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MeTtonunueckue ykazaHus pa3padoTaHbl B cOOTBeTcTBUH ¢ TpedoBanusimu OI'OC BO
1 paboueid nporpaMmmbl TucHUIUINHBL « Komonanas xuMusi». YKkazaHus
MpeIHA3HAYCHBI TS CTYACHTOB OYHOW/3a09HON (DOPMBI 00YUIECHUS HATTPaBICHUS
noaroroBku 18.03.01  Xumuyeckass TEXHOJIOTHSL.

ConepxaT OCHOBHBIE pa3feibl H3y4aeMOr0 TEOPETHYECKOr0 Marepuala,

IEpeUCHb  BOIIPOCOB HCO6XOI[I/IMI)IX JJIIs HpOpa6OTKI/I, a TakKXKE  CIIMCOK

PEKOMEHTyeMOI JTUTEPATYPHI.

Cocmasumenu

Ome. peoakmop



COJIEP)KAHUE

TEMA 1. MounieKynsipHO-KUHETUYECKHE U ONTHYECKUE CBOICTBA
JUCTIEPCHBIX CHCTEM

JlabopatopHas pabota Ne 1 [TomydeHue TUCTIEPCHBIX CHCTEM
JlabopatopHas pabota Ne 2 OnpezenieHrue pa3MepoB KOJUTOMIHBIX
4acTUll TypOuauMeTprudeckuM MetoaoM JlabopaTopHas padora N° 3
OmnpeneneHre MOBEPXHOCTHOTO HATSKEHUS )KUIKOCTH 110 METOTY

Pebunnepa

Jlaboparopnas padota Ne 4 OnpeneneHue 3HaKa 3apsijia KOJIOUIHBIX
YacTHIl AJIEKTPOHOPETUUECKUM METOIOM.

TEMA 2. DneKTponoBEepXHOCTHBIC SIBJICHHS B TUCTIEPCHBIX
cucTeMax

Jlabopatopnas pabota Ne 5 OmnpeneneHre 2IeKTPOKMHETHIECKOTO
MOTEHIIMalIa TUAPO30JIst ruapokcuaa xkemesa (111)

JlabopatopHas pabota Ne 6 OnpezenieHre mopora KoaryJysiiiuy THi-
PO30Jiei ONTUYECKUM METO/IOM.

JlabopatopHas pabota Ne 7 OmnpesenieHre mopora KoaryJsiiiui THT-
po3zous ruapokcuaa xenesa (11)

JlabopatopHas pabota Ne 8 Omnpeenenre mopora KoaryJsiiiuy THT-

po3oss 6epimHCKOM na3zypu JlabopaTopHas padora Ne 9 B3anmuas



koaryisinusa Jlabopatopuas pabora Ne 10 ITlonydenue u obpaiieHue

AMYJIbCHM.

Cnoucoxk nurepaTypsl

JIABOPATOPHAS PABOTA Ne 1 ITOJIYUHEHUE IUCITEPCHBIX CUCTEM

Llenb paGoTHI: OCBOEHHE 1a00paTOPHBIX METOJIOB MOJTYYECHUS

JUCTIEPCHBIX CUCTEM
O6opynoBanue. Matepuaiibl

Kon6s1 MepHbIe eMKocThIO 100 cM™ .
Boponku.

OUIbTPBHL.

HacplIleHHbIl CIUPTOBBINA PACTBOP CEPBL.
CrupToBslif pacTBOp kanupou ¢ m(xkanudoman) = 2%.
PactBop FeCls ¢ mr*eCl3) = 2%.

PactBop FeCls ¢ mr*eCl3) = 5%.

PactBop Kape(C™)g] ¢ m(Kape(CM)s]) = 0,1%.
. PactBop K4pe(C")6] ¢ ©(K4pe(Can) = 2%.
10 Pacteop CuSQO,4 ¢ w(CuS0O,) = 0,1%.
11.Pacteop HC1 ¢ Q(HC1) = 0,1%.

12. Pacteop NaOH ¢ ~(NaOH) = 0,1%.

13. PactBop NH40H ¢ ©(N~OH) = 0,1%.
14.Pacteop HC1 ¢ C(HC1) = 0,1momb/am3,

©oNOoO R WDN R



15. PactBop H2C204 ¢ C(H2C204) = 0,1monn/am3,
16.Pactop Na,S;03 ¢ w(NazS,03) = 1%.
17.PactBop KMnO, ¢ w(KMnQ,) = 1,5%.
18.Pacteop Fe(NO3); ¢ gM0O") = 5%.

XO/ PABOTBI

1 TlonydueHue rumpo30sI€ii METOIOM 3aMEHBI PACTBOPHUTEIIS
1.1 TTonyuenue ruapo30is cepbl

1.1.1 B npoGupky Hamuts 5-10 cM BOABI ¥ JOOABUTH MO KaruisiM (He Gosbiire 1
cM®) CIIUPTOBOTO PacTBOP CEPEL.

1.1.2 HaGmronath u3MeHEHMs, IPOUCXOAIINE B IpoOupke. OXapakTepu3oBaTh
CBOMCTBA TOJyYEHHOTO THAPO30JIs (€T0 BET B MIPOXOISIIEM H OOKOBOM OCBEIICHUH).

Hamucats (opmyny MuIEmIbl  00pa30BaBIIEroCs THAPO3OIS CEpPhl, €CIn
CTaOMIIN3aTOPOM SIBIISICTCS] CEPHUCTAsT KUCIIOTA.

1.2 Tlonyuenwue 30515 KaHHDOIH

1.2.1 B npo6upky Hanuth 5-10 cM BOJIBI M 10OABUTS 10 KAILIsIM (HeE
0

6onpie 0,5 cM ) crupToBoro pactBopa kanudomu c m(kanudonu) = 2% cepsl.
[Tomy4yeHHBIH pacTBOP IHEPITUYHO NIEPEMEIIATD.

1.2.2 Habnrogats u3MeHEHHs, IPOUCXOIAIIME B IIpoOoupke. OXapakTepru30Barh
CBOMCTBA MOJYYEHHOTO THIPO30Jis (€T0 IBET B MPOXOSAIIEM U OOKOBOM OCBEIICHUH ).

2 Tlomydenue ruapo30Jael METOAOM XUMHUYECKOM KOHIEHCALUH
2.1 Tlomyuenue 3008 rHAPOKCH A skee3a ruaposmzom FeCls

2.1.1 B xonunueckoii konde eMKocTbio 250 cM® HarpeTh Ha BOASAHOM
3 0
0aHe 95 cM TUCTUITMPOBAHHOM BOJIBI 10 TemmepaTypsl « 95 C. He BbiHUMas KOJIObI
U3 BOJSHON OaHM, BBIKIIIOUYMUTH 00OTpEB U HEOOJIBIION CTpyeH, BIUTH MHUIETKON B
HaArpeTyro Boay 5 cM pactBopa xiopua xeinesa FeCls ¢ meCls) = 2%.

OCTaBUTh OXJIAXKIATHCA KOHHYECKYIO KOJIOY C IMOJTYYCHHBIM THIPO30JIEM B
BOJISIHOM OaHe.

2.1.2 Tlocne oxnakmeHus 10 KOMHATHOM TeMIleparype BBIHYTh KOJOYy ¢
THJIPO30JIeM U3 BOASHOW OaHM W OXapaKTepU30BaTh CBOWCTBA TOJIYYCHHOTO

TUAPO30JIs (€r0 IBET B MPOXOAIIEM U OOKOBOM OCBEIIICHUH ).



2.1.3 CpaBuuTh I1BET 0OPA30BABIIETOCS THAPO30JIA C IBETOM HCXOIHOIO
pactBopa xsopuza skenesa (III). Hamucars ¢opmyiny Mumemisl o0pa3oBaBIIErocs

TUAPO30JId THAPOKCHAA KEJIC34a, CCIIN CTa6I/IJII/IBaT0pOM SABJIACTCS CCPHUCTAA KUCIIOTA.

2.2 Tlonydenue 3015 KEIE3UCTO-CUHEPOIUCTOM Meau rekcanuanodeppar (11)

Menu (peakius ABOMHOTO 0OMeHa)

2.2.1 K 10 cm® pactopa Kspe(CK)s] ¢ m(Ks e(C”6]) = 0,1% npunuts 1 cm
pactBopa Cu804 ¢ W(CuSQO4) = 0,1%.

2CuS04 + K4[Fe(CN)6] ~ Cu2[Fe(CN)6] + 2K2S04
2.2.2 HabmonaTh U3MEHEHHs, IPOUCXOAAIINE B IPobupke. OXapaKTepr30BaTh
CBOMCTBA MOJYYEHHOTO THAPO30JIs (€T0 IIBET B MPOXOAIIEM U OOKOBOM OCBEIICHUN).

2.2.3 Hanucats popmyiasl Muriest, ecid B u30sitke CuSO4 1 K4Pe(ChI)6].
2.3  TlomydeHue 30i1s1 JUOKCHa MapraHIa 1o peakiuyi BOCCTAaHOBICHHUS

HepMaHr aHaT KaJIisa BOCCTaHaBJIMBACTCs TI/IOCYJIB(baTOM HaTpusg OO0 AWMOKCHUIA

MapraHua:
8KMnO4 + 3Na,S"; + H,0 * 8MnO; + 3K*04 + 2KOH + 3111104

2.3.1 B xoHuueckyro konby IUIIETKOW BHECTH 5 ¢cM® pacTBopa I€pMaHraHaTa
kanus ¢ m(KMn0.) = 1,5%. 3aTem B ko10y no6aButh 1o karism 1,5-2,0 cm pactBopa
trocynbdara Hatpust C W(Na,S;03) = 1%.

2.3.2 HabmonaTh U3MEHEHHUS, IPOUCXOIAIIKUE B poOupke. OXapakTepu3oBarh
CBOWCTBA MOJIyYEHHOTO THUIPO30JIs (€10 IBET B IPOXOAAIIEM M OOKOBOM OCBEILEHHUH).

2.3.3 Hamucats GopMyIty MUIEIUTBL, €CIHM CTAOUIM3aTOPOM sBsieTcss KMO,.

3 TlonyuyeHne ruAPO30IIEH METOIOM IENTH3AIMH.

3.1 Tlonyuenue 3015 OEPIAMHCKOM J1a3ypH

3.1.1 K5 cMm pactBopa xnopuaa xenesa ¢ W(FeCls]) = 2% npubasuts

o

1 cwm HackimenHoro pacrBopa rekcanuanopeppara (1) kamus K4Pe(ChI)6].

3.1.2 TlomyueHHBI OCamoK OEpIMHCKOW J1a3ypH OT(HIBTPOBATH C IMOMOIIBIO
BAaKyyMHOTO HAacoca H TPOMBITh Ha (WIBTPE HEOONBIIUMH  MOPIUSMH
TUCTUUTUPOBAHHOMN BOJIBI.

3.1.3 3arem ocanok Ha puabTpe 00paboTaTh IABEIEBOM KUCIOTOM ¢
0

C(H2C204) = 0,1M0aBb/1M 10 TIOJIHOTO PACTBOPEHMS Ocajka Ha (QuiIbTpe, coOupas
¢bunbTpat 3055 Fes[Fe(CN)g]s B ko10y byH3eHa.



['unpo305b OEPIIMHCKOM JTa3ypu 00pa3yeTcs 0 PEaKIHsIM:

4FeC13 + 3K4[Fe(CN)6]  Fed[Fe(CN)6~ + 12KCl
Fed[Fe(CN)6]3 + 6H2C204 ~ 2Fe2(C204)3 + 3 Fe(CN)6

3.1.4 Hammcare Qopmyny MHIEUIBl OEPIMHCKOW JIa3ypd, YYHTHIBas

IPEUMYILECTBEHHYIO a1copOnuio MEorosapsagaoro nona [Fe(CN)e]*.

3.2 Tlonyuenme ruaposons ruapokcuaa sxenesa(lll) u3 pactBopa xiopuma
xenesa (1) FeCl3

3.2.1 B xon0y nanuts 20 cMm® pactBopa xnopuaa xenesa ¢ meClz) = 5%, 10 cm
JTUCTHTUPOBAHHON BOJBI M 100aBuTh pactBop ammuaka ¢ (((NH,OH) = 0,1% no
HnoJHOrO ocaxkaeHus: ruapokcuaa sxenesa (III). IlomxydeHHyro B3Bech ruapokcuia
xene3a (l11) ordpunsTpoBaTh, 0Opalias BHUMaHUE Ha MPO3pavyHOCTh (uiabTpaTta. B
clly4ae Henmpo3payHoro GpuiibTpara 100aBUTh HA (PUIIBTP HECKOJIBKO Karellb pacTBOpPa
aMMHaKa.

3.2.2 Ocanok ruapokcuzaa xenesa (III) Ha QUIBTPE MPOMBITH HECKOJILKAMHU
MOPIUSMHU TUCTHIIMPOBAHHOM BOJBI 7O HMCUE3HOBEHHUS 3araxa aMMHaka. 3aTeMm
ocasiok ruapokcua xenesa (II1) cHaTe nonatoukoil ¢ puiIbTpa 1 MEpeHecTy B CTaKaH
WIH B KOHUYECKYIO KOJIOY eMKOCTBIO 250 cm®,

3.2.3 Jlo6asuts B koa6y 80 cm® AMCTHIIMPOBAHHON BOJKI, B30ONTATH IO
TIOJIyYEHUS OJHOPOIHON B3BECH U pa3IuTh 110 20 ¢cM® B TPU IIPOHYMEPOBAHHBIE KOOI,
B nepByto konby npwinth 10 cM pactBopa xmopuaa skeiesza ¢ mr*eCls) = 2%, Bo

BTOpYIO - 10 cM® pacTBOp CONAHOM KHCIOTEI
0

¢ C(HC1) =0,1monb/am . TpeThs CILyKUT AJisi CPAaBHEHUS.

3.2.4 Copnepxumoe NepBoil ¥ BTOPOM KOO rpeTh Ha BoasHON Gane npu 75°C
15-20munyT, nepuonuyecku B3OanThiBas. llocie aToro coaepxkumoe obeux Kosd
OTQUIBTPOBATH Uepe3 CyXou (PUIBTP B OTAENIbHBIE NPOOUPKH, 0Opallias BHUMAaHUE Ha
1BeT QuiIbTpaTa:

FeC13 + 3°40H » Fe(OH)34+ + 3NH4G

3.2.5 Hamucare Qopmyny wunemnsl ruapokcuaa keneza (D), ecinu

cTabunuzaropom siBisetcs xyopuj xxenesa (I11) FeCls.

3.3 Tonyuenue ruaposons ruapoxcuaa xenesa (111) u3 aurpara xenesa (I11)
Fe(N03)3

3.3.1 B kon0y Hamuts 20 cM® pacTBOpa HUTpATa XKeJe3a ¢



0
OMNNO™) = 5%, 10 cM AUCTHILTUPOBAHHOW BOJABI M JOOABUTHh PACTBOpP aMMHUaKa C

q(NH4OH) = 0,1% no mostHOTO OcaxaeHus ruapokcuaa xeneza (II1). [ToaydeHnyro
B3Bech ruapokcuma okeneza (III) ordunmsTpoBaTh, oOOpamas BHUMaHHWE Ha
po3pavHOCTh PrutbTpata. B ciydae Hempo3padnoro ¢puiabTpara 100aBUTh HA QUIBTP
HECKOJIBKO Kareb pacTBOpa aMMHUAKa.

3.3.2 Ocanok ruapokcuna xenesa (III) Ha QUILTPE TPOMBITH HECKOILKUMHU
NOPLUUSIMU  TUCTUJUIMPOBAHHOM BOJBI JO MCYE3HOBEHHUS 3alaxa amMMHUaka. 3aTeM
ocanok ruapokcuaa xenesa (I11) cHITh JomaToukoi ¢ puiIbTpa U MEpPEeHECTH B CTaKaH
WM B KOHUYECKYIO KOOy eMKOCThIO 250 cm®,

3.3.3 Jlo6aBute B komOy 80 cM® IUCTHILIMPOBAHHOM BOABIL, B30ONTATH [0
TIOJTy4EHHMS OTHOPOJHOM B3BeCH M pa3auTh 110 20 cM® B TpH IPOHYMEPOBAHHBIE KOJIOBI.

B nepsy1o koi0y npuimuth 10 cm® pacTBopa HUTpaTa
0

xenesa ¢ g™O”) = 2%, Bo BTOpyto - 10cMm pactBop cossiHoM kucnotel ¢ C(HC1) =
0,1Moub/iM . TpeThst CITy>KUT 7151 CPABHEHUSL.

3.3.4 Copepxumoe TepBoli U BTOPOii KOO rpeTh Ha BoasHoN Oane mpu 60°C
15-20munyT, nepuoauyecku B3OanThiBasg. llocie »Toro copep:xkumoe obeux Koyd
OT(UIBTPOBATH Uepe3 CyXoi GUIBTP B OTAEIbHbIE IPOOUPKH, OOpallias BHUMaHHUE Ha

1BeT punbTparta:
Fe(NO3)3 + 3)K4OH * Fe(OH)3™ + 3NH4NO3

3.3.5 Hammcars ¢Qopmyny wmunemnsl ruapoxcuga xenesa (III), eciou
crabuimu3aTopom sBisiercss HUTpart sxenesa (I11I) Fe(NOs3)s.
JJABOPATOPHASI PABOTA Ne 2 OITIPEJIEJIEHUE PASMEPOB YACTHII
JUCIIEPCHBIX CUCTEM TYPBUIUMETPUYECKUM METO/I0OM

[lenb paboThI: SIKCIEPUMEHTATIBHOE ONIPE/ICIICHIE PAa3MEPOB YACTHII

TUAPO30J1s KaHU(OIU B BOJIC
O6opynoBanue. Martepuabl

1. K®O - konopumeTp POTOIIEKTPUUECKHIIA OJHOTYIEBOM.

2. HachllIeHHbIH CIIUPTOBON pacTBOP KaHK(OJIH.
3

3. Iunerka eMkocThIO 1 cM®-
4. KonObl MepHbIE EMKOCTBIO 50 ¢M - 8 1mT.



5. KioBeThI KBapIieBbIe ¢ TOIHHON Tortomaronero ciaos | =30 mwm.
6. ®unbTpoBasbHas Oymara.
7. lucTriupoBaHHas BOJIa.

XO/I PABOTBI

1 ToayuuTs y mpenogaBarelis CIIAPTOBON pacTBOP KaHH(OJIH.

2 W3meputh nokasaresn npenomienns HyO u cniupToBoro pacteopa KaHugom
Ha pedpaktomerpe NPD 22 B Tpex mapaienbHBIX H3MEpPEHUsX. Pe3ynbrarhl
M3MEPEHUI CPEAHMX MTOKa3aTesIel MpeoMiIeHus N 3aHecTy B Tadnuiy 2.1.

3 IlpuroToBuTh 8  OUCHEPCHBIX  pPAcTBOPOB  KaHM(OIM  Pa3IHYHBIX
KOHLIEHTPALMH B MEPHBIX KOJI0ax eMKOCThI0 50 cm3. [ uero B Kaxmylo MEpHYIO
KOJIOY MUIETKON BBECTH CIIEIYIOLIUE 00BEMBI CIUPTOBOrO pacTBopa kanudomu: 0,02;
0,04; 0,06; 0,08; 0,1; 0,12; 0,14; 0,16 cM®. O6BEM pacTBOpa B KakK10i KOJIO€E JOBECTH
JI0 METKU JUCTHJLTMPOBAHHOW BOJOM, 100ABIsIi BOAY OTAEIbHBIMU TOPLUUSIMH U
TIIATEIBbHO NIEPEMEIINBAsE PACTBOP MOCIJE KAXI0M NOPLIMHU BOBI.

4 VI3MepuTh ONTHYECKYIO IUIOTHOCTH KaKIOTO M3 IPUTOTOBIEHHBIX JHC-
MEPCHBIX PACTBOPOB Ha (OTOIIEKTPOKOJIOPUMETPE B KBAPIEBOM KIOBETE TOJIIIMHOMN
30 MM co cBetopueTpom Ne 5 (X = 630 um). B kauectBe pacTBopa cpaBHEHUS
UCIIOJIb3YETCSl  AUCTWILIMpOBaHHas Boga. ONTHYECKYyI0 IUIOTHOCTh — KaxKIOro
JUCIepcCHOro pactBopa D; ompeaensioT B Tpex MNapajUIeNIbHbIX HW3MEPEHHUSIX.
Pe3ynbTaThl ©3MEpPEHUM ONTUYECKON TIOTHOCTU 3aHECTH B Tabmuiy 2.1.



OBPABOTKA PE3VJIbTATOB U3MEPEHUIA

1 Tlo pe3ynapraram HU3MEpEeHHs MOKa3areleid MPETOMIICHUS HCXOJHOTO

CIIHPTOBOTO PacTBOpa KaHU(OJIU U BOJBI PACCUMTATh (PYHKIIUIO PACCESIHUS CBETA T10
dbopmye:
2 12 (i)2 -

F=24mmn (2.2) A=K

2 - (ni)2

rae N1, n0 - mokasarenu mpesoMIeHUs! pacTBOpa KaHU(POIU U BOJAbI COOTBETCTBEHHO.

2 PaccunMraTh MyTHOCTh KaX0I'0 M3 PACTBOPOB IPUTOTOBJIEHHOM CEPHHU T10
dbopmyie:
2303 mD=mnl, (2.2)
rae D = Iglo/In - cpennsst onTryeckas MIIOTHOCTh PacTBOPa; T - MYTHOCTD JMCIIEPCHOM
CUCTEMBI; | - TOJIIIMHA CJI0sT KBapIIEBOH KIOBETHI, M.

3 PaccunTaTh CpeHUIN PagnyC YaCTHI] THAPO30Js KaHU(OIHU 10 GopmyIIe:

(3m 7724 "3
(2.3)
Mp mSm F)

I71I€ T - MyTHOCTb CUCTEMBI; X - JIJIMHA BOJIHBI paboyero cBeTopuibTpa; @ - oObeMHas

noJist tuipo30:s kauudonu, %; F - QyHKus paccestHust CBeTa; T - paauyC YacTHUIIbI, M.
4 TloctpouTh rpaUIECKyI0 3aBUCHMOCTD PaJnyca KOJUIOMIHBIX YaCTHIL OT

KOHLIEHTPAIUU AUCIEPCHON CUCTEMBI.

5 Crenatb BBIBOJ O MIPOJICJIAaHHON paboTe.

Tabnuya 2.1 - Januvlie 0ns pacwema cpeoneco paouyca OUCNEPCHLIX Yacmuy
mypououUMempudecKum memooom

n(H20) 11(KaHu(poIIn ) Oynkmus (O6beMHas |OnTudeckas MyTHOCTB Cpennuii
paccestHus ot ¢,% | MIOTHOCTH T panuyc
cBeta F D YaCTHI]
ni n ni n Di D r,M
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1 - snexmpoowl,; 2 - U-o6pasuwiti cocyo; 3 - wmamus; 4 - wikana;, 5 - 2uoposonwy, 6 -
YBemHasl 2paHuya pazoena 2uopo30iib - DOK0BAsL HCUOKOCHb, 7 - O0K08as HcUOKOCmb, 8
- mymobnep exnwouenus cemu, 9 - uHouxamopuas aamna; 10 - eonemmemp, 11 -
munuamnepmemp; 12 - 2He300 0/151 NOOKNIOYEHUS U OMKIIOUEHUsT IIeKmpooos;, 13 -
pe2ynamop Hanpsicenus, 14 - pecynamop cunvl moxa

Pucynox 3.1 - Yemanosxa onsa snekmpogopesa



JIABOPATOPHAS PABOTA Ne 3

OIPEJAEJIEHME ITOBEPXHOCTHOI'O HATAXEHUA X KUAKOCTH 10
METOAY PEBUH/IEPA

Llens paboTer: OCBOCHUE KCIIEPUMEHTAIBHOTO CIIOC00a OTpeIeIeHUs
MOBEPXHOCTHOTO  HATSHKCHHSI METOJIOM  MAaKCHMAaJbHOTO  JABJICHUS  IPOCKOKA

BO3JIYIITHOTO ITy3bIphKa Yepe3 OBEPXHOCTH pa3zeiia < KHIKOCTh-Ta3y.
MATEPUAJIbI U PEAKTHBBI

Muxkpomanomerp MMH-240(5)-1.0.

Acnaparop.

Crakan eMkocTbhio 600 cm .

Konb6a Tpexropias eMKOCTBIO 25 cM®,

CekyHaomep.

Tepmomerp.

Crupt n3onpormmioBsiid C3HgO o I'OCT 3456-89.

I'excan CBHw™ o I'OCT 34578-79.

Tomyon C7Hg mo I'OCT 48234-90.

10 Boxa muctuinipoBanHas.

OO ~NO O~ WwDN P

1 KPATKME TEOPETUYECKHUE OCHOBBGI

1 TepMO,Z[I/IHaMI/I‘-IeCKI/Ie 0COOCHHOCTH IMIOBCPXHOCTHOI'O CJIOA Ha I'paHUIIC pa3Jaciia
(OKHUAKOCTb-Ta3»

Bcsikas moBepxHOCTH pazzena (a3 oTIMyaeTcs o CBOMM CBOMCTBAM OT BHYTPEHHUX
oOnacte#t rpannyanux (a3. Paznuuue 3akimouaercs B TOM, YTO HA MOBEPXHOCTHU pasienia
(a3 umeercst U30BITOK CBOOOTHOM SHEPTHH, COCPEIOTOUEHHON B MOBEPXHOCTHOM CJIOE
TOJNIIIMHON B HECKOJBKO MOJeKyld. KonudecTBEeHHOW OIEHKOW M30BITOYHOM
MMOBEPXHOCTHOM SHEPTUM HA TPAHUIIC KUIAKOCTH C JAHHOW CPEION SIBIISIETCA YJEJIbHAs

IMOBCPXHOCTHAS SHCPIU UIIW ITOBCPXHOCTHOC HATSXKCHUC!

res\

G= (1.1)

VS ,
Vi Jy T

g)le g -MOBEPXHOCTHOE HaTsKeHue, H/Mm;

F - u306pITouHast cBOOOHASI SHEPTHS TOBEPXHOCTHOTO cios, JIk;



Mexy u30bITOYHBIMUA TEPMOJAMHAMUYECKUMHU (PYHKIMSIMH TMOBEPXHOCTHOTO
CJIOA )KUJAKOCTH CYIICCTBYIOT COOTHOHICHHMA, aHAJIOTUYHBIC TCM, KOTOPBIC CBA3BIBAIOT
COOTBETCTBYIOIINE 00bEMHBIC (DYHKIIUH:

Fl=US-TmSS (1.2)

rae U - BHyTpeHHsIsl S3HEPrusi HOBEPXHOCTHOTO ciios, JIK;

T - remneparypa, K;

S - sHTpONUs noBepxHOCcTHOTO ciost, [Lx/K.

OHTpONUs TOBEPXHOCTHOTO cJost S° CBsi3aHa €O CBOOOJHOM SHepruei
COOTHOIICHHUEM, aHAJIOTUYHBIM ypaBHEHHIO [ enpMrombiia

TUTSI O0BEMHBIX (ha3: g

: (1.3)
dT a
v Jy,N?

[Tocne coBmecTHorO pemienust ypasuenuit (1.1), (1.2) u (1.3) u oTHeceHus Bcex
TEPMOJUHAMHUYECKUX XapAKTEPUCTUK MTOBEPXHOCTHOTO CJIO0SI K €IMHUIIE TTOBEPXHOCTH
pasnena (a3 moaydyuM OCHOBHOE YpaBHEHHE MOBEPXHOCTHOTO CJOS - ypaBHeHUE [’
n66ca-I" enbMrosbia 151 € AMHUIIBI TIOMIAN TTOBEPXHOCTHOTO CIIOS:

7 =U+Tm—, (1.4)
dT

us 2
Eﬂg /ﬁ': -------- BHYTPCHHSSI SHEPrUs CAWHHUIBI IIOMATU IOBEPXHOCTHOTO CJIOS,
S 9

d” = p - TemneparypHbIii K03(QPUIMEHT HOBEPXHOCTHOTO HATSKEHUS.

Taxkum oOpa3om, A OnpenesieHuss BHYTPEHHEH SHEPTrUU €IWHUIIBI TUIOIIATN
MOBEPXHOCTHOTO CJIOS HEOOXOAMMO 3HATh 3aBUCUMOCTh MIOBEPXHOCTHOTO HATSXKCHUS
oT TeMreparypsl. Kak M3BECTHO, NPHU MOBBILEHUU TEMIIEPATYPHI MOBEPXHOCTHOE
HATSDKCHHUE KUJIKOCTeH cHIbKaercs. st OOJbIIMHCTBA HETOJISAPHBIX KUIKOCTCH TPH
TeMIIepaTypax, JajleKuX OT KpUTHUECKOM, 3aBucuMocTh a=f(T) Ou3Kka K TUHEHHOMN |
B 1-M nmpuOImKkeHnn MOXET ObITh allTPOKCUMUPOBAHA COOTHOIIICHUEM
(7m="To+pm AT, (1.5)
rjae: /T - MOBEpXHOCTHOE HATSHKEHUE TIPU JaHHOM Temmeparype, H/m;

’0 - MOBEPXHOCTHOE HATSKEHHUE IIPH CTAHAAPTHOM Temmeparype, H/m;
AT - pa3HOCTbh MEXIY JAHHOW U CTaHIAPTHOM Temreparypamu, K.

1 - momaar MOBEPXHOCTH pasnaena ¢gasz, M .



‘G = p-temnepatypHbIii KOA(hOUIIMEHT TOBEPXHOCTHOTO HATSIKEHUS.

[Ipu TemmepaTypax, HAaJIeKUX OT KPUTHUYECKOW, p -BEJIMYMHA MPAKTHYECKH
MOCTOSIHHASI U OTPUIIATEIIbHAS.

Boiiee TOUHO TeMIepaTypHYIO 3aBUCUMOCTh MMOBEpXHOCTHOTO HaTshkeHus G=F(T)
onuchIBaeT ypaBHeHue Ban-nep-Baanbca:

G = K \pr-2)1+a, (1.6)
Tac K- OMITMPHUYICCKAA KOHCTAHTA,

a= 0,5 - 1 Bcex KHUIKOCTEH MPpU TeMmrepaTrype, OJIM3KOM K KpUTHIECKOM.
IIpu T = T, ucdes3aeT rpaHuua pasjesia MeXay >KUIAKOCTBIO U I1apOM, II03TOMY
&Tp) = 0, 9TO O3BOJISAET ONPEAETUTh KPUTUUECKYIO TEMIIEPATYPY 000N KUIKOCTH

110 SKCIIEPUMEHTAIBHO yCTaHOBJICHHOM 3aBucumoctu G=f(T).
1.2 MeTtob! onpeiesieHrs TOBEPXHOCTHOTO HATSKEHUS
s ompeneneHus: TMOBEPXHOCTHOTO HATSKEHUS JKUJIKOCTH MOTYT  HC-
MOJIB30BAThCS PA3IMYHBIC IKCIIEPUMEHTAIbLHBIE METO/IbI:
- METOJ KaMJUIAPHOTO IMOHATHS KUIKOCTH;
- METOJI MAaKCUMAaJIHLHOTO JIaBJICHUS MPOCKOKA BO3IYIITHBIX Ty3bIPHKOB,
- CTaJarMOMETPUYECKUM.
CramarMOMETpUYECKUA METOJ, OCHOBaH Ha W3yYEHHWW 3aBUCHMOCTH YHCIIA
Kanesiab, MOJY4YEHHBIX U3 OMpPEeACTICHHOrO o0bema KUAKOCTU (Ipu CBOOOJHOM ee

HCTCUCHHNHU B BHJIC Kanem,) H ITIOBCPXHOCTHBIM HATAKCHHUCM:

9(x) = g(H,G) « =H-2ef2%), (1.7)
n(x) «pti2°)

rie g(X) - HOBepXHOCTHOE HATsHKCHHE UccieyeMoi skuakocta, H/m; g(H2°) -
MMOBEPXHOCTHOE HATsHKEHUE KUAKOCTH cpaBHeHus, H/M; m(Hz°), n(X) - uucio kanems,
00pa3yroIIUXCcs MPU BHITEKAHUU BOJIBI M UCCIIEAYEMOM KUIKOCTH U3 00bheMa
crajgarmomeTpa; p(H>°) ,p(x) - IIOTHOCTH BOJIBI U UCCIETYEMOM KUIAKOCTH, KI/M .
Meto KanuUIIPHOTO MOIHSTHS KUAKOCTA OCHOBAaH HA U3YYCHUHU 3aBUCUMOCTH
BBICOTBI ITOIbEMA KUIKOCTH N B cTeKISTHHOM Kanuyuiape auamerpom 0,5-1,0MM oT
MMOBEPXHOCTHOTO HATSXKEHUS U TJIOTHOCTH

xuakoctu. CornacHo ypaBHEeHHIO JKopeHa MOBEPXHOCTHOE HATSKEHHE YKUJKOCTH

OIIPEIEIIAETCS KaK:
G =P-g-h-I'-COSH#, (1.8)



rie G— TOBEPXHOCTHOE HaTsbKeHue, H/m;
h - BBICOTA MOTHATHS )KUIKOCTH B KaMILIApE, M; ' - painyc Kamwuisapa, M; 6 —
KpAacBOU yroJl CMauyrlBaHUs.

MGTOI[ HU3MCPCHHUA MAKCHMAJIBHOTO HABJICHUA OCHOBAH Ha H3Y4YCHHU
3aBUCUMOCTH MAaKCHMAJIbHOI'O JaBJICHUA P IMIPOCKOKAa BO3AYHIHOI'O ITY3bIPBKA YCPC3

I'panuny pasaciia KUIKOCTb - BO3AYX OT BCIIMYHMHBI IMOBCPXHOCTHOI'O HATKCHUA

KHUJIKOCTH:
2 -G

P=_ (1.9)
r

r

OTKyJIa: g—P - (110)
2

IIame BCCTO HCIIOJIB3YCTCA OTHOCHUTEJIbHBIN MCTOI HanOOJIBIIETO JaBJICHH
IMPOCKOKa BO3AYHIHBIX IIY3BIPBKOB MWK MCTOJ P€61/IHII€pa, IIpu KOTOPOM
IMOBCPXHOCTHOC HATAKCHUC HCCHGHyeMOﬁ KUIAKOCTHU paCCUHUTBIBACTCA 110 (bOpMYJ'IG:

G(x) -g(H20) « 9, (1.11)
P(H:0)

rae P(x), P(H 20) - naBieHne npockoka BO3IYIIHOTO ITy3bIpbKa Yepes3

UCCIIeIYEMYIO KHUIAKOCTh U KUIKOCTh cpaBHeHus (H20), Ia;
g( H 20) - noBepXxHOCTHOE HATSDKEHUE BOBI MPH TEMIIEPATYyPe

omnpeneneHus, H/Mm.
2 OKCITEPUMEHTAJIbHAA YACTD

OmnpeneneHre MOBEPXHOCTHOTO HATSHKCHUSI MCCIAEAYEMOH JKUIKOCTH METOJIOM
MaKCUMaJIbHOTO JAaBJICHHUS IPOCKOKA BO3AYITHOTO ITy3bIphbKa 4Yepe3 TMOBEPXHOCTH
pasjena <CKHAKOCTh-Ta3z» (MeTton PeOuHaepa) MpoBOAUTCS Ha YCTAaHOBKE, CXema
KOTOpPOU MpEACTaBIICHA HA PUCYHKE 2.1.

Xoxa paboTbl
2.1 TloaroroBKa yCTaHOBKM K M3MEPEHHUIO OBEPXHOCTHOTO HATSIKEHHSI

[TpoBepuTh TOPU3OHTAILHOCTh YCTAHOBKK MuKkpoManomerpa MMH- 240(5)-1.0
no ypoBHsSM. B ciyuae OTKIOHEHHs - JOOHTHCS TOPHU3OHTAIBHOCTH BpalllEHUEM
PEryJIUPOBOYHBIX HOXKEK.

[TpoBepUTh U3MEPUTEIBLHYIO CUCTEMY Ha T€PMETUYHOCTD.

Jiis gero:

1 B TmarensHO BHIMBITYIO M CYXYI TPEXTOPIIYIO KOJIOY 2 IMHIIETKOM HAIUThH

8cM' IMCTUILIMPOBAHHOMN BOJIBI.



2 3akpeITh K0JIOY 2 pe3MHOBOM MPOOKOM ¢ KaIMLIAPOM 1, OCTOPOXKHO Bpariast
€ro M YCTaHaBJIMBAasl TAKUM 00pa30M, YTOOBI KOHEI] KaWJLIsipa TOJIbKO COMPHUKAcaICs
¢ noBepxHOCThI0 HyO, HEe morpyxasce B KUIKOCTb.

3 OTCOEIMHHUTL HU3MEPUTENBHYIO CHCTEMY OT aTMOC(ephbl HEPEKPHIBAHUEM
KpaHa 3.

4 Co3zaath HEKOTOPOE Pa3pekKEeHHE B CHCTEME OTKPBITHEM KPaHa 8 M BBITYCKOM
HEOOIBIIOr0 KOJMYECTBA BOABI U3 aciuparopa 6.

S 3akpbITh KpaH 8, HAOIIOAas TIPH STOM 33 YPOBHEM CITUPTa B H3MEPHTEIHHOM
TpyOKEe MUKpPOMaHOMETpa 5.

Ecnu ypoBeHb ciupTa B TpyOKe 5 HE U3MEHSAETCS B TEUEHUE 2 MUHYT, TO CUCTEMA
JOCTATOYHO TE€PMETUYHA M MOYKHO NPHUCTYNATh K H3MEPEHUIO MOBEPXHOCTHOIO
HaATSKEHUS.

Ecnu ypoBeHb cnupra B TpyOke 5 B TeueHHME 2 MHMHYT YMEHBIIAETCS -
HEOOXOMMO IPOBEPUTH T€PMETUYHOCTh BCEX COEAMHEHUN B CUCTEME.

6 OTKpHITH KpaH 3 COeUHEHUS CHCTEMBI C aTMOCHEPOIA.

7 [IpoBepuTh HyJIEBON YPOBEHB KUJKOCTH B U3MEPUTEIBHON TpyOKe
5 MuKpomaHomerpa. B ciydae He0OXOAUMOCTH MOAPETYIMPOBATH HYJIEBOU YPOBEHb
CIMpTa C MOMOILBIO py4KH nojacoca 12.

8 JIomoyHKUTH YPOBEHB KUAKOCTH B aCIUPATOPE 6 10 HAYAIBHOM OTMETKH «a.
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1 - kanunnap ons evinycka nysvipbkos 6030yxa; 2 - mpexzopaas Koiba ¢ ucciedyemolt HeuOKkocmolo; 3 - Kpam Ol COeOUHEHUS.
mpexeopioil Konowvl ¢ ammocgepoil; 4 - muxpomanomemp MMH-240(5)-1,0; 5 - usmepumenvuas mpybxa muxkpomarnomempa, 6 -
acnupamop 078 CO30aHUsl 8aKyyMa HAO UCCLe0YeMOlL HCUOKOCMbIO 8 Mpex2opioll Koabe, 7 - npoOKa ¢ mpexxo008biM KpaHom, § -
8bINYCKHOU Kpan achupamopa, 9, 10 - cmaxan emxkocmoto 600 cm ; 11 - mepmomemp; a - HA4ANbHBIU YPOBEHb B00bL 8 ACNUPAMOPE;

O - KOHEeYHbIll YPOBEHb 800bI 8 ACNUPAMOpE; 8 - NY3bIPEK 8030VXA.
Pucynok 2.1 - Yecmanoexa 0ns onpeoenenusi no8epxXHOCMHO20 Hamsicenust no memooy I11.A. Pebunoepa



9  3akpbITh KpaH 3 COeAMHEHHS C aTMOC(EPOIA.

10 3adukcupoBaTh TeMmeparypy, IOpH KOTOPOM HPOBOJUTCS HM3MEPEHHUE
MOBEPXHOCTHOT'O HATSDKEHUS M 3aHECTH B TaOiuiy 2.1.
Tabnuya 2.1 - IxcnepumenmainvHvie OaHHble OJIs1 pACYEéma NOBEPXHOCMHO20
HAMSICEHUS]
Ne  [Uccnen. [Tokazanus Makc. Cpennee mMakc. Tem-pa [Tosepx.
PKUIKOCTh |[MAaHOMETpa | JaBJICHHE JABJICHUE U3MEPEHUS | HATSKCHUC
H IIPOCKOKAa | Tpockoka P, T,K HCCIIe.
H max, i Pi, ITa Ia KUITKOCTU
Krc/m? o(x) ,H/m
1 Bona H,O
2 (Crmpr
W30ITPOTTHIT
3 |[' ekcan
C6H14
4 Tomyon
C7H8

2.2

N3mepenne moBepXHOCTHOTO HATSKEHUS KUAKOCTH cpaBHeHUs (H20)

M3mepeHne MOBEPXHOCTHOTO HATSHKEHUS IIPOBOJAUTCS 110 CIEAYIOIIEMY aJrOPUTMY:

1 TIlpoBeputh NPaBHIBHOCTH YCTAHOBKM Kammuispa 1 Ha rpaHMIle pasjena
(GKHJIKOCTD - Ta3».

2 Tlpu 3aKkpbITOM KpaHe 3 MOBOPOTOM KpaHa 8 acmuparopa OTpPEryJIHpOBaTh
CKOPOCTh TPOCKOKA BO3AYIIHBIX MY3bIPHKOB - 6 IMy3bIPEKOB B MUHYTY (110 CEKYHAOMEPY ).

3 Uepes 30 cexyHa MoOcia€ pPEryJIMpOBKM IIPH YCTAHOBMBLIEHCS CKOPOCTH
NPOCKOKA TMY3BIPHKOB CHSATH IIOKa3aHUS MaKCHUMaIbHOTO JaBiieHUS Hmax(H2 O) c
U3MEPUTENHLHON TPYOKH 5 MUKPOMaHOMETpA.

Pe3ynbraT nu3amepeHus 3aHectu B Tadauity 2.1.
Buumanue: M3MepeHre MakCUMaIbHOTO AaBJICHUS MPOCKOKA Hmax,i

IPOBOIUTE JUIS IISTU BO3AYIIHEIX IIy3BIPHKOB.
2.3 V3MepeHHe MOBEPXHOCTHOIO HATSHKEHUS UCCIEYEMOM KHUIKOCTH

1 OtkpeITh KpaH 3, COEAUHSIOMUN CUCTEMY C aTMOCHEPOIA.
2 B 4uCTYyI0 U CyXyI0 TPEXTOPIIYIO KOJIOY 2 MUIETKOM HAIUTh 8 cM® nccnenyemon

KHUIKOCTHU.



3 3akpbiTh K0J0Yy 2 PE3MHOBOM TPOOKOW C KammuisspoM |; MeIeHHO Bpamias
KaIWJUIP, YCTAHOBUTH €70 HA IIOBEPXHOCTH Pa3lesa «GKUAKOCTD - Ta3y.

4 3akpbITh KpaH 3.

5 TIoBOpPOTOM acCIUpaTOPHOrO KpaHa § OTPEryIMpoBaTh CKOPOCTh MPOCKOKA
BO3/YLIHBIX MY3BIPHKOB Y€pe3 IPaHUIly pasjiena «UccleqyeMas XUAKOCTb - ra3» - 6
IIy3bIPBKOB B MUHYTY 10 CEKYHIOMEDY.

6 Yepes 30 cexkyHI OCIE PETyIMPOBKH P YCTAHOBUBIIEHCS CKOPOCTH MTPOCKOKA
MYy3bIPHKOB CHATH TIOKa3aHUSI MAKCUMAIBHOTO JaBICHUS Hmax, ] C U3BMEPUTEIBHOM TPYOKH
5 MHUKpOMaHOMETpa (TpU NapaJIEIbHBIX

U3MEPEHUSI Ha KXKIYIO UCCIEAYEMYIO KUIKOCTB).
Pesynbrat usmepenus 3anectu B Tadnuiry 2.1.

2.4 O06paboTKa IKCTIEPUMEHTATBHBIX JaHHBIX
1 [ToskciepuMEHTaIbHO MOJIyYE€HHBIM 3HAYEHUSIM
BBICOTBI CTOJIOA
KHUJIKOCTH BU3MEPUTEIBHOU TpyOKe Humaxj paccuuTaTth
MaKCUMAaJIbHOE

JaBJICHHE MPOCKOKA BO3AYIIHOIO My3bIpbKa 10 (hopmyJie:
P=10 m Km Hmax, j, (2.1)

- DKCIIEpMMEHTAJIEHAS BBICOTA CTON0A JKUIKOCTH B M3MEPUTENBHOM TpyOKe, KIc/M?;
0.2 - koahpumMeHT, XapaKTEPUIYIONTUI YToJl HAaKJIIOHA U3MEPUTEITHLHOMN JIMHEHKH
MUKPOMaHOMETPA;
P - MmakcumalibHOE 3HaY€HHE MTPOCKOKA BO3IYIITHOTO My3bIpbKa, [1a.
2 PaccuMrarh BEJIMYMHY IOBEPXHOCTHOIO HATSHKEHHS UCCIEAYEMOM KHUIKOCTH 10
dbopmyie:
7

2 P(H,0)

rae 7( X) - MOBEpXHOCTHOE HATSHKCHHE UCCIIeyeMOH skuakocTy, H/M;

7(H2,0) - moBepxHOCTHOE HaTsKeHHE KuakocTH cpaBHeHuss H,O, H/m (Oepetcs wu3
Tabnuib 2.2);

P ( X) - MakcuMaJIbHOE JTaBJICHUE TIPOCKOKA BO3IYIITHOTO My3bIpbKa Ha TPAHUIIEC pa3/elia
uccienyemMas «KUAIKOCTb-BO3AYyX», [1a;

P(H O) - makcumanbHOE JaBJICHHE MPOCKOKA BO3AYIIHOTO MY3bIpbKa HA TPAHUIIE

paznena «Ho0O - Bo3ayx», Ila.



Tabnuya 2.2 - 3aeucumocms 8equdUunbl NOBEPXHOCMHO20 HAMANCEHUS
H>0 om memnepamypui

No Temneparypa 0l0?H/m  [Ne Temneparypa 0103 H/m
K K
1 283 74,22 11 293 72,75
2 284 75,07 12 294 72,59
3 285 73,93 13 295 72,44
4 286 73,78 14 296 72,28
5 287 73,64 15 297 72,13
6 288 73,49 16 298 71,97
7 289 73,34 17 299 71,82
8 290 73,19 18 300 71,66
9 291 73,05 19 301 71,50
10 292 72,95
3 TEXHUKA 0€30MacHOCTH

1 Ilepen mauamom paGoOTHl yOEAUTHCS B LEIOCTHOCTH BCEX COEIMHUTENBHBIX
TpyOOK B U3MEPUTEILHOW CHCTEME, MCIPABHOCTH MHKpoManoMeTpa MMH-240(5)-
1.0, 3anoIHEHNM CIUPTOM U3MEPUTEIIBHOW YaCTH MUKPOMaHOMETPA.

2 VOeauThCs B LEJIOCTHOCTH TPEXTOPJIOH KOJOBI, acUPATOPHON CKISHKA U
Kanwuisipa, T.€. OTCYTCTBUU TPEIIHUH, CKOJIOB M T.II.

3 IlpoBepuTh TEPMETHYHOCTh HUTM(POBAHHBIX W PE3MHOBBIX COEIUHEHHI,
TPEXXOJOBBIX KPAHOB U PE3MHOBOM MPOOKH MpY BBEICHUU KallWJUIAPa B TPEXTOPIIYIO
KOJIOy.

4 OCTOpOKHO, MEIUICHHO OTKPBIBATH KpaH acluparopa MpPH YCTaHOBKE
3a/IaHHOM CKOPOCTH MPOCKOKA BO3IYIIHBIX IY3BIPHKOB Y€pE3 IMMOBEPXHOCTh pasjelia
«GKHJIKOCTB-Ta3».

5 BHUMAHME: BplHuMaTh KaOWUIAp M3 TPEXTOPJIOH KOJIOBI CIEIYET C
00JILIION OCTOPOKHOCTHIO BO U30€KaHUE PACTPECKUBAHMS KOJIOBI.

6 ITo OKOHYaHWM OSKCIIEPUMEHTA TINATEIHLHO OTMBITH OT OCTarkoB IIAB

TPEXTOPIYI0 KOJIOY M U3MEPUTENIbHBIN KaUJUIApP, IOMECTUTh X B CYIIMIIbHBIN IIKaQ.

7 BHUMAHMUE: Ilo oxOHYaHUU DKCIEPUMEHTA OPraHUYECKUE KUIAKOCTU

BbIJIMBATH TOJIBKO B OpFaHI/ILICCKI/Iﬁ CJIUB B BBITAKHOM mKa(fpy

2 PaccunTaHHbIC 3HAYCHUS ITOBEPXHOCTHOTO HATSKCHUS HCCIIETyeMOM
YKUJIKOCTH o(x) 3AHECTH B Ta0uIy 2.1.



4 KOHTPOJIbHBIE BOITPOCHI

1 TepmoauHnamMuueckne 0COOEHHOCTH MTOBEPXHOCTH pa3ieiia «KUIKOCTh - Ia3y.

2 TIOBEPXHOCTHOE HATSIKEHHE: CYHNIHOCTh SIBJIEHHS, OINpEJICIEHHE, €IUHHUIIBI
U3MEpPEHUsL.

3 BHyTpeHHEe IaBICHUE B KHUIKOCTSX.

4 OmpenencHue MOBEPXHOCTHOTO HATSKECHHS: IBA BAPHAHTA.

5 OcHOBHOE ypaBHEHHE TEPMOJAWHAMHKH TOBEPXHOCTHOTO cjosi ['mb6ca-
I'ensmrospoa.

6 ®dakropbl, BIUSIOIINE Ha TIOBEPXHOCTHOE HATSKEHHE.

[/ BiusiHHe KpUBHM3HBI [OBEPXHOCTH paszmena (a3 Ha IMOBEPXHOCTHOE
HaTSDKEHUE.

8 BiwmsHEe TeMIiepaTyphl Ha TIOBEPXHOCTHOE HATSKEHHE.

O BawusHEE pacTBOPCHHBIX BEIIECTB HA MOBEPXHOCTHOE HATSHKCHUE.

10 Meroms! onpeeeHns MOBEPXHOCTHOTO HATSHKEHHUSL.

11 CranarmomerpuuecKkuii METOI OIIPEICIICHHUS TOBEPXHOCTHOTO HATSDKCHHUSL.

12 Meron KanmWUIIPHOTO TIOTHSTHS JKUIKOCTH.

13 Meron ompemeneHns MakKCHMAIBLHOTO JIABJICHUs TPOCKOKA BO3IYIIHOTO
My3bIpbKa Yepe3 rpaHully paszena «KuakocTb-ra3z» (meron I1.A.Pebunaepa).

14 JlaGopaTtopHas ycTaHOBKAa /IS HM3MEPEHHS MaKCHMAlIbHOIO JaBJICHHS
MPOCKOKA BO3IYIIHOTO Iy3bIPbKa Yepe3 TPaHUIly pasfelia «KHIKOCTh-ra3y (MeTo[

I1.A.Pebunpepa).
JIABOPATOPHAS PABOTA Ne 4

OIPEAEJIEHME 3HAKA 3APANA KOJUIOUAHBIX YACTHUL]
SJIEKTPOOOPETUYECKUM METO/IOM

Lenb paboTHI: oTpesieNicHHe 3HaKa 3apsia KOJUIOMIHBIX
JaCTHI] JIEKTPOPOPETHIESCKIUM METOIOM

aﬂeKTpOKI/IHeTH‘-IeCKI/Ie SABJICHHUA

JInst qucniepCHBIX yIbTPAMUKPOTE€TEPOTr€HHBIX CUCTEM XaPAKTEPHBIMU SIBJISFOTCSA
CBOMCTBA, K KOTOPBIM OTHOCSTCS:
DnexkTpodopes - IBUKEHNE YaCTHI] TUCTIEPCHON (a3bl OTHOCUTEIHHO JUCIIEPCUOHHON
Cpelbl O AECUCTBUEM IMOCTOSHHOTO AJIEKTPUUECKOTO TOKA.
DIJIEKTPOOCMOC - JIBUKECHHUE IJUCIIEPCUOHHOW Cpelbl OTHOCUTEIBLHO HEMOABUKHOU
nucriepcHoi a3kl o1 IeWCTBUEM MMOCTOSIHHOTO 3JIEKTPUYECKOTO TOKA.
[ToreHman ceqMMEHTAMKA - BOSBHUKHOBEHHUE PAa3HOCTU MOTEHIIMAJIOB IIPUA OCENAHUU
YaCTHIl TUCTIEPCHON (pa3bl.



4 HOTCHHI/IaH IMPOTCKAaHUA - BOBHUKHOBCHHEC PASHOCTHU IIOTCHIHAIIOB IIPU IPOTCKAHUHU

(TIpoJ1aBIMBaHUN ) KOJUIOMAHOTO pacTBOpA yepe3 MOPUCTYIO IEPETOPOKY.

DNEKTPOKUHETUYECKUE SIBJICHUS B JTUCIIEPCHBIX CHCTEMAaX CBSI3aHBI C HATHYAEM
Ha TOBEPXHOCTH KOJUIOMJHBIX 4YaCTUIl ABOMHOTO 3iekTpudeckoro ciuos (12C),
COCTOSIIETO U3 3apPsHKEHHOW TMTOBEPXHOCTH KOJIUIOUTHON YACTHUIIHI C TIOTEHITUATIOM ¢,
Y TIPOTHBOIIOJIOKHO 3apsDKCHHON YaCTH CJIOS, B KOTOPOW HaXOSATCS MTPOTUBOUOHBI.
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Pucynox 1.1 - J[eotinou snekmpuyeckuul C10U U USMEHEHUe 8 HeM NOMEeHYUaua C

paccmosaHuem Xom noeepxHocmu 4acmuysvl

3aps1 MOBEPXHOCTU KOJUIOMAHOW 4YacTUUBI (P, OMpeaensercs 3apsioM HOHOB,
n30UpaTenbHO  aJCOPOMPYIOUIMXCS HAa HEM U3 JHCIEpCUOHHOM Cpenbl U
HETMOCPEICTBEHHO MPUMBIKAIOIINX K MOBEPXHOCTHU KOJUIOMAHON YAaCTULIBl. DTH MOHBI
COCTABJISIIOT NEPBBIA CJIOW IMJIOTHOTO aACOPOLUMOHHOrO ciosi (ciosi I'eapMrosbua)
JOC. ITpotuBonons! I2C nmpoCcTpaHCTBEHHO PACIPEACIISIIOTCS MEXKIY ABYMS CIOSIMU
JOC. Ogna yacTh NPOTUBOMOHOB BXOJUT B COCTAB IJIOTHOTO aICOPOIIMOHHOTO CIIOS
U YAEPKUBAETCS B HEM 3a CYET 3JIEKTPOCTATHYECKOrO0 B3aUMOJEHCTBUS C MOHAMH,
ONPEIEISAIOIUMU 3apsi/i HOBEPXHOCTH YACTHIIBI HA PACCTOSIHUN HECKOJIBKUX MOHHBIX
paanycoB OT MOBEPXHOCTH YacTULbI. Jlpyras 4acTb NPOTHBOMOHOB IOJ JAEHCTBUEM
TETMJIOBOTO JBMKEHHUS PACIpOCTpaHsieTCs B TUIyOb JKUAKOW (a3bl, oOpasys Tak
Ha3bIBaeMbli AU y3uoHHbIHN ciol (cioi ['yun) (pucyHok 1.1):

TonmmHa 1IOTHOTO ciiog l'enbMrosipla NPUHUMAETCS PaBHOW HECKOJIBKUM
MOHHBIM pajuycaM IPOTUBOMOHOB. JTy 4acTh JOC MOXHO paccMarpuBaTh Kak
IUIOCKUI KOHJIEHCATOp, MOTEHIHMAT KOTOPOTO C YBEJIMYEHUEM pPACCTOSHUS OT
MOBEPXHOCTH YaCTHUIbl CHUXKAETCS JIMHEHHO OT (o A0 (5, MPEICTABIAIONIETO COOOM

IIOTCHIOUAJI TakK Ha3bIBA€MOM IJIOCKOCTHM MAaKCHUMAaJIbHOI'O HpI/I6HI/I)KeHI/I${, T.C.



BOOOpaKaeMO  MOBEPXHOCTH, NPOBEJACHHONM 4epe3 LEHTPbl IEpPBOr0O  CIOs
MPOTUBOMOHOB. [loTeHIIMAN MITOCKOCTH MAaKCUMAIBHOTO MPUOIMKEHUS IPEICTABISAET
co00if MOTEeHIIMAJ Ha TPaHUIIE IIOTHOTO ¢JI0s U T ()y3MOHHOTO Pa3MBITOTO CIOs (Ps.

CornmacHo Tteopun ['ym-Henmena juisi ci1abo3apsyKEHHOM —IMOBEPXHOCTU
n3MeHeHue mnoTteHnuana B auddysnonnorn yactu JOC sBusercs QyHKIuen
pacnpeneneHus 3apsHKeHHBIX HOHOB, T.€. =f(C+.C).

Yucno NpoTUBOMOHOB B JBOMHOM 3JIEKTPUYECKOM CJIOE YMEHBUIAETCS 110 MEpe
ylajdeHus: OT TpaHulbl JU(P(GY3UOHHOTO CJIOS IO SKCIOHEHIMAIbHOMY 3aKOHY
bonsnmana, T.€.:

z mp.

C+= Cy2 @ --mmmmmmmmmmmmmnnaas ; C—=Cyecm ’

rae: Cy, - KOHLIEHTpALMS SJIEKTPOIUTa B pacTBope npu ¢, = 0, Moab/aM ; F - koHCcTaHTa
®dapages” - 3apsi] KaTUOHA U aHWOHA; ¢) - MOTEHIIMAI Ha PACCTOSTHUU X OT TPAHUIIbI
@ y3MOHHOTO €04, P.



COOTBETCTBEHHO INOTCHOMUAI B I[I/I(l)(bYSI/IOHHOI‘/’I qacTu CJI0dA CHHIKACTCA C

PACCTOAHUCM TAKIKC I10 SKCHOHGHHHaHBHOfI 3aBUCHUMOCTH:

UlIx = I3 « e, (1.2)
rae: - MOTeHIa Ha rpanuile nuddy3noHHOro Ccios, B; ¢, - moTeHman
Ha PACCTOSIHUU X OT TpaHullsl Auddy3uonnoro cios, P;x = 1/X- Bennunna, oopaTHas
Tomuune 1udPy3uoHHOro caos X, ML,

N3 ypaBuenus (1.2) cnmemyer, 4yTo 3a TOJIUHY JU(PEGY3HOHHOTO CIIOS
IPUHUMAETCSI PaCCTOSIHUE X, HA KOTOPOM noTeHuuan quddy3ruoHHon yactu cios s

yMeHbIIIaeTcs B € pa3 (pucyHok 1.1):
s-so.RT -K. S'T

xV 2°F2el | Soi m %’ (1.3)

TJC. So - AUBJICKTPUYCCKAs IMOCTOsSHHAs, CD/M, S - OTHOCHUTCJIbHASA OUIJICKTPHYCCKAsA

poHUIAaeMocTh cpebl; | = — | Cyj » Z2 - oHHAs cuila pacTBOpa;
2
Coi - KOHLIEHTpALUs HOHA B pacTBope, Mob/am’; K - mocrosinHas bosbimMana.
[TnoTHOCTH MOBEpXHOCTHOTO 3apsiaa o [Kn/m | Ha rpanuiie qudpy3noHHOTo ciost
paccuuThIBaeTCs o Gpopmyre:
S-K
(U = mmmmm e 1
4 -II (1.4)
Emkocts nuddyszuonnoro cnos C§ [Kn/B = @] npeacrasisieT co60i OTHOIICHHUE
3apsga Ha rpaHune Jud(Py3MOHHOTO ClIos K TOTEHIMaly, KOTOPBIM 3apsKaer
i Py3MOHHBIHN CITOH:
2
S_ XK S 2 = F '1
Cy =
4-n 4-n\ $-So - RT
1.2 MutiesuisipHasi TEOpHS CTPOEHUS KOJUTOUTHBIX YaCTHII

(1.5)

B cootBetrcTBUU ¢ Teopueit JIDC munemuisipHasi TEOpHsi CTPOCHUS KOJUIOUTHBIX
YacTHUI[ pa3jM4acT B COCTAaBE MHUIEIUIbI JBE OCHOBHBIC YacCTH: BHYTPEHHIOIO -
HEUTPaJbHYI0O U BHEIIHIOK - MOHOTEHHYIO, B CBOIO OY€pe/lb, COCTOSIIYIO U3 ABYX
CJIOEB: TUIOTHOTO aJCOPOIMOHHOTO U Pa3MbITOTO, JU((PY3MOHHOTO, COCTABISIOIINX

JIBOMHOW 3JIEKTPUUECKUH CIIOW HA TMOBEPXHOCTHU KAXKIOW YaCTULIbI THAPO30JIS.



OCHOBY MMIIEIUIBI COCTaBIISIET TPYJHOPACTBOPUMBII arperar HEUTpPaJbHBIX
aTOMOB HJIM MOJIEKYJl JUCIIEPCHON (pa3bl, UMEIOMINI KPUCTALTUIECKYIO CTPYKTYPY

(pucynox 1.2):

arperar afcopOLUUOHHBIN AU PY3HOHHBIHI

Pucynox 1.2 - Cxema cmpoenuss KOMIOUOHOU Muyeiivl HA Npumepe Muyesibl

uooucmoeo cepebpa

Ha moBepxHOCTH HEUTpaIbHOTO arperara, coriacHo npaBmiy llanera- dasmHca,
MPEAMOYTUTEIPHO  aJICOPOUPYIOTCS  HOHBI, CIIOCOOHBIE  JOCTpamBaTh  €T0
KPUCTAJUTMYECKYIO PEIIeTKYy WM O0pa3yroliue ¢ WOHAMH, BXOMSIIUMH B COCTaB
KPUCTAJUTMYECKOW  pEMmIeTKH,  TPYJAHOPACTBOPHUMBIE  coeaWHEHHS.  oHbI,
azicopOUpyroIrecss Ha MOBEPXHOCTH arperara, cooOImaroT 3apsn (¢, MOBEPXHOCTH
arperata  KOJUIOMJHOW  YacCTHIIBI, MO3TOMY  OHM  HOCST  Ha3BaHHE
MOTEHIIMAIIO00PA3YIONIUX WIIH MMOTEHIIMATIOO0NPEACIISIONMNX HOHOB.

Arperar BMecTe C aJCOpPOMPOBAHHBIMA Ha €ro TMOBEPXHOCTH IMOTEH-
[IUATI00NPEICTISIOIUMHA HOHAMU COCTABJISIOT PO MULIEIIIBI.

B HenocpeacTBeHHO# OGJM30CTH OT sijipa, HA PACCTOSIHUM HECKOJIBKUX MOHHBIX
paanycoB, B aICOPOITMOHHOM CJIO€ HaXOAHUTCS 9acTh MMPOTUBOMOHOB, 3apsi KOTOPBIX
HE KOMIICHCHUPYET 3apsja IOTCHIIMATIOONPEACISIONMX HMOHOB. JTa YacTh
MIPOTHBOMOHOB HACTOJIBKO TPOYHO CBsI3aHa C SJIPOM  aJCOPOIIMOHHBIMU U
AIIEKTPOCTATUYCCKUMH CHJIAMH B3aWMOJICHCTBHS, YTO B DJCKTPUYCCKOM II0JIC
JBIDKETCS BMECTE€ C aJCOPOIMOHHBIM CJIOEM IPOTHBOMOHOB M  COCTaBJISCT
3apsOKCHHYIO YacTh MHICIUIBI € SAPOM. SIapo BMeCTe C  4YacThl0 IPOYHO
yAEPKUBAEMBIX TIPOTUBOMOHOB HOCUT HA3BaHUE YACTUIIBI WJIH TPAHYJIBI.

Jlpyrast 9acTh MPOTUBOMOHOB, HEOOXOIMMAS ISl TIOJTHOM KOMIICHCAITUU 3apsija
MOTEHITUATIOOTPEICTISIONINX UOHOB, HAXOAUTCS TOJi HEMOCPEACTBEHHBIM BIUSHUEM
TEMJIOBOTO JBWKCHHUS MOJIEKYJ JIUCIIEPCHOHHOM CpEIbl; pacrojiaraeTcs Ha
nepudepruvIecKol 4acTH MHUIEIUIbI, TpaHWYalled C JAUCIEPCUOHHOW Cpeiou, u

COCTABJISIET PAa3MBITHIN, TU(PPY3NOHHBIN CITON MUIIEIUTBI.



Cmemenne (a3 B AUCIEPCHOHHON CHCTEME OTHOCHTENIBHO Jpyr Jpyra,
BBI3BAaHHOE BHEIIHUMH CHUJIaMU (HalpUMeEp, SJEKTPUYECKHUM I0JIEM) MMPOUCXOIUT 10
MMOBEPXHOCTU CKOJIbXKEHUS, KOTOpass HE BCerga COBNANAET C  IJIOCKOCTBIO
MaKCHUMAaJIbHOTO MPUOIMKEHHS ¥ TIPOXOIUT HECKOJBKO MpaBee Hee Ha PacCTOSTHUM A
OT TOBEPXHOCTU arperara Muueiuibl (pucyHok 1.1). [loTeHnuman Ha MOBEPXHOCTH
CKOJIBKEHHS Ha3bIBACTCS AJICKTPOKMHETUYECKUM TOTeHIHAIOM £. OH UrpaeT BaxHYIO
pOJIb B arperaTUBHON YCTOWYMBOCTH JMUCIIEPCHBIX CHUCTEM. Ero MOKHO paccuuTath,
U3MeEpsAsl CKOPOCTb OTHOCUTEIBHOTO CMeIleHUs (a3 MpU AICKTPOKUHETUYECKUX
SBJICHUSIX.

JUist pacyera 53JIEKTPOKMHETHYECKOrO IOTEHIMajda MO JAaHHBIM H3yYEeHHs

ANEKTPOKUHETUYECKUX  SBIICHUA TNpUMEHSIOTCa  (Gopmynsl  ['enpM-  rosblia-

CMOITyXOBCKOTO:
a) pU EKTpodopese £ = --------==-mn ---nm- u;
(1.6)

S ‘So = H

.9 ~
”F
xK

Y !
0) HIPH JEKTPOOCMOCE £ = ----------=-= ------ W=— - W (1.7)
S-So -, H S So -1

C ydeTroM mOmpaBKH HA MOBEPXHOCTHYIO MPOBOAUMOCTB Xs, MPEACTABISAIOIIECH
co0oi1 yBeNTMUeHHE MPOBOJUMOCTH PAaCTBOpPa B KalMJUIAPE BCIEACTBUE MOBBIICHHON

KOHLCHTpAalui HOHOB B I[BOﬁHOM QJICKTPUICCKOM CJIOC:

e — W K+%3). (1-8)
S'SO' 1 b

B) [IpU UBMEPEHHUH NIOTEHIHATIA IIPOTEKAHUSA

£ =%, (1.9)
S'So'AP

A h

1)16 € - 3H€KTpOKHHCTquCKHﬁ NOTCHIOUAJl, B, U — -============- CKOPOCTL ABHKCHUSA

aucnepcHor ¢asbl, M/c; W = V/m - 00beMHasi CKOPOCTb ABUKEHUS JAUCHEPCHOMN



dasel, M%c; n - BA3KOCTH Cpelbl, Ma C; S - OTHOCHTENbHAS IUDJICKTPHUECKAs
MPOHUIIAEMOCTb CpeAbl; S, - aOCOJIOTHAas JUAJIEKTPUYECKas MPOHHUIIAEMOCTh
BakyyMa, ¢/M; # = e/l - HanmpsyKEHHOCTH JJIEKTPUYECKOTO TOJsI, B/M; e -

HaIIPsAKCHUC, ITPUITIOKCHHOC K 3JICKTPOAaM,; | - pacCTOAHNUEC MCIKIAY JJICKTPOJaMU, M; X

- yIeNnbHas >JIEKTPOIPOBOIHOCTE, oM M Y; i - cuma Toka, a; dp - mpunoxkeHHas K

CHUCTEME Pa3HOCTh THIPOCTATUICCKUX JaBJICHUM, T1a.
O6opynoBanne. Matepuaib

. YcraHoBka Jijist asekTpodopesa.

. Beimpsimurens ¢ perynupyemoit cuinoit Toka (0-150 MA) u Hanipsoxenuem (0-300 B).
. XuMuueckuii crakan eMkocTbio 100 cm? - 2 mrykn.

. Hunmuaap mepubiid Ha 100 cMm .

. [lunerka MeAUIIMHCKAS.

. Xaopua ammonus 6e3Boaubiii NH4Cl mo I'OCT 15687 - 75.

. Hatpust runpoxcua, Boausiit pactBop QNaOH) = 2mons/mMm .
. 'mapo3oiib OepaMHCKOM J1a3ypH.

O 00O NOoOOoO O~ W DN B

. 'u1p030J1b TUIPOKCHA KeTe3a.
10. Bopxa qucTHUIMpOBaHHAs.

XOI PABOTBI

1 Onpenenenne 3Haka 3apsga KOJUIOWAHBIX YACTHI B THAPO30JIE€ THAPOKCHIA
xenesa (III)

1.1 TloaroroBka 31eKTpoGOPETHIECKON YCTAHOBKHU K paboTe

BKIIOYUTH BRIIPSIMUTEIND B C€Th (PUCYHOK 2.1).

Buumanue! IlpeaBapurenbHO OTKIIIOUUTH 3JEKTPOJBI OT NMPUOOpPA, BHITAILUB
BUJIKY 5 u3 rHe3na. [lepexiounts TymOnep 4 B HIKHEE NOJIOKEHUE, 3arOPUTCS
uHAuKatopHas gamna 2. [IpocneauTs 3a Tem, 4TOOBI MOKa3aHUs BoJbTMETpa 1 u
MUuIMaMnepMerpa 3 ObUIM HyJEBbIMU. B Takom moJiokeHUuu mporpeBaTh Ipudop B

teueHue 20-30 MUHYT.

1.2 TlIpuroroieHue pabouero pactBopa OOKOBOH KHMAKOCTH BJIEKTPOJIMTA

NH,4CI ¢ maccosoii moneit W(NH4CI) = 0,4%
33

B crakan emkoctero 500 cm Hamuth 250 cM Boabsl. Ha aHamuTHdyeckux Becax
B3BecuTh 1,0000 rpamm NH,Cl. HaBecky pacTBopuTh B K0JIO€ ¢ BO0M. [TomyueHHbI#H



pactBop Oyaet umeTh MaccoByto goar0 O(NH4CI) = 0,4%.
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1 - snexmpoowi; 2 - U-06pasnulit cocyo; 3 - wmamue; 4 - wikana, 5 - 2uoposonw; 6 -
YBemHasl 2panuya pazoena 2uopo3oib - OOK08AS HCUOKOCMD, 7 - DOKOBASL HCUOKOCHb,
8 - mymbnep exmouenus cemu,; 9 - unouxamopunasn aamna; 10 - eonemmemp; 11 -
munuamnepmemp; 12 - ene300 051 NOOKIIOUEHUs. U OMKIIOUeHUsl 2]1eKmpooos; 13 -
peaynamop Hanpsaxcenus; 14 - pecynamop cunvt moka Pucynok 2.1 - Yemanoexka ons

anekmpogopesa

1.3 Co3znanue yeTKO# TpaHUIBI pasjieia THAPO30IIb - OOKOBas XKHUIAKOCTh B U-
00pa3Hoil TpyOKe

1.3.1 Twmarensno npomeith Bogoii U-oOpasuyro TpyOky 2. Ilpu cuinbHOM
3arpsisHeHud npoMbiBaTh pactBopoM NaOH ¢ konmentparmern C(NaOH) = 2
MOJTB/TIMC.

1.3.2 3akpenuts U-06pasHyro TpyOKy B mratuse (pUcyHOK 2.1).

1.3.3 C nomomipo BOPOHKH 3aIMTh TUAPO30JIb TUApoKcuaa xene3a Fe(OH)s B
U-o6pa3nyto TpyOKy 10 oTMETKH «20» HUXKE HYJIS M0 MIKajie mpudopa mno HUKHEMY
MeHHUCKY Y (301151) ~ 8 cM .

1.3.4 MeauuuHcKoN MUIETKOM, OCTOPOKHO, 1O cTrenke U-00pa3Hoil TpyOKH,
3amuTh 00KOBYIO )uAKOoCcTh (pacTtBop NH4Cl ®(NH,CI) = 0,4%.) 10 oTMeTku Ha
mkane «40» (pucyHok 2.1).



Buumanue! BoOKOByIO JKHAKOCTP BBOJAUTH OYEHb OCTOPOXHO, u30eras
nepeMenmBanus ¢ rujpo3onem ruapokcuaa sxenesa (lll), mo momydyenus uerkoii
BUUMOM TPaHUIIBI pa3zeia THAPO30ib - OOKOBAs KUAKOCTb.

1.3.5 Eciou He yaanoch IOIYYUTh YETKYHO TPaHUIly pasfeia THAPO30Ib -

OokoBasi KHUAKOCTh, U-00pa3Hyio TpyOKy MPOMBITH BOJOM M MOBTOPUTH MYHKTHI
(2.3.1) - (2.3.4).

1.4 Omnpenenenrie HanpaBICHHs CMEMIEHUS «IIBETHOU IPAHUIIBI»

1.4.1 Omycrurs snekTpoasl B KoieHa U-06pa3Hoii TpyOKH IPUMEPHO Ha 2-3 ¢M
BBIIIIE€ TPAHUIIBI pa3zena (a3 ruaApo30Ib - 00KOBAas KUIKOCTb.

Buumanue! Ilorpyxatb 35€KTpoAsl B OOKOBYIO JKHUJIKOCTb CIIEYET OYEHb
OCTOPO’XHO, BO H30€kKaHWE HAPYIICHHs] YETKOM TpaHMIBl pasziena THAPO30Jb -
OOKOBast KHUAKOCTb.

1.4.2 TloakmouuTh BUJIKY K BEIIPAMHUTEITIO B THE3IO C HAMUCHIO «QJIEKTPOIBI»
(pucyHok 2.1).

1.4.3 Tlosoporom pykosTku 13 ycranoButs Hampsokenne U = 80B Ha
BOJIbTMETpE 1, a MOBOpOTOM pyKosiTKM 14 ycTaHOBUTH cuiy Toka | = 20 MA Ha
Musmamiepmetpe 11.

1.4.4 3aduxcupoBaTh CMEIECHHE I[BETHOM IPAHUIIBI K OJHOMY U3 DIICKTPOJIOB.
Pesynbrat 3aHectu B Tabnuiy 2.1.

1.4.5 BsIKIIOYUTE 3JIEKTPO(YOPETHUECKYIO YCTAHOBKY W3 ceTh. V3Biieub
anekTpoasl u3 U-00pa3Hoit TpyOKH 2, MPOTEPETh.

1.4.6 TwmarensHo npombiTh Bomoii U-oOpasuyro TpyOky 2. Ilpu cuibHOM
3arpsi3HeHuM npombiBaTh pactBopoM NaOH ¢ konmentpammeir C(NaOH) = 2
MOJTB/TIMC.

1.4.7 3Bakpemnurs U-o6pasmyto TpyOKy B mTatuse (pUCyHOK 2.1).

2  Ompeznesnenne 3HaKa 3apsaaa KOJUIOUAHBIX YACTHUIL] TMAPO30Jisi OEPIMHCKON

na3ypu

2.1 TIpurorosienue 60koBOM )uaKOCTH dnekTponrra NaOH

3

mossipHoit kormeHTparueit C(NaOH) = 0,02 moss/am

3 3 3
B xonunueckyto konly emkocTthio 50 cMm HanmuTh 40 cM Bozbl u 0,4 cM

3

pactBopa NaOH ¢ konnentpamueir C(NaOH) = 2monb/am . [TonyueHHblit pacTBOp



IEPEMEILATh.
2.2 Cosmanne 4eTKOM TpaHMIbl pasjiena THaApo30Jb - 60KOBas KUAKOCTh B U-

00pa3Hoil TpyOKe

2.2.1 C noMoupr BOPOHKH 3aIMTh THIPO30Jb OEPIMHCKON lasypu B U-

o0pa3HyIo TpyOKy 10 OTMETKH «20» HUXKe HYJIS 0 MIKaye mpudopa 1o
0

HIDKHEMY MEHHUCKY V(30115) ~ 8 cM .

2.2.2 MeauiMHCKON IMIIETKOM, OCTOPOXKHO, 10 cTeHke U-00pasHoil TpyOku
3anuTh 60KoBYIO KUJKOCTh (pacTBop NaOH ¢ C(NaOH) = 2monb/aMm ) 10 OTMETKU Ha
mkasne «40» (pucyHok 2.1).

Buumanue! bBoOKOBYyI0 JKHIKOCTH BBOJUTH OYEHb OCTOPOKHO, wu30eras
MepeMENINBaHUs C THAPO30JIeM OEpPIMHCKON JIa3ypH, /10 OJYYEHHS YETKOW BUAUMON
TPaHUIlBI pa3zeia THAPO30ib - OOKOBAs KUAKOCTb.

2.2.3 Eciu He ymanoch IOJYyYWTh YETKYKO TPaHMIly paszeia THAPO30Jb -

OOKOBas KHUAKOCTb, U-00pa3Hyto TpyOKy MpOMBITH BOJIOM M HOBTOPUTH ITYHKTHI
(3.2.1) - (3.2.2).

2.3 OrmpenencHre HaIPaBIEHUs CMEILEHNS «LBETHOM MPaHULIBD»

2.3.1 Omnycruts smextpoasl B koseHa U-06pasHoii TpyOKH mpuMepHO Ha 2-3
CM BBIIII€ TPAHUIIBI pa3ziena a3 Tuapo30Jib - OOKOBAs YKUIAKOCTb.

Buumanue! Ilorpyxarb 31eKTpoJbl B OOKOBYIO >KHUIKOCTb CIIEIYyEeT OYEHb
OCTOPO’XHO, BO H30€KaHWE HApYIICHHs] YETKOM TpaHMIBl pasziena THAPO30Jb -
OOKOBast )KMJIKOCTb.

2.3.2 Bximo4nTh 37€KTpOGOPETHIECKYIO YCTAHOBKY B CETh TyMOJepoM &
(pucynoxk 2.1).

2.3.3 TlosoporoMm pykosTkd 13 ycraHosuts Hanpsokenne U = 100 B na
BOJIbTMETpE 1, a moBOpoToM pykosiTku 14 yctaHoBuTh cuiy Toka | = 30 MA Ha
Musmamiepmerpe 11.

2.3.4 HaGmomarh cMeNIeHHE LBETHOM I'PaHMIBI K OJHOMY U3 DJIEKTPOJIOB.
Pe3ynbratel 3aHecTu B Tabnuiy 2.1.

3  BeiBOx

3.1 Tlo pesynbraTaM SIEKTPOPOPETUUECKUX HAOIIOAEHUH ONpPENEIUTh 3HAK
3apsijia KOJUIOUIHBIX YaCTHIl B CIy4Yae:
a) THJIPO30JIs THIPOKCHUIA KeJle3a,;
0) TUAPO30JIs1 OCPIMHCKOM JIa3ypH.



3.2 OOBSCHUTH Pa3IMYHBINA 3apsi]] KOJUIOMIHBIX YaCTHIl UCCIIEAYEMBIX THIPO-

30JI€M HA OCHOBE CTPOEHUS UX MULIEILIL.
Tabauya 2.1 — Dxcnepumenmanvtovle OaHHblE

[' uapo3ons | Hampapienue Muuesna 3apsan
CMEILEHN KOJIJIOUTHOU
LIBETHOU T'PaHULIbI YaCTULbI

JIABOPATOPHAX PABOTA Ne 5

)IIPEJIEJIEHUE DJIEKTPOKUHETUYECKOI'O TOTEHLIMAJIA THJIPO30JI
TUJIPOKCUJIA JKEJIE3A (IIT)

OOTHI: ONPCACIICHUC OJBJICKTPOKMHCTHYCCKOIO IMOTCHIOHMAIA FHI[pO3OJI€ﬁ MCTOOOM CMCUICHUA

MOJIBUKHOM [IBETHOW TPAHHULIBI
O6opynoBanue. MaTepuabl

YcraHoBKa 171 37eKTpodopesa.
Brinpsimurens ¢ perynupyemoit cuioit Toka (0-150 MA) u Hanpsixenuem (0-300 B).
Apeomertp (700-1000 xr/m?).

Konunueckue xoy10b1 eMkocThIO 250 ¢M (3 1miT.).

Crakan xuMu4eckuii eMKOCThI0 500 cM .

[unmraap mepHbii eMkocThio 100 cm .

[TunieTka MeAULIMHCKAS.

I'mapokcun ammonns koutenTpanueir C(NH,OH) = 1 moas/am
. Xnopun ammonus 6e3Boanbiii NH4Cl mo TOCT 14657 - 75.

10. Xunopun xenesa FeCl;6H,0 o TOCT 35642 - 69.

11. Boga quctmimpoBaHHas.

©oo~NoGhkowdE

XOI PABOTBI

1 TloaroroBka 371eKTPOGOPETHIECKON YCTAHOBKHU K paboTe

BK1I0YUTH BBIIPSAMUTEID B C€Th (PUCYHOK 2.1).

Buumanue! IlpenBapurenbHO OTKIIOUHMTH 3JIEKTPOABI OT MpUOOpa, BBHITAILMB
Bunky 12 u3 rue3ga. Ilepexntounts TymOnep 8 B HUKHEE MOJIOKEHUE, 3arOPUTCS
uHauKaropHas jgammna 9. Ilpocnenuts 3a TeM, 4TOObI MoKa3zaHus BojiabTMeTpa 10 u



Muuramnepmerpa 11 Obutn HyneBbIMU. B Takom mosioeHuu mporpeBath mpuodop B
teueHue 20-30 MUHYT.

2 Ilpurortosienne paboYrx pacTBOPOB

2.1 Tlpurorosnenne pactBopa xmopuupa xenesa (III) ¢ maccosoii moseit
IOA603A6H20) = 2,0%

Ha texHudeckux Becax B3BECUTh HABECKY KPUCTAJUIOTHJIpaTa XJOpHa Keje3a
(111) m(FeCl36H,0) = 3,30 r. HaBecky mepeHecTr B XUMHUeckuii ctakan ¢ 100 cv®
BOJIbI (MEPHBIN LUJIUHJP) U TIEPEMEIIUBATh 10 MOJHOTO pacTBopeHus. [lomydeHHBIH
pactBop xsopuaa xkene3a (III) FeCl;6H,0 nmeer maccoByro nomo ®(FeCl;6H20) =
2,0%.

2.2 TlpurotoBnenue pactBopa xsopuaa skenesa (III) wmaccoBoit  monu
w(FeCV6H,0) = 5,0%

Ha TexHMUYECKHX Becax B3BECHUTh HABECKY KPHUCTAUIOTHApaTa XJIOpHJA jKeje3a
(111) m(FeCl36H,0) = 9,30 r. HaBecky nepenecTn B xumudeckuii crakan ¢ 100 cm®
BOJIbI (MEPHBIN IUJIMHIP) U MEPEMEIINBATh JI0 MOJHOTO pacTBOpeHHs. [lomyueHHbIN
pactBop xmopumaa xenesa(lll) FeCls6H20 umeer maccoByro momo ®(FeCls6H20) =
5,0%.

2.3 Tlpurorosnenue 6oxkoBoii xuakoctr 31extpoiuta NH4Cl ¢ MaccoBoii noseit
W(NH.CI) = 0,4%
33

B crakan emkocthio 500 cm HanmuTh 250 cm Boabl. Ha aHanmuTHueckux Becax
B3Becuth 1,0000 r NH4Cl. HaBecky pactBopuTh B KOIOe ¢ BOmOH. IlosydeHHBbIH

pacTtBop Oyaet umeTh MaccoByto g0 O(NH4CI) = 0.4%.

3 IIpuroroBieHHUE 3011 THAPOKCHIA KENE3a 10 XUMUUIECKOMN PeaKIuu
FeCl; + 3NH,OH ~ Fe(OH);| + 3NH,CI

Fe(OH); + HCI ~ FeOCI + 2H,0
3.1 0to6pars munerkoii 20 cm® pactBopa xnopuna xenesa (I11) ¢ 1o FeClz6H,0
= 5% B KOHUYECKYIO K0J0y. B 3Ty 3xe Kon0y npriiuTh N30bITOK THAPOKCUIA AMMOHMS
koHneHtpamuein QNH,O0H) = Imons/aM 10 o00pa3oBaHus 0O0BEMHOTO OCajKa
THJIPOKCH/IA Kelle3a KOPHUHEBOTO IIBETA.
3.2 TIpUroToBHUTHL BOPOHKY C (PMIBTPOM M YCTAHOBHUTH €€ B UUCTYIO KOHMYECKYIO
K010y eMKocThIo 250 cm3. Ocamok TMAPOKCHAA *kene3a OT(QHILTPOBATh Yepes3 CyXOoi



¢unbTp. Ocanok Ha GUIBTPE MPOMBITH BOJIOH /10 HCUE3HOBEHHS 3araxa aMMHaKa.
3.3 TlIpomsitsrii ocanok Fe(OH)s akkypaTHO coOpath ¢ pUIIBTPOBAIBHON OyMaru

JIOMATOYKOM ¥ IOMECTHUTH €T0 B IIYCTYI0 KOHHUYECKYIO KOJIOY eMKOCThIO 250 cM .

3

3.4 Ocanox pasbaButh 80 CM AUCTUILIMPOBAHHOMN BOJBI. [IpHIHTH K
0

paz0aBieHHOMY ocaaky 40 cM pacTBopa xJjiopuaa xenes3a ¢ 10 = 2.0%.

3.5 TMonyueHHyro cMech IOCTaBUThH HArpeBaThCs Ha BOASHONM OaHe mpH
MIOCTOSIHHOM TE€pEMEIINBAHUMU.

Buumanue! Crneauth 3a Temrieparypoi BoAsHONW Oanu. Cmech HarpeBath [0
temmneparypsl 70°C mociie 4ero OTKIIOUUTH MOAOTPEB BOABI M OCTABHTH OCTHIBATH
cMech B BOJIsHOM Gane 10 Temmneparypsl 40°C.

3.6 Tlomyuennsiii Tuapo3ons ruapokcuaa xeneza Fe(OH); nomken ObITH
IPO3PAaYHBIM U UMETh KOPUYHEBO-KPACHBIH 1IBET.

4  H3mepeHwue IIOTHOCTH THAPO30JIs rHApokcua xeiesa Fe(OH);

I'maposons ruppokcua xenesa Fe(OH)s nepenuts B MepHbIi uauHap Ha 100
cM® ¥ YCTaHOBHTH €0 HA TOPH3OHTAIBLHON IOBEPXHOCTH. I1OMECTUTH B LIUIMHIP
apeoMeTp ¢ MHTepBaloM H3MepeHuii maotHoctH (700-1000 kr/m®) Takum obpasom,
YTOOBI OH HE Kacalicid CTEHOK HWiuHApa. CHATh MOKa3aHMs CO MIKAJbI apeoMeTpa U
3aHecTr B Tabmuiy 3.1. I'maposons ruapokcuaa xeneza Fe(OH)s momkeH uMeTh
IJIOTHOCTH B TIPEAEIIAX Psons = 975-995 K1/M .

5  Hsmepenue BI3KOCTH THAPO30JIs Tuapokcuaa xkeie3a Fe(OH);

5.1 3akpenuTh BUCKO3UMETP B IITATHBE.

5.2 3anuth MOay4YEHHLIH THAPO30IIL B PACIIMPEHHBINA pE3epByap BUCKO3UMETPA
(3/4 o o6BeMmy).

5.3 TlepeBectH 305ib B KOJEHO BUCKO3MMETPA C JBYMS PACHIMPEHUSAMH BBIIIE
BEPXHEHU KOJIBLIEBOM OTMETKH IPY MOMOLIY TPYLIN.

5.4 Jlath BO3MOKHOCTH 30JI0 OITYCTUTHCS [0 BEPXHEH KOJIBLEBON OTMETKH.

5.5 BxitounTh CeKyHIOMEP W 3aUKCHPOBATH BPEMSI HCTEUYEHHS 30JI1 OT
BEPXHEN 1O HWKHEM KOJIBLIEBOW OTMETKH. M3MepeHue BpPEMEHU HCTEYEHHUS 30714
MEXy KOJBLEBBIMA OTMETKaMHU ITPOBECTH 3 pasa.

5.6 PaccunraTh KO3(PHUIUEHT JUHAMHYECKOM BA3KOCTH II IO (hOPMYJIE:
rj=v"p, [Iac] (3.1)

rie V= mm ¢ - KuHeMaTudeckuid Kod(HUIMEHT BSI3KOCTHU, M/C; T - TPO-
TOJDKUTETHHOCTh NCTEYEHUSI KOHTPOJIBLHOTO 00heMa JKUIKOCTH Yepe3 Karujuisp, C; C -

MOCTOSTHHASI BUCKO3UMETPA B CAHTUCTOKCAX (CCT) B COOT-



BETCTBUH C NIACTIOPTOM BUCKO3MMETPA (Icer=110"cr=110m/c); 622

P - TUIOTHOCTB 30JIs 110 apeoMeTpy, (KI/m ).

6 CosmaHue YeTKOM TpaHUIBI pasjeia THAPO30Jb - OOKOBas KHIKOCTH B U-
00pa3Hoil TpyOKe

6.1 TmarensHo mpomeiTe Bomoit U-oOpasnyro TpyOky 2. Ilpu cuibHOM
3arpsi3HEHUH TPYOKH - TpoMbiBaTh pacTBopoM NaOH ¢ konnenTpanueii C(NaOH) = 2
MOJIB/M .

6.2 3akpenuts U-oGpasuyro TpyOKy B mraTuBe (pUCYHOK 2.1).

6.3 C moMomIbI0 BOPOHKH 3aJIUTh THAPO30Jb ruapokcuaa xene3a Fe(OH); B U-

oOpa3Hyto TpyOKy 10 oTMEeTKH «20» HIKE HYJISI IO IITKaJIe
0

npubopa Mo HUKHEMY MEHHUCKY (30J151) ~ 8 CM .

6.4 MenuiMHCKON IMUIIETKON, OCTOPOKHO, 1Mo creHke U-o6pasHoil TpyOKw,
3auTh 00KOBYIO )KUAKOCTh (pactBop NH4Cl ®(NH4CI) = 0,4%) 10 oT™MeTKH Ha IIKaje
«40».

Buumanue! bBokoByio JKMIKOCTh BBOAUTH OYEHb OCTOPOXKHO, H30eras
HNepeMELINBaHUs C TUAPO30JIeEM OEPIMHCKON J1a3ypH, 10 NOJYyYEHUS YETKOW BUIUMOM
IPaHUILIBI pa3esia TUAPO30Ib - OOKOBAS KUIKOCTb.

6.5 Eciu He yIanoch HOIYYUTh YETKYIO TPaHMILY pasjesia THAPO30IIb - GOKoBas
XKHUIKOCTh, U-00pa3Hyro TpyOKYy IPOMBITH BOJIOW M MOBTOPHUTH MYHKTHI (6.1) - (6.4).

6.6 Omnycrurs snekTpoasl B KosieHa U-00pa3Hoit TpyOKH MpUMEPHO Ha 2-3 ¢M
BBIIIIE TPAHUIIBI pa3aena (a3 ruApo30ib - 00KOBasK KUIKOCTb.

Buumanue! Ilorpyxarb 31eKTpoJbl B OOKOBYIO XHUIKOCTh CIEAYET OYEHb
OCTOPO’XHO, BO H30eXkaHHE HapyLIEHUs YETKOM TpaHMIlbl pas3jaena TUIPO30ib -
OOKOBast )KUJIKOCTb.

6.7 TIoAKIIOYMTH BHIIKY K BBIIPAMUTENIO B THE3/I0 C HAIIUCHIO «QJIEKTPOIBD)
(pucynok 2.1).

6.8 IToBoporom pykosTku 13 ycTaHOBHTH HanpsbKeHHe Ha BosibTMeTpe 1 - 80 B,
a TOBOPOTOM PYKOATKHU 14 yCTaHOBHUTH CHITy TOKa Ha MusuiHamiepmerpe 3 - 20 MA.

6.9 3adukcupoBaTh BpeMms Moja4uM TOKa B cucrTeMy (IO Yacam); HayaJlbHOE
M0JIOKEHUE TPAaHULbI TUAPO30JIs U 3aHEeCTH B Tabiuiry 3.1.

6.10Cnenuts 3a CMelIEHHMEM TPaHMIBI THAPO30JL - OOKOBas KHIAKOCTH B
teyeHue 40 MUHyT, GUKCUPYS YPOBEHb LIBETHOU IPAHUIIBI B IPABOM aHOJIHOM KOJICHE
O IIKaJje MMEKTPOPOPETHIECKON YCTAaHOBKH Yepe3 Kaxkapie 10 MUHYT.

6.11 Pe3ynbTaThl ©3MepeHus: ypOBHS LIBETHOW IPAHULIBI YEPE3 Kaxable
10 munyT 3anecTr B Tabmuiy 3.1.



7 O06paboTKa pe3yabTaTOB H3MEPEHHIA

7.1 Tlo paHHBIM CMEIIEHMS LBETHOM rpaHunbl h, paccuMrTaTh CKOPOCTH
CMEITEHUS I[BETHOM TPAHUIIBI TUAPO30JIh - 00KOBASI JKUIKOCTH IO (POpMYyIIE:



h

V - — [m/c]m (3.2)
rae h - cMeleHre rpaHulIibl, M; T - BpeMsi CMEIIICHHS, C.

7.2 PaccunTarh rpaJieHT MOTEHIHAIA BHENTHero mojist H mo hopmyie:

(3.3)

rae E - HanpsokeHne Ha 91eKTpoaax, B; L - paccTosiHue MEXIy JIEKTPOIaMHu, M.

7.3 PaccunTath 371eKTpOo()OPETHUECKYIO MTOABHKHOCTD 110 opMmyIie:

(3.4)

rae I - cuna Toka, A; V - CKOpOCTh CMEIICHHS [[BETHOM MPaHMUIIBI, M/C.

7.4 Paccunrtath BennunHy Z - TIOTSHIIMAA 1Mo Gopmyie:

(3.5)

rae Z - DSIEKTPOKMHETUYECKUHM TOTEHIMAl TUApo30Jisi OepiauHCKOM mnazypu, B; m -
JTMHAMUYECKAasl BS3KOCTh THUJIPO30Jia OepyimHcKoi nasypu, Ilac; U - anexkrpodopernyeckas
MOABWKHOCTB;, S - AMAJIEKTPUYECKAs MPOHUIIAEMOCTb BOAbl; H - rpagueHT mnoreHuuaa

BHEIIHETO ITOJIS.
7.5 Pe3yspTaThl pacueTa 3aHECTH B Tabmiry 3.1.

Tabnuya 3.1 - Jlaunsie 015 pacuema 21eKmMpoOKUHEMU4ecKko20 NOMeHyuaia
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8 CnenaTh BBIBOJ O TIPOJICIAaHHON paboTe



11.

14,

17.

18.

KOHTPOJIBHBIE BOITPOCHI

1. Kaxwue siBIICHHS B JUCIIEPCHBIX CHCTEMAaX OTHOCSTCS K DJICKTPOKHHETH- YECKIM?

2. TIpy4rHBI SIEKTPOKMHETHYECKUX SIBJIECHHUM B IUCIIEPCHBIX CHCTEMAX.

3. JIBoiinoii snekrpuueckuii cioit (JIIC).

4. Teopuu CTpOEHHs ABOMHOTO 3JeKTpHyecKoro cios: I'emrosbiia- Ileppena; I'yu-

UYenmena; [ltepna.

[ToreHumanonpeenstommne HOHBI.

[IpoTHBONOHBI.

AncopOuunonnslii u qudPy3unonssiii cio B J19C.
N3menenne noteHnuana B nuddysuonnoit yactu J19C.

© o NOo O

TonmuHa 1u¢GHy3UOHHOTO CIIOS.

10. MunemwispHas TeOpHs CTPOEHUS KOJUIOMIHBIX YaCTHII.

N3bupatenbHas aacopOIis HOHOB Ha MMOBEPXHOCTH arperaTta KOJJIOMAHONW YaCTHIIBI.
12. TInockocTh MAKCHMAILHOTO ITPUOIMKEHHUS; IIOCKOCTh CKOJIBKEHHS.

13. DeKTpOKHHETHYECKHUI OTEHIHAL.

Ponb 251eKTpOKUHETUYECKOTO MOTEHIMANAa B YCTOMYMBOCTH JJUCTIEPCHBIX CUCTEM.
15. ®axropsl, BOUSIONME HA BEIMYMHY DJIEKTPOKUHETUYECKOTO TOTEHIHATIA.

16. Meroasl u3MepEHHs dJIEKTPOKMHETHIECKOIO IIOTEHIIAAIIA.

H3mepenue dMeKTPOKHHETUYECKOTO MMOTEHITHAIa METOJOM CMEIICHHS «I[BETHOU
TPaHUIIBD.

[TpuHIIMTIHATBEHAS CXeMa YCTAaHOBKH JIJIST U3MEPCHUS DJICKTPOKUHETH - YECKOTO
MOTEHITAIA METOJIOM CMEIIICHUSI «IIBETHOW TPAHUIIBD.

Pacuer BenmMUnHBI 3JIEKTPOKUHETUYECKOTO MOTEHIIAAIIA TTO CMEIIEHUIO IIBETHOM TPaHUIIBI

HCCIIeTyeMbIN TUAPO30JIb - OOKOBAS JKUJIKOCTh
JIABOPATOPHAS PABOTA Ne 6

OTIPEJIEJIEHUE TIOPOT'A KOATVJISILIMY ONTITUYECKHUM
METOJIOM

[ens paboThI: Onpenenenue IIOPOTra KOAryJsiuy THAPO30JIEN

ONITHYECKUM METOJIOM.
O6opynoBanue. Matepuanbl

1. Konopumetp doroanekrpuueckuii KOO.

2. KroBeTbl KBapIieBbI€ ¢ JUIMHOM Toromaromero cios | =20 mm.



3. Konbsl koHnueckre eMKOCThIo 50 ¢M - 11 1mT.

4. BIOPETKH €MKOCTBIO 25 ¢M3-3 miT.

5. PactBop K280, ¢ konnentpanueit C(K2804) = 0,005 MOIb/1M .
6. Tupposons ruapokcuna xenesza (111).

/. Boaa IuCTHILIMPOBaHHAsL.

XOJ PABOTBI
1 Tlomyuurs ruapo3ois ruapokcuaa xenesa (I11) y npenomaBaress.

2 HpI/IFOTOBHeHI/IG CCpun paCTBOPOB THAPO30JIA C PA3IMYHBIM KOJIHNYCCTBOM

ANEKTPOIUTA-KOATYISATOpA
0

2.1 B 11 KOHMYECKHX KOJO eMKOCThI0 50 ¢M IMUMeTKOM HaIuTh 1o 10
0

cM TuzIpo30iia ruapokcua xenesa (111).

2.2 B kaxayro Koy0y ¢ THAPO30JIeM T00aBUTh BOJbBI U DJICKTPOJIMTA- KOAryJIsTopa
B KOJIMUECTBE, YKa3aHHOM B Tabiuue. [lonydueHHbIe pacTBOPHI TIATEIBHO EPEMEIIATh.

2.3 Yepe3s | MuHYTY TOCIEC TPHUTOTOBICHHS KaXIOTO pPacTBOpa H3MEPHUTH
ONTHYECKYIO INIOTHOCTh pacTBOpa Ha PoroasiekTpuueckoM Kojopumerpe KDO.

3 U3MmepeHue ONTHYECKOM IUIOTHOCTH DPACTBOPOB Ha (HOTODIEKTPUUECKOM
kosopumerpe KOO

3.1 Bxsrounts npubop B ceTh 3a 30 MUHYT /10 Hayajaa paboThl TYMOJIEPOM «CETHY,
MPEABAPUTENLHO OTKPBIB KPBIIIKY KIOBETHOTO OTACIICHHUS.

3.2 YcTaHOBUTH CBETOPMIILTP IIPU MOMOIIU PyuKd «IlormoTurenm.

3.3 IIpu OTKPBHITOM KIOBETHOM OT/IEJICHUM YCTAHOBHUTH CTPEJIKY MUKpOAMIIEpMETpa
Ha HOJIb (JIEBOE KpaiiHee 3HaueHHEe BEPXHEH IIKaJIbl) MPU MOMOIIHU PYYKH «Y CTaHOBKA
O».

3.4 3amonHuTh KBapIEBYIO KIOBETYy JUIMHOM 20 MM pacTBOPOM CpaBHEHHS
(IMCTUIITMPOBAHHOW BOJOM), TIIATETHLHO MPOTEPETh paboyue TpaHU KIOBETHI CYXHUM
(GUIBTPOM W TIOMECTHTHh KIOBETY B TEpPBOE OTHeleHUE (JaJibHEe OT PabOTaroIIero)
KIOBETOZEpKaTEs.

3.5 3amonHUTE BTOPYIO KBaplEBYK KIOBETY IIMHONM 20 MM HCCIELyeMbIM
pPacTBOPOM U TOMECTUTH KIOBETY BO BTOPOE OT/ICJICHHUE KIOBETOAEp KaTEIIsl.

3.6 3aKkphITh KpBINIKY KIOBETHOIO OTJEJIEHMS W BBECTH KIOBETY C M-
CTWIJIMPOBAHHOM BOJOM B CBETOBOM IOTOK IMOBOPOTOM pydku «KroBeTbD» BIpaBo.
Crpenka MuKpoaMmIiepMeTpa MpU 3TOM JIOJDKHA OTKJIOHHMTBCS B IIpaBO€ KpaiiHee
ITOJIOKEHHUE.

3.7 YCTaHOBUTH CTpPENKYy MHUKpoamiepMmerpa Ha «0» IO IIKaje ONTHYECKUX



MI0THOCTEN D (HYMOKHSIS 1IKana) MOBOPOTOM pydkH «YcraHoBka 100».

3.8 BBecTn KIOBETY € MCCIEIYEMbIM PAacTBOPOM B CBETOBOW IOTOK HOBOPOTOM
pyuku «KroBeTe» BieBo. CTpenka MUKpOaMIIepMeTpa IIPU 3TOM OTKJIOHSIETCS BJIEBO OT
HYJIEBOT'O MOJIOXKEHHUSL.

3.9 Cuurarh 3HaYEHHE ONTHYECKOM MUIOTHOCTH D ¢ HUIKHEN HIKAJIBI C TOYHOCTHIO
10 TpeTbel 3Havalen nudpsl. Pe3ynpraTel n3MepeHus 3aHecT B Tadnuiy 3.1.

3.10. BepHyTh KIOBETHI B MCXOIHOE IMOJOKEHHE MOBOPOTOM py4kH «KroBeThD»
BIIPABO.

3.11. BbIHYTH KIOBETY C HCCIIELYEMBIM PACTBOPOM M3 KIOBETOEPIKATENIS, BBUIUTh
pacTBOp, 3alOJHUTH KIOBETY CIEAYIOIIMM HCCIEIyEMbIM pPacTBOPOM M IPOBECTH

U3MepeHne onTuieckoit mrotHoctu D cormacuo m.a. 2.3.1 - 2.3.10.

4 O6paboTka pe3yabTaTOB U3MEPEHHIA

4.1 Tlo pe3ynabraTaM W3MEPEHUS TIOCTPOUTH HHTETPAIBHYIO KPUBYIO 3aBUCHMOCTH
ontuyecko miaotHocth D oT oObema M00aBIEHHOTO K THUAPO30IIO JIIEKTPOIUTA-
Koaryisitopa, T.e. D = f(Vor).

4.2 Jlns Gojice TOYHOTO YCTAHOBJIEHHS SKBHBAJICHTHOIO OOBEMa 3JIEKTPOJIMTA-
Koarynsaropa Vot ONpenenuTh TAHT€HCHI YTJIOB HAaKJIOHA KacaTeJIbHBIX K MHTETPAIbHON
kpuBoid D = f(Vor), MOJIyYEHHBIX B TOYKAX, COOTBETCTBYIOIIMX H3MEHEHHIO 00BeMa

AEKTPOJUTA-KoarymisTopa Vor de-
0

pe3 kaxasie 0,5 cM (pucyHok 3.1).

4.3. Ilo ycTaHOBJIEHHBIM 3Ha4eHUIM tJai OCTPOUTh U PepeHIHATBbHYIO KPUBYIO

3aBUCUMOCTH = f(Vwm) (pucyHok 3.2), ¢ KOTOpOi



CUMTATh DKBUBAJICHTHBIH OOBEM DIICKTPOIMUTA-KOATYISATOPAa ¢ TOYKM MaKCHMyMma Ha
auddepeHnraIbHON KPUBOA.
4.4 PaccumraTh MOPOT KOATYJISIMH JJIS KaXKIO0T0 DJIEKTPOJIUTA- KOAryIaTopa o
bopmyre:
CeV
Criop = “V7 e (3)

rie Cpop - HOPOT KOATYJSIUU AAHHBIM 3JIEKTPOJIMTOM-KOATYJISITOPOM, MOITB/IMS; Vs -
MUHHMMAaJIbHBIN 00bEM pacTBOpa AJICKTPOIMTA-KOAryJIATOPA, BHI3BIBAIOIINN TOMYyTHEHHE

THIPO30J1s TuaApokcra xxenesa (1) FeH)s,

3 3
cM ; V =VYiou + Yioubl + Yy - 001U 00bEM KOATYIUPYEMOTO 307151, CM .
5 CraenaTh BBIBOJI T10 BBIITOJHEHHOM paboTe.

Tabauya 3.1 - OxcnepumeHmanvhvle OaHHble O/ ONpeoeieHuUs nopoea Koa2yiayuu
ONMUYECKUM MemoooMm

Howmep ko110l
1 2 B3 4 B 6 [7 8 [9 [10 [11
O6bem 30151 Fe(OH)3, cm® 10 |10 10 (10 |10 (10 [10 |10 (10 |10 |10

0,0 454,035 18,0125 20151005/ -
OOBeM BOIBL CM
O6BéM  onextpomuta-koarysiropal - 0,5 (1O 1,5 2,0 25 3,0 3,5 4,0 4,5 5,0

Vou, cM
Onrrueckas IIOTHOCTh D

AD

.l

D A
1,50 |-
125 |-
1,00
075 |-
0,50 ¥
025 |-

AV L

Pucynok 3.1 - Humeepanvnas kpusas Pucynok 3.2 - JJlupcpepenyuanvras sagucumocmu
ONMUYECKolU NJIOMHOC- KPUBAs 3A8UCUMOCHU ONMUYEeCKoUu mu 3o071eil om obvema
npubassemo2o niIomHocmu 3071eti om obvema npubag- 31eKmpoauUma J151eM020
97IeKMpOAUMa



JIABOPATOPHASA PABOTA Ne7. OITIPEJAEJIEHHUE ITIOPOT' A
KOATYJIAIUU TUAPO30JIA THIPOKCHUIA KEJE3A (III)
[{enb pabOTHI: 1. Onpenenenue nopora KoaryJisiiiuu TUAPO30JIs
ruapokcuaa xenesa (I1I).
2. [IpoBepka BIUSHUS 3apsiia KOAryJIHPYIOIIEr0 HOHA Ha TOPOT Koaryysnuu (TIpaBHIIo
[ynsue-I'apan).

O6opynoBanne. Matepuaibl

[IpoOupku nuIMHAPUYECKUE - 24 MT.
BropeTku eMKOCThIO 25 cM® - 3 miT.

PactBop KCI ¢ kornenTpanueit C(KC1) =2 mons/mMm .

PactBop K2S04 ¢ xornerTpanuent C(K2S04) = 0,05 mob/mMm .

Pacteop K4|'e(111)s] ¢ xonnentpauueii C(Ks[Fe(CN)s]) = 0,005 mons/mm,
PactBop FeCl; ¢ xonnentparueit ©(FeCls) = 2%.

PactBop FeCl; ¢ xonnentparueit ©(FeCls) = 5%.

PactBop NH40OH ¢ ©(NH40H) = 0,1%.

© N gk wWwoN P

XO/I PABOTBI
1 Tlomyuenwme 30ms rugpokcuaa xeneza(lll) MeTomoM HenTu3anum

1.1 B xonby manute 20 cM pactBopa xjopuaa xenesa ¢ meClz) = 5%, 10cm
JTMCTUILTUPOBAHHOM BOJIBI U 100aBUTH pacTBop ammuaka ¢ (NH4OH) = 0,1% no mosHoro
ocaxaenus ruapokcuna xenesa (II1). TTonyuennyro B3Bech ruapokcuaa xeneza (I11)
oTQWIBTPOBATh, oOOpamiasi BHUMAaHUE Ha Mpo3padyHoCTh (QuibTpata. B ciyuae
HEIpOo3pavyHoro (puiapTpaTa 100aBUTh Ha (PUIBTP HECKOJIBKO Kaleslb pacTBOpa aMMHUAaKa.

1.2 Ocamok ruapokcuna skenesa (III) Ha (GUABTPE MOPOMBITH HECKOJIBKUMH
MOPIUSAMHU TUCTHITMPOBAHHON BOJBI 10 MCUE3HOBEHMS 3aMaxa aMMHaKa. 3aTeM 0CafioK

ruapokcuna sxenesa (I11) cHaTh tonaroukoi ¢ puibTpa u
0

MEPEHECTH B CTAKaH WJIM B KOHUUYECKYIO KOJIOY eMKOCThIO 250 cM .

1.3 Jlo6aButs B K016y 80 cM> qMCTUILIMPOBAHHOMN BOJBI, B300JITATH
0

710 TIOJIy4E€HUs OJTHOPOIHOM B3BecH. B k00y npunuth 40 cM pacTBOpa XJIopHaa kejie3a
¢ meCl3) = 2% u HarpeBath Ha BoAsgHOM Oane npu 75°C 15-20 MMHYT, NEpHOAUYECKH
B30aITBIBas 10 0Opa30BaHMS TUAPO30JIsa Tuapokcuaa xeinesa (I11) kopuaHeBo-KpacHOTo
LIBETA.



1.4 3ammcars ypaBHEHHE PEaKIUU IIOJyUCHHS 3011 THIPOKCH A Ke- jte3a FeH)s.
Hamucate (opmyily MHIEIUTBI THAPO30Js TUApOKcHAa xkeine3a FeH)s, yduTbiBas

MPEUMYIIECTBCHHYIO aicopOnmio katnoHa FeO+.
2  IIpuroroBjeHHE CEPHU PACTBOPOB JIEKTPOIMTOB- KOAT'yIATOPOB

2.1 TloaroToBUTH TPH CEpHH MPOOHMPOK IO 8 B KaXKIOM JUIA TPEX KOAryJIsATOPOB:
KCI, K2804, "[Fe*N*].

2.2 Pacrono)uTh CEPHIO IPOOUPOK I KAKIOIO M3 KOAryJIsTOPOB B CBOEM PSILY
IITaTHBA.

2.3 B ueTbipe MpoOHPKHU KaxI0M CeprH U3 OIOPETKH T00ABHUTH T10
5 cM ruaposoins ruapokcuna xkesesa (111 Fe(OH)s.

2.4 B ocTaBIIUXCs YETBIpEX MPOOMPKAX KaKIOW CEPHH MPUTOTOBHTH PAaCTBOPHI
anekTposinToB-koarysaTopoB (KCI, K2804, R FeAN)") paznuaHoii koHIeHTpanuu. s
ATOTO0 CMeIIaTh B HHUX PAaCTBOPHI COOTBETCTBYIOIIMX OJJIEKTPOJUTOB C BOAOH B
COOTHOILICHUH, YKa3aHHOM B Taoiuie 3.2.

3 Ompenenenne mopora KoaryJisiuy

3.1 B kaxmoii cepuu BUINTH IPUTOTOBICHHBIE T10 I1. 2.4 pacTBOPHI KOATYJISATOPOB
B IMPOOUPKH C 5 CM TUAPO30JI THAPOKCH A kelie3a Fe*H)s, TimarenpbHO mepeMenaTh ux
1 OCTaBUTh Ha 30 MHUHYT.

3.2 Yepes 30 MMHYT OTMETUTH HaJWYUe MOMYTHEHHUS WIIM OCajKa THUAPOKCHIA
xenesza FeH”. PesynbpTaTel 3aHectu B Tabnuimy 3.2 (ctpoku 1-4).

3.3 Jlns Ooiee TOYHOIO OIMPEAEIEHHs IIOpOra KOArylsiMd HEOOXOAMMO JIs
KQXKJIOTO 3JIEKTPOJIMTA-KOArYJIsITOpa MPUTOTOBUTH MO M. 2.4 BTOPYIO CEPUIO U3 YETHIPEX
pacTBOpoB. Pa3zbaBieHne KOaryasiTopoB BTOPOii CEpUU BHIOMPAECTCS B UHTEPBAJIC MEKIY
KOHIICHTpaIel B MPOOHUpKe, T/ie MPOU30IIa KOaryJsmus, U B OKaline K HeH, rae
KOaryJisiiiuyi He HaOII0daI0Ch.

3.4 PacTBOpHI BTOPOil yTOYHEHHOM CEPHU KOATYISTOPOB BIMBAKOTCS
0

B MPOOHPKU ¢ 5 cM ruapososis ruapokcuaa skenesa (II1) FeH)s, mepememuBaroTcs u
ocTaBJsAOTCA Ha 30 MUHYT.
3.5 Yepes 30 MMHYT OTMETUTH HaJUWYWe MOMYTHEHHUS WIIM OCajJKa THUAPOKCHIA

xenesa (I11) Fe"H”. Pesynbratel 3anectr B Ta0uiy 3.2 (ctpoku 58).

4 O6paboTKa pe3yabTaTOB H3MEPEHUI
4.1 3a KOHUEHTpALHMIO DIIEKTPOJIMTA-KOAryJIATOPa, HCIOIB3YEMYIO B pacueTe
mopora KOaryJisiiii¥, TPUHAMAETCS MHWHHUMAJIbHAs KOHIIGHTpAIlUsS JJICKTPOJIUTA-

KoaryJjsitopa BO BTOpOfI CCPHH, BBI3bIBAIOIIAA IIOMYTHCHHC THAPO30JIA THAPOKCHIA



xenesa (I11I) Fe(OH)s.
4.2 PaccunraTh MOPOr KOAryJISLUM Ul KAXKIOTO DJIEKTPOIMTA- KOAryjsropa Io
dhopmyie:
_Ce*VYaa

Cl'lop y,
32)

ri€ Cpop - HOPOT KOATYJISIHMU JaHHBIM 3JIEKTPOIUTOM-KOAryIaTopoM, MoJk/mm; VA -
MUHUMAJIBHBIN 00BEM pacTBOpa AIEKTPOJIUTA-KOATYJIATOPA, BRI3BIBAIONINI TTOMYTHEHHE
rupo30is ruapokcuaa sxkenesa (II) Fe(OH)s, cm ; V = VA + VA + V,; - 001iuii 00beM
KOaryJmpyeMoro 30JIs.

4.3 Tlo sKCreprMEHTAILHBIM JaHHBIM CEIaTh BBIBOJ O BBIIOJHMMOCTHU IpaBHia
[Iympre-I"apam mo BAMSHUIO 3apsiia KOAryJIUPYIOIIET0 HOHA Ha TTOPOT KOATYIISIITHH.
Tabnuya 3.2 - Dxcnepumenmavhvle OaHHble 01 ONpedeleHUs nopo2a Koa2yiayuu

Onexkrpoaut| Ne  |OGwem 3015 O0Bem O6bem  |[lomytHenue| Ilopor
npoObI [Feffh 3 anekTpoiuta| uepe3 30 | KOaryasnuu
Vsomr e | POAPL EM Vo, cMm MUH C
KC1 1 5 4.5 0,5
2 5 4 1
3 5 3 2
4 5 1 4
5
6
7
8
K2504 1 5 4.5 0,5
2 5 4 1
3 5 3 2
4 5 1 4
5
6
l
8
K4I'e(CK)6| 1 5 4.5 0.5
] 2 5 4 1
3 5 3 2
4 5 1 4
5
6
7
8

oTbl: 1. OnpeneneHue nopora KoaryJasiuy rUAPo30I1si OEpIMHCKOM J1a3ypH.
2. [IpoBepka BIUAHMS 3apsiia KOAryJUpYyIOIIEr0 MOHA Ha MOpOT



JJABOPATOPHASI PABOTA Ne 8. OIPEJAEJTEHUE IOPOT'A
KOATYJIAIIUU TUAPO30JISA BEPJIMHCKOU JIA3YPU

koaryisinuu (mpasuio Llynsne-TNapan).
O6opynoBanue. Marepuaibl

1. TTpoGupKH MUTHHAPHYESCKAE - 24 TIIT.

2. BropeTkn eMKOCTBIO 25 cMm3-3 1mT.
0

3. PactBop KCI ¢ konuenrpamueii C(KCI) =2 mons/nMm .

3

4. PactBop MgCl; ¢ kounenrpanueir C(MgCl,) = 0,005 Moas/nm .

5. Pacteop AlCI; ¢ kornentpanueit C(AICI3) = 0,002 mMonb/aMm .

6. PactBop K4[Fe(CN)s] ¢ xonnenrpanueii W(Ks[Fe(CN)g]) = 0,01%.
7. PactBop FeCl; ¢ konuenrpauueit ©(FeClg) = 2%.

8. Pactop H,C,0, ¢ konuenrpamuein C(H,C204) = 0,1 Mons/nm

XO/[ PABOTBI

1  Tlomywenue ruapo30sst OEPIUHCKOMN JIa3ypH METOIOM IETITH3AINH

1.1 K 5 cM pacTtBopa xsopuma xenesa ¢ W(FeCls) = 2% npubdaButh
1 cm Haceimennoro pacrsopa rexcanuanogeppara (I1) kamus Kdpe(C’g].

1.2 Tlonmy4eHHslii 0cCamoK OEPIMHCKON Ha3ypu OT(PUILTPOBATH C MOMOLIBIO
BaKyyMHOTO Hacoca M TIPOMBITh Ha (WIbTpe HEOOJBIIUMHU  MOPLUIMU
JTUCTUJITUPOBAHHOMN BOJIBI.

1.3 3arem ocanok Ha GpuILTpE 0OPAbOTATL PACTBOPOM IIABEIEBOMI
0

kucinotel ¢ C(H2C204) = 0,1 MOJB/IM 10 TIOJTHOTO PacTBOPEHHUS OcaaKa Ha (UIBTPE,
cobupas ¢pmibTpar ruapo3ois Fes[Fe(CN)g]s B konOy ByH3eHa.

1.4 Hanmcare  Qopmyily  MHIEUIBI  OEpIMHCKON — JIa3ypH,  yYMTHIBas
IPEUMYIIECTBEHHYIO afcopOuuio MHoroszapsaaoro uona [Fe(CN)g]*.

2  IIpuroToBjeHUE CEPUU PACTBOPOB JIEKTPOIUTOB- KOAr'yISTOPOB

2.1 TloaroToBUTH TpU cepry NPOOHPOK 1O 8 B KaXKIOU JJIS TPEX KOAryJIATOPOB:
KCl, MgC|2, A|C|3



2.2 PacronoXkuTh CEPUIO IPOOUPOK I KaXKIOTO M3 KOAryJIATOPOB B CBOEM PSIY
IITATHBA.

2.3 B uerblpe NpOOMpPKM KaXION CEepUH U3 OIOPETKH A00aBMTH MO 5 cM®
TUPO30Jisl OCPIUHCKOM JIa3ypH.

2.4 B ocraBmIMXCS YETHIpEX NPOOUPKAX KaKIOW CEPHH MPUTOTOBUTH PaCTBOPHI
atekrposutoB-koaryisitopoB (KCIl, MgCl,, AICIs) pasmuunoit konmeHTpamwm. s
3TOTO CMeNIaTh B HHUX PACTBOPBI COOTBETCTBYIONIMX OJJIEKTPOJIHUTOB C BOJOW B
COOTHOIIICHUH, YKa3aHHOM B Ta0uie 3.3.

3 Omnpenenenne mopora KoaryJsmuu

3.1 B xax10ii cepuu BBUIMTH IPUTOTOBJIEHHBIE T10 I1. 2.4 pACTBOPHI KOAryJIATOPOB
B IIPOOMPKH ¢ 5 ¢M® TUAPO301s GEPIMHCKOM JTa3ypy, TINATENLHO MEPEMEINATh UX H
ocTaBUTh Ha 30 MUHYT.

3.2 Yepes 30 MUHYT OTMETHTH HAJIMYKME TIOMYTHEHHS WM OCajKa OepIMHCKOM
na3ypu. PesynpraTel 3aHecTd B Tadmuity 3.3 (ctpoku 1-4).

3.3 s Gosee TOYHOrO ONIPENEIICHHS IOpPOra KOArylasalud HEOOXOAUMO IS
KQ)KJIOTO 3JIEKTPOJINTA-KOATYJIATOPA IPUTOTOBUTS 110 I1. 2.4 BTOPYIO CEPUIO U3 YETHIPEX
pacTBOpoB. Paz0aBieHue KoaryisaTopoB BTOPOM CEpUU BEIOMPAETCS B MHTEPBAJIE MEXTY
KOHIIEHTpAaIMel B MpoOUpKe, T/I€ MPOU30IILIa KOAryJsIus, U B OJKaliieit K Hell, T1ie
KOaryJsiliiuy He HaOII0AaI0Ch.

3.4 PactBOpHI BTOPOI YTOYHEHHOM CEPHH KOATY/ISTOPOB BIMBAIOTCS B IPOOUPKH
¢ 5 cm® rupo301s GEPIMHCKOM JTa3ypH, HEPEMEIIUBAIOTCS M OCTABIAIOTCA Ha 30 MUHYT.

3.5 UYepes 30 MUHYT OTMETHTH HAJIMYKME TIOMYTHEHHS WIIM OCaJKa OEpIMHCKON
na3ypu. PesynpraTel 3aHecTd B Tadauiry 3.3 (cTpoku 5-8).

4 OG6paboTka pe3yabTaTOB U3MEPEHHI

4.1 3a KOHILEHTPALMIO AJIEKTPOJIHUTA-KOAryJATOpa, HCIOJIB3YEMYIO B pacyere
nopora KoaryJsify, TPUHUMAETCI MHWHUMAJbHAS KOHIICGHTPAIUs DJICKTPOJIUTA-

KOaryJsiTopa BO BTOPOW CEpUHU, BBI3BIBAIONIAS TMOMYTHEHUE THAPO30JS OEPIMHCKOM

Ja3ypH.
4.2 PaccuuTaTh MOPOT KOATYJISAIHH JUIsI KOKIOTO JIEKTPOJIUTA- KOATYJISITOPA 110
bopmyie:
CHHOC * Von
p ¢
V 30714 '

rae Cpop - OPOT KOATYJSALMK JAHHBIM 3JIEKTPOJIUTOM-KOAryJIITOPOM, MOIB/IMS; Vo -



MUHUMAJTLHBIN

00BEM

pacTBopa

QJICKTPOJIUTA-KOAryJsaTopa,

BBI3BIBAIOIINI

IIOMYTHEHHUE THAPO30IIs OEPIMHCKOMN 1a3ypH, CM; V505, - 00BEM THIPO3011 GEPANHCKOM

nasypu, cm>,

4.3 Tlo OKCIICPUMCHTAJIbHBIM JJTaHHBIM CJCJIaTh BBIBO/] O BBIIIOJIHUMOCTH IIpaBHJIa

[Tyneue-I'apau o BAUSHUIO 3apsia KOATyJIUPYIOIIETO HOHA HA TTOPOT KOATYJISIIIUH.

4.4 Tabnuua 3.3 - DkcnepuMeHTaIbHbIE JaHHbIE )1 ONpeeeHUs Mopora Ko-

aryJsiLuu
Onextponu | Ne  |OGpem 30| O0BeM (O6mem [lomytHenue| Ilopor
T IpoOsI OCepIMHCKON J1a-| BOMABI, PJIEKTPOJUT | depe3 30 | Koaryssiu
3ypu Y3015, CM 3la Yo, cm MHH 151
KCl1 1 3) 4.5 0,5
2 3) 4 1
3 3) 3 2
4 3) 1 4
3)
6
7
8
MgCI2 1 3) 4.5 0,5
2 3) 4 1
3 3) 3 2
4 3) 1 4
3)
6
7
8
AICI3 1 3) 4.5 0,5
2 3) 4 1
3 3) 3 2
4 ) 1 4
3)
6
7
8

JIABOPATOPHAS PABOTA Ne 9 BBAUMHA A KOAT'YJIALUA Lens pabotsr:
U3Y4YUTh IPOLIECC B3AUMHOM KOATyJISILIMU THAPO30JIEN

ruapokcuna xenesa (I11I) u 6eprmunckoit nazypu.




O6opynoBanue. Marepuaibl

[TpoOupku.

[ItaTtuB 17151 IPOOUPOK.

[Tunerka emxocThio 10 cM .

30116 ruapokcuaa xene3a Fe(OH)s.
30716 OEpIMHCKOI JTa3ypH.

ook owdE

JucTrmimmmpoBaHHasi BOJAA.
XO/[] PABOTDI

1 Tomyuuts ruapo30au OEpIMHCKON ja3ypu M ruapokcuma xemeza (ll1) y
IPEerno1aBaTelis.

2 Pacnosoxuth B mratise 11 MpoHyMepOBaHHBIX TIPOOUPOK.

3 Hanute B KaK1yro U3 IPOOUPOK OINpPeEAENICHHBIN 00beM TUIPO30Js (TIUIETKOMN)
ruapokcuna xenesa (IIl) B coorBercTBUU ¢ Tabauuei 4.1.

4 Pas6asuth 50 cm® 3051 GEPIMHCKOMN Ja3ypH JMCTHUIMPOBAHHOM BOJIOM B [Ba
pa3za. /Io0aBUTh ornpeneneHHbI 00beM pa30aBIEHHOT0 pacTBOpa (MUIETKON) B KaKIYIO
U3 IpoOUPOK ¢ Tuapo3osieM rugpokcuaa xenesa (I11) B coorBercTBum ¢ Tabnuneit 4.1.

Ecnu B 607pIIMHCTBE (UM BO BCEX) MPOOUPOK PACTBOP OKPAIICH B I[BET OJTHOTO
U3 30JIeH, cieayet pa3daButh B 2 (uiu 6ojee) paza ruApO30ib, MPUIAIONIUNA OKPACKY
cmecu. IIpoBecTH MOBTOPHYIO B3aMMHYIO KOAryJsiLMIO TUAPO30Jied mo m.ai. 2-4 ¢
pa30aBIIEHHBIM THIPO30JIEM.

5 OcraBUTh CMECH THUAPO30JIEH I B3AUMHOM Koaryysiiud Ha 30 MUHYT.

6 Yepes 30 MUHYT 1IOCIIE CAMBAHMS MHAPO30JIEH OTMETUTH KOATYIALHKIO (TOIHYIO,
HETOJIHYI0) U I[BET pacTBOPA HAJl OCAJIKOM B KaXKJI0M U3 MPOOUPOK.

[/ Cpenars BBIBOJBI TI0 POIEIAHHON paboTe

7.1 Hlnucars ¢GopMysabl MHUIET C yKa3aHMEM 3HaKa 3apsja HCCIIETyeMBIX
TUAPO30JIEH.

7.2 OObsACHUTH HaAOIIONAacMbIe SIBJIEHHS B IPOIECCE B3aWMHOU KOAryJISIHd

ruapo3oneit ruapokcuaa xemnesa (1) u 6epnurckoit nazypu.



Tabauya 4.1 — DxcnepumenmanvbHvle OaHHbLE

I uapo3zonb Homep npobupku

2 B A4 B B |7 B 9 10 11

Ol -
oo
|

['mnpokcun xenesa (I11) Fe(OH)s 6 b 4 3 2 1 0 1o

bepnuackas mazypp Fes[FE(CN)s]ls 1 2 3 4 B 6 [7 8 9 10 0

CreneHb KOaryJsimun

Oxkpacka 30J1 HaJl 0CaJIKOM

JIABOPATOPHA I PABOTA Ne 10 ITOJIYYEHUE Y OFPAIIIEHUE AMYJIbCUN

[ens paboTsl: 1.13ydeHne METOIOB OJIYUEHHS U ONPEACIICHUS
TUIA Pa30aBICHHBIX YMYJIbCUU.

2.006parmienue ¢a3 B sMyJIbCUU OE€H30J1-BO/IA.

O6opynoBanue. Matepuabl
[TpoOupxku.
[ItatuB 1151 IPOOUPOK.
Konnyeckue ko0bl eMKOCcThIo 50 cM® - 2 mT.
ITunerka emxocThio 10 cM .
Oneat Hatpus ¢ KoHLeHTparuen m = 3%.
benzon CU* mo 'OCT 5955 - 75.
[ cwimennsiii pactBop CaCb B Boze.
Macno noCoJIHEYHOE.

©oo~No Ok wdE

. Bomnsiit pacteop mbuia Cn*COOIII ¢ koHnenTpanuen m = 2%.
10. ducrunnmpoBaHHas BoJA.
11. MeruneHOBBIN CUHUIA.

XO/l PABOTBI

1 [TosryueHne 3MyabCUM MOACOIHEYHOTO Macja B BOJE

3 3

1.1 B xoHHYECKYIO KOJIOY EMKOCTBIO 50 CM HAJIUTH 8 CM MOJICOIHEYHOTO Maciia
1 106aBUTh 15 cM® IUCTHIMPOBAHHOM BOAKL 3aKPhITh KOJIOY IPOOKOM U SHEPTUYHO
nepeMeniaTh 10 MOTYYCHUS OTHOPOIHON IMYITBCHH.

1.2 Hamute 1o 5 cM® monydeHHON >MynbCHM B JBEe NMpOOMpPKU. B mepByio

IPOGHPKY J0OABUTH 5 cM® TUCTUIIMPOBAHHON BOJIBI, BO BTOPYIO -
33



3 ¢M IMCTHUIMPOBAHHOM BOALI M 2 ¢M BoAHOro pactsopa mbula Cn COON ¢
KOHLIEHTpauuen 1 = 2%. 3akpbITh NPOOUPKHU MPOOKAMU M SHEPTUYHO MTEpEMEIIATH 10
MOJy4YEHHUSI OTHOPOTHOW 3MYJIbCUMU.

1.3 OrMeruTh HaIMUUE PACCIOEHHUsS M CKOPOCTh paccioeHus Gpa3 B KaKIoM 13
POOUPOK.

2 [Tosrygenune smysbcuu O€H301a B BOJIC
3 3

2.1 B xouunyeckyro Kou0y eMKOCTbI0 50 ¢cM HaluTh 8 cM GeH30j1a U JOOABHUTH
15 cM® MUCTUIITMPOBAHHOM BOAIBI. 3aKPBITh KOJIOY IIPOOKOM U SHEPIUYHO MIEPEMEIIATE
710 TOJTyYEHHs] OAHOPOIHOM SMYJILCHH.

2.2 Hamute nmo 5 cM® mojydeHHOH >MYJIBCHHM B JIB€ NPOOMPKH. B mepByro

IPOOHMPKyY 100aBUTh 5 cM® TUCTUILTMPOBAHHOM BOJIBI, BO BTOPYIO
33

- 3 CM IUCTWUIMPOBAaHHOM BOJBI M 2 CM BOJHOIO pPACTBOpa OJieara HATpHUS C
KOHLIEHTpauuen 11 = 3%. 3akpbITh NPOOUPKHU MPOOKAMU U SHEPTUYHO MEPEMEIIATH JI0
MOJTYYEHHUS] OTHOPOHOU SMYJIbCUMU.

2.3 OTMETHTH HAJIMYUE PACCIOEHUS U CKOPOCTh paccioenus (a3 B KaxIoi u3
npoOupoK. B ciydae HeueTKoi rpaHuLbl pasjena Kuakux (a3 106aBUTh B MPOOUPKU
¢ 6ensosiom (1. 2.1.) mo 1 KpucCTa/IMKy KpacuTessi METUIICHOBOTO CHHETO.

3  OmpenencHue THIIA SMYIILCHH

3.1 Onpenenenue Tuma SMyJIbCHHA METOJIOM pa30aBiIeHUS

3.1.1 Hamurs B mpoGupKy 5 ¢cM® IMCTHIIMPOBAHHON BOALL. BHeCTH muIeTKOM
B MPOOUPKY ¢ BOAOM 1 Kamio 3MyJbCHM MOJACOIHEYHOro macia. KoHTpoaupoBarh
PAaBHOMEPHOCTb PaCIPEIEIICHUs YMYJIbCUH B BOJIE.

Ecnu kammis sMyJIbCHM PaBHOMEPHO pachpenensieTcss mo o0beMy BOABI - THUII
AMYJIbCUM M/B; €CIIM KaIlJIsl SMYJIbCUU B BOJIE HE TUCTIEPTUPYETCS - TUI SMYJIBCUU B/M.

3.1.2 Omnpenenuts THI BTOPOH SMYJILCHH - GEH30J1a B BOJIE coracHo 1. 3.1.1.

3.2 OmpeneneHue THIA SMYJILCHU METOIOM OKPAIIMBAHKS HENPEPHIBHOMN (hasbl

3.2.1 Hamurs B 1poGHpKy 5 cM® SMyJILCHH MOACONHEYHOTO Macia, 100aBHUTh
HECKOJIbKO KPUCTA/IOB METHJIEHOBOTO CHHETO M CUJIBHO B300JITATh.

3.2.2 KoHTponupoBaTh pPaBHOMEPHOCTh OKpALIMBAHUS OMYJIbCUH. Eciu
3MYJIbCHSI PABHOMEPHO OKPAILMBAECTCS [0 BCEMY 00BEMY - TUII OIMYJIbCUH M/B; €CIIH B

OMYJILCHUH OKPAaIIMBAIOTCA AUCIICPCHBIC YaCTUIBI MacCJjla - THUII OMYJILCUH B/M.



3.3 Omnpenenurs TUI BTOPO dMyIbLCHU - O€H301a B BOJIE coracHo 1. 3.2.1.
4 OOparienue 3MyIbCHH

4.1 Hamuth B mMpoOUPKY 5 CM 3MYJIbCHH TOJICOJHEYHOTO Macia, J00aBHTh
Heckosbko kanenb CaCly, 3akpbITh IPOOUPKY MPOOKOH M SHEPTHUHO TEPEMEIIATh.
Onpenenuts TU 00pa30BaBIICHCs SMYIBCUU coriacHo I.IL. 3.1 immbo 3.2.

4.2 TIpoect oOpalleHHE SMYJILCHU OEH30a B COOTBETCTBUM C 1L 4.1.
Onpenenutsb TUI 00pa30BaBIICHCS IMYIBCUU O€H30J1a corflacHo M.i. 3.1 aubo 3.2.

5  Caenath BBIBOJ O MPOJICIaHHOM padoTe.

KOHTPOJIbHBIE BOITPOCHI

1. XapakTepucTrKa KOJUIOMIHOTO COCTOSHHS BEIIECTRA.

2. MeTo1b!I MOIyYEHHUS UCIIEPCHBIX CUCTEM: TUCIIEPrallHOHHBIE, KOHICHCAIIMOHHBIE.
3. OnrTuyecKre CBOMCTBA AUCIIEPCHBIX CHCTEM.
4, PaccesiHre CBETa B KOJUIOM/IHBIX CHCTEMAX.
5. Tormnomenune cBeTa AUCIIEPCHBIMHI CHCTEMaMH.

6. Vcnonb30BaHne ONTHIECKUX METOIOB ISl OMIPEICIICHUS pa3Mepa KOJUTOUTHBIX
YaCTHLI.

7. CTpoeHHe ABOWHOTO 3JIEKTPHYECKOTO CJIOSI Ha TIOBEPXHOCTH KOJUIOMIHBIX YaCTHIL.
8. YCToHYMBOCTH KOJUIOUIHBIX YACTHII.

9. DnekrponutHas xoarysuus. [Ipasuso [lynsie-Tapau. ITopor Koaryisium.
10. Kuneruka nporecca KoaryJisiiuH.
11. Bsaumuas Koaryssius THIPO30JIEH.
12.  JInoduibHBIE AUCTIEPCHBIE CUCTEMBI.

13. Onpenenenue cpeaneil MOJIEKYIAPHON MACChI IOJIUMEPOB BUCKO3H-
METPUYECKUM METOJIOM.
14. MuxkporereporeHHbIE CHCTEMBI: CYCIIEH3HHU, IMYJIbCHH, ITEHBI, a9PO30JIH.

15. Meroasl mony4eHus U 0OpaIieHus SMYJIbCHIA.
CIIMCOK JIMTEPATYPBI

1. OcHoBHas JuTEpaTypa:

1. Ponun, B. B; ®usuueckas v KoOJUIOWAHASA XUMHS DJIECKTPOHHBIA PECYPC :
Yuebnoe mocobue / B. B. Poaun, 3. B. I'opuakos, B. A. Opobeu. - Craspormons :
CraBponoJibCKuid TOCyJapCTBEHHBIN arpapHbiil yHusepcutet, AI'PYC, 2013. - 156 c. -
Kuwura naxonurcs B npemuym-Bepcuu ObC IPR BOOKS. - ISBN 978-5-9596-0938-2

2. Tep3usH, T. B. ®usndeckas 1 KoJJIOUIHAS XUMUS : ydeOHOE Tocodue /
T.B. Tep3usin. - ExarepunOypr : M3znatensctBO Ypansckoro yuusepcurera, 2012, - 108
c. - http://biblioclub.ru/. - ISBN 978-5-7996-0789-0

2. lonosiHMTEILHAS JIATEPATYypPAa:

1.Opranuydeckas 1 pU3KoUIOMHAS XUMHUS : TPakTUKyM / cocT. Y. B. Bacuibiiosa ; cocr.



http://biblioclub.ru/

T. U. bokoBa ; coctr. I'. Il. KOcymoBa. - HoBocubupck : HoBocubupckuii
rOCyIapCTBEHHBIN arpapHblii yausepcurert, 2013. - 155 ¢. - http://biblioclub.ru/

2. BactokoBa, A.H. Xumwus ¢usznueckas ¥ KOJJIOUIHAS DIICKTPOHHBIN pecypc
: mpaktuky™m / H.B. Haconoga ; coct. A.H. Bactokosa ; O.I1. 3agaunna. - brarosemnieHck
: JlanbHEBOCTOUYHBIN TOCYJapCTBEHHBIN arpapHblii yHHBepcuTeT, 2015. - 69 . - Kaura
HaxoauTcs B 6a3oBoii Bepcuu DbC IPRbooks.

3. Koposun, H. B. O6mas xumus : yueOnuk / H. B. KopoBun. - 13-e¢ usn.,
nepepad. u gom. - M. : Axkagemus, 2011. - 496 c. : un. - (bakanaBpuar). - Pex. MOuH
P®. - IIpun.: c. 461. - bubnuorp.: c. 486. - ISBN 978-5-7695-8015-4

Ilepeyenn pecypcoB HH(POPMAIMOHHO-TEJICKOMMYHUKANUOHHOU ceTH « UHTEepHETY,
HEe00XOAUMBIX /ISl OCBOCHHUS JUCHHUILINHBI:

1. http://window.edu.ru/ - EquHoe okHO J0CTyIma K 00pa30BaTeIbHBIM PECYPCaM.

. www.biblioclub.ru - DnexkrpoHHo-6MOIMOTEUHAs cUCTEMa «Y HUBEPCUTETCKAS
OuOIMOTEKa OHIIANHY.

3. catalog.ncstu.ru - DnextponHsIit katangor Goauant CKOY

. www.library.stavsu.ru - DiekTpoHHass OGMOIUOTEKA U AICKTPOHHBIN KaTaJIOT HAyJYHOM
ouommorexku CKOY

4 CrenaTh BBIBOJIBI IO MPOJIETIAHHOMN padoTe.
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