


~ AL-FARABI KAZAKH NATIONAL UNIVERSITY

A. Yu. Pyrkova

SOLVING THE PROBLEMS
OF MEDICINE AND BIOLOGY WITH USE
HIGH-PERFORMANCE
COMPUTING

Monograph

Almaty
«Kazakh university»
2019




UDC 60
LBC 30.16
P99

Recommended for publication by the Academic Council
(Protocol No.3 from 25.11.2019) and the Editorial Committee
of al-Farabi KazNU (Protocol No.2 from 15.01.2020)

Reviewers:
doctor of biological sciences, professor,
chief research employee of SRI Problems of Biology and Biotechnology
A.T. Ivaschenko;
doctor of technical sciences, professor of
Computer Science Department of Al-Farabi Kazakh National University
T.A. Shmygaleva;
doctor of biological sciences, professor,
head of laboratory of Cell Engineering of Institute of Plant Biology and Biotechnology
K.R. Uteulin

Pyrkova A.Yu.
P 99 Solving the problems of medicine and biology with use high-performance
computing: monograph / A.Yu. Pyrkova. — Almaty: Kazakh university, 2019. —

104 pages.

ISBN 978-601-04-4355-6

Monograph is a presentation of the scientific results obtained by the author during the period of
work within the framework of scientific projects related to solving resource-intensive problems of
medicine and biology and can be used by students, master students and doctoral students
in conducting scientific research and writing theses. For educational programs 6B06104, 7M06104,
8D06103 — Computer Science, 6B06103, 7M06103, 8D06102 — Computer Engineering, 6805103,
7M05109, 8D05105 — Biotechnology.

UDC 60
LBC 30.16

ISBN 978-601-04-4355-6 © Pyrkova A.Yu., 2019
© Al-Farabi KazNU, 2019



CONTENTS

INTRODUICTTON, osissiosismonians oimasn st smmmaboria e tmmsrsssssisssi i meses 5
1. PULSE CONTROL OF DYNAMIC SYSTEMS ON FINAL INTERVAL
I WENIE. tuiiissmnnbiniiam ssumssmnsam agonsrssansmomos ssmess s s e s s A SRS 7
1.1. Discrete and pulse automatic CONtrol SYStEIMS.......ceevreeuiveireeeeeerereeeeesreseesseeeeenss 7
1.2, Existence of differential equation solution with breaking right part.
PRIISE COMIOL oot ssmissssmensmnasensssinsmmen st 10
1.3. Pulse stabilization of differential equation systems on final interval of time ...... 11

1.4, Algorithm for searching for pulse stabilization control of the system, described
by differential equations, on the final interval of time ............c.. cccooevevevcnnenn. 14

1.5. Optimal pulse stabilization of differential equation systems on the final interval
DL TR ionisimunmmsiiohsssstiossmmnsmponmmsnsmnssmmmmssnesss comss st e e A SIS 13

1.6. Algorithm for finding optimal pulse stabilizing control of a system of differential
equaAlGng . B Tmte REVEl BE TS . cumumasnmsmmssssismns s 19

1. CONTROL OF CONTINUOUS AND PULSE SYSTEMS OF DIFFERENTIAL
EQUATIONS WITH DELAYING ARGUMENT ON FINITE INTERVAL
OO RIDIE, o covmormrnmmnsconinsin oo e R aA i it i A R S 21

2.1. Stability by Lyapunov. Basic initial problem for equations of delaying type....... 21

2.2. Stabilizing motion of linear systems of differential equations with a delaying
argument on finite interval of time ... e 23

2.3. Stabilizing motion of non-linear systems of differential equations with a delaying
argumenton TS INIErvabBRImE . iz o s s i st 2D

2.4. Stabilizing motion of non-linear systems of differential equations with a delaying
argument on the finite intreval of time. Case - delay of the argument on one of the
PSRBT MIE TUTCHIT oo und tons v sttt s st i

2.5. Algorithm of searching for stabilizing control of the system, described by
differential equations with a delaying argument, on the final interval of time ....... 30

2.6. Pulse stabilization of systems of differential equations with a delaying argument
i thie D ISl O T8 . oo vnnimnns s oo s b s i s 5

2.7. Algorithm of searching for pulse stabilization control of a system, described by
differential equations with a delaying argument, on the finite interval of period .. 35

3. CONTINUOUS AND PULSE CONTROL IN MEDICAL CYBERNETICS

3 E3 ORI JE SR SEUNECIRP TR T S PSR DU 38
3.1. Mathematical model of arterial pressure control system ............................... 38
3.2. Mathematical model of arterial pressure regulation in 1nsuhn—dependent

QEADELES ..ottt ettt ettt nenene 45




4. PROBLEM OF MULTIPLE ALIGNMENT OF NUCLEOTIDE AND AMINO
ACID SEQUENCES OF BIOINFORMATICS .......ccccocovenmvnmeriensrosenerrssmsammssnsrssssenssnesss

4.1. Mathematical model of multiple alignment of nucleotide and amino acid
(11 O R RO RERRT

4.2, Muliiple aligament SIEOTIHIIN | ....oovumvommmresmmmmmsserssmssis s s smms vnsie asimmans sasnasasioses
4.3. Phylopenetic Tree Construction AIGOrIthIN .. ..c.ccuvrennseeimons consinns Saibdiaiiohiasn

4.4. Software implementation of multiple alignment algorithms and dendrograms
on Java Tatrguape NSing NP T001S . .....ocosmeromsmsensossssess sossisi s spsssimsmssmsnass

5. SOFTWARE COMPLEX "CYBERNETIC & MEDICINE" ................. s
5.1. Possibilities of Software Complex "Cybernetics & Medicine" .......................
5.2. Results of numerical integration of arterial pressure control system ....................

CONMOLEISIONG.. o.ionsissiiis was st s i S sm RS Sawesegwsie e Siadiotapvwessi

LIST OF USED SOBRTUES ... ... ool inssanmsor s s s s sisss



Educational edition

Anna Yur'evna Pyrkova

SOLVING THE PROBLEMS
OF MEDICINE AND BIOLOGY WITH USE
HIGH-PERFORMANCE
COMPUTING

Monograph

Producing editor: G.S. Bekberdiyeva
Computer verist: G.K. Shakkozova
Cover design: A. Kalieva

Is No. Ne13179

Signed in print on 25.11.2019. Format 60x84/16.

Offset paper. Digital press. Volume is 8,7 p.p.

Circulation 500 copies. Order Ne 7620. Contract price.
Publishing house «Kazakh university»
of Al-Farabi Kazakh National University.

050040, Almaty, al-Farabi Ave., 71, KazNU.

Printed in publishing house «Kazakh university».




