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BaHHAM. Ha OCHOBIi CTBOPEHOro MPOTOTUMNY MOXHa CTBOPUTU Ailovy cUCTemy
€KOJIOMNYHOro MOHITOPMHIY HAaBKOJIMLLHBOTO CepeaoBULLA LWAAXOM NiABULLEHHA
NOTYXKHOCTI KOPNyCy Ta BMKOHABYMX MeXaHi3MiB, BUKOPUCTAHHA [043aTKOBUX
AATYMKIB ANA BUMIPIOBAHHA NapameTpis cepenosua. MNMoganblii gocnigxeHHA
6yayTb CNPAMOBAHI Ha PO3WMPEHHA PYHKLiIOHAZIbHUX XapaKTEPUCTUK CUCTEMM
Ta il aBTOHOMHICTb ANA aBTOMaTU3aLii NPUMAHATTA pPilleHb NPO CTaH HAaBKOAMULL-
HbOrO cepenoBULLA.
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AHHOTauumA. MNpuBeseHa peannsauma NPMHUMNA YNpPaBieHMA KOHBEPTEPHbIM MNpPOoLec-
COM MO NJIaBKam NOIOKUTENbHOTO onbiTa. CUcTeMa peanmsyeT CTaTUYeCKUi, AMHaMUYECKU
M 3aMKHYTbIN PeXUM OTHOCUTE/IbHO LWUMXTOBKM, MPOAYBKN, KOPPEKTUPOBKM NIaBKKU U ee pac-
Kucnenusa. MpeacraBneHa CTPyKTypa aBTOMATM3MPOBAHHOM CUCTEMbI YNPaBAEHUSA KOHBEp-
TEPHbIM NPOL,ECCOM, B TOM YMCNE MOLENN U CPEACTBA BbIYNC/IUTENBHOM TEXHUKMN.

Kntouessie cosa: KoHeepmep, ynpasaeHue, Modess, cucmema.
AUTOMATED CONTROL OF CONVERTER PROCESS SYSTEM

E.A. Sergeeva
Ph.D., assistant of the department of physical and chemical principles of Metal Technology,
National Technical University of Ukraine "Kyiv Polytechnic Institute"”, Kiev, Ukraine, e-mail:
eka sergeeva@ukr.net

Abstract. Shows the implementation of the principle of control of converter smelting
process a positive experience. The system implements the static, dynamic, and a closed
mode with respect to blending, purging, correcting melting and deoxidation. The structure of
the automated control system converter process, including models and computer aids.

Keywords: converter, management, model, system.

BeeaeHue. Cpeam cnocob0oB BbiNIaBKM CTaM KUCAOPOLHO-KOHBEPTEPHbIN
— 04MH U3 Hanbonee CNOXKHbIX MO NPUPOLE N MeTOAAM ynpaBaeHuA, ocoObeHHO
onepaTusHomy. YnpaBaeHne Npons3BOAUTCA B YCIOBMAX HENOJIHOTbI MHPOpPMa-
UMK, NOTOMY AaxKe NPU COBPEMEHHOM YPOBHE Pa3BUTUA TEXHUKN HEBO3MOXKHO
COBEpWMUTb MNpPAMble U3MEPEHUA OCHOBHbIX MCXOAHbIX KOOPAMHAT — COCTaBa
MeTanna, WaaKa U ux TemnepaTypbl.

KoHBepTepHOe Npou3BOACTBO CTAaNM XapPaKTEpU3MPYeTCA MCNOJb30BaAHMU-
eM CpeacTB aBTOMATM3aUMM U BbIYUCAUTENBHOM TEXHUKU [NA yNpaBAeHuA
npoueccom. ABTOMaTMYeCKasa cMcTeMa ynpaBneHuma obecneymBaeT HOpPMaib-
Hyt0 paboTy Npu MMHUMANbHOM cebecToOMMOCTU NPOAYKLMM, NOBbIWAET Kaye-
CTBO M YBE/IMYMBAET COPTAMEHT BbINAABAAEMOMN CTANMN.

Lienb paborbl. Lienbto nccnepoBaHuii agnsetca pa3paboTka NpUHUMNOB
YHUPMKaumm co3gaHna ACY KOHBEpPTEPHOM NNaBKOWM, B YaCTHOCTU MOAENewn,
aNrOPUTMOB U TEXHNYECKNX CPeacTB.

Martepuan u pesynbtatbl uccneaoBaHui. ViccnepgosaHna nposeseHbl Ha
KOHBepTepax emkocTbto 350 T OAO «MeTtannyprmyeckum KombuHat ,A308B-
cTanb”. B KOHBepTepax nepensiaBaanca nepefenibHbi YyryH C cogepraHnem
(%): kpemHus 0,4...1,1, mapraHua 0,3...0,5, cepbl 0,02...0,04, docdopa
0,02...0,15 u TemnepaTtypon 1250...1450 °c.B 3aBa/IKy 3arpy*aam metannmye-
ckuit nom B Konmyectse 0...30 % oT macchbl YyryHa. KMakum 4yryH u3 mumkcepa
nogasanu B 300 T KoBlwax. B Buae wnakoobpasyowmx mateprmanos NCNONb30-
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Ba/In n3BecTb B Koamyectse 8...15 % n nnasmkosbin wnat— 0,1...0,5 %. Mpo-
AYBKY MPOM3BOAMIN Yepe3 MHOroconnoBble Gypmbl C KOANMYECTBOM conen 6 —
OAHO LEeHTpanbHOe, OCTa/ibHble pa3meLLeHbl NoA Yr10M OCU CoMnJa K BepTUKa-
nm 15...20 rpag. UHTeHCMBHOCTL nogavu Kucnopoga 2,5...3,5 N\3/(T © MUH.).
CopTameHT MapoOK CTanuM XapaKTepu3OoBancAa cofeprkaHuem yrnepoja
0,09...0,40 % v TemnepaTypou BbiNycKa 1620... 1700 °C.

Bo BpemAa mnccnepoBaHui TexHonornvyeckoe obopyaoBaHume 6bio OCHa-
LLLEHO TaKUMM CpeacTBaMm U3MmepeHma N nepegadn MHGoOpPMaunm: KpaHOBbIMM
3/IeKTPOHHO-TEH30METPUYECKMMIN BECAMU ANA U3MEPEHUA MacCbl IOMA B COB-
Ke, YyryHa M CTaau B KOBLWeE C To4YHOCTbl 0,5 %; M3mepuTenbHOM cMcTeMomn
KOHTPONA TemnepaTtypbl YyryHa ¢ TOYHOCTbio 82C; razoaHanM3aTopamm OTXO-
AAWNX Ta30B U AyTbA BO Bpema npoaysBku cuctembl ®TUAH; pacxogomepamm
Kucnopoda aytbA € To4HOCTbIO 0,5 %; 0TX0AALWMX ra30B C TOYHOCTbIO 2%; Beca-
MW 0N U3MEPEHUA MAcCCbl CbiMy4YnX U packucantTenem ¢ ToyHocToto 0,2%; us-
MEePUTENAMMN AKYCTUYECKOM XapPaKTEPUCTUKN NPOAYBKU C TOYHOCTbIO 1,5 %;
TemnepaTtypbl OTXOAALWMX ra3oB ¢ ToyHocTbio 10 2C n bbicTpoaencTemem 8 c;
AaBNIEHMA KNCNOPOoJa A0 M Nocne OTCeYHOro KnanaHa ¢ ToyHocTbio 0,5 %; us-
MepUTE/IbHbIMU CUCTEMAMM KOHTPOIA XMMUYECKOro COCTaBa YyryHa, meTanna
M WAAaKa € TOYHOCTbO u3mepeHna 3a ACTY; nonoxeHnsa Gypmbl ¢ TOYHOCTbIO
0,16 Kanmbp., C KoppeKunen Ha pasropaHue yTepoBKU U KonebaHM maccbl
METaN/IOLNXTbI.

NccnepoBaHna NpoBOANAMCE HA NAABKAX TEKYLWEro Nnpon3BoacTea, banax-
COBbIX U TaKUX, KOTOPble NPOBOAUANUCE CO CMEHOM NapamMeTpoB C MOMOLLbBIO
MeTO40B NAAHMPOBAHUA 3KCNepumeHTa. Ha Bcex nnaBkax otbupanmcb npobol
4yyryHa, MeTan/sia M WAaKa Ha NOBa/sKax KOHBepTepa U PUKCUPOBANUCH UCXOA-
Hble NapameTpbl NPOLLecca, TaKKe YacTb U3MEPEHUIN BbINONHANN MOTPYKHbIM
30HA0M 6e3 NPUOCTaHOBAEHUA NPOAYBKMW.

OcHOBa  MaTemMaTMyeCcKoro  OMMCaHMA  TEXHONOTUU  KUCNOPOAHO-
KOHBepPTEepPHOW NNaBKM — 3TO ynpaB/ieHne 3a «0bpa3uoBbiMM» NnaBkamu. Umes

-

N
BbIBOPKY TPaeKToOpuiA NNaBOK, KOTopble npoBedeHbl ycnewHo (U, [1],...,U,
[t]), MOXHO roBOpUTbL NPO BblAENEHNE B PeEasbHOM TPAEKTOPUKU ynpaB/eHun

- -
U;[t], AByx cocTasaaowmx: nporpammHon yactm U qp[t] n gononHutensHoro

yrnpaB/ieHus Al?,- [t], KOTOpOEe cBA3AHO C HETOYHbIM ONpeaeneHUEM UCXOLHOro
COCTOAHMA NJIAaBKK U C AelcTBMEM nperpaa. Takum obpasom, cTpaTterma ynpas-
NNeHUA He MOXKeT 6bITb CBeAeHa TONbKO K AeTEPMUHUPOBAHHOM, @ BKAKOYAET B
cebs AeTePMUHMPOBAHHYIO YacTb MO BbIGOPY MPOrpaMmbl U CTOXACTUYECKYHO
ANA ONONHUTENbHbIX YNPABAAKOLWMNX AEACTBUN.

Pacctoanune d(U,[1], Uj [t]) mexay TpaeKTopuAMKU yrnpaBaeHUa COOTBET-

CTBEHHO A1 i-! U j-i NNAaBOK UCMO/Ib30BaNN AN Pa3buUTUA TPAeKTOpPUIA ynpas-
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JIEHUA Ha Knacchbl Sy, S,,..., Sk TaK, UTobbl KaXkaoMy Knaccy S; oTBevanin TpaeKTo-
puun ynpasneHuna S; ~ {Ux[t] ...Uy[t]}, uTO ecTb peanunsaumen ogHon nporpam-
Mbl YNPaBAEHUA Ui onrlT] C pa3HbIMM AONONAHUTENBHBIMM YNPABAAKLWNMMN Oel-
CTBUAMM AUZ, [t]. 9TO ychoBMe MOMKHO BbINOJIHUTL MYTEM COOTBETCTBYIOLLEFO
BbIbOpa PyHKUMKN Beca TaK, YTODObl pacCTOsIHME MeXAY pPeasibHbIMU TPAaeKTOpPU-
AMU ynpaBneHns 6bIN0 MeHblle, YeM COOTBETCTBYloWee paccTosHue d Ul, [t],

U [t]) anA TpaeKTOpUM, Kakue peanusyloT pasHble Nporpammbl ynpaBaeHWA
[1].

Pa3paboTaHHaA 3a npMBeAEHHbIMU NPUHLMUNAMW MOAENb NPeAHA3HAYEHa
ANA PYHKLMOHNPOBAHUA B MHOOPMALMOHHOM pPeEXMME, MPU KOTOPOM TEXHMYE-
CKMe cpeacTBa, peanmsylolmne moaenb, BblAAIOT ONepaTUBHOMY MNepCcoHany
MHGOpPMALMIO, B HaCTHOCTM NPO ynpasBasatowme napameTpbl npouecca. Mogenb
obecneunBaeT: NyTemM BblA4ayYM YCTAaBOK B JIOKA/IbHble CUCTEMbI KOHTPOAA M
ynpaBneHna nonoxxeHmem Gpypmbl, peryimpoBaHuA pacxoaa Kmcaoposa, 8 ACY
TN BT (BepTUKaNbHOrO TPaKTa CbiMy4Mx MaTepManoB) AeMCTBOBATb HA NPUBOAbI
KMCNopoaHbix Gypm, KnanaHbl pacxoga AyTbA M popmmpoBaTb 3ajaHue anAa
NPOrpaMMHOro ynpas/ieHMA [03MPOBaHMEM Cbinydunx u ¢eppocnnasos. Mo-
Aenb obecneumBaeT ynpas/ieHMe NPOAYBKOM MaBKW, B T.4. U Ha MNocaegHux
MWHYTax NPoAyBKMN (40 2,5 MUH) c ucnonbloBaHMem MHPOpPMALMM NPO Temne-
paTypy MU cogeprkaHue yraepoaa pacniasa Uam TONbKO Npo TemnepaTtypy “6es
NoBa/IkM KoHBepTepa” BblAayeln YCTAaBOK B JIOKA/IbHble CUCTEMbI KOHTPOAA M
ynpaBaeHus NonoxKeHmem pypmbl, pacxoaa aytea u ACY TI1 BT.

Mogaenb pelaeTt cneayrowme 3a4aun:

— pacyeT WNXTOBKKU NNaBKu [2]

1) onpegenaeT N0 XMMUYECKOMY COCTaBYy YyryHa 1 ero TemnepaTtype, mac-
ce BO3BPATHOM }KUAKOM CTaNn, a TaKKe 3a4aHHON MapKe CTanu (Maum 3agaHHo-
MYy XMMCOCTaBY, TeMnepaType MeTanNa Ha BbIMYCKE M Macce WUOKOW cTanm)
KO/IMYEeCTBO YyryHa M IOMa Ha naaBky. Mogenb no3sBonaer onpeaenntb O4Hy
N3 COCTaBNAKOLWMX NPU PUKCMPOBAHHOM 3HAYEHUM APYrOW;

2) onpepgeneHue 3aZaHHbIX NAapaMeTPOB peXMMa AyTbA (MHTEHCUMBHOCTM
noAauun AyTba U nonoxeHusa epypmol) [3];

3) onpeaeneHne KONMYeCTBa LWIAKOOOPA3YIOLWMX M OXaxKaalowWwmx maTe-
puanos (TensioHOCUTENA B C/y4ae OTpuULATENbHOro TenaoBoro 6anaHca wau
KOPPEKTUPOBKN KOHEYHOTO COCTaBa yrnepoaa npu oTCyTCTBUN TENNOHOCUTENSA);

4) onpepeneHne CyMMapHOro KoaM4yecTBa KMCAOPOAA Ha NAABKY U ANU-
TeNbHOCTWN NpoayBKu [4];

— MOBTOPHbIE PaAcyeTbl KONMYECTBA LWAAKOOOPA3YHOWMX, OXAXKAAIOLWMX
MaTepManoB, CYMMAPHOro KOIMYECTBA KMCIOPOAA Ha NNABKY M AJAUTENBHOCTH
NPOAYBKM B C/lydae OTKIOHEHUA peXnma AyTbA OT 3a4aHHOrO;
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— onpeaeneHMe MOMEHTA MNPOMENKYTOYHONO WM3MEpeHMA MnapameTpos
BaHHbl 6e3 NoBasKM KOHBEpPTEPA MO XO4Y NPOAYBKY;

— KOPPEKTUPYIOLWMIA pacyeT 4Nna A40BOAKM NAaBKU NOC/E MPOMENKYTOUYHOIO
namepeHuns (MoxeT MCNONb30BaTbCA ANA AOAYBKU NNABKKU B C/lydae Hemnonaga-
HWA B 3aZaHHble Npeaenbl nocae nosanku) [5];

— pacyeT packucauTenen;

— KOPPEKTMPOBKA KO3OPMUMEHTOB MOAENM 3a pe3y/bTaTaMu NPOBEAEH-

HOM NNaBKMW.

CpeactBa BbluMCAUTENBHOW TexHMKM ACY TI coaep»KaT UEeHTPa/ibHbIN
KOMNbOTEP ANA peanunsaunm moaenen ynpasnenusa, paboume ctaHuum (APM)
Ha Ka)X4oM KoHBepTepe, pabouyyto CTaHLMIO NAOWAAKM (MacTepa KOHBepTep-
Horo otgeneHua), APM cKpanHOro oTgeneHusa, KOHTPOAAepbl ynpasB/ieHus
NPOLLeCCOM A03MPOBaHUA MATEPUANIOB U PEryIMPOBaHUA NONOXKEHUA PypMbl
Ha 6a3e KoHTponnepos QUANTUM, perynnpoBaHMA pacxoga KMcaopoda Ha
6a3se KoHTponnepos ROC. CBA3b MeXAy LEHTPANbHbIM KOMMbIOTEPOM WU NO-
KaZbHbIMW cUCTEMamm npoucxoamT no cetn Ethernet u ModBus.

Cuctema, peanusylow,as Moae b, BbIMOJHEHA NO ABYXYPOBHEBOMN cxeme —
C BEPXHUM U HUXKHUM NepapxXnuyecKMmm ypOoBHAMM.

BepxHuit ypoBeHb peannsoBaH Ha 6Hase ABYXMPOLECCOPHOro MPOMbILL-
NeHHoro KomnbtoTepa. OH obecneunBaeT npmem UHPOPMALUN OT HUNKHErO
YPOBHA M CMEXHbIX nogcuctem, ee obpaboTKy, peweHne 3agay pacyeta M
ynpaBAeHUA TEXHO/IOTMYECKMM MPOLLECCOM, NpeaocTasieHne nHdopmaummn no
YNPaBAEHUIO N TEKYLMM 3HAYEHUAM TEXHOOMMYECKUX NapameTpos, popmu-
poBaHWE BUAEOKAAPOB HA 3KpPaHAX paboumx CTaHUMMN, a TaKKe nepegadvy 3aga-
HWUM NO YNPaBAEHUIO B NOKA/NbHbIE CUCTEMbI HUXKHETO YPOBHA M NOAKAOYEHME
K APYrMm cMcTemam aBTOMaTMU3aLMKM KOHBepTepa.

Hu»KHMI ypoBeHb obecneynBaeT pyHKUMM cbopa, 06paboTKK, NnpeaocTas-
NneHna MHGoOpPMaLMKN NPo TeKywme 3HAYEHUA TEXHONOTMYECKUX MapameTpoB U
ynpaBneHUA TEXHONOTMYECKMMM NapameTpammn, a TakKe nepegava nHoopma-
UMW Ha BEPXHWUIN ypOBEHb. MHGOPMaUMA Ha HUKHUI YPOBEHb MNOCTYNaeT Yepes
KPOCC KOHTPO/IbHO-U3MepPUTENbHbIX MapameTpoB.

HuxHui ypoBeHb obecneymBaeT namepeHme TakMxX NapameTpoB npouec-
Ca: MacCbl YyryHa B KOBLUE NOC/Ae MUKCepa, TemnepaTypy YyryHa B KOBLUE, UH-
TEHCMBHOCTM NOAayYM KMCnopoda, obuero pacxoga KMcaopoaa Ha NpoayBsKy,
NONOXKEeHNe NeBon M NpPaBon Gypmbl, MaACCbl CbiMy4Ynx MaTepuanos B A03aTope
(M3BECTM, M3BECTHAKA, WNaTa, MarHesnTa, 40N0MMUTA, OKaTbIWen, yraa), Macchbl
deppocnnaBoB M packucautenen B gosatope (beppocmnnuyma, beppomapran-
Ua, CUAIMKOMapraHua, antommuua, TLWC), TemnepaTypbl MeTanna B KOHBepTepe
Ha NoBaJKe.
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HuXXHUIM ypoBeHb TaKxe GOpMUpPyeT TakKMe TeXHONOTrMYecKne CUrHasbl
NPOXOXAeHUA NNaBKK: “Havyano npoayBku”, “nepepbiB B npoayske”, “KoHel,
npoayskn”, “cnne nnaBkn”, “momeHT BBOAA CbiNy4Ynx U GpeppocnaiaBoB B KOH-
BepTep”.

NHdopmauma HUKHEro ypoBHA MCNONb3YETCA ANA KOHTPOAA X04a NABKK,
BeAEHMA NPOTOKOAA M NacnopTa naaBku. Kpome Toro, no curHany “cave nnae-
Kn” HGOpMaLMA Ha TEKYLLYHO NAABKY NepenaeTcs No CeTu U3 N0KaAbHOW 6asbl
AaHHbIX cMcTeMbl B 6a3y cepBepa KoHBepTepHOoro uexa (KKLL).

B cepsep KKL, TakKe HenocpeAcTBEHHO NOCTynaeT MHGoOpMauma ¢ XMMHU-
yecKkoi nabopatopmm NPO XMMCOCTaB MeTasi/la Ha NOoBasKe KoHBepTepa (yrne-
poa, cepa, docdop, mapraHeu), xumcocTta wnaka (Cao, SiO,, Feypy), XMmco-
CTaB MeTanna nocne packucneHus (yrnepop, cepa, pochop, mapraHewl, cunu-
UM, XpPOM, HUKENb, Meb), XMMCOCTaB YyryHa (yrnepog, cepa, pocpop, mapra-
Hew, CUANLMI), a TaKXKe MHPopmauma Npo maccy n Bua noma ot APM cKkpanHo-
ro oTaeneHms.

B LeHTpanbHbI KOMNbIOTEP HEMOCPEACTBEHHO C KPOCCa YNpPaBAAOLLErO
BbluMCAUTENbHOTO KoMnaekca (YBK) noctynaet nHpopmauma npo XmMmUYeCcKui
COCTaB AyTbA (KMCNOpOA, a30T, aproH) U oTX04ALWMX ra30B (OKUCb M ABYOKMUCH
yrnepopaa, asoT, aproH) ot rasoaHanmsaTopa PTUAH, KoTopbl TOXKE NOAKANIO-
YyeH B CeTb.

HW»KHMI ypoBeHb peann3oBaH Ha 6a3e KoHTponnepa QUANTUM, APMbi
KoHBepTepoB N2 1 n Ne 2 (mawnHUcToB AMCTPMOBLIOTOPOB) O pabouelt naowaa-
KM — Ha 6a3e NpOMbILNEHHbIX KOMMNbIOTEPOB.

MpOoMbILWNEHHbIE UCMbITAHMA CUCTEMbI NMOKAa3aaM €€ BbICOKYIO HAZEKHOCTb
N 3GPEeKTUBHOCTb.

BbiBoabl. A KoHBepTepHOro uexa OAO ,MeTtannyprmyeckui KkombuHat
,»A30BCcTanb”” c KoHBepTepammn emkocTbto 350 TOHH pa3paboTaHa aBTOMATU3K-
pPOBaHHAA CUCTEMA YNPAB/IEHUA KOHBEPTEPHOM NAABKOM, B YaCTHOCTM MOAENN,
aNropuMTMbl, MPOrpamMmbl U TEXHUYECKME CpeacTBa.

Pa3BuTHE cUCTEMbI NAAHUPYETCA BECTU B HaMpaBAE€HUW BBEAEHUA B IKC-
nayataumio noKanbHom nogcmctembl Quik-Tap Ha 6a3e norpyXHoOro namepuTe-
NA NapameTpoB BaHHbl 6e3 npepbiBaHMA NPOAYBKMU.
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AHHOTauumA. MNpeactaBneHbl OCHOBHblE CBOMCTBA 6€30MacHOCTM KpunTorpaduyecknx
NPOTOKO/IOB C MOMOLLbIO annapaTa NOrMKU NMHEWHOro BpemeHu LTL, a Takke npusBeaeH
npumep aBTomaTta boxu, NOCTPOEHHOro Ha ocHoBe popmynbl LTL .
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FORMALIZATION OF THE SECURITY PROPERTIES OF CRYPTOGRAPHIC
PROTOCOLS USING LINEAR TEMPORAL LOGIC
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Abstract. Conducted theoretical research of applying instruments of linear temporal
logic to formalize the security properties of cryptographic protocols and developing the Bu-
chi automata based on LTL-formulas.

Keywords: mathematical modelling, cryptographic protocols, information security, linear
temporal logic, security properties formalization.

BesegeHue. [JOBONbLHO 4YacTo npu pas3paboTke nporpammHoro obecneve-
Hua (NO) HeaOCTAaTOYHO BpeMeHM yaenaeTca matemaTMyeckomy MoaenmpoBa-
HUIO U aHanu3y byaylwmx NporpammHbIX cuctem. Yalle Bcero 3Ta CUTyauus
obycnaBanBaeTCA HEeXBAaTKOM YesloBeYEeCKUX PecypcoB M AaBNeHMEM MO CPo-
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