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Abstract

For constructed Extreme Economics model and its parameters reducing

to the algebraic representations Nrﬁzzm:q; and corresponding with it  tree of

numbers is proposed and investigated Polynomial Model in form of curves high
degrees
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example’s which may be considering model economics in the form of
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and on base it introducing necessary and sufficient criteria’s of arising

economic crisis problem  v* (K, L)< Y' (K*,L')<Y' (K" L),

[K(dt<K", tE]L(t)dt > LY :tE]A(t) F(K,L)dt,

0 0 0

where K=K (t) is size of the capital in time t, L=L (t) is size of a labor
determined as L(t):joa”” jj (xat)N(xat)dxda, e is a share of the national income
G

going to capital investments, C is size of consumption, A=A (t) is a
technological level, P=P(t) is a price function , B=B(a) is function of stability of
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. b . . .
a labor determined as B(a)=B,(a)e ° , Bo(a) is function of birth rate of

manpower labor, Fq (a) is function of death rate, N=N (X, a, t) is a solution of
population problem with regard to time-age — spaces distributions.

Key words: Polynomial model, capital, labor, function, model economics,
economic crisis, national income, catastrophe, risk, model, tree, optimal tree,
analyses, numbers tree.

81. Representation of a complex object by Polynomial model in
extreme regime

Theorem. Let any object (or process) operates so that the next time
maximizes his condition, then its state is described by a polynomial.

Proof. Let the function Y =u(xt), xeE,,t=0
x= (%% X0 ) x € G , G = E™ characterizes the state of an object (or
process, or a substance) in a point X in time t and LL 1=1Mgome of the

operators realizing the change of state of the object (or process) in general, and
direction x . Then L, uis the state of a directionx,, L;Ua change of state of an
object in general. It is natural to assume that the sum is formed, where,o<a, <1
and iaj _1, n>s, s>o . We state the following principle, which has

important practical interpretation: Any system (or object) operates so that its
status as a whole was extreme (i.e. the best in some sense) in the future.

Based on this principle, we get:

J=1

m Ls
Lu:amal\>/<I [Z a (L u)SJ , >0,
S =
= (1)
m N
where M ={a=(a1,...,am): O<a,; <1, Zaj r‘—3:1},”>S>Ogiven numbers.

Lemma 1. Equation (1) describes the best performance of the system (or
object) and it equivalent to equations of type

m

i=1
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moreover, we have Lu=a’; "L, ]=12,...,m
(Lju)n

a’=| —4
S own
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m n .
Lu=c, L,u=c;, Lu=c, L,u=c;, J§1CJ =C" |

The Proof: The necessity. We shall introduce a designation Z =Y, |,

XJ. =Y., , j=1k. Let the condition (2) takes place then (p=n)

ik’

Zn=$'x.n 3)
J=1 ]

Let's show, validity (1) i.e.

s
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Z=max| ¥ W. X;
weM I

)= (3)
Let (xl,xz,...,xk,z) is the decision of the equation (3), then having
L xny n .
entered a designation W {_{q] , from (3’) we have the following
Z

system:

S S _7s S APs 7S
Wle +...+Wka—Z :O,Xj—aj Z =0’ 3"
As (X1, X5, Xk,Z) is the decision (3°) it is easy to see
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swi-s-1=2 - g
= Z , as, hence, determinant of system (3’) is equal to zero
kK N
> an—s —1=0. Really, we apply a method of a mathematical induction,
]=1
and as
n_ nn
A, =W1n_s -1, Aq :W1n_s +W2n_ S—1. It can be assumed, that

k-1,
Ac=>wrs -1, k=2,34.... Let us show it’s validity atK+1, is valid,
j=1

decomposing determinant on k+ 1 elements of a line is received:
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As it was shown and asW € M , where Z wi=S =1, ie. it meansA, =0
=1 J k+1
From 1% equation (3°””) we have:
n-s
; xp
> W X; W=l oy Hence, as,
K Kk XTI S . 7N-s_ n
ZW XS<| ywixs|=y , from here for Z°-Z Z X
= =R 1:12”_5
n-s
n
n
wWeM, AL J

And in this equality the

1g
maximum is reached. Thus we have 7 — mal)\(/l {Z w. X SJ S.
we

The sufficiency: The equation (1) let takes place. Let's prove validity

1
(3°). Let's designate z = m(w) = [ § W X J.S]A,W <M . It is easy to see, that
=1

from a condition _AM

—o the system of the equations follow
aw
J

_S s _ s s X
st—wkn—s-w-”—s-XE:O, j=1k and from here W;ﬁ.wjnfs

or

2
~u

W To sum last equality on j from up 1 to k, then we have,
k

‘and then 0 gl X is a point of a maximum of
K " X N
j

M=
Juty
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function m(w) ,weM as (m:VW< 0) . Let's calculate the value of function
m(wo). It is easy to see, that

n-—Ss
n-s snyn
K K K (XD N k| XPXN=S
ZS=3yw XS<y wIX$= J X$= I
j§1 | JE]. ] jél Z ] le Zn
1+ .S \"°
X='n-s xn - Kk
:§ j =§ i je ZS.Z™S=3 X Andhence
& i AL =
n_Xyn -
Z =ij ;YWe M . Itis easy to see that
]=1
k| X
Z - miw, )- & k}i” X3
e
n—s %
0 xns| n s 1k
k| X2 [k X ,andZS=mS(vv0):ﬂzXn,
A Ky EVAR 2R
Z .
=]

KN
LZlX’j‘] i.e. it takes place (3’). Thus
J:

n-s Lg
n

[ xS _[
k
1 5 X?

™M=

o ]% The lemma is proved.
17

I

Thus, the equation (2), (3) is optimum in sense (1°), and the tree of
numbers appropriate by this equation represented on fig. 1 also is an optimum
tree.
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Lemma 2. The tree of numbers to the appropriate equations (2) and
(3’) let is given. Then there is transformation K which translates the solutions
(3’) at k=m-1 on the solution (3’) at k=m, i.e.

Y=KX, (4)
x 0 - 0 0 O
O x - 0 0 O
K = : x"+y"=12P
0 0 x 0 0
0 0 0y 0
0 0 0 0 z

The proof. Let be (x,y,2) the solution X" +Y" =2",p=22,n22
Transformation (3’) in the form of 8,,=XQ,1, &ym= y'WNP, N =2N,,,

1=12,.m-1,K=23.. | et (a,,,...8, 1ns: N;py) iS the solution (2) at k =m - 1. As

jm-1 — m

mei m-1

> a) ., =NpP, multiplying by xwe have x"» aj , =x"N/,. Here
=1 1=

m-1

D (xa,4)" = (2" - y")NL, , and hence ) _aj,, = NP . Based on this
i1

i=1

transformation, we have
A\ m ~op(i-2)\"
P _ m — m-—I n
N2 = (x )+§2 yx "'z @)

Formula (4) is a formula for a growing tree and can be applied in various fields
of natural science. Transformation (3*) withp =1

A =Xy s i:Lm—Lquzy\n,Nm,Nm:zl\lm,vvhere Xn"‘yn:Z ;
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m-1

m
n —
transforms a solution Zaim_ Npry to solutions E,airr]n =Ny and then 4)
i=1 i=1

takes follows:

N = () e S (yxmiZiTan

Thus, for any complex object described by a differential operator of equation
(1), or (2) using the vector (a; ... ... an) EE™, which is determined from the

NP =XTD 4> AX™ X =x", A =y"z°"? (p,n,m)>1,
i=1

m

representation N 2 = > a is reduced to its description by a finite
i=1

number of elementary objects (% y)EEzsuch as a polynomial (4 ) for X", i.e.

m
NP = Xn(m—l) + Z ynzp(i—Z)Xn(m—i)

m

curves of higher degrees such as =2
(Possibly elliptical) used for data protection or form

Nrﬁ _YZ meizi72 — X(mfl) +YX m-2

i=3

X'+y'=7

where Z = X + Y and all the solutions of the equation for p =n are

represented as x=2t", y=2(1—t)%1, p=n, te(0)). Note that PY(xy)=N" is a
polynomial of degree (m-1) and x"are the class of no degenerate curves higher
degrees, which is very well used to protect information.

Remark. The basic result of the given work consists in the description of
any complex object of Economics type:

Lu:ryeaMx(Z:lai(Li u)s)®*, or



9

n
I'l m n
P_ _ P s _
(Lu)™ = _2 (Lju) , N>s>0, M _{(al,...,am)_a, ]E_laj *=1 n>s>0, 0<a, <1}

]=1
by means of a vector (a; ... ... am) EE™which is defined from representation (*)
NP=> al,, N =1Lu,a, =L,u

i=1

and it is reduced to its description by means of final number of elementary
objects of type (%¥) € E” as a polynomial be relative X

N P _ Xn(m—l) + yan(i—2)Xn(m—i)

M

I.e. curve high degrees

NP: X(m_l)-l-zm Aix(m—i)’ (***)

i=2

82. The construction of Extreme Economics Model

It is known ([1-13]) that active penetration of scientific methods into
practice of modern economy, both in sphere of manufacture of the industry, and
in sphere of an agricultural production became prominent feature of our time. It
Is especially shown by consideration of some questions, in which the decision is
connected with creation of the strict, scientifically proven methods in problems
of economy and economic development. The decision of these hot questions is
impossible without attraction of modern methods of a mathematical science.
Creation of the scientific device for research and forecasting a condition of
economic resources all over the world is one of the major state problems.
Development of methods of qualitative research and, hence, the quantitative
forecast of systems of economic development, naturally, demands all-round
studying of parameters of a business economics, cities and the countries, at those
or other values of parameters anthropogenous and social factors. Thus,
experiments with real systems are rather expensive, long and frequently
inadmissible, therefore there is a necessity of development of a various sort of
mathematical models. By means of mathematical models, there was possible a
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qualitative and experimental studying of consequences of those or other planned
actions touching functioning of economic systems, direct experiments with
which are in admissible. The problem of studying of optimum values of
resources (size of the capital and a labor) is a key question and to market
economy and not having decided it, it is impossible to adjust effective activity of
the best economy. Especially, the problem consists in forecasting size of the
capital agrees the best manufactures before many countries, and in particular
before the countries of the CIS as the condition of economy of many countries
of the CIS now is at a low stage of economic development. Huge economic
recession should mention a labor market. Forecasting of resources the extensive
bibliography is devoted to mathematical questions. Since K. Marks’s work, and
also Mankyw N.G.’s work, Zanga V.B., Mitina N.A., PetrovA.A., Chernovekov
D.S., Starkov N.l., Sh. Cherbakova A.V., Alikariev N.S., and of some other
scientists studies various aspects mathematical modeling of economic systems
and forecasting of their condition. One of the first mathematical models of
Capital size is the model of the capital in view of manufacture Cobb-Douglas
and manpower - model Malthus. In particular model of the capital in view of
this or that production function not considered questions of optimization of
manufacture on parameters of manufacture and it is accepted in model Malthus,
that growth rate proportionally number and in it(her) is not taken into account
factors of age and space. In view of time, time - age and time - age - spatial
distribution works Volterra, Jeffries, Vebb, Alekseev, Svirezhev, Moisseev and
many others are devoted to development of models of dynamics of a population.
To one of the significant phenomena of a science of last time began the
phenomenological theory of growth of the population of the world S.P. Kapitsa
in which, with good accuracy the population of the Earth during rather long time
it interpreted growth as hyperbolic growth owing to square-law dependence of
growth rate on number. In these and other works bases of construction of the
device qualitative and quantitative investigations of population’s numbers are
incorporated. Development of models in view of age and spatial distribution of a
population and the problems connected to protection of rare biological kinds, are
considered in works. In these works, questions of a correctness of models of
biological populations are considered in view of age structure and spatial
distribution. Some ideas from the specified works were used for the description
of a condition of size of a labor, i.e. manpower within the framework of power
models of manpower. For a wide class time—age-spaces distributions models
described by the integral-differential equations in partial derivatives, questions
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of modeling of sizes of the capital and manpower in rather general cases are
studied. One of achievements of our work is optimization of industrial models
and connected with them of economic systems such as «the capital - production
». The purpose of the given book consists in development of models and
methods of research of economic systems in view of time age distribution of
manpower and research of problem optimization productions, manpower within
the framework of models with extreme properties. In it the following questions
are considered. The solution of a problem of optimization of productions and
economic systems is defined on parameter uses of resources. Construction the
best models of manufacture also are connected with them economic systems.
Research of the connected problems connected to describing condition of size of
the capital and a labor resource and on the basis of simulated functional of size
of a labor as integral from a number of labor. A substantiation of the received
equation for functional of a labor in cases when number of a human population
depends on age and spatial factors is held. A mathematical substantiation initial
the mathematical models connected from sizes of the capital and a labor.
Mathematical modeling of dynamics of manpower has long enough history. One
of the first works in this a direction should count model Malthus about
exponential growth of number of the human population which has served by a
basic point on creation of mathematical models. It is natural to name the
following stage of mathematical models logic model which has formed a basis
for a lot of remarkable works Volterra, Kostisin and so on. In these and
subsequent works the big attention is given the development of a problem of
construction and stability of dot models. Thus, the basic mathematical devices of
modeling in these works are the nonlinear equations of dynamics of manpower
and a population. Also it is necessary to specify K. Marks’'s economic works
which has carefully studied a condition of economy with the help of Kene
diagrams. Models Malthus, the logic model, and some other models have
experimental acknowledgement at studying dynamics of a population. At the
same time, not enough attention is fair was given modeling of dynamics of a
manpower in view of age structure in a class of the differential equations. For
economic systems in view of age structure and spatial distributions in our works,
there are some ideas on a question of construction of mathematical models in
view of time age distribution. In the offered book the general method the
decision of the appropriate mathematical problems with the help special entered
functional is offered and proved.
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We shall propose our model Economics which is considered in our works [14-
40].

1. Productions model. It is known, that economy this manufacture and
distribution of material benefits. We shall designate through Y quantity made
production (or the national income in scale of the country) and it is function of
the capital-N, labor-L, and productivity of technical progress - A:

Y=Af(K,L) (1)
where Y,K,L,f(.)are non negative function.according to the given law the quantity
made production grows with growth of size of the capital, work and a measure
of the current level of technical progress and these factors are primary factors of

growth of economy. As, Y =Y + (1- ¢€) Y, 0 < e <1, the part of the received
income is designated through | = €Y. and refers to in size the investment, and

other part is designated, through ©=-€)Y and refers to as consumption.
Besides, the certain part of the aggregate profit of the country which should go
on state purchases G. To aggregate profits, it is necessary to add size of pure
export - Nx. Thus, we have the following equation of balance of distribution of
material benefits:
y = C+I+G+N . (2)

It is necessary as to note, that the size of consumption depends on the available
income that is C = C(y-T). Here Tsize of taxes which go on social security
payments poor, and payments of social insurance elderly etc. For construction of
the equation of mathematical economy we shall take advantage of modeling
manufacture (1) and the balance equation (2).

Let conditions take place:

1). All economic functions and parameters depend from sets of
parameters (t, r, e, a,X, ...), where t-time, the r-real rate of interest, e-a rate of
an external exchange, a is an age of labor, x-spatial variable, X = (X3, Xo...
%) R, the R-sum of regions.

2). Rates of manufacture are defined by rates of distribution:

dy _ dy

dt dt (1)

2. Model of the capital. Let K= K (.) size of the capital (instruments of
production, it is used by workers, monetary resources) at value of parameter t
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equals K(t+ At) at t= t+ At. Then DK= K(t+ Dt) - K (t) means a gain of the
capital for an interval of parameters At. Hence, DK= | Dt and from here, with the
account (1) we receive the equation of the capital

K At (kL)
dt

, 3)
at what here it is designated

d o0 o0 dr 0 dx, o0 de 0 0
= 4 . +Z . 4+ . 7(D|
dt ot or dt S70x. dt oe dt Foxi OX;

)

For example, if t =Uthat we shall receive the classical equation of the capital:

9K _ At (K, L),

dt and if t = (t.7). that we have the equation of the capital in the
following kind:
oK oK _ar

E'Fgoa—r:eAf(K,L), go—a.
3. Model of a Labor. Work of those people who have devoted them to

work, those are quantity fulfilled workers of hours. Now in modeling, economy
.
for definition of parameter of work the model is used: dt 9L \where d is rate

of growth of the population equation. Clearly, that within the framework of the
given model many important factors as the erudition, age, a floor, a nationality
are not taken into account. In this connection we shall assume, that work is
defined as functional manpower:

L(t) =12me i (X & t)N(x & t)dxda, (4)

amin
here) =1 (xa1) g potential function of working, N=N (x, a, t) - number of

working in a point xI R, age and, 0 < a <, at the moment of time t; & min & max
- accordingly the minimal and maximal age of the working in sphere of
manufacture. As shown in our works, function N=N (X, a, t) is the decision of
the following problem:

Otax N = F(N,a,t),0<a<oo,0<t<tk’

N/t=0 = NO,oo, X S R, (5)

N(x,0,t) = [§7 (N,x,t)dx, N,g_q.

Here F (), B(®)_ according to function of death rate and birth rate of the

: atax:a—+f°—+z{ni c -2 (o, 2 )} :
labor population ot oa i oX i 0X oXi "], S is a border
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of area R: R = ZRiR =i =bli region potential function of working,

J =] (a1 js the decision connected to (5) problems [14] - [40]. In the

mentioned works it is shown, that the function of work determined with the
do

help (4) satisfies the equation dt " where rates of growth of the

population d are the decision of the following so-called equation of survival
rate:

_[B(a)e‘dadazl
0 (6)
a
- [Fo(x)dx
_ 0 . . . .
Here B(@) =B (a)e - is function of survival rate, Bo(@) s a factor

of birth rate, Fo(a). 5 mortality rate coefficient, 0 < a <. The equation (6)

has one maximal material root 90 =9max and accounting number in a
complex - connected roots di =a; £ibj, 1I=1,2 .... For the maximal root
do =0 max takes place
> B(a)da>1,
>0, |if h=o0
dmax = 0,  if h=1,

<0, if h<1,
_ _ L(t) = 3 c,ed®
where h is the potential of a labor. Hence i=0
4. Model of technology productivity level (the Measure of the current
technological level). As
dv _da . df oK of dl

- = f+ A AT

dt dt dk ot oL dt | (7)

and
dy _dC _di  dG_ dN, dc_dC dy ar
dt dt dt dt dt that with the account dt dy dt dt
d_lzeﬂ_i_ y% %z_ég.%_ég.di_+é(l_e_MPQ*1
dt  dt “dt | from (7) we have: @ fkd fd d vy

u,

dC
MPCdl+d—G+dNX+y%=—MPCu0+u1+u2+y.u3. —
where u =- d d dt dt ,MPC =0y
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From here, in view of the equation (3), (4) and values of parameters MPK, 1-
a we have:

A _ _aa? +BA,

dt (8)
a=MPK-e+d -(1—a),B:£(1—e— MPC)™ -u

where y . Thus, the equations for

the capital, work, and productivity of technical progress have the following
Kind:

‘;It( _eAF (K, L), K g =Ko,

dL

at =dL, Lo = Lo,

_80 Y1 C= (1-80) Y1 (9)
A _ _aA? +8A. A —AO

dt

ﬂ—(l—e—MPC)*lu =v,,Y = Af (K, L)

a Yiieo = Yo ¥ = ,

where d is the decision (6). To the equation (9) it is necessary to add also the
equations:

dT dG dN de

= Yoy = U, = =Us

c dt dt Pdt (10)

The right parts of the equation (10) are rates of growth of sizes (T, G, N,,€).
They are necessary for defining from a condition of maximization of some
economic criterion (or from a condition of minimization cost functional and
S0 0on):
max y(u0, ul, u2, u3).

In system (9), (10) the following designation is accepted:

A

d 0
+01
K de @g %" In order that if MPC=1-€, 4

0
e at+g°8r+zv

d

Yo u=-e-mPo ¥ 0¥ g _
anyone dt It means that d d | that, ife=1-MPC,
thatis Y= +1-8)y=1+C+G+N, and palance of economy

U=-MPC-U, +U +U, +Y-U; =0 1t tyms out only due to a choice of rates

changes of taxes, rates of the state purchases and pure export, and as rate of a
share of the income going on capital investments. If € <1-MPC, that occurs
increase or reduction of the national income depending on a mark of function
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u. Depending on set of values of parameter t = (t, r, e, X, ...) the system of
the equation (9) - (10) will be transformed or in system of the ordinary
differential equations, or in system of the equations in private(individual)
derivatives. For example, if t =t we shall receive system of the ordinary
differential equations of 1% order:

K eaf (K, L), K(0)= Ko, &

at o~ L L) = LO’
L(t) = Em Jri (% & t)N(x, a,t)dxda,

A _

G- "@AT + DALA(D) = A | (1)
‘33:: (1-e—MPC)*[(-MPCu, +u, +u,) +u,y}, y(0) = y,

dr dG dN de

— =Uy,— = Uy, =Uu,, =u
dt 0 dt Lot 20 ot 3

5. Properties of Productions. Under productions we shall understand
system of elements (basic and turnaround, information and labor resources) in
result of joint functioning of which " the capital and labor "' will be transformed
to a final product (or national income). The transformation of which carries out
this transition refers to as by production function and is designated through
Y=Af(K, L), where the K-size of the capital (fixed capital), L—functional of labor
resources, which depends from potential of labor resources, educationists,
serviceability, floor and age, and also number of the workers, A is technological
label. At the moment all over the world distinguish three as modeling of
productions.

a). Productions as Cobb-Douglas
Kia, L. ia

Y =Yy (K_o) (E) |
where Y, the national income at the appropriate capital K, and labor resource
Lo. b). Productions with elastically of replacement CES (Solow):

Y =Y, [a (KL)—r +(1—a)(LL)—f]_%,0<a <1,r >0
0 0

¢). The constant proportion productions CP (Leontev )
Y=Y, mi n{ K/Ko, L/Lo}

d).p-production, M-(myu): Y=Al (K,L),
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-p -p 7
K Y _s\(n=s/n L
fk,L=fola|—0—| +@-a™) — . n>s>0, p=poS,
K0 L0
0<po<coor introducing n(a):[f(':"‘)} 0, X{EJO, Y :Lﬂ Owe have

rﬂayzaxs+@—a“5] YS | O<a <1,

It is shown in works [1,2] from CES productions at r ® O follows Cobb-
Douglas productions and at r ® ¥ the constant proportion productions CP and
from p-production at S® 0 or n® ¥ all productions.

It is shall out, that all types of production, i.e. the production functions
should satisfy to following conditions:

1). f(K,L)eC’[K,, K, ,1x[Ly L I.e. entrance variables smoothly are

chaining and results of activity of manufacture - the national income rather
smoothly varies at changes quantity of used resources. It is natural at
forecasting large systems, for example, economy of country.

2). F (0, L) =0, f (K, 0) =0, i.e. at absence though of one industrial resource
8f(K,L)>O’ (KL o

oL

3). At K> 0 and L> 0, it means, that growth of used quantity of fixed capital
and growth of number of the workers results in growth of the national

max] 1

of manufacture it is impossible.

income.
o f 02 f . .. .
4) 8K2S0’ g <0, l.e. in conditions of pure economic growth of

manufacture (without technical progress) grows of expenses only of one
industrial resource results in decrease(reduction) of efficiency it using.
5). f(IK,IL)>f(K,L)atl >1or f(IK,IL)>I™f(K,L)at | >1,and m>1.
6). This condition provides that at proportional growth the quantity of used
resources occurs proportional growth made products or national income. We
shall notice, that all above mentioned functions submit to these conditions.

6. The basic parameters of production. The basic parameters of
manufacture are: K=K(t) is the size of the capital at the moment of time t,
I.e. K=K (t); L=L (t) is functional of a labor resource, g= dK/dL is limiting
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d(K/L) g

dg

resources, E, =$§—}f<, E, =%% are coefficients of elasticity of issue on

norm of replacement, s = Is elasticity replacement of

resources, f, =%, f. :{are medium capital productivity. We shall notice,

that for example shows how many fixed capital an expense of labor per
unit of and on the contrary for the preservation of the national income at a
former level f (K, L) =fc can be released at increase. Parameter defines
speeds of change of limiting norm of replacement of resources. Factors of
elasticity of issue on resources Ey, E;, show on how many of percent will
change manufactures of the national income at change of expenses of the
appropriate resource of manufacture on one percent. It is necessary to
note, that if to enter concept of value k=K/ L in productions, we have:
y=F (), where Y=Y/Y,, F () =f (,1), and F’() > 0, F’() <O.

7. Model of the basic resources. Following our work we shall write general
economic model for definition of sizes of the basic industrial resources
K=K (t), L=L (t) and consumption C=C (t):

dd—fzef(K,L),K(O)z K, C(t)= (1—e)f(K,L).
L(t) = jf (a,t)N (a,1),0 <t <t,, "

Amin

Here the share of the national income Y=Af (K, L) going on process of
manufacture, amin, amax are minimum and maximum age of the workers, (a, t) -
potential function of the workers is defined as the decision of the following
problem

of of

TR A(a,t)f (a,t)+ B(a,t)f (o,t)+ f(t),0<t<t,,

fl, =0,f|_ =0,

ty
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A(), B(.), f(.) are given functions, N=N (a, t) is the number of the workers of

age at the moment of time t:
ﬂ+ﬂ: F(N,a,t),0<a<®o,0<t<w
ot oa

N(a,0)=N%a),0<ax< o, ,

N (0,t) = T B(N (a,t),a,t)da

F( ),N°( ),B( )are given functions of the arguments, and F (.) - means the death-
function of the workers, and B (.) function of their birth rate, Ny (a) - initial
number of the workers. Solving a problem we find functions ¢= ¢(a, t) and N=N
(a, t), and then we shall define functional of labor resources L=L (t). At a known
kind of manufacture Y=Af (K, L) from a problem (1) we shall define dynamics
of the size of fixed capital, i.e. a size of the capital K=K (t), O< t<t,, and a size
consumption C=C (t) in any moment of time.

Definition. Economic system connected with manufacture Y=Af (K, L), we
shall name system consisting from the following elements. (K (t), L (t), C
(1),1(t)), where C=C (t), K=K (t), L=L (t) are the decision of system (1”).

8. General model productions: p-production. As marked above from CES
productions, Cobb-Douglas productions follow in particular at p— 0 and a
constant proportion productions at p—«. In our work by us it was offered
following modeling productions(A=1, f=Y):

-r - _%
K a2\ L
Y=Y a| — +(1l—-a e ,nh>ss>0. 12

We shall notice that is higher resulted modeling productions special cases of the
given manufacture are. From production function (12) at n—o follows function
CES which as have noted is more general than Cobb-Douglas functions and a
constant proportion functions. Thus from production function of (12) are follow
all known production functions. We shall calculate parameters of manufacture.
Easily to see, that

n nl
g:_(l—a”—l) Ko
Lo

L

jr ( K Jl+r
a , 1.e. the norm of replacement is function of

asserts, and therefore



1
1+r_

S
The meanings of elasticity replacement are defined as follows:

Coefficients of elasticity of issue on resources are defined accordingly under the
formulas:

e e )

(f /1) E, :(1_3_&)”7’1 (f/f) ’
(KTK,) (LI

and E, =a

We shall consider offered manufactures (12) at p—0 . As F (K) =f (K, 1), it is

necessary to find a limit IimY{a(%)r +(1—an"s)"ns} = A Easily to see, that
0
) K
L K ] lim A=a In—
|nA=|nY0—r—|n{a(K—)‘r +(1—a"s)"} .and therefore r—0 Ko i.e.
0

f =Y0|:(K£)a . As F (K) unequivocally defines function f (K, L) we have received

0

the statement that the function Cobb-Douglas at p—0 (and n—x) is a special
case our function. Similarly, at (p—o0 and n—w0) we have
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F(K)=Y, min{L,l}
e Yo At K<, o, or Ko , and therefore

) Y, . L i L
f(K,L)=LY, mln{L,l}: L—Omln{ﬁ-—o,l} =Y, mm{ﬁ-—o}
Ko Lo L Ko L KoJ ie. have

received function with a constant proportion. We shall define limiting meaning
of economic parameters (s=1)

n n-l
_an1yn
a L |
n_ nl
a @-ant)n
Ex = n ntl'’ E = n nl
a+(@-ant)n a+@-anmrt)n

|0 (K>L), ats =0
|0 at K<L

1 at K>L
E.=70 at K<L

alla+(@1-a™)7"] atk =L

0 at K>L
E ={1 at K<L

1-a™)" /la+(1-a™)"] at K=L

Optimal model of productions. Easily to see, that ranked production functions
Cobb-Douglas, CES, from a constant proportion but one parameter is not
optimized, i.e. the condition of the appropriate productions cannot be improved.
The p- function offered us on parameter is optimized. Easily to see, that

n-1

Sy
2
a . at ax= K, and 9 <0 e takes place
da K \-rn L\-rn a’ .
(?) +(r) a=a
0 0
Y*=maxY(@),

O<a<l

Substituting a=a * in the formula (4) we shall receive:
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- Y,
‘2 =Y{(KK—)”+(LL)”} (13)

Model production as (5) we shall name best model production and appropriate
economic system (K, L, C) connected with manufacture (13) best economic
system. From (13) we have

(%)_ron ZLKK—OJ + [LL—OJ or z"=x"+y"

and for m resource we have
n n n n
2" =x"+ X", +... X (@)

The optimal economic systems. Atriad (K * (t), L * (), C* (t))ay =y *, where
K=K* (t),L=L*(t) is the decision (1) with production function f (K*, L*) = y *
and consumption C * (t) = (1- €) y * we shall name as the optimal economic
system.

We shall notice, that if to enter a designation

Z= (Y—] , X = (EJ Y = [Lj , we shall receive the equation
YO I<0 I—O

of type X" + Y"'=Z", which has not the solution in the whole positive

n-1
n

K -rn n —-rn -rn —-rn
numbers at n>2:_. _ &) 1oanio (LJ {[Ej J{LJ ]
B LO KO LO

) (&)

The appropriate economic parameters for optimum manufacture (13) are
represented as:

-rn Itrn rn %—v—rn
g = - & |:£jl ) K = — & g S = 1 )
L, L T L, ’ 1+rn

-rn «Nfn -rn *\ PN - . . -
e (X)) (¥ e =[L| [Y| E(+E =1. We find limiting meanings
“ Ko Yo L, Yo




0,K<K, *
of parameters: At r -0: g=- % s =1 Ex=1, E,= OO’K>K0’ K=
1,K=K, K
0,L<L, *
P yO P _ _— — y J— b _{ —counderK>L
Ko :K_o o Bl AL P, E = 0, L>LO’ Lo :T’ b :L_O’g_ OunderK<Ls =0’
1L=L,

n-1

lima" = (%) " . From received results follows, that for functions Cobb-Douglas,

CES, from constant proportions there are no best condition and necessary
introduced some regularization.

83. The optimal model productions in a class of regularization
productions of Cobb-Douglas

Occurrence of the theory of production functions is accepted for carrying by
1927 when article of the American scientists of the economist of item has
appeared. Douglas (P. Douglas) and D. Cobb’s mathematics (D. Cobb) « the
Theory of manufacture ». In this article, attempt was undertaken, in the
empirical way to define influence of the spent capital and work on output in a
manufacturing industry of USA. As is known, modeling manufacture Cobb-

a, a,
Douglas looks like: Y =A f(K,L), where f(K,L)= fo{K ] ( ] ’

0 Yo
where the and A is theological level, K is a size of the capital, L is a size labor
resources, fo: Ko Lo positive constants, fo = fF(K.L) at

K=K,, L=L, a+a,=1 osaj <1 j=12. Here parameters a, characterized degrees

use of resources during manufacture. It is necessary to note, that modeling
manufacture (1) is "rigid" manufacture and does not accept the maximal
condition on one parameter. In this connection there is a question on change of
area of change of entrance parameters, functions (1). For example, areas of
change of a degree of use of resources (the capital and a labor) during
manufacture the set of straight lines nnHM in an individual square is

M :{aj a, +a, :1,osaj Sl}. As M we take set curvilinear lines on sphere

m n
S_J, _ : — _ i —
Mn_{a_(al...am).jzlajns =10<a, sl}. For function (1) m=2 also we
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shall take n=2, s=1 also a problem of maximization function (1) on set of M is
reduced to the following problem:

4 as
K L L2 .2
Z = max Afo-—— — ,mmemlw::a.a1+a2:L0£a.£1.
aeM KO LO J

K LO

a a
1
Having entered a designation, m@a) = A fo[il [L] we shall receive
0

Z= max m@). Thus, the initial problem consists in a presence of parameter a
aeM

and a, a degree of use of resources during manufacture and the maximal

1

condition of modeling manufacture Z.

The statement 1. Takes place o X e x2 4 y2
X2 + y2 0
where
x=InL,y:InL, Z0 = Af,,
K0 I‘0
X2 + y2 — Z2

The proof. As

K )2
In—
e dm a? Ko .
That from a condition — = 0 we have = l.e.
da l1-a 2 |nL
L
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Z=In(AfO)+a1In[KL]+a2In[LL]zln(Afo)+ > 2~InK +
R
In— 1| +|In—

[,2 2
x:lnL,yzlnL,wehave Z=Z7Z_.e xory , a*= X \/1—a*2= y

o b : Wer? R

that it was required to proved. We shall enter z= In-%- then from (3) we have

the equations x2 4+ y2 = z2orx" 4 yN - N
and in generally for m resource we have

n n n n
X, + X, + ...+ Xpo= 2 (@),

m
As is known [3-6], the equation (4) we have accounting number of decisions.
Including the whole decisions of a kind from here knowing X, y, z definition size

K, L, Y for optimal modeling manufacture Co66 - Douglas is represented in the
form

ey 7-7 &

— X
K=K,e", L=L 0

0 0
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Optimization of size of the capital under law Cobb — Douglass .The given
paragraph it is devoted to optimization of process of formation of the capital
according to law Cobb - Douglass and formation of a labor on

aKcnoHeHumansHoMy to the law. As is known sizes of the capital it is formed

a l1-a
ding to the law: (?TI:: O[KL} [LL} 0<t=t
according to the law: 0 0 wheree, A, f, Ky.Ly, a
K(0) =K,
the given positive numbers 0<e <1, 0<a <1characterize economic parameters.

For example, the size @ means degrees of use of resources. We shall assume,

—a,a,=1-a . Size L is characterized a

that 0<a <1,2ai2 =1, where a ) =

1

manpower and within the framework of the given work we shall assume, that

L= Lofdt where d mean rate of growth of manpower, t is a time.

2
The statement 2. This Model is optimized on a ; 0O<a<l, Y ai2=1’

=1
a, =a, a, =1-a also the following assumes
K L2
dk m—-_ +|/n—
—=eAf_ e Ko Lo
dt 0
K(0) =K

Really, that as in (1) ‘Z—T>o, that taking the logarithm both parts (1) we shall

) dK K L
receive /n| —— | = /n|eAf +a./n|] —|+a,/n|l — | =

0 0

1
én(eAf 0 )+ a fn{KK—}+ (1—a 2 )_ ?zn(LL—} . We shall find
0 0

extreme of functions Z= én(?j—ﬂ on a i.e.



1
dz K By L
—:En——[l—azj 2a /n—=0 and from here
dt K L
0 0
2
[Kn KK J 2
a? = 0 47z _ 4 therefore
2 2 da
K L
{Zn ] + [ﬁn }
Ko Lo
/n KnL
dK L

2 2 2 2
:En(eAf )+ EnL + EnL . Thus, d—K:eAf exp EnL + EnL
0 K L dt 0 K L

0 0 0 0

that was required factors. Using L =L % model we shall copy as

0

2

EnL +d 2t2

0o<t<t -This Model characterized formations
K (0) = K k

dk \/
— =eAf, ¢
{ dt 0

0
of the capital it agrees the law of optimization by Cobb-Douglas and for media
manpower under law Malthus. As (3) is nonlinear model for definition size of
capital according to model ( 3 ), we use a method of broken lines Eelier, i.e.

2
K, VI
K,, =K +heAf exp \/[/nqj +(dih)* i=0.12....n

The optimal model productions in a class of manufactures of Cobb-Douglas
In a case m resources. In the given paragraph the model optimization of size of
the capital in a class of manufactures Cobb - Douglas in a case m resource is
offered. As is known the size of the capital in a case m resources is formed
according to the law:
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it Ko

dK, n( K\
=eAf T ' , O<t<t i ..
'—1(K'oj “, where e,A, f., K_ L., a, the given positive
K,(0) = K

0" "'0°°0

numbers 0<e<1, 0<a, <1characterize economic parameters, K, the size i-a
resource, a, means degrees of use i-a resource. We shall assume, thato<a, <1,

n
Ta-s _1,wheren>s>0.

n

The statement 4.Model is optimized on2 : 0<a, <1, zain—s =1 also the

. oK, =eAf, e i—l(K_in
following assumes { dt 0 . Really, —10, that taking the
K,(0) =K

logarithm both parts we shall receivezn(il—ﬂzen(eo\f ) Za fn( J We shall

K, :
enter designations z= ﬁn(idi} : xjﬁn(K—‘] and  we shall receive

eAf0 dt 0

z= maxn(a) ma) = Za x., wherea e M,M {{a:(al,...,am):0<aj <1,iaj*5:1}. We
=1

o
j=1
maximize function m@a)on set A in view of the entered designations we shall
receive the proof of the given statement and we have

z"= 3 x| (@),

j=1
84. On the energetic theory of population growth

The new model of growth of the population, so-called energetic model of
growth of the population is offered. It is shown; that power modd it is
possible to receive from lines of groups of initial models in view of age
structure and spatial distributions.

To questions of modeling and forecasting of growth of the population numerous

Idn

works (for example, [14-40]), since known Malthus mode Ezdn are devoted,
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to logistical model, model in view of immigration and to emigration, model in
view of age structures and spatial distributions, and also S.P. Kapitsa’s to model
in last time. In many models or assume proportionality of growth rate to number
to the population (Malthus model), or to a square of their number (model
Kapitsa). These assumptions impose also on some age and nNPoCTPaHCTBEHHbIX
models of growth of number of a population. In our work, proceeding from
some initial groups of the models, describing growth of a population in view of
age structure and spatial distributions the new model so-called by us power will
be received. Initial group of models of growth of the population we shall write
in the following kind:

o 0 0
(§t+;jN=—Fo(a)N, O<a<o, O<t<t, (atJraaHaxJN:_FO(a)N’ O<a<o,0<t<t,
N(a,0)=N,(a), 0<a<w, N(xa0)=Ny(xa), 0<a<o, 0<x<L,
N(O,t)=§’/TBo(a)Np(a~t) da, N(X,O,t)z\PfIBb(a)Np(X,a,t)da, 0<x<L, (1)
0
0
N|.,=0=N|,,,

Here N is a number population, N = N(a,t)-for a case a) and N = N(x,a,t)-for a
cases a)-h), te[o,t, ] is time, ac[0,) is an age, xe G=[0,L], F,(a)=0, B,(a)>0

are factors death rates and birth rate, p is parameter, 0 < p<«,

a). Model in view of age distribution. Let's enter function

L(t){?j (a)Np(a,odaj 0<p<e, 2)

wherej (a) is some non-negative function with a condition jj (a)da=1. The basic
0

result of the given work we shall formulate as the following theorem.
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The theorem. Let function N = N(a,t) is a solution of a problem (1) in

case a). Then there will be a functionj (a) >0, Tj (a)da=1 for which function
0

L(t) is a solution of the equation:

dL K
—=dL, d: [B(a)e®da=1 3
g di[e@ ©
fPTFO(X)dX . . . .
where B(a) = B,(a)e ° Is function of survival rate of the population.

The proof of the theorem. We consider the case a) from (1). The first

equation a) we shall increase on - NP*' then we shall receive identity

—£(§+§)Np =F,(@NP. The given equation we shall increase on function
p a

j =j (@)=0, and result we shall integrate onac[0,0). Further, npoBogs simple

transformations we shall receive:

1. To1%di 1d7%. T N
—=j NP[+=|=-NPda-——1j (@NPda+|j F,(@)NPda=0. Taking into account
p l. p!da pdt! ! °

o0

a boundary condition ata=0, adding and subtracting a member %jj (a)NPda in
0

the left part of last identity, and also choosing function j =j (a) as the solution

4 _
of a problem da
j (0)=0

@+ pFy (@) (@-By(@i (O) ;.

\%
—d(V-a)-p j Fy (x)dx

i (@)=j (O)T B,(V)e » dVv,we have the equation of type equation Malthus

dLP . o —da‘l—pavFO(x)cb( , .
T:de' From (xxx) at a=0 we shall recelvejBo(a’)e > da=1. Having

P[0k

entered replacement B@=B(e °  we receive the proof of the theorem.
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Definition. Modédl (1), (2) we shall name power model, and the problem
appropriate to this model power (p=2). Function (3) we shall name potential of

the population.

b). Polynomials model. The decision of a power problem is represented

as
1/p
L(t)p—Zc Jtcos(b t), i.e. L(t) [Zcpe’ cos(b t)] , Where factors c, are

defined from a condition L(t)" :icjp, at p=2 we have number tree model in

j=0

0 n n n
the form of: L ? (0 ) = C ﬁ orx, + X, +..+ xr:‘]:z (@)3
i=0
- - = B —-a ja b d _ 1
and sizes a; u b,-are decisions of system I (a)e "' cos b, ada
TB(c’i)E’E“a sin b ,ada =0
0

The remark. For definition of a population in view of age structure we
i (a)
[i *(a)da

0

shall receive the following formula N(at)= L (t) where j (a) it is

p

defined under the formula and j (0) from a condition jj (a)da=1.
0

c). Model in view of age and spatial distribution. As is known, the concept of
potential of the population was entered in works [1-6] in case of time, age
distribution. Distinctive feature of the present work is that during change of

manpower spatial parameters are taken into account. We shall enter function

L(t) = [ﬂj x,a,t)NP(x a, t)dxda) , (4)
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where function j () characterizes the function describing  serviceability,
erudition of the population and j =j (x,a,t)>0 jj (@da=1, N=N(xat) is a
0

population of age a in a point x < [0, L] at the moment time t also satisfies (1), 6).

22 P IN=—F,(aN, O<a<w0<t<t,
ot oa  ox

N(x,a,0)=N,(x,a), 0O<a<ow, 0<x<lL,

N(X’O’t):i/f B,(a)N P(x,a,t)da, 0 < x< L,

N|x:0 :0:N|x=0'

where t is time, a-age, x is spatial coordinate, r=r (x) is the given function
describing speeds of change of number on a direction x, F,(a) is a mortality
rate coefficient B, (a) is factor of birth rate. Using our the theorem for definition

of function j () from (.) we have next equation

—pIFO(h)dh+d(a—x)

i (x,a,t):ro B,(x)e * j (x+r(V—a),0,t—a+x)dx (5)

In (4) we shall put a=0 then having taken, j (x,0,t) = ce®"*% we have the

equation of type %=dL, d: _[B(a)e‘dada=1, wherel =d +b +gr.
0

d). Model of the population for n countries in view of age distribution.

Let's assume, that the population N of the countries satisfies to the equation

o & 0o "
—+—+r— [N=-FN, O<a<ow0<t<t, ,XeG= G eE",
(at ca axj : k a6

N(xa0)=N,(xa), 0<a<ox, xeG=G+S

N0 = [ B @N(xa ) da xeG
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where B, (a), F, are the given matrixes n of the order with elements

fo foe b, b,.. b,
f

n fn Tl By=|b, by, b, |, Ny(xa) is an initial number of

(=3

f nl fn2 fnn bﬁl bn2

O

nn

populations. Let's enter function L(t) = j jj (xat)N (xat)dxda  and (:Ij—lt'=dL,
0G

where j() , n - a measured vector of function, j =j (xat)>0 |,

7j Foh)ch+d(ax)

”j (x,at)N (x,at)dxda =1, j(x,a,t):r es Bo(M)j (x+r(V-a)0t—-a+x)dx , Where
0G 2
B,, F, are conjugatesto B,, F, matrices. Hence we have next equation

d :det(.[B(a)e‘I *da—1)=0,and L(t) =>.c, € cos(b,t),where | =d+b+gr.
0 j=0

e). Computer experiments. For the first series of computer experiments

initial functions we take in the following kind:

0, a<amin
B,(a)=1b,amin<a<amax . F,(a)=F,, amin=0, a max=90.
0, a>amax

For definition of factors of decomposition (@) we shall write as

L % (o0 ) = > c
]

=1

where m=1,2,3 ..., and it is solved this equation on the basis of initial the

equation L3(0) =c’, +c2, with the help of transformation offered by us. Then on
the basis of the decision L3(0)=c’ +c2, we shall receive the decision the

equation L:(0)=C} +CZ, +CZ etc. up to the decision of the required equation
L7(0)=>C?,... m=23... The written algorithm was programmed in language
j=1

Borland Delphi and a series of computing experiments is carried out.
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85. Polynomials Models of Development of Losses in the Worst
Condition by Kinds with Long Settlement - a modification method of the
nearest neighbor

Now we consider questions of construction and investigating a new
method of calculation a size of losses by kinds with long settlement: a
modification method of the nearest neighbor. The proposition method is to
define a size of losses in the worst condition of system and is based on using of
so-called model of numbers tree. By using this method for a model, the data
showed and carried out some computational experiments. It is noticed that the
propose method basis on numbers tree model, is a simple and universal method
for definition of value of Losses in the Worst Condition by Kinds with Long
Settlement and it is easy programmed on all computer languages. The receiving
formulas are controlled our calculations. As the methodology actuaries
calculations uses the probability theory, given and the long-term statistical data,
financial calculations that on faculty are in full read to a demography rates
connected with System mathematical and the statistical regularities establishing
mutual relation between the insurer and the insurant. They reflect as
mathematical formulas the mechanism of formation (education) and an
expenditure of insurance fund in long-term insurance operations. To them also
carry calculations of tariffs on any kind of insurance: life’s pensions, from
accidents, property, work capacity. The methodology actuary’s calculations use
the probability theory, given to demography and the long-term statistical data,
financial calculations. By means of the last in tariffs the income which is
received by the insurer from use as credit resources of the accumulated
payments of insurance is taken into account. Except for that rates on actuaries
are read to calculations which is connected to one of the widespread
problems(tasks) of such -statistical calculations connected to definition of norms
and conditions of insurance, is, that the sum of insurance payments minus
relying payments guaranteed reception by insurance firm (or the state
organization) expected results. Making "tree" of decisions, it is necessary to
draw "trunk" and the "branches" displaying structure of a problem. "Trees" from
left to right settle down."Branches" designate possible alternative decisions
which can be accepted, and the possible outcomes arising as a result of these
decisions. On the circuit we use two kinds of "branches": The first - the dashed
lines connecting squares possible decision, the second - the continuous lines
connecting circles of possible outcomes. Square "units" designate places where
it is made a decision, round "units" - occurrence of outcomes. As accepting the
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decision cannot influence occurrence of outcomes, it needs to calculate
probability of their occurrence only. When all decisions and their outcomes are
specified on "tree", each of variants is counted, and in the end its monetary
income is put down. All charges caused by the decision, are put down
appropriate "branch”. As is known, the forecast of the future losses, using
observably average development of the nearest neighbors, usually define under
the following circuit:

212 |2| |Y

y1
Vk

On the basis of given to the circuit the model of the nearest neighbor assumes

the following (ICA 2010, CA, Cape Town):Y:Zk“ini \wherew, >0,i =1,...k;

Kk
> w,=1 .We shall consider more general model, than this model:
i=1

K 1/s K
Y, =(Z iniij where> w,==1,n>s>0,w=>0,i=1..k; k=23, . Having
i=1 i=1

entered a designation X, =w,"°Y, from this model we have

K 1/s
Y, :(Z Xsikj or
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k ns
andZ(%)'fEl, n>s>0, k=2,3,4....... The first equation is the equation of a
i=1

degree s with k+1 unknown and has infinite number of decisions. For allocation
of the necessary decisions it is necessary that we use echo the equation (@).

k
Model of the worst development of losses: For everything} w,= =1, n >

i=1

s> Ow,>0,i=1..,k right part of the equation has the maximal value that there

K 1/s
corresponds the worst condition of system, i.e. Y, = max[z iniksj

weM o1
K n
where M = W:Osszl,ZWjE:Ln>s,s>0,k>l .
j=1

The equation (4) we shall call “Model of the worst development of losses™

z,° = > X%, (@ )
i=1
§6. Extreme Economics and Economic Crisis
1. Model of an economic crisis. We shall consider following modeling

Economy offered in works:

dd—f:eAf(K,L),0<tstk, K (0) = K,

dL

CLE L(0)=L,,

dt () 0

d: [ B(a)e®da=1, de(-w,®), (1)
0

Y = Af (K, L), C=(1-e)Y,

O(;—'?zaoA—alAz, A(0)= A,

where K=K (t) - size of the capital at the moment of time t, L=L (t) - size of a
manpower, €a share of the national income - Y going on capital investments, C-
size of consumption, A=A (t) is a technological level, B-B (a) function of
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—afo(x)dx
stability of a manpower determined as B(a)=B0(a)el , Bo (a) function of

birth rate of manpower resources, FO (a) - function of death rate. It is necessary
to note, that function L=L (t) is represented as

L(t)= J'am”j (a,t)N (a,t)da, (2)

0

where N =N(at) is the decision of a problem:

max

(£+EJN:—FO(a)N, 0<t<t,, O<a<a
ot oa

N(a,0)= N,(a)

N(0,t)= a]-BXBO(X) N (x, t ol

Here j =j (at) is the decision of the connected problem and refers to potential to
function of manpower resources.

Definition 1. Let entrance functions of a problem (1) are given in ranges
of definition of the parameters, and also known entrance parameters
K, L, A, e f(0) some production function then a vector function (K,L,Y,C, A)

determined as the decision of a problem(task) (1) we name modeling economy
the appropriate production function f (K, L). Thus production function A. f(K, L)
we shall name modeling to manufactures.

Definition 2. We shall tell, that the modeling economy (1) is in a
condition of crisis if there are such constant positive numbers K *, L* and d for
which have places of an inequality

Yy (K, L)<y (kL)< Yy (kL) 3)

what decision (1) satisfying conditions would not be

_J'K(t)dtsK : tl—ll_(t)dtz L, (4)

t
where Y' :%J.A(t)f(K, L)dt. For example, if we shall consider manufactures
0

Cobb-Douglas f (K, L)= fo(—J (LJ wherea a degree of use of a manpower
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during manufacture, 0<a <1 _ It is easy to see, that if there is a pair (K*,L*)

satisfy (3) tij Ktd<K®, tlj L(t)t>L", i.e. has places of an inequality (4).

The statement 1. For anyone modeling manufacture of type Y = Af (K, L)
the condition (3) is necessary and sufficient. Really, by definition of production

of _ of
70 =7 >0.and 0 < Awn < A < Aw we have

(kL) f (k*,L*):ti]A(t)[f (K, L)~ £ (kL) Joe =

0

1 ¢ of s i = (5)
=T.|_ A1) = |___.__|,-;,—_§; |dt
From here, if are executed condition (3), f'(K,L")-f'(K",L')<0 and

tlj; K(t)dt <K* . Similarly, using a condition f' (K*,L")- f'(K*,L)<0, we shall

receivetlj; L(t)dt > L . The proof of the given inequality also follows from an

inequality (5). Thus, necessary and sufficient conditions of crisis of modeling
economy are inequalities (4). It is necessary to note, that numbers (K*, L*) are

defined from the decision of the differential equation. For a presence of the

decision of the equation %:dL , we should solve the equations

joar"“B(a)e*dadazl all over again. Generally, if B(a)>0, this equation has one

maximal material root d=d,, and accounting numbers of in a complex
connected roots of type d, =a, +ib, so we have: L (t)=ce™, k=012.., and

therefore L(t)=Le™" +> ¢ cosbt,  0<t<t,, where c;are Fourier coefficients
i=1

of the given decomposition. For legality of the given decomposition, we should
consider a class of function B(a)>0for which system of function {cosb,t}is

opTOHOPMUpPOBaHHOW. Numbers a; also b; we shall define from system

joam“ B(a)e “'"cos b ,ada =1

J'Oamax B(a)e® ®sin b ,ada =0
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From here, it is easy to see, that sin(b, é):O,i.e. b, :ﬂ, j=0212,...and roots
a

max

a ;0. Y/0BNETBOPSEMOIA to condiitions ja | < dy,,|. &, =2In(By), a; =0 at B; =1,

max |’

Amax H
a;<0at B,<l,a;>0and B;>1, whereB,= j B(a)cos(ﬂa)da.

0 ax

The statement 2. For the uniform law of distribution

B(a)= , 0O<a<a,,

a; j * l
we have a, <0 at B, =0, L(t):jz_l:cje ‘oos@l), L :tj; L(t)ct

The statement 3. Let B (a) function of distribution of the normal law is
(a-ay)

e > then d, are

defined as the normal law of distribution i.e. B(a)= >
ps

s %d?

defined from the decision of the equation F(?-sdj:eda"‘z where a,,s

parameters of F(a).

a—a
The proof. We shall enter replacement t =sd + ° Tea=a,-sd+st, and
S
. 2 242 2
dx=s dt,—da0+52d2—sdt—(dt25d)2=—sag+szd2—dst—t2+ tsd-S 0 :—da(pL;:=,2d2—t2
Then we have—— jw e%dt-efda‘)+¥ = ifd_?eidt—eda"s?z as was to be
\/E 7?+Sd ’\/2_ —0 !

shown we shall notice, that if to enter replacement x=20 _ds , that we shall
S

1 al
2 T 2

E— 2 —v 2
receive f (x)=e ( s ],os f(x) <1, x?- 20

2

20,|x|2:—°,

a
—ds <-

a
and therefore x= -
S

a A .
— , d>—2,d <. Similarly, we shall receive
S S
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x=2 g5 >3 4<0, ds=—oo.Thus d>d

S S

the equation joa”““ B(ag®da=1 inthe firstand d<d

min

a . . .
=—-, is unique material a root of
S

=0, in the second cases.

max

These values are used at definition of crisis values.

2. Polynomials model of economic crisis. We shall consider

y' =y (k,l*):titjA(t)f(k,l*)dt

m tia m ti,

Case 1.As y' =tizjA(t)f(k,|*)o|t:tlzai ff(k,|*)dt,

i=0 i=0 t;

i — N+l 1

m n n
where a, = A(x), t, <x <t , we shall take aiEMZ{aiizaiMZAonl}, and

designating f =t1f'“f(k,|*)dt, we shall receive y =Ya f, . Now we shall
i i=1

consider a problem of maximization on set of M, i.e.

m
t

y = max. Z a ; f,. Using conditions of a maximum of function M
i=1

of variables from here we have

A = AP it

£+ )+
Thus maximization occurs on parameter of technology. How to exhaust an
alignment, we represent the basic equation of model a tree of numbers. Each
member of the sum of the right part (or some of them) are decomposed as the
sum less composed in the same are sedate, and members of the right parts of last
sums in turn are again decomposed as the sum less composed in the same are

sedate.

Let y', f, are the decision the equation a tree of numbers then we shall define

sizes k and | from a condition tTf(k,l*)dt: f,, tyj f*)dt=g".
tig 0
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Case 2. In this case we maximize sizes y' on size of the capital T.e
y' =tlz fif'”A(t)dt,Where f.o=fk(x)l") t<x<t,.Let's enter A, =t£'f:mA(t) dt

n

and let the set M is defined as M={fi:Zm:finl= fonl}, then considering a
i=1

problem y' = max Z fi A, . Let’s receive the equation
i< i=1
t " ~
y = f, Z AT, (@ ),
i=1
frt = ot A , i=1m

Al+A)+. AL
This equation such is the basic equation a tree of numbers. Solving it we find
g',A, and then sizes f,,T.e the sizes capitals and general forces.

87. Model of monetary circulation

Monetary circulation, as is known, according to the quantitative theory
of money for cumulative demand (dependence between quantity of made
production on which purchasing demand is showed and general a price
level) takes place:

MV=PY (1)

Here M is the offer of money, V is a speed of the manipulation of money, a P is
a price level, and Y;, the quantity of the made goods and services. This equation
approves, that the offer of money defines volume of manufacture in nominal
expression which in turn, depends from price levels and quantity of made
production: M=KoPy, Ko =\%. From here P =x0 1, K=¥, and therefore
y
between a price level and to volumes of manufacture there is an inverse
relationship. As the volume of manufacture is defined by various kinds made
production Y = (Y1, ¥2, ... .¥Y,) and the vector of price level P is connected to it

P= (P1, P2 ... P,) the basic equation will be defined(determined) in the
following kind: (Y, P) =MV, where (p, y) = Zu“Piyi . Besides we shall assume,

that price levels and volume of manufacture P, at are functions of some
parametert =(t,1,€X), where t-time, r-the real rate of interest, e-the exchange
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rate, x-the spatial factor. Then basically the equation (1) scalar product (P, y) is

defined as: (py)zfrﬁ: :ax [LPe.r.ex)y(tr.eYdredx

i=1 emin

If will designate through P_. (t) and P__ (t) - accordingly minimal and maximum

levels of the prices at the moment of time t from the basic equation (1) we shall
receive an inequality: P_ (t)yt)<M(t)v<P__ ()yt),0<t<t, , where

max

yoy = [[~ [ v.(t.r, e x)drdedx is total amount of manufacture. Naturally,
; ° emin

minimal and to maximum levels of the prices the minimal and maximal offers of
VM min (t) , Pmax (t) — VM max (t)

y(t)
here Moo ® _Mua®  *he atiitude of the minimal offer of money on a
Poin (1) P (D)
minimum level of the prices equally to the attitude of the maximal offer of
money on maximal price levels. This attitude refers to as a stock of money.
Thus, at a constancy of volume of manufacture on parameters (r, e, X) stocks of

money does not change. Using the theorem of average for average value price

levels on (r, e, X) we have: Pcp(t):MP (t)<P,(t) , and therefore,

ye) ™
(t) . The received results are fair for average values P, M, at

money accordingly answer. Then P (t) = . From

Mmin (t) < Mcp (t) <M

max

on time in the considered time interval of supervision. ie P, <P <P

min — “cp — ~ max?

M., <M, <M ., where feature above in sizes means averaging on time of

min

values of these sizes, for example, 5 _ L‘f P (1)t
tk 0

O0®reM IpOH3BOIACTBA . Y
Fig 3.covers, all possible cases which can arise in reality
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Depending upon that in which part of figure to be point My = M (¥, Py), those
who offers money, it is necessary for a society, conduct appropriate a policy of
change of value of volume of manufacture and price levels. For example, for a
constant level of volume of manufacture Y, of the price can vary from a
minimum level up to maximal. Similarly, we can hold price levels on some
favorably all level PO, and volume of manufacture to reduce or increase (from
Ymin UP 10 ¥Yax). In result, the reasonable policy under the attitude the offer of
money is defined. At any price level, the offer will result increase in increase of
a stock of money and reduction will result the offer of money in its reduction. In
the first case when the volume of manufacture is increased, and in the second is
decreases. If the economy in the beginning of supervision is in condition M, that
at decrease of cumulative demand connected with reduction from the offer of
money there is a transition from point MO to point D in which the volume of
manufacture of below real level, and then in process of reduction of prices
occurs growth of economy up to level ¥0. In the same figure other picture is
observed also. At volume of manufacture equal Y0, all over again a price level it
IS increased up to P, that is up to a point And, and then it is smoothly reduced
up to a point In. In result, there is a jump in economy, which is manufactures to

become maximal. As MV=Py,£y+ﬂP:d—MV +d—VM, also we shall enter
adt dt at at
L dM dv _
designations Vy = T’Vl = W’V =Vy-V+v,-M  we have
dP 1 dy

1 __ .
— = - — ——P + —V and from here, we shall receive
dt y dt y

dp __1dA, Ao dk_Adfd 1o Considering values %, we receive

dt y dt yoK dt yoLdt vy

the price equation:

dP _ _g-e-mprc)'Yp+ Y po)=p,
dt y y
where d—Pza—P+goa—P+a—Pgl+ via—P.

dat ot or oe OX

This equation is the basic equation of the quantitative theory of money. As, into

a designation for v enter v, =C;—tM also v, =z—\t/, that in our arrangement, there is

— t
g o

- [la-e-mpc)*Lax N2 *I(l—efMPc)*lﬂdX
P(t)=Re ”’ +—u(—e 4D, p(t)=Pe Ji N +J-tle J o
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a choice of their change, that is change of rates of the offer of money and speed
of the reference of money. These rates are allowable by management, and they

are defined from the decision of some of a typical problem of optimum
control. Att =t, from receiving equation we shall receive the formulas:

From which at a constancy u, v, A'y we have: e,=(l-e-MPC)">0

This formula characterizes time change price levels at a constancy of other
parameters (see fig. 4).

"y

y <0

Fig4. Dependence price levels from the real rate of interest at constant parameters

(P, = v ,gO:dL:const)
e,gu dt

\

Fig 5. Dependence price levels fromthe real rate of interest at constant parameters
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If t =(t,r), that we receive the equations in private derivatives of 1-st
order of next type:

<

oP oP eyu
—+gy,—=—""P+—.
ot or y y

Att — oo, the solution of this equation (with a conditionP,,_, =P,) is submitted on
Fig 3. For solution of this equation we shall set also initial conditions
P,_, =P,(r) and boundary conditions such as formation (education) price levels
depending on parameter r, that is
Prremee = |, J (1)P(r,t)dr. Here j (r)zo,mjaxj (x)dx =19, __const
Ir=r max 0 ° dt
The received problem represents an example of problems with functional entry

conditions which are entered and investigated in works of the author [14]. It is
easy to see that the solution of equation in this case represents as:

X
J"max u rmax — Ieo %du

P(r,t)=P(O,t—L)eeo’ Yax — _[ Ve ' dx
Y%

Function m(t) = P(0,t) we shall define from a boundary condition of formation
(education) of the prices, that is

rmax
r max rmaxrmax — 0

mt)= | ] (r)eEO’T‘*:dX~n(t—g£)dx+f0(t),where L=-[ | %e P e
0 r 0 0 r

The equations restoration represents non-uniform integrated the equations of
type. At t = we shall receive:

r max €o u
€,0, * Yax 1 rmax \V2 7,[ Jdu
P(r) = Py )e™™ b ¥ [ =™ " dx
gO r y
where
_irmaxrmaXEEZ—zJ;%du
go 0 r Y

P(r 20"

max r max € [rmax u dx

1- [ e

0
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From this formula, at constants Y, ul, we have
Vv

\V2 w(rmaxfl‘) - - -
P(r)=L+[P(rmax)—L}ég°Y . The received formula is interpreted as the
e,u e,u

following figure.

P(r)
¥o <0

»o >0

Fig.6.Dependence price levels from the real rate of interest at constant parameters

(PO =P(r )9 = % = const).
Let's notice, that figures 1,2 are identical, though is present different
boundary conditions. Similarly, we consider the case, whent =/t =x and

t =(t,r,eX).

88. Model of interaction of countries with different economic
level of development

It is known, that in epoch of stable and steady growth of economics the method on the
basis of statistical processing various economic parameters yielded normal results. But
the situation has sharply changed with the beginning of an economic crisis. The
forecast on the basis of the analysis of long-term tendencies became unusable. Burst
world financial and economic crisis, which approach became for many
unexpectedness, has sharply raised the question about opportunities of economic
forecasting, about ability of a science adequately to describe complex social processes
and to predict their development. And the decision in such cases is with the help of
other methods.

Methods of nonlinear dynamics (changes) concern to these methods, economic
synergetrics, aimed on the description of none equilibrium processes, on the analysis
laws destructions old and formations of new social and economic structures. Thus, we
consider the use of nonlinear dynamics for research of economic and sociopolitical
processes in scale the separate country and the world as a whole, the basic attention
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having given the analysis: laws of formation of steady social and economic structures;
laws of transients, crises, and phase transitions from one structure to another. For
development of economy of the countries, there are countries with HP and the

countries with LP with following the circuit of development:

Yolume of Production

Property stratification

Fig 7.The countries with high production (HP) and low production (LP).

and mathematical model of type

dx, n dy; .

—L = ax’ _Z (aini —a jbijyj)’ S _ q yi2 - Z (bij Yi — bjaijxj),
dt j:]_ dt j:].

i=1.,m 0<t<t,,>a,=1 > b,=1 where x,y,i=1.,n - gross national
i i

product per capita cooperating countries with high production (HP) and low
production (LP), a; - the factor describing intensity of interaction, X o, Yy oinitial
conditions (Xjp> VY io, that is y; - countries - leaders, x; - catching up countries).
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Example. We shall consider a case when we have system “one catching up
country with two leaders” then the written model is higher looks like

dx.

d—tl = ax’ — (dlx_ bldzy_ 91d3z)’
adv.

d_),:I = by2 + (aldlx_ dzy"‘gzdsz)’
dz

=cZ’ +(a,dx+b,d,y—d,2z),

where  X(0)=xo< Y(0)=Yyo, Xo< 2z(0)=2,, a;,B;;a,b,c,d; are parameters of the
equation. It is easy to see, that in the field of values

(x,y,z) 20:
B1dy+y:dsz<d;’/4a,
O(ld 1 y+y2d325d22/4b,
0,0 1 x+ Bydoy<ds?/4c

the given system has two equilibrium conditions of type fig. 1.
Using differential system of this example it is possible to show, that all of its
solutions satisfy to a condition for total national income

t
x+y+z:J' (aX +by +cz° ) dt+C,,
0

where C, - means the left part (2) at t=0, i.e. the Gross National Product (GNP)
countries at the initial moment of time. It is necessary to note, that the left part
(2) represents GNP all countries at the moment of time t, and the right part
(integral) is energy of system (« energy of economy »). For the decision of the
received problem we shall take advantage system Borland DELPI ¢ modeling
given on
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Fig.8. Results of computer experiments at a =0,1. ] )
g P P Fig. 9. Results of computer experiments at a

=0,5.

fig. 8 then we shall receive results were catching up country very strongly lags
behind the countries of leaders. Let's operate now the given system with the
help of parameter, a from an interval (0,1). We shall take for example parameter
a =0.5 then we have (fig 9).Thus, as a result of successful management with the
help of parameter a, we shall receive transitions of the country from crisis state
approximately in 2047 on a highway of advanced production.

89. MODEL OF POPULATION TURBULENCE AND CATASTROPHE IN
EXTREME ECONOMICS

This item deals with a study of turbulence models of population with the
time-space distribution of age-related changes in the parameters (diffusion
coefficient) in a defined area of nonlinear equations. Consider a model
population with the time-space-age distributions :

aN oN
J —=F (a)N+ D O<x <L, O<ax< , O<t<t,
8t a Jz J ( ) Z axz i i amax k
N(x a,0) =N, (x a), 0<x<L;, 0<a<aq,,
Brax
N(x,0,t) = j BOON(xx,)dx, 0<x <L, 0<t<t, )
0
OoN

|140L

where N = N(X,a,t) is the size of the population at the point x, age a, at time t,
F, = F,(a)is death rate, B, = B(a) is birth rate, N, = N,(X, &) is the population
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size at the initial time. On the Dbase of our replacement
a=a,t=a+t,j(xat)=N(xaa+t),
a

U(x,at )=j (x,at )exp@FO(x)dX*Zj:Jj X | Zib ]

instead of (1) we obtain the problem:

Z = osxj <L;, 0<a<ga,, 0<t<t,
0

i X
U(x0t )= IBO(X)U(x,x,t)dx, (2)

0

ou 0.
8X ;=0
x =L;

Supposethat.DJ.:Daj,ajeM,whereM:{a:ao ay,..ap), yars }
j

Using the idea of the method of separation of variables for the problems (2)
formulate two classes of possible solutions:

2
1). Class of simple solutions D, a__C N_c.
axj oa
: : o°u ou : :
2). Class of exponential solutions Dja—zzcju, a—:Cu, which D defines the
a

i

representationD, =Da,, j=12, 0<a, <l

The definition. A population "turbulence” in the framework of the
model (2) (or (1)), we call this state population, which at a certain value of the
vectora,a =(a,,...,.a,,)eM, the value

]

takes its maximum value, i.e.

“max3a, oY (4)
b ox?

aeM j=1
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The following theorem:

Theorem 1.The Equation Z =max(a,X*®)"*and the equation Z" :zm: X7
aeM j=1

are equivalent. Now we consider the equation

1/s
ou ou)
o8 max[a(a] J X

Theorem 2. Let conditions 1.2 then there is a value of M for which the
equation (5) and the equation

&-2e%) ©

equivalent. Indeed, under the conditions of 1.2 (5) is transformed into the
equation of the type that corresponds to the maximization of the functional (3).
Thus, equation (6) Z"=>_x, is the equation of the “turbulence", i.e addressed

by the functional (3) takes the maximum value. Solve the equation (6) in the

au o*u 4
class of possible simple solutions: & -c, “2-c,, S'c, =c.

oa OX; =t

Theorem 3. The solution of equation (6) in the class of possible simple
solutions represented as

2 2

xix]. +>.C, X? t =t-a. (7)
i=i

U(x,at )=U(0,at )+Z ‘

[y, ax OX;

Proof. For simplicity, the proof proceeds in the case where m=2and D = 1.

2 2
Consider the class of simple solutions X =c, a—g =0, a—g =0.
oa OX, OX;
: : au o°u o°u
It is easy to see that it follows— =C, ——0 ——O Delivering this into
oa ox; OX;

2

condition, %:o, we obtain (7). Formula (7) corresponds to the maximization
X

2

problem (3) that sum of the second derivatives, which corresponds to the
"population of turbulence."” Now consider the case where the population in the
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process of turbulence at which point the field reached the maximum number of
populations. From maxu(x,.x,.at ), we have:

(%4.%;)

2
ou_ou ou X, +C;x, =0
oX, 0% (%5 )-0 OX,0X, (3 )0
2
ﬂ:ﬂ ou X, +C,x, =0
oX, OX, (45 )-0 OX,0X, (3 )0
Hence
[aZu ]_Czﬁu 82u|'8u|_8u|‘cl
0 = 0X,0X%, |, OX, |, 0 = axlaxz‘0 axl‘0 axz‘0
1 ) 2 ! 2 5 2
cc,-| 2 cc,-| 2
0%, 0%, ) | 0X,0X, |,
Compute the matrix of second derivatives
2 2 2 2 2 2
@:C o°u 6u| au_6u| au_Cz.

N aex, x|, oxox, oxox,|, Xt

, (C,)>0,then at the point (x°, x)

2 2
Thus, if (C,;C,)>0,and clcz>[ ou J
OX,0X,

function u=u(x,X,,a,t ) defined by (7) reaches its maximum.

o%u
. XX

Remark. In (7) all the coefficients u

OX j

j=12 depend on

0
(at—a), i.e, in fact, they are functions and they are determined by the initial
conditions (u|t:0, u|a:0). Representation (7) can be written as the following
polynomial:

Cl 2 C:2 2 y
u:uo+u1x1+u2x2+u3xlx2+7xl +7x2, (7)
al al ad o’u
whereuy =u0,at ),u=—1 ,u=— ,U=—|, U= ,&'+C =C", n>1.
axlo a)(10 aXZO axlaXZO

From this polynomial, it follows that in the case of turbulence population
behavior "forgotten" the initial conditions.
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Theorem 4. Let the representation (7 ) u,, j =0,1,23is a known quantity

and C,, C,is a solution C! +C) =C" for some n>1andC >4u.", then every

process of population turbulence described function (7’) makes an emergency
landing at only two points (c;,c;) and (c;.C;)

1/n n
o U o [Crfear) v o (o-Jo-ar)" [ du|_ dul|
tTg 2 gt 2 LXK, %,

where the proof follows from the definition of disasters:

Mo 212 detK =0,

OX
2
C, o°u
0%, 0%, |,
whereK = ,
o°u c,
OX,0%y |,

810. Computational experiments

Crisis. In next figure we show results of computational experiments with
economical crisis parameters and we defined the structure of the crisis.

Savde dyeamun
/Na= smpdin dvsamans

/ [ CaasToome
/
y

The structure of the crisis

.
-

,,,,,, The Oymamic of the crists

Fig. 10.The structure of the crisis

Population turbulence. Now, here are some computer simulations with
the following model data: u0 = 5000; ul =0.1; u2=0.1;u3=-0.1;n=2;c =1,
x=-1.1L1Ly=-1.11Lcl=((n(cr2*n)-4*u3r2)"(1/2)/2)~(1/
n);c2*c2=u3”"2;cl”n+c2”n=c”"n. For these data, the following are
some of the results of numerical experiments.
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Fig. 10. Dependence of the population turbulence size for different value parameters
u3=-0.000000004 u3=0.000000004
Mpacpuk NoMYNALUOHHON TYRBYNEHTHOCTM Cpadmk NOMyNALUMOHHON TypGyNeHTHOCTH
50002 : : : 5000 6 . :
5000.1
5000
49998 ;
49997 :
49996/ |
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Fig. 11. Dependence of the population turbulence size for different value parameters

From the given results it is visible, that at change parameters there is

"turbulence™ population number.

Experiments with capital size in different case. Now we consider some results

of computational experiments with capital size in time extreme regime at next
model data =0.7,a0=1,a1=0.000001,a2=0.00000001,

fO=1,de=-0.5,be=10, |0=70 al=0.1al=0.2
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Dynamics of capital 5000
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Fig. 12.Dependence of the capital size on time for different value parameters (case of a)-d) )

The Conclusion

Any type of Economics in different periods may by pass through the
development crises. In a broad sense, it is a process that threatens the existence
of the Extreme Economics in some organizations. Crises often come to the
organization’s management suddenly. However, in practice, the emergence of
the crisis shows many symptoms: loss of income from the sale of goods (works,
services), reduction of other indicators of financial and economic activities of
the organization. Many companies are not able to overcome such crises develop
and leave the market. The very possibility of a crisis is defined risky
development of any organization that is always there. Therefore, it is advisable
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to consider the typology of crises in the development of the organization, the
causes and patterns of their occurrence, the criteria specific to the crisis. Any
complex objects (country, organization) in the different periods may by-pass
through the development crises. In a broad sense, it is a process that threatens
the existence of the organization. Crises often come to the organization’s
management suddenly. However, in practice, the emergence of the crisis shows
many symptoms: loss of income from the sale of goods (works, services),
reduction of other indicators of financial and economic activities of the
organization. Many companies are not able to overcome such crises develop and
leave the market. The maximum possibility of a crisis is defined risky
development of any organization that is always there. Therefore, it is advisable
to consider the typology of crises in the development of the organization, the
causes and patterns of their occurrence, the criteria specific to the crisis.

Appendix 1. Polynomial model information security
It is possible it used at protection of the information or a kind

N p _YZ X m—izi—Z — X (m—1)+ YX m - 2

m
i=3

where Z=X+Y and all decisions of the equation X'+Y" =2 at p=n are
represented as

x:zt%, y:z(l—t)%, p=n, te(0l).

Fr () =Nnijs a polynomial of a degree (m-1) on x, and it is a class curve higher
degrees which are very well used at protection of the information. For example,
we shall write a class of such curves in special cases with the help of displays:

i-2
—Pp
n

Np=2"" 8 =X"", 8 =yX"" ap=yz" X", i=1 ..M & cirves

PP2(x,y)=X+Y BP(Xxy)=X*+YX+YZ o4 P,"(x y) = X® +YX? +YZX +YZ?

and also type Ne =X*+YX?+YZX+Z%  7-%iv \which belongs to a class
elliptic curves. Pairs (X, y) is usual to name "point" which can "be put" about
other similar point of an elliptic curve. « The sum » two points, in turn, too
"lays" on an elliptic curve. Except for the points laying on an elliptic curve, « the
zero point » is considered also. The sum of two points A with coordinates (XA
Is considered, that, YA) and B with coordinates (XB, YB) is equal O, if XA =
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XB, YA = - YB (mod p). The zero point does not lay on an elliptic curve, but,
nevertheless, participates in calculations; it can be considered as indefinitely
removed from a curve. Set of points of an elliptic curve together with a zero
point and with the entered operation of addition, we shall name them "group".
For each elliptic curve the number of points in group certainly, but is great
enough. The important role in algorithms of the signature with use of elliptic
curves is played with "multiple" points. Point Q refers to as a point of frequency
rate k if for some point P k time it is executed equality: P=Q+Q+Q +.+ Q =
kQ. If for some point P there is such number k, that kP = 0, this number is
named the order of point P. Multiple points of an elliptic curve are analogue of
degrees of numbers in a simple field. The problem of calculation of frequency
rate of a point is equivalent to a problem of calculation of the discrete logarithm.
Follows noticed that reliability of the digital signature is based on complexity of
calculation of "frequency rate" of a point of an elliptic curve and. Though
equivalence of a problem discrete logarithm and problems of calculation of
frequency rate also is proved, the second has the big complexity. For this reason
at construction of algorithms of the signature in group of points of an elliptic
curve appeared possible to do without shorter keys in comparison with a simple
field at maintenance of the greater stability. A confidential key, consider some
random number. The open key considers coordinates of some point on elliptic
curve P which is defined as P = xQ where Q - special image the chosen point of
an elliptic curve named « a base point. Coordinates of point Q together with
factors of the equation specifying a curve, are parameters of the circuit of the
signature and they should be known to all participants of an exchange messages.
From here follows, that anyone "modern™ cryptosystem can "be shifted" on
elliptic curves.

Appendix 2. Algebraic representation of tree numbers of some differential
models

The Model of Tree Numbers

Definition of numbers tree and its representation. Let N is some natural
number. We shall tell, that the number N forms a tree of numbers if there will
be natural numbers n, m> 2 and integers a,, a,,...,a,for which

N'=a'+aj +..+a] , (1)

and in turn some a; (or all) represented as
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al =aj; +ay; +..+ag;, m<m 2
and some a; of (2) also can be submitted as

af =ag; +..+ag;, Mm<m,.,
and at last decomposition takes place

n n
a'”l dme T Agijjy... g + Qijjy...jy » 3)

in which members of the right part (3) cannot beat are submitted as the final
sum composed n-th degrees of some integers so-called by a basis (basis) of a
tree.

Conceptual Model of Numbers Tree in general case is given in fig. 1.

N

n

v n

(al 5 am \
n
/ (a,ay,....a,, )

(11,8550, 1) ”/

g /\ n /\ (QZI?QQJ a’m
/N /\ “
/N

So last a level the tree consists of the sum such as (3).base elements can enter into each level a tree,
therefore from each level we take only those elements,

Fig.1. Conceptual Model of Numbers Tree in general case

which not npeactasumbl as (2), (3). Then in result the number N is uniquely represented as
n
Z K, @, g, (@)
Iq

where kj - number of occurrence of a basic element a;; ; ina tree of numbers.
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We shall consider a problem for number N and a vector a=(a,,...a,), K>2 from the
equation

k.
N = max (a ,a),WhereMz{(al,...,ak)za; Z =1 n>s>0, 0<a, <1},

aeM )

The set M represents a measured curvilinear spheroid and at s=1, n=2 turns in
usual m-a measured spheroid. Using theorems 1 from work [12] we shall

receive:

(4’)

n n n
{N =a +..+a,

NE:afk+...+aEk, kZZ

Thus, this equation is optimum in sense (4), and the tree of numbers
appropriate by this equation represented on rice. 1 also is an optimum tree.

Now, we consider questions of the best representation some character of
any objects (elements) with the help of some properties (elements) given object
and its applications in some cases where distributions processes of growth
processes, heats and waves processes, diffusion processes, at some parameters
values take place in the maximal regimes. Extreme regimes of such physical
processes are arising in the case when the values of their parameters are
chaining in some given set. They can be an accumulation of the warmth,
particles, wave energy in some areas where the considered physical processes
are arising. Series computational experiments also carried out with models data
for some considering heat transfer processes under complex conditions and in
extreme regime. LetHand L - some normalized spaces and the set of M is given
.Let's assume, that for any objects (elements) z< H and any properties of objects

X
J

of properties of the considered objects are determined. For example, we can
define their norms in the appropriate spaces, i.e.

X €L ] =LmnormsP =z, h, =

, j=1m m>1and also ways of display
L

1/n

s)s _ m
Ja| Kby -[1E K

1/n
n
dt} < oo "
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Definition. We shall tell, that any object (element) zeH is in the best
way submitted with the help of some properties (elements) X; € L, j=1m,

if for some element a%emM fairly a parity

1/s
P= max (a,h5)1/3=[afhf+...+a%h§]) For anyone s>0 and
aeM
S<n<w”

The Theorem 1. That the object (element) ze H the best is submitted
(maximal) image through properties X; € L, j =1,m, it was necessary and enough

that had places about parity:

m
n n
,j=1m n>s>0, P :_le

Example 1. Distribution problem of resources. As an example it is possible to
result a problem of representation of a monetary stream, or a word at coding etc.
as the sum m numbers:

m : 1/s
[ Y a jhﬂ then P:max[a,hsj we shall receive the equation
j=1

m
PN = y nf,

j=1

Last equation for anyone m > 2, n > 1 has accounting number of integer
decisions h, ,h, ,...h andP.

Example 2. Growth of plant. Let us consider model of growth of plants
with m, m>2 parts (for example, roots, trunk, leaves, buds). Let first part makes
means of production biomass x, , which can be spent for development of all

other parts of plant. Let x,(t), j=2,mare biomass of part now of time t.
Development of plant we shall set to the following model:

)Zl =a, f(x,l), x‘j =a;X;, (0)=x, x;(0)=x], j=2,m,



(@) =] (x(t,) t) -max , a=(a

WhereX(J? >0 ,j=1,.. m aregiven numbers, f = f() the law of formation of a

new biomass, | - size of photosynthesis parameters. On the base of our
theorem Bellman function

correspondents to optimal control problem satisfy next equation

om om e/ o n m P :
—_ —_——= max a_,)(1 --[ m} _ Z X m
ot a e M d X ot i1 1 6x .

C, C, Cm
X | X2 Xm
) () ()
Example 3. Differential equations with extreme properties. Many
processes (distributions processes of heats and waves, diffusion processes)

belong to so-called model equations with extreme properties. In the general case
such equations may be represented in the form of:

s}%

or m(x,, X, .., X,,t)=m, + Ct + In

n
,Or (Lu)" = g (L.u) ,n>s>o0, here L, I—j

m
Lu = max > a .(L.u) i
aeM|j=1 V) j=1

are given operators, which characterize the considered physical processes.

Let it is given area G< E™M with border I': r=ur i and then it is known, that

the temperature mode inside area G and wave process satisfy to next
equations[2]: ou Mg [k au]
o<

- Z €
ot J':lan t

IN X
AN @

- i ox .
j t

k

2 i ox . k

2 m
oy _ )y 9 k ou ,XxeG,o<t<t - Here
ot j=19%; J

K =k 0, j=1m are coefficients of heat conductivity (or wave velocity)

characterizing a version of environment. We shall make the following
assumption. Let the environment of heat conductivity is those, that

n

0 oul=. o [, ou| i_im wh V>0 S g o
K. a. k ,J=1m, wherea.()>q X a.,_g=ln>s>0m>1
axj Jaxj ’axj axj J j:1]
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a :bl...am)eM. The equation of heat conductivity (1) corresponds (meets) a

case when s=1, i.e. heat exchange occurs under the usual law of Newton.

Therefore at a choice of a set of parametersa = (al...am) from M ats=1. Then we

have the equations with extreme properties

m 2 m
a—uz max > a. a[K c’?u}, and@: max > a.i Kﬁ ,xaG,o<tstk (2)
j

, ' 2 . .
ot aEM‘S::LJ:l J@XJ aXJ at aEM‘S:]-J:l JaXJ

And therefore, on the basis of the basic theorem we shall receive the nonlinear
equations of type

n
(aujn m| o ou | m | o[, o
ot 21 axj axj o<t<t, ot2 j=1 axj aXJ'

The right parts of last equations corresponds to a maximum quantity of heat and
a wave in area G, formed as a result of maximization of the previous equations

n

, XeG, oststk (3)

(2)onasetaeM ‘ ool For the solutions of last equations (for example, the first

equation (3)) is necessary to set a class of possible solutions or simple type,

u_., 0 [K aqucj j=1m » OF exponent type thj=cu,a{KauJ=cju, j=Lm

ot Tox. | ox. OX . OX .
j j j j
. . . . m n n
where cj. ¢ are solutions of the coordination equation: X Cj =C .
=1

The Lemma 1. Let area G is a rectangular with the sides: I, I, , And in the

first equation (3) is given (similarly for the second), and also are given initial

and boundary conditions: L%::O:l,b()&,xz) (xl,xz)eé, L*X _OOL*X . ,j=12. Then the
i ]

solution IS represented in the following Kind:
o o) 2 ' PP where D fficient
xit-—2 v b in" Ly sine 2y Where are coefficients
uxlx2 \/@nrnz:l rhrhe sin |1 xlsm |2 x2 n1n2
Fourier of functionu, (xl,xz), and parameters cnln =c are the solutions of the
2

n n
coordination equationc 4 ¢ = ¢, o _, [P [Pl o og 5o
nn, l , j
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The Lemma 2. Let GeE2 isa rectangular with the sides I4,l, and next initial
and boundary conditions are given
(0= uo(xl,xz) Ui o= uz(xl,xz) u =0, Then the solution of the

second equation (3) is represented as

u

Xi=0

B . i o 2ng +1)px, (20, +1)px ’
u(Xl,XZ,'I)—rinzZ:1 (Arhnzcos Can, ¢ Brhnzsn\/%tJ sin 12|1 L sin 22|2 2

where ¢, = n\/[(2”1+1)p><1 ] +[(2nz +1)px, ] A

are defined

. B
21 n1n2 n1nZ

2

from initial conditions.

Example 4. The functiony . Let there is a bunch of particles with the

certain pulse and some energy. It is known, that such bunch of particles is
described by wave functionY , i.e. amplitude of probability. This wave falls on
the screen in a crack, and is further from these cracks leaves as a spherical wave
and on the following screen, these waves are unreferenced. Summing wave from

k
the top and bottom cracks of the screen is organized as a wavey =>a,y .,
j=1

where k=2 for one particle and k=2 for M particles, a,, accordingly shares
of waves leaving cracks in general summing waves. We shall assume, that

kN
> afie®=1 wherea"; the appropriate probabilities, n,s parameters of the
j=1

environment of distribution (for example n=2,s=1 ). Then considering
integrated approach wave function, i.e.y =P+iP*y , =h, +ih, on the basis of

a principle of optimum representation we have:
k Kk

extrR" =" h',, extrR*-extrR"*=>" h’% h'\* ,where extr=(max at n>s, and min at
j=1 j=1

n<s). The first formula is characterized probability of particles detection, and the

second is  interference  picture. Using m -  transformation

M1 =X N =yetR . B =zextrB  we are easily established

connections by conditions for various particles. Here (X, y, 2) is some solutions
of the equationx" +y" =2".

Example 5. Some properties of m- function and it application. Let's
consider so-called m-function:
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ma)=|a x>+|1-aN-S yo| , s>0,

where X,y - positive numbers, n, s - natural numbers, 0 <a <1.

n-s
n

. . . . n
Properties 1. Function ma),0<a <1 In a point a*=[ ] at s<n

X +yn

has maximal, and at S> Nminimal values equal z= (x” + y”j% ,

ie. x"+y" =" where z= max m(x) at S<Nand z= min mx) at s> n.
O<a<l O<a<l

Really, as

and

=]
|
(7]
(7]

2 - = -
d_mzl(l_ j ax>+|1-aN-s yS x>—aN-S|1-aN-S yS |+
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=0 we have
a*

L i that from a condition g_;n

n-s
2

jaj <0, at s<n and
a*

n

n n : .
ax=| =~ ,0<a’” <1 |t is easy to see, that
X +yn

2
jaj >0, at s>n. Hence, the point a*,0<a* <1 at s<nis unique
a*

point of a maximum of function M: z= max mx)=m@a*) and at S<Nn js a
O<ax<l

unique point of a minimum of function M:z= min mx)=m@a*). Besides
O<a<l

(x +y )% and x"4+y"=2"

Properties 2. If (x, y, 2) is the decision of the equation x"+y" = 2" at
n-s
n

n

some n the point a =
Xn+yn

J IS a unique point extreme of the functions
m@a),0<a <1.

Really, let (x, y, 2) is the decision of the equation x"+y"=2z". As

x5 x5+ yN=SyS_ 755 having entered designations

n-s n-s
RERESE
z z , we shall receive system of the equation be relative (x, v,

ax*+by*=z"° ,a+b>1,a+b<2

S

x*-—a"=z°=0



66

Last system is relative (x5, yS,z°%) has the unique decision (it is a positive) as the

determinant of system is equal to zero det=ar"s+b"s-1=0.. From here

n-s

b:(l—a”-SJ and from 1-st equation of system we shall receive value

Y Y

z=|ax*+|1-a™s| y°| andfunction m=|ax®+|1-a " y®

. .. ) n,,Nn_.n ]
Properties 3. All decisions of the equation * *Y =2 are represented in

1

= 1
the following parametrical formulas; X=Zt" Y= 2(1-th, 0<t<1 (*)

S 1
where t and z any positive numbers, and t =a s, 0<a <1 z_kn»  Really, using
n n
. e Xn e yn
presentations an—S = ,bN=S=_2__ we have homogeneous system
X+ yn X1+ yn

of the algebraic equations be relative (X Y):

n n n n

1-anN-sS|x"+an-syN-p 1-anN-s|x"tan-syN_p

or
n n n n

—pN=SxNi|1-pN-sS |y =0 —[1-an-s |x"+an-syN -9

As the determinant of system is equal to zero it has the not trivial decision
n n

x1=ah-S yN-|1-aN-S| 0<a <1. By virtue of uniformity of system, its

n n

decision are represented as x" =kan—S yM"=k1-an=S| k=const.. From

n

1 b4
here x=kans,y-= k%{l—a“-sJ ,z=k’» and having entered designations
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t=a"* all decisions of the equation x" +y" = 2" we shall copy as (*).

The remark. For any decisions (*) are fair estimations

s s
1-> 1->
1). 2 5<x5+yS5<2 N5 s«n, 2).2 N<x5+yS<75 n>s and

also for them takes place formulas:

1 xS (:jp Ly® (;)p
[ Xa- [ Lo

v _.(SJ e ‘.(SJ
Sinf — p SInj — |p
n n .

Corollary. At n > 2 decisions (*) are not the whole positive numbers. It is
necessary to note, that at n=2 decisions (*) can be integers and no integers. For

. 2
example, all decisions of type (*) at t=(j2211j are integer’s numbers and they
2.1 241 :
are represented as. x=j ,y= o = at odd ] and
X=2]j y:(jz—lj, z:[j2+1) ateven |, 1=1,2,34, ....

2. Some examples of Numbers Tree

Now we shall consider now examples of Numbers Tree for different
numbers.

1). Let N =25, n=2, then we have

2‘/ \ : Root
(15, 20) \ ’ ;

(9, 12, 20) or Level 1
2 1 At
2
9.12) (12,16 2 X é \

918 D @

Fig.2. Model of Numbers Treefor N =25, n=2
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- means quantity (amount) of an element of the given top of a tree, and
number on edges paw decomposition. From here follows, that representation (4)
takes the following kind:

252 =92 +2.12%2 +16°.

2). Now we shall consider number N =50.

50 Root

.

(18, 24, 40) Level 1

\

(24, 32) Level2

Fig.3. Model of Numbers Treefor N =50(50" =18” +2-24° +32%)

75 Root
X .
(27, 36, 60) Level 1
(36, 42) Level2
Fig.4. Model of Numbers Treefor N =75 (75 = 27° +2-36° + 42%)

4).N =100. Root
100 — (36, 48, 80)
l L [1
(48, 64) eve
Level2

Fig5. Mode of Numbers Tree for N=100 and therefore
100 =36° +2-48° + 64°,

3). N=75.



5). N =125.
125
(45, 60, 100) (27, 36 60, 100)
/ / (36, 48)
(27,36)  (36,48) (38,48, 80) (36, 48, 80)

/

~
(48, 64)
or e % Root (48, 64)

e @ Level 1
e @ Level2
@)

Level3

Fig.6. Mode of Numbers Tree for N=125
1252 = 272 4+ 3.362 + 3. 482 + 647
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625

(225, 300, 500)

(81, 108, 180, 300, 900)

(135, 180, 300, 500)

(108, 144) (81, 108)
({f5'180) (180, 240) (108, 144)
‘//
(81, 108) (108, 144) (180, 240)
(108, 144) (144, 192) (108, 522) (144, 152)
v v
‘//j180,240) (300,400) (108, 144, 240, 400) (300, 400)
(108, 144) (144, 192) (144, 192) (180, 240)
(240, 320)
‘///////1180’240) £§4°'320) ‘// (108, 144) (108, 144)
v
(108" 142) ‘///?;44,192) (144, 192) (240, 320)
(144, 192) (192"256)

(192, 256)

Fig.7. Model of Numbers Treefor N

(6252 =81%2 +4.108% + 6-1442% + 4-1922 + 2562)-

(144, 192) (192, 256)

Root

Level 1

=625 n=2

Level 2

Level 3

e
oM oo

Leveld
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7). Similarly, for N =3125 we shall receive representation

@ Root 31125

(405, 540, 900, 1500, 2500)

(243, 324) (540, 720) (405, 540, 900, 1500, 2500)
(324,432) (324, 432, 720,1200)
(432, 576) (372, 496)
Level2 (720, 960)
/ (432,576) / /
2000
(720 960)  (432,576) (576, 768)

é é) Level3 (22, 576) (7zo 960, 1600)
\ 1600
\ (576,768)
olo ke /
@ Leveld

\1280 (432, 576) (576, 768, 1280

Fig.8. Model of Numbers Treefor N =3125 @ LevelS (768,1024)

31252 =2432 + 4.324% + 3722 +8-4322 + 496% +9-5762 + 57682 +1024 2
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For cases when n>2 not always it is possible to construct graceful
examples. We shall result one example. Let N=35 n=3, then

35 35=2%+3°

/ 3

(2,3)

Fig.9

From the given example follows, that we have not received a tree, but only
it(him) BeTky. We shall name such "trees" not growing trees. For growth of such
tree it is necessary to make "cuttings" from another (for example) n=2 a tree and
to insert them into not growing trees. For example

98=1* +2* +3* Root
l 4 4
(1,2, 3) or Level 1
2 2
Level 2 (1, 4, 8)

Fig.10. 98 =1 + 2% +12 + 42 + 82.

4. Economical interpretation, structure of a tree of solutions. The tree of
decisions represents one of ways of splitting of set of the data on classes or
categories. The root of a tree implicitly contains all classified data, and leaves - the
certain classes after performance of classification. Intermediate units of a tree
represent items (points) of decision making on a choice or performance of testing
procedures with attributes of elements of the data which serve for the further
division of the data in this unit. Usually] the tree of decisions is determined as
structure which consists from Units - leaves, each of which represents the certain
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class; Units of acceptance of decisions, cneunduumpyowmx the certain test
procedures which should be executed in relation to one of values of attributes; the
unit of acceptance of decisions is left with branches which quantity corresponds to
quantity (amount) of possible(probable) outcomes of testing procedure. It is
possible to consider a tree of decisions and from other point of view: intermediate
units of a tree correspond to attributes of classified objects, and arches - to possible
alternative values of these attributes. The example of a tree is submitted on figure.
On this tree intermediate units represent attributes supervision, humidity, is windy.
Leaves of a tree are marked by one of two classes P or H. It is possible to count,
that P corresponds to a class of positive copies consultation, and H - to a class
negative. For example, P can represent a class " to leave on walk ", and H- the
class " to sit at home ". Though it is obvious, that the tree of decisions is the way of
representation which is distinct from inducing rules, the tree can compare the
certain rule of classification which gives for each object having the appropriate set
of attributes it is submitted by set of intermediate units of a tree), the decision to
what from classes to attribute (relate) this object (a set of classes is submitted by
set of values of leaves of a tree). In the given example the rule will carry objects to
class P or H.
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