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Abstract. The main points of the first section of the artialetten by S.I. Chernyshov,
A.V. Voronin and S.A. Razumovsky arXiv:1003.4382)hich deals with the
fundamental bases of the macroeconomic theory, beee analyzed. An incorrectness
of the Harrod’s model of the economical growthtsagenerally accepted interpretation
was specifically considered. The inevitability béteconomic crisis has been shown to
follow directly from the premises of this model. Ate same time there is an

opportunity to realize the damping strategies.

In 2009 the Section the Social Science and Hunemnif the NAS of Ukraine
prepared a national report “Socio-economic conditibUkraine: consequences for the
people and state”, 687 p., edited by V.M. Geitd, Banilenko, M.G. Julinsky, E.M.
Libanova, O.S. Onischenko. The range of macroecanpnoblems is represented in
chapter 3 “Influence of the world crisis on Ukraiged anti-crisis strategy of its socio-
economic condition”.

Referring to the international experts, the onthefcauses of the world crisis was
qualified: “an inconsistent macroeconomic policyiethwas mainly limited to the
non-effective regulation of the financial markebsit wasn't aimed at the structural
reforms”. “An inclination of the economic agents ttee excessive risk, which was
provoked by the long period of the economic groatid macroeconomic stability”

was also noticed.



It is worth emphasizing that the analysis of ecoaievolution, as well as the
elaboration of regulatory decisions, is fundaméyntahsed on the use of mathematical
models. They are widely presented in the editiohsvarious formats and to a
considerable extent have shaped the current mamrogtc thinking. The conclusions
and recommendations which follow from the mentiomeddels penetrated into the
social mind and, reaching the level of mentalitgcdome a driving force of its activity.
First of all, this concerns the well-known Harrodisodel which is illusively very
simple.

Really, the yearly incomeY(7), 7=1, 2, .. is divided into the volumes of

consumptionC(7) and investment (7):

Y(r)=C(r)+ I(7); (1)
with

| (7)=pv (1), 0<u<1. 2)

The following relationships are also used:

dK(r)=1(7), (3)

whereK (7) — is the capitald, = d/ dr, 7 — the dimensionless time, and
K(7)=vY(7), (4)
where v is the number of years during which the income,itas used to say,

“counterpoise” the capital.
Relationships (2) — (4) lead to a differential etipra

d,K(r)-oK(r)=0,0=ulv, (5)
which solution is

K(7)=Kee™, K, = K(0) (6)
and accordingly

Y(r)=%€" I(1)= L€, ¥= Y0); 4= (0), )

whereY, = K,/v; |, =0K,.



Expressions (6), (7) argues that the capital, ire@md investment interactively
(in other words, their diagrams are not crosse@wtr exponentially during the
unlimited period of time. This kind of economicsshe serious problems because:

- can be forecasted and is stable with respect tonbations of its growth which
are synchronically compensated balancing the systefact due to peculiarities of the
solution of the differential equation with the ctard coefficient (5);

- acceleration or, on the contrary, deceleratiorhisf growth is determined by the

parameters/ and v, which possess definite meaning and in these teims

economics is manageable;

- realization of the relationship (4) is a guaranfyso favorable dynamics, in

other words, in the yearj the received income must bK(Z’j)/V, I, =],

j=0,12,...

The deep analysis of the Harrod’s model (1) — (4swresented in the first
section of the article written by S.I. ChernyshAw. Voronin and S.A. Rasumovkky
“The problem of modelling of economic dynamics” Xar1003.4382;
www.ttr.com.ua; http://chvr-article.narod.ru, fueth- chvr).

Proceeding from the difficult-to-forecast consequesnof the differentiation in

the relationship (3), connected with the appearafieg-functions:

d,K(r):jZ:;Ijé(r—rj), J(T)Z{ 0.7#0: 7

[o(n)dn =1, (8)
the authors used the law of the capital forming/ifEh

o, 7 =0,

—00

Kn:KO+ZIj, (9)

whereK, =K (n); I, =1(j). This sum, strictly speaking, is a base for ggt(B).

Since relationships (1), (2), and (4) are disctleéy can be presented in the form
similar to the (9):

Yo =G 1 L =Y (10)



K, =VY,, (11)
whereY, =Y(n; G=d 1.

The relationships (9) — (11) embodies the Harradtslel in the difference (or

discrete) interpretation. It flows that

K, =K,e""): vy =y gl | = | g (12)
and since the quantity is actually rather small (we can admit~ 0,5; v ~10) and
accordingly

In(1+0)=0, (13)

then using this replacement we get solution

K,=Ke™ Y, =Yé&,; |=|é&, (14)
which is identical to the expressions (6), (7) wienn =0, 1, 2, ...

So, it seems possible to conclude that the paradijthe stable growth of the
economy for the unlimited perspective according(6p, (7) is undoubted. This
paradigm was deeply rooted during many decadessasupported by the authority of
classic. In practical respect it means that econamsises are casual; they can be

prevented by strictly following exponential dependes (6), (7), and accordingly,

relationship (4). In any case, “an ideal” is ex@st is reachable in essence.

Within this logic the situation when an incom&, composes a paut of the
capital K, was received less then due in the yedin other words, the relationship
(11) was violated), is just the cause of the pammemic situation. Accordingly, to
eliminate the lagging, an incomé,, in the yeamn+1 must be greater than part of
the capitalK ,,. It is possible to simultaneously manipulate tieel of consumption
N, (7).

At the same time, a peculiar point is emphasisgdhmur]. For the exact solution

(12) when the value ofi in (9) is close tag ™, the capital which was formed during

the period starting from the first year, namely



n nin(1+o
Z | = g'Koeln(1+a) Q‘
= ] eIn(1+z7) -1

(formula for the sum of geometric progression wasd), appears to be equal to the

whole capitalK, . This only possible wheK, =0, and so we face a contradiction.

If “an approximate” (because of using (13)) solntil4) is substituted into

expression folK (9) instead of (12) the, the contradiction is @tiated immediately.

Note that the peculiarity of the solution wharis close too™ doesn't follow directly
from expression (12).

It follows that the premise (13) is far from beimpffensive. Analogously the

correctness of using the derivative of the capl@(r), understood in its usual

meaning (3) instead of generalized function (8Ldmees questionable. The essence is
that the relationship (3) is inherent in derivihg differential equation (5), which has a
solution (6), (7), coinciding with (14). In otherowds, in deducing this equation the
discrete function is treated as the continuous one.

The above considerations brought [chvr] to the tmion that categories of the
continuous analysis need to be used consistemtlgdntrast to the symbiosis (1) —
(4)). Dimensionless time is linked to the same unit — 1 year, but unlike thiscrete
case it can be subdivided into arbitrary smallrvdés. In this way the question about
the correctness of the relationship (3) is remowre&lationships (1) and (2) are also
directly extended to the case of continuous argarmen

From (3) it follows that

K(r)= [1(n)dn=K,+Kg, (15)
-T
whereT is the period of the accumulation of the initiap@tal K;
Ke(7)= [1(r7)dn (16)

is the capital realized over the perind 0.



Generally speaking, a continuous analog of the @infhave been obtained, but

now | (T) is the intensity of flow of investments measuredhe money equivalent

normalized to the dimensionless time. In virtug(bf and (2),Y(7) and C(r) are

also intensities of flow of income and consumptagcordingly.

Along with this, the remaining relationship (4), @rl), is essentially discrete
because for the continuous argument

- the discrepancy of the dimensionalities takes plaeenely, the capital in the
money equivalent is compared through the dimensgsnicoefficienty with the
income measured in the money equivalent normatiseithie dimensionless time;

-whenT is close to 0, the value of tends toco and accordingly an uncertainty
appears (really, to counterbalance the capital amtlincome received, for example, in
1 minute we need a crowd of such minutes).

The authors of [chvr] cogently demonstrated thatdhalog of (4) in the case of

dimensionless time is the relationship
V T
K(r)== [¥(n)ay: (17)

its peculiarity at7 =0 is eliminated according to the L’'Hospital rule lraping into
initial identity K, =VY,. This relationship is essentially based on theénge that the
capital must be compared with the income for someod of time (accordingly an
integral of its intensity emerges, which is meadurethe money equivalent).

So the continuous Harrod’s model, which is the sctbpf the further part of the
investigation, is defined by relationships (17) &hgd- (3), namely

Y(7)=C(7)+ I(7); I(r)=pY(7); d K(7)= (7). (18)
where Y(7); C(7) and I (7) are the intensities of the financial flows witheth

dimension money equivalent/unit of the dimensionkese.

This model generates solution



— K0 . — Io . :1 —(1—
(1= 1= e Y ()= (D S0 =(-m (). a9
which corresponds with a Cauchy problem:
0- - —_— .
d,K(r)—EK(r)—O,K(O)—KO,
20 _ _
d,1(7) E|(r)-o,|(o)-a-K0 (20)

and, obviously, ar = ¢ there is a peculiarity, which is in agreement hvifte result
obtained for the discrete tintein the statement (9) — (11).

Note the following aspects:

- unlike the discrete case (12), the solution (1Yresents the mentioned
peculiarity explicitly;

- this reflects essential distinctions between déifdial and difference models
(which are not properly investigated yet);

- equations (20) possess variable coefficients and thndamentally differ from
(5).

It is noticed [chvr] that at the very beginning whe=V an income realized over

the period of timed to 7

Ya(7)= [Y(n) &7,

0

according to (17) becomes equal to the capdV). Later, when timer =o ™ is

reached relationship (17), with the accoun¥dt) = 1(7)/ i, gets the form

and from the comparison with (15), (16) it follotmat

K(o)=Kg(o™); K, =0.

Meanwhile an initial capitaK, instantly overflows into an incomé, (0_1) and
expressions (19) transform into uncertainty. Acowglty, Cauchy problem (20) loses
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its sense wherK, =0. This situation can be interpreted from the stamipof the

economic chaos and collapse origin and also frarstandpoint of the limitedness of
the look-ahead period (mentioned phenomena coutdrbe a subject of a separate
investigation).

Note that to define functions which represent thetiouous Harrod’s model (17),

(18), we need only three equations which interconties capitalK (7), incomeY (7)

and investmentd (7). There are equations (17) and (2), (3), includedB). From
the remaining equation (1) the intensity of thestonption rowC(r) can be found
according to the calculation of an incorYg7) and investmentd (7). Therefore,

from the mathematical point of view an incrementtef functionC(7) has no direct

influence on the economics.
It follows that starting from some time<og™, it is reasonable to transfer

(passing an intermediate chafg(r)) the initial capitalK, into consumption

and this seems to be economically logical. Reé#tig,economic development must be
mainly innovative and outdated capital must be nakait of the industrial and
technological sphere in proper time.

In practice the beginning of this process can lesgmted at the level=v , when
in virtue of (15) — (17)

K(V)=Ys(v) =K, + Kg(v)

and sincel (1) =K (), where

is the volume of the investments realized over aogeof time O to 7, with the

account of (1), we ge€, (V) = K.



This seems to have a conceptual interpretationlyReshen the consumption
reaches the value of the initial capital it is qué reasonable criterion for the re-
formatting the economics, including the structuradovations, with the transition to
the next level of development. In other words,ithial capital has been “wasted” and
it is time to do something.

Further it is noticed in [chvr] that parameteris less defined in prognostic and

managerial sense thepr because it depends on industrial factors, suli@dhe

influence of conjuncture within particular time emtal and so on. Therefore it is
interesting to define it more exactly on the signumdary of the instant of timg

using conditions

K(V)=Ko/(1=p); 1 (V) =1 /(21-p)" Y (v) =Y, /(1 1),
which are obtained if we substitute=V in (19).

In other words, if, for examplé((r)coincides with the value Ofol(l—,uz) , we
can judge about the value Bf Thus there is the possibility to represent resaliof the

situation under analysis and to correct economatesjies.

The generalization of the relationship (17) is préed for the same purpose:

4

()= iy [¥ ) @)

where the functionf (r) satisfies the condition of elimination of the pleaty in

zerod, f (O) =1. In particular, this may be the polynomial of them

f(r)=r+> ar".

Using (18), (21), we get
— KO
O

and it is obvious that the crisis correspondingtie solution of the equation

f(r):a'l, can only be postponed by decelerating the capitabmulation. The



function f (7) determined proceeding from the growthk{7) within representative

enough time interval, sa{;@, I/], can be extrapolated to the critical valuerof

Thus “the crisis” is inherent not only in the Hadi® model in the statement (17),

(18), and this is the very important conclusion.etherges as a consequence of
practically any dependence between the caMtér) and income over the period of
time Y (7).

It is worth emphasizing that conceptual premisethefHarrod’s model, correctly
interpreted, bring us to the solution, according wbhich economic crisises are
inevitable. The illusion of the exponential grow#), (7) and (14) is a consequence of
the inadequacy of the mathematic model (1) — @)s llikely because discoverers
made a fetish from the final result, prompted bgirtinvestigations in the categories of
economics (ignoring the fact of inaccurate treatmeh infinitesimals). But this
mistake results in the enormous strata of biasedaic regulations, conclusions and
recommendation which still be using in managereisions.

To develop the Harrod’'s model, the Cauchy probleas heen formulated in

[chvr] for the cases of time dependent paramgten (18):
u(1)
v—1u(7)

and for the accounting of the amortization by meainsubstitution of the expression

d K(7)- K(r)=0, K(0) =K,
(1-a7)K(7) instead ofK (7) in (17), (18), wherer >0 is a constant:

a+o-2a0r
(a+0)r+aor?

d K(r)—l_

T

K(7)=0, K(0) = K,.

The final step of the first section of the consatework by S.Y. Chernyshov and
so-authors is the development of the Harrod’'s mdaolekhe case of the cumulative
effect when investments flowing into the capitahieh implies the scientific and
technical progress, market price and other factlirss represented by using the

presentation
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(r)= J(2+ on) ()an,

instead of (15), whergo >0 is a constant. In other words, with time the vabfiehe

investment is transforming into the capital grofakter then the simple addition.

The problem is reduced to the differential equation

o(1+ pr)
d K(7r)- K(r)=0,
K1) =52 e K ()
whose solution
1 —20T - g =/ 4ap + g? |2loere’
(1) =Ko — [ e }
\/—O',OT —or+l | -201-0+.\4d0p+0

becomeso (to be more exact, there is an uncertainty sindgf9)) when
1 1 1

+ >+
20 \4p° op

and, obviously, the increase pf hasten the crisis.

r=-

From our point of view, results of the work by S@hernyshov and so-authors

may be qualified from the standpoint of the newtynied paradigm of the world

macroeconomic thought. Really, it was pronounceliynonstrated for the first time

that apparently spontaneous crisises in fact ateanomalies. In opposite, they are

organically inherent in the development of the ernit system.

The long-term stable growth of the economic dodscoafirmed by the practice,

but nevertheless the belief that this “ideal” itaistable have firmly seized the social

mind. Most likely this is the result of natural lespof any human being for the better

life and prosperity. These hopes were scientifjcalpported by the theory of

exponential growth, which require just a reasonddallance between the capital and

income.
The external convincingness of the arguments & tiheory was reinforced by
using the differential equation (framed with thecmgeconomic rhetoric) which was

demonstrated to be incorrect by S.I. ChernyshoV, Xoronin and S.A. Razumovsky.
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At the same time it must be stated that the abawpagption is the only instrument
suggested to the society for regulating the ecoosmi

From this point of view the methodology of S.I. @neshov and co-authors
seems to be rather optimistic. Really, crisis isvitable and is hastened by the
activization of the economics that includes thesistfic and technical progress, but
there are effective means to prevent the extreto@tgin. The following are among
them:

- the possibility a priori estimate pre-crisis pras for identification of the
instant of its origin and undertaking preventiveaswes;

- the use of the initial capital as the instrumenmttfie smooth ending of the phase
of economic development by means of its adaptiveramation and transfer into the
sphere of consumption.

Note in conclusion that in second section of thekway S.I. Chernyshov and so-
authors “The problem of modeling of economic dyrashia more general Phillips
model is examined. The defect of the symbiosis h&# tontinuous and discrete
analysis, which is analogous to the Harrod’s motak been also eliminated. The
problem is reduced to the solution of the ordindifferential equation of the second
order with variable coefficients. As a result ottmadequate use of the notion of
infinitesimal quantity, the other models of macrmeamic dynamics in the differential

form (Harrod-Domar’s, Gudvin’'s, Kaletsky’s) appedite be mistaken.
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