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Vendor managed inventory model with deteriorating items and
partial backlogging under integer ratio strategy
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Abstract We give a single vendor and single buyer VMI model in which raw materials are no deteriorating,

items are deteriorating and buyer faces partial backlogging for unmet demand. It’s not necessarily the best

optimal way that vendor employs lot-for-lot strategy to yield items for the impact of setup cost. Therefore,

we allow that vendor employs integer ratio strategy to procure raw materials and yield items, which means

that each batch of raw materials procurement meet integer time of production, and each batch of items

yield meet integer time of replenishment to buyer. We get these decision variables of time that meet

production of each batch of raw materials procurement, time that meet replenishment to buyer of each

batch of items yield, replenishment interval and buyer’s service level by solving steps based on genetic

algorithm. The result of numerical example indicates that the VMI system can get the satisfied solution

of minimum per unit time total cost when vendor employs integer ratio strategy to procure raw materials

and yield items. The respective change of setup cost, deterioration rate and losing sale ratio has an affect

on vendor decision to produce and the minimum per unit time total cost of VMI system.

Keywords integer ratio strategy; deteriorating items; partial backlogging; genetic algorithm; VMI

1 JK

�����	� VMI (vendor managed inventory) �����
��	���	���
. VMI 	�
�����
�
����	� [1] ��	����	�� [2]. � VMI ���,���
�����
	���	���, ����	����������, ����������. ���� VMI ����
��	���	�����������. Cetinkaya � [2]����� [3] � Darwish � [4] �������
��������	�����	���	 VMI ��, ��� [2–4] �	�����������, ���
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)#*($, $'#�%, #� $: &&$�%'�%.
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,-)��� Æ��*�����	���, &+	��,�-,'(. ���!��"#�, ���
)$+*.+����Æ/*��+0	 VMI ��,-1.. Woo � [5]�,-%� [6] � Yu � [7] ./2

���).��/��)$+*., &��)$	+*.0�����, �3
3 (lot-for-lot) �����
�, &����	�����	��/45��6 �������	 VMI ��. &���	����0
1���
����	������'(,, ���).��/������, &����	��0���
������	��, �/3
3��)*1 [8−10]. Zhang � [11] +�������).��/����
��	78
�� [5] +0212.

34��	22����3	,��95��-:�3.�6��'4�4���/�56, &7�7
�� (deteriorating items). 4;0� [12] � Lan � [13] ��� [2–3] 	15-��22�7��	 VMI �
�, ,��� [13] 8,96:7
��+0203; Zhou � [14] ./2� 2�7��	��	���, �
�����).��3���; ;<8� [15] ��2� 2�7��	��
	�����, ��� [14–16]
�����+*.)$��. �=��/<=9, �8+*.�7>����7>�:4�	78, +*.
�7>�
�>��5��6, ?9?��7> [16]. ,-%� [16] � [5] 	15-��2���)$+*.
+����, @���+*.�7����7	 VMI ��. ��'5��A����1.56, �;5A�
,A�+,@B+�	,C<� [17] � [16]	15-��2���=A��A7>�Æ�5�8>+0>9
?/D	 VMI ��. ��� [16–17] �����).��/��)$+*.�3
3������.

:-�B, ;
���)$+*.�����,�).��/��, @���+*.�7����7	
VMI ��, 5��:47�;��	��. +����'5��A�+,@B+�<�78, ��;E29
2� ����� ���, @���=A�@0+�	 VMI ��. 1496:7�62�=C,DE<
���=>�A?�	03�>, 122��	�.BF.

2 WX?Y

2.1 Z[\]^@A_`
1) VMI ��3� ����� ���B�, ���GHC���; 2) ���)$+*.	��47

F, 6�)$	+*.0�����, ���+*.�7; 3) �����756, �7>7-�, CI,@�
7�7&�	��	� 9?0�, �7��4DC; 4) ���	��>����=G	��+0>�7-
�, @��>�4��+0>; 5) �������	��0����3�������, ����47F; 6)
���=A�A7>�Æ�5�8>+0>	9?/D, @A�4�� ��@A4HÆ,-,E'��;
7) �������ÆFJK
G		���G
. ��HB?D<�:

m 7�����)$	+*..4����	�� (����); n 7�������	������
��	�� (����); Am 7��+*.)$��; hm 7CI+*.CI,@�3��; M 7��6C

I���++*.��; Av 7����01��; fv 7CI������; hv 7���=CI��CI,
@�3��; θ 7���7>, 0 < θ < 1; P 7��	��>; D 7��	��+0>, P > D; T 7���
����	� ��@A4 (����); λ 7���=	CLMI, &��@A45�5�	,@E��@
A4IJ	/D (����), 0 ≤ λ ≤ 1; Ab 7�������	������; hb 7���=	CI��

CI,@�3��; fb 7���CI��)$/D; sb 7CI��CI,@A���; lb 7CI��	KC

��; μ 7KC��, &A�4@KN	+0>E�5�8>+0>	/D, 0 ≤ μ ≤ 1.
2.2 Z[ab

VMI ������=	��		�MI��<O 1 �P. t1 7;5A�	,JL, � t1 = λT , ���
�� GH@A4 T 5 t ,J		�MI Ib(t) /*�KQ0G�:⎧⎪⎨

⎪⎩
dIb(t)

dt
= −θIb(t) − D, 0 ≤ t ≤ t1

dIb(t)
dt

= −(1 − μ)D, t1 ≤ t ≤ T

(1)

3MERF, �E
 (1) 	37:⎧⎨
⎩

Ib(t) =
D

θ
[eθ(t1−t) − 1], 0 ≤ t ≤ t1

Ib(t) = −(1 − μ)(t − t1)D, t1 ≤ t ≤ T
(2)
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1tT
0

q
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( )bI t
(0)bI

– D – b(t)

c 1 HdeIJKfJgLhiMj T0t 2T 3T kT kT ( 1)k T ( 1)n T nT
nT

q

( )vI t

0S 1S 2S 1kS 2kS 1nS

0 ( )P I t 1( )nI t

c 2 NkeIJKfJgLhiMj

0

MP

MP

MP

mnT

nT
0kT t

0( )MP kT t

0( 1) ( )m MP kT t

c 3 NkeIJlOmJgLhiMj

3
 (2) �E���������	��3�7:

q(λ, T ) = Ib(0)−Ib(T )=
D

θ
(eθλT−1)+(1−μ)(1−λ)DT

(3)
�� ��@A45, ���=	��	�����
�3����7���A����KC��<�:
���=	��	����:

CAb = Ab (4)

���=	��	�3��:

Chb(λ, T ) = hb

∫ t1

0

Ib(t)dt =
hbD

θ2
(eθλT − θλT − 1)

(5)
���=	��	�7��:

Cdb(λ, T ) = fb

∫ t1

0

θIb(t)dt =
fbD

θ
(eθλT − θλT − 1) (6)

���=	��	A���:

Csb(λ, T ) = sb

∫ T

t1

[−Ib(t)]dt =
sbD

2
(1 − μ)(1 − λ)2T 2 (7)

���=KC��:
Clb(λ, T ) = lbDμ(T − t1) = lbDμ(1 − λ)T (8)

3
 (4)–(8) �E���=	CI,@	���7:

ATB(λ, T ) =
CAb + Chb(λ, T ) + Cdb(λ, T ) + Csb(λ, T ) + Clb(λ, T )

T
(9)

VMI ������=	��		�MI��<O 2 �P. S0, S1, · · · , Sn−1 0U7����� ��@
A45, 6 ��@A45		��. ��HÆ,JL7 t0, ��IC,JL7 kT + τ , ����6 ,J
LW����� q(λ, T ) ��	�X.

�=03����� ��@A45��		�� Sv.
& t ∈ [t0, T ] ,, 3 dI0(t)

dt = P − θI0(t); I0(T ) = q(λ, T ) �E:

I0(t) =
1
θ
[(θq(λ, T ) − P )e(T−t)θ + P ] (10)

3
 (10) � I0(t0) = 0, �E:

t0(λ, T ) = T − 1
θ

ln
[

P

P − θq(λ, T )

]
(11)

3
 (10) � (11) �E:

S0(λ, T ) =
∫ T

t0(λ,T )

I0(t)dt =
P

θ2
ln

[
P

P − θq(λ, T )

]
− q(λ, T )

θ
(12)

& t ∈ [(i− 1)T, iT ], i = 2, 3, · · · , k ,, 3 I1(T ) = 0; dIi−1(t)

dt
= P − θIi−1(t); Ii−1(iT ) = Ii(iT )+ q(λ, T )

�E:

Ii−1(t) = −P

θ

[(
eθT +

θq(λ, T )
P

e2θT + · · · + θq(λ, T )
P

e(i−1)θT

)
e−θt − 1

]
(13)
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3
 (13) �E:

Si−1(λ, T ) =
∫ iT

(i−1)T

Ii−1(t)dt =
P

θ2

[
e−(i−1)θT +

(
θq(λ, T )

P
− 1

)
e−(i−2)θT + θT − θq(λ, T )

P

]
(14)

& t ∈ [kT, kT + τ ] ,, 3 Ik1(kT ) = Ik−1(kT )− q; dIk1(t)

dt
= P − θIk1(t) �E:

Ik1(t) = −P

θ

[(
eθT +

θq(λ, T )
P

e2θT + · · · + θq(λ, T )
P

ekθT T

)
e−θt − 1

]
(15)

3
 (15) �E:

Sk1(λ, T ) =
∫ kT+τ

kT

Ik1(t)dt =
[
P e(1−k)θT

θ2
+

q(λ, T )e(2−k)θT (1 − e(k−1)θT )
θ(1 − eθT )

]
(e−θτ − 1) +

P

θ
τ (16)

Ik1(kT + τ) = −P

θ

[(
eθT +

θq(λ, T )
P

e2θT − e(k+1)θT

1 − eθT

)
e−θ(kT+τ) − 1

]
(17)

& t ∈ [(j − 1)T, jT ], j = k + 1, k + 2, · · · , n − 1 ,, 3 In−1(λ, T ) = q(λ, T ); dIj(t)

dt
= −θIj(t); Ij(jT ) =

Ij(jT ) + q(λ, T ) �E:
Ij(t) = q(λ, T )(enθT + · · · + e(j+1)θT )e−θt (18)

3
 (18) �E:

Sj−1(λ, T ) =
∫ (j+1)T

jT

Ij(t)dt = −q(λ, T )
θ

(1 − e(n−j+1)θT ) (19)

& t ∈ [kT + τ, (k + 1)T ] ,, 3 Ik2((k + 1)T ) = I(k+1)((k + 1)T ) + q(λ, T ); dIk2(t)

dt
= −θIk2(t) �E:

Ik2(t) = q(λ, T )(enθT + e(n−1)θT + · · · + e(k+1)θT )e−θt (20)

3
 (20) �E:

Sk2(λ, T ) =
∫ (k+1)T

(kT+τ)

Ik2(t)dt =
q(λ, T )eθT (1 − e(n−k−2)θT )

θ(1 − eθT )
(e−θτ − e−θT ) (21)

Ik2(kT + τ) = q(λ, T )
e(k+1)θT − e(n+1)θT

1 − eθT
e−θ(kT+τ) (22)

P7 Ik1(kT + τ) = Ik2(kT + τ), ��Q (17) �4 (22), �E:

τ(λ, T ) =
1
θ

ln
[
1 +

θq(λ, T )(eθT − enθT )
P (1 − eθT )

]
− (k − 1)T (23)

3
 (12)�(14)�(16)�(19)�(21) � (23) �E���=�� ��@A45��		�� Sv 7:

Sv(n, λ, T ) =
k−1∑
i=0

Si(λ, T ) + Sk1(λ, T ) + Sk2(λ, T ) +
n−1∑

i=k+1

Si(λ, T )

=
1
θ2

{
P ln

[
P + θq(λ, T )

(eθT − eθnT )
(1 − eθT )

]
− P ln[P − θq(λ, T )] − nθq(λ, T )

}
(24)

no 1 Q
 (24) � μ → 0, θ → 0, Q Sv

nT = P (n−Dn)−P+2D
2P nT , 7�� [11] �� ����� ��

�	 VMI ���, ���=�� ��@A4 nT 5	I�	��.
no 2 Q�� [14] � Ti = T (i = 1, 2, · · · , n), &, ����� ��@A45).�3���G
�

�����, Q�����=�� ��@A4 nT 5	I�	��7 1
θ2

∑ n
i=1 Ti

{P ln(Deθ
∑n

i=1 Ti−D
P−DeθT +D + 1) +

nD − D
∑n

i=1 eθTi} = 1
θ2nT {P ln P−D(eθT −eθnT )

P−D(eθT −1)
− nD(eθT − 1)}.

no 3 Q
 (24) � λ → 1, &���=���A�, Q���=�� ��@A4 nT 5	I�	�

�7 Sv

nT = 1
θ2nT {P ln P−D(eθT −eθnT )

P−D(eθT −1) − nD(eθT − 1)}, �I� 2 I:.

���=�� ��@A45	��	��01����3����7��<�:
���=	��	��01��:

CAv = Av (25)

���=	��	�3��:

Chv(n, λ, T ) = hvSv(n, λ, T ) =
hv

θ2

{
P ln

[
P

P − θq(λ, T )
+

θq(λ, T )(eθT − enθT )
(1 − eθT )(P − θq(λ, T ))

]
− nθq(λ, T )

}
(26)
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���=	��	�7��:

Cdv(n, λ, T ) = fvθSv(λ, T ) =
fv

θ

{
P ln

[
P

P − θq(λ, T )
+

θq(λ, T )(eθT − enθT )
(1 − eθT )(P − θq(λ, T ))

]
− nθq(λ, T )

}
(27)

VMI ������=+*.		�MI��<O 3 �P. ���=�� +*.�$@A45		�
�7:

Sm(m, n, λ, T ) =
m2MP

2
(kT + τ(λ, T ) − t0(λ, T ))2

+
m(m − 1)MP

2
(kT + τ(λ, T ) − t0(λ, T ))(nT − kT − τ(λ, T ) + t0(λ, T )) (28)

J
 (11) � (23) VR
 (28) �E:

Sm(m, n, λ, T ) =
m2MP

2θ2

{
ln

[
P (1 − eθT ) + θq(λ, T )(eθT − enθT )

(1 − eθT )[P − θq(λ, T )]

]}2

+
m(m − 1)MP

2θ
ln

[
P (1 − eθT ) + θq(λ, T )(eθT − enθT )

(1 − eθT )[P − θq(λ, T )]

] {
nT − 1

θ
ln

[
P (1 − eθT ) + θq(λ, T )(eθT − enθT )

(1 − eθT )[P − θq(λ, T )]

]}

(29)

�� +*.�$@A45, ���=	+*.�$����3��<�:
���=+*.	�$��:

CAm = Am (30)

���=+*.	�3��:

Chm(m, n, λ, T ) = hmSm(m, n, λ, T ) (31)

3
 (25)�(26)�(27)�(30) � (31) �E���=�+*.�����	CI,@	���7:

ATV (m, n, λ, T ) =
CAv + Chv(n, λ, T ) + Cdv(n, λ, T )

nT
+

CAm + Chm(m, n, λ, T )
mnT

(32)

3
 (9) � (32) �E�� VMI ��CI,@	���7:

ATC(m, n, λ, T ) = ATB(λ, T ) + ATV (m, n, λ, T ) (33)

s.t. 1 ≥ λ ≥ 0; T ≥ 0; m ≥ 0; n ≥ 0; @ m, n7�� (34)

3 WXpq

��'�A?�7,DE<���=>��, @
 (33)	?�E7KR,8,6�	1�G7S�0E
,LT3, +	�.M=�KR1���	YU�
:7. ��,ZYU�
:7�/, 96:7N�[
�EV�BO1��S[�E�\L [18]. 14F, ��W��� [13�18–19] 	96:7�6+��;20
3�� VMI ��T]CI,@���	�>, N^,�<�:

UrsVt �W	XY^).X+WYZ. ZÆ��W m�n�λ � T 	�W=� N�P[Q> pc�

�XQ> pm�/Y�A?�C bestv = +∞ �T�+�\� GT , �W m � n 	XY^IJ0U7 mL

� nL, _+W[C\@0U7 [m min, m max] = [0, 2mL − 1] � [n min, n max] = [0, 2nL − 1], 8-���
	� GH@A4 T /'])]4�], PF�?�W T 	_+W[C\@��W λ 	_+W[C\@
7 [λmin, λmax] = [T min, T max] = [0, 1], XY^IJ7 λTL(λTL 	CZ�, 3	LJ)Z(), 8,R

(pop max−pop min) × y/(2popL − 1) + pop min(pop ^P�W, y ^P�WX+W
�	_+W) �J�W m

� n 	X+W[��LJ7 1, &��	_+WC, J�W λ � T 	X+W[��LJ7 1/(2λTL − 1) 	
_+WC.

Step 1 ^.6:S`STa��X+WYZZÆ�W m�n�λ � T , Q k = 1, [R Step 2.
Step 2 JZÆ�W m�n�λ � T \0 2.1–2.4 _]03�A?�C�W ATC, [R Step 3.
2.1 Q i = 1, [R 2.2;
2.2 8,R
 (pop max−pop min)× y/(2popL − 1) + pop min JZÆ�W m�n�λ � T �	` i  X+

W ^ mi�ni�λi � Ti 3Z7_+W	I4�0^5	 ^ myi�nyi�λyi � Tyi, [R 2.3;
2.3 3
 (33) E�A?�C�W ATC �` i  ^ ATCi = ATC(myi, nyi, λyi, T yi), Q i = i + 1, [R

2.4;
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2.4 _ i ≤ N , [R 2.2; aQ, _`_]E'�A?�C�W ATC.

Step 3 \0 3.1–3.2 _]6:�A?�C ^	[�J+�3/Y ^��A?�C, [R Step 4.

3.1 8,
 func(ATCi) = 1/(ATC2
i + 0.001) (ATCi IG	b
 ATC2

i �72a�U  ^[�J?
�Cb@	:X, �(03�>; 0`� “0.001” �VWXc�c	, ��� ATCi = 0 ,	78) E�A?
�C ^ ATCi 	[�J, [R 3.2;

3.2 3
 f min = min(ATC) dd ATC �T]�A?�C, _ f min ≤ bestv,QQ bestv = f min, �,
J�W m�n�λ � T �
�	X+W ^0UYC� mbestv�nbestv�λbestv � Tbestv;_ f min > bestv,
Q mbestv�nbestv�λbestv�Tbestv � bestv 	C��.

Step 4 VW�A?�C ^	[�J, ).abb	G7
ZÆ�W m�n�λ � T 0U\0 4.1–4.4
dd_], ��dd�W mc�nc�λc � Tc, [R Step 5.

4.1 8,
 p(ATCi) =
∑i

j=1 func(ATCi)/
∑N

i=1 func(ATCi) 6:�A?�C ^[�J	cZQ>,
[R 4.2;

4.2 Q j = 1, [R 4.3;

4.3 ^.6:S`STa��`S� r, _ p(ATCi−1) < r ≤ p(ATCi), Q popcj = popi(popcj 7dd�
W popc �	` j   ^, popi 7ZÆ�W pop �	` i   ^), Q j = j + 1, [R 4.4;

4.4 _ j ≤ N − 1, [R 4.3; aQ, Q popcN = popbestv, E'dd�W popc.

Step 5 
 Step 4 ��	dd�W mc�nc�λc � Tc 0U\0 5.1–5.4 P[_], ��P[�W
ms�ns�λs � Ts, [R Step 6.

5.1 Q i = 1, [R 5.2;

5.2 ^.6:S`STa��I4 [0, 1] \@	`S� r, _ r < pc, [R 5.3; aQ, [R 5.4;

5.3 `S��� IJ7 l(1 ≤ l ≤ L − 1) 	�� (L 7XY^IJ), Jdd�W�` i � i + 1  XY
^c` l IHÆb7	��1P+0[\7, Q popsi = popci � popsi+1 = popci+1(popsi 7P[�W pops

�	` i   ^, popci 7dd�W popc �	` i   ^), [R 5.4;

5.4 Q i = i + 2, _ i < N , [R 5.2; aQ, Q popsN = popbestv, E'P[�W pops.

Step 6 
 Step 5 ��	P[�W ms�ns�λs � Ts �� N − 1   ^\0 6.1–6.3 �X_] (]
_]�� ^��4^d�N�S_eE	\e1P, .4e;O@`C), ���X�W mm�nm�λm �

Tm, [R Step 7.

6.1 ^.6:S`STa��ff[C� [0, 1] \@5	 N 0 L K	�B R;

6.2 _ Rij < pm, QP[�W pops �1P popsij �X (_7 0 Q�7 1, _7 1 Q�7 0), aQ, ��;

6.3 
P[�W pops �	� N − 1   ^	6 1P0U\0 6.1–6.2 _], ` N   ^����X,
Q popm = pops, E'�X�W popm.

Step 7 Q k = k + 1, _ k ≤ GT , J�X�W mm�nm�λm � Tm 0UYC�ZÆ�W m�n�λ �

T , [R Step 2; aQ, �;/Y ^ mbestv�nbestv�λbestv�Tbestv ����	/Y�A?�C bestv.

4 uv?Y

� VMI ����W�<�: D = 7500 F/], Ab = 50 f/�, hb = 15 f/(F · ]), fb = 40 f/F,
sb = 6 f/F, lb = 8 f/F, μ = 0.05, P = 10000 F/], Am = 300 f/�, hm = 0.5 f/(F · ]), M = 1.2,
Av = 150 f/�, hv = 5 f/(F · ]), fv = 25 f/F, θ = 0.15.

�. Matlab7.1 J-a	03�>Y�, ZÆ� N = 60�pc = 0.8�pm = 0.05�bestv = +∞�GT =
1000�m min = n min = 0�mL = nL = 6�pop max = 2popL − 1 ⇒ m max = n max = 63 � λTL = 14(��
@A4����=	CLMI	LJ[' 0.0001).

� Intel Core2 CPU�5� 1G 6:S-�0�g, ('T�+�\� GT = 1000, �0,@ 9.497142s,
E'/Y ^: m∗ = mbestv = 3, n∗ = nbestv = 4, λ∗ = λbestv = 0.6769, T ∗ = Tbestv = 0.0317 ���	
�� VMI ��T]CI,@���	/Y3: ATC∗ = bestv = 8064.0313. &, ���).��)$	+*
..4 m∗ = 3 ���, ����	������ n∗ = 4 ���	��, �E'�� VMI ��T]CI,
@���.



� 10� �!�, N: FSOPLTGQG!MNOHR�UST VMI PV 2141

����	g	fhL, �,I���	5���, <db
��01������7>�KC��e
 �RW�]fgJ0i, �jh<=W�
1�I:	��.
h 1 Av iwjxjJyzkl{

Av m∗ n∗ λ∗ T ∗ ATC∗

130 3 4 0.6979 0.0303 7822.3408

140 3 4 0.6843 0.0312 7984.6399

150 3 4 0.6769 0.0317 8064.0313

160 3 5 0.7480 0.0277 8137.5152

170 3 5 0.7421 0.0279 8209.4649

180 2 6 0.7478 0.0280 8274.9099

h 2 θ iwjxjJyzkl{
θ m∗ n∗ λ∗ T ∗ ATC∗

0.05 2 6 0.8498 0.0292 7290.3614

0.1 2 6 0.8024 0.0280 7706.8915

0.15 3 4 0.6769 0.0317 8064.0313

0.2 3 4 0.6443 0.0308 8385.8022

0.25 3 4 0.6144 0.0299 8688.5536

0.3 3 4 0.5847 0.0292 8975.0740

h 3 μ iwjxjJyzkl{
μ m∗ n∗ λ∗ T ∗ ATC∗

0.04 3 4 0.5703 0.0330 7842.2107

0.045 3 4 0.6206 0.0325 7960.8875

0.05 3 4 0.6769 0.0317 8064.0313

0.055 3 5 0.8288 0.0264 8126.4326

0.06 3 6 1 0.0225 8159.6414

0.065 3 6 1 0.0225 8159.6414

^ 1 kP2��01�� Av 	��
��������� VMI ��T]CI,@���	��. g
h,ZW���, Av � 10  CIc 130 ac. & Av ac' 160 ,, ����gh)$+*.	���
�, ac����	��������	��; & Av ac' 180 ,, ����	;��)$	+*..4
����	��, �,+��ac����	��������	��. & Av 	ac�94������
)$+*.�������	��,, ���m+W�Q����=	CLMI, +W-Q�����	�
�@A4; & Av 	ac����+	��������	��,, ,���hk�(���=	CLMI,
+hkl]����	��@A4; & Av 	ac����im�,��)$+*.�������	��
,, ������W-Q����=	CLMI�����	��@A4; Av 	ac�?)ni VMI ��
T]CI,@���	ac.

^ 2 kP2���7> θ 	��
��������� VMI ��T]CI,@���	��. gh,
ZW���, θ � 0.05  CIc 0.05 ac. & θ ac' 0.15 ,, ����ac��)$	+*..4��
��	��, �,	;����	��������	��. & θ 	ac�94�,��)$+*.���
����	��,, ���m+W������=	CLMI�Q�����	��@A4; & θ 	ac�
���im�,��)$+*.�������	��,, ����hk�����=	CLMI, �,h
k�(����	��@A4; θ 	ac�?)ni VMI ��T]CI,@���	ac.

^ 3 kP2KC�� μ 	��
��������� VMI ��T]CI,@���	��. gh,
ZW���, μ � 0.005  CIc 0.04 ac. & μ ac' 0.055 d 0.06 ,, ����gh)$+*.	��
��, ac����	��������	��. & μ 	ac�94�,������	��,, ���m
+W-�����=	CLMI�W�Q�����	��@A4; & μ 	ac����im�����
���	��,,����hk�(���=	CLMI,�,hk������	��@A4; μ	ac)
ni VMI ��T]CI,@���	ac; �& μ ≥ 0.06 ,, � λ∗ = 1, &����oA�, F,`8 μ 	

ac���	������ VMI ��T]CI,@����o����.

5 |}

;E[.KR	Xe���jf		�jW��, 
�!��+01���, �����	����p
�	���I4q0	�A. 14F, ����2���+*.�7����7@���=A�@0+�	
�� VMI ��	������, �;2���)$+*.������).��/��	��, 8,�6
	96:703�>E'2�����)$	+*..4����	�������	��������
	������=	CLMI����@A4�����	C. 8,:D0ink�E'��gLI�:

1) ���).��/��)$+*.������E' VMI ��T]CI,@���	/Y3;

2)VMI ��W� (��01������7>�KC���) US	��
����������	�
�. `8��01��	ac, ����).	;��)$	+*..4����	��, ac����	
��������	��	��; �`8���7>	ac, ����).�k	��; `8KC��	a
c, ����).gh��)$	+*..4����	����, +ac����	��������	
��	��;

3) �-e W�	ac�)� VMI ��T]CI,@���ac, PF����01������7



2142 ( ) � % % + $ * � � 32�

>�KC����� VMI �����	�0G7.
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