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Annoranus. AxmyaivHocmos u yeay. OTMEUEHO, YTO MPOLIECC OCEAAHMS YACTUI] IPUBOAUT K Pa3HBIM Pe3yAbTaTaM U3-
MepeHH MyTHOCTH BOABL IIpoljecc ocepaHMs YacTHI] CO3A2€T METOAMYECKYIO HEOIIPEAGACHHOCTD [P UHTEPIIPETallui
pe3yAbTaTOB U3MepeHui. Mamepuarvt u memodst. IIpearO>KEeHBI ABA METOAA MIPOBEAEHHS H3MEPEHHsI MyTHOCTH BOABI,
B KOTOPBIX AQHHAs HEOIIPEAEACHHOCTDb YACTHYHO YCTpaHseTcs. B mepsom MeToAe, Ha3BaHHOM AN PepeHIIHaAbHBIM METO-
AOM, PEKOMEHAYETCSI H3MePeHHs IPOBOAUTD Ha GHKCUPOBAHHOM KOPOTKOM BpeMeHHOM HHTepBaAe. OIjeHeHa OTHOCHU-
TEABHAs] IIOTPELIHOCTh AUPPEPEHIIIAABHOIO METOAA B CPABHEHUM C PE3YABTATOM, IIOAYYaeMbIM 110 6a30BOil pOpMyAe,
0e3 yuera ocepanust yactull. ITokaszaHo, 9TO yKa3aHHAsS [IOTPEIIHOCTb YMEHBIIAETCS C YBEAUIEHHEM BPEMEHHU OCEAAHMS.
Taxxe uccaep0BaHa OTHOCHTEAbHAS IIOTPENIHOCTD BTOPOTO IPEAAAraeMOro HHTEIPAAbHOI'O METOAQ U3MEPEeHHs MyTHO-
CTH, CyTb KOTOPOT'O 3aKAIOYAETCS B IPOBEACHHH HHTEIPAABHOTO M3MEePEHH MyTHOCTH 33 BeCh IEPHOA OCEAAHHUS YaCTHI]
U AQABHEHIIIEro yCpeAHeHIsI 32 BpeMsl IPOBeAeHMs u3MepeHuit. Pesyivmamut u 6v1600bt. ITokasaHo, YTO MOTPEIIHOCTD
CpeAHEeHHTErPaAbHBIX U3MEPEHUI YMEHbIIAETCs C YBeAYEeHHeM PerpecCHOHHOro moKasareast. OnpeaeAeH IOPSIAOK ITPO-
BEPKH AOCTOBEPHOCTH ITOAYYEHHBIX Pe3YAbTATOB OLIEHKH COOTBETCTBYIOIIHX IIOIPEITHOCTEH.
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Abstract. Background. It is noted that the process of settling of particles leads to different results of measuring the
turbidity of water. The process of settling of particles creates methodological uncertainty in the interpretation of
measurement results. Materials and methods. Two methods of measuring the turbidity of water are proposed, in which
this uncertainty is partially eliminated. In the first method, called the differential method, it is recommended that
measurements be carried out on a fixed short time interval. The relative error of the differential method is estimated in
comparison with the result obtained by the basic formula, without taking into account the settling of particles. It is shown
that this error decreases with increasing settling time. The relative error of the second proposed integral turbidity
measurement method is also investigated, the essence of which is to carry out an integral turbidity measurement for the
entire period of particle settling and further averaging during the measurements. Results and conclusions. It is shown that
the error of the average integral measurements decreases with an increase in the regression index. The procedure for
verifying the reliability of the obtained results of the assessment of the corresponding errors is determined.
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Beeoenue

C yBenu4eHneM HaceJeHUs IUIaHeThl PACTET IOTPEOHOCTh B YMCTOH BOJE, YTO B CBOIO OUEPENb
BBIJIBUTAET TpeOoBaHME pa3pabOTKH 0ojiee COBEPIICHHBIX TEXHOJIOTHI OYMCTKU BOABL. Kak oTMmeua-
eTcs B paborax [1-3], B coBpeMeHHOM 0o01iecTBe MpodiieMa OUMCTKH UCTIOIB30BaHHBIX BOJI SIBIISIETCS
OJIHOM M3 NEPBOOYEPEIHBIX 3a/1a4, PEIIEHUE KOTOPOM Ha TEPIUT OTIIAraTeNNbCTBA.

Pemienue Brllieyka3aHHON 3aja4y HEPA3PBIBHO CBA3AHO C 3a/1a4€ii OLIEHKU CTEIIEHU 3arpsi3HEH-
HOCTHU BOJIbI, OLIEHKOM COJIepKaHMs B HEW MUHEpANbHBIX WM OpraHMYeckux BemiecTB. Kak ormeua-
ercs B pabore [4], MUHEpabl WX OPraHNYECKUE BEIECTBA B BOJE MOT'YT COJEPXKaThCs B TPEX AUC-
MEPCHBIX COCTOSHHUSAX:

—PAacTBOPEHHBIE BEIIECTBA,

— KOJJIOWJANIbHAS CYCIICH3HS,

— B3BCIIEHHAs] CYyCIICH3Hs.

Beck TeXHONIOrMYEeCKUI LUK OYMCTKH 3arps3HEHHBIX BOJ HEM30€XKHBIM 00Opa3oM BKIIOYAET
MPOLEAYPY OCAKACHUSA UIN CEIUMEHTAIMN YKa3aHHBIX 4acTULl [5]. PU3NYECKU NMPOLECC OCAKACHUS
MOXeET OBITh 0XapaKTepU30BaH KaK yAaJICHHE C BOJbI YACTHUI] C O0JI€€ BEICOKOH MJIOTHOCTHIO, YEM BOAA
MOJT BO3/IEHCTBUEM T'paBUTAIIMOHHBIX cui [6,7]. Ecnu paccMaTpuBaTh HEKOTOPYIO KOJIOHHY T'PSI3HON
BOJIbI, BCJICJICTBHE JIBUKEHMSI YKa3aHHBIX YaCTHIL B HAIIPaBJIICHUU BHU3 KOHIEHTPAIUS 3THX BEIIECTB
¢ npuONMKEHUEeM Ko IHy OyneT yBenuuuBarbes. Kak pesysnbraT, MyTHOCTh BOJBI B TAKOH KOJIOHHE
OyZeT yBeIW4IMBaThLCS ¢ MPUOIMKEHUEM KO JIHY KOJIOHHBI [8].

Jlig yueTa BIMSHMS OCEJaHUsl YacTUL Ha PE3YyJIbTaT OLIEHKU MYTHOCTH >KHJIKOCTH B HACTOSILEN
pabote npemiokeHs! qudQepeHInanbHbIi U CpeIHeNHTErpalbHbId MeToabl n3MepeHuil. CyTe nud-
(bepeHnnaNnbHOro0 METO/1a 3aKJII0YaeTCsl B IIPOBEICHUN U3MEPEHUH B ONPEAEICHHBIH KOPOTKUM Mpo-
MeXyTOK BpeMeHU. CyTh CPeIHEHMHTErPaIbHOIO METO/Ia 3aKJII0YAETCS B MIPOBEJACHUN MHTErPATbHBIX
WU3MEPEHHH 3a BpEeMs OCEINaHMs YaCTUI M JATBHEHMILEro YCPEIHEHMSI 32 BECh BPEMEHHON IPOMEKYTOK
U3MEPEHUH.

Ienpro HACTOAIIETO UCCIEIOBAHMS ABIIETCS:

— HCCIIeIOBaHUE MOTPeITHOCTH AU hepeHInaTbHbIX H3MEPEHUI MyTHOCTH BOJIBI,

— MUCCIIEI0BAaHUE NIOTPEIIHOCTH CPEHEUHTErPATIbHOTO U3MEPEHNSI MyTHOCTH BOJIbI;
OIPEJEIICHHUE MOPSAAKA IPOBEPKU JOCTOBEPHOCTH MOJIYYEHHBIX PE3YJIbTaTOB U3MEPEHUN 10
MPEI0KEHHBIM METOJ1aM.

Mamepuanvt u memoowt

B Hacrosiee BpeMs IMPOKO NPUMEHSETCS METOJI CTATUUECKON CEIMMEHTALUH, KOTOPBIN CO-
CTOUT U3 3aIOJIHEHNS] HEKOTOPOU KOJIOHHBI TPSA3HOM BOJIOM 1M HAOMIOACHUS 32 MPOIECCOM OCAXKICHUS
3arps3Hsaonmx Boay yactul [9-11]. Cxemarnueckoe NpenCcTaBICHUE TaKOM KOJIOHHBI MPUBEIEHO
Ha puc. 1.
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Puc. 1. Cxemarnueckoe npeACTaBlIeHUe CEIMMEHTAMOHHON KOJIOHHBI KHKOCTH
C YKa3aHHEM XapaKTepHBIX 30H [11]
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Kax BumHO U3 puc. 1, cymecTByeT Tpu 30HBI, KOTOPBIE (OPMHUPYIOTCS B MPOLIECCE OCAKICHUS
YaCTHIl: 30HA YHCTOH BOABI, 30HA CYCICH3MH M 30HA KOHIICHTPUPOBAHHOW MAaCCHI 3arps3HUTEINS
B HAIIpaBJICHUU CBEPXY BHH3.

OcHOBHBIMH (PHU3HYECKMMHU (DaKTOpaMH, BIMSIOLIMMHU Ha TPOLECC CEJUMEHTALNH, SIBISIOTCS
IUIOTHOCTB TBEPBIX YacTHI, opMa U pa3Mephl ITUX YaCTHII, TEMIIEPATypa U BI3KOCTH KUAKOCTH.

Kax 05110 nokazano B pabote [ 11], MyTHOCTB sxunkocTy, conepskamnieii CaCO3 onpeeneHHON KOH-
LEHTPALHHY 1 3alI0JTHEHHOM B KOJIOHHY (PUKCHPOBAHHOW BBICOTBI, H3MEHSETCSI TI0 CTEIEHHOMY 3aKOHY

T,=at’, (1)

rae I, — MyTHOCTb, MI/MII; [ — BpeMs, C; a,b — perpecCHOHHBIE IOCTOSTHHBIE.
[Mpoananu3upyem NOTrpemHoCTb TUPPepeHIINATEHOT0 METOIa H3MepeHHst MyTHOCTH. C ydeTom

BeIpakeHu (1) nmeem
dr,

=abt"™ 2
7 ()

CrnieioBaTeINIbHO, 3aMEeHUB Au(PepeHIralibl Ha MPUPALICHHS, 3aTUIIeM
AT, =abt" At . 3)

OTHOCI/ITGJ'IBHYIO MOrpeuIHOCTh ’Yg I[I/I(i)(bepeHLII/IaJ'IBHOF 0 MCTOda U3MCPCHUA MYTHOCTU OIIPC-
JCIIUM KaK

_AL _Ar
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Kax BugHO 13 BeIpaskeHus (4), OTHOCHTENBHAS ITOTPENTHOCTH nud hepeHITnanp-HOro MeToaa 00-
paTHO IPONOpPIMOHAIbHA Benu4yuHe . Takum oOpaszom, muddepeHnaibHble U3MEPEHHs 11e1eC000-
Pa3HO MPOBOMTH MPU OOJBIIMX 3HAYCHHUSX f. PACCMOTPHM METOJ| CpeTHEHHTEIPATTbHBIX U3MEPEHU
myTHOCTH. C yaerom (1) umeem
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CpaBHHM TOTPEITHOCTH AU(HEPEHITHATBHOTO H CPESTHEHHTETPATHFHOTO METOIOB N3MEPCHUS.
C yuerom (4) u (6) ycnoBue nipeodiananus auddepeHIHsITbHBIX H3MEPEHUH ¢ TO3UIMH JOCTHKCHUS
BBICOKOHM TOYHOCTH UMEET BUJ]
At 1
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ITpoananu3upyem B3aMMOCBSA3b OCHOBHBIX II0Ka3aTeJIel BhIIIEyKa3aHHbIX ABYX METOIOB U3Me-
peHUI IPH YCIIOBHU PaBEHCTBA OTHOCHTENBHBIX norpemHocteil. Jlorapudmupyst Beipakenue (1), mo-
JTy4aem
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Int¢
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W3 Beipaxenwus (10) Haxoaum

b:%—l. (11)

C yuerom Belpaskenuii (9) u (11) monyyaem

lnTb—lna:t_o_L (12)
Int, At

Takum 00pa3oM, KOHTPOJIb JTOCTOBEPHOCTH PE3YJbTATOB MPOBEACHHBIX IU(PepeHINATEHBIX
U CPEeHEMHTETPAJIbHBIX U3MEPEHNI MOXKET OBITh OCYIIECTBIIEH 110 CIEAYIOIIEH METOIUKE:
1) onpenenenue mytHoctd 71 ;

2) pesynbrarsl AuddepeHIaabHbIX U CPeAHENHTErPATIbHBIX U3MEPEHNH MOTYT OBITH COYTEHBI
BEPHBIMH NIPH BBHITOTHEHUH ycioBHs (12).

Pe3yrvmamut

JIJis BBIYMCIIEHUS YMCICHHBIX 3HAYEHUH BBILICYKA3aHHBIX IMOTPELIHOCTEH BOCIIONIB3yeMCsl He-
KOTOPBIMU pe3yJIbTaTaMU SKCIEPUMEHTAIbHOIO HCCIIEIOBAHUS JUHAMHUKHM CEIUMEHTAlUU TBEPABIX
yactun CaCOs, monyyeHHbIX B padote [11]. B aToii pabote Oblia ncnoiabp3oBaHa Mpo3padyHas KOJIOHHA
BBIcOTON 940 MM ¢ BMecTHMOCTRIO 1850 Mi1. B 3Ty KomoHHY OBIIa 3a110JTHEHA JKUIKOCTh C OTPE/IEICH-
Hoil koHueHTpauuei CaCO;. M3MepeHns MyTHOCTH NPOBOAMJINCH Ha BOCBMHU BBICOTHBIX 30HAX:
1 —940-840 mym; 2 — 840740 mm; 3 — 740640 mM; 4 — 640-540 mym; 5 — 540—440 mm; 6 — 440-340 Mm;
7 —340-240 mm; 8 —240-140 mMm.

B kagecTBe npumMepa Ha puc. 2 IpUBEAEHB! I'PaQUKHU yMEHbIIEHUS MyTHOCTH B BOCBMH BBICOT-
HBIX 30HaX B TeueHHe nHTepBaya (0—100 MHUH) MpH 3aM0JIHEHUN KOJIOHHBI KHJIKOCTHIO ¢ KOHLIEHTpa-
mmeit 2 % [11].
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Puc. 2. I'padukn ymMeHbIIEHHS MyTHOCTH B BOCBMH BBICOTHBIX 30HAaX

BrrunciieHHbIC 3HAUEHUS OTHOCUTEIIBHBIX TOIPEIIHOCTEH ¢ PErPECCHOHHBIX MTOKa3aTeNel npu-
BeJeHbI Ha Taou. 1.

Tabmuma 1
BrruncneHHbie oka3areinu
30HEBI
a b l(MI/IH) Yunr Ve

1 24,008 0,875 85 0,5333 0,117

2 87,203 1,13 80 0,4694 0,125

3 222.82 1,294 77 0,4359 0,129

Co 4 226,24 1,223 74 0,4498 0,135
’ 5 979,49 1,556 67 0,3912 0,149
6 8936 2,052 61 0,327 0,164

7 31902 2,335 57 0,299 0,175

8 234137 2,768 52 0,265 0,192
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Obcyscoenue u 3aknouenue

[IpoBeneHHbIII HAMU aHAJIN3 U3BECTHBIX IKCIEPUMEHTAIBLHBIX PE3yIbTATOB JUHAMUKN BPEMEH-
HOTO M3MEHEHHSI MyTHOCTH BOJBI M3-3a MPOIIecca OCeAaHMs UMEIOIINXCS B HEW JacTHIl MOKa3all, 4To
Mpoliecc OceqaHus MPUBOAUT K Pa3HBIM pPe3yJibTaTaM U3MEPEHUSI MyTHOCTU. DTO B CBOIO OUepeb IPU-
BOJIUT K METOJUYECKOI HEOIIPEeIeICHHOCTH PH WHTEPIIPETAIINN Pe3yIbTaToB H3MepeHnii. Bo mn3oe-
JKaHWEe YKa3aHHOW HEOIPeAeICHHOCTH B JaHHOU CTaThe ObUIM MPEJUIOKEHBI IBa METO/A TTPOBEICHUS
W3MEPEHHS MYTHOCTH BOJIBI. B mepBoM MeTo/1e peKOMEHIyeTCsl H3MEPEHUs MTPOBOJINUTE Ha (DUKCHPO-
BaHHOM KOPOTKOM BpeMeHHOM WHTepBaie. OlegHeHa OTHOCUTENbHAS MTOTPEITHOCTh TUd depeHIInab-
HOTO METOJ[a B CPAaBHEHHH C Pe3yJIbTaTOM, MOydaeMbIM 1o 0azoBoii ¢opmyne. [lokazaHo, 9To yKa-
3aHHAas MOTPEIIHOCTh YMEHBIIIAETCS C YBEIMUEHUEM BPEMEHHU OcelaHus yacTull. Taxke ucciegoBaHa
OTHOCHTEJbHAsI TIOTPEIIHOCTh BTOPOTO TIPEATIAaraeMoro CPEIHEHMHTErPATBHOTO METOJa M3MEPEHHUs
MyTHOCTH. COTJIaCHO TIOJYYEHHOMY Pe3yJIbTaTy yKa3aHHas MOTPEITHOCTh MOCTOSIHHA U OTIPEIENIeTCs
BEITMYMHON PETPECCHOHHOTO TMOKa3aTens. PaspaboTrana MeTOMMKAa MPOBEPKH JOCTOBEPHOCTH TONY-
YEHHBIX Pe3yJIbTaTOB MO ABYM MPEIOKEHHBIM METOAaM U3MEPEHUI.

Cnucok numepamypul

1.  Gleeson T., Cuthbert M., Ferguson G., Perrone D. Global groundwater sustainability, resources, and sys-
tems // Anthropocene Ann. Rev. EarthPlanetary Sci. 2020. Vol. 48. P. 431-463.

2. Jones E., Qadir M., Vliet M. T. H. [et al.]. The state of desalination and brine production // Sci. Total
Environ. 2019. Vol. 657.

3. Parkinson S. [et al.]. Balancing clean water-climate change mitigation trade-offs / Environ. Res. Lett. 2019.
Vol. 14.

4. Ciobanu M. G. General chemistry. Vol. I. Bucharest, RO : Performance publishing house, 2010.

5. Anjum M. N, Rasheed H. U., Ahmed W. Impact of waste water treatment on quality of influent & effluent
water // International journal of impotence research. 2016. Vol. 2.

6.  Von Sperling M. Basic principles of wastewater treatment. Brazil, Federal University of Minas Gerais,
2007.

7. Hasim A. M. H., El-Hafiz A. A., El Baz A. R., Farghaly S. M. Study the performance circular clarifier in
existing potable water treatment plant by using computational fluid dynamics // World water congress. Can-
cun, 2017.

8. Gian J. Improving the testing of sedimentation processes development of a large column and observations
of solid concentration using turbidity measurements // Bachelor of engineering thesis. Queensland, Aus-
tralia : The University of Queensland, 2016.

9. Ipate G., Musuroi G., Constantin G. A. [et al.]. Experimental and numerical simulation research of sedi-
mentation process in stationary column of aqueous suspension of solids // Thermal Equipment. Renewable
energy and rural development : web of conferences. 2019. Vol. 112. P. 03028.

10. Safta V. V., Toma M. L., Ungureanu N. Experiments in the field of water treatment // Durable Agriculture —
Agriculture of the Future : Scientific International Conferences The 12th Annual Meeting. Bucharest, RO :
Printech publishing house, 2012.

11. Zabava B. S., Voice G., Tudor P. [et al.]. Variation of turbidity of liquid-solid mixtures in the wastewater
settling process // Earth observation & surveying, environmental engineering. 2021. Vol X. URL:
https://www.researchgate.net/publication/356388854 VARIATION OF TURBIDITY OF LIQUID-
SOLID_MIXTURES IN THE WASTEWATER SETTLING PROCESS

References

1. Gleeson T., Cuthbert M., Ferguson G., Perrone D. Global groundwater sustainability, resources, and sys-
tems. Anthropocene Ann. Rev. EarthPlanetary Sci. 2020;48:431-463.

2. Jones E., Qadir M., Vliet M.T.H. et al. The state of desalination and brine production. Sci. Total Environ.
2019;657.

3. Parkinson S. et al. Balancing clean water-climate change mitigation trade-offs. Environ. Res. Lett. 2019;14.

4. Ciobanu M.G. General chemistry. Vol. I. Bucharest, RO: Performance publishing house, 2010.

5. Anjum M.N,, Rasheed H.U., Ahmed W. Impact of waste water treatment on quality of influent & effluent
water. International journal of impotence research. 2016;2.

6.  Von Sperling M. Basic principles of wastewater treatment. Brazil: Federal University of Minas Gerais,
2007.

7. Hasim AM.H., El-Hafiz A.A., El Baz A.R., Farghaly S.M. Study the performance circular clarifier in ex-
isting potable water treatment plant by using computational fluid dynamics. World water congress. Cancun,
2017.

R R R R R L L L L L N e e e e e e e sy """ m n mmnm.



HN3mepenne. MoanTopuHr. Ynpasaenne. Koarpoan. 2024. Ne 1

8. Gian J. Improving the testing of sedimentation processes development of a large column and observations
of solid concentration using turbidity measurements. Bachelor of engineering thesis. Queensland, Australia:
The University of Queensland, 2016.

9. Ipate G., Musuroi G., Constantin G.A. et al. Experimental and numerical simulation research of sedimenta-
tion process in stationary column of aqueous suspension of solids. Thermal Equipment. Renewable energy
and rural development: web of conferences. 2019;112:03028.

10. Safta V.V., Toma M.L., Ungureanu N. Experiments in the field of water treatment. Durable Agriculture —
Agriculture of the Future: Scientific International Conferences The 12th Annual Meeting. Bucharest, RO:
Printech publishing house, 2012.

11. Zabava B.S., Voice G., Tudor P. et al. Variation of turbidity of liquid-solid mixtures in the wastewater
settling process. Earth observation & surveying, environmental engineering. 2021;X. Available at:
https://www.researchgate.net/publication/356388854 VARIATION OF TURBIDITY OF LIQUID-
SOLID MIXTURES IN THE WASTEWATER SETTLING PROCESS

Hupopmauus 06 asmopax / Information about the authors

CeBaa Omap roi3s1 AXMepOBa Sevda O. Ahmedova

CTapIIUii MpeIoAABAaTeAb KadeAPBI XUMHH, Senior lecturer of the sub-department of chemistry,
AzepbaiiAKaHCKHI TOCYAAPCTBEHHBIN Azerbaijan State University of Economics
9KOHOMHYECKHUH YHUBEPCUTET (6 Istiglaliyat street, Baku,

(Asepbaitpxanckas Pecrry6auxa, r. Baky, The Republic of Azerbaijan)

ya. Ucturaaausr, 6)
E-mail: Axmedovasevdalll@gmail.com

Bubuxansim PaBasit roi3sr Asxa66apast Bibikhanym R. Jabbarli
AOKTOPAHT, Doctoral student,
A3zepbaiipAKaHCKUI TeXHITYECKUI YHUBEPCUTET Azerbaijan Technical University
(Asepbaitpxanckas Pecry6amnxa, r. Baky, (25 Djavid avenue, Baku,

mp-KT AXaBuAR, 25) The Republic of Azerbaijan)

E-mail: Cabbarli.bibixanim@mail.ru

ABTOpBI 3251BASIIOT 06 OTCYTCTBHH KOHPAUKTA HHTEPECOB /
The authors declare no conflicts of interests.

ITocrymuaa B pepaxuuio/Received 20.12.2023
ITocrynnaa nocae penensuposanns/Revised 18.01.2024
Ipunsra k my6ankanun/Accepted 16.02.2024

RN NN NN NN NN NN NN NSNS NSNS NN NN NSNS NSNS NN SN NSNS NSNS NN NN E NSNS SE NSNS NSNS NSNS NSNS NSNS NSNS NSNS NSNS N NSNS SN ES NN EEEEEEESESNENENESEENENESEENESENNENESESNENENESNEEESNEEEEEEEEEEEEEE



