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The synchronizing units adaptive to instability of the mains voltage amplitude for the network forced
power semiconductor converters are considered.

In order to reduce switching and pulse interference in the synchronizing unit with tracing fixation of self-
switching points the first-order aperiodic filters are used, regulated to the shift of input sinusoidal voltage to
the angle of minus 30 or 60 electrical degrees that is determined by the level of interference from mains voltage.
As a result the auxiliary three-phase voltage system is created which is processed further with the help of com-
parators and binary-decimal decoders. From the gained series of numbers the needed ones are chosen and com-
bined by the function “OR”. The logic signal is gained as a result, the width of which corresponds to the re-
quired synchronization interval of the semiconductor converter.

In the second case the synchronization signal affects the self-oscillating integrating sweep converters trans-
ferring them to the forced switching mode with the mains voltage frequency. Together with this each of the syn-
chronization channels gets the properties of the first-order aperiodic filters with time constant determined by
the value of the amplitude and frequency of mains voltage. The closed-circuited structure of the sweep conver-
ters and the presence of the integrator in the direct control channel contribute to the high level of metrological

characteristics of such synchronizing units.

The waveform diagram of the synchronizing units and the recommendations concerning the choice of

the parameters of their elements are given.

Keywords: semiconductor converter, smoothing filter, comparator, decoder, relay element, integrator,

mains voltage, synchronization, adaptive filter.

Introduction

Modern power systems both stationary and auto-
nomic-based are characterized by the high level of
interference with difficultly predicted parameters, of-
ten exceeding the allowable norms of interference and
serving as destabilizing factors in the work of not only
semiconductor converters (SC) but process installa-
tions in whole [1-3]. That is why the development
of the SC control systems which can partly or fully
adapt to the changing parameters of the power line
is the actual task directed to reliability growth of
the work of the whole complex of electrotechnical
appliances of industrial enterprises.

Ones of the most sensitive to interference chan-
nels of the SC control systems are the synchronizing
units (SU), which often practically represent cascade
connection of a smoothing filter (F), for example, the
first-order aperiodic one and the relay element (RE)
with switching thresholds symmetrical to the zero
level (F-RE) [4-5].

The drawback of the SU of F-RE type is obvious —
when the amplitude and/or the frequency of mains
voltage is changed the specified synchronization angle
is also significantly changed [6—7], which affects
the characteristics of the SC on the whole and in some
cases can even lead to its emergency switching.
Besides, these SU are very sensitive to switching
“failure” of mains voltage and peak overvoltage.

The SU which can adapt to amplitude instability
of phase voltage are considered below.

The synchronizing unit with tracing fixation

of self-switching points of mains voltage

The SU (fig. 1) consists [8—10] of first-order
aperiodic filters F,, Fp, Fc, comparators C1-C6,
decimal-binary decoders DC1, DC2 and logic ele-
ments LE1-LE3 of the function “AND-OR”.

The filters F,, F3, F¢ serve to reject interference
from the power line and make a three-phase system of
voltages “a”, “b”, “c” (fig. 2, b), which is shifted from
the main 4, B, C (fig. 2, a) on minus 60 electrical de-
grees. As practice shows, the filter with such time
constant is enough to reject pulse and switching inter-
ference from mains voltage. In the power lines with
the low level of interference this phase shift can be
chosen as minus 30 electrical degrees.

The comparators C1-C3 make pairwise compari-
son of the signals “a”, “b”, “c” (fig. 2, b), and form
signals of the logical “1” (fig. 2, c—e) between the cor-
responding self-switching points of the system “a”,
“b”, “c”. This sequence “0” and “1” gets in the sequel
values of bit positions Oy, O1, O, O3 = 0 of the high
tetrad of the binary-decimal code (BCD).

With help of the comparators C4—-C6 points of
time are fixed when the signals “a”, “b”, “c” cross the
zero value (fig. 2, b) and the second sequence of logi-
cal variables is formed (fig. 2, f~h). This sequence
gets the corresponding bit positions Oy, O, O», O3 =0
of the low tetrad of the BCD.

As aresult each section in 30 electrical degrees
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Fig. 1. Block diagram of the adaptive comparator interval-code SU with tracing fixation
of self-switching points of mains voltage
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Fig. 2. Time diagram of the signals (a—h) and table of sequence of decimal numbers (i) of the adaptive
comparator interval-code SU with tracing fixation of self-switching points of mains voltage
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of 4, B, C voltages is characterized by its own BCD
(or by a decimal number), the general sequence of
which in the 180 electrical degrees interval has a form
“64-44-45-55-51-11-13-33-32-22-26-66" (fig. 2, i).

With the help of output units LE1-LE3, therefore,
the signal “1” can be differentiated, the width of
which will correspond to the required control interval
of power inverters SC.

For example, for a three-phase “zero” controlled
rectifier (fig. 2, a):

Interval “I”—“1-1”_[ TInterval “3”—3-1" | Interval “5"—5-1"
4414555 5111 |11]13]33]32]22]22]26]66]64]44

For a three-phase bridge controlled rectifier:

Interval “17—2” Interval “37—“4” Interval “57—“6”
4414515551 [11 [13]11[13 [33[32]22]26 [22]26 [66 [64 [44 [45

Besides, for control systems of DC drive with in-
direct exitation, for example, such SU can be used as
the main synchronization channel, which forms simul-
taneously synchronization signals for the three-phase
rectifier which supplies motor armature and the one-
phase rectifier which supplies excitation winding. In
this case there only additional units “AND-OR” will
be included to the block-diagram of the SU (fig. 1),
which provide differentiation of the required synchro-
nization intervals for the second SC.

Together with this, both symmetric and asymmet-
ric amplitude change of phase voltages does not bring
a mistake to the synchronization process, because the
SU makes pairwise (tracing) fixation of self-switching
points of the signals “a”, “b”, “c” and time of their
crossing the zero level (fig. 2, b).
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Fig. 3. The characteristic Aoy = f(;ls,Afs) of the adap-

tive comparator interval-code SU with tracing fixation
of self-switching points of mains voltage

The characteristic Aag = f (ZS, Afg) is given in
fig. 3, which has been derived by means of simulation
of the SU in software suite Matlab+Simulink, which
shows that deviation of the synchronization process
does not depend on signal amplitude of synchroniza-
tion and is defined only by mains voltage frequency,
that is why filters F,, Fp, Fc are used. Here

Ao = (0 /og)—1 — the standardized value of the
actual synchronization angle s relative to the given
ag =30 electrical degrees; Ag = A / Ag — the stan-
dardized amplitude of the synchronization signal A
(of mains voltage) relative to its rated value Ay;

Afs =(fs/ fs)—1 — the standardized fault fg of

power line frequency relative to its rated value f.

2. The integrating interval-code

synchronizing unit

In the systems with an abnormally distorted
power line, for example, on objects with autonomic-
based power systems it is recommended to use the SU
based on principle of integrating sweeping conversion
[7, 11-14]. Let us consider the above-mentioned variant
of SU design applying to a three-phase bridge recti-
fier, for example, with a separate control [6, 15].

The basis of SU (fig. 4) are three [7, 16—17] iden-
tical integrating sweep converters ISC,, ISCp, ISCe.
They consist of (fig. 4) adder Z, integrator / with time
constant 7" and relay element RE with a noninverting
hysteresis loop. The output signal of RE changes dis-
cretely within limits +4.

ISC,, ISCp, ISC( are present self-oscillating sys-
tems with frequency-pulse-width modulation [18-21]
in initial state, where the output signal amplitude of
the integrator / is limited by switching thresholds of
RE and the signal has a sawtooth waveform. The in-
verting element /N is included to the diagram in order
to correlate the outputs ISC,, ISCp, ISC with further
digital elements.

When AC voltage of the power line goes to an
input, for example /SCy, and its amplitude outgoes the
one of the output pulses of the RE in 2,0-4,0 times,
the ISC switches to external synchronization mode,
when the frequency of its output pulses is equal to the
one of mains voltage. If the frequency of ISC,’s self-
oscillations has been chosen to be equal to the one of
mains voltage, then a phase-shift between the syn-
chronization signal and the output pulses of the RE
(of inverting element /N) becomes equal to minus 90
electrical degrees (fig. 5, a—d) [14, 16], and the ISC
itself gets the properties of the first-order aperiodic
filter [6—7]

Wp)=

with time constant

1
1+Tgzp

Tc _—
Ty =~—T¢A
E= 157

where Ag :|AS / A| is a relative value of the ampli-

tude Ay of mains voltage with the period T .

So, the ISC in the external synchronization mode
gets the properties of the filter, time constant of which
automatically turns into the functions of mains voltage
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Fig. 4. Block diagram of the adaptive integrating interval-code synchronizing unit
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Fig. 5. Time diagrams of signals of the adaptive integrating interval-code synchronizing unit
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parameters. It is worth taking into account that in
comparison with the filters F, Fp, F¢ (fig. 1) the ISC
represents a closed system with an integrator in the
direct channel of control that contributes to stability of
time and temperature characteristics of synchroniza-
tion channels [22].

Hereinafter we consider that ISC, forms the sig-
nal Oy of the low bit-position and ISC¢ — the signal O,
of the high bit position of the binary code (fig. 5, b—d)
which go to the decoder DC (fig. 4).

Then to each of the sections “1-27, “2-3”, “3-4”,
“4-5” and “5-6" of the three-phase voltage system
(fig. 5, a) its own decimal number from the set “4-5—
1-3-2” will correspond.

Combining the corresponding numbers by the
function “OR” with the help of the logical elements
LE1-LE3 the pulses of the logical “1” will be formed
on the output of the SU (fig. 5, f-h), the width of
which corresponds to the intervals “1-4”, “3—6” and
“5-2” of self-switching points of the phases 4, B, C in
limits of which the control angle of thyristors in the
bridge controlled rectifier is regulated.

The characteristic Adlg = f(4g, Afg) for the SU

with the ISC is practically similar to the one given in
fig. 3. In this case during variations of synchronization
voltage amplitude (of the power line) the integrator /
aims at retaining average value of output pulses to be
equal to zero, and as a result compensation of syn-
chronization fault occurs.

Findings

1. The SU with tracing fixation of self-switching
points of mains voltage is introduced, where with the
help of first-order aperiodic filters the auxiliary three-
phase voltage system is generated, which is shifted
relative to the main on minus 60 electrical degrees.
As a result of pairwise comparison of mains voltages
with the help of the comparators the number series is
gained, from which the synchronization signal for the
needed power diagram of the SC can be derived selec-
tively. For the power line with the low level of inter-
ference time constant of smoothing filters can be cho-
sen at the level of minus 30 electrical degrees.

2. High sensitivity of the comparator SU towards
external interference and the open-circuited structure
of the input filters that has a negative impact on the
metrological characteristics of the synchronization
channels can be considered as drawbacks of the com-
paring SU.

3. The integrating interval-code SU is considered,
which is realized at the basis of the /SCs working in
external synchronization mode with mains voltage
frequency. In this case the synchronization channels
get the properties of the adaptive first-order aperiodic
filters with time constant determined by the mains
voltage parameters. The recommendations concerning
the choice of the synchronization conditions are given.

4. The integrating interval-code SU have higher
metrological characteristics because of their closed-

circuited structure and the presence of the integrator in
the direct channel of control.

5. The introduced SU can be recommended for
the power SC working with the power systems which
have significant instability of the amplitude of mains
voltage.
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AODANTUBHBLIE MHTEPBAJIO-KOAOBbLIE

YCTPONCTBA CUHXPOHU3ALUU

JI.U. bimoeu4, M.M. flyokuH, A.C. Hecmepoe, A.B. Trozaee
FOxHo-Ypanbckuli 2ocydapcmeeHHbIl yHugepcumem, 2. HernsabuHck

PaccmarpuBaroTcs aganTHBHBIE K HECTAOMIFHOCTH aMILUTUTY/BI HANIPSHKEHHUS CETU yCTPOICTBA CHHXPOHU-
3aIUH YISl BEIOMBIX CEThIO CHJIOBBIX BEHTHJIBHBIX IIpeoOpa3oBaTelieii.

Jnst crnakuBaHUS KOMMYTAIlMOHHBIX U UMITYJIbCHBIX ITOMEX B YCTPOMCTBE CHHXPOHH3AIMU CO CIEsIIeit
(uKcanyel ToOYeK eCTECTBEHHOH KOMMYTAIIMH CETH UCIIOJIB3YIOTCS allepHoIuuecKiue (GUIIbTPhI IEPBOTO IOPSII-
Ka, HACTPOCHHBIEC Ha CIBHUI BXOJHOTO CHHYCOMJAIBHOTO HANpspKeHHs Ha yroi Muayc 30 mmu 60 3i1. Tpam., 9To
JUKTYETCSl YPOBHEM IIOMEX CO CTOPOHBI HAIPSIKEHUS CeTH. TeM caMbIM cOo37aéTcs BCIOMOIaTelbHas CUCTEMa
Tpex(a3HbIX HANPsDKEHUH, KoTopas 3areM oO0pabaThIBaeTCsi C IOMONIBIO KOMITAPaTOPOB U JABOWYHO-
JeCATHYHBIX nemmdpaTopos. V3 moiayuaeMol MociieoBaTeNbHOCTH YHCe BEIOUPAIOTCS HEOOXO0ANMBIE, KOTO-
peie o6benuastores o ¢pyukun “UIJIN”. B pesynprare moimydaeTcst JOTHIECKUil CHTHAN, [UIMTEIBHOCTh KOTO-
POro COOTBETCTBYET TpeOyeMOMY HHTEPBALy CHHXPOHH3AIUH BEHTHIILHOTO IIpeoOpa3oBatels.

Bo BTOpOoM citydqae curHag CHHXPOHHU3AIMH BO3JAEHCTBYET Ha aBTOKOJEOATEIbHBIC HHTETPUPYIOIIHE pa3-
BEpPTHIBAIOIINE IPEOOPa30BaTENH, IEPEBOJIS X B PEXKHUM BBIHYKACHHBIX INEPEKIIIOUCHUH C JaCTOTON HampsiKe-
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HUS ceTH. [Ipy 5TOM Kakablii M3 KaHAJIOB CHHXPOHH3aLUK IIPHoOpeTaeT CBOCTBa alepuoaNIecKoro GUiIbTpa
HIEpBOTO MOPAAKA C IOCTOSIHHONW BpeMEHH, OIpesieNieMOi 3HaueHHEM aMIUIUTYAbl U YaCTOTHI HAIIPSDKEHUS ce-
TU. 3aMKHYTBIM XapakTep CTPYKTYpbl pa3BEPTHIBAIOLINX IpeoOpa3oBaTesiell U Halu4yue HHTerpaTopa B IpsMOM
KaHaJle PeryJHpoBaHUs oOeclednBaeT BBICOKHH yPOBEHb METPOJOTHUECKUX XapaKTEPHUCTHKH MOJOOHBIX YCT-
pOMCTB CHHXPOHH3AIHH.

IIpuBeneHs! BpeMEHHBIC THArpaMMbl CHTHAIOB YCTPOWCTB CHHXPOHH3ALUH, PEKOMEHIAUH MO BBIOOPY
TapaMeTpoB UX 3JIEMEHTOB.

Knrouegvie cnosa: éenmunvhbuill npeobpasogamens, cenajicusarwuil Guiomp, Komnapamop, oewugpamop,
penelinblil dnemMeHm, Unmespamop, HanpsdjiceHue cemu, CUHXPOHU3AYUS, A0aNMUBHbLIL uibmp.

Jumepamypa

1. XKeowcenenxo, U.B. Kauecmeo snexmposnepeuu na npomwviuiieHnuix npeonpusmusx / U.B. XKeoicenenxo,
M.JI. Pabunosuu, B.M. Booxcko. — Kuees: Texnixa, 1981. — 160 c.

2. I'OCT 32144-2013. Onexmpuueckan snepeus. CogmMecmumocms mexHUHecKux cpeocma d1eKmpoMazHum-
Hasa. Hopma xauecmea snekmpuyecKoll sHepeuu 6 cucmemax 371eKmpocHabicenus odujeco HasHavenus. — M.:
Cmanoapmungpopm, 2014. — 16 c.

3. Xabueep, D. Dnexmpomacnumnas cosmecmumocmo. OcHoebl ee obecneuenuss 6 mexuuxe / J. Xabueep. —
M.: Duepeoamomuzdam, 1995. — 304 c.

4. Usanos, A.I'. Cucmemol ynpaenenusi noiynpoeoonukossimu npeoopazosamenimu / A.I. Heanos, I''A. Be-
108, A.I'. Cepeees. — Ueboxcapwi: H30-60 Uysaut. yu-ma, 2010. — 448 c.

5. Yepnos, E.A. Komnnexmuote anexmponpusodet cmankos ¢ 9I1Y: cnpas. nocooue / E.A. Yepnos, B.I1. Kysv-
mun. — Iopvkuii: Boneo-Bamckoe kn. uzo-e6o, 1989. — 320 c.

6. Iyokun M.M., Lletmosuu JLU. Dnemernmol uH@GOpMayuoHHOU INEKMPOHUKU CUCTHEM YAPABLEHUs GeHMULb-
HbLMU npeobpazosamensimu. monozp. — Yenabunck: Uzoam. yeump IOYpl'Y, 2011. — 362 c.

7. Kauanos, A.B. Unmezpupyrowiue ycmpoicmea CUHXpoHUu3ayuu 0Jisk CUCIeEM UMRYIbCHO-(a308020 ynpasie-
HUs geHmubHLIMU npeobpazosamenimu / A.B. Kauanos, JI.U. Loimosuu, M.M. /[yoxun // [Ipakmuueckas cunosas
anexmponuxa. —2010. —Ne 1 (37). — C. 42-51.

8. Ham. 2400911 Poccuiickasn ®edepayus, MITK' H 02 M 1/08. Yempoiicmeo cunxponusayuu / JLH. Leimo-
euu, M.M. /[yokun, A.B. Kauanos, P.M. Paxmamynun. — Ne 2009113987/09; zasen. 13.04.09; onyon. 27.09.10,
bion. Ne 27.

9. Adaptive interval and code bidecimal timing mechanism with watching fixing of points of natural commuta-
tion of circuit voltage / L.1. Tsytovich, M.M. Dudkin, O.G. Brylina, A.V. Tugaev // Materials of the Il international
research and practice conference “European Science and Technology”. — Munich — Germany: Publishing office
Vela Verlag Waldkraiburg, 2012. — Vol. I. — October 30"-31*. — PP. 276-281.

10. Interval coders of synchronization for controlling systems of power valve inverter / L.I. Tsytovich,
M.M. Dudkin, O.G. Brylina, A.V. Tugaev // Materials of the international research and practice conference
“Science, Technology and Higher Education”. — Westwood — Canada: Publishing office Accent Graphics commu-
nications, 2012. — Vol. II. — December 11"-12". — PP. 541-558.

11. ITam. 2513024 Poccuiickas ®edepayus, MIIK' H 02 M 1/00. Adanmusnoe unmezpupyioujee ycmpoicmeo
curxponuzayuu / M.M. JTyoxun. — Ne 2012128705/07; 3asnen. 09.07.12; onyén. 20.01.14, Bror. Ne 2.

12. Adanmusnas unmepeano-ko008as 080UUHO-0ECANUYHASL UHMESPUPYIOWAS CUHXPOHUAYUSL CUCTEM YNPAG-
JICHUST CUNOBBIMU 8eHMUNbHbIMU npeodpazosamensimu / JLHU. [Joimosuu, O.I". Bpviwna, M.M. [yoxun, P.M. Paxma-
myaun // Inexkmpomexnura. —2013. —Ne 3. — C. 8—15.

13. Humeepupyrowue unmepsaiokooosvlie YCmpoucmea CUHXPOHU3AYUU OA51 86E0OMBIX CEmblo 8EHMUTbHBIX
npeobpazoeameneil / JI.U. Loimosuy, M.M. /[yoxun, O.I". Bpwinuna, A.B. Tioeaes // [Ipakmuueckasn cunoeas snex-
mponuxka. —2013. —Ne 4 (52). — C. 20-27.

14. Humeepupytouee ycmpoucmeo CUHXPOHUAYUU C HCesoocnedsuell purcayuell Modex ecmecmeeHHou
Kommymayuu Hanpsxcenusn cemu / JILHU. Hoimosuy, M.M. /[yoxkun, O.I". bpeinuna, A.B. Tiozaes // Becmnux FOYpI'Y.
Cepus «Onepeemuxay. —2013. —T. 13, Ne 2. — C. 53—61.

15. Pegepcugnbiii mupucmopHblil npeoopazogamensv Ol CUCHEM YAPAGIEHUs C NUMAHUeM Om cemu ¢ Hecma-
yuonapnoimu napamempamu / JLU. Loimosuy, P.M. Paxmamynun, M.M. J{yoxun, A.B. Kauanoe // [lpakmuueckas
cunosas anekmponuxa. — 2009. — Ne 2 (34). — C. 35—41.

16. ITam. 2461948 Poccuiickaa @edepayus. MIIK' H 02 M 1/08. Yempoiicmeo curxponusayuu / JLH. Lvi-
mosuy, M.M. /[yokun, A.B. Kauanos, O.I. bpviiuna, P.M. Paxmamyanun. — Ne 2011117488/07; 3asnen. 29.04.11;
onyon. 20.09.12, bioa. Ne 26.

17. [lomexoycmotiuusas uHmespupyoujas CUHXPOHU3AYUS 8e0OMbIX CEeNbi0 8eHMUIbHLIX Npeobpazosamenell /
JLA. otmosuu, M.M. /[yokun, P.M. Paxmamyaun u op. // Suepeemux. — 2014. —Ne 6. — C. 15-18.

BecTHuk OYplY. Cepus «QHepreTukay. 43
2015. T. 15, Ne 3. C. 37-44



YcTtponctBa aHanorosou n LMpoBON IANTIEKTPOHUKN

18. dyoxun, M.M. J[unamuueckue Xxapaxmepucmuku pazeepmuisaioujeco npeoopazoeamens ¢ 4acmomHo-
wupomno-umnyivcrhou mooyaayueu / M.M. Jyoxun, O.I". Bbpviiuna, JLHU. Leimosuy // Becmuux FOYpI'Y. Cepus
«Onepeemuxay. —2014. — T. 14, Ne 3. — C. 46-54.

19. Jlyoxun, M.M. Cnexmpanvhbie Xapakmepucmuku pasgepmuléaiowux npeoopazoeamenell ¢ WUpoOmHo-
UMNYIbCHOU U 4ACMOMHO-WUPOMHO-UMNYAbCHOU Mooyaayueti / M.M. [Jyokun, JLHU. LJeimosuy, O.I. Bpviiuna //
Onexmpomexuuxa. — 2013. —Ne 10. — C. 18-25.

20. Qyokun, M.M. Cnexmpanvhvle Xxapakmepucmuky pazeepmuléaouje2o npeobpazosameiss ¢ 4acmomuo-
wupomno-umnyrvchou mooyrayueiu / M.M. [dyoxun, JLU. Heimosuu, O.I. Bpvinuna // [Ipaxmuyeckas cunogas
anekmponuxa. —2014. —Ne 1 (53). — C. 17-20.

21. Yacmomno-uupomno-umMnyibCHbll A0anMUGHbL Pecyiamop NepemMenHo20 HanpsiCeHus C UHmezspupyio-
weu cucmemoti ynpaenenus / M.M. [lyoxun, O.I. bpviwuna, JIL.U. Leimosuy, A.B. Twoeaes // Becmuux IOYpI'Y.
Cepus «Onepeemuray. —2013. —T. 13, Ne 2. — C. 45-52.

22. yoxun, M.M. Humezpupyrowue gazocoguearowjue ycmpoucmea 0jisi YNpaeieHus CUI08bIMU BeHMUTbHbL-
Mu npeobpazogamensimu. Ouc. ... Kano. mexu. nayk / M.M. JJyokun. — Yensbunck: FOYpl'Y, 2007. — 235 c.

HbrroBuy Jleonuna UruarpeBud, 1-p TEXH. HayK, mpodeccop, 3aBeayromui kadenpoi «IeKTpOnpHBOA 1
ABTOMATHKa HPOMBIIUICHHBIX YCTaHOBOK», FOKHO-YpalbCKUH TOCYyNapCTBEHHBIH YHUBEpPCHTET, T. UensOWHCK;
tsli@susu.ac.ru.

dynxknn Makceum MuxaiiiaoBud, KaHll. TeXH. HayK, JOLEHT, kKadeapa «IeKTpOoNpHuBOL U aBTOMAaTHKa IPo-
MBIIUICHHBIX YCTAaHOBOK», FO)HO-YpanbCKuii rocynapcTBeHHbIH yHuBepcuteT, r. Yemsounck; dudkinmax@
mail.ru.

HecrtepoB Anexcanap CepreeBud, KaHJ. TeXH. HayK, JOIEHT, Kadempa «DIEKTPOIPUBOJ M aBTOMAaTHKa
MPOMBIIUICHHBIX YCTaHOBOK», HOKHO-Ypanbckuil rocyaapcTBeHHBIH yHHBepcuTeT, T. YensOunck; nas 2004@
mail.ru.

Tioraes AHTOH BanepbeBuu, acnmpant, kadenpa «DIESKTPOIPUBOJ U aBTOMATHKA MPOMBIIUICHHBIX yCTa-
HOBOK», KOxHO-Y pasbckuii rocy1apCcTBEHHBIH YHUBEPCUTET; atuygaev(@gmail.com.

Hocmynuna ¢ peoakyuro 17 urons 2015 o.

OBPA3ELl IUTUPOBAHUA FOR CITATION
Adaptive Interval-Code Synchronizing Units / L.1. Tsy- Tsytovich L.I., Dudkin M.M., Nesterov A.S., Tyu-
tovich, M.M. Dudkin, A.S. Nesterov, A.V. Tyugaev // gaev A.V. Adaptive Interval-Code Synchronizing Units.
Bectauk HOVYpI'Y. Cepus «3Quepretuka». — 2015, — Bulletin of the South Ural State University. Ser. Power
T. 15, Ne 3. — C. 37-44. DOLI: 10.14529/power150305 Engineering, 2015, vol. 15, no. 3, pp. 37-44. DOLI:

10.14529/power150305

44 Bulletin of the South Ural State University. Ser. Power Engineering.
2015, vol. 15, no. 3, pp. 37-44



