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K BOITPOCY NNOBBIIIEHUSA HPOMLI]J.[JIEI—IHOFI BE3OIIACHOCTH
KOHBEPTEPOB U 39KOJIOI'HYECKOHU BE3OITACHOCTHU
MMPOLHECCOB BBIIIVIABKH CTAJIN

Lenbto paboThl siBIsieTCsl pa3paboTKa METOAMYECKUX PEKOMEHIALUH MO TMOBBIIIe-
HUIO TIPOMBIIIIEHHOH 0€30MacHOCTH HKCILTyaTallK KUCIOPOIHBIX KOHBEPTEPOB OTEUE-
CTBEHHBIX MPEINPHUATHI B PA3IHIHBIX YCIOBUSIX UM BapHAHTAX NPOLYBKM BaHHBI, B TOM
YHCJIE C HCIIOIB30BAHMEM IIEPCIIEKTHBHBIX TEXHOJOTHH. IIpuBeneH aHamM3 NpPHUIMH
aBapUIHBIX CUTyalMii W WHIMJCHTOB B KHUCIOPOJHO—KOHBEPTEPHOM HPOU3BOACTBE U
METOAMKA OLCHKH BEPOSITHOCTH UX BO3HUKHOBEHMUSL.

KHCJI0PO/IHbIe KOHBEPTePhl, MPOMBILLICHHAs] 0€30MAaCHOCTD, NEePCHeKTHBHbIE
TeXHOJIOTMH, ABAPHIiHbIC CUTYallUH, METOJUKA OLICHKH BEPOATHOCTH

CoBpeMeHHOE COCTOsIHME BOMpoca. Vcrmonp3yeMble TEXHOJIOTHA | TIOTY-
YaeMble B CTAJCIDIABHIFHOM MPOM3BOJCTBE MaTEpUANbl M BEIIECTBA, a TaKXKe
HACBIIIEHHOCTh KHUCJIOPOJAHO—KOHBEPTEPHOTO I1€Xa Pa3IMIHBIM 000pYIOBaHH-
€M U arperatamy, 00yCJIOBIMBAIOT BO3MOXKHOCTh BOSHHKHOBEHHUS HHIIUICHTOB
U aBapUHUHBIX CUTYAIMi, KOTOPBIE MOTYT IPUBECTH K 3KOHOMUYECKOMY YIIIEp-
0y, TPaBMHUPOBaHHIO OOCITY>KHBAIOIIET0 NIEpCOHAaa, HETAaTUBHOMY BJIMSHHIO Ha
OKPY’KaIOIIyI0 MPUPOIHYI0 cpeny. OMBIT 3KCITyaTallud TEXHOJIOTHYECKOTro
00OpYIOBaHUS W arperatoB KHCIOPOAHO—KOHBepTepHBIX IexoB (KKII) moxka-
3BIBAET, YTO MPOJODKUTEILHOCTD UX Oe30macHON paboTHI ONpeaesieTcs ypoB-
HEM TEXHOJOTMH M TEXHHYECKOTO OCHAIEHMsS, TIaBHBIMHM COCTaBIISIOLIUMU
KOTOPBIX SBISIOTCS: KQ4eCTBO UyTyHA, JJOMa, MIMXTOBEIX MaTEpPHAIIOB; PAIlHO-
HANBHOCTh TEXHOJIOTHH BEITLIABKU M PA3IUBKH CTANH; 3PPEKTUBHOCTD HCIIOIh-
3YeMBIX CHCTEM Ta300YHCTKUA U OXJIAXKICHUS; Ka4eCTBO OTHEYIIOPOB, HCIIOINb-
3yeMBIX Ui (YTEPOBKH KOHBEPTEPOB; TEXHHWKA BBHITyCKAa MPOAYKTOB IUIABKH
(cTanm u nUTaKa); TEXHUYECKOE COCTOSHHE U HAJIEKHOCTh OCHOBHOTO TEXHOJIO-
THYECKOT0 000PYI0BAHUS.

KKII BXOZUT B COCTaB CTaJeIIaBUIBLHOTO MPOU3BOJICTBA METAJLTyprude-
CKOTO MPEINpHUATHA U, KaK IPaBUIIO, BKIIOYAET CKpAIHOE OTJIENIEHHEe, OTAee-
HUE TIepesiBa YyTryHa, IUIAKOBBIN, 3arpy30uHbIil, KOHBEPTEPHBIH YYacCTKH, OT-
JIeNIeHNe PEMOHTA CTalepa3InBOYHBIX U MPOMEXKYTOUYHBIX KOBILEH, OTACIEHHE
HENPEpHIBHON PA3JIMBKU CTAJIM U TPAHCIIOPTHO—OTAENIOYHYIO JHHHUI0. B cocTa
OCHOBHOTO 00opymoBanus coBpeMeHHOro TunoBoro KKII Bxomar Tpu KoHBEp-
Tepa, aBa arperara qooaku cramu (AJIC), arperaT «mme4b—KOBID), KOMOWHU-
poBaHHas ycTaHoBKa BakyymupoBaHus ctanu (KYBC), arperar riayOoxoit ne-
CyIb(pypanny 9yryHa, 9eThIpe KpUBOJIMHEWHBIE MAIIUHBI HETIPEPHIBHOTO JIUTHS
3arotoBok (MHJI3) my1st OTJIMBKY 3aTOTOBKH.

B xuciiopo1HO—KOHBEPTEPHOM IIeXe MOMYYar0TCs, UCIOIB3YIOTCS, XPaHIT-
csl, TPAHCIOPTUPYIOTCS ONAaCHbIE BEIIECTBA: NMPHUPOIHBIA Ta3, TEXHUYECKHUH
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KUCTIOPOJ, a30T, aproH; UCIONb3yeTcs 000pyaoBaHHe, padoTarolee oA JaB-
nenneM Gonee 0,07 MITa wmm npu TemmepaType HarpeBa Boasl 6omee 115°C;
KOTJIBI—yTHJIN3aTOPbl KOHBEPTEPOB, TPYOONPOBOIBI Mapa W TOps4ell BOJIBI;
CTaI[IOHAPHO YCTaHOBJICHHBIE TPY30IOJbEMHBIE MEXaHU3MBI; IIOJIyYaroTCs
pacIuiaBbl YepHBIX METAUIOB M (GOpMHUPYIOTCS JKUAKue nutakd. [loatomy Ku-
CJIOPOHO—KOHBEPTEPHOE ITPOM3BOACTBO OTHOCHTCSI K KAaTErOPHH OITACHBIX
TIPOM3BOACTBEHHBIX OOBEKTOB.

Obecneuenne TIPOMBIIUICHHON 6e3omacHoCTH KHCIIOPOJTHO—
KOHBEPTEPHOTO MPOM3BOACTBA SIBIAETCA HEOTHEMIIEMBIM TPEOOBAHHUEM KOHKY-
PEHTOCHOCOOHOTO CYLIECTBOBAHMS METAIITYPIHYECKOT0 TMPEINPHATHS B CO-
BPEMEHHBIX YCIOBHAX U BO MHOTOM 33aBHUCHT OT BBIOOpA CHCTEMBI YIPaBICHHS
pHUCKaMH, KOTOpas HpeaycMaTpHBaeT: Haluuue MH(OPMAIMH O TPOU30LIE]-
mux aBapHﬁHLIX CUTyalludaX W MpUYNHAX UX BO3HUKHOBCHMUA; IPOBEACHUE MO-
HUTOPHHIa TEXHUYECKOTO COCTOSHHSI O0OpYIOBaHHUs; pa3paboTKy METOIHUK
OLICHKHM PHCKa BOHUKHOBEHHUS! aBapUUHBIX CHTYaIlMid IJIs1 BBIOOpa MEpOIpHs-
THI TI0 CHI)KEHHIO MX YPOBHSI.

3ajaya 1Mo CHIDKEHUIO PUCKA aBapUHHOCTH B KHCIIOPOIHO—KOHBEPTEPHOM
TIPOM3BOACTBE SIBIISETCS AKTYAJIBHOH UII METaUTypTHYeCKUX IPeXIpHUsTHI.
Jns ee pemeHus HEoOXOAMMO pa3padOTaTh METOAWYECKHE PEKOMEHIAINH,
HalpaBJeHHBIC HA IOBBIMICHNE O€30MaCHOCTH S3KCIUTyaTalllM KHCIOPOTHBIX
KOHBEPTEPOB METAJUTYPTHUECKOTO MPEANPUATHA MPU Pa3IUIHBIX TEXHOJIOTH-
YEeCKHX BapHaHTax MPOU3BOACTBA CTAJIH.

[Monapnsromiee OOJIBUIMHCTBO BBICOKOTEMIIEPATYPHBIX arperaToB crajie-
IUIaBUJIBHOT'O ITPOU3BOACTBA ABJIAIOTCA IMOTCHIHWAJIBHO OMACHBIMHU HCTOYHHKA-
MH BO3HMKHOBEHHS TE€XHOTEHHBIX aBapuii, OCHOBHONH OCOOEHHOCTBIO KOTOPBIX
SIBIISIETCSl HAJIMYME PacIUIaBIEHHOTO MeTajlla, IIlaka W Ta30B, CIOCOOHBIX B
OIIpe/IeTICHHBIX YCIOBHAX B3PBIBAThCS, BHI3BIBATH MOXKaphl M oTpasieHus. Ca-
MBIMH PaCHpPOCTPAaHEHHBIMUA U THUIIOBBIMH aBapHsIMH CTaJEIUIaBHIILHOTO MpO-
W3BOJICTBA SIBIISIOTCSI aBapWH, CBS3aHHBIE C B3PHIBOONACHBIMU BEIECTBAMHU
(roprounMyn ra3aMH) W BBIOpOCaMHM pacIIaBICHHBIX MeTauioB. Hambomee
OTIaCHBIMH TIPUYMHAMH SIBIISIOTCS: M3HOC ()yTEpPOBKHM KOHBEPTEpa; KOHBEPTEP-
HBIE Ta3bl; B3PBIBBI U BEIOPOCHI B KOHBEPTEPE.

[IpoBeneHHBIN aHaINW3 NPUYMH aBapuid, MPOU3OLIEAIINX B IOCIEAHEE Bpe-
Ms Ha psAle KHCIOPOIHBIX KOHBEPTEPOB MOKA3bIBACT, YTO HaHOOJEE OMAacCHBIM
YYaCTKOM KHCJIOPOJIHO—KOHBEPTEPHOI'O MPOM3BOACTBA SIBISIETCS KOHBEPTEP —
20,3 % oT Bcex aBapUIHBIX CUTYaIlUii, IpHUUEeM Ha BaHHY pacIlIaBIE€HHOTO Me-
tajuia mpuxonutcst 70 % ciydaes, a Ha ra300TBOASMIINN TpakT 21 %.

OTCcyTCTBHE NTOJDKHOTO KOHTPOJISL PaOOTHI M COCTOSTHHSI Ta300TBOJISIINX
TPaKTOB MPHBOJAUT K XJIONKaM, B3pbIBAM M JJayKe Pa3pyIICHHIO IIEJIbIX HX yda-
cTkoB. OKHUCBH yriiepojia, coAepiKamascs B KOHBEPTEPHOM rase, B CMECH C KH-
CJIOPOZIOM 00pa3yeT B3pBIBOONACHYIO cMech. [Ipenen B3phIBaeMOCTH COCTABIIS-
eT: OKHCH yriepona — ot 12,6 1o 75 % mo o0bpeMy, Ipr 00BEMHO# J10JI€ KHCIIO-
poma Gomee 5,6 %. Bomopom B cMecH ¢ BO3LyXOM 00pasyeT «TIpeMydylo
cmech». [Ipemensl B3pbpIBAEMOCTH BOAOpona cocTaBisiioT oT 4,0 no 75 % mo
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00beMy. Teub BOABI U3 KOTJIa—YTHIN3aTOPa U APYTHX BOIOOXJIAXKIAEMBIX dJie-
MEHTOB, PACIIOJIOXKEHHBIX HaJ] KOHBEPTEPOM, MOXKET MPHUBECTH K TOMATaHUIO
BJIaTM B KOHBEPTEP W, KaK CIICACTBUE, K 0OPa30BaHUIO B3PHIBOOMIACHON CMeCH
ra3oB, 0COOCHHO PU pabOTE MO TEXHOJIOTUH 0€3 JIOKUTAHUS WU C YACTUIHBIM
noxkuraaueMm CO.

[pormecec mponu3BOACTBa CTANX B KOHBEpTEpaxX C MPOTyBKOH BaHHBI KUCIIO-
pOIIOM CBEepXy CBsI3aH ¢ 00pazoBaHHEM OOJBIIOTO KOIUIECTBA Ta30B, KOTOPHIC
coJiepKaT MEIKOAUCIIEPCHYIO IBUTh U TOKcHuHBIe Ta3bl (CO, SO,) [1].

KonBeprepHsie ra3sl 00pa3yloTcs B pe3yidbTaTe BEITOpAHHS Yriepoja
IINXTH U Pa3JI0KEHUS U3BECTHSIKA. BBIXOM ra30B M3MEHSETCS MPH IPOIYBKE B
3aBHCHMOCTH OT pacxoja KHCIOPOIHOTO AyThs, COCTaBa UyTryHa W JIOMa, CO-
CTaBa IIMXTHl U M3BECTH, BBICOTHI (DypMbI HaJl ypOBHEM BaHHBI. MaKCUMAIbHOE
KOJIMYECTBO Ta30B, OTXOSIIMX OT OJHOTO KOHBepTepa, coctasisier 300000
M°/4. TeMmeparypa AbIMOBBIX I430B Ha BBIXOJE W3 TOPIOBHHEI KOHBEPTEpA B
TeueHHe MIaBKK mosbimaercs ot 1250—1300°C B nauae mpoaysk, 10 1600—
1700°C B cepenuue U KoHIE NpoayBKH. OCHOBHBIMH KOMIOHEHTAMH KOHBED-
TepHbIX ra3oB sBistoTcs CO u CO,, 00beMHOE cofepikaHiue KOTOPBIX COCTaB-
nstet coorBeTcTBeHHO 60-85 % 1 10-20 %. B oTXoasgmmx ra3zax B He3HAYH-
TEJNBHOM KOJIMYECTBE MOTYT npucyTcTBoBath Oy, Hy, Ny, Ar. Conepkanue nu-
OKcHJa cephl B razax cocrasisier 10 300 MI/M> [1].

TexHomormueckasi IbUIb, BEIHOCHMAs U3 KOHBEPTEPA, COCTOUT M3 MEJKHX
(¢bpaknuil CHIYYNX MaTEepHANIoOB (M3BECTH, PYABI W T.JI.) U TOHKOIMCIIEPCHOM
MIBUTH, COAEPXKAIIUX B OCHOBHOM OKCHJBI JKeje3a. XUMUYECKUH COCTaB TbLIH:
Feosw 10 70 %, MnO 0,3-0,5 %, SiO, 1,0-2,0 %, CaO 0,8-3,2 %, Al,O3 0,5—
1,0 % [2]. I'panynomerpuueckuii coctaB: 0-3 MM — 59 %, 3—6 MM — 6 %, 6—
10 mxm — 7 %, 10-20 MM — 7 %, 20—40 mxMm — 7 %, 40—100 Mxm — 9 %, Oonee
10-5 %. B Tedenue Bceil TUIaBKHU BBIOPOC MBUTH PACIIPEACISIETCS HEPABHOME-
HO. MakcuMallbHOE 3HAa4YeHHE 3albLICHHOCTH OTMEUYAeTCsl B MOMEHT MOJauu
CBIITyYNX MaTepruanoB. KolmaecTBO MBUTH, BEIHOCUMOHN M3 KOHBEPTEpa, TOCTH-
raeT 1,5 % OT mMaccel MPOAYKTOB MIABKHU, YTO Ha | TOHHY >KHIKOW CTalld CO-
CTaBJISIET OKOJO 16 Kr. 3ambUIEHHOCTh KOHBEPTEPHBIX ra3oB cocraBiseT 180—
200 /v’ [3]. IIpn moxuraHWM comepiKaIierocss B ra3ax OKCHIA yriepoja Ha
cBede B OOJIBIIOM KOJHYECTBE 00pa3yIOTCS OKCHIBI a30Ta, KOTOPBIE BHIOPACHI-
BarOTCA B aTMochepy.

MeToauka uccjeg0BaHusA. YUUTHIBAs BRIIEU3I0KEHHOE, CPEen MpodieM
MPOMBIIIJICHHOW 0E30MacHOCTH AKCIUTyaTallii KHCJIOPOJHBIX KOHBEPTEPOB
oco0boe BHUMaHHE ynensieTcss o0ecreueHnIo 0e30MacHOCTH paboThl ra300TBO-
Jsmero Tpakra. B mepByro odepenb, 0€30macHOCTh pabOTHI I'a300TBOISIIETO
TpaKkTa KUCIOPOJIHBIX KOHBEPTEPOB CBS3aHA C XUMUYECKUM COCTABOM OTXOS-
LIero rasa.

Hcxons w3 TeOpUH U MPAKTHKH KUCIOPOTHO—KOHBEPTEPHOTO TpoIiecca, 3a
OCHOBY CHCTEMAaTH3aIlMi BapHUAHTOB IIPOIIECCOB CIEAYeT MPUHATH KIacCU(pH-
KallMOHHBIM KOMIUIEKC, ONPEAENIOMNN XUMUUECKUA COCTaB OTXOISALIMX Ia-
30B. Hanbonee mpuemieMbIM IPEACTABISIETCS paclpeieliecHue BapHaHTOB IO
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OCHOBHOMY IPU3HAKY, KOTOPBIM SIBJSIETCS CIIOCOO T10/1a4u B KOHBEPTEP KUCIIO-
polla U APYTHX TEXHOJIOTHYECKHUX Ta30B: MPOIyBKa KHCIOPOAOM CBepXy (B
TJIyXOJOHHOM KOHBEpTepe); MPOAYBKa KHCIOPOJOM CHH3Y (4epe3 IOHHBIE
($ypMBI B 000JI09Ke 3alUTHOM Cpeibl); KOMOMHUPOBAaHHAsS ITPOyBKa, KOTOpast
pasnensercd Ha NMPOAYBKY KHCIOPOAOM CBEPXY M HEHTpalbHBIM Ta3oM depe3
JOHHBIE ()YPMBI U ITPOILYBKY KHCIOPOJIOM CBEPXY M Yepe3 JOHHBIE (PypMBI.

B ycnoBusix sKkcnepuMEHTaNbHOrO KOHBEpTepa eMkocThio 1,5 T B MHCTH-
TyTe yepHoU MeTamuryprud HAH Vkpanssl npoBeneHs! UCCIEA0BaHMS pa3any-
HBIX BAapHaHTOB KHCIOPOJHO—KOHBEPTEPHOIO Ipolecca. BBINONHEH aHalu3
JVUHAMHUKH W3MEHEHHS XMMUYECKOTO COCTaBa OTXOMAIIErO rasa Mo IPEACTaB-
JICHHBIM BHJIaM KHCJIOPOJHO—KOHBEpTepHOro mpouecca. Ilo xomy mccnenoBa-
HUS OCYILECTBIISJICS KOHTPOJIb XUMHYECKOT0 cocTaBa raza. B tabmn.1 mpusene-
HBl JaHHBIE THIHWYHBIX IUIABOK Ka)IOTO BHIA KHCIOPOIHO—KOHBEPTEPHOTO
npolecca, aHaju3 KOTOPBIX TO3BOJISIET BBIICIUTH HanOoJiee TOYHbIC Pa3Inius
B COCTaBE OTXOJSAIIETO rasa.

[Tpn KOMOMHMPOBAHHOW MPOIYBKE C IMOJAueil HEHTpalTbHOTO Tasza uYepe3
JOHHBIE (YpMBI B COCTaBE OTXO/IIIMX Tra30B HOSBISIOTCS AJIEMEHTHI HE-
TPalbHBIX T'a30B, B IPUBEACHHOM CiTydae a3oTa. [Ipw mcrons30BaHUM IS 3a-
IIUTH JOHHBIX KHCIOPOIHBIX (ypM Ira3000pa3HBIX YIIEBOJOPOIOB B OTXOI-
IIeM T'a3e MOTYT HOSIBUTHCS 3HAYUTENbHBIE KOJIMYECTBa BOJAOPOIa, OCOOCHHO B
HayaJle MPOAYBKH IPH MAJIOM KOJIMYECTBE OTXOAAIIero rasa. Ilpm moHHOU
MIPOAYBKE KHCIOPOAOM obecrednBaeTcsi HanboJiee BrIcokoe conepxxanne CO B
oTxonsieM raze (tabdiu.l).

BunoBsle pa3nnuus NposBISIOTCS W B 3alBUIEHHOCTH ra3oB. Haubomnbmas
3aMbUICHHOCTh COOTBETCTBYET MPOAYBKE KHUCIOPOJIOM CBEPXY, caMmas HHU3Kas —
MIPOLyBKE CHU3Y, CpEAHEe 3HaUeHNEe — KOMOMHHPOBAaHHOM MpoayBKe (Tadi. 1).
JUig KaXkaoro BUAa Mpolecca Ha XMMHYECKHH COCTaB OTXOMAIIETO ra3a OCHOB-
HOE€ BIIMSIHHE OKa3bIBAIOT: KOHCTPYKIUS BEPXHEr0 AyThEBOTO YCTPOWUCTBA, HC-
I0JIb30BaHKE TeIuIoHOcHTeNel. KoHCTpyKTHBHBIE 0COOEHHOCTH BEPXHUX QypM
BIUSAIOT Ha Aoxkuranue raza (cootHomernne CO u CO,). Ucnonp3oBaHue Term-
JIOHOCHTEJIEH (IIPUPOIHOTO Ta3a, YrolbHOTO TOIUIMBA B KyCKOBOM M MOPOIIKO-
00pa3HOM BHJIE) MPUBOIUT K YBEJIMUEHHIO coaepxkanus H, B rase.

BrimoHeH aHanM3 BIMSAHUS KOHCTPYKIIUH BEpXHEH KHUCIOPOTHON (ypMBI
Ha JUHAMHUKY XUMHYECKOTO COCTaBa OTXosmero raza. Ha puc.l npencrasnena
JUHAMUKa u3MeHeHus conepxannsa CO, B OTXO[AIIEM ra3e Ipu NMpoayBKe K-
ciopozioM cBepxy. Mcmonb3oBaHHe NBYXBSPYCHBIX (QypM OIPaBABIBAET CBOIO
nens — goxuranne CO no CO,, ocobeHHO B MepBON MOJOBHHE MpoayBku. Ha
puc.2,3 npencrasieHa quHamuka u3MeHenus coaepxkanus CO, u CO B oTxo-
JSIIEM Tase 1o XO4y NPOAYyBKU. B kaxaoM BHe Ipoliecca UMEIOTCSI CBOU 0OCO-
OGEHHOCTH B OpraHU3aLUH JOKUTAHHS, YTO CKa3bIBAETCS Ha YPOBHE JTOKUTAHMSI.

[Tpn nmprmMeHeHnn NOXXUTaHMSI 0e30MacHO paboTe BEPXHNUX KHCIOPOIHBIX
($ypM YCIO)KHEHHOH KOHCTPYKIMM HEOOXOOMMO YIENSATh JOIOJHHUTEIHFHOES
BHUMaHHE B MHCTPYKLUSX I0 UX 3KCIUTyaTanuu. JJoHHbIE (ypMBI JOMOTHAIOT-
Csl TPAaKTOM MOJAadud IOPOINKOOOPAa3HOTO TOIUIMBA, JUIS BAYBAaHUS KOTOPOTO
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UCIIONIB3YIOTCS CUCTEMBI ¢ TPYOONPOBOAMH U COCYIaMH, pabOTaIOIUMK TIPU
BBICOKOM JiaBiieHuu. J{i1st Oe30macHoi paboThl KOHBEPTEPOB B TAKHX YCIOBHSIX
JIOJDKHBI 00€CTIeUnBaThCS ClIENUANIBHBIEC JOTIOJHUTEIBEHBIE MEPHL.

Tabnuna 1. JlaHHBIE THIMYHBIX ITABOK Pa3UYHBIX BAPHAHTOB KHCIOPOIHO—
KOHBEPTEPHOIO Ipoliecca.

Bpews Bpewms otbopa
Hpiin_ XHAMHYECKUH COCTaB JbIMa TpOOEI
CO, CO,, Oy, | Ny, | Hy, | mbuIB, % or
% % % % % /M’ MHH. JUTHUT.
[IpoxyBKa KUCIOPOIOM CBEPXY
13MuH. 67,9 31,8 0,3 — — 51 2-3 19
69,4 30,5 0,1 — — 54 4-5 35
74,8 25 0,2 — — 62 67 50
82,0 18 — — — 435 8-9 65
[IpoayBKa KHCIOPOIOM CHU3Y
13 77,2 10,6 0,5 — 11,7 | 8,97 1-2 15
MHH.— 91,0 8,9 0,1 — — 8,42 34 30
30 cek. 93,4 6,6 — — - 8,47 5-6 46
96,5 3,5 — - - 7,35 89 69
97,5 2.5 — - - 6,6 10-11 85
[TpoxyBKa KHCIOPOIOM CBEPXY M HEHTPAILHBIM T'a30M CHHA3Y
13MuH. 31,2 61,5 1,5 4.5 1,3 | 37,4 1-2 15,0
29,7 66,5 1,3 1,9 0,6 | 31,8 34 31,0
61,3 35,5 0,5 2,3 04 | 243 5-6 46,0
78,3 19,0 | 0,5 2,2 — 10,7 8-9 70,0
[IpoayBKa KACIOPOIOM CBEPXY U CHU3Y
8 MuH.— 19,5 80,6 4.4 1-2 18
45cek. 39,4 60,6 4.5 2-3 30
74,0 25,9 0,1 18,3 34 42
83,5 16,3 0,2 38,2 4-5 54
85,0 15,0 19,3 7-8 91

BbimonHeH aHanM3 BIMSHUS —TEIJIOHOCHTENEH B KHCIOPOIHO—
KOHBEPTEPHOM IIPOLIECCE C MOBBIIIEHHON JOJIEN JIOMa, a TaKXe AJI YCIOBHH
paboThI 6e3 KUIKOTo UyryHa. 11 momoOHBIX BAPUAHTOB TEXHOJIOTHH HCITOJb-
3yeTcst KOMOMHHUpPOBaHHAasI MPOIyBKa KUCIOPOJIOM CBEPXY M CHU3Y. DTa TEXHO-
JIOTHA B HACTOAIIEC BPEMA Ha MPEANPUATHAX praI/IHBI HE NPUMCHACTCA, O~
HaKO Pe3yNbTaThl aHAIM3a MOTYT OBITh HMCIOJB30BaHBI MPU Pa3BUTHU TaKUX
TEXHOJIOTUH B MEPCIEKTHBE.
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Puc.2. Uzmenenue conepxkanust CO, B
OTXOMSIIMX ra3zax Mo XO4y NPOAYBKHU: 1—
Ha IJIaBKax C BEpPXHEH MPOJYBKOW KH-
cinoponoM (cpemHee 3a IiaBky — 18,5
%); 2—Ha IJIaBKax ¢ MPOIYBKOH KHCIO-
pOIOM CBepXy M HEHTpaIbHBIM Ta30M
yepe3 AHUIIE (CpenHee 3a MIaBky — 23,5
%); 3—Ha IUIaBKax ¢ MPOIYBKOH KHCIO-
pOIOM CBEpXy dYepe3 IBYXBIPYCHYIO
GbypMy © HeWTpambHBIM Tra3oM uepe3
nHume (cpegaee 3a maaBky — 41,0 %).
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Puc.3. Hsmenenune copepxkanus CO B
OTXOJUIIMX I'a3ax Mo XOAy NMPOIYBKU: 1—
Ha IUIaBKaX C BEpXHEW MNPOIYBKOH KH-
CJIOPO/IOM; 2—Ha IUIaBKax C INPOJIYBKOW
KUCJIOPOZIOM CBEpXy M HEUTpaJbHBIM
ra3oM uepes JHUIIE; 3—Ha IUIaBKax ¢
HPOYBKON KHCIOPOJOM CBEPXy uepes
IBYXBAPYCHYIO GypMy M HeHTpasbHBIM
rasoM uepes [HHIIE; 4-Ha IUIaBKax ¢
IIPOJYBKOH KHCIIOPOJOM CBEPXY U 4epe3
JIOHHEIE (ypMBI
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I'maBHBIM OTIMYMEM XMMHUYECKOTO COCTaBa OTXOOAIEro ra3a B TaKux Ba-
pYaHTax TeXHOJOTHH sABjseTcs Hamuuue Bogopoa (10-25 %). Ha puc. 4 npen-
CTaBJicHAa JMHAMHKA W3MEHCHHS XUMCOCTaBa OTXOJSIIUX Ta30B IO XOAY ILIaB-
Ku 0e3 HCIOJIb30BaHMS JKUIKOTO YyTryHa C MPOJIYBKOH Ta30—KHCIOPOIHBIM
(hakenom cBepxXy, KACIOPOJIOM CHHU3Y U BIyBaHHEM YTOJIBHOTO TIOPOIIKA Yepe3
KHCJIOPOJIHBIC JIOHHBIE PYypMBI.

=<
=3
2 10
= Puc.4. 3MeHeHne XHUMCOCTaBa OTXO-
g % JIAIIUX Ta30B MO XONIy IJIaBKH 0e3 Hc-
§ T10JIb30BaHUS JKUAKOTO 4YyryHa C IpO-
= 0 JIyBKOH Ta30—KHCIOPOJHBIM (aKkeaom
= 60 —_—
= 00— CBEpXy, KHUCJIOPOAOM CHH3Y M BAyBa-
= HUEM YTOJIBHOTO IOpOLIKAa 4epe3 Ku-
(=)
= 40 CIIOpOJHBIE JOHHBIE (hypMBIL.
=73 HZ H
ER 5 =

e ——
g 2 0,
5 0 Nz N2

0 2 ] 60 30 100
AAUTOAGHOOTE  NAABHM, %

[pu peanu3aiyu KHCIOPOIHO—KOHBEPTEPHOTO Mpoliecca 0e3 MCIoIb30Ba-
HUSI JIOTIOJIHUTENIFHOTO TOIUTUBA COCTaB KOHBEPTEPHOTO ras3a J0CTAaTOYHO
cinoxuslii (%): CO —70,0-72,8; CO,— 12,5-14,0; N, — 11,0-15,6; H,— 0,7-1,2;
0, - 0,1-0,3; C,Hy — 0,3; CH,4 — 0,03; NO — 0,0005; C,H, — 0,0004; H,S —
0,00001; SO, — 0,00005; Sy — 0,01. HMicrionb3oBaHKe TENIOHOCHTENEH NMPUBO-
JIUT K YBEJIIMYEHHUIO COAEpKaHUs BOJOpOAa B OTXOAsAlIeM raze. B wactHocTH,
IpY PUMEHEHHH TPUPOIHOTO T'a3a yBeIHMUUBaeTCs coaepikanue H, B oTxoms-
IieM rase. HpI/I HCIOJIB30BaHUHN YTOJIBHOT'O TOIUIMBA B OTXOOAIIEM ra3e MOryT
MOSIBJIATHCSI COCTABJISFONIUE JICTYYUX YTOJBHOTO TOIUIMBA, B COCTAB KOTOPBIX
Bxomar rasel: CO, CO,, H,, CH,, C,H,, C,H,, H,S, N,. CoctaB 1 KOoIH4eCTBO
JIETYYUX 3aBHCHUT OT COCTaBa U CBOWCTB yroOJBHOTO TEIUIOHOCUTENS. [ JIaBHBIM
HCTOYHHKOM B3pbiBoomniacHoCTH siBisieTcss CO. TemmepaTypbl U Tpeieibl BOC-
IUTAMEHEHHS OT/ICIbHBIX T'a30B [IPUBE/ICHBI B TabuIe 2.

JwnarpamMma B3pBIBOOE30MACHBIX KOHIIEHTpaIuii razoBoit cMecu CO-Op—
(CO,+N,) moka3bIBaeT, 4To A HAAEKHOTO OOecledeHus B3phIBOOE30MacHo-
cTi paboThl KOHBEpTEpa C yTUIIM3AlMEH OTXOMAIIEr0 ra3a HeoOXOJUMO pa3-
0aBJISATH €ro a30TOM, OCOOCHHO B Hayalie M B KOHIIE NMPOAYBKH MPU KOMOWHH-
POBaHHOI TIPOAYBKE ¢ IMoJaueii HEHTpaIbHOTO ra3a cHu3sy (puc.5). Obecmede-
HHe 0e30macHOM paboThl KHCIOPOIHBIX KOHBEPTEPOB TPeOyeT MpOBelNeHUs
ONTUMHU3AIMHY 33124 HCIIOJIH30BAHUS U YTHIIM3AIMY OTXOISIIUX Ta30B.
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Puc5. Juarpamma TIPEZIETIoB
B3pbIBacMocTH Ta3oBod cmecn CO—
O,+CO,tN,): 4)— pabouasi Touka
BOCIJIAMCHEHHUSI CMecH; B —
paboudast  00JacTb  IPOILYBKH
a30TOM.

/000 0 20 30 40 50 60 70 80 90 100
L0yt N,
Tabnuna 2. TemnepaTypbl U Ipeesbl BOCITIAMEHEHHsI OTAEIBHBIX I'a30B.
[Ipenens! Bocmna- Temneparypa
Tas XuMuueckass | MCHEHHUS B CMECH C | BOCIUIAMEHEHMS
thopmyna BO3AYXOM, % ra30BO3AYIIHON
min Max cMmecu, rpaa.C
Bomgopon H, 4,1 74,0 530-590
Oxucs yriaepona CO 12,5 75,0 610-658
Meran CH, 5,4 13,9 654-790
Anertunen C,H, 2,5 78,0 335-500
Oran C,Hg 3,1 12,5 530-594
OrtuieH CH, 3,0 28,6 540-550
IIponan C;Hg 2.4 9,5 530-580
IIponunen C;Hg 2,4 10,3 —
n—0yTaH C4Hyg 1,7 8,4 490-569
A-OyTtunen C,Hg 1,7 9,0 —
benzon Ce¢Hs 1,4 6,7 720-770
CepoBoJiopos H,S 4,5 45,0 290-487
JlomeHHBbI# Ta3 35,0 75,0 530
Koxkcosrrii rasz 7,0 21,0 300-500
I'eneparophslit 20,7 73,7 530
ra3s
T'oponckoii ra3 53 31,0 560-750
IIpuponnslii ra3 4,5 13,5 530
Hedts 360—400
bensun 410-560
Kepocun 270-320
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Ha  cocrosHMe  NpOMBIIUIEHHOW ~ 0€30MacHOCTH  KHCIOPOJHO—
KOHBEPTEPHOTO MPOM3BO/ICTBA HETATUBHO BIHSIOT: (U3MYECKUI U3HOC OCHOB-
HOTO TEXHOJOTHYECKOT0 000pYyI0BaHMUS; HECBOEBPEMEHHOE Y HEKaYeCTBEHHOE
MIPOBEJICHNE KalHMTAIBHOTO M TEKYIIEro PeMOHTa O0OpYyNOBaHUs, 3laHUN U
COOPYKEHHH; dKCILTyaTanus o0OpyAoBaHUS C OTpabOTaHHBIM HOPMAaTHBHBIM
CPOKOM; NTPUMEHEHHE HECOBEPIICHHBIX TEXHOJOTHH MTPOM3BOACTBA CTAJIH; CO-
KpaleHne YHCICHHOCTH KBATN(HINPOBAHHBIX CIEIMAINCTOB M MPOU3BOJCT-
BEHHOTO II€pCOHANa; CHIDKEHHE KadecTBa MNPOQGECCHOHATBHOW MOATOTOBKA
MIPOM3BOACTBEHHOTO M PEMOHTHOTO TIEPCOHAA.

AHanu3 nokasai, 4To NPUYMHAMH aBapuil SIBISIFOTCS: KOHCTPYKTHBHBIE He-
JOCTAaTKH, HAPYIICHHS NPH CTPOUTENLCTBE M 3KCIUTyaTallMd OOOPYHOBAHUSL.
OcHOBHBIE TpaBMUpYIOLIKE (HAKTOPBI: MaJCHUE TIPEIMETOB M TOCTPAJABIIHNX C
BbICOTHI (37,5%); BBIOPOCHI PACIUIaBOB METAJJIOB U PACKAJICHHBIX Ta30B U3 Me-
Tajuryprudeckux arperatoB (25,0%); Bo3neHCTBHE BpaIIArONIMXCS U JIBHXKY-
muxcs yactei obopynosanus (12,5%); texnonorunueckuii Tpancnopt (12,5%);
BO3/IeHiCTBHE TEXHOJIOTHYECKHX I'a30B (12,5%). BrIsBIeHb OCHOBHBIE TPUYHHBI
HECYAaCTHBIX CITy4YaeB: HEYJOBJIETBOPUTEIbHbIE OpraHM3alUsl M IIPOBEICHHE
PeMOHTHBIX pabdot (66,6%), HEYJOBIETBOPUTEIBHOE TEXHUIECKOE COCTOSTHHUE
obopynosanust (16,7%), KOHCTpYKTHBHBIE HeOCTAaTKH 0bopynoBanus (16,7%).
OCHOBHBIE IIPUYMHBI TPYIIIOBBIX HECYACTHBIX CIIydaeB — HAPYIICHNE TEXHOJO-
THU TIPH BEIEHUN METAJUTyprudeckux mponeccoB (50%), HEYyTOBIETBOPUTEIb-
HBIE OpraHU3alus U IPOBEAECHHE PEMOHTHBIX paboT (50%).

B Tabn.3 npuBesieH aHaU3 aBapuil B KUCJIOPOIHO—KOHBEPTEPHOM POM3BO/I-
CTBE, YacTOTa CITy4aeB aBapUMHBIX CUTyalid ¥ MHLUICHTOB, UX YACIBHBIN BEC, a TAIOKE
aBapUiHbIE OTEPH POU3BOJICTBA.

Tabmta 3. Buzpl aBapuii B KHCIOPOIHO—KOHBEPTEPHOM IPOU3BOJICTBE.
YacroTa VYaenvHelil | ABapuiiHble
Bupn aBapun cimydaeB, % |Bec B aBapuii—| moTepu np—

HBIX TIOTEPSIX, | Ba, T/CITydaii
o/

Pazpymienne gpyrepoBku 1,9 1,?2 2000
[Mporap ¢yTepoBKH BaHHBI 104 9,3 2900
Brimaska cramm 11,0 17,7 5200
Bermyck 1 pa3nuBka cTanu 20,6 20,0 3100
OO1IenEeXoBbIE 56,1 51,8 3000

ABapuu 110 TEXHOJIOTHYECKUM TIPHYMHAM cocTaBILtoT MeHee 50 %. Hanboiee
3HAYUTENBHBIE TI0 YaCTOTE CIIyJacB M yACIbHOMY BECy aBapHIHBIC IIOTSPH POH3-
BOJICTBA NPOUCXOMAT MPH BBITYCKEe M Pa3iMBKE CTANH. ABApPUM INPH BBIILIABKE
CTaJIM OTIIMYAIOTCS 0OJIee 3HAUMTEIIBHBIMY MOTEPSMHU MPOM3BOJICTBA B CPEAHEM Ha
onuH ciyd4ail. Hanbonee 3HaYMTENBHBIMU TI0 YacTOTE CIy4aeB M NMPUYMHEHHOMY
yiiepOy SBILIOTCS aBapHH Ha Ta3004YHCTKE B CBSI3H C BBIXOIOM U3 CTPOS IBIMOCO-
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ca, mporapaMu TpyO ra3oxozioB u jp. [ToJOMKHM MeXaHH4ecKOro 00OpyAOBaHHUS
IpUMEPHO B IIOJIOBHHE CIIy4Ya€B HNPUBOAAT K CaMOIIPOM3BOJIBHOMY IIOBOPOTY
KOHBepTepa. M3 TeXHONOrnYecKuX aBapuii HauOojee 3HAYUTEITEHBIMU SBIITFOTCS
B3pBIBBI B KOHBEPTEPE, CBA3AHHBIE C TIOTIaJaHUEM BOJIbI B KOHBEPTEP U3—3a TEUU
¢GbypM u keccona. [Ipu pa3nuBKe CTaT aBApHUHBIC CUTYAIIMH W MHITHICHTHI Jalle
BCETO TIPOMCXOMAT B pe3yNbTaTe mporapa (pyTEpOBKH KOBIIA M YCTPOWCTB LIS
BEIITyCKA CTaJIM U3 KOBIIA.

[pu SKcIUTyaTayl OMacHBIX MPOU3BOACTBEHHBIX OOBEKTOB KHCIOPOIHO—
KOHBEPTEPHOTO MPOM3BOJACTBA IOJDKHBI BHEIPSTHCS KOMILIEKCHBIE CHUCTEMBI
YIpaBJIEHUS IPOMBIIUICHHON 0€301acHOCTHIO, 00ECIIEUNBAIOIINE BHITIOTHEHHE
TpeOOBaHUI MPOMBIIUIEHHON 0€30IaCHOCTH M MOHUTOPHHT TEXHHYECKOTO CO-
CTOSTHHSI 000pyA0BaHus, pa3paboTKy OpTraHU3AIMOHHBIX U TEXHUYECKUX MEpO-
HpHS{THﬁ, HalpaBJICHHLIX HA CHUKCHNUE PUCKAa BO3SHUKHOBCHUS aBapI/Iﬁ " BKIIHO-
Yarolue: MEpPOIPUATHS [0 MOJEPHU3AINU M PEKOHCTPYKIHH 00OpYIOBaHMS;
HOBBIC TCXHHUYECKHUE PEIICHUS U TEXHOJOTHH B 00CTYKMBaHUU H PEMOHTE 000-
PYyIOBaHWs; HHHOBAIIMOHHBIC pa3pabOTKU JUIs YHEProcOepekeHus, mepepadoT-
KH OTXOJIOB MPOU3BOJICTBA U TOBHIIICHUS €r0 3KOJOTHYSCKON Oe30MacHOCTH;
TIPOM3BOJICTBEHHEI KOHTPOIIb COONIONICHHS TPeOOBaHUN MPOMBIIIICHHON
0€30MaCHOCTH; AKCIEPTH3Y MPOMBIIUIEHHOW M HKOJIOTHIECKON 0e30MacHOCTH
000pyIOBaHUS, 3TaHUI U COOPYKECHHUI;, CTpaxOBaHUE PUCKA OTBETCTBEHHOCTH
3a MPUYUHEHKE Bpeaa MPH IKCIDTyaTallly OMACHBIX MPOMU3BOJICTBEHHBIX 00BEK-
TOB; MEPOIIPHUATHUS 110 TPEAYIPEKICHUIO U JIUKBUIAINH aBAPUHHBIX CUTYAIlHH;
METOJIMYECKUE PEKOMEHIAIMU TI0 OIEHKE PHUCKa BO3HUKHOBEHHSI aBapUHHBIX
CUTyaluil U UHUUJEHTOB.

Haubosee pacmnpocTpaHEHHBIM MTOAX00M TPH OLICHKE pHCKa [4] ABiseTCs
HCIIOJIb30BAHHE BBIPAXKEHUSI:

n
Ruim N Zz PuHu i 'Ywm B (1

rae Py, ; — BEPOSTHOCTh BO3HUKHOBEHHS MHIMJCHTA Ha i—TOM 000PYIOBaHUH;
Yy — ymiepO OT BOZHMKHOBEHHs WHIMACHTA Ha i—TOM O0OpYyIOBaHHH; N —
KOJIMYECTBO OOOPYIOBaHHS MPOM3BOJCTBEHHOTO Tpollecca. Vcmonab3oBaHue
BEPOSTHOCTHBIX METOJIOB MPH MPOTHO3HPOBAHUY aBAPUHHOCTH B KUCIOPOTHO—
KOHBEPTEPHOM MPOU3BOJICTBE, KOTOPHIC 0Aa3MPYIOTCS HA HMCIOJIH30BAHUU CTa-
TUCTHYCCKUX JTaHHBIX, MIO3BOJISET 1aTh KOJUYCCTBCHHYIO OICHKY CTCTICHU CITy-
YalHOCTH TIOSIBJICHUSI MHIIUICHTOB [5,0].

B pesynmerare aHamm3a CTATHCTHYECKUX TAHHBIX O MPOM3OIICIIINX aBa-
puiinbix cutyanusx B KKI 3a 1999-2002 rr. ycTaHOBIIEHO, YTO JUIsl OLIEHKH
BEPOSATHOCTH BO3HHKHOBEHHS HHIUICHTOB TEXHOJIOTHYECKUI TPOIECC BHI-
IUTaBKU M PA3IMBKH CTANM IeJIecoo0pa3Ho pa3OuTh Ha IMATh OJOKOB (TIOACHC-
TEM), COOTBETCTBYIOIIMX 3TalaM TEXHOJOTMYECKOTO Tpolecca: mpueM, odpa-
00TKa ¥ TPAHCIOPTUPOBKA MPOJYKTOB KOHBEPTEPHOTrO mepeaeia (UyryH, JioMm,
HIMXTYIOIIAE MaTepualibl); BBIIUIABKA CTajJM; BHEIEYHas o0paboTKa CTaiu;
pa3jMBKa CTAJIN; TPAHCIIOPTHO—OTACIOYHAS IUHUS (pUC.0).
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[IpennoxeHHass MeTOJMKAa BEPOSTHOCTHON OIICHKM BO3HHMKHOBEHHS aBa-
PUWHBIX CUTYyalluid W WHIUICHTOB Ha OCHOBHOM O0OpPYIOBaHHUU KHCIOPOJIHO—
KOHBEPTEPHOr0 MPOM3BOJCTBA MOKA3aJa, YTO BO3HUKHOBEHHE WHIMJCHTOB U
aBapUiHBIX CUTyallMil B KUCJIOPOJHO—KOHBEPTEPHOM II€XE MOXHO OIHUCaTh
3akoHOM IlyaccoHna, a BpeMs JTUKBUJAIMHM — [TOKa3aTeIbHBIM 3aKkoHOM [7—10].
Ha ocnoBanuu [11] MBI moiy4aeMm KIACCHYECKYIO 3aJlady TEOPHH MacCOBOIO
obciyxuBanus. Ha R; omHOTHITHOM 000pyIOBaHWH TOJCHCTEMBI KHCIOPOIHO—
KOHBEPTEPHOTO TPOW3BOJICTBA BO3HHUKAIOT WHIMICHTHI C HHTEHCHBHOCTEHIO
Aunyi- 1IpY BOSHUKHOBEHUH MHLUIEHTA €r0 HEMEIEHHO HAYMHAIOT JIMKBUAUPO-
Bath. Crctema obecriedeHus Oe3aBapuitHOil paboTEI 000PYAOBAHISI KUCIOPOI-
HO—KOHBEPTEPHOTO I[eXa OTHOCUTCA K KJIACCY CHCTEM MacCOBOTO OOCITy)KHBa-
HUS C OXKHJIAHHEM, T.K. BBIIICINIMNA M3 CTPOsS arperat He OyJeT BO30OHOBIIATH
paboTy 10 JTMKBHIALUK MPUYHH BHI3BABIIMX €0 OCTAHOBKY, T.€. arperaT BCTa-
HET B ouepeib Ha oocmyxuBanue [11].

1. pmen, 06paboTka I TPAHCHOP THPOEKA TP 0AYKTOE KOHEE) TEPHOTO 11 epe/lena

+ ¥ ¥
[ ——— ‘ Crpanmoz ‘ Tpagrnogrm
pemEa TrTYR: [ — camym
T 1 stamepranos
ncC.0. CXemMa OCylieCTBIIC-
¥ Puc.6. C y
2. BEIILTABKA CTATH HUA TEXHOJIOTHUYECKOT O
¥ + nporiecca B KHCIOPOIHO—
‘ . ‘ i | e KOHBEPTEPHOM LIEXe.
I '
3. Bueneunas ofpaboTea craam
1 papuant 11 BapuanT I papuanT
+ & I I 4 [IpoBenenune olieHKH
| ATIG1 | | ATIGZ | ATGL | ‘ ATCz | ATGL | ‘ Ancz o
T T BO3MOXXHBIX COCTOSSHHUH

paboTel  00OpyHOBaHHS

ot MO JTamaMm KUCIOPOIJHO

! — KOHBEPTEPHOTO MpO-
4. Pazmexa cTamt HU3BOJICTBA  ITO3BOJIMJIO
cocTtaBuTh  auddepen-
LMAJIbHBIE  YpaBHEHUSA
[11] m BbIBecTH BBIpa-
KEHHE JUTS OTPeIeIICHHUSI
BEPOSITHOCTH TOTO, YTO BCe 000PYOBaHUE KaXI0W MOACUCTEMBI paboTaer Oe3-
OTKa3HO:

Tleae-
EoEm

| METR1 | | METE2 ‘ M3 | MHT4 ‘

! ! ¥ I

5. TpaHCIO PTHO-0TASTOYHAS JHHAA
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Rl p; p; 1

& w ' Ra(r )




269

A 1
UHYI _
rne p; =———, Myue; = — BENMYMHA 0OpaTHas MaTeMaTHYECKOMY

/uJZuKBi tJuK(;.i
OXUAAHUIO BPEMCHHU JIMKBU AU MHINUJCHTA Ha I—TOM o6opyu03aHI/m.
HOCKOJ’[LKy BEPOATHOCTb BO3HUKHOBCHUA aBaprIHOfI CUTyallul WJIKW HUH-

LUICHTA BEIYHCIISIETCS 10 GopMyIie:
Pi =1-Fys 3

uHyi
TO BEPOATHOCTHL BO3HUKHOBCHUSA aBapHﬁHBIX CI/ITyaHI/Iﬁ U UHIUJACHTOB B KH-
CJIOPOAHO—KOHBEPTCPHOM IPOU3BOJACTBE OIMPECACIIUTCA U3 BLIPAKCHUA: ,
1
Rm P = 1 - (4)
yi R, (/1 ; yc (/1 p )R1+1
z UHYL® TUKGT + UYL TUKGE

e RR = At i)

UHYi~ TUKei

rae R; — KOJMYECTBO OJHOTHITHBIX arperaToB IOJICHCTEMBI Ipoliecca MPOH3-
BOJICTBA U PA3JIUBKM CTAIU B KHCIOPOJAHO—KOHBEPTEPHOM LEXE; Ay — IUIOT-
HOCTh TOTOKa WHIMJICHTOB MOJCUCTEMBI 00OPYIOBAHUS B TOJ; £y — BPEMS
JMKBUIAINY UHIUAEHTA, TOA. 3HAUCHUS Ay U Ly OTPEIETAIOTCS U3 BBIPa-
JKEHUM:
2 7 5
UHYi — ; I ®)
pabi
TZie 7; — KOJIMYECTBO MHIUACHTOB Ha i—mom 00OPYIOBAHUM 3a paccMaTpuBac-
MBIt IPOMEKYTOK BPEMEHHU €r0 PAOOTHI; f,,5 — (BaKTHUECKOe BPEMsI pabOTHI i—
mo2o 000pyIOBaHKS 32 pacCCMATPUBAEMBIi TPOMEKYTOK BPEMEHHU ero paboThl,
rox;
JuKeiobuy
tfluKSi = I’l—l 4 (6)
TIE Lumsiosy — OOIIEE BPeMsl TUKBUIALUY HHIUIEHTOB I10JCUCTEMBI TEXHOIOTU-
yeckoro npornecca B KKII; n; — KoMn4ecTBO MHIMICHTOB Ha i—mom 000pymo-
BaHWH 32 pacCMaTPHUBAEMBbIH IIPOMEKYTOK BPEMEHH €T0 pabOoTHI.

Takum 06pa3zom, morydeHHbIe BRIpaskeHHsI (2)—(6) MO3BOIISIOT OPEIeIUTh
BEPOSITHOCTh BO3HUKHOBEHHS aBapUHHBIX CUTyallMii Ha 000OpYIOBaHUHU KHCIIO-
POIHO—KOHBEPTEPHOTO MPOU3BOJICTBA M BEPOSTHOCTh OE30TKA3HOM pPabOTHI
000py/1oBaHusl. DTH BBIPAXKEHUsI TIpeIaraeTcsl IPUMEHSTh TIPH pacueTe pucKa
BO3HUKHOBEHHSI aBApUIHBIX CUTYAIlMH ¥ MHIUJICHTOB IPH Pa3JIMYHBIX BapUaH-
TaX TEXHOJOTUYECKOTo Mpoliecca Mpou3BOACTBa cTaiu. [lonyueHHbIe BhIpaxKe-
HUSI TTO3BOJISIIOT TAKXK€ YCTAHOBUTH 3aBUCHMOCThH BEJIMYMHBI PUCKA BO3HHKHO-
BEHHS aBapUIHBIX CHTYallMii OT BapUaHTOB OCYIIECTBICHHS TEXHOJIOTHH CTa-
JIETIIIaBUIIBHOTO TIPOIiecca.

ITpn pacuere BeposiTHOCTEN BO3HWKHOBEHHS aBAPUHHBIX CUTYaIlMd W WH-
LUICHTOB paccMaTpuBaiach paboTa ISATH MOACHUCTEM O00OpPYIOBAaHHSA KHCIIO-
POIHO—KOHBEPTEPHOTO IIeXa 10 TPeM BapuaHTaM IIPOM3BOACTBa cTanu. 13 cra-
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TUCTUYECKHX JaHHBIX O TMPOU3OMICANNX aBapuitHbix curyanusx B KKII 3a
1999-2002 rr. onpeaeneHo KOJIUYECTBO UHIIMIEHTOB 72;, OOIIEe BPEMsI UX JIUK-
BUIALMH Lyyionn, PAKTHUECKOE BpeMs pabOThl 000PYAOBAHUSA ty.5 B KakIOH
nojcucteMe. Ha OCHOBaHMM IIOJyYEHHBIX JaHHBIX OIPEeNICHbl MHTEHCHB-
HOCTb UHIUJEHTOB A, 32 BpeMs padoTsl obopynoBanus KKII u cpentee Bpe-
MS JTUKBUIAIAH £y JUT1 KOKIAOM MOACHCTEMBI KOHBEPTEPHOTO Tporiecca. Pe-
3yIbTaThl pacueTa BEPOATHOCTH BOSHUKHOBEHUS UHIUAEHTOB P, U BEPOATHO-
ctu 0e30TKa3HOM paboTsl Py obopymoanus KKI[ mis pa3nndHbIX BapraHTOB
TEXHOJIOTUH POU3BOJICTBA CTAJIN MPEJCTaBICHBI B Ta0I1.4.

Tabnauna 4. BeposATHOCTH BO3HMKHOBEHHUsS MHIMAEHTOB P, W 0€30TKa3HON
a00ThI Py; ocHoBHOTO 000pynoBanust KKII.

Homep 3Tamna TeXHOIOTHIECKOTO HccenemyeMslil mepro, roja
rporuecca 1999 2000 2001 2002
1. | Ipuem, o6paGotka, | P, 0 0,00556 0,00041 0,00153
TPaHCIIOP—TUPOBKA Py, 1 0,99444 0,99959 | 0,99847
MTPOYKTOB IUIABKH
2. | BrlmaBka cranmu | P2 0,02385 0,04383 0,04032 0,03184
Py, 0,97615 0,95617 0,95968 0,96816
3. | I-pli Bapuant BHe- | P, 0 0,00738 0 0,02233
neyHol  006paboTKH | 3747
CTau:
(ALC) Poss T 0,09262 T 007767
A1C
II-o#t BapuaHT BHe- P, 0 0,02075 0,00242 0,07814
meYHOd  00paboOTKH 32
CTaJn: KVBC
(AIC, KYBC) Py, 1 0,97925 0,99758 0,92186
KVBC
II-oit BapuaHT BHe- | P, 0 0,01896 0 0,02233
neyHod  00paboOTKH 32
CTau: oo
(AC, neup—KoBII) 0Bl
Pys; 1 0,98104 1 0,97767
III-nii BapuaHT BHe- | P, 0 0,03869 | 0,00242 | 0,09872
neyHod  00paboOTKH 33
CTau:
(AAC, meup—xoBm, | Pj;3; 1 0,96131 0,99758 0,90128
KYBO)
4. | Pa3muBka cranmm | Punys 0,06149 0,04952 0,05892 0,07941
Pyy 0,93851 0,95048 0,94108 0,92059
5. | TpancnopTHO— | Puws | 0,00314 0,00296 0 0,00213
OT/IeJI0YHAS JIMHUS Py, 0,99686 0,99704 1 0,99787
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3akirouenue. B paboTe BBINMOJIHEHO IKCIIEPUMEHTAIbHOE U aHAIUTHYe-
CKO€ HCCIIeIOBaHHE BO3MOXKHOCTEH IMOBBIIICHUS! TPOMBIIUICHHOW 0e30macHo-
CTH S3KCIUTyaTallu KOHBEPTEPOB M HKOJOTWYEcKol Oe30macHOCTH mpolecca
BBIIUIABKH CTalM, a TAK)KE MPOBEJCH aHAIN3 BIMSHHUSA BapUAHTOB TEXHOJIOTHH
KHCJIOPOJJTHO—KOHBEPTEPHOI IIaBKH Ha KAJIOPHHHOCTH M B3PHIBOOE30IIACHOCTH
otxomsamero rasa. Ilpm sKcmTyartaruy KHCIOPOJHBIX KOHBEPTEPOB 0c000€
BHUMaHHE yAenseTcs 0e30MacHOCTH pabOThI Ta300TBOSIIETO TPAKTA, KOTOPAs
CBsI3aHA C XMMHYECKHM COCTaBOM OTXOJUIIErO rasa. YCTaHOBJIEHO, YTO IS
KaXJI0TO BHJa KHUCIOPOAHO—KOHBEPTEPHOTO Ipoliecca HA XMMUYECKHH COCTaB
OTXOJINEr0 ra3a OCHOBHOE BIMSHHE OKa3bIBAIOT: KOHCTPYKLHUS BEPXHETO
IyThEBOI'O YCTPOMCTBAa M HCIOJB30BaHUE TEIUIOHOcUTENeH. Vcmonb3oBaHue
TEIJIOHOCUTENCH MMPUBOJUT K YBCIMUYCHHUIO COACPIKAHUA H2 B OTXOOAIIEM Ta3e.
[TokazaHo, YTO KaJOPUIHOCTH T'a3a, B OCHOBHOM, OMPEIENSETCS COepKaHuEeM
CO. Opranuzanust JOXHUTaHUA OTXOJAIIETO ra3a B KOHBepTepe OyAeT MpHUBO-
JUTh K CHIDKCHHUIO €r0 TEIIOTBOPHOW criocoOHOCTH. Vcmionp30BaHe TOMIIMBA
B BHJE NPUPOJTHOTO Ta3a Takke OyAeT CHWKaTh TEIUIOTBOPHYIO CIIOCOOHOCTH
oTxomsero rasa. Haindame Bogmopona B OTXOMSIIEM ra3e OyleT yBEIHYHBATh
€r0 B3PBIBOOIIACHOCTH. VCII0Ip30BaHNE YTONBHOTO TOIUTMBA IIPUBOIHT K yBE-
JWYCHUIO B3PHIBOONACHOCTH Ta3a. JlaHHbIe Tabn.9 MOKa3pIBAIOT, YTO aBapuii-
HBIE CHUTyallMH W WHIOWACHTH ¢ HAMOOJbIIEH BEPOSTHOCTHIO BOZHHUKAIOT IMPHU
HCIIOJIb30BAHUH B TEXHOJOTHWH BCETO KOMIUIEKCa 000pYyIOBaHUS KHCIOPOJHO—
koHBepTepHoro nponsBoacTBa (AIC, KYBC, neus—koBmr) — P,,,i=0,09872 u ¢
HavMeHbIIeH — Tpu 00pabOTKE CTalu TOJILKO arperaraMu JOBOJKH CTalld
(AIC) - P,,,;i=0,02233.

Takum 00pa3om, odecrieueHre 0e30MacHO PabOThI KUCIOPOIHBIX KOHBEP-
TepoB TpeOyeT NMPOBEICHNST ONTUMH3ALUK 33124 UCTIOJIB30BAaHHS U YTUIN3ANN
OTXOMSIINX Ta3oB. [IpeoxkeHHass METOJMKa BEPOSTHOCTHON OLIEHKH BO3HHUK-
HOBEHHS aBapUIHBIX CUTyalMd M WHIUAECHTOB Ha OCHOBHOM 00OpYJIOBaHHU
KHCJIOPOJHO—KOHBEPTEPHOTO MPOM3BOJCTBA, HANpaBIICHHAs Ha oOecriedeHue
TIPOMBIIIUICHHON 0€30MacHOCTH MpOIiecca BBHIIUIABKYM M PA3JIMBKH CTAJIH, ITOKa-
3aJ1a, YTO BOZHUKHOBEHNE HHIMACHTOB M aBAPHHUHBIX CUTYaIH B KHCIOPOTHO—
KOHBEPTEPHOM IIEXEe MOXHO ONHUCaTh 3aKOHOM IlyaccoHa, a BpeMs JIMKBUAALINN
— TOKa3aTeNIbHBIM 3aKOHOM. C HCIIONIb30BaHIEM TEOPHH MAaCCOBOTO OOCITYKH-
BaHM TOJSYYEHBI BBIPAKCHUS ISl OLICHKH BEPOSITHOCTH BO3HHUKHOBCHHUS aBa-
PHUIHBIX CHTYyalllii Ha 000PYIOBaHUH KHUCIOPOJAHO—KOHBEPTEPHOTO HPOU3BO/I-
CTBa M BEPOATHOCTH 0€30TKa3HON pabOThl 00OpYIOBaHUS B 3aBUCHMOCTH OT
BapUAHTOB TEXHOJOTHYECKOTO Mpolecca MPOM3BOACTBA CTayd. [lomydeHHbIE
Ppe3yJIbTaThl MOKAa3bIBAIOT, YTO HaNOOJIee aBapUIHBIMU SIBIISIOTCS: KHCJIOPO/IHBIE
KOHBEpTepa, y4acTKu BHeTleyHol o0paboTku cranm, MHJI3.

1.  Bpumsa B.H., 3unvkosckuti M.M. OxpaHa TpyAa B YepHOW MeTaTyprum. — M.:
Mertanmyprus. — 1985. — 192c.

2. Aspamenxo D/, Kapnayx H.H., Xopowes T.H. YupapieHue oxpaHO# Tpyna Ha
MeTaJLLyprudeckoM npennpustuu. — M.: Merammyprus. — 1982. — 248c.
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3. bBucees A.M., bucees B.A. Metamryprus ctanu. Teopus U TEXHOJIOIHs BBILIABKH
cranu. — Maruutoropck: MI'TY. — 2000. — 544c.

4. Tonman JLH. Pucku B 3xoHomuke / [Ton pea. llIsanngepa B.A. — M.: IOuuTr—/lana.
—2002. —380c.

5. Benumyenv E.C. Teopus BeposiTHOocTel. — M.: Hayka. — 1969. — 576¢.

6. Imypman B.E. PyKOBOOCTBO K PEIICHHUIO 33/1a4 MO TEOPUU BEPOSTHOCTEH M Mate-
MaTH4ecKoii ctatuctuke. — M.: Beicmmas mkona. — 1970. — 239c¢.

7. Ipebenux B.M., [Janko B.K. HaneHOCTb METaJUIyprH4ecKoro 0o0OpyHOBaHMSI.
CnpaBouHuk. — M.: Metamtyprus. — 1989. — 592c.

8. Tneoenxo B.B., benses I0.K., Conoeves A./]. MaTemaTHueCKre METOIBI B TCOPUH
HagexxHocTd. — M.: Hayka. — 1965. — 524c.

9.  Beumyenv E.C., Osuapos JI.A. Teopusi BEpOSITHOCTEH U €€ UHKEHEPHBIE MTPUIIOKE-
st (Iproxenne 3 «3HaueHHs y° B 3aBHCHMOCTH OT k 1 p»). YuebHoe mocobue. —
5—e m31. — M.: KHOPVYC. —2010. — 480c.

10. Xawu I, Hlanupo C. CTaTUCTHYECKHE MOJECIU B MH)KEHEPHBIX 3a1a4ax. [lep. ¢ aHTI.
o pen. B.B. Hamimosa. — M.: Mup. — 1969. — 395c¢.

11. Tneoenxo b.B., Kosanenxo U.H. BBenenne B TEOPHIO MacCOBOTO OOCITY)KUBAHMS. —
M.: Hayka. — 1966. — 432c.

Cmamus pexomenooeana k nevamu
axademuxom HAH Yxpaunvr B.U. Bonvuarkosvim

JLI.Tyoonvues, B.Il. Kopuenko, B.®D.llonaxoe, I .M.I'onyoux, H.l.Iladyn,
B.O.I'opoxosa

Jlo nuTaHHSA MiIBUIIEHHS MPOMHUCIOBOI 0e3MeKH KOHBEPTEPiB Ta eKOJOrivyHol
Oe3nexy npoueciB BUIIABJISIHHS CTaJTi

Mertoto poboTH € po3pobKka METOIMYHUX PeKOMEHIaMiil I0A0 MiBHILEHHS Oe3me-
KU eKCIUTyaTalii KUCHEBUX KOHBEPTEPIB BITYM3HAHMX MiANPUEMCTB B PI3HUX YMOBAX i
BapiaHTaX MPOIyBaHHA BaHHHU, 30KpeMa 3 BUKOPHUCTAHHIM MEPCIIEKTUBHUX TEXHOJOTIH.
[IpuBeneHo aHami3 NUPUYMH aBapiHUX CHUTyalid Ta IHIMICHTIB B KHCHEBO—
KOHBEPTEPHOMY BHPOOHHUIITBI Ta METOANKA OL[IHKH BipOTiTHOCTI IX BAHUKHEHHSI.
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