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Pedepar:

1. B po6orTi 3aificCHeHO aHai3 TPO6IEMHOI 0671aCTi 3aCTOCYBaHHS YaCTOTHO-PEryJIbOBAaHUX €JIEKTPOIIPUBOLIB
CepeIHbOI IOTY>KHOCTI B yMOBaX BIJIMBY i0HI3yI0UOT0O BUIIPOMiHIOBAaHHS. B MOCTOBOMY KpaHi CXOBUINA
PallioaKTUBHUX BiIXO[IiB 3aCTOCOBYIOTbCS YaCTOTHO-PErYJIbOBaHi €JIEKTPOIIPUBOY 3arajlbHOIIPOMMCIIOBOTO

BUKOHAHHS, TOOTO He BXKMBAIOThCS JKOAHI 3aX0I1 i crieliayibHi TEXHOJIOTII 1714 pafialliiHOro 3aXUCTy 00J1aTHAHHS.



Jl71s1 BpaxyBaHHS pajialiliHuX €(peKTiB 00paHO BEJIMYMHY NOIJIMHEHOI 1031 i0HI3yI04OrO BUIIPOMIHIOBAHHSI.
[IpoBeneHO orngn KOHCTPYKLi i MaTepiasliB, 3 IKUX CKJIala€TbCs KOKEH 3 €JIEMEHTIB €JIEKTPOINIPUBOY. BussieHo,
1110 HaIiBIIPOBITHUKOBI IIPUCTPOI MAIOTh HAa¥MEHIIY CTiMKIiCTh O 10HI3YIOYOT0 BUIIPOMIHIOBAHHS, 30KpEMa
Jlerpajallis BJIaCTUBOCTEN KPEMHII0 TOYMHAETHCS 13 IOTJIMHEHO]I 103U 1 Kpafl, Ha BinMiHy Bif mienextpukis (1 Mpan)
Ta KOHCTPYKLiiHOI cTasi (100 Mpan). B nogansuiomy fociikeHHs 30pieHTOBaHO Ha HalcabKimii JaHIi cucTeMuy,
TOOTO Ha HaMiBIPOBIIHUKOBUX NpUafax. PO3risHyTO CTPYKTYPY CHUJIOBOIO HaMiBIIPOBiIHUKOBOTO KaHAy
4aCTOTHO-PEryJIbOBAHOIO €JIEKTPOIIPUBOAY. PO3KpHUTO, 110 117151 IEPETBOPIOBAYiB YACTOTH CEPENHbOI IOTYKHOCTI B
SIKOCTIi KJII04iB iHBEPTOPA 3aCTOCOBYIOTH OiMTOJIIPHI TPAH3UCTOPH 3 i30IbOBAHUM 3aTBOPOM. OCKIiNIbKY JOCIiIKEHHS
pazianiiiHux eeKTiB TaKUX TPaH3UCTOPIB B JiTepaTypi He BUSBJIEHO, IPUMHSITO PillleHHS [P0 3aCTOCYBAHHS CXEMU
3aMillleHHs GiMoJISIPHOTrO TPaH3UCTOpA 3 i30JIbOBAaHUM 3aTBOPOM. 11t moCimkeHHs paaialiiiHux edeKTiB B
6iMoJISIPHUX TPAH3UCTOPaX 3 i30/IbOBAHUM 3aTBOPOM OOpPAaHO CXEMy 3aMillleHHsI Ha OCHOBI €JIEMEHTIB, pajiialiiiHi
edexTH IKuxX Bifomi. PO3rJIsSIHYTO [Ba TMIM JIpaiiBepiB yIIpaB/IiHHS CUJIOBUMMU KJIIOYaMU iHBEPTOPA — Ha OCHOBI
[10JIbOBUX (MeTaJl-JlieJIeKTPHUK-HaliBIPOBIIHUKOBUX) i 6i0JIIpHUX TPaH3UCTOPIB. [106yZ10BaHi e1eKTPUYHI cxeMU
3aMillleHHs] CUJI0BOTO HalliBIPOBiJHUKOBOIO KaHaJy IIEPETBOPIOBAYa YaCTOTH i3 [UMU ApaliBepamu. CUHTE30BaHO i
OOCJiIKE€HO MaTEMATUYHi MOJieJli HalliBIPOBiJHUKOBUX CUJIOBMX KaHAJIiB IIEPETBOPIOBAYA YACTOTH [J1s1 BpDAXYBaHHS
pagnianiiinux edekTiB. [1J1s1 1bOTO PO3TJISHYTO pafialiiiHi eekTH B OKpeMUX HaliBIPOBITHUKOBUX €J1eMEHTaX
CMJIOBOTO KaHaJly IIepeTBOPIOBaYa YaCTOTH: Jiofax, 6illopHUX i I0JIbOBUX (METaJl-JieIeKTPUK-
HaMiBIPOBiIHUKOBUX) TPAH3UCTOPAX i ONTPOHAX. B poueci NOpiBHSIHHS ABOX BapiaHTIiB BUSIBJIEHO, 110 CUCTEMA i3
IpaiiBepamMy Ha OCHOBI GiMOJISIPHUX TPAH3UCTOPIB CTiliKillla 3a cUCTeMy i3 ipaliBepaMy Ha OCHOBI IIOJIbOBUX
TPaH3UCTOPIB. JJOCiI>)KEHHSI CUHTE30BaHOiI MOJIeJIi I03BOJINJI0 BUSHAYNUTU HAIliBIPOBITHUKOBUI [IPUCTPIN B CKIIAA]
CHJIOBOTO KaHaJly IIEPETBOPIOBAaYa YaCTOTH, 3MiHa [1apaMETPiB SIKOIO HANCYTTEBIllE BIVINBAE HA POOOTY CUCTEMU.
BusBiieHo, 10 B cUCTeMi i3 fpaliBepaMy Ha OCHOBI OiMTOJISIPHUX TPaH3UCTOPIB BUKOPUCTAHHS pafialiiiHO
HEYYTJIMBOTO 6iroJIIpHOro TpaHsucropa B ckiaafni bTI3 3abe3nedye He3MiHHY aMILIITYAy BUXiIHOI HanIpyru
IIepeTBOPIOBaYa YacTOTH i3 3pocTaHHIM 103U 1o 800 Kpag, Micsst Yoro HacTae PyHKIiOHAJIbHA BilMOBa. 3'COBaHO,
IO pagialifiHa 3MiHa IapaMeTpiB ONTPOHA HAlCYTTeEBIllle BIIJIMBA€ HA POOOTY Beiei cuctemu. OCKiIbKU
aTMoc(epHUil ONITUYHMIA KaHaJ 3B'SI3Ky — 1i€, IO CYTi, ONITPOH, BUIIPOMiHIOBaY i poTonpuiimay sIKOro BigganeHi
OJIVH BiJ] OHOTO B [IPOCTOPI Ha 3HA4HY BificTaHb (0o 150 MeTpiB), BiH noTpedye 104aTKOBOrO JOCIIiIKEHHS.
Po3rsigHyTo (PyHKLiOHAJIbHY CXEMY i TEXHIUHI XapaKTepUCTUKU aTMOCHEPHOr0 ONTUYHOTO KaHaly 3Bs13KY. SIK
KpUTEPIli SIKOCTi Iepefadi aHux 06paHo KoedilieHT 6iTOBUX MOMUJIOK. BUKOHaHO aHasi3 (paKTopis, Mo
HOTIpUIYIOTH SIKiCTh Nepenadi iHpopmariii, 1o Takux GakToOpiB BifHOCATHCS: IOCTIA0I€HHS [IOTY>XHOCTI OTPUMAaHOTO
IpuiiMayeM CUrHajy BHACJIOK He 6€3KiHeYHO BY3bKOi JliarpaMy CIIpSIMOBAHOCTI IlepeaTyuKa; LyMOBi IepelKoan
nepenaTyyvka, KaHaiy i IpurMada; gerpajganis BUKJIMKaHa BIUIMBOM iOHI3yI040i pafiauii; mnpupogHa gerpaganis
J1a3epa; nocsyabyieHHs J1a3epHOro BUIIPOMiHIOBaHHS B atMocdepi. 3anJis mifBuieHHS IKOCTi epeadi B
aTMocepHOMY ONITUYHOMY KaHaJli 3B’13Ky 3allpOIIOHOBAHO 3aCTOCYBaHHS ITyYHOI HEMPOHHOI Mepexi B ckiagi
nemopyisatopa. Takuil IeMoyIaTOp Ollepye BEKTOpPaMy, a HE MUTTEBMMY 3HAUEHHSIMU CUTHAJIIB, 10 JO3BOJISIE
IOCTOBIpDHO KJIaCK((piKyBaTH CUTHAJ TPY HU3bKUX 3HAYEHHSX BifHOIEHHs curHan / myM. CpOpMoOBaHoO i
00p0o06IeHO HaBYaJIbHY BUOIpKy 711 HABYaHHSI LITYYHOI HEHPOHHOI Mepeski. Buxonsum i3 3amadi knacudikanii
00paHO, HAaBYEHO i IPOTECTOBAHO AEB'SITh TUIIIB APXiTEKTYpP WTYyYHUX HEHPOHHUX MepeX. [I03UTUBHOTO pe3yJbTaTy
BI,AJI0CSI IOCSTTH JIALIE 3 IBOMA TUIIAMU: IIPSIMOTO NIOMIMPEHHS i3 IBOMA JIiHiISIMU 3aTPUMKU i pafliajibHO-6a31CHO]
Mepexi. Mepexka npsaMoro MomupeHHs i3 24 HeMpoHaMU IIPUXOBAHOTO Wapy i 2 JIiHIAMM 3aTPUMKU BXO[Y IOKa3asa
HaMHIKYUE KoedillieHT 6iTOBUX TIOMUJIOK ITPU BiHOIIEeHH] curHan / myM 6inbiie 3a 0.7 nb. Ha Hiokuux
BiJHOLIEHHSX CUTHaJ / IIyM il KpyBa CIiBNajae i3 KpUBOIO LITyYHOI HEPOHHOI Mepexi i3 25 HelipoHamMu i BOHU
HIDKUi 32 KPUBY AEMOZYJISITOPA HA OCHOBI KoMIIaparopa. Killo4oBi ¢j10Ba: €J1IeKTpOIIPUBO, IEPETBOPIOBAY 4aCTOTH,
iHBepTOp, €IEKTPOTEXHIUHMI [IPUCTPIi, BAHTAXKOIIINNOMHA MalllMHAa, MOCTOBUI KPaH, PaiioaKTUBHI BilX0Hu,
pagianis, ioHi3yloue BUIIPOMIHIOBaHHSI, aTMOC(EPHUI ONITUYHUI KaHaJl 3B'I3Ky, MaTeEMaTUYHE MOJEJIIOBaHHS.

2. The analysis of the problem area of application of medium power frequency-regulated electric drives in the
conditions of influence of ionizing radiation is carried out in the work. The radioactive waste storage bridge crane
uses general industrial design of frequency-regulated electric drives, scilicet no activity and special technologies



are used for radiation protection of equipment. The value of the absorbed dose of ionizing radiation was chosen to
take into account the radiation effects. The structure and materials of each of the electric drive elements review
was performed. It was found that semiconductor devices have the lowest resistance to ionizing radiation, in
particular, the degradation of silicon properties begins with an absorbed dose of 1 krad, in contrast to dielectrics (1
Mrad) and structural steel (100 Mrad). Further research focuses on the weakest link in the system that is
semiconductor devices. The structure of the power semiconductor channel of the frequency-regulated electric
drive is considered. It is revealed that insulated gate bipolar transistors are used as inverter switches for medium
power frequency converters. Since the radiation effects study of such transistors in the literature has not been
identified, it was decided to use a substitution scheme for an insulated gate bipolar transistor. To study the
radiation effects in insulated gate bipolar transistor, a substitution scheme based on elements whose radiation
effects are known was chosen. Two types of inverter power switch control drivers are considered - based on field
effect (metal-oxide-semiconductor) and bipolar transistors. The electrical circuits of the frequency converter
power semiconductor channel with these drivers are constructed. Mathematical models of frequency converter
semiconductor power channels for accounting of radiation effects are synthesized and investigated. To do this, the
radiation effects in diodes, bipolar and field effect (metal-oxide-semiconductor) transistors and optocouplers were
considered. In the process of comparison the two options, it was found that the system with drivers based on
bipolar transistors is more stable than the system with drivers based on field-effect transistors. The synthesized
model exploration allowed to determine the semiconductor device in the frequency converter power channel,
which change of parameters most significantly affects the operation of the system. It was found that in a system
with drivers based on bipolar transistors, the use of radiation-insensitive bipolar transistor in the IGBT provides
constant frequency converter output voltage amplitude with increasing dose up to 800 krad, after which there is a
functional failure. It was found that the radiation change of the optocoupler parameters has the most significant
effect on the operation of the entire system. Since the optical data transmission system is, in fact, an optocoupler,
which emitter and photodetector are separated from each other in space by a considerable distance (up to 150
meters), it requires additional research. The functional scheme and technical characteristics of the optical data
transmission system are considered. Bit error rate is chosen as a criterion for data transfer quality. The analysis of
factors that degrade the quality of information transmission is performed, the following factors include: weakening
of the received signal power due to not infinitely narrow pattern of the transmitter; noise interference of the
transmitter, channel and receiver; degradation caused by ionizing radiation; natural laser degradation; attenuation
of laser radiation in the atmosphere. To improve the quality of transmission in the optical data transmission
system, the use of an artificial neural network as part of a demodulator has been proposed. Such demodulator
operates with vectors instead of instantaneous signal values, which allows to reliably classify the signal at low
values of the signal-to-noise ratio. A training sample for an artificial neural network was formed and processed.
With considering the classification task, nine types of artificial neural network architectures have been selected,
trained and tested. A positive result was achieved with only two types: feed-forward with two delay lines and
probablistic radial basis function network. The feed-forward network with 24 hidden layer neurons and 2 input
delay lines showed the lowest bit error rate at a signal-to-noise ratio of more than 0.7 dB. At lower signal-to-noise
ratios, its curve coincides with the curve of an artificial neural network with 25 neurons and they are lower than
the curve of a traditional demodulator. Key words: electric drive, frequency converter, inverter, electrotechnical
device, hoisting machine, bridge crane, radioactive waste, ionizing radiation, optical data transmission system,
mathematical modelling.
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