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Bn6amo- n naTeHTo-
MeTpu4YeckMm aHanms
pasBUTUSA
HAaHOPOTOHUKMU:
2000-2020 roabi

A.H.Tepexos
OI'BYH LleHmpaAbHbill IKOHOMUKO-MAMeMAMU4eckuil
uncmumym PAH, Mockea, Poccus

B cTaTbe aHa/IM3UpyeTCsa pasBuTue
nccnegoBaHUM, CTPYKTYpa U AMHAMMKA
naTeHTOBaHUSA HAy4YHbIX pe3ybTaToB

B 06/1aCTM HAHOPOTOHUKU B Nepuog,
2000-2020 ropos.. B LeHTpe BHUMAHUSA
rno6anbHbiv Ny6/IMKALUOHHBIN BbIXOA,

M BKJ1aJ B HEro OTAeJIbHbIX CTPaH U UX rpynn,
TeMaTu4yeckas CTpykTypa ucciegoBaHum,
nokasatesmn MeXxAyHapoaHOMN Hay4yHOMn
Koonepauuu. PaccMoTpeH BHYTPUPOCCUACKUN
uccnepoBaTeNbCkuUn naHawagT, OTMeYeHo
noBbllWeHue posiu reorpadpuyeckon
nepudepun u yHNBEpCUTETOB B €ro
dopmupoBaHuu. Ha npumepe 6a30BbIX
HanpaB/ieHUN HAaHOPOTOHUKM NoKasaH

CABUT nHTepeca oT GOTOHHbIX KpUCTANNOB

K MeTamaTepuanam (Kak B MccnegoBaHusax,
Tak U B NaTeHToBaHun). B kayecTse
MCTOYHUKOB MHPOpPMaLUUN UCNOJIb30OBAHbI:
6ubnunorpaduryeckas 6asa gaHHbIx Science
Citation Index Expanded (SCIE) u 6a3a AaHHbIX
BefoMCTBa NO NAaTEHTAM U TOBapHbIM 3Hakam
CLWUA (USPTO).

KntoueBble c/ioBa: HAHOGMOTOHMKA, Hay4YHas!
ny6amMKaums, NnaTeHT, aHanm3 AaHHbIX

CTaTbd nosydeHa: 05.08.2021
CTaTbd NpuHaTa: 14.08.2021

aHOQOTOHHMKA Kak OGPOHT HUCCIef0BaHUM,
H OTHOCAIIUXCSL K B3aHMOJEHCTBHUIO CBeTa
C MaTepueM Ha HaHOIIKaJle, IIOSIBUIACh
B Hayaje 2000-X romos. [lpaliBepoM pocCTa CTJIH
OTKpBIBa€Mble HOBBIE BO3MOKHOCTH B CBETOAMOJAX

M COMHEeYHBIX bOarapesix, 6MODOTOHHOM MegUIIUH-
CKOI‘/'I TepaHI/II/I U OHAarHOCTHKe, CBerSaH_[I/IH_[eH'
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The article analyzes the development of
research, the structure and dynamics of
patenting scientific results in the field of
nanophotonics in the period 2000-2020. The
focus is on the global publication output and
the contribution of individual countries and
their groups to it, the thematic structure of
research, indicators of international scientific
cooperation. The internal Russian research
landscape is considered, an increase in the role
of the geographic“periphery” and universities
in its formation is noted. Using the basic
directions of nanophotonics as an example,

a shift of interest from photonic crystals

to metamaterials (both in research and in
patenting) is shown. The sources of information
are the Science Citation Index Expanded
bibliographic database (SCIE) and the United
States Patent and Trademark Office (USPTO)
database.
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to the interaction of light with matter on the

nanoscale appeared in the early 2000s. The
growth driver was the new opportunities that are
opening up in LEDs and solar panels, biophotonic
medical therapy and diagnostics, ultra-secure com-
munications and quantum information processing, as
well as in the military sphere, for example, in elec-

N anophotonics as a front for research related
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HOM CBSI3U M KBaHTOBOU 0b6paboTke mHOpMAIUH,
a TaKke B BOEHHOM cdepe, HaIlpUMep, B CHCTEMAX
3JIeKTPOHUKH Ha OPYKeMHBIX IUIaTPopmax, CTec-
TeXHOJIOTUHU U T. 1. [1-3].

BBHUAY OTCYTCTBHS IIOKa ellle HaJeXKHBIX 3KOHO-
MHWYECKUX [JAaHHBIX, A OLIEHKH pe3yJbTaTHBHO-
CTM U KOHKYPEHTHBIX IIO3HUIIUHM CTPaH B HaHOPO-
TOHHKe MOTYT OBITH I10JIe3HBl HAyKOMeTpHUeCKHe
MHIMKATOPHl. B YacTHOCTH, CBefeHHUs O Hay4YHBIX
CTaThSIX U IATEHTaX CIOCOOHBI AATh ITPe/CTABIEHHE
0 Hay4YHO-TeXHOJIOTHYeCKOM 3ajele Il ee OymyIimux
MHHOBAIIMOHHBIX IPHUJIOKEeHUN. Hcromnp3ys 6ubmu-
OMeTpHUYeCcKHe MeTOAbl, Mbl U3yYHUM TeMaTHYeCKYIo
CTPYKTYpPy HCCIeOBAaHUI I10 HAaHOQOTOHHKE, OIle-
HUM KOJIMYECTBO U BO3ZEHCTBUe IyOIMKALIUI, IIPO-
M3BOAUMBIX HUX OCHOBHBIMH YYaCTHHKAaMH, IIpoa-
HaJIU3HpyeM CTPYKTYPy MeKAYHApPOSHOI'0 HAayYHOTO
COTPYOHHUYECTBA, OXapaKTepHU3yeM BHYTPHUPOCCHUI-
CKUM HCCIeN0BaTeNIbCKUM AaHAmadpT. MCTOYHUKOM
nHbOpManUu I 3Toro BhiOpaHa Oubnmorpaduue-
ckas 6a3a maHHBIX Science Citation Index Expanded
(B SCIE). MCTOYHHUKOM HeOOXOOMMOM IaTeHTHOH
MHPOPMAIIMH JIISl aHATK3a IIOCTY>KKIa 6a3a JaHHBIX
BemomcTBa I10 HaTe€HTAM M TOBapHBIM 3HakaMm CIIA
(Bl USPTO).

NMCXOAOHbIE AAHHDbIE

HcxopHas BeI6opKa — 77984 mybnukanu (Tumna: article,
review, proceedings paper, letter) 3a mepmonm 2000-2020
rofsl — Iojiy4yeHa myTeM Itorcka B B/l SCIE 1o Kio-
YeBBIM TePMHHAM M HX coueTaHUsM (cMm. IIpuio-
>KeHHe) B IONSIX «3aronoBok» U «KilodeBble CI0Ba
aBTOpa». Ee maHHBIe OBUIM HCIIO0/Nb30BAHEL /IS MaKpO-
AHA/IM3a Ha ypOBHe CTpaH M HX Ipynn. CBefeHHs
o 2986 ny6n1/11<au1/1ﬂx C agpecoM B Poccum obecrie-
ynnu 6osee JeTaspHOe H3ydeHHEe BHYTPHUPOCCHI-
CKOTO MCCIeJ0oBaTe/JIbCKOro JaHamadpra, OLEeHKH
BKJIafla U HAay4HOIO BO3LEMCTBHS OTedeCTBEHHBIX
HMHCTUTYTOB. 2539 mateHToB CIIA Ha H306peTeHMSs
110 6a30BbIM TeMaTHKaM HaHOPOTOHUKHU (¢«POTOHHBIE
KPUCTA/LIB?, «MeTaMaTepHasbl», «IJIA3MOHHKA»)
u3BjaedeHsl u3 BJl USPTO myTem IowcKa IO KiIw4e-
BbIM TepPMHMHAM B Ha3BaHHAX U pe3loMe ITaTeHTHBIX
JOKyMEHTOB.

PE3YJIbTATDI
Jlanee HmpuUBefleHbl OCHOBHBIE Pe3yJbTaThl aHaIH3a
B COOTBETCTBHHU C IIOCTABIEHHBIMH 33Ia9aMH.

TemaTnyeckas CTpyKTypa uccienoBaHumn

TemMaTuuecKUH NpPoHIb OTOOPAHHOIO MacCHBA
ny6IMKAaLUK XapaKTepu3yloT IpHUMepHO 150 mpen-
MeTHBIX KaTeropuid WoS, 20 M3 KOTOPBIX HMEIOT

=

tronics systems on weapon platforms, stealth technol-
ogy, etc. [1-3].

Due to the lack of reliable economic data, for
assessing the performance and competitive positions
of countries in nanophotonics, scientometric indica-
tors can be useful. In particular, information about
scientific articles and patents can give an idea of the
scientific and technological groundwork for its future
innovative applications. Using bibliometric methods,
we will study the thematic structure of research in
nanophotonics, assess the number and impact of
publications produced by their main participants,
analyze the structure of international scientific
cooperation, and characterize the internal Russian
research landscape. The bibliographic database Sci-
ence Citation Index Expanded (DB SCIE) was selected
as the source of information for this. The source of the
necessary patent information for the analysis was the
United States Patent and Trademark Office (USPTO)
database.

INITIAL DATA

Initial sample - 77984 publications (type: article, review,
proceedings paper, letter) for the period 2000-2020 years -
was obtained by searching the SCIE database for key
terms and their combinations (see Appendix) in the
“Title” and “Author’s keywords” fields. Her data were
used for macro analysis at the level of countries and
their groups. Information on 2986 publications with
an address in Russia provided a more detailed study
of the domestic Russian research landscape, assess-
ment of the contribution and scientific impact of
domestic institutions. 2539 US patents for inventions
on basic topics of nanophotonics (“photonic crystals”,
“metamaterials”, “plasmonics”) were retrieved from
the USPTO database by searching for key terms in the
titles and abstracts of patent documents.

RESULTS
The following are the main results of the analysis in
accordance with the tasks set.

Thematic structure of research

The thematic profile of the selected array of publica-
tions characterizes approximately 150 WoS subject
categories, 20 of which have more than 1% contri-
bution. The first five categories are: optics (~34% of
publications), applied physics (~32%), materials sci-
ence, multidisciplinary works (~26%), nanoscience
and nanotechnology (~18%), engineering, electrical
engineering and electronics (~15%). The dynamics of
the thematic structure of research in nanophotonics
in terms of WoS subject categories and such basic top-
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Gonee ueM 1%-1 BKIaz. [lepBble STk KaTeropyu -3To: || ics as photonic crystals, metamaterials, and plasmon-
ontuka (~34% nybnukamui), mpUKIagHas ¢usuka || ics [3]is shown in Fig. 1and 2. Fig. 1 shows the fairly
(~32%), MarTepualoBeieHHe, MEXKAHCHUIUIMHAapHBle || steady contribution of the two leading categories
TpyAbl (~26%), HaHOHAayKa M HaHoTexHonorus (~18%), || of WoS and the progressive growth of the materials
TeXHHKA, 371eKTPOTeXHHKAa M 31eKTpoHHUKa (~15%). || science and nanotechnological components in nano-
JlMHaMMKa TeMaTHU4YeCcKOM CTPYKTyphl Hccienosa- || photonics. As follows from Fig. 2, this, not least,

HUHN II0 HaHOQOTOHHKe B Tep-
MHHax IIpeJMeTHBIX KaTeropuH
WoS u Takux 6a30BBHIX TeMaTHK,
KaK (GOTOHHBIe KPHUCTAJIIbl, MeTa-
MaTepualbl M IUIa3MOHMKa (3],
IpeAcTaBleHa Ha puc. 1 u 2.
Puc. 1 mokaspiBaeT gOCTAaTOYHO
YCTAaHOBHUBIIMKCS BKIaL [BYX
TUAUAPYIOMKUX KaTeropuii WoS
M IIOCTYIaTe/JbHBI POCT MaTepH-
a/moBeueCcKO U HaHOTEeXHOJIOTH-
YeCKOM COCTABJISIOMIUX B paboTax
10 HaHOPOTOHHMKe. Kak ciemyer
U3 PHUC. 2, 3TOMY He B II0C/IeHIOI0
o4epenb MOr CIIocobcTBOBaTh Oyp-
HBIM POCT HHTepeca, 0cobeHHO
B IIOCJIeJHHE ToIbl, K MeTaMare-
puanaM. BBUAY BaKHOCTH OBLI
COCTaBJIeH CIellHa/IbHBIM 3aIIpoC
115 BBISIBIEHU S O OMeTUITUHCKHUX
IIPHUIOKEHHH  HaHOQOTOHMKH.
U3 2621 oTobpaHHBIX IO 3aIpocy
nybnaukanun  26,6% IMIPHUIIIOCH
Ha ponto CIIA, 25,4% - Kwutadg,
6,8% - Uuouu. Poccus c 2,2%M
BKJIQZIOM JIMIIb Ha 16-M MecCTe, 4YTO
O3HayaeT OTCYTCTBHE CIIeLIUa/IH-
3allMM Halllel CTPaHbl B JAaHHOM
HaIllpaBjaeHUH. MHTepecHO, 4TO 13
ny6IUKalKuE 110 HaHOPOTOHHUKE
3a 2020 rog (6 cratet u 7 0630-
POB) CBsI3aHBL C IIpobIeMaTHKOM
COVID-19 U mocBAIleHbl IJITAaBHBIM
06pazoM DIpPUMEHEHHUIO II0BEpPX-
HOCTHOTO IIJIa3MOHHOTO  Ppe30-
HaHCa JJis OUAarHOCTUKH KOPOHa-
Brpyca SARS-CoV-2 1 pa3paboTKu
JeKapCTBeHHBIX  IIpelapaTosB.
Cpenu aBTOPOB y4ueHble M3 KuUTad,
Hcnanuu, CIIA, Bemnukobputa-
HUU, Bpasuinvy ¥ HeKOTOPHIX ApY-
THUX CTpaH.

B menoMm usydyeHHe TemaTHye-
CKOHM CTPYKTypBl Ny6IHKaLIMOH-
HOTO MaccHBa (B TOM 4YHC/Ie code-
TAaHUSI IIPeIMETHBIX KaTeropHuMH)
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— OmnTuka | Optics
— INpuxnagHasa ¢usuka | Applied physics
— MartepuajoBefileHHe, MeXAUCLUIIMHAPHBIE TPYZBL
Materials science, multiinterdisciplinary works
— HaHoOHayKa U HaHOTexHoorus | Nanoscience and nanotechnology
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Puc. 1. lons nybaukauuli no HaHopomoHuKe 8 4-x Haubonee 4acmo npuceausae-
Mblx npedmemHbix kamezopusix WoS: usmeHeHue no 200am

Fig. 1. Share of publications on nanophotonics in the 4 most frequently assigned
WoS subject categories: change over the years
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Fig. 2. Change in the number of publications on three basic topics of
nanophotonics
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[IOATBEPXKAAeT MEXIUCLHUIUIMHAPHBIN XapaKTep
HaHOOTOHHUKHU (cM. [3]).

OCHOBHbIe Y4aCTHUKU uccnenoBaHuUm
(cTpaHbl ¥ rpynnbl CTPaH) U UX BKNAA,

3a paccMaTpHBaeMBbIH I[epHOf, B HCCIe0BAHHUAX
10 HaHOPOTOHHKe XOTSI 6bI MHHMMAJIBHO y4acTBO-
Banu 6osee cTa cTpaH. Hanbosee 3HaUMMBIN BKIA[,
(cBpime 1% oT obmiero Kouu4ecTBa IyOIHMKALIMM)
BHECJIU 22 CTPaHBbI, llepedrcIeHHbIe B Tabi. 1. Boize-
JUM H3 COCTaBa YYaCTHHKOB TPH COIIOCTaBHUMBEIE
I10 KOJIUYEeCTBY IYOIUKAI[UH IPYIIIILI CTPAH: CEMEPKY
IIPOMBIIJIEHHO Pa3BUTHIX cTpaH (CIIA, SmnoHwus,
l'epmanusd, BeJII/IKO6pI/ITaHI/IH, ®panuusa, Hranudg,
Kanapma) - G7; ceMepKy a3uaTcKuX cTpaH (Kurai,
IO>xHas Kopes, Wupusa, Hpan, TainBaHbp, CHUHra-
nyp, Typuus) - yCI0BHO «A-7» M «OCTaJbHOM MHP?».
B copeBHOBaHMMU I'PYIII “A-7» He TOJIbKO BHIUIPHIBAET,
oboruas B 2006 rogy «OcTasIpHOM MHUP», a B 2013 rozy
rpynny G7, HO U ompefenseT B IIOCIeSHHE TOAbI
MHPOBYIO [JMHAaMHKYy pOCTa KoJIHM4YecTBa mybnu-
Kanuu (puc. 3). Kurait, oboras CIIA B 2010 romy,
IIPOYHO 3aKPemMICS Ha 1-U MO3HLHH B COPEBHO-
BaHHUM CTPaH; eMy XBaTHJIO HAabpaHHBIX TeMIIOB,
4T065l B 2018 rony ITPeB30HMTH II0 KOJHYECTBY IIPO-
M3BOAUMBIX NybnuKauum Bcio rpynny G7 (puc. 3).
CornacHo Tabn. 1 (1-i cronber), CIIA, Benukobpu-
TaHUs, KaHaJa Ha KOHeI] IlepuoAa TOJIbKO COXpa-
HU/IM CBOM MO3HULMU B PeUTHHTe CTPaH, TOrAa KakK
SAnonus, lepMmanusa, ®panuus, HUTanud yxXymumuaiu
ux. HampoTus, K KOHIy Ilepuona

=

could be facilitated by the rapid growth of interest,
especially in recent years, in metamaterials. Due to
its importance, a special search query was drawn up
to identify biomedical applications of nanophotonics.
Of the 2621 publications selected by this query, 26.6%
were from the United States, 25.4% from China, and
6.8% from India. Russia, with a 2.2% contribution,
is only in 16th place, which means that our country
does not specialize in this direction. Interestingly,
13 publications on nanophotonics for 2020 (6 articles
and 7 reviews) are related to COVID-19 issues and are
mainly devoted to the use of surface plasmon reso-
nance for the diagnosis of SARS-CoV-2 coronavirus
and drug development. Among the authors are sci-
entists from China, Spain, USA, UK, Brazil and some
other countries.

In general, the study of the thematic structure
of the publication array (including the combination
of subject categories) confirms the interdisciplinary
nature of nanophotonics (see [3]).

Key research actors (countries and groups of
countries) and their contributions

During the period under review, more than a hundred
countries participated in research on nanophotonics,
at least minimally. The most significant contribu-
tion (over 1% of the total number of publications)
was made by 22 countries listed in Table 1. Let us
single out from the list of participants three groups
of countries comparable in terms of the number

VHausa u HpaH NOOHSIINCh B pPer-
THHIe Ha 3-e ¥ 4-e MeCTO COOTBeT-
CTBEHHO, YIYYILIM/JIN CBOM II03M-
uuu IOxxkHas Kopes u Typumud,

— Mup | World
— Ctpansl G7 | G7 Countries
— CtpaHbl A-7 | Countries A-7

— OcTtanpHOM Mup | Rest of the World
— CIIIA | USA
Kurtaii | China

8000
CHUHramyp CcoxpaHHI 3a cobon

15-e mecTO, U NHUIIb TaKBaHB OIY-
CTHJICS Ha [IBe IO3ULIMH. BypHOMY
nporpeccy Kuras, o4ueBHIHO, CIIO-
cobCcTBOBa/IM Iie/leHaIlpaBleHHas
IIOJIMTHKA PYKOBOACTBA U YyCHU-
JleHHOoe QUHAHCHUPOBaHHE HAYKH.
BaskHy0 poiib B HAaHOPOTOHHKE
ceirpaza OmnTH4YecKkas [OJIHMHA
Kutas (OJK), a Takke IIPUHSATAs
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B 2009 ropy uieseBas IporpaMma
mo npusnedeHuio B OJK Hayu-
HBIX TaJIaHTOB, B TOM YHCJIe M3-3a
pybeska. O6uiylo KapTHHY CBOe-
obpasHoro HacTymiaeHuUs Boc-
TOKa Ha 3amaj B MCCIeJOBaHHAX
10 HAaHOQOTOHUKE [OIIOJIHSAET
TOT $aKT, 4To K 2020 romy mybmu-
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Puc. 3. luHamuka ny6AuKauuoHHOU akmueHOCmMU 8 06Aacmu HaAHOPOMOHUKU
CMPpaH u ux 2pynn

Fig. 3. Dynamics of publication activity in the field of nanophotonics of countries
and their groups
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Ta6auua 1. bU6IMOMETPUYECKME NOKa3aTeNN Hanbonee NPOAYKTUBHbIX B 061aCTV HAHODOTOHMKM CTpaH (YnopsaoyeHb
Mo KONMYeCTBY Ny6aMKaLuin 3a nepno 20002020 roabl)

Table 1. Bibliometric indicators of the most productive countries in the field of nanophotonics (sorted by the number of
publications for the period 2000-2020)

MecTo B 06wem pen-  CTpaHa KonnyectBo Jons Lons nyénmnkaumm CpefiHee
TUHre cTpaH:3aBecb  Country ny6anKauni uUMTaT  CMEXAYHapOAHbLIM = YMC/IO CTPaH-
nepvoa/B 2020 roay (nons B %) (%) COaBTOPCTBOM % COaBTOPOB
Place in the overall Number of Share of Share of Average
ranking of countries: publications citations publications with number of
for the entire (sharein %) (%) international sponsoring
period/in 2020 co-authorship (%) countries
1/1 KuTam | China 24029 (30,8) 19,5 22,8 2,3
2/2 CLA| USA 15607 (20,0) 37,7 42,3 2,4
3/9 AnoHusa | Japan 5173 (6,6) 6,3 26,1 2,3
4/8 lepmaHus | Germany 4769 (6,1) 8,4 59,8 2,5
5/5 BesniMkob6puTaHus | UK 4342 (5,6) 9,6 65,5 2,5
6/7 ®paHumsa | France 3987(5,1) 5.9 58,6 2,5
716 lOskHaa Kopes | South Korea 3581 (4,6) 3,6 29,9 2,3
8/3 Nuansa | India 3559 (4,6) 2,5 20,8 2,3
9/10 Poccua | Russia 2986 (3,8) 2,5 52,7 2,5
10/11 Ntanua | Italy 2593(3,3) 3,3 56,8 2,6
11/4 WpaH | Iran 2371 (3,0) 1,1 17,6 2,4
12/12 Kanapa | Canada 2325(3,0) 3,7 479 2,4
13/13 Wcnanumsg | Spain 2305 (3,0) 4.4 59,6 2,6
14/16 TamBaHb | Taiwan 2198(2,8) 2,0 25,2 2.4
15/15 CuHranyp | Singapore 2078(2,7) 3.4 67,3 2,5
16/14 ABCTpanus | Australia 2042 (2,6) 3,5 66,4 2,5
17/20 LLiBenuapusa | Switzerland 1242(1,6) 2,0 67,5 2,6
18/27 OaHusa | Denmark 1141(1,5) 2,5 60,6 2,5
19/29 LLiBeums | Sweden 1057 (1,4) 1,9 70,5 2,5
20/25 Huaepnangbl | Netherlands 981 (1,3) 2,0 58.4 2,6
21/18 Typumsa | Turkey 953(1,2) 11 37,0 2,6
22/31 M3paunnb | Israel 800(1,0) 11 46,8 2,6

= Mwup | World 77984 (100,0) 100,0 = =
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KallMOHHOIO BKIaza b6omee 1%
Jocturiau Manansus, CaygoBcKast

— CIDA | USA
— T'epmaHud | Cermany

— dnoHus | Japan

— Kuraii | China — Poccus | Russia

ApaBus, BrerHam, IlakucTaH, 5 s
Erumner u baHrnazein, Torga Kak ’
BiIan Manwuu, HIBenuu u H3pa-
WJISL CTajI HUKE 3TOTO YPOBHS. 2,0
Co3laHHBIE ellle B COBETCKHe
1,5

rofbl Hay4Hble IIKOJIBI B 06/1acTH
ONTHUKKM UK HAHOCTPYKTYPHUPO-
BaHHBIX MaTepHasoB II03BOIH/IU
PoccuM € camMoOro Hadajua BKIIIO-
YHUTbCS B MCC/Ie[0BAHUS I10 HAHO-
doToHuKe. [lons ee mybIUKALIMI

—
o

OTHOCHUTEIbHBIH [TI0KA3aTEeNIh
uuTHUpoBaHus (OINLL)
o
v

Relative Citation Index (RCI)

B JAHHOHM 007acTH 3a Iepuof
2000-2020 ronpl MpeBBHIIIAET ee
JI0JIF0 B HayKke B LeJoM 110 BJ
SCIE B 1,5 pa3a. OHa YCTOMYHBO
BXOAUT B Tom-10 cTpaH; B pel-
THUHre 2020 r. Poccyst Haxoouaach
MeKAy AByMs uineHaMmu G7: fdmo-
Huel u Urtanuen (tabii. 1). Bonee
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BBICOKOE MECTO OHa 3aHHMaeT
B TaKHUX TOPSAYUX TeMaTHKaX, KaK «QOTOHHBIE KPU-
CTasUIBI» (7-€) U «MeTaMaTepHaIb» (8-e).

Bri1aZl CTpaH MOXKHO OLIeHUBATh He TOJIBKO C KOJIH-
YeCcTBEHHOM, HO U C KaueCTBeHHOM TOYKM 3peHHS,
BOCIIO/Ib30BABIIKMCh IIOKa3aTeNsIMU LIUTHPOBAHHUA.
Ha MoMeHT mpoBefieHUs obcnenoBanus (mar 2021 r.)
ny6IMKaluU K3 HMCXOLHOM BBIGOPKU OBUIM IIPOLIH-
TUPOBaHEl Gonee 2,194 mnH. pa3. B Tabn. 1 (cton-
berr 4) mpuBeleH BKIAJ CTPAaH B obliee KOMHYECTBO
uuTaT. JIuaupyor CIIA, 32 HUMU C 60/IBIIUM OTPBI-
BoM cinenyeT Kutaii. Bknan Kutas u Poccuu B obmree
KOJIMYeCTBO Hy6}11/11<aunf1 (30,8 u 3,8% coorBeT-
CTBEHHO) OTCTaeT OT MX BKJIaZa B oblee KOMTHYECTBO
nutart (19,5 u 2,5% COOTBETCTBEHHO), UTO CITY>KUT
IIepBBIM CHUTHAJIOM O HHU3KOM BO3EeHCTBUU IyOIH-
Kaluuy obeux CTpaH. [JeTaJH3aLlHI0 KapTUHBI obe-
CIleyrBaeT OTHOCHUTENBHBIM IIOKa3aTelb LIMTHPOBaA-
Hug (OIILI)", IeMOHCTPHUPYIOLUIHUI Hay4uHOe BIHsIHHe
cTpaHbl. CorjnacHoO puc. 4, mybIHKaIlUHM, MIPOH3BO-
nuMble Kutaem u Poccreit (3a He6ONBIIUM UCKIIOYe-
HHeM), IUTHUPYIOTCS. HUKe CpeTHEMHPOBOTO YPOBHS,
XOTSl B IIOCJIeJHHe Tofbl y obernx CTpaH 3aMeTeH
mporpecc: oHH obonutu SImoHMI0; KUTal MpeBBICHII,
a Poccusl BIUIOTHYIO IMPUONIH3UIACh K CPeIHEMHPO-
BOMY ypOBHIO LHUTHpoBaHHA. Ha stom ¢one CIIA

OIlLl pacCYUTBIBAETCS IIYyTeM HeIeHHUS cpenHen LIUTHPYEeMO-
CTH Ny6IMKALUE CTPAHbl HA CPeIHIOI LIUTHPYeMOCTb I1y61H-
KAl MHPa ¥ II0Ka3blBaeT, BEIIIE H/IK HUKe CPelTHeMHPOBOrO

ypOBHS (=1) UIUTUPYIOTCS My6THUKALIMHU 3TOM CTPaHBI.

of publications: seven industrialized countries (USA,
Japan, Germany, UK, France, Italy, Canada) - G7;
seven Asian countries (China, South Korea, India,
Iran, Taiwan, Singapore, Turkey) - conventionally
“A-7” and “Rest of the World”. In the competition of
the groups, “A-7” not only wins, overtaking the rest of
the world in 2006 and the G7 group in 2013, but also
determines the global dynamics of the growth in the
number of publications in recent years (Fig. 3). China,
having surpassed the United States in 2010, firmly
entrenched itself in the 1st position in the competi-
tion among countries; it had enough momentum to
surpass the entire G7 group in terms of the number
of publications produced in 2018 (Fig. 3). According
to Table 1 (Ist column), the USA, UK, Canada at the
end of the period only retained their positions in the
ranking of countries, while Japan, Germany, France,
Italy worsened them. On the contrary, by the end of
the period, India and Iran rose in the ranking to 3rd
and 4th places, respectively, South Korea and Turkey
improved their positions, Singapore retained its 15th
place and only Taiwan dropped two positions. China’s
rapid progress has apparently been fueled by targeted
leadership policies and increased funding for science.
An important role in nanophotonics was played by
the Optical Valley of China (OVC), as well as a tar-
geted program adopted in 2009 to attract scientific
talent to the OVC, including from abroad. The general
picture of a kind of “offensive” of the East to the West
in research on nanophotonics is complemented by
the fact that by 2020 the publication contribution of
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U ['epMaHuMs B IIOC/IeHHE TOALI CHHUYKAIOT CBO@ BIIMUA-
HHe B TepmuHax OIIILI.

3aMeTHUM, 4UTO Ajad KuTasg ¥ Poccuu MeXXIyHapo.-
HOe COAaBTOPCTBO 3aMEeTHO IIOBBIIIAJIO IUTHPYEMOCTh
ny6IMKauKM 10 HAaHOQOTOHHKe. TaK, COABTOPCKHUeE
nybauKanuy KuTast HUTUPOBATKCH B CpeIHEM dallle
€ro aBTOHOMHBIX nyGHI/IKaquI or 1,1 mo 3-x pas
B 3aBUCHMOCTH OT I'0Zla BBIXO/A; OJIsL POCCHUH >Ke 3TOT
IloKasaTtesb Kosebasncs mo rogam ot 1,5 mo 8,7 pas.
JlaHHOe 00CTOSATe/NbCTBO CO3JaeT MOIIOIHUTEIbHBIA
MHTepeC K H3y4YeHHI0 HAy4YHOro COTPYAHHYECTBa
CTpaH B HAaHOQOTOHHUKE.

MexayHapogHoe cOTpyAHUYeCTBO
(coaBTOpCTBO)
Poip MEKAYHaPOAHOIO COTPYSHHYECTBA B COBpe-
MeHHON Hayke Bce 6onee Bo3pacrtaeT. COIJIACHO
HalleMy pacyeTy, JOJs MeXAYHapOJHO-COABTOPCKUX
ny6luKaME 10 HAaHOQOTOHUKe BBIpocia C 22,5%
B 2007 romy mo 28,3% B 2020 romy. CpemHee YKCIO
CTpaH, y4deHBle KOTOPHIX OBIIM COaBTOpaMH, B pac-
YeTe Ha OHY NyOJMKAIIMIO COCTABISJIO B 3TH Ke
roasl 2,2 U 2,4 COOTBETCTBEHHO, YTO, B YAaCTHOCTH,
TOBOPUT O IIpeoOlaflaHUU [BYCTOPOHHETO MeXKIY-
HapOJHOIO0 MapTHEPCTBA B JAaHHOM obmactu. [ons
MeKyHapOJHO-COAaBTOPCKUX IMYyOIHKALIMKN y CTpaH
u3 Tabn. 1 JoBOMBHO pasnuyHa: oT 17,6% y HMpaHa
o 70,5% y lllBenuu. B menom HaubosplIas CTereHb
MHTepHALlMOHA/IM3allMH HCCIeOBAHHUK XapaKTepHa
I/ eBPOIeMCKHUX CTPaH M ABCTpPalMK, HaKMeHb-
Imas - AJ1s CTpaH U3 «A-7» (McKiatovyast CuHramnyp). Ilpu
3TOM CpefHee YHC/I0 CTPaH-TIapTHEPOB B COABTOPCKUX
ny61MKalMsaxX PasHBIX CTPaH BapbHUpyeTcsl cnabo:
B muamnasoHe 2,3-2,6 (tabn. 1). [jgs Poccum Habiio-
JaeTCsl MOCTeIeHHBIN Iepexol, K MHOIOCTOPOHHEeMY
MEXKIyHAPOJHOMY COTPYAHHYECTBY: ecik B 2000 rogy
nosist ee IMyO/IMKALIHIE C COABTOPCTBOM YUeHBIX U3 Tpex
1 6osiee CTpaH COCTABISIIA OKOJIO 27% To B 2007 roxmy -
35, B 2014 romy - 37 1 B 2020 ropy - 45%.
[IpoaHanu3upyeM KpaTKO COaBTOPCKYIO CeTh
22 cTpaH (U3 Tabn. 1), B KOTOPOM OTCYTCTBYIOT TOIBKO
JB€ COABTOPCKHe CBA3H:. Mexay H3paunem u Hpa-
HoM, H3pamnem u Typuwueri. YToOBl OLIEHUTb CHILY
COaBTOPCKHUX CBSI3eM /Il OCTAJIBHBIX 229 Map CTpaH,
paccuurtaeMm mokasartens ContoHa (IS)". Pasobbem

HHpekc CONTOHA - He MMEIOIIUN Pa3MepHOCTH IIOKa3aTeslb
CHITBI COTPYAHUYECTBA. [l Maphl CTPAaH OH PacCUUTBIBAETCS
IIyTeM Je/leHUs YHC/Ia X COaBTOPCKUX IYBIHKAIIUH Ha Cpef-
Hee reoMeTPHUYeCKOoe YHC/IO BeeX IMyONIHKAIUE KaskIoro U3 Iap-
THepOB. BriepBble B 616/11MOMeTPHUYECKOM ITPAaKTHKe IIPe/IokKeH
B [4], BOC/IEICTBUH CTa/l aKTUBHO IPUMEHITHCS IPU aHaIK3e

ceTel MeXXAyHapOJHOI0 COAaBTOPCTBA [5].
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more than 1% was reached by Malaysia, Saudi Arabia,
Vietnam, Pakistan, Egypt, and Bangladesh, while the
contribution of Denmark, Sweden and Israel became
lower this level.

The scientific schools in the field of optics and
nanostructured materials, created back in the Soviet
years, allowed Russia from the very beginning to get
involved in research in nanophotonics. The share of
her publications in this area for the period 2000-2020
exceeds its share in science as a whole for the SCIE
database by 1.5 times. It is consistently included in
the Top 10 countries; in the 2020 ranking, Russia was
between two members of the G7: Japan and Italy (tab.
one). It takes a higher place than in general in such

“hot” topics as “photonic crystals” (7th) and “metama-
terials” (8th).

The contribution of countries can be assessed
not only quantitatively but also qualitatively using
citation indicators. At the time of the survey (May
2021), publications from the original sample were
cited more than 2.194 million times. Table 1 (column
4) shows the contribution of countries to the total
number of citations. The United States is in the lead,
followed by China by a large margin. The contribu-
tion of China and Russia to the total number of pub-
lications (30.8 and 3.8%, respectively) lags behind
their contribution to the total number of citations
(19.5 and 2.5%, respectively), which is the first signal
of the low impact of publications of both countries.
The detail of the picture is provided by the relative
citation index (RCI)", which demonstrates the sci-
entific influence of the country. According to Fig. 4,
publications produced by China and Russia (with
a few exceptions) are cited below the world average,
although in recent years both countries have made
progress: they have bypassed Japan; China exceeded,
and Russia came close to the world average citation
level. Against this background, the United States
and Germany have been decreasing their influence in
terms of RCI in recent years.

Note that for China and Russia, international co-
authorship significantly increased the citation rate
of publications on nanophotonics. Thus, China’s
co-authorship publications were cited on average
more often than its stand-alone publications from
1.1 to 3 times, depending on the year of publication;
for Russia, this indicator fluctuated from 1.5 to 8.7
times over the years. This circumstance creates addi-

RCI1is calculated by dividing the average citations of publications
in a country by the average citations of publications in the world
and shows whether the publications of that country are cited
above or below the world average (=1).
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Jajee COBOKYITHOCTb I10JIy4eHHBIX 3Ha4eHHH C IIOMO-
B0 KBapTH/IeM Ha YeTblpe IIPHMepPHO paBHBIe
YaCcTH, KOTOpble 0603HAYMM: S, - IIepBYI0 (MK HHX-
HIOI0 - C HAUMEHBUIMMHK 3HaueHHUsIMHU IS), S, - BTO-
pyio, S; - TPeTblo M, HaKOHell, S, - YeTBepTyIo (WIHU
BEpXHeI0 — C HauboNbIIMMU 3HaueHUSIMH IS). B mep-
BYIO Ouepellb MHTEepPeCHBI I'PYyIIbl Haubosee TecHO
COTPYAHUYAKIINX CTpaH, II03TOMY PacCMOTPUM
CTpaHBI CO CBSI3IMU B S,. HanbosnbIee 4HCI0 TaKUX
cBsizen (18) umeror CIIA; 3a HUMU ClelyloT [epma-
HUA U Benukob6purtanus (o 11 csi3ert), ®pannus (9),
Hcnanus u lBednapus (o 8), Wranus u IlBe-
1 (mo 7) U T. A. Cpefu a3sMATCKUX CTPaH B S, Oosnblile
Bcero cBsi3e y Kutas (5) u Cunranypa (4), ay MHgumu
U HMpaHa HUX HeET Boobme. Y Poccuu 6 CBSI3ed B Syt
¢ Tepmanuen (IS=0,091), ABctpanuei (0,078), Benu-
robputanuen (0,051), CILIA (0,05), Oauuen (0,041)
u ®panuwei (0,04). Haubonpuryo KIUKy B S, obpa-
3yloT 7 crpad: CIIA, FepMaHus, BenukobpUTaHUS,
®panuus, HMranusa, HcrnaHusga U HlBel?IuapHﬂ. Poc-
cus BMecTe ¢ CIIA, TepMmaHuen, BennkobpuTaHuei
1 dpaHuuen obpasyeT B S, MaKCHMAJIBHYIO KIHKY.
Ecnu nobaBUTH CBA3K U3 S;, TO B S,US; 3Ta mATEpKa
CTpaH BMecTe c [laHuen, [lIBeniuel u HunepnangaMu
CoCTaBJsieT HauOONBLIYI0O KIHUKY pasmepa 8. TakuMm
obpasoM, B HaHODOTOHHKe PoccHsl BXOAMUT B TeCHO
CIIOUeHHOe MCC/IefloBaTe/IbCKoe COOOIeCTBO C yde-
HBIMHU U3 EBporsl ¥ CIIIA; IIOMHMMO 3TOr0 y Hee CHJIb-
HBIE COABTOPCKHE CBSA3H U C YYeHBIMU K3 ABCTPAIUH.
PaccMOTpHUM TeIllepb CeTh B pa3pese alpHOPHO BhIfe-
TeHHBIX Ipynn cTpaH: G7, «A-7» 1 «OCTaJIbBHOHM MHUP»
B JIM1le BOCbMH IIpe/iCTaBUTesel 13 Tabi. 1. CormacHo
pacrpesieleHHIO 3HaUYeHUH IT0Ka3aTess IS, Haubornee
CIUIOYeHHOH M3 HHUX siBsieTcs rpynna G7 (~90% ee
BHYTPEHHHX CBSi3eH BXOOMT B S,US;, mphdeM 62% -
B Sy); A1 «OCTa/JIbBHOIO MHpa» U IPYIIBL «A-7» aHa-
JIOTMYHBIE [TIOKa3aTe/IH COCTaBISIOT: 75 U 29%, 24 u 5%
COOTBETCTBEHHO. IlepeKpecTHbIe CBS3U IPYIIl «A-7»
U «OCTaJIbBHOTO MHpa» C rpynmnou G7 B COBOKYIIHOCTH
CHU/IbHee BHYTPeHHHX CBSI3eld KaKOOM M3 HHX, 4TO
Bosee BBIPasKEHO O/ “A-7», YUHUTBHIBAs, UTO MEKIY
cobont «A-7» 1 «OCTaJIbHOU MUP» CBSI3aHBI cinabo (~88%
HX IepeKpPecTHBIX CBA3ell BXOOAT B S,US;, IpuUUYeM
55% - B §;), 3TO IOATBep>KIOAET OIlpelleleHHYIO IIPU-
TSTaTeJIbHOCTh COTPYJHHUYECTBA C TPYIIIIOM ITPOMBIII-
JIEHHO Pa3BUTHIX CTPaH. B 6GosbIIeN CTeIleHH 3TO
XapaKTepHO Jist «A-7», TOrfa Kak Jjis BOCBMH IIpe[-
cTaBUTeNer «OCTaJBHOrO MHpa» U3 Tabn. 1 mepe-
KpecTHBIe cBs3U ¢ G7 U UX BHYTPeHHHe CBSI3U bosee
WK MeHee c6aJIaHCHPOBAHBI.

KnuKa - TepMHH TeOpUU Ipados. 31ech 03HAYaeT IIOAMHOKeE"

CTBO CTpaH, nr06b1e ABe K3 KOTOPbIX HMEIOT COABTOPCKHE CBS3H.

=

tional interest in the study of scientific cooperation
between countries in nanophotonics.

International cooperation (co-authorship)
The role of international cooperation in modern sci-
ence is growing more and more. According to our
calculations, the share of internationally co-authored
publications on nanophotonics increased from 22.5%
in 2007 to 28.3% in 2020. The average number of
countries whose scientists were co-authors per pub-
lication was 2.2 and 2.4, respectively, in the same
years, which, in particular, indicates the prevalence
of bilateral international partnerships in this area.
The share of internationally co-authored publications
in the countries from Table 1 is quite different: from
17.6% for Iran to 70.5% for Sweden. In general, the
greatest degree of internationalization of research is
characteristic of European countries and Australia,
the least - for countries from the “A-7” (excluding
Singapore). At the same time, the average number of
partner countries in co-authored publications of dif-
ferent countries varies slightly: in the range of 2.3-2.6
(tab. one). For Russia, there is a gradual transition to
multilateral international cooperation: if in 2000 the
share of its publications with co-authorship of scien-
tists from three or more countries was about 27%, then
in 2007-35, in 2014-37 and in 2020-45%.

Let us briefly analyze the co-authorship network
of 22 countries (from Table 1), which lacks only two
co-author’s ties: between Israel and Iran, Israel and
Turkey. To assess the strength of co-authorship ties
for the remaining 229 country pairs, calculate the
index of Salton (IS)”. Let us further divide the total-
ity of the obtained values using quartiles into four
approximately equal parts, which we denote: S, - the
first (or lower - with the smallest IS values), S, - the
second, S; - the third and, finally, S, - the fourth
(or upper - with the highest IS values). First of all,
the groups of the most closely cooperating countries
are of interest, so consider the countries with links
in §,. The United States has the largest number of such
links (18); they are followed by Germany and the UK (11
ties each), France (9), Spain and Switzerland (8 each),
Italy and Sweden (7 each), etc. Among Asian coun-
tries in S,, China (5) and Singapore (4) have the most

The index of Salton is a non-dimensional measure of the strength
of cooperation. For a couple of countries, it is calculated by
dividing the number of their co-authored publications by the
geometric mean of all publications of each partner. For the
first time in bibliometric practice it was proposed in [4]; later it
became actively used in the analysis of networks of international
co-authorship [5].
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OtMmeTuM, 4TO B 2014-2020 romax (1o cpaBHEHHIO
€ 2007-2013 romamu) ocinabjieHHsT COABTOPCKHX CBSI-
3er POoCCHH C 4eTBepKOH BeAyLIHX 3alafHBIX CTPaH
He Hab/II0ganmoch He3aBUCHMO OT YYaCTHS MK Heyda-
CTHUS B HUX TpPeTbel CTOPOHBI. OAHAKO 10 CPAaBHEHUIO
€ 2000-2006 rogaMH 3TH CBSI3U 3aMETHO 0CIabiIu.

Ba)XHble MHCTUTYUUNOHAJ/IbHbIE YH4ACTHUKUN
MCCﬂeﬂ,OBaHMﬁi B Mupeun Poccum

MUPpOBOM HCCIeN0BaTeJbCKUM JaHAMADT B HAHO-
bOoTOHUKe OIpefe/slOT KpPyIlHble HaIlHMOHAaJIbHBIE
Hay4HO-OpraHH3al|MOHHBIe CTPYKTypPbl, YHUBEPCH-
TeThl M B 3HAUMUTENbHO MeHbIIeHN CTelleHH KOpIIO-
PaTHUBHBIN CeKTOp. B dYHcile IepBBIX, HAIIpUMeEP:
Kutarickast akazemus Hayk (4,8%; 15,7%); Hauwm-
OHAJIBHBIN LIeHTP Hay4HBIX HCCIefoBaHUMN PpaH-
uuu, HIIHU (3,8%; 73,8%); PoccuMcKas aKageMHS
Hayk, PAH (2,2%; 57,5); MUHHUCTepCTBO SHEPreTHUKHU
CHIA (1,7%; 8,6%); HalmoHa/lIbHBIA HMCCIeL0BaTe/lb-
ckui coseT HUrtanuu (1,3%; 38,6%); ObmecTBo Makca
[nauka (Fepmanus) (1,1%; 17,4%); BBICIIMI cOBeT
10 Hay4HBIM HccilefoBaHUaM (Mcnanus) (0,9%;
30,4%); AreHTCTBO Hay4HO-TeXHOJIOTMYeCKUX HCCle-
noBaHui A*STAR (Cuuramyp) (0,8%; 31,6%); MuHU-
ctepcTBO 060poHs! CIIA (0,7%; 3,6%) u np. B HekoTo-
pEIX cTpaHax (PpaHLMS, POCCHST) BRI THX CTPYKTYP
B HALIMOHAJIBHBIN ITYOIHKAIMOHHBIN BBIXOJ, BeCbMa
3HAYUTE/NEeH, YTO FOBOPUT O BBICOKOM CTeIIeHU IeH-
TpanM3allMu UCCIefOoBaHUM. TeM He MeHee OCHOB-
HBIMHU ITPOM3BOAUTENISIMH HAYYHOTO 3HaHUS B 0671a-
CTH HAaHOOOTOHUKH B MUPe U B OOIBIINHCTBE CTPaH
BBICTYIIAIOT yHHBePCUTeThl. Tak, B II€PBOM MHPO-
BOM [BafllaTKe II0 KOJHYECTBY IIPOM3BeJEeHHBIX
nybnukanui CIIA mpexacraBiasiior Cucrema Kamu-
dopHHICKOro yHHBepcuTeTa (1573 mybnuKanuu;
1-e mecTo), Cuctema Texacckoro yHuBepcureta (773;
8-e), Macca4yCeTCKUH TeXHOJOIMYeCKUH HUHCTHUTYT
(663; 17-e), Ctaudopackuil yHuBepcuTeT (607; 20-e);
Kutai - IOro-BocTtouHBIM yHHBepcuTeT (1082; 4-e),
HaHKUHCKUE YHUBepcuTeT (918; 5-e), WKIL3SIHCKUHT
yHHUBepcuTeT (882; 6-e), YHHBepcuTeT KHUTarCKom
akaZeMHuH Hayk (747; 9-e), XyauwKyHCKHUH YHHBepCU-
TeT HayKu U TexHoJOTuM (740; 10-e), YHHUBepCUTET
3JIeKTPOHHBIX HayK W TexHonorum (707; 1l-e), Xap-
OMHCKUI TeXHOJIOTUYeCKUH YHUBePCcUTeT (687; 12-e);
YHuBepcuteT LluHxya (677; 13-e), IIeKUHCKUH YHU-
BepcuteT (674; 14-e), TAHBL3UHBCKHUIN YHUBEPCUTET
(625; 19-e); CuHramyp - HaHpIHCKHUI TeXHOJOTUYe-
ckun yHuBepcuTeT (1111; 3-e), HallMoHanbHBIN yHU-
BepcuTeT CuHramypa (669; 15-e); Munuio - CrucreMma

1-i1 moKa3aTenlb COOTBETCTBYET BKJIAly B MHPOBBIE, a 2-OH — B Ha-

IIHMOHAJIbPHEBIE ny6nm<aunu I10 HaHO(i)OTOHI/IKE‘.

386 ®OTOHUKA TOM 15 Ne5 2021

CECEEEEEEEEEEe e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e
HAHO®OTOHUKA I ——
CECEEEEEEEEEEe e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

links, while India and Iran have none at all. Russia
has 6 links in S,: with Germany (IS=0.091), Australia
(0.078), UK (0.051), USA (0.05), Denmark (0.041) and
France (0.04). The largest clique’ in S, is formed by 7
countries: USA, Germany, UK, France, Italy, Spain and
Switzerland. Russia, together with the USA, Germany,
Creat Britain and France, forms the maximum clique
in §,. If we add links from §;, then in S,uS, these five
countries, together with Denmark, Sweden and the
Netherlands, make up the largest clique of size 8. Thus,
in nanophotonics, Russia is part of a closely cohe-
sive research community with scientists from Europe
and the United States; in addition, it has strong co-
authorship ties with scientists from Australia. Let us
now consider the network in the context of the a priori
selected groups of countries: G7, “A-7” and “Rest of the
World” represented by eight representatives from Table
1. According to the distribution of IS indicator values,
the most cohesive of them is the G7 group (~90% of its
internal links are included in S,uS;, with 62% in S,); for
the “Rest of the World” and the “A-7” group, the similar
figures are: 75 and 29%, 24 and 5%, respectively. The
cross-links between the “A-7” and “Rest of the World”
groups with the G7 group are collectively stronger than
the internal ties of each of them, which is more pro-
nounced for “A-7”. Considering that “A-7” and the “Rest
of the World” are weakly connected with each other
(~88% of their cross-links are in S,uS,, and 55% are in
S)), this confirms the certain attractiveness of coop-
eration with a group of industrialized countries. To
a greater extent, this is typical for “A-7”, while for eight
representatives of the “Rest of the World” from Table 1,
the cross-links with the G7 and their internal links are
more or less balanced.

Note that in 2014-2020 (compared to 2007-2013), the
weakening of Russia’s co-authorship ties with the four
leading Western countries was not observed, regard-
less of the participation or non-participation of a third
party in them. However, compared with 2000-2006,
these ties have noticeably weakened.

Important Institutional Research
Participants: Worldwide and Russia

The global research landscape in nanophotonics is
determined by large national scientific and orga-
nizational structures, universities and, to a much
lesser extent, the corporate sector. Among the first,
for example: Chinese Academy of Sciences (4.8%;
15.7%""); National Center for Scientific Research of

Clique is a graph theory term. Here it means a subset of
countries, any two of which have co-authorship links.

The 15t indicator corresponds to the contribution to the world
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HMHOWNCKUX HHCTUTYTOB TexHosnorum (1117; 2-e);
®panuuio - YHUBepcuTeT Ilapik - Cakient (775; 7-e);
JaHuio - JaTCKUM TeXHUYeCKUH YHHUBepcuteT (663;
16-e); TariBaHb - HallMoHa/IBHBIN YHHUBEPCUTeT Tau-
BaHs (631; 18-e). B mpHBemeHHOM CIIHCKe IIpeob-
NMafaloT YHUBEPCUTETH U3 A3uu. OZHAKO HaydHOe
BIUSIHHE MOXeT OBITh CBSI3aHO He TOJIBKO C KOJIH-
4ecTBOM IybiHKyeMBIX PaboT, HO M C HX Kade-
CTBOM, YaCTO M3MepsieMbIM LIMTHPOBAaHHUEM. B 3TOM
OTHOIIEHHUH 3aMEeTHBIM BJIHSHHEM MOTYT o61agaTh
MeHee KpPYIIHBIe YHHBepCcUTeThl. Hampumep, us 470
ny6aMKalUE 10 HaHOQOTOHHKe HMIIepCKOro KoJ-
nemska JIoHgoHa 90 U 14 BOIIJIM COOTBETCTBEHHO
B Tom-10% u Tom-1% cerMeHTHl BBICOKO LIUTHPYeMBIX
nybnukanun. [us TeXHOJOTHMYeCKOro HHCTHUTYTA
Kapicpys (FepMmaHHSs) aHAJOTHYHOEe COOTHOLIEHHe
coctaBuio 382, 72 u 10 ny6nu1<aum?1, a OJas oTe-
uyecTBeHHOTO MTMO - YHuBepcuTera - 457, 71 u 11
ny61MKalMKI COOTBETCTBEeHHO. Kak MpaBuio, Takue
YHUBEPCHUTETHl aKTUBHO y4aCTBYIOT B MeXAYHapoOa-
HOM COTPYAHHYECTBe: TaK, HOOJS MeXIyHapogHO-
COABTOPCKHUX MNYyb6IMKAanMKP TeXHOJOTHYeCKOro
vHCTUTYTa Kapiacpys, MMmiepckoro xoyieaxa JIoH-
noHa u MTMO - YHHBepcHTeTa COoCTaBuh/a 57, 66
U 80% COOTBETCTBEHHO.

O m[puKIafHOM HaIpaBAeHHOCTH MCCIefoBa-
HUH MOXeT TOBOPUTb y4dacTHe B HHX IpeACcTaBHU-
Te/ell KOPIIOPAaTHBHOIO CeKTopa. B HaHodOTOHUKe
3To Takuhe ruraHTel HMKT-oTpacnu, Kak: Nippon
Telegraph Telephone Corporation (Imonus) - 242
nybnukanuu; Samsung Group (IOkHas Kopes) -
126; Thales Croup (®paunus) - 108; International
Business Machines IBM (CIIA) - 107; Hewlett-
Packard (CIIA) - 42 nybnukanuu. Cioga ke BXO-
OAT KOMIIAHMHU C MeHBIIMM Iy6JIHMKAIlHOHHBIM
BKJIaJOM, HaIpuMep aMepuKaHckuhe: Omega
Optics Inc (omTHYecKHe CeHCOPHl, OHOCEHCOPH,
onThYeckrue KoMMyHHKauuu), Lockheed Martin
Corporation (aBHacTpoeHHe, aBHAKOCMHYECKAs
TeXHUKa, cymocTpoeHue), PFIZER (6bmodapmaries-
THUKa), SensorMetrix Inc (MeTamaTepHanbl, CHCTEMBI
IleTeKTUPOBaHUS) U Ip.; KUTAKNCKUe OIITOBOJOKOH-
Hele KoMmaHuK u3 OJIK: Yangtze Optical Fiber &
Cable Co.Ltd, Wuhan Research Institute of Post
& Telecommunications Co.Ltd. B 1esomM Ha OO
KOPIIOPAaTUBHOI'O CEeKTOPa B pPacCMaTPHUBAEMBIN
Ileproj MPHUIIIOCh OKOMIO 1,5% MHUPOBBIX IyOIHKa-
uui. B mybaukanmuoHHOM Bbixome CIIA sta mons
CcoCcTaBH/Ia IpUMepHO 2,2%, a Kutas - MeHee 1%.
HHTepecHO, YTO Ja’ke B OTKPBITOM YacTU Ha AOJIO
BOEHHO-HCC/IeI0BaTeNIbCKUX CTPYKTYp 3THX CTpaH
npumiocsk 6onpire mybnMKALME: IPUMepHO 3,6
U 2,3% COOTBETCTBEHHO.

Tabnuua 2. Poccnimckme ropoga ¢ HambobWMM Konmye-
CTBOM Ny6AMKaLMIA NO HAHOPOTOHMUKE

Table 2. Russian cities with the largest number of
publications on nanophotonics

KonnyectBo

nyé6ankaumnm

Number of

publications
1 MockBa | Moscow 1423
2 CaHkT-NMeTepbypr | St. Petersburg 847
3 JonronpyaHbin | Dolgoprudny 161
4 HoBocmbupck | Novosibirsk 144
5 CaparTos | Saratov 121
6 KpacHosipck | Krasnoyarsk 114
7 HwxHn Hosropog, | Nizhny Novgorod 103
8 YnbsiHoBCK | Ulyanovsk 81
9 Tponuk | Troitsk 72
10 Tomck | Tomsk 69
11 BnapmsocTok | Viadivostok 48
12 YepHoronoska | Chernogolovka 44
13 KasaHb | Kazan 37
14 Ckonkoso | Skolkovo 36

France, CNRS (3.8%; 73.8%); Russian Academy of Sci-
ences, RAS (2.2%; 57.5); US Department of Energy
(1.7%; 8.6%); National Research Council of Italy (1.3%;
38.6%); Max Planck Society (Germany) (1.1%; 17.4%);
Spanish National Research Council (0.9%; 30.4%);
Agency for Science, Technology and Research A*STAR
(Singapore) (0.8%; 31.6%); US Department of Defense
(0.7%; 3.6%), etc. In some countries (France, Russia),
the contribution of these structures to the national
publication output is very significant, which indi-
cates a high degree of centralization of research.
Nevertheless, universities are the main producers of
scientific knowledge in the field of nanophotonics in
the world and in most countries. So, in the first world
twenty in terms of the number of publications pro-
duced, the United States is represented by the Univer-
sity of California System (1573 publications; 1st place),
University of Texas System (773; 8th), Massachusetts
Institute of Technology (663; 17th), Stanford Univer-
sity (607; 20th); China - Southeast University (1082;
4th), Nanjing University (918; 5th), Zhejiang Univer-
sity (882; 6th), University of the Chinese Academy

publications on nanophotonics, and the 274 - to the national ones.
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Ta6nnua 3. Ton 10 Hanbonee NPOAYKTUBHbIX B 06/1aCTV HAHOPOTOHMKM pOC-
CUNCKNX MHCTUTYTOB, 2000—2020 roabl

of Sciences (747; 9th), Huazhong
University of Science and Tech-

Table 3. Top 10 most productive Russian institutes in the field of

nanophotonics, 2000-2020

KonunyecTtso ny6amkaumm

Kﬁ”g:ﬁizo B TON-10%/1% cermeHTax
NHCTUTYT yoil (20002019 roanl)
: Lnn e
Institute Number of publications
Number of .
Ublications inthe Top10%/1%
P segments (2000-2019)
MTY | MSU 602 22/6
MTMO | ITMO 457 71/11
OTU PAH | PTI RAS 345 22/3
OU PAH | LPI RAS 201 6/1
MOTU | MIPT 171 11/3
MO® PAH | GPI RAS 145 6/-
NP3 PAH | IRE RAS 115 7/-
OHUL, KND PAH | FRC C&P RAS 104 1/-
N® CO PAH | IP SB RAS 102 =[=
10 MCAH | ISAN 99 4/-
YHuBepcuTeTbl | Universities 2056 125/19
PAH | RAS 1716 72/6
Bcero | total 2984 172/22

IpumedaHue: MIY - MOCKOBCKHH TOCYJapCTBeHHBIM YHHMBEPCHUTET MM. M.B.JloMoHO-

coBa; UTMO - YuusepcuteT HTMO; ®TH PAH - ®U3MKO-TeXHHUYECKHUH HHCTUTYT
uM. A.D.HModpde PAH; ®U PAH - Qdu3myecKHil HHCTUTYT UM. II.H.JlebemeBa PAH;
M®TH - MOCKOBCKUH QU3NKO-TeXHUUECKHH MHCTUTYT (FOCYNapCTBEHHBIM YHUBEPCH-
TeT); MO® PAH - UHCTUTYT obmeit pusuku uMm. A. M. TIpoxoposa PAH; UP3 PAH - UH-
CTUTYT PaJlMOTeXHUKHU U 3JIeKTPOHUKHU M. B. A. KotenpHrKoBa PAH; @PHUI| KH® PAH -
demepanbHBI Hay4YHO-HCCIeJ0BaTeNbCKUM LeHTp «KpucTamiorpadusa u GoTOHHKA»
PAH; U® CO PAH -HUHCTUTYT dusuku um. JI. B. Kupenckoro CO PAH; NICAH - UHCTUTYT
criekTpockonuu PAH,

Note: MSU - Lomonosov Moscow State University; ITMO - ITMO University; PTIRAS - A. F. Ioffe

IOBATEeNbCKUM JaHAMADT.
OOCTAaTOYHO LIMPOKYI0 reorpaduio OoTeueCTBEHHBIX
HcclemoBaHuIl. TeM He MeHee Ha OO0 MOCKBEI
IIPUILIOCH OKOJIO 48% BCeX POCCHMCKUX ITybaMKa-
LMK 110 HAHOQOTOHHKE. DTO CHJIBHO KOHTPACTHUPYeT

Physical-TechnicalInstituteof RAS; LPIRAS-P. N. Lebedev PhysicalInstitute of RAS; MIPT -
Moscow Institute of Physics and Technology (State University); GPI RAS - A. M. Prokhorov
General Physics Institute of RAS; IRE RAS - V. A. Kotelnikov Institute of Radio Engineer-
ing and Electronics of RAS; FRC C&P RAS - Federal Research Center “Crystallography and
Photonics” of RAS; IP SB RAS - L. V. Kirensky Institute of Physics of SB of RAS; ISAN - In-
stitute of Spectroscopy of RAS,

OxapaKkTepH3yeM KpPaTKO POCCHHCKHH HCCe-

Tabn. 2 moxasbiBaeT
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nology (740; 10th), University of
Electronic Science and Technology
(707; 11th), Harbin University of
Technology (687; 12th); Tsinghua
University (677; 13th), Peking Uni-
versity (674; 14th), Tianjin Univer-
sity (625; 19th); Singapore - Nan-
yang Technological University
(1111; 3rd), National University
of Singapore (669; 15th); India -
Indian Institute of Technology
System (1117; 2nd); France - Uni-
versity Paris Sacklay (775; 7th);
Denmark - Technical University
of Denmark (663; 16th); Taiwan -
National Taiwan University (631;
18th). The above list is dominated
by universities from Asia. How-
ever, scientific impact can be
related not only to the number
of published works, but also to
their quality, often measured by
citation. In this respect, smaller
universities can have a notice-
able influence. For example, of
the 470 nanophotonics publica-
tions at Imperial College London,
90 and 14 were included in the Top
10% and Top 1%, respectively, of
the highly cited publications seg-
ments. For the Karlsruhe Institute
of Technology (Germany), a simi-
lar ratio was 382, 72, and 10 publi-
cations, and for the Russian ITMO
University - 457, 71 and 11 publica-
tions, respectively. As a rule, such
universities are actively involved
in international cooperation: for
example, the share of internation-
ally co-authored publications of
the Karlsruhe Institute of Technol-
ogy, Imperial College London and
ITMO University was 57, 66 and
80%, respectively.

The participation of representa-

tives of the corporate sector in them can indicate the
applied orientation of research. In nanophotonics,
these are such giants of the ICT industry as: Nip-
pon Telegraph Telephone Corporation (Japan) - 242
publications; Samsung Group (South Korea) - 126;
Thales Croup (France) - 108; International Business
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C ApPYyTHMH CTOJMIIAMH MHpa:
Tak, poiass IlekuHa U JIoHOOHa

B HAIIMOHAJIBHOM HY6)'[I/IK3.L[I/IOH‘ o

— CIDA | USA
— T'epmaHud | Cermany

— dnoHus | Japan

— Kuraii | China — Poccus | Russia

HOM BBIXOJE IIPUMEpHO II0 22%,
Toxkuo - 20, Ilapuska - 14, Bep-
nuHa - 13%. Brian Tpex ropojoB
CIIIA - BoctoHa, Jloc-AHmKeseca
u Hewo-Hopka - 3,4; 2,4 u 2,3%,
COOTBETCTBEHHO. YcIoBHBIM
«lJenTp» - MockBa u CaHKT-
[TeTepbypr BMecTe ¢ MOCKOBCKOM
M JIeHUHTPafCKOM 00/1acTSIMH -
IIpoM3Be/l 3a Bechb Iepuon 70%

2,0

1,5

1,0

uuTHUpoBaHus (OINLL)
Relative Citation Index (RCI)

0,5

OTHOCHUTEIbHBII [T0KA3aTeNlhb

BCeX POCCHUMCKUX MyOIHMKALIUH.
OnHaKo co BpeMeHeM IIPOM3BOJ-
CTBO Hay4HOIO 3HaHMS BCe JXe pac-
IIPOCTPaHsIOCh, U B pe3yabIaTe
ny6IMKalMOHHBIN BKIAL «LleH-
Tpa» COKpaTHics ¢ 78 B 2000-2006

0
2000

2002

Puc. 4. HayuHoe 8ausiHue CMpaH no OMHOWEeHUI K CPeGHeMUPOBOMY YPOBHIO
(20pu3oHmManbHas AuHUS)
Fig. 4.Scientific influence of countries in relation to the world average (horizontal

1 1 | 1
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Tonsl | Years

|
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roabl 4o 65% B 2014-2020 rogsl. line)

Hapsiny c¢ reorpaduyeckon
JeKOHIIeHTpalluen HMela MeCTo
U [JeleHTpaJH3alusl HCCIefoBaHUKM. Ha doHe

yMeHbIlIeHHs BKIafa PAH (c 59 mo 52% B cpaBHHBA-
eMble IIepHOIbl ) 3aMETHO BBIPOC BEC POCCHHCKHX
YHHBEPCHUTETOB, a OTeYeCTBEeHHbIe JuAeprl - MIY
u UTMO - 3aHSIM B MHPOBOM PeHTHHIe YHHUBEP-
CUTETOB II0 KOJTHYeCTBY ny6n1/11<auy11?1 21-e u 40-e
MeCTO COOTBeTCTBEHHO. YHHMBEPCHUTETHl COBOKYIIHO
BHecnu b6onpminii, yemM PAH, Bxiam B Tom-10%
M TON-1% CermMeHTHl BBICOKO IIUTHPYeMBIX IyO/IH-
Kauuu (tabn. 3). XapakrepHo, uro UTMO, BHec-
IIMH MaKCHMaJIBHBIM BKJIaJ B 3TH 3JMTHBIE Cer-
MeHTBl MHPOBBIX NYOIHKALMK 10 HaHOPOTOHHUKe,
HMMeJl BBICOYAMIIYIO CTeIleHb HayYHOH KOOIlepallhHU
(MeXXOyHapOoOHOM M BHYTpPeHHeI): JHIIb 7% BCeX
paboT 6bUIM BHIIIOTHEHBI UM aBTOHOMHO. [I/Isl CpaB-
HeHHUsA: y TeXHOJIOrM4YecKoro HMHCTUTyTa Kapicpys
1 MIMIepcKoro KojieKa JIOHJ0Ha A0/ TaKUX paboT
cocTaBisiia 17 u 27% coorBeTcTBeHHO. M TMO coTpya-
HHUYaJI C yYeHBIMH M3 39 cTpaH u 6ornee yem 300-x
Hay4HBIX OpraHusanui. Ero Haubosee NnpenmnovTu-
TeJIbBHBIMU MEXIYHAaPOAHBIMHU IapTHEpPaMU ObLIU
ABcTpanus (ABCTPJIMMHCKHUI HallUOHAJIBHBIM YHU-
BepcuteT, AHY), CIIA (CrcreMa TexaccKoro yHUBep-
cuteTa), Benukobputanus (JIOHZOHCKHUH YHUBEpPCHU-
TeT). Bonee 75% mnybnukanun HTMO, cOBMeCTHBIX
¢ AHY, BBHIIIOSHEHBl y4YeHBIMH MeKIyHapOoIHOIOo
Hay4YHO-HCCIe[0BaTe/IbCKOr0 LIeHTPa HAaHOQOTOHUKHU

* HHTepecHo, uTo BKk1aJ HIJHH ®paHI MK B HallMOHAJIBHBIH ITy-

6MHMKALMOHHBIN BhIX0A B 2014-2020 romsl, HaIIpOTHUB, BBIPOC I10

cpaBHeHHI0 € 2000-2006 rogamu ¢ 61 10 77%.

Machines IBM (USA) - 107; Hewlett-Packard (USA) -
42 publications. This also includes companies with
less publication contribution, for example, American:
Omega Optics Inc (optical sensors, biosensors, opti-
cal communications), Lockheed Martin Corporation
(aircraft industry, aerospace engineering, shipbuild-
ing), PFIZER (biopharmaceuticals), SensorMetrix Inc
(metamaterials, detection systems), etc.; Chinese
fiber optic companies from OVC: Yangtze Optical
Fiber & Cable Co.Ltd, Wuhan Research Institute of
Post & Telecommunications Co.Ltd. In general, the
corporate sector in the period under review accounted
for about 1.5% of world publications. In the publi-
cation output of the United States, this share was
approximately 2.2%, while China’s - less than 1%. It
is interesting that even in the open part, the share
of the military research structures of these countries
accounted for more publications: approximately 3.6
and 2.3%, respectively.

Let us briefly characterize the Russian research
landscape. Table 2 shows a fairly wide geography of
Russian studies. Nevertheless, Moscow accounted for
about 48% of all Russian publications on nanopho-
tonics. This contrasts strongly with other capitals
of the world: for example, the share of Beijing and
London in the national publication output is about
22%, Tokyo - 20, Paris - 14, Berlin - 13%. Contribu-
tion of three US cities - Boston, Los Angeles and New
York - 3.4; 2.4 and 2.3%, respectively. The conditional
“Center” - Moscow and St.Petersburg together with
the Moscow and Leningrad regions - produced over
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the entire period 70% of all Russian
publications. However, over time,
the production of scientific knowl-
edge nevertheless spread, and as

a result, the publication contribu-
tion of the Center fell from 78 in
2000-2006 to 65% in 2014-2020.
Along with geographic decon-
centration, there has also been
a decentralization of research.
Against the background of the
decrease in the contribution of
the Russian Academy of Sciences
(from 59 to 52% in the compared
periods’), the “weight” of Rus-

TCoppl | Years
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140
g 120F
3¢
.
g " 100 -
B O
T
22 80
@ QS
= =%
o
2° 60f
g3
2 5 40 -
A =
= 20 -
0 1 I 1 1 1 1 |
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020

Puc. 5. JuHamuka 8vidayu nameHmos CLLIA Ha uzobpemeHus no 6a308bim

Fig. 5. Dynamics of the issuance of US patents for inventions in the basic areas of

sian universities has noticeably
increased, and Russian lead-
ers - Moscow State University
and ITMO - ranked 21st and 40th
place, respectively in the world
ranking of universities in terms of
the number of publications. Uni-

1 MeTaMaTepUasioB, CO3LaHHOTIO II0f, PYKOBOACTBOM
10.C.KuBmapsa (AHY) u II.A.BenoBa (MTMO), 4To
TOBOPUT 00 yCIEIIHOM peajn3alluHd BBIUTPAHHOIO
MU B 2010 romy MerarpaHTa POCCHECKOrO IIpaBH-
Te/NbCTBA. BHYyTpU cTpaHbl MTMO aKTUBHO COTPYAHU-
4daeT ¢ PAH u npeskzae Bcero ¢ ®PHU3HUKO-TeXHUYECKUM
MHCTUTYTOM UM. A. ®. Hodode.

Bxian oTe4eCTBEHHOIO KOPIIOPAaTHBHOIO CEKTOpPa
B NyOIMKAallMOHHBIM BBIXOJ, CTPaHBEI IIOKa He IIpe-
BbIIIAeT 1%; B HCCIeNOBAaHUAX IPUHSIHA ydacTHe
JIMIIb HECKOJbKO MaJjblX MHHOBALIMOHHBIX KOM-
naHun: OOO «HoBble 3HepreTuueckHe TexXHOJIO-
run» (CKOIKOBO; MeAHIIMHCKoe obopymoBaHHUe,
Ja3epHble TEXHOJOTHM, COJHEYHAsi SHepreTHKa);
OOO HIIIT «HaHOCTPYKTypHasi TeXHOJOTHS CTeKIa»
(CapaToB; MPOM3BOACTBO CTEKJSSHHBIX MHKPO-
Y HaHOCTPYKTYp AJII IPUMeHeHUN B OHOMemHLIHe
U onTuke); 000 «HT-MAT» (3eneHorpaj; CKaHUPY-
Iollas 30HA0Bas MHUKpockomus); OO0 «Apecta» (Tpo-
HIIK; J1a3epbl U ONITHYeCKHe CUCTeMBI).

NMaTeHTOBaHUe Hay4HbIX pe3y/bTaToOB

CurHajioMm Iepexofa K CTaAUX BHEIPEHHS MOSKHO
CYMTATh IIaTEHTOBAaHME HaY4YHBIX Ppe3yJbTaTOB.
JuHaMuka Bbegaum nateHToB CIIA Ha u3obpere-
HUS 10 TpeM 6a30BBIM TeMaTHKaM HaHOQPOTOHHKH
IIO0Ka3aHa Ha puc. 5. Kak ¥ B c1ydae nmybmuKaLM,
CHayaja B TeMaTHYeCKOH CTPyKType H3006peTeHHI
npeobnagany GOTOHHBIE KPUCTAJUIBI, OAHAKO 3aTeM
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versities collectively contributed
more than RAS to the Top 10%
and Top 1% segments of highly cited publications
(Table 3). It is characteristic that ITMO, which made
the maximum contribution to these elite segments
of world publications on nanophotonics, had the
highest degree of scientific cooperation (interna-
tional and domestic): only 7% of all publications was
performed by it autonomously. For comparison: at
the Karlsruhe Institute of Technology and Imperial
College London, the proportion of such publications
was 17 and 27%, respectively. ITMO collaborated with
scientists from 39 countries and more than 300 scien-
tific organizations. Its most preferred international
partners were Australia (Australian National Uni-
versity, ANU), USA (University of Texas System), UK
(University of London). More than 75% of ITMO publi-
cations, jointly with ANU, were made by scientists of
the International Research Center for Nanophotonics
and Metamaterials, created under the leadership of
Yu. S.Kivshar (ANU) and P. A.Belova (ITMO), which
speaks of the successful implementation of the
mega-grant of the Russian government won by them
in 2010. Within the country, ITMO actively coop-
erates with the Russian Academy of Sciences and,
first of all, with the A.F.loffe Physical-Technical
Institute.

*

Interestingly, the contribution of the CNRS of France to the
national publication output in 2014-2020, on the contrary,
increased compared to 2000-2006, from 61 to 77%.
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n306peTaTe/IbCKUN HHTepec CMEeCTH/ICS B IIOJIb3Y
MeTaMaTepHuaaoB U IUIAa3MOHHUKHU. 57% OT obIero
YHCaa IIaTeHTOB II0 TPeM YKa3aHHBIM TeMaTHKaM
OBIIM BBIIAHBI aMEPUKAaHCKHUM IaTeHTOB/Iafeslb-
aM. 3a HUMH CJIeAYIOT IMaTeHTOB/IAJe/IbIbl U3 a3u-
aTCKUX CTpaH: fnoHuu (~13%), IOxxHOM Kopeu (~7%)
u Kurtag (~4%). IIpencraButenu PocCHMU BXOOHIIU
B COCTaB H300peTaTe/bCKUX KOJ/UIEKTHUBOB B IIECTH
IaTeHTax:

1. “AKTHUBHBIE (QOTOHHO-KPHUCTAIIMYECKHUI BOJIHO-
BOZI: YCTPOMCTBO U MeTon» (maTeHT N2 6674949;
BeIIAH B 2004 roxy.). H3obperatens u3 CaHKT-
ITetepbypra (Poccusi) u Tpoe u3 CIIA, KaHamsl
1 ®PpaHLMM; NaTeHToBIafenel - Corning, Inc
(CIIA);

2. «MeToApl, MaTepHalbl U YCTPOMCTBA IIJIa3MOH-
HOM HaHopOoTOHUKH» (Ne 6977767; 2005 rom).
H3obpetatens wu3 [HonrompynuHoro (Poccus)
u Tpoe u3 CIIA; mateHToBnanesnel - Arrowhead
Center, Inc (CIIIA);

3. «HacTpauBaeMBbIH TeparepueBbld  QUIBTP
U3 MeTaMaTepuana» (Ne 8958050; 2015 rom).
H3obpertatenu u3 CaHKT-IleTepbypra (Poccus);
[IaTeHTOBJIaZe/Iel] - Samsung Electronics Co., Ltd.
(IOskHas Kopes);

=

The contribution of the domestic corporate sector to
the country’s publication output does not yet exceed
1%; only a few small innovative companies took part in
the research: New Energy Technologies LLC (Skolkovo;
medical equipment, laser technologies, solar energy);
NPP “Nanostructured Class Technology” LLC (Saratov;
production of glass micro- and nanostructures for
applications in biomedicine and optics); NT-MDT LLC
(Zelenograd; scanning probe microscopy); Avesta LLC
(Troitsk; lasers and optical systems).

Patenting scientific results

The signal of the transition to the implementation
stage can be considered the patenting of scientific
results. The dynamics of the issuance of US patents for
inventions on three basic topics of nanophotonics is
shown in Fig. 5. As in the case of publications, at first,
photonic crystals predominated in the thematic struc-
ture of inventions, however, then inventive interest
shifted in favor of metamaterials and plasmonics. 57%
of the total number of patents in these three areas
were granted to US patent owners. They are followed
by the patent holders from Asian countries: Japan
(-13%), South Korea (~7%) and China (~4%). Representa-
tives of Russia were part of the inventive teams in six
patents:

ORCA-Cluest - nepean keaHTuTatueHaa KMOT]
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4. «CaMOpe30HAaHCHBII almapat sl CHCTeMbl bec-
IIPOBOLHOM Ilepenauu 3Heprum» (N2 9330836;
2016 rom). HM3obperatenu u3 CaHKT-IleTepbypra,
ApxaHresnbcka U BceBososkcka (PoccHs), a Takoke
IOxHOM KopeH; maTeHTOB/Iafeslel, — Samsung
Electronics Co., Ltd. (FOsxHas Kopes);

5. «ANmapaT MarHUTHO-De30HAaHCHOM TOMOIpa-
oum» (Ne 10732237; 2020 roxm). H3obperatenu
u3 CaHKt-IleTepbypra (Poccus); 3asBUTeNIb
nateHra - YHuBepcurer UTMO;

6. «YCTPOMCTBO U CIIOCOD yIIpaBIeHHUs HaIIpaBie-
HHeM PaCIIpPOCTPaHeHMUS Ja3epPHOI0 H3/1yueHHUs
C MCIIONb30BAaHHEM MHOXKeCTBA HaHOAHTEHH”
(Ne 10831082; 2020 rox). H3obperaTenu u3 Tyisl,
JHonronpynHoro u KpacHomapa (Poccust); maTeH-
ToBnazenel, - Samsung Electronics Co., Ltd.
(IOskHas Kopes).

Kak BUAKMM, IIAaTeHTOCIIOCOOHBIE KU POCCHICKHUX
n3obpeTaresneri, He HaXo/lsl 3aMHTEPECOBAHHOCTH y POC-
CHMCKHUX BBICOKOTEXHOJIOTMYHBIX KOMIIAHHUM, yTeKalOT
3a pybexx. B To 5ke BpeMsl, COIVIACHO ITPOTHO3y aHAJIH-
THUYeCKOM KoMmmaHuu Reportlinker (®paHuums), mupo-
BOK PBIHOK HaHOQOTOHHUKU (laxke C y4eTOM IIOIIPaBOK
Ha BO3JIeHCTBHE [IaHJeMUHU) OJOCTUTHET K 2027 romy 202
MJIPA. [OJUIAPOB; IIPH 3TOM CPeHerof0BOM TeMII POCTa
B rieprof 2020-2027 TrofoB COCTaBUT 37,6% [6].

3AKJ/TIOYEHUE

HanodpoToHMKA IIpeBpaTH/IaCh B IIOCIeIHHE TIOJbI
B IUHAMHYHO PACTyLIyI0 Hay4HYI0 00/IacTh C IIHPO-
KHM CIIeKTPOM TeXHOJIOTMYeCKUX BBIXONOB. B rio-
6aJIBHOM HAy4YHOM COPeBHOBAaHHH IIOKa3aTesleH
Iepexon, (c 2012 roma) KJIKYEBOrO BIUSHUS Ha UCCIIe-
JOBaTe/NbCKUH NAHAIMA(PT OT IPYIIIBI IIPOMBIIITIEHHO
pasBUTEIX cTpaH (G7) K TpymIe 6BICTPO IIPOrPecCHpy-
IOIIMX a3MaTCKUX CTPaH («A-7»). Ha s3Tom dpoHe Poccus
10 NYOJIHMKALMOHHOMY BBIXOAY YCTOMYHUBO BXOIUT
B IMAUPYIOIIYIO JeCSATKY CTpaH.

Bce O6onpmmasi 4acTb MHPOBBIX HCC/IeIOBAHHI
10 HAHOQOTOHMKE BBIIIONIHALTCS Ha MeXKIYHAPOLHOM
ypoBHe. IIpuM 3TOM Yy PasHBIX CTpPaH CBOM 0CObeH-
HOCTU: eCnd B Benukobpuranuu, Fepmanum, CIIA
pocT 0bIIero romoBOro IIPOM3BOACTBA IYOIHMKAIHE
B IIOC/IeHHe TOAbl IIOJHOCTBIO CBA3aH C MEXIY-
HapOAHBIM COTPYAHHYECTBOM, TO B KuTae - mpe-
MMYILIeCTBEHHO C BHYTPEHHHMM MCCIeLOBAHUIMH,
a B PoccuM - ¢ BHYTPEHHUMHU U MEKAYHAPOLHBIMH
HCC/IeIOBAaHUSIMU B pAaBHOU Mepe.

OTeyecTBeHHBIE HCCIEOOBAHUSI OOCTATOUYHO TECHO
MHTETPHPOBAHBL B MHUPOBbIe: OKOJIO 53% Bcex IIybiu-
Kanum U 80% ny6}11/11<a1_u/11?1 HNTMO uMeroT MeRIyHa-
POIHOE COABTOPCTBO. PoCCHSl BXOAUT B CIUIOYEHHOE
HCC/IefloBaTeIbCKOe COODINeCTBO C BeAyLIMMH 3arlaj-
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1. “Active photonic crystal waveguide device and
method” (patent No. 6674949; issued in 2004.).
Inventor from St.Petersburg (Russia) and three
from the USA, Canada and France; patent owner -
Corning, Inc(USA);

2.“Plasmonic nanophotonics methods, materials,
and apparatuses” (No. 6977767; 2005). An inven-
tor from Dolgoprudny (Russia) and three from
the USA; patent owner - Arrowhead Center, Inc
(USA);

3.“Tunable terahertz metamaterial filter”
(No. 8958050; 2015). Inventors from St.Peters-
burg (Russia); patent holder - Samsung Electron-
ics Co., Ltd. (South Korea);

4.“Self-resonant apparatus for wireless power
transmission system” (No. 9330836; 2016). Inven-
tors from St.Petersburg, Arkhangelsk and
Vsevolozhsk (Russia), as well as South Korea;
patent holder - Samsung Electronics Co., Ltd.
(South Korea);

5.“Magnetic resonance imaging machine”
(No. 10732237; 2020). Inventors from St.Peters-
burg (Russia); patent applicant - ITMO Univer-
sity;

6.“Apparatus and method for controlling laser light
propagation direction by using a plurality of
nano-antennas” (No. 10831082; 2020). Inventors
from Tula, Dolgoprudny and Krasnodar (Russia);
patent holder - Samsung Electronics Co., Ltd.
(South Korea).

As you can see, the patentable ideas of Russian
inventors, not finding interest from Russian high-
tech companies, “flow away” abroad. At the same
time, according to the forecast of the analytical com-
pany ReportLinker (France), the global nanophotonics
market (even taking into account the adjustments for
the impact of the pandemic) will reach 202 billion dol-
lars by 2027; while the average annual growth rate in
the period 2020-2027 will be 37.6% [6].

CONCLUSION
In recent years, nanophotonics has become a dynam-
ically growing scientific field with a wide range of
technological outputs. In the global scientific compe-
tition, the transition (since 2012) of the key influence
on the research landscape from the group of industri-
alized countries (G7) to the group of rapidly progress-
ing Asian countries (“A-7”) is indicative. Against this
background, Russia is consistently among the top
ten countries in terms of publication output.

An increasing proportion of the world’s nanopho-
tonics research is carried out internationally. At the
same time, different countries have their own char-



HBIMH CTpaHaMH, KMeET CU/IbHbIe COABTOPCKHE CBSI3U
C YYeHBIMHU U3 ABCTpajnuu. B cBoro ouepens, MTMO,
6naromapsi mopgepkKe IIPaBUTENBCTBA, CTal KOHKY-
PEHTOCIIOCOOHBIM MHPOBBIM IIeHTPOM HCC/IeIOBAaHUH
B 0671acTH HaHOQOTOHMKHM. KaK IOKa3alnH pacyeTsl,
MEXIYHapogHoe COTPYOAHHUYECTBO 3HAUYUTE/NbHO
IIOBBIIIAET BUAKMMOCTh POCCHUHCKUX IYOIUKALIU.

HaHodoToHMKa faeT MO3UTHUBHBIN IIPUMEP BBIIIOJ-
HEeHMs LeJIeBbIX MHINUKATOPOB, YCTAHOBIEHHBIX [
OTe4YeCTBeHHOM HAyKH, HaIlpHMep II0 foJe MmybnHrKa-
uus B Bl Web of Science (2,44% x 2015 rogy, CoriacHo
ykasy IIpesuzgenTta P® Ne 599 ot 07.05.2012r.), 10 moje
CTaTel B COABTOPCTBE C HHOCTPAaHHBIMHU Y4YeHBIMHU
(29,6% K 2024 roay, COIJIaCHO IIOCTaHOB/IEHHIO ITpaBu-
TenbcTBa PO Ne 377 oT 29.03.2019 r.); LIUTHPYeMOCThb
POCCHICKUX MyOIHKAIUK 110 HaHOPOTOHHKE BIUIOT-
HYI0 IPUOIH3MIACh K CPeHEMHUPOBOMY YPOBHIO.
ITo pesynbTaTaM aHajM3a MOXHO OTMETHTb OIIpefe-
JIeHHYI0 NeKOHLIeHTPallMI0 HCCIelOBaHUI, a TaKxke
UX JeLieHTpaaM3aliiIio0 KaK pesyjibTaT LieleHallpaB-
JIeHHOM Hay4YHOM ITOMTUTHUKH.

HayyHble pe3ynbTaThl BeAYIIMX MMPOBBIX HIPO-
KOB BCe 6oJbIlle CTaHOBSATCS OOBEKTOM IIaTEeHTOBA-
HHUS, 33 KOTOPBIM CTOST MHTEpechl KOPIIOPATHBHOIO
cekropa. ITorck B BJl USPTO B 4acTHOCTH ITOKa3an:
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acteristics: if in the UK, Germany, and the USA, the
growth in the total annual production of publications
in recent years is fully associated with international
cooperation, then in China - mainly with domestic
research, and in Russia - with domestic and interna-
tional research equally.

Domestic research is rather closely integrated with
global research: about 53% of all publications and
80% of ITMO publications are internationally co-
authored. Russia is part of a cohessive research com-
munity with leading Western countries, has strong
co-authorship ties with scientists from Australia.
In turn, ITMO, thanks to government support, has
become a competitive global center for research in
the field of nanophotonics. Calculations have shown
that international cooperation significantly increases
the visibility of Russian publications.

Nanophotonics provides a positive example of the
fulfillment of target indicators set for domestic sci-
ence, for example, by the share of publications in
the Web of Science database (2.44% by 2015, accord-
ing to Decree of the President of the Russian Federa-
tion No. 599 dated 07.05.2012), by the share of arti-
cles in co-authorship with foreign scientists (29.6%
by 2024, according to Decree of the Government of
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ecIy BHaudasle M306peTaTe/bCKUM HHTepec 6osblle
IpuB/IeKaJd GOTOHHbIe KPUCTA/LIB, TO B IIOC/IeqHHe
rogpl - MeTaMaTepuasbl M IJa3MOHHKa. K coxane-
HUI0, Poccus 1moka c1abo y4acTByeT B 3TOK HTIpe.
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MPUNOXXEHUE (MOUCKOBbIW 3AMPOC)

1. Knro4yeBble TEPMHHBI:
nanophotonic®; nanoscale photonic*; nanocarbon
photonic®; nanotube® photonic*; graphene® pho-
tonic*; nanobiophotonic*; bionanophotonic*; nano-
optic*; subwavelength optic*; two-dimensional
optic*; flat optic*; nano-optoelectronic*; near-field
scanning optical microscopy; NSOM; photonic
crystal®; photonic band structure®; negative-index
material®; metamaterial®; metasurface®; nanoplas-
monic*; plasmonics; surface plasmon; magne-
toplasmon resonance; plasmonic nanostructure®;
plasmonic nanoparticle*; plasmonic nanowire®;
plasmonic nanomaterial®; plasmonic meta-atom®;
superlens®; nanolaser®; small laser™; plasmomc
laser®; quantum dot (QD) laser®; photonic nanode-
vice*; photonic nanojet®; electro-optical switch®;
plasmonic sensor*; plasmonic biosensor®; optical
nanoantenna®; plasmonic nanoantenna®;

2. ®parmeHT 3ampoca (coueTaHHe TePMHHaA
«photon*» ¢ nano-TepMHHAMH H TEpPMHHOM
«DNA» Ha PacCTOSTHHH 2-X TeKCHYECKHX IIaroB):
photon® NEAR/2 (nanostructure® or «metal
nanoparticle®» or nanocrystal® or nanowire® or
«semiconductor nanodot™ or «quantum® dot™ or
«quantum” well*» or DNA);

3. HckimoueHHbIe TEPMHHBI:
acoustic metamaterial® (metasurface®); mechanical
metamaterial® (metasurface®); elastic metamaterial*
(metasurface®); seismic metamaterial® (metasur-
face*); phononic metamaterial* (metasurface®).

ABTOP

Tepexos AnekcaHzp VBaHosnY, K. .- M. H.; e-mail: a. i.terekhov@mail.ru; Begywmi
HayY4HbIA COTPYAHMK, DTBYH LleHTpanbHbIA 3KOHOMMKO-MATEMATUYECKNIA UHCTU-
TyT PAH, Mocksa, Poccus.
ID WoS: AAJ-1693-2021
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the Russian Federation No. 377 dated 29.03.2019); the
citation rate of Russian publications on nanophoton-
ics has come close to the world average. According
to the results of the analysis, one can note a cer-
tain deconcentration of research, as well as their
decentralization as a result of purposeful scientific
policy.

The scientific results of the world’s leading play-
ers are increasingly becoming the subject of pat-
enting, behind which are the interests of the cor-
porate sector. A search in the USPTO database, in
particular, showed that if at first inventive inter-
est was attracted more by photonic crystals, then
in recent years - metamaterials and plasmonics.
Unfortunately, Russia is still weakly involved in this

ugame”.

APPLICATION (SEARCH TERM)

1. Key terms:
nanophotonic®; nanoscale photonic*; nanocarbon
photonic®; nanotube® photonic*; graphene* pho-
tonic*; nanobiophotonic*; bionanophotonic*; nano-
optic*; subwavelength optic*; two-dimensional
optic*; flat optic*; nano-optoelectronic*; near-field
scanning optical microscopy; NSOM; photonic
crystal®; photonic band structure®; negative-index
material®; metamaterial®; metasurface®; nanoplas-
monic*; plasmonics; surface plasmon; magne-
toplasmon resonance; plasmonic nanostructure®;
plasmonic nanoparticle*; plasmonic nanowire*;
plasmonic nanomaterial®; plasmonic meta-atom®;
superlens®; nanolaser®; small laser™; plasmomc
laser*; quantum dot (QD) laser®; photonic nanode-
vice*; photonic nanojet®; electro-optical switch®;
plasmonic sensor*; plasmonic biosensor®; optical
nanoantenna®; plasmonic nanoantenna®;

2. Search fragment (combination of the term “pho-
ton*” with nano-terms and the term “DNA” at
a distance of 2 lexical steps):
photon® NEAR/2 (nanostructure® or “metal
nanoparticle*” or nanocrystal* or nanowire* or
“semiconductor nanodot*” or “quantum® dot™” o
“quantum” well*” or DNA);

3. excluded terms:
acoustic metamaterial® (metasurface®); mechanical
metamaterial® (metasurface®); elastic metamaterial*
(metasurface®); seismic metamaterial® (metasur-
face*); phononic metamaterial* (metasurface®).

AUTHOR

Terekhov Alexander Ivanovich, Candidate of Physical and Mathematical Sciences;
e-mail: a.i.terekhov@mail.ru; Leading Researcher, Central Economics and Math-
ematics Institute, Russian Academy of Sciences, Moscow, Russia
IDWoS: AAJ-1693-2021
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AOAUTHUBHBIE SARATOV FALL MEETING (SFM’21):
TEeXHOJIOTHH, IX CHMIIO3HYM
HacTosee II0 OIITHKe H 6H0POTOHHKE
H GYIlYlllee H XXV MeXayHapogHas LIKoJIa
AJIsI MOJIOABIX YIE€HBIX H CTYAEHTOB
IO ONITHKE, JIa3epHOH PH3HKe H 6HOPOTOHHKE
OrYn «BUAM» THLL PO coBmecTHO ¢ AO «OHIN «TexHonOrus»
um. A.T.PomawuHa» u TexHonornyeckumu naarGopmamu B Caparose Ha base yHuBepcuteTa CIY ¢ 27 ceHTabpst no 1 oksbps 2021 roga npowget
«Marepuancl 1 TEXHONOTMM MeTanAypruun», «<HoBble nonMmep- MexayHapoaHas kordepeHumuy Saratov Fall Meeting (SFM'21). OcHoBHas uenb SFM'21 -
Hble KOMMO3ULIMOHHbIE MaTepuasbl i TEXHONOTUMY MPOBOANT NpeACTaBUTb 1 06CYANTL MOCAEAHME Pa3paboTku 1 MPUMEHEHNS OMTUYECKUX 1 N1a3epHbIX
VIl MexayHapoaHyto KOHdepeHumIo “ALAUTUBHbIE TEeXHO/O0- TEXHONOTMiA B HUONOTMI 1 MeZMLMHE, BOMPOCI KOTEPEHTHON OMTUKM CIYYAMHBIX U YNIOpS-
rUK: HacTosLee u byaywee» 7-8 okTa6ps 2021 roga B Mockse LOYEHHLIX CPef, HENMHENHOM AMHAMMKN NA3epHbLIX CUCTEM, Na3epHON (u3NKu, CrekTpo-
B BUAM. CKOMMK, MONEKYNSPHOrO MOAENNPOBAHMS, HAHOPOTOHMKM M HAHOBMODOTOHMKM. OCHOB-
Ob6CyxaeHne pasBuTUS ABAUTUBHLIX TEXHONOTMA MPONAET HOe BHMMaHWe 6ydeT yaeneHo GyHAAMEHTANbHLIM MCCAEeAOBAHWAM B3aUMOAENCTBUS
M0 CNeAyHOLLMM TEMATUYECKIUM TpeKam: KOrepeHTHOro, C1aboKOrepeHTHOro, Monspu30BaHHOrO, MPOCTPAHCTBEHHO- W BPEMEHHO-
® CCNe[0BAHMS B 06N1ACTU MATEPUANIOBEACHNS aAAUTUBHDIX MOZY/MPOBAHHOMO  3/1IEKTPOMATHUTHOTO W3/y4eHUst B LWMPOKOM OT PeHTTEHOBCKOro
TEXHONOT A, J0 TeparepLeBoro A1anasoHe AIMH BOH C HEOAHOPOAHBIMI PACCeMBAIOLMMM CPefamMi
®  \CCNef0BaHMS B 061ACTH pa3paboTku A ANTUBHBIX ¥ 6MONOTMYECKAMM TKAHIMI W KNETKaMK. ByayT paccMoTpeHbl ynpyroe, Heynpyroe (kom-
NpOL|eCcoB; 6uHaLmoHHoe, SERS 1 CARS) 1 AMHaMUYeCKoe paccesHue CBeTa, 0NepoBCkoe, $oToaky-
= NporpamMMHoe obecneyeHie s QAANTUBHLIX TEXHONOTUIA; CTn4eckoe, GOTOTEPMUYECKOE W HENWHEeIHOe B3aUMOAENCTBMS, MEXaHMKa TKaHed 1 Kkne-
= KOMNbIOTEPHOE MOAENMPOBAHME aAAUTUBHLIX MPOLIECCOB; TOK, & Taloke GpoTobuonornyeckue 3GHeKTbl.
®  \MaTepuanbl U 060pyA0BaHME ANS AAAUTUBHBIX TEXHONOTN; B pamkax SFM'21 HameyeHa MexayHapoAHas WKona A1si MOMOABIX YYEHbIX W CTYAEeH-
®  METOAbl KOHTPONA CUHTE3MPOBAHHOTO MaTepuana. TOB N0 ONTUKE, N1a3epHOI Puamke 1 GMoPoToHNKe. KOHDEPEHLMM, CEMUHAPbI M HayuHble
M0oAPOBHOCTM MOXHO HAWTY HA CaiTe KOHbEpeHLM: LUKOAbI = 3T0 0ANH U3 3eKTUBHLIX CNOCOBOB MPMB/EYL TANAHTAMBLIX MONOALIX NHOLeN
https://confviam.ru/conf/344. K Hay4HO paboTe, 0COBEHHO B 06AACTM ONTUYECKNX UCCNELOBAHNA.
https.//viam.ru https://www.squ.ru

CoBpeMeHHbIM KOMMaHWUAM -
MHHOBaLMOHHbIe pelleHnn!

OvoaHas nazepHan cucTeMa
. ¥ NOBbILWEHHOW MOLLHOCTH
’ DLC DL pro HP 461 HM
ANA OXNAXAEHUA aTOMOB
CTPOHUMA

KomnaHuAa TOPTICA (MepMaHWA) aHOHCHPOBANA BRIXOA HOBOR MOAENM AMOAHOR NajepHOW CMCTeMbl ONS
oxXnamaeHMa atoMos cTpoHuUMA DLC DL pro HP 461, C yBenH4yeHHOR Ha 50% BLIXOAHOA MOWHOCTLID, MO
CpaBHeHWIo C Nnpegsiayenr mogensio DLC DL pro 461. MapannensHo, YEXAena ceeT ¥ mojens MDL pro HP 461
ANA MOHTaMA B 19-TH OKAMOBYID CTORKY. BEIXOAHAA MOLWHOCTE HACTONLHOW MOASNK COCTABNAET BENMYMHY
170 MBT, a MDL — go MBT. 18 MHOMMX NONB3I0EATENEA, NOABAEHWE ITUX MOOENEA — AONMOMAAHHDE pElleHKe
AnA Tex, KOMY BEAWYMHA BhIXOAHOR MOLWHOCTH, NO-NPEXHEMY ABNABTCA HEQOCTATOMHOW, OCTAETCHA BAPUAHT
NazepHOA cUcTembl DLC SR COOLING ¢ yapoeHWeEM YacToTsl (DLC TA-SHG pro 461), MMelleR BeIXOaHYKD
MOLWHOCTE Boo MBT.

IKCKAOIUSHEIM Npedcmasumenss KoMnanuy TOPTICA (Tepmanua) @ PO aaanemca Komnakug nEsposlalas,
www.eurolase.ru
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