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Momusayusa u yenv. Llndposast Gopma HaydHBIX CTATeH IO3BOJIET aBTOMATHUYECKH
3alpalnBaTh WX METaJaHHbIE, KOTOpbIE MOTYT OBITh HCHOJB30BaHBI IS OLCHKH
CTaTUCTHKHM Hay4HOW oOnactu. B Hameil paboTe MBI cOCpENOTOUMIIMCH Ha 00JacTh
Hayku o MUPHK, 1151 KOTOpO# MBI IIOCTPOMIIN CETh COABTOPCTBA OPTaHU3ANNN, YTOOBI
oOecreunTh aHaIu3 Ha 0oJiee BHICOKOM YPOBHE [1] 3BONIOIMHM HAYYHOTO COOOIIECTBA
M0 CPaBHEHUIO C XapaKTEPUCTHKaMH aBTOPOB. B maHHOM paboTe MbI MMOKa3bIBaeM, U4TO
pasButue obnactu Haykn o MUPHK omuceiBaeTcs snmaeMuonorndeckoit Mmoaensto [2],
KOTOpasi pacuiupsieT pacrpoctpaneHue mojenn SIR Ha TpaHCMHUCCHOHHBIA TpaduK.
Panee mbl mokasanu, yto poct obnmactu MUPHK moguuHseTCs apXUTEKType Malioro
mupa [3]. B aToli paboTe MbI MPEIOCTABIIAEM aHAIU3 CTEIICHHOTO POCTa IyOIMKAIHiA B
9TOW 00NacTH, a TakKe MOKa3blBaeM CpaBHEHHE Ha ypoBHe crpaH, Beiaenss CILIA u
Kuraii xak 1uaepos.

Pacnpocmpanenue snanus xax onudemus. bBoNe3HM pacHpoOCTPaHSIOTCS, KOTaa
MHQEKIMOHHBIH MaTephaj BCTPEYaeT BOCIPHUMMYHMBOE HACEJIECHHE, COCTOALIEE U3
Susceptible, Infectious, or Recovered. Bo3aeiicTBiHe MOXET MPUBECTH K MMMYHHTETY
WM UHOUIMPOBAHUIO C JIATCHTHBIM MEPUOOM A0 MOSBICHUS CUMITOMOB. DIHUIEMHUN
BO3HUKAIOT, KOT/Ia HaOIromaeTcs BeIuieck 3aboneBanuil. 'opman [4] pacummpun 3To,
o0cyxnasi SHUIEMHM HJIeH, Takhe KaK PeJMTHO3HbIe WM HaydHble KOHLenuuu. B
OTJIIMYHE OT JKeIaTeNLHBIX SMUAEMHUIA HJIEH, BCIBIIIKY 3200JIeBaHUN HEKeNaTebHbL. B
HAayYHBIX WIM JIAKOHHYHBIX HACEJICHHUAX VSI3BUMBIE UJIEHBl MOTYT 3apa3uThCs
KOHILIETIIEH, B TO BpeMs KaK HMMMYHHBIC WHAWBUABI MOTYT OTBEPrHYTh €€ WU
pacrnpocTpaHsTh ee HeHamepeHHo. Korga 3HaunTenbHast YacTh HacENEHHs MPUHUMAET
KOHIEMIHIO, TPOUCXOANUT SMUAEMUS 3HAHUH.

Susceptible Eumn m—» 3 re

Puc. 1. [lepexox OT BOCIIPUUMYHMBOTO K HHOUIIUPOBAHHOMY
1 K BBI3JIOPOBEBIIIEMY COCTOSIHHIO B MoJenu SIR
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Takas xoHIemnus ObUTla MPUMEHEHA K TOMYJSIUH C U3BECTHBIM TPAaHCMHCCHUOHHBIM
rpadom B [2], 4TO 00CYKIaeTCsl B CACIYIOIIEM pa3eie.

Junamuxka cemeu manoeo mupa. PacnpocTpaHeHHE 3HAHWA MOXKHO CPaBHUTh C
SMHUIEMHUEH, T/Ie OPraHU3alNH YS3BUMBI TS «3apaKeHUS» OMpPEeIeIEHHBIMIA HAYYHBIMHU
o0nacTsIMH ®  BIOCJICJACTBUM IyOJUKYIOTCS B HUX. OTH JUHAMHKA 4YacTO
MPEICTaBIISIOTCS ¢ WCIONb30BaHneM Moneneii Susceptible, Infectious, or Recovered
(SIR) [6], xoTopble HOEMOHCTPHPYIOT OSKCIOHEHIMAIBHBIH pOCT HWHMEKIHMA Ha
HAYaJbHBIX CTAaaUsAX. TeM He MEHee 3TH MOJEIM HE YYUTHIBAIOT OCHOBHOH rpad
nepenaun 3abosieBanus. B [2] aBTop MoAEIMpPYyeET POCT 3a00JIEBAEMOCTH IS ITPOOIIEM,
TIc W3BECTHBI Tpadbl Tepemadsl W HWMEeTCsS CBOWCTBO Mayioro mupa [7], Oomee
nmoipoOHOe O0BSICHEHUE ObLTO JaHO B [3], U MOMy4YEeHHAS MOJCIHb JJIS «3apaKCHHBIX)»

OpraHU3ALNN:
D-1

P60 =15 e 140 ()]
rae A/ yu — mapaMeTpbl SKCIIOHEHIIMAIINY 3apaKeHUsl/BbI3I0opoBieHus 13 Moaenu SIR,
D — cpennuii kpaTyaiimmii myTh rpada, t, BpeMs NEPEKIIOYEHUs] MEXKIY CTEIECHHBIM
POCTOM U 3aMEJICHUEM SKCIIOHEHTHI.
Memoowt u aneopummer’: Hatl moaxoJ1 BKITFOYAI HCITOE30BaHue (P POBOY OMOTHOTEKN
PubMed st koMmnusinun Habopa AaHHBIX 0 HccneaoBanusaM MUPHK. Addwusum,
YIOMSIHYTBIE B 3THX CTaThsIX, ObUTM CIPYIIIMPOBAHBI C IOMOLIBIO JIEKCUKOTPahUIeCKOM
COPTHPOBKH NPEIBAPUTEIIEHO HOPMAIIN30BAHHBIX U Pa3AeJICHHBIX BEKTOPOB IPU3HAKOB
K-mer OyneBa THma. DTH CrpynmupoBaHHbIe adQUISIUKA COIEpXKAaT CCBUIKH Ha
YHUKaJIbHbIE OpraHU3alluM, 4TO O0JerdaeT MOCTpoeHue rpada coaBTOPCTBA JUIs
BBISIBJICHHS OPTaHU3aLMH, COTPYAHNYABILINX IIPH MyOIUKALHSX.
Peszynomamur: Kak Obuto mokazano panee [3], rpag MuPHK oGnamaer cBoiicTtBom
Majioro Mupa, u ¢ D = 3.46, 1 allpoOKCUMUPOBAaHHEIM IIapaMETPOM DKCIIOHEHIIMAIUN
D — 1 ~ 2.6, MBI BUIUM OTKJIOHEHHE Ha 5.5 % OT IPOrHO3a MOJAEIH.

Organization count
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Puc. 2. ExxerogHo y4uTBIBalOTCS Puc. 3. CpenHee KOIMYIECTBO TyOIMKAIMNA
OpraHu3aIliH, OITyOIMKOBABIINE CTaThIO B Ha OpTaHM3alUIo0 B TOJ

TCUCHHUEC ONPCACIICHHOTO IroJia

B nannoli paboTe MBI TMOKa3blBaeM, 4YTO CpelHEe KOJMYECTBO ITyOJHMKaImii Ha
OpTraHM3aIHI0 CIIEAYET JHHEHHOMY POCTY, KOTOPBIH MOXKET OBITh alllIPOKCUMHUPOBAH U
WCIIOJIb30BaH JJIsi CPAaBHEHUSI TOYHOW IMHAMMKY Iy OJIMKAIHiA C OLICHEHHOW ¢ UCIIONIB30-
BaHUEM MOJIEIM CTENEHHOTO 3aKOHA, a TaKXe JIMHAMUKH CpPEHEro KOJIMYeCTBa
myOIMKaIViA Ha OPTaHU3aIIo;

bOTg _ b
Qorg * Xorg * (Mx +1) =axt”,
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rie mx + 1 — cpefHee KONMYECTBO IyONMKalMii Ha OpraHu3aluio B rofi, byrg
napamMeTp SKCIOHEHIMAMH CTENEeHHOTO pOCTa OpraHu3aluii, b — mapaMmerp
SKCIIOHEHLMALMHU CTENIEHHOTO POCTa MyONMKAlUH, Qorg, @ — KOHCTAHThI CTENIEHHON
anMpOKCUMAIIMU POCTa OPTaHU3aIUiA U MyOIHKaIUi COOTBETCTBECHHO.

PacyeThl TOKa3bIBAIOT, YTO TOYHOE KOJMYECTBO MyOJMKAlMi MMeeT BuA q * tP =
4.16e — 04 = t%85, Toraa Kak KOJIMIECTBO My OIMKAIKI, OLIEHEHHOE Ha OCHOBE JIAHHBIX
00 OpraHM3aIMAX ¥ CPEJHEM KOJMYECTBE MyOIMKaIMii, COCTAaBIsET a * t? = 2.78e —
04 * t282, 4TO NPUBOAUT K OTKIOHEHHIO 0KOJIO 1 %. DTO B CBOIO 0YEpe/Ib OKA3bIBAET,
9T0 MUKpOcBoicTBa obmactu MUPHK cornacytotcs ¢ MmakpocBoiicTBamMu, U CTPYKTypa
B3aMMOJICHCTBUSl OpTraHU3ali B ONpPEAETICHHOW CTENEeHU OMNpenesisseT aKTHBHOCTh
Ty OJTHKATTHIHA.

C yuetoMm myOnmKanui, Takke UMEIOLINX MOJAETH CTETIEHHOTO 3aKOHA, MBI CPaBHUIIN
BeJylue cTpaHbl u nmokasanu, urto CIIIA uMenu OBICTpBIN cTapT MyOnHMKamuii B 3TOH
obnactu, nocturas npumepHo 1000 mybnukaruii B rog B 2006 T (5 et mocie nepBoro
roga myomukamun — 2001 1.). B To Bpems kak Kwurait umeer Ooiee BBHICOKHN OOIIMit
poCT, uTO mpuBeIo K Tomy, uyTo Kutait ctan HoBbiM smaepom B 2013 r. Kpome Toro,
OOJIBIIIMHCTBO JTUICPOB UCTIBITANIO CHIKCHUE aKTUBHOCTH ITyOTMKANWH B TIOCIIEAHNE 3—
4 rona.

4
¥ china dynamic publications count (2003-2019)
germany dynamic publications count (2001-2019)
10 uk dynamic publications count (2002-2019)
italy dynamic publications count (2004-2019)
4 usa dynamic publications count (2001ﬁ041A »
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Puc. 4. Exeromubie nyOmukanuu CIIA, Kuras, 'epmanuun, Uranuu, BenukoOpurtanuu,
SInonnn B Hayke o MUPHK co crenennbiMu mpubmkenusimu. 0 — 9TO ToJi, KOra cTpaHa
ony0MKoBaa nepByto paboTy. DTH TOJbI MOKHO YBHUJIETh B JiereH e pucyHka. [lepBbie nBe u
MOCJCIHIE JBE TOYKH OBUIM HCKJIFOUCHBI W3 NpuOImwKeHus. JlaHHbIC KaXa0i CTpaHbI
HOPMAJTU30BaHbl K MaKCHMAJIbHOMY YHCIIy KyMYJSITUBHBIX MyOJNHKAIlUil 3TOM KOHKPETHOMN
CTpaHbI

3axnouenue: B maHHO#N paboTe MBI MOKa3al, 4TO Tpad B3aMMOJICHCTBUSI HAay4YHBIX
yupexaeHuii, cBs3aHHeix ¢ MUPHK, crnemyer osmupmemudeckoit moxmenu [2] u
Oopra"m3oBaH 4epe3 3PPeKT Maloro MHpa, a TAKXKE TEMOHCTPHUPYET CTEIIEHHOHN POCT,
4TO TOXKE MPOSBIISIETCST HAa ypoBHe MyOnukarnuidi. OCHOBBIBAsICH Ha alpOKCHMAIIHN
CTETIEHHBIM 3aKOHOM, MBI ITOKa3alli, YTo JujaepaMu 3Toi obnactu siistorest CILIA u
Kuraii, mpudeM nocneHu SIBISETCS TEKYITUM JTHIEPOM.
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Motivation and Aim: Digital form of scientific articles allows for automatic querying of
their metadata, which can be used in estimating the statistics of the scientific field. In
our work, we focus on the miRNA science field, for which we built the organization co-
authorship network to provide higher-level analysis [1] of scientific community
evolution compared to the author-level characteristics. In this work we show that the
development of the miRNA science field is described by the epidemic model [2], that
extends SIR model spreading onto transmission graph. Previously we showed that the
growth of the miRNA field is governed by the small-world architecture [3], and in this
work we provide the analysis of the power-law growth of publications within the area,
and show the country-level comparison, outlining USA and China as the leaders.
Epidemic Knowledge Spreading: Diseases spread when infective material meets a
susceptible population, consisting of infectives, susceptibles, and removals. Exposure
can lead to immunity or infection, with a latency period before symptoms appear.
Epidemics arise when there's a spike in cases. Goffman and Newill [4] expanded on this,
discussing idea epidemics like religious or scientific concepts. Unlike desirable idea
epidemics, disease outbreaks are undesirable. In scientific or lay populations, vulnerable
members can catch a concept, while immune individuals may reject it or spread it
unknowingly. When a significant portion of the population adopts a concept, a
knowledge epidemic occurs. Such concept was further developed and applied to the
transmission graphs in [2], which is discussed in the next section.

Susceptible Eumms m —_— ’

Fig. 2. Transition from Susceptible to Infeciious to Recovered states in the SIR model

Dynamics of the Small-world Networks: The dissemination of knowledge can be likened
to a contagion, wherein organizations are vulnerable to being “infected” by certain
research fields and subsequently producing papers. These dynamics are often
represented using Susceptible, Infectious, or Recovered (SIR) models [6], which
demonstrate exponential growth in infections during initial stages. Nevertheless, these
models do not account for the underlying graph of disease transmission.

In [2], the author models the incidence growth for problems, where the transmission
graphs are known and have the small-world property [7], more detailed explanation was
given in [3], and the resulting model for “infected” organizations is:

00 =185 e 10 ()]
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where A/ u — exponent parameters of infection/removal events of the SIR model, D —
average shortest path length of the graph, ¢, — crossover time between power-law growth
and exponent deceleration.

Methods and Algorithms: Our approach involved utilizing the PubMed digital library to
compile a dataset on miRNA research. Affiliations mentioned in these papers were
clarified by employing lexicographical sorting on pre-normalized and split K-Mer
Boolean feature vectors. These clustered affiliations encompass references to identical
organizations, facilitating the construction of a co-authorship graph to identify
organizations that collaborated on publications.

Results: As shown previously [3], the miRNA graph has the small-world property, and
with D = 3.46, and the approximated exponentiation parameter D — 1 ~ 2.6, it shows
5.5 % deviation from the model’s predicted.
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Fig. 2. Yearly organizations count, which Fig. 3. Average publications per organization
published a paper within a certain year per year

In this work, we show that the average publications per organization follow a linear
growth pattern, which can be approximated and used to compare the exact publication
dynamics with estimated using the power-law model, and the dynamics of the average
publications per organization:

Aorg * xf;‘r’;g *(mx+1) =axtP,
where mx + | — average publications per organization per year, b,,, — Organizations
count exponentiation parameter, b — publications count exponentiation parameter,
aorg,a — constants of power approximation of organizations and publications
respectively.
The calculations show that the exact publications count has a = t? = 4.16e — 04 = t285,
whereas publications count estimated based on the organizations and average
publications data gives a * t? = 2.78e — 04 * t282, resulting in the deviation to be
around 1 %, which shows that micro properties of the miRNA field are consistent with
the macro properties, and the small-world structure of organization interaction defines
the publication activity.
And with publications shown to also support the power-law model, we compared the
leader countries using this model, showing that the USA had the rapid start of publication
in this field, reaching approximately 1,000 publications per year in 2006 (5 years after
the first year of publication — 2001). Whereas China has higher overall growth, which
led to China becoming the new leader in 2013. Additionally, most of the leaders
experienced the decline of publication activity in the late 3-4 years.
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Fig. 4. Yearly publications of USA, China, Germany, Italy, UK, Japan in the miRNA science
per year with power approximations. O is the year the country had the first publication. These
years can be seen in the legend section of the figure. First two and last two points were excluded
from the approximation. The data of each country was normalized to the maximal number of
cumulative publications of this specific country

= 10°-

Conclusion: In this work we showed that the miRNA’s scientific institution interaction
graph follows the epidemic model [2] and is organized via the small-world effect and
shows the power-law growth, which also manifests itself on the publications level. Based
on the power-law approximation, we showed that the leaders of the field are USA, and
China, with the latter being the current leader.
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