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Abstract: The ways of increasing an operation
speed of the formation of an illuminating raster in a
scanning television optical microscope are analyzed. The
raster is formed by a digital-to-analog method using a
precise voltage-to-current converter. Vast functioning
possibilities of the microscope provided by forming the
raster of changeable size and changeable resolution as
well as by moving the scanning raster of a reduced size
to an arbitrary point on the cathode ray tube screen
require that the time of deflection of the illuminating
scanning beam to a point with specified coordinates and
required accuracy be controlled. We propose a hardware
solution for increasing the operation speed, which will
significantly reduce the time of forming the scanning
raster in discrete mode.

To ensure the high accuracy of conversion of the
input voltage into the current of an electronic beam
deflector coil, a voltage-to-current converter is reaized
in the form of dc amplifier with strong negative current
feedback. A negative feedback signal is formed on a
precision resistor connected in series with an inductive
load, that is, the coil of an electronic beam deflector. The
accuracy of the iput-voltage-to-load-current trans
formation is determined by the amplification factor
without the negative feedback operation. As a rule, the
amplification factor exceeds 1000, and the trans
formation factor of the voltage-to-current converter is
close to unity.

Depending on the amplitude of the input signal, the
amplifier stages of the voltage-to-current converter can
operate either in a linear mode or in a saturation mode.
The latter appears due to the break in the feedback loop
caused by the large difference between the input signal
amplitude and negative feedback signal amplitude. There
are given analytica expressions for determining the
settling time of the inductive load current with
prescribed accuracy. An interactive mode of the
scanning television optical microscope operation is
proposed. The essence of the STOM interactive
operation mode is that the instant when the code of the
next coordinates of the illuminating raster element is
delivered to the system is determined by the current
settling time (obtained with the prescribed accuracy) and
the duration of an illumination pulse.

Two block diagrams have been proposed which, in
the interactive operation mode, generate normaized
pulses, whose duration is equal to the duratin of transient
for the inductive load current settling. A block diagram
of the scanning television optical microscope that takes
into account the duration of the transent that
corresponds to the settling time of the illuminating
scanning beam in different STOM operation modes has
been devel oped.

Key words: scanning microscope, cathode ray tube,
voltage-to-current converter, operation speed, scanning
raster formation accuracy.

1. Introduction

The method of the formation of an illuminating
raster in the scanning television optical microscope
(STOM) developed by authors enables the increase in
raster formation speed. Asalight source for illumination
of atest object in such a microscope a cathode ray tube
(CRT) of high resolution is used [1]. Very short time of
afterglow of such CRT alows us to use a flying spot
mode. The advantage of such a microscope in
comparison with a video television microscope consists
in its ability to form a microobject (MO) image that
consists of 5000 decomposition elements over each
coordinate. Reducing the size of the illuminating raster
up to its 10th alows us to create a scaled-up image of a
selected image fragment without losing the resolution. In
comparison with an eectronic microscope, the STOM
provides an opportunity to carry out real-time
investigations of living MOs. The advantage of the
STOM in comparison with alaser microscope consistsin
much smaller energy of illumination which eliminates
the influence of an illumination source on living MOs.
Moving of the illuminating scanning raster of a reduced
size provides imaging the selected fragment of a tested
MO on the monitor screen of a personal computer.

This paper considersthe ways for development of an
interactive operation mode of the STOM, which takes
into account the time of deflection of the scanning beam
to a point on the CRT screen with specified coordinates
and required accuracy. The essence of the interactive
mode is that the next coordinates for the illuminating
raster element is generated by a control device as soon as
the point with previous coordinates has been hit and
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illuminated by the scanning beam. Analytical
expressions for determining the settling time of an
inductive load current that corresponds to the time of
displacenment of the scanning beam to a point with
specified coordinates are given. Block diagrams of the
interactive mode for the STOM and block diagrams of
some of its components are presented.

2. Voltage-to-Current Converter

To ensure the high accuracy of conversion of the
input voltage into the current of an electronic beam
deflector coil, a voltage-to-current converter (VCC) is
realized in the form of dc amplifier with strong negative
current feedback. A negative feedback signa is formed
on a precision resistor connected in series with an
inductive load, that is, the coil of an eectronic beam
deflector. VCC operation speed means the time that
elapses from the application of a step input excitation to
the time at which the load current enters and remains
within a specified error band [2, 3]. A sweep input signal
of the scanning beam is formed by a digit-to-analog
converter, so we assume that the signal proceeds in
discrete steps. The instantaneous value of the signa
amplitude corresponds to the deflection of the scanning
beam to the next point on the CRT screen. The following
assumptions have been made during the analysis of the
operation speed: 1) the amplifier is represented by an
inertial branch with the transfer function K /(1+ pt ,);

the amplifier consists of the input stage, intermediate
stage, and output stage; 2) theintrinsic capacitance of the
inductive load is negligible; 3) the intrindc resistance of
the inductive load is taken into account together with the
resistance of the resistor R3 that shapes the negative
feedback signal; 4) the power supply voltage of the VCC
output stage is higher than the inductive load voltage that
settles in the issue of the transent. The VCC circuit
diagram used for the calculation of settling time of the
inductive load current is shown in Fig. 1 and its
functional diagram isshown in Fig. 2.
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Fig. 1. VCC circuit diagramfor settling time calculation.
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Fig. 2. VCC functional diagram
for settling time calculation.

The transfer function of this amplifier can be given
by the following formula[1]:
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where nN=R2/RlL is the feedback coefficient;
t, =L /R the load;
R =R, +R3 is the resistance of the inductive load
with the consideration of resistor R3 that forms the

is the time constant of

negative feedback signal; R, istheintringc resistance
of the inductive load; K is amplification factor of the
CVV without the negative feedback.

The response of such a system to the input signal
Ug,/ p (avoltage step ug(t) =Ug,) can bewritten as:
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that after inverse Laplace transform gives such an original
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where X =1+ m/2\/ﬁ is the attenuation coefficient;

1+K+n
w= |—— is the sdf-resonant angular
(1+n)st %,
frequency; m=t  /t ,.
For such circuit an equivalent time constant is.

te =1HOW=2 ot , I, +t ). @

The analysis of the expressions (1) and (2) shows
that the rate of voltage rise across the feedback resistor
R3 or its corresponding current does not depend on the
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amplification factor and the feedback coefficient, while
the VCC amplifier is operating at the linear mode (these
parameters determine the frequency of system
oscillations and the attenuation coefficient) and is
determined only by the time constant of the amplifier
and the time congtant of the inductive load with the
consideration of resistor R3 that forms the negative
feedback signal. However, in most practical cases it is
necessary to compute the VCC response to signals
linearly increasing from zero up to the amplitude U g,

reached a the ingant t;, i.e Ug(t) =Ugit/t,. The

analysis for such case was conducted in [2]. According
to [1], the Laplace transform for such signd is.

US(p)=U50/(p2to). The response of the closed
system to this signal can be written down as follows:
Ugo XK 1

t(1+K +n) (p2 + pa+d)

2
+ a .
where a=ﬁ;w=,/d— — : discongtant term of
taX, 4

the characterigtic equation, itsformulawas given in [1].
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After analyzing the expressions (4) and (5) we can
determine the delay time of the amplifier. In real devices
K>>1,t /t,>>1. After smplifying, the delay time
is calculated as:

toy =(@+n)st o /K. (6)

Let us determine the response of the closed system to a
pulse signa shown in Fg. 3; according to [6], the Laplace
transform for such signa can be written as follows:
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Fig. 3. The shape of the input pulse
for settling time calculation.

We can seethat the signal in Fig. 3isrepresented by
two similar linear signas (whose Laplace transform is
given by (3)) that have opposite signs and the negative
one starts with the time delay of t,. The response to this
pulse can be derived from (4) and (4). The inverse
Laplace transform gives such an original in the case of

d<a’/4
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The expressions (7) and (8) allow us to determine
the settling time of the inductive load current with
the required accuracy. For example, if we use the
CVV amplifier with amplification factor K = 1000,
upper frequency limit F; = 5 MHz, inductance |oad
L = 100 puH, the resistance of the feedback resistor of 1
Q (that is t, =1 10°% t /t ,=500). Then after
generating an input pulse with amplitude Ugy = 10 mV
and rising edge time t, = 1 ps, the coil current settles
after the time period of t = 1 ps with accuracy of 5 %,
and after thetime period t = 10 uswith accuracy of 0.1 %.

Depending on the amplitude of the input signal, the
VCC amplifier stages can operate either in a linear mode
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or in a saturation mode due to the bresk in the feedback
loop caused by the large difference between the input
signa  amplitude and negative feedback signal
amplitude. A timing diagram explaining the VCC
operation is shown in Fig.4. In the first case, the
amplitude of the input signal at the timepoint t; (Fig. 4a)
is so small, that a voltage surge on the inductive load
(Fig. 4b) does not exceed the supply voltage and the
amplifier operatesin the linear mode. In this case current
settling consists of two phases. The first phase lasts from
the timepoint t; (when the input signal is applied) until
the timepoint t; (when the maximum value of the
inductive load voltage is reached and the feedback
begins to operate), that is, t|, =t;- t;. It should be
noted that, according to [1], the inductive load current
gtartsto increase at the timepoint t,, which is determined
by the ddlay timetp,v.

During the second phase (its duration is
t,, =t,- t3) theinductive load voltage is reduced (due

to the feedback effect) to the value required for
maintaining a prescribed load current magnitude with a
prescribed accuracy A. The inductive load current
settling timein this caseis calculated as:
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Fig. 4. Timing diagramsfor VCC operation.

If the power supply voltage at the input of the
amplifier’s output sage is confined to its ideal value

Eonr then the circuit response to a rectangular input
signal of a large amplitude can be divided into three
phases. The first phase lasts from the timepoint ts (when
the input signa is applied) to the timepoint t; of
inductive load voltage settling; the settled voltage is
virtually equal to the supply voltage. In this case, the
inductive load current starts to increase at the timepoint
ts. During the second phase (z;;) the load voltage remains

practicaly constant, and the current changes in
accordance with the expression:
u (t)=Lxdi /dt+i R, (10

For a rough approximation, we can assume that
Ldi, /dt >>i R, and, therefore, u, (t) » L>di, /dt,

i.e. the load current changes aimost linearly. If the
condition

Us(t) - u (t)R2/RLE B/ K (11)

is satisfied at the timepoaint t;, the feedback comes into
action, the load voltage begins to drop and the circuit
enters the third phase, which lasts from the timepoint t;
to the timepaint tg, i.e. the timepoint when the load
current settles with the prescribed accuracy. Tota time
of the current settling is calculated as:

o =t 4, +U . (12)

The duration of the first phase 1, is determined by
the equivalent time constant of the system according to
(2); the duration of the second phase eguals to
t, =LI/U (where | isthe current value necessary for
the beam’s deflection from the CRT center to its edge;
U isthe rea power supply voltage at the input of the
amplifier’s output stage); the duration of the third phase
T, depends on the kind of required dynamic accuracy
and is calculated by the expressions (7) or (8) in case of
applying the pulse voltage (shown in Fig. 3) tothe VCC
input or by the expression (1) in case of applying the
step voltage.

The anaysis of requirements regarding VCC
operation shows that the requirements for operation
speed may vary depending on the method of forming the
illuminating raster. For example, while forming a full-
frame illuminating raster with maximum resolution, the
attention should be given to the phase with the settling
time ;. This phase is determined by the constants za
and 7. When generating the raster with low resolution,
we should focus on the phases with the settling times 7,
and 7;;. When the scanning microscope operates in a
passive mode, the time that is necessary for the beam’s
deflection to the next position of the scanning element
on the screen (i.e. the inductive load settling time) is
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calculated by a software in accordance with the distance
which the beam covers moving. Calculation time (about
10 us) is significantly greater than the time required for
moving the scanning eement to the next point with
specified accuracy, even taking into account the time of
illumination (1 - 2 us).

3. Passve and interactive oper ation modes of STOM

The essence of the STOM passive operation mode
is that the time between receiving two consecutive
coordinate codes of the illuminating raster element
exceeds the sum of the load current settling time for the
current’s maximum magnitude and the duration of the
illumination pulse. The maximum settling time is
determined in accordance with (12). The essence of the
STOM interactive operation mode is that, as soon as the
scanning e ement is illuminated, a VCC readiness signal
is generated and the code of the next coordinates of the
illuminating raster eement isreceived by the system; the
time between receiving two consecutive coordinate
codes of the illuminating ragter element is roughly equal
to the time determined according to (9) or (12) and is
obtained not by its direct calculation but owing to an
appropriate hardware solution set forth bel ow.

Two block diagrams of VCC have been proposed
which, in the interactive operation mode of the STOM,
generate normalized pulses, whose duration is equa to
the duratin of transent for the inductive load current
settling. Fig. 5 shows the block diagram of the shaper of
transent process pulses which consists of two
comparators (C1 and C2), two sources of reference
voltage (VREF1 and VREF2) and a logic circuit
component OR. The first input gates of both comparators
are connected in parallel to the VCC output which is
connected to the inductive load. The sources of reference
voltage VREF1 and VREF2 generate their output
voltage whose value exceeds the sum of voltages on the
feedback resistor and intrins c resistance of the inductive
load in the regime of maximum load current. Thus, the
OR output gate generates the transient process pulse
regardless of the polarity of the load current.

Fig. 6 shows the block diagram of the transient
process pulse shaper, which consists of two comparators
(C1 and C2) and a logic circuit component OR. The
peculiaity of thiscircuit is that the two comparator input
gates are connected directly to the inductive load. During
the transient the difference between the signals on the
comparator inputs is equal to the sum of the voltage
across the ideal inductance and the voltage across its
intrinsic resistance; in steady-state the voltage on the
ideal inductance vanishes to zero. That is why the
threshold of these comparators exceeds the voltage drop
on the intrinsic resistance of the inductive load in the
regime of maximum load current.
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Fig. 5. Block diagram of the transient process pulse shaper
with comparators connected to VCC output.
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Fig. 6. Block diagram of the transient process pulse shaper
with comparators connected to theinductive load.

The threshold of the comparators in the second
diagram needs to be much lower than those in the first
diagram, as the voltage drop on the intrinsic resistance of
the inductive load (1-2 V) is much less than the
maximum signal of the negative feedback and intrinsic
resistance of the inductive load (5- 10 V). According to
(7), the load current settling time, while moving the
scanning e ement to the neighboring point, is of 3 ps. In
the first case (Fig. 5), the transient pulse duration is of 1
us, and in the second case (Fig. 6) it is of 2.5 us, which
practically coincides with the actual current settling time
with high accuracy. Using the first circuit variant, it is
necessary to provide some additional circuit details for
stretching the transient pulse.

4. Functional diagram of STOM with thorough
consideration of settling time in inter active operation
mode

The block diagram of the STOM is shown in
Fig. 7. The block diagram includes the digital-to-analog
converter for generating the signal for scanning
element moving with respect to X coordinate
(DACX) in accordance with the deflection code
(CODX), the digital-to-analog converter for
generating the signal for scanning element moving
with respect to Y coordinate (DACY) in accordance
with the deflection code (CODY), two voltage-to-
current converters (VCC), which convert the
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deflection voltage signal into the deflection current
with high accuracy, each VCC is loaded with
corresponding deflection coil (DCX and DCY) and
transient process pulse shaper (TPPSX and TPPSY),
three OR gates - OR1, OR2, OR3, AND gate, clock
shaper (CLK), counter (CNT), video signal shaper
(VSS), digital-to-analog converter (DAC), nonlinear
converter (NLC), voltage-to-time converter (VTC),
and pulse stretcher (PE). STOM input base OCP is a
receiver for a code delivery pulse (OCP); and its
output base OCEP provides a pulse permitting the
next code delivery (OCEP).

'l'CODX" " ‘CODY" OCP OCEP
DACX DACY

vce vce

DCY
1,—>| DCX| C -

TPPSX TPPSY

OR2 Vss OR1

AND OR3 vTC

CLK CNT DAC NLC

Fig. 7. Block diagram of STOM in interactive operation mode.

The principle of operation of this microscope is
as follows. In theinitial state the input signals on the
buses CODX and CODY and the delivery pulse code
(OCP) are absent. At the outputs of transient pulse
shapers (TPPSX and TPPSX), pulses stretcher (PE),
first OR1 gate, second OR2 gate, third OR3 gate, and
AND gate the corresponding signals are also absent.
In this case, the cathode ray tube (CRT) is
modulator-closed. The code at the output of the
counter corresnonds to the code of current scanning
element; at the STOM output bus (OCEP), such a
potential is set that permits the delivery of next code,
i.e. the code identifying the next element of the
illuminating raster.

The microscope starts working when the input
buses CODX and CODY receive the codes identifying
the coordinates of the next scanning element of the
illuminating raster and transfer them to the inputs of
DACX and DACY; the input bus OCP receives the
code delivery pulse. At the outputs DACX and DACY
the voltages are formed which correspond to the
delivered codes of coordinates, these voltages are
applied to appropriate inputs of the VCC-s. During the
transients in the the inductive loads (responsible for
X-deflection and Y-deflection) the voltages at the
outputs of the VCC-s depend on the corresponding
currents in the DCX or DCY and their change. The
settling times of the VCC output voltages are the very
variables that are necessary for proper operation of the
microscope in interactive mode. Thus, on the outputs of
the transient process pul se shapers TPPSX and TPPSY,
normalized pulses are formed, whose duration
corresponds to the duration of the transient processesin
the inductive load, i.e. their current/voltage settling
times. The pulses (identifying the corresponding
settling times for X-deflection and Y-deflection) are
transmitted to OR1 and OR2 gates. Additionally, from
the pulse extender (PE) the third input of the gate OR1
receives a pulse, whose duration exceeds the time of a
transient in the inductive load which corresponds to
such deflection of the scanning element on the raster
screen that does not trigger TPPSX and TPPSX due to
their thresholds. The thresholds of TPPSX and TPPSX
are selected equal to the sum of voltages across the
intrinsic resistance of the inductive load and the
feedback resistor when maximum current flows through
them in steady state. If current increments in the
inductive loads are relatively small, they do not trigger
TPPSX and TPPSX. In this case, at the output of OR2
gate the pulseis absent, and at the output of OR1 gate a
signal is formed whose duration is equal to the duration
of the PE pulse described above. This signal is fed to
theinput of video signal shaper (VSS) through the OR3
gate. At the first output of VSS the illumination pulse
normalized in amplitude and duration is formed, whose
gtart point matches the end of the output pulse of OR3
gate. At the second output of VSS the amplitude-
normalized pulse permitting the next code delivery is
formed; its startpoint matches the startpoint of the
output pulse of OR3 gate, and its end matches the end
of theillumination pulse.

The signa from the output of OR2 gate is fed to
the control input of the voltage-to-time converter,
switching it to the operation mode. In this case, within
the duration of the output pulse of OR2 gate, pulses are
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generated on the output of the AND gate with clock
generator (CLK) frequency, which pass to the counter
(CNT) whose output code corresponds to the number of
the pulses. At the output of DAC a voltage proportional
to the duration of the output pulse of OR2 gate is
formed. At the output of nonlinear converter (NC) and,
therefore, at the output of voltage-to-time converter
(VTC) a pulse is generated whose duration is equal to
the settling time of magnetic flux which sets the
scanning eement with the prescribed accuracy. Since
the settling time of magnetic flux is bigger than the
duration of the transient of the current in the inductive
load, then at the output of the OR3 gate a pulse is
formed whose duration is equal to the magnetic flux
settling time with the prescribed accuracy. The
accuracy of forming the VTC output pulse is
determined by the digit capacity of the DAC and CNT
and by the frequency of CLK.

5. Conclusion

On the one hand, the STOM interactive mode
allows considerable simplification of the software,
since it eliminates the calculation of deflection time,
i.e. the time necessary for moving the scanning
element to the next position with prescribed accuracy,
and, on the other hand, it can significantly increase
operation speed, since the coordinates of the next
position of the scanning element are generated
without delay.
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JIAJOTOBUI PEXKHWM POBOTH
CKAHYBAJIBHOI'O TEJEBIBIMHOI'O
OIITUYHOI'O MIKPOCKOITA

Bosoaumup M knspebkuii, FOpiii bananiok,
Bosogumup Bacumiok, Bopuc I'ynzs

[IpoananizoBaHO NUISIXM MIiABUILEHHS MBHAKOIT (op-
MYBaHHS OCBITIIIOBAJIBHOIO pacTpa B CKaHyBaJIBHOMY Te-
JIeBI3iHHOMY ONTHYHOMY Mikpockomi. Pactp ¢dopmyerscs
1 (pO-aHAIOrOBUM METOIOM 3 BUKOPUCTAHHAM IpeLn3iiiHOro
nepersoproBaua  Hanpyra-crpyMm. Illupoki  ¢yHKIiOHaJIBHI
MOXKJIMBOCTI MIKpPOCKOIIa 3a pPaxyHOK (OpMyBaHHS pacTpa
3MIHHHX PO3MipiB, 3MIHHOI PO3/LIBHOI 37aTHOCTI Ta 3MIMICHHS
3MEHILCHOTO PacTpa B JOBUIBHY TOUKY €KpaHa €JIEKTPOHHO-
IPOMEHEBOI TPYOKM BHMAararoThb KOHTPOIIOBATH Yac BH-
BEJICHHS CBITHOTO CKaHYBaJIbHOTO IPOMEHsS B TOYKY 3i 3aja-
HUMH KOOpJMHATaMH Ta 31 33JaHO0 TOYHICTIO. IIpornonyeTses
amapaTHHH BapiaHT 30UIBIIEHHS MBHUIKOMIT, SIKUI 1acTh 3MOT'y
3HAYHO CKOPOTHUTH 4ac ()OPMYBaHHs CKaHYBaJIbHOI'O pacTpa B
JIICKPETHOMY PEXHUMI.

Jlnst  3a0e3nedeHHS BHUCOKOI TOYHOCTI IEPETBOPEHHS
BXI/JJHOI HAIIPyry Ha CTPYM KOTYIIOK BiJIXWIIFOBAJIBHOI CUCTEMH
HIepEeTBOPIOBAY HAIPYra-CTpyM BHUKOHAHO 33 CXEMOIO IIiJCH-
JI0Baya IIOCTIHHOTO CTPyMy 3 TIJIMOOKMM BiI' €MHUM 3BO-
POTHHM 3B’ 5I3KOM 3a cTpyMoM. CHI'HAJI BiJI' EMHOT'O 3BOPOTHOTO
3B’s13Ky (popMyeThcs Ha IpenusiiiHOMYy pe3ucropi, BBIMKHe-
HOMY IIOCIiZIOBHO 3 IHAYKTHMBHMM HaBaHTAXXCHHAM. I[HIyk-
TUBHUM HAaBAaHT@XEHHSAM € HaBOI 1HIYKTUBHOCTI BiIXHUIIIO-
BAJILHOI cHCTeMH. TOYHICTh IIEPETBOPEHHS BXIJIHOI HANpPYyru B
CTPYM HaBaHTQ)KCHHS BU3HAYAETHCA 3araJbHUM KoedillieHToM
migcuieHHs Ge3 ypaxyBaHHs Jil Bifi' EMHOrO 3BOPOTHOIO
3B’s13Ky. SIK mpaBmilo, KOeQiUi€eHT MiJICUICHHS IEPEeBHILye
1000, a xoediwieHT nepenaui MepeTBOPIOBaYa HANPYra-CTpPyM
ONM3BKUI 1O OQUHUILI.

3ajie)HO BiJ] aMILTITYyIH BXiJHOTO CHTHAITY HiJICHIIIOBAJIBHI
KacKaJ{ NEepeTBOPIOBaYa HAIPYra-CTPyM MOXYTb IPAIOBATH SIK
B JIIHIHHOMY pexuMi, Tak i B pexxuMi HacudeHHs. OcraHHiit
PE&KUM BHHHKA€E BHACIIZOK PO3PHUBY IETJi 3BOPOTHOTO 3B S3KY
4yepe3 BENMKY PI3HUIO aMIUTTYJ BXIJHOIO CHUTHAIY 1 CHUTHAILY
BJI' EMHOr0 3BOPOTHOro 3B's3Ky. HaBeneHo aHamiTW4HI BUpasy,
SKi JIal0Thb 3MOI'Y BH3HAUMTH 4Yac BCTAHOBICHHA CIPyMy B
IHIYKTUBHOMY HaBaHTa)XCHHI 3i 3aJlaHOI0 TOYHICTIO. 3arpo-
[IOHOBAHO AKTUBHUH DPEXUM pOOOTH CKaHYyBaIBHOIO TeJEeBi-
3iffHOro onrudHOro Mikpockorma. Cyrb aKTUBHOIO PEXHUMY
Ppo0OTH MOJIATaE B TOMY, 110 KO HACTYITHOI KOOPJIMHATH CBITHOT'O
CKaHYBaJIbHOrO IIPOMEHs BHIAETbCS 4epe3 uac, SKWH BU3HA-
Ya€eThCA 4acOM IIEPEXiTHOro IPOLECY BCTAHOBJIEHHS CTPyMY B
IHIyKTMUBHOMY HABaHTa)KCHHI 31 33[JaHOI0 TOYHICTIO Ta TpPHBa-
JICTIO IMITYJIBCY TiZICBIUYBaHHsL. 3alpOIIOHOBAHO [IBI CTPYKTYpHI,
SKi B aKTUBHOMY PE&XHMi pOOOTH (POPMYIOTH IMILyJIbCH HOp-
MOBAaHOI BEJIMYMHYM, TPUBAIICTb SIKHX JIOPIBHIOE TpPHBAIOCTI
MEPEXiIHOrO TIPOLECY BCTAHOBIEHHA CIPYMy B IHIYKTHBHOMY
HaBaHTaKEHHI. P03po0NEHO CTPYKTYypHY CXeMy CKaHYBaJIbHOIO
TEJIEBI31HHOr0 ONTHYHOr0 MIKPOCKOIIA, sIKa BPaXOBYE TPHBAIICTh
MEPEXIIHOrO IPOLIECY BCTAHOBJICHHS CBITHOIO CKaHYBaJIbHOIO
MIPOMEHSI 32 PI3HUX PEKUMIB POOOTH MIKPOCKOIIA.
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