ABSTRACTS

SECTION A
EDUCATION

BOBE BO UTEPALIMIA HA ®YHKUINH
U IJYIUA MHOXKECTBATA

Roza Aceska

ANCTPAKT. Wrepauunte Ha MOMHHOMU X PALMOHAIIHA (pyHK-
QUM Ce MHTEH3MBHO NPOYUYBAHM BO MOUETOKROT Ha 20-01 BEK Off
Tacron Jynua. Ilpu urepnpame Ha Hexoja (DYHKIHja MOXKE Ha ce
[o6HjAT pasIIYHN PESYNTATIL. Ipexy NPAMEPOT Ha UTEPUPATHE HA
peasiHa/KOMIIEKCHa KBajpaTHa (hyHKIMja YISHAUATE CE 3allO3HA-
BAaT CO PA3NMUHUTE UCXONM Ha HTEPHPATLETO. Co RopuCTEIbE Ha
KOMIjyTepcKa nporpama ce JOBGHBAAT MHTEPECHU TPA(UIH UK
epeKTH ce OBP3AHA CO GpsunuTe Ha urepuparbe. Bo opa usnara-
he [ajleH € IPHMED, JIECEH 34 PECMETKI (co obuteH AUTATPOH) 1
3a pasBUparbe Ha ORHECYBAIBETO HA UTEPATHTC (orpaHgdenu wnu
we). OBnacTa € HHTEPECHA 32 paboTa CO HaapPEHN YUCHUIN.
SYSTEMS OF LINEAR EQUATIONS
Viadimir Baltic

ABSTRACT. Systems of linear equations are common in science and
mathematics. They find their application in physics, chemistry,
economy, linear programming and in plenty of other scientific areas.
We will present a brief survey of methods for solving the system:
Gauss' method, Gauss-Jordan reduction, Cramer's Rule, graph method.
Furthermore, we will give remarks on important things in every
method. Additionally, we will introduce an application of the linear
independent row-vectors in the elementary teaching of solving the
systems of linear equations.

[IPMMEHA HA HEKOU OJ TEXHUKUTE O/ NPOEKTOT
YIKM - COPOC BO HACTABATA IO MATEMATHKA

Sofija Brezovska, Gorgi’Kitanski, Jelena Babovic,
Anastazija Belevska, Biljana Rejcevic, Biljana Jovanceva
AIICTPAKT. Topagu morpebara 3a OCOBPEMCHYBAILE  HA
HACTABATA CaKaMe [[a MPeilo¥KHUME HEKOU TeXHUKH 34 nogo6po
COBIAJyBAthe HA MATEPHJANOT N0 MATEMATHKA. Texnuky Ko Ke
[PUOHECAT 3a KPEATHBHO OCMUCHYBAE I PEANNBHPALE  HA
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XAPMOHMWCKA NPUHIUI BO MOJEJIUTE HA
PACTEBE HA NONYTAIIAIA

Dragica Radovanovic

ATICTPAKT. MaTemerTnkara OTCEKOTall MMana MHOTY BaXXHA
ynmora BO GHOJIOTH]aTa U PYTHTE NPUPOLHL HakyKu. Bo 0BOj TPYX
ce  NpUKaKAHM  OCHOBHMTEC — MATEMATHIKU — MOAC/M Ha
nomynanuckata Guonoruja - obnact 3a une premenyBame (50-
rute ¥ 60-TUTE TOHNUHA HA ABACCETUOT BeK) 3aciyxuu ce Pobepr
Mexkaptyp ¥ Ensapg BujcoH, KOM I[OYyBCTBYBaJe [eKa 3a
OnuIIyBake Ha IPUPOJHUTE 3aKOHH KOU ynpasyBaaT CO
pacTemeTo HA nonynanuja HAMECTO EAHOCTaBHH TCKCTYyalHH
06jacHyBamba MOXKE Jla C& KOPUCTAT MATEMATHIKH mogemn. [locre
MHOTYOpOJHM CKCIEPUMEHTH HUBHMOT 3aKjayuyok Oun - Bo
fipupooaiiia focou ipekpacen cilipemexc Hewdfiaiia u liojasuiiie
da ce ypamHouiexail u da ce DOCHiUZHe XapMOHUja U KO2a bu ju
ociiaéune Gpupodailia cama 0a ce ypedysa Ou utociioen
eKauUAUbpUYM.

Eren Off HAjlIO3HATUTE MOJE/M HA PACTCHE Ha nonyjianyja €
JHOFHCTHUKHOT MOJEN Ha PacTeme KOj € NPEeTCTaBeH co jocTa
eHHOCTaBHA PABEHKA, MEIYTOQ BeKe TyKa MOXMeE Jja [Ojaeme 10
MHOFy HMHTEPECHH 3aKIydOUW - BO 3aBUCHOCT OR crankara Ha
pacTeme Ha jonynaygjaTa GpojOT HAa EMUHKH HA HOMynanujaTa
MOHOTOHO WM €O TIPHLYLICHM OCUMIAIMU IO JOCTUIrHYBA
eXBANMOpUYMOT, MM  OCHHMIMDPA Mefy HEKONKy (uKcHH
BPE[IHOCTH, HO MOXE J{a CC OfHEeCyBa 1 Xa0THYHO.

STEINER SYSTEMS
AND SYMMETRICAL DESIGN APPLICATION
IN THE AGRICULTURAL EXPERIMENT ORGANIZATION

D. M. Randjelovic, M. D. Randjelovic, J. Jovanovic, M. Jasovic

ABSTRACT. Presentation, construction and conditions of existence
one combinatorial configuration—design is in the base of determining
the possibility some experiment organization in many science discipline
and also in agriculture. With the design
B(V,r_l,..,,r_v,b,kﬁl,...,kﬂb,l{12},4.,,1{v—1,v}), like one combinatorial
configuration, can be presented organization one's experiment in which
participate finite number v elements some basic sets, which should
organise in the b designs from defined number k_b elements from this
basic sets, but so that every of this elements are exactly in r_v designs
and every pair of this different elements is in 1{v-1,v} designs. In this
paper are considered the conditions of presentation, construction and
also existence one "narrower” class of designs so-called balanced
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‘incomplete block designs(BIBDs)-Steiner systems which are balanced
incomplete block-designs with 1{v-1,v}=1. Also is cosidered and the
class of symmetrical designs which are BIBDs with b=v(and automatic
k=r) - B(v,klD) designn. Three examples of Steiner system and
symmetrical designs application in agricultural experiment organization

is also given in the paper.
[ —
[LANCHESTER COMBAT ATTRITION
DIFFERENTIAL MODELS

Nevena Serafimova

ABSTRACT. Lanchester-type differential equation attrition models
refer to the set of models that describe over time changes in the force
levels of combatants and other significant variables that describe the
combat process. Their solution can provide an insight into the dynamics
of combat, and could be applied almost through the whole hierarchical
system of combat activities. This introductory work looks into different
types of these models, their solutions and the possibilities for their
utilization and upgrading.
ATIPOKCUMALIAJA HA EMIIMPUCKUTE
KOH HAJITO3HATUTE TEOPUCKHU AUCTPUBY I

Kosta Sotiroski

ATICTPAKT. Crno3zHaBabeTo a4 32aKOHMTOCTUTE HAa CKOHOM-
ckuTe TojaBM M mpounecd € HEONXOJHO BO TPOLECOT HA
eKOHOMCKUTE  MCTPaxKyBarba. Toa e OcHOBa 3a MIHA
npejBUyBamba, NpOrHO3upama, npoexKuun U cumynaguja  Ha
eKOHOMCKUTE II0jaBd M TIPOLECH. 3a Taa LN [puMeHaTa HA
TEOPUCKUTE pqucTpubymy, co coofseTHa COpTBEPCKA TIoppLIKa,
BO IPOLECOT HA anpoxcumauﬂja e BO (PyHKUHMja HA nobuBame
He70cHa, NOTHONHA H HAYYHO 3aCHOBaHA wHdopManuja 32
TEKOBUTE U Pa3BojOT Ha e KOHOMCKHTE [10jaBy U IPOLECH.
KJIAY4YHU 350POBW. TEeOpUCKHU quCTpUOyL#H, CTATCUTHIKH
KAJIKyJIaTOPHY U NaKeTH, cscTeM 34 MOJPUIKA Ha Oy yBambeTo.

CITIES IN-BETWEEN CHAOS AND HARMONY
Jasna Stefanovska

ABSTRACT. Cities exist more than 5500 years, and till now, it is
impossible to give a single definition what city is, but it i8 absolutely
true that Jarge numbers of people living in close proximity do not in
themselves constitute a city. Cities are too complicated, too far beyond
our control, and affect too many people, who are subject to too many
cultural variations, to permit any rational answer.
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Steiner systems and symmetrical design application
in the agricultural experiment organization
D.M.Randjelovié, M.D .Randjelovi¢, J.Jovanovic, M.Jagovié
Presentation, construction and conditions of existence one combinatorial configuration
- design is in the base of determining the possibility some experiment organization in many
science discipline also in agriculture.VVith the design B(v,71,..,7, b1, .o ko, Az, o Ao—1,0)
like one combinatorial configuration, can be presented organization one’s experiment in which
participate finite number v elerents some basic sets, which should organise in the b designs
from defined number k» elements from this basic sets, but so that every of this elements are
exactly in 7, designs and every pair of this different elements is in Ay—i, designs. In
this paper are considered the conditions of presentation, construction aund also existence one
»Larrower” class of designs so-called balanced incomplete block designs(BIBDs) -Steiner sys-
tems which are balanced incomplete block-designs with Ay—1,0=1. Also is cosidered and the
class of symmetrical designs which are BIBDs with b=v and automatic k=t - B(v, k,X) de-
signn. Three examples of Steiner system and symmetrical designs applicationin in agricultural
experiment organization is also given in the paper.

Key Words: Steiner systein, symmetrical design, agricultural experiment organization

1. Presentation of BIBDs

Definition 1.1 Suppose that M is finite or infinite set. Every set of
subsets, which consists elements of set M, is called configuration over the set M,
it is marked with J and it 1s represented in form J = {51,582, ..., m} where
every subset 51 contains random number of elements.

Configuration can be graphically presented so that we assign points of plane to
the elements of the set M = {z1,22,- z,} and every point, which belongs to
set S; , must be circled with a curve line.

The counfiguration can be given with a graph where the points of plane (like
clements of set M) are connected with appropriate circle in planes that represent
subsets 9 .

Because of elaborated matrix-calculation the configuration is represented
by so-called: incident matrix. Suppose that J = {51,5%, oy S} is configura-
tion over the set M = {z1,22, oo, Tn}. For element z; , j=1,2,...,0, we say that it
is in incidence with subset S; i=1,2,...,m, if z; €8;. Rectangular (0,1)-matrix
A = {a;;} , in form [m x n], whose elements are for each i = 1,2,...,m, and for
cach j =1,2,...,n defined with

o 1, ifa;e S
“i = 0, ifz; #S5,

Tt is called incident matrix of a given configuration J over the set M.
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Because the configuration over the set is given by subsels and because elements
in those subsets are not organized and because schedule of this subsets in the
configuration is not important, we can say that different notices of elements in
basic set, and also subsets in configuration are possible.

Tt leads us to the conclusion that one configuration can be corresponded by more
incident matrix. The question is: in which form we should give the configura-
tion? The answer is very clear - we should change the configuration so that we
get trivial form of incident matrix_i

Definition 1.2 By design we mean any configuration B = {By,..., By}
over finite set V' = {ay,02,....ay} , where b i v are natural numbers. Design
can be defined like definite pair (V,B) where V ={ay, Gy, ..., 0y} s finite set
of elements, and B = {B1, B2, ..., By} set of subsets of different elements from
V, or we can say set of block’s( we mean that B; # B; for i # 7)-

Let us have design (V,B). Tor element a; ,a; € V 7 = 1,2,..,0 we

can say that it is incident to block B;, Bi € B 1= 1,2, obifa; € By . With
ki, j=1,2,..,b we will mark total number of elements a; , a; € Vi=1,2,..,v
which is incident to block B; . Total number of blocks By, j =1,2,..., b, incident
to element a;, ¢ = 1,2,...,v , we will mark with r; . With Ay we will mark
the total number of elements of the set B; ( that kind of a;,a; € Bj forall 7 =
1,2,..,vand t=1,2,...,v, © # j). Because of undefinity of the elements of the
blocks we can say that i = Ay , so it is valid only to observe cases ¢+ < t. The
numbers v, b, r;, kj, Ay, are called arguments of given design.
The use of this kind of configuration in solving the combinatory problems is
very complicated. That is the way in which we will observe only balanced
incompleted block-designs marked with (v, 7,b,k, A)- configurations over finite
set V where the set V consists of v mutual different elements and configuration
B is made of b blocks, every block is made of exactly k < v elements from V,
every element from V appears in exactly r < b blocks and every pair of different
elements from V appears in exactly A blocks.

2. Conditions for existence of designs

It can be proved that il one (v,r,bk,A)-configuration over the linite set
of elements exists, than two arguments are in the roundly servitude of perma-
nent three, what will be explained in the following theorem which will be given
without proof.

Theorem 2.1[5] [If ewists balanced design over finite set of elements
V with arguments v,r,b,k,\ i.e evists (v,1,0,k A )- configuration over determinate
set V, then the next equalilies are correct:

bk = vr (2.1)



and

re(k=1)=X(v—-1). (2.2)

Theorem 2.1 gives necessary but not enough conditions for existence of designs.
Namely, if some of arguments v,r,b,l, A satisfy relations from theorem 2.1, we
are not sure that suitable configuration really exists; also, since the arguments
are natural numbers, by giving some three, sometimes it is not possible to define
permanent two only by using relations from theorem 2.1. The large number of
testing in existence of designs had been performed, thanks to the evolution of
the computers, depending on some arguments that could satisfy conditions from
theorem 2.1 it is decided :
o for large values of argument v, balanced incompleted block design always
exists and for small values it never does.
s fork = 3 and k = 4 theorem gives enough conditions for appropriate config-
uration, but not for k = 5.

Let us have some (v,r,b,k,\)-configuration over finite set of elements V
and we know its incident matrix A = {aij} , which is rectangular, in form [b
x v]. Every hers column contains r units, and every hers rows contains k units.
Scalar product of two mutual different vector-columns is equal to the number
of appearance of the pair of different elements from V in configuration, namely
equals A. The scalar product of any vector-column with himself equals argument
r, namely equals the nurnber of appearance of any elements V in design. Those
obvious attributes of incident matrix of (v,r,b,k,A\)-configuration, enable us to
get necessary and enough conditions of its existents.

Theorem 2.2[4] Let the rectangular (0,1) matriz A = {aij}, in form
[b z v] is incident malriz of some (v, b,k, A )-configuration over finite sel of
elements V. Then the nexl equalities are correct:

AT A = (r= N L, + Ay, (2.3)

and

A Toxr =k Tyxa
Vice versa is also correct.
Unfortunately, for determining of the arguments using the theorem 2.2, 1t is
necessary to solve suitable matrix equality and that is not possible without
corresponding mathematics method which is until now not developed. Therefore
we must take interest for cpecial designs. The most famous one is Steiners system
for A = 1 . Interesting class, known as Steiner triple systern, consists of class
(v,r,b.k,1)-configuration for k=3.
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Theorem 2.3[2] Necessary and enough condition for the cuistence
Steiner triple system are that v can be given in one of two form :

v = 6t+1 orv = 6t+3 for t = 0,1,....

Theorem 2.4[1] Steiner triple éystem exists if and only if for the ar-

gument v to be valid next equalities:
. "t - N\
v = 1(modb) or v = 3(modb) . (2.4)
In literature are known and Steiner quadruple system which are obtained

for k=4 and A = 1 ie. A =23 . Necessary and sufficient condition for theirs
existence is given that must be satisly one of the next two equations:

(2.5)

{l

for A =1: v = 1(modl2) or v = 4(modl2)
for A=3: v

0(mod4) or v = 1(mod4)

Definition 2.1 BIBDs with b=v (automatic follow k=r - see (2.1)) is
symmetrical design.

Theorem 2.5[3] If exists one (v,k.\) then :

a)if v is even then is k—\) full square some natural number;

b)if v is odd then equation 22 = (k— N)z* + (=D)=1/2)y%  have in the
set of natural numbers untrivial solutions for ©,y,z.

Let us have some (v,r,b,k,A)-configuration and b is divisible with v (b=
0(modr)) . Suppose that the blocks B; for this configuration, B = {By, ..., By},
can be classified in t family 01, B2, - 0r and in spite of that are two condition
satisfied :

s The blocks from each family B;, i=1,2,..,r,1n the union consist all elements

of V exactly once. (3.1)
o All the blocks which belong to one of family B;, i=1,2,...,r are mutual
disjunctive. (3.2)

Definition 2.2 (v,r,b,k,1)-configuration in which blocks By, i=1,2,...,b,
can be grouped in r families and conditions (3.1) 1 (3.2) are satisfied is named
solvable.

Remark 2.1 Condition b= U(m()u’r), which is valid for solvable design,

is causing condition v = 0(modk) .

- P AP 2, 42 i N X
Theorem 2.6[6] Each (n”,n+1,2%+n,m, 1)-configuration , where n
is a natural nummber, is solvable.




3. Main results

The third problem in relation with BIBDs is theirs construction (presen-
tation and existence are already considered).

Definition 3.1 Let we have matrix A like one incident matrix some
(vlA) - symmetrical configuration. The technique of receiving a new so called
"dual design” using AT s practicly based on the change of role the blocks and
elements in starting matrix A.

Definition 3.2 Let we have some (v,k,A) - symmetrical configuration
over the set V, which is defined with the blocks By, ..., B, .We choose arbitrary
B, and form the new blocks B; = B;\B,for 1 = 1,2,..,v — 1 . Now with the
blocks B, ifor i = 1,2,..,v = | we obtain a new so called "residual design”
in relation with starting (v,k, A) - symmetrical configuration.It is over the set
v' = V\B, with follow paratneters vi=v-k,b=v-1,k'=k-A ,/\' =\

Theorem 3.1[3] Let natural numbers v,k,\ satisfy equality k(k—1)=
Mov—1) for A=1,2. Then if ezist (v —k,k,v—1,k=A, \) configuration exist
and (v, k, \) configuration which is residual in relation with starting design.

The scientists make experiments to affirmn theirs hypothesies. Instru-
ments for that are the statistics methods but it is necessary before the beginning
of one experiment to check its organization possibility. In agricultural experi-
ments organization it is especially important wail they can be repeated often
only next year. Mathematical instruments for that checking are on the basis of
balaced incomplete block designs(BIBDs) while they can represent many agri-
cultural experiments in which participate finite number different elements(sorts
of herbs or races of cattle) which should organise in some blocks of defined num-
ber so that every of this elements are in other smaller number blocks and just
every pair of this elements is in one of blocks.

Example 3.1 Let us have 6 new sorts of corn and they must be planted
on 10 fields each divided on 3 lots; cach of sorts is planted on 5 different fields
0 that each pair of sorts is planted on different field exactly once (twice). It is
visible that the possibility of experiment organization depends of existence one
balanced incomplete block design with argument v=6,r=5b=10k=3, A = 1(2)
ie. 6,5,10,3,1(2)-configuration over set V=1,2,3,4,5,6. Mark the sorts of corn
with the number 1,2,3,4,5,6,the fields with Bl782,B3,B4,B5,BG,B'?,BS,BQ,BIO.
We conclude that the existing of this configuration is possible only for A = 2 with
using the following known equality :
from (2.1) bk=vr => 10*3=6%5=30
and
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from (2.2) r(k-1)= A #((v-1) => 5*%(3-1)=2%(6-1)=10.

Sofor A =2 wecan plant the sorts of corn on the next schedule:
131:1,2,3,132:1,2,5,83:1,3,4,}34:1,4,6,}352155,6
B6:2,3,6,}37:274,5,B8:2,4,6,B9:3,4,5,B10:3,5,6.

Example 3.2 Let’s question if the organization of the following exper-
iment is possible: let us have 15 new sorts of fruit and they must have pesticide
tretman each day in the week; the tretman of pesticides is in groups of 3 sorts of
fruit but so that after seven days cagh of sort Is treated in group with remaining,
exactly once. The possibility of experiment organization depends of existence
'LS,7,35,3,l—conﬁguraﬁion over set V:l,2,3,4,5,6,7,8,9,10,11,12,13,14,15.

The blocks of Steiner triple system are: .
Bl:l,8,15,82:2,3,5,133:4,10,13,134:6,9,14,B5:7,11,12
B6:2,9,15,B7:3,4,6,138:5,11,14,]39:7,8,10,810:1,12,13,
Bll:S,10,15,B12:4,5,7,]313:6,8,12,]314:1,9,11,B15:2,13,l4,
B16:4,11,15,Bl7:1,5,6,]318:7,9,13,B19:‘2,10,12,B20:3,8,14,
BQ'J_.—:5,12,15,B22:2,G,7,B23:1,10,14,1324:3,11,13,B25:4,8,9?
B2(3:6,13,15,B27:1,.’5,7,[328:2,8,ﬁLl,'B29:4,12,14,B30:5,9,10,
1331:7,14,15,]332:'L,2,11,13533:23,9,1L2,B34:5,8,13,B35:6,10,11.

We conclude that the existing of this configuration is possible with using the
following known equality :

from (2.1) bk=vr => b=v(v-1)/6 => 35=15%14/6=35

and

from (2.2) r(k-1)= ((v-1) => r=(v-1)/2 => 7=(15-1)/2=7.

Because conditions, necessary and enough,from Theorem 2.3 which are fulfilled:
from (2.4) v = 3(mod6) => 15=3(mod6),

the solution for weekly schedule of pesticide treatment of fruit is:

(6, =B1,B2,83,B4,B5, $,=B6,87,38,89,B10, (;=DB11,B12,B13,B14,B15,
B8,=B16,B17,818,B19,1320, B;=1321,B22,B23,824,B25,
Bs=B26,827,828,829,830, (7=DB31,B32,833,834,835.

Fxample 3.3 Let we examine the existence of one (36,7,42,6,1) BIBD,
using technique of residual BIBDs construction.
(36,7,42,6,1) BIBD satisfy the necessary condition for existence given with (2.1)
and (2.2). But symmetrical configuration, if exist, must have next pararmeters:
v = b =b+1 =43, r=k =k+1=1, )\ = )\ =1, consequently (43,7,1)-
configuration. On the basis of Theorem 2.5 equation z* = 622 — y? must have
untrivial solution for x,y and z and that is unpossible. So (43,7,1) symmetbti-
cal configuration, for which is given starting "residual design”, can’t exist and
because of that and given starting (36,7,42,6,1) design can’t exist.
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