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FORMATION LOCAL AND GLOBAL EQUILIBRIUM LAWSIN THE UNIVERSAL LOGISTICS
SYSTEMS

Shcholokova T.V.

In the work with the help of the mathematical apparatus of ax-
iomatic theory of economic analysis(ATEA) and the Bellman 5
recovery theory solved the problem of the harmonious opera-
tion of logistics management in a universal logistics sys-
tem(ULS). ULSis a simple or branched global chain of the fi-
nancial-productive relations, wich is characterized by the
presence of reviving. Reviving as set macrologistical systems
within ULS provides operations fo the supply of raw materi-
als, production and marketing of finished products with mini-
mal logistics costs. The level of logistics costs is determined by
the applicable law of sales of main products, wich is subject to
transaction on the global market. Law of salesinitiates all lo-
gistics activities in ULS wich is based on local and global
equilibrium laws. Local equilibrium laws harmonise shot-
range communication between the links of global chain and
are responsibale for the implementation of technological and
commercial reguirements at each stage of technological or
commercial transformation of the components of raw materi-
als. Global equilibrium law in ULS is constructed as a syner-
gistic union of the local laws and meets the reguirements of
the products competitiveness in an environment of the analog-
ical global chains in the world market. We give a strict de-
scription of the local and global equilibrium laws, taking into
account the basic parameters of the initial the law of sales: the
time of resources turnover and their optimal quantity.

Key words: account, analysis, logistics, law of sales, reviv-
ing, economic registration certificate (ERC).

Introduction. Investigating evolution of the struc-
tural organization of the economical analysis in condi-
tions of global economy, and aso studying practical ex-
perience of the companies representing interests of na-
tional economic with various levels of technological
way, it is possible to draw a conclusion that transfor-
mation of the economical analysis in the fundamental
economical theory is possible only when in the center
both anaytical constructions, and practical application
will be some universal economic object realizing the
closed scheme “raw material — products — market”. This
idea has served as motivation for creation of the axio-
matic theory of economic analysis (ATEA) [1, 2] within
the framework of which the major task of conceptual
character connected to definition of object of research is
solved: the object of research in ATEA isthe smple or
branched global chain of financial- productive relations.
As basic subject ATEA reviving is marked — the global
logistics systems in terms of which the problems of op-
timization of parametrical lines (form ERC3 of the eco-

nomic registration certificate) and decrease in non-
productive costs are investigated. Thus the TVS —
methodology, which includes diagram method (rules
R1-R4) and a method of TV S-connections (rule r1-r9),
plays essential role. In works [1, 2] the new conception
of global logistics ( the ERC-conception ) is formulated,
in basis of which is the economic registration certificate
(ERC), consisting of five account-analytical forms
ERC1-ERC5. ERC-conception is realized at a level of
local and globa equilibrium laws in simple and
branched global chains of financial — productive rela
tions. Here we find obvious expressions for these laws,
using designations specified in works [1, 2]. Thus ref-
erences to formulas in works [1] or [2] begin with the
number of these works, for example: [2.14] means the
formula (14) works[2].

Formulation of task. In the construction of ana-
Iytical scheme ATEA [2] fundamental role the relative
law of reserve saving plays

t
1=r(t)+ ¢y(t-t it )t ,0<t £t,t>0. (1)
0

The equation (1) is the equation Bellman’s type for
unknown function of renewal of reserve W(t ), in terms

of which central object ATEA — the economic registra-
tion certificate (forms ERC4 and ERCS) is formulated.
Our purpose in the given work is to find decision of the
equation (1) in some important cases from the applied
point of view.

3. Results. We find obvious structure of function

of renewal W(t ), when the law of sales P(t) with pa-
rameters M and T is determined by speed of sales
\Y (t) , possessing the following properties:

(@) The speed of sales V (t) isthe power function
V(t)=Vt",n=012,..,V,>0,0<t£T.

2

Determining coefficient V, from the equation
T n+l
n+1’

!
M =V, dt® V,
0

©)

for the normalized function of the remain we receive
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r(t) = (1-—”+1)[h(t) h(t- T),t>0, (4

where h (t ( ) —isthe Heavyside' s function.

Vaue N=0 in (2) corresponds to constant speed of
sdes V (t) °V,, O<t£T and on according to (3),

V, =¥. Supposing in (4) N =0 we have

() = (1- %)[h(t)-h(t- T),t>0. 5
(b) Speed of sales V (t) has alocal maximum:

V(t):csin%t,0<t£T,c>O. (6)

Finding coefficient ¢ from the equation
T

T ¢ 2T
M —C@m—tdt° c—, (7)
o T P

for the normalized function of the remain we receive
r(t) =%(1+ COS%t)[h (t)-h(t-T)],t>0. (8

For the decision of the integrated equation (1) the opera-
tional method is used on the basis of integrated Laplas
transformation as the second item in the right part (1)
looks like convolution. As functions (5), (8) are limited,

parameters of growth of the function-original w(t) and
r (t) in (1) are equa to zero.

Carrying out Laplas' transformation in (1) and using
thus the theorem of multiplication of E.Borell, we find

L(W):l-p—l‘(r),p:5+is’ 9)
pL(r)

whereL(r), L(w) - Laplas transformations accord-

ingly functions 1 (t) andw(t) .

If S, isthe order of growth of function r (t) using (9),

we receive the forma decision of the equation (1) for
function of renewal of reservesw(t) :

¥
L o 1- poe "r(t )at
w(t)=— ge” —° dp,
21y poe " r(t )t (10)
0
Rep=b>s,.

At the beginning let's consider a case (a), when N =0.
On the basis (5) we find transformation of function
r (t) :
1 1 1
L(N==(- )+
Y pT" pT
Substituting (11) in the formula (9) we shall receive

(11)

Lw)=1- e )(pT+e " - 1)~ (12)

Taking into account, that the order of growth §, the
function-original (t) is equal to zero, we choose in
the formula (10) value Rep=Db>sg), 5 =0 so that
the inequality ‘( pT - 1)epT‘ >1 to carry out (it corre-

sponds to straight line Re p = b located more right of

al zero is of function (11)). Then the decision of the
equation (1) can be written down in the form

w(t) =

18 (-D% t
;ao " [(—- K)hi(t- kT)eXp(—- K) -

-(%-k nt - (k+1)T)exp(—-k 1],
(13)
Let's choose decisons on each of intervals

nT<t£(n+1)T, n=012,...,
definition [2 14]:

from (13), using

_ t
01(t) eXp(?)
1 t t l_
W)= 2 exp(h) - (-,
nn+1( ) = ( 1) ( n)n eXp(i- n) + (14)
i( 1) [ 1 el K-

'(?' k-1) exp(?- k-1)],

Let's write on the basis (13) obvious expression for
standard function of renewal

w*(x) = 3 (kl) [(x- K)*h(x- K)exp(x- K) -
-(x- k- 1)kh(x- k- Dexp(x- k- 1],x>0.
(15)

Taking into account equality (14), (15), it is easy to find
that

W:n+1(x):

& E0(x- ky* expix- K)-

o h! (16)
- (x- k- D*exp(x- k- 1],
Nn<xX£n+1,n=0,12% .

Q_)o

=
1l
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Formulas (16) dlow to carry out full research of the
standard W (X) on intervdls n<Xx<n+1,

n;n+l
n=0,12,.. The
wd =w, n+1(X) for values N=0 and 1 is show on
fig. 1.

¥

behavior of function

0 1 e—1 z

Fig. 1. The graph of standard function w*

n=01
Let's write now set of standard base speeds of renewal
[2.17], on based (16):
t

s () =l @ Dlepc),

= wjfml(x) for

N5 () =[1- (2 D(EPG) - Sep(- ),

.t
nn;n+1(.|_)

=1- (n+1- DL 1)( )" exp-- )+
B et -

'(?' k-1) exp(?- k- DI},

)

Schedules of base speeds of renewa [2.16]

1

nnm((n+1)T;t)=;n:n+l(t;) for n=01 are

shown on fig. 2.
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Fig. 2. Bihaviour of base speed of renewal
n nm((n + 1)T;'[ ), N = 0,1 of corresponding speed of

sie@ V(t)=V,

For thelocal T -law [2.20] we receive

t
rnﬁ;n+1((n +1)T1t) = g:nﬂ(?)!
(18)
n<%£ n+1,n=0,12%,

where the standard law of renewal g:fnﬂ(z) according
to (5), [2.18], [2 22] isgiven by equality

gnn+1(z) dl (n+1 X)] nn+1(X)an

n<zg n+Ln =0,1,2,%.

The area of the shaded flat areas on fig. 2 is as ge-
ometrical illustration of the T -law (18) for N =0 and
1 The reduction local law of deliveries [2.32] of raw

materials Y , working in elementary structure {B, A}

(19

of local chain of financial — production relations and
corresponding to the law of salesin elementary structure

{A.C} with constant speed V (t) =V, (2) has, with
the account (19), akind
9,(t) =

t
n+—
T

=M Ql1- (n+1- )Wy, ()X, 0<t£T,

n=012,... (20)
The function (20) continued on period T on al
semiaxis (0,¥) , determines a mode of renewal of raw

material Y during any timeinterval (O,t) ,t>0.
Let's pass now to consideration of a case (b) when
speed of sales V (t) has a loca maximum and is de-

fined by equality (6).
Laplas' transformation of function (8) looks like
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e o
g —
L(r)-E(}— P -
gp 0 +wo
&T ;
e R, -
e 0
LS SR S
2¢p ®O
+ -
g P’ 8Tﬂ %)

Substituting (21) in theformula(9) we find
1
%) O (1+ e pT)

28T 5
2, 1ap0 _ 1lapo
+
P 28Ty 2&T o
Let's choose in (10) Rep=b>s,, 5, =0 so that

L(w) =

(22)

<1 (it corresponds to the requirement

according to which straight line Rep=b should be in the
field of analyticity of function (2)). Then it is possible to
present (22) in the form

L(w) :189925_ 28T 5 .(23)
26T & ¢ 1wouk+1
eIO 5

To find of the origmal w(t) on Laolas transfor-

mation (23) we enter introduce parameter | in the
def K

formula (23) and we designate D|(k) =

TR Then,

carrying out corresponding differential operations and
supposingintheend | =1, itiseasy tofind
L(w) =

- ¥ _ u
18¢)Oé(1) D""p |13¢10u
28T S kI ' §  2&Tag
(e- KTp +e—(k+1)Tp). (24)
As | T B(1d), where B(1;d) — small enough d -
vicinity of unit designating | ~ = supl , we receive

11 B(1d)

-1

b+i¥ L2
1 lapo U
O€’ ¢ k') D™ & Ap +I E?Ti+ 0 €'Pdp £
b- i¥ e 24
bt gléﬂ’ig Se KTb
“ 828Tag
£ 0 2 Kk+1 dS < +¥
-t u
“grs?)1 220
@ 2 T 4] g
(25)
The estimation (25) means that  function
U
e‘p( ) D(k) p +1 1%)9u e has inte
k! 2&T 5 4

grated majorant. Hence, operatlon of differentiation
Dl(k) on parameter | under symbol atmosphere of in-

tegral
bty (_ 1)k é -
\ () X lap 0 KTp
O€e"—-D gp +l —¢=+ 0 € Pdpis
b- iy kl @ 2 T ﬂ g

correct. On the basis (24) we find finally

(- 1) D(k){

P g ,
=P h(t- KT
T&Eo A

. p,t
snyl =(=-k)+
2K

+—Lh- (k+1)T)sinx/I_%(%- k-1}, (26

D

t>0.

Choosing (26) decisions on each of intervas
nT <t£ (n +1)T , N=0,12,... from (26) we re-

ceive
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_1lp _. pt
Wo,(t) _?Esnﬁ?’

_1p,.pt 3. p t o
W1;2(t)_?$[snﬁ?+isnﬁ(? 1]
Y Sy I
= 4(T 1)008\5(T 1),

1p (Y D L L.

W0 =55 fsnf( )+
1%1('1)k (k) o
+Tka;o - D, \/_[sm\/_\/_( k) +
. pt
+S|n\/l_ﬁ(? k- 1], @27)

Taking into account egquations [2.13], (26) it is easy to
write out the formula for standard function of renewal

W (x) = a( 1) DOh (x- K)— J‘

’ sin\/r%(x- k) +

+m(x- k- 1)T1|sin\/l_%(x- k- 1)}, x>0,
(28)

On the basis [2.14], [2.15], (26)-(28) we find
W (X) =

(nl.) D‘“’\/_sin\/l_%
:éz(_l. D,"‘)\/_[sm\/_\/_
+sin\/r%(x- k-1)], n<x£n+],

n=0212Y .

e ol

(x- n)+

(x- k)+

(29)
For the normalized speed of renewal [2.8] with the ac-
count (8), [2.13] we receive

n(tt) :%[h cosp (% - t?)]wst ¢

(T ) (30)
o<t £1,t>0.

Let{t,},,
point of the control. Then there is such the integer non-
negative N, that NT <t £ (N+1) T and on the basis
(30) have

—the any control system and t, — any fixed

[1+COSIO(—-—)] nln( ),

tk-T<t £nT,

i
T
it
nn+1(tk’t ) |
T

1 t, t t
—[1+cosp (=X - w (=),
.|. 2T[ p(T T)] n,n+1(.|_)
Vit nT<t £¢,.

(31)

It is obvious, that functions (31) satisfy to the equations
[2.10], [2.1]1].

For base control system (BCS) when t, =KT,
k=1,2,..., we receive with the account [2.16], (31)
system of base speeds of renewal
1 t
N, (N+DT;t)==n> (=), 32
mna((N+DTE) =M 1(T) (32)

where standard base speed of renewal looks like

st _1 _ 1\l st
nn;n+1(x) - 2 [1+ ( 1) Cosp X]Wn;n+]_(x)l (33)

N<X£n+1L,n=0,12%.
The behaviour of function n:fnﬂ(x) for Nn=0 and 1
is show on fig. 3.

(]
I
|
|

|
|
|
I
|
I
i

1
LI
b

0 1 2z

Fig. 3. The graph of standard base speed of renewal
nn n+1( ) n= 01

Theloca T -law [2.21] corresponding to speed of sale
(6), is determined by equation

t
rT-ln;n+1((n + 1)T!t) = g:n+1(?)! (34)
where the standard law of renewal hasthe form [2.22]
$ (2) = A1+ (- D™ cosp X]w? .. (x)dX,
gn,n+1( ) nd ( ) p ] n,n+1( ) (35)

nN<z£n+1n=0,12Ya.

The geometrica illustration of the standard (35) is
shown on fig. 4.
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0 T s

Fig. 4. The graph of the standard law of renewal
s —
gn;n+1(z)’ n= O’l

The reduction local law of deliveries of raw material Y
[2.32], corresponding to speed of sale (6), is given by
equality

t

n+—
T

9,(0) =M 2 QL+ (-7 cosp w4 (X,

O<t£T,n=0,12Y,
(36)
where standard function of renewal ijnﬂ(x) is de-

fined by the formula (29).

In works [1,2] we marked, that the economic registra-
tion certificate (ERC) is a basis of the analysis and the
account of reviving, i.e. of al logistical activity in glob-
al chain of financial — production relation. But structure
ERC is determined with three universal functions:
standard function of renewal [2.13], standard base speed
of renewal [2.17] and the local law of equilibrium
[2.22]. It was sufficient motivation for creation of com-
puter program (CP) "BCS-1: Accounting” with simple
card of deliveries of raw material (SCD), including vol-
umes and terms of deliveries and operating for the peri-

odoftime nt<T £(n+1)T, n=0,12,... [3].

Thus, SCD provides all ten positions of account — ana-
Iytical form ERC5 [2].

Conclusions. The results received by us in this
work, correspond to the general plan of construction of
researches in scheme ATEA, having well defined ap-
plied aspect. It is obvious, that scheme of optimization
of economic activities of the companies in the world
market should have the strict scientific bases. In this
plan the idea that the account and the analysis of eco-
nomic activities outside of its connections with suppli-
ers of raw material and a marketing outlets will be logi-
cally contradictory and will not provide economic
growth. For example, if in frameworks of reviving to
build a policy of management of material flows it is
necessary to agree that at any industrial and marketing
strategy the model of logistics of supply should be char-
acterized by parameter of optimum volume of reserves,
offer for sale demand. It is obvious, that the value of
this parameter should be defined only by the law of
sales.

Minimization of expense for a conservation of re-
serve is in our opinion a secondary task of reviving,

which does not influence on the size of optimum vol-
ume of reserve. At such reviving organization the prob-
lem of measurement of expense and return on the capi-
tal enclosed in reserves can be solved. General-
theoretical interest represents connection of this prob-
lem with process of optimization of parametrical series
P.S. (S) and the mechanism of pricing in simple global
chain FPR. All this will be an object of research in the
following work of the author.
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lenokoBaT.B. ®opMupoBanue JOKAJBHBIX U IJ10-
0albHBIX 32KOHOB PABHOBEeCHS] B YHHBEPCAJIbLHBIX JIOTH-
CTHYECKHX CHCTEMAaxX

B pabome ¢ nomowplo mamemamuyeckozo annapama
axkcuomamu4eckou meopuu skonomuyeckozo anamsa (ATIA)
u meopuu eoccmanoenenus benimana pewena npobnema
2APMOHUYHO20 — (DYHKYUOHUPOBANUSL  TOSUCIIUYECKO20 — Me-
HeOJCMenma 6 YHUBEPCANbHOU JI0SUCIUYECKOU  cucmeme
(VJIC). VIIC npeocmasnsiem coboti npocmyio uiu pasgeme-
JNeHHyI0  2n06anbhylo  yenvb OUHAHCOBO-NPOU3BOO0CHBEHHBIX
OmMHOWeHUIl, KOMOpAs Xapakmepusyemcs Haiuduem pueaii-
sunea. Pusatisune, kKak COBOKYNHOCHb MAKPOIOSUCMUYECKUX
cucmem ¢ npeoenax YJIC, obecneuusaem onepayuu no no-
CMAsKam cuipvs, nPOU3800CMSY U CObIMY 20Mo6ol NPOOYKYUU
€ MUHUMATILHBIMU TO2UCTUYECKUMU 3AMPAmamu. Yposens o-
2UCIUYECKUX 3ampam onpeoensiemcs 0eucmseyiouum 3aKoHOM
npooaxc OCHOBHOU NPOOYKYUu, KOMOPbIll A6NSAemcsa 00beK-
MOM MPAHCAKYUU HA 2100ATbHOM DblHKe. 3aKOH Npooaic
uHUYUUpyem 6cro no2ucmuyeckyio oesmenvrocms 8 YJIC, ko-
mopas cmpoumcsi Ha JIOKANbHbIX U 2100ANbHBIX 3AKOHAX Pas-
Hogecus. JlokanbHble 3aKOHbL PAGHOGECUs. 2APMOHUIUPYIOM
KOpomkooeticmeylowjue cesi3u Mexncoy 36eHbAMU 21006aNbHOU
yenu u 0mMeeuaom 3a peanuzayuio MexHoN02U4ecKux u Kom-
Mepueckux mpeboganHuil Ha KajcooMm dmane mexHon02uiecko-
20 U KOMMepueckozo npeobpa3oeaHus KOMHOHEHM Cblpbsl.
Inobanvuvii 3axon pasrnosecus 6 YJIC cmpoumces kax cutnep-
2emuueckoe 0bveOuHeHue JOKANbHbIX 3AKOHO8 U COOmEem-
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cmeyem mpebosanusM KOHKYDEHMOCNOCOOHOCUY  OCHOBHO
nPOOYKYul 6 cpede AHAI0SUYHBIX 2100ANbHbIX Yenell Ha MUpo-
60M puitke. B pabome dano cmpozoe onucanue T0KANbHbIX U
2100ANbHbIX 3AKOHO8 PAGHOBECUsl, YUUMbBIGAIOUWUX OCHOGHbIE
napamempul UCX0OHO20 3aKOHA NPOOAJIC. 8peMsi obopoma 3a-
nACo8 u UX ONMUMANLHOE KOAUHECHBO.

Kniouesvie cnosa:. yuem, ananus, nocucmuka, 3aKoH
npooaic, pusatieuHe. IKOHOMUHECKUN  PeUCmpayuoHHbIl
cepmugpuxam(ERC).

IlosnoxoBa T.B. ®opMyBaHHS JTOKAJLHUX Ta I7100a-
JIHUX 32KOHIB PiBHOBAru B YHiBepCaJbHHX JOTICTHYHUX
cucreMax

YV pobomi 3a Odonomocoio mamemamuuno2o anapamy
axciomamuunoi meopii exonomiunozo ananizy (ATEA) i meo-
pii 8ionosnenns benimana poss’ szana npobiema 2apmMoHiuHO-
20 (DYHKYIOHYBAHHA N0LICMUYHO20 MeHeOd CMeHmy 8 YHigepca-
avnitl nozicmuuniti cucmemi(VJIC). VIIC € npocmum a6o pos-
2amYoHCeHUM  200ANbHUM TAHYIO2OM  (DIHAHCOB0-8UPOOHUYUX
BIOHOCUH, AKULl XAPAKMEPU3YEMbCA HAAGHICMIO pigaiigined.
Pigaiigine, Ax cyKynHicmbs MAakpoIOICMUYHUX CUCHEM 6 Me-
arcax VIIC, 3abe3neyye onepayii 3 nocmavyanHs cuposunu, u-
PpobHUuymea ma 30ymy 2omoeoi npooyKyii' 3 MiHIMATbHUMU J1O-
eicmuynumu 3ampamamu. Pieenv nocicmuunux sampam 6u-
3HAYAEMbCA OTFOUUM 3AKOHOM NPOOAX*CI8 OCHOBHOI NPOOYKYii,
AKUL € 00’ EKMOM MPAHCAKYIT HA 2100ATTbHOMY PUHKY. 3AKOH
npodascie iHiyitoe 6cro nocicmuuny OisrvHicms ¢ YJIC, saxa
6y0yemubCsl HA TOKANLHUX MA 20OANLHUX 3AKOHAX PIBHOBAZU.

JlokanvHi 3aKoHu pieHO8a2U 2APMOHIZVIOMb KOPOMKOOIHOUU
36’ SA3KU MIJIC IAHKAMU 2100ANIbH020 JIAHYI02A Md 8ION08I0ad-
10omb 3a peanizayilo MexHoN0IUHUX | KOMEPYIHUX GUMO2 HA
KOJICHOMY emani MexHoN02IUH020 | KOMEpYitiHo2o0 nepemeo-
DpeHHsi KOMNOHeHm cuposunu. 1 nobanvruil 3aKon pienosazu 6
VIIC 6yoyemvcs ax cunepeemuune 06’ €OHAHHSL IOKANbHUX 34~
KOHi6 i 8i0nosioac nompebam KOHKYPeHmo30amHOCmi 0CHOB-
HOI nPoOYKYil' y cepedosuyi aHaNO2IYHUX 2100ATbHUX TIAHYIO-
2i6 Ha c8imogomy punky. ¥ pobomi oano cmpoautl onuc 10Ka-
JIBHUX [ 2100ATbHUX 3AKOHIE PIBHOBA2U, IKULL BPAX0BYE OCHOBHI
napamempu 8uxiono2o 3aKOHy npooaicie. uac obopomy 3ana-
ci6 ma ix onmuManbHy KilbKicme.

Knwuogi cnosa: obnix, ananis, nocicmuxa, 3akon npo-
oaoicis, pisaiigine, eKOHOMIYHUL peecmpayiiHuil cepmugi-
xam(ERC).

IlonokoBa Tersina BagumiBHa — KaHIUIAT CKOHOMIYHHX
HayK, JOLEHT, HOoIeHT Kadenpu «O0mik i ayaut» CXiTHOyKpa-
THCHKOTO HAI[IOHAIBHOTO YHIBEpPCUTETY iMeHi Bomomummpa
Jamst, gornakoza@rambler.ru.

Penenzent: Yk B.l. - 10KTOp €KOHOMIYHHX HayK, Mmpode-
cop, 3aBigyroda kadeaporo obiiky i aynury CxXigHOYKpaiHCh-
KOT0 HaI[lOHAIBFHOTO yHiBepcuTeTy iMeHi Bonoxmmupa [ans,
M. JIyrancek, Ykpaina.

Cratps nogana 17.09.2013

[OKyMeHT co3aaH C NOMOLLbI0 He3apernctpmpoBaHHon Bepcun pdfFactory Pro www.pdffactory.com



mailto:gornakoza@rambler.ru
http://www.pdffactory.com

