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Context. The task of rapid and accurate measurement of the dynamic characteristics of modern signal
sources with a frequency output, in particular, the short-time frequency instability function, calls for refining
measurement techniques with account of the requirement to improve their metrological characteristics, reduce
test time, and automate measurements by using information-and-measurement systems.

Objective. The goal of the work is to develop a method of measuring the short-time frequency instability
function using the principle of pulse packet coincidence and experimental investigation of measurement
devices based on this principle.

Method. A method was developed for measuring the short-time frequency instability function based on the
principle of packet coincidence of regular independent pulse trains. The developed method has advantages
over the best version of the method based on the period-time interval-code (PTC) conversion when working
with the same initial value of the investigated frequency and when working with the same value of the
averaging interval.

Results. Analytical relationships were obtained for basic metrological characteristics. A comparative
analysis was carried out for the metrological characteristics of the developed method and the method using
period-time interval-code conversion. Acceptable metrological characteristics are inherent to the short-time
frequency instability function (SFIF) measurement method based on the period-time interval-code technique.
The difference of investigated and reference intervals form the measurement interval, which is filled with
pulses of the investigated or reference frequencies.

Conclusions. Stand-alone and virtual measurement devices were developed, and experimental studies of
standard oscillators were carried out. The features of measurement devices were specified and the ways of
their further improvement were described. Further development of the measurement device can involve an
increase in the number of measured signal source with frequency output (SFO) parameters, in particular,
changes in short-time frequency instability due to the action of destabilizing factors, and the characteristics
and time of frequency setting. This calls for developing a controlled source of destabilizing factors and
synchronizing its operation with the measurement device.
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Introduction

Analysis of the current state and trends in the
development of instrumentation is indicative of insuffi-
cient accuracy and short-time frequency instability
function (SFIF) measurement challenges. This defici-
ency is being eliminated by developing new methods
and tools for SFIF measurement. In this connection,
along with the development and refinement of conventi-
onal measurement devices, more effort is being put
into developing virtual measurement devices (VMDs)
that help streamline the process of performing intricate
measurements.

The object of research is a stand-alone SFIF
measurement device developed on the PLD Emulator
console and a virtual measurement device based
on the Virtual Instruments technology by National
Instruments.

The subject of research is methods for SFIF
measurement and instrumentation based on these
methods.

Known methods and measurement devices based on
them demonstrate insufficient accuracy of measuring
SFIF with specified speed and their design is challengi-
ng.

The purpose of the work is to develop a method
of measuring SFIF wusing the principle of pulse
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packet coincidence and experimental investigation of
measurement devices based on this principle.

1 Problem statement

Modern electronic systems comprise a wide vari-
ety of different signal sources with a frequency output
(SFO) differing in their purpose and functionality that
are generally signal generators, quartz oscillators or
frequency synthesizers. Improvement of the systems
and extension of the tasks performed with their help
have translated into more stringent requirements for
the specifications of such systems, namely, dynamic
characteristics (short-time frequency instability, readi-
ness time, time and rate of transfer from one frequency
to another, etc.). Moreover, in many respects, the achi-
evement of the required characteristics is possible as a
result of the improvement of the SFO, which, in turn,
requires the development of some qualitatively new
measuring equipment for the measurement of overall
and specific dynamic characteristics.

2 Review of the literature

Methods of measurement of short-time frequency
instability and the measurement devices based
thereupon are being improved continuously.

To determine a short-time frequency instabi-
lity, often times a method of comparison to a
reference frequency is used. The simplest method is
an electronic counting method [1, 2] that has a relati-
vely low measurement accuracy. In order to increase
the accuracy, a two-channel frequency measurement
method [3] is used. Although, these two methods have
several major drawbacks: quite a high labor intensi-
ty, inability to visualize the functions of a short-time
frequency instability in real time and design complexi-
ty.

A combined method wusing an oscillator and
frequency counter measuring the period [4] and time
interval [5] is a better method. A reference source
is used as a comparison oscillator. Its disadvantages
include low accuracy, a relatively high labor intensity
of setting time averaging, and inability to visualize the
functions of a short-time frequency instability.

Short-time frequency instability can also be
measured using a phase or frequency demodulator [6].
When measuring an effective output signal voltage of
the phase demodulator, a mean square value of the
phase fluctuation is assessed. If a differentiating circuit
is active at the output of the phase demodulator, then
the output voltage will be directly proportional to the
frequency fluctuations. To assess short-time frequency
instability, a low frequency filter with a rectangular
transmission characteristic needs to be included to the
circuit upstream the voltmeter. But the accuracy of
measurement, in this case, is relatively low.

There is a method of measuring the phase shift
between periodic signals of arbitrary duration based
on the principle of coincidence of pulses in packets [7].
Its drawbacks include the need to generate minimum
length pulses, complexity of implementation and retri-
eval of information regarding SFIF, especially at short
times of averaging.

A method for measuring the SFIF based on the
transformation of “period-time interval-code” (PTC)
has good metrological characteristics, where a measuri-
ng interval is generated as a difference between the
tested and the reference frequencies [8,9]. There are
four options for implementing the PTC transformati-
on based method. Its disadvantages include a low
frequency and period resolution in some cases, and
implementation complexity.

3 Materials and methods

The development of the SFIF measurement method
was based on the principle of packet pulse coincidence
(PPC) suggested in [10,11]. The method assumes the
performance of the following operations.

Regular independent trains of pulses of the
reference signal (Fig. 1b) and investigated signal
(Fig. 1a) are formed, with the period Tx(t) of the latter
changing according to the law

Tx(t) =T, + ATx(t)a (1)
where T}, is a initial value of the investigated signal
pulse repetition period; AT, (t) is a change in the initial
value of the investigated signal pulse repetition period.
The difference of the pulse repetition periods of the
investigated and reference signals AT should be less
than the duration of the pulses of the investigated and
reference signals 7, = T = Tux. In this case, the pulses
shall coincide in packets (Fig. 1c). Thereat, the number
of pulses in a packet NN,, is determined, as follows from
analysis [10,11] and Fig. 1, by the relationship

2T,

N, = —%_
"TAT -1

(2)
where AT is a difference of pulse repetition periods of
the investigated and reference signals.

Obviously, the averaging interval of the investigated
frequency pulses 7y shall coincide with the repetition
period of the coincidence packets.

Function (2), with account of (1) and analysis of
Fig. 1, takes the form

2Ty

[AT,m + AT, (f),] ~ 1

where V,,; is a number of pulses in a packet on j-th
averaging interval; 7, is a duration of pulses of the
investigated and reference signals; AT, (t) ; is a mean
value of change of the period of investigated oscillations
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on the j-th averaging interval; AT, is a initial value of
the difference of pulse repetition periods of the investi-
gated and reference signals; T, is a reference signal
pulse repetition period; AT,, = T, — T, should be
chosen with account of the required averaging interval
of the investigated frequency pulses and the maximum
change of the period of investigated oscillations during
the test time.
Function (3) yields

2
ATy, +To(t), Tu

= —. 4

Hence, at the j-th averaging interval, the number
of pulses in the respective coincidence packet will
uniquely define the mean deviation of the period of
investigated oscillations for AT,,.

Let us investigate the transient response (TR) of
the method. It is its response to a step change of the
measured parameter. The expression of TR for the
period found from condition

hr = Nn|ATm(t)j:ATC - Nn|ATm(t)j:O’

has the form

27, - AT,

hr = (AT,, + AT,) + AT,

()

where hr is a period response of the method; AT, is a
increment of investigated period. The method resoluti-
on for period AT, found from condition A7 = 1 takes
the form

AT2,
27, — ATy,

ATy = (6)

‘ ﬂ [

Fig. 1. Coincidence of independent regular pulse flows

It can be shown that relationships (4)-(6), dependi-
ng on the parameters of the laws of variation of the
frequencies of the investigated and reference signals,
take the form

2, - (fu £ BFD),) - (fu+ fon)

fpniAfa:(t>j: Noj + 1 ;
(7)

b 2 Afe (o + £n)’
! (fpn_Afc)'fpn '
2

A pc — . ;
f 2Tu'(fpn+fn)2+fpn

(8)

(9)

where f,, is an averaging frequency; fpn = fo — fu; fo
is a reference signal frequency; f,, is a initial investi-
gated frequency; Af;(t); is a mean value of frequency
change of investigated oscillations on the j-th averaging
interval; Af.. is a investigated frequency increment;
hy is a frequency response of the method; Af,. is a
frequency resolution of the method.

The conversion characteristic (7) has a complex
functional dependence on A f;(¢),;. However, since duri-
ng the measurement of SFO parameters the following
conditions are always satisfied: f,, > A f,(¢) i fn = fon,
N, > 1, it can be written as

27y f,%
Ny ’

(fpn iAfx(t)j)

with an error not greater than

5= fn- (fn/Nn - fpn + Afmax)
(fn - Afmax) : (fn + fpn) ’

where Afq: 1S @ maximum change of investigated
SFO frequency.

Let us conduct a comparative analysis of the
developed method and the method based on PTC
conversion, the best version of which demonstrates a
frequency resolution of

fTL

Afpepre = — 1
JpePTC o fopre 1

where f,prc is a reference signal frequency of the
PTC conversion method; 7 is a averaging interval for
investigated frequency pulses.

Fig. 2 shows the results of calculating the resolution
of the methods.

An analysis of resolution relationships and of Fig. 2
shows the following: — the developed method has
advantages over the best version of the method based
on PTC conversion; — 7, > (fo — fn)/(27u - f3) when
working with the same initial value of the investigated

frequency; - f, > ¢/ forrc/(27y - 7y) when working

with the same value of the averaging interval.

4 Experiments

The suggested principle was used to develop a
standalone SFIF measurement device whose block di-
agram is shown in Fig. 3.

The precision one-shot multivibrator and pulse
shaper generate pulses of the investigated and reference
frequencies, with the duration of the pulses being
respectively 7., and 7,,. The AND gate output is a
packet of coincidence pulses that set the first counter to
zero and are input to the second counter to count their
number. The flip-flop is set to “1” with the first pulse
of the coincidence packet and reset to “0” if the packet
has no pulses and if five reference frequency pulses were
input to the first counter. This improves measurement
device noise immunity. The flip-flop output signal
leading edge enables a write signal to write the number
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of pulses in the packet from the counter to the register.
The write signal is delayed and then sets the counter to
“0”. Hence, this generates data on frequency instability
for adjoining time intervals to improve measurement
accuracy.

The code of the number of pulses in the packet
and the codes of the durations of pulses and reference
frequency values are input to calculation units to
determine frequency instability.

The measurement device uses the standard algori-
thm of determining the short-time frequency instability
(0srr) with the formula dgpr = (fmax — fmin)/ frateds
where frated is a rated (mean) frequency during tests;
fiax is a maximum frequency measured on the averagi-
ng interval; fmin is a minimal frequency measured
on the averaging interval. DAC converts calculation
results to voltage to visualize frequency change functi-
ons by using any commercial recorder.

5 Results

The frequency instability measurement device was
developed using the PLD Emulator console [12] whose
digital components design is based on programmable
logic integral circuits (FPGA) by Altera and the
digital-analog converter by Analog Devices.

The following features were revealed by analysis of
the measurement device structure and its experimental
investigation:

- the measurement device is distinguished by strai-
ghtforward design due to the small bit capacity
of the second counter, register, and DAC because
frequency deviation is measured for a difference
value, which is significantly smaller than the
reference frequency;

- frequency deviation is converted to voltage, maki-
ng it possible to use any commercial oscilloscopes
for visualization of results;

- investigation of different signal sources presents
difficulties in changing the parameters of 7,
Tux and T, measurement settings, resulting in
increased test run time.

To reduce test run time, the process of excluding
information about the initial value of the investi-
gated frequency from measurement results should be
automated. This can be domne, in particular, by using
virtual measurement devices.

A virtual measurement device (VMD) is a
measurement device based on a universal computer
with additional software (an application and a driver)
installed and efficient technical equipment [13]. The
term “virtual” is usually applied to two VMD aspects:

- first, they are not commercial products in the
sense of off-the-shelf ones, but rather a temporary
item intended for solving specific measurement
problems;

- second, VMD control and display members are
represented as graphic images on a computer
screen, and a VMD is controlled using typical
input devices: keyboard, mouse, and a touch
screen [14, 15]. The SFIF virtual measurement
device is built around a PPC converter whose
structure in Fig. 3 is shown with a dash-dotted
line and a computer. Usually, three programmi-
ng techniques are used for developing VMD
computer programs [13,15]:

- textual or textual graphic (Pascal, Delphi,
LabWindows/CVI, Measurement Studio, Vi-
sual Basic, Visual C/C++ packages) that use
elements of visual textual programming focused,
primarily, to experienced programmers;

- object-oriented graphic (In Touch and Trace
Mode packages) using graphic images of the
objects of an automated industrial process
control system as programming elements;

- function-oriented graphic (LabVIEW, LabVI-
EW/DSC, Agilent VEE, DASYLab, DIAdem,
ZETLAB, and Hypersignal packages) using the
functional logic principle of designing (drawing)
and graphic presentation of program algorithms.

Using textual programming for each specific
project, though perhaps being the most optimal one
from the view-point of solving a definite problem, loses
its advantages because the problem has to be solved
each time almost from scratch, involving big time and
material costs. Due to this, preference is given to dedi-
cated software, in particular, graphic programming.

National Instruments is the developer of the virtual
instruments technology — a breakthrough concept that
changed the approaches to and technique of developing
data acquisition systems and measurement control. Its
LabVIEW CAD package became de facto an internati-
onal standard. It offered and patented a new graphic
based programming language G. Working with fami-
liar concepts (functional block, connection, chart), a
development problem can be solved fast and, what is
important, with a visual representation without getting
lost in the maze of programming. According to most
conservative estimates, development with programmi-
ng language G can reduce a project lead time by at
least 4-10 times [13,15].

The computer program developed in LabVIEW
consists of two interrelated parts: a front panel and
a block diagram (Fig. 4) [16,17].
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Fig 3. Block diagram of a stand-alone device for measuring frequency instability

The front panel accommodates control members,
buttons, graphic indicators, and other control
elements. They are the tools the user works with
to input data. The indication elements display the
program output data. The elements are input with
a mouse and keyboard, with action results being
displayed on the monitor screen.

The SFIF virtual measurement device has five indi-
cation elements on the front panel. The most interesti-
ng indication element is oscilloscope Chart, which
ensures automatic Y-axle scaling. This enables visual
representation of the frequency measurement without
having to have to perform different adjustment of the
settings during testing.

The front panel elements represented on the block
diagram are shown as terminals, via which data flow
from the user to the program and back. The block di-
agram describes the VMD operation logic: data acqui-
sition from communication interfaces, mathematical

treatment, computation of related quantities, data
transfer to indicators, and saving the results.

Basic functional components of the VMD block
diagram:

— VICA Read and VICA Write ensure data
exchange through RS-232. Use of RS-232 is dictated by
the fact that the VM is based on PLD Emulator [12];

— Array Max & Min and Mean determine the
maximum, minimal and mean period of investigated
oscillations in an array with a user specified dimension.

Fig. 5 shows the VMD architecture.

VMD is based on a standard PC running under the
Windows OS. OS UNIX, Linux, Mac OS, Microsoft
Pocket PC, Microsoft Windows CE, and Palm OS can
be used, and the measurement device can be set up
on a laptop. The configuration files are developed with
the Quartus CAD package and used for determining
the schematic design of the primary convertor based
on an Altera FPGA.
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Fig 4. Application software: a — front panel and b — block diagram
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Fig 5. Architecture of virtual SFIF measurement device

The PC and the primary converter are connected
via two channels: information is sent to the PC via a
serial interface, and the parallel interface operating in
the EPP mode serves for configuring the FPGA with
the ByteBlasterMV programmer.

Test results for pulse generator G3-63 at To = 107
sec and T, = Tyo = Tuz = 1079 sec are shown in Fig. 6
including temporal function of frequency alteration.
This function enables the increase in volume of the
data regarding the parameters and characteristics of
the generator tested, the sensitivity to the exposure to
different destabilizing factor (input voltage, load, etc.),
overall and specific dynamic attributes (transitional
characteristic, temperature and frequency characteri-
stic, time of frequency setting, etc.).

The analysis of Fig. 6 suggests that the second
generator has low reliability due to the significant
instability of its frequency.

6 Discussion

The developed method enabled improving the
metrological characteristics of the SFIF measurement
device by a minor schematic and design modification
of measurement devices based on its principle.

Using the functional blocks included in CAD
LabVIEW, which were tested on many occasions by di-
fferent development engineers, reduced the VMD lead
time and improved its operational reliability.
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Fig 6. SFIF measurement results for low-frequency signal generators G3-63: a — serial No. 31116 and b — serial

No. 32344

Conclusions

The scientific novelty of obtained results is that
the method for measuring SFIF based on the principle
of packet coincidence of regular independent trains of
pulses was developed. Its metrological characteristi-
cs are described. The practical significance of obtai-
ned results is that the standalone and virtual SFIF
measurement devices were developed. Using CAD
LabVIEW and a reconfigurable FPGA for VMD desi-
gn and operation has ensured marked advantages of
the proposed measurement device over known ones:
control of measurement device parameters was simpli-
fied; automatic scaling was provided for visualizing
SFIF; the user can change the front panel configurati-
on, the block diagrams of the virtual measurement
device and the reconfigurable files during operation.

The downsides of the developed VMD are as
follows: the need to input the reference signal frequency
value and the investigated and reference frequency
pulse durations on the block diagram, requiring that
the VMD users have adequate skills. However, these
deficiencies can be eliminated by placing control
elements on the VMD front panel to input required
values.

Further development of the measurement device
can involve an increase in the number of measured
SFO parameters, in particular, changes in short-time
frequency instability due to the action of destabilizing
factors, and the characteristics and time of frequency
setting. This calls for developing a controlled source
of destabilizing factors and synchronizing its operation
with the measurement device. The resolution capacity
can be increased by multiplying frequency deviation
using standard instruments (a frequency comparator
and synthesizer) according to a typical schematic di-
agram.
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BumipioBau HecTabijibHOCTI WacToTH Ha
npuHIuni 30iriB iMmomysbciB

Bepsetixo A. L., Jlanno I. M., Apxywenxo II. JI.,
Hcyzno C. L

AxTyanpHicTh. 3aBIaHHsS NIBUIKOTO I TOYHOTO BU-
MIpDIOBaHHS OUHAMIYHUX XaPAKTEPUCTUK CYyYaCHUX I7Ke-
pPeJl CUTHAMIB 3 TACTOTHMM BUXOIOM, 30KpeMa (GyHKIT
KOPOTKO9IacHOi HecTabiaprocTi gacrorn (PKHY), morpe-
0y€e BIOCKOHAJIEHHS METO/IiB BUMIDIOBAHHS 3 yPaXyBaHHIM
HeOOXITHOCTI TOJIIMIIEeHHsT X MEeTPOJIOTIYHMX XapaKTepH-
CTUK, 3HVKEHHS 9acy [POBEIEHHS BUIIPOOYBAHb, MOXKJIU-
BOCTI aBTOMAaTM3aIlil BUMIDIOBAHb 32 PAXyHOK 3aCTOCyBa-
HHs iHGOpPMaNifHO-BUMIPIOBAIBHUX cucTteM. Merta poGoTu
mossira€e B po3podbiii metoay BumipoBanas OKHY ua mpun-
nurmi 36iriB IMIyJIbCIB MAKeTaMH Ta EKCIePUMEHTAJIbHIX
JOCIIIPKeHHSX BUMIPIOBAYiB Ha HOTO OCHOBI.

Merton. Po3pobiieno meTo BumipoBanas GYHKINI KO-
POTKOYACHOI HECTablIbHOCTI YaCTOTA Ha IMPUHIMIN 30iriB
PerysgpHUX He3aJIeKHUX TMOC/IIIOBHOCTEH IMITY/ILCIB TTaKe-
Tamu. Po3pobsennii MeTos Ma€ IepeBaru B IOPIBHSHHI 3
KPalmM BapiaHTOM MeToxy Ha 0a3l mepeTBOpeHHs mepioi-
9aCcoBUIl IHTEPBAJ-KO MpH POOOTI 3 OMHAKOBUM TOYATKO-
BUM 3HAYEHHSM [OCTIKYBAaHOI YaCTOTH 1 mpW POOOTI 3
OJHAKOBUM 3HAYEHHSAM IHTEPBAJYy yCePeTHEHHS.

Pesynprarn. OrpuMani aHaJMITHYHI CIIBBIJHOIIEHHS
IJTsi OCHOBHMX METPOJIONYHUX XapaKTepucTtuk. [Iposeme-
HO IIOPIBHSAJIbHUI aHA/I3 METPOJIOIIYHUX XapaKTePUCTUK
pO3pO0JIEHOr0 MeToay ¥ MeTomy Ha 6a3i HmepeTBOpPEHHS
nepiog-dacoBuii iHTepBaJi-KOA. JIoOpUMH METPOIOriYHUMUI
XapakKTepucTuKaMu BoJiogie Meron BumipoBannas OPKHY
Ha 0a3l mepeTBOpEeHHSI IepioJ-J4acoBMil IHTEPBAJI-KOI, B
AKOMY (POPMYETHCS BUMIPIOBAIBHUIM IHTEPBAI IK PI3HUISA
JOCJIIZKYBAHOIO 1 OIIOPHOrO IHTEPBAB 1 3aII0OBHIOETHCS
iMITy/IbCaAMU TOCJTI AKYBAHOI 260 OTIOPHOI YaCTOT.

BucuoBku. PeanizoBano aBroHOMHMIT ¥ BipTyabHMA
BUMIPIOBa4di, a TAKOXK IIPOBEJIEHO E€KCIIEPUMEHTAJIbHI J10-
CJIIPKeHHST CTAHIAPTHUX reHepaTopis. Bkazano ocobimBo-
CTi BUMIPIOBAYiB 1 MIIAXMU X MMOMAJIBIIOTO YAOCKOHAIEHHS.

Ilomanpmuinit pO3BUTOK BUMiPIOBaYa MOXK/IUBUI B HAIPIMKY
301/IBIIEHHsT KIJIHKOCTI BUMIDIOBAHMX TAPaMETPIB JI¥KEpeT
CATHQJIIB 3 YACTOTHUM BHUXOJOM, 30KpeMa, 3MIiHU KOPO-
TKOYACHOI HeCTablIbHOCTI 9aCTOTH Bif BIUIMBY mecTabii-
3y0unx (paKkTOPiB, XapaKTEPUCTUKHU 1 JaCy BCTAHOBJICHHS
gacToru. 1151 1boro HeoOXiIHO pO3POOUTH KEPOBAHUIL J7Ke-
pesio mectabimidyiounx (akToOpiB I CHHXPOHIZyBaTH HOTO
pobOTy 3 BUMipHHKOM.

K06t ca06a: KOPOTKOUACHA HECTAOLIHHICTH YaCTO-
TH; I€PETBOPIOBA™ Ha IPUHIMIII 30iriB iMITy/IbCiB TaKeTaMuy;
ABTOHOMHUI BUMIPOBad; Bipryanbumii Bumipiosad; LabVI-
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N3mepurenpr HecTaOUIBHOCTH YaCTOTHI
HA IIPUHINIIE COBHA/IEHUA NMILYJ/IHCOB

Bepsetixo A. ., Jlanno U. H., Apxywenxo II. JI.,
Hcyzno C. U.

Bagaya ObICTPOrO0 M TOYHOIO M3MEDPEHUs [MHAMUYE-
CKHUX XapaKTEPUCTUK COBPEMEHHBIX MCTOYHUKOB CUTHAJIOB
¢ gactoTHbIM BerxomoMm (TYUB), B wacTHOCTH DyHKIMHN Kpa-
TkOBpemeHHON Hectabmibnoctu wacrorer (PKHY), Tpe-
OyeT yCOBEPUIEHCTBOBAHUS METOOB M3MEDPEHUs C YIeTOM
HEOOXOIUMOCTH Y/IY9IIeHUs WX MEeTPOJOTUIEeCKHX Xapa-
KTEPUCTUK, CHUXKEHUS BPEMEHH IIPOBEICHUS WCIIBITAHUIL,
BO3MOXKHOCTHM aBTOMATH3AIMKM W3MEPEHMil 33 CUYeT IIph-
MeHeHUs WH(DOPMAIMOHHO-N3MEPUTETbHBIX cucTeM. llemn
pabotrbl cocrour B pa3dpaborke meroma udmepenus PKHY
Ha, IPUHITAIIE COBII/IEHUS UMITY/IHCOB TIAKETAMHU U SKCIIEPH-
MEHTAJIbHBIX WCCIEOBAHUSX U3MEPUTENel HAa €ro OCHOBE.
Pazpaboran meron u3amepenus GyHKIuu KpaTKOBPEMEHHON
HeCTAOMIPHOCTH YACTOTHI Ha IIPUHIIAIE COBIAJEHUIA pe-
TYJASPHBIX HE3ABUCUMBIX IIOCJIE/IOBATEIHHOCTEN MMITY/IHCOB
nakeramu. Pa3paboTaHHBI MeTOZ UMeeT IPEUMYIIECTBa B
CPaBHEHMM C JIyYIINM BapWaHTOM MeToJa Ha 0a3e Ipe-
obpaszoBanus [IBK npu pabore ¢ 0fMHAKOBBIM HaYa TbHBIM
3HAYEHHEM UCCIeAyeMOil 9acToThl u upu pabore ¢ omu-
HAKOBBIM 3HAYEHWEM HHTepBaja ycperaHenws. [lomydenst
AHAJIUTUIECKNE COOTHOIIEHUs [ OCHOBHBIX METPOJIOTH-
YeCKHuX XapakrepucTtuk. lIposesen cpaBHUTEIbHBIN aHAIU3
METPOJIOTUIECKAX XaPAKTEPUCTUK PA3PabOTAHHOTO MeTO-
Ja 1 MeToja Ha 0a3e mpeobpaszoBaHUs MEPUOI-BPEMEHHOMN
MHTEPBAJ-KOZ. XOPOIIMMYU METPOJIOIUIEeCKUMH XapaKTe-
puctukamu obsamaer meron wmimepenuns OKHY wa Gase
npeo0pa3oBanus nepuoa-pemMentoii narepsan-kos (IIBK),
B KOTOPOM (DOPMHUPYETCST M3MEPUTETHHBIM WHTEPBAJI KaK
Pa3HOCTH HCCJIeIyeMOr0o M OIOPHOIO MHTEPBAJIOB U 3aII0JI-
HAETCA WMIIYJIbCAMH HCCIeLyeMOM WA OIOPHOM YacTOT.
Peasm3oBaHbl aBTOHOMHBIN W BUPTYATbHBIN M3MEpPUTEIH,
a TakXKe IIPOBEIEHBbI JKCIEePUMEHTAIbHBIE HCCIIEJOBAHUST
CTAaHIAPTHBIX T€HEPATOPOB. YKa3aHBI OCOOEHHOCTH W3Me-
puTeseii W TMyTH WX JAJBHEHIIEro COBEPIIEHCTBOBAHUS.
JlanbHeiinee pa3BuTHe W3MEPUTESIsT BO3MOXKHO B HAIIPAaB-
JICHUH YBEJIWIEHNsI KOJIMYECTBA M3MEPSEMBbIX apaMeTpPOB
Y4B, B wacTHOCTH, M3MEHEHNsT KPATKOBPEMEHHOI HeCTa-
OM/IBHOCTH “TACTOTHI OT BO3AEHCTBUSA JeCTaOMIN3UPY IONUIIX
GaKTOPOB, XapaKTEePUCTUKNA W BPEMEHH YCTAHOBJIEHUS Ua-
croThl. /115t 3TOr0 HEOOXOAMMO pa3paboTaTh YIPAaBIISEMBbIi
HUCTOYHUK JeCTabuaIn3upyonux (GaxkTopoB U CHHXPOHU3U-
poBaTh ero paboTy C U3MEpPUTETEM.

Kamoueswie caoea: KpaTKOBpeMeHHas HECTaOWJ/IbHOCTH
YaCTOTHI; MPeo6pa30BaTesb Ha MPUHIMNIE COBIIAIEHUN MM-
MyJIbCOB TIAKETAMU; aBTOHOMHBIN W3MEpPUTE]Ib; BUPTYAJIb-
bl n3Mmepurenb; LabVIEW
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