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30ipHUK MaTepialiB  KOH(EpEeHIli MICTUTh Te3W JIONMOBIIEH HAyKOBUX
JAOCTDKEHb 32 aKTyaJbHUMH TMpoOJieMaMH Yy Taly3sX, BIJHECEHHX [0
3aralbHONPUUHATOTO TepMiHa «IHmaycTpis 4.0».

Po3rnsHyTi mnOHTaHHA MaTeMaTHYHOTO 1 KOMII'IOTEPHOTO MOJICIIOBAHHS;
yhOpaBiiHHSA, OOpOOKM Ta 3axuCTy I1H(OpMAIi; MNPOEKTYBaHHS i1HGOpPMAIIHHUX
CUCTEeM 1 TMPOTrpaMHHUX KOMIUIEKCIB, IITYYHOTO IHTENEKTy; aBTOMaTH3allii
pPOOOTOTEXHIYHUX CHUCTEM; KOMM'IOTEPHUX TENEKOMYHIKAI[IMHUX MeEpex Ta
TEXHOJIOT1; aBTOMATH3alli Ta YHPABIIHHA TEXHOJOTIYHMMH IIPOLIECaMHU; HOBUX
1H(pOpMAIIHHUX TEXHOJIOTIH B OCBITI.

Pe3synbratu nociipkeHb MNPEACTABIAIOTH COOOIO CBOEPITHUI 3pi3 Cy4acHOIro
CTaHy CIIpaB y NEpPEepaxOBaHUX Tally3sX 3HaHb, KU MOKE JTONOMOITHU SIK (PaxiBLSIM,
TaKk 1 CTyJEHTaM BHWIIIB CKJIACTU 3arajiHy KapTHHY PO3BHUTKY 1H(OpMaIiiHuX
TEXHOJIOT'1H Ta MOB’sI3aHUX 3 HUMU NTUTaHb.

B 30ipHuKy npencTaBiieH1 pe3yJabTaTH JOCHIKEHb B 3a3HAYCHUX Tally3sX 3HaHb
B IT nepenoBux yniBepcurerax 3 Kuesa, Xapkosa, JIbBoBa, Onecu, Binnuui, [Jnimnpa,
MukonaeBa (OBHUH CIIHMCOK YYaCHUKIB-OpraHi3aiii quBucs Ha ctp.11). HasBHICTh y
MOJIAHUX MaTepiaiiax 1H(POpMallli aHIIIHCHKOI0 MOBOKO JI03BOJISIE BUKOPUCTOBYBATH
30IpHUK Te3 sK 3aci0 KOMYHIKAI[li MI’)K BUEHUMH PI3HUX KPaiH.

30ipHUK pO3paxOBaHO Ha HAyYKOBUX INPAILIBHUKIB, BHUKJIAJayiB, acHipaHTIB,
CTYJICHTIB BUIIIMX HaBYAJIbHUX 3aKJa/iB, SIKI HAMAralThCs J13HATUCSA PO CyYaCHHM
ctaH Hayku B IT-ramy3i Ta TeHACHIT pO3BUTKY Taiy3ed aBTOMaTHU3allli
TEXHOJIOTIYHUX TporeciB Ta poboroTexHiku. Il i1Hdopmaris wmoxe OyTH
BUKOPHWCTaHA JJIsI BUPIMICHHS IIUPOKOTO KoJia IPOOJIEM B 3a3HAYEHUX PO3JLiIax, 0
BUHHMKAIOTh SK B HABUYAJIBHOMY IMpPOIECi, TaK 1 B JOCHIJHUIBKOMY 1 HAyKOBOMY
IJIaHaXx.

PexomennoBano no myOmikamii Buenoio Panoro I[HCTHTYTY KOMIT'IOTEpHUX
cucteM 1 texHonorid «Iumyctpis 4.0» im. I1.H. IlnatonoBa Onechkoi HaIlioHAIBHOT
akaneMii xapuyoBux TexHosorii Big 02.10.2020 p., nporokon Ne 2.

Mamepianu, 3aneceni 00 30ipHuKa, OpyKyIomvCs 3a A8MOPCbKUMU OPUSTHAIAMU.

3a docmosipnicmu iHghopmayii 8ionogioae asmop nyoaikayii.
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UDC 621.38

MULTIIMMITTANCE LOGIC ELEMENTS
LISHCHYNSKA L.B. (LLB@vntu.edu.ua)
Vinnitsia National Technical University (Ukraine)

THE MAIN DIRECTIONS OF CONSTRUCTION OF MULTI-IMMITANCE LOGICAL ELEMENTS,
THEIR STRUCTURE AND THE BASIS FOR THE SYNTHESIS OF MULTI-IMMITANCE LOGICAL R-
ELEMENTS ARE INVESTIGATED

The concept of ""fuzzy immittance™

The development of information technology is determined by two trends: improvement of technologies
and element base; using new principles of operation and design. The using of binary video-pulse logic is the
example of such solutions. A typical disadvantage is its static nature, requiring the use of transistor switches
in the nonlinear reGICe, which limits the speed and increases power consumption. Using of of radio
frequency logical elements let partially overcome these disadvantages. However, the absence of development
of modern element base on the primary stage slowed the development of this trend, although its capabilities
are far from exhausted. This is confirmed by the development of global information networks (GPS, mobile
communication, guidance systems, etc.) to be implemented by radio. In this regard, the search for new
technical solutions in the field of processing of the information transmitted in the form of a radio frequency
signal is relevant. One of the solutions in this area is the use of the concept of "fuzzy immittance" when
building immittance gates.

There is the problem of defining the problem and the numerical values immittances: resistance — R;
capacity — C; inductance — L in the design of radio frequency devices. The quality of the design of the results
depends on the error setting or calculating the values of RLC - components. The most typical example of this
dependence is the effect of immittance value of load W, and of generator W, in determining the immittance
W- parameters of active two-port network and ultra-high frequencies. For example, ensuring conditions: Z, =
Zy = 0 (short circuit mode) when measuring two-port Y-parameters, due to the influence of parasitic
inductances findings. It is practically impossible, which leads to an increase in the measurement error with
increasing frequency. A similar problem arose in the measurement of Z-parameters required to obtain fixed
resistors Zq = Z, = oo (idle speed mode) that due to the influence of parasitic capacitances between the
terminals and the common bus is also impossible to be implemented.

All these disadvantages have led to an increase in measurement errors Y- and Z- parameters on the
1GHz frequency of more than 20% of that determined the rejection of measurement and the use of Y- and Z-
parameters to microwave frequencies.

An alternative to these measurements were measuring S-parameters of two-port, which should be
carried out in a mode of bilateral coordination and enforcement of conditions: Z, = Z,, Zy = Zo, where Z; —
the characteristic impedance of the measuring path, (when Z, and Z, is constant quantities, that is
impracticable such as at measuring Y- and Z- parameters). This is due to the imperfection of the connecting
elements of the measuring circuit and transforming properties of the transmission line. When, for example,
resistance Zq and Z, differ from the characteristic impedance to the distance A/4 of the four-pole terminals,
this leads to change of the sign of a reactance resistance at the measured two-port plane terminals, and,
consequently, to an increase errors of S-parameter measurements with increasing frequency. Another
disadvantage of the measurement of S-parameters is shown in the measurement of S-parameters of
transistors, which are in the microwave range are potentially unstable. As a result, their input W;, (output
W) immittance under certain loads can go into a range where ReW;, (ReW,,) <0 (Fig. 1). That leads to
uncontrolled stimulation of the experimental setup, and as a consequence, to an increase in the measurement
error.

Overcoming these disadvantages achieved by eliminating of need to meet the conditions: W, -const,
W,-const at the measurement Y-, Z- and S-parameters. A method for measuring W-parameters in mode,
where: W, -var, W-var and not controlled in magnitude (it is arbitrary). This method has received the name
"floating load" method and allow for the measurement of W-parameters of active two-ports, including the
potentially unstable, throughout the UHF range with an accuracy of less than 20%.
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Figure 1 — Immittance circle of potentially unstable two-port
(/I - unstable range, where ReW;, < 0)

Such solution would be to refuse from using fixed numerical values of the RLS-parameters on stage of
functional synthesis electronic devices. The tables of immittance conversion of one-parametric generalized
immittance converters (GIC) on the basis of bipolar and field-effect transistors are designed. Its allowing to
use only high-quality (fuzzy) values of convertering W, (W) and converted Wi, (W) immittance.

Thus, on the basis of these examples it follows that the refusal to use quantitative characteristics
immittance, at a certain stage of development, and the transition to a qualitative assessment, which generally
can be regarded as the use of fuzzy immittance, can achieve certain benefits (simplified method of synthesis,
extended the range measurement, etc.).

A similar example of the using at some point qualitative assessment instead of quantifying is widely
known as the theory and methods of fuzzy sets proposed by Zadeh and received are used in various fields of
research at now. This suggested that the introduction of "fuzzy immittance" concept in the future will also
lead to new results both in design methods (development) of electronic devices, as well as the creation of
new types of devices, such as immittance logic elements.

Thus, the concept of "fuzzy immittances" involves the using of a certain stage of high-quality
immittance characteristics of circuit: resistance (conductivity) +R(+G); inductance (+L); capacitance (+C),
without quantifying assessment.

Structure multiimmittance logic elements
The functional completeness of the system has logical functions "NO", "AND", "OR". Their structural
implementation using the information basis immitansnoho consider the example of the first option

imitansnoyi positive logic, where a logical unit corresponds to negative real impedance "1— RO a logical
zero - positive real impedance "0 — R . In this case, block diagrams of basic logic elements have the form
shown in Fig. 2.

They are multipoles in which valid input impedance g  depends on the input immitance Rg :

Quantitatively this relationship is determined by the conversion factor immitance T;, which in general are

complex variables. That choice of ratios ensures the implementation of the necessary logic functions
represented in the tabl. 1-3.

The basis for the implementation of these logic elements are summarized immitance converters. Using
generally complex value T, and T, by GIC possible combinations to ensure the implementation of

necessary imitansnoyi logical functions. For example, to implement imitansnoho logical element "NOT" just
use GIC of conversion rates T, <0 (Converter of negative immitance). Implementation of other logic

functions require more complex structural solutions and the development of methods of synthesis of such
structures.
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Figure 2 — Block diagrams of the basic immittance logic R-elements for positive logic
Table 1 — The truth table of immitance logic R-element "NO"

Ry X ot Y
RO >0 1 ~TR, <0 0
R{” <0 0 TR, >0 1
Table 2 — The truth table of immitance logic R-element "AND"
Ro X1 Rq2 X2 Ryt Y]
RS <0 0 R} <0 0 RE) <0 0
R{) <0 0 R >0 1 RO <0 0
R >0 1 R{; <0 0 RY) <0 0
R >0 1 R{; >0 1 R >0 1
Table 3 — The truth table of immitance logic R-element "OR"
Ry X1 Ry, X2 R, Y]
RS <0 0 R, <0 0 R <0 0
RY <0 0 R >0 1 R >0 1
Ry >0 1 R} <0 0 R >0 1
R >0 1 R >0 1 RY >0 1

Synthesis of immitance logic R-elements

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

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 imitansnyh R-logic elements based on real transistor
structure.
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