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CUCTEMA KOHTPOIIO AKOCTI FOPIHHA NOBITPAHO-MANIMBHOI CYMILLI B
KOTNOAIPEFATAX MANOI TA CEPEOHbOI NOTY>XXHOCTI

B.I1. babak, A.O. 3anoposceys™

Inemumym mexwniunoi mennoghizuxu HAH Ykpainu, eyn. Kensabosa, 2a, m. Kuig, 03680

Posensirymi po3nosciodaiceni cucmemu KOHMPOmO AKOCMI NPOYecy 20PiHHIL Ma CHOCOOU ABMOMAMUYHO20
pe2ynio8ants. ChiBBIOHOWIEHHS CKIAOY NOBIMPAHO-NANUBHOI Ccymiwii, wo 0a3yiomvcs HA SAKICHOMY ma
KIMbKICHOMY ananizi oumosux 2asie. Ha ocnosi nposedenozo ananizy 6UAGLEHO 20108HI HEOOMIKU ICHYIOYUX
cucmem MOHIMOPUHEY CMAHY poOOMU Komioazpezama ma 3anponOHOBAHO HOBULL CNOCIO OnepamueHo2o
KOHMPONIO SAKOCMI Hpoyecy 2OpiHHA 3 BUKOPUCMAHHAM WUPOKO20 CMY208020 KUCHEB020 30HOY ma
yughposoeo anva-inouxamopa. Cnocid peanizyemocs wisnxom Kopekyii nodaui namuea 00 NAaIbHUKA 34
CUSHANIOM 360POMHO20 36’ A3KY 8I0 KUCHE8020 30HOY mMda 00360A€ RIOMPUMYBAmMuU CmexiomempuyHe
CNiBBIOHOWIEHHS <HOBIMPA-NAAUGO» Y MOonyi Komaa. s 3a6e3neyeHHss MONCIUBOCMi (DYHKYIOHY8AHHS
O0anoi cucmemu 6 KOmaax Ha pizHux munax naauea (meepoomy, piokomy, 2a3on00iOHOMY) pO3PaAxX0E8aHi
meopemuyHi  cmexiomempuuui  Koegpiyicumu  «nogimps-nanueo». Ilpueedeni  20106HI  MexHIuHI
XapaKxmepucmuxy nOpmamueHol cucmemu sSAKOCmi npoyecy 2opinns. s eizyanizayii (yHKYIOHY8aAHHS
PO3POONEH020 NPUCMPOIO NPOBEOEHO eKCNEPUMEHMANbHE OOCTIONCEHH NpU PISHUX pexcumax pobomu
Komaoazpezamy.

Kmouosi cnosa. nosimpsno-nanuena cymiut, KOHMPOib SKOCME 20PIHHS, KUCHEBUIl 30H0, albgha IHOUKamop,
2azoauanizamop, Koeiyicum HAoAUWKY noGimpsi.

Paccmompenvr  pacnpocmparnenuvie cucmemvl KOHMPOsL Kauyecmea npoyecca 2OpeHus U Ccnocoowl
ABMOMAMUYECKO20 Pe2yIUPOSAHUs COOMHOUEHUE COCMABA 8030VULHO-MONIUGHOU CMeCU, OCHOBANHbIE HA
Ka4yecmeeHHOM U KOIUYeCMEEeHHOM aHanu3e 0blMosblx 2a306. Ha ocrnose npogedennoco ananuza eviasneHvl
OCHOBHble HEOOCMAMKU CYUeCMEYIOWUX CUCHeM MOHUMOPUHeA COCMOAHUSL pabompl Komiodzpeeama u
NPEeONoANCeH HOBbIL CNOCOD ONEPpAmueHO20 KOHMPOIs KA4ecmed Npoyecca 20peHus ¢ UCNOIb306aHUeM
WUPOKONOJIOCHO20 KUCIOPOOHO20 30HOA U Yu@posoeo arvgha-unoukamopa. Cnocob pearusyemcs nymem
KOppeKyuu nooauu moniuea K 2opeike N0 CUSHALY OOPAMHOU C813U Om KUCIOPOOH020 OamuuKa u
10360.715em NO00EPHCUBAMb CMEXUOMEMPULECKOe COOMHOUEHUE <B030VX-MONIUBO» 6 MOnKe Komad. /s
obecneyenuss 803MONCHOCU  (PYHKYUOHUPOBAHUSL OAHHOU CUCTHEeMbl 8 KOMIAX HA PA3IUYHLIX MUNAX
monausa (meepoom, AHCUOKOM, 2A3000PA3HOM) pPACCHUMAHbL MeopemuyecKue CmexuomempuyecKue
Kod(Puyuenmol  «6030yx-monaugo».  Ilpusedenvl  OCHOBHble — MeEXHUYeCKUe  XapaKmepucmuku
HOPMAMUGHOL  CUCEMbl  Kauecmea npoyecca 2opeHusi. s eusyanuzayuu  yHKYUOHUPOBAHUSL
Paspabomannoco ycmpoucmea npogedeHo IKCHEPUMEHMANbHOE UCCIe008AHUe NPU PASTUYHBIX PEHCUMAX
pabomwl Komaoazpeeama.

Kniouesvie crnosa: 6030yuHO-MonauBHAs cmecb, KOHMPOIb KAYECBA 20penUs, KUCIOPOOHBIl 30HO, atba
UHOUKAMOP , 2A30AHATUIAMOD, KOIPuyuenm uzbpimka 6030yxa.

Propagation of quality control system of the contiobsprocess and methods of automatic control ef th
air-fuel ratio based on the qualitative and quaatiite analysis of flue gases are considered. Basethe
analysis identified the major disadvantages of texgsmonitoring systems of the boiler and propoaed
new method of operational monitoring of the comibuasprocess using the broadband oxygen probe and
the digital alpha indicator. The method is realizeyl correcting the fuel supply to the burner on the
feedback signal from the oxygen sensor and keegsichiometric “air-fuel” ratio in the boiler furnae.
Calculating the theoretical stoichiometric “air-fliecoefficients for enable the functioning of thgsgem in
the boilers. Showing the main technical charactasof the portable system quality of the comlousti
process. For visualization the functioning of tleveloped device performed the experimental in\asbig
with different modes of boiler operations.

Keywords: air-fuel ratio, quality control of comhim, oxygen probe, alpha indicator, gas analyzer,
excess coefficient.
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Beryn. IIpoGiemu migBuiieHHsS €()EKTHBHOCTI
BUKOPHUCTaHHS TajvBa 1 3MCHIICHHS BHKHIIB
IIKIIJTABAX PEYOBHH OCOOJIMBO aKTyallbHI B THX
rayy3sx TPOMUCIOBOCTI, J€ CHAIOBAHHS BEIUKOI
KUTBKOCTI TIajuBa BiOYBa€ThCS 3 HEAOCTATHHOIO
MOBHOTOIO 1 BigHOocHO HuU3bKkMM KKJI. Jlo el
Tpynu cHoXuBayiB BigHOCSThCS KoTenbHi JKKI™ Ta
MIPOMHMCIIOBI TIATIPUEMCTBA 3 KOTJIAMH TTOTYKHICTIO
Bix 2 no 20 MBT.

T'omoBHOIO TIPOOIEMOIO TIPH  YIAOCKOHAJICHHI
CTMIATFOBAHHS MAJIMBAa € HEOOXIiHICTh OJHOYACHOTO
BUpIIICHHS CKJIaJHUX 1 YacTO B3a€EMOBHUKIIOYHUX
3aBlaHb.  MIABUINEHHS  E€KOHOMIYHOCTI  HMOTO
CMIAFOBAHHS, 3MCHIICHHA BUKHIIB [IKIJIUBUX
pedoBHH B aTMocepy 1 3HIKEHHS KaIliTaTbHUX
BUTpPAT Ha iX 3filicHeHHsA. OMHOYACHE BUPIMICHHS
JAHUX 3aBJlaHb MPUAHSITO Ha3UBaTU
EHEPrOCKOJIOTIYHOK ONTHUMI3AIIEI0  CIIATFOBAHHSI
nayuBa.

XapakTepHOI OCOOJMBICTIO  BIPOBAKEHHS
eHepro3oepiraroumnx Ta MPUPOTOOXOPOHHUX
TEXHOJIOTIA Ha JIIOYMX KOTJaX Majioi Ta CepeaHbOi
MOTYXXHOCTI € IX KOPCTKE OOMEXEHHS Yy paMKax
KamiTaIbHUX BUTpaT. BigmoBimHO 10 1HOTO,
NPIOPUTETHUMH € PILlIeHHS, 0 nependavyaioTs He
3aMiHy ICHYIOYOTO TE€XHOJIOTIYHOTO 00JIagHaHHS Ha
HOBE, a  MaKCHUMallbHO  MOXIIUBE  HOTO
BUKOPHCTAaHHS 332 YMOBHM JIOCSATHEHHS CYYaCHUX
MOKA3HUKIB IMOA0 ©()EKTUBHOCTI CHATIOBAHHS
MaJIMBa Ta OXOPOHU HABKOJHIIHLOTO CEPEOBHIIA.
Bunstok CTaHOBJISTH TITBKU HEBEJIHKI
YIOCKOHAJICHHS OKPEMHUX BY3JiB MaJIbHUKOBOTO
NPUCTPOI0 Y paMKax BIPOBAKCHHS JESIKOTO
TEXHOJIOTIYHOIO MeTofy. Taki nii CTaHOBJIATH
E€HEPTOEKOJIOTIUHY peabimiTarito YUHHOTO
TEIUTOTEXHIYHOTO 00amHanus [1].

SkicTh cmamioBaHHS MMajdvBa y TOMII KOTJA
BU3HAYAETHCS NUITXOM aHaJi3y CKIay JAMMOBHX
ra3iB. [Ipu 3ropaHHi BYIJIEBOJHEBOTO TNalMBa Yy
JUMOBHUX Ta3aX MOXYTh YTBOPIOBATHCS MPOIYKTH
noBHoro (CO,, H,0) ta nenosuoro (Hy, CH,; CO,
C) sropamms, asor (N,) Tta kwucenp (O), ki
MOMAIOTECS Yy 30HY TOPIHHA, a TaKOoX Ta3o0Bi
JIOMIIIIKH, 10 JOPMYIOTBCS Y TIPOLEC] CIIaTFOBAHHSI
32 paxyHOK HEMOBHOI OYHMCTKHA  MAaJIMBHUX
MarepiajiiB  Ta HaBKOJMIIHBOTO TOBITPS, IO
HAQJIXOJMTh Y 30HY TOPIHHSA KOTJIOBOTO arperaty
(H2S, SQ, NOy ta in.).

Takum  9HHOM, eheKTUBHICTE  po0OTH
KOTJIOAarperaTiB TaKoXK B 3HAYHIH Mipi 3aJI€KUTh BiJ
SIKICHUX TIOKa3HHKIB CHCTEM YIPABIIHHS MPOIECOM
CIIANIIOBAHHS TMAJMBA 1 CHCTEM aBTOMATHYHOTO
PETYIIOBaHHS BUTPAT MOBITPS, 10 MPU3HAYCHI JJIS
MIATPUMKA ~ HAWOUTBIIT  €KOHOMIYHOTO  PEXKHMY
TOPIiHHSA B TOMLI KOTJIA.

AHamiz pocaimkens i myogikamiii. Cepen

107

3aKOpP/IOHHUX CHCTEM AaBTOMAaTHYHOTO KOHTPOJIIO
SIKOCT1 TIpoLeCcy TOPiHHA HAWOLIBIIOTO MOMIUPEHHS
HaOyn cTaIioHapHi OaraTtoyHKIIIOHAbHI
npUcTpoi, poboTa KX 6a3yeThbcsl HA BUKOPHUCTAaHHI
Benmkoro uucia aasauis (O, CO, CQ, H,O, NQ)
Ta id. [1-3]. Taki cucTeMu He € yHIBEpCAIbHUMH i
MOXYTh OyTH BHKOPHUCTaHHI TUIBKM pa3oM 3

KOTJIaMM IIeBHOro tumy. Jlo Toro x, BelHKa
BapTICTh ~ JaHUX  NPUCTPOIB  poduTh  iX
HEKOHKYPEHTOCIIPOMOKHHUMU Ha  BITUYU3HIHOMY

PHHKY TEIUIOTEXHIYHOTO 001 HAHHS.

JlocTaTHIO aKTYyaJIbHICTh Ta TIEPCICKTHUBHICTH
Ha  JaHWi 4yac  HAaOynmm  CHCTeMH, IO
BUKOPUCTOBYIOTh KOE(ILiEHT HAJIMIIKY TOBITPS
(KHII, 0) B SKOCTi TOJOBHOTO KOHTPOIOIOYOIO
mapaMeTpa,  SKHH ~ BH3HAYAE€ThCAd  IUISIXOM
BUMIPIOBAHHS 3aJIMIIKOBOTO KHCHIO B JUMOBHX
razax [4-8]:

[O.l...
21-[G,]

a=1+

BUX

ne [O,],. 00'€MHa KOHLICHTpAIlisi KUCHIO Yy

BUXIJIHUX TUMOBHX Ta3ax.

I[Ipy mpOMy miama3oH [aBadiB KHCHIO €
JIOCTaTHHO IMMPOKWAM. OITHYHI, EJIICKTPOXiMidHi,
IIUPKOHIEBI, THTAHOBI, OioyoriuHi Ta iH. [9-12].

Jleskoro  pO3MOBCIOKEHHS HA  TEPHUTOPIl
VYkpainu HaOyna aJanThBHA CHCTEMa KEpyBaHHSI
TATOAYTTEBUMH MEXaHi3MaMU KOTEILHHUX arperarib
EKO-3 [13]. 3acTocyBaHHS TaKOro KOMILICKCY
JI03BOJISIE OTITUMI3yBaTH PEXHUM 3rOpaHHs MaluBa 3
ypaxyBaHHSAM (QaKTHYHUX YMOM, PEXKHUMIB POOOTH
KOTJIOArperaTy Ta XapaKTePUCTUK TMalHBa, a TAKOXK
migBumutd KKJ[ xorma ma 2,6 — 3,9%.IIpote
CKIAQJHICTh IHCTANAIII Ta BUCOKA BapTICTh
KOMIUIEKCY  YHEMOXIIMBIIOE ~ HOTO  IIMPOKE
3aCTOCYBaHHS y TEIUIOCHEPreTUYHIN
MIPOMHUCIIOBOCTI, IO JOBOIWUTH HEOOXIIHICTH
CTBOPEHHS AaJalTHBHOI Ta HEJOPOroi CUCTEMH
KOHTPOJIO SIKOCTI 3TOpaHHsl MOBITPSHO-TAJMBHOI
CyMIiIIl B KOTJIOarperarax.

Mera craTTi: pO3pOONEHHS MOPTATUBHOI
CUCTEMH  KOHTPOJNIO  SKOCTI  TOpPIHHSA B
KOTJIoarperaTax mMajoi Ta CepeIHbOi MOTYKHOCTI.

Po3pobsiennst cnocody peryaoBaHus. Ha
JaHWA Yac iCHye 3HAYHA KUJTBKICTh CXEM peaizaii
ABTOMATHYHOTO PETYJIOBAaHHS CITiBBIAHOIICHHIM
CKJIay TOBITPSHO-TIATUBHOI cymimi. Tak y po6oTi

[14] omnucaHa MOXITUBICTb (dhopmyBaHHS
iHpopMaIIiHOIO  CHTHaNy JUIS BIUIMBY  Ha
MOBOPOTHY  3aClliHKY, IIO BCTaHOBJEGHAa Ha

TIOBITPOBOJII IMCIIST BEHTHIATOPA IYTTS, ILITXOM
PETYIIOBaHHS YacTOTH OOCEpTaHHS BEHTIIIATOpA
OyTTS TIPA BUXOII KyTa BITKPUTTS TOBOPOTHOI
3acHiHKM  3a 3ajmaHi  Mexi. Jlama  cxema
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XapaKTEPU3Y€ETHCS BIJICYTHICTIO BETUKHUX ITyCKOBHX
CTpYMiB Ta 3HWKEHHSIM EHEPrOCIIOKUBAaHHA 32
pPaxyHOK 3MEHIICHHS YaCTOTH JKUBJICHHS JBUTYHA
BEHTWISATOpa AyTTa. Y TOH JKe uyac crmoci0
peami3yeTbcsl MUIIXOM  TIOBUIBHOTO — yIIPaBIiHHS
POOOTOIO TEXHOJIOTIYHOTO EJIEKTPOOOIaTHAHHS, 110
HE JT03BOJISIE MBUAKO PearyBaTu Ha 3MiHY KUTBKOCTI
Ta SKOCTI MAJIMBA, 10 HAIXOJUTH N0 MaJbHUKA. Y
poboTi [15] HaBeneHa cxema peryitOBaHHS PEKUMY
TOPIHHS Yy TOMIIl KOTJIa MIJISXOM BHUMIPIOBAHHS
BMICTY OKHCY BYIJICIIO 332 JONOMOIOIO JaBaya y
ra3oBOMYy TpaKTi JMMOXOMY. 3a3HadeHUH CIocio
(hopMye BUXIIHWHM CHTHAJ 3 Ta3oaHailizaTopa, IIo
NPONOPUIHHUKA BMICTY OKHCY BYTJIEHIO Y AMMOBHX
ras3ax, i CHiNbHO 3 BUXIJHHUM CHUTHAJOM 3a/JaBada
CTBOPIOE YIPABJISAIOUUHA CHUTHAJ, L0 MOJAETHCS HA
OJIOK YaCTOTHOTO TMEPETBOPIOBAYA EIEKTPOIBUTYHA
auMococa Ta (abo) BEHTHIISITOpa Mojadi MOBITPS y
TOIIKY KOTJIOAarperary, TOCTIHHO IMATPUMYIOUH
KOHILICHTPALIII0 OKUCY BYTJICIIO Y JUMOBHUX Ta3ax Ha
pieHi 0,1-0,2%.

HemomikoM maHoro croco0y € HEy3TroKEHHS
MIBUJKOCTI MMOJIayi a3y, MOBITPs Ta PO3PiAKEHHS 3
IHEePIIIHHICTIO JUMOCOCIB Ta BEHTHJIATOPIB, IO

| SSN 1993-9981 Memoou ma npunaou konmponio akocmi, N 2 (33), 2014

CTBOPIOE MOXITUBICTh KOPOTKOYACHOTO BHXOY
TUCKY TIOBITPS 1 pO3PIIKEHHS 32 JOMYCTHUMI MEXi 1
SIK HACJJIOK — BUHUKHECHHS aBapiifHOI CHUTyaIii, a
aHaJIi3 BMICTY OKHCY BYIJICLIO y JTUMOBHX Ta3ax He
JIO3BOJISIE  3amOOIrTH  yTBOPEHHIO  IMPOIYKTIB
uenosHoro 3ropanus (Hy, CH;, CO, C)ra 3uu3utu
piBeHb BUKHIB LIKiAJMBUX PEUOBHH B aTMocdepy.

Ha crorommimHid neHb IS OIEPATHBHOTO
KOHTPOJIIO SIKOCTI THpOLeCy TOpiHHS Ta HaJaIkd

KOTEJIBHOTO o0JIaHaHHS BHUKOPHCTOBYIOTh
ra30aHajizaTopy, MEPEeBaAKHO EJICKTPOXIMIYHOTO
THUITY.

IIpuntun mii TakuX TPUCTPOIB 3aCHOBAHHWM Ha
3aJIeKHOCTI MDK MapaMeTpaMH  eJleKTPOXiMidHOi
CHCTEMH Ta CKJIaJOM aHaIi30BaHOI CyMiI, IO
HAJXOJIUTH A0 1€l cuctemu. B Tabn. 1 npuBencHa
MOPiBHSIbHA XapaKTepUCTHUKA Cy4YaCHHX
MOPTATHBHUX Ta30aHANi3aToOpiB, IO BUKOPHC-
TOBYIOTBCS JUISI SKICHOTO Ta KUIBKICHOTO aHalli3y
JIMMOBHX Ta3iB. He3Bakarouu Ha OmMcaHi epeBard,
JlaHl TpUiIagd MaroTh PsJI BaroMHX HEJIOJIKIB,
cepen SKHMX — HHU3bKa CEIEKTHBHICTH, OOMEKEHa
IIBUJIKOJiSl, HEJOBTOBIYHICTh EJIEKTPOXIMIYHOTO
CEHCOopY, IiHa.

Taoauus 1 —IlopiBHsJIbLHA XapaKTePUCTHKA CYYaCHUX MOPTATHBHHUX ra3oaHajizaTopis
€JIEKTPOXiMIi4YHOI 0 THITY

Tun Konrponrosani Ocob6imBocTi niurgigmm Kpaﬁéa Hina sin,
PEYOBHHU 1po6H, ¢ BUPOOHHK
* MOKJIMBICTh 1HIHMBIIyaJIbHOTO 30MpaHHs
0O,, CO, HS, NG, | npunany .
II'A-300 NH;, SO, H, * HEBEIMKi rabaputu 30 Pociz 933
* BuOyxo03axucHa opma
* 3aXHUCT BiJl BUOYXY
* PO3MIMPEHUN TEMIIEPATYPHHUH Jiama3oH
eKCILTyaTaril
Jl\I/II/(I)"lI"{- (2)- gacl\(l)%N(l-)I;SNQ, * CHTHATI3AIis — Pocis 1460
’ ' * CTaTHCTUYHA 00pOOKa pe3yNbTaTiB
* IOKYMEHTYBAHHS Pe3yJIbTaTiB
* aM’ SITh JAHUX
0,, CO, H, NO * OCHAIIICHUI 30H]IOM IMOILIYKY BUTOKY .
TESTO-330 N?) T " | » mam’a1s Ha 200BUMIpIOBaHD 60 Himeuunna | 1290
2 * USB-inTepdeiic mrs curxpownizarii 3 [TK
* PO3IIMPEHUN TEMIIEPATYpHHUH Jiama3oH
eKCILTyaTaril
TESTO-350 gé,)zCO, NO, NG, |, BHCOKA TOYHICTh BUMIPIOBaHHSI HU3bKUX 60 Himeyunna | 4760
konnenTpaiit NO ta CO
* BOY/IOBaHHI IPUHTEP
* MOJXJIMBICTh OZHOYACHOTO ITiJKJIFOYEHHSI
OKA-T (l\:l(l-)l’ l-l%l%z SQ, 10 4-x xkaHaJiB a0 Pocis —
¥ * HeBeJIMKi rabapuTy Ta Bara
* mam’ siTh Ha 990 BUMIpIOBaHb
¢ BOy/ZIOBaHHI IPUHTEP
ITOJIAP-2 g%)zcl\(l) H NO, NG |, USB-inrepdeiic mist cunxponizanii 3 [TK — Pocis —
' 3 * TPUBAIICTH POOOTH O€3 MiA3IpaaKu — 0
16rop.
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IIpomoBxeHHs tadm. 1

1 2 3

4 5 6

AHKAT-
7361

NO,, NHs, CO, C},

SO, Oy, H,S 34ron.

* TPUBANICTH poOOTH O€3 MiA3spaaKu — 10

* HEBEJMKi rabapuTu Ta Bara

180 Pocis 370

MPAKTUYHICTh

OI1-11.K | CH,, CHg

* IOPTATHUBHICTH, MOOLIHHICTB,

* MIMPOKUH Jiarma3oH BUMipIOBaHHS
* 3aXKCT BiJl «TPABJICHHS» CEHCOPA

15 Pocis 350

I'MAM-315

* IPUMYCOBHH cI10Ci0 3200py TIpoOH
G-Cio * ONTHKO-a0COPOI{MHUI METO pOGOTH
* Oe3nepepBHUN pEeXKUM POOOTH

Pocis 2140

OZ! CO! NO! NQ!

AI'M-510 SO, H,S, CG,

KOHIIEHTpAaIlii

* BU3HAYCHHS KOePiIlieHTa HAJIUAIIKY
TIOBITPS Ta KOedillieHTa TETIIOBUX BTPAT
* MUPOKUH JTiarma3oH BUMipIOBaHHS

Pocis 3600

ACB-1

* MOJKJIUBICTH KOHTPOJIIO
0araTOKOMIIOHEHTHUX CyMillIel

* BiJICYTHS HEOOXiHICTh KaJiOpyBaHHS
¢ 30roa. poboOTH Bix aKyMyIsiTopa

TOBITPS

OKCH 5M- e cuaxposnizaris ¢ [TK

S5H

0,, CO, CQ, NO,
NO,, SG,

NPaKTHYHICTD

eKCILTyaTarii

* BU3HAYCHHS KOe(illieHTa HAJIAIIKY

* IOPTATHUBHICTh, MOOLIHHICTB,

* PO3LIMPEHUH TeMIIepaTypHHH Jliana3oH

30 VYkpaina 1340

B ocHOBy  3ampoIlOHOBaHOTO  CHOCOOY
MOCTAaBIIEHA 3aJlaya  BJIOCKOHAJCHHS  CIOCOOY
ABTOMATUYHOTO PETYJIOBaHHS IPOLIECY TOPIHHS Yy
KOTJIoarperaTax HIISIXOM Oe3mepepBHOTrO
BUMIPIOBaHHS BMICTY KHCHIO y JMMOBHUX rasax 3a
JIOTIOMOTOI0  KHCHEBOTO 30HJY, IO KOHTPOJIOE
MOBHE 3TOpPaHHS TOPIOYMX MaTepialiB HE3aJeKHO
BiJl 3MiHHM KUIBKOCTI ra3y, 110 HaJIXOJUTh IO TOIKH
KOTJNIa, Ta 3a0e3ledye 3HAYHE EHEepPro30epeKeHHs
CUCTEMH KOTEIbHI.

[MocraBiena 3amavya BUPIMIYETHCS THM, IO Y
CXEMi aBTOMATHYHOI'O PETYIIOBAaHHS IPOLECY
TOpPiHHS B KOTJOarperatax MIISTXOM BHUMIPIOBaHHS
curHaiis, mo (IKCylOTb Ta30Bi BUTpaTd, i3
3aCTOCYBaHHSIM YaCTOTHO-PETYILOBAHUX
BEHTHJISITOPIB AYTTSA Ta JUMOCOCIB BMICT KHCHIO B
JUMOBHX Ta3ax Oe3lepepBHO BHUMIPIOETHCS 3a
JIOTIOMOTOI0 KMCHEBOT'O (-30H]y, PO3MIIIEHOTO Ha

MOYaTKy Ta30BOTO TpakTy aumoxomy. Jlami
BiIOyBaETHCS (bikcyBaHHS pe3yNbTaTiB
BUMIPDIOBAaHHS  30HJOBUM  C-IHAWMKATOPOM 3
TOTIEPEHBO 3aJ]laHAM CTEXIOMETPHYHUM

CITIBBITHOIIIEHHSAM <IIOBITpSI-ITAJIUBO», a Iofada
MajuBa JO TajbHUKAa KOPHUTYETHCS CUTHAJIAMHU
3BOPOTHOTO 3B SI3Ky BiJl KHCHEBOTO 30HIY, IIPH

IBOMY KOE(]ILi€HT HAJIMIIKY MOBITPS B JUMOBHUX
razax IATPUMYEThCS Ha TOCTIHHOMY  piBHI
(0=1-1,1).

BukopucTaHHS KHCHEBOTO 30HIY Ha IOYaTKY
ra3oBOro TPAKTy TUMOXOAY Ma€ pAJ Iepesar nepexn
TPAIUITIHHUMHU Ta30aHAI3aTopaMH. 30UTHIICHHS
TOYHOCTI BUMIPIOBaHHS KOHIIEHTpaIlii
3aJTUIIKOBOTO KHCHIO, BiZICYTHICTH CHCTEM BiOOpY
Ta MATOTOBKU MPOOH, cTabiinbHAa po0OTa 1 JOBruit
TEpMiH eKCIUTyaTalii, IpocToTa 3aMiH Jetanel Oe3
JIIEMOHTaXKY, aJanTaIlisl 10 YCTAHOBKH HA Pi3HI THITH
TEIUIOBUX arperarib.

3acTocyBaHHs IUPPOBOro anbda-iHIUKATOPa
JIO3BOJISIE B PEXHUMI PEANbHOrO 4Yacy CTEXKHUTH 3a
3HAYCHHAM Koe(illieHTa HAIMIIKY TOBITPS Y
JIUMOBHUX Ta3ax 3 BHCOKOIO TOYHICTIO ONIEPATUBHO
BHOCUTH 3MIHA Yy PEKUM poOOTH MalbHHUKA
KOTJIOArperaTy, BHACIIJIOK YOTO  JOCSTAEThCS
MakCUMajbHa €(EeKTUBHICTb pPOOOTH KOTEIBHOI
YCTaHOBKH.

Kopekmiss mogaui manuBa 10 TalbHHKA 3a
CHTHAJIOM 3BOPOTHOTO 3B’S3Ky BiJl KHCHEBOTO 0.
30HIY JO03BOJISIE TIATPUMYBAaTH CTEXiOMETPHUYHE
CHIBBiAHOIICHHS <TIOBITPA-TIAJHBO» y TOMMI KOTIA
[16], 3HU3MTH piBEHb BHKHIIB TOKCHYHUX PEYOBHH
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B atMmochepy Tta mimBumut KKJI koria uepes
HEJIOITYIIIEHHS HEeCTavi MOBITPS YW MOTO HAJUTHIIKY
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Ta6mmus 2 —CrexiomeTpuuHmii cKJaa
TOBITPAHO-NAJHUBHOI cyMini

y  OUMOBHMX rasax. TeopeTWyHi  3HAYCHHS Crexionernnine
CTEXiOMETPUYHOTO  CIIBBiJTHOIICHHS  <IIOBIiTpS- Xim CHiBBi,I[HOI.EeHH}I
HaJuBO» AN JESIKMX  THUIMIB  OpraHiuHUX Hanmgo (I)OpM};JIa TIOBITPSI-TTAHBOY
BYTIJICBO/IHIB HaBEICHO B Ta0OJ. 2. 006 emme Macose
Criocib aBTOMaTHYHOTO PETYIIOBAHHS MPOLECY Meran CH, 17 20'1 15 601
ropiHHs y KOTJIOarperatax, Mo 0a3yeThcd Ha R ==
3aCTOCYBaHHI KHCHEBOTO 30HIy Ta IU(POBOTO gTi)I;aH %EG igggi ii%i
30HIIOBOTO aib(a-iHauKaTopa, peami3yeTbes 3a B}lonaH CH8 15431 13991
JTIOTIOMOTOI0 TTPUHIIAIIOBOI CXEMH, 300pa)KE€HOi Ha Tonran C‘;Hig 15301 13881
puc. 1. Tekcan CoHua 15,211 13,80:1
Armocdepa
Tas = Jlmvori
/K Tomnka KoTia = K3 B = BO
[TosiTps /,[[B
[TyneT
KepyBaHHA
qp UP |e >
y
Al

Pucynok 1 —IIpuHiunoBa cxema aBTOMATHYHOT0 NpoIecy pery.iloBanHs cniBBignomenns IMITC
JJIS MAJIbHUKA 3i 3BOPOTHUM 3B’ I3KOM 10 CHTHAJIAM 0-30HIY

3anponoHOBaHUN cnocio pearizyeTbes
HACTyITHAM 4YHHOM. HeoOXimHe CITiBBiTHOIICHHS
«TIOBITPS-TIAJIMBO» Y  TpoLeci  eKcIulyarauii
KOTJIOarperaTy 3ala€ThCsl MyJTbTOM KEepyBaHHS Ta
MOPIBHIOETHCS 3 MOTOYHUM 3HAYCHHSM, OTPUMaHUM
Big kucHeBoro 3o0Hay (K3). YacroTHuit perymsrop
(YP) 3a momoMororw 3MiHM YacTOTH BHUXIIHOI
CHIIOBOT ~ MEpexXi  Kepye  eJIEKTPOJBHIYHOM
IyTTeBOro BeHTWiIsATOpa ([IB) momaui moBiTps y
TONKY KoTioarperary. KucHeBuid 30HI, 1IO
3HAXOJMUTHCS HA TIOYATKy JIUMOBOTO TpaKTYy,
0e3mepepBHO aHANI3YE Ta PEECTPYE BMICT KUCHIO Y
JUMOBHX rasax, i Gopmye iHGOpMaIiHHUN CUTHAI,
Hampyra  sSIKOTO XapaKTepu3ye BEITUUUHY
koedillleHTa HAUIMINKY MOBIiTPS o. [ludposwuii
30HI0BHI o-iHauKaTOp (Al) TPOAYKY€E OTpHMaHMIA
BiJI IIIPOKOCMYTOBOT'O KMCHEBOTO 30H]y CHT'HAJI Ha
JIHIAII CBITJOMIONIB, Ta pa3oM 3 TIOMEPEIHBO
BBC/JICHUMHU J[AHUMH TIPO 3aCTOCOBAaHE MaUBO
YTBOPIOE  CHTHaJ, 10 TIOAaeThbcs Ha  OJOK
YaCTOTHOTO pEryJisiTopa, SKAH Yy CBOIO Yepry
3MIHIOE PEXHUM POOOTH BEHTHUIATOPA JJIs KOPEKIIil
MoJlayi MOBITPSl HA MAIBHUK, TIATPUMYIOUH TaKHUM
YHUHOM KOeQilieHT HaUIMIIKY MoBiTps a~1. Byzon
o6miky mKigmuBux peuouH (BO) cuyxuts s

aHay;izy Ta KOPEKIlii 3a JIOMOMOTOK YaCTOTHOTO
perynaropa BMICTy TOKCUYHUX PEYOBHH Y TUMOBHX
rasax.

OCHOBOIO I CTBOPEHHS  aBTOMATHYHOI
CUCTEMH PETYJIIOBAaHHS HA/UIUIIKY IOBITPS CTaB
IITUPOKOCMYTOBUNA KHUCHEBHHM 30HA BHUPOOHUIITBA
¢ipmu Bosch puc. 2, 3). Ha puc. 4 300paxeHa
3JICKHICTh BHXITHOT HANPYTH ITHPOKOCMYTOBOTO
KHCHEBOTO 30HAY BiJl 00’ €MHOI KiTBKOCTI TOBITPS
Ha OJIMHUINIO TMajuBa. y Tabmuii 3 HaBeneHi
3HAYEHHS CHIH CTPpyMy Ha BUXO1

HIUPOKOCMYTOBOTO KHCHEBOTO 30H/Y Y 3aJICXKHOCTI
BiJ Koe(iLlieHTy .

PucyHnok 2 —IllupoxocMyroBuii KUCHEBHIi 30H/1
BupooHunTBa BOsch
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Taéauus 3 —3ajexHicTh CHJIM cTPYyMY | Ha BUXOAi IIMPOKOCMYIOBOI0 KHCHEBOI0 30HIY Bix o

I, MA -3 -2 -1 -0,5 0

0,5 1 15 2 2,5 3

a 0,753 | 0,818 0,818 0948 (1

1,118 1,266 1,456 1,y0B0O63 | 2,592

——

1 —komiprxa Hepucma; 2 —peghepenmna xomipka,
3 —nidiepisau; 4 —oughysitina winuna, 5 —nacocna
xomipka;, 6 —oumosa mpyba

Pucynok 3 —KoHcTpyKuisi LINPOKOCMYT0BOT0O
KHCHEBOT0 30H1Y Oe3mepepBHOi aii

Sk MIOKa3yH0Th
JTOCITI JKCHHS, 3MEHIIICHHS KOHIICHTpaIlii
3aJMIIKOBOIO KHCHIO y OUMOBHX razax Ha 1%
3abe3neuye exoHomiro mnanmmBa Ha 0,8%, mo
KOHCTaTye MOJKJIUBICTb 3HAa4YHOTO
eHepro30epeKeHHs npu BUKOPHUCTaHHI
3aIIPOIIOHOBAHOIO CIIOCO0Y.

eKCIICPUMCHTAIbHI

IIpakTH4Ha peanizalisi cHCTeMH KOHTPOJIO
SIKOCTi TOpPiHHSA. 3 BpaxyBaHHIM YCIX OIHMCAHHX
3ayBaK€Hb 1HCTUTYTOM TEXHIUHOI Ternodi3uku
HAH VYxpaian po3poOieHa mopTaTHBHA CHCTEMa
KOHTPOJIIO SIKOCTI TOPIHHS TOBITPSHO-TTATUBHOI
CyMiln y KoTjoarperarax Majoi Ta CepeIHbOi
MOTYXHOCTI (puc. 5).

T T T
19 20 21 22 23 24

T T T T
14 15 18 17 18
FiNLKIETE NOBITPA HA DANMNLE 0B ey nannea

Pucynok 4 —3ajeskHicTh BUXiZHOI HAPYTH
IHPOKOCMYTOBOT0 KHCHEBOT0 30HIY Bijl
CHiBBiTHOIIIEHHSI MOBITPSIHO-NAJIUBHOI CyMinmi

PucyHnok 5 —IlopraTuBHa cucTeMa KOHTPOJIIO
SIKOCTI Mpouecy ropinas Ha 6a3i
IIHPOKOCMYTOBOr0 KHCHEBOI'0 30HAY Ta
uugposoro anabpa-inaukaropa

B ocHOBYy mpucTporo TOCTaBI€Ha 3ajadya
BJIOCKOHAJICHHSI ICHYIOUMX CHCTEM  KOHTPOIO
SIKOCTI 3TOpaHHsI MMajuBa y KOTJIoarperarax IisxoM
Oe3mepepBHOr0 BUMIPIOBAHHS KOHIIEHTpPAIIT KUCHIO
y JIUMOBHX rasax 3a JOMIOMOT 010
NIHPOKOCMYTOBOTO  KHUCHEBOTO  30HAY,  IIO
KOHTPOJIIOE TIPOIIEC TOPIHHS Ta30MoAiOHOTO Ta
piAKOro majnMB Pi3HOTO SKICHOTO Ta KiJIbKICHOTO
cknany. Iamukamis piBast KHII y muMoBux rasax
BiIOYBa€ThCSA 3a JOMOMOIOI anb(a-iHANKATOPa
JUIST  IIBHUAKOTO Ta IIOCTIHHOTO MOHITOPHUHTY
peXUMY POOOTH KaMepH 3rOpaHHs Ta MiAKIIOUEHHS
KOHTpoJepa (dbopmyrodoro CUTHAITY bi (o)
SJICKTPOMEPEXKI ISl TMOCTiIHHOT Ta Oe3mepebiiiHol
POOOTH CUCTEMHU KOHTPOIIIO.

3acTrocyBaHHS IIMPOKOCMYTOBOTO KHCHEBOTO
30HAY Mae psj TiepeBar Iepel TpaauliiHuMU
razoaHaii3aToOpaMHy. BIICYTHICTh CHUCTEMH BigOOpYy
Ta TMiIrOTOBKM TPOOW, IIBUAKE BHUMIPIOBAHHS
KoHIeHTparii 3amumkoBoro kwcHio (0,1-0,2 ¢),
Oe3nepebiitHa pobora, JOBTUH TEePMiH
eKCIUTyaTallii, Jierka IHCTamsAIlis Ha pi3HI BUAH
TEIJIOBUX arperariB.

Buxopucranns Pi3HOpiBHEBOT CHCTEMHU
ceiTmomionie  (amb(a-iHoWKaropa) Hae€  3MOTy
BuzHauntH piBeHb KHII y guMoBux ra3zax Ta
pesxuM poboTH KoTioarperary (3eleHi CBITIOMIONM
— o<1, mnoBiTpsHO-IaTUBHAa CyMim 30araucHa,
JKOBTI CBITIIONIONW — 0~1, MOBITPSHO-ITATMBHA
CyMIIll CTEXIOMETpUYHA, YEPBOHI CBITIOMIONHA —
o>1, moBITpsiHO-ManMBHA CcyMmim 30ixHiNa), Ta
ONEPATHBHO BHOCUTH 3MIHH y PEXHM pPOOOTH
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KOTJI0arperary IIITXOM peryTIOBaHHS KUTBKOCTI
MOCTYMA4oro mnaiuBa Ta/abo MOBITPS s
3a0e3meYeHHs MaKCUMaTbHOI €(EKTUBHOCTI POOOTH

KOTEJIEHOI  yCTaHOBKW. HasBHICTR KOHTpoOsepa
JIO3BOJISIE  3MIHIOBAaTH  HEOOXIMHWHA  pIBECHb
CTEXIOMETPUYIHOTO  CIIBBIIHOIICHHS  <TIOBITPS-

MaJMBO» Ta BUKOPHCTOBYBATH CHUCTEMY SKOCTI
3ropaHHs NajliBa Ha YCTAaHOBKAX, IO TPAIIOIOTH Ha
PI3HHX BHIaX PIAKOTO Ta ra30MOAiOHOTO MMaHB.

IligxkroYeHHs]  3apONOHOBAHOI CHCTEMH 10
3arajnbHOl  ENEKTPOMEpeX i 3  MOXKIHUBICTIO
MepEeMUKaHHs Ha IHII JpKepesia eHeprii J03BOJISIE
Oe3repepBHO MPOBOIUTH aHANI3 BMICTY JHMOBHX
ra3iB  Ta  KOHTPOJIOBATH  PEKUM  POOOTH
KOTJIOarperaTy Ha MpoTA3i TPHUBAJIOTO Yacy.

Ilepen BBeOEHHSIM CHCTEMH Y CKCIUTyaTaIlilo
KOHTpOJIEp MPOrpaMyioTh TAKUM YWHOM, 11100 HOTro
BUXIJIHAH CHWTHAJl CIIBHANAaB i3 CTEXiOMETPHYHUM
3HAYCHHSIM KOHTPOJIHOBAHOI TOBITPSHO-TIAIMBHOT
cyMmimn. I[llupokocMmyroBuid KHUCHEBMH 30HI, IO
3HAXOJUThCS HAa TIOYATKy JHMOBOTO TpPAaKTY,
OesrepepBHO BHUMIPIOE KOHIICHTpAITIO
3QJTUIIKOBOTO KHCHIO Y JMMOBHUX razax Ta QopMmye
iHpopMaIiiHuif  CHUTHAJ, IO HAIXOIUTH 10
KoHTposiepa. KoOHTposiep TOpIBHIOE BEITUYHUHY
HalpyTd CHUTHANY, IO HATINAIIOB, 3 BEIHYHHOIO
HANPyTH 3alporpaMoOBaHOTO CHUTHATY, 1 yYTBOPIOE
curHai, mo Bianoeigae piaro KHII, Ta BimoOpakae
Horo Ha CBITJIOMIOAHOMY  anbda-iHAUKATOPI.
JKuBnenHs cucTeMu 3a0€3MEUYETHCS  MUISIXOM
i1 € THAHHS KOHTpoJIepa pi () 3arajabHOl
eIeKTpoMepeki ab0 3 BHUKOPHCTAHHSAM IHINUX
JUKepen eHeprii (HalmpuKiam, aKkyMyJIsSToOpiB).

Texuiuni XapaKTepUCTUKH po3pobiieHol
CHCTEMH KOHTPOJIO SIKOCTI TOPIHHS IOBITPSIHO-
MaJIUBHOI CyMIIlli HaBeeH] y Ta0u. 4.

Ha ocHOBiI ekcnepuMeHTalIbHHUX JOCIIKCHb
BCTaHOBJICHO, II0 BUKOPWUCTAHHS 3alpPOIIOHOBAHOI
CUCTEMH KOHTPOJIIO SIKOCTi 3TOpaHHsS TIajunBa
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no3Bossie maBumuTd KKJI KoTempHOT yCTaHOBKH

no 95-96% Tta 3HAYyHO

NOJIMIIUTH  PiBEHb

eHepro3depexeHHs Koroarperary (Tabim. 5).

Ta6auus 4 —I"010BHI TeXHIYHI XapaKTePUCTHKH
NOPTATHBHOI CHCTEMH KOHTPOJIIO SIKOCTI

ropinHs
BuxinHuil curHaN BUMipIOBAJIBHOTO
30H1a, B +0,1...45,0
Biaryk (3arpuMka 3a 4acoM iHIUKaIIii)
st 50%crymingaroro 30yproBaHHs, € 0,1...0,3
TTouaTkoBHil Yac IMiArOTOBKHU 110
BUMIDIB, C <30,0
Jliara3zoH BUMipIOBaHb Mapamerpa o 0,5...15
BinnocHa noxuoka,% 3
IHMKarist pe3ysabTaTiB BUMIpIOBaHb CBITIIONIOAHA
JloBkMHA KaOero CIONYIeHHS, M <5
Temmeparypa HaBKOJIHIITHBOTO
CepeOBUINA IIPH BiTHOCHIN BOJIOTOCTI
1o 80%:
60Ky iHmukarii, oC 5...50
KOpPOOKH BUMIpIOBAJILHOTO 30H/1A,
oC 5...70
YMOBH B TOUIII BUMIPIOBAHb!
TeMIieparypa cepenonuiua, oC 50...250
HMIBHKICTB MOTOKY, M/C <15
THCK, [1a <+-500
Maca, xr.
OJIOKY iHIUKAIT <0,2
BHMIPIOBAJILHOTO 30H/Q <1,0
T"abapuTHi po3MipH, MM:
0JIOKY iHIuKaIl 110x 65x 40
BHMIPIOBAJILHOTO 30H]1Q 150x 150x 500
B T.4. JIOBJKMHA 3arjIMOHOT YaCTUHU
BHUMIPIOBAJILHOTO 30Ha 50...500

JocnimpkeHHsT TPOBOAMINCS Ha BOJOTPIHHOMY

KOTJIi  THILY
TEXHOJIOT1H

«BikTop» BinAimy

Terio3ade3neueHHs

MpOIIECiB  Ta
InctutyTy

texHiuHoi Tertodizukun HAH Ykpainu (puc. 6-8).

Tadauus 5 —Cryiag TMMOBHX ra3iB Ta sikiCHI MOKa3HUKH Po00TH KOTJa THNY «BikTOp» mpu
(pyHKIioHYBaHHI B Pi3HUX pe:RUMAX

Howmep 3 3
BHMIDIOBAHEA [0,],% [CO], mr/™m [NO], mr/m [COy], % KK, % o

1 4,7 370 49 12 95,9 1,29
2 4 222 53 12,5 95,2 1,24
3 3,4 178 60 12,9 94,8 1,19
4 3,4 160 61 12,9 94,4 1,19
5 3,5 137 61 12,8 93,9 1,2
6 4,8 150 61 11,9 93 1,3

7 2,6 62 65 13,5 93,3 1,14
8 20,3 5 0 0,5 64,7 30

9 2,4 726 62 13,6 94,6 1,13
10 2,3 668 64 13,7 94,1 1,12
11 1,4 726 65 14,4 94,1 1,07
12 0,7 2128 71 14,9 94,1 1,03
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6)
Pucynok 6 —3axucHuii KoBIaK aJs iHcTaIsIii a —3s6ionena IIC; 6 —onmumanvna INTIC; ¢ —
KHCHEBOTI'0 30H/1y Ha Pi3Hi THIIH KOTJIOArperaTis s6azauena IN1IC

PucyHnok 7 —Pe:xumu pyHKIiOHYBaHHSA KOTJIa
Ta ingukania KHII 3a nonomororo ajasda-
ingukaTopa

BUCHOBKH

Texniuna  peamizamis Ta  IPOMHUCIOBE
BIPOBA/KCHHS CHCTEMH KOHTPOJIIO SIKOCTI IpoIecy
L] | < TOpiHHSA Yy KOTJoarperatax JI03BOJSE€ BUPILIUTH
— MUTAHHS HEPYWHIBHOI MOJEpHi3alii KOTIiB Maloi
Ta CepeHbOI MOTYKHOCTI HIISIXOM BIOCKOHAJICHHS
HaJbHAKA CHCTEMOIO aBTOMATUYHOTO PEryJIOBaHHS
CHIBBIAHOIICHHS MOBITPSIHO-NAJIMBHOI CyMimmn 3
BUKOPHUCTAHHSIM pO3pOOJIeHOr0 mpHCTporo. Taka
KOMILICKCHA peai3allis MiIX01y JO3BOJIUTH:

a) peanizyBatu Ge3rnepepBHy eHeprozoepirarouy
poOOTy KOTIOAarperary;

0) 3MEHIIUTH PiBEHb BUKHIIB OKCHJIIB a30Ty 110
| 40%;

e B) 3a0IIAJUTH BUTPATH MAIUBHUX MarepiasiB
— - 1o 15%:;

I) 3HM3UTU CHEPrOCIOKMBAHHS BEHTUIISTOPIB
IyTTs Ta tuMocociB 1o 50%;

) TiIBHIIUATH HAAIHHICTH pOOOTH MEXaHIYHOTO
Ta TEIUIOTEXHIYHOTO 00JIaTHaHHSI.

Pucynox 8 —Bonorpiiinuii kores Tuny «Bikrop» (mory:xkHicts 100kBT)
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