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BBILIEHMM KOTOPOM TIyOYyaThlii TUTAH 3arps3HsETCS
MPUMECSIMU XeJjie3a BCAeICTBUE UX Tepexoia U3 Ma-
Tepuaja CTEHKU peakTopa uepe3 ra3oBylo a3y Ter-
paxjiopuja TUTaHa. 3a BEPXHUI Tpeaea AOMyCTUMON
TeMIIepaTyphbl Mpoliecca cenapauuu MNPUHUMAETCs
1050 °C, mpu npeBBILIEHMM KOTOPOMl HPOMCXOIUT
3arpsi3HeHME TyO4yaTOro THUTaHa IPUMECSIMM XKele3a
BCAeACTBUE UX Audy3un U3 MaTepuaaa CTEHKU pe-
aktopa. O0bEeKTaMM YIPaBICHUST CIYXKAT 30HBI Ha-
rpeBa U 30HbI IK30TEPMUUECKOUN peakluu armnapaToB
BOCCTaHOBJICHMSI, 30Hbl HarpeBa armnapaToB BaKyyM-
HOH cenapaluu, TeMrepaTypa KOTOPbIX MOJIEpXUBa-
€TCsl Ha 3aJIaHHBIX YPOBHSIX MHOTOKAHAaJbHBIMU JIBYX-
MO3ULIMOHHBIMU peryasitopamu [1].

B 1npou3BOACTBEHHBIX YCIOBMSIX TeMIIEpaTypHbIi
PEXUM TMPOLIECCOB BOCCTAHOBIICHUSI U BAKYYMHOM Ce-
napaiyu oOecreuyrnBaics SKCIEePUMEHTAbHBIM 10/~
0OpOM 3aJaHUIi PEryIsiTOpaM TEMIEPATYPbI YKa3aHHbIX
30H anmaparoB. B nepBbIx paboTax Mo MHTeHCUdUKa-
LIMM TMPOLIECCOB 3afaHusl PEeryjsiTopaM TemIlepaTypbl
30H Harpesa M 30H AK30TEPMUYECKON peakiMu amrma-
paToB Ha3HAYAJIUCh 3HAYNUTEJBHO HAXKE MAKCUMAaIbHO
JornyctuMbix 3HaueHuit — 800 °C mist mpouecca Boc-
craHoBieHust u 960 °C mis mpoliecca cenapalmu, 4YTo
CHIXAJIO TEXHUKO-3KOHOMMWYECKUE M0Ka3aTesIv Mpo-
M3BOJCTBA TybyaToro Turana [5, 6].

B cioxwuBiieiics cuTyaluu 3agaya MHTeHCUdUKa-
LIMY TIPOLIECCOB COCTOSLIA B pa3pabOTKe TaKOro yrpaB-
JIEHUSI, KOTOPOE TO3BOJISITIO ObI MOAAEPXUBATH TEM-
MepaTypHbIi peXUM Ha MaKCUMaJIbHO TOMYCTHUMOM
ypoBHe. C MOMEHTa OpraHU3alv U B TEUEHUE BCETO
BPEMEHU MPOU3BOACTBA T'y0YaTOro TUTaHa IMpobdiema
MHTEeHCU(UKALIMK MPOLIECCOB BOCCTAHOBJIEHUSI U Ba-
KYYMHOU cernapalyu CBsi3aHa C M3y4yeHUEeM Mpolec-
COB KaK OOBbEKTOB YITPABJICHUS Y COBEPIIIEHCTBOBAHU-
€M CHCTEM HMX aBTomaTu3aluu. Ee pelieHue ociox-
HSIJIOCh TE€M, YTO HAa3BaHHbBIE IPOLECCHI SBISIIOTCS
00BbEKTaMU yNpPaBJIE€HUS C HEOINPEAEIEHHBIMU TMHA-
MUWYECKUMU MapaMeTpaMu, KOTOPbI€ B YCIOBUSIX MPO-
WU3BOJICTBA M3MEHSIIOTCSI B HEKOTOPBIX mpenenax [2].
s a3¢pdekTUBHOro yrpaBieHUs TAKUMU 00beKTaMU
B HACTOsIIIIe CTaTbe MPeAIOXeH poOaCTHBIN MOIXO,
obecrneynBaloluii rapaHTUPOBAHHOE MOAJepXKaHUE
MaKCHMaJIbHO JOMYCTUMOIO TEMIIEPATYPHOTO pexXruMa
MPU U3MEHEHUU HEOoMpeaesIeHHBIX MapaMeTpoB 00b-
€KTOB B 3aJlaHHbIX JuarnazoHax. PaccMOTpeH 3BOJIIO-
LIMOHHBIN MYTb pellieHus MpobyieMbl UHTEHCU(DUKA-
LMY, TpeaycMaTpuBalolvii pa3paboTKy Ha OCHOBE
UHTEPBAJIILHOM NUHAMMYECKON MOAEIU METOAOB PO-
0acTHOTrO yIpaB/ieHUsI TEMITEPATYPHbIM PEXUMOM TTPO-
IIECCOB BOCCTAHOBJICHUSI M BaKyyMHOWM cenapaiuuu u
HX TIPaKTUYECKYIO peaqnu3alliio Ha pa3HbIX 3Tanax aB-
TOMaTU3allMy MPOU3BOICTBA I'yOUAaTOro TUTAHA C TPU-
MEHEHUEM MalllMH LIEHTPAJIM30BAaHHOTO KOHTPOJIS,
YIPaBISIONIMX BEIUYMCIUTEIbHBIX MAILIMH, MUKPOIIPO-
LIECCOPHBIX KOHTPOJIJIEPOB M KOMMbIOTEPOB [2, 7, 8].

1. MOAENb AMHAMMWKM NPOLECCOB
BOCCTAHOBJIEHWA U BAKYYMHOW CENAPALMKA

PaccmoTpum Momenb IMHAMUKHU TIPOLIECCOB, TTPO-
TEKalOlIMX B CUCTEME MHOIOKAHAJIbHOIO IBYXIO3H-
LIMOHHOTO peryJupoBaHMsI TeMmepaTtypsl [9].

Beengem nmoHsiTME 00001IEHHOTO HECTAIIMOHAPHOTO
oobekTa ynpasieHus (OHOY), noa koTopbiM noapa-
3yMEBAlOT 30HY HarpeBa, 30HY 9K30TepPMUYECKOI pe-
aKIIMM arrapara BOCCTAHOBJICHMS WJIM 30HY Harpesa
anmnapara cenapauuu. Peaasubiit OHOY nipencraBieH
HeCTallMOHAPHBIM OOBEKTOM C CAMOBBIPABHUBAHUEM,
OnuchiBaeMbIM IUbGbepeHIMaTbHbIM YPAaBHEHUEM C
nepeMeHHBIMU KO3 (ULIMEHTAMU:

02D + 50 = Kytr = <] = 20} (1)

rae y(f) — BbIxogHas BenuuuHa (temreparypa) OHOY;
x(f) — BXoAgHasl BeJIMYMHa (MOIIHOCTb HarpeBa WJu
oxnaxaenus) OHOY; T (9), K,(1) u t(f) — mocTosIH-
Hasl BpeMeHU, KO3(DOUIIMEHT YCUIICHUST W BpeMs 3a-
nazaeiBaHuss OHOY; z(f) — HEKOHTpoIMpyeMoe BO3-
Myllaloliee Bo3aeicTBue, oA KOTOPbIM TMoapasyMe-
BalOT M3MEHEHWE TEIJIOBBIX MOTeph 30HBI Harpena,
W3MEHEeHHE TeTula 30HBI SK30TePMUUYECKOM peakiinu
armnapara BOCCTAaHOBJICHMSI, U3MEHEHHUE TeIia, MoT-
pebisieMoro 30HOM HarpeBa allliapaTa cerapaiuy Ha
WCTapeHne M3 TUTAHOBOW T'YOKM MarHusI U XJIOpHIa
MarHusl.

YnpasjieHue mpolieccaMyd BOCCTAHOBJIEHUSI U Ba-
KYYMHOI1 cenapaluu COCTOUT B JAaHHOM cJly4yae U3 psi-
Jla TUTIOBBIX HECTAIIMOHAPHBIX HEJTWHEITHBIX (IBYXITO-
3ULIMOHHBIX) CUCTEM PETYJIMPOBAHUSI TEMIIEPATYPHI.
Kaxmast u3 Takux CUCTEM pEryJMpoOBaHUSI COCTOUT U3
OHOY, Ha BX0J KOTOPOTO BO3AENUCTBYET HEKOHTPOJIU-
pyeMoe Bo3MmyllieHue Z(f), 1 MHOTOKaHAJIbHOTO JBYX-
no3uunoHHoro peryistopa (MAP) (puc. 1), dyHk-
I KOTOPOTO BHITIONHSIET MAaIllMHA IIEHTpaIN30BaH-
HOro KOHTpoJs [7].

z(t)

x(7) e

(o) )

OHOY

0[]

Fy

Vs

M/IP

F

Puc. 1. TumoBas cTpyKTypHasi cXeMa MHOTOKAHAJILHOTO JABYXIO3H-
IHOHHOTO PETYJIMPOBAHMS TEMIEPATYPbI MPOLECCA BOCCTAHOBJIEHHUS
(cemapanun)
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BximioueHreM M BBIKJIIIOUCHUEM BXOMHON BEJIMYM-
Hbl x(f) M/IP nognepxuBaeT BEIXOAHYIO BeTUUUHY J(7)
OHOY Hna 3aaHHOM YpOBHE y, B COOTBETCTBUH C aJl-

TOPUTMOM:

x(f) ipu y(f) <y,— Ay, u
V= Ay < y(H) <y, +Ayy, y'(1) >0,
0 mpu y(7) >y, + Ay, u

oly(] =

V= Ay < Y(H) <y, +Ayy, y'(1) <0,

yo=y¢DuopnyT<t<(y+DT,y=12, ..,

rae y(f) — KBaHTOBaHHas 110 BpeMEHHU BbIXOAHAS Be-

auunHa OHOY, o[y (1)] — BbixogHast BenuurHa M/IP,
2Ay,, — 30Ha HeuyBcTBUTENIBHOCTH MIIP, ¥ (f) — CKO-

POCTb U3MEHEHUS BLIXOAHOW BEIUYUHBbI, T — WHTEp-
BaJl KBAHTOBAaHUS TI0 BPEMEHU.

Takum o06pa3oM, TIpU TOAKITIOYSHUN BXOMTHOM Be-
nuuuHbl x(f) Ha Bxoge OHOY peiicTByeT pa3HOCTh
x(1) — z(f), npu ee oTkmoyeHuu noseaeHue OHOY
OMpEAESIETCS BO3MYLIAIOLIMM BO3AeUCTBUEM Z(7).
CucreMa peryJMpoBaHus Ipy 3TOM pabOTaeT B pexku-
M€ aBTOKOJIeOaHWI, TTapaMeTphl KOTOPBIX MCTIOJb3Y-
I0TCS A1s pelleHus 3agauu uneHtudukauuu OHOY
1 onpeneieHus sHadeHuid BenmauH 1(7), Ky(7), t(?)

u z(f) B ypaBHeHuu (1).

2. KAYECTBO PEr'YNIMPOBAHUA TEMNEPATYPbI
O6bEKTA YNPABJIEHUA

9

¢ukanum (B TeUeHHUE Iepuoda aBTOKOJICOAHUI TEM-
nepatypsl) [9]:

T4+ T
Ay = Kyr (x = z)[l - exp(__"ﬂ T dﬂff_] } +

+
Toﬁr Td.oﬁj ’ (2)

+ Ay exp ( T

re Ay ,, — aMIUIUTY/A [OJIO0XUTEIbHOTO OTKIOHEHNSI
TEMIIEPATYPBI OT 3aJaHHOTO 3HAYCHMUS Y, T, — BPEMsI

zanasabiBaHusi OHOY 1nipu oTKIII0ueHUU BXOIHOM Be-
JIMYUHBL X(1), T, off — AOTIOJIHUTEJILHOE BpEMs 3aras3-

nbiBaHust MJIP npu ee oTKJItOUeHUM.
Kax BumHO u3 BbIpaxkeHus (2), pu 3aJaHHBIX X,
Ay, BelM4MHA Ay, |, 3aBUCUT OT IMHAMHYCCKUX Mapa-

MeTpoB, Bo3myuieHuss OHOY u BpeMeHM HOIIOJHU-
TeJIbHOTO 3amna3abpiBaHusl MJIP, KoTopble N3MEHSIIOTCS
B HEKOTOPHBIX TIpeeaxX B X0/Ie IMPOLECCOB BOCCTAHOB-
JICHUSI M BaKyyMHOU cemnapalyu, a Takxke 3HauuTesIb-
HO pa3inyaroTCs B MPOMBIIUIEHHBIX anmaparax nepu-
OIUYECKOTO OeHCTBUS. DTU OOCTOSATEIbCTBA 3aTPY/-
HSIIOT OTHO3HAYHYIO OLICHKY BEJIMYMHBI Ay, TAK KaK

nocjenHss sBaseTcss ¢GyHKUMEH YKa3aHHBIX Iepe-
MeHHbIX [11]:

o (D) T T o5t
Ay = Ky(Dlx =~ (0] {1 - exp[—z%(—)n +

Toﬁ(t)Jer.oﬁ(t)] (3)

+ Ayoexp (— To 0

B obiiiem ciydae npu pazpadoTKe CUCTEMbI MHO-
TrOKaHaJIbHOT'O JBYXITO3ULIMOHHOTO PEeryJMpOBaHMS Ka-
YeCTBO €€ pabOThl OLIEHUBAIOT 10 MAaKCUMaJbHON aM-
IUTATYJEe OTKJIOHEHMS BBIXOTHOM BEJIMYMHBI OT 3aaH-
HOTO 3HAYeHUsI, KOTOPYIO OIpPEAEIsIIOT ¢ MOMOIIbIO
AHAINTUYECKNX COOTHOIIEHUI IO TpeaBapUTETHLHO
3alaHHbBIM TUHAMMYECKUM IlapaMeTpaM CTallMoHap-
HOTO OOBEKTa YIIPaBICHUSI. DTO OOBSICHSIETCS TEM,
YTO TPU PETryJUPOBAHUU TEXHOJOTUYECKUX MapaMeT-
POB B YCJIOBHUSIX MPOM3BOACTBA HEJOMYCTUMO KaKoe-
OO OTKIIOHEHUE WX 3a TIPEeIesTbl 3aaHHBIX TEXHOJIO-
ruyeckux pexumosn [10].

B Hamiem ciyyae mpakTUYeCKU WMHTepec Ipea-
CTaBJIsIeT MaKCMMaJIbHO BO3MOXHAsI aMIUTUTY/a MOJI0-
KUTEJbHOro oTKiI0HeHus TeMiiepatypbel OHOY or 3a-
JTAHHOTO 3HA4YeHMsI, XapaKTepuaylollas pasMep Ipe-
BBILIIEHUSI PEryJupyeMoil TeMrepaTypoil 3aJaHHOTO
3HAYEHMS. AHATUTUYECKOE BBIpAKEHUE IS €€ OIIeH-
KU MOJIy4eHO U3 ypaBHeHUs (1) B MpearnosokeHUu o
kBazucTtaumoHapHoctu OHOY Ha uHTepBaje UaAeHTU-

3. HHTEPBAJIbHAAl MOAENb AUHAMUKH
OBbLEKTA YNPABJIEHUA

MznoxeHHoe JaeT OCHOBaHME paccMaTpuBaTh
OHOY kak 00beKkT peryJupoBaHUs C UHTEPBAIbHO-
HeOoIpeaeIeHHBIMU MMapaMeTpaMu, a CUCTeMY MHOTO-
KaHaJIbHOTO ABYXIO3UILIMOHHOIO PEryJIMpOBaHUs TEM-
neparypsl OHOY — Kak MHTepBaJIbHYIO CUCTEMY aB-
TOMAaTUYECKOro peryiupoBanus [12, 13].

Hnst uccnegoBaHUsl UHTEPBAJBHOW CUCTEMBI YII-
paBJIeHUS] TIPUMEHSIIOT POOACTHBIM TMOAXOMA, Mpemyc-
MaTpHUBAIOLIMI aHaIU3 poOACTHOTO KayecTBa ISl OIl-
peaeseHUs] HaUXyIILIUX MToKa3aTeeil KayecTBa CUCTe-
Mbl TIPU HM3MEHEHUM MHTEPBAJIbHBIX IMapaMeTpPoOB B
3alaHHOM JIMarna3oHe, U pa3paboTKy METOIOB CUHTE3a
pOOACTHBIX PETYJIITOPOB, OO0eCneYnBarOIUX rapaH-
TUPOBAHHOE MO OMNpeaeIeHHOMY KPUTEPUIO KauyeCTBO
paboOThI CUCTEMBI IIPU JIIOOBIX 3HAYEHUSIX apaMeTPOB
00beKTa ynpaBJeHUs] U3 U3BECTHBIX UHTepBaioB. Ka-
4YeCTBO PabOThl CUCTEMbI OOBIYHO OLIEHMBAIOT IO pa3-
Mepy MaKCUMaJIbHOW OIIIMOKHY peryJupoBaHUsI B Hau-

NPOBJNEMbI YNIPABJIEHHA N°6 2016
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0oJ1ee HeOIaronpUsITHLIX YCIOBUSIX (PYHKIIMOHUPOBA-
HUSI cucTteMsl [14].

Hns peanuzauuu podacTHOro mojaxojaa Tpedyercs
oInucaHue 00ObeKTa B BUJIC MHTEPBAJIbHOM TMHAMUYEC-
KO Mojesiv, o0ecleuyuBalolleil CUMHTe3 alropuTMOB
rapaHTMpoOBaHHOTO yrpasjeHus. [Ipeanonaraercs, 4to
HEM3BECTHBIE 3HAYEHMSI IMapaMeTPOB OOBEKTa JiexKaT
BHYTPM HEKOTOPOTI'O M3BECTHOTO MHTepBaia [15].

B pesynbraTe peluieHus 3agayd UACHTU(UKALIN
MOJly4eHbl MHTEepBaJbHble 3HAYCHUS OUHAMUYECKUX
mapamerpoB OHOY [16]:

™ < Ty(n < T (4)
KM < Ky() < K™ (5)
M < 1(r) < T (6)

OmnpeneneHbl HauboJjiee HeOJaronpusTHhie (Hau-
Xy[llKe) coYeTaHUsl 3HAYCHUN ATMHAMUYECKUX Mapa-
MetpoB OHOY u3 mnanazona (4)—(6), mpu KOTOPHIX
B CUCTeME MMeeT MECTO HauOoJibllasl OIIMOKa pery-
JIUPOBaHUSI TEMIEPATyPhl.

ITokazaHo [17], 4TO /ISl TIPOMBILIJIEHHBIX HecTa-
LIMOHAPHBIX CTaTUYECKUX OOBEKTOB MEPBOTO IOPSII-
Ka Hauxyjllee coueTaHue COOTBETCTBYET 3HAUCHUSIM

min max max
To N 0 nrt .

IToncTaHoBKOI yKa3zaHHBIX 3HAYEHUI MMapaMeTpoB
B ypaBHeHue (1) moayyeHa MHTepBajabHasl MOJEb 1~
Hamuku OHOY, nosBoJsioiasl ycTaHOBUTh BO3MOX-
HbIC TPAHULIBI U3MEHEHUS AY . 3anuiiem ypaBHeHue

(1) B Bume:

1y D 4y = K (xte— <) = 20l ()

OHo onuchIBaeT AMHAMUKY B HaUXyA1IeM (B CMBIC-
Jie HarOOoJIbIIEro 3HAYeHMS MOJIOXKUTEJIbHOTO OTKJIO-
HEeHUs TeMnepaTypbl) pexuMme paborsl OHOY 00b-
€KTa YIIpaBJIeHUS U CIYKUT OCHOBOM IIJISI CHHTE3a Ta-
PaHTUPOBAHHOTO YIIPABJICHMSI €ro TeMIlepaTypHbIM
PEKUMOM.

AHaJIOTMYHO MOXKHO 3arucaTh ypaBHEHUE, OMMChI-
Batolee fuHaMuky OHOY mist Haunyyiero (B cMbIC-
Jile HAMMEHBIIIETO 3HAYEHMST TTOJI0XUTEILHOTO OTKIIO-
HEHUS TeMIIepaTyphbl) pexXruma:

TOmax d[):j(tl‘)] + () = Komin[x(t _ Tmin) —-z(0]. (8)

4. AHAJIN3 POBACTHOI0 KAYECTBA PEIYJINPOBAHUA
TEMNEPATYPbI O6bEKTA YNPABJIEHUA

Bocnons3yemcst MHTEpBaIbHOM MOJIEITBIO JIJIST OLIEH -
KW HaMXyIIIero KauecTBa peryJIupOBaHMs U OIpee-

JIUM BO3MOXHBIN OWamna3oH WM3MEHEHUS TIOJIOXU-
TeJIbHOro OTKJOHeHus1 Temneparypsl OHOVY. Ilpu
pacyeTrax KauyecTBa peryanpoBaHusi BHocuMoe MJ/IP
JTOIOJTHUTEIbHOE 3ara3ablBaHue TPUHUMAIOT paBHBIM
MaKCUMaJIbHOMY — MHTepBajly KBAHTOBaHMUS 1O Bpe-
menu T [10].

B cuny ypaBHeHuii (7), (8) u coorHoueHus (3),
noJyaras <, . = T, 3anuileM aHaTUTUYECKUE BbIpaxe-

HUS [UIS ONPENECNICHUS 3HAYCHUM ITOJIOXUTEIBHOTO

HX
OTKJIOHCHWUsI TeMIIEPaTypbl B HAUXYILIEM (A1) (2)) U

HJI
HamydieM (Ay 4 (z)) pexumax GyHKIMOHUPOBAHMUS
OHOY:

max+ T
Ay (0 = K™ [x = z(t)](l —exp[—”f;—jj +

min

0
max
T + T
+ Ay,exp [Oﬂ——j,

3anuilem 3Tu BbIpa>X€HHUA B BUIC:

min

HX _ pmax,_ T:;;X"' T
Ay (@) = Ky (x —2)| I —exp ——T— +
0

min
0

max + T
+ Ayoexp(—r—"ﬁ : j e
. min + T
T,
0
min + T
+ Ay,exp (Tff—j . (10)

max
0

TakuM obGpa3oM, OTKJIOHEHUST TemIiepatypsl (9) u
(10) 3aBucaT ot Bo3Myl1uatouero Bozaeicteust OHOY.

B xauectBe npumepa OHOY paccmorpuM 30HY Ha-
rpeBa MPOMBIIILIEHHOTO amnrmapaTa BaKyyMHO# cera-
pauuu. Ha puc. 2 npuBeneHbl rpadukyd U3MEHEHMSI

Ay% (2) m Ay (z), IOCTPOEHHBIE IO COOTHOLICHUSIM
(9), (10) pist MHTEpBATLHBIX 3HAYECHWIA: T Omin =760 c,
T"™ =840 ¢, K;"" =2,1°C/kBr, K;™ =2,5 °C/KBr,

™" =22 ¢, 7" = 28 ¢. U3BeCTHBI MOILHOCTb HArpe-
Batens (x = 130 xBt), nuana3oH M3MeHEHUs] BO3MY-

14

CONTROL SCIENCES N°6 2016

Trs



é pb0616.fm Page 75 Wednesday, November 23, 2016 11:23 AM

%

YMPABJTEHWE CITOXXHBIMIA TEXHONOM MYECKIMIA MPOLECCAMIA N TPON3BOACTBAMU

Ay!3(2), °C
Ayl (2), °C 1
30]
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Puc. 2. V3veHeHHe NOJIOKHUTEIBHOTO OTKJIOHEHHS TeMIEPaTypbl

OHOY B MHOTOKaHAJIbHO# IBYXTIO3HIMOHHO# cucteme: [ — A yﬁ) (2);

werust (2™ = 10 kBr, 2™ = 100 kBr), napamerpsl
MJIP temnepatypsr: Ay, = 2 °C, T'= 60 c.

JlnanasoHsl M3MEHEHHsI OTKJIOHCHMA Ay}, (2),
Ay, (2) cocrasstior cootBetcTBeHHO 10,03—34,78 °C

u 8,1—27,0 °C. OueBUIHO, YTO BEITMYMHA Ay?fr() (2) aB-

JIIETCS TapaHTUPYIOIIEH OIICHKOM MaKCUMaJIbHO BO3-
MOXHOTO OMAaItla30Ha M3MEHEHUs IIOJOXUTEIbHOTO
OTKJIOHEHMSI TeMIIepaTypbl B TOM CMBbICJIE, YTO IIPU
JIOGOM ZIPYroM BBIOOpE MTMHAMUYECKUX MapaMeTpOB
JIMarna3oHoB u3 (4)—(6) 1Mana3oH U3MEHEHUS OTKJIO-

HX
HEHUsT TeMIepartypsl Oyznet He Gosblie, YeM Ay ;) (2).

HX
Takum oGpasom, BenuuMHa Ay, (7) Xapakrepusyer
Hauxy/auee (yHKIMOHUPOBaHWE 0ObEKTa YIIpaBIeHUS.

5. CHHTE3 POBACTHOI0 YNPABJIEHWA
TEMNEPATYPHbIM PEXXUMOM OBBEKTA YNPABJIEHUA

Bo BmemeHum oTMevasoch, YTO JISI MHTEHCH-
(pmKkam BocCTaHOBIIEHUS M BaKYYMHOU ceTmapamuu
HEeoOXOIMMO TeMIIePATyPHBIN PEXXUM ITPOIIECCOB MO -
JIepPXKMBaTh HAa MaKCUMAaJIbHO HOIYCTUMOM YPOBHE.
[IpakTHUecKast pealn3asl TAKOTO YITPaBJICHUS OC-
JIOXKHSIETCSI HAJTMUKMEM B UHTepBaibHOM Monenn OHOY
HeoMpeaeIeHHbIX JMHAMUYECKUX TTapaMeTpOB U BO3-
MYILEHUSI, 3HAY€HUsI KOTOPbIX U3MEHSIIOTCS [0 HEU3-
BECTHBIM 3aKOHAM BHYTPM M3BECTHBIX WHTEPBAJIOB.
JIst pellieHusI 3TOK MpoOaeMbl peaiaraloTcss METOIbI
CHMHTe3a poOaCTHOTO YITPaBJICHUS TeMITEPaTypHBIM pe-
KUMOM, O00€CIIeYMBaIOIIEro TapaHTUPOBAHHOE TIOM-
JIepXKaHKe MaKCUMAaJbHO OOMYCTUMOI TeMIlepaTyphbl
00BbeKTa YIIPaBICHMS MPU JIIOOBIX U3MEHEHMSIX HEOII-
pelesIcHHBIX TTapaMeTPOB B Mpeaeax N3BeCTHBIX MH-
TEpBaJIOB.

%

Taxoit moaxom OCHOBBIBAeTCS Ha KOHIIETILIMU Ta-
paHTUpyeMoro (MMHUMAaKCHOIO) yIpaBeHUs, TIpe-
roJjiaraloieil J1OCTUXXEeHHWE Hauydllero pesyjabTaTa
MPU HAMXYALIMX COYETaHUSIX HEOoMpeaeJeHHbIX (hak-
TopoB [14, 18]. Ee nmpuMeHeHre MO3BOISIET IPUIATD
MJIP pobacTHbIe CBOMCTBA IJisI TTOAEPKaHUSI MaKCH -
MasibHO gomnyctuMoit Temmnepatypsl OHOY, Kotopbie
00ecreynBarOTCs UCTOIb30BaHUEM 3HAYCHUST BEIMYH-

HbI AY(+ (2) B KQU€CTBE rapaHTHPOBAHHOTO KPUTEPHSI

OLIEHKU pabOThl MHOTOKAHAJIbHOM JBYXIMO3ULIMOHHOMN
CUCTEMBI. 3aJaya CHHTe3a poOACTHOTO YIIpaBIeHUS
3aKJII0YaeTCs B JAHHOM Cllyyae B HAXOXIEHUU TaKOTO
3a[]aHHOTO 3HAYEHUsI TEMIIEPATYPhI Y, (CM. puc. 1), Ko-

TOpPOE TapaHTUPOBAJIO OBl IOAACPXKAHNE MAKCUMAITb-
HO gonyctuMoit temriepatypsl OHOY nipu Hanuuuu
B MHTEPBAJbHOW MOIEIM HEOIpeAeJIeHHBIX (haKTo-
poB. B Takoil mocTtaHOBKe 3amayu 3agaHHOE 3Hade-
HUE TEMIIEPATYPhl Y, PACCMATPUBAETCS B KayeCTBE

rapaHTUPYIOLLETrO YIpaBAeHUSI TeMIOepaTypHbIM pe-
xumoM OHOY.

Kak yxxe ormeuanock Bo BBemeHUM, T pelicHUS
9TOM 3amayd TPUMEHEH SBOJIIOIMOHHBIN TTOAXOM K
pa3paboTKe M BHEAPESHMUIO POOACTHOIO YIpaBICHUS
TEMIIEPATyPHBIM PEXUMOM ITPOIIECCOB C YIETOM CJIO-
JKUBILEHCSI MPaKTUKU CO3JAHUSI CUCTEM aBTOMAaTH3a-
LIMY TIPOM3BOJICTBA Ty0YaToro TuTaHa. DPp@PpeKTUBHOCTH
po06acTHOTO yIIpaBIeHMUS OIICHUBAJIACh YPOBHEM rapaH-
TUPYIOLIETO 3aJaHHOTO 3HA4Y€HMs TEMIIEPATYpPbl

KOTOpPbIi B 3HAUYUTEJbLHOM CTEIIEHU OMNPEACIsICS
BO3MOXKHOCTSIMM TIPUMEHSIEMBIX [JISI aBTOMATU3aLUU
TEeXHUYECKUX M IIPOrpaMMHBIX cpeiacTB. Hamee pac-
CMOTPEHBI METOJbI CUHTE3a POOACTHOIO yIpaBICHMS,
o0ecIeunBalollero MHTeHCU(UKALUIO IMPOLIECCOB BOC-
CTAaHOBJICHMSI M BaKyyMHOWM cemapanuu Ojgarogapst
MOBBILIEHUIO TAPAHTUPYIOLLETO 3aJaHHOIO 3HAYECHUS
TeMIIEPATypbl y, Ha PasHBIX dTalax aBTOMATU3ALUU

IpoOn3BOACTBA I'Y6‘13.TOFO TUTaHa.

5.1. TapanTupylowee ynpasnenne TemnepaTypoi
06beKTa B MHOroKaHanbHoil ABYXNO3ULMOHHO
CUCTEME perynupoBaHua

IlepBBIe MccIemoBaHUS POOACTHOTO YITPABICHUS
MPOBeIeHBl B MHOTOKAHAJIBHOM IBYXITO3MIIMOHHOMN
cucteMe peryaupoBaHus Temneparypsl OHOY, pea-
JIN30BaHHOI Ha OCHOBE MAIIMHbBI LIEHTPaIN30BaHHO-
ro KoHTpoJs1 (cMm. § 1). Ha aTom sTane aBroMaruzauuu
3amaya COCTOsIa B OMNpEIeICeHUM TapaHTUPYIOIIETO
3alaHHOTO 3HAYEHMsI TEMIIEPATYPhl y, B YCIOBHMSIX,
Koraa Bo3MyllieHre Z(f) HeAOCTYITHO JJIsi U3MEpPeHus,
M3BECTEH AMAITa30H M3MEHEHUS BO3MYIICHUS.

st BemeHUs B ONTUMANTBHBIX PEeXXUMaX TEXHOJIO-
TMYECKUX TIPOIIECCOB IMMPOM3BOACTBA IyOUaTOTO THUTA-
Ha TpeOyeTcs MpeaBapuTeIbHOe OIpeneieHue MaKCH-
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= 1

MaJbHOIO 3agaHHOro 3HayeHus temiiepatypsl OHOY,
KOoTOopoe Ha3zHavaT B MIP nepen HauaaoM TEXHOJIO-
T'MYECKUX TPOLIECCOB M COXPaHSIOT HEM3MEHHBIM B
TeUeHue MPOLECCOB. 3alulleM JJIs 3TOro ciy4dasl yc-
JIOBME MOJAePKAHUS MAaKCUMAJIbHO TOITYCTUMOMR TeM-

nepatypsl y, B Bune y, + Ay, (z) = y, u onpeenum
3aJlaHHOE 3HaueHue TemIiepaTypsl [19]:

¥, =y, — A5 @) (11)

D70 3HAYECHHE ONPEENAETCs BEMMIMHON Ay (2),

KOTOpasi, B CBOIO OYepelb, 3aBUCUT OT BO3MYILAIO-
1ero Bo3aeucTBus. I1lpu BeIOOpe 3agaHHOIrO 3Haye-
HUsI HEOOXOIMMO YUYUTHIBaTh HauMOOJIblllee 3HAYCHUE

A y?ff) (2) B M3BeCTHOM IMana30He U3MEHEHUS BO3MY-
1eHKs. B mprBeaeHHOM BEIIIIE IPUMEPE OHO COCTaB-

nstet 34,78 °C mpu 2" = 10 kBr. B aToM ciyuae hop-
Myay (11) MoXHO 3amucaTh B BUIE

¥y =y, — AV @™, (12)

BrinonHenue cootHoeHust (12) o3HayaeT, 4To pe-
TyJaupyeMasi TeMIlepaTypa He IPEBBICUT YCTaHOBIICH-
Horo orpaHuueHus. CjeaoBaTe/IbHO, pACCUUTAHHOE 10
3TOMY COOTHOLIEHMIO 3HAYEHME Y, MOXHO paccmar-

puBaTh B KauyeCTBE TapaHTUPYIOLIETO YIIPaBICHUS
TemreparypHbiM pexumoM. Ilpu y, = 1050 °C rapaH-

TUpYIOllee 3amaHHoe 3HaueHue cocrapusier 1015,22 °C.

5.2. FapanTupylowee ynpaBnesume
Temneparypoii 06LexTa B cucreme
¢ ObicTpOAEACTBYIOIMM PETYNATOPOM

HanbHeiilee MOBBIICHWE 3amaHHOTO 3HAYCHUS
temrepatypel OHOY pocturHyro Gaaromapsi paspa-
0GOTKE METOHOB YIpaBlieHUs, MUHUMU3UPYIOIINX Be-

HX o
JMYMHY Ay, (2). Kpurtepuii kauecTBa ynpasieHus J
npeacrapaeH B padote [20]:

J = max[Ay, (2)] - min. (13)

Paccmorpum ynpasienune OHOY, ynosineTBopsiio-
mee TpedboBaHuio (13) 1 ocCHOBaHHOE Ha ITOBHLIILICHUN
ornicTponeiictBust MJIP temneparypsl. Kak u paHee,
MpeanojaraeTcsi, 4YTo AUara3oH U3MEHEHUSI BO3MY-
IIEHUST U3BECTEH.

B mMeTasmypruyeckoM 1iexe OJHOBPEMEHHO paboTa-
IOT HECKOJILKO JIECSITKOB allliapaToB BOCCTAHOBIICHUS
1 BaKyyMHOI1 cenapauuu. B KaXIoM 13 HUX UMEIOTCS
TpU U OoJiee 30H HarpeBa. B ammapare BoccTaHOBIe-
HUSI, KpOM€ TOro, MMeeTCsl 30Ha 3K30TEPMMUYECKOM
peakuuu. Kaxnpiii kaHan MIP obciyxuBaer oauH

OHOY. BeanuuHa A y?i‘) (2) B 3HAUUTEIBHON CTENEHU
3aBUCUT OT MHTEpBaJia KBAHTOBAHUS I10 BpeMeHU 7,

AV (2), °C
25

20

15

10

5

0 20 40 60 80 100 z, kBt

Puc. 3. Vi3MeHeHHe aMILTMTY/IbI TOJIOKATEILHOTO OTKJIOHEHHS TeM-
neparypsl OHOY B MHOroKaHaJbHO# ABYXNMO3HIMOHHOH CHCTEME C
obicTpoaeiicTByionmuv MJ/IP

KOTOpBIi, KaK BUIHO M3 pACCMOTPEHHOTO BHIIIE TIPHU-
Mepa, Oojiee, YeM B JBa pa3a IpEeBBIIIACT BpeMs 3a-
nazaeiBanuss OHOY. MHTepBan KBaHTOBaHUS paBeH
BpeMeHU 00eTaHNs KOMMYTaTOPOM IaTIYMKOB TeMIIE-
parypel OHOY.

Pelrenne 3amayy MOBBIIIEHUS OBICTPOIEHCTBUS
OCHOBAaHO Ha COKpallleHN! BPEeMEHU CBSI3U KaHAJIOB C
uzMepuTeabHou Henso M P, KoTopoe 3agaeTcst KoM-
myTtaTopowm [21]. [lyist aTOTO B IMpoluecce oderaHus aaT-
yukoB wig kaxaoro OHOY aHanusupyloTcs pesyiib-
TaThl U3MEPEHUI TeMIlepaTyphl, ITOJTyIeHHBIC B TEKY-
IIeM U TIPeAbIAyIIeM WHTepBalaxX KBaHTOBaHUS. [1pu
COBITAICHUHU PE3YJIETAaTOB NU3MEPEHUIT KOMMYTATOp CO-
OTBETCTBYIOIIIETO KaHaIa MepeKIIIoYaeTCs ¢ COKpaIleH-
HBIM BpeMEHEM CBSI3H, B IIPOTUBHOM CJIyJae yCTaHaB-
JTUBaeTCS (QUKCUPOBAHHOE (3aMaHHOE) BpeMsI CBSI3U.
[MosToMy, MHTEpBaJl KBAHTOBAHUS OYIET ITepeMEHHBIM.
Takue crucTeMbl OTHOCSITCSI K KJIacCy CUCTEM yMpaBiie-
HUS CO CJIyYallHbIM MEPUOJOM KBaHTOBaHUS [22].

H71sT IpakKTUYeCKON peanm3aui OBICTPOACHCTBY-
ouwero MJIP pa3paboraHbl yCTpOMCTBO 00pabOTKU
W3MEpUTETbHOM WHMOPMAIMA M YIIpaBIeHUS Tepe-
KITI0YeHHEeM KOMMYTATopa, a Takske KOMMYTaTop, T103-
BOJISTIOIINI M3MEHSITh CKOPOCTh TMEPEKIIOUCHNS Ka-
HayioB [21, 23]. DTO MO3BONMIIO COKPATUTh MHTEPBAI
KBaHTOBaHUs ¢ 60 mo 22...30 c [24].

Kak u B npeapiaylieM ciydae, onpenejeHo rapaH-
THUpYIOIllee YIIpaBlieHNE TEeMIIEPaTypHBIM PEXIMOM
OHOY c¢ npumeHeHuem ObicTpoaeiicTByoero MJIP.
Hnst sTtoro B BeIpaxkeHue (9) BMectro T = 60 ¢ moxa-

craBneno suavenne T = 30 c. Bemmumua Ay Y, (2™

B JAaHHOM cjiyyae cHuxkaetcs 1o 25,84 °C (puc. 3). Co-
OTBETCTBEHHO TIOBBIIIACTCS TapaHTHpYIOIee 3amaH-
Hoe 3HaueHue Temneparypsl MJIP, KoTopoe coriacHO
dbopmyne (12) cocrapnsier 1024,16 °C.

16
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5.3. AnroputTm U3MEHEHMA rapaHTUpPYIOLIEro
ynpaBnexus Temneparypoii 06bLexTa B cucTeme
¢ ObicTpopeicTBYIOWMM PErynaTopom

HoBble BO3MOXHOCTH COBEPILIEHCTBOBAaHUS podac-
THOTO yNpaBjJeHUs TeMIepaTypHbiM pexkumom OHOY
CBSI3aHbl C MPUMEHEHUEM YIPABISIOLIUX BbIYUCIU-
TEJbHBIX MAIIWH JUISI U3MEPEHUST BO3MYILIEHUI B CUC-
TeMax aBTOMaTM3allMy MPOU3BOACTBA ry0YaTOro TH-
TaHa [8].

Hoxcrasum B dopmyny (11) 3uadenue Ayy, (2),

onpenensgemoe Gopmyroi (9), n mpeodpasyeM II0JIy-
YEHHOE BBIpAXXEHWE K BUIY:

y,= M+ Nz, (14)

rne M u N — nocTosiHHbIE KO3(PPUIIMEHTHI:

e, 5 oef 7)) -
TO
max
_ of tT) ..
Ayoexp( Y j G

0

max+T
N= Komax(l—exp( off B °C/KkBr.

min
0
W3 Bripaxenus (14) ciemyer, 4To IomaepxkKaHue
rapaHTUPYIOLLEro 3alaHHOTO 3HAYeHWsl TeMIlepaTy-
pbl CBOAUTCS K M3MEPEHUIO BO3MYILEHUS U U3MeE-
HEHMIO 3aJaHHOTO 3HAYEeHUS IO pe3ybTaTaM M3Me-
peHuii. Ilo cpaBHEHMIO C TIpEABIIYIIMM ClIydyaem
JIaHHBIK aJITOPUTM TO3BOJISIET MOAAEPKUBaTh Oojiee
BBICOKOE 3aJaHHOE 3HaUYeHWEe TeMIIepaTyphl B 1rarma-
3one 1024,16—1042,16 °C (puc. 4).
B ycnoBusix mpoMBIIIIJIEHHOTO TTPOU3BOJACTBA T'y0-
4yaToro TUTaHa BO3MYILEHUE U3MEPSIOT MPSIMbIM WU
KOCBEHHBIM MeTofoM [25, 26]. OauH U3 BO3MOXHBIX

y37 OC’
1042 1

1038 -
1034
1030 -
1026 -

1022 . ‘ . . ‘ .
0 20 40 60 80  zxBr

Puc. 4. VisMeneHne rapaHTHPYIOMIEr0 3aJlaHHOTO 3HAYEHHUS TeMmile-
patypst OHOY B 3aBHCHMOCTH OT BO3MYIIEHHSI

I

BapMaHTOB AJITOPUTMa M3MEHEHUs TapaHTHUPYIOIIETO
3aJaHHOTO 3HAYEHUS TeMIlepaTyphl MPUBEAEH B pabo-
Te [27].

5.4. AnropuTM U3MEHEHMA rapaHTUpPYIOLWEro
ynpaBneHua Temneparypoii 06LexTa B cucTeme
C KOPPEeKTUPYIOIWM YCTPOHCTBOM

Anroput™ (14) ycoBepllIEHCTBOBAaH BBEICHUEM
KOPPEKLMHU IBYXITO3ULIMOHHOTO PEryJIupOBaHUS TEM-
repaTypbl, peaJli30BaHHON CpeACTBaMU MUKPOIIPO-
LIECCOPHOM U KOMITbIOTEPHOI TeXHUKU [2].

M3BecTHO, YTO ONMH U3 METOIOB CHUXKEHMS TOJI0-
>KUTEJIbHOTO OTKJIOHEHUSI TeMIlepaTypbl B CUCTeMax
JIBYXTTIO3ULIMOHHOTO PETYJIMPOBAHUS COCTOUT B YMEHb-
IIEHUN KPaTHOCTU MPUTOKA BBOIMMOI B OOBEKT pe-
I'YJIMPOBaHUSI SHEPryM, MOJA KOTOPOM MOHUMAIOT OT-
HOIlIEeHUE TIPUTOKA K OTTOKY 3Hepruu [28]. B Haiem
cJIyJyae MOIIIHOCTh HarpeBaresiss X OCTAeTCs MOCTOSH-
HOI B XoJie Mpoliecca BaKyyMHOI cenapaiuu, a Bo3-
MyleHue z(f) cHuxaetcs. [1pyu 3ToM KpaTHOCTb TpU-
ToKa m = x/z(f) Bo3pacTaeT ¢ 1,3 1o 13, u cOOTBETCT-

BEHHO BO3PACTACT BEMUMHA Ay}, (™™ 1o 25,84 °C.

ITosToMy 1711 €€ yMEHbLIeHHUS 1ieJiecoo0pa3HO Kop-
pPEKTHUpOBaTh peryaupoBaHue Temieparypsl OHOY,
MoAAePXK1Basi MOCTOSIHHYIO KPaTHOCTb IMTPUTOKA MOIILI-
HOCTM HarpeBaress m, T. €.

m = x(f)/z(f) = const. (15)

KoppekTtupyloiiiee ycTpoiiCTBO Mo pe3ysbTaTaM U3-
MepeHuit z(f) cHUxXaet x(f), moaaepKuBasl B Xo/1e mpo-
lecca cemapaiuu 3a1aHHOe 3HaAYeHUe /1.

C yuerom yciioBus (15) npeobpasyeMm BbIpaxkeHue
(9) x Buny

HX max f)nax—i_T
AYE (@) = K (m—l){l—exp( f; Dz(t)

0

X+Tj. (16)

off
+ Ayoexp( Tomi”

Ha puc. 5 npuBeaeH NOCTPOEHHBIM IO COOTHOIIIE-

Huio (16) rpaduk usmeHeHus Ayy, (z) ¢ Koppexuueii
peryaupoBaHusi TeMnepaTtypbl ipu m = 1,25. CpaBHU-

Basi MAKCHMAJIbHbIE 3HAYCHUs Ay (Z) 6e3 Koppek-
unu (25,84 °C) u ¢ koppekuueit (6,82 °C), ormeTnm,
YTO KOPPEKIMS PEeTyJUpOBaHUS MO3BOJISIET CHU3UTD
MOJIOXKUTEbHOE OTKJIOHEeHUe TemmepaTtypsl OHOY
Oosiee uem B 3 pa3za. [IpMHIMIIBI TOCTPOEHUS KOPPEK-
TUPYIOIIETO YCTPOMCTBA PaCCMOTPEHEI B pabote [29].

st mpakTrdecKol peaan3allii airopuTMa B Ka-
yectBe MJ/IP npuMeHeH OBICTPOACUCTBYIOIINIA MUK-
pPONpPOLECCOPHBbIA KOHTposuiep [9], mis KOTOporo B

cootHoueHuu (16) MmoxHo npunsats 7 = 0.
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Puc. 5. Vi3MeHeHne aMILIATYAbI MOJOXKHTEIHHOTO OTKJIOHEHHS TeM-
neparypsi OHOY B MHOrOKaHaJIbHO# JABYXNO3MIHOHHON CHCTEME C
KOPPEKTHPYIOUMM YCTPOACTBOM

Vs, °C
1047,5 ]
1047,0
1046,5.
1046,0]
1045,5-

1045,0 , , , ,
0 20 40 60 80

z, KBT

Puc. 6. i3MeHeHHe rapaHTHPYIOUMIET0 3aJaHHOTO 3HAYEHHS TeMmIe-
patyppi OHOY B MHOrokKaHajbHOW JIBYXNMO3UIMOHHOW CHCTEME C
KOPPEKTHPYIOUMM YCTPOACTBOM

Ioxcrapnsist 3HaueHne Ay (z) U3 COOTHOLICHUS
(16) B dopmyiny (11), mocie nmpeodbpa3oBaHuil MTOTY-
YUM:

y,= M'— N7, (17)

rme M'v N'— TiocTosTHHBIE KOG GUITNEHTHI:

min

Tmax
M=y - AyoeXp(— £ ) °C;
TO

n

max
N'= Ky (m — 1)(1 - exp(;’gi D , °C/KBT.
0

Kak BUAHO M3 MOCTPOEHHOTO IO COOTHOIIEHUIO
(17) rpadmka (puc. 6), TaHHBII aJTOPUTM ITO3BOJISICT
MMOAIEePXKMBATh TapaHTHUPYIOIIee 3amlaHHOE 3HAYCHUE
TeMmIiepatypsl B auanaszone 1045,58—1047,83 °C, npe-
BBILIAOIIEM TeMIIEPAaTypHBIN IUAMTa30H, MOJTYICHHBII
¢ ToMollbpto aaroputMma (14).

PaccMmoTpeHHbIE METOJIbI CUHTE3a POOACTHOTO YII-
paBeHUs HALLLIU MMPaKTUYeCKoe MTpUMEHEHUE Ha pas-
HBIX 3Tarax aBTOMaTU3alMy MPOU3BOACTBA T'yOUYaTOro
TATaHA W TTO3BOJIWJIM B KOHEYHOM WTOTe Ha 5..8 %
MOBBICUTh TEMIIEPATYypy IPOLIECCOB BOCCTAHOBJICHMSI
Y BaKyyMHOM cenapaluu. OTo Aaj10 BO3MOXHOCTb UH-
TeHCU(ULMPOBATh MPOLIECCHl U YAYUYIIUTh TEXHUKO-
SKOHOMMYECKME IToKazaTeau IipousBoacTBa [2, 30]:
JJIATEIbHOCTD MPOLIECCOB BOCCTAHOBICHMST U BAKYyM-
HOM cemapanyy cokpatuiachk Ha 5...10 %, yny4mm-
JIOCh KQ4€CTBO U OJHOPOJHOCTD [0 XUMUYECKOMY CO-
CTaBy Ty04YaTOro TUTaHa, TBEPAOCTh MAPTUIL KPUUHOTO
TUTaHa, C(POPMUPOBAHHBIX U3 OJIOKOB T'y0UATOrO THU-
TaHa, cHM3wIach ¢ 3,6 mo 2,7 ex. HB, cHusmiuch
BHEPro3aTpaThl IPU MOJYYeHUU TOHHBI Ty0UATOTO THU-
TtaHa Ha 400...500 kBT - u.
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ANALYSIS AND SYNTHESIS OF SUPERSTABLE
TAKAGI — SUGENO FUZZY SYSTEMS. . . ............ 2

Talagaev Yu.V.

The approach is presented that uses superstability conditions for anal-
ysis and synthesis of continuous-time Takagi — Sugeno fuzzy systems.
Practically important properties (behavior of solutions, robustness) of a su-
perstable fuzzy systems class are studied. It is shown that the fuzzy regulator
synthesis is reduced to solving a set of linear programming problems. The
solution is obtained of problems of robust synthesis and fuzzy system state
assessment in the presence of external bounded disturbances. The robust su-
perstabilization problem solution is given for hyperchaotic system, repre-
sented as a fuzzy model.

Keywords: fuzzy system, superstability, analysis, synthesis, state esti-
mation, robustness, bounded disturbances, hyperchaotic system.

META-AGENT AND USER INFLUENCE LEVELS
IN ASOCIAL NETWORK . ............... ... ... ... 12

Gubanov D.A., Chkhartishvili A.G.

This paper suggests further development of the actional model of user
influence in social networks. According to the model, the influence and in-
fluence level of the individual agents (users) and meta-agents (subsets of us-
ers) are calculated on the basis of their actions taking into account the goals
of a control subject (a Principal). Some properties of the influence function
are studied. An example illustrates how the actional model can be applied
to find the influence level of users in a real social network on the assumption
of available initial data.

Keywords: social network, actional model, influence level, meta-agent.

PARTITION CONSISTENCY IN THE NETWORK
ORGANIZATIONAL STRUCTURES . . ................ 18

Enaleev A.K.

The problem is considered of control polygons borders harmonization
between different types of network partitions in large-scale network struc-
tures. The conditions are determined to provide lower management costs
in a case of one partition type polygons borders matching another partition
type polygons borders. Pointed out is that such tasks solving is relevant for
investigating the problems of motion control and of transport infrastructure
maintenance, in particular rail networks.

Keywords: hierarchy, control polygon, informational complexity of
management, network partitioning, consistency of partitions, partition
equilibrium system, optimization.

ON MATRIX MODELING OF THE VALUE CHAIN ACTORS’
RELATIONSHIP AS APPLIED TO THE SPACE INDUSTRY
STRUCTURAL REFORMATION. .. .................. 26

Payson D.B.

The number of instrumental aspects is considered of national space ac-
tivity institutional environment organization structures analysis and synthe-
sis, directed at its adaptation to changing economic conditions and at the
effective industry structure forming. A complex format of actual conversion
control problems description is suggested in a form of actor/level matrix,
showing the space activity subjects hierarchy, ranged along the value chain,
as well as horizontal interactions in a form of competition or integration.
Using the abstraction suggested, specific features of vertical competition in
high-tech industries are considered.

Keywords: space industry, space activities, structural reform, value
chain, vertical competition.

NETWORK DATA ENVELOPMENT ANALYSIS
IN REGIONAL ENVIRONMENTAL MANAGEMENT
PROBLEMS ... ... .. . 35

Ratner S.V.

A method is proposed of network data envelopment analysis, adapted to
solve the wide class of practice-oriented territorial environmental manage-
ment tasks that require accounting and evaluation of mixed environmental
influence of region economy. Evaluation is assessed of Russia regions com-
plex ecological and economic efficiency, using the proposed method and al-
ternative approaches, similarities and differences in the results are revealed,
their possible causes are discuss. Revealed is that the developed approach
main advantages in the context of environmental management tasks solving
are: the possibility of component-wise assessment of the regional economic
system economic and environmental efficiency, the possibility of taking into
account the environmental load caused by population, while calculating the

economic efficiency, and also the simplicity of numerical realization that
does not require any special software and competence.

Keywords: data envelopment analysis, optimization, ecological and
economic efficiency, regional economic system.

INFORMATION RESERVATION OPTIMIZATION
IN REAL-TIME DISTRIBUTED DATA PROCESSING
SYSTEMS . . .. 47

Mikrin E.A., Somov S.K.

The methods of operation reliability improvement are considered for
the distributed real-time data processing systems. Features and character-
istics of such systems are listed in comparison with operating in a normal
mode data processing systems. Analytical expressions for such systems
availability ratio calculation are obtained. The task is formulated of data res-
ervation optimization in distributed real-time data processing systems.

Keywords: distributed data processing systems, real time, optimal data
reservation, system availability ratio.

AN APPROACH TO FRAGMENTARY DIAGNOSING

OF DIGITAL SYSTEMS COMPONENTS WITH MINIMAL
QUASICOMPLETE GRAPH STRUCTURE (ON EXAMPLE
OF THE GRAPH BY DIMENSION 7X7). . ............. 53

Vedeshenkov V.A.

The version of approach to diagnosing is developed, according to which
the operable diagnostic monitor (DM) tests seven subscribers of digital sys-
tem (DS) one at a time. After repairing the detected faulty subscribers, DM
tests one by one seven fragments, each consisting of a commutator and four
communication lines. Then DM decodes the tests syndrome derived and
forwards the diagnosis to maintenance personnel for faulty components re-
pair. Diagnostic test of each fragment consists of six check-ups and is in-
dependent from number of subscribers and commutators in DS.

Keywords: digital system, subscriber, commutator, communication
line, fragmentary diagnosing, decoding.

THE APPROXIMATION OF ENVELOPE
IN <NETWORK CALCULUS» APPLICATIONS. ......... 59

Baybulatov A.A. Promyslov V.G.

The basic «Network calculus» theory rules are considered, having concern
to queuing systems parameters calculations. The role of arrival curve (enve-
lope) is clarified. A method of linear envelope calculation is proposed; the cor-
responding optimization problem is set and solved. Examples of one- and
two-component linear envelopes calculations are given, as well as of corre-
sponding service times (delays) and backlogs for I&C software queuing system.

Keywords: envelope, Network calculus, queuing system, optimization,
1&C.

A NEW METHOD FOR CORRECTION OF QT INTERVAL ON
THEECG .. ... ... ... . 65

Gorlishchev V.P., Kalinin L.A., Michalski A.I., et al.

The problem is considered of calculating the electrocardiographic QT
interval, normalized with respect to cardiac rhythm frequency, in order to
eliminate correlation between QT and the cardio-cycle length (or the heart
rate — HR). The regularized polynomial least square regression algorithm
is suggested for normative Q7 interval value calculation with HR equal to
60 beats per minute. The result is given of applying this algorithm to con-
version of the raw QT values into corrected Q7k values. It is shown that the
correlation coefficient between calculated values of corrected QTk and the
cardio-cycle length is lower than that one, obtained from any known formu-
lae. Thus, the way is obtained of valuating the Q7k length that is almost com-
pletely independent from HR and can be recommended for clinical use.

Keywords: electrocardiogram, regularized polynomial regression, cor-
rected QTk, QTk and RR interval correlation.

SPONGY TITAN PRODUCTION TECHNOLOGICAL
PROCESSES ROBUST CONTROL . .................. 71

Kirin Yu.P., Kiryanov V.V.

Considered is the robust approach to spongy titan restoration and vac-
uum separation processes control, allowing to intensify the processes by in-
creasing the temperature. The objects description is obtained in the form
of interval dynamic model. Using this model, analysis and synthesis of ro-
bust control are performed, providing the guaranteed maintenance of proc-
esses maximum permissible temperature while uncertain parameters change
in given intervals.

Keywords: spongy titan, restoration and vacuum separation, tempera-
ture condition, guaranteed preset value maintenance robust control.
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