX NI7NN DT 2V WATA NN DIR7PN QNI 2INNN QYN 7201 win'y

'WNNT 19N MIYWY NIWN 7T DT WIN'Y QNPNal ZINNN QYN XIN TN W'Y QYIY Dt Ta DIRpEN
N'T7 0'IN 0IY DNIONY NNINN NN ,NTYN 2¥N 11012 20 7R'Y019 198 0'707 .Ninnpn 0wl 7mY
NNIXN 7¢ NIRATIFT'S NN 7W D110 NR'YNY IWTRIN DAY DPNNA DTN DIY2207790 NINMN NIYYIXKD
anx? .(Haboudane, 2002) (Thenkabail, 2000) n1iw 72 1K D"'770790 DTN NN NIYYAXRA
DX (72'PY DMINNN 2 .0TYN 2¥N 7¢ "MO'Y [DIXAL X1 11017 [N Wnnwn? N1 178 DIN'NN NR'YN
NIN ,NINON NNAN NIYXAK NI YID] WIN'WY DPIN T2 WIN'Yn NAYYI ,NNZNnn 270 nivn 2n
(LAl -Leaf n7yn nuw opTI'RY PITN TWR MIYR DY D172 NINNAL DDNX' .QTYUN 720 DX T
Liang, 2015) (Gonzalez- nt 20n19 1T'N7 N"7101790 1901 N'710790 Nw'Na 07D INNIoI,Area Index)
[72N2 110NN (120 NIIY NIRY 'IN'T 1'D,2INNN NY'N2 TN WIN'Y nwiyw qon ninn .(Sanpedro, 2008)
NY'N NIYXNIXRA NINT? [N DNIRY 0702 7'91N1750 N71DN2 XVANA |20 1D D'V1*VIA NIoNNA .0M IR
niyxnxa . (Elarab, 2015)o"nn nw'n 'wynia Ix (Devadas, (2015 ) (Morier, 2015) n'709019'0
N2'207 D'V NAYT 'VPNT7 ,NTYN 2NN 727 V191 0MONN NNNY7 [WTN NN DR O'RNNY [N 178 017D

SNPNN NN DX 771Nt

NYNTA DX 777207 219Y 2TYUN 2A¥N 11017 INN Awn 7D Y9 nndima nmanoni N0 niryan
TYA 19X DDA wIin'wh
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11017 17X DY722 YIN'WUN 12'D NIANPN DY 2ITA%7 IR'Y0I9 17 W' NIR7PNA INNN YN 90N UIn'Y
NIMWOX NIIAN .01 N1AN 12122122 NRVANN DY DRAINKDY D'NNY NO'WN .0'NNX] D'l NI7NN
aN7 AN ,n7va 7'oN170n npnal (Martinelli, 2014)nm'n'o010190 2¥pPa N 7wn? DN NNx¥N Y
nnworn .(Polischuk, 1997) n"?0790'07In D'W¥NANA 'IN'T? DN X 'V OTRIM YIN'T7 D'INY DI'X
1IN0 NYNY NIDNN MY D21,0N11 NAIWN D' NN NN Nl nTYA NI7nn 7w 0Tim ny
N'TA NANN 2'¥N PINNA NYNA 720NN 01NN IV ,DRT DY .0TY2 NIYNN 1017 7' 95 Nirn 1on7?
T2 701 WIN'Y N1 D NIX7 .N0R90-'0710 IR 19 NWNMININ DY T2V TINTAL'0AN7n yTin
mpn nTn? Ix , (Bauriegel, 2011) (data) miningyTn N> ¢ D'ANMIAZX |12 DA DM
(Martinelli, 01w pxa%wa o'Nnx Ni7nn 9w R 0y I (Mahlein, 2012)(machine learning)
0'0"7TNA NAAIN YIN'Y 27V NaNINa ANIZITA NI9'YA L,ZINN QYN "IXIN DRt atua .2014)
N'Y2019 NNXI,([2Y NMAI71D00 001N 12N NIFAY 7D'Y) 'nTh 2NN DDA A"7V01,0TYUN 19'!MY

AN N2IA 'T? 71NN AN NNIX NI AT o0 71

[WTI D' L,NNIX VR 7Y 931 11017 nX7In'o Y70 NIN'e

DA 17X D707 ,NRT DY .N7UNn7 1701¥ '9D ,0'21 NIINN' ATYN 2¥N 7V N'ONN 'WXNKD DIY'N] WIN'YY
D'N7N .NTYUN QYN YNt Y 2V MR LA A¥N IR D'YNAYN DNY NTAIVD DWKRIAL,NRNoN
271> 72T DX TIN' ,NIYVN (WN2A 19X NIFAI71ID02 931 TN WIN'Y 7w NE7un IR 21907 0710 D'oyn
NX DINNNN O"7'T'9 0'7TIN DIY' .NNIAA NN ANXI7ITA 117 DTN wim'y IX 0'0"7Ta win'y
178 DY7TIMY .'121 Yizn 210 ,"IRNI0ID TR ,OWA (12D NTYUN 7Y D'AIPAN D'RINYT DRNNA NAXD N7 A
NI2'VIN N7IDN IR D'VIIVIN NINAT NN NTYN ¥ 7W DO XN NAUNN 'R7PNYT 7907 NNWONR
nndN 120 (GIS) a"nn 'ooian 0nIM1 '0'0a 7w oMM 0'PYNN? 1ANNnY 0710 17X 077N QoI .Y
NIUTIVY DPUN IR (YT NIX'MN 22127 700 ‘X900 )0 .NTUN I'OR DR 7VM7 DAl N'9NAIDIV IR Vg
(Sela, NA) Adapt-N 92Tmn n'n 0™ NN'WY XnaT .0TYN ann 727 nnnax nanan avi7ima
,NTY2 0V 5 quna '01V1'R NIN'R N AT 7T .71 nuronaaika nnivw (Melkonian 2008)
NYWI7Y 7Y 217"y 1'0 700 .2"NIR AN 702 00N 7Tan? DI7WNA DMWY N YXINEIINoN 12y NINNKRYI
,NTYQ 0N [[72NN M0IN 7Y N9'XY NIINN 'K77N7 NNY WXL — Yl NniX ,ni7nTn — 0'Tm
[AT2 N2INA 77NN .AND0INVK? N'TA NTRO] IX DINN M7 NIFIND D207 [72N "TIA'RI NNAXA 22NN N0'Yj
nYan? NN7 w'y [UTN NIMND 2V D nixan K7pn? N (np 4X4) nnia ntxi?2ima ofpr 1ima nnx
72777 0™715' 0'R7PNNY D ,NWN 001aN 11'D1 1Y NMAI711D0] WIN'Y Ay 77N L) 1nd 7nru9IR 71n0h
NIN'Y DINN .12 0'¥5N DNY NY 722,70 AwnNn? IX DDNN [19707 NN'Y' 0N7W nTYUN 7V VTN 7D X
[NO™DA XIXN7 TWON 12 D70 2 ININI0I9Y NITY .NNINNXD DY NIN'DNA 77Ta AT 0'77TIin 00Ian
AT DYVNY? A7wn D'7TIA ANK 7D NIY'YNA ,NITD-0IIBITI 1V101IN L7V NNAN MY YW IY"Y? NINNKY
D'2I¥2 NITPANA N ,2TYA 21017 an1 nayn y'¥al ninpga 0wl 72mk 'wna’ 19y At ninn

.071y2 DIV DNITNA ,DNIY DIATI D'721TA Y9 D' TINTA

NP TN N'PYn

770 D1'N DINN M 7Y AN NA'RYN NIYANN NIFNAA0 NIFYal,DpX "'y 071y oM 'Nn 0y NITTImnNN
NL'YY NINNY7 X ,910902 D'PYNN 20D NYDIN 7RIW NIN7ZNA 0N 718 D7 N7 Tan? niaonn
NI'MIIoN NIV'Y NNIY7 1090 NN NYNLN 7Y N'ON' N7ITAN NIZYN ,' 20N 0 71X NYONRA IT NFPYN
Mm71YN NOWN DMISO0 DTINK 20 L,XXI' W19 17X NIV'W YIN'K 7V NUPn NOWN 119 NOXN] Npwn v
[N NIXIZIN NPwNN NIV .((Jensen, 2014)0'yon *71IT'A2 1'Ya) 109021 NPYIN 11'D NIK?7NYT wnwnin
JIniwn noxn T v arpwna 1, (McCarthy, 2011) (n*'2avni 0@ 0wwn-1p) R'pwn nnpdn Ty
D'MN 717 NI7'Y' N7Tan% 27 NnIvn Nion? 015y TNy N'PWn? 0'2'AT 0'N1 110NNn1 0'N1'0 0'¥NY

INQAIT? NPv TN NINTPN W NNA0N2 INIK QI7NT7 [N WK NANK L IR NIV'Y 7w
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awpzna .(Variable rate approach) — 1n IR NNWN 2'PWN NN NIPYWNT? NNWOKRN Y- NIDVN
-NN91'K YN [12D ,NTYA 0'DIX7 DXNNA NDWNN MY N'PYINN DN NIND DX 77 T7 NIV'Y NNd QW' QTN
D'2DTYNI ,NNIX] DN NRY7 MIYR TWR NNIXD N9IN NNIVI9N0 DX DFTTINN LIPN 7V DIPNImn DITX
N71DN YN KN, NIRNNKD DY T DY'NA WK ,D1IYYN 7Y 9011 210 AT N'{PWNN DWIN NX DXNNA
NYINTN 0'AN NIMD DX NYIAN T N 2717 AWONN Y-11i77 1780 DIY'N 7¢ 7yn 112N .0"0INR NIAY0N
NINIYN YIN'YN IR N2 0N N71¥ N7Tan7 1780 nidavna jnn'a .(Dong, 2013) nTwa itk 702
(McCarthy, 2011) omjnn .'X77N0 N1'NAN VIYD D' DN WIN'WD DX P11 X TN 7177 19X 1780
DY NNd 112Y) X ,NINYA NN DPYUR? NINKNIMN NIDIYN 1Y QWK DAY DR77N DIY' D INXN
DY NANKRD XK' )7 N2'0N LI NINT YRR NYPWN NN 7Y, "Trmaion” nNixa ndwnl wnnwn? NTn
NNNND N X Y .DMYEN DPYNN NIDIYN N7 DX D'7%IN0 ,0'011910 DYPYN Myl iRt
¢ 7ynn DMXRTTE DT ATPYA YN DY 771 ,2'wn NIdDAYN 0y ATy D'OWSna D'R77NnY
NIX7PN NIAI71100 NIYXNARA DNI7'Y' IR 197 [N YR D'RYN NIDIYA 7Y 901 Y191 210 .0NIY DY'N
AWK — NNIMO N7UN IX 'Y 2AN7 — 7270 D' 17 7Y N00IAN NINIYA N'PYUN NINIYA QFPYR KN NN
17NY 2XPA NIRNNI NIBXIN NINIYA .DNIYA 2 DINIYY NIN'Y' D' DNMNTAN NNI'Y IX D219'0 17 W'
IR ,NTYA NRIY D' NINYT O'RNNY DWR 1780 DUN NN Vipn 7Y AmNn NRdNA oMmn Njp'sol
VY2 NIR'0IN N7DN NI'Y IR DRAYNND DYA7NTD D77 NIYYAR 7Un NIy DR 19W7 [Na Ty

.(Gillies, 2015) (Koech, 2014) nniwn NIN?

NIDYN NINY 21 IX'YI0VI9 AN [N YI9IN ¥IN'YA X ,0'20 D'IANKN Na'xXn 178D NIDYYN DY NTIAY
NIR NI7Y'NAN AXNILVIN

J'IIN'7|7I'\1 n'oiNn My

NIX7PNY D'VIANY YIN'UD 'R NIANPZN DY 71TA7 M9Y WK IT NXP NP0 INNXN DINNN
17211 NNIYA 2 N"0* ,NITO N'IDN 'S 7V 179 TWKR D'NNIVIX D7D DN DN .(Pedersen, 2006)
(Bac, qop Ix (Haibo, 2015) npyma Nyt 1nd NN ATIAY DIYY NIYAIT DIFN WK NI7IYS y¥a?
NWON? NIYTRINN NTIAY NIYY JI0N7 DNNWOXAI,"IN0N WiN'Y7? Dyximi oMz 121D 1783 0'752014)

217X D'701 WIN'w2a NTpa IMNY 0YI9XN 0'ANIAN |2 .0TX NID 7 NNia N9I7NN 7w Ni'yal 0Ty

Xl 7un 2"nIX .NATNA N7V VXIMNN NHNN 7712 N2 N7V anan naw' — ninn 7722 'y X
YXINNN 77120 AWKRD N NIITA DN 7Y DY) (071111 77122 NN I NIRZZNN QW2 Nan 'Y Y
.(MacDonald, 2013)h0j7n 450-n 71man NVWA NV [3'A NIINNN '¥N1LNNNNKRD MY 25-2 99010 niin Y
NI'M7NNNN NIRXINA TINY? N7 NITI3' NI7ITA NHNEL,DRANN O'N0Y 11072 71T NN DR NIREN 707
NIX7PN NIMI71100 NYNLVNA N7TaN7 DNN' DT JWNANN 12N 'Y L, P7 198 D702 WIn'Y 79 NIsLIVNI

JIRPNY D'0IAN 120 NPt

niynun NiN"g NNIY N1nn- TY NIV'Y  NIKENY N7 Uiyl ,nimNn T Ni7na Aty A
ni7nn 1077 Ix L (Tellaeche, 2008)(Zhang, 2012) nniw 0rawy? 71Tan |2 AKX AT NT1907 NNy
0'70 NI7YNN NIMIRIVIN NIDYA 11DN' TNYA R )7 van? at np pn' .(Camargo, 2009) n'nny
17X NI>YN .NI7NNI 0'V1*V1 ,0M NIRY 1017 7710 DIY'N YN DAY [N WK ,DMMIRE DY
[T ,(MNoN win'wa 12> Nntizn NfaI71100) DRAYWY 7¢ 'MTIRI 0101 11D NI'0'0A NIZIYS 0N y¥a? 1701

SN0 DN'Y NIAN AT DTWUN 2XN 7Y 9710 19T 17901 011 727 NNIXIN NN |WT

,7INN QYN IX NINNA TIA'Y 72 NIN'S ,01IYTN 2 220NN 7NA ,0M0 DNanx 7710 at Itn
nIM'™7 oI'n T W xR (Papadakis, 2013) aTwa n™a NNy nimTpna 'Y nryat Tyl
.T'Nya oY% NNIR X' ANV afa17un
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Yym

INWNI 110NN 077100 D'AIRZNA DNANK OV DITTIANN 7Y 01IY |UN2 NIXRPNT7 DIFMUN INNO9NN 781WI
NOMX7 [N — D'R7PN DTN 12'D DT 1002 IXINN NN .N2TAN NITRA 7702 N'NY VIR ATAL DAL Vi fe
19 7V X .'ON' [9IXK [V NI DNATENA 'R77N TN NIFAIZID0 KIXY 2 1IR7NW TIva — RIX™7 [D DMIipn
NIX'7 DA NI9INN L, NMRIYN DRZZNN N121712000 'INNA NIZ'YON '917'Na NNDY NINNKN DA LD
ANX WI9'NY? NS D 7wl ,NIXR7PNA 0MIT DNANK DY NITTIANA D71Y2 NIRCTA NN D NRT

XY MY INNID 12D TWKR NIRNNDO

nN'PYn "Mpa ,Nivudu ,N'PYUn NidYNn N"YYnNn nanNnis ,n'nilynn J'IIN'?PF\'? NIN'SN NXXIND ,0YN DY
178 D'72v90n ,7'7n SNIVNYN NIX'Y NTWYN Y290 7w 131 190N nnpn NYUSKXY 0'NiN's ,TiIVI D'AvNiNn
.J'0Ql ITIN2 72V "INAN QY 9in'wa DI w19

[l1An 07X ,N1AI71200 NNTENAI NO0IAN NINYPN 07710 7KW N'R7PNN NYWYNN W D'oN' NRNNW
D'MINNA) NATPNNI NNNI9A NMTPEX ,0'MN DINNA D72 7w 71N 7" aimm L, (D1IW 077K NITR NY2IX)
(7o "N ,NIMINVA NI'YYN) JAIN MMYYN DVO'O-IPXI NINT' NAIDIN N'POY N10 ,(D'7'wn

,DUNX77NN PNNAN 110N AMTPRA 07NN D'NIM'DNA DR 0RITI 7KW NRPNN NRYTRNE VTN
NN ,NRT DY .DMITR 9"IN 'TDIN MIMYI 1920 NIN'SI NIXZENN TwNT '1wnin 2771 (1dn DX 07700
Umm 7 yan Tnn X7 NRIY NI'o 7wal ,aona Nl inon DIy 137 Aapnnn DInnn YT 1avn D

I NIY¥NNA 9" 'ayn [NN2 JP'va 102 T KA NR7PNN NYYWYNA DN ntwnnn v npn
17X 071700 .1950 NIN'OI NIKPZNN TWN T [N N72700 Twnd 'wUXRIN (YN NdYY? T |0 ,0'7170n
JIMI71100 NIMANTENT"YYNYT AMTERNN YT NN2VA NN L0 TARN N 2 ,00770

NNA2 1792 1N ,DRIYN PONARD MINNA NNAN NIXA 1901 NI7Wo 78w Bnniw nipavn o v
11'X PUNAXN DINNA (DXVIVO) PATNN NNAN 190NV 'S 7V QX .0MINN-'NN 77¢ ANN7 NIONSI DY
17W2 NIRXNIN NIFINAT'D 19012 N7V DXNNAI DINNA N2AIA Y 7W NNan NINNKY? D121 L,'0N* [91KA 71Ta
D'NANNAN NIV NIMANL 120 [IN [N D13 7Y 7721 1710 190N 7¢ DNIRYA'N .DMIYXRY npn
-1 NNAN 7¥ NI7'WON PN 2N NN LT NNan? NS0 DY TI'R NHNA L,PVINARD DINNA D TZANNI
"TOIN 7W DNI'PA VM T NAN AT LN7pa R¥ND 7KW NIRRENN MINN2 DIEMIRTIA DI DImINRG
7 7V Dhaxn 198 7D NrYRYT NNAN W WAL AT NIRZOYAI NIYPWN VI ,DMAI7A NIN'D
N'MI9 N'MT' D20 7Y NNINNSNNTZ D'WNTA [I'0N1 N7 VT 7w "Nrompn non"n mw vy

.70NAXN DINN2

:DINN 7Y 7w NIRNNA NIX Qryn el 170NAXRN DINN NINNSNN

INNSNNY NIMYTN NIMAI7INDL0 W' D'AXYNL 110NN DY NITTINNNA DAY 10 [I'01 7RI e
,(MIX?7PN7 TN NIy 0N pwn 7w 101 7101) NIK?ZN D'AN NIFY2A [INN9Y7 DX ,79N0 NRXIND
STIVE DIYTANNA NIFANINA UIN'Y

.nmixn 7y n1an Xwim i1 Biological enhancement ninna TIXn 07172 D'VIVD NIND 7XW @

TIVIENIRGPN ,N0TINLIT (1ad DIY DY DINNNA NIND 79 217'wa NN 7KW Y e

2016,et al. i7"~ 7v oo1an ypin 17
PN 7w XYW NpEnn 9”Imn Qi 2Ty N7 -pvMARD MINNA 72132 NDYTR 750 YN qnona xnaT? 18y
"D21wn NIX7ENN '"minn2 ninan 258" nirixn ,2012-n NIN'o1 NN NMIR7N NXYINNIENRYTNEN'AIII00 YN NI “78e0n

34



QKNI NNISNI 20N ANINN 0 "N ,N'2AI'N NANIMN N nm'7,7n |'2 ¥asSna '‘on' j”n! e
JIN'™YXNA NNV NI'YYN 7Y NINNWD 0'901INN

:DINNN NINNSNN 7V Y'9OYN7 DUIYYY DNI'RD INITY D'AoNN

D'VITIVO 7W NYWAIT 'K ,NNA0] [I'1DV2 N'R77N NOTINT NUVZIPON ,DINNA 'YX |IN 10N DI'D e
JIX77N0N DINN 7Y "% AMm 9w ARXIND NN 2 D'R77N N0TINA [IWNRY IRINYT

MNYOKX'Y D'M'RNN NN 71701 'RIL,TY' NT DINNA 0'RNN D'ATPRA 0NRIN 01IY'N DIY' 0N e
.DNINV D'ATPX DN 19 7V AT DINN 9 TYN? DMpRINY

[IM™M7 NN nnon — (scaling up ,|17n') TNoNN DIY'N 277 QYN 7NN TNIM MANK D7 @
JIYUN TNTANL 'YW AN 12 ,NRYIND AR .wnn

N TN 91X qxI (Tech Transfer) ,Technology transfer — ntwyn-nmMIpR W 'WIg W' e
.Deal flow-2 n'va? 72mw nn ,'wxIn [YT1AN 27 NIRV'ONANIRD |2 —

.Seed - NIYPYNA 71V 791 101N DT | TY ,071Y2 PONMAKA NIYPYNL PI'TR QR 7Y e

JIYTN NN NINEZ70 DINMS DT L'R7700 7¥K 0171000 NYN0N YR MTINY DON e

N LH70VN 77NN WIR'A N1DIN 7V NI00ANNN 17X 1'Va ,NI0Z NNANYT 'wIp e

NIN'S 2¥7 2'NONY 12T 21T AN DITNAL 217N 2102 N1aIM 91X 7N XN 7W NIM'9N IThn. e
.70"NY nron' 'U'N

ZNIW PU-1NARN DINNA DVO'OIPRN

[91XQ D"I7N D' ,NIANNT N7279N DIXT [N 17X NIT7ID'M TN WA IN'Y  NRYTN N7 NIN'D
IX 12N7 NRYWTNN NDYN 7¢ AN71D' M9 0N 178 00N .NN7XIN NI IR N127120 0T Ny <)
W DY 7Y DDWNANNA NINNSNA 72uN02 NDNINN ,XNMR N2 Y DY 79 Do "% 0fanann ')

(2012 ,mn & |n1j72) oTAM 0UAIR? 0FTY 7Y DAIT'RY 1IN INO0'9N

TN LWMYN TN AYYYNN L NMTERN 'M7UNNN 1NN NDYTNN NDWwn? D0 DI9NIY YN
NMTPENA VTR TIWNAL 2700 (1210 ,073750 Twn Lyinn Twn  NIK7ZNN Twn D'9NIv 'N7wnnn
(2012 ,inn & mjpa) TTOs-n T 72v nwyl qIn'win

n"'yuyn

- i 17we 2017 nmawa (Start-Up Nation Central, 2017) Startup Nation Central nnan aimna '9%
JDnnnxn 0awn 10 17002 50%-1 nannkn 0awn 53702 1mon [nn 25% ,j7uaxn ninna ninan 460
.0M 71011 D'PYNA NIROIY [7701 7RIY N1'TA DI 197 1TON AT DINNA 7Wnd NI DINNN NiNaNn
29 .'Smart Farming' xin 2017-2013 n1wa niwTNN NN2NN 19002 NI 2Iman 7Iman 7n 12w oinnn
AR .D9INN N7'NN NA'? 2112 94% nunnn (1IN ,NINNKN DAY 5-2 0T DINN2A INN9) NIYTN NINAN

:2013-7 2017 n1wn |2 NN2ANN 19002 7ITAN IR DTN XN

35



:2017-2013 11070 "% 1WA INIW ZONARD NNAN 190N 71T 15 X

Figure 1: Agritech Sector Growth (2013-2017)
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Epigenetics, Epigenomics, Artificial cell
Genomics, Proteomics and epigenetics,
Comparative genomics and proteomics
techniques, creation of human genome
databases®’

Sequencing patient DNA and
personalised medicine, Routine and
complete DNA sequencing, RNA
technologies, Metabolomics, Nucleic
acids Full-genome DNA sequencing,
Analysis of human proteome,
Transcriptional and epigenetic profiles®’
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Synthetic biology, Synthetic biology
bioproduction systems, Metabolic and
forward engineering, Genetically
modified organisms, Artificial memory
devices (DNA memory)
bioengineering,Biosynthetic processes
to produce biologically active
compounds®’
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Biomolecular computers

Bioinformatics
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Production of synthetic membrane
proteins,Companion diagnostics,
Personalised medicine, Stratified and
tailored medicine, Molecular
diagnostics,Promising drug candidates

cell cultivation: (Stem) cell cultivation,
Biomedical cellular technologies

Slowing ageing processes

Tissue engineering: Regenerative
medicine and tissue engineering,
Prosthetics and body implants, Human
tissue and organ regeneration
techniques, Tissue equivalents and
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artificial human organs, immunological
technology

10

Lab-on-a-chip: Lab-on-a-chip
technologies, Biochips and biosensors

(1w ax) 10

11

Medical and bio-imaging:
Combination of molecular diagnosis and
imaging applications, Small portable
magnetic resonance imaging scanner,
Medical and bioimaging, Metamaterials
and software to process and transfer
high-resolution images

(e ax) 10

12

Human enhancement: Performance-
enhancing pharmaceuticals

13

E-Health: Health monitoring beyond the
clinical setting, Mobile diagnostic
applications, “Quantified self”,
Continuously monitored personal
health, Self-care based on personalized
healthcare

(v ax) 10

14

Neuroscience technologies:
Neuroscience technologies,
Neurostimulation, Modelling human
behavior, Interfaces for neuronal
photostimulation
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Bionics: Bionics, Organic electronics,
High-tech prostheses, Computeraided
surgery, Connection between artificial
body parts and nerve cells, Biobots,
Robotic legs, Exoskeleton, sensitive
robotfingers and hands

16

Brain-computer interface: Brain-
computer interface, Brain mapping,
Brain-inspired technologies, Brain
implants
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17

Artificial life systems: Artificial life
systems, including artificial cell
elements and chimeric cells

18

Sensor technologies: Sensor
technologies, High-sensitivity sensors
for physical and physiological
parameters

19

Food Biotechnology: Nutrigenomics,
Functional food, Food fortifying,
Nutraceuticals and medical foods,
Innovative food Local or functional food,
In-vitro meat, Meat-like plant proteins,

(1w ax) 10
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Functional therapeutic food products,
biologically active additives, food protein
technologies

20

Agricultural Biotechnology:
Agricultural biofactories, Genetically
modified crops, Precision agriculture,
Agricultural technologies, Biofactories,
Bioresource centres and biocollections,
forestry biotec hnologies
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Marine Biotechnology: Sustainable

resource management and harvesting
(forest and fish resources), Fisheries/
aquaculture, Aquabioculture
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Industrial biotechnology:
Bioproduction of raw materials, New
biocatalysts Drugs based on genetically
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modified organisms, Drugs that prevent
dementia, Industrial biotechnology,
Industrial enzymes and biocatalysts
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Nanotechnologies: Nanodevices and
nanosensors, Nanotechnology for
energy, Nanoelectronics, Nanorobots
(nanobots) in health promotion,
Nanoradio

24

Nanomaterials: Nanomaterials,
Nanostructured materials with form
memory effects and "self-healing"
materials, Biocompatible nanomaterials

25

Carbon nanotubes and graphene:
Graphene could replace Indium,
Graphene and related new technologies,
Carbon nanotube yarn or thread,
Electronic elements based on graphene,
Fullerene, carbon nanotubes, quantum
dots

26

Polymers: Intelligent polymers (plastic
electronics), New-generation polymers
(e.g. optoelectronics), Monomers for
biodegradable polymers,
superconducting materials

27

Functional materials: Functional
materials, Smart (multifunctional) and
biometric materials, Hybrid materials,
biomimetic materials and medical
materials
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Heat resistant ceramic materials to
increase energy efficiency,
Nanostructured composite and ceramic
materials and coatings with special
thermal properties

29

Light and high-strength materials:
Lightweight construction, Fibre-
composite materials, Building and
construction materials, Functional
materials and coatings, new types of light
and high-strength materials

(N0 1) N

30

3D printing*: Construction of 3D-printed
homes, Rapid prototyping and rapid
manufacturing (3D printing), Bioprinting,
personal fabrication, Additive
technologies
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Flexible touchscreens, Augmented
reality, haptic screens
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32 | Supercomputing: Quantum information NIN'S ™IN D"'pw 7722 | Dnin '0TINN Quantum
technology, Multi-core processors (CPUSs), Yypun? QY 700R 9w | ) npanop e | nwn) Computing
In-memory databases, High-performance (NmoN1o *712) N (nmonio (M7
computing, Processors that take quantum
phenomena into account, New data storage
technologies, Supercomputing, Predictive (a7 nwn)5 | EE and  CS,
supercomputer-modelling systems nwn) physics
(M7
33 | Cloud computing®: Cloud computing, Grid | mivawn  n''w  Xwn CS+EE
computing, Cloud solutions, Grid algorithms 7XWnY NIva X7 ,071V
and software for distributed solutions (11019 "71)
(Mm% nwn) 10
34 | E-learning: E-learning, Future education and (Mm17 nwn) 8 | CS + education visualization, | Machine learning, data
learning, Schools in the cloud (M117 nwn) machine (71117 nwn) scientists
learning (ml)
(12217 nwn)

(Manyika et al., 2013) 2025 miw Ty 7iwn X NWY 2x¥a01o nizva (Disruptive Technologies) niwawn niaiiou> McKinsey nnan ™"y nTainw o'inn 12-n 1nx 38
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35 | Next generation networks: Next generation [ W2 &7 ,yimy Xxwi | nwn) CS+EE
networks, Emergence of single management | *7a)  7xwna X (M7
environments, High-speed data transfer .(nmoie
(M7 nwn) 8
36 | Internet of Things: The Internet of “moving” | X7 WwWoX 'Rw 7ITan 72T ,NPINLPIR Machine | Tk\a x'an) a7 oINn
Things, Intelligent networks, Internet of DYy TN X1) .2 nirn%? | ‘mwn ,0rawnn Learning, data | "1ma% 'a11'0 11'n (...'9101'R
Things (industry 4.0), Internet for robots, 72) (Machine Learning (027 [Tv) nwn) science | 'vav pixa P ICT-
Intelligent sensor networks and ubiquitous (n1o1e (2217 | qronni v D'RNN
computing, Machine-to-machine interaction DA 'O .O"NY
technologies (M2M)3® CS+EE + nNNY ,NI'RAXY NIY79RY
(M7 nwn) 8 | nwn) machinery 0va'n 7V NN MYNY XY
(a1 va'nn 27 oT 7w am

TANRN D DI ,MMYYNN
'WIN 202N N 7Ren
NOPIR/MIYpEN/Dravnnn
D'OI¥NI NIR'YAN DY N7
N7 L, NMYYVNN N Y
"0MIT X7 DT NNY D
(027 [Ty) I puna

Machine Learning, data
(122117 nwn) science
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37 | Wearables: Clothes with embedded (h2117 nwn) 6 CS+EE + Machine | Machine Learning, data
electronic devices and sensors (“wearables”), nwn) machinery Learning, data (ha117 nwn) science
Spray-on textiles, Robo-tailoring, smart (M1 nwn) science
interactive textiles (217

38 | Finance: Microfinance and crowd funding, (M7 nwn) 5 CS+ finance Machine | Machine Learning, data
Time banks, Electronic money Learning, data (h21'17 nwn) science

nwn) science
(2217

39 | Gamification ,“Games for Health”

40 | Big data: Big data, Open data, Data jloy'm onn 'K DINN CS+ math Machine | Machine Learning, data
processing and analysis (N11oN19 M) 1 Learning, data (111117 nwn) science

(M17 nwn) 10 nwn) science
(a1

41 | Searching and decision-making: Models (M7 nwn) 8 CS+ math+ EE Machine Machine Learning,
and data in decision-making, Searching and Learning, Artificial Intelligence
decision-making Artificial (Mm% nwn)

nwn) Intelligence
(M7

42 | Computer modelling of materials and (M7 nwn) 8 CS+ EE+ Machine Machine Learning,
processes: Visual analytics, Predictive nwn) chemistry Learning, (M7 nwn) Chemistry
analytics, Simulation of material properties, (b7 | nwn) Chemistry
Simulation and mapping of brain, Predictive (M

analytics based on self-organising data,
Simulation and modelling, Predictive
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modelling, Computer modelling of materials
and processes

43

Photonics and light technologies:
Photonics, Lithography systems, Optical
measuring systems, Quantum optics,
Photonic micro- and nanomaterials Photonics
and light technologies, Cheap Lidar, High
performance lasers, Photonics,
Nanostructured materials with special optical
properties, lasers and organic light-emitting
diodes based on nanoscale heterostructure

(M7 nwn) 8

EE+ physics
(M2117 nwn)

(12117 nwn) Physics

44

Cyber-security: The end of privacy, New
cryptography and biometric methods,
Privacy-enhancing technologies, Digital
forensics, Capturing and content searching of
personal life, Secure communication,
Surveillance, Information security
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(M7 nwn) 10

EE+CS

Machine
Learning, Data
Science,
Artificial

nwn) Intelligence
(a1

Machine Learning, Data
Science, Atrtificial
(M2117 nwn) Intelligence
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45 | Biometrics: Pattern recognition and pattern (27 nwn) 8 EE+CS Machine | Machine Learning, Data
search services, Biometrics Learning, Data Science, Artificial
Science, Intelligence, image
Artificial | (22117 nwn) processing
Intelligence,
Image
nwn) Processing
(ha217
46 | Artificial Intelligence®®: Artificial ry)maemxnn | oawm Artificial /B3 qlonn ¢
Intelligence, Algorithms and software for . . . (03 M L L?nnn intelligence, SRIYED nnl'mln W lfl
machine learning, digital devices with '?Jw{r?nvlw N:r D&:ﬁ;g mm?;;;g)' Machine -DINN2 NIAT 70N X
replication and/ or self-healing properties S 8 nwn) Learning e
79) Ixw X7 D XN ,N1I71>'09 (12 Artificial intelligence,
(n1onie (nnwn nwn) Machine Learning
(M
(M7 nwn) 8 (17 nwn) CS
47 | Robotics®: Robotics for traditional and for (h217 nwn) 6 CS+ EE+ Avrtificial Artificial intelligence,
undersea resource acquisition or on the farm, machinery intelligence, nwn) Machine Learnn?g
Service engineering, Service and swarm Machine (7
robotics, Robot assistants freely travelling nwn) Learning
and interacting with people, Nano- and (ha21?
microrobotics systems

60




Energy and environment oxn 1-10 2 AT XX WOT DTN DD AT D'YTN DMIYD DMIYD/NIYIXN DT'RA
v o' N12171000 NINOY | :NNAITY?) 'Y a10Nn '19¥

10TINN :XNAITY) ,MINN TIA'Y

(o nin/om/amn/un n'YA01'R
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48 | Smart grids: Smart grids®, overlay- RRINRYL ,’TN DT-7Mwn ‘0NN Twn — 0'mMdn 02N
grids, super-grids, Future smart cities, (nona jiwa) 10 [l¥13) D'awnn 'oTnn NN DTP7 "Iyn NANIRN
Smart networks, long-distance transfer [TV) 78w'7 0'RNN (mona n72an) 1T NAI7100
technologies for electric energy and fuel, (027 ,N7IN0RIR ,0'awNN (nino '‘mwn
new-generation power electronics ('o'7m2'n nn1a) nwn

(027 I1v)

49 | Decentralised energy systems?: N9 NXRIN X7 72X 01NN Smwn 9w atian e
Decentralised energy systems, —1I0NN IX NX9 11X’ I'WN DINA WIN'Y
Microenergy harvesting, [IlUM2) NP'0™19 V7'l .JnoNa [lwM) wn
Microgeneration, New-generation (mona
microprocessor devices for use in power 7N'Y1019 W' DINNY
engineering [TV) 78w n1'Nan

(027

50 | Energy storage*“?: Electrochemical 72) TINn 2IWN ,N'’ NoMIN ,N'MD 7710 7">m 27'n1na ax
storage and conversion technologies, (nmon1o (momna jiwna) nnnn (nim710m10 NII7NoL)
Rapidly charging light batteries, nnpn ,nmd N27IX 1712 DX DN
supercapacitors, Advanced batteries, ;mwn ,(NPDNNLE'IR) IR DNIAN DYIVY
Electrical and thermal energy storage (027 |Ty) awnn NTIAY NNYY 17X N'OIX

NN NIYTNNN NIFANIX 7Y

NIANIN DINNA NNAN 7KW W' .70WNa TN0N TWOKY 712' 70WNn MW W MII0PO'IN NIWN ITIAN XY 7¢ (10 .N10ANIK 07011 D0RNY DN'YONI DMAY MNIYR nndn nya 39
Axw nne -("Neai7o0 nixeR” NIt NIMYN 7w DA 'R DY) 'wwn 07192 Y97 710 0T .MIYEN KW NAI0 7R VTN 7Y D20 Ni9'omw ,(NIndn NINWAY '71101'R) NIvTNNn
AIN7 'wI W' (NNdN WM 7w D9j7'na 0'7221n 0'V2'NA A7 ,00IY 0'91702) 17X D'MINNA NI'ZRIY' NINAN NND W'Y NINAY ...0101N1IA TAXN 122 NVYWA NIRYIN DYNI 9N ANNY DRIV KW 72X
NPNLVPIR NP'N 7¥ DNAINA YN X7 ,7UNN YD 7W 0'02'NA NINDY) DTR NID NTAXAI N2ZIN DA 'NIAN7Y ,79WN NOTIN 211yN DINNN LD 10D .7KWR2 DINNN 7W DIY'™ 'Yyn |1'0'2 10INn
(027 [Tv) ('

aAndNA P71 — TV MYn A L ART'o ,NdIN — NNIY NIYO'0'T A%WN NINIINNA 7RI NI'NAN IXIYI0ID W' DINNY Y97 NNNA INY7¥NW NITTIA ANdIL,NN0P NNAN N30 W' 1Ay oinn 40
D2 1D ,(71 X7 72R) 'ww D71IW7 2w 7T RIXT 7RIN0I9 W' .0 N7WNN DTN 717001 NNaTN 'O N9 771D L,19K DMINNA 0ROV 7KW DRIAIXK 190N DY .0MRIY NINN' DY 20
(027 [Ty) .nI'Rax NIxE7ONY

NI7210 NNANN .DRIANT DY NINZIVA NIAIZID0E YT 17NN 2WnNY ,DINNA NIZOIVA DRIY DU NIRIY NINAN ANdI NN W' .790 K77 ,N1ANIRN D71V MY N27N DN Jwiny Dinn 42
J'M71IyN NNN2 0'712m DI'NY DNRINENIRNND N9 D'ATE X ,'AIAN N'ANIRD 7YN] [N7Y NNN9N 7W Yin'R 10NN

(Manyika et al., 2013) 2025 niw Ty 7iwn NX NWY? 7x'vaoe nizva (Disruptive Technologies) niwawn niniz1o0> McKinsey nian ™"y nTaimw nirmaizinou 12-n mnx 42
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alonn 'ivx

NN KW KIN 9210 |]ARY
(px N'9IX) NN
[Il¥I2) DIN NYAX NNV

(jnoina
51 | Wirelesspowertransfer AT BINRR-ININT AFRY- IR
HUAR N fromatwan
o
52 | Sustainable Mobility: Electric and D'NNSN K71 01 KY [lw1a) NmMD '0TINN
hybrid vehicles, power-to-liquid X7 — 78w nnpdN (nona
technologies for the mobility sector, N7 27w 0N DR
Post-carbon society, carbon dioxide (jnona j1iw)
reuse, Self-driving car, Intelligent low-
carbon road vehicles
53 | Autonomous and semiautonomous (J'7 R Dr9IR) oI NPT NPINLRIN

vehicles*243; Autonomous and
semiautonomous vehicles, Connected
mobility, carto-car-communication, car-
to-X-communication, smart mobility,
Advanced autonomous systems, future
mobility Automation of passenger
vehicle traffic, vactrains, magnetic or
superconductor-based levitation, Smart
transport and new control systems,
systems to increase the environmental
neutrality and energy-efficiency of
vehicles

7531 1> 7N MYON
[1¥I2) NINK N1 TN
(mona

T vl IR
[T'V) D'722'07 NN
(027

(62+53) 17xn D'INNN
N7X . TN 0'N2
NIZoIy DN D'MINNN
.TU-1 702K,
DINNA N7'am R
212) 101 NIYpEn
(n1onio

,MIYpPN 7nwn ,0rawnn
(027 1Tv) mMjna

.N"MP7 NINAN NIYONN IX NIN'D 1270 NIN'Pn NIY7a17an nNann 78 wa 1010 ninna FORD -1 GM ¢ nin'o 'oan v 43
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54 | Unconventional flying concepts: NNNX NNTAQ IND | .XWI 727 '0an -poM
Drones Minisatellites, Drones, (mona jlwMm) ,N'00"177 ,NITWY
quadcopters, on-demand personal (7"x N'OIX) ...n210"%
aviation, Micro-nano-and pico-satellites NWIN W' oNn 19X X7
(nona jiwna) npoon
55 | Fuel cells (T \0a Lo I U'a Lo Mo n Ty 2] ‘mwn Al NN
(noa piwa) [1w2) nIMRNLPIR
(monna
NT2 NIZoynnw nnan v
X7 .wTN V9017 X7 YN
.0 TV wnnnn
[lw1a) N2 0'wnnwn 77na
(noma
M nnnna? - nwp
[T'v) N2 n7ixa 7nwn
(oam
56 | Hydrogen“2 “Hydrogen Society”,
Inexpensive storage of hydrogen in
nanostructures, Hydrogen production
and safe storage, hydrogen for power
generation
57 | Recycling technologies XX X" N7 nwan nmn nnnn .0y pMaovn 7xwna

[Iw2) nP'u"71o
(nonna

V' DDOY IThn DINNA
LJINTENN DR ninan
NnNAann 0DoSwa X7v 7aX
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-asures, -nergy consumptio [lw2) MIDFZVDNI NIRT 7W NIRY W' =71
buildings, novel light sources and smart (jnoma
lighting systems !
59 Carbon-dioxide-captire-and-storage: BN - -
metal-organicframeworks « RO IR
60 | Low-and-medivm-powernuclear BINFA-TNINT MY RO THRAY- RO WL
I ission. Gl | I el
eyelelow-—and-medivm-power-nuclear
reactors
61 Nuelearfusion PIYIG- BRI - - -
AREINA-A AT 2040
DAPHI-AHURD
P, YL IY- PR
62 | Nuclearfission - - -
FRINFHAHS-RYTAD
HA-RHRRNY-IUARY
O PHADPINYAD
ovs-5y)
63 | Bioenergy: Bioenergy, Biofuels, nmD  NNITX nooLaviny -

biorefineries, biocatalysts, biomass,
biogas, bioethanol and biohydrogen The
production of biofuels using enzymes,
bacteria or algae Bioenergy and
“negative emissions” Technologies for

A X7 RN

n'n — (n"91 VRP'ND)
12021 7'y KY
D'DoY 719'0 -
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energy biomass production and biomass
processing

64 | Solar energy technologies*: High- 498U D'NNn XY [IWI2) D'NNADI DRP'T'D
efficiency solar cells Photovoltaics, solar (nona jlwa) nwn T2 (oM
thermal power generation Efficient and -InNV DINNA D'7'2IN NPINVRINI
light solar panels, artificial leaf and DINN AT 72X ,M710 | A M710-IN0 DINNA
synthetic fuel, solar heat, Solar energy (02" |Ty) W nnpn L(NN'AR XWin)
technologies Y TAW? 'RTOW [N | (NP'NIFTINNL ,DIN NN'AR)

.0"7AR9 N71I¥1 N7 TN nm I'RVVIS DINN2
(na1v19 '71) (027 1Y)
65 | Marine-and-tidal-pewerNew IRV BNFR-NF-
I . loaias?

66 | Wind energy technologies**: Flying NINS 7XW' 111y NNIR XM DYaruIm v
wind power and other new ways to (noma piwM) o D'¥'INN DI'N W' .NNNN
produce wind energy, Wind energy 22) IRW7 0'RNN X7 7KW Y K7 — v XY
technologies (n1onio

67 | Energy harvesting: Piezoelectric
energy sources, harvesting of kinetic
energy

68 | Long-term storage of heat, High- NN 'oTNN DIN DMAIN 'R

performance natural gas heat and power
units

WTN XU X7 DT

ANI7 190 AT 1'NRN NIRINNKD DY .M DNTA XYW NMIPRA 71 NanT NIYa N Ivnnyn X710 DY N30 ol nizy e ne ann -High-efficiency solar cells Photovoltaics 44

UINTD

SV19%7 KX X7 DI TV DR NIINN MY NN NDIN W 7RI N7wnn — NN DY oY 02171100 — 1107 XA YN DIN DK V71 — Mo ey
TN DR NI Y K7 72K T W — 'RO71E 10199
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NI7ITA DIMMTPNN 'R
(nona pwMa)

69 | Deep processing of oil and gas
condensate, associated petroleum gas
70 | Monitoring the state of environment,
long-term weather forecasts, remote
monitoring systems

D'D>X7 D''UNNA D7) |2 PYNRN PIT'NIE NIRPNIE|ITA ,0M2120 DRIDN NIFT'NY NIYPYN DN Tn? 781W%7 'RTOW DMINN NYIY DY VTNY 1aX 'DN9 '97

.0217m
M2 DIY' .DPNIONI TN LN'0N L,['0Q DNITRY DA D'RNN NTEL,NMIXA 7W NIR'YN 7Y W' 0T XU n72m Dirne 0700 ' (70MaR) NIK?pnn DiNn 12a7?
DA .NIXV'0NQMINA DYD NYYI D' IPNN7 |WNAN IT 'R .0NXY D'R77NN DT DINNN DX 72y ' DI'n .ATN DINN? 01911 NINY 0'9200'Y 071 nfaizinmoim
212" |I"DVN NIXK7PNN DINN2 WA 7NN NN 'RELNINDAN DINN 11D ,0'INXK D'AINNA DN DMIwT (R (ol XN IR 1) NIKZN W' DN NIKV'0NANIK]
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NINN2 NII*TA2 NIAIZIDLV NI'TNN n'y7o0 12 NOO01]

“(Policy Horizons Canada, 2013) nTap
'

NXYUN 0NN NN 1N DIRYI 7V D19¥N DNYOYWN NN 1'Y 77NN’ 0minn nyanx T ar ntim
NI 72V 178 0MINNY NI'NY7 NNYYYW QYSWNAN NIN1 D 11D . TIVI NIXNA ,NIANN NN, NIK77N ,Ya0
17X DMINN2 N'I9XN NINNONNN TIX7 NIRNWAYT NIDNY DI NN'RN NIRTTAN 0'012 NITAIVA NINAN DRI

NAZITINN

.071v o'minnn o'nnim 90-> oy NRIFKY 1DV
:0'ninn

(Change Drivers) "in'w *?71inn' ominn 4 it

1. Emerging Biotechnologies:
e Synthetic Biology
¢ Bioinformatics
e Tissue Engineering
2. Emerging Nanotechnologies:
e NanomaterialsNanodevices and Nanosensors
¢ Nanotechnology For Energy
3. Emerging Neuroscience Technologies
4. NeurostimulationBrain-Computer InterfaceEmerging Digital Technologies
e Artificial Intelligence
¢ Robotics

48(EC (European Commission), 2014) 'o1n'Xa TIN'XA

DA7ITINN

(Bureau (of n'on'®n NIrTAN 'YYI' NDYWY W URIN QW TURID WTAN YYD 1012 0R'N9N IXY
JDm7monl nirvmn nirtnnn oinna o'nnin 230 7w nwn European Policy Advisers-BEPA
'D'RYI [I'V M DY IDSNNYAL L, NIFTANN DX INN'S D'NNIMnN

e What's in it for Society?

e How will we access and use resources in 20307?

e What and how will we produce and consume in 20307

e Where will we live in 20307

¢ How will we interact in 2030 How healthy will we be in 20307
e How will we participate in society in 20307

.0'minn
.DMinNnN Ayav NIt

1. Digital Enabling Technologies
o Cloud Computing

http://www.horizons.gc.ca/sites/default/files/Publication-alt-format/pdf_version_0239 6698kb-45pages.pdf 4°
https://ec.europa.eu/digital-single-market/en/news/looking-future-digital-technologies 46
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e High Performance Computing

e Text and Data Mining

e Advanced Autonomous Systems

e Models and Data In Decision-making
o Cyber-Security

e ot
e Brain-Inspired Technologies
e Big Data

Health and Biotech

o Personalised Medicine

¢ Regenerative Medicine and Tissue Engineering
e Prosthetics and Body Implants

¢ Human Enhancement

e Synthetic Biology

DNA Fingerprinting and Personal Genomes

Food and Nutrition

e Agricultural Science

e Precision Agriculture
o Fisheries/Aquaculture
¢ Innovative Food

Environment and Energy

e Recycling

Post-Carbon Society

e Science for The Energy Transition

e Carbon Dioxide Reuse

e Carbon Dioxide Capture and Storage Technologies
e 'Hydrogen Society'

Society and Wellbeing

e Social Sciences and Humanities
e Social Innovation

e Behavioural Science

e Media and Culture

e Future Education and Learning
e Future Smart Cities

e Future Mobility

Physical Science and Manufacturing/ Enabling Technologies

e Graphene and Related New Materials
e Nano-Electronics
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o Nanomaterials

¢ Photonics and Light Technologies

e 3D Printing

e Sustainable Consumption and Production
e Marine Science

7. Aeronautics and Space Applications
e Space Based Services
e Space Technologies
e Asteroid Mining
o Deep Space Travel
e Drones

4(Gokhberg, 2014) n'oin
'
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https://Ists.hse.ru/data/2016/01/21/1138059644/Prognoz2030 %D0%A1%D0%B0%D0%B9%D1%82_%D0%B7%
D0%B0%D1%89.pdf
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Russia 2030: Science and Technology Foresight ,agnnn nian :7 2I'X

Ty
o [ Information base (more than 200 sources) ]
Thematic science
L Global trends ] [ Markets ] [ and technology fields ]
| |
B Horizon scanning
m Bibliometric and patent analysis
+ m "Wild cards" and "weak signals"
- \
j ¥ :
T.: [ " ﬁw and qualitative I [ RE&D priority objectives
C
2 . ! 7 ‘
[ Evaluation of effects ] [ Product groups ] Global centres of expertise
< 1 1 1 N
o ¥ Mapping stakeholders
3 = In-depth interviews, focus groups
= m Expert panels
S
=
=
=]
=
™
= L v v
Challenges Prospective areas Assessment of the level
W and opportunities of demand of Russian R&D
. i

Source:r NRU HSE.
Russia 2030: science and Technology Foresight :1jmn
.0'inn

Information and Communication Technology

e Computer Architecture and Systems

e Telecommunication technologies

o Data Processing and Analysis Technology

e Element Base, Electronic Devices, robotics

e Predictive Modelling, prospective Systems Functioning
¢ Information Security

e Algorithm and Software

Biotechnology

e Scientific and Methodological Basis for Biotechnology Research
¢ Industrial Biotechnology

e Agricultural Biotechnology

¢ Food Biotechnology

e Forestry Biotechnology

e Aquabioculture
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Medicine and Health Care

Promising Drug Candidates

Molecular Diagnostics

Molecular Profiling and Identification of Molecular and Cellular Pathogenesis
Mechanism.

Biomedical Cellular technologies

Biodegradable and Composite Medical Materials

Bio-electrodynamics and Radiation Medicine.

Creation of human genome Database.

New Materials and Nanotechnologies

Construction and Functional Materials

Hybrid Materials, Convergent Technologies, Bio-mimetic Materials and Medical
Materials

Computer Modeling of Materials and Processes

Diagnostics of Materials

Environmental Management

Saving the Environment and environment Safety

Monitoring the State of Environment, Assessing and Forecasting Natural and Man-
made emergencies

Mineral Prospecting and Integrated Development of Mineral and Hydrocarbon
Resources.

Research and development of oceanic, arctic and Antarctic Resources

Transport and Space Systems

Development of an Integrated Transport space
Increasing Safety and Environmental Neutrality of Transport Systems
Prospective Transport and Space Systems

Energy Efficiency and Energy Saving

Efficient Prospecting and Extraction of Fossil Fuels

Efficient and Environmentally neutral Heat and Power Engineering .
Safe Nuclear Power Engineering

Efficient Use of renewable Energy sources

Prospective Bioenergy

Deep processing of Organic fuels

Efficient storage of Electric and thermal Energy

Hydrogen Power

Efficient Transportation of Fuel and energy

Smart Energy Systems of the Future

Efficient Energy Consumption

Modeling Prospective Power Generation Technologies and Systems
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e Development of an advanced Electronic Component Base of Power Engineering
e New Materials and Catalysts for Power engineering of the future

(UK Government Office for Science, 2012) a"™aix
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.0 Nivynka (2010 mwa noNivw)

Biotechnological and pharmaceutical sector
o Genes and Cells
= Genomics, proteomics and epigenetics
* Nucleic acids
= Synthetic biology
= Stratified and tailored medicine
= Stem cells
» Regenerative medicine and tissue engineering
o Sensors and Computing
= Lab-on-a-chip
= Medical and Bioimaging
Performance-enhancing pharmaceuticals
= e-Health
=  Modelling human behavior
= Brain—computer interface
o Production
= Agricultural technologies
» Industrial biotechnology

Materials and nanotechnology

o Advanced Materials
= Nanotechnologies
= Nanomaterials
= Carbon nanotubes and graphene
= Intelligent polymers (‘plastic electronics’)

Metal organic frameworks
o Applications

.0minn

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/288562/12-1157-technology- 48

innovation-futures-uk-growth-opportunities-2012-refresh.pdf
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= Smart (multifunctional) and biometric materials
= Smart interactive textiles

= Active packaging

= Metamaterials

= Building and construction materials

= 3D printing and personal fabrication

Digital and networks
o E-Infrastructure
= Complexity
= Supercomputing
= Cloud computing
= Next generation networks
= [ntelligent sensor networks and ubiquitous computing
o Analytical Tools
= Searching and decision-making
= Simulation and modelling
o Processors, Interfaces and Sensors
= New computing technologies
= Photonics
= Secure communication
= Biometrics
= Surveillance
= Service and swarm robotics
* Bioinspired sensors
» Bioinspired sensors

Energy and low-carbon technologies

o Infrastructure
=  Smart grids
= Microgeneration
= Advanced batteries

o Cars and Beyond
= Intelligent low-carbon road vehicles
=  Fuel cells

= Hydrogen
o Resource Efficiency
= Recycling

= Carbon capture and storage
o Energy Technologies
* Nuclear fission
Nuclear fusion
= Bioenergy
Solar energy
= Marine and tidal power
=  Wind energy
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(Kuusi & Vasamo, 2014)*° m'ia'o
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(Kuusi & Vasamo, 2014) 'n'uy'71 1372'9%7 nitanT1ra 100° n"i1Ta nimaa yaix 771in :8 Wik

mmal 1. Global value-producing networks (20}
Impact of
scientific
development on
level of network

2. Radial technological solutions (100}

Impact of
scientific
development on
level of
applications
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.Automation of passenger vehicle traffic
Automation of commodity transport
.Manufacturing close to customers
Virtualisation of retail trade and services
.Local or functional food
.Distance presence and remote control of tools
.Individualisation of learning and guidance

.Self-care based and personalized healthcare

© 00 N o o A~ wWw N P

.New capabilities for those who have lost their functional health

[EnY
o

.Equipment that increases awareness of the environment

[EnY
=

.Functional materials and new material technologies

=
N

.Functional added value of intelligent goods

[EnN
w

.Sustainable energy technologies

[EEY
I

.Raw materials from untapped areas of the Earth and space

[N
()

.Participatory forms of entertainment, culture and influence

[N
(o3}

.National defence and antiterrorism

[EEY
\l

.Functionalization of spaces and structures

[EnY
oo

.Operation models for self-organising communities

[EEY
(]

.Virtualisation of identities and social structures

N
o

. Democracy, freedom and social cohesion
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Control of metabolism of human beings and other organisms
2.1 Routine and complete DNA sequencing ****
2.2 Biochips and biosensors able to diagnose cheaply and rapidly diseases,
physiological states and genetic features of organisms ****
2.3 Small portable magnetic resonance imaging scanner *
24 Drugs based on genetically modified organisms ***
2.5 Nanorobots (nanobots) in the health promotion *
2.6 Longer life time and slower aging processes **
2.7 Continuously monitored personal health ****
2.8 Brain implants that restore or develop brain functions **
2.9 Drugs that prevent dementia ****
2.10 Repairing and regrowing of human organs, (stem) cell cultivation **
2.11 Synthetic cartilage in human joints *
Social Innovations
2.12 Schools in the cloud ****
2.13 Freely organizing remote work and organizations that form on the Internet ****
2.14 Human recognition systems ***
2.15 Emotion management in robots and automatic recognition of emotions ***
2.16 Capturing and content searching of personal life ***
2.17 Automatic speech recognition and translation ***
2.18 Crowdfunding and micro finance **
2.19 Open data and big data ****
2.20 Gamification ****
Human — machine interface technologies
2.21 Interfaces reacting on movements ***
2.22 Glasses of augmented reality ****
2.23 Interfaces based on feeling of touch****
2.24 Large haptic screens***
2.25 Digital mirror **
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2.26 Thoughts monitored from brain and action based on them **

2.27 Flexible and transparent screens using cheap materials

Algoritms and Systemic Solutions based on the Information technology

2.28 Cloud computing ****

2.29 Grid computing ***

2.30 Pattern recognition and pattern search services ***

2.31 Effortless 3D imaging of parts ***

2.32 Real-time 3D modeling of the environment ****

2.33 Self-organizing virtual world from the 3D data of the Internet *

2.34 Predictive analytics based on self-organizing data **

2.35 Universal memory based on new materials and solutions **

2.36 Simulation and mapping of brain ***

2.37 Quantum computers *

Measurement and picturing

2.38 Cheap Lidar ***

2.39 Lenseless camera and image construction based on data analysis ***

2.40 “Material Radar”™***

241 Cheap gas sensors ***

2.42 Very sensitive camera sensors based on nanocarbons **

2.43 Printed cheap biosensors ****

2.44 Graphene based terahertz devices ***

Moving and Transportation

2.45 Self-driving car ****

2.46 1 or 2 wheeled vehicles for personal or good traffic ***

2.47 Quadcopters ***

2.48 On-demand personal aviation services *

2.49 Vactrains *

2.50 Magnetic or superconductor based levitation *

2.51 CubeSat and other minisatellites **

2.52 Light continuously flying equipments ***

Robotics

2.53 Modular robotics ****

2.54 A walking robot with hands ****

2.55 The cyber insect *

2.56 3D printing of goods ****

2.57 3D printing of buildings **

78




2.58 3D and 4D printing of material **
2.59 3D printing of organs *
2.60 Robotic surgery and other cutting of biological objects **
2.61 Sensitive robot fingers and hands capable of remote work ***
2.62 Robo-tailoring *
Imitation of the nature and cyborgs
2.63 Nanosurfaces that convert air moisture to water *
2.64 Biobots *
2.65 Artificial muscles **
2.66 Artificial, self-renewing skin *
2.67 DNA memory *
2.68 Artificial cell and simulating life on cell level ***
2.69 In-vitro meat and meat-like plant protein *
2.70 Robotic legs and the exoskeleton that reinforces movement ****
Key enabling materials and industrial raw materials
2.71 Genetically modified organisms as producers of multi-use materials ***
2.72 Extremely dense processors that take quantum phenomena into account ****
2.73 New building materials that replace reinforced concrete *
2.74 Antibacterial and other dirt repellent materials and surfaces ****
2.75 Carbon nanotube yarn or thread **
2.76 Nanocarbons in salt or bacteria removal and other separation techniques based
on nanocarbons *
2.77 Nanocarbon as a reinforcement or as functional surface **
2.78 Cellulose nanofiber and microfiber ****
2.79 Materials that levitate on nanolevel *
2.80 Ultralight and strong materials ***
2.81 Spray-on textiles **
Energy technology
2.82 Rapidly cheapening solar energy ****
2.83 Efficient and light solar panels **
2.84 Artificial leaf and synthetic fuel from the sun light and carbon dioxide *
2.85 The production of biofuels using enzymes, bacteria or algae **
2.86 Flying wind power and other new ways to produce wind energy**
2.87 Piezoelectrical energy sources, harvesting of kinetic energy **
2.88 Serial production of small nuclear reactors, fission and fusion *
2.89 Rapidly charging light batteries and supercapacitors ****
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2.90 Massive storage of energy in high capacity batteries ***

2.91 Solar heat and long-term storage of heat ***

2.92 Inexpensive storage of hydrogen in nanostructures *

2.93 Wireless electricity transmission (magnetism) for electric cars and other electrical
devices **

2.94 High-performance lasers, wireless power transfer, laser weapons *

Messaging technology and protocols

2.95 Nanoradio *

2.96 LED "radio” *

2.97 Wireless transmission 2.5 terabytes per second (vortex beam)***

2.98 Multi-channel communication and software-based controlling of information
networks **

2.99 Electronic money, time banks ****
2.100 Internet for robots **
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Aerospace technology A

Agriculture 2

Biomedicine 3

Construction 4

Engineering, microtechnology, and nanotechnology 5
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Alternate Energy / Green Solutions
Environmental technology
Geographic information systems and global positioning

Information technology

o © ®™ N O

Chemical technology A
Transportation A1

Homeland security and military A2
Manufacturing 13

Biotechnology 14

Solid State Lighting 15

2V N71I0Id WA y¥n 7V DNNION nivio 0irdi L eITA TIKA DINN AT N7 MN0RR N7™M — IRNT X1

i i i i i
printing, industrial, :y'xn7 Nn¥IN XY 0'9011 D'MINN .[INV'AN N"'YYN 7W1 N"WYNN W DMINNN L [Ij77'7'0
.biphotonic, meteorology

N0 7x ' (core-technology) ntar71ov Na'7 7w NN NpTh 7RI Ni007 v 12 o'Tan W
0T NN v w7 N core-technology 2 NN 07 w [na ominnY

.smart cities -1 nn1ann ,manufacturing :non q'oIN% D'RYIN NYITY — N 1A

q910 NIdIWN7 NTTNAE NO'MDN .0MINN NI N7 N0 NZINUDINNY AWIN IR 1INV'AN T
072172 D'MINN Y — PIY NINAN 7Y D'75N0N OX 120 NMAI71207 NNIT X7 NT1HO'R NI XRIN NIFAITI00
D210 NI 0MI010 VIT'97 N2 NYWNT DI W' NYYN7 —NI'2 2NN TWZN2 09N 0P NNIVIK 0D DN
.0'21IT DNI10102 NN 'R 7KW NPRIVISN NYYWYNT7 .01 NN U 7XY' NI T7W N0 X7 .0"07 N

YN DY TNXR TYPNYT7 DY TI'Y D07 DNI010 1NN 7W NIFAZID0A DY TINYI D10 D 11NN

17'va X' nwnTnw free space, optical communication, last mile 7w n'2vn 721X NT DN D'AINN
MINLTAN Z1W7 1012 DA 17X D'RWID YIIX 72X ,'NITRN PIYNN

D'U901I7 ,TI' (NIVNIDNIR) DAY 7w NN -DT7N IV drones — NIFN7a NTIAY — AT 'Y
7 N'UNTTN NYOWNN NN D'YUAIN 1INIX DI'N D'OITEX TIND DNWI DWANY? 7' TINAY 12y NAwNY
DNINNONN 2V 'NITRN 7IYN

JINN9N DY NN v AR vty 'ov 121 —Green Energy Solution

7IYU7 N2y TR 'NNTRN PIY2 NIYAT? NIynd INNID! 17X D'RYN 770 0T .0MINN 'MN N2N W' NT XWN
R lalviatyl

7w T¥2 DA DYARYN D'WNIT 7R D'AINn - - Communication, Fintech, Cryptocurrency :nnx n'minn
.VR-n ninna 1 X7 12'wn

N29NNN 'NITRN 7IY] NP'Y 0N2TA IWANY' D'NN9NNY 02 N29NN 11AY' 'RAXD PIYD — ™73 N2
JM71V0 N'YYNT7 0Nxm 290N NRIY NTWYNNW XN ar .biomedicine -ai nik7pna mpn My
757 TN DT AT XN MIYPNA DIFMIYAYN Ni712'2 DA 112 YTl NININ T2 ,nwna DIzt n7 v
N"YYN 11d .071¥2 NI7AM QY DI'YYN NI7YI9 78w D YINA N7 NI'YYN W'y 21 K7 0T .07190
NINTISVYOY D170 NNINNS 0NN D 72X 023N DX D'NNSN K7 7RIYI 1INIX — D'NRIVIRD DRAON

aby!

82



NINPINY NIMIX? 21 NNAN 7W NIN'D 7271 )T AT YIN2 DTNNS9NN N'WYNAYW NNIXN NNK — 101N 0N
INTOW NI7RUN NNXR .DN7XR NNAaN T 2y nwwa 9"minn 50% orn 78w nnmyn 111mn 7270 a1 xd
.78 D'MINNA DTN IN'7'1 NINAN VA DRD 110XV NIX 7IRWY

[I77'0 0j711VIDI LINVI'X 2'20 D71V NN NXONN NNNONAI ND7INY NNINA 'R NIRY 17 W N
NIPENY N7 N713' X'NENM71Iv0 NYYYN1 NANYN NRIY NTYYNN DX DRI NNR ORD 0711019
?nunnwn P K71 0T PIYa Ny

NY'N 77X NIVIDNIFZN [N DA .[1D1 DT DX N7 )XY QWIN 7 .07 AR TIND IR LD — P'722 1N
MNX — 071y2 oM o' -FAB 7y 1002N0'w 0D NNDYI (121 AT DX NIYYYT X .M K7 NTY N2'0 |'N
NPT

J070m 7100 12 v nm xing 2025 — mw'? niman n9IXY 'Mpn NNan W NiT v — XY 1o
.NP1I0197 'Y DI NNIYEZN NIRAZINDU WY DDINN

NVON X'NI O71VID [Ij7'7'0N DINNN NIRX7 NV'7NN 017171 NNAN .0INNKRD D'YTINA NIPY 901 1AT
WX 100

N7 w' — NIX7PN ,7210%7 'wn) DRI DY7'am 1NIR -'7000T 0197 L,(T"Y) inspection :n'ainn a7
INWUN NXX7 2''N — O'KP'UDIN ['27 D12 27w OXI DR'I¥A OR[N

JIAWR NN DNN'NTY NIV D71W2 21 12 27NW) DR DAL TR AT Information - yTmin nai711ou v
JMIIVIND 21070 N"YYN2A DA NIIYA NIFZRIY NI'YYN

NIYT DY Y'an 1INV2AN D71IYN .IN0MAN D71IVNN 1V'AN NIATIDL0 NINNY 'Y ['ARN "IN — '0IN0 1A
YNNWN 1IN0'aN D7IVN T8I DN'NND DX TN 'NITRD ZIYA NITRD 71WY7 DA NINTAY NIRINND D'NN9N
JNITRN 1YY 2IN01AN PIYN 2 0ITN 710 79 'YzRI01'R W' — D2

NINAN NIFA7ID07 T07 NIMY D70 IRWWY QvIn R

2010- pawn 2 n72vw ninn 0'722m nnax VR (virtual reality), AR (augmented reality) -
PIY7 DAL 'NOTR PIWT7 D2 D7'W NFA7I00 N7X .NI7V7 7'Nnn KIn yT7? 1wy T 71 2014
01'n17 Md NINAN 7KW — TR IV — gaming 7wn? ominn n21n? 01207 7121 11inva
.AM'TR YNO' AT DINNIE2NWUNYT 1701 —01 NI

72X NtWYN X7 — VT N2n W 7R — quantum dots 7y nrooianw noon display-n ny - -
NI7I01 YT W' 7YY NN |2

N7V 71 1T 09 AnMY N T 72 — yoinnl 2000-n niwa 7m 9n i MIWENn 07y -
IOT — n¥mn 22w 0'a1x NNIX .'0OIX Wi-fi NNONNY 710' NN 78w PIwa D7V DT DINN
N2> NI'ZRIY' NINAN W' NNS7 0'7'NNN DI'N 12D .7ITA 09 AN AT 271 DN DNaINA Iy
-NORRN MIYPNN — MIYPNYT JaIinn aqat TR 72 .an7w w7 wi-fi o'nnon - wi-max
.YN9N N*USINNI 0NN N'VIAN

DAl N'MTPNA D'YIYYW DPNN (NN w' 781w (bio-photonics) anna Tixn 1D v Bio-sensing -
.DINN2 09X VIRVO

1137 DMI1010) NXINN 201NN DA N7RD D DA IR 78w NNAN (NN W' — inn-— -
-0IRVO NN I'N' — YNO'W DINN AT - (NIYY 24 21110IN KNAIT?) N9 20717 DAl ("MNIVIN
IX ITARN' AIRWN 721 107¢'W NIfAID0 2 1'N'Y 1yn IR 01DN' DINNN 12T 7W 19102 72K D0'ON
N’

7w 17 150N W' .'NNTR DAl 'RAY DA NIINNKD DY NONI0N NXIXN 091N NT 7IY — 095N -
DNY DNI0102 NIX Y' — NN N'WYN monitoring 7wn'? .nm'nTn NI'Yp'7987 0'OX-0IRVO
— 19NN N2 X¥AN TN NYNN DDA 21 01T DIY'NT7 X' YT .an7xn 1 X7
.NNXY 191 N2AI7100 1T

X 02N NTIPIN — WY NN

83



OI19T NINAN N7YW NYINNA .O'RIWN 77712 1227 YTI' X721 DX NIKY NTIRIn 7onon X — Printing -
(DmM10101 D'R721 NIX NNIEA) NZRIVI9N DINNA D'A171200 DX A'NdN7 YT DNWII NINTRNN
NTN DINN2 N'AI712000 NATRT? NNIX X2 DT TN

N7I1T 2INY MIXN IYYY D2'0N .['02 2INTN NNIRN AR DT 2'NdnY 'n —Solid state lightning -
.0I7n 17 ' DYI NTN DINN2 NN9Y TWOXRY D'ADNINN INIF 0D W' 7AR NLVIYD

bio- X1 qon DINN .NNIX IV AT .0A17N0N7 Mo ivnn 35% Rwa - nanon —nw ATYYIR
X 72N .DN2 INNY7 07D IRWY DRy Y 7R .N7R Dminna Jimn' 7o ke — medicine
.NN9ON' NTY 'TD D'R{P'T'OL NIoNN W'Y Y1t

N2 O711VID [I;7'7'0W |12 DXN NIXTN N7RWN NTATNN |ATA 70,027 W W7 NXN IX =10 DN
[ATD 7D IR .NTN PNWNL NXRXN] 7RI NO'X |2 DNI L,NINY? DD7INY DMINN DN 07110197 D2
D717 DX K7 INIX D717 DIPNY X7 1INIX — DRINLVRIR NPMN D'YYN YD N9'R 7Y '7onon
[> "2IX TR . inspectiona o'PTn TINN NNAX |2 D1 9" ' o o1 Fabless ninan 17 wr p 7ax
,KLA ,AMAT n> nNaNY N2'0 DIY 'K .0RI0I19 7V 7wn21 nTh 7Timnn 'nyn'?i Tin'?'? TwWoN
DA D780 NNAN 17 1N X7w 7 — piwnn 35% — NP anoRRNEMN DINNA NPT YD 72 |NW ,Nan
W' NDWN NWYNYT KINW XM /21T (17 Y K9RONm /21T v X7 02T nnax g .ntn Dinna

.0'M1179'0'T'V7IN IX D'MAINN-'2Y DN NNTANAY N7RN DAINNA 2TIN 117

['R DT 2A7W2 .DTRN NID N7RYYT '0177 DT IXT7 NIN'D "2 NINAND KN IONTNNY 'MYIY 011 XWI)
.02 ITN N7RYY NYTN DX DNY W' 0fD'Y DRAYIN INIX DX 72K 78w e

N'A17100N 'R D'RIN NINK 070101 DX ?RIANY NXAN 129NN DX NIRNT7 [N N9'R — [WIY INN'R
— D'MINN W2 DR IR AT 7712 7T0N NDSNN .NMIYPEN ,01001'K ,'U'R AWNN .0"NN 7V NY'Dvn
NT - 0T DV DT — 0DNYPNAl DNNI0 ,0'N NN 1AW [9IXN NI NIY' AT — D'MRIVIX 02011 019N

.M NIRNYT IR 09 NIIRY DNAXAY NIFARIIDUVA 70 MY T7 71000 VAN .0MIY'D V2N

DINN NX NN X .0 DN O'PTN INIXY D'AINNA 70 NN9NNT7 712" Tapn ™0 — XAt M
NNYTNT7 NOXIY N'MIIONN A"YYNN XD 7710 ,Nixawnn 727 NNonNnT 720'w 01710 nm/npm
"% INYN NIYT X7 AITY7 700 0T — 11X 21wn? AITY'Y NIMD 7'90N1 71T 7'90Nn 7> NN ONI

NN vl

Y1977 DN7 NTY'W DDNN 21 0'R9NN L,NXI9T 112 .INNSN' NjP'00Y791 '"INIVIX 1D 7W D'AINN DA
I'YA IMoSY1 AN

N171100 7V D'00IAN |'TY DI'N NIXAXN .NNONNT7 1'WUN' 019 [INVAI 'KAXN KYIIN = [N 0V MR
NIN NIT'OXN7 NNONN .My 50 1970 TI'Y DY DINK NNYY W' AN0OIR TIX 17 'Y 7N 75 7y .mwr
Y QT NITHONNYT IRNYI0I9 MMIAPYA XY NTTING IR'NI01D W D91 NDWNN 7w DTN 1A
Y'Y 11'X) .D19NN KW KIN NNV R'YVIMIRA TIRN RN SCD-2 nnnnkn 0'NIY21 12 N70yY
D"1'Y 72 17'9X1 DLV TINN D'11'Y DY ,117W DIXINN . NIK?j7N2 019NN WIN'W? D71y N721Ima nwnAT
MOPIR/'VDIRN DINNN 7RIYAY NTAIYN DIR? DRT NITRD 2IY? D'Wyn DRNNS NNY 07100 ,9'9)
DTRN NIDI N2AI711000 ,0'70 IR wnn'? 01X 1NIX .10%  D1Inn 1INIRY "Myny — 27N TINN 'VDIN
nndON NP AMTN DA X7X DMI010 1 X7 o'nnon SCD-2 117 Nt anp XInw 1T .17 vy
N"YYN? NIMY7 MY 07w YT N7 W'Y NNAN Y NNy NwAaY U 0o Dal (0'dN D'NMIATK)

NI UNN? 'RTOW YINA NID 17 W' 2M0PK 91N 71V97 'RTI 127 — N'NITRN

72X DX I YT .NWR 12D DT WY 7aK TWON DY WNNY N'TNNY QWIN IR — 177119
DIX'Y NA'ONN IX N'NIVAYN INNN' DXVIY N7R1019N DINNA ‘AI7100 NIN'D IWY'Y DIZNYA I'N' N
.D"MIN712 DWYEA NI 0M7N 0N DTX DD

smart Dl .JIon DX N [ NIMIK? 20 DN2AN 7Y NN N9 W' D DY 1NIY N0 'IX 2070 DINN2
N'NN NTA DINNYI 'U9IX 09 2NN 2NN 271 TIXA 71TA XIN DT 1'n 797 waTiw 09 annn grid
JIYPNN NYYYNd nwnAT

84



MXI7 ,0NNKE N7 D'YUIN'Y? 0T . NRYTNN NIYIA QUND X N7 190X 'IX — DINAITYI'Y? DN
W' D117 K77 WTINN 1IX X7 AWON 'K .0'0'VID DIPNN DATHINN 770 DI'N 7aR ,n17non nT?
121 0T 2172 'T XINW AYWIN INY YN XWIN .0NYTINN DD 7Y D1IR'NA NROIVY D71 T N'Yyn
NN D'MINNY 10101Y NI'YYN W' .00 D'YIN'Y AT? W' Np"10190 071V NfAI7I00 D'yimy 0'y7n

NIND'ONAIIX DY TN

.N29NN 7w nNNo2 NNIXRY IR At nnan 100 ,niann — o'n " P"Ix

U' NIYpwn 72 DA NXIRN 019N 7' DINN N1 N nnan v 10T-1 Information technology
D'D"IXYY DINN 17'R NYpwn WATN N9 72X .bio technology-a nal bio-medicine-a na 7x'¥avio
.0M7uUn NINMQ 7Y D IX'YI019 DA W' R N72IT ypwn

7¥ 9NN DX AR TIN XARD DD 207071 DD 7701 N2N DY TIN NN XARD DY9 OX— 797 11
170 ARIN K7 IR 90NN DT DI C'NNTRY? 707NN D' 'RAYn DYO OX — 19N N9 W' .annni 70
JA'ORN NIN'D NIYYY Y190 DTl TINA DNXPNNA NINON AT ITN

RX'Y D'INTN DX 'K 102D NNaNY? yvany N 0N ,nnwn TINA TIAvn 71YI NIRV'ONAIINN "NAID
N> 7¢ NWON .NNWONN DAl NTIAVN nmiyn noa Nt 11u'n'7 BERL D'71T2 0"'I'W W' .N'019%7 DA DWN
D'NINo D DN 228 DMaIan D'NLIPnn "7IN-DIN'7|7n NT,NNTN "INY D'9011 DNINN .NINWNT7 N>MX DTR
DXN X'N N7XWUN N9 D21 VT N2N N9 W' Q10 TINA beta-site n'iinn nnaxi NIYTN Nirazinnu 01onY

L0 NTY QWIN 1IN NNAN NN DA W AR 2 .0a1 DA ARYD AT np'nn'ma'm IX N 019 NT

.NP1II0I9N DINNY 77 19IR X7 N7 .0 TAY 'K NINNRD DY D 117 NYR TIRA .NA0NRIINT 139
N'YI201'R 'WIR DNION — 27N TINA DT IR D'YAIN D78 NzRI0I9T 71 X7 7951 ominnn 727 |01 Nt
.MINNN 72 NX D'RNY DIV

v' — MMC-1 D772 2j7'va D'70YNN N'MTERA .0MIYTY? 2f171100 2 T90"% X - '0aN 1R
2w |I'0nn .17l NP L, NPPDIR AYNNN YT LN ,0MNIN N> NNNKR NIY79'Y0'T DA NT?
210 NIND 171N D712 DY XNAIT? .NIND D'AINNN IRY DY 210 171N NOTINI 0PI D'YTN DY QINY
DY N2 W' 7T 72X 210 NPT O'RAD 7Y DTYYNN DA LPTN NI DRRNVDIRE NRT'O 7w TN YR
X7 D'WIRNI W7D TIKN Thwn — n2an2on oinn Al 7 72T 7w 19102 010N 700 "My T7 .0"171 0'RYN
7 NXT1 X7 72K N'0aN DINN N1V N2 1INIX X )2 72 'R 178X D' DNIR NIX77NA .0MA1I71100

SNwn nnon'y

N'N DNAXNY NXM0NN NDI7N/NWTRNN N1ANIRN 7W DINNN DX DTN R7Y MynNoin — i Vi
-NN O'YIS'N ,NPZII0IS XY W' — 1A WID'N] NNAIT7 .0MINN D'NINY D'MINN W' 72X DTN 1T myT?
NTY D'XIN NDNIXIE DYpZNNN DX "X X7 ' N9 1INIX .D'MINN 190N 12N7 TWOXY DINN AT — D'N'N

.NNIX DiNN

72N D'NITR DIXIN WIN'Y NIYYYT 712! 'RAXNI 72702 D'NNONN D'PHYN DI'N — 'KAXDT'NNTRN a7
DINN 70¥ DAXPN 0N NN D71V 727 NYNTRE NRAY TN INN9'Y UX' KAXNY DNXIN W' ' TY
nl7 Ywp nnen'

SJNOAYNN XYIIN KIN YN 'WYIn 'Y 0MI0NAT01'KR NIXNY NYpPY INxXiav nnY t‘|'0In'7 XN "IX
X7¥ DTN NID 7¢ DN2AYN W' 0N NIRIDA 'WIRK XYW DN NRIDA WK 70 1I'NY D'YIXR I'N 12V DX
N7 1019 .NINWN DIT'70 2X7 DA .NOVUN 011NN N'NY DI'N 'UDIX 0TINN N'N DYD .0"YaL 0O'K1) T'NN

.NIN'9Y1 NRWTNYT TINA TY' 0T ,0'RYI NI'Y DND IVT'Y D'WIR 7MXI M1'79'X0'T'07IN DINN NT

JIWY7 AWOKX NNl D'ANSNNY DIINN NN N7 IXD .AMTER? 112NN 7Y 7ANKN KIN 9011 DINN

NIOXY7 11713' X7 DY WY 197Y 11D VT K70 DR AX' MY N7RY N'0 7Y Nl NNoN — 20117 'Y
.N2171002 NP NN

85



nj709n

01DNN7 TWON 'MYT7 D'7'2IMN DMINNN 7W DID'07 Yan? 1'01 [IWXIN 27wUn NNX — 101N DN
—.N217MN0N1 TN NN NOSTA VTN NIAITIDY ,NRID-I ,MIANN X' NIRPN D'KAN D'INNY
DINY' X7 01 72X NI7wo 0irn 120 w'w non V-n (D712t 1n10) 7R'YI019 751D 111'0w DTiINN
DTX NID NNIZA AT'R NION'NN NNNY Wzan X L[IYXRIN 2702 NNXIY DNATI DR X0AN DT Ny T?
7W NWON KX .NINU'0NAMIND NWIN 'K NZRI0ID 7W DINNYW ¥ .7'Tan? )N0XaY D'AYIN 1INIX
NO'X D'DI¥N 210 227 NION"NN NX VINW? NAWX .NTIAVN DIZN2 "W 07270 DN TRI D'RP'T'O

.OTIPN 2A7w2 ININY NN MP'Y FTD 9'¥n7 X Nl NrNY 0DMX D'WAT

- Aerospace 3 i Biomedicine
e [P @—
@ Engineering === AR
‘ Construction ¥ 3" Microtechnology E éreen ;Mg’
Nanotechnology

= ; Geographic 29 v
tEer::\ﬂ;%r‘imental 5 information systems @ tngr:nofm /
* o ogy ‘ global positioning =

i ‘ = {OMELAN
. -
& Chemical technology ﬁ pome- :::aeland secuntyv
ilitary

[}
X

# Biotechnology [ Solid State Lighting
A

1.:.
WP

290 N2 D' N9'NA LJIWRY WAT NIFYT 1IN NT .YIX2 D'VINPNA 190 NI YD 'K DIFN — ¥ '
D'TIN'YZ 1DV W' AIX' FTAIYE DY'YON 117 10N- D77n 7w 2107 190 NI rdun T Y
.NTN 77TMN DX 7'NYn7 AWOKN .0 DAL NR'T'D DY DTN DNAIN XNAIT? — DN2'790' VAN

NN — NIN79'0MTU7IM NIVIXEN 7¢ NYTN NO'SN AT - N'NINN TIKA AT T — 10N 0N
.02 D'TIN'? X7 N7 .A7RN D'MINNN DX NN97 ' NIYATv

D'R¥IN X7 [NX'1 1202 DA .0M1*790T'07IN D'WIRA NI0NNN NIX 1Y 7891 DAl 9IX7X DA — 27T 'Y
.NTaYn 'oTINN K71 0'ROTIN

.NP110197 '9'¥90 X7 NT D'MINNN 722 T — 177119 "M

D'TAIY? D7IYUNN 1DWN — NIdINI NNDWNA 12'val 7722 11X NTIAY? 0'RA X7 D'WIR — 0N 12 7R
AN ax

Y TYN W DRPTO WAIWNNIE NI AIYPNENZT'O N MNNRYRIE NPT YW 17'Y — 797 10
NT DX NPIT7 'RPMNINRTRN KON NIINN D'RXINI NI'UOIX 'VN DNDNNY DRP'T'S W' .awnnn 'vn
.DN"1 NY2N 7'90N 'K .0N" FUnn 'R IR DR

NIT 160 nwiy noTIn TI7YW VITIVO - N7OWNN NDIWN NX DDA D'YWIX NN YTIF X7 1777219 '/
NO0IN 7277 N v 17 NNY WWOXR TV NIYWN NN TR AP'T'ol np'onnn 69% nmi
N722m X' oo TN

86



NP'T'O IWXY IXINYT 17V 171N 7221m 2N W . N"NIM 0NIY'R WU — ARIINN NID RIN YN 12T
017771 1'WINT AWON 'X .O'NNIX D'¥INID'Y¥IN DA W' .N1Y79'0' T 071N V'ipwn'? 0D 'K 271 nzronnnl
2YnY DMWY D'0NIRYT WY AT NN T XM

-0 NID NTERD 7¢ WATD DRD .DYYYNN DY QIN'Y N1'NAN AMTRRN DX yn 0N ' Tl
2V 7DNoN7 X .WIT DRI0 1T — AtWYNY? 0D2INY DYR Y IR TpRa ax7n pun'y 10-20
D'YIN 7Y 217'Wa TV AT NIR7NA "2 9"NY AT O'YN NNIXKY DNATN NNTA NIN'YNAL D'XI7'RN
VIV K71 W 0T —2"'MN DY N'Y-ITN DT 'NINA NI 10NN .O'RATER 2'901N DNY — N*YYNNN

.0"1'Y 0'1DN7 VIYD X7 AT — AT ATR A"702 AW M 17ON0N .0 1'Y NIWYY

WINPNAN OI719N NN NTIAY? 0101W 0TINN .WNN TiM'm n72ynn? TwoN '® 01w 5-10 2y nNa™ DX
VYN NYY1 7RIW — DT 7Y 0'7ONoN OX .NYMIEn IRT NINWN N2171000 'RENT NIRG 1Y
NIYY7 AIWONRI N"'YYNNN D'YITI D'AINN D'WIRYT W IRIN 'TIN'Y2A 0 TTNAY Y191 AT 2"NINA . TINN

MNW DA DT DR

DRN N7RUN NN WYY DR X7 0N N"WYNN Y DI-01f 'DIY? 0ANYI D'0TINN — '7a Nl
(17D 7712 NPINVDIX VY NN DN — 7"IN 1D NU'WN NIX YNART7 TWON IX "IY IXIN 7Y DY)
NPITO NIRY NPRINVOIN .N'AI7IDUVN DX X' IPNN IWY'Y 017X DN DRIV D'WIR DWY7 1Y .D'WINI

29NN DX NI AT TOIN DMIND 2 19NN NIXA NIZITAN NIXYANN .0NAT 7 1IANI1Q17'Y RN

— NNAQ7 D'WAIY DR'T'O "TAIT NIND .O'RPT'OA 7N 170W NP 21019 11D DINN 'R YIX2 —101N 0N
72 .N122 X7 XID DP'ONNN DA .NP'T'9] NIRV'ONANINT 072 JNIN @'9on 'K L,P7 .orTnninn 5%
.D'0ITIVO I'N' K7 DA DTN I'N' K7 DRI T NIXN9 I'A X7 DP'T'O

NOTINI NP'MNMIIATXR ,AIUNN ,NIYON — DMINN TIY U' 72X Np'T'ON VIXPN KIN core-n —u'7a TNy
[2 2777 DI0Y' .ANXY 1191 N179'0'T IT .NIMNIVIX NIMPNA TINA 013' N7 — AR-a1 VR-a wilk
N7 21UN7 T NV'Y DM NAWN TAP7 NDMIX YT NNAYRYT 12Yn ATRRN N7RD NRY79'Y0 T
7710 .NP'UDINA 09N K71 INN INWNL 09N RX'Y 'NP'T'D YINNT7 NANK DA TN77 11X .0IVRITA N
ANP'USIN DA D' N7RN D'ONIZNN P7NY NINDO ,NITN' ,MYYN "IN W' Yaun 'vTna ‘ool U
D'R{7'T'9 ,N?'UDIXK MY NMYYN 0117 §'0INT W' .N?'VUDINN DINNA TIAY? IR NPT TN NNA'Y
0'22N71 NIRV'0NAIINN 71N NIYYT7 AWOKR DT .NR'USINYT D'OIYN I'N' D'VITIVONY )X 72X 21V AT AT

.NP'OSINYT DIIDIN I'N' DNV FTD NN7ThwA

X1 NT7 ION"NN — 0'X1D01 D'YIN 7Y [IYRY TAN .0 T Y177 0NN N¥N N — [YIY AN
NOTIN — NP'UDINA D'POIVY D'WIN — "IW TAN .N7XD D'WIX NN'WINY NINA0N D177 71X .0Don
N'N DX 210 DAY NNSY IR0 AT (2"2) 1MI2-]2 NV*0NAMIRA YIN YR AT 71701 'K, N'OUDIN
oy MY AR'T'o TNY7 1IX — NIYTN NIARIDL NINSYT TV X'an X7 0T 72X .NINV'ONANIN TIYa
N7 12T .0'MTPNN DIXN NNA0NA DAl [IWXY IXIN NNA0NA DA .0'901 DMIND 77100 Minna A7y
D'MINNN YR NP'T'97 NIVZIPOAW XN 27 NA'ON) .NP'T'9a X7 72K NOTIN? NLZIP9] DI'N WNINN

.(mino "oravm" n'iwtn

N7MNY N'MTPRA 0'91 W' ,0NAT T'TN7 YR L, DNY 9 KINEANMTENL DY YWY 'MYD —'0No 1
7221,NNITI NYINNA ,A"NINA NIY DT .DYWYN N7'nn DX TN X7w 1'1n7n onw n'7'a x'n Applied
D'NP'T'O MNI' NI'NY 0'0IN NOTINT NUYIZ9] DA 1AW 'TII0AN 2¥N NI .ATN Y072 DI TINA 11NN
7¢ D2IMLVMPY NMIYR D'Yan .TII0AX XINY N2T nta 0'pnann Applied? Niwp Nt DRI D'RP'T'ON
72U DIMVMRE 7Y 2"MN DY N'Y NNPD DT R NITONN NIRXY? 11X INWN DX .AMTERA NWNI DIT'YR
DIZNNN TR .NINKR D' AT UTY' AT — 01T 0fawnl Applied 9w ppnne ATarr ox .01y
72yNn N727 NY¥XN wan Inwm oOx .01 17 ' 72X |0 903 nTw ISF-2 NIt AT N TR 0PawNIn
yan? N nt (9"M'7m) qia7 nfnr o L fvn Y n1uon'o 71 0T .o NIdT? 17w 1pon Applied X'hw

A"NIRE NN D 'Y ,N0TANY NIVYIR9] NINSYT ,A2"min Dy N'w?

87



NTTIVA X7 n0'oNIRN TN nimn' 160 VITIVOY? Ay A™MN — NIMNYI79'0' TV — W KW
n7namn X7 nu'onaaikn 7'n' 230 mItw LITIVO TN 'RY 7721 D'M1'790T'V7IN DTN TINYY
NIRV'0NANIN NIRV'ONAIIXRN DX [AN71'07IN D TIN'? TIN77 0'70'w DTN TTIV? X A" mn .ty
D'TIN'?N naon 7Nt 160 nnaona IRwa 700 7aN N7 oy nz'o's 7un? 9"nw NIy Danix

JINT NIYWY? NINRV'ONQIIRT NNWON NNYI"07mM 0rTim'? TTIV7 A"mn 7w yin?7 1y .nhon

?N'O9INNLFZIN 'WINR RIXNYT 'WIP W' DXN NI'YYNNA D'YIR N9 Y' — 101N 0N
10NN 'R DIV DRPT'D .X7 - 71937

[INN X1 0'YAN DN 72K D2'1I¥A D'RANMIATRE DTN DRPT'O W' — MY '7¢ MIWNN — T TV
21701 11AYY 0'DMIX DN D'7' NN DNWD .N9WI NDIVN NN DN7 NNON .NNYY NTIAYA DNIX 1'wWdONY
.IDWN NOTIN D'TAITI NDWN NIX D' TAI? DNY TV NN

NPMNIATR 72K .DMNNIAR W DR'09IN DY 701 ,0'001VNn DNATH ORPIT'OA 7 X7 nvan
NN TA'V 7¢ DINNN D'KQY D'WIN .WINM 'WIN DA D'WYIT NAW'Y7 TD1 NNy 1921 Timy'7 7o' XY
NNAIT ,NDIN 'WIN I'N'Y O'RANNIAYR 10D wnNY D'WTIP 02 X7X NR'USIN 'WIX 71 K7 DNY LIRTNY?
AT AT .(N'VANNVPIR NIN'RN) A"NRN 'WIX ,NI2A NN 'P901 D'RXANNA DA DAY ITY7 'WIR NNNX
D'?790N1 2"N7RNA .71TA WD W DNIWXZ1 T 1T NNAIYY NN L0IYD INWN AT NIRDYT .07V 71N
X DI D QYAY DRRN-I09IR CXMAIT TIY .0Th IX7 D'YTIM X7 IR NN N'Yan N nnnY
X NINDY 1T .121INN 790 — N7 dN-1INNI NP0 AN, NITIR Y¥AT7 ,0NnIN DN D'YTI'Y D'WIR
[IWRIN ININ2 DRINL0RR TARY M7 Q0N . MIY'N AR'09IRNLVPIRN DINN DR PIY? 0T RIXNY

JNIX DT ANENT NN OWTIE X7 D'WIR NN NR'VDINNVRYIRY DNIYRY DNAT? QUN'Y

[IUXT ININ DI'0 272 TN TIAYY? NMTRRYI NPYYNYT N'¥A'0mM KIXN? 0T NIYY7 1XYW 9N 1ann
NT NN D'2'2N1 NTYYNA DTAIY N20W 7R 772wl DA .OTIR "MDTIY ZI'Wn 27w DA AW XN IX
.NTN QOIN DINNN DX NN'7WUNY NNAoN KIXNY NW — DTPNNY DXl

NYSYN Oy 17NNn7 o3 — N1'79'0rT'uRIN PN NI9'OYT (I Y7 D' YTAN TIWNd — [IRNT NI 1"
N7 DY 7D AT . NIr'719 NI'on 701N AT 72N .019'0 AR XM NNYY? TV n71amy aptn
.NDMIX N'YYNNY D'WIR 790N NMTERNY 1D 7'wonY

YIX2Q 1IXUN . automatization manufacturing -7 Tr'yi automatization -2 D'pTN YR (W RWND
NN DY 'ONIVIX I TTIV? NIMTIN W' 0IFN YR D'ONI0IR RN nvwynn 7"inaw 7721 7"in% "aiy
NatlaRIlY)

DI'N .N'MATPRN DR NI 70-"0 7w N12I712000 DTN NI7YAm NNANY ax¥n? yan —u'a \ximv
NNA'TI9 NAY NWYN7 DN .0"AKA D091 OXI 071D DNYW O'RXX¥XNNY7 D'Y'anl 9"INa NIYV'Pwn NiNan
7NN2 D1IY D'INNA NV'0NAIIN NATRA NY'YYDN DIN -

NYY1 I'X .0D1IY YIIX] NIYYYT TWONY NN DT AIWNIE D'0TINN 1'wdn ,0'7 N 17000 —p'a jna
QY7o — miwpn — information — na0a TTN? Vy'¥n ?0'7'am NN

TN NN NODTN NIN YIXA AIWNI 0101 MYT7YW [011 XYl —'0N0 A

SO0, Y NITIAW L, 00 NS DA TWON D'ONIR DIPNA RYWIIN NN DT77 T2 N90I11 NY¥N — 21111 'Y
NN X7 27 jpnn oKX 40-0 MAURY ,ONRPT'O 0177 Y MR MY 'YND 197 [DIX DA N
.N2'WN7 DNAINN I'N X7 .NIYIA RWNT7 INAYW AR X7 (ORIN 0N 7)) NPT DRNIRY

DVYO NINT? O'XIN NNAIXI DT NNd 17V DID'07 — 10N 0N

Aaxr Ty L1
TN 'OOIN NIN'D ,NP'T'O1 VA7 ,NP'T'O1 NZ'ANMIATR — D'WIR 2A17'Y1 NINYO0'T'o7m .2
JINNX N0 21Ivn

88



W' 21700 W' 27 DN 7RW NIRV'ONQMIINA NRP'VDINNVPYIR TN VYN 'R NIMYYIN A7 NNy
AWKRN YIIX 'O D71V — DRNT NI 1A) 7227 mnn" — 0f2aRnn TR N770na 'yl 190N N1
(Qwmnn v 1wy

.NAXNN D'V'AN D')Y'YONN AN

IN NIYIXNT 20TY' IR NIYXPN 19170 D'WIRY 07107 1N21 NNWAT7 1710 nTIAYN PIYw 0'2'an 071D
.DaNTY niwy? iX v oi'n —(Life-Long Learning) LLL -7 0910 nixpn .0t 0INXK D'AINN
NXN X' WUTIND 197 NN WX DY 'MaY' T N¥N9 Nifn% n7d' 00an'tt NNON' AT DX
NI'RINKD [NXY NN NIRYZ NIDMX NIRV'ONANIRY NAYIN RN .O'RATPR? NT DX INPZ* NIRV'ONQIINNY

LDR7N QU RIX 24-25 720 AN X7 NwINn N0'0NQMIINA LAY DRNTRRY DT Y

MY NNONNW KW .9"IN 'T2N D'PN7 7KUY NI NIMINYT 21 NINAN —IX'D D71V KIN 9011 XY
QX TPANN XN IWKRD TUDINNDPIR IN'T'? 7271 NO'ND NN N71ITA N'RPPINAK XY 1NN NINNRN
D'¥IN 0710 .N9'NTNNT7 N71D'W NMyn nWTN ITEIXTD 17 X' 110X 0N . .NimnnY LIDAR noayn
J12'2uNn N7NNN AT IXT N9 NNOY TX DINNN NIX NN97 O'¥IN NNXRA DX 'NYT? 2IXY X721 NS NiwyL

89



9912501 Y11

PANI ININY TOMN
TPOIND NPITN IPNNY

04-8231889 .0p9 | 04-8292329 .5V

3200003 19N ;110N NP
www.neaman.org.il



	רשימת איורים
	רשימת טבלאות
	תקציר מנהלים
	1 מטרת המחקר
	2 מתודולוגיה
	3 תחזיות טכנולוגיות והתאמתן לישראל
	3.1 תחזיות טכנולוגיות
	3.2 התאמת תחזיות טכנולוגיות לישראל
	3.3 בחירת תחומים/מקצועות
	3.4 ביצוע תחזית טכנולוגית לצורכי כוח אדם בתחומים/מקצועות נבחרים

	4 פוטוניקה
	4.1 סקר ספרות-פוטוניקה
	4.1.1 רקע
	4.1.2 מגמות עולמיות והתפתחויות טכנולוגיות
	4.1.3 שוק העבודה העולמי בתחום הפוטוניקה, השינוי הצפוי בו, וההיערכות לקראת שינוי זה
	4.1.4 פוטוניקה ואלקטרואופטיקה בישראל: מגמות באקדמיה ובתעשייה.
	4.1.5 יתרונות יחסיים של ישראל בתחום הפוטוניקה

	4.2 תחזיות טכנולוגיות וצרכי כ"א בפוטוניקה
	4.3 סיכום והמלצות

	5 אגרוטק/חקלאות מדייקת
	5.1 סקר ספרות חקלאות אגרוטק/חקלאות מדייקת
	5.1.1 מגמות עולמיות בתחום הטכנולוגיה החקלאית
	5.1.2 תתי-תחומים באגרוטק
	5.1.3 חקלאות מדייקת
	Big data ואינטגרציה בין חיישנים וטכנולוגיות שונות לניטור מצב השדה
	שימוש בכלי חישה מרחוק ומקרוב בחקלאות מדייקת, בדגש על זיהוי מחלות צמחים
	פיתוח כלי סימולציה לניטור רציף של קרקע, צומח, מים ודשן
	השקיה מדייקת
	יישומי רובוטיקה בחקלאות
	5.1.4 אגרוטק בישראל
	רקע
	האקוסיסטם בתחום האגרו-טק בישראל.

	5.2 תחזיות טכנולוגיות וצרכי כ"א באגרוטק/חקלאות מדייקת
	5.2.1 חקלאות מדייקת/חקלאות חכמה
	5.2.2 היתרונות והאתגרים של ישראל בתחום חקלאות מדייקת/חקלאות חכמה
	5.2.3 הכשרת כוח אדם מדעי וטכנולוגי בתחום החקלאות המדייקת/חקלאות חכמה

	5.3 המלצות

	6 מקורות
	מקורות לסקר ספרות פוטוניקה
	מקורות לסקר ספרות אגרוטק/חקלאות מדייקת

	נספח א: התאמת טכנולוגיות מפציעות לפי ה-OECD לישראל
	נספח ב: סקירת תחזיות טכנולוגיות במדינות נבחרות
	נספח ג': סיכום סדנה בנושא תחזיות טכנולוגיות לצורכי כוח אדם מדעי וטכנולוגי בתחום הפוטוניקה בישראל
	נספח ג': סיכום סדנה בנושא תחזיות טכנולוגיות לצורכי כוח אדם מדעי וטכנולוגי בתחום הפוטוניקה בישראל
	נספח ג': סיכום סדנה בנושא תחזיות טכנולוגיות לצורכי כוח אדם מדעי וטכנולוגי בתחום הפוטוניקה בישראל





Accessibility Report





		Filename: 

		כוח אדם מדעי וטכנולוגי דוח סופי שנה א- מונגש-זכויות יוצרים-2 (002).pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 2



		Passed manually: 0



		Failed manually: 0



		Skipped: 1



		Passed: 29



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top

