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PaccMoTpeHbl UCTOpUYECcKne BEXU U BbINOJIHEH
6MbnnomeTpmuYeCcKUn aHaIM3 pa3BUTUS
uccnenoBaHUM B 061aCTU KBAHTOBOM 06paboTku
nHdopmaumm B nepmnop 1990-2020 roaos.

B LleHTpe BHMMAHUS rN0o6anbHbIA BbIXOA,
Hay4HbIX Ny6AnKaLMn, NpoAYKTUBHOCTb
OTAe/IbHbIX CTPaH U OpraHusauuim,
MeXAyHapoAHas Hay4yHas Koonepauus.

C noMoLbo 6M6IMOMETPUYECKNX MHAUKATOPOB
nokKasaHbl: AMHaMMU3M pa3BuTUs obnacTu,
BbICOKas cTeneHb KOHL,eHTpaLuun ucciefoBaHum
M MeXAyHapoAHbIX HAy4HbIX CBSI3EN,

yyacTue B HUX, HapsaAay C YyHUBepcuTeTamm

M aKkaeMmyeckKuMm opraH1sauusaMm, KpynHbIx
Koprnopauun, 0Co6eHHO 13 AINOHUU U BOEHHO-
ucciefoBaTeIbCKUX CTPYKTYP, B NEpPBYIO
ouepepb, u3 CLLIA. 1na Poccumn XxapaKTepHbi:
BbICOKAs KOHLLEHTpaLus ncciefoBaHumn

B CTOJ/IMYHbIX ar/loMepaLmax U UX cyliecTBeHHas
VMHTepHauMoHanusaums; segywmi sknag PAH

M pacTyLwas poJjib yHUBEPCUTETOB B PasBUTUN
Hay4HoOM 6a3bl KBAHTOBbIX TEXHOJIOIUM, NOKA
ewe cnabas BOBNEYEHHOCTb B UCC/Ie,0BaHUS
pOCCUINCKOro KOMMep4eckoro cektopa.
UcTouyHuMKaMu nHpopmauum gna aHanmsa
nocnyxunu 6nbnuorpagunyeckme 6asbl AaHHbIX
Web of Science Core Collection u SCOPUS.
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The milestones are reviewed and a bibliometric
analysis of the research development in the
field of quantum information processing

in 1990-2020 is performed. The focus is on

the global publication of research papers,
productivity of certain countries and
organizations, and international scientific
cooperation. By means of bibliometric
indicators, the following areas are

considered: dynamic development of the

area, a high concentration degree of research
and international academic networking,
participation of large-scale corporations in
such networks along with the universities and
academic institutions, especially from Japan and
military research entities, primarily from the
USA. Russia is characterized by the following:

a high concentration of research in the
metropolitan agglomerations and its significant
internationalization; significant contribution
of the Russian Academy of Sciences and the
growing role of universities in the development
of the scientific base of quantum technologies,
as well as the still weak involvement of the
Russian commercial sector in the research
activities. The data sources for analysis have
been the bibliographic databases: Web of
Science Core Collection and SCOPUS.
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BBEAEHWE

B mocnemHee BpeMsl BCe 4Yallle TOBOPAT O BTOPOH
KBAaHTOBOM PeBOJIIOIIMK, KOTOpasi, 61aromapsi TaKUM
KBaHTOBBIM SBJIEHHSAM, KaK CyIIepIO3HLMS MU 3aIly-
TaHHOCTb, OTKPBIBAae€T BO3MOXKHOCTH J[JIs1 KBAaHTOBOM
06paborku uHbopmaumu (KOHM). CUuTaercs, 4TO
6a3oBble TexHOMOruKM KOU - KBAaHTOBbIe KOMIIBIOTEPHL
M BBIYMC/IeHMS, KBAHTOBAasl CBSI3b M KpHUIITOrpadus,
KBaHTOBOE 30HAMPOBAHHE KU METPOJIOTHS — COBMECTHO
C IPYTUMH PEBOIIOIIMOHHBIMU TeXHOJIOTUSIMH PaJiH-
KaJIPHO H3MEHST Hay4HO-TeXHOJIOTHYeCcKHI 6a3uc
Pa3BUTHS U COLUATBHO-3KOHOMHUYECKUH 00JIMK MHpa
B 21-M Beke.

K Havany 1980-x romoB uiaes KBAaHTOBBIX BBIYMC-
JIeHHUN BUTaJA B Bo3myxe. Cpenu ee ITHOHepOB ObLIU
aMepukaHckue ¢usuku II. BeHnodd u P. GeriHMaH,
COBeTCKMM MaTeMaTuK lO.H.MaHUH, OfHaKO, KpH-
CTA/UTM3AIMI0 3TOM HJEeH CBSI3BIBAIOT C BBIIIYCKOM
«Me>KIyHapOJgHOTO KypHasa TeopeTH4YecKok GU3UKU»
3a 1982 rog, 0Hy6HHKOBaBH_II/IM IOKJIaAbl KOHdepeH-
uuu «PU3uKa BBIYMCIEHUH», MPOBEJEHHYIO TOfOM
pasee B CIIIA [1]. B cBoei cTtaTbe P. PeliHMaH BbICKA-
3aJ1 Te3MC, CTABIIMKM 3HAaMEHATeJIbHBIM JJIs KBAaHTO-
BBIX BBIYMC/IEHHUM: KBAaHTOBYIO CHCTeMYy U3 N 4acTHIL
He/b3s CMOZEIHPOBATh Ha KIACCHYECKOM KOMIIBIO-
Tepe, IMOCKOJIBbKY ero pecypchl He pacTyT 3KCIIOHEeHIIH-
AJIBHO C pocToM N; Takoe MoJelTHpPOBaHHe BO3MOKHO
C IIOMOIIBI0 KOMIIBIOTEpA HOBOI'O THIIA — “KBAHTOBOIO
KOMIIbIoTepa» [2]. Boiee mecsiTu jieT KBAaHTOBBIE KOM-
[IbIOTEPBI OCTABA/IMCh JJIS1 YYEHBIX IMILIb UHTEeJIEKTY-
QJIPHBIM yBjIeYeHMeM, II0Ka [Ba aMePHUKAHCKUX MaTe-
MaTHKa He II0Ka3ajlM: pasjiokeHHe LeJIoro 4ucia
Ha IIPOCTble MHOXHTETH MOXKeT ObITh 3QdPeKTHBHO
BBIIIOJIHEHO Ha THIOTEeTHYeCKOM KBAaHTOBOM KOM-
neioTepe (II. Ilop B 1994 rofay); Takoil KOMIIBIOTEp
criocobeH yCKOPUTH ITPOBeleHHe IIOMCKA B HECTPYK-
TYPHPOBAaHHOM IIOMCKOBOM IpocTpaHcTBe (JI. ['poBep
B 1996 romy). 3Tu ABa MPaKTH4YeCKUX IIPUMeHEeHHS,
B 0CODEHHOCTH, IIepBOe, CTaBsliee IIOA yTPo3y CyIle-
CTBYIOIIME CHCTeMBl KPUITOrpaduu, IOACTErHYIH
vHTepec K KOH, mpeBpaTHB ee B OTAEIbHYIO IIHPOKO
IIpHU3HAHHYI0 00/1aCTh HAy4YHBIX HCCIeSOBAaHHUM [3].
IToMy CII0CO6CTBOBAII ellle Lie/IbIH Psifi 0BCTOSTEeNbCTB:
B Havaje 1990-X rofoB CTaJIo [IOHSATHO, YTO COBEPIIIeH-
CTBOBaHHE TPAJHIIMOHHBIX KOMIIBIOTEPOB, COIJIACHO
3aKOHY Mypa, CKOPO JOCTUIHET KBaHTOBOIO IIpefesa
U 1oTpebyeT pagHKaIBHBIX TEXHOTOTHMYECKHUX H3Me-
HEeHUM; pa3BUTHE QU3HKHU, B CBOIO OUepellb, IPHUBEIO
K MOSBJIEHUIO TeXHOJIOTHHM 3aXBaYeHHBIX UOHOB, yCO-
BepILeHCTBOBAHHBIX OIITHYeCKHUX Pe30HATOPOB, KBaH-
TOBBIX TOYEK U APYTUX JOCTI>KEHHH, I103BOJISIOUIMX
3ayMaThCsl O CO3AAHUM PabOTOCIIOCOOHBIX YCTPOKICTB
KBAHTOBOM JIOTUKHU U T. I. [4].

INTRODUCTION

There have recently been increasing discussions about
a second quantum revolution that due to the quantum
phenomena such as superposition and entanglement,
opens up potential for the quantum information pro-
cessing (QIP). It is believed that the basic QIP technolo-
gies (namely, the quantum computers and computing,
quantum communication and cryptography, quantum
probing and metrology), together with other ground-
breaking technologies, will completely change the
scientific and technological basis of development and
the socio-economic world profile in the 215t century.

By the early 1980s, the idea of quantum computa-
tions was in the air. Its pioneers included American
physicists P. Benioff and R. Feynman, Soviet math-
ematician Yu.I.Manin. However, the crystallization
of this idea is associated with the 1982 issue of the
International Journal of Theoretical Physics that pub-
lished the proceedings of the Physics of Computation
conference held a year earlier in the USA [1]. In his
article, R. Feynman expressed a thesis that became
significant for quantum computations: a quantum
system consisting of N particles cannot be simulated
by a classical computer, since its resources do not grow
exponentially with N; such simulation is possible
using a new type of computer, namely a “quantum
computer” [2]. For more than a decade, the quantum
computers remained an intellectual passion for sci-
entists until two American mathematicians demon-
strates that factoring an integer into the prime factors
could be efficiently performed by a hypothetical quan-
tum computer (P. Shor in 1994); such a computer can
speed up the search process in an unstructured search
space (L. Grover in 1996). These two practical applica-
tions, especially the first one challenging the existing
cryptographic systems, encouraged interest in the QIP,
while turning it into the separate widely recognized
area of scientific research [3]. This was facilitated by
a number of other circumstances: in the early 1990s,
it became clear that according to the Moore’s law, the
improvement of conventional computers would soon
reach the quantum limit and require revolutionary
technological changes; the development of physics, in
turn, led to the occurrence of trapped ion technology,
improved optical resonant cavities, quantum dots and
other advances that make it possible to develop the
efficient quantum locomotion devices, etc. [4].

By the early 2000s, the concept of a quantum com-
puter began to took the features of practical achiev-
ability [5]. The development of ever new quantum
algorithms [6] shifted the focus of quantum com-
putations to the fight for “quantum supremacy” to
stimulate new achievements in various fields: from
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K Hauany 2000-X romoB Haes KBAHTOBOIO KOMIIbIO-
Tepa CTaja obpeTaTh UepThl IIPAKTHYECKOM JOCTHKHU-
MocTH [5], a pa3paboTka Bce HOBBIX KBAHTOBBIX JIrO-
pUTMOB [6] cMeCcTHIO LIeHTp BHHMaHHS KBAaHTOBBIX
BBIYHC/IEHUH Ha 60pBOY 33 «KBAHTOBOE ITPEBOCXOZICTBO”
IUISL CTUMY/IMPOBAHHUS HOBBIX JOCTIKEHHH B Pa3sHBIX
0b1acTaAX: OT XUMUH, MaTepHaJIOBeleHHUs, bapmalies-
THUKHU [0 IIepClIeKTHBHOrO IIPOM3BOACTBA, OITHMHM3a-
uuy Tpaduka, BAHKOBCKOTO MAena, HCKYCCTBEHHOIO
HMHTe/UIeKTa, Kubepbe3omacHocTH, 060pOHHON cdepsl
U T.1. [7-10]. XoTs popmanbHOe IIPeBOCXOACTBO KBAaH-
TOBOTO KOMIIBIOTEPA HAJ KIACCUYeCKUM 6bUIO Mpo-
JeMoHCTpupoBaHo B 2019 rony B CIIA u B 2020 romy
B KuTae, BOIIPOC O IIOJIe3HOM “KBAHTOBOM IIPEBOCXOZ-
CTBe» IIOKa OCTAaeTCsl OTKPHITHIM. IlosiBlIeHHe I10/e3-
HOTO OTKa30yCTOMYHBOTO KBAaHTOBOIO KOMIIBIOTEpA —
[JIaBHOH LieId MHPOBOM “KBAaHTOBOM TOHKH» — IIO
OLIEHKAaM 3KCIIEPTOB, MOXKHO OXHAATb JIMIIb 4Yepe3
10-15 net [11], omHaKo, yke HMMeIOIIHeCcs «IIyMHBIe»
KBAaHTOBbIe KOMITBIOTEPBI IIPOMEKYTOUHOI0 MacITaba
CIIOCOOHBI pelaTh OT/eNIbHBIE MPAKTHYECKHe 3aa4H
brIcTpee KIaccHUuecKux cobpaTses [12].

MHoroobemapnmue peHOYHbBIE BO3MOXKHOCTH,
a Takke ITOTEHLIMAJIbHBIE YIPo3bl 6€30IIacHOCTH ITpH-
BeMH K BBIpabOTKe IMOJIUTHK U IIPOrpaMMm B obmacTu
KOH Kak OTAeIbHBIMU CTPAaHAMH, TaK K HUX COI03aMH
1 6nokamu. Co3maBaeMble B Pa3HBIX CTPaHAX KBAHTO-
Bble 9KOCHCTeMBl MMeEIOT CBOM ocobeHHOCTH. Hampu-
mep, B CIIA u KuTae, Hapsioy € TOCyZapCTBOM, BBICOKA
ponb LHdpoBeIx ruranToB (IBM, Google, Microsoft
unu Alibaba u Baidu); B CIIA 3sHauuTe/NbHO OOJIBIIE,
yeM B KuTae, crapramnos, a B Kutae 6osiee CUIBHO IIeH-
TpaIKM30BaHHOe Haydajo. He MeHee 14 cTpaH-4wIeHOB
EC MMeOT HallMOHAJIbHbIe KBAHTOBble MHUIIUATUBHI,
B JIOIIOJIHeHHEe K KOTOpBIM B 2018 r. mpuHATa obi1e-
eBpoIleNcKasl ¢rarMaHCcKass HHHULMWATHBA. BBUIY
OTCYTCTBUSL LIUPPOBBIX TUIaHTOB B EC MMPaKTUKYIOTCS
Hay4YHO-UHJYCTpPHUa/IbHble OObeJUHEHMs, HaIpHUMep,
KOHCOpUMYyM KommaHup Airbus, Leonardo, Orange
M Hay4YHBIX HHCTUTYTOB IS U3y4eHHUs IIpoeKTa byny-
Iler eBPOIIEHCKOM CeTH KBAaHTOBOM CBI3H. Ilo aHa-
JIOTUM C KOHCOPLIMYMOM pa3BHUTHSI KBaHTOBOM 3KO-
HOoMHKH B CIIIA co3gaH EBpOIIeMCKHMM KOHCOPLIMYM
KBAaHTOBOM MHAYCTpHH. [ cTpaH EC He XapaKTepHa,
Kak 111 CIIA u KuTasi, 3HauHTe/IbHAS BOBJI€UYeHHOCTD
B vccinemoBaHUs 1o KOU BoeHHBIX.

XoTsi PoCcCHIICKUE KBaHTOBBIM LeHTp (PKII) 6vL1
co3faH eme B 2011 rogy, o CTpaTeru4eCcKOM Ba>KHOCTH
(«CKBO3HBIX») KBAHTOBBIX TexHOJOrHH [Ipe3ugeHT PO
B.B.IlytuH 3agsui B 2016 rogy B mocianuy ®emepans-
Homy CobpaHuio [13]. B 2019 romy 6bL1a yTBep>KAeHA
noposkHasi Kapra (JK) pa3BUTHSI KBAaHTOBBIX TeXHO-
JIOTHI C OSTHWIeTHUM 6romKkeToM 51,1 Mipn pybiem.

298 POTOHUKA TOM 18 N2 4 2024

CECEEEEEEEEE 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 ey
KBAHTOBbDIE TEXHOJ/IOTM/ I—
CECEEEEEEEEE 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 ey

chemistry, materials science, pharmaceuticals to the
advanced production, traffic grooming, banking, arti-
ficial intelligence, cybersecurity, defense, etc. [7-10].
Although the formal superiority of a quantum com-
puter over a classical one was demonstrated in 2019 in
the USA and in 2020 in China, the question about any
useful “quantum superiority” remains open. Accord-
ing to the experts, the occurrence of an efficient,
fault-tolerant quantum computer being the main
goal of the global “quantum race” can be expected
only in 10-15 years [11]. However, the existing “noisy’
intermediate-scale quantum computers are capable of
solving certain practical issues faster than their con-
ventional counterparts [12].

The promising market opportunities, as well as
potential security threats, have led to the development
of policies and programs in the field of QIP by both cer-
tain countries and their alliances and alignments. The
quantum ecosystems developed in various countries
have their own specifications. For example, in the
USA and China, the role of digital giants (IBM, Google,
Microsoft or Alibaba and Baidu) is high similar to the
state. The USA has significantly more startups than
China, and China has a more highly centralized basis.
At least 14 EU member states have national quantum
initiatives, complemented by a pan-European flagship
initiative adopted in 2018. Due to the absence of digital
giants in the EU, the scientific and industrial associa-
tions are quickly developed, for example, a consortium
of Airbus, Leonardo, Orange and other research insti-
tutes to study the project of a future European quantum
communication network. Similar to the consortium for
the quantum economics development in the USA, the
European Quantum Industry Consortium was estab-
lished. It is not typical for EU countries to have the
significant military involvement in the QIP research in
comparison to the United States and China.

Although the Russian Quantum Center (RCC) was
established back in 2011, V.V.Putin, the President
of the Russian Federation, spoke about the strategic
importance of (“end-to-end”) quantum technologies
in 2016 in his Address to the Federal Assembly [13]. In
2019, a road map (RM) for the quantum technology
development was approved with a five-year budget in
the amount of 51.1 billion rubles. The Government of
the Russian Federation and several state corporations
(Rosatom, Russian Railways and Rostec) signed the
deeds of intent in three QIP areas: quantum com-
putations, quantum communications and quantum
sensors, respectively [14]. Two out of three developed
RMs (prepared by Rosatom and Russian Railways) were
approved in 2020. The National Quantum Laboratory
was established under the auspices of Rosatom to act

i
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ITpaBuTenscTBo PO 1 ['ockopropauuu - Pocatom, PIK]
U PocTex - MOAMNMCAIH COTIAIleHMs 0 HAMePeHU X I10
Tpem HampaBiaeHUsIM KOM: KBaHTOBbIe BBIYMCIIEHHS,
KBaHTOBble KOMMYHHMKAIlMK KM KBaHTOBble CEHCOPHI,
COOTBETCTBEHHO [14]. [IBe 13 Tpex pa3paboTaHHbIX K -
Pocatoma u PXK]I - 6bl1u yTBepskAeHbl B 2020 rony,
a mof, sruzon PocaToma co3maHa HalMoHanpHas KBaH-
TOBasl J1abopaTopHs - Hay4HO-TEXHOIOTHYECKUI KOH-
COPLIMYM, CTaBIIMH OCHOBOM OTeYeCTBEHHOM KBaH-
TOBOM 3KOCHCTeMBI [8]. BBH/y Ba’KHOCTH KBaHTOBBIX
TeXHOJIOTUH MJISI TeXHOJIOTHYeCKOIo CyBepeHHTeTa
B KOHIIe 2022 romga Ha UX pasBUTHE U3 6romkera PO
BbIIe/IeHO He MeHee 100 mupp pybiseii, a KBaHTOBbIe
BBIYMC/IEHUS ¥ KOMMYHHMKALIMU COXPaHM/IH IO3HUIMU
B CIMCKe Ba’KHBIX «CKBO3HBIX TEXHOJIOTHMI» IIPH ero
IepecMoTpe B 2023 romy H3-3a 3alafHbIX CAHKIIHM.
Y Hac, Kak ¥ B EC, OTCYTCTBYIOT LiKi$pOBbIe TMIaHTHI,
ydacTHe BOeHHBIX B paboTax 1o KOH 1oka Toxke HeBbI-
COKO, a HaJIOKeHHble CaHKIUK OyAyT CHIBHO Orpa-
HUYHBaTh BO3MOXKHOCTH MEXIYHAapOAHOHM Hay4HOU
KOOIIepalluH.

HecMoTps Ha BIIeYaT/IAOLIKME SKOHOMHYECKHeE I1ep-
CIIeKTUBBl U KOMMep4ecKkre IIporHo3sl, KOU B 601b-
IO Mepe OCTAeTCs HayKou. TO/NbKO [JajbHEeHIIHe
HayuyHble MCC/Ie[OBAHUS CIIOCOOHBI pa3pelluTh BCe
elle 3Ha4yMTeJbHble HeOIpefeleHHOCTH TeXHOJIOTH-
YeCKOro W PBIHOYHOTO XapakTepa, II03TOMY aHalIu3
UX Pa3sBUTHS, B TOM YHC/Ie C IPUMeHeHHeM Oubmu-
OMETPHH IIPeACTaB/sgeT HHTepec. IIpH 3TOM HYKHO
y4YUTHIBaTE crienuduky KOH. Ee o OHy6J‘II/IKOBaHI/I${
I1.IllopoM ero 3HaMEeHHUTOH CTaTbHU C HHUM Iobeceno-
BaJl COTPYAHUK ATeHTCTBA HallMOHaJIbHOM 6e3orac-
Hoctu (AHB) CIIA, 1<0T0p1>1171 I103Ke Hammucana: «Takas
CIIOCOOHOCTD K AemHPPOBKe Morya 6l c/leaTh BOeH-
Hble BO3MOKHOCTH IIPOMTIPABIIEro IOYTH becriones-
HBIMH, a €ro 3KOHOMHKY paspymuTs» [15]. K3 moky-
MEHTOB, 06Hapo,u03aHHmX 2. CuoymenoMm B 2013 ropy,
BBIACHUIOCH, 4TO AHDB CIIA BBIIOJHSAIO CeKPeTHYIO
IIPOTPaMMYy CO3JAHHS «KPUIITOJIOIHYECKH I10JI€3HOI0
KBaHTOBOI'0 KOMIIbIOTEpa» Ajis B3/10Ma HMHTepHeTa [16].
EcTecTBEHHO, UTO MHTEpechl BOEHHBIX K CIIELCTYKD
IIPpUBEIM K 3aKPBITOMY XapaKTepy YacTH HCCIeno-
Bauui o KOHW, omHako, 3TO He fenaeT Gecriones-
HBIM 6UOIHOMETPUYECKUI aHAIHU3 aKaJeMHYecKoH
(OTKpPBITOI) YaCTH JTUTEPATYPHL.

NCXOOHbIE AAHHDbIE

Passutue KOU u ee momobiacren yKe 6B110 open-
MeToM 6ubiHOMeTpHYeCcKOro aHajlu3a B psle
pabort [17-19]. OTTanKUBASICh OT HUX, B HACTOSIIIEH CTa-
Tbe BHeCeHBI YIY4YIIeHHs B MeTOAbl [TIOMCKa peleBaHT-
HBIX IIyO/IMKAIMI, HaIlpaBIeHHble Ha 6ojlee MIHMPOKHUE
OXBaT U YINybJIIeHHYIO [eTATH3ALHI0 OCHOBHBIX TeMa-
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as the research and technological consortium becom-
ing the basis of the domestic quantum ecosystem [8].
Due to the importance of quantum technologies for
technological sovereignty, at the end of 2022, at least
100 billion rubles were allocated from the Russian bud-
get for its development, and the quantum computa-
tions and communications retained their positions in
the list of important “end-to-end technologies” when
it was revised in 2023 due to the Western sanctions.
Similar to the EU, we do not have any digital giants.
The participation of military forces in the QIP studies is
also low, and the imposed sanctions will greatly limit
the possible international scientific cooperation.
Despite the impressive economic prospects and
commercial forecasts, the QIP remains very much
a science. Only further scientific research can resolve
the significant technological and market uncertain-
ties, thus, their development analysis, including the
use of bibliometrics, is of interest. In this case, it is
necessary to consider the QIP specifics. Even prior to
publication by P. Shor of his famous article, he was
interviewed by an employee of the US National Secu-
rity Agency (NSA), who later wrote: “Such decryption
ability could render the loser’s military resources
almost useless and destroy its economics” [15]. The
documents disclosed by E. Snowden in 2013, demon-
strated that the US NSA was implementing a secret
program to develop a “cryptologically efficient quan-
tum computer” for hacking the Internet [16]. The
interests of the military and intelligence services have
definitely led to the confidential nature of some QIP
research. However, it does not make the bibliometric
analysis of the academic (open) literature useless.

INITIAL DATA

The development of QIP and its subfields has already
been the subject of bibliometric analysis in a number
of papers [17-19]. On the basis of them, this article
makes improvements to the methods of searching for
relevant publications, aimed at the wider coverage
and in-depth elaboration of the main QIP topics. The
prepared search query included more than 250 key
terms that covered the three main QIP components
(see Appendix). Two databases from the Web
of Science Core Collection (WCC) were used as the
main data sources: Science Citation Index Expanded
(SCIE database) and Conference Proceedings Citation
Index - Science (CPCI-S database). The additional data
source was the SCOPUS database (SCO). In all cases,
the «title - abstract - key» search was applied. The
initial series from the SCIE and CPCI-S databases
(at the time of study in March 2022) included 80,962
documents being relevant for the QIP (type: article,
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THK KOH. ITocTpoeHHBII IOKMCKOBBIM 3alIpOC BKIOYall
bosee 250 KI0YeBBIX TEPMUHOB, KOTOPble OXBAaThIBA/IK
TPU OCHOBHBble cocTaBjsifome KOU (cMm. ITpuioske-
HHe). B kKauecTBe OCHOBHOT'O MCTOUHHKA HHPOPMALIUHU
KCII0/Ib30BaHEl ABe Bl u3 Kowtekiuu Web of Science
Core Collection (WCC): Science Citation Index Expanded
(BLL SCIE) u Conference Proceedings Citation Index -
Science (B[, CPCI-S), momonHuTenbHOro — BII SCOPUS
(SCO). Bo Bcex ciydasix UCIIONb30BaH «title — abstract -
key» - monck. HcxongHas Bei6opka us B/l SCIE u CPCI-S
(Ha MoMeHT 0b6cenoBaHus B MapTe 2022 r.) BRIIOYAIa
80962 peneBaHTHBIX 411 KOY mokymeHTa (THIIA: article,
review, proceedings paper, letter) 3a mepuoxn 1990-2020 rr.,
KOTOpble IIOC/TYKM/IM OCHOBOM it 6Hb1moMeTpuye-
CKUX pacuetoB. JlaHHBIe M3 Bl SCO HCIIONIB30BaIMCh
B psifie CJIy4daeB [JI JOIIONTHUTE/IbHBIX CPAaBHEHMH.

PE3YJIbTATDI
[lanee, IpuBefeHBl OCHOBHBIE pe3y/JbTAThl aHAJIK3A
B COOTBETCTBUH C IIOCTaBI€HHBIMHU 3aJa4YaMHU.

BMGHMOMETPMHECKME nokKasartenau
dopmmpoBaHusa Hay4yHom 6asbl KOU

HecMoOTps Ha pasHHUILy B COCTaBe U MacIuTabe OXBaThI-
BaeMBIX JOKYMeHTOB, OK6/1OMeTpUYeCKUH PacyeT 1o
B WCC u SCO mokaspIBaeT CXOXKYH JUHAMHKY pas-
BUTHSI MUPOBBIX HcClefoBaHUM o KOM (critomHble
JTMHHUH Ha pHUC. 1): 6BICTPBIM POCT HA BCEM MHTEpBAJIe
C BBIpRK@HHBIM YCKOpeHHeM B mmepuonasl 1990-2003
U, ocobenHo, 2015-2020 ropmos.

HexoTopoe 3aMepjieHHe pocTa
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review, proceedings paper, letter) in 1990-2020 that served
as the basis for bibliometric calculations. Information
from the SCO database was used in a number of cases
for additional comparisons.

RESULTS
The main analytical results are presented below in
accordance with the objectives set.

Bibliometric indicators of formation of the
QIP scientific base

Despite the difference in the composition and scope
of the documents covered, bibliometric calculations
based on the WCC and SCO databases demonstrate
similar dynamics in the development of global QIP
research (solid lines in Fig. 1): rapid growth over
the entire interval with a significant acceleration in
1990-2003 and, especially, in 2015-2020. Some kind
of slowdown in the growth of publication activity
between 2003 and 2015 is partially determined by the
dynamics of relative indicators (dashed lines in Fig. 1).
The QIP research is a part of the quantum world study,
therefore, the share of QIP papers in the total flow of
“quantum” publications (identified by us using the
general terms {quant} and {quantum}) could indicate
the interest dynamics of the global community of
field-oriented scientists in QIP. The accelerated
expansion of this field at the initial stage (until 2003)
was obviously based on the explosive interest of field-

ny6IMKALMOHHON AKTHUBHO-
cti Mexay 2003 u 2015 romamu.

—_
o

25

OTYACTU IPOsSCHAeT IOHHAMMKa
OTHOCUTEJIbHBIX mokasaTejen
(MyHKTHPHBlE JUHUK Ha pUC. 1).
HccnegoBanuss 1o KOM gBng-
I0OTCS YacThI0 M3Y4YeHHS KBaHTO-
BOI'O MHpa, o3ToMy gmojiasg KOM -
nybnukanui B 06IjeM IIOTOKe
«KBAHTOBBIX» IyOIHKALIUN (BbLIe-
JISIeMBIX HaMH C IIOMOIIBIO ODIIHMX

KonuuectBo KOM-1Iy6IMKALIUE, THIC.

Lons KOU-ny6muKkauum, %
Share of QIP publications, %

Number of QIP publications, thousands

9
8
7
6
5L
4
3
2
1
0

TepMHHOB {quant} u {quantum})
Morsna 6Bl OTpaskaTh AHHAMHKY
MHTepeca Iy106an1bHOrO coobmie-
CTBa IIPOPUIBHBIX YIEHBIX K TeMa-
TuKke KOM. YcropeHHoOe pacuiupe-
HHe 00/1aCTH Ha Ha4yaIbHOM 3TaIle
(mo 2003 roma), O4YEBHUIHO, KCXO-
IMJI0 U3 B3PBIBHOIO MHTEpeca IIpo-
OUIBHBIX YYeHBIX K HOBOM TeMa-
THKe, Ha CepefHHHOM >Ke JITalle
(2003-2015 rompl) PpacIiiHMpeHUe

1990

1993

Puc. 1. Konuvecmso KOW-ny6aukauuti 8 5] WCC u SCO (cnaowHble AuHUU) U UX
90A8 8 06WeM Konuyecmee «K8aHMOoBbIX» Ny6AUKAauUL (NYHKMUpPHbie AUHUU):
U3MeHeHUe no 200am

Fig. 1. Number of the QIP publications in the WCC and SCO databases (solid
lines) and their share in the total number of “quantum” publications (dashed
lines): changes by year

|
1999 2002 2005 2008 2011 2014 2017 2020
Tog | Year

1996
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3aMe[JINJ/IOCh, BEPOSITHO H3-3d4 BHY-

TpeHHeH CTabWIH3alUK aKaJeMH- 25
yeckoro uHTepeca K KOH (puc. 1),

HpH‘IHHOﬂ 4yero MoOr CraTb Hemo- 20F —

CTaTOK ITPOPBIBHBIX HMEH, IIPaK-
TUYeCKUX Pe3y/l1bTaTOB, leleBOr0
duHaHCHpOBaHUA U T.H. OOHAKO
«3aMefJjIeHKre» MOIJIO OBITh CBSI-
3aHO M C YXOIOM 4YacTH paboT u3
OTKPBITOr0 cerMeHTa. Hamboiee
OBICTPBIF POCT Havascs ¢ 2015 roga
(puc. 1), xorga K HUCCIeLOBAHUSIM

10 -

Mup

CIIA —
Kurtamn
15 - —— TepmanHus 7

Poccus

[IOJK/IIOUM/IMCh KPYIIHble HIPOKHU
Ha TexXHOJIOTHYeCKOM pBIHKe,
a IpaBUTeNbCTBA OOBIIMHCTBA
TeXHOJIOTHYeCKH Pa3sBUTHIX CTPaH
NPUHSIHA [OOJATOCPOYHBIE IIPO-
IPaMMBbl U HOPHUCTYIHIH K CO37a-
HUIO HeobXoAHMMOM HHOPACTPYK-

0
1990 1993

Puc. 2. [lons KO 8 obuwiem konuyecmeae «K8aHMOBbIx» nybAuKkayull: 0rs mupa
U pasHbix cmpaH no zodam (64 WCC)
Puc. 2. [lons KOW 8 0bwem Koauvecmeae «K8aHmosblx» nybAuKayul: 0As Mupa
U pasHbix cmpaH no zodam (b WCC)

1996 1999 2002 2005 2008 2011 2014 2017 2020
Ton | Year

TYPbI /14 pa3sBuTHUs KOH.

JloneBoH IOKas3aTe/lb 3aMeTHO
BapbUpyeTcs 1o CTpaHaM.
CornacHo pucC. 2, ero Haubosbllee OTKIOHEHHE OT
0bLIeMUPOBOrO TPeHAA XapaKkTepHo s Kutas u Poc-
cuu. «Coypr» Kutag mociae 1997 ropa mpuBen ero
K TuaepcTBy 1o goie KOH B o011eM KOJIMYecTBe «KBaH-
TOBBIX» ny6n1/11<aum71, Jocturiien B 2008 romy 21,2%.
[TocnemoBaBllee CHUXKeHHE M CTabMIM3aLIMIO 3TOM
nonu (B paroHe 15%) Ha ¢oHe pacTymied rocygap-
CTBEHHOM IOAJEP>KKH 00IaCTH JIOTUYHO 6bI7I0 OBI CBSI-
3aTh C YCHJIEHHEM PeXKHMa CeKPeTHOCTH KHUTANCKHX
HCCIelOBAaHUM . PoccHsl, 3aHUMAIOIIAS 10 KOTTMYeCTBY
“KBAaHTOBBIX» IyOJIMKALIKI 6-€ MeCTO B MUpe, 3HauM-
TeJIPHO YCTyIIaeT eMy B MHTepece IPOGUIbHBIX YUeHbIX
K np06neMaTHKe KOMH, xots c 2013 r. B CBSI3M C co3ma-
HyeM PKIl ¥ IOCIeAYIIUM IIPUHATHEM IIPOrpaMM-
HBIX JIOKYMEHTOB 3TOT HHTEepeC CTaJl OBICTPO IIOBBI-
MIaTbCsl. 3aMeTHBIM OTJIMYHEM COOTBETCTBYIOIIEeH
KpuBoK 114 CIIIA oT 0611eMHPOBOTO TPeHAA SIB/ISETCS
oIepekaloIluK pocT ¢ 2015 roma, KOTOPBIM CTUMYIH-
poBana HalMoHa/lbHasA npuopuTesanusa KOH. Hemern-
Kye IIPOoQUIbHBIE YUYeHBble ITOCTYIATEeJIbHO Hapallu-
BaJIM CBOM MHTepec K ImpobnemaTtuke KOH, BBINAS Ha
00IIeMHPOBOM TPEH/, JIUIID K KOHILy IIepHofa.

B 5KOHOMHKO-TEXHOJOTHYeCKHUX IIpeobpa3oBa-
HUSIX KBAaHTOBble TeXHOJOTHH OymyT B3aKMOJEICTBO-
BaTh C OPYTMMH PeBOTIOLIMOHHBIMH TeXHOJOTHSAMH,
IIpesKIe BCero C HAHOTeXHOJOTHSAMH, KOTOPEIE YsKe
IIPHU3HAHBI MEraTpeHaoM 21-To BeKa, IIPHHOCAIIKM
MHOXKeCTBO ITPOPBIBHBIX MHHOBAaLlUH [20]. XoTs cooT-
HomeHHe HAHO- u KOH-mybnuRanuy 3a IE€pHOL,
2000-2022 romoB CyIeCTBEHHO B IIO/Ib3y II€PBBIX
(puc. 3), mO CpegHETO[OBOMY TeMIIy POCTa MEXAY

oriented scientists in new topics. However, at the
middle stage (2003-2015) the expansion slowed down,
probably due to the internal stabilization of academic
interest in the QIP (Fig. 1), the reason for which could
be a lack of breakthrough ideas, practical results,
targeted funding, etc. However, the “slowdown” could
also be due to the withdrawal of some papers from the
open segment. The most rapid growth began in 2015
(Fig. 1), when the major players in the technology
market joined the studies, and the governments of
most technologically developed countries adopted
the long-term programs and created the necessary
infrastructure for the QIP development.

The share was varied significantly across the coun-
tries. According to Fig. 2, its greatest deviation from
the global trend is typical for China and Russia. The
Chinese «spurt» after 1997 led to its leadership in the
QIP share in the total number of «quantum» publica-
tions that reached 21.2% in 2008. It would be logical to
associate the subsequent decrease and stabilization of
this share (around 15%) against the backdrop of grow-
ing government support with strengthening of the
secrecy regime for Chinese research. Russia that ranks
6th in the world in terms of the number of “quantum’
publications, is significantly inferior in the interest
of field-oriented scientists in the QIP issues, although
since 2013 (due to the RQC establishment and subse-
quent adoption of program documents) this interest
began to be rapidly increased. A noticeable difference
between the relevant curve for the USA and the global
trend is the higher-than-anticipated growth since 2015
that was stimulated by the national QIP prioritiza-

’
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HAHO ‘
NANO

KOH
QT

Puc. 3. CoomHouweHue nybaukayuil N0 HAHOMeXHoAO2USIM
(HAHO) u k8aHmosbim mexHonozusm (KOW) 3a nepuod
2000-2022 20908 (no 6a3e daHHbix SCOPUS)

Fig. 3. The ratio of publications devoted to the nanotechnol-
ogy (NANO) and quantum technologies (QT) in 2000-2022
(according to the SCOPUS database)

CIIA

Kuramn

TepMmaHusa
BeluKO6pPUTAHUS
SIIIOHMS

Kanama

Hranus

dpaHL UL
ABCTpaJIKs

Poccus

0 5 10 15 20 25

Puc. 4. MybaukauuoHHbIU 8KAA0 nepsoli 0ecsimKuU CmMpa,
1990-2020 200b!

Fig. 4. Publication contribution of the top ten countries,
1990-2020

2015 u 2022 romaMy OHHU YCTYIIAIOT BTOPBIM: 4,8% IIpo-
TUB 12,3%. 3aMeTHO YCKOPMJICS POCT YMC/Ia TeMaThye-
CKM IepeceKaloIUXCcsl MyOIHUKALMI, TP 3TOM BIIHS-
HHe B 60/IbIIeH CTelleHH HamnpasieHo oT HAHO k KOH.
Ha macmrabe AJMH aTOMOB M MOJIEeKyJT KBaHTOBAs
MeXaHMKa BCerfa UrpaeT pojib, OMHAKO, 3a4acTyI0 OHA
He JIeSKUT B OCHOBE MCCIefloBaHMs. HallpoTUB, B HaHO-
HayKe eCTb 006/1aCTH, KOTOPbIe SIBHO MCIIOIb3YIOT HAaHO-
CHCTeMBl Il HM3y4YeHHs KBAHTOBO-MeXaHHUYeCKHX
3QPexToB M IPUMEHEHHs HUX B KaudecTBe pecypca
B KBAaHTOBBIX TEXHOJIOTMSX (HAaIlpHMep, IIOITYIIPOBO-
IHUKOBbIe KBAaHTOBBIe TOUKM). Kak clencTBHe, IIpo-
rpecc B HAHOHAyKe CII0COOCTBYeT JIy4dIllel peasn3aluu
3TOrO pecypca [21].

OCHOBHbIe Muposblie y4aCTHUKHU
uccnegoBaHum (CTpaHbl U opraHMsaumm)

B wuccnemoBanuax mo KOM, xoTs 6B MHHMMAJIbHO,
y4acTBOBaJIM OKOjI0 120 CTpaH, II0Ka3aTelbHO, YTO
B [IePBYIO JECATKY I10 IIPOAYKTUBHOCTH BXOISAT BCe IIPO-
MBIIIUIEHHO pa3BUThIe CTPaHbl U3 IPyIIbl G7, a TaKKe
KuTam, ABcTpanus u Poccus (puc. 4). [l IPOU3BOA-
CTBA HAY4YHOIO 3HAaHMS XapaKTepHa BBICOKAs CTEIeHb
KOHLIEHTpallMH, KOIJla Ha JOJI0 IIepBOM [eCSITKOH
CTpPaH MPUXOAUTCS OKOIo 80% Iy6MuKaLMil, a myoIn-
KallMOHHBINM BKJIAJ ABYX nuaepoB (CIIA u Kurtas coBo-
KYITHO) BbIpOC C 40 B 2004 1o 53% B 2020 roay (puc. 5).
IlepBas gecsaTKa aKaJeMHYeCKUX, IIPaBUTEIbCTBEHHBIX
U YHUBEPCHUTETCKUX OpPraHH3allMH MHpa, BHeECIIHX
HauboIbIINI BKJIAL B McCIemoBaHUs 1o KOU, npen-
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tion. The German field-oriented scientists progressively
increased their interest in the QIP issues while entering
the global trend only towards the end of the period.

In terms of the economic and technological trans-
formations, quantum technologies shall interact with
other revolutionary technologies, primarily nanotech-
nologies that are already recognized as a 21t century
megatrend while leading to many breakthrough innova-
tions [20]. Although the ratio of NANO- and QIP-publica-
tions in 2000-2022 is significantly in favor of the former
(Fig. 3), they are inferior to the latter in terms of the
average annual growth rate between 2015 and 2022: 4.8%
versus 12.3%. The growth of the number of thematically
intercrossing publications has been noticeably acceler-
ated, while the influence was increasingly directed from
NANO to the QIP. The quantum mechanics always plays
a significant role at the length scale of atoms and mol-
ecules; however, it is often not the basis of research. In
contrast, there are fields in the nanoscience that explic-
itly use nanosystems to study the quantum mechani-
cal effects and use them as a resource in the quantum
technologies (e.g., semiconductor quantum dots). As
a consequence, the nanoscience progress contributes to
better implementation of this resource [21].

Major global study participants

(countries and organizations)

At least about 120 countries participated in the QIP
research; it is significant that the top ten in terms
of productivity includes all industrialized countries
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90

from the G7 group, as well as China,
Australia and Russia (Fig. 4). The

80 -

HepBaﬂ AeCATKa CTPAaH COBOKYIIHO

70 - N -
Jointly top ten countries

60 |-
50 -
40 -

CIIIA u KuTaM COBOKYIIHO
The USA and China

30

Ions, % | Share, %

20 -
10 -

elaboration of scientific knowledge
is specified by a high concentra-
i tion degree, with the top ten coun-
tries accounting for about 80% of
A publications, and the publication
contribution of two leaders (USA
. and China) increased from 40% in
2004 to 53% in 2020 (Fig. 5). The
i top ten academic, government and
university entities in the world that
have made the greatest contribu-

1990 1993 1996
Top | Years

u dsyx nudepos — CLLA u Kumas

leaders (the USA and China)

1999 2002 2005 2008 2011 2014

Puc. 5. Ny6AuKAUUOHHbIL 8KAAO 08YX 2pynn CMpax: nepeol decsimku

Fig. 5. Publication contribution of two groups of countries: the top ten and two

2017 2020 tion to the QIP research are given in

Figure 6. The significant commer-
cial expectations are also explained
by the research participation of the
large-scale corporations and com-
panies, mainly from the USA and
Japan, such as Nippon Telegraph
Telephone Corporation (Japan; 622

CTaB/ieHa Ha PUC 6. O 3HAYUTE/IBHBIX KOMMEPUYECKUX
O’KUIaHUSX TOBOPUT TAKKe YYaCTHE B KCC/IeJOBaHUAX
KPYIIHBIX KOPIIOPallMH U KOMIIAaHHH, B OCHOBHOM, U3
CIIA u Slmoumm: Nippon Telegraph Telephone Corp.
(monumst; 622 mybnukanuu); International Business
Machines IBM (CIIA; 615); Microsoft Corp. (CIIA;
296); Toshiba Corporation (fmonwus; 259); Hewlett-
Packard (CIIA; 240); Nippon Electric Corp. (dmonHus;
259); Google Inc. (CILIA; 165); AT&T Inc. (CLIA; 164);
Raytheon Technologies Corp. (CILA; 116); Intel Corp.
(CIIA; 99). Ha 00 KOPIOPAaTHBHOIO CEKTOpa COBO-
KYITHO IIPUXOAUTCS 6oree 4.2% MUPOBBIX ITyOTHKALINEL
no KOU, B CHIA okono 10, B SdmnoHUH - oKojo 20%.
Ecnmu B CIIA 1o KOMHYeCTBY IyOIHUKAIlUK B 06/1acTH
KBaHTOBOM KpuUITorpaduu nugupyer MTH, To B Sno-
Huu - «Nippon Telegraph Telephone Corporation».
Jla>ke B OTKPBITOM YaCTH aMepHUKaHCKIe UCCIe[0BaHMS
nmo KOM 3aMeTHO MH/IMTApU30BaHbI, HallpHMep: Ha
oo MO CIIIA BMecTe C BOEHHO-HCC/IeI0BATeIbCKUMHU
CTPYKTypaMHU (1a60paTOpUK BHIOB BOOPY’KEHHBIX
cun ik KoMaHIOBaHMe HCCIeOBaHHUM, pa3paboTok
Y WH>XeHepuHu apMuu CIIA) nmpunuiocs 3,4, a Ha LOJI0
MD CIIA BMeCTe C HaIlMOHAJIBHBIMH JjabopaTopu-
aMHU - 8,4% Hy6nHKauH0HHoro BBIXOJA CTpaHbl. CBOIO
JIETITY BHOCAT BOEHHO-TIPOMBIIJICHHbIE KOMIIAHHH:
Raytheon Technologies Corp., Northrop Crumman
Corp. u np. Kpome Toro, B crioHCHpoBaHUU boree 9%
nybrmukanue 3a 2008-2020 roxsl yuacTBoBasin DARPA
(AreHTCTBO IIepefloBbIX OOOPOHHBIX MCC/Ie0BaTeNlb-
CKUX npoeKTOB) unu IARPA (AreHTCcTBO I1epeIoBBIX

publications); International Busi-
ness Machines IBM (USA; 615);
Microsoft Corporation (USA; 296);
Toshiba Corporation (Japan; 259); Hewlett-Packard
(USA; 240); Nippon Electric Corporation (Japan; 259);
Google Inc. (USA; 165); AT&T Inc. (USA; 164); Raytheon
Technologies Corporation (USA; 116); Intel Corporation
(USA; 99). The share of the corporate sector jointly
accounts for more than 4.2% global QIP publications, in

Kurarickas akafeMust HayK

HalXoHaIbHBIN LeHTP HayYHBIX MCCIeN0BaHUN OpaHIINU
CrcreMa KanudopHUICKOro yHuBepcHuTeTa (CIIA)
O61ecTBo Makca Ilnauka (TepMmaHus)

MMHHCTEPCTBO 3HepreTuky CIIA

PoccuicKas akafieMUs HayK

HalMoHa/IbHEIM HCCIef0BATeIbCKUM COBET UTalnu
HaluoHanbHbIN YHUBepcUTeT CHHTAIIypa
MaccauyCceTCKUI TeXHOIOTHMYeCKUI HHCTUTYT (CIIIA)

YHUBepcUTeT Batepioo (KaHaza)

0 1 2 3 4 5 6

Puc. 6. Haubonee npodykmugHble op2aHusayuu 8 obaacmu
KOM, 1990-2020 200b!

Fig. 6. The most productive organizations in the field of QIP,
1990-2020
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HCCTIeloBaHUM B chepe pasBelKH).
TemM He MeHee, OCHOBHOM BKJIA/I
B HCC/IefOBaHHUSA BCe >Ke 3a YHHU-
BepCHUTeTaMH, B IIEPBYIO O4Yepens,
BeOYLIMMH: IIOMHMO JIMIEPOB -
cucteMbl KanupOpHUICKOIO YHH-
Bepcutera © MTHU (puc. 6), 11,6%
HaIIMOHAJPHBIX MYOIHUKALMUK Ha
CYeTy BOCBMHU IIPeCTHMIKHBIX YHH-
BepCUTeTOB M3 «JIUIM IUIIOLIA».
HecMoTps Ha 60sbII0M BRI AKa-
JeMHH HayK, OCHOBHBIMH Y4YacT-
HUKaMU Iy6JIHMKyeMbIX HCCIIeNo-
BaHMI 1o KOU B Poccuu u Kutae
TaK’Ke BBICTYIIAIOT YHUBEPCHTETHI.
Bo ®paHuuu ke nuaupyeT Haru-
OHAIBHBIN LIeHTP Hay4YHBIX HCCIIe-
noBaHMuI (69% Bcex IybIHMKALIME
o KOH).

— — —
+ [} [oe] o N >

KonmudecTBo cTpaH | Number of countries
N

MexayHapogHas

0 ----IIIII-|I|IIII-

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95100

Jonsg KOU-Ty6IuKalki, KMeOIIUX MeXXAYHapogHOe COAaBTOPCTBO, %
Share of QIP publications with the international co-authorship, %

Puc. 7. f'ucmozpamma: pacnpedeneHue cmpaH ¢ yucaom KOU-nybaukauuii>10 no
done nybAuKauull, umeroLux MexxoyHapodHoe coa8mopcmao

Fig. 7. Column diagram: distribution of countries with the number of QIP publica-
tions >10 by the share of publications with international co-authorship

Hay4Hasa Koonepauusa

n conepHnN4ecTteo

BaskHBIM (aKTOPOM Pa3BUTHS HUCCIEIOBAHUN B obJa-
cti KOHM crasa MexkayHapooHas HaydHasi KooIlepa-
LIM$1, POCT KOTOPOL OTpaskaeT yBeJIM4eHHe 1O/ MHUPO-
BbIX KOM - nyb/IMKaLIMi, BBIIIOTHSIEMBIX YI€HBIMH K3
HeCKOJIBKHX CTpaH: ¢ 21,5% B 2000 rogy mo 30,0% B 2010
U 33,8% - B 2020 rozpy. CorsiacHo puC. 7, IPOLIEHT MeXK-
JyHapOJHOTO COABTOPCTBA [jisl CTPaH C KOJIHMYECTBOM
ot 10-Tu KOU - ny6n1zu<aum71 HMeeT AHalla30H KOH-

the USA it is equal to about 10%, in Japan - about 20%.
If in the US MIT is the leader in the number of publica-
tions in the field of quantum cryptography, then in
Japan it is Nippon Telegraph Telephone Corporation.
Even in the open field, the American research devoted
to QIP is noticeably militarized, for example, the US
Department of Defense, together with the military
research entities (laboratories of the armed forces or the
US Army Research, Development and Engineering Com-

mand) accounted for 3.4%, and the

US DOE together with epy national

laboratories accounted for 8.4% of
the country’s publication output.

The military and industrial compa-
nies are making their contribution,
including Raytheon Technologies
Corporation, Northrop Crumman
Corporation, etc. In addition,
DARPA (Defense Advanced Research
Projects Agency) or IARPA (Intelli-
gence Advanced Research Projects

Agency) sponsored more than 9%
of publications in 2008-2020. How-

ever, the main contribution to the
research still lies with the universi-
ties, first of all, the leading ones: in
addition to the leaders (the Univer-
sity of California and MIT) (Fig. 6),
11.6% of mnational publications
belong to the eight prestigious Ivy
League universities. Despite the

300
250
KBaHTOBasg Kpunrorpadus
Quantum cryptography
200
%150 -
100 /\/\/\/\
KBaHTOBas 06paboTKa
50 I undbopmanuu (KOU)
Quantum information
processing (QIP)
Le— | | | | | | | | |

1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020

Top | Years

Puc. 8. MpoueHm Kumatickux nybaukayuii om ypoaHs CLLIA (100%)
Fig. 8. Percentage of Chinese publications compared to the USA level (100%)
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LieHTpalMHu: 65-75%. M3 IlepBOM [ecsiTKU CTpaH Clofia
nomnagaoT Kanajga u 'epMaHus (tabm. 1). HeckoibpKko
MEHBIIIMH, HO JOCTAaTOYHO BBHICOKUH ITOKa3aTelb KOO~
Iepaliiu y ABCTPaJIMH U APYTUX eBPOIEeNCKUX CTPaH.
B OTHOCHUTENBHO yMepPeHHOM CTelleHH COTPYAHUYAIOT
¢ gpyruMmu ctpaHamu CIHIA, Poccust u SrmoHus, Hau-
bonee camozmocTatoueH Kuraii. HHTepecHO, uTO 6071b-
masi KOHPHUAEHIIKIBHOCTh paboT 1o Kpunrorpadpuu
He JIJIs1 BCeX CTPaH COIIPOBOKIAETCS CHM>KeHHEeM MeK-
OYHApOAHOM HAay4HOH KOOIIepallMH; TeM He MeHee,
B ary4yasx Poccuu u KuTas Takoe CHUMYKeHHE BBITJIS-
IUT 3HAYUTeIbHBIM (Tabi1. 1).

[IpuBeneHHBle TaHHbIE [TI0KA3BIBAIOT, YTO OBICTpOe
Pa3BUTHe HCCIefoBaHUU B obnactu KOHM compoBo-
SKO,ATI0Ch BO3paCTaloIlel fo/eH MPOU3BOACTBA HOBOTO
HAay4YHOTO 3HaHHSA Ha MeEXAYHAapoAHOM YpOBHe.
K coxkaneHHIo, obmasi Iomb3a OT MeXKIYHApOA-
HOM HAy4YHOH KooIlepalluu Bce 6ojiee MPHUHOCHUTCS
B JKepPTBY IONHTHKe. [losgBjeHHe KBaHTOBBIX TEXHO-
JIOTHMH COBIIaJIo C FoHKOM CIIIA u KuTas 3a riiobaabpHoe
TeXHOJIOTHYeCKoe IIPeBOCXOACTBO, mpuueM CIIIA cTa-
BAT CBOEH LIeJIbI0 B KITI0YEBBIX TEXHOIOTHUSIX COXPAHSTh
y>Ke He IIPOCTO OTHOCHUTEe/IbHEIE IIPEMMYIIECTBa, a Kak
MOKHO OONBUIMHI OTPBIB OT KOHKYPeHTOB. OmHAKO
saBHble ycrexyd Kurtas, ocobeHHO B 00/1acTH KBaH-
TOBOM CBSI3W W KpUITOrpaduu (puc. 8) 3aCTaBisIOT
CIIA mpuberaTh K CAHKLIMOHHOM IOTUTHKe. [lof Apy-
ruM mnpemiorom B 2022 romy CIIA yxke BBenu bec-
IpeLlefeHTHble CAaHKLIHHU IIPOTHB POCCHICKOM HAayKH,
BKJIIOYAsl 3KCIIOPTHBIM KOHTPOJIb 33 IIOCTaBKAMH CIIe-
LIMa/IbHBIX XOJMOOH/IbBHUKOB, KBAaHTOBOI'O IIPOTPaMM-
Horo obecrieueHHs: U OOGJIAUHBIX CEPBHCOB B PoccHIo.
B HacrosIee BpeMsi 00CYKIAeTCsl aHAJOTUYHBIN IKC-
IIOPTHBIM KOHTPOJIb INPpoTHB KwuTad. Hacakpaercs
M «6JIOKOBBIN» IIPUHLIMII: TaK, HUCXOHS K3 TeOIOIH-
THYeCKHX HHTePecoB, y4YacTHHKU anbgHCca AUKUS
(ABCTpaJmH, BEJ'II/IKO6PI/ITaHI/II/I, CIIA) 3aKIYHIU
KBaHTOBOE COIJIallleHHe [JIs1 YCKOPeHHs KBAaHTOBBIX
BO3MOXKHOCTEH B IIO3HUIIMOHHMPOBAHUK U HaBUTAIIHHU.
OueBHHO, TAKOTO POfA HEHCTBUS He MOLYT CIIOCcob-
CTBOBATh 0bIIEeMy IPOTrpeccy MCCIeNOBAaHHM. [[BIIKe-
HHe POCCMHM B MHPOBOM pPeHTHHIe IPOAYKTHBHOCTH
B obmactu KOM 1mokasartesnbHO: ¢ 7-r0 Mecta B 2000
OHa OMYCTH/IACh Ha 17-e K 2013 r., ITOC/Ie Yero Hayvascs
ImogkeM M Bo3BpallleHHe B Tor-10 cTtpaH B 2018 roxy;,
B 2020 romy oHa ycrynana dpanuuu (9-e MecTo) BCero
15 mybnuKamyi. 3aMeTHYI0 POb B BO3BpallleHHHU
CTpaHbl B JINAUPYIOLIYIO JECATKY ChITpajia MeXXAyHa-
poIHasl Hay4dHasi Koomepallysi. 3a 30-JIeTHUH IIepPUOT,
Poccrsi MMena KOOIlepallMOHHBIE CBS3M C 65 cTpa-
HaMH, [IpUYeM B CIIMCKe ee [IapTHePOB IIepBble CeMb -
3T0 useHbl G7. BMecTe c HUMH, a TakKKe H.IBeIFmapHeﬁ
U llIBeriuer, Poccus BXoguiaa B Haubosee CIIOYEH-

i g

great contribution of the Academies of Sciences, the
universities are also the main members in the pub-
lished QIP research in Russia and China. In France, the
National Center for Scientific Research is the leader (69%
of all QIP publications).

International scientific cooperation

and rivalry

An important factor in the development of research in
the field of QIPs has become international scientific
cooperation, the growth of which reflects an increase
in the share of global QIPs, mainly the publications
prepared by the scientists from several countries:
from 21.5% in 2000 to 30.0% in 2010 and 33.8% in 2020.
According to Fig. 7, the percentage of international
co-authorship for the countries with a number of 10

Tabnuua 1. Nokasartenn MexxayHapogHOM Hay4YHOW
Koonepauun gna nepBom AecaTkn cTpaH, 1990-2020 roabl
Table 1. Indicators of international scientific cooperation
for the top ten countries, 1990-2020

CrpaHa
Country

Jons nybankaumm c MexxayHa-
POAHbLIM COABTOPCTBOM, %

Share of publications with the

international co-authorship, %

KON KBaHTOBas
QlP Kpuntorpagpus
Quantum
cryptography

1 CLWIA 44 4 42,2
USA

2 Kntan 23,7 17,5
China

3 lepmaHuns 66,7 61,4
Germany

4 BennkobputaHua 63,4 58,7
Great Britain

5 AnoHmnsa 41,5 36,3
Japan

6 KaHaga 67,5 69,6
Canada

7 Ntanna 55,1 54,4
Italy

8 ®paHums 63,7 64,1
France

9 ABCTpanus 64,7 66,4
Australia

10 Poccus 43,4 25,4
Russia
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Hoe «gIpo» CeTH MeKIyHapOIHBIX
COaBTOPCKHUX cBsizer B KOU B 2000-
2017 romax [22]. MexnyHaponHoOe

Tabnunua 2. Hanbonee NpoayKTnBHbIE B KON pOoCCMMCKME OpraHn3aLnm
Table 2. The most productive Russian organizations in the field of QIP

NHCTUTYT/ Konuyectso Konunyectso Mponopuwnsa
COABTOPCTBO HUI'PAJIO BAXKHYIO POJIb opraHusauus ny6avKaLuit ny6AnKaLuit, ny6AnKaL A,
U JId TMOBBIINEHHS BUIMMOCTHU Institute/entity Number of BOLUEALLINX BOLUEALLINX
OTeYeCTBeHHBIX KOI/I—Hy6HHKa- publications B MMDOBOM B MMDOBOM Ton-10%
Wi Tak. [0 HAIIAM DacueTam Ton-10% cermeHT CerMeHT, %
DM, ’ _ p z Number of Proportion of
13 168 POCCHICKUX IyOIHKALMK publications publications
3a 2000-2019 rompl, BOMIEOIIMX included in the included in the
B cocTaB 10% Haubonee LUTHpYye- globaltop10% globaltop10%
o segment segment, %

MBIX, ~92% HMMeJIIM COABTOPOB U3
Opyrux crpaH. Takum obpasom, 1 MIY 433 5 1,2
paspylieHHe BHEUIHMX Hay4YHBIX

. 2 ON PAH 323 21 6,5
CBSI3eHM H3-32 BBeJEHHBIX CaHK-
IIUM MOXKET HEeraTHBHO ITOB/IUSTH 3 M®OTU 294 9 3,1
Ha IIPOAYKTHUBHOCTh M KayeCTBO

. . 4 PKL, 229 24 10,5
POCCHMHCKUX HCCIenoBaHUM. Kok
CKOpPO HaM IIPeICTOUT BBIHYKIEH- 5 MWAH PAH 177 7 4,0
Hasi aBTOHOMM3AIIUsI HCCIedoBa-

. 6 NOTT PAH 155 4 2,6
HHUM, PacCMOTPUM IIofpobHee
MX BHYTPeHHIOIO OpraHH3aIlUIo 7 ®TU PAH 141 20 14,2
U CTPYKTYPY.

PYKIYPY 8 NTMO 136 17 12,5
BHYTpPMPOCCUNCKNIA 9 MMCUC 134 12 9,0
ncc BaTe/IbCKUN

neno e 10 K®TUM KasHL, PAH 116 1 0,9
navgwadT B obnactu KOU
CornmacHo Tabn. 2, OCHOBHBIMHU YHUBEPCUTETI 1947 71 3,6
OTe‘{eCTBEHHLEMI/I y4aCTHUKAMHU PAH 1661 37 52
uccinenoBaHuu gsnsgwrcs HUU

PAH, yHUBEPCHUTETBI, a TaKkxKe
PKII. Xotg B 2014 romsl yHHBep-
cuteTsl obomny PAH 1o coBOKyn-
HOMY IyOJIMKAIIMOHHOMY BKJIaZy
B obyactu KOH, 3TO OBIJIO SOCTHUL-
HYTO IPeMMYINeCTBeHHO 3a C4eT
MeXKAYHApOOHBIX W  BHYTPEH-
HUX MEKCeKTOPAIbHBIX COaBTOP-
CKHUX CBfI3eH; COOCTBeHHBIN BKJIA[,
YHHUBEPCUTETOB IPU 3TOM CHH3MWICA € 50% B 1993-
2006 romax mo 25% B 2007-2020 romax. Kpome Toro,
KOH-nybnukanuu ¢ yuactueMm PAH B cpenHeM 6oree
LIUTHPYEMBI, YeM Te, B KOTOPBIX y4acTBYIOT YHHBep-
cuteTsl (Tabn. 2, cronber; 5). To ectb B KOU oTeye-
CTBeHHBIH YHHBEPCUTETCKHH CeKTOp IIoKa He CTall
CaMOCTOSATe/IbHBIM [ paliBepoOM HCCIeL0BaHHUM, KaK
IIpe/III0/Iarajaoch YHUBEPCUTETO-LIeHTPUCTCKOM ITOJIH-
TUKOM, IIPOBOAMMOM C 2006 roga. MosKHO OTMETHTb
®THM PAH n MUTMO Kak 30}eKTHBHBIX IIPOM3BOLM-
Te/lell BBICOKO IIUTHPyeMbIX MHyONIHKaIKM. OZHAKO
HaubompIIast IIPOIIOPLIMS TaKUX MybnuKamus (15,1%)
BCe ke y HMHCTHTyTa TeopeTH4YeCKOH OQU3HKH HM.
JI.[O.MMangay PAH. Ero coTpyIHHKH (B TOM 4YHCIIe,
paboTaromue 3a pybeskoM) omybIHKOBaIU 13 cTaTeH,

KBaHTOBBIH ueHTp); MU

CTUTYT UM. A. ®. Hodpde
K®THU KasHII PAH (Kaza
KasHL PAH).
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IpumevaHue: MI'Y (MOCKOBCKHY IOCYAapCTBeHHBIN YyHUBEPCUTET UM. M. B. JlJomoHo-
coBa); @M PAH (Pu3uyecKUN HHCTUTYT UM. I1. H. JlebeneBa PAH); MOTH (MOCKOBCKHI

GHU3NKO-TeXHUYECKUHN HHCTUTYT (TOCyqapCTBeHHBIN YyHUBepcuTeT); PKIL (POCCHICKHUI

AH PAH (MaTteMaTH4YeCKUH WHCTUTYT UM. B. A. CTekioBa PAH);

HOTT PAH (I/IHCTI/ITyT $U3UKHU TBePIOTOo Tejla PAH); ®TU PAH (PU3UKO-TeXHUUYECKUH UH-

PAH); U'TMO (YHuBepcuTeT KTMO); MUCHUC (HUTY «MUHCuC»;

HCKHMI QU3UKO-TeXHUYECKUU MHCTUTYT HMeHH E. K. 3aBorickoro

QIP publications and more has a concentration range
of 65-75%. Canada and Germany are among the top
ten countries (Table 1). Australia and other European
countries demonstrate a somewhat lower, but quite
high rate of cooperation. The USA, Russia and Japan
cooperate with other countries to a relatively moderate
extent; China is the most self-sufficient country.
It is interesting that the greater confidentiality of
cryptography papers is not accompanied by a decrease
in international scientific cooperation for all
countries; however, in the cases of Russia and China,
such a decrease seems significant (Table 1).

These data show that the rapid research development
in the field of QIP was accompanied by an increasing
share of new scientific knowledge at the international
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IIPOLIMTUPOBAHHEIX bosnee 100,
IoBe - bomee 1000 pas; BBEIXOALY
M3 3TOro MHCTHUTyTa A.lO.Kwura-
€By IIPUHAMJIEXKHUT CaMas LMTH-
pyeMasi pocCHIiCKasi IyOIHKaLMs,

IIOCBAIIeHHAas

0TI(a3OYCTO§IQH‘

BBIM KBAHTOBBIM BBIYHC/II€HHSIM
C TIOMOIIBI0O SHUOHOB. Hacnenue
COBeTCKHX BpeMeH -~ HayKOoI'paabl

(maske 6e3

KIIaCCHUYeCKHuX daKa-

IeMIopoaKoB THIa HoBocubup-
CKOTO) BHEC/JIM 3aMeTHBIHM BKIA[
(~25%) B IyOMUKAIIMOHHBIN BBIXOT

CTpaHBHI.

[Iy6nuKaMoHHAS

AKTHB-

HOCTb KPYIIHBIX OTeYeCTBEHHBIX
KOpIIOpallMi IOKa HeBelHuKa: 53
nybnukanyy 1mo KOH BBEIIOTHUI
«PocaToM» (B OCHOBHOM CHJIAMHU
®I'VII BHHMHM aBTOMAaTHUKHU HM.
H.J. lyxoBa), 2 - «PXK[I». Takue

IIpOGUIIbHEIE

«SIHOeKc»,

KOMIIAaHHH,
<<C6ep»,

KaK

«Ma3un.py»,

«Jlabopatopuss Kacmepckoro», He

HUMEIOT
eMKHU I

nyOMHUKAI UK.
KOMMepUecKHUH

Hayxko-

CeKk-

Top B KOH ¢opmMmupyercs IoKa

3a c4HeT

MOJIOOBIX

CTapTaIoB

(QRate, Quanttelecom LLC, QAPP,

DEPHAN

U Ap.),

BbIpallliBae-

MBIX, IIpeHMYylIecTBeHHO, B PKII.
B mesiom, BKJIAaJ KOPIIOPAaTHBHO-
KOMMEPUYeCcKOI0 CeKTOpa CTpPaHBI
COCTaBMJI OKo0yIO 3,4% Bcex oTeue-

CTBEHHBIX

ny61uKanum,

4qTo

MeHbIIe CpeJHEMHPOBOIO IIOKa~

3aTess.

Y4acTHUKaMHU

npu-

MepHO 1,5% PpOCCHMCKUX ITy6u-

KaIui

6BLIU

KOPIIOpaLIUH.

Poccuu TpagULIMOHHO IIPUCYIia
BBICOKAsI CTelleHb KOHLIEHTPaLluU
HAy4YHOIro IIOTeHIIHasla, 0cObeHHO
B IIOSBJISIONINXCS BBICOKOTEXHOJIO-
THYHBIX 0071aCTSIX, YTO IIOATBEPK-
narmoT Tabn. 3 u puc. 9. 3a Bech
Ilepyof, Hay4dHble YyUpeKAeHUs
OomHOM MoCKBEI ITpou3Benu Oonee
IIOJIOBUHBI OTeuyeCTBeHHBIX KOU-
nybnukanun. CoriacHo puc. 9,
3aMeTHOIr0 TpeHJa Ha reorpadu-
YeCKyl AeKOHLIeHTPALUIo HCCe-
goBaHMM B obnmactu KOM (kak

3apybeskHBIe

Tabnuua 3. Poccumckmne ropoaa/Haykorpagbl C HAM6O0AbLWINM KOANYECTBOM
nybavkaummn no KOU
Table 3. Russian cities/technology cities with the largest number of
publications in the field of QIP

Fopog/Haykorpag, KonnyecTtso Jonsa [MpepnoyTtutTenbHas
City/ nyéankaumum  nybamMkaunm, % - cTpaHa-napTHep
technology city Number of Share of Preferred partner
publications | publications, % | country

1 MockBa 1608 52,3 fepmaHusa
Moscow Germany

2 CaHkT-MeTepbypr 525 171 CLA
(NeHunHrpan) USA
Saint-Petersburg
(Leningrad)

3 LlonronpyaHbiv 294 9,6 FepmaHuns
Dolgoprudniy Germany

4 YepHoronoska 273 8,9 M3pannb
Chernogolovka Israel

5 KasaHb 238 77 CLUA
Kazan USA

6 CKOJIKOBO 205 6,7 CLUA
Skolkovo USA

7 HoBocmbupck 186 6,1 lepmaHuns
Novosibirsk Germany

8 HwxHW1IM Hosropog, 89 29 CLUA
Nizhniy Novgorod USA

9 [y6Ha 81 2,6 LlIBeruapus
Dubna Switzerland

10 Tomck 53 1,7 fepmaHusg
Tomsk Germany
300
250 b «lleHTp» - KOV-Iy6IuKauu
200 +
200 +
150 -  «lleHTp» - BCe MyOIUKALIUH

& 150 -
150 «OcTanbHas Poccus» - Bce HYGHI/IKaLII/II/I
150
50 v
50 - «OcranpHas Poccus» - KOU-Iy6IHKAIIMH
| | | | | |

0 | | |
2000 2002 2004 2006 2008 2010

2012
Ton

Puc. 9. V3meHeHue donu ecex u KOWI-nybaukayuli ¢ y4acmuem y4eHblx «LleHmpa»
(Mockosckoli u Cankm-Tlemep6ypackoli azaomepayuii) u «OcmanbHoll Poccuu»
Fig. 9. Changes in the share of all and QIP publications with the participation of
scientists from the Center (Moscow and Saint-Petersburg agglomerations) and
the remaining part of Russia

2014 2016

| |
2018 2020
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M B LenoM) He Habmromaercs: BKIap «LleHTpa», 3a
HebOJNBIIMM HCKIIOYeHHeM, KonebneTcs Mmexay 70
u 80, a «OctanbHOM Poccum» - 20 1 30%. s mpeomo-
JIeHHsl KOHLeHTpPallMKd HY>KHO aKTHBHee Pa3BHUBAaTh
Hay4yHble CBSI3M «lleHTpa» c «OCTa/JbHOM Poccher»,
BaXXHYIO PO/Ib MOXKET TaKCKe CBIIPaTh CO3[aBaeMBIM
B CapoBe HallMOHaJIBbHBIN LIEHTP QU3MKHU M MaTeMa-
TUKH, B HAYYHYIO [I0BECTKY KOTOPOrO BXOISAT K KBaH-
TOBbIe TEXHOJIOTHH.

BbiBOAbl U 3AK/TIOYEHUE

BosuukHyB B 1980-e romkl KaK BH3MOHEpPCKasd
unes, npopecCMOHaNIbHO 3aMHTEPecoBaBLIAs JIMIIb
HEeMHOIMX y4YeHBIX, B Haudaie 1990-x rr. KOM mpe-
BpaTHUJIaCh yKe B OTHENbHYI0 LIMPOKO IPU3HAHHYIO
00/1aCcTh HAay4YHBIX MCCIeJOBAHUI, /IS aHATH3a pas-
BUTHS KOTOPOM MOXeT ObITh Ione3Ha bubnmome-
TpUSi. BBINIOTHEHHBIN 6M6IHOMETPUYECKUE aHAIN3,
B YAaCTHOCTH II0KA3aJI:

1. OBICTPBIM POCT Hay4HOM 6a3pl 067acTH, XOTS
BBICOKAas KOHIEHTpPAallMsl MCCIeOBaHMHU Ha
yPOBHE BeAyLIMX CTPaH M HAay4YHBIX OpraHU-
3alUM MHPa TOBOPHUT IIOKa elle O paHHeH
CTaAuH ee Pa3BUTHS. TeM He MeHee, 60/b-
IKre 3KOHOMHYEeCKHEe OXHIAHHUS IIOATBEpK-
JaeT yd4yacTHe B HMCCAeJOBaHUAX KPYIIHBIX
KOpIIOpallMK, ocobeHHO H3 SIMOHHH, a CTPeM-
JleHHe IIOJIYyYUTb B IIepCIleKTHBe BOEHHO-
CTpaTerd4yeckye IpeMMYyIlecTBa - YydacTHe
BO@HHO-HCC/Ie[I0BATE/IbLCKUX CTPYKTYp, B Iep-
ByIO o4uepensn, U3 CIIA;

2. KOM - o0671acTh MeXAyHapOAHOTO COTPY.-
HHYeCTBa, IIOCKOJBKY ISl TOO0M CTpPaHBI
CJIOKHO IIPOABUIATh KBAHTOBbIe TeXHOJIOTHH
CaMOCTOSITeNIbHO, 0CO6eHHO Ha paHHeH CTa-
ouu pasBuTus. Tak, 6osee TpeTH MHPOBBIX
nybnukanuu B 2020 r. 6bUIM BBHIIIOJIHEHEI
MeXIYHapOOHBIMH KOMaHJaMH YYeHBIX.
Jlaxke B TaKOM YYBCTBHUTeJNbHOH Iomobia-
CTH, KaK KBaHTOBasg KpHUITOrpadus, NOIsd
TakKuX Nybaukanui B 2020 rojay cocTaBHIa
27,5%. OTCcoma HOJAUTH3ALHI HCCAeTOBAHUM,
COMPOBOXKIAMOMAACA CAHKLHUIMH, MepaMu
3KCIIOPTHOIO0 KOHTPOJS M T.IH., MOXeT
Cepbe3HO 3aTOPMO3UTH MX pa3BuUTHe. OKOJI0
29% poccuiickux KOU-mybaukauum 3a 2016-
2020 ronmsl 6BITM BBIIIOJHEHBl B COABTOPCTBE
¢ keM-1u60 K3 YeTBePKH BeAYUIMX 3alaj-
HbIX cTpaH: CIIA, FepmaHuH, Benuxkobpura-
HUM, PpaHLMs. Pa3pblB 3TUX CBsI3eH HaHeceT
OIIYTHMBIK yJap IIO OTe4YeCTBeHHBIM HMCCIIe-
JOBaHUSAM, a 3aMECTHTh HX HA BOCTOYHOM
HaIpaBleHUU OyneT HEpocTo;
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level. Unfortunately, the overall benefits of interna-
tional scientific cooperation are increasingly being sac-
rificed to the political principles. The occurrence of
quantum technologies coincided with the race between
the USA and China for global technological supremacy,
while the United States aims to maintain not just the
relative advantages in key technologies, but the larg-
est possible separation from the competitors. However,
the Chinese obvious successes, especially in the field of
quantum communications and cryptography (Fig. 8),
are forcing the United States to resort to the sanctions
policy. Under a different pretext, in 2022 the USA have
already introduced unprecedented sanctions against
the Russian science, including export control over the
supply of special refrigerators, quantum software and
cloud services to Russia. The similar export controls
against China are currently being discussed. The “align-
ment” principle is also being enforced: thus, based on
the geopolitical interests, the AUKUS alliance members
(Australia, Great Britain, USA) entered into a quantum
agreement to accelerate the quantum capabilities in
the field of positioning and navigation. Obviously, this
kind of activity cannot contribute to the overall research
progress. The Russian movement in the world produc-
tivity ranking in the field of QIP is rather indicative:
from the 7th place in 2000, it dropped to the 17t place
by 2013, after which it began to develop and return to
the top 10 countries in 2018. In 2020, it was inferior ti
France (9th place) in terms of only 15 publications. Inter-
national scientific cooperation played a significant role
in returning the country to the top ten. Over a 30-year
period, Russia has had the cooperative relations with 65
countries, and the first seven countries in the list of its
partners are the G7 members. Together with such coun-
tries, as well as Switzerland and Sweden, Russia was
a part of the most cohesive “core” of the international
co-authorship QIP connection network in 2000-2017 [22].
Moreover, the international co-authorship played an
important role in increasing the visibility of domestic
QIP publications. Thus, according to our calculations,
~92% of the 168 Russian publications in 2000-2019 that
were included in the 10% most cited ones, had the co-
authors from other countries. Thus, the impairment
of external scientific relations due to the imposed sanc-
tions may negatively affect the productivity and quality
of Russian research. Since we will soon be forced to get
used to the research autonomation, let us consider their
internal organization and structure in more detail.

Domestic Russian Research Landscape in
the Field of QIP

According to Table 2, the main domestic participants in
the research are the research institutes of the Russian
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3. Hap44y C WHTepHAllMOHA/IM3allleH, ecTh ellle
PSL XapaKTepHBIX [/ POCCHMM 4YepPT B Pa3BUTHU
uccnemoBaHui mo KOU:

* 3HAYHTeJbHAsd KOHLEHTPALMSA HCCIeI0Ba~
HUH B «LleHTpe», Ile pacIionosKeHbl Haubosee
CUJIbHBIE OTe4vecTBeHHble HHMH, yHHBepcH-
TeThl U PKII;

e BeAyias poab PAH, KoTopast BXOOUT B IIEPBYIO
JecTKy MHPOBBIX OPTaHH3aLMU II0 IIPOAYK-
TUBHOCTH B obnactu KOU, a BHYTPH CTPaHbI
IIPeBOCXOAUT YHHUBEPCUTETCKUM CEeKTOp IIO
BKJIaZy B MHPoOBOM Tom-10% BBICOKO LIMTHPY-
eMBbIX IybnuKalui. Kpome Toro, yueHsle U3
PAH - (c0)aBTOPBI CAaMBbIX BBICOKO LIMTHUPyeMBbIX
(6oree 1000 cCBUIOK) OTe€YeCTBEHHBIX ITyOiIH-
KaIluH;

* Ha QOHe AaKTHBHOIO COOCTBEHHOIO y4acTHS
B HCCIefOBAHHUIX KPYIIHBIX 3apybeskKHBIX
KOMIIAaHHUM OTe4deCTBeHHBIM KOPIIOPAaTHBHO-
KOMMep4YecKHUIl CeKTOp IpeAcTaB/leH II0Ka
IOBOJIBHO C1abo (BO3MOXKHO, B CHJIY 3aKPbITO-
cTh paboT), 4TO AMCCOHHPYeT C PacTyHUIMMH
OKMAAHHUSAMU TI7100aJbHBIX KOMMeEpPYeCKHX
BBITOJI, OT KBAaHTOBBIX TEXHOJIOTHH.

C4uTaeTcsi, 4YTO KBAHTOBBIe TEXHOJOTHH OyayT
CTOJIb K€ PeBONIOLMOHHBIMU B 21 BeKe, KaK KCIIOJIb-
30BaHHe 3JIeKTpHUYecTBa B 19 Beke, HO Ha BOIIPOC,
KOTa U KaK 3TO IIPOM30HZeT, II0Ka HeT OIlpele/eH-
HOTO OTBeTa. Ha IepefHeM Kpae HOBOM KBaHTOBOM
PEBOIOLIMY ~ KBAHTOBbIe BEIUMC/IEHHs, 0bIajatope
IIOTeHIIUAJIBHOM CIIOCOOHOCTBIO SKCIIOHEHIIUABHO
yBeJIMYUBATh BBHIYHCIUTENbHYIO MOIIHOCTh. biaro-
Iaps 3TOMYy OHH 00elaloT YCKOPUTD II0TOK Hay4YHBIX
OTKPBITHUH M TeXHOJOIMYeCKHUX MHHOBALIUK BO MHO-
rux obnacTsx, B TOM 4HC/Ie 4Yepe3 yKpeIjeHHe Jpy-
THUX TeXHOJIOTHMH MIMPOKOr0 IPUMEeHeHHSs, TAKUX KaK
HCKYCCTBeHHBIM MHTe/UIeKT. OJJHAKO CKa3aHHOE OTHO-
CUTCS K HeaJIbHBIM OTKa30yCTOMUYMUBBIM KBaHTOBBIM
KOMIIbIoTepaM (C MH/UIMOHAMU KyOHUTOB), IIOSIB/IeHHEe
KOTOPBIX OXKHAeTCsA, He paHee yeM 4yepes 10-15 ner.
JlocTymHBbIe B HACTOSIIee BpeMs «IIIyMHbIe» KBAHTOBbIE
KOMITBIOTEPBI ITPOMEXKYTOUHOI0 MaciTaba (C gecsiT-
KaMU HIH COTHSIMU KyOUTOB) UCIIONB3YIOTCS, B OCHOB-
HOM, U151 BHIYKCIHUTe/IbHOM IIOANeP>KKU IIPH MO~
POBaHMU HOBBIX IIPOAYKTOB, MaTePHAJIOB U JIEKAPCTB.
Ha ux cueTy Takke [Be YIIOMSHYTble LeMOHCTPALIMU
$opMasbHOro IIPEBOCXOACTBA HaJ KJIACCHYECKHMH
cobpatesaimu (B 2019 u 2020 roga.). OxHako B 2023 roay
KoMnaHHusi IBM coobmuia, uTo ee 127-Ky6UTHBIN
«IIyMHBIM» KOMIIBIOTED IIpeB30Ile/l COBpPeMeHHEIe
CYIIePKOMIIBIOTEPBl IIPU PeIleHHH BIIOJIHE MIPAKTU-
YeCcKOH 3aJauM: MOZe/lHpoBaHUe NUHAMHUKH CIIMHOB
3JIEKTPOHOB B MaTepuajie i IpefcKas’aHMs TaKUX
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Academy of Sciences, universities, as well as the RQC.
Although in 2014 the universities surpassed the Russian
Academy of Sciences in terms of total publication
contributions in the field of QIP, this indicator was
achieved primarily due to the international and
domestic cross-sector co-authorship relations. Moreover,
the universities’ own contribution decreased from 50%
in 1993-2006 to 25% in 2007-2020. In addition, the
QIP publications with the participation of the Russian
Academy of Sciences are on average more cited than
those in which the universities participate (Table 2,
column 5). Thus, the domestic university sector has not
yet become an independent research driver in terms
of the QIP, as expected by the university-centric policy
pursued since 2006. It is possible to mention the Ioffe
Physical-Technical Institute of the Russian Academy of
Sciences and ITMO as the efficient providers of highly
cited publications. However, the largest proportion of
such publications (15.1%) still belongs to the Landau
Institute of Theoretical Physics of the Russian Academy
of Sciences. Its employees (including those working
abroad) published 13 articles, cited more than 100 times,
while two of them were cited more than 1000 times.
A graduate of this institute, A.Yu.Kitaev, has the most
cited Russian publication dedicated to the fault-tolerant
quantum computations with the help of anyons.
The legacy of Soviet times, namely the technology
cities (even without the typical academic cities like
Novosibirsk), has made a significant contribution (~25%)
to the country’s publication output.

The publication activity of the large-scale domestic
corporations is still rather low: 53 publications in the
field of QIP were prepared by Rosatom (mainly by the
Federal State Unitary Enterprise “Dukhov All-Russian
Research Institute of Automation”), 2 - by the Russian
Railways. Such specialized companies as Yandex, Sber,
Mail.ru, or Kaspersky Lab, do not have any publica-
tions. The knowledge-intensive commercial sector in
the field of QIP is still being formed for the account
of young startups (QRate, Quanttelecom LLC, QAPP,
DEPHAN, etc.), being established mainly in the RQC.
In general, the contribution of the country’s corpo-
rate commercial sector amounted to about 3.4% of
all domestic publications that is less than the world
average. Foreign corporations were the members in
approximately 1.5% of the Russian publications.

Russia has conventionally been specified by a high
degree of concentration of scientific potential, espe-
cially in the emerging high-tech areas that is con-
firmed by Table 3 and Fig. 9. Over the entire period
of time, the scientific institutions in Moscow alone
prepared more than the half of domestic QIP publi-
cations. According to Fig. 9, there is no noticeable
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€ro CBOICTB, KAK HAMAarHUYeHHOCTH [12]. DTOT pe3ys-
TAT CTAaBUT BOIIPOC O BO3MOSKHOM JOCTH>KEHHUH I10JIe3-
HOT'0 “KBAHTOBOTI'O IIPEBOCXO/ICTBA ellle B II0XY «IIyM-
HBIX» KBAaHTOBBIX KOMIIBIOTEPOB [I0 TOrO, Kak OymyT
peasr30BaHbl IIOJTHOCTBIO OTKA30YCTOMYHBBIE KBAaH-
TOBble BhIUMCIeHHUs. Kak 6bI To HU ObLIO, elle Ipen-
CTOUT ITPOBECTH 3HAUUTEIbHBIN 00BbeM HCCIeI0BAH I
M 3KCIIEPHMEHTOB, UTOOBI peann30BaTh Bech IIOTEH-
LA/ KBAaHTOBBIX BBIYHCIEHHN. HecKoIbKO He3acly-
SKEHHO B TeHU KBAaHTOBBIX BBIUMCIEHHIN HaXOIATCI
KBAaHTOBOE 30HAUPOBAHUE U CBSI3b, KOTOPBIE SIBIIS-
IOTCSI TeXHOJIOTHYecKH 6osee 3pelBIMH U YKe IIpef-
JIaraloT KOMMEPYEeCKH JOCTyIIHble YCTPOMCTBA, TaKHe
KaK MarHUTOMETPBI HJIH YCTPOMCTBA KBAHTOBOIO pac-
npeneneHus Kio4el [23]. OnHAKO U 3[eCh ellle MHOIO
cyrybo mcCIenoBaTeNbCKUX TeM: MHOTOKYOHUTHBIE
OATYUKU C PACUIUPEHHBIMH BO3MOKHOCTSIMH, KBaH-
TOBBIE ITOBTOPUTENM, MHOTOCTOPOHHEe KBAaHTOBOE
pasneneHue cekpeTa U T.A. To ecTh KBAaHTOBBIE Tex-
HOJIOTHH BTOPOI BOJIHBL BCe ellle 0671acTh KCCIeN0Ba-
HUU, /15 aHAIW3a JUHAMHUKH K CTPYKTYPBl KOTOPOH
6pi1a OBl M B JaJMbHEHIIeM IToe3Ha 6ubnromerpus,
onuparImascs Ha 6oee MIMPOKUI HabOP aKTyalH3H-
POBaHHBIX JaHHBIX. K cokajleHHI0, HACTOSIIHM aHa-
U3 SBIsieTCS Iy Poccuu cBoeobpasHOM duKcaLmern
CTaTyC-KBO HaKaHyHe ee OTK/IIOYeHHS OT MHPOBBIX
B WCC u SCO.
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trend toward the geographic deconcentration of QIP
research (as in general): the Center’s contribution,
with a few exceptions, fluctuates between 70 and
80, and the remaining part of Russia - 20 and 30%.
To overcome concentration, it is necessary to more
actively develop the scientific relations of the Center
with the remaining part of Russia; the National Cen-
ter for Physics and Mathematics being established in
Sarov which scientific agenda includes the quantum
technologies can also play an important role.

FINDINGS AND CONCLUSION

Having emerged in the 1980s as a visionary idea that
interested only a few scientists on a professional level,
in the early 1990s, the QIPs have already become
a separate and widely recognized area of scientific
research, for the developmental analysis of which
the bibliometrics can be applied. The bibliometric
analysis performed, in particular, demonstrated as
follows:

1. rapid growth of the regional scientific base,
although the high research concentration at the
level of leading countries and global scientific
institutions still indicates an early stage of its
development. However, the high economic
expectations are confirmed by the participation of
large-scale corporations in the research activities,
especially from Japan, and the desire to gain the
military and strategic advantages in the future is
confirmed by the participation of military research
entities, primarily from the USA;

2. The QIP is an area of international cooperation,
since it is difficult for any country to advance the
quantum technologies independently, especially
at an early stage of development. Thus, more
than one third of global publications in 2020
were prepared by the international teams of
scientists. Even in such a sensitive subfield as
the quantum cryptography, the share of such
publications in 2020 was 27.5%. Hence, the
politicization of research, accompanied by the
sanctions, export control measures, etc., can
seriously hinder its development. About 29% of
the Russian QIP publications in 2016-2020 were
co-authored by one of the four leading Western
countries, namely the USA, Germany, Creat
Britain, and France. The breaking of such bonds
will get in a significant strike to the domestic
research, moreover, their replacement in the
eastern direction will not be easy;

3. along with the internationalization, there are
a number of features typical for Russia in the
development of the QIP research:
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 significant concentration of research in the
Center, where the most powerful domestic
research institutes, universities and RQC are
located;

+ the leading role of the Russian Academy
of Sciences that is among the top ten
global institutions in terms of the QIP
area productivity, and within the country
surpasses the wuniversity sector in its
contribution to the global top 10% of the
highly cited publications. In addition, the
cu-authors, being the scientists from the
Russian Academy of Sciences are second to the
most highly cited (more than 1000 references)
domestic publications;

 against the background of active participation
of the large-scale foreign companies in the
research activities, the domestic corporate
and commercial sector is still rather poorly
represented (perhaps due to the closed nature
of papers) that is discordant with the growing
expectations of global commercial benefits
from the quantum technologies.

It is believed that the quantum technology will
be as revolutionary in the 21st century as the use of
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NMPUNOXEHUE
KiroueBble TEPMHUHBI, HCIIOIB30BAHHBIE IIPH IIOUCKE,
OXBaTBIBAJIU

* KBaHTOBble KOMIIBIOTEPbl H BBIYHCIEHHS:
a) quantum hardware: qubit, quantum gate, quan-
tum register, quantum bus, quantum chip,
quantum circuit, quantum integrate circuit,
quantum memory, quantum RAM, quantum
processor, quantum device, quantum computer,
quantum-mechanical computer, quantum NISQ
computer, quantum® supercomputer, quantum
computing, quantum parallel computing, quan-
tum server u Ap.; 6) quantum software: quantum
language, quantum program, quantum algo-
rithm, quantum-inspired algorithm, quantum
annealing, quantum optimization, Shor’s algo-
rithm, Grover’s search algorithm, quantum
eigensolver, quantum machine learning, quan-
tum random walk, quantum game u gp.);

¢ KBaHTOBYIO CBSI3b H KpHNOTOrpagHio: quan-
tum information, quantum Fisher information,
quantum mutual information, Holevo bound,
quantum communication, quantum chan-
nel, quantum network, quantum transmission,
quantum teleportation, quantum coding, quan-
tum encoder, quantum decoder, quantum error
correction, quantum cryptography, quantum
key distribution, BB84 protocol, quantum bit
commitment, quantum secret sharing, quan-
tum signature, quantum fingerprint, quantum
coin toss, quantum random number generator,
quantum oracle, quantum repeater, quantum
authentication, quantum encryption, quantum
attack, quantum code breaking, u ap.;

* KBaHTOBYI0O METPOJIOTHIO H 30HJHPOBAHHE:
quantum metrology, quantum precision mea-
surement, quantum sensor, quantum sensing,
quantum detector, quantum detecting, quan-
tum magnetometer, quantum gyroscope, quan-
tum accelerometer, quantum clock, quantum
radar u gp.
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electricity was in the 19th century. However, there is
no definite answer to the question of when and how
this will happen. The quantum computations are at
the forefront of the new quantum revolution having
the potential to exponentially increase the computing
power. Due to this fact, they promise to accelerate the
flow of scientific discoveries and technological innova-
tions in many areas, including by strengthening other
general-purpose technologies such as artificial intel-
ligence. However, the above facts are applied to the
perfect fault-tolerant quantum computers (with the
millions of qubits), occurrence of which is expected no
earlier than 10-15 years later. The currently available
intermediate-scale «noisy» quantum computers (with
the tens or hundreds of qubits) are used primarily for
computational support during the simulation of new
products, materials, and pharmaceutical drugs. More-
over, they are distinguished by two above-mentioned
demonstrations of formal superiority over their typical
counterparts (in 2019 and 2020). However, in 2023, IBM
reported that its 127-qubit “noisy” computer outper-
formed the modern supercomputers at solving a very
practical issue: simulation of the electron spin dynam-
ics in the material to predict its properties such as
magnetization [12]. This result raises the question of
whether it is possible to achieve the efficient «quantum
supremacy» even in the era of «noisy» quantum com-
puters, before the completely fault-tolerant quantum
computations are implemented. However, a signifi-
cant scope of research and experimentation remains to
be performed to implement the full potential of quan-
tum computations. The quantum probing and commu-
nications are somewhat undeservedly overshadowed
by the quantum computations while being technologi-
cally more mature. They already offer the commercially
available devices such as magnetometers or quantum
key distribution devices [23]. However, there are still
many purely research topics in this case: the multi-
qubit sensors with advanced capabilities, quantum
repeaters, multilateral quantum secret sharing, etc.
That is, the second wave quantum technologies still
represent an area of research, for the dynamics and
structure analysis of which the bibliometrics would
continue to be useful, based on a wider set of updated
data. Unfortunately, this analysis is a kind of the sta-
tus quo registration for Russia on the eve of its discon-
nection from the world WCC and SCO databases.
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