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VJIK 628.35

NNEPCIIEKTUBBI IPUMEHEHHWSA OTXO10B KUPIITMYHOI'O NTIPOU3BOJCTBA
B KAYECTBE COPBIIMOHHOI'O MATEPHAJIA IUISA OBOPOTHBIX CUCTEM
BOJOITIOJIb30BAHUSA
Xapuenoa T. U, dasaap3ane 3. O, Kmakos E. B.

HayuHblii pykoBoauTeb KaHA. TexH. Hayk JlyopoBckas O. I'.

Cubupckutl ¢hedepanvHulil yHUSEpCUmMem

Ha Ttepputopusix HedTerazoqoObBalOMMX YyYacTKOB YacTO BO3HHKaeT Tmpodiema ¢
YTUIM3AIMEed CTOYHBIX BOJ, KaK OT IMPOMBIIUICHHBIX MNPEANPUATUH, TaK M OT XO3HCTBEHHO-
ObITOBOM KaHanmu3auuud. OCHOBHBIMH 3arps3HHUTEISIMA MPOMBIIIICHHBIX CTOYHBIX BOJ, Kak
MPaBWJIO, SBIISIOTCS MOHBI TSKENBIX METAIJIOB U HE(TEMPOIYKTHI.

Jlis KOHIUIMOHUPOBaHUS He(TecoAepKalluX CTOYHBIX BOJ, KaK MPaBUJIO, HCHOIb3YIOT
TEXHOJIOTUIO COPOIMOHHONW OYHMCTKU. MHOTHME W3 H3BECTHBIX COPOCHTOB 007amatoT OOJBIIOHN
COpOLIMOHHOM €MKOCTBIO U J0CTaTOYHO 3(PQPeKTUBHBI B 3KciryaTanuu. OqHaKO, SKOHOMUYECKHE
MOKa3aTeIN UX MPOU3BOICTBA OMPENEISIOT BHICOKYIO CTOUMOCTh MPOAYKTA, YTO HE yIOBIETBOPSIET
TpeOoBaHUSAM MOTpeOuTENel, a TakKe BO3HUKAIOT MPOOJEMbl C yTUIM3alUed MCIONIb30BaHHBIX
copOeHTOB. BMecTe ¢ TeM, epCcreKTUBHbBIE U YKOHOMHYECKU BBITOJHBIE COPOEHTHI PECTABISACTCS
BO3MO’KHBIM M3TOTABJIMBATH U3 BTOPUYHOTO CHIPhs. JJaHHBIE MaTepuassl MO3BOJSIOT PELUIUTh Cpa3y
JIB€ MPOOJIEMBI: OUUCTKA BOABI U OJJHOBPEMEHHO YTHIIU3ALMSI OTXOO0B.

B mnHacrosmeit pabore npoaHalM3HpoBaHAa BO3MOXKHOCTh HCIIOJIb30BaHHSA B KadecTBe
COpOLIMOHHOTO MaTepualia sl U3BJICYCHHUS HE(PTEPOIYKTOB M HOHOB TSDKENIBIX METAJUIOB U3 CTOKA
OTXOJIOB KHUPIUYHOTO MpPOU3BOJACTBA. TakuMm o00pa3oM, B paboTe KOMIUIEKCHO pelaercs
JKOJIOTMYECKas 3a/Jaya: OTXOAbl HPENNPHUITHIA IO H3TOTOBJICHHUIO KHUPIUYa TPU €ro oOKure
MEPEBOJATCS B PAaHT BTOPUUYHBIX MaTepUAIbHBIX PECYPCOB, YTO TAKKE CHUKACT SKOJIOTHYECKYIO
HarpysKy.

I'muex sBisieTcss 0TXO0A0M KHPIUYHOTO MPOU3BOJICTBA, MOJYYCHHBIM B PE3yJIbTaTe 00KUTa
TJIMHBI, MPU TPOU3BOACTBE KHUpIUYa. XUMHUYECKUH COCTAaB MIMH W CHEIU(PUYECKHE YCIOBUS
o0XHUra Ompeleluii YHHUKaJbHbIE CBOICTBAa JAaHHOTO MarepHaia, KOTOpbIe IO3BOJISIOT
paccMaTpuBaTh €ro MPUMEHEHUE B Pa3IMUHBIX 00JIACTAX MPOMBIIIJICHHOCTH. B yacTHOCTH, B BHIY
ero mpupoHoi nopucrtoctu crneunanucraMu COY npoBeaeHO UccaeAoBaHUE JAHHOTO MaTepuaia
Ha BO3MOKHOCTb €ro NMPUMEHEHHUS B KauecTBE COpOEHTa JUIsl WM3BJICUCHHS TSKENBIX METAlIOB.
[IpeaBaputenbHO  copOeHT  ObUT ~ AKTMBUPOBAH  TEPMOKHCIOTHOW  0oOpaboTKoW |

TUAPOTEPMOIMHAMUYECKON KaBUTALIUEN.



Pe3ynbTaThl HcibITaHMM MOKa3aHbI B Tabuie 1.

Tabmuua 1 — CpaBHHUTENbHAS XapaKTEPUCTHKA COPOIIMOHHOTO MaTepualia pa3HbIX ClIOCOO0B

aKTHUBaIlNU

IToxka3aTean

I'imesx, aKTMBHPOBAHHBIIH
TEePMOKHCJIOTHBIM CIIOCO00M

I'uex, akTHBMPOBAHHBIH
THAPOTEPMOIMHAMHYECKUM
Crocooom

Bun

I'panyner cBoGOIHOH POPMBL,
pasmepom 1,15-1,3 mm, 1BET OT
0eJoro 10 KPEMOBOTO

I'panyner cBOOOTHOH QOPMBL,
pasmepom 0,03-0,3 MM, 11BET OT
0eJI0r0 10 KPEMOBOTO

CopOIoHHast eMKOCTh 17,52 -25,6 15,79 - 26,7
(Torormaromnas CiocoOHOCTh)
10 MEJH, MI'/ T
Temmnepatypa npumenenus, °C | +4...+25 +4...+25
CreneHb U3BJICYCHUSI 81,2% 95,1%
TSDKENIBIX METAJIIOB

Cu 64% 86,9%

Fe 86,6% 98,9%

Pb 92,9% 99,7%
MaxkcumainbHas 103a copoernra | 5—12,8 r/n 5-9471/n
Jlo3a BeIrpyskaemoro copoenra | 0,7 mr/i 0,68 mr/n

Pacuernas BeicOTa
COpOLIMOHHOH 3arpy3Ku B
azcopOepe

B 3aBucumoctn ot D
copOLUMOHHOTO QUILTPa
0,45-1.2m

B 3aBucumocTtu ot D
copOOHHOTO (prIbTpa
0,8-1,5m

B c¢Bs3u ¢ 3TUM HamMu GBIJIa MMpoOBCACHA OLICHKA BO3MOKHOCTU NPUMCHCHUA TJIUCKA IJIA
OYMCTKH CTOYHBIX BOJ. /I wHTeHcH(UKauu mporecca copOIMHM ObUTM TPEIIOKEHBI TpU
BapHaHTa aKTUBallMM — TEPMOKHUCIOTHBIM, IIETOYHAS AKTUBAIMS W TUIPOTPMOJUHAMUYCCKHUN
croco0 akTuBanuu. J[s mocienyromeld OIEeHKH XapaKTEPUCTHK COPOIIMOHHOTO MaTepuayia ObLT
MPUMEHEH MOJENBHBIM PacTBOP CTOKA, COJMEPIKAIIETO TSOKENbIe METalUlbl, TaKHEe Kak MeAb |
CBUHEI], a TaKXe HOHBI keneza. OIEHUBAINCH TaKWe TOKa3aTeNd KaK IOJIHAs COpPOITMOHHAs
€MKOCTh, CTETICHb W3BJICUCHHS METAIJIOB, BBICOTA 3arpy3KH U 00BEM BHITPYKaeMOTr0 COpOCHTA.

B maGoparopuu ObuH MPOBEEHBI UCCIIEIOBAHMS COPOIIMOHHON eMKOCTH U 3 ()EKTUBHOCTH
copOeHTa ¢ ATaJOHHBIM cpaBHeHHEM. [IpoBefeHO 5 AKCIEpUMEHTATBHBIX JHHHUN C BBISBICHHEM

MOTPEUIHOCTH JKCIepUMEHTa. Pe3ynbTarhl 00paboTaHbl M TNPEACTaBIEHBl K MaTEeMaTUYECKOMY

MOJICIIMPOBAHUIO COPOIIMOHHOTO MpoIiecca, JuarpaMMa pucyHok 1.
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Puc. 1 — D¢ hHeKTHBHOCTH OUYMCTKH CTOYHBIX BOJ OT META/UIOB U HEPTEIPOIYKTOB MPHU

paaanHoﬁ aKTUBalluU IiIvuexKa

B xome 5SKCHepHMEHTAIbHBIX WCCIICOBAHWIA BBISBICHO, YTO MpH 00pabOTKe Tinexa
KHCJIOTOH, MTPOMCXOANT yBEIMYCHNE MOPUCTOCTH ITOBEPXHOCTH COpOEHTa ¢ 00pa30BaHUEM MaKpo-,
Me30- M MHKPOIOp, 3a CUET Yero YBEIHMYMBACTCS COPOIMOHHAS eMKOCcTh copOeHrta. Ilpm
N00aBIEHUH ILEJI0YH, HAa TTIOBEPXHOCTU COpOEHTa 00pa3yeTcss MOHOCION CHIIMKATHBIX COSAMHEHUH,
B YaCTHOCTU AJTFOMOCHUJIMKAT W CUJIMKAT KPCMHUA, CHOCO6CTByIOH_II/Ie XUMHUECKOM COp6I_[I/II/I Ha
noBepxHocTU Tauexa. Ho camoii addexTiBHON 00paboTKO copOeHTa cTana KaBUTalMs, KOTOpas
MOCIOCOOCTBOBANA CO3JAHUIO TIOp PA3IMYHOM KPYMHOCTH, a TakXke OOpa30BaHUIO IIEHTPOB
aKTHBAIHH.

[Ipu aHanm3e HACBHITHOW €MKOCTH COpOEHTA, JOJTOBEYHOCTH, BBICOTHI CJIOS 3arpy3Ku ObUIN
CMOJETHPOBAHbl OCHOBHBIE XapaKTEPUCTUKU KOHCTPYKUMH (HIBTPA, KOTOpPbIE IOKa3aIx
3HAUNTENIbHOE YMEHBIICHUE pa3Mepa (DUIBTPAIMOHHON YCTaHOBKH, YTO ITO3BOJSIET YMEHBIIUTDH
IUTOIIAI pa3MENIeHUs] YCTAaHOBKH (DHiIbTpa ¥ IJIOIMIAAb 30HBI CAHUTAPHOW OXpPaHBI, YTO BBITOIHO
s npeanpusatus. OOm cxema ¢ BKJIIOYEHHEM COPOIIMOHHON YCTAaHOBKM IMpEICTaBICHA Ha

pHUCYHKeE 2.

Puc. 2 — Cxema 04MCTKH TPOMBIIIJICHHOTO CTOKA
1 — ToHKOCTIOWHBIN OTCTOWHUK ¢ He()TETOBYIIKOIA; 2 — COPOIMOHHBINH HUIbTP; 3 —

KaBUTATOP; 4 - NIaMOYIIIOTHUTEIb



Takum o0pa3oM, BHEIPEHUE B TEXHOJIOTHYECKYIO CXeMy OJI0Ka COpOIMOHHBIX (PHIBTPOB C
IPUMEHEHHEM COpPOLIMOHHOM 3arpy3kd Ha OCHOBE IJIMEXa, MO3BOJSIET B 3HAYMTEIBHOM CTENEHU
MOBBICUTH A(PPEKTUBHOCTh OYUCTKH MPOMBIIUICHHOIO CTOKAa W KakK CIEACTBUE YBEIUYHUTH
HKOJIOTUYECKYIO YCTOHYMBOCTh TeppUTOpUU. C TOYKHM 3pEHUS 3KOHOMUYECKOIO OOOCHOBAHUS
JAHHOE TEXHUYECKOE DEIICHUE I03BOJIUT CYIIECTBEHHO CHU3MTH JKCIUIYyaTal[MOHHBIC 3aTpPaThl
MPEANPUATHS 32 CUET MOBTOPHOI'O MCIOJB30BaHUS OUMIIECHHON BOJBI B KQUECTBE TEXHMUYECKOH U
IJJACTOBOW. BHEIpeHHE COBPEMEHHBIX HAyKOEMKHMX TEXHOJIOTMH B IIPOLIECCHI OYHMCTKU CTOKOB
MO3BOJISIET PEIIUTh BOIPOCHl PECYPCOCOEPEKEHUs, HKOJOTH3ALMU IPOU3BOJACTB B  CIOXKHBIX
IPUPOJHO-KIMMATHYECKUX YCIOBUAX. JlOMONHUTENBHO, 3TOT MeToA OyaeT crnocoOCTBOBATH
3aMKHYTOMY O0OpOTY BOJIbI U PELUKIMHTY OTXOJOB KUPIUYHOTO MPOU3BOJCTBA, C UCKIIIOUCHHEM

AOIOJIHUTCIIbHBIX 3aTpaT Ha C6pOC CTOYHBIX BOJ U YTUJIN3allUIO OTXOOB.
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OYUCTKA CTOYHBIX BOJA I'AJIbBAHUYECKOI'O ITPOU3BOICTBA
MOIUPUIINPOBAHHBIM COPBEHTOM
Anpapeena C.A.
HayuHblii pykoBoauTeb kana. TexH. Hayk Kypuanna T.A.

Cubupckutl ¢hedepanvHulil yHUSEpCUmMem

CopOIrOHHOE H3BJICYCHUE METAJUIOB M3 CTOYHBIX BOJ MOJYYHJIO JOCTaTOYHO HIMPOKOE
pacrpocTpaHEeHHE BCIEACTBUE BBICOKOH 3(P(EKTUBHOCTH OUYUCTKH W OTCYTCTBUS BTOPUYHBIX
3arps3HeHuil. CopOIMOHHBIE MaTepHaibl TOIJIOMIAI0T W3 BOJHBIX PAacTBOPOB  METaJUIbI
MPAKTHYECKH JI0 JTFOOBIX OCTATOYHBIX KOHIICHTPAIIHH.

B kauectBe copOeHTa IUIsl OYMCTKH CTOYHBIX BOJ COJIEPIKAIIUX MOHBI TSHKEIBIX METAJUIOB
npeiaraercs  ucnons3oBanin - AkdolitKesselburgerPelm-GranCM3  (Akdolit-Gran).  Jlanubrii
COpOEHT B OCHOBE KOTOPOTO JIOJIOMHTOBOE ChIphE€, MPOU3BOAUTCS B ['epMaHMM M IHIMPOKO
ucnoJsib3yercss Ha 3amage W B EBponeiickoil yacth P® ©W  MOJHOCTBIO COOTBETCTBYET
MexayHapoaabsiM TpeooBanueM DINEN 1107 tum A 1151 MCTIOJIB30BAHUS B MUTHEBBIX IETIAX.

3angaueil ucciaenoBaHUi ObUIO M3ydeHHE (DPU3UYECKHX CBOWCTB COPOIMOHHOTO MaTepHualia
Akdolit-Gran  uTepMOaMHAMHYECKHX  3aKOHOMEPHOCTEH  COpOLIMOHHOrO  mpolecca, a
TaK)KECOCTABIICHHE MaTEeMAaTUYECKOH MOJeNn 00€3BPEKUBAHMS CTOYHBIX BOJI, COACPIKAIINX HOHBI
TSOKEIBIX ~ METAJUIOB,  AKCIEPUMEHTAIbHO-CTATHCTUYECKUM  METOJIOM  JIISl  HAXOXKICHHS
ONTUMAJILHBIX PEKUMOB 00paOOTKH JAaHHBIX CTOKOB.

[TonmyyeHHble B XO0Jl€ AKCHEPUMEHTAJBHBIX HCCICIOBAHUN TEXHUYECKHE XapaKTEPHUCTUKU

copbenta Akdolit-Granmpezacrasienst B Tadwuie 1.

Tabmuua 1 — TexHuueckne XapakTepuCTUKU

Cymmaphslit 00beM 1op, Vy (cM°/r) 0,103
HachInHast IIOTHOCTB, Py (T/cM’) 1,15
VIcTHHHAS [TOTHOCTH p (T/ cM) 2,37
CpeHsist IIOTHOCTH Po (I/eM°) 2,26
[Topuctocts IT (%) 4,64
BononornomenneW (%) 10,3

HccnenoBanusi mporecca COpPOIUU  TSDKENBIX METAUIOB TPOBOJIWIM B CTaTHUYECKHX

YCIOBUAX METOAOM OTACIBHBIX HABECOK C HCIOJB30BAHUEM MOJCIBHBIX PACTBOPOB CO



+ 2+ +
CIETYIOIUMH KOHIIEHTPAITUSIMU: Cu**=60 Mr/ILM3; Ni’*=15 MF/,I[MS; Zn>*=20 MF/,I[MS. JlanHbIC
KOHIIEHTPAllMM HauOoJiee PACIpPOCTPAHEHHBI B CTOYHBIX BOJAX TadbBaHUYECKUX MPOU3BOJCTB.
OCTaTo4YHyI0 KOHIIEHTPAILUIO OMPEENISIIA Ha aTOMHO-DMHCCUOHHOM CIIEKTPOMETPE ¢ UHAYKTUBHO

CBA3aHHOM IUIa3MOil.

CornacHO COBPEMEHHBIM MpEACTABICHUSM, MEXaHU3M COPOIMH METauIoB COpOEHTaMu
BKJIFOYACT JIBE CTAJMH: BHEIIHIO W BHYTpeHHIOW muddy3uro. JImmMutupyromein craiue MoxeT
OBITH BHEIIHSS, BHYTPEHHSSI W cMmemanHas nuddys3us. B tabnume 2 oroOpakeHa KMHETHYECKAS

3aBUCUMOCTH Tiporiecca copoumu nonoB meau (1), aukens (1) u muaka (11) ot 10361 pearenTa.

Tabnuua 2 — Pe3ynbTaThl pacuera KOHCTAHThI CKOPOCTH B 3aBUCUMOCTH OT JI03bI peareHTa

Jo3sr K, cex’”
mr/am° cu(l) Ni(11) Zn(Il)
1 3,28 2,02 5,05
1,2 33 2,77 4,02
1,4 33 3,18 4,56
1,6 3,9 2,54 4,44
1,8 3,4 2,05 2,97
2,0 2,78 1,89 2,51

Yro u AaCT CICAYIOIYIO ITOCICAOBATCIBHOCTL PACHPCACICHUSA MCETAJIOB IO CKOPOCTHU

HU3BJICUYCHUA:

Zn(1) > Cu(ll) > Ni(ll)

TepmoauHaMUKa MO3BOJISET TAKXKe MPEJICKa3aTh BIUSHUE TEMIIepaTypbl HA HHTEHCUBHOCTh
MMMOOMIIN3AIH MOHOB TSDKEIIBIX METAIOB M3 BOJAHOW CPE/IBL.

N3BecTHO, YTO COpOmMS MPOIECC AK30TEPMUYECKHUH, CIEIOBATENbHO, C YBEIHMUYCHHEM
TEMIIEpPaTypbl EMKOCTh COpOCHTa MO OTHOIICHHI0O K MeTajuiaM yMeHbmaercsa[l], uro wu
MOJITBEPXKAACTCS pe3yabTaTaMu B Tabmunax. 3 u 4.

SBnenus Gu3MYECKOW M XUMHUYECKOM COpOIMM YETKO Pa3IMYaloTCs B PEIKHX CIydasx.
OOBIYHO OCYIIECTBISIOTCS MTPOMEKYTOYHBIE BapUAHTHI, KOTJ]a OCHOBHAsI Macca aicOpOMpOBaHHOTO
BEILECTBA CBS3BIBACTCS CPABHHUTENBHO CJa00 M JHIIb HeOonblias 4acTb — mnpouno[2]. Ilpu
MOBBIIIEHUN TEMIIEpaTyphl YBEIMYCHHE XUMHUYECKOW aacopOLuu ¢ HEKOTOpOil TemIieparypsl
HAYMHACT NEpEeKphIBaTh HaJieHHE (PU3NYecKol cOpOLUH, MO3TOMY TeMIepaTypHas 3aBHCHMOCTD

COpOITMHY B ATOM CJIy4ae HUMEET YeTKHI MUHUMYM, TabIuIas.



Tabnuia 3 — 3aBUCUMOCTh COPOIIMOHHON €EMKOCTH OT TEMIIEPATyPhl PacCTBOPA

Ne n/mt Temmneparypa °C Cu(ll) Ni(ll) Zn(1)
1 11,5 41,78 10,22 14,06
2 17,0 42,75 10,59 14,28
3 25,0 42,76 10,63 14,26
4 33,0 42,76 10,67 14,28
5 38,5 42,77 10,70 14,27
6 60,0 42,76 10,62 14,22
7 70,5 42,71 10,61 14,20
8 80,0 42,71 10,57 14,14

Tabmuia 4 — Pe3ynbratsl pacueTa KOHCTAaHTBl CKOPOCTH

Temnepatypa °C K, cex”

Cu(ll) Ni(ll) Zn(I1)
11,5 33 3,08 4,17
17,0 5,98 4,53 7,2
25,0 6,15 4,9 6,47
33,0 6,13 5,59 7,34
38,5 6,21 7,05 7,5
60,0 6,09 4,76 5,51
70,5 5,67 4,63 5,22
80,0 5,65 4,31 4,62

Tabmuma 5 — PesynbraThl pacdera 3aBUCHMOCTH OCTATOYHOM KOHIIEHTpALMM OT

TEeMIIEpaTypbl BOJHOU Cpebl

Temnepatypa °C Cocr, MF/,I[Ma

Cu(ll) Ni(ll) Zn(11)
11,5 2,201 0,689 0,308
17,0 0,151 0,161 0,005
25,0 0,128 0,112 0,031
33,0 0,131 0,056 0,0053
38,5 0,121 0,013 0,0101
60,0 0,136 0,128 0,0805
70,5 0,207 0,146 0,108
80,0 0,210 0,202 0,196
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Pacnpenenenne  pacTBOPEHHOrO  BEIIECTBA  MEXKIY JABYMsS — HECMEIIMBAIOIIMMHUCS
KHUAKOCTAMU TOJYMHAETCS 3akoHY pacnpeneneHusd. CoracHoO KOTOpOMY, OTHOLIEHHE
PaBHOBECHBIX KOHIIEHTpaUUi (MCXOTHON MOCTATOYHOW)B 00EUX KHUIKOCTSIX OCTAaeTCS VIS JaHHOM
TEMIIEPATypbl BEIUYMHOW TOCTOSIHHOM, 4YTO TMO3BOJWJIO pAcCUMTaTh ONTHUMAIbHYIO 103y
COpPOLIMOHHOTO MaTepHasa AJisl U3BJIEYEeHHE HOHOB METAIIJIOB.

3a ogHy copOnuoHHy0 ¢dazy s u3BIeUYeHHS <~ 66 r© memu, <23 T muHKAa U <15 1
HuKensITpeOyercst 1 rpamm copOeHTa.

st 060CHOBaHUSI OCHOBHBIX TEXHOJIOIMYECKHX IMapaMeTpOB MpPOIecca OYHUCTKU CTOKOB,
COJIEp’KaIllMX HOHBI MEIW, HHUKENs M LUHKA, ObUIO MPOBEACHO IUIAHWPOBAHME HKCIIEPHUMEHTA
METOJIOM POTOTa0eNbHOr0 IUIaHa BTOpOro mnopsiaka bokca-XaHTepa,0bUTH BBISIBICHBI OCHOBHBIE
(bakTophl, BIUAIONIME HAa MCCIEIYyEMBI MPOLECC U XapaKTEPU3YIOIIUE €ro BBIXOTHBIC MapaMeTp.
OCHOBHO# ypOBEHb, HHTEPBAJIbI BAPHHPOBAHNUS U TPAHULIBI 00JIACTH UCCIIETOBAaHHM BHIOMPATUCH Ha
OCHOBAaHUU JAHHBIX IPEABAPUTENBHOIO JKCIEpUMeHTa. Pacder monvMHOMHUANbHON Mojenu Obul
npousBeneH mo merony MHKK, x anroputmy mpumenumsl yciaoBusi GNU GeneralPublicLicense
ornaxkeHHsle B Python 3.4, taxxke wucnomp3zoBanacenporpamMma LaTeX st mosydeHHs: oOmmx
COOTHOILIEHUH JUIs1 BBIXOJHBIX TapaMETPOB.

[Tocne Toro, Kak ypaBHEHHS PETPECCHU OBLTM HAWICHBI, TPOBEIN CTATUCTHUYCCKUI aHAIN3
MOJIYYEHHBIX Pe3y/lbTaTOB. 3aTeM ObLIM MOJy4eHbl rpaduueckue MHTEPIPETALNU, MO3BOJISIOLIIE
PeryaupoBaTh MpoLecc COPOLIMOHHOTO 00€3BPEKUBAHUS CTOYHBIX BOJ] B aBTOMATUYECKOM PEXKHME
U YYUTBIBATH B JAJIbHEHIIEM TEXHUKO-3KOHOMHYECKHUE TOKA3aTENH.

Takum o0pa3oM, B XOA€ MPOBEACHHBIX HCCIEIOBAHUN, MOTY4EHBIPE3YIbTAThI,KOTOPHIE
Jaf0T BO3MOKHOCTB 00JIce TOYHO MOHSTH MpUpoay MoauduimpoBarnHoro copberra Akdolit-Gran u
COCTaBUTh MaTEMaTHUECKYIO (DOPMYITHPOBKY MOJIEIH 00€3BPEKUBAHMS CTOYHBIX BOJI, COJEPKAIINX
MOHBI TSDKEJIBIX METAJNIOB, YTO MO3BOJISET CUCTEMATU3UPOBATH M CTPYKTYpPHUPOBATh CaM IpOLECC

COp6LII/II/I, " CO3[1aTh OCHOBY Ui €0 MOHUMAHUA.

Cnmcok Mcnojb30BaHHBIX HCTOYHUKOB
1.KensreB H.B. OcHoBsl ancopOrimonnoit texuuku / H.B. Kenbnes. — 2-e uzn., nepepad. u
nmon. — M.: Xumus, 1984. — 592 c.
2. JIeBuenko C.U1. ®usnueckas u xouionadass xuMusa. KoncnekT jgexkuui. U.2 Xumuyeckast
KHMHETHKA U KaTanu3. — PocToB-Ha-J[oHY: rocyapcTBeHHBIN YHUBEpCUTET, Kadenpa Guznueckon u

KoamonaHon xumuu, 2004. — 27c¢.

11



VK 502.5(25)

BJIMSIHUE MEXAHOAKTHUBALIMU HA BAXKYIIUE
CBOWCTBA 30.JIbl
Yynaea A.A., llIBaenko JI.C.
Hayuynble pykoBoauTe/ M KaHa. TexH. HayK Enknesckas WU.I'.,
KaH/. TexH. Hayk Bacunosckas H.I'.

Cubupckuii ¢hedepanvuulii ynueepcumem

OCHOBHBIM BHJIOM NPOMBILIUIEHHBIX OTXOJOB, 3aHMMAIOIIUX OJHO M3 IEPBBIX MECT IIO
o0beMy BbIXOJa Kak mo Poccum B menom, Tak W B KpacHospcke SBISIOTCS OTXOJBI
TEIUIOPHEPTeTUKN, TaK KaK OCHOBHBIM HCTOYHHUKOM DSHEPIHH CIIy)KaT TOIUIMBO COJEpPIKallue
HCKOIIaeMbl€ — TaKH€ KaK aHTPOLUTOBBIE, Oypble U KaMEHHBbIE yIIIM. B pe3yibTare coxuranus yrien
o0pasytoTcst okosio 50 MIIH. TOHH B TOJ 30JIOIIJIAKOBBIXOTBAJIOB B COCTaB KOTOPBIX BXOJAT: 30JIBI,
pazMepoM yactull MeHbie 0,3 MM U 1IIaku ¢ pa3MepoM vactull ot 1 1o 50 Mm. OTH 305100TBaJIBI
CO3JIAl0T OOJIBLIYIO0 AKOJOTHYECKYIO HAINPSDKEHHOCTh, NMPENOCTABISIOT Yrpo3y AJs OKpY’Karolien
CpeIbl ¥ 3I0pPOBbs JIIOACH. B pe3ynbrare BETpOBOI 3PO3HH YaCTHUIIBI 3016l TOCTYIIAIOT B aTMOchepy
U PaCIpPOCTPAHSIIOTCS Ha HECKOJIBKO KUJIOMETPOB.

PocT mpuMeHEHHus 30JI0LIUIAKOBBIX OTXOJIOB IO3BOJISIET COKPAaTUTh MX HAKOIUIEHUE U
CHU3UTh HArpy3Ky Ha OKpPYXalOIIyl0 Cpeay.30J0LUIAKOBBIE OTXOIBbI MOXHO HCIIONb30BaTh B
IIPOU3BOJICTBE Pa3IMYHBIX 0ETOHOB, CTPOUTEINIBHBIX pacTBOpOB, KEpaMUKH,
TEIUIOTUAPOU3OJSILIMOHHBIX MaTepHANIOB, JIOPOKHOM CTPOMTENBCTBE, TIJ€ OHH MOTYT OBITh
HCII0JIb30BAaHbI B3aMEH ME€CKa U LIEMEHTA.

[TpurogHoOCTh 30/1BI Ui W3TOTOBICHMS BSXKYIIMX M OETOHOB YCTAaHABIMBAIOT IIyTEM
OINBITHOM TPOBEPKH XHUMHYECKOIO COCTaBa M COJEP)KAaHUSA BPEOHBIX INPUMECEH, K KOTOPBIM
OTHOCSITCSI HECTOPEBLINE TOIUIMBO, CEPA, HETAIIEHAasl U3BECTh, OKCUJ] MarHUsl.

XUMHUECKUH, MUHEPAIOTHYECKUH U (pa30BBIN COCTABBI y 30J1 3aBUCAT OT BHJA CKHIAEMOT0
yIJIs1, yCIIOBUM €ro CKUraHMs, crioco0a ylnaBIuBaHMs U 0TOOpA 30J1 U3 IIIJIAKOB.

@Da30BbIi COCTaB AEIUT 30JIbl, YUUTHIBAsI TPH BO3MOKHBIX (Pa30BBIX COCTABIISAIOLIMX:

- | paza: crexnoBugHas

- Il ¢paza: yacTHUHO KpUCTAIITU30BaHHAS

- Il da3za: amopduzupoBannas

HanOonee akTMBHOM B XMMHYECKOM IIJIaHE SIBJISETCS CTEKJIOBHUIHAs 4YacTh, a TaK JKe
aMop(U3MpOBaHHOE BEIIECTBO B BHJE TIJIUHHUCTHIX MHUHepasioB. HanMeHbIel aKTUBHOCTBIO

o0J1aziaeT YacCTUYHO 3aKpUCTAJUIN30BaHHAA (a3a.
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Tabmumua 1 - dusuko-MexaHnyeCcKre CBOMCTBA 30JIbI

Cpoku IIpenen npounoctu
CXBAaThIBaHUS, MI0CJIE TETUTOBOM
Ocratoxk Y-MHUH obpabotku, MIla
VnenpHas
Mecto oT6opa Ha cute | HopmanbHas
IIOBEPXHOCTb, R npu
30J1BI 2 Ne 008, | rycrora, % npu u3rude
cM /T o CKaTHH
0 HayaJio| KOHEI
1 28 1 |28
CyT. | CyT. | CyT. | CYyT
Kpactospekas| g4 12,1 26,75 | 030 | 120 | 11 | 24 | 65 | '
TSI_I-Z ) ) 1 1 ) 5

[To XxMMHYecKOMy COCTaBy 30JIbl JAENATCA IYyTeM OMNpPENETIeHUs] MOIYJIS OCHOBHOCTU
COOTHOIIEHUEM COAEPKAIIMUXCS B 30JI1aX OKCUJIOB OCHOBHBIX 30J1 K OKCUAAM KHCIIBIX 301

- 1 xmace: M,=0,6-1,5

- 2 xiacc: M, < 0,6

OCHOBHBIM OKCHJIOM, XapaKTepU3YIOLIUM 30JIbl KaK OCHOBHBIE U KUcIble siBisgeTcsaCaO.

B aHTponuTOBBIX M KaMeHHBIX yriisx mpeobnamaet SiO;, a He CaO, mO3TOMY TaKHe 30161
MOJTy4YaroTCA KHUCIBIMH C CYMMAapHBIM COJAEp)KaHHMEM KHUCIBIX OKcHIoB okojo 80% wu Gosee u ¢
HU3KUM MOJIyJIEM OCHOBHOCTH, ¥ XapaKTEePHU3YIOTCSI MYIIIOJIAHOBOW aKTUBHOCTHIO. VX HCIIONB3YIOT
100 Kak MyIII0JIAHOBYIO TOOABKY, TNOO KaK MHHEPTHBIN MaTepHall.

[Ipu cxuranum OypwIX yriield oOpasyercss MakcumanbHoe KommdectBo CaQ, comepkaHue

KOTOpPOTo MOKeT AoXoauTh 10 40 %. Takue 307161 UMEIOT BHICOKMH MOJYJIb OCHOBHOCTH M JEISATCA

10 XUMHYECKOMY COCTaBY Ha:

0 Cpenne xanbimensie - coaepxkanue Ca0 o5, 20-30% 1 CaO¢pos.< 3%

0 Bricokokanbeiuessie - coaepkanne Ca0 o5y 30-45% 1 CaO pop.10 9%

O VYibTpa BBICOKO KaibliueBble - coaepkanne Ca0 o5y > 45% 1 CaO o> 10%

A Tak e OTANYaroTCs FHI[p&B.HH‘-IGCKOﬁ AKTUBHOCTBIO, MOTYT HCIIOJIb30BATbHCA KaK CBIPHC

A TTOJTYYCHUS BSKYIIUX WM KaK CaMOCTOSATCIIBHOC BSIXKYIIICC.

Tabmuma 2 — Xumudeckuit cocta 30561 Kpacnosipckoit TOII-2

HauMeHnoBaHue nokazareis

3omna Kpacnosipckoit TOII-2

Si02 35,6
CaO 28,73
CaOcs 7,1
MgO 3,44
Fe203 8,8
Al203 8,21
SO3 3,9
K20

Na20
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[ToTepu npu npoxaIuBaHUN 1,12

Xopuabl 10,2

st npenorBpamieHuss HeratuBHOTO BIUSHUSA — (CaO o BRICOKOKANBIMEBBIX U
VIBTPAaBBICOKOKAIBIIMEBBIX  30JI, BBI3BAHHOTO IMO3JAHMMH CpPOKaMH THIPATHPOBAHUS H3-3a
CTEKJIOBHJIHOW ITOBEPXHOCTHOM OOOJOYKM MX MPEIBAPUTEILHO TOABEPTAIOT «AKTHBALUWY -
CTELUANbHBIM TEXHOJIOTUYECKUM TIpueMaM, MO3BOJSIOIMIMM CHH3UTh cojepxkanue CaO B
cB0OOHOM opme./[J1st ITOrO MPUMEHSIOT CIEAYIONTUE METOIBI:

- IPEIBAPUTEIbHBIA TTOMOJT

- aBTOKJIABUPOBAHHE

- 00paboTKa B OBICTPOXOTHOM CMECHUTEIIE

Jnist akTUBaMy BRIOpaHHOMU 30J1bI OBLT BEIOpaH METO] KABUTALMOHHOW 00Pa0OTKH.

CaMOll HEMOCTOSIHHOM TI0 XMMHYECKOMY COCTaBy, HO OTJIMYAIOLIEHCS BBICOKOU
AKTUBHOCTBIO CUMTAIOTCS 30161 TOLI-2, moaToMy 11t HAOMIOMEHHS BIUSHUS AKTHBAIIUU 30J1BI C
MOMOIIbI0 KaBUTAIIMOHHON OOpabOTKM C BO3MOXKHOCTBIO CTaOMJIM3allMU CBOMCTB Obla BbIOpaHa
3o01a TOLI-2.

OTtpabatpiBalii HECKOJBKO PEKUMOB BO3JICHCTBHS KaBHTAIMM Ha (PU3HUECKHE CBOMCTBA
3o0ibl. MccnenmyeMbiMu TapaMeTpaMu  SIBISUICH CKOPOCTh M TPOJIOJDKUTEIBEHOCTE 0O0pabOTKH.
Bpewms nzmensuu B npezenax ot 1 1o 5 munyTt, o6padatsiBas Ha o6oporax — 3000 06/MuH.

[Ipounocts 00pa3ioB-pacTBOpoB paszmepamu 4 x 4 x 16 cMm obOpabateiBaeMbix 1 MUH Ha
ob6oporax 3000 06/MHUH 3aMETHO BO3pacTaja, MO0 CPAaBHEHHUIO C KOHTPOJBHBIM OOpa3lioM, HO TpPH
yBeIU4YeHUU BpeMeHu oOpaboTku 10 3 1 5 muH Ha 3000 06/MHUH TTPOYHOCTH OOPa3lOB 3aMETHO
CHIDKAJIaCh B CPABHEHUU C KOHTPOJIBHBIM 00pa3IIoM.

Bnusinue ckopoctu 3000, 5000, 10000 0o6/muH npu 1 MmuH 00pabOTKEe Ha CBOHCTBA 30JIBI €3
3anoJHUTeNs cheayromiee. [IpounocTs 006pas3ioB pasmepamu 2 X 2 X 2 ¢cM oOpabaTsiBaeMbIx 1 MUH
Ha oboportax 3000, 06/MHH 3aMETHO BO3pacTalia, 0 CPAaBHEHUIO C KOHTPOJIBHBIM 00pa3IioM, HO TTPH
yBenu4yeHuu ckopoctu obpaborku no S000 wu 10000 o6/MMH TPOYHOCTH OOpa3OB 3aMETHO
CHIDKAJIACh.

Takum 00pa3oM, KaBUTAIHSI MTOJIOKUTEIFHO BIIHMSIET HA THAPABINYCCKHE CBOWCTBA 30IIBI, C

YBEITWYCHUEM ITPOYHOCTH MpH | MUH KaBUTAITMOHHON 00paboTke Ha o6opoTrax 3000 06/mMuH.
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IDENTIFICATION AND MITIGATION OF INFILTRATION AND INFLOW TO
VSESTARY SEWER SYSTEM
Ing. Hana Rosova
Diploma thesis
Czech Technical University in Prague
2016/2017

Diploma thesis deals with new built sewer system in village VSestary in Czech Republic.
Sewer system was built in autumn 2015 but it is not working properly. There was a big amount of
waste water in sewer even before first persons were connected to the sewer.

My thesis was separated to two parts — theoretical and practical. In theoretical part was
described waste water and sewers in general. There was also description of standards which should
be followed. The standards dealing with ventilation in sewers defined that covers should be
preferably with ventilation holes. Number and area of holes are settled. On the other hand it also
defined that the proportion of rainwater in the sewerage system should be minimal. The problem is
that through venting holes in the covers flows a large amount of rainwater. It means that
interpretation of the standards is problematic.

In practical part was solved the problems of identifying and reducing the amount of ballast
water in the sanitary storm sewer in village VSestary with an emphasis on maintaining adequate
ventilation drains.

In particular steps | made:

. a description of the sewerage system and the characteristics of the wider area
. field survey of sewerage
. evaluate the sources and quantities of ballast water

1

2

3

4. the overall balance of wastewater in the sewer network

5. research of possibilities how to reduce ballast water and preserve venting
6

. proposals of actions how to reduce the ballast water in VSestary and their calculations

1. Sewer is 8 km long and is rated for 1,000 inhabitants. It is made of plastic circular pipes
with DN 300. Sewer does not lie in homogeneous terrain and therefore must be part of the sewage
pumped. On the sewer was installed three flow measurement. Measurements are in two pump
stations and at the end of the sewage. In this work | assembled and calibrated rain gauge. Waste
water from VSestary is going to the sewer system of next village and then to wastewater treatment

plant.
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Picture 1: Map of sewer in \/éestary. Red - covers with venting holes, Green - full covers,

Blue - covers above ground

2. When designing a sewer system in VSestary was not predetermined, which manhole will
be fitted by full covers without venting holes and which manholes will be fitted by covers with
holes. Covers with the venting holes were about 80% of all covers and their distribution was not
determined in advance. The waste water in sewers was, before the connection of house connections,
measured in higher flow rates than expected and this effect continued throughout the population
connecting to the sewerage system. In VSestary | personally made several field surveys where | was
determining where are full covers and where are covers with venting. | was also determining the

covers which were situated in unsuitable place or which were badly settled.

Picture 2 - Covers used in VSestary - with venting holes and full covers

3- To determine the resources and the amount of ballast water, ballast water was divided

into infiltrated ground water and rain water flowed through the cover. Infiltrated ground water
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was calculated on the length on the length of the sewer and is 1,16.10° m*m *.day *
and 9.54 m®.day "*.for the whole network. The quantity of rainwater was determined depending on
the rain, which caused the increase flow in the pipe.

Comparison of flow and intenzity of rain

12000 12 _
%10000 e A 1 g
S 8000 ﬂ / \ 08 £
3 6000 W X x 0,6 £
2 4000 T NN 0,4 %

2000 J" / \’\ 0,2 g

date

31.5 13:10 %
31.5 13:25
31.5 13:40
31.5 13:55
31.5 14:10
31.5 14:25
31.5 14:40
31.5 14:55
31.5 15:10
31.5 15:25
31.5 15:40
31.5 15:55

Picture 3 - Graph of increased flow caused by rain. Red - Flow, Blue - intensity of rain

4. From the total balance of wastewater in VSestary is clear that ballast water significantly
increase the total amount of water that is transferred by the sewer. The volume of ballast water,
expressed relative to the total volume of wastewater constitutes 15%. The volume is made up of
ballast water infiltrated groundwater and rainwater which came by covers approximately equally. It
means that for a drastic reduction of ballast water it is not sufficient to only use the full covers. High
percentages of ballast water is also affected by the fact that to the sewerage system in VSestary is
connected not many house connections. The relatively long sewer flow less waste water from
people and ballast water forms a greater percentage of wastewater, than it would be in the city.

5. For reducing the amount of ballast water in the sewerage system is the most effective
prevention, especially careful planning and construction of sewer. In VSestary it is possible to apply
only those solutions that can be realized when the sewer already used. In the thesis was solved only
ballast water from rain, since reduction of infiltration of groundwater would require more detailed
research in the field. Proposals are in five variants including blinding vents in manhole covers, the
use of inserts into manholes, reducing the amount of covers with holes, using full covers with
venting mushrooms and use of waterproof covers. Inflow of rainwater most decreases the fourth
proposal, namely the installation of a full covers and sealing the cover. Ventilation is made through
ventilation mushrooms. However, this option requires exchange of all covers and installation of
sealing and buying mushrooms, and therefore it is financially very costly. Compromise option is to
reduce the number of non-elevated manhole covers with venting holes according to the third
proposal. It would decrease the number of covers with holes from current 80 % to 20 % to just
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20%. The covers which should be used without holes were calculated. It is not possible to use all
full covers because we need to preserve venting of sewerage.

Places where is possible to use full covers are:

* manhole with water jump

= the manhole with well hole

= manhole near pump stations

= manholes in the ends of the branches of the sewerage network

6,6 cm

8,9 cm

Picture 4 -One of the proposals: full covers with sealing and venting by venting muschrooms

Picture 5 - Some other proposals: using blinding vents in manhole covers, the use of inserts
into manholes

Finally, it can be said that Czech Republic cares about ecological services in all towns and
villages. In large cities sewer is already an integral part of urban infrastructure, but in smaller
villages it is still a common a individual dealing with wastewater. It is therefore expected that the
construction of sewerage outside the big cities will be a hot topic in the next years. All sewers
which will be built will also deal with the problem of inflow of ballast water and venting of sewer.
Vsestary is an example of the underestimation of construction. They do not solve the problem of
venting of sewer in advance and now they will have to give a lot of money to solve the problem.
The best solution is prevention and solving the problem with venting with designing of sewer.
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