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MULTIIMMITTANCE LOGIC ELEMENTS 

Lishchynska L. B. 

Логічні елементи відіграють вирішальну роль в обчисленні. З розви-
тком інформаційних технологій з’являються нові вимоги до швидкодії, 
завадостійкості, енергоефективності, розміру логічних елементів тощо. 
Реалізація цих вимог не завжди можлива на основі відеоімпульсних логіч-
них елементів. Альтернативним варіантом є розробка радіочастотних 
логічних елементів, здатних виконувати логічні операції на несучій час-
тоті сигналу. Одним із різновидів радіочастотних логічних елементів є 
імміттансні логічні елементи, які в якості інформаційного параметра 
використовують характер імміттансу або значення імміттансу, зокре-
ма мультиімміттансні логічні елементи, які використовують комбінації 
різних імміттансів. 

Logical elements play a crucial role in computing. With the development 
of information technologies there are new requirements for speed, noise immu-
nity, energy efficiency, size of logic elements, and so on. The implementation 
of these requirements is not always possible on the basis of video-pulse logic 
elements. 

An alternative is the development of radio frequency logic elements capable of 
performing logic operations on the carrier frequency of the signal. One of the types 
of radio frequency logic elements are immittance logic elements, which as an infor-
mation parameter use the nature of the immittance or the value of the immittance, 
in particular multiimmittance logic elements that use combinations of different im-
mittances. 

Fundamentals of immittance logic and basic principles of construction 
of logical elements on its basis are investigated in [1–6]. 

The functional completeness of the system has logical functions 
“NO”, “AND”, “OR”. Their structural implementation using the infor-
mation basis immittance consider the example of the first option immit-
tance positive logic, where a logical unit corresponds to negative real im-

pedance 
( )"1 "R −→ , a logical zero — positive real impedance ( )"0 "R +→ . 

In this case, block diagrams of basic logic elements have the form shown 
in Fig. 1. 

They are multipoles in which valid input impedance outR  depends on 
the input immittance gR . Quantitatively this relationship is determined by 
the conversion factor immittance 

iT , which in general are complex vari-
ables. That choice of ratios ensures the implementation of the necessary 
logic functions represented in the table. 1–3. 

85 
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Fig. 1. Block diagrams of the basic immittance logic R-elements for positive logic  
 
They are multipoles in which valid input impedance outR  depends on the input immittance gR . 

Quantitatively this relationship is determined by the conversion factor immittance Ti , which in general are 
complex variables. That choice of ratios ensures the implementation of the necessary logic functions 
represented in the table. 1-3. 

 
Table 1 - The truth table of immittance logic R-element "NO" 

gR  Х outR  Y 
( ) 0gR    1 0gTR   0 
( ) 0gR    0 0gTR   1 

 
Table 2 - The truth table of immittance logic R-element "AND" 

1gR  Х1 2gR  Х2 outR  Y 
( )
1 0gR    0 ( )

2 0gR    0 ( ) 0outR    0 
( )
1 0gR    0 ( )

2 0gR    1 ( ) 0outR    0 
( )
1 0gR    1 ( )

2 0gR    0 ( ) 0outR    0 
( )
1 0gR    1 ( )

2 0gR    1 ( ) 0outR    1 

 
Table 3 - The truth table of immittance logic R-element "OR" 

1gR  Х1 2gR  Х2 outR  Y 
( )
1 0gR    0 ( )

2 0gR    0 ( ) 0outR    0 
( )
1 0gR    0 ( )

2 0gR    1 ( ) 0outR    1 
( )
1 0gR    1 ( )

2 0gR    0 ( ) 0outR    1 
( )
1 0gR    1 ( )

2 0gR    1 ( ) 0outR    1 

 

Fig. 1. Block diagrams of the basic immittance logic R-elements for positive logic 

Table 1 

The truth table of immittance logic R-element “NO”

gR Х outR Y
( ) 0gR + > 1 0gTR− < 0
( ) 0gR − < 0 0gTR > 1

Table 2 

The truth table of immittance logic R-element “AND”

1gR Х1 2gR Х2 outR Y
( )
1 0gR − < 0 ( )

2 0gR − < 0 ( ) 0outR − < 0
( )
1 0gR − < 0 ( )

2 0gR + > 1 ( ) 0outR − < 0
( )
1 0gR + > 1 ( )

2 0gR − < 0 ( ) 0outR − < 0
( )
1 0gR + > 1 ( )

2 0gR + > 1 ( ) 0outR + > 1

The basis for the implementation of these logic elements are summa-
rized immittance converters. Using generally complex value KT  and IT  by 
GIC possible combinations to ensure the implementation of necessary im-
mittance logical functions. For example, to implement immittance logical 
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element “NOT” just use GIC of conversion rates 0KT <  (Converter of neg-
ative іmmittance). Implementation of other logic functions require more 
complex structural solutions and the development of methods of synthesis 
of such structures. 

Table 3 

The truth table of immittance logic R-element “OR”

1gR Х1 2gR Х2 outR Y
( )
1 0gR − < 0 ( )

2 0gR − < 0 ( ) 0outR − < 0
( )
1 0gR − < 0 ( )

2 0gR + > 1 ( ) 0outR + > 1
( )
1 0gR + > 1 ( )

2 0gR − < 0 ( ) 0outR + > 1
( )
1 0gR + > 1 ( )

2 0gR + > 1 ( ) 0outR + > 1

Given the large number of immittance parameters and different ap-
proaches to the implementation of GIC and logic circuits based on them. 
Consider immittance method of synthesis of logic elements, which are used 
as an information basis R- immittance. 

The algorithm of the synthesis consists of the following steps: 
– Based on the restrictions imposed, justified the general block diagrams 

of logic elements being developed; 
– Developed structure of fixed logic elements using different types GIC; 
– Defined conditions that ensure the realization of basic logic functions; 
– Develop practical implementation schemes immittance R-logic ele-

ments based on real transistor structure. 
In general, the logic devices have input terminals, which connects con-

vertible immittance 
іГW  and output terminals, between which there turned 

immittance outW  (Fig. 2). The relationship between these immittance 
through quadripole having properties of generalized converter immitance 
(GIC). Such GIC be unearthed and grounded, serial and parallel appear-
ance. 

Introduction of the scheme and used in subsequent schemes switches 
“K” is conditional elements that mimic the appearance on the input termi-
nals of the logical elements of the transformed immitance 

іgW . 
Given that immittance logic devices are usually designed to run on high 

and ultra-high frequencies to reduce the impact of parasitic relationships, 
it is recommended to implement immittance logic devices with grounded 
GIC (Fig. 2 b, d). This can be used RLC — positive and negative immit-
tance. 
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Fig. 2. Generalized block diagram of immittance logic elements 

 

 
Fig. 2. Generalized block diagram of immittance logic elements 

Consider the logic synthesis, used as an informative parameter active 
R — immittance ( g gW R= ). Assume for positive logic ( ) 1gR + → , ( ) 0gR − → . 
For negative logic, contrary ( ) 0gR + → , ( ) 1gR − → . As GIC be used as convert-
ers (AS) and inverters (I) immittance. 

In order to simplify the synthesis assume that their conversion rates KT  
and inversion IT  are valid values, which is true of the relatively-low fre-

quencies. In this case there are two options: to positive GIC — 0iT > ; for 

negative GIC — 0iT < . Thus, given that the generalized structural scheme 
immittance basic logic elements identified, the goal is the formulation of 
requirements for the elements of the device, which provide the necessary 
implementation of logical functions. 

Block diagram of the immittance logical R-element “NOT” shown in 
Fig. 3, and its truth table — in table. 4. 

Transformed immittance this circuit using the converter immittance 
equals K

out K gR T R= . Where 

	 /К out gТ R R= . 	 (1) 
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Consider the logic synthesis, used as an informative parameter active R - immittance ( g gW R ). 
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be used as converters (AS) and inverters (I) immittance.  
In order to simplify the synthesis assume that their conversion rates KT  and inversion IT  are valid 

values, which is true of the relatively-low frequencies. In this case there are two options: to positive GIC - 
0iT  ; for negative GIC – 0iT  . Thus, given that the generalized structural scheme immittance basic 

logic elements identified, the goal is the formulation of requirements for the elements of the device, which 
provide the necessary implementation of logical functions. 

Block diagram of the immittance logical R-element "NOT" shown in Fig. 3, and its truth table - in 
table. 4. 
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Fig. 3. Block diagram of immittance logic  R-element "NO" 

 
Table 4 – The truth table of immittance logic R-element  "NO" 

 

gR  outR  KT  ІT  
( )
gR   0 ( )

outR   1 < 0 < 0 

( )
gR   1 ( )

outR   0 < 0 < 0 

 
Transformed immittance this circuit using the converter immittance equals                                                     

K
out К gR Т R . Where 

/К out gТ R R .      (1) 

For positive logic, substituting in (1) value outR  and gR  from the table. 4, we find that the 

implementation of logical functions "NO" is possible only in the case of a negative converter with 
immittance 0KT  .  

When using the inverter immittance converted immittance this scheme: /I
out I gR Т R s . Where 

.I out gТ R R        (2) 

For positive logic, substituting in (2) value outR  and gR  from the table. 4, we find that the 

implementation of logical functions "NO" is possible only in the case of negative inverter with immittance 
0IT  . We get similar result when using negative logic. Thus, logic flow diagrams immittance R-item "NO" 

at the GIC have the form shown in Fig. 4. 
 

 

Fig. 3. Block diagram of immittance logic R-element “NO” 

Table 4 

The truth table of immittance logic R-element “NO” 

gR outR
KT ІT

( )
gR − 0 ( )

outR + 1 < 0 < 0

( )
gR + 1 ( )

outR − 0 < 0 < 0

For positive logic, substituting in (1) value outR  and gR  from the table. 4, 
we find that the implementation of logical functions “NO” is possible only 
in the case of a negative converter with immittance 0KT < . 

When using the inverter immittance converted immittance this scheme: 
/I

out I gR T R s= . Where 

	 .I out gТ R R=  	 (2) 

For positive logic, substituting in (2) value outR  and gR  from the table. 4, 
we find that the implementation of logical functions “NO” is possible only 
in the case of negative inverter with immittance 0IT < . We get similar result 
when using negative logic. Thus, logic flow diagrams immittance R-item 
“NO” at the GIC have the form shown in Fig. 4. 
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Fig. 4. Block diagrams of immittance logic R-element "NOT" 
 
Logic elements "OR" and "I" are n-inputs and one output. In order to simplify the synthesis assume 

that 2n  . In this case, their generalized block diagram can be presented in Fig. 5.  
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Fig. 5. Generalized block diagram of immittance logic R-elements "AND", "OR" 
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11 1( , )out gR F R T  

та 
22 2( , )out gR F R T , which included parallel output. 

As a result, the output impedance of the circuit is: 
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In the case of construction of the logical element "OR" using positive logic, it is a truth table form 
shown in the table 5. 

 
Table 5. The truth table of immittance logic R-element  «OR» 

 

1gR  2gR  outR  )(
KT  

)(
ІT  

(–) 0 – 0 – 0 + + 
– 0 + 1 + 1 +        –  +        –  
+ 1 – 0 + 1 +        –  +        –  
+ 1 + 1 + 1 + + 

 
Table. 5 (-) corresponds to a negative value immittance active (logical "0"), (+) positive value 

corresponds immittance active (logical "1").  
For the case of a positive converter immittance ( 0KT  ),we have 

1 1 1out K gR T R , 
2 2 2out K gR T R .  

Where  1 2 1 2 1 1 2 2
K
out K K g g K g K gR T T R R T R T R  .  

Let 
1 2K K KT T T  , then 

 

Fig. 4. Block diagrams of immittance logic R-element “NOT” 

Logic elements “OR” and “I” are n-inputs and one output. In order 
to simplify the synthesis assume that 2n = . In this case, their generalized 
block diagram can be presented in Fig. 5. 
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Fig. 5. Generalized block diagram of immittance logic R-elements “AND”, “OR” 

Generalized block diagram of formed by two GIC having converted 
immittance 

11 1( , )out gR F R T=  та 
22 2( , )out gR F R T= , which included parallel 

output. 
As a result, the output impedance of the circuit is: 

	 1 2

1 2

.
out out

out
out out

R R
R

R R
=

+
 	 (3) 

In the case of construction of the logical element “OR” using positive 
logic, it is a truth table form shown in the table 5. 

Table 5 

The truth table of immittance logic R-element «OR» 

1gR 2gR outR ( )
KT + ( )

ІT +

(–) 0 – 0 – 0 + +

– 0 + 1 + 1 + — + — 

+ 1 – 0 + 1 + — + — 

+ 1 + 1 + 1 + +

Table. 5 (–) corresponds to a negative value immittance active (logical 
“0”), (+) positive value corresponds immittance active (logical “1”). 

For the case of a positive converter immittance ( 0KT > ),we have 

1 1 1out K gR T R= , 
2 2 2out K gR T R= . 

Where ( )
1 2 1 2 1 1 2 2

K
out K K g g K g K gR T T R R T R T R= + . 

Let 
1 2K K KT T T= = , then 
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	 1 2

1 2

.
K g gK

out
g g

T R R
R

R R
=

+
 	 (4) 

From (4) we find the required conversion 

	
( )

1 2

1 2

.
K
out g g

K
g g

R R R
T

R R

+
=  	 (5) 

According to initial data 0KT > , but as follows from the table. 5 when 

1

( ) 0
g

R − < , 
2

( ) 0
g

R + >  and for 
2

( ) 0
g

R − < , 
1

( ) 0gR + >  This condition can be broken. 

To ensure it necessary to ( ) ( )
g gR R− +> . 

For the case of a positive inverter immittance ( 0ІT > ), we have 

1 1 1
/out I gR T R= , 

2 2 2
/out I gR T R= . Where ( )

1 2 1 1 2 2

I
out I I I g I gR T T T R T R= + . 

Let 
1 2I I IT T T= = , then 

	
( )

1 2

 .I I
out

g g

T
R

R R
=

+
 	 (6) 

From (6) we find necessary inversion coefficient 

	 ( )
1 2

 .I
I out g gT R R R= +  	 (7) 

According to the initial data 0ІT > , but as follows from table. 5 when 

1

( ) 0gR − < , 
2

( ) 0gR + >  and 
2

( ) 0gR − < , 
1

( ) 0gR + >  This condition can be broken. To 

ensure it necessary to ( ) ( )
g gR R− +< . 

In the case of negative GIC we have: 
K K
out outR R= − ; 

I I
out outR R= − , that 

this unit will implement a logical function “OR-NO” under the condi-

tions ( ) ( )
g gR R− +>   — for the case of negative converters and immittance 

( ) ( )
g gR R− +<  — for the case of negative immittance inverters. 

To build a logical element “AND”, using positive logic, it is a truth table 
form shown in the table. 6. 

Output immittance К
outR  and conversion rate KT  using positive convert-

er immittance given by (4) and (5), whose analysis shows that for 0KT > ,  
for all input immittance 1gR  and 2gR  necessary to satisfy the conditions 

( ) ( )
g gR R− +< . And when using positive immittance inverters on the basis of 

expressions (6) and (7), we find the necessary conditions for implementing 

logical functions “AND” ( ) ( )
g gR R− +> . 

Table 6 

The truth table of immittance logic R-element “AND”

1gR 2gR outR ( )
KT + ( )

ІT +

– 0 – 0 – 0 + +

– 0 + 1 – 0 + – + –

+ 1 – 0 – 0 + – + –

+ 1 + 1 + 1 + +

When using negative GIC we have:
К K
out outR R= − ; 

I I
out outR R= − , i.e. the de-

vice the considered will implement the logic function “AND-NOT” under 

the conditions ( ) ( )
g gR R− +< , for the case of a negative converter immittance 

and 
( ) ( )
g gR R− +> , in the case of applying negative immittance inverter. The 

analysis shows that in the case of negative logic required to input ratio im-
mittance alter to the contrary (table 7). 

For the conditions imposed on the ratio between the converted immit-
tance 1gR  and 2gR  (table 7), which provide the appropriate implementation 
of logical function for this type of GIC proposed supplement convertible 
immittance additional compensating resistors 1R  and 2R  (Fig. 6.). 

In parallel resistors connection convertible immittance is equal to 

g
in

g

RR
R

R R
=

+
. 

When ( ) ( )
g gR R− += , we have 

( )
( )

( )
0g

in

g

RR
R

R R

−
−

−= − <
−

. For 
1

( )
1 gR R −>  and 

2

( )
2 gR R −>  the condition is executed 

( ) ( )
in inR R− +> , where 

( )
( ) ( )

( )

g
in g

g

RR
R R

R R

+
+ +

+= <
+( )

( ) ( )

( )

g
in g

g

RR
R R

R R

+
+ +

+= <
+

. 
In a series resistors connection convertible immittance is .in gR R R= +  

For 
1

( )
1 gR R −>  and 

2

( )
2 gR R −>  the condition is executed 

( ) ( )
in inR R− +< , 

where ( ) ( ) ( )
in g gR R R R+ + += + > . 

Taking into account the amendments made immittance block diagrams 
of synthesized logic elements “AND”, “NAND”, “OR” and “OR-NOT” 
have the form shown in Fig. 6, 7. 

Note the similarity of structural implementation of these schemes. The 
difference is only in the form of GIC, used and inclusion schemes compen-
sating resistors 1R  and 2R , providing the conditions presented in Table. 7. 
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Table 7 

Table conditions of implementation for immittance logic R-elements “AND”, 
“NOT‑AND”, “OR” and “OR-NO” on the GIC

The logical function «OR» and «OR-NO»

Converter Inverter

0KT > 0KT < 0ІT > 0ІT <

Positive logic ( ) 1R + → , ( ) 0R − →
( ) ( )
g gR R− +> ( ) ( )

g gR R− +> ( ) ( )
g gR R− +< ( ) ( )

g gR R− +<
«OR» «»OR-NO» «»OR» «»OR-NO»

Negative logic ( ) 1R − → , ( ) 0R + →
( ) ( )
g gR R− +< ( ) ( )

g gR R− +< ( ) ( )
g gR R− +> ( ) ( )

g gR R− +>
«OR» «»OR-NO» «»OR» «»OR-NO»

Logic function «AND» and «NAND»

Converter Inverter

0KT > 0KT < 0ІT > 0ІT <

Positive logic ( ) 1R + → , ( ) 0R − →
( ) ( )
g gR R− +< ( ) ( )

g gR R− +< ( ) ( )
g gR R− +> ( ) ( )

g gR R− +>
«AND» «NAND» «AND» «NAND»

Negative logic ( ) 1R − → , ( ) 0R + →
( ) ( )
g gR R− +> ( ) ( )

g gR R− +> ( ) ( )
g gR R− +< ( ) ( )

g gR R− +<
«AND» «NAND» «AND» «NAND»

In the case of increasing the number of inputs of logic elements neces-
sary for the converted value immittance Г iR  and principles of their realiza-
tions does not change. 

Thus, the basic principles of construction of multiimmittance logical 
elements, conditions of implementation for immittance logic R-elements 
“AND”, “NOT-AND”, “OR” and “OR-NO” on the GIC and basic 
schemes of their realization are explained. 
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"AND", "NAND", "OR" and "OR-NOT" have the form shown in Fig. 6, 7. 
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Fig. 6. Block diagrams of immittance logic R- elements "AND" (a, b) and "NAND" (c, d), 

implemented on the positive  )()( , 
ІK TT  and negative  )()( , 

ІK TT  converters and inverters immittance of 
compensating resistors 1R  and 2R  
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Fig. 6. Block diagrams of immittance logic R- elements “AND” (a, b) and “NAND” 

(c, d), implemented on the positive ( )( ) ( ),KІT T+ +  and negative ( )( ) ( ),KІT T− −  converters 
and inverters immittance of compensating resistors 1R  and 2R  



142 143

Н
А

 Ш
Л

Я
Х

У
 Д

О
 І

Н
Д

У
С

Т
Р

ІЇ
 4

.0
. В

ы
чи

тк
а 

№
 2

. 2
5.

02
.2

02
1.

 М
М

М
 

91 
 

"AND", "NAND", "OR" and "OR-NOT" have the form shown in Fig. 6, 7. 

AANNDD

К1

К2

2R

1R

 

 

1gR

2gR

( ) ( )
g gR R 

b)

NNAANNDD

К1

К2 2R
1gR

2gR

d)

( ) ( )
g gR R 

1R

AANNDD

К1

К2 2R
1gR

2gR а)
( ) ( )
g gR R 

1R
)(

KT К
outR

І
outR)(

IT

1R

NNAANNDD

К1

К2

2R

1R

 

 

1gR

2gR

( ) ( )
g gR R 

c)

)(
KT

)(
ІT

К
outR

вих
I

R

 
 

Fig. 6. Block diagrams of immittance logic R- elements "AND" (a, b) and "NAND" (c, d), 

implemented on the positive  )()( , 
ІK TT  and negative  )()( , 

ІK TT  converters and inverters immittance of 
compensating resistors 1R  and 2R  
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Fig. 7. Block diagrams of immittance logic R-element “OR” (a, b) and “OR-NO” 
(c, d) realized on the positive ( )( ) ( ),KІT T+ +  and negative ( )( ) ( ),KІT T− −  converters and 

inverters immittance of compensating resistors 1R  and 2R  
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ANALYSIS OF RESEARCH METHODS IN CLINICAL 
AND DIAGNOSTIC LABORATORY 

Sydorko I. I., Baitsar R. I. 

Забезпечення якості лабораторних досліджень є однією з центральних 
проблем сучасної лабораторної медицини. Тільки завдяки точній організації 
та якісному лабораторному тестуванню можна очікувати, що кожен ре-
зультат, про який повідомляється в санкціонованому звіті, може бути ви-
користаний лікарем для прийняття діагностичних рішень та відповідного 
лікування. Дуже важливо забезпечити точність та узгодженість результа-
тів досліджень Тільки за чіткої організації та якісного проведення лабора-
торних досліджень можна очікувати, що кожен результат, відображений 
в авторизованому звіті, може бути використаний лікарем для прийняття 
діагностичних рішень або рішень, які змінюють схему лікування. Одним зі 
способів визначення компетентності клініко-діагностичних лабораторій та 
якості їх досліджень є проведення незалежної оцінки якості. 

Ensuring the quality of laboratory research is one of the central problems of 
modern laboratory medicine. Only through accurate organization and quality lab-
oratory testing can it be expected that every result reported in an authorized report 
can be used by a physician to make diagnostic decisions and appropriate treatment. 
It is important to ensure the accuracy and consistency of test results Only with a clear 
organization and quality of laboratory tests can we expect that each result reflected 
in the authorized report can be used by a physician to make diagnostic decisions 
or decisions that change the treatment regimen. One of the ways to determine the 
competence of clinical diagnostic laboratories and the quality of their research is to 
conduct an independent quality assessment. 

Clinical laboratory diagnostics (laboratory medicine) is one of the most 
important components of the health care system, which provides medical — 
diagnostic care to patients in assessing health status, diagnosing diseases, 
monitoring treatment results, further prognosis, and quality of life. Today, 
the process of reforming medicine and bringing it closer to EU standards 
in the country has just begun, it will also affect the quality system in clin-
ical diagnostic laboratories. Special attention is required to measurement 
procedures in the structure of laboratory diagnostics as a tool for objective 
assessment of the patient’s condition. The initial procedure for laborato-
ry research is the measurement, which together with quality management 
is the fundamental basis of any laboratory. In addition, the clinical diag-
nostic laboratory, as a subject of market relations, must solve the problem 
of implementing and ensuring a quality system as an element of ensuring 
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