CHMWXEHUME 3ATPAT J3JIEKTOOHEPI'MU, PACXO/J0B PEATEHTOB 1 BOJIbl HA
COBCTBEHHLIE HVYXJbI HA CTAHIIMHM OYUCTKU CBEXEWM BOJbI OAO
«CVHAPCKUM TPYBHBIN 3ABO/I», r. Kamenck-Ypanbckuii, CBepaoBckas 061acTh.

C.P.IlImepuep, cenepanvuvii oupekmop OO0 «Hayuno-eueopenueckuni yeump « VHUTOKY,
K.(b-m.n, 2. Examepunbypez.

Joknao na cemunape-cogewjanuu pykogooumenet u CReyuaiucmos S3Hepeemuyeckux u
9Hepeochepe2alowux cayxich Npeonpusmul Memaiiypeuieckol npoMbIULIEeHHOCU
Poccuu u Yrpaunoi. Mocksa, 20-21 nosops 2013 2.

CHmwkeHHe 3aTpaT Ha OYHMCTKY | M> BOJIBI MpU CTAOWIM3allMd W TIOBBIIEHUU €€
KaueCTBEHHBIX TIOKa3zarejaed (TO, YTO Mbl Ha3blBaEM ONTHMH3AIUEH TEXHOJIOTHYECKOTO
MpoIlecca peareHTHOM OYMCTKHU BOJIBI) HA JTH000M BOJJOOYMCTHOM CTAHIIMH MOYXKET MPOXOIUTH
CJIEYIOIIUMHU CIIOCOOAMH MITH OCYIIECTBISITHCS X KOMOMHAIICH:

1. BbriOOpOM HOBBIX pEareHTOB, OOECICUMBAIONIUX HEOOXOIUMYIO TIIYOMHY OYHMCTKH
BOJBI TPHU YAOBJICTBOPAIOMIUX S9KOHOMHUYCCKUX IMMOKA3aTCIIAX.

2. MogaepHuzauen TEXHOJOTMYECKUX anmapaTtoB g ONTUMM3AIMU  MPOILIECCOB
XJIOITbe0Opa30BaHUs U OCBETICHUS KOAryJUPOBAaHHOMN B3BECH.

3. Co3naHueM HOBBIX CTYNIEHEW OYHCTKHU.

4. ABroMaTu3aluedl KOHTpOJII W YIPaBIEHHUS pEAIU3YyEMbIM TEXHOJOTHYECKUM
IIPOLIECCOM.

Bremonnenue mo0oro u3 3-X MEpBBIX MYHKTOB WM MX KOMOWHAIMIA TpEaroJiaraet
3HAYUTEIBHBIN TT0 00BEMY KOHTPOJIb BOKHEUIITUX MapaMeTPOB TEXHOJIOTMYECKOTO Tpoliecca
Oo4uCTKH BoOnbl. K »THUM mapamerpam OTHOCSTCS 03Bl KOArylissHTa W (JIOKYJISHTA,
CO3/1aBacMbI€ B OUHMIIIAEMOU BOJIE, 3HAaUEHUS MYTHOCTH, BeTMYUHBI pH, CKOpOCTH OCBeTIeHUS
KOaryJupOBaHHOW B3BECH, KOHIICHTPAIlMM aKTHBHOTO XJIOpa WM Jp. B TpoOax BOJBI,
OTOOpaHHBIX C Pa3HBIX yYaCTKOB TEXHOJOTHYECKOTO Tporecca €€ ouncTku. Crabuiam3anus
MapaMeTpoB TEXHOJIOTUYECKOTO TIpoIlecca NpeanojiaraeéT HE TOJIBKO WX OINEepaTHBHBIN
KOHTpPOJIb, HO M aBTOMATHYECKOE MOJJEpKaHNEe 3aJaHHBIX 103 MPUMEHSEMBIX PEarcHTOB.
[ToaTomy, ¢ Hamell TOUYKH 3PEHHSI, UMEET CMBICIT HAYMHATH ONTUMHU3AIINI0 TEXHOJIOTHIECKOTO
mpolecca OYUCTKMA BOJBI C aBTOMATH3allMM €Tr0 KOHTPOJS M YIpPABIEHUS, U, B TEPBYIO
odepeb JUIsl TOTO, YTOO0BI yOeauTh ce0si B TOM, YTO B paMKaX CYIIECTBYIOIIEH BOJTOOYHCTHON
CTAHIIMU M TEXHOJIOTMH PE3EPBbI ONTHMM3AIMU HCUEPIaHbl, U HEOOXOIMMa pearn3alus
HOBBIX 3aTPAaTHBIX PEIICHHUH, CBS3aHHBIX TEM WM HHBIM CIIOCOOOM C BBINICHAa3BAaHHBIMU
nyHkramu 1-3.

B 2007 romy ontumusanus TEXHOJOTMYECKOTO MPOIECCAa PEAreHTHOM OYHMCTKHU BOJBI
Ha ctaHnuu ouncTku cBexeil Boasl (COCB) snepromexa OAO «CuHapckuid TpyOHBIN 3aBOA
Hayajaach C MPUMEHEHHs] HOBBIX PEareHTOB.

1. Co3naHue aBTOMATU3UPOBAHHOM CHCTEMbl KOHTPOJISI M YIIPABJIEHUS
TEeXHOJIOTHYeCKUM MPOLEeCcCOM peareHTHO 04ucTKu Boabl Ha COCB



B okTs6pe 2008 roma B pamMkax MHHOBAIIMOHHOW 3aBOJICKOM MPOTpPaMMbI MPOBEICHO
TEXHUUYECKOE TMepeBOOpYX)eHHe (UIbTpoBaNbHON craHiuu sHepronexa OAO «CuHapckwuii
TpyOHBIii 3aBo», I. KameHck-Y panbsckuii, CBepanoBckas obnacts. [Ipu 3TOM, OcymiecTBiIeHO
BHEJI[pEHUE aBTOMATU3MPOBAHHOMW CHUCTEMBl KOHTPOJSL W YNPABICHUS TEXHOJIOTHYECKUM
MPOIECCOM PEAareHTHOM OYMCTKH BOJbI Ha 0a3e KOHTPOJIbHO-U3MEPHUTENBHBIX H
ynpapisitomux  Moxayne «KoarynsaHt-OcBeTnHTeNb» W aBTOMAaTUYECKOTO JI03WPOBAHUS
koarynsata U ¢uokynsara KM AJIK® paspabotku u umsrotosinenuss OOO «Hayuno-
BHenpeHvyeckuid 1eHtp YHUTOK». Ilpoekt aBromarm3anuu u ITHP Taxke BbIOIHEHBI
crienanuctamu LlenTpa.

Kparkast xapakTepuCTHKa TEXHOJIOTHIECKOTO IpoIiecca.

Bona Ha ¢unsTpoBanbHYIO cTaHIMIO mocTymnaetr u3 pek Mcers n Kamenka. Harpyska
cragnnu ~ 20 000 M3/CyTKI/I. MyTHOCThP HMCXOMHOW BOJBI MOXKET mocTurarb 30 wr/m,
HBeTHOCTB-SOO XKIII. Texaonormyeckas cxema: 2 CMECHTEIISI, 4 OCBETIIMTENS C B3BCIICHHBIM
ocaakoM, 4 CKOpBIX mecuaHbiXx ¢puibTpa. [IpumeHseMbie peareHThl: KOaryJssHT — OKCHUXJIOPH/T
amomunus 3A0 «CUBPECYPCy, dpnokynsant- [IPAECTOJI-65TR.

[Torpeburenssmu rotoBoit Bombl sBistorcss OAO «Cunapckas TOL» u cucrembl
OXJIQXK/ICHUS] OCHOBHBIX IIEXOB 3aBOJIA.

Buenpenue BeimenazpanHot ACY TII onpenenuino co3nanue aBTOMaTH3UPOBAHHOTO
pabouero mecta (APM) omeparopa, puc.l, obecrnieunBaroOIIero aBTOMAaTHYECKHUT KOHTPOJIb
MYTHOCTH, BelU4YrHbI pH mpo0 BOJBI ¢ pa3HBIX Y4acCTKOB TEXHOJIOTMYECKOrO mporecca eé
OYHMCTKH, 03 KOaryJIsHTa U (DJIOKYJSHTA, UX OMEPAaTUBHOE KOPPEKTHPOBAHUE HA OCHOBAHUU
pe3ynbTaToB npoBeaeHus npoOHbIX koaryisnuii KUM «KoarynsHT-OCBeTIUTENbY, a TAKKe

Puc.1. ABromatusupoBanHoe padouee mecto orneparopa COCB OAO «Cunapckuii TpyOHBII
3aBOJI».



ABTOMATUYECKOE yIpaBiIeHUE JO3UPOBAHUEM PabOUYMX PAaCTBOPOB KOAryJasHTA U (IIOKYIISHTA
KM AJIKOD.

Monymu ACY TII peareHTHOM OYHMCTKM BOJbl YCTaHOBJEHbl Ha HYJEBOM OTMETKE

(UIBTPOBAIIBHOTO 3aJ1a, PHC. 2.

Puc.2. KonTponbHO-u3MepuTenpHble U ynpasistomue Mmoayian «KoarynsaHr-OcBeTnuTens» u
aBTOMATHUYECKOTO J103upoBaHust koaryiasHta u ¢uokyasara KUM AJIK®. K nanensim
MIOTOKOB MOJyJIe MOJBEAECHBI MPOObI OUMIAEMON BOJbI, OTOOpPAHHBIE C Pa3HBIX YYacCTKOB
TEXHOJIOTUYECKOT0 Mpolecca.

K KHUM «KoaryasHr-OcBeTJUTENb» TOABEACHBI MPOObI PEYHOW BOABI H
otoOpaHHbIe TIociie cMecuTeneil (o0benuHEHHas mpoba), 4-X ocBeTIuTeNnei u 4-X QUIBTPOB.
K KM AJIK® nozaseneHs! 2 npoObl: peuHas 1 00beIMHEHHAS 2-X CMECHUTEIEH.

ABTOMATHYECKHI KOHTPOJb MPOOBI PEYHON BOABI MPEIOCTABISET OIlepaTopam
OTepaTUBHO HHQPOPMAIIHIO O €€ MYTHOCTH U BeWYrHE pH, 4TO Ba)KHO ISl KOPPEKTUPOBAHUS
paboymnx 103 pEareHTOB B YCJIOBHUSX MAaBOJKA, JUBHEBBIX HOXKACH WM TEXHOTECHHBIX
CUTYaLH.



ABTOMAaTUYECKH KOHTPOJIb OOBCAMHEHHOW TIPOOBI BOJBI 2-X CMECHTENEH

NPEJOCTAaBIsCT KAueCTBEHHYIO HH(GOpMAIMI0 O CTAa0MIBHOCTH CO37aBaeMOW  J03bI
KOaryJsHTa (1o ©3MEHEHUIO0 MYTHOCTH BOJBI ITOCIIC BBEICHUS B HEE KOATryJIsIHTA).
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Puc.3. BpemeHHbIE 3aBUCUMOCTH MYTHOCTH MPOO BOJBI HCXOJHOH, OTOOpAHHBIX IOCIE
cmecureneil u ocseruurened NeNe 1-4 COCB. Apxusnble nanHble KM «Koaryngur-
Ocgetnurensy ¢ 20 okTs0ps mo 27 okTsi6ps 2013 1.

NmMenHo B 3TOM IpoOe ompeessieTcsi CKOPOCTh OCBETICHUS KOAryJIMPOBAaHHONW B3BECH
VocB, MI/n/MUH. DTOT mapaMmeTp SBISETCS ONPEACISAIOIIMM IpU MOA00pe ONTUMAIIbHBIX
pabouux 03 peareHTOB HEMOCPEICTBEHHO B TEXHOJIOTMYECKOM MPOIIeCcCe.
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Puc.4. BpeMmeHHbIE 3aBHCHUMOCTH MYTHOCTH TNpPOO BOJBI HCXOTHOW, OTOOPAaHHBIX IOCIE
cmecuteneil  (oObenuuHéHHas mpoba cmecuteneir) u ocBemmteneidr  NeNel-4. Ha
00beIMHEHHOM Mpo0e BOJBI CMECUTENIEH aBTOMAaTHYECKH ITPOBOAUTCS MPOOHAs KOATYJIsLUS C
onpeaeneHueM VocCB..



ABTOMAaTUYECKHI KOHTPOJb MPOO BOJABI, OTOOPAHHBIX IMOCIE 4-X OCBETIUTEICH C
B3BCLICHHBIM  OCAaJKOM,  OO0ECIIeYMBAE€T  CBOEBPEMEHHOE  KOPPEKTUPOBAaHHE  HX
THJIPOAMHAMHUYECKUX PEKUMOB (HArpy3ku), cOpoc ocazaka (IpoBeleHHe MPOAYBOK), a TaKKe
NPUHATHE pEIIeHUs] (COBMECTHO C aHAJIM30M DPE3YJIbTaTOB aBTOMATHYECKOTO MPOBEICHHS
NPOOHBIX KOATYISIINN) 00 H3MEHEHHIX pab0vMX /103 KOArYJIsIHTa U (DIOKYISHTA.

ABTOMAaTHYECKUN KOHTPOJIb 4-X MpoO BOJBI, OTOOPAaHHBIX MOCe (PUIBTPOB CTAHIINU,
Mor Obl 00ecreYnTh BHIBOJ (DUIBTPOB HA MPOMBIBKY IO PEATBHOMY MX 3arpsi3HEHHIO, 4TO
CIocoOCTBOBAJIO OBl yBENMYECHHIO BpeMeHW (uiubTporukiaa. OmHAKO, MO TEXHUYECKUM
MpUYHHAM, OOJIBIITYIO YaCTh BpeMeHH cymiecTBoBaHus paccmarpuBaeMoit ACY TII ma COCB
mMonyito «KoarynsHr-OcBeTIUTENb)» OHU HE MT0/1aBATUCh.

KoHTpO/IbHO-N3MepUTENbHBIA M YHPABJISIONUIA MOAYJb ABTOMATHYECKOIO
no3upoBanus koaryiasinta u guokyaasara KUM AJIK® npous3BOIuT onpeneseHne J03bl
KOaryJisiHTa 10 TIOKa3aHusM pacxogomepoB (dopmyna (1)) W KOHIYKTOMETPHUYECKUM
criocooom (dopmyna (2)). Jloza GIoKynsHTa ONpEAeNsieTCs] TOJBKO C HCIOJb30BAaHUEM
MOKa3aHu# pacxomomepoB 1o dopmyne (1).

Dicarcrrra= 10%CHD*Q/Quott v vveeveeeeseeeeeeeeeeeenn (1),

rae C-BecoBask KOHICHTPALWs, P-IULIOTHOCTB, I/CM’, (-pacxof, j/d4ac, pabodero
pacTBopa peareHra,

. 3
Qsoms — PACXOJT CHIPOIA BOJBI, M”/4ac.

KOH,Z[yKTOMeTpI/I‘IGCKI/Iﬁ MCTOJ[ MO3BOJISICT ONPCACIIATH 03y KOaryJIiHTa B
OUYHUIIIAeMOH BOJIE MPU OTCYTCTBUU PACXOIOMEPOB CHIPOI BOJBI U pabOYero pacTBopa
KOaryJisiHTa, a Tak)Ke 3HaAHUS €ro KOHIICHTPAIlMU U TUIOTHOCTH TI0 hopmyiie (2):

Dioar = A% (02— D1)eeree oo, ),

rae D) u D, — 3HAUEHUS AJIEKTPOIIPOBOTHOCTH MPOOBI BOJBI UCXOIHOW M TPOOBI
BOJIbI C KOAryJIIHTOM,

A- moctosiHHas, onpeaensemas B mpouecce kamnopoku KUM A JIKD.

Vopapnstomue curHanel nojpaiotcas Ha YPII  HacocoB-mozaTtopoB Tuma HJI
npousBojacTBa 3A0 «TamHax».

Ha puc. 5 mpencraBieHsl rpaguKi BpPEMEHHBIX 3aBHCHMOCTEH /103bI KOAryJisHTa,
OTpeIeIEHHON KOHIYKTOMETPUYECKUM CIocoOoM (TOouku rpaduka B KPYKKax), O3B
KOAryJsiHTa, pPAcCYUTAHHOW MO  MOKa3aHHUSIM  PacXOJOMEpPOB, JA03bl  (IIOKYISHTA,
paccYMTaHHOM TaK >K€ MO TMOKa3aHUsAM PacXoJOMEpOB (HMKHHUH rpaduK) U YIPaBIISIOMIETO
curHana (toka ymnpasieHus lynp) UPII macoca-mozatopa pabouero pacTBopa KoaryJssHTA.
ABTOMAaTHYECKOEC  JO3MPOBAHUE  KOAryiasHTa  HPOM3BOIUTCS €  HCHOJIb30BAaHUEM
MPOMOPIMOHATILHOTO 3aKOHA YIPABICHUS W TapaMeTpa — J03bl KOaryjsHTa, OnpeaenEéHHON

no ¢opmyie (1).
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Puc.5. BpemeHHbIe 3aBUCMMOCTH 103 KOAryJIsIHTa U (UIOKYJSHTA W YIPaBIISAIOLIETO CUTHAJA
Iymip YPII nHacoca-go3aTopa pabouero pacTBopa KoaryJisiHTa.

Peskoe wu3MEHEHHE 03Bl KOAryjasHTa, ONPEAEIEHHOM KOHIYKTOMETPHYECKUM
crocoOoM, B JI€BOM wyacTh Trpaduka BbI3BAHO IONaJaHHEM pa30aBIEHHOIO pacTBOpa
KOAryJsiHTa MPH MNEepeKIIOYeHUH «C 0aka — Ha 0ak» BO BCACHIBAIOLIYI0 MarrucTpajib Hacoca-
no3aropa. Ilpm »TOM 3HadeHHMe AO3BI KOaryjsHTa, paccuuTaHHoe 1o (opmyne (1) He
U3MEHWIIOCh, T.K. PacxXoJ JKHAKOCTH 4Uepe3 Hacoc He u3MeHmica. V3meHenne eé
KOHILIEHTPALUK CKA3aJI0Ch Ha 3JIEKTPONPOBOAHOCTH, T.€. HA JJ03€ KOATyJsSHTA, paCCUNTaHHOU

o popmyre (2).

OmpeneneHne 1036l KOAryJissHTa B OYMINACMOW BOJE  JABYMS HE3aBHCHUMBIMU
croco0aMy MOBBIMIACT HAAEKHOCTh aBTOMATU3MPOBAHHON CHCTEMBI JIO3MPOBAHUS €r0
pabouero pacTBopa.

Ha puc.6 npuBenens! rpaduku BpeMEHHBIX 3aBUCUMOCTEN JIEKTPOTIPOBOIHOCTH TIPOO
BOJIBI ICXOHOM U ¢ KoaryistHToM ¢ 20 okTs0pst mo 23 oktsi6ps 2013 roxa.

Kak Bumno, B Teuenume 20 OKTSIOpsi KOaryiasHT HeE J03upoBaics (rpaduku
3JICKTPOTPOBOAHOCTEH COBMAJIAIOT). PazoBrie CKauKH (pe3koe CHWKEHUE)
3IIEKTPONPOBOJHOCTH MPOOBI BOJBI C KOATYJIISIHTOM 00yCJIOBJIeHbI cOosiMH B paboTe Hacoca-
7103aTopa.
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Puc 6. BpemeHHBIE 3aBUCHMOCTH 3JIEKTPOINPOBOJHOCTH MPOO BOJIBI HCXOTHOW H C
koarynssatoM ¢ 20.10.2013r mo 23.10.2013 1. I'padukm momoOHBI, COBMANAOT TNpHU
OTCYTCTBUM KOAryjasHTa B ouMmaemMod Bojae. CKauku 3JIEKTPOIPOBOJHOCTH Ha Tpaduke
poObI BOABI C KOAryJsSHTOM OTpa)karoT paboTy Hacoca-103aTopa.

Texnomornueckas 3¢ (HEeKTUBHOCTh PEAIM30BAaHHBIX PEIICHHM:

1. OnepaTuBHBIi KOHTPOJIb MYTHOCTH MPOOBI PEYHON BOJIBI CLIOCOOCTBYET CBOCBPEMEHHOMY
KOPPEKTUPOBAHUIO ONIEPATUBHBIM MEPCOHATIOM 103 IPUMEHSEMBIX PEareHTOB.

2. llpakThueckn NpEeKpaTUIICS HEKOHTPOJIMPYEMBIN BBIHOC B3BECEHl U3 OCBETJIMTEIEH C
B3BELICHHBIM 0CaIKOM. MYTHOCTb BOJIbI Ha BX0Ji€ (PUIBTPOB HE MPEBBIIIACT 3-X MI/II.

3. Crabunu3upoBaioCh KauecTBO OuHMIIaeMoi Bozbl. Ilpekparunuch mnpereH3un K eé
kauecTBy co cTopoHbl OAO «Cunapckast TOL».

4. Ha ocHoBanuu ananuza uHpopmammun KUM «Koarynsaut-OcBeTianuTensy MpOU3BOAUTCS
ONEpaTUBHOE KOPPEKTHPOBAHME J03 NPHUMEHAEMBIX PEAreHTOB U  IOCIELYIOIIEe
aBTOMaTHuyeckoe ympamineHue wux pgozupoBanueM KHUM AJIK®, dro cmocobcTBYyIOT
CTaOMIM3aLUU PEATU3yeMOro Ipolecca U MPEeJOCTaBIseT BOSMOKHOCTb €r0 IPOBEICHUS C
ONTUMAJILHBIMU TEXHOJIOIMYECKHMMHU MTapaMeTpaMH.



5. Kontpomupyembie ACY TII mapameTpbl TEXHOJOTHYECKOTO MPOIECCa COXPAHAIOTCS B
ApxuBe paHHbIX. TexHojmormyeckuil mnepcoHas NOAOTYETEH. OTMEUEHO NOBBILICHUE
TE€XHOJOTMYECKON AUCLUIIINHBI.

6. DxoHoMHuecKast 3(P(PEKTUBHOCTh PEATM30BAHHBIX PEUICHUH PAacCMOTPEHA PHEProlexoM
3aBOJIa TOJIBKO 110 IKOHOMUU PEareHToB 1o cpaBHeHMIO ¢ 2008 romom mno rogam:

--- 2009 r- 500 000 py06neii;

--- 2010 T 1 2011 r — HEe OTMEYEHO M3-3a HEOJIATONPHUATHBIX CUTYaIlM TEXHOTEHHOTO
Xapakrepa;

--- 2012 r- 350 000 py06neii;
--- 2013 r- 550 000 pyGueii.

B cpennem, 3a 2012 u 2013 roxpl, mo cpaBHeHuto ¢ 2008 romom, 3arpaTel Ha
npruoOpeTeHne peareHTOB CHU3UIKMCH Ha 27%.

Poct sKoHOMHYECKHX TOKa3arenel morpeOuTencii TOTOBOM BOABI B CBSI3H C
MIOBBILLICHUEM €€ Ka4eCTBa HE PAaCCMATPUBAJICA.

2. CHmxeHHe 3aTpaT BoAbl Ha coO0cTBeHHbIe HY k1Bl COCB. ABTOMaTHYeCKHil
KOHTPOJIb MYTHOCTH OTPa0OTAHHON NPOMBIBHOM BOABI (PHJILTPOB

2.1. IlocTaHoBKa 3a/1a4u U COCTaB OOOPYAOBAHUSI.

N3BecTHO, UTO BOJOOYMCTHBIE CTAaHUMM 3aTpayuBaroT, B cpeanem, ot 10 go 15%
OUYHIIIAEMO} BOJBI HA IPOMBIBKY (PHIIBTPYIOMIET0 000pyAOBaHUs: (PHUIHTPOB UM KOHTAKTHBIX
ocseTiutenei (KO).

CrocoOsl  TpoMBIBKM  TiecHaHblX GuiabTpoB uin KO BOMOOYMCTHBIX CTaHIMA
OTJIMYAIOTCS 110 IPUMEHSEMBIM ONEPALlUsM U UX MPOJOJIKUTEIEHOCTH.

[Ipumensiemble omepanuu: BO3AYIIHAs MPOAYBKA, BOJSHAs MPOMBIBKA OJHON WIH
pa3HOIl WHTEHCHUBHOCTH, BOJSHBIE TaHTE€HIMAIbHbIE CTPYH, TMAPOJMHAMUYECKHE yIapbl U

T.0.

Ha xonkpernoit BomooumctHou crtaHimu (BOC) mopsiiok NpoMbIBKH (UIBTPOB
OTIPENIENISICTCSl TEXHOJOTHYECKUM  PErJIAaMEHTOM, KOTOPBIA  YYUTBIBAET OCOOCHHOCTH
TEXHOJIOTUYECKOTO Tporecca (mapaMeTpbl OYHMIAEMON BOBI, TEXHOJOTHYECKYIO CXEMY
COOPYKCHHH, KOHIIGHTPALUA MPUMEHIEMBIX pPEareHTOB), WHIWBHUIyaTbHBIE OCOOCHHOCTHU
GunbTpoB  (TEOMETpPUYECKHE  pa3Mepbl, IPCHAXKHYI  CHUCTEMY,  XapaKTePUCTHKHU
GunbTpyroei 3arpy3Ku), BpeMst GHIbTPOILUKIA U PACXO0/1 OYUIIAEMON BOJIBI.

[To wabmogenuto cneuuanmuctoB OO0 «HBL[ YHUTOK», meroanka HpOMBIBKH
¢unbTpoB Ha kKoHKpeTHBIX BOC He Bcerma obocHoBaHa. OOHOBIIEHHE TEXHOJOTHYECKOTO
perimaMeHTa COOPY)KEHHMH He BCerja IIOCIIEBaeT 3a OOHOBIGHHEM U MOJAEpHH3alueit
TEXHOJIOTMYECKOTo IpoLecca.



3ameHa (GUIBTPYIOMIEH 3arpy3kd, APEHAXKHOW CHUCTEMBbI, MPUMEHSIEMBIX pPEarcHTOB
(koarynsiHTa, (QIIOKYNIsSHTa, Ae3WHPEKTAaHTa), W3MEHEHHE CBOMCTB OYHMINAEMOW BOJIBI,
Harpy3ku BOC mpuBOAUT K HEOOXOAMMOCTH HCCIEIOBAaHUS MPOIECCOB, 00ECIEUMBAIOIINX
perenepanuio GUIbTpa C HEIbI0 OMPEACTICHUS NX ONTUMAIBHBIX MTAPAMETPOB.

K mapamerpam, omnpeaesnsiomuM HepUOJUYHOCTh M aJIrOPUTM MPOMBIBKH (DUIBTPOB
OTHOCATCS. MYTHOCTh (PUIBTPOBAaHHOM BOABI M TOTEps Hamopa ¢GUIbTpa I0 M IOCIe
IIPOMBIBKM, MYTHOCTb IPOMBIBHOM BOJbI IIPU OKOHYAaHUU IIPOMBIBKHM, KOJIMYECTBO
B3BCILICHHBIX BEIIECTB, YJAIAEMBIX C IPOMBIBHOM BOJIOH, IPA3CEMKOCTh M KOJUYECTBO
TPYAHOYAAISAEMBIX 3arps3HEHNN QUIBTPYIOILEH 3arpy3KH.

3HaHME BPEMEHHBIX 3aBUCUMOCTEN PAcX0/la IPOMBIBHON BOJABI U €€ MyTHOCTH IOCJE
NPOXOXKJICHU (WIBTPAa MPEAOCTABISAET BO3MOYKHOCTh ONpEIeNeHHs] OOIIEro KOJU4ecTBa
yJalsgeMbIX B3BELICHHBIX BELIECTB, a TAaK)K€ BBIABUTH HEOOXOAUMBIH MOMEHT BPEMEHH
OKOHYaHHUs MPOMBIBKH, YTO 00€CIeYnBaeT MUHUMHU3ALUIO 3aTPAT BOJIbl HA pacCMaTpPHBAEMBbI
npouecc. s atux neneit cneruanmucramu OO0 «HBIL[ YHUTOK» pazpaboran aHanmu3aTop
MYTHOCTH TPOMBIBHBIX BOJ (HJIBTPOB M KOHTAKTHBIX OcCBeTIuTenei. IlepBble nMcHbITAaHHS
ananu3atopa nposeaensl Ha HOC-1 MVII «Bonokanam» r. HoBocubupcka [1].

Pa3pa®oTkOlf  SKOHOMHYHBIX PEKUMOB IPOMBIBKM  (UIBTPOB  MPOJYKTUBHO
3anumarorcs B IIY «MocBononoaroroska», B LleHTpe COBEPLICHCTBOBaHUS TEXHOJIOTUH
BOJIOTIOATOTOBKHU [2], a pe3yNnbTaThl UCCIECAOBAHUS MYTHOCTH (HIBTPOBAHHOM BOJBI MOCTE
BBO/Ia GHIIBTPOB B pabOTY MOCIIE UX MPOMBIBKH HU3JI0KEHBI B padore [3].

B cBs13u C BBILIE U3TI0KEHHBIM, Ul YSICHEHUS METOJUKU IPOBEACHUS 3KOHOMUYHBIX
npombIBOK ¢mibTpoB, Ha COCB OAO «CuHapckuii TpyOHBIH 3aBOJ» MPEIIPUHSATHI B
NepuoJl BpEMEHU C MIONS MO OKTAOph BKIOUnTeNnbHO 2013 roma wucmbITaHUS KOHTPOJIBHO-
U3MEPUTEIIBHOTO MOJYJIsi TIPOMBIBKM (HIIBTPOB M KOHTAaKTHbIX ocBeryuteneit KM [0,
paszpadotku u uzrororneruss OO0 «HBI[ YHUTOKY,

Ilenpr0 HCHBITAaHUN SBIAJIOCH OIPENCICHHE BO3MOYKHOCTH COKpAILEHHS pacxoja
NPOMBIBHOW BOJIBI IMTyTEM KOHTPOJISI MyTHOCTH €€ MpOoObI, 0TOOPaHHOM M3 KaHAIU3alMOHHOTO
TpyOonpoBoJa (GpUIbTpa U BBIBICHNE HEOOXOIUMOIO U IOCTaTOYHOI 0 €€ 3HaueHUs: MKOH, He
IPUBOJALIETO K ITOTEpE KayecTBa GUIbTPATA M COKPALLEHUIO BPEMEHU (PHIIBTPOLIMKIIA.

KUM II®, puc. 7A, cOCTOUT U3 aHAIM3aTOpa MYTHOCTH NPOMBIBHBIX BOJ (PUIBTPOB
AMIIB-1 u Onoka mpuéma u pacmnpenenenus notokoB (BPIT). On mnpennasHauen mis
KOHTPOJIsI TPOMBIBHOW BoIbI (uiabTpoB U KO c 1enbio BBIABIEHUS IWHAMUKU Tpoliecca,
SKOHOMHMH pacxofa BOJbl Ha COOCTBEHHbIE HYXJIbl, MOJA4YM YIPABISIOMIUX CHUTHAJIOB
umetroteicst ACY TII wnu cozganust ACY TII npomsiBku pribtpoB. Ypasienue KM T1D
o0ecrieynBaeTcsi MPOMBIIUICHHBIM  KOMIIBIOTEPOM € TIPOTPaMMHBIM  oOecreueHHeM
«YHUTOK-JUCITIETYEP».

B anaimzatope AMIIB-1, puc.7B, peanuzoBana TypOuIuMeTpuyeckass METOIHUKA
U3MEPEHUs MYTHOCTH C aBTOMAaTHYECKOH OYHCTKOH OINTHKH, cOPOCOM oOcaika M Y4ETOM
U3MEHEHHs CBETOBOro moToka ucrounuka WK-mznmydenuss Onoka ocerurens. PabGounit
nuarnaszoH u3mepsiemoit mytHoct# (0-1000) mr/m.



[TIporpammuoe obGecneuenne KM IId comepxuT KypHaia NPOMBIBOK, PHUC.8, B
KOTOpBI aBTOMAaTHYECKH 3aHOCATCS CIEAYIOIIME IapaMeTpbl: MOMEHT Hadaja IPOMBIBKH,
3HAUYE€HUE MYTHOCTM IPOMBIBHOM BOABI B 3TOT MOMEHT BpeMEHHM MHau, MaKCHUMaJbHOE
3HaYeHWE MYTHOCTH OTpa0OTaHHOM TPOMBIBHOM BOJAbl Mmax, 3HAaYeHHE MYTHOCTH
IPOMBIBHOW BOABI B MOMEHT OKOHYAaHHS MPOMBIBKM MKOH, o0Iee BpeMsi MPOMBIBKH H
KOJINYECTBO B3BEILEHHBIX B3B, KT, yAan€HHbIX U3 QUIBTPA B 3TOM MPOLIECCE.

s pacuéra KoJW4YeCTBa YAAJIEHHBIX B3BEIICHHBIX BEIIECTB HEOOXOIMMO 3HAThH
BPEMEHHYIO 3aBHCHUMOCThH pacxojia MpOMBIBHOW Boabl Q. DTa mH(Opmaius BBOIUTCA B
nporpammuoe obecnieuenue KM I1d ¢ pacxomomepa mpoOMBIBHOM BOJIBI.

3HaueHue napaMerpa B3B 3aBUCHUT OT MHTEHCUBHOCTH INPOMBIBKH, I'PSI3€EMKOCTH U
3arpsi3HEHHOCTH  (UIIbTPa, OMpEIeNIIeMOll KauecTBOM BOJIbI, MOCTyMHAloUlel B HEro u3s
OCBETJINTENIEH, T.€. ONTUMAJIBHOCTBIO MPOBEICHUSA TEXHOJIOTMYECKOTO Ipolecca Ha
MPEALIECTBYIOIINX CTYIEHAX OYUCTKH.

Cxopeie niecuanbie GunbTpel COCB u3roToByieHsl B BUJE k/0 EMKOCTEH pa3MepoM B
miane 6M*6M. Ilnomans QuisTpammu ~ 29 M> GUIBTPE UMEIT TPYOUATYI0 APCHAKHYIO
cucteMy ¢ pasmepoMm otBepctuii ~ Imm. ITlognepkuBaronuii cioii — miedbersr 10-20MMm
BbICOTOM 450 MM, @ubTpyroIIas 3arpy3ka — KBapieBbii mecok D~2-5 mMm BeicoToi 200 MM 1

kBapieBblit necok D~0,7-1,2mm BricoToit 400 MMm. HoMuHanbHBIN pacxoa MPOMBIBHON BOAbBI
3
~ 1560 M /4ac.

o nauvana ucneiTanuidi KM II® cpegnee BpeMs NpOAOTKUTEIBHOCTH MPOMBIBOK
COCTaBJISIO ~ 5 MUHYT, CPEIHEE KOJIMYECTBO BOJIbI, 3aTpauyrBacMoii Ha 1 mpoMbIBKYy ~ 150 M.

Jlnst momaun  oTpaOOTaHHOW TPOMBIBHOW Boawsl B aHamuzatop AMIIB-1 Ha
COOTBETCTBYIOIIMX TPYOOMpPOBOAaX BBHIMOJHEHBI BpPE3KU (IMaMeTp OTBepcTui ~20 MM).
[IpoOb1 BOABI pe3MHOBBHIMHM pyKaBamMu ¢ Dy~25 MM mojaroTcs K HaHEIH MOTOKOB OJioka
pactpenenenust notokoB BPII, puc.7A, pacnonoxenHoro Ha croiike. Jlanee, uepe3 cocymsl
MOCTOSIHHOTO YpOBHS (2 cocyna Ha MyTH Kaxaoi u3 4-x mpo0), mpoda MpOMBIBHOW BOJIBI
nocrynaet B aHanuzatop AMIIB-1, puc.7B.

2.2. KonTposmmpyeMblie mapaMeTpbl U MOJTyYEHHBIE PE3YJIbTAThI.

ITpu npoBenennn ucnpiranuii KM II® ocymiecTBisiacs aBTOMaTUYECKUN KOHTPOJIb
MYTHOCTH OTPabOTaHHOM MPOMBIBHOHN BOABI 4-X (DUIBTPOB CTAHIIHH.

4 poObI 0TpabOTaHHOW MPOMBIBHOM BOJBI MOJIBOJMIMCH K MAHENIU IMOTOKOB U, MOCTE
ABTOMATUYECKOTO OTKPBITHUS COOTBETCTBYIOIIETO IIAPOBOTO KpaHA C BJIEKTPONPHUBOIOM,
MOOYEepENHO MoJaBAINCh B aHam3atop AMIIB-1.

Amnanuzarop AMIIB-1 npou3BoaniI aBTOMaTHYECKOe U3MEpEeHHe MYTHOCTH M, Mr/,
npoMmbIBHOW Bonbl B nuamnazone (0-1000) mr/n. Ilomydennass mHdopmarus mnepeaaBaiach
IPOMBIIIJIEHHOMY KOMIIBIOTEPY, OTOOpa)kajiach B BHJE€ TpaHKOB, MOCTymaja B KypHal
IPOMBIBOK M UCHOJb30BaNach Mg pacyéra KOJIMYECTBAa B3BELIEHHBIX BelIeCTB B, Kr,
yIajasieMbIX TPU MPOMBIBKU (UIBTPOB.



A

I=

Puc.7. A — croiika ¢ obopynoBanuem KMM I1®; Ha BXOAE COCYHAOB MOCTOSHHOTO
YpOBHsI, Ui yCTPAHEGHHs] TOTEPh BOJbI, YCTAHOBJICHBI IIAPOBHIE KpaHBI C
anexTponpuBojioM. B — ananuzarop AMIIB-1.

[lepBbic HaOMIOACHUS 32 MPOMBIBKON (DPUIBTPOB MOKa3aliv, YTO KOHEYHAs MYTHOCTb
MKOH NPOMBIBHOH BOJBl NpU HAOIIOACHWUHU OmepaTopaMu (UIBTPOB «JI0 YUCTOH BOJIBD»
coctapisieT (1-7) Mr/n nmpu cpeaHeit Tpoa0KUTETFHOCTH MPOMBIBOK ~ 5 MHHYT.

[Tocne 3TOr0 SKCIEPUMEHTHI IMPOBOAMIUCH CO 3HAUEHHUSMHU MYTHOCTH IMPOMBIBHOM
BoAbl MkoH = 15mr/m, 20 mr/a u 25 mr/n. Onepatopsl GUIBTPOB OCTAHABIUBAIHU MPOIECC
MPOMBIBKH B COOTBETCTBHUM C MOKazaHUsMU aHaim3aropa AMIIB-1. [Tpu 3ToM He 0TMEUEHO
YXYAIIEHUE MYTHOCTH (WIBTPOBAHHON BOJABI, B T.4. MEPBOro (UIbTpaTa W CHUKCHHE
BpeMeHH (punbTpoIkia. Bce maHHbIe COXpaHEHBI B apXUBE.

PaccmarpuBas nmpoBonumbie ucnbiTanuss KUM 1D kak 1-if sTanm onTuMu3anuu
pexxuma npombiBKH ¢GuibTpoB COCB, crapmmii mactep A.B.@oMuH npuHsI pelieHue
npeKpaaTh NPOMBIBKY Ipu MkoH~20 Mr/i.

Ha puc.8 mpuBenensl rpaduku H3MEHEHUS MYTHOCTH M KOJMYECTBA YAAISEMBIX
B3BEIIICHHBIX BEIIECTB BO BPeMsi IPOMBIBKU (uiibTpa Ne2.

Kak BugHo u3 rpadukoB, Havyaso mpombiBKH 11 wacoB 17 mMuHyT 45 cexyHp,
okoHuaHuu — B 11 yacoB 21 munyra 20 cexyna. [TpogomkuTenbHOCT IPOMBIBKU ~ 3 MUHYTBI
35 cexynn. KonmndecTBo yan€HHbIX B3BELIEHHBIX BEILECTB ~ 7,4 KT.
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Puc.8. OcnoBHOe okHO mporpammuoro obOecneuennss KHUM IId. CnpaBa sxypHau
IPOMBIBOK, CTOJIOUaThle JAMarpaMMbl pacxoja INPOMBIBHOM BOAbI M KOJIMYECTBA
B3BELICHHBIX BELIECTB, yIAIAEMBbIX B Ipolecce NpoMbIBKU. CieBa rpaduku BpeMEHHbIX
3aBHCHUMOCTEH KOJHMYECTBA B3BELICHHBIX BEIIECTB, YAATSIEMbIX U3 (HIBTPa BO BpeMs
IPOMBIBKH, 1 MyTHOCTH OTPaOOTaHHON MPOMBIBHON BOJBI. MKOH~20 Mr/n

Ha puc.9 npuBenens rpaduku mpoMbIBKH GUIBTPOB 3a Tiepro] BpemeHu ¢ 26.09.2013
1o 29.09. 2013 r.

3a BpeMms ucneiTanuii ¢ uioHa 2013 mo okTsa6pe 2013 1. ¢ npumeHenuem KUM T1D
ocymecTBiaeHo o0kojgo 1000 mpombiBok. CpeaHsss NPOAOTKUTEIBHOCTh MPOMBIBOK MPHU
KOHEYHOM 3HAYE€HUU MYTHOCTH OTPabOTaHHOW MPOMBIBHOW BOABI MKOH~2(0 MI/JI COCTaBHIIO
OKOJIO 3,5 MUHYT.

2.3. Texnonoruueckas u skoHOMHU4YecKas d¢ppextuBHOCTh NpuMeHenuss KUM I1® s
peanu3aniyi SKOHOMUYHBIX IPOMBIBOK.

B rteuenue ucnbitannii KUM I1® ¢ urong mo oxTs0ps BkimountensHo 2013 1 Ha
COCB ¢ uCcnoJIb30BaHUEM MPUHITOTO aJrOpPUTMa MPOBEACHUSI YKOHOMUYHBIX MPOMBIBOK C
KOHEYHON MYTHOCTBIO TPOMBIBHOW BOnbl M koH ~ 20 mr/m ocymectBieHo Oomee 1000

NpOMBIBOK. [Ipy 3TOM HE OTMEYEHO CHIDKEHHE KauecTBa (PMIIbTPOBAHHON BOJBI M BPEMEHH
(GUIBTpOLHKIIA.
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Puc.9. OcnoBHoe okHo nporpammbel KM T1®.

[TponomKUTENBEHOCTS MPOMBIBKH (DUIBTPOB COKpAIeHA, B CPEIHEM, C 5 MUHYT 10 3,5

MUHYT. Tem caMbIM 3aTpaThl MPOMBIBHON BOJBI Ha MPOMBIBKY ¢GuibTpa cHU3WIUCH Ha 30%.
3a Bpems

HCIIBITAHH B TEYeHHE 4-X MECSLEB COKOHOMICHO ~ 37 000 M (UITBETPOBAHHOM

BOJBI IIPH PACXOLE IPOMBIBHON BOABI ~ 25 M’/MHUH. DKOHOMHS ICHEXKHBIX CPEICTB, IPH
3 . .
ctoumocTr 1M~ Bogwl ~11 pybneit, cocramsier ~ 407 000 (UeTbIpecTa ceMb ThICSY) PyOIICH.

BBIBO/IbI:

ACY TII peareHTHOH OYHMCTKM BOJBI Ha 0a3e KOHTPOJILHO-U3MEPUTEIbHBIX
monynent  «KoarynaHT-OcBeTiIMTENb» U aBTOMAaTHYECKOIO  JTO3UPOBAHHUSA
koarynsHta U ¢uokynsara Ha COCB OAO «Cunapckuii TpyOHBIH 3aBOI»
oOecrieunBaeT cTabMIbHOE HEOOXOAUMOE KaueCTBO OYUIIIAEMOU BOJIBI .

3arpaThl Ha MPHOOPETEHHE PEareHTOB CHU3WIKCH, B cpenHeMm, Ha 27%, 4To B
JIEHE)KHOM BBIpakeHUu coctaBuiio ~ 450 000 py6ueii/ro.

Ucnpiranus KM T1® mokasanu, 94T0 SKOHOMHUS pacxojia BOJbI Ha COOCTBEHHBIC
HYXKIbl TIPU KOHEYHOM 3HAUEHUU MYTHOCTH IMPOMBIBHOH BOABl MKoH~20 mr/i
cocraBnsieT ~30%, 4TO B JEHE)KHOM BBIpaXEHHH cocTaBisieT Oonee 400 000
pyoueii 3a 4 mecsia.



4. Hanpueitmas ontumusanus pacxoga Boasl COCB Ha coOCTBEHHBIE HYKIBI
BO3MOXKHA IPH aBTOMAaTHYECKOM KOHTpoJsie mpol ¢uibTpoBaHHO Boasl KM
«Koarynsut-OcBeTnuTenpy W MOTepu Hamopa (UIBTPOB Ui BBIBOAA HX Ha
MIPOMBIBKY MPU PEATIbHOM 3arps3HEHUN.

5. HanpHeiimas ontuMu3anus pacxoaa pearenroB COCB Bo3aMoskHa npu pazpaboTke
METOAMKH ONTHUMAJbHOrO Moxdopa HX J03, MHCIONB3YIOIEH B KauecTBe
[IapaMeTPOB CKOPOCTh OCBETJIEHHS KOAryJIMpOBaHHOW B3BECH VOCB, MyTHOCTb U
pH ucxomaHO# BOABI, MYyTHOCTH TIPOO BOJBI, OTOOPAHHBIX IMOCJIE OCBETIMTENCH U
GuIbTPOB, a TaK)Ke KOJMYECTBO B3BEIICHHBIX BEIIECTB, YAAJISIEMBIX MPOMBIBHOMN
BOJIOM U3 (QUITBTPOB.

CIIMCOK JIMTEPATVYPLI:
1. ABTOMaTH3anus KOHTPOJISI MyTHOCTH IPOMBIBHBIX BOJ] CKOPBIX (DHMIIBTPOB.

C.P.llimepuep, C.JIJIyzeun, FO.B.Hecmepos, b.JI.Konemuosuu — OOO «Hayuno-
sneopenyeckuil yeump YHUTOKY, . Examepunbype

B.B.Mamaes, B.H.Hosowunyes, U.B.Banyiickux, B.A.2Kazun, B.B.bonovipes — MVII e.
Hosocubupcka «l'opeodoxanany. — VIII wmexnayHapomHas HayYHO-IPOM3BOJCTBEHHAS

KoH(pepeHnusa «Pemenne mnpoOieM 3KOIOrMYecKod Oe30MacHOCTH B BOAOXO3SHCTBEHHOM
otpacauny, POCCHS, r. HoBocubupck, 17-19 okra6ps 2012 r.

2. DKOHOMUYHBIA PEKUM MPOMBIBKH CKOPBIX MecuaHbix GuibTpoB Ha mpumepe bOC-3 PCB.

A.B.Kasepea — mnau. ynpaenenus I1Y «Mocsooonooecomoskar», H.IO.Apmionosa —
pyKogooumens Llenmpa cosepuiencmeosanus mexHonocuu 600onoozomoexu, b.B.Manviues-
enasHulil cneyuanucm Llenmpa cosepuieHcmeo8anus mexHoi02uu 6000n0020mo6KuU. — Te3ncsl
JIOKJIa/10B MexkayHapoaHoi koHpepennu DKBATOK 2012, Mocksa, 5-8 utons 2012 r.

3. ABTOMaTHYECKUI KOHTPOJIh MYTHOCTH (DWIIbTpATa MPU BBOJE QHIBTPa MOCIE TPOMBIBKU B
paboTy Ha BOJAOOYHCTHBIX CTAaHIMAX BrnaguBocToka, Xabaposcka, HoBocubupcka.
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npo0JieM SKOJOTHYECKON O€30MacHOCTH B BOJOXO3SIiCTBeHHON otpaciu», POCCHUS, .
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