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SOME PECULIARITIES OF THE SCHMITT TRIGGER

It has been shown that the use of an additional reference voltage at the input of
Schmitt inverting and non-inverting triggers and an analog switch at the output increases
the accuracy of the threshold and output voltages, regulates the position of the hysteresis
curve on the horizontal axis. Hysteresis does not depend on reference voltage. General
formulas have been derived for determining the threshold values for inverting and non-
inverting triggers, where the two threshold voltages and the two output voltages, depending
on the problem setting, can be positive and negative, or unipolar positive or unipolar
negative. Those are presented in the form of the sum of stable and unstable components, by
increasing the stable component, it is possible to improve the accuracy of threshold voltage
values in classical schemes. The necessity of using additional reference voltage is justified.
In the proposed scheme, the output parameters of the triggers do not depend on the parameters
of the microchip working as a comparator. A guideline of recalculation for increasing the
accuracy of threshold voltages using a reference voltage has been developed. A graph is
constructed that allows to quickly calculate the relative accuracy increase in the threshold
voltages when the reference voltage is applied. This is obtained by increasing the ratio of
positive feedback resistances. The reverse problem can also be solved using that graph.
New designations of threshold voltages that facilitate the visual understanding of threshold
voltage equations have been proposed.

Keywords: Schmitt trigger, analog switch, comparator, threshold voltage, reference
voltage, accuracy.

Introduction. The Schmitt trigger is an inverting or non-inverting comparator
that converts an input analog signal into a logic signal, depending on the direction
of crossing two preselected threshold voltages: high or low. Due to the noise
generated on the signal at the moments of overcoming the threshold voltages, the
output voltage of the comparator constantly oscillates, accepting its high and low
values. To avoid this, hysteresis, which is the difference in threshold voltages, is
created by positive feedback. In the reviewed literature, there are various formulas
for calculating the input threshold voltages of inverting or non-inverting triggers
that operate in a certain voltage range. Different versions of these formulas confuse
the user, and the hysteresis curve is placed either in the first quadrant or in all four
quadrants simultaneously. The case of two threshold and two output voltages of the
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triggers being only positive or only negative at the same time is not discussed. The
necessity and role of using an additional reference voltage source in increasing the
accuracy of the threshold voltages is not discussed either.

Problem setting. Our investigation aims:

1) to find new schematic and technical solutions to increase the accuracy of
input and output voltages;

2) to find general formulas applicable to any conditions for inverting and
non-inverting triggers and justify their advantages;

3) to justify the need to apply the U, reference voltage in order to increase
the accuracy of the threshold values in classical trigger circuits;

4) to develop a methodological guide for the calculation of the increase in
the accuracy of the threshold voltages.

For a workable trigger, such a calculation is considered a direct problem. As
a basis, we chose the circuit of the inverting trigger with an analog switch proposed
in [1], to which we added a reference voltage U, . The circuit of non-inverting
trigger is also developed in the same way, which is missing in [1]. The constant
voltages U,,; = UL, and Uy, = US,, controlling the hysteresis satisfy only one
condition: UL, > U, (as in the classical circuit) to ensure positive feedback.

As hysteresis control parameters, we have chosen voltages with stable and
accurate values such as U,y = Uy, and U, = UQ,, which must satisfy only one
condition: U}, > U2, (as in the classical scheme) to ensure positive feedback.
They can be placed on the coordinate plane in three ways:

1) Uk, =0, U, < 0 (positive and negative voltages).

2) Uk, >0, U2, = 0 (unipolar positive voltages).

3) Ul <0, U, < 0 (unipolar negative voltages).

In this case, the hysteresis curve is placed in any of 1/4, or 2/4, or 4/4 of the
coordinate planes. That is, the two threshold voltages and the two output voltages,
depending on the problem setting, can be positive and negative, or unipolar positive,
or unipolar negative.

1. Inverting Schmitt trigger. Fig. 1.1 shows the proposed Schmitt trigger
with an inverting comparator. The external voltage sources U°,,; or Ul,,; are
applied to the circuit with positive feedback resistors R/ and R2 with a switch
depending on the magnitude of the input voltage. The analog switch placed at the
output of the circuit is logically controlled by a comparator with all possible forms
of communication, electrical and non-electrical.
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Fig.1.1. The circuit with inverting Schmitt Fig.1.2. The dependence of
trigger Uout = f (Uin)

Such a circuit also includes the classical form of trigger connection, where
R2 is directly connected to the output of the comparator. In Fig.1.1 /-is the contour
current flowing through the closed circuit in the direction indicated by the arrow.
Fig.1.2 shows the dependence U,,; = f(U;). The point of intersection of the
coordinate axes is not specifically indicated because the equations must be of a
general form regardless of the position of the hysteresis curve in the plane.
Threshold values U;,, | and U, T are indicated on the input voltage U;, axis. Such a
designation of threshold voltages is introduced to facilitate the visual perception of
the input-output functional connection. U;, l-indicates that the U,,;-voltage takes
from high U},.value to low U?,, value and U;, T indicates that U,,;-voltage takes
from low U2,,value to high U},,value. It can be seen from Fig.1.2 that U;,, 1< Uy, L.
The hysteresis will be: AU = U;;, | —U;,, T. The dependence U,,; = f(U;,) is called
the hysteresis curve. It consists of two broken curves: a and b, with a-indicates the
increase in voltage U;, direction and b-indicates the direction of decrease of Uj,
voltage. At the transition moments the non-inverting input voltage of comparator is
equal to the voltage of inverting input: U;,, = Uy, L or Uy, = U;y, 1. For a closed circuit,
from the Kirchhoff's law we have IR1 + IR2 = U,-U,,; and U;;, = U, — IR1. From
these equations we can find the threshold voltage U;;,,, assuming that quantities R1,
R2, Uy, Upye (@ Upye = US4, b. Upyr = Ul,) are known, and given in [2]:

R1
Un=U; + (Uout - Uz) R1+RZ' (L.1)
From (1.1) we get:
Uy R24Ugy R1
Uin = R1+R2 (1.2)

This equation is given in [3, 4]. From (1.2) we get:

R2 R1

Uin =U + Uout m

Z R1+R2

(1.3)

Equation (1.3) is a general equation for determining the threshold voltages. Here,

the first summation depends only on the U, component and the R2/(R1 + R2)
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ratio, and the second one-only on the U,,,; component and the R1/(R1 + R2) ratio
[5, 6]. From equations (1.1), (1.2) and (1.3), only (1.3) shows the dependence of
the threshold voltage U;,, on the voltages U, and U,,; separately. Equation (1.3) is
applicable to any choice of threshold and output voltages and allows easier selection
of U, and U, voltages. From (1.3), we find the threshold values U;;,, T and U;;, |,
which are determined by the output voltages of the comparator before the jumping
moment: U;,, T-corresponds to U2, voltage, Uin l-corresponds to U},,; voltage [3, 5]:

R2

Uin = U, FYITTI U(}ut R1TR2 (high threshold), (1.4)
U T=U,—— wioms T Ugut FIEvS: (low threshold). (1.5)

From equations (1.4), (1.5) given in [3, 5], it can be seen that the threshold
voltages can be located with respect to the constant component U,R2/(R1 + R2)
in three ways, depending on the magnitudes and signs of the voltages U},, and
UQ,;. Both thresholds at the same time can be greater than, less than U,R2/(R1 + R2),
or placed on both sides of it. The hysteresis will be:

R1

AU = (Uout - U((J)ut) R1+RZ "

(1.6)

From (1.6) it can be seen that AU does not depend on U,. This allows the
hysteresis curve to shift the along the horizontal axis only by selecting U,.
If U, = 0, then from (1.4), (1.5) simplified equations are obtained:

Ui, 1= UL, —— (high threshold) [1, 7-9], (1.7)

out p14R2

Ui, T= U2, ——— (low threshold) [7, 8]. (1.8)

out p14+R2

In [2-6], U,-additional reference voltage is applied without justifying the use
of it.

Comparator output voltages are often used as output voltages U2, and U2,;,
which depend on the supply voltage and comparator output voltages, output and load
resistances, ambient temperature. The accuracy of the Hysteresis parameters also
depends on these parameters. Due to the reference voltage U, used in the scheme
of Fig. 1.1, a stable component appears in equation (1.3). As a result, the influence
of unstable U2, and U2, parameters on threshold voltages and hysteresis parameters
is reduced, increasing their accuracy and stability. The proposed solutions were tested
with the Multisim program, with classic circuit diagram, and the LM7332 chip.
Four combinations of VCC, VEE supply voltages and U, reference voltage were
used: VCC =10V, VEE =0V, VEE = -10V, U, = 2V, U, = OV and the same
R1 = 2k, R2 = 20k resistors. We considered that U},, = VCC, U%,, = VEE.
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In Fig.1.3, the circuit diagram of the comparator with the first combination is
shown. In Fig.1.4, the hysteresis curves of the inverting trigger for four combinations is
shown, the threshold and reference voltages are given on the x-axis and the output
voltages of the comparator on the y-axis for each hysteresis curve separately.

XSCL -1 0 1 2 3 Uin[V]
: : 1 Vac=10v. H :
wer Uz % | | s —
¥ I | vee-1ov ! .
o 4 ‘ ‘ T———
5 | i 4 ! Uin
: e  eit——+
[ ! ‘ ! |VEC-10V o ! vz=2v i
I Uin
Uz=0v i

Fig.1.3. The diagram with first combination Fig.1.4. Hysteresis curves for four
combinations

It can be seen from Fig. 1.4 that by choosing the sign and magnitude of the
U, voltage, the hysteresis curve can be shifted to the range of both positive and
negative threshold voltages. When U, = 0V, the circuit is deprived of the ability to
easily shift the hysteresis curve.

2. Non-inverting Schmitt trigger. Fig.2.1 shows the proposed circuit of
Schmitt trigger with a non-inverting comparator and an analog switch. The switch
is logically controlled by a comparator in the same way as in the inverting trigger.

e —— gy — —— — — — — -
L R Rz L Uout Uout
1
: : Uout b b .
| Yin * Qutlogic | a
\ S
U - 1
|
| b
[} 1 0 a
: Uout T ) Uout U out y a
ik ! Uin it Ui
L - —_ in Uin' in

Fig.2.1. The circuit with non-inv. Schmitt ~ Fig.2.2. The dependence of Uy, = f(Uin)
trigger

Fig.2.2 shows the dependence of U,,; = f(U;,). When the input voltage
reaches the threshold values U;, T and U, ! indicated on the axis of the input
voltage U;,,, there are jumps in the output voltage: U;;,, T indicates that the voltage
Uyye from a low value U2, takes a higher U},,;, value, and U;,, | indicates that the
voltage U,y , starting from a high value U}, takes a low value U$,,. Fig.2.2
shows the high threshold for non-inverting trigger U;, {< U;;, T. Therefore the
hysteresis will be: AU =U;; T — U, 1. In the transient moments the non-
inverting input voltage of the comparator is equal to the inverting input voltage:
Upn =Uin Lor Uy = Upy .

From the Kirchhoff equation for a closed circuit we obtain U;, — IR1 =
= Uyye + +IR2, where, on both sides of the equation is the voltage of the non-
inverting input of the comparator. At the inverting input of the comparator at
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transient moments, it is equal to the voltage U,. Let's find the threshold voltage
Ui, assuming that quantities R1, R2, Uy, Ugye (a. Ugye = U6, b. Ugye = ULyp)
are known [2]:

Uin = Uy = Uoue — Uz) = @.1)
From (2.1) we get the equations, given in [3] for two thresholds:
Uin 7= {(R1 4+ R2)U, — R1U2,,}/R2,
Ui 1= {(R1 + R2)U, — R1U},}/R2. (2.2)

From (2.2) we get an equation with separate summables, as in the case of the
inverting trigger:
R1+R2 R1
5~ Uout - (2.3)

Equation (2.3) is a general equation for determining the threshold voltages.
R1+R2

Uin = U,

Here, the first summation depends only on the U, component and the ratio,

R1 .
and the second one-only on the U,,; component and the - ratio.

From equations (2.1), (2.2), (2.3), only (2.3) clearly shows the dependence
of the threshold voltage U;, on the voltages U, and U,,,; separately. An equation of
this form is applicable to any choice of threshold and output voltages and allows
easier selection of U, and U,,,; voltages. From (2.3) let’s find the threshold voltages
Uin Tand U;;, |, which are determined by the output voltages of the comparator

before the jump, U;,, T-corresponds to U2, Uy, L-corresponds to UL,

Uin 1= U, =2 = Uy = (high threshold), (2.4)
Un = U, % - Ul % (low threshold). (2.5)
The hysteresis will be:

R1

AU = (Uc}ut - Uz())ut RZ

(2.6)

From (2.6) it can be seen that AU does not depend on U,. This allows the
hysteresis curve to be shifted by selecting U, only. If in (3.4) and (3.5) U, = 0,
then

Uin 1= —USy = (high threshold), 2.7)

Uin 4= —Uye = (low threshold). (2.8)
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Equations (2.3), (2.4), (2.5) are missing in the investigated literature, and in
[1] are given only equations (2.7) and (2.8).

In the scheme of Fig.2.3 an additional U, reference voltage source was used
to increase the accuracy and stability of Uy, T, U, |, AU parameter values. By
reducing the influence of unstable UL,, and U2, parameters on threshold voltages
and hysteresis parameters, their accuracy and stability increases.

The proposed solutions were tested by the Multisim program, with classic
circuit diagram, and the LM7332 chip. Four combinations of supply and reference
voltages were used: VCC = 10V, VEE =0V, VEE = =10V, U, =2V, U, =0V
and the same R1 = 2k, R2 = 20k resistors. We considered that U}, = VCC,
U%,; = VEE.

In Fig. 2.3 shows the electric circuit with the first combination.
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Fig.2.3. The diagram with first combination Fig.2.4. Hysteresis curves for four
combinations

Fig.2.4 shows the hysteresis curves for all four combinations. In this figure,
the threshold and reference voltages are given on the x-axis and the output
voltages-on the y-axis for each curve separately. It can be seen from Fig. 2.4 that
by choosing the sign and magnitude of U,, the hysteresis curve can be shifted to
the range of both positive and negative threshold voltages. When U, = 0V, the
circuit is deprived of the ability to easily shift the hysteresis curve.

3. The effect of U, voltage on Schmitt trigger parameters. Let's show that
by applying the U, voltage, it is possible to increase the accuracy of the threshold

voltage. For this, in equation (1.3), let's assign: K = % (feedback coefficient), in

this case we get. Let's show that by applying the U, voltage, it is possible to
increase the accuracy of the threshold voltage. For this, in equation (1.3), let's

assign: K = % (feedback coefficient similar to an operational amplifier), we get:

K 1
Uin = UZH_K+ Uoutl_'__K- (3.1
For two thresholds we will have:
Uin 4= U, 7 + Ulye —— (high threshold), (3.2)
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U 1= U, —— + U2, — (low threshold). (3.3)

Z1+K out 14

Let's consider that the resistors used in the circuit and the additional reference
voltage, have very high accuracy and stability. When U, = OV, the threshold voltage

Uin = Uput ﬁ depends only on the output voltage, therefore the relative volatility

of its value is as much as the volatility of U,,;. When using U,-reference voltage,
the instability of the voltage U;, depends only on the second component-U,,;. By
choosing the magnitude of the stable component to be much larger than the
magnitude of the unstable component, the effect of the transient voltage U,,; on
U;, will be much smaller than it would be in the absence of U,. For this it is
necessary:

1) when U, = 0V, with (3.2) and (3.3) the calculate the values of the high

and low threshold voltages for a certain value K1 = g;

2) to estimate their percentage changes depending on the output voltage
changes,

3) as a threshold requiring a stable value, to choose either the high or the
low threshold and consider its value unchanged;

4) in order to soften the unstable component of the threshold voltage selected

in (1.3) to the necessary extent, to select a new larger value of K (K2 = %);

5) from (3.2) or (3.3) to calculate the necessary U, voltage, that will provide
the selected threshold voltage;

6) to recalculate the new value of the other unknown threshold having the
voltage U,.

Using equations (3.2) and (3.3), let's show the necessity and features of
applying U,-reference voltage with example of a circuit with bipolar power supply.
The following initial parameters are given: UL, = 10V, U2,, = —10V, U, = 0V,
K1 =9, voltage error: +10%, permissible error of threshold voltage: 1%. By
carrying out steps 1-4 of the guide, we choose K2 = 99 and complete the calculation.
The results are presented in the Table below.

The same method is used to calculate in the case of a non-inverting trigger.
In cases where the changes in the second threshold voltage and hysteresis, due to
the use of the classic scheme are not satisfactory, the circuits with the analog switch
given in Fig. 1.1 and Fig. 2.1 should be used. A partial solution can be the use of a
bidirectional, parametric stabilizer of the output voltage in a classical circuit.
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Table

Calculations results of initial and final values of the threshold voltages and their errors

Initial data without ref. Calculation data Initial data for recalculation Recalculation data
voltage
Ulout anut Uz K1 Uin ’L Uin T Ulout anut Uz K2 Uin ‘L Uin T
+10V [-10V |0V |9 |1V -1V +10V -10V 0,909V |99 |1V 0,7999V
+11V  |[-11V |0V |9 |11V -1,1V +11V -11v 0,9097 |99 |1,00997 |0,7899V
10%err | 10%err | - - | 10%err | 10%err | 10%err | 10%err | 0%err - 1%err 1,25%err

Using equations (3.2) and (3.3), let's calculate the dependence of the threshold
voltage change on the output voltage change, when applying U,,.
The change in the threshold voltage is directly proportional to the change in

the output voltage: AU;, = AU, ﬁ Assume the ratio of the threshold voltage

change (AU;;,,) and the output voltage change (AU,,;) is A = ﬁuﬂ = ﬁ
out

Al = ;, where K1 = 22 (first feedback coefficient), when U, = 0V,
1+K1 R1

2= ;, where kK2 = 22 (new feedback coefficient), when U, # OV.
14+K2 R1

. A1 . .
Let's calculate the accuracy coefficient, N = o which shows how many times

the accuracy of the threshold voltage increases when the reference voltage U, is

applied, or how many times the error depending on AU, decreases. N = &+ = 1X%2

A2 1+K1
Let's assume that K2 = nK1, then
1+nK1 1 K1
T 14K1 | 1+K1 tn 1+K1° (3.4)

This is a linear equation or graph as a function of » for fixed values of K1,
where n-indicates how many times the initial K1 coefficient must be increased in
order to increase the accuracy of the threshold voltage by the necessary N-times.

In equation (3.4) n shows how many times the initial K1 coefficient should
be increased in order to increase the accuracy of the threshold voltage by the
necessary N —times. In Fig.3.1, the table on the basis of which the graph of Fig.3.2
is constructed. The table is constructed for several fixed values of K1 and n (a-point
and b-points) calculated using equation (3.4). For any value of K1, whenn =1,
the set of lines N = f(n) intersects at the point N =n =1 (Fig. 3.2, point a),
when K1 > 1, then N = n. This graph allows to calculate the amount of increase
(N) in the relative accuracy of the threshold voltages when applying U,, which is

. . R2. . . . . .
obtained when the ratio o5 18 increased n-times. Using the graph, it is also possible

to solve the opposite problem. For this, N must be calculated, having in advance
the numbers A1 and A2 (the resulting and permissible error sizes). Then, using N
and the known curve K1, the required » must be found.
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Fig.3.1. Calculation data Fig.3.2. Graph of the function N=f(n)

Conclusion. It is shown that the use of an additional reference voltage at the
input of inverting and non-inverting triggers, and an analog switch at the output
increases the accuracy of the threshold and output voltages, adjusts the position of
the hysteresis curve on the (horizontal) axis of the input voltage. The magnitude of
the hysteresis does not depend on U,. It is shown that threshold and output voltages
of the triggers do not depend on the supply and output voltages of the microcircuit
used.

The use of general formulas (1.3) and (2.3) for determining the threshold
voltages of triggers under any conditions presented as the sum of stable and
unstable components is justified. The need to use additional reference voltage in
triggers is justified. By increasing the dose of the stable U, component in equations
(1.3) and (2.3), the accuracy of the threshold voltages in classical circuits can be
increased. It is shown that the hysteresis curve can be placed in any 1/4, or 2/4, or
4/4 of the coordinate plane. That is, the two threshold voltages and the two output
voltages, depending on the problem setting, can be positive and negative, or
unipolar positive, or unipolar negative.

A guideline of recalculation for increasing the accuracy of threshold voltages
using a reference voltage is developed. The calculation process by example of the
inverting trigger is shown.

An accuracy increase factor-N, showing how many times the accuracy of the
threshold voltage increases when applying the reference voltage is introduced. It is
shown that (3.4) is a linear equation depending on n: N = f(n). The graph of this
dependence, where n shows how many times the initial K1 coefficient of positive
feedback should be increased in order to increase the accuracy of the threshold
voltage by the necessary N-times is built. The opposite problem is also solved with
the same graph.

With the proposed designations of threshold voltages, it is possible to
determine what kind of trigger is used in the comparator scheme: inverting or non-
inverting. They facilitate the visual understanding of threshold voltage equations.
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U.Q. UULSPrNUSUL, Q.E. £NMHYSUL

CUDBSSPh SCPQGCE NONT UULRAULUZUSUNRESNRLLEE UUUBL

8nyg k wipgky, np Suhwnh openn b soponn wphghpibph dntnpnud jpugnighs hkw-
Juyhtt jupdwt, hul Epnid whwngquyht hnpjuwtipwinhsh oguuugnpénidp dkdwugund £ Lplynt
otidwjhti b Eplynt Eppughtt jupnudubph donnipiniup, jupquynpnud £ hhunbpkqhuh Ynph
nhppp Untnnpughtt jupdwtt wnwugph Yypu: Zhunbpbqhup Jujudus sk hEtwluyphtt jupnudhg:
8nyg k wpyly, np ohdwyhtt b Eppuyhtt jupnidubpp jujudws sk oguuugnpéynny dhpnujub-
duyh vtinigdwi b Gpuyhtt jupnidubphg: Zhdtwdnpdly) E guijugus guydwitkph nhypnod
wnphgbpubph obduyht jupnudubph npnodwt punhwinip pwbwdbbph Yhpwenudp, npnp
ukpuyugyl) o Juynit b wijuynit pugunphsiph gnudwph wbupny: Zhdtwdnpjws &
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wphgbpubpnud (pugnighs hbwuyhtt jupdwt ogunnugnpsdwt wthpwdtynnipiniup: Cuy-
hwunip hwjuwuwpnudibpnud Juynit punungphsh swhwpwdhip dkdbwgubjhu npuuwlu
upubdwtbipnud dkdwtinud E obduyghtt jupnudubiph &onuimipiniup: 8nyg b wnipyty, np hhunbpt-
qhuh Ynpp Jupnn £ wnknupwohyty nnpphtiwnwhtt hwppnipjut guujugws dkl punnp-
nnud Jud Epynt pupnpynid, jud snpu punnpnnud, huy okduyghtt Eplnt jupnidubpt o Gjpw-
jht Epynt qupnudubipp Yupnn o (hih) gpujut b pauguuwfub, jud dhwplbe gpuljul,
Jud dhwplbkn puguuwlu: Uswljyt) E hktwluyht jupdwt jhpundwdp sbdughtt jupnud-
Utph dpumpyuit pupdpuguut Yepuhwpquplh ninkgnyg: Spenn wiphgtph ophliwyny gnyg k
wnpyt] hwoqupyh pipwugpp: Lkpdnwsyl] L donmpjut diswgdwb gnpdwlhg, npp gnyg
wnwhy, ph putth wiqud E wdbjuinwd skduwyhtt jupdwi £ounnipiniup hkbwuyhtt jupdw
Jhpundwt dudwbwly: Lpw dhongny Junnigyt) t qpudhl, npt ogrnugnpdynid k otidugha
jupnulubph hwpwpbpufwi Lonnipniup’ wihpudbon suhnyg dkdwgubnt hwdwp Ju-
wnwpyny hwyquplubph dudwbwl: Loyt qpudhlh dhengny nisynid k twb hwljunuly
uunphpp: Unwewnldty b obduyhlt jupnudubph tnp tpwbwlnidukp, npnup htynwugund ku
otduyhtt jupdwt hwjwuwpnidubph mkunquljub phljunodp:

Unwbgpughlr punkp. GUhnnh wnphgbp, whwnguyhtt hnfuwbgwnhy, Ynduywpu-
wnp, pkduyht jupnud, hEtwluyht jupnd, Lonnmipiniie

C.I'. MAPTHUPOCHH, Ix.9. TOPUKSAH
O HEKOTOPBIX OCOBEHHOCTSAX TPUITEPA HIMUTTA

[Toka3aHo, YTO MpPH HCIIOIH30BAHUU JIOTIOIHUTEIHHOTO OIIOPHOTO HANPSDKEHUS Ha
BXOJIe MHBEPTUPYIOIIETO U HEWHBEPTUpYIomIero Tpurrepos [lIMutra n aHamorosoro ximoda
HA BBIXOJIC MOBBIIIACTCS TOYHOCTh JIBYX IMOPOTOBBIX H JIBYX BBIXOJHBIX HATIPSKCHUH, KOP-
PEKTHpYETCS MOJI0KEHNE KPUBOW TUCTEPE3rca Ha OCH BXOIHOTO HaIpspKeHHA. | mcrepesnc
HE 3aBHUCUT OT ONOPHOTO HANPSHKEHUS. Y CTAHOBIIEHO, YTO TIOPOrOBOE HANPSHKEHHUE U BBIXOJI-
HO€ HANpsHKCHHE HE 3aBHUCAT OT MHTAIOIIEr0 M BBIXOJHOTO HANPSHKEHHUN HCIIOJIB3YeMOM
MuKpocxeMbl. OOOCHOBaHO HCIOJB30BaHUE OOMIMX (HOPMYI JUIS OMpPEACIICHHUS TOPOTOBBIX
HaTPSOKCHUH TPUTTEPOB IMPH JTIOOBIX YCIOBUSIX, KOTOPHIE MPEICTABICHBI B BHAE CYMMBI
CTaOMIBHOM U HeCTaOWIBHON cocTaBIsroIuX. OOOCHOBaHA TaKKe HEOOXOIUMOCTh HCIIOJb-
30BaHUS JOMOJHUTEIHHOTO OIOPHOTO HAmpsDKEHUs B Tpurrepax. [lpu yBenwmueHuH m0iH
CTaOMIIFHOM COCTaBIIAIONICH B OOIIMX YPaBHEHHSAX B KIIACCHYECKUX CXEMaX BO3PACTACT TOY-
HOCTB OIIPEJICIICHNS IIOPOTOBBIX HaNpsKeHUH. [1oka3aHo, 4TO KpUBYIO THCTEpE3nca MOKHO
PaCIIONOXHUTH B JJFOOOM OJHOM KBAaJpaHTE, WM JIBYX, HJIHM YETHIPEX KBaJpaHTaX KOOPIHUHAT-
HOW IUIOCKOCTH, a JIBa IOPOTOBBIX HANPSDKEHUS ¥ 1BA BBIXOTHBIX HAMPSKEHHUS MOTYT OBITh
MTOJIOKUTETHHBIMY ¥ OTPHIATESILHBIMHE, JTUOO OTHOMOJISPHBIMY TOJIOKUTESITHHBIMHI WITH OJT-
HOTIOJIIPHBIMH OTPHUIIATENbHBIMA. Pa3paboTaHo pyKOBOACTBO IO MEPECUETy IS MTOBBIIIC-
HUS TOYHOCTH TIOPOTOBBIX HAIPSDKEHHN C MCIIOJNF30BAaHHEM OIMOPHOIO HampspkeHus. [Ipo-
ecc pacuera IoKa3aH Ha MpUMepe UHBEPTUPYIOLIero Tpurrepa. Beeaen koaddunment yse-
JIUYEHUSI TOYHOCTH, KOTOPBIA TOKA3bIBACT, BO CKOJBKO Pa3 YBEIHMUMBACTCS TOYHOCTH ITOPO-
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TOBOT'0 HaNpsDKEHUS IMPU MPUI0KEHUU ONOPHOTro HampshkeHUs. C ero MoMoIblo MOCTPOEH
rpaduK, KOTOPBIH UCIIONB3YETCs MPU pacueTax sl IOBBIILIEHNUS OTHOCUTEIEHON TOYHOCTH
MIOPOTOBBIX HampspkeHWH. IIpoTuBoOmoONOXKHAs 3ajada pemaercs C MOMOLIBIO TOTO K€
rpaduka. [Ipenyoxensl HOBble 0003HAYEHHS TOPOTOBBIX HAMPSDKEHHUH, C TIOMOIIBIO KOTO-
PBIX MOKHO OIPEAEINTh, KAKOW TPUITEP HCIONIB3YETCs B CXEME KOMIIapaTopa: HHBEPTUPYIO-
K WM HeMHBepTHPYIOKil. OHU 00JIer4aloT BU3yaibHOE TIOHMMaHUE YpaBHEHU 1Opo-
TOBBIX HAINPSKEHUN.

Knioueevie cnosa: tpurrep llImurra, aHaIOroBbIi KIIOY, KOMIApaToOp, IOPOroBOE
HaNpsHKEHNE, OTIOPHOE HANPSHKEHNE, TOYHOCTb.
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