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IHOAIIOJIVIIPBCTEHUN HA TPU'BI'BJIHUIIN C EJIHU N
C'bIIIN1 BbPXOBE

NBan Tpennaduinos, /Inmurpunka BiaageBa

Pestome: B [9] uscaedsame nodnoaynpscmenu Ha NoAYnpsecmena om eHooMop-
duzmu Ha Kpalina eepuza, CsCMOAULU ce om eHdomopdudmume «, 3a KOUMO
Im(a) < 3. Teszu noaynpscmenu ce napuvam mpusesanuyl. Bse ecexu mpusesa-
Huk mpume Koncmanmmnu endomoppudmu ce napuuam esprose. Tyk doxaszsame,
we 68 MPUBBAHULY C €OHU U COULY BBPTOGE UMA USOMOPPHU NOONOAYNPECMEH.
Karouwosu dymu: nosynpscmen, noAynpscmer, om eHoomophudmu Ha Kpatina 6e-
pU2a, CUMNAUUUALEH, KOMNAEKC.

SUBSEMIRINGS OF TRIANGLES WITH THE SAME VERTICES
Ivan Trendafilov, Dimitrinka Vladeva

Abstract: In [9] we investigate subsemirings of the endomorphism semiring of
a finite chain consisting of the endomorphisms o such that Im(a) < 3. These
semarings are called triangles. In any triangle three constant endomorphisms are
called vertices. Here we prove that in triangles with the same vertices there are
1somorphic subsemirings.

Keywords: semiring, endomorphism semiring of a finite chain, simplicial
complew.

1 Introduction and preliminaries

The endomorphism semirings of a finite semilattice is nowadays well-established,
see [2] — [4], [6] and [8] — |11]. Basic facts for semirings can be found in the
book [1]. Concerning background of simplicial complexes, algebraic topology and
combinatorics a reader is refered to [5] and |7].

An algebra R = (R, +,.) with two binary operations + and - on R, is called a
semiring if: 1. (R, +) is a commutative semigroup, 2. (R,-) is a semigroup,

3. both distributive laws hold - (y+2) = z-y+z-zand (z+y) -z =x-2+y-2
for any z,vy,z € R.

Let R = (R, +,.) be a semiring. If a neutral element 0 of the semigroup (R, +)
exists and Oz = 0, or x0 = 0, it is called a left or a right zero, respectively, for all
r€R If0-z=2-0=0forall z € R, then it is called zero. An element e of a

© 2013 Publishing House of Technical University of Sofia o]
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semigroup (R, -) is called a left (right) identity provided that ex = z, or xe = z,
respectively, for all € R. If a neutral element 1 of the semigroup (R, -) exists, it
is called identity.

For a join-semilattice (M, V) set € of the endomorphisms of M is a semiring
with respect to the addition and multiplication defined by:

e h=f+ gwhen h(z) = f(z)V g(z) for all z € M,

o h=f-gwhen h(z) = f (g(x)) for allz € M.

This semiring is called the endomorphism semiring of M.

In this article all semilattices are finite chains. Following [8] we fix a finite chain
C.= ({0,1,...,n— 1}, V) and denote the endomorphism semiring of this chain
with & . We do not assume that a(0) = 0 for arbitrary o € & . So, there is
not a zero in endomorphism semiring gcn- Subsemirings & (:), where a € C,, of the
semiring g'cn, consisting of all endomorphisms « with fixed point a, are considered
in [8]. If @ € & such that f(k) = i), for any k € C, we denote « as an ordered
n—tuple Zio, il, ig, ce ,Z.nfl l.

In the present paper we give a new treatment of the subsemirings of
endomorphism semiring gcn of a finite chain. We investigate endomorphisms
a € & such that |Im(a)| < 3, where n > 3. The set of these endomorphisms is a
2—simplex with vertices constant endomorphisms @ =1 a, ..., a ! and proper sides

——

n
all the 1-simplices. This set is a semiring and is called a triangle, see 9], denoted

by AM™{a, b, c}, where a,b,c € C,, a < b < ¢, are fixed elements.
So, set of endomorphisms « such that «(0) =--- =a(k —1) =

ak)=---=ak+l—-1)=bak+{)=---=an—1) =
or briefly a = apbsc,,__p, where 0 <k <n—-1,0</(<n—1land0<n—k—

(<
: : : ... [(n + 2
n — 1 is actually the triangle A™{a, b, c}. The order of this semiring is

Let a € C,. For every endomorphism @ =laa ... al the elements of
N ={a]ac gcn, a* = @ for some natural number n,}

are called a—nilpotent endomorphisms.
2 Triangles with the same vertices

Triangles A™{a, b, c} and A {ay, by, c;} are called triangles with the same
vertices if a1 = a, by = b and ¢; = c.

Example 1. Let us consider two triangles with the same vertices: A(5){1, 3,4}

(Fig. 1) and A©{1,3,4} (Fig. 2).

10
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Figure 2

We observe that that the the following semirings have the same order:

DA <A(5){1, 3, 4}) | = |DA <A<6>{1, 3, 4}) =15,

N <A(5){1,3,4}> = [N (A(6){1,3,4}) =7,
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It is interesting to know are there isomorphic subsemirings of A®){1, 3,4} and
AO{1,3,4}, respectively.

The main result of the paper is the following

Theorem 2. Let A™{a,b,c} and A"™){a, b, c} be triangles with the same
vertices. Then:

(1) DN (AM{a,b,c}) = DN (A {a,b,c});

(2) N9 (A {a,b,c}) = NH (AP {a,b,c3),

(3) Rpar (A™{a,b,c}) = Ry (A™{a,b,c});

(4) La (A™{a,b,c}) = Lo (A"™{a,b,c});

(5) Ra (A™{a,b,c}) = Ra (A™{a,b,c});

(6) RT (A"™{a,b,c}) = RI (A™{a,b,c}).

The proof of the theorem is prefaced by three lemmas.

Lemma 3. ([10]) Let a, B € A"{a,b,c}, where a = agbycn, B = apybe,Comg»
k+0+m=ko+lo+mog=mnand m <mgy. [f my > m+{, then a+ = . If
mo < m —+ £, then o + 3 = -y, where v = a; b 7 Cm, and k = min{k, ko }.

k “n—mgy—Fk

Lemma 4. ([10]) Let o, 3 € A™{a,b,c}, where o = agbycp, B = pybyyCmg
and k+0+m =ky+ ly+mg=mn. For 6 = « - 3, it follows:

(a) Ifc<ko+1, then d =a;

(b) Ifb<ko+1landky+1<c<ky+{ly+1, then § = apysbpy;

(c) Ifb<ky+1andkg+ly+ 1 <c, then § = ajyycm;

(d) Ifa < kg+1,kg+1 <b<ky+¥l+1andky+ ¥+ 1 < ¢, then
0 = a = agpbpcp;

(e) Ifa <ky+1andky+lyg+1<b, then 6 = apc,_.

12



Lemma 5. Let o, 3 € A™{a,b,c}, where & = apbicy, B = ag,by,cm, and
kE+/0+m=ky+Lly+mog=n. For 6 =« -3, it follows:

(a) Ifk0—|—1<a§/<;0—|—€0—|—1, kzo—l—l<b§k0—i—€0—|—1andko—l—€0—i—1<c,
then 0 = bg.yCim;

(b) If kp+1<a<ky+Lly+1andkyg+ly+1<b, then § = by cp_i;

(c) If ko + ¢y + 1 < a, then § =C.

Proof. (a) From kg +1<a <kyg+ly+1and kg+1 < b < kg+ o+ 1 we find
that 8(a) = B(b) = b, and from kg + ¢y + 1 < ¢, it follows B(c) = c. So we have
that the endomorphism [ is of type < b, b, ¢ >>. This implies that 6 = by cp.

(b) From ko + 1 < a < kg + {y+ 1 and koly + 1 < b, it follows that B(a) = b
and B(b) = B(c) = c. So, the endomorphism g is of type < b, ¢, c>. Hence,
0= bk Cn—Fk-

(c) From ko+/6y+1 < a we find f(a) = B(b

) = B(c) = c. So, the endomorphism
B is of type < ¢, ¢, c >. Thus, we prove that 6 =¢

C. L]

Proof of the theorem. 1t is no loss of generality to assume that n < n;.
We define the map

d - A("){a, b, C} — A(m){al, bl, Cl},
such that if o = apbyc,, € A™{a,b,c}, where k + £ +m = n, then
(I)(Oé) = akbg Cny—k—¢-

(1) Now, we prove that the map is an isomorphism between the semirings

DN (A™{a,b,c}) and DN (A" {a, b, c}).

Let a,f € A™{a,b,c}, where a € DN (A(”){a, b, c}), a = absc, and
B = ak,by,Cmy, where k+0+m = ko + Lo+ mg = n and m < my. Since c is a fixed
point of the endomorphism «, it follows, that ¢ > k+4+/¢+1. Since mg < m, from the
last inequality follows ¢ > kg + ¢y + 1. So, ¢ is a fixed point of the endomorphism
B, that is 8 € DN (A(”){a, b, c}).

If we have mg > m + £, then, from Lemma 3, it follows a4+ 3 = 3. Now we find
(I)(a + 6) - (I)(B) = akobfo Cry—ko—Lo-

On the other hand mg >m +/{¢ <= n—ky—4ly>n—k < k> ky+ {y,
which implies ny — kg — 0y >n1 —k>ny — k — .

Then ®(a) = (a)r(b)e ()ny—tk—v < (a)p(c1)n,—x < P(H). Hence, ®(a + ) =
O(a) + P(P).

If we have mg < m + £, then, from Lemma 3, it follows that
a+pf =75 =a;b,_ . 7 Cn, Where k= min{k, ko}. The images of these

13



endomorphisms are ®(a) = (a)p(0)e(c)n,—r—t, P(B) = (@)ky(b)eo(¢)n,—ko—t, and
(I)(7) = (a>7§(b)n_mo_§(c)n17n+m0'

Now, if we put ny —k —¥¢ = ny —n+m = q and also ny — kg — g =
ny —n+my = q, it follows ®(a) = (a)r(b)e(c)g, P(B) = (a)k,(b)e,(c)q, and
O(y) = ()5(0),,, 54 (o

Since gy < ¢+ £, from Lemma 3 for the triangle A™){a, b, c}, it follows ® (o) +
(8) = (a);(b),,, 54, (€)gy = P(7). So, in all cases we prove

B(a+ B) = d(a) + O(B).

Now, we consider the endomorphism d = a - 5 in 5 cases, corresponding to the
last two conditions of Lemma 4 and all three conditions of Lemma 5.

Case 1. Let a < ko+1,kg+1 < b < ky+{ly+1and ky+ly+ 1 < c. By Lemma
4 (d) we have, that 6 = o = axby ¢;,,. For the images of the endomorphisms «,
and § = q, it follows ®(J) = ®(a) = apbs ¢y, —k—¢ and P(B) = ax,be, Cny—kg—to-

From Lemma 4 (d), applied to the endomorphisms ®(a) and ®(3) of the
triangle A™){a, b, c}, it follows that ®(a) - ®(8) = ®(a). By () = ®(a) we
have ®(a) - ®(8) = ®(a - 7).

Case 2. Let a < ko + 1 and kg + ¢y + 1 < b. Now by Lemma 4 (e), it follows
0 = apcp—k. For the images of the considered endomorphisms we have ®(a) =
agbe ny—j—0, P(B) = aiybe, ny—ko—1, and P(5) = apcp, k.

Again by Lemma 4 (e), applied to the endomorphisms ®(«) and ®(5) of the
triangle A™){a, b, c}, it follows ®(a) - ®(B) = arcn,_r = ®(5). Hence, we prove
B() - B(5) = Do ).

Case 3. Let ko+1 < a < ko+ly+1, kg+1 < b < koy+Lly+1and kog+4y+1 < c.
By Lemma 5 (a) we have that § = by c,,. For the images of the endomorphisms
a, f and 9, it follows ® () = agby cp—p—0, P(B) = ap,be, Cny—ty—1, and ®(5) =
Dkve Cny—k—0-

Now, by Lemma 5 (a), applied to the endomorphisms ®(«) and ®(5), it follows
() - D(B) = bpre Cpy—ii—e = (9). Hence, ®(a) - ®(3) = (ar- ).

Case 4. Let ko+1 < a < ky+ ¢y + 1 and ko + ¢y + 1 < b. By Lemma 5 (b)
we obtain 6 = by ¢,_;. For the images of the endomorphisms «, 8 and ¢, it follows
() = agby cpy k-1, P(B) = aryby Cny—ky—1, and P(5) = by Cpy .

Again by Lemma 5 (b), applied to the endomorphisms ®(«) and ®(3), it follows
() - ®(B) = by cny—k = ©(0). Thus, @(a) - (8) = P(a - B).

Case 5. Let ky + ¢y + 1 < a. By Lemma 5 (c), it follows that 6 = €. For the
images of the considered endomorphisms we obtain ®(«) = axby ¢, ¢, P(6) =
akobgo Cny—ko—Lo and (13(5) = C.

14



Now, again by Lemma 5 (c), applied to the endomorphisms ®(«) and ®(3), it
follows ®(a) - ®(B8) = ¢ = ®(6). Hence, we find &(a) - (5) = ®(a - 5).

Thus, we have proved

DN (A(”){a, b, c}) ~ DN (A(”l){a, b, c}> .

(2) Now we shall establish that the correspondence @ is an isomorphism between
the semiring of ¢ nilpotent elements N (A(”){a, b, c}) and the semiring of
c-nilpotent elements N9 (A {a, b, c}).

The endomorphism a = aybsc,, is c-nilpotent if and only if a(b) = a(c) = ¢
and either a(a) = b, or a(a) = ¢. This means that k +1 <aand k+ ¢+ 1 < b.
Since the last two inequalities are fulfilled when ®(«)(a) = b or ®(a)(a) = ¢, and
also ®(a)(b) = ®(a)(c) = ¢, it follows that the endomorphism « is c—nilpotent if
and only if the endomorphism ®(«) = ayby ¢, ¢ is cnilpotent.

So we have proved

N (A(”){a,b, c}) >~ Nl (A("l){a,b, c}) :

(3) Now we shall obtain that the correspondence ® is an isomorphism between
the semirings Rpq (A"{a,b, c}) and Ry, (A"™{a,b,c}).

It is easy to see that the endomorphism a = agbyc,, is an element of the semiring
Ryar (A(”){a,b, c}) if and only if it is of a type < b,b,c >. Hence, a(a) =
a(b) = b and a(c) = c. Explicitly this means that k +1 <a < b < k+/{(+1
and k + ¢+ 1 < c. Since the last two inequalities are fulfilled when ®(«)(a) =
®()(b) = b and ®(a)(c) = ¢, it follows that & € Ry, (A {a,b,c}) if and only
if ®(a) = agby (€1)n,—k—t € Rpar (A(”l){a, b, c})

Thus we have proved

Ryar (A("){a, b, c}) = Ryar <A("1){a, b, c}> :

(4) Now we shall prove that the correspondence ® is an isomorphism between
the semirings L (A™{a,b,c}) and L (A™{a,b,c}).

The endomorphism « = agbsc,, is an element of the semiring L (A(”){a, b, c})
if and only if it is of a type < a,a,c¢ >. Thus a(a) = «a(b) = a and a(c) =
¢, but this just means that b < k4 1 and kK + ¢ 4+ 1 < c. Since the last two
inequalities are fulfilled when ®(a)(a) = ®(«)(b) = a and ®(a(c)) = ¢, it follows
a € La (A™{a,b,c}) if and only if ®(a) € La (A" a,b,c}).

So we have proved

Ln (A(”){a, b, c}) ~ [ (A("l){a, b, c}) .
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(5) Now we shall establish that the correspondence ® is an isomorphism between
the semirings Ra (AM™{a,b,c}) and Ra (A™){a,b,c}).

The endomorphism a = apbsc,, is an element of the semiring Ra (A(”){a, b, c})
if and only if it is of a type < a, ¢, ¢ >. Hence, a(a) = a and a(b) = a(c) = c.
This means that a < k41 and £+ ¢ + 1 < b. Since the last two inequalities
are fulfilled when ®(a)(a) = a and ®(a)(b) = P(a)(c) = ¢, it follows that
a € Ra (A™{a,b,c}) if and only if ®(a) =€ Ra (A" a,b,c}).

Thus we have proved

RA (A(”){a, b, c}) = RA (A(m){a, b, c}) :

(6) At last we shall prove that the map ® is an isomorphism between the
semirings RZ (A™{a,b, c}) and RT (A™{a,b,c}).

The endomorphism o = abyc,, is an element of the semiring RZ (A(”){a, b, c})
if and only if it is of a type < a, b, ¢ >. This just means that a < k+ 1, k+1 <
b<k+/{+1and k+ ¢+ 1 < c. Since the last three inequalities are fulfilled when
®(a) is of a type < a,b,c >, it follows that o € RT (A™{a,b, c}) if and only if
®(a) € RT (A" a,b,c}).

Thus we have proved

RI (A(”){a, b, c}) ~ RT (A(’“){a, b, c}> . O
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PABIINPEH MHTEI'PAJI HA CYI'EHO

PanocnaB Togopos LlBeTkoB

Pestome: B cmamusama e padpabomen paswupen unmezpas na  Cyeeno.
Ocrosromo my paszasudue om cmandapmuus urnmeepas Ha Cyzeno ce cacmou 6
udcaedsanemo u u3noa3sanemo wa donsanumenna gymuxuus g. Ilocaednama nu
0a8a 8B3MOACHOCTN, 3G, NO-20AAMG 266KAGOCTN, HA, PA3ULUPEHUL UHMELPAN.

Karouwosu dymu: Hrnmezpan va Cyzeno, pasmum urnmezpan, HeauHeeH uHme-
2pa.

EXTENDED SUGENO INTEGRAL

Radoslav Todorov Tsvetkov

Abstract: This paper develops extended Sugeno integral. It’s main difference
from the standard Sugeno integral consists in exploring and using of additional
function g. The latest give us opportunity for more flexability of the extended
integral.

Keywords: Sugeno integral, fuzzy integral, nonlinear integral.

1 Introduction

The concept of a Sugeno integral (fuzzy integral) for a measurable function
f: F —[0,1] on a normalized monotone measure space (X, F, 1) was introduced
by Sugeno [6], who also discussed some elementary properties of this integral.

Further investigations of the integral were also pursued by Batle and Trillas [1],
Wierzchon [11], Dubois and Prade [2]|, Grabisch et al. [3], and other researchers.

In this paper we generalize the integral, as presented in [8]. Another
generalization of the integral was introduced by Wang [7]. Investigated Sugeno
integral is connected with different kind of measures [4], [5].

Other nonlinear integrals are described in [10].
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2 Definition and basic properties of extended Sugeno integral

Definition 1. Let f(x) be a nonnegative finite functions on X and g(y) be a

nonnegative extended real-valued function defined on'Y . Then

Foy = {x[f(x) = g(y)}

is called g(y)-level set for everyy € Y.

In particular for a € [0, 00] the set F, = {z: f(x) > a} is a-level set.

Let F : [0,00] — P([0,00]), where F(a) = F,, F' : Y — P([0,00]),
F(y) = Fy) and g : Y — [0, 00]. Then we have [ = F °g.

Definition 2. Let f(x) be a nonnegative finite measurable function on
a monotone measurable space (X,X,m),A € X and g(y) be a nonnegative
real-valued function defined on a topological space (Y, T). The Ezxtended Sugeno
integral(extended fuzzy integral) of f on A with respect to m( m(0) = 0) and
g,which is denoted by (S )ffdm is defined by

/fdm—sup g(y) ANm(AN Fy)l

yey

Throughout this section, unless specified otherwise, we assume that ¢ is a
continuous function on topological space (Y, 7). In the special case when g = id and

= [0, 00], the extended Sugeno integral coincides with the Sugeno integral [8].
However, the extended Sugeno integral has some properties of the Sugeno integral
9]. Let g =id, Y = N, X =[0,00],A=1[0,7],r > 0,r € N and f(z) = x. Then
we have

) [ wdm /2,
[0,7]

where [z] is the integer part of the real number z > 0.
Let g(z) = 2™, Y = [0,00], X = [0,00], A = [0,r],7 > 0 and f(x) = z. Then we

have
o) / rdm =r/2.

[0,7]
Let X =[0,00],A=[0,7],7 > 0 and f(z) = x. Then we have

(5) / rdm =r/2.

[0,7]

(
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Proposition 3. The extended Sugeno integral satisfies the following inequality

(5) [ £dm = suplo(u) Am(A1 Fy) < sup [inf f() Am(A 0 E)
Y yey Eex(f) <

< suplinf f(x) Am(AN E)].

Eey v€E
Proof. First, for any y € Y, since 1%f f(x) > g(y), noting Fy,y € X(f), we
TELG(y)
have
l9(y) AmlA O Fy)] < [ af f(a) Am(AN Fy)]
< sup [inf f(x) Am(ANE)]

EGE(f) el
and, therefore, we have

/fdm—sup y) ANm(AN Fyy))] < sup [inf f(z) Am(ANE)].
yey Eex(f) €L

Next, since f is X-measurable, we have ¥(f) C X and, therefore, we have

sup [inf f(x) Am(ANE)] <suplinf f(z) Am(ANE)|.
Eex(f) v€b Eeyx ©ek

We have finally

/fdm—sup y) Am(AN Fy))] < sup [inf f(z) Am(ANE)] <
yeY Eex(f) TeR

sup[inf f(z) Am(ANE)]. O
Eey, 2€E

Proposition 4. Let injfEf(:L‘) € g(Y) for every E € 3. Then
TE

(Sy) / fdm = suplg(y) Am(AN Fy,)] =

yey
A
sup [mgf( ) Am(ANE)| = sup[mgf( x) Am(ANE)].
EGE(f) xe Ecy T€

Proof. For any given E € X, if we take g(yg) = ingf(x)(yo € Y exists because
Tre
ingf(x) € g(Y)), then £ C Fy,). It follows that m(A N E) < m(AN Fyy,) by
Tre

the monotonicity of m and, therefore,

zel

inf f(x )/\m(AﬂE)] < [9(yo) Am(AN Fyy,))]

< sup [g(y) AM(ANFy,)| = /f dm
yey
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for any £ € 3. Consequently, we have sup in}fzf(x) Am(ANE)| <(S,) [ fdm.
Eey | *€ A

By using Proposition 3, we have

/fdm = sup[g(y) Am(AN Fy,)] = sup [mgf( z) Am(ANE)]
yey Eex(f) *€

= sup[inf f(z) Am(ANE)]. O
Eey, z€E
Y(f) is the o-algebra generated by f, i.e. the smallest o-algebra such that
f is measurable. Even ¢ is not continuous the extended Sugeno integral exists
and satisfies propositions above if we have for f additional requirements. Let G
is the class of all nonnegative finite measurable function defined on a monotone
measurable space (X, X, m).

Theorem 5. The extended Sugeno integral has the following properties:
(1) If m(A) =0, then (S,) ffdm =0 for any f € G.
(2) ]f m is semicontinuous from below, 1nf g(y) > 0 and

ffdm—O then m(Aﬂ{xEX/f( ) > inf,ey g(y)}) = 0.

(3)  If m is semicontinuous from below, (S,) [ fdm < in}f;g(y), then
A ye

m(AN{z € X/f(z) > inf g(y)}) < inf g(y).

(4)  Let for every open interval [0,b) in [0,00) there is y € Y
such that g(y') > 0 and g(y') € [0,b). If m is semicontinuous
from below, inf g(y) =0 and (S,) [ fdm =0, then

yey A
m(AN{x e X/f(x) >0}) =0.

(5) If fi< fo, then (Sy) [ frdm < (S,) [ f2dm.

A A

(6)  (Sy) [ fdm=(Sy) [ f-xadm, where x4
A X

is characteristic function of A.
(7)  Let a€[0,00),Y =Y, UYa, where Yo = {yly € Y, g(y) < a}
and Yz = {yly € Y, g(y) > a}. Then we have
(Sy) [ adm = sup g(y) Am(A).
A yeYa

(8)  Let a # sup g(y) and in]faf(x) € g(Y) for every E € X..
yGYa re

Then we have (S_g)i(f +a)dm < (S_g){fdm + (a Am(A)).
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(9)  Let a =supg(y) and inf f(z) € g(Y) for every E € 3.
yeYy

Then we have (S )f(f—i— a)dm < (S_g)ffdm—l—(S_g)fadm.

Proof. (1) From m(A) =0 and m is monotone measure we have
0=m(0) <m(ANB) <m(A) =0 for every B € 3. Consequently, we have

(Sy) / fdm = Sgg[g(y) Am(AN Fyy))l = Slelg[g(y) A QO] =0,
A

(2) We use a proof by contradiction.
Assume m(AN{z € X/f(z) > in}f/g(y)}) = p > 0. Since
=

AN {r e X/f(0) 2 nf o)+ —} 7 AN o € X/ () > inf g(w)},

by using the continuity from below of m, we have lim m(AN{z € X/f(z) >

n—oo

Inf g(y) + i) m(AN{z € X/f(z) > inf g(y)}) =p > 0.

1V

1
So, there exists ng such that m(AN{z € X/f(x) > in}f/g(y) —) g
ye

1
There exists such yp € Y that inf g(y) < g(yo) < inf g(y) + —. (It comes after
yeyY yeY n
definition of inf). It follows that

mlAN {2 € X/F(z) 2 glw)}) = m(AN (& € X/ f(2) 2 inf g(u) + ) >

k!

by the monotonicity of m and, therefore,

/fdm = suplg(y) Am(ANFy))] = g(yo) Am(ANFy,,)) > inf g(y )/\g > 0.

yey yey

This contradicts (S,) [ f dm = 0. Consequently, we have
A

m(AN{z € X/f(z) > inf g(y)}) =0.

(3) Assume m(AN{x € X/f(x) > inf g(y)}) = p > inf g(y). Since
yey yey

AN o € X/f(@) 2 inf gly) + 3} 7 0o € X/ () > int g(u),

by using the continuity from below of m, we have

lim m(AN{x € X/f(z) > inf g(y) + 1)

n—00 yey n
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=m(AN{z € X/f(x) > inf g(y)}) =p > inf g(y).

yey
So, there exists ng such that

mAN 2 € X/f() > inf gly) + ) =7 > inf gly).

yey

where 7 < p. There exists such yy € Y that

1
inf g(y) < g(yo) < inf g(y) + — (It comes after definition of inf).
yeY yey no

It follows that m(AN{x € X/f(z) > g(yo)}) >

mAN {2 € X/f(z) = inf gly) + ) =7 > inf g(y

by the monotonicity of m and, therefore, (S,) [ fdm =
A

suplg(y) Am(AN Fg(y))] > g(yo) Am(AN Fg(yo)) > inf g(y) Ar > inf g(y).
yey yey yey

This contradicts ( f fdm < inf g(y). Consequently, we have
yeY

m(An{x € X/f(x) > inf g(y)}) < inf g(y).

yey yeY

(4) Assume m(AN{x € X/f(x) >0) =p > 0. Since
1
An{z e X/f(z) =z -} /1 An{z € X/f(z) > 0},
by using the continuity from below of m, we have

lim m(AN {z € X/f(z) > %}) —m(An{z e X/f(z)>0}) =p>0.

n—oo

So, there exists ny such that m(AN{z € X/f(x) > nio}) =1 > 0, where r < p.

There exists such ¢’ € Y that 0 < ¢(v/) < nio(lt follows from (4)). From the
monotonicity of m we have that

1
no

m(AN {z € X/f(2) > g(/)}) = m(An {z € X/f(2) > —) =r > 0.

Therefore we have

/fdm = 51615;/) (y) Am(AN Fy))] > g(y) Am(AN Fyn) > g(y') Ar > 0.
y

Thus, we get a contradiction. Consequently, m(AN{x € X/f(z) > 0}) =0.
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(5) Since fi < fo, it follows that
An{z e X/fi(z) > g(y)} C An{z € X/fo(z) > g(y)}.
From the monotonicity of m we have that
m(AN{z € X/fi(z) 2 g(y)}) < m(ANn{z € X/ folz) = 9(y)}).
Therefore ( f frdm = sup[g(y) Am(An{z € X/fi(z) = g(y)})]

yE

< suplg(y) Am(AN {z € X/ fo(w /ﬁMm

yey

(6) When g(y) = 0, we have [g(y) Am({z € X/ f(z) - xa > g(y)})] =
= [g(y) Am(AN{z e X/f(z) > g(y)})] = 0.

When g(y) > 0, we have {z € X/f(x) - xa > g(y)} = AN{z € X/f(z) > g(y)}.

Consequently, (S )/f xadm = sgp[g( y)Am{{{z e X/f(x) -xa>91)})] =

suplg(y) Am(An{z e X/f(x /fdm

yey

(7) Let Y =Y, Yz, where Y, = {yly € Y, g(y) < a}, and
Yz = {yly € Y,g(y) > a}. Then we have that

@D/@mn=wmmwAmVMWmexmZgw»ﬂ=

Yl yeyY
Sgg[g(y) Am(ANn{z € X/a>g(y)})]V Sgg[g(y) Am(ANn{z € X/a>g(y)})]
= Sél}l}[g(y)Am(Aﬂ{x € X/a > g(y)})]VSglg[g(y)Am(Aﬂ{x € X/a>g(y) > a})]
= S;l}l}[g(y) Am(An{z € X/a = g(y)})] = Sg}g[g(y) Am(A)] = Sup 9(y) Am(A).

Reasoning we made above manifest that if ¥, = @) then (S;) [ 'adm = 0. Let there

A
is y € Y, such that g(y) = a. Then we have sup g(y) = a. Consequently, we have

(Sy) [[adm = a A m(A). The last equality isy;fflje when we have sup g(y) = a.
A yeYa
(8) (Sg) J(f +a)dm < sup{[inf (f(z) +a)] Am(AN E)} <
A Eey, €l
sup([((inf () Am(A N E) + (a Am(4 0 B} <
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sup{[((inf f(z)) Am(ANE))+ (a Am(A))]} =

Eey zel

sup[(inf f(z)) Am(ANE)] + (a Am(A)) = (S_g)/fdm + (a Am(A)).

Eey z€E

Eey, €E

(9) {f—l—a dm < sup{[inf (f(z) + a)] Am(ANE)} <

sup{[((inf f(2)) Am(AN E)) + (a Am(ANE))]} <

Eey rel

sup{[((inf f(z)) Am(AN E)) + (a Am(A))]} =

Eexy rek

%lég[(;ggf( z)) Am(ANE)]+ (a Am(A /fdm+

Corollary 6. (10) () [ f dm > (5,) [ f dm. when 45 B.
(S_)J;(fl\/fg)dm> () ffldm\/ ) J fodm.
(12) (@){(f1Af2)dm< S_ffldm/\ g)fflfzdm-
(13) (Sy) [ fdm>(Sy) [ f dm\/ gfdm-

AUB

§2>.

(W) () J fam<(S) ] fdmn ()] fdm

ANB

/adm. U]

Proof. Property (10) follows from (6) and (5). (11) and (12) follow from (5).

(13) and (14) follow from (10).

]

Proposition 7. Let A€ X, fi € G, f, € G, a € [0,00),Y =Y, JYa, where

a # sup g(y) and for every E € X we have that inf f(x)
yeyY, T€eEFR

on A, then we have

() [ frim = () [ fodm] < (@ nm(a).
A A

cglY). If|fi— fol <a

Proof. Since f1 < fo + a on A | using the properties (5),(8) of the extended

Sugeno integral(Theorem 5), we have

/fldm< /f2+ o) dm < (5) [ fodm + (@ nm().
A

Similarly, from fo < f1 +a on A, we have
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Proposition 8. Let A€ X, f1 € G, f, € G, a € [0,00),Y =Y, JYa, where
Yo={yly € Y,g(y) < a}, Ya={yly € Y,g(y) > a}, a = sup g(y) and for every

yeY,

E € ¥ we have ingf(a:) cg(Y). If |f1 — fo| < a on A, then we have
Tre

yey,

(5)) A/ fydim / fodim| < sup g(y).

Proof. Since f; < fo+ a on A, using the properties (5), (7), and (9) of the
extended Sugeno integral (Theorem 5), we have

/fldm< /(f2+ )dm < ( /fgdm+ /adm

/fgdm+ [sup g(y) A /fzdm+supg Y).

yeY, yeYy,

Similarly, from fo < fi +aon A, we have

/f2dm< /(fl a)dm < ( /f1dm—i— /adm

= (Sy) /fldm+ [sup g(y) A /fldm+supg y).
yeY, yeyY,
Consequently, |( / fidm — / fodm| < sup g(y). O
YeYy,

Till now we have nowhere used the continuity of ¢ from the definition. Due to
additional requirements to the function g extended Sugeno integral have properties

(2), (3), (4), (7), (8), (9) which are essentially different from characteristics of
Sugeno integral.
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ABCOPBUPAILIA ®PAKTAJIHA ABYPEX XUMHU
PEIIETUTUBHU ®UJITPU B CUCTEMMUTE 3A
YIIPABJIEHHUE - | yact

Huna I'. HukoJoBa

Pe3ztome: B pabomama ce npednaza no cvuecmeo HO8 K1ac 08YPelCUMHU abcopou-
pawu purmpu ¢ namem 3a cucmemu ¢ noanvwane Ha cmywenusma. Ilpeonoosicena e
cucmemamuzayusi Ha cmanoapmuume 0gypexcumuu unmpu ¢ namem. Te uznonzeam
PAYUOHATIHU NPUOTUICEHUS. HA onepamopume 3a (PaKmaniio uHmezpupane onm meo-
pusima Ha Opobnomo cmamane. B pabomama ce pazenexcoam 6vb3MONCHOCMUME 3d
abcopbupane Ha NOBMAPAWU Ce€ CMYUEHUs ¢ Yuimpu om nvieH u om OpodeH peo.
Iloxazanu ca pesyimamume om CpasHuUmenNeH AHAIU3 HA MeXHUme YeCmomHu Xd-
PAKMEPUCTNUKU.

Knwuoeu oymu: ppaxmannu abcopoupawu cmyujeHusma O08ypedCUMHU penemu-
MueHu hunmpu ¢ namem, AHAIU3 HA YeCMOMHUME XAPaAKMepPUCmuKu.

ABSORPTIVE FRACTIONAL DUAL REPETITIVE FILTERS
IN THE CONTROL SYSTEMS - part |

Nina G. Nikolova

Abstract: In the work is proposed essentially new class of dual repetitive fractional
disturbance absorbed filters in disturbances absorbing control systems. Proposed is a
systematization of the standard dual repetitive fractional disturbance absorbed filters
of this class. They use rational approximations of operators for fractional integration
in the theory of fractional calculus. In the work is discusses the possibilities for re-
petitive absorbing the disturbances with a integer order filters and with a fractional
order filters. Below are the results from the comparative analysis of their frequency
characteristics.

Keywords: fractional dual repetitive disturbance absorbing filters, analysis of fre-
quency characteristics.

BonBeaenue

W3BectHu [1-18] ca cuctemute 3a ynpasiieHue ¢ MOrIbliaHe Ha cmyiieHusTa Ha C. D,
Johnson. 3a pa3znuka ot Kiacuyeckute, TpaaunuoHHuTe (dur.1.a) ¢ « =r*, TAXHATa
cTpykrypa (¢dur.1.b) ce otruasa mo ToBa, Ye moCaEAOBATEIHO HA 0Aa30BHS YIIPABIIS-
Balll aJITOPUTHBM R* € BKIItoUeH abcopOupamt Gpuiarep (abcopOep), MOTIIbIIan BIUsSHH-
€TO Ha MHTETPAITHOTO CMYIICHHUE v=[ov ¢ .. f | BBPXY peryjimpyeMara BeJIMIuHa y
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Ha cucrtemara. B To3u ciyyail ynpaBisiBalllUsT aITOPUTBM € ® = AR* WIH ® = AR*, Kb-
7eTo A € abcopOep, OCHOBaH Ha ONEPaTOpH 3a MHTETPHpPAHE OT MBJICH pel, a 1 - Ha
oriepaTopu OT IpoOeH, HembJieH pel. [[puHIMIbT Ha QyHKIMOHUPAHE, METOIUTE UM
3a CHHTE3 W PalMOHAIHU almpOKCHMAaIluu ca pasrienanu B [1: 18,31+ 34]. Ananutuy-
HHUTE ONKMCaHUs Ha abcopOepu, n3no3Bamy omneparopu oT mbieH A (1:13) u onepa-
TopH OT ipoben pen a (14 - 18) ca cucremarusupanu B Taou. 1.

W3pectrn [19+30,33+40] ca u ABypeKUMHHUTE PEIICTUTUBHUA CUCTEMH 32 YIPABJICHHUE
¢ mamet (¢ur.1.c). Te ce pasnmuuaBar ot kiaacudeckure (¢pur.l.a) cucTeMu 10 TOBa, Ue
MOCJICTOBATETHO HA yMPABIISABAIINS aJITOPUTHM R* € BKIIOUEH omc-QUITHP C MaMeT
(Memory Loop), kato =omcR*. PEeNeTUTHBHUTE CHCTEMHU ca NpEIHA3HAYCHH 3a
edeKTUBHO GUITpUPAHE HA BIUSHUETO HA BHHIIHUTE CUTHAJIHU NEPUOJIUYHU CMYIIIE-
HUS 9,=[f,0]" BBpPXy peryiupyemMara y (ako e M3BECTHA MPEIBAPUTEIHO CTOHHOCTTA

T,=2x/w, Ha TEXHUS nepruon). MoanpukanuuTe Ha TO3U KJIAC CUCTEMH, IPUHIUITBT Ha

(GYHKIIMOHHpAHEe U METOABT UM 3a CHHTE3 ca pasriieganu B [35:40]. AHanutuyHute
OIMKCaHUsA Ha po0acTHU oar -GpuinTpu ¢ mamet (19+24), ca cuctemaTusupanu B Tadr. 1.
W3Mexy TsIX, IO KPUTEpUU POOACTHU YCTOMYMBOCT M KAUECTBO HA YIPABJICHUE 3a
HIMPOK KJIac MHIyCTPHAIHN O0EKTH, € TOKa3aHO MPEBH3XOACTBOTO HA owr, -QUITHPA

¢ mamert (20).
f .

YNPABASIBALL, AATOPUTBM (R' ‘OBEKT 3A YMPABAEHUE G YMPABASABALL AATOPUTBM R‘ ‘OBEKT 3A YNPABAEHUE G
y 0 e I;E:rYAI\:PAu-l YEXHOI}-‘OPE)M:EES y y 0 & = a PEFYAUPALL, lEXHOI}:JPgi:EH y
R* |-0-{c.(p9)]5{c.(p.0) A H rR*os{etapb ek
— q — q
®ur.l.a ®ur.1.b
f - v - . S - g - f f - v - . S . g - f
YNPABASABALL, AATOPUTBM 'OBEKT 3A YNPABAEHUE YNPABASABALLL AATOPUTBM OBEKT 3A YNPABAEHUE
yo e o reves meema s, o | £t regman oot |
DML || R* |>O-{eu(p.9)|le.(p.) G DML R* 6.(p.3) |>{ &.(p. <) |G
_ q — q
®dur.1l.c ®ur.1.d

Iesx u 3axaun Ha pa3padoTkara

[lenTa Ha HacTosiIaTa pa3paboTKa € Jja ce. ® CUHTEe3Upa HOB Kjac abcopOupaniu pe-
NETUTHBHU Aoac, (Aogc ) -QUATPU ¢ T1aMeT (OT IbJICH WM OT APOOSH pelr); ® MpoeK-
THpPa HOB KJIAC CUCTEMHU 32 YIPaBICHUE, KOUTO J]a ChUeTasAT ¥ MOTIBIIAHETO HA BIIUS-
HUETO Ha UHTETPATTHOTO v=[v ¢ .. f | CMyIIeHHE, U €PEKTUBHOTO (UITPpUpPAHE HA

BJIMSTHHETO HA IEPUOAMYHUTE CMYIIEHUS 9, = [f,v]|" BBPXY pETyJHpyeMara BeITUIHHA
y Ha CHCTeMaTa C TIOMOIITA Ha JBYPESIKUMHHU Ao, (Aomc)-GUITPU ¢ amMeT (OT Ib-
JIeH U OT ApoOeH pen). 3agaunTe, MOCTABEHU Ipe]l pa3padoTKaTa B M3IBIHCHUE Ha
Ta3| IIe, ca Ja ce. ® TpeIokKaT (PYHKIMOHAIHA CTPYKTypa U ChOTBETCTBAIIN Me-
TOJM 3a CUHTE3 Ha abcopOupalu ABYPEeKUMHU PENETUTUBHU Aowc, (aomc)-PUITPHU C
nameT (OT ITbJICH U OT IPOOCH pejr); ® MOJCIUPAT U CUMYJIAIIMOHHO aHAIN3UPAT TeX-
HUTE TUHAMUYHHA BPEMEBU M YECTOTHU XapaKTCPUCTHUKH.
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Pesynrarure ot Hacrosimara paboTa ca NMPEACTaBEHU B JIBE HEPA3/JCIHO CBBP3aHU
yactu. HacTosmara e mbpBata 1 00XBalla BbBEIEHUETO, MOJEIMPAHETO U AaHAJIN3A HA
YECTOTHUTE XapaKTEPUCTUKU Ha aOCOpOUpaIIUTE IBYPEKUMHH PENETUTUBHU (DUITPU
C IaMeT OT ITbJIEH PEJ U Ha TE€3W, OCHOBABALIU CE€ HA TEOpUATA HA APOOHOTO CMSTAHE
C M3I0JI3BAaHETO Ha ONEpaTOpH 3a MHTETPUpPAHE OT HEN'bJIEH pell. BbB BTOpara yacT ca
NPEICTaBeHU PE3yATaTUTE OT CPABHUTEIHUS aHAIU3 Ha XapaKTEPUCTUKUTE, 3aKIIO-
YeHUeTo u oudnuorpadusTa.

CTpyKTYypHO penieHre U KOHGUrypauus Ha ad0copOupaly IABYPeKUMHH
peneTUTUBHHA (PUITPHU € HameT

PaGotara npemyiara KoHGUTYpallMOHHO pEIIeHHE Ha 3ajadyaTa 3a CUHTE3 C M3MO0J3Ba-
HETO Ha cepuiiHa PyHKIIMOHAJIHA CTPYKTypa Ha HOB KJIAC Aowmc,(aomc)-abCcopOupaniu
TIBYPESKUMHH PETIETUTUBHU (HUATpH ¢ mameT. Ha To3m mpuHIMN TAXHATA JUHAMUKA
ce omnpesenst B 001 BU choOpa3Ho 3aBUcUMOCTUTE (25) 3a (GMiITpU C OnepaTropu OT
bJieH pen win (26) - 3a untpu ¢ ornepaTopu ot ApodeH pen (dur.2, pur.3). CBoHCT-
BaTa Ha aOCOpPOIMOHHATA W HAa JIBYpPE)KMMHATA PENETUTUBHA ChCTAaBAIM B (25) u B
(26) He ca ¢yHKIMU HA 0a30BHS peryjaTop rR* B CHCTeMara, Ha 0OCKTa 3a ympaBlie-
HUE G W HE ca B3auMHHU (yHKUUU. AOcopOupaiara chbCTaBsla € GyHKIUsS caMo Ha
aHAIMTUYHATA ampOKCHUMAIMs Ha TpPEHJAa Ha pa3CchIIacyBaHETO s Ha CHUCTeMara
(¢ur.1.d), a nBypexuMHETa PEINETUTHBHA - CAMO Ha MPEIBAPUTEIIHO U3BECTHHS TIC-
PUOA T,=27/w, HA BbHIIHUTE XapMOHUYHU CMYILIEHHUA KbM cucTteMaTa. ETo 3amo Ha

Tasu 0aza B HAcTosAImIaTa pa3paboTka ce Mpeiayiara TeXHUST aHATIUTUYCH CHHTE3 Ja
ObJic HE3aBHCHM H JIa C€ OCHOBaBa Ha METOJUTE M HA aJITOPUTMHTE 3a MPOCKTUPAHE,
noka3anu B [33,34], pecniektusho B [35,40], 3a Bcsika OoT aBeTe ChCTaBsIId. Bb3 ocHOBa
Ha TOPEH3JI0KEHOTO, PEIICHUETO Ha 3ajJadara 3a MPOCKTHUPAHEe Ha HOB KJac CHCTEMHU
3a yIpaBJICHUE, ChYETaBalld U MOIIBIIAHETO HAa BIUAHUETO HA v=[v ¢ .. f |, U
e(deKTUBHOTO QUITPUpPaHE HA BIMSHUETO HA ¢,=[f,v]” BBPXY peryjupyemara BeIH-

YMHA y Ha CHUCTEMara, € MOKa3aHO B CTPYKTypeH muiaH Ha ¢ur.l.d. To3u HOB Kiac
CHCTEMH ce pa3iuuaBar oT kiacuueckute (¢ur.l.a) cuctemu mo ToBa, ye MOCIEA0BA-
TEJIHO Ha YNPaBJISBALIMS AJITOPUTHM R* € BKJIIOUEH abcopOupall IBypeKUMEH perie-
TUTHBEH Ao, (aomc )-QUITHP ¢ mamMeT (OT IBJICH WIH OT JPO0EH pef).

—> ;1>
¢ X L. L o R

®Dur.2 ®Dur.3
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MoaennpaHe ¥ AaHAJIU3 HA XapaKTePUCTHKUTE HA adcopOupamu
ABYPE:KUMHHU peneTUTUBHU QUITPH C aAMeT

AHaTMTUYHUTE MOJEIN Ha KOHQUIYypUpaHHUTE aOcopOupallyd JBYPEKUMHH pPENeTH-
TUBHU (UITPH C TAMET OT MBJIECH WM OT IPOOEH pell ca MPeJCTaBeHH C MOMOIITa Ha
(25), (26) u cvotBetHO ¢ (3+13,20), pecriektuBHO ¢ (14 - 18,20). PanmonannocTTa Ha
abcopoepute (3+13) He ch3maBa MPOOJIEMU MPH MOJICIIMPAHETO HA HOBHS Kiac (-
TpH, KoHGUTrypupanu 1o (25). 3a MogenpaHeTo Ha pa3rIeKIaHus Kiac GUiITpH, oc-
HOBaBalll Ce Ha omeparopyd 3a (pakTaaHO HHTETpHpaHE WIH AUQPEPEHIIUPaHE
(27 -29) ot TeopusiTa Ha APOOHOTO CMsSTaHe, B paboTaTa ce MpeaiaraT U U3MOJI3BaT
YECTOTHO OIPAaHUYCHHU (32 v € [w, .0, | C JOTHA ©, W TOPHA », TPAHMIIM) PAI[HOHATHH
anpokcuMmaruu (30 - 31) choTBETHO.

AHaMM3bT Ha XapaKTEPUCTHKUTE Ha TpeioxkeHus HOB kiac ¢uiarpu (25), (26) e
IPOBEJICH BbPXY PE3YJITATUTE OT CUMYJIMPAHETO Ha TEXHUTE MOJIETIN KaKTO CJIe/IBa;

e Ha ¢ur.4-¢dur.15 ca mokazaHu MPeICTABUTEIHUTE YECTOTHU XAPAKTEPUCTUKU Ha
A oz -puntpute (25), BKIFOYUTEITHO 32 BCHUKU Pa3riIekKIaHu B paboTara abcopOu-

pany IBYpE)KUMHU peneTUTUBHU (Guiatpu ¢ maMeT (3+13) oT mbieH HEXOMOTeHEH
pen, cepuitHo y4actBaiu B koHpurypanus ¢ (20); a Bu3yaau3upaHUTE XapaKTepuUC-
TUKH ca MOKa3aH! B MapaMeTUYHa 3aBUCUMOCT OT CTOMHOCTTa Ha BPEMEKOHCTaHTHUTE

T, B abcopOuparute cherapany (3+13) Ha A ouc -punrpure (25);

e Ha ¢ur.16: ¢ur.27 ca mokazaHuW YECTOTHU XAPAKTEPUCTUKH HA A, oms -(QUITPUTE

(26), BKIIFOYMTETTHO 32 BCUYKH SHOWICHHH, ABYWICHHH, TPHWICHHN U YSTUPHUUWICHHU
pasriiexxaand B paborata abcopOupalld perneTUTUBHU (PUIATPU C MamMeT OT ApoOeH
pen (14 +18), cepuiino ydactamu B koHurypamus c (20).

Taon.l

A (p)=((T, p*)e(T, %)) 9); A (p)=((T,p*)(T, p?))" (10)
Ao (p)=((To P2 )+ (T, p2)+ (T, 0)) " () A (P)=((T, P )r(Top? (T, 02)) " (1)

Aserese (p)=((Te 0 )5 (T 024 (T, p7)+ (10 p)) (13)

o p“)1“[;:“%](@;;M,,,M)(p))lE[H [HQPJ[HQP ] } (14)

i=1

og . ()0, (p) =

e o e

j=1 B
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npoovancenue Taon.l

log o (p)rog, (p)+og., (p))'=

%H[mi.][w‘:)?ﬁ(mi,)[mz,}tn(n;g[um1]1

J
Aweperes =(pespaprep?)’ = (@ap,, (p)+@;;,,w )+, (P)rol . (p)) "=

Aeper=(pp?4p7) "

+ E J

{1<a<2};{1<ﬁ<2} {2<7<3 3<§<4}(
L:={1,2,..}; M:={1,2,..}; N

1
M,,(p)=-k Yy W(p)e ""?1+ ¥ w(p)e """

1
Mﬁz(p):k W(p)e pkT,/2 1_ W(p)e pkT, /2

a,0mc(p) =1, (Lo ()" (o9c (p))= o (p)e(p)
Ao £ () _F(—la) J.al(tf_(;) - dr (a,aem O<a<l)

D, f(t)_r(l_ﬂ)jt“n f;(t_fr()rﬂ)“df (n-1<p<n)
F(x):(x—l)J':t‘ e 'dt=(x-1)r(x-1)
1 (p)_ = fw(p)zfj[1+;—J[1+iL} (0, <o, ;N:={1,2,..}; n-1<a<n)
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(19)
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(23)

(24)

(25)

(26)

(@7)

(28)

(29)

(30)

(1)



Taon.2

oy argo” a, argo™ a, argo” a, argo*
0,111555 10° 1,111555 100° 2,111500 190° 3,111500 280°
0,222255 20° 1,222555 110° 2,222222 200° 3,222500 290°
0,333555 30° 1,333555 120° 2,333333 210° 3,333500 300°
0,444555 40° 1,444455 130° 2,444545 220° 3,444500 310°
0,555555 50° 1,555555 140° 2,555555 230° 3,555500 320°
0,675555 60° 1,667555 150° 2,667500 240° 3,667500 330°
0,778355 70° 1,867555 160° 2,778500 250° 3,778500 340°
0,889555 80° 1,889555 170° 2,889300 260° 3,889500 350°

TexHuTe MOJIEIHM CE€ OCHOBABAT HA PAIMOHATTHUTE YECTOTHO OTPAaHUYCHHU alPOKCHMa-
mun (30-31) Ha omeparopu 3a (pakTaliHO HHTEIPUPAHE WIH JU(EPEHIMpaHEe
(27 +29), uznonzBanu B (14 -+ 18). A XxapakKTepUCTUKHUTE Ca BU3YyaIM3UpPaHH B ITapamer-
pHYHA 3aBHCHMOCT OT ChOTBETHHUS «.3,7,5 ApoOeH pen Ha wieHoseTe (14:18) B ab-
COpOMpAIIUTE CHCTABANIM Ha A oxc -puntpute (26) B ChOTBETCTBAIIO-TIOKA3ATEITHH
KOMOWHAIIUY HAa €IUHUYHUTE o, W CPA3BAIIUTE », YECTOTH U TEXHHU CHOTHOIICHUS HA
parmoHaIHUTE anpokcuManuu 3a auama3od ot 0,1111 no 3,8895, kakTo TOBa € MOKa-
3aHO B Ta0J.2.

B®B BTOpaTa yacT Ha HacTosmaTa paboTa ca MpeACTaBeHU Pe3ylTaTUTEe OT CpPaBHU-
TEJTHUS aHAIN3 Ha XapaKTePUCTUKHUTE 3aKII0OUCHUETO U Oubnuorpadusira.

Astop: Huna I'. HukonoBa, noueHr, a-p - kareapa ,,ABromarusanus Ha Henpeknbc-
Hatute [IpousBoacTea”, dakynrer ABToMaruka, Texuuuecku YHupepcuteT - Codus,
E-mail address: ninan@tu-sofia.bg

HocTrpnuaa na 24.08.2013 Peunensent nipod. atH E. Hukosos
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ABCOPBUPAIIIN ®PAKTAJIHUA ABYPEX KUMHU
PEIIETUTUBHU ®UJITPU B CUCTEMUTE 3A
YIIPABJIEHUE - |l yact

Huna I'. HukoJoBa

Pe3ztome: B pabomama ce npednaza no cvuyecmso Ho8 Kiac 08YPeNCUMHU abcopoOu-
pawu puampu ¢ namem 3a cucmemu ¢ noaavlyane Ha cmyuwenuama. lpeonosicena e
cucmemamuzayusi Ha cmanoapmuume 08ypexcumuu guimpu ¢ namem. Te uznons-
8amM PAYUOHATHU NPUOTUNCEHUS. HA onepamopume 3d (PpaKmaiHo uHmespupane om
meopusma Ha OpooHomo cmamare. B pabomama ce pazenexncoam 6b3MONCHOCIUME
3a abcopbupane Ha NOBMAPsAWU Ce CMYWeHUs. C PUAMPU Om NbieH U om 0poden peo.
Ilokazanu ca pezynmamume om cpasHumesled aHAIU3 HA MeXHUume 4ecCmomuu Xxa-
PAKMEPUCTUKU.

Knwuoeu oymu: ¢paxmannu abcopoupawyu cmMyweHusma O08YpedCUMHU penemul-
MUHU hurmpu ¢ namem, AHAIU3 HA YeCMOMHUME XaAPaAKMePUCTUKU.

ABSORPTIVE FRACTIONAL DUAL REPETITIVE FILTERS
IN THE CONTROL SYSTEMS - part Il

Nina G. Nikolova

Abstract: In the work is proposed essentially new class of dual repetitive fractional
disturbance absorbed filters in disturbances absorbing control systems. Proposed is
a systematization of the standard dual repetitive fractional disturbance absorbed fil-
ters of this class. They use rational approximations of operators for fractional inte-
gration in the theory of fractional calculus. In the work is discusses the possibilities
for repetitive absorbing the disturbances with a integer order filters and with a frac-
tional order filters. Below are the results from the comparative analysis of their fre-
guency characteristics.

Keywords: fractional dual repetitive disturbance absorbing filters, analysis of fre-
guency characteristics.
BbBenenue

Pesynratute ot HacTosiata paboTa ca MpeACTaBeHU B JIBE HEPA3JCIHO CBBP3aHU
yactu. [IbpBara oOxBaila BHBEICHUETO, MOJICIMPAHETO W aHAJIM3a HA YECTOTHUTE
XapaKTepUCTUKU abcopOupaiy ¢GpakTaaHu ABYPEKUMHU PENETUTHUBHU (UIATPU C
nameT OT IbJICH PEeJ] U Ha Te3H, OCHOBABAIIlM CE€ Ha TEOpHUATa HA IPOOHOTO CMSITaHE C
U3I0JI3BAHETO HA OIEepaToOpy 3a MHTErpUpaHe OT HembjleH pea. Hacrosmara e BTO-
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paTa 4acT U B Hesl ca MPEJACTaBEHU PEe3yITaTUTE OT CPABHUTEITHUS aHAJIU3 HA Xapak-
TEPUCTUKUTE 3aKITIOYECHUETO U Oubimnorpadusra.

CpaBHHTeJIeH AHAJIN3 U 3aKJIIOYCHHC

Ot Bu3yanu3anuuTe Ha xapakrepucTtukute (pur.4 - dur.27) e O4eBHIHO, YC. ® 1, DL -

abcopOupamuTe (PppakTallHU ABYPEKUMHU PENETUTUBHU QUITPU C TAMET OT APOOeH
pen (14-18,26) ca chlecTBEHO pa3jMyaBally Ce MO CBOMTE YECTOTHU XapaKTepHC-
THKH OT A, onc -Quiitpute (25) OT mblieH pel, KaTo TOBa ¢ Hal-CHJIHO BHIMMO B
Nyquist-nmpocTpaHCTBOTO; ® CHCTEMHTE 3a YIPABJICHUE C TOTIbIAHE HA CMYIICHUATA
(¢ur.1.d) ¢ momorra Ha a,0mc (26) B CTpyKTypaTa MM, OCBIIECTBABAT abcopOupa-
HETO Ha v=[v ¢ .. f |7 W QuaTpUpaHeTo HA 9,=[f,v]" BBPXY y €()EKTHUBHO BbPXY
npoctpaHcTBOTO Ha NYyquist-koopiMHaTHAaTa CUCTEMa BbB BCUUKHM HEWHU KBaJpaHTH
C 0ce3aeMa MapaMeTpuyHa YyBCTBUTEIHOCT KbM: CIOUHOCIUmMe Ha TPOOHUS pell Ha
U3I0JI3BaHUTE (PPAKTATHHA ONEePATOPH (o« WIH B, y, &), CbOMHOUIEHUEMO HA CMOl-
Hocmume Ha OpoOOHUA ped HA W3MON3BaHUTE (paKTaTHU ONEpaToOpy MPU MHOTOY-
nennute abcopoepu 4, (a,p, v, 5), Oposa Ha uneHoeeme B 4 omc C UHTETPUPAHE OT
HEIbJICH P -CIHOWICHHH (C UHACKC « ), -ABYWICHHHU (C MHICKC aep), -TPUUICHHU
(C MHIIEKC aefey ), ~4CTUPUWICHHHU (C UHICKC aefeyes ), CoLOMHOUICHUAMA HA CIOTL-
HOCmume HA eOUHUYHUmMeE YeCmOomu Ha ATPOKCUMAIUS MPU MHOTOUYICHHHUTE ab-
copoepu 4, ome -w,, 0, ,0,, o,,; CbOMHOUWEHUEMO HA CMOUHOCMUMEe HA OPOOHUA

u,y?

peo Ha W3INOJI3BAHUTE (PPAKTATHU ONEPATOPU MPU MHOTOUICHHUTE (PHITPU A, omr
(a,8, 7, 5); Opos Ha uleHOBeme B 1, vic ; CbOMHOUIEHUAMA HA CIMOIHOCMUME HA
eOUHUYHUMe YeCmomu Ha alpOKCUMAIIUs TIPU MHOTOYJICHHUTE abcopoepu 1, ome .

HoBoTO 1 opurnHaiiHo B HacTosiniaTa pa3paboTKa ca: ® CUHTE3UPAHUAT HOB Kiac ad-
copOMpaIy JIBYPESKUMHU PETICTUTUBHU A osc (4, omc)-GUITPU ¢ mamer (OT IbJICH

WIH OT APOOCH pejr); ® MPOSKTHPAHUAT HOB KJIAC CHUCTEMHU 3a yIPaBJICHUE, KOUTO Ch-
YyeTaBaT ¥ MOTIBINAHETO HA BIUSHUETO HA HHTETPATTHOTO v=[v ¢ .. f |7 CMYIICHHE,
U e(eKTUBHOTO (PUITPUPAT HA BIUSHUETO HA MEPHOJUYHUTE ¢, =[f,o |’ CMyIIECHUS
BBPXY peryjupyeMara BeJIMYMHA y Ha CUCTEMAaTa C TIOMOIITA HA Aomc,(aome) - QUIT-
Tpu. lnHaMukaTa Ha MPEUIOKEHUTE U aHATM3UPAHU B HACTOSIIaTa paboTa HOB KJiac
(25,26) abcopOupary IBYPSKUMHU PEHCTUTUBHU Aogic,(aomc) GuiaTpu ¢ mamer (oT
IBJICH WA OT APOOCH pel) (PYHKIIMOHAIHO YIOBIICTBOPSBA M3MCKBAHUATA, MPEIs-
BEHU KbM TAX. A B CPaBHUTENICH IJIAH 1, owmc -(QUITPUTE MPEAOCTABAT 3HAYUTEIIHO
0-100pH BB3MOXKHOCTH 3a a0COpOUpPAHETO HA CMYIIEHUTO v=[v ¢ .. f |7 U QUIT-
pUpaHeTo Ha 9,-[f,v]" BBPXY y, KOETO C€ M3pa3siBa HE CaMO B IIPOCTPAHCTBOTO Ha

otaenHu kBaapaHTH B NYQUISt-TIpoCTpaHCTBOTO, HO W B YETUPHUTE MY KBaJpaHTa,
KaKTO U B TO-ToJieMUs Opoi CTeneHu Ha cBOOO/a 3a mapameTpu3aius Ipu CUHTE3 U
HACTPOMKA.
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CPABHUMTEJIEH AHAJIN3 HA KAYECTBEHUTE IIOKA3ATEJIN HA
BAHKHU ®UJITPU OT PA3JIMYEH THUII, TPUJIOKUMU ITPU KOAUPAHE
HA AYJINO CUT'HAJIN

Cue:xkana [lnemkoBa-beksipcka

Pe3rome: Ha bazama na pazpabomena 8 HACmoawama cmamus npocpamia peanusd-
Yusi ca MOOEIUPAHU U CUMYIUPAHU OAHKU UImpu om pasiuder mun 3a Kooupaue Ha
ayouo cuenanu no cmanoapm MPEG Audio. Pesyrmamume om npoepamnama peanu-
3ayus ca u3NOA36aHU 34 CPAGHUMENEH AHANU3 HA KaueCmeeHume noka3amenu Ha u3c-
Jedsanume munoge OaHKu om GuIMpuU u e YCmaHo8eHo, ye bamkume guimpu om
muna Gammachirp ce xapaxmepuszupam c no-0obpu rawecmeenu noxazamenu 8

cpaeHenue ¢ bankume om ¢huampu, uznoazéanu oouknoseno 6 cmanoapma MPEG
Audio.

Kniwouosu oymu: xooupane na ayouo cuenanu, oanku om ¢unmpu, cmarnoapm MPEG
Audio

COMPARATIVE ANALYSIS OF QUALITY CHARACTERISTICS FOR
DIFFERENT TYPES OF FILTER BANKS APPLIED IN AUDIO SIGNALS
CODING

Snejana Pleshkova — Bekiarska

Abstract: On the base of developed in this article software realization are modeled
and simulated different types of filter banks used in MPEG Audio standard for audio
signals coding. The results of software simulations are used in comparative analysis
of quality characteristics for different filter banks are and is find that Gammachirp
filter banks characteristics exceed the parameters of ordinary filter banks used in au-
dio signal coding standard MPEG Audio.

Keywords: audio signals coding, filter bank, MPEG Audio Standard

1. BbBenenue

B cranmapra ISO/MPEG [1] 3a kogupaHe Ha MOABHKHH H300pa)KCHHUS ChIICCTBYBA
obocobena yact MPEG Audio, npenHa3HayeHa 3a KOJAWPAHE HA ayJAHO CUTHAIA Ha
CBIIPOBOXKAAIUS 3BYK KbM BHEO IOCIEI0BATEIHOCTTa OT U300paKEHUSI IPH 3aru-
cbT uM Ha ontudecku Hocutenu (CD or DVD). To3u cranmapt € pa3paboTeH OT eKc-
nepTHa TpyIa KbM MEXIyHapOIHHUS HHCTUTYT 1o cranaaptusanus SO (International

© 2013 Publishing House of Technical University of Sofia 41
All rights reserved

ISSN 1311-0829



Organization for Standardization), m3Bectna kato Moving Picture Expert Group
(MPEG). B xonma Ha pa3paboTkata W yTBBP)KIaBAaHETO HAa TO3M CTAHIApPT ca Ch3Ja-
JICHU penuila HeroBU BapuaHTH. OCHOBHATa XapakTepHa OCOOCHOCT Ha TOBa MHOTO-
o0Opa3ue OT BapuaHTH € TSIXHAaTa ChbBMECTHMOCT, KOSITO C€ rapaHTupa upe3 neduHu-
paHe B CTaHJIapTa CaMO HAa HEOOXOJAMMHTE M3UCKBAHMS MPU KOJAMPAHE U JIEKOIUPAHE
Ha ayJIn0 CUTHAJIUTE O€3 Ja C€ IMOCTaBAT CHINCCTBEHW OTPAaHWYCHHS 32 HAYMHA Ha
BCSKa KOHKpETHAaTa peanm3alivs Ha aJropuThMa 3a KOJWpaHE Ha ayJIu0 CHUTHAJIMTE,
OCHOBABAII[ C¢ Ha MPUHIIMIIA HAa ICUX0AKyCTUYHOTO Konupane [2,3] u npuinaraHeTro Ha
MOAXO/Is11a 0aHKa OT (PUITPH.

[lenta Ha HacTosIIIIaTa CTATHsI € J1a C€ MPOBEJIC U3CIeABAHE M CPABHUTEIICH aHAIIU3 Ha
HSAKOH OT IpenopbunTeinute B cranaapra MPEG Audio BapraHTH 3a KOJUPAaHETO HA
ayJlIu0 CUTHAJIH, CBHP3aHM OCHOBHO C pa3IMuMeTo B M300pa Ha BHJa HAa HEOOXOAH-
Mmata Oanka oT guitpu. M3cnenBaHeTo € U3BBPIIEHO Ype3 ChOTBETHA IIPOrpaMHa pe-
anM3aIys 3a MOJICIIMPAaHe U CUMYJIAIUsATa Ha JBa TUTIA OaHKU OT QUITPHU 32 KOAUPAHE
Ha TECTOBH W PEAJTHU ayIno CUTHaIu. Pe3ynrarture, modydeHH TIPU MOJCITHPAHETO H
CUMYJIaluATa, e ObJaT W3MOJ3BAHU 32 W3BBPIIBAHE HA 3abJI00YEH CPABHUTEIICH
aHaIM3 M OIEHKA Ha KaUYeCTBEHHTE IMMOKA3aTe/IM HA BCAKA OT M3CIEABAHUTE OAHKHU OT
GbuATpH 32 KOAUPAHE HA ayTUO CUTHAJIH.

2. OcHOBHH NMPUHIMAIIA HA ICUX0AKYCTHIHOTO KOAUPAaHE HA ay/IN0 CUT'HAJIH

[IcMx0aKyCTHYHOTO KOJAWpaHE Ha aylu0 CHTHAJUd C€ OCHOBaBa Ha IO3HAHMSTA 3a
CJIIyXOBOTO BB3NPHUATHE HA YOBEKA. ETHO OT Ba)XHUTE CBOMCTBA Ha CIYXOBOTO BB3M-
pUsITHE HA YOBEKA € CBBP3aHO C JACHCTBUETO HA BHTPEITHOTO yXO HA YOBEKa KaToO CBO-
eoOpa3Ha OaHka OT QUATPH, YECTOTHATA JIEHTA HA KOUTO CE€ OMpEJEeNisi OT MOHITUETO
,KpUTHUYHA YeCTOTHA JIeHTa". Bb3 OCHOBA Ha yCPEIHEHU PE3yJITaTH OT U3CIIEABAHNUA,
NPOBEJCHH C MHOTO CIYIIATEIH, € OMpeleieHa 3aBHCHUMOCTTa Ha KPUTHUYHATA Yec-
TOTHA JICHTa OT YeCcToTaTa. s MOKe Ja ce MPEeICTaBU aHAIMTUIHO C U3pa3a:

2
z(f)=13arctg(0,00076 f )+ 3,5arctg (ﬁ] ,bark (1)

Enununara bark ce neduHmpa kaTo 4€CTOTHO OTCTOSIHUE €{HA KPUTHUYHA JIeHTa. Ts ce
OIIpEJICIIs C U3pasa:

1bark:26,81( f )/( f +1,96j—0,53. )
1000 )"\ 1000

[llupuHaTa Ha KpPUTUYHATA JICHTA OCTaBa IOCTOSHHA B YECTOTHUS JHMAra3oH OT
100Hz no 500 Hz u napactBa mpubau3utenno ¢ 20% 3a HeHTpaaTHU YeCTOTH Ha KpU-

TUYHATA JI€HTa IM0-BUCOKH 0T 500 Hz .

B meToauTe 3a nNcHX0akyCTUYHO KOJAMPAHE HA ayJAHO CUTHAJIU CE MPENopbhUBa 3aBU-
CUMOCTTa BWC(f ) Jla ce TpeTupa KaTo AUCKPETHO MHOKECTBO OT JICHTOBH (PUITPH,

KOWTO ce omucBar ¢ u3pas (2). ToBa MHOKECTBO OT (PUITPU CE€ O3HAYaBa KaTro OAHKa
OT (PUITPH, KOUTO CE€ XapaKTEPUZUPAT C TEXHUTE LICHTPATTHUTE YECTOTH.
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Ype3 omnmcaHuTe MO-TOpE MPUHIMIIK HA TICUXO0AKyCTUYHOTO KOJIMpPaHE Ha OCHOBAaTa
Ha TIPEICTaBSHETO Ha CIIYXOBOTO BB3IPHUATHE KaTO 00pa0dOTKa Ha ayIMO CUTHAIUTE C
OaHka OoT QWITPH ca MPEIOKEHHN aITOPUTHM U MPOrpaMHaTa peaiu3aius Ha OaHKa
ot ¢uitpu ot Tura Gammachirp, mpeanoxena B [4].

3. BJIOK aJIrOpuTHM M NPOrpaMHa peaju3anus Ha 0aHKa OT PUITPH OT
Tana Gammachirp

Ha ¢ur.1 e npeacraBena npeasioxkeHaTa 6JJ0KOBa cXeMa Ha aJICOPUTHM 3a IporpamMHa
peanuzanus Ha 6aHKa OT QUITPH, Ype3 KOATO a ObJe MPOBEEH CPABHUTEIICH aHAIIN3
Ha KAYECTBEHUTE MOKAa3aTeNd MPHU U3CJeIBaHE HA Pa3JIMYHU TUIIOBE OaHKHU OT (ui-
TpH.

B T031 anropuThM ca BKIIOYEHU CIEIHUTE TP OCHOBHU CTHITKH:
1. 1360p Ha Buaa Ha ¢unTbpHaTa 6aHKa ¢ Homep oT 1....... N;
2. V3cnenBaHe c M3MOI3BaHE HA acHMETpUYHA PrIThpHA OaHKa,

3. ©OuiTpupaHe Ha TECTOBU CUTHAIM upe3 QPuiThpHa 6aHka ¢ Homep oT 1....... N.

B 60koBaTa cxema Ha mpecTaBEHUs aIrOpuThM Ha (ur.l ca BKIIOYEHU CHILO U J0-
II'BJIHUTETHU 0JI0KOBE, TJIABHO CBBP3aHU C MIPEACTaBIHE Ha pe3yaTaTuTe mnoj dhopmara
Ha rpaduku U TaOJUIIU, a CHIIIO TaKa U JUAJOroBa YacT 3a U300p Ha TUMA HA PUITHP-
HaTa OaHKa, KOSITO ce U3Cie/iBa U U300p Ha TECTOBU ayAuo (aii.

Ha 6a3ara Ha npeanioxkenus aroput™ Ha ¢ur.l e pazpaboTreHa chOTBETHA IPOrpaMHa
peanuzainus, 3a Jia ce u3ciie/[Ba JeHCTBUETO U KAYECTBEHUTE MapaMeTpH Ha pa3InyHu
1o By Oanku ¢puitpu [4], KOUTO ca MPUIIOKESHU MTPHU KOJAMPAHE HA ayJHO CUTHAIIU IO
crangapra MPEG Audio. IIporpamuara peanu3aiius € OCHIICCTBEHA OCHOBHO upe3
nporpamMHara cucteMa 3a mojaenupane u cumynanus MATLAB, Ho ¢ ornien noBuiia-
BaHEe Ha OBP30JEHCTBUETO U ONTHMHU3UPAHE HA aJNTOPUTHhpPAa HIKOM HETOBU YacCTH,
IJIaBHO CBBP3a3aHU C TO-CJIOKHM MATEMaTUYECKU NIEUCTBHS, Ca OCBIIECTBEHH ChC
ceBMectumu ¢ MATLAB nporpamuu cpenctsa (Moxyna MEX 3a Bpb3ka ¢ e3uka 3a
nporpamupane C++ u MATLAB).

Upe3 moayna MEX e cw3nanen unrepdeiic 3a 0OMeH Ha JaHHU MEXIy paOoTHATa
cpena Ha MATLAB u ¢yskumu Ha apyru e3unm (B ciaydas C++) 3a mporpamupase.
Upe3 To3u uHTEepdeic Bpb3kara Ha nporpamHara cuctema MATLAB c e3uka 3a
nporpamupane C++ ce ocbiuectssiBa upe3 MEX-¢aiinoBe cbc cTaHAApTHO 3a €3UKa
C++ pasmupenue B uMeTo Ha (aitna (*.C), npu koero moayarsT MEX ot mporpam-
Harta cucrema MATLAB nedunupa eauHCTBEHO Kak TpsiOBa Ja € CTPYKTypupaH
MEX d¢aiina u kaku aa ca C++ QyHKIMUTE B HEro, 3a Ja ce OCHIIECTBU MIpaBUIIHA
Bpb3ka Ha C++ ¢ MATLAB.
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1. 360p Ha BuAa Ha
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TEeCTOBH CHTHAJIH Ype3
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1 i i

Tecros daiin 3

TectoB daitn 1 Tecros daiin 2

* WAV * WAV * WAV
8 bits/sample 8 bits/sample 16 bits/sample
fe=11kHz fc=22kHz fc=44kHz

®wur.1. bnokoBa cxema Ha MPeII0KEHHUS ATOPUTHM 3a IMPOTrPaMHa pean3anus Ha
0aHka oT puITpH, Upe3 KOATO Ja ObJe MPOBEJCH CPABHUTEIICH aHAIN3 HAa KaueCTBe-
HUTE TIOKA3aTeNy IPH U3CJIeIBaHE Ha PA3JIMYHU THUMOBE OaHKHU OT QUITPH.

4. EKcepMMeHTAJIHH Pe3yJITaTh

[Ipennoxenara Ha ¢ur.l OM0KOBa cXxema Ha aJrOPUTHM U pa3paboTeHaTa 3a HEro
MporpamMHa peajv3alusi ca €KCIHEpPUMEHTAIHO MPOBEPEHHU MpU H3CIEeIBaHE Ha pas-
JIMYHY 110 BU OaHKa OT ¢pwitpu, npuiaranu B cranaapra MPEG Audio. Pesynrarute
OT €KCIIEPUMEHTHUTE Cca U3I0JI3BAHHU 3a MPOBEXKJAHE HA CPaBHUTEJIECH aHAIM3 Ha Ka-
YEeCTBEHUTE IOKa3aTeJId IPU M3CIECABAHE HA Pa3IMYHU THUIOBE OaHKU OT (QUITPH,

44



usnon3Banu B ctangapra MPEG Audio. B xoia Ha eKCrIepUMEHTATHUTE U3CIIeIBAHHS
ca MPOBEJACHU MHOXKECTBO OT €KCTIIEPUMEHTH C Pa3InYHHU BapuaHTH Ha OaHKH OT QuiI-
TPU W Pa3IMYHU 10 BUJ U CHIbPKAHHUE HA ayAro WH(POPMAIHITA 3BYKOBH TECTOBHU
3anucu BBB (paiimoBa ¢ gopmar *.wav. B nacTosmaTa ctaTus € mpeicTaBeHa camo
YacT OT TE3W EKCIEPUMEHTAIIHN PE3yJITaTH, C IIeJ J1a C€ MPEACTaBAT B MOJIXOIIA
CHUHTE3MpaHa (opMa OCHOBHUTE MU3BOIM MOIYUYCHU MIPH TE€3U EKCIIEPUMEHTH.

Ha ¢wur.2. e mokasaH B CpaBHHTEJCH acleKT Pe3yiTaThT OT BH3yalU3allusATa 4pes3
pa3zpaboTeHaTa MporpaMHa peaau3alis Ha XapaKTepUCTUKUTE Ha IIUPOKO IMpuara-
uus B ctaggapra MPEG Audio [1] oOukHOBeH acMMeTpUYeH THI Ha OaHKa OT (uiI-
TPH U MIPEAJIOKEHUS B HACTOAIIATA CTATUsl THUI Ha OaHKa OT QUITPH, HAPEUYEH B CIIy-
yasi «aCUMETPHUYCH KOMIIeHCAllMOHeH (GuiaThp». CpaBHEHHETO MEXKIYy JBaTa THIIA
O0anka OT (uiITpu OOWKHOBEHHS AacUMETpUUYEH QWITHp, MpWIaraH B CTaHJapTa
MPEG Audio, u mpeaioxeHusi «KaCUMETPUYCH KOMIICHCAIIMOHEH (HITHP» € MOKa-
3aHO Ha ¢Gur.2 Mpu CIeAHUTE apameTpu. Opoi Ha 3BeHata Ha GuaThHpa N, KoepuIu-
eHT b, HopmupaHa yecrora f u mapamersp C:

n=4, b=1.019, fr=2000Hz,c =-3+3.

40f ' ]

30

Amplitude (dB)

0 1 UIUU EUIUU SDIUD 4000
Frequency (Hz)
®ur.2. CpaBHeHHE B pe3yJITaTr OT BU3yalu3alusaTa ype3 pa3paboTeHaTa nporpaMmHa
peanu3aiys Ha XapaKTepUCTUKUTE Ha IMHUPOKO Npuiiaranus B ctangapra MPEG
Audio [1] acumeTpudeH Tun Ha OaHKa OT GWITPH U TPEATIOKEHHSI B HACTOSIIIATA CTa-
TUSL THI HA OaHKa OT GWITPH, HAPEUEH B CIIy4asi KaCUMETPUYCH KOMITCHCAI[MOHEH
buITHP.

Ot ¢ur.2 ce 3abemnsi3Ba OJM30CT B XapaKTEPUCTHKHUTE (M CHOTBETHO JCHCTBUETO) HA
CpaBHSIBAHWTE JBa THUIMA OaHKWA OT (GUITPH, HO Ta3u OJM30CT € XapaKTepHA 3a dec-
TOTH, PA3MOJIOKEHU OKOJIO W TOJ| IIeHTpaiHata yectota f.. 3abens3Ba ce ChIIO, 4e

HaJl CHTpaJIHATa Y€CTOTa fr HMa 3HAYUTCIIHO IIO-TOJIIMO PA3MHWHABAHC B XapPAaAKTC-

puCTUKHTE HA OOMKHOBeHHs, npuiarad B ctaugapra MPEG Audio [1] acumerpuueH
TUN Ha OaHKa OT (PWITPH U MPEUIOKESHUS B HACTOALIATA CTaTUA «AaCUMETPUUYECH KOM-
NEeHCAaIMOHEeH THI» Ha OaHka oT ¢untpu. [lpennoxeHo e ToBa pa3nuyue a ce KOM-
MeHCHpa Ype3 MpeIBApUTEIIHO Mpuiiarane Ha JientoB Gammatone tun ¢untbp B OaH-
Kata OT (UITPU MPHU KOAHMPaHE Ha ayauo curHaiu no cranmaapra MPEG Audio. Exc-
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NEPUMEHTAIHUTE PEe3ydTaTh OT IpOorpaMHaTa pealu3alus Ha NPeJIOKEHHETO 3a
npunarane B Oanka oT ¢uiaTpu Ha ¢GuaThp or Tuma Gammatone u mo-crenuasTHo
Gammachirp ¢unTbp ca npeacraBenu rpaguuHO Ha clenBaIuTe GUTYPH.

Ha ¢wur.3 e mokazana BpemenuarpaMara Ha ayAHO CHTHaJl, 3alucaH BbB (aiid
SIX.WAV. Ilo abcrucara ca HaHeCeHH HOMepaTa [N] Ha JUCKPETHUTE CTOMHOCTH Ha
aynuo cur"ana. Ot ¢ur.3 ce Bmkaa, ue Toi chabppxka 11096 quckperHu cToitHOCTH, a
oT cinykebHata nHpopmanus B 3ariaBHata yact Ha (aiina SIX.WAV moxe na ce mo-
JTyun uH(poOpManus 3a Oposi Ha pa3psauTe, C KOUTO € MpecTaBeHa BCSKa IHUCKpPETHA
ctoiriHocT (B citydas 8 Oura) u yectoTaTa Ha AucKperu3anus (B ciydas 11kHz).

0.s T T T T T

0B

0.4

0z

0

0.2

YWaoltage U, [V]

0.4

06

0.8

K 1 1 1 1 1
0 2000 4000 5000 8000 10000 12000
Samples [n]

®ur.3. Bpemeaunarpama Ha ayiuo curHaia 3amnucat BbB ¢aitn SIX.WAV

Ha ¢ur.4 e npencraBen rpaduyHO CHEKThPBHT HA ayJUMO CHUTHaja, OMpPEAeSieH 4pe3
npuwiaraHe Ha Obp30 npeobOpazyBane Ha Dypue BbpXy mbpBuTe 1024 nuckperHu
CTOMHOCTH Ha ayJIuo CUrHaia, 3anucaH BB (daitn SIX.WAV, cinen HEroBoto npemu-
HaBaHe npe3 0aHka ot GuUaTpH, u3noa3Banu B crangapra MPEG Audio.

20 T T T T T

10+ .

10 m’ |

a0t i

Amplitude A. [dB]

A0t i

Ak 4

-50

1 1 1 1 1
o 1000 2000 3000 4000 5000 5000
Frequency f, [Hz]

@wur.4. CriekThp Ha ayIM0 CUTHANA, OTIPeeIieH Ype3 mpuiiarane Ha Obp30 nmpeodpa-
syBane Ha Dypue Bepxy mbpBuTe 1024 nuckpeTHH CTOMHOCTH Ha ayAro CUTHAJA, 3a-
nucan BbB (aitn SIX.WAV, ciien HeroBoTo npemMuHaBaHe mpe3 0aHka oT GUiITpH,
usnoisBanu B crangapra MPEG Audio.
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Ha ¢ur.5 e npencraBen rpaguyHO CHEKTHPHT HA ayJIuO CHTHANA, ONpEACNieH 4pes3
npujarane Ha OBp30 mpeodOpazyBane Ha Pypue BbpxXy mbpBute 1024 muckpeTHH
CTOMHOCTH Ha ayJIuo CWrHaja, 3anmucad BB (aiinm SIX.WAV, cnen HEroBoTO mocie-
JIOBaTEIIHO TIpeMUHaBaHe npe3 6anka or Gammatone dwuiatpu u cien ToBa mnpe3 Acu-
MeTpudHa O0anka or Gammachirp ¢puntpu.

55 T T T T T

= J

E5 J

70k J

Amplitude A, [dB]

g5l J

-80

1 1 1 1 1
0 1000 2000 3000 4000 5000 5000
Frequency f, [Hz]

@ur.5. CriekThp Ha ay/IM0 CUTHAJA, ONpeeIieH Ype3 npujiarane Ha Obp30 npeodpa-
3yBane Ha Dypue Bepxy mbpBuTe 1024 nuckpeTHH CTOMHOCTH Ha ayAHO CUTHAJA, 3a-
nucad BB (paitn SIX.WAV, ciien HeroBoro mociaeaoBaTeIHO IPEeMUHABAHE TIPE3
Oanka or Gammatone ¢uitpu u cien ToBa npe3 AcumMeTpruyHa 0aHKa OT
Gammachirp ¢punrpu.

Ot BpeMeamarpamara Ha (ur.3 ce BIKIa HAIWYHE Ha aMIUTUTYAH ChC CPABHUTEITHO
MaJika aMIunTyna (MpUuOIM3UTENTHO HyJa, ChOTBECTCBAIM HA Iay3a B ayJIuO CHUT-
HaJsia). 3aToBa MpoleAypara Mo (GUITPALUs Ce MOBTAPS M Ce MpUiiara camo 3a JHMCK-
peraute croiHocTd B uHTEepBajga 4000 mo 5024 (¢wur.3), kpaeTo MMa HaIM4YUE Ha
CPaBHUTEIHO MO-TOJEMH aMIUIUTYyAH. OTHOBO € HalpaBeHO CPABHEHUE MEX]Y CIEK-
TPUTE Ha ayJIMO CUTHAJIa, ONpEAENICHU Upe3 Mpuiarane Ha 0bp30 npeodpazyBaHe Ha
®ypue Bbpxy mbpButTe 1024 nuckpeTHH CTOMHOCTH Ha ayJuO CUTHAJa, 3alllicaH BbB
daiin SIX.WAYV, cnen HeroBoto nmpeMHHaBaHE KaKTO IMpe3 mpe3 O0aHka oT GuiTpw,
u3non3Banu B cragaapra MPEG Audio, Taka u nipu mocie1oBaTeIHOTO My IpeMHUHA-
BaHe mpe3 Oanka ot Gammatone ¢untpu u cien ToBa npe3 AcCUMETpudyHa 0aHKa OT
Gammachirp ¢untpu. Pesynrarure ca orpa3enu Ha Gur.6 u choTBETHO Ha Qur.7.

Ha ¢wur.8 e mokasan mpo3operbT Ha pabotHoTo mpoctpanctBo (Workspace) B mpor-
pamHara cucrema MATLAB, B koiiTo ca JaJieHW W3YMCICHUTE KOS(DUIIMEHTHU Ha
¢buntpure cnen orBapsHe Ha (aitna testl.MAT, kbnero Te ca 3anucanu. Ot urypara
MOJKE JIa ce M34MCIN 00eMa Ha MmaMeTTa, KOsATO Ce 3aeMa OT Koe(UIMeHTUTe Ha (uil-
Thpa B paboTHOoTO mpoctparcTBo (Workspace) na MATLAB, (B ciyuas 360 Oaiita),
KOETO ChOTBETCTBA Ha o0ema Ha daiina testl. MAT.
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@ur.6. CriekThp Ha ayJIM0 CUTHAJA, ONPEACIICH Upe3 mpuiiaraHe Ha Obp30 mpeodpa-
3yBaHe Ha Dypue BppXy auckperHute ctoitHoctu B nHTepBana 4000:5024 na ayano
cUrHaia, 3anucad BB ¢ain SIX.WAV, cien npeMrHaBaHEeTO My camo mpe3 0aHka OT
Gammatone ¢puntpu.
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@wr.7. CrieKThp Ha ayIHO CHTHAIA, ONPEIeIICH Ype3 mpuiiarane Ha Obp30 mpeodpa-
3yBaHe Ha Dypue BbpXy auckpernute ctoitHoctu B uHTepBana 4000:5024 na aymano
curHasa, 3amucad BbB ¢aitn SIX.WAV, cien nmocienoBarerHoTo My npe3 OaHKa oT
Gammatone ¢wuitpu u ciex ToBa npe3 6anka or Gammashirp gunpw.

Workspac

ﬁ- E | m | ﬁ Stad(:lElaEe YI

Name Gize Eytez|Class

@EentFreqs 1=3 24| double array
b 310 216 | double array
FH ¢ S5 120| double array
@fs 1x1 G |double array

I 12 | Warkspace | current Directory |

®wur.8. Bun Ha nmpo3opena Ha padotHoTo npoctpancTBo (Workspace) B mporpamuara
cpena MATLAB, B k0iiTO ca MOKa3aHu U3YMCICHUTE KOS(UIIMEHTH Ha (QUIATPUTE
cien orBapsiHe Ha (aitna testl. MAT
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4. U3BOoAM M 3aKJII0YECHUS

CJ'IGI[ daHaJIM3 Ha IOJIYUYCHHUTC CKCIICPUMCHTAJIHWU PC3YJITATH MOTAT Jla CC HalpaBAT
CJICAHUTC U3BOJU.

o Ot cpaBHenuero Ha ¢ur.4 u Gur.5 cineasa u3Boaa, ue QGUATPUPAHETO HA
TECTOBUS ayJInO CUTHAI ¢ IpuiaraHe Ha Guitpu ot Thra Gammachirp B 0ankarta ot
buntpu e mo-no0po B 00JaCTTa HA HUCKUTE YECTOTH. MakCUMyMH, KOUTO MOKa3BatT
JOMHUHHUPAIIUTE CIEKTPaTHA KOMIIOHEHTH B CHUTHaJa, ca PETUCTPUPAHH U B JIBaTa
cllydasi, HO MPH HpuiIaraHetTo Ha Gpuatpu oT Trma Gammachirp B 6ankara ot Gpuatpu
Te3W MaKCUMYMH Ca MHOTO TIO-SICHO M3pa3eHu. ToBa € M3KIIOYUTEIIHO BaXKHO 3a IMOC-
TUTaHE Ha TMO-BUCOKAa KA4YECTBOTO HA KOJAMUPAHE M CHOTBETHO JCKOJUPAHE HA ayJvo
CHUTHAJIMTE IIpH u3nons3Bane Ha ctanmapra MPEG Audio, 3amoro B3 OCHOBA Ha MH-
dbopmanmaTa 32 TOMUHUPAIINTE Y€CTOTH B CHEKThpa Ha aynuo curHanute B MPEG
Audio KoIUpaIoTO YCTPOHCTBO €€ OMpEees M3JIUIIHATa WHPOPMAIUI U Ce B3eMa
penieHne 3a HEMHOTO OTCPaHSIBaHE;

o CpaBHEHHETO Ha CIIEKTPAIHUTE quarpamu ot ¢ur.6 u ¢ur.7 mokaspa Ha-
JMYUE U Ha HEIOCTAThIM MPHU MpHiaraHeTo Ha ¢uitpu ot tTuna Gammachirp B 6an-
Kara oT puITpH crpsiMmo OaHkaTa OT GUITPH, U3MoI3BaHu B ctangapra MPEG Audio.
Konkpetno 3a yectornus auanason 2000-3000 Hz Gammachirp ¢unrpupaneTo mo-
Ka3Ba M0-HE3aJI0BOJIUTEIIHA PE3YJITATH, U3pa3sBaAIIM C€ B TO-CI1a00 M3pa3eHU MaKCH-
MyMH WA JOMHHHPAIIU YE€CTOTO, KOETO 3aTPyJHSIBA OMPEEISTHETO Ha W3IUIITHATA
uH(popMaIus U ChOTBETHO HaMayisiBa €(EKTUBHOCTTA MPU HEMHOTO OTCTpPaHSBAHE.
3abens3Ba ce u ToIsIMa pa3iinka B HUBAaTa Ha CIIEKTPATHUTE KOMIIOHEHTH TP MpHUJIa-
ranero Ha Guntpu ot Thma Gammachirp B 6aHkaTa OoT (QWITPH, KOETO C€ ABJDKH Ha
HEJ0CTaThYHA TOYHOCT TPH OMNpEACIsIHE HAa YCWIBAHETO Ha (QUITPUTE OT THIA
Gammachirp.

B 3akmoucHme cienBa Aa ce momdeprae HeoOXOAMMOCTTa OT OBJEIIO0 H3CIIEABAHE C
el ONTHMHM3AlKsA Ha BCHYKM IMapaMeTpH Ha IMPEIIOKEHHUTEe (QHITPU OT THIIA
Gammachirp, koeto ma qoBee 10 MOAOOpABAaHE Ha KAYSCTBEHUTE MM [TOKA3aTeNH, a C
TOBA W IOCTHUTaHE Ha I0-I00pO OOII0 Ka4yeCTBO HAa KOAWPAHETO U JAEKOAMPAHETO II0
meTona u ctangapra MPEG Audio.
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COPTYEPHU NPUIOXKEHUA 3A OBPABOTKA U BU3YAJIN3ALIUA
HA CUT'HAJIA OT 'EOPAJTIAP

I'eopru IletpoB  Beceaa K. CeprueBa Pajmnna bepOeposa

Pe3ome: B nacmoswama nyoruxayus e Hanpagen ob630pen npezied Ha NONYIAPHU
npogecuonanuu copmyepHu npuiloNHCeHUs U cucmemu 3a yugposa cucHaina obpa-
bomka u eusyanuzayusi Ha oannu, noaywenu om zeopadap (GPR). Ob6cworcoa ce
npuUnodcenUe Ha 2eopadapHume Memoou 3a U3C1e08aHe Ha 3eMHO-HACUNHU CbOPBICE-
HUsL — peunu oueu U MuKposzoeupuu cmenu. CpagHasam ce 6b3MONCHOCIUME HA Hsl-
KOU OCHOBHU COQMYepHU NPULOIAHCEHUS 3a 0OPADOMKA U U3YATUZAYUSL HA PE3YTMAMU
om usmepeanusma. O6CvOeHU ca 8b3MONCHOCMUME 3a NON38AHE HA NPOPeCUOHATHU
cogpmyepHu NpULodCeHUss ¢ OmeopeH KoO. JladeHu ca NpuMepHu NPUioNCeHus: u
pe3yamamu om u3noi38ane Ha cobcmeenuuecku u omeoper cogpmyep kamo: Scilab,
Octave and Seismic Unix.

Key words: yugposa obpabomka na cuenanu om 2eopadap, 6u3yanu3ayus

SOFTWARE TOOLS FOR GEORADAR DATA PROCESSING AND
VISUALIZATION

Georgi Petrov  Vessela K.-Sergieva Ralitza Berberova

Abstract: This publication is an overview of software systems for digital signal
processing of geo-radar (GPR) measurements with applications in ecology and
protection of infrastructure of small earth embankment dams and river dikes. Authors
compare the capabilities of commercial software systems for processing and vis-
ualization of measurement results. Discussed opportunities for using open source
software in the primary data processing and visualization. Finally, it is discussed
example application for visualization of geo-radar data with proprietary software
tools and alternative open source free software like: Scilab, Octave and Seismic Unix.
Key words: DSP, GPR, visualization

1. Introduction

The focus of this comparative study of the features supported by different software
tools for data processing and visualization obtained by Ground Pennetration Radar
(GPR) is to investigate possible integration solutions for development of integrated
methodology for non-destructive testing of small earth embankment dams and river
beds. This study is part of a preliminary study on the project FFNNIPO 12 00368,
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funded by Bulgarian National Science Fund. [1] Problems associated with accidents
caused by destruction of the earthworks due to improper maintenance and violation of
their integrity frequent in Bulgaria over the past 10 years. This is reinforced by the
fact that 98% of the national territory is vulnerable to earthquakes. This danger is
combined with the high percentage of highrisk flood areas around the basins of major
rivers and dams. Constructed from over 2,000 dams in Bulgaria, with high walls can
be identified 171 with embankment walls and 26 with rockfill walls [2]. This figure
should be added about 400 km strip bulk facilities along the river Danube and
numerous dikes along the rivers in the country. Despite the untimely efforts to renew
and partial repayment of these facilities there are hundreds of embankment dams de
facto non in technical control of uncertain ownership, which circumstances combined
with their years of service without repair often leads to disastrous consequences.
Regardless of the facts and opinion of world experts in seismology on the relative
stability of embankment dams to earthquakes [3], but we may think that these reports
refer only to the well-maintained facilities [4] which is not the case in Bulgaria. As
for the maintenance of these facilities in good condition majority of authors point the
need for preventive monitoring (for dam design improvements) of their structure and
integrity [5], [6], [7]. On the other hand water conservation, storing them for
agriculture and fisheries, as well as for the production of green energy in combination
with already built a huge amount of solar parks, should be subject to deliberate and
long-term state policy in European Union [8]. In connection with the general
guidelines and trends can be concluded that more water tanks of different sizes will be
needed to provide food, green energy, health, water transfer and transport in near
future. Bulgaria is rich in water resources and should take advantage of this position
in EC region, which could bring enormous economic benefits to the state and
residents, as well as improving ecology and quality of life. National policy in this
regard should be made gradually and first be directed to restoration and protection of
dams in Bulgaria, and later to the development of more small dams, which in
combination with the solar photovoltaic green electricity will provide the energy
backbone of the state. This means that a huge amount of research work related to
research integrity and strength of existing dams and embankment dams should be
carried out. Classical methods used for analysis by drilling and electrical impedance
studies of embankment dams do not have the economic efficiency and are too slow
for fast and qualitative analysis of the current situation. The aim of the project is to
develop advanced methodology, using the experience of best practeces in related EC
projects, enabling the widespread use of non-destructive control of small earth
embankment dams and river dikes with GPR systems in combination with standard
drilling and electro impedance technology.

2. GPR Monitoring Methodology Basic Concept
The concept of the use of the GPR with the monitoring of earth embankment dams
may include a number of steps similar to those described below.

_ Analysis of the structural characteristics of the site
_ Finding information about possible problems

52



_ Visual inspection of the site-photographs & GPS

_ GPR measurement plan

_ GPR measurement procedure

_ Data archiving-online option

_ Data visualization and processing

_ Final evaluation by expert-sharing the results

_ *Appointment of further investigation by drilling

_ *Final decision for repair or extension of the service

_ *Computer modelling and simulation for the site

Characteristic of this method is the possibility of extensive subsequent computer
processing of the results of precise GPR measurements and the possibility for fast and
relatively inexpensive recheck adjustment. These options are not available when using
the classical drilling procedures, however, can be used for the appointment of
additional geological and engineering investigations [9]. Thus, there will be decrease
in the final price of the initial viewing of a large amount of earth embankment dams
and levees, but also for largescale application of the process resulting from the use of
a cheaper and more easily transportable equipment. Moreover, the use of computer
models will allow the combination of data derived from primary GPR measurements
with data from a visual inspection, drilling, electrical impedance measurements and
other classic methods. This will allow the development of more realistic 3D static
models Fig.1 of small dam structure, which eventually would help us to use computer
simulations to analyze the stability of a facility under dufferent conditions such as:
earthquakes, water overflow, partially or totally destroyed as a result of mechanical
interference. The database could also be used for purposes of training geologists and
engineers, as well as sharing of best practices among stakeholders.

Fig.1. 3D embankment dam static model

Such a model has several areas of vision: 1, 1.A, 1.B; 2, 2.A, 2.B and 3. Area 1(1.A,
and 1.B) will be examined only in very small narrow dike walls, or provided that the
water tank is empty. This requires similar control measurements to be carried out
periodically from inside the levees when the reservoir is in emergency mode or
maintenance. Other parts of the model can be reconstructed via vertial GPR
penetration tests and side wall penetration. Area 3 can be tested in full scale. Due to
the maximum precize penetration of several meters to several tens of meters 2.B area
will be reconstructed with low resolution at high embankments. Following these
limitations we believe that the use of GPR for investigation of earth embankment
dams and river embankments is possible or at low water levels or limited, or as part of
the drilling investigation of medium size dams. Notwithstanding the restrictions such
a method would give us necessary information for routine control the strength of the
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earthworks. One possible solution to investigation of water full dams is the use of
underwater equipment [10]. In these measurements the test embankment is scanned
vertically and slopes along its length. Thus obtained records give us vertical and
oblique structure of the dam. Upon completion of these audit, a data files should be
archived and processed accordingly. Combining data from the GPS coordinates of
each measurement and the results of different longitudinal scans through the use of
specialized software we can reconstruct 3D digital model of the dam. Below we make
short comperative review for possible options for the use of software solution to solve
similar problems in visualization and processing of the measurements made with GPR
systems.

3. GPR Output Data

GPR is used in geophysical research to image the subsurface. The method is based on
the transmission of the short RF pulses in soil [11], [12] , as recorded reflections of
individual pulses during their adoption allows us to create a picture of the nearby
strata, underground infrastructure - pipes, cables, shafts, holes, large underground
sites and groundwater, landslides, and more. The reflected part of emited wave
(nanosecond pulses) is reflected from subsurface layers and objects and is detected
back in to the receiving system of GPR - Fig.2. Then aquired data is converted to
digital format and stored and visualized on the GPR monitor. Most often GPR units
can show imediately the underground layers direct to the examinator on the screen.
Capabilities of most portable systems do not allow a serious post processing of the
measurement data, which is why they should be transferred to a perdonal computer
where using specialized software to be visualized and processed.

= Gnuplot ===

' Fig.é. Single pennetration GPR detected signal

In most cases, the studies of an object is performed in a predetermined term, it is
possible through the use of GPS to be localized at the point of each puncturing. So
eventually combining data from all individual measurements and cuts can reconstruct
three-dimensional picture of the nearby subsoils. For the needs of the particular study
used portable geo-radar MALA XM3 with working frequensy of 250 MHz. The data
stored in the radar carrying information for each single measurement, arranged in said
vertical section. Basic parameters of these data are the number of significant points in
the vertical direction and the number of individual measurements in each slice. Most
data is stored in binary format files in on consecutive recorded 16 bit values. These
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files have the extension *.rd3, as they were recorded, and an additional text file
containing the specific parameters of a measuring setup with extended *.rad. In a file
with the extension *.cor may be recorded geographical coordinates of all conducted
measurements. Different types of radars is possible to store additional information in
the corresponding text files. Measurement data files can be readed by any type of
software tool and then be processed and visualized as 2D images. Combining parallel
2D slices can create a corresponding 3D model of the entire underground scanned
subsurface.

4. GPR Signal Post Processing

The main issue in post processing of geo-radar images combining information from
multiple penetrations is related to the fact that these data are not themselves two-
dimensional image. Aggregation of individual penetrations in a 2D imag allows us to
obtain information on the individual strata, but also for the existing underground
infrastructure. Due to the specifics of the data aquisition process related information
many reconstruct images superimposed and difficult to read by an untrained person
Fig.3. This makes serious difficulties in processing of reconstructed images using
classical techniques for digital processing. These techniques can be applied limited by
the interpretation of the data is also very difficult because of the high dynamics of the
resulting echoes. The highest level is the signal reflected from the nearest standing
strata, as the data in depth have much lower amplitudes. The resulting images despite
the possibility of further 2D and 3D reconstruction give us only integral evaluation of
the located underground sites. Depending on the depth of which we wish to scan
requires the use of different operating frequencies, leading to a limitation of the
spatial resolution versus pennetration depth of the technique Table 1. For the purpose
of inspection with high resolution can be used frequence range up to 2.4 GHz, which
is usually done for the inspection of concrete coatings with reinforcements. In the
context of the control of small dams makes sense for planed regular inspections of
internal and external concrete coatings control, which can only be done at low water
level. GPR output file contains information from different penetrations that can be
processed like reconstructed 2D image or as separate signals. In the latter case it is
possible to achive frequency correction of various harmonics, which can be removed
in different noise penetration. It is possible to carry out low-frequency, high
frequency, notch and band filtration, thus creating the conditions to visualize only thin
layers, thick layers or small or larger objects. The user should be preconditioned on
what tools should use when analyzing and inspecting objects using similar GPR slice
Images. Since the signals from the lower layers are much weaker, a common mistake
is not to be considered. Therefore responsible person for the inspection of objects is
important to carry out a thorough and detailed inspection of all of the measurement
results in full scale of signal dynamic and frequency range. Below we describe the
main capabilities for processing and reconstruction of 2D slices obtained by the GPR
using different software tools.
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Fig.3. 2D slice GPR reconstructed image, created by Seismic
Unixhttp://timna.mines.edu/cwpcodes/

Tablel. GPR frequency range versus radial resolution
and pennetration depth

Frequency Range (MHz) Radial Resolution (cm) Penetration Depth (m)
25 100 50
50 50 40
100 25 25
200 10 8
250 5 6
500 3 25

5. GPR Software
5.1. MALA GPR GroundVision 2

This is the basic software provided by the manufacturer of GPR system. With it can
be visualized individual 2D slides, as they can be fixed with geographic coordinates
and respectively the data can be exported for processing in other programs or to be
stored and printed as black and white or colorized images. Since radargram is a set of
vertical signals with a resolution of 16 bits, the data can’t be well visualized on
standard monitors. Problems are related to the dynamics of black and white images by
the inability of the monitors to display deeper brightness of 256 units. This problem is
solved by the use of different color patterns to present data with a large dynamic
range. Despite these opportunities software have standard options to change image
brightness and contrast. An interesting option of this simple software is the ability to
apply different spectral masks on all single measurements. Thus making possible to
eliminate or enhance specific components of the reflected signal Fig. 4. This allows us
to visualize only thin layers, only thick layers or remove large or small objects in
reconstructed 2D image. Through a combination of filters, it is possible to remove the
specific waveforms, or to focus on only a certain geological structures in 2D image.
This software is proprietary and no future adjustments and improvements can be
done, it works on operating system Windows.
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Fig.4. GroundVision 2 - screenshot
5.2. Genneral Purpose Software Tools

Large amount of software for engineering research and training can be used for
visualization and processing of radargrams. Most of these software is open source and
can be used completely free for other engineering plans, calculations and simulations.
The disadvantage of this kind of programs is that they work in interpreter mode and
use reusable components for drawing graphics and images, it can lead to serious
delays in the processing and visualization [13] of large datasets in case of multi slice
reconstruction of embankment dams. All that programmer need to do is to open and
read data files and fill 2D-16 bit integer matrix with values, attention should be taken
in case if GPR uses big endian formated data, so after reading data bytes must be
swapped before processing. These data forms 2D slice image and can be processed
like greyscale image, visualized as colorized immage, or procesed to brightness and
contrast adjustment, or even to filter single pennetrations to remove or amplify exact
spectral component.

5.3. Seismic Unix

This system integrates the experience of many experts in the field of seismology, part
of which can be used for processing, and storage of data obtained from geo-radar,
sonar or lidar. This project started at early 1970. The Seismic Unix project is partially
funded by the Society of Exploration Geophysicists (SEG), and by the Center for
Wave Phenomena (CWP), Department of Geophysical Engineering, Colorado School
of Mines. Past support for SU has included these groups, as well as the Gas Research
Institute (GRI). [14] The system is Unix-based and written in the C language, thus
making it very fast and efficient for large scale calculations. With this system it is
possible to be carried out and simulation testing of a structure in terms of its
earthquake resistance. The main drawback for ordinary users, is the fact that the
environment does not have a graphical user interface. However, this makes it very
flexible, different scripts and programs on Java, TCL/TK and Python and other high-
level languages can be used to create a graphical interface or even Bash-scripts.
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Seismic Unix is decentralized open source system, making it very efficient and fast,
which is essential advantage over the monstrously slow closed applications. This
system can be installed on Linux (in our case Ubunu) very easyly please reffer to this
linc http://www.seismicunix.com/w/Seismic Unix install on Ubuntu. Using the
visualization system can be done through the implementation of short scripts or
phasing writing commands refers to their different options [15].

#Thiscommandopens” .rd3”fileandreadssequence
#ofl6bitintegervalues,remapsdatafromshort
#tofloatandstoretheoutputinto”a.f”file
recast<DATO0013Al.rd3in=shortout=float>a.f
# Thi s command s e t s number of sampl e s
#pereachpennetration

suaddhe ad <a.f>a. suns =992

# Thiscommandsetsthetotal number
#ofpennetrationsperslide

sushw <a.su>aa.sukey=dta=samples 2942
#Visualize2DimageinBW format
suximage<aa.superc=80title="GPRslice”legend=1&
#Removetemporaryfilestofreediskspace
rma.fa.su

This code will produce the corresponding output greyscale image Fig.5. It is apparent
that good stand upper penetration section is visible. Very low amplitude reflections
from lower layers are not even visible at 256 halftone image. Greyscale images that
contain high dynamic range data are not always easyer way to examine entire image,
because we need to make multiple review screens changing “perc=99, 98, 97, ..., 3, 2,

1* option see Fig.6 and Fig.7. Our software allows you to colorize the halftone
Images so that the Leno to see large and small amplitudes radargram, this is done as
follows Fig.8, we can combine different types of filtration - median Fig.9 or median
and rms Fig.10, both of them can be applied in 1D and 2D domain:

#Visualize”aa.ss”filedatainHSVformat
suximage<aa.superc=80title="GPRslice”
legend=1cmap=hsv2 &

In Seismic Unix there are several basic options that can perform image processing,
such as statistical filtering: median, rms, maximum and others. Some of these features
are obtained by the following command parameters:

sunormalizedt=1norm=med<aa.sujsuximagelegend=1
perc=80cmap=hsv2title="median” &
sunormalizedt=1norm=med<aa.sujsunormalizedt=1

norm=rms j suximage legend=1perc =80 cmap=hsv2

title="median & rms” &

s u n sourmn oarlmi zael i zdet =1d t =nolrmno=rmme=dm<axaaj . ssuuxijmage legend =1
perc=80cmap=hsv2title="median & max” &
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Fig.7. SU BW slice visualization, Fig.8. SU HSV colorization slice
perc=80 visualization, hsv2, perc=80

Fig.9. SU HSV median filtering Fig.10. SU HSV medianmgand rms filtering
6. Conclusion

Our preliminary analysis on the possible use of additional software packages for
processing and visualization of data from GPR shows that standard software
applications can only be used for very basic analysis. There are many possibilities for
the use of proprietary programs, however, have two major drawbacks - high cost and
inability to adapt new features. Such restrictions are unjustified in conducting
scientific research, especially in the context of the particular study aimed to analyze
and evaluate the stability of small embankment dams and river embankments. It is
also discussed the possibilities of using standard engineering computing packages like
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Matlab or Scilab. Their major advantage is ease of adaptation in learning, while
students may be explained in detail and illustrate how one or another algorithm is
working, visualizing and filtering of signals and reconstructed images. Best software
which showed perfect results and capabilities for processing and visualization GPR
data is Seismic Unix. This software will be used for future analisys of GPR data with
different pakages like OpenDX for 3D model visualization.
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CHUHTE3 HA CAY HA OBEKTH CbC CBIIECTBEHO
SJAKBCHEHMUME C U3ITOJI3BAHE HA KOJIMYECTBEHATA
TEOPUSA HA OBPATHA BPB3KA

Cranuciaas Enes, Becesaa Kapiaosa-Cepruesa

Pe3ztome: Pabomama npedcmass NpuiodceHuemo Ha KOauuyecmeenama meopusi Ha
oopamnama épv3KaA NPU CUHMe3d HA 3aKOH 34 ynpasieHue Ha 1abopamopen moniu-
HeH 00eKm CbC CbuecmseeHo 3aKvchenue. Tlokazano e, ye memooume, 6A3UPAHU HA
ma3zu meopus ce 0606wasam d6e3 0cobeHocmu U 3a Mmo3u Mun 3a0a4u 3a CUHME3, U3-
8eCmHU cbC ceosama mpyonocm. [Ipoexmupanusam 3aKoH 3a ynpasienue e 8aiuoupaH
eKCNePUMEHMAHO, Kamo ca 0A0eHU U PA3SICHEeHUs OMHOCHO NPAKmMuyecKkama my pe-
anuzayus. Ilonyyenume pezyimamu noxazeam, ue HCEIAHOMO KAYECMBO HA pe2yiu-
pame, cneyuuyupano 8v6 8pemesama ooaacm, e noCMuUSHamo.

Kniwouosu oymu: xonuuecmeena meopusi Ha obpamHama 8pvb3Ka, YNpaegieHue Ha
0bexmu ¢ MpaHCNOPMHO 3aKbCHEHUe

DESIGN OF CONTROL SYSTEMS FOR PROCESSES WITH
SIGNIFICANT TIME-DELAY BY USING THE QUANTITATIVE
FEEDBACK THEORY

Stanislav Enev, Vessela Karlova-Sergieva

Abstract: This paper presents the application of a QF T-based design method for the
case of a laboratory heat-exchange process with significant time-delay in the input-
output path. It is shown, that the methodology extends directly to this type of control
problems, which are known for their difficulty. The designed control law is validated
experimentally and implementation details are discussed. The results show, that the
specified time domain performance is actually obtained.

Keywords: quantitative feedback theory, control of time-delay processes

1. Introduction
Delay terms arise in mathematical models of processes either from physically present
transport phenomena, holding times, etc., or as approximations of higher order dy-
namics. Their presence in the control loop renders the design problem more difficult,
as well as reduces the achievable performance. The control problem for processes
with significant time-delay becomes even harder when model-plant mismatches are
present. In these cases, model-based compensation schemes, such as the Smith pre-
dictor, generally fail to ensure robust performance, or even stability. Parameter varia-
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tions in process models, and general model uncertainty, are common for real pro-
cesses as, generally speaking, operating conditions may vary (set-points and/or load
variations, different characteristics of input raw materials, etc.).

The quantitative feedback theory (QFT) methodology [1], [2] gives methods and tools
to design controllers achieving robust stability and performance, which can be effec-
tively used in cases when large parameter variations are encountered. Since it is gen-
erally a loop-shaping frequency domain methodology, the delay terms are seamlessly
incorporated in the design procedures. For delay-time dominated processes, QFT-
based design of controllers in a Smith predictor scheme has been proposed [3], [4]. In
this paper, a QFT-based design case-study within the classical feedback structure for a
heat-exchange process with significant time-delay is presented. The paper is orga-
nized as follows. In Section 2, the plant modeling is given. In Section 3, a controller
and a pre-filter in the classical single-loop control system structure are designed using
QFT. In Section 4, a practical implementation is discussed and experimental results
are presented.

2. Process description and modeling
The laboratory heat-exchanger is depicted in Fig.1. The heated fluid, being water,
passes through an electrical flow heater with constant flow rate and then enters a long
coiled pipeline. The temperature of the water at the pipeline’s exit point is the con-
trolled variable. The transportation process in the pipeline introduces the significant
time delay in the system’s input-output path.

Pipeline

Nl

e

Fig.1

The control input (the manipulated variable) is the duty cycle - x in the PWM scheme
used to modulate the power to the electric heater, i.e. the fraction of the maximal heat-
ing power available. The main disturbance is the temperature of the inflow stream -
6, . Within the existing installation, it is observed that after a certain period of opera-
tion, the thermal capacity of the structure begins to affect the outlet temperature. Also,
with the pipeline not being well insulated, the outlet temperature is affected by the
heat transfer to/from the environment when there is a significant deviation from the
ambient temperature. Finally, variations of the flow rate will affect significantly the
performance of the control system, since the flow rate itself is the major factor deter-
mining the dynamic properties of the process. Though considered constant (set by the
manually operated valve at the piping input) for the modeling and throughout the ex-
periments, such variations exist due to pressure variations at the installation input.
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The outlet temperature is measured with 4-20 mA temperature transmitter using Pt100
resistor as sensor and a temperature indicator is available for the inlet temperature.
The PWM control is implemented with a solid-state relay (SSR).
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A set of open loop experiments were conducted on the process in order to gather data
for identification purposes. It was found that for constant flow rate the process has a
linear steady-state characteristic and rather similar transient curves throughout the en-
tire operating domain. In Fig.2 are shown process response to a series of two step
changes of the control input, with the flow rate set to £ ~1,5//min .

The parameters of a second-order plus time-delay models were fitted to the actual re-
sponses and the following parameters were obtained.

eout (p ) — k/l

e, - transfer function model (1)
u(p)  (Lp+D)(Tp+1)

W(p)=

with:
k,=0,285C/%, I, =60s, T,=40s, 1=95s.

The response of the obtained model is shown along with the actual one on the same
graph (Fig.2). First-principle modeling considerations suggest that the entry point of
the disturbance in the system is at the input, so the same transfer function can be con-
sidered, only with steady-state gain equal to one (&, =1). First-principle modeling con-
siderations again suggests that the time-delay and process gain will vary inversely
proportional to the water flow rate. This can be also extended to the time constants in
the model. Thus, the transfer function describing the process dynamics for different
flow rates can be written as:
kk

o) =Grrarpnt 0 @

with: k=1,57".
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3. Control law design

The QFT design methodology foundations can be found in [1] and [2]. A good, short-
er overview of the methodology can be found in [5]. In Fig.3 is depicted the flow
chart of the design process, implemented in this paper.

(" Plant stepresponse
identification /\
& < START
First principle v
\_ modeling y, J
y
4 N a 3 i
Plant fransfer function set Frequency range spedficalion Frequency domain Time domain
Nominal plant »|  Frequencyresponse data [ performance performance
L transfer function ) L generalion y specificalion specification
L A
Y
Templates
construction
Y
QFT bounds <
construction
h 4
Controller design
Prefilter design
Able 1o meet
performance
specs?
Yes
Time domain validation —b

Fig.3

The first part of the modeling process was described in Section 2.

The range of possible flow rates is chosen to be: 1,5-3 7//min, which determines an in-
terval of [0,5—1] in which the scaling coefficient  varies. Eleven values were chosen,
spanning the obtained interval with a step of 0,05 and & =0,5+0,050-1) were defined
accordingly. Then, a process transfer function set is obtained as #,,(p)by plugging the

respective value of the scaling coefficient in (2). The nominal process transfer func-
tion - W, (p) was chosen to correspond to k" =%, =0,75 1.e., for a flow of 2,257/ min.
The structure of the control system is represented in Fig.4,
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6, (1)
— >

W.(p) _l

g () (1) 6,.,(t)
“ D mipy Ol = w,(»—O

Fig.4

with: w;(p) - controller transfer function; F(p) - pre-filter transfer function.
The following are defined:
L.(p)=Wx(p)W,,(p), - open-loop transfer functions;
L (p)=Wx(p)W,(p) - nominal open-loop transfer function;

L(p)
1+ L.(p)

Time-domain performance was specified by imposing bounds on the desired step-re-
sponse of the control system. Formally, the following condition is written:

Tr,(p)=F(p) - reference-to-output transfer functions of the system.

s, (O<s,(O)<s, @), (3)
with: 5; (1) = L {TR,i(p)l} 5 sy () =L {TU (p)l} 5 8. ()= L {TL (P)l} .
p p p

In terms of “standard” performance measures, a settling-time of less than 1400 s and
an overshoot of less than 3% are guaranteed by satisfying the imposed condition.

As defined, the upper and lower limits are generated as the step-response of two sys-
tems with transfer functions:

1
(220p +1)

3000p +3
10° p> +3000p +3

I,(p)= e, Ty(p)=

The rest of the design process steps were carried out using the QFT design tool —
QFTCT [2]. Other similar tools are presented in [6] and [7]. As inputs, the following
transfer functions were supplied: W, (p), i=1..11, W;(p), T,(p) and 7,(p), with the de-

lay term approximated by a Pade’s series expansion of fourth order.
The performance specifications are translated in the frequency domain as:

B/ (@) < Ty ()< Bj(w), (4)

with: Bf(w)=20log|T;, (jw)|, Bf(e)=20log|T,(je)| and Ty,(w)=20log|T;,(je)|. A prerequisite
condition for the QFT design applicability is that the difference s, (w)= B/ (®)- B} (»)

should increase as frequency increases. In our case, this is guaranteed by the greater
surplus of poles over zeros for 7,(p)compared to that of 7,(p). As seen in Fig.7, the
condition is indeed verified.
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The frequency range of interest is limited to around 0,012 rad /s and the following val-
ues for the frequency are chosen to use in the design process:

@, =0,001rad /s @, =0,005 rad /s w;=0,007 rad /s o, =0,01rad /s w; =0,012 rad /s .

Then, templates are drawn in the Nichols plane as the projections of the frequency re-
sponses of each W, (p) in the plane, for the respective value w,, m=1..5 - Fig.5.
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Fig.5 Fig.6

The QFT bounds for each frequency, generated by QFTCT tool are shown on Fig. 6.
The controller is specified iteratively, by adding dynamics and adjusting parameters,
so the Nichols plot of the nominal closed-loop system satisfies the QFT bound condi-
tions. The design process is interactive, guided by designer’s knowledge and aided by
the QFTCT tool, which enables him/her to see immediately the results of the modifi-
cations made in the controller transfer function. The result from this procedure is ob-
viously not unique. The following transfer function was obtained:

R(p) = 16,41 2+ 0:0292)(p +0,02922)(p + 0,01182)
B (9 +0,2062)(p +0,2017)(p + 0,1444)

The respective Nichols plot of the nominal closed-loop system is visualized in Fig.6.
Then, a pre-filter should be specified, so that (4) is satisfied. The considerations, men-

tioned for the controller design, hold also for the pre-filter design. The following
transfer function was obtained:
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1,4.10™*

= 0 0(p+0.007)

Condition (4) is verified, as shown in Fig.7.

@ rad/ s

Fig.7

Finally, the time domain performance specifications are verified by simulating the
step-response of each 7,,(p) - F1g.8.

>
500 1000 1500

Fig.8

4. Implementation and experimental results
The QFT control law was implemented in Matlab, using the capabilities of the Data
Acquisition Toolbox to interface the USB DAQ device NI 6009, which in turn was
used to realize the physical interface to the process. The sampling period and PWM
base period were chosen to be equal to 2 sec.
Discrete-time equivalents of the designed controller and pre-filter were constructed
using the matched pole-zero method. The following transfer functions were obtained:

(z—0,9766)(z — 0,9432)>
(z—1)(z—0,7491)(z - 0,668)(z —0,6621) ’

(z+1
(z—0,9869)(z—0,961)

R, (2)=20,63 F,(z)=2,554.10"

67



Both controller and pre-filter input-output relations are implemented as series con-
nection of first-order systems. When the control law is off, the pre-filter output is ini-
tialized with value of the current output temperature.

Three experiments were conducted for three different values of the flow rate:
fi=1,50/min, f,~2,25//minand £ ~3//min respectively. The results from the experi-
ments are shown in Fig.9. The curves are shown, so that the reference value in each
experiment is changed to 25 °C at r=50s. Then the control law is turned on. As seen,
the initial value of the outlet temperature is different in each experiment, even though
the inlet temperature was practically constant. This is due to the heat-exchange be-
tween the pipeline and the ambient air, resulting in a change of the temperature with
magnitude determined by the flow rate.
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Fig.9. Transient responses

By analyzing the steady-state values, the following process gains are estimated:
k, =03, k,,~021, k,,~0,16, the indices, corresponding to those of the respective flow
rates.

In order to assess the obtained performance, the experimental curves are scaled to a
change of 10 °C, and are shown in Fig.10 along with the respective time domain per-
formance bounds. Also, simulated transient responses are shown on the graphs, with
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process models (2), in which the values of the scaling coefficient are chosen so that
the same process gains are obtained. As seen the specified performance is actually ob-
tained. Moreover, rather exact prediction of the control system behavior is provided
by simulations.

10
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Fig.10. Transient responses

5. Conclusion
In this paper, a QFT-based design method for time-delay dominated processes is con-
sidered. A case-study for a laboratory heat-exchange process with proportional varia-
tion of model parameters is presented and the resulting design is validated experi-
mentally. The experimental results cover well theoretical predictions. Future work
will consider controller optimization, tightening performance bounds and incorporat-
ing disturbance response performance specifications in the design procedure.
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OXYFUEL-TEXHOJIOT'USATA - TEKYILIO PASBUTHUE U
NEPCHEKTUBU 3A KOMEPCUAJU3UPAHETO M IPE3 21 BEK

Muiako Hosues, Ilumutsp Ilonos, Ilerbo I'agxanos, Hukoua LiBeTkoB

Peztome: Oxyfuel — mexnonoeusma e eona om nepcnekmueHume mexHoi02UU KOUMO
ouxa moeau 0a 6vOam U3NOA36AHU NPU YIABIHEMO HA 8b2NePOOHUS OUOKCUO Om OUM-
nume 2azose na TEL] (Carbon Capture) ¢ yen peoyyupane na svenepoonume emucuu
6 ammocghepama. B cmamusama ca npedcmagenu u ce oocvicoam yHuuyupanume
mexnonocuunu 61oxoee npenopvusarnu om EC, koumo oa 6v0am u3nonzeanu npu u3-
epasicoanemo na uncmanrayuume 3a pearusayus na Oxyfuel — mexnonoeuume ¢ oeneo
Ha MAXHOMO 6b0euj0 KOMePCUaIU3upaHe.

Knrouoeu oymu: peoyyupane na évenepoonume emucuu 6 ammocgepama, Oxyfuel —
MEeXHON02Us

OXYFUEL-TECHNOLOGY - CURRENT DEVELOPMENT AND THE
PERSPECTIVE FOR ITS COMMERCIALIZATION IN 21 CENTURY

Milko lovchev, Dimitar Popov, Petyo Gadjanov, Nikola Tzvetkov

Abstract. Oxyfuel - technology is one of the main technologies which can be imple-
mented during the process of CO, capture from the flue gases of the thermal power
plants; the purpose being to reduce CO, emissions in the atmosphere. Following this
purpose the principal technological blocks of these installations are discussed in this
paper in accordance with EU official Documents concerning the further commerciali-
zation of Oxyfuel — technology.

Key words: reduce CO, emissions in the atmosphere, Oxyfuel - technology
1. BbBenenue

Oxyfuel-texHonorusiTa € eqHa OT MEPCIEKTUBHUTE TEXHOJIOTUH, KOMTO OMXa MOTJIH
na ObJaT WU3MON3BAHU TPHU YJIABSHETO Ha BBIVICPOJHUS TUOKCHI OT JUMHHUTE T'a30BE
ot TEL] (Carbon Capture). Eqno npoy4uBane Ha CBeToBHHS MHCTHTYT 3a pa3BUTHETO
Ha CCS - rexnomoruute (Global CCSI) nposeneno npe3 2009 r. obaue mokaspa, ue
npyrute CCS — texHonoruu, a umeHHo MuTterpupan ¢ razudukainys mapora3on Iu-
kb1 (Integrated Gasification Combined Cycle - IGCC) u ynassueto na CO, cien oc-
HOBHHUS Tporiec Ha ropeHe (Postcombustion Capture — PCC) usnpeapsar Oxyfuel —
TEXHOJIOTHATA KAaTO CTENEH Ha TEXHUYECKO PA3BUTHE M Ca MO-OJU3KO 0 THPTrOBCKa
peanu3anus, T.€. 10 KoMepcuanu3amus. M BblIpekd, 4e Te3u TPU OCHOBHU TEXHOJIO-
run (Oxyfuel, IGCC u PCC) tpyano morar aa 0baat cpaBusBanu GCCSI nposexia
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npe3 cbimata 2009 r. cpaBHUTENIEH TEXHHMKO-MKOHOMHYecku aHanu3 (benchmarking
evaluation), nmpu KoeTo ycTaHoBsiBa, e oT 159 paboTemy uiv 3ariaHyBaHH Ja pabo-
T CCS — npoekra camo B 14 ot Tax ce m3noizBa Oxyfuel-texnomorusra (1.e. 0K0JI0
10 %). Ortyk u renepanHata oreHka, ye Oxyfuel-texHnomorusra ¢ B mpoiec Ha pas-
BUTHE IIEJIAI JEMOHCTPUPAHE U YChBBPIICHCTBAHE HA OTIACTHUTE BH3JIM OT TEXHOJIO-
rMYHaTa cXeMa M IOBHIIIaBaHe Ha HEHHAaTa CHTYPHOCT M MKOHOMHYHOCT.[1,2,3]. BbB
BpPb3Ka C yCKOpsiBaHE Ha HeiiHaTa KoMmepcuanusaius odade EU mpuema mBa J0Ky-
menta [4,5], B kouto mpenopbyBa uscineaanusta va Oxyfuel-rexnomorunte ma ce
yHUGHUIHPAT Ype3 GopMHUpaHe Ha T.HAp. TEXHOJIOTHYHU OJOKOBE, BKIIIOYBAIIH B ceOe
CH 33IbJDKUTEITHO OTpe/IesicH Opoii ormeparuw.

[lenta Ha HacTOsIIATa CTATUS € Jla CE MPEACTABH M aHAIM3HPA TE3U TEXHOJOTUYHH
omokoBe (m3mon3Baiiku Homeparusita Ha EN) karo ocHoBHu enemenTtn Ha OXxyfuel —
TEXHOJIOTHSITA YJICCHSBAIM HEHWHATa KOMepchuaau3aus. MsICTOTO Ha T€3H TEXHOJIO-
riuyHK 0710K0Be B yHUHIMpanaTta Oxyfuel-uncranaius e nokasano Ha ¢ur.l, a onu-
CaHHMETO UM € J]a/ICHO B CJIEABAIINS TEKCT.

2. Texnosornyen 610k 1 - Oxyfuel - usrapsine Ha BbIVIMIIATA

[To nedpununus B meuaute kamepu Ha Oxyfuel-uHcTananuuTe BhIIMINATA CE U3rapsT
B Cpe/la Ha YUCT (TEXHUYECKH) KUCIIOPOJI, KbM KOHTO ce 00aBsi pelupKyIHupal ras
(CO,). Llenra Ha Ta3u onepanus (momaBanero Ha CO,) ¢ 1a ce MOHMKH TeMIIepaTy-
paTa Ha TuTaMbKa C IIeJT J1a ce MPEAOTBPaTH CTAISTHETO Ha MUHEpallHAaTa Maca Ha BbI-
JuInaTa ¥ o0Opa3yBaHeTo Ha Ijiaka. ToBa, Ha IPBB MOTJIEA, HE3HAYUTEIIHO N3MEHEHHE
NPOMCHS HAITbJIHO XUMHITa Ha TOPMBHHUTE Mpolleck B memHata kamepa (flame
chemistry), 1 u3KuckBa 3HaYMMO M3MEHEHHUE HA KOHCTPYKIUSATA HA TOPEIKUTE, KOUTO
TpsiOBa /1a OCUTYPSAT €IHOBPEMEHHO HEOOXOouMaTa IbDKHHA Ha TIaMbKa M HE00XO-
JTUMUS paJIMalliOHCH TOIIOOOMEH B memTa. OB IHATETHH, HO HE MaJOBaXHU (pak-
TOPH Ca U yCJIOBHATA, TP KOUTO B MPOLEC HA FOpeHe TpsiOBa 1a ce Hamalu o0pa3sy-
Ba"eto Ha NO,, CO u SOy, a cpII0 Taka, KakTO Bede Oelle Ka3aHo, U Ja He ce 10-
IyCHE 00pa3yBaHETO HA [UIAKA.

3a Aa CC€ IMOCTHUIrHaT TCE3MW YCJIIOBHA Ca BB3MOXKHH PA3JIMYHHU TCXHUYCCKH PCIICHUS B
3aBUCHUMOCT OT THUIIA Ha rOpeJIKaTa.

Taka HapuMep IIbPBOHAYAIHO MPH Pa3aIBAHETO TOPEIKUTE PAabOTAT C BB3AYX, CIIE
KOETO Clie/l CTa0WIM3UpaHe Ha TOPUBHUS MPOIIEC 3aI0yBa JIa Ce M01aBa U KUCIOPO/
chYeTaHo ¢ mojaBaHeTo Ha perukaupar ra3 (CO,). ToBa MOKe Ja CTaHe WK €HOB-
peMeHHO ¢ Bhriumara (T.e. OT Mo3unusA 5 KkbM mo3uius 2, ¢pur.l) Wi eTHOBpEeMEHHO
¢ kuciopoaa (ot mosunus 5 kbM mo3uius 3, ¢pur.l). U B aBara ciryuas € BaXKHO Ja ce
3amasy aepojJrHaMHUKaTa miambka (mpu KoTiauTe ¢ nmpaxoso ropene) (PF), a coIo Ta-
Ka ¥ CTAOMIHOCTTA Ha KHUISIIIUs ciioi (mpu kotiute ¢ kumsiy ciioit — CFB).
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Tyk e HEoOX0aUMO 1a ce OTOEJICKH, Ye Ha CBETOBHHUS Ia3ap Bede ce mpejajaraT ro-
penku mpennasHadenn 3a OXxyfuel-msrapsine wa Bbrmmiata. HesaBucumo oT ToBa
cnopen Terry Wall et al [3] Tasu TexHOJIOTHS € BCe OIIe B JCMOHCTPAIIMOHEH CTaIHiA
KaTo C OrJIe]] MPEMHHABAHETO i KbM MHIYCTPHAJICH CTaJNi Ce Hajlara peiaBaHeTo Ha
penuiia TeXHOJOTHYHN MpoOJIeMH KaTo. CTa0MIM3HMpaHe Ha IUIaMbKa B Ipoleca Ha
M3rapsHETO Ha CMeCTa OT BBIVIMINA, KHCIOPO M PEIMKINpaI ra3 (B KOTIUTE C Ipa-
XOBO TOpPEHE), CTAOMIM3UpaHEe Ha KUIIIMS Ca0H (IpHM KOTJIHMTE ¢ MUPKYIMpAIl KH-
TSI CJION) B YCJIOBHSITA HA IMMOJaBaHE HA PEIUPKYJIHUPAIL a3, YChBBPIICHCTBAHE Ha
Oxyfuel-ropenkute u ap. Te3u npobaeMu MpeACTaBIABAT 3HAUYMMa MPEUKa 32 KOMep-
cuanu3anuara Ha OXyfuel-texunomorusra B cBeta monactosiem (2013 r.).

3. Texunosiornye 0,10k 2 — [1oAroTOBKAa HA BHIVIMIIIATA
(mpu Oxyfuel-uncrananunre)

B KOHBEHIIMOHAIHUTE BBITIMIIHU €IIEKTPOLECHTPAIM, KaKTO € M3BECTHO, BBIJIMIIATA
IpeIy MOCTHIIBAHETO MM B IENIHWTE KaMepH ca m3cymaBaT (ako € HeoOXOIHMMO),
clea KOSTO ¢€ CMUJIAT JI0 HEOOXOIUMHUTE Pa3MEpPH B 3aBUCUMOCT OT THIIA HAa KOTIUTE
Y THEBMATHYECKH CE€ MO1aBaT B TOPEIIKUTE.

He e TakbB ciydas npu Oxyfuel-uncrananuure, KbaeTO, KaKTO Beue Oelle Ka3aHo, B
MENTHOTO TPOCTPAHCTBO C€ T0JIaBaT U PEIUPKYJIUPAIIA JUMHHU Ta30Be. AKO TE3H ra-
30B€, KOUTO ca C BUCOKA TeMIIEpaTypa ce IMojJaaBaT Mpeau MEIHUIIATA CJIe/IBa MPOIIeC
Ha OoXJaxJaHe, MMPU KOETO ce mojiydaBa KoHeH3aT chabpxkaml H,O, H,SO, HNO3,
Hg u ap. ToBa He camo 3aTpyaHsBa paboTaTa Ha MEJIHHUIATA, HO U € MIPUYKMHA 33 UH-
TEH3WBHA KOPO3Hsl. TEXHUYECKUTE PEIICHUS 3a pelllaBaHe Ha Te3W MPOOJIEMH ca pas-
JIMYHH, HO BbB BCUYKHU CIIy4ad TPsOBa Jia ce MPEIBHIN OXJaXKJIaHe Ha PCIUPKYJIHpa-
U Ta3 ¥ OTJICJITHE Ha arpeCUBHUS KOHJICH3aT OT HEro. J[pyro moTeHIIMAIHO peliie-
HHC HAIPUMEpP € Ja ce cMecAaT Toruns perupkyiaupaii ra3 (CO,) ¢be cTyaeHus a3or
OT MHCTAJAIMATA 32 JBJIOOKO OXJaxaaHe Ha Bb3ayxa. OOII0TO BlieuatieHue odaye e,
9e HEe CHIECTBYBa KOHCEHCYC 3a PEIIaBaHETO Ha TO3W MPOOJIeM, a BCHYKH Bb3MOKHH
W3IIBJIIHEHUS Ca B [IMJIOTEH CTaIui.

4. TexnonoruueH 6,10k Ne 3 — JloctTaBka Ha KHCJIOPO/

Texunomornunust 6710k Ne 3 (¢ur.l), B KOWTO ce MPOU3BEKIA KHCI0PO1a HEOOXOIUM
3a paborata Ha OXxyfuel-uHcTanamuure paboT MO W3BeCcTHAaTa TeXHOJOrus Ha Dr.
Carl von Linde, npu kosTO BB31yXbT CE BTEUHSBA Ype3 OXJAXKIAHE, a KUCIOPOABT U
a30ThT CE Pa3ACIAT upe3 AecTuianus. Te3u TEXHOIOTUs € YCBO€Ha MHOTO JI00pe U He
Ch3/1aBa HUKAKBH MPOOJIEMH, aKO PEKUMBT Ha €KCIIoaranus € cranuonapeH. Crasz-
BAHETO Ha TaKbB PEXKUM 00ade € MPaKTUYECKU HEBB3MOXKHO Thil KaTO BBIIUIIHATA
enekrpornentpana paboremia mo Oxyfuel-rexnonorusra tpsiOBa ga ObAe BKIIOYEHA B
CBOOOHUS TIa3ap Ha €JIEKTPOSHEPTHs], KOUTO KAaKTO € M3BECTHO, HE € MOCTOSTHHA Be-
amaurHa. J[pyT TO-ChIECTBEH MPOOJIeM €, Y€ BKIFOYBAHETO Ha MHCTAIAIMHUTE 33 TIPO-
U3BOJICTBO Ha KHCJIOPOJ U3UCKBA MPOIBIDKUTEIICH Tiepuo oT Bpeme (60 waca ~ Tpu
JICHOHOIIIKS) 3a JOCTUTaHe Ha HeoOXoauMmaTa TeMIIepaTypa, MPH KOETO 3amouBa Mpo-
W3BOJICTBOTO Ha KHCJIOPOJ. EJWHCTBEHOTO BB3MOXKHO PEIICHHWE HA TO3W MPOOJeM ¢
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HEO0OXO0JUMOCTTa OT M3TPaXkJlaHe Ha ChOTBETHU PE3epBOApU 3a ChbXPAHCHHE HA BTCYU-
HEHUS KHCIIOPOJI, OT KOUTO Jia C& YepPI HEOOXOIUMUS Ta3 CICABANKH (IYKTyaIlluuTe
Ha eJICKTpOoeHepruitHus nasap. [1o mpuHIMIT o0ave M3I0JI3BaHaTa TIOHACTOSIIEM TEX-
HoJyorust Ha Dr. Carl von Linde e MHOTO cKbIla B €HEproeMKa, KOeTO IMOYTH KOMITPO-
metupa npuiioxkenuero Ha Oxyfuel-npoueca B TELl. B 6mu3kure roauHu ce o4aksa
TS Ja ObJe 3aMeHEHa ¢ pa3BHBaHaTa oT ¢upma ,,Air Products TexHomorus u3mois-
Bala WoHHU TpaHcrmoptHu MemOpanu (ITM), kosro Bce ome (2013 r.) ¢ B mmIoTeH
craguii. OuakBa ce Ta3u TEXHOJIOTHS Jla HaMalld KalMTAIHUTE Pa3X0oIu 3a M3TpaKia-
HeTo Ha kuciopoaaust 0110k ¢ 30 %, a pa3xoabT Ha €ICKTPOCHEPTHS 3a IPOU3BOJICTBO
Ha kuciopoz ¢ 60 %. [6]. ToBa oTkprBa HOBH BH3MOXKHOCTH IMPE] U3TPAXKIAHETO HA
Oxyfuel-BpraumiHnuTe MEHTpaIK BBIPEKH Ye Bce ole ¢ TBbpiAe pano (2013 r.) aa ce
KOMEHTHPA TIXHATa KOHKYPEHTOCIIOCOOHOCT.

5. TexnosiornueH 6710k Ne 4 — [Ipou3BoACTBO HA eJIEKTPOEHEPTUsl

OcHOBHATa 1171 Ha BBIVIMIIHUTE EICKTPOICHTPAIH, KOUTO M3MOJI3BAT MU IIE U3ITOJI-
3pat Oxyfuel-rexHosorusita 3a MPOU3BOJCTBO HA EJIEKTPOCHEPTHUS € Jla HaMaJIAT 3a-
ryouTe TpH peanu3alusara Ha TO3M MPOIIEC, a CICAOBATEIHO U IIEHATa HA U3BEICHUS
ot BbriepoaHara Bepura CO,. [To manuu Ha [7] ce cMmsTa, Ye CHEPrHUHUTE Pa3XOau
CBBP3aHHM C MPOMU3BOJICTBOTO HA KHCIOPOI U ¢ KomnpumupaneTo Ha CO; (BHX TEXHO-
aorudeH 00k Ne 6, ¢ur.1l) moraT ga ObaaT HaMaJIeHW 3HAYUTEIHO, aKO MPOM3BOJICT-
BoTO Ha mapa B OXyfuel-kornure ce mpaBu mpu CBpbXKpuTHUHH mHapamerpu (ultra
super critical parameters - USC), T.e. karo ce MpeMUHE KbM CTPOHMTEICTBOTO Ha
Oxyfuel — USC nenrpanu. Ta3u teHacHuus odaye He ¢ BepuHUIMpPaHa U H3MCKBA
pelaBaHeToO Ha Peauiia BAKHU TEXHUYEeCKH mpooiemu. Taka Harnpumep criopes [7] He
¢ HAITBJTHO SICHA KOPO3UOHHATA YCTOMYMBOCT HA METAJIUTE, U3ITOJI3BAaHU TIPH peain3a-
UsATa Ha M3MAPUTEIIHATA CUCTEMa Ha KOTJIHMTE, KOUTO IIe paboOTAT ChC CBPBXKPH-
TUYHH MapamMeTpu. Helro moBeye — ocTaBaT HESCHU peluiia MpoOJieMu KaTo eMHUCH-
ara Ha ambka (O, + CO, + H,0) npu Oxyfuel — rexnonmorusra cpaBHeHa ¢ eMucH-
ATa CBbp3aHa ¢ HaM4yueTo Ha Ny KbM Ta3uW cMeC NPH KOHBCHIIMOHAIHATA TEXHOJIO-
rusi. U3BOABT €, 4e TOBa TEXHOJIOTUYHO perienue, T.e. USC-TexHomorusta Moxe aa
ObJIe BKIIIOUCHA B 00IIM 1iaH 3a pa3Butrero Ha Oxyfuel-rexnonoruure. To3u BbII-
poc ce 00ChK/Ia IeTAlIHO B Ipyra Haia myonukarus [8].

6. TexnosornuyeH 0,10k Ne 5 — [IpeuncTrBane M OXJ1a:K/AaHe HA JTMMHUTE ra3oBe

XVUMHUYECKUTE U (PU3NYECKUTE 3aMBPCUTENH HA JUMHHUTE Ta30B€ B KOHBEHIIMOHAJ-
HUTE BBHIJIMIIHYU [IEHTpaI ca u3BecTHH, HO npu Oxyfuel-uncrananuure KoHIEHTpa-
IMUTE M T'CHe3Mca MM ca pasinuHu. B crieapamus teker te3u 3ambpeutenn (NOy,
SOy, Hg u H,0) ce xomentupar ¢ oryes noeaeHuero uM B Oxyfuel-nienrpanure,
BKJI. © METOJIUTE 32 MUHUMU3UPAHE HA BPEHOTO UM Bb3/ICUCTBUE.

AzotHu okcuam (NO,). KakTo € u3BeCTHO, MpU M3rapsSHETO Ha BBHIVIMAIIATA BHB
BBIUIMILHUATE LIEHTPAJIu padoTeNH 10 ,KIacuyecKkara” cxema T.€. BbB Bb3J/lyllIHa cpe-
Jla BUHAru c€ MoJly4yaBaT a30THU OKCHJIM, O3HAYaBaHU 0OMKHOBEHO KaTo ,,NO,"“, BbII-
peku ue npeactaBisiBaT cmec oT NO u NO,. 3a HamansBaHe Ha TsSXHaTa KOHIEHT-
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panys B TUMHUTE ra30Be ¢ OIJIe] CIIa3BaHETO Ha ChOTBETHUTE HOPMH 32 a30THH €MHU-
CUH CE€ M3MOJI3BAT HIKOJIKO METO/a KaTo:

- M3rapsiHe Ha BBIJIMIIATA B TOPEIKH KOHCTPYHUPAHH TaKa, 4e J1a HaMajsBar ,,J0-
ouBa“ Ha NO, (low NO, - burner);

- KaTAIUTUYHA U HekaTanuTuuHa peaykiuus Ha NOy upes nosupane Ha NHj, Harm-
pUMeEDp IO PeaKInsATa

4NH;3 + 4NO + O, = 4N, + 6H,0 . (1)
[Tpu Oxyfuel-texHonoruuTe mpuiaaraHeTo Ha TE3W JBa MPUHIUIIHU MOJX0Ja 3a pe-
JOYKIUS Ha a30THUTE EMHUCUHU € Bb3MOXKHO. Y CJIOBHUATA HAa TOPEHE 00avye M3MCHSAT Xa-
pakTepa Ha MPOIECUTE, BBIIPEKU Y€ CE€ OYaKBa IMO-HMCKATa KOHIIEHTpAIUs Ha a30T B
30HaTa Ha TOpeHe Ja Hamanu ,,joouBa” u Ha NOy. 3a chkajleHHe ce OKa3Ba, ye TOBa
HE € Taka, ThH KaTO Ce HaMmecBaT W Apyru (akTopu yiecHsBamu peakiuara NO —
NO,. Taka nanpumep nod6usa Ha NO, ce yBennuaBa Thil KaTO MPUCHCTBUETO HA BOJI-
Hu napu karanusupa okuciasiBaneto Ha NO 10 NO,. OcBeH ToBa KOTaTo TOPEHETO Ce
M3BBPINBA B KUCIOPOJHA CPElla 3alovBa MPOIEC Ha HEKOHTPOIUPYEMO OKHCIISIBAHE
Ha SO, 10 SO;. To3m rasz (SO3) pearupa ¢ amoHsKa Jo3upad 1o peakmus (1), moc-
PEACTBOM KOSTO ce u3BbpmiBa KatanmutuuHata peaykius Ha NO mo NO,. Hera-
TUBHUAT €(DEKT OT TOBa pa3BUTHE € MoiyyaBaHe Ha cheauHeHnero (NHy4), SO, mo pe-
aKIUATa
NH; + SOz — (NH,)2S0;4. (2)

ToBa cheAMHEHHUE Ce OTJIara Io IbTS Ha JUMHUTE Tra30Be KaTo TBHPAA daza v yBeu-
YyaBa ChIIPOTHUBIICHUETO B ra30BHs TPakT. OT Ka3aHOTO JOTYK CTaBa SICHO, Y€ 3a OT/eC-
asHeTo Ha NOy OT MOATOTBEHHUS 3a IMOA3EMHO CHhXPaHCHUE BBIJICPOJICH JIMOKCH]
CJIeNIBa J1a C€ ThPCAT APYTH TEXHUUYCCKU PEIICHUS, BBIIPEKH Y€ TI0 BpeMe Ha HETOBOTO
kommpumupane gact ot NOy ce ornens ¢ konae3ata kato HNOs3. ToBa e npuunHaTa
IOpaau KOSATO MBJIHOTO OYMCTBAHE HA BBIVICPOAHUS JUOKCHJ OT a30THU OKCHIM Ja
ObJie IpeAMET M Ha JPYTH TEXHUYCCKHU PEIICHUS €IHO OT KOMTO Ha ¢upmara ,,Foster
Wheeler* e npencraBeno B npyra Hara myosmkanus [9].

SOy (SO, + SO3). Komepcnammzanusta Ha Oxyfuel-rexnomorusrta npe3 21 Bek ¢
JTUPEKTHO CBBHP3aHa C MPEUYMCTBAHETO HA TOJYYCHHS IO Ta3W TEXHOJIOTHS BBIJIEPO-
neH nuokcun ot cepuute okeuan SO, + SOz npenu u no BpeMe Ha KOMIPUMHUPAHETO
Ha CO,. Tps6Ba na ce ordenexu odaye, Ue B CBETOBEH Malllad OUYUCTBAHETO HA JUM-
HUTE ra30B€ OT KOHBCHIIMOHATHUTE BBIJIUIIHK IIEHTPAIN NPEICTaBIsABa €IUH A00pe
YCBOCH TPOIIEC, KOMTO € pa3BUT M NPHWIOKECH B Pa3JINYHU BapUAHTH B 3aBUCUMOCT OT
ChIBPKAHUETO Ha CApa BB BBIVIMINATA, BH3IIPUETATa TEXHOJOTHS HAa TOPUBHUS IPO-
rec (paxoBO TOpPEeHE WM M3rapsiHe B KHIIAIL clioi) W ap. Hsama ocHoBanue na ce
OYaKBa, Y€ BEUC YCBOCHUTE B TE3U LICHTPAIM CEPOOUYMCTBAIIN TEXHOJIOTHH HE MOTaT
na ObIaT MpUIIOKEHW M B HacTosmiara u Obpaemu Oxyfuel-uentpanu. BsB Bpb3ka ¢
TOBa O0Oade ImIe OBJAT JAJCHU HAKOJKO MPHUMEPH HM3IIBIHEHH B HIKOW padoTemu
Oxyfuel — nncTamanuu, KakTo cleaBa:

- B Schwarze Pumpe (I'epmanus) paboTi cepoovrCcTBaIA HHCTATAIMS TPOCKTH-
paHa ot ¢upmara ,,Babcock Noel“, kosTo mpomseexxna rurc (4pe3 OKHCIsIBaHE Ha
CaCOj3 ¢ kucnopon) [10];
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- dupmara ,,Linde* usmonsBa AUPEKTHO OXJaKJaHC HA JUMHHTE ra30BE€ B CIHA
(nenazoBana) Oxyfuel — uacrananus ¢ momomra Ha cmec o NaOH/Na,CO; — ¢ men
ynapsiHe Ha SOy 1 1p.

BBb3MokHE ca ¥ ce mpriiaraT ¥ ApyTrd TEXHUYECKH PeIeHus, HallpuMep Ha BapOBUK B
rOpUBHATa KaMepa Ha MapHUTE KOTJIH U .

OO01Io0TO BIIEYATIICHHE €, Y€ MPOIECHT Ha JAeCyIypHu3anus Ha BbIIICPOTHHS JHOKCH]T
HE MOXe Jia ch3laje npodieMu npu koMmepcuanusanuara Ha Oxyfuel-rexnonorusra
IIPH yCIIOBHE, Y€ € HANPaBeH KOPEKTEH M300p Ha CEPOOUYMCTBAIIATa TEXHOJIOTHS WIIH
WHCTAJIAIHS.

KuBak. Cpapp)KaHHETO Ha JKMBAaK U HETOBHTE CheIWHEHHS He Oerne 00eKT Ha

BHUMaHHUE ¥ KOHTPOJ B OJIM3KOTO MUHAIIO, BHIIPEKU Y€ TOKCUYHHUTE CBOMCTBA HA TO3H
eJIeMeHT ca 1o0pe u3BecTHH. [Ipe3 mocnenuuTe roauau obayde Oeire yCTaHOBEHO He-
roBoTo (Ha JKMBaKa) MMIUIAHTUPAHE B XpPaHUTEIIHATA BEPHra CBbP3aHO C BCHUYKU He-
raTUBHU TOCJIENUIUA OT ToBa. Hemio moBede- Oemie yCTaHOBEHO, Y€ KMBAKBT, KOWUTO
C€ M3BJIMYA OT BBIVIMIIATA U CE€ ChAbPKA B NUMHUTE razose ot TEL] e enun ot 3Ha-
YUMUTE W3TOYHUIIM Ha 3aMbpCsBaHE Ha arMoc(depara ¢ TOKCHYHH BEIIeCTBa. BBHB
BpB3Ka C TOBa OsXa MPEITOKCHN M MPUIIOKEHH HIKOJIKO METOJIa 332 HETOBOTO OTCT-
pansiBane ot kouto 3acera (2013 r.) Hai-CIIONydYIMB Ce OKa3Ba (PMITPYBAHETO Ha
JTUMHUTE Ta30Be TPe3 aJCOPOIMOHHY anapaTy 3ape/ICHN ¢ aKTUBEH BBIVICH. TeXHOIIO0-
TMYECKH TOBA PEIICHHWE € CIOJYyWINBO, BBIIPEKH Y€ OCTaBa OTKPUT BBIPOCHT KBIC
TOYHO Ja OBJAT BKJIFOUCHU JKMBaYHHUTE QUITPH B CTpyKTypHaTta cxema Ha Oxyfuel-
WHCTAJIAIMUTE — MPEAN WIH CJIE]l CEpOOUYNCTBAIMTE HHCTAIAMK. B mporiec Ha mpo-
yuBaHe Bb3HUKHA U JIpyro perienue (Ha ¢pupma ,,Air Products”), mpu KoeTo TuMHUTE
ra3oBe ce komnpumupar 6e3 aa ce otaens NO, ot Hero. [Ipu Tazu onepaius ce odpa-
3yBa HNO3, a 14 ot cBos ctpana pasrBaps Hg 1o HgJNO;z u ro oTaenst ot fuMHuTe ra-
30B€ Upe3 MPOMHUBaHE C BOJa. Ta3u TEXHOJIOTHUS € MpeCTaBeHa U 00CheHa B Apyra
Hama myoaukarus [11].
B HacTosmero npoy4yBaHe TEXHOJOTHHTE 3a OYMCTBAHE HA JUMHHUTE Ta30BE OT KUBAK
OT HAIINTE BBIIUIHU IIEHTPAIN HE c€ 00CHKIAT, Thil KaTO HE OsiXa OTKPUTHU TyOIH-
KyBaHH JaHHU 3a ChABPKAHUETO HA TO3W TOKCHUYCH €JIEMEHT BB BBIJIUINATA OT OBJI-
rapCcKuTe OCHOBHM HaXOJuIla, HanpuMep Mapuua — M3Tok.

Boanu mapu. /[uMHUTE Ta30Be, KOUTO C€ MMOTy4YaBaT MPH U3rapsHETO HA BBHIJIH-
mata B Oxyfuel —koriure chappkar 3HAUMTENHU KoJMuecTBa BoaHM mapu u SO,.
ToBa, KakTO € U3BECTHO, YBEJINYaBa ,,KUCEIMHHATA" TOYKa Ha OopocsiBaHe ¢ okoJo 20
°C (acid dew point), a ciaeaoBaTeIHO U TAXHATA KOPO3MOHHA arpeCUBHOCT. BBEB Bpb3-
Ka ¢ ToBa ce Hajara peuupkyiupamus raz (CO,) ma ce oxiaxia B KOPO3HOHHO-
YCTOMYMBH TOIJIOOOMEHHUIIH, a OXJIAJICHUST ra3, KOUTO ChAbPKA M KUCET KOHJIE3aT
(H2SO,) na ce TpancnopTupa B KOPO3HOHHOYCTOHYUBH TPHOU OOPATHO 10 KOTEIHHUTE
arperaTi.

JIuMHUTE Ta30BE, KOUTO HE CE PELUKIMPAT Clie]] ChOTBETHOTO ouucTBaHe oT SO,
(SO3) u NOy (axo nMa) ce u3cyIaBar JOMBIHATEIHO KaTO ChIABPKAHUETO HA BOJIHU
napu TpsiOBa 1a Gbae oT mopsabka Ha 50 - 100 ppm’, 3a 1a ce mpeoTBpaTH KOPO3H-

! Tasu cTolHoCT e criopHa. Ta ce o6cbkaa B Apyra Hawa ny6ankauums [13]
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ATa Ha CTOMAaHCHHUTE MMOA3EMHH TPHOOIIPOBOIU, KOUTO IIE CE TPAHCIIOPTUPAT JI0 TOI-
3eMHHUTE XpaHwniia [12]. 3a Ta3u 1en Morat Ja ce M3M0JI3BaT Pa3jInuyHu TEXHOJIOTHH
HanpuMep MoJiekysHu cuta (Schwarze Pumpe — I'epmanus).

7. Texnosnornyen 6,10k Ne 6 — Komnpumupane Ha BbIJ1epOIHUS THOKCHU/

KomnpuMmupaHeTo Ha BBIVICpOAHHS JUOKCHA ¢ (uHaaHata omepanus Ha OXxyfuel-
TEXHOJIOTHYHATA JIMHKS. TOoBa 03HAYaBa, Y€ B MPEAUAYIINTE TEXHOJIOTUIHH OJIOKOBE
Ce M3MBIHSIBAT BCUYKH HEOOXOJWMH OTEpallid, 3a Ja C€ MOJIY4YH YUCT U TOACH 3a
komnpumupane CO,, T.e. ot Oxyfuel-usrapsHeTo Ha BbIIMIATA O OKOHYATESIHOTO
MPEYNCTBAHE HA ra3a, KOWTO B KOHKPETHHUs clydail TpsiOBa Ja chabpika camo 50 —
100 ppm H,O. Ot umkeHepHa IJieHA TOYKA pealn3alusiTa Ha TEXHOJIOTHYECKHS
ook Ne 6 (dur.l) mpeacrasisiBa eHa yCBOEHA TEXHOJIOTHS 3aMMCTBaHa B MPOIbII-
’KEHUE Ha TOJIMHU OT Ta30BaTa MHIYCTPUS KaTO B OOIIUS CITy4aif 1IesiTa € J1a e KOMII-
pumupa makcumaiaHo yuct (He cpabpkamnt SOy, NOy u HQ) ra3 npu ontumaiHa eHep-
ruitHa epekTUBHOCT. ToBa M3UCKBAHE € M3MIBIHUMO OT GUPMHUTE — MIPOU3BOIUTCIKH
Ha KOMIIPECOPH U HE € Mpeuka 3a komepcuanu3anuata Ha OXxyfuel-rexunonorusra.

8. Texnosnornuen 610k Ne 7. TpaHCcHOpT U NM0/13¢MHO ChbXPaHEeHHe
Ha BBIJICPOJIHUSA TUOKCU

TpancnoptsT 1 moa3eMHOTO chxpanenue Ha CO, npousseneH B Oxyfuel-uenrpanure
Ie Ce M3BBPIIBA MO M3BECTHATA TEXHOJIOTHS BB3NpHeTa U mpu octaHamute CCS —
nporecu (IGCC u PCC). 3a mbaHOTa HA U3J0KEHUETO CE Hajara ja ce MPUIIOMHH, e
TOBA CTaBa IO CJIEIHUS HAYWH. [[peUNCTEHHUAT OT BCHUKU NMPUMECH BBITIEPOJICH JH-
okcup (SOy, NOy, Hg u n1p.) ce komnpumupa Haa kpurudHara Touka Ha CO, (80 bar),
cieq koeto ¢ nomoinra Ha CO, — mpeHocHa Moj3eMHa MpeXxa ce J0CTaBs B MecTara
3a MOA3EMHO ChXpaHeHHe (MIPH yCIOBHE, Y€ ChABPIKAHUETO HA PA3TBOPEHUTE B HETO
BojHM mapu e jo 100 ppm). TexHosorusra, 1Mo KosATo ce ocurypsisa (HiIu e ce OCH-
r'ypsiBa) TOBa IMOJ3EMHO ChXpaHEHHE, KaKTO U M300pa Ha ChOTBETHUTE ILIONIAJIKU B
bearapust He € 1ed Ha HACTOAMIOTO MpoyuBaHe. HezaBHUCHMO OT TOBa B €IWHUYHU
cllydad B 3aBUCHMOCT OT Msictoro Ha OXyfuel-menTpanara morar ga ce mpuiioxkar u
APYTU TEXHUYECKHU pemieHus. Taka Hanpumep, B Schwarze Pumpe (['epmanus) kom-
pumupanusaT CO, ce TpaHCTIOPTHPA ChC CIICIUATHN UCTEPHUA KAaTO B OOIIHS CITydaid
UjesdTa € J1a Ce ThPCAT U3TOIIECHN HEPTCHH HAXOMINA, P KOWTO € MpHUJIaraHa TeX-
nojorusata EOR (unmun EGR). ToBa cb3maBa Texuudeckara yBepeHoct, ue CCS — tex-
HOJIOTHMHTE Ca ChbBMECTHMHU C OKOJIHATA Cpelia U MoraT ja ObJar MpUeTH OT OOIIeCT-
BEHOCTTA M YTBBPACHH OT JOKAITHUTE 3aKOHOIATEITHU OpTaHH.
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9. 3akaouenue

AHanu3bT HAa MPOOJIEMHUTE Bb3HUKBAIIH MPU TEKYIIOTO PAa3BUTHE HA TEXHOJIOTHYHUTE
OJI0KOBE, KOUTO M3rPAXKAAT MHCTAIAMUTE HAIIPABEHH B HACTOSIIETO MPOYYBAHE IO-
Ka3Ba, Y€ Te3M MHCTATAINU ca ChBMECTUMH C OKOJTHATa cpefia ¥ Morar Ja ObaaT mpH-
€TH OT OOIIECTBEHOCTTa U YTBHPJACHHU OT JIOKATHUTE 3aKOHOJATEIIHA Oopranu. Jpyr e
BBIIPOCA JIOKOJKO T€ MOraT J1a KOHKypupaT ocTtaHanute Bapuantu Ha CCS — texHo-
noruute (IGCC - Unterpupan ¢ razudukaims komouaupan 1uksi1 1 PCC — YiapsHe
Ha CO; cliesi OCHOBHUS TPOIIEC Ha TOPEHE), KOMTO CHIIO CE U3IOJI3BAT 33 PeIyLIUPAHE
Ha BBIVICPOJHUTE EMHUCHH B aTMocdepara MpOU3IH3alH OT BBIJIMIIHUTE €IEKTPO-
[ICHTPAJIH.

HpI/IETI/I CHUMBOJIM 1 O3HAYCHUSA

GCCSI — Global Carbon Capture and Storage Institute
IGCC - Integrated Gasification Combined Cycle

PCC — Post Combustion Capture

PF — Pulverized Fuel

CFB - Circulating Fluid Bed

ITM - lon Transport Membrane

USC - Ultra Super Critical
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CEH30P 3A IIOCTOAHEH TOK C EJIEMEHT HA XOJI, IPEJHA3ZHAYEH
3A IPOMUIIVIEHA CUCTEMA 3A EJIEKTPOJIM3A HA ME/]

Hennua Abpxanosa

Pe3ome: B pabomama e aHanusupana KOHCMpPYKYus HA CEH30p ¢ elemenm Ha XoI,
Kamo CbCmMasHa yacm om moxousnpasumen 3a eiekmpoausa na meo. Cenzopvm e
npeoHasHaven 3a KOHMPO HA MOKA Npe3 8aHama 3a e1eKmpou3a 6 OuanazoHa om
13004 0o 156004. ITepsuunusm npeobpazysamen (eremenm na Xon) e pasnoioxicet 6
MA2HUMONPO800, KOUMo 00X68awa WUHONPOBOOA KvM 8aHama 3a eiekmpoausa. Mae-
HUMONPOBOObM € C 8b30YUlHU Medxcounu. Ilocpeocmeom nooxoosauw uzo6op Ha KOHCM-
PYKMUBHU pazmepu U upe3 KOMNIOMbPHO MOOEIUpane no memood ¢ KpauHu eie-
MEHMU HA MAZHUMHOMO NOJe € NOCMUSHAMA NPAKMU4ecKa TUHEetHOC 8b8 B6X0OHO-
UBXOOHAMA XAPAKMEPUCMUKA HA CEH30pAd U € HANPABEeHAd OYEHKA HA 8b3MOICHUME
epewxu. Ilpednooicen e no0xoo 3a npedsapumenHo emaloHupane Ha ceHzopa 6 1abo-
PAMOPHU YCII0BUSL U € NPeNOPbYAHA MeMmOOUKd 3a Moéd.

Knwuoeu oymu: Hsmepeane na conemu mokoee, enemenm Ha Xoi, KOMIIOMbPHO MO-
oenupane, emailoHupane

LARGE DC CURRENT SENSOR WITH HALL EFFECT ELEMENT FOR
COPPER ELECTROLYSIS INSTALLATION UNIT

Denitsa Darzhanova

Abstract: In the paper results of the design analyses of a large DC currents Hall Ef-
fect sensor are presented. This sensor is intended for a copper electrolysis installation
unit. The current is assigned in the range from 1300 A up to 15600 A. The primary
Hall Effect element is located in one of several gaps of silicon sheet steel magnetic
core, which envelopes the unique busbar construction configuration. Based on finite
elements computer analyses the core dimensions have been optimized to get practical
linear output characteristics of the current sensor. Measures have been recommended
for the construction of a multi-winding coil intended for preliminary standard labora-
tory tests and adjustment of the sensor.

Key words: Current measurement, Hall Effect sensor, computer modelling, standard
adjustment
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1. BnLBeaenue

M3mon3BaneTo Ha ceH30pH 3a rojemu TokoBe (Han 5-10kA) e cBbp3aHO C onpeeseHu
0COOEHOCTH 32 MOTPEOUTENS OT U3MEPBATENICH, KOHCTPYKTUBEH U HKOHOMUYECKH Xa-
paktep. lupekTHara ynorpeba Ha Kiacwuecku myHToBe [1] ce u30srBa [6] mopau
3HAYUTEIIHUTE Ta0apUTHH pa3Mepu W 3arybda Ha MOIIHOCT, KOTaTO M3MEPBAHHUTE TO-
KOBE ca C rojisiMa mpoabbKuTenHocT. [Ipemiarar ce pemieHus: ¢ mbpBUYCH peoldpa-
3yBaten mosic Ha PoroBcku [2] wiu enement Ha Xon [2,3,4]. [lopaau yHuBepcamHus
CH XapaKTep Ha MPHWJIOKEHUE W TapaHTHUPaH BHUCOK KJIaC Ha TOYHOCT OT MOPSIbKa HA
0,5-1,0 , TakuBa ceH30pH ca JI0CTa CKBIIH.

B npennaranara craTtus, € aHaIM3UpaHa eIHa Bb3MOXKHOCT 32 KOHCTPYKTHBHA peasu-
3alusl Ha CEH30p 3a HOMUHAJIEH TOK 13 KA, ¢ bpBUYEH NPeoOpaszyBaTel eiemMeHm Ha
Xon. 3aJaHUETO U3UCKBA KOHCTPYKLHUATA J]a ObJIe IPOCTa U €BTHHA, 32 CMETKa Ha I0-
HUCKH U3MCKBaHUS 32 TOYHOCT - 710 3,0%. CeH30pbT € mpeaHa3HayeH 3a peajiHa mpo-
MHUIILJIEHA UHCTAJAIMS 32 €JIEKTPOJIM3a Ha MeJl, KaToO €IEMEHT OT TOKOM3IPABUTEN ChC
CBHOTBETEH M3MNIaXAall Apocen. MoHTHpa ce Ha M3X0Ja Ha TOKOW3MPABUTENS BBPXY
IIMHHA CHCTEMa ChC 3a/aJeHH pa3Mepu W TpsAOBa a OCUTYypU MPAKTUYECKa JTHMHEH-
HOCT Ha BXOJHO-M3XOJHATa XapaKTEPHUCTUKA B PAMKUTE Ha M3UCKBAHATa TOYHOCT.
Jlnana3zoHbT 32 U3MepBaHe Ha MOCTOsSHHUA ToBapeH Tok € oT 1300 go 15600 A, c
KOETO C€ OCUTYpsiBa TeXHOJIOrHuYeH pe3epB oT +20%.

Oco0eHoTO IpH KOHCTPYHpPaHE Ha CEH30PH 3a TOJIEMH TOKOBE OT MIOCOYCHUS THII € /1a
ce u3bepe KoH(puUrypanusTa Ha Marauronpososa [6]. B ciyuast e u3bpan MarauTon-
POBOJI OT €JIEKTPOTEXHUYECKa CTOMaHAa C paslpeleIeHN Bh3AyIIHH MEKINHU, B €IHA
OT KOHUTO € pasIoJIo’KeH IbPBUYHUS IIpeodpa3yBaren eremenm Ha Xoa. B Hemocpenc-
TBEHa OJIM30CT ca pasMoJIOKEHU U eIEMEHTUTE OT eJIeKTPOHHATa KOH(UTrypanus ocH-
rypsiBaiia HeroBOTO HOpMajiHO (¢yHKIMOoHUpaHe. CToMaHaTa € OT MacOBO M3MOJI3BaH
THII, ¢ MPAKTHYECKHU JinHeiHa Bpb3ka B = f(H) mo okomno 0,6+0,65T mpu cpenna

OTHOCUTEIHA MarHuTHa npoHunaeMocT okojo 4000. [Ipu te3u obcTodTencTsa € mo-
ThpCeHa JMHEWHA Bpb3Ka MEX/ly MarHWTHATa MHAYKIKS B 30HAaTa Ha MOJIIOCA HAa Mar-
HUTOIPOBOJIA KBJIETO € Pa3IOI0KEH eJIeMEeHTa Ha XO0JI ¥ TOKa Mpe3 IMIMHHATa CUCTeMa
Ha TOKOU3IPABUTEIIS.

W3nckBaHeTo 3a TMHEHHOCT € TACHO CBHP3aHO C YyBCTBUTEIIHOCTTA HA ceH30pa. Ts ce

3 dUXO/l
I[G(I)I/IHI/Ipa B O6HII/IH ClIy4an KaTto S = |— . SIcHo €, U€ aKO B 30HAaTa Ha I'OJICMHUTC
™
CTOMHOCTHU Ha HN3MCPBAHUA TOK CC NOIYCHC MaKap U YaCTHUYHO HACHUIIAHC HAa MAarHu-
TOIIPOBOJI4a, YYBCTBUTCIIHOCTTA S me HaMalJIec. HpI/I CbBPCMCHHHUTC KOMITIOTBPHO
OpPUCHTHUPAHN U3MCPBATCIIHU YCTPOﬁCTBa, TOBA IIO IMPHUHOUIT MOXKE Ja CC IIPCOJ0JICC
qpe3 NpCABAPUTCIICH 3allMC HAa BXOJHO-U3X0AHATA XapaKTCPUCTHKA 110 BpEMC Ha €Ta-
JIOHHUPAHC Ha CCH30pP4, CbXPAHCHHUC Ha CbIlaTa B IMAaMCTTAa HAa U3MCPBATCIHOTO YCT-
pOﬁCTBO H 11ocJjcaBalll 06paT€H IIpO4YHUT B pCaIHN YCIOBHA 3a OIIPCACIIAHC HAa KOHK-
pPE€THATa CTOMHOCT Ha TOKa.

B pamkuTe Ha KOHKpeTHaTa 3ajada obaye € u30paH MOAXOABT, IPH KOWTO € rapaH-
THUpaHa JIMHEWHAa BXOJIHO-M3XOJIHA XapaKTepUCTHKa Ha ceH3opa, T.e S = const. Ilpe-
oOpasyBaliiata XapakKTepUCTHKA Ha MbPBUYHUS €JIeMEHT Ha X0JI, (HErOBOTO M3XOHO
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HAINpe)KCHUE KaTo (YHKIUS Ha MAarHUTHATA WHAYKIHMS B 30HAaTa HA €IEMEHTa), € IpH-
era 3a JMHEeNHA. JIMHEMHOCT Ha 3aBUCUMOCTTA MEXIy Ta3u UHAYKLIHS U U3MEPBAHMS
HaMarHWTBAI] TOK MPUHIIMITHO MOYXE J1a C€ MOCTUTHE MO 2 HAYWHA!

1. UYpe3 yBenuuaBaHe Ha cpeaHaTa JBDKMHA Ha MarHUTONPOBOAA

_ /'IO /’lr I max
B
3UT€Ta Ha MArHUTHOTO Tojie. HampeyHoTo cedeHme TpsiOBa da rapaHTuUpa XO-

MOTE€HHOCT Ha IOJIETO B 30HaTa (MJIOMIaAKa OT TOJIFOCA), KBJETO € Pas3MoNIoKeH Mbp-
BUYHMSI TpeoOpa3yBalll €JIEMEHT - €JIEMEHTA Ha X0,

LM IMPOIMOPHUOHAITHO HA U3MCPBAHUA TOK TaKa, 4€ ga CC CHHUIKHW HUHTCH-

max

2. Upes 3ama3BaHe Ha MPUEMIIMBA MaJIKa CpeaHa AbJDKIMHA HA MAarHUTOIPOBOIA
L,, (mukTyBaHa OT KOH(HIrypalnusTa Ha MIMHUTE), HO Ype3 N00aBsSHE HA JIOMIBIIHH-

TCJIHU BB3AYIIHA MEKIMHA B MarHUTONpoBoaa [6]. Ob6maTa MexauHa ce u3dupa Ta-

Ka, 4€ IIpU MAaKCHUMAJICH HN3MCPBAH TOK Imax’ MarouTHaTa MHAYKIHWA Bmax B 30HaTa

Ha JlaTyvKa Ha XOJ Ja He HaJIBUIIM IPEeABAPUTEIHO 3a/1aJiecHa CTOMHOCT 3a U30paHus
Marepual.

3a menuTe Ha MPOBEACHUS aHAIM3 € u30paH BTOpUs Moaxod. OCHOBHOTO ChoOpaxe-
HUE € JIa C€ rapaHTUpaT MUHUMAJIHK pa3MEpH Ha CEH30pa KaTo IS0 U KOHCTPYKITU-
ata 1a Obae yno0Ha 3a MOHTaX Ha MsAcTo. KOHKpeTHHUTE peliaBaHu 3a1auu ca.

1. Opa3mepsiBaHe HA MAarHUTONPOBOJ] C MPUEMIIMBY rabapuTH U Pa3xoJy 3a pe-
anu3anus, yno0eH 3a pas3noyiaraHe BbpXy IIMHHATA CUCTEMAa Ha TOKOU3IPABUTEIIS;

2. AHanu3 Ha 3aBUCHMOCTTa Ha MarHUTHATa MHAYKIUSA 3a U30paHa 30Ha B €/THA
OT BB3JYIIHUTE MEXKJIUHHU KaTO (QYyHKIMS HA U3MEPBaHUS MOCTOSIHEH TOK Ipe3 3aja-
JieHaTa MWHHA KOHPUTyparms,

3. OmpenernsiHe HA YCIOBHSA 32 TMOIXO/SAII0 €TATOHHpPAaHEe Ha CEeH30pa B 1abopa-
TOPHH YCIJIOBHS 32 J1a MOXE Ja C€ M3YUCIIM HETrOBaTa YyBCTBUTEIHOCT S, U Jia CE U3-
TI0JI3Ba CJIE/I TOBA B PEAJTHH €KCIIOATAIIMOHHH YCIIOBHS;

4, TeopeTHqHa IMPEUCHKA 3a OYaKBAHUTC I'PCIIKHU ITPH M3IOJI3BAHC HA emajlOH-
Hama xapakmepucmuka B YCJIIOBHUA Ha PC€aJIHO U3MCPBAH TOK.

2. [locTaHOBKA HA 32/1a4YaTa

2.1. llluHHA cUCTeMAa HA TOKOM3IPABUTEJIS

Ha ¢wur.l.a e mokazaHa CHIMKa Ha ChHIIECTBYBAIla KOHCTPYKIIMS HA IITMHUTE HA W3-
X0J1a Ha TOKOM3IpaBuTeNs. ToBa € u3xoHaTa MOCTAHOBKA 3a MPOBEXKIaHE HA Teope-
THYHOTO M3CJie/BaHe Ha censopa. [llunute ca 4 Ha Opoi, ¢ pasmepu b=120mm nHa

a=10mm, u ca pa3nonoXxeHu eaHa OT Apyra Ha pa3cTossHHue @ =10mm Taka, KakTo

€ oKa3aHo CTuiIn3upano Ha gur.1.6. [IpeaBukaa ce MarHUuTONPOBOA 1a C€ MOHTUPA
BbpXy [llunu+ (0T TOKOM3MpaBUTENS KbM paboTHaTa BaHa), Kato [[lunu— (0T Ba-

HaTa KbM TOKOM3IPABUTEIISA) CE HAMHPAT B HEMIOCPEACTBEHA OJIU30CT.
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2.2. KoHCTpYKI¥sli HA MATHUTONPOBO/IA HA CEH30pa

N36pana e pamkoBa ,,0” oOpa3Ha KOHCTPYKIIHMsI HA MarHUTOTPOBOJA HA CEH30pa, Ta-
Ka KaKTo € rmoka3aHo Ha ¢wur.2. PazmepsT Ha npo3opena &, =90mm u b, =140mm

ce JUKTyBa OT IIMHHara cucremMa Imoka3aHa Ha ¢ur.1.6. Ilpuer e orcThn ot
a =10 mm u3BBH Bcsika OT 4-Te cTpaHu Ha ¢pukcupaHara KoHpurypanus Ha [Llunu +.
MuHumaneH

nposopey Ha
MarHuTonpoBoAa

r = — - T &
I 7 [ 7 I A
| I
I I b [b,
| I
| K o7 y
B A I I I ady
alalalalalalala
P a N
®ur.1.0.
A
C
Y
AB 1
d
Byon %Z X Syon b,
d
A 4

Cc a,

A
\4

dur.2.

MarauTonpoBoAbT € pa3riiooseM, 3a JJa MOXKE CEH30PBT MPEIBAPHUTEIIHO JIa Ce eTa-
JIOHHPA B JJAOOPATOPHH YCIOBHS TTOCPECTBOM MHOTOHABUBKOBa 600uHa. 300phT Ha
BB3AYIIIHA MEXJNHA U CEYEHHWE Ha MarHUTOMPOBOJIa 3a KOHKPETHUS CIydail ca mpo-
JTUKTYBaHU OT CIICTHUTE ChOOPAKCHHUS:

e [Ipuero e kBajgpaTHO ceueHue ¢ pazmepu 25 Ha 25mM. ToBa ocurypsia
JA0CTaThuHA MEXaHWYHA 3/IpaBUHA M CTA0MIIHOCT Ha KOHCTPYKIIMATA KATO IISJIO.

e CymapHarta BB3yIIHA MEXIWHA TPsAOBA Ja rapaHTHUpa MarHUTHATa WH-
AyKuus na He Haaxebpud B, =0.65T npu makcumanen tok | =15600 A. Ako

ce mpeHeOperHe MarHUTHOTO CBHIIPOTHBJIEHHWE HA CTOMaHaTa W pa3CceiBaHETO, TOBa
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y I
IpefonpeneNs MUHMMAaIHA CTOMHOCT 3a Ta3W MEXKIHHA OT Oy = Ho max _ 2gmm.

max
[Tpuera e croitnocT oT 30MM ¢ OTJIe]] Ha TOIBJIHUTEIIEH PE3EPB.

e [lenechoOpa3Ho € BB3IYIIHATA MEXKIUHA JIa C€ pa3lpeaesii CHMETPUYHO, Ka-
TO C€ MPEJABUIU MSCTO KBJAETO Aa ObJe (PUKCHpaHa IUIaTKaTa HOCEIla JaTdyhka Ha
Xon. Bepxy Ta3u miaTka ce pasmoJiaraT MO MPUHIUII TeHepaTopa OCUTYpsBalll pa-
OOTHHA TOK 3a TO3M E€JIEMEHT, YCUJIBATENS 32 HETOBOTO M3XOJHO HAMPEKEHUE, ee-
MEHTH 3a TEeMIIepaTypHa KomIieHcarus u np. [7]. PaboTrHara nebenvnHa Ha TakaBa
miaTka € 2,5MM. B kpaifHa cMeTka ca IpeaBUACHH 2 MEXIWHU B Cpelara Ha JBETE
Oenpa Ha paMKkarta ot ¢ur.2 ¢ pasmep o,,, = 3MM, a KbM F'OPHUS U JI0JIEH SIpEMU 00-

110 4 TOMBIHUTETHHN Bb3AYIITHH MEXKINHH BCIKa C pa3Mep oT 0 = 6mm.

MsicToTo 3a atkaTta ¢ eneMeHTa Ha XOoJ € B JSIBOTO Oelpo Ha uepTexka oT (ur.2.
JlsicHoTo Genpo e 3aTBOpeHO OT OOOMHATa, KOraTo ceH3opa ce eranonupa. [lmoman-
KaTa B KOSITO IIl€ C€ HaMHpa €JIEeMEHTHT Ha XOJ € B cpefara Ha BB3AyIIHATA MEX-
JIMHA, B IIEHThpa Ha CEYCHUETO Ha mostroca, ¢ pazmepu 10 Ha 10 mm. (¢pwur.3.0)

2.3. U3cnenBaHe Ha pa3npeaeieHNEeTO HA MATHUTHOTO 10Jie B KOHCTPYKIUSITA
HA CEeH30pa M ompe/e/isiHe HA BbHIIHATa XapakTepuctuka B = f(I).
ToBa m3cnenBaHe € MPOBEACHO MO KOMITIOTBPEH ITbT KAaTO ca 3aJaBaHH CepUs OT
CTOMHOCTH 3a TOKa Ha TOKOM3IpaBuTels B 3ananenus nauama3oH ot 1300 mo 15600A,
1. oT 10 10 120% crnipsimo 3agaaeHuss HOMUHAJICH TOK. AHAJIM3HPaHM ca JIBa MOJea;
1. Moaea A — c peaJlHO Pa3MoI0KEH! B TPO30pella Ha MAarHUTOIIPOBOIA U U3BHH HE-
ro TOKOBHU IUHU criopen ¢wur.l.a;

2. Mopaea B - ¢ Mozen Ha etajioHupaiia 0001Ha, 3aMecTBala TOKOBUTE IIIUHH,

KomnroTepHOTO MOAIEHpane € npoBeaeHo BB FEMM cpena [5], kaTo moneto e pas-
TJIeKIaHO KaTo TUIOCKO-apanenHo. Ha ¢wur.3.a e moka3ana choTBeTHaTa KOHGUTYpa-
s 3a ciydas Ha Mogen A. B npn6ounna (MeprneHIuKyIsIpHO Ha JINCTA ¢ YepTexka)
NPUETHUSAT pa3mep € 25MMm.

~~ -~
frer g s 4
( ) 5)( ol

®dur.3.a. ®ur.3.0.
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[TpueTo € paBHOMEPHO pa3mpeeicHre Ha OOIIUS TOK Mpe3 MHHUTE (T.€ Mpe3 BCsKa
muHa mpotrda 25% ot To3u ToK). 3a u30paHaTa IuIonaaka ot ¢Gur.3.0 e onpeaensHa
MHTETPAJIHO CpeJIHATA MHIYKIMs O3HaueHa Kato By, .

CrpiiecTBeH 3a U30paHus MOAXOA C MPEABAPUTEIIHO €TAJIOHUPAHE B JJAOOPATOPHU yC-
noBus ¢ aHanu3a Ha Mogen B. Ilo npuninmn eqna eranonupamia 606uHa (¢ rosm
Opoil HaBHBKH, KOMTO OCUTYpSIBAT CKBHBAJCHTCH HAMAarHUTBAalll TOK) HE MOXE HJie-
aJIHO Jla 3aMECTHU peallHaTa IMHHA KOH(QUryparus, KOeTo Hen30exHO BOJU JI0 Tpell-
ku. OCBEH TOBa, aKO HAMOTKaTa Ha eTajloHHaTa 000MHA 3aIbJIHM U3LSJIO0 Mpo30pena
HA MarHUTONpoBoJa, OoOuHaTa 6u Ouia U3NMUIIHO 0OeMHa, TeKa U ckbma. [lopaau
ToBa B Mozen B ca u3cienBann BapuaHTH 3a pa3loyIoKEHUE HA HAMOTKaTa Ha 000u-
HaTa B MPO30peLa, Ype3 MOAXOALI0 CEeKIIMOHUpaHe. Pe3ynraTture npu eIuH U Chll
o0l HaMarHUTBAI TOK ca CpaBHsIBaHU ¢ pe3ystatute 3a Mozaen A. Taka e HarpaBeHa
OLICHKA 32 rpemnikara (pa3jiikara B CTOWHOCTUTE Ha MarHUTHATA HHIYKIIHS) TIPU ema-
JIOHUpaue CIpsMO ciydast ¢ pearnu wiunu. Ha Ta3zn ocHoBa ca (opMyiMpaHu Mpemno-
PBKH 3a U300p Ha MOAX0s11a KOH(PUrypalus 3a HaMOTKaTa Ha 60OMHaTa.

N3cnenBanara koHdurypaius 3a erajonHa 000uHa € nmokazaHa Ha ¢ur.4. TokoBOTO
MPOCTPAHCTBO B MPO30peNa U CUMETPUYHO M3BBH HETO € pas/ielieHO Ha 8 OTaenHH
"cexnun”. Besika OT T€3H CEKIMU B MpOIeca Ha MOACIUPAHETO € C WIIK 0€3 HaMarHuT-
Ball[ TOK, KaTO 1O TO3W HAYMH ca (OpMHUPaAHU CEpUsl OT BapUAHTH.

dur.4.

N3cnensannre BapuaHTU ca mocoyeHW B Tabin.l. 3a wirocTpauust B Ta3u Tabiuua e
MIOCOYCHO U TETJIOTO Ha MEJIHMS MIPOBOJAHUK 3a peaiu3alius Ha BapuanTa. [Ipennoxen
e mpoBoAHUK ¢ nuameTsp 0,96mMm u ceuenue 0,72mM, koeto ocurypsia 1000 HaBuBKu
3a efHa OTJAeNHa cekius. PaznuuaBar ce 3 rpynu, KakTo € MOKa3aHO CXEMaTUYHO Ha
dur.4:

e Ipyma A - c 1 oraenna cekius (10x120mm ). Beska TakaBa cekiins € OTMECTBaHa

M0 BpeME Ha MOJCIMPAHETO BHUPTYATHO U CUMETPUYHO CIPSMO JSICHOTO Oempo
Ha MarHUTOIpoBoja oT (wur.3.a;
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e I'pyma B - ¢ 2 pasnosnoxenu eana go apyra cekiuu (10x120mm). Tasu rpyma
CBII[0 € OTMECTBAaHA BUPTYAITHO 110 HAYHH MMOJ00CH Ha CEKIIMUTE OT Tpyma A,

e I'pyna C - ¢ 4 pasnosnoxenu eana ao apyra cekiuu (10x120mm). 1 ta3u rpymna e
OTMECTBaHa BUPTYAIHO 110 HAYHMH MOJI00CH HA CEKIIUUTE OT rpymna A.

Tabmuma 1
['pyna Kon :}?leap - Bxarouenu cexuuu Ne | G (kr)
A4 1 0,8
As 3 1,7
Ay 4 2,15
A
As 5 2,6
Ag 6 3,05
Ay 7 3,5
B12 1+2 2,05
B Bus 4+5 4,75
Be7 6+7 6,55
Ci234 1+2+3+4 5,9
¢ Cuse7 4+5+6+7 11,3

3. Pe3y.]1TaTI/I OT N3CJIcABaAHETO

B Ta6m1.2 ca nmpuBeneHn pe3ynTaTUTe 3a KOMIIOTHPHO W3YKMCIICHATa MarHUTHA UHIYK-
s Blo.lO_3 T B u30panara momaaka ot noiroca 3a Mogen A. OT Te3u pe3yiTatu
CJEBA, Y€ TPEeNIKaTa OT HEJIMHEWHOCT B KpuBarta B = f(H) e mo-manka ot 0,5% B nu-
anazona ot 10 no 120% 3a u3mepBanus Tok. B 1onbiHeHHe ca IPUBEACHU U JaHHU 3a
cpeaHaTa MarHUTHA UHIYKITUS B5.10_3 T B mo-maika (5X5MM) 1IoIIaaKa OT MOJIkOCa,

KaTo JIOKA3aTeJICTBO 32 PAaBHOMEPHOCTTAa HA MAarHUTHOTO TOJIC B Ta3H 30HA Ha ITOJIO-
ca.
Tabmura 2

/1, .100% 10 20 50 80 100 110 120

B,.10°T 55,888|112,039|280,705|449,362|561,708|617,804|673,809

B..107°T 55,889| 112,04 |280,707|449,365|561,711{617,807|673,813

C’I)HICCTBGHI/I 3a H360p Ha BApHUAHT 34 CTAJIOHHA 0oOuHa ca PE3YITATUTC IIPUBCACHU B
Ta61.3. 3a TPH XapaKTCPHU CTOMHOCTHU Ha B’I)36YJII/IT€J'IHI/I$[ TOK B 3aJaJCHUA JUAIlla30H

(10, 50 u 120%) ca ompeensHU CpeHUTE CTOMHOCTH HA MHAyKMaTa B, .107° 7T 3a
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chiara u3dpaHa B cpefaTa Ha IMmoiroca rionaaka ¢ pasmepu 10x10mm. Te3u cToii-

HOCTH Ca CPaBHABAHH ChC ChOTBETHATA M3uHCIeHa cToitHocT B,,.10° T 3a npuerara

muHHa KoH¢urypamus. ['pemkata 60 % e wu3uMciasBaHa MO CJEIHUS HAYMH:

S = Bern—_BW.loo %
B

u

3a WIOCTpanys HA 3aBHCUMOCTTA Ha TOJyYeHATa rPelika OT HOMEpa Ha CeKIHs THUII
A, Ha ¢ur.5 e nokazana rpadukara 6% = f (nomep cexyusa A)3a Tox | =10%.1,

Tabauma 3
Bapuanr Koz na /1y .100% 10% 50% 120%
000uHa TN | BapUaHTa
B, . 10°T 55,88 280,7 673,8
A, B, .10°T 47,78 240,14 575,5
3 % -14,5 -14,4 -14,6
A, B, .10°T 51,50 258,7 620,9
3 % -7,83 -7,84 -7,85
Al B,, 107°T 53,59 269,2 646,2
A 3 % -4,09 -4,09 -4,09
A B, .10°T 55,72 279,9 671,9
3 % -0,29 -0,28 -0,28
A B, .10°T 57,91 290,8 698,2
o % +3,60 +3,60 +3,62
A, B,,.10°T 60,20 302,3 725,7
o % +7,73 +7,69 +7,70
B, B, .10°T 48,64 2444 586,1
3 % -12,9 -12,9 -13.06
B Buc B,,.10°T 54,66 274,6 659,0
3 % -2,18 -2,17 -2,20
Be, B,,.10°T 59,06 296,6 711,9
o % +5,69 +5,66 +5,65
B, .10°T 50,60 254,2 609,9
Cio34 =
c 3 % -9,45 -9,44 -9,48
Coe B, .10°T 56,85 285,5 685,4
0 % +1,74 +1,71 +1,72
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Ot npuBeneHaTa Tabs.3 cTaBa SICHO, Y€ IMOCTABEHATa 3ajauya 3a MUHUMAaJHa Tpelka
IIpU €TaJOHHpaHE B JIAOOPATOPHU YCIIOBHS C€ MOCTUTA C BapuaHTa As3a HAMOTKA Ha
eTajoHHaTa 000WHA, B Ciiydyall Ha CUMETPUYHO pasnojioxkeHu [lunwu+ v [lunu —.

Tazu rpemika e okono 0,3%. KoncratupaHo e, 4e Ta3u Ipelika pacTe Mpu OTMECTBaHE
Ha [llunu —, KOeTo € 00EKT Ha JOI'BIIHUTEIHO U3CJIEABAHE.

L

5
rid

Homep cexyusi A

dur.5.

4. 3akja4eHune

4.1 TlpennokeHo € MpoCTO U EBTUHO PELIEHUE HA CEH30p 32 IMOCTOSHEH TOK JI0
15,6 KA c u3noN3BaHe HA €IEMEHT Ha XO0J U MarHUTONPOBOJ OT EIEKTPOTEXHUYECKA
CTOMaHa, MpPEeJHA3HAYEH 3a KOHKPETHA MPOMHMIIJIEHA [IMHHA WHCTAJIAIMOHHA KOHCT-
PYKIIHS;

4.2 PasMmepuTe Ha MarHUTOIIPOBOJA ca ChOOpA3eHH ChC 3ajaJeHaTa KOHCTPYK-
IIMs Ha IIMHHATA CHUCTeMa. BpBemeHara BB3aymIHAa MexawHa oT 30MM orpaHwdaBa
paboTHaTa MHAYKIMS B 30HaTa Ha einemeHTa Ha Xona g0 0,65 T, karo mpoBeaeHOTO
KOMIIOTHPHO Mozenupane B cpena FEMM nokasea, ye npu Te3u ycioBUs BXOJHO-
M3XO0/IHATa XapaKTEPUCTHKA HA CEH30pa € MPAaKTHYCCKH JIMHCHHA.

4.3 TlocpeacTBoM AOMBIHUTENIHO Mojaenupane BbB FEMM cpena e nokaszana
BB3MOKHOCTTa CEH30pa Ja ObJe €TAJTOHHPAH Ja0OPaTOPHO MOCPEICTBOM MHOTOHA-
BHBKOBa 000MHA. Y CIIOBUETO 3a MUHUMH3HPaHEe Ha TPeIIKaTa CIpsMO Cydasi ChC 3a-
JajieHaTa MpoMHUIIIJIeHa IIMHHA KOH(PUTYpaIKs € J1a ce U3IMOJI3Ba MPErnophbYaHusIT Ba-
pHAHT 3a HaMOTKa Ha 6oOunara. [Ipu n360p Ha Bapuanta AS ot Tabn.3 usmepnarern-
HaTa Tpenika Ha ceHzopa e moj 2% .

4.4 TIpu npoMsiHa HAa KOH(PUTypaIysITa Ha IMHHATA cCUCTeMa (OTJaiedaBaHe Ha
[lunu— W3BBH MarHUTONPOBOJA), aHANMM3bT BbB FEMM kommiorhpHa cpema mo-

Ka3Ba, 4C Ca H€O6XOI[I/IMI/I AOITBJIHUTCIIHU HU3CJICABAHNA KaCACIIN CTAJTOHHUPAHCTO HA
CCH30pa, 3a Ia CC IrapaHTHpa U3MCPBATCIIHA I'PCIIKA B IIOCOUYCHUS I10-TOPC JHUAIIA30H.
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EKCIHEPUMEHTAJIHO U3CJIEJIBAHE HA CEH3OP 3A TOK 13 kA ¢
EJEMEHT HA XO0JI 3A ITPOMHUIIJVIEHHA LHEJIN

Hennna InpxanoBa, 3axapunka I'eprosa

Pe3ome: B pabomama ca npugedeHu pesyimamu om eKCnepuMeHmaninomo uscieo-
8ane Ha MoKog censop ¢ npeobpaszysamen Ha Xoa. Cenzopvm e 3a HOMUHANEH MOK
13xA u e npeonasnauen 3a usmepsare Ha NOCMOSIHEH MOK KbM 8AHU 34 eIeKMpPOIU3a
Ha med. [Tvpsuunusam npeobpazysamen (eremenm Ha Xou) 3ae0HO ¢ eleKMPOHHAMA
cxema ocueypsasawa npasuiHomo My YHKYUOHUpaHe e pasnoiodicer 8 eona om 00-
Wo wecmme 8b30VULHU MENCOUHU HA MASHUMONPOBOO OM eleKMPOMEeXHUYeCcKd Cmo-
Maua, Koumo obxeawya WUHONPo8ooa KoM eirekmponuznume earu. CeHzopvm e ema-
JIOHUpAau 8 N1abopamopHu yclosus NOCPeOCmB8OM MHOCOHABUBKO8A OO0OUHA oOculy-
pAsawa exeusaienmen 8v30yacoaus mok. Illapamempume na 6obunama ca nooobpamu
6b3 0cHO6a Ha npenopvkume 6 [1], kamo excnepumenmanno e noxazano eénrusHUEMO
Ha pa3iuyHoO pA3noJiodcerue Ha bobunama 6 npo3opeya Ha MAaZHUMoONPo8ood 6bpxy
emanoHHama 6xo0HO-U3X00Ha Xapakmepucmuka Ha ceHzopa. lIlpocmama, esmuna u
epexmuena KOHCMPYKYUs HA CEH30pa 2apaHmupa meopemuyHa Uumepeamenna
epewixa He no-eonama om 3%.

Kntouoeu oymu: Cenzop 3a mok, eremenm Ha Xoi, MazHUmMonpogoo, 1a6opamopHo
emanonupame

EXPERIMENTAL INVESTIGATION OF A 13 kA CURRENT SENSOR
WITH HALL EFFECT ELEMENT FOR INDUSTRIAL APPLICATION

Denitsa Darzhanova, Zaharinka Gergova

Abstract: In the paper some experimental laboratory investigation results of a current
sensor with Hall Effect element are presented. The sensor is intended for measure-
ment of a 13 kA DC rated current for copper electrolysis unit. The primary Hall Ef-
fect element is located in one of the 6 gaps of a silicon sheet steel magnetic core. The
core is designed in a way to embrace the existing busbar system providing current to
the electrolysis unit. By means of a recommended [1] multi-winding coil delivering
equivalent exciting current, a sample of the sensor has been tested and adjusted in
order to obtain its standard input-output characteristic. The different position influ-
ence of the exciting coil in the magnetic core window has been also investigated. The
theoretical accuracy of this simple and low cost sensor is evaluated to be better than
3%.

Keywords: Current measurement, Hall Effect sensor, magnetic core, standard labora-
tory adjustment
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1. BbBeaenue

N3mepBaneTo Ha rojemu (Hax 5-10 KA) MOCTOSSHHM TOKOBE € CBBP3aHO C Ompe/e-
JeHu ocobeHocTu 3a notpedutenure. OCBEH TOYHOCTTA HA U3MEPBAHE, YECTO ChIIEC-
TBEHH 32 M300pa Ha U3MEPBATEIHO YCTPOUCTBO (CEH30p) ca HETOBUTE pa3MepH U
[eHa.

JIMpEKTHOTO M3IMOJI3BAaHE Ha KIACHYECKU CHIIPOTUBUTEIHH IIyHTOBE [2,4], koraro
U3MEpPBAaHUTE TOKOBE Ca MPOIBDKUTENHU, € HE0OOCHOBAHO MOpaAH 3HAYMTETHATA
3ary0a Ha MOIITHOCT W TOJIEeMH TrabapuTHHU pazMepu. MHOTO MOMYJISpHHU B TMOCIIEIHO
BpEMeE ca peIlICHHsITa C MbPBUYEH MPeoOpazyBaTes eleMeHT Ha Xoi [4] wiu ¢ mosic
Ha Poroscku [6] mpu mpomeHIMBU TOKOBe. Te3n M3MepBaTeIHH YCTPOMCTBa 00aue
HOpaJii CBOSITAa YHUBEPCAITHOCT M BUCOKa TOYHOCT (mocturama 0,5%) yecto ca mpe-
KaJEeHO CKBIIH.

[To-nony ca mpuBeneHU pe3ynTaTtu OT pa3padoTKaTa U €KCIIEPUMEHTATIHOTO U3CIIE-
BaHE Ha CEH30p 32 HOMUHAJIEH TIOCTOSIHEH TOK 13KA, mpenHa3HavyeH 3a MPOMHUILICHA
MHCTaNAuUs ChAbpiKaia oommo 26 Ha Opoil BaHM 3a enekTpoin3a Ha men. [IbpBuy-
HUST NpeoOpaszyBarTesn Ha CEH30pa € eleMeHT Ha XoJl. I3TOYHUKBT Ha TOK 32 BAaHHUTE
e Tokousnpasuren Tun ’Krobnep’’ mo moamdunmpana cxema ¢ aBa peakropa [3].
CeH30pbT € KOHCTPYUPAH TakKa, ue Ja ObJe y10O0HO pa3mooKeH BbPXY €/IHa OT JIBe-
T€ IIMHHA CHCTEMHU BOJCIIM KbM BAHHUTE 3a EJIEKTPOJIM3a, YCIOBHO HapeueHa
[luna + . EnekTpoHHATa 4acT, ChAbpIKAIlla €JIeMEHTa Ha XO0JI U OCTAHAIUTE EJIEKT-

POHHH €JIEMEHTH KOUTO TapaHTUPAT HeroBaTa HOpMajiHa padota [3], e pasmonokeHa
BHPXY I€UaTHA IJIATKA, 9aCT OT KOSTO € BMbKHATA B €HA OT BB3AYIIHUTE MEXIMHU
Ha MarHUTOINPOBOJ OT €JEKTPOTEXHUYeCcKa cTomMaHa, ooxBamam [[luna+ . [lpyrara

mmHHa cuctema ([[luna —) e pasnoiiokeHa B HEMOCPEACTBEHA OJHM30CT O CHITHS
MarHUTONPOBO/,.

2. KoncTpykuusi Ha ceH30pa
2.1 MarHuTonpoBo/

CenzopsT € ¢ ,,0” oOpa3Ha KOHCTPYKIMS HAa MarHUTONPOBOJIa MoKa3aHa Ha ¢ur.l.
[Ipo3opelrbT Ha MarHUTONIPOBO/IA € ChOOpa3eH ¢ KOHCTpyKuusTa Ha [[luna + , cbeTO-

smia ce ot 4 oraenHu muHY ¢ pazmepu a =10mm u b =120 mm, taka KakTo € moka-

3aHO Ha (ur.1.0. MarHuTONpPOBOABT € OT ENEKTPOTEXHUUECKA CTOMaHa C KBaJIpaTHO
CEUeHHEe C pa3MepH Ha cTpaHara 25 Ha 25mm. B cpenara Ha nBere Oenpa ca (pukcu-
paH¥ BB3AYLIHU MEXIUHU OT 1O 3MM, a KbM JIBaTa ApemMa ca MpeIBUICHH JTOTbIHU-
TETHU 00110 4 BB3AYLIHUM MEXKIMHUA OT 6MM BcsAKa, Taka 4e cymapHara Bb3IyIIHA
mexauHa € 30mm. Ts rapaHTupa MakcuMaiaHa MHAYKIUsA He mo-rojsma ot 0,65 T,
KOETO Clie[IBa OT ChOOpaKEHUATA 3a MPAKTUYECKA TUHEHHOCT HA BHHITHATA XapaKTe-
pPHUCTHKA Ha CeH30pa rmocouycHu B [1].

BBHIIHUAT BUJI HA MarHMUTONPOBOJA HA CEH30pa € MOoKa3aH Ha (ur.2. MarHuTonpo-
BOJBT € 3aJIAT C €MOKCHIHA CMOJIA, KATO TOPHUAT speM ¢ pasriobsem. ['abaputHure
pasmepu ca 200/150/30 mm, a macarta my ¢ 2,8 KT.
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2.2. EnexTpoHeH npeodpa3syBateJi ¢ eJJeMeHT Ha X 0.1

bnokoBaTa cxema Ha eleKTpOHHUSAT npeodpaszyBaten [3] e mokazana Ha ¢ur.3.a. CeH-
30pbT ¢ eidemeHT Ha Xon ¢ Tan Analog devices, AD22151. Cxemata chabpka Tep-
MOCTa0MIIHO TIOCTOSTHHOTOKOBO 3axXpaHBaHE, '€HEPAaTOp Ha TOK U M3XOJCH M3MEpBa-
teneH ycunBaten ¢ ooBar 10 V. IIpeoOpasyBaTensaT ce 3axpaHBa ¢ Hanpexenue 24V
DC ot cranmapTeH MMITyJICeH m3npaBuTed. [Ipu HyseBa CTOMHOCT Ha MarHHWTHATa
WHAYKIHMS B 30HaTa Ha eleMeHTa Ha XoJj, U3X0IHOTO Hampexenue ¢ 5,0 V, koeto
HaIpe)KEHUE CJIe]l TOBa HapacTBa WM HAMajlsiBa B 3aBUCHUMOCT OT IOJISIPHOCTTA Ha
MarHuTHaTa MHAYKIHMS CIPSIMO eJeMeHTa Ha XOJI.

BpHIIHUAT BUJ Ha mpeoOpasyBaTens 3aeHO ChC 3aXpaHBallUs OJIOK € TMOKa3aH Ha
¢wur.3.0.
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2.3 ETanonupamnia 600uHa 3a ceH3opa
KonnenmusTa 3a pa3paboTka Ha CeH30pa MPEANoiara HeroBO MPEBAPUTETHO €TallO0-
HUpaHe B JabopaTOpHH ycjoBHs. ToBa € HampaBeHO HAa OCHOBAaHWE Ha TpeIBapH-
TEJIHO TPOBEICHOTO M3cienBaHe [1] Ha MATHUTHOTO IMOJIe B MAarHUTOIIPOBOJIA 110 Me-
To/a ¢ Kpaiinu enemenTd BbB FEMM cpena 3a cnennure 2 ciyyas:
e C peanmna muHHa KoHuUrypamus (¢pur.10) pasmosokeHa B mpo3operna Ha
marautonpoBona ([[luna+) w w3ebH Hero ([lluna—) Ha oOmpeneIeHO

pa3CTosIHHUE,

e C erasioHHa 000MHA, KOSITO HAMO005Ba TOKOBOTO pasNpe/iesieHue B IIbp-
BUS CITy4ai;

MHoronaBuBkoBaTa 000MHa € KOHCTpyHpaHa ChIVIACHO NPENOPBKUTE HAIPAaBEHU B
[1]. B To3u ciyvaii pa3nukaTa B MarHMTHATa MHAYKIUS B 30HAaTa HA MOJIOCA HA Mar-
HUTOIIPOBOJIA, KBJETO € MPEIABUACHO /1a C€ Pa3MoJIOKH eJeMeHTa Ha XOJ, CIpsIMO
CiIydasi C peajHu IIMHH, € mo-Manka ot 1%. Hamotkara e ¢ 6poit naBuBku W =1000,
W3MOJI3BaH € MEACH MPOBOAHUK ¢ auamMeTwhp 1,2 mm u ceyenume 1,13 mm?. Tasu Ha-
MOTKa TO3BOJISIBa KPaTKOBPEMEHHO HaTOBapBaHe ¢ TOK 10 15-16 A, koero e mocrta-
THYHO, 32 J1a CE MPOBE/IC ETATOHUPAHETO B TAOOPATOPHH YCIOBUSI.

Bb3 ocHOBa Ha ToBa Ha (ur.4.a € mokazaHa CXEMAaTHYHO KOHCTPYKIIUSITa Ha O0OU-
HaTa, U3M0JI3BaHa M0 BpeMe Ha €KCIIEPUMEHTAIIHOTO €TAJIOHUpPAHE Ha CEH30pa, a Ha
¢ur.4.6 - HeWHHUAT BHHILICH BU.

3. Pe3y.11TaTn 0T €CTAJJOHHUPAHETO HA CEH30pa

OnuTHaTa MOCTAaHOBKA 32 €TAJIOHUMPAHE HAa CEH30pa € MokazaHa Ha (ur.5. 3axpaHBa-
HIUAT U3TOYHUK OCHUTypsiBa enHO(ha3HO m3NpaBeHo Hampexenue no 220V, xoero ce
peryiupa IMiaBHO MOCPENCTBOM aBTOTpaHchopmarop. TOKbT mpe3 Bb3OyIuTETHATA
(eTamonuparia) 600MHA € M3MEPBaH MOCPEACTBOM aMIICPMEThP C Ki1ac Ha TOYHOCT
0,5. U3xonHoTO HampexeHne OT MmpeoOpas3yBareis Ha XOJ € W3MEpPBaHO C IU(POB
myntamep tun UNI-T/UTG0E.
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W3mepBanute croitHOCTH Ha ToKa | ca B [A], HO B Tabn. 1 ca mocouenu B KA, kaTo ce
uMa TIpe]] BUII, Y& OposAT Ha HAaBUBKUTE Ha eTajloHHaTa 6o6mHa ¢ W=1000. B Tabm. 1
ca MpeACTaBEHH Pe3yJITaTH 3a €TaJIOHHATa XapaKTePHCTUKA Ha CEH30pa IpPU CUMET-
puuHa (cpenHa) MO3UIKs Ha eTaIOHHATa O0OMHA B IPO30pelia Ha MAarHUTOIPOBOIA.

[Tocouenurte cToiHOCTH 3a M3X0AHOTO HampexxkeHne AU, V mpencrasisBaTr pasiu-

KHUTE CIIPSIMO HyJeBata HavyamHa ctorHocT 5,00 V Ha cenzopa. Te ca cpeaHo mpeme-
peHa CTOMHOCT OT HAKOJKO MOPEIHH EKCIICPUMEHTAIIHU pe3ynrara. B chimara Taod-

AU
JMIa ca IPUBEJCHU M JaHHU 3a JUQepeHIraaHaTa YyBCTBUTEIHOCT Sy =——, KO-

Al
AT0 € nepuHMpaHa KaTo pa3irKa MEXIy U3MEPECHUTE M3XOTHU HAMPEKEHUS MEKITY
JIBE ChCEIHU M3MepeHu Touku oT kpuBata U = f(l), pasnmenenu Ha TokoBHs Hapac-

ThK. Te3u CTOMHOCTH IIOKa3BaT,4e YYBCTBUTCIHOCTTA 3aIl104YBa Ja HaMaJisiBa IIpU TO-
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koBe Haxa 13 kA. OnpeneneHara cpeiHa YyBCTBUTEITHOCT B TOKOBUS 00XBaT 70 13 KA
Bb3au3a Ha S =184mV /KA, T.c mpakTudecku ¢ rpemka ot okojiao 1% moxe ga ce

CUMTa, Y€ BbHIIHATA XapaKTCPHUCTUKA Ha CCH30pa B TO3U AUAIIa30H € JIMHEMHA.

[TocoueHOTO CHUKaBaHE Ha YYBCTBUTEIIHOCTTA B 30HATA Ha IPETOBapBaHe HA CEH30pPa
¢ TokoBe Haja 13 KA ce 00sCHsBA ¢ MOBEACHUETO HA W3IOJI3BAHKMS MarHUTEH mare-
puan npu uaaykiaud Hax 0,65 T, KakTo M ¢ BB3MOKHO HETOYHO (DHMKCHpAHE Ha OIpe-
neneHute B [1] BB3AYIIHM MEXIMHH.

Tab6auna 1

|, kA 0 1 2 3 4 5 6 7
AU, V 0.00 | 0.19 | 0.37 | 0.56 | 0.75 | 0.94 | 1.12 | 1.31
Sgr MV/KA | 0 | 190 | 180 | 190 | 190 | 190 | 180 | 190

|, kA 8 9 10 11 12 13 14 | 15
AU, V 1.49 | 1.68 | 1.87 | 2.04 | 2.22 | 239 | 2.54 | 2.66
Sqit MV/KA | 180 | 190 | 190 | 170 | 180 | 170 | 150 | 125

[Ipu nmpoMsiHa B MO3MIMSITA HAa €TaJOHHMpAIaTa HAMOTKa B IIPO30pelia Ha MarHUTOII-
POBOJIa €TAJIOHHATA XapaKTEPUCTHUKA CE TPOMEHS 110 HAYMH TCOPETUYHO 0OOCHOBAH B
[1]. B Taba. 2 ca noka3aHu ChbOTBETHHTE CTOMHOCTH 3a JBE Pa3IMYHHM KpalHHU I10JI0-
»KeHHsI Ha OoOuHaTa:

e Cayuaii A — HAMOTKaTa c€ HaMHpa IUTHTHO J0 JSICHOTO O€po Ha MarHu-
TOIIPOBOJIA;

e Cayuaii B — namoTkaTa ce Hamupa IIBTHO /0 JIIBOTO O€IpO HAa MarHu-
TonpoBoJia (KbIETO e HAMHUPA U IUIOIIAIKATa U eJIeMeHTa Ha XO0JI).

Tabmura 2

| KA 0 1 2 3 4 3) 6 7

AU,V | 000 | 0.16 | 0.32 | 0.49 | 0.66 | 0.83 | 0.98 | 1.15
AUg,V | 0.00 | 0.20 | 041 | 0.63 | 0.83 | 1.05 | 1.24 | 1.46

|, KA 8 9 10 11 12 13 14 15

AU,V | 132 | 149 | 1.65 | 1.80 | 1.94 | 2.04 | 2.17 | 2.27
AUg,V | 166 | 1.86 | 2.09 | 2.28 | 247 | 263 | 2.8 | 291

Te3u pe3ynraTu MOTBBPKIABAT SKCIIEPUMEHTATHO TEOPETUYHATA ITOCTaHOBKA OT [1],
Y€ Ca HaJWIE Bb3MOXKHOCTHU 3a JOIBJIHUTEIHO BIHUSHUE BBPXY CTAIIOHHPAHETO HA
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CCH30pa B Cllyuall Ha OTMECTBaHe Ha oOpaTHus npoBOoaHUK ( [[luna —), 4act OT pea-

HaTa IIMHHA CHCTEMa Ha TOKOM3IpaBUTEsA. [IpolieHTHATa pas3jinKa Ha U3MEPEHHUTE
OTKJIOHEHHUS B M3XOJHOTO HAMpEKEHHE MPH HOMHHAICH TOK 13 KA CIpsIMO CHMET-
PUYHHUSAT CIIy4ail JocTura choTBeTHO -14,6% (3a ciydaii A) u +10,0% (3a ciyuqaii B).

W TpuTe mabopaTOpHO CHETH CTAJIOHHM XapaKTePUCTHKU Ha CEH30pa ca rpaduyHO
MpeJCTaBeHu Ha Qur.S.

xon!

0 2 4 6 8 10 12 141 kA

Dur.5.

4. 3aka4yeHune

4.1. IIpoexTupaHusaT U U3pabOTEH Bb3 OCHOBA Ha MPOBEIACHOTO H3CIIC/IBAHE B
[1] cenzop 3a moctosiHeH Tok 13KA mpuTEeKaBa MPAKTHUYCCKU JIMHEHHA BBHHIIHA Xa-
pPaKTEpUCTHKA, KaTO PE3yJITaT OT MPOBEACHOTO JlabopaTopHO eTamoHupane. Herosata
CpeJHa 4yBCTBUTEIIHOCT Bb3/n3a Ha S =184 mV /KA.

4.2. B 30HaTa Ha MPEIBHACHOTO IpETOBapBaHe MO TOK Ha ceHzopa oT +20%,
YyBCTBUTEITHOCTTA C€ CHMXKaBa, KOETO ce 0OSCHSBA MPEIU BCHUYKO C IMMOBEJICHUETO HA
M3I0JI3BaHUS MAarHUTEH MaTepHall IpH WHIAYKIINKU HaJ n3dpanata croiHoct ot 0,6 T.

4.3. Ilpu BB3HMKBAaHE Ha CUTYyallus C JTUHEHHO OTMECTBaHE Ha OOpaTHUS IPO-
BoaHUK ([[luna —Ha peaqHaTa MIMHHA CHCTEMa HAa TOKOM3IPABUTES) TOYHOCTTA HA

CeH30pa MOXke Ja ObJie 3ama3eHa, a BhHIIHATA MY XapaKTepucThka kopurupana. Oc-
HOBaHME 32 TOBA Ca MOJYYECHUTE JIOM'BIHUTEIHN €TAJIOHHU XapaKTEPUCTUKH MTPEICTa-
BeHH B Tabn.2. [loaxoxsina mo3uiys Ha €TaJIOHUpalllaTa HaMOTKa Ha OoOWHAaTa B
mpo30peria ciaejBa J1a ce M30upa Karo ce uMar MpeaBuj MPENOpbKUTE HANPaBEHU B

[1].
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ONPEJIEJSIHE HA CTOMTHOCTTA HA BAJTACTHUSI KOHJIEH3ATOP Cj
3A TIOJIOBPSAABAHE HA PEJKUMHUTE HA PABOTA HA
JYMWHUCHEHTHHY JIAMITHA ITPU BKJIIOYBAHETO UM
B IYO-CXEMA

I'ans I'eoprueBa-TackoBa

Pe3rome: B nacmoswama paboma e aHanu3upano no8eoeHuemo Ha JyMUHUCYEHMHU
aamnu (JIJI) ¢ unoykmueen u uHOYKMUBHO-Kanayumugen o6aiacm, ocu2ypseauy Hop-
mannama paboma ua namnama. M3zuuciena e cmotHocmma Ha Kanayumema Ha KOH-
densamopa npu cnaseane Ha ycrosuemo X. =2.X, npu 3axpaneane ¢ Mpexncoso

Hanpedxcenue ¢ epekmusna cmounocm 230 V. Onpeodenenu ca cmotinocmume Ha Cg
3a mpu muna JIJI - coomeemuo ¢ mownocmu 18, 36, 58 W. Uzsvpuieno e mooenupane
¢ npoepamuus npooykm PSpice na oyo-cxema ¢ 0ea napanennu KioHa. Bve eceku om
KJIOHUmMe ca @KatoueHu nociedosamento JIJ/I u 6ob6una ¢ eonakeu napamempu. B eou-
HUsl KIIOH e dobasen u koHoenzamop ¢ kanayumem Cg, nooobpsasaw cos ¢. Unwocm-
PUPAHO e HAMATA8AHemo HA nyicayuume Ha oO0WuUs ceemauHen NOMoK Npu 3axXpaH-
same c 06e ghazu Ha O0yo-cxemama.

Knwuoeu oymu: nymunucyenmuu aamnu, 6aiacmen KoHoeHzamop, oyo-cxema ¢ JIJI
+ unoykmueern oanacm u JIJI + unoykmusno-xanayumueen oaiacm 6 napaeiHume
KIOHU npu 3axpaneawo Hanpedcerue 230 V

CALCULATING THE VALUE OF BALAST CAPACITOR C; FOR
IMPROVING THE WORK OF FLUORECSENT LAMPS
IN DOUBLE-SCHEMES

Galia Georgieva-Taskova

Abstract: In the paper the work of fluorescent lamps with inductive and inductive-
capacitive ballast, is analysed. The ballast ensures the normal work of the lamp. The
value of the capacitor is calculated by the condition X, =2.X, in supplying voltage

230 V. The capacities of Cy for fluorescent lamps with power 18, 36, 58 W, are calcu-
lated. Double-scheme with 2 parallel branches is modelled by software PSpice. Each
branch includes identical fluorescent lamp and coil in serial connection each other.
In one parallel branch is added a capacitor Cg, which correct cos ¢. The decreasing
of the pulses of the main light flow in supplying with 2 phases in double-scheme, is
shown.

Keywords: fluorescent lamps, capacitor as ballast, double-scheme with fluorescent
lamp + inductive ballast and fluorescent lamp + inductive-capacitive ballast in paral-
lel branches in supplying voltage 230 V
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1. BbBeaenue

3ananBaHe Ha JymuHucueHTHU jammnu (JIJI) ce ocwhluecTBsiBa upe3 MyCcKO-perysu-
pama amaparypa (ITPA). [locnennara moxke na ObAe peayim3upana 4pe3 OaacTHO
CBIIPOTHBIICHUE (HA-U4ECTO C MHAYKTUBEH WJIA WHIYKTUBHO-KAAIIATUBEH XapaKTep)
WIM 4pe3 KOMIIEHCUpaIl KOHJIeH3aTop U JIpyru enemeHTH. Cxemata Ha [IPA, peanu-
3WpaHa ¢ MHAYKTUBEH Oanact, e mokazana Ha ¢wur.l.a, a Ta3u Ha [IPA, peanusupana c
WHYKTUBHO-KAITaIIUTUBEH Oajact € n3obpaszeHa Ha ¢ur.1.0.

\
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@uwr.1.a. Enexrpuyecka cxema Ha JIJI + unaykTHBEH Oanact
L
nyck.
)
CE R op L
| | N IS o o o SIS (o
Z N
PPN S
i) =i (1)
AVIENG
&

@ur.1.6. Enextpuuecka cxema Ha JIJI + nHAyKTUBEHO-KaNaluTUBEH Oanact

W B nBata ciydas mpoiechT Ha 3ananBaHe Ha JIJI mo cbiiecTBo € eauH u cbi. CTou-
HOCTTa Ha IIyCKOBHMs TOK IIPE3 JIamMIaTa Ce€ OINpeIess OT ITbJIHOTO CHIIPOTUBIICHUE HA
Oaniacta u enexkrpoaure Ha JIJI, a paOOTHUAT TOK Mpe3 Hesl 3aBUCH OT IIBJIHOTO ChIIPO-
TUBJICHUE Ha Oanacta u cerpoTuBieHreTo Ha JIJI. Bunaru myckoBusiT Tok TpsiOBa 1a
ObJle TO-TOJISIM OT OMpeJieJieHa MUHUMAJIHA CTOMHOCT, KOETO J1a OCUTYpH HEMHOTO
3amajaBaHe JOPH MPU PEKUM Ha XJIAJHUA WM HEAOCTAThYHO HArPETH E€JNEKTpOaH. En-
HOBPEMHHO C TOBA T'OJIEMUAT IYCKOB TOK ChKpallaBa »KMBOTA Ha JIaMriaTa U BOAM 110
HEJIOMMYCTUMO HarpsiBaHEe Ha HaMoOTKata Ha npocena. [lopagu Te3um choOpakeHUs
obukHoBeHO JIJI ce mpousBexaaT 3a MycKOB TOK, KOHWTO € 0.9 +2 mbTu OT HOMUHAJ-
HHUS TOK Ipe3 Jamnara [

JI Hom.

Ha ¢wur.2 ca nokazanu Bont-amnepaute xapakrepuctuku (BAX) 1 - na 6o06uHara L;
2 - Ha uHAYKTUBEH Oanact u JIJI u 2° - Ha MHAYKTUBHO-KanauTuBeH Oanact u JIJI.

100



®dur.2. BAX Ha: 606uHa L - 1, uaayktuseH 6anact + JIJI - 2, ”HAYKTUBHO-KaNallUTH-
BeH Oanact + JIJI -2’

OT TsX ce BUKIA, Y€ B pabOTEH PEXKUM TP JOCTUraHe Ha CTOMHOCT U . Ha 3axpaH-

BaIIlOTO HAIIPEKEHHUE ITyCKOBUAT TOK IIPH MHIYKTUBEH OanacT /, € Mo-rojsM oT TO3H

- IpY UHAYKTUBHO-KaNallUTUBEH Oanact /,, T.e. [, >1,. 3a 1a ce yBeIn4M CTOMHOCT-

Ta Ha /, BbB BepUraTa Ha cTapTepa ce BKJIIOUBA JONBIHUTEIHA O0OMHA C MHAYKTUB-

Hoct L, (cbriacHo ¢ur.1.0), npu koeto BAX Ha Oanacrta ce npemecTBa BISCHO -

rpaduka 2’ crpsimo rpaduka 2 oT Gur. 2 u mycKoBusT Tok npe3 JIJI 1 2 >1 >1,.

2. AHAJIMTUYHO M3YMCJISIBAHE HA CTOMHOCTTA HA 0ajJacTHUS KOHAeH3aTop Cy

[Ipu ompenensHe Ha CTOMHOCTTA HA KamanuTeTa Ha OanacTHUsS KoHaeH3aTop Cp ChI-
JIACHO TIO-J0JTy M3JIOKEHaTa METOJIMKA, aKo ce M30epe KOHJICH3aTOp C JOCTaThUHO
MaJIKO OTKJIOHeHHue oT +4% C, 6e3 na ce HaMassiBa BCEOOIHOCTTA Ha Pa3rieKaaHu-

sATa MOXKeE Jia Ce MPEHEOPErHe HAMYUETO Ha ITycKoBa 6boOuHa L, .~ B cTaprepHaTa Be-

pura Ha JIJI. B TO3M cnywall m3cienBaHaTa €IEKTpUYECKa BEPUTa € IOKAa3aHa Ha
¢ur.3.

)

i) =i, (1)

A VIIRNG)

&

®ur.3. Enexrpuuecka cxema Ha JIJI + HHIyKTUBHO-KAMMAIIUTUBEH OanacT 0e3 mycKoBa
000uHa B cTapTepHaTa Bepura

ExBuBaseHTHaTa eJIeKTpUUYECcKa BepUra B KOMILJIEKCHa popma uma Buja ot gur.4.
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Cy op. R,

@ur.4. EkBuBanieHTHa KOMIUIEKCHa cxeMa Ha JIJI + MHIyKTHUBHO-KamaluTuBeH Oa-
nacT 6e3 myckoBa 000MHA B cTapTepHATa BEPUTa, KBJIETO:

ZI{7 :Rﬂ
Z()p. = R()p. + ]C()L = R()p. + ]XL (1)
1
Z =—j—=—jX
Cs ]a)CE JAc,

3a J1a ce OCHIypH eIMH M CHILIM TOKa npe3 namnata i (1)=i,(t) (pecu. I =1,) npu

MHIYKTUBEH OanacT (L — ¢wur.1.a) u npu UHIYKTUBHO-KananuTuBeH 6anact (L + Cy —
¢pur.1.6) npu 3amassane Ha I (¢) =1i,(¢)

X, =2.X,. 2)
ToraBa 6agaHCHT HA KOMIIIEKCHUTE MOIIHOCTH B €JEKTPHYECKAaTa BEpHTa e MMa
BHJIA:
S, =58,
S .e’=S =S =P + O
Uydye” =P, +P+jO, - jO,
U,1,.(cos ¢+ jsin )= (Pop +P, ) + j(XL -X, )Ii ) (3)

HO oTuHTaliKK Qakra,ue [ =1, =1 =I, v 3amecTBaiiku ycinosue (2) B uspas (3) ce

IMoJIiydaBa KOMIIJICKCHOTO YPABHCHHUC!
op.

. . . -XCE 2
U,I,cosp+jU,.I, sin (p—(P +Pﬂ)—]7.lﬂ ,

KOC€TO € CKBUBAJICHTHO Ha CJICAHAaTa CUCTEMA OT aJ'IF€6pI/I‘IHI/I YpPaBHCHH:

P +P, P +P,
U,I,cosp=P +P, = cosp=—"——— => @ = arccos| ———
: U,.l, uU,.l,

U,.I,.sin = —f.[j

OTKBACTO CC IM0JIy4YaBa U3pasa:
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U, .sin| arccos LI ) T I ——;] 4)
v I 2 " 2wC,

NI

Pemagaiiku ypaBHeHue (4) oTHOocHO Cp, OKOHUYATETHUST HU3pa3 3a OMpenelisiHe Ha
CTOMHOCTTA Ha OaJlacTHUS KOHJIEH3aTOp €:

C,=- g,
. P, +P,
20U, .sin| arccos "7]

NI

r, )

Tsit kato rpadukara Ha QyHKIHATA arccos(x)e CHMETPHYHA CIPSIMO abCLUCHATA OC,

TO 3a J1aJieHa CTOMHOCT Ha HEWHHs apryMEHT C€ MO0JIy4aBaT €JIHOBPEMEHHO JBA CH-
METpPUYHHU BITIU - B 1-BU U B 4-Tu kBajgpanT. CtoiiHOcTTa HA C5 > 0, MOpaan KOETO B
OKOHYATENTHUSI U3pa3 3a OIpEeNIIHE Ha CTOMHOCTTA Ha OalacTHHs KOHACH3aTop IIe
ce B3eMa MPEJBU] CaMO bI'bjia B 4-TH KBaJIPAHT U 3HAKBT (-) HAMA J1a CE OTUYUTA, T.€.:

1
C,= g, F. 5a
5 . PP (Sa)
20U, .sin| arccos| ————

NI

3HaksbT (-) BB (popMmyiia (5) ce 00ycnaBsi OT KallalMTUBHMS XapaKkTep B 3aBUCUMOCTTa
(3), oramraiiku yciosue (2) X, =2.X,.

3abenexcka: CroiiHocTTa Ha n3uucienus Cy , chriiacHo gopmyna (5) € B OCHOBHA
N 6
MEepHa eIMHMIIA. 3a JIa C€ U3YMCIIM CTOMHOCTTAa My B WF ce ymHO»k)aBa o 10° (5a).

1
C = I,.10°, uF . 56
P P +P, U (56)

20U, .sin| arccos
N*J

3. HamansiBaHe Ha IMyJICALMUTE HA M3IbYCHUA CBETJIMHEH NOTOK oT JLJI, cBBp-
3aHM B 1y0-CXe€Ma, Ype3 BKIIYBAHe HA 02/1aCTeH KOHAEH3aTOP

[lyncanuure Ha u3nmbyeHus cBeTiHeH notok @ ot naBe JIJI moxke aa ObaaT Hama-
JICHU, aKO 3aXpaHBalIUTE HAMPEKECHHUSI KbM BCSIKa OT JIaMIHUTe ca Aeda3upaHu €IHO
crupsamo npyro. IlocmenHoro ce moctura nmpu BkiouBaHe Ha JIJI B myo-cxema, Cbr-
nacHO ¢ur.5.a, KpAETO B €IMHMS TTapaliejieH KJIOH mocieaoBaTesiHo Ha JIJI e BkimtoueH
WHYKTUBEH 0ajacT, a B APYrus — HHIYKTUBHO-KAMMAIIUTUBEH OasacT.
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iN(®) =i(1)

—-

oL
y

i (1) b0 | 1 Cs
deA
u(1) N, L
L
]2 R
\J
P ®

@ur.5.a. Enexkrpruecka Bepura, CbabprKalla JyMUHACIIEHTHU JaMIIA, CBbP3aHHU B
Jyo-cxema
JBete JIJI ca enHaKkBU, KAKTO BKJIIOUYECHUTE KbM TAX JAPOCEIH ChOTBETHO C AKTHBHO
CBHIPOTUBJICHHE R, ¥ WUHIYKTUBHO ChIpoTuBicHue X, =wL . Ot yciosue (2)3a on-

peacisioe Ha CTOMHOCTTA Ha KalmanpuTeTa Ha OaacTHHS KOHACH3ATOP € N34YNCJICHA Cb-
OTBETHATa CTOMHOCT Ha HHAYKTHUBHOCTTA Ha OoOmHaTa 110 CJIICIHUS HAYNH:

2X, =X, & 2a)L:L )
’ oC,

OTKBACTO € OIIPCACIICHO

1 |
L= = .
20°C, 87 f°C,

(6)

ExBuBaneHTHaTa eleKTpUUuecka Bepura B KOMIUIEKCHa popMa e okazaHa Ha ¢ur.5.0.

I,=1,
—_—
Zz)p . ZCE
0. i l ; l Z
z, Z

v l

@ur.5.0. EkBuBajieHTHA KOMILJIEKCHA CXEMa Ha €JIEKTPUUECKa BEpUra, ChabpiKalia
JYMAHUCLIEHTHU JIAMIIU, CBBP3aHU B yO-CXEMa
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Wmatiku npenBun (akta, 4e CTOMHOCTTA Ha OalacTHUAT KOHAECH3ATOp € h3bpaHa mo
TaKbB HAYMH, Y€ € W3MBJIHCHO ycnoBue (2) - X . =2.X,, ToksT npe3 JUI1 uma ns-

OYKTHBEH XapakrTep, a TOKbT npe3 JIJI2 — kananutuBeH xapakrep, T.€. i,(f) u3ocraBa
OT 3aXpaHBaIOTO HANpexenue u, (t)=u,, .Sin@t ¢ Broa @ , a i,(t) u3npeBapsa 3ax-

paHBamIOTO Hampexenue u, (t) =u, .sin@t ¢ broa ¢ . ChOTBETHATA BEKTOPHA J(HAT-
pama e rmokasaHa Ha Qur.6.

Im‘

5 I U N Re

--------'--------
ala
\J

@ur.6. BextopHa quarpama Ha TOKOBETE M HAIIPEKEHUATA B IyO-CXeEMa

Ot Hes ce BHK/Aa, Y€ IIPpX BCKTOPHOTO CT)61/IpaHe Ha TOKOBCTC B JBaTa IapaiCIHU
KJIOHa O6H_II/I5[T TOK BbB BEpHUIrara

I,=1+1, (7)
e BbB (pa3a ChC 3aXPaHBALIOTO HANPEKEHHE, T.e. @ =0 => cos@ =1, T.e. u3uncIeHara

ChIJacHO u3pa3 (50) CTOMHOCT Ha KamaiuTeTa Ha OanacTHHUs KOHAEH3aTop rapaHTupa
I'bJIHA KOMIIEHCALIUS Ha COS@ B 1yO-CXeMaTa.

4. M3unciasaBane Ha cTOHOCTTA Ha Cx 3a pasauunu JIJI npu MpexoBo Hanpexe-
Hue U, =230 V' u moaeaunpane ype3 PSpice Ha TAXHOTO NOBeeHHE NIPH BKIKOY-

BaHETO UM B IYO-CXE€Ma

Ananuzupanu ca Tpu mozena JIJI (cboTBeTHO ¢ akTMBHA MOIIHOCT 18, 36 u 58 W).
Besika oT TAX € u3uMclieHa HeoOXoaumara CTOMHOCT Ha KamaluTeTa Ha OajnacTHUS
koHaeH3arop Cy upe3 uspas (50), KakTo U OTKIOHEHHs oT Hes -/+ 4 %. [lapamerpuTte
Ha aHAIM3UPAHUTE TA30PA3PSIHH JaMIU ca B3€TH OT KATAJIOXHHU JIaHHU Ha (QupMu
MIPOU3BOJIUTENIA HA CBETIMHHU u3TOuHULMTE [4]. [lonyueHuTe pesynaratu ca momec-
TeHu B Ta0.1.

105



Tabu.1. M3cnenBane Ha TyMUHUCIIEHTHY JIaMIH ¢ MOlTHOCT 18, 36, 58 W npu
MpexkoBO Hamnpexenue U, =230 V

CB-’ ,J-F CB+’ ,J-F
P,W| I,A|P,W| R,Q | Cs pF (4% or Cy) | (+4% o1 Cy) L, mH
18 0.37 | 4.5000 |131.4828| 2.6561 2.6161 2.6961 1.9092
36 0.43 | 9.0000 |194.6998| 3.3431 3.3031 3.3831 1.5169
58 0.67 | 14.5000 | 129.2047| 5.2567 5.2167 5.2967 0.9647

Croiinoctute Ha Cp. v Cpy Ca MU3UKMCICHU TOPAJId HEOOXOAUMOCTTa OT BKJIFOYBAHE HA
peasicH KOHACH3aTOp B €JIEKTpUUYECKaTa Bepura, KOWTO ce u30upa OT Habop OT KOH-
JIEH3aTOPU ¢ HOMHHAJIHA CTOMHOCT M C JIONMyCTUMO OTKJIOHeHue -/+ 4 % oT Hes, ra-
pPaHTHUpAIIO AOCTAaThUHO TOJISIM ITYCKOB TOK 3a 3amaiBane Ha JIJI 6e3 Hyxna oT
BKJIIOUBAHE Ha JOIBJIHUTEIIHA ITycKoBa O0OMHA B cTapTepHaTa Bepura Ha JIJI.
NunyktuBHOCTTAa HA O0OMHATa L e u3uncieHa 4ype3 (6) Ha 6a3Ta Ha ChOTBETHATA I10-
aydyeHa ctoHocT 3a Cg.

AKTHUBHOTO CBHIIPOTHBJICHHE Ha BCSKa OT aHanu3upanute JIJI 3aBuCcH OT HelHaTa ak-
THBHA MOITHOCT M OT TOKa Mpe3 Hes 10 CIACTHNSI HAUHH:

W3BbpiiieHu ca 3 cuMmynaiuu ¢ nporpamMuus npoaykt PSpice, Ha 1yo-cxemu, B YHUTO
napayieslHd KJIOHU ca BkitoueHu enHaksu JIJI (crotBeTHO ¢ Py = 18, 36 u 58 W) —
BX. (ur.7. Beska ot JIJI e 3aMecTeHa ¢ akTUBHO CBIPOTHUBIIEHHE R, Thil KaTto Npu

CUMYJIAaIMHUTC CC U3CJIICABA ITOBECACHUCTO HA JUI 1o BpCMC Ha TAXHATAa HOpMAJIHA pa-
6OTa, a HC B IIpOILCCa HAa TAXHOTO 3allaJIBAHC.

G =

5 £lgl Vil

2.6561u

Rdr1 328707 Rdi2 32,8707
Ldr1 . 1.8092m Ldr2

1.9092m

R1 1314828 R2 131.4828

e
.

@wur.7. Mogen Ha )lyo-cxeMa C IIpOrpaMHUst npoyKT PSpice

CeetnunHusT notok @, uznwvuen ot JIJI, e npaBonponopuoHaieH Ha TOKa Ipe3 Hesl.
CiietoBatesIHO IPU CUMYJIALIMUTE € TOCTaThYHO J1a C€ CIEAN U3MEHEHHUETO Ha BCEKU
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OT TokoBeTe mpe3 cboTBeTHUTE JIJI M Ha oOwuMs TOk BBB Bepurara - i,(¢), i,(f) u
i, (). PesynratHute rpaduku ca moMmecTeHu B Ta0J.2.

Ta6i.2. HamansiBane Ha myscaniuuTe Ha OOITUS CBETIMHEH TOTOK, Ch3/1aJIeH OT
JIJI, cebp3aHu B 1yo-cxema

JMlc P, =18 W
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7. 3akJI0ueHue

B nacrosimara cratusi ca onpenesneHd HeoOXOAMMUTE CTOMHOCTH Ha KamaluTeTa Ha
OaylacTeH KOHJICH3aTOp TpU 3aXpaHBAIIO HAMpEXeHHE ¢ ePEeKTHBHA CTONHOCT
U, =230V, Tbid KaTO OT HAKOJIKO IOJMHHM B CTpaHaTa CTaHAApTa 3a IOJABAHOTO

MpPEXOBO HarpexeHue ce npomenu ot 220 Ha 230 V. M3unciennsTa ca HanpaBeHU 3a
3 Tuna JyMMHHCLEHTHH JIaMIM — CBOTBETHO C aKTHUBHA MOLIHOCT Ha JamIara
P, =18, 36 u 58 W . OnpenencHu ca u CbOTBETHA MHTEPBAJIM HA OTKIOHEHHUE OT Te-

31 CTOMHOCTH -/t 4 % c 11es1 u300p Ha KOHJIEH3aTOp € JIONMYCTUM KaIraluTeT OT Mpo-
U3BEXKIAHU KOHJIEH3aTOPU ChC CTAHJIAPTEH KamaluWuTeT. 3a pas3iiMKa OT U3UCKBAHETO
3a gomyctuMm TojepaHc (-/+ 10 % ) mpu u3uucisBaHe Ha KamalyuTeTa Ha KOM-
MEHCHUpAIll KOHACH3ATOP [5], TYK JOMYCTUMUAT UHTEpBaJ € nmo-teceH (-/+ 4 % ot Cj),
THU KaTO MO-TOYHOTO OMpeJessHe Ha HeoOxoaumaTa croiiHocTTa Ha Cp JaBa Bb3-
MOXHOCT 32 IpeHeOperBaHe HAJIMYUETO Ha IyCKOBa OOOMHA ¢ HHAYKTUBHOCT L, B

K.

craprepHara Bepura Ha JIJI.

IIpn myo-cxema BKJIIOYBAaHETO Ha MHAYKTHBHO-KANAIIUTUBEH OajacT (3a KOWTO € B
cuta X, =2.X, ) mocnenosarenso Ha eaHa ot JUI rapanTupa mbiHa KoMIeHcausl,

aKo BbB BTOPHUS MapaJiesieH KJIOoH € BKiItoueHa JIJI + nHAyKTUBEH qpoces ChC ChIPO-
tuBieHue X,, T.e. =0 = cos@ =1 - o0mMAT TOK BbB BEpUTaTa € BbB (pa3a cbC 3ax-

PaHBaIOTO HAIIPCIKCHUC.

Hampasenute ¢ PSpice cumynanuu noTBbpKaaBaT TBbPJECHUETO, Y€ MPU BKIIOYBAHE
Ha 0ajacTeH KOHJEH3aTop nocienoBaTeaHo Ha JIJI B euH OT mapasieTHuTe KJIOHU Ha
Iyo-CXeMa IyJicaluuTe Ha oOIIMs TOK BBbB Bepurata i, (f) HamansBar, pecil. ,,u3r-

JaxJaa ce”’ CyMapHUs CBETJIMHEH MOTOK P, M3JIbYeH B MPOCTPaHCTBOTO. [0 TO3M Ha-
YUH Cce OTCTpaHsBa mpobiema ¢ ,,Muranero’” Ha JIJI mo BpemMe Ha HOpMajHaTa UM pa-
oora.
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N3CJIEABAHE BJIUAHUETO HA PASJIMUYHU ®AKTOPHU BbPXY
PA3SINIPEAEJEHUETO HA KOJIMYECTBOTO BbIVIMIIIA
MNOCTDBIIBALIU B 'OPEJIKUTE HA KOTEJI THUII I1-62

Bbopucias Aunresios, Torbo Tores, bopuciaas Urnaros

Pe3rome: Hzepaden e gusuuecku mooen Ha npaxonposoo ¢ NpaxoKOHYeHmpamopu,
KOUmMo e yacm om npaxonpucomesawama cucmema Ha xomen mun I1-62, uzeapsawy
nueHumuu gvenuuia. OceeH 0CHOBHUSA NPAXOKOHYeHmpamop ¢ 8 jonamxu e Moumu-
PpaH u oonviHumesneH npaxoxkonyenmpamop ¢ 12 nonamxu. I[Iposedenu ca usnumanus
U ca noaydeHu pe3yimamu 3a pasnpeoeieHue Ha KOIUUeCmeomo 20pUBO 8 PAa3iut-
HUmMe 20peiKu.

Knrwouoeu oymu:. npaxonpuecomsswa cucmema, npaxonpogoo, npaxoKoHyeHmpamop,
MOOe, HaCmuyKuU, 20pUeo, 20peKu, panpeoeieHue.

EXAMINATION THE INFLUENCE OF DIFFERENT FACTORS ON COAL
QUANTITY DISTRIBUTION THROUGHOUT THE BURNERS OF BOILER
TYPE P-62

Borislav Angelov, Totyo Totev, Borislav Ignatov

Abstract: 4 physical model of pulverized fuel - duct with dust-concentrators, part of
coal preparation system of boiler type P-62, burning lignite was build up. Except the
main dust-concentrator with 8 blades, additional dust-concentrator with 12 blades
was mounted. Examination was conducted and results was obtained for the fuel mass
flow distribution throughout the different burners.

Keywords: coal preparation system, fuel-duct, dust-concentrator, model, particles,
fuel, burners, distribution.

1. BbBeaenue

Kotnure tun I1-62 (Em 670/140), usrapsiiy JUTHATHA BBIJIMINA ca CHaOAcHH ¢ 8
Opost unauBuyaaHu npaxonpurorssuy cuctemu (ITI1C) (pur.l) ¢ mpsiko BayxBaHe ¢
MIPaXOKOHIICHTPATOPH.

[Ipu nBUKEHMETO Ha Mpaxora3oBaTa CMEC Mpe3 MPaxOKOHIIEHTpaTopa MOTOKBT ce 3a-
BUXPS OT IIEHTPOOS)KHATA CUJIA, TIO-TEKKUTE BBIJIMIIHN YaCTUIKU CE OTKIIOHSIBAT KbM
nepudepusaTa Ha IMEHTPOOCSIKHMSI arapaT ¥ 3a¢HO ¢ MaJIKa 4acT OT Ta30BETe MmomnajaT
B MPaxoMpPOBOJANTE HA OCHOBHATA ropenika. Haii-puHUTE BBIIHMINHA YaCTUYKHA U TO-
JsIMaTa 9acT OT CYIIMJTHHTE Ta30BE W M3IMapeHara Biara (HapeueHu OajacTHH Ia30Be
WM OpHJIM), OCTAaBaT B IICHTpAJIHATA YacT Ha MPaXOKOHICHTpATOpa M ce ChOUpar ot
HEeHTpaJlHaTa TpbOa Ha OpUIOBHUS MPaxomnpoBoj. Taka B OCHOBHATa ropejka ce Io-

© 2013 Publishing House of Technical University of Sofia 109
All rights reserved

ISSN 1311-0829



JaBa oOoraTeHa Ha TOPUBO MPaxora3oBa CMec, a B OpuioBara ropeika - 6eHa Ha ro-
PHUBO U C TIOBEYE BJIara mpaxora3oBa CMec.

brenbT Ha HaKIOHA Ha JIOMATKUTE OMPEACNS B M3BECTHA CTEIEH IMOJIOKEHUETO Ha
¢dakena mo BUcouMHA Ha memra. [Ipu HambiHO M3npaBeHu Jonatku (0°) oborarsBa-
HETO C TOPUBO € MAJIKO, Thii KATO BbB BCHYKH €TaXXU Ha TOPEJIKaTa MOCTHIIBA €THAKBO
KOJMYECTBO BBIVIMINEH Tpax; MPHU TOBA IMOJOXKEHUE (aKeIbT CE€ Pa3TEriisi MO BHUCO-
YiHa W TeMIlepaTypaTa B Kpas Ha IelITa ce MoBuinaBa. [Ipu HAIIbIHO 3aTBOPECHH
(naksoHeHu 45°) onatku 000raTIBAHETO € HAM-TOJISIMO, PU KOETO TEMIIEPATyPUTE B
OCHOBHATa 30HA Ca HaW-BUCOKHU. [oAXOMAIMAT BI'bJ HAa HAKIOHA Ha JIOTMIATKUTE HA
IPaxOKOHIIEHTPATOPA C€ OMPEAETs CIIe] N3MUTAHHUS.

®wur.1. Ilpaxonpucomsswa cucmema (I111C) @ur.2. Ilpaxoxonyenmpamop, vacm om

Ha xomau mun [1-62 NPaxonpueomesuwama cucmema Ha Komiu
1 - Bynxep 3a cyposu evenuwa; 2 - Jlozamop mun I1-62
3a cyposu evenuwa, 3 - [lumamen 3a cyposu 1 — kopnyc ; 2 — nonamku; 3 — pamo; 4 —
sveruuia; 4 - I'azozabopna waxma; 5 - [llu- 3a08UdNC8aALY NPLCMEH; 5 — 0OmeKaemo
Ovp Ha meukama 3a cyposu evenuwa; 6 - msno; 6 - 1ok, 1 — momop-pedyKmop.

Teuka 3a cyposu evenuwa; [ - Ilpexoden
yuacmwvk; 8 - Omcuuaw wubdwsp Hao epamama
Ha mennuyama; 9 - Menew eenmunamop; 10 -
IIpaxoxonyenmpamop; 11 - Ilpaxonposoou;
12 - Uzonupawu knanu na npaxonpogooume,
13 - Ocnosna 2openxa (OI); 14 - Bpuoosa
eopenxa (bI).
[IpaxoKkoHIIEHTPAaTOPHT MpeACTaBeH Ha (ur.2 mpeicTaBiisgBa 3aBUXPAI] amapaT ¢ 8
Opost nmomatku (mo3. 2), 3akpernenn Ha oOTekaeMo Tsuto (1m03. 5), KOUTO Morar ja ce
JBIOKAT crpsMo octa cu ot 0° (HambiiHO u3npaBeHu) 10 45°. 3aBKBAHETO HA BCHY-
KM JIOMATKH CTaBa €IHOBPEMEHHO Ype3 MOTOp-peaykrop (mo3. 7), KOWTO IpeaaBa
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IBIKEHHETO Ha 3a[BIDKBAI MPpbCTeH (1mo3. 4), CBbp3Balll BCUYKU JIONATKH, W 4pe3
pamo (mmo3. 3) - Ha ocTa Ha jonatkure. B yroka (1o3. 6) e JarepyBaHa octa Ha JIOIar-
KHTE.

2. M3rpa:xkaane Ha pu3nveck Mojie]1 HA MPaXONpPoOBO/I ¢ MPAXOKOHIIEHTPATOPH,
qgact ot IIIIC Ha xkoresa tun I1-62

Uzrpanen e ¢usmueckn MOJeN Ha MPaxOMpOBOJ C MPaxOKOHIIEHTPATOPH, KOWUTO €
gact ot [IIIC Ha xoren tun [1-62 (pur.3). Mogenupan € yd4acTbKbT MEXK/IY BBIUIHIIL-
HUS cermapaTop u ropenkure B mamad 1:10 cnpsimo peamHuTe pa3MepH, KaTto ca cra-
3eHU U3HMCKBaHUATa Ha Teopusma na Ilooobuemo Ha GU3NIHM sIBIICHUA. B cpaBHEHME
C peanHusi 00EKT, OCBEH OOMYaWHMUS MPAXOKOHIICHTPATOp ¢ 8 Opost monaTku (03HAYCH
ycnoBHO Ha ¢ur.3 karo [Ipaxoxonyenmpamop 1 v nokaszan Ha ¢ur.4), BbB pusuyec-
KHUSl MOJIEN € MOHTHPAH ¥ JIOIBIIHUTEIICH MPaxoKoHueHTparop (/Ipaxoxonyenmpamop
2 Ha ¢ur.3 u nmokaszan Ha ¢ur.5) ¢ 12 6post momarku. Tol e pas3monokeH HEMOCPEaCT-
BEHO MpEAM BXOJa Ha LIEHTpalHaTa TpbhOa Ha OPUAOBUS MPAXOMPOBOJ U MPEAH Ipa-
XOIPOBOJA Ha JOJIHA OCHOBHA FOpEJIKa.

Bpunoea
ropenka

mJonHa ocHoBHE
ropenka

820

1470

364

®dur.3. Quszuuecku mooen Ha NPAXoONPoOEoO ¢ NPAXOKOHYESHMPAMOPU,
yacm om IIT1C na komau mun [1-62

Ilenta Ha JONBIHUTEIIHO MOHTHpA-
HUSl TPAXOKOHIICHTPATOp € Ja W3-
paBHU HATOBAapBaHETO IO BBHIVIAIICH
npax B JIOJHA OCHOBHAa TOpelKa
(IOI') m rTopHa OCHOBHa TropeiKa

2 _ (I'OTI') ¥ O-KOHKPETHO J1a C€E TOIyYH

dur.4. Hpa.X'OKOHT/[eH' ®ur.5. HanOKOHT/leH' CJIEIHOTO pa3npeHeHeHHe o Tr1o0-

mpamop ¢ 8 opos mpamop ¢ 12 6pos penku - JIO'=45 %; TOI'=45 % u
JIONamKu JIonamKu BI'=10 %.
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B ocHoBaTa Ha Mozena, mpe3 /1103a ¢ MOMOIITa Ha KOMIIPECOp 3a BB3IyX C€ MoaaBaT
PVC wactuuku, cuMyupaiKyl MOAaBaHETO HA YaCTUYKU BBITHUIINEH mpax. [lox Bxom-
HOTO CEUEHME Ha MOJieja € pa3nojiokeHa abcka pasrpadena ¢ 15 paBHoMepHO pasi-
peneNieHd TOYKH, B KOMTO 4pe3 MPEeMeCTBaHe Ha Jr03aTa MMa BH3MOXKHOCT Jla Ce IO0-
naBaT yactuukute. C TOMOIITa Ha BB3AYIIEH BEHTUJIATOP CE€ Ch3/IaBaT yCJIOBHS 3a
TpaHCTIOPTHPaAHE HA YACTUYKUTE TIPe3 MPaxomnpoBOa, MPeCh3AaBaliki BEHTHIIAIIMOH-
HaTa MPOU3BOAMTEIIHOCT Ha Mejemus BeHTuiaaTop. CKOpocTTa Ha ABMKEHHUE HA TI0-
TOKa OT YaCTUYKH U TPAHCIIOPTHUPAI] areHT Ha PU3UYECKHs MOJIET € ChoOpa3eHa ¢ Ta-
3U TIpU peasiHusl 00CKT U OTYUTAWKHU MPHUHIIMIUTE Ha MOJ0O0METO, KOUTO ca MPHIIO-
’KEHU B CITyyasl.

Crnen mpeMUHABaHETO CU Mpe3 MPaXOKOHUEHTPATOPUTE, YACTUUKUTE U TPAHCIIOPTH-
palMsIT areHT ce pas3NpeessIT M0 Pa3IMYHUTE €TaKU Ha TOpUBHATA ypeada. Bmecro,
obaue na "u3THYaT" B MElIHATAa KaMepa, KaKTO € B pEaIHOCTTA, TOTOKA OT BCEKH CIUH
€TaX, MPEeMUHAaBa Mpe3 OTJEJICH IMKJIOH, B KOUTO C€ 3aIbpKaT BCHUKUTE YaCTUYKH.
CrnenoBaTelIHO KOJIMYECTBOTO 3abPKaHN YACTUYKU OT OMPEIEICHUS IMKJIOH OTTO-
Baps Ha KOJMYECTBOTO YaCTUUKH MPEMUHAJIO MPE3 ChOTBETHATA TOPEIIKA.

3. [lnanupaHe U MpoBekAaHe HA U3NUTAHUS ¢ (PU3NYECKH MO/Ie]] HA TPAXOoNpPo-
BO/J ¢ npaxokoHuenTparopu, yact ot IIIIC na korea Tun I1-62

[IpoBenenu Osixa 2 BUIa MOJCITHH U3CJICIBAHNS, a UMEHHO:

1. C mbpBara rpyna usciaeaBaHMs ce Liejienle 1a 0bJie MPOBEPEHO BIMSHUETO
Ha HAKOW MOJIEJTHU HAYaJIHU yCIIOBUS BbPXY MOJIy4aBaHUTE PE3YJITATH:

e lsrpaneHara wHCTANMAIUs paboOTENIe C KOHIICHTPAIIUATA HA YaCTHYKH
B Tpancnoptupainus areHt okojio 0,03 [(kg wactuuku / Kg Tpancmop-
TUpAI areHT)], a IpH peaaHus 00CKT Ta3W KOHIICHTPAIUS € TIPUOITH-
surenHo 0,2 [(kg wactwuku / kg Tpancnoptupam arenr)]. Ilopaau Ta-
34 IpUYrHa 0e HEe0OXOJMMO Jia Ce MPOBEPHU Jalu PEe3yJTaTUTE e
ObIaT CHIIWTE, aKO KaTO HAYaJHHU YCJIOBHS C€ IMPOMEHS CaMO Ta3|
KOHIICHTpAIMsA. 3a Ta3u 1ieN Osxa MPOBECHU U3CJICIBAHUS C KOHIICH-
TpanusTa Ha yactuuku okoJo 0,1 [(Kg wactnuku / Kg TpaHcmopTupari
arenT)]. Ta3u mpoMsiHa ce peajau3upa ype3 NpoMsiHa Ha JuaMeTbpa Ha
JF03ata, mpe3 KOosATOo ce moaaBar yactuukure (or 9 mm ua 16,3 mm);

e OlleHKa Ha BIMSIHUETO HA HEPABHOMEPHOCTTA HA IOTOKA TOPUBO BBP-
xy pasznpenenenuero my B JIOI', I'OI' u BI', Thii KaTo BBIVIMIIIHUA
npax MOCTBIIBAI B MPaXxOKOHIIEHTpaTopa (M3/M3all OT cenapaTopa)
HE € pPaBHOMEPHO pa3MpeJiesiecH B CEYEHUETO Ha MPaxonpoBojaa. |0Ba
BKJIIOYBA YIPaXXKHSBAHETO HA CIEJHUTE BB3ACHCTBUS BBPXY OOEKTa!
pPaBHOMEPHO TMOJ[aBaHe HAa YAaCTUYKUTE B 15 Touku - ¢ur.6.a; HEpaB-
HOMEpPHO Ioj1aBaHe Ha YyacTU4kuTe B 9 Touku (pur.6.0) u B 5 Touku

(pwur.6.8).
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®ur.6. Cxema na nooasane Ha YACMUYKU 8b6 exoc)Homo ceuenue Ha GusuuecKust MoOel:
a) 6 15 mouku; 6) 6 9 mouxu; B) 6 5 mouxu.

2. Bropara rpyna u3cnenBaHus BKIIOYBaxXa OICHKA HA BIMSHUETO HA HSIKOU TEXHO-
JIOTUYHU TapaMeTpU Ha MPaxXONPHUTOTBSINATA CHCTEMa BBPXY pa3lpeieiCHUETO
Ha TOPUBOTO IO PA3JIUYHUTE TOPEIIKH, & UMEHHO:

e OreHKka Ha BIMSHUETO HA BEHTHJIAIIMOHHATA TPOU3BOJAUTEIHOCT HA MeJie-
U BeHTHIATOp (00EMEH 1eOUT HA TPAHCIOPTHUPAIIUS areHT) BbPXY pas-
npenenenuero Ha koundectBoto ropuso B [JOTI°, I'OI' u bI' - onuture ca
M3BBPIICHN TIPU TPU pasindHy croitHocTH - 150 000 m*/h, 200 000 m?/h,
250 000 m*/h;

e OueHKa BIUSHHETO HAa MPOMSIHATA HA BI'bJla HA HAKJIIOH HA JIOTIATKUTE HA
[Mpaxokonrentparop 1 (IIpK 1)- onutute ca u3pbpuieHu npu 26° u 15°.
[Mpaxokontentparop 2 (ITpK 2) e ¢ mocrosiHeH BI'bJl Ha HakJIOH 0T 30°;

3a BCEKH €KCIIEPUMEHT Oellie M3BBPIIBAH CUTOB aHAIIM3 3a OIPEACIISTHE Ha 3bPHOMET-
pudHoTO paznpenenenue Ha yactuiurte B JIOI', I'OI' u bI'.

Bb3geiicTBusATa, KOUTO ca MPUIOXKEHH BbpPXY (DU3UYECKUS MOJEN MO BpeMe Ha M3-
BBPILBAHE Ha JIECETTE OMMUTA ca MoKa3aHu Ha ¢wur./ u Tadi.1.

OwnameTbp Ha gK3aTa, PaBHOMepHO NogaBaHe Ha
npes KoATo ce YyacTU4knTe B 15 TOYKM
noAaBaT YacTUYKWTE - HepaBHOMepHO NnofaBaHe Ha

9mmu 16,3 mm YACTUYKMTE B9 U B 5 TOYKKM

PasnpefeneHvne Ha KONN4YECTBOTO

¢u3uquKu ropueo B OO, MO n BI"

Moden . TSRO R RO P aSRpeREReeY
7 tiagcpuscro 8 AOL IOLMBL

@ur.7. Cxema Ha nposedenume 8b30elcmausl 8bpx)y Quzuiecku Mooen Ha NPaxonposoo
¢ npaxoxonyenmpamopu, yacm om I1I1C na xkomau mun I11-62.
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Tabmn.1. Bwv3oeticmsus npogedenu bpxy guzuuecku Mooen Ha npaxonposoo ¢ npaxo-
konyenmpamopu, yacm om II1C na komau mun 11-62

Onut Ne 1 2 3 4 5 6 7 8 9 10
JAmameTnp Ha A103aTa, MM 9 9 9 9 9 9 9 |16,3|16,3|16,3
IMonaBane Ha yacTuukuTe | 15* | 15* | 15% | 15% | 15% | O** | O** | G** | 5** | G**
O0emMeH 1e0MT HA TpaHC-

1103anpamml arenr, 10° 200 | 150 | 150 | 200 | 250 | 250 | 200 | 150 | 200 | 250
m/h

breanallpK 1, ° 26 | 26 | 151515 | 15|15 ] 15 | 15 | 15
broa na IlIpK 2, ° 30 130 {3030 )30 |30 ]3] 30 | 3 | 30

*paBHOMEpHO nojiaBaHe B 15 Touku
**HepaBHOMEPHO ToJIaBaHe B 9 1 B 5 Toukn

4, Pe3y.11TaTu OT MPOBEACHUTEC UTIUTAHUS

Tabm.2. Pezynmamu 3a paznpeoeienue Ha KOJULeCmB80mo 20puso no 8UCOYUHA HA
duzuueckus mooen, Onum No 1+3

Onut Ne 1 2 3

Pasnpenenenune Ha ropuBoTo | maca [kg] | g, % |maca[kg] | 9,% |wmacalkg]| g9, %
bI' 2,386 8,73 2,242 8,09 2,928 10,48
ror 9,501 34,77 9,221 33,28 | 11,124 | 39,80
aor 15,438 | 56,50 | 16,243 | 58,63 | 13,898 | 49,72

Tab1.3. Pezyimamu 3a paznpeoeienue Ha KOJULeCmB80mo 20pUueo no 8UCOYUHA HA
duzuueckus mooen, Onum No 4+6

Omnut Ne 4 5 6

Pa3npenenenue Ha ropuBoto | maca [Kg] | 0, % |macalkg]l| g, % |wmacalkg]| g, %
bI' 3,389 12,00 3,740 13,14 3,875 13,87
ror 11,580 | 41,00 | 12,097 | 4251 | 12,179 | 43,59
aor 13,275 | 47,00 | 12,618 | 4435 | 11,887 | 42,54

Tabn.4. Pezynmamu 3a paznpeodenerue Ha KOIUYECMB0MO 20pUBO N0 BUCOYUHA HA
duzuueckus mooen om Onum Ne 7+10

Onut Ne 7 8 9 10
Pa311pe11eJ1eHne maca 0 Mmaca 0 maca 0 maca 0
A rOPHBOTO kel | 9% | kol | @7 | kgl | 9% | kg | @7
BI’ 3,523 | 12,80 | 1,957 7,88 2,698 | 10,96 | 3,163 | 13,23
Ior 11,695 | 42,48 | 11,214 | 45,18 | 10,839 | 44,03 | 10,679 | 44,67
J0T 12,311 | 44,72 | 11,651 | 46,94 | 11,079 | 45,01 | 10,067 | 42,10
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PasnpepgeneHue Ha KoaudecTsoTo ropweo B J10OI, IOl m BT,
B 3aBMCUMOCT OT 06emHMAa AebuT Ha TpaHcNopTUMpalwma

g, [%]
areHTnpum OnuTtNe 1 m 2
60,00
& —a
50,00 ToT
40,00 =8=[0C
[— L el
30,00
20,00
10,00 & —
0,00 ‘ |
150000 200000 V, [m3/h] 250000

Dur.8.

PasnpeaeneHune Hakoamyectsoro ropuso 8 1OI, TOl n bl B
3aBMCUMOCT OT 06eMHUA AeBUT HA TPAHCNOPTUPALLMA areHT

g [%]
npu Onut Ne 3,4 u5
60,00
50,00
—a
40,00 —
e[0T
30,00 —|=ror
—4—El
20,00
® >
10,00 & v
0,00 ‘ |
150000 200000 V, [m?/h] 250000
dur.9.
PasnpepgeneHve Ha KoandecTeoTto ropureo B A0l IOl v BI,
g, [%] B 3aBMCMMOCT OT 0BemHuMA gebuT Ha TpaHCcNnopTMpawma
areHtnpy OnuTtNe6wm 7
60,00
50,00
40,00 . .
——[007
30,00 +———=@—FOF
——El
20,00
_.
10,00 *-
0,00 | |
150000 200000 V, [m3/h] 250000
®ur.10.
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PasnpegeneHue Ha KonndectsoTo ropuso B JOIL TOl n Bl B
g, [%] 33BUCMMOCT OT 06eMHUA A,e6MT Ha TPAHCMOPTMPALLWA areHT
npu OnuTt N2 8,91 10

60,00
50,00
40,00 =110
——Oor
30,00
—4—Bl
20,00
—
10,00 - el
0,00 | : |
150000 200000 V, [m3/h] 250000
dur.11.
MpomaAHa Ha KoanyecTteoto ropmso B J0OT B 3aBucMmocCT
oT 06emHMA AebUT Ha TPaHCNOPTUPALLMA areHT Npu
(1)
& [%] pPa3AUYHU HAYa/IHU YCNOBMUA
55,00
50,00
45,00
r __ﬂ
=o=0nuTNe 3,4, 5
40,00
== 0nuTNe g, 7
== 0nuTNe &, 9, 10
35,00 | |
150000 200000 V, [m3/h] 250000
®ur.12.
MpowmAHa Ha Kon4ecTeoTOo ropueo B MOl B 3aBMCMMOCT
oT 06eMHMA Ae6UT Ha TPAHCNOPTURALLUA areHT Npu
& [%] pa3/IMYHKN Ha4YanHM YCAoBUA
55,00
== (0nur Ne 3,4, 5
o
50,00 == 0OnuT Ne 6,7
w=fe=ONUT Nu 8, 3, 10
45,00 fe——
—a —
.,_
SIS
40,00 =
35,00 : |
150000 200000 V, [m3/h] 250000
®ur.13.

116




npOMﬂHa Ha KONU4eCcTBOTO rOPUBO B Bl B 3aBucumocT
(%] oT 06eMHMA AeOUT Ha TPAHCNOPTMPRALLUA areHT Npu
g [%
20,00 pPasiN4YHU Ha4ya/lHKX yCAoBUA
15,00
b - g
10,00 ff
==—0nutNe 3,4, 5
5,00
=—l—0nuTNe G, 7
OnutNe g, 9, 10
0,00 . |
150000 200000 v, [m3/h] 250000
O®ur.14.

5. AHAJIM3 HA MOJIyYeHHUTe Pe3yJITaTu

5.1 AHaJTU3 Ha NMOJIyYeHUTe Pe3yJTaTH OT MbPBAaTa rpyna MoJAeJTHH
U3CJIeIBAHMSA:

» [lpu mpomMsiHa Ha AMaMEThpa Ha J103aTa, MPe3 KOIATO Ce MOAaBaT YacTu-
kute (ot 9 mm Ha 16,3 mm), He ce HaOJIrOIaBaT CHIIECTBEHU TPOMEHU
BBPXY paslpe/IeICHUeTO Ha TOPUBOTO 110 BHCOYMHA HA (PU3UYECKUS MO-
nen (¢ur.11) T.e. HEPAaBHOMEPHOTO pa3Mpe/esiCHUe Ha MOTOKA Ha BXOJa
Ha 1K He BiMsie BPXY Pa3Npe/IeiICHUETO HA KOJUYECTBOTO BBIJIHIICH
npax Mo pa3jIMYHUTE TOPEIIKHY,

» B cinyuanTte, KOraro 4acTHUKHUTE Ce MoJaBaT HepaBHOMEpHO KbM [Ipaxo-
koHieHntparop 1 (koero e Tunuyno 3a To3u Bua I1I1C) u KoHIICHTpanu-
ATa Ha Mpax B TPAHCIOPTHPAIIUS arcHT € HKUCKA, BIUSHUETO HA BEHTH-
JIAlIMOHHATA TPOU3BOAMTEIHOCT HA MEJCIIUs BEHTHJIATOP BBHPXY Pasil-
pEleNICHNeTO Ha TOPHBOTO BBHB BCSKA TOPEJIKA € MOYTH CHIIOTO KAKTO
npu paBHOMepHO noaBane (¢pur.10);

5.2 AHaJIM3 HA MOJIyYeHHUTe Pe3yJITaTH 0T BTOpAaTa rpyna MoJaejJHu
U3CJIeIBAHUA:

» Koraro oOemHusI 1eOMT Ha TPAHCIOPTHUPAIIMS areHT CE YBEIWYHA OT
150 000 m%h mo 250 000 m3/h, ce HaGMIONABAT CJIETHUTE IIPOMEHU B
pasmnpeaeIeHneTo Ha TOPUBOTO:

0 JOI - konmuuecTBOoTO ropuBO HamaisiBa ot 49,72 % no 44,35

0 I'OI - komuuecTBOTO TOpUBO ce yBennuana ot 39,8 % no 42,51 %

0 BbI' - xonmuyecTBOTO TropuBo ce yBennyasa oT 10,48 % no 13,14 %
ToBa e B ciryyanTe, KOraTo IOJaBaHETO HA YACTUYKH € PAaBHOMEPHO U
KOHIICHTPAIUATA Ha BBIJIUIIEH MpaX B TPAHCTIOPTHUPAIIUS areHT € HUCKA
(dur.9). Koraro 06eMHHAT 1eOUT HA TPAHCIIOPTHPAILUS AarCHT CE YBEJIH-
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yaBa, KoJIm4ecTBOTO ropuBo B bI” cbimio ce yBennuaa ot 7,88 % mpu 150
000 m® 0 13,23 % mpu 250 000 m® (¢pur.11);

» Koraro »reapT Ha HAKJIOH Ha jomatkuTe Ha I[Ipaxokonmentpatop 1 e
npomeHeH ot 26° (¢pur.8) na 15° (pur.9), pasnpeaenenneTo Ha TOPUBOTO
10 TOpeNKH ¢ 0yin3Ko 70 kenanute ctornoctr (JJOI'=45 %; I'OI'=45 %
u bI'=10 %);

» Pesynrature OoT NMpOBEICHUTE EKCIIEPUMEHTH TOKa3axa, 4¢ 3bPHOMET-
PUYHOTO pas3mpeieicHne Ha YaCTUYKUTE B PA3IMYHUTE TOPEIKU HE Ce
IOBIIMSABA OT HANpaBEHUTE pa3iuuHu Bb3aehcTBus (pur.12, ¢wur.13 u
¢ur.14).
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AKTYAJIHMU ITPOBJIEMUA U MOTUBALIMA ITPU U3ITOJI3BBAHETO HA
COIIMAJTHU MPEKM U MOBUJIHU YCTPOMCTBA
(B TBbPTOBCKATA INPAKTHUKA)

Coust HukoJuioBa

Pesome: Bucoxa e axmyannocmma Ha npobiema 3a u3noI36aHemMo HA COYUATHU
mpedicu npez Moounnu ycmpotvicmea. Moounnume ycmpoucmea u CoyuaiHume mMpejicu
npumedicasam peouya cnocooHocmu, Kamo meHoeHyuume ca 0a 6voam U3noI36aHU
He camo 3a paseéieyeHue, a u 3a mvpeosus. Kamo pezyimam ev3uuxeam npooiemu
CBbP3AHU C HENPUKOCHOBEHOCTIMA HA TUYHUS JCUBOM U UHpOpMayus. AKmyaiHu ca u
npobiemume Ha NONE3HOCMMA HA COYUATHUME MPedicu Npu mvbpceHe Had pecypcu,
KaKmo u MOMusayusma Ha nompedoumenume 3a u3noa36aHemo um.

Kniwouosu oymu:. coyuannu mpesicu, MOOUIHU YCMPOLUCMEA, MbP2OBUSL, MOMUBAYUSL

ACTUAL PROBLEMS AND MOTIVATION FOR USING SOCIAL
NETWORKS AND MOBILE DEVICE
(IN COMMERCE PRACTICE)

Sonya Nikolova

Abstract: The relevance of the problem of using social networks via mobile devices is
big. Mobile devices and social networks have a number of capabilities and the mod-
ern trends include not only use for entertainment purposes, but also for commerce. As
a result various problems arise related to privacy. Other relevant issues are related to
the usefulness of social networks in search of resources and motivation of consumers’
to use them.
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1. BnBeaenue

[TosiBaTa Ha nepcoHaHuTe KommtoTpu nipe3 80-te, Ha CBeToBHaTa yeb cucrema (the
World Wide Web) npe3 90-te u Ha moOmiHuTe ycrpoiictBa npe3 2000-Te Boam 110
pa3BuTHE W/WIK MPOMSIHA HA KOMYHHUKAIIMOHHHUS MOJE] B OOIIECTBOTO M Ha KOHIICII-
[UATa 32 HEMPUKOCHOBEHOCTTA Ha JMYHHUS JKUBOT. KOHIEHIMATa 32 KOMYHUKALIUS CE
npHU3HaBa KaTO OCHOBEH KOMITOHEHT B JIMYHUTE OTHOILICHHUS. BBIpPeKn Ue ChINECTBY-
BaT Pa3IMYHU METOJIM 33 KOMYHHKAIUs, HAPUMED CPEIH JIUIE B JIUIE, TeIehOHHH
pasroBOpH, MHUCaHE HA MUCMa W WMEWIM, KOMyHUKAllMOHHUTE METOAHM W CpPEICTBa
NpOABIDKABAT JIa CE 3aIbJIO0YABAT U pa3BUBAT.
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[Tpe3 2006 r. max 800 muH. MoOMITHU TenedoHa ce U3MOI3BaT B CBETOBEH Maiad, HO
3a IB€ TOJMHU, Ma3apHUAT UM JIs11 HapacTBa Ha 3,3 MJIPJ. aKTUBHU MOOWIIHH Tenedo-
Ha. [IspBuTe Monenu cmaptdonu craBat nocthiHu npe3 2002 r., HO Te He MmoyTy4aBar
mmpoka ymnorpebda 1o 2008 r.. [TazapsT Ha MOOHITHY TenedoHH € 61130 O HACUIIIAHE
U CTaHJAPTHUTE HAYUHH HA YOBEIIKOTO OOIIyBaHe ce nmpoMeHsT [1]. MoOumHuTe yc-
TPOWCTBA ca MOAOOPEHU U B TIX Ca HAJTUYHU HE CaMO KOMYHHMKAIIHOHHHU YCIYTH, HO
HarpuMep B CMapT(OHUTE ca ce YBEIMYWIM METOJUTE 3a OOMEH Ha uH(opMaius
Yype3 BrpakJaHETO Ha IPUJIOKEHUS, BUACO IUIEWBp, TEIEBU30p, KAMEpH, BIPaJCHU
ye0 Opay3bpH, 0€3KUYHAa CBBP3aHOCT, MECTOIOJIOKEHUE U JATUYULU 33 JIBUKEHUE,
HSIKOJIKO rurabaiita 3a CbXpaHEHHUE, AUCIICH C BUCOKA PE30JIIOLUS U T.H. KaTO TE3U
dbyHKIIMN OBP30 CE pa3pacTBar.

B chimoTo Bpeme 66p30 pa3BUBAILIMTE CE CAUTOBE 3a COLIMATHU MPEXH Ce MPEeBbpHAXa
B OCHOBHU MEJIHH, Ype3 KOUTO XOpaTa pa3BUBAT JMYHUTE CH OHJIAWH MPEXH Ipe3
nocienaute roauau [3]. Te3u cpepcTBa 3a KOMyHHUKAIMsl HE CaMO TPOMEHST Bb3-
MOKHOCTHTE 3a JOCTBI A0 WHGOpMaIus Ha OOIIECTBOTO, HO CHIIO W HAYMHA MYy Ha
KUBOT. COIMATHUTE METUH TPOMEHAT GyHIaMEHTAIHO HAYMHA 110 KOUTO 00IIyBame,
CHTPYIHUYUM, KOHCYyMHUpaMe 1 TBOPHM [6].

[IbpBOHAYaTHO HAW-TOJIEMUTE OHJIAWH COLMAIHU MPEXHU Ca MPEAHA3HAYCHU TJIaBHO
3a HACTOJIHUA M MPEHOCUMU KOMITIOTPH, HO B MOCJIEICTBHE ChyMsaXa Ja ObAaT Ha pas-
MIOJIOXKCHHE BHB BEPCHUU MpeaHa3HauYeHU 3a MoOwiHu tenedonu. Cropen Facebook
819 MuH. akTUBHM TTOTPEOUTETHN CE€ CBBHP3BAT KbM OHJIAWH COIMATHATa MpeXa OT MO-
OusHU TeleOHU B PAaMKUTE Ha Mecell M Opos UM HapacTBa mocTossHHO [4]. [Ipu u3-
MIOJI3BAHETO Ha COLMAJIHM MHTEPHET M MOOWIIHM mpuiioxeHus kato Facebook, Twitter
u Foursquare 4oBek JOOPOBOJIHO C€ OTKa3Ba OT HEMPUKOCHOBEHOCTTA HA JIMYHUS CU
’KHBOT OMJIO TO Ch3HATEIHO W/MJIM HECH3HATEIIHO, 3a JIa OCTaHEe CBBbpP3aH ChC COLHAI-
HaTa MpeXa U Jia ojy4aBa 4yBCTBOTO 3a MpUHAIICKHOCT [1].

Pacrtsmara momysisipHOCT Ha COLMATHUTE MPEXHU Ch3/laBa MOAXOJSINA cpeaa 3a Ha-
OupaHe Ha TOJsIM 00eM MH(OpMAIUs W MPOBEKIaHE Ha aKTHBHA THPTOBCKA M Map-
KETHHTOBa MOJUTHKA OT (pupmute. CTPEeMEeXbT KbM MOCTUTAHE HA TIO-BUCOKH IPH-
X0/ W yBEIMYaBaHE Ha Ta3apHUs U1, M3UCKBA OT CHOTBETHUS THPIOBEIl Ja pasr-
JeK]1a, KaTo HepasJeiHa YacT OT BB3MIpHUETaTa CTPATETHs 3a IPoiaxoa, Bh3MOKHOC-
TUTE 32 KOMYHHKaIUs, HaOupaHe Ha nH(OpMAIUsI U JOPU peann3aius Ha TMPOIyKTH
MOCPEACTBOM COLIMATHUTE MpexkH [9].

2. HempuKOCHOBEHOCT HA JIMYHHS KUBOT U HH(POPMAIUSI B CONMATHUTE MPEKH
Ypes MOOMITHUTE YCTPOMCTBA MOXKEM JIa OBJEM OTKPUTH IMOYTH HABCSKBIC U 1O BCS-
KO BpEM€ U B CHIIIOTO BpeMe MoraT Ja ObJaT U3IMO0I3BaHN 3a Chbp(UpaHe B MHTEPHET.
Hamnocnenwk ce Habmo1aBa TEHACHIIUS 3a HaMallsiBaHe Ha Opost Ha Tene(OHHUTE pas3-
rOBOpH, KaTo 3a CMETKa Ha TOBAa HapacTBa Opos Ha TEKCTOBHUTE ChoOmIcHUs [2]. W3-
N0JI3BaHeTO Ha GyHKIMUTEe SMS (TEKCTOBO CHOOIICHNE) U MHTEPHET MPHIOKEHHUSITA
BOJIM JI0 pa3IIMpsBaHE HA COIMATHATa Mpeka Ha XOpaTa M BPH3KUTE C MHUTHOBEHATA
JMYHA aKTyaJIn3aHUs Ha YOBEKA B COLMATTHUTE MPEXKH. 3a pa3inuka OT MPeax 0K Ialu-
Te T0 MOOWIHH TeredoHN cMapTdOoHA MPUTEkKaBa KOMITIOTHPHA OINEpaIllMOHHA CHUCTe-
Ma, MO3BOJIsBAIlA M3IOJI3BAHETO HA PA3IMYHU MPUIIOKEHUS] U TIOMOIIHHU MPOTPaMH,
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KOETO IMPOMEHS COITMAITHOTO HAJTMYHE Ha XopaTa, T.€ Upe3 M3IMO0JI3BaHETO HAa MOOMITHH
Tene()OHN XOpaTa ca CTaHAIIM JIECHO OCTBITHM 3a Apyrute. ToBa MOTEHIIMATHO JaBa
Ha BCEKH MPUTEKATEN HA MOOWIIHO YCTPOMCTBO YyBCTBO 3a NMPHHAUICKHOCT 3a€/THO C
YyBCTBOTO 32 JOCTBITHOCT. Ta3u CIOCOOHOCT 3a HEMPEeKbCHATA JOCTHITHOCT UMa I10-
TEHIIMAaJa J]a Hakapa Xopara Jia Ce OTHACAT Pa3JIMYHO KbM KOHIICTIUATA 33 HEMpPHU-
KOCHOBEHOCT Ha JIMYHUS KHUBOT [1].

OT enHa CTpaHa cCaMUTE COITMATHUA MPEKHU Ca U3rPaJIeHH 10 TaKbB HAYHH, Ye JTUIHHUTE
JaHHU Ha TMOTpPEOWTEeNUWTEe HE ca JOCTAaThbYHO 3allUTEHH, a OT JApyra IO-HEB-
HUMATEITHUTE TOTPEOUTENN JIOMYCKAT B CIIUCHKA C MPUATEITUTE CU HEMO3HATH U TI0-
pazy OTBOPEHHMSI XapaKTep HA MPEKUTE € Bb3MOXKHO J1a HACTBIAT 3HAYUTEIIHA TTPOO-
JemMu. 3a U3TPakJIaHETO Ha YCIeNTHA OOIIHOCT C€ M3WMCKBA JUYHA WHGOpMAIUs, HO
CBIIIO TaKa TSI € M3TOYHHUK Ha MOTEHITMAIHA Bpe/ia aKo He ce yIpaBisiBa mpaBiiHO [8].
CronensiHeTo Ha wHGOPMAIUS OT XOpaTa B TE€3W MPEXKH B KpaifHa cMeTKa BOIH IO
JT0OPOBOJTHOTO TPEIOCTABSHE HA JIMYHA HHPOPMAIIUS HEOCHh3HABAWKH TOYHO KOJIKO H
Ha KOTO € MPEeI0OCTaBeHa MM MOXKE JIa ca HasICHO, HO TIOPaJIM HaTHUCKA OT COllMaIHaTa
rpyna, JJMYHUTE COLMATHA MOTHBH W/WIIH JKEJIAHUETO Ja MPUHAJICHKAT, TE CE MPUCH-
¢IMHSBAT KbM OOMeHa Ha uH(popmarlus [5].

Pa3BUTHETO HA COLMAIHUTE MPEXH J1aBa Bb3MOXKHOCT Ha MUJIMOHH XOpa Jia Ch3/aBaT
U CIIOAEIAT ChIbpPIKaHHE, KaTO MAaCOBOTO yd4acTHE B TE€3HW MPEXH, OT CBOs CTpaHa ¢
OTpa3eHo B 0e30poil MHEHHS, HOBMHH M OT3WBH 3a MPOIYKTH, KOUTO C€ MyOJUKyBaT
HEMPEKHCHATO B TE3HM CalTOBe. Pa3nmu4HM MPOydYBaHUS IMOKA3BaT, Y€ CTEMEHTAa Ha
OPHUBBHP3aHOCT HAa XOpaTa KbM HOBaTa Cpelia MIBa OT OIMTA C Hesl — KaK Ce YyBCTBAT U
KaKBO MHCIIAT IO OTHOIIEHHE HAa Hes W KaK pearupar CIpsMO Hesl, M MPEICTaBIIsIBa
CHJICH TPEAMKTOP 3a Moa3BaHeTo i. COIMaaIHUTe, XEOHUCTHYHU U YTUIMTAPHH Mpe-
JAMMCTBA Ha cMapT()OHUTE MOTUBHUPAT MOTPEOUTEIINTE HEMTPEKBCHATO Ja C€ BKIIOYBAT
B MOOWJIHHU JeiHOCTH. [10 TO3M HAYWH, T€3d KOMTO BBH3IPUEMAT B MO-TOJSIMA CTEIICH
TMOJI3UTE OT WU3MOJI3BAHETO HA COIMATHUTE MPEKH MOrar Ja ObJaT MOTHBUPAHH J1a TH
M3II0JI3BAT MMO-WHTEH3UBHO, KATO [0 BPEME Ha MpoIieca Ha YeCTO M3MoJ3BaHe uHpOop-
MAaI[MOHHOTO OMOBECTSIBaHE Ce yBennyana [6].

B xoHTekcTa Ha caliTOBETE 3a COLMAIHU MPEXH, MOTPEOUTENIT € CTpaHa B JiBa BUAA
otHomenus: (1) Mexay noctaBurMka U moTpeOuTeNs u (2) MexIy moTpeOUuTeNs u Apy-
I'HTE 4YWICHOBE Ha Mpexkarta. [Ipu mbpBaTa Bpb3Ka, MOTPEOUTENAT 3aBUCH OT JOC-
TaBYMKA OTHOCHO 3alllUTaTa U ChXPAaHEHHETO HA Pa3KpHUTaTa OT HEro/Hes JIMYHA WH-
dopmanus. [Ipu BropaTa Bpb3Ka, MOTPEOUTENAT € 3aBHCUM OT IPYTUTE WICHOBE 32
3ama3BaHe Ha pa3KpHUTaTa JIMYHA WHPOPMAIHs KaTo MOBEPUTEIHA U 32 TOBA TS Jla HE
ce M3MO0JI3Ba, 3a J1a Ce BPEAM Ha MPEJOCTABUIINS € OWIO TO YMHILUICHO WIH HEBOJHO
[6].

[Tpu m3THyane Ha HHOOpPMAIHUS, KOSITO MOXKE Jla € Ouyia 3alIuTeHa, TS JIECHO HaBJIHM3a
B oOlIecTBeHaTa MpeXa M IHUPKYyJIupa B Hes. B cBeTOBHaTa Mpeka JaHHHTE ca I0-
YCTOMYMBY, BB3MPOU3BEKIAIIMN C€, JOCTHIIHU MPH THPCEHE M MAIa0UpyeMHU MOBEYE
OT BCsIKOTa. Bee moBede KOJIMYECTBOTO HA HAIUTE JAHHH, & OT TaM M MPOOJIEMUTE,
CBBP3aHU C HETIPUKOCHOBEHOCTTA MM CE YBEJIMYaBaT B Mpexara. Thil karo morpedu-
TENUTE CTAaBaT JOCTABYHMIM Ha CHIBbPKAHUEC B COIMATHUTE MPEKH TAXHATA JIMYHA
uH(opMalms cTaBa Bce mo-ys3Buma [7].
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ToBa koero croxaensiMe 3a cebe cM HU Ka3Ba KyIl HEIla W 3a JAPYyTUTe Xopa. Aul-
TOPUTMHUTE 32 MAIIMHHO OOyuYeHHE ca Ce MOJOOPUIHM 3HAYUTEIIHO MPE3 MOCISIHOTO
JIeCETUJICTUE U MIEPCOHATM3AIMATA € CTAHAIa TOJIKOBA BE3/eChlla, ue MOBEYETO XOpa
HE Ca HasCHO C TOBA KaK TEXHHUTE JIAHHH ce 0000II1aBaT ¢ Te3W Ha JIPYTUTE XOpa 3a U3-
rpakJaHe Ha MOPTPETH, KOUTO MPOTHO3UPAT TEXHUTE WHTEPECH Ha Oasara Ha HAaBH-
ure Ha Apyrute. 110 To3M HaYMH BKYCOBETE M MHTEPECHTE Ha JIMIA, KOUTO BCE OIIE
HE CBINECTBYBAT B PAMKHUTE HA CHCTEMAaTa MOTaT JIECHO Jia Ce MPOTHO3MparT Ha Oa3ara
Ha MOJICIUTE HA ApyruTe. M Korato MamMHUTE MMAT JOCTHII IO COIMAIHATa MpEexXa
Ha JaJICHO JIMIIE, IIPOrHO3KUTE CTAaBaT OIlle Mo-CHaHu (Heocmopumu) [7].

3. U3mo/13BaHeTO HA COIIMAJIHUTC MPEKHA 0T OM3Heca

Mmaiiky mpeBu OrpOMHATA MOIMYJISIPHOCT Ha COILMATHUTE MEIUU U TPUIOKEHHUATA
3a COI[MAITHM MPEXH HE € M3HEHA/Ia, Y€ ThPrOBIUTE Ca CTAHAIIM CHJIHO 3aMHTEpECcyBa-
HH OT TOBA KaK Jia C€ YJIOBU UKOHOMUYECKa CTOHHOCT OT MHJIMAPIUTE COLMAIHY B3a-
UMOJICHCTBHUS, C KOUTO MOTPEOUTEITUTE Ca aHTAKUPAHHU BCEKH JICH 1O menus cBar. C
NPOABDKABAIIOTO pa3BUTHE HA EJIEKTPOHHATa THProBusi (E-COMMmerce) B ro-
OTYETJINBA COIMAJHA JEHHOCT, MAapKETHHIa HACOYBa BHHUMAHHUETO CH KbM IOC-
JICIULIUATE OT KOMITIOTBPHOTO MOCPEAHMUECTBO ChC conpannara cpena [10].

B exxenHeBUETO Ha MOTPEOUTENUTE, TTAPATICITHO ChC COIMATTHUTE MPEKU HABIHM3AT U
corpaniHuTe Meaun. COIMaTHUTEe MEIUU aKIEHTHPAT BbPXY HA4YMHA, TI0 KOHTO dJie-
HOBETE HAa MpeXaTa KOMYHUKHpAaT — 4pe3 (opymu, OIOroBe, caiiToBeTe 3a MOJ-
KacTOBE€, BUJEO U JIp. A OT CBOSI CTpaHa, COLMAIHUTE MPEXH ce (OKYCHUpPAT BHPXY
dopmupaHeTo Ha OHJIAHH OOIIHOCTH M HACOYBAT BHUMAHHETO KbM CaMUTE ACHCTBUS
Ha XopaTa ¢ OOIIM UHTEePECH, KbM B3aUMOJICHCTBUETO IOMEXKTY UM U TIOCTHTAaHETO Ha
B3aMMHa TOJIE3HOCT. Bce Mmo-4ecTo comManHuTe MPEKH €€ M3IOJ3BAT KaTO IUIAT-
Gopma 3a cCoIMaTHUTE MEINH, KOETO MOTBHPKIABa TAXHOTO KOMIUIEKCHO ChIbpiKa-
HUE Y 3HAYUTEIIHATA 0OBBP3aHOCT MOMEXTy uM [9].

ITpe3 2011 r. moBeue ot 50% oT moTpedUTENUTE HA COIUATTHUTE MEIUU CIIEISAT OIpe-
JICJICHU MapKHU B TIX U (PUPMUTE BCE MO-YECTO MHBECTUPAT B COIMATTHUTE MEJUH, Ka-
TO Pa3XOJUTE Ha CBETOBHUS MApKETHHI OTHOCHO COITMATHUTE MPEKOBH CAMTOBE ca
okosio 4,3 mupa. gomapa [11]. 3a menra ce c¢b3maaBa OOIIHOCT, MOJIKPENAIa MapKaTa
noa ¢popmara Ha (DeH CTpAHUIIA B CAUTOBETE 32 COIUATTHH MPEXKH, KBACTO KIUCHTUTE
MoraT Jia B3aUMOJCHCTBAT ¢ (hupmara, KaTo XapecBar u/Wiii KOMEHTUPAT JaJieH MOCT
(myOnukanus), a OT CBOS CTpaHa KOMIIAHHATa MMa BB3MOXKHOCT Jia IyOJIMKyBa Ioc-
TOBE C Pa3jIMuHU ChIbp)KaHUs (HAIPpUMEp BUIIOBE, CHUMKH, BUJEO U JAPYTH MaTepH-
am). [TorpeOuTenure, KOUTO cTaBaT ()EHOBE HA TE3M CTPAHHUIIM Ca CKIOHM Ja Obaat
JIOSUTHA U OTAQJICHH Ha KOMIIAHUS M Ca TI0-OTBOPEHH KBbM IOJydaBaHETO HA MHQOP-
Manus 3a Mapkara. OcBeH ToBa (peHOBEeTe Ha MapKaTa ca IMO-CKJIOHH Ja IoCellaBar
MarasuHUTE MM, J1a TCHepUpaT MOJIOKUTETHA HH(OPMAITUs U 1a ObJIaT €eMOLIMOHATHO
npuBbp3anu [11].

WuunuatuBara Ha Google u Facebook 3a ,,00murentno” Thpcene (HampuMmep mepco-
HAJM3UPAHETO HAa PE3YNTAaTHTEe OT THPCEHE Ha MPOAYKTH Ha 0aszara Ha MPEro-
YUTAHUATA Ha HHIUBUIUTE B COIMATHATA MPEXKa) ChIO OTPa3sBa MOTSHITHATHO BaX-
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HaTa PoJis, KOSATO OHJIAMH COIMATHUTE B3aWMOJICHCTBHS MOTaT Ja Urpast B ohpopmsi-
HETO Ha JCHHOCTHUTE Ha XOpaTa B KOMITIOThPHOTO MOCPEAHUYIECTBO Che cpeaata [10].
ConmajaHuTe MPEXKH CE YTBBPKIaBaT KaTO MOIIEH HHCTPYMEHT, Ype3 KOHTO MOKe Ja
ce JOCTHTHE J0 3HAYUTEJIeH OpPOii IOTPEOUTENH, HE3aBHCUMO OT pa3Mepa Ha pupmMara
M HellHaTa MKOHOMHUYeCKa Mol VHTerpupaHeTo Ha COUAIHUTE MPEXH B MPOIaikK-
Oenara cTpaTerds Ha THPIOBIIUTE € I1EJIeChOOpPa3HO Ja Ce HACOYH BBPXY TAXHOTO
NPUJIOKECHUE B CIICAHUTE MMO-BaKHU HarpasieHus [9]:

Bb3MokHOCTH 3a MpOyyYBaHe HA MOTPEOUTEIICKUTE MPEINIOYUTAHNS 1 HabupaHe
Ha TOJsIM 00eM mH(pOpMaIUs OT MEePCOHATM3UPAHUTE MPOPUIN OTHOCHO TOT-
peOHOCTH, UHTEPECH, IICHHOCTU U YOEKIEHUS Ha MMOTEHIIUATHUTE KYITyBauu — C
MHOTO TO-MaJbK Pa3xoJl Ha CPENCTBA, BPEME M yCWIHs C€ W3BBPIIBAT pas-
JUYHA MApKETHHTOBH W3CJICJIBAHMS B COIMAIHUTE Mpexu. Habupat ce u ce
aHAMM3WpaT TaHHU 3a IEJICBUS Ma3ap, 32 MOTUBUTE 3a TIOKYNKA U OTHOIIIEHUETO
Ha KJIUEHTUTE KbM ChOTBETHHS THPIOBEI] M MPOJABAHUTE OT HETO CTOKH.

TecTBaHe Ha MPOIYKTH — THPTOBIIMTE MOTAT Jia MoIy4aT Obp3a oOpaTHa Bph3Ka
OTHOCHO TIpeJIaraHuTe MPOAYKTH, M3MpPAlIaiiKi TeXEH MPOTOTHII Ha Ompese-
JieH Opoii ,,peHoBe”, oT hopMupaHaTa B Mpexara TecToBa rpyna. ToBa € H3K-
JIOYUTETHO YO00HO 33 JTUTUTATHHUTE MPOJYKTH, KOUTO JIECHO C€ MpeaaBaT 1o
WNurepnert: codryep, Bumeo- u aynauo npoayktu. Crojensiiku MHEHHUETO CH B
collMaliHaTa MpeXka, MOTPeOUTETUTEe MOAIOMaraT MEHHDKbPUTE Mpu (HOpMH-
paHETO Ha ONMTUMAaIHAaTa ThPrOBCKa odepTa.

OcnbliecTBsiBaHe Ha Obp3a M KauyeCTBEHA KOMYHHKAIUSI C KIUEHTUTE, OU3HEC
MapTHbOPUTE, JOCTABUMIIUTE M TEpPCOHaNa - BMECTO Jia MOCEIIaBaT CalToBeE,
Ch3/IaJICHU OT THPrOBIIUTE 32 1IEJICHACOUEHO BB3JCHCTBUE BHPXY KYIyBauuTe,
MOTPEOUTENINTE C€ OPUEHTUPAT KbM COLIMATHUTE MPEXKHU, KBIETO MyOJIMKYBaT
uHopManus, cb3aazeHa JUYHO OT TAX, KOSITO MPSKO JUCKYTHUPAT, OLICHSABAT U
croiesiIT. BB3MOXKHOCTTA 3a HEMOCPEJACTBEH OOMEH Ha MHEHHS, KOMEHTapH,
KPUTHKH W MPETIOPBKH 3a MPOAYKTH, IIEHH, 00CITy>KBaHE HAa Mara3uHUTE, MOJ-
moMara IMoTpeOMTeNTuTe TPH B3eMaHE Ha pelieHue 3a mokynka. ChImeBpe-
MEHHO, TOBa C€ SIBSIBa MOJXOJIAI MAPKETUHIOB MHCTPYMEHT 3a pa3NpOCTpaHe-
HUEe Ha nH(GOpMalUs 32 [ICHOBU HaMAJICHUS!, BKIIFOYEHU HOBHU MIPOJIYKTH B acop-
TUMEHTA, 32 BbBEJICHU HOBU YCIYTHU U JIp. YYaCTUETO HA ThPTOBCKUTE (PUPMU B
COI[MAJTHUTE MPEXKH MM MO3BOJIABA Jla pearupar Obp30 U aJIEKBATHO HA HeEra-
TUBHUTE MOTPEOUTEIICKH HAIJIacH, Ja JEMOHCTPUPAT MO-TOJsIMa aHTQKUPAHOCT
KbM CBOUTE KJIMEHTH 4pe3: U3IpallaHe Ha e-0l0JeTHHHU, IpeijlaraHe Ha CIIeIH-
aJHU BayuyepH, MepcoHaIu3alus Ha MpeasiaraHeTo, UHPOpMHUpPAHE 3a CIelU-
aJIHU CHOUTHS.

HenocpenctBeHo pekiiamMupaHe Ha MpPEAjaraHuTe MPOAYKTH M TOYKH 3a MHpPO-
nax0a upe3 OaHepu MM KOHTEKCTHA peKiiama - HapacTBAIIUIT Opoil U yabi-
KEHUSAT mpecToil Ha IHTepHeT moTpeOuTeNnnTe B COIMATHUTE CATOBE, CE SBS-
Ba OJarompusiTHa MPEANOCTaBKa 3a M3MOJI3BAHETO HA COLMAIHUTE MPEXKU MPU
M3JIbUBAaHE HA peKiIaMHU cbhoOueHus. [Ipunaraiiku TapreTupaneTro, KoeTo npu-
ChCTBA BbB BCHUUKU MPEXH, THPrOBIIUTE MOTaT CaMH Jia u30epaT ayIuTopusara
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CH, HACTPOMBAWKHN CHOTBETHUTE OIIMU. TOBa B 3HAYMTEJIHA CTEIEH MMOBUIIIABA
e(heKTUBHOCTTA Ha PEKIAMHOTO ChOOIICHUE.

- llpencraBsiHe Ha wHGpOpPMALMS 3a KapUEPHO PA3BUTHE M CBOOOJHHU PaOOTHU
MECTa B ThProBCKaTa (prupMa — Bb3MOYKHO € COLIMAIHUTE CAlTOBE Jja Ce U3I0I3-
BaT 3a HaOMpaHe Ha NEPCOHAJ, HO ThProOBLUTE ClIe[BA Ja 0bJAaT MHOTO BHUMA-
TEIHU U Ja HE CE€ JOBEPSABAT HAIBIHO HA ChABPKAHUETO B MHAMBHUAYATHUTE
npouiy, Chb3JaACHNU OT CAMUTE MOTPEOUTEINH.

- AKTHBHO y4acTHE Ha OHJIAliH OOIIIHOCTUTE B T€HEPUPAHETO Ha WU U ChbBMEC-
THO pelllaBaHe Ha MOCTaBCHM OT OHJIAMH Thpropera npodieMu (KpayaKacTHHT)
— 0 TO3W HAYMWH CE€ OCUTYpPsBa 3HAYHMTEIIHA MOTPEOWTENICKA aHTXKHPAHOCT,
B3aMMHO CHTPYJIHUYECTBO M CHIIPUIACTHOCT KbM THPTOBCKHS OM3HEC.

- H3non3BaHe Ha COLMAJIHUTE MPEXKHU KaTo IJIaTgopma 3a CKJIIOUBAaHE HA OHJIANH
C/IEJIKU Y TOBUIIIABaHE HAa MPUXOJUTE — ThPrOBLUUTE MOTraT YCIIEUIHO Jja peau-
3UpaT MpoJaxOu, BB3MOJI3BAMKU ce€ OT MPEMMYILEeCTBaTa Ha OHJIANH colual-
HUTE MPEXHU ITOCPEICTBOM CJIETHUTE MOJEIH:

1) HacouBaHe Ha MOTPeOMTENICKHsS TpauK ¢ MOMOIITA HA PEKJIaMHUA OaHepH
WM JUPEKTHU JTUHKOBE KbM CaliTa Ha €JICKTPOHHUS Mara3uH, OT KBIETO CE U3-
BBPIIIBA TIOKYTIKATA,;

2) MOCTaBsIHE B COI[MAIHATA MPEXKa Ha IeJIUs IPOAYKTOB KaTaJlor 3ae¢/IHO C Iie-
HOBATa JIMCTA, KaTO MOPHUBAHETO € BH3MOXKHO CaMO IMPHU U3MpaIllaHe Ha JTUYHO
ChOOIIEHUE Ha aJIMUHHCTpPATOpa WM MpU OoOaKJaHE Ha MOCOYEH TelaedOoHEH
HOMED);

3) ochIIeCTBABaHE HA HEIMOCPEICTBEHA MPO/IaXk0a B COIIMATHUTE CANTOBE — M3-
MOJI3BAKK TIPWIOKECHHUE 32 MHTETpaIus Ha ruiatopmara 3a OHJIAH Mara3uH
ChC COIMAJIHATAa MPEKa, CTaBa Bb3MOXKHO ThPTOBIIUTE Jia pa3loyarar ¢ e-Mara-
3MH, BrpaJIcH B cOnUamHus caT. Ch3MageHnuTe CreluaIn3upalu MPHIOKCHUS
MO3BOJISABAT JIa CE€ MPOCJICAN JOCTaBKaTa, Ja ce NMpUeMaT eJISKTPOHHU Ilalia-
HUS U J]a C€ ToJIy4aBa AOCTBHII JI0 MMbJIHA CTATUCTUKA 32 U3BBPIICHUTE MOPHUYKH.
Hapnuza u ce pa3BuBa Bce MO-aKTUBHO T.HAp. ,,COLMATHA THProBUA WIH ,,S-
commerce”, kato B CAIIl ronsma momyssipHocT 1o0uBa TepMuHbT “Facebook
Commerce” wmm ,,f-commerce”, mopaaud OCBIICCTBABAHETO Ha EJICKTPOHHHU
poIaxOu MpeAMMHO upe3 coruannara mpexa Facebook.

Tyk TpsiOBa nma ce orOenexu, 4e 3a J1a ce M3IMOJ3Ba JIMYHATA WH(POPMAIIHS TOCTHII-
Ballla OT NOTPEOUTENNTE B COIIMATHUTE MPEXKH, TIPS TOBA T TPsIOBa Ja ca ce ChIla-
CWIM J1a s TPEAOCTaBsIT. B mpoTWBEH ciiy4ail mMoraT Ja BB3HUKHAT TPEIU3BUKA-
TEJICTBA OTHOCHO 3ala3BaHETO HAa HEMPUKOCHOBEHOCTTA HAa JIMYHUS XHBOT. Komma-
HUUTE IIe TPsAOBA J1a PEIOCTaBAT YOSAUTECIIHA apTyMEHTH 3a TOBA KakK IIe Ce U3IOJ-
3Ba CIojJIeJieHaTa OT MOoTpeOuTenuTe WHMOpPMAIUs, HHaYe PUCKYBAT J1a CE U3MPABST
Mpea pUcKa xopara Ja OTKaKar Ja s MPEIOCTaBAT WU B HAW-JIONIUS CiIy4ail moTpe-
OuTeINTEe MOTaT IOPY HAIIBJIHO Ja C€ OTKaXaT OT M3IMOI3BAHETO HA COI[MATHU MPEXKU
[10].

124



4. MoOuJIeH MAPKETHHT U MOOUJIHM COLMATHU MeTUM

MoOWIHATEe KOMIIOTPH MPHBIMYAT BHUMAHHETO HA HAay4YHAaTa OOIIHOCT OT JI0CTa
BpPEME M OCBEH TOBa JOCTUTHAXa M JI0 KOMEpPCHAIHATA MHIAYCTPUS U TMOTPCOUTEIIUTE
upe3 cmaprdonute. IlocTossHHUTE MOAOOpEHHs B Xapayepa, KaTo HallpuMep YBEJIH-
YaBaHE HAa MOIITA Ha MPOIECOPUTE M yBEIIMYaBaHE Ha OCHKUYHUTE MPEKOBU PeCyp-
CH, BOJST JI0 MOAO0OpsABaHE Ha BH3MOXXHOCTUTE Ha MOOWIHHUTE ycTpoiicTta. [loBeue
OT BCSIKOTa MOOWMJTHUTE YCTPOUCTBA MOTaT Jia paboTAT ¢ 60rat acCOpTUMEHT OT CaMOC-
TOSITCITHU TIPWJIOKEHHUS, KAKTO W C pasNpe/elicHH KIUEHT-ChPBBPHU IMPUIIOKCHHS,
KOHMTO MMAT JIOCTBII 10 HH(popMalus upe3 yeod nopraiu [14].

ComalHUTe MEIUHHU TPWIOKEeHUs (BKJIIOYBAIIA CHBMECTHH TIPOCKTH, MUK-
poGiioroBe/010roBe, COIMATHA MPEKHA W BHPTYaTHH CBETOBE) Ca CTaHAIW 4acT OT
CTaHJIAPTHHUAT KOMYHUKAIIMOHECH perepToap Ha MHOTO KoMmaHuH. /[Hec ¢he ch3/1aBa-
HETO Ha BCE IMO-MOIIHM MOOWJIHHM YCTPONCTBA, MHOXKECTBOTO COILMAIHUA MEIUIHH
NPUIOKEHHUS Ca CTaHAJIM MOOMJIHHM M TIOCTOSIHHO CE MOSIBSIBAT HOBU YYaCTHHUIIU B THAX.
PeBoumroniuara B Moot MapkeTHHT HactaBa mpe3 2007 1. ¢ myckaHeTo Ha Mma3apa
Ha iPhone-te, koeTo gaBa mocThl Ha morpedurenute a0 noseue ot 250 000 mpuito-
KCHHsI, KOUTO UM II03BOJISIBAT JIa YeTaT KHUTH, JIa ThPCAT HHPOpPMAIHS U Ja TOIbP-
’Kar Bpb3Ka chc cBoute mpustenan [13]. Crnen IPhone-te Ha clieHaTa ce MOSIBSBAT
kommnanuu kato Gowalla (ocaoana npe3 2007 r.) u Foursquare (ocHoBana npe3 2009
I.) CIIeIUAIM3UPaHU B HOBa (hopMa Ha MOOMJICH MapKETHHT, HApEYCH MOOWIIHH COITH-
aan Meauu. CKOpo CJIe/l TOBa ca MOCIICABAHU OT CHCIHAU3UPaHH MPUITOKCHHS Ha
BOJICIIIM MHTEpHET KoMmaHuu, BkiounTenHo Google Latitude (2009 r.) u Facebook
Places (2010 r.).

Kamnan nedunupa MOOWIHMAT MapKETHUHT KaTO BCSKa MApKETUHIOBAa ACHHOCT H3-
BBPIIIBaHA OT MMOBCEMECTHA MPEXKa, C KOSITO MOTPEOUTETUTE ca MOCTOSTHHO CBBP3aHU C
MOMOIIITa Ha MOOWIIHO ycTporcTBO. ClenoBaTeTHO MOOWIIHUAT MapKETUHT HM3UCKBA
TPH yCIIOBUS: IBPBOTO OT TAX € ,,IOBCEMECTHA MpeXKa”’, KaTo Hail-o0IIo TS HE € Hel-
PEMEHHO €JJHa MpeXa, a 0-CKOPO KOMOMHAIMs OT pa3iudyHu Mpexu. Tyk TpsOBa na
ce oTOeNeXH, Y€ HE € BaKHA TOJIKOBA CaMaTa MpPEXka, a TOBAa Y€ MPEMHUHABAHETO MEX-
Iy Pa3IMYHUTE MPEKU C€ CIyuBa MO IIaJbK U HEBUJIUM HA4YWH.; BTOPOTO YCJIOBHUE €
NOTPEOUTENAT Aa UMa MOCTOSIHEH JOCTBHII J1a Ta3U Mpexka, KOETO € JIECHO OChIIECTBU-
MO MOCPEACTBOM MOOMJIHHM YCTPOWCTBA; MOCIEAHOTO YCIOBUE BKJIIOUBA M3MOJ3BaHE-
TO Ha MOOWJIHO YCTPOMCTBO, HO 3a Jla ©Ma CMHUCHJI MOOWIHUS MapKETHUHT TOBa MO-
OWJIHO YCTPOMCTBO TpsiOBa Jja ObJI€ JIMYHO, T.€. Ja HE CE CIOEIs C HUKOTO.

Kannan nedpunrpa MOOMITHUTE COIMAIHYA MEIUU, KaTO IpyIa ma3apHu MOOWIIHU MPU-
JIO’)KE€HHUS, KOUTO TO3BOJISIBAT Ch3/IABAHETO M OOMEHA Ha ChIbP)KAaHWE TEHEPUPAHO OT
noTpeduTens. KoMmmanunte aHraxupanu B 00J1acTTa HA MOOMITHUTE COIIMATHA MEIHH
4eCTO MPUTEKABAT HAKaKBa MH(POpMAIUs 32 TOTPEOUTENHTE, C KOUTO CH UMaT pabo-
Ta, KaTO HAIpUMep reorpadcko MoJIoKeHUe 1Mo Bpeme u/win Msacto. OCBEH TOBA TE3H
notpeburenn TpsOBa Ja Mocodvar, 4e ca ChIJIACHM Ja IMOoJy4aBaT HWHQOpMAIHS OT
KOMITaHuATa. KaTo BCEKM THUIT KOMYHHKAIMOHHO YCTPOWCTBO, MOOMITHUTE COITUATHH
Meauu u3nckpar Ase juna: (1) Ha mojaTesn, KOWTO UMa KeJlaHue Jia Crojaess HHpop-
Marus ¥ (2) Ha MPUEMHUK, KOMTO € TOTOB Jia s OJIYYH.
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JlHec enuH OT UrpayuTe CMATAH 3a JIUJEP Ha ma3apa B o0iacTTa Ha MOOMIHHUTE COIH-
anan menuu Foursquare [13] e ¢ 40 mutH. perucTpupanu NOTPEOUTENH, KOUTO pacTar
¢ Bceku n3muHai JeH [12]. Jlokato Foursquare nma GyHKIMHY, KOUTO TO OTJIMYABAT OT
JIPYTUTE YCIyTH, BCE OIIE HE € ICHO KOU (PaKTOPH JOMPHUHACST 3a royisiMaTa My MoIy-
aspaocT [15]. M3non3Banero Ha Foursquare moske aa 0bJie MOTHBHPAHO OT KOHIIEII-
usiTa 3a cebenpecTaBsiHe U cedbepaskpuBaHe, KOSITO TJIacH, 4ye XopaTa ca TOTOBH Jia
paskpuBat uHoOpMaIHs 3a cede cH, ako Ta3u HHGOpPMaIKs € B ChOTBETCTBUE C HAUHU-
Ha, [T0 KOMTO Te OMXa MCKaau aa ObJaT BUACHH OT ApyruTe xopa [16].

Foursquare mpencTaBisiBa cucTeMa 3a CIOJCISIHE Ha MECTOIOJIOKEHHUE U OTHCBA yC-
Jayrata, KOSTO MPEAOCTaBs 3a IMOJI3BaHE KaTO MOOWIIHO TMPHIIOKEHHE, KOETO MPaBH
rpaja Mmo-jJeceH 3a M3IO0JI3BaHe U MOo-uHTepeceH 3a usciensane [12]. Toit e npusrTen-
Thpcayka, COLMAJCH MbTEBOAMTEN HA TpajJa U MOOWIHA Wrpa, KOSATO MpEAU3BHUKBA
noTpeOuTENNTE Ja OMUTAT HOBU HEllla M T Bb3HArpaxkaaBa 3a ToBa. Foursquare mos-
BOJIsIBA Ha moTpeOuTenuTe cu aa ce ,,check-in” (orGenssBat/mpoBepsaT) MICTOTO, Ha
KOETO C€ HaMHpaT B MOMEHTA, ChIIO Taka MPEACTaBIsBa HAUMH J1a KaKeTe Ha MpHs-
TEIUTE CH KbJIC Ce HaMHpaTe W HAYHH 3a MPOCIIC/sIBAHE HA TOBA KbJIC ca M/WIH KbJIC
ca OMJTH TIPUATEIIUTE BH, KAKTO U 332 OTKPUBaHE Ha HOBU MecTa [15].

Korato mnorpebuten ce perucrpupa Ha JAZAEHO MSCTO, HOTH(QUKauus 3a oTOe-
nsi3BaHeTo My (Check-in) mo moxpa3dupane yBeqoMsiBa KOHTAKTHTE My, KaTo XopaTa
UMaT Bh3MOXHOCT Jla m30upaT Janu aa ObJaT yBeIOMSBAHU 32 BCEKH OT KOHTAKTHUTE
CH M JlaJii TSIXHATa perucTpanus ja ce myOiauKyBa BB Foursquare 6e3 ga ce yBeno-
MSIBAT KOHTAKTUTE UM, HO BEIHBXK MyOJIMKyBaHa TS € JOCTBIHA MpH ThpceHne [15].
Xopara chlIllo Taka MOTaT Jia CBbp3BaT cBOs Foursquare ¢ 1pyru oHjaiiH yCciIyrd Ham-
pumep Facebook u Twitter, kato TexXHUTE perucTpanuu ce MmyOoJUKyBaT B TE€3H YC-
JyTH.

MoOunHuTE CoUMaiHu MEIUNHU NMPWIOKEHUs NpeayaraT uHpopmanus 3a oduiaiiH
JABW)KCHHETO Ha MOTPEOMTENUTE HA HUBO HA JICTAHITHOCT J0cera MpHCHII0 camMO Ha
OHJIaliH KomnaHuuTe. Beue Beska pupma Moxke Ja 3Hae yaca, B KOUTO KJIMEHTHT BIIH-
3a B HIKOM OT OOCKTUTE i, KAKTO U KOMEHTapuTe WM, HAlPaBeHU IO BpEME Ha IO-
cenieHrero. Mcropuuecku mnoriieqHaTo GUpMHUTE € TpSOBAIO Ja U3MHUHAT JBJIbI BT
3a Jla MOTar Ja CJO0arT JIMlle Ha aHOHUMHUTE UM KJIMEeHTH. J[Hec obaue mpuioKeHus
karo Foursquare ysiecHsSBaT MOJy4yaBaHETO Ha OOINAa CTATUCTHKA, KaTO HalpuMep
Opost Ha OTOeNsA3BaHUATA 3a ONpeEesieH MEepuoJl OT BpeMe, Moja WM Bb3pacToBara
rpyna; KakTo U Ha WHIWBUJIyaJIHA CTATHCTHKA, KATO HAIpUMEp KO KIMEHTHU C€ € OT-
Oessi3Ban Hal-4yecTo Wik Hai-ckopo [13]. KaTo mo To3u HauMH GupMuTe MOTAT Jaa ce
BB3MOI3BAT OT MOOMITHUTE COLMATTHA MEIMU 32 MAaPKETUHTOBU MPOYYBAHMS, KOMYHH-
Kallys ¥ TI0 OTHOIICHHUETO Ha pa3paboTBaHe Ha MPOrpaMu 3a JIOSTHOCT.

Hampumep npuM HEOTAAaBHAIIHO CHTPYAHHYECTBO MEKIY aMEPUKAHCKUTE CY-
nepmapketn - Safeway, Pepsi u Foursquare mo Bpeme Ha TpH MeCeyHa MUJIOTHA TPOT-
pama, Safeway npeayara Habop OT €KCKIIy3MBHU OTCTHIIKA Ha W30paHH MPOIYKTH Ha
Pepsi Ha KIMEHTH, KOUTO CBBPKAT CBOMTE FOUrsquare akayHTH ¢ TEXHHTE MPOrpaMu
3a josutHn kaptu VOnsClub. Criex mpencraBsiHe Ha KapTaTa 3a JOSIHOCT, TUPEKTHO
ca OWJIM OTIeYaTBaHU KYIOHH 3a OTCTHIIKA B 3aBUCUMOCT OT Foursquare HaBuIuTe Ha
BCeKH KiHeHT [13].
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Ha 16 anpun 2010 r. McDonald’s npemtara ga momapu Ha 100 moTtpeOutens Ha
Foursquare, ciaygaitHo mogOpaHu H3MEXTy Te3u KOUTO ca ce oToenszanu (check-in) B
eIVH OT TEXHUTE PECTOPAHTHU TMpe3 JACHs, KapTu ChAbpkamm cymute or 5 u 10 mo-
napa. B pesynrar Ha TOBa oTOENA3BaHUATA ca ce yBenudymm ¢ 33% , KOETO BOAM 10
Haj 50 cratuu U MyONUKaIMKU B OJIOTOBE M MPEAU3BUKBA HAKOJIKO XWISAU HOBUHAP-
cku emucuM U Twitter cro0menus. He mom pe3ynrar 3a MHBECTHIUS MMO-MaJika OT
1000 monapa [13].

I'epmanckara aBuokommanus Lufthansa cw3gama OxroOepdect mpomorus, Criopes
KOSATO KJIMEHTHUTE JIeTAIM 10 MIOHXEH Mo BpeMe Ha (pecThBaia moiydyaBar choOle-
HUE, KOETO I'M MPUKaHBA J1a c€ 0TOeNIeKaT Ha TPU pa3InNyHU MecTa B MIOHXEH OT CITH-
ChK MyOJWKYBaH Ha cTpaHuiata Ha ¢upmara B Foursquare, mo TO3W HA4YWH TIO-
Ty4aBayid Baydep Ha croiHocT 20 osiapa 3a ciieBainarta cH mokymnka Ha omier [13].
[Tpe3 simyapu 2011 r. Starbucks craprupa Haii-ronsiMara MOOMJIHA TIporpaMa 3a Iuia-
mrane B CAILl, checTosmIa ce OT MPUIIOKEHHEe, KOETO MOXKE J1a TIPEBbPHE BCEKH CMap-
Thon B Starbucks kapta, kato 1Mo TO3M HaUYMH BMECTO Ja IUIAINAT B OpOW KIMEHTa
IPOCTO pa3MaxBa TenedoHa CH B IMpeaHara JacT Ha ceHzop [17]. BabxHOBeHUETO 32
TOBa H/Ba OT SMOHUS, KBACTO MOOWIHUATE TEIEPOHH BEUE CIIyXKaT KaTO KIFOYOBE 3a
KOJIH, JINYHU KapTH, caMojieTHU OmineTtr u T.H. [13]. CpaBHsiBaiiku mbpBUTE TeneGoHH
C DHEIIHUTE MOXKE JIa C€ BHUJIM KOJIKO MHOTO HEIla ca Cc€ MPOMEHWIN Mpe3 W3MHUHA-
JIUTE TOAVHH.

5. 3akil0ueHue

bbp3usT Hanpeabk Ha TEXHOJOTMUTE BOAM JI0 TPAaHC(HOPMHUPAHETO HA KOMIIOTPUTE
noJ1 HAKakBa ¢opMa B cMapTPOHHU, TabJIETH ¥ XUOpUIU MeK Iy nBere (TadaeTodonn),
KO€TO T'Y MPaBU MPUBJIEKATEITHO CPEACTBO MOPAIU MHUPOKOTO UM MPUEMAHE U BCE IO-
MOIIIHUTE UM TEXHHUYECKH BB3MOKHOCTH, CKIIOHHOCTTA Ha XOpaTa Jia Th HOCST HaBCs-
KbJIE C TAX U MPUBBP3AHOCTTA UM KBbM TAX. T€3M yCTpPOWCTBA HU JaBAT BB3MOKHOCT
na ObJieM JIOCTBITHU U J]a UMaMe JIOCTHIT 10 UH(OpMaIus HABCSAKB/IE U 10 BCSIKO Bpe-
Me, OJarojapeHre Ha WHTEPHET, Pa3jIuvyHH MPUIOKEHUS U COLUATHUTE MPEXH, HO
TOBA CHIIIO BOJU JI0 TPOOJIEMHU CBBP3aHU C HEMPUKOCHOBEHOCTTA HA JIMYHUSA KUBOT H
uHdopmarus. W nokaTo TEHACHIMHUTE ca yroTpedaTa UM Jla ce yBelIrYaBa C BCEKH
M3MUHAJ JEH Pe3yaTaTUuTe, MOCIEACTBUATA U €(PEKTUTE OT Ta3u ynoTpeda naney He ca
SICHU BCE OIIIE.
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BUPTYAJIHATA AT'PECHUS ITPE3 ITOI'VIEJA HA TIOAPACTBALIUTE
Cruiusina bopucosa-MapunoBa, Maprapura Tenesa

Pestome: Ilpeomem na cmamusama e supmyanrnama azpecusi cped noopacmeaujume.
Ha 6azama na pezyaimamu om pasniuuHu Hay4Hu uU3Ccie08aHus ce 0uepmasam OCHOGHU
Xapakxmepucmuku Ha eHomena u ce aKkyeHmupa 8bpxy HeoOXo0uMocmma Om npo-
mugodeticmsue U npegenyus. Aemopume npeocmasam pe3yimamu Om coOCMEeHo,
noJ1e80 U3cied8ane, NPo8eoeHo ¢ yei 0a ce npoyyam Haziacume u MHeHUuemo Ha noo-
pacmeawjume 3a UPMYAIHAMA A2Pecusl U HeuHama npeeeHyusl.

Kniwowuosu oymu: supmyanna azpecusi, kubepazpecus, Kubepmopmos, npeseHyus

VIRTUAL AGGRESSION IN THE EYES OF ADOLESCENTS
Stiliana Borisova-Marinova, Margarita Teneva

Abstract: The subject of this article is virtual aggression among adolescents. Based
on various researches key features of the phenomenon are outlined. It is accented on
the importance of its prevention. The authors present results of their own study exam-
inating young people’s attitudes and opinion of virtual aggression and its prevention.

Keywords: virtual aggression, cyber aggression, cyberbullying, prevention
1. BbBenenue

[Ipe3 mocneaHUTE TOJUHU HOBUTE MH(POPMAIIMOHHU U KOMYHUKAIIUOHHU TEXHOJIOTHH
Ce Hajarat TpaiHO B HaIIETO ekeaHeBue. Jlenara ca mppBUTE, KOUTO IIpHemMaT O6e3pe-
3€pBHO BCUUKH HOBU TE€XHOJIOTHH. 32 MHOTO OT TSAX OOIIyBaHETO B KMOEPIIPOCTPAHC-
TBOTO € OT M3KJIIOYUTEIHO 3HaueHue. [logpacTBaiure HaMupaT Bb3MOXKHOCT Jia 3a-
JIOBOJISAT TIOTPEOHOCTUTE CH OT pa3BliCUCHUs, 3a0aBICHNUS U KOMYHHUKAIUS C BPBHCT-
HUIIM OT LISUT CBSIT.

[IpeaumcTBaTa U U3IMOJI3BAHE HA HOBUTE TEXHOJOTHHM Ca MHOIO, HO HSIKOU Xapak-
TEPUCTUKM Ha BUpTyaJlHaTa Cpella Ch3/aBaT yCIOBHS 3a MOpa)XKJaHE U pa3BUTUE HA
arpecuBHO MOBEACHUE, 3aTOBA IIPE3 IMOCIEAHNUTE TOAMHHU 3all0YHaxa U3CJICABaHUS HA
HOB ()€HOMEH, HAPEYEH ,,BUPTyaJiHaA arpecus’ .

2. OnpenesjieHue M XapaKTePUCTHKA HA BUPTYAJIHATA arpecusi

B nayuyHnaTa nuteparypa HOHITHETO arpecus ce AepuHupa karo (opma Ha OBEACHHUE
C LI€JI HAPAHSABAHETO Ha JAPYIo KUBO CHILECTBO, KOETO € MOTUBUPAHO J1a U30€rHe M0-
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no6Ho otHomeHue [1]. ToBa onpeeneHre BKIFOYBA BCEKH MOBEACHYCCKH aKT, KOWTO
3acTpalllaBa WM HapyllaBa MpaBaTa Ha YOBeKa. ArpecusiTa MOXKe Jia C€ MPOSBU KaKTO
B PCAJTHMSI, TaKa ¥ BHB BUPTYAITHUS CBST.

TepMHUHBT ,,BUpTyaHaTa arpecusi’ ce M3I0J13Ba 3a O0SCHEHHE HA IIUPOK KPBI' pa3HO-
00pa3HU JCWUCTBUS, 3aTOBA JI0 MOMEHTA HE ChIIECTBYBA OOIIONPUETO ONPEICICHUE.
Hsikon oT m3ciemoBareinTe Ha SBICHHETO I'o Hapuyar “kubeparpecus” [4, 8, 14].
JIpyru aBTOpH M3MOI3BAT TEPMUHUTE ,,eJICKTPOHHA arpecusi” W JIO0PH ,,0H-JIAiH COIH-
aitHa sxectokoct” [9].

To3u HOB (heHOMEH MpPEICTaBIIsABA arpeCUBHOCT, KOATO CE€ MPOSBSBA W IMpe/aBa 1o
CJICKTPOHEH IThT, HAIIPUMED Ype3 UHTEPHET WK MOOWIHU TeleoHU. OTIMIUTSITHUTE
il yepTH ca ChIIKTE, KaTo TPH ,KIacuueckara”, caMo ue (pu3uveckara cpeia € cMe-
HEHa C eJICKTPOHHA W MMa M3BECTHA MPOMSHA BB (pOpMHTE, CBBpP3aHa ¢ BH3MOXKHOC-
TUTE W OTPAaHUYCHHUATA Ha TexHoJoruute [12].

Kato ce cro0OpassiBame ¢ pasnuuHuTe 1eUHUIIMN Ha BUpTyanHaTa arpecus [1, 4, 8, 9,
14], Hue cuntame, 4e TS MOXKE Ja C€ ONPECIIA KaTo peIHaMEPEHO BPaKIeOHO Jeiic-
TBUE, peJIN3UPaHO BbB BUpPTyaIHa Cpeja, MMAILO 3a 1e]d Ja IPUYUHU BpeId Ha OT]ie-
JIEH YOBEK WJIM Ha Tpyna OT X0pa, JAa OCKbPOH, a MpUUUHHU OOJKa, ]a HAKBPHU YO-
BEIIKOTO JOCTOMHCTBO.

OcHoOBHa pa3iuKa MEXIy arpecusita u kuOeparpecusita € cpeiara, B KOSITO ChUIECT-
BYBaT U CE€ pa3BUBAT. 3a BUpTyaJHaTa arpecusi HiMa I'paHULIM, TPOHUKBA B JUYHOTO
MPOCTPAHCTBO Ha KePTBATa U TPYIHO MOXKeE Jia ce uruopupa [6, 11].

Enna ot ocobeHocTHTE HA BUPTYATHOTO OOIIyBaHE € aHOHUMHOCTTa. MHOTO OT KH-
OeparpecopuTe ycIsBar J1a CKpUSAT CAMOJIMYHOCTTA CH, a TOBA 3aCHJIBA yCEIaHETO Ha
arpecopa 3a 0€3HaKa3aHOCT U B CHIOTO BpeMe yBelM4aBa YyBCTBOTO 32 YSI3BUMOCT Y
xeprBara. Garbasz orOens3Ba, e aHOHUMHOCTTA M JIMICAaTa HA (PU3MYECKO CHIIECT-
ByBaHE B MHTEPHET CIIOMaraT 3a 3ary0a Ha Tpe3Ba IMpEIeHKa 32 COOCTBECHHUTE Bb3-
MOJKHOCTH M 3a IPUCHCTBUETO Ha OTCpeEIIHaTa cTpaHa [5].

YcemaneTo 3a HEBUAMMOCT IPABU arpeCOPHUTE MO-CMENIHM M TH MOATHKBA Ja Ka3Bar
HEIla, KOMTO He OMxa Ka3ald MpH AUPEKTHa KoMyHuKanus [7]. B ¢wimoTo Bpeme, mo-
paay HEW3BECTHHs H3BBPIIMTEN, JKEpPTBaTa M3MHTBA BCE MOBEYE CTpax, OC3CHIIHME,
0E3IOMOIIIHOCT, Thi KaTo HE 3Hae Ha KOro Moxe Jia ce qosepu [3].

Jpyra kiro4oBa XapakTepUCTUKA Ha KuOeparpecHsTa € HeMHUAT NOTEHLHA Aa J10C-
TUTHE /10 HEOTpaHUYEeHa ay JUTOpHUs, KOETO B peajiHa cpea Ou OUII0 HEBB3MOMKHO.

bnaronapenue Ha O€3rpaHMYHOCTTa HA KUOEPIPOCTPAHCTBOTO, MyOJIMKaTa, CBUICTE-
JIMTE Ha arpecusTa Morat jaa Obaat MuwinoHH [4]. Tasu ocoOeHOCT MOXKe Ja J0Be/e
710 3HAYMTEITHU MOCIICANIIN 32 )KEPTBUTE. BB3ACHCTBUETO U YHIIKEHHETO OT arpeCcHB-
HUST aKT C€ yBEJIMYaBaT MOpaJd MHOToOpoifHaTa myomka [3].

W3cnenoBarenure Ha mpobiemMa OTKPHBAT, Y€ BUPTyaJHATa arpecusl CpPe. Jelara ce
MOSIBSIBA OIIIE€ B HAYAIHOTO YUYHIIMIIE, M3PACTBA 0 CBOS IMHMK B PAaHHUTE THHHEHIKbBP-
CKHU TOAWHHM U 3aTHXBa C U3pacTBaHEeTO Ha aenara [2, 10].
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Jlpyru u3ciieJBaHus [IOKa3Bar, ue Hali-BEpPOSATHUTE KEPTBU HA BUPTYyallHa arpecus ca
toHommte (13 — 18 rogunwm). Ilcuxoo3uTe ca Ha MHEHHUE, Y€ MOPaJn CBOSITA CICIH-
¢uKa, Ta3u BH3PACT € HAli-BepOSATHA 32 3aMECBaHE B OH-JIAWH HenpusTHocTH [14].

OnucaxMe pa3IMYHA HAyYHU M3CJICIBAHUS Ha Mpo0seMa, HO 32 HAC € BaXKHO U MHE-
HHUETO Ha JIellaTa, 3aTOBa MPOBEJOXME COOCTBEHO MPOYYBAHE.

[Ipe3 2012 r. 3anoyHaxMe MoJ€BO M3CJEIBAHE HA HArJacUTe U MHEHHETO Ha Jerara
3a BUpTyaJlHaTa arpecus. 3a IeNUTe Ha M3CJIEIBAHETO CH3AaJ0XME HHTEpPHET OJIOT
(http://bezopaseninternet.blogspot.com/) u ye6-ctpanuiia B eaHa OT Hai-HU3MOJI3Ba-
HUTE couuanHu Mmpexu - Deiicoyk (www.facebook.com/pages/Bupmyanna-acpe-
cusl424229114306110). Beceku, KoiTO MMa MHEHHE TI0 IpoOIeMa, MOKe Ja ro Imyo-
JMKYBa U aKO JKeJlae J1a Ce CBBhPXKE C HAC Ha MIOCOUYCHUTE aJIPECH.

OcHOBHa 1IeJT Ha U3CIEABAHETO € J1a C€ MpoyvaT HArjJacuTe U MHEHUETO Ha MOJpacT-
BAIlIUTE 3a BUPTyaJIHATA arpecusi U HEWHATa ITPEBEHLIUS.

Upe3s Grora u conmanHaTa Mpexa Jernara He camo ce nHdopmupar 3a npodiiema, HO
MOTAaT ¥ CBOOOJHO J1a TO KOMEHTHPAT, J1a CIIOJETAT U Ja pa3Kka3Bar 3a JACHUCTBUTCITHH
CJly4au Ha BHpTyaHa arpecus. M3nmoms3BaHeTo Ha MPO(IIA U €IEKTPOHHA TOIa OCH-
rypsiIBaT CUTYPHOCT ¥ aHOHUMHOCT.

[IppBOHAUanHO Mpe3eHTUpaxMe Osora u cTpaHulara BbB MelcOyk npes yUeHUIUTe
OT CTOJIMYHO YYMJIMIIE, B KOETO OT HAKOJIKO TOJMHU padOTHUM IO NMPEBEHILIMSTA Ha ar-
pecusita B uHTEpHET. [IpeacraBuxme mpex aenara LEIATE HAa HALIETO U3CIEIBaHE U
aKLEHTUPaxMe BBbPXY HEOOXOAMMOCTTAa OT MPO(PUIAKTHKA HA SIBICHUETO BUPTyaJHa
arpecus. Kakro u odakBaxme, yYEHHIIMTE pearupaxa ¢ 0X0Ta M caMu IOXkenaxa J1a
»PEKJIaMUPAT” HAIIETO HAYMHAHUE CPEJI IPUATENINTE CH B COLIUAIIHUTE MPEXKHU.

3. M3caenBane u aHAIU3 HA pe3yJITATUTE

B 3aBHCMMOCT OT OCHOBHHUTE aKIIEHTH B MyOJIMKYBAaHUTE MHEHUS U KOMEHTapH, pas-
JeIUXMe TMOApPACTBALIMTE HA YETUPU OCHOBHU TpymHu. ,Habmomarenu’, ,,JIOTbp-
NeBIIN”, ,,CbIIPUYACTHH | ,,IPYTH .

KbsMm Ha6JIIO,Z[aT€JII/IT€ CC OTHACAT Aflara, KOUTO JaBaT MHCHHC 110 TCMaTa, HO HC CIIO-
JCJIAT JINYHU NPCKUBSIBAHUS.

., Kubepmopmosvm e 2onsim npobnem cped miadume xopa.Tpsabea oa uma noseve uH-
cmumyyuu, Koumo 0d ce cnpassam ¢ mosu npooiem.”

C.3.

»Bcuuku deya npexapsam MHO20 épeme 6 UHMEPHen, a mam modce 0a 6voe MHO20
onacHo. Hakoti mpabea 0a Hayuu deyama oa ce nasam.”
n. M.
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,,108a e eOun cvepemeHen npobem, 3a Kotumo mpsoea oa ce 206opu nogeve. MHozo

081/}61 cmaesani sicepnmeu, Ho MAajlKko ont msAx coeopAnt 3a moea.”
n. b.

HY6HI/IKyBaHI/ITC MHCHUA 3By4YaT KAaTO JIO3YHI'H, HC ITOKa3BaT JIMYHOTO OTHOIICHUC HaA
Jgcnara. HpCI[CTaBJ'ISIBaT KOHCTaTanus, JIMIICBA aHTaAXKUPAHOCT.

B rpynara ,,ioThprieBmun’ ce BKIOYBAT JI€1IaTa, KOUTO MPU3HABAT, Y€ ca MPEKUBEIH
BUPTYaJlHA arpecus.

A3 cmamam, ye mHo2o deya nonyuasam 3aniaxu no uHmepHem. Az camama cvm no-
Jy4asana 3aniaxu, oouou, npeonodicenus 3a cpewa, ganuueu npoguiu. Huxoea ne
CbM X0O0UNIA HA cpewya ¢ HenO3HAmu, Ho CMAMAM, ye opyeu Momuiema ca xoounu.”

K. M.
,,Clyusano mu ce e oa me 3aniauieam u ooudcoam, Ho He UM 0OPbUAM BHUMAHUE,
ocmasam eu 0a nuwam Kakeomo cu uckam. Kamo ne um oOvpHews @HuMaHue, me
npecmasam 0a ce 3aHumasam c mebe..A3 maxka HaNpPasux u eve He mMe 3aNAAULBAMN U
ooudxcoam.”

JL.
,,Cyueano mu ce oa me 3aniaweam u obudxcoam no unmeprem. Tezu xopa, Koumo
Me 3aniauieam, a3 eu no3HA8AM MHo20 0obpe. He um obpvwam enumanue.”

JI. K.
»Ha men wecmo mu ce cnyusa doa me odoudxcoam no SKype unu opyeu supmyaninu mpe-
JHCU, HO A3 He ce 3asxncoam a 2u bloKupam uiu He um oopvwam enumanue ™

E.
,»Cyusano mu ce e 0a mMu unpawam nOKAHA 3a NPUSMeacmeo u nocie 0a me ooudxc-
oam. Ho a3z uzobwo He ce pasnpaeam u eu o6nokupam. Covuo maka u ca mMu XaKeauu
npoghuna oocma nvmu. Ilo eono umax 0ea npoghuna u eounus mu 2o xakuaxa. U ns-
Kol Oewle NUCAN KAK8U iU He 21ynocmu u oouou. /Jocma wecmo mu usnpawjam noKaHu
PA3HU 8b3PACMHU MbIHCE U NOCMOSHHO MU NUWLAM NPOCMOMUU. ,

IT. S1.
,»A3 JUYHO HUKO2a He CbM UMana 02paHudeHusi 8 cedeHemo nped KOMNmvbpd, HO
npeou MHO20 4eCmo Mu nuuiexa u mu npeoiazaniu pasuwu Hewa. Ilo npunyun camo eu
onoxkupam. Ipumepro 6 XXXXXX ousu XXXXXX ece owe uma maxuea mwvoice. Bau-
3aul OMNAlH U 8eOHA2A 3anoueam 0a mu nuwam nvinume Heousaruyu. Hama cmucvn
as cvmM om Xopama, KOumo npeonouyumam no-HOpMAaiHume cpewju u 3ano3HaHcm-
8ama HABBH,A HE 8 KUOepnpoCmpancmeomo.”

* I1o nama NpCeHEHKa ca CKpUTU UMEHATa Ha HUTUPAHUTE caiiToBe
,»Cnopeo men masu azpecus e no-cmpawina oopu u om ¢usuveckama cuia. Mucas,
ye ecexu Koumo uma SKype my ce e cayusano oa 2o 0006assim Heno3Hamu u 0a UCKam
Ppasuu uzspameHu Hewa.”

1. B.

. [locmosinno ce obudicoame u ce ncysame.”
M. b.
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,»HAaKou kamo me obudxcoa u az 20 ooudHcoam, u cmaea HAKAKEO Mazano.’
H.

,,»10 maka cmasa, ncyeam me u mu msx.”
B.

"Jla ncysaw, oa ce 3akauseau..... Cryusano mu ce e 0a 3aniauieam, 0a me 3aniaui-
8am, 8CUYKO € CAMO HA OYMU, HUUO CEPUO3HO U HAMA KaK 0a ce 3abpanu."

1. 11

OT nMTHpPAHHUTE TIOCTUHTH MOXKE JIa C€ M3BEJe MHEHHE, Y€ arpeCUBHHUTE PEAKIIUH Ca
YECTO Pa3MpPOCTPAHEHU MPU BUPTYATHOTO OOILIyBaHEe MEXAy mojpactBamure. [lose-
4eTo JIella He pa30upar cepro3HOCTTa Ha MPOOIeMa U TEKKUTE MOCICIUIIH, 10 KOUTO
MOXe J1a JoBejie. Moxe IopHU /1a ce Kaxe, 4e ro MpueMar 3a HOpMajaHO OTHOIICHHUE U
HE TpeJrnoyiararT KakBu peakiiuu Ou MOIJIO Ja oTKIoun. Hskou TUMHEHIHKbpU TOpU
ro cMsTaT 3a BUJ 3a0aBiieHue, 0€3 CEpUO3HU MOCIIETUIIH.

KbM rpynara ,,cbnpuyacTHU’ c€ OTHACAT JeuaTa, KOUTO MMAaT COOCTBEHO MHEHHE
KaKTO 3a BUpPTyaJHaTa arpecusi, Taka 1 3a HAUMHUTE 3a HelHATa PEeBEHIUS.

»»Jlocma deya 6 Onewino 8peme ca dcepmea HA UHMEPHem MOPMO3 U ce Cmpaxyseam
oa xadicam Ha uaxou. Ocobeno upe3 navi-nocewjasanama cmpanuya Deticoyx .. ckaun
u m.n. Uma u pooumenu, Koumo 8vbobwe He ce unmepecygam 0a npogepsam oeyama
UM KbOe Cbphupam 6 uHmepHem, ¢ KOU Yamsam u m.H., U Mmoéa Cvujo e eOHa Om npu-
yuHume deyama 0a 6vLOAM Hcepmeu Ha KUbepmopmos. A3 TUYHO HUKo2a H CobM Ould
Jrcepsa Ha No00OHO Hewo, 3a Koemo ce padgam. Ho nonpunyun mouno nopaou masu
npuyuUHa deyama ce 008epABAM HA HAKOU CU, C KOUMO ca ce 3an03HAIU 8 UHMEPHem
ce cayueam youiicmea, usHacuigaune, omeauuane u op. Ipabea oa ce ezemam cepu-
03HU MepKu. Bunaeu we uma maxusa xopa, Koumo obudicoam 6 UHmMepHen u He camo
.. NOONILEBAM MATKU Oeyd .. CbBeMEaAM 8CUYKU KOUMO CA JHcepmed Ha mopmMo3 0d Ha-

Mepsim nomouy, Ouio mo om pooumei Ui Opy2o mMacmo’
B. H.

,»B unmepHnem e nvaHoO ¢ makuea cmamuu, OUIO0 MO 3a KUOEPMOPMO3a ULU NONPUH-
Yun 3a mopmo3sa 6 yuunuuje u no yauyume. Pezynmam nuxaxve. Toea ca xopa cedswuu
nped KomMniomwpa, noopumeawu Heuue camouyecmeue. Ho myx ne camo odeyama
umam 8uMa, pooumenume Cbujo He €A HUKAK HeBUHHU. B nocieono epeme enedxume
no yauyume u yuyuauwama ca oeya Ha cpeoHa 8vspacm medxcoy 8 u 12 coounu oa
umam meneghonu nocieder mooein. Touno mosa kapa deyama Ha MAXHAMA 8b3PACT
0a ca azpecusHu U Om mam uo8am u MHONCECMBOMO CMAmMuu 3a npebumo oeme om
cBoll cvyuenuk. Hackopo uemox cmamusi 3a eOHO Momuue, KOemo ce e camoyouno,
3auomo ca s 3an1aueanu 6 unmeprem. Jlowomo e, ue upes mezu cmamuu HUWO Hsi-
Ma 0a ce npomenu. I[loseuemo om yuenuyume we 20 npovemam u 3a msax mosa ue ca
eonu 10 useybenu munymu 6 uemene u we npoowvaxcam oa 2o npasam. M 0o meouume

0a cmueHe pe3yimamvm OMHOB0 We € HUKAKbE.”
M. 3.
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., BuHaeu we uma xopa, koumo oa 3anjaweam u ooudxcoam opyeu.Hsaxou 2o npasam
3a yoogoacmaue, Opyeu nopaou Haxkakea npuuuna. Ho nes eunaeu s uma. 3a0 xom-
NIOMbPLM 8CEKU eOUH OM HAC € CMell U "'cynepmen’, HO 8 pealHusl HCUBOM He BCEeKU e
maxve. He 6cexu dou ce ocmenun oa 3aniauiu no mosu HA4uH, O Koumo 20 npasu 8
unmepHem. buna com ceudemen Ha NOOOOHU Hewa, OULA CbM UHUYUAMOP, OUNA CbM
U Jlcepmed, HO CbC CUSYPHOCH M02a 04 Kadicd, Ye moea He e HAYUHBM 0d CU U3KA-
pame 50a HA0 HAK020. AHOHUMHUMe U anuusy NPoPuUIU 8 COYUATHUME MPed*CU Ca
mHo20. Haxou mpyoHo ce pasdbupam Oanu ca maxkueéa U 4Yecmo ce JIbIHCEM.
Hukoea ne cvm usnuzana na cpewja y2080peHa no uHmepHem, Ho U He Oux 20 Hanpa-
suna. Huxoea ne ce 3mae xoii e 6bnpocHusm 4oeex om Opyeama cmpaHa Ha MOHU-
mopa. To3u mopmo3, Kotmo MHO20 201AMa YACMm OMm Xopama Hala2am 6 uHmepHem,
0cobeHo Ha HenwvIHOJemHU Oeya, mpsaoea da 6voe cnpsan. Tpabea 0a ce Hamepu Ha-
YUH 30 CMONUPAHEemo HA Mo3u ocpomeH npooiem!”

B.O.

-Aepecopu we uma eunacu, ookamo xopama mozam 0a ce Kpusim 3a0 MOHUMOPA.
Iloseuemo ca maxuea 3auomo ca OUIU NOOPUMBAHU UTU YHUICABAHU 8b8 DEaHUSIM
JACUBOM. U NO MO3U HAYUH Me NPUOOOUBAM CAMOUYBCMEUe U UYECMBO 30 CUNA U MOW.
Xopama, xoumo pegrexmupam no mo3u HaA4uH 6bpxy Opyeu Xopd, He Mo2am J1eCHO
oa 6wvoam omxpumu. He ecuuxku moecam oa npoymesm moéa, ye mo3u, KOUmo 2u
MOpMO3U e NPocmo eoun vosek. [la o6un cvm ceudemen Ha KUOEPMOPMO3 Mosa e He-
wo HeusbedHcHo 6 dcueoma Hu. He mucius, ye HAKOU Modce 0a MU 8b30elcmed no mo-
3U HAYUH 6b8 UHMEPHEm NPOCMO USHOPUpAM uiu OJIOKUpam OadeHume azpecopu,
cned koemo eu 0oknaosam. bun com u azpecop. bun cvm cvwuam, HO ako 6cuuKu
npoymem 0a cnpem mo3u Kpazospam Ha azpecusima no uHmepHem moea wje 0onpu-
Hece U 00 HAMANABAHEeMO U 88 pealHusm Hu xcusom. [Ipobremvm ce pewiasa maxa.
HUma unmepnem uma npobaem, HAMA uHmepHem HAmMa npoodnem ;)
K. .

BBB BCEKM OT MOCTOBETE CUJIHO CE€ yCella EMOLMATA, JUYHOTO OTHOUIEHHE. be3 3Ha-
YeHUE Jadu MPU3HABAT, Y€ ca MPEKUBENIN arpecus Wiu 4e ca OWIM MHUIMATOPHU, OT
JTYMHUTE UM HU3BUpA €MOLMS, JIMYHA AHTAKUPAHOCT. TE€XHUTE KOMEHTapu HE ca 3ay-
4yeHu (pa3u, HUTO MPOCTO Mpu3HaHUs. Jlenara ca pa3cTpoeHH, MO HAKaKBa MPUYMHA
npuemar npoodiema 1b100Ko. Jlamu ca 6uiM NoA0KEeHH HAa MbUYUTEIHA arpecus, Ja-
JU TeXHU OJIM3KU ca ro MPEXHUBSIIM, HO OT MOCTOBETE JIMYM Pa3ThpCBallla €MOITHS.
Hsaxou ot xomeHTapuTe A0pHW 3Bydar oObpkaHo. [IpaBu BrHedarieHue U AbKUHATA
Ha noctuHrure. He ca JTOKOHUYHY, KAaKTO B APYTUTE TPYIIH.

B rpynara ,,ipyru” o60oco6siBamMe OTTOBOPH Ha Jella, KOUTO TBBPJIAT, Y€ HUKOTA HE ca
Cpeulagy BUPTYaJIHA arpecusi; MOCTUHTH, JABAIM ChbBETHU 3a MPEBEHLMS U NOCTHUHIH,
OTKPUTO OMAJIOBAXaBallly U HEMPUEMAIX ChIIECTBYBAHETO HA TOBA SIBJIICHUE.

- Jlenna, KOMTO HUKOTIAa He ca NMPeKUBeJIN Mo00eH PO arpecMBHO TOBe/Ie-
HHe, IPU 00LYBAHETO CH B HHTEPHET:

134



,.Kamo pedosen nompebumen na unmepunem, HuKo2a 00 ce2a He CbM OUIA MOPMO-
3€Ha NOCPeOCMEOM GUPMYATHU MPEdNCU, HO MOBA ce ObJdCU Modice Ou Ha akma, ye
He CbM nocewasana nododoHu catimose. Kubepmopmoszovm Hama xax 0a 6voe 02paHu-
YeH ¢ npospama, 3auomo moseda ca 0OUKHOBEHU Xopa ¢ lowu HamepeHnus. 3a uzoseea-
Hemo Ha N000OHU cumyayuyu mpsabea 0a ce 3aHumasam pooumenume, NPeOYnPeIcoa-
sauiku ceoume deya 3a onachocmume.Meouume cvuo mpsaoea oa bvoam KoMnemen-
MHU U 0a NOONoMazam 3a panpoCcmpaHeHuemo Ha uHgpopmayus 3a maiaoume nom-
pebumenu u onacHocmume, KOUmo ce Kpusm om opyzama cmpara Ha "wama". /lasam
CcvhBem HA 8CUYKU nompebOumenu ... no-00ope uziuzatime u ce 3abasiasaiime ¢ npusi-
menume cu, a He 0a ce 3acmosigame nped MOHUMOPA 8 Pa32080p C HAKOU, KOUMO He

Modiceme 0a uoume U HA0Aalu HAKO2A wie ono3Haeme UCMuHCKu.”’
K. 3.

»He mu ce e cnyusano oa 6v0a mopmosena uiu 3an1aui8and, Ho aKko Mu ce Ciydu
npocmo oux boxkupana oaderus nompeoumen uiu oux uzmpuia npoghuna cu. Cnopeo
MeH me3u, KOumo cmasam Hcepmeu Ha Kubepmopmo3 npocmo He noidazam O00Cma-

MBYHU YCULUSA | 3 04 20 NpeKpamsam uiu oa 20 uzbecnam.”
K.

- lena, 1aBamm cbBeTH 32 NIPeBEHIMS HA BUPTYaJHATA arpecusi

,,Omoasna nonzeam unmepHem U CbM UMAL CAY4AU HA M.HAP. GUPMYANeH MOop-
Mmo3.Cneyuanto 8v8 gheticoyk ca me 000assIU Xo0pa cbC CMPAHHU UMEHA, KOUMO pPeK-
JamMupam pasHu Hewa Uil UCKam eleKmpoHHa nowa, napu u m.H. Hiaxou npocmo
oouxcoam. B noseuemo ciyuau e MHO20 MpPYOHO 3a O0OUKHOBeHUsT nompeoumen 0d
pazbepe Kot cmou 3a0 3anjaaxume u uzmamume. llpeou epeme HeBOIHO OIX KIUKHAT
HAKDbOE U NOAYYUX CNAM HA 8CUYKU UMeUIU, Koumo umam. Buumasatime 6 kou caui-
moee enuzame u Kvoe 8u npenpawam. M Haii-eadxcnomo enumasaume ¢ peanHume

cpewu, 3a 0a He ce MPancHoOpMUpa sUpPmMyaiHama azpecus 6v6 gusuyecka.”
C.b.

»Bunazu we uma ncysnu, 0okamo uama 3a6panu 3a Kuovosu 0ouonu oymu, (nucanu

KbM OpyeU Xopa) ¢ npumepHu Hakazanus kamo 2 — 3 onu 6e3 uam.”
K.

,»3a 0a ce npeonaszam deyama, mpso6a 0a Npexapsam MAaKCumMym no eOuH 4ac Ha OeH
npeo KOMRIOMvPA, a Opy2omo epeme — 8 yueHe u CHopmyeane, Koemo e MH020 no-no-
JIe3HO, Cnoped MeH U maxa wje ce u3oe2Ham onacHocmume om unmepHem Hacuiue.”
I1.
»Kamo ce namanu epememo npexapano nped KomMniomwp, HAMA KAK 04 ce HAMAIU
unmepnem Hacuiuemo. J{opu 3a eOuH yac, naxk moxce 0a mu Usnpamsam upyc uiu 0a
me 3anraweam u oxcudxcoam no Ckaun unu @b. Humepnem nacunuemo mooice 0a ce

HAMAIU Kamo 8 YYuiuwmama ce 0asa no-000po KOMnIomvpHo obpazosanue.”
H. K.
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- OmasioBaxaBaHe Ha nmMpodJemMa

,,Cnopeo men e nvauna enrynocm u He 6u mpsboeano 0a umame npobaemu ¢ maxkasa
Leupmyanna azpecusi”’. Koumo ussvpuieam moea ce mucism 3a Hewo nogeue om
obwecmeomo. Haii-necnusm Hauyun 3a npedomepamsaeane Ha mMaxkosa Hewo e USHO-

pupanemo.”
1. M.

“Ha 6ceku MY ce€ € ClYy4edalo, HO nosevenio supmyaiHu acpecuu ca om aHOHUMHU XO=
pa, KOumo HAMant cmejlocm oa mu 2o Kaseam, 3anmoea nuuiam aHOHUMHO. Ho ne ou

mps166aio 0a oopvuaMe 20aAM0 3HAYEHUe HA me3u Hewa.”
I'. n.

4. I3B0M OT HATIPABEHOTO HU3CJIeBaHe

»  3HauWTeNTHA YacT OT JelaTa, U3MOJ3BaIll HOBUTE TEXHOJIOTHH, Ca
OPETHPISIIN WIK ca CTaHAJIU MHULIMATOPU Ha BUPTYaJiHA arpecusi.

»  Bupryannara arpecus e Haii-pasnpocTpaHeHa Cpej IMOApacTBa-
IIUTE B FOHOIIIECTKA Bb3PAacT.

»  lloBeyeTo OT THHHEHKBPHUTE OCH3HABAT MpoOIeMa U HyKJIaTa OT
IIPEBEHIIUATA MY .

»  Hsxowm nmena cmsitaT, ue BUpTyajaHaTa arpecus € HauuH 3a 3abaBie-
HUE.

»  3HauMTeIHA YacT OT Jelara uMar ujacw 3a 0opOa U MpeBEHIUS HA
BHUpTYyaJHaTa arpecus.

5. 3akaouenue

C OBp30TO pa3BUTHE HA HOBUTE TEXHOJOTHUU PA3ITUKUTE MEXKIY OTACIHUTE MOKOJe-
HUS C€ ycellaT BCe MO-CUIHO. MIHTEepHET € JacT OT *MBOTa Ha Jelara, Thi KaTo Ch-
IIECTBYBAa OTKAKTO Ca C€ POJAMIIHU. 3a pa3iuKa OT POAUTEIIUTE CH, KOUTO CBUKBAT U CE€
ydaT Ha HOBOCTHUTE, JiellaTa Iy rnpuemMar 3a AajaeHoct. [loapacTBamure npekapsar ro-
JsiMa 4acT OT BPEMETO CH BbB BUPTYaJIHUS CBST, KbJETO OOIIyBaT, 3a0aBisBar ce,
CIIOPSIT.

[Topanu cBoute cnenuduKu eIeKTPOHHATA Cpe/a € MOAXO/sIa 32 pa3BUTHE Ha arpe-
cCUBHO noBeneHue. [Ipe3 mocneqHuTe roIMHN B CBETOBEH Maliabd BCe MO-4eCTO Ce KO-
MEHTHpa 1 U3Cie/iBa MpobiieMa ¢ BUpTyaliHata arpecusi. M3cienoBarenuTe onpeaessT
TO3W BHUJl arpecusi KaTo coluaiHo 3Haunma. Cropej HaIIETO U3CIIEBaHE TUM-
HEUJDKBPUTE ChHINO 51 OMPENENAT KaTo TakaBa. Hue cunurame, ye € Bce mo-royisima He-
00XO0JMMOCTTa OT IIeJieHacoYeHa padoTa ¢ MOAPACTBAIINTE, KAaTO € HY>KHO €JHO 3a-
IbJI00YEHO MO3HABAHE HA MOBEJAECHUETO UM BbB BUPTyalHA Cpela, KaKTO M HA TEH-
JEHIIMUTE W aKIEHTUTE B COLMAJIHATA UM aKTUBHOCT. Paborara mo mpeBeHIMs Ha
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BHUpTYyajHATa arpecus € CJI0KHa, AbJIra BbB BPEMETO U U3UCKBA YIIOPUTOCT U TPy OT
BCHUUKM YYaCTHUIIM BBB BB3MUTATEIHO-00PA30BATEIIHUS TMEJArOTMYECKU MPOIIEC.
[Ipe3 mocnenHuTe rOAMHU POAUTEIICKM W HEMPABUTEICTBEHH OpPraHU3allMU CTapTH-
paxa KaMIIaHWM 3a orjacsiBaHe Ha npoodiiema. Pernonanuure WHCIEKTOpaTU Mo 0Opa-
30BaHUE 3aIbJKMXA YUUIIUILATA J1a TPOBEAT YPOIIM, KOUTO OOSCHSIBAT HA JielaTa Kak
Ja ce nas3st B mHTepHeT. Ho Bce olle crmopej CBETOBHUTE, a U KaKTO CTaHa SICHO OT
HAIIETO W3CJie/iBaHe, padoTaTa MO MPEBEHIIUS Ha arpecusra BbB BUPTyaJHa cpeja €
KpallHO HeJocTaThbyHa. Beceku erH OT Hac € He0OXOJUMO J1a C€ 3aMHUCIIM KakBO OU
MIOMOTHAJIO 32 MPEBAHTUBHATA JEHHOCT U Kak OW MOT'BJI 1a TOMOTHE Ha CBOMTE Jella,
BHYIM, YUeHHUIM. be3 cbMHEHUe MpoIechT M0 MPEeBEeHIMATa HiIMa J1a ObJe JieceH, HO
HUE BeUue 3all0YHaXMeE.
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CUMYJIUPAHE PABOTATA HA JIBUT'ATEJI HA STIRLING
C KHHEMATHUYHO CBBP3AHU BYTAJIA

[Berenuna IlerpoBa

Pe3tome: B nacmosawama paboma e npedcmagen uzomepmuier mamemamuder noo-
X00 3a onucanue pabomama Ha osucamen Ha Stirling ¢ kunemamuuno cevpszanu Oy-
mana. Cv30aden e npoecpamen mooen na osucamens ¢ Matlab cpeoa. IIpeocmasenu
ca noayvenume CUMYIAYUOHHU Pe3YImamu.

Knrwuosu oymu: osueamen na Stirling, xoo na 6ymanama, paswupumenno npocm-
PAHCMB0, NPOCMPAHCIMEO 3d KOMAPECUSL.

SIMULATION OF THE PERFORMANCE OF A STIRLING ENGINE
WITH KINEMATIC LINKED PISTONS

Tsvetelina Petrova

Abstract: In this work is presented an isothermal mathematic based approach de-
scribing the performance of the kinematic linked Stirling engine. Created is a soft-
ware model of the engine in Matlab environment. Presented are the obtained simula-
tion results.

Keywords: Stirling engine, motion of the pistons, expansion space, compression
space.

1.BLBenenue

JlBurarensat wa Stirling e nBuraTen ¢ BHHIIHO TOPEHE U CHBPEMEHHHUTE MOIU(DHUKAITIH
Ha TE3W JBUTATEIN PabOTAT MO 3aTBOPEH ra3oB UK. Robert Stirling, orkpusatenst
Ha MalllMHATA, S Hapyu4a JIBUTaTell ¢ Topel Bb3ayX. C pa3BUTHETO Ha HayKaTa Ce OTK-
pHUBAT MO-TIOJXO/IAIIN M C TIO-HUCKO MOJISKYJIHO HUBO T'a30BE€ - XEJIHM M BoIOpoa. Ta-
Ka Ce Bh3MPHEMa HOBO HAMMECHOBAHHME HA OTKPUTHUSAT JBHUraTeN - qBuratel Ha Stirling.
Toli e moaxomAll 3a MPUIOKEHUE KAKTO B CTPYKTypaTa Ha Bh30OHOBSICMHTE CHEp-
I'MAHU U3TOYHMIIM, TAKa U B CHCTEMH 33 YTUIM3UPAHE Ha 0TI Ha ToruinHa [1].
[lenta Ha HacTosmara paboTa € Ch3JaBaHE Ha CUMYJIAIMOHEH MOJIEN, OIHCBAII JI0C-
TOBEpHO paboraTta Ha jaBuraren Ha Stirling ¢ kuHemMaTHyHO CBBp3aHu OyTasa, MPHUH-
I[MITHATA CXeMa Ha KOWTO € nmokaszaHa Ha ¢ur.l. Mneanusupanust ks Ha Stirling ce
CBhCTOU OT CIIETHUTE YETHPH Tpolieca, JaJeHu Ha Qur.2:

N3orepmuuna kommpecus (mpomec 1-2). PaboTHHAT ra3 ce KoMIpecupa, HamalisiBa
o0eMa CH M HaJISITAaHeTO ce MoBuIIaBa. [1o BpeMe Ha Ta3u ¢aza OT UKbIa PAOOTHHST
ra3 oTJaBa TOILIMHA Ype3 OXJIAJUTENsI KbM OKOJHATa cpena. B peasHuTe ABUTaTEIH
CHeprusTa 3a JIBWKCHUE B Ta3H (a3a ce B3eMa OT MaXOBHKa.
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W3oxopHo HarpsBane (mporiec 2-3). ['a3bT ce HarpsiBa mpu MOCTOSHEH 00eM, OTTYK H
HAJISTaHETO ce MmoBuIIaBa. B kpas Ha ¢aza 2-3 HaNATaHETO JOCTUTA CBOSTa MAaKCH-
MajHa cToiHOCT. [1o BpeMe Ha To3u npolec He ce U3BbpIIBa padoTa.

MaxoBuk

CryneHa nnoua

Cunoso Gyrano

Oxtaxnane

AR NN

JHucnneitcbp

/4 /4 /4 /4 /4 Fopeiia nnoua

HarpsaBsane

@wur.1. [Isuraren na Stirling ¢ kuaematiuHo cBbp3anu OyTtana [2]

P

A

-

\Y,

®ur.2. Uneanusupana P-V auarpama va muksa Ha Stirling

N3orepmuuno pasimupenue (nporec 3-4) — paboTHUAT QUIyua IoeMa TOIUIMHA OT To-
perys N3TOYHHUK. HarpssBaHusAT ra3 yBenndaBa o0emMa CH, HalsiraneTo My najaa. Pabo-
TaTa Cce M3BBHPIIBA Ype3 BH3ACHCTBHE Ha PA3IMIMPSBAIINS CE Ta3 BbPXY CHIOBOTO Oy-
tano. KommnuectBoTo paboTa € paBHO Ha 1uiomra B P-V auarpamara mexnay 1.3 U T.4.
N3oxopHo oxnaxaane (mporec 4-1) - ra3pT ce oxiiaxaa mpu nmocrosiHeH ooem. Hans-
raHeTo ce MOHM)KaBa U B Kpas Ha Ta3u (ha3a 10CTUTa MUHUMAaJIHATA CU CTOMHOCT.
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2. AHAJTMTHYEH U30TepMHYeH Moae] Ha aBurartes Ha Stirling
C uen onucanue paborarta Ha aeuraren Ha Stirling ¢ kunemaTnyHO cBBp3aHu OyTana
¢ Ch3JIaJICH H30TCPMHUYICH aHATMTUYCH MOJICI Ha aBuratess. Cxema Ha H30TCPMHUIHUS
MOJIeJI Ha IBUTATENs € MoKa3aHa Ha ¢ur.3.
[Tpu popmynupaHe Ha W30TCPMHUYHHUS MATEMATHUYEH MOJIC] Ca HAIPABEHHU CIICTHUTE
JIOIyCKaHUSI:

1. Besiko ot TpuTe mpocTpaHcTBa B qBurarenar Ha Stirling e uzorepMudHO.

2. PaGotHuAT dayus € ujaealieH ra3 u o01ara My Maca € KOHCTaHTA.

3. BbHITHOTO HamsiraHe Ha Ta3a € KOHCTaHTa W € PaBHO Ha CPEIHOTO HaJsATaHe
npe3 uKbiIa. HansiraneTo Ha ra3a B TPUTE MPOCTPAHCTBA € €THO M CHIIO U C€ U3MEHS
camo BbB BPEMETO.

4. JIBrKkeHUsATa Ha CUIIOBOTO OyTajo M Ha TUCIUICHChpa ca CHHYCOUIATHU.

5. JIsete OyTana ca geda3upanu MOMEXAY CH Ha BI'BI .

Cunoso byTano

-

Ip xd

Ve

Tc L
| MoToBuAKa Ha gucnaeincovpa

| | MpocTpaHCTBO 3a KOMNpecua

[ucnneicbp

Ve
Tc

MbpTbB 06EM

PaswmnpuTeNHO NPOCTPAHCTBO

Ve Te

®wur.3. U3oTepmudeH Mozen Ha asuraten va Stirling
C’bFJ’IaCHO HpI/IeTI/ITC I[OHYCK&HI/IH OTMECCTBAHCTO HA CHJIOBOTO 6YT3,HO CC OIIMCBa qpes
u3pasa:
Xp=Lp sin(wt),

KbJETO:
- BIVIOBA YecToTa, rad/s;
t — Bpeme, S.
JIBUKEHUETO HA JTUCIICUCHPBT CE ONUCBA YPE3 YPABHEHUETO!

Xd = L.sin(wt+9),

KBJIETO:
¢ - nehasupane Ha TUCIUICHCHPA CIIPSIMO CHIIOBOTO OyTasio, rad.
HansraneTto Ha paboTHUAT Ta3 P ce u3uucisgBa mo cieaHaTa 3aBHCHMOCT:
MR

Ve Vc Vdead ’
P
T T Tdead

e c

P=
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KBJETO!
M — maca Ha pabotaus hayun, Kg;
R- rasoBa xoHcranTa Ha padotHus daynn, J/KgK;
V. — pasumupureiieH ooem, m3;
V. — 06em Ha KoMIpecus, m®:
Te — TeMIiepaTypa B pa3lIMPUTEIIHOTO MPOCTPAHCTBO, K;
T, — TemmepaTypa B IpOCTPaHCTBOTO 3a kKomrpecus, K;

Tdead € TeMIIeparypara Ha ra3a B MbPTBOTO IIPOCTPAHCTBO, ONPEACICHA OT H3-

pa3a:
T, +T,

Tdead = 2

PaSIJ_II/IpI/ITeJIHI/ISIT 006eM 1 00eMBT Ha KOMIIPECHUA 3aBUCAT OT IMOJIOXKCHHATA HA JUCII-

Jefchpa ¥ Ha CUIIOBOTO OyTaso:
VezA.(L—de ;o Vo=(A- AL+ X )+ AL, - X, ),

KBJIETO:
A- Hanpe4yHo CEYEHHE Ha JUCIUIEHCHPA, m2;
A, — HalpeyHO CeYeHHEe Ha MOTOBHWJIKATA Ha JUILIEHCHPA, m?;
A, — HaIIpeyHO CEYEHUE Ha CUIOBOTO OyTallo, m?;
L - xox Ha qucrielicbpa , M,
L, - xox Ha cuioBOTO OyTano, M;
X4 — OJIOKEHUE Ha AUCILIEHChpa, M;
X, — IOJIO’KEHHE Ha CHUIIOBOTO OyTano, M.

3. IIporpamen moxen B Matlab

JIBUTaTENnAT € MOJICIIUPAH KaTo MOjACUCTeMa B IiporpaMHa cpena Matlab (¢pur.4). Mo-
JEeIbT BKIIIOUBA aNreOpuyHu U AUGPEPEeHIIMAIHA ypaBHEHUS, KOUTO ca MOJECIHUPAHU C

uHCTpyMeHTH Ha Simulink.
Ta6n.1. CroiiHOCTH Ha apaMeTpUTe HA M3CIEABAHUS MOJEI

I11011 Ha HAIPEYHO CEYEHHE Ha AUCIUIeiichpa, A [m’] 2124.10™
[10111 HA HAITPEUHO CEYEHHE HA CUIIOBOTO OyTano A, [m?] 314.10™
Xoj Ha cwitoBoTo OyTaso L, [m] 0,13
O6eM Ha MBPTBOTO MPOCTPAHCTBO Veag [M”] 1.10°
Temmeparypa Ha pa3mIUPUTEIHOTO MPOCTPaHCTBO T, [K] 393
EdexTrBHa TemMnepaTypa B MbPTBOTO MPOCTPAHCTBO T gead [K] 345,5
Yecrora f [Hz] 4
Maca na padotaus Guryuna (Bp3ayx) M [kg] 0,041625
TI1011 HA HANIPEYHO CEYCHHE Ha MOTOBHMJIKATA Ha JAHCIUIeiichpa A, [m] 78,5.10"
Xon Ha auciuieiicspa L [m] 0,08
Maca Ha guciuieiichpa U Ha MoToBHIIKaTta My My [KQ] 0,0530
Temmeparypa B mpocTpaHcTBOTO 3a Kommpecusi, T, [K] 298
["a3oBa koHcTaHTa Ha Bh3ayxa R [J/KgK] 287
CrernuduueH TOIUIMHEH KalalUTeT HA Bb3AyXa MPH MOCTOSHEH 00eM

717,5
cy [J/kgK]
Hansirane Ha oxonnara cpena P, [Pa] 1,01325.10°
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®ur.4. CtpykTypa Ha nojicucreMara asuraren Ha Stirling ¢ kunemaruuso cBbp3Bane B Matlab

4. CumyJIallHOHHH Pe3yJITaTH
Cumynmpana e pabotarta Ha jasuraren Ha Stirling ¢ kuHemMaTnyHO CBBp3aHu OyTaia.
JIBuratensr e ¢ paboTeH Gayu Bb3AyX U ¢ KOHKPETHH IMapaMeTpH, ajaeHu B Ta0ur. 1.
M3MeHeHneTo Ha MONOXKEHUATa AUCIUICHChpa U Ha CHUJIOBOTO OyTalio MO BpeMe Ha
paboTa Ha ABUTaTesns ca nokaszanu Ha ¢ur.5. Buwxkna ce nedasupaHeTo Mexay ABETE
OyTaja u pa3vKaTa B Ib/DKHMHATA HA TEXHUTE XOJI0BE.
[IpomeHnuTe BBB BpeMETO Ha pasmuputresHus odeM V,, obema 3a xomrmpecus V. u
obmust o6em V ca nokazanu Ha ¢ur.6. OO6muAT 00eM Ha raza B apuratens V mpesic-
TaBJISIBA CyMa OT pa3IupuTeaIHus 00eM Ve u 06eMbT Ha kommpecus Ve.

OO6musaT o6em Ha paboTHUS (DIYU] 3aBUCH OT JBHKEHHUETO Ha CHUJIOBOTO OyTaso, Io-
paau KOETo MpoMsiHaTa Ha oOmms o0eM BBHB BPEMETO MMa CHHycowjaainHa (opma.
O06eMBbT Ha KOMIIPECHUS 3aBHCH KaKTO OT JBIDKCHHETO Ha JHUCIUICHCHpPA, Taka U OT
JBIKCHUETO HAa CHJIOBOTO OyTalIo.

[TpoMenuTe B pasmmpuTenHus o0eM ca CBbP3aHU CaMmo C ABMKCHHETO Ha JUCILICH-
cbpa. [lo Ta3u mpuunHa pa3mIMPUTENHUAT 00eM uMa opmaTa Ha MpoOMsHATa Ha TO-
JIO’)KEHUETO Ha IUCIUIeHChpa BbB BpEMETO, HO B 0OpaTHa IMOCOKa.

[Tonyyenara pabotHa p-V auarpama Ha ¢ur./ € mocTpoeHa cupsaMo oOuus o0eM Ha
raza B neurarens V. [IpomecsT oT T.3 10 T.4 € pa3mupeHue Ha paboTHUS Ta3 ¢ Moja-
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BaHe Ha TorunHa. [IpoueckT oT T.4 10 T.1 € U30XOpHO OXJIaXJAaHe IPU MaKCUMaJeH
00eM Vpax. OT 1.1 10 T.2 € crucTsiBade Ha paOoTHHS (Iyn] ¢ OTHEMaHE Ha TOILIMHA.
[IporechT Ha U30XOPHO 3arpsiBaHe MPU MUHUMAJIEH 00eM Vip € oT T.2 110 T.3.

[TomydeHusT pabOTEeH MUKBJI CE pa3jindaBa OT WICaTM3UpaHus MUKbBI Ha Stirling, mpu
KOMTO mporecure Ha crbersBade (1.1-1.2) u pasmmpenue (1.3-1.4) ca anguabaTHH.
3aTBOpeHaTa KpuBa MpeACTaBiIsiBa U3BBPIlICHATa Moje3Ha padbora W no Bpeme Ha 1U-
KbJIa.

HAp [m], #d [m]

T4 3.5 3B 37 3.8 39 4
time [s]

@ur.5. Ilo3umms Ha cHII0BOTO OyTano Xp ¥ Ha JUCIIIeHChpa Xy [0 BpeMe Ha paboTa Ha J1BU-
raren Ha Stirling ¢ kuaemaTHuHO CBBp3aHu OyTana

0.045 T T T

1 i 1 1 1
5.4 36 as } 7 a8 E¥:] 4
time [s]

@ur. 6. [IpomsHa Ha oOema 3a Kommpecus V¢ 1 odemMa 3a pasmmperne Ve U
o0miust 06em V BbB BPEMETO
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CruCTABAHE C DXNEHAAHE

04
0033 \ 0034
*rnin
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0.035 0.036
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0.037 0.038 0.033 0.04 0.041 7,‘ 0.042

Y [m3] Wmax

®ur.7. PabotHa p-V nuarpama Ha nsuraten Ha Stirling ¢ kuHeMaTHYHO CBbp3aHH OyTaia

[TonyuenuTe CTOMHOCTH 3a MOJOKEHUETO Ha JUCIUICHCHhpa KaTo (yHKIMS HA TOJIO-
’KEHUETO Ha CHJIOBOTO OyTaso 1o BpeMe Ha padoTa Ha JBUrartess ca JajeHu B rpadu-
yeH By Ha (ur.8. Korato cmiioBoTo OyTano ce HaMHpa OKOJIO FOpHATa WK J0JIHaTa
CH MBPTBA TOYKA, HETOBO MAJIKO M3MEHEHHUE B MO3ULHMATA X, OTroBaps Ha rOJIMO
U3MEHEHHE B MOJOKEHUETO Ha AUCIIerchpa Xg.

777777777777777777777777777777777777777777777777777

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

************************

,,,,,,,,,,,,,,,,,,,,,,,,,,

®wur.8. Busyanu3zaius Ha MpeMeCTBAHETO HA JTUCIUIeHCHpa Xg KaTo (PyHKIHS HA IPEeMECTBAaHETO Ha
cutoBoTo OyTaino X, npu asuraten Ha Stirling ¢ kuaemarnyHO cBBp3aHU OyTasa
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0.95

0.9

P/Pmax, V/Vmax

0.85

0.8

0.75

0.7 T T T T T 1
3.4 3.5 3.6 3.7 3.8 3.9 4

time [s]

®ur.9. U3MeHeHNEe B OTHOCUTENHY eUHULM HAa o0mus 06eM V/V max
1 Ha HasAraHeTo P/Ppyax BBB BpEMETO

[IpomsinaTa BBB BpeMeTo Ha paboTHOTO HamsraHe P u Ha obmus obem Ha rasa V B
OTHOCHUTEIIHU €IMHUIM ca AajieHd Ha (ur.9. AHAJIOrMYHO Ha JIBXKCHHETO Ha JBETE
OyTaia, HajsraHeTo U 00EMbBT Ha ra3a ChIIo ca aedasupaHd. MUHUMYMHUTE U MaKCH-
MYMHUTE Ha HAJSTAHETO C€ JB/DKAT Ha OXJIAXIAHETO W HArpsABAaHETO Ha PaOOTHHS
duynn npu noctosiHeH obem. ToBa ca mporecuTe, MPOTHYAIIM 110 BpeMe Ha MHHU-
MaJTHOTO OTKJIOHEHHE Ha CHJIOBOTO OyTalo ChOTBETHO OKOJIO HErOBaTa ropHa MbpPTBa
TOYKA U OKOJIO JIOJTHATa My MBPTBA TOYKA.

4. 3akoueHue

CumynalnMoHHHUTE Pe3yJITaTH, TOJIyYeHH upe3 ch3aaaeHus B Matlab cpena monen Ha
nsuraren Ha Stirling ¢ xuHemMaTHYHO CBBbp3aHM OyTana, ca CpaBHEHHU C PE3yJITaTH,
nyOJIMKyBaHU OT Apyru aBTOopH. OCHHMIOrpaMUTE BB BPEMETO Ha CPaBHSIBAHHUTE Be-
JMYUHA — XOJ Ha CHJIOBO OyTaso, X0 Ha AMCIUIEWCHD, U3MEHEHHE Ha 00EMHUTE BHB
BpeMeTOo M paboTHaTa P-V auarpama mokassat qo0pa cxogumoct [1,3,4,5].

[ToTBBpAEHa € paboTococoOHOCTTa Ha Mojena. Ch3IaieHUST CUMYJIallMOHEH MOJE
OIMCBA PEANTMCTUYHO paboTara Ha nBuraren Ha Stirling ¢ KHHEeMaTUYHO CBBp3aHu Oy-
tania. C Hero Morat Jia ObJaT MPOBEICHU M3CICABAHUS HA JIBUTATENS IIPH BapHpaHEe
Ha BXOJIHUTE apaMeTpPH.
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