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3. OBHaKOM.HeHI/Ie C 'OTOBBIM peHIeHNEM aHaJIOTTIHOI BOGHHO—HpHK.Ha,HHOfI 3alavdu Ha II1€epPCco-
HaJbHOM KOMITBIOTEPE C IOMOIIBIO IaKeTa IMPUKJIAIHBIX IporpamMMm B cucreme Mathcad B Bume
rpadukos GyHkmit mq(t) u meo(t), O KOTOPBIM KYPCAHTBI yUATCsS OINPEJIEIATh BPeMsl OKOHYA~
HHs 00s1 ¥ KOJIMYIECTBO OCTaBIINXCS 0OEBBIX €IMHUIL Y TOOEIUBIIENl CTOPOHBI.

4. Beoy 60ebix ganubix {N;, A;, P;} rpynnupoBok A;, i = 1,2, cBoero BapuaHTa NCXO/HOIL
3aJ1a91 ¥ U3yIeHHe ABYX CJIYIaeB, Koraa 60eBble BO3MOYKHOCTH I'PYIIUPOBKaMU A IMOCTOSIHHBL, &
IPYIIUPOBKU Ao U3MEHSFOTCS | IIPOU3BOJIBHBIM PAa3yMHBIM obpazom u Haoboport. B 3aBucumocTu ot
usMmenenusi napamerpos {N;, \;, P}, i = 1,2, o4eBujno, Oy/lyT U3MEHATLCSI BpeMsl OKOHYAHUST
00sI U ero UCXoI,

5. SarosHeHne TaOJINI Pe3y/IbTATOB PACIETOB U JOMOJHUTEIbHBIX PACIETOB, IIPOBEICHHBIX HA
IIEePCOHABHBIX KOMITBIOTEPAX, PACUETOB CPABHUTE/IBHOIO aHAJIN3a 0OEBLIX HEHCTBUI IBYX I'DYII-
MUPOBOK U JAPYIUX OJIAHKOB OTYETa O BBITOJHEHNN JAHHON J1a00pPaTOPHON pabOThI COTTACHO yKa-
3aHHBIM OOIIUM IpaBUaM OMOPMJIEHHS OTYETOB IO JiabopaTopHbIM paboram. PopMyaInpoBKa
ONEPATUBHO-TAKTHIECKUX BBIBOJOB: KAKHE OIEPATUBHO-TAKTHIECKUE PEITeHNsT HeOOXOIMMO IIPH-
HATH KOMaHJIOBaHUO rpynnupoBku Aj (Az), 9T00bI 32aKOHUUTH 0Oii 38 MUHMMAJILHOE BPEMS U C
HAUMEHBIITUMH [TOTEPSIMHU.

Ilenbro manHOI J1aO60OpPATOPHON PAOOTHI SBJSETCH: 3aKpeEIeHne MaTeMaTUIeCKUX 3HAHUi u
YMEHWUH, MOy YeHHBIX KYPCAHTAMHI HA JIEKITUSIX U MPAKTUIECKAX 3aHSITHSIX 110 BBICIIEH MaTeMaTH-
Ke, IPUOOpEeTEeHNe OEPATUBHO-TAKTHYECKOIO MbBIIIJICHUS JIJIS IPUHATHST KOMAaHIHBIX PEIIeHu 110
PYKOBOJICTBY OOEBBLIME JIEHCTBUSMU, OCBOEHUE METOOB IKCIIEPUMEHTAIbLHBIX UCCACIOBAHUII, IO-
BBIIIEHHE TPAKTHIECKUX HABBIKOB PabOThI C BBHIYMUCIUTEIbHON KOMIIBIOTEPHON TEXHMKON M CTaH-
JAPTHBIMU TTPUKJIQTHBIMU AKETAME IIPOTrPAMM.
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When teaching students we must take into account that in many research studies one needs in-
terdisciplinary connections. Interdisciplinary connections are most effective when mathematicians
understand the sciences, which knowledge is necessary to solve the problems, and the specialists
of the discipline understand mathematical methods to solve the problems.

This research study uses interdisciplinary connections.

Many environmental phenomena of life show that there exist biological clocks in animals and
plants, including even single-celled animals. This is evidenced by the rhythmic heart contraction,
closing the corollas of many flowers after dark, periodic change of the rate of photosynthesis in
plants, fluctuations in the size of the cell nuclei and so on.

Thus, nature needs the oscillatory processes synchronized to the time of day.

Construct a differential equation for the chemical reaction in a homogeneous medium.
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Let the substance P; be in excess in some volume, i.e. the costs of the substance P; are almost
invisible in the reaction process. The molecules of the substance P; with the constant velocity
Ao are converted into the molecules of the substance X (here we deal with the zeroth-order
reaction). The substance X can convert into the substance Y . This is the second-order reaction
since the greater the concentration of the substance Y , the greater its rate. In the following kinetic
scheme the reverse arrow above the symbol Y indicates this dependence. The molecules of the
substance Y , in turn, are irreversibly decomposed, this results the formation of the substance P,

(the first-order reaction).

Let us write the kinetic scheme of this reaction in the form: P; 2o, X M, Y D2, Ps.

Construct a mathematical model of this reaction, denoting by X, Y and P, the concentra-
tions of the corresponding substances:
dX dy APy
— =X = A XY, — =X1XY -X\Y — =X\Y. 1
o 0 - MXY, — 1 2V, — 2 (1)
Since the first two equations do not depend on Ps , they can be considered separately. Find out
whether this reaction goes so that the rate of formation of the substance P, remains constant. This
will be in the case when the concentrations X and Y do not change with time, i.e. dX/dt =0,
dY/dt = 0.
Using these conditions, according to (1) we obtain two algebraic equations relating the equi-
librium concentrations X and Y :

M- MXY =0, MXY XY =0. (2)

The solution of the system (2) is X = Ao/A1, Y = Ao/Ao.

For the concentrations X and Y we define small deviations z(t) and y(t) from equilibrium
concentrations X and Y ,ie. X(t)=X +z(t), Y(t) =Y +y(2).

Substituting these expressions into the equation (1), taking into account the solution of the
system (2) and the fact that the values X and Y are constant, we obtain the system of differential
equations for the deviations z(t) and y(t):

dz A1 o dy Ao
— — Ay — \zy — — —_ =— A1zy.
7t 2y — A1xy N T " T+ Axy

Neglecting terms that contain the values of the second order of smallness xy, we obtain the
linearizable system for deviations:

dx A1 Ao dy Mo
—_— = —)\ _ - = . 3
2y )\2 z, dt )\2 x ( )

dt

Denote A\Ag/A2 = 26, Mo = 5% and get a single differential equation of the second order
for x(t). Then we can write the system (3) in the form:

de 0
at 287

dy

25z, Y
T

= 20x.

By differentiating the first obtained equation with respect to ¢, we obtain:

2 2
dx 41 dy 26dw

dt2 25 dt T dt
By substituting the value dy/dt from the second equation of the system into obtained differ-
ential equation, we obtain the following differential equation:
d*x dx

T T2+ Stz = 0. (4)
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Denote §2 — 6 = —w?, /C?+C5=A, C1/\/C}+C3=sina, Cy/\/C?+ C% = cosa. Then

we obtain the general solution (4) in the form:
z = Ae % sin(wt + a). (5)

The expression (5) indicates that there are damped oscillations, where w is the oscillation
frequency, Ae~% is the oscillation amplitude, which is equal to A at initial moment of time
(t =0) and it decreases with time.

Therefore, the considered chemical reaction in biological systems goes in an oscillatory mode.

As you can see, one needs to use the knowledge on ecology, biology, chemistry, physics in
addition to mathematical knowledge in this research study.

AN ACTIVE LEARNING E-ENVIRONMENT FOR THE COURSE
«DISCRETE MATHEMATICS» INTENDED FOR SPECIALTY
«SOFTWARE OF INFORMATIONAL TECHNOLOGIES»
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The goal of the course Discrete mathematics for specialty “Software of informational tech-
nologies” is to give students all of the mathematical foundations they need for their future studies
and an understanding of important mathematical concepts together with a sense of why these
concepts are important for applications, to show the practicality of discrete mathematics.

We wanted to design a comprehensive course using web-technologies and Problem Based
Learning. We hope that we have achieved these goals. We have created practically oriented, en-
gaging, online learning course with different kinds of student-to-student and student-to-professor
interaction via the Internet. We have provided e-support of the course through university data
portal including e-versions of lectures, laboratory classes, seminars, home tasks, individual home
tasks, tests, projects for quick access to information. We propose two languages of teaching:
English and Russian. We hope English variant of the course will give students an opportunity to
integrate in European educational and professional areas.

The list of topics under consideration in the course is as follows.

Propositional logic. Propositions. Compound propositions. Conditional statements. Truth
tables of compound propositions. Tautologies and contradictions. Logical equivalences. Proposi-
tional satisfiability. Satisfiability problem.

Predicates and quantifiers. Predicates. Quantifiers. Quantifiers with restricted domains.
Logical equivalences involving quantifiers. Negating quantified expressions. Nested quantifiers.

Valid arguments Rules of inference. Valid arguments in propositional logic Rules of in-
ference. Rules of inference for quantified statements. Using rules of inference to build arguments.

Set Theory. Terminology. Venn diagrams. Set operations. Boolean algebra of sets. Com-
puter representation of sets. The multiplication principle. The addition principle. The pigeonhole
principle. The principle of inclusion-exclusion.

Relations. Relations, properties of relations. Equivalence relations. Partial orderings. Hasse
diagrams. The topological sorting algorithm.

Combinatorics. Permutations. Combinations. The binomial theorem. Pascal’s identity and
triangle. Permutations with repetition. Combinations with repetition. Rearrangement theorem.

Solving linear recurrence relations. Linear homogeneous recurrence relations with constant
coefficients. Solving linear homogeneous recurrence relations with constant coefficients. Solving
linear homogeneous recurrence relations with constant coefficients of degree two and of degree
three. Linear nonhomogeneous recurrence relations with constant coeflicients. Generating functi-
ons. Using generating functions to solve recurrence relations.



