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lInanupyemvle pesynromamsi 0C80€HUs

Kon

Pe3yabTaTt 00yueHuss*

Tpeodoanus ®IT'OC BO, CYOC, kpurepue AUOP,
H/WJIN 3aMHTEPECOBAHHBIX CTOPOH

OO011He Mo HATPABJICHHUIO TIOATOTOBKH

pacuyemHo-npoeKmuas u npo

EKNMHO-KOHCMPYKmMOpPCKAas 0esimebHOCMb .

P1

NPUMEHSTH  TEPelOBbIE  3HAHUS U
JOCTHXKEHUS A (GopMynupoBaHUs
3aJaHuii Ha pa3paboTKy MNPOEKTHBIX
peLIeHui, MPOEKTUPOBATH
WMHHOBAIIOHHBIE TEIUIOIHEPTETHYECKUE
U TEIJIOTEeXHUYECKHUE CHCTEMBl U
obopynoBaHue, pa3pabatbeIBaTh
NPOCKTHBIC pEIICHUS, CBS3aHHBIE C
MOJCpHH3AINEeH TEXHOJIOTHYIECKOTO
00opynoBaHuUs

Tpe6opanus ®I'OC BO, CYOC TITY (YK-11**, YK-2, TIK-1,
IIK-2), Kpurepuit 5 AWOP (m.2.1)cormacoBaHHBIH ¢
TpeboBaHMIMH MeXayHapoaHeIX craHmaaproB EUR-ACE u
FEANI, tpeboBanus npodeccrnoHanbHbIX cTraHnaapToB (40.011
«CrienannucT 1O HAayYHO-HCCIIEAOBATEILCKIM M OMNBITHO-
KOHCTPYKTOPCKUM paspabotkam», 20.001 «PaboTHHK 1O
OIIEpPaTHBHOMY YTIPaBIICHHUIO o0beKTaMH TETIIOBOH
anektpoctaniuny, 20.014 «PaboTHMK 1O OpraHU3anuu
9KCILTyaTally TEIJIOMEXaHUYECKOr0 000pyJOBaHHMS TETJIOBOU
anekTpoctanuumn», 16.005 «Cnenuanuct mo SKCIlyaTaluu
KOTJIOB, pa0oTalolmuX Ha TBEPAOM ToILmBe», 16.012
«CrienManucT 1o SKCIUTyaTallid KOTJIOB Ha Ta3000pasHoM,
JKUKOM TOIUIMBE M 3JeKTpoHarpeBe», 16.065 «umxenep-
MPOEKTHPOBIIMK TEXHOJIOTHYECKHX pEIICHUH KOTENbHBIX,
HEHTPAITBHBIX TETUIOBBIX ITyHKTOB u MaJIBIX
TEII03JIEKTPOLIEHTpAIEH, 20.022 «PaboTHHK o
ONEPAaTUBHOMY YIPABJIEHUIO TEIJIOBBIMU ceTsaMu», 20.023
«PaboTHUK 1O pacyeTy peXMMOB TEIUIOBEIX cereit», 20.024
«PaboTHUK 1O pEeMOHTY o00OpyZoBaHHUs, TPyOONPOBONOB M
apMatypsl  TeIsioBbIX  cereit», 20.025 «PaboTHMK 1O
9KCIUTyaTalud 00OpynOBaHHs, TPYyOONPOBONOB U apMaTrypbl
TerioBbIX ceTeit», 16.014 «Crneumanuct mo SKCILTyaTaluu
TpyOOIIPOBOIOB U 00OpYIOBaHUS TEIUIOBBIX ceteity, 16.064
«MHXEeHep-IPOEKTHUPOBIIUK  TEIJIOBBIX  ceTeit», 19.011
«CrienanucT MO YHpaBICHHIO OanaHcaMH W IIOCTaBKaMHy
rasa)

np0u36000m6€HHO-me)CHOﬂ02u‘l€CKa}l 0esimelbHOCb

P2

MUHTETPHPOBATH 3HAHUS Pa3INIHBIX
obmacreit st pa3paboTKu
MEPONPHATHII IO COBEPIICHCTBOBAHHIO
TEXHOJIOTUH TIPOM3BOJICTBA,
00eCIe4YeHHI0 SKOHOMUYIHOCTH,
HaJIeXKHOCTH U 0€301acHOCTH
IKCILTyaTally, PEMOHTA U
MO/ICPHU3AIMU SHEPTETHYECKOTO,
TEIIOTEXHUYECKOTO U
TEIIOTEXHOJIOTMYECKOTO
00opynoBaHuUs

Tpebdosanus PI'OC BO, CYOC TITV (YK-1, YK-2, I1K-3, TTIK-
4, TIK-5), Kpurepuit 5 AUOP (m. 2.2), cormacoBaHHBIH C
TpeOoBaHUsIME MeXayHapoaHeIX craHmaptoB EUR-ACE u
FEANI , TpeGoBanus npodeccroHanbHbIX cTannaptos (40.011
«CrienMannucT 10 HayYHO-MCCIIEAOBATEILCKIM M OMBITHO-
KOHCTPYKTOpCKMM paszpabotkam», 20.001 «PabGoTHuk 10
OTIepPaTUBHOMY YIPaBJICHUIO 00BEeKTaMU TEIUIOBOM
anektpoctanium», 20.014 «PaboTHMK 1O OpraHM3aluU
IKCILUTyaTalMy TeIJIOMEXaHUYECKOr0 000pyJOBaHHS TEIJIOBON
anekTpoctanium», 16.005 «Crnenmanuct mo 3KCIUTyaTalluu
KOTJIOB, pPa0OTalOMMX Ha TBEpAOM TOIUmMBe», 16.012
«CrienManucT 1o SKCIUTyaTallid KOTJIOB Ha Ta3000pasHOM,
JKUJIKOM TOIUTHUBE U AeKTpoHarpee», 20.022 «PaboTHUK 1O
ONEpAaTUBHOMY YIPABJIEHUIO TEIJIOBBIMU ceTsaMu», 20.023
«PaboTHUK MO pacdeTy peXMMOB TEIUIOBHIX ceTeit», 20.024
«PaboTHUK 1O pEeMOHTYy 00OpyZOBaHHWS, TPYyOONPOBOAOB H
apMaTypsl TeIUIOBBIX  cerei», 20.025 «PaboTHHK 1O
9KCIUTyaTallii 000pynOBaHMSA, TPYOONPOBOAOB M apMaTypbl
TEIJIOBBIX ceTel», 16. «CrnenmuamucT TO OKCIUTyaTaluu
TpyOOIIpOBOZOB M 00OpYyIOBaHMS TEIUIOBBIX ceTei», 16.064
«HXEeHep-TIPOCKTHPOBIIMK  TETUIOBBIX  ceTeit», 19.011
«Crnenuanuct 1Mo yIpaBlieHHWI0 OalaHcaMd U IOCTaBKaMU
razay)

P3

NPUMEHSTH COBPEMEHHBIE METO/IBI
CpE/CTBA NPaKTHIECKOH HHKEHEPHOH
JIESITENbHOCTH B TEMJIOIHEPTETHKE,
TEIUIOTEXHHUKE M TEIUIOTEXHOJIOTHAX

Tpebdosanus ®PI'OC BO, CYOC TITVY (YK-1, YK-2, [1K-5, T1K-
6), Kpurepuit 5 AWUOP (mm. 1.6, 2.3), coriacoBaHHBIA C
TpeboBaHMAMH MexIyHaponHblx crangaproB EUR-ACE u
FEANI, tpeboBanus npodeccnonanbubix cranaaptoB (40.011

L** _ yuupepcanbubie komnerenud u3 CYOC TITY (uns 2017 r. mpuema - mipukas Ne 2226 ot 01.03.2017 r).




«Crnenuanuct Mo Hay4YHO-HCCIEJOBAaTEIbCKUM U OIBITHO-
KOHCTPYKTOPCKUM paspabotkam», 20.001 «PaboTHuK 10
OIepaTHBHOMY YIPaBIECHUIO o0beKkTaMu TEIUIOBOM
anektpoctaniuny, 20.014 «PabOTHMK 1O OpraHW3anuu
9KCIUTyaTallMy TEIJIOMEXaHUYECKOr0 000pyJOBaHHS TETJIOBOU
anekTpoctanuumn», 16.005 «Cnenuanuct mo SKCIulyaTalud
KOTJIOB, pa0OTalOmMX Ha TBEPAOM TOIUmMBe», 16.012
«CrenuanucT 1Mo AKCIUTyaTallii KOTJIOB Ha Tra3000pa3HOM,
JKUJIKOM TOIUTHBE M 3eKkTpoHarpese», 20.022 «PaboTHUK 1O
OTIEPaTHBHOMY YIIPaBICHHUIO TEIUIOBRIMH ceTsMu», 20.023
«PaboTHUK O pacdeTy peXMMOB TEIUIOBBIX ceTeit», 20.024
«PaboTHUK TO peMOHTy 00OpyIOBaHWS, TPYOONPOBOIOB M
apMatypsl TemyoBbIX cereit», 20.025 «PaboTHuk 1O
9KCIUTyaTallii 00OpyNOBaHMs, TPYyOONPOBOIOB U apMaTrypbl
TEIUIOBBIX ceTeit», 16. «Crnenmanuct mo AKCILTyaTaluu
TpyOOIIPOBOIOB M 00OpYHOBaHUS TEIIOBBIX cereit», 16.064
«HXEeHEeP-IPOEKTUPOBIIMK TEIUIOBBIX  CETEH», 19.011
«CrienManucT 1o YHpaBJICHHIO OanaHcaMH W IOCTaBKaMu
rasa)

P4 OPUMEHATh  3HaHHWs  HerexHuueckux | Tpebosanuss ®T'OC BO, CYOC TIIV (YK-1, YK-2, TIK-9),
(P6) OTpaHUICHUH nmkeHeprort | Kpurepuit 5 AMOP (1. 1.1), cormacoBaHHBIN ¢ TpeOOBaHUSIMU
JIeSITENBHOCTH, pa3pabateiBath | MexxayHapoaHeix — ctanmaptoB  EUR-ACE  wu  FEANI,
MEPOTIPUATHS () Oe3omacHOCTH | TpeOoBaHUSA  MpodeccHOHaNbHBIX  craHmapToB  (40.011
KU3HEACATEIBHOCTH  TepcoHaa ¥ | «CHenuanucT HOo HayYHO-MCCIENOBATENbCKUM M OIBITHO-
HacCeJICHU, NpeoTBpaIlaTh | KOHCTPYKTOPCKUM paspabotkam», 20.001 «PabGoTHuk 1O
SKOJIOTHYECKUE HapYIICHUs OIepaTUBHOMY YIpaBJICHUIO o0beKkTaMu TEIUIOBOM
anekTpoctannun», 20.014 «PaboTHHUK 10 OpraHu3aluu
IKCIUTyaTaly TeIJIOMEXaHUYECKOr0 000pyJOBaHHUS TEIJIOBOU
anekTpocTtanium», 16.005 «Crneumanuct mo 3KCIUTyaTaluu
KOTJIOB, pa0oTaloluX Ha TBEPAOM TolLmMBe», 16.012
«CrienManucT 1Mo JKCIUTyaTallid KOTJIOB Ha Ta3000pa3HOM,
JKUJIKOM TOIUTHUBE M AieKTpoHarpeBe», 20.022 «PaboTHUK 1O
ONEPAaTUBHOMY YIPABJIEHUIO TEIJIOBBIMU ceTsaMu», 20.023
«PaboTHUK MO pacdeTy peXKMMOB TEIUIOBEIX cereity, 20.024
«PaboTHUK TO pEeMOHTY 00OpyZOBaHHS, TPyOONpPOBONOB M
apMaTypel TEIUIOBBIX  cereit», 20.025 «PabotHHK 1O
SKCIUTyaTallil 000pynOBaHMSA, TPYOONPOBOAOB M apMaTypbl
TEIJIOBBIX ceTel», 16. «CrnenmuamucT TO OKCIUTyaTaluu
TpyOOIIPOBOZIOB M 000OpyNOBaHMSA TEIUIOBBIX ceTeity, 16.064
«HXKeHep-POEKTUPOBLIMK TEIJIOBBIX CETEe», 19.011
«Crnenuanuct mo ympaBlieHHI0 OanaHcaMd U TMOCTaBKaMU

rasa)

HAYYHO-UCCIe008AMENbCKASL 0eSIMENbHOCb.

P5 MPUMEHSTD TITyOOKHEe 3HAHUS IS Tpebosanus ®T'OC BO, CYOC TITY (YK-1, YK-2, TIK-7),
(P4) IUTAHUPOBAHMSI U TOCTAHOBKHU 3a/1a4K Kpurepmit 5 AWOP (mm.2.4, 2.5), coriacoBaHHBIA C
MHHOBALIMOHHOTO UHXEHEPHOTO TpeboBaHUsIME MeXIyHapoaHeIX craHmaproB EUR-ACE u
uccleToBaHms, BRIBIATE puoputeThl | FEANI, tpeboBanus npodeccnonanmbHbeix cranaaptos (20.001
penieHus 3aaad, BBIOUpaTh U co3naBath | «PabOTHMK 1O ONEpaTHBHOMY YIPaBIEHHIO OOBEKTaMH
KpUTEPUHU OLIEHKH, IPUMEHSITH TEIUIOBOM  AnmekTpoctanmuuy, 20.014  «PaboTHMK 1O
WHHOBAI[OHHBIE METOIBI OpraHu3aIu AKCIUTyaTaI[lH TEIUIOMEXaHUIECKOT O
HCCIIEI0BaHMSA, TIPOBOIAUTH 000pyIOBaHUS  TEMJIOBOM  BJIEKTPOCTAHLIHN, 16.005
HCCIIEI0OBaHMA, KPUTHIECKU «CrenuanucT Mo HKCIUIyaTallud KOTJIOB, palOTaloMMX Ha
HHTEPIPETHPOBATH, TyOINIHO TBeproM TorumBey, 20.022 «PabGoTHHK TO OIEpaTHBHOMY
MPEACTaBIATh U 00CY)KIAaTh PE3YIbTAThl | YIPABICHUIO TEIUIOBBIMH ceTsMm», 20.025 «PaboTHHK 1O
HAYYHBIX HCCIIEIOBaHUI SKCIUTyaTallii 000pyIOBaHMSA, TPYOOIPOBOAOB M apMaTypbl
TEIUIOBBIX  ceTeil», 16. «CrnenmanucT no AKCILTyaTaluu
TpyOOIIpOBOIOB 1 00OpYIOBaHMS TEIUIOBBIX cereit», 19.011
«CrienManucT Mo YNpaBJICHHIO OanaHcaMH W IIOCTaBKaMu

razay)

OP2AHU3AYUOHHO-YNPABIEHYECKAS 0eaMEeNbHOCb.

P6 PYKOBOJIUTH koiuiekTrBoM | Tpebosanus ®I'OC BO, CYOC TITY (YK-2, YK-3, YK-4, VK-
(P5) CHELUAINCTOB pazmuunblx | 5, OK-2, TIK-8, TIK-10), Kpurepuii 5 AHMOP (m. 1.1),

3




HarpaBJIeHUH u KBalM(UKaNUi, | COracoBaHHbIA ¢ TPEOOBAHUSIMH MEXYHAPOAHBIX CTAaHIApPTOB
JefcTBOBATh B HecrangapTHeix | EUR-ACE u  FEANI, TpeGoBanus npodeccrnoHanbHBIX
CUTYalUsX, IPUHUMATH | CTAaHJAPTOB (40.011 «Crnieranuct 1o Hay4HO-
OpraHU3aI[IOHHO-YIIPaBICHUECKHE HCCIIeI0BATEIbCKIM u OIIBITHO-KOHCTPYKTOPCKUM
pelieHus u HECTHU 3a HUX | paspaborkam», 20.001 «PaGoTHHK 1O oOmepaTHBHOMY
OTBETCTBEHHOCTh IIPH  OpPraHM3allUK | YNPaBICHUIO OOBEKTaMH TEILUIOBOW 3JeKTpocTaHmmy, 20.014
pabort, pa3pabareiBaTh MeponpusaTHs 1o | «PaboTHHK o OpraHU3aIIH IKCILTyaTalun
MPEIOTBPAIIECHHIO 9KOJIOTHYECKUX | TEIUIOMEXaHHIECKOTO 000pyIOBaHUS TEIUIOBOH
HapyIIeHAN anektpoctaniumy, 16.005 «Crnenmanuct 1o SKCIUTyaTanuu
KOTJIOB, pa0OTalOmuX Ha TBEpAOM ToIumBe», 16.012
«CrenuanucT 1Mo AKCIUTyaTallii KOTJIOB Ha ra3o00pa3sHOM,
JKUJIKOM TOIUTHBE U 3ieKTpoHarpese», 20.022 «PaboTHUK 1O
ONepaTHBHOMY YIPaBJICHHUIO TEIUIOBBIMH ceTsMu», 20.023
«PaboTHUK O pacyeTy pexHMOB TEIUIOBHIX cereit», 20.024
«PaboTHUK TO peMOHTY 00OpYyIOBaHUs, TPYOOIPOBOIOB U
apMatypsl  TeIIoBBIX cereit», 20.025 «PaboTHuk 1O
9KCIUTyaTallii 00OpyNOBaHMs, TPYOONPOBOIOB U apMaTrypbl
TEIUIOBBIX ceTel», 16. «CrnemuanucT 1o SKCILTyaTaluH
TpyOOIIpOBOZOB M 00OpPYIOBaHMS TEIUIOBBIX ceTei», 16.064
«IH)XEeHEep-TIPOEKTUPOBIIMK TEIUIOBBIX CETEI», 19.011
«CrienanucT MO YHpaBICHHWIO OanaHcaMH W IIOCTaBKaMHy
rasa)
nedazo2uieckas 0esimenbHOCmb.

P7 OCYLIECTBIISATh nemarormdeckyto | Tpeboanus ®I'OC BO, CYOC TIIV (IIK-11), Kpurepwuit 5
NIEITEILHOCTD B obmactin | AUOP (mm.1.1, 1.2, 1.5), cormacoBaHHBI ¢ TpeOOBaHISIMH
npodeccroHaNbHOI MOJAr0TOBKH MexayHapoaneix  ctagaptoB EUR-ACE  u FEANI

TpeboBanus npodeccuonanbHoro cranmapra 01.004 «Ilemaror
npo¢heCCHOHATIBHOTO 00yueHwUs, npo¢eCCUOHATBHOTO
o0pa3oBaHMs M  JIONOJHUTEIBHOTO  MPOQECCHOHATBHOTO
00pa3oBaHUs», YTBEPKICHHBIM MpHKazoM MuHHCTEpCTBA
TpyAa U coluanbHOl 3amuTsl Poccuiickoit denepannu ot 8
ceHtsaops 2015 r. Ne 608H (3apeructpupoBaH MHUHHACTEPCTBOM
toctuimn  Poccuiickoit ®enepanmu 24 cenrsaops 2015 r.,
peructparnroHHbIH Ne 38993)
Yuusepcanvnvie komnemenyuu

P8 MBICIIUT  abCTpakTHO,  0000mate, | TpeboBanuss ®T'OC BO, CYOC TIIV (YK-1, OK-1, OK-2),
aHaANM3UpOBaTh, cucteMatmsuposats u | Kpurepuit 5 AUOP (1. 1.3), cornacoBaHHBIH ¢ TpeOOBaHUIMHU
MPOTHO3MPOBATh, NPUHIMATH pelieHus | MexITyHapomHbeix cranmaptoB EUR-ACE u FEANI
B CJOXHBIX HHXCHEPHBIX 3a/a4ax C
TEXHHYECKOH HEONpPeIeNeHHOCThI0 |
HEeI0CTaTKOM MHpOpMAaLuu

P9 MCIMOJIb30BaTh TBOpueckuil moreHmuman, | Tpebosanus ®I'OC (VK-6, OK-3), Kputepuii S AUOP (1. 1.4),
camMopa3BUBAThCH, COTJIACOBAHHBIN ¢ TPEOOBAHUAMH MEKAYHAPOTHBIX CTAHAAPTOB
caMOpeaTn30BbIBATHCS EUR-ACE u FEANI

P10 WCIIOJIb30BaTh HHOCTPAHHBIH SI3BIK JIJIS Tpebosanus GPI'OC BO, CYOC TITY (YK-4, VK-5, OIIK-3),
3¢ PEeKTUBHOTO B3aNMOJICHCTBYS B Kpurepuit 5 AUOP (1. 1.5), cornacoBaHHBIH ¢ TpeOOBaHUAMHI
pogecCHOHANBHOM chepe MexayHapoasbix cranaaptoB EUR-ACE u FEANI

[podwmrs 4
P14 NPUMEHATh COBpeMeHHble MeTonsl u | TpedoBanus ®T'OC BO, CYOC TITY (YK-1, YK-2, [IK-6, ITK-

CpeACTBA NPAKTHYECKOW WHKEHEPHOM
JIEITEIbHOCTH B aBTOMATH3MPOBAHHBIX
cucreMax YIpaBIeHUS
TEXHOJIOTHYECKUMH  TpOLECCAaMH B
TEIUIOIHEPTEeTUKE U TEIUIOTEXHUKE

10), Kpurepuit 5 AHWOP (m. 1.5), cormacoBaHHEBIH ¢
TpeOoBaHUsIME MeXTyHapoaHeIX crapmaptoB EUR-ACE u
FEANI, tpeGoBanus nmpodeccrnoHanbHEIX cTaHaapToB (40.012
[MpodeccronanpHblil crannapT «CEUANNCT 10 METPOJIOTHI,

40.057 TIlpodeccnonanbublii crangapr «CHenmanuct 10
ABTOMAaTH3MPOBAHHBIM cucTeMam yIpaBJICHUS
MIPOM3BOJICTBOMY, 40.061 OnepaTop-HanagauK

aBTOMATHYCCKUX JIMHUM




MunucTepcTBO 00pa3oBanus U Hayku Poccuiickoit @enepanun
denepanbHOE TOCYIaPCTBEHHOE aBTOHOMHOE 00pa30BaTelIbHOE YUPEKICHUE
BbICILIEr0 00pa3oBaHUs
«HAITMOHAJIBHBIN UCCJIEJOBATEJIbCKNM
TOMCKHWA NMOJIMTEXHUYECKWNA YHUBEPCUTET»

Ixoma UHxeHepHAast IKOJIAa YHEPTETUKH
Hanpasnenue noaroroBku 13.04.01 TennosHepreTuka v TEIOTEXHUKA
Otnenenue mwkonsl (HOL) HOILL M.H. Byrakosa

YTBEPXIAIO:
PykoBoautens OOIIL
IT.A. Crpuxkak
3AJJAHUE
HA BbINOJIHEHNE BbINYCKHON KBAJIN(QUKAMOHHOH PadoThI
B dopwme:
MarucTepCcKoOi uccepranuu
CryneHry:
I'pynna DOUO
SBM74 [Hnerens Huknre EBrenresnuy

Tema paboThI:

HpOGKTI/IpOBaHI/IC CHUCTCMBI YIIPABJICHHA ITPOLCCCOM CKUTaHUSA OPraHOBOAOYTOJIbHBIX
KOMHO3PII_[HI>'I B KOTCJIbHOM arperarc

YTBepxkeHa npuka3zom aupexropa Ne3502/c \ 06.05.2019
| CpoK claus CTY/ICHTOM BBITOTHEHHOH PabOTHI: ‘ 30.05.2019
TEXHHUYECKOE 3AJIAHHUE:
Hcxonnble qanHble K paboTte OOBEKTOM MNPOEKTUPOBAHUS SIBISETCS BOJOTIPEHHBIN
kotenbHbI  arperar KE. OcHoBHOe TomimBo —
OpPraHOBOIOYTOJIbHAS TOTIJIMBHAS KOMIIO3MLINS,

IPUTOTOBJICHHAass HAa OCHOBE BIAXHOIO  OTXOJa
yriaeo0oraeHuss U KHUJIKOTO TOpPIOYEro KOMIIOHEHTa
He(TsHOrO mpoucxoxaeHus. [Ipu pazpaboTke cuctemsl

yIpaBIeHUS IIPOLIECCOM CKMTaHUs TOILJINBA
IIPEyCMOTPETH HCIIOJIb30BaHUE COBPEMEHHBIX
MHUKPOIIPOLIECCOPHBIX TEXHUYECKHUX CPEICTB
aBTOMAaTU3alNH JUISt peanuzanuu byHKIUR

ABTOMATU3UPOBAHHOT'O KOHTPOJIA nmapaMeTpoOB n
YIpaBJICHUA CUCTEMBI TOIIJIMBOIIOAAYN.




pa3paboTKe BOIIPOCOB

[Tepeuens nomiexamux 1. UccnenoBarenbCcKue U3bICKAHMSL.
HCCIC0BAHUIO, IIPOCKTUPOBAHUIO 1 2. IlpoextupoBanue ACY TOIUIMBONOJAYH.

IIOJIEBOT'O YPOBHEM.

U pecypcocOepekeHue.
8. ConmanbpHas OTBETCTBEHHOCTD.

3. Cxema B3auMOCBsI3H 000PY/JOBAHUS BEPXHETO U

4. Pazpabotka nokymeHntanuu ACY TOIUIMBOIIOJAYH.
5. Pacuer mapameTpoB HacTpOIKH perymnsaTopa.

6. Pazpabotka SCADA cuctemsl 1t ACY
TOILUTMBOIIOIAYH.
7. ®UHAHCOBBINM MEHEHKMEHT, pecypco3(HeKTHBHOCTD

YIpaBJICHU.

[lepeuens rpaduueckoro MaTepuana 1 CxeMbl CTpYKTypHasl.
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Pedepar

Brimycknas kBanmdukarmonHas padota coaepxxut 145 c., 24 puc., 24 tad.,
90 UCTOYHUKOB.

KiroueBble cnmoBa: koTioarperar, OpraHOoBOAOYTOJIbHOE TOILIMBO, CUCTEMA
TOIUIMBOIIOAAYH, aBTOMATH3UPOBAaHHAS cucreMa yIpaBJICHUs,
MHUKPOTPOIIECCOPHBIE CPEACTBA aBTOMATU3AIUHU, TPOCKTUPOBAHHUE.

OObeKTOM aBTOMAaTH3allUU SABJISIETCSl CHCTeMa TOIUIMBOIOJAYM KOTJIa
KE 10/14 C.

Henb pabotel — moaepuuzaius ACY TII tommBononaun kotia tuna KE
10/14 C Ha OCHOBE MUKPOIPOILIECCOPHBIX CPEJICTB aBTOMATHU3AIUH.

B nmponecce BbIoaHEHUS PadOThl MPOBOJWIMCH SKCIEPUMEHTAIIbHbBIC
MCCJIEIOBAHMS, aHATN3 0O0BEKTAa aBTOMATU3alIUH, COCTABIICHUE CTPYKTYPHOM CXEMbI
ACY TII tomnuBononaud, pa3paboTka (YyHKIIMOHAIBLHON CXEMbI, pa3padoTKa
MPUHIUNHATBHOMN AJIEKTPUUECKOM CXeMbI U 00I11eTO BHU/Ia IITUTA YIIPaBICHHUS, BHIOOD
pUOOPOB U TEXHUYECKUX CPEJICTB ABTOMATHU3AIMH C TTOCIICTYIOIIUM COCTaBICHUEM
3aKa3HOM cnenupuKaum.

B pesynbraTte uccienoBaHus pa3paboTaHa aBTOMATU3MPOBAHHAS CHCTEMa
yOpaBJ€HUs] TOIUIMBOMOAAYMA BOJOTPEHHOIO KOTJIa HAa OCHOBE COBPEMEHHBIX
MUKPOTIPOIIECCOPHBIX CPEJICTB AaBTOMATHU3AIUH.

OcHoBHBIM TpeumytiiecTBOM pazpaborannoit ACY TII sBusercs Hanuuue
porpaMMHO-oTniepaTUBHOTO KoMmiuiekca Ha Oa3ze SCADA-cucCTeMBbI, KOTOPBIH
OCYIIECTBJISIET pasfeneHue (QYHKIMN MeXIy aBTOMATHYECKOM CHUCTEMOW U
ONEPATUBHBIM I[E€PCOHAJIOM JUIsl TIOBBIINICHUSI KAadyeCcTBAa pPEryJUpPOBAHHUS U
OBICTPOJCHCTBHS CUCTEMBI, a TAKXKE MTO3BOJIIET BOBPEMS OTpearupoBaTh Ha JIFOOYIO

CJIOXKHYIO CUTYyallMIO B IIPOOCCCC SKCILIyaTalu CUCTCMBI.



O0603HauYCHHS U COKpAIEHUS

OBYT — opranoBo10rojibHO€ TOIJIUBO;

BYT — BogoyroyiibHOE TOIJIMBO;

K)XT — xoMIo3uIMOHHOE KUIKOE TOILINBO,

OUIbTP-KeK— 0TX0]] (GJI0TALMOHHOTO 00OTaIlleHUs YTJIf;

ACY — aBTOMaTU3MpOBAHHAS CHCTEMA YIIPaBJICHUS;

SCADA — mnporpaMMHBIM MakKeT, MpeIHAa3HAYEHHBIA Ui pa3paboOTKU WM
obecrieueHusi pabOThl, B peaJbHOM BpPEMEHH CHCTeM cbopa, o0paboTKH,
OTOOpAKEHUS W APXUBUPOBaHUS HHPoOpMaluu 00 OOBEKTE MOHUTOPUHIA WIIU
yIpaBJICHUS;

TIIC — TepmonpeoOpazoBaTeib CONPOTUBIICHNUS,

HCX — HOMuHanbHas cTaTUYECKas XapaKTepUCTHKA,;

APM — aBTOMaTH3UpOBAHHOE padOYKE MECTO OIEepPaTOPA.
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Bsenenue

B mocnemHue romel yroiib 3aHUMAeT OJIHY W3 JHAUPYIONIMX TO3UIUN B
MHUPOBOM 3HepretudeckoMm Oarnance. CoxpaHSIOIUECS Ha CETOMHSAITHUN IeHb
3HAQUYHUTENBHBIC 3amachl W JIOCTYIIHOCTH YISl BO MHOTHUX pErHOHax MHUpa
CIIOCOOCTBOBAJIM YBEJIMYCHUIO JOOBIUM TBEPIOTO TOIUIMBA. bojblmas dYacTh
noOsiBaeMoro oOBEMa yras oboramaercsa. K mpumepy, B Mupe B CpelHEM
oboramaercs 70-90% mobwsiBaecmoro yriis, B ABctpanuu 1 FOAP oGoramaercst Bech
noOwsIBaeMbIi yroiib, a B Kyzbacce — Oosiee mosoBuHBL. B pesynbrare nepepadboTku
yrasi  o0pasyloTcs OTXoAbl yrieoOoramieHus (GpuiabTp-keku). Exeromgno B
yIJ1e100BIBAIOIIUX PErHOHAX (DOPMUPYIOTCS MUJUTMOHBI TOHH (DUIIBTP-KeKoB [1-7].
Hanpumep, yrienepepabarbiBarontie mnpeanpustas  Kys3bacca — eXeromHo
IPOU3BOAT CBBINIC 2 MIPA. TOHH TaKWX OTXOJ0B. Kak TmpaBHIIO, OTXOJBI
yriaeo0orameHuss CKIAUPYIOTCsT B OyHKepaxX, THIPOOTBAIaX MW Mpynaax-
HAKOMHUTEIAX, KOTOPBIC, B CBOIO OUEPElb, YXYIIIAIOT HKOJIOTMUECKOE COCTOSHUE
OKpYIKAIOIIeH Cpelbl M 3aHUMAIOT 3HAYUTENbHBIC IIONaau. [1o 3TUM mpuvrHaAM
3aJa4a MacITaOHON YTWJIM3AIlMM OTXOJOB TEPEepadOTKU YIJIsi MMEET MHUPOBOE
3Ha4YCHHE.

Bonpmoir wmHTEpeC OTXOABI  (IOTAlMK  YIUIA, TPEACTaBISAIOT IS
DHEPTreTUYECKOI MPOMBIIIJICHHOCTH, TaK KaK 00JIaal0T KOHKYPEHTOCIIOCOOHBIMHU
DKOJIOTUYECKUMU M OSKOHOMUYECKHMMH IOKa3aTelssMu. [IpUMEHEeHHEe TOproYNX
OTXOZOB B COCTaB€ KOMITO3UIIMOHHOTO TOIIMBA TIO3BOJISIET IPOU3BECTH UX
YTWIM3AIMI0 ¢ MUHUMAIBHBIMU 3arparamMu. VICIoib30BaHHE TaKUX OTXOJIOB
MO3BOJIUT PACHIMPUTh PECYPCHYIO 0a3y JHEPronpearpusaTHd W  IOJYYHUTh
ATbTEPHATHBHOE TOTLIIUBO.

MupoBoe HaydyHOe COOOIIECTBO pa3paboTajo Trpynmny TEeXHOJIOTUN
YTHJIU3AIANA OTXOA0B yriieo0orameHus: (OCHOBHBIMH HAIPABICHUSAMH CUHTAIOTCS
CTPOUTENIBCTBO, M3TOTOBJICHUE KOMITO3UTHBIX MAaTEpUANIOB, C)KUraHue). [ JIaBHBIM
CIocOO0M yTHIIM3allMd OTXOJOB YIJICOOOTAIleHUs, SBISETCS WX CHKUTAHHE C
HOCJEIYIOMUM TOJIyY€HHEM TEIUIOBOM SHEPrHH. IJTOT CIOCO0 YTHUIIM3AINH
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SBIISIETCS  TOCTATOYHO Oe30macHbIM ©  pecypcodddextuBHbiM [8-22]. [l
YIYUYIIEHHUSI SKOJOTUYECKUX TMOKa3aTeaed U MUHHUMM3AIMU 3aTpaT Ha CXKUTAHUE
1eJIeco00pa3Ho  co3AaBaTh  TOIUIMBHBIE KOMIIO3MIIMM Ha 0aze  OTXO0J/I0B
yrieo0oraiieHusi: opranoBojioyroisbHoe TtommBo (OBYT) u  BomoyrosibHOE
torumBo (BYT). Opgnum wu3 mnpeumymects cycnensuit OBYT  sBnsercs
BO3MOXXHOCTh ~ HCHOJB30BAHMSI B HMX COCTaB€ KOMIIOHEHTOB HE(PTIHOTO
IPOUCXOXKJIEHUA. B 3TOl CBA3M OOOCHOBAHHBIA MHTEPEC BBI3BIBAET MEPCIIEKTHBA
BOBJICUCHUSI B  DHEPreTUYECKHM CEKTOp HEBOCTPEOOBAHHBIX  MPOIYKTOB
HedTenepepaboTKk U OTPabOTaHHBIX Macen (MAITMHHBIX, TYPOMHHBIX, MOTOPHBIX,
TpaHC(HOPMATOPHBIX), (POPMHUPYIOLIUXCS €KErOJHO B 00bEME COTEH MUJUIMOHOB
TOHH.

Ha cerogusmmnwnii JO€HL BBIIOJHEHO JOCTATOYHO OOJBIIOE  YHCIIO
uccienoBanuii  (Hanpumep, [8-22]) mpoleccoB MPHUTOTOBJICHUS W COKUTAHUS
OpraHOBOJIOYTOJIbHBIX KOMIIO3UIIMIT Ha OCHOBEe (QuiIbTpoB-KekoB. Hampumep,
NEPCHEKTUBHBIE HCCIEAOBAaHUS OCOOCHHOCTEH HCIONb30BaHUS BOAOYTOJIBHBIX
TOTUTMBHBIX KOMIIO3UIMH MpoBeJa rpynma yueHbix u3 Mucturyra remnodpuszuku CO
PAH, OOO «ITPOT2Hy, r. HoBocuoupck, OAO «CKOK», r. Kemeporo (MaiiblieB
JLU., KpaBuenko W.B., Jlazapes C.M., Jlamuu JI.A.). B mocenke bap3ac
KemepoBckoii obmactu paboraer B TecToBoM pexkume ACY KOTENBbHOTO arperara,
ucnonb3ytomiero BYT, akTuBHbIE UCCIENOBaHMS B 3TOM 00JAacTH BEAYTCS U B
Kurae. Bonpocamu 3axuranus u ropeHuss OBYT rtakxe 3aHuMaercss Hay4dHO-
uccienoBarenbekas rpynna  TOMCKOTO MOJMTEXHUYECKOTO YHHUBEpPCUTETa B
7a0b0paTOpUM MOJEIIMPOBAHUS IPOLIECCOB TEMIOMACCOIIEPEHOCA.

PesynmbTaThl  9kcmepuMeHTOB  [8-22]  maroT  mpenacrtaBieHue O
3aKOHOMEPHOCTSIX U XapakTepucTukax mpoiieccoB 3axuranus OBYT. B paborax
[8-22] skcneprMeHTaIbHO TOMyYEHbI JaHHBIE 00 OCHOBHBIX XapaKTEPUCTHKAX U
3aKOHOMEPHOCTSIX MPOIECCOB 3axuranus u ropenust OBY T, a Takxe npeacTaBiieHbl
pe3yJbTaThl YUCJICHHBIX MCCIICAOBAHUN 3aKUTaHUS KOMIIO3UITMOHHBIX IKUJKHX
torumB (KJKT). Cnenyer, omHako, OTMETHTb, YTO CYILIECTBYET HEIOCTATOK

9KCIICPUMCHTAJIbHBIX AAHHBIX O BJIHMAHHH KOMIIOHCHTHOI'O COCTaBa OBVYT na
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XapaKTEPUCTUKN €T0 TOpPEeHHS (OCOOCHHO TOIUIMB, MPUTOTOBJIEHHBIX HA OCHOBE
OTXOJIOB yriie- u HedTenmepepabOTKN) MPU CPABHUTEIHHO HU3KUX TEMIIepaTypax
okuciutend. llomydeHue skcnepumeHTanbHOW 0a3bl xapaktepuctuk OBYT B
ITUPOKOM JHATNIa30HE BApLUPOBAHUS 3HAYNMBIX (PaKTOPOB (TEMIIEpaTyphl B KaMepe
CropaHusi, BUJia U KOHLIEHTpAaIlMii KOMIIOHEHTOB TOIIMBA, Pa3MEPOB Karleb U Ip.),
ABJISIETCS MEPCIIEKTUBHOM 3a/1a4€ii, TaK KaK TaKue€ TOIUIMBA MO3BOJSIOT YIYUIIUTh
HKOJIOTUYECKUE U SIKOHOMUYECKHE TOKA3aTeNN PadO0ThI SHEPIETUYECKON YCTAHOBKHU.

PesynbpTaThl uccnenoBaHus OyAyT UHTEpecHbl B cdepe oOpa3zoBaHus IS
CTYJEHTOB M aCIIUPAHTOB:

. JUISL A3yYEHUS MPOLIECCOB TEMIOMACCONEPEHOCA ITPU TOPEHUU TPYIIIIBI
pacnbsuieHHBIX Kaneas OBVYT,

. JJISl U3YUYEHUS BIUSHUSI CBOMCTB YIUIsl (WJIM OTXO0Ja €ro oOoramieHus)
Ha MMapaMeTpbl MPOoILecca 3aKUTaHnsl U TOPEHUS TOIUIMBA (IOpOroBasi TeMnepaTrypa
3a)KUTaHUs, BPEMS 3aJIEPKKU 3aKUTaHus U TTosiHOTO cropanus OBYT);

. JUJISL OTIPENICTICHUS BIMSIHUSA CIIOC00a U JUTUTEIHbHOCTH MPUTOTOBICHUS
TOIJIMBA HA MEPEUNCIICHHBIC TAPAMETPBIL;

. JUI ONIPEACIICHUS] BIUSHUS KOHLICHTPAMM U CBOMCTB OPraHUYECKOMU
COCTABJISIIONIECH TOIUIMBA HA XapaKTEPUCTUKU 3akuranus u ropennst OBYT;

. Il WCCIIEIOBAHUS  CHCTEM  aBTOMATHYECKOTO  yIPaBJICHUS
DHEPrOyCTaHOBOK MO CKUTAHUIO TOIUIMBA.

DKkcnepuMeHTalIbHas HHGOPMAIIMOHHAs 6a3a UHTETPAIBHBIX XapaKTEPUCTUK
M YCIOBUM HU3KOTEMIEPATYPHOT'O 3aKUTAHUSI OPraHOBOAOYTOJbHBIX TOIJIMBHBIX
KOMITO3UIIMI OyJieT BocTpeOoBaHa B Hay4yHOU cepe npu pazpaboTke TEXHOJIOTUN
CKUTaHUSl TAaKUX TOIUIMB, CO3JaHUM MATEMaTUYECKUX MOJENIECH 3aXUTraHus u
rOpeHus, MNOJYyYEHUN HOBBIX 3HAHUI O MPOLIECCAX TEIMIOMAcconepeHoca 1 (pa3oBbiX
MpEBpAICHUSIX, NPOTEKAOIIMX TPU TOPEHUU Kalelb KOMIIO3UI[MOHHBIX
CYCHEH3UOHHBIX TOIUIMB. Pa3BUTHE HCCIIEIOBAHMI B ’TOM HANPABICHUU MO3BOJIUT
pazpaborathb ¢ pexTUBHBIC ABTOMATU3WPOBAHHbIC TE€XHOJIOTUU
TOIUIMBOIIPUTOTOBJICHUSI M CXKUTaHUA B DHEPrOyCTAHOBKAX  OTXOJIOB

yriaeo0oraiieHust 1 HerenepepadoTKu.
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B03MOXHOCTH yTHIM3alMU IIHPOKON TPYNIbl MPOMBIIUIEHHBIX OTXO/OB,
COKpaleHHsI TUIONIa/iel OTBAJOB, PACHIMPEHUS ChIPbEBOM dHEpreTudeckon 0asbl,
MOJIYYEHHUS] CYCIIEH3MOHHBIX TOIUIMB C HHU3KOH CTOMMOCTBHIO 0OYyCIaBIMBAET
WHTEpPEC MPOMBILUICHHBIX MNPEAUPHUATHI (KaK JHEPreTHYECKUX, TaK U
yriaenepepadaTbIBalOIMX) B pe3yjbTaTaX  MCCIEIOBAaHUW  Pa3IMYHbIX
xapakrepuctuk OBYT u BYT.

B nocimegHue  HECKOJBKO  JIET  BBINOJHEHBl  3KCIEPUMEHTAIIbHBIE
uccienoBanus (Harmpumep, [23-28]) cxuranus opraHOBOJOYTOJNBHBIX CYCIICH3HIA
0a3upYyIOMIMXCA Ha YIIIAX Pa3HbIX MapoK, OTpabOTaHHOW MAaCISHOW MPOIYKIUU
oOecrieyeHus: MPOU3BOJICTBEHHON TEXHUKH U cMecsix HedTu ¢ Boaou. ['pymmoit
aBTOpOB Moka3aHo [23-28], uto npumenenre OBYT B koTiioarperatax B Ka4ecTBe
OCHOBHOI'O TOIUIMBA SIBJISIETCS MEPCIEKTUBHBIM. OIHAKO B Kauye€CTBE OCHOBHBIX
komrnoHeHTOB OBYT B skcnepumenTtax [23—28] ucrnoab30BaHbl BHICOKOCOPTHBIC
yIau pa3Hou creneHu Mmeramopdusma. Tak kak Oonblnas 4acTh TaKUX YrJien
aKTUBHO 3KCIOPTUPYETCA pa3BUTHIMU rocynapctsamu (Hanpumep, Kuraem, CIIA,
Wnnueit, Poccueit), To nienecoodbpasno npu npurorosiennn OBYT ucnonb3oBath
OTXOJbl TEepepabOTKW U OO0OramieHus ITUX YIyed (Hampumep, QUIbTP-KEKH).
O6bembl mocnennux k 2020 oy MOTYT BBIPACTH B HECKOJIBKO pa3 [7]. AKTyasibHa
3anaya coznanuss OBYT Ha ocHOBe (QUIBTP-KEKOB C T0OABICHHEM OTPaOOTaHHBIX
Macell pa3HOro MPOUCXOXKICHUs. BaxkHO ompeienTh, Kak MOTYT BIUSATh HauboJiee
TUMHWYHbIE KOMIIOHEHTBHl TAaKHX TOIUIMBHBIX CYCHEH3UH HAa WX OCHOBHBIC
XapaKTEPUCTUKU (CTAOMIIBHOCTh, BA3KOCTh, TEIUIOTA CrOpaHUs, MWHEPIMOHHOCTH
3a)KUTaHUs, JUIMTEIIbHOCTh ropeHus U apyrue). [Iponecchl 3auranust 1 ropeHus
BYT u OBYT noka mano u3zydeHsl (IS YCIOBUM HU3KOTEMIIEpaTypHOro (MeHee
900 K) [23-28] 3axxuranus HET OAHHBIX), TO IIENIECOOOPA3HO IS TOIYICHHS
COOTBETCTBYIOLIEH 0a3bl JaHHBIX MPOBECTH SKCIEPUMEHTHI C Pa3HBIMU (UIIBTP-
KeKaMH M OTXOAaMHU He(TEeXMMHUYECKOro mnpoucxoxnaeHus. [lpu stom s
pacuIMpeHHs] BO3MOKHBIX MPUIOKEHUU pe3yJbTaTOB MCCIENO0BAHUM, YCIOBHS

HarpeBa TOIUIUB CJEIYET PAacCMOTPETh OT HH3KOTEeMIIepaTypHbIX [26—28] mo
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cootBeTcTBytOUX (Oonee 1200 K) coBpeMEHHBIM SHEPreTHYECKHM YCTaHOBKaM,
0JIOKaM U arperaram.

IIpn wucnonszoBanun OBYT B koTioarperate BO3HHKAKOT HEKOTOPHIE
po0JieMbl, 0JTHA U3 HUX — 3TO T0/1aya TOTUIMBa B kotel. [Ipu HenmpepbIBHON Nojaue
KOMITO3UIIMOHHOTO KHUJKOTO TOIUIMBA C TOMOIIBIO (OPCYHKH HEOOXOIMMO
peryaupoBaTb  KOJMYECTBO BO3ayxa, cmemmBawomerocs ¢ OBYT  mus
npenoTBpalieHus Bbixoaa GopcyHku u3 crpos. Kpome aroro, mist obecrneueHus
KUJKOTO MUIAKOYJAJCHUsT HEOOXOAUMO TMOJJEPKUBaTh B TOIMKE KOTEJIBHOIO
arperaTa Bbicokue Temreparypsl (coime 1300 °C).

Cucrema ynpasieHUsT IPOLECCOM CHKUTaHUsA TomumMBa HasbiBaeTcsa ACY
TOIUIMBOIIOJA4H.

[ens HacToOsimet  pabOTBI —  AKCHEPUMEHTAIBHOE  HMCCJEAOBAaHUE
xapaktepuctTuk OBYT, noigy4eHHbIX Ha OCHOBE (PUIBTP-KEKOB KAMEHHBIX YIJIeH U
O0TpabOTaHHBIX Macell, a TaKXKe MPOEKTUPOBAHME aBTOMATHU3UPOBAHHOW CHUCTEMBbI

CXKUI'aHUA Opr&HOBOI[OerJ'IBHOfI TOIIJIMBHOM KOMIIO3UIIMHU B KOTJIOarperare.
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| HCCJ’ICI{OB&TCHBCKI/IC HN3BbICKaHHUA

Ha tunnyHOi yrimeoboratutenbHOW QaOpuKe CHIPhE COCTOMT U3 CMECH
Pa3IMYHBIX KOMIIOHEHTOB: YTOJbHOM MYJIbIIbI, IPOJYKTOB HAKOIHUTEJEH, OTBAJIOB
TEPPUKOHOB, TOHKOJMCIEPCHOTO yIUIsl, HU3KocopTHoro yrius [29,30]. DOtu
AJIEMEHTHI TMONy4YHJIM O0O0OOIIEHHOE Ha3BaHHE — OTXOJAbl YIJIeoOOralieHus u
nepepadoTku (nuiambl, (UIBTP-KEKH, MPOMIPOIYKT, KOHIIEHTpAT, X CMECH).
XapakTepucTUKa MCXOAHBIX MATEPHAIOB: OTHOCHTEIBHO BBICOKAs 30JHOCTH IO
50...60% u Bnaxknocts 10 20...30%. Kak cneactsue, Takue TBEpAble KOMIOHEHTHI
TOILJIMB CYUTAIOTCS BhICOKOOaacTHbiMu [31-33].

OOoraiiieHre yrisi — COBOKYITHOCTb MPOIECCOB MEepepadOTKH 100BIBAEMOIO
yIasi C UENbl0 OTACNCHUS MpPUMECEH, MPEnsSTCTBYIONUX €ro JajdbHEeHIemMy
UCI0JIb30BaHUI0. [IprMecsiMu SBISIOTCSI B OCHOBHOM MUHEPaIbHbIE KOMIIOHEHTHI U
cepocojiepKamire BemecTBa. [IpoaykramMmu oOorameHus! sIBISIOTCS: KOHIIEHTpaT —
uMeeT HauOoJbIlIee COACPKAHUE «UUCTOTO» YIS, MPOMBIIUICHHBIH MPOAYKT —
COJICP>KUT CPOCTKU YISl C MOPOAOH; XBOCTHI — UMEIOT HamOOJbIee Co/ep:KaHne
MUHEpaIbHBIX mpumeceil. OCHOBHbIE METOJbl OOOTaIIeHUS KaMEHHOIO YTJIS:
I'PaBUTAIIMOHHBIN — Ha OCHOBE Pa3JIMUMs INIOTHOCTH KOMITIOHEHTOB; (DIIOTAITMOHHBIN
— Ha OCHOBE pa3IMYHOM €CTECTBEHHOM WJIM CO34aBacMOW pearcHTaMu
CMAa4YMBa€MOCTH KOMIIOHEHTOB; MarHWTHBIM — HAa OCHOBE PA3JIMYHOW MArHUTHOU
BOCIIPUMMYHMBOCTH KOMIIOHEHTOB; DJJICKTPUYSCKHA — HA OCHOBE pa3IMYHBIX
AIEKTPUYECKUX CBOWCTB KOMIIOHEHTOB; CIIEIIUATIBLHBIC — PEAKO MPUMEHSIOTCS IS
yriaei (peHTreHOMeTpUuYecKasi cerapaius, oOoraiieHue mo ¢GopMe U TPEHHIO,
MarHUTOTUIPOAMHAMHYECKOE OOOTaIlleHne, XUMHUYecKoe oOoramieHue © Jp.).
PanronanbHbI BBHIOOP OJHOTO WM HECKOJBKMX METOJOB OOYCIIOBJICH, MPEXKIE
BCET0, CBOMCTBAMHU HCKOMAEMOTO YTJIsl, TEXHHUKOW W TEXHOJOTHUEW oOoramieHus,
TEXHUKO-DKOHOMHYCCKUMHU HWHIAWUKATOpaMH. B Hacrosmiee BpemMs B MHpE
MPUMEHSIOTCSI B OCHOBHOM METOJbI TPABUTAIMOHHOTO U  (PIOTAIMOHHOTO
oOorameHns. B CBA3u ¢ MHMPOKON MeXaHU3AMEH MTOOBIYW YT BBIXOJ METKHX

BBICOKO30JIBHBIX KJIACCOB YIJIsl MeHee 1 MM pe3ko Bo3poc U coctaBiiseT 25...30% ot
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psgoBoro yris. JlanmpHeilliee COBEpPUICHCTBOBAHWE TEXHUKH JOOBIUM YIIIeH
(0cOOEHHO TPUMEHEHHE THAPABINYECKOTO CIOco0a) eIe YBEIWYUT BBIXOJ U
30JIbHOCTHh ATOr0 kiacca. Kpome »3Toro, Hampumep, Ajisi pa3jiMyHBIX MPOIECCOB
TIyOOKOM mepepaboTKH YIS KENATeIbHO UMETh UCXOTHOE TOIUTHBO C 30JbHOCTHIO
He Oonee 3%. DTOro rpaBUTAIMOHHBIMU METOJIaMU OOOTallleHUs] HE JTOOUTHCS.
Taxke cymecTByeT MpoOjeMa HEOoOXOJMMOCTH OYMCTKH PA3IMYHBIX YTrOJbHBIX
nuiaMoB  (MOXKET J0X0oauTh 10 25% oT mnpou3BoAuTeabHOCTH (aOpuku) u
nuiaMoBbIX Boj. Kak cienctBue, 6oibliioe 3HaueHue npuodpeTraeT (haoTaiMoHHbIN
mMeron oboramenus. I[IpuMeHeHne GIoTamuy IMO3BOJWJIO YBEIHYUTH BBIXO]]
KOHIICHTpAaTa /Ji1 KOKCOBAHUS U CHU3UTD €r0 30JIbHOCTD.

B Poccun nobGwiBaercs 400...500 mmH. TOHH yrisi B roia. B cpegHem
oboramtaercs 0kojo 60...70% yrist (KOKCYIOIHMIICS yroias o0boranaercs NpuMepHO
Ha 90...95%). [locTaBneHna 3aja4a qoBecTH 3TH 3HaYeHus A0 85% k 2020 r. (mpu
no0brye moutu 500 MIIH. TOHH B roj). 3HAY€HHE YACIBHOTO MOKa3aTessi OTXO/I0B
dbnotanuu coctaiusier 120...130 Kr/T psimoBOro yriisi, a HopoJsl yriieo0orameHus
410 xr/t psgoBoro yris (IMoKa3aTead CIpaBOYHbIE M MpuUOIM3UTENbHBIC). Kak
CIEACTBUE, OOBEMBI €XKETOAHOTO MPOU3BOACTBA  (PUIBTP-KEKOB, IIJIAMOB,
MIPOMITPOAYKTA B OJMDKAMIIIME TO/IbI KPATHO BO3PACTYT U MpoOJIeMa UX yTHIU3AIUN
cTaHert eie 6osee ocTpoi. Takue mpobIeMbl TUITMYHBI HE TOJIbKO Jutst Poccuu, HO 1
Kwuras, Uaauu, CILIA. 3BeCTHBIE TEXHOJIOTUH UCTIOJIb30BAHUS YTOJBHBIX IIJIAMOB,
K COXQJICHUI0, HWMEIOT HEBBICOKHE Kod(pduimentsl sddextuBHOCTH (TIO
KOMIUIEKCHBIM SKOHOMHMYECKHM, JKOJOTHUYECKUM U DSHEPIeTUYECKUM OILICHKaM) U
MO3BOJISIFOT BOBJIEKATh HEOOIBIINE OOBEMBI.

Topd cocTouT M3 YaCTUYHO PAa3JIOKUBIIUXCS OPTaHUYECKUX MPOIYKTOB,
MUHEPaJIOB U BOJIbl. HU3MHHBIN THTT IMEET cieayromuid cocta: yriepoa 40...60%;
BoJ10poJ 5%; kuciopon 2...3%; cepa, hochop, kanuii — B HEOOJIBIIOM KOJIUYESCTBE.
brnaromapst 607b110MY COZIEP’)KaHUIO YTIIEpoa CPEIHssl TEIUIoTa cropanus Topda
coctasysier 10...15 M/Ix/kr (nns HekoTopsix TopdoB n0 20 M/[x/kr), koTopas
MOXET YBEJIWYMBATHCA MO MEPE PAa3JIOKEHUS U COAEpPKAHUS OPraHUuYECKHUX

COEJIMHEHUI — OMTYMOB. BHelHu# BUJl, CTPYKTYpa U CBOMCTBA 3TOTO MPUPOJHOTO
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oOpa3oBaHUsS W3MEHSIOTCS IO Mepe CMEHBI CTaaui pas3noxeHus. Tak, IMBET
MEHSIETCS OT CBETJIO-XKEITOTO J0 YepHOTO. Pa3HO OT cTeneHu pasnokeHus Oyer
U CTPYKTypa — BOJIOKHOOOpa3Has nu0o amopdHas, a TakkKe MOPUCTOCTh. YeMm
Oonpiielt OyneT CTENeHb pas3nokeHus Topda, TeM MeHbIIe B HEM OyaeT
COZIEPKATHCSI BOJOPACTBOPUMBIX U JIETKOTUAPOIUZUPYEMBIX BEILIECTB, U TEM BBILIE
OyZeT cofep)kaHre TyMUHOBBIX KHCIIOT U HETUPOIUZUPYEMOTO OCTaTKA.

Hcnons3oBanue Topda B KaUECTBE TOIUIMBA BBI3BIBAET MHOTO IMCKYCCUM, TaK
KaK OH HMMeEET CYIIECTBEHHbIE OrpaHWYeHHs NpuMeHeHus. bombime 00beMbl
HAKOILJICHUSI SBJISIOTCS OCHOBHOW MPUYMHOW HEOOXOIMMOCTH MCIOJIb30BaHUS
topba. OH mpeAcTaBisieT COOOM OCTAaTKU PACTCHUM, KOTOpPHIE HE IOJHOCTHIO
Pa3NOXWINCh B OOJOTHBIX YCIOBUAX. BOJOTO XapakTepusyercss HEA0CTaTKOM
KHCJIOpOJa U OOJBIION BIAKHOCTBIO. DTO M HE JAE€T PACTEHUSM IOJHOCTHIO
pa3noxuTthes. PacTutenbHasi Macca HaKaIlIMBaeTCs U3 rofia B IO U MPEBpaIacTCs
B OJIHOPOJIHYIO Maccy — Topd. MUpOBO# pecypc 3TOr0 UCKOMAEMOTO MO OIICHKaM
skcreptoB OT 250 no 500 mapa. TonH. B o6mieit cioxkHOCTH OH MOKphIBaeT 3%
cymu. [lepBoe Mecto mo 3anmacam topda nocranocsk Kanage (170 mupa. ToHH), a
Bropoe y Poccuu (150 miupa. toun). bonbmas nonst topdsuukoB B IlIBernuu,
Ounnsaaun, ['epmannu, benopyccuu, Upnananu, BenukoOputanuu, HEKOTOPHIX
mrarax CIIIA. B Poccun, 1o moacueram sxkcnepToB, cocpenorodeHo oT 40 no 60%
MHUPOBBIX 3aMacoB. 3aHsAThie TOPPOM 3eMJIM B Haliew crpane coctanistoT 31,8% B
Tomckoit obmactu 1 12,5% B Bomorosckoit o6mactu. BHymmTenpbHOE KOJIMYECTBO
3anexerd HaxomutTcss B LleHTpanbHbIX permoHax — Pszanckas, MockoBckas,
Brnanumupckast o6nactu. Kaxapiii roa 3amacel Topda B Poccun monosiHstoTcs Ha
250 muH. ToHH. [Tpu Takux ycnoBusx y Poccuu ecth Oosbiiioe Oyayliee B perieHun
MpoOJIEMHBIX BOMPOCOB MECTHOM IHEPTETUKHU, MOBBIIMICHUH TIJI0JIOPOMS TOYBHI,
HKOJIOTUYECKUX 3a]1ay.

Coscem HenaBHO Poccust Ob11a uaepoM B moTpediieHny Top(stTHOTO TOTIINBA,
HO CETOHS YCTyIaeT MEeCTO TaKuM cTpaHaM, kak Ounnsaaus, Upnanaus u Kanana.
B Poccun Topd cranmm no6siBath eme 200 stet Hazaa. OH UCITOIb30BANICS B KAUSCTBE

TOIINIMBAa Ha TCIJIOBBIX JJICKTPOCTAHIUAX. Ha cenbCkoX03s1CTBEHHBIC HYXKIbI
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noOeiBasi 160—-180 ToHH Kaxawld rox. A B 1965 roay moObiua 1OCTUTIIA CBOETO
HCTOPUYECKOI0 MakcuMyma U coctaBuia 27,9 muH. ToHH. [locnenyromme 30 ser
MoKa3aTelid TOJIbKO CHIKanuch. B 3anmagnoit Cubupu ObUIM OTKPBITHI KPYITHbBIE
MECTOPOXKJICHUSI MPUPOJHOTO Ta3za. JHEPreTUKa YCKOPEHHBIMU TEMIIaMHU CTalia
NepexoauTh Ha 3TOT BUJ ToIulMBa. B utore k koHiy 90-x rojioB 00bemM A00bIYU
Topda cHuzmics 10 2...4 MUuIMOHOB TOHH B roja. Bo Bpemena CCCP sta nuudpa
cocraBmsuia 220...280 MuumoHOB TOHH. lcmonmp3oBaHue raza B KayecTBE
OCHOBHOTI'O TEIIJIOIHEPTE€TUUECKOTO TOIIMBA HE UMEET aIbTEPHATHUB 10 IKOJIOTUH U
DKOHOMHUKE JUIA KPymHBIX rocyaapctB. [losTomy rasudukamus pailoHOB
MPOUCXOJIUT yAapHbIMU TemmamMu. Ho momMuMo TOro, 4to rasz — pecypce
MCUYEpIaeMblid, 3Ta TEHJICHIINS UMEET €Ill€ OJNH MUHYC. bosblias 4acTh perMOHOB
MHpa 3aBUCHMa OT rasa, 3a CUe€T KOTOpPOTo cerojHs BbipabatsiBaeTcsa 90% Tera.
N30exath 3aBUCUMOCTH MOYKHO 32 CYET PE3€PBHOIO TOTUIMBA.

Uto kacaercsi cpaBHeHUsi Topda C yriiem, MNPEUMYIIECTBO IO MHOTHUM
MO3UIIMSM HAXOJIUTCS y TIEPBOT0. DHEPTrOeMKOCTh TOPHSIHBIX OPUKETOB OJJHOPOIHA,
TOTJIa KaK TEIJIOTBOPHAs CIIOCOOHOCTH YIJisl HepaBHOMepHA. I cToMMOCTh ero npu
y4eTe TPaHCHOPTHBIX PACX0J0B BO MHOT'O pa3 BhIIIE LeHbI Topda. Onpenensomum
MPEUMYIIECTBOM TOP(PSHOTO TOIUIMBA SIBJISIETCS] €r0 SKOJOTHYECKast 0€30MacCHOCTb,
mpo0semMa KOTOPOM SIBISIETCSl CETOHSI OJTHOM M3 aKTyalbHBIX B Mupe. Hampuwmep,
KaMEHHBIM yroyib coaepxkut 1-3% cepsol, masyt 1.2%. Ilpu cropanum u3 cepsl
oOpa3yeTcsi IBYOKHUCH CEPhI, KOTOpasi BCTYMaeT B PEaKInio ¢ aTMOCHEPHOI BJIaroi
U BbIpa0aThIBA€T CEPHUCTYIO KHCJIOTY, @ OHA MpeBpalllaeT OOBIYHBIA JTOKIb B
KHCIIOTHBIA. B TOpde cepa mMpakTUYECKH OTCYTCTBYET (IO CPABHEHUIO C YIJIEM).
Taxke mMpu UCHOJIB30BAaHUU TOPQPSHOTO TOIUIMBA B JECATKH Pa3 YMEHbIIAIOTCS
BBIOPOCHI TBEPJIBIX B3BEIICHHBIX YACTHUIl. TOp(dSHYIO 30J1y JIETKO yTHJIM3UPOBATD,
YEero He CKa)Xellb PO yroJibHbIe NUIaKU. TakKe CIeUanucThl CAENAIN BbIBOI, YTO
OCBOCHHME TOP(SIHBIX TEPPUTOPUN TMOMOXKET yOepeub OOJbIINE YyYaCTKH OT
noxkapoB. Ho HekoTopble CHENHANIMCTBI BBICTYNAIOT TPOTUB HIUPOKOTO
ucroyib30Banuss Topa. OHM yTBEpKIarT, 4yTO OoJsbiias TOPQoa0ObYa MOKET

HEraTHUBHO CKa3aThCs Ha KJIMMATEe U OMOJOrnyeckoM pazHoobOpasuu. bosoTo, kak u
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jgec, o0iiajaeT CBOWCTBOM IMOTJIOUIEHUS M3 aTMOC(epbl AMOKCHIA YTIiIepoaa U
BBICBOOOKIeHUS Kuciaoposa. [lpu ero ocymiennn 6ombiire 00beMbl YTIEKUCIOTHI,
HAKOIJICHHOW  THICSYENETHSIMH, TMOMaayT B arMocepy U CTUMYIUPYIOT
napHUKOBEIN 3 dexT. B Ommkaiimee BpeMs Takoro MacmTaOHOTO OCBOCHHS
TOpPSHUKOB, KOTOPOE MOXKET OKa3aTh ONIYTHMOE BIMSHUE Ha KJIMMAT 3eMJU B
Poccun oxxupate He CTOUT. CENHAUCTBI YTBEPKIAOT, YTO 3al1aCOB IIPUPOTHOTO
raza Ham MoxxeT xBaTuTh enle Ha 80—100 sner. Ho, TeM He meHee, paclIMpATH
TOpPSHYIO OTpACIIb TOKE HEOOXOIUMO, TOTOMY YTO PECYpC 3TOro BUJA TOIIUBA B
mMupe orpomen [34,35].

N3BectHO [36], 4TO MpHMEHEHHE CYCIIEH3UOHHBIX BOJIOCOACPIKAIINX TOIUIUB
(BOJIOYTOJIbHBIX, OPTaHOBOJIOYTOJIbHBIX, KOMITIO3UIIMOHHBIX) TO3BOJIIET MOBBICUTH
3 PEKTUBHOCTh CXKUTAHUS YIJIs, 4 TaK >K€ CHHU3UTh KOHIEHTPALUU BPEIHBIX
BBIOPOCOB B aTMochepy (B 4aCTHOCTH, OKCHIOB a30Ta U cephl) [37—39]. TexHomorun
ckuranus  BopoyroibHeix  (BYT), opranoBomoyronbubix  (OBYT) wu
KOMNO3UIUOHHBIX  kujakux  TormB  (KXKT)  cuurarorcs — mpakTHYeCcKd
0e30TXOAHBIMU. MeJIKie YacTHUIbl B COCTaBe CYCIeH3Ul pa3zmepoMm OT 50 MKM u
MeHee JIN0O0 LETUKOM CrOparoT B TOIKE, JIMOO BOOOILE HE TOPAT (HAIpUMED, OKCUABI
MetaioB). Mcnonp3oBaHue OTXOMOB mepepaboTku yriist ajsg noidydenuss BYT
MO3BOJIIET CYIIECTBEHHO YNPOCTUTh TEXHOJOTMYECKUE CXEMbl MPUTOTOBICHUS
TOIJIMBA (OTCYTCTBYIOT 3aTpaThl HA MEPBUYHYIO MOJATOTOBKY TOIUIMBA, CBA3AHHYIO
C TIOMOJIOM), a TaK)K€ CHU3UTH IITpadbl MPOU3BOICTB 3a 3arPA3HEHUE OKPYKAIOIIEH
cpenbl oTxogamu yrieoooramenus [40]. B Teuenue mociaeaHUX MATH JIET UHTEPEC
Kk BYT Ha ocHOBe (pUIBTp-KEKOB CYILECTBEHHO BO3POC B TaKUX CTpaHaX, Kak
Poccusi, Kutait, Unnusa. AKTuBHO BeayTcs pabOThl, HANIpaBICHHbIC HA W3YUYEHUE
XapaKTepUCTUK CHKUTaHUsl TakuxX ToruMB. M3BecTHO [41], uTo GUIBTP-KEKU TO
CPaBHEHHIO C YIVISIMA HMEIOT Majio€ KOJIMYECTBO JIETYYUX KOMIIOHEHTOB U
yriaepoaa. Kak ciencrBue, BpeMeHa 3aJ€pKKA 3aXUTaHUST TaKUX TOIUIUB
CyILIEeCTBEHHO BbIlIe [42]. [ns GoabIIMHCTBA (UIBTP-KEKOB Pa3HBIX KaMEHHBIX
yIJied MTHEPIMOHHOCTh 3a)KUTaHUs BO3PACTAE€T B HECKOJIBKO pa3 MO CPABHEHHIO C

YIIIAMU. O)IHI/IM nu3 HaHpaBHCHI/Iﬁ I/IHTCHCI/I(l)I/IKaI_II/II/I MpoUeCCOB 3a’KUTI'aHUA
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BOJIOYTOJIBHBIX CycrieH3uid cuntaercs coznanue OBYT [42]. lo6aBieHue roproYnx
KUAKOCTEH (O0TpabOTaHHBIX TYpOMHHBIX, TPAHC(POPMATOPHBIX, KOMIIPECCOPHBIX,
aBTOMOOUJIBHBIX M JPYTUX Maceld; He(PTSIHBIX 1IJIaMOB) B TOIUIUBHBIC CYCIIEH3UH
MO3BOJISIET CHU3UTh BpEMEHA 3aKUraHus W ropeHus tommms OBVYT, pacmmpurs
HOMEHKJIATypy YTWJIWU3UPYEMBIX OTXOJOB, 3HAYUTEIBHBIC 3alachl KOTOPBIX
MPEICTABIIAIOT BBICOKYIO 3K0JIorHueckyto omacHocTh [40]. B kadectBe oHOTO U3
OTPaHUYMBAIOLIUX dakTopoB MOHO BBIJICITUTh HEJIOCTATOYHOCTh
HKCIIEPUMEHTAIbHON HWHGOpMaMK 00 HSHEPreTUYECKUX, HKOJIOTHYECKUX U
HKOHOMUYECKUX XapaKTePUCTUKAX, a TaKXKe MOKa3aTesax
no>kapoB3pbeiBodOe3onacHoct [40].

BaxHON M MNEPCIEKTUBHOM 3a7adyed SBJISETCS W3YyUYEHUE BO3MOYKHOCTH
COBMECTHOTO BOBJICUCHHUS YTOJBHBIX ILJIaMOB, Topda, OTpabOTaHHBIX Maced,
¢bycoB, CMOJI U IPYTUX KOMIIOHEHTOB (IIEPEYHH MPEICTABICHBI B 0030pHOI CTaThe
[40]) B coctaBe OBYT, BYT u KXKT. [1pu 5TOM Ba)kHO TJIaBHBIM 00pa30M YICIUTh
BHUMaHHE KOMIIOHEHTaM, KOTOPbIE U3HAUAIILHO YKE COJIep KaT BOIY UM HAXOASATCS
B JKMJIKOM U CYCHEH3UOHHOM cocTosiHuU. K Hanbosiee mepcreKTUBHBIM B TaKOM
ClIydya€ MOKHO OTHECTH TOpP(}, YrojbHbIC MUIaMbl U (HIOTAIMOHHBIE OTXOJIbI

(punbTp-KEeKN).
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1.1. llens u 3agaun UCccaeIOBaHUI

[lenpto  UCCNENOBaHWM  SBISUIOCH  SKCIIEPUMEHTAIBHOE  OIPEAEIICHUE
OpeIeibHbIX YCIOBUM M OCHOBHBIX XapaKTEPUCTHK IPOLIECCOB 3aKUTaHUS U
TOpEHUs Karlellb BOJOCOJEpKAIIMX TOIUIMB M3 TOp(a, YroibHBIX MNIJIAMOB U
U3MEJbYEHHOTO YIS

OCHOBHBIE 331a41 UCCIIEAOBAHNN:

1) mpHUTrOTOBJIEHUE TOIUTMBHBIX CYCIICH3UI C HCIOJIh30BaHHEM TOp(da, OTXOI0B
nepepaboTKu yriist, 0yporo yrisi 1 oTpabOTaHHOTO TYpOMHHOTO Macia;

2) OIpeneNieHue BPEMEH 3aJIePIKEK 3a)KUTaAHUS, JITUTSITLHOCTEH TOPCHHUS
Kalejlb NPUIOTOBIICHHBIX CYCIEH3WH, a TaKK€ MUHUMAJIBHBIX TEMIEPATYP
3a)KUTaHUSl 1 MAKCUMAJIbHBIX TEMIIEPATYp FOPEHUS Kalelb;

3) ompexaeneHne KOHIICHTPAIMA OKCHUIOB a30Ta, OKCHUIOB CEPHI B MPOAYKTaX
CrOpaHus UCCIIEYEMBIX CYyCIIEH3UI;

4) pacyeT OTHOCUTENbHBIX NOKa3zarenel 3 (HEKTUBHOCTH UCTIOJIb30BaHUS
UCCIIENOBAaHHbIX CYCIIEH3MH B CpaBHEHMM C YIVIEM M Mas3yToM Hauboee

PaCIIpOCTPAaHCHHBIX MAPOK.

1.2. Uccnenyemble MaTepuaibl

Bremnuii BUa TBEPIbIX TOPIOUNX KOMITIOHEHTOB MPEICTABIIEH HA PUCYHKE 1.
B kadecTBe mucriepcHOM Cpeabl MCIIOIb30BaJIach BOJONPOBOAHAA Boja. Topd
n00bIT B ToMcko#t obsnactu (Mectopoxiaenue «CyxoBcKoe»), Oypwlii yroib — B
KpacHosipckom kpae, QWIBTp-KEK U  YrOJbHBIA [UIAM TOJYYE€HBI  OT
obOorarurensHoil padpuku KemepoBckoil o0nactu. TypOMHHOE Macio MOJIY4YEHO C
sHeprernyeckor Typounsl TOC B Tomckoil 0o0macTu mociie rofa dKCIuTyaTaluu.
AHalIM3 TBEPABIX TOPIOUYMX KOMIIOHEHTOB OCYIIECTBIISLICS B COOTBETCTBUE C
MeToaukamMu W perjameHTamu [43-47]. CgolicTBa O0OTpabOTaHHOTO Macia
onpeaessuch 1mo pexkomeHmanusMm [48-50]. Tunwunble Kaapbl HCCICTyEeMbIX

MaTepuaioB MPUBEICHBI HA pUcyHKe 1.1.
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«punbT-KEeK»

Pucynox 1.1 — TBep/pie roprourie KOMIIOHEHTHI CYCIIEH3UOHHBIX TOIIUB ((DUIbTp-

KCK IIOKa3aH B HCBBICYIIICHHOM BI/II[G).

HccenegoBaiiuch CyCIEH3HMH CIEAYIOMIEr0 KOMIIOHEHTHOIO COCTaBa:

1) 40% Topd, 10% orpaboranHOe TypOUMHHOE Macio, 50% Boja;

2) 40% dumpTp-Kek Kokcyromerocs yrist, 10% orpadoTtanHoe TypOMHHOE

Macio, 50% Bona;

3) 40% Oypsrit yronb, 10% otpaboranHoe TypOuHHOE Macio, 50% Boaa;

4) 40% yrompHbli mutaM, 10% orpabotanHoe TypOuHHOE Macio, 50% Boja;

5) 30% ¢unpTp-Kek Kokcyromierocs yris, 20% yroiabHbIi nutaM, 50% Boa.

[IpuroToBiacHNE TOIUIMBHBIX CYCIICH3WH TPOBOIMIOCH C HCIOJIH30BAHHEM
roMoreHusaropa. Ha mepBoMm »sTare cMeNmMBajIuMCh BOJAa W Macio. 3aTeM B
BOJIOMACIISTHYIO SMYJIBCHUIO JOOABIISJICS TBEPABIA TOPIOUNiA KOMITIOHEHT. CMeleHne

OCYHICCTBIIAJIOCH 0 IMOJYUYCHUA ITOJTHOCTBIO OI[HOpOI[HOfI CYCIICH3HMU.

1.3. XapaKkTepucTUKH 3aKUTAHKS U TOPESHUS

XapakTepUCTUKH 3KUTAHUS M TOPEHMSI MCCIENOBAINCh C IOMOILBIO
MOJICJIbHOM KaMepbl cropanust (MyQeiabHOM Meuu) W psaa BCIOMOTaTeIbHOro
obopynoBanusi. Ha pucynke 1.2 mpencraBieHa cxema HCIOJIb3yeMOTO CTEHJA.
[loka3anel 1Ba OJOKa pEruCTpalvy, HCIOJIb30BAHHBIE B ASKCHEPUMEHTAX IO
OTNPEIENCHUIO YCIOBUM U XapaKTEPUCTUK IMPOIECCOB 3aXKUTAHUS U TOPEHHUsS, a

TAKKC 110 U3YYCHUTIO S3KOJOTHYCCKUX IMapaMCTPOB.
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Pucynok 1.2 — Cxema skCiepuMEHTAIIBHOTO CTEHAA

BHyTpu mnosoli kepamuueckod TpyOku MydenbHOW meun (pucyHok 1.2)
nmoIep kKuBagack Bbicokas Temriiepatypa 350...1000 °C. Ha mepenmneit manenwu
MydenpHOM Meun 0ToOpaxanoch 3HaAUCHUE TEMIIEpaTyphl BHYTpH KaMephbl. Takxke
IPOBOJIWIOCH JONOJIHUTEIBHOE U3MEPEHUE TeMIepaTypbl B KaMepe CropaHus Tg C
MOMOIIPIO TIIyIla € TEPMOIMapoi (XpOMENb-alfOMellb, TUANa30H H3MEPSIEMBIX
temmeparyp 0...1100 °C, cucremarndeckas norpentHocts = 3 °C, HHEPIIMOHHOCTD
He 6osee 10 ¢) 1715 MpoBEpPKU MOKa3aHU BCTPOSHHOTO B My(eIbHYIO IIeYhb CEHCOopa.

C onHoit u3 OOKOBBIX CTOPOH MYy(eNbHOW TMeYd YCTaHABIMBAJIACh
BBICOKOCKOpOcTHas (mo 10° xangp/c) Bumeokamepa. C  Ipyroil CTOpOHEL
pa3Memanoch KOOPAWMHATHOE YCTPOMCTBO [JII aBTOMATH3WPOBAHHOW IMOJAYN
oOpaslia TOIUIMBa BHYTPb Kamephl cropanus (pucyHok 1.2). YcrpoilcTBO mmeno
MPUBOJ M IIIATOBOW MEXaHW3M M MOTJIO YIPABISITHCS CUTHAJIAMH, TI0JIaBaCMbIM B
PYYHOM pEXKHME C TIEPCOHAIBHOTO KOMIbIoTepa. KoopawmHaTHOE YCTpPOHCTBO
HACTPaMBaJIOCh TAKUM 00pa30M, 4TOOBI 00pa3el] TOIUTNBA PACIIOIOKUIICS B IICHTPE
KaMepbl CTOpaHHUS.

[Tocne mporpeBa KaMepsl 10 HEOOXOAMMON TEMIIEPATyPhl TPOBOIUIICS ITaIl

MOJATOTOBKM Karuiv ToruiBa. Kammm gopMupoBanach ¢ MOMOIIBIO 3JIEKTPOHHOTO
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no3aropa (mpenmensl mgosupoBaHus 1...10 Mk, mar BapeupoBaHUS oOBEMa
nosupoBanust 0,1 wmxm). CdopmupoBaHHas Karmisi TOIUIMBHOM —CYCIIEH3UU
NOMEIIANACh HA HAKOHEYHUK TOHKOM METAJUIMUECKON MIPOBOJIOKH (IMaMETP OKOJIO
0,25 MM), yCTaHOBJICHHOH B MOTOPHU3MPOBAHHOM KOOPAMHATHOM MEXaHHU3ME,
KOTOPBIM 3aT€M HCIOJIB30BAJICS I IIOMEIIECHHs Kalllld B KaMepy CropaHus
(pucynox 1.2). Ilpomeccel HarpeBa, 3aKMTaHUS U TOPEHUs] KaIUIM CYCIICH3UH
PErUCTPUPOBAINCH BEICOKOCKOPOCTHOM BHJIEOKaMEPOH.

Jljig Kanenp CycleH3uil PUKCUPOBAIUCH CIEAYIONINE XapaKTEPUCTUKH: BPEMsI
3aJIep>KKU I€TEPOr€HHOT0 3aKUTAHUS Td, IITUTEIBHOCTh TOPEHUS Th, MUHUMAJIbHAS

TeMIIepaTypa 3aKuUraHus 1,™", MakcMMalbHas TeMIEpaTypa TOPEHHS TBEPIOTO

octatka TomumBa T4 2. Jlug perucrparuu Ty"

VICIIOJIB30BAJICSL  TEILJIOBU30D
(temneparypHas gyBcTBHTEIBRHOCTh <30 MK, merexkrop 640x480, MmakcumambHas
u3Mepsemas temneparypa 1197 °C).

[Io Buaeosanucu, NOJMy4aeMOM B IMPOLECCE DKCIEPUMEHTA, MOXHO
ONPEAECIUTh BPEMEHHBIE XapPaKTEPUCTUKU 3aKUTAHUA U TOPEHUS KaIlJld TOIUIMBA,
IIOCKOJIBKY PEaKLUsl TOPEHUS SIBJISIETCS IK30TEPMUUYECKOUW U COINPOBOKIACTCS HE
TOJIBKO BBIJEJICHUEM TEIUIA, HO M CBETA. 3aj/1a4a OINPEICIICHUSI BPEMEHH 3aCPKKHU
3QKUTaHUST W JUIMTEIIbBHOCTM  TOPEHHMS  pelajack C  [PUMEHEHUEM
CHEIUAIN3UPOBAHHBIX ~ AJTOPUTMOB  NpOrpaMMHOro  oOecriedeHuss Tema
Automotive, IIO3BOJISIONICTO OTCJICKUBATh HHTEHCUBHOCTH CBCUEHHS KaIlluId
KOMITO3ULIMOHHOIO JKUAKOTO TOIUIMBA. BpeMeHeM 3alepKKHh Te€TEpOre€HHOIO
3QKUTAHUS Ty CUATAICS MHTEPBAI OT MOMEHTA BXOJla KaIlJId TOIUIMBA B KaMmepy
CrOpaHus JO MOMEHTA 3AKUTaHUE TBEPAOU yacTu Karu. [lapameTp 1, npeacTaBiisi
BpeMsI OT MOMEHTa TE€TEPOTCHHOI'O 3aKUTaHWs TBEPAOTO OCTaTKa TOIUIMBA 0
MOMEHTa OKOHYAaHUA TropeHus. MuHHManbHasi TeMmmeparypa 3aKUTaHUs
ONpPEAENATIACH IyTEM YCPEAHECHUS S—/ MOBTOPSEMBIX U3MEpeHUH. [lorpemHocTs ee
onpeaenenus He npepbimana 10 °C. Temiora cropaHusi TOIUIUBHBIX KOMITO3UITUN

onpeaciiailaCb Kak CyMMa TCIUIOT CropaHud KaKaA0ro KOMIIOHEHTAa B COOTBECTCTBUHA

C MaccoBoOU noyieil B cMecH. [IpaBoMepHOCTh MpUMEHEHHS 1ToX01a 000CHOBAHA B

[51].
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HavaneHblii paguyc Rgq Kameib TOIUIMB ONPENENSUICS C HCIOJIb30BAHUEM
BBICOKOCKOPOCTHOM  BHJECOKaMephl M TporpamMmHoro oOecmeuenus Tema
Automotive. [To HayaJIbHBIM N300paXEHUAM Kallellb BBIYUCIISIIUCH YETBIPE pa3Mepa
B pa3nu4HbIX cedyeHusX. [lo cpenHeMy 3HAYEHMIO M3 3THUX YETBIPEX Pa3MEpOB
omnpenensics paanyc kamm Rq. Cucremarndeckast HOrpenIHOCTh onpeaeneHust Ry ¢
MaKCHMaJbHO BO3MOXHBIM pa3peIIeHUEM BHJICOKaMEpbl U YacTOTOM KaJpOB HE
npeBbimmana 4%, a BpeMeH Tq U Tp — He Oonee 2,5%. Onpenensincs XapaKTepUCTHKA
3a)KUTaHUA Kalellb CYCIIEH3UM ¢ HadaJlbHbIM paguycoM okojio 1 mm. Pe3ynbraThl
CONOCTABJISAIIUCH, €CIIN OTKIIOHEHUE CPEHEro paauyca He nmpesbimano £0.15 mm.

Crenn (pucynok 1.2) Takke HCHOJB30BAJCA I OMNpeAcsieHUs
DKOJIOTMYECKUX  XapaKTEPUCTHK TOPEHHs CycleH3uid. B skcnepuMeHTax
MCIIOJIB30BaIach HABECKAa TOIUIMBA Maccod okono | r. Meroamka perucrpanuu
OTPEICTICHUS] SKOJIOTUUECKUX MHIMKATOPOB B COOTBETCTBUM ¢ moaxoaoMm [36,40].
VYcraHOBIEHHAsA HA KOOPJAMHATHOM MEXAHM3ME BEPTUKAJIBHAS 3aCIIOHKA CO CJIOEM
BBICOKOTEMIIEPATYPHOM HM3OJSLMU 3aKpbIBaja OTBEPCTHE, CIyXKallee JJi1 BBOJA
HABECKU TOIUIMBA B KaMmepy cropanus. Takum oOpazom, oOecrieunBaycs KOHTPOJIb
ko3 duienTa n30bITKa BO3ayXa (BO Bcex 3kcnepumeHTax cocraBui 1,05). Jlns
U3MEPEHMs UCTIOJIb30BaICs Ta3oaHanu3aTop. Ilpu 06paboTke 3KcIepuMEHTaIbHBIX
JAaHHBIX PACCUUTHIBAIMCH CYMMAapHBIE CpelHUE BBIOPOCHI 3a BpeMs ropenus. [lpu
KKJI0M TeMIiepaType MoJiydyalid HE MEHEE YeThIpEX MOBTOPAEMbIX U3MEPEHUI, Ha
OCHOBAaHHMHM KOTOPBIX mMoJjydanu 3aBUcMMOCTh KouieHTtpauuid NOx u SOy ot

TEeMIIepaTypbl B KaMepe CropaHusl.

1.4. OTHOCUTEIBHBIE TTOKa3aTeTU 3G (PEKTUBHOCTH

[lenecooOpa3Ho 11711 HOBBIX TOIUIMBHBIX KOMIIO3ULIMN MPOBECTU OLIEHKY HUX
DHEPreTUYECKUX, HKOHOMHUYECKUX, OKOJIOTMYECKMX IIOKa3aTelel, a TakkKe
M0>KAPOB3PHIBOOE30MACHOCTH OTHOCUTENBHO TPAIUIIMOHHBIX TOIUIUB. B HacTosee
BpeMs Ha TEIUIOBBIX AJIEKTPUUYECKUX CTAHLUAX HAUOOJEee YacTO MCIONb3YIOT TPU
BHJIA TOTUIMBA: yTOJb, TOIMOYHBIM Ma3yT, IPUPOAHbIN ra3. Cpeau dTUX TPeX BUIAOB

TOIIJINB HpHpOI[HBIﬁ ra3 ABJIICTCA JKOJOI'MYCCKHM YHUCTBIM H 06J1a,uaeT BBICOKOM
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TEIIOTOM cropanus. (CXuraHue TMPUPOJHOTO Tra3a OKa3blBaeT HaWMEHbIIIEe
aHTPOMOTeHHOE JJaBJIeHNE B CpaBHEHUH ¢ yriieM. B 2015 roay B MupoBom Maciitabe
1o BeIOpocy SO, Ha aomo yris npuxoauiiock 60%, vedtu — 35%, 6uomaccst — 5%;
o Be1Opocy NOx Ha mosro Hed T mpuxoamnock 70%, yris — 15%, nmpupoagHoro rasa
— 10%, O6uomaccel — 5% [52]. Taxke B 2015 romy nmaepamu 1o BbIOpocam
YTIEKUCIIOTO Ta3a B MPOAYKTAaX CTOpaHMs SBISUICS yroib ¢ jaojieit 44,9%, 3arem
HepTHh 34,6% wu npupoansrii raz 19,9% [53]. Pasymeercs, 94T0 KOMIIO3HIIMOHHBIC
CYCIIEH3UU U3 OTXOJOB HE MOTYT CONEpPHUYATh C MPUPOJHBIM ra3oM IO TEIUIOTe
CTOpaHUs U aHTPOIIOTEHHBIM BeIOpocaM. [TloaTomy cpaBHEHHE MOKa3aTeNnel TOPEHHUS
BYT u OBYT npoBoaunock ¢ KAMEHHBIM YIJIEM U Ma3yTOM.

JIJist OIleHKHM pa3HBIX AacleKTOB MNPUMEHEHHS TOIUIMBA PAaCCUUTHIBAIUCH
MOKa3aTeH, YUUTHIBAIOIINE TETUIOTY CTOpaHus, CTOUMOCTb,
M10KapOB3PbIBOOE30MIACHOCTD U AHTPOIIOI€HHYIO OMIACHOCTb!

1) oTHOIICHUE TEIUIOTHI CrOpaHus CyCHeH3un Qgjyry K TEIJIOTE CrOPAHUS YIIIs

Qcoal niH Ma3yTa Qfuel oil:

Qrelative_coal = Qslurry / Qcoal; (l-l)
Qrelative_fuel oil = Qslurry/ Qtuel oil- (1-2)

2) OTHOIIICHHE BHIOPOCOB OKCHUJIOB a30Ta UccienyeMbix cycreH3nit NOX sy U
yrist NOX coar (Ma3yTa NOX fyel oir):
NOX_reIative_coaI = NOX coal / NOX_sIurry; (13)
NOXx relative_ fuel oil = NOx fuel oil / NOX_sIurry- (14)
3) OTHOIIEHHE BHIOPOCOB OKCHIOB CEPbI UCCIENyeMBIX cycreH3ui SOX syry U

erBI SOX coal (Ma3YTa SOX fuel 0i|):

SOX_relative_coal = SOX coat / SOX siurry; (1.5)
SOX relative_fuel oil = SOX fuel oit / SOX sturry- (1.6)
4) ortHorieHue CTOUMOCTH CycrieH3uu Coyrry B yIIIs Ceoa (MazyTa Cryel oil):
Crelative_coal = Ccoal / Csturry; (1.7)
Crelative_fuel oil = Cruel oil / Cslurry- (1.8)

Jlanee paccunThiBajcs 0oJjiee 0000IEHHBIN ITOKA3aTeNb 110 BRIPAKESHHUIO:

D NOX&SOXslurry = Q%_sturry/ (Csturry * NOxsturry * SOx_sturry).- (1.9)
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[Tocre COOTBETCTBYIOIIMX TMOJCYETOB HMHTETPAJbHBIM IMOKa3aTelb HOBOU
KOMITO3UIIMOHHOM cycriensun DNO*S0% o nenmiics Ha aHANOTMYHBINA MOKA3aTesb
a7 yros DNOX&SOX o i maszyta DNOXESOXe ) e

JIOTIOJIHUTEIBHBIM ~ TIOKa3aTelieM OLIGHKH paccMaTpUBAaEMbIX  TOILIUB
SBIISJIACH TTOKAPOB3PHIBOOC30MACHOCTh. JTOT TIOKAa3aTellb PACCUUTHIBAIN TIO
BeIpakeHuto P = Ty min- 14 - T¢ ™. TTocyie COOTBETCTBYIOIINX T10/ICYETOB MOKA3aTelh
M0>KapOB3PBIBOOE30MACHOCTA HOBOI'O KOMITO3UIIMOHHOTO TOIIUBA (Psiyrry) A€muincs
Ha aHAJIOTUYHBIN ToKa3aTeb I YT (Peoar) M MazyTa (Pruel oil):

NTOroBeiil ycpeTHEHHBIN 0KA3aTENb PACCUUTHIBAJICS IIyTEM CIOKEHUS BCEX
paHee pacCUMTaHHBIX KOX((UIMEHTOB C TOCICAYIONIMM JeJIeHHeM Ha WX
KOJIMYECTBO:

C_c coal = (Qrelative_coal + NOX_reIative_coaI + SOX_reIative_coaI +

+ Crelative_coal + Drelative_coal + I:)relative_coal) / 6. (1-10)

1.5. XapaKkTepucTUKH 3aKUTaHUSI

Ha pucynke 1.3 mpencraBieHbl BpeMeHa 3aJCpPKKW 3aKUTAHUS Karellb
TOIUIMBHBIX KOMIIO3UIIMI B 3aBUCHMOCTH OT TEMIIEpaTypbl B KaMepe CropaHus,
kotopast BapbupoBanack or 700 °C mo 900 °C. Kak mokaszanu 3KCIEPUMEHTHI,
YCTOMYMBOCTh ra30()a3HOM CTa U 3a)KUTaHUS BO MHOT'OM 3aBUCUT OT HAJIMYUS B
coctaBe TypOuHHOro wmacna. JKuakue Troprodyre KOMIIOHEHThl HCIapsoTcs,
BOCIUUIAMEHSIOTCSI U BBITOPAIOT B ra3oBOM (paze, BBIAENSS JOCTATOYHO OOJBIIOE
KOJIMYECTBO Teria (IJs1 OTpabOTaHHOTO TYpOWHHOTO Macja TeIIoTa CTOpaHHs
coctaBisier okoyio 45 MJDK/Kr), KOTOpoe HUAET Ha JOMOJHUTEIBHBIN MPOTpeB
KOKCOBOI'O OCTaTKa, YCKOpsisi €ro rereporeHHoe BocmuiaMeHenue. OJHako B
HKCIIEPUMEHTAX 3apEruCTPUPOBAH, Ha MEPBbIN B3I, IPOTUBOPEYAILNNA JAHHOMY
SBJICHHIO pe3yibTaT. /s coctaBa 6e3 1o0aBieHNs TypOMHHOTO Macia XapakTePHbI
HAVMCHBIIIMEC BPEMCHA 3allepP)KKA T'eTePOreHHOro 3axkuranus (pucyHok 1.3).
Bo3MokHO, 4TO pe3yabTaT 00YyCIOBIEH TEM, UTO JJI JAHHOTO COCTaBa HETUIMMYHA
ctaaus ra3oa3HOro TOPEHUSs, MPEAIIECTBYIONIAs T€TEPOreHHOMY 3aKUTaHUIO

KOKCOBOTro ocTaTka. [Ipu cropanuu cmecu mapoB TYpOMHHOTO Maciia M JIETy4hX
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BellecTB NoTpebisieTcss kuciaopol. Kak crienctsue, MOCTYIJICHUE OKUCIUTENS K
KOKCOBOMY OCTaTKy Ha HEKOTOpBI MEpUOJ 3aTPyAHEHO, XOTS IOBEPXHOCTh
TOIJIMBA Pa30rPEBAETCS CUJIbHEE NPU HATMYUU CTaIU MTHTEHCUBHOTO ra30(ha3Horo

TOPEHUS.

14 . . : . . . : . :

® 40% Oypbif yronb, 10% TypbuHHOe macno, 50% Boga
® 40% Topd, 10% TypbuHHOe macno, 50% Boaa

12 - ® 0% yronbHbIi wnam, 10% TypbuHHoe macno, 50% Boga h
@ 40% cunbTp-kek , 10% TypbuHHoe macno, 50% Boaa
@ 30% chunbTp-Kek , 20% yronbHbIN Wwnam, 50% soaa

10 |-

max Aty=60%

@
At=27% @

PI/ICYHOK 1.3- BpeMeHa 3aJACPIKKHU 3AKUT'aHUA KAIICJIb KOMITIO3UIITMOHHBIX TOILIIMB B

3aBUCHMOCTH OT TEMIIEPATYPHI B KAMEPE CTOPAHUs

C yBenuueHnunem temrnepaTrypsl B kamepe cropanus 10 900 °C oTMeyanuch
ONM3KKe BpeMeHa 3aICPKKU 3aKUTAHUS CMECEBBIX TOIUTHB. DTO TOBOPUT O TOM, UTO
JUIsl  CTaOWUJIBHOTO TOPEHHS B TOIKE KOTJIa HEoOXoauMa MpUOIM3UTEIHHO
OJIMHAKOBas TEIJIOBas dHEpTHs. | TaBHONH OCOOCHHOCTHIO JAHHOTO WCCIICIOBAHUS
SBJIIETCSI MCIIOJIb30BAaHUE B COCTaBE CYCIEH3UN HHU3KOCOPTHBIX TOIUIMB (OyphId
yrojib, Topd) U 0TXOJ0B yriieoOoraiieHus (YroJbHbIN 1IaM U QUIBTP-KEK). DTH
KOMITOHEHTBI UMEIOT MaTYI0 CTOMMOCTh U HE TPEOYIOT OOJIBIIHX 3aTpaT, CBI3aHHBIX
C IPUTOTOBJICHUEM TOTUIUB. YTOJIb MIEPe/I MoIa4ueii B KaMepy CropaHusi HEOOXO0IUMO
M3MeIb4YaTh, OTXOJbI XK€ yrieoOoraiieHust 3Toro He TpedyroT. [lpu nmepexone Ha
CYCIIEH3UH U3 OTXOJIOB 3TO MO3BOJUT yICIIEBUTH IPOMU3BOJICTBO TETJIOBOM YHEPTHUH.
Kak mokasan sKCrepuMeHT, BpeMeHa 3aJIePKKU 3aKUTaHUSI Y CMECEBOTO TOILJIMBA

30% ¢unbtp-kek, 20% yronapubiii nuiam, 50% Boga, HUke B cpeaHem Ha 17%
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oTHOcuTenbHO cocTaBa 40% Oypeiit yroas, 10% TypOunHOTO Macia, 50% BOmbLI.
[{enecooOpa3zeH nepeBo BOJOTPEHHBIX KOTIOB HAa CYCIEH3UIO HA OCHOBE IJIaMa U
GUIBTP-KeKa ¢ O3UIIMA MUHUMHU3AIIMH BPEMEHHBIX 3aTpaT Ha PO3KUT.

Pucynox 1.4 wumocTpupyer 3HA4YCHHS MHUHUMAIBHBIX TEMIIEPATyp

saxkuranus (T¢™") mpu BappbUPOBAHUU COCTaBa CYCIIEH3UH.

500

475
I AT,""=30 °C
450 | AT,""=60°C

425

400

Tmin’ oC

=}

375

350

325

300

Pucynok 1.4 — MuHuManbHbIE TEMIIEpaTyphl 3axuranus ToruB: 1 — (40% Oypwrii
yroub, 10% oTpaboranHoe TypouHHOE Macio, 50% Boaa); 2 — (40% topd, 10%
otpaboTaHHoe TypOuHHOE Macio, 50% Boza); 3 — (40% yrompHbii mutam, 10%

otpaboTaHHOoe TypOrHHOE Maciio, 50% Bopa); 4 — (40% ¢uiIbTp-Kek

Kokcyrorerocs yris, 10% orpaboranHoe TypouHHOE Maciio, 50% Boaa); 5 — (30%

WILTP-KEK Kokcyromierocs yrist, 20% yronapubii maam, 50% Boga
Y y yr. yr

[TonGupanack Takas Temieparypa, Ipu KOTOPOH MPOUCXOIUIIO YCTOMUHUBOE
BOCILIAMEHEHUE TBEPAOM COCTABIISIIOIIEH TOTUIMBA. DTOT HapamMeTp SIBISETCS OYEHb
BOKHBIM JIJII PACTOIKHU KOTJIA, MTOCKOJBKY 4YeM OOJIbllle TeMrepaTypa 3aKuraHus,
TeM 0oJiee BO3PACTAIOT 3aTPaThl HA SHEPTHIO, HEOOXOAUMYIO JJIS 3QKUTaHUSI 3TOTO
TOIUJIMBA. DKCIEPUMEHTHI MOKA3aJIM, YTO MUHUMAIIBHYIO TEMIIEPATYPY 3aKUTAHUS

UMeeT cocTaB Ha 0aze Oyporo yrisi, a MakCMMalibHas TEeMIepaTypa 3a)KUraHus
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XapaKTepHA COCTaBy Ha 0a3e yroJbHOTo IutaMa u GpuiibTp-keka (pucynok 1.4.). Ipu
ATOM MakcUMaibHas pa3Huila coctaBuia okojio 60 °C. Takoe oTiMYKME BBI3BAHO
TE€M, YTO B COCTaBE Ha OCHOBE (PMIBTP-KEKAa U YTOJILHOTO IIJlaMa OTCYTCTBYET
TypOMHHOE MAacjo, MOATOMY [JIi YCTOWYHMBOTO TE€TEPOTEHHOTO BOCIIJIAMEHEHUS
KOKCOBOI'O OCTaTKa HEOOXOAMMBI 00JIee BHICOKUE TEMIIEPATYPhl BHEUTHEN ra30BOM

CpE/Ibl.

1.6. XapakTepuCTUKU TOPCHUS

Pucynox 1.5 wimoctpupyeT BIMSHUE TEMIEPATyphbl B KaMepe CrOpaHus Ha
JUIMTEIIbBHOCTU TOpEHUs HccleayeMblx TorumB. I[lapamerp 1, mpencraBiser
WHTEpPBaAJI BPEMEHU OT MOMEHTA IeTePOTeHHOTO 3a)KUTAaHUSI J10 TIOJIHOTO BBITOPaHUs
TBEPJIOM YaCTH TOILIMBA. DTOT MapaMeTp SABJISICTCS] OTHUM U3 HanboJIee BayKHBIX JIJIs
KOTJIOarperara, Tak Kak pacnbUICHHOE KHUKOE TOILIMBO JOJKHO YCIETh BHITOPEThH
3a BpeMmsi npeObiBaHUSI B Kamepe cropaHusd. MHade mpou3oiaer HajaulaHue Ha
CTEHKM TOIOYHOM KaMmepbl, YTO MPUBEAET K KOPPO3MOHHOMY HM3HOCY METaJlIa.
OKCHepUMEHTBI MOKa3ajiu, YTO COCTaB Ha 0a3e Oyporo yrisi UMEEeT HauMEHbIIee
Bpems ropenus (Pucynok 1.5). Jlig [maHHOTO  TOIUIMBA  XapaKTEPHO
nucneprupoBanue kamiu (Pucynok 1.5). @parmeHTanusi KICXOJHON Karikd BJI€UET
CHIIKEHHME JIUTEIILHOCTH Tporopanusi. Kpome Toro, AOMOSHUTENbHAS SHEPTHs
MOKET PacxoJ0BaThCsl HA MPOTPEB IEHTPATHLHON YaCTH KaIUIM, TJI€ COXpaHSAeTCs
BJlara ¥ HeMpopearupoBasilias Macca TOIuIuBa. [103ToMy JIMTENBHOCTh TOPEHUS
MOKET YBEJIMYUBATHLCS MIPU YBEIMUYCHUH BIIAXKHOCTH TOTUIHMBA (Y TOpda BIaKHOCTS,
KaK IMpaBUJIO, BBINIE, YeM Yy Oypbix yrieil). CiaemayeT OTMETUTh, YTO HE ISl BCEX
COCTaBOB TOIUJIMBHBIX KOMITO3UIIUN MPOCIICKUBATIACH TaKash 3aKOHOMEPHOCTh. ITO
00yCJIOBIIEHO TE€M, YTO, HAIPUMED, IIPU MPUTOTOBIICHUH CYCIICH3UI C HECKOJIbKUMHU
TBEPJBIMU TOPIOYMMHM KOMIIOHEHTaMU MOIJIM  (OPMHUPOBATHCS  CJIOXKHBIC
arjioMepatbl B COCTaBe, KOTOpbIE IMPU HArPEBE U pearupoBaHUU HMEIH Kak
MEHBIIIME, TaK W OOJIbIIINEe WHEPIMOHHOCTH 3aKUTaHUA. JJOMUHUPYIOIIYIO POJh
urpasi (akrop npeoOiagaOMIe KOHIEHTPAUM TOTO WJIM HMHOTO TBEPAOTO

ropro4ucro KOMIIOHCHTA.
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Takke IMTENBbHOCTh FE€TEPOr€HHOTO0 FOPEHUs BO3PACTAET MPU YBEJINYEHUN
KOHLIEHTpPAlMy TBEPAOr0 KOMIIOHEHTA CYCHEH3HMH, YTO XapaKTEepHO IJIs COCTaBa
20% yronpHbIi mam, 30% ¢unbtp-kex, 50% Boga. B apyrux cocraBax TBepaas
roprovasi macca O6bu1a Menblie Ha 10%, 4To BIuseT Ha JJIMTEIbHOCTh T€TEPOTreHHOTO

MPOTOPAHUS.

28 — - —

26 |- ® 40% 6ypblItt yronb, 10% TypbuHHoe macno, 50% soaa -
® 10% Topdh, 10% TypBUHHOE Macro, 50% Boga

® 40% yronbHbIv wnam, 10% TypbuHHoe macno, 50% Boaga
22 | ® 40% unbTp-kek , 10% TypbuHHoe Macno, 50% Boaa

® 30% unbTp-Kkek , 20% yronbHbIn Wwnam, 50% Boga 4

Pucynox 1.5 — JInuTenbHOCTH TOPEHUsI KOMITIO3UIIMOHHBIX TOIUJIMB B KaMepe

CrOpaHHs B 3aBUCHUMOCTH OT TEMIIEPATYPhI

DKOJIOTUYECKHE TMOKa3aTeau BaXHbl I OOBEKTOB MPOMBIIIJIEHHOU
TEIJIODHEPTeTHKH, TaK KaK 3a TPEBBIIIEHUS  JOMYCTUMBIX  3HAUYCHUU
aHTPOIIOTCHHBIX BBIOpOCOB mTpenamoiaraercs mrpad. K mpumepy, B Poccum
koHneHTparus SOx He JomkHa mpeBbimaTh 526 ppm, a NOy 320 ppm. s CHIA
xapakTepHbl BbIOpockl, He npesbimatonue NOy okono 600 ppm, SOy okono 556
ppm. B Kutae HopMbl nipeanosnaratoT BeiOpockl SO, B npeaenax 450 ppm, NOy B
npeaenax 600 ppm [38]. DkcnepuMeHTaIbHbIE Pe3yabTaThl, MPEACTABICHHbBIC Ha
pucynkax 1.6, 1.7 BXoaaT B Auana3oHbl pa3pelieHHbIX aHTPOTIOTEHHBIX BRIOPOCOB,

CJICAOBATCIIbHO, BCC IMMOJYUYCHHBIC KOMITIO3UIIMOHHBIC TOINIMBA MOT'YT IIPUMCHATHCA
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IJB1 C)KUT'aHUA B KOTJIOArperarax. HpI/I‘-IeM JaHHBIC 3KCIICPHUMCHTHI ITPOBOANIINCH
0e3 Ta300YHCTKHU. HpI/I C)KUT'aHUM TOIUIMB B TPOMBIIUICHHOCTU HAJINYHC
060py,Z[OBaHI/ISI II0 OYHNCTKC JOBIMOBBIX TI'a30B oo0s3arensHo. C Y4€TOM 3TOTO,

IKOJIOTUYECKUE TIOKAa3aTeNId MOTYT yMeHbIaTbes emie Ha 10-20%.

200 T y T v T v T v T ¥ T v T
—®— 40% 6ypbiit yronb, 10% Typ6uHHOe mMacno, 50% Boaa
180 [-|—@— 40% Topd, 10% Typ6uHHOe Macno, 50% sona

—®— 40% yronbHbI wnam, 10% TypbuHHoe macno, 50% Boaa
160 -|—e— 40% counbTp-kek , 10% TypbuHHoe macno, 50% Boaa
—@—30% GunbTp-Kek , 20% yronbHbIn wnam, 50% soga

140 |-

ASO«=20ppm

0 ! ’ ! i 1 i 1 : ! ; ] : !
700 750 800 850 900 950 1000

Pucynox 1.6 — 3aBUCHUMOCTH KOHILIEHTpAIUH OKCUIOB CEpPhI B MPOAYTaxX CrOpaHUs

KOMITIOBMIIMOHHBIX TOINNIMB IIPU U3MCHCHHUHN TCMIICPATYPbI B KaMEPC CropaHus

Kak mokazanu uszmepenus, nepseiii coctaB 20% yroneHblid muiam, 30%
¢unbTp-Kek, 50% Boaa XapakTepus3yeTcsi B CPaBHEHUU € IPYTUMHU KOMIIO3UIUSMU
MUHUMAaJbHBIMU KOHIEHTPALMIMU OKCHUIOB a30Ta B MMPOIYKTaX CropaHus (pUCYHOK
1.7). Tlo KOHIIEHTpalUsIM OKCHJOB CEphl JaHHBIM COCTaB COMOCTaBUM C
CYCIIEH3USIMH, B COCTaB KOTOPBIX BKJIIOUEHO TypOuHHOe Macno. Kak BuaHO Ha
pucyske 1.6, mpu Temnepatype B 850 °C HanmensbImme BEIOpock! nmeeT coctaB 30%
bunbTp-keKk Kokcyromerocs yrias, 20% yronpHbii muiam, 50% Boma, 4TO M
noKa3biBaeT A3(HEKTUBHOCTH MPHU 0TKa3e OT TypOuHHOTo Macia. OIHOM U3 TIaBHBIX
O0COOEHHOCTEH SBIsIETCA TO, YTO HpH AocTwkeHuu Temneparypst B 1000 °C

3HaueHUs KoHneHTparuu SOy M1 pa3HBIX TOTUTMB CTAHOBSITCS OJIM3KUMU.
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600 —®— 40% Gypblit yronb, 10% Typ6uHHoe mMacro, 50% Boaa
—®@— 40% Topd, 10% TypbuHHOE Macno, 50% Boaa

F[—®— 40% yronbHbIv Wwnam, 10% TypbuHHoe macno, 50% Boga
500 | —@— 40% dunbTp-kek , 10% TypbuHHOe macno, 50% Boga
—@—30% dunbTp-kek , 20% yronbHbiv Wwnam, 50% soaa

400 L | maxANOx=275ppm
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Pucynox 1.7 — 3aBUCUMOCTH KOHIIEHTpAIMi OKCUIOB a30Ta B MPOAYyTaX CrOPAHUS

KOMITO3UIIHMOHHBIX TOIIMB ITPY U3MCHCHHUH TCMIICPATYPhI B KAMCPC CIrOpaHuA

1.7. OtHOCUTENBHBIE KOA(DPHUIIUEHTHI MTOJIE3HOTO UCTIOJIb30BaAHUS

JInsg  ompenesieHus ONTHMAIbHONW TOIUIMBHOW KOMIIO3MIIMH, KOTOpas
IPE/ICTABIISICT MHTEPEC ISl MCIONB30BaHUS HAa IMPOU3BOJICTBE, IEIECO00Pa3HO
PaccMOTPETh TPYIINY BaKHBIX KPUTEPUEB, TAKKX KAaK TEIUIOTY CTOPAHUSs, CTOUMOCTh
KOMITOHCHTOB, aHTPOITOTEHHBIE BHIOPOCHI U MOKAPOB3PHIBOOC30MACHOCTD, a TAKKE
MPOAHAIM3UPOBATh OICHOYHBIH KOI(PGHUIIMEHT, KOTOPBI BKIOYAET BCE O3TH
TIOKa3aTelH.

B pacueTax npuHATHI ClIeAYIOIIME COKpaIlleHHbIe HHACKCH: “‘comp.fuel 17 —
KOMIMO3UIIMOHHOE TOIMBO ¢ cocTtaBoM 40% Topd, 10% TypdbunHoe macio, 50%
Boza; “comp.fuel 2” — xoMmo3uIMOHHOE TOTUTUBO ¢ cocTaBoM 40% OypbIii yroib,
10% typbunHoe macio, 50% Bonaa; “comp.fuel 3” — KOMIO3UIIMOHHOE TOILIMBO C
cocrtaBoM 40% ¢unerp-kek, 10% typounHoe macio, 50% Boaa; “comp.fuel 4” —
KOMIO3UIIMOHHOE TOIuBO 40% yromnbHbiil nutam, 10% typOunnoe macio, 50%
Boaa; “‘comp.fuel 5 — xommosunmonHoe tormBo 20% yroapHb miIaMm, 30%

bunbTp-kek, 50% Bona.
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Terora cropanus TOTUIMBHBIX KOMITO3UIIMNA PACCUMTaHA B COOTBETCTBHUH C
IIPOLICHTHOM KOHIIEHTPAUMEd W TEIUIOTOW OTHAEJIBbHBIX KOMIOHEHTOB. Tak xe
paccyuTaH OTHOCHUTENbHBIN MOKa3aTelb MO TEIUIOTE CTOPaHUs B COMOCTABICHUH C
yIJeM 1 Ma3yTOM.

[Ipy pacueTe OTHOCHUTENBHBIX JKOJOTMYECKMX mokazareneii DNO* y DSOX
BBIOMPANTUCH KOHIICHTPAILIUU OMACHBIX Ta30B MPU TEMIIEpAType B KaMepe CropaHus
okojio 1000 °C (puc. 1.6, 1.7). s conocTaBieHUSI OTHOCHTEIHLHOTO IMOKa3aTelIs
MPOBOJIUIIMCH SKCIIEPUMEHTHI C YIJIEM U Ma3yTOM, IOJTYUYEHbI CIEAYIONE 3HAUCHUS
BbIOpOoCcOB OkcuaOB cepbl M a3oTa: NOy fuel oil Okomo 156 ppm, SOx fuel oil
npaktudecku 150 ppm. OTHOCUTENBHO YISl U Ma3yTa paccyuTaH Kod3(puimeHt
HKOHOMHYECKOTO M SKOJIOTMUECKOTr0 MOTEHIMaja TOILJIUB.

OmHuM W3 TJaBHBIX TIOKa3aTeJed I  HWCIOJIb30BAaHUS  TOTUTMBHBIX
KOMITO3UIIMIA SIBIISIETCS CTOMMOCTH, OBLT PAacCUMTaH OTHOCUTENbHBIA MOKa3aTelhb
CTOMMOCTH TOIUTMBHOM KOMITO3UIIMM B CPaBHEHUHU C yriieM M MazyTtom. OOmmas
CTOMMOCTH TOIUTUBA OIpPEACIICHa B 3aBUCHMOCTH OT MAacCOBOW KOHIICHTPAIHH
KOMITOHEHTOB B TOTOBOI CMECH.

J1y1st ICTI0STb30BaHMS TOILTMBA B MIPOU3BOJICTBE TEINIOBOW SHEPTHH MOKA3aTeIh
0e30macHOCTH (P relative coal; P _relative fuel oil) SBISIETCS OYEeHb BakHbIM. llpu
MPEBBIICHUN 3HaUEHUA «1» cocTaB cunTaercs 6oJiee moKapoB3pPhIBOONIACHBIM, YEM
yroiapHass TbUTh WM Ma3yT. JlaHHBIM TOKa3aTelb PacCUMTHIBACTCS C
WCITIOJIb30BAaHUEM 3HAYCHUN MHUHUMAIBHOU TEeMIEPaTyphl 3aKUTaHUs, U BPEMEHU
3aJIePKKN 3aKUTAHUS TOTUTHBA.

AHanmu3upys TIOKa3aTelId HCIOJIb30BAHMUS KOMITO3UIIMOHHBIX TOIUIHB,
npeCTaBlICeHHBIC HAa pucyHKe 1.8, MOKHO cienaTh BBIBOI, UTO caMasi 3 peKTuBHAs
TOTUTMBHAS KOMITO3HMIIMS JJI CKUTAHWUS Ha DHEPreTHUYCCKUX OOBEKTax HMeEeT
coctaB: 30% ¢unbTp-Kek Kokcytrouierocs yris, 20% yronbubsii muiam, 50% Bona.
O(ddexTuBHOCTh €ro B CpaBHEHHH C yrieM B 3 pasa OoJibllie, a B CPaBHEHUH C
Ma3yToM B 24 paza Oomblie. [Ipu nmepeBojie KOTENbHBIX Ha TaKyl) KOMIIO3UIIHUIO,

YMCHBIIUTCA CTOMMOCTD TEILIOBOM OHCPIUH, SKOJIOINYCCKHC BBI6pOCI>I, a TaKXXC B
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COCTaBC TaKOIo TOINIMBA MOXHO YTUIW3UPOBATH MHOI'OYHUCJICHHBIC OTXO/bI

yrae000raTUTENbHBIX TPEANPUSITUN.

4

25 -

20

C_c fuel oil
C c fuel oil
o

e
o

Pucynox 1.8 — YcpenHeHHBIM COBOKYITHBIN MOKa3aTeIb UCIIOIb30BaHUS
KOMIIO3UIIMOHHBIX TOTUIUB OTHOCUTEIILHO KaMEeHHOT0 yriis (a) u MazyTa (6): 1 —
(40% Oypswrit yronb, 10% oTpaboranHoe TypOuHHOE Macio, 50% Boja); 2 — (40%
topd, 10% orpaboranHoe TypOouHHOE Macio, 50% Bojaa); 3 — (40% yroybHBIH
uiam, 10% orpaboranHoe TypOuHHOE Macio, 50% Boxa); 4 — (40% ¢unbTp-Kek
Kokcyrorierocs yris, 10% orpabotanHoe TypOuHHOE Maciio, 50% Boja); 5 — (30%

bmIbTp-Kek Kokcyroterocs yris, 20% yronbHsii miam, 50% Boa)

1.8. Ucnonp30BaHMEe pe3ynbTaTOB UCCIEIOBAaHUI

B xone uccrnenoBanuii ObIJIO YCTAHOBIIEHO, YTO TOIUIMBHAS KOMITO3HIIUS C
coctaBoM «30% bunsTp-Kek Kokcyromerocs yris, 20% yronpHbii nuiam, 50%
BOZa», WMEeT HaumOONbIui  KOIPOUIIMEHT TMOJIE3HOTO  WCIOJIb30BAHUS
OTHOCHUTEIHHO TPAAWIIMOHHBIX VYIJII W Ma3zyTa, IIOCKOJBKY B €€ COCTaBe
UCITOJIB3YFOTCSI OTXO/IbI yTIe000TalIeHNs], KOTOPhIE UMEIOT HU3KYIO CTOMMOCTb. Tak
K€ OCHOBHBIC TapaMeTpbl MO TOPEHUIO TOIUIMBA HAMOOJee ONTUMAJIBHBI IS
MIepPeBO/Ia KOTEIBHBIX HA TAKYIO TOTUTMBHYIO KOMITO3UIIHIO.

BrinonHeHHBIC HCCIEIOBAHUS MTOKA3aJIH, YTO MHOKECTBO TOPIOYUX OTXOOB

MOXHO BBII'OJHO BOBJICKATb B OHCPICTHKY MW IIOJY4YaTb IIPpU 3TOM AOCTATOYHO

36



MacITaOHbIe TOJIOKHUTENbHBIE d(P(HEKThI B IKOJIOTHYECKOM M SKOHOMUYECKOM
npodumiie paboter mpeanpustus. B Oomee TiobasbHOM MacmTabe TpU
UCIIOJIb30BAaHUU OTXOJI0OB MOXKHO CHU3UTH TEMII WM3BJICUECHHS] OCHOBHBIX TOPIOYMX
WCKOIIaeMbIX — yTJIsi, HepTH U mpupogHOoro rasa. Exxeromno B Mupe g00bIBaeTCS
OKO0JIO 7269 MiH. TOHH yIJIsl U 0KoJio 4331 MutH. ToHH chipoit HedTH [53]. B TO ke
BpeMs, B MHpe exerogHo Qopmupyercs He meHee 700 MIH. TOHH OTXOJOB
oOoramenus u nepepadbotku yrisi, He MmeHee 400 MITH. TOHH OTXOJ0B HEe(PTSIHOTO
MPOUCXOXKJICHUS (BKJIIOYas IUIAMBI, Pa3IMYHble OTPAOOTAHHBIE MHIYCTPHAIIbHbBIC
Maciia, 3MYyJbCUU U JPYrue Toproune XUAKocTh). OHU TPEeACTaBISIOT OOIBIIYIO
OMacHOCTh [94—57] 115t OKpYXKaIoIIeH cpeibl, 310POBbS JIIOJIEH U dKUBOTHBIX. TOpd,
PacCMOTpPEHHBI B HACTOsIIEH paboTe B KayecTBE KOMIIOHEHTAa CYCIIEH3MOHHOTO
TOTUTMBA, TPEJCTABISET THTAaHTCKUM TOIUIMBHBIM pecypc, XOTS H TPYIHO
u3BiekaeMblil. Ero 3amacel onenuBaroTcsi He MeHee yeMm B 350 muipa. tonH. Ha
CETOJHSIITHUM JIEHb B MUPE JOOBIBAETCS OKOJI0 25 MITH. TOHH Top(da B roa. C yuetom
ATUX JAHHBIX, MOXHO CIPOTHO3UPOBATH, UYTO MPH BOBJICUECHUH TOPHOB, OTXOIOB
oOoraiieHus yriisg, HeTenpoayKTOB MOKHO COXpaHUTh 0Koyio 10% yroibHOro u
HeTsIHOTO pecypca.

B x0/1€ BBITIOTHEHHS HCCIIEIOBAHUH BBISIBIICHO, YTO MPU TOPEHUH COCTaBa Ha
0a3e 0TXOAOB yrieoOoraiieHus 0e3 a00aBiIeHUsT OTPaOOTAaHHOTO TYPOMHHOTO
Macina nipu Temreparypax Hmwke 800 °C razodaszHoro 3axuraHus He MPOUCXOJIUT.
Hanuume KUAKOTO TOPIOYEro KOMIOHEHTa JUIsi M3YyYEHHBIX COCTaBOB
CIIOCOOCTBOBAJIO CHUKEHHUIO TIOPOTOBOM TEMIEPATyphl 3a)KUTAHHUSA, HO TaKKe
MOBBIIIIAJIO BpeMsI 3aJCPKKH TeTEPOTreHHOTO BOCTUTAMEHEHHSI KOKCOBOTO OCTATKa.

BrisiBiieHO, 9TO pY YBETUYEHUH TEMIIEPATYPhI B KAMEPE CTOPAHUS CKUTAHHE
OTIIMYMS BPEMEH 3a7CPKKH 3aKUTaHUS MHHUMHU3APYETCS I  TOILTUBHBIX
KOMITO3UIIMA C OTJIWYAIONIUMCS COCTaBOM. Takoe sIBJICHHE OJaronmpusiTHO
OTpaXaeTcsi B TMPOMBIIUICHHOCTH. 10 €CcThb TpH 3amycKe KOTja, HWHTEpecC
MIPE/ICTABIIICT TOILNIMBO C MUHUMAJIBLHBIM BPpEMEHEM 3aCP)KKH 3)KUTAHUs, HO TTPU
cTabuiIbHOM paboTe KoTiarperara, KOrja TOTKa MPOrpeTa U TEMIEPaTyphl BEJIUKH,

MOXHO HCpCﬁTH K MCHOJb30BAaHUIO COCTABOB C OOJIBIINM BPCMCHCM 3a’KHMI'aHM.
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Jlyis pacTonku HEOOXOAMMO HCIOJIb30BaTh cocTaBbl: 20% yrombubii nuiaMm, 30%
¢unbTp-kek, 50% Bona; 40% yromwpubli nutaM, 10% otpaboTanHoe TypOMHHOE
macJio, 50% Boja.

YcTaHOBIEHO, YTO MMHHUMAaJbHYIO KOHILEHTpauuio BbiOpocoB NOy mmeer
coctaB 20% yrompHbii nwiam, 30% dunerp-kek, 50% Boga, B CpaBHEHUH C
COCTaBOM Ha 0a3ze Oyporo yris 3TOT MOKa3aTelb CHU3WICA Ha 275 ppm. Beiurpsii
JAHHOTO COCTaBa Mepea IPYTMMH MOXHO HaOmonate U ans mokazatens SOy,
MaKcUMaJlbHasi pa3HHIla JJIsi KOTOPOro cocTaBujia 45 PPM B COMOCTaBICHUH C
coctaBoM: 40% ¢dunsTp-kek, 10% orpaborannoe TypomHHOE Macio, 50% Boxa.

HaubGonpmum koapdunmrentom >PpdhekTUBHOCTH 00J1a1aeT CYCIEH3Us C
coctaBoM: 20% yronwHbIii nutam, 30% ¢uibtp-kex, 50% Bona. Y qaHHOTO TOIUIMBA
cpeanuit kordduirent 3pPpeKTUBHOCTU B 3 pa3a 0OJIbIIIE YEM Yy YIJIs, a Takxke B 24
pasa BbIlIe, 4eM y Ma3zyTa. Takasi OoJiblliasi pa3HuIla BbI3BaHA TEM, YTO CTOMMOCTD
TaKOI'0 COCTaBa OYEHb MaJia, IOTOMY YTO UCIOJIb3YIOTCS OTXO/Ibl YTIe000raieHus,
KOTOpbIE TPOOJIEMATHYHO CKJIAAUPOBATh B CBSI3U C OOJBLION 3aHUMaeMOM

IJ1I0MIaAbIO.
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2 IlpoextupoBanue ACY TOIIMBONOAaYU

2.1. Auamu3 o0beKTa aBTOMaTU3aH

B xadectBe oOBeKTa aBTOMATH3allMM BbIOpaHa CHCTEMa YIIpaBJICHUS
TorMBonoAaun s kotenpHoro arperata KE 10/14 C, npenHazHauyeHHOTO IS
BBIPA0OOTKM HACBIIEHHOTO TMapa WM paboThl B BOJOIPEHHOM  pEKUME,
UCIIOJB3YEMOT0 Ha TEXHOJOTUYECKUE HYKJbI MPOMBIIUICHHBIX NPEANPUSTUNA, B
cHCTeMaX OTOTUICHHSI, BEHTHIIAIUKM U TOPSYEro BojocHaOxeHus [58].

KE 10/14 C — koTea C €CTECTBEHHOM MMPKYJIALHMEH CO CIOEBBIMU
MeXaHndeckuMu Torkamu [58]. OTnudurensHO OCOOSHHOCTBIO TaKOro KOTIIA,
SBJISETCS] HAIMYUE BEPTUKAIBHBIX TPYO.

Pacumdposka naumenoBanusi kotria KE 10/14 C. KE — tun kotna c
ecTecTBeHHOM 1upkysiuue, 10 — mapompousBoguTenbHOCTh (T/4), 14 —
abconmroTHOE JaBienue napa (krc/cm?), C — cioeBoe CHKUTaHHeE.

B nanHo#i paboTe JaHHBII KOTEN paccMaTpUBAETCA NIl UCIOJIb30BAaHUS B
BOJIOTPENHOM pPEKUME.

TomnoyHas kamepa Takoro KoTjia UMeeT 0COOEHHOCTh 00pPa30BaHUsI Fa30BbIX
BUXpEd B BEPTUKAIBHON IUIOCKOCTH, YTO CHOCOOCTBYET K MHOTOKpPAaTHOM
HUPKYJSILIUM YHOCA W BEIEeT K MUHUMHM3UPOBAHHUIO HEJOKOra TBEPABIX YacCTHIL
TOILJIUB.

Koren KE cmocoben pabGoTaTh Kak B BOJOTpEHHOM, TaKk U B
MapONPOU3BOJACTBEHHOM peXnMe. BOIOTpEHBId pEXUM MO3BOJISET YMEHBIIUTH
3aTpaThl Ha COOCTBEHHBIE HYX/bI, CBSI3aHHbIE C pa0OTOM MUTATENbHBIX HACOCOB,
TEMJI000MEHHUKOB U 000pYI0BaHMS HETIPEPHIBHON MPOAYBKHU. Takke TakoW pexuM
MO3BOJISIET CHU3UTh PACXOJ TOIUIMBA, 32 CUET COKpPAILECHUS KOJUYECTBA DHEPrUU
HEOOXOAMMOW Ha TOAroTOBKY BOAbl. CpemHeskcruryaTarmoHHbd — KIIJ]
KOTJI0arperara, UCrob30BaHHOTO B KaU4eCTBE BOJIOTPEUHOTO, MOBKINIaeTcs Ha 2,0-

2,5%. Ha pucynke 2.1 uzoopaxena cxema KE 10/14 C [58].
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Pucynok 2.1 — Cxema tonounoi kamepsl koTiia KE 10/14 C:
a) — poHTaNBHBII pa3pe3; 6) — 00KOBOW pa3pes; 1 — CTeHKa KOTJa; 2 —
KUTIATUIIbHBIC TPYOBI; 3 — Kamepa cropaHus; 4 — eHTpajibHasi BCTaBKa; 5 —
ra3onepenyckHoe OKHO; 6 — JyTheBO€E COIUIO; / — 30JI0YJIOBUTEND; 8 —

¢dbpoHTanbHas cTeHka; 9 — TorMBHAS GOpPCyHKa

Tak kak B BOJIOYrOJIbHOM TOILTUBE COJEPKUTCS Bjiara, KOTopas yMEHbIIIAET
BpeMs BOCITAMEHEHHS, TO HE0OX0IMMa OPTaHU3AIUs BUXPEBOTO PEKMMa TOPCHUS
[59]. IIpu Takom pexxume oOecmeunBacTCs IOCTATOYHAS MPOJAOJDKHUTEIBHOCTD
peObIBaHMS TOIUTMBHOM YaCTHUIIBI TOIUIMBA B KaMepe CropaHusi, UTO rapaHTHUPYET
nonHoe cropanusi BYT, cinemoBarenbHO, U BBICOKYIO 3KOHOMUYHOCTH Ipolecca
CKUTAHMUS.

3amaua peryaupoBaHus TEXHOJOTHYECKOTO MPOoIlecca KOTEILHOTO arperara
CBOJUTCS, B OCHOBHOM, K HEOOXOJMMOCTH TOMJIEPKAHHUS MaTEPHAIBHOTO U
HPHEPreTUYECKOoro OamaHca, MpU KOTOPOM OH OynerT paboTaTh B MOCTOSSHHOM
(cTalMOHApHOM) PEXKHUME.

I'maBHOM 3amadeii aBTOMAaTH3allMM KOTJoarperara, SiBJIsSeTCs 0OeCICUCHHE
MTOJTHOTBI CTOPAHMS TOTUIMBA, YTO ¥ MIPUBOJIMUT K SKOHOMUYHOCTH MPOIECCa TOPEHUSL.

Tewm cambim nosbimas KITJ[ kotna.
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B xoTmoarperaTr TOMJIMBHAS KOMIIO3UIMS TOAACTCS TIPU  TTOMOIIH
dbopcyHouHOTO YcTpoiicTBa (pucyHok 2.2). [Ipu momoriy ¢:kaToro Bo3ryxa TOIITUBO
MPOXOJIUT LIEHTPAJIbHBIM KaHaJ U MOCTyNaeT B kamepy cropanus. Takas gopcyHka
MIO3BOJISIET CHU3UTH a0Pa3uBHBIN U3HOC AeTaliell JOPCYHOUHOTO YCTPOUCTBA 32 CUET

0O0JIBIIIOTO AHaMeTpa U HU3KOH CKOpocTH aBrxkeHue [60].

o o

[ Boaayx /ﬁ

Pucynok 2.2 — IIpononbHeIil pazpes GopCcyHKH:

1- paclbUINTCIIB, 2— BBICOKOCKOPOCTHAA BO3BpAaTHAA CTPYA I'a3a,

3 - QJICKTPOAbI CUCTCMBI PO3JKHI'a

BuxpeBoil OTOK B KaMepe CropaHHs CO3JAaceTCsA 3a CYET 3aKpy4yMBaHUs
BO3AYIIHOIO IIOTOKa B KOJIBLIEBOM KaHane. JlyTbeBOM BO3AyX ITOAAETCA 10
KacaTeJIbHbIM K CTEHKAM KaMepbl CrOpaHus, TEM CaMbIM OOecreduBasi 3aKpyTKY
BUXPEBOI'0 MOTOKA.

Ha xammo TtomimBa, momagarnlyr0 B TOMNOYHYK KaMmepy, ACHUCTBYIOT
LHEHTPOOEKHBIE CUJIbl M TAHTEHIUAIbHBIE COCTABJISIONINE CKOPOCTH, KOTOpbIE
CTPEMSITCS BHIOPOCUTH Karllio Ha CTEHKH KaMepbl CrOPaHusl, HO paralibHbIE TOTOKU
BO3JIYIIIHOW CMECH TMPENATCTBYIOT M HE MO3BOJISIIOT NPUOUTBCS K CTEHKe. B
pe3ysibTaTe MPOUCXOJIUT paclpe/ielieHHe Kareilb M0 opouTaM B 3aBUCUMOCTU OT
pa3MepoB. Menkue Karii HaXOosTCs B IEHTPE KaMephl CropaHusi, 00jaee KpymHbie
3aKpYYMBAIOTCS 110 BUXPEBOMY IIOTOKY OT CTEHOK K LIEHTPY. Takoe pacrnpeneneHne

IMO3BOJIACT IMIPOU3BCCTH IMOJTHOC CKUT'aHHNEC BCCX TOINNIMBHBIX KaIICIIb.
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30/10yJIOBUTEIIbHA BOPOHKA B HAa4YaJlbHOM 23Tame paboThl  KOTJIA
3arostHsgeTcs meckoM. Kak m3ectHo [60], 30;1a BYT umeer Oonblnyro mapycHOCTb
B OTJMYHE OT YrojibHOW. MalleHbKUE YAaCTHUYKHU 30JIbI YHOCSTCS BMECTE C
YXOJISIIIAMU Ta3aMH, a OOJIbIINE MTPH TMTOMOIIH IIEHTPOOEIKHBIX CHJI CKAILTUBAIOTCS
B HWO)KHEH 4acTH KaMepbl cropanus. [Ipu HaKOTUICHUH HY>KHOTO KOJIMUYECTBA 30JIbl,
OHa YJaJIAETCsl Yepe3 HIKHEE OKHO BOPOHKH 30JI0YJIOBUTEIIS.

Ha ocHOBaHMM OIIMCAaHHBIX CBOMCTB M MTApaMETPOB KOTJIoarperara Boioepem

cTpykTypy ACY.

2.2. Bo100op CTpYKTYpBl aBTOMATU3UPOBAHHOM CUCTEMBI TOTLTUBOMOAAYN

ITpu pazpadotke ACY TII nomxHbI OBITE COOIOIEHBI TPEOOBAHUS:

1) BBox B neiictBue ACY JODKEH MPHBOJAUTH K TIOBBINICHUIO KavyeCTBa
(YHKIMOHUPOBAHUS O0OBEKTA YIPABIICHHUS,

2) cucrema JI0JDKHA OBITh MPHUCIIOCOOJICHA K MOJCPHU3AIUH, PAa3BUTHIO U
HapalluBaHUIO;

3) Hamexnocth ACY nomkHa OBITH [JOCTATOYHA IS JOCTHOKCHHS
YCTaHOBJICHHBIX TPEOOBaHUM;

4) mobas moctynaromas uHpopmanus B ACY, 1gomKHa  OBITH
aKTyaJlu3UpOBaHa B  COOTBETCTBUM C  NEPUOJUYHOCTBIO €€
UCIIOJIb30BaHUS NPY BBINOJIHEHUH (PYHKLIUN CUCTEMBI;

5) uHpopmanus, KoTopas cofepuTcs B 0azax qaHHbIx ACY, 10JKHA OBITH
aKTyalu3upoBaHa B  COOTBETCTBUM C  NEPUOJUYHOCTBIO €€
UCIIOJIb30BaHUS TPY BBINOJIHEHUH (PYHKUINN CUCTEMBI.

Pazpaborannas ACY TII jomkHa COOTBETCTBOBAaTH TPEOOBAHUSM,
npeacraBiaeHHbIM B ['OCT 24.104.85.

B nannoii paboTe paccMaTpuBalOTCs JiBa BapuaHTa CUCTEMbI YIPaBICHUS
nojgayer ToruiMsa. llepBelii BapuaHT NpeaycMaTpyuBacT BO3AECUCTBUE HA MOAady
TOIUIMBA Br MO CXEeMe «3aJaHhe M0 Harpyske-temio». CTpyKTypHas cxema
n300pakeHa Ha pucyHke 2.3. BXOIHOW CcHUTHaln «3aJaHhe IO Harpy3Ke»

dbopmupyetcsi koppektupyomum [IU-perynstopom aaBiaeHUs, MOJIYYArOITUM
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CUTHAJ OT JIaT4MKa JIaBJICHUS Mapa B MAapONpPOBOJE Ha BBIXOJE MaporeHepaTopa.
BTtopoii curnan peryistopa TOIUIMBA «TETUI0» (OPMHUPYETCS IBYMS CUTHAJIAMH OT
JATYMKOB pacxoja M JaBJCHUS Iapa B MPOMEXKYTOUYHOM TOuke (B 30HE
MaKCHMaJIbHOW TEIUIOEMKOCTH ITapOBOSTHOTO TpakTa) [61].

P — pe2ynamop;

Br— pacxod monnusa;

PO — pezynupyrowuli opeaH,

Pnp — 0asneHue napa 8 naponposode;
Dnp — pacxod napa 8 naponposode.

3adaHue no Hazpy3ke

Br *PO .

Pucynox 2.3 — CTpykTypHas cxema aBTOMaTHYECKOTO PETyINPOBAHUS

pacxoaa TOINIMBA II0 CUCTCMC «HAI'PYy3Ka-TCILIIO»

BTopo# BapuaHT CHCTEMBI PETYJIMPOBAHUS NOAAYM TOIUIMBA Br MO cXeMe
«BOJA-TEIIO» (PUCYHOK 2.4) mpemycMaTpuBacT MCIOJb30BAHUE B KadyeCTBE
3aaHus Uil PETYJSATOpa TOIUIMBA PACX0Ja MUTATENbHOW BOAbL. COOTBETCTBHE
MEXKIy NoAa4el BOABI M TOIUIMBA OCYLIECTBIIIETCS B 3TOM ClIydae B IPSAMOU

3aBHCHUMOCTH OT pacxojia MUTaTeIbHOW BOIbI [61].

P — pe2ynamop;

Br— pacxod monnusa;

PO — pezynupyrowuli opeaH;

Pnp — 0asneHue napa 8 naponposode;
Dnp — pacxod napa 8 naponposode;
Dne — dasneHue numamesnsHoU 800bl.

Pucynok 2.4 — CTpyKTypHas cxeMa aBTOMaTHYECKOTO PETyIUpOBaHUs

pacxoaa TOINIMBaA I10 CUCTEMC «BOAA-TCILIIO»
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Kaxxnmas u3 paccMatpuBaeMbIX CXE€M PETryJIUPOBAHMS TETUIOBON HArpy3KH
UMEET OIpECIICHHBIE MPEUMYIIECTBA U HEIOCTaTKH. Tak, HalpuMmep, PeryysiTop
MATAHUSA UMEET OOJIBIINH IO CPABHEHUIO C PETYJIATOPOM I0Ja4YH TOILJIMBA JHANa30H
pEryJIMpOBaHUS M UCIOJIB30BAHUE €r0 B KAYECTBE BEAYILETO MPHU PEryIupOBaHUU
TEIUIOBOM HArpy3KH MOKET IMPUBECTH K PACCOTJIACOBAHHMIO B MOJade BOJLI U
ToriuBa. Mcmonb30BaHue peryasaropa MUTaHUs B KaU4eCTBE PETYJISITOpa TETUIOBOM
Harpy3ku Oosiee 11e7ecoo0pa3Ho Ha OJOYHBIX YCTAHOBKAX C HE3aBHUCHMBIM
nutanreM. [Ipu aTom Oyner obecrieduBaThest 00Jjiee OBICTPOE COOTBETCTBUE MEXKTY
II0Aa4e BOJABI M TOIUIMBA IIPU BHEIIHMUX BO3MYILEHMSAX U C HEKOTOPOM MHEPLUEN
IIPY HAPYIICHHUSIX TOMOYHOTO PEKUMA.

D¢ dhekTuBHOCT, pabOThl 00BEKTa aBTOMATH3AIlMHU, OTHOCHUTEIbHAs
CTOMMOCTb, PEMOHTOIIPUTOTHOCTh W HAJACKHOCTh HAMPSIMYIO 3aBHCUT OT BBIOOpa
CTPYKTYpbl ympaBiieHus. [lo3ToMy mnpuMeM CTPYKTYPHYIO CXEMY YIpPaBJICHUS
pacxoja TOIIMBA IO TeMIIepaType BOJIBI Ha BBIXOJE M3 KOTJa M TeMIlepaType B
TOMNKE KoTyioarperara. Takum oOpa3oMm, OyneT MOIACPKUBATHCS OajaHC MEXITY
KOJIMYECTBOM CHKMTAaeMOTO TOILJIMBA M HarpeBOM BOJIBI, T.€. B TOIKE KOTJIa OyJeT
Cropatb CTOJBKO TOIUIMBA, YTOOBI KOJMYECTBO TEIJIa, BbIpabATHIBAEMOIO
KOTEJIbHBIM arperaToM, COOTBETCTBOBAJIO KOJHUYECTBY IOTPEOIIEMOro Teria.
OkoHuaTreNbHas CTPYKTYpa CUCTEMBI KOHTPOJIS U PETYITMPOBAHUS PAacXo/1a TOTINBA

MPEJICTABJICHA HA PUCYHKE 2.5.
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Pucynok 2.5 — CTpyKTypHasi cxeMa aBTOMaTU3UPOBAHHOM CUCTEMbI YIIPaBICHUS
pacxonom toruuBa: TII — TepmoaniekTpuueckuil npeodpaszopatenb; K —
MUKPOIIPOIECCOPHBINA KOHTposuiep; 3V — 3aaroliee yecTpoucTBo; PY —

YCTPOMCTBO py4dHOro ynpasienus; [IY — myckoBoe yctporictBo; PO —
perynupyrouui oprad; UM — ucnonHuTenbHbIN Mexanu3Mm; APM oneparopa —

aBTOMATU3MPOBAHHOE paboYKe MECTO OmepaTopa

B mnpomnecce GyHKIMOHMpOBAHUS CHCTEMbI Ha OOBEKT YIpPaBICHUS
MOCTYIAKOT BO3JACHCTBUS BO3MYIIEHHS, BbI3bIBAIOIINE OTKIOHEHUS PETYIUPYEMBIX
napaMeTpoB — 3HAYEHHE BJIAKHOCTH W TeMIepaTypbl OT TpeOyeMoro 3Ha4yeHUs.
Nudopmaruss 0 3HaYEHUSX TMapaMeTrpa B TEKYIIUHA MOMEHT BPEMEHHU TOCTYIAeT
HEMOCPEJICTBEHHO B CUCTEMY YIIPABIICHUS, T/I€ POUCXOUT CPABHEHUE C 3aJaHHBIM
Il HUX 3HadueHueM. PerynupoBka 3HaueHus ocyliecTBisieTcss Ha ocHoBe [IU

3aKoHa perynupoBanus. Kak pesynbTaT, cucteMa ynpasieHus 00s3aHa BEIpad0OTaTh
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YIPABJISIOIIEE BO3JEHCTBHE, KOTOPOE HEOOXOIUMO TSl KOMIICHCAITUU OTKJIOHEHUN

HAIIIETO BBIXOAHOTO IMapaMeTpa.

2.3 Pa3zpaboTtka ¢pyHKIMoHaNbHOU cxembl ACY TomIMBoOIOAauU

OyHKIMOHAIbHAS CXEMa CHCTEM AaBTOMAaTU3allMM  TEXHOJIOTMYECKHUX
IIPOLIECCOB SIBJISIETCSI OCHOBHBIM TEXHUYECKHM JIOKYMEHTOM, ONPEAESIOIUM
CTPYKTYpPY U XapaKTep CHCTEM aBTOMAaTH3allUd TEXHOJOTMYECKUX MPOIECCOB, a
TaK)Ke OCHAIICHHSI X MPUOOpaMH B CPeJICTBaMHU aBToMaTm3anuu [61, 62].

Cucrema aBTOMATHYECKOTO YIPAaBJICHHUS TEXHOJOTHUYECKHUMH IPOLIECCAMU
SIBJIIETCSI COBOKYITHOCTHIO OCHOBHOTO M BCIIOMOTATEILHOTO 000PY10BAHHUS.

Jist  paspabateiBaeMbIX (yHKIMOHaNBHBIX cxeM ACY TII, gomxHBI
peraThes 3a/1a4uu:

1) cOop mepBUYHOI HHPOPMALINH;

2) cOop uH(pOPMAIIHH O COCTOSIHIMH 000PYI0BaHHUS;

3) cOop uHpOpPMALIUK O PETUCTPUPYEMBIX MTApaMeTpax U Mporeccax;
4) c6op uHpopMaIUHu 0 paboTe 000PYIOBAHUS.

Ha ¢ynkumonanpHON cxeme 000pyAoOBaHHME H300paxkaeTcs, KakK IMPaBUIIO
ynpouieHo. Ho m3o0pakeHHasi cxema JOJKHA JaBaTh IMOJHOE MPEACTABICHHUE O
paboTe U B3aMMOJICHCTBUH YAaCTEH CUCTEMBI YIIPABICHHUS.

Perynupyromas u 3amopHasi apmaTypa H300pakaeTcsi TOJIBKO Ta, KOTOpas
HeoOxoauma Il pabOThl CUCTEMbI aBTOMATH3allMU, a TaKKe HeoOXoauma s
OIpe/IeNICHUS PAaCHOJIOKEHUS IEPBUUHBIX IIPeoOpazoBaTeseil n3MepeHuil.

[osicHstronre HaAMUCH HEOOXOAUMO MPUBOJUTH PSIIOM C TEXHOJIOTUUYECKUM
obopynoBanuem [61, 62].

boina pazpaborana QynkiuonanbHas cxema ACY pacxoma >KHIKOTO
tormBa. Cxema mpezacTaBiieHa Ha jucte ¢ mudpom GIOPA.421000.012 C2.

Ha nepBom stane pa3zpaboTku (QyHKIIMOHATBLHON CXEMBbI OBLIIM OMPEICIICHBI
u3Mmeputenbuble KaHanel (1-9,11) u kanan ynpasnenus (10). [Jns uzmepenus
TEeMIIepaTypbl B MAruCTPaJId BOJIbI, UAYIEH Ha HYX/IbI IOTPEOUTENS, UCTIOb3YETCA

KaHal 1, a 1 TeMneparypsl MATATEIbHON BOJIBI KaHal 2. B Tonke ycTaHOBJIEHBI 6
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JATYMKOB TEMIIEPATYpPhI JJI1 KOHTPOJIS paclpeAesieHHs TEMIIEPATYPHOro nojs. M
COOTBETCTBYIOT KaHaibl u3MepeHus 3-8. [lo wu3MepeHHBIM Temueparypam
ocyllecTBIsIeTC peryaupoBanue pacxona OBYT B Tomky, uzmepsieMoro mnpu
MIOMOIIIA W3MEPUTENIBHOTO KaHana 9 pacxomomepom. Kanmam 11 nepemaer Ha
MUKPOIPOLIECCOPHBIA KOHTPOJLIEP UH(POPMAIKIO 0 pabOTE 3aCIOHKH.

Ha BTOopoM sTamne pa3zpabarbiBaiach HUKHSS 4acTh (DYHKIIMOHATILHOM CXEMBI.
B 3T10i1 yactu n3obpaxkanuch TpuOOPkI, YCTAHOBIIEHHBIE 10 MECTY, ITYCKOBOM IIHUT
anmapatypsl W IOUT YyIOpaBleHWs. B 1muTe ynpaBieHUs  YCTAHOBIIEH
MUKPOIIPOIIECCOPHBII KoHTpoJutep 10a [62].

CurHanpl, NOCTyHarolME€ Ha KOHTPOJUIEp, TAKXKE MEpPeAaroTCs Ha IyJbT
YIPABJICHUS, U1l PETYJIUPOBKH YIPABISIFOLIIMX BO3JECUCTBUIM U MPEAOTBPALLCHHUS
aBApUUHBIX PEKUMOB.

Texnonornyeckoe 000pyaoBaHue Ha (PYHKIIMOHATIBHON cXeMe N300pakeHo B
cootBercTBUM ¢ ['OCT 21.403 — 80, yciioBHBIE 0003HAYEHUS 3aIIOPHOM apMaTyphl
mzobpaxkensl mo ['OCT 2.785 — 70, mnepBuuHble U (PYHKUIHUOHAIbHBIC
u3MepurenbHbie mpubopsl — B cootBeTcTBUU ¢ [[OCT 21.404 — 85.

WsmeputenbHble  KaHanel 1-8  (QopMmupyrOT CcHUTHaIBI O  BETUYHMHE
TEMIIEpaTypbl NUTATEJBHOW M CETEBOM BOJBI, a TaKXKe O paclpenesieHun
TeMIepaTypbl B Tonke. M3mepurenbHbIi kaHal 9 mpeoOpa3yeT 3HaueHUs pacxoja
OpraHOBOJIOYTOJIBHOTO  TOIJIMBA, KOTOPbIE TMOCTYHNAIOT K PETryIUPYIOLIEMY
YCTPOMCTBY B BHUAE YHUDUIMPOBAHHOTO TOKOBOro curHama 4-20 MA ¢
yIBTPa3BYKOBOT'O pacxogomepa 9a. MukpomnpoueccopHblii KOHTposiep popmupyer
JUCKPETHBIM  PETYJIMPYIOIIMKA CUTHAJN, KOTOPBIA IOCTyNAeT Ha IIyCKOBOE
ycTpoicTBo 100, rie curHay yCUJIMBAETCS U IPUBOJIUT B IEUCTBHUE DIIEKTPUUCCKUAN

MMpHUBOA NCIIOJHUTCIBbHOTO MCXaHN3MaA.
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2.4. Bribop Texuuueckux cpencts ACY TomnuBonogadu

Cucrema YIIPaBJICHUA TCINIOTCXHHUYCCKHUX ImapaMcTpoOB JOJIDKHA
IMPOCKTUPOBATHECA Ha OCHOBC COBPCMCHHBIX CPCACTB aBTOMATU3AllN. Taxxe ACY

JOJIDKHA 06J13I[3TB BBICOKOM HaJIC)KHOCTBIO.

2.4.1. Beibop AaTYMKOB TeMIepaTyphl

B paspabGarbiBaeMOll aBTOMATH3UPOBAHHOW CHUCTEME YIPABICHHS pacxoaa
OBVYT peructpupyercsa Temneparypa B TONKE KOTJIA U TEMIIEpaTypa BOJBI MOCIE
HarpeBa B KoTyioarperarte. /[ uamMepenust temnepaTypsl BOJbI 10 U [IOCJIE HarpeBa
B TOINKE KOTJA, MCHOJB3YIOTCS TepMOMNpeoOpa3oBaTeid CONpOTUBICHUS. Jlis
perucTpauvyd HW3MEHEHHs Ipoliecca paclpOCTPaHEHUS] TEMIIEPATypbl B TOIKE
UCIIOJIB3YIOTCSl IUJIaTUHOBBIE TepMomnapbl. B MaHHOW cucTeMe MpeanoJiaraeTcs
ycTaHOBKa mectu tepmonap. Kommanuu «Metpan» u «2Inemep» MpeaCTaBIsIOT
00JBIION BEIOOP JATYMKOB JIJIs1 U3MEPEHUs TeMIlepaTyphl. PaccMoTpuM HEKOTOpEbIE
U3 HUX MOJIpoOHEe.

JIns u3MepeHus: TEeMIEpPaTypbl BXOISIIEH M BBIXOISIIEH CETEBOM BOJBI
paccmoTpuM Heckobko TIIC:

TepmorpeoOpazoBarenu conpoTuBiaeHus cepun Merpan-200

TepMoMeTphl COMPOTUBIICHUS MPEHA3ZHAYEHBI ISl U3BMEPEHUSI TEMIIEPATYpP
KUIKAX W razoo0paszHbix cpen. B nunHeiiky Metrpan-200 BXOIUT HECKOJBKO
npeoOpa3oBaresieil ¢ pasHbIM Jauana3zoHoM Temmeparyp. CBs3p mardumka ¢
KOHTPOJUJIEPOM OCYIIECTBIISIETCS C IOMOILb aHAJIOrOBOr0 YHU(MDUIIMPOBAHHOIO
curnana 4...20 MA.

Tun u ucnonuenue TIIC, HCX nepBuuHoro npeodpazoBaTesis TeMIepaTyphl,

JIMara3oH U3MEPSEMbIX TeMIIepaTyp MpeacTaBieHbl B Tabmuie 2.1 [63].
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Tabmuma 2.1 — OcCHOBHbIE TEXHHYECKHE XaPAKTEPUCTHKU TEPBUYHBIX

npeoOpazoBareseit remneparypsl cepun Metpan—200

HaumeHoBaHMe XxapaKTepUCTHK TCM Mertpan-203, -204 | TCM Mertpan-243

Junamna3oH u3mepsieMbix Temmneparyp, °C Ot -50 no +180 Ot -50 no +120
- JUTs KJ1acca jgonycka B

- st kacca gomycka C

Knacc nonycka mo I'OCT 6651-2009 B; C C
Vcenosaoe o6o3Hayenne HCX o 'OCT 50M; 100M 50M
6651-2009

Tepmonapsl mpeaHa3HAYCHBI TSI U3MEPEHHsI TeMIIepaTyphl PasHBIX Cpe,
KOTOphIE HE BCTYMAIOT B XWMHUYECKYI0 pPEaKIHMI0 C 3alIUTHBIM KOPITyCOM
npeobpaszoBarenss. PaccMoTpuM HECKONMbKO Moaudukamuii U 00JacTh HX
MIPUMEHEHUS:

1) TII-1388 — mpemHa3sHaueHbI I M3MEPEHUS TEMICPATyPhl JKUIKHX,
TBEP/bIX U Ira3000pa3HbIX CPEN;

2) TII-1388B — Bubpomnpounoe ucnonHenne TI1-1388;

3) TII-2088 — npenHa3HAYCHBI JJIs1 H3MEPCHUS TEMIIEPATyPhl arpeCCUBHBIX
KUJKUX U Ta3000pa3HbIX CPes;

4) TII-2088B — BuOpomnpouHoe ucnosneHune TT1-2088;

5) TII-2088A — mpemHa3HayeHBI IS HKCIIOJB30BAaHHS Ha OOBEKTax
MOBBIIIEHHON OMACHOCTH (ATOMHBIE CTaHILIUN);

6) TII-2388 — mnpenHazHadeHbl I M3MEPEHUS TEMIEPATYPhl JKUIKUX,
ra3zoo0pa3HbIX cpea (B TOM YHCIIE arpecCMBHBIX, KOTOpPbIE HE pa3pylIaroT
3aUTHYI0 apMaTypy U3Jenus) W TBEPAbIX TeI B Pa3jMYHbIX OTPACISIX
MIPOMBITIVICHHOCTH.

MeTtponornueckue  XapakTepUCTUKH  MPEACTABICHHBIX  MOAU(PUKAIINT

npuBeieHbI B Tabimie 2.2 [63].
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Tabmuma 2.2 — HomuuanpHas cratuyeckas xapaktepuctuka (HCX) m xmacc

JIOIIyCKa
HCX Knace nomycka Pabouunit quanason Temneparyp, ~C
XA (K) 1 ~40...+1000
2 —40...+1200
XK (L) 2 —40.. 7600
XK (E) 1 ~40...1600
2 —40...+600

Jlist u3MepeHus: TeMIeparypbl BXOJSIIEH M BBIXOJAIIEH CETEBOM BOJbI
OJIHUM U3 TJIABHBIX KPUTEPUEB SBISETCA JOJITOBEYHOCTh UCIIOIb3YEMOTO 1aTYNKA U
JanasoH padoTsl, mo3ToMy Beioupaem e TIIC ¢pupmbl «Metpan» tuna Metpan-
204 u Metpan-243 ¢ HCX 50M u xmaccom nomycka C, HO ¢ pa3IMYHBIM

nrana3zoHoM usMepsiembix temmnepartyp. [lepsoiit TIIC obnagaer guamna3oHOM OT -

50 mo +180 °C, a Bropou ot -50 mo +120 "C. B wnenom, JaHHBIA OaTYUK

TEeMIIepaTyphl YAOBIECTBOPSET MPEAbIBISIEMbIM TPEOOBAHUSIM: UMEET IOCTATOUYHYIO
TOYHOCTh U3MEPCHHUSI U IPUEMIIEMYIO TICHY.

Jlist u3MepeHusi TeMrnepaTypbl B TOIMKE PACCMOTPUM TepMomnapbl (hUPMBI
«Metpan». B Tabnune 2.3 npuBeneHsl XapakTepucTuku s Tepmornap TI1-0395/2,
TaK KakK 3TH TEPMOTIAPHI ABJISIOTCS BBICOKO TEMIIEPATYPHBIMH, YTO U TPEOYETCS IS

pelieH s JaHHO# 3a1aun, To ocymecTBiuM Beioop HCX [63].

Tabmuma 2.3 — HomunanpHas cratuyeckas xapakrepuctuka (HCX) um xmace

JTOITyCKa
HCX [unanazon n3mepenuii, °C | Knacc nomycka Koun-Bo pabouux cnaes

XA (K) 0...+1250 1 1
HH (N) 2 2
[T (R) 0...+1600 2
IIIT (S)
1P (B) +600...+1800 2

3

ITokasarens Termmooi uHepnuu, 40 ¢
Jnmuna mouTaxkHoi yactu L, 320, 400, 500, 600, 740, 1000, 1190 mm
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MakcumanbHas TeMmiiepaTypa B Tomke ngocturaer okoso 1700 °C, mns

U3MEpeHUsl Takux 3HaueHWi momxoast tepmorapbl TI1-0395/2 ¢ HCX IIP(B).

Heobxoaumo 6 Tepmonap.

2.4.2. BeiOop ympaBmsIOUIero yCTPOHCTBa
B xauecTBe ynpapJoIero yCTpoucTBa UCIOJIb3YETCSI MUKPOIIPOIIECCOPHBIN
KOHTpoJuiep. B maHHO# paboTe paccMaTpuBaUCh 3 KOHTPOJUIEpA OT Pa3IMYHBIX
npousBoguTened, Ttakux kak. «OBEH»; «BDCT»; «Siemens». Texauueckue

xapakrepuctuku Simatic S7-200 nmpuBenens! B Tabnuie 2.4 [64].

Tabnuna 2.4 — TexHuueckne XapakKTepUCTHKU KOHTpoJuiepa Simatic S7-200

NmmnynbcHbie BBIXOABL, KI'IT

LlenTpanpHBIE MPOLIECCOPHI CPU CPU 222 CPU 224 CPU CPU
221 224XP 226
1 2 3 4 5
O6wem namstu nporpamm (EEPROM), 4 8/12 12/16 | 16/24
Kb (BKI/BBIKI peIaKTHPOBAaHUE B
pexkume RUN)
O6bem namsaTu gaHHbX, Kb 2 8 10
Bpewms BeINOTHEHUS] THCTPYKIUN 0,2 MKC
ApudMeTHKa ¢ TUTaBaoIEH 3arsIToi ITognepxuBaercs
I[N /I-perynupoBanue [lognep:xuBaeTcs
CkopocTHo# cuer, KI 1t 4x30 6x30 4x30 6x30
+2x200
2x20 2x100 2x20

TOJIBKO B MOJICJIAX C TPAH3UCTOPHBIMHU BBIXOAHBIMHA

KacKagaMu
KonuruecTBo TaliMepOB / CUSTUUKOB / 256/256/256
¢aros
Yacel OnnuoHalbLHEIA BceTpoennsie
KapTPUJDK
Kon-Bo BcTpoennbix mopToB RS 485 1 2
6DI+ | 8DI+6 14 DI + 10 DO 14 DI 24 DIl +
Ko11-B0o BCTPOEHHBIX BXO0B-BBIXOJ0B | 4 DO DO +10 DO 16 DO
2AI+1
AO
Kon-Bo Mmopysneit pacmupenus, He - 2 7
boiree
Makc. KOJI-BO BXOJIOB-BBIXOI0B 6 DI+ | 40DI+ 94 DI + 74 DO; 94 DI+ | 128 DI +
CHUCTEMBI 4DO | 38DO; | 28(0)Al+7(14)A0 | 74DO; | 120 DOC;
8(0)Al 30(2)Al | 28(0)Al
+ + +
2(4)A0 8(15)A0 | 7(14)A0
BrIxoHOM TOK BCTPOEHHOTO OJ10Ka 180 MA 280 MA 400 MA
MMUTAHUS

Jnga peanm3anum  3agadu HeoOxoaumo 10 aHAIOTOBBIX BXOJOB IS

perucTpanyu TeMIepaTypbl U pacxojaa TOIUIMBA. Takke HEOOXOIUMO YYUTHIBATH
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CTOMMOCTb KOHTposuiepa. IIpoBeaem cpaBHEHHE XapaKTEPUCTHK KOHTPOJUIEPOB
tux mpousBoauteneit. Jlns nawana paccmorpum IIJIK dupmbr «Siemensy, nena
kotoporo coctaBisger 59000 pyOneit. IlpumensieTcs i pelieHus 3aaad
aBTOMATH3AIMU CPEeIHEro ypoBHs. VcronHeHne KOHTpoIiepa 6JI09HO-MO Ty IbHOE.

Kommnanus «BOCT» pazpadorana koutposuiep BOCT-02 myis aBToMaTuzamnuu
MPOLIECCOB B TEIUIOBOM MpOMBINUIEHHOCTH. MMeer OecriyiaTHOE MNpOrpaMMHOE
obecneuenne AKHAP. Ilena IIJIK cocraBmaser 15000 pyOGneit. Paccmorpum

TEXHHYCCKHE XapaKTePUCTUKH B Tabiuie 2.5 [65].

Tabnuua 2.5— TexHuueckue xapakTepucTuku KouTposiepa BOCT-02

Hanpsoxenue nutanus ~220 B, 50 I'ny
[ToTpebnsieMast MOIITHOCTD 3 BA
Jlnarna3oH KOHTPOJIsS TEMIEPATyp -50...+150 °C
Tur BXOAHBIX JaTYUKOB TEMIIEPATYPHI Pt1000
AHaJIOTOBBIX BXO/IOB 8 miT.
[{nudpoBbIX BX0OI0B S IT.
CHUMHCTOPHBIX BBIXOJIOB 6 mT.
AnainoroBsix Bbixo0B 0...10 B 2 T.
AHaioroBsIX Beixoa0B ¢ HIUM 2 T.
MaxkcuManbHbIi TOK, KOMMYTHPYEMBIN 05A
KOHTaKTaMH peJie

WuTepdeiic cBsizu RS-232, RS-485
Cpennsist HapabOTKa Ha OTKa3 50000 4y
Cpennuil Cpok cyKObI 10 ner

Macca npubopa 350r

Konrtposnep pupmel «OBEH» numeer naumensunyto ueny (13000 py6ieit),
a Tak)Ke BCTPOEHHbIN ucTtouHuk nurtanusa. Paccmorpum IIJIK «OBEH 63» Gonee
OAPOOHO.

HNmeeTcss BO3MOXXHOCTh  YHPABIATH  TEXHOJOTHYECKUM  TPOIECCOM
HEMOCPEACTBEHHO C JMIEBOM MaHelu KOHTpOJUiepa C IMOMOUIbIO BCTPOEHHOTO
TEKCTOBOTO MOHOXPOMHOTO AMCIUIES — JIJIsl KOH(PUTYPUPOBAHUS BHIBOA U 3a/1aHUS
3HAYCHHs] TapaMeTpoB MporpamMmbl, HHPOpPMAIIMK O XOJe Tmporecca U
CUTHAJIM3AIMM U 9 KHOIMOK yNpaBiIeHUs — JUJIs YIPaBICHUS MHIUKALWEH 3aJaHus

SHAYCHHUA IMapaMCTPOB.
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Bcerpoena Gartapess 6ecniepe0OHOTO MUTaHUS, TTO3BOJISIONIAST BBIMOIHATh

nporpamMmy I1pu IpoIagaHv IHUTAaHWUSA, U IICPCBOAWTHL BBIXOAHBLIC 3JICMCHTLI B

0e301macHOe COCTOSTHHE.

Hmeetcs 5 Pa3JIMIHBIX THUIIOB BBIXOJAHBLIX 3JICMCHTOB, KOTOPLIC MOKHO

BI)I6paTI) IIpHU 3aKa3¢ KOHTPOJUICPA, a TAKIKC YHHUBCPCAJIBHBIC aHAJIOT'OBBIC BXOJbI

A IIOAKIIOYCHHA IUPOKOI'0o CIICKTPpa AAaTYNKOB 1 BCTPOCHHBIC HHTep(beﬁCBI RS —

485, RS — 232. B kauecTBe BBIXOAHBIX YCTPOHUCTB BHIOMpaAEM 5 MUPPOaHATIOTOBBIX

npeobpaszoBaresieil, ¢ aHaJIOTOBBIM BBIXOJHBIM curHajoMm 0 — 10 B. B tabnuie 2.6

NpUBE/ICHA XapaKTePUCTHKA KOHTpoJuiepa [66].

Tabnuna 2.6 — Texanueckne XapakKTEePUCTHKH MUKPOIIPOILIECCOPHBIX

KOHTPOJIJIEPOB
HaumenoBanue koHTposuiepa OBEH 63 BOCT-02 SIMATIC-S7-200
IIuranue
Hanpsiokenue nutanus ~220 B, 50 I'ng; ~220B, 50 I'x ~220 B, 50 I'g
24 B
[ToTpebnsiemMast MOIITHOCTb, 18 3 12
JUTsl IEPEMEHHOT0 TOKa, BA
ITapameTpsl BCTpPOEHHOTO 2443 — 2443
BTOPUYHOTO UCTOYHUKA
MUTaHUS, BBIXOJTHOE
HarpsbkeHue, B
Hudpossle (IUCKpeTHBIE) BXOAbI
KommaecTBo BX0/10B 8 8 6
AHanoroBbie BXOJIbI
KonunuecTBo aHanoroBsix 8 5 6
BXOJIOB
Paspsanocts ALIL, 6ur 15 15
Cpena nmporpaMMHupOBaHMs Xcos Xcos Step7
CroumocTs, pyo. 12514 13990 13372

Kontpomnep pupmel «OBEH» mogxonut ajs peanuzamuu 3aj1aud MNpoeKTa,

TaK KaK 3a HAMMCHBIIYIO CTOMMOCTL HMCCT HCO6XO}1HMBIC XapaKTCPUCTUKMU. I[J'IS[
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peanu3aluMy aBTOMAaTU3WPOBAaHHOW cucTeMbl ynpaBiaeHuss pacxoma OBYT
HeoOxoaumo 10 aHanoroBbIX BXOJ0B B KOHTposuiep. BriOpannsbiii [1JIK umeer 8
aHAJIOrOBBIX BXOJOB. JlJI1 yBEJIMYEHHUs KOJIMYECTBA BXOJIOB YCTaHOBUM MOJIYJIb
aHanoroBeix  curHaioB  ¢upmer «OBEH»  MBI110-8A.  Texnuueckue

XapaKTEePUCTHKH MPeACTaBlIeHbI B Tabmuiie 2.7 [66].

Tabnuna 2.7 — Texaudueckue xapakTepucTuku moayiass MB110-8A

HaumenoBanue 3HaueHue
Hanpsxkenue nutanus: ~220 B, 50 I'rg
[ToTpebrssemMast MOIIIHOCTH 6 BA
KomnuecTBo aHaaoroBbIX BXOI0B 8

[Ipenen oCHOBHOW NMPUBEAEHHOW MMOTPELMTHOCTH

MIPU U3MEPEHUU: +0,5 %

TEPMOAIICKTPUICCKUMH IPEOOPa30BATEIISIMH,
TEpPMOMETPAMHU COMIPOTUBIICHUS H

yHA(UIMPOBAaHHBIMHU CUTHATIaMu noctosHHOTO | 10,25 %
HAIPsHKCHHS M TOKA

DNeKTpUYECKasi MPOYHOCTh U30JIAIIUH LIETICH 1500 B

WuTepdeiic cBs3M ¢ KOMIIBIOTEPOM RS-485

MakcumanbHasi CKOpOCTh 0OMEHA 0

unTepdeiicy RS-485 115200 6ut/c

[IpoToKOJ CBA3M, UCIIOJIB3YEMBIHN IS OBEH; ModBus-RTU;

nepeaayu nHGopMaIuu ModBus-ASCII; DCON

CreneHp 3alIMThI KOPITyca [P20 co cTopoHBI niepeHEe TTaHEeH,

IPO0 co cTopoHBI KIIEMMHOM KOJIOAKH
["abaputHbie pa3mepsl mpubopa, MM, He 6oee | 63x110x73

Macca npubopa, kr, He OoJiee 0,5
Cpennuii cpok ciryxObl, JieT 10
Cpennsisi HapaOOTKa Ha OTKa3 50 000 u

JIs mOJKIIOYEHUs K KOHTPOJUIEPY MOJYJsl BBOJla aHAJOTOBBIX CUTHAJIOB
ucrnonb3yercst uHTepdeiic RS-485. Ilena MBI110-8A cocraBnsier 5664 pyo.
Monyns MB110-8A nmutaercst ot moctosHHOTO HampsikeHus: 24 B. BoiGpan Omox

nutanus bI130b-]13-24, uena kotoporo cocrasisiet 2006 pyo.

2.4.3. B10Op TEXHHYECKUX CPEACTB U3MEPEHHUS Pacxojia TOIINBa
JInss u3MEpeHHs KOJWYECTBA CHKUTAeMOro TOIUIMBA B TOINKE KOTJA
HEOOXOIMMO YCTaHOBHTH pacxogomep B Maructpanm nomaun OBVYT. atumku

pacxoaa pabOTarOT MO pasHOMY MPHUHIMIY U UMEIOT pa3HbIe XapaKTEpPUCTUKHU. B
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JUTUIOMHOM TIPOEKTE paccMOTpuM 3 pacxojomepa, paboTaromMX IO pazHOMY
MPUHITUTTY

- DJIIEKTPOMAarHUTHBIN pacxoxomep ¢pupmbl «Endress+Hausery tuma
Promag 53P;

- KOpHOJHMCOBBIN pacxomomep ¢hupmsl «Endress+Hauser» tuma Proline
Promass 80F;

- yIOBTpa3BYKOBOU pacxomomep hupMbl «ii-Cu DIEKTPOHUK)» THIIA
US800.

TexHHUeCcKHe XapaKTePUCTUKH 3JIEKTPOMAarHUTHOIO PACX0JOMEPA THIIA

Promag 53P npescrasiensl B Tadauie 2.8 [67].

Tabnuna 2.8 — TexHuueckre XapakTepPUCTUKH 3JIEKTPOMArHUTHOTO pacxoioMepa

tuna Promag 53P

HaumenoBanue 3HaueHue

TOKOBBII BBIXOT 0-20 nmm 4-20 MA
M1y nbCHBIN 4aCTOTHBIN BBIXO/ BepxHee 3HaueHue 4actoThl 2...1000 I'm,

HuTepdetic RS-485, MODBUS
[Muranue 220 B AC wm 24 B DC
[ToTpebnsiemMast MOIITHOCTh 15 Br
HopmanbHbie paboune ycnoBus temriepatypa cpeabl: +80 °C
UsmepeHue pacxona 10 9600 M3/a

TexHuUeCKHe XapaKTEPUCTUKNA KOPHOJIUCOBOTO pacxoaomepa tuma Proline

Promass 80F npencrasiens B Tabnuie 2.9 [67].
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Tabnuna 2.9 — Texuuueckue xapakTepucTHUKU pacxomomepa Proline Tuna Promass

80F

HaumenoBanue 3HaueHue
TOKOBEII BBIXOI 4-20 MA; UMITYJTbCHO-YaCTOTHBIN
[Tutanue 220 AC unu 24 DC
[ToTpebnsiemMast MOITHOCTh 15 Bt
Jwnamna3oH u3mMepeHust 110 3200 1/4
Pabouas remneparypa Munyc 50 no mmoc 350 °C
Pabouee naBnenue 0-300 6ap

TexHuueckne XxapakTepUCTUKH YIbTPa3ByKOBOTO pacxoaomepa Tumna US-

800 mpencraBnensl B Tadbmuie 2.10 [67].

Tabnuna 2.10 — TexHU4YecKnue XapaKTEepPUCTUKH YIBTPA3BYKOBOI'O PacXoj0Mepa

bupmsl «Ii1-Cu Dnexrponnk» tuna US-800

HanmenoBanue 3HaueHue
TOKOBBEIIl BBIXOI 4-20 MA
Wutepdeiic RS-485
[Intanne 24 B
[Torpebsiemast MOIIHOCTb 17 Br
PaGouue ycnoBus -40...+180 °C
UsmepeHue pacxona 10 6500 M3/a

[TpoBenst aHanM3 TEXHUYECKHX XapaKTEpUCTUK MpeoOpazoBaTesiell pacxoia
JiefaeM BhIBOJI O TOM, 4TO pacxonomep ¢pupmbl «it-Cu Dnekrponuk» tuna US800
NOAXOAMT JJI Haled CHCTeMBbl MO Auana3oHy pabouyux TemIeparyp U Kiaccy

To9HOCTH. CTOMMOCTD JJAaHHOTO pacxogomepa coctanisier 42500 pyo.

2.4.4. Bp160p MCTIOJTHUTEILHOTO MEXaHNU3Ma
HcrionHUTENbHBI MEXaHU3M BBIOMpAEM MCXOJS U3 BUAA PETYIUPYIOIIETO

OopraHa v KpyTsaliero MOMCHTA.
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MakcuMalIbHBIM ~ KPYTALIMHA  MOMEHT [NPHUHUMAJICA [0  JAUaAMETPy
TpyOompoBoaa 65 MM u coctaBui 110 H-m.

[Ipu BbIOOpE YUUTHIBAIOCH YCIOBHE:

My > Mmax,

riae My — HOMUHaJIBHBIN KPYTSIIAN MOMEHT Ha BeixogHoM Bairty UM, H-m.

Beioupaem WM tuma  MDO-250/25-0,25-P-99  [68]. dauHsbrid
WCITOJTHUTEIbHBI MEXaHW3M CHAa0XEH NaTYMKOM IOJOKCHUS BBIXOTHOTO Bayia M
dbyHKuuen pydnoro ynpasienus. [Iutanue 1aHHOTO UCTIOTHUTEIBHOIO MEXaHU3Ma
OCYILECTBIISIETCA OT ceTu nepeMeHHoro Toka 220 B. [ToTpebnsemas MOITHOCTh

240 Bt [67]. CroumocTb cocTaBisger 19000 pyOieii.
2.4.5. Bo1bop 6110ka ynpaBieHUs] UICIIOJHUTEIBHBIM MEXaHU3MOM

B kaudectBe Ojoka yIpaBi€HUsT HUCHOJHUTEIBHBIM MEXaHHU3MOM OyaemM
UCIIOJIb30BaTh HWHTEJUICKTyallbHbIN Osiok cepun BYDP1-30-02, BeimomHstomuni
MYCK, peBepC U OCTAaHOB 0THO(A3HBIX AeKTpoABUraTesnei [69].

HoBbie 610ku ynpasinenus: tuna bYOP, pazpaboTaHHbIE U BbIITyCKacMbIe
3AO0 «Boamar»  gBIAIOTCS  aHaJOraMHM  M3BECTHBIX  ITyCKaTeJled Ui
ucnonHuTeNnbHbIX Mexann3MoB MO0 tuna [16P u @11, pazpadotanusix OAO «CKb
CITA» (1. YebOokcapsr) 6osiee 20 et Ha3a.

Pexum paboThl — MOBTOPHO-KPATKOBPEMEHHBIN C MPOAOKUTEIBHOCTHIO
BKItOUeHUS 10 25%. biok ynpaBiieHUST COAEPKUT MHMKPOIPOLIECCOPHOE
YCTPOMCTBO, JiBa TMpueMoO-TiepenaTynka uHTepdeiicHoro kanHaia RS-485 wu
npeoOpa3oBarTeb MUTaHUS, YTO 0OECIIEYUBAET:

—  pe3epBUpOBaHHUE IIU(PPOBOro KaHANIA;

—  IIpUEM KOMaHJ YIIPaBJIECHUS UCIIOJHUTEIBHBIM MEXAHU3MOM;

—  (opmupoBaHHE YIPABISIIOUIUX UMITYJIbCOB;

— mepedadyy Mo UU(PpPOBOMY KaHaly 3HAUYEHHUS CHUTHajJa JaTduKa
MOJIOKEHUSI MEXAHU3MA;

—  JMAarHocTUKy  paboTOCHOCOOHOCTH  OJOKOB  yIpaBieHUS U

HUCIIOJTHUTCIIbHOT'O MCXaHHU3Ma.
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st oomena mo kaHaimy RS-485 ucmonb3yercss cTaHIApTHBIA MPOTOKOJ
Modbus.

Hacrpoiika uHTEIEKTyalIbHOTO OJIOKa OCYIIECTBISCTCS MPU OMOIIU
nepeHocHoro mynbTa [TK-302.

Pemenus mo BIOOPY TEXHHUUECKUX CPEACTB aBTOMATH3allUU MPUBEJCHBI B

3aKa3HOM cnenudukanum, npeacTaBieHHon B Tadauie 2.12.

2.4.5. BeIOOp TEXHUYECKUX CPEACTB ISl aBTOMATHU3MPOBAHHOTO pab0OYero Mecra

APM o00beauHseT nporpaMMHO-aIapaTHbIE CPeCTBa, 00eceunBatoIIe
B3aMMOJICHCTBHE YEJIOBEKA C KOMIIBIOTEPOM, IPEIOCTABISET BOZMOXHOCTh BBOJA
uHdopmaIuu.

Opranuszanusi ceTel mnepeiaud AAHHBIX OCYIIECTBISIETCS MOCPEICTBAM
cerert Ethernet/Moduus TCP/IP, moseBoi mmaEI Modbus 1 TeXHOIOTHYECKOM CETH
Ethernet

B Tabmume 2.11 mnpuBeaeHbl [Ba KOMIBIOTEPA, MEXKIY KOTOPBIMU

IIPONU3BOAUTCA BI)I60p.

Tabmuua 2.11 — TexHoMOTHYECKHE XapaKTEPUCTUKHA KOMITbIOTEPOB

O6o03HaueHNEe KOMITBIOTEPA
HaumeHnoBanue Asus KP55 Acer Aspire TC-605
DT.SRQER.085
IIpousBoauTENb BUAEOKAPTHI NVIDIA NVIDIA
Buneo mamMate 2Tb 2Tb
I'padpuueckuit KoHTpoOIIIEP GeForce GT720 GeForce GT625
OmnepannroHHas cucTeMa Windows 10 SL 64 Bit Windows 8.1 SL 64 bit
OnepartuBHas naMsTh (ram) 8I'b 8Tb
Tun nporeccopa Core i7-4660 Core i5-4460
Komi-namsare 8 Mb 6 Mb
Kecrtkwmii [Tuck (hdd) 1 Th 1 Thb
CroumocTh 26134 265178
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Bribupaem kommbpiorep ASUS MOTOMY, YTO KOMIBIOTEp HMMEET JydYIlne
XapaKTEpUCTHUKHU, TAKHE KaK ONIEPATUBHAS MAMSATH, TUI IPOLIECCOPA, KIUI-TTAMSITh, U

HaUMCHBIIYIO CTOUMOCTD.
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Tabnuna 2.12 — 3aka3zHas cnenuduKanus CpeCcTB aBTOMATU3ALUN

To3uyus Haumerobanue, mexHuYeckas Xapakmepucmuka npuoapol u cpedcmb Tun u mapka npudopa Kon
abmoramusayuy
7 2 J 4
Ta Tepmonpeadpaszobamesns conpomubrerus, nozpyxaemsiy, HCX 50M duanasor T/ 1-Mempar-204 7
usmeperus =50 ... +120 °C mowmaxHas dauwa 250 my kaacc donycka
1 «Mempary, z. YensouHck
Tepmonpeadpaszobamesns conpomubrerus, nozpyxaemsiy, HCX 50M duanasor
2a usmeperus =50 . +180 °C mosmaxHas dnuHa 250 my kaacc donycka (. T T-Mempar-243 7
T «Mempary, 2. YenaouHck
[lpeodpazobamess meprosnexmpuyeckud, HCX [P(B)
duanason usmeperus 600 . 1800 °C moHmaxHas onuHa
Ja .. 8a 600 mm, knacc donycka L. T1P-Mempar0395,/2 6
[ «Mempary, 2. YengouHck
Pacxodomep yrwmpasbykobou, Bepxwul npeden usmeperus do 6.5 m/ s, kaacc
mosHocmu 1.5
9a «JJ-Lu Fnexmporuky, 2. Yeookcaps! US-600 7
KoHmponnen npozpamupyemsit 02UYeckul, MUKponpoueccopHsil, Koauyecmbo
bxodob - 8 aranozobsix v 8 duckpemme, konusecmbo Brixodob - 6 (1 - 3/M
a pene 4 A 22085 - LA 0.70 B) OBEH T/IK63 7
OAO «OBFRy, 2. Mockba
brok ynpabrerus 3nexkmpodBuzamenem pebencubrsi, BxodHou cuzHan
ynpabnenus 24 + 6 B KAuMamuyeckoe ucnosiHeque YX77 4.2
100 JAO «Bonmazy, 2. Yedokcaps.
bY3P1-30-07 7
Mexaru3m 3/1eKmpoucioHUME/bHbI 00Ho00apomKelL. & cocmabe ¢ mokobsim
Jam4uKoM CU2Ham3ayuL nonoxexus Buxodwozo bana: 208 paspadomky - 20715,
106 OAO «CKb (114, 2. Yedoxcaps.
M30-250,25-025-P-99 | 1
PUOPA 421000012 (01
HcnonHun Ulnezens HE (neyugukayus npuoopob u cpedomb (mad /ucm /lucmo
[pobepun | Cmpuxax T1A. abmoramusaquy TPl
7Y M3 Hoy
[pynna 56M74
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3. Cxema ypoBHEH ympaBJeHHs

ABTOMAaTH3UpOBAaHHAS CHUCTEMa ympasieHus TommBonogaun OBVYT,
CTPOUTCS IO MHOTOYPOBHEBOMY MPHUHIIUITY.

OCHOBHBIMU  (DYHKUMSIMU aBTOMAaTHU3HUPOBAHHOW CHUCTEMBI YIPABICHHUS
ABIAIOTCA: CcOOp, 0OpaOOTKa, XpaHEHUE JaHHBIX, a TakXXe MPEAOCTaBICHHE
oTueTHOCTH. Takas cuctema JI0JKHA paboTaTh HEMpPEephIBHO, 24 yaca B JeHb U 7
nHed B Hegemro. Jlns oOecriedyeHuss KOHTPOJIA MapaMETpoB M aBapHIHOIO
yIPaBJICHUS] HEOOXOIUM MOHUTOPUHT pabOThl CUCTEMBI OIIEPATOPOM

ACY pomxHa OBITh OpraHM30BaHa MO TPEXYpPOBHEMY MNpUHIMITY. Tak xe
000pyZ0BaHUE CUCTEMBI PETYIMPOBAHUS JOKHO UMETh BOBMOKHOCTh apXHUBAaIlUU
JAHHBIX O COCTOSIHUM TEXHOJIOTMYECKOTO IIpoLiecca.

CTpykTypHas cxema aBTOMATHU3UPOBAHHOW CUCTEMBI YIPABICHUS PACXOAOM
OpPraHOBOAOYTOJILHOW KOMITIO3UIIMM IIPEACTABICHA HA pUCYHKE 3.1.

Bepxuuii ypoBenb ACY sBisieTcss aBTOMaTU3UPOBAHHBIM pabOYUM MECTOM
onepatopa (APM). OG6GopynoBanne APM omnepaTtopa mpeaHa3HAYEHO IS
ONEpPaTUBHOIO  OTPAKEHUS  COCTOSIHUM  TEXHOJIOTMYECKUX  OOBEKTOB U
00Opy/IOBaHUSl KOMILJIEKCA Ha DJKpaHE KOMIIbIOTEpa, a TaKKe MPEeJOCTaBIseT
BO3MOYKHOCTh ~ JTUCTAaHLUMOHHOTO YIpaBi€HUS OO0OpyJOBaHMEM U  3aJaHUs
TEXHOJOTMUECKUX YCTaBOK. B cocrtaBe 000pyaOBaHHS MOXET MOCTABIATHCA
IPOMBIIIUICHHBI KOMITBIOTEP, CTOMKAa CepBepa, HCTOYHHK OecnepeOoHHOro
NUTaHUs U niepedepuitnoe 000py0BaHUE.

Hwxuuii ypoBeHb MpeAcTaBiIsieT cO00i COBOKYITHOCTh MEPBUYHBIX CPE/ICTB
U3MEpPEHUsI TeMIlepaTypbl U pacxoAa, HEOOXOAMMOro Juisi KOHTPOJISI BCEX
TEXHOJIOTHYECKHUX [TapaMeTPOB TOIUIMBOINOAAYH. VICIOAB30BaHbI IECTh JATYMKOB
TEeMIIepaTyp HEMOCPEACTBEHHO B TOMKE KOTJIA, a TAKXKE JIBa JaTYMKa TEMIEPATYpPhl
CETEBOU BOJIBI. Y CTAHOBJICH PaCXOA0OMEP Ha MarucTpain TOIUIMBOIIOAAYU.

CpenHuii ypoBEHb HCIIOJIB3YETCS JJIsi B3aUMOCBSI3M HIKHETO YPOBHS C

BCPXHUM YPOBHEM M BBIIIOJIHCH C IMOMOIIBIO IIMTA aBTOMATH3allWH. CurHansl ¢
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HWJXHETO YPOBHA IMOCTYIIAKOT B HIMT W JAJICC MCPCAAOTCS Ha BerHHﬁﬁypOBeHB

YIPABJICHMS], CHTHAJIBI BO3I€MCTBUS ocTynarT ¢ APM.

I SN

APM anepamgpa
IJIK
Hamywy Jama
MEMAEaTLIE pacxada
b monve kamag
W
Honomsuimens i
MEXTRLIM

Pucynok 3.1 — CtpykTypHas cxema aBTOMaTU3UPOBAHHON CUCTEMBbI

TOIINIMBOIIO a4

Jamsuxy
MEMAEAMLYON
RPRMOY U
GOPATMHIY CEmy
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4. Pazpabotka nokymentanuu ACY TOIIMBOIOaYN

4.1. HepequL BXOJHBIX U BBIXOAHBIX CUTHAJIOB

Ha ocHoBe (yHKIMOHAIBLHOW CXEMBbI COCTaBJIEH TMEPEYeHb BXOIHBIX U
BBIXOJ/IHBIX CUTHAJIOB, KOTOPBIM IpeacTaBieH B Tabnuiie 4.1. [l paboThl CHCTEMBI
UCHOJB3yIOTCs 10 BXOIHBIX aHAIOTOBBIX CUTHAIOB (Al), 2 BXOIHBIX aHAJIOTOBBIX

curHaia (DI) u 2 muckpeTHbIX BEIXOAHBIX curHaIOB (DO).

Tab6mmma 4.1 — IlepedeHb BXOAHBIX/BBIXOJHBIX CUTHAJIOB

N | HanmeHnoBanue napamerpa [To3unus | Tun Al | AO | DI | DO | Untepdeiic
(emMHMIIA U3MEPEHUS) JlaT4uKa,
npubopa
1 | Temneparypa B Tonke kotna | 3-8 TIIP0395/2 | +
2 | Temnepatypa B npsimoii cetu | 1 TCII-204 +
3 | Temneparypa B oOpaTHO 2 TCII-243 +
ceTn
4 | Pacxon OBYT 9 Oli-cu +
5 | Knanman OBYT otkpbIT 10-9 M50 +
6 | Knmamam OBVYT 3akpeIT 10-9 +
7 | Knanau OBYT oTkpbITh 10-11 +
8 | Knanan OBVYT 3akpbITh 10-11 +

Iosicuenus k tadmune 4.1: Al — Bxomuoii anamorossii curHair; AO —aHaJIOTOBEII CHTHAJI Ha

BbIxoe; DI — muckperHbrii BxogHo# curnan, DO — nuckpeTHBI CUTHAT Ha BBIXOJIC.

4.2. TIpoexTupoBaHue MpUHIUIHAIBHON cxeMbl ACY TOIUIMBONOIaYH

DnekTpuueckas CXeMa SIBJISETCS OCHOBHBIM YEPTEXKOM, OTPaKAIOIIUM
COCTaB anmapaToB M YCTPOMCTB CHCTEMBI YIIPABJICHHs. Takke IpU MOMOLIU
NPUHIUAINATBHON DJIEKTPUUECKON CXEMBI pa3pabaThIBalOTCS MOHTAXHBIC YEPTEKH,
KOTOPBIC UCIIOJB3YIOTCS [T TyCKOHAIaA0YHbIX padoT [61,62].

[Ipy TpPOEKTUPOBAHMM CXEMBI HCIHOJB3YIOTCS TIOJHBIE H300paKeHUs
CpEeIICTB, 00€CTIeUnBAIOIINX PAOOTOCTIOCOOHOCTH CHCTEMBI YIIPABIICHHUS.

K snexTpruyeckuM cxemMaM NpeabsBISIOTCS TPEOOBaHUS B COOTBETCTBUU C
ECKJ I'OCT 2.710-81:

1) NWHUU CBSI3U JOJKHBI COCTOSATH TOJILKO U3 TOPU3OHTAIBHBIX U
BEPTHKAJIBHBIX JTUHHIA,

2) JJMHHUHU CBA3H JOJDKHBI HMMCTh MUHUMAJIBHOC KOJINYCCTBO nepecequHﬁ;
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3) paccTosHHE MEXIy COCETHIUMHU JIMHUSMU HE MEHEE 5 MM;

4) ycnoBHbIE 0003HAYEHUS HA CXeMaX JOJKHBI COOTBETCTBOBATh
tpedoBanusm 'OCT 2.710-81;

5) B COOTBETCTBUM C HA3HAYCHUSIMHU IIPHCBAUBAIOTCS OYKBBI U ITUQPPHI
AJIIEMEHTaM CXEMBI.

B nmanmHoM pasnmene Obiia  pa3paboTaHa  cxema  JIEKTpUUYecKas
npuHuunuanbHas ACY pacxona OBYT, koTopas mpuBeneHa Ha MEPBOM JHUCTE C
mnppom GHOPA.421000.012 23.

Jlist 0003HaUEeHHs YYAaCTKOB LENEel TPUHIMIHAIBHBIX JIEKTPUYECKUX CXEM
NpUMEHSIOTCS  apaOckue 1u@pbl  oxHoro paszmepa. IlocnenoBaTenbHOCTH
0003HaUYEeHUN CBEPXY BHU3 B HalpaBJICHUM CJieBa HampaBo. B maHHOW cxeme aiis
Heneil ynpaBieHusl ¥ U3MepeHus ucnoinpzyercs rpymnna yucen 1 — 100, ansa nenei
nutanus 101 — 200.

ONEeKTpONUTAaHUE BCEX TEXHUYECKUX CPEICTB OCYILIECTBISAETCS OT
pacIpenenmTeENbHOTO IMTa MATAHUS IepeEMEHHBIM HanpspkeHueM 220 B, 50 I'n.

TepmorpeoOpazoBarenu comnporusienus B2 u B3, repmonaper B3 — B5, a
TaK)Ke yJIbTpa3BYKoBOW pacxoaoMep Bl mpeoOpa3ytoT uzMepsieMble BEJIMYUHBI B
YHU(PUIUPOBAHHBIE TOKOBBIE CHUTHaNBI 4-20 MA, KOTOpbIe TMOCTyHaloT Ha
COOTBETCTBYIOIIME BXOJbl KOHTpoJuiepa A2, NMOAKIIOYEHUS CPEACTB M3MEPEHUS
OCYILIECTBJICHO B COOTBETCTBUU C TpeOoBanueM mnpousBoautens |[70]. s
YBEJIMYEHHS BXOJIHBIX aHAJIOTOBBIX CUTHAJIOB yCTaHOBIIEH MOAYJb (A2.1) MB110—
8A ¢upmbl «OBEH». Ha monynb A2.1 nmocTynaroT yHU(UUIMPOBAHHBIE CUTHAIIBI C
tepmoriap B6 — B9. Cesa3p kouTposepa A2 c¢ Onokom A2.1 mpoucxoauTt ¢
nomoibio uHTepdeiica RS-485, Takke yCTaHOBICHBI JBa IIYHTHUPYIOIIMX
pesuctopa R3 u R4, umeromue conpotusienue 100 Om. [Mogkmouenue TIIC B2 u
B3, a Ttakxke pacxomomepa Bl, nmpous3BoaHMTCS € MOMOIIBIO IIYHTHPYOLIUX
pesucropoB R5-R7, conporusienue kotopsix 100 Om [71].

Kontpomnep A2 obpabarbiBaeT mH(OpMaIHIO, MOJYYCHHYIO C JaTYUKOB

B1-B9. Ha ochHoBe mporpamMmMHO-33JJaHHBIX  AJITOPUTMOB  (hOPMHUPYET
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YOPABJISIIONINN  CUTHAJI, KOTOPBIA TmepedaeTcss Ha Onok ympaBiueHus Al
nocpencTBoM 1udpoBoro uHTEpdeiica RS-485.

B cooTBeTcTBMM C CHUTHajllaMd YNPaBICHUS CUJIOBBIE KIIIOUM OJIOKa
ynpaBieHuss Al KOMMyTHUPYIOT TIeMHW HAarpy3kd OOMOTKH DJEKTPOJBUTATEIS
UCIIOJIHUTENLHOTO  MexaHu3ma M1, obOecneunBasi ero  BpallleHHE B
COOTBETCTBYIOILIEM HANpPaBIICHUU.

CurHani 0oOpaTHOM CBSI3M O TIOJIOKEHUHM PEryJHUPYIOIIETO OpraHa
MUKpPOKOHTpOJUIep A2 TOJIy4aeT ¢ MCHOJHUTEIBLHOTO MEXaHU3Ma, KOTOPbIN
MOJIKITIOYEH HETMOCPEACTBEHHO K KOHTPOJUIEpYy A2 1O TPEXIPOBOIHOM CXeMe, TaK
K€ KOHTpOJUIEp NoAKI0ueH K APM.

Cxewma snektpuueckas npuHuunuanbHas ACY pacxoga OBYT npuseneHa

Ha nepBoM Jiucte ¢ mmuppom GHOPA.421000.012 33.

4.3. IlpoexkTupoBanre MoHTaxkHOU cxeMbl ACY TommBonogauu

MoHTaxkHasi TOKyMEHTAlus MpeAHa3HadeHa JJIsl BBIIOJIHEHUS MOHTAXHBIX
paboT. DTy MOKYMEHTAIMIO TakKe MCIOJIB3YIOT B IpOLECcCe AKCIUTyaTaluu,
HaJlaZIKe, PEMOHTE W BBINOJHEHUH MNPOMUIAKTHYECKUX pPAaOOT. s CIOXKHBIX
CHCTEM aBTOMATH3allMM OTICIHHO BBITIOJIHSIIOT MOHTaXHBIC CXEMBI IIUTOB,
MYJIbTOB, BHEIIHUX JJICKTPUYECKUX U TPYOHBIX MPOBOIOK [61, 62]. B Hamem cinydae
crcreMa HeOOJbINasi, MOHTAXHBIE CXEMbl BHEITHHX JJIEKTPUYECKHX MPOBOIOK U
IIUTa yIPaBJICHUs BBINOJHEHbI Ha 0 qHOM JucTe ¢ mudpom GIOPA.421000.012 CA4.

MoHTakHast JOKyMEHTaIHsI, pa3pabaTeiBaeMasi B IPOLIECCE MPOSKTUPOBAHHUS
CHCTEM aBTOMATH3MPOBAHHOTO YIPABJICHHUS, BKIIOYAET B CEOs:

1)  MOHTaXHYIO JTOKyMEHTAIIHIO IITUTOB U MyJIbTOB;

2)  MOHTQXHYIO JOKYMEHTALMIO BHEIIHHX DJICKTPUUCCKUX U TPYOHBIX
POBOJIOK.

MoOHTaXHBIE CXEMBI TTOKA3bIBAIOT, KAKUM 00Pa30M COCTUHEHBI MEX Ty CO00i
KJIEMMBI WJIM BBIBOJIbI TEXHUYECKHUX CPEICTB, PACIIONIOKEHHBIX: HA KOHCTPYKIUH H

3a rpeneaaMu KOHCTPYKIIHAM.
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Jnis pa3paboTKM MOHTQKHOM JOKYMEHTAIIMM HCTIONB3YIOTCS CIEAYIONINe
MaTepHuabl:
1) dyHKIMOHAIBHAS CXEMa,
2) TPUHIMIHAATBHAS IEKTPHUECKAs CXeMa;
3) TexHWYeckass  JIOKyMEHTalMsl ~ 3aBOJOB  HM3TOTOBHUTENCH  CPEICTB
aBTOMATH3ALUU U APYTUX CPE/ICTB:
- TEXHUYECKOE OIUCAHMUE;
- MHCTPYKULUS IO KCILTyaTaluu.
4) oOmue BUIBI IUTOBBIX U IPYTUX KOHCTPYKIIHH.
B  nmanHoit pabore HeoOXoAMMO  pa3pabOTaTb MOHTAXKHYK  CXEMY
aBTOMATU3UPOBAHHOW CHCTEMBI peryinpoBanus pacxoma OBVYT, mma storo
HYKHO BBITIOJIHUTH CJICAYIOLINE ITAIbI:
1) HaHeCTH Ha MOHTXHYIO CXEMYy TEXHUYECKHE CPEJCTBA aBTOMATHU3AllUH, B
COOTBETCTBHUHU C MPUHATHIMU 0003HAUECHUSAMH;
2) BBIOpATh MPOBOJIKH JJISI COCTUHEHUS] TEXHUUECKUX CPEJICTB,;
3) Tpou3BECTH HYMEPAIHIO MPOBOJHUKOB B COOTBETCTBHE C DJIICKTPUYCCKON
CXeMOl;
4) BBHINOJIHUTE TOJAKIIOYCHUE CPEACTB W3MEPEHUS W YIpaBleHWs B InKad
aBTOMAaTHU3ALIMH.
Pa3menienHas Tabnuiia B BEpXHEM I0JI€ YEPTEXKa, MOSCHSIET PacloIOKEHUE
JTATYMKOB HAa 00OPYAOBAaHUHU CUCTEMBI U TEXHOJOTHUECKHUX TPYOONPOBOIOB.
JlaTuuku TemmepaTypbl M UCHOJHUTENBHBIM MEXaHU3M H300pakKeHbI
MOHTKHBIMA CHUMBOJIAaMU B COOTBETCTBUHM C 3aBOJCKMMH HHCTpyKuusMu. [Ipu
TOM BHYTPU MOHTaXKHBIX CUMBOJIOB yKa3aHbl HOMEpa 38KUMOB U TOJIKIIFOUEHHE K
HUM KW KaOened, mpuueM, HU300pa)KeHbl TOJIBKO HCHOJIb3YIOUIHECS KIEMMBI.
MapkurpoBKa *uj1 HAHECEHa BHE MOHTaKHOTO CUMBOJIA.
Iyt aBTOMAaTHU3aIMU M300paKaeTcs YCIOBHO B BUJE MPSMOYIOJIbHUKA, B

KOTOPOM ITOKA3bIBAIOTCA OJIOKH 32KUMOB U INOAKIIIOYCHHUEC K HUM KabeJs.
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[lepBuunble mpeoOpazoBaTeIy, BHEIIUTOBBIE MPUOOPHI U MIKA( yIpaBICHUS
COCIMHEHBI MEXTy COOOM DSJICKTPUYCCKUMHU JIMHUSIMHU CBSI3U, BBITOTHCHHBIMH C
MOMOIIBIO DJIEKTPUYECKUX Kabesel, MpOBOIOB U KI'YTOB ITPOBOIOB.

[Io DpUHUMIHAAIBHOW JIEKTPUYECKOM CXEME IPUCBAUBAIOTCI HOMEpa
CUCTEMHBIM CpPEJICTBaM, ITPOBOJTHUKAM M KIIEMMHBIM OJIOKaM.

[IpoekTupoBaHUsi BHYTPEHHMX W BHEUIHUX MPOBOJIOK, HEOOXOAUMO IS
MPOBEJCHUSI MOHTAXHBIX pabOT, BBOJA B IKCIUTyaTallMIO, U MPOBEIEHUS ITyCKO-
HaJIaJ04YHBIX UCTIBITAHUM.

JUJig MUTAIONINX JIMHUNA BHIOMpAeM KaOelu ¢ alfOMUHUEBBIMU KUJIAMU TUTIA
AKPBBI ceuenuem xwui 2,5 Mm?, ¢ OpoHel U3 IBYX CTAJIbHBIX OIIUHKOBAHHBIX JICHT.

Jist uaopmanmoHHbIxX TMHUN BeiOUpaeM kabenu tuna KPBI' ceyenunem 1
MM*,

BriOpannsie kabOenmu, a Takxke

X TCXHHUYCCKHUC XAPAKTCPHUCTUKU

npejcTaBiacHbl B Tadbmuie 4.1 [72].

Tabnuna 4.1 — XapakTepucTUKH MPOBOJOB U Kabeei anekTponpoBogku ACY

R Mapka Kon-so | HomunanbHoe czequI/Ie KHIL, | HapyskHblil
KT MM JMaMeTp, MM
17,12 AKPBBI' 4 2,5 15,51
1,2,3,4,56,7, 10,54
8,9, 10, 13, 14, KPBT 4 1
15,
5 KPBT 10 1 12,39
11 KPBT 12 1 12,39
16 KHUITOB 2 0,6 9,2

Jlns 3amuThl Kabened OT BHEIIHUX BO3JCHCTBUIT HEOOXOAMMO BBIOpATh
3amutHYI0 TpyOy. B coorBercTBUM ¢ 'OCT 10704-91 BbIOMpaeM 3neKTpOCBapHbIE
TOHKOCTeHHBIC TpYyObl. [l kaOenedl JWMHUNM NHUTaHUSA 3alUTHBIE TPYOBI HE
BBIOMPAIOTCS, TaK KaK KaOeian OpOHHPOBAHHEIE.

[Ipu onpeneneHnu BHYTPEHHETO TMaMeTpa 3allUTHON TPYObl, HEOOXOIMMOM
JUISL TaHHOM KOHKPETHOM MPOBOJAKH, YUYUTHIBAEM AMAMETP KaOelst, MPOXOISIIEro B
Hel. [Ipuyem u1st ynoOCcTBa MPOTSHKKY Kabelel yepes TpyObl, BHYyTPEHHUN TUaMETP

JOJDKEeH ObITh B 1,5 pasza Oosblie quamerpa kabens. TakuMm oOpa3om, 3alllUTHBIC
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TpyObl BBIOMpAEM 110 BHEIIHEMY AHAMETPY C YYE€TOM TOJIIWHBI CTEHKA U3
CTaHJIApPTHOTO psina [72].
Torma misa kadeneit KPBI 4x1
D>1,5-10,7=16,05 MM,
BBIOMpaeM 3aluTHYIO TpyOy auamerpoM D = 18 MM ¢ TOIIIMHON CTEHKH 0=1 MM.
s ka6ens KPBI' 10x1
D>1,5-15,8=23,7 mm,
BBIOMpaeM 3allUTHYIO TpyOy auameTpoM D = 24 MM ¢ TonmuHOM cTeHKH 6=1,2 MM.

g xabens KPBI™ 12x1

D>1,5-17,1 =25,65 mwm,
BBIOMpAEM 3aIIUTHYIO TPYOy AuameTpoM D = 26 MM ¢ TONIUHON cTeHKH 0=1,4 MM.

s kabens KUIIOB 1x2x0,6

D>1,5-9,2=13,8 MM,
BBIOMpaeM 3alIUTHYIO TPyOy auameTpoM D = 16 MM ¢ TONIIUHOMN CTEHKU 0 = 1 MM.

TpyOHBIE IPOBOJIKH, CBA3BIBAIOIINE OOBEKT C JATYUKAMH, BBIOEPEM HCXOAS
U3 mapaMmeTpoB cpenbl. BriOupaem OeciioBHbIE TPYObl M3 HEPKABEIOIICH CTalld
nuameTpoM D = 14 MM C TONIIIUHON CTEHKH O = 2 MM.

B mwmre aBroMatuzamuu Il COCAMHEHUS COOPOK  3aKMMOB  C
MHUKPOKOHTPOJJIEPOM HCIIOJIb3YEM IPOBOJ C MEOHOW KUJIOM W H30JSALHUEN U3
MOJIMBUHWIXJIOPUIHOTO M1acTukaTta mapku [1B-1.

CxeMa MOHTa)XHasi BHEIIHUX JJIEKTPUYECKUX MPOBOJOK, MpEACTaBIeHa Ha
mucte ¢ muppom @HOPA.421000.012 C4.

Kontpomep 4B wu300pakeH yYCJIOBHO CIUIOIIHOW JIMHUEW B BUE
YIOPOIIEHHOTO KOHTYpa ¢ TEMU KJIeMMaMHM, KOTOpbIe UCob3ytoTes. [Ipu Bxoje B
IIUT aBTOMAaTH3allMM YCTaHOBJIEHA KieMMHas cOopka 3axumMoB XTS5, B KOTOpbIH
BXOJISIT POBOJIKH, MPEAIOIINe YHU(PUITUPOBAHHBIN CUTHAT OT:

1) TepmonpeoOpa3oBarteell COMPOTHUBIICHUS;
2) 1IeCTH TepMOIap, yCTaHOBJICHHBIX B TOINKE KOTJIA,
3) pacxozomepa, yCTaHOBJICHHOTo Ha Maructpaiu nogaun OBYT B

KOTJIOarperar.
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Bce Bhillle nepeyncieHHbIE TEXHUUECKUE CPEICTBA MOJIKIIOYAIOTCS CHavalla
k coenuanTeNbHBIM KOpoOkaMm KCK-14 u KCK-12 ¢ momomnisio kabeneit KPBI™ 4x1,
a nanee cobuparorcs B eaunbie kadenu KPBBIT 12x1 m KPBBIT 10x1
COOTBETCTBEHHO, KOTOPBIE YK€ MOJKIIIOYAIOTCS B IIIUT aBTOMATHU3ALIUH.

Taxxke B IIMTE pacmojioKeHbl KJIeMMHbIM 0ok mutanus 220 B XT3, u
kiemMmHas cOopka XT4 mepenm MoayineM BxoJa aHAJIOTOBBIX CUTHaANIOB 40, B
KOTOPBIM MOCTYyNalOT CUTHalbI ¢ Tepmomnap. IlutaHue MOIynst aHAJIOTOBBIX
CUTHAJIOB OCYIIECTBJIsICTCS ¢ momoInbio 6s0ka nutanus bI130b-/13-24, koTopslit
PACIIOJIOKEH B IIUTE aBTOMATHU3ALIUH.

JInst cBsi3M KOHTpoJIIepa ¢ OJOKOM YyIpaBJEHUS HCIOJIB3YIOTCS Kabenu
CUMMETPUYHON MTApHOM CKPYTKHU, UCIIOIB3YIOIIMECS ISl CBSA3H 1Mo uHTepdeiicy RS-
485, KUTIOB 1x2x0,6 B 001116M 9KpaHe U3 aJToMOJIaBCaHOBOH JICHTHI C KOHTAKTHBIM
npoBOAHUKOM. KabGeab COOTBETCTBYET CTPOTMM TpeOOBaHUSM TMOKapHOMU

6630HaCHOCTH, HC IIOIACPKUBACT I'OPCHUC IIPHU YCIIOBHUHU OJMHOYHOM IMPOKJIAAKH.

4.4. Pa3paboTka yeprexa oOuero Bujaa MuUToBoi KoHCTpyKiuu ACY

[luToBas KOHCTPYKIIMS B CHCTEMaX aBTOMATHYECKOTO YIIPaBIICHUS
npeIHa3HaYCHA JIJIs Pa3MEIICHUs B HEH CPEJICTB YIPABICHUS U KOHTPOJIA, a TaK¥Ke
U3MEPHUTEIIbHBIX MPUOOPOB U CUTHAIM3UPYIOIIUX YCTPONCTB. Takue KOHCTPYKIIUN
OOBIYHO  YCTaHABJIMBAIOTCA B  CICIUAIBHBIX IMOMEIICHUSAX.  alllapaTHBIX,
OIepaTOPCKUX U AMCIeTYepckux [62, 63].

[lenpro MaHHOTO JTama SBJSCTCS COCTABJICHHE KOMIUICKTa YepTekeH,
HEOOXOMUMBIX JUISI W3TOTOBJICHHS IIIMTA, MOHTaXa TEXHUYECKUX CPEICTB
aBTOMATH3AIINH, dJICKTPHUSCKUX MTPOBOIOK U (D PEKTUBHOM IKCILUTyaTAIIMH CPEJICTB
aBTOMATH3AIIHH.

YuuThIBast KOHCTPYKTHBHBIC OCOOCHHOCTH, B TOM YHCJIC CTCIICHD 3aIUTHI OT
IPUKOCHOBEHUS K TOKOBEIYIIUM YacTsIM, B OIIEPATOPCKOM MOMEIICHUU IIPUMEHUM
JUTSI MOHT@Ka CPEICTB aBTOMATH3AIMH Pa3padaThIBAEMON CHCTEMBI PETyIHPOBAHHUS

YT IKaQHOM, OJTHOCEKITMOHHBIN ¢ 3anHel nepbto (LIII-3/1) ucnonnenus 2.
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JIsi onmepaTUBHOTO KOHTPOJI TEXHOJOTHYECKOTO MpOIecca pa3MecTUM B
HEOOXOJIMMOM U JIOCTATOYHOM KOJMYECTBE HA NIUTE KOHTPOJUIED U COOpKHU
32)KHMOB.

B nanHoMm ciydae juisi pa3MelieHusi Cpe/ICTB aBTOMATU3ALMK UCIIOIb3YEM
IIUT C 33/IHEH ABEPBIO OJMHOYHBIH, mprHOM 600 MM 1 rimy6unoin 600 mm — HILI-
3/1-11-600%600. ®dacagnas ctopoHa MUTOB (MIKA(QHBIX U MAHETBHBIX C KAPKACOM)
pa3buta Ha 1Ba (McrosHeHWe 1) Wi Ha Tpu (MCTONHEHHE 2) (YHKIMOHATBHBIX
nosis. Ha ocHOBaHMM ONTHMAaIbHOTO pacHupeeieHus NpuOopoB, YMPABIISIOMNINX
OpPraHOB W  CHUTHAJW3HUPYIONIMH  apMaTypbl,  BBITIOJHAETCS  pa30uBKa.
Pexomenmyemoe wcmogHeHHE 2, ISl MPOCKTUPOBAHUS IMUTOBBIX KOHCTPYKITWU.
Takue wu3Aenus H3rOTOBJICHHI C MHUHUMAJIBHBIMU pa3MepamMu, 4TO HaubOojee
TEXHOJIOTUYHO JJISI MPOIIecca aBTOMATHU3aIUH.

Ueptex o011ero Buja OJJUHOYHOTO HIUTA COACPIKUT BUJ CIIEPEI, BU Ha
BHYTPEHHHE IIOCKOCTH, MIEPEYEHb COCTABHBIX YacTeil.

biok koHTpoIIEepa 4 paccunMTaH HA YTOIUIEHHBIA MOHTAX HA BEPTUKAIbHOU
NaHeJau IUTa yhpaBieHua. Bce ocTtanbHble OJIOKM, BXONSIIME B COCTaB
KOHTPOJIJIEpA, pACCUUTAHbl HA HABECHON MOHTAXK.

B HmxHel yacTy MaHeNu MKTa pacrnoiokeHbl coopku 3axxkumoB XT1, XT2,
Ha JeBol crenke — XT3,

OOmuii BUA muMTa MpeAcTaBiieH Ha uepTexe ¢ mudppom GIOPA.421000.012
BO.
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5 PacyeT napameTpoB HACTPOUMKHU peryssaropa
5.1 Unentudukanus o0beKTa yIpaBIeHUs

WNnentudukanus npeaHazHayeHa i MOJyYeHUsT MAaTEMaTHUYECKUX MOJIEIeH
oOwekta ympaBneHus. CyliecTByeT akTHBHAas W TacCCHBHAs, B WH)XCHEPHOUN
MPaKTUKE TMPUMEHSAIOT aKTUBHYIO UACHTUPUKAIMIO (HAa OOBEKT MOJaeTCs
CHEIUaTN3UPOBAHHOE BXOITHOE BO3JICUCTBHE U M0 peakiu 00beKTa mpu 00padboTKe
PE3yJABTATOB MOJYYAIOT MATEMAaTUHYECKYIO MOJIEIIb).

B nanHo#t pabGoTe asisg ModydeHusi KpUBOM pasroHa Oblia HCIOJIb30BaHA
JWHAMUYECKas MOJENIb M3MEHEHHUsI Temriepatypbl B Tomnke koTia KE. Mopensb
COCTaBlicHa Ha 0a3e HKCHEPUMEHTAJIbHBIX WCCIEAOBAaHUN, IPOBEJICHHBIX Ha
peanbHOM 00BeKTe. KpuBas pasrona npusejieHa Ha pucyHke 5.1.

T,K
1800
1700
1600
1500
1400
1300
1200

1100

Pucynok 5.1 — KpuBas pazrona o0bexTa yrpasieHus, Tie T — Bpems, T —

TeMIieparypa
[To mosrydeHHOU TEPEXOAHOM XAPAKTEPUCTUKE OIPEHEISAEM TUHAMUYECKUE

napamMeTpbl OOBEKTa, TaKWe Kak: IOCTOsHHAas BpemeHu T, 3amaszapiBanue {,

koahpumment nepenaun K.
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[lepenaTtounas pyHKUMS A1 KPUBOW MPEACTABISIET COOON anepruoIuvecKoe

3BCHO C 3alla3bIBaHHUCM.

— k -Pt
W(P) = v (5.1)

rie K — ko3 pUIMeHT yCuieHus;

P — oneparop Jlamnaca;

T — BpeMsI 3ama3bIBaHus;

T — mocrostHHAsT BpeMEHH.

Pemenne ypaBHeHus 5.1 npu HyJIeBBIX HaYaJIbHBIX YCIOBHSX MPEICTABISICT

Cc000Ii1:

h(t) =0 0<t<rT,
t—7

h(t) = h() [1 _ 6—7] Fs (5.2)

HonyqaeM ABa HCHU3BCCTHBIX 3HAYCHHA BpEMA 3arasgbIBaHUA T H

h(Ty)

noctosiHHyto BpeMmenu T. Koadduruent ycunenus k = , TIe A — BBIXOJTHOE

BO3JICHCTBHE; NpHM eaMHMYHOM Bosuedcteum k = h(T,). Bpemsa uucroro
3ama3pIBaHus 3apaHee Boyiensercs u3 h(t). Ha kpuBoii pasrona cTpouM ABe TOYKH
A u b. Touka A ompenemsiercst kak 0,33 k, a Touka b umeer opaunary 0,7 k.

[TocTosinHast BpeMenu T U Bpemst 3ama3/IbIBaHUs T OMPEALISIOTCS 110 (opMyJiaM:

— __tatT
r= In(1-hy)’ (5:3)

_ ts 1n(1—hA)—tAln(1—hB)

ln(l—hA)—ln(l—hB) ! (54)

rae ty ¥ ty — 3HaYCHUE BPEMEHU MPU COOTBETCTBYIOIIMX TOUYKAX HA KPUBOW;
h4 n hg — 3Hayenue opauHaT npu Toukax A u b.
OmnpenensieM pacrojoXeHHe Ha KpuBod Touek A W b u Haxoaum

H€O6XOJII/IMBIC HCU3BCCTHLIC MMapaMCTPEI.
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Pucynok 5.2 — Onpenenenne TOYEK Ha KpUBOW pa3roHa JJisi pacyera

apaMeTpoB PEryJsATOpa Iae T — Bpems, T — TemrepaTypa

JUIss HATJIATHOCTH M TOYHOCTH TPOW3BOJUTCS aNIPOKCHMAITUS KPUBOM 10
metony Opmanna. Omnpenensercs BpeMs (g M0 HOPMHUPOBAHHOW MEpPEXOTHON
¢dbynkun H(t), kotopoe siBisiercst kopHeM ypaBHeHus N(tg) u Bpemst ta m h(ts). 3atem

BBIYHUCIIATOTCA ITOCTOAHHAs BPEMCHU Tnu BpEMs 3ar1a3/ibiIBaHusd T:

T= 0'5(3tA - tB)' (55)

T =820 = 1,25(t5 — tn). (5.6)

1.2

OmnpenensieM 3HaYEHUS 110 KPUBOM pa3roHa:

T=05(3-8—17) =3/4c (5.7)
T =1,25(17 — 8) = 11,25 c. (5.8)

[lepenarounast GpyHKIMSI UMEET BUI:
W(P) = —2 __g=34P (5.9)

(11,25P+1)
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5.2 PacueT mapaMeTpoB HACTPOUKH PETYISTOpA

Ha pucynke 5.3 mpeacTtaBieH BHJI CTPYKTYPHOM CXEMbI CHCTEMBI

ﬂ% W,(P)

Pucynok 5.3 — CTpyKTypHa cxema CUCTEMbI PETYJIUPOBAHUS

peryaupoBaHusl.

Woﬁ(P ) -

Pacuet cucteMbl IPOU3BOAUTCS JJIsl CTETIEHN YCTOMYUBOCTH paBHOM y=0,75.

OHpC,Z[CHHCM 3HAYEeHUE CTEICHH K0JIeOaTeIbHOCTH

1 1

m=—_—- In(1—-vy) = - In(1 —0,9) = 0,366. (5.10)

[TepenaTounas GyHKIUS 00BEKTA PETYIMPOBAHUS OIMMCHIBACTCS (DOPMYJION:
___ 700 -3,4P

w(p) = (1L25P+1) © ' (5.11)

[lonmy4yeHHblE paCIIMPEHHBIE YACTOTHBIE XAPAKTEPUCTUKH OOBEKTa
npejcTaBieHbl B Tabnuue 17 B Buae JUCTHHra pacuera. IlomyyeHHble 3HaUeHUSA

npecTaBiensl i auanasona yactor ot 0,0001 o 0,054 ¢, ¢ marom mo wactore

0,02 ¢,

Tabnuma 5.1 — PacimpeHHbIe 4aCTOTHBIE XapaKTEPUCTUKN 00bEKTa

o, ¢t Reos(M, ) IMos(M, o) Aos(M,0)
0.0001 1800.57985 -2.63835 1801
0.02 1787.29127 -553.8377 1871
0.0399 1523.14565 -1037.4691 1843
0.0598 1116.10341 -1328.54783 1735
0.0797 703.44485 -1424.5612 1589
0.0996 359.31742 -1391.67297 1437
0.1195 97.84364 -1294.30037 1298
0.1394 -93.05717 -1172.80162 1176
0.1593 -230.5367 -1047.76598 1073
0.1792 -329.29816 -928.30095 984.977
0.1991 -400.26581 -817.74153 910.447
0.219 -451.14904 -716.75727 846.922
0.2389 -487.30485 -624.88912 792.434
0.2588 -512.45904 -541.272 745.379
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[Tponomxenue Tadauib! 5.1

o, ct Reos(M, ) IMos(M, o) Aos(M, o)
0.2787 -529.22567 -464.95964 704.462
0.2986 -539.46217 -395.06099 668.65
0.3185 -544.50757 -330.78921 637.111
0.3384 -545.34225 -271.4715 609.176
0.3583 -542.69563 -216.54234 584.302
0.3782 -537.11945 -165.53092 562.048
0.3981 -529.03827 -118.04725 542.049
0.418 -518.78471 -73.76926 524.003
0.4379 -506.62428 -32.43131 507.661
0.4578 -492.77314 6.18557 492.812
0.4777 -477.41094 42.26177 479.278
0.4976 -460.69019 75.94598 466.908
0.5175 -442.74315 107.36076 455.574
0.5374 -423.68697 136.60723 1.801

[TapameTpsl HacTporiku [ I -perynsaropa pacCUMTBIBAIOTCS KAK:

_ w(m?+1)Imys(mw)

A% (mw)

m-Imyg(m,w)+Reyg(Mm,w)

AZ (mw)

rae T, — mocTosiHHAss THTErPUPOBAHUS PETYIATOPA,

Kp — xordduimenT nepegaqn perysstopa.

(5.12)

(5.13)

I[JI?I HaXOXICHHUA 3HAYCHUA ITaPaMCTPOB UCIIOJIb30BAJICA AHUAIIa30H 3HAUCHUA

gactot ot 0 g0 0,054 ¢, ¢ mwarom mo uwactore B 0,02 c. ITonyueHHble 3HaAYEHHS

npeCTaBieHbl B Ta0auie 18 B BUJIe TUCTHUHTA pacyeTa.

Ta6muna 5.2 — 3nauenue napamerpos I1M — perynsaropa

o, c? K, K,
Ty
0.0001 -0.00055 0.0000000009
0.02 -0.00043 0.00000353
0.0399 -0.0003 0.00001334
0.0598 -0.00016 0.00002836
0.0797 -0.00012 0.00004746
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[TponomxeHnue TaOIUIIBI 5.2

o, c?t Kp Ky
T,

0.0996 0.00013 0.00006945
0.1195 0.00028 0.00009315
0.1394 0.00043 0.00011738
0.1593 0.00057 0.000141
0.1792 0.00071 0.00016288
0.1991 0.00084 0.00018199
0.219 0.00097 0.00019733
0.2389 0.00108 0.000208
0.2588 0.00119 0.00021322
0.2787 0.00128 0.00021226
0.2986 0.00136 0.00020455
0.3185 0.00143 0.0001896
0.3384 0.00149 0.00016706
0.3583 0.00153 0.0001367
0.3782 0.00156 0.00009839
0.3981 0.00157 0.00005214
0.418 0.00157 -0.00000191
0.4379 0.00156 -0.00006353
0.4578 0.00153 -0.00013238
0.4777 0.00149 -0.00020798
0.4976 0.00144 -0.00028979
0.5175 0.00137 -0.00037717
0.5374 0.0013 -0.00046939

Jlns ynoOCcTBa M BHU3yalu3alldd CTPOUTCS 3aBUCHUMOCTH OT MOJyYEHHBIX
napaMeTpoB, MpeacTaBieHHas Ha pucyHke 5.4. [lomyueHHas KpuBas Ha PUCYHKE,
ABJISIETCSA JTMHUEN JJIsl CTETIEHU 3aTyxaHus pasHou 0,9. Bce 3HaueHns mapameTpoB
HACTPOWKH, KOTOpbIe OYyIyT JeXaTh Ha OTOM KpUBOHM, OymyT oOecreyumBaTh

3aJaHHYIO CTCIICHb 3aTyXaHHA.
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Ko/

K,
Pucynox 5.4 — Ilapamerpsl HacTpoiiku [TU-perymnsitopa

0.001— 0.00073- 0.00046 0.000190.00008 0.00035 0.00062 0.0008¢ 0.00116 0.00143

B xauecTBe KpuTepHs Ka4eCTBa UCIIOJIb3YETCS IIepBas MHTETPAJIbHAS OLIEHKA.
MuHMMaIbHOE 3HAYEHUE JTOW OLIEHKM COOTBETCTBYET TOYKE C MAKCHMAaJbHBIM
3HaueHueM cooTHomeHus K,/ T, Ha TMHUM 3a1aHHOTO 3amaca yCTOWYUBOCTH.

N3 Tabmuier 18 onpenensem:

max (?)= 0,0002122, K»=0,00119, pe3onancuas yactora o= 0,2588 c.

u

Omnpenensiem 3HaU€HUE TTOCTOSITHHON MHTETPUPOBAHMS:
Kp

K
P /Tu

HpomBez[eM OICHKY Ka4CCTBA IICPCXOJHOIO IIPOLICCCa B SaMKHYTOﬁ CHCTCMC

T, =

=56-c. (5.14)

MIPU BO3MYILIEHUH, KOTOPOE UJIET M0 KaHATY PETYJIUPYIOIIEro BO3IeHCTBUS.

[lepenatounas pyHkuMs OyAE€T UMETh BUA:

W06(P)'Wp (P)
1+ W6 (P) Wy (P)

wW(P) =

(5.15)

rae W, (P) — nepenarounas QyHKIUHUs PEryasaTopa;
W,s(P) — nepenarounast QyHKIHsS 00bEKTA.

[TepexoaHblii poLIECC, UAYIIAN B 3AMKHYTOM CUCTEME IO KaHATYy 3aJak0IIETO
BO3JICUCTBHSI, PACCUMTHIBACTCS MO METOAy Tpamenuii. YToObl paccuuTaTh
MEePEXOIHBIA TPOIIECC, HEOOXOAMMO OIPEJEIUTh BEIIECTBEHHYI0 YacCTOTHYIO
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XapaKTepUCTUKYy cucTeMbl. Ha pucyHke 5.5 mpencraBieH rpauk BeleCTBEHHON

YaCTOTHOM XapaKTEPUCTHUKHU.

Re(w)
L1t

0727

-0.060 e 0z 018 03

056 042 0@8 09

L

- 0.84f

-123

- 1621

Pucynok 5.5 — I'paduueckoe npeacrapieHne BeECTBEHHON YaCTOTHOM

XapaKTCPHUCTHUKHU CUCTCMBI

IlepexonHasi XapaKTEpUCTUKA CUCTEMBI CBS3aHa C BEIIECTBEHHOMU

YaCTOTHOM XapaKTEPUCTUKON CUCTEMBI BEIPAKEHUEM:

y(t) =2 [72 sin(w - £) - do, (5.16)

rae Re(w) — BelecTBEHHAs! YaCTOTHAS XapaKTEPUCTHKA CUCTEMBI,

W — 9acToTa,

t — IPOJOJIKUTENBHOCTD MIEPEXOTHOT0O MPOIIECCa CUCTEMBI.

JUist  mocTWKeHWsT TOYHOCTH pacueTa B KayecTBE BEPXHEro mpesena
WHTETpasia MPUMEHSIETCS He OECKOHEYHOCTh, a 3HAYCHHE, MTPH KOTOPOM 3HAUYCHHE
BEIICCTBEHHON YaCTOTHON XapaKTEPUCTUKHA CUCTEMBI CTpeMuTcs K 0.

Koneunbslli BuA ypaBHEHHs ML OINPEAEIICHUS MEPEXOJHOr0 Mpolecca

CHUCTEMBI UMECT BH .

sin(w - t) - dw. (5.17)

f0,29 Re(w) .
w

y(&) == ]
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Ha pucynke 5.6 mpenctaBiieH nmepexo IHbIi TpoIecc 3aMKHYTOW CUCTEMBI 0
KaHaJy 3aJaioniero Bo3aencTaus. C IOMOIIBIO 3TOTO MEPEXOAHOr0 Mpolecca Oblia
MIPOU3BECHA OLICHKA KAYECTBa pEryInpoBanus. JlaHHas OLEHKa MTO3BOJIUT CIIETIATh
BBIBOJIT O TOM, HAaCKOJbKO CHCTEMa YJOBJIECTBOPSIET TpeOOBaHUSIM, MpH

MNpEABABICHHBIX K CUCTCMC OI'PAHNYCHUAX.

y(t)

126

Al

A2
1.12

0,085 \! 3
0.84 LA?'

t) 0.7

0.36

0.42

023

0.14

t,c

0 tp
0 21 1 63 84 105 126 147 168 18¢ 210

Pucynox 5.6 — Ilepexonnblii ipoliecc B CUCTEME 10 KaHaTy 3a/1ar0IIero

BO3/IECUCTBUS

C ucrnojib30BaHUEM I'pa(bI/IKa OIPECACIIAIOTCS IMPSMBIC OLICHKHN Ka4eCTBA.

a) MakcUMaJbHas JMHaMudeckas omuoka: A =0,33;

0) mepeperyiupoBaHue: o = % -100 = % -100=27,3%,

1 1

rne 4,= 0,09 — nepBoe MUHMMATBHOE OTKJIOHEHHUE PEryJTUPYEeMON BETUYNHBL;

B) JTUHAMUYECKUN Kodh punmreHT pEryJIupoBaHUs R

R

; :w.looz%.loozo,lg%,

06

riae Kos = 700 — koaddurmenT nepenayu oObeKTa;
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. A4y 0,07
I') CTETEHb 3aTyXaHus IIePEXOIHOTO mpolecca: y =1-—%=1-——

Al 0,33

rae A; = 0,07 - BTopoil MakCUMaIIbHBIN BBIOPOC PEryIHupyeMOl BEJIHUHHBI,

=0,79,

1) cTaThudeckas ommoka: &., = y(») =0;

€) BpeMsl peryIMpoBanus: t, =84 C.
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6. Pazpabotka SCADA cuctemsl 1151 ACY TOmMBomoaauu

MuemMocxema U300pa’KeHUsI OCHOBHBIX KOHTPOJIUPYEMBIX M YIPABIISEMbIX
MapaMeTPOB CHUCTEMbI ABTOMATU3UPOBAHHOTO YyHpaBlIcHUS. Takas cxema MOXKET
OMMUCHIBATh TEXHOJIOTMYECKUN MpPOLECC € MPOrPaMMHBIM  YIPABICHUEM.
MueMocxema mpeaHa3HaueHa [y paboOThl orepaTopa € MPOU3BOJACTBEHHBIM
IIPOLIECCOM, B IIPOLECCE YIPABICHHUSA MHEMOCXEMa SIBJISIETCS OCHOBHBIM
UHOOPMUPYIOIIUM HCTOYHUKOM O CHUCTEMHOM COCTOSIHMM, TaK >K€ XapakTepe U
CTPYKTYpE NPOLIECCOB.

TpeOGoBanus, MpeabsBIsIEMbIE K MHEMOCXEME, YCTAaHABIMBAET MPEANPUATHE,
JUIsl KOTOPOTO OHA Tpe/lHa3HavyeHa. B maHHOW paboTe cxema paspabaThiBasiach B
COOTBETCTBHE C OOIIUMH TPEOOBAHUSIMMU:

1)  MHeMocXeMa JIOJDKHA COCTOSTh U3 3JICMEHTOB, KOTOPhIC HEOOXOIUMBI
JUISL yOpaBJICHUS U KOHTPOJISL 00BEKTA;

2)  OTHENBbHBIE DJIEMEHTH WU TPYNIBI  3JEMEHTOB, HamboJjee
CYILLIECTBEHHBIC [IJII KOHTPOJS U YIPABICHUS, JOJDKHBI BBIJIEIATHCS pa3Mepamu,
dbopmoii, IBETOM;

3)  3JEMEHThI MHEMOCXEMBI JIOJIKHBI ObITh MIOHSATHBIMA U HHTYUTHBHBIMH,
XOpOLIO BUJUMBIMH.

B cooTBeTCTBHE C BBINIEU3I0KEHHBIMU TpeOOBaHUsIMHU Oblia pa3zpaboTaHa
MHEMOcxeMa Tporiecca ynpasiienus: pacxogom OBYT B BogorpeitHom kotie KE,
KOTOpas MpuBeIeHa Ha pUCYHKe 6.1,

Ha nanHO# cxeMe yCIOBHO MOKa3aHa TONKa KOTJa, B KOTOPOM YCTaHOBJICHBI
6 [1aTYUKOB TEMIEPATYpbl, U3MEPSIOIUIUE pACIPECICHUS TEMIIEPaTypBhl.
TemnepaTypa u3MEHSIETCS B 3aBUCUMOCTH OT u3MeHeHus pacxoga OBYT, koTopsiii
ynpasisiercst ¢ onepatopHoi. Ilo pacxony OBYT coOTBETCTBEHHO H3MEHSIETCS
pacxol BO3ayxa HEoOXOIUMOro JUisi CTabMIBHOrO mpolecca ropenus. B cimyuaun
HexBaTku Bo3ayxa win OBYT, B mpaBoM HUKHEM YIjI€ MHEMOCXEMBI TOSIBIISIETCA

omrOKa, KOTOPYIO MOXXHO HaOII0aTh HA pUCYHKax 6.2 1 6.3.
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Pucynox 6.1 — Muemocxema niponiecca cxxuranust OBYT nipu conepxanuu

BO3/1yxa B cMecH 59 %
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Pucynok 6.2 — Muemocxema npouecca cxuranuss OBYT nipu conepxkanuu

BO31yxa B cMecH 27 %
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Pucynox 6.3 — Muemocxema npouecca cxuranust OBYT nipu conepskanuu

BO31yxa B cMecH 89 %

Kak BuAHO u3 cXxeMbl, Ipu HenocratoyHoMm KoiuuectBe OBVYT i
CTaOMJIBHOTO MPOLIecCca TOPEHNUS, BOSHUKAET OMINOKA «YPOBEHb TOILJIMBA CIUILIKOM
Mam». COOTBETCTBYIOIIAasl ONIMOKAa BO3HUKAET W MPU YBEIUYEHUH KOJUYECTBA
MOJaBaeMOro BO3/1yXa, TaK KaK pacxo] BO3/yXa BIMIET HAa HEJAOKOI TOIUIMBA U Ha
KOJIM4YECTBO BBIOpOCcOB okcua azora (NOy).

Takke Ha MHeEMoOcXeMy BBIBOAUTCA uU3MeHeHne pacxoma OBYT B
3aBUCUMOCTH OT BPEMEHMU.

JIns  oTpakeHusT peallbHOW KapTHUHBI MPOrpeBa TOIMOYHOW KaAMEPBHI,
YCTaHOBJEHO 6 TepMomap Ha pa3HOW BbICOTE. DTO BBI3BAHO HEOOXOAMMOCTBIO
YIIYYIIEHUs] S5KOHOMHUYHOCTH CoKMTaHus ToruimBa. OgHa WM JIBE TepMoONapbl HE
JAl0T TpeAcTaBlIeHUs 00 M3MEHEHUHU TeMIlepaTrypbl B Kamepe cropanus. llpu
BbICOKUX Temmeparypax (okoso 1500 °C B BepxHE# 4acT KOTJIa), dKOHOMUYHOCTD
mpoliecca TOpeHUsl MafaeT, TaK KakK 3TO MOCJIEIHAS CTYNEHb TErI000MEHHOTO
KOHTYpa, U TEMIIepaTypa yajasieMbIX ra30B OyaeT OoJbIas, TEM CaMbIM yICIbHBIC

IMMOKa3aTCJIn yBCINYAaTCA. Ecnu ke koten pasaciInTb BEPTUKAJIBHO HA ABC 4YaCTH, TO
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MOKa3aHUs MPaBbIX TEPMOMNApP JOJIKHBI PABHIATHCA MOKAa3aHUEM JIEBBIX TEpMOIIap,
WHAYe MPOIECC TOPEHUS HE CTAOMIIEH U €CTh BO3MOXXHOCThH 3aTyXaHus (pakena.
Taxke Ha MHeEMOCXeME NPHUBEACHBI KHOMKHK YIPABICHUS 3aBUKKAMHU
npsimori cetu (I1C), Bozmyxa u OBVYT. Ilpu 3aganHoMm cootHomenue «OBYT—
BO3JIyX», IPOU3BOMSTCS OTKPBITUS STUX 3aJBUXKEK, HO TOJIBKO MOCIJE MPOTrpeBa U
pactonku Kotia. [lpu BbIXome KOTJa HA CTAlMOHAPHBIA PEXKUM MPOU3BOIUTHCA
OTKPBITHE 3aJBIKKU MPSIMOUM CETH — BOJA MPOXOAUT B TEIJIOOOMEHHBIX TpyOax
yepe3 TOMOYHYI0 KaMepy, HarpeBaeTcs U Jajiee MocTymnaeT K morpeduremnto. Jis
KOHTPOJISI TEMIIEpaTyphl BOJLI B TPYOOIIPOBO/IC TIPSIMOM CETU YCTAHOBIICH JATYHK

TEMIIEPaTypHI.
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3aKII0OUYEHUE

B pamkax [gaHHOr0 - JOUIUIOMHOTO TMpoeKkTa Oblia  pa3paboTaHa
aBTOMATU3UPOBAaHHAs CHUCTEMa CXKHUTaHUS OPraHoOBOAOYTOJIBHOM  TOIUTMBHOM
KOMITIO3UIIUH.

CrpoexTrpoBaHHasi cUCTeMa SIBIIIETCA TpexypoBHEBOM. [loneBoil ypoBeHb
BKJIIOYAET JAaTYMKU HM3MEPEHUs TeMIEepaTypbl M pacxojia, a TaKKe 3alopHYIo
apMaTypy M HCHOJHUTEIbHbIE MeXaHH3Mbl. Ha cpenHeM ypoBHE pacmojaraercs
MUKPOIPOLIECCOPHBIA KOHTPOJLIEP, HA BepxHeM ypoBHE — APM omneparopa.

B xone BbIMIOJIHEHMS TUIIJIOMHOTO MPOEKTa Oblaa pa3paboTaHa MPOEKTHAs
JOKyMEHTalusl: CXeMma CTpPYKTypHas, cXxema (yHKIHMOHalbHasA, CXeMa
MPUHITUITHATBHAS JJIEKTPUUYECKasl, CXeMa MOHTaKHAsI ¥ OOIIHI BUJI IIIUTA.

[losicHuTenpHAst 3aMHMCKa K MPOEKTY COAEPKUT NOAPOOHOE OIMKCAHHE
OCHOBHOI'O 000OpYyJIOBaHUsA, NPHOOPOB M TEXHHMYECKUX CPEACTB aBTOMATH3ALUHU,
HKCIIEPUMEHTAILHBIX UCCIIEIOBAHUH, a Takke MHeMocxema. [Ipu Beroope npubopoB
PYKOBOJCTBOBAJIMCH KAaTAJIOTaMU U CAUTAMHU IIPOU3BOUTEIICH.

Taxke BbIIONHEHBI  pasnenbl  «ColManbHasi  OTBETCTBEHHOCTHY) U
«MenemKkMeHT, pecypcoddHEeKTUBHOCTL U PecypcocOepekeHrne», B KOTOPOM
paccurTaHa 0o0Imas cymMma 3aTpaT Ha peanu3aruio mpoekta (173,2 Teic. py0.), a
paccuntanHas 3pexTuBHOCTH MpoekTa coctapmia 1000000 py6iieid, 4To rOBOPUT
00 3(peKTUBHOCTU peanu3aluu JAaHHOTO TEXHUYECKOTO MPOCKTA.
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[Tpunoxenue A

Paznmen (1)
Comparative study of fuel compositions

CrygneHr:
I'pynna [037(0] Hoanuch Jara
5bM74 [IInerens Hukuta EBrenseBny
Koncysprant mkonsl otaenaenus (HOIL): MO 1.H. Byrakosa
JloJzKHOCTH [01% (0] Yuenas crenenb, Iloanucs Jlata
3BaHHUE
Crapummuit Bepmmnuna Kcennsa | k.. — M.H.
MIPEI01aBaTeNb IOpbeBHa
Koncynprant — nunrsuct otaenenus (HOI) mxonsr: OUA HNIBUIT
JloJzKHOCTH (1% (0] Yuenas crenenb, Iloanucs Jlata
3BaHHUE
JloueHt UYepemucuna Xappep K.QWILH.,
WNuna AnekceeBHa JIOLEHT
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1. Research studies

1.1. Coal slime

At a typical coal preparation plant, the raw material consists of a mixture of
various components: coal pulp, storage products, waste heaps, fine coal, low-grade
coal [29, 30]. These elements are given a generic name - coal preparation and
processing waste (sludge, filter cakes, industrial product, coal concentrate and their
mixtures). Characteristics of raw materials: relatively high ash content (up to 50—
60%) and humidity (up to 20-30%). As a result, such solid components of fuels are
considered high-ballast [31-33].

Coal enrichment is a set of processes of coal produced in order to separate
impurities that prevent its further use. Impurities are mainly mineral components and
sulfur-containing substances. The enrichment products are: coal concentrate - has
the highest content of “pure” coal; industrial product - contains intergrowth of coal
with solid; tails - have the highest content of mineral impurities. The main methods
of enrichment of coal: gravity - based on differences in the density of components;
flotation - on the basis of various wettability of the components, natural or created
by the reagents; magnetic - based on different magnetic susceptibility of the
components; electrical - based on various electrical properties of the components;
special - rarely used for coal (radiometric separation, enrichment in form and
friction, magnetohydrodynamic enrichment, chemical enrichment, etc.).

The rational choice of one or several methods is primarily due to the properties
of fossil coal, equipment and technology of enrichment, technical and economic
indicators. Currently in the world are mainly used methods of gravity and flotation
enrichment. Due to the widespread mechanization of coal mining, the yield of fine
high-ash coal classes (<1 mm) increased dramatically and amounted to 25-30% of
raw coal. Further improvement of coal mining technology (especially the use of the
hydraulic method) will further increase the yield and ash content of this class. In
addition, for example, for various processes of deep processing of coal, it is desirable
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to have the original fuel with an ash content of not more than 3%. This cannot be
achieved by gravity enrichment. There is also the problem of the need to clean
various coal slurries (up to 25% of the factory capacity) and sludge water. As a
result, the flotation enrichment method now has a great importance. The use of
flotation made it possible to increase the yield of concentrate for coking and reduce
its ash content.

Russia produces 400-500 million tons of coal per year. On average, about 60—
70% of coal is enriched (coking coal is enriched by about 90-95%). The task is to
bring these values to 85% by 2020 (with production of almost 500 million tons per
year). The value of the specific indicator of flotation waste is 120-130 kg/t of raw
coal, and the coal beneficiation solid is 410 kg/t of raw coal (reference and
approximate indicators). As a result, the volume of annual production of filter cakes,
sludges, industrial products in the coming years will multiply and the problem of
their disposal will become even more acute. Such problems are typical not only for
Russia, but also for China, India, and the USA. The known technologies of using
coal sludge, unfortunately, have low efficiency ratios (according to complex
economic, environmental and energy estimates) and allow the involvement of small

volumes.
1.2. Peat

Peat consists of partially decomposed organic products, minerals and water.
The lowland type has the following composition: carbon 40-60%; hydrogen 5%;
oxygen 2—-3%; sulfur, phosphorus, potassium - in small quantities. Due to the high
carbon content, the average calorific value of peat is 10-15 MJ/kg (for some peats,
up to 20 MJ/kg), which can increase with the decomposition and content of organic
compounds — bitumen. The appearance, structure and properties of this natural
formation change as the stages of decomposition change. So, the color changes from
light yellow to black. Different from the degree of decomposition will be the

structure - fiber or amorphous, as well as porosity. The greater the degree of
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decomposition of peat, the less it will contain water-soluble and easily hydrolyzed
substances, and the higher will be the content of humid acids and non-hydrolyzed
residue.

The use of peat as a fuel causes many discussions, as it has significant
limitations in application. Large amount is the main reason for using peat. It
represents the remains of plants that are not completely decomposed in marsh
conditions. The marsh is characterized by a lack of oxygen and high humidity. This
does not allow the plants to completely decompose. The plant mass accumulates
from year to year and turns into a homogeneous mass - peat. According to experts,
the world resource of this mineral is from 250 to 500 billion tons. In total, it covers
3% of the land. The first place in terms of peat reserves went to Canada (170 billion
tons), and second to Russia (150 billion tons). A large proportion of peatlands in
Sweden, Finland, Germany, Belarus, Ireland, the UK, some US states. Experts
estimate that in Russia from 40 to 60% of world reserves are concentrated. The land
occupied by peat in our country makes up 31.8% in the Tomsk Region and 12.5%
in the Vologda Region. An impressive amount of deposits is located in the Central
regions - Ryazan, Moscow, Vladimir regions. Each year, peat reserves in Russia are
replenished by 250 million tons. Under such conditions, Russia has a great future in
solving the problematic issues of local energy, improving soil fertility,
environmental challenges.

Recently Russia has become one of the leaders in the consumption of peat
fuel, but today it is giving way to countries such as Finland, Ireland and Canada. In
Russia, peat began to be extracted 200 years ago. It was used as fuel in thermal
power plants. For agricultural needs, 160-180 tons were mined every year. And in
1965, production reached its historic maximum and amounted to 27.9 million tons.
The next 30 years, the indicators only decreased. Large deposits of natural gas were
discovered in Western Siberia. Energy at an accelerated steps began to move to this
type of fuel. As aresult, by the end of the 90s, the volume of peat production dropped

to 2-4 million tons per year. Recall that in Soviet times, this figure was 220-280
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million tons. The use of gas as the main thermal energy fuel has no alternatives for
ecology and economy for large states. Therefore, gasification of the regions occurs
at an accelerated pace. But besides the fact that gas is an exhaustive resource, this
trend has another drawback. Most of the world's regions are dependent on gas, which
today produces 90% of the heat. You can avoid dependence due to backup fuel.

As for the comparison of peat with coal, the advantage in many positions is in
the first. The energy intensity of peat briquettes is homogeneous, while the calorific
value of coal is uneven. The cost of it when accounting for transportation costs is
many times higher than the price of peat. Suppose that the price of a ton of peat is
100%, the northern and western regions of Russia will have to pay 190% for the
same amount of Kuznetsk coal, 120-160% for Vorkuta coal, and 250% for heating
oil. The decisive advantage of peat fuel is its environmental safety, the problem of
which is today one of the most pressing in the world. For example, coal contains 1-
3% sulfur, heating oil 1.2%. During the burning from sulfur forms sulfur dioxide,
which reacts with atmospheric moisture and produces sulfurous acid, and it turns
ordinary rain into acidic. Sulfur is practically absent in peat (compared to coal). Also,
when using peat fuel, emissions of solid suspended particles decrease tenfold. Peat
ash is easy to dispose, what cannot be said about coal slags. Also, experts have
concluded that the development of peat territories will help to protect large areas
from fire. But some experts oppose the widespread use of peat. They argue that
large-scale peat extraction can adversely affect climate and biodiversity. A bog, like
a forest, has the property of absorbing carbon dioxide from the atmosphere and
releasing oxygen. When it is drained, large amounts of carbon dioxide accumulated
over thousands of years will enter the atmosphere and stimulate the greenhouse
effect. In the near future, such a large-scale development of peatlands, which can
have a tangible impact on the Earth’s climate in Russia, is not to be expected. Experts
say that natural gas reserves may be enough for us for another 80-100 years. But,
nevertheless, it is also necessary to expand the peat industry, because the resource

of this type of fuel in the world is huge [34,35].
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1.3. Suspension slurry fuels

It is known [36] that the use of suspension slurry fuels (coal-water, organo-
water-coal) improves the efficiency of coal combustion, as well as reduces the
concentration of harmful emissions into the atmosphere (in particular, nitrogen
oxides and sulfur) [37-39]. Combustion technologies of water-coal, organo-water-
coal, and composite liquid fuels are considered to be practically wasteless. Small
particles in the composition of suspensions with a size of 50 microns or less are
completely burned in the chamber or do not burn at all (for example, metal oxides).
The use of coal processing waste to produce coal-water slurries makes it possible to
significantly simplify the technological schemes for preparing fuel (there are no
costs for the initial preparation of fuel associated with grinding), as well as to reduce
production fines for environmental pollution by coal preparation waste [40]. Over
the past five years, interest in coal-water fuels based on filter cakes has increased
significantly in countries such as Russia, China, and India. Active work is underway
to study the characteristics of the combustion of such fuels. It is known [41] that
filter cakes, compared with coal, have a small amount of volatile components and
carbon. As a result, the ignition delay times for such fuels are significantly higher
[42]. For most filter cakes of different coals, the inertia of ignition increases several
times as compared with coals. One of the areas of intensification of the ignition
process of coal-water suspensions is the creation of organo-coal fuels [42]. Adding
flammable liquids (used turbine, transformer, compressor, automotive and other
oils; oil sludge) to fuel slurries reduces the ignition and combustion times for these
fuels, and expands the range of recyclable wastes, with significant reserves of high
environmental hazard [40]. As one of the limiting factors, we can highlight the lack
of experimental information on energy, environmental and economic characteristics,
as well as indicators of fire and explosion safety [40].

An important and promising task is to study the possibility of the joint
involvement of coal slimes, peat, waste oils, fusions and other components (see the

lists in the review article [40]) as part of coal-water fuels and composite liquid fuels.
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At the same time, it is important to pay attention mainly to components that initially
already contain water or are in a liquid and suspension state. In this case, the most

promising are peat, coal slimes and flotation waste (filter cakes).
1.4. The aim and purpose of research

The purpose of the research was the experimental determination of the limiting
conditions and the main characteristics of the processes of ignition and combustion
of droplets of water-containing fuels from peat, coal slimes and crushed coal.

The main objectives of the research:

1) preparation of fuel suspensions using peat, waste coal, lignite and used
turbine oil;

2) determining the time of ignition delays, duration of burning drops of
prepared suspensions, as well as minimum ignition temperatures and maximum
burning temperatures of the droplets;

3) determination of the concentration of nitrogen oxides, sulfur oxides in
products combustion of the investigated suspensions;

4) calculation of relative indicators of efficiency of use investigated

suspensions in comparison with coal and fuel oil are the most common brands.
1.5. Materials

The appearance of solid combustible components is shown in Figure 1.
Municipal water was used as a dispersion medium. Peat was mined in the Tomsk
region (Sukhovskoye deposit), lignite - in the Krasnoyarsk Territory, filter cake and
coal slime obtained from the processing plant of the Kemerovo region. Turbine oil
was obtained from the power turbine of thermal power plant in the Tomsk region
after a year of operation. Analysis of solid combustible components was carried out
in accordance with the methods and regulations [43—47]. The properties of used oil

were determined according to recommendations [48-50].
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Coal flotation waste
(filter cake)

Figure 1.1 — Solid combustible components (filter cake is in wet condition)

Suspensions of the following composition were studied:

6) 40% peat, 10% waste turbine oil, 50% water;

7) 40% filter cake, 10% waste turbine oil, 50% water;

8) 40% lignite, 10% waste turbine oil, 50% water;

9) 40% coal slime, 10% waste turbine oil, 50% water;

10) 30% filter cake, 20% coal slime, 50% water.

The preparation of fuel suspensions was carried out using a homogenizer. At
the first stage, water and oil were mixed. Then a solid combustible component was
added to the water-oil emulsion. Mixing was carried out to obtain a completely

homogeneous suspension.
1.6. Ignition and Burning Characteristics

Ignition and combustion characteristics were investigated using a model
combustion chamber (muffle furnace) and a number of auxiliary equipment. In
Figure 1.2 the scheme of the used stand is presented. Two registration units were
used in experiments to determine the conditions and characteristics of ignition and

combustion processes, as well as to study ecological parameters are shown.

132



_ Muffle
M furnace

video camera Control of the

coordinate

. mechanism

<—— >

: of fuel Fine wire
I )‘:l
IR
L2 _____
for studying ignition for measuring main emissions
characteristics during fuel combustion

Figure 1.2 — Scheme of experimental bench

A high temperature (350-1000 ° C) was maintained inside the hollow ceramic
tube of the muffle furnace (Figure 1.2). The front panel of the muffle furnace
displayed the temperature inside the chamber. An additional temperature
measurement in the combustion chamber (Ty) was also carried out using a probe
with a thermocouple (chromel-alumel, measured temperature range 0-1100 ° C,
systematic error of + 3 © C, inertia no more than 10 s) to check the readings of muffle
furnace sensor.

A high-speed (up to 105 fps) video camera was installed on the one side of
the muffle furnace. On the other side, a coordinate device was placed for the
automated delivery of a sample of fuel into the combustion chamber (Figure 1.2).
The device had a drive and a stepping mechanism and could be controlled by signals
supplied in manual mode from a personal computer. The coordinate device is
configured so that the fuel sample is located in the center of the combustion chamber.

After the chamber was warmed up to the required temperature, the stage of
preparing a drop of fuel was carried out. Drops were formed using an electronic
dispenser (dosage limits 1-10 pl, step of varying the dosage volume 0.1 pl). The

133



formed drop of fuel suspension was placed on the tip of a thin metal wire (diameter
about 0.25 mm) installed in a motorized coordinate mechanism, which was then used
to place the drop in the combustion chamber (Figure 1.2). The processes of heating,
ignition, and burning of the drop of the suspension were recorded with a high-speed
video camera.

The following characteristics were recorded for suspension drops:
heterogeneous ignition delay time (tq), burning time (tp), Minimum ignition
temperature (Tgmin), maximum burning temperature of the solid fuel (Tdmax). A
thermal imager was used to record Tdmax (temperature sensitivity <30 mK, detector
640x480, maximum measured temperature 1197 © C).

According to the video obtained during the experiment, it is possible to
determine the temporal characteristics of the ignition and combustion of a drop of
fuel, the combustion reaction is exothermic and is accompanied not only by the
release of heat, but also light. The task of determining the ignition delay time and
burning duration was solved using specialized software algorithms of Tema
Automotive, which allows to track the intensity of the glow of a drop of composite
liquid fuel. The delay time of the heterogeneous ignition td was considered — the
interval from the moment a fuel drop entered the combustion chamber until the
moment when the solid part of the drop was ignited. The parameter tb represented
the time from the moment of heterogeneous ignition of the solid fuel residue to the
moment of the end of combustion. The minimum ignition temperature was
determined by averaging 5-7 repeated measurements. The error of its determination
did not exceed 10 ° C. The heat of combustion of the fuel compositions was defined
as the sum of the heat of combustion of each component in accordance with the mass
fraction in the mixture. The validity of the approach is justified in [51].

The initial radius (Rq) of the fuel droplets was determined using a high-speed
video camera and Tema Automotive software. The initial images of the droplets
were calculated in four sizes in different sections. The mean value of these four sizes

was used to determine the radius of the drop Ry. The systematic error in determining
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Rq with the highest possible resolution of a video camera and frame rate did not
exceed 4%, and the times 14 and 1, did not exceed 2.5%. Ignition characteristics of
droplets of suspensions with an initial radius of =<1 mm were determined. The results
were compared if the deviation of the average radius did not exceed + 0.15 mm.

A bench (Figure 1.2) was also used to determine the ecological characteristics
of the combustion of suspensions. In the experiments, we used a sample of fuel
weighing about 1 g. The method of recording the determination of environmental
indicators was used in accordance with the approach [36,40]. A vertical valve
installed on the coordinate mechanism with a layer of high-temperature insulation
covered the hole that serves to enter the fuel sample into the combustion chamber.
Thus, control of the air excess coefficient was ensured (in all experiments it was
1.05). A gas analyzer was used for measurements (O2 (measuring range 0-21%,
error 0.1%), CO (measuring range 0-10,000 ppm, error 100 ppm), CO2 (measuring
range 0—20%, error 0.1%), NOx (measuring range 0—2,000 ppm, error 10 ppm), SOx
(measuring range 0-2,000 ppm, error 10 ppm). When processing the experimental
data, the total average emissions during the burning time were calculated. At each
temperature, at least four repeated measurements were obtained, based on which the
dependence of NOx and SOx concentrations on the temperature in the combustion

chamber was obtained.
1.7. Relative efficiency indicators

It is advisable for new fuel compositions to assess their energy, economic,
environmental indicators, as well as fire and explosion safety relative to traditional
fuels. Currently, three types of fuel are most commonly used at thermal power
plants: coal, fuel oil, and natural gas. Among these three types of fuels, natural gas
is environmentally friendly and has a high calorific value. The burning of natural
gas has the least anthropogenic pressure compared to coal. In 2015, globally, in
terms of SO2 emissions, coal accounted for 60%, oil — 35%, biomass — 5%; in

terms of NOx emissions, oil accounted for 70%, coal 15%, natural gas 10%, and
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biomass 5% [52]. Also in 2015, coal (with a share of 44.9%), then oil (34.6%) and
natural gas (19.9%) were the leaders in terms of carbon dioxide emissions in
combustion products [53]. Of course, composite suspensions cannot compete with
natural gas in terms of heat of combustion and anthropogenic emissions. Therefore,
the comparison of combustion indicators of water-coal suspensions was carried out
with coal and fuel oil.

To assess the various aspects of fuel use, indicators were calculated taking
into account the heat of combustion, cost, fire and explosion safety and
anthropogenic hazards were calculated for each suspension indicators illustrating the
relationship:

5) Heat of combustion of the suspension to the heat of combustion of coal or fuel

oil:
Qrelative_coal = Qslurry / Qcoal; (1.1)
Qrelative_tuel oit = Qsturry / Quel oil. (1.2)
6) Emissions of nitrogen oxides of the investigated suspensions and coal (fuel
oil):
NOX_relative_coal = NOX coal / NOX stunry; (1.3)
NOX relative_fuel oit = NOX fuel oit / NOX sturry- (1.4)
7) Emissions of sulfur oxides of the investigated suspensions and coal (fuel oil):
SOX_relative_coal = SOX coal / SOX stuny; (1.5)
SOX retative_ fuel oit = SOX fuel oit / SOX sturry- (1.6)
8) Cost of waste-derived slurry and coal (fuel oil):
Crelative_coal = Ccoal / Cslurry; (1.7)
Crelative_fuel oil = Cruel oil / Cslurry- (1.8)
Further generalized index was calculated by the expression:
D NOX&SOX 1y = Q% sturry/ (Csturry * NOy_siurry * SOx_sturry)- (1.9)

After appropriate calculations the integral indicator of the new compositional
suspension (DNOx&SOx, .y was divided by the same indicator for coal (DNO*&59% )

or fuel oil (DNOX&SOX fuel 0i|)Z
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An additional indicator for evaluating the fuels considered was fire and
explosion safety. This indicator was calculated by the expression P=T,Mn-4-Tgm,
After appropriate calculations, the indicator of fire and explosion safety of a new
composite fuel (Psurry) Was divided by the same indicator for coal (Pcoar) or fuel oil
(Pruet oil):

The total average indicator was calculated by adding all the previously
calculated coefficients and then dividing by their number:

C ¢ coal = (Qrelative_coal ¥ NOX_relative_coal + SOX_relative_coal +

+ Crelative_coal + Drelative_coal + I:)relative_coal) / 6. (1.10)

1.8. Ignition characteristics

Figure 1.3 shows the ignition delay times for the droplets of fuel
compositions depending on the temperature in the combustion chamber, which
ranged from 700 ° C to 900 ° C. As experiments have shown, the stability of the gas-
phase ignition stage depends largely on the presence of turbine oil in the
composition. Liquid combustible components evaporate, ignite and burn out in the
gas phase, releasing a sufficiently large amount of heat (for exhaust turbine oil, the
heat of combustion is about 45 MJ / kg), which goes to additional heating of the coke
residue, accelerating its heterogeneous ignition. However, in experiments, a result
was recorded, at first glance, that contradicted this phenomenon (Figure 1.3). The
composition without the addition of turbine oil is characterized by the shortest delay
times of heterogeneous ignition (Figure 1.3). It is possible that the result is due to
the fact that the gas-phase combustion stage preceding the heterogeneous ignition of
the coke residue is not typical for this composition. When a mixture of turbine oil
and volatile matter is burned, oxygen is consumed. As a consequence, the supply of
the oxidant to the coke residue for some period is difficult, although the surface of

the fuel heats up more strongly with a stage of intense gas-phase combustion.

137



® 40% lignite, 10% waste turbine oil, 50% water
@ 40% peat, 10% waste turbine oil, 50% water
12 ® 40% coal slime, 10% waste turbine oil, 50% waterH
® 40% filter cake, 10% waste turbine oil, 50% water ||
@ 20% coal slime, 30% filter cake, 50% water
10 -
w 8- 8 max At~60% i
o L °
&
°
6 ® At =27% ° -
B
4 _
° N
®
2L -
1 1 1 1 1
700 750 800 850 900
T,(°C)

g

Figure 1.3 — Ignition delay time for composite fuel droplets depending on the

temperature in the combustion chamber

With an increase in temperature in the combustion chamber up to 900 ° C,
close ignition delay times for mixed fuels were observed. This suggests that for
stable combustion in the furnace of the boiler requires approximately the same
thermal energy. The main feature of this study is the use of low-grade fuels (brown
coal, peat) and coal preparation waste (coal slurry and filter cake) as part of
suspensions. These components are of low cost and do not require the high costs
associated with the preparation of fuels. Coal before crushing into the combustion
chamber must be crushed, but the waste of coal enrichment does not require it. When
switching to waste derived slurries, this will reduce the cost of producing heat
energy. As the experiment showed, the ignition delay times for mixed fuel are 30%
filter cake, 20% coal slurry, 50% water, 17% lower on average, compared to 40%
brown coal, 10% turbine oil, 50% water. It is advisable to transfer water boilers to
slurry on the basis of sludge and filter cake from the position of minimizing the time
spent on ignition.

Figure 1.4. illustrates the values of the minimum ignition temperature
(Tgmin) with varying the composition of the suspensions. The temperature was
chosen at which a steady ignition of the solid component of the fuel occurred. This
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parameter is very important for boiler ignition, since the higher the ignition
temperature, the more energy is necessary for ignition of this fuel increase.
Experiments have shown that the minimum ignition temperature has a composition
based on brown coal, and the maximum ignition temperature is characteristic of a
composition based on coal slurry and filter cake (Figure 1.4.). The maximum
difference was about 60 ° C. This difference is caused by the fact that there is no
turbine oil in the composition based on the filter cake and coal slime, therefore, for
a steady heterogeneous ignition of the coke residue, higher temperatures of the

external gaseous medium are necessary.
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Figure 1.4 — Minimum temperatures of fuel ignition: 1 — 40% lignite, 10% waste
turbine oil, 50% water; 2 — 40% peat, 10% waste turbine oil, 50% water; 3 — 40%
coal slime, 10% waste turbine oil, 50% water; 4 — 40% filter cake, 10% waste

turbine oil, 50% water; 5 — 30% filter cake, 20% coal slime, 50% water.
1.9. Burning characteristics

Figure 1.5 illustrates the effect of temperature in the combustion chamber on
the duration of combustion of the studied fuels. The parameter t, represents the time
interval from the moment of heterogeneous ignition to the complete burnout of the
solid part of the fuel. This parameter is one of the most important for the boilers, as

the liquid fuel sprayed in the combustion chamber must have enough time to burn
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out during the soaring period. Otherwise, sticking to the walls of the combustion
chamber will lead to corrosive wear of the metal. Experiments have shown that the
composition based on lignite has the shortest burning time (Figure 1.5). Dispersion
of a drop is typical for this fuel (Figure 1.5). Fragmentation of the initial drop entails
a decrease in the duration of burning. Additional energy can be spent on heating the
central part of the drop, where moisture and unreacted mass of fuel is stored.
Therefore, the duration of combustion can increase with an increasing in the
moisture content of the fuel (in peat, moisture is usually higher than that of brown
coal). It should be noted that not all of the compositions of the fuel compositions
traced such a pattern. This is due to the fact that, for example, in the preparation of
suspensions with several solid combustible components, complex agglomerates
could be formed in the composition, which, when heated and reacted, had both
smaller and larger ignition inertia. The dominant role was played by the factor of the
prevailing concentration of one or another solid combustible component.

Also, the duration of heterogeneous combustion increases with increasing
concentration of the solid component of the suspension, which is characteristic of
the composition of 20% coal slurry, 30% filter cake, 50% water. In other
compositions, the solid combustible mass was 10% less, which affects the duration

of heterogeneous burning.
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Figure 1.5 — The combustion duration of composite fuels in the combustion

chamber, temperature varies from 700 °C to 900 °C.

Ecological indicators are important for industrial heat-and-power
engineering objects, as a penalty is assumed for exceeding the permissible values of
anthropogenic emissions. For example, in Russia, the concentration of SOy should
not exceed 526 ppm, and NOx - 320 ppm. For the United States, emissions not
exceeding NOx=600 ppm, SOx=556 ppm are typical. In China, standards assume SO,
emissions in the range of 450 ppm, NOy - in the range of 600 ppm [38]. Experimental
results presented in Figures 1.6, 1.7 are included in the ranges of allowed
anthropogenic emissions, therefore, all the resulting composite fuels can be used for
combustion in boilers. Moreover, these experiments were carried out without gas
cleaning. When burning fuels in the industry, the presence of flue gas cleaning
equipment is mandatory. With this in mind, environmental performance may
decrease by another 10-20%.

As the measurements showed, the first composition of 20% coal slurry, 30%
filter cake, 50% water is characterized in comparison with other compositions with
the minimum concentrations of nitrogen oxides in the combustion products (Figure
1.7). By concentrations of sulfur oxides, this composition is comparable to
suspensions, which include turbine oil. As can be seen in Figure 1.6, at a temperature
of 850 ° C, 30% of the filter cake of coking coal, 20% of coal sludge, and 50% of
water have the lowest emissions, which proves the effectiveness in refusing turbine
oil. One of the main features is that when the temperature reaches 1000 ° C, the SOy

parameter for different fuels approaches the same value.
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Figure 1.6 — Dependences of sulfur oxide concentrations in the combustion
products of composite fuels when the temperature in the combustion chamber
varies from 700 ° C to 1000 ° C.
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Figure 1.7 — Dependences of nitrogen oxides concentrations in the combustion
products of composite fuels when the temperature in the combustion chamber
varies from 700 ° C to 1000 ° C.

1.10. Relative coefficients of beneficial use

To determine the optimal fuel composition it is advisable to consider a group

of important criteria, such as: heat of combustion, cost of components,
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anthropogenic emissions and fire and explosion safety, as well as an estimated
coefficient, which includes all these indicators.

The following abbreviated indices are used in the calculations: “comp.fuel 17
- composite fuel with a composition of 40% peat, 10% turbine oil, 50% water;
“Comp.fuel 2” - composite fuel with a composition of 40% lignite, 10% turbine oil,
50% water; “Comp.fuel 3 - composite fuel with a composition of 40% filter cake,
10% turbine oil, 50% water; “Comp.fuel 4" - composite fuel 40% coal slurry, 10%
turbine oil, 50% water; “Comp.fuel 5 - composite fuel 20% coal slurry, 30% filter
cake, 50% water.

The heat of combustion of the fuel compositions are calculated according to
the percentage concentration and heat of the individual components. Also calculated
relative indicator of the heat of combustion in comparison with coal and fuel oil.

When calculating the relative environmental performance of DN°* and DSOX,
concentrations of hazardous gases were selected at a temperature in the combustion
chamber of =1000 ° C (Fig. 1.6, 1.7). To compare the relative index, experiments
with coal and fuel oil were carried out, the following values of emissions of sulfur
oxides and nitrogen were obtained: NOy_fuel 0it=156 ppm, SOx_fuel 0ii<150 ppm. The
ratio of the economic and environmental potential of fuels is calculated relative to
coal and fuel oil.

One of the main indicators for the use of fuel compositions is the cost; a
relative measure of the cost of the fuel composition was calculated in comparison
with coal and fuel oil. The total cost of fuel is determined depending on the mass
concentration of components in the finished mixture.

For the use of fuel in the production of thermal energy, the safety indicator
(P_relative coat; P_retative fuel oit) 1S Very important; if one exceeds 1, the composition is fire
and explosion hazardous. This indicator is calculated using the values of the
minimum ignition temperature, and the ignition delay time, hereinafter referred to

as coal and fuel oil.
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Figure 1.8 — Average indicator of using composite fuels relative to coal (a) and
fuel oil (b): 1 —40% lignite, 10% waste turbine oil, 50% water; 2 — 40% peat, 10%
waste turbine oil, 50% water; 3 — 40% coal slime, 10% waste turbine oil, 50%
water; 4 — 40% filter cake, 10% waste turbine oil, 50% water; 5 — 30% filter cake,

20% coal slime, 50% water.

Analyzing the indicators of the use of composite fuels presented in Figure
1.8, we can conclude that the most effective fuel composition for burning at power
facilities has the following composition: 30% filter cake of coking coal, 20% coal
slime, 50% water. Its efficiency in comparison with coal is 3 times greater, and in
comparison with fuel oil 24 times. When converting boilers to such composition, the
cost of heat energy, environmental emissions can reduced, as well as the composition

of such fuel can use the waste of coal preparation companies.
1.11. Using the results of the research

In the research, it was found that the fuel composition of 30% filter cake of
coking coal, 20% coal sludge, 50% water, has the highest efficiency factor relative
to traditional coal and fuel oil, also its composition uses coal enrichment waste cost
The main parameters for fuel combustion are optimal for transferring boilers to such

fuel composition.
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Studies have shown that a lot of combustible waste can be profitably drawn
into the energy sector and at the same time produce quite large-scale positive effects
in the environmental and economic profile of the enterprise. On a more global scale,
using waste can reduce the rate of extraction of major combustible minerals - coal,
oil and natural gas. About 7,269 million of coal and about 4,331 million of crude oil
are produced worldwide [53]. At the same time, at least 700 million tons of coal
preparation and processing waste, at least 400 million tons of oil waste (including
sludge, various industrial waste oils, emulsions and other combustible liquids) are
formed in the world every year. They represent a great danger [54-57] for the
environment, human and animal health. Peat, considered in this work as a
component of suspension fuel, is a giant fuel resource, although it is difficult to
extract. Its reserves are estimated at no less than 350 billion tons. Today, about 25
million peat per year is produced in the world. Taking into account these data, it is
possible to predict that with the involvement of peat, waste coal, oil can save about
10% of the coal and oil resources.

It was revealed that during combustion of a composition based on coal
preparation waste without the addition of waste turbine oil at temperatures below
800 ° C, gas-phase ignition does not occur. The presence of a liquid combustible
component for the studied compositions contributed to a decrease in the threshold
ignition temperature, but also increased the delay time of the heterogeneous ignition
of the coke residue.

It was shown that with an increase in temperature in the combustion chamber,
the combustion of the differences in the ignition delay times is minimized for fuel
compositions with different composition. This phenomenon is favorably reflected in
the industry. That is, when starting the boiler, it is of interest to have fuel with a
minimum ignition delay time, but with stable operation of the boiler, when the
furnace is heated and the temperatures are high, you can switch to using

compositions with a long ignition time. For kindling it is necessary to use the
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following compositions: 1 - 20% coal slime, 30% filter cake, 50% water; 2 - 40%
coal slime, 10% waste turbine oil, 50% water.

It was established that the minimum concentration of NOx emissions has a
composition of 20% coal slime, 30% filter cake, 50% water, compared to the
composition based on brown coal, this figure decreased by 275 ppm. The gain of
this composition over others can be observed for the SOy indicator, the maximum
difference for which was 45 ppm in comparison with the composition: 40% filter
cake, 10% waste turbine oil, 50% water.

The highest efficiency ratio has a suspension with the composition: 20% coal
slime, 30% filter cake, 50% water. This fuel has an average efficiency ratio of 3
times higher than that of coal, and also 24 times higher than that of fuel oil. Such a
big difference is caused by the fact that the cost of such a composition is very small,
because coal preparation wastes are used, which are difficult to store due to the large

footprint.
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