ENEKTPOTEXHIKA [NETELLEN;

DOI 10.15589/jnn20170408

YK 537.523
b73

INTELLIGENT CONTROL SYSTEM FOR THE HIGH-VOLTAGE
PULSE POWER SOURCE OF THE COMPLEX FOR ELECTROFILTRATION
AND DESTRUCTION OF GAS EMISSIONS
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Abstract. A study has been conducted with gas emissions of different impedance as an object of processing and
a high-voltage pulse generator as an object of control. It allowed defining the informational coordinates and control ac-
tion channels. The experimental study employing a simulated model of high-voltage equipment of the electrofiltration
system became the basis for development of the set of control laws and a knowledge base for the intelligent control
system. Thus, there was developed an intelligent control system for the pulse generator of the electrofiltration system.
The algorithm provides adjustments of pulse parameters according to the current composition of gas burst. This allows
generating high-voltage pulses which provide an efficient decomposition of major components of gas emissions.

Keywords: intelligent control; algorithm; high-voltage pulse power source; electrofiltration; destruction; gas emissions.

AHoTanis. Po3po6rieHo iHTeneKTyalbHy CHCTEMY KePYBAaHHS IMITyJIbCHUM JDKEPEIIOM JKUBJICHHS CHCTEMH €NIEKTPO-
¢inprparii, IKUA CIPHUsE KOPUTYBAHHIO ITAPAMETPIB IMITYJILCIB BIAMOBIAHO 10 MOTOYHOTO CKJIAay €KOJIOIIYHO He-
0e3MeYHnX TMPOMHUCIOBUX Ta30BUX BUKHUIIB. BuzHadeHo iH(OpMaIiiiHi KOOpAUHATH W KaHAIU KePyBaJbHUX BILIHU-
BiB. JloBe/ieHO, 1110 aNropuT™M poOOTH IHTEIEKTYaIbHOI CUCTEMH KepyBaHHS JIa€ 3MOTY T€HepYBaTH BHCOKOBOJIBTHI
IMITyJIbCH 3 TIapaMeTpamH, siKi 3a0e3NeuyroTh e(eKTUBHY ACCTPYKIIIO BCIX BarOMUX CKJIaJ0BHX Ta30BHX BHUKHJIIB
y mpotieci 00poOKu.

KaiouoBi ciioBa: iHTeNeKTyalIbHa CUCTEMa KePYBaHHS; aJITOPUTM; IMITYJIbCHE BUCOKOBOJIBTHE JPKEPEIIO KHUBJICHHS;
eNIeKTpO( LI TPALLisT; AECTPYKIis; Ta30B1 BUKHIH.

AHHoTanusi. PazpaboTana MHTEIJIEKTyalbHasl CHCTEMa YIPaBICHNS UMITYJIbCHBIM UCTOYHUKOM IHTAHUSI CUCTEMBbI
neKTporIbTpanuy, odecreunBaromas KOPPEKTUPOBKY MapaMeTPOB MMITYJILCOB B COOTBETCTBHU C TEKYIIHMM CO-
CTaBOM 3KOJIOTHUECKH OMACHBIX MPOMBIIIIICHHBIX TA30BbIX BEIOpOCcOB. OmpeeneHbl HH(POpMaMmOHHbIE KOOPAWHATEI
1 KaHaJIbl YIPaBISIONINX BO3AeHCTBHH. JloKa3aHO, 9TO alNrOpUTM pabOTHl HHTEIUICKTYalIbHOW CHCTEMBI yIIPABICHUS
JlaeT BO3MOKHOCTb T€HEPUPOBATH BBICOKOBOJIBTHBIE HMITYJIBCHI C MTApaMeTPaMH, MO3BOJIIOIINMH BECTH 3 (PEKTHB-
HYIO IECTPYKIIHIO BCEX BECOMBIX COCTABISIIOLINX B Ipoliecce 00paboTKH.

KuroueBble cjI0Ba: HHTEIICKTYaJIbHAS CUCTEMA YIIPABICHUS; aJITOPUTM; UMITYJICHBIN BHICOKOBOJIBTHBIM HCTOYHUK
MTUTaHUST; DIEKTPOGHILTPALIUS; TECTPYKIINS; Ta30BbIe BHIOPOCHI.

REFERENCES

[17 Boguslavskiy L. Z., Miroshnichenko L. N., Kazaryan Yu. G., Yaroshinskiy N. S Vliyanie rezhimov raboty
vysokovoltnogo istochnika pitaniya na formirovanie strimernogo koronnogo razryada i effektivnost sistem



N24= 2017

[4]

[3]

3BIPHNK HAYKOBUX MPALIb HYK ISSN 2311-3405

gazoochistki [Effect of high voltage power supply modes on the formation of a streamer corona discharge and
efficiency of gas purification systems]. Tekhnichna elektrodynamika. Tem. vyp. Sylova elektronika ta enerhoe-
fektyvnist. [Technical electrodynamics. Power Electronics and Energy Efficiency]. 2011, pp. 44—49.

Boguslavskiy L. Z., Miroshnichenko L. N., Diordiychuk V. V., Vinnichenko D. V., Yaroshinskiy N. S. Soz-
danie maketnykh obraztsov vysokovoltnogo oborudovaniya kompleksnykh sistem elektrofiltratsii ekologicheski
opasnykh promyshlennykh vybrosov [Creating prototypes of high-voltage equipment of integrated systems of
electrofiltration of environmentally hazardous industrial emissions]. Vestnik «KhPI». Tem. vyp. «Tekhnika
i elektrofizika vysokikh napryazheniy» — Bulletin of KhPI. «Technique and electrophysics of high voltages»,
2012, no 52 (958), pp. 31-39.

Boguslavskiy L. Z., Miroshnichenko L. N. Elektrofiltratsiya raznoimpedansnykh gazovykh vybrosov v kom-
pleksnoy sisteme pylegazoochistki ekologicheski opasnykh promyshlennykh obektov [Electrofiltration of gas
emissions of different impedance in complex system of gas and dust purification of environmentally hazardous
industrial facilities]. Vestnik «KhPI». Tem. vyp. «Tekhnika i elektrofizika vysokikh napryazheniy» — Bulletin
of KhPI. «Technique and electrophysics of high voltages», 2014, no 21, pp. 12-16.

Gazoanaliticheskie pribory, ZAO «Ukranalit» [Gas analyzers, JSC “Ukranalit”]. Available at: http://www.
ukranalyt.com.ua/index4 0.htm.

Bohuslavskyi L. Z., Myroshnychenko L. M., Kazarian Yu. H., Khrysto O. I. Henerator vysokovoltnykh impulsiv
z nanosekundnym frontom dlia otrymannia strymernoho koronnoho rozriadu [High-voltage pulse generator with
a nanosecond front producing a streamer corona discharge]. Patent UA, no. u 2009 12959, 2009.

Bohuslavskyi L. Z., Myroshnychenko L. M., Diordiichuk V. V. Sposib destruktsii riznoimpedansnykh hazovykh
vykydiv nebezpechnykh promyslovykh ob yektiv [Method for the destruction of gas emissions of different imped-
ance from hazardous industrial objects]. Patent UA, no. u 2013 11731, 2013.

Bohuslavskyi L. Z., Myroshnychenko L. M., Ovchynnikova L. Ye. Systema impulsnoho elektrozhyviennia elek-
trofiltriv dlia ochyshchennia riznoimpedansnykh hazovykh vykydiv [Pulse power supply system for the electro-
filters cleaning gas emissions of different impedance]. Patent UA, no. u 2014 07889, 2014.

Rodionov A. I, Klushin V. N, Sister V. G. Tekhnologicheskie protsessy ekologicheskoy bezopasnosti [Techno-
logical processes of ecological safety]. Kaluga, Bochkareva N. Publ., 2000. 800 p.

Chekalov L. V. Osnovy razrabotki i konstruirovaniya elektrofiltrov novogo pokoleniya [Fundamentals of design
and development of a new generation of electrostatic precipitators]. InformTsement Publ., 2006, no 5, pp. 67-69.

INOCTAHOBKA ITPOBJIEMbI

JeiicTByrolne Ha JaHHbBIII MOMEHT B Y KpauHe razo-
OYHCTHBIC CHCTEMBI TEIUIOBBIX JJICKTPOCTAHIMN U JpY-
I'MX TIPOMBIIUICHHBIX OOBEKTOB HE 00ECHEeYMBaIOT CO-
OMIOZICHNST eBPONIEHCKUX HOPMATHBHBIX TPeOOBaHUIT 1O
YPOBHIO BBIOPOCOB TBEpJBIX YacTHI. OTCYTCTBYET Tak-
K€ OUHMCTKaA OT TaKUX BPEAHBIX I'a30BbIX BI)I6pOCOB, KakK
NO,, SO, CO,, npeppimaromux HOpMel EC BO MHOrO
pa3. DHepronorpebieHne NEHCTBYIOIUX CHCTEM 3JIEK-
TpoduibTpauu B 5—6 pa3 MpeBOCXOAUT aHAIOTHYHbIE
MTOKa3aTeH Pa3BUTHIX CTpaH [8, 9].

J171s1 BBITTOSTHEHWSI IAHHBIX TPEOOBAHMH K Ta30BBIM BbI-
OpocaM 1 MoBbIIIeHUs 3)(HEKTHBHOCTH CYIIECTBYIOMINX
AMEKTPOGUIBTPOB 03 UX KaIUTATHHOH PEKOHCTPYKIINU
MIPEAJIOKEH CII0CO0, MCTONIB3YIONIMN JIOTIOHUTEIBHBIC
UMITYJIbCHBIE BBICOKOBOJIBTHBIE BBICOKOYACTOTHBIC HC-
TOYHHWKN TIMTaHUS, (OPMHUPYIONINE HMITYJIbChI HAIps-
KEHUSI CTeUaIbHOW QOpMBI [6], KOTOpBIE TapaHTHPY-
IOT KaK OCAXICHUE TbLIM, B PE3YJIbTATC J03apAJAKU, TaK
1 JIECTPYKIHIO SKOJOTUYECKH OMACHBIX COCTABIIIONINX
ra30BbIX BBIOPOCOB.

C menpio 103apsiikKi U OCaKACHHS OIPEAETICHHO-
TO BHJA TIBUIH, & TAKXKe JUTS ICCTPYKIMH KaXKI0TO BHIA
OITACHBIX COCTABIISIOIINX I'a30BBIX BEIOPOCOB pa3padaThl-

BAJINCh OTACIBHBIC TOTIOIHUTEIBHBIC UMITYJIbCHBIE BHICO-
KOBOJIBTHBIE BBICOKOYACTOTHBIE HCTOUYHHUKHI MTUTAHUS 03
BO3MOXXHOCTH TEKYIIETr0 yNpaBJIeHUs mapaMeTpaMyu M-
ITyJBCOB B ITPOIIECCE 3IEKTPOPHIBTPALMH. ITO CHHUXKAIIO
9 PEKTUBHOCTh UX UCIIOJIB30BAHHS B KOMILJICKCHBIX CH-
cTeMax AJIEKTpO(WIBTPANU IPH TEKyIIeM M3MEHEHUH
Ka4eCTBEHHOTO M KOJIMYECTBEHHOT'O COCTaBa BHIOPOCOB
U MPUBOJMWIO K 3HAUUTEIBHOMY YBEIMUYEHHIO 3aTpaT Ha
OYHCTKY HPOMBIIIJIEHHBIX T'a30BBIX BBIOPOCOB CIIOKHOTO
cocTaBa. YCTpaHEHUE YKa3aHHBIX HEJOCTATKOB CyIle-
CTBYIOIIMX CHCTEM EJIEKTPO(PUIBTPALNU U AECCTPYKIUH
9KOJIOTMYECKH OIACHBIX T'a30BBIX BBIOPOCOB TpedyeT
JIOTIOJTHUTEBHOTO H3YyYEHHSI.

AHAJIN3 MOCJIEJHUX
HCCJIEJOBAHUM U TYBJIUKALIUIA

[IpoBeneHHble paHee HCCICIOBAHMS IOKA3aIN HAJIU-
Yye B NMPOMBIIUICHHBIX T'a30BBIX BBHIOPOCAX Pa3IMYHBIX
OIIACHBIX COCTABIIAIONIMX U IBUICBBIX YAaCTHI] C PA3HBIM
CONPOTHUBJICHHUEM, a TAKXKE TEKYIIee H3MEHEHHE X COOT-
HOIICHUA B TpoIiecce OYNCTKA [3], 9TO 00yciIoBIMBaET
HEOOXOANMOCTh KOPPEKTUPOBKH TAPaMETPOB HMITYJIb-
COB JIOTIOJTHUTENIBHBIX HMITYJIbCHBIX BBICOKOBOJIBTHBIX
BBICOKOYACTOTHBIX HCTOYHHKOB ITUTAHUS B COOTBETCTBUH



C TEKYIIMM COCTABOM U BECOBBIMU JIOJISIMH HIPOMBIIILICH-
HBIX Ta30BBIX BHIOpPOCOB. OmpenencHbl HEOOXOTUMBIC
mapaMeTpbl HUMIYJIbCOB (aMIUIUTYAa, JJIHTEIBHOCTD,
KpyTu3Ha (H)POHTA, YACTOTA CIICOBAHUS) TSI TO3APSIKU
1 OCKJICHHS OIPECICHHOT0 BUIA TIBUIH, a TAKXKe JJIs
JIECTPYKIIMHU KaXKIOTO BH/IA OMTACHBIX COCTABIISIOIINX Ta-
30BBIX BEIOPOCOB [1].

[IpumMeHnsieMple B CHUCTEMaxX 3JIEKTPOMIIBTPALUU
JIOTIOJTHUTEIIBHBIC HUMITYJIbCHBIC BBICOKOUACTOTHBIC HC-
TOYHUKH MHUTAHUS HE MMEIOT BO3MOYKHOCTH TEKYIIErO
YIpaBIICHHUS TapaMEeTPaMH UMITYJIbCOB B IPOLECCE IIIEK-
TPOPUIABTPAIMH, YTO CYHIECTBEHHO CHIKAET UX d(dek-
THUBHOCTS [5].

JIJiss TIOBBINICHUS YCIICITHOCTH KCIIOJIB30BAHUS 0~
MMOJIHUTEIBHBIX HMITYJIbCHBIX BBICOKOYACTOTHBIX HC-
TOYHHMKOB MUTAHUSI B CHCTEMaX KOMIUIEKCHOH 3IIEKTPO-
¢bunbTpanum, 6osee MOJIHOTO OCAKICHUS U ACCTPYKIIUH
OTIACHBIX COCTABIIAIONINX MPOMBIIIICHHBIX Ta30BBIX BBI-
OpocoB HE0OOXoaMMa pa3paboTKa HHTEILICKTYaIbHBIX
CHUCTEM YIIPABJICHUS HMITYJIbCHBIMU BbICOKOBOJIBTHBI-
MH BBICOKOYACTOTHBIMH HMCTOYHUKAMHU ITUTAHHS KOM-
IUIEKCHBIX CHCTEM JJIEKTPO(UIBTPAIINH, TTO3BOJISIONINX
YIPaBISITh [ApaMeTpaMH T'€HEPUPYEMbIX HMITYIbCOB
B COOTBETCTBUU C TEKYIIUM COCTOSIHHEM 00padaThiBac-
MOU Cpepbl.

HEJBIO PABOTDI sBisiercst ucciaenoBaHue KO-
JIOTUYCCKU OMACHBIX MPOMBIIIJICHHBIX I'a30BbIX B])l6p0-
COB KaKk 00bekTa 00pabOTKH, a TAKKE UMITYJIbCHBIX BbI-
COKOBOJITHBIX BBICOKOYACTOTHBIX HCTOYHUKOB ITUTAHUS
KaK 00BEKTa YIPaBICHUS IS ONPEICIICHIUS] KOOPAMHAT
BEKTOpa COCTOSIHMSI, BbIOOpa HMH()OPMALMOHHBIX BXO[I-
HBIX KOOPJIMHAT ¥ KaHAJIOB YIPABIISIONINX BO3ICHCTBHH,
YTO MOCHOCOOCTBYET CO3/IAaHHUI0 MHTEIUICKTYAILHOMN CH-
CTEMBI YIPaABICHUS, MO3BOJISIOMICH BapbHPOBAThH IMapa-
METPHI IMITYJIECOB HAIIPSDKEHHS B MIPOIIECCE OCAXKICHUS
Pa3HOWMIICIAHCHBIX TBUICBBIX YaCTHI[ U JECTPYKIIHU
9KOJIOTMYECKH OIACHBIX COCTABJISIONINX B 3aBUCHMOCTH
OT TCKYIIETO COCTaBa U BCCOBLIX ;:[onei/i MTPOMBINIICHHBIX
ra30BbIX BEIOPOCOB

N3O KEHUE OCHOBHOI'O MATEPUAJIA

IIpenBapuTenpHbIil aHAIU3 3KOJIOTMYECKH OMACHBIX
MIPOMBIIINICHHBIX BBIOPOCOB IMOKa3al, YTO B MX COCTaB
BXOJAT Pa3HOMMIIEIAHCHBIE TIBUICBBIC YaCTHIIBL;, COSAHN-
nenust yrieposa CO_, cepbt SO_u azora NO ; BEICOKOMO-
JIEeKYJISIpHBIE KaHIIEPOTeHHBIE coequHeHHs. J{is ocaxae-
HUSI pa3HOMMIIEITAHCHBIX MTBUIEBBIX YACTHIL U AECTPYKLIUH
9KOJIOTHYECKH OMACHBIX COCTABJISIOMIUX HEOOXOIMMBI
BBICOKOBOJIBTHBIE HMITYJIECHI HAIPSKEHUSI CHIENATLHON
(hOpMBI C pa3NUIHBIME TTapaMeTpamu [3].

Hdns obecriedeHust SPQPEKTUBHOTO  OCAXKICHUS
MBUIA TIPU AJIEKTPO(UIIBTPALIMY HCIIOJIB3YIOT €€ J103a-
PSIKY BBICOKOBOJIBTHBIMH HMMITYJIbCAMH HANPSHKEHHEM
(30-100) % U, _, nIuTENbHOCTh KOTOPBIX (OOBIYHO 3TO
JIECATKU-COTHA MUKPOCEKYHT) I0JDKHA COOTBETCTBOBATD
UIEKTPUUECKUM TapaMeTpaM Ibelid. Yacrora ciemoBa-

ENEKTPOTEXHIKA [NEELLEN;

HUS Pa3psIHBIX HMITyJBCOB B 3aBUCHMOCTH OT Y[IEINb-
HOTO 9JIEKTPUYECKOI'O COMPOTHUBIICHHS MBIIM JIOJDKHA
HaxoguThcs B amamazone 10...1000 I'm (aT0 ycioBue
obecrieueHNsI CTaOMITFHOTO pa3psia IMpH U3MCHEHUH Xa-
PaKTEpPUCTHK CpeAbl B Mpolecce paboThl MMITYJIBCHBIX
HWCTOYHUKOB MTUTAHMSI B 3HAUUTEIBHOM 00BheMe 0Opada-
TBIBAaEMBIX BBEIOpOCOB). TakuM 00pa3oM, B 3aBUCHMOCTH
OT TEKYIIEro coCcTaBa IbUIM BO3HUKAET HEOOXOAUMOCTD
YOpPaBICHUS BENUYWHOW aMIUTUTYABI, KPYTHU3HBI, JUIH-
TEJIFHOCTH M YacTOTHI CJIEJIOBAHUS HMITYJILCOB B TIpOIIEC-
ce 00paboTKK st IPPEKTUBHOTO OCAKICHHSI Pa3HOMM-
MIEAHCHBIX COCTABIIAIONIHX.

Jnst 1ecTpyKIUH 9KOJIOTHYECKH ONACHBIX COCTaBIIS-
IOUIMX CIIeTyeT MPOBECTH IIa3MOXUMHUYECKOe Mpeodpa-
30Banme okucnoB yraepoaa CO , cepst SO u azota NO_
B CPaBHHUTEIILHO O€30IacHbIe COSJANHEHUS, a TAK)KE OCY-
LIECTBUTH IUIa3MOXMMHYECKOE MpeoOpa3oBaHHE BBICO-
KOMOJICKYJISIPHBIX KaHIIEPOTEHHBIX COCAMHEHHWHA B TIPO-
cThle, Oe3omacHele. Kak mokaszaim IpeBapUTENbHbBIC
9KCIIEPUMEHTAIIBHBIC HCCIEeOBAHMS, ACCTPYKLUS BO3-
MOJKHA MIPH CO3JTaHIH HEPAaBHOMEPHOTO IIIEKTPUIECKOTO
T0JIsl HANIPSDKEHHOCTRIO He MeHee 2 MB/M, 4To TexHuYe-
CKH MOKHO peajii30BaTh (POPMUPOBAHHEM CTPUMEPHOTO
00BEMHOTO paspsiya B ra3oBoit cpexe. s oOpasoBaHus
TAKOro pa3psisia npu arMoc(epHOM JaBjiIeHHH Oe3 npe-
BapPHUTEIHHON HMOHM3AIUHN TPEOYIOTCS BBICOKOBOJIBTHBIC
BBICOKOYACTOTHBIC UMITYJIbCHI C HAHOCEKYHIHBIM (PPOH-
TOM, aMIIuTyRoi ot 60 1o 120 kB, AnuTEIBHOCTHIO OT
50 mo 100 Mxc, yactoroi ciaemoBanus or 1 mo 10 kI
B 3aBUCHMOCTH OT COCTaBa ra3oBBIX BEIOpOcOB [1]. Urtak,
oOecrieueHre pe3yJIbTATUBHOM NECTPYKIMU IKOJIOTrHYe-
CKH OIIACHBIX COCTAaBJISIOMINX Ta30BBIX BBEIOPOCOB BO3-
MOXKHO IIPH M3MEHEHHH NapaMeTpOB HUMITYJILCOB, TeHe-
PHPYEMBIX UMITYJIbCHBIM BHICOKOBOJITHBIM HCTOYHHKOM
MMUTaHUS B COOTBETCTBHU C TEKYIITUM COCTAaBOM CPEIBI.

B pesynbrare nmpoBeeHHOTO U3Y4YeHUsI 00bEKTa 00-
pabOTKH — DKOJIOTHUECKH OMACHBIX I'a30BBIX BBHIOPOCOB
B DIICKTPOPHUIBTPE — YCTAHOBJICHO, YTO B TIpOIecce
(GuIbTpaMK U3MEHSIETCS] MX KOJMYECTBEHHBIH M Kaue-
CTBEHHBIN cocTtaB. [t ahhexkTuBHOTO OCcaxaeHus pas-
HOWMITETAHCHBIX TBUICBBIX YACTHI[ M JCCTPYKIMHA KO-
JIOTMYECKH OMACHBIX COCTABISIOIIMX HEOOXOIUMO TpO-
BECTH TEKYUIHA KOHTPOJIb COCTaBa BBIOPOCOB C IIETHIO
KOPPEKTHPOBKH ITAPAMETPOB UMITYJIbCOB, TCHEPHPYEMBIX
HMITYJICHBIM BBICOKOBOJIBTHBIM MCTOYHUKOM ITUTaHHS
COTJIACHO KOJIMYECTBEHHOMY M KaueCTBEHHOMY COCTaBY
00bekTa 00pabOTKH — ra30BBIX BEIOPOCOB.

OoOecrieueHre ONEpalOHHOTO0 KOHTPOJIS COCTaBa
Ta30BBIX BEIOPOCOB TMOTPEOOBAIO TPOAHAIN3UPOBATH
CYLIECTBYIOIIME I'a30BbIe aHATU3ATOPhI. B kayecTBe nar-
YHKa Ta30BOTO aHAIM3aTOpa JJIs ONPENETICHUs CocTaBa
Ta30BBIX BBIOPOCOB MOXKET OBITH BBHIOpAH IIEPBUYHBII
UIEKTPOXUMHUUECKHi TpeobpaszoBatens (I19I1) macco-
BOM KOHIICHTPALIMKM Ta30BOM COCTaBIISIONIEH B TOKOBBIM
CUTHAJ, TPOTIOPIIHOHANBHBIA KOHIEHTparmu. C mepio
HaXOXJICHUsI MAacCOBOW KOHIEHTpPAIMK  Pa3INYHBIX



N24= 2017

B3BEIICHHBIX ITBUICBBIX YACTHUI] B TA30aHAIN3ATOPE MOXK-
HO HCIOJIB30BaThb HU3MEPHUTEIIb ONTHUYECKON IIOTHOCTH
meiierazoBoit cpeasl BI'O-2 [4]. [IpumeHeHne razoana-
JIN3aTOPOB MO3BOJISIET OCYIIECTBUTH HEMOCPEICTBEHHBIN
TEKYLIUHI aHAJIN3 CTPYKTYpPbl KOHKPETHON ra30BOM cMECH
1 YCTQHOBUTH B 00bEME OMACHBIX BEIOPOCOB KOJIMUECTBO
1 BecoBOH KOd(pPUIMEHT HanboIee 3HAYMMBIX COCTaB-
JISIFOIIMX Ta30BBIX BBIOPOCOB B Ka4eCcTBE MH(POPMAIMOH-
HBIX KOOPJIMHAT B CUCTEME yIPABICHUS.

KomruiekcHble cHCTeMbI AIEKTPOQMIBTPALUN KO-
JIOTUYECKH OMACHBIX MPOMBIIIICHHBIX BEIOPOCOB MOTYT
rapaHTHpoBaTh (P (PEKTHBHOE OCAKICHUE BHICOKOOMHBIX
MBUIEH U JECTPYKIUIO SKOJOTMYECKU ONACHBIX I'a30BBIX
BBIOPOCOB C MTOMOIIBIO JIOTIOJHHUTENIBHBIX YIIPABISIEMBIX
UMITYJIbCHBIX HICTOUYHMKOB ITUTaHUs1, TEHEPUPYIOIINX BbI-
COKOBOJIBTHBIE BBICOKOYACTOTHBIC HMITYJIbCHI, KOJIMYC-
CTBO U MapaMeTpsl KOTOPBIX JODKHBI OBITH COPa3MEPHBI
KOJIMYECTBY M BEJIMUMHE J0JICH BECOMBIX COCTABIISIONINX
MIPOMBILINICHHBIX BbIOpOCOB. OOecneunTh Takoe COOT-
BETCTBHE MOXET CO3/aHHE HHTEIUIEKTYJILHOH cHucTe-
MBI YIIpaBJICHHUA UMIIYJIbCHBIMHW UCTOYHUKAMU IMUTaHUA.
C nenpio e€ pa3pabOTKH OCYIIECTBIICHO HCCIICTOBAHHUC
HUMITYJIbCHOT'O BBICOKOBOJIBTHOI'O BEICOKOYAaCTOTHOT'O HC-
TOYHHMKA UTaHMS KaK 0OBEKTA yNpaBJICHUs Ul BIOOpA
KaHaJIOB YIPaBIISIOIIUX BO3ACHCTBUII M WHpOpManu-
OHHO 3((eKTUBHBIX KOOPAWHAT KOHTpOJsA. B cuctemax
UEKTPO(UIIBTPAIINU B KAQUueCTBE JJOMOJIHUTEIBHOTO HM-
MTyJTbCHOTO MCTOYHMKA MHUTAHMS HCIIONIB3YeTCs TpyIna
TEHEPaTOPOB BBICOKOBOJILTHBIX MMIynbcoB (I'1...I'N)
C HaHOCEKYHIHBIM (DPOHTOM JUIsl MOJYUEHHs CTpHUMEp-
HOT'O KOpOHHOTO paszpsiaa [5].

Heo6xomnmoe kommgectBo rereparopoB (I'1...I'N)
B MIMITYJIbCHOM HCTOYHHKE ITHTaHUSI PABHAETCS KOJIMYC-
CTBY BECOMBIX COCTABIISIOIINX (DPHMIIBTPYEMBIX NPOMBIII-
JICHHBIX Ta30BBIX BHIOPOCOB U OIPEACISETCS 10 Pe3yIlb-
TaTaM IpeIBapUTEILHOTO aHaIN3a UX cocTana [2].
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[IpoBeneHHbIN aHaNN3 yCTAaHOBHI WH()OPMALMOHHO
3¢ QEKTUBHBIE U aNIapaTHO ONpPE/eIsieMble BBIXOIHbIC
KOODPJMHATHI T'€HEPATOPa BHICOKOBOJIBTHBIX UMITYJIbCOB:
aMIUIATYZy HMITYJIbCA, [UINTEIBHOCTh MMITYJIbCa, KpY-
TU3HY (PpPOHTA UMITYJIbCA, YACTOTY CJICJOBAHUS UMITYJIb-
coB. Kananamu ynpaBisitoluX BO3/ICHCTBUI T'eHepaTopa
BBICOKOBOJIBTHBIX HMITYJILCOB SIBIISTIOTCSL BXOJIBI PEry-
JISITOPOB HANPSHKEHUST U (hopMHpOBaTeNeil NMITyIIbCOB
T'EHEPAaTOPOB BHICOKOBOJBTHBIX HMITYJIbCOB, BXOMSIINX
B COCTaB JIOTIOJHUTEIBHOTO UCTOYHNKA TNTAHUSL.

Ha ocHoBannu usydenust oowvekra o6paborkn OO
(9KOJIOTMYECKH OMAaCHBIE TPOMBIIUICHHBIE BBIOPOCH
B 2s1ekTpomiIbTpe) n 00bekTa ynpasinenus OY (momoi-
HUTEJbHBIA UMITYJIbCHBII HCTOYHUK MTUTAHUSL, COCTOSIINI
13 TeHEPaTOpOB BBHICOKOBOJBTHBIX MMITysbcoB I'1...I'N)
mocTpoeHa 0000IIeHHAsE 0JI0K-CXeMa HHTE/UICKTYaIbHOI
CHCTEMBI YIIPaBJICHHUS ITPOIIECCOM OYHCTKH IIPOMBIIILICH-
HBIX BBIOpOCOB (puc. 1).

Koopauaatamu BexTopa cocTosiHuss X 00BEKTa 00-
pabotku (OO) SBIAIOTCS CHUTHAIBI C Ta30aHAIM3aTOpa,
COOTBETCTBYIOIINE BeCOBBIM KoddduienTam Hanbdosee
3HAQYMUMBIX COCTABISIOIIMX MPOMBIIUICHHBIX BBIOPOCOB.
Koopauaatamu BBIXOJHOTO BekTOopa Y 00OBeKTa ympas-
nerns (OY) ecTh mapameTpsl MMITyJbCOB Ha BBIXOJIE
TeHEPaTOpOB (AMIUIUTYA UMITYJIbCA, JUTUTEIBHOCTD M-
yJibca, KpyTru3Ha (poHTA UMITYJIbCa, YaCTOTA CIIEI0Ba-
HUSI UIMITYJI6COB). KoopauHATBI BEKTOpa YIPaBIIAIOMINX
Bo3eiicTBuit U — cUrHaIbl, IOCTYAIOIIME HA PErYJISTOP
HanpspKeHnst 1 pOopMHUPOBaATENb UMITYJIbCOB T€HEpaTopa
C CHCTEMBI YIPABJICHUSI 110 aJITOPUTMY, BEIpa0OTaHHOMY
B OJIOKE TPUHATHSA PEIICHNI COTTIACHO TEKYIINM 3Haue-
HUSIM KOOPJIMHAT BEKTOpPa COCTOSIHUSI 00bekTa 00paboT-
KM, BBIXOJTHOTO BEKTOpa OOBEKTA YIIPABICHHS 1 MHOXeE-
CTBY 3aKOHOB YIIPaBJICHUS, 3aJ0)KEHHBIX B 0a3y 3HaHWH,
MOTYYEHHBIX 0 Pe3yJbTaTaM MPEABAPUTEIBHBIX IKCIIE-
PUMEHTAIBEHBIX UCCIIC0OBaHUH.

HmnyabcHbIH Y ITpoMbimIeHHbIE
HCTOYHAK NHTAHAS T~ BBIOPOCH] B
(T1...N) | ] »7aekTpodmABLTpE
©ov) . ©0)
/ N\
/\ J |
/ 1 X
’4 <1— Basa L 4
vl = AamEBIX [~
/ ] —~J
\\] Es
\ £ 5
£ 2
g &
=
A A baza /:l YI=IF
N 3HaAHMIi N [FIEFE]

Puc. 1. brok-cxema HHTCHHCKTyaJ'[I;HOﬁ CHUCTEMBI YIIpaBJICHUSA TPOLUECCOM OUUCTKHU Ir'a30BbIX BBI6pOCOBZ

X — BexTop cocTosiHuA 00bekTa 00padoTku (O0); Y — BbIXOAHOHN BeKTOp 00bekTa ynpasieHus (OY); U — BekTop ynpaBisiio-
mmx Bo3aeicTeuid; [Y]=[F(X)] — MHOXECTBO 3aKOHOB YITpaBJICHUS



Juist co3manust 6a3bl 3HAHUH HEO0OXOAUMA CEePHst IKC-
MIEPUMEHTOB Ha MAKETHBIX 00pa3iax BHICOKOBOJIBTHOIO
000pyI0BaHUsI KOMIUIEKCHBIX CHCTEM JIEKTpO(uiIbTpa-
MU YKOJIOTHYECKH OTIACHBIX MTPOMBITIICHHBIX BHIOPOCOB
[2] wu Ha peanbHBIX YCTAHOBKAX AJICKTPOGUIBTPAIIUH,
YTO TIO3BOJIUT TIOJYYUTH MHOKECTBO 3aKOHOB yTIpaBie-
HUS B BHJE OoHO3HauyHOTrOo cooTBeTcTBHs [Y]=[F(X)].
Pe3ynbTaThl Takux HcciaeqOBaHUM AaayT BO3MOYKHOCTh
OTIPE/ICINTh 3HAYCHHUS MapaMeTPOB UMITYJIHCOB, TE€HEPHU-
PYEMBIX UMITYIbCHBIM BBICOKOBOJBTHBIM BEICOKOYACTOT-
HBIM UCTOYHUKOM TTUTAHMUSL, JJII OCAKICHUS pa3HOUMIIE-
JAHCHBIX MBUIEBBIX YaCTHUI] U ACCTPYKITIH YKOJIOTHICCKI
OIIACHBIX TA30BBIX BHIOPOCOB IPH PA3IHYHBIX COUCTAHU-
SIX COCTaBHBIX 3JICMEHTOB I'a30BbIX BBIOPOCOB M UX BECO-
BBIX JIOJIEH.

Kpome TOrO, OBUT CHHTC3UPOBAH aJANTHBHBIA all-
TOPUTM pabOThl MHTEIUICKTYaIbHONW CHCTEMBI yTpaBJie-
HUS UMITYJIbCHBIM BEICOKOYACTOTHBIM BBICOKOBOIBTHBIM
HCTOYHUKOM TMHUTAHUS CHUCTEM JJICKTPODUIBTPALUU
(puc. 2).

CHHTE3UpPOBAHHBIA aNTOPUTM PEaM30BaH Ha MPO-
MBIIIUICHHBIX KOHTpoJuIepax (pupmbl Atmel cepun Mega
(AtMegal6, AtMega8535) u kouTpomutepax STM 32
¢ ssmpoM ARM, KOTOpBIE CO3TAF0T HEOOXOMMOE OBICTPO-
JIEHCTBUE YIPABIEHUSI 2JIEMEHTAMH CHUCTEMBI U HUMEIOT
TTOJTHBIN Ha0Op MCTIONB3YeMbIX (DYHKIHNA, JOTIOTHUTEIb-
HBIC TMTOJICUCTEMbI WHIVKAIIMKA W TaHEeNd BBoga WHMOpP-
Malluu.

[Ipu obecneueHNH BO3MOKHOCTH H3MEHEHHUS 0a3bl
3HAaHUH MpeUIOKEeHHAsl WHTEIUICKTyallbHas CHCTEMa
YIpaBIEHUS SBISIETCS] YHUBEPCATHLHON 1 TIO3BOJISIET OCY-
IIECTBIISITh HHTEIUICKTYalIbHOE YIIPABICHUE UMITYJIECHBI-
MU BBICOKOBOJIETHBIMU BBICOKOYACTOTHBIMU UCTOYHUKA-
MU [TUTAHUS KOMIUICKCHBIX CHCTEM 3JICKTPOPHIbTPAIIIH,
rapaTupys dPGEKTUBHYIO TECTPYKIUIO W OCAXKIACHUE
BCEX BECOMBIX COCTaBISIIOLIMX PAa3HOUMIICJAHCHBIX Ta-
30BBIX BBIOPOCOB MPH MUHUMAJIbHBIX YHEPro3arpaTax.

BBIBOJBI. 1. [IpoBeneHbl 5KCIEpUMEHTAIBHBIE UC-
CJIeIOBaHUSl DKOJOTUYECKH OMACHBIX MPOMBIIIICHHBIX
ra30BbIX BEIOPOCOB Kak 00bEKTa 00paOOTKH M UMITYJIbC-
HOTO BBICOKOBOJIETHOT'O BBICOKOYACTOTHOTO MCTOYHHUKA
MUTAaHUs KaK 00BEKTa YIIPaBJICHUs, cocTosmiero u3 N re-
HEPaTOPOB BEICOKOBOJIBTHBIX HMITYJIFCOB C HAHOCEKYHI-
HBIM (pOHTOM. BrIsiBICHBI HHPOPMAIIMOHHO 3P PEKTHB-
HBIC ¥ alapaTHO HAXOIUMbIC BBIXOTHBIC KOOPIUHATHI
TeHepaTopa BBICOKOBOJIBTHBIX HMITYJIBCOB: aMIUIATY/IA
AMIYJIbCa, JUIUTCIFHOCTh UMITYJIbCA, KPYTH3HA (PpOHTA
HMITYJIbCA, YacTOTa CJICJIOBaHMsI MMITYJIbCOB. B Kauye-
CTBE KaHAJOB YNPaBJSIOUIMX BO3ACHCTBUI ONpEeIEHBI
BXOJIbl PETYJISITOPOB HANPSHKCHHUS W (POpPMHPOBATEINCH
HUMITYJIbCOB T€HEPATOPOB BBHICOKOBOJBTHBIX HMITYJIHCOB
(I'1..I'N), BXOIAIMX B COCTAB JOIMOJHUTEIBHOTO HM-
MyJIbCHOTO BBICOKOBOJIbTHOTO MCTOYHUKA MUTAHUS CH-
cTeMbl AnekTpoduibTpaiuu. B pesynbrate moctpoeHa
APXUTEKTypa WHTCIUICKTYAbHONH CHCTEMBI yIIPABICHUS
MIPOIIECCOM OYMCTKH Ira30BBIX BHIOPOCOB.

ENEKTPOTEXHIKA [NETELLEN;

3arpysKa MHOXECTBA 3AKOHOB YIPARIIEHHA
[YIF[F(X)] » 6asy sxearodk
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IMocTyTmesae 3HAuLHIGE KOOPIHHAT
BEKTOpa COCTOANKA 0GbexTa ofpalboTry
X xa xon 643! DAMIGIX
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Hameperoe sxaue ol KEDOPMALGOKHEIX
KOOPIHHAT BBIOFIHOTO BeKTOpa ofBeKTa
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Momaua yrqomvmm BOSOEHCTBHI
U xa ofsext ympasnerua

Her

Puc. 2. Anroput™ paboThI HHTEIIEKTYJIbHOW CHCTEMBI yIIPaB-
JICHUsT WMITYJIECHBIM BBICOKOYACTOTHBIM ~ BBICOKOBOJIBTHBIM
UCTOYHUKOM MHUTaHUS

2. CopmupoBana 6a3a 3HaHMH MHTEIUIEKTYAILHON
CHCTEMbI YNPABJICHHS [0 HUTOraM OHKCIIEPUMEHTOB Ha
MaKeTHBIX 00pa3nax BBICOKOBOJBTHOTO O0OPYIOBAaHUS
KOMIUIEKCHBIX CHCTeM aekTpodunbTpanmu. s mo-
Jy4YeHUs MHOXKECTBAa 3aKOHOB YIPABJICHUS yCTaHOBJE-
Hbl 3HAUCHHUSI MAPAMETPOB HMMITYJIbCOB, HEOOXOIUMBIC
JUISL OCaKACHUS Pa3sHOMMIIEAHCHBIX IBUIEBBIX YaCTHIL
U JECTPYKIMH SKOJOTUYECKH OINACHBIX COCTABIIAIONINX
MIPOMBIIINICHHBIX BBIOPOCOB, MPH PA3IHYHBIX COYETa-
HUSIX COCTABHBIX JIEMEHTOB M MX BECOBBIX JOJICH, UTO
SIBJISIETCSI OCHOBOM JUISl CHHTE3a JITOPUTMa YIPaBICHUS
U co3/1aHus 0a3bl 3HAHUH.

3. CocraBiieH aaroputM padboThl HHTEIUICKTYaJIbHOM
CUCTEMBI YIPaBJICHUS! UMITYJIbCHBIM BBICOKOYACTOTHBIM
WCTOYHHKOM IUTAHUSI CUCTEMbI 3JIEKTpO(UIbTpaIyy,
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00eCIeunBaOIMI YIIPABICHHE MapaMeTPaMH HUMITYJIb-
COB T'€HEPATOPOB, BXOMSIIMX B CTPYKTYPY HCTOYHHKA
[UTaHKs, B COOTBETCTBUHM C TEKYIIMM COCTaBOM IPO-
MBIIIUIEHHBIX Ta30BBIX BBIOPOCOB. DTO MTaeT BO3MOXK-
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C mapameTpamH, TO3BOJSIIONIMMH BeCTH 3(()eKTHBHYIO
JECTPYKINIO BCEX HKOJOTHYECKH OMACHBIX BECOMBIX
COCTaBJIIONINX W OCAXKICHHE Pa3HOMMIICTAHCHBIX IIbI-
JIEBBIX YACTHUI] B Mporecce 00pabOTKH MPOMBIIUIEHHBIX

HOCTHb

(2]

TCHCPUPOBATh  BBICOKOBOJIBTHBIC HUMITYJIBCBI  T'a30BBIX BbI6p000B TP MUHUMAJIBHBIX SHEPro3aTparax.
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