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AHHOTANUA

Beeoenue. Tlpu yXyqueHUH OYUCTKH CTOKOB CIIE/IyeT MOBBICUTh HHTEHCHBHOCTH pabOTBI OUMCTHBIX coopykeHuit. He-
KOTOpBIE TIOAXOABI K PEIICHUIO JaHHOH 3aJjaukl OIHMCAHbI B JuTeparype. VI3BecTHO, Kak B LESIX HHTEHCU(PHUKALINH MTPO-
LIeCCa KOATYJISLHMU UCIIOIb3YETCsl PErYIMPYEMOE MEXaHNYECKOE MEPEMEIINBAHIE KOAryJIsIHTa CO CTOKaMH, IIEPEMEIIH-
BaHME C [TOMOUIBIO BO3/yXa, BBOJ KOAryJISHTa MOCPEICTBOM CTPYHHBIX MM KaMEPHBIX CMECHTENCH. ABTOPBI JaHHON
CTaThH MpEAJaraloT MHTETPUPOBaTh B OJHOM KoOpIyce (GpHIbTP OCBETIMTENbHbIN BepTHKanbHbi (POB) n kamepy mne-
pememmmBanus. Takol MOAXOA omucaH BHepBbIe. VICKIIIOYEHBI HEJOCTATKH, XapaKTEPHBIC U SKCILIyaTalu 000c00-
JICHHBIX YCTPOWCTB: HE HY>KHBI IOTIOJIHUTEIBHBIE TUIOIAIH, MOXKHO PACHOJIOKHUTD PAZOM 30HBI 00pa30BaHMs arperaTton
U UX yjianeHus Ha (QuIbTpax, a Takxke n30exarh pa3OMBaHUS XJIONBEB B COCAMHSIOMMNX TpyOomnpoBonax. DddexTus-
HOCTb YCTaHOBKM paHee IMOJITBEPAMIACH IKCIIEpUMEHTaIbHO. Llenb maHHOrO HMcciemoBaHust — pa3paboTaTh HAydHO
000CHOBaHHYIO METOJIUKY pacyeTa KOMON(HIbTPA, YTO BAXKHO JUISI MACCOBOTO BHEAPEHHUSL.

Mamepuanvt u memoovt. IPHEeKTUBHOCTh NEPEMELINBAHUS IICEBJIOOKIKEHHOIO CIJIOS ONPEASIISUIM IO KPUTEPUIO
Ksmma, KoTopbIii XapakTepHu3yeT SHEprHio, 3aTpauMBaeMylo Ha IepeMelINBaHue. YUUTHIBAINCH MyOJIMKAIMK, TIOCBSI-
LIEHHBIE HccienyeMoii mpobieme. Ocoboe BHUMaHKE yAeNsIeTCS TOMY, Kak onucaHa xoarymsinus. o paspaboTku me-
TOJIMKHU PacdeTa aBTOPHI MPOBEIH JKCIEPUMEHTHI M CO3JAIM MAaTEMAaTHYECKYIO MOJAEIb YCTaHOBKU. PaccmarpuBaercs
(GyHKIMOHHpOBaHHE KOMOM(MIBTPa ¢ KaMepoil MepeMeNnBaHus, KOTOpasi COCTOUT U3 Yallld MHTEHCHBHOTO IlepeMe-
IIMBaHMSA C TJIABAIOIIEH 3arpy3Koi U Jamm ycrnokanBaHus. OCHOBHbBIE HCXOIHBIE JaHHBIC I METOAWKN pacueTa: MaK-
CHMAJIBHBII PacXoJl CTOKOB, BSI3KOCTh BOJBI, AMAMETpP (HIBTPA, BHICOTA OT 3arpy3Kd 70 KOpITyca, HHTCHCUBHOCThH 00-
paTHOI IPOMBIBKY 1 00BEM PaCIINPEHHS 3arpy3KHu MpHU 0OpaTHON IIPOMBIBKE.

Pezynomamut uccnedosanus. Iloxazano, kak kpurepuil Komna 3aBUCHT OT MacChl YaCTHL, UX IUIOIAAN, BPEMEHHU KOH-
TaKTa M BSI3KOCTH TICEBIOOKIKEHHOTO cJ10s. Ha 3Toit 3aBHCHMOCTH OCHOBaH pacdeT KamMephl epeMeIlnBaHus KOMOH-
¢unbTpa. [IpuHrMaeTcst BO BHUMaHue pereHepaius GpuibTpoB, cBsi3aHHas ¢ 3PEKTUBHOCTHIO 0OpaTHON MPOMBIBKH.
[IpuBoauTCS MeToaMKa pacyera KaMephl IepeMelnBaHusl. Y YUTHIBAIOTCS (PaKTOPHI CHIDKEHUS (P PEKTUBHOCTH 00paT-
HOM ITPOMBIBKH. B KauecTBe KOMIIEHCALUH NIPEATIATaeTCsl yCUINTh HHTEHCUBHOCTD IIPOMBIBKU MIIM YMEHBIIUTD BBICOTY
¢unbTpytorero cnosi. [lokazaHo, Kak pacCYuTaTh rabapyuThl HIEMEHTOB KaMephl MepeMEIINBaHNs — JAUAMETP U BbICO-
Ty 4yanl. B pacuere Taxoke 3aj10)keHa CaMOIIPOBEPKA, KOTOPAst ITO3BOJIUT M30€XkKaTh OMIHOOK.

Oébcysycoenue u 3akniouenue. BriepBple OMMCaHbl yCOBEPUICHCTBOBAHHAs KOHCTPYKLMS KOMOM(UIBTpa W METOAnKa
ero pacdera. [IpeanoxeHHBIN MOIX0/ TTO3BOISIET ONPEAETUTH rabapuThl KaMephl IEpPEeMENINBAaHNSI U 00EeCTICYNTh HE0O-
xoaumyto 3¢ dexkTHBHOCTE 00paTHON POMBIBKH. HOBOE pelieHune npecTaBisieT MpakTHYECKUH HHTEepeC s IPEIIpH-
SITUH, KOTOPBIE IKCILTYaTUPYIOT OUUCTHBIE coopyxkeHus ¢ DOB.

KroueBblie cioBa: QuibTp OCBETIUTENBHBIN BEPTHKANBHBIN, KOMOMHUPOBAHHBIN (QHIBTP, pacuyeT KOMOUGHIbTpa,
Kkputepuii Kamria Jyist iceBIo0XnKEeHHOTO CII0sl, HHTEHCH(UKAIHs (GHIbTPOBAHUS

Enaronapnocnl. ABTOpI)I 6naroz[apslT PCAAKIUOHHYIO KOMaHAY KypHaJia 1 pCUCH3CHTAa 3a KOMIIETCHTHYIO 3KCIICPTU3Y
1 HEHHBIE PEKOMEHAAUH 10 YITYUIIEHUIO CTaThHU.
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Abstract

Introduction. If wastewater treatment becomes less effective, the intensity of treatment facilities should be increased.
Several approaches to solving this issue have been described in the literature. For example, to intensify the coagulation
process, researchers have used controlled mechanical mixing of coagulants with effluents, mixing with air, and injecting
the coagulant using jet or chamber mixers. The authors of this paper propose integrating a vertical clarifying
filter (VCF) and a mixing chamber into one housing. This is a novel approach that eliminates the disadvantages of
operating separate devices, such as the need for additional space, the possibility of forming aggregates close to the arca
where they are removed on filters, and avoiding breakage of flakes in connecting pipelines. Experimental evidence has
previously demonstrated the effectiveness of this installation. The aim of this study is to develop a scientific
methodology for calculating the combined filter, which is essential for widespread adoption.

Materials and Methods. The mixing efficiency of the fluidized bed was determined using the Camp criterion, which
characterized the energy spent on mixing. Relevant publications on the subject were also taken into account. Special
attention was paid to the description of coagulation. Before developing the calculation method, the authors conducted
experiments and created a mathematical model of the installation. The operation of a combined filter with a mixing
chamber consisting of a rapid mixing tank with a floating load and a settling tank was considered. The main initial data
for the calculation method included: maximum wastewater flow rate, water viscosity, filter diameter, distance from load
to housing, backwash intensity, and the volume of expansion of load during backwashing.

Results. The paper shows that the Camp criterion depends on various factors, including mass, area, contact time, and
viscosity of particles in a fluidized bed. The calculation of the mixing chamber of the filter was based on this
dependence. The regeneration of filters related to the efficiency of backwashing was taken into account. The method for
calculating the mixing chamber was presented, and factors that could reduce the effectiveness of backwashing were
discussed. As compensation, it was proposed to increase the intensity of backwashing or reduce the height of the filter
layer. It was shown how to calculate the dimensions of the mixing chamber elements — the diameter and height of the
tanks. A self-check was included in the calculation to avoid errors.

Discussion and Conclusion. For the first time, an improved combined filter design and a method for calculating it are
described. The proposed approach makes it possible to determine the dimensions of the mixing chamber and ensure the
necessary backwash efficiency. The new solution is of practical interest for enterprises that operate wastewater
treatment plants with VCF.

Keywords: vertical clarifying filter, combined filter, calculation of a combined filter, Camp criterion for fluidized bed,
filtration intensification
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Beenenue. Ilo utoram 2022 roaa Ha 3arpsi3HEHHbIE CTOUYHbIE BoJbl B Poccuu npuxoaunock B cpeanem 33,4 % ot
o0mmero o0beMa BomooTBeAeHHa'. OHa U3 IPUYHH JAHHON IPOOIEMBI — HENOCTaTOYHO 3 deKTHBHAs ouncTka. Ha
MIPOMBIIIIICHHBIX 00BEKTaX MPUMEHSIOT HE TOJIBKO OJIHO- WM JBYXCTYIEHYATHIC CHCTEMBI, HO U KOMIUIEKCHBIC pele-
HUsI, 00€CIIeYHBaIOIINE HECKOJIBKO 3TaroB 04MCTKH. OHU COCTOSIT U3 TaKMX KOMIIOHEHTOB, Kak rpaOelibHbIe PEIIeTKH,
00paTHOOCMOTHYECKHE MEMOpaHbl U BBIIIAPHBIE yCTaHOBKH. HecMOTpst Ha pa3HooOpasue U CIOXKHOCTh 3TUX CHCTEM,
OHH He BCer/ia IPUMEHUMBI U TPOAYKTHBHBL [IpensTcTBreM i ux 3 (GEeKTUBHOTO HCIOJIB30BAHUSI MOTYT OBITh:

— IOPOTOBH3HA 000PYAOBaHMUS,

— yCTapeBIINe COOPYKEHHUS,;

— YXyIIICHHE KadeCTBa CTOYHBIX BOJI.

'O cocmosnuu u 06 oxpane oxpyscaroweii cpedvt Poccutickoti Pedepayuu ¢ 2022 200y. TocynapcTBeHHBINH 10KIa]. MUHHCTEPCTBO TPHPOIHBIX
pecypcoB u 3xkonoruu Poccuiickoit @enepanmn. URL: https://2022.ecology-gosdoklad.ru (nara oOpamenus: 26.08.2024).
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Hioke nepednciieHbl OCHOBHBIE METOJIbI MHTEHCU(HKALUKY PabOThl OYMCTHBIX COOpYKeHHH. Pedb naer o BapuanTax
NepeMenINBaHus KOAryJIsIHTa C BOJOMH:

— peryaupyeMoM MexaHudeckom [1];

— ¢ 100aBIeHUEM BO3lyXa M KOHLIEHTPUPOBAHHOTO KoaryJsiHra [2];

— 3a CYeT KaBUTALMOHHBIX PE30HAHCHBIX AP eKToB [3];

— ¢ TIOMOIIBIO CTPYHHBIX [4] M KaMEpHBIX cMecuTenei [5].

OIHaKO y A TUX TEXHHYECKHX PELICHUI €CTh CBOM HENOCTATKH. Bo-NIepBhIX, HYKHBI JOTIOJHUTENbHBIE TUIOIA M IS
pasMelIeHNs TaKoro o0opyJoBaHus, Kak (IOKYJISITOp MM Kamepa XJonbeoOpazoBaHus. Bo-BTOPHIX, 30HBI 00pa3oBa-
HUSI arperaToB M MX yAAJeHUs Ha QMIbTpaxX HAXOAATCS Ha ONPEEIICHHOM PAacCTOSHUM YT OT Apyra. B-tperbux, npu
pasJieneHny mpolecca XJombeo0pa3oBaHus U GUIBTPALUH XJIOIbs Pa30MBAIOTCS B COEIUHSIOMINX TPYOOpOBOIaX.

st pemienust mpo0ieMbl Hy>KHBI TaKM€ KOMIUIEKChI OYHCTKH BOJIbI, KOTOPBIE HHTETPUPYIOT HECKOJIBKO MPOIIECCOB B
OJTHOM KOpITyce. DTO MO3BOJIUT YCOBEPIIEHCTBOBATH CYIIECTBYIOIINE CUCTEMBI OYMCTKH M IIPH 3TOM COKOHOMHTH MPO-
M3BOJICTBEHHBIE IUIOIaau. [loguepkHeM, 4To pedb WAET O MOJAEPHU3ALNH y)Ke UMelolerocs odopynoBanus. s pea-
JIM3allUK ATOH 3a1a4H 11e7eco00pa3HO UCIOIb30BaTh KOMOMHUPOBAHHBIE (QUIBTPHI.

Lenb paboThl — €O34aTh HAYYHO OOOCHOBAHHYIO METOAUKY pacdeTa, KOTOpasi MO3BOJIUT HOBTOPHTH HOJIOKHUTEIb-
HBII Pe3yNbTaT UCIOIB30BAHUS KOMOU(IUIBTPA TSI APYTUX QHIETPOB.

Metoapl 1 MaTepHaabl. ABTOPHI MIPEIararoT MOJIE3HYI MOAels KoMOupmibTpa [6]. OTo mecyansii GuibTp, B
KOPITyC KOTOPOTO BCTpOEHA KaMepa IepeMeNInBaHus KoaryisiHTa. PaHee 1iesecoo0pa3HoCTh TaKoro Moaxo/a JI0Ka3ann
aBTOPHI NIpeAcTaBlIeHHON cTaThi [7]. KoMOMHMpOBaHHBIE YCTAHOBKHM W CHCTEMBI MOJXOJST ISl OAHOBPEMEHHOTO pe-
LIEHUs] HECKOJIBKUX Mpobiem. Tak, Hanpumep, OMOYToJb MOKHO MCTIONB30BaTh JUIsl yajeHusl MUKporuiactuka [8]. T'u-
OpuHasl cucteMa MeMOpaHHOW NTUCTHIUIALUM CIIOCOOHA JaBaTh OYMIIEHHYIO BOIY M JeKTpodHepruio [9]. OOparHbiit
0CMOC MOXKET padOTaTh OT KOHLIEHTPUPOBAHHOT'O COJTHEYHOTO ra3oBoro jasurarens [10].

ITo MHEHHIO aBTOPOB, MpeTaraeMas moJjie3Hast Moaeas KoMonpuibTpa (puc. 1) — 310 3P PEeKTUBHOE pEIICHUE IS
uHTeHCHU(UKaIUKU (QUIBTPOBAHUS Ha IEHCTBYIOIIMX NpoM3BoACTBax. Cxema IpenCTaBICHHOT0 KoMOMQmiIbTpa He-
CKOJIBKO OTIMYAaeTCs OT McXogHoro [6]. PasHuma oOycroBiieHa 0COOEHHOCTSMH KOHCTPYKIWH, BEIIBICHHBIMH B pe-
3yJbTaTe KOMITBIOTEPHOTO MoAaenupoBaHus [7]. brnaronaps 3TuM oOHapy)KeHHBIM CBOMCTBAM YyIAJIOCh TTOBBICHTH (-
(hexTUBHOCTH pabOTHI KaMEpHI.

Puc. 1. Cxema xomOuduisTpa:

1 — marpy0oK UCXOIHO BO/IBL;, 2 — maTpyOOK MOJaun peareHTa; 3 — Kopiyc QuibTpa;
4 — xamepa NepeMeLINBaHus; 5 — yallla MHTEHCUBHOTO MEPEMELINBAHUS ¢ IIJIaBAIOUICH 3arpy3Koii; 6 — HIDKHUM NepeuB;
7 — yaia yCcroKauBaHUsl; 8 — BEPXHUM MepenB; 9 — KOHyCHas BCTaBKa

Uepes matpyOku | 1 2 B 4anry HHTEHCHBHOTO TIEpPEMEITUBAHUS [TOCTYTIAIOT BOJIa M KOATYJISTHT COOTBETCTBEHHO. Ko-
aryJsiHT NepeMEIINBAaeTCsl B IIEPBOM Kamepe I0J HallopoM MCXOAHOW BOJBI Onarojapsi epeMeInnBaonel 3arpyske.
[Toce 06paboOTKM KOAryJstHTOM BOJia HAaNpaBJISIETCs Yepe3 HIKHUH IEeperB B Yally yCIIOKaWBaHMUS, a 3aTeM — 4Yepe3
BEPXHHUH IepesiuB B Kopiyc (uibTpa.

KoarynsHT ciocoOcTByeT HelTpanu3anuy 3apsaa KoJUIoUAHbIX YacTull [11] 1 00pa3oBaHHIO TPYJHOPACTBOPHUMBIX
coenunenuit [12]. IIpouecc koarynaiuu BKIrO4aeT ABa dTana [13], g KaXaoro U3 KOTOPBIX B KaMepe MepeMelinBa-
HHS TIPEyCMOTPEHBI OITPEIEICHHBIE 30HEI.

B kamepe nepememmBaHMs IPOXOOUT IEPBBIA 3Tall — IEPEKMHETUYECKUH. brnaronmaps creuumanbHON 3arpyske
BHYTPH KaMephl peareHThl PABHOMEPHO U OBICTPO PACIIPEAENAIOTCS, JOCTUIAETCS BRICOKUIT IPaJHeHT CKOPOCTH MTOTOKA.
KonTakTHas Koarymsmus emre 00Ibire yBeanduT 3(h(HEeKTUBHOCTh peareHTHOW 00padoTKH.

TexunocdepHnast 6€301MaCHOCTD
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Me)Kz[y KaMe€paMu NepeMEIIuBaHUA U XHOHbeO6pa3OBaHI/Iﬂ PpacCIoJI0KEH HYDKHHUHT MEPEIInB. OH BBITTOIHAET KITIOYe-
BYIO (DYHKIIMIO 3alUTHI OT BHIHOCA IEPEMEIINBAOIIECH 3arpy3KH JANIbIIE B Yallly U B caM (QHIIBTP, @ TAKKe CIIOCOOCTBY-
€T CHIKEHHUIO TYpOYJICHTHOCTH MOTOKA.

[pu MHTEHCHBHOCTH NepeMernnBanus He Goee G = 50-60 C! [14] B kamepax CO3MAKOTCS ONTHMAIBHEIE YCIOBHS
IUTSE 00pa30BaHUS XJIOTIBEB.

Bropoii sTam mporecca KoaryJisiiuu — OpTOKHHETHYecKuit. OH MPOXOIUT B KaMepe yCIOKaWBaHHUsI, COMPOBOXKIA-
eTcsl YKpYIIHEHHEM KOJIIOMIHBIX JacTull oT 1 MM [15] u peanusyeT GyHKIIMOHAT KaMephl XJIObe0oOpa30BaHMUs.

HcxonHas BoJa BMecTe co C(OPMUPOBABIIMMICS XJIONBSIMH ITOCTYHAET B KOPITYC (QHUIBTPa Yepe3 BEpXHHUN IEePEIIHB.
KonycHas BcraBka B HIDKHEH 4acTH KOpILyca Hy»Ha JUIs MCKIIIOUEHHS 3aBUXPEHHUH, KOTOPBIE pa3pyLIaloT XJIOMbSI.

[Tpu pa3paboTke METOJMKH pacueTa aBTOpbl 0OOOMININ JIUTEPATYPHbIC TaHHBIC, TPOBEIH J1a00PaTOPHBIE HCIBITA-
HHS M BBINOJHUIM MaTeMaTHYeCKOe MoJelrpoBaHue. Pe3ynbrarel 1a00paTOPHBIX UCCIEAOBaHUH, MOITBEPIKAAOIINE
3¢ GEKTUBHOCTD MPEAIaraeMoro pelieHus, npuseneHs! B [7]. [ kputepraibHOW OLIEHKH MPOLIECCOB BHIOPAIN KpUTE-
puii KaMIia, KOTOpBIi OLIEHHBAET SHEPTHIO, 3aTPAYMBAEMYIO Ha IIepeMeIlnBaHne. AHAIN3 JIUTEPATyPbl IO3BOJIMI BbISIC-
HUTb, KaK 3((PEKTUBHOCTD MPOMBIBKH 3aBHCHUT OT €€ HHTEHCHBHOCTH M CTEIIEHH paclIupeHus 3arpy3ku. K Tomy xe u3
myOJIMKauii U3BECTHO 3HAYCHUE TPAJUSHTA [UIS TICEBI00KUKEHHOTO CIIOS.

Pe3yabTaThl HCcIe10BaHUS

1. nmencuenocms cmeuu8anusi ncegioodCudCeHHo2o cosi. B kadectBe kputepus 3PQPEKTHBHOCTH PaOOTHI UC-
TIOJIb3YEeTCs. MHTEHCUBHOCTD CMELIMBAHUS TICEBIOOKIDKEHHOTO ciios. OpHEeHTHPYSCh HA ATOT MOKa3aTelb, MOXHO 3a-
JIeWCTBOBATh KaMepy IepeMeNInBaHus ¢ GHIbTPaMU Pa3IMYHBIX THIIOPa3MEpPOB U 00eCIIeunTh IOJIyYeHHBII paHee pe-
3yneTaT [7]. CornacHo [16], HHTEHCUBHOCTh CMEIIMBAHUS peareHTa ¢ BoJoN XapakrepusyeTcs kpurepueM Komma:

9=G-t, )
rae ¢ — BpeMs IpeOBIBaHUs B KaMepe nepemMennBanms, ¢; G — rpagueHT CKopocTH, 1/c.
Bpems nipeObiBaHus B KAMEPE MEPEMEIIMBAHUS:

t=—, 2)

rae V — obbeM yainm nepemenmmBanus, M>; ) — pacxojl HCXOIHON BObI, M/C.
I'paguent ckopocru:

Ap
G= ; 3)
ut
rae Ap — mepenaj JAaBiieHUs B Kamepe nepememuBanus, [1a; | — auHaMudeckas BA3KOCTh BOJbI, [1a-c; ¢+ — Bpemst
MepeMeIIuBaHus, C.
CormnacHo [17], nepenay qaBiaeHus IUis TICEBA00KMIKEHHOTO CIIOSI OTIPEeNseTcst o popMyJe:

m.g
Ap =18 @)
S
rae my — Macca BCEX YaCTUll, KI'; g — YCKOPCHUC CBO60HHOFO naacHusd, M/CZ; S — IIoIaJab HOMepeUHOro CCUCHUS
Yaly rnepeMeiinBanms, M2.

O6benunus (1)—(4), nonyuum ypaBaeHue kputepus Komra:
m,g V
S 0
C momomnrsto dopmysl (5) ot mabopatopHoro crerza [7] paccuntamu kpurepuid Kamma. Ero npunsimi pasasmv 100 e,
2. Memoouxa pacuema xamepsl nepemewiusanus. Jlanee IpUBOAUTCA METOIUKA pacueTa KaMepbl IepeMeIInBaHusI

6))

1 HEOOXOTUMBIE UCXOHBIEC JaHHBIC JJIS pacueTa.
HcxonHble naHHBIE:
— kputepuit Komma, J;
— MaKCHUMAaJIbHBIM pacxoj ouMIaeMoit Bozsl, O, M/
— TUHAMUYECKas BI3KOCTh BOAEI, |, [1a-c;
— HACBINHAS IIOTHOCTh YaCTHIL P, , KT}
— yCKOpeHHe CBOOOJHOro HajleHus, g, M/c%;
— auamerp GUIbTpa, dy, M;
— BBICOTA OT 3arpy3Ku J0 kopmyca, H, M;
— MHTEHCHBHOCTH 00paTHOii mpombisku, MOIT;, 1/(c-Mm?);
— 00beM paciupeHus 3arpy3KH IPU OOPATHON IPOMBIBKE, Vpacu1, M.
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[TpeoOpazoBaB Gpopmyiy (5), MOKHO MOJYIUTh CUCTEMY ypaBHEHHH (6), C TIOMOILBIO KOTOPOI ONpeeNnstoTes radba-
PHTHI IEpeMEIINBaIOIECH KaMephl.

(6)

3nech dy . — JAMaMeTp Yallli epeMellnBaHus, M; Hy — BBICOTA Yalll IepeMEIIMBaHUs U Yallld YCIIOKaUuBaHHS, M.
CKopoCTh TeYEHUs B Hallle YCIOKAaNBaHUs JOJDKHA OBITH paBHa CKOPOCTH TE€UEHHs B Kopmyce ¢mibTpa. s ompe-
JIeTICHUs] TIaMeTpa Jallld YCIIOKanBaHH (BCel KaMephl B IIEIIOM) BOCIIONIB3yeMcst (hOpMyIION:

dyy = O]
rze dyy, — AUaMETP Yallll YCIIOKauBaHUS, M.
[TpoBepumM, moMeaeTcs 1 Kamepa B Kopiyc ¢puiabTpa. Jjis aToro yurem:
— BBICOTY KOHYCHOU BCTaBKH Hyonye (1/4 OT AMamMeTpa Kamepsbl);
— 3arac paccTOSHHA OT KOHyca JI0 3arpy3Kd ¢ MUHIMaJIbHOH BEICOTON 1/16 OT tnamerpa KaMepsl.
d d
q.y. u.y.
H-H,-—_"" >, (3

4 16
[IpoBepuM npaBUIBHOCTH BEIOOPA Pa3MEPOB KaMepPhI:
d,, <d,. ©

Ecim yenoswst (8) vom (9) He BBITIONMHSFOTCS, TO HSOOXOIMMO BEPHYTHCS K (6) M CKOPPEKTHPOBATH Fa0apHTHI IIEPEMEIIIFBAIOIICH YaITIH.
Paccunraem 00beM, KOTOPBIH 3aHUMaeT Kamepa IepeMeluBaHus:

LT LT (10)
Kamepa 4 q 12 .
OnpenenyM ycIoBHe 00ecedeHrs HeOOXOAUMOrO PacIIUPEHHs 3aTPy3KH:
T ddz)
: H!{ - VKaMepa 2 Vpacml' (1 1)

Ecnu ycnoBre He BRIIONHSIETCS, TO 3P PEKTUBHOCT 00paTHOW MPOMBIBKU OyIeT xyxe. s pemenus 3Toit mpoodie-
MBI HYKHO OIPECINTb, 33 CYET Yero OyAeT Mo IepKuBaThcs 3Q(HEKTHBHOCTH IPOMBIBOK.
1. 3a cuet yBenuueHNSI MHTEHCUBHOCTH MIPOMBIBKH HAXOIUM HOBYIO MHTEHCHBHOCTB 00paTHO# mpomMbiBku MOIT, [18]:

2
Tcd(b

VIOTI, -V = HIOTI, - H Y gepa | (12)

aci |

2. 3a cyeT yMEeHBIIECHHUS! BBICOTHI 3arpy3KH HaXOJMM 3HAa4€HHE BBICOTHI OT KOpPIyca A0 3arpy3Kd Hiopas, KOTOpPAs
00eCTeunT HYXKHBIH 00beM U PacIINpEHHS 3arpy3Ku:

Vpacml + VKaMepa

H yopan = T~ (13)
4
Paccunraem, Ha CKOJIBKO HY’KHO YMEHBUIUTD BBICOTY 3arpy3KHu:
AI_Isal'p =H- Hnoaaﬂ . (14)

3. JU1st BEIYHICTICHHH, CBSI3aHHBIX C N3MEHEHHEM MHTEHCHBHOCTH 1 00beMa 3arpy3KH, Hcrosnb3yeM dopmysst (12) u (13) ¢ yue-
TOM HEOOXOIMMBIX yCNOBHMiA. Harmprmep, HCXos M3 BOSMOYKHOCTEH KOHKPETHBIX OUFICTHBIX COOpYKeHwH, 1o (13) 3amaem morry-
CTHMYIO BEJIMYMHY CHIDKEHHS BBICOTHI 3aTPy3KH, TOACTaBIsieM ee B (12) 1 pacCUMTHIBas Hy)KHYIO HHTEHCHBHOCTB IIPOMBIBKHL

Omnpenenum 00bEMBI Yalll IEPEMENTHUBAHUS Vo M yCTIOKauBaHUS Viy @

n-d?

V‘Ll‘L = - 'an (15)

4

- (dt%y - dl%n
Vay. =%~Hq- (16)
BoruncnnM He00X0IUMBIH 00bEM MEPEMEIINBAIOIIEH 3aTPY3KU Vaarp:

1

Vsarp = EVLI.H.' (17)
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Paccuuraem BPEMs HAXOXKACHHA BOABI B HalllaX NMEPEMEIINUBAHNA U YCIIOKAUBAHUA:

3600V, as)
.11, Q bl
3600V,
Ly =—. (19)
0

O6cyxaenne u 3akjaw4yenne. Torn Hay9IHBIX W3BICKAHHMN, ONMCAHHBIX B CTAThE, IIO3BOJIIIOT TOBOPUTH O I[ETECO-
00pa3HOCTH UCIIOIB30BAHMS PEIIOKEHHOM METOTUKH pacyeTa KOMOU(BHILTPA. DTOT MOIX0I, BO-IIEPBBIX, Oa3UPyeTCs
Ha XOPOIIIO M3BECTHBIX M JOCTOBEPHBIX MAHHBIX W3 JIUTEPATYPHBIX HCTOUYHHKOB. BO-BTOPBIX, B TOJB3Y MPaKTHIECKOM
MIPUMEHUMOCTH aIlapara MOJETUPOBaHHs TOBOPUT €ro CpaBHHUTENbHASI MPOCTOTa — 19 JOBOJIBHO JTAKOHUYHBIX (Op-
MyJ1. BeIosgHUB 3Ty paboTy, aBTOPHI MOATBEPIUIN PaHEe MOTyUCHHBIE PE3yNbTaThl. BaxkHO OBLIO €llle pa3 MmoKasaTh,
YTO CMOJICTUPOBAHHASL KaMepa MePEeMENINBaHKS YIIyUIlaeT npoiecc (GUiIbTPOBaHHs U MOBBIIIAET AKTUBHOCTH KOAryJisi-
un. [TosToMy B KauecTBe KpUTepHs 3PPEKTHBHOCTH PabOThI HCIONB3YETCS WHTCHCHBHOCTH CMEIIMBAHMS TICEBIO-
OXIDKEHHOTO CJI0sl. MeTo/InKa pacyeTta KaMephbl MEePEMENIMBAHMS MTO3BOJISIET ONPEIEIUTh €€ rabapuThl U 00ECIeYnTh
HEOOX0IUMYI0 3P (HEKTUBHOCTH 0OPATHON TPOMBIBKH. PellieHne TOIXOINUT ISl BEPTHKAIBHBIX OCBETIUTEBHBIX (HITh-
TPOB BCEX TUIIOB U pazmepoB. CiieI0BaTENbHO, METOMKY MOXHO MPHMEHUTD Ha JTH000M MTPOU3BOICTBE, TJIE UCIONIB3Y-
€TCsl Takoe 000pY/IOBaHUE.
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