VYupexnenue o0pa3oBaHus
BEJIOPYCCKHWI T'OCYJAPCTBEHHbI VHUBEPCUTET
NHOOPMATUKU U PAJIMODJIEKTPOHUKU

VIIK 621.181.6

KYXOPEHKO
Anexcanap Hukonaesuu

BBICOKOKAYECTBEHHBIE KOMBUHHUPOBAHHBIE CUCTEMbI
ABTOMATHYECKOI'O YIIPABJIEHUA YPOBHEM BO/Ibl
B BAPABAHE ITAPOBBIX KOTJIOB U TAPOI'EHEPATOPOB

ABTOPE®EPAT
JUCCEPTALMU Ha COUCKAHUE YYEHOU CTEIICHU
KaHAMaTa TEXHUYECKUX HAyK

no criernanbHOCTH 05.13.06 — ABTOMAaTH3a1MA 1 yTIPaBICHHE TEXHOJIOTHUYECKUMHU
MPOLIECCAMH U MTPOU3BOACTBAMU (ITPOMBIIIEHHOCTB )

Munck 2019



Hayuynass paGota BbimosHeHa B [ocynmapcTBeHHOM ydpexIeHHH OOpa3oBaHUs
«YHUBEPCUTET TPAXKAAHCKON 3aIIUTBl MHUHUCTEPCTBA IO YPE3BBIYAMHBIM CUTYALUSAM
PecnyOnuku benapycoy.

Hay4Hp1i1 pyKOBOIHTEID Kyinakos  I'ennagmii  TuxoHOBHMY,  JOKTOp
TEXHUYECKUX  HayK, Impogeccop, mnpodeccop
kapeapsl «TemnoBble SJIEKTPUYECKHAE CTAHIIMN
benopycckoro  HaMOHAABHOIO  TEXHUYECKOIO
YHUBEPCUTETA

Od¢uunanbHple ONMMOHEHTHI: AynkuH  AjekcaHap ApCeHTbeBHMY, JOKTOP
TEXHUYECKUX HayK, mpodeccop, 3aBeAyIOIIHi
naboparopuei UJEeHTUPUKALTIT CHUCTEM
I'ocymapcTBeHHOTO HAy4YHOT'O YUpEKACHUS
«OOBEIMHEHHBII UHCTUTYT NPO0IeM UHPOPMATUKU
HauunonansHoi akagemun Hayk bemapycn»

Ky3spmuukuiit Uocud DequuuaHoBUY, KaHIUIAT
TEXHUYECKUX HayK, JOIEHT, JOIEHT Kadeapsl
«ABTOMATH3alMsl TMPOU3BOJCTBEHHBIX MPOLECCOB
U DJICKTPOTEXHUKW» YUPEKICHUs 0oOpa3oBaHUs
«benopycckuil rocyaapCTBEHHBIA TEXHOJIOTUYECKUI

YHUBEPCHUTET
Onnonupyromas IIpoekTHOE Hay4YHO-UCCIIEA0BATEIbCKOE
OpraHu3anys pecnyOIuKaHCKoe YHUTApHOE MpEaNpPUATHE

«beITHUTTUIHEPTOIIPOM

3ammura coctoutcs 14 mapra 2019 r. B 14.00 Ha 3acemaHuu coBeTa IO 3aIIUTE
mucceprammii ][ 02.15.01 npu  yupexnenun — oOpazoBanus — «benopycckuit
rOCYapCTBCHHBIM YHHBEPCUTET WH(GOPMATHKH M PAJAOICKTPOHUKH» IO aapecy:
220013, r. Munck, yua. Il bpoBku, 6, xopm. 1, aym. 232, ten 293-89-89,
e-mail: dissovet@bsuir.by.

C nuccepranuedl MOXHO O3HAKOMUTHCS B OUOIMOTEKE YUpexaAeHHs 0O0pa30BaHUS
«benopycckuii Tocy1apCTBEHHbI YHUBEPCUTET MHPOPMATUKHU U PATUOITIECKTPOHUKI.
ABtopedepat pazocnan «11» pespana 2019 r.

YdeHbIl CEKpETAPh

COBC€TA 110 3aIIUTC ,ZIPICCCpTaHI/Iﬁ — -

KaHIUAAT TEXHUYECKUX HAYK, JOLUECHT /772, “J M. II PeBoTioK



1
KPATKOE BBEJAEHHUE

B Hacrosimiee BpeMsi IIMPOKOE PACHpOCTPAHEHHE B 00JIACTH aBTOMAaTU3aLUU
tero3neprerndeckux npoueccoB TOC u ADC nmomyyuian TUNOBBIE TPEXUMITYJIbCHBIE
cucteMmbl aBTomatuueckoro ympasieHus (CAY). B pesynbrate HUX MIHPOKOTO
pacnpoCTpaHEHUs BO3HHMKAET Mpo0JeMa «TEXHUYECKOIO MPOTHBOPEUUS» MEXKIY
OBICTPOJICHCTBHEM M YCTOMUMBOCTBIO cucTeMbl. CymectByromue CAY ypoBHEM BOJbI
B OapabaHe KOTJIa U MX MOIU(DUKALNU, TOTYYUBIINE HMIMPOKOE PACHPOCTpaHEHUE HA
TOC u ADC, npu 3HAYUTEIBHBIX HM3MEHEHUSAX HArpy3Kd OKa3alHCh HEAOCTATOYHO
3Q(PEeKTUBHBIMU.  YBEJIMYEHHE NApONPOU3BOAUTEILHOCTH  KOTJIOB, MapaMeTpoB
NEPErpeToro napa Ha BBIXOJE IMOCJHENHHUX, & TaKKe HEOOXOIMMOCTh padOThl KOTJIOB
B IMKOBOM M TIOJYNMKOBOM 4YacTU DBJIEKTPUYECKUX HArpy30K SHEProCHCTEMBI
aKTyaJIM3upyeT MpoOdeMy CYIIECTBEHHOIO MOBBIIIEHUS KAUeCTBA YIIPABIEHUS YPOBHEM
BOAbl B OapabaHe BO BCEM JAMana3oHE W3MEHEHMS HArpy30K TEIUIODHEPTreTUYECKUX
O0OBEKTOB MPH TITyOOKHX BO3MYLIECHUSX.

HuccepranonHas padoTa MOCBAILIEHA 3aJade CYUIECTBEHHOI'O MOBBIIICHHUS
KauecTBa YIpaBJIEHUsI YPOBHEM BOJIbI B OapabaHe MapoBbIX KOTJIOB U MapOreHepaToOpoOB
Ha OCHOBE AQHAJUTUYECKHX 3KCIPECC-METOJOB  CTPYKTYpPHO-TIAPAMETPUUYECKON
ONTUMH3aUMU KOMOMHUpOBaHHBIX CAY.

OBIIASA XAPAKTEPUCTHUKA PABOTbI

CBsa3b padoTbl ¢ KpPYNHBIMH HayYYHbIMH HNporpaMMamMu (IpOeKTaMH)
U TeMaMH

HuccepranronHas paboTa BbIIOJHEHa B ['0CyJapCTBEHHOM  YUpPEKIEHUU
oOpa3zoBanus «YHuBepcurer rpaxkjaanckord 3amutel MUC PecnyOnuku bemapychb»
B paMKax NpPOBEICHUsS HAy4YHBIX HCCIEIOBaHUW M pa3padborok: ['ocyaapcTBeHHOU
Hay4HO-TexHHuYeckol mporpammbel Ha 2011-2015 roast «Pa3paboTka u BHenpeHue
CPEIICTB M TEXHOJIOTMM Juisi pa3BuThs ['ocygapCTBEHHOW CUCTEMBI MPEAYPEKICHUS
W JHMKBUJAUMU 4pe3BbluaiiHbix cutyauuin» (IHTII «3ammra oT upe3BblYailHBIX
cuTyanuii»);  l'ocymapcTBEHHOW  MpOrpaMMbl  HAy4YHBIX  HCCIEIOBaHMM  Ha
20112015 roasl «HayyHoe obecrnieueHue O€30MaCHOCTH M 3alllUTHI OT YpPe3BbIYaliHbIX
cutyaunit KM MYCy, ee aBrop npusiekaics k Beinosnenno HUP (I'b-1311-212) na
2012-2016 rombl «IloBbimieHue 3¢pdekTuBHOCTH TOC B  yCIOBHUSX PHIHOYHOM
PKOHOMMKMA M BBOJ@ TEHEPUPYIOIIMX MONIHOCTeW» Ha »drane «Pa3paborka
ONTUMAJIbHBIX ~CHUCTEM AaBTOMATHMYECKOTO PEryjMpoBaHus i OOBEKTOB 0€3
camoBbipaBHMBaHusT TOC u ADC» kadenpsl «TermnoBbie 2JIEKTPUYECKUE CTAHIIUN)
BHTY.
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Tema pauccepTalMu COOTBETCTBYET LEISIM U 3a/JadaM PECIyOJUKaHCKHX
nporpaMM B O0JacTH JHEPIeTUKH U JIHEProcOCPeKEHUs: TMEPEeYHIO MPUOPUTETHBIX
HaIlpaBJIeHUI Hay4yHbIX HccieqoBanuil Pecryommku benmapycp Ha 2011-2015 rogsr mo
paznueny «9HeprooOecneyeHue, sHEprocOepexeHune, 9HEPT03(h(HEKTUBHOCTD,
3Heprod(PeKTUBHBIE TEXHOJOTHHU», YTBEPKIECHHOMY mocTaHoBieHHeM CoBerta
MunuctpoB Pecriybnmuku  bemapyce ot 19.04.2010 Ne 585; mnpuoputeTHOMY
HANpaBIICHUIO HaydHBIX uccienoBanuii Pecrnybnuku benapyces Ha 2016-2020 rombr
«OHepreTuka», yTBEpkKIACHHOMY MocTaHoBieHHeM CoBera MwunuctpoB PecnyOnuku
benapycs ot 12.03.2015 Ne 190, a Taxxke KomruiekcHOMYy ™pOrHO3y Hay4HO-
TeXHU4YECKoro mporpecca Pecybnuku benapyce na 2012—-2025 roas! 1 Ha nepuoj 10
2040 rona o HampaBJIEHUIO « JHEPreTUKa Oy IyIIeTO».

He.]]l: H 3a1aI1 HCCJIeA0BaHUA

enbro JACCEPTALIMOHHOTO HCCIIEIOBAHMS ABJISIETCS pa3paboTka
BBICOKOKAaYECTBEHHbIX KOMOMHUpOBaHHBIX CAY ypoBHEM Bojbl B OapabaHe MapoBBIX
kotioB TOC wum maporeneparopoB ADC, NO3BOJAIONIMX CYIIECTBEHHO YIIYyYIIUTh
KAueCTBO pEryJupoBaHusl M MNOBBICUTh 3(pPextuBHOCTh padoTtel TOC u ADC
B IIMPOKOM JMAIIa30HE U3MEHEHUS HATPY30K.

JUist TOCTH>KEHUS TOCTABJIEHHOM LEH HEOOXOAUMO PELIUTh CIEIYIOUIUE 3aaUM:

1. Pa3paborath aHAJIUTUYECKUE AKCIIPECC-METOIbI CTPYKTYpPHO-
napamerpuueckoit ontumuzanuu CAY miist 00bekTOB 0€3 CaMOBBIPABHUBAHUSI BHICOKOM
JTUHAMHYECKONM TOYHOCTH.

2. PazpaboTaTh MaTeMaTHYECKYI0O MOJETbh OIEHKM KadecTBa MEPEeXOIHBIX
nporieccoB CAY ypoBHEM Bojibl B OapabaHe mapoBbix kKo1sioB TOC 1 maporeHepaTopos
ADC Ha 4YacTUYHBIM M TOJHBIA COpOC Harpy3Kd KoTia Oe3 MPOBEACHHS HATYPHBIX
HCTIBITAHUN CUCTEM.

3. Pazpaborats komOuaMpoBaHHble CAY ypoBHEM Bojbl B OapabaHe MapoOBbIX
komioB TOC wu maporenepatopoB ADC C y4eTOM OIPAHUYEHUS MaKCUMAIbHOMN
BEJIMYMHBI PETYIUPYIOIIETO BO3ACUCTBUS i1 pabOThl B IIMPOKOM JUANa3oHE
M3MEHEHUS HAarpy30K U METOAMKY UX MapaMeTpUUeCKOW ONTUMHU3ALINH.

4. PazpaboTaTh METOAMKY aBTOMAaTHYECKONM KOPPEKTHUPOBKU MapamMeTpoOB
JTMHAMUYECKOM HAacTpoMku KoMOuHHMpoBaHHBIX CAY ypoBHeM BoAbl B OapabaHe
MapOBbIX KOTJIOB M NAPOTEHEPATOPOB B 3aBUCHUMOCTH OT HArpy3KH, CKOpPOCTH
M3MEHEHHS YPOBHS BOJIbI B OapabaHe Mpu MyCcKe U HAYaJIbHOT'O TEMJIOBOTO COCTOSTHUSI.

5. Pazpabotath METOAMKY OLIEHKHM BIUSHUA WM3MEHEHUS KayeCTBEHHBIX
XapaKTEPUCTHK MEPEXOJHbIX IpoleccoB KoMOuHuUpoBaHHBIX CAY ypoBHEM BOAbI
B OapabaHe MapoBBIX KOTJIIOB M MaporeHepaTopoB Ha MoKa3zaTeau Oe30MacHOCTH,
HAJeKHOCTH, JIOJATOBEYHOCTH W HKOHOMMYHOCTH pabOThl TEIUIOIHEPTETUYECKOTO
o6opynoBanust TOC u ADC.



3

Obvexkm uccredosanusi. aBTOMATHU3UPOBAHHBIM TEXHOJOTMYECKHHM  y4acTOK
nuTaHus OapabGaHHOTO IMAPOBOTO KOTJIA, COACPKAIIUN MUTATEIBHBIA TPAKT, KOTEJ
¥ TIApOIPOBOJBI K TYpOMHE ¢ HEOOXOIUMBIMU CUCTEMaMH KOHTPOJIS, aBTOMAaTHYECKOMN
3aIATHI ¥ YIIPaBJICHUS.

IIpeomem uccnedosanus: MOACUCTEMA aBTOMATHYECKOTO YIPABICHUS YPOBHEM
BOJIbI B OapabaHe mapoBOro KOTja U maporeHeparopa.

Haquaﬂ HOBH3HA

1. PazpabGoTanbl AHAJIUTUYECKHUE AKCIIPECC-METO/IbI CTPYKTYpPHO-
napamerpuuecko ontumuzanuu CAY 1 oObeKTOB 0€3 caMOBBIpaBHUBAHUS,
YUHUTBHIBAIOIIME CTPYKTYPY U JMHAMHUKY OOBEKTOB M KPUTEPHHM KAueCTBA YNPABIICHUS,
MO3BOJISIOLIME CO3aBaTh KOMOMHUPOBAHHBIE CUCTEMBI YIIPABIICHUS.

2. PazpaboTana wmaTemaTWyeckas MOJENIb OIICHKM KadecTBa MEPEXOHBIX
nporieccoB CAY ypoBHEM Bojibl B OapabaHe nmapoBbix KoTJIOB TOC u maporeHepaTopoB
ADC Ha yaCTUYHBIN M MOJIHBIA cOPOC HArpy3KH KOTJa Ha OCHOBE 3KCIIEPUMEHTATBHBIX
JUHAMUYECKHX XapaKTepUCTUK OOBEKTa YIpaBlieHUs Oe3 MpPOBEACHUS HATYpPHBIX
VCIIBITAHUM CUCTEM.

3. Pa3paboransl uyeTsipe BapranTa cxeM KoMOnHUpOBaHHBIX CAY ypoBHEM BOJIbI
B Oapabane mnapoBbeix KkoTioB TOC wu maporeHepatopoB ADC, yuyuThIBaIOLINE
MaKCUMAaJbHYI0 BEJIIMYMHY YIPaBJISIOLIErO BO3JICHUCTBHUS, a TakKe METOJMKa HX
apaMeTPUIECKON ONTUMHU3ALINH.

4. PazpaboTraHa MeETOAMKAa aBTOMAaTUYECKOM KOPPEKTUPOBKM MapaMeTpoOB
JWHAMUYECKOM HacTpohMku KoMmOuHupoBaHHBIX CAY ypoBHeM BoAbl B Oapabane
NapoBbIX KOTJOB U MAapOreHepaTopoB B 3aBHUCUMOCTH OT HArpy3kd, CKOpPOCTH
M3MEHEHUS YPOBHS BOJbI B OapabaHe Mpu MyCKe U HAYaJIbHOTO TEIJIOBOTO COCTOSHUS.

5. Pazpabotana MeToAMKa OLICHKM BIWSHHUS HM3MEHEHUS KayeCTBEHHBIX
XapaKTEPUCTHK MEPEXOJHbIX IpoleccoB KOMOMHUpoBaHHBIX CAY ypoBHEM BOJbI
B OapabaHe MapoBHIX KOTJIOB W TApOTreHEpaTOpPOB Ha IOKa3aTen Oe30MacHOCTH,
HAJEKHOCTH, JIOJTOBEYHOCTH W HSKOHOMMYHOCTH padOThl TEIUIOIHEPTETUYECKOTO
o6opynoBanust TOC u ADC.

HO.]'IO)KCHI/IH, BBIHOCUMBIC HA 3aIIUTY

1. AHanuTu4deckue AKCIPECC-METOIBI CTPYKTYPHO-TIapaMETPUUECKOU
ontumuzanuu CAY 11 oO0beKTOB 0€3 CcaMOBBIpAaBHHUBAHUS, OTJIMYAIOIIUECS OT
M3BECTHBIX YYETOM MAaKCUMaJbHO JIOMMYCTHUMBIX BEJIMYUH  KOPPEKTUPYIOUIUX
U PEryJupPYIOIIUX BO3ACHCTBUM MpU OTpabOTKE 3a4ar0IIero BO3ACHCTBUS IO OCHOBHOM
U TPOMEKYTOYHOM yIpaBiIs€MbIM BEJIMYMHAM, a TaKKE€ BBICOKMM KayeCTBOM
NEPEXOAHBIX MPOIECCOB, IMO3BOJSIONIME TOBBICUTh 0O€30MacHOCTb, HAJAECKHOCTD,
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JIOJITOBEYHOCTh M AKOHOMHUYHOCTH pabotel TOC m ADC B MUPOKOM Juama3oHe
WU3MEHEHUS Harpy30K.

2. Matematnyeckass MOJENIb OIICHKH KadecTBa MepexoAHbix mporieccoB CAY
ypoBHEM BoOJbl B Oapabane mnapoBeix koTioB TOC u maporenepatopoB ADC Ha
YaCTUYHBIM M TOJHBIA cOpPOC HAarpy3KH KOTJIa, OCHOBaHHAs Ha AKCIEPUMEHTAIbHBIX
JUHAMUYECKHX XapaKTEPUCTHKaX OOBEKTa YIpPaBIEHUS IO KAHAIY PEryJIUPYHOLIEro
BO3JICICTBUSL W BO3MYIIEHHUS pacXoJOM TIEperperoro mapa, MOo3BoJstomas 0e3
NPOBEJCHUSI HATYpHBIX HCIBITAHUNA TPOBEPSITh PabOTOCIOCOOHOCTh  CHCTEMBI
U YTOUHSATH YCTaBKH cpabaThbIBaHUS TEXHOJOTHYECKUX 3alUT IO YPOBHIO BOJbI
B OapabaHe MapoBOro KOTJIa WK MaporeHepaTopa.

3. Uetsipe BapuanTa cxeM KomOuHupoBaHHbIX CAY ypoBHEM BOJbI B Oapabane
napoBbiXx KOIOB TOC m maporerepatopoB ADC, OTIMYAKOIIMECS KAK BbIJICIICHUEM
HKBUBAJIEHTHOTO BHEIIHETO BO3MYIIEHUS, TaK U €r0 HEMOCPEACTBEHHBIM HU3MEPEHUEM,
Y4E€TOM OTPaHMYEHUS MAKCHUMAaJIbHOW BEJIMYMHBI PErYJUPYIOIIEr0 BO3JAEHCTBUSA IMPHU
BO3MYUIEHUM PACXOAOM IMEPErperoro napa M METOAUMKa HUX HapaMeTpUUYECKOn
ONTHUMM3ALMHU, YTO IO3BOJIAET MOJYYUTh BBICOKOE KA4eCTBO MOJJIEPKAHUS YPOBHS
BOAbl B OapabaHe B LIMPOKOM JAHana3oHE U3MEHEHHUsS HArpy3oK, BKJIIOYas MyCKOBHIE
PEKHUMBI.

4. Meroauka aBTOMaTHYECKOM KOPPEKTHPOBKH IMApaMETPOB JTHHAMHYECKOU
HacTpoWku KoMOuHupoBaHHBIX CAY ypoBHeM BOJbsl B OapabaHe NapoOBBIX KOTJIOB
U MapOreHepaToOpoOB B 3aBUCUMOCTH OT HArpy3Ku, CKOPOCTH U3MEHEHHS YPOBHS BOJbI
B OapabaHe npu MycKe U HAYaJIbHOI'O TEMJIOBOIO COCTOSIHMS, TO3BOJISIONIAS COXPAHUTh
BBICOKOE KaYECTBO PEryJIUPOBAHUS B IIMPOKOM AUANa30HE U3MEHEHMS HArpy30K.

5. Meroarka OUEHKH BIUSHUS M3MEHEHUS KAYECTBEHHBIX XapaKTEPUCTHK
NepeXOoAHbIX MpolieccOB KOMOMHUPOBaHHBIX CAY ypoBHEM Bojibl B OapabaHe MapoBbIX
KOTJIOB M  [aporeHepaTopoB Ha MoKa3zaTreau  O€30MacHOCTH,  HAAECKHOCTH,
JOJITOBEYHOCTH U SKOHOMUYHOCTH, YUUTHIBAIOLIAs yIIEpO HE TOJIBKO OT BHE3AIHBIX, HO
U TOCTENEHHBIX OTKAa30B, a TaKKe aBapui, IMO3BOJSIOMIAS OLIEHUTh TEXHUKO-
HKOHOMHUYECKYIO 3P (HEeKTUBHOCTH UX BHenpeHus: Ha o0bekTax ['TIO «bemsneproy.

JIMYHBIA BKJIAJ COMCKATEJISl YYEHOH CTeNneHu

CoBMECTHO C  PYKOBOJUTENEM  JUCCEPTAlMOHHOW  PabOThl  JTOKTOPOM
TeXHUYeCckux Hayk, mpodeccopom I'. T. KynakoBeIM omnpeneneHbl 1elb U 3a7a4d
uccnenoBanuil. JIMUHBINA BKIIJl COMCKATENS 3aKIIFOYAeTCsl B pa3pad0TKe aHATUTHYECKUX
AKCIPECC-METO/I0OB CTPYKTypHO-MapaMeTpuueckoi ontumuzanuu CAY s 00BEKTOB
0e3 camMOBBIpaBHUBAHUS, pa3pabOTKE MaTEMaTHUYECKONM MOJEIM OIEHKH KadyecTBa
nepexoaHbix mpoieccoB CAY ypoBHeMm Boabl B 0OapabanHe mapoBbiX KoTiioB TOC
u naporenepatopoB ADC Ha 4YaCTUYHBIM W TOJHBIA cOpPOC HArpy3ku KoTia 0Oe3
MPOBEICHUS] HATYpPHBIX MCHBITAHUN; pa3paboTKe yeThipex KoMOuHUpoBaHHBIX CAY
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ypOBHEM BOJbl B Oapabane mapoBbix kotioB TOC um maporereparopoB ADC 06e3
U3MEPEHHsI BO3MYIICHUI M C W3MEPEHHEM HauOOJee OMAaCHBIX M3 HHUX, a TaKXKe
METOAMKN aBTOMATHYECKONW KOPPEKTUPOBKHU IAPaMETPOB IMHAMUYECKOW HACTPOUKHU
koMOuHupoBaHHbIX CAY  ypoBHeM Boabl B 0OapabaHe TapoOBBIX KOTJIOB
U TaporeHepaTopoB B 3aBHUCUMOCTH OT HArpy3kd; pa3pabOTKe METOJUKH OLIEHKH
BJIUSHAA WM3MEHEHHS KAYECTBEHHBIX XapaKTEPUCTUK MEPEXOIHBIX MPOLECCOB
koMOuHupoBaHHbIX CAY  ypoBHeM Boabl B 0OapabaHe TapoOBBIX KOTJIOB
U [apOT€HEpaTOpOB Ha IOKa3aTeld O€30MacHOCTH, HAIEKHOCTH, JOJTOBEYHOCTH
¥ DKOHOMHYHOCTH TeTutodHepreTndeckoro oobopynoBanus TOC u ADC.

Anpobanusi pe3yJbTaToB auccepTanuu U uHpopManus 00 UCNOJIL30BAHUHU
ee pe3yJIbTaTOB

OCHOBHBIE MOJIO)KEHHSI U PE3YJIbTAThl UCCIEAOBAHUIN THCCEPTAIMOHHON pabOThI
JOKJIaIBIBAIIMCH U 00CYXKAAINCh Ha CIEIYIOUIUX HAYYHO-TEXHUYECKUX KOH(EpEeHLHIX:
I  MexaynapogHass  HaydHO-TIpakTUdeckas  KoH(epeHuus  «VHHOBallMOHHBIE
TEXHOJIOTMH, aBTOMAaTH3alldsl W MEXaTPOHHKAa B MAIIMHO- M TPUOOPOCTPOCHHUM
(Munck, 2013); 67-1 HaydyHO-TEXHHYECKass KOHQeEpeHIus  MpodeccCopcKo-
IPENoIaBaTEeIbCKOr0 COCTaBa, ACIHUPAHTOB W MarucTpaHToB Kadeapbl «TeruoBbie
anektpuueckue cranuum» BHTY (Munck, 2014); VII MexaynapoaHas Hay4HO-
IpaKkTU4YecKass KOH(EPEHUUs MOJIOABIX YUYEHbIX: KYPCAaHTOB (CTYJIEHTOB), CIylIaTeiae
MarucTparypsl ¥ aabloHKTOB (acnupaHToB) (Munck, 2014); III MexnynapoaHas
Hay4HO-TIpakTUyecKkas kKoHpepeHus: «HHOBallMOHHBIE TEXHOJOTMHU, aBTOMAaTU3ALMs
U MeXaTpOHWKa B MalIMHO- U mpubopocTpoeHnm» (Munck, 2015); 68-1 Hay4HO-
TEXHUYECKass KOHPEpEeHIHs MpodeccopcKo-MPeno1aBaTebCKoro cocTaBa, aCIMpaHTOB
u MaructpaHToB Kadenpwl «TemnoBbie 3nekTpuueckue craHuum» (Munck, 2015);
I MexnyHapoaHass HaydyHO-TEXHUUYECKass KoH(pepeHUuus «ABTOMAaTU3UPOBAHHBIE
CUCTEMBI yrpaBieHus: TexHojorunyeckumu npoueccaMu ADC u TIOC» (Munck, 2015);
MexnayHapoaHas HayuyHas KoHpepeHuus «HpopMallMOHHbIE TEXHOJIOTUN U CUCTEMbD»
(UCT 2018) (Munck, 2018). Pe3ynbrarbl UCCIEAOBAHMM  MCHOJB3YIOTCS
B oOpa3oBaTelbHOM TIpolecce benopycckoro HalMOHAJIBHOTO — TEXHUYECKOTO
YHUBEPCUTETA B COCTABE Kypca JIEKIM MO TEOPUH aBTOMATUYECKOIO YIPaBICHUS
cnenuanbHoctei: 1-53 01 04 «ABTomMaTH3anusa U ynpaBieHHE TEMJI0IHEPreTHYECKUMU
poIeCCaMm»; 1-53 01 01 «ABTOMaTru3amus TEXHOJIOTUYECKUX MIPOIIECCOB
u npou3BoACTB (3HepreTuka)»; 1-43 01 08 «TemnoBas yacTh aTOMHBIX JEKTPUUYECKUX
CTaHLIMM», a Takke B HaluMoHaIbHOM TEXHMYECKOM YHUBEPCUTETE Y KpauHbI
«KueBckuil monuTexHuueckuii UHCTUTYT uMeHu Mropsa Cuxopckoroy»; B benopycckom
rOCyAapCTBEHHOM TEXHOJIOTMYECKOM YHHUBEPCUTETE; B COCTaBe Kypca JIEKIUHI
['ocyapcTBEHHOTO yupexaceHUs o0pa3oBaHUs «YHHUBEPCUTET TPAKIAHCKOM 3alUThI
MUC Pecnybonuku benapych» mno aucturminHe «I[IpombinuieHHass 0€30MacHOCTHY;
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B yupexnaeHuun oOpazoBanusi «benopycckuid rocynapcTBEHHBIH  YHHBEPCUTET
UHGOPMATUKA M PATUODIEKTPOHUKI» TMPU UYTECHHUH Kypca JIEKIHMH O JAUCUUIUIIMHE
«ABTOMAaTH3alMsl CUCTEM YINPABICHUS TEIJIO3HEPreTHYeCKuMU npoueccaMu ADC».
[lonmyyuen mnareHT Ha wu300pereHne EBpa3miickoil NaTeHTHON  OpraHu3aluu
ot 31.08.2017 Ne 027537 «Perynsitop ypoBHA BoAbl B OapabaHe maporeHepaTopay,
a taxxe npu noaroroske BHTY kommepueckoro npeanoxenus B ['TIO «bexsneproy.

Ony0snkoBaHueE Pe3yJIbTATOB IMCCEPTALNH

[lo TemaTuke W pe3ynbTaTaM JIUCCEPTAMOHHON pabOThl OMyOIUKOBAHO
28 nedatHbIX padoOT, U3 HUX 4 CTaThbU B PEUEH3UPYEMBIX HAYUHBIX JKypHaJIax, 7 cTaTel
B JPYTUX PELEH3UPYEMbIX HAYYHBIX JKypHajax, MaTepuanbl 3 TOKIAJ0B Ha HAYIHO-
TEXHUYECKUX W HAyYHO-NPAKTUYECKHX KOH(pEpeHIUsX, Te3ucbl 11 1nokmagoB Ha
HAayYHO-TEXHMYECKUX KOH(pepeHuusax, | mareHT Ha uzobperenue, 1 yueOHOEe mocobue
c rpudom MunucrepctBa oOpazoBanust PecnyOnuku bemapycs, 1 ydeOHO-
METOJMYECKOE MOCOOME sl CTYJEHTOB TEXHUYECKHUX BY30B. Pe3ynbTaThl pabOThI
BKJIOYEeHH! B | otuer 0 HUP.

O6mmii o00beM myOMUKAMI 1O TEeMe [AHCCEepTaluU, COOTBETCTBYIOIIUX
. 18 IlonokeHHst O TPUCYXKIECHUHW YUYCHBIX CTENEHEM M IIPUCBOCHHM YYEHBIX
3Banmii B PecmyOmuke bemapych, coctaBmser 5,09 aBTopckoro mmcra (u3 Hux 0e3
COaBTOPOB — | CTaTh).

Crpykrypa U 00beM JUCCepTAIUA

HuccepranonHas pabdoTa COCTOMT M3 BBEACHHS, OOUIEH XapaKTepUCTUKH
paboThl, 4YEThIpEX TJIaB, 3aKIIOUCHMs, OUOIMOrpaduyecKoro cmucka | JEBITH
npuioxkeHuit. OOmuii o0beM auccepTalud cocTaBisger 175 cTpaHul, U3 HHUX
74 cTpaHullbl OCHOBHOTO TekcTa. Pabora comepxkut 69 pucyHkoB Ha 61 crpanwuile,
14 tabnuiu Ha 13 crpanuuax, oubnauorpapuyeckuid cnucok u3 149 ncrounnkoB Ha 12
CTpaHMIax U 28 myOnauKaiuii apTopa Ha 6 cTpaHuIax, 9 NpuIoKeHui Ha 9 cTpaHULIaXx.

OCHOBHASA YACTb

Bo BBegeHmH paccMOTpeHa aKTyaJbHOCTb BBIOPAHHOTO  HaNpaBJICHUS
UCCJIeIOBAHUS.

B oOmreit xapakrepuctuke padoTbl cOOPMYIMPOBAHBI Iedb W 3aJa4d
HCCIIeIOBaHUM, Hay4YHasi HOBU3HA, MPEACTaBICHbBl OCHOBHBIC IMOJIOKEHHS, BHIHOCUMBbIC
Ha 3allUTy, I[I0Ka3aH YpOBEHb OMYOJIMKOBAaHHUA M arpoOHWpOBaHUSI PE3yJIbTaTOB
JUCCEPTALIMOHHON PaOOTHI.
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B mnepBoii riaBe guccepranyy IpUBENEH aHAIN3 JIMTEPATyPHBIX MCTOYHHKOB
U PE3yJIbTATOB JKCIUTyaTallud THUIIOBOM TpexuMiryiabcHOM CAY ypOBHEM BOJBI
B OapalaHe MapoBOT0O KOTJIa U pa3NUYHBIX ee Moaudukanui. PaccMorpensl GpyHKIuu
U HasHaueHue cyuiectByromux CAY ypoBHeM Boabl B OapabaHe MapoOBBIX KOTIIOB,
NPOBEJCH aHAIU3 UX CTPYKTYphl. PaccMoOTpeHbl MpUHIMIBI PaboThl U KOHCTPYKIHH
YPOBHEMEPOB M PEryJHpYyrONMX KianaHoB. Oco00e BHUMaHHUE YAEIEHO COCTOSIHUIO,
npobiemaM u mepcrnekTuBaM co3mganus CAY BBICOKOW AWHAMHUYECKONH TOYHOCTH.
[IpoBenen ananm3 mokasarenedt HagaexxHoctn CAY ypoBHEM BOJBI B OapabaHe KOTJIOB
C y4eTOM aBapwii U OTKa30B Ux padboThl. OOOCHOBaHA IEJECO00Pa3HOCTh Pa3pabOTKH
koMOuHnpoBaHHBIX CAY ypoBHeM BOJbI B OapabaHe MapoBBIX KOTJIOB BBICOKOU
JUHAMUYECKOM TOYHOCTH B IIMPOKOM JIMalia30He U3MEHEHMs Harpy3ok. [lokazano, 4to
OapabaH MAapOBOr0 KOTJA SBISIETCS CIOKHBIM OOBEKTOM YIpPaBIEHUS CO MHOTUMU
KOHTPOJIMPYEMBIMU M PEryJUPYEMbIMH BEJIMYMHAMH, €r0 OTHOCAT K OOBEKTaM
yhOpaBieHUs 0€3 CaMOBBIPAaBHMBAHUS, a KauyeCTBO MOJAECpPKAHUS YPOBHSA BOJbI
B OapabaHe BO MHOIOM oOmpenaenseT O0e30MacHOCTb, HaJEKHOCTb, OJITOBEYHOCTH
U DKOHOMHUYHOCTHh pPadOThl TEIUIOAHEPreTUYECKOIO0 OOOPY/IOBaHUS B IEPEMEHHBIX
pexumax. OCHOBHBIM pEryjaupyeMbIM MapaMeTpoM OapabaHHOrO MapoBOro KOTia
ABJIAETCSI YPOBEHb BOJBI, K CTa0WIM3aIUMU KOTOPOTO TPEIBSABIAIOT KECTKUE
TpeboBanus. [lanee paccMOTpeHbl CHOCOOBI M3MEPEHHs] YpPOBHS BOnbl B Oapabane
napoBbix KoTI0B TOC u maporenepatopoB ADC, a Takke 0COOEHHOCTH KOHCTPYKIIUU
perynupyromux kiamnaHoB. [lokazano, 4To HaubOoIbIIEe YUCIIO OTKA30B MPUXOAUTCS Ha
JIOJIFO MCTIOJIHUTEIbHBIX MEXaHU3MOB U pPeryiupyromux kianaHoB CAY ypoBHEM BOJIbI
OapabaHHBIX MapoBBIX KOTJIOB (1m0 45 %). OTMeueHo, 4YTO HCIMOJIb30BaHUE
HIMPOKOJUANIA30HHBIX PETYJIUPYIOIIMX KJIAaNaHOB C CamMopasrpy3kod MO3BOJISIET
CYILLIECTBEHHO MOBBICUTh SKOHOMUYHOCTb, Ha/IEKHOCTh U JIOJITOBEYHOCTh paboTel CAY
ypOBHEM BOAbl B OapabaHe mapoBbIXx KOTJIOB. (O0OCHOBaHA HEOOXOIUMOCTH
mozaepHuszaimu CAY ypoBHeM Boabl B OapabaHe MapoBBIX KOTJIOB Ha OCHOBE
COBPEMEHHBIX  JKCIIPECC-METOJOB  CTPYKTYPHO-TIApaMETPUUECKOW  ONTUMH3ALUU
JUHAMUYECKUX CHCTeM B IIMPOKOM JMana3oHe M3MEHEHUs Harpy3ok Kotia
¥ KOMOWHHPOBAHHBIX MTPUHIIMIIOB PETYIUPOBAHUS.

Bo BTOpo#i riaBe 000CHOBaH BBIOOpP OOBEKTOB YIPABIEHUS YPOBHEM BO/IbI
B Oapabane mapoBbix KkoriioB TOC u ADC. Ilpu »sTtom OblIa HCHOJb30BaHA
MatemaTudeckas MoJieb npoiecca padotsl CAY ypoBHEM Bojbl B OapabaHe 1MapoBOro
KOTJa Ha TIOJHBIM M YacCTUYHBIM cOpPOC Harpy3ku KOTJa, MO3BOJSIONIAS YTOYHUTh
yCTaBKU CpaOaTbIBaHUsS TEXHOJOTMYECKUX 3alllUT TI0 YPOBHIO 0€3 MpOBEACHUS
HAaTypHbIX uchbITaHui. OO  yIOBIETBOPUTEIILHOM  KayeCTBE  MOJEIUPOBAHUS
NEepexXoAHbIX TMPOIECCOB IO YPOBHIO BOAbl B Oapabane komina bK3-210-140
C HMCIOJIb30BaHUEM TaKeTa MPUKIAAHBIX mporpamm Matlab cBumeTenbCTByeT TO, 4TO
npu HaTypHbIX HcnbiTaHusx CAY Ha cOpoc Harpy3kud MaKCHUMallbHOE OTKJIOHEHUE
YPOBHSI COCTAaBJISUIO COOTBETCTBEHHO IuItoc 120 Mm  BMecto 1174 MM mnipu
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MojaenupoBaHuu U MuHyc 70 MM Bmecto 70,1 MM, T. €. OTHOCUTEIbHAS MaKCUMaJIbHAsI
NOTPENIHOCTh 10 ypoBHIO He mnpesbimaer 2,17 u 0,14 % cooTBETCTBEHHO. ITO
MO3BOJIWIO TMOATBEPAUTH AJEKBATHOCTh PACYETHBIX JAHUHAMHUYECKUX XapaKTEPUCTHUK
OOBbEKTa yMpaBIEHUS IUHAMHKE pPEAJbHOTO KOTJIA, a TaKKe YTOUYHUTH YCTaBKU
cpa0aThIBaHUS TEXHOJOTHUYECKHUX 3aILHUT.

Oco0oe BHHMMaHHME YJEIEHO MOJEIUPOBAHHMIO NEpeXOoAHbIX mporeccoB CAY
ypOBHEM BOJbI B OapabaHe KOTJIAa Pa3IMYHON CTPYKTYPHl M METOJaM ONTHUMHU3AIUU
napamMeTpoB AMHAMUYECKON HACTPOMKU PErysATOPOB, B TOM YHCIE U 3apyOEKHBIM.
Ha ocHOBe TPOBEIEHHOIO CpPaBHUTEJIBHOIO aHaliM3a I[IOKa3aTelell KadecTBa
nepexoAaHbIx npoueccoB TUNOBBIX CAY ypoBHeM Bonbl B OapabaHe MapoBBIX KOTIOB
U ee MoAu(UKaIMil YCTAaHOBJIEHO, YTO HAWIYyYIIHE MpSMbIE IOKa3aTelId KadecTBa
oOecrieunBaer THnoBas KackagHas CAY c¢ koppektupytomum [1/[-perynstopom,
HAaCTPOEHHBIM IO METOJTY NMOJTHOW KOMIIEHCAIIMN B YACTHOM BH/IE.

Tperbsi riIaBa gucCCEpTallMKM TOCBSIIEHA pa3padOTKE BBICOKOKAYECTBEHHBIX
koMOuHupoBaHHbIX CAY ypoBHeM Boabl B OapabaHe mnapoBbIx KOTJIOB. [IpuBenen
aHaJIN3 CYHIECTBYIOIINX METOAOB MapameTprudeckor ontumuszanuu CAY.

Pa3paGoranHass u 3amareHToBaHHas KoMmOuHHMpoBaHHasi CAY ypoBHEM BOAbI
B OapabaHe MapoBOrO KOTJIA C BBIIEJIEHUEM 3KBUBAJICHTHOI'O BHELIHErO BO3MYIIECHUS
OCHOBaHAa Ha 0a3e MPEeUIOKEHHBIX 3KCIPECC-METOJ0B CTPYKTYPHO-IAPaMETPUUECKOMN
ONTUMM3ALUMN JTMHAMUYECKHX CHCTEM C HCIOJIb30BAHUEM TEOPUH WHBAPUAHTHOCTH.
[Ipu 3TOM CcTpyKTypa ontumaibHOro peryistopa CAY BbeiOpaHa mo mnepesaToOuyHON
(YHKLIHMH ONEPEKAIOIIETO YYaCTKa 00bEKTa YIIPABIEHUS B COOTBETCTBUU € (POPMYIIOM

W, (p) 1
" (p)_won(p) 1-W,,(p)’ @

rne W, (p)—3anannas mepenatoynas (QyHKIUS 3aMKHYTOH CHCTEMBI BHYTPEHHETO

KOHTypa 10 3aJIal0lIeMy BO3JCUCTBUIO (KpUTEpHIl KauecTBa OTpPaOOTKU CHUTHaja
samanus); W, (p)— nepenatounas GpyHKIHs ONEPEKAIOIIETO yuyacTka 00beKTa:

k
Won ( p) =—2— | (2)
Toup +1
rae  K,,— xoaddunment nepenaun, 7,,— MOCTOSIHHAs BPEMEHH OIEPEKAIOIIETO
ydacTka 00beKTa ynpasieHus, ¢; P— onepatop Jlamnaca.

[lepenaTounasi pyHKIMSA CUCTEMBI IO 33JIaI0OIIEMY BO3IECHCTBUIO B COOTBETCTBUU
Cc mepenaToyHo ¢pyHKuuen oobekTa (2) paBHa

W, (p)=—

S 3
T3Hp+l ®)

rac Tg;[ — YHCJICHHOE 3HAYCHUE MOCTOSHHOMU BpPpCMCHHN  KPpUTCpPHUA  KAadCCTBa,
YUUTBIBAIOIICTO CKOPOCTE UBMCHCHUS YPOBHS BOAbI B 6apa6aHe ImapoBOro KotTJja, C.
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B pesynpraTe ¢ yderom mnepemarounbix ¢ynkuui (1), (2) m (3) momyuaem
NEpPEeJaTOYHYI0 (QYHKIMIO ONTHMAJIbHOIO pEryisiTopa € OJHMM IapaMeTpOM

JIMHAMUYECKOW HACTPOUKHU T’ -
T,,p+1
KouT 5P

HucneHHOE 3HAYCHUE MOCTOSTHHON BPEMCHHU KpHUTEpHs KauecTBa T, HAXOIAT U3

W, (p) = (4)

XapaKTePUCTHUECKOTO YPaBHEHMS MEPEAaTOYHONM (PYHKIMU CHCTEMBI MO 33/Jar0lIeMy
BO3/ICICTBUIO C y4Y€TOM IMEpelaTouyHOr (YHKIMKM HHEPIUOHHOTO YydacTka OOBEeKTa
YIPaBJICHHUS:

1

T p(tp+1)
rne W, (p)— nepenarounas (yHKIMS WHEPIHOHHOIO YYacTKa OOBEKTA YIpPaBJICHUS

Wi (P) = ()

B BHJIE PEAIBHOIO MHTETPHUPYIOILErO 3B€HA; [;— IOCTOSHHAs BPEMEHH, C; T;— BpeMs
3amna3bpIBaHUs 110 KaHAJly YIPaBIIAOLIETO BO3ACUCTBYS, C.
Ilpu 3TOM ONTHUMAIbHOE 3HAYCHHWE MOCTOSHHOW BPEMEHH 7, ONPEICTSIOT MO

dbopmyie

Ty = U
A 27'[1 -

Ha pucynke 1 npuBenena npuHIMnuaibHas cxema komonaupoBannoit CAY.

(6)

/i -~
Yo @) W (p) W)
YO mw

s
lorpleu )

-1

y(t) — ocHoBHasi peryJiMpyeMasi BeJIM4HHA; X,, — 3/aHHOE 3HAYeHHe OCHOBHOIi peryaupyemoii
BEJAMYMHDI; X, (/) — peryanpyromee Bosaeiicreue; f)— BHyTpenHee Bosmymenne; f;— Bnemnee
TOMOYHOE BO3MYIIIEHHE; fz* — BHelUHee Bo3MyIeHHe pacxogom napa; W, (p) — nepenarounas
(yHKIUSA peryJsaTopa; Wyl;z (p)— nmepenaTouHasi GyHKIMSI YCTPOHCTBA KOMIEHCALIHHN;

W, (p) — mepenaTounas GyHKIMS onepeKalOIero y4acTka 00beKTa ypaBieHus ;

W, (p) — nepenarounasi GyHKIMsSI MHEPUUOHHOTO YYaCTKA 00beKTa yIpaBJIeHNUs;

W;H( p) =W, (p) — nepenarounasi GyHKUMs MOIETH HHEPIIHOHHOI0 YYaCcTKa 00beKTa
ynpasiaenusi; W, (p)— nepeaarounasi pyHKIusi TONOYHOr0 BO3ZMYIIIEHHS; WB* (p) — nepenarounas

(pyHK1IUs BHEIIHEro BO3MYylIeHHs pacxoaom napa, OI'P — orpannyurens

Pucynok 1. — [IpyHuIuNuaJdbHas cxemMa npeajio:KeHHOH KoMOuHUpoBaHHoil CAY

YPOBHeM BOJIbI B Oapa0aHe MapoBOro KoOTJia
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JI7is CyIIeCTBEHHOTO YIYYIIEHHUsS KayecTBa OTPAOOTKM BHEIIHMX BO3MYIICHHIA
napajuiebHO  pealbHOMY  HMHEPIMOHHOMY  y4acTKy  00bekta  (popMupyroT
JUHAMUYECKYIO MOJENb 3TOI0 Y4acTKa, BBIXOJ KOTOPOTO alre0Opandyecku CKJIaJbIBArOT
C OCHOBHOM pEryJupyemMon BeJIHMYMHOM. [lOomydeHHYIO0 pPa3HOCTh MOJAKOT Ha BXOJ
yCTPOMCTBA KOMIIEHCALIMU BBIICICHHOTO SKBHUBAJICHTHOTO BHEIIHETO BO3MYIICHHS 0O€3
€ro HENOCPEACTBEHHOTO H3MEpPEHHs, a BBIXOJ C OOpaTHbIM 3HAaKOM 4epes
OTPaHUYUTEINb — HA BXOJI PETYJSITOpa (CM. pHUCYHOK 1).

[Ipu sTOM mepenaTouHyro (YHKIMIO YCTPOUCTBA KOMIICHCAIIMUA YKBUBAJIIEHTHOTO
BHEIIHETO BO3MYILIEHHSA ONPENENSIOT W3 YCJIOBUS HWHBAPUAHTHOCTH OCHOBHOM
pEryaupyeMoil BEJIMYMHBI 10 OTHOUIEHUI0O K CKauKOOOpa3HOMY HW3MEHEHHIO
HKBUBAJIEHTHOTO BHEIIHETO BO3MYIIICHHUS:

Wy (P) - Way (P) Wy (P) =1 (7

N3 (7) ¢ yuetom (3) u (5) HaxomsT MEpPeAATOUHYIO (PYHKIHMIO YCTPOHCTBA

KOMITCHCAIIMA DKBUBAJICHTHOTO BHEIIHETO0 BO3MYIICHHS, KOTOPYIO C IIEIBI0 €€

dbuznyeckol peanu3alvy YMHOXAIOT Ha NEPEJaTOYHYI0 (PYHKIHMIO HHEPIMOHHOTO
3BEHA 3-TO NOPS/IKA C TIOCTOAHHON BpeMeHu T, '

W fo (p) — Tlp(Tlp + 1)(T3;[p + 1) (8)
a (T3,u1p +1)3
Hpunss T, =T, moixy4aem
T +1 T, +1
Wng(p): 1p(T1p ): 1P b 9)

(T, p+)? T,p+1 T, p+1

[lepenatounas (yHKIMS YCTpPOWCTBA KOMIICHCAIIMU IKBUBAJICHTHOTO BHEIIHETO
BO3MYILEHUSI TPEACTABIAET COO0OM TMOCIEN0BaTEIbHOE COEAMHEHHE PeajbHOro
nuddepeHIUPYIOIIEro 3B€Ha M 3BEHAa OBICTPOTO pearupoBaHMs, TaK KaK YUCIECHHOE
sHauenue T; Oonpbme 7, . Tak Kak pasHOCTH CHTHAJIOB OCHOBHOM PETyJUPYEMOH
BEIIMYMHBI W BBIXOJA MOJIETH HHEPIIMOHHOTO y4YacTKa OOBEKTa TMOCTYIMaeT Ha BXOJ]
3BeHa OBICTPOTO pearupoBaHus, a 3aTeM AudGepeHupyoIIero 3BeHa, TO CUTHAJ C €T0
BBIXO/Ia JOKEH OBITh OTPAaHUYCH 10 BETUYUHE C IEJIbI0 YMEHBIICHUS] MaKCUMAJIbHON
BEJIMYMHBI PETYJIUPYIOUIETO0 BO3JICUCTBHUS PACXOJAOM NUTATEIBHOM BOJBI JO 3HAYCHUS
TUIIOBOM TpexuMitysibcHOU CAY. Pe3ynpTaThl MOJEIMPOBAHUS EPEXOIHBIX MPOLECCOB
uaBapuantHoii CAY ypoBHeM BOJbsl B OapabaHe MapoBOTO KOTJIA C OTPAaHUYCHUEM
MaKCUMaJbHOW BETUYMHBI PETYIHUPYIONIETO BO3JEHCTBUS W 0€3 €€ OrpaHuyYCHUs,
a TaK)Ke pe3yJbTaThl MOJAEIMPOBaHUS NepexoaHbix npoueccoB CAY ypoBHEM BOJBI

¢ nuddhepeHITMaToOpoOM PUBEICHBI HA PUCYHKE 2.
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Pucynok 2. — I'pa¢guku nepexoaHbIxX npoueccoB kKoMouHupoBanuoii CAY ypoBHeM BO/IbI

B 0apa0ane naposoro kot;1a u CAY c auddepenunaropom

N3 rpadukoB nEpexoAHBIX NPOLECCOB CJIEAYET, YTO C OrpaHUYEHUEM
MaKCUMaJlbHOW BEJTUYMHBI PETYJUPYIOMIEr0 BO3JACUCTBUS MPU BCEX BO3MYIIAIOIIUX
BO3JICUCTBUSIX BpEMs perysiupoBanusi y komOunupoanHoit CAY cokpariaercs B 5 pa3
no cpasHenuto ¢ CAY c nuddepenuunaropom. BennurHa mnepeperyiupoBaHus IMpU
OTpabOTKEe 3aJalolIero BO3JCUCTBUS CoOKpamaerca B 4,3 pa3a, a MakCHUMaJlbHbIE
JUHAMUYECKHUE OIIMUOKHU PEryJIMpPOBAHUSI YMEHBIIAIOTCA: MPU OTPAOOTKE BHYTPEHHETO
BO3MYyIIIEHUSI — B 16,4 paza; npu oTpabOTKE TOIMOYHOTO BO3MYIIEHUS — B 2 pasa; npu
O0TpaboOTKEe BO3MYIIEHHUS pacxoioM mapa — B 2,1 pasza. BenmuumHa perynupyroiero
BozneictBus y CAY ¢ muddepenunaropom Haxoautces B npeaenax ot 0 go mmroc 0,75,
a y komOounupoBanHo CAY — or munyc 0,6 no mioc 0,75. OrpannyeHre BIXOHOTO
CUTHAJIa TPUBOJUT K YMEHBIICHHIO MAaKCUMAaJIbHOW BEIUYHMHBI PErYJIUPYIOIIETO
(cMm. pucyHok 2, n). Ilpu YBEJINYMBAETCS
JUHAMHMYECKas OIIMOKAa pEryJMpoBaHUs IpU OTPaOOTKE BO3MYIIEHHUS PacXoI0M

BOBHCﬁCTBHH 9TOM MaKCHUMaJIbHas1
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neperperoro mapa Ha 35 %, omHako octaercsa B 2,1 pa3a menbiie, uem y CAY
¢ nuddepeHaTopoM, a BpeMs 0TpaOOTKHU BHEITHUX BO3MYIIEHUN OCTACTCS MPEHKHHIM.

st maporenepatopoB sHeproosokoB ADC ¢ BBOP pazpaboransl Tpu
komOuHnpoBaHHsle CAY ypoBHeM BoJbl B Oapabane maporeHeparopa [1I'B-1000 mpu
IUIAHOBOM M3MEHEHWHM Harpy3kd M TIOJHOM HWHBAPUAHTHOCTBIO IO OTHOIIECHHIO
K HauOoyee ONacHOMYy BHYTPEHHEMY BO3MYIIEHHIO C MW3MEPEHHUEM BHEIIHETO
BO3MyIlIeHUs1 pacxogom mapa: CAY ¢ HCHOJIb30BaHMEM KOMIIEHCATOpa TJIAaBHOM
oOpaTHOM cBs3u mpu oTpaboTke 3amatomero curHana, CAY co CriiaKMBaHHEM
3a1al0lller0 CUTHaJla M ucnoJjib3oBaHueMm [IM-perynsitopa, HAacTpOEHHOro Ha
cumMmeTpuuHblii ontumMyMm (CO); CAY Ha 0a3ze onTUMaJbHBIX PEryiasaTopoB. B stux
CAY cTpykTypa U JMHaMHUYECKHE HACTPOMKHU CTAOMIM3UPYIOLIUX PETYISTOPOB 32 CUET
JOTIOJTHUTENBHOTO ~ YCHUJIUTENSl  HA  BBIXOJIE  KOPPEKTUPYIOIIEr0  PEryssTopa
00€CleynBalOT  PABEHCTBO  KOPPEKTUPYIOIIMX x,(?) U pEeryaupyromux
Xp (f) Bo3meiicTBHUil, a TaKKe TMOJHYI0 WHBAapUAHTHOCTh OTPAOOTKHA BHYTPEHHHUX
BO3MYUIEHUH W HWHBAPUAHTHOCTh C TOYHOCTBIO JI0 € MpU OTpaOOTKE BHEIIHHUX
BO3MYUIEHUHM pacxojom napa. lIpsmble mokazaTenu KayecTBa MEPEXOHbIX MPOLECCOB
IByx TmpemnoxkeHHblx CAY B cpaBHEeHMH C TUIIOBOM TpexuMmiyiabCcHOM CAY wu
uudponoit CAY ¢ Habmr01aTeNIeM COCTOSIHUS TTPUBEICHBI B Ta0muIe 1.

Tabnuua 1. — [loka3aTenn kauecTBa NePeX0IHBIX MPOIECCOB cpaBHUBaEMbIX CAY

HaumenoBanue CAY ITokazaTenu kadyecTBa
Ay 1y, AHg, MM BofI. CT. tyic X_lgd
Tunoas TpexummynbcHas CAY* 0,034 83,6 160 0,454
[Mudpposass CAY ¢ waOmomatenem | 0,031 76,0 130 +0,61
COCTOSTHUS *
Komb6unupoBanHas CAY co 0,016 41,0 200 +0,46

CrlIa)KMBaAaHHUECM 3aJarolmiero CurHajlia H

ucnonszoBanueM [11-perymnstopa (CO)

KomOunupoBannas CAY Ha 0aze 0,024 61,5 75 +0,475

OINITUMAJIBHBIX PETYIIATOPOB

* — OntuMmaneHblil [IN-perynstop ypoBHS BOJIbI B TApOre€HEPATOPE IHEProOIIOKa
ADC ¢ peakropom BBDP-1000 / B. A. Jlemuenko [u ap.] // Tpymer Opecckoro
nonurexuuyeckoro yuusepcurera. — 2000. — Beim. 1. — C.73-76.

N3 ananu3a maHHBIX TaOauUIbl 1 ClieyeT, 4To NpeIoKeHHbIE KOMOMHUPOBAHHbBIC
CAY obecneynBarOT Jydlllde MpsIMbIE TOKa3aTeld KadyecTBa KakK IO OTHOIICHHIO
K TUIIOBOM TpexummysibcHOM CAY, Tak u udpoBoit CAY ¢ HabmogaTeIeM COCTOSHHUS.
31ech ObUIM MPUHSATHI clenyole 0003HaueHus: Ay / Y, — OTHOCUTENIbHOE OTKJIOHEHHUE
YPOBHsI BOJbI B OapabaHe OT HOMUHAIBHOrO; AHg— abCOIIOTHOE OTKIOHEHHE YPOBHS
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p— BPEMs peryJMpOBaHUs; Xr“f— MAaKCHMaJIbHasi BEJIMYMHA PErYIUPYIOLIETO
BO3JIEUCTBUAL.

Bojpbl; 1

Jlanee B riaBe OIpejaelieHa 3aBHCHUMOCTb, MO3BOJIAIONIAS BBIOPATH BEIUUYHHY
OTPaHUYEHHUS] BBIXOJHOTO CHUTHaja C YCTPOWCTBA KOMIICHCALIUHM 3KBUBAJICHTHOTO
BHEITHETO  BO3MYIICHHUA  JJiI  KOPPEKTUPOBKHM  MAaKCHUMaJlbHOM  BEITHMYHHBI
PEryIUPYIOLIEr0 BO3JCUCTBUS MO PACXOAY NUTATEIbHOW BOABI B 3aBUCUMOCTH OT
pacxona mapa kotia komOunupoBanHoit CAY ypoBHeM Bojbl B OapabaHe MapoBOTro
KOTJIa C OFPAaHUYEHUEM.

B 4erBeproii riaBe pa3paboTaHa METOJUKA OLEHKH IIOKa3aTelled KadecTBa
peryivpoBaHuss KOMOMHHUPOBAHHBIX CHCTEM aBTOMATUYECKOTO YIPABICHUS YPOBHEM
BOAbl B OapabaHe MapoBOro KOTJIA Ha MOKa3aTeiad JOJTOBEYHOCTH, IKOHOMHYHOCTH
U HAJEKHOCTU PalbOThI TEIJIOIHEPTETUYECKOrO0 OOOPYIOBaHUSA C YYETOM HE TOJBKO
BHE3aIIHBIX, HO M TIOCTENEHHBIX OTKa30B. J[nuTenbHas paboTa mNapoBBIX KOTJIOB
B TIEPEMEHHBIX pEeXHUMaxX TMPUBOAUT K TIOSBICHUIO TPEIIMH HAa BHYTPEHHEH
NOBEPXHOCTU ero OapabaHa. XapakTep TpPEIIMH — YCTAIOCTHO-KOPPO3UOHHBIM.
TpelmuHbl pacnoaoKeHbl MO HalpaBiIeHUIO0 ocu Oapabana. OnpeneneHo, 4To CKOPOCTh
W3MEHEHHUsI YPOBHSI BOJBI MPHU MEPEMEHHBIX HArpy3kax, a TakkKe B pexXUMax ITycKa
Y OCTAHOBA KOTJIA OKa3bIBAET HAMOOJIbLIEE BIMSHUE HAa TEMIEPaTypHbIE HAIPSKEHUS
B MeTaJle CTeHKH Oapabana xotia. [Ipu 3TOM TepMuyeckre HanpsHDKEHHUS 3aBUCAT OT
KauecTBa peryJupoBaHusl YPOBHS BOJbI B OapabaHe koTia. Tak, yBelInUeHUE BPpEMEHU
JOCTVKEHHS] 3aJaHHOW HAarpy3KM KOTJIa BeJeT K YMEHBIICHUIO BEIMYHHBI
nepeperyanpoBaHusi pU OTPaOOTKE 3a/1al0IIETO BO3AEHCTBUA. JTO MO3BOJISIET BHIOpATh
TaKoe BpeMs JOCTHMKEHUS 33aJIaHHON HAarpy3Kd KOTjia, KOTOpoe OyJEeT COOTBETCTBOBATH
BEJIMYMHE JIONMYCTUMOM CKOPOCTM HarpeBa CTEHKM MeTaia OapabaHa Kotia
2-3 rpaJ/MUH B peXHME IyCKa, MO0 BEIMYMHE JOMYCTUMON CKOPOCTH OXJIAXKICHHS
1-1,5 rpaa/mMuH B pexuMe OCTaHOBA.

OTmedeHo, YTO [Isi YMEHBIICHHWS BEIWYHHBI TEPMUYECKUX HAIMPSHKCHUN
B MeTajyie OapabaHa KOTJia B MYyCKOBBIX pekuMax K ocHOBHOU cxemMe CAY ypoBHeM
BOJIbI B OapabaHe KOTja HEOOX0AUMO J00aBIJISITh MPOrPAMMHOE 3a/al01Iee YCTPONUCTBO,
dbopmupylolIee A0MYCTUMYIO0 CKOPOCTh U3MEHEHUSI HArpy3KH KOTJIa B 3aBUCUMOCTH OT
UCXOJTHOTO TEIJIOBOTO COCTOSIHMSL 00bekTa ympasieHus. OLEHKy Moka3arenen
HAIe)KHOCTH KOMOMHUPOBAHHBIX CUCTEM aBTOMATUYECKOTO YIIPABICHHUS YPOBHEM BOIbI
B 0OapabaHe KOTJa MNPEJIOKEHO MNPOBOAUTH C YYETOM HE TOJIbKO BHE3aIHBIX, HO
U MOCTENEHHBIX O0TKA30B, a TAKXKe ylepda OT aBapuii, IEPeCYUTAHHOTO B MOCTEIIEHHbIE
OTKa3bl. YCTaHOBJICHO, YTO BHeApeHHe KomMOMHHpoBaHHOM CAY ypoBHEM BOJIbI
B OapabaHe mHapoBOro KOTJIa IO3BOJUT YBEIUYUTh SKBUBAICHTHBIM KOA(DPUIIUEHT
TOTOBHOCTH CUCTEMBI Ha 5,79 % 110 cpaBHeHUIO ¢ TUIIOBOM CAY.

Pa3paborannas METOJIUKA HO3BOJIIET OLIEHUTh HKOHOMUYECKYIO
1eJ1eCO00Pa3HOCTh MOJEPHU3ALMU CUCTEM ABTOMATHYECKOIO YIPABIEHUS YPOBHEM
BO/1bI OapabaHHbIX napoBbiX KOTIIOB I'TIO «bemaneproy.
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3AKJIIOYEHUE

OcHoBHBIE HayY4YHbIC PE3YJbTAaThI IUCCEPTALINN

1. Ananutnueckue AKCIPECC-METOABI CTPYKTYPHO-IIApaMETPUUECKOI
ontumm3aiiun  CAY mns  oObeKTOB 03 CaMOBBIPABHUBAHUS, YYUTHIBAIOIIUE
JTUHAMHYECKHE XapaKTEPUCTUKU OOBEKTOB YIpaBiieHUsA 0€3 OrpaHUYCHHs MOpSAIKA UX
MOJIeJIEl, Ha OCHOBE KOTOPBIX ONPEAEISIOT CTPYKTYPY MOJIETIN KPUTEPUEB KAYECTBA 110
3a/1al0IIEMy BO3JIEHCTBHIO, YTO MO3BOJIIET CKOHCTPYHPOBAaTh KOMOMHHUpOBaHHbIe CAY
C CYIIECTBEHHbIM YMEHBIICHHEM KOJHMYECTBA MapaMeTpoOB HUX JUHAMUYECKON
HACTPOWKH, YUECTh MAKCHUMAJIbHYIO BEIIMYMHY KOPPEKTHPYIOUIETO U PETYIHPYIOUIErO
BO3JICHCTBHI, COKPaTUTh BpeMs Ha UX Hanaaky [1, 2, 3, 4, 6, 11, 12, 15, 17, 21, 22, 23].

2. MaTemMatnyeckas MOJCIb OIICHKHA KadecTBa MEepeXOAHbIX mporieccoB CAY
ypoBHEM BOjJbI B Oapabane mapoBbeix komiioB TOC u maporeHepatopoB ADC Ha
YaCTUYHBIA M TMOJHBIA COpOC HAarpy3Kd KOTJIAa Ha OCHOBE HSKCIEPUMEHTAIbHBIX
JUHAMUYECKUX XapaKTEPUCTUK OOBEKTa YINPABIEHUS NPH BO3MYLIEHUH pPaCXOJI0M
MUATATEIbHOW BOABI W BHEIIHUX BO3MYIICHUM pPacxoJoM IMeperperoro mapa 0e3
IPOBENCHUS] HATYpPHBIX HUCIHBITAHUM CHUCTEM. OTO TO3BOJISIET OMNPENEATh YCTAaBKU
cpa0aTbIBaHUsl aBTOMATUYECKUX TEXHOJOTMYECKHUX 3alUT KaK IO MOBBIIICHUIO, TaK
U 10 TIOHWKEHUIO YPOBHS BOJbI B OapabaHe KOTJIa WM MaporeHeparopa, ¢ KOTOPbIMHU
paboraroT paszpadboranHbie CAY, a TakKe yCTpaHIThb PUCKH MOSIBJIEHUS aBapUNHBIX
CUTYyAaIIU{ TIPY TIPOBEICHIUH HATYPHBIX UCTIBITAHUN Ha MOJIHBIA cOpoc Harpy3ku [5, 24].

3. Uetsipe BapuanTa cxeM komOuHupoBaHHbIX CAY ypoBHEM BOJbI B Oapabane
napoBbix KOTJIOB TOC u maporeneparopoB ADC:

3.1. KomOunupoBannass CAY ypoBHeM Boasl B OapabaHe MapoBBIX KOTJIOB
C OrpaHMYEHUEM MAKCHUMAJbHOM BEJIMYMHBI BBIXOAHOTO CHUTHAJIa YCTpOMCTBA
KOMIICHCAIIMK SKBHBAJICHTHOrO BHeNIHero Bo3mymieHus [1, 3, 7, 8, 9, 14, 25, 26],
OTJIMYAIOLIASICA TEM, UTO:

— MapaJijIeIbHO MHEPIIMOHHOMY Y4YacTKy OOBEKTa ynpaBlieHHus (POPMUPYIOT €ro
JUHAMUYECKYI0O MOJENb, YTO TO3BOJSET BBIICTUTh JKBUBAJICHTHOE BHEIIHEE
BO3MYILIEHHE 0€3 ero HEMmOCPECTBEHHOIO0 U3MEPEHUS U OIpeAesIeHUs TUHAMUYECKUX
XapaKTEPUCTHUK, HEOOXOIMMBIX JIJIsl HACTPOMKH YCTPOUCTB KOMIIEHCAIUH;

— BbIXOJ] CHTHaJla OCHOBHOW pPEryjiupyeMod BEIUYHMHBI IO YPOBHIO BO/IbI
B OapabaHe mapoBOro KOTJa C MHEPLUUOHHOTO y4acTka MOJeNid OObeKTa yImpaBiICHUS
NOJAKIIOYAIOT K BXOJy YCTPONCTBA KOMIIEHCAIIMM HKBUBAJIEHTHOTO BHEIIHETO
BO3MYUIEHUS, PEaJTM30BAHHOIO B BHUJE MOCIEIOBATEIBLHOTO COEAMHEHHUS PEaTbHOTO
mupdepeHnraropa U 3BeHa OBICTPOrO pearupoBaHUsl, YTO TO3BOJSET MOBBICUTH
KauecTBO  YHpPABJIEHUS IMpU OTpabOTKE BHEIIHET0 BO3MYyILEHUs 0e3  ero
HEINOCPEICTBEHHOTO U3MEPEHHUS;
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— Ha BBIXOJIE YCTPOMCTBAa KOMIIEHCAIMU SKBUBAJEHTHOIO BHEITHETO BO3MYILIEHHUS
JOTIOJTHUTENBHO YCTAHOBJIEH OTPaHUYMTENb, YTO IMO3BOJISIET IPU COXPAHEHUN BBICOKOTO
KauecTBa YIpaBJ€HUS 1O CpaBHEHUIO C u3BeCTHBIMU CAY KOppeKTHpoBaTh
MaKCUMAaJIbHYI0 BEJIUYUHY PErYJUPYIOIIEr0 BO3JAECUCTBUS IO PACXOAY MHUTATEIHLHON
BOJIbI, TEM CaMbIM YBEJIMYUTh CPOK CITy>KObI OapabaHa KOTJIa U €ro SKpaHHbIX TPYO.

3.2. KomOunupoBannas CAY ¢ wHCHONb30BaHHEM KOMIIEHCATOpa TJIaBHOU
oOpaTHOM CBSI3M TIPU OTPAOOTKE 3aJaloero curHama. Bpemst oTpaOoTku 3amaromiero
Bo3jeiicTBust 3Toi cucteMbl Ha 30 % wmeHblie, yeM y kKoMOuHHpoBaHHOU CAY
C OrpaHMYEHUEM MAKCHUMAJIbHON BEJIMYMHBI BBIXOJHOINO CHUTHANIAa YCTpOMCTBA
KOMITCHCAIH SKBUBAJICHTHOTO BHEIITHETO BO3MYIICHUS [4].

3.3. KomOuaupoBannass CAY co CrIakMBaHHUEM  33JafoOIIer0  CUTHAJIA
u ucnons3oBanueM [IM-perynstopa, HaCTPOEHHOr0O HAa CHMMETPUYHBIM ONTHMYM,
MO3BOJISIONIAS YMEHBIIUTh MAKCUMAJIbHYIO IMHAMHUYECKYIO OIMOKY PEryJIHMPOBAHUS 110
CpaBHEHUIO C TUNOBOW TpexuMmiyinbcHOM CAY B 2 pa3a mpu 25%-M yBenudeHUU
TIOJTHOTO BpeMEHH perynupoBanus [2, 19].

3.4. KomOunupoBannass CAY Ha 0a3e  ONTUMAIBHBIX  PETyJSITOPOB,
MO3BOJIIONIAS COKPATUTh BpeMsl OTpaOOTKH BO3MYIIEHUS TIO0 pacxoay mapa Ha 73,3 %
II0 CPABHEHUIO C TUIIOBOU TpeXUMIyJbCHOU CAY, MOIyYNnTh NOJHYI0 HHBAPUAHTHOCTH
[0 OTHOIICHHIO K HamOoJjiee OMACHOMY BHYTPEHHEMY BO3MYLIEHUIO, YMEHBUIUTH
aOCOJIIOTHOE OTKJIOHEHWE YpoBHS BOAbl Ha 19,1 % mo OTHOIIEHHIO K LHUPPOBOMY
[TH-perynsTopy ¢ HabmoaTENeM COCTOSHUSA [3].

4. Metoanka aBTOMAaTHYECKOM KOPPEKTHPOBKH MMAPAMETPOB JIMHAMHYECKOU
HacTpoWku KoMOuHHpoBaHHBIX CAY ypoBHeM BOJbl B OapabaHe NapoBBIX KOTJIOB
U MapOreHepaToOpoOB, MO3BOJISIIONIAS COXPAHUTHh BBICOKOE Kaue€CTBO PETYJIMPOBAHUS BO
BCEM JMAla30HE W3MCHEHWsI HArpy3oK, BKJIIOYas IIyCKOBbIE pexumbl [3],
OTJIMYAIOLIASICA TEM, UTO:

— mIapaMeTpbl IMHAMAYECKON HACTPOMKHU PEryJATOpa, YCTPOWCTBA KOMIIEHCALIUH
HKBUBAJIEHTHOTO BHEUIHErO BO3MYILEHHUS, OrPAHUYUTENS BBIXOJHOIO CHUrHaja
MOCJIETHETO0 M MOJEIN MHEPLUHUOHHOTO y4acTKa OOBEKTa YIpaBiCHUS KOPPEKTHPYIOT
B 3aBHUCUMOCTH OT pacxojia mapa Ha BBIXOJE KOTJa C MOMOILIBIO JOMOJHUTEIBHOTO
0JI0Ka KOPPEKLUHU MapaMeTpOB;

— CKOpPOCTh M3MEHEHHUs YpOBHS BOJbI B OapabaHe MapoBOT0 KOTa IMPHU IMYCKE
(GbOpMHPYIOT B 3aBUCMMOCTH OT €r0 HAa4aJIbHOTO TEIJIOBOTO COCTOSIHUSI C TIOMOLUIBIO
MPOrPaMMHOT0 33JJAI0IIEr0 YCTPONCTBA.

5. Meroarka OLEHKM BIMSHUS W3MEHEHUSI KadeCTBEHHBIX XapaKTEPUCTHUK
NEepeXOoAHbIX MpolieccoB KOMOMHUPOBaHHBIX CAY ypoBHEM Bojibl B OapabaHe MapoBbIX
KOTJIOB M TAapOreHEepaTopoB, YUMUTHIBAIONIAS YIIEpO HE TOJBKO OT BHE3AMHBIX, HO
U TIOCTENEHHBIX OTKa30B, a TaK)K€ aBapuil, 4TO MOXKET OBbITh MCIOJIb30BAHO IJIf
O00OCHOBaHUSI HKOHOMHUYECKOW 11€71€c000pa3HOCTH MOJEPHHU3ALUN CYIIECTBYIOLIUX
CAY ypoBHeM Boabl OapabanHbix KOTI0B ['TIO «bensnepro». 9To M03BONUT MOBBICUTH
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OKBUBAJICHTHBIA KOI(PPHUIIMEHT TOTOBHOCTH CUCTEMBI (KOTET M TEXHUYECKUE CPEACTBA
peanm3anun komOmaMpoBaHHOH CAY) Ha 5,79 %, a Takke yMEHBIIUTH O0O0IIee
KOJIMYECTBO 0TKa30B B 2,4 pa3a [10, 11, 12, 13, 16, 18, 20].

PeKOMeHIlaIII/II/I M0 NPAKTUYE€CKOMY UCIIOJb30BAHHUIO PE3YJIbTATOB

Pe3ynbpTathl MpOBEACHHBIX  HCCIENOBAHUN  MO3BOIWIM  CHOPMYIHPOBATH
CIEAYIOIIME IPAKTUYECKUE PEKOMEHIALMH JUI IOBBIIICHUS KadecTBa YNPABICHUS
YpPOBHEM BOJIbI B OapabaHe MapoOBbIX KOTJIOB U MAPOre€HEPATOPOB:

1. Ananutnueckue JKCIPECC-METOBI CTPYKTYPHO-IIApAMETPUIECKON
ontumuzaiuu CAY mis oObekTOB 0€3 CaMOBBIPABHUBAHMS Ha OCHOBE 3aJIaHHBIX
NepeIaToYHbIX (YHKIHMM CHUCTEMBI, YUYUTHIBAIOIIME CTPYKTYpY M AUHAMUKY OOBEKTa,
KPUTEpUH KA4yeCTBA, a TAKKE MMEIOIIME B KAJXKJIOM KOHTYPE CUCTEMBI €IMHCTBEHHBIN
pacUeTHBI MapaMeTp AWHAMUYECKONM HACTPOMKH, OTPAaHMYMBAIOIIAE MAKCUMAJIBHO
JOMYCTUMYIO BEJIMYMHY PpEryJUPYIOIIEr0o BO3JIEHCTBUS MpPU OTPadOTKE 3aJaHus,
MO3BOJIAT C MCIHOJB30BAaHUEM TEOPHUH WHBAPUAHTHOCTH CO3[1aTh KOMOMHHPOBAHHBIE
CAY BBICOKOM TUHAMUYECKOW TOYHOCTH.

2. KomObunupoBanasie CAY ypoBHEM BOJbI MOTYT OBITH HcHOJB30BaHbl ['110
«bemHepro» npu MOAEPHU3ALMHU CYLIECTBYIOIIMX CHCTEM MYTEM HX 3aMEHBl Ha
pa3paboTaHHbIE, YTO MO3BOJIMT MOBBICUTH O€30MACHOCTh, HAJEKHOCTh, SKOHOMHUYHOCTh
U J0JTOBEYHOCTh pabOThI TerIo3HepreTuueckoro obopynosanus TOC u ADC.

3. Maremarnueckass MOJENbh OIEHKH KadecTBa MepexoAHbIXx mporieccoB CAY
YPOBHEM BOJIbl HAa YAaCTUYHBIM W TMOJHBIA COPOC HArpy3Kd KOTJIa MOXKET ObITh
UCIIOJIb30BaHA JIJIi YTOUHEHHsSI YCTABOK CpadaThIBAaHUSI TEXHOJIOTMYECKUX 3alIUT Oe3
IIPOBEJCHNS HATYPHBIX UCIIBITAHUN CUCTEM.

4. Metoauka aBTOMAaTUYECKOM KOPPEKTHUPOBKM MapaMEeTPOB JIMHAMHYECKOM
HACTpPOWKH KOMOMHHMpPOBaHHbIX CAY ypoBHEM BOJIbI MOKET ObITh MCIOJIb30BaHa IS
HACTPOUKHU PETYIATOPOB TUIOBBIX KacKaJHbIX CAY, 4TO MO3BOJIUT MOBBICUTH KAYE€CTBO
nojJIep>KaHusl YpOBHS BOJbI B OapabaHe MapoBbIX KOTJIOB U MAPOT€HEPATOPOB.

5. Meroavka OLEHKH BIMSHUS HW3MEHEHUSI KAyeCTBEHHBIX XapaKTEPUCTHK
nepexoAHbIX mpoueccoB KoMOuHuUpoBaHHBIX CAY ypoBHEM BOJbI MOXKET OBITh
ucnons3oBaHa [TIO «bemdHepro» mpu paspaboTke MNporpamMMm MOJEPHU3AIUMU ITHX
CUCTEM C OOOCHOBaHUEM TEXHUKO-DKOHOMHUYECKOW 3(PPEKTUBHOCTH HX BHEIPEHUS
B PecniyOnuke benapycs.
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PI23I0OM?3

Kyxapanka Amnsikcanap MikanaeBid

BoicakasikacHbIs KAMOIHABAHBISA CICTAMBI ayTaMATBhIYHATA KipaBaHHS Y3pPOYyHeM
Ba/bl § 0apadaHe nmapaBbIX KaTJIO0y i mapareHeparapay

KirouaBbisi cj10BBI: y3pOBEHb Bajbl ¥ OapabaHe Karia, kamOiHaBaHas cicTaMa
ayTaMaThlyHara KipaBaHHsS, BBICOKas JbIHAMIYHAS JaKJIaJHACIb, MPAMbBICIOBas
Osictieka, HaA3eHHAaCIb, PKaHAMIYHACIIb, /IayTaBEYHACIIb.

MbsTa mpanpl: pacnpainoyka BbicakaskacHbIX kamOinaBaHbix CAK y3poyHem
BajJibl ¥ Oapabane mapaBbix karinoy [DC 1 mapareneparapay ADC, sikis Aa3BalAIOIb
ICTOTHA TAaJEHIIbIb SIKAClb PITyJsBaHHS 1 MaBbICIL 3QekThiyHacub mpainsl [[DC
1 ADC y mIBIpOKIM JIbISITIA30HE 3MEHBI HArpy3akK.

Meraabl fgaciefaBaHHS | BBIKAPBICTOBAHHAe alcTajsiBAaHHE: SKCIIpAC-
METaJbl  CTPYKTypHA-TIapaMETpPbIYHAM  anThIMI3allbll, TI0pPbIA  1HBAPBITHTHACII.
Acsponnze mparpamMaBaHHs ~— nambipsHHe  Simulink  mparpamnara  makeTa
Matlab 7.8.0.347.

ATpbIMAaHBIA BBIHIKI I IX HaBi3HA:

— QHAMITBIYHBISL  AKCHPIC-METAAbl CTPYKTYpHA-IapaMETPbIYHAN  anTbIMi3allbli
CAK nns ab'ektay 0e3 camaBbIpayHOYBaHHS, SKif YJIIYBAIOb CTPYKTYPY 1 JABIHAMIKY
ab'ekTay 1 KpBITAPHI SKACIl KipaBaHHS, SIKisl Ja3BajslOb CTBapallb KaMOiHaBaHBIS
CICTAOMBI KipaBaHHS,

— MaTAMaThluYHas MaJRJIb alPHKI sAKacil nepaxoaubix mpaipcay CAK y3poyHem
BaJbl ¥ Oapabane mapaBbix katioy [[IC 1 mapareneparapay ADC Ha YaCTKOBBI 1 TOYHBI
CKIJl Harpy3ki Karjla Ha acHOBE JKCHEPBIMEHTAJBHBIX JBIHAMIYHBIX XapPaKTAPBICTBIK
a0'exTa KipaBaHHs 0€3 MPaBSA3E€HHS HATYPHBIX BhINMPAOABAHHSY CICTAM;

— YaThIpbl BapbIAHTHI CXeM BbICakasikacHbIX kamOiHaBaHbIX CAK y3poyHeM Bajbl
¥y ©Oapabane mapaBbix kamioy I[[OC 1 mapareneparapay ADC, sakisg YiiuyBaroIb
MaKCIMaJIbHYIO BEIIUBIHIO POTYJIOIOMIAra Y373esHHs, a TaKcamMa METOJbIKa 1X
napamMeTphIYHall anThIMi3allbli;

— METOJIbIKAa ayTamaThlyHAW KapaKLIPOYKl MapaMeTpay IblHAMIYHAM Hajlaiki
BbIcakasikacHbIX kaMOiHaBaHbiXx CAK y3poyHem Banbl § OapabaHe mapaBbIX KatTjoy
1 mapare”Heparapay y 3ajJeXHacll aJi Harpy3ki, XyTKacii 3MEHbI Y3pOYHIO Bajbl
¥ GapabaHne npbl MyCcKy 1 MayaTKoBara LerjaBora CTaHy,

— METOJIbIKA AaIPHKI YIUIBIBY 3MEHBI SKACHBIX XapaKTapbICTHIK TEPaxOIHBIX
npampcay kam6OinaBaHbix CAK y3poyHeM Banpl § OapabaHe mapaBbIX KaTJIOY
1 mapareHeparapay Ha  TakKa3ublki  OsCIEKi, HaJ3eWHacIll, JayraBedyHacIl
1 PKaHaMIYHAaCIIl Mpallbl IeriasHepreTeiunara adbcransgBanus [[DC 1 ADC.

PrkaMenganbli ma BBIKAPBICTAHHIO i BoOJacub npbiMsHeHHs: J[ITA
«bemnepray, ab'eKThI EIIadHEePreThIKI.
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PE3IOME

Kyxopenko Anekcanap HukonaeBuu

BbicokokauyecTBEeHHbIE KOMﬁI/IHI/IpOBaHHLIe CUCTEMbI aBTOMATHYECCKOI'O
yYunpaBJjJcHUA YPOBHEM BOIbI B 6apaﬁane MapoBLIX KOTJIOB U MaporeHeparopos

KiloueBble cioBa: ypoBeHb BOJAb B OapabaHe KOT/Ia, KOMOMHUpPOBaHHAs
CUCTEMA AaBTOMATHYECKOTO  YINpAaBIIEHUs, BBICOKAas JIMHAMHUYECKAas TOYHOCTb,
POMBIIIIEHHAs] 0€30MaCHOCTh, HAJC)KHOCTh, SJKOHOMUYHOCTD, JOJITOBEUYHOCTb.

Heap padorbi: pa3paboTKa BBICOKOKAUYECTBEHHBIX KOMOMHUpPOBaHHBIX CAY
ypOBHEM BOJIbI B Oapabane mapoBeix Ko™ioB TOC wu maporenepatopoB ADC,
MO3BOJISIOIIMX CYHIECTBEHHO YJIYYIIUTh KAdeCTBO PEryJUpPOBaHUS M IOBBICUTH
sapdextuBHOCTh padoTHl TOC 1 ADC B IIMPOKOM Juana3oHe U3BMEHEHUS Harpy30K.

MeTtoabl uccjieJ0BAHUS W MCIOJb30BAHHAS ANNapaTrypa: 3KCIPECC-METOIbI
CTPYKTYPHO-IIApaMETPUYECKOM  ONTUMHU3alUH, Teopusi MUHBapuaHTHocTH. Cpena
nmporpaMmmMupoBaHus — pacipenue Simulink nmporpammuoro nakera Matlab 7.8.0.347.

IMosy4yeHHbIe pe3y/ibTaThl U X HOBU3HA:

— aHAJIMTUYECKHUE AKCIPECC-METOAbI CTPYKTYPHO-IIApaMETPUIECKON
ontumu3anuu CAY 1is 00beKTOB 0€3 CaMOBBIPABHUBAHUS, YUUTHIBAIOIINUE CTPYKTYPY
U JUHAMUKY OOBEKTOB M KPUTEPHHU KauyecTBa YIIPABJICHHS, MO3BOJISIIOIIME CO37aBaTh
KOMOMHUPOBAHHBIE CUCTEMbI YIIPABJICHUS,

— MaTeMaTU4ecKass MOJIeJIb OLEHKH KaudecTBa MepexoJHbIXx mpoueccoB CAY
ypoBHEM BOjJibl B Oapabane mapoBeix koTiioB TOC u maporeHepatopoB ADC Ha
YAaCTHUYHBIA M TIOJIHBIA COpPOC HAarpy3Kd KOTJIa Ha OCHOBE DJKCIEPUMEHTAIBHBIX
JTUHAMUYECKUX XapaKTepUCTHUK OOBEKTa YIpaBieHUs O€3 MpOBEACHUS HATYPHBIX
HCIIBITAHUN CHUCTEM;

— 4eTbIpe BapuaHTa cxeM KoMOuHHpoBaHHBIX CAY ypoBHEM BOIbl B Oapabane
napoBbix KoTiOB TOC m maporeneparopoB ADC, y4YUTHIBAIOIIME MaKCHUMAaJIbHYIO
BEJIMYMHY PEryJUPYIOMIEr0 BO3JICUCTBUS, a TaKXKe€ METOJUKA MX MapaMeTpUUYecKOn
ONTUMU3AIUY;

— METOJMKA aBTOMAaTHUYECKOM KOPPEKTUPOBKU IMMAPAMETPOB AUHAMHUYECKOMN
HacTpoliku kKoMOumHupoBaHHBIX CAY ypoBHeM BOJsl B OapabaHe TapoBBHIX KOTJIOB
U MapOreHepaToOpoB B 3aBUCUMOCTH OT HArpy3KH, CKOPOCTH U3MEHEHHSI YPOBHS BOJbI
B OapabaHe Mpu MyCKe U HA4aJIbHOT'O TETMJIOBOTO COCTOSIHUS;

— METOJMKA OIIEHKH BJIMSHUS W3MEHEHHMS KAYECTBEHHBIX XapaKTEPUCTUK
MePEXOAHBIX MpoIeccoB KoMOMHUPOBaHHBIX CAY ypoBHEM BoJibI B 6apabaHe MapoBBIX
KOTJIOB M  MaporeHepaTopoB Ha  MOKa3aTeld  Oe30MacHOCTH,  HaJeKHOCTH,
JIOJITOBEYHOCTH U SKOHOMHUYHOCTH pabOThI TEIIOIHEPreTHIecKoro obopyaoBanus TOC
u ADC.

PexoMenmanuu mo HMCHOJABL30BAHUI0 M 00gacTb mnpuMmeHenusi: [T110
«bemHepro», 0OOBEKTHI TEMIOAHEPTETUKH.
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SUMMARY

Alexander N. Kukhorenko

High quality combined automatic water level control systems in the drum
of steam boilers and steam generators

Key words: water level in the boiler drum, combined with automatic control
system, high dynamic accuracy, industrial safety, reliability, efficiency, durability.

The aim of research: development of combined automatic water level control
system in the drum of steam boilers of Thermal Power Plants and steam generators
of Nuclear Power Plants which allowing to improve the quality of regulation and
increase the efficiency of their work in a wide range of load changes.

Research methods and equipment used: express methods of structural-
parametric optimization, invariance theory. Programming environment—extension of the
Simulink software package of Matlab 7.8.0.347.

Findings and their novelty:

—analytical express-methods of structural-parametric optimization of ACS
for objects without self-leveling, taking into account the structure and dynamics of
objects and management quality criteria, allowing to create a combined control system;

— mathematical model for assessing the quality of transient processes of ACS
water level in the drum of steam boilers of Thermal Power Plants and steam generators
of Nuclear Power Plants for partial and full load shedding of the boiler based on
the experimental dynamic characteristics of the control object without conducting full-
scale tests of systems was developed;

—four variants of schemes of high-quality combined ACS water level
in the drum of steam boilers of Thermal Power Plants and steam generators of Nuclear
Power Plants, taking into account the maximum value of the regulatory impact were
developed, as well as the method of their parametric optimization;

—method of automatic adjustment of the combined ACS dynamic control
parameters water level in the drum of steam boilers and steam generators depending on
load water level speed changes in the drum at start-up and the initial thermal state;

— method of assessment the impact of changes in the qualitative characteristics of
transients combined ACS by water level in the drum of steam boilers and steam
generators on the safety, reliability, durability and efficiency of thermal power
equipment of Thermal Power Plant and Nuclear Power Plants was developed.

Recommendations for use and scope: SPA «Belenergo», objects of heat power
engineering. -
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