KBIPTBI3CKHI TOCYJIAPCTBEHHBII YHUBEPCUTET UMEHU U. APABAEBA

KBIPTBI3CKHUI T'OCYJAPCTBEHHBIN TEXHUYECKAU YHUBEPCUTET
MMEHU HU. PA33AKOBA

TN CCEPTAIIMOHHBIN COBET J1 05.21.640

Ha npaBax pykonucu
YK 681.5: 66.012

BAMKAPUKOBA MAPUHA AMTMYXAHOBA
KOMIIBIOTEPHBINM KOHTPOIb IMAPAMETPOB, ABTOMATU3ALIUA

YHPABJIEHUSA TPEXCTYIIEHYATBIM IIPOHECCOM METAHOBOI'O
CBPA’KUBAHUA OPTAHUYECKHUX OTXO/J0B B BUOPEAKTOPAX

05.13.06 — aBTOMAaTH3AIMS U YIIPABICHHE TEXHOJOTHYECKHUMH MPOIIECCAMU U MIPOU3BOICTBAMU
(o oTpacisam)

ABTOPE®EPAT

JUCCEPTALIMU HA COUCKAaHUE YUYEHON
CTEIEHU KaHIK1aTa TEXHUYECKUX HAYK

Bumikex — 2021



Pabora BeimonHeHna Ha kadenpe «llpuxnagnas wHpopMmatukay dakyiabTeTa (GHU3MKO-
MaTEeMaTHYECKOT0 00pa30BaHus M HH(OPMAIIMOHHBIX TEXHOJIOTHI KBIPrBI3cKOT0 TOCY1apCTBEHHOTO

yHuBepcuteTa uM. 1. Apabaesa.

Hay4Hblii pyKOBOAUTEIb:

OdunuanbHbIe ONMOHEHTHI:

Benymas opranusanus:

buitbocynos bonotoexk UnbscoBud, 1OKTOp GU3HKO-
MaTEeMaTUYeCKUX HayK, JOKTOP TEXHUYECKUX HaYK,
npodeccop, 3apenyromuii kaheapon «lIpuknagnas
uH(popMaTrka» KeIpreI3ckoro rocy1apcTBEHHOTO
yHuBepcutera uM. M. ApabaeBa

baitmyxamenoB Manuk ®aii3ysi0BUY, IOKTOP
TEXHUYECKHUX HaYK, Ipodeccop, MPOPEeKTOp 1Mo HAyKe
KocTanaiickoro conuaabHO-TEXHUYECKOIO YHUBEPCUTETA
uMeHHU akagemuka 3. Angamxap, r. Kocranait, PK

YmberoB YMupOex YMOETOBUY, JOKTOP TEXHUYECKUX
HayK, podeccop, BULle-Ipe3uIeHT MeX1yHapoIHOro
Ka3aXCKO-TypELUKOro yHuBepcurera uM. X. A. flcasu,
r. TypkecraHn, PK

Hay4uHo-1pou3BOICTBEHHBIH LIEHTP arpOMHKEHEPHH,
naboparopust « IHEproodecreueHre u MuQpoBbIC
TEXHOJIOTHH», T. AnMaThl, p. PaiipimOeka, 312

3ammTa AUCCcepTAINK cocTOUTCs «24» nexkabps 2021 roma B 14°0 wacos Ha 3acenanun
Huccepranuonnoro cosera /I 05.21.640 nmo 3amure quccepranuii Ha COUCKAaHUE YYEHOM CTENEHU
JOKTOpa (KaHU/1aTa) TEXHHUECKUX HayK MPpH KBIpreI3ckoM rocy1apcTBEHHOM YHUBEpCUTETE M. M.
ApabaeBa u KbIprbI3ckoM rocyJapCTBEHHOM TEXHHYECKOM yHHUBepcuTere uMm. M. Pa3zakoBa mo
aapecy: 720026, r. bumkexk, yi. 1. Pa33akosa 51, kondepeHni-3an Kelprel3ckoro rocy1apcTBeHHOTO

yHuBepcuteTa UM. M. Apabaesa.

Konx Be6unapa: https://vc.vak/b/05--wx6-gfx-qyw

C nuccepranmeil MOXKHO O3HaKOMHUTBHCS B OuOnmorekax KbIprel3ckoro rocyaapcTBEHHOTO
yHuBepcureta uM. . ApabaeBa mo azapecy: r. bumkek, yn. W. Pa3szakoBa 51 u Keipreizckoro
rOCyIapCTBEHHOI0 TEXHUYECKOro yHuBepcutTera uM. M. Pa33zakoBa mo ampecy: r. bumkek, np. Y.
AtitmaroBa 66 u Ha caiite BAK KP: https://vak.kg

ABTopedepat pazocnan «22» HosOps 2021 roga.

VYyeHslii cekpeTapb

HuccepranuonHoro cosera /[ 05.21.640
JIOKTOP TEXHUYECKUX HAYK, JOLIEHT T. Kypmanbek yyny



OBLIASA XAPAKTEPUCTUKA PABOTHBI

AKTYaJIBHOCTH TeMbI IMCCEPTALHH.

Bo BceM Mupe HaOnr0aeTCs ycuiIeHne TpeH1a Ha UCIOIb30BAHNE OPraHUYECKUX OTXOJ0B!
IIPOM3BOJICTBEHHBIX U OBITOBBIX, TAK KaK 3TO HAIPABJICHO, MPEXK/IE BCEro, HA PEIICHUE SKOJIOTHYe-
CKUX Mpo0JIeM, HO U OJTHOBPEMEHHO CIIOCOOHO CIYXHTh HEUCUEPIAEMbIM UCTOUHUKOM IOTY4EHUS
«3eneHoi» suepruu. [lomydyenne Onoraza u 6u0ya00peHUs IMyTeM aHa’poOHOTo COpakMBaHUS Opra-
HUYECKUX OTXOJI0B )KMBOTHOBOJICTBA — OJIMH U3 OCHOBHBIX IyTE€H Pa3BUTHUs OMOIHEPreTUUYECKOIO
KOMIUIEKCA B HACTOSIIEM U OYAYIIIEM.

B Hacrosiee BpeMs ppIHOK HACBILLEH OMOTra30BbIMU YCTAHOBKAMH, KOTOPbIE B OCHOBHOM I10-
JTy4aroT 6uoras ¢pepMeHTanueil OpraHuuecKuX 0TX0/10B OAKTEPUSIMHU B CHIIOCHBIX EMKOCTSIX B TE€UE-
HUU JUIUTEIIBHOTO BPEMEHH, C MaJIOW aBTOMAaTU3aLUEN U C BBICOKOH CTOMMOCTBIO MPOIYKLUH.

[IpumeHeHre HHOBAIIMOHHBIX MOJX0A0B B pa3paboTKe OMOra3oBoil TEXHOJIOTUH, BKIIOYALO-
I1yI0 HEIPEPHIBHYIO OJHOBPEMEHHYIO II0J]auy U OTBOJI cyOCTpaTa, MO3TAIIHOE METAHOBOE COpaKU-
BaHue B OMOpeakTopax, HU3Kas CTOMMOCTh YCTAHOBKH U MaJIO€ KOJIMYECTBO OTXO0JI0B KPYIIHOT'O PO-
ratoro ckota (KPC) no3BossieT 1ocTHYh MaKCUMAIBHOTO KOJMYECTBA BhIXO/a OHorasa (MeTaHa) u
YMEHBILIUTb BpeMsl COpaKUBaAHHUS.

Hcnonb30BaHne COBPEMEHHBIX CPEICTB aBTOMATHU3AallMM M aBTOMATHU3UPOBAHHOM CHUCTEMBI
ynpaBjeHus: OMOra3oBoil yCTaHOBKOW MO3BOJIUT KOHTPOJUPOBATH MPOLECC METAHOBOI'O COpakuBa-
HUS B OMOPEaKTOpax, a Tak’ke OCHOBHBIE TapaMeTphl B 3aJJaHHBIX MHTEpBajaX U 0€3aBapHiHOCTb.

Takum oOpazom, pazpaboTKa MaIOTadapUTHOM, C BEICOKOH CTEIIEHBIO N3MEILYCHHS OTXO/I0B
KMBOTHOBO/ICTBA IIPU HENPEPHIBHOM METAHOBOM COPaKMBAaHUU HA TPEX CTYIEHIX TEMIIEPaTypHOIrO
peXuMa, C CUCTEMOW KOHTPOJISI U YIPABJIEHUS ONTUMAIbHBIMU ITapaMeTpaMu, JOCTYITHON MO IIeHe
610ra3oBoi ycTaHOBKH Ul (hepMEpOB SABIISETCS aKTYalbHOM 3a1aueil.

CBsi3b TeMbl JHMCCEPTALMM C KPYNHBIMH HAyYHbIMH MPOTPaAaMMaMH, OCHOBHBIMHU
HAYYHO-MCC/IeI0BATEIbCKMMH PadoTaMu.

HuccepranronHas padoTa BBINMOIHIACK B cooTBeTCTBUU ¢ TwianoM HUP u XHUP nposonu-
MbIX Ha Kadenpe «IIpuxnagnas unpopmaruka»y KI'Y um. U. ApabaeBa u xadenps! «lIpuknaanas
uHpopmaruka u nporpammupoBanue» Tapl'V um. M. X. [dynatu. Pesynbrater XHUP Ne 0117
PKJ10176 (2015-2017rr.) u XHUHWP Ne 0119 PK J10324 (2017-2019rr.) 10 Teme: «KOMIbIOTEPHBII
KOHTpPOJIb IapaMeTpoB, aBTOMATHU3allMsl YIPABJIECHUS METAHOBOTO COpa)KMBaHUSA OPraHMYECKUX
OTXOJIOB B OMOpeakTopax», 3akitoueHHbIX Mexay Tapl'yY umenn M.X. [ynatu u K/X «Axxap» u
SBUJINCh OCHOBOM TMCCEPTAallMOHHOMN paboThI.

Ieas uccaenoBanusi.

KoMmmelorepHoe  MopenupoBaHM€ M KOHTPOJIb  IapaMETpOB  aBTOMAaTU3ALMU
TPEXCTYNEHYaTOro METAaHOBOro cOpakuBaHMsI B OHOpeakTopax C IeJIbl0 ONTUMHU3ALUU U
yIpaBJIEHUS.

3agaum UCCiIeI0BAHNS

- UCCIIEZIOBAaTh KUHETUYECKHE YCIOBUS M MX MapaMeTphl, BIUAIOUINE HA MHTEHCH(UKAILINIO
Ipolecca METAaHOBBIM COpaKMBAaHUEM OPraHUYECKUX OTXO0J/I0B OAKTEPUSMU: IEPBUYHOTO THAPOIIN3-
HOTO paclIeIyICHHsT; IOBBILICHUS KUCIOTHOCTH; 00pa30BaHMsI YKCYCHOM KUCIOTHI M 00pa30oBaHUs Me-
TaHa;

- pa3paboTaTh KOHCTPYKIMM YCTpoWcTBa 00paOOTKH ChIpbS M OHOpeakTopa ¢ MeIanKon—
HarpeBaTelieM B TPEXCTYNMEHYAaTOH OMOra3oBOM YCTaHOBKE, 00€CIIEUNBAIOIINE MAaKCUMAJIbHBIN BhI-
x0J1 Ouorasa rnpu yKOpeHHOM METaHOBOM COpaXMBaHUU CyOCTparTa;

- c03/1aTh MH()OPMAITMOHHYIO MOJIENIb TPEXCTYIEHYaTOr0 METAHOBOI'O COpaKMBaHUs OpraHU-
YEeCKUX OTXOJ0B B OMOPEAKTOpPax, BKIIOYAIOLIYIO €€ U3MeNbYeHUE, HarpeB, M01auy ChIPbs U Mepe-
MEIIMBAHKUE HA KaXA0M CTYIIEHH MPOLECCa U AATh €€ MATEMAaTUYECKOE OITMCAHMUE;



- pa3paboTaTh CUCTEMY aBTOMATHYECKOTO PEryJIupOBaHUs JIOKAIBHBIX KOHTYPOB: CTEIEHU
U3MeNbYeHHS cyOCcTpaTa; HarpeB M CTaOMIN3AIMs TEMIIEPATyphl; IEpEeMEIINBaHNE U TI01a4a 3arpy-
’Kaemoro cyocrparta B OMOpeaKTOpbl, a TAK)KE CUCTEMbl aBTOMATH3AIlMU U YIIPABJICHUS TPEXCTYIIEH-
4aToil OMora3oBoil ycraHoBkH B nHTerpuposanHoii cpene TRACE MODE.

Hayuynasi HoBM3HA padoThI:

- pa3paboTana nH(OpPMAIIOHHASI MOJIEINIb HEITPEPHIBHOTO METAHOBOT'O COPAXKMBAHUS H3MEIIb-
yeHHoro HaBo3a KPC npu ontuManbHOM TeMmrepaTypHOM peKuMe paboThl OMOpPEaKkTOpOB HA TPeX
CTYNEHSIX OMOTa30BOI yCTaHOBKH;

- 000CHOBaHbI: BEIOOP KOHCTPYKTUBHO-TEXHOJIOTHYECKON CXEMbI OMOpPEaKTopa ¢ MEIIaIKOM-
HarpeBaresieM; OCHOBHBIX ITapaMEeTPOB KOHTPOJIS U YIPABJICHHUS, BIUAIONIMX HA YBEITMUYEHUS BBIX0/1a
MeTaHa U COKPAILEHUSI BPEMEHU COpaKMBaHUS;

- pa3zpaboTtana 0000IIEHHAs MaTeMaTHIECKasi MOJIeJb, OMUCHIBAIOIIAs IPOIIECCHl KABUTAIHH
¥ METaHOBOT0 cOpakMBaHMsI MI0JIaBa€MOro CyOCTpara, HarpeBa v IepeMelInBaHus Ha KaXI0i CTy-
NICHH TPOIIecca, MO3BOJISIONIAS BBISIBUTH ONTUMAIIbHBIE PEKUMHBIC TTApaMETPBI JIJIsl CUCTEMbI KOH-
TPOJIS ¥ yIpaBlieHus: OMOra3oBol yCTaHOBKOMA;

- TEXHHUYECKass HOBHU3HA YCTPOMCTB, 3aKIIOYAIOIIAsACid B CO3JaHUM TPEXCTYIEHYATON
O1ora3zoBoii yCTaHOBKH, o0ecreunBaroneii crnocod nepepaboTKu OpraHMYecKUX OTXO0JI0B, TIOATBEP-
JKIEHHAsl TaTeHTaMU Ha mnoJie3Hyto Mozenb (mareHt PK Ne 103153, 2016 r. u matent PK Ne 5340,
2020 1.);

- paspaborano mporpammuoe obecreuenue (I10) aBTOMaTH3aAIMKM ¥ CHCTEMbI KOHTPOJIS U
yIpaBiIeHUS MMapaMeTpaMu: U3MENbUEHUs; HarpeBa; MmepeMelInBanus; mojiadyu u oroopa cydcrpara
Ha Ka)KJI0M CTYIEHU METAaHOBOI'O COpakMBaHMsI, IOJITBEPKIEHHOE aBTOPCKUM CBUAETEILCTBOM PK
Ne 11169 ot 29.06.2020.

IIpakTHyeckas 3HAYMMOCTb MOJTYYeHHBIX Pe3yJIbTATOB:

- IPOTrPaMMHBIN MPOJIYKT, YCTPOUCTBO 0OpaOOTKHU CHIPhS U annapaTHO-IPOTrPaAMMHBINA KOM-
IUIEKC «ABTOMAaTHU3allMs CUCTEMBI yIIpaBJICHUs», pa3paOoTaHHbIE Ul TECTUPOBAHUS M TPOBEACHUS
HOBBIX HAYUHBIX 9KCIIEPUMEHTOB 110 OMOra30BOi TEXHOJIOTMH H aBTOMAaTHUECKOW CUCTEMBI yIIpaBJie-
HUSI METaHOBBIM COpaKHBaHUEM;

- MOieJIb MajiorabapuTHOM OMOra3o0Boi yCTaHOBKHM, JOCTYITHOM I10 IIEHE U KOTOPas O3BOJISET
bepMepcKUM X0341CTBaM YTHIIM3UPOBATh OTXO0/1bl, 00ecneunBaTh ce0s 3JEeKTPOIHEPrueH, NpupoI-
HBIM I'a30M U 3KOJIOTHYECKH YUCTHIMH OPraHMYECKUMH yJOOPEHUSMH JJIsi BOCCTaHOBIIEHUS TUIOI0-
OIS TIOYB.

JKOHOMHUYECKAS 3HAYNMOCTb MOJIYYEHHBIX Pe3y/JbTATOB:

- pa3zesibHOE METAHOBOE COpaKuBaHueE cyOCcTpaTa B ME30(QHIBHOM U TEPMO(UILHOM CTYTIE-
HSIX OMOTa30BOM YCTAaHOBKHU MO3BOJISET MOJIy4aTh HApsALy C METAHOM U LIEHHOE 00e3BpekeHHOe Ono-
ynoopeHue;

- BKOHOMUYECKUN 3P HEKT OT MpUMEHEHHU ST OMOTa30BOM TEXHOJIOTHH U OMOTa30BOM YCTAHOBKHU
B (hepMepckux Xo3siicTBax cocraiseT npudnuszurenabHo 1 230 000 comoB B ro.

OcHoOBHbBIE 110JI0KEeHHUS JUCCePTALUM, BBIHOCUMbIE HA 3aIIMTY:

- KOMIIJIEKC MEep 110 ONTUMHU3AIIUH PeKUMa pabOThl N3MENbUEHHSI, TOMOT'€HU3ALUH U AUCTIEP-
raiuu BogHoM cycnen3un HaBo3a KPC o ocHOBHBIM KpUTepHUsM 3((HEKTUBHOCTH YBETUUYEHHUS BbI-
xo0J1a 6Morasa 1 yCKOpeHUs JUIMTEIbHOCTH METaHOBOTO COpayKUBaHMS;

- MareMaTH4ecKas MOJEJNIb TPEXCTYNEHYaTOro METAaHOBOTO cOpakhBaHUs cyOcTpara Moj-
BEPrHYTON KaBUTALMOHHOM JAECTPYKILUH, U3MEJIbYCHUSI U TOMOT'€HH3AllNH, a TaKXKe Harpesa, rnepe-
MENIMBaHMsI, U TOJIaYM YacTsIMH cOpa’kMBaeMoro cyocTpara B OMopeakTopax;

- QJITOPUTMbI KOHTPOJISI M aBTOMATU3AIlUK YIIPABJICHUS U3MeNbUeHUs, TEMIIepaTypHOTo pe-
KUMa, TIepeMeNInBaHre, MoAa4ud U 0TO0pa 3arpykaeMoi 1036l CyOCTparta jisi cOpakuBaHUs B OMO-
peaxkTope;

- MOJENMpPOBAHHWE aBTOMATHU3HPOBAHHOW CUCTEMBI YIIpaBIIEHUS Y3JI0B OHOra3oBoOil ycTa-
HOBKH: KaBHTAI[MOHHOW NECTPYKIMHM U TPEXCTYINEHYATOr0 METAHOBOTO COpakMBaHHUs CyOcCTparta,



byHKIIMOHUpYIOIME Ha 0aze CHEelUATM3UPOBAHHOIO AJIEKTPOHHOIO MPOrpPaMMHUPYEMOro JIoThye-
CKOI'0 KOHTpOJIIepa C MpUKiIaaHbIM TporpaMmMubiM obecniedenueM B UC TRACE MODE.

JInunblii BKIag couckaresisi. OCHOBHBIE MTOJIOKEHUSI U Pe3YJIbTaThl TUCCEPTALlUU, KOTOPHIE
BBIHOCSATCSI HA 3alIUTY, [IOJIy4€HbI aBTOPOM CaMOCTOATEIbHO. [IpruBeieHHbIE B qUCCEpTalluy Hay4-
HBIE U PAKTUYECKUE PE3YJbTAThl, @ TAK)KE UX aHAJIU3, UTOIOBBIC BHIBOJIBI U BHEAPEHUE PE3YyIbTaTOB
B K/X «Axxapy, «MI1 Kynim», CIIK «Ak-Mom» ObUTH OCYIIECTBICHBI TUYHO aBTOPOM.

Anpodauuu pe3yiabTaTroB McciaenoBaHuii. [lomydeHHble pe3ynbTaThl AOKIAAbIBAIUCH HA
CJICAYIONIMX HAYYHBIX CEMUHApax U KOH(PEPEHIIUAX:

- MexayHapoaHbIX KOHPEepeHIUIX «AKTyalIbHbIE TPOOIEMbI Pa3BUTHS TEXHUKU U TEXHOJIO-
rum» (bumkek, Keipreizcran), 2015, 2016, 2017, 2019, 2021 rr.

- Mexnynapoanbsix koHpepenusax «Hayka cerogns peanbHOCTh U nepcnekTuBay (Bonorna,
Poccust) 2018, 2019rT.

- MexayHapoIHOM HAyYHO-TEXHUUYECKOH KOH(GEPEHIIUN CTYI€HTOB, MaruCTPaHTOB U MOJIO-
nbIx yueHsIx (Y crb-Kamenoropcek, Kazaxcran) 2021 r.

IlosiHOTA OTpakeHUs Pe3yabTATOB JUCCEPTALUM B MyOJIMKAIUIX.

[To Teme auccepTaOHHON PabOTHI, OIMYOIUKOBaHO 31 HAyYHBIX TPYAOB, U3 HUX 2 MATEHTA
PK, oano cBunerensctBo PK u 16 B uznanusx, kotopeie pekomenaoBansl HAK KP.

CTpykTypa n 00beM auccepranuu. [{uccepranmonnas paboTa BKJIIOYAET: BBEICHUE, TPU
IJIaBBl OCHOBHOT'O TEKCTa M BBIBOJIBI, KOTOPBIE MPUBEACHHI Ha 144 cTpaHMIIax, CIMCOK MCIIOIb30BaH-
HOU yuTepaTypsl u3 135 HanMeHoBaHuH, 5 npuokeHwid, 63 pucynka u 25 Tabmi.

OCHOBHOE COJAEPKAHUE PABOTbI

Bo BBeeHuu 060CHOBaHA aKTYaJIbHOCTh HCCIIEAYeMOi MPoOIeMbl, chOpMyYIHPOBAHBI LEb,
3a/la4yll UCCIIEJIOBaHMsI, Hay4yHasi HOBHU3HA, IMpaKTHYecKas LEHHOCTb MOJYYEHHBIX DPE3yJIbTaTOB.
[TpuBenensl cBeneHuss 00 ampoOanuu paboThl U €€ CBSI3U C TOCYAAPCTBEHHBIMH Hay4YHO-
TEXHUUYECKUMHU ITPOrpaMMaMHu, 1aeTcsi HHPOpMaIus O YKciie MyOInKaiuii.

IlepBas rnaBa «O030p IUTEPATyphl 1 OCHOBHBIX MAPaMETPOB CHCTEMbI KOHTPOJISI M YIIPaB-
JICHUSI aHa pOOHOI0 (METAHOBOT0) COpaXMBaHUS OTXO/I0B )KHUBOTHOBOJICTBA B OMOIra30BOM TEXHOJIO-
TUMY TOCBAIIEHa 0030py IuTepatypsl. MccnenoBanue Tpy10B OTEUECTBEHHBIX U 3apYOEKHBIX yde-
aeix Chen J.R., Hashimoto A.G., ITanuxasa E,C., KosaneBa A.A., Ocmonosa O.M., Kamroxxasrii
C.B., py3esanoBoii B.I1., buitbocynosa b.U., Tnebaesa M.b., Bauaruna E.K., Tokmonnae A.b.,
Cunpiranos FO.H. u ap. mokasasno, 4To B OCHOBHOM OMOTa3 B IPOMBIIIEHHBIX MacIITabax mojaydaroT
B KPYITHBIX OMOTa30BbIX YCTAHOBKAX, KOTOPHIX OTIHYAET IePBOHAYANIbHAS BBICOKAs CTOUMOCTb, JIJTH-
TeNbHBIN Ipolecc (pepMEeHTAllMM B CUJIOCHBIX €MKOCTSIX, OOJIbIIIOE KOJMYECTBO €XKEIHEBHOIO IO-
TpeOJIeHUsT OTXOJI0OB U OMOMACCHI, CJIOKHOCTbh KOHTPOJIS MapaMeTpoB M JUIUTEIbHAs OKYIaeMOCTh
JOCTYITHOE HE KaXAOMY (hepMepPCKOMY XO3SIHICTBY.

[IpoBenen ananutuyeckuit 0030p 3PPEKTUBHOCTH MPUMEHEHUS! TPEXCTYNEHYATOTO MPOU3-
BOJICTBA ME€TaHa U OMOYJ00PEHHUSI ¥ aHAIIU3 COBPEMEHHOT'O COCTOSIHUSI aBTOMATH3AIIMU U YIIPABICHHS
napaMeTpamH Mpoliecca METaHOBOTO cOpakMBaHMsI Ha BCEX CTYINEHSIX B Onopeakropax. beuio onpe-
JIeNIeHO, YTO OCHOBHBIMU Y3JaMH OHOTra3oBOM YCTAHOBKHM SBJISIOTCS. y3€Jl1 — IIHEKOBOTO H
KaBUTAIMOHHOTO M3MEJIbUeHUS MoJcTiuiIouHoro HaBo3a KPC; y3en - mpouecca TpexcTyneH4aToro
METaHOBOTO COpakMBaHUS B OMOpeaKTOpax.

YcTaHoBneHo, yTO 6Mora3oBasi ycTaHOBKA pab0OTaeT B yCTOMUMBOM peKUME IIPU cTabMIn3a-
[[UU CIEAYIOUINX [TapaMeTPOB: ~-TEeMIIEPATYPHOTO PEKHUMa Ha BCEX CTYIEHSX; - o1adeil n3MelbUYeH-
HOM 3arpy»aemMoii J03bl YacTSIMH BO BCe OMOPEaKTOPhI U C OTHOBPEMEHHBIM 0TOOPOM TaKOU XkKe ya-
CTH 3arpy»aeMoi J03bl; - MOAePKAaHUEM ONTHUMAILHOTO MEePEMEIINBAHNUS COPAKIUBAEMON CPEIbI,
obecreunBaroIeil He TOJIBKO CMEITUBAHUE HOBOM MOPIIMK CyOCTpaTa ¢ MMEIOIUMCS B OMOpeakTope
HO U OBICTPBIM BOCCTAHOBJICHUEM ONTUMAIBLHONU TEMIIEPATYPHI.

Ha ocnoBe chopmynupoBaHHBIX 1EIEBBIX (DYHKIIMI U OCHOBHBIX MapaMeTPOB CHOPMYITHPO-
BaHa TIOCTAHOBKA 3aJ]ad, PEUICHHE KOTOPHIX HANpaBleHbI Ha Pa3pabOTKy BHICOKOA(D(EKTHBHOU



ManorabapuTHON TPEXCTYMEHYAaTON OHOra3oBOil YCTaHOBKH, MAaTEeMAaTUYECKUX MOJIENeld KOHTYPOB
CUCTEMBl aBTOMATHU3MPOBAHHOTO PETYIMPOBAHUS OCHOBHBIX Y3JIOB M HaXOXKICHHS ONTHMAIbHBIX
PEKUMHBIX XapaKTepUCTUK OMOra3oBOl yCTAHOBKM [UISI CHUCTEMbl KOHTPOJISI M YIpaBJICHUS
napaMeTpamH.

Bo BTOpoii rnaBe «MaTemMaTHUeCKOE U KOMITBIOTEPHOE HCCIIEAOBAHNUE TPEXCTYIEHYATOrO
mporecca METAaHOBOTO COpaKMBaHUS CyOCTpaTa B OMOPEAKTOPE» HM3JI0KEHBI OCHOBBI OMOTa30BBIX
TEXHOJIOTHI U METO/bl MaTEMAaTHUYECKOT0 U KOMIIBIOTEPHOIO MOJEIMPOBAHUS, a TAK:KE OOBEKT HC-
CJIEIOBaHMs U MIPEAMET UCCIIEAOBAHMUS.

HccnenoBanus moka3bpIBalOT, YTO Ha COJIEpP)KaHUE METaHa B OMOrase Mpek/ie BCEro BIIHUSET
cocTaB cbIpbsi. Hanmpumep, copepikanue B 0TX0Jax CUIIOCA KYKYpPYy3bl U COJIOMbI 3HAUUTENBHO YBEIIN-
YHBAIOT BBIXOJI ME€TaHa OpUEHTUPOBOYHO OT 14% 1o 30%. B sToM ciiydae nucnosnb30BaHuE MOJICTH-
JIOYHOTO OTX0J1a ¢ (epM, COJIOMBI, CHIIOCa KYKYPY3bl siBIsieTcs: 2pPeKTuBHEE, YeM UX CIKUTAHUE U
YTUIIU3alKs Ha MOJIAX. Y CTaHOBJIEHO, YTO OCHOBHBIMU KOMIIOHEHTaMHU B OMOTra30BOW TEXHOJIOTHH
SIBIISTIOTCSI OMOPEAKTOPBI M MICXOTHOE CHIPhE JUIS €r0 COpaXMBaHUS, KOTOPOE LEIECO00pa3HO Ipe-
BapUTENBHO U3MENbUUTh A0 30 MM B IIIHEKOBOM M3MENBUYHTENE U J1ajiee B KABUTALIMOHHOM JIUCIIEP-
ratope 10 50 MkH. B 3aBucumMoctu oT Bua cbipbs 3HadeHue pH konebnercsa ot 6,5 no 8,5. Ilpu
CHIXeHMU 3HaueHue pH Hipke 6,5 Tepsercs akKTUBHOCTh METAHOBBIX OaKTepHil, TOTAa PeKOMEHIY-
eTcs GMOra3oBbIe TEXHONOTHH, B KOTOPBIX otaensior CO? yxke Ha HepBOii CTYIEHH M OTIIPABIISIOT Ha
Oapbotax B TpeTblo. Takke MeTaHOBOE cOpakuBaHHE IierecooOpa3Hell MPOBOIUTH OTAEIBHO Ha
JBYX CTYHeHSX: Me3aUIbHBIA PEKUM ¢ ONTUMANbHOH Temnepatypoii 37 CO u TepModuIbHBIL pe-
xuM 52 CO, Tak Kak Ha BTOPOHl CTyHeHH cOpakMBaeMblii CyGCTpaT MPH BBIXOJE UMEET B COCTABE
MHUKPORJIEMEHTHI MIPUCYIIUE YIA0OPSHHUIO.

[To pe3ynpTam 0030pa M aHalM3a B MEPBOM IJaBe, a TaKKe MPOBEACHHBIX PacyeToB OblLia
CIPOEKTHPOBAHHA TPEXCTyINeHYaTas Ouora3oBasi ycTaHOBKa. MeTaHOBoe cOpakMBaHHUE OCYIIECTB-
JSETCsl HA TPEX CTYMEHAX MPH ONTUMAIbHBIX TEMIEpPaTypHBIX PEKUMax U JPYTUX ONTHUMAIbHBIX
3HAYCHHUAX OCHOBHBIX ITapaMeTpoB. TEXHOIOTHYECKas CXeMa Y3JIOB MOJTOTOBKH CHIPhSI H METAHO-
BOT0 cOpakuBaHUS B TPEXCTYNEHYATONH OMOra3oBoi ycTaHOBKE MpHBeeHa Ha puc. 1.
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Puc. 1 TexHonornveckas cxema y3JoB MOJITOTOBKH CHIPbSi © METAaHOBOTO COpa’kKWBaHUS B TPEX-
CTyIlEHYaTol OMOra3oBoi yCTaHOBKE

1 - muek rpy6oro uzmenbuenus HaBoza KPC ¢ Bosoi, 2 - eMKOCTB JJ1I TOHKOTO HU3METbYCHHS
CBIPBS1,3—HacoC I 1ojayu cyocTpata B 1 Guopeakrop, 4, 8, 11, 15, 19, 24 - tpy6a 57 mm, 5 — 6m0-
peakTop ncuxpopuiabHOTO cOpakuBaHus, 6 - aBTOMaTUYeCKasi MeIIajika, 7 —Hacoc JIsl To1auu Ono-
ra3a u3 IepBOil CTYNEHH Ha TpeThblo,9,13-Temnmoodbmennuky, 10-Hacoc ans mogayuun cyocrpata u3 1



O6uopeakTopa Bo 2-10 Me3o(driibHOTO peskuma 12, 14- Hacoc 11 mogaun cyocTpara u3 2 bnopeakropa
B 3-10 TepMomIbHOrO peskuma 16,17-tpyda chepuueckoii popmsr st mogaun CO2, 18-kommpeccop
JUTSI IEpeKauku OMOra3oB B ra3roiipiep, 20-ra3rojibaep, 21-eMKOCTb AJisi OYMCTKH Ororasa, 22- Hacoc
JUI OTKauku OnoynoOpenus u3 3 Guopeakropa. 23-eMKOCTb JUIsl XpaHeHus: Onoynoopenus, 25 - ro-
pEJIKH 1711 IoJjorpeBa OMOpeakTopoB, 26-Hacoc AJis MepeKauku 0OOPOTHOTO KHMJIKOTO IUIaMa JUis
IIEPEMELINBAHUS C HABO30M.

Onucanne 00beKTA UCCJIETOBAHUS.

IIponiece rpy0oro 1 TOHKOro U3MEIbUYEHUS B y3JI€ IPOMCXOIUT B CIEAYIOIIEM HOpsiaKe (CM.
puc. 1). CMemaHHbIi HaBO3 ¢ COJIOMOM MOCTYMAET Ha TPyOoe IpobiieHre B IpUEeMHBIN OyHKep IIHe-
KOBOTO celapaTopa, rie IpoXoIuT ApoOJIeHUE Yepe3 Ballblibl M 3aTEM IOCTYIAeT Ha ITHEKOBOE U3-
MeJbUeHHUE 5 ¥ HOKeBoe 8,9, jpanee mojaeTcsl B CMEeCUTENbHYI0 Kamepy 11, kyaa mocrymaer u 0060-
poTHast Bojia. HaBo3Has mka U BoJja CMELIMBAETCs KAHOHMYECKUM IIHEK-cMecuTeneM 14 u 3atem
yepes3 BBITPY3HOE OKHO 15 ChIpbe CaMOTEKOM MOCTYNAeT B €EMKOCTh AJIs epemuBanus 19, rae nomo-
IpeBaeTcs M MEePeMELIMBAETCS C MOMOILBIO MEUIAIKU U MPOUCXOAUT KaBUTALIMOHHAS JIECTPYKLHUS
CBIPbsI C TIOMOIIBIO Malieparopa 24, rerepoTopHoro Hacoca 23 u gucnepraropa 23. Llukn He moxact
7103y 1OKa cyOCcTpar He JOCTUTHET OJHOPOAHOM KOHCUCTEHIIHH.

[ToTom ¢ momomipio Hacoca 21 u3MenbueHHAs OAHOPOAHAS CMECh — CyOCTpaT MoJaeTcs Ha
TEIIOOOMEHHUK U Jlajiee B OMopeakTop NCUXpo(uiIbHOTO peXrMa Ha METaHOBOE COpaskuBaHUE MU
temrepatrype 23 C.

IIporiecc MmeTaHOBOrO COpaXMBaHUs B y3JI€ IPOUCXOJUT B cielyroleM nopsake. B 6uopeak-
TOp 5 MCUXPOPUIBHOTO peKUMa CyOCTpaT 3aJMBAIOT €XKEIHEBHO 103y cyOocTpaTa 11 mueil, B mpo-
1ecce aHadpoOHOTO cOpakuBaHus B 5 6noras oboramenasiii CO2 Hacocom 7 mogaeTcst Ha 6apOoTax
B OuopeakTop - TepMoibHbIN pexkuM 16. [Ipu noctymiennn 12 10361, U3 HUKHEH YacTu 5 0TOu-
paercst OiHa /1032 ¥ MPOXOAUT TerI000MeHHUK 13 1 ¢ momolibio Hacoca 15 nogaércst B GMopeakTop
- Mme3o(uibHOTO pekumMa 12 Ha cOpaxuBanue. [Iporiecc mogaun 103 €KeTHEBHO MPOIIATCS 10 9 pas,
IpU TOM ToJIydaeMblii Ouora3 oroupaercs yepes3 kommpeccop 21 B rasronpaep 23. ITocae 20 cyrox
nepexkadrBaomuil Hacoc 14 oTOupaer oHy 103y, KOTOpas MPOXOAUT TEIII000MeHHUK 13 u noiaercs
B 6uopeakrop 16. IIporecc nmogaun 103 €xeAHEBHO MPOUIMTCS 10 8 pa3. Beiaensemslii Ouoras c
MOMOIIbI0 KoMIIpeccopa 18 oTkaumBaercst B rasroipaep 20 u mocie ouucTku 21 oTmpasisieTcs K
notpeduTtento 6uorasa 24 u Ha otoruieHue 6uopeakropos 11,17,20.

[To ucteuenuto 28 cyTOK U BbIXOJ]a HA HEMIPEPBIBHBIN MPOIIECC TPEXCTYNEHYATON OMOra3oBoit
YCTAHOBKH €XeIHEBHO B 5 OyJeT MmojaBaThCs OJHA HOpLHMA U M3 5 Oyaer orOMpaTbes U jainee
noaaBaThes Ha 12 u ganee ¢ 12 Ha 16 u nanee HacocoMm 26 oTObupaercs ouonuiam u3 16.

B cenapaTtope 23 Ouonuiam AenuTcs Ha TBEpAoe U *kuJKoe yaoopenue. [lorom mpoxoaut
TeriooOMeHHuku 9, 13, koTopas HarpeBaeT cyoctpar u3 5 ul2 u momaercs B mHek 1. Harpes
cyOcTpata B Tpex OHMOpeakTopax [0 ONTUMAaJbHBIX TEeMIepaTyp HPOU3BOIUTCS C MOMOUIbIO
nojy4aeMoro Ouorasza uepe3 ropenku 25. [lepemermBanue crocoOCTByeT HarpeBy cyOcTparta u
PaBHOMEPHOMY pacHpeesIeHHnI0 TeMIepaTypbl M KHCIOTHOCTH, a TakXke pa30uBaeT KOpPKY Ha
MOBEPXHOCTH COpaKMBAEMOI CMECH.

TpexcTyneHuaTslii mpoiecc METaHOBOTO COpaKMBaHUS B OMOPEAKTOPE, OTIIMYAETCS CI0KHO-
CTBbIO MATEMaTHYECKOTO ONMCaHMsI, KOTOpasi 3aKIJIF0YAETCs B TOM, 4TO KaxkJas (asza )xuBoit Ornomaccel
OTMCHIBAETCS] MHOXKECTBOM XMMHUECKUX YpaBHEHHUH. B Hell 0IHOBPEMEHHO MPOUCXOIUT HECKOJIBKO
pa3IMYHBIX peakuuil Ha Kaxaoi ¢ase. [lo3ToMy sKCIEpUMEHTAIbHBIE UCCIEIOBAaHUS U PEKOMEH10-
BaHHBIE MTapaMEeTPhI IPU MPUMEHEHUH PA3JIMIHBIX TUTIOB CHIPhSt UMEIOT pa3Opoc BenmuuH 10 50%. B
CBSI3U C 3THUM, B JHUCCEPTAIIMOHHON paboOTe MPEATIOKEHO MaTeMaTHUECKOE OMHCAHUE 10 ATAMHOTO
npoliecca NOArOTOBKA ChIPbs U3MEIbUYEHUEM U METAHOBOI'O COpa)KMBaHUS Ha IIPUMEPE SIKCKPEMEH-
toB KPC B GMopeakTopax, Ho3BOJISIOMINE ONPEACTUTh B3aMMOCBSI3b TApaMETPOB B KaXKJOW CTYIEHU
U B €ZJMHOM LIUKJIE; 0O0CHOBaHHE KOHCTPYKTUBHBIX TAPAMETPOB CTYIEHU 110 KPUTEPUIM YCKOPEHUS
1 23QPEKTUBHOCTH.



Omnucanye MaTeMaTH4ecKOl MOJENIHN Tpolecca U3MENbYEeHUs, AUCIEPTUPOBAHUS U TOMOTO-
HU3AIMsI 0TX00B. J{J1s1 HaX0XKAeHHs ()YHKIIMU OMUCHIBAIOIIMIA TIPOLIECC rpyOOro ¥ TOHKOTO U3MEIb-
YeHUs B pabOTe MCIIOIB30BAIN METO] alllIPOKCUMAIIMH, HaliICHHBII aBTOPOM B COBMECTHOM paboTe
¢ yuensiMu TnebaeBbiv M.b u buiibocynoBsim b.U., Aiir6aeBoii 3.K.

232.1369
, 1
X @)

y = 455042 +

/1€ X - 3TO KOJIMYECTBO MPOXOJIOB, a Y - pa3Mep YacTUIl U3MEITLYEHHON CMECH IOCIIe X-T0 MPOX0/ia.

Opnnaxko, nannas yskmus (1) paccuuThIBaeT MPaBUIBLHO MPOIECC U3METbUCHUS JIUIIH 10 X<=4
win 10 u3Menpyenus B 14 mkH. Jlanee pacuersl MOKa3bIBAIOT HA OLIMOKU anmpoOKCUMAIMU, U OHU
CTaHOBSTCS HEKOPPeKTHbIMH. [103TOMY, IpUMEHUM ypaBHEHHMsI Mpoliecca 0OpabOTKU ChIPbs uepe3
NPENOYTUTENFHBIE TTapaMeTphl (BpeMsi 00pabOTKU W 3arpy’KaeMblii 00beM), TOTa KOJINYECTBO
[IUKIIOB HEOOXOAUMBIX BHITIOJHUTH B OJJHOM IIPOXOJIE OMpeesieTcs Kak:

o6 :ﬂ, X < 4(X =18 mxn)
L +45.5042

1705\ 059 (@)
T,= —543'673/"5 , X > 4(X <18 mxn)

[TocTpoum mosydeHHyI0 cucTeMy ypaBHenuit B Mathcad, puc.2.
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Puc. 2. Cucrema ypaBHeHMiA

Pe3ynbrarhl pacyeToB MOKAa3bIBAIOT, BIMSHUE MapaMeTpa W3MENbUYEeHHs] Ha BBIXOJ METaHa,
KOTOPBIA HAXOJIUTCS B TPSAMON 3aBUCHUMOCTA OT d(QekTuBHOCTH TepepadoTku cydcTpara
METaHOBBIM COpakMBaHHEM MUKPOOPTaHU3MaMH B OMOpEaKTOpax.

Ornucanne MaTeMaTHYECKONW MOJIENTH METAHOBOTO COPAKUBAHUS HA TPEX CTYICHIX MTOAPOOHO
MIPUBE/ICHBI aBTOPOM B COBMECTHBIX paboTax ¢ yueHbiMU TiebaeBbiM M.b u buiibocyHoBsim b.1.

JI71st MHOKEHEPHBIX PacueToOB 3HAUMTEIBHBIN MHTEpEC MpecTaBisieT Moaenb KoHTto, mpume-
HsIeMasi Il MAaTeMAaTUYECKOTO OMMCaHUS MPoIlecca aHAIPOOHOTO COpaKMBAHUS PsiIa OPTaHUIECKIX
OTXOJIOB. A JUIs1 OTIpeiesieHusi CKOpOCTH Bhixoa 6uoraza (CBb) npuanmaem ypaBHenue Uena u Xa-
MIMMOTO, MOAU(HUIIMPOBaHHBIN MOenb KoHTO:



p=22(1-—), 3)

T Um'T—1+K

rae: v - CBB; B - npenenbHbIi BEIXO OMorasa; S - KOHIEHTpalus cyocTpara; T - IpOoJOKUTEIhb-
HOCTb cOpakuBaHus cyOcTpara; K - KHHETHUECKUN mapameTp; U, - MaKCUMallbHasl yAeJIbHasi CKO-
pocth pocta 6momaccel (MCP).

MCP- p,,, 3aBUCHUT OT TeMIepaTypbl cOpaKuBaHus CyOCTpaTa U pacCYUTHIBAETCS MO CIIEIYIO-
nieit popmye:

Um = 0.013-t —0.129 cym_l, 4)

rze, t -Temneparypa cOpaxupanus, °C. JIns Hamrel 6HOra3oBoif yCTAHOBKH MPMHATHI TPH PEKUMA
cOpaXKuBaHUA B MHTEPBANaX: ICUXpopuibHbIii -18-25°C; Mesodubhbiii - 25-40°C; TepmodunbHbIii
- 40-55°C.

Paccunrtaem 3nadenuss MCP aist pasHBIX TeMIlepaTypHBIX PEKHUMOB Ui MCHUXPO(QUIBHOTO
0,586, st mezopuasHoro 0,391 u st repmodunsHoro 0,196. Kunernueckuit mapametp (K) ompe-
JIeITUM U3 SMITUPUIECKOTO YpaBHEHUS, IPEIOKEHHOT0 XaIlIMMOTO U COAaBTOPOB:

K = 0.6 + 0.0206¢ (00515 (5)
Huis onpenenenns K monamoOuTcst kKoHIEHTparus cyocTpara (S). S 3aBUCUT OT cOCTaBa
HaBO3a M OIPEJICIISICTCS COJIEPKAHUEM CYXOT0 OPraHMUECKOro BEIIeCTBa B OnoMacce:

S = p(100 — W)(100 — A)10™* (6)

r7ae, A - 30JbHOCTh CyXOTO BEIIECTBA HaBo3a, Y%; W - BiaxkHOCTh OMOMacchl B Ouopeaxkrtope, %; p -
MJIOTHOCTh OMOMACChI OIIPEIEISETCS COOTHOIIEHUEM:

p= Wpe + (1 - W)pmsi (7)

rae, ps~1000 KI/M® - TUIOTHOCTH BOABL, pme=1400 KT/M® - TIOTHOCTb cyxoro (TBEp/IOro) BEIIeCcTBa

HaBo3a, W=88% - BnaxuocTh 6uomaccel. Cornacho popmyite (7) p = 1048xe/m3- nnotHocTh 61O-

maccel. [To popmyne (6) naxoaum: S =106,896, onpenenum K=5,402957129, o popmyue (5).
I'padux CBB, coctaBnenHslit o Tadu. 1, npuBeaeH Ha puc.3.
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Puc.3. I'paduk ckopoctu BeIxoa Ororasa

B Ta6x. 1 npusenens 3naueHust CBb npu Tpex TemneparypHbIX pekuMax, KOTOpbIe 3aBUCST
OT IIPOJOJIKUTEIBHOCTH COpaKNBaHUS:



Tabmuua 1. 3nauenus CBB npu Tpex TemmnepaTypHbIX peXuMax

CkopocTb BbIXoAa CkopocTb BbIXOAA CkopocTb BbIX0OAa
MeraHa npu 55°C meraHa ripu 40°C meraHa npu 25°C

-381,4349458 -583,9196047 -803,5753342
70,90662741 -96,62983502 -291,4196049
188,5079515 47,53738988 -126,480051
228,9081401 108,6165752 -47,85320291
241,9569318 138,0847386 -3,415615536
243,4004095 152,7872275 24,16786594
239,4978034 159,7482408 42,29860506
233,0887032 162,3533937 54,65681313
225,5709151 162,3988989 63,27174756
217,6675377 160,9041918 69,34931024
209,7620259 158,4769141 73,64788284
202,0577237 155,4925909 76,66599182
194,6589033 152,1895315 78,74317175
187,6140257 148,7218179 80,11746105
180,9397381 145,1902486 80,95979284
174,6345812 141,6610865 81,39540755
168,686992 138,1777712 81,51764483
163,0800437 134,7684257 81,39708875
157,7942747 131,4507739 81,08778614

Pemaromee 3HaueHWe Ha OMNpeNENICHHE 3HAYEHUM KOHIIEHTpauuid IO METaHy, pacxoja
0TOMPAEeMOro MOTOKa U TEMIEpaTyphbl Ha BCEX CTYNEHSAX TEXHOJIOIMYECKOIo Mpolecca METaHOBOTO
cOpakuBanus dKkcKpeMeHTOB KPC nMeeT KOHCTpYyKTHBHBIE PEIICHHS MPOSKTUPOBAHUS OMOTa30BOM
ycraHoBkH. U3 puc. 3 cneayer, 4To B TepMO(PUIBLHOM pexHMe KolnuyecTBa Bbixosa 6uoraza (KBB)
yCKOpsieTCsl yoKe Ha 2 -i JIeHb, IpU Me30(pUIbHOM pekuMe Ha 3-il JIeHb, a IpU NCHXPOPHIEHOM
peKUMe BBIXO/1 OMoras3a OCyILECTBIISETCS TOJIBKO nocnie 5-ro aHs. CooTBETCTBEHHO B 1 GHOpekTope
00bEeM M KOJTMYECTBO MOPIINA cyOcTpara yBenuuuBaeTcs 10 11, B 2 Gmopeaktope 10 9 U B TpeTbeM
OouopeakTope 110 8.

HccnenoBanue 3akOHOMEPHOCTEN MPOTEKAHUSI XUMUYECKOM peaklIiy B peaKTOpe U1ealbHOrO
BBITECHEHHS METO/IOM MAaTEMaTHYECKOT0 MOJIETMPOBAHUS 3aK/II0YANIach: - B U©3MEHEHUH KOHIICHTPa-
I[MU MeTaHa B OMOpeaKkTopax OT BpEMEHHM KOHTaKTa U TEMIIEPATyphl; - B CTEIIEHH MTpeBpalleHus cyo-
cTpaTa OakTepUsMHU B IPOMEXYTOUHBIE TPOAYKTHI HA KaXKJIOM CTYIEHH 3a BpeMsl KOHTAKTa; - B CTa-
OMIM3aluy TeMIepaTyphl Ha BCEX CTYNEHSIX TEXHOJIOIHMUYECKOro mpoiiecca. AJIrOpUTM pacdera co-
CTOUT U3 ciaenyrouux 3ranos: pacuer MCP, CBb, KBb u3 6nopeakropa cormacHo MareMaTu4ecKoi
MOJIEIIH TIpoIIecca aHa3POOHOT0 cOpakKMBaHUS OMOMACChl B OHMOpeakTope, puc 4.

Cxema npouecca MeTaHoBoro cOpakuBanust HaBo3a KPC B makeTe mpuKIIaJHBIX MPOrpaMm
Simulink MatLab npuBeneHa Ha pucyHKe 5 U Ha pUCYHKE 6, 3aBHCUMOCTb 3HAYCHUS YICTBHOTO POCTA
MHUKPOOPIaHU3MOB OT TEMIIepaTyphl MOKa3aHa HAa PUCYHKE 7 U 3aBUCUMOCTh CYTOYHOI'O BBIXOJa
Ouorasa u MeTaHa M3 peakTopa OT TeMIEpaTyphl mpolecca coOpakuBanus (mpu BiaxkHocTH 92%)
MoKa3aHa Ha puc. 8.
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Puc. 4. 3HaueHus cTeneHu U3MeNbYeHUs TBEPAbIX YaCTHUI] B COpakuBaeMoM CcyOcTpaTe OT yucia

kaputanuu u 3Hauenus MCP, CBb u KBb

Fil

Ste
P Cont G5 Cont Cor‘ RSk X Cont
1, = 0013-T - 0429 I K =08+0016- M55 -t M
0 I i, Ur'Tsp‘H'K
Transfer Fen Transfer Fent Transfer Fen2 Transfer Fen3

o

Scope

Puc. 5 Cxema mporiecca copaxkuBanus oOuomaccel B uHTepdeiice SimulinkMatLab.

Eile Edit Miew

| o o EEe

Display

Code TJools Help

TEe® b = © -

10.0

| vinod_biogaz |

BE LD

»
Reachy

Product2 Sa,-pe

125%

Puc.6. Cxema Mozenu mporiecca copakuBanusi Onomaccel B cpene MatLab.
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| ﬁ Editor - D:\Askhat\1\bin\Untitled3.m

| Untitled5.m | Untitledd.m | dialog.m | + |
2T = xlakel ('E B CHPBH, %'}
28 — ylabel ("I & BuomMaccH')
29 - grid on
30 - figure (8)
2k = x8=y8+1-5744+6;
32 - v8=1012:12:1060;
33 = bar (x8,v8,0.5, "cvan')
34 - xlakel ("5 CHpbH, %')
35— yvlabel ("I & BuomMaccH')
36 — figure (4)
37 - ®4=T:5:60;
38 - v4=0.013*T+8in (0.129+x4/60-0.7);
3% = plot (x4, v4)
Y| a0 — xlabel ('TeMnepaTypa o
] 41 - ylabel ('¥YoensHasa CRO pocTa MMEpOOPTaHM3MOE'
42 - grid on
L3
44
| 45 “S50*K bY/a br* (1-(E/ (M t*g br-1+K)))—sin
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Puc. 7. 3Hauenus YACIBbHOTO POCTAa MUKPOOPIraHU3MOB OT TCMIICPATYPhI
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Puc.8. 3aBucuMocTh cyTOYHOTO BBIXO/1a OMOTa3a M METaHa U3 PeakTopa OT TeMIepaTyphl mpoiecca

cOpakuBanust (Tipu BiiaxxHocTH 92%).

o pe3ynbpTaTam pacdyeToB ajaropuTMma npouecca coOpaxupanus HaBo3a KPC npu BraxkHocTH
ceIpbst 92%, Temmepatype 25 °C, Bpems Gpoxkernms 10 cyt., mpu Temmepatype 37 °C, Bpems
6poxkenns 9 cyr Temmeparype 52 °C, Bpems GposkeHus 8 cyT BbUIM MOTydeHBI CIEAYIONIHE
pe3yJIbTaThl: ~-ONTHUMAaJIbHAs BEIMYMHA CKOPOCTH POCTa MUKpOOpraHu3mMoB- 0,1960 cyT., -II0THOCTH
6uomaccel - 1019, -KOHIIEHTpaIMs OpraHMYecKoro BemiecTBa - 28,5320 kr/m°, -kuHeTHueckwuii
napametp s HaBo3a KPC — 0,8089, -ckopocTth BeIX0J1a OHorasa - 6,7589; -o0beM BeIxo1a Onorasa

u3 GuopeakTopa — 37,8498 M°, -00BeM BhIX0a MeTaHa U3 GHOpeakTopa - 26,4948 v°.

B Tperneii rinaBe pazpaboTaHbl TEXHOJIOTHYECKHE CXEMBI U MPOTPaMMHOE 00ecrieueHne Cu-
CTeMbl aBTOMATH3allMM M YIpPABJICHHUS IapaMeTpaMHu IMPOLECCOB: CTENEHH IpydOro M TOHKOTO
U3MEIBYCHHUS ChIpbS B IIIHEKOBOM M KaBUTAIIMIOHHOM OOOPYIOBAaHUAX; IMOAadyd U 0OTOOpa
3arpy’kaeMoi J103bl cyOcTpara M cTaOuWiIM3aliud €€ YpOBEHS B OHOpeakTopax; CTaOMIH3aIus

TEMIIEPaTyPHOrO PEKUMa B HHTEPBAIaX BCEX CTyMeHeH OHora3oBoi ycTaHOBKH (CM. puc. 9).
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Puc. 9. TexHonoruueckasi cxema aBTOMaTU3aIMK YIPaBIeHUsI OMOpeakTopa U Bcel YCTAaHOBKHU B
EJIOM MTapaMeTpaMHu: MOIa4H U 0TOOpa CyOcTpara, mepeMenInBaHus U CTa0MIN3aalug
TEeMIIEPATypPbl

Ha puc. 9 - o603nauensl: 1. ABTomatuyeckuit mpeodpaszosarens uHrepdeiico USB/RS-485
OBEH AC4; 2. Usmeputens [T I-perynstop OBEH TPM210 B muroBoMm xopmyce 1112; 3. IIpeo6-
pazoBarens obmenpombinuieHabpid OBEH IT1/1100-/110. 06-811-2.5; 4. DnexkTpoMarHUTHBIN KilarmaH,
5. Hacoc; 6. Dnekrpoasurareisb; 7. buopeakrop; 8. 3agsuxkka (Berxos ouonuiama); 9.- 10. Memanka;
11. YcrpoiictBo ananmoroBoro BBoga RS-485, MB110; 12.Tpy6a ans narpesa; 13.I'asronbzep;
14 xnamnan; 15.TCM; 16.I'a3onarpeBarerns.

Hmxe 0603Ha4eHbI MOTOKH yrpaieHus: Y npasnenue depe3 [TJIK 100 «Hacocammy (mmuis);
DnekrpoaBurarens ynpasieHus memaiakon yepes [IJIK 100 (iunaus); Jatunk naBieHus 3a HaOIO-
JICHHEM JaBJIeHUs B OMOra3oBOi ycTaHOBKE ( ). OH sIBIsIeTCS] aHAJIOTOBBIM CHT'HAJIIOM H TIOJI-
kimouaercs Kk MB110; TIIY naTuuk ypoBHS *KHAKOCTEH B OMOTa30BOM YCTAaHOBKE, MOAKIIOYEHHBIN K
MBI110 (siunus); DIeKTpOMarHUTHBIHA KIIanaH - KOT/ia AaBJIeHHE MOJAHUMAETCSI, CpabaThIBaeT dJICK-
TPOMAarHUTHBIA KJIallaH BBIXOJa METaHa, MMOCTYMAIOIIEro B ra3roibaep ( ); 15.TCM natumk
TEeMIepaTypbl B OMOPEaKTOPE-pacIioNokKeH B HIKHUI 4aCTH KOTIa COOKY (JIMHMs).

W3 puc.9. BuIHO, 9TO TOCKE MOCTYIJICHUS CUTHaia oT aatumka 15, TPM210, omnpenenser
YIPaBJISAIONINI CUTHAJI HA OCHOBE CPAaBHEHMS MOCTYIHBILEH TEMIIEpaTyphbl C HHTEPBAJIOM BapbHPO-
BaHHs ONTHMAIBHOMN 11 TepModuasHoro pesxnma (50-54°C). B crmydae MOHIDKEHHS TEMIIEPATyphI
WY TIOBBIIICHHS UCTIOTHUTEIBHBIM MEXaHU3M «Ta30HarpeBaTelb) YBEIUUYUBACT ra3 WIN MOHMKAET.

[lepememnBanue cyOcTpara B OMOpeakTope OCYLIECTBISIETCS MEIIaIKoi-HarpeBarenem, mo3-
BOJISIFOLIMM PaBHOMEPHOMY HarpeBy cOpaKMBaeMoro cyocTpaTa LUPKYIAUEil TOMOYHOTrO ra3a 4e-
pe3 TpyOKH MEIIaKu BhIpadaThIBAEMOW «Tra3oHarpeBaTesieM» W HUKHEH yacTh Ouopeaktopa. Me-
IIaJKa-HarpeBaTeb YIpasiseTcs ABUraTeneM yepes nporpammupyemoe pese [171100.

[Tonaya u oT6Op vacTelt 3arpyx)aemMoit 1036l cyOcTpaTa B CyTKH KaXKJ10i CTYIEHH B CUCTEME
aBTOMaTH3alMu yrnpasieHus koutponupyercs [1JIK, cybecrpar nmomaercst 10 ypoBHsI )KUIKOCTH, KO-
TopbIil He npeBbImaeT 80 % oT 06beMa OropeakTopa, IPH MOBBILIEHUH TPOUCXOIUT cOPOC YPOBHS B
aBTOMaTuueckoM pexxume (puc.10).

[lomHOE  ommcaHWe  TPOTPaMMBbI  ABTOMATH3AIlMM  YIOPaBICHHUS  HETPEPHIBHOM
TPEXCTYIEHYaToil OuOra3oBOW yCTAaHOBKM TPHUBEIECHO B MPHIOKEHHMM 4 JAuCCepTaluu
(cBumerennctBo PK Ne 11169-2020).
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Puc 10. APM B cucreme Scada Trace Mode st oniepatopa BU3yain3aiiisi BCEro mpoiecca MeTaHo-
BOT0 cOpaknuBaHUs B OMopeakTope (BpeMsi U aBapuiiHas CUTyalusi paboThl HACOCOB, U3MEINIbUCHHUE,
nojaya v 0TOOp 103bl, YPOBEHb B pEAKTOpPax, CTAOMIN3aLUs TEMIIEPATYPhI U MTepeMEIInBaHNE)

KommnbroTepHsiit sxcniepuMeHT npoBoauics ACY MeTaHOBBIM COpakMBaHHUEM B CHUCTEME
Scada Trace Mode Ha anmapatHO-TpOrpaMMHOM KOMILJIEKCE «ABTOMATH3HPOBAHHAS CHCTEMa YIIPaB-
JIEHHS IPOLIECCOM METaHOBOT'O cOpakuBaHus» paspadboranHbiM B TapPV um. M.X. Jlynaru, puclO.

B xauecTBe BXOJHBIX MapaMETPOB MPUHATHI: 00BEM 3arpyKaeMoro ChIpbs; KEIaeMblil pas-
Mep YacCTHIl Ha BBIXOJIe; 00BEM TPYO CUCTEMBI y371a 00pabOTKH ChIphs; HaYallbHAasi TEMIIEpaTypa Chl-
Ppbs; KemaeMasl TEMIIepaTypa ChIpbsl.

B xauecTBe BBIXOJHBIX IAPAMETPOB: KOJIMUECTBO LIMKJIOB JUIS BBIIIOJIHEHHS; KOJIUYECTBO MIPO-
TOHOB 00111el MaccChl; BpeMsl U3MEIbUEHHUS ChIPbsI; BpEMsI HarpeBa; co/iep >kaHue METaHa; CoiepKaHHe
YIIIEKHUCIIOro raza. B kadyecTBe ONOpPHOrO IUIaHa NMPOBEAEHUS JKCIEPUMEHTA CO31aJUM MAaTpHUILY
HaYaJIbHBIX U KOHEYHBIX 3HAYCHUN [TapaMETPOB.

JUist BBISIBIEHUS 3aBUCUMOCTH MEXy pa3MepOM YacTHIl Ha BBIXOJI€ M KOHILIEHTpaIuei Ouo-
raza mpuMeM, 4TO 00BEeM 3arpy»)aeMoro ChIpbs; 00beM TpyO CHUCTEMBI y3i1a 0OpaOOTKH CHIPHS;
HayaJbHas TEMIIEpaTypa ChIpbs; JKeJIaeMasi TEMIIEpaTypa ChIpbs.

EcTp BeMYMHBI IOCTOSHHBIE, @ U3MEHSETCS TOJBKO JKEJIAEMBIM pa3Mep YacTHUIl Ha BBIXOJE.
Taxum 006pa3zom, BXOJIHbIC 3HAYEHUH JJIsl IPOBEIEHUS KCIIEPUMEHTA IPUMYT BUJ, IPUBEICHHBIN B
Tabnure 2.

JUist BBISIBIIEHUS 3aBUCUMOCTH MEXKJy pa3MepOM YacTHIl Ha BBIXOJE M KOHLEHTpaIuen 0uo-
ra3a BBOJIUM OOBEM 3arpy’KaeMoro ChIpbs; )KeJaeMbIi pa3Mep YacTHI] Ha BBIX0Je; 00beM TpyO cH-
CTEeMBbI y37a 00pabOTKH ChIpbsi; MOLTHOCTh 00OrpEBATEIBLHOTO AJIEMEHTA; HadalbHas TeMmIeparypa
CBIpbsI; JKeJIaeMas TeMIepaTypa cblpbsi. MaTpHiia BXOJAHBIX U BBIXOHBIX 3HAYEHUI IPOBEICHUS IKC-
nepuMeHTa npumet Buj (puc. 11).
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Tabmuua 2. BxoaHble 3HaYeHUs IS IPOBEICHHS OTIBITA

Yucso onbiToB N

TMapawerp 1 2 3 4 5 6 7 8

O0OBeM 3arpyKaeMoro ChIpbs 600 | 600 600 600 | 600 | 600 600 600

XKenmaemprit pazmep wactunr Ha | 2000 | 1000 | 200 100 | 50 20 10 5
BBIXOJIC

O0beM TpyO cucteMsl y3ia oopa- | 5 5 5 5 5 5 5 5
OOTKH CHIPBsI

Momnocts  oborpeBatenbHOro | 50 50 50 50 50 50 50 50
dIIEMEHTA

HauanbHas Temneparypa ceippst | 10 10 10 10 10 10 10 10

JKenaemas temriepaTypa ChIpbs 25 25 25 25 25 25 25 25

FEIOWETE FLET T FITTEEEE FVMT SO R P )

lar 1. Pacwrr spess marpenaeac) llar . Pacurt goanerrpanny weme

o

I [0

0
002 1
gy

Puc. 11. BxogHbie 1 BBIXOIHBIE TTAPAMETPHI ICUXPOPUIHLHOTO, ME3aPUIHLHOTO B TEPMODUITHEHOTO
PEXMMOB IpHU TeMmeparypax B untepsaie 20 10 23 C°, 34 10 37 C°, 51 0 54 C°

U3 puc.11 cnenyer, uro npu temmepatype ot 20 no 23C° - Beixox CH4 - 68,8%, a BBIXOX
CO2- 31,1%. ITpu temmeparype ot 34 1o 37 C* CH4 -79,8%, CO2 20,1% u ot 51 1o 54 C° CH4-
81,7%, CO2 -18,2%. OTkyna BHIIHO, YTO, YTO C YBEIWYCHHEM TeMIepaTypbl KoHIeHTpanus CH4
Bo3pacraet, a CO2 ymeHsbIaercs.

B peanpHBIX yCIOBUSX UCCIIEyEeMbIE TApaMETPhI, TOTYyYEHHBIE C TOMOIIHIO KOMITBIOTEPHOTO
SKCTIEPUMEHTA, BJIMSIIOT TakkKe Jpyrue (HaKkTopbl, KOHTPOIUPOBATh KOTOPHIE TPYAHO WM HEBO3-
MO>KHO. B CBsI3U ¢ 9TUM peanu3ainusi OCHOB METOIUK, alTOPUTMOB aBTOMATH3aIIUH TEXHOJIOTHIECKUX
MIPOIIECCOB KaBUTAIIMOHHOM JECTPYKIIMUA U METAHOBOT'O COpaKMBaHUS TTPOBOJIAIIN Ha JICUCTBYIOIIEH
ycraHoBKe B KX® «Axkap» /Ui yTOUHEHHSI U PETYJIMPOBAHUH BXOJIHBIX napaMeTpoB (puc.12).
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Puc. 12. YerpoiictBo YOC u annapatHo-niporpaMMHbIil komiuieke B TapPV um. M. X. lynatu u
neicTByromas ycranoBka B K/X «Axxkapy.

PesynbpTaThl mokaszaiu, 4To BECh UK HETIPEPHIBHOIO METAHOBOTO COpaXMBAHUS OIHOM 3a-
Ipy’kKaeMoH J103bl U3MENBYEHHOT0 CyOCTpaTa B CYyTKH Ha TPEX CTYIEHSIX MpH 0JIaronpusTHON TeMIe-
patype 3aHs1 23 1HS, C BBICOKOW CTENIEHbIO KOHIICHTPAI[MKM METaHa B Ouorase, a 1o pacyeram Iuia-
HupoBasioch 28 nHel. [locne BbIX0/1a Ha HENPEPbIBHBINA peXUM pabOThl OMOra30BbIi KOMIUIEKC IIPO-

U3BOJUT: - 37 M3/0yTKI/I 6norasa; -240 Kr/CyTKH «TBEpIbIX» 0MoynoOpeHuit; - 360 Kr/CyTKH «OKHIKHX
Oonoynoopenuii». JIoxoapl OT OCHOBHOM JIEATEIHHOCTH — MOJTYYCHHE JJIEKTPUIECTBA M OMOymo0pe-
HUH, a TAK)KE TEIJIOPHEPTUH — SIBJISIFOTCS [J1aBHBIM HCTOUYHUKOM JI€HEKHBIX TOCTYIUIEHUH, KOTOPBIE
MO3BOJIIIOT BHEIPEHHOMY OIBITHO-3KCIIEPUMEHTAIbHOMY OMOTra30BOMY KOMILIEKCY clieiaTh Ouora-
30BYI0 YCTaHOBKY OKYIIa€MBIM

Y cTaHOBNIEHO, YTO MpU CXKUTaHUU OHuorasa 37M3/CYTKI/I, B KOTE€HEepaTope MoTy4yaroT: - 37kBT
JIIEKTPUIECKON MOIIHOCTH (OpyTTO); - 42KBT TemoBoi MomHOCTH(OpyTTO). B MeHeKHOM BhIpake-
HUU JIOXOJI 3 TOJ] OT BHEJAPEHUS OMOTa30BOT0 KOMIUIEKCA COCTABUT: -OT JIEKTpO3Hepruu (271r. 3a
1xBt) 37 kBTt x 360=13320*27= 359640,00TT; - 0T Termosnepruu (3708,23Tr. 3a 1T'kan HepeBOI[HOI/I
koopdummenr = 1xkBr =0,00086 TI'xam/wmac = 0,02064I'kan/cyr.) 42 Bt
0,02064I'kan/cytr=0,86688'kan*360=312,0768'kan*3708,231r. =1157252,55Tr; - OT TBEpABIX OHO-
ynoopenuit (50tr. 3a 1kr.) 240 xr x 360= 86400kr x 50TT. = 4320000 Tr- OT OCBETIICHHBIX CTOKOB
360 kr (Ha mois BBOAAT MOJA KOPEHb U PELUPKYISALUI0 HOBOW mapTuM A0 5 TOHH). 360kr. x
360=129600kr 10Tr. =12960001r. UTOro moxoxas! 3a rox cocrassat: 7132892,00 Tr.

Takum 0OpazoM, MOAENb MaOradapuTHON OMOTa30BOM yCTAaHOBKU JOCTYITHAS B LIEHE, YTH-
JIU3UpYIOLIas OTXOMbl Ha (pepMax, oOecrneunBaroias MEeKTPUYECTBOM, IPUPOJHBIM Ta30M U Ouo-
ynobpenusmu —cobpana B UIT «Kynim» u BHeapena B K/X «Axxkapy.

CoznaHHbIN anmnapaTHO-IIPOrPaMMHBIN KOMITJIEKC «ABTOMATH3aIUsl CUCTEM YIIPABICHUS Me-
TAHOBBIM COpaKMBaHHEM» B MHTErpUpoBaHHOU cucteme Scada Trace Mode, mo3BoIMT MOJIOIBIM ac-
MUpaHTaM, TOKTOPAHTaM U MarucTpaM COCTaBJISITh CUCTEMbl KOHTPOJIS U aBTOMAaTU3allUs yIpaBiie-
HUSI OCHOBHBIMH MapaMeTpaMH TEXHOIOTUYECKUX MPOIIECCOB.

[To nanHO# AUCCEpTaIMOHHON paboTe BRIMOIHEHBI TocynapcTBenHbie HUP u xo3moroBopHbIe
HUP, pesynbratel B Buae otueroB caanbl B Kas'OCHTU PK, nonyuens! natentsl PK u cBunerens-
ctBo PK.
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3AKVIIOYEHUE

1. Ha ocHOBE IMOJy4EHHBIX PE3YJIHTATOB OBLIO BBISBIEHO, YTO TEMIIEPATYPA SIBIIIETCS OCHOB-
HBIM IIapaMETpPOM, BJIMAKOIINM Ha BbBIXOJ 6HOF3,33 W KOHLOCHTpPALlMM MCTAaHA B HCM. HpI/I BBICOKOH
TEeMIIepaType MaKCHMallbHas yaeJdbHas CKOPOCTh POCTa MHKPOOPTaHHM3MOB M CKOPOCTh BBIXOJa
Ouorasa yBeJIMYUBAIOTCS, a IPH HU3KOM YaCTHUIIBI B CyOCTpaTe BMECTO BHECEHHS BKJIaa B 00pa3oBa-
HHE MeTaHa, OyayT BbIaJaTh B BUIE OCAIKA.

2. JlokazaHo, uTo OMoMacca oOIIeH BiIakHOCTH 92% SBIISETCS ONTUMAJIbHON BIAXXHOCTHIO
JUIsE 00pabOTKHU ChIphbst B OMopeakTope. IIpy Tako# BIIaKHOCTH pacyeThl IMOKA3ajH, YTO CKOPOCTh

Py—P,
cmecu Vc=0,0250, uncno kaButanuu ¢ = 1,61, mepenan nasiaenus Ha cmecurese——— = 0,135.

H™ Faa.

3. Marematudeckoe MOJIeIMPOBAaHUE MTPOLIECCa METAHOBOTO COpakMBaHUs 110KA3ajIo0, YTo Lie-
JIeBbIE BBIXOJHBIC MAapaMeTphl: MaKCUMalIbHAs yJeNIbHAsI CKOPOCTh MUKPOOPTaHU3MOB M CKOPOCTh
BBIXOJ1a GHOTasa yBenuumuBaeTcs u coctabnser - 0,1960 cyr-1 nmpu Temnepatype 25 0C, 37 °C, 52 °C,
-IIOTHOCTH cyocTpata 1019 mpu BnaxHoctu 92%; -koHIeHTpamus cyocTpara - 28,5320 kr/m3; -ku-
Hetnyeckuit mapametp i HaBoza KPC — 0,8089; -ckopocTs Brixoma 6uorasa — 6,7589;-00beM BbI-
xo1a 61orasa u3 6uopeakTopa —37,8498 M>, -06HeM BBIXO/Ia MeTaHa U3 OHopeakTopa - 26,4948 P,
[Tpu naHHBIX 1eNeBbIX 3HAUCHUH OT MPOM3BOACTBA OHMOraza u 6Moya00peHHt 10X0 1Bl 3a FOJ] COCTa-
BaT: 1 230 000 com.

4. BriepBble [UIs BOCCTAHOBJICHUS TEMIIEPATYPHOI'O PEXHUMa U OBICTPOTO CMEILIEHHE CBEXKel
MOPIIMH C UMEIOIIUMCS 00beMOM cyOcTpaTa B OnopeakTopax MpeasiosKeHO UCTIONb30BaTh MEIIANIKY-
HarpeBareib, B KOTOPOH TPYOKH 000TpeBarOTCsl TOMOYHBIM ra3oM (3¢ (dekT-camoBapa), a oJydeH-
HOE TEIIO MepeacTcs [0 BCcel BHYTPEHHEN IUI0Ia I cOpakuBaeMoMy cyocTpary.

5. Pa3paboran croco6 nepepaboTKu OpraHMYECKUX OTXOJI0B, BKIFOYAOIINN UCIIOJIb30BAHUE
YCTAHOBKH C TpeMsl KOHIEHTPHUYHO PacIOJIOKEHHBIMHU [IMIMHIPUYECKUMH CEKLUSAMU, pabOTaIOLINX
B HETIPEPBIBHOM PEKUME TIPH 3arpy3Ke OJWH pa3 B CYTKH IMOPIIUH MOJITOTOBICHHOTO CyOcTpara, C
TeMIepaTypaMi, COOTBETCTBYIOIME 33/JlaHHOMY PEXKUMY METaHOreHes3a (MCcuXpoduiabHbIN, Me30-
¢GuIbHBIN 1 TepMO(UIIBHBIN) U 33JaHHBIM 3HaUeHHEM noka3atens pH ans craguu rugpoiausa, OTin-
qaroleics TeM, 4To 0TOOp C MEePBOIl CTYNEHW OTXOSAIIETO ras3a, CoJAep Kallero BEICOKYI0 KOHIIEH-
tpauuio CO2 1 nogauu ee Ha 0apOOTaX B TPETHIO CTYIIEHb OCYIIECTBISIOT JOMOIHUTEIbHBIM MOJTY-
yeHueM CHg no xummueckoit peakiuu CO2 +4H2> CHy + 2H20 (npu 6os1ee BBICOKHMX TemIiepaTypax,
yem 20-30°C), marent PK Ne 5340, 2020.

6. Pa3zpaboTaHbl cXeMbl JIOKAJIbHBIX KOHTYPOB PEryJIMPOBAaHUS: U3MEIbUYEHUS; CTAOMIU3AIIHS
TEMIIepaTyphl;, TMoJada U OTOOp; MepeMelnBaHue COpPaXHMBAEMOTO CyOCTpaTa, W aBTOMAaTH3AIHS
yIIpaBJIEHUS NPOLIECCOM METAaHOBOTO COpakMBaHUs B OMOPEAKTOpPE U BCEll TPEXCTyMeHYaToi 6uora-
30BOI YCTaHOBKE.

7. Pazpabotano nporpammuoe obecriedenue B IC Trace Mode, koTopoe onpeaenseT OnTH-
MaJTbHBIC 3HAUEHHSI TapaMETPOB: BPeMsI M3MENbUCHHSI CHIPhsI; BpeMsI HarpeBa; peryJIMpOBaHNE MOIII-
HOCTH HarpeBaTeIbHOIO AJIEMEHTA; 3allyCK U OCTAaHOBKA MEIIAJIKH; MoAa4ya U oToop cyOcTparta; cra-
OmTM3aIys TEMIIEPATYPHOTO PeXHMMa; pacyeT KoHIeHTpanuy MeTaHa. ([IporpammHoe obecrieuenne
umeet oxpanHoe cBuaeTenscTBo PK Ne 11169 ot 29.06.2020).
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51-55.

6. Cucrema yrpaBieHHE TEMIIEPATYPHBIM PEXUMOM, MIepeMelIMBaHueM U Tojauel cydcTpara
ouora3oBom komiuiekce [ Tekcr] / [BaiixapukoBa M.A. Tine6aeB M.b., [lyiicebaea K. u ap.]. Hayka
CETrO/IHSI: PealbHOCTh U MEPCIEeKTUBHL: cO. Hayd. Tp. — Bomoraa, 2018. — C. 28 - 31. DaeKTpOHHBIN
pecypc: https://volconf.ru » archive.
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8. Investigation Of The Influence Of High Frequency Electromagnetic Fields On Sorption Pro-
cesses. [Galimbekov A.D., Kadyrov M.A., Baizharikova M.A., u.ap.]. Latvian Journal of Physics and
Technical Sciences, (ISSN-Scopus). Volume 56, Issue 1, 2019, pp.53-59.

9. Cnoco6 mHTCHCH(DHUKAIIMK METAHOBOTO COPAKUBAHUS M OMOTA30BBIH KOMILUIEKC JIJISI €r0
ocymectBieHus. [Tiebaes M.b., Aiitoaesa 3.K., BaibxaprkoBa M.A. u.ap.] Tlatrent Ne 5340 Pec-
nmyonuka Kaszaxcran. 2019.
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UNIT. [baitkapukoBa M.A. MamaraeBa /I.Y., Jlaymerbaesa JXX.M., u nap.]. Hayka ceromus
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[Tnebaee M.B., BaibkapukoBa M.A., MamaraeBa J[.Y. MexayHapoaHas Hay4HO-IIPaKTHUECKAs
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cessing [Tekcr] / [M.B. Tlebayev, B.I. Biibosunov, Z.K., Baizharikova M.A., u ap.]. Periodic Tché
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13. buitbocynoB b.M. Kunernuka u BbIOOp OCHOBHBIX MapaMeTPOB METAHOBOTO COpa>KUBAHMS
JUTSE CHCTEMBI KOHTpOJIs 1 aBToMaTu3armu [ Tekcr] /buitbocynos b.1., BaikapukoBa M.A. BectHuk
Dulaty University-Tapas, 2021, Nel. C. 50-58.

14. PazpaboTka TEXHOJOTUUECKON CXEMBI Tpoliecca 00pa3oBaHUsI METaHA B TPEXCTYINEHYATON
ouorazoBoii ycranoBke. [ Tekcr] /[BaibkapukoBa M.A., Apnamep A.H., Tnebaes M.b., u np.]. Mare-
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15. baibkapukoBa M.A. BbiOop cpeacTB aBTOMAaTH3allMd KOHTPOJISI M YIIPABJIECHUS IMapaMeT-
paMu MeTaHOBOTO cOpakuBanusi B Ouopeakrope. [Tekcr] /baibkapukoBa M.A. Bectauk KI'Y um.
N. ApabaeBa. bumkek 2021. Yacte 2. Criennanbubiii Beimyck. Ctp. 221-227

16. baibkapukoa, M.A. Pacuer u MmoaenupoBanue mpoiecca 00pa3oBaHUs METaHa B TPEXCTY-
neryaToi 6rorazoBoii rexHonoruu B MIC TRACE MODE [Tekcr] \ BaitskapukoBa M.A.. Marepuaiisl
VII MexayHapoaHOil HaydHO-TEXHUYECKOH KOH(EPEHIUH CTYACHTOB, MarCTPAHTOB M MOJIOJIBIX
yaenbIx. 8-9 anpens 2021 r.Yacte V. Ycrh-Kamenoropek 2021 r. Ctp. 36-41

17. Cuctema KOHTpOJISL U aBTOMAaTHU3allMU YIIPABJICHUS Mpoliecca 00pabOTKU U cOpaKuBaHUS
oprann4eckoro ceipbs B Scada Trace Mode. [Tekct] \ [MakoBenkas A.A., berneposa C.T., baiixa-
pukoBa M.A. u.np.]. CBUIeTEIHCTBO 00BEKTA aBTOPCKOT'O MpaBa: mporpamma st 9BM. 2020r. Ne
11169 ot «29» nronsa 2020 rona.

PE3IOME
muccepranuu baibkapukoBoit Mapuasl ARTMyxaHOBHBI Ha TeMy «KoMIbroTepHbIN
KOHTPOJIb TAPaMETPOB, ABTOMATH3ALIUSI YIIPABJICHUS TPEXCTYIEHYATHIM ITPOIIECCOM
METaHOBOT'O COpaXKMBaHHS OPraHUYECKUX OTXO/0B B OMOpeakTopax» Ha COMCKaHUE YYCHOU
CTENEHU KaH/IWJlaTa TEXHUUYECKUX HayK 1o cnenuaibHocT 05.13.06 — ABTOMaTu3amus u
yIpaBJeHHE TEXHOJOTHYECKUMH MPOIIECCAMU U MPOU3BOICTBAMU (TI0 OTPACIISAM)

KiroueBble cjI0Ba: TpexcTyrneHyaras 01Mora3opas ycTaHOBKa, Onora3, MeTaHOBOE COpa)kuBaHUE, Ma-
TeMaTH4eCKast MOJIeNb, KOMIILIOTEPHOE MO/IETUPOBAaHUE, ABTOMATH3AIIMSl YIIPABICHUSI, CHCTEMA KOH-
TPOJIS.

O0beKT nceeoBaHuA. TeXHOIOIMUECKUN MPOLIECC HETPEPHIBHOTO METAHOBOI'O COpaskKUBAHUS U3-
MEeJIbYEHHOT0 CyOCTpaTa B TPEXCTYIEHYaTO OMOra3oBoil ycTaHOBKe.

IIpenmer ucciaenoBaHusi. ABTOMaTu3allisg YIPABJIEHUS OCHOBHBIMHU IapaMeTpaMH CTEHEHH H3-
MeJIbYEeHUsI 1 METaHOBOTO cOpakMBaHuUs CyOcTpaTa B OMopeakTopax.

Heanb padortsl. [loBbimenne 3¢ heKTUBHOCTH crioco0a rnepepadoTKH OTXO00B JKHUBOTHOBOJICTBA IIy-
TE€M WHTEHCHU(UKAIUU aHa3pOOHOro COpaKMBaHMUS M aBTOMATU3AIlMK YIIPABIECHUS C LIETbI0 COKpa-
HIeHUs ITeproja cOpakuBaHus cyOcTpaTa B OMOpeakTope U MaKCUMaJIbHOTO BbIX0/1a OHorasa.
Metoab! ucciaenoBanusa. MaremMarnueckoe MOJIEIMPOBAaHUE, TEOPHsI aBTOMATU3ALMKA U yIIpaBIIe-
HUS, METO/bl CTATUCTUKH, YUCIICHHBIE METO/IbI U METOABI Pa3pabOTKH MPOrPAMMHOI0 00ECIICUEHUS.
ITosryyeHHbIe pe3yJabTaThl H KX HOBH3HA:

-pa3paboTaHa HH(GOPMALMOHHAS MOJIENTb HEMTPEPHIBHOTO METAHOBOTO COpaYKUBAHHSI U3MEJIbYEHHOTO
HaBo3a KPC npu ontuManbHOM TeMIIEpaTypHOM pekruMe paboThl OMOPEaKTOPOB Ha TPEX CTYMEHAX
061Ora3oBoii yCTaHOBKH;

- 000CHOBaHBI: BEIOOP KOHCTPYKTHUBHO-TEXHOJIOTHUECKON CXeMbl OMOpeakTopa ¢ MellaiKoi-Harpe-
BaTEJIEM; OCHOBHBIX [1aPAMETPOB KOHTPOJIA U YIIPABJICHNUS, BIUSAIOIINX Ha YBEIUYEHUS BBIX0/a Me-
TaHa ¥ COKpaIlleH!s BpEMEHH COpaKUBaHUS;

-pa3paboTaHa 06001eHHAs MaTeMaTHYeCKasi MOJIEIb, ONMCHIBAIOIAs POLIECChl KABUTAIIMH U METa-
HOBOTO COpaXMBaHUS [10/1aBa€MOT0 cyOCcTpaTa, HarpeBa 1 MepeMelInBaHueM €€ Ha KayKJJ0M CTyIeHU
npolecca, Mo3BOJISIONIas BEISIBUTH ONITHUMAJIbHBIE PEKUMHBIE TAPAMETPBI AJI1 CUCTEMBI KOHTPOJIS U
yIpaBJICHHUS] OMOTa30BOM YCTAaHOBKOA;

-TeXHUYeCKas HOBU3HA YCTPOMCTB, 3aKIIIOYAIONIAsCS B CO3/1aHUU BIIEPBbIE TPEXCTYyNEHUATON Ouora-
30BOM YCTaHOBKH, 00€CTIEUNBAIOIINI CITOCO0 MepepadOTKU OPraHUYECKUX OTXO0JI0B, MMOATBEPIKICH-
Hasl MaTeHTaMu Ha nosie3nyto Mojenb (mateHT PK Ne 103153, 2016 r.); (matent PK Ne 5340, 2020);
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- pazpaborano I1O aBromMaTHU3aIMK U CUCTEMbI KOHTPOJIS U yIpaBJiIeHUs MapaMeTpamMu: U3Mellbye-
HUS; HarpeBa; epeMeInBaHus; Mo1a4u U 0TOopa cyOcTpaTa Ha KaX /101 CTYIIEHH METaHOBOTO cOpa-
JKUBaHMS, nmoaTBepxkacHHas (cBuaeTesbeTBoM PK Ne 11169 ot 29.06.2020).

CremneHb UCNOJb30BAHUS Pe3yabTATOB. Pe3ynbTaThl KOMIIBIOTEPHOTO MOAEIMPOBAHNUS, [1OJIyYEH-
HBIE Ha CHEIHAIBHOM amlapaTHO — MPOrpaMMHOM KOMILIEKCe, ObUIM anmpoOUpPOBaHbl U BHEIPEHbI
K/X «Axxkapy, CIIK «bupnuk-TyliMekeHT» U TIOKa3alu BBICOKYIO 3()()EeKTUBHOCTh B HEMPEPHIBHON
paboTe KaBUTALIMOHHOTO JIECTPYKTOpa, aHadpOOHOro cOpakuBaHMsI MCUXPOPHUIBHOTO, ME30(PUIIb-
HOTO ¥ TePMO(UIBHOTO PEKUMOB. TakxKe pe3ylbTaThl TUCCEPTALNHN UCTIOIB3YIOTCS B y4eOHOM IPO-
necce kadenpsl «lIpuknagnas napopmatuka u nporpammuponanue» TapPVy um. M.X.Jlynatu u ka-
denpsl «lIpuknaanas napopmaruka» KI'Y um. U. Apabaesa.

O0JacTh npuMeHenusi. Pe3ynbrarel ucciieJoBaHus HaXOAAT IIUPOKOE MPUMEHEHHE B OMOTa30BOM
TEXHOJIOTUH, YTHIIM3AIUK OPTaHUYECKUX OTXOAOB C (DepM CO CTOWIIOBBIM PEKHMMOM COJICpIKAHUS
KPYITHOPOTaTOT0 CKOTa B CEIbCKOM XO3SHCTBE.

05.13.06 — TexHOJIOTUSJIBIK MPOIECCTEPIN KAHA OHAYPYIUITOPAY ABTOMATTALUTHIPYY
skaHa 0amkapyy (TapMakTap 0000HYA) AAUCTUTH 00KOHYA TEXHUKA MJIMMICPUHIH KAHAUAATHI
WINMHI Japaachl Y4YH "' BuopeakTop/iopaory opraHukajiblK KaJaAbIKTap/Abl Y4 3TANTYyy
METAH/BIK A4YbITYYy NPOLIECCHH 0AIKAPYYHY ABTOMATTAIITBIPYY, NapaMeTpJIepuH
KOMIILIOTEPAMK K636M0J1100 "' 1ered TeMaaa Mapuna AiitTmyxaHoBHa baiizkapukoBaHbIH
AUCCEPTANUSIJIBIK H3HI100CYHYH
PE3IOMECH
Herusru ce3nep: yu OackbluTyy Ouoras Ty3yaylly, OMoras, MeTaHJblK aublTyy, MaTeMaTHKaJIbIK

MO/1€J1b, KOMITBIOTEPMK MOJIEN 106, OalIKapyyHy aBTOMATTAIIThIPYY, OallKapyy CUCTEMACHI.
M3uingee o6bekTHCH. YU 3TanTyy OMOTas TY3Y/IYIIYHAEIy MaiiainaHran cyOCTpaTThlH METaHIbIK
Y3TYATYKCY3 aUbITYy TEXHOJIOTHSUIBIK IPOIECCH.

M3ungee mnpeamern. buopeakTtopiopao cyOCTpaTThIH MaijalaHyy >kKaHa METAaHIBIK auybITyy
Jlapa)kKaChIHbIH HETU3TH ITapaMeTpiiepuH OalllkapyyHy aBTOMATTALITHIPYY.

HNmtun makcatel. buopeaktopiory cyOCTpaTThIH aubITyy MOOHOTYH KBICKApTYY ’KaHa OMOTa3/IbIH
MaKCHMaJI1yy UbITHIIIbI YUYH aHa3poOIyK auybITyy jKaHa OalllkapyyHy aBTOMATTAIUTBIPYY apKbLUIyy
YKaHbIOAPJIAP/IbIH KAJIBIKTApbIH Kaipa MIITETYY BIKMAChIHBIH 3 GEKTUBAYYIYTYH )KOropyJaryy.
HN3unnee Mmeroaaopy. MatemMaTUKaIbIK MOJIEN106, aBTOMATTALITHIPYY *kKaHa OallIKapyy TEOpPHUSCHI,
CTaTHUCTUKAaHBIH METOAJIOPY, IPOrpaMMaJIbIK KaMCBI3Z00HY MILUTEN YBITYYHYH CAaHJIBIK BIKMajapbl
’KaHa METOJJIOPY.

AJIBIHT'aH HaTBIIKAJIAP KaHA AJAP/ABbIH JKAHBLIBITbI:

- Ouoras TY3YJAYLIYHYH Y4 OacKblUTyy OHOpPEaKTOpJIOPAYH HINTOOCYHIOTY ONTHMAIIYY
TEMIEPaTypajblK PEXKUMJIE MailaJaHraH MaJiZiblH KbITbIHAH Y3TYJATYKCY3 METaH/bIK aubITyy Y4YH
MaaJIbIMaTTBIK MOJEIb UIITEIUI YbIKKAH;

- HETU3JAENAM: apajallThIPrblY-KbUIBITKBIUBI Oap OHWOpPEaKTOpIyH KOHCTPYKUUSIJIBIK KaHa
TEXHOJIOTHSUIBIK CXEMAChIH TaHJ00; METAHJbIH OHAYPYMAYYJIYI'YH XKOropyjaTyyra )aHa adbITyy
yOaKTBICBIH KbICKapTyyTa TaacHp ATYYHY KOHTPOJIJI00 *aHa Oalikapyy HErM3ry napameTpliepu;

- Ouora3 CTaHIMACHIH KO36MeJ1e6 >XKaHa Oalikapyy CHUCTeMachl YYYH ONTHUMAAYy HIITOO
napaMeTpliepyuH aHBIKTOOTO MYMKYHAYK Oepyyuy, OepuiireH cyOcTpaTThlH KaBUTAIUS jKaHa METaH
aubITyy MpPOLECCTEPUH, NPOIECCTUH ap Oup OacKblUbIHIA BICHITYY JKaHa apalalThIpyy
MPOLIECCTEPUH OasiHIaraH JKalIMbUIAHTaH MAaTEMaTUKAJIBIK MOJIENIb UIITEUI YbIKTHI;

- OpPraHUKAJBIK KaJJIBIKTap/Abl Kaipa MINTETYY BIKMAachlH KaMChI3 KbUITAH Y4 JTanTyy OHoras
CTAaHLUACBHIH TY3YYAOH TypraH NpUOOPIOPAYH TEXHHKAJBIK *KAHBUIBITBIH TACTBIKTaraH MaTEHTTEp
aneraTad (PK Ne103153 marenTu, 2016-x. s)xana PK Ne5340 natentn, 2020 x.);

- nmapamerpiepau Oamikapyy, aBTOMAaTTAalUTBIPYy JKaHa KeO36MeJee CHUCTeMalapbl Y4YH
IIpOrpaMMaiblK KaMChI3[J00 MINTENIMI YBIKKAH.: Mailajgoo0; JKbUIBITYY; apajallThpyy; METaHIbIK
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aubITYyyHYH ap Oup 3TaOblHIa CyOCTpaTThl TaHI0O >KaHAa aHbl MEHEH KaMchI3 Kbulyy Kaszakcran
Pecny6onukaceiabia 29.06.2020-xputgarst Nel 1169 aBropayk KyOesyry MEHEH TaCTBHIKTaNITaH.
HatrpliiskagapabiH KOJAOHYJIYII 1apaKachl.

ATaliplH anmnaparTbIK-IPOrpaMMaJIbIK KOMIIJIEKCTE aJIbIHFAH KOMIIBIOTEPAUK MOAEIICIITUPYYHYH
HaThlibkanapsl «Axxap» /Y, «bupmuk-TylimexkenT» AOK TapaOblHaH CHIHAIIBII, UITKE KUPTH3UIINA
KaHa KaBUTAIMSUIBIK JECTPYKTOPAYH Y3TYATYKCY3 HINTCIIUHAC, MCUXpOPHUIAN aHA3POOayK
(bepMEeHTauUsAI00A0 JKOTOPKY HATBIKAIyylyKTy KepceTTy. OIOoHION 3ie, AuccepTalusHbIH
Hatblibkamapel  M.X.Jlynatu  ateiHgarsl  TapMVYuyn  «Kommonmo  uHGpOpMartuka —kaHa
nporpammanoo» kadenpacelHblH kaHa I.ApabGae areiHmarel KMVYuayn  «lIpukimagapik
uHpopMaTrKa» Ka(eapackiHbIH OKYY MPOLIECCHHIE KOJIOHYIAT

Koanonyy uweiipecy. M3umineenyH Hatblibkanapbl OMOra3 TEXHOJOTHSICBIHHBIH HETU3UHJIE aWbll
gapOachlHAa Mal KapMoo Y4yH (epmepauk uapbacel Oap 0010 Mamgapasl Oarbill ©CTYpreH
yapOanapIbIH OPraHUKAJIBIK KaIIBIKTAPbIH YTHIIN3AHIIO00 KEHUPU KOJIJOHYIIAT.

RESUME

Marina Aitmukhanovna Bayzharikova dissertation on " Computer control of parameters, au-
tomation of control of a three-stage process of methane fermentation of organic waste in bioreactors
" for the degree of candidate of technical Sciences in the specialty 05.13.06 — Automation and man-

agement of technological processes and production.

Keywords: three-stage biogas plant, biogas, methane fermentation, mathematical model, computer
modeling, control automation, control system.

Research object. Technological process of continuous the methane fermentation of crushed substrate
in a three-stage biogas plant.

Research subject. Automation of control the main parameters of the degree of grinding and methane
fermentation of the substrate in bioreactors.

Purpose of work. Increasing the efficiency of the method for processing animal waste by intensifying
anaerobic digestion and automating control in order to reduce the period of substrate fermentation in
the bioreactor and maximize the yield of biogas.

Methods of research. Mathematical modeling, automation and control of statistical, numerical meth-
ods and software development methods.

The results obtained and their novelty:

- an information model has been developed for continuous methane digestion of crushed cattle ma-
nure at the optimal temperature mode of operation of bioreactors of three stages of a biogas plant;

- substantiated: the choice of design and technological scheme of a bioreactor with a stirrer-heater;
the main parameters of control and management, affecting the increase in the yield of methane and
the reduction in the time of digestion;

-a generalized mathematical model has been developed describing the processes of cavitation and
methane fermentation of the supplied substrate, heating and mixing it at each stage of the process,
which allows to identify the optimal operating parameters for the control and management system of
the biogas plant;

-the technical novelty of the devices, which consists in the creation for the first time of a three-stage
biogas plant providing a method for processing organic waste, confirmed by utility model patents
(patent of the Republic of Kazakhstan Nel03153, 2016); (patent of the Republic of Kazakhstan
Ne5340, 2020);
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- developed software for automation and control and management systems for parameters: grinding;
heating; mixing; supply and selection of the substrate at each stage of methane fermentation are con-
firmed (certificate of the Republic of Kazakhstan No. 11169 dated 06/29/2020).

Efficiency of results usage. The results of computer modeling, obtained on a special hardware and
software complex, were tested and implemented at the Akzhar state farm, Birlik-Tuymekent SPK and
showed high efficiency during continuous operation of the cavitation destructor, anaerobic fermenta-
tion of psychrophilic, mesophilic and thermophilic modes. Also, the results of the dissertation are
used in the educational process of the Department of Applied Informatics and Programming of Du-
latiTarRU and the Department of Applied Informatics of KSU named after 1. Arabaev.

Field of application. The research results are widely used in biogas technologies, utilization of or-
ganic waste from farms with a stall regime for keeping cattle in agriculture.
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