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Predicting the optimal solution
in fuzzy linear programming problem

In this paper we try to define a percentage form of LR fuzzy numbers which is a useful form of fuzzy
numbers and its’ arithmetics. So, we show how the maximum variation range of optimal value of fuzzy
objective function can be predicted by using this form of fuzzy numbers. Since fuzzy problems are generally
solved through a complicated manner, the purpose of this study is releasing a kind of prediction for the final
solution in the way that the manager can access to an outlook to optimal solution (Z*) without solving the
problem. Finally, optimal value of fuzzy objective function on fuzzy linear programming is predicted when
maximum variation range of fuzzy variable have been predetermined.
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Introduction

In the recent past the fields of management science, operational research and industrial engineering have
dedicated a lot of attention to decision making theories, decision making methods and application. For the past
sixty years, many research works in these areas have been documented. However, there is a need to develop
new methods that would fit real world problems in the context of linear programming. The traditional methods
of linear programming modeling require precise model parameters and this, is not obtainable in real world
problems. So, researchers usually estimate model parameters by themselves and These estimated values of the
model parameters may not be precise.

Tanaka et al. [1] proposed the concept of fuzzy mathematical programming based on the fuzzy decision
framework of Bellman and Zadeh [2]. Zimmerman [3] introduced the first formulation of fuzzy linear programmi-
ng (FLP) to address the impreciseness of the parameters in linear programming (LP) problems with fuzzy
constraints and objective functions. A number of researchers have exhibited their interest to solve the FLP
problems [4-13] and fully FLP problems [14-23].

A new form of fuzzy numbers called percentage form of LR fuzzy numbers (PLR fuzzy number) is now
introduced in this paper. This form of fuzzy numbers are applied to many discipline such as industrial application,
mathematical modeling and management sciences. Arithmetic operations of this form of fuzzy numbers and
some properties of it is studied. Also the prediction process of fuzzy optimal solution and its variation range is
described in this paper according to properties of this form of fuzzy numbers.

The solution of FLP problems and fully FLP problems cannot be calculated by applying the majority of
existing methods in which some or all the parameters are represented by unrestricted LR fuzzy numbers. In
addition, there are large computational procedure with some existing methods [20]. By predicting the range
of fuzzy numbers’ change and reaching to an outlook of optimal solution and also having an alternating fuzzy
variables’ frequency range on demand, we are able to find the optimal solution with ideal frequency range.

Preliminary Concepts

In this section, we introduce some basic definitions on fuzzy set theory and the main concepts needed in
the paper. _ B
Definition 1. Let X be a collection of objects denoted generically by z. A is called a fuzzy set in X if A is
a set of ordered pairs: B
A={(z,pz(2)) |z e X}

where f 7() is a membership function of 2 in p 7 such that pz(z) : X — [0,1].
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Definition 2. A fuzzy number A is said to be a LR-flat fuzzy number, A= (al, a*, a, ,8) g » if its membership

function is defined as
a -z .
L , r<a
o
1 <

)

Tz —a"
R , x>a"
()

0 , otherwise

pale) =

where L and R are reference functions, ie., L,R: [0,4+00) — [0,1] are non-increasing that L(0) = R(0) =
1 and L(1) = R(1) = 0. The membership function of a LR fuzzy number, A = (a,a, )R, can be also

defined as
L<a—x) , z<a
o

pale) = R(xga) ., T>a

0 , otherwise

Definition 3. Let A = (a1,01,p1)z and Ay = (az, a2, B2) . be LR fuzzy numbers and r € R, (r # 0)
then arithmetic on fuzzy numbers are defined

AL @ Ay = (a) + ag, 1 + ag, B +B2) LR (28)
A, = (rai ,roq , f1) g , 7>0
(ray , —rp1, —ron)p , 7 <0
(araz , aras +agar , a2 +azfr) g , where ;4:1 =0 , }1:2 =0
Avl ® Avg _ (CLlag , 201 — alﬂg y agﬂl — CL10&2)LR s where 41 <0 5 42 >0 (29)
(a1az , arag —azfi , a1fa —azar)pp , where A1 =0 , Ay <0
(al(lg R —(1152 — CLQﬁl ,— 10 — azal)LR , where A1 <0 s Ay <0

Remark 1. We denote the set of all LR-fuzzy numbers by F(R).
Definition 4. A linear ranking function is a function R : F(R) — R, which maps each fuzzy number into a
real line, where there is a natural order.

m(ﬁ) - ;/Ol(Lh(x)—th(x))dh

where [Ly (), Ry ()] is h — cute of A.

Let A = (a,a, ) be a triangular fuzzy number then

m(ﬁ) =a+i(ﬂ—o¢).

PLR fuzzy number
Here a very useful form of fuzzy numbers is discussed and the arithmetic definition of this form of fuzzy
numbers is given. We also show that the arithmetic of this form of fuzzy numbers is simple when compared
with the current form of fuzzy numbers.
Definition 5. (PLR fuzzy number) Let
A= (a,0,8) g, a,8>0 and a#0
be the LR fuzzy number, then

A:(a,a%ﬁ%), a,8>0 and a#0
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is called PLR fuzzy number and the a and B are the left and right percentage deviation from the center of
fuzzy numbers (a), respectively. The formula to convert LR fuzzy number to PLR fuzzy numbers and back are
as follows :

A

(a,0,8) g = (a,ﬁ100%7 o |100%>
a

alal ﬁla>

A= ((L, a%,ﬁ%) = <CL, ﬁ, ﬁ

Note that, LR fuzzy numbers and PLR fuzzy number are called normal and percentage form of fuzzy
numbers respectively.
Ezample 1. Suppose A = (10,2, 3), ; is a LR fuzzy number then its PLR form is as follow:

3

A=(10,2,3),, = ( |10|100%, 0]

100%) = (10, 20%, 30%) .

Furthermore suppose A= (—50, 8%, 14%) is a PLR fuzzy number then its LR form is as follow:

~ 8 x | —50| 14 x | — 50
A = (=50,8%, 14%) = | —50, , = (—50,4,7

Definition 6. Suppose A= (a,a%, %) is PLR fuzzy number, if a = § then A is symmetric PLR fuzzy
number and we show A = (a, a%).

Arithmetic Operation on PLR Fuzzy Numbers

Let A, = (a1, 1%, $1%) and Ay = (a2, 2%, B2%) denote PLR fuzzy numbers and » € R, (r # 0) then LR
form of Ay and A, are as follows:

A= (a ailar| Bilas] A= (a aslas| Bolas]
7100 7 100 ), 7100 0 100 ),

Addition (®): According to Equation (1),we obtain

ailar| | aglag| Bilai +ﬁ2\a2|
100 100 ° 100 100 ),

_ < ailai| + aslaz| [31|a1|+52a2|>
- a1+a27 .
LR

g1 @Z2 = (fh + asg,

100 ’ 100
PLR form of above LR fuzzy number is as follow:

onfar| +aslaz|  100%  Bilaa| + Balaz| 100%)

gl S Az = ((11 + as,

100 la1 + as|’ 100 la1 + az]
_ (a1+a 041|6l1|-|-042|@2|%7 61|a1|—|—62|a2| )
la1 + ao| lar + as|

Scalar Multiplication:
Case 1: If » > 0 as a result |ra| = r|a| therefore

T ala|  Bla|
TA_(m’Tloo 100

PLR form of above LR fuzzy number is as follow:
A= ’Toz|a| y 100%7rﬂ|a| " 100%
100 |ra] 7 100 [ral
alal]  100% rBlal  100%
= ,T—— X , X
100 r|a| * 100 r|al

) = (ra,a%, f%) .

Case 2: If r < 0, similar to Case 1 we have

rA = (ra,B%,a%).
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Multiplication: _
Case 1: LetA; and Ay be non-negative PLR fuzzy numbers then |a1| = a1, |az| = a2 and |a1az| = ajas.
According to Equations (2),we have

~ = arap azay  Bray Baaz
A @Ay =
184 ((““2’ 100 > 700 “ 100 2 T 00 C“)LR

(4 araz(ar + o) araz(fy + B2)
e 100 100 .

PLR form of above LR fuzzy number is as follow:

~ ~ 100 100
AL ® Ay = <a1a2, ma5(01 + a2) % a102(B1 + fa) )

A %
100 Jaras| 100 Jarag]
=4, ® Ay = (ar1a2, (a1 + a2)%, (B1 + B2)%) -

Case 2: Let Zl = (a1, 1%, f1%) and /Tg = (ag, a2%, $2%) be non-positive PLR fuzzy numbers then
Ay ® Ay = (aras, (B1 + Ba) %, (1 + ) %) .

Case 3: Let A; = (a1,01%, $1%) is non-negative and Ay = (a2, aa%, B2%) be non-positive PLR fuzzy
numbers then

A ® Ay = (arag, (2 + 1) %, (a1 + B2) %) -

Case 4: Let A; = (a1,01%, $1%) is non-positive and Ay = (a2, aa%, B2%) be non-negative PLR fuzzy
numbers then

Ay ® Ay = (ayag, (01 + Ba2) %, (a2 + 1) %) .

In summing up, if ,L = (a1, 1%, 1%) and ;{2 = (ag, 2%, f2%) be PLR fuzzy numbers then

~ ~ arlal| + asla ay| + a
A= (a1+a2, 1]a1] alas|  Bilai| + Ba| 2|%>

a1 +ao| 7 Jar + asf

o (ra, a%, %) , r>0
| (ra, %, a%) , r<0

(a1a2, (a1 + a2) %, (B1 + P2) %) %1 =0, %2 =0
A @Ay = (ara2, (a1 + B2) %, (a2 + f1) %) , A1 20, A2 =0
(ara2, (a2 + B1) %, (a1 + f2) %) A1 z0, A2 =0
(arag, (B1 + B2) %, (an +a2) %) , A1 20, A3 <0

Proposition 1. Let A; = (a1, 1%, B1%) Ay = (ag, ¥2%, B2%) , ... , A, = (an, n%, Bn%) be PLR fuzzy
numbers and

2
-
(e}

, i:1,2,...,n}

P
N:{i‘ﬁi<0 : ¢=1,2,...,n}

then

Ko de o, - ( (zaﬁzﬁi) " <za1+z@> %>.

ieP €N ieN ieP
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Proposition 2. Let A, = (a1,01%, B1%) , Ay = (ag, 0%, B2%), ..., A, = (an, an%, Bn%) be non-negative
PLR fuzzy numbers then

ﬁ1®g2®~~®gn:(alag--~an,(a1+a2+-~-+an)%,(ﬁ1+52+-~-+ﬁn)%).

Proposition 3. Let A; = (a1,01%, B1%), Ay = (ag, 0%, Bo%), ... , A, = (an, an%, Bn%) be non-positive
PLR fuzzy numbers then

A @A @ @A, = (a1 an, (B + Ba+ -+ Bn) %, (1 + g + -+ ) %) .

Ezample 2. Let Ay = (4, 2%, 3%), Ay = (=5, 8%, 4%), A3 = (6, 9%, 5%), A= (3,2%,8%) and
As = (=3,1%, 6%) be PLR fuzzy numbers. Then P = { 7 ‘ A; - 0} ={1, 3, 4} and N = { 1 ‘ A; < O} =
= {2,5}. Multiplying these fuzzy numbers is calculated as follows:

A @A, ® A3 ® Ay ® As

= [4x(=5)x6x3x(=3), | > at D Bi|%| > ait Y. Bi|%

ie{1,3,4} ie{2,5} ie{2,5} ie{1,3,4}

- (1080,[(2+9+2)+(4+6)]%,[(8+1)+(3+5+8)]%>

_ (1080,23%,25%).

According to Proposition 1, it is observed that multiplication of fuzzy numbers by PLR fuzzy numbers is
simple and uncomplicated in contrast to LR fuzzy numbers.

Predicting fuzzy optimal solution

In this section, we describe how the maximum variation range of optimal solution (Z *) can be predicted
respectively for general form of fuzzy linear programming and special form of fuzzy linear programming problem
when the maximum variation range of fuzzy variable is predetermined.

Proposition 4. Let A1 = (a1,01%, 51%) and Ay = (a2, a2%, f2%) be PLR fuzzy numbers and ajas > 0 then

Avl ©® 112 = (a, a%, B\%)
then

min{ay, @} < & < max{ay,as}
min {1, B2} < B < max {31, B}

Proof. Without prejudice to the generality of the problem suppose a; < as as a result max{aj,as} = as
and min{a;, as} = a1. In addition,

aijas > 0= |a1 +(12| = |a1| + |a2| 75 0
then

ay < ap
ailai| < aslaq|

ailar| + aslas| < aslar| + azlas|

Q101 + Qeas
la1 + as]
a < max{ay,as} (30)

=
=

= ailai| + aglaz| < as([ai| + [az|) = az|ar + aqf
= < ap = max {a, a2}

=
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Q> o
aglaz| > agas|
atlai| + azlaz| > a1as| + ailas]
anfar] + azlaz| 2 ar((ar] + |az]) = onfar + az|
Qia; + Qa0
a1 + as|
a > min{aq, @z} (31)

> o1 =min{ag,as}

A

(3) and (4) = min{a, a2} < @ < max {ag, oz} .

Proof for B\ is similar to the proof for a. B N
Proposition 5. Let Ay = (a1,01%,51%) , Az = (a2, 2%, 52%), ..., Ap = (an, an%, Bn%) be PLR fuzzy
numbers and a;a; > 0, ¢ # j then

AdAe A, = (a1+a2+~~-+an,a%,,§%)

then
min {ag, ag,...,a,} <& <max{a,az,...,an}

and

min{617ﬂ27 e aﬁn} S B S maX{BhﬁQa e aﬂn}
Predicting mazimum variation range of objective function

Now we show how the maximum variation range of fuzzy objective function is predicted for general form of
fully fuzzy linear programming problems.
Let a fully fuzzy linear programming be defined as follow:

Min

n
or Z:ZEj ® T;
Mazx j=1
=
n or _ (32)
s.t. doay @ o~ b, i=12....m
j=1 or
=

where z; = (xj,a%%,ﬂwj%) ,Cj = (cj7acj%,ﬂcj%) , Qi = (aij,aa”%,ﬁa”%) and b; = (bi, ap, %, By, %) be PLR
fuzzy numbers fori=1,...,m, j=1,...,n.

Theorem 1. Let ¢; = (cj, Qe; %, Be; %) and z; = (zj, Qe %, Ba; %), j=1,2,...,n be non-negative PLR fuzzy
numbers and T; be feasible solution of fully fuzzy linear programming problem (5) also

n
7= (2,&%,6%) =Y & o
J=1

is the objective function of fully fuzzy linear programming problem (32) then
Z=ciT] + Ty + -+ cpTy
and

Qmin < a< AOmaxy Bmin < B < Bmaz
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where

Qpmin = Min {aQ + oy,

Qmar = MAax {aQ + oy,

Bin =min { B, + B,

Braw =max { B, + B,

Theorem 2. Let ¢; = (cj, Qe; %, Be; %) and z; = (xj, Qg %, Ba; %), j=1,2,...,n be non-negative PLR fuzzy
numbers as well as a,; € [0, s;] and 3., € [0,7;] also

n
Z=(za%8%) =Y 5o
j=1
is the objective function of fully fuzzy linear programming problem (5) then
i o) <3 e (o)

:{r,lzin n {ﬂ%} < E S _max {rj +6C]}

.....

Proof.

Vi=1,...,n, a; €[0,s;] and B;; € [0,7;] = 0 <y, <55 and 0< B, <7y
=>Vj:1,2,...,’l’b ) acJ- §a$j+a0j§5j+a0j ) ﬁ0j§62j+ﬁ0jgrj+ﬁ0j
So
i oo} < min{as, +ag)

jmax {az, +ac,} < jmax {s] + ag, }
'7m1n {Bc,} < min {,Bx] + B, }

jmax {Be; + B, } < jmax {rj +Be,}

..........

i=1,2,...n T j=1,2,...n
jmin {Bp<B< max {r;+ 0}

Example 3. Consider the following fully fuzzy linear programming problem:
Min Z=0¢ ®%) & & ® i
s.t. 411 T ® 12 @ Ta = by
Gy @ 1 @ gr @ T2 < by
Z1,To2 = 0

where El = (12 6%,4%), 52 = (20 5%,5%), 611 = (8,5%,4%), 612 = (10,5%,4%), 621 = (15,10%,8%),
522 = (18,6%,5%) b1 = (60 10%,6%) b2 = (120,6%,8%) s 51 = (ml,azl%,ﬁxl%) and fz = (iCQ,CEIz%, 512%)
be PLR fuzzy numbers. An addition maximum variation range of Z; and Z» are predetermined in Table 1.

Table 1
Maximum variation range of 7; and Z»
71 T2
S1 T1 S2 T2
Maximum variation range 6% 4% 3% 4%
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Therefor
0<ay;, <s1 = a¢ <az +ag <81+ag
= 6<qa; +ta, <s51+6=6+6=12
0<a;, <s2 = g < ag, +ae, < s+ ag,
= 5<ag, +ae <s3+5=3+5=8
0<Br1<rl = 601§6z1+ﬂc1§7’1+561
= 4< Py +PBey <1 +4=4+8=8
O<ﬁx2<r2 = 602§5$2+602§r2+602
= 5<Bey +Pe, <rao+5=4+5=9
Thus
min {ae, + g, Ay + 0z} > min{6,5} =5
max {ae, + Qg , 0, + 0, } < max{12,8} =12
and

min {Bcl + 551?17/362 + Bxg} > min {4, 5} =4
max {Bcl + 5I13502 + ﬁmz} < max {8,9} =9

According to Theorem 1 we find
p<a<l2, 1<B<9

where Z; and Z» are feasible solutions and Z = (2, a%, 3%) is a value of objective function proportional to x;

and 3. The variation range of & and B indicate that, for each fuzzy feasible solutions, & vary between 5% and
12% and S vary between 4% and 9% (See Figure 1). Especially, if 23 and 25 are optimal feasible solutions then

variation range of Z* can be predicted as follows:

7 :{(z*,a*%,ﬁ*%) ‘ a*e[5,12] , B € [4,9}}

Z

12% a% 5% z 4% % 9%
Figure 1. The variation range of left and right side of Z

Note that Theorem 2 imply that the maximum variation range of left and right side of Z* may be changed
if the maximum variation range of left and right side of fuzzy variable is changed.
In other words: _

e The minimum variation range of left and right side of Z* is independent of fuzzy variables’ variation
range. B

e The maximum variation range of left and right side of Z* is dependent on fuzzy variables’ variation range.

Predicting optimal value of objective function
Here, we describe how the optimal value of objective function in fully fuzzy linear programming problems

are predictable when all of the parameters and variables are symmetric triangular fuzzy numbers.
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Theorem 3. If A = (a,a%) and B = (b, 8%) are symmetric PLR fuzzy number and a + b # 0, then A ® B
is symmetric PLR fuzzy number. _

Proof. A = (a,a%) and B = (b, %) are symmetric PLR fuzzy number, then we can show A = (a,a%, a%)
and B = (b, 6%, %) and we have

g@§:<a+aﬂﬂ+mbyaﬂ+ﬂﬁ%>

a8 7 Jat bl

Shows that A & B is symmetric PLR fuzzy number. o o

Theorem 4. If A = (a,a%) and B = (b, %) are symmetric PLR fuzzy number and A, B % 0 , then A ® B
is symmetric PLR fuzzy number.

Proof. Analogous to the proof of Theorem 3.

Lemma 1. Let A; = (a;,a;%) and B; = (b, 8;%), 7 = 1,2,...,n be non-negative symmetric PLR fuzzy
numbers and

7=Y 405
j=1

then Z is symmetric PLR fuzzy numbers.
Lemma 2. If A = (a,a%) is symmetric triangular fuzzy number then R (ﬁ) =a.

Suppose all the parameters and variables in the fully fuzzy linear programming (5) are triangular symmetric
fuzzy numbers, then as a consequence of Lemma 1 the result of -7, ¢; ® ¥; and > 7, @;; ® T; are symmetric
triangular fuzzy numbers. In addition

R ZEj®xj —chx]
j=1 j=1
n n
R ZEU@@ —Zaum], i=1,2,...,m
j=1 j=1
9%(’51-):1)1-, i=1,2,...,m
Eﬁ(fj):xj, j:1,2,...,n

In fact, the left and right sides of PLR fuzzy parameters and variables are ignored by applying defuzzifi-
cation. Hence the fully fuzzy linear programming (5) with using ranking function is converted to crisp linear
programming as follows:

Min =
(MCLJ?) Z—Zlcj' Cﬂj
i=

a - (33)
s.t. Zai-j x; = b , i=12,....m
j=1 <
Ty Z 0
Assume that 27, j = 1,2,...,n are optimal feasible solutions of linear programming (6) then 7% = (z*,a*%) is

a prediction for the optimal objective function of model (5) where
2" =] + coxy + -+ cp,
and

jamin {ae} <a” < max {ac +s;}.

Example 4. A company produces 3 kinds of goods with high profitability. Market estimation shows that
each of these products can be sold at $865, $580 and $470 with maximum variation rate of 9%, 7.5% and 12%
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respectively. The company has 3 stages of production and each of these products require a proportion of the
capacity of these stages. Maximum capacity of each production stages and proportion of the needed capacity
for each product with its’ maximum variation rate are given in Table 2.

Table 2
Require a portion of the capacity of production stages for each products
Production Stage 1 Production Stage 2 Production Stage 3
Products Value a Value @ Value a
P1 1 0% 5 3% 3 1%
P2 0.8 0% 3 5% 2 2%
P3 2 0% 2.5 4% 1.2 4%
Maximum Capacity 200 2% 680 6% 400 3%

« : Maximum variation rate of each data

Since these goods are all best-selling, the company wants to get maximum production capacity. Here the
manager really wants to know the amount of maximum profit and variation rate of profit when maximum
variation rate of products is predetermined to be 5% and 10% respectively. This problem of goods production in
the way that profit is maximized and the restrictions are met, is formulated as the following fully fuzzy linear
programming. B

Max Z = (865,9%) ® 1 @ (580, 7.5%) ® To @ (470,12%) ® T3
s.t. (1,0%) ® T1 @ (0.8,0%) @ T2 ® (2,0%) ® T3 < (200, 2%)
(5,3%) @ Z1 @ (3,5%) @ T @ (2.5,4%) ® T3 =< (680, 6%) (34)
(3,1%) ® T1 D (2,2%) ® T2 @ (1.2,4%) ® T3 = (400, 3%)
T1,T2,23 = 0
By appealing to the ranking function for defuzzification, the above fully fuzzy linear programming is converted
to simple crisp linear programming as shown by the following

Max Z =865x1 + 580z + 47023
s.t. x1 4 0.8x9 + 223 < 200
5z1 + 322 + 2.523 < 680 (35)
3x1 + 222 + 1.2253 < 400

L1,T2,T3 2 0

The maximum value of objective function of linear programming problem (8) is (Z*) equal to 2520. Since fully
fuzzy linear programming problem (7) is simplified to crisp linear programming problem (8), Z* = 2520 is
an appropriate approximation for optimal profit irrespective of variation range of fuzzy parameters and fuzzy
variables. Then, by applying Theorem 2, according to maximum variation range of products, maximum variation
rate of optimal profit is calculated, as given in Table 3.

Table 3
Maximum variation range of products and profit for Example 4
Maximum variation range of products Maximum variation zZ*
P1 (1) P2 (z2) P3 (x3) range of profit
1 5% 5% 5% 17 % (2520, 17%)
2 10% 10% 10% 22 % (2520, 22%)
Conclusion

The given approach of in this paper differs significantly from other similar research studies which were
conducted in the class of fuzzy linear programming problems. Here we introduced the PLR fuzzy numbers
which are applicable to many branches of knowledge. In addition, in contrast to arithmetic operations on LR
fuzzy numbers which are usually very complicated and voluminous, we have developed PLR fuzzy numbers
with simpler multiplication operations and fewer computational procedures. Therefor in this method we are

34 Bulletin of the Karaganda University



Predicting the optimal solution...

able to reduce the lengthy numerical algorithms required in an arithmetic operations on fuzzy numbers when
the number of multiplication operations are more than the number of additional operations. Furthermore, by
applying our percentage form of fuzzy numbers in fuzzy linear programming problem, we are able to predict
maximum variation range of optimal value of objective function when the maximum variation range of variables
are predetermined.
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C.M. JlaByim, H.A. A6y Paxman

AHnbIKEMecC CBIBBIKTHIK OarJgapJjiamMaJiay ecebiHeri
OHTalJIBI MIeNTiM/ i boKay

MakaJjtazia aHbIKeMeC CaHIap/IblH, Maia/Ibl TYPl MEH OHbIH, apU(dMETHUKACHI OOJIBIIT TaObLIATHIH, AHBIKEMEC
cangapabie LR maibi3nplK TYpiH aHBIKTayFa THIPBICKAH. ABTOPJIAp aHBIKEMEC CaHIAP/IBIH OChI (DOPMACHIH
KOJIZIaHA OTBIPBII, aHBIKEMEC OO BEKTUBTI (DYHKITHSIHBIH OHTANIIBI MOHIHIH, ©3repyiHiH MAaKCHMAJIIbI JUATIA30-
HBIH KaJiail 60JKayra O0JIaTBIHIBIFBIH KOPCETKEH. AHBIKEMEC MOcesIesep 9eTTe Kyp/aei Type MeniaeTiH-
JiKTeH, GyJI 3epTTEyAiH MaKcaThl — MeHeKep MaceJesIep/ll [IelecTeH OHTaiibl mentiM GosrkaMbiHa (Z7)
KOJI 2KeTKi3e ajaThiHail eTin TYmKigikTi mremriM ymra 6o/KaMm TypiH mbrapy 60sbin Tabblaansl. Co-
HBIH/IA, AaHBIKEMEC CBI3BIKTHIK, OargapsiamMaJay Ke3iHje aHbIKeMec O0beKTHUBTI (pYHKIMAHBIH OHTANIBI MOHI
aHBIKEMEC alfHBIMAJIBIHBIH ©3TePYiHiH, MAKCUMAJIIBI UANA30HbI AJIbIH-aJ1a aHBIKTAJIFaH Ke3/e O0IzKaHa b

Kiam ceadep: aHbIKEMEC CAHIAPABIH, MANbI3ALIK TYPI, TAK CaH, aHBIKEMEC ChI3SBIKTHIK, OaF apiaMaJiay, aHbIK-
eMec apudMeTnKa.

C.M. laByym, H.A. A6y Paxman

HpOFHOBI/IpOBaHI/Ie OIITUMAJIBHOI'O pellleHnd B 3aJa4de
HEYEeTKOI'0 JIMHEIMHOIO ImporpaMmmMmnpoBaHUA

B crarbe npeanpuHsiTa IONBITKA ONPEIETUTh TPoleHTHYI0 ¢popmy LR HedeTkux umcest, Koropasi siBJIsI€TCsT
moJie3H0M (HOPMON HEUEeTKUX YucCes U ee apudMeTHKoi. ABTODBI IMOKa3bIBAIOT, KAK MOXKHO IPEJICKA3aTh
MaKCHUMaJIbHBIA TUANa30H U3MEHEHNsI ONTUMAJILHOIO 3HAYEHUSI HEYETKOH Ie1eBOi (MDYHKIUU C IIOMOIIBIO
91Ol POpPMBI HEUETKUX 4Yncesl. [I0CKObKY HedeTKue MpoOJIeMbl, KaK MIPABUJIO, PEIIAIOTCS CJIOXKHBIM 00pa-
30M, [EJIb 3TOrO HUCCJIECIOBAHUA — BBILYCTATH CBOErO POAA MPOTrHO3 JJjId OKOHYATEJIbHOI'O PEIICHUS TAKAM
06pa3oM, 9TOObI MEHE/KEP MOr IOJIYYUTh JOCTYH K MPOrHO3Y ONTHMAJLHOrO pemteHus (Z*), He peras
npobyiembl. HakoHerr, onTuMalibHOE 3HAUYEHNE HEUETKON I1eJIeBOM (DYHKIIUU [TPU HEYETKOM JIMHEHHOM IIpo-
rpaMMUPOBAHUU IPEICKA3bIBACTCA, KOrJa IPeJonpele/lcH MAKCUMAJIbHBIA TUAIla30H U3MEHEHUST HEIETKON
IepEeMeHHOI.

Karouesvie caosa: porieHTHasT popMa HEUETKUX UHCes, HeYeTKOe YUCJI0, HEYETKOe JIMHETHOe IIPOrPaMMIU-
poBaHUe, HeUeTKasT aprudPMeTHKA.
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