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AHOTALIA Ipoyec aepayii — ye K1i0408a 1auKa mexHoao2ii 6iono2iunoi oyucmxu cmiyHux 600. Ae, AK ye He NApadoKCcaibHo, 3a
6ecb uac iCHy8aHHa yiei mexuonoeii, @oHa icmomuo He 3minunaca. Ilpoyec aepayii cmiuHux 600 3aIUWAEMBCA HAUOITLUUM
cnodicusauem elekmpoenepaii 6cb020 KoMnieKcy oducHux cnopyo. Bemanoeneno moosicnueocmi pezynioganus mpuganiocmi yuxiy
aepayii 8 3aneicHocmi 8i0 «8UOYX080i» 3MiHU KilbKocmi 3a6pyoHeHsb. B yvomy eunaoxy cucmema nosunna giopeazysamu Ha ye
«0Oypennsy i ckopezysamu mpusaricmv Yukiy aepayii, wjob 3adesneyumu HeoOXIOHUL KUCHeBUI pedncum 0i0N02IUHO20 OKUCTEeHHS
3a6pyonenv. Haseoeno oani docniodcens cnocoby nepioouunoi aepayii, 3aCHO8AH020 HA NOPIGHAHHI KOHYESHMPAYIL KUCHIO 6 PIOUHI,
AKA OUUWYEMbCS, MA 8 2A3aX, Ki 6i0x00amb nicia aepayii. OCHOSHUI NPUHYUN NOJIA2AE 8 MOMY, WO CUCEMA aepayii npodosxicye
nooasamu KuceHv, KUl gdice He 6 3M03i OupyHoysamu 6 piouny, Kyou nooacmscs, i 6UX00ums Ha NOGEPXHIo be3 yuacmi @ npoyeci
Macoodminy. ExchepumenmanvHo 6cmanoGieHuti cnocio pezyniosanHs mpueanocmi nepiodie aepayii Ona peanizayii 6 00OHOMY
aepomenky moogice Oymu 3acmocosanuti 0as yinoi epynu aepomenxie. Bukopucmanua cnocoby 6 onmumanbHOMY pedcumi Ons
KOJICHO20 3 U3HAYEHOI KINbKOCMi aepomenKie HeMmodicaugo 6e3 3acmocysanns mikponpoyecopa. Tomy 6yno pospobaeno cnocib
KOHMPOI0, AKULl 00380JIAE€ 3ACMOCYS8AMU NPUHYUNOBO HOBUL ANOpUMM nepioouunoi aepayii. Jawui ancopumm 0038075€
30ILWUMU NPUPICT AKMUBHO20 MYAY | OOMOSMUCS NIOBUWEHHS eheKMUBHOCII OYUCMKU CIIYHUX 800. [{liA OYiHKU MOICIUBOCTI
cmabinizayii pobomu nesHuUXx aepomeHKie npu peanizayii nepioduuHol aepayii 3a KOHYeHMpPayico KUCHIO 6 PIOuHi 0y po3eisaHymuil
MOOenbHUtl NpUKao, 3 AKO20 6UNIUSAE Ouhepenyiline pieHAHHA Oanamcy KucHio 6 piouni. Bueuenns yvoeo pieHAHHA Ha
cmabinbHicms ma noeedinKy y Qazositl niowuHi 0ac 3Mo2y UOPAmMu YMO6U, 3a IKUX a120pumm nepioouynol aepayii 6yoe naubinou
epekmusHUM 3 MOYKU 30Dy OUUWEHHS MA eHepeocnoxdcusanus. Teopemuunuii po3spaxyHox 0ae mamemamuyne OOIPYHMYSAHHS
excnepumenmanvhum Oanum. Ha ocHogi yucenvHux po3paxymkis eusedeHo ymosy onmuManbHoi pobomu aepayiinoi cucmemu Oas
epynu aepomenxis. Takum uunom 06y10 6Cmano6IeHo, Wo ONMUMATLHA KOHYEHMpayis KUCHIO 8 piOuHi, npu AKii mpeba nowuHamu
aepayiro, ye 0,06-0,12 m2/om’. Ilepioduuna aepayis 3 nepiodom npubmusno y 30-40 xe6. dac moowcausicmv niompumyeamu
cmabinbHuil epadienm KouyeHmpayii KUcHio 8 piouni. Poboma ouuchux cnopyo 3a po3pobieHum aneopummom Kepoeanoi aepayii,
8IONOBIOHO 00 KOHYEHMpayii KUCHIO 6 PIOUHI, WO OUUWYEMbCS, NIOGUWYE NPOOYKMUGHICMb NPOYecy ma 3a6e3neyye payioHaibHe
BUKOPUCAHHS eleKMPOeHep2Ii.

Knrwuosi cnosa: nepioouuna aepayis;, aneopumm nooayi KUCHIO Npu aepayii; OKUCTIOBAIbHA 30AMHICMb;, KOepiyicHm
suxkopucmanns kucnio (KBK); asmomamuune pezynosanns; mikponpoyecop,; OpiGHONyXipyesa aepayis, KuceHv, nOGImpsa,; CMiuHi
600U, iHmeHcugiKayis

RESEARCH ON IMPROVEMENT OF THE METHOD OF PERIODIC AERATION OF
WASTEWATER
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ABSTRACT The aeration process is a key part of biological wastewater treatment technology. But, paradoxically, during the
existence of this technology, it has not changed significantly. The process of aeration of wastewater remains the largest consumer of
electricity in the entire complex of treatment facilities. The possibility of adjusting the duration of the aeration cycle depending on
the "explosive" change in the amount of contaminants was stated. In this case, the system must respond to this "perturbation” and
adjust the duration of the aeration cycle to provide the necessary oxygen regime of biological oxidation of contaminants. The
research data on the method of periodic aeration based on a comparison of the concentration of oxygen in the liquid to be cleaned
and in the gases leaving after aeration are presented. The basic principle is that the aeration system continues to supply oxygen,
which is no longer able to diffuse into the aerated liquid, and comes to the surface, bypassing the process of mass transfer. The
experimentally established method of adjusting the duration of aeration periods for implementation in one aeration tank can be
applied to a whole group of aeration tanks. Using the method in the optimal mode for each of the specified number of aeration tanks
is impossible without the use of a microprocessor. Therefore, a control method was developed that allows the application of a
fundamentally new algorithm for periodic aeration. This algorithm allows to increase the growth of activated sludge and to increase
the efficiency of wastewater treatment. To assess the possibility of stabilizing the operation of certain aeration tanks, in the
implementation of intermittent aeration by the concentration of oxygen in the liquid, a model example was considered, from which
follows the differential equation of oxygen balance in the liquid. The study of this equation for stability and behavior in the phase
plane makes it possible to choose the conditions under which the periodic aeration algorithm will be the most efficient in terms of
purification and energy consumption. Theoretical calculation gave a mathematical justification for the experimental data. Based on
numerical calculations, the condition of optimal operation of the aeration system for a group of aeration tanks is derived. Thus, it
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was found that the optimal concentration of oxygen in the liquid at which to start aeration is 0.06-0.12 mg / dm3. Periodic aeration
with a period of 30 minutes makes it possible to maintain a stable gradient of oxygen concentrations in the liquid. The productivity of
treatment plants according to the developed algorithm of controlled aeration, in accordance with the concentration of oxygen in the

liquid to be cleaned, ensures the rational use of electricity.

Keywords: periodic aeration; algorithm for oxygen supply during aeration; oxidizable capacity; oxygen utilization factor (KVN);
automatic adjustment; microprocessor, fine-bubble aeration, oxygen; air; sewage, intensification

Beryn

B crarri HaBeneHi JaHi JOCTIIKEHb CIIOCOOY
NepioAMYHOT  aepaiii 3aCHOBAHOTO Ha MOPIBHSIHHI
KOHIICHTpAIlii KHCHIO B PiIWHI, [0 aepyeThCs, 1 B Tasax,
0 BUXOJISTh HA MOBEPXHIO Ticis aeparrii. [lokazano, 1o

TaKkMi  CrIOCi0  KOHTPOJIO  JIO3BOJISIE  3aCTOCYBaTH
NPUHIUIIOBO HOBHW aJrOpUTM IEPIOJMYHOI  aeparii.
Hanuii  anropuT™M  J03BONISAE  3OUTBIIMTH  MPHPICT

AKTUBHOTO MYITY 1 JOMOTTHCS IiABUIIECHHS ¢QEKTHBHOCTI
OYHUIIEHHS CTiYHHX BOJ. TeopeTHYHHH pO3paxyHOK IaB
MaTeMaTHYHE  OOIPYHTYBaHHSA  EKCIEPHUMEHTAIbHUM
JaauM. Ha OCHOBI UYMCENBHHX pO3PaxyHKIB BHBEACHO
YMOBY ONTUMaJbHOI pOOOTH aepauiiiHOl cucTeMu JUIst
JIEKUTbKOX aepOTEHKIB.

Crioci6 mepioauyHoi aepanii, skuii omnucaHuii B
aBTOPCBKOMY CBiZONTBI [l] BHKOPHCTOBY€TbCS JUISt
aepariii MiCbKHX KOMYHaJbHUX CTIYHHUX BOJ, SIKi MarOTh
BiTHOCHO CTaOUTHHMIA XIMIYHHUN CKIIAJ Ha MPOTS3i BCHOTO
mepiogy ekcruryararii. BigHOCHO He3MIiHHWHA CKIIaf
KOMYHaJIBHUX CTIYHUX BoX [2-5] 3a0e3meuye cTaOimpHUMA

CKJal, KIUIBKICTh Ta AaKTHUBHICTH MIKpPOOPTaHi3MiB
aKTUBHOTO MyJly, IO JO3BOJISIE BCTAaHOBUTH TPHBAJIICTh
aepariifHoro IWKIy, $Ka HaliKpame BigNoBigae

OYHMILIEHHIO KOHKPETHO IIMX CTIYHHUX BOJ

[TpomucnoBi cTiyHi BOAM, OCOOIMBO (DEHOINBHI
BOJH [6-8]. KOKCOXIMIYHOT MIPOMHCIIOBOCTI,
BiJIPI3HAIOTHCS HECTAOUTHHUM CKJIAJIOM 3a0pyIHEHb, KU
TOB'SI3aHUI 3 TEXHOJIOTTYHOIO IUKJIIYHICTIO BUPOOHUIITBA.
ToMy BUKOpPUCTAaHHS crocoOy NepioauvHOI aepariii 3
Harepen 3aJaHOl0 TPUBAIICTIO HUKIIB aepaiii HeMIHYYe
npUBeIe 10 PO3Jalgy OKHCIIOBAIBHUX MPOLECIB BOIO-
MYJIOBOI CyMilli Ta JO HENPOAYKTHBHHX BHTpAT
€Hepropecypcis.

o6 ycyHyTH meW HEHONIK, MH TMPOBENH UK
JOCTKEHb Ta  eKCHepUMeHTiB. BaxmmBo  Oyio
BCTAHOBUTH MOXJIMBICTh  PETyJIIOBAaHHS  TPUBAJIOCTI
UKy aepamii B 3aJle)KHOCTI BiJi 3MiHH KHCHEBOTO
pexxumy OiOJOTIYHOTO OKHCIIEHHs 3a0pyAHEeHb, SKi, B
CBOIO 4epry, BU3HAYAIOTHCS YMOBAMH JKUTTEIISUTBHOCTI
61011€HO3Y aKTHBHOT'O MYILy.

Merta po6oTun

Mera  pobotm  —  po3poOKa  METOIUKH
BJOCKOHAJICHHSI CHOCOOY TMepioAn4HOi aepaliii CTiYHHX
BOA 13 3aCTOCYBaHHSIM KEPOBAHOTO pEXHUMY IOJadi
HOBITPS 1O pinuHM, MmO ouumiaeTbes. Ha uel wac
abcoiroTHa OUIBLIICTE OYMCHHUX CIOPYJl BUKOPHCTOBYE
3acTapily TEXHOJIOTIF0 aepailii CTIYHHX BOJ, OCHOBHHIA
OPUHIMI KO — Ie Oe3mepepBHa Mmojava TMOBITPS B
pimuHy, mo ouMiyerbcs. Ha Hamy aymky, cydaci
BUMIpIOBaJIbHI NPWIAAM, pO3MOALIbYA apMmarypa Ta

KOMIT'IOTEpHE  3abe3meueHHs  JaloTh  MOXKIIUBICTH
opraHizyBaTH Mpollec aepaiii Ha CTaHI[SX OYUCHHUX
CHOpYJl CTIYHMX BOJ Ha TEXHOJIOTIYHOMY pIBHI, SIKHHA
BIJINOBi/Ia€ HUHIIIHBOMY PO3BHUTKY HayKH Ta TEXHOJIOTII.

Bukjiax oCHOBHOIO MaTepia.ny

[Ipu mpoBeaeHi AOCHIMKEHb OyIIO BCTaHOBICHO,
0 KOHIEHTpAIisd KUCHIO, SKAH PO3UYMHEHHUH y BOIHO-
MYJIOBIf CyMillli, B TPOLECi OYHCTKH CTIYHUX BOJ
MOCTIHHO 3MiHIOETBCS. TINBKH B TOMY BHIAJKy, KOJH
HAaJXOMKEHHS KHUCHIO [0 pILAMHM, L0 OYHIIYEThCH,
3HayHO mepeBumIye ii morpedy [9], ska HeoOXimHa ayst
OKHCIIOBaHHS ~ 3a0pyAHEHb, sKI  HAIXOAATb, TOJI
KOHLICHTpALlisl KUCHIO CTalimi3yeThCcsl Ha PiBHI 3HAUCHHS
KOHIICHTpAIlii HACHYEHHS, sKa BIJMOBIJa€  PIBHIO
3a0pyAHEHHs cyMinn Ha 1ieid gac. O4YeBUIHO, IO Taka
CUTyallii HEMOXIIMBa IIPpM BUKOPHUCTAHHI MEPiOJUYHOI
aepartii, o MU JIHCHO 1 CIIOCTEPIra.

Taxox HaM# A0 BCTaHOBJIEHO, 110
KOHIICHTpAallil KHCHIO B TOBIiTpi, IO BHHWIUIO Ha
MMOBEpXHIO  (TOOTO  «BIAMpAalBOBaHE»), TEPIOTUIHO

3MiHIOBanacs. B KiHI mepioxy aepamii BMICT KHCHIO B
«BIIMPAIbOBAHOMY» IOBITpi OyB 3HA4HO OiibIIE HIX
BEJIMYMHA, sIKa  pO3paxoBaHa IO  KoeQiIieHTy
Bukopucrannsi kucHio (KBK) mns wmiel  aepauiiiHoi
cucremu. Lli ¢akTh MOXHA TOSCHUTH HACTYIHUM: Ha
MoYaTKy KOXHOTO Tepiofy aepamii, KOJM B BOIHO-
MYJIOBiil CyMilli BMICT KHCHIO MiHIMaJIbHUI (OCKIJIBKH B
nepioJ] BIAKIIOUEHHs aepauii PO3YMHEHWH B CyMiIIi
KHCEHb TIOCTIfHO CITOKUBAETHCS MIKPOOPTaHi3MaMu),
HAaCUYEHHS piowHA KHCHEM BiIOyBa€eThCA 3
MakcumansHIM KBK mns manoi aepariitHOi cuctemm.
ToMy i B «BiAIIpanibOBaHOMY» MOBITPi BMICT KHCHIO B IIeH
mepios — MiHIMATBHUH.

B mpomeci aepamii KoHIEHTparlisi #oro B pimuHi
301IBIITY€THCSI, CTYIIHb BUKOPUCTAHHS KUCHIO BiAMOBIIHO
— 3HIKYETHCS, a HOr0 BMICT B «BiJIIPalbOBaHOMY)
MOBITPI — 301IBIIYETHCS.

Komn wmm cmocrepirann Ha mnpotsizi Gararbox
BUIIPOOYBaHb TaKy 3aKOHOMIPHICTb, TO HpPUHIUIM 10
BHUCHOBKY, III0 MOXXHa KEepyBaTH IIOYaTKOM Ta KiHIEM
nepiogy aepamii B KOHKPETHOMY Aa€pOTEHKY, SKIIO
Oe3nepepBHO KOHTPOJOBATH 3MiHM KOHIIEHTpamii KUCHIO
B PIIUHI Ta «BIAPAIILOBAHOMY» IOBITpi. 3pO3yMiJIO, IO
MpaKTUYHA peai3aliss Takoi MOKIUBOCTI J03BoNMIa O
cTalbimi3yBaTd HE TINBKH  TIpoumec  0i0JIOTiYHOTrO
OKHCIICHHs 3a0pyaHEHb, M Yac MepioauyHii aeparii, a
e 1 ONTHUMI3yBaTH HOTO e€HEeprocroXuBaHHs. Baxina
0COOJIMBICTh LBOTO CHOCOOY pPEryNIOBaHHS TPHBAIOCTI
nepiogy aepamii — 1€ BHKOPHCTAHHS HNPUHLUITY
«3BOPOTHBOT'O 3B’SI3KY» MIDK MpOLECaMu CHOXHWBAHHS
KHCHIO, ITPpX O10JIOTIYHOMY OKHCJICHHI MIKpOOpraHizMamu
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Ta MacooOMiHY KHCHIO 3 Ta3omoniOHoi (a3 B piauHy.
[Ipu 1bOMY «3BOPOTHIH 3B'30K» JO3BOJISIE MAKCHMAIIBHO
BHKOPHUCTOBYBAaTH MOKJIMBOCTI 000X IPOIIECIB.

JlocmimkeHHs 1O  BHU3HAYEHHIO  MOYKIHBOCTI
pEryJIOBaHHS TPUBAIOCTI [HUKIIB MPH TMEPiOaHUHI
aepamii CTIYHMX BOJ TPOBOAMJIMCS B JIaOOpaTOpHOMY
aepoTeHKy eMHicTIO 30 1M 3 MHEBMaTHYHOK AEPALE.
AepOTeHK 3aloBHUIIN PIMHOIO SIKa MICTUTH B c00i 250-
650 wr/mm®  QenomiB. Oumctka (EHONBHOI piaUHK
3[iHCHIOBaNIACs 32 IOMOMOTOK) AaKTHBHOTO MYIY, SKHI
OyB amanTOBaHUII IO BHCOKOi KOHIICHTpAIii ()CHOIIB.
CurHaim mpo IMOYaTOK Ta 3aKiHYECHHS IEpioAy aepaii
HAJXOIWIN BiJl JaTYMKIB SKi BUMIPIOIOTh KOHIICHTPAIIO
KHACHIO B piouHi (mpumag AR8010) Ta
«BiampanpoBaHoMy» ToBiTpi (mpmiax AR8010). Bumipu
KOHLIEHTpAI[il aKTHBHOTO MyJy HOPOBOAWINCH 3a
CIIEKTPOMETPUYHOIO METOIHUKOIO [11] Ha
cnekrpodoTomerpi UV-2600.

Pe3yabTaTu eKcnepuMeHTy

B Tabn. 1 BHECEHI pe3ynbTaTH eKCIIEPUMEHTIB, SKi
mpoBomwincs Ha mnporszi 10 g6 xoxHWA. s
NOPIBHAHHS MU HPOBOIWIN OYHMCTKY (DEHONBHOI BOAM
TpbOMa crocobamu:

- 6e3nepepBHUM (Ki1acuyHUM) criocobom [10];

- TepioinyHa aeparisi 3 PeryjibOBaHUM LIMKIOM B
3aJIe)KHOCTI BiJ] TOKa3aHb JaTYHKIB;

- mepiofMYHa aepamis 3 3a3Jalieriib  3aJlaHOIo
TpuBaiicTio mukiy (10 xBumuH) [2].

Tabnums 1 — [lopiBHANBHI PE3yIBTATH OYHUCTKH
CTIYHHIX BOJ 0e3mepeBHOI0 Ta MIEPiOAMIHOIO
aepartiero

N| Ioxasuuku | besnepepsn Tlepioguyna PerynsoBanuit
nporecy a aeparlis KOPOTKO LUK
OYUCTKH IMUKJIOBa

aepautis

1 | Yac aepanii 100 50 40

B1IHCCCHUU

10 9acy
OYUCTKH
%

2 Bumicr 12 26 50

AKTHUBHOTO

MyJLy MiCIIst

10 mi6.
TIpupict
00’emy %

JanHi 3 Tabn. 1 cBimgats, mo crnocid aeparmii, SKuit
MIPOTIOHY€ETHCS (3 PETyIBOBAHOI TPHBAIICTIO MHKIY),
JIO3BOJISIE JOCATTU CTaOUIPHOTO IIPOLECY OYUCTKH Ta
Oinpie, HiX B 2 pa3ud CKOPOTUTH BUTPATH Ha aeparliro
(sIKII0 PIBHATH 3 GE3MEPEPBHOIO ACPALIIEI0).

Jlnis BU3HAYEHHS KiJIBKICHOI'O 3HAYEHHS BMICTY
KUCHIO B DIJUHI Ta «BIANpalnboOBaHOMY» Trasi, Npu
I[OCHFHeHHi SAKHUX Tpe6a HaJaBaTU CUTHAJIX IPO MOYATOK
abo kiHenp mnepiomy aepauii, Oymu po3poOseHi Ta

(maboparopnuii acporerk 30 am°, BMicT (eHOIY B pigmHi
250-650 mr/am3) B pexumi nepioauynoi aepauii. B mii
cepii eKCIeprMEHTIB 3aKiHYeHHA Iepiofy aepamii Oyio
npu 3HAYeHHI KOHILIEHTpaii KHCHIO B
«BignpanpoBaHoMy» razi 19% (KBK aepariiinoi cucremn
nopisaioe 10%).

AHaui3 1aHuX, HaBeICHUX B Ta0J. 2, CBIMYHUTE PO
HaCTYITHE:

- B ekcriepuMmeHTax 1 i 2, OyJ0 BHKOPHCTaHO
MiHIMaNBHUA dYac aepamii, i MH OJepXKalll HHU3bKHUHA
CTYIIiHb OYHCTKH PiIHHU.

- B ekcnepuMeHnTax 8, 9, 10 Mu g0cArIM BUCOKOTO
CTYMEHS O4YMCTKM, aje MpU [bOMY OYyJIO BHTPadYEHO
GaraTo Jacy Ha aeparliio,

- B eKCIIepUMeEHTax 3, 4, 5, 6, Ta 7 OyB TOCATHY THIA
HEOOXITHMI pIBEHb OYHWINEHHS PIAWHH, 1 TIPH bOMY Hac,
BUTpaueHUH Ha aepaliro, OyB HalMEHIIHA.

Tabmuus 2 — PesymeraTe AOCHIIDKEHB IO
BU3HAYEHHIO ONTHMAIBGHOTO 3HAYeHHS KOHLEHTpALil
KHCHIO B piiWHI, 10 OOpOOJSETHCS, SIKE BIANOBiTa€
MOYaTKy Mepiory aepartii

N Bwicr kucHio B 3aranbHuil yac 3anumkosa
pinuHi, pu sikoMy | aepauii (roauHu) KOHLICHTpALIist
MOYMHAIIN (eHoniB B pinuHi
aepatito (mr/am3) SIKY OYMCTHIIH
(mr/mm3)
1 0 2,0 60
2 0,02 2,0 38
3 0,04 2,2 1,0
4 0,06 2,2 0,5
5 0,08 2,2 0,6
6 0,10 2,2 0,4
7 0,12 2,5 0,3
8 0,14 2,7 0,5
9 0,20 3,0 0,2
10 1,00 4,0 0,6
OOroBopeHHsI pe3yJibTaTiB
ExcniepumeHTanbHo BCTaHOBJICHUH crocio

PperyJIIOBaHHs TPUBAJIOCTI MEPiOiB aeparii 1uist peasizanii
B OJIMHMUYHOMY aepOTEHKY MOKe OyTH 3aCTOCOBAHMHU IS
Tol Tpymu aepoTeHkiB. BukopucranHs cmocoly B
ONTHMAJBHOMY PEXHMi JUII KOXHOTO 3 BH3HAYEHOI
KUTBKOCTI aepOTEHKIB (32 HAasBHOCTI CITUTFHOTO KOJIEKTOPa
a00 TOBITPAHOI MaricTpaii Bil KOMIIPECOPiB) MPAKTHIHO
HEMOXIIMBO 0e3 3acToCyBaHHsS Mikporporecopa. Kpim
TOTO, ¢haykryarii MeTaboiqHOoT AKTUBHOCTI
MIKpOOpraHi3MiB, KOJIM Ha HUX BIUIMBAIOTh 00’ €KTUBHI Ta
cy0’exTHBHI  (akrtopu (BiK, arperatHe CTaHOBHIIE
aKTHMBHOTO MyJy, KOJMBaHHS Temreparypu 1 pH,
«BHOYXOBE» HABaHTAXKCHHS 3a0pyJHEHHSIMH Ta IHIIE),
HEMHUHY4Ye OYIyTh TIPUBOJUTH JIO HEBIIIOBIIHOCTI
OKHCJTIOBAJBHUX TIPOLECIB B OJMHUYHUX aepoTEHKax 3
nepiofaMu BKITFOUCHHS-BUKIFOUCHHS aepalliiHUX CHCTEM
B TPYIIi aCPOTEHKIB.

TNPOBE/ICHI  HACTYIHI  JIOCTIDKEHHA. A came, MH ToMmy manms OWIHKE MOXKIUBOCTI — cTabumizamii
NPOZIOBXKMIL  PobOTY 3 QEHONBHOIO  BOXOIO  \oGory  ouuuuuHMX — aepoTeHKIE mpH  peaizaiii
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MepeprBYACTOI aepallii BIAMOBIAHO JO KOHIEHTpAIil
KHCHIO B piinHi OyB pO3TIISHYTHIH HACTYIHUNA MOJCITBHUI
TIPUKJIAN.

KoHueHTpalisi KMCHIO B Oy/b-SIKOMY aepOTEHKY
3MIHIOETHCSI BIIMOBITHO J0 PIBHAHHS:

%ZDE[C:’;J_CE)_D?N% M
L i':l"lJ
ne Di — koedimieHT, MmO XapaKTepHU3ye dYac
Macorepenadi KUCHIO; V, — IIBHIOKICTb, 3 SKOIO
MIKpOOpPTaHi3MH  BXXHBAIOTh KHCEHb; [ — HOMEp
aepoTEeHKa.

Benmunna Di nopiBaioe 0 B MOMEHT BHMHKaHHS
aepaiiiHOl CHCTEMH, a B MOMEHT BKJIIOYEHHS aeparil

3aJICOKUATh BiJl 3arajJibHOi KIiJBKOCTI aepOTCHKIB, IO
aepyIOThCS
':' CHCTEMA EBIKTHYEHA
D; =1{Dq 2
n CHCTEMa BEUVIEDMEHA
Je n - KUIbKICTh BKIIOYEHMX Ha Leil dac
ACPOTEHKIB.
Crnoci0  kepyBaHHS TEpIOAWYHOIO  aepali€ro
BU3HAYAETBCA TaKUM aJITOPUTMOM, SAKUM 3aJa€TbCA
MOMEHT BKJIIOYEHHS a00 BHKIIOYCHHS —aepariiHoi

CUCTEMH B BHITJKOBO BU3HAYCHOMY aCpOTCHKY.

Po3paxyHku, ski OyniM BHKOHAHI B CEPEIOBHIIL
Mathlab o kimpkicHOMY pimerHto [ 12] piBasHHAS (1) s
[=6 BusBWIM, ™0 HAA3BUYAWHO BHCOKA CTYIIHb
cTaburizamii mporecy MOBUHHA OyTH IOCATHYTA, SKIIO B
SKOCTI KpHUTEpito BKJTFOYCHHS-BUKITIOUCHHS
BHKOPHCTOBYBATH HACTYIHY BHMOTY:

C,>C=C+KVaC 3)

ac C - CepeaHs MO acCpOTCHKAX KOHIIGHTpaIIiSI

KHCHIO

I
c=1)c @)

@%C — mucnepcis BiIXWIIEHHS KOHIEHTpAIi Bij
cepeHbOl

I
1
T M2 5
92C = 1.51((:! &) (6))

Benmuuna K moxxe matm mobuii 3Hak abo OyTH
PIBHOIO HYJIO i BH3HAYa€ CEPEIHIO MO0 HYacy, B KU
aepariiiHa cucremMa BKIIOYeHa (IO BiAHOIIEHHIO [0
MEBHOI 3aJaH0l TPUBAJOCTI Yacy eKciutyaraii). MoxHa
TaKOX TOBOPUTH 1 IIPO CEPEIHIO KUIBKICTh aepOTEHKIB,
L0 IPALIOKTh B JaHUI MOMEHT 4acy. B oMy BUmajaky
BesimunHa K BH3HAuaeThCst B 3aEKHOCTI  BiX
OCOONMMBOCTEH  pigWUHM, IO  OYHIINAETHCS,  BUJIB
MIKpOOpPTraHi3MiB i 30BHIIIHIX YMOB.

HynpoBe 3HauenHs K mpakTHYHO NPUBOIAWTH 10
TOro, MO B KOXKHMH MOMEHT dYacy BKJIIOYEHAa PIBHO
TIOJIOBMHA aepalifHUX CHCTEM, MO3MTHBHE 3Ha4eHHI K
O3Ha4ae, M0 BKIIOYEHI MEHINE MOJOBHHU CHCTEM, a
HeraTuBHE 3HadYeHHsS K — 1o Ourple IojgoBHHU. Yum
Oinpire abcomroTHe 3HayeHHs K, TMM Oligblna dYacTKa
BKJIFOUEHHX CHCTEM BiApi3HseThes Bix 0.5.

Ha mnpaktuni, kpim Toro, BenmumHa K wmoxe
3aJ]aBaTHCs B 3QJICKHOCTI BiJ HEOOXIAHOI TPH IBHOMY
SKOCTI O4YMIIeHHS abo 3K Bi CyMapHOI KiJbKOCTI
3a0py/HEHb, 110 HAIXOSTh B a€POTEHK.

[loeqHaHHS OMUCAHOTO CIIOCOOY
poOOTH  ONWHWUYHUX  aepoTCHKIB 3  PO3pOOICHUM
cmocoOOM  YIpaBNiHHS  TepiomamMu  aepamii  y
BiINIOBITHOCTI 3 KOHIIEHTPAIIi€}0 KHUCHIO B PIOUHM, IO
OUHIIYETHCS, € TEOPETUYHUM Ppe3yIbTaToM, SIKHH
MiATBEPIKEHO B €KCIIEPUMEHTAIIFHOMY PO3IiIi CTATTI.

crabimi3amil

BucHoBkH

OnTrManbHa KOHIICHTpAIliSl KUCHIO B PiIWHI TpU
sAKili Tpe6a nourHaTy aepauio, ue 0,06-0,12 mr/mv’.

[epiognuna aepamis 3 nepionom y 30-40 xB. mae
MOXJIMBICTE ~ WIATPUMYBAaTH  CTaOUTBHWUN  TpamieHT
KOHIICHTpAIli{l KUCHIO B PiITUHI

[MponykTuBHICTE POOOTH OYUCHUX CHOPYJ 3a
po3pobieHuM AITOPUTMOM KepoBaHOi  aepariii,
BIANOBIZHO 3 KOHIIGHTPAII€I0 KHUCHIO B PIiguWHI, IO
OUHMIIYETHCS, 3a0e3ledye pamioHaTbHE BHKOPHCTAHHS
EJIEKTPOCHEPrii Ta MiJBHILYE MPOIYKTUBHICTH OYHUCHUX
CIIOPYI.
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AHHOTALIUA Tlpoyecc aspayuu — 3mo KiOUe80e 36eHO MEXHON02UU OUOIOSUYECKOU 04UCmKY cmounslx 600. Ho, kak smo uu
nAPAOOKCANbHO, 34 6Ce 8PeMsl CYUWeCMBOBAHUs MO MEXHONIO2UU, OHA CYWeCMBEHHO He usMeHunace. Ilpoyecc aspayuu cmounbix
600 ocmaemcs KpYRHeUwuM nompeoumenem 21eKMpodIHepeuy 6ce20 KOMIAEKCA OHUCMHBIX COOpYJceHull. Ycmanoenena
603MOJICHOCHL PEYIUPOBAHUSL NPOOOIHCUMENLHOCTNU YUKIA aAdPAYUL 6 3A6UCUMOCHIU OM  « 63PbIGHO20» USMEHEHUs KOIUYecmea
sacpasHenull. B omom ciyuae cucmema O00aXCHA OmMpeazupoeamv HA O9MO  « BO3MYWEeHUe» U CKOPPEKMUPOBAmb
NPOOOIHCUMENLHOCIb YUKIA adpayuy, 4mobvl obecneyumsv HeoOXOOUMbI KUCIOPOOHBI DEXNCUM OUON02UYeCKO20 OKUCTeHUs
3aepasnenuil. Ilpugedenvl Oanmvle UCCIE008AHUI CNOCOOA NEPUOOUYECKOU a3Payuu OCHOBAHHO2O0 HA CPAGHEHUU KOHYEHMpayuu
KUCIOPOOa 8 HCUOKOCIU, KOMOPAs OYUWAemcs, U 6 OmXooswux 2asax nocie aspayuu. OCHOBHOU NPUHYUN 3AKTIOUAEMCs 8 oM,
umo cucmema aspayuu npoooIHcaem nooA8aAmMyv KUCIOPOO, KOMOPWBIL Yyice He 8 COCMOAHUU Oup@yHOuposamsv 6 HCUOKOCHD,
KOMOpas, aspupyemcsi, u 6bIXo0um Ha NOBEPXHOCHb, MUHYS NPOYECC MACCOOOMEHA. DKCNEPUMEHMATILHO YCMAHOGIEHHbI CHOCO0
peyIupoBanus NPOOOINCUMETbHOCIU NePUOO08 adpayul sl pearu3ayuu 6 0OHOM a3POmeHKe Moxcem Oblmb NPUMEHeH 05 Yeaoll
epynnel aspomenkos. Hcnonvzoeanue cnocoba 6 onmumaibHOM pedcume O Kanic0020 U3 SPYnnbl aIPOMEHKO8 HEBO3MONCHO be3
npumenenuss mukponpoyeccopa. Ilosmomy 6vin paspaboman cnocob KOHMPONs, KOMOPbLL NO36045em NPUMEHUMb NPUHYUNUATLHO
HOBbLIL ANeOpUMM NepuoouvecKoll aspayuu. JJauHublil aieopumm no360Jasem YEerudums npupocm axKmueHo20 und u 006umvcs
NOBbIUEHUSA IPDEKMUBHOCU OYUCKU CMOYHBIX 800. [[A OYEHKU 803MONMCHOCU CIMAOUTU3AYUU PADOMbL eOUHUYHBIX AIPONMEHKO8
npu peanusayuu npepuleucmoll aspayui N0 KOHYEHMpayuu KUCiopooa 6 HCUOKOCmu Obll pAcCMOmMper MOOENbHbI npumep, u3
Komopozo crnedyem OughgepenyuanvHoe ypagHenue OANIAHCA KUCIOpOOd 6 odcuokocmu. M3yueHue 3mozo ypaeHeHus Ha
CMAabUNLHOCMb U NOBeOeHUe 8 PA3060U NIOCKOCMU NO360IseN 8blOPAMb YCI08US, NPU KOMOPLIX AROPUMM NEPUOOUHECKOL aspayuu
6ydem Haubonee IPphexmusHbIM ¢ MOYKU 3PEHUsL OUUCIKU U SHepeonompebienus. Teopemuueckuil pacuem 0an MamemMamuieckoe
000CcHO8aHUe IKCNEPUMEHMATbHLIM OannbiM. Ha ochoee wucnennvix pacuemos 6vi6e0eHO Ycaogue ONMUMANbHOU pabonmbl
aspayuonnou cucmemsvl 015 cPYnnbl aspomenkog. Taxum o06pazom 0OblIO0 YCMAHOGIEHO, YMO ONMUMATbHASL KOHYEHMPAyus
KUCA0POOa 6 HCUOKOCHU, NpU KOMOPOIL Hado navuname aspayuto, smo 0,06-0,12 me/om?. epuoouueckas aspayus ¢ nepuodom 6 30
MUH. O0aem 803MOHCHOCTG NOO0EPHCUBAMb CIAOUNbHBLL 2PAOUEHN KOHYEHMPayull KUcaopooa 8 sxcuokocmu. I[IpoussooumensrHocme
pabomul OUUCHMIHBIX COOPYHCEHUTI NO PA3PAOOMAHHOMY AIOPUMMY YRPAGIAEMOU AIpayuu 8 COOMBEMCmeun ¢ KOHyeHmpayuell
KUCIOpoOa 6 JHCUOKOCMU, KOMOpAs oyuwaemcs, obecnedusdem payuoHalbHOe UCHOIb308AHUE NEKMPOIHep2Ul U Nogvluiaen
nPOU3800UMENLHOCIb NPOYeccd.

Knroueevie cnosa: nepuoouueckas aspayus;, aieoOpumm RnOOA4U KUCIOPOOd NPpU a’payui; OKUCIUMENbHAS CHOCOOHOCHIb,
Ko puyuenm ucnonvzoeanus kuciopooa ( KHUK), asmomamuueckoe pezynupoganue; MUKponpoyeccop; MeaKony3uipyamas
aspayusi; KUCI0poo 8030yXd; CmouHble 800bl, UHMEHCUDUKAYUS
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