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Vorwort  IIpepucnosue A& Tii  Foreword

After 2018-triple of conferences in Shenzhen (China), Moscow (Russia) and Krefeld/Diisseldorf
(Germany), BIOKYBERNETIKA 2019, with its embedded topics of EURASIAN HEALTH &
MEDICINE 2019 in the vein of past Shenzhen Conference and of GeneSEES IMPACT 2019 in
the vein of past Krefeld Conference, it aims to unite the different aspects now in a single place. A
few words on the specifics of each format may be helpful:

EURASIAN HEALTH & MEDICINE aims to advance research into aspects of human
health and medicine that are specific for Eurasian populations, and to foster a "EurAsian
scientific cooperative" devoted to health-intent research in transcontinentally standardized
formats and profile-shaping high-end studies with regional populations across EurAsia.

MOLECULAR HEALTH - FROM CELL TO POPULATION has its focus on molecular
characterization of effects from exposures as human genome-proteome environment interaction,
briefly HuGePEI, and a corresponding profiling of subpopulations who may benefit most or
incur extra risks from prevention or from therapeutic intervention in pre-clinical, clinical or post-
clinical care.

BIOKYBERNETIKA is dedicated to MultiScale BioMathematics; it aims to advance
coherent modelling of human body from a mathematical systems and an automation-engineering
viewpoint. This involves dynamics of effectuation across several functional levels with highly
interwoven control structures. Kybernetik kubepuetrka = #l1€ is way of thinking that separates
functional concept from physical realization, in systems analysis. In clinical medicine, it seeks
causes of 'puzzling' syndromes and complex diseases of unknown cause in disorders of the multi-
scale controls that maintain the dynamic equilibria in human body physiology system.

GeneSEES IMPACT aims to advance a comprehensive understanding of health and
diseases under GeneSEES (Genetic disposition, Systemic conditions, Environmental exposures,
Economic options, and Social embedding) impact on human body system’s cellular material,
physio-functional controls, and on person’s autonomous steering of his or her operations.

HYGIOKYBERNETIK aims at integrative views of said factors in a combination across
all dimensions, and at concepts for coherent control of their impact on a person’s body system. It
will replace GeneSEES IMPACT which has a more book-keeping definition, as visible in current
epidemiological research.

While within-body research can often be started in sizable numbers of healthy subjects or
selective patients, the outside-world impact research needs a broad spectrum of variation for
which the Eurasian landmass offers unique opportunities:

First, Eurasian landmass catches a huge spectrum of variation in climates, cultures,
ethnicities, which makes an optimal opportunity for cutting-edge research.

Second, the mission is to establish the variation of exposures, diseases, and response to
medical interventions in prevention and clinical care across the EurAsian populations.

Third, cooperative research across the Eurasian landmass means more comprehensive
understanding, deeper insight, and higher visibility with lasting impact.

To exploit this resource for gaining inside into how the outside factors modify or change
in-body dynamics, EurAsia's Young Science Talented & Ambitious is called to combine into a
EURASIA'S BIG BRAIN. This year's conference is then dedicated to their future in the sciences.

Sergey Bogomolov Jochen Mau Sergey Mukhin

Moskau Krefeld / Diisseldorf Moskau
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Conference Layout
Monday, 30 September 2019

11 am SATELLITE MEETING 2

Venue: DWIH T'epmaHckas ciyxkba akagemuueckux oomeHos (DAAD),
MockoBckoe otenenue, JleHnHckui npocrekT 95A, 119313 r. Mocksa

Tuesday, 01 October 2019

10 am OPENING SESSION

10:00 am — 10:30 am Welcome Speeches

10:30 am — 10:45 am Group Photo

10:45 am — 12:15 am INTRODUCTION TO EURASIAN COLLABORATION
12:15 am — 01:15 pm Lunch Break

01:15 pm — 06:00 pm SCIENTIFIC CONFERENCE SESSIONS

Wednesday, 02 October 2019

10:00 am — 12:15 am SCIENTIFIC CONFERENCE SESSIONS
12:15 am — 01:15 pm Lunch Break
01:15 pm --- 06:00 pm SCIENTIFIC CONFERENCE SESSIONS

Thursday, 03 October 2019

10:00 am — 12:15 am SCIENTIFIC CONFERENCE SESSIONS
12:15 am — 01:15 pm Lunch Break

01:15 pm — 05:00 pm SCIENTIFIC CONFERENCE SESSIONS
5:10 pm CLOSING SESSION

Friday, 04 October 2019 CULTURAL PROGRAM

TBA Visit of MSU Main Building
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SATELLITE MEETING 1:

“Initiative for Higher International Visibility of

Clinical Research in the Russian Federation”
Organizer: Jochen Mau

FOCUS: NEUROLOGY
Predictors of acute cerebral embolic lesions during carotid artery stenting
Tanashyan M.M.!, Medvedev R.B.!, Gemdzhian E.G.?, Skrylev S.I.!, Krotenkova M.V.!
IIpeANKTOPHI OCTPHIX IepPedpaTbHBIX 3M00/TMUECKUX MOBPEX/€HUH NMPU CTEHTHPOBAHUHU
COHHBIX apTepuu
Tanamss M.M.!, Meznsenes P.B.!, Femmxan 3.I'%, Ckpeutes C.1.", Kporenkosa M.B."
TANASHYAN Marine M. , MD PhD , Professor, Deputy Director for Research,
Head 1-st Neurological Department, Research Center of Neurology, Moscow, Russia
TAHAIIISTH Mapun? MoBcecoBHa , .M.H., Ipo¢eccop — 3aMeCcTUTe/Ib AMPEKTOpa Mo HayYyHoH padoTe.
PykoBogurens 1-ro HeBposiornueckoro otaenenuss ®I'bHY HITH, Mocksa, Poccust.
MEDVEDEYV Roman B., MD PhD , Researcher
1-st Neurological Department, Research Center of Neurology, Moscow, Russia
ME/JBEJEB Poman BopucoBuy, K.M.H. — HayuHbIl COTPYAHUK 1-ro HeBposnoruyeckoro otaenenvs @PTBHY
HIIH, Mocksa, Poccus

GEMDZHIAN Eduard G., Senior Researcher

Biostatistics Laboratory, National Research Center for Hematology, Moscow, Russia

TEM/KSTH Oayapa IeoprueBuy, cTapiiuii HayuHbIA COTPYAHUK Jlabopatopuu 6uoctatuctuk ®IBY
«HauyoHanbHbIN MeJULIMHCKUI UCC/Te0BaTe/IbCKUM LeHTp remMartoiorun» MuH3sapasa Poccun, MockBa, Poccust
SKRYLEYV Sergei I. , MD PhD , Head

Head of the Department of Vascular and Endovascular Surgery, Research Center of Neurology, Moscow, Russia
CKPBLU/IEB Cepreiit IBaHOBHY , /I.M.H.

PYKOBOJUTE/b OTAe/IeHHs COCYAUCTOM U 3HA0BacKy/sipHou xupyprun ®I'BHY HITH, Mockga, Poccust
KROTENKOVA Marina V., MD PhD , Head,

Head of the Radiology Department, Research Center of Neurology, Moscow, Russia

KPOTEHKOBA Mapuna BukropoBHa , A.M.H.

PYKOBOAUTeNb 0TAeneHus nyueBoit auarHoctuk @PI'BEHY HITH, Mockga, Poccus

THE SATELLITE MEETING 1 IS INTEGRATED INTO THE SCIENTIFIC SESSIONS

SATELLITE MEETING 2:
“Opportunities from the New Russian-German
Roadmap on Cooperation
in Education, Science, Research and Innovation of 12/2018”
Organizer: Helmut Hahn

Participants:
forgn memb RAS prof Helmut HAHN , KMF, Berlin
prof Jochen MAU, iqgmeth Krefeld
prof. PAVLOYV V.N,, rector BashGMU, Ufa, (conf. Pending)
LAPSHIN V.N,, PhD, director Programs &Strategies, VEB, Moscow ;
N.N.

with
Dr. A. HOESCHEN, Leiter der DAAD-AufRenstelle Moskau /
PykoBoauTe/ i MoCKOBCKOTO oTAe/IeHus, I'epMaHcKas ciyx0a akaje-
Muueckux 0oMeHoB (DAAD), MocKoBCKoOe OT/e/IEHHE,
acting as the local host.
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Petersburger Metepbyprokui

DIALOG = AMAAOT

ITpod XenpmyT XaH B duipyme IletepOypckuii quanor , VI «IleTepOyprckuii auanor»
«EBpomneiickas otBeTcTBeHHOCTh ['epmanuu u Poccuu» , [Ipe3nen, 9-11 okts6pst 2006 roza
«Deutschland und Ruf$land in Europédischer Verantwortung», Dresden, 9-11 Oktober 2006



BIG BRAIN 2019 Conference for Collaboration in EurAsia
30 September - 04 October 2019, Moscow, Russia
LOMONOSOV MOSCOW STATE UNIVERSITY BIOKYBERNETIKA
Koch Mechnikov Forum - German-Russian Non-Government Organization:

A Model for Civil-Society Interaction in Politically Dynamic Times
Helmut Hahn

Koch-Mechnikov Forum, Berlin, Germany

The Russian-German Roadmap on Cooperation in Education, Science,
Research, and Innovation of December 10, 2018,[1] has opened new perspec-
tives for German-Russian scientific and professional cooperation. Of parti-
Lo & cular interest is the long-range scope of this roadmap, which is planned for
' ' the coming 10 years ahead, and in this way making planning of future coope-

A

.\ rative projects much easier.

F KMF was founded at the 6th Petersburg Dialogue (2006) in Dresden
as an initiative of the Petersburg Dialogue and was officially mandated by the
President of the Russian Federation, Vladimir Putin, and the Chancellor of

the Federal Republic of Germany, Angela Merkel. It unites health care professionals and other

health workers as well as representatives from the medical products industry who share an
interest in working with Russia.

Koch-Mechnikov Forum (KMF) brings together physicians and other people active in the
medical sciences to discuss health problems independently of the vagaries of daily politics. Thus,
members of KMF are best suited to act as ambassadors of goodwill and of peacemaking between
nations and, right in keeping with the motto of the 18th Petersburg Dialogue (Bonn, 2019),
“Cooperation as Leitmotiv for a peaceful Europe”.[2,3] In fact, German-Russian cooperation in
health sciences is continuing at high pace, and Koch-Mechnikov Forum acts as a mediator of
exchange of medical competence, information, ideas, and mutual stimulation.

References

[1] https://m.minobrnauki.gov.ru/common/upload/library/2018/12/Rossijsko-Germanskaya_dorozhnaya_karta.pdf
[2] 18-20 urons B BorHe coctosincss XVIII @opym «IletepOyprckuii guanor» Tema ®opyma: «COTpyAHHUECTBO
Kak JIeWTMOTHUB Ji711 MUPHOU EBpOITBL: BK/IaJbl rpaXkJaHCKux obiects Poccun u Iepmannu» (http:/petersburger-
dialog.ru/ezhegodnye-forumy/2019.html ) / 18. Petersburger Dialog vom 18.-20. Juli 2019 in Bonn/K&nigswinter
[3] «CBoto 3¢hhUKTUBHOCTH MOATBEPAUIIH [IeMCTBYOLME NaTareHbl etepOyprckoro auanora (...), dopym Kox
MeuHHKOB 10 MeauLuHe, .... (Thre Effektivitat haben aktive Gestalter des Petersburger Dialogs nachgewiesen, (...)
das Koch Metschnikow-Forum in der Medizin,...)» Citation from https:/www.youtube.com/watch?v=K4L9fWVk8W8 (1:45)

Foreign Minister of the Federal Republic of Germany Foreign Minister of the Russian Federation

| " J | b i @ Merepbypreki Petersburger Q MetepOyprekuin
Ll sise NS AT DIALOG (LA AVIANOT
S . e 4 ]

.ﬁ:‘u’

. Petershurger Dialog XVl ©opym «TleTepby :
18, Petershurg 18. Petersburger, |1l ®opym «Netepbyp

201 5ls Leitmotiv fir ein Europa in Frieden: CoTpyAHHYECTBO Kak /

chaften Russlands und Deutschlands BKAGABI TPAXARHCKAX £ i Eiro pa(n

PYAHUYECTBO KaK A€
Bonn/Konigswinter, 18.-19. Juli 2019 BotH/Kenurcautep, 18-191

slands un bl rpapAaHCKUX ¢
In/Konigswin Kénurcaunrep, 18-19 uy

Petersburger ‘\\'L

Nerepbyproxmit
DIALOG ~ NN AMAAOT

Rtk Mo
DAL0G ¥ Wikior

P

Sergey Lavrov
Heiko Maas https://www.voutube.com/watch?v=K4IL.9fWVk8W8
https://www.voutube.com/watch?v=L7cb8H6cSKk
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Collaborative Research in Health and Academic Medicine

Across Eurasia: Mandate, Investment and Returns
Jochen Mau

igmeth Institut fiir Quantitative Methodik — Private Academic Consultancy for Research and Development,
Krefeld, Germany

Shared economy in fair trade seems to be widely believed to avoid
problems, to resolve issues and even to almost 'guarantee’ prosperity and
welfare for all — and everywhere, when looking at all the summits on and
around economic development and global trade. But 'global economy' seems
to add to disparity, to induce as well unhappiness and dissent that may grow
into struggles and more, when looking at daily newsline streams of reports
about unrest, clashes and political disasters: Scientification is mandated.

When all roads have been built, all railway tracts been laid, all
houses been constructed — in other words, given satisfactory levels of life-
goods supply, food and shelter, according to prevalent societal settings, a
person's health and a person's subjective perception of his or her “life
worthiness” may then come into focus, and a person's optimistic views on future may gain
relevance for his or her integration into a harmonious society. Local scientification is needed.

At society level, this translates into investments for health care at high level and into
investments for higher education. For the former, it will mean equivalent prevention, equivalent
medical care, and equivalent long-term nursing for all according to local settings, while for the latter,
it will mean an education of young talent aimed at highest achievement in the sciences, including
career opportunities of last in top-level research that will keep them in their home country.

For Transcontinental Collaboration in Health and Academic Medicine TCHAM, one will then
have to invest in joint research and educational programs, common understandings of methodo-
logies, and sustained structures for management.

Four Initiatives will hence shape the infrastructure:

A. Strategic Partnership in EurAsian Research for amplification and potentiation in a
EurAsian network of research on transcontinental issues in health and medicine, SPEAR ,

B. Doctors for EurAsian Research to promote young talent with qualifications for col-
laboration in the EurAsian research network, DEAR ,

C.Harmonized EurAsian Research Methodology to create common understanding and
coherent application of concepts within the EurAsian research network, HEARMe ,

D. Sustained EurAsian Management to develop lasting structures and competences for
transnational management in EurAsian collaboration, SEAM.

Research Programs shall aim to explain disease and patient's response to intervention
from variant genetics and functional bio-dynamics under impact from his or her life-sphere
surroundings, across the EurAsian landmass.

Three Challenges will require transdisciplinary research for two or more generations:
molecular health Human Genome Proteome Environment Interactions HugePEI for cellular health,
biokybernetik body system's functional dynamics and their in-body controls,
hygiokybernetik impact of person's life-sphere factors and their coherent control from outside,
- towards an optimizing algorithmic medicine built from mathematical systems theory and control.

Returns of investment arise, when best health secures productive power in industry and
economy and best education secures power of innovation and development, since jointly they are
necessary for a nation's prosperity and welfare. Noteworthily, returns to society arise from
outstanding achievements in highly contested fields of the sciences by which one visibly
occupies a key field in scientific research, then takes a leading role in international competition
and keeps it for a long time. The huge spectrum of variation in populations, cultures, topography
and climates, makes EurAsian landmass a unique research field, and the expanding middle-
classes in its rising economies an interesting “market” for health research and health industry.




BOJIbLLOW MO3r 2019 KoH(epeHuUs No coTpyaHuyecTtsy B EBpasum
30 ceHTAOpA - 04 okTAOPA 2019r, r.MockBa, Poccus
MOCKOBCKMMA roCyAOpCTBeHHbIH YHUBepcuter MM. M.B.JlomoHocoBa
Hcnonb30BaHKe MHOTOC/IOMHBIX MEMPHCTOPHBIX 3/IeMEHTOB B

CaM000yJarIMXCA CIIAMKOBBIX HEMPOHHBIX CETAX

Haranest Auapeesa, [Imutpuii Unrupee, AutoH bo6koB, MapuHa ['epacumoBa
Kadenpa mukpo- 1 HaHo3mekTpoHrky, CIIOI'DTY "JISTU", Caukr-Iletep6ypr, Poccus

B pabore paccmarpuBaeTcs MoAxo[ K MOJAEIMPOBAHUIO HeWPOHHBIX
ceTel Ha anmapaTHOM YpOBHe, B OCHOBE KOTOPOTO  JIEXKUT
WCTO0/Ib30BaHUe MeTa/UIOOKCH/HBIX TeTepoCTPYKTYp ¢ 3ddekramu
MHOTOYPOBHEBOTO TEePeK/II0UeHUs] COTIPOTUB/IEHHSI U TaMsiThio. Takue
CTPYKTYPbl MOTYT BBITIOMIHATh PO/b HCKYCCTBEHHBIX CHHAriCOB B
HEMPOHHBIX CeTsx, obecrieurBasi MOAY/SLMI0 CUHANTUYeCKOUW repeaunt
B LLIMPOKOM Ji1ara3oHe BeJIMUMH. B coyeTaHuM c mpocreiiilieii MoJiesibio
CTIaikOBOTO HeMpoHa ''WHTerpupoBaThb-HU-cpaboTaTh’ C  yTeukamw,
npeZijlaraeMblii  MOAXOZ,  TIO3BOJIIET  OPraHM30BaTh  UMITY/IbCHYHO
HelPOHHYI0 CeTb MpPSIMOr0 PAaclpOCTpaHeHWs] C MeXaHHW3MOM CHUHANTHUYeCKOW IMIaCTUUHOCTH,
3aBUCUMOM OT BpeMeHM akTuBauud [1]. Pe3ynbTaTbl KOMITBIOTEPHOTO MO/eIUpPOBaHUS
CBU/IETEJILCTBYIOT O CMOCOOHOCTH CMAMKOBBIX HEWPOHHBIN ceTell C WMITJIeMEHTHPOBAHHBIMU
3/IeKTPOHHBIMA MHOTOYPOBHEBBIMHM CHHAICaMyd K caMo0OydeHHI0 ¥ 0O0pabOTKe aCMHXPOHHBIX
TOTOKOB BXOZHBIX JJaHHbIX.

[ UMUTaLMM MeXaHW3Ma CUHAITHYecKod Iepe/jlaud B MCKYCCTBEHHBIX HEMPOHHBIX
ceTsx, ObUIM W3rOTOB/EHbl TOHKOIJIEHOUHbIE [BYXC/IOWHBIE MeTa/IJIOKCH/HbIE CTPYKTYPBHI,
Tipe/iCTaB/eHHbIe T0C/Ie[0BaTe/IbHOCThI0 C/I0€B OKCH/IOB THTaHa W aatoMHUHUsA (TomuHamu 30
HM U 5 HM, COOTBeTCTBeHHO) [2]. CuHTe3upOBaHHbIe METOJJOM aTOMHO-C/I0€BOTO OCaXKIeHUSs
JIBYXC/IOliHbIe ~ CTPYKTYpbl ~YBEDPEHHO [IeMOHCTPUPYIOT MHOTOYPOBHEBOe  TepeK/touyeHre
COTIPOTHB/IEHUS B AMaria3oHe CeMM MOPSAKOB M0 BesinunHe. Hy)XHbIM ypOBeHb 3allOMHHAEeMOro
COTIDOTUB/IEHUs ~ 3aJjaeTCs  IMyTeM TPWIOKEeHUsI  HamlpsDKeHUsi  MeXAy  371eKTpoJaMu
reTepoCTPyKTypbl. OTHOCHUTE/NILHO  3aJ[aHHOTO  YPOBHSI ~ COTIPOTHB/IeHWsl, HaOsromaeTcst
OUMosISIpHOE Pe3UCTUBHOE MepeK/FoUeHre, TIPH KOTOPOM OTHOIIIEHHe BeJIMUHHBI COTTPOTHUBIEHHUS
B BBICOOKOMHOM COCTOSIHUM K HHU3KOOMHOMY (Rors/Ron) cocTaBisieT ofuH-ABa TOpsiAKa.
[TosiBNeHre MHOTOYPOBHEBBIX pe3ruCTUBHbIX cOCTOsiHUM B TiO»/Al,O3 IBYXCIONWHBIX CTPYKTypax
o0ycsioBieHo obpatumoi MoaudUKalel pru3nuecKUx CBONUCTB CJI0s OKCHU/lA a/TFOMUHMS, 38 CUeT
Jpeticda KMCIOPOJHBIX BaKAHCHI U3 BTOPOTO C/I0si CTPYKTYPbI - OKCH/la TUTaHa, UTPAOLLEro pob
pe3epByapa KUC/I0POJHbIX BAKAHCUM.

Pe3ysbTaThl KOMIBIOTEPHOTO MO/IEIMPOBAHUSI MMITY/IbCHOM HEeWPOHHOW ceTh Ha 0ase
3/IEKTPUUECKUX CXeM C paclpefe/ieHHbIMU TapaMeTpaMu W MEeMPHUCTUBHBIX CTPYKTYyp C
MHOTOYPOBHEBBIM TepeK/II0ueHreM MoKa3aaM, YTo U3MeHeHHe CHHAITUUeCKOW IMIaCTUUHOCTH B
[lMaria3oHe TpeX TIOPSKOB TIO0 BeJMUWHe TI03BOJisieT OOpabaThiBaTh aCHHXPOHHBIE TTOTOKH
JIJaHHBIX C CEHCOPOB, UCIOJIb3YIOIIMXCS B MPOTE3aX CeTUYaTKH, a TAK)Ke OTpeJesisiTh HarpaB/ieHue
IBwkeHus. [lpearnonaraeTcs, uTO yBelMueHWe [AMara3oHa CUHANTUYEeCKOW MIaCTUYHOCTU [0
CeMd TIOPSJKOB TIO0 BeJiMurHe 00ecreurT BO3MOXKHOCTb YHU(HMKALMM HEHPOHHOW CeTH AJist
pellieHHsI pa3HOTO pPojia 3a/au (pacrio3HaBaHUe 3BYKOBBIX MaTTEPHOB, OPMbI TpaHCMeMOpaHHbBIX
MOTEeHI[MAa/I0B) U CAMOOHACTPOMKM ee OCHOBHBIX MapaMeTpOB.

Cnucok aumepamypbl

[1] Bichler O, Querlioz D, Thorpe SJ, Bourgoin JP, Gamrat C. Extraction of temporally correlated features from
dynamic sensors with spike-timing-dependent plasticity. Neural Networks 32:339-348, 2012.

[2] Andreeva N, Ivanov A, Petrov A. Multilevel resistive switching in TiO,/Al,O; bilayers at low temperature. AIP
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We report a prospective approach to neural network modeling based on
implementation of metal-oxide heterostructures with non-volatile
memory behavior and multilevel resistive switching. These structures
could be used as artificial synapses in neural networks, providing a
modulation of synaptic strength in the range of seven orders of
magnitude. Together with leaky integrated-and-fire neurons it allows to
organize a feed-forward spiking neural network with embedded spike-
timing-dependent plasticity mechanism at the hardware level [1]. The
results of simulation demonstrate an ability of reconstructed networks
based on electronic multilevel synapses to unsupervised learning and processing of asynchronous
stream of spikes.

For mimicking a synaptic behavior we synthesized thin film bilayer metal oxide
structures (based on a sequence of titanium and aluminum oxides active layers, with thicknesses
of 30 nm and 5 nm, correspondingly) using atomic layer deposition [2]. In these structures, a
large change in resistance (in the range of seven orders of magnitude) is achieved. Relative to the
electrically tuned resistance state of the entire structure, bipolar resistive switching occurs with
Rorr/Ron ratio in the range of 1 - 2 orders of magnitude. The appearance of multilevel resistance
states in TiO»/Al,Os bilayer structures is associated with the reversible modification of the Al,O;
layer properties due to oxygen vacancies drifting in under a bias voltage. In this case, the TiO,
layer acts as a reservoir of oxygen vacancies.

The computer modeling of the spiking neural network based on electrical circuits with
distributed parameters and implemented multilevel memristive devices reveals that variation of
the synaptic strength in the range of three orders of magnitude ensures the possibility of tracking
the asynchronous data stream from dynamic vision sensors (used in retinal implants) and
recognition of the movement direction. While increasing the range of synaptic strength variation
up to seven orders of magnitude allows to unify the network for multiple tasks (audio data
recognition, transmembrane spike sorting) and provides an option for the network parameter self-
tuning.
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Ananu3a CrexuvomeTtpujckux Mpexa (ACM, win CHA eHr.) je pa3BujeHa
3a ogpeljuBambe CTaOMIHOCTH peaklMOHMX cuctema. [1-3] Tlog
peakLMOHMM CUCTeMHMa Io/pa3ymMeBaMO CJI0)KEHe MpeXKe CacTaB/beHe U3
BHIIle KOpaKa, ,,peakijija“, y kojuMa ce JellaBajy TpaHchopmalje usmely
peaki[MOHUX BpCTa. Y CBakoj peaklUju peakTaHTH ce TpaHChOpMHIly y
npogykre. Tpancdopmarje usmel)y peakiMOHMX BpCTa pe3ylaTHpajy y
rpoMeHaMa HBUX0BUX KOHLleHTpaluja. LllTaBuilie, 3axBabyjyhu NPUHLIUITY
0 JejcTBy Maca, Op3MHa CBake peakijije je TIpPOMOpLIMOHAIHA
KOHLIeHTpalijaMma peakTaHata. Tako y CUCTeMy MOIY HAacTaTh MOBpaTHe
cripere y KojuMa KOHIIEHTpallMja peakTaHTa yTWue Ha Sp3UHYy COTICTBEHe
rpoMeHe. [lomTo CBaka peakijiOHa BPCTa MO)Ke YUeCTBOBATHM y BHUILe peaklvja, dHUmo Kao
peakTaHT WM Kao TIPOAYKT, HBUXOB CIIJIeT ce jaB/ba Y (hOpMHU Mpeske MOBpaTHUX cripera. [lame,
PeakiMOHU CUcTeMu Cy crequdruyHu Melly AWHAMUYKUM CUCTeMHMa [0 TOMe INTO CYy
TpaHcdopmaiivje Mel)y peakllMOHUM BpCTaMa yBek ofipehjeHe CTeXHMOMeTpUjcKUM ofHocuMa. To
3HauM /la Ce y CBAKOM MOjeJMHaUHOM PeakLIMOHOM KOpaky, KOHLIeHTpaLije yueCHUKa y peakLyju
yBEK Melajy y (UKCUpaHUM OJHOCMMa — CTeXHOMETPHjCKUM KoeduildjeHTuMa. 3ato Cy
CTEXMOMETPH]jCKe Mpexke MoCebHO MoroiHe 3a MoJje/lipame peakliMOHUX CHUCTeMa.

[MpommpeHa BapujaHTa AyToOKaTajiaTopa ca TpU TipoMmeH/buBe [4] he oBme bdutu
kopuitheHa fa ce unycrpyje ebukacHoct ACM. OBaj Mozien cafp’Ky Kackaly ofi TPU peakiuje
Koje TpaHCOpPMHUIY Macy CHCTeMa JIMHeapHO W /iBa HeJMHeapHa KaTaJUTUUKa KOpaka.
JIuHeapHu [ie0 Mofesia je yropeivB ca JMHeapHUM MojieflMMa erujieMuje ca rnpeiasuma usmehy
pe3epBoapa TMO/JIOKHUX 3apa3H, 3apa)KeHWX, 3apa3sHHuX, 0bojeuX U omnopaB/beHHX. CBaku
rpesia3 y OBOM JIaHLly OJroBapa jeJHOj peakliMjyd y pPeakLMOHOM Mofeny ca (uyKcom/b6p3rHOM
Koja ce Jobuja MHOXKeweM KOHCTaHTe Op3uHe ca MacOM/KOHLIEHTPAlLdjoM [JOCTYITHOM 3a
npenas/peakuyjy. Meljytum, y AyTokaTanatopy ca TPy TPOMeH/bMBE TOCTOje U peakLMOHU
Kopaly Y KojuMa ce JielllaBajy uHTepakiivje Mel)y koHcTuTyeHTUMa. [Iperiu3nuje, dp3uHa jenHe
0L peaklyja, TO3HaTe II0J HAa3MBOM ayuwoKallaaus3d, TIPOIOPLMOHAIHA je KOHLIeHTpaLuju
rpou3Bozia. Tako je omoryheHa TojaBa UMTABOT CIIeKTpa er30TUUHUX (heHOMeHa, YK/byuyjyhu
jemHOCTaBHe mepuoAWuHe ocuunanyje U xaoc. [5] CBe oBe u3BaHpegHe MOryhHOCTH Cy
yc/ioB/beHe cTabuiHomhy yCTa/beHHX CTama CucTeMa off Tpu 0buuHe aAudepeHLUjaiHe
jesHauriHe Koje KapakTepullly JUHAMHUKY IIpOMeHa KOHL|eHTpalja UHTepMeujepa y peakijioHo)j
MpEeXKH.

3axeanHuya: VictpakuBaum mpojekata 172015 u 45001 ce 3axBa/byjy Ha (PMHAHCHjCKOj TIOAPIILIA
MuHHCTapCTBa MTPOCBETe, HayKe M TeXHOJIOIKOT pa3Boja Penybnuke Cpbuje.
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Stoichiometric Network Analysis (SNA) has been developed to evaluate
the stability of reaction systems. [1-3] Reaction systems are considered to
be complex networks consisting of multiple steps, the “reactions”, in which
transformations between reactive species occur. In each reaction, reactants
are transformed to products. Transformations between reactive species
results in changes of their concentrations. Moreover, due to the mass-action
principle, the rate of each reaction is proportional to the reactant
concentrations. Hence, feedback loops may emerge where reactant
concentrations influence rate of its own change in the system. Since each
reactive species may be part of multiple reactions, either as a reactant or
product, their joint interconnection appears as a network of feedback loops. Furthermore,
reaction systems are specific among dynamic systems in a way that transformations between
reactive species are always governed by the stoichiometry. It means that in each individual
reaction step concentrations are always changed in fixed ratios — stoichiometric coefficients.
Therefore, stoichiometric networks are particularly convenient for modeling reaction systems.

Three-Variable Autocatalator model [4] will be used here to demonstrate efficiency of
SNA. It is based on a cascade of three reactions that transform mass at linear rates and two
nonlinear catalytic steps. The linear part of the model would be comparable to a linear epidemic
model of transitions from a pool of susceptible to stages of infected, infectious, diseased, and
recovered. Each transition in this chain corresponds to one reaction in reaction model, with
flux/rate obtained by multiplication of rate-constant with mass/concentration available for
transition/reaction. However, in Three-Variable Autocatalator model there are also reaction steps
where reactions between different constituents occur. More precisely, there is one reaction step
with rate proportional to the concentration of product, which is known as the autocatalysis. As a
consequence a spectrum of exotic phenomena, including simple periodic oscillations, mixed-
mode periodic oscillations and chaos can be obtained. [5] All of these exciting possibilities
depend on the stability of the steady state solution of a set of three interwoven differential
equations that characterize the dynamics of changes of concentrations in the intermediary species
of the reaction network.

Acknowledgements: Support by the Ministry of Education, Sciences and Technology of Republic of Serbia,
Grants 172015 and 45001, is gratefully acknowledged.
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Emotions are the fundamental intellectual capacity of human that is
characterized by perception, attention, and behavior. It plays a vital role in
decision making, cognitive, and social interactions. Emotion-related mental
disorders are one of the major causes of death worldwide [1]. Moreover,
emotional abnormalities are associated with depression, stress, and
indecisive irritability. Analysis of emotions finds various application ranging
, from gaming to clinical studies [2].Emotions are described using two-
f | dimensional arousal and valence scales. Arousal represents the emotion
while valence scale defined the pleasantness of the emotion perceived by the
human [3]. Physiological signal based emotional state analysis can provide relevant information
for better diagnostics. Electroencephalography (EEG) are widely used signal due to its
noninvasiveness. Further, source localized EEG signal analysis reduces complexity and provides
a better clinical relevance [4].

In recent years, several signal processing methods have been proposed for the emotion
recognition. However, highly source localized EEG based pattern analysis is not well established
for assessment of the emotional states. In this work, source localized EEG signals in the frontal
region of the brain are analyzed to characterize the positive and negative valance states of
emotion. For this, the EEG signals from publically available online DEAP database are
considered. The EEG electrodes namely, Fp1, Fp2, AF3, and AF4 are selected and the signals are
converted to triadic motif sequences. Further, the probability of occurrence of each motif patterns
are computed and used for analysis [5]. Two features namely, permutation entropy and motif
occurrence index are extracted to study the valence emotional states.

The results show that the proposed approach is able to differentiate positive and negative
valence states of emotions. The mean and median value of permutation entropy is found to be
greater in positive valence for Fp2 and AF4 electrodes. The proposed motif occurrence index
feature shows higher mean and median for negative valence class. All the features are found to
be distinct and statistically significant for both the electrodes (p < 0.05). Further, the motif
pattern-based verification of source localized EEG signals can discriminate the valence states of
emotions. Thus, it appears that the proposed approach could be useful in the analysis of emotions
in EEG signals for different clinical conditions.
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MexaHH3Ma nepefadyu Bo30yauTeneil HHGeKIUOHHBIX 3a00/1eBaHUi
A.H. I'epacumoB

3aB. kadenpoi MeAUIIMHCKON MHGOPMATHKY U CTaTUCTUKH, CeueHOBCKUIN YHUBEpCUTET, MockBa, Poccust
Ha nmpoTsskeHMM  Bcero  BpeMeHM  CYILeCTBOBaHUSI  YejlOBeuecTBa
rH(peKIMOHHbIe 3a00/IeBaHHUsI OCTaBa/IMCh OCHOBHOW MpHuMHON cMmepTH. C
Hayaja XX Beka CUTyalusi W3MeHWIachb — Kak 3aboseBaeMOCTh 00Jib-
IIMHCTBOM HH(QEKLMOHHBIX 3a0oneBaHWM, TaK M BepOSTHOCTb CMepTH
BCJIe/ICTBHE 3a00/IeBaHUsI CTasla 3HAYUTE/TbHO CHIDKAThCS, U Ha TIepBbIe MecTa
B CTPYKType TPWYMH, BBI3bIBAIOLIUX CMEpPTh, BBIILIIA OO/Ne3HU CepfieuHo-
COCY[JUCTOM CHUCTeMbl W OHKOJOTHYecKue 3aboneBanus. Cpegu TPUYMH,
BBI3bIBAIOLIME CHIDKEeHHe 3a00/1eBaeMOCTH M CMEPTHOCTH OT MH(EKIIMOHHBIX
' 3a0osieBaHWI: TIOSIBIEHWE BaKLUH /IS TIpeAyTNpeXaeHus: 3a0osieBaHUN U

aHTUOMOTHKOB [IJI5l UIX JIEUEeHUs].

OpHako B moc/iefHUe [IeCITUIeTHs TOSBUNCh U HeraTMBHbIe TeHJ|eHLIUW. YBeIUuuiach
MPOC/IOKAa HEMMMYHHBIX, B TOM UHMC/e U W3-32 HEeraTWBHOTO OTHOLIEHUSI YaCTH HacejeHusl K
BakIMHAIMU. CTPEMHUTENbHO YBETMYMBAETCS YCTOMYMBOCTb MHMKPOOOB K aHTUOMOTHMKaM. B
CBSI3M C 3THUM aKTya/bHbIM OCTAaeTCsl 33/jaya C/IeKeHHs1 32 aKTHBHOCTbIO MeXaHH3Ma Iepefauyu
B030yauTeneli MH(MEKIMOHHBIX O0e3Hel ueioBeka.

Jl71st KomMueCcTBEHHOM OLIeHKU aKTUBHOCTU MeXaHK3Ma HCTI0/Ib3yeTCsl TaKoM IoKasaTerb,
Kak KoHTakTHoe uucio (basic ratio index), mnu Ro. OHO paBHO cpefHEMY KOIWYeCTBY
MHQUIMPOBaHHbIX, KOTOpbIE 3apa)kalOTCsl OT OfHOro MHpuUIpoBaHHOro. OIleHUBATh JAHHYIO
BeIMYMHY MOXHO 110: (1) YpoBHIO cpeHeli MHOroseTHeli 3abosieBaeMocTtH, (2) COOTHOIIEHHIO
3aHOCHBIX M KOHTaKTHBIX C/lyuyaeB, (3) [onu BoCHpUMMUMBOW uyacTu HaceneHwus, (4) CkopocTu
pocTa 3abosieBaeMOCTH TI0C/Ie 3aHOCA HOBOTO BO30yauTesnss B momyssiiuio, (5) COOTHOIIEHUIO
3ab0/1eBaeMOCTH B pa3HbIX BO3paCTHbIX Ipymnmax, wiu (6) [dnvHe mepuofa B LMK/INYECKHX
Kosle0aHUsIX MHOTO/TeTHel 3a00/1eBaeMOCTH.

[Ipy kaxyieiicss MpocToTe CBs3W OOMBIIMHCTBA [JaHHBIX TMOKasarened ¢ Ry nmerorcs
«TI0/IBOIHbIe KaMHM». Ha yKa3aHHble COOTHOLIEHHUsl CYIIeCTBEHHO BI/HMSIIOT IeTepPOreHHOCThb
MOMY/ISALMK (Handyye TPYTI pUCKa) M BO3pacTHasi CTPYKTypa HaceneHus. Ecmu ucronb3oBarh
Yype3MepHO YTPOLIeHHbIe MOJe/d, TO OyAyT TOo/yueHbl OIIEHKH R, uUpe3BbIUaiiHO CHJIbHO
OT/IMUAIOLMeCss OT WCTUHHBIX. EC/M ke MBITaThCsl MCIOMb30BaTh MaKCHMMaabHO 0000IIeHHbIe
MOZe/IU 3THeMAYeCcKOro MpoLecca, TO /s UX BaluJu3aliiy Hy>KHbl KOJTMUeCTBeHHbIe 3HaUeHus!
pacripesienieHust N0 WHMBUYaJbHONM BOCIPUMMYMBOCTH M 3apa3HOCTH, UTO HepeanbHO TpU
COBpEMEeHHOM YPOBHeE 3MU/eMUOJIOTHH.

B pabote uccnenoBaH psf pasHbIX CIIOCOOOB OL|EHKH BeTWYMHBI KOHTAKTHOTO YHCIIa,
W3yueHbl TIPUYMHBI, TIPUBOASIIME K TIOTPELIHOCTSIM, U BeIMUMHbl CMeLeHUs OL|eHOK, M

MOJTyYeHbI obsactu MMPpUMEHHUMOCTH [JaHHBIX MEeTO/O0B.
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Infectious diseases have been remaining the main cause of death throughout
the entire existence of mankind. The situation has changed since the
beginning of the XX century: both infectious diseases and following death
rates have dramatically decreased and now cardiovascular and oncological
diseases are ranking number one among death causes. Amongst causes that
reduce morbidity and mortality from infectious diseases there are: creation of
vaccines to prevent diseases and antibiotics to treat them.

The situation, however, is not entirely positive. There has been an
" increase in the number of nonimmune recipients, in particular, due to the

present negative attitude towards vaccination among the population.
Antibiotic resistance in microbes is rapidly increasing. That is why the problem of monitoring the
activity of the transmission mechanism of contagious-disease pathogens remains relevant.

The contact number indicator (basic ratio index), or RO, is used for the quantitative
evaluation of the activity of the mechanism. It is equal to the average number of infected people
who got a virus from one infected person. This value can be measured by (1) the level of average
long-term morbidity rate, (2) the ratio of adventitious and communicable means of transmission,
(3) the proportion of the receptive population, (4) morbidity rates growth after the introduction of
a new pathogen into the population, (5) the ratio of morbidity levels in different age groups, or
(6) the length of the period in the cyclic fluctuations of long-term morbidity.

Despite the apparent simplicity of the connection between most of these indicators with
RO, there are some underlying potential problems. These ratios are greatly influenced by the
population heterogeneity (the presence of risk groups) and the age structure of the population. If
you use oversimplified models, the obtained RO values will extremely differ from the real ones. If
we try to use the most generalized models of the epidemic process, then their validation requires
quantitative values of the distribution of individual sensitivity and contagion, which is impossible
taking into account the current level of epidemiology.

The study offers research on various ways to evaluate the contact number, includes both
the causes leading to errors and magnitude of the bias, the applicability of these methods has
been estimated as well.

o - R
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Anhenka Xeznpux
Marematruky HHCTUTYT Cpricke Akaziemuje Hayka u Ymetnocty (MU CAHY), Beorpaa, Cpbuja

HapyuuTo 3aHMM/BMBM U 0[] 1TOCESHOT 3Hauaja 3a penpoAYKTUBHY OMOMOTHjy U
MeUIMHY Cy XOPMOHCKH OCLWIATOPHHU mpoliecu [1] uMja akTHBHOCT uUMa 3a
roceully OocLuIaTopHe (eHOMeHe Ha HHUBOy henuja, TKWBa, OpraHa M
OpraHCKUX CHUCTeMa Off 3Hauaja 3a PernpoAyKTUBHO 3/]paB/be jeflMHKe. XOpPMOHCKe
ocLuaLyje LUpKaZujaaHe, JyHapHe, aHyasHe he ce ofpa3sUTU Ha OCLUJIaTOpHe
TpoLiece OoreHe3e W CliepMaToreHese, Ha CacTaB U KBajUTeT yHyTaphesujckor
cajipkaja pernpoAyKTUBHMX henvja anu M cacTaBa henujckux membdpaHa U
omoraua. CBM 0BM OCLUWIATOPHU CUCTeMU Mopajy obutu meljycobHo
CMHXPOHHM30BaHU He caMO YHyTap jefHor opraHu3ma Beh u u3mel)y jeauHku oba
rosa HeSUIM [IOLJIO ZI0 YCIIelliHe OIuiofie. AyTOp cMarpa, /la Cce Topej OBHUX OCLIM/IaTOPHUX
(eHomeHa Koju cy Beh 1o3HaTH y JIUTepaTypH, caMm Mpolec hesdjcke Oriofilbe MOXe CMaTpaTu
OCILIUJIaATOPHUM TIPOLIecoM [2].

Green u Purves R.D. cy joir 1984. [3] usHenu xurore3y o TeHeTpal[dji criepMaTo3001ia
Kpo3 jajHy henujy ca briomexaHHUUKOT acriekTa, ToMUBbYhH ocluialyje pesiakcaiyje Kao Moryhu
MexaHu3aM neHeTpaiyje. IIpema Teopuju [2] y ToKy mporeca in vitro Omiofmbe OCLMIaTOPHO
KpeTame MHOTOSPOjHUX CIepMaTo300M/ia M HHXOB TepUOJMYHM yTHI[Aj Ha TOBPIIMHY jajHe
henvje mpomeHuhe OCHOBHO OCLIMJIATOPDHO CTawme came jajHe hemuje. [IpeTriocTaBka je ga ce
mpoliec reHeTpalyje jeHOT CriepMaTo300M/ja JelllaBa y TPEHYTKY Kaja jajHa hesuja mocTurHe
Pe30HaHTHO CTamle Ha ()peKBEHTHOM Oricery Koju ofrorapa dpekdeHIuju/jaMa ociiuioBama bap
jenHor criepmaro3oousia. KoHLenT oruifme Kao OCLIMITOPHOr Tipolieca objallimeH je momohy
broMexaHMUKOI  OCLMJATOPHOI  Mofena 3oHe nenyuuze. [lomohy — KBasucTaTMukor
arpoKCMMaTHUBHOT Mojlefla 30He Telylija y Buay 1uyrsbe cdepe [4] aHanmu3upaH je
JedopMmallMOHM paj, 30He TMenayLye HacTao Kao Tocaefulla CUMEeTPUYHOI  JiejcTBa
CTIepMaTo300K/a Ha HeHy TIOBPIIMHY a Y 3aBUCHOCTH 0f] Jeb/biHe 30He Tieylyje U CIO/bHer
MPUTHCKA KOjU M3a3uBajy criepMmaro3oouau. HepocraTiy KBasucTaTWYKoOr Mogena he Takohe
buTH pa3marpaHu.

K/byuHe peun: pernpoyKTHBHA OHOJIOTH]ja, CJIOKEHH OCLUIATOPH, CHHXPOHHU3ALH]ja, OTIOAHa

3axBasHMIia: /leo 0BOr UCTpakuBama je MOTIIOMOTHYT Of, cTpaHe MUHCTapCTBa NPOCBETe, HayKe M TeXHOJIOIIKOT
pa3Boja Perrybiiuke Cpbuje npeko Maremaruukor nHctutyTa Cpricke Akagemuje Hayka u YmetHoctn (MU CAHY),
beorpag, u mpojekra bp. OWN174001: ,/lvHamMuKa XWOpHUAHMX CHUCTeMa CJIOKEHWX CTpPyKTypa. MexaHKa
Marepujana.‘
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Biological Oscillators in Reproductive Biology
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Specifically interesting and of special importance for reproductive biology and
medicine are hormonal oscillatory processes [1] whose activity results in an
oscillatory phenomenon at the level of cells, tissues, organs and systems of organs
of importance for the reproductive health of the individual. The hormonal
oscillations and their circadian, lunar, annual rythm will affect the oscillatory
processes of oogenesis and spermatogenesis; the composition and quality of
‘ intracellular contents of reproductive cells, as well as the composition of cell
Ty J membranes and envelopes. All these oscillatory systems must be synchronized

not only within one organism, but also between both genders for successful
fertilization to occur. In addition to these oscillatory phenomena already known in literature, the
author proposes that the process of cellular fertilization itself can be considered an oscillatory
process [2].

Green and Purves R.D. were introduced in 1984. [3] a hypothesis on the penetration of
spermatozoa through the egg cell from the biomechanical aspect, referring to oscillations of
relaxation as a possible penetration mechanism. According to theory [2], during the in vitro
fertilization process, the oscillatory movement of numerous spermatozoa and their periodic
influence on the surface of the oocyte will change the basic oscillatory state of the oocyte itself.
The assumption is that the penetration process of one spermatozoa is occurring at a time when
the oocyte reaches a resonant state at a frequency corresponding to the frequency oscillation of at
least one spermatozoa. The concept of fertilization as an oscillatory process is explained by the
biomechanical oscillatory model of the zona pelucida. Using the quasistatic approximative
model of the zona pelucida in the form of a hollow sphere [4], the deformation of the zona
pelucida was analyzed as a result of the impact of symmetric spermatozoa distribution on its
surface, depending on the thickness of the zona pelucida and the external pressure caused by
spermatozoa. The limitations of the quasistatic model of the zona pelucida will also be
considered.

Key words: reproductive biology, complex oscillators, synchronization, fertilization
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Imaging technologies are one of the driving forces for the rapid
developments in life sciences [1]. From an information processing
perspective, it is the field of biomedical image analysis / understanding that
bridges the huge gap between the ever increasing amount of complex data
and the relevant comprehensive information by automatic extraction and
quantification algorithms. In particular, it is hardly possible for humans to
manually screen and quantify large-scale datasets. Biomedical image
analysis [2,3,4] offers a rich spectrum of theories and algorithmic methods
to face the multifaceted issues and challenges from imaging-based research
and development in life sciences. The recent stormy development in
machine learning and deep learning [5,6,7,8] marks the next qualitative leap in extraction and
quantification quality, with numerous applications to various subfields of life sciences (e.g. brain
image analysis [9], breast cancer diagnosis [10]).

This talk begins with a brief summary of the research topics of biomedical image analysis
and their relevance to life science research. The focus will then be on some of our work in this
area, ranging from imaging techniques [11,12] to automatic image analysis including image
segmentation [13,14] and motion analysis [15,16]. Finally, an attempt will be made to address
current and future challenges associated with biomedical imaging such as application transfer in
deep learning [17], handling large volumetric data, and multiscale imaging.
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[Tocneawux roAviHa pacTe WHTepecOBame 3a yrorpe0y HelMHeapHUX Mepa Y
aHa/iv3u (PU3MOJIOLIKMX CHUrHala Kao WITO Cy enekrpoeHuedanorpam (EET),
enekrpokapauorpam (EKT'), enekrpomuorpam (EMI), “current clamp” curHanu
utA. [1-5]. OBU curHaau Cy MpOW3BOZA, BUILEe pas3nuuuTHUX U Melyzpenyjyhux
BpEMEHCKUX CKaJla, a Ofipa)kaBajy WHTerpaTMBHO IIOHAUlalke CA0KEeHUX
HeMUHeapHUX [JUHAMMUKUX TIOJCUCTeMa Kao IUTO Cy HEpBHU WU
KapAnoBacKynapHu cucrteM. XuryuwjeBa ®Ppakranna [Jumensuja (XP[I), kao
HeJlMHeapHa Mepa, KOPMCHA je 3a OMMCHUBalke JUHAMUKE OBUX KOMIUIEKCHHUX
roficucremMa y 37paB/by W Oosectu [2]. Ymorpeba X®[ y OGuomenuiHA
eBoJIyMpasa je Off aHajau3e pas3IMuMTUX Mojaraka O (PU3MOMOIIKUM U KIMHUUKUM BPEMEHCKUM
cepvjama Ma [0 HajHOBMje IIPUMeHe Yy ayTOMaTCKOj JeTeKLWju U MOHUTOPUHIY Pas/IAYUTHUX

TIaTOJ/IOILKUX CTama [2].

[Ture oBOr M3narama je fa NpeACcTaBu METOOJIOLIKe U eMUCTEMOJIOLIKe acrieKTe Haller
He/JaBHOT MCTpa)khBatha 0 ynoTpedbu XD/ y HeypodH3HONIOTHjU C HAI/IaCKOM Ha aHaIu3u
“OypcTrHr” 00/1MKa HEPBHE aKTUBHOCTH. Y TOM CMHUCITY, pacnpaB/baheMo 0 IPaKTUYHOM OKBHPY
y kojeM je moryhe wmcrahu npepHocTtu ¥ orpaHvuema rnpumeHe X®/I y henujckoj, anu u
CUCTeMCKOj Heypo(pU3UOIOTHjH.

Y npakcu ce mokaszano ga je X®I epukacHa y npahewy akKTUBHOCTU (PUTOTEHETCKH,
AaHAaTOMCKM U (YHKIJMOHA/JHO Pa3/JMUMTUX HEeypOHAa U HEYPOHCKHX TIpyra y pasInyuTUM
eKcriepyMeHTaIHUM ycioBuMa [1-6]. Hamr rnaBHu ¢okyc 6uo je Ha nmpumenud X®J] y aHammsu
“OypCTUHT” aKTMBHOCTH Bp HeypoHa My)ka Tpe W T0C/ie W3jarakba KOHCTAaHTHOM MarHeTHOM
no/by (KMIT), unaykumje 2,7 mT u 10 mT, ca wim 6e3 npruMeHe jieka oyabarHa (MHXUOUTOD
Ha+/K+ nymne) [3, 6]. OBe cryguje cy pgane JofaTHU YBUZ, y MoaynatopHu edekar KMIT
yMepeHe WHAYKLMje Ha aKTMBHOCT jefHOr HeypoHa. lllTaBuille, 0BO MCTpakvBame je Takolje
M0KAa3asio /la ce Tope/; KJIaCMUHUX MeTOoZa 3a aHanu3y “OypCcTHHr” akTWBHOCTH, XDl mMoxe
yCIeLIHO KOPUCTUTH U 3a pa3jBajame akLMoHMX rnoTeHuyjana (All) ox uHTep-cnajk MHTepBania
(CN) u unTep-6ypct nntepsana (MBN) [6].

MehjytM, Kao I1ITO je TO Cayyaj ca CBAKOM MeEpPOM KOMIUIeKCHOCTH, U X®PJI uma cBoje
He/l0CTaTKe jep HUje Hajnpeli3HUja Mepa y CBUM eKCIleprMeHTaJHUM ycioBuma [1]. VI3 oBux
passiora, KOMOMHOBaHa ymoTpeba X®/] ca JpyrdM HelMHeapHUM M JIMHeapHUM MeTojama Ha
ayTOMaTH30BaH WM He-ayTOMaTu30BaH HauWH o00e30eljyje ekoHOMMUYHY U TIOy3AaHy
KBaHTUTATUBHY IPOLeHY HEYPOHCKe aKTMBHOCTH y 3ApaB/by U Oonectu [1, 2, 5]. M3mieau 3a
Jarpy npuMeHy X®J/] y OCHOBHUM HCTpaKuBambuMa M KJIMHULM Cy, [IpeMa TOMe, BUILle Hero
CBeTJIU.

3axeanHuya: OBaj paj je moApykaH of ctpaHe MUHHCTApCTBA MPOCBETe, HAYKe M TEXHOJIOLIKOT pa3Boja Pery6muke Cpbuje,
npojekat ON173027.
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In recent years there has been a growing interest in the use of non-linear
measures for the analysis of the physiological signals such as
electroencephalogram (EEG), electrocardiogram (ECG), electromyogram
(EMG), “current clamp” recordings, etc. [1-5]. These signals arise from several
different and interacting temporal scales, and they reflect the integrative
behavior of complex nonlinear dynamical subsystems such as nervous or
cardiovascular system. Higuchi Fractal Dimension (HFD), as a non-linear
measure, is helpful to describe dynamics of these complex subsystems in health
and disease [2]. The use of HFD has evolved from the analysis of different types
of physiological and clinical time-series data to the latest application in the automatic detection
and monitoring of various pathological conditions [2]

This presentation will give a methodological and epistemological overview of our recent
research on the use of HFD in neurophysiology with the particular emphasis on neuronal
“bursting” activity. In this respect, we will discuss the practical framework in which it is possible
to highlight the advantages and limitations of the application of HFD in both cellular and
systems neurophysiology.

So far, HFD proves to be useful in monitoring the activity of phylogenetically,
anatomically, and functionally distinct neurons and neuronal ensembles in different experimental
conditions [1-6]. Our primary focus was on the use of HFD in monitoring bursting activity of the
snail Br neuron before and after exposure to 2.7 mT and 10 mT static magnetic fields (SMFs),
with and without ouabain (Na*/K" pump inhibitor) administration [3,6]. These studies provided
additional insight into the modulation of single-neuron activity by moderate-intensity SMFs.
Moreover, this research also showed that besides “classical” methods for the analysis of bursting
activity, HFD could be used to distinguish action potentials (AP), interspike intervals (ISI) and
interburst intervals (IBI) [6].

However, as the case with the most complexity measures, HFD has its shortcomings
because it is not the most accurate measure in all experimental conditions [2]. For these reasons,
the combined use of HFD with other nonlinear and linear methods in automated or non-
automated manner provides the cost-effective and reliable quantitative estimate of neuronal
dynamics in health and disease [1, 2, 5]. The prospects for further research and clinical
applications of HFD are, therefore, more than promising.

Acknowledgment: This study was supported by the Ministry of Education, Science, and Technological Development
of the Republic of Serbia, Grant 173027.
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[TokaszaHo, UTO B a[|eKBaTHBIX YC/IOBUSIX [la)ke COCTApUBIIMECS YacTU Tesia
MOT'YT BOCCTaHaBNIMBaTh CTPYKTYpy M (yHKuMio [1]. EcTb JgaHHBIE, 4TO
BO3MOJKHBI YCJIOBUSI KHU3HHU, CTIOCOOCTBYIOIIYE 3HAYUTE/TEHOMY 3aMe[lIeHHIO
CTapeHUss 4ejioBeKa 3a cyeT Oosiee aJeKBaTHOrO W CTabWIBHOTO
(YHKIIMOHUPOBAHUSI CUCTEM YIIPaB/IeHUs] OPraHu3MoM |2, 3].

[IpennoxxeHa rpocTtast Mo/iesb MOSIBJIEHHsI CTapeHUs] B HealeKBaTHbIX
YCIOBUSIX [layKe y TIOTeHL[Ma/bHO HecTaperuux ocobell. Mozenb ocHOBaHa
Ha porosiHeHUn Jud@epeHlasibHoro ypaBHeHuss [lommepua [4] ans
NpYpallieHnss CMepTHOCTH M, CBs3aHHOTO C TpUpalljeHHeM Bo3pacTa t,
BTOPBIM U/IeHOM, CBSI3aHHBIM C W3MeHeHHeM BHeIIHUX YCI0BuM (“ZaBneHust cpefibl”’), B KOTOPBIX
CyllecTBYyeT nomyssiusi. M1 p - HavBeposiTHelilllee 3HaueHUe 3TOro (UIYKTYUPYIOLIero JaBJieHus
OKpY)Katolllell cpefibl B OTHOCHUTE/IbHBIX eJUHULIAaX. 3aTeM ObI0 000CHOBAHO TIPeATIONOKEHMUE,
YTO KMHeTHYeCKUid apameTp ['omriepiia a (CKOPOCTb CTapeHusi) IMHEWHO MafilaeT C pOCTOM p, T.K.
3¢ heKTHBHOCTE MPOIIECCOB CAMOTIO/AeP>KaHUs 3aBUCHUT He TOJILKO OT 0COOeHHOCTeM OpraHu3Ma,
HO W OT YCJOBUH, B KOTOPBIX OH CyljecTByeT. PellleHue 35Toro moauHUIMPOBAHHOTO
mubdepeHIMaTBEHOTO ypaBHEHUsI B C/Tydae KBa3UCTaOM/ILHOTO p (CpefjHee p=const) COBMA/aeT C
KJIaCCUYeCKUM 3akOHOM [ommepria (3KCIIOHeHL[Ma/lbHbIA POCT cMepTHOCTH) [4]. 135 net crycTs
ObUI0 TIOKa3aHO, UTO HAOOp pa3/MUHBIX KCIIOHEHI[MA/IbHBIX 3aBUCHMOCTeH XapaKTeph3yeTcst
OTpHLATe/TbHOM KOppesiliell MeX/ly UX TlapaMeTpamMy B TIO/y/orapupmMudeckoM Macirabe [5],
T.e. Mexxay InM, 1 a, UTo XapakTepHO //isl TOTeHL[MabHO HeCTaperolX OpraHusMoB [2, 3].

Bbuonornueckue CooOpa)keHHWsI TIO3BOJISIIOT TIOHSATh, KAk a/[eKBaTHble 3HAUeHUS P
noOy’>KJal0T opraHvM3M (YHKLMOHHMPOBaTb TaK, YTOObI €ro Teso TIOJHOCTbIO OOHOBJISIOCH,
oCTaBasich HecTaperolyM. Ho J/11 BbDKHBaeMOCTH 3TOT /jMara3oH p He SIB/ISeTCS ONTUMa/IbHbIM,
T.K. B TAKOM OKpY>Karolllell cpejie BbICOKA CMEPTHOCTb OT BHEIIHWUX NMPUUMH. [/l CHU)KeHHsI 3TOU
CMepTHOCTH 0CO0b WIIIeT MeHee arpecCHUBHYIO cpefy. Takium 06pa3oM, OHa HUIeT Ha KOMITPOMHKCC,
JKepTBysl ONTHMa/IbHbIM (YHKLMOHUDOBaHUEM (TIOJTHBIM OOHOB/IEHHWEM) B TI0/Ib3y MeHee
arpecCcMBHOM cpefbl. B pe3sysmbrare camMOOOHOB/IeHHWE OpraHW3Ma CTAaHOBUTCS HETIO/HBIM,
MIPUBOZS K CTapeHHI0 W BO3PACTHOMY YBeIMUEHHI0 CMepTHOCTU. Ho 3TOT pocT cMepTHOCTH C
BO3PaCTOM KOMIIEHCUpyeTcs 0Oojiee 3HAUMTE/NLHBIM CHIDKEHHEM CMEPTHOCTH OT BHEITHUX
npuurH. OnTUManbHbIM OanaHc, MoAep>XKUBaeMblii BOIOLMOHHBIMU CUIAMU, OTITUMHU3UDYEeT
CPe[HIOI0 TIPUCIIOCOO/IEHHOCTh TIOMY/ISIMKA OpraHu3MoB. [IpuHMMasi 3T0 BO BHUMaHHe, MOXKHO
TMIPeATION0XKUTh, YTO B KOMIIPOMUCCHOM CHTYal[iy MapameTp @ 5KCIIOHeHLMaJbHOM YacTU 3aKOHa
lomnieprja (KOTOpBIM OTpakaeT BKJaJ, CKOPOCTH CTapeHWs) [OJ/DKEeH CHIKaTbCsl T0 Mepe
yBeIMUEHUs JiaB/ieHUs] OKpYy»Karolllel cpefbl. B To ke camoe BpeMsi Ipe[9KCIIOHEeHLIMaIbHbIN
MHOXXWTeJIb 3aKoHa ['ommnepiia (cTapToBasi cuia CMepTHOCTU M,) [JO/DKeH pacTy C yBeJTuueHUueM
JlaB/ieHUsT OKpysKatomled cpenbl. Takum obOpa3oM, MexAy STUMW [BYMsi TlapamMeTpaMu
CyIIeCTByeT OTUeT/MBasi B3aMMOCBs3b. M OHa HeOJHOKpAaTHO HaO/ofanach Kak y JIHOfeH,
HauvHas ¢ 1960 roza [5], Tak ¥ B fa/ibHelillleM Yy IPUMaToB, KpbIC U MyxX, OCHOBBIBasiCb Ha 3TOMU
3aKOHOMEPDHOCTM M Ha CBOMCTBAaX IOTEHLIMAAbHO HEeCTapeloIUX CTBOMOBBIX KJIETOK MOKHO

IMOHATH, KdK BO3HUKAET CTapeHKe IMMPpU HealeKBATHOM B/IUAHUN BHeIIIHeH Cpeabl Ha OPraHU3MBlI.
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The newest findings indicate that in adequate conditions even aged parts of
‘ the body can restore their structure and function [1]. In addition, the analysis
shows that living conditions are possible that contribute to a significant
i slowdown in human aging rate due to more adequate and stable functioning
of the body's control systems [2, 3].

A simple model was proposed to explain the inevitability of aging in
some inadequate environment, even with the perfect design of a potentially
ageless body. The model based on the extension of Gompertz differential
equation [4] for an age-dependent increment in mortality rate M connected
with an increment of age t via introducing to initial equation an additional term related with the
alterations in total external conditions (“environmental pressure”) in which the population exists.
And p is the most probable value of this fluctuating environmental pressure in relative units.
Then the proved assumption was made that Gompertz kinetic parameter a (rate of aging)
approximately linearly depends on p. Because the effectiveness of self-maintenance processes
may depend not only on the peculiarities of a body but also on the conditions in which it exists.
The solution of this modified differential equation in case of quasi-stable p (an average p=const)
is the same as the classic Gompertz Law (exponential growth of mortality rate) [4]. 135 years
later, it was shown empirically [5] that the set of different exponential dependences was
characterized by a negative correlation between their parameters on a semi-log scale (between
InM, and a), which is characteristic of a potentially non-aging organisms [2, 3].

Biological consideration allows for the conclusion that a reasonable amount of p plays a
stimulating role for body functioning and within this range a body can completely renew itself,
thus remaining ageless. However, this range of p is not optimal for survival because the
environment induces a heavy death toll among such populations and the mortality is high for
environmental reasons. To reduce this mortality the body will favors a less aggressive ambience.
It thus compromises by sacrificing optimal functioning (complete renewal) for the benefits of the
less aggressive environment. As a result, the body’s self-renewal becomes incomplete, and
senescence generates an age-related increase in mortality rate. This age-related mortality increase
is compensated for by a more significant decline in mortality due to external causes. The optimal
balance is kept by evolutionary forces, which optimize the average fitness of a population of
organisms. Taking this into account, one can assume that in the compromised situation the
Gompertzian exponential parameter (which reflects the contribution of the rate of aging) must
decline as environmental pressure increases. At the same time, the age-independent part of
Gompertz mortality rate (another Gompertzian parameter) must increase when the environmental
pressure increases. Thus there is distinctly reciprocal relationship between these two parameters,
which has been repeatedly observed for human beings, primates, rats and flies since 1960 [5]. So
we suggest that natural aging may be caused by an inadequate environment-to-body interaction.
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B nocneznHee Bpemsi, pa3paboTkKa r’MOpHAHBIX METOJOB CTasla MepCreKTHBHBIM
HarpaB/ieHWeM B 00paboTke U aHaiv3e U300pakeHHWH. OTH MeTOAbI
TIPe/ICTaBISIOT 000U KOMOWHAIMI0O HEWPOHHBIX CeTell M KIacCHYeCKHX
MaTeMaTHueCKuX MeTofioB 00paboTKu u3obpakeHuit. CoueTaHue XOpoiiei
obobrmmarorteid crmocoOHOCTH HEWPOHHBIX CeTell U THOKOCTU K/IacCHUUeCKUX
Mogiesiel T03BOJIsieT CYIIeCTBeHHO TOMOUYb B pellleHuH OObLIOro uuc/ia
W, 3anau 00paboTKM W300pakKeHUH, UTO OCOOEHHO aKTya/JbHO /IS aHaau3a
A Z MeJUIIMHCKUX H300pakeHWid. B gaHHOM paboTe paccmarpuBaeTcsi 3ajaua
CerMeHTalU CJIM3UCTBIX JKeé3 Ha TUCTOJIOTHUeCKIX M300pakeHusIX.

ANrOpUTMBI CEeMaHTUUECKOW CerMeHTalMu »Kesié3 Ha TUCTOTOTHYeCKUX H300pa’keHUsX
[1] B HEKOTOPBIX C/Tyuasix TIO3BOJISIFOT Pa3Ze/UTh CMeXKHbIe Kesie3bl, O[HaKO, B 00IieM ciyuae,
pe3y/bTUPYIOLiasi CerMeHTallusi He SIB/sieTCsl WAeanbHOM. [IpMHLMIUANBHBIM yaydllleHUeM B
3TOM CjIydYae sIB/SIeTCS Tepexo[ OT 3a/jaull CeMaHTUYeCKOW CerMeHTaluM K 3ajade 0OBeKTHOU
CerMeHTalWu /il JeTeKTUPOBaHHUSI OTAe/NbHBIX >Kesé3 Ha u3o0pakeHud. CylecTByeT psif
HeMpoCeTeBbIX alrOPUTMOB, MCIIONB3YIOIUXCS AJIs1 OObeKTHOW cerMeHTal[uH, Hanmpumep Mask
R-CNN [2] u Deep Watershed [3]. OHako, oHHM He MOTYT ObITh HAlpsIMYI0 HCII0/Ib30BaHbl B
pelaemMoii 3aziade. Kpome TOro, HU OfjHa U3 3TUX apXUTEKTYp He UCMOo/b3yeT WUH(OPMALUI O
(opme cermMeHTHpPyeMbIX OOBEKTOB, UTO MOKeT ObITh KpaiiHe TI0Jie3HbIM TIPU BbIJIe/IeHUH
TUCTOJIOTHUECKUX CTPYKTYp (TPaHHUIBI »Kené3 B OOMbUIMHCTBE CIy4yaeB IVIaJKHe M 4YacTo
NIpUO/IVKEHBI K 3/UTATICAM).

st paboTtbl ¢ mopobHOM MHGbOpMareit Mbl TIpeJiaraeM HCIOMb30BaTh MOAWUGMUKALIAIO
Mozie1 00ydyaeMoro akTUBHOTO KOHTypa [4] ¥ TUOpWAHBIN MeTo[ CerMeHTallUd >Kesié3 Ha
TUCTOJIOTHUECKUX HM300paKeHHsiX, OCHOBAHHBIA Ha 3TOW Mogend. [71aBHOM OT/IMYMTESTHHOM
yepToil MoJiesii 00yyaeMOro aKTMBHOTO KOHTYpa SIB/SIeTCSl TO, UTO TapaMeTpbl BapUaLlMOHHOU
MO/Ield aKTUBHOTO KOHTYypa TPEeZACKAa3bIBAlOTCS B KaXK/IOM THKCesle N300paXeHHs C TOMOIIbIO
CBEPTOYHOW HEHMPOHHOU CeTH CO CTPYKTYPHBIM Ipe/iCKa3aHUeM.

TakKe, B paMKax pacCMaTpyBaeMoro TrMOpHAHOTO MeTOZla peanr30BaH CIIelaIbHbINA
aJropuT™M 1ocTobpabOTKH, KOTOPBIN I03BOJIsIeT pa3peliuTb NMpobieMy KOIIM3UM KOHTYPOB U
KODPEKTHO CerMeHTHPOBaTh CMe)KHbIe ’Kejie3bl Ha M300paxeHWH. IIpesoykeHHBIN MeTo Obu1
npoTecTpoBaH Ha Habope manHeix PATH-DT-MSU [5, 6] ¥ mpogeMOHCTPUpPOBa/l XOpOIlve
pe3ynbrarel. CpesiHee 3HaueHre Mepbl [oU Ha TecToBo# BeiOOpKe cocTaBuo 0.81.
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Currently, the development of hybrid methods becomes a perspective
direction in image processing and analysis. These methods represent a
combination of neural networks and classical mathematical approaches of
image processing. This combination of good generalization ability of neural
networks and the flexibility of classical mathematical models allow to
significantly help in solving a number of problems of image processing and
especially of medical image analysis. In this work a problem of mucous
glands segmentation in histological images is considered.

Algorithms that perform semantic segmentation of glands in
histological images [1] allow in some cases to divide adjacent glands, however, in general, the
performed segmentation is not perfect. The principal improvement is the transition from the task
of semantic segmentation to the task of instance segmentation for detecting individual glands in
the image. There are several CNN-based algorithms that are used for instance segmentation, such
as Mask R-CNN [2] and Deep Watershed [3]. However, they can’t be used directly for the current
problem. In addition, none of these architectures uses information about the shape of segmented
objects, which could be extremely useful in the case of histological structures (the boundaries of
the glands are mostly smooth and in a large number of cases are close to ellipses).

To work with this kind of information we consider a modification of trainable active
contour model [4] and a hybrid method of glands segmentation in histological images, that is
based on this model. The main distinguishing feature of trainable active contour model is that
variational parameters of active contour are predicted for each pixel in the image and can be
learned by a convolutional neural network with training in terms of structured prediction.

Also, within this hybrid method a special postprocessing algorithm is implemented, which
allows to resolve contours’ collisions and correctly segment adjacent glands in the image. The
proposed method was tested on PATH-DT-MSU dataset [5, 6] and demonstrated good results.
The average value of IoU for all test images is 0.81
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B 3TOM f0K/aze yripaBrisieMasi Mofiesib cOpeBHOBaHUsL JIOTKU-BomnbTepphl
WCTONb3yeTcsl ISl OINMCaHWs B3aUMOJENCTBUSI 3/I0POBBIX W PAKOBBIX
KJIeToK. [Iisi 9ToM ympaBisieMOM MofenM paccMaTpyBaeTcs 3ajaua
MUHUMHU3ALMU TepMHUHAAbHOTO (YHKI[MOHANa, KOTOpas Mpe/CTaB/sieT
coboli B3BellleHHYH0 Pa3HOCTb KOHLIEHTPAL[Mii PakKOBbIX U 3[0POBBIX
KJIeTOK B KOHEeUHbIi MOMEHT Tepuofa JieueHUs. Tpy TuMa JedeHus
paccMarpuBaroTcs. Mcmonb3ys NMPUHLMN MakcuMyMma [ToHTpsruHa, /st
KaX/Or0 TWUIA JIeueHWs] YyCTaHaB/IMBAKOTCSI CBOMCTBA ONTHUMabHBIX
yTIpaB/ieHUH, KOTOpbIe TIOATBEP>KAAIOTCS COOTBETCTBYHOIIUMHU
YNUC/eHHbIMUA pacueTamd. Takke, /il [JaHHOM YTpaB/sieMOM MoOJenu
JIOK/IaZl TIpe[CTaB/sieT pe3y/bTaThl aHAJUTUUECKUX U UWCIEeHHBIX WCCIeoBaHUM 3ajauut
TEePMHUHAJIBHOTO yTIpaB/ieHUs /sl ByX BapUMaHTOB OrpaHUuUeHUN Ha yrpaBreHus. [TomyyeHHble
pe3y/bTaThl TIPO/JO/IKAIOT UCC/Ie0BaHMs, TIpecTaBIeHHbIe B [1].
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In this report, the controlled Lotka-Volterra competition model is used to

describe the interaction between concentrations of healthy and cancer

cells. For this controlled model, the minimization problem of the terminal

functional is considered, which is a weighted difference of the

concentrations of cancerous and healthy cells at the final moment of the

treatment period. Three types of treatment are considered. Using the

el Pontryagin maximum principle, for each type of treatment, the properties

‘ of the optimal controls are established, which are confirmed by the

{ ) corresponding numerical calculations. Also, for the given controlled model

the report presents the results of the analytical and numerical studies of the

terminal control problem for two variants of the control constraints. The obtained results continue
studies presented in [1].
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Xwuroranamo-xunodusHo-azpeHanHa (XXA) oca je KOMIUIEKCHU OHOJOIIKA
CHUCTeM KOjU je TIPUPOAHO Y OCLIaTOPHOM [UHaMUUKOM CTawy. Tako,
xopMoHM XXA  oce, Kao IUTO Cy KOPTU30J, aJJ0CTepOH,
a/peHOKOPTUKOTPONUH, U [PYIH, UCII0/baBajy KOMIIJIEKCHO OCLIMIaTOPHO
MOHAlllake Ca [Ba  KapakTepuCTUYHa  [epuofa:  YHyTapAHeBHe
_ (ynrpagujanne) ocuunaguje ca nepuogom msmehy 20 u 120 munyTa,
"ﬁ B I CyreprioHrpaHe Ha JHeBHe (L[MpKajMjajHe) OCLu/Ialjje ca MeprofoM Off
Btk

¢ ‘19: i *':;‘ )| i oxo 24 h. TakBa [gvHaMuYKa CTakba Ce MOTYy peaqu30BaTd CaMO Yy

SN WA HesMHeapHMM CHCTeMMMa 1107, HEpPaBHOTeXHMM ycjoBuMa. [1] Mehytum,

yATpajyjasHe OCLWIaLije Cy MPOy3pOKOBaHe AUPEeKTHHWM HHTepaklidjama

r3Melly peakIJMOHMX BpPCTa YK/bydeHUX y X XA 0Cy, 0JHOCHO YHYTpallllbiM CaMOOpraHu3yjyhum

(eHOMeHrMa, [OK LMpKaJvjanHe OCLWIalyje MOTAYY U3 aHAaTOMCKe JIOKalldje Koja je W3BaH
XXA oce 1 110[;, jakuM Cy yTULajeM JHeBHOI pUTMa Kao CII0/bHe NepUoAUUHe IPOMeH/bUBe.

Y uznarawy he dutu pasmarpaHo MaTeMaTMUKO Mojenvpame AuHamuke XXA oce u
weHux rneprypbaiuja (crpec). da du ce cumynupane yaTpajujajiHe ocLidjalidje, BpeMeHCKa
eBOJylIMja KOHLIEHTpallje OCHOBHMX XopMoHa XXA oce je MojenupaHa KopullheweMm
CTeXHOMeTPUjCKUX pesialiija u3Mel)y peakIJMOHMX BpCTa Kao U 3akOHa JejcTBa Mace. [2-4]
[IHeBHM puTaM je cuMy/avpaH rnoMmohy usabpaHe nepuoauuHe QyHKIMje Koja je CyrneprnoHHpaHa
Ha ynTpajuvjanHe ocuunanuje. [2, 5] Takolje he dutu nokasaHo ja ce ocHOBHU Mogies1 XXA oce
[2, 3] MOXKe /1aKO MPOLLMPUTH 3a pa3UuUTe CBpPXe, HAa MpUMep, Kaja je oTpebHO Jia ce y3Mmy y
063up Zi0oflaTHe peakliyje U JJofjaTHe BPCTe, Kao ILITO Cy YHYTpAlIkbU U CTMO/BHU X0siecTepor [3,
6], wnu etaHon [7], koju y oBoM MoJieny urpa y/iory TunuuHe criojbHe Bpcte. [8] Tlopep Tora,
MOJByUYeHe Cy MpeJHOCTU CTEXMOMETPH]jCKOT MPUCTYTIA 38 MOJleNIMpambe CJI0KeHUX HeJTMHeapHHUX

broxemMMjCKUX crCTeMa U BUXO0BOT O[T0BOpa Ha CIIOJbHE U YHYTpallikbe TTopeMehaje unu nobyze.
3axeannuya: VictpaxxuBauu mnpojekara 172015 u 45001 ce 3axBarbyjy Ha (PUHAHCHjCKOj TOAPLILIA
MuHHCTapCTBA MPOCBETe, HayKe U TEXHOJIOIIKOT pa3Boja Pemybivike Cpbuje.
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The hypothalamic-pituitary-adrenal (HPA) axis is a complex biological
system that is naturally in an oscillatory dynamic state. Thus, HPA axis
hormones, such as cortisol, aldosterone, adrenocorticotropin (ACTH) etc.,
exhibit complex oscillatory behavior with two characteristic periods:
ultradian oscillations, with a period between 20-120 min, superimposed on
circadian oscillations, with a period of about 24 h. Such dynamic states can
only be realized in a nonlinear system under nonequilibrium conditions [1]
However, ultradian oscillations are caused by direct interactions between
reaction species involved in the HPA axis, that is by internal self-
organizing phenomena, whereas circadian oscillations originate from an anatomical location
that is outside of the HPA axis and are strongly influenced by the daily rhythm as an external
periodic variation.

Mathematical modelling of HPA axis dynamics and perturbations of HPA axis dynamics
known as stress, will be discussed. To simulate ultradian oscillations, the time evolution of
essential HPA axis hormone concentrations is modelled using stoichiometric relations between
reaction species and the law of mass action. [2-4] The daily rhythm is emulated by a selected
periodic function that is superimposed on the ultradian oscillations. [2, 5] It will also be shown
that the basic model of the HPA axis [2, 3] can be easily expanded for different purposes, for
example, to account for additional reactions and additional species, such as internal and external
cholesterol [3, 6], or ethanol [7], which in this model plays the role of a typical external species.
[8] Besides, the advantages of the stoichiometric approach for modelling complex nonlinear
biochemical systems and their response to external and internal perturbations or stimuli is
underlined.
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Ypok 1. Bepa B TO, UTO «He MPOCTO OTBET, HO PaHHWM OTBET Ha Teparui»
SIBJISIETCSI TIPETUKTOPOM OJIarOTIPUSITHBIX OTZAA/IEHHBIX Pe3y/bTaToB, [0 CUX
II0Op pacIpoCTpaHeHa Cpeiy CIeLUaJUCTOB [0 JIeYeHUI0 XPOHHUYeCKOIo
MuenouaHoro jaeiikoza (XMJI). OpHako mocjefiHWe UCCe0BaHUSI B 3TOU
obacTi TIOKa3aaW, 4YTO BpeMsl [0 OTBeTa He sBJSeTCs afleKBaTHOM
CyppOraTHOW KOHEYHOM TOYKOMW, 3aMeHHuTesieM 00Ileil BbDKUBAeMOCTH. Mbl
TPOBEPU/IM 3TO TOJIO)KeHWe Ha JaHHbix Poccuiickoro XMJI perucrtpa u
MoZiesTbHBIX JlaHHbIX. Peructp XMJI Bkarouaer 6omee 10 ThIC. 3aruceit o
naryieHTax, cobpaHHbIX HauuHasg ¢ 2009 roma. B HacTosiuii aHaIM3
BK/IOUeHO 8326 mainueHTOB B XpoHuuecko ¢asze XMJI, KOTOpbIM Hayaro JieyeHue
uHrubuTopamu TUpo3uHkuHa3bl (MTK). 91% 6onbHbIX seunmuck VimatanboM, 9% - npyrumu
NTK. Cpennnii Bo3pact 47.3 net, 4607 xeHiun/ 3705 My>XuuH. [laTol JOCTKEHUs IIOJTHOTO
yutoreHetnyeckoro oreeta (ITLIO) cumranack gara mepBoro Tecta ¢ 0% of Ph’+ kietok wium
Jara monekynsipHoro tecta ¢ ypoBHeM BCR/ABL<0.1%. O6masi BEDKMBaeMOCTb OLieHHBA/Iach
HauvHasi C Orpe/leJieHHOM Aarbl - jaHA-Mapk (JIM) crapToBoli BpeMeHHOM TOYKW. AHasu3
JaHHBIX ¥ CUMYJIILIMOHHOE MOJe/IMpoBaHKe MPOBOAWIOCH B cpefie raketa SAS. Pacripegenenvs
BpeMeH [0 OTBeTa U [0 JIeTaJIlbHOI'O WCXOZJa MOZEe/IMPOBaJioCh CMECBHI0 3KCIIOHEHL[MabHbIX
pacripefie/ieHUH, lapamMeTphl pacrpezie/leHus OLleHUBaIuCh 110 pealbHbIM [JaHHbBIM.

BeiBog 13 ypoka 1: IMomymsaiust 6oeHBIX XMJI B 1epBoM TPUOIMKEHUH - 3TO CMeCh
IBYyX CyO-momymsiuyii: Korga-HUOyZb OTBEUYAIOL[MX Ha Tepalui0 M He OTBeUYaroIuX HUKOTZA.
Pesynbrarel TpagunoHHoro JIM aHaiv3a HeBepHO TPaKTYHOTCS KakK CBHUeETe/bCTBO TOrO, YTO
BpeMsi [I0 OTBeTa BMseT Ha OOIIyI0 BBDKMBaeMOCTb. bosiee crienManvM3vMpOBaHHBIN aHAIN3
T0Ka3blBaeT, UTO 3Ta KaKylllascsl 3aBUCMMOCTb BbDKHMBAeMOCTU OT BPeMeHU [0 OTBeTa — 3TO
3¢ dexT GMHAPHOM TeTepPOTeHHOCTH TOMY/ISINNA O0/IbHBIX, MEHSFOILENCST B3BeCH CYO-TIOy/ISILIAiA
B pasHbiXx JIM TOukax. ODTO IpPOLEMOHCTPUPOBAHO, KaK Ha peasbHbIX [aHHBIX, TaK U B
MOJe/IbHOM 3KCIIepPUMEHTe.

Ypok 2: Ba)KHO yuMTBbIBaTh COLMa/JbHbIE U JeMorpaduyeckye repcoHaabHble JaHHbIE B
aHajM3e U WHTepIIpeTaliiy pe3y/bTaToB JIFOObIX MOMY/ISLMOHHBIX MCC/Ie0BaHWN B OHKOJIOTHH.
Ho cknafpiBaeTcs BneuatsieHue, YTO po/ib COLIMAABHOIO CTaTyca HeZloOLleHNBaeTCs Kak (hakropa,
B/VSIIOILIETO Ha BBDKMBaeMOCThb OosbHBIX XMJI. Ilenpto wuccienoBaHusi OBLIO  OLIEHUTH
MPOTHOCTUYECKOe 3HAayeHWe TaKuX T[apaMeTpoB, KakK CeMeliHOoe II0JIOKEHWe U YPOBeHb
o0pa3oBaHMsI B CPABHEHHH C W3BeCTHBIMH (haKTOpamMU pHCKa JJisi JaHHOTOo 3aboeBaHus. AHaIN3
TIPOBOZIMJ/ICS HA TeX JKe JJaHHBIX, YIIOMSHYTBIX B [IepoBOi yacTy (Yypok 1).

BriBoz 13 ypoka 2: CouuanbHble U fieMorpauueckue repcoHajibHble [JaHHbIE [10/DKHBI
BK/IIOUaThbCsl B /1000e ucciefjoBaHUe TOMY/SIUM XPOHUUECKUX OHKOJIOTHUeCKUX OO0JIbHBIX.
CeMmeliHOe TIOIO’KEHWE U YPOBeHb 00pa30BaHUsI OUEBHTHO aCCOLIMUPOBAHBI C TIPUBEP)KEHHOCTHIO
K Tepariid U TeM CaMbIM OUYeBHJHO B/IMSIOT Ha [O/IrOBpPeMeHHble ee pe3y/bTarTbl. Briciuee
obOpa3oBaHne — OyaronpusTHBIA (DakTOp, CeMelHOe TIOJIoKeHWe pa3BeleH/BIoBel] —
HeOJ1aronpusTHBIA (HakTop MPOrHO3a /I0JTOBPEMEHHBIX Pe3y/IbTaTOB TeParvy U BbDKUBAEMOCTH
6ombHBIX XMJI.
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Lesson 1. The belief that "not only the response, but also the early response
to therapy" predicts the best long-term clinical outcome is common in
chronic myeloid leukemia (CML). The latest data do not confirm that time to
response is relevant for overall survival. The aim of this study was to check
it on the data of the Russian CML Registy and on simulation model. Russian
CML Registry include more than 10 thousand patients(pts) data. In the
analysis 8,326 CML pts in chronic phase(CP) with first-line TKI therapy
were included: 91% of pts were treated by Imatinib and 9% by other TKIs.
Mean age was 47.3 years, 4,607 were female and 3,705 male. Date of
Complete Cytogenetic Response (CCyR) was assessed as the date of first test with 0% of Ph’+
cells or date of molecular test with BCR/ABL<0.1% IS. OS was estimated starting land-mark
(LM) time point, event was death for any reason, date of last contact was used for survivors
beyond follow-up (censored survival time). Survival analysis and simulation was performed with
SAS Statistical Analysis System. Distributions of time to response and of time to death were
modeled as mixture of exponentials with parameters fitted to real data.

Conclusions of Lesson 1: The population of CML pts is a mixture of “any time”
responders and “never”-responders. Traditional LM analysis output is wrongly treated as
evidence that survival depends of the time to respond. More specific analysis does not confirm
that. This was demonstrated on big population data and explained by simulation model.

Lesson 2: Social and demographic personal data are important to be included in analysis
and interpretation of results of any population studies in oncology. But it looks like social status
is underestimated as cofounder for survival of patients with chronic myeloid leukemia (CML).
The aim of this study was to check the prognostic value of social parameters like marital status
and education level in comparison with standard risk factors. Russian CML Registry include
more than 10 thousand patients(pts) data. In the analysis 8,326 CML pts in chronic phase (CP)
with first line TKI therapy were included: 91% of pts were treated by Imatinib and 9% by other
TKIs. Mean age was 47.3 years, 4607 f / 3705 m. Median of follow-up was 7 years. Overall
survival (OS) was estimated starting the diagnosis date, event was death from any reason, date of
last contact was censored for alive pts.

Conclusions of Lesson 2: The social and demographic personal data should be included in
any analysis of CML population data. Marital Status and Education are obviously associated
with adherence behavior of CML patients and must influent on longitude therapy output. The
highly education level is favorable factor, widowed/divorced marital status is unfavorable factor
for OS prognosis.
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A distributed mathematical model of global evolution of humanity is
considered. The world community is seen as a united complex self-
developing and self-organizing system. One of the main parameters
characterizing the evolution of this system is the total world population N. It
is known that the humanity has shown stable hyperbolic low of population
growth throughout its history; this was confirmed in 1960 by von H.
Foerster’s group. It supposed that such unusual growth in blow-up regime
for biological populations is caused by the positive feedback between the
population size N and the level of technological development, which is
precisely the main driving force of social-economical evolution. Besides,
humanity, increasing in numbers by hyperbolic law, spread to populate the planet, uniting into
various socio-economic integrations. In this sense, the evolution of human society is reflected in
the evolution of spatial structures - cities, states, empires, geopolitical and economic societies, et
cetera.

S.P. Kurdyumov was the first who advanced the idea of modeling the evolution of human
society by the nonlinear heat equation with a source. He has proposed to investigate global
dynamics of world community during the whole history throughout the prism of the developing
of spatial-temporal structures. The investigation shows that the evolution of human civilization
can be described in terms of blow-up regime [1]. However, stable hyperbolic low of population
growth is only the basic trend of evolution; more detailed examination reveals that the last one
includes a number of socio-economic and socio-cultural cycles. According to one of the accepted
classifications, there are 11 historical cycles [2]. Each of them corresponds to certain epoch; one
epoch is replaced by the other by the way of innovation, when qualitatively new socio-economic
technologies or cultural patterns shift the World-System to a new higher level of development.

In the base of Kurdyumov’s model we have developed new model of human evolution
[3]. The model utilizes a quasilinear heat equation for the population density. Positive feedback
between population size and levels of technological and cultural development was taken into
account through averaged cooperative interactions in the model: it is represented by the nonlinear
coefficient of diffusion and the nonlinear volume source. The model parameters have been
chosen so that 1) total population size (that is, the total integral of population density) follows
stable hyperbolic growth, consistent with the demographic data; 2) the dynamic evolution of the
system has cyclic character and duration of stages corresponds to 11 real historical epochs.

The model describes some global properties of human evolution, such as: the blow-up
regime of population size growth, compression of spatiotemporal scales over time, increase in the
instability of development, the alternation of different stages of development at every turn of
evolutionary spiral. The objective laws of spatial-temporal structures evolution can prompt the
possible directions of future development of our civilization and realize the necessary alterations
we need make with our society.

Acknowledgment
This work is supported by the Russian Foundation for Basic Research, project no.
18-01-00436.

References

[1] Belavin V.A., Kapitsa S.P., Kurdyumov S.P. Mathematical model of demographic processes allowing for spatial
distribution. Zh. Vychisl. Matem. i Matem. Fiz. 38(6): 885-902, 1998.

[2] Kapitsa S.P. Global Population Blow-up and After. The demographic revolution and information society. A
Report to the Club of Rome, «Global Marshall Plan Initiative», Hamburg; «Tolleranza», Moscow, 2007.

[3] Kuretova E.D., Kurkina E.S. Modeling general laws of spatial-temporal evolution of society: hyperbolic growth
and historical cycles. Computational Mathematics and Modeling 21(1): 70-89, 2010.

37



BOJIbLLUON MO3rI 2019 KoH(depeHuHus no coTpynHuyecTtsy B EBpasum
30 ceHTAOpPA - 04 okTAOpPA 2019r, r.MockBa, Poccusa
MoOCKOBCKMM rocyaopCTBeHHbIA YHMBepcuteT M. M.B.JlomoHocOoBa

38



BIG BRAIN 2019 Conference for Collaboration in EurAsia
30 September - 04 October 2019, Moscow, Russia
LOMONOSOV MOSCOW STATE UNIVERSITY BIOKYBERNETIKA
Mathematical Modeling of Qualitative Dynamic of Interactions

Between Two Actors
Elena S. Kurkina

Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, Moscow, Russia

A rather general mathematical model describing the interaction between two
actors is considered. The actors may be various social subjects, ranging from
individuals and social groups to states and nations.: social or political
groups, economic agents, individuals, states, nations, etc. The model is based
on a system of two nonlinear ordinary differential equations. It is sufficiently
simple (not more complex that the well-known predator—prey system or the
two-species competition model). The model is an extension of the Murray—
Gottman model originally proposed to investigate marital interaction. The
phase variables describing the actor states may be positive or negative,
unlike biological models where the size of the interacting populations is always positive. Positive
states are associated with feelings of satisfaction, friendship, or cooperation, whereas negative
states signal dissatisfaction, unfriendliness, or enmity. Moving over the scale of states from
negative to positive values, we obtain various degrees of bad or good relations between the
partners. In this model, collaboration is represented as positive feedback between the actors, i.e.,
a positive state of one actor boosts the positive state of the other actor, whereas a negative state of
one actor amplifies the other actor’s negative state. Competition is modeled as negative feedback,
when a positive state of one actor amplifies the negative state of the other actor, whereas a
negative state of one actor amplifies the positive state of the other (in other words, what is worse
for one is better for the other)/

The system dynamics for excitable, self-sufficient, and some other types of actors who, in
the absence of a partner, do not strive to a neutral state, as in the Murray—Gottman model was
studied. New functions are investigated describing the mutual influence of the partners. In
particular, the influence function depends not only on the states of the partners, but also on their
own states. New types of dynamic behavior are discovered. In particular, the model in some
cases displays oscillatory dynamics, which has not been observed in earlier models.

The model has a rich set of phase portraits describing the interaction dynamics between
two actors and can be applied to model various socio-economic interrelationships between two
partners.
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MHHHATIOPHBIX OHOMEJULIMHCKUX YCTPOHCTB

Bnagucnas Jlemo3epckuii, TatbsiHa 3umMuHa, EBrenns Kapubmkanosa, Anekceil Koirepos
LIMW [, Caukr-IleTepOyprcKuii rocyaapCTBEHHbIN 21€KTPOTEXHUUeCKUH yHuBepcuteT «JIOTU» |
Cankr-ITetepOypr, Poccus

HayuHyt0 ¥ MpakTHUecKyr BaXHOCTb MUHHMATIOPHBIX TMOPUIHBIX YCTPOMCTB
JJisi  OBICTpOrO K/JIMHWYECKOro aHamu3a (/aboparopusi-Ha-uurie) TPYAHO
nepeorjeHUTb. OfHAaKO TIpU pa3pabOTKe TaKWX YCTPOMCTB BO3HUKAET Psifi
npobsieM, CBfi3aHHBIX C OCOOEHHOCTSIMHM MHHHWATIODU3ALMK KaHAJOB [ijist
YKUJKOCTeH 1 UX UHTEerpalLjiy B CI0)KHbIe MHOTO(YHKI[MIOHA/IbHbIE THOPHUIHbIE
YCTPOMCTBA, B TOM uwucje: 1) pa3paboTKa (DHU3HUKO-TEXHUUECKUX OCHOB IS
CO3/aHUsI MUHMATIOPHBIX CEHCOPHBIX/ akKTHAaTOpHbIX 371eMeHTOB (CAD); 2)
VHTerpalusi 3/1eMeHTOB U TPaHCIOPTHBIX, MOrPY30YHbIX, CEHCOPHBbIX U T. [.
cucteM ¥ 3) [gu3aliH  OWOOTMUECKM YKWCTOTO, SPrOHOMHUYHOTO W
VIHTeJJIEKTYalbHOTO YCTPOWCTBA.

B »3TOoM wccienoBaHuM OBLTM  pacCMOTPeHBI KOHCTPYKUusi U TexHosmorws CAD,
OCHOBAHHBIX Ha MPUHLIUIE TTOBEPXHOCTHOW aKycTudeckoi BosiHbI (ITAB), MHTerpupoBaHHBIX B
ruOpu/iHbIe aHAIUTHUECKHe MHKPOYCTPOWCTBA. I[IpyrMeHsieMble TPUHLIUIIBI aKyCTOQIFOM KM
TIPUBE/M K TaKWUM TIPeUMYIIeCTBaM, KaK: TIPOCTOTa IMPOM3BO/CTBA, BbICOKAs OMOCOBMECTHMOCTD,
YHUBEpPCa/NbHOCTh, KOMIIAKTHasi M HeJoporas KOHCTPYKOWs, ObicTpoe U 3ddeKTruBHOE
TpuBefieHe B [IeHCTBUe >KUJKOCTel, OeCKOHTaKTHOe W HeWHBAa3WBHOE MaHHUMY/IMpOBaHUe
K/IeTKaMU ¥ COBMECTUMOCTD C IPYTMMH BCTPOEHHBIMH J1Ta00PaTOPHBIMU KOMIIOHEHTaMH.

AKycTomIOMAHBIA  aKTIOATOp  TpPeJCTaBisieT  CoboM  TUOpUIHOEe  YCTPOWCTBO,
BBITTOJIHEHHOE Ha OCHOBeE I1b€303/1eKTPUUeCKON MO/I0KKH C HaHeCEeHHbIMH TJIOCKMMH BCTPEUHO-
urdpoBbiMU 1peobpaszoBaressvMu (BILIT), vWHTErpHpOBaHHBIMA B MUKPOGIIOMAHYIO CHUCTEMY.
OcHoBOM (YHKLIMOHHMPOBaHUS TAaKOTo 37eMeHTa siB/isitoTcsi [IAB siBjieHUs B ITbe303/71eKTPUUeCKUX
kpuctannax. BIIII BeinosHeHbl B BUJe AByX(asHbIX 3/1€KTPOAHBIX pelleTOK, HAaHeCEeHHbIX Ha
Mbe303/IeKTPUUeCKy0 TOAMOKKY. CoBpeMeHHble TeXHOJOTMM I103BOJISIIOT [JOCTUYb BBICOKOU
TOYHOCTH TMO3ULMOHUpOBaHUs (MeHee 10 Mkm) cdopmupoBanusi BIIIII, uro obecrieuriBaeT
BBICOKYI0 TOYHOCTb ()OPMMPOBaHUsI CUrHasa, a TakKe BO3MOXXHOCTb MHTErpaliid B CJIOXKHBIE
ruOpUHbIe aHATUTHYECKUe CUCTeMbI, B TOM UKCJie O[HOPa30BhLIe.

OnemeHT obOpasija ObUT peany30BaH Ha KpucTaiie Huobara smtus 128 © YX LiNbO; ¢
WCTI0/b30BaHUEM METO/[OB OCaXK/IeHHUsI MeTaslyla M CTaHapTHOU utorpaduu. Juara3oH pabounx
yactor cocrasasul 10 - 17 MI'u. IIpuHLUI CMeljeHUss B TaKOM HCIIOJIHUTE/IbHOM 3j1eMeHTe
OCHOBaH Ha ()OpMUPOBaHUM BOJTH KOHTPOJIMPYEMOTO aKyCTHUUeCKOro JaBjaeHus. [1si JoCcTiKeHust
sddekra cmerjenusi BIIIT pacriosaraloTcsi Ha OAHON CTOpPOHE WM Ha MPOTHUBOMOIOXHBIX
CTOpPOHaXx KaHasa. Bo BTOpoM cjiyuae OHM M3/lyuyaroT BCTPeUHbIe aKyCTUUeCKHUe BOJIHbI, KOTOPbIe
thopmupytoT uHTephepeHLIMOHHYI0 KapTUHY /i (POPMUPOBAHUS CTOSTUEl BOJTHBI.

Toriosiorusi ¥ YaCTOTHO-aMIUIUTYHbIE PEXUMbI CHCTeMbl ObUTM ONMTUMH3UPOBAHBI C
L[e/IbI0 TIOBBILLIEHHsI TOYHOCTHM MAaHMITYy/IMPOBaHUS JXUJKWMH aHa/lIW3MpyeMbIMHU BellleCTBaMU.
YCTpoiCTBO MPOTECTUPOBAHO C MCI0/Ib30BaHUEM MOJe/IbHOM CUCTEeMbI, CofieprKallleli rekapcKue
BOCTOUHble KJIeTKH, KpacuTeJu U KIeTKM KpoBU. CeneKTHBHOCTb MOJE/bHOW CUCTeMbl
T03BOJ/IM/IA OTAE/NUTh K/IeTKA KpoBU. Mcxofs W3 3TOro, MoOTeHLMa/bHas MPOU3BOJUTE/bHOCTh
CUCTeMbl TPU MCTO0/b30BaHUU B TperapaTUBHbIX MPUMEHEHUsX, TaKUX Kak pas/e/ieHre KpPOBU
i uHOy3uM, oueHuBaeTcss Kak 0,5 Myl / MUH. YCTPOWCTBO MOXKeT OBITh HCIIO/Ib30BaHO B

MOOHJIBHBIX IKCTIPeCC-0MOMeIUITUHCKUX TIPUTIOMKEHHSIX.

Cnucok aumepamypbl

[1] V. Lemozerskii, T Zimina, N. Sitkov, A. Koigerov, ”Sensor/Actuator elements Based on SAW Principle for flexible disposable
laboratories-on-a-chip for biomedical analysis”,2019 IEEE Conference of Russian Researchers in Electrical and Electronic
Engineering. (2019 ElConRus)

[2] A. Manz, ”Lab-on-a-chip: microfluidics in drug discovery PS Dittrich. Nature Reviews Drug Discovery 2006 Ne5, P. 210-218

[3] Tran, B. Q., Marmottant, and P. Thibault Fast acoustic tweezers for the two-dimensional manipulation of individual particles in
microfluidic channels”, Applied Physics Letters., vol. 101, pp. 112-120, 2012

[4] R. Guldiken, M. C. Jo ”Sheathless Size-Based Acoustic Particle Separation”, Sensors, vol. 12 pp. 905-922, 2012

40



BIG BRAIN 2019 Conference for Collaboration in EurAsia
30 September - 04 October 2019, Moscow, Russia
LOMONOSOV MOSCOW STATE UNIVERSITY BIOKYBERNETIKA
Acoustofluidic Functional Elements in Implementing

Miniature Biomedical Devices

Vladislav Lemozerskii, Tatiana Zimina, Eugenia Karibjanova, Alexei Koigerov
CMID, St. Petersburg State Electrotechnical university “LETI”, St. Petersburg, Russia

The scientific and practical importance of miniature hybrid devices for rapid
clinical analysis (lab-on-a-chip) is difficult to overestimate. However, the
development of such devices raises a number of problems associated with the
specific features of miniaturization of channels for liquids and their integration
into complex multifunctional hybrid devices, including: 1) the development of
physical and technical foundations for the creation of miniature functional
sensor/actuator elements (SAE); 2) integration of elements and transport,
- loading, sensory etc. systems and 3) design of biologically friendly, ergonomic
and smart device.

In this study the design and technology of SAE based on surface acoustic wave (SAW)
principle, integrated into hybrid analytical microdevices have been considered. The employed
principles of acoustofluidics delivered such advantages as: simple manufacturing, high
biocompatibility, versatility, compact and inexpensive design, quick and efficient actuation of
liquids, non-contact and non-invasive manipulation of cells and compatibility with other
laboratory built-in components.

The acoustofluidic actuator is a hybrid device made on the basis of a piezoelectric
substrate with deposited planar interdigitated transducers (IDT), integrated into a microfluidic
system. The basis of the functioning of such an element is the SAW phenomena in piezoelectric
crystals. IDT are implemented as the two-phase electrode gratings deposited on a piezoelectric
substrate. The modern technologies enable the high positioning accuracy (less than 10pm) of IDT
formation to be achieved, which provides high accuracy of signal formation, as well as
possibility of integration into complex hybrid analytical systems, including disposable once.

The sample element was implemented on the lithium niobate crystal 128 © YX LiNbO3
by using metal deposition and standard lithography approaches. The working frequency range
was 10-17MHz. The displacement principal in such an actuator element is based on formation
of controlled acoustic pressure waves. To achieve displacement effect IDTs are positioned at one
side, or at opposite sides of the channel. In the second case they emit counter propagating
acoustic waves, which are forming the interference pattern to form the standing wave.

The topology and frequency/amplitude regimes of the system were optimized in order to
increase the precision of manipulation of liquid analytes. The device is tested using a model
system, containing baking east cells, dyes and blood cells. The selectivity of the model system
enabled blood cells to be separated. On this basis the potential performance of the system when
used in preparative applications, such as blood separation for infusion, is evaluated as 0.5
ml/min. The device could be used in mobile express biomedical applications.
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In the context of the historical dynamics of homo sapiens, structural spatial
heterogeneity gradually developed in the anthroposphere due to the
formation of cities and related adjacent territories (urban ecosystems, UES).
These systems are characterized by high-rate population growth and the
concentration of residential, industrial, commercial, and other facilities, as
well as communications. The more complex the structure of the system, the
greater the number of possible stable states in it. This property is called
multistability. The study of UES development features allows for predicting
the evolution of territories ensuring effective interaction and balanced
development of all spheres of life. With cities being complex nonlinear systems, mathematical
modelling proposing acceptable paths of their development is difficult.

Here, we offer a different approach based on the theory of active media. This theory is
most widely used to describe biological systems, such as models of excitation processes in nerve
cells, dynamics of blood coagulation, and pulse shape observed in the myocardium. From our
point of view, the process of UES development can be considered as autowave self-organization
in active media.

One of the most common and, at the same time, fairly simple models describing
biological systems is the FitzHugh—Nagumo system. This is a system of two parabolic equations
of activator—inhibitor type for autowave propagation in a homogeneous environment. To create a
model describing such a complex and nonlinear object as UES, we made modifications to this
system, changing it so that it could describe not only propagating fronts but also stationary
solutions with large gradients at the boundaries of barriers (natural geobiocoenoses that prevent
autowave motion). In addition, a cross-product component was added to the equation for the
activator, enhancing the feedback between the activator and the inhibitor.

Using the example of Moscow expansion in the period from 1952 to 1968, a comparison
was made of the model results with real data. The difference was less than 10%.

The model can be used to predict the development of megacities in various countries
around the world. When used for this purpose, preliminary analysis should be conducted to
determine the activators and inhibitors of megalopolis development and the characteristic scales.

By means of the model, a prediction of the development of Shanghai and the surrounding
territory until 2030 was made. According to our forecast, the urban area of the territory will
increase in the near future, as will the housing cost.
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Molecular size determination of circulating free fetal DNA in maternal
plasma is an important detection method for noninvasive prenatal testing
(NIPT). The fetal DNA molecule is the primary factor determining the
overall performance of NIPT and its clinical interpretation. 1. To propose
new mathematical model of the cffDNA concentration and their length mean
value in pregnant women’s plasma. We propose a new method, which uses
K-means algorithm and Expectation-Maximization (EM) algorithm to
develop new method based on the length distribution of DNA fragments of
mothers and fetuses in pregnant women’s plasma.We mainly analyze the
DNA fragments length distribution, cffDNA concentration and the length
mean. Numerical experiments show that the calculation of the concentration and the length mean
value in pregnant women’s plasma are effective and accurate by using our new method which
uses K-means algorithm and EM algorithm. 2. The proportion of cell-free fetal DNA molecules is
expressed as the fetal DNA fraction in the plasma of pregnant women. We proposed an effective
method to deduce fetal chromosomal aneuploidy based on the proportion of a certain range of
DNA fragment lengths from maternal plasma. We gradually narrowed the range of the upper and
lower boundary via a traversing algorithm. We explored the optimal range of the upper and lower
boundary by using size-based DNA fragment length. Using this range, the accuracy of the
sensitivity and specificity could be improved by up to 100% for detecting the three most common
autosomal aneuploidies, namely trisomy 13, trisomy 18, trisomy 21 in the sample set. Numerical
experiments demonstrate that our method is effective and efficient.
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"Systems Neuroergonomics" [1] presented a holistic separation of human-
body system into its cellular material and three functional groups: vital and
physical productivity functions and "those higher operational functions that
shape a person’s behavior". It was then suggested, in a qualitative
phenomenological way, that “resting phase performance” and “challenging
exposures” bear important implications for concepts of neuroergonomics.

For a quantitative approach to the analysis of complex systems, further
drill-down is necessary, from aggregated functional units to the functional
aggregate's components, themselves again composed of even smaller
functional units, such that behavior of the whole emerges from activity of functional components
and coordination of their interaction, though not from a cellular tissue to the Whole, but from one
functional level to the next. Multi-scale coherent dynamics of effectuation in a holistic functional
structure were mathematically described in an axiomatic way (Mau, 2018), but their design was
for autonomous pursuit of missions compliant with mainly anticipated functional challenges.

Here, the theory is carried forward to permit functional development in the sense of
progressive adjustment of functional capacities in unforeseen scenarios. However, this implied
"functional learning" is assumed to evolve much more slowly than the essential systems
dynamics, and then needs a separate clock that measures time in weeks, for example.

For an even more comprehensive understanding, still another clock can be introduced for
functional aging as a ubiquitous phenomenon human mind is particularly aware of, but which is
also of concern in engineered systems; here, time will be measured in years or decades, for
example. As functional aging will affect functional learning, the communality of the
mathematical constructs specific for each, is helpful towards application of a simple principle,
that includes the fast dynamics of vital functions as well: expressing dynamics in terms of
intensity functions, a concept that relates current speed of transfers to residual amount of transfer,
must not be dismissed as mathematical detail but appreciated for its key role in extending
deterministic relations to their stochastification as well as the key to invoke very detailed and
sophisticated statistical theory for estimation of dynamics from measurements, at every
functional level; with this approach, entropy, the second law of axiomatic thermodynamics, re-
appears and legitimizes a denomination as axiomatics of functional biodynamics.

References

[1] Mau J. Systems neuroergonomics, In: R. Wang and X. Pan, editors, Advances in Cognitive Neurodynamics (V), Springer
Science+Business Media, Singapore, Chapter 59, pp 431-437, 2016

[2] Mau J. Translation dynamics in holistic analysis of functional human-body system. J Biomed Radioelectronics,
("Publishing House Radiotekhnika") 7: 43-46, 2018. http://www.radiotec.ru/article/20714

[3] Mau J. On mathematics of human-body system dynamics in social context, In: Proc. XX Int. Conference on
Complex Systems: Control and Modeling Problems (CSCMP-2018), Samara, Russia, Sep. 3-6, 2018, pp. 3—12.

[4] Mau J. Theory of functional aging in hierarchical dynamics, In: Proc. 7th Int. Conf. Serbian Society of
Mechanics, 24-26 June 2019, Sremski Karlovci, Serbia. (2019)

[5] Mau J. Dynamics that underlie concepts of entropy, In: Proc. XVIII Russian-German Conf. Biomedical
Engineering, 03-06 July 2019, St Petersburg, Russia. (2019)

[6] Mau J. Theory for autonomous functional learning, In: Workshop on Novel Substrates and Models for the
Emergence of Developmental, Learning and Cognitive Capabilities (S. Nichele, Jianhua Zhang, organizers), 19
Aug 2019, 9th Joint IEEE International Conference on Development and Learning and on Epigenetic Robotics
(IEEE ICDL-EPIROB 2019), Oslo,Norway, 2019 http://www.nichele.ew/ICDL-EPIROB_NSM/ICDL-
EPIROB_SNM.html

*extended version of [6], in preparation for a Special Issue of Cognitive Neurodynamics, Springer.

47


http://www.radiotec.ru/article/20714

BOJIbLLUON MO3rI 2019 KoH(depeHuHus no coTpynHuyecTtsy B EBpasum
30 cCeHTAOpPA - 04 okTAOpPA 2019r, r.Mockea, Poccus
MOCKOBCKMHA rocyaopcCTBeHHbIW YHMBepcuTteTr uM. M.B.JlomoHocoBa
IIpeANKTOPHI OCTPHIX IepedpaIbHBIX IMOO/THUECKHUX MOBPEXX/IeHUH IPH

CTeHTHPOBAHHH COHHBIX apTepHii
Tanamsas M.M.!, Megsenes P.B.!, Temmxan O.I2, Ckpriies C.1.°, Kporenkosa M.B.*

'1-ro neBponoruueckoro otaenenus ®TBHY HIIH, Mockea, Poccust, 1aboparopus 6uocraructuk ®I'BY
«HauuoHanbHbIN MeJULIMHCKUN UCC/Ie0BaTe/IbCKUM LIeHTpP remMarosioruu» Mun3apasa Poccun, MockBa,
Poccus, *oteneHust COCyIUCTOM U SHAOBACKY/IsIpHOI xupypruud ®TBHY HITH, Mocksa, Poccus, *oTenenust
syueBoii guarHoctrku ®T'BHY HITH, Mockga, Poccus

BhINONMHEHO TMPOCIEeKTUBHOE WCC/Iefl0BaHue, 1eIbI0  KOTOpPOro  SIBUIOCH
BbIsIB/IeHWE TIPeIMKTOPOB OCTPbIX 3MOomuueckux moBpexzaeHuit (OO3I1)
COCYZOB TOJIOBHOTO MO3ra IIPM aHTMOIUIACTHKe CO CTeHTHMPOBaHWeM
BHyTpeHHel coHHoU aptepuu (BCA). B nccnefoBanuu npuHsio yvactue 54
naryieHTa, KOTOpbIM 3a Tiepuog, ¢ Masi 2015 1. o ekabps 2018 1. B oTeneHun
COCYJMCTOM W 3HJ0BACKY/IsIpHOW Xupypruu HayuyHoOro LieHTpa HEeBpOJIOTMU
= / ~ Ob1a NpoBefleHa KapOTHWZHAs aHTMoM/IacTHKa co creHTHpoBaHMeM (KAC).
u IIpouenypa CTeHTUPOBaHUA BCA MOXeT COIIPOBOXK/AThCS
uHTpaonepauyoHHbiMi ODI1. C 1esbro 00HApY>KeHHsT HHTPaoTepaliOHHBIX
OO3II cocynoB rosoBHOTO MO3ra BCeM TaljeHTaM /0 M uepe3 24 yaca Iocje BMellaTenbCTBa
MpoBOAU/Iach AU(Qy3rOHHO-B3BellleHHasi MarHUTHO-pe30HaHcHast Tomorpadus ([B-MPT).

[Onsa 36 mnanueHTOB WCIIO/b30Ba/MCh KIacCUYeCKWe KapoTHUJHble CTeHThl (Xact U
Acculink), ans 18 — crentsr Casper. [TaneHTbI COOTBETCTBYIOIIMX TPYI OB COTIOCTaBUMBI
no 24 WcciefOBaHHBIM — XapaKTepUCTHKaM, BK/HOUasi 4YacTOTy  MHTpaollepaljuOHHBIX
tepedbpanbabix OJIT (18/36 mpu knaccuueckux creHTax W 10/18 mpu crenrte Casper), uTo
MO3BO/IAI0 OOBEUHUTL UX B OfHY TPYIINY /Js yBeIUueHWs MOIIHOCTH HcciefoBaHusl. Bce
OOIl, perekrupoBaHHble 10 [IB-MPT (mo cTeHTHMpOBaHHSI M uepe3 CyTKH IOC/ie Hero) Obutn
K/IMHAYeCKU aCUMIITOMHBIMU (TIepHOoTiepaljMOHHBIX UHCY/IBTOB He ObI/I0).

it o6Hapy»XeHus1 PeIMKTOPOB UHTpaorepaloHHbIx OOI1 cocy0B TOIOBHOTO MO3Ta
ObLTM MpOaHAMM3UPOBaHbI 22 XapaKTePUCTUKH Mal[MeHTOB, B pe3y/ibTaTe uero ObLIN BhISIB/IEHbBI
cnenytolye npusHaku: (1) HU3KoMHTeHCHMBHBIN (MeHee 20 nb) ynbTpa3ByKOBOM CUTHaJI,
OTpa)kEHHBIM OT parMeHTOB aTepoCKIepoTHUecKoi O/siKy (rpu Y 3M-o6cieoBaHmu fio
crentrpoBanus) (p=0,001); npusHak accouurpoBaH ¢ O3II cunbHO (4yBCTBUTEIBHOCTD — 75%,
creriupuuHOCTb — 92%); (2) CUMOTOMHBIN CTeHO3 (TI0 aHaMHeCcTHUeCcKUM JlaHHbIM) (p=0,02);
ripu3Hak accouuupoBaH ¢ O3I1 3HauuTenbHO; (3) >keHckui 1o (p=0,06); nMpusHak
accouurpoBad ¢ O3I1 ymepeHHO; (4) paHee OblM (TT0 aHAMHECTHUYECKUM IaHHBIM) OTlepaliiy Ha
KOPOHApHBIX W/Wmu COHHbIX apTepusix (p=0,09); mpusHak accorpmpoBad ¢ O3IT cabo.

Ha ocHOBaHMM MO/My4YeHHBIX pe3y/abTaTOB MpeAJIoyKeHa IMPOrHOCTUYecKas LiKana [AJist
oneHku pucka OOJII cocyzoB rosoBHOro Mosra B mporecce creHTUpoBaHus BCA. 3HaHue
(hakTOpOB, acCOLMHUPOBAHHBIX C MHTpaonepalyoHHbIMU O3II, MO3BOMUT 3H/0BACKY/ISIPHOMY
XUPYPIY BbI/IE/IUTH MAaLIMeHTOB C MOBBILIEHHbIM pUckoM O3I1.
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The authors carried out a prospective study aimed at revealing predictors of

acute embolic lesions of cerebral vessels during angioplasty with stenting of

! the internal carotid artery. The study enrolled a total of 54 patients who

‘ between May 2015 and December 2018 underwent carotid angioplasty with

‘ » stenting performed at the Department of Vascular and Endovascular Surgery

: of the Research Centre of Neurology. The procedure of internal carotid artery

2,/ - stenting may be accompanied by intraoperative acute embolic lesions. In

. order to reveal intraoperative acute embolic lesions of cerebral vessels all

patients before and 24 hours after the intervention were subjected to
diffusion-weighted magnetic resonance imaging.

Thirty-six patients received classical carotid stents (Xact and Acculink) and 18 patients
received Casper stents. The patients of both groups were comparable by 24 characteristics
studied, including the incidence of intraoperative acute cerebral embolic lesions (18/36 for the
classical stents and 10/18 for the Casper stent), which made it possible to unite them into one
group in order to increase the power of the study. All acute embolic lesions detected by the
diffusion-weighted magnetic resonance imaging (prior to stenting and 24 hours thereafter) were
clinically asymptomatic, with no perioperative stroke observed.

In order to reveal predictors of intraoperative acute embolic lesions of cerebral vessels we
analysed 22 characteristics of the patients, with the obtained findings demonstrating the
following signs: a low-intensity (below 20 dB) ultrasonographic signal reflected from fragments
of an atherosclerotic plaque during ultrasound examination prior to stenting (p=0.001) — a sign
strongly associated with acute embolic lesions (sensitivity — 75%, specificity — 92%);
symptomatic stenosis according to the anamnestic data (p=0.02) — a sign significantly associated
with acute embolic lesions; female gender (p=0.06) — a sign moderately associated with acute
embolic lesions; a history previously endured (according to the anamnestic data) operations on
coronary and/or carotid arteries (p=0.09) — a sign weakly associated with acute embolic lesions.

Based on the obtained findings we proposed a prognostic scale to assess the risk of acute
embolic lesions of cerebral vessels during internal carotid artery stenting. Knowing the factors
associated with intraoperative acute embolic lesions will allow the endovascular surgeon to
single out the patients at increased risk of acute embolic lesions.
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WHcTuTyT npobrieM ynpaeneHus: um. B.A. TpanesnrkoBa PAH, Mockea, Poccust
I Hy>KI, MeIUIUHBI pa3pab0TaHO MHOTO CJOXKHBIX Mojesed. Hampumep,
MO/ Cep/IeUHO-COCYAUCTRIX 3a0onmeBanuii [1], paka [2], ypoBHs caxapa B
KpoBu [3]. Llenbio TOCTPOEHUSI CIOKHBIX MOJesiell SIBAsieTCs JAeTaqbHoe
onucaHve (pU3MO0JIOTUYECKOro rporiecca. B HacTosiiee BpeMsi MHOTO HOBBIX

. uziell ¥ TIOAXOAOB K aHa/lIW3y MeQUIMHCKUX [JaHHBIX TMPHIIO0 U3 00/1acTH

3 MaIIMHHOTO 00yueHusi [4, 5]. OgHMM W3 TE€PCIEKTUBHBIX HaIpaB/IeHUIN

ST NIPUMEHEeHUsT MAIlIMHHOTO OOyueHWss B MaTeMaTHUeCKOM MOjeTMPOBaHUM

‘ & SIB/ISIETCSL YIIpOLleHWe Mojesield. B 3ToM ciyuae Liefibl0 MaTemMaThyecKoro

MO/Ie/TUPOBAHUSI SIBJISIeTCSl He JleTajJibHOe OmnucaHue (PU3M0I0ruueckoro

TrpoLiecca, BAMSIIOIIEr0 Ha COCTOSIHUE 3[J0POBbs MaljMeHTa, a CO3ZlaHKhe MOJe/IH, OIKChIBaoILen

WH/IUBU/ya/IbHbIE JaHHbIe yesioBeka. [1ogo0Hast «mepcoHnMUIIMPOBAHHAS MO/IE/Ib» OKa3bIBAETCSI
TpOLLle U HY)KJAeTCsl B MeHbLLIeM UKCJ/ie JaHHbIX [J1s1 CBOel WAeHTU(DUKALIUN.

B poknaze paccmarpuBaeTcsi UyBCTBUTE/NLHOCTh MOJEM YPOBHs caxapa B KPOBHU TIO
OTHOLLIEHUIO K U3MEeHEeHUI0 eé rapaMeTpoB. /7151 mapaMeTpoB, W3MeHeHUs1 KOTOPhIX Majio BJIUSIIOT
Ha BBIXOJ, MOJIEJTM, MOXKHO HCIIO/Ib30BaTh OIIeHKH, II0JlyueHHble [0 JaHHBIM HaOIHO[eHus
OoNbIIMX TPYMI Jitofel — TOMy/SILIMOHHbIE OLeHKH. 3HaueHWsl MapaMeTpOB, KOTOpbIe CHIIBHO
B/IMSIIOT Ha pe3y/bTaT, HeoOXOAUMO OIL|eHWBAaTh, WCIIO/Ib3Yys WHAWBHIYya/bHbIE AaHHbIE. Takoiu
MOJX0J, TI03BOJISIET KOHCTPYMPOBaTb MEePCOHU(PULIMPOBAHHbIE MOJE/NM TMalUeHTOB JJis
WCTIO/Tb30BaHMs TIPH JIEYeHUH U, B YaCTHOCTH, TIPH Pa3paboTKe «yMHBIX» WHCY/TUHOBBIX TToMIl. B
HaCTOSIIIIeM MCC/IeIoOBAaHUM MCIO/b30Banach Moje/b IMIMKeMUYeCcKol KpPUBOM, copepkaijas 12
napameTpoB [6]. PaccmarpuBanoch m3MeHeHHe KOHLIEHTPAl[UM T[TFOKO3bl B KPOBU Y 3[I0POBOTO
yesioBeKa Mpu NpuéMe NMuIM. [TMKeMrueckass KpyuBasi XapakTepr30Basach AByMsl ITOKa3aTesIsiMu:
MaKCHMaJIbHbIM [JOCTUTHYTBIM YPOBHEM Caxapa Xmax U JJUTEIBHOCTBIO UHTEPBAJIa CIajila KpUBOU
OT MaKCHMaJIbHOTO 3HaueHus [0 ypoBHs 100 eqUHUL] trelax.

YyBCTBUTE/ILHOCTh BbIX0/]a MO/Ie/IU - YPOBHSI caXxapa B KPOBU, OTHOCHUTE/ILHO W3MeHeHUsI
12 ko3¢ duLieHTOB MoOfenu WUCCaefoBanach C TIOMOLIbIO KOPPE/SILIMOHHOTO —aHalv3a.
[Tapametpel Mogenu 100 pa3 He3aBUCMMO BO3MYIA/JMCh C/IydaliHBIM 00pa30M COIJIaCHO
HOpMasbHOMY pacrpezesieHuto. CpeiHre 3HaueHus TapaMeTpPOB PaBHSIMCH apaMeTpaM MOJeu
37I0pOBOTO uesioBeka [6], aucriepcuy MogOMpasvch Tak, Y4TOOBI IMOJyvasach TPaBAOIOA0OHas
[JIMKeMUuecKas KpuBasi. Beruncsisimmuch ko3¢ duLiMeHThl KOppesisiLy MeXAy ToKa3aTessiMU Xmax U
trelax 1 BO3MYILIEHHBIMU KO3 uLieHTaMU. Kak A Xmax, TAK U JJIS trelax JIUIIB 3 KO3 dULeHTa
Mogeny u3 12 umenu ko3ULIMeHThl KOppessiLMK 3HaUMMO OT/IMYHbIE OT Hy/s: 1) MOCTOsIHHAs
BpeMeHU CHI)KeHHsI KOHL|eHTpal[UH [IFOKO3bl U3-3a K/IMPUHTa B UHCY/TMHHE3aBUCHMbIe TKaHU, 2)
KO3()QULIMEHT UHTEHCUBHOCTH BJIMSTHUSI KOHLIEHTPALUU I/IFOKaroHa Ha KOHLIEHTPALUIO [JIFOKO3bI,

3) K03 PULIMEHT UHTEHCUBHOCTH B/IWSHUS MULIU Ha KOHLIEHTPALIMIO T/IFOKO3bI.
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Many complex mathematical models are developed for medical practice.

Examples are cardiovascular diseases [1], cancer [2], blood sugar regulation

[3]. In complex models investigators tend to describe the modeling process

in as many details as possible. At the same time many new ideas and

E approaches to data analysis came into medicine modeling from field of

£ machine learning [4] and in [5]. The fruitful implementation of machine

o learning technique in mathematical modeling is model simplification. In this

‘ o case the mathematical model is aimed not to describe in details a

physiological process related with the patient’s health conditions but to

construct a model to describe individual data of the given patient. Such ‘personalized model’
possibly needs small number of observations for its identification.

In the report we consider the sensitivity of blood sugar level model when parameters of
this model vary. For parameters whose changes cause small effect on the output, one can use
estimates based on the data from a large group of patients — population estimates. The values of
parameters that strongly influence the result should be estimated using individual patient
observation data. If the number of such parameters is small, then the accuracy of the estimates
will be sufficient even with a small number of observations. This allows to construct personalized
patient models for further use in their treatment, in particular, for “smart” insulin pump personal
tuning. A glycaemia model [6] with 12 parameters was used in the present study. The reaction of
glucose concentration in the blood of a healthy person to the food supply was considered. As the
criteria to characterize the glycaemia curve, we selected the maximum sugar level xm. and the
length of relaxation period t.i.x defined as the duration of the interval between the moments of
reaching the maximum level of sugar and the intersection of level 100.

Correlation analysis was used to evaluate blood sugar level sensitivity to changes the
model 12 parameters. The parameters were randomly disturbed according to normal distribution.
Number of independent trails was 100. The mathematical expectations of the parameters were
equal to the values of the parameters in the model of a healthy person [6]. Based on the
correlation coefficients between model parameters and criteria Ximax and trix Significant impact on
the characteristics of the glycaemia curve show only three parameters: 1) the reciprocal of the
time constant of the decrease in glucose concentration due to clearing into insulin-independent
tissues; 2) the coefficient of the intensity of the influence of glucagon concentration on glucose
concentration; 3) the coefficient of the intensity of the effect of food on glucose concentration.
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Sam nacin na koji savremena nauka prilazi analizi i modeliranju sloZenih
sistema uveliko je uslovljena osnovama klasi¢ne, analiticke i racionalne
mehanike, klasicne termodinamike kao statisticke mehanike, kao i sustinski
verovatnostne metodologije kvantne mehanike, na dva nacina: sa jedne
strane, biohemijski i/ili fenomeni inherentni socijalnim pojavama kao Sto su
nereverzibilnost, nastajanje i/ili samoorganizacija, viSeskalnost, disipativnost
(u smislu neuzetog u obzir dotoka energije), itd., smatraju se potpuno stranim
‘staroj nauci’ u domenima od atomsko-molekularnih do kosmoloskih, a sa druge — u sustiskom
koreiS¢enju unekoliko modifikovanih i proSirenih postojecih metodologija, ukljucujuci tu i
medu-skalne/nivoske renormalizacije [1].

Sa napredovanjem bavljenja sloZenim sistemima i razvoja njima svojstvenim
metodologija analize i modeliranja povecava se svesnost potrebe da se na delove sistema ne
gleda kao da su univerzalni, a da je nacin na koji oni “rade zajedno” specifican za svaki system,
vec¢ pre da se sam nacin na koji delovi rade zajedno i medusobno reaguju posmatra i razmatra
generalno, te da se tako dobijaju unificirani uvidi u sve vrste postojecih sistema — od fizike i
metereologije, preko biohemije i zdravlja, do druStvenih i duhovnih procesa.

Posto svi sistemi mogu da se u krajnjoj meri svedu na atome i njima svojstvene Cestice’,
a imajudi u vidu da je fizika u tome domenu uveliko opredeljena ve¢ skoro Cetri veka starim
radovima Keplera i Njutna, dovoljno temeljna analiza i kritiCko razmtranje [2] odaje suStinske
nedostatnosti, koje se mogu dovesti u vezu sa formulisanjem gravitacionog a kasnije i elektri¢nih
i magnetnih polja kao takozvanih (precisznije, jedno-komponentnih) potencijalnih polja, to jest
polja sile u kojima je rad po zatvorenoj putanji (t.j. po trajektoriji orbitalnog tela/cestice) jednak
nuli. StaviSe, zbog sustinski neoscilatorne forme odgovaraju¢ih nelineare diferencijalne
jednacine kretanja, da bi se doSlo o pragmaticki zadovoljavaju¢ih reSenja za trajektorije
faktualno su postulirana takozvana dva Prva Integrala (odrZanja, t.j. vremenske nezavisnosti
Energije i Momenta Kolicine Kretanja), na osnovu kojih se — uz neizostavne pocetne uslove —
dobijaju reSenja koja ih zapravo ne zadovoljavaju !?

Uvodjenjem joS jedne, izricito centrifugalne komponente centralne sile odnosno ubrzanja
proporcionalnih sa 1/rA3 (pored centripetalnih, proporcionalnih sa 1/rA2), dobija se nelinearna
diferencijalna jednacina Cije reSenje odaje nerekurzivno t.j. ‘haoti¢no’ ponaSanje, uz inherentnu
viSeskalnost i bifurkativnost. Na osnovu pune potpore univerzalnosti takvog modeliranja od
strane konzistentno razvijene i veoma ubedljive Eterodinamike V.A. Acjukovskog (referenca 7. u
[2]) i W.M. Bauera [3], u predstojecoj prezentaciji bice suceljeni i do izvesne mere razradjeni
aspekti relevantni za sloZene sisteme, kao Sto su:

Nekonzervativnost prema Konzervtivnosti, Morfizam/Negentropzam prema Entropizmu;
Asimetrija prema Simetriji; Multi-skalnost prema Multi-dimenzionalnosti, i Nepredvidljivi
Determinizam prema Probabilisit¢nosti i Stohasti¢nosti.

Jlutuepaiuypa
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angular ~momentum,  https://www.dropbox.com/s/i756c8w4xbu56sb/Paper Slobodan Nedic NL-DE GSJ-

Submission%20-%20Rev1.pdf?dI=0 .
[3] Bauer WM. Die Welt der Wirbel und Atome, Band 1 und Band 2, Delta Pro Design und Verlag GmbH,
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The very way the contemporary science approaches analysis and modeling of
complex systems has largely been determined by the foundations of the
classical, analytic and rational mechanics, classical thermodynamics along
statistical mechanics, as well as the essentially probabilistic methodology of
the quantum mechanics in twofold manner: for one thing, the biochemistry
and/or the societal systems inherent phenomena as irreversibility, emergence
and/or self-organization, multi-layerdness, dissipativity (in terms of
unaccounted for energy inflow), etc., having been considered as fully alien to the ‘old science’
domains ranging from atomistic-molecular to cosmology, and for the other — in essentially re-
using i.e. somewhat modifying and extending the existing methodologies, including intra-
layers/scales renormalizations [1].

With the advent of working with and development of complex systems pertinent
methodologies of analysis and modeling, the awareness is increasing of the need to look at the
parts of systems not as being universal and the way parts “work together” being specific for each
system, but rather the parts working together and interacting be considered and studied in
general, and by doing so to be gaining unified insights into every kind of systems that exist —
from physics and meteorology, over biochemistry and health, to societal and sptiritual processes.

Since all the systems can ultimately be reduced down to atoms and the pertinent
‘particles’, and having in mind that physics in that domain had been strongly influenced by the
already some more of four centuries old Kepler’s and subsequent Newton’s works, enough
thorough analysis and scrutinizing [2] reveals intrinsic deficiencies, which can be traced back to
formulation of gravitational, and later electric and magnetic fields, as the so-called (single, to be
more specific) potential fields, that is force fields in which work over closed path (i.e. over the
orbital body/particle trajectory) is zero. Furthermore, due to essentially non-oscillatory form of
the pertinent non-linear differential equation of motion, to arrive at the pragmatically satisfying
trajectory solutions the two so-called First Integrals (of Energy and Angular Momentum
Conservation, i.e. time-independence) have essentially been postulated, based on which — along
indispensable initial conditions — produced are solutions which actually do not satisfy those !?

By introduction of another, explicitly centrifugal central force/acceleration term
proportional to 1/rA3 (besides the 1/rA2 centripetal one), the non-linear differential equation is
produced, the solution of which reveals the non-recursive i.e. ‘chaotic’ behavior, along the
possibly inherent multiscaledness and bifurcativity. Based on full support of universality of such
modeling that comes from the consistently developed and very compelling Aetherodynamics of
V.A. Atsukovsky (reference 7. in [2]) and W.M. Bauer [3], in the upcoming presentation will be
contrasted and to a certain extent elaborated the complex systems relevant topics, as are:
Non-conservativeness versus Conservativeness; Morphysm/Negentropysm versus Enthropysm;
Asymmetry versus Symmetry; Multi-scaling versus Multi-dimensionality, and the Unpredictable
Determinism versus Probabilistic and Stochasticity.
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Early Mild Cognitive Impairment (EMCI) represents the preclinical stage of
Alzheimer’s disease (AD) that may or may not progress to dementic
condition. Postmortem studies reveal that brainstem shows earliest neuronal
loss and thus it is considered to be a significant pathological substrate for
early diagnosis of AD. The objective of this work is to differentiate EMCI
from normal and Alzheimer’s condition by analyzing the textural alterations
of brainstem using Median Ternary Pattern.
Raw T1-weighted images comprising of 200 normal, 232 EMCI and
200 AD are considered from Alzheimer's Disease Neuroimaging Initiative
database. These images are pre-processed and fuzzy ‘C’ means is used to cluster the brain tissue
into gray matter, white matter and cerebrospinal fluid. Considering the white matter tissue,
brainstem is segmented using connected component labelling technique. Texture analysis is
carried out on the segmented brainstem images by extracting median ternary patterns. Median
ternary pattern is an extension of local ternary pattern. It encodes the texture information of a
local neighbourhood by defining a window around each pixel and calculating median gray-scale
value. The intensity values of the neighbourhood is quantized into three different levels by
defining a threshold. The local window is now transformed to 3 state-space, namely 0, 1 and -1.
To reduce the complexity to 2 state-space, the ternary pattern is split into its corresponding
positive and negative parts. Histograms are calculated for the positive and negative parts and are
analysed. The two histograms are concatenated and are used as feature vector to differentiate
EMCI subjects using radial basis function based support vector machine (RBF-SVM).

Results show that the combination of Fuzzy ‘C’ means with connected component
labelling technique is able to segment the brainstem from all the considered images. Extracting
the median ternary patterns from the segmented brainstem structure resulted in 512 features,
comprising of 256 from the positive ternary pattern and 256 from the negative ternary pattern. It
is observed that there are no intraclass variations between the mean value of positive and
negative ternary pattern, while interclass variations are present. The mean values are observed to
be 3.18, 3.32 and 3.26 for normal, EMCI and AD. As the mean values are close to 0, it shows
that the brainstem structure is majorly comprised of flat texture. Further, using median ternary
pattern as feature vector, RBF-SVM is able to differentiate EMCI from normal and AD with an
accuracy of 82.6%. Its precision and recall measures are obtained to be as 82.4% and 82.3%
respectively.

The variations in brainstem texture, studied using median ternary pattern correlates with
the neuropathology of the disease condition. These texture variations seems to be clinically
significant and could be used for the early detection of AD.
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ACCOpPTaTUBHOCTBIO Ha3bIBAETCSl HeC/Ty4yaliHOe 3akK/roueHHe OpakoB Ha OCHOBe
cxXofcTBa 10 JoObM  (haktopam [1]. AKTya/TbHOCTh M3yUeHHs] 3aKOHOMEPHOCTEH
acCcopTaTvBHOTO TIonbopa  CyTIPY)KeCKUX Tiap 00yC/ioBleHa CIoCOOGHOCTBIO
(deHOMeHa U3MEHSATh HaC/IeyeMOCTh TeHeTUYeCKH [ieTepMUHUPOBAHHBIX
3a00/ieBaHMI 1 TIPU3HAKOB, B/IMSTb Ha MX BapvabebHOCTb B TOMY/SLUA [2].
Metonom TILP obcrenoBaHo 196 cympykeckux map (392 uem.) w3 3 rpyrm
V3yyeHHbIX CeMel C HaJUuheM aJJUKTUBHBIX DPacCTPOWCTB, HOPMAaTUBHOU
BBIOODKM U TPYMIbl TIOMY/ISAIMW. AHaM3 YaCTOT TeHOTWTIOB TEeHOB
JobaMuHOBOM cucTeMbl TonoBHOro Mosra ANKKI/DRD2 wu DATI
CYTIPY’)KeCKUX TIap B KaKAOM U3 TPYIN CpPaBHEHUS] BBISBW/I OTCYTCTBHUE
CTaTUCTUYECKU [JOCTOBEPHBIX Pa3/IMuMi U BBICOKYIO CTelleHb CXO[CTBA pPacripeeneHust OTMMOP(HBIX
BapUaHTOB aHA/IM3UPYeMbIX T'€HOB y CYMpPYrOB C Ha/lMuueM afIMKTUBHBIX PaCcCTPOMCTB B opMme
aJIKOrO/TbHOM 3aBUCUMOCTH U (PeHOMEeHa C03aBUCUMOCTH

red ANKK1/DRD2 x*iemc=0.139, p=0.426, ¢=0.03 u ren DATI x*Mgmc=0.152+2.034,
p=0.151+0.5, 9=0.04+0.13,

B BEIOOPKe cemeii (heHOTUTIUeCKOi HOPMBI

reH ANKK1/DRD2 x*eic=0.1, p=0.5, =0.03 urer DAT1 x?}girc=0.086+0.3, p=0.357+0.5,
0=0.03+0.05,

U B TOMYJISALIMOHHOM TPyTITe

red ANKKI/DRD2 y?}amc=0.035 , p=0.5, ¢=0.02, wu ren DATI x?Ngmc=0+2.027,
p=0.183+0.577, 9=0+0.12.

OJHOTUIHBIA XapakTep pacrpezesieHrsi MOMMMOPGHBIX BapUAHTOB aHAIM3UPYeMbIX T€HOB B
CYTIPY’KEeCKHMX TlapaX BCeX MCC/IeOBAHHBIX TPYIIT CBU/IETETHCTBYET O HA/IMYMK aCCOPTATUBHOCTH OPakoB
TI0 M3y4eHHbIM MOJIEKYTISIPHO-TEHETUUECKHM XapaKTEPUCTHKAM C YUETOM CTTeLIM(HKH 00C/IeJ0BaHHBIX TPYTII.

leHeTnyeckoe 3HauyeHVWe (eHOMeHa acCOPTAaTWBHOCTH OpakoB 3aK/oyaeTcss B TOM, UTO TIPU
TOCTOSIHHO BBICOKOM B TeueHWe MHOTMX T[IOKOJIEeHMM TOMOTaMHMM B TOMY/SILMKA  TIOCTENeHHO
(hopMHPYIOTCST CyOTIOIYJISALM, B TIpeZieslaX KOTOPBIX 3aK/TFOYar0TCst Opaky, Oosiee QIHOPOAHbBIE U MeHee
CXOXKHe C JIPYTUMH CYOTOMy/sisMiy. 3HaHVe 3aKOHOMEPHOCTel (hOpPMHPOBAHHMs CYTIPY»KeCKHX Tiap Oyzer
CrI0COOCTBOBaTh 00BEKTUBU3ALMM BbIOOPA TAaKTHKH TPErpaBUApPHON MPOMIIAKTUKA HaC/IeCTBEHHOM
TaTo/IOTHell W CHIDKEHWIO TeMITOB (DOPMHUPOBaHMSI CYOTOIMY/ISILMM C Ha/M4MeM TeHeTUUeCKd
JleTePMHUHUPOBaHHBIX PaCCTPOMCTB, B YaCTHOCTH, PACCTPOMCTB TIOBe/IeHUsI 3aBUCUMOTO XapaKTepa.
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Assortivity is a nonrandom marriage based on similarities for any factors [1]. The
relevance of studying the laws of assortative selection of married couples is
due to the ability of the phenomenon to change the heredity of genetically
determined diseases and signs, to affect their variability in the population [2].
Using polymerase chain reaction (PCR) 196 married couples (392 people)
from 3 groups of the studied families were examined with the presence of
dependencies, a normative sample, and a population group. An analysis of the
frequencies of the genotypes of the ANKK1/DRD2 and DAT1 brain
dopamine system genes of the married couples in each of the comparison
groups revealed the absence of statistically significant differences and a high
degree of similarity in the distribution of polymorphic variants of the analyzed genes

(1) in spouses with the presence of addictive disorders in the form of alcohol dependence
and the dependence phenomenon, x*/fgic=0.139 (p=0.426, ¢=0.03) and }*/gic=0.152+2.034
(p=0.151+0.5, 9=0.04+0.13) for ANKK1/DRD2 and DAT1, respectively,

(2) in the sample of families of phenotypic norm, x?pgmc=0.1 (p=0.5, ¢=0.03) and
XMeire=0.086-0.3 (p=0.357+0.5, 9=0.03+0.05) for ANKK1/DRD?2 and DAT1, respectively, and

(3) in the population group, x*Vgmc=0.035 (p=0.5, ©=0.02) and x*gic=0+2.027
(p=0.183+0.577, 9=0+0.12) for ANKK1/DRD?2 and DAT1, respectively.

The uniform type of distribution of polymorphic variants of the analyzed genes in the
married couples of all the studied groups indicates the presence of assortative marriages
according to the studied molecular genetic characteristics, taking into account the specifics of the
examined groups.

The genetic significance of the assortment of marriages is that, with homogamy
constantly high over many generations, subpopulations are gradually formed in the population,
within which marriages are concluded that are more homogeneous and less similar to other
subpopulations. Knowledge of the laws governing the formation of married couples will help to
objectify the choice of pregravid prophylaxis tactics in the presence of genetically determined
disorders and reduce the rate of formation of subpopulations with the presence of genetically
determined disorders, in particular, disorders of behavior of a dependent nature.
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BakHyt0 posb B pa3BUTUM HEAOCTaTOYHOCTH MO3TOBOTO KPOBOOOpaIlleHHsi
WrparoT /iBa MaToIorMueckux (akropa: aTepoCKiepo3 U U3BUTOCTb COHHBIX
¥ 103BOHOUHBIX apTepuii (CVA). OHM TIPOU3BOAAT TIOTEPU SHEPrUM U
CHWKeHHe CKopocTH. OfHOW W3 COBpEMEHHBbIX Tpo0IeM B COCYAMCTOMN
XUPYPrUM SIB/ISIeTCS] HEMHBA3UBHasl OlleHKa reMOIMHaMUUeCKON 3HaUMMOCTH
 COCYIMCTOW OKKJTFO3UH, 00yC/IOB/IEHHOM arepockiepo3om [1, 2]. Bumisuen
kpyr (CW) mepepacripefiesisieT KPOBOTOK W3 3[0pPOBBIX COCYZIOB 4Yepe3
rosioBHoi Mmo3r mipu cteHo3e CVA [3, 4]. Cocymel, obpasywoimue CW,
JIOCTaTOYHO MaJsibl W CJOXKHBI  [JijId  BU3ya/qM3allid C  TIOMOILbIO
koMribloTepHoi Tomorpaduu (CTA) u gns cermeHTtauuu [5]. CyllecTByeT MHOXXeCTBO
aHaTOMHUUeCKUX BapHalvii, KOTOpbIe 3aK/IFOUalOTCs B OTCYTCTBUU Kakoh-bo yactu CW. Takum
o0pa3oMm, peasibHBIN KIMHUYECKUNM HAaOOp AaHHBIX, BKItodaroluii CTA, Kak TpaBWIIO, SBISETCS
HerosiHbIM. B JaHHOM paboTe TpOAE@MOHCTPUPOBAaH BBIYMCIUTENbHBI WHCTPYMEHT [Jisi
WHAVBUyaJbHOTO TeMOJMHaMUUeCKOTO MO/e/TMPOBaHusl MO3TOBOTO KPOBOTOKA C y4eTOM
aHaroMuueckux ocobeHHocret CW ripu creHo3e CVA Ha ocHoBe 1D mozeneii [6, 7, 8].
Bo3moxHbIM 110604YHBIM 3(dhekTom naTtonoruueckoit u3Butoctu (PT) siBisieTCs: CHUKeHHe
KPOBOTOKAa TPH TUIOTOHHMU. JTa TATONOTHs 3aHMMaeT BTOPOe MeCTO TIocjie 3aboseBaHus
arepockiepo3oM. OHa Habmromaercsi B 30% ciydyaeB JieTalbHBIX UCXOZAOB OT WHCY/AbTa. [ljist
usyueHusi Bnusinvsg PT B faHHON paboTe Mbl BBOAMM IapaMeTpU3alLIMI0 CH/bI TPEeHUsl BZOJb
cocyJia Wil CoCpeIoTOUeHHYI0 MojiefTb /1Jisl TIOTepU JiaByieHus. BiivsiHyue CUbl TPEHUsI COCTOUT B
YMEHbIIIEHUH CHUCTOJIMYeCKUX 3HaueHUU [aBieHUss U ckopoctd Totoka [9]. C momoiibio
MaTeMaThueCcKOro MOZeJIMPOBaHuUsl Mbl CPaBHHMBaeM C/yuyau MPSIMOTO cocyza, u3Butoctu C-Turia,
S-Tuma, TeperuO/KOWIMHL, W peasibHOM M3BUTOCTM Ha OCHOBe AaHAaTOMUUECKUX JaHHBIX.
OTmeTUM, UTO OfHOMEpHas ceTeBasi MO/ie/ib TeMOAWHAMUKU SIBJ/ISIETCSI XOpOIlleld OCHOBOM st
MOZIe/TUPOBaHUs Criel[upruecKrx JJisl MaljieHTa YCIOBUM KPOBOTOKa B HOpPMeE W TPHU HaJIWYUd
COCYOUCTBIX TAaTONOTWi. BbluMc/ivTenbHasE peanu3alivsi MCMO/b3yeT pa3yMHOe KOIUUeCcTBO
BBIUMC/TUTE/TBHBIX PECYPCOB U XOPOLIO TOAXOAUT /ISl UCTIONb30BaHUs B KIIMHUUECKON TIPaKTHKe.
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The two pathological factors play important role in the development of
insufficiency in the cerebral circulation: atherosclerosis and tortuosity of the
carotid and vertebral arteries (CVA). They produce energy losses and
velocity decrease. Contemporary problem in vascular surgery is non-
invasive evaluation of the haemodynamic importance of vascular occlusion,
| which is produced by the atherosclerosis [1, 2]. The Circle of Willis (CW)
redistributes blood flow from healthy vessels through the brain during
stenosis of CVA [3, 4]. The CW vessels are rather small and are difficult for
the computed tomography angiography (CTA) visualization and
segmentation [5]. There are a lot of anatomical variations, which are the absence of some part of
CW. Thus, the real clinical datasets are incomplete. We demonstrate a computational tool for
individual simulations of the cerebral blood flow variations accounting the anatomical features of
the Circle of Willis during stenosis of CVA based on 1D models [6, 7, 8].

The possible side-effect of the pathological tortuosity (PT) is the blood flow decrease
during hypotension. This pathology takes the second place after the atherosclerosis disease. It is
observed in 30% cases of the deaths from stroke. To study the effect of the PT we introduce
parametrization of the friction force along the vessel and lumped model of the pressure drop. It
decreases the systolic values of the downstream pressure and velocity [9]. We compare straight
vessel case (no tortuosity), C-type, S-type, kinking/coiling types and real patient anatomical case.
We conclude, that the 1D network dynamical model of haemodynamics is a good basis for
modeling patient-specific blood flow conditions in normal case and in the presence of vascular
pathologies. The computational implementation uses reasonable computational resources and
suits well for the use in clinical practice.
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Emotions are the fundamental intellectual capacity of human that is
characterized by perception, attention, and behavior. Emotions are described
using two-dimensional arousal and valence scales. Arousal represents the
emotion while valence scale defines the pleasantness of the emotion
perceived [1,2]. Emotion regulation involves a complex interplay of cortical
and subcortical regions of the brain. Emotional state analysis using
| physiological signal can provide relevant information for better diagnostics.
However, human emotion and its electrophysiological correlates are still
poorly understood [3].

Electrodermal Activity (EDA) is a non-invasive, and easily recordable technique to
measure emotions. It refers to the variations in electrical properties of the skin due to the changes
in emotions. These signals can be recorded from several parts of the human body such as palmer,
forehead and sole. EDA signals are composed of two components, namely skin conductance
level or tonic component and skin conductance response or phasic component. The tonic
component represents the slow varying changes over time, whereas the phasic component refers
to the fast-varying changes over time. Several time, frequency and time-frequency analysis has
been performed on the EDA signal in the past for the analysis of emotions [2,3]. However, due to
variation in recording sites, inter and intra-subject variability, low frequency and complexity
makes the analysis of EDA signals challenging.

Other than EDA, Electroencephalography (EEG) signals of the cortical region have been
used to determine different emotional states. EEG is a technique that measures voltage
fluctuations resulting the ionic current flows within the neurons of the brain. It can be recorded
with several electrodes over scalp. EEG Signals has been analyzed in time, frequency and time-
frequency domains for the recognition of emotions [4]. Although EEG is non-invasive and fast
but there are several challenges in EEG for emotion detection like poor spatial resolution,
wearability, portability and huge amount of data from multiple electrodes [5,6].

This talk is aimed at discussing the issues and challenges associated with validating EDA
response with EEG which includes localization of sub-anatomic region in the brain and the
relevance of frequency bands recorded by EEG electrodes in those areas in response to the
emotional stimuli.
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"MexgucuurniaapHas JlaGoparopus Maremaruueckoro Mogenrposanus IlouseHHbIx CucTeM,
®I'BHY Ilousenslit uHCTUTYT UM. B.B. JJokyuaeBa, MockBa, Poccust
2JIaboparopusi MUKPOOGHOIOrMUECKOro MOHUTOPUHIa U 6ropemeauariuy mous, THY Bcepoccuiickuii
HayuYHO-UCCJIe[IOBATe/TLCKUI UHCTUTYT CeTbCKOXO03sMCTBeHHON MuKpobuonoruu, CaukT-Ilerep6ypr, Poccus

BroreoxvmMuueckrie MOZIe/IM TIOYBbI MOTYT OBITh Y/TyUIlIeHbI 38 CYET SIBHOTO
ONMCaHWsT MHUKPOOHOH aKTMBHOCTMU U HeJIMHEHHBIX 3(MGheKToB UuX
MeTabonmm3ma Ha ki C. OfHaKO COBpeMeHHble MUKPOOHbIe MOJIe/T TI0UB
He WMEIOT CKOJIbKO-HUOYJb pealMCTUYHOTO TIpe/ICTaB/IeHHsT MUKPOOHOTO
coobiiectBa B pa3MUHBIX THUMAX I[IOYB W W3MEHEHWH B  ero
| Ouopa3HooOpa3nu M (YHKIUSIX CO BpeMeHeM, THIIOM 3eMJIero/Ib30BaHuUs
WU SKOJIOTUYeCKMMH ycioBUsiMU [1]. 3a MCK/ItOUeHHeM OueHb HEeMHOTHX
TIOTTBITOK [2] cOBpeMeHHbIe MUKPOOHBIE MOZIE/TH UCTIONB3YIOT TOJILKO 00IIHe
SKCTIepUMEeHTabHO OlleHWBaeMble KonuecTBa Ovomacc GakTrepwii ¥ rpuOOB WM abOCTpPaKTHBIE
TPyl MUKPOOPraHU3MOB C pa3/MYHbIMU CTpaTerusiMu pocrta. [IprMeHeHUe MOJeKy/sSpHO-
reHeTUUeCKUX MEeTO/IOB B HACTOsIl[ee BpeMsl sIBISIeTCS OHUM M3 HeoOXOAMMBIX 3TaroB aHa/iv3a
TIPUPOJHBIX MHUKPOOMOMOB. Vcro/ib30BaHWe 3THX TIOAXOAOB TIPU HCC/IIOBAHUM TTOYBEHHBIX
MHUKPOOHBIX KOMITJIEKCOB TIEPCTIEKTUBHO /ISl BbISIBJIEHWS] TAaKCOHOMUYECKHMX MAapKepoB W
MHUKpPOOHMO/IOTMUECKUX [JpaiiBepoB menoreHe3a. OJHako azieKBaTHble CrocoObl 00paboTKH
BBICOKOTIPOU3BOMTE/IbHBIX /IaHHBIX CEKBEHUPOBAHUS /I MUKPOOHMOMOB TOUBBI TIO-TIPEXKHEMY
OTCYTCTBYIOT. Llesib 3TOro ucCCae[OBaHMSI COCTOsIa B TOM, YTOObI TPOJ@EMOHCTPHPOBATh
MepCIreKTUBY Pa3BUTHs MOjiesield TIOUB 3HaHUSIMH O MUKpPOOHOMe, IO/TyuyaeMbIMH MOJIEKY/ISIPHO-
reHeTU4e CKUMU MeTO/IaMH.

WccnemoBaHre BK/IOUA/TIO aHAIW3 MUKPOOHBIX COOOIECTB B [BYX THIAX TOYBBHI TO[
JIByMsi BUJlaMH pacTeHUM U ¢ 6 copramu. Tak >ke ucc/e/joBaHHe BK/IHOYA/IO aHa/Iu3 MUKPOOHBIX
Coo0IIIeCcTB, CBSI3aHHBIX C TeHeTUYeCKMMU TOPWU30HTaMH, pa3BUBAKOIIMMUCS B TeueHUe
JTUTeNIbHOW SBOJIIOLIMM TIOYBBI B CpeJHeM 30He TalWTru B XPOHOPSiAAaX MOA30JUCTHIX TOYB: 1)
repBoHavabHoe rmouBoobpa3soranue (1-2, 15-20, 30-35 sieT) u 2) pa3BuTHe noz30a (rouBsb! 70-,
145-, 455, 1590 siet). Bce oOpa3ubl MOUBBI aHAMM3UPOBAIM (DHU3UKO-XUMHUUYECKUMU METO/IaMH,
Boigenenve JIHK mnposogunmu ¢ ucnonb3oBanueM PowerGround® (MO BIO, USA).
Avrimudukaruio V4 yuyactka 16S pPHK mpoBogumm ¢ MomoIibio YHUBEPCA/IbHBIX MpaliMepoB
(F515 u R806). CekBeHrpoBaHHe OMOIMOTEK aMITMKOHOB BbIoHsA0oCh ILLUMINA MiSeq.
OO6paboTKy JaHHBIX MOC/Ie0BaTeIbHOCTEH OCYIECTBIIS/IM C UCToMb30BaHueM "Trimomatic" [3]
u "QIIME" [4]. KnacTepu3anuio 00pasiioB U aHA/INM3 MHKPOOHOIO TAaKCOHOMUUYECKOTO COCTaBa
TIPOBO/IWIM C MCIO/b30BaHUeM KapThl KoxoneHa (SOM) [5], co creruduueckoii 06paboTKoi
JIaHHBIX: y/laJileHe KOHTAMUHATOB U HEeHA/le)KHbBIX IaHHBIX, Bbl/le/ieHre JOMUHAaHTHBIX BU/IOB.

Bbuli BBISIB/IEHBI XapaKTepHble 3aKOHOMEPHOCTH COCTaBa MHUKPOOHBIX TAaKCOHOB JJis
Pa3/IMYHbIX TUIOB TI0YB, PACTE€HU, ITyOUHBI ¥ BO3PACTa TOUB B CYKIIeCCHSIX TTO/[30JIUCTHIX TTOYB.
[TogpobHast OuosorMueckyd 3HauMMas WH(oOpMaIys (XapakTepHble TaTTepHbI, aZaTHBHBIE
3BOJIIOL[MOHHbIE CTpaTerud MUKPOOPraHU3MOB B Mpoliecce (OPMUPOBaHUS U yIpaBieHUs

HOqBOI\/‘I) MOXXET OBITh mojiyueHa U IIpuMeHeHa [Jid pa3BUTHUA MOAEHEﬁ I104YB.

Cnucok aumepamypbl

[1] Woolf D, Lehmann. Microbial models with minimal mineral protection can explain long-term soil organic carbon
persistence. Scientific Reports, 9(6522), 2019.

[2] Pagel H, Ingwersen J, Poll C, Kandeler E, Streck T. Micro-scale modeling of pesticide degradation coupled to
carbon turnover in the detritusphere: model description and sensitivity analysis. Biogeochemistry 117(1):185-
204, 2014.

[3] Bolger AM, Lohse M, Usadel B. Trimmomatic: A Flexible Trimmer for Illumina Sequence Data. Bioinformatics
30: 2114-2120, 2014.

[4] Caporaso JG, Kuczynski J, Stombaugh J, et al. QIIME allows analysis of high-throughput community sequen-
cing data. Nature Methods 7(5):335-336, 2010.

[5] Wehrens R, Kruisselbrink J. Flexible Self-Organizing Maps in kohonen 3.0. J Statist Software 87:7, 2018.

66



BOJIbLLOWN MO3rI 2019 KoH(pepeHuUs no coTpyaHuyecTtsy B EBpasum
30 ceHTAOpA - 04 okTAOpPA 2019r, r.MockBa, Poccusa
MOCKOBCKMM rocyaiopcTBeHHbIX YHUBepcuteTr MM. M.B.JloMmoHOCOBa
Perspectives of Soil Model Development With Genomic Data

Nadezda Vasilyeva', Ekaterina Ivanova?, Elizaveta Pershina®, Taras Vasiliev', Artem Vladimirov'
"Interdisciplinary Laboratory for Mathematical Modeling of Soil Systems,
Dokuchaev Soil Science Institute, Moscow, Russia
?Department of Microbiological Monitoring and Bioremediation of Soils,
All-Russia Research Institute for Agricultural Microbiology, Saint Petersburg, Russia

Soil biogeochemical models have been shown to be improved by explicit
simulation of microbial activity and nonlinear effects on soil C cycle related
to their metabolism. However, current soil microbially-explicit models lack
any realistic microbiome representation in different types of soils and
changes in its diversity and functions with time, soil management or

environmental conditions [1]. Except for very few attempts [2] current
. microbial models operate total quantities of bacterial and fungal biomass
estimated experimentally, or abstract groups of microorganisms with
different growth strategies. The application of molecular-genetic methods is
currently one of the necessary steps in the natural microbiomes analysis. The use of these
approaches in the study of soil microbial complexes is promising in identifying taxonomic
markers and microbiological drivers of pedogenesis. However, relevant ways of processing high-
throughput sequencing data for soil microbiome are still lacking. The aim of this study was to
demonstrate the potential of soil modeling advances upon integration of a more detailed
knowledge about soil microbiome obtained with molecular-genetic methods.

The study included analysis of the microbial composition associated with two soil types
(chernozem and sod-podzolic) under two different plants species (wheat and maize) and with 6
plant varieties. As well the study included analysis of microbial compositions associated with the
genetic horizons developing during the long-term soil evolution in the middle taiga zone in a
podzol soils chronosequences: 1) the initial soil formation (samples of 1-2, 15-20, 30-35 years)
and 2) the ongoing podzol pedogenesis (soils of 70-, 145-, 455, 1590 years). All soil samples
were analyzed by classical methods (physic-chemical), DNA isolation was performed using the
PowerSoil® DNA Isolation Kit (MO BIO, USA). Amplification of a V4 variable region of the
16S rRNA was carried out with universal primers (F515 and R806). Amplicon libraries
sequencing was performed by ILLUMINA MiSeq. Sequence data processing was carried out
using “Trimmomatic” [3] and “QIIME” [4]. Samples clustering and concurrent microbial
taxonomic composition analysis was carried out using an artificial neural network that is trained
using unsupervised learning - Kohonen's self-organizing map (SOM)[5] with a specific data pre-
processing: contamination removal, dominant species selection and unreliable data elimination.

Characteristic patterns of the microbial taxa composition were revealed for different soil
types, plants, soil depth and age of podzolic soils succession. Detailed biologically relevant
information (characteristic patterns, adaptive and evolutional strategies of microorganisms during
soil formation and management) can be obtained and used for developing soil models.
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JKuBa henuja je oTBOpeH JMHAMMUKU CUCTEM KOjy HEIpecTaHO pasMemyje
Marepujy U eHeprujy ca OKOJIMHOM. JIOKajHa KOHL[eHTpalyja U I10/10Kaj
MoJieKy/ia ce Y )KUBMM hesijaMa KOHTPOJIUIILY MyTeM XeMUjCKUX peakliyja U
TPaHCIOPTHUX Mpoleca. Kpo3 xemujcke peakiuje U TpaHCIIOPTHe IpoLiece
PR | Oromorekysu y )KUBUM hesvjama cy MHTeTPHUCaHU Y TIPOCTOPY U BPEMEHY Y
"3 peaki[MOHE MpEeXe, OJHOCHO OHOXeMHUjCcKe IyTeBe. VIHTerpaijom
LN cnoxeHHMX SMOXeMHjCKMX MyTeBa [0Jia3d [0 caMOOpraHu3auvje Ha Behum
L pacTtojakbumMa U [Y)KUM BPEMEeHCKMM CKajaMa, W [0 HacCTajamkba HOBUX
ocobvHa Koje HHCY CBOjCTBEHe HeXHBOj Marepuju Beh camo >XUBUM
henujama, kKao MITO Cy CrOCOSHOCT TPaHCKPUIILUje reHa W TpaHCAyKLMje curHana. Kpo3 oBe
ClIoKeHe mpoliece, kuBe henuje ce mpusarofjaBajy Ha MpoMeHe y OKOJMHU M pPa3MHOXKaBajy ce.
Ila 6ucMo Ha MOJIeKyJlapHOM HHBOY pa3yMesd Tpolieca Ha KOjUMa Ce 3aCHHBAjy CJIOXKeHe
buosoike GyHKIMje U ja HUCMO MOTJIM /la UX MaTeMaTHUKU OTUIIIEMO W CUMY/IUPaMo, 1oTpebHe
Cy MeTofie Koje HaM omoryhaBajy [ja KOHLEHTpPALHWjy W MOOWIHOCT OHOJIOIIKMX MOJIeKysa
MepUMO Y XKUBUM henujama v y BbUXOBOj HEMOCPeJHOj OKOJTMHM.
®nyopeciieHTHa KopenaluoHa criektpockonja (PKC) je jemuHa o maHac mocrojeha
TeXHHWKa Koja HaM omoryhaBa Ja y >KMBMM henujaMa [ieTeKTyjeMO TojeJuHauHe MoJieKyae U
MeprUMO HHUXOBY KOHLIeHTpauujy U mobunHoct [1-3]. Meljytum, knacuuna ®KC uma jenan
BEJIMKM HEeJ0CTAaTaK — MEPHO TI0/be je OrpaHMyeHo Ha Beoma Maiy sarpemuny (0.2 — 2)x107™ 1.
[a ducMo ripeBasuIIIM OBaj HeJOCTaTaK, pa3BUId cMo MacoBHO napanenHy ®KC (MndPKC) [4-
7]. Mn®KC Ham omoryhaBa KBaHTHUTaTWBHO KOH(OKATHO OC/MKaBame be3 CKeHupamwa Cca
BpEMEHCKOM pe3onynujoM of, 11 ps/ciuuu. Y cBoM usnarawy, npeacrasuhy Mn®KC u wmeHy
NIpUMeHY; Zia/by Pa3B0j MeTo/ie KOju YK/byuyje Mepere BpeMeHa >KMBOTa MoJjieKy/ia y obdyheHom
cTamy Kako bu ce fobune nHdopMalyje o mpoMeHama y HermocpeHOj OKO/IMHU (hyopecLieHTHOT
Mosiekyna (Mn@®KC/®PJIMM), u [BOKaHa/Hy MAacOBHO TapasiefiHy (ayopeciieHTHY Kpoc-
kKopenauuoHy crektpockonujy  (axk-mn®KKC), koja Ham omoryhaBa KBaHTUTAaTHBHY
KapakTepu3allijy XeMHjCKUX peakliydje Y >kKMBUM henvjama. OBe nH¢opMaLiyje Cy HeOIxo/He 3a
pasB0Oj MareMaTHMYKUX MoJesa KOju Ca BUCOKMM CTEeleHOM I0y3JaHOCTA MOrY Jia OIHMILY

ripoliece y >KMBUM he/ijaMa U npe/iBU/ie KBaJUTaTUBHE TPOMeHe Y FlbUX0BOj JUHAMMUILIU.
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Living cells are open dynamical systems that continuously exchange matter

and energy with their surroundings. In living cells, biomolecules are

integrated via chemical reactions and transport processes into self-regulated

% networks. Through these networks life-sustaining biological functions, such

| as gene transcription and signal transduction, emerge at the higher level of

| organization and at longer spatio-temporal scales. To be able to understand
| and model how specialized biological functions consistently arise through
~ the random motion of molecules and their stochastic interactions, and how
robust and specific responses are obtained under the influence of the
external environment that is noisy and changes unpredictably, the concentration and mobility of
biological molecules need to be measured in live cells and in their immediate surroundings.
Fluorescence Correlation Spectroscopy (FCS), a quantitative and non-destructive
fluorescence technique with single-molecule sensitivity, has proven to be indispensable for such
purpose [1-3]. However, classical single-point FCS (spFCS) has one serious shortcoming —

limited overview, as it provides information in an observation volume element that is about (0.2

— 2)x10™" 1. In order to overcome this limitation, we have developed massively parallel FCS

(mpFCS) [4-7]. mpFCS allows time-resolved (11 ps/frame) confocal fluorescence microscopy

imaging without scanning that is suitable for quantitative characterization of fast reaction-

transport processes in solution and in live cells. In my talk, I will present mpFCS and give
examples of its applications; its integration with fluorescence lifetime imaging microscopy

(mpFCS/FLIM) and our ongoing work on the development of dual color massively parallel

Fluorescence Cross-Correlation Spectroscopy (dc-mpFCCS). These techniques combined in one

instrumental setup for functional Fluorescence Microscopy Imaging (fFMI), allow us to measure

properties that are tightly linked to biomolecules activity at functional sites and are crucial for
understanding their mechanisms of action. Such information is indispensable for the
development of mathematical models with good predictive value.
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It was a long journey for human to conquer the Tibet Plateau where the
. average elevation is beyond 4,500 meters and the oxygen pressure is much
lower than at sea level (~60%). We estimated that the genetic origin of the
Tibetan highlanders could be traced back to around 40,000 to 60,000 years
ago, in the middle-late Paleolithic. The early migrants to the plateau had
extensive genetic admixture with each other, and had further gene flows with
the latecomers, leading to the admixed descendants with very complex
genetic makeup -- inherited from ancestral lineages of modern human and
archaic hominins [1]. During this process, some archaic genomic segments
that were advantageous to the high-altitude adaptation were retained, and reached to high
frequencies due to natural selection [2-4].

Taking advantage of the whole-genome deep sequencing data, we constructed a map of
adaptive genetic variants in Tibetans, including 1,877 key variants with known functions: 63
missense, 7 loss-of-function, 1,298 evolutionarily conserved variants and 509 expression
quantitative traits loci. We further developed a statistic (FIS, functional importance score) to
prioritize these identified adaptive genetic variants, and found that the top signal is not the well-
known EPASI1, but TMEMZ247, a transmembrane protein coding gene. Especially, a missense
variant (rs116983452) located in TMEMZ247 showed rather high frequency specifically in
Tibetans. This key variant may largely increase the genetic differentiation between the
lowlanders and Tibetan highlanders, by transforming Alanine, the common wild type in the
lowlanders, to Valine, the Tibetan-enriched mutant type. This mutant is carried by around 94%
Tibetans, but is in low frequency or even missing in other world-wide modern human
populations. It is so far the most highly differentiated missense variant between Tibetans and the
lowlanders. We estimated the age of the adaptive Tibetan sequences carrying TMEM247-
rs116983452-T to be about 60,000 years ago, implying that this Tibetan-specific variant could be
inherited from early inhabitants of Tibet Plateau with archaic ancestry.

We found that the frequency of TMEM247-rs116983452-T is strongly and positively
correlated with altitude. Further analyses revealed that this variant is significantly associated with
the expression levels of EPAST and TMEM?247, and could possible regulate the concentrations of
hemoglobin and red blood cell of Tibetans under hypoxia. By statistical modeling, we found that
TMEM247-rs116983452 shows greater effect size and better predicts the phenotypic outcome
than any EPAS] variants in the association with adaptive traits in Tibetans, but interactions were
also observed between TMEMZ247-rs116983452 and EPASI variants, indicating that multiple
variants may jointly deliver the fitness of the Tibetans on the Plateau, where a complex model is
needed to elucidate the adaptive evolution mechanism [5].
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M OKCIIpecc-TeCTUpPOBaHHEe aHTHOMOTHKOpe3ucTeHTHOCTH (ABP) sBnsieTcs
ype3BbIUaiHO Ba)XHBIM 3TAalloOM  MHKPOOHOJIOTMUECKOH — /TUAarHOCTUKH,
MOCKO/IbKY TO3BOJIsIET NPUHUMATh MpaBU/IbHbIE ONepaTUBHbIE PeLIeHUs 0
| TakTUKe aHTHOAKTepua/bHOM Tepanvyd B YC/IOBUSX PpaCTYIIEro YpOBHS
Pe3UCTeHTHbIX IUTaMMOB OakTepuii. Takoe TeCTHpOBaHHWE MOXKET ObITh
OCHOBAHO Ha HaOJIOIEHNH 3a KU3HECTIOCOOHOCTBI0O MUKPOOPIaHU3MOB 10/
BO3/leficTBeM aHTHOMOTHKOB. B HacTosiiiiee BpeMsi Takoe TeCTHPOBaHHE
3aBepIIIeH0 Ha BLIOPAHHBIX IITAMMAaX, UTO 3aHMMaeT MHOTO BpeMeHH (2—7
[IHeli). BHeapeHWe MOPTAaTMBHBIX (AJ11 OKa3aHUsS MeAWLIMHCKON TIOMOII[H)
YCTPOWCTB /11 3KCrpeccHoro (6-8 uacoB) MHMKpPOOHOIOTMUECKOTO TEeCTUPOBAHUS SIBJISIETCS
OXKH/IJaeMbIM COOBITHEM Cpeiyd Bpaded oOIIed MpaKTUKH, CIeLMaauCcToOB IO HMH(GEKIMOHHBIM
3ab0/1eBaHUAM, TIOCTABIIMKOB U IUPOKOHM 001jecTBeHHOCTH [1]. OTH o)KujaHWs OCHOBaHbI Ha
pPa3BUTUM TEXHOJIOTUM HOBOTO MoKojaeHusi B MOMC/HOMC u MeXXIUCLATIIMHAPHBIX HayKax.

3meck MbI 00CyKaemM criocoObl TIepecTPOMKM OCHOBAaHHOTO Ha KY/IbType K/IaCCUUeCKOTOo
MeToJja MUKPOOMOJIOTMUeCKOTO aHa/n3a, 4ToObl COKPAaTUTh BpeMsi aHajiM3a, a Takke CenaTh
aHa/IU3 [IUPOKO JOCTYITHBIM /11 Hace/JeHWs U MEeIUI[MHCKOTO TiepcoHana. JTO MOXeT ObITh
JIOCTUTHYTO TIyTeM BHeJPeHWs] TaKuX YCTPOMCTB C ucIonb3oBaHueM MOMC/HOMC wu
MHGOPMAIMOHHBIX TEXHOJIOTMA W TPUHLIAIIOB apXUTEKTYphl Jlaboparopuu-Ha-uurie (JIHY).
ApxuTeKkTypa YCTpOMCTBa JO/DKHAa BK/IOYaTh B Cebs Hemano BaKHBIX (YHKLMOHAIbHBIX
3/IeMeHTOB, TaKUX KakK: KaMepa pocTa, MOAY/b uaeHTH(dUKaLK, Moayab ABP, MukpoduitonHast
TPaHCIOPTHAs NOJCUCTEMa, CEHCOPHAasi CUCTeMa U JIpyrue.

PoctoBasi minardopMa M3roToB/ieHa W3 HAHOMIOPUCTOTO aHOJHOTO OKCHZA a/FOMUHHUS U
TI03BOJISIET OFHOPOAHOM KOJIOHMM AoCThrarh pa3Mepa okono 1000 KOE (KosoHMeoOpa3yromux
enunul) [2]. Ha cienytroiiieM 3Tare aHa/iv3a 3TU KOJIOHUU TIepeMellialoTCs U TPaHCIIOPTUPYIOTCS
B TIOACUCTEMY WeHTHU(HUKAI[MH, BK/IIOUasi pacrio3HaBaHWe H300pakeHuid [3], aKycTuueckuid
aHanmu3 fis pasnuuenusi G(+)/G(-), ¢nyopumerpuueckuii aHamu3. Cragusi uaeHTU(GUKALAA
MO3BOJ/IsIeT OTOMpATh MaToreHHble OaKTepuu W [OCTaB/ISATh WX B mopacucteMy s ABP. 3to
MOXXET OBbITh peajM30BaHO C TOMOIIbIO K/IalaHHBIX MEXaHU3MOB, BK/IIOUasi aKyCTOQIIOUIHYIO
aKTHOALMI0. 3aK/IFOUMTe/IbHasI CTausl aHamr3a ABP ripoBoguTcsi 1o KpaiiHel mepe Jj1s1 2 BUJIOB
MHUKPOOPTaHu3MOB U 710 10 aHTUOMOTUKOB. JKH3HECITOCOOHOCTh MPOBEPSIETCS C UCTIO/Ib30BaHUEM
MHOTOKaHa/JbHOTO  [MHAMWYeCKOr0 paccesiHMsi cBeTa [4], uMNeguMeTpUUeCKUM WU
3/IeKTPOXUMUUECKUM MeTOJaMU.

[TpecTaBieHa TOIOJIOTHS W KOHCTPYKLUMS THOpUAHO-MHTerpupoBaHHoro JIHU wu
0COOEHHOCTH €r0 OCHOBHBIX (DYHKIIMOHABHBIX 371eMeHTOB. OOCY)KJaeTcss apXUTeKTypa 3TOTO
MUHUATIOPHOTO yCTPOMCTBA HOBOTO TOKOJIEHUS [/Is1 SKCIIpecC-UAeHTU(hUKALMU U TeCTUPOBaHUs
YCTOMYMBOCTH K AHTUOMOTHKAM MHKDPOOPTaHW3MOB, (M3UUeCKHe TIPUHIIUAIILI U TEXHOJIOTHH [IJIsT

CO30aHHA (byHKL[I/IOHaIIbHI:IX KOMITIOHEHTOB M X UHTErpali B e JUHYI0 CUCTEMY.
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& An express-antibiotic susceptibility testing (AST) is an extremely important
stage of microbiological diagnostics since it enables to make correct
operative decisions on antibacterial therapy tactics under conditions of
growing level of resistant bacterial strains. Such testing could be based on
observation of viability of microorganisms under exposure of antibiotics. At
present time such testing is completed over selected strains which is a time-
consuming procedure (2-7 days). Introduction of portable (point-of-care)
devices for express (6-8 hours) microbiological testing is a highly
anticipated event among general practitioners, infectious diseases specialists,
vendors and general public [1]. These expectations are based on development of new generation
technologies in bioMEMS/NEMS and multidisciplinary sciences.

Here we discuss the ways of redesigning culture-based classical method of
microbiological analysis in order to reduce the analysis time, as well as to make the assay widely
available for population and medical staff. This could be achieved via implementation of such
devices using MEMS/NEMS and information technologies and lab-on-a-chip (LoC) architecture
principles. Architecture of the device should include quite a few important functional elements,
such as: growth chamber, identification module, AST module, microfluidic transport subsystem,
sensor system and others.

The growth platform was prepared of nanoporous anodic alumina and enables
homogeneous colony to reach the size of about 1000 CFU (colony forming units) [2]. During the
next analysis stage these colonies are displaced and transported into the identification subsystem,
including image recognition [3], acoustic analysis to discriminate G(+)/G(-), fluorimetry assay.
The identification stage enables pathogenic bacteria to be selected and delivered to the subsystem
for AST. This could be realized via valve mechanisms, including acoustofluidic actuation. The
final AST stage of assay is made for at least 2 species of microorganisms and up to 10 antibiotics.
The viability is tested using multichannel dynamic light scattering [4], impedimetric or
electrochemical methods.

The layout of hybrid-integrated LoC and features of its main functional elements are
presented. The architecture of this new generation miniature device for express identification and
antibiotic resistance testing of microorganisms, physical principles and technologies for creating
functional components and their integration into a single system are discussed.
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*Faculty of Physical Chemistry, University of Belgrade, Belgrade, Serbia;*Yuusepsuret y Beorpaay, ®akyarer 3a
¢dusnuky xemujy, beorpag, Cpbuija;

3Department of Physical Chemistry and Materials Science, University of Szeged, Szeged, Hungary;

3Yuueepsuret y Cereauny, One/bere 3a GU3MUKy XeMUjy U HayKy o Marepujanuma, Cerequs, Mahjapcka;

3. GANAPATHY Nagarajan, Biomedical Engineering, Pre-Postdoc Fellow 14-15
Biomedical Engg. Group, Department of Applied Mechanics, Indian Institute of Technology Madras, Chennai, India
Himanshu Kumar, Ramakrishnan Swaminathan

4. GERASIMOYV Andrey, PhD , Professor, Chair T'EPACUMOB Amnppeit H. 16-17
Medical Informatics & Statistics, Sechenov University, Moscow, Russia. 3aB. kadeapoii MeuIIMHCKOM
MH(OPMaTHKU U cTaTUCTUKH, CeueHOBCKUH YHHBepcuTeT, MockBa, Poccus

5. HEDRIH Andjelka, MD, PhD, Research Assistant Professor XEJPUX Anhenka 18-19
Department of Mechanics, Mathematical Institute of Serbian Academy of Sciences and Arts, Belgrade, Serbia
Maremaruuku HHCTUTYT Cpricke Akagemuje Hayka u YmetHocta (MU CAHY), Beorpag, Cpbuja

6. JIANG Xiao-Yi, PhD, Professor, Chair B 20-21
Pattern Recognition and Image Analysis, Institute of Mathematics and Computer Science, University of Miinster,
Miinster, Germany

8. KESIC Srdjan, PhD, Research Assistant Professor KECHWHR Cphan 22-23
Department of Neurophysiology, Institute for Biological Research “SiniSa Stankovi¢”, University of Belgrade,
Belgrade,Serbia ; IHcTuTyT 3a OHonoLIKa UCTpaXKMBatka, YHuBep3uTeT y beorpany, Beorpag, Cpbuja

9. KHALYAVKIN Alexander, PhD, Academic Secretary XAJIABKAH Anekcanap 24-25
Gerontological Society of RAS (Moscow Branch); Emanuel Institute of Biochemical Physics of RAS ; Institute for
Systems Analysis of Federal Research Center “Computer Science and Contol” of RAS; Moscow, Russia;

WHcTuTyT Oroxumuueckoit ¢pusvku PAH 1 MHcTuTyT crictemHoro ananmmsa ©VLI Y PAH, Mockea, Poccus

10. KHVOSTIKOV Alexander, PhD XBOCTHKOB Anekcanpp 26-27
Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, Moscow, Russia;
®DaKy/IbTET BBIUUCIUTENTLHON MaTeMaTUKH U KNOepHEeTHUKH, MOCKOBCKUI TOCYJapCTBEHHBINA YHUBEPCUTET UMEHU
M.B. JlomoHOCOBa, MockgBa, Poccust

Andrey Krylov’, Ilya Mikhailov?, Pavel Malkov2 Amnpapeii Kpbuios', ibsa Muxaiinos?, ITases Ma/ibKoB2
"Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, Moscow, Russia;
'®akynETeT BEIUMC/INTEILHOM MaTeMAaTUKY ¥ KMOepHETUKH, MOCKOBCKHIA IOCYapCTBEHHbINA YHUBEPCUTET UMEeHN
M.B. JlomoHocoBa, Mocksa, Poccus ;? Department of Pathology, University Medical Center, Lomonosov Moscow
State University, Russia; *“®akyneTeT QyHAaMeHTaIbHOM MeaULMHbI, MOCKOBCKHI FOCYJapCTBeHHbINA YHUBEPCUTET
uMmenu M.B. JlomonocoBa, Mocksa, Poccust.

74



BIG BRAIN 2019 Conference for Collaboration in EurAsia
30 September - 04 October 2019, Moscow, Russia

LOMONOSOV MOSCOW STATE UNIVERSITY BIOKYBERNETIKA
11. KLIMENKOVA Anna, MSc, PhD Student K/IINMMEHKOBA Anna 28-29
Department of Optimal Control, Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State
University, Moscow, Russia; Kadezapa ontiuMansHoro yripasiaenus, '®@akyasreT BeruncmureasHoi MareMaTuku U
KubepHetrku, MockoBckuii ['ocyapcTBeHHbIH YHUBepcuTeT uM. M.B. JlomoHocoBa, Mockea, Poccus;
Nikolai Grigorenko', Evgenii Khailov’, Andrei Korobeinikov’ Hukosaii I'puropenko’, Eerenuii Xaiiior',
Anppeii KopoGeiiHuKOB®
'Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, Moscow, Russia;
’Centre de Recerca Matematica, Barcelona, Spain.

12. KOCHETOV E student 30-31
Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, Moscow, Russia ;
@akynbTeT BorunciurensHol MareMarvku v KubepHeTku, MockoBCKui [0CynapCTBeHHBIH YHUBEPCUTET UM.
M.B. JlomoHocoBa, MockBa, Poccus;

Uvarkin 1., Akhmetova A., Kovalyova V.

13. KOLAR-ANIC Ljiljana, PhD, acad SANS, Emeritus Professor KOJIAP-AHUR /bubana 32-33
Faculty of Physical Chemistry, University of Belgrade, Belgrade, Serbia; YauBep3utetr y Beorpagy, ®akynreT 3a
¢u3nuky xemujy, beorpaz, Cpbuja

Zeljko Cupi¢?, Vladimir M. Markovi¢', Ana Stanojevi¢', Milorad Andelkovi¢!, Stevan Macesi¢!, Vladana
Vukojevié® XKesbko Uynuh?, Bnagumup M. Mapkoeuh', Aua Cranojesuh’', Munopaa Auljenkosuh', CreBan
Mahemmuh' , Bragana Bykojesuh®

'Faculty of Physical Chemistry, University of Belgrade, Belgrade, Serbia; *Department of Catalysis and Chemical
Engineering, Institute of Chemistry, Technology and Metallurgy, University of Belgrade, Belgrade, Serbia;
*Department of Clinical Neuroscience, Center for Molecular Medicine, Karolinska Institute, Stockholm, Sweden;
"Yuupepsurtet y Beorpazy, ®akynrer 3a ¢pusuuky xemujy, beorpan, Cpbuja; *Yuusepsuret y Beorpagy, IHCTUTYT 3a
XeMH]y, TEXHOJIOTHjy U MeTanyprujy, LleHTap 3a Katanu3y ¥ XeMHjCKO HHXemhepcTBo, beorpaz, Cpbuja;

3dakynTeT 3a KIMHUUKe HeypoHayke, LleHTap 3a MosiekynapHy mMeauiuny, Kaponuncka nctutyT, Conta, [IBescka.

14. KULIKOYV Sergei M., PhD , Head KYJIMKOB Cepreiit M. 34-35
Biostatistics Laboratory, National Research Center of Hematology, Moscow, Russia;

naboparopusi 6rocraticTuky ®I'BY «HarroHanbHbINA MeIUIIMHCKUN UCC/Ie[0BATeIbCKUH LIEHTP réMaToIOrHK»
Mumn3sapasa Poccun, Mocksa, Poccust

Anna Turkina', Anton Kulikovsky', Olga Lazareva', Tatiana Pospelova’, Sergey Kutsev®, Andrey Zaritzkiy*,
Jury Shatokhin®, Anatoly Golenkov®, Tatiana Konstantinova’, Elena Parovichnikova', Valery Savchenko'
'National Research Center for Hematology, Moscow, Russia; ZHematology Center of Novosibirsk, Russia; *Medical
Genetics Research Center, Moscow, Russia; *Almazov National Medical Research Center, St. Petersburg, Russia;
>State Medical University, Rostov-on-Don, Russia; “Regional Scientific Research Clinical Institute named after MF
Vladimirsky, Moscow, Russia; ’Sverdlovsk Regional Clinical Hospital No. 1, Ekaterinburg, Russia.

Anna Typkuna', Aaron Kyaukosckuii', Onbra Jlasapesa', Tarbana ITocnenosa®, Cepreit Kyries®, Anapeii
3apunkuit’, FOpuii [llaroxun®, Anaro/mii Fostenkos®, Tarbana Koncrantunora’, Enena Iaposuunnkosa’,
Basepuii CaBueHko’

"HMML], «I'emronorus» M3 P®, Mocksa, Poccust; ‘Hosocubupckuii ['emaronornueckuii Lientp, Poccus; *®I'BY
«MeIMKO-TeHeTHYeCKHI HayuHbIi LieHTp uMeHH akagemuka H.I1. boukosa», Mockea, Poccusi; “‘HMUL]L um. B. A.
Anmasosa, C. ITetepGypr, Poccusi; *PoctoBckuii I'ocynapcereenHbiil Yausepeuret, Poccus; ‘TEY3 MO MOHUKUA
uM. M. ®@. Biagumupckoro, Mocksa, Poccust ; ’Ceepayiockast O6nactHast Kimunuka Nel, Exarepun6ypr, Poccust

15. KURETOVA Ekaterina D. senior researcher 36-37
Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, Moscow, Russia
®akysnbTeT BeruncivrenbHo Marematuku v KubepHeTHky, MoCKOBCKUH ['0CyapCTBEHHBIM YHUBEPCUTET UM.
M.B. JlomoHoCOBa, Mockga, Poccusi;

Elena S. Kurkina

16. KURKINA Elena S. PhD, professor 38-39
Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, Moscow, Russia
®akynbTer BoruncimrensHoM Marematuku v KubepHetrku, MocKoBCKUiA ['0CynapCcTBeHHBIN YHUBEPCUTET UM.
M.B. JlomoHocoBa, Mockga, Poccusi;
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17. LEMOSERSKII Vladimir , PhD JIEMO3EPCKWMU Bnagucias 40-41
Centre of Microtechnology & Diagnostics, Department of Electronics, St. Petersburg Electrotechnical University
"LETI", St. Petersburg, Russia; LIMW/I, CaHkT-IleTepOyprcKuii rocyjapCTBeHHbIN 31eKTPOTeXHUUeCKHUIA YHUBEp-
cureT «JIDTU», Caukt-Tletepbypr, Poccus.

Tatiana Zimina, Eugenia Karibjanova, Alexei Koigerov

18. LEVASHOVA Natalia PhD, Professor 42-43
Faculty of Physics, Lomonosov Moscow State University, Moscow, Russia
Alla Sidorova, Anna Semina, Alina Melnikova

19. LU Jian-Bo, PhD, Associate Professor, Director BREE 44-45
Biocomputing Lab, National Research Institute of Family Planning, Beijing, P.R.China

ERALXBEZREFD, ERDERBERZRAMRFR, LR, PE

Xiaohan Sun, Xu Ma #MBERS , /8

20. MAU Jochen , PhD, University Professor, Founder of German Initiative Biokybernetik 2014 46-47
Medical Faculty, Heinrich Heine University Duesseldorf, Diisseldorf, Germany
Medizinische Fakultidt der Heinrich-Heine-Universitét Diisseldorf, Diisseldorf, Deutschland

21. MEDVEDEYV Roman B. , MD PhD MEJABEJEB Poman BopucoBuu 48-49
1-st Neurological Department, Research Center of Neurology, Moscow, Russia ;

1-ro HeBposnornueckoro otaenenuss ®I'bHY HITH, Mocksa, Poccus,

TANASHYAN Marine M. (MD PhD, Professor, ViceDirector for Research, Research Center of Neurology &
Head 1-st Neurological Department, Research Center of Neurology, Moscow, Russia

TAHAIISTH Mapun? MoBcecoBHa Ji.M.H., mpodeccop, 3aMecTUTe b JUPEKTopa Mo Hay4yHo paboTe.
PykoBopurenb 1-ro HeBposiorudeckoro orjeneHusa @PI'bHY HITH,

GEMDZHIAN Eduard G., Biostatistics Laboratory, National Research Center for Hematology, Moscow, Russia
TEMIDKAH 3.I. naboparopuu 6uocrarrctviku ®I'BY «HarioHabHbINA MeIUIMHCKIHA UCCIe10BaTeNbCKUI
LieHTp remarosorun» Munsgpasa Poccuun, Mocksa, Poccus,

SKRYLEYV Sergei I. Head Department of Vascular and Endovascular Surgery, Research Center of Neurology,
Moscow, Russia;

CKPBUIEB C.H. pykoBoguTe/b OT/[e/IeHHs1 COCYANCTON M 3HA0BACKY /IsipHO# xupyprun ®I'EHY HIIH,
Mocksa, Poccus;

KROTENKOVA Marina V., Head Radiology Department, Research Center of Neurology, Moscow, Russia ;
KPOTEHKOBA M.B., pykoBoauTe/nb oTaeneHns gyueoud auarnoctuku ®I'BHY HIIH, Mocksa, Poccust.

22, MIKHALSKIY Anatoliy, PhD, Professor, Head MUXAJIBCKUM Anatosmit 50-51
Department of Incomplete Data Control, V.A. Trapeznikov Institute of Control Sciences RAS, Moscow, Russia
JTaboparopust Yripaenenus 1o Heronxeiv [JaHHBIM, THCTHTYT Tipo6sieM yripaeienus uM. B.A. Tparne3nukoea PAH,
MockBa, Poccus

NOVOSELTSEVA Jhanna HOBOCEJ/IBIIEBA )Kanna

23. MOZOKHINA Anastasia , PhD MO3OXHWHA Anacracus 52-53
Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, Moscow, Russia
dakyneTeT BoiuncurensHoi Marematrku u KubepHetrku, MoCKOBCKUi [0CyAapCTBEHHBIA YHUBEPCUTET UM,
M.B. JlomoHocoBa, Mocksa, Poccus;

24. NEDIC Slobodan, MSc., Research Associate 54-55
Faculty of Technical Sciences, University of Novi Sad, Serbia
Fakultet Tehnickih Nauka, Univerzitet u Novom Sadu, Novi Sad, Srbja

25. PALANISAMY Rohini, Biomed Engineering & Mathematics, PhD Candidate 56-57
'NIID lab, Biomedical Engineering group, Department of Applied Mechanics, Indian Institute of Technology
Madras, Chennai, India; *Department of Mathematics, IIT Madras, India;

Ramakrishnan Swaminathan' prof. PhD, head of department; Sundar Subbiah?, prof. PhD, head of
department;
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26. ROZHNOVA Tatiana, MD, PhD, Assistant Professor POJXHOBA Tarbsina M. 58-59
Department of General Practice Medicine, Sechenov First Moscow State Medical University, Moscow, Russia
ITepBbIit MOCKOBCKUM roCyZ,apCTBeHHbBIM MeAULIMHCKWI yHHUBepcuTeT uMeHu V.M. CeueHoBa MuHHCTepCTBa
3npaBooxpaHeHus: Poccuiickoit @epeparuu (CeueHOBCKUIM YHUBepcuTeT), Mockea, Poccust

27. SIMAKOV Sergey S., PhD, Associate Professor CHUMAKOB Cepreii C. 60-61
Moscow Institute of Physics and Technology, Dolgoprudny, Russia; Mathematical Modeling Laboratory, Sechenov
University, Moscow, Russia MockoBckuii (pr3uKo-TeXHUYeCKH MHCTUTYT, JonronpyaHabii, Poccust

CeueHoBCKMM yHUBepcHTeT, MockBa, Poccus

Timur Gamilov Tumyp I'amuiioB

28. SWAMINATHAN Ramakrishnan, PhD, Professor, Head 62-63
Department of Applied Mechanics, Indian Institute of Technology Madras, Chennai, India

29. UVARKIN I student 64-65
Faculty of Computational Mathematics and Cybernetics, Lomonosov Moscow State University, Moscow, Russia
®akynbTeT BoruncmrensHoit Maremarvku u KubepHetnku, MockoBcKuii ['ocyaapcTBeHHbIH YHUBEDPCUTET UM.
M.B. JlomoHoCoOBa, MockBa, Poccusi;

Akhmetova A., Kochetov E., Kovalyova V.

30. VASILYEVA Nadezda, PhD, Head BACWJ/IBEBA Hapexpaa A. 66-67
'Interdisciplinary Mathematical Modeling Laboratory, Dokuchaev Institute of Soil Science, Moscow, Russia;
'MexaucuunmmaapHas JlaGoparopus Maremaruueckoro Mogenuposanust [Tousennsix Cucrem, ®T'BHY TlouBeHblii
uHctutyT uM. B.B. [JokyuaeBa, Mockga, Poccusi;

Ekaterina Ivanova? Elizaveta Pershina? Taras Vasiliev!, Artem Vladimirov’

?Department of Microbiological Monitoring and Bioremediation of Soils, All-Russia Research Institute for
Agricultural Microbiology, Saint Petersburg, Russia ;

HBanosa E.A.% Ilepunna E.B.%, Bacuibes T.A.Y, Biagumupos A.A.

2JIaboparopursi MMKpOGHOIOrMUECKOro MOHUTOPUHIa U 6ropemeayaruy nous, 'HY Bcepoccuiickuii HayuHO-
WCCJIe[I0BATe/TbCKUI UHCTUTYT CeTbCKOX03siiCTBeHHON Mukpobuonoruu, Caukr-Ilerep6ypr, Poccus

31. VUKOJEVIC Vladana, PhD, Associate Professor BYKOJEBUWHR Biagana 68-69
"Department of Clinical Neuroscience, Center of Molecular Medicine, Karolinska Institutet, Solna, Sweden
'®akynTeT 3a KIMHUUKe HeypoHayke, LleHTap 3a Mosieky/napHy MeauLuny, Kapommscka UuctutyT, CosHa,
[IBencka;

Aleksandar J. Krmpot"?, Stanko N. Nikoli¢*?, Sho Oasa’, Lars Terenius', Rudolf Rigler®

*Institute of Physics Belgrade, University of Belgrade, Belgrade, Serbia;

*Department of Medical Biochemistry and Biophysics (MBB), Karolinska Institutet, Solna, Sweden ;

Anekcanpap J. Kpmnor', Cranko H. Hukouh'? Ilo Oaca?®, JIapc Tepenuyc', Pygond Purnep?

*MucTutyT 3a Gusnky, Yuusepsutet y Beorpany, Beorpag, Cpbuja;

[lenTap 3a MeAULMHCKY broxeMujy 1 buodusrky (MBB), Kapomuncka UacturyT, Conna, Illsescka .

32. XU Shu-Hua, PhD, Professor HB1E 24 70-71
Max-Planck Interdisciplinary Research Group on Population Genomics, CAS-MPG Partner Institute on
Computational Biology, Shanghai, P.R. China

'PRR-DEZRUEEMZKERRR , PE- LB, * LBNBRAZEGERAZER , FE-LE;
‘HRRBRIYIEL S RERERX SHEIF L , PE-ER; RESAEMRLIFPL , FE-LE .

33. ZIMINA Tatiana, PhD, Professor 3MMMHA Tarbaua 72-73
Centre of Microtechnology and Diagnostics, Department of Electronics, St. Petersburg Electrotechnical University
"LETI", St. Petersburg, Russia

"IMU [, Cankt-TleTepOyprckuii rocyapCTBeH b 3eKTpoTexHuueckuit yausepcuret, CankT-IletepOypr, Poccus
Victor Luchinin', Vladislav Lemozerskii', Jurii Gvozdev’, Jurii Orekhov’, Lyudmila Kraeva’, Galina
Yamdulaeva®

°St. Petersburg Pasteur Institute, St. Petersburg, Russia

BukTop Jlyuunun', Bnagucnas Jlemosepckuii', FOpuii I'so3zaes’, FOpuit Opexor’, /Trogvuna Kpaesa®, T'ainHa
XamaynaeBa®

Cankr-TletepOyprckuii uactutyT Ilacrepa, Cankr-IletepGypr, Poccus
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