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JlaGoparopHbie pabOTHI TPOBOISATCS:

"Onpenenenue >hPEeKTUBHOCTH pabOTHl HAMOPHOTO THUIpOUMKIOHA", "BnusHue pasmepon
MUTAIOUIETO U CJIMBHOTO MaTPYOKOB T'UAPOIUKIOHA HA 3P PEKTUBHOCTh OUUCTKH CTOUYHBIX BOA" —

Ha ycraHoBke «HamopHsrit ruaporukion» (ayma. 8/201).

"®noranroHHass o4MCTKa CTOYHBIX BOj OT ITAB" - Ha ycraHoBke «®DIOTAallMOHHAS MAIIMHAY

(aynm. 8/201).

"OnpeneneHue KoaudecTBa ocajgka nepBUUHbIX OTCTOMHMKOB KOC r. Tynbl B NpOLIEHTHOM

OTHOIIICHHUHU OT Pacxoja CTOYHBIX Boa" — Ha 0ase madoparopuii KOC "TynaropBomokanan'.

Bce ocranpubie 1abopaTopHble — xumuueckas gadoparopus "Ouuctka Boasl" (aya. 8/210).

[Ipn wu3MepeHHH pacxo/0B JOIYCKAeTCsl MCIOIb30BAaHUE YJIBTPA3BYKOBOTO pacxojomepa

"AKPOH-01

dopma O0TUETHOTO KypHaJIa

1. HammenoBanne QUCIIMIIIINHBI

2. HaumenoBanue nabopaTopHoit pabOThI

3. Coneprkanue oTyeTa OepeTcs U3 yKa3aHUN K KOHKPETHOH J1abopaTopHoii paboTte
4, daMunvisl, THUIHAIBI CTyIeHTa, Ne rpymibl (MECTO JIJIs TTOIIUCH).

5. ®amuiud, MHULMAIIBI JabopaHTa MPOBOJALIET0 padoTy (MeCTO Ui MOJIKCH),
(mata).

6. damwiusa, WHUIUANBI TPENoAaBaTeNss MPHHSBIIETO paboTy (MecTo mAuis

MOAMNUCH), (1aTa).



7 cemecTp
COAEPKAHUE
Beenenue
1. O6uue TpeboBaHMsI MO MOATOTOBKE K JIA0OPAaTOPHBIM padboTaM
2. [IpaBuia TeXHUKH O€30MACHOCTH MIPU BBIITOJHEHHUH JIA00OPATOPHBIX padbOT

3. JIaboparopHas padora Ne 1. Onpenenenue rupaBIndecKOi KPYITHOCTH B3BEIICHHBIX
BEIIIECTB B CTOYHBIX BOJAX

4. JlaboparopHas pabota Ne 2. BiusiHue KoaryiasHTOB U (DJIOKYJISTHTOB Ha CKOPOCTh OCaXKICHUS
B3BEIIIEHHBIX YACTHUI[ TPOU3BOJICTBEHHBIX CTOUYHBIX BO/I

5. JlaboparopHas padora Ne 3. OnpezeneHne OCHOBHBIX XapaKTEPUCTUK OCAJIKa CTOYHBIX BOJT

6. JlabopartopHas padota Ne 4. OnpeneneHue KOIMYeCTBa OCaIKa MEPBUYHBIX OTCTOUHUKOB
KOC r. Tynbl B IpOIIeHTHOM OTHOIIEHUH OT pacxoja CTOYHBIX BOJ]

BBEAEHMUE

JlaGopatopHsble paboThl 1o pa3zaeny "O4rcTKa CTOYHBIX BOA" UMEIOT LIEJIbI0 IPHOOpEeTeHNE
HAaBbIKOB MIOCTAHOBKH U MPOBEICHUS HAy4YHOU pabOThl U TITyOOKUX 3HAHUM pabOThI
aHAJIN3AlIMOHHBIX OYMCTHBIX COOPYXEHUM.

OBIIUE TPEBOBAHUA 110 ITIOAI'OTOBKE
K JABOPATOPHBIM PABOTAM

Hepez[ J'Ia60paTOpHLIMI/I 3aHATUAMU CTYACHT 00s13aH 03HAKOMUTHCS C HaCTOAIINMU
MCTOAUYCCKUMU YKa3aHUAMU, COOTBCTCTBYIOIUMU pa3aciaMu J'IGKIII/II\/'I n y‘I€6HI/IKOB H YCBOUTH
HU3JI0KEHHBINA B HUX MaTepurall.

INPABUJIA TEXHUKU BE3OITACHOCTMU I1PU
BBIIIOJTHEHUU JTABOPATOPHBIX PABOT

[TpaBuia TexHUKN 0€30MAaCHOCTH MIPU BHITIOJHEHUH Ja00PaTOPHBIX paboT Mo pa3ueny
"OuncTKa CTOYHBIX BOJ" BKJIIIOUYEHBI B OOIIHME MPaBIIa TEXHUKH 0€30MMaCHOCTH TIPH padoTe B
naboparopuun "Ouunctku Boabl". C HUMHU CTYJCHT 3HAKOMHTCS B Hadyalle Ka)XJI0ro ceMecTpa.



JlabopaTopHasi paGora Ne 1

ONPEJEJIEHUE TUJIPABJIMYECKOM KPYITHOCTH
B3BEHIEHHbIX BEIIECTB B CTOYHBIX BOJAX

[Tpu npoBenenun nabopaTOpHOI pabOTHI CTYIEHTHI MPHOOPETAIOT HABBIKH pacyeTa
OT/IEBHBIX COOPYKEHUH, YCTAaHOBJICHHS 33JaHHOTO PEKUMa dKCIUTyaTaliy. 3HaHNUA,
MOJTyYCHHBIE B JIa0OPaTOpUH, CTYJCHTHI B JabHEHIIIEM YTIyOsT B IEPUOJT IPOXOKICHHUS
MPOM3BOACTBCHHOW MPAKTHKH Ha ACHCTBYIOIINX CTAaHIIMAX OYMCTKU CTOYHBIX BOJI.

1. TeopeTuyecKkue MoJIOKEeHUSI

OTCTOMHUKH CITYKaT JUTS 3aJIEpXKAHUS U3 CTOYHBIX BOJI HEPACTBOPEHHBIX
rpyOOIUCTIEPCHBIX TPUMECEH, TIPEACTABIISIONIUX COO0N MacCy YaCTHUIl pa3IMYHBIX 110 BETUYHHE,
dbopme 1 Macce, UTsl X03sICTBEHHO-(EKATBHBIX CTOYHBIX BOJ] IPECHUMYILECTBEHHO
OpPraHn4€CKOro MpoOruCXOXKIACHUA.

[Tpu oTcTarBaHUM OBITOBBIX CTOYHBIX BOJ[ OCAXKIAKOTCS XJIONbEBUIHBIC YaCTHIIbI,
M3MEHSIONINE B IPOLIECCE OCAXKACHUS BCICACTBUE CIMIIAHUS CBOIO (pOpMy, Maccy U pa3mMepsl, a
BCJICJICTBHE ITOT'0 M3MEHSIETCSl M CKOPOCTh UX BBINAICHHS. B OOJIBIIMHCTBE MPOU3BOICTBEHHBIX
CTOYHBIX BOJ HAXOOATCA B3BCHICHHBIC BEIICCTBA MUHCPAJIbHOI'O IPOUCXOXKACHUA, UMCIOIIUC
3epHUCTYIO (hOpMY pa3HOro pazMepa. 3aKOH OCAKICHHS MAacChl TAKMX YaCTULl CUIIBHO
OTJIMYACTCA OT 3aKOHA OCAKACHHUA OAMHOYHBIX OJHOPOIHBIX IHapOO6p3,3HI)IX qacTum.

Bce COBPCMCHHBIC OTCTOfIHI/IKI/I, IMPUMCHACMBIC [JIA OCBCTJICHUA BOABI, SAIBJIAIOTCA
MPOTOYHBIMH, T.€. OCAKICHHE B3BECH B HUX IPOUCXOUT IPU HEITPEPHIBHOM JBHKEHHH BOJIBI OT
BXOJla K BBIXOIY. IL]'I?[ OCAXKJICHNA B3BECHU CKOPOCTh BOALI B OTCTOMHHUKAX JOJI’KHaA OBITH BECHMA
Maja: OHa U3MepSIeTCs JeCITHIMU JOISIMU MM/C B BEPTUKAJIbHBIX OTCTOMHUKAX M HECKOJIBKUMU
MM/C B TOPU3OHTAJIBHBIX U pauaIbHbIX.

B 0CHOBY TEXHOJIOTHYECKOTO pacdyeTa OTCTONHUKOB MOJ0KEHA THAPaBIUYeCcKast KPYITHOCTh
TEX B3BCUICHHBIX YaCTHII, JIA 3aACPKAHUA KOTOPBIX NPECIHAZHAYACTCA OTCTOMHUK. CKOpOCTB
OCaKICHUSI YaCTHIIBI Ha3bIBACTCS TMAPABINUYECKON KPYITHOCTHIO, Uy, MM/C.

Bennunny Up onpeaensitoT TEOpETHYECKH WA dKCIIEpUMEHTanbHO. [Ipu oTrcTanBanum
CTOYHOM KHUAKOCTHU C YACTHUIIAMH TUAMETPOM MEHee | MM U MpH YCIOBUHU JIAMUHAPHOTO PEKUMA
JBIKEHUS TUAPABIMYECKasi KPYIMHOCTh Ug MOKET OBITH orpezeieHa o ¢popmyne CTokca

_gdz
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Up — THpaBIMYECKasi KPYITHOCTD YaCTHUIIBI, CM/C;

d — AuameTp 4acTHIbIL, MM;

Y1 — TUIOTHOCTh YACTHIIBL, T/CM™

- TNIOTHOCTb ’KUIKOCTH, r/em®

M. BSI3KOCTB KHIKOCTH, M°/C;

g — YCKOpEHHUE CUIIBI TSKECTH, CM/C.



Jlnist 6oJiee KPYIMHBIX YaCTHI] U IPOMEKYTOYHOTO WM TYpOYJICHTHOTO PeKUMa
THIPaBIMYECKYI0 KPYITHOCTH ONpenesstoT no hopmyie Pertunrepa

riue
K - k03¢ punment, 3aBucsmuii OT GOpMBI U MIEPOXOBATOCTH YACTHUIIBL.

Ianpasmuueckyro kpymHocTh 1o CHull 2.04.03-85 onpenenstor o hopmyie(3)

1000 K, H
0 P

KJE‘! HJEI

set h'l

rue
tset — POJIOIDKUTENLHOCTh OTCTAUBAHKS B IIMJIMHAPE CO CJIOEM BOABI Nj, COOTBETCTBYIOMIAs
3ajaHHOMY 3(dexTy ocBeTiieHus, ¢; npuHuMaercs 1o 1adi. 31 CHull 111 OCHOBHBIX BHJIOB
B3Becel;

Ny — K03 HULMEeHT, 3aBUCSIIUI OT CBOICTB B3BECH; JJI1 OCHOBHBIX BUI0B B3BECH JIOITYCKaeTCs
npuHUMaTh 1o Tadu. 30 Cuull;

h1 — BeICOTA CI10s1 OTCTanBaHUs B 1TAOOPATOPHBIX yCIOBUsX, Ny = 500 Mm;

Hset — rmyOmHA TPOTOYHOM YaCTH B OTCTOMHUKE, M;

Kset — K03 purimeHT ncrnonp3oBaHus oobeMa NPOTOYHON YaCTH OTCTOMHUKA.

Hu onna u3 umeronmxcs GopMyi1 He YUYUTHIBAET AEMCTBUTEIbHBIX YCIOBUM OTCTAUBAHUS
OCaXICHUS B CTECHEHHBIX YCIOBHUAX, arJIOMEPaIlnio, U3MEHEeHHEe ()OPMBI U MIIOTHOCTU YaCTUIIBI
B mporiecce ee ocaxaeHus. OcaxaeHne B3BECH B TOTOKE, JIBIKYIIIEMCS C BECbMa MaJloi
CKOPOCTBIO, TIOYTH MOJHOCTHIO JINIIEHHOM TPaHCIOPTUPYIOUIEH CIOCOOHOCTH, TOTYHUHSIETCS C
N3BCCTHBIM HpI/I6J'II/I)KeHI/IeM 3a1<0Hy OCaAXICHHA B HCITIOABUXKHOM 06’I)€Me KHUIOIKOCTH. 3TO aacT
OCHOBaHME MCIOJIb30BaTh JJIs1 ONPEIEIECHN OCHOBHBIX PACUETHBIX MAPaMETPOB OTCTOMHUKOB
(CKOpOCTH OCaXICHHSI B3BECH U MPOJAOJIKUTEIILHOCTH MPEObIBAHMSI BOJIBI B OTCTOMHHUKAX )
PE3yNbTaThI OMBITOB, MPOBEICHHBIX B 1a00PAaTOPHBIX YCIOBHSIX MO OCAXKICHUIO B3BECH B
HETIOJBMYKHOM 00BeMe BOIBI. 3a/1aua TEXHOIOTHUECKOTO MOJICITMPOBAHUSI MPOIECCa OCAKICHUS
COCTOWT B ONPEIEIICHUHU B JTA0OPATOPHBIX YCIOBHSIX PACUETHBIX MMAPAMETPOB OTCTOMHHUKOB,
obecreunBarONIMX 3adaHHBIA YPPEKT OCaKTCHHUS.

MeTtoauka MOIETUPOBAHUSI OCHOBAHA Ha MOI00MH KPUBHIX BHITIA/ICHUS B3BECH,
MOJTy4aeMBIX TPU PA3THMYHBIX BBICOTAX CTOJI0A UCCIETyeMOM BOJIBI. DTO MOA00UE SABISICTCS MPU
OCXICHUH YCTONYMBOW 3€pPHUCTON B3BECH U MPUOIIKEHHBIM — TIPU OCAKJICHUH HEYCTONYHBOI,
KOoaryJavpyroIiei B3Becu. biarogaps mogjo0uro KpUBBIX BBINAICHUS OKA3bIBAETCS BO3ZMOKHBIM
MOJIETTUPOBATH MPOIECC OCAKIEHUS B JIA0OPATOPHBIX IIMIIMHIPAX ¢ HEOOIBIION BHICOTON CTONI0A
BojbI. [Ipu 3TOM Bpemsi, B TeU€HHE KOTOPOTO JIOCTUTAETCSI ONpeAeIeHHBIN A (DEKT ocakIeHUs,
3HAQUUTEJIbHO MEHBIIE, YEM MPU OCAXKJICHUU B HATYPAJIbHBIX OTCTOMHUKAX:



' (4)

rIe
T — npoI0KUTENBHOCTh OTCTAUBAHUS IIPU BBICOTE OTCTAMBAEMOTO CJios
tset — IPOMOIDKUTEIHHOCTh OTCTAUBAHMSI IIPH BhICOTE CJIOS Ny;

Ny — MoKa3aTesb CTENEHHU, OTPAXKAIOIIUIN BIUSHUE arjioMepaliu.

Jiis xopoio chopMHpPOBAaHHBIX CKOATYTUPOBAHHBIX XJIOMBEB B CTOYHBIX Boaax Ny = 0,5;
JUTSI CTOYHBIX BOJ] Ta300YMCTOK Ny = 0,45; 115l TOPOJCKUX CTOYHBIX BOJI ITPH KOHIICHTPALIMHI
B3BelICHHBIX BemecTB 10 400 mr/m ny = 0,25. C yBennyeHneM Ha4aabHONW KOHLIEHTPAIMH Ny
Bo3pacraet, mpu 600 mr/a Ny = 0,3; s maxTHEIX Boa Ny = 0,35; 118 MepCTOMOMHBIX Ny =
0,19...0,44 B 3aBucumoctH ot kKonuuecTna xxupa u CITAB B cTouHoi Boje.

DTO MO3BOJISET IKOHOMHUTH BPEMS IIPH MPOBEIACHUHU UCCICAOBAHUI H CPABHUTEIILHO OBICTPO
MOJIYYUTh HEOOXOIMMbIE JaHHBIC JIJIsl pacueTa OTCTOMHUKOB JIA0OPATOPHBIM ITyTeM. B ciyuae
OCaXICHUS YCTOMYMBOM 36pHUCTON B3BECH TUAPABIUYECKYIO KPYITHOCTh ONPEAEISIOT MO

dbopmyite

h
U =1,

Eser (5)

rjue
h; — BeIcOTa CTOJI0A KUAKOCTH B IIUIHH/PE,;
tset — MPOJOIDKUTEILHOCTh OTCTAUBAHMS TIPH BBICOTE Nj.

[Tpod. A.M.)KykoB ykazan Ha BIUSHHAE B3BEUINBAIOIICH CKOPOCTH TTOTOKA MPU
OTCTauBaHUU (BEPTUKAIBLHOM COCTABISIONIEH CKOPOCTH TYpOYJIEHTHOTO MTOTOKA).
JleiicTBUTENbHAS CKOPOCTh OCAXKICHUS YaCTHUI] B3BECH B OTCTOMHUKE MeHbIIe BernauHbl Uy
oTpeieNIeHHOM B Ta00PaTOPHBIX YCIOBUSX, U PaBHA

U :UU _W?(G)

Benuunna W 3aBucHT OT ckopocTy U Ti1yOuHBI oToKa. [1pu riryOrHe oTCTOMHUKOB 10 2 M

W MosxHO npuHATH 10 rpaduky 2 npuioxenus. [Ipu Gonbioi rryOuHe U pacdeTHOM CKOPOCTH
1m0 20 MmMm/c

W =KEF ,(7)

rae K — const;
n = f(V).



Ipu V'=175...10 mm/c W = 0,05 mm/c;
V=10...15 mm/c W=10,1 mm/c;
V =15...20 mm/c W = 0,5 mm/c.

[IponoKUTENBHOCTD OTCTANBAaHUS B OTCTOMHUKE CTOYHOM JKUJIKOCTH ONPEAEIISIETCS 110
bopmyne

rue

T — IpOAOIKUTENBHOCTh OTCTAaUBAHMSI ITPU BBICOTE Hiet;

Hset — mpuHATas paboyas riryOrHa IPOTOYHOM YaCTH OTCTOMHUKA;

Up — HaMEeHbIIas CKOPOCTh OCAXKJIEHHs B CIOKOMHO CTOsIIEH BoJie TeX (ppakiuil B3BEIIEHHBIX
BELIECTB, KOTOPbIE TOJIKHBI OBITH 33/I€p’KaHbl B OTCTOMHUKE;

W — B3BemmBaroIas ckopocTh.

Kunernky nporecca ocaxxaeHus rpyO0IMCTIEPCHBIX YaCTHUI] sl Pa3IMYHBIX CTOYHBIX BOJI,
YCTaHOBIICHHYIO SKCIIEPUMEHTAIBHBIM ITYTEM B JJa00OPaTOPHBIX YCIOBHSX, BEIPAXKAIOT B BU/IE
KPHUBOM, OTKJIaIbIBasi IO OCH OpAMHAT 3((HEeKT OTCTanBaHus, a IO OCH a0CIICC — UITH
MPOJIOJDKUTEIBHOCTh OTCTAaUBAHUS, WM THAPABIMYECKYIO KpyIHOCTh. HeoOxoqumelii pabounii
ad ekt ocreTiieHus D onpexaensercs mo hopmye (9)

O =
‘9: 1] é‘?{?
Z

]

rae

Cen — HaYQJIBHAS KOHIIEHTPAIMS B3BEIICHHBIX BEIIECTB B CTOYHOM JKUIKOCTH, MT/JT;

Cex — DomycTUMas KOHEYHAsi KOHIIEHTPAIIMsI B3BEIICHHBIX BEIIECTB B OTCTOCHHOH BOJIE,
MIpUHUMaeMasi B COOTBETCTBUM C CAHUTAPHBIMU HOPMaMU UJTU 00YCIIOBIIEHHAS
TEXHOJIOTUYECKUMH TPEOOBAaHUSMU, MT/J.

COOTBGTCTByIOH_[aH BBIYUCIICHHOMY 3(1)(1)CKTy MMPOAOJDKUTCIIBHOCTE OTCTAMBAHUWS WU
HanMCHbIIAad rupaBINYCCKas KPYImHOCTb, OIPCACIICHHAA U3 l"pa(l)I/IKOB, CIIYKUT UCXOJHBIMU
BCJIMYHUHAMU I OIIPEACIICHUSA OCHOBHBIX pa3sMCPOB NEPBUIHBIX OTCTONHHMKOB.

2. eanb padoTsl

2.1. IlocTpoeHne KpUBBIX OCAKACHUS HEPACTBOPUMBIX TPUMECEN I PA3IMYHBIX CTOYHBIX BOJI.
2.2. OnpeneneHre HEOOXOAUMOTO pacyeTHOro I (eKTa OCBETICHHs OTCTOMHUKA.
2.3. Onpenenenne pabounx mapamMeTpoB OTCTOMHHUKOB.



3. Onucanne 3KCNIEPUMEHTATbHON YCTAHOBKHU

YcTaHOBKa J171s1 IPOBEAECHUS OIBITOB 10 OTCTAMBAHUIO CTOYHBIX BOJI B IOKOE COCTOUT U3
OJIMHAKOBBIX LIMJIMHAPOB AuaMeTpoM 80 MM.

Pa6ounii 06beM KakI0r0 HIHHApa paser 1000 ey’ ¢ BbIcOTO# ci1ost sKuaKocTn 500 MM.

I'ockoMHUTETOM MO HayKe U TEXHUKE U TEXHUYECKUM COBETOM CTpaH — wieHoB COB —
IIPUHSATO, YTO JUIsl CPAaBHEHUS PE3Yy/IbTaTOB UCCIICJOBAHUM, BBIIIOJHEHHBIX Pa3HBIMHU aBTOPAMHU,
HKCHEPUMEHTBHI 110 OTCTAaUBAHHIO B3BEIIEHHBIX BEIIECTB B IOKOE JOJDKHBI TPOBOIUTHCS MTPU
BbICOTE CJ10s1 )kUKOCTH 500 MM, mpuHUMaeMblii 3a 3TajioH. OTOOp OTCTOEHHOM BOJIBI U3
LWINHAPOB MIPOU3BOAUTCS CU(POHOM B KOJIOY.

HavanpHas KoHIIEHTpaus B3BEIIEHHBIX BellecTB Cen B CTOYHON BOJIE U COAEPIKAHUE
B3BELLCHHBIX BEIIECTB B OTOOPAHHBIX U3 LWJIMHAPOB IPOOAX ONPENEIAIOTCS UIIH ITyTeM
¢bunbTpoBaHus MPOO yepe3 MeMOpaHHBIN GUIBTP HA TPUOOpPE 3eHTIIA O] BAKYYMOM,
CO3J1aBaeMbIM BaKyyMHBIM HacOCOM, WJIM Ha JabopaTopHoM aacopouumerpe POK-2.

4. MeToauka MMpoBE€ACHUS ONbITA

CTOYHO KUIKOCTBIO 3aIOIHIETCS OaK eMKOCThIO 10 JI, TIIATeNIbHO IEPEMEIINBACTCS, U
HAJTUBAIOTCS IIMJIMHIPHIL.

[To ucreuennn 5, 10, 15, 30, 45, 60 muH. coorBeTcTBeHHO M3 1, 2, 3, 4, 5, 6 TUIAMHAPOB
cu(OHOM OYEHBb OCTOPOKHO OTOMPAIOT MPOOY ¢ BHICOTHI 200 MM.

UToOBI HE MPOUCXOIMIIO TTOICACKIBAHMSI BOJIBI U3 0oJiee TITyOOKHUX CJI0eB, KOHeI cudoHa
MOTPYXKAIOT CHayana Ha | ¢cM HUXKe YpOBHS KHUJIKOCTHU B IIMIIMHIPE, a 3aTeM 110 MepEe CHIKEHUS
ATOTO YPOBHS OITYCKAIOT BCE HUKE, TTOKA OH HE JIOCTHTHET HY)KHOU TITyOWHBI.

Kon6s1 ¢ mpoGamu mocTymnaromieit 1 OTCTOEHHOM CTOYHOM KUAKOCTH TIIATEIHHO
BCTPsAXUBAIOT. M3 HUX oTOMparoT 50 M1 ¥ QUIBTPYIOT Yepe3 MEMOpaHHBINA QUITBTP.

OUIbTPHI HyMEPYIOT U KOOPJUHATHI €r0 3aHOCAT B JKYpHAJ HAOIIOIeHUH.

OuUIBTPHI C 0OCATKOM MPOCYIITUBAIOT CHaUalla Ha BO3/IyX€, a 3aT€M OMPEACIIIIOT
KOHIIEHTPAIIMIO 3arpsi3HeHul Ha 1abopaTtopHoM ancoporumerpe POK-2.

Copnepxanue rpy00aUCIIEPCHBIX PUMeECE BBIYUCIISAIOT 110 popMyJie

— M

C= 3 1
TV o)

rre

My — Macca MeMOpaHHOTO (PUIIBTPA C OCATKOM, KT

m; — Macca MeMOpaHHOTO GuUIbTpa 0€3 ocaaka, Kr;

V — 06beM npopuIbTPOBAHHOM aHAIN3UPYEMOH BOJIbI, M, V = 50 mi1.

D¢ddexT ocBeTIeHHS CTOUHOM KUIKOCTU B LMJIMHJIPE pacCUUThIBaeTcs 1o gpopmyie (9).

I'unpaBnuueckas KpyrnHOCTh pacCUUTHIBAETCS MO hopMylie
A
U =2,
r:e: (1 1)



Crpositest rpaduku 3aBucumoctei O = f(Up)u O = f(tser).

U3 rpadukos 2 = f(Ug)u D = f(Up) st pabouero adpdexra ocBeTIICHUS OMPEACTIAIOTCS
noTpeGHOE BpeMst OTCTauBaHust ¥ ruapaBIrdeckas KpynmHocts Ug.

[Ipon3BOAUTENBHOCTh TOPU3OHTAIIBHOIO OTCTOMHMKA, M3

Soa = jrﬁksaﬂsaBsa(Uu - K&) (12)

HpOI/I?)BOI[I/ITeHI)HOCTI) PaauaJIbHOTO U BEPTUKAIIBHOT'O OTCTOﬁHHKOB, MS/LI
— 2 2
T ~ 25‘8 K:a(Dse: N de& )(UD N I]'}:‘-!l)?(l?,)

rue

Kset — K03 pument ucrnonb3oBanus oobema, npuHuMaeMslii mo tabdi. 31 Cuull;
Lset — JUTMHA CEKIMU, OTAEICHUS, M;

Bset — IIMpHHA CeKLIMU, OTJENEHUS, M;

Dset — InameTp OTCTOMHUKA, M;

den — AMAMETp BIYCKHOT'O YCTPOMCTBA, M;

Up — ruapaBiarueckasi KpynmHocTb, MM/C;

Vip — TypOynieHTHas cocrapistomas, MM/c (Tadm. 32 Caull).

KonnuyecTBO OTCTOMHUKOB

H:g_w

G (14)

rae Qw — pacxoj] CTOYHBIX BOJI, M.

5. Ilopsinok padoThI Ha GOTOIIEKTPUYECKOM OIIpeeuTe1e
KOHIICHTPALIUH

5.1. IloaroroBka Kk padore.

VY CTaHOBUTH CTPENKY U3MEPUTEIHLHOTO MUKPOAMIIEPMETPA B HYJIEBOE MOJI0XKEHHUE, BHIBECTH
BCE JICKa/Ibl HA HYJIb.

Pyuxy "Ver. 0" ycTaHOBUTB B CpeiHEE MTOJIOKEHNE.

Bxuttounts npubop B ceTh EpeMEeHHOro Toka HanpsbkeHueM 220 B npu nomonu mHypa co
LITENCENIbHON BUIIKOM.

Bxuttounts npubop, as1s yero Beikiatovarens "CeTs" Ha nepeaHel naHe I MepeBecTH B
BepxHee noJioxkeHue. [lpu 3ToM 10KHA 3aropeThesi CUTHANIbHAS JIamIia.

UYepes 1 1 mocie BKIIOYEHUSI TPUOOPA MOYKHO MPUCTYIUTH K 3aMepaM.



5.2. llopsinok paGoTsIl.

Pyukoii "Yer. 0" ycTaHOBUTH CTPENIKY MUKpPOAaMIIEpMETpa Ha HYJIb. 3aT€M, Ha)KaB pblyar
IPUKUMHOTO YCTPOHUCTBA, HEOOXOAUMO BIIOKUTH UCCIIEAYEMbI (PUIBTP 10 yHopa.

Omnyctuts peraar. [Ipu 3Tom cTpenka nmpudopa OTKIOHUTHCS Ha KaKyl0-TO BEJTHYUHY.

Mara3uHOM BBICTaBUTh CTPEJIKY MUKpOaMIIepMeTpa Ha Hylb. BennunHa conpoTusienus
OyZleT COOTBETCTBOBATH OIPEAEICHHON KOHIIEHTPAIlUX B3BECH B HCCIIEAYEMOM BOJIE.

ITo TapupOBOUHBIM KPUBBIM ONPEACIUTh BEIUUNHY KOHLEHTPALUH.

Jlnst oOecriedeHust TOUHOCTU 3aMEPOB HEOOXOIUMO IEPUOIUYECKH, HE pexe ueM uepes 30
MUH paboThl, TPOBEPSTH U YCTAHABIMBATE HYJIb MUKpOAMIIEpMETpa.

6. Conep:xkanue oTuera

OT4er H0KeH OBITh HA/ISKAIUM 00pa3oM 0OPMIICH U BKITFOUATH CIICAYIOIICE:
1) TaGnuiy HaOMIOIEHUN U BHIYHCIICHUM;
2) ompenenenue padouero 3(pQexra OCBETICHUSI CTOYHOM KUIKOCTH B OTCTOWHUKE;
3) rpaduku 3aBucumoct: 2 = f(Ug) 1 3 = f(tser);
4) ompeneneHre paboYuX MapaMeTpoB OTCTOWHUKOB IS PA3IMYHBIX PACXO/IOB;
5) KpaTKue BBIBOJIBI IO Pe3yJIbTaTaM paboThI.
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BJIMAHUE KOAT'YJIAHTOB U ®JIOKYJIAHTOB HA CKOPOCTb OCAXKIAEHUSA
B3BEIIEHHbIX YACTHIL INTPOU3BOJACTBEHHbIX CTOYHBIX BO/{

1. TeopeTuveckue NMOJIOKEHUS

JI1st BeIIETICHUS U3 CTOYHBIX BOJ JIETKUX OPraHUYECKUX B3BECEH WIIM BHICOKOIMCIIEPCHBIX
MUHEPaJIbHBIX TPUMECEH TPUMEHSIIOT OOBIYHO PA3JIMYHBIE THITBI OTCTOMHUKOB ¥ OCBETJIUTEIICH.
VY nanuTh B3BEIICHHBIC 3arpsI3HEHUS] METOJIOM OTCTAMBAHUS MIPU pa3MEPe YaCTULl HUXKE
OTIPEICIICHHOTO Tpe/iesia MPAKTUISCKA HEBO3MOXKHO M3-3a YBEJIMUYEHUSI HEOOXOIMMOTO BPEMEHHU
npeObIBaHUS CTOYHBIX BOJ] B OYMCTHBIX coOpyxeHusX [2, 3]. Tak, s ocakIeHus 9acTUIl
auamMeTpoM 16 MKM mpu rimyOuHe OTCTOMHMKA 2 M moTpedyercs 1,5 4, a yacTui iuaMeTpoM Ao 6
MKM TIPOJI0JDKUTEILHOCTh OTCTAUBAHUS COCTABUT HECKOJIBKO CYTOK.

Jiis nHTeHCUUKALIMU OCAXICHHSI BBICOKOIMCIIEPCHBIX B3BECEH M yIaIeHUs U3 CTOYHBIX
BOJI KOJUIOUHBIX 3arpsi3HEHUH PUMEHSIOT Pa3IMYHbIC KOATYJISIHTHL: CYIb(aT aTFOMUHUAS U
JIBYXBaJICHTHOT'O KeJe3a, a TAKKe CyNb(aT WK XJIOpUJl TPEXBAJICHTHOTO JKeje3a.

[Ipu BBeneHUM B CTOYHYIO BOAY B KQU€CTBE KOATYJISTHTOB COJICH aTIOMUHUS U )Kelie3a B
pe3ynbTaTe peakluy ruApoau3a o0pa3yrTcst MaJTopacTBOPUMBIE B BOJIE TUAPOKCHUIBI Kelle3a U
ITIOMUHHUSI, KOTOPBIE COPOUPYIOT Ha Pa3BUTOM XJIOMBEBUIHON TOBEPXHOCTH B3BEIICHHBIE,
MEJIKOIUCIIEPCHBIC U KOJUIOWIHBIC BEIIECTBA M MPU OJ1aronpHUATHBIX THAPOIUHAMUYECKUX
YCJIOBHSIX OCEAI0T Ha THO OTCTOMHUKA, 00pa3ys 0CaaoK:

AlL(50,), + 6 H,0 — 2A(OH), + 35,50,
FeCL +3H,0 — Fe(QH), + 3HCI

Fe30, + 2H,O0— Fe(OH), + H B0,
4Fe(CH), + O, + 2H,0 = 4Fe(CH),

- HEUOHO2EeHHble — NOAUMEPDL, cooepicaujue HeuoHozenHvle epynnsl: OH , - CO (kpaxmad,
OKCHATHIILIEIITI0NI03a, TOJTMBUHUIIOBBIHM CITUPT U 1p.);

- QHUOHHbBIE — noaUMepbl, copepxamue annonHbie rpynmsl: - COOH |, - SOsH |, - OSO3sH
(axTHuBHas KpeMmHueBas kucinora, KMII u np.);

- KaAMuoHHble — NOIUMEPDL, CoNlepKale KaThoHHble rpynnsl: - NHz, - NH (BA — 402, BA —
102, cononumeps! Bunmimupuauxa, [1I11C u ap.);

- amgomepHvle — noauMepbl, COAEPIKALUE OJHOBPEMEHHO aHUOHHbBIE M KATHOHHBIE IPYIIIIbI:
MoJIMaKkpuiIaMu/l, 6eiku u np. [2].

Br160p koarynupyromnmx peareHToB MpOU3BOIUTCS HA OCHOBAaHUM U3YYeHHS (PU3UKO-
XUMHUYECKOIO COCTaBa CTOYHBIX BOJ U OKCIIEPUMEHTAIILHON IIPOBEPKU NEUCTBUS PA3ITUYHBIX
pEareHToB.



2. leanb padoTsl

I/ISYLH/ITB MCTOIHKY IMTPOLUECCCOB KOAryJjadiuu 1 @HOKyHSIL[I/II/I MMPOU3BOACTBCHHBIX CTOUYHBIX
BOJ, OIIPEACINTD OITUMAJIBHBIC N0O3bI KOAryjasdHTa u (bJ'IOKy.]'IHHTa 1 BpEMEHHU ITOJTHOI'O
OTCTanBaHUsA, CPABHHUTH TCXHOJIOTMYCCKHUEC ITOKA3aTCIIN OCBCTIICHUA.

3. Onucanmne IKCNEPUMEHTAJILHONH YCTAHOBKH

VYcranoBka coctouT u3 11 MepHBIX TUIUHIAPOB quaMmeTpoM 50 mm. PabGounii o06bem
KaKJ0ro NUIMHApa paBeH | 11, BeicoTa cinost skuakoctu 500 mm. [l or6opa mpod OCBETICHHOM
BOJIbI M €€ aHAJIM3a HEOOXOAUMBI: CH(OH, K0s10a, MEMOpaHHBIN QUIbTP, MpUdOp 3eiTIa,
BaKyyMHBII Hacoc, JJabOpaTOPHBIN ONpeeNInTeNb KOHLIEHTPAlUK B3BelIeHHbIX BemecTB POK —
2, pH — meTp, cymmibHbIi mKkad.

4. MeToauka npoBeaeHus1 padoThbl

4.1. MccnenyeMyro NpoM3BOACTBEHHYIO CTOUHYIO BOJly aHAIU3UPYIOT IO COAEPIKAHUIO
B3BEIICHHBIX BELIECTB U 110 KOHIIEHTPAIIMH HOHOB BOJOPO/IA.

4.2. 3an0aHAIOT UWIMHIPBI ccaeayeMon Bogou 10 orMetku 1000 mut.

4.3. TlepBblil HUIHHAP C BOAOW OCTABISIOT HA 45-MHUHYTHOE OTCTAaMBAaHHE B KAYECTBE
KOHTPOJILHOTO.

OcaxeHrne COMPOBOKIACTCS HEMTPEPHIBHBIM YBEIMUCHUEM pa3Mepa arperaToB u
COOTBETCTBYIOIIMM BO3pPACTaHUEM CKOPOCTH OcaxJIeHHUs. [10 Mepe MoBbIIEHHS KOHIIEHTPALUH
OCaXKIAIOUIMXCS XJIOMBEB U 00JICTYEHHSI MX B3aUMHOTO KOHTaKTa HAOJII01aeTCsl CKATHE BCETO
CII0S XJIOMbEB. [IpH 3TOM K XJIONBSAM MPUIIMIIAIOT WIIM MEXaHUYECKH 3aXBaThIBAIOTCS CETYATON
Maccoi OCaXKIAIOIETOCs CJI0S1 U BBICOKOIUCIIEPCHBIC YaCTUIIBI B3BeCH. CKOPOCTh OCAXKICHUS
arperaToB XJIONMbEB 3HAYNTEIHHO BBIIIE CKOPOCTH OCAXKICHHUS OT/ACIBHBIX YaCTHII i PACTET C
TITyOMHOW OCaXKICHUS, TaK KaK CTEIEHb arperaliiy 4acTHIl IPU 3TOM TOBbIIIaeTcs. JIumb mocie
TOTO KakK B IMPOIECCE OCAXKICHHS 00pa3yeTcs CIUIONIHOM CHKATBIH CIIOH, CKOPOCTh OCBETIICHUS
BOJIBI (YBEIIHMUCHHE CTOJI0A OCBETICHHOM JKUIKOCTH HAJ[ CJIOEM) HAYMHAET YMEHBIIIAThCS.

OOpa3yromyecs B Mporecce THIPOJIN3a CEPHYIO U CONISTHYIO KUCTIOTHI CIIeTyeT
HEHWTPaIM30BaTh U3BECTHIO WIIH JPYTHMU IIeIoYaMu. B 1ensx yMeHbIIeHUs pacxo/a
KOaryJIsIHTOB TIPOLIECC KOATYIISIIUH CIEAYET OCYLIECTBIISATh B HANa30HE ONTUMAJIbHBIX BETHYNH
pH. Tax, 3Hauenus pH npu onTuManbHbIX yenoBusx koaryssiiuu: it Al(OH)s — ot 4,5 mo 7;
s Fe(OH), — ot 8,5 10 10,5; a ais Fe(OH)3 — ot 4 10 6 1 ot 8 10 10.

[Tpu KCcnoIp30BaHUU KOATYISTHTOB CKOPOCTh OCaX/ICHHS BHICOKOIMCIICPCHBIX B3BECEi
nocturaet 0,35-0,70 mm/c [3].

Wutencudukarys ocaxaeHus B3Beceil, 0cOOCHHO MPU KOHIICHTPAIIUH UX HECKOJIBKO
JECSATKOB TPaMM B JIUTPE KyOMUECKOM, B OOJIBIIIMHCTBE CIy4aeB JIOCTUTACTCSl BBEICHUEM B BOTY
(GIIOKYISIHTOB — BOJIOPACTBOPUMBIX MOJIMMEPOB LEME00Pa3HOT0 CTPOSHHUS C MOSIPHBIME
KOHIIEBBIMHU (DYHKIIMOHABHBIME TpyniaMu. Cpeau Takux (QIIOKYISTHTOB Hauboee
pacnpoctpaner B P® nonuakpuiamua. OIOKYISHTE MOTYT PUMEHSITHCS CAMOCTOSTENILHO U B



COUYETAHHH C MUHEPATbHBIMU KOaryJistHTaMu. J[03b1 QIIOKYISIHTOB puHUMatoTcst 00brano 0,1-10
Mmr/i, a B cpeaaem 0,5-1 mr/m.

JleiicTBre (hIOKYISTHTOB OCHOBAHO HA TOM, YTO KOHIIBI IIETIE00PA3HBIX MOJIUMEPHBIX
MaKpOMOJICKYJI COPOMPYIOTCS B3BEIICHHBIMU YaCTHIIAMH WJIM XJIONbSIMHU THIPATOB OKUCIIOB U
CBSI3BIBAIOT UX B PHIXJIbIC KPYITHBIC CETYATHIC TPEXMEPHBIC arperarthl, OCaXKIAIOIIUECS CO
3HAYUTEIIBHO OOJIBIIEH CKOPOCTBIO, YeM OT/CIIbHBIC YaCTHIIBI B3BeCH. [IpHu pacTBOpEHHH B
CTOYHBIX BOJIaX (PIIOKYJSTHTHI MOTYT HaXOJIUTHCS KaK B HEMOHU3UPOBAHHOM, TaK H B
MOHHU3UPOBAHHOM COCTOSIHUHU. MlOHHU3MpOBaHHBIC (DIIOKYJISIHTBI HOCAT Ha3BaHUE PACTBOPHUMBIX
MIOJIUAJICKTPOJIUTOB.

4.4. B mocnenyromye 5 MUIMHAPOB JOOABISIOT OJWH U3 MPEAIOKEHHBIX TIpernoaaBareieM 5 %-
HbII pabouwnii pactBop Koaryistata: Aly(SOy)s, FeCls, Fex(SO4)s u T.1. Jo3a koarynsuTa /, B
Kax eI mummaap: 10, 25, 50, 75, 150 mo.

4.5. B mocnenyroiem 5 MUIUHAPOB J00ABISIOT OJJMH U3 IPEJIOKEHHBIX MPEIoIaBaTeeM
0,1%-nsr1ii pabouwnii pactBop duokynsata: [TAA, KML, IITIC, B — 402 u T.1. Jo3a ¢nokynsHaTa
L B Kaxabiid nunueap: 1, 2, 4,7, 10 mo.

4.6. ITo oxoHUaHUU BBEACHUS KOATYJISIHTA WU (IIOKYJISIHTA TPOU3BOIUTCS MepEMEIINBaHNE
KHUJIKOCTU CTCKIISTHHON MAJIOYKOW B TEYCHUE OJTHON MHHYTHI C 9acToToi 15-20 06/MuUH.

4.7. 1o oxOHYaHHUHM TIEpEMEITMBAHMSI OTMEYAIOT BpeMs: Havaaa 00pa3oBaHus XJIOMbEB, HaYaIa
OCeJJaHMs XJIONbEB, KOHEL] OCEAaHMsI XJIONbEB. PErucTpUpyIOT XapakTep XJIONbEB.

4.8. CHUMAIOT KHHETUKY OCXKJEHUS YaCTHIL, IJIsl 4Yero yepe3 uHTepBaybl Bpemenu 0,5; 1; 2; 3;
5;10; 20; 30; 45 MUH 3aMepPSIOT BBICOTY OCBETIEHHOM KUIKOCTH.

4.9. Ilocne 10—MMHYTHOTO OTCTaMBaHUs U3 LMIMHAPOB C (PIOKYJISHTOM U 1ociie 45-MUHYTHOT'O
OTCTaWBaHUs U3 [IWJIUHPOB C KOATYJISTHTOM U U3 KOHTPOJIHHOTO CU(OHOM OTOUPAIOT MPOOY
BO/1bI 00beMOM 200 MJT U3 BEPXHETO CJI0s1, HE B3MYUYHBast 0CaJI0K, B IPEBAPUTEILHO
3aroTOBJICHHBIE KOJIOBI.

4.10. OnuHHaIATh KOJIO ¢ MpobaMu MOCTYHAIOIEH U OCBETIIEHHOM BOJIbI B30aJITHIBAIOT,
oTOuparoT U3 HUX 1o 10 M1 U GUABTPYIOT Yepe3 NpeaBAPUTEIHLHO TPOHYMEPOBAHHBIN
MeMOpaHHbIH GUIABTP.

4.11. ®uabTPHI C OCAIKOM MPOCYIIMBAIOT HA BO3JIyXE, 3aTE€M B CYILIMJIBHOM LIKaQdy.

4.12. Ha na6oparopaom @OK-2 omnpenenstoT BeJIMYMHY CONPOTUBIICHUS KaXI0T0 (GUiIbTpa.
4.13. I1o TapupOBOYHOIN KPUBOU ONPENEIAIOT BEIMUUHY KOHIIEHTPALIMK B3BEIICHHBIX BEIIECTB.

5. O0pabdoTka pe3yjbTATOB

5.1. Onpenenuts 3ddexT ounctku (%) mo popmyie



rIe
Cen - KOHIIGHTpAIUs B3BEIIICHHBIX BEIIECTB B UCXOHOW CTOYHON BOJIE, MI/JI;
Cex - KOHIIGHTpPAIIHS B3BEIICHHBIX BEIIECTB B OCBETICHHON BOJIE, MI/II.
5.2. IlocTpouTenb 3aBUCUMOCTH
C,=704)%
pH= 7
2= i)

5.3. ITo Haubosiee BeICOKOMY 3(h(DEeKTy OCBETIICHUS ONPEACIUTH ONTUMATBHBIE 03Bl KOATYJISTHTA
1 QIOKYISIHTA.

5.4. Jlns ONTHMAaIbHBIX 03 PEAr€HTOB M KOHTPOJIBHOI'O OCAKICHHS TIOCTPOUTH KPUBBIE
KUHETHKH OCOKACHUSA Noeg = T(T), T11€ Nocs - sicoma ocsemuennozo cnos, um; T — BPEMSL OCAHNCOCHUSL, MUH.

5.5. CpaGHumb mexHoJjlocudecKue noxkasameiu oc6emileHusl Koazynasiuma u ¢ﬂ0Kle}ZHma‘

5.6. Pe3ynomamul onvimos 3anecmu 6 maoauyy.

Homep Has- Bpems Howmep IToxa3za- Konuen- Do dexr
LUIMHIpa BaHUE pea- ¢dunbTpa Hust ®OK- | Tpanusa OUYHCTKH
TEHTa U €r0 | gayajo Hayajo KOHEII 2, Om B3BEILICH-
103a, MI/1t o0pazo- oceJlaHus OCeaHus HBIX %
BaHUsA XJIOIILEB XJIOIIBEB BCILECTB,
XJIONIBEB MI/71
1 2 3 4 5 6 7 8 9




6. IlpaBusa opopmilenust 1a60paTopHOii padoThI

Otuet o nabopaTopHOii paboTe OKEH ObITh 0POPMIICH YEPHIIIAMH U BKIIIOYATh
crenymouiee:
- CXEMY ONBITHON YCTaHOBKH;
- Ta0UIly HaOIIOICHUH U BEIYHCIICHUI;
- pacyeTHbIE JJAHHBIE MO BBIYMCIICHUIO 3(PPeKTa OUNCTKH;

- rpaduku 3aBucumocteit: Cex = (4), pH = f(1), 3 =f(1);
- Kpamkue 6bl600bl NO Pe3VIbMAamam padomsi.
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OINIPEAEJIEHUE OCHOBHBIX XAPAKTEPUCTHUK
OCAJKA CTOYHBIX BOJ

1. OcHOBHBIE MOJIOKEHUSHA

Ocanku mpeAcTaBistoT co00# TUCTIEPCHYIO MAcCy, B KOTOPOU TBEP/IbIC YACTHIIBI SBIISIOTCS
nucrepcHoi (pas3oi, a cTouHas BOAa C PACTBOPEHHBIMU B HEH 3JIEKTPOIUTAMU U OPTraHUYECKUMU
BEILIECTBAMM — IUCIIEPCHOMN cpeaoii. [Ipu ouncTke CTOYHBIX BOJ HAa KAHAIU3AUHMOHHOW OYMCTHOM
CTaHIIMM 00Pa3yIOTCS OCaJKU B MIEPBUYHBIX U BTOPUUHBIX OTCTOMHUKAX. OCaZoK U3 MEPBUYHBIX
OTCTOMHHKOB MPEACTABIISET COOO0M CEPYIO MITH JKEITOBATYIO CTYACHHUCTYIO BA3KYIO MacCy C
KHCIIOBATHIM 3amaxoM. OH COCTOUT U3 HEPACTBOPUMBIX IIPUMECEN B CTOYHOM BOJIE, OCHOBHYIO
4acTh CyXOT'0 0CaJiIka KOTOPOTO COCTABJISIIOT OpraHnyeckue BemecTa. Ocaiok U3 NepBUYHBIX
OTCTOMHHKOB UMEHYIOT CHIPBIM, OH COJIEPKUT OOJIBIIOE KOIMYECTBO BEIIECTB PACTUTEIHHOTO U
YKUBOTHOTO TTPOUCXOXKJICHUSI, JIETKO MOIACTCS THUCHHUIO.

Ocanok U3 BTOPUYHBIX OTCTOMHHUKOB MOCJIE€ a9POTEHKOB HAa3bIBACTCS AKTUBHBIM HIIOM,
nociie Ono(UIBTPOB — OMOJOTUIECKON TUICHKOW. AKTUBHBIN HIT TIPEJCTABIIICT CO00M aMopdHYIO
XJIONBEBUAHYIO Maccy Oyporo 1Bera, 60raro HaceJIeHHYI0 a3pOOHBIMU OAKTEPHUSIMHU U JPYTUMU
opranu3mamu. B cBexxeM BHJIe W1 MMEET 3ariax 3eMJIU WM MOYTH €r0 HE UMEET, HO C TEYCHUEM
BpPEMEHH MOJABEPraeTcs MPOIecCy 3arHUBAHUSI U COTIPOBOXKIAETCS CHIEU(PUIECKUM
HETIPUSATHBIM 3aI1axXOM.

Cornacho 1. 6.338 [1] ocanok, 00pa3yromuics B IPOIECCe OUUCTKH CTOUYHBIX BOJ, TOJIKEH
oJIBeprarbest 00padboTke, 00eCIIeUnBAOIIEH BO3MOKHOCTD €T0 YTHIIN3AINN UITH
cknaaupoBanus. HeobxonuMocTh nanbHeiiieit ero 00padoTku TpeOyeT 3HaHHE TaKUX
XapaKTePUCTHK, Kak 00beM W, BIIaxXHOCTH P, IITOTHOCTH P, YACTBHBIN BeC ¥, KOHIeHTpamus C.

O0Bem ocasika — 0/IHA U3 KOJTMYECTBEHHBIX XapaKTEPUCTUK, OH 3aBUCHUT, TJIABHBIM
oOpa3om, OT Bojocoaepkanus. Boga B ocagke MOXET ObITh CBOOOTHOM, KOJIJIOUTHO-CBSI3aHHOM
Y THUIpaTHO-CBsi3aHHOM. CBOOOIHAS BOJIa HE CBSI3aHA C TBEPBIMH YaCTUIIAMHU U MOKET OBIThH
ylajaeHa u3 ocaaika GuibTpauei uiam oTkuMoM. YacTh cBOOOTHOM BOJIBI yAATSIETCS IPU
TPaBUTAIMOHHOM YIUIOTHEHHH OCAJIKOB, TIPH 3TOM 00bEM OCAJKOB 3HAUUTEITFHO YMEHbBIIIAECTCS.

Konnonano-cBsizanHas Biara 0OBOJIaKMBAeT TBEPAbIE YACTHUIIBI THAPATHONW 000I0YKH, YTO
MPEMSATCTBYET UX 00BEIMHEHHE B OOJBIIME arperaThl 3a CYET OTPUIIATEIHHOTO 3apsiaa
MOBEPXHOCTH YAaCTHUIIBI. Y AaNsSETCs U3 0caaKa ¢ OONBIIUM TPYIOM M TEM CaMbIM 3aTPyIHSET
00paboTky ocaaka. OqHAKO HEKOTOPOE KOJUYECTBO KOJIJIOMIHO-CBSI3aHHON BOJIBI MOXKET OBITh
yJlaJeHo ¢ TTOMOIIbIO OONBIIUX JABICHUA UM MPHU KOATYISIIUU 0CATKOB XUMUYECKUMHU
pearedTamu. [Ipu Koaryysiiuu MpOUCXOIUT HEUTpaIU3aIis 3HAKA 3apsi/ia YaCTHII, BCIICICTBHUE
4Yero OTAENbHBIC TBEP/AbIE YACTHUIIBI OCBOOOKIAIOTCS OT THIPATHON 00OJIOYKH U, COSIUHSISACH
BMecCTe, 00pa3yroT XJIombs. [Iporecc koarymsiiuu TBEPABIX YaCTHUIl ¢ JOOABKON XUMHUECKHUX
peareHToB Hcnonb3yercs B punpTpanuu. OgHako GUIbTpaIys NO3BOJISET JIUIITh YACTHIHO
YAQIATH KOJUTOMIHO-CBSI3aHHYI0 BOAY. [omHOE ke ee yaneHue JOCTUTASTCS CYIIKOU MpHr
BBICOKHX Temmeparypax. Takoil ocagok obiagaeT CBONCTBOM HEOOPATUMOCTH KaK KOJUIOUA,
YTO O03HA4aeT BhICYIIEHHBIH 10 40-60 % Braru ocasiok Mpu MOBTOPHBIX Pa3KUKEHHUSIX HE
pa30yxaeT u nepecraeT 00pa3oBBIBATH KOJIOHU/IBI.

['urpockomnuyeckas Biiara B 0CaJIk€ BXOJUT B XUMHUYECKUM COCTAB YaCTHUIIbI U HE MOXKET
OBITh yJasieHa 6e3 U3MEHEHUS ee CTPYKTYphl. Ha crmocoOHOCTh 0CaIkOB OT/IaBaTh BOAY BIHSIET



psia GaKTOPOB: BIAKHOCTD, CTETICHD TUCTIEPCHOCTH YaCTHII TBEPAOH (a3bl, CTPYKTypa Ocalka u
ero XxuMuueckuit coctaB. O6001aI0IUM TOKa3aTeNIeM, XapaKTEPU3YIOIUM CIIOCOOHOCTh
0CaJIKOB K BOJOOT/Ia4e, SIBIISIETCS ySIbHOE COMTPOTUBIICHUE (PHIILTPAIIMH, T.€. COPOTUBIICHUE,
OKa3bIBaeMO€ NMOTOKY (PHIIbTpaTa paBHOMEPHBIM CJIOEM 0CaJIKa, Macca KOTOPOro Ha eIMHULIE
IUIOLIA/IM paBHA eauHULE. YeM BbIllIe yJIeIbHOE CONPOTUBIIEHUE, TEM TPYAHEE OCAI0OK OTIAET
BOAY. AKTUBHBIN UJ1 UMEET 3HAYUTENIbHO OO0JIbIlIee CONPOTUBICHHUE (DUITBTPALIUHU, YEM CHIPOU
ocasiok. CBsI3aHO 3TO C TEM, YTO B MJIE€ MHOTO KOJUIOMIHBIX BEIIECTB U OCHOBHYIO MaccCy
COCTABJISIIOT MEJIKHE YaCTHIIBI.

BrnaxaocTh ocajka mpeacTaBisier co00i MPOICHTHOE BRIPAXKEHUE BJIard B 0cajke K o0mieit
Macce BJIXKHOTO OCaJIKa:

p="Ta 100,
2008 (1)

rac
meﬂ —macca éna2u,
mBJ‘l.()C — Macca BJIa)XXHOI0 OcajKa.
Bananc Macchl BIaXXHOT0 Ocajika MOXKET OBbITh IIPEACTABIICH B BUJIE
mBJI.oc - mcyx.B + mBm (2)

L€ Mgy 4~ MACCA CYX020 6€UleCmea.

Kax suono uz xapakmepucmuku 0bvema u 61adsCHOCMU ocadka, maccy cyxoeo seugecmeda 6
ocaoke AHAAUMUYECKU MONCHO eblpasunto mak:

oy = P00 - P)
100 (3

r7ie p- yAeNIbHbIN Bec ocaaka, p= 1,002...1,02 m/in’.

910 3HA4YUT, 4YTO OJIA o0BeMa Wl C BIIQJKHOCTBIO P1 Macca COCTaBHUT

o PPAO00 - B)
100 (4)

Orta ke Macca M st o0beMa Wo ¢ BlIaXHOCTBIO Po

o P00 B)
100 (5)

[Tockomnbky neBbie yacTu ypaBHeHuH (4) u (5) paBHBI, TO



W,(100 - ) =W,(100 - &)

W, 100- R

W, 100- R’

10071 (6)

N3 ypaBHenus (6) cieayer, 4To Jjisl OJTHOTO U TOTO )K€ KOJIMYECTBA CyXOro BeIleCcTBa
ocajJika 00beMbI 0cajika 0OpaTHO MPOMOPLHUOHAIBHBI BIIAXXHOCTH ocajka. Takum oOpa3oM, 3Has
o6bembl ocagka Wi 1 Wy 1 ero KOHEUHYIO BIIQXKHOCTD P2, MOKHO ONIpeIeUTh IepBOHAYATBHYIO
BJIQYKHOCTE P1.

[T10THOCTH OCajKa OINpeeIAeTCs Kak Macca eIUHHIIBI €r0 00beMa, M/

o
W (7)

KoHnenTpanus — KOJIU4ecTBO TBEPIbIX YACTHUI] HJIM PACTBOPCHHOTO BEIIECTBA B SAMHUIIC
o0bema, me/i

Ce 100 — p .y,
100 (8)

[To KOHIIEHTpAllMKU BEIIECTBA, BIIAXXHOCTH U TUNIOTHOCTH OCAJKa ONPEACISAETCS KOJTMYECTBO
ocaJika, BBIJIEJISIEMOTO TIpH oTcTauBaHuH (1. 6.65 [1]):

_ 4,(C,—C,)
(100 — P)y10* ’(9)

<

rae
Qw — pPacxoj CTOYHBIX BOJ, M3/‘l;
Cen — KOHIIEHTpAIHS B3BEIICHHBIX BEIIECTB B OCBETICHHON BOJIEC, M2/

2. Heanb padoTthl
HpaKTquCKH OCBOUTBH MCTOAWKY U3MEPCHUA BIIAXKHOCTH, IIJIOTHOCTHU OCa/IKa U

KOHIOCHTpAIMU TBEPABbIX BEIICCTB B OCAAKC.
VY cTaHOBUTH 3aBUCHMOCTD MCXKOY OTUMHU BECIIMUWMHAMMU.



3. llopsinok npoBeeHusi padoThl
3.1. OnpenesieHne Maccbl CyX0ro BelecTBa ocajgka

Macca cyxoro BeniecTBa onpenesnsercs no meroauke [3]. B npenBapuTeabHO BHICYIIIEHHBIN
710 TIOCTOSIHHOW MacChl TUTEJIh 3aJIMBAIOT 3a/IaHHBIHN MpernoaBaTeneM 00beM 0CaIKa.
HanonneHnHble TUTTTU B3BELINBAIOT, 3aKPHIBAIOT KPHIIIKAMH U CTAaBAT Ha BOJISHYIO OaHIO.
[leproanuecku uepes 2-3 MUH. YAQJIAIOT BJIAry ¢ KPbILIEK. 3aTEM TUIVIM C OCAIKOM IIEPEHOCST B
CYMIWJIBHBIN mKad JUIsl yIAICHHS BiIaru TepMUYeckuM myteMm npu remmeparype 105 © C. I1o
OKOHYAHUM BBICYILIMBAHUS TUIJIM OXJIAKAAIOT B 3KCUKATOPE, B3BEIIMBAIOT, onpeaesstor W-
00BbEM, 3aHATHIN BBICYIIIEHHBIM OCaJKOM.

3.2. OnpeneieHue BJIaKHOCTH 0CAAKA

BraxxHocTh ocanika onpeaensercs no popmylie:

o

B 100,

i, —m
rie
M1 — Macca TUTeJIS C BIAXKHBIM OCaJIKOM, 2;
My — Macca TUTels C BEICYIICHHBIM OCaJIKOM, 2;
M — Macca TUTeJs, 2.

W3 ypaBHeHus (6) onpeznenseM
W.
B=100- 2000 - ),
54
' (11)

3.3. OnpenesieHHe NJIOTHOCTH 0CAIKA

IInoTHOCTH OCazmka OIIPEACIIACTCA aHAJIUTUYICCKU:
- BJIAXJKHOI'O OCaaKa

Y- m, —in
]_ - —.5
")
- BBICYHICHHOFO ocaaka
v - m, —m
j - —?
CERNGE)

3.4. OnpenesieHne KOHIEHTPAaLMHU BellecTBa
KOHHeHTpaHI/IH BEIICCTBA ONIPCACTIACTCA aHATTUTUUCCKN
- BJIQKHOT'O 0OCaJIKa



_100- R

Cl "
100 (14)
- BBICYIIICHHOT'O OCaJIKa
100 — =
C, = = 2%
100 (15)

4. O6padoTKa pe3y1bTATOB

[losydyeHHbIE JaHHBIE 3aHOCSTCS B TAOJIUILLY.

No Hanwme- O0beM, Macca Macca Macca ITmor- Komnrg
HOBaHHE THIJI, THUIJIA C THUIJIS C HOCTb, Tpary
n/n ocajJika em’® BJIAX- BBICYIIIEH-
2 HBIM HBIM 2lem’ 2/
OCaJIKOM, OCaJIKOM, 2
2
1 2 3 4 5 6 7 8

XapakTepucTHKA 0CAIKOB

Z[aeTCH NMUCbMCHHAA XapaKTCPHUCTHUKA BHCIIHEMY BUAY OCaAKa U AHAJIU3UPYCTCA U3MCHCHUC

BJIA)KHOCTH OoCaaKa OT O6’beMa, IJIOTHOCTH OCaJaKa OT O6’B€Ma, KOHICHTpAaluU oCajjKa OT

BJIAXXHOCTH U IIJIOTHOCTH.



JlabopaTopnasi padora Ne 4

OIIPEJEJIEHUE KOJIMYECTBA OCAJKA IEPBUYHBIX
OTCTOUHHUKOB KOC r. TYJIbI B IPOONEHTHOM OTHOILLIEHUH
OT PACXOJA CTOYHBIX BOJ

1. TeopeTuyecKkue MoJI0KeHUSI

D¢ deKTUBHOCTH 3aep>KaHMsI B3BECH ITEPBUYHBIMU OTCTOWHUKAMU H3MEHSETCS B
3aBHCUMOCTH OT psiia (PaKTOPOB — BPEMEHU OTCTaMBAHUS, HCXOJHON KOHLIEHTPAIIMH
B3BEIICHHBIX BEIECTB, TEMIIEPATYPHI CTOYHBIX BOJ U KOHCTPYKTUBHBIX OCOOCHHOCTEN
coopyxeHust. DP(eKT OUUCTKH CTOYHBIX BOJ ompeaensiercs no popmyie , %o:

Qzu.mﬂ;
'

rmue
Cen — coziep)KaHHE B3BEIICHHBIX BEIIECTB B CTOYHOM BOJIE, IIOCTYIAIOINIEH HAa OTCTOWHUKH, MT/IT;
Cex— coZiep)KaHHME B3BEIICHHBIX BEIIECTB B OCBETICHHON CTOYHOM BOJIE, MI/JI.

B cpennem orcroiinukamu 3anepsxuBaercs 40-50 % B3BEIICHHBIX BelecTB Wik 55-75 %
OCEJIAIOIIKX BEILIECTB.

VY nansemsblif U3 OTCTOWHUKOB OCAJIOK MMEET MOJIYTYCTYIO0 KOHIIEHTPALINI0, 0OBIYHO TEMHO-
CEpOro IBETa U COJEPKaHue Biaru coctaBisieT 94-96 %. [loaTomy 4acoBoe KOJIUYECTBO
o0pa3yrolerocs ocajika COCTaBHT, M/

100 - B,,)y-10*

Oz =

raoe

Qw — YaCOBOM PacXoj CTOYHBIX BOJI, M/
Pmud — B1askHOCTE ocajka, %;

Ymud — TUTOTHOCTh OCaJIKa, 2lem;

Ymud = 1,057 1,08 2/ca.

Komuuecto ocalKa NMNEPBHUYHBIX OTCTOMHHUKOB B MPOLCHTAxX OT pacXoJa CTOYHLIX BOJ
COCTaBHT:

Cﬂ! _Cﬂ{
(100 - B,,,)-y-10"




2. leanb padoTsl
2.1. Onpenenuth 3¢ (HEKT OYNCTKA CTOYHBIX BOJI HA IEPBUYHBIX OTCTOWHUKAX T. TYIbI.

2.2. Onpez[eJme KOJIMYECTBO OCaaKa, 3aJ€pKNBACMOI'0 IICPBUYHBIMHA OTCTOMHUKAMU B
IMPOLCHTAx OT pacxoaa CTOYHBIX BOM.

3. Cxema nepBHYHBIX OTCTOHHUKOB I. TybI

1 — u3MepuTEIbHBIN MOTOK CTOYHON BOJIBI; 2 — OOIIHMI MOTOK CTOYHOW BOJIBI;
3 — pacnpenenuTeabHOe yCTPOUCTBO; 4 — MOJAIOIIN TPYOOIIPOBO/;

5 — paguaibHble OTCTOMHUKH; 6 — TpyOOIIPOBO OCBETIIEHHOM BOJIBI;

7 — obmuii TpyoonpoBo.

4. MeToauka npoBeAeHUs IKCIIEPUMEHTA
4.1. [1o naHHBIM U3MEPUTEIHHOTO MOTOKA CHATH MTOKA3aHUS Pacxoda CTOYHBIX BO, Qy, M.

4.2. B pactipeieTuTeIbHOM YCTPOMCTBE OTOOPATh MPOOY ISl ONIPEACIICHHS] KOHIIEHTPAIH
B3BEIICHHBIX BelecTB, Cen, M2/

4.3. U3 TpyObI OCBETIICHHOM CTOYHOM BOJIBI 0TOOPATH MPOOY ISt ONIPEIEIICHUST KOHIICHTPAIH
B3BEIIEHHBIX BeecTB, Cey, M2/

4.4. Onpeoenumov konyenmpayuu Cen 1 Cey, M2/

4.5. Boiyucaums 3¢ppexm ouucmru, %.



4.6. Onpedenums KOIUUECMBO OCAOKA, 3A0EPHCUBAEMO20 NEPBUUHBIMU OMCMOUHUKAMU 8
NPOYEHmMAax om pacxoo0a CMo4HbIX 800.

4.7. Onvimul noemopums 3-4 pasa.

5. O6padoTka pe3yJbTATOB U3MePEHUI
OT4eT 10JKEH BKJIIOYATh CIEIyIoIee:
5.1. TabGauity u3mMepeHuit ¥ BEIYUCICHUH.
5.2. Cxemy nepBuusbIX oTcTOMHUKOB KOC 1. Tyunsl.
5.3. Onpenenenue 3¢ exTa OUUCTKH.

5.4. OnpeneneHue NpoLEHTHOTO KOJIMYECTBA OCa/iKa IIEPBUYHBIX OTCTOMHUKOB OT pacxo/a
CTOYHBIX BOJI.

5.5. KpaTkue BbIBOJIBI 110 pe3ynbTataM padoThI.

Bubanorpaguyeckuii CHUCOK MCIOJIb30BAHHOM JTUTEPATYPHI

1. Cuull 2.04.03-85. Kananuzauus. HapykHble ceTu U COOPYKEHUS.

2. SIxoBnes C.B. u np. OuncTka Npou3BOICTBEHHBIX CTOYHBIX BOJ. — M.: Ctpoitnzaar, 1985. —
335c.

3. KoranoBckuit A.M. u 1p. O4ncTKa NPOMBIIIIEHHBIX CTOYHBIX BOJ. — Kues: Texuuka, 1974. —
257 c.



8 cemecTp
COOJEPKAHUE
Omnpenenenne 3¢)heKTHBHOCTH pabOTHI HAIIOPHOTO THIPOIMKIIOHA. 4

BrusiHue pa3mMepoB MUTAOIIETO M CIIMBHOTO MATPyOKOB THAPOIMKIOHA HAa () PEKTUBHOCTH
OYMCTKH CTOYHBIX BOM. 7

Onpenenenne 3¢(HEeKTUBHOCTH padOTHI paAHATLHOTO OTCTOMHUKA TA300YUCTKU JIOMEHHOTO 1[eXa
AK Tynauepmer. 9

OrmpezeneHre ONTUMAIBLHOM 10361 U3BECTKOBOTO MOJIOKA MPY HEUTPAIU3AIUN KUCIIBIX CTOYHBIX
Boa. 11

OmnpeneneHre ONTUMAIFHOTO BPEMEHH KOHTAKTa KUCIIBIX CTOKOB C HEUTPAIN3YIOLIeH 3arpy3Koi
npu GuiabTpoBaHuu. 13

Brnusinue npoOHOM Mogauu KaTHOHO- M aHHOHOAKTUBHEIX (DJIOKYIISTHTOB Ha 3 (EKTUBHOCTH
OYHMCTKH CTOYHBIX BOJ. 15

70mnpenencHue aacOpOIMOHHON EMKOCTH aKTUBU3UPOBAHHBIX YIJI€H MPU OYUCTKE CTOUYHBIX BOJI
COpOITMOHHBIM METOIOM. 17

diroTranMoHHas OYMCTKA CTOYHBIX Boa oT ITAB. 21

—Bp160p THIIa pacTBOPUTEIS TIPH KUIAKOCTHON AKCTPAKIIMK (PeHOJIa U3 BOJBI. 23

HEJb U 3AJAYU KYPCA

[IpoMblllIEHHBIE TPEANPUITHS SBISAIOTCS OCHOBHBIMU IOTPEOUTENSIMU
CBEXEW BOJABI, KOTOpas B MPOLECCE TEXHOJOTUU NPOU3BOJACTB MPUOOpETaET
M3MEHEHHBI (U3MYECKUH M XUMHUYECKUH COCTaB, T.€. CTAHOBHUTCS CTOYHOM.
YMeHre 0YMCTUTh TPOU3BOJACTBEHHBIE CTOKH TPEeOyeT 0COOBIX 3HAHUI M HABBIKOB.
[IpuoOpeTeHne TakMX HaBBIKOB CTYJIEHT MOXET MNpUoOpecTd B IMpoliecce
npoBeieHusT JabopaTtopHbIX pabot. IlosToMy LEnpl0 Kypca sIBISIETCS OCBOEHHE
CTYJACHTaMH TPAKTUYECKUX HABBIKOB B OO0JACTH OYMCTKH TNPOU3BOJICTBEHHBIX
CTOKOB.

3amayamMu  Kypca SBJSIIOTCS  TMOJY4YEHHME YIUIYOJIEHHBIX 3HAaHUM 10
B3aUMOJEHUCTBUIO TEOPETHUYECKUX 3aKOHOB, KOHCTPYKTHBHBIX IapamMeTpoB U
TE€XHOJIOTUYECKUMU IIOKa3aTeIsIMU OYHCTKHU CTOYHBIX BOJL.



ONPEJIEJIEHUE D®®EKTUBHOCTHU PABOTHI HAIIOPHOT'O
I'MJIPOLUKJIOHA

1. Teoperuueckue MoJIOKEHUSI
['uponMKIIOH MpeacTaBIseT coO0M anmnapar, B OCHOBY pabOThI KOTOPOTO 3aJI0KCH

MIPHUHITUI UCTIOJIH30BAHMUS IICHTPOOCIKHBIX CHII, BOSHUKAIOIIUX B arlapare MpHu MpoKayke yepes
Hero xujkoctu (puc. 1).

—

(L

l

Puc. 1. Ilpunyunuanvuas cxema eu0poyuKiona.

OcgetnsieMast BoJia, BOMIS B HMIMHIAPUUECKYIO YaCTh TUAPOLUUKIIOHA, IO KacaTeIbHOU
MIOCTETIEHHO OIyCKAaeTCs BHU3, U B PE3YJIbTaTEe COCTABJIEHHOE JIBUYKEHUE MPOUCXOUT TIO
BUHTOBBIM IIPOCTPAHCTBEHHBIM criupaisM. Kaxknas TBepAas 4acTuila, y4acTBys B TAKOM
JBUKEHHUH, OTIMCHIBAET HECKOJIBKO THICSY 000OPOTOB B MUHYTY BOKPYT LIEHTPaJIbHOU
Tr€OMETPUYECKOM OCH ammapara.

[osiBistroruecs Mpu 3TOM LEHTPOOEKHBIE CUITBI MHEPLIMM OTKJIOHSIOT TBEP/IbIE YACTHIIBI C
nepudeprr U MPUTOM TeM OBICTpee, UeM KpyIHee YacTUIlbl. [IBUTasch 1Mo BHEIIHUM CIIUPATISM,
TBEp/bIE YaCTUIbl COOMPAIOTCS B HIDKHENH KOHMYECKOW YacTH anmnapara, OTKy/1a U yIaJsIFoTCs
4yepe3 HUIaMOBOE OTBEPCTHE.

OcBeTJieHHas KUJIKOCTh ABMXKETCS BO BHYTPEHHEM CIIMPAIbHOM ITOTOKE, HAaIlPaBJIEHHOM
CHHU3Y BBEPX K CIIMBHOMY MaTpyOKYy.

Yacrtuua, HaxoAs1mascs B TUAPOLUKIIOHE, UCTIBITHIBAET BIUSHUE B OCHOBHOM JIBYX CHIIL:
HEHTPOOEKHOM P, 0TOpachIBaoLIeH ee K CTeHEe THAPOLMKIIOHA, U CHIIBI S , BO3HUKAIOIIEH OT
JeNCTBUS paAualibHOTO MOTOKA KUIKOCTH, yBIIEKaloIIel ee K ocu annapara. LlenTpobexHast
cuiia onpezensercs no Gopmyie




rae

M — mMacca 4acTHIIbI, &,

I — paguyc BpallleHus, cM;

Vi — TaHTeHIIMATIbHAS! CKOPOCTb, HAIIPABJICHHAS MEPIICHANKYIIPHO pauyCy BpallleHUs B JaHHOMN
TOYKE HAa TOPU30HTAIBLHON TIOCKOCTH, M/C.

Cuna conpoTUBIIEHUSI CPENIbI

5= 3mudu, @)

rae

U — paaranbHasi CKOPOCTbh, HAIIPaBJICHHAS BJIOJb pauyca THIPOLUKIIOHA, M/C;
- BSI3KOCTB CPEIbl, e,

d — Auamerp JyacTHIl IIIaMa, Cm.

daKkTUYECKH IICHTPOOCSIKHBIC CHUIIbI MHEPIIUU TPOU3BOIAT B THAPOIIMKIOHE TAKOE JKE
JENCTBUE, KaK U CHJIA TSHKECTU B OOBIYHBIX OTCTOMHHUKAX, HO JIMIIb C TOM pa3HUIIEH, YTO
BEJIMYMHA YCKOPEHHUSI, NEHCTBYIOLIErO Ha TBEP/ble YACTULIbI M 3aCTABISAIOIINE UX "'TIa/laTh" Ha
CTEHKH TMPOILUKIOHA, BO MHOTO pa3 MPEBBIIIAIOT YCKOPEHUE CHIIBI TSHKECTH. JTUM
00BsCHsIETCS BbICOKas 3 (HEKTUBHOCTh PaOOThI THAPOIMKIOHA, UMEIOIIIET0, KaK MPaBUIIO,
OTHOCUTEIILHO MaJible Ta0apuUTHI.

DddexT ocBeTICHHS B THAPOIMKIOHE ONPEIesieTCs Mo popmyIie

c -
S=_=_ "= .100,

Ca 3)

rae

Cen — KOHIIGHTpAIHS B3BEIICHHBIX BEIIECTB B BOJIC, IIOCTYIAIOINICH Ha OYMCTKY B THIAPOIMKIIOH,
M/,

Cex — KOHIIGHTpAITUS B3BEIICHHBIX BEIIECTB B OCBETIICHHOH BOJIE, M2/JI.

DddexT ocBeTIeHNs 3aBUCUT OT MHOTHX (PaKTOPOB — OT KOHCTPYKTHBHBIX pPa3MEpOB,
CBOMCTB OYMILAEMON KHUAKOCTU U TEXHOJOTUYECKUX MTAPAMETPOB.
OaHMM 13 OCHOBHBIX (PAKTOPOB, BIUSAIOMUX HA 3P(EKT OUUCTKUA CTOUYHOM KUAKOCTH B
THJIPOLIMKIIOHE, ABJIIETCS HAIOP, TAK KaK OH ONPEAEIAIOT OKPYKHYIO CKOPOCTh, IEHCTBYIOIIYIO
B TMJIPOLIMKJIOHE.

2. Ilesb padoThI

2.1. OnpenenuTs ONBITHBIM IyTEM BIMSHUE HArlopa Ha BXoJie Ha 3(pPEeKTUBHOCTh PabOTHI
TUIPOLIMKIIOHA.
2.2. OnpenenuTs BIMSHUE HAIOpa Ha MPOU3BOAUTEIBHOCTD THIPOLMKIIOHA.



3. Onucanmne IKCNEPUMEHTAJILHON YCTAHOBKH

3 5

Puc. 2. Cxema onpITHOHN yCTaHOBKH.

N3 emkocTu 1 1eHTpOOEKHBIM HACOCOM 2 OCBETJIsIEMAas CTOUHAs AKHUAKOCTh M10/1aeTCs B
THJIPOLIMKIIOH 3, B KOTOPOM HEMOCPEICTBEHHO MPOUCXOAUT ee ocBeTiaeHue. Ha TpyGonpoBose
MEX/1y HaCOCOM 2 M TUAPOIMKIOHOM 3 YCTaHOBJIEHBI 3a/IBHKKH 4, MAHOMETP 5 U KpaH JJs
oT6opa mpoObI BXOAALIEH )KUIKOCTH 6.

4. Meroauka npoBeJeHHs ONbITA
4.1. BkimtounTh HEHTPOOEKHBIN HACOC 2 TIPU 3aKPHITON 3aIBUKKE 4.

4.2. OTkpbIBas 3aIBUKKY 4, yCTaHOBUTH Ha MaHoMmeTpe 5 nasnenue 0,5; 1; 1,5; 2; 2.5; 3; 3,5
aTM.

4.3. Ilpu kaxJ1I0M peKUME MEPHBIM COCYJIOM 3aMEPUTh PacXOJl OCBETICHHOW BOJIbI U MYJIbIIBI U
CEKYHJOMEPOM ONPEIETUTh BPEMS €r0 HAIOTHEHUS:

;7
£ ()

rac
g — pacxon OCBETJICHHOM BOJBI UIIN ITYJIBIIBI;



W — 00beM MyJIbITbl WM OCBETICHHOW BOJBI, 1;
t — BpeMsl HaIloJIHEHUSI MEPHOTO COCY/IA, C.

[Tonue1i pacxon
=g, +
Q gw g}' » (5)

4.4. ITpu Kaxa0M pexxuMe 0TOUPaAOTCs MPOOBI MOCTYIAIOIICH W OCBETICHHON BOJIBI.

4.5. OKOHYUB OMBITHI, 3AKPBITh 3aABUKKY 4 miepe ] THAPOLUUKIOHOM 3 U BBIKIIOUUTH HACOC 2.
4.6. B oToOpaHHBIX MPo0Oax OMPEICTUTh COJIEP)KaHNE B3BEIICHHBIX BellecTB ¢ momombio OOK.
4.7. Beraucnuth 3(pPeKThI OCBETICHHUS.

4.8. I1o BbIUMCIIEHHBIM JTaHHBIM 3Ha4YeHUs 3(peKTa OCBETICHUS 1 HAllopa MOCTPOUTH

3aBUCUMOCTh 7= f (H)

(H).

4.9. Tlo 3amepennbIM 3HaYeHUSIM Q 1 H TOCTpOUTH 3aBHCUMOCTH o=r

5. O6padoTka pe3yJbTATOB U3MepPEeHUI
OT4YeT OJKEH BKIIIOYATh CIIENYIONIEe:
5.1. TaGnuiry HaOIIOIEHUI U BBIYUCIICHUIA.
5.2. CxeMy yCTaHOBKH.

5.3. Onpenenenue 3¢pdekra OCBETIICHUS B THAPOLUKIIOHE.
5.4. I'paduku 3aBUCHMOCTEH 2=J(H), g=7(H)

5.5. KpaTkue BbIBOJIBI 110 pe3ynbTataM paboThI.



BJIMAHUE PASMEPOB IITMTAIOIIEI'O 1 CIMBHOT'O
ITATPYBKOB I'MIPOLHUKJIOHA HA 9O ®EKTUBHOCTb
OYUCTKU CTOYHBIX BOJ

1. TeopeTn'{eCKne MOJIOKCHHU A

CrouHas BoJia B HAIIOPHBIN T'UAPOLMKIIOH MOAAeTCA TAHT€HLIUAIBHO U 0] HAIIOPOM,
Onarosaps 4emy NMPOUCXOANUT CIHPAILHOE ABIKEHHE BCETO IMOTOKA, OTPAHMYEHHOTO KOPITYCOM
ruapourkiiona. Bo3Hukaromniye B rpoiecce ABMKEHUS LHEHTPOOEKHbIE U IEHTPOCTPEMUTENIbHbBIE
CHWJIBI IPUBOJST K Pa3J€JICHNIO YaCTHI] Ha: TSDKEJIbIe, OTIIPABIISIIOIIMECS B IUIAMOBBIN 1aTpyOOK
U JIETKHE, JABIKYILKECS K CIMBHOMY MaTpyoOKy.

KpynHocTs 3epeH, 10 KOTOpOoil MPOMCXOUT pa3/IeleHUE Ha IIIJIaMOBbIE YaCTUILIbI U
OCBETJICHHYIO BOJIY, Ha3bIBACTCS cpaHUu4HoU. MeX Iy TpPaHUYHON KPYITHOCTHIO,
IIPOU3BOIUTEIILHOCTHIO THPOLUKIIOHA U €r0 T€OMETPUUECKUMHU [TapaMeTpaMu yCTaHOBJICHA
B3aMMOCBSI3b, BhIpaKaeMas:

£, D
F=1533 0. ke

dew g.&c (21)

£, =958:107d,,-d, [P ),

rue
O- TpaHUYHasA KPYITHOCTh, MKM;
Kt — ko3¢ duimeHT ucnonb3oBanust 00beMa, yCTaHABIMBAETCS SKCIIEPUMEHTAIIBHO;
Dnc — InaMeTp ruIpoIHKIOHa, MM;
den — IMAMETp MHUTAIOIIETO MATPYOKa, MM;
dex — AMAMETP CIIMBHOTO NaTpyOKa, MM;
Une — IIPOM3BOXMTENHHOCTD HAIIOPHOTO THPOIMKIOHA, M /d;
g — YCKOPEHHE CHITBI TSKECTH, M/c
P IIOTEPHU JaBJIEHUA B ruapouukione, Mlla.

2. lleab padoTsl

2.1. OnpenenuTh ONBITHBIM MYTEM BIMSHHE pa3MEpOB MUTAIOLIETO U CIMBHOTO MaTPyOKOB HA
IIPOU3BOJUTENBHOCTD THAPOLUKIIOHA.

2.2. CpaBHEHHE pacueTHOM MPOU3BOIUTENLHOCTH € (DaKTUUECKOM MPOU3BOIUTEITHHOCTHIO.
2.3. Onpenenenne d(pdexra OCBETICHUS CTOYHON BOIBI THAPOITUKIOHOM.

1. Cxema 3KkcnepuMMeHTAIbHON YCTAHOBKHU



Cwm. . 3 3aagarusa Ne 1.

4. MeToauka MpoOBE€ACHUSA ONIbLITA

Cwum. 1. 4 3aggatug Ne 1.

5. O0pabdoTka pe3yJbTATOB U3MepPeHUil
OTyeT 10JKEH BKJIKOYATh CIENYIOLIEe:

5.1. TaGnuiy HaOMIOACHUN M BHIYHCIICHUI:

No Jna- Jna- Tlokazanus Pacu. ®dakTHy. Cogn.B.
OIIbI- METp IUTa- METp CIUB- MaHometpa, MIla IIPOU3B. MIPOU3B. B MI/JT
Ta FOII. HOTO marp., /9 n/q
1aTp., MM MM Ha HAa BBI- CTOY. OCBETIL
BXOJIE xoJie BOJE BOJE

(exr.
O4YUCT-
KM

HU

Kp
HO!

5.2. CxeMy yCTaHOBKH.
5.3. Onpenenenue 3pQexTa OCBETICHUS B THAPOLIUKIIOHE.
5.4. Onpenenenue pacyeTHOM U PaKTHUECKONW MPOU3BOIUTENLHOCTH.

5.5. Kpatkue BbIBOABI 11O pe3ysibTaTaM pabOThlI.



OINIPEAEJIEHUE DOPEKTUBHOCTU PABOTBI 'A30OOYUCTKH
JOMEHHOTI'O HEXA AK "TYJIAYEPMET"

1. TeopeTuyecKkue MoJIOKEeHUSI

B noMeHHOM MpOU3BOACTBE CTOYHBIE BOJBI MOCTYMAIOT OT OXJIaXKACHUS 000PYAOBaHUS,
OYHCTKH T'a30B, THAPOYOOPKH MOIOYHKEPHBIX TTOMEIIEHHH, OT Pa3IUYHBIX MAIIHH U
nepepadoTKH IIIaKa.

CrouHbIe BOJBI OT OYMCTKH JOMEHHOTO Ta3a 00pa3yroTcs B KondecTse 6-9 1 Ha m
ounmaemoro rasa mmi 20-30 4% Ha 1 T uyryna. KonMd4ecTBO B3BEIICHHBIX BEIIECTB B CTOUHO!
Bojie 1-2 /7. Coneprxkanue B3BemeHHbIX BemecTB KpymHocThio 0,01-0,1 am cocraBnser 85-90
%, a kpynHocThio 0,01 m — 10-15 %.

BoJibIioe KOJIMYecTBO CTOYHBIX BOJI, 00PA3yIOIIUXCS IPU Ta300YUCTKE JOMEHHOTO
IIPOM3BOJICTBA U Hamuuue B HUuX Ooiee 80 % uvactun kpynHoctbio Oosiee 0,01 amm yka3biBaeT Ha
11€JIeCO00Pa3HOCTh MPUMEHEHUS PaIUaIbHBIX OTCTOWHHKOB C OpraHu3aleli 000poTHOTO
BOJIOCHA0)KEHUSI.

3

2. Heanb padoThl
2.1. Onpenenenrie 3pHEKTUBHOCTH OYUCTKU CTOUHBIX BOJI.
2.2. Onpenenenuie 3¢pHEeKTUBHOCTH OUUCTKH Ia3a Mo CTAUsIM U B IIEJIOM.
2.3. OnpeneneHue ruIpaBIMuecKOl KPYITHOCTH paJuaibHOTO OTCTOMHHUKA.

2.4. Onpenenenue NpoOU3BOAUTEILHOCTH PaIUAIbHOTO OTCTOMHUKA D =30 M npu e2o
eudpaenuueckou nazpyske 1,5 M/,

3. CxeMa 0YUCTKH JOMEHHOI0 Iexa



Puc. 3. CxeMa O4HCTKH JOMEHHOTIO I[€XA.

1 — nomHa; 2 — meUIEYIOBUTEND; 3 — CKpyOOep; 4 — Tpyba Bentypu; 5 — pesepByap; 6 — cOOpHHK
CTOYHBIX BOJI; 7 — IpOCcenbHas 3aciioHKa; 8 — razonpoBo; 9, 12 — Hacocsr; 10 — paguanbHbIif
otcToitHuk; 11 — Opb3raneHelil Oacceiin; 13 — TpybonpoBoa ocaka.

4. MeToauka npoBeJeHHs ONbITA

4.1. IlpoBecTr aHaNIM3 B3BEIICHHBIX BEIIECTB B ra3e Mepei: MbUIeyI0BUTEIEM, CKpyoOepoMm,
TpyOoii BenTtypu.

4.2. CI[CJ'IaTB AHAJIN3 B3BCHICHHBIX BCHICCTB CTOYHBIX BOM, IIOCTYIAOIINX HA paauaJIbHbIC
OTCTOfIHHKH, 1 OCBCTJICHHBIX CTOYHBIX BOJ.

4.3. OnpenenuThb pacxo]l OCBETICHHBIX CTOUYHBIX BOJ.

5. O0pabdoTka pe3yjbTATOB
OT4eT AOKEH BKIIIOYATh CIIEAYIOIIee:
5.1. CxemMy OYHMCTKH JOMEHHOTO 1IeXa.
5.2. TaGnuity HaOIIOIEHUI W BBIYUCIICHUH.

5.3. Onpenenenue 3¢ dHexTa OUNCTKH ra3a ¥ CTOYHOU BOJIBI.



5.4. OnpesneneHue Npou3BOAUTENBHOCTH PaJUaIbHOTO OTCTOMHHUKA 110 YAEJIBbHON Harpy3Ke U o
T'MJIPABINYECKON KPYITHOCTH.

5.5. KpaTkue BBIBOIBI 11O pe3yJibTaTaM paboTHI.



OIIPEJAEJIEHUE QHTI/IMAJII)HOﬁ J03bl U3BECTKOBOI'O
MOJIOKA ITPH HEUTPAJIM3AIIUU KUCJIBIX U CTOYHbBIX BO/I

1. TeopeTuyecKkue MoJIOKEeHUSI

Crounble BoJpbl, BenuunHa PH KoTopbix HUXE 6,5 win Bblle 8,5, nepes 0TBOJIOM B
KaHaJIM3aLUI0 HACEIEHHOr0 MTyHKTa MOJUIeKUT HEUTpaTu3aliy B LEIX NPeaypeKICHUS
KOPPO3HUH U COJICOTIIORKEHUSA BOAOOTBOAAIIMX ceTel. HelTpanusanuio cieqyer oCylecTBIATh
CMELEHUEM KHUCIIBIX U LIEJIOYHBIX CTOYHBIX BOJI, BBEJICHUEM PEareHTOB WK (GHIBTPOBAaHUEM UX
yepe3 HEUTPAIM3YIOIINE MaTepUallbl.

Jlo3y peareHTOB HaJUIeKUT ONPEAEIATh U3 YCIOBUS NOJHON HEUTpaIu3aluu
COJIEpIKaIMXCS B CTOYHBIX BOJAX KUCIIOT UJIH 1LEI0YEH U BBIIEICHHUS B 0CAJ0K COETMHEHNN
TSKEJIBIX METAJIJIOB IO YPaBHEHUIO COOTBETCTBYIOILEH peaKIiHy.

Pacxon pearcHura, Kr, BBIYUCIIACTCA 110 Q)opMyne:

G=%(ﬂq+ﬂg)-gw

rae

A — conepxanue aktuBHOM CaO B ucnonb3yemoii u3Bectu, %;

A1 — xonnuectBo akTuBHOM Ca0, He0OXOAUMOMH IS OCAKIEHUS METAJIIIOB, KZ/Ms;

Ay — xommdectBo aktuBHOM CaO, HeoOX0qUMOM I HEHTpaTu3auu CBOOOIHOM cepHO
KHCJIOTEI, KZ/MS;

Qw — pacxod CTOYHBIX BOJ, M.

N30bITOK pearenTa noskeH coctaBisaTh 10 % pacueTrHoro konudectsa. B kauectse
peareHToB /15l HEUTpaIU3allii KUCIIBIX CTOUHBIX BOJ CIE€IyeT MPUMEHSTh THPOKUCH KaJIbIHs B
Buzie 5 % 10 aKTUBHOW OKHMCH KaJbIIHs N3BECTKOBOTO MOJIOKA FITH OTXOBI IIENI0UeH (€QKoTo
HaTpa U KaJus).

Jlist BBIZIETICHHSI OCaJIKa CIIEAYET MpeyCMaTpuBaTh OTCTOMHHUKH C BpeMeHeM MTpeObIBaHUS B
HUX CTOYHBIX BOJI B TeueHue 2 4. Oca oK, BbIIEIEHHBIH B OTCTOMHUKAX, 00€3BOKUBAETCS Ha
[IUTAMOBBIX TUIOMIAKAX, BAKyyM-(UIbTpax Wiu GUIbTP-Ipeccax.

2. eanb padoTsl

2.1. OHpCI[CJ'IeHI/Ie ONBITHBIM IIYTEM OIITUMAJIBHOI'O pacxXoJa U3BECTU IJIA HeﬁTpaHHSaHHH
KHCJBIX CTOYHBIX BOJI.

2.2. CHITHE KMHETHKH OCa)XKISHUS B3BECH B CTOYHOM BOJIE.

2.3. Omnpenenenne 0CTaTOUHON KOHIEHTPAIMU B3BEIICHHBIX BEUIECTB U jKelie3a B
HEUTpAIM30BAHHOU BOJE.



2.4. CpaBHEHHE pacUETHOM J103bl U3BECTH C OIBITHOM.

3. Onucanue yCTAaHOBKH
VYcraHoBKa BKITIOYACT B ¢€0s1 S5 MIJIMHIPOB €MKOCTBIO 1 71 KaXKIblid, 5 MEPHBIX IHMJIMHIPOB

1o 100 mz, 5 mepHBIX KOOOUYEK Ha 250 M, pH-memp, cyuunvHbulil wKagh u conymcemsyrouue
0151 BLINOJIHEHUS! AHAIU3A 836CULCHHBIX BeUeCms U Jicelle3a 0owe2o.

4. MeToauKka NMpoBeAeHHsI ONbITA

4.1. B naTh TUTPOBBIX IIWIMHAPOB 3aJIMBACTCS CTOYHAS BOJA C 3aJaHHOM KOHIICHTPAIIUCH
CEPHOU KUCJIOTHI M CEPHOKUCIIOTO Kelie3a.

4.2. Onpenensercs pac4eTHBIN PACcX0]l U3BECTH IO CyXoMYy Mo (opmyiie:

G="T A+ A,

4.3. Onpenensercst KOJIMYeCTBO 5 % pacTBOpa U3BECTKOBOTO MOJIOKA — 5.

44.B Ka)K,Z[BIfI OUIIUHAP CO CTOYHOM BOI[OI71 ,I[O68.BJ'I$I6TC$I HU3BCCTKOBOC MOJIOKO B KOJIHMYCCTBC:
018qu38; 1a0qI/I3B; 111q1/BB’ 1a2qI/I3B; 1a5qI/I3B'

4.5. [lpousBoauTcs TiaBHOE nepeMeninBanne B Teuenue 30-40 cexyn.

4.6. IlpekpaTuTh NepeMeIINBAHUE U CHATh KHHETUKY OCAXKIEHHS 0cajika Bo BpeMeHu: 1, 2, 3, 5,
10, 20, 30 u 45 MunyT.

4.7. Ismeputb pH B KaXXJ10M LIUJIUHAPE.
4.8. Orcuonuts o 100 MIT OCBETIICHHOMN KHUIKOCTH.

4.9. B ocBeTIeHHOMN KHUIKOCTH ONPEACTUTh KOHIIEHTPAIIUIO B3BEIIICHHBIX BEIIECTB H JKEIE30
oOree.

4.10. 3adpukcupoBaTh OKpacKy Ocajika B KaXKOM IMJIHHJIPE.

5. O0pabdoTka pe3yjbTATOB

Ortuer JOJIDKCH BKJIIOYAaThb B ceos:



5.1. Tabuuity KHHETHKHU OCAKACHUS OCAIKA.

5.2. Tabnuiy HaOIrIOACHUHN 1 U3MEpEeHNH pH, KOHIIEHTPAIMK B3BEIICHHBIX BEILECTB, Kele3a
o0111ero, pacxo/ia peareHTa, U3MeHEeHUsl OKPACKH.

5.3. IlocTpouth rpaduKu 3aBUCUMOCTEH: EH = f(qu); Coe = @) Fo = f(qua);
p:l'{ = f(q}liﬁ)'

5.4. KpaTkue BbIBOJIbI 110 pe3ysbTaTaM paboThI.



ONPEJEJEHUE Y®PEKTA PABOTHI TOHKOCJIOMHOI'O
OTCTOMHHUKA

1. TeopeTuyecKkue MoJIOKEeHUSI

B npoTo4YHBIX OTCTOMHUKAX BOJA B IPOLIECCE OCBETIICHHS HENPEPBIBHOIO IBUXKETCS. B
pealIbHBIX OTCTOMHHMKAX B IPOLIECCE OCBETICHUS HAOII0AaeTCsa TypOYICHTHBIN PEeXUM
nBukeHusl. TypOyJIeHTHOCTh TOPMO3HT OCAXKICHHE B3BECeH u yxyamaeT 3pPeKTUBHOCTD
OCBETJICHUS BOJIbI B OTCTOMHUKAX I10 CPABHEHUIO C OCBETIICHUEM €€ B COCTOSIHUU MOKOSI.

Ecnu B oTcTOIHMKAX 00€CeUnTh JIAMUHAPHOE JIBUKECHUE KUKOCTH, TO 3()(HEKTUBHOCTH
ux OyJleT 3HaYUTENbHO MOBBIIeHa. JlamMmiuHapHOe TBHYKEHUE B OTCTOMHUKAX JTOCTUTAETCs B
pe3ynbTaTe paszieneHus Bcero pabodyero ooObeMa Ha TOHKHE CIIOW TacKaiH (TIOJIOYHBIHA
OTCTOMHHMK) U HAOOPOM MAKETOB TPYOOK HEOOIBIIOr0 quameTpa (TpyOodaTsiii OTCTOWHUK). DTU
OTCTOMHUKU MOJIYYUIIM Ha3BAHUE TOHKOCIOMHBIX OTCTOMHUKOB.

Haubonee parmonanabHa KOHCTPYKIMSI OTCTOMHUKA C TIEPEKPECTHON CXEMOM IBHKEHUS
0CaJIKa ¥ BOJIBI, KOT/Ia BBIICTIAHHBIA OCAJIOK JBMIKETCS TICPIICHIUKYIISIPHO K TBUKCHHUIO
OCBETJISIEMOr0 MOTOKa BOJbl. OCBeT/IIeMas BOAa B 3TOM CIy4ae B MEHbILIEH CTEIICHH
MOJIBEPKCHA MOBTOPHOMY 3arpsS3HCHHIO BBIITABITUM OCAIKOM.

Y011 HaKJIOHA MOJIOK K TOPU3OHTY CIEeyeT MPUHUMATh paBHBIM 0= 45-60 B 3aBucUMOCTH
OT yIJa CIoJI3aHus Ocaika. BrICOTY OJI0UHOTO MpocTpaHcTBa H peKOMEHIYyeTCs IPUHUMATh B
npenenax ot 1 1o 2 M, a BEICOTY sipyca Ny, —om 50 0o 150 mm.

CKOpOCTh JBMKCHHS BOIBI B MEKITOJIOYHOM ITPOCTPAHCTBE OMPEACIISICTCS U3 YCIOBHS
o0ecrieueHus JaMHUHAPHOTO JIBUYKEHUS BOJIBI;

_Rav
veT T
ey

Y - gucno Peiinonsca, pasaoe 500;

¥~ CMOYEHHBII NIEPUMETD spycCa;
L- KHHEMaTHYeCKUH KO3 UIIMEHT BA3KOCTH;

_B-h,
@, = ——>
COS . nomane )KUBOTO ceUeHUs APyCa;
R, =~

ap ;
A TUJIPaBINYECKUN paguyc sipyca.

[TpoaoKUTETLHOCTh OCBETIICHHS t U JITTMHA TIOJIOYHOTO MPOCTpaHcTBa | onpenensrorces no
dbopmynam:



A

f: iH .
»
I, COS

L= KEt-v

rme
Uo — TUApABIMYECKasi KPYITHOCTh B3BECEH, OCAXKICHNE KOTOPHIX 00ECIIEYnBaET TPEOyEeMBbIii
3¢ (}eKT OCBETIICHUS BOJBI;
K3— ko3¢ dunmeHT 3amnaca, y9UTHIBAIONIUI HEMOIHOE MCIIOJIb30BaHHE 00heMa TOHKOCIOWHOTO
OTCTOMHUKA, paBHbIN 1,3-1,5.

OOm1ast ;yIMHA OTCTOMHMKA OTPEACISIETCs] KAaK CyMMa JUTHHBI ITOJIOYHOTO TIPOCTPAHCTBA
BOJIOPACIIPEACITUTEIIFHOTO ¥ BOJIOCOOPHOTO YCTPOHCTB.

2. Heanb padoThl

2.1. Onpenenenue 3pPEKTUBHOCTH OCBETIICHHUS BOJIBI B TOHKOCIIOWHOM OTCTOMHHKE TIPH
Pa3IMYHON CKOPOCTH JBMKECHUS BOJIBI.

2.2. Onpenenenue 3pPEKTUBHOCTH OCBETIICHHUS BOJIBI B 3aBUCUMOCTH OT MPOJOJKUTEILHOCTH
OCBETJICHUS BOJIBI.

1 - moga4a BOALL
.'Lff} IR 2 - DaK-peryIsTOP;
3 - AbIpYAaThIE [ePeropoKH;
H % 1 " 4 - BOJOCIHE;
¥ i 5 - OTEOJ BOJHLI,
— B 7 | 6 - MepHBIH 0aK;
— | L =1 ESI E‘-————“ 7 - IOTOYHEIE GIIOKH,
| | 8 - OTCTOHHHE.
- | | 5
| | T-6

3. Onucanne yCTAaHOBKH

Puc. 4. Cxema yCTaHOBKH JIJ1s1 OCBETJICHUS BOJIBI.



4. Meroauka uccie10BaHuil
4.1. OnpenenuTs pacxo/l C MOMOIIBIO MEPHOTO BOAOCINBA HITH 0ObEMHBIM CIIOCOOOM.

4.2. ITpu Re = 500 onpenenuTh MaKCUMAIIBHYIO CKOPOCTb, V, IIPU KOTOPOH 00€CTIeunBacTCst
JIAaMUHAPHOE JIBUKCHUE.

4.3. YCTaHOBUTh MaKCUMAJIbHBIN PACXOJ Ha YCTAHOBKY (= W, ;.

44. HpOBeCTI/I OIIBITHI ITPU HECKOJIBKUX 3HAYCHHUAX pacXoada: MaKCMMAaJIbHOM, MCHBIIIEC
MAaKCHMAaJIbHOT'O U 0O0JIbIIE MAKCUMAJIBHOTO.

4.5. HpOBeCTI/I OIIBITHI ITPH pasnanoﬁ IpOAOJIKUTCIbHOCTHU OCBECTICHUA BOJAbI, AJIA YCTO
IMOCJICA0BATCIIbHO YCTAHABJIMBAKOTCA OAWH, IBa WU TPU 6HOKa, pacmnojiaracmMbiX OJWH 3a

JIPYTUM.

4.6. Kaxxp1il onbIT ipojoikaeTcst He MeHee 30 MUH, B TEUEHHUE KOTOPBIX OTOMPAFOTCS TTPOOHI.
5. O0padoTKa ONBITHBIX H3MEPEeHUH
OTuer AOKEH BKIIIOYATh CIIEAYIOLIEe:

5.1. Tabnuiy u3mMepeHui:

Ne OmnpezencHue pacxoaa v, t, Dddexr
OIIBI- 00BEM MEPHOTO t,c q, mm/c q Cens Cey, 3,
6aka, m°
Ta M me/n Ma/n %

5.2. CxeMy yCTaHOBKH.
5.3. T'paduku 3aBHCHMOCTH I=J2)3=70)

5.4. Kpatkue BBIBOABI 110 pe3yJibTaTaM pabOTHI.



BJIMSAHUE JPOBHOM MMOJAYN KATHOHO- 1
AHUOHOAKTHUBHBIX ®JOKYJAHTOB HA DO®PEKTUBHOCTD
OYUCTKU CTOYHBIX BOJ

1. TeopeTuveckue NMOJIOKEHNUS

B coBpeMeHHO TeXHOJIOTUHN OCBETICHHS CTOYHBIX BOJI BCE LIMPE MCIIOJIb3YIOTCS BEIIECTBA,
MHTCHCU(UIMPYIOINE U YIyUIIAIONINe IPOIecC KOaryIupoBaHus — QIOKyISHTHL. VX neiicTBue
COCTOUT B YCKOPEHMH U MOBBILIEHUU 3(PPEKTUBHOCTU arperauy 4acTHUeK. ITO IPOSIBIIAETCS B
0o0pa3oBaHUM KPYIHBIX, OBICTPOOCEIAIONINX B OTCTOMHUKAX XJombeB. K dhaokynsHTam
OTHOCATCS BEILIECTBA MUHEPAIILHOT'O IPOUCX0XKICHH (aKTUBHAs KPEMHUEBAs KUCIIOTA) U
OpraHuyeckue (IIpUpoJHbIE U CHHTETUYECKUE) BHICOKOMOJIEKYIISIPHBIE COEMHEHMUS.

@DOKYISHTHI JUCCOLMUPYIOT Ha MOHBI, 00JIaatolye CBOMCTBAMHU KaK MTOJUMEPOB, TaK
ANEKTPOJIUTOB. Jucconnanus Takux MoJIU3JIEKTPOIUTOB IPOUCXOAUT ¢ 00pa3oBaHUEM
BBICOKOMOJIEKYJIIPHOT'O TIOJIMBAJICHTHOTO HOHA U MHOTUX ITPOCTHIX MAJIOBAJICHTHBIX HOHOB. B
3aBUCHMOCTH OT 3HaKa 3apsja CJI0KHOTO MOHA Pa3IMn4yaroT KATUOHHBIE U aHUOHHBIE
HOJUAIEKTPOIUTHL. K nepBbIM OTHOCATCS OJUATUICHUMUH, TOJMMETHIAMUHO-
ATWIMETAKpUIAT-THIPOALETAT, IOJIMBUHUI-OYTHIIIUPUANHOPOMUA U Ap.; KO BTOPBIM —
MOJIMAKpUIaT HATPUsl, KapOOKCHIIMETHII-1IeIUII0JI03a, AJIbIMHAT HaTpus U 1p. CyIecTBYIOT U
am(oTepHbIE NOJUAIEKTPOJIUTHI, XapaKTep IUCCOLMALUN KOTOPBIX U 3HAK 3apsiia
MIOJIMBAJIEHTHOI'O MOHA 3aBUCAT OT pH pactBopa. K HUM OTHOCSATCS O€NKU, THAPOIN30BAHHBIN
MOJINAKPUIIAMUJ U T.11.

BaxxHbIM 11aroM B pacrpocTpaHeHUH (IIOKYJISHTOB SBUJIOCH ITOJIyY€HHE CUHTETUYECKUX
MOJIMMEPOB € OOJIBIION MOJIEKYIISIPHON Maccoid. MexaHu3M (DIOKYIHMPYIOIIETo AeHCTBUS
BBICOKOMOJIEKYIJISIPHBIX BEIIECTB BUAAT B aJICOPOLIMU MOJIEKYJT TOJIUMEPOB MOBEPXHOCTHIO
B3BEIICHHbIX YacThuyeK. DIIOKYISAHTH KATHOHHOTO TOKa MOTYT CBA3BIBATH YACTUYKU HE TOJIBKO B
pe3yibTare aJicopOLuu, HO U BCIEJCTBUE YMEHBIIEHUS UX arperaTuBHOM yCTOWYMBOCTH.
@DIIOKYISAHTH aHHOHHOTO THUIIA HAXOJAT CaMOCTOSITENIbHOE IPUMEHEHUE [Tl YAAJIEHUS YaCTUYEK
3HAYUTENbHBIX Pa3MepOB (MIPOMBILUIEHHBIE IUTAKH, YTOIb U T.11.).

O PexTuBHOCTD NEHCTBUS MOIUIEKTPOIUTOB 3aBUCUT OT COOTHOIIEHUS MEXY
KOHIIEHTPALUAMH (DIIOKYIISIHTA M B3BEILIEHHBIX BEIIECTB.

2. lennb padoTsl
2.1. OnpeneneHre ONTUMAIBHON 036l KaTHOHOAKTUBHOTO (utokynsiHTa BITK-101, BA-3.
2.2. Onpezenenne onTUMaIbHOM 1036l aHHOHOAKTUBHOTO (piiokymstaTa KMII.
2.3. Omnpenenenue qpoOHOM Mo1auu peareHToB Ha 3 (HEKTUBHOCTH OUUCTKH.
3. Onucanne IKCNEPUMEHTATbHON YCTAHOBKH
YcranoBka BKItoYaeT B ceds 10 MUIMHAPOB eMKOCTBIO IO OJJHOMY JIUTPY KaXKbIH, 9

MEPHBIX MUTMETOK eMKOCTHIO 710 10 MM kaxabiid, 10 MepHBIX KOO eMKOCTBIO 250 MJT KaXKaas JJis
oT0opa Mpod OCBETIIEHHOU BOJIBI.



4. Meroauka npoBeJeHHs ONbITA
4.1. B 10 uunuHapoB 3anuBaeTcs CTOYHAs BOJA.

4.2. B kaxapIii TUIMHAP co cTouHOM Bosoi BBoauTcs 0,1%-Hb1i pactBop diokynsnra: 0, 1, 3, 5
u 8 MM, iepeMeniats B TedeHue 20-30 cexyHa.

4.3. Ilocne 5-10-MUHYTHOTO OTCTaWBaHUS OTOOPATh MPOOBI HA AaHAIN3 COJICPKAHUS B3BEIICHHBIX
BEILIECTB.

4.4. OnpeaenuTs ONTUMAIBHYIO J03Y.
4.5. B nocnenytouye 5 HUIMHAPOB CO CTOYHOM BOJIOM BBECTU ONTUMAJIBHYIO 103y JPOOHOMN
nonayeit, %: 30 : 70; 50 : 50; 70 : 30; 15 : 85; 85 : 15. JIpoGHOCTH OCYIIECTBISATE Yepe3
npoMexyTok Bpemenu 30-40 cek.
4.6. OnpenenuTh ONTUMAIbHYIO JPOOHYIO ITO1avy.

5. O6padoTka pe3yJbTATOB U3MepPEeHU

Otuer JOJIKCH COACPIKATDh:

5.1. Tabnuity HaONIIOIEHUN U BBIYUCIICHUN.

5.2. Onpenenenue 3¢ dexra ouucTKH 1o Gopmyne o

3= 7(D,).

5.3. I'paduk 3aBUCUMOCTH

5.4. I'paduk 3aBUCUMOCTH 3=r (cooTHoL.).

5.5. Kparkue BBIBOABI 110 pe3yabTaTaM pabOThlI.



OIIPEJEJIEHUE AJCOPBIIMOHHON EMKOCTHA AKTUBUPOBAHHBIX YI'JIEH
TP OYUCTKE CTOYHbLIX BO/]
COPBIIMOHHBIM METOAOM

1. TeopeTuveckue NMOJIOKEHUS

CopOuMOHHBII METOJ] OYMCTKH CTOYHBIX BOJ OCHOBAH HA M3BJICUYEHUH U3 BOJBI TBEPIBIX
TEJl — COPOCHTOB, B KAUE€CTBE KOTOPBIX MOTYT OBITh MCITOJIb30BaHbI MEJIKOIUCIIEPCHBIE TBEP/IbIC
BEIIECTBA, 00JIa1at0IMe 3HaUUTENbHOM oBepXHOCThI0. Hanbonee mupokoe npumMeHeHue
UMEIOT pa3IMYHbIE MAPKU AKTUBHBIX YIJIEH U Telib KPEMHHEBON KUCIOTHI — CHIIMKareib. Kpome
TOr0, IPYU OYUCTKE CTOYHBIX BOJI POJIb COPOEHTOB BBINOJIHAIOT XJIOIbS THAPOOKUCEH METAJIIOB
(KoaryssiHThI), aKTUBHBIA UJT a@3POTEHKOB, OMOIIIICHKA OMO(PUIBTPOB.

ITpu ancopOuMK pacTBOPEHHBIX BEIIECTB MOJIEKYJIbI pACTBOPEHHOTI'O BEIIECTBA MEPEXOIAT
13 o0beMa pacTBOpa Ha TIOBEPXHOCTh TBEPAOTO COPOCHTA MO IEHCTBUEM CHUIIOBOTO TTOJIS
oBepXHOCTU. [Ipy 3TOM NPOMCXOIUT JBa BUJIAa MEKMOJIEKYIISIPHOIO B3aUMOJICHCTBUS:
THJIpATaIHs MOJIEKYJT pACTBOPEHHOTO BEUIECTBA, T.€. B3aMMOICHCTBUE UX C MOJIEKYJIaMHU BOJIBI B
pacTBope, U B3aUMOJIEHCTBHEM MOJIEKYJ aJJICOPOUPYIOIIEro BEIIEeCTBa C IOBEPXHOCTHIO
TBEPIOTO Tesa. Pa3HOCTH SHEPTHH ATHX JIBYX MPOILECCOB U €CTh Ta YHEPTHs, C KOTOPOU
U3BJICUEHHOE M3 PACTBOPA BEIIECTBO YIEP’KUBACTCS Ha TIOBEPXHOCTH MTOTPY>KEHHOTO B PaCTBOP
azcopOeHTa.

UYeMm Ooutbliie s3HEPrys IMIpaTali MOJIEKYJ pAaCTBOPEHHOTI'O BELIECTBA, TeM OoJiblIee
MIPOTHBOJICHCTBUE HCIBITHIBAIOT 3TH MOJIEKYJIBI TIPH IEPEX0/IEe Ha TOBEPXHOCTH aJIcOpOeHTa U
TeM cialee BeIeCTBO aJIcOpOUpyeTCs U3 BOJAHOTO pacTBOpA.

[Tpu agcopOuMK U3 BOJHBIX PACTBOPOB MOJICKYJIBI PACTBOPEHHOT'O BEIIECTBA
B3aMMOJICHCTBYIOT C MOHOMOJIEKYJISIPHBIM CIIOEM BOJIbI, 60JIee MIIM MEHEe IPOYHO CBA3AHHBIM C
MMOBEPXHOCTHIO aJICOPOCHTA.

Ha BbITecHeHue aicopOMpOBaHHBIX MOJIEKYJ BOBI MOJIEKYJIAMU PaCTBOPEHHOI'O BEILIECTBA
JOJDKHO OBITH 3aTpavueHo TeM OOJIbIle SHEPTUH, YeM OOJIbIIEe SHEPTHS CBS3H BBITECHSIEMBIX
MOJIEKYJI C a7ICOPOEHTOM.

PaccMoTpuM COpOIIMOHHBINA METO/I OYUCTKH Ha TIPUMEPE M3BJICUCHHUS U3 CTOYHBIX BOJ]
(beHomnoB.

Jia ancopOunu (heHosI0B U3 BO/ABI Hau0oJIee 4YacTO MPUMEHSIOTCS YIJIM U CUHTETUYECKHE
cMoutbl. OHU TUAPO(OOHBI U FHEPTHUS aICOPOLIMOHHOTO B3aUMOAECHCTBHUS Ha IOBEPXHOCTH C
MOJIEKYJIaMH BOJIbI HUXKE SHEPTHH B3aUMOJICHCTBHS C MOJIEKYJIaMU ()EHOJIOB.

Ancop61rioHHast ciocOOHOCTH yriiel 3aBUCHUT OT pH pacTBopoB. OnTHMaIbHAs copoOLus
(beHoIa MPOUCXOIUT B KUCIIOH cpene. [Ipu nmoBsiennn pH pacTBOPOB COPOUPYEMOCTh (PEHOJIOB
najsaeT. OTo 00BACHIETCS TEM, UTO Ha aJICOPOUPYEMOCTh (peHOIIa OKa3bIBACT BIUSHUE CTPYKTYpa
€r0 MOJICKYJIBI U Aucconuans ee. Ecim B pacTBope HaXOASTCs OJTHOBPEMEHHO HOHBI H
HE/IMCCOLMUPOBAHHBIE MOJIEKYJIBI, TO aICOPOUPYIOTCS TOIBKO MOCIETHUE.

Takum 00pa3oM, TEXHOIOTHYECKAs CXeMa OYHCTKH, 00ECTIEeYHBAIOMIAs BRICOKHI
a7IcopOLIMOHHBIHN 3¢ (deKT, T0HKHA IpeAyCcMaTpUBaTh co3/1aHue pH, COOTBETCTBYIOIEE
00pa30BaHUIO MEHEE TUCCOIMMPOBAHHBIX (POPM M3BIIEKAEMOTO BemecTBa. it )eHONMbHBIX
pacTBOpOB peKOMEHyeTcst 3HaueHue pH = 4,5.



IIpH JaTbHeHIIeM VEBETHYeHHH
KOHI[eHTpaLHH KOIMH4YeCTBO ajcopOHpye-
MOrQ BellecTBa YRETHIHPAeTCA, HO B
MeHBIIeH CTelleHH (Y4acTOK 2)H B Jak-
I HeHITleM KPHBas CTPeMHTCA K MPAMOH, ma-
paTeTLHOH 0CH abCcIHCC (YHacToOK 3), UTO
COOTBETCTBYeT IIOCTEelIeHHOMY HachIlle-
HHIO TOBEPXHOCTH afcopdenra. Korga Ha-
; ChOIleHHe JOCTHTHYTO, JanbHedlllee II0-
0 100 200 300 400 500 BBOIEHHEe KOHLIEHTPAal[HH BellecTBa B pac-

PapHoBECHAA KOHIEHTPAUHA  TROPe MPAKTHY eCKH ViK€ He BIIET Ha KO-
BRI A RO IHYECTBO ACOPOHPYEMOTO BEILIECTRA.
PHc. 5. H30TepMa agcopOLIH. AncopOIHOHHAA H30TePMa OMHCHI-

—_
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EelecTEa, MO/
=
=

()
[}

FEonuuecteo agcopbupyemors

[Ipouecc ancopOuuu MoKeT ObITh OIIMCaH U30TEPMOM, KOTOpast XapaKTepU3yeT
3aBHCUMOCTh KOJIMUECTBA BEIIECTBA, aICOPONPOBABIIETOCS MOCIIE YCTAaHOBICHUS PABHOBECHS,
OT PaBHOBECHO! KOHIIEHTpALlMU PacTBOPA IIPU MOCTOSHHOM Temneparype. [Ipu yBennuenun
KOHIIEHTPALIMHU BEILECTBA B PACTBOPE YBEINUMBAETCS KOJUYECTBO a1COPOMPYEMOro BEIIECTBA.
OpHako Ha pa3HBIX y4acTKax aJcopOLMOHHON U30TEPMBI 3TO CKa3bIBA€TCs HEO/IMHAKOBO. B
00J1IaCTH HU3KUX KOHLEHTPAIMH KOJIMYECTBO acOPOUPYEMOro BELIeCTBa IPSIMO
MIPOTMOPIIMOHAIBHO €r0 KOHIIEHTpaluu (ydacTok 1 u3oTepmsl Ha puc. 1).

be

=K .
1+ bc

TIe
a — KOJTMYECTBO aJICOPOIIMOHHOTO BEIIECTBA, Me/2;

K u b — BenmuuuHbI, MOCTOSHHBIE /IS JAHHOW H30TEPMBI,

¢ — KOHYeHmpayusi eeuecmea npu 00CMUNCeHUU pagHoB8ecust, Me/J.

[lepecueT KOHLIEHTpALMH B MMOIb/1 TIPOU3BOIAT 110 opMyJIe:

1
f
C'=—0C,
e
31ech M — MOJIEKYJIIpHAasi Macca BEIIECTBa.
Onnako ypaBHeHHE JISHIMIOpa 9acTO HE COOTBETCTBYET SKCIIEPUMEHTAIHHO HAMIEHHBIM

HU30TCpMamM aﬂcop6u1/n/1. DTO 00BACHICTCS TEM, 4YTO IIPU BBIBOAC YPABHCHUA HBHFMIOpa ObLIH
CACJIAHBI CICAYIONIUE YIIPOUICHHBIC MPEATIOIIOKCHMS:



1) moBepXHOCTH aJCOPOUPYIOIIETO TBEPIOTO TEla OTHOPOJIHA;
2) MOJIEKYJIbl, HAXOJSIIMECS HA TIOBEPXHOCTH acOpOeHTa, HE B3aMMOACHCTBYIOT APYT C APYTOM;
3) Ha MOBEPXHOCTU 00pa3zyeTcs TOIbKO OJUH CJIONH MOJIEKYII.

DaKTHYECKH K€ Ha TOBEPXHOCTH MHOTHUX aJICOPOCHTOB (aKTUBUPOBAHHBIE YTIIU,
CUJIMKarejb) BeCbMa HEOAHOPOIHBI. OHU MPOHU3aHBI MHOKECTBOM MEJIKUX KaHAJIOB, KOTOPHIE
00pa3yroT MHOTOYHCIIEHHBIE TyCTOTHI ¥ BIAJAUHBI, Oaroaps 4eMy yBEIHMYHUBAETCS
MOBEPXHOCTH a/ICOPOIIMHU U MOBBIIIAETCS aACOPOLMOHHAs CIIOCOOHOCTH yrien. Kpome Toro,
a71copOLIMOHHBIE MOJIEKYJIBI MOTYT B3aUMO/ICHCTBOBATH APYT C IPYroM, 0Opa3oBbIBasi HE OJIMH, a
HECKOJIBKO CJIOE€B MOJIEKYII.

AncopbunonHas u3zorepma 0osiee TOUHO OMKChIBaeTcsl ypaBHeHHEeM DpeitHanuxa, KoTopoe,
B OTJIMYME OT ypaBHEHUsI JISHIMIOpA, YYUTHIBAET HEOJHOPOIHOCTH TOBEPXHOCTH U XOPOIIIO
COTJIaCyeTCsl C OTMBITHBIMU JAHHBIMU:

1

g =KEC",

rae K u N — ko3 (HUIMeHTHI, BEIMYHHBI KOTOPBIX 3aBHCAT OT BUIa COPOSHTA KOHIICHTPALIUT
cOpOMpPYEeMOro BEIIECTBA, TEMIIEPATYPhI CPEIb, IIPOIOJHKUTEIBHOCTH TIpoIiecca U
OIIPCACIIAIOTCA OIBITHBIM ITYTEM B KaX/IOM KOHKPETHOM CJIy4dac.

OmnpenenuB BUJT YPaBHEHUSI H30TEPMBI aJICOPOIIUK U COOTBETCTBYIOIIHE KOA(PPHUIIMESHTHI,
MO>KHO BBIYUCIIUTH BETMUMHY yJEIbHON aJCOpOIMH BEIIECTBA MPH JF000H 3a1aHHON
PaBHOBECHON KOHIIEHTPAIIUU PACTBOPa U HEOOXOAUMYIO 03y aJicOpOeHTa sl JOCTHUIKCHHUS
3a1aHHOTO d(PeKTa U3BJICUCHUS BEIIECTBA U3 CTOYHOU BO/IBI.

2. Heanb padoTthl

B nanHoif paboTe cTaBUTCS 3a/1a4a ONPEENUTh aICOPOLIMOHHYIO EMKOCTb
aKTUBHUPOBaHHBIX yrie mapok: OY—cyxoii, KAJ[-ifionneiii, BAY.

VYrons mapku OY-Cyxoli — BBICOKOAKTUBHBIN U KPYITHOIIOPUCTBIN C pa3MepOM 3epeH ?
0,056 mm; yronb Mapku KA /I-iioaHbII MeNKOOPUCTHIH, 001ajaeT cpeHel akTHBHOCTBIO,
pasmep 3epeH 2-3 MMm; yroiib Mapku BAY, Tak ke kak u yroias mapku KA/, MeTkonopucTsIi,
CpeIHEN aKTUBHOCTH, pa3Mep 3epeH 1-5 Mm.

C uenbio CpaBHUTEIBHON OLIEHKH COPOIIMOHHOM CIIOCOOHOCTH UCCIIETyeMbIX yIiiei
OTIPEIENIAIOTCS N30TEPMBI aZICOPOIIMH PACTBOPOB C PA3HBIMH KOHIIEHTpALUAMH (PeHoIa.

3. Meroauka npoBeaeHust padoThl

B nsTh yHCTBHIX M cyXux K00 emkocThio 250 M HanmuBaroT 1o 100 mi pacTBopa,
cojiepaKaliero (hpeHos B pa3HbIX KOHIEHTpalMaX. B nepByro koa0y HaIMBarOT pacTBOp C
KoHIIeHTpauueit penona — 0,5 mr/i, Bo BTopyto — 0,7 mMr/m, B TpeTbto — 1 Mr/1, B 4eTBepTyIO — 2
MI/J1, B IATYIO — 5 MI/J1. 3aTeM B KaXAYIO U3 KOJIO BBICHINAIOT 3apaHee MPUTOTOBIICHHBIE



HaBecku Maccoi 1 r aktuBupoBaHHoro yrist KA /[-iionusiii. Cogepxumoe K00 nepeMennBaroT
B TeueHue 20 MuH. DHepruyHOe NMepeMelIBaHie BbIpaBHUBAET KOHIIEHTPAIIUIO PAacCTBOPA B
o0beMe 1 BOJIM3H MOBEPXHOCTHU a/icopOenTa. [1o okoHuaHNM NIepeMeInBaHus pacTBOP
OT(GUIBTPOBHIBAIOT Uepe3 OyMakHbIM (PHIIBTP; TTepBbIe MOpIUU (pUiIbTpaTa 0OTOPACHIBAIOT. 3aTeM
OTIPECIISIOT KOHIIEHTpaInio (heHosa B GuiIbTpaTe mo oOIIETTPUHATON METOIUKE
KaJIOPUMETPUUYECKUM METOJIOM C IPUMEHEHHEM 4-aMUHOAHTUITHPUHA.

4. O0padoTKa pe3yJIbTATOB U3MepeHU

4.1. Pe3ynbTaThl onpeesieHus aJcOPOIMOHHON EMKOCTH aKTHBHPOBAHHOTO YTJIsl 3aHOCATCS B
TaOIHILy.

Ne HauvanbHast koH1IeHTpanus GeHona B PaBHOBecHas Macca HaBecku Mapxka yris
pacTBope, KOHIIEHTpaLus, AKTUBHUPOBAHHOTO YTIIA, 2
me/n me/n

4.2. I1o moy4eHHBIM TAaHHBIM PACCUMTHIBAIOT KOJIHUYECTBO (eHoNna @, Mmons Ha 1 2 yens no
Gdopmyne:

_ (Cru - C)V

k]

D
i

rae V — o0bsem pacTBopa, M.

4.3. KpaTkue BBIBOJBI IO pe3ysbTaTaM padoThI.



OJIOTAHUOHHASA OYUCTKA CTOYHBIX BO/JI OT ITAB
1. TeopeTuyeckue NMOJIOKEHUS

CuHTeTHYeCKHe MOBEpXHOCTHO-aKTUBHBIE BellecTBa ([IAB) B HacTos1Iee BpeMs HIHUPOKO
MIPUMEHSIOTCSI BO MHOTHUX OTPACIISX MPOMBIIIIEHHOCTH — TEKCTHIIBHOU, KOXKEBEHHOM,
XUMHUYECKOH, OyMa)KHOH U Jp. — B KAU€CTBE MOIOIIMX, CMaUYMBAIOIINX, BHIPABHUBAIOIINX
cpeactB. Hanmune ITAB B cTokax cka3pIBaeTCsi Ha OMOIIOTHYECKO OUHUCTKE OTPUIATEIBHOTO.
JlJig ycTienHoM OYUCTKH TaKUX CTOYHBIX BOJ] HEOOXOAUMO HCIOIb30BaTh HAICKHbBIN
(IOTAIMOHHBIN METO/I.

B npouiecc dotanuu npu AMCIEprUPOBAHUM BO3TyXa B CTOYHON KHUAKOCTH MPOUCXOAUT
BCIUIbIBaHKE MOJIEKYJ uiu mutieiul IIAB Ha rpanuiie paznena BoAga-Bo3AyX U AUCHEPCHBIX
YacTHUIl BMECTE C IMy3bIpbKaMH BO3/1yXa Ha MOBEPXHOCTh CTOYHOM XUIKOCTH. OOpa3yromuiics
cnoit HackleH [TAB u qucnepcHbIMU YaCTULIAMM.

Cuemienune monexkyn uinu muuesut [TAB ¢ BO3IyllIHBIMU ITy3bIpbKaMHU B JKUJIKOCTH
00ycoBMBaeTCsS M30BITKOM CBOOOTHOM MTOBEPXHOCTHOM SHEPTHUU HA BCEX YUACTBYIOIIUX B
Mpolecce MOBEPXHOCTIX pazaena. OTHUM U3 OCHOBHBIX (PU3HKO-XUMHUYECKHX (PaKTOPOB
(IIOTaIMOHHOTO MpOoIecca SBISIETCS aICOPOLIHSL.

[TogHuMmaromuiicst BBEpX BO3AYIIHBINA ITy3bIPEK MIPU MPOXO0KICHUN YEPE3 KUIKOCTh
OKpy>KaeTcs MoJieKysiamu uinu mutesuiamu [TAB. [Ipu HenpepbIBHOM ojaye BO3AyxXa Ha
MOBEPXHOCTH CTOYHOM XKHUAKOCTH 00pa3yeTcs ciioi neHsl, HachimeHHbli [TAB. [Tpu
pa3pylIeHUH MeHbI 00pasyeTcst GuoTanuoHHbI, coaepxkammii 2000-3000 e TTIAB B 1 1.

Dddext ynanenus [TAB u3 crounoil skuakoctu Bo ¢ioTaTope 3aBUCUT OT HauaIbHOU
KoHIeHTpanuu [TAB, THTEHCHBHOCTH ITOAaYu BO3AyXa U MPOJAODKHTEILHOCTH (hIIOTAIUH.
OnTumanbHas HHTEHCUBHOCTB TIOJIaYH BO3/IyXa COCTaBiseT 8-12 Mg/(MZ?‘-I). OnrtumansHasg
MPOJIOJKUTENHLHOCTD (hrotaruu 15-60 mun. Yem Oomnbiie HavanmbHast KoHIeHTparus [IAB, Tem
BbIe 3¢ ekt ¢protaunu [TAB U3 crouHoM KUIKOCTH.

2. Heanb padoTthl
2.1. Onpenenenue >ppexTa OUNCTKH B 3aBUCUMOCTH OT BPEMEHH (PIIOTAIUH.

2.2. YcraHOBIIEHHE ONTUMAJIBLHOTO BpEMEHH (IIOTAIUH.



i
- J_L ” 1 - mTytiep;
_ 2 - [MTHHAP;

5 1 3 - moja4a cTOYHOH BOJEL,

, 3 4 - eMKOCTE JUIA1 cOopa MeHkI;

T 5 - KOHJeHcaToCcOOPHBIH IHTHH/P;
1 6 - BBITYCK KOH/[eHCAaTa;
; 7 - PHILTPOC H3 NOPHCTOH KepaMHEH;
T—y 8 - moja4a Bo3Ayxa U ¢IyBa MeHbL

Onucanue yCTaHOBKH
Puc. 6. Cxema naGopatopHoro ¢ioratopa.

Pacxoj Bo3ayxa, mojgaBaeMoro Bo ¢GpiotaTop, 3amesiercsi ra3oBbiM cuetunkom I'Ch-400.
Ha Bo3myxorpoBo/ie mepe/1 OMbITHON MOJIEIbIO YCTAHOBIICH MAHOMETP IS H3MEPEHUS AaBICHHSI
Bo3ayxa. [Togaya ucciemyemMoit Boabl BO (hJ0TaTop MPOU3BOIUTCS M3 OYTHUIM Yepes MTyIep 3, a
oT00p P00 — uepe3 mrynep 1.

4. MeToauka npoBeaeHus1 padoTbl

Hagsecky uccieayemoro BemecTBa pacTBOPSAIOT B BOJONPOBOAHOM BO/IE AJIS MTOTY4EHUS
3aJlaHHOM KOHIeHTpauuu. TiaTeabHO MPOMBIBAIOT BCE CTEHKH (ioTaTopa CHavyaa
BOJIONPOBOIHOM BOJIOH, a 3aTeM JUCTWIMPOBaHHOM. Boay U3 proraTopa cinmBaroT ¢ momMoIibo
cudona. [Tonaya Bo3nyxa nuamepsieTcsi ra30BbIM cueTuukoM. Mccienyemyro Boay HaJlMBaOT B
uHAp. [locne Havana ¢uoranuu 6epyt mpo6s! Boas! uepes 10, 20,30, 40, 50 mun, 3amepstoT
00BEM CKOHJIEHCUPOBAHHOM U3 MEHBI JKUIAKOCTH (KOHAEHcaT neHsl). [IponsBoanTes aHanus3 no
ornpeneneHuto koHueHTpauuu [TAB B oto6panHbix npobax uepes 10, 20, 30, 40, 50 u 60 MunyT.

5. O0paboTKa pe3yJIbTaTOB M3MepPeHHIt
OTuer J0KEH BKIIOYATh CIEAYIOIIEe:

5.1. Tabnuiy HaOMIOIEHUI U BBIYUCICHUI.

Tabaniia HaOIIOIEHUN U BEIYUCICHUIH

Bpems gnoranuy, MuH. 10 20 30 40 50

60

Kounuentpauus [TIAB B ouniieHHOM Boze,
Mme/n

OS¢ dexr puoranun, %




Dddexr pnotanmm [TAB, %, onpenensercs o Gopmyoie:

5=Ca"C g,
c

-]

rae
Cen — HavasibHas KoHIeHTpanus [TAB B Bone, me/x,
Cex — xonnentpanus [TAB B Boge nocie duorarmm, me/.

5.2. CxeMy yCTaHOBKH.

3= fit,)

5.3. I'paduk 3aBUCUMOCTH

5.4. KpaTkue BbIBOJIbI 110 pe3ysbTaTtaM padoThI.



BBIEOP TUIIA PACTBOPUTEJIS ITPU ) KUJIKOCTHOM
IKCTPAKIIUU ®EHOJIA U3 BOJbI

1. TeopeTuyecKkue MoJIOKEeHUSI

KuakocTHas HKCTpaKIUs IUPOKO MPUMEHSETCS ISl M3BJICYCHHs (DEHOJIOB U3 CTOYHBIX BOJI
MpeanpHUsATHI, nepepadbaThIBAIOINX TBEPI0E TOIUIMBO, U MPEANPUATHI 110 IPOU3BOJCTBY
IJIACTUYECKUX MACC.

[Ipouecc 3KCTpaKkIMK 3aKII0YAETCS B CMEIIEHUH CTOYHON BOJIBI C SKCTPAreHTOM U 3aTeM UX
pasnenenus. B kauecTBe 3KCTpareHTOB NPUMEHSIOT BEILIECTBA, B KOTOPBIX 3KCTPAarupyeMoe
BEIIECTBO PacTBOpPsETCs Jiyullle, yeM Boja. [Ipu cmenieHnn ycTaHaBIMBAaeTCs TMHAMUYECKOe
pPaBHOBECHE B PacHpeesIEHUN IKCTPArupyeMoro BELECTBA SKCTPAreHTOM U BOJIOM.

B cocTosinnu paBHOBecHsI KOHIIEHTPAIIMHU BEIIECTBA B IKCTPAreHTE U BOJHOMU (hase
XapaKTepU3yITCa KOOPPHUIMEHTOM pacipeaeIeHHs

a=yh:,(l)

rae
. 3.
X — paBHOBECHAasl KOHIICHTpAIUs U3BIIEKaeMOro BeIllecTBa B BOJAHOM dase, ke/m”;
o 3
V — paBHOBECHAsI KOHIICHTPAIIHS TOTO JK€ BEIIECTBA B OpraHuveckoi ase, Kr/m".

Koadduument pacrpeneneHus sBIseTCsl BETUINHON, TI0 KOTOPO MOYXKHO CYAHUTH 00
IKCTPArupyromei crrocoOOHOCTH PaCTBOPUTEIICH U BRIOPATH JTydIne U3 HuX. YeM K03 HUIueHT
pacripeniesnieHus 00JIblIe, TEM MEHbIIE TOTPEOyeTCs PACTBOPUTENS ISl SKCTPAKLIUU U TEM
SKOHOMUYHEE OYIET METO/I.

Ha npaxTuke BBIOOP pacTBOpUTENS 00YCIIaBIMBAETCS HE TOIBKO KO HHUIIMEHTOM
pacnpezeneHus, HoO OTHOBPEMEHHO U TaKUMH (PaKTOpamH, Kak €ro CTOUMOCTb, 3P(HEKTHUBHOCTh
(MOJIHOTA M CKOPOCTB) pazjiesieHus ¢as.

2. lenanb padoTsl
[enbto naHHOM pabOTHI ABIISETCS ONpeAeaeHue Ko3pPuirenTa pacnpeaeacHus npu

HKCTPaKLUHU (eHOoIIa U3 BOJbI PA3IMUYHBIMU PACTBOPUTEISIMU U HAa €r0 OCHOBE MPOU3BECTU
BBIOOD JIYYIIIETO SKCTPareHTa.



VCTaHOBKA IpeJcTaprIAer coDoH
JKCTPAKTOp 1, HMEWIHH KOHYCHYHO

B5 6 YaCcThk H CIIYCKHOH KpaH 7. B 5KCTpakTo-
| l pe IepeMelllHBaHHE CTOYHOH JKHAKOCTH
C 3KCTPAareHTOM IIPOH3BOJHTCS Mellan-
3 KOH 2, IPHEOAHMOH B JPICKEHHE JBHIa-
TeNneM 5, BEOIOJIHEHHBIM BO B3pbIB00e30-
2 MacHOM HCIIOJHeHHH. O0beM SKCTPaKTo-

™, pa 0,006 M7, auamerp 0,01 M, gacToTa

BEpallleHHs1 MellankH 6 o0/MHH. 1A
= ¥MeHbIIEHHsI HCIapeHHs 3SKCTpareHTa
JKCTPAKTOP  3dKPhIBAETCs]  CheMHOH
KPBIIKOH 6. 3arojHeHHe SKCTpaKTopa
o fleHOMBLHOH BOJOH H SKCTPareHTOM 0CY-
IlecTRIAeTCs Yepe? BOPOHKY 4 1o Tpyo-
Ke 3.

|

3. Onucanue yCTAaHOBKH

Puc. 3. Cxema ycTaHOBKH.

4. MeToauka npoBeaeHnst padoThI

Koadduuuent pacnpenenenus onpenensercs i Tpex pactBoputeneii: H-Oyrunanerara;
JTUUTIPOITMIIOBOTO A(upa; OeH301a.

OnbITH TPOBOJATCA € KOXIBIM M3 3TUX PacTBOPUTENEH B ciieayronei
MOCJIeIOBATEIHHOCTH.

B skcTpakTop 3anuBaetcs heHoIbHas BOAA B KOJIMYECTBE, paBHOM 1/3 oObema
HKCTPAKTOpa. 3aTeM B IKCTPAKTOP B TAKOM ke 00BEME 3aJTMBAETCSI pACTBOPHUTEIb.
Konnenrpanus ¢penona cocrapnsieT 3 2/1. Bkitouaercs memanka v (eHoIbHas BOJIa MHTEHCUBHO
nepeMennBaeTcs ¢ pacTBopureneM B TeueHue 10 vun. [locne okoHuaHMs TepeMeInBaHus
cMech oTcTanBaercs B TedeHue 30 mun A1 OTAeNeHUs pacTBOpUTENs OT BoJbl. [locne ciuBaroT
OKOJI0 2/3 BOJHOTO pacTBOpa B YUCTYIO KOJOY, OTKyAa OTOMpAIOT poldy, B KOTOPOH
OIpeJIeNIAI0T PABHOBECHYIO KOHILIEHTpAIMIO ocTaBiierocs ¢peHomna. Ilo pasHoctu mexay
MepPBOHAYAILHOW KOHIICHTpaIneil (peHoa 1 OCTaBIICHCS TIOCIIE IKCTPAKITUH CYJISIT O
KOJINYECTBE U3BATOTO (PEHOJIA M O €0 KOHIIEHTPAIIMH B SKCTPAreHTe:

_(4- 2w,

i ©



rac

3.
A — epBOHaYaAJIbHASI KOHIICHTpaus GpeHoa, ke/m",

3.
X — pasHosecHas KOHyenmpayus ¢hpenona 6 6ooe, ke/m”,

. . 3.
W1 — 00beM 00pabaTbiBaeMol (heHOIBHOM BOJIBI, M)

3
W32 — 00bE€M IKCTpareHTa, m".

Koaddunment pacnpenenenus onpeaenstoT mo popmyne (1).

5. O0pabdoTka pe3yJbTATOB U3MepeHUil

5.1. Pe3y.J'IBTaTBI Ha6HmﬂeHHﬁ, OIIBITHBIC X PACYCTHBLIC JAHHBIC 3aHOCAT B Ta6J'II/ILIy.

Pe3y.]'IBTaTLI OIIbITa U pacydcTa

DKCTpareHT O6bem
o0OpabaTbIiBacMOit
BOJBI

Hauanbnas
KOHIIEHTpaIus (eHoma B
BOJIE, Kr/M°

O0BeM
9KCTpAreHTa,
N

PaBHOBeCHas KOHIICHTpaLUs
(eHoa B pacTBOpHTEINE,
KI/M

Koapunu-
€HT pacIpe-
JeTIeHus

5.2. CxeMy yCTaHOBKH.

5.3. Kpartkue BbIBO/IBI 110 pe3yibTaTaM padoThl.



