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Mertoauueckue ykazaHus pa3padoTaHbl B cOOTBEeTCTBUU ¢ TpeboBaHusimu ®I'OC BO
U paboueli nporpaMmbl TUCHUTUINHBI «KosumongHas xuMusiy. YKazaHus
npeaHa3HAYCHBI JIJIs1 CTYJCHTOB OYHOM/3a04HOM (hOpMBI O0OYyUECHUS HAMPABJICHUS
noaroroBku 18.03.01 Xwumuueckass TEXHOJIOTHS.

ConepxaT OCHOBHBIE pa3liesibl M3Yy4aeMOIro TEOPETHUYECKOro MaTepuala,

IEpeYCHb  BOIIPOCOB HCO6XOI[I/IMBIX JIIs HpOpa6OTKI/I, a TakKXKE  CIIMCOK

PEKOMEH1yEeMOM JTUTEPATYPHI.

Cocmaeumenu Yepeonuuenxo Tamvana CepeeesHa KaHo. XUM. HAYK OOYeHM
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COJEPXXAHUE

JlabopaTtopHas pa6ota Ne 1 [TonyueHue AUCHEPCHBIX CUCTEM
JlabopaTtopHas pabota Ne 2 Onpezenienre pa3MepoB KOJUIOUTHBIX
qyacTHI] TypouauMerpudeckum Metogom Jlaboparopuas padora N° 3
Ornpenenenue MoBEpXHOCTHOTO HATSHKEHUS AKUJKOCTH 110 METOLY

Pebunnepa

JlabopaTtopHas pabora Ne 4 Onpezenenue 3HaKa 3aps/ia KOJUIOUTHBIX
Y4acTHI] JIEKTPOPOPETUYECKUM METOIOM.

JlabopaTtopHas pabota Ne 5 Onpezenenue 31eKTPOKUHETUIECKOTO
NMOTEHIIMaJa THAPO30JIsa ruapokcua xemnesa (I1I)

JlabopaTtopnas pabora Ne 6 Onpezenenue nopora Koaryisiiuu
TUAPO30JIEH ONTUYECKUM METOIOM.

Jlabopatopnas pabota Ne 7 OnpeneneHue mopora Koaryisiuu
ruApo3oiia rugpokcua xemnesa (III)

Jlabopatopnas pabota Ne 8 OmnpeneneHue mopora Koaryisiuu
ruapo30Iist OepiauHCKOM na3ypu JlaboparopHas padorta Ne 9
B3aumnas koarymsmus Jlaboparopras padota Ne 10 [Tonyuenue u
oOpalleHue SMYIbCHA.

Cnucok nuTepaTypsl



Tema 1. MO)IeKYJIHpHO—KI/IHeTI/I‘IeCKI/Ie U ONTUYECKNe CBOMCTBA OUCIIEPCHBIX CUCTEM

JIABOPATOPHAS PABOTA Ne 1 ITOJIVUHEHUE JUCIIEPCHBIX CUCTEM

[enbs paOoThI: OCBOCHHE 71a00paTOPHBIX METOJI0B MOJIyYEeHUS
JUCTIEPCHBIX CUCTEM
O6opynoBanue. MaTtepuabl

Kon6sr mepabie emkoctbio 100 cMm .
Boponku.

OUIbTPHL.

HacpimeHnssiii cniupToBbIA pacTBOP CEPHI.
CnuproBslil pactBop kanudoau ¢ m(kanudonn) = 2%.
PactBop FeCl; c meCls) = 2%.

PactBop FeCl; c meCls) = 5%.

PactBop K4pe(C)s] ¢ m(Kype(CH)g]) = 0,1%.

. PactBop K4pe(C")0] ¢ ©(K4pe(Can) = 2%.
10 PactBop CuSO4 ¢ w(CuSOy) = 0,1%.
11.PacrBop HC1 ¢ Q(HC1)=0,1%.

12.PactBop NaOH ¢ ~(NaOH) = 0,1%.

13. Pacteop NH40OH ¢ ©(N"*OH) = 0,1%.
14.PactBop HC1 ¢ C(HC1) = 0,1momb/mm>.
15.Pacteop H,C,04 ¢ C(H,C,04) = 0,1momb/am>.
16.PactBop Na,S,0; ¢ w(Na,S,0;3) = 1%.
17.PactBop KMnO, ¢ w(KMnO,) = 1,5%.

18. PactBop Fe(NOs); ¢ ¢MON) = 5%.

XX NN R WD =

XO/1 PABOTEI

1 Tlomydenue ruapo30s€l METOIOM 3aMEHBI PACTBOPHUTEIIS
1.1 TTomyueHue ruaAPO30IIS CEPHI

1.1.1 B npoGupky Hamuth 5-10 cM BOIBI ¥ 10OABUTH MO KaruisaM (He GoJbire 1
cM’) COMPTOBOTO PACTBOP CEPBIL

1.1.2 HabGmronats M3MEHEHHS, IPOUCXOIAIINE B IIpooupKe. OXapakTepru30BaTh
CBOMCTBA MMOIYIEHHOTO THAPO30Jis (€T0 I[BET B IPOXOISAIIEM H OOKOBOM OCBEIIICHHH).

Hamucate dopmyny wmunemisl 00pa3oBaBIIETOCS THAPO30JS CEPhI, €ClU

CTa6I/IJ'II/IBaT0pOM ABJEACTCA CCPHUCTAA KHUCJIOTaA.



1.2 Tlonyuenue 305 kauudoIN

1.2.1 B npobupky Haauth 5-10 ¢cM BOABI M JOOABHUTE 110 KaILIsAM (He
0

oonbmie 0,5 cM ) cnupToBoro pactBopa kaHudonau c¢ mi(xkanudonn) = 2% cepsl.
[lomy4deHHBIH paCTBOP YHEPTUYHO IIEPEMEIIATD.

1.2.2 Habmronats n3MEHEHHMS, IPOUCXOIAIIHE B IpoOupke. OXxapakTepru30BaTh
CBOICTBA MOJYYEHHOT O THAPO30J1s (€0 I[BET B MPOXOIALIEM U OOKOBOM OCBEILICHUN ).

2 Tloxy4enue ruapo30JI€H METOIOM XUMHUECKON KOHIEH AT
2.1 Tlonyuenue 3015 ruapokcuia xeesa ruapoauszom FeCls

2.1.1 B xonuueckoii konde eMKoCThI0 250 cM® HarpeTs Ha BOASHON
3 0

6aHe 95 cM TUCTHITMPOBAHHOM BOIBI 10 TemrepaTypsl « 95 C. He BeIHUMAs KOJIOBI
U3 BOJASHON OaHW, BBIKIIIOUYUTH O0OTPEB W HEOONBINON CTpyel, BIUTh MUIETKOW B
HarpeTyr Boay 5 cM pactBopa xjiopuja xkeinesa FeCl; ¢ m”*eCl;) = 2%.

OcCTaBUTh OXJIAXKAATHCA KOHHYECKYIO KOJIOy C TOJYYEHHBIM THUIPO30JEM B
BOJSIHOU OamHe.

2.1.2 Tlocne oxnaxkaeHHs IO KOMHATHON TeMIlepaType BBIHYTh KOJOY C
THIIPO30JeM U3 BOASHOW OaHM M OXapaKTepU30BaTh CBOMCTBA TMOJIYYEHHOTO
TUIPO30Jis (€ro LBET B MPOXOIAUIEM U OOKOBOM OCBELIEHUN ).

2.1.3 CpaBauth 1BEeT 00pa30BaBIIETOCS TMIPO30JIS C IBETOM MCXOIHOTO
pactBopa xmopuna sxeneza (III). Hammcars dopmyny mumenis oOpa3oBaBIIerocs
TUIPO30JIsl TUAPOKCUIA JKeTIe3a, €ClIU CTa0OMIN3aTOPOM SBIISIETCSI CEPHUCTAs! KUCIOTA.

2.2 TlonydeHue 30715 KEIE3UCTO-CUHEPOAUCTON Meau rekcarmanodeppar (IT)

Meu (peakius ABOMHOro oOMeHa)

2.2.1 K 10 cm® pactopa Kype(CK)g] ¢ m(Ky e(Ch6]) = 0,1% mpunuts 1 cm
pactBopa Cu80, ¢ w(CuSO,) = 0,1%.

2CuS04 + K4[Fe(CN)6] * Cu2[Fe(CN)6] + 2K2S04
2.2.2 Habmoaats H3MEHEHHsI, IPOUCXOAIINE B Mpodupke. OXapakTepu30BaTh
CBOMCTBA MMOJYYEHHOTO THAPO30JIs (€0 I[BET B IPOXOIAIIEM U OOKOBOM OCBEIIIEHUN).

2.2.3 Hamucats Gpopmyiisl munesn, eciii B u30bsitke CuSO, u K4Pe(ChI)G].
2.3 TlomyueHwe 30715 JUOKCH/Ia MapraHIia 1o peaKkiii BOCCTAHOBICHHS

HepMaHraHaT KaJIusd BOCCTAaHABJIHWBACTCA TI/IOCYJ'IB(l)aTOM HaTpHdg 10 JUOKCHIA

MapraHua:



8KMnO, + 3Na,S*; + H,O » 8MnO, + 3K*0O4 + 2KOH + 31"Oy4

2.3.1 B xOHMYECKYIO K0JIOY IMIIETKOM BHECTH 5 cM> pacTBOpa IEepMaHraHara
kaymst ¢ m(KMm0,) = 1,5%. 3aTeM B kos10y 100aBuTh 10 Karisam 1,5-2,0 cM pacTBopa
tuocynbpara Hatpus ¢ w(Na,S,0;) = 1%.

2.3.2 HabGmonars H3MEHEHHsI, IPOUCXOIAIINE B Ipooupke. OXapaKTepu3oBaTh
CBOMCTBA MOJIYYE€HHOT'0 THIPO30J1s (€ro I[BET B MPOXOIAIIEM U OOKOBOM OCBEIIICHUN ).

2.3.3 Hamucats GpopMyiy MHIIEIUIBL, €CIIA CTa0MIM3aTopoM siBisteTcss KMm0,.

3 Tloay4eHue ruapo30Jeii METOIOM IENTH3AIMH.

3.1 Tlonydenue 305 OEPIUHCKOM Ta3ypH
0

3.1.1 K5 cm pactBopa xmopuma xenesa ¢ w(FeCls]) = 2% npubaButh
0

I cwm maceimennoro pacteopa rekcarmanodeppata (I1) kamus K4Pe(ChI)6].

3.1.2 TlomyuyeHHBIH OCaIOK OEPIMHCKOM JIa3ypu OT(HIBTPOBATH C IMOMOIILIO
BaKyyMHOTO Hacoca W TMPOMBITh Ha (GUIBTPE HEOOIBIIMMH  TOPIHUSIMHU
JTUCTUILUTAPOBAHHOM BOJIBI.

3.1.3 3arem ocanok Ha GuUIBTPE 00pabOTATH IIaBEICBON KUCIOTOM C
0

C(H,C,04) = 0,1M0nB/IM 10 TIOJIHOTO PACTBOPEHUSI Ocajka Ha (GUIbTpe, coOupas
¢unbsrpart 3055 Fey[Fe(CN)g]; B k010y byH3eHa.
[Munpo30mb OepIMHCKOI Ta3ypu 00pa3yeTcs Mo peaKIusM:

4FeC13 + 3K4[Fe(CN)6] » Fe4[Fe(CN)6” + 12KCl
Fed[Fe(CN)6]3 + 6H2C204 » 2Fe2(C204)3 + 3~Fe(CN)6

3.1.4 Hamucats ¢opMyay MHUIEIBI OEPIMHCKON JIa3ypH, y4YHTHIBasS

IPEUMYILECTBEHHYIO aacopOLUI0 MHOro3apsaaHoro nona [Fe(CN)g]*.

3.2 Tlonmyuyenme rumposoist ruapokcuaa »xenesa(lll) u3 pacrBopa xyopuaa
xenesa (I11) FeCl3

3.2.1 B xonby namuts 20 cM® pactBopa xaopua xkenesa ¢ meClsz) = 5%, 10 cm
JTUCTUJUIMPOBAHHOM Bojbl U A00aBuTh pactBop ammuaka ¢ (NH4,OH) = 0,1% no
NMoJIHOTO ocaxaeHus: ruapokcuaa skene3a (III). ITlomyueHHyro B3Bech THAPOKCHIA
xene3a (III) ordunsTpoBaTh, 0Opalias BHUMaHUE Ha MPO3pavyHOCTh (uibTpaTta. B
cilydae Hempo3payHoro puiibTpara 100aBUTH Ha GUILTP HECKOJBKO Kalelb pacTBOpa
aMMUaKa.

3.2.2 Ocanok ruapokcuaa skenesa (II1) Ha GHIBTPE MPOMBITH HECKOIBKHMHU



HNOPIUSMHU  TUCTHIITUPOBAHHOM BOJABI O MCUE3HOBEHHUS 3amaxa amMMHuaka. 3aTeMm
ocazok ruapokcuaa xenesa (I11) cuaTp nonaToukoit ¢ puapTpa U MEpEeHECTH B CTaKaH
WIH B KOHMYECKYIO KOJIOY eMKOCTBIO 250 cM?.

3.2.3 Jlo6aBute B k010y 80 cM® IUCTHIIMPOBAHHOM BOAKI, B30ONTAaTH MO
TOJIyYEHHsI OJHOPOJIHOM B3BECH U Pa3IUTh 110 20 ¢M> B TPU IIPOHYMEPOBAHHBIE KOJIOBI.
B mnepByto xonly npunutk 10 cM pactBopa xjopuaa skenesa ¢ m’eCls) = 2%, Bo

BTOPYIO - 10 cM> pacTBOP CONSHOM KHCIIOTBI
0

¢ C(HC1) = 0,1monb/mMm . TpeThbs CIy>KUT AJISI CPABHEHUS.

3.2.4 CopepuMoe TIepBOi M BTOPOi K0J106 IpeTh Ha BoAsHON Oane npu 75°C
15-20munyT, nepuoanuecku B30anTbiBas. [locie aroro conepkumoe obenx Koid
OTQUIBTPOBATH Yepe3 CyXou (PUIBTP B OTAENIbHBIE IPOOUPKH, OOpalliasi BHUMaHUE Ha
1BET QuibTpaTa:

FeCl3 + 3°40H * Fe(OH)34+ + 3NHAG

3.2.5 Hammcates Qopmyny wMunemisl rugpokcuga okenesa (III), ecim

ctabunuzaropom siBnsetcs xyuopuj xenesa (I11) FeCls.

3.3 Tlonyuenue ruapo3ois ruapokcuaa xemnesa (I11) usz aurpara xenesa (I11)
F@(NO3)3

3.3.1 B kon0y manuts 20 cM> pacTBOpa HUTpara Kejesa ¢
0

OMNNO™) = 5%, 10 cM AUCTUIUITMPOBAHHOM BOJBI M OOABUTH PACTBOP aMMHaKa C
q(NH,OH) = 0,1% no nosHoro ocaxaenusi ruapokcuaa xenesza (I11). ITomyuennytro
B3Bech ruapokcuna keneza (III) orduneTpoBath, oOpamas BHUMaHHE Ha
po3payHoCTh GuiabTpaTa. B ciyuae Henpospaunoro ¢puibtpara 7100aBUTh HA QUIBTP
HECKOJIBKO Kareb pacTBOpa aMMHUaKa.

3.3.2 Ocagok ruapokcuaa sxeiesa (III) Ha ¢GuabTpe MPOMBITH HECKOIBKUMH
MOPIHSMH  TUCTUJUTMPOBAHHON BOJBI O HCYC3HOBEHMS 3alaxa amMMHuaka. 3aTem
ocasiok ruapokcua xxenesa (I1I) cHaTh nonaroukoil ¢ puiibTpa U NEpPEeHecTr B CTaKaH
WIH B KOHMYECKYIO KOJIOY EMKOCTBIO 250 cM>.

3.3.3 Jlo6GaButh B K010y 80 M’ AMCTHIUIMPOBAHHON BOABIL, B30OITATH IO
TIOJIy9€HMS OJHOPOIHOM B3BECH U PA3IUTh 110 20 ¢M> B TPH IPOHYMEPOBAHHEIE KOJIOBI.

B nepByro konOy npuauth 10 cM® pacTBopa HUTpaTa
0

xeneza ¢ q~O") = 2%, Bo BTOpyIo - 10cM pacTtBop constHOM kucioTel ¢ C(HCI) =
0,1moub/nM . TpeTbst CITy>KUT JIJ1s1 CpAaBHEHUSI.



3.3.4 Copnepxumoe nepBoil U BTOPOH KOJIO TPeTh Ha BoAgHOU Oane mpu 60°C
15-20munyT, mepuoauvecku B3OanTeiBas. [locrme storo comepxumoe obenx Kojibd
OTGUIBTPOBATH Yepe3 CyXOi PIIBTP B OTICIbHBIC MPOOUPKH, 0Opailasi BHUMAaHUE Ha

1BeT puibTpaTa:

Fe(NO3)3 + 3)K,OH * Fe(OH)3" + 3NH4NO;

3.3.5 Hamucats Gpopmyiy mumesisl ruapokcuaa sxeesa (I11), ecnu crabuimsatopom
sBisieTcs HuTpar xenesa (I111) Fe(NO3)3.

Tema 1. MOHeKYHHpHO—KI/IHeTI/I‘IECKI/Ie U oNTUYeCKue CBOMCTBA AVICIIEPpCHBIX CUICTEM

JIABOPATOPHASI PABOTA Ne 2 OITPEJAEJIEHUE PASMEPOB YACTHUIL]
JAUCITEPCHBIX CUCTEM TYPBUIUMETPUYECKUM METOJ10OM
[esb paboThI: SKCIIEPUMEHTAIILHOE ONIPEICIICHUE PAa3MEPOB YaACTHII

TUAPO30JIs KaHU(DOIH B BOJIE
O6opynoBanue. MaTtepuabl

1. K®O - xomopumetp HOTOIIEKTPUIECKHU OTHOTYUCBOIA.
2. HachIlieHHbII CIIUPTOBOM pACTBOP KAHU(OIIH.
3

3. ITuneTtka eMkocTBIO 1 cMm? -

4. Konbsl MepHBIE eMKOCTBIO 50 ¢M - 8 1mT.

5. KroBeThI KBapIieBbIe ¢ TONIUHON MOTJIomaroinero cios 1 = 30 M.
6. OunpTpoBaNbHAS OymMara.

7. JucTUIIMpoBaHHAs BO/IA.

XO PABOTDBI

1 TMomyuuts y nmpemomaBatest CIUPTOBOM pacTBOP KaHM(OIIH.

2 WsmepuTh mokazarenu npenomienus H,O u ciimproBoro pacrsopa KaHu(OJIH
Ha pedpakTtomerpe NPD 22 B Tpex mapamienbHBIX H3MEpPEHUsX. Pe3ynbrarsl
U3MEPEHHI CpeTHUX MOoKa3aTeNel MpeIoMIICHH # 3aHeCTH B Ta0iuiy 2.1.

3 TlpuroroButs 8  AMCHEPCHBIX  PAacTBOPOB  KaHU(OIM  PasIMYHBIX
KOHIIEHTpAUi B MEPHBIX KOJIO0AaX eMKOCThIO 50 cm>. J[JIf 4ero B KaXIyr MEPHYIO
K0JI0y MUMETKOM BBECTH CIIETYIONTNE 00BEMBI CIUPTOBOTO pacTBopa kanudomnu: 0,02;
0,04; 0,06; 0,08; 0,1; 0,12; 0,14; 0,16 cm>. OO6BEM pacTBOpa B KaKI0# KOIOE TOBECTH
JI0 METKM AUCTHILTMPOBAHHOM BOJIOM, 100aBisisi BOAY OTACIbHBIMU MOPLUSIMHU U
TIIATEJIBHO NIEPEMEILNBAs PACTBOP MOCIIE Ka)A0W MOPLUUHA BOJIBI.



4 V3MepuTh ONTHYECKYIO IUIOTHOCTh  K&XIOTO W3  MPHUTOTOBJICHHBIX
JUCTIEPCHBIX PAacTBOPOB Ha (POTOIIEKTPOKOIOPUMETPE B KBApICBOW KIOBETE
tonmmuHoi 30 MM co cBetopuiubTpoM Ne 5 (X = 630 um). B kadectBe pactBopa
CpPaBHEHUS HCIIONB3YeTCAd JUCTHWILIMpOBaHHAs BoAa. ONTUYECKYH0 IIOTHOCTD
KaXX/I0T0 JUCIIEPCHOr0 pacTBopa D; onpeensoT B Tpex napaiebHbIX H3MEPEHUSX.

Pesynbrarel n3MepeHuit ONTUYeCKON IMIIOTHOCTH 3aHECTU B Tabnwuiy 2.1.



F=24mn

OBPABOTKA PE3VJIbTATOB U3MEPEHUI

1 TIo pe3yiibTataM  HU3MCPCHUA rokasarejiein MPpCIIOMJICHUS  HUCXOIHOTO

CIIUPTOBOT'O PacTBOpa KaHU(DOIM U BOJBI pacCUYUTaTh (PYHKITUIO pacCEsTHUS CBETA IO
dbopmyiie:

2 2 (n3)2 -
2.1) AD2-K)* @9

2 g (02

rzae nl, n0 - noka3aTenu MperoMIIeHUs: pacTBOpa KaHU(OIU U BOJbI COOTBETCTBEHHO.

2 PaccumMTaTh MyTHOCTB K&XIOTO M3 PACTBOPOB MPUTOTOBJICHHOMN CEpUH IO
dhopmye:
2303 mD=mm/, (2.2)
rae D = Igly/In - cpennsisa ontuueckasi MIOTHOCTh pacTBOPa; T - MyTHOCTb JUCHIEPCHOU
CUCTEMBI; | - TOJIIMHA CII0S KBAapLIEBOU KIOBETHI, M.

3 Paccuwrarh CpeIHHI pagUyC YaCTHIL THAPO30JIst KaHU(OIIH 110 hopMmyIe:

(3mT7T"a4 "3
: (2.3)
Mn mlm F)

r7ie T - MyTHOCTb CUCTEMBI; X - JUIMHA BOJHBI pabodero cBetopmibrpa; @ - o0beMHas
noJist rusipo3o0is kauudonu, %; F - GyHKIus paccestHust CBeTa; T - paguycC YaCTHUIIbI, M.

4 TloctpouTh rpadUYECKyr0 3aBUCUMOCTD paryca KOJUIOMIHBIX YaCTHIL OT
KOHIEHTPALUU JUCTIEPCHON CUCTEMBI.

5 CrenaTh BBIBOJ O MPOJAEIAHHON padoTe.

Tabnuya 2.1 - J[lannvle 0ns pacuema cpeOHe20 paouyca OUCHEPCHbIX Yacmuy
mypououMempu4ecKum memooom

n(H20) n(kaunponn) | dynxiuma (O6vemuas |Ontudeckas [MYTHOCTB | Cpemuuit
paccesHus 1ot ¢,% | MIOTHOCTD T paguyc
ceera F D JaCTHUIL

ni ni n Di D r,M
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1 - anexmpoowi; 2 - U-o6pasneiii cocyo; 3 - wmamue; 4 - wxana;, 5 - 2uoposons; 6 -
YeemHas epanuya pazoena 2uopo30iib - O0K08as HCUOKOCMb, 7 - O0K08as Hcuokocms, 8
- mymobnep exkaoueHus cemu;, 9 - unouxkamopHas aamna;, 10 - eonemmemp; 11 -
munnuamnepmemp; 12 - 2ne300 0 NOOKNIOUEHUs. U OMKIIOYEHUs. INeKmpooos, 13 -
peayaamop Hanpsicenus, 14 - pecynamop cuivl moxa

Pucynox 3.1 - Yemanosxa ons snexkmpogpopesa



Tema 2. D71eKTPONIOBEPXHOCTHbBIE ABEHNUA B IUCIEPCHBIX CUCTEMAX

JIABOPATOPHA PABOTA Ne 3

OINPEJAEJIEHUE ITOBEPXHOCTHOI'O HATSXXKEHUA XKUAKOCTHU 110
METOAY PEBUH/IEPA

HGHB pa6OTBI: OcBoenue 9KCIICPUMCHTAJILHOI'O crocooba OIpCACICHUA
IMOBECPXHOCTHOTO HaTsKCHUA METOAOM MAaKCUMaJIBHOI'O JaBJICHUA ITPOCKOKa

BO3JYILIHOIO IIy3bIpbKa Y€pe3 MOBEPXHOCTD pa3eia «KUAKOCTb-ra3».
MATEPHAJIbI 1 PEAKTHBBI

1 Mukpomanomerp MMH-240(5)-1.0.

2 Acnwmparop.

3 Crakan emkocThio 600 cM .

4 Konba Tpexropias eMKOCTBIO 25 cMm.

5 Cexkyngomep.

6 Tepmomerp.

7 Cnuprt mzonponmiossiii C3HgO o TOCT 3456-89.
8 Texcan CBHM o 'OCT 34578-79.

9 Tonyon C;He mo TOCT 48234-90.

10 Bona aucTuimupoBaHHasl.

1 KPATKME TEOPETUUYECKUE OCHOBBI

1 TepmoanHaMuUECKre 0COOCHHOCTH MMOBEPXHOCTHOTO CJIOSl HA TPaHMIIE pa3zernia
(GKUJIKOCTB-Ta3»

Bcsikas moBepxHOCTB pasjena ¢a3 oTInYaeTcs 0 CBOMM CBOMCTBAM OT BHYTPEHHHUX
obnacrei rpaanvamux ¢da3. Pazaudue 3akir0o9acTcss B TOM, 9TO Ha IIOBEPXHOCTH pa3jena
¢da3 umeercst U30BITOK CBOOOTHOM SHEPTHH, COCPEIOTOUECHHON B MOBEPXHOCTHOM CJIO€
TOJIIMHOM B  HECKOJBbKO MoJieKysn. KonnuecTBeHHONW  OIEHKOM  HM30BITOYHOMU
MOBEPXHOCTHOM APHEPrUU Ha TPAHUILIC KUIKOCTH C JAHHOU CPEHOoil SIBJISIETCS yleJibHas
MTOBEPXHOCTHAS SHEPTUS WA MIOBEPXHOCTHOE HATSKEHUE:

I"FS\

(1.1)
vs ,
T
gne g -TIOBEPXHOCTHOE HaTsKeHue, H/M;

F - n30pITOYHAs CBOOOIHASI SHEPTUS IOBEPXHOCTHOTO 1o, JIK;



Mexay W30BITOYHBIMH TEPMOIUHAMUYECKUMH (PYHKIIUSIMHA TTOBEPXHOCTHOTO
CJI0SI )KMJIKOCTH CYIIECTBYIOT COOTHOUIEHUSI, aHAJIOTUYHBIE TEM, KOTOPBIE CBSA3BIBAIOT
COOTBETCTBYIOIINE 00bEMHBIC (DYHKITHH:

Fl=U-TuS5 (1.2)
rjae U - BHYTPEHHSS SHEPTrus MMOBEPXHOCTHOTO cJios, JIK;

T - Temneparypa, K;

S - sHTponuUs nmoBepxHocTHOro cinos, Jx/K.

OHTponHsi TOBEPXHOCTHOTO cliosi S° CBsi3aHAa CO CBOOOJHOW SHEPTrHeH
COOTHOIIICHUEM, AQHAJIOTMYHBIM ypaBHEHHIO | elbMroJbiia

JUIs 00beMHBIX (pa3: gs

: (1.3)
.dT a
4 Jy,N?

[Tocne coBmecTHOTrO pemienus ypasuenuit (1.1), (1.2) u (1.3) u oTHeceHus: Bcex
TEPMOJUHAMHYECKUX XAPAKTEPUCTUK MOBEPXHOCTHOTO CIIOS K €IUHUIIEC TOBEPXHOCTH
pasnena ¢a3 MoaydruM OCHOBHOE YpaBHEHUE MOBEPXHOCTHOTO CJIOA - ypaBHEHHE [
n66ca-I" enbMrobIia 17151 €AMHUITHI THIOTIAINA TTOBEPXHOCTHOTO CJIOS:

7 =U+Tm—, (1.4)

dT

Us 2
e /1\({ ———— - - BHYTPEHHSASI DHEPrus €AWHHUIIBI TUIOIAJAN ITOBEPXHOCTHOTO CJIOH,
/M

S

d’ = p - TemneparypHblil KOOQQULUUEHT IOBEPXHOCTHOIO HATSKEHUS.

Takum 00pa3oM, JUisi ONpPEACNICHUS] BHYTPEHHEH SHEPIuM €IUHUIIbI ILTIONIaan
MOBEPXHOCTHOTO CJIOSI HEOOXOAMMO 3HATh 3aBUCUMOCTh IIOBEPXHOCTHOT'O HATSXKCHUS
oT TemnepaTypbl. Kak M3BECTHO, MpU MOBBIIICHUH TEeMIEPaTypbl MOBEPXHOCTHOE
HATSOHKEHUE KUIKOCTEN CHIDKaeTCs. [[iist GOMBITMHCTBA HETIOMSPHBIX KUIAKOCTEH TIPH
TeMIepaTrypax, JaICKUX OT KPUTUUYECKOM, 3aBUCUMOCTh a=f(T) Onu3Kka K TMHEHHOU 1
B 1-M mpuOIMKeHUN MOXKET OBITh AITPOKCUMHUPOBAHA COOTHOLIEHUEM:

(7m="T, +p m AT, (1.5)

rae: 7T - IOBEPXHOCTHOE HaTsHKeHUE MpU JaHHOU Temmneparype, H/um;

70 - MOBEPXHOCTHOE HATSUKEHUE TP CTAaHIapPTHOM TemmepaType, H/m;
AT - pa3HOCTb M€Ky TaHHOM M CTaHAAPTHOM Temneparypamu, K.

[ - omaabs MOBEPXHOCTH pasnaena ¢gas, M .



‘G = p-TeMniepatrypHbIii KOA()PUIUEHT MOBEPXHOCTHOTO HATSKEHUSI.

IIpu Temneparypax, HOAIEKHUX OT KPUTHYECKOW, p -BEIMYMHA MPAKTUYECKH
MOCTOSIHHASA U OTPULIATEIIbHASL.

Bonee TouHo TeMmepaTypHyI0 3aBUCUMOCThH TTOBEPXHOCTHOTO HATsKeHUst G=f(T)
OnuChIBaeT ypaBHeHue Ban-nep-Baanbca:

G = K \my,-2)'™, (1.6)
rae K - amnupruydeckasi KOHCTaHTA;

a=0,5 - s Bcex KUIAKOCTEH MpU TeMrepaTrype, OJIM3KOM K KpUTHUECKOM.

ITpu T = T,, ucue3aeT rpaHula pasjaena MexXIy KHUIKOCTBIO U IIapOM, IT03TOMY
&Typ) = 0, 4TO MO3BOJIAET ONPENEIUTh KPUTUUECKYIO TEMIIEPATYPY JIF0OOH KUIAKOCTH

10 IKCIIEPUMEHTAILHO YCTAaHOBJICHHOM 3aBucuMoctu G=f(T).
1.2 MeTtos! onpe/iesieHrs TOBEPXHOCTHOTO HATSKEHUS
Jist  ompeneneHUs — TOBEPXHOCTHOTO  HATSHKEHUS  KUIAKOCTH  MOTYT
HCITOJIB30BAThHCS PA3TUIHBIC YKCIIEPUMEHTATBLHBIC METO/IbI:
- METOJ KamWUIIPHOTO TOTHSATHS KUIKOCTH;
- METOJ MaKCUMAaJbHOTO JIaBJICHUSI MPOCKOKA BO3AYIITHBIX MMy3bIPHKOB,
- CTaJIarMOMETPUYECKUM.
CranarMOMETpUYECKHA METOJ] OCHOBAaH HAa W3yYCHWHM 3aBHCHMOCTH YHCIIa
Kareyib, MOJYYEHHBIX M3 OMPEACIICHHOro o0beMa >KUAKOCTH (IIpU CBOOOJHOM €€

HCTCUCHHUU B BUJC K&HGJ’IB) M ITOBCPXHOCTHBIM HATAKCHUCM:

g(x) = g(H,G) « 2H>of 125y, (L.7)
n(x) «p*2°)

riae g(X) - MOBEepXHOCTHOE HaTsKEHUE uccienyemMoit skunkoctu, H/m; g(H;°) -
MOBEPXHOCTHOE HATSHKEHUE KUAKOCTH cpaBHenus, H/M; n(H,®), n(x) - uncio kanenp,
00pa3yIoluXCcsl IPU BHITEKAaHUHU BOJIBI M HCCIIETyEMOM KUKOCTH U3 00beMa
cranarmomeTpa; p(H,°) ,p(x) - IIOTHOCTH BOJIBI M UCCIEAYEMOM KUIAKOCTH, KI/M .
MeTon KanwIipHOTO MOJHSATHS KUJKOCTH OCHOBAH Ha M3YYEHUU 3aBUCUMOCTH
BBICOTHI MO IbEMA JKUJIKOCTH 4 B CTEKIITHHOM Karmmuisipe quamerpoM 0,5-1,0mMm ot
MOBEPXHOCTHOTO HATSKEHUS U TJIOTHOCTH

*uakoctu. CorjnacHo ypaBHeHUIO JKopeHa MOBEPXHOCTHOE HATSHKEHUE >KUAKOCTHU

OIIpeIeIAeTCs KaK:
G_P-g-h-I'-COS#, (1-8)



rae G— IMOBEPXHOCTHOE HaTshkeHue, H/m;
h - BbICOTa MOJHSTHS )KMJIKOCTH B KaIWJUIAPE, M; ¥ - PAANYC Kalwuisipa, M; 8 —
KpaeBOM yroJ CMa4yMBaHMS.

Meron wu3MepeHHs MaKCHMalbHOIO JAaBIICHUS OCHOBAaH HAa W3YYCHUU
3aBUCUMOCTH MAaKCHMAaJbHOTO JaBJIEHUA P MPOCKOKa BO3IYLIHOIO ITy3bIPbKA YEPE3

rpanuny pasaciia XUIKOCTb - BO3AYX OT BCIMYUHBI IMOBCPXHOCTHOI'O HATSXKCHHA

KHUTKOCTH:

2 G

P=—, (1.9)
r

r

OTKya: g— P —. (110)
2

Yaiie BCEro HUCHOIb3YETCS OTHOCUTENBbHBIA METOJ] HauOOJIbIIETO [1aBJICHUS
MPOCKOKA BO3AYIIHBIX TY3BIPHKOB WM MeToJ PeOunmepa, mpu KOTOpOM
MOBEPXHOCTHOE HATSDKEHHUE UCCIIEyEMON KHUIKOCTH PACCUNTHIBAETCS IO PopMyIIe:

G(x) -g(H,0) «*, (1.11)
P( H,0)

rae P(x), P(H ,0) - naBieHue mpocKoka BO3yIIHOTO My3bIpbKa uepes

HCCIIETyEMYIO KUJIKOCTh U )KUAKOCTh cpaBHeHus (H20), [1a;
g( H ;,0) - noBepXHOCTHOE HATSXKEHUE BOJBI PU TEMIIEPAType

onpenenenus, H/m.
2 OKCITEPUMEHTAJIBHASI HACTD

Omnpenenenre MOBEPXHOCTHOIO HATSKEHUS MCCIEAYEMOM KHUJIKOCTH METOJ0M
MaKCHMAaJbHOIO JIaBJICHUS] IPOCKOKAa BO3AYIIHOTIO Iy3bIpbKa 4Y€pe3 IMOBEPXHOCTH
paszena <«KHIKOCTh-Ta3» (Meron PeOuHaepa) mpoBOAMTCS Ha YCTAHOBKE, CXeMa
KOTOPOW Mpe/icTaBieHa Ha pUCYHKE 2.1.

Xoxa paboTbl
2.1 TloaroroBka yCTaHOBKH K H3MEPEHHIO MOBEPXHOCTHOTO HATSIKCHHUS

[IpoBepHuTh FTOPU3OHTATIBHOCTh YCTAaHOBKKA MUKpomaHomeTpa MMH- 240(5)-1.0
no ypoBHsM. B ciydae OTKIOHEHHS - JOOUTHCS TOPU3OHTAIHLHOCTU BpalleHHUEM
PETrYIMPOBOYHBIX HOKEK.

[TpoBepHUTh U3MEPUTENIBHYIO CUCTEMY HA T€PMETUYHOCTb.

Jits gero:

I B TmiatrensHO BBIMBITYIO M CYXYIO TPEXTOPIYIO KOJOY 2 MUIETKOW HAJIHTH

8cM™' IMCTUIITMPOBAHHOM BOJIBL.



2 3akpbITh K0JI0y 2 Pe3UHOBOH MPOOKO# ¢ KammuIsIpoM 1, OCTOPOKHO Bpariast
€ro U yCTaHaBJIMBasi TAKUM 00pa3oM, 4TOObI KOHELl KalWJIApa TOJIBKO CONPUKAcaIICs
¢ noBepxHocThi0 H,O, He morpyxasce B KUIKOCTb.

3 OrcoeuHHUTh M3MEPUTEIBHYIO CHCTEMY OT arMoc(epsl MEpeKpHIBAHUEM
KpaHa 3.

4 Co3pmaTh HEKOTOPOE Pa3pPEKEHUE B CHCTEME OTKPBITHEM KpaHa 8 U BBIITYCKOM
HEOO0JIBILIOT0 KOJIMYECTBA BOJBI U3 acuparopa 6.

5 3akpbITh KpaH 8, HaOIIO/1ast TIPU 3TOM 32 YPOBHEM CITUPTA B U3MEPUTEIHHOM
TpyOKe MUKpOMaHOMETpaA 5.

Ecnu ypoBeHb ciupTa B TpyOKe 5 HE U3MEHSETCS B TEUEHUE 2 MUHYT, TO CUCTEMA
JIOCTaTOYHO TE€PMETHYHA M MOXHO IPUCTYyNaTh K H3MEPEHUIO IMOBEPXHOCTHOTO
HATSKEHUS.

Ecnu ypoBeHbp cnupra B TpyOke 5 B TeueHHME 2 MHUHYT YMEHbIIAETCS -
HEOOXO0IMMO MTPOBEPUTH TEPMETHYHOCTD BCEX COCAMHEHHI B CUCTEME.

6 OTKpBITH KpaH 3 COEANHEHUS CHCTEMBI C aTMOC(EPOii.

7 [IpoBepuTh HyIEBOI YPOBEHB KUIAKOCTH B H3MEPUTEIBHOU TPYOKe
S mukpomaHomeTpa. B ciydyae HEOOXOAMMOCTH MOIPEryIMPOBATh HYJICBOI YPOBEHb
CIIMPTa C OMOIIBIO PYyUKH nojcoca 12.

8 JIOMOJHUTH YPOBEHb KUIKOCTH B aCITUpaTOpe 6 710 HAYATbHOM OTMETKH «a».
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1 - kanunnsp ons evinycka nyswipvkoe 6030yxa; 2 - mpexeopias Koiba ¢ ucciedyemol Heuokocmoio, 3 - Kpau Oisk COCOUHEHUS.
mpex2opaotl kKoaovl ¢ ammocgepoii; 4 - mukpomanomemp MMH-240(5)-1,0; 5 - uzmepumenvras mpyora Mukpomanomempa, 6 -
acnupamop 0Jisi CO30aHUsL 8AKYYMA HAO UCCAE0YeMOU HCUOKOCbIO 8 MPex2opioll Konbe,; 7 - npooKa ¢ mpexxo0o8viM KpaHom, 8
- 8bINYCKHOU Kpau acnupamopa, 9, 10 - cmaxan emxocmvio 600 cm ; 11 - mepmomemp; a - HAUANbHBLL YPOBEHb 800blL 8
acnupamope, 6 - KOHeuHblll YyPo8eHb 800bl 8 ACRUPAMope, 6 - NY3blpeK 8030YXd.

Pucynox 2.1 - Yemanosxa ons onpeoenenus nogepxHocmuo2o HamsxceHus no memooy I1.A. Pebunoepa



9  3akpbITh KpaH 3 coeqMHEHHs ¢ aTMOC(HEPOIA.

10 3adukcupoBars TemmepaTypy, OpH KOTOPOW IPOBOAUTCS H3MEPEHUE
MOBEPXHOCTHOTO HATSKCHUS U 3aHECTH B Ta0uity 2.1.
Tabauya 2.1 - DxcnepumenmainvHvie OaHHble 0151 PACYEMA NOBEPXHOCMHO20
HAMSIHCEHUS
Ne  ccnen. [Tokazanus Makc. Cpennee makc. | Tem-pa IToBepx.
PKUJIKOCTh MaHOMETpa JaBJICHHUEC JaBJICHHUC U3MCPCHHUS | HATSAXKCHUC
H IIPOCKOKa IIPOCKOKA P, T, K HUCCIIC.
H max, i Pi, I1a I1a JKUJIKOCTH
Krc/M? o(x) ,H/m
1 Bona H,O
2 |Crmpr
M30ITPOITIT
3 [ ekcaH
C6H14
4 [Tomyon
C7Hg

2.2

N3mepeHne moBepXHOCTHOTO HATsKEHUs KUAKOCTH cpaBHeHus (H,O)

N3mMepenre noBEpXHOCTHOTO HATSKEHUS POBOJAUTCS MO CHEAYIOIEMY aJTOPUTMY:

1 TIpoBepurh NpaBHIBHOCTH YCTAHOBKM Kamwuispa | Ha TpaHWIEe pasiena
«OGKUJKOCTB - Ta3».

2 TIlpm 3aKkpbITOM KpaHe 3 IMOBOPOTOM KpaHa 8 acmuparopa OTPEryJInpoBaTh
CKOPOCTB MPOCKOKA BO3AYIIIHBIX MTy3bIPHKOB - 6 Ty3bIPHKOB B MUHYTY (110 CEKYHIOMEPY ).

3 Yepes 30 cekyHa ImoOCi€ PEryJIMpPOBKH IIPH YCTAHOBUBIIEHCS CKOPOCTH
MIPOCKOKA ITY3BIPbKOB CHATH TMOKa3aHUs MaKCUMAJIbHOTO naaBieHus Hy.x(H, O) c
U3MEpPUTEIBHON TPYOKH 5 MUKpPOMaHOMETpA.

Pesynbrar usmepenus 3anectu B Tabnuiy 2.1.

Buumanue: 3mepeHne MakCUMaabHOTO AaBICHUS MPOCKOKA M, ;
IIPOBOJUTH ISl IISAITU BO3AYIIHBIX ITY3bIPHKOB.

2.3 U3Mmepenue MOBEPXHOCTHOI'O HATSKEHUS UCCIENYEMOM KUIKOCTH

I  OtkpeiTh KpaH 3, COSTUHSIONIMI CHCTEMY ¢ aTMOCHEPOH.
2 B 4HCTYIO U CyXYIO TPEXTOPIIYIO KOJIOY 2 MUIIETKONW HAJIUTH 8 CM> HCCIIELy€eMO

JKHUJIKOCTH.



3 3akpeITh KOOy 2 PE3MHOBOM MPOOKOH ¢ KamwuispoM |; MeIIEHHO Bparias
KalnuuIsip, yCTAHOBUTH €r0 Ha TOBEPXHOCTH pa3jielia <«GKUJIKOCTD - Ta3.

4 3aKphITh KpaH 3.

S TIoBOpPOTOM acmHMpaToOpHOrO KpaHa 8 OTperyJMpoBaTh CKOPOCTb MPOCKOKA
BO3JYIIHBIX MY3BIPHKOB Y€pe3 IpaHUlly pasjelia «uccienyemMas *KUIKOCTh - Ta3» - 6
y3bIPHKOB B MUHYTY IO CEKYHJIOMEPY.

6 Uepes 30 cekyH I IOCIIE PETYIUPOBKH IIPH YCTAHOBHMBIIEHCS CKOPOCTH IIPOCKOKA
My3bIPHKOB CHATH [MOKa3aHUSI MAKCUMAJIBHOTO JIaBJICHUS H .y, j C UBMEPUTEIIBLHOU TPYOKH
5 MUKpOMaHoMeTpa (TpU HapajiIeIbHbIX

U3MEPEHHUS Ha KaXIYIO UCCIEAYEMYIO JKUIKOCTB).
Pesynbrar uamepenus 3aHectu B Tadsuiy 2.1.

2.4 O6paboTKa SKCIEPUMEHTATBHBIX JTAaHHBIX

1 ITo JKCIIEpUMEHTAJIHHO 10Ty YEeHHBIM 3HAYECHUSAM
BBICOTHI cTOJIOA
KUIKOCTH B U3MEPUTEIBHOUTPYOKE 4,/ PACCUNTATE
MAaKCUMAaJIbHOE

JaBJICHHE TTPOCKOKA BO3MYIITHOTO Iy3bIpbKa 1Mo (hopMyJie:
P=10m K m Hmayx, j, (2.1)

- DKCIIEPMMEHTAJIbHAS BBICOTA CTOJI0A )KUIKOCTH B U3MEPUTEIBLHOMN TpyOKe, Kre/M?%;
0.2 - xordPULHEHT, XapaKTEPU3YIOUIUH YTroJl HAaKJIOHA U3MEPUTETHLHOM JIMHEUKU
MUKPOMaHOMETPA;
P - MakcuMalnibHOE 3HAYEHHE MPOCKOKA BO3IYLIHOTO My3bIpbKa, [1a.
2 PaccunTaTh BEJIMUYHHY MTOBEPXHOCTHOT'O HATSHKCHUS UCCIICIYyEMOM KHIKOCTH TI0

bopmyiie:
7 (X) = 7(H 20) ] jp% , (22)
2 P(H, O)

rae 7( X) - MOBEPXHOCTHOE HATSXKEHHUE UCCIEAYeMOM kuakoctu, H/um;

7(H,0) - moBepXHOCTHOE HaTspKeHue >kuakoctu cpaBHenus H,O, H/m (6epercs u3
Ta0IuIE! 2.2);

P ( x) - MakcuMalnbHOE JIaBJICHUE MMPOCKOKA BO3AYIIHOIO My3bIpbKa Ha TPAHUIIE pa3jiesia
uccienyemMas «KUIKOCTb-BO3AyX», [1a;

P(H O) - MakcumanbHOE JaBJIEHHWE IMPOCKOKA BO3IYIIHOIO Iy3bIphbKa Ha TPaHUIIE

paznena «H,O - Bo3ayx», Ila.



Tabauya 2.2 - 3aeucumocms 8eIudUHbl NOBEPXHOCHO20 HAMANCEHUS
H>0 om memnepamypuol

No Temmneparypa ol0’H/m  |Ne Temmneparypa 010° 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
S 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 2901 73,05 19 301 71,50
10 292 72,95

2 PaccunrtaHHbI€ 3Ha4YE€HUS MOBEPXHOCTHOTO HATSKEHUS UCCIIETyEMOM
KUJIKOCTH o(x) 3aHECTH B Ta0mILy 2.1.



3 TeXHHKa 0€30MacHOCTHU

1 Tlepen mauamom paGoOTHl yOEAMTHCS B IEIOCTHOCTH BCEX COCIMHHMTENbHBIX
TpyOOK B M3MEPUTENBHOU CHUCTEME, UCIPaBHOCTH MUKpomaHnoMerpa MMH-240(5)-
1.0, 3anoJHeHNN CIUPTOM U3MEPUTEIIHBHON YaCTH MUKPOMaHOMETPA.

2 Y6enuthcs B HEIOCTHOCTH TPEXTOPJIOH KOJIOBI, aCIUPATOPHON CKISIHKA H
Kanuuisipa, T.€. OTCYTCTBUU TPEUIUH, CKOJIOB U T.II.

3 TIpoBepuTh TEPMETHUYHOCTh NUIM(OBAHHBIX M PE3UHOBBIX COCIUHCHHUM,
TPEXXO0JIOBBIX KPAHOB M PE3MHOBOM MPOOKHU MPH BBEJICHUU KaWILUISAPa B TPEXTOPIYIO
KOJIOY.

4 OcCTOpOXHO, MEIJICHHO OTKpPBHIBATH KpaH aclupaTopa MpHU YCTAHOBKE
3aJlaHHOM CKOPOCTH MPOCKOKA BO3AYUIHBIX MY3bIPHKOB Y€pe3 MOBEPXHOCTh pasjena
(GKUJIKOCTB-Ta3».

5 BHUMAHME: BpiHEMATh KamuuIssp M3 TPEXTOpJIOi KOJIOBI CleayeT ¢
OOJIBITION OCTOPOKHOCTHIO BO M30€KaHUE PACTPECKUBAHMSI KOJIOBI.

6 ITo OKOHYaHWUM ODKCIIEPUMEHTA TIIATEILHO OTMBITH OT OCTaTkoB IIAB

TPEXTOPIYIO KOJIOY ¥ U3MEPUTENHHBIN KATUIUIAP, TOMECTUTH UX B CYIIMIIbHBIN KA.

7 BHUMAHME: Tlo OKOHYaHWUH DSKCIEPUMEHTa OPraHUYECKHE IKHIKOCTH

BBUIMBAThH TOJBKO B OPTaHUYECKUI CIIMB B BBITSDKHOM ILIKaQdy.
4 KOHTPOJIBHBIE BOITPOCHI

1 Tepmoaunamudeckue 0COOEHHOCTH MMOBEPXHOCTH Pa3eia «KUIKOCTh - Fa3y.



2 TloBepXHOCTHOE HATSKEHHUE: CYIIHOCTh SIBJICHHS, OMPEICICHHE, CAMHUIIBI
U3MEPCHHSI.

3 BuHyTpeHHee JaBJICHUE B KHUIKOCTSX.

4 OnpepeseHne MOBEPXHOCTHOTO HATSDKEHHUS: J1Ba BapUaHTA.

5 OcHOBHOE ypaBHEHHE TEPMOJMHAMHKH ITOBEPXHOCTHOrO cios I'mbbca-
I'enbmrompna.

6 ®axTOpHI, BIUSIIONINE HA TOBEPXHOCTHOE HATSDKCHUE.

7 BnusHuEe KpUBU3HBI TOBEPXHOCTH paszjiena (a3 Ha MOBEPXHOCTHOE
HaTSKCHHE.

8 BuusiHHE TeMIepaTyphl Ha MOBEPXHOCTHOE HATSHKCHUE.

9 BiusHue pacTBOPEHHBIX BEHIECTB HA MOBEPXHOCTHOE HATSKECHHE.

10 Meroas! onpeeaeHns MOBEPXHOCTHOTO HATSHKECHHSL.

11 CranarmoMeTpuuecKuit METO/T ONPEICIICHUS TIOBEPXHOCTHOTO HATSKECHHUSL.

12 Meroa KanuISPHOTO TOAHATHS KU IKOCTH.

13 Meron ompeneneHuss MaKCUMAIBHOTO JABJICHUS MPOCKOKA BO3IYIIHOTO
ny3bIpbKa uyepe3 rpaHully pasjena «KuakocTb-ra3y (Merox I1.A.Pebunnepa).

14 JlabopatopHas ycTaHOBKa Il HM3MEPCHHS MAKCHMAIbHOTO IaBJICHUS
MPOCKOKa BO3YIIHOTO My3bIphbKa Yepe3 TPaHuIly pasfenia <OKUAKOCTb-ra3y (MEeTo[
IT.A.Pebunpepa).

Tema 2. D71€KTPONIOBEPXHOCTHbBIE ABJIEHNUA B IMCIEPCHBIX CUCTEMAX

JIABOPATOPHAS PABOTA Ne 4
OIIPEAEJIEHUE 3HAKA 3APAIA KOJUIOUAHBIX YACTHUL]

SJIEKTPOOOPETUYECKUM METO/0M

Llesb paGoTHI: OIIpeJIeIICHUE 3HaKa  3apsjia KOJUIOWIHBIX

4acTHI] JIEKTPOPOPETUYECKUM METOIOM
DNEKTPOKUHETUYECKUE SBIICHHUS

JI1s1 TUCTIEPCHBIX YJIBTPAMUKPOTE€TEPOTEHHBIX CUCTEM XapAKTEPHBIMU SIBIISIFOTCS
CBOMCTBA, K KOTOPBIM OTHOCSITCSL:
DnexTpodopes - IBUKEHUE YACTULL TUCTIEPCHOM (Pa3bl OTHOCUTEIBHO AUCTIEPCUOHHOMN
Cpeabl oA AEHCTBUEM MOCTOSTHHOTO 3JIEKTPUYECKOTO TOKA.
DIIEKTPOOCMOC - JIBUKEHHE ITUCIIEPCUOHHOW CpPEIbl OTHOCUTEIBLHO HEMOABHKHOMN
nucriepcHoi a3kl o IEUCTBUEM MOCTOSIHHOTO 3JIEKTPUYECKOTO TOKA.
[Torenuuan ceMMEHTaMU - BOSHUKHOBEHUE PA3HOCTHU MTOTEHIMAIIOB MPU OCEIAaHUU
YaCTHI] TUCTIEPCHOM (ha3bl.
[Torenuunan npoTekanusl - BOSHUKHOBEHNUE PA3HOCTU NMOTEHLMAIOB MPU NPOTEKAHUU

(IpoJ1aBIMBaHMN) KOJUIOMAHOTO PacTBOPA Ye€pe3 MOPUCTYIO IEPETOPOKY.



DJIeKTPOKUHETUUECKHUE SIBJICHUS B JUCIEPCHBIX CUCTEMaX CBSI3aHbI C HAJTMYUEM
Ha TMOBEPXHOCTU KOJUIOMJHBIX YacCTHUI[ JBOMHOTO 3jekTpuueckoro cios (JI9C),
COCTOSIIIIETO U3 3apsSXKEHHOM MOBEPXHOCTH KOJUIOMIHON YaCTHIIBI C MOTCHIIHATIOM ¢,

" IIPOTHUBOIIOJIOKHO SapH)ICGHHOﬁ qaCTH CJIO4, B KOTOpOﬁ HaxoATCsA MPOTUBOUOHBI.
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Pucynox 1.1 - Jlgotinoui snekmpuyeckutl Ciou U U3MEHEeHUue 68 HeM NOMEHYUanda c

paccmosHuem Xom noeepxHocmu 4acmuybl

3aps MOBEPXHOCTU KOJUIOMIHOM YacCTHUIIBI (), OMpeAenseTcs 3apsiioM HOHOB,
n30upaTeNbHO  aIcOPOUpYIONIMXCST HAa HEW U3 JUCIEPCUOHHOW Cpelbl U
HETIOCPEJICTBEHHO MPUMBIKAIOIINX K TTOBEPXHOCTH KOJUTOMIHON YaCTUIBI. DTH MOHBI
COCTaBJISIFOT TEPBBIN CJIOM IUIOTHOTO aACcOpPOIMOHHOrO ciost (ciosi ['enbmrosbiia)
JOC. ITIpotuBonons! J9C nmpoCTpaHCTBEHHO PaCIPEAENSIOTCI MEXAY ABYMs CIIOSMH
JI3C. Ogna yacTh NPOTUBOMOHOB BXOJUT B COCTAB IJIOTHOT'O aJCOPOIIMOHHOIO CJIOS
U YACPKHUBACTCS B HEM 3a CYET AJIEKTPOCTATUYECKOTO B3aMMOJCHCTBHUS C MOHAMH,
OTIPEACTISAIONIUMHE 3apsij] TOBEPXHOCTH YACTUIIBI HA PACCTOSTHUM HECKOJIBKUX MOHHBIX
paznycoB OT MOBEPXHOCTH YacTHUIbL. [Ipyras 4acTh MPOTHBOMOHOB MO JAEWCTBUEM
TEMJIOBOTO JBWKEHHUS PACIpOCTpaHsSETCs B TIyOb >KUIKOW (a3bl, oOpaszys Tak
Ha3bIBaeMbIi qudy3uoHHbIN cioit (cioi ['yn) (pucyHok 1.1):

TonmmHa TWIOTHOTO ciosi ['eabMroiplla MPUHUMAETCS PaBHOM HECKOJIbKUM
MOHHBIM pajuycaM NPOTUBOMOHOB. ITy 4Yacth J[DC MOXHO paccMmaTpuBaTh Kak
IUIOCKUIM KOHJIEHCATOp, NOTEHIMAl KOTOPOTO C YBEIMYEHHEM pPACCTOSIHUS OT
MMOBEPXHOCTH YaCTHUIIBI CHIKAETCS JTMHEHHO OT ¢, 10 s, IPEACTABISAIOMIETO COOOM
MOTEHIIMAT TaK Ha3blBA€MOW TUIOCKOCTH MAaKCHMaJbHOTO MPHUONIKEHUs, T.C.
BOOOpa)kaeMOil MOBEPXHOCTH, MPOBEACHHOW dYepe3 IEHTPhl TEpBOTO  CIIOS

IMPOTUBONOHOB. HOTGHHI/IaJ'I IIITOCKOCTH MaKCHUMAaJIbHOI'O HpI/I6J'H/I)KCHI/I$I npcaACTaBIACT



c000¥i OTEHIIMAJ Ha IPaHUIIe TUIOTHOTO CJ10s1 ¥ U PY3HOHHOTO PA3MBITOTO CJIOS (Ps.
Cornmacio Teopun ['yu-Uenmena st cina0o3apsoKeHHOM — IMOBEPXHOCTH
u3MeHeHue TmnoTeHuuana B auddysuonnor uvactu JIC sBisercs ¢GyHKIuen
pacrpesiesieHus 3apsKEHHbIX HOHOB, T.€. =f(C+,C).
Yucino NpoTUBOMOHOB B IBOMHOM 3JIEKTPUYECKOM CJIO€ YMEHBIIAETCS TI0 MEpe
yaaneHuss OT TpaHuilbl IU(PGY3MOHHOTO CJIOA MO HKCHOHEHIMATBLHOMY 3aKOHY
bonenmana, T.€.:

z me,
C+t=Ceee-----mmmmmmme - ; C—=Cy-¢cnm >

rae: Cy - KOHLEHTpaus 3JEeKTPOJInTa B pacTBOpe npu ¢, = 0, MOJb/IM ; F' - KOHCTaHTa
®dapages” - 3aps] KaTUOHA U aHUOHA; ¢) - IOTEHIIMAJI HA PACCTOSIHUU X OT TPaHUIIbI
1 y3MOHHOTO €104, P.



COOTBETCTBEHHO IIOTCHOHUAJI B III/I(i)(l)YSI/IOHHOﬁ JaCTu CJI0d CHHIKACTCA C

PACCTOAHUCM TAKKC I10 AKCIIOHCHIIMAIbHOW 3aBUCUMOCTH:

LIx = I3 * e ", (1.2)

rae: - MOTeHIMal Ha rpanuile 1updy3uoHHOTO ciosl, B; ¢, - moTeHnuan
Ha PACCTOSHUHU X OT IpaHullbl 1udPysuonnoro cuos, P;x = 1/X- Benuunna, oOpaTHas
tomuune quddys3nonnoro ciaos X, il

W3 ypaBuenus (1.2) crmemgyer, d4to 3a TONMMMHY JUP(GY3UOHHOTO CIIOS
MIPUHUMAETCS PACCTOSTHUE X, Ha KOTOPOM TOTeHIHA MU Ppy3noHHOM YacTu cios Ps

yMeEHbIIIaeTcs B € pa3 (pucyHok 1.1):
s-so_RT —Ke ) T

KV 2 F2el I Coi mf’ (1.3)

J = -=-=

Tac: Sy - AUIJICKTPHUUCCKAA IMOCTOSAHHAA, (D/M, S - OTHOCHUTCJIbHAA AUIJICKTPHUYICCKAA

IpOHUNAEMOCTh cpebl; [ = — 1 C,; * z* - HOHHas cuila pacTBOpa;
2

C,; - KOHLIEHTpAIIUSA HOHA B pacTBOPE, MOJIL/am>; K - octosiHHas Bonbnmana.
[TnoTHOCTH MOBEepxXHOCTHOTO 3apsiaa o [Ki/m | Ha rpanunie nuddy3noHHOTo Cos

paccuuThIBacTCs 1Mo hopmye:

S-K

(A = - mmmmm oo w

4 -1 (1.4)
EmMxocts muddyzunonnoro cios C§ [Kn/B = @] npencrasiser coboii OTHOIICHHE

3apsiga Ha rpaHune TudQy3HOHHOTO €0 K IOTEHIHATy, KOTOPBIA 3apspKacT

b y3uOHHBIN CIION:

) S HC S 2-F*-]
3= 4-n4-n\ s-S, - RT (1.5)
1.2 MutiesisipHast TEOPHst CTPOEHHS KOJUIOMHBIX YACTHII

B cootBercTBUM ¢ Teopueit JJOC munemispHas Teopust CTPOCHUS KOJIJIOUIHBIX
YacTHI[ pPa3IM4aeT B COCTaBE MHIICIJIbI JIBE OCHOBHBIE YaCTU: BHYTPEHHIOIO -
HEUTPAJIbHYIO M BHEUIHIOI - MOHOTE€HHYIO, B CBOIO OYEpE]lb, COCTOSIIYIO0 U3 JABYX
CJIOEB: IUVIOTHOTO aJICOPOLIMOHHOTO U Pa3MbITOrO, TU(PY3MOHHOTO, COCTABIISIOMINX

JIBOMHOW 3JIEKTPUUECKUI CIIOW HA MOBEPXHOCTU KAXKI0U YaCTULBI TUIPO30JIS.



OCHOBY MMIIEIUIBI COCTABIISIET TPYJIHOPACTBOPUMBIN arperatr HEUTpajIbHBIX
aTOMOB WJIM MOJIEKYJ TUCIEPCHOM (pa3bl, UMEIOIINIA KPUCTAJUIMUECKYIO CTPYKTYpPY

(pucynoxk 1.2):

arperar ajgcopOIMOHHBIN TU(HY3MOHHBIHN

Pucynox 1.2 - Cxema cmpoenusi KOMNOUOHOU Muyeiibl HA Npumepe Muyeiivl

uooucmozo cepebpa

Ha noBepxHOCTH HEWTpaiabHOrO arperara, coriacHo npaBuiy [lanera- dasmHca,
MPEANOYTUTEILHO  aJICOPOMPYIOTCS  HOHBI,  CIOCOOHBIE  JIOCTpauBaTh  €ro
KPUCTAUTMYECKYI0 PElIETKY WIM 00pa3ylollie C MOHAMM, BXOJISIIMMHU B COCTaB
KPUCTAUTMYECKON  pEelIeTKH,  TPYAHOPACTBOpUMBbIE  coeiuHeHus.  HoHbl,
aZiIcopOUpyIOIIMEcs] Ha MOBEPXHOCTH arperara, cooOIaroT 3apsai ¢, MOBEPXHOCTU
arperara  KOJUIOUJTHOM  YaCTHIIbI, MO3TOMY  OHM  HOCAT  Ha3BaHUE
MOTEHITMATIO00PA3YIOIMINUX WK MOTEHIINATIO0NPEACIISIONINX HOHOB.

Arperar  BMecTe €  aACcOpOMpPOBaHHBIMH  HAa  €r0  TOBEPXHOCTH
MOTEHIHUAIOOTPEACIISIIOIIMMHA HOHAMU COCTABIISIOT PO MUIIEILIBI.

B HenocpencTBeHHON OIM30CTH OT sijipa, Ha PACCTOSTHUU HECKOJIBKUX HOHHBIX
paanycoB, B aJICOPOIIMOHHOM CJIO€ HAXOAMUTCS 4acTh MMPOTUBOMOHOB, 3apsi/i KOTOPBIX
HE KOMIIEHCUpPYET 3apsia MOTCHIMAJIOONpPEIESIOMUX HMOHOB. JTa 4acTh
MIPOTUBOMOHOB HACTOJILKO TIPOYHO CBSI3aHA C SIAPOM  QJICOPOIMOHHBIMU U
ANEKTPOCTATUYECKUMHU CHJIAMH B3aUMOJICUCTBUS, UYTO B JJICKTPUYECKOM TI0JIC
JBIDKETCSI BMECTE€ C aJCOPOLIMOHHBIM CJIOEM MPOTUBOMOHOB U  COCTaBIIsIET
3apsDKEHHYI0 4YacTh MHUIEIUIBI € SApOM. SIpo BMeCTe C 4YacThiO MPOYHO
yAEPKUBAEMbIX TPOTUBOMOHOB HOCUT HA3BAHUE YACTUIIbI UJIA TPAHYJIbIL.

Hpyras yactb MPOTUBOUOHOB, HEOOXOIUMAs JJIsSl MOJTHON KOMIIEHCAIlMU 3apsiia
MOTEHIUAIOONPEACIISIIOIINX UOHOB, HAXOJUTCS IMOJI HEMOCPEACTBEHHBIM BIIMSTHUEM
TEIJIOBOTO JIBMXKEHUSI MOJEKYJ JUCIEPCHOHHOW CpeAbl; pacloyiaraercsi Ha
nepudepruuecKkol YacTh MUIEIUIbI, TpaHWYalle ¢ JUCIEPCHOHHON Cpeiou, u
COCTABJISIET PA3MBITHIN, TU(PPY3NOHHBIN CITON MUIIEILITBI.



Cmemenue (a3 B JIUCIEPCHOHHOW CHCTEME OTHOCUTENBHO JIpyr Jpyra,
BBI3BAHHOE BHEIIHUMU CUJIaMU (HAMpUMeEp, IEKTPUUECKUM TOJIEM) MPOUCXOAUT MO
IIOBEPXHOCTU CKOJIB)KEHUS, KOTOpas HE BCErga COBMNAAAET C IUIOCKOCTBIO
MaKCHUMAJIbHOTO TPUOIMKEHUS U MPOXOJIUT HECKOJBKO MPABEE HEEC Ha PACCTOSIHUU A
OT TMOBEPXHOCTU arperara muiemibl (pucyHok 1.1). IloreHnman Ha MOBEPXHOCTHU
CKOJIbYKEHHSI Ha3bIBAETCS AJIEKTPOKMHETUYECKUM NOTeHIMaIoM £. OH UTpaeT BaXkHYIO
pOJIb B arperaTMBHOM YCTOWYHMBOCTHU JMCIIEPCHBIX CUCTEM. ETro MOXHO paccumTars,
U3MEpSAS CKOPOCTb OTHOCHUTEIBHOTO CMeEIIeHUs (a3 TMpH DBICKTPOKUHETUYECKUX
SABJICHUSX.

Jlns pacdera DJIEKTPOKMHETHYECKOTO TMOTEHIMANa MO JaHHBIM HW3Yy4YEHUSA
ANCKTPOKMHETUYECKUX  SIBJICHUM MNpuUMeEHstoTcs  dopmynbl  ['enbM-  Tojiblia-

CMOITyXOBCKOTO:

C yyeToMm momnpaBKy Ha MOBEPXHOCTHYIO IPOBOJUMOCTH Xs, IIPEICTABIIAIONICH
co00ll yBeTMYEHHE MTPOBOJIUMOCTH PACTBOPA B KAIMJUIAPE BCIEICTBHE MOBBIILIEHHON
KOHIICHTPAalMy HOHOB B IBOMHOM 3JIEKTPUYECKOM CJIOE:

£: —_WK+)K3)~ (1-8)
550 1 5

B) NPy U3MEPEHUH MMOTECHIIHAIA IPOTCKAHUS

£ =*—_E, (1.9)
S-S,-AP

A h

111e € - DIeKTPOKUHETUUCCKHIA MOTCHIINAI, By U = --=-----~- CKOPOCTH JIBHKCHHS

aucnepcHon asel, M/c; w = v/m - 00beMHas CKOPOCTb ABUKEHUS JUCHEPCHOU



dasbl, MY/c; n - BA3KOCTH Cpeibl, Ma C, § - OTHOCHTEIbHAs IUIJIEKTPUYECKAs
IIPOHHUIIAEMOCTb CPEIBI; S , - A0COMFOTHAS IUAJICKTPUIECKas POHUIIAEMOCTh BaKyyMa,
b/M; = e/l - HaNPsHKEHHOCTh JJIEKTPUYECKOIO MOJisA, B/M; e - HampsiKeHUe,
NPUTIOKEHHOE K JIEKTpoJiaM; [ - pacCTOSTHUE MEXKAY JIEKTPOJaMH, M; X - yAeTbHas
3JIEKTPOIIPOBOIHOCTL, OM 'M!; i - cuima Toka, a; dp - NPUIOKEHHAs K CHCTEME

Pa3HOCTh THIPOCTATHUECKUX JABJICHUH, Ma.
O6opynoBanue. Marepuanbl

1. Ycranorka st anextpodopesa.

2. Bempsimutenb ¢ peryaupyemoit cumoii Toka (0-150 MA) u manpsprerunem (0-300
B).

XUMUUECKHH cTakaH eMKOCThI0 100 v - 2 mTyKu.

Hunuugap mepHsbiil Ha 100 cM .

IInneTka MeqUIIMHCKAS.
Xmopua ammonus 6e3Boaubrii NH4Cl mo 'OCT 15687 - 75.

Hatpus rugpoxcun, Bogusiit pactBop QNaOH) = 2monbs/am .
['uapo307b GEPIMHCKON JTa3ypH.
['uapo3onb TUAPOKCHIA KETe3a.

3.
4.
5.
6.
(0]
7.
8.
9.
1

0. Boga qucTUIIHPOBaHHAS.

XO/[ PABOTBI

1 Ompenenenre 3Haka 3apsiaa KOJUTOMIHBIX YacTHI[ B THIPO30JIE THAPOKCHIA
xenesa (IIT)

1.1 TloaroroBka 31meKTpoGOPETHUECKON YCTAHOBKH K paboTe

BKJIIOYUTH BBIIPSIMUTEIND B CETh (PUCYHOK 2.1).

Buumanue! IlpeaBapurenbHO OTKIIOUHUTH JIEKTPOABI OT HpuOOpa, BBHITAIIMB
BUJIKY 5 u3 rHe3ga. [lepeximounts TymOsep 4 B HIKHEE MOJIOKEHUE, 3arOpUTCs
uHauKatopHas jamna 2. [IpocienuTs 3a TeM, 4yTOOBI MOKa3aHUs BOJbTMETpa | u
MUJUIHaMnepMerpa 3 ObUIM HyJIeBbIMU. B TakoMm mosioxkeHuu mporpeBaTh Ipuodop B

teueHue 20-30 MUHYT.

1.2 TlpuroroBneHne pabodero pacTBopa OOKOBON KHIKOCTH 3JIEKTPOJIUTA

NH,CI ¢ maccoBoii noneit w(NH4Cl1) = 0,4%
33

B crakan emkocthro 500 cm Hamuth 250 cM Boapl. Ha aHamuTtmyeckux Becax



B3BecuTh 1,0000 rpamm NH,4CI. HaBecky pacTBopuTh B k0Ji0e ¢ Boaou. [lomyueHHbIi
pactBop Oynet umeTh MaccoByto o0 ©O(NH,CI) = 0,4%.
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1 - onexmpoow; 2 - U-obpasusiii cocyo; 3 - wmamus,; 4 - wikana; 5 - 2uoposzons, 6 -
Y8emHasl 2panuya pazoeia 2Uopo3oib - OOK08ASL HCUOKOCHD, 7 - BOKOBAsL HCUOKOCMb,
8 - mymobnep exnouenus cemu; 9 - unouxamopuasn aamna;, 10 - eonemmemp; 11 -
munnuamnepmemp, 12 - ene300 0J51 NOOKNIOYEHUsL U OMKIIOYEHUs. 1eKmpooos, 13 -
pe2cynsmop Hanpsoicenusi; 14 - peeynamop cunvt moka Pucynox 2.1 - Yemanoska 07

anekmpoghopesa

1.3 Co3aanue yeTkoii rpaHUIlbl pasjiesia ruIpo30Jb - OOKOBas KUAKOCTh B U-
o0OpasHoil TpyOke

1.3.1 TmarensHo mpoMeiTh Bogoil U-oOpasuyio TpyOky 2. Ilpu cuibHOM
3arps3HeHur npombiBaTh pactBopoM NaOH ¢ konuentpamueit C(NaOH) = 2
MOIIB/ M.

1.3.2 3akpenuts U-00pasHyro TpyOKy B mrTatuse (pucyHok 2.1).

1.3.3 C nomoIipo BOPOHKH 3aJIMTh THAPO30JIb THApOoKcHa xee3a Fe(OH); B
U-06pa3Hyto TpyOKy 10 oTMETKH «20» HUXKe HYJIS IO IIKaje Iprudopa 1Mo HIKHEMY
MeHUCKY Y (30i1s1) ~ 8 cM .

1.3.4 MeauuuHCKON MUIIETKON, OCTOPOXKHO, M0 cTeHke U-00pa3Hoi TpyOKH,
3anuTh OokoByro >kuiakocth (pactBop NH,Cl ®(NH4Cl) = 0,4%.) 10 oTMeTKH Ha
mkane «40» (pucyHok 2.1).



Buumanue! bBOKOBYIO JKHIKOCTh BBOAWTH OYEHb OCTOPOXKHO, H30eras
nepeMenInBanus ¢ rujpo3onem rujapokcuaa sxenesa (IIl), mo momydyeHuss yeTkoi
BUJIMMOM TPaHULIBI pa3jiesia TuApPO30Jib - OOKOBAs KUAKOCTb.

1.3.5 Ecau He ymamoch MOMYYHTh YETKYIO TPAHUIYYy pasfeia THAPO30Jb -
O0okoBass KuAKocTh, U-00pa3Hyt0o TpyOKy MpPOMBITH BOJOW U MOBTOPUTH ITYHKTHI
(2.3.1)-(2.3.4).

1.4 Ompenenenne HarpaBlIeHUs CMEIIEHUS «IBETHOU TPAHMIIBDY

1.4.1 Omnycrtutp 35extpoasl B KosieHa U-00pa3Hoii TpyOKH MpUMEpHO Ha 2-3
CM BBIIIIE TPAHMIIBI pa3neia Ga3 TUAPO30Ib - O0KOBas KHUIAKOCTb.

Buumanue! Ilorpyxarb 35€KTpoJpl B OOKOBYIO >KHJIKOCTb CJEIYyET OYEHb
OCTOPO’XHO, BO H30eXaHWE HapyUICHUs YETKOW TpaHHIbl paszjieia THUAPO30Ib -
OO0KOBast KHUIKOCTb.

1.4.2 TIoakmrOYUTh BUJIKY K BBIIPSIMHUTEITIO B THE3I0 C HA/ITHCHIO «QJIEKTPOIBI»
(pucynok 2.1).

1.4.3 TloBopotom pykosTkd 13 ycranoButh Hampsbkeane U = 80B Ha
BOJIbTMETpPE 1, a MOBOpPOTOM pyKOsTKH 14 ycraHoBuTh cuiny Toka I = 20 MA Ha
Muramnepmetpe 11.

1.4.4 3aduxcupoBaTh CMEIICHHUE I[BETHOW IPAHUIIBI K OTHOMY U3 DJICKTPOJIOB.
Pesynbrar 3anectu B Tabnuiy 2.1.

1.4.5 BoIkI0unTh 3IEKTPOYOPETHUCCKYIO YCTaHOBKY U3 ceTH. I3Biedb
anekTpoasl u3 U-o0pa3Hoit TpyOKH 2, IPOTEPETh.

1.4.6 TmarensHo TpoMbITh BOmoi U-oOpasuyio TpyOky 2. Ilpu cuibHOM
3arpsisHeHur npombiBaTh pactBopoM NaOH ¢ konnentpamueit C(NaOH) = 2
MOJIB/IM>,

1.4.7 3axpenurs U-06pa3Hyto TpyOKy B mratuse (pucyHok 2.1).

2 Ompenenenre 3HaKa 3apsia KOJUIOWIHBIX YACTHI[ THAPO30JIS OEPIMHCKOM

na3zypu

2.1 TIpuroroBneHue 6OKOBOM KUAKOCTH dytekTposnTa NaOH

3

mossipaoit kouteHTparueit C(NaOH) = 0,02 monbs/mm

3 3 3
B xonnueckyro koa0y emkocThio 50 cM HamuTh 40 cM Bojibl U 0,4 cM

3

pactBopa NaOH c xonnentpamueit C(NaOH) = 2mons/nmM . [lomyuenHsiil pacTBOp



HepeMernarhb.
2.2 Co3manue 4eTKOW TPaHHMIIBI pa3jeia THAPO30Jb - OOKOBast *KHIAKOCTH B U-

o0pa3Hoil TpyOke

2.2.1 C moMoImpi0 BOPOHKH 3aJIUTh THAPO30Jb OEpIMHCKOM jasypu B U-

0o0pa3zHyto TpyOKy 10 OTMETKH «20» HUXKe HYJISI MO IIKaie npudopa mno
0

HUKHEMY MEHUCKY V(30i151) ~ 8 cM .

2.2.2 MeauiuHCKOM MUIETKOM, OCTOPOKHO, M0 cTeHKe U-00pasHoi TpyOKH
3anuTh 60KOBYIO KUIKOCTh (pactBop NaOH ¢ C(NaOH) = 2momb/1M ) 10 OTMETKH Ha
mkane «40» (pucynok 2.1).

Buumanue! bBOKOBYHO IKHIKOCTh BBOJUTH OYEHb OCTOPOXKHO, u30eras
nepeMelIMBaHus C THAPO30JIeM OCPIMHCKOMN JTa3ypH, 10 MOTYUCHHS YeTKON BUIUMOMN
TPaHMIIBI pa3zielia TUAPO30Jb - OOKOBAsI KUIKOCTb.

2.2.3 Ecmu He ymanoch MOJYYHTh YETKYIO TPAHHUIYY pasjelia THAPO30Jb -
OokoBasi KuUAKOCTh, U-00pa3Hyl0 TpyOKYy TpPOMBITH BOJOW U TOBTOPUTH ITyHKTHI
(3.2.1)-(3.2.2).

2.3 OmnpeneneHre HAIPaBICHUS CMEIIEHHUS «IIBETHON IPAHUIIBI»

2.3.1 Omnyctutp 371eKTpo sl B KojicHa U-00pa3Ho#l TpyOku mpuMepHO Ha 2-3
CM BBIIIIE TPAHMIIBI pasnerna Ga3 THaPO30IIb - O0KOBas KHUIKOCTb.

Buumanue! IlorpykaTh 31€KTpoabl B OOKOBYIO JKHIKOCTH CIEAYEeT OYCHb
OCTOPOYKHO, BO HW30C)KAHME HAPYIICHUS YETKOW TPaHMIBI pasjieiia THAPO30Jb -
OOKOBasI JKUIKOCTbD.

2.3.2 BKIOYHTH 3IeKTPOGOPETHUCCKYIO YCTaHOBKY B CETh TyMOiepom 8
(pucynoxk 2.1).

2.3.3 TloBoporom pykositku 13 ycranoButh Hampsbkenne U = 100 B Ha
BOJIBTMETpE 1, a mMoBOpOoTOM pyKOSATKM 14 ycraHoBuTh cuiny Toka I = 30 MA Ha
Mummamnepmetpe 11.

2.3.4 HabmonaTh CMEIICHHE IBETHOM TPAaHWIBI K OJHOMY M3 3JEKTPOJIOB.
Pesynbratel 3anectu B Tabnuiry 2.1.

3  BbIBOX

3.1 Tlo pesympraTam >1IeKTPO(OPETHUCCKUX HAOTIOACHUN ONMPEACIUTh 3HAK
3apsia KOJUTOMIHBIX YaCTHI] B ClTydae:
a) THAPO30JISl THAPOKCH/IA JKEIIe3a;
0) TUAPO30JIs1 OCPIMHCKOM JIa3ypH.

3.2 OOBACHHUTH pa3IMYHBIA 3apsii KOJUIOMIAHBIX YACTHI[ HCCIIEAYEMBIX



TUAPO30JIei Ha OCHOBE CTPOCHUS UX MUIIEILI.
Tabnuua 2.1 — Dxcnepumenmainvhvle OaHHble

[' napo3onb | Hanpapienue Munesna 3apsan
CMEILCHUS KOJIJIOUTHOU
[IBETHOW I'PaHHUILIbI YaCTHULBI

Tema 2. SHCKTPOHOBGPXHOCTHI)IG ABJIEHNA B NVICTIEPCHBIX CICTEMAX

JIABOPATOPHAX PABOTA Ne 5

)ITPEAEJIEHUE SJIEKTPOKMHETUYECKOI'O ITOTEHIUAJIA TAPO30JIA

I'MAPOKCHUIA XXEJIE3A (II1)

OOTHI: OIpCACIICHUC JBJICKTPOKHMHETUUCCKOIO ITOTCHIIHAJIA FI/II[pO?)OJ'IGI\/'I METOAOM CMCHICHUA

MOJIBU>KHOM LIBETHOW T'PAHHUILIBI

O6opynoBanue. Matepuabl

1. Vcranorka mis anextpodopesa.

2. Beimpsimutens ¢ perynupyemoii cuinoit Toka (0-150 MA) u manpspkenuem (0-300

B).
. Apeometp (700-1000 kr/m).

. Konnueckue konob1 emkocThio 250 cMm (3 miT.).

. Hunuaap mepHbiid eMKocThio 100 cM .

3
0
4
5. Crakan XxuMHu4ecKuii eMKOCTEIO0 500 cMm .
6
7. TTureTka MeIUIIMHCKAS.

8

. 'mapokcun ammonus konnentpanuein C(NH4,OH) = 1 mons/nm
9. Xnopun ammonus 6e3Boaubiii NH4Cl mo 'OCT 14657 - 75.

10. Xnopun xenesa FeCl;6H,0 mo TOCT 35642 - 69.

11. Boma quctuiiupoBaHHasl.

XO/ PABOTBI

1 TloaroroBka 35eKTpOGOPETUUECKOM YCTAHOBKH K pabore

Bxi1t0uuTh BBIIPSIMUTEND B CETh (PUCYHOK

2.1).

Buumanue! IlpenBaputenbHO OTKIIOYUTH AJIEKTPOJLI OT NMpUOOpa, BHITAIIUB

BUIKY 12 u3 rHe3na. Ilepeximtounts TymOliep 8 B HUIXKHEE IMOJIOKEHUE, 3arOPUTCS

uHauKatopHas yammna 9. Ilpocnenuts 3a Tem, 4yToObI MoOKa3zaHusg BoJbTMETpa 10 u




Muunamnepmerpa 11 Obutn HyJieBbIMU. B Takom monokeHuu nporpeBarb Npuoop B

teueHue 20-30 MUHYT.

2 TlpurotoBienue paboYrx pacTBOPOB

2.1 Ipurorosnenue pacrBopa xjopuma skeme3a (III) ¢ maccoBoit mosei
10"e03"6H,0) = 2,0%

Ha texHnuecknx Becax B3BECUTh HABECKY KPUCTAJUIOTHIpaTa XJIOpUJA Kele3a
(IIT) m(FeCl;6H,0) = 3,30 r. HaBecKy nepeHecTH B XUMHYeCKH crakan ¢ 100 cm?
BOJbI (MEPHBIN IWIMHJIP) U TIEPEMEIINBATh JI0 MOJTHOTO pacTBOpeHus. [lomyueHHbIi
pactBop xjopuna xeinesa (II1) FeCl;6H,0 umeer maccoByro nomo ®(FeCl;6H,0) =
2,0%.

2.2 TlpuroroBneHue pactBopa xyopuaa oxenesa (III) maccoBoit  momnwm
w(FeCV6H,0) = 5,0%

Ha TtexHm4ecknx Becax B3BECHTh HABECKY KPHCTAJIOTHApPATA XJOpUIA Keje3a
(IIT) m(FeCl;6H,0) = 9,30 r. HaBecKy mepeHecTH B XUMHMYECKHH crakaH ¢ 100 cm?
BOJIbI (MEPHBIN IIWJIMHJIP) U TIEPEMEIINBATh JI0 MOJTHOTO pacTBopeHus. [lomydeHHbIH
pactBop xiopuaa sxeneza(lll) FeCl;6H,0 umeer maccoByto nomo ®(FeCl;6H,0) =
5,0%.

2.3 TIpurorosnenue 60xkoBoi kuaKocTH dmekrpoianta NH4Cl ¢ MmaccoBoii qoneit

w(NH,CI) = 0,4%
33

B crakan emxoctero 500 cM Hamuth 250 cm Boawl. Ha aHanutuyeckux Becax
B3Becuth 1,0000 r NH,Cl. HaBecky pactBoputTh B K0j0e ¢ Bomoi. IlomydeHHsIit
pacTtBop Oynet umetb MaccoByto noio ©O(NH4CI) = 0.4%.

3 HpI/ITOTOBJICHI/Ie 30JI THAPOKCHUAA KEJI€3a 110 XUMHUYECKOM pC€aKknuunu
FeC13 + 3NH4OH A FG(OH)3| + 3NH4C1

Fe(OH); + HC1 * FeOCl + 2H,0
3.1 OroOpars nunetkoii 20 cm® pacteopa xsopuna xenesa (I11) ¢ 1o FeCl;6H,0
= 5% B KOHUYECKYIO0 K010y. B 3Ty ske KonOy mpuiinTh U30bITOK THIPOKCUAA AMMOHHUS
koHueHtpamuen QNH40H) = Imons/aM 10 o00pa3oBaHus OOBEMHOIO OCajKa
THIPOKCH/IA JKeJie3a KOPUIHEBOTO IIBETA.
3.2 TIpuroToBHTH BOPOHKY C (DHUIBTPOM U YCTAHOBHUTH €€ B YHCTYI0 KOHHYECKYIO
k0510y eMKocThIO 250 cM®. Ocamok TMApOKCHAa XkKene3a OTPUILTPOBATE YePe3 CyXOi



¢GuibTp. Ocanok Ha GUILTPE TPOMBITH BOJON JI0 MCUE3HOBEHHS 3arlaxa aMMHUaKa.
3.3 TIpowmsitsrii ocamok Fe(OH); akkypaTtHO coOpath ¢ GHIBTPOBAIBHOM OyMaru

JIOMIATOYKOM ¥ IOMECTHUTH €r0 B IIyCTYI0 KOHHUYECKYIO KOJIOY eMKOCThIO 250 cM .

3

3.4 Ocanok pa36aButh 80 cM AMCTUILIUPOBAHHOM BOABI. [IPHINTE K
0

paszbaBneHHOMY ocaaky 40 cMm pacTBopa xyopuaa xenesa ¢ 10 = 2.0%.

3.5 TlonyueHHYI0 CMeCh IIOCTaBUTh HArpeBaThCs Ha BOJSHON OaHe mpu
MOCTOSIHHOM IepEMEIIUBAaHUU.

Buumanue! Crnenuth 3a Temneparypod BojasgHoM Oanu. CMech HarpeBarhb 10
temnepatypsl 70°C 1ocse 4ero OTKIIOYMTH MOAOTPEB BOABI M OCTABUTH OCTHIBATH
CMeCh B BOJSAHOM Gane 10 Temmeparypsl 40°C.

3.6 TlomyueHHblii THApPO30JIb TUApokcuaa sxene3a Fe(OH); nomwkeH OBITH

MIPO3PAYHBIM U UMETh KOPUYHEBO-KPACHBIN LIBET.

4  H3mepeHwne IIOTHOCTH THAPO30JIsA THApoKcHuaa skeae3a Fe(OH)s

I'uapozons ruapokcuaa xeneza Fe(OH); nepenuts B MepHbId unuHAp HA 100
cM’> U YCTAaHOBMThH €r0 Ha TOPHU3OHTAILHOM MOBEPXHOCTH. [IOMECTHTH B LMIMHID
apeoMeTp ¢ MHTEpBanoM usMmepeHuil mwiotHocTH (700-1000 kr/M?) Takum oOpa3om,
YTOOBI OH HE KacaJicid CTeHOK HuiuHApa. CHATH MOKA3aHUS CO IIKAJbl apeoMeTpa H
3aHectu B Tabnuuy 3.1. ['maposons rumpokcuaa xkeneza Fe(OH); gomxkeH UMETh
IJIOTHOCTh B TIPEACIAX Psong = 975-995 kr/M .

S H3mepenue BSI3KOCTH THIPO30Jis TUApokcuaa sxese3a Fe(OH);

5.1 3akpenuTh BUCKO3UMETP B LITATHBE.

5.2 3anuTh MOJYYESHHBIN THAPO30JIb B PACIIUPEHHBIN Pe3epByap BUCKO3UMETpPa
(3/4 o o6BeMmy).

5.3 TlepeBecTH 30jb B KOJICHO BUCKO3MMETPA C JBYMS PACHIMPCHUSIMH BBIIIIE
BEPXHEU KOJIBLIEBOM OTMETKH IIPU MOMOILHX TPYIIIH.

5.4 JTath BO3MOKHOCTD 30JIF0 OIyCTUTHCS 10 BEPXHEH KOIBIICBON OTMETKH.

5.5 Brirounth cekyHIOMEp U 3a)UKCHPOBATH BPEMsi HCTEUCHHUS 3051 OT
BEpPXHEN 10 HWKHEN KOJIBLIEBOM OTMETKH. M3MepeHune BpEeMEHU HCTEYEHHUS 30714
MEXIy KOJBLEBBIMA OTMETKAMHU ITPOBECTH 3 pasa.

5.6 Paccuntarh K03()PUIMEHT TUHAMHUYECKON BA3KOCTH II TI0 (OpMYyJIe:
rj=v"p, [llac] 3.1)

rne V = m m ¢ - KuHeMaTH4ecKud Kod(PPUIMEHT BI3KOCTH, M/C; T -
MPOJIOKATETHPHOCTh UCTEUEHUSI KOHTPOJIBHOTO 00heMa JKUIKOCTH 4epe3 Karwmuisip,
C; C - TIOCTOSTHHAsI BUCKO3UMETPA B CAHTHCTOKCAX (CCT) B COOT-



%eTCTBI/II/I ¢ macriopTom Bucko3umeTpa (1 cctr=110"ct=110"m/c); 622

P - IJIOTHOCTH 307151 IO apeOMeETPY, (KI/M ).

6 CoszgaHue YETKOW T'paHWIBI pasjelia THAPO30Jb - OOKOBas KUAKOCTh B U-
o0OpasHoii TpyOke

6.1 TmarenpHo mnpomeiTh BoOAON U-o06pasHyro TpyOky 2. Ilpu cuibHOM
3arpsi3HEHUH TPYOKH - MpoMbiBaTh pactBopoM NaOH ¢ konnenTparueir C(NaOH) =
2 MOJIB/IIM .

6.2 3akpenuth U-00pa3uyio TpyOKy B 1mtatuBe (pUCyHOK 2.1).

6.3 C moMOIIbIO BOPOHKH 3aJIUTh THAPO30Jb FHApoKcHa xkene3a Fe(OH); B U-

o0pa3zHyto TpyOKy 10 OTMETKH «20» HUXKe HYJISI O IIKaje
0

pudOpa Mo HUKHEMY MEHUCKY (30J151) ~ 8 CM .

6.4 MeauuuHCKONW IMIIETKOH, OCTOPOKHO, 1O creHke U-00pasHoil TpyOKH,
3anmuTh 60K0BYIO KUAKOCTH (pacTBop NH,Cl ®(NH4CI) = 0,4%) 10 OTMETKH Ha IIKae
«40».

Baumanne! BoOKOByH0 JKMAKOCTh BBOJWUTH OYEHH OCTOPOXKHO, wu30eras
nepeMenIuBaHus ¢ TUAPO30JieM OEpPIIMHCKOM JIa3ypH, 10 MOIyYSHHUS YETKON BUAMMOM
IpaHUILIbl pa3zesia TUAPO30Jb - OOKOBasK KUIKOCTb.

6.5 Ecau He yIaioch MONMyYnTh YETKYIO MPAaHMILy Pas/ieia TUaApO30Jib - 00OKOBas
KUAKOCTh, U-00pa3Hyto TpyOKy IPOMBITh BOJOK U OBTOPUTH MyHKTHI (6.1) - (6.4).

6.6 Omnyctuth 35eKkTpoabl B KojieHa U-00pa3Hoii TpyOKu MpUMepHO Ha 2-3 cM
BBIIIIE IPaHULIbI pa3iena a3 ruapo30ib - 00KOBas KUIKOCTb.

Buumanue! Ilorpyxarb 31€KTpoJbl B OOKOBYIO MKHIKOCTh CIEIYET OYEHb
OCTOPO’XHO, BO H30€XaHHE HAPYIIEHUS YETKOW TpaHUIBl pas3fena THIPO30Jb -
OOKOBast KHUJIKOCTb.

6.7 TlomKTIOYMTH BUJIKY K BBIIPSIMHTEIO B THE30 C HAMIMUCHIO «IJICKTPOIBD»
(pucynok 2.1).

6.8 TloBopoTOM PYKOATKH 13 yCTaHOBUTH HampsyKeHue Ha BojbT™MeTpe 1 - 80 B,
a IOBOPOTOM PYKOSITKM 14 yCTaHOBUTH CUJTy TOKA Ha MUJIIMammnepmeTpe 3 - 20 MA.

6.9 3apukcupoBaTh BpeMs IMOJauyd TOKa B CHCTeMy (IO yacam); HadalbHOE
MOJIOKEHHUE TPaHUILbl TUAPO30JIs U 3aHeCTU B Tabnuiy 3.1.

6.10Cneauts 3a CMelmICHMEM TpPaHMIBI THAPO30JIb - OOKOBas >KHIKOCTh B
teueHue 40 MUHyT, PUKCUPYS YPOBEHB LIBETHOM IPaHUIIbI B IPABOM aHOJIHOM KOJIEHE
IO MIKaJIE 3IEKTPOPOPETUUECKON YCTaHOBKH uepe3 Kaxible 10 MUHYT.

6.11 Pe3ynbTaThl H3MEPEHUST YPOBHSI IBETHOM MPAHMIIBI YePE3 KAXKIbIC

10 munyT 3anectu B TabmuIy 3.1.



7 OO0paboTka pe3ybTaTOB H3MEPEHUI

7.1 Tlo paHHBIM CMEINICHWs I[BETHOM TpaHMIBI h, paccuyuTarb CKOPOCTh
CMEIIEHUsI [IBETHOW IPaHUIIbI THAPO30JIb - O0KOBAs KUIKOCTh MO popMyiie:



h

Vo - — [M/c]lm (3.2)
rze h - cMeleHre rpaHulibl, M; T - BpeMsl CMEIIeHus, C.

7.2 PaccuuTaTh rpagueHT norennuana BuemHero nosis H mo dopmye:

(3.3)

rae E - nanpspkenue Ha anektponax, B; L - paccrosaue Mexay 3JIeKTpogaMHu, M.

7.3 Paccuurtath 351€eKTpOoGOpPETUUECKYIO MOJIBHKHOCTE IO hopMyJie:

(3.4)

rae | - cuna Toka, A; V - CKOpOCTh CMEIICHUS IIBETHOM TPAHMIIBI, M/C.

7.4 PaccuuTaTh BennunHy Z - moTeHumana no Gopmyre:

(3.5)

riae Z - DSIEKTPOKMHETUYECKUM TOTEHIMAl TUIpo30Jia OepiauHCKOW nasypu, B; m -

JUHAMUYECKAs BS3KOCTh THUIPO30Jia OepnuHckoi nasypu, Ilac; U - snexrpodoperndeckas
MIOJABMXKHOCTB;, S - JHUDJICKTPUYECKas MPOHULAEMOCTh BOIbI; H - rpaaveHT mnoreHimana

BHEIITHETO OIS
7.5 Pesynbrarhl pacuera 3anecty B Tadauiy 3.1.

Tabnuya 3.1 - [launvle 015 pacuema 21eKmpoKUHemu4eckKo20 nomeHuuald

- 3 ° = = = g 3 b A - X120l
GH) =) é = = 5 ’_‘.\ <) E m.\ e} SD eﬂ’*Hsp
g - oé E“ < amj S w J'[eT]_[e
: £ 253 |23 (B S50 JEE e
ol o S X o = Eo S L
2 & |88 |2 |8 229 BUMm |OF
TE S S E o =
@) ©) :(U'\‘ q )

8 CrenaTh BbIBOJ O MPOAEIaHHON paboTe




11.

14.

17.

18.

KOHTPOJIbHBIE BOITPOCHI

1. Kakwe siByieHHsI B AUCTIEPCHBIX CHCTEMAaX OTHOCSATCS K DJIEKTPOKUHETH- YECKUM?

2. TIpuuuHbI 2IEKTPOKUHETUIESCKUX SBJICHUH B JUCIICPCHBIX CHCTEMaX.

3. JBoiiHoii snekrpudeckuii cioit (JIDC).

4. Teopuu CTPOCHHUS JBOWHOTO 3JIEKTpUYECKOro ciosi: ['emrombiia- Ileppena; I'yu-

Yenmena; [Itepna.

[ToreHumanonpeAeIAOIINE NOHBI.
IIpoTHBOMOHBI.

AncopOunonnsiii u quddy3unonnsiii cinoi B [19C.

i AN

N3menenne norennuana B quddysznonnoit yactu 19C.

9. Tommuna a1 Hy3HOHHOTO CIIOSL.

10.  MunemisipHast TEOpHst CTPOEHHS KOJUIOMIHBIX YACTHII.

N36uparenbHast afqcopOIrs HOHOB Ha MOBEPXHOCTH arperara KOJUTOMIHON YaCTHIIBL.
12. TImockocTh MaKCHMAIBHOTO TPUOIMKEHHUS; THNIOCKOCTh CKOJIBKCHHS.

13. DiuexTpoKHHETHYECKUI MOTEHIIHAIL.

PoJib 3JI€eKTPOKHHETHYECKOTO TIOTCHIIHAIA B YCTOMYMBOCTH JAUCIIEPCHBIX CHCTEM.
15. ®akropsl, BIUSIONINE HA BEIMYUHY JIEKTPOKHHETHIECKOTO MOTCHITHAIA.
16. MeToas! u3MepeHus 3JIEKTPOKHHETHIECKOTO TIOTCHIIAAA.

M3mepenne 3IeKTPOKHHETHYECKOTO TIOTEHIIMAIa METOJOM CMEIECHHS «I[BETHOM
TpaHMIIBI».

[TpuHnunuanbHast CXeMa YCTAaHOBKH JJIs1 U3MEPEHUS DJIEKTPOKUHETH- YECKOTO
MOTEHI[MaJIa METOJAOM CMEILEHUS «LIBETHOU I'PaHULIBL».

PacueT BeTMUMHBI 3NIEKTPOKUHETUYECKOTO MOTEHIMANA 10 CMENIEHHUIO [IBETHOU
TPaHUIIBI UCCIIETYEMBIN TUIPO30JIb - OOKOBASI )KUKOCTh

JIABOPATOPHAA PABOTA Ne 6

OIIPEJIEJIEHUE TTOPOT'A KOATVJISILIMY ONITUYECKUM
METOJIOM

[{ens paboThI: Onpenenenue Mopora Koaryiasiliui TUAPO30JIen
ONTUYECKUM METOIOM.
O6opynoBanue. Matepuaibl

1. Konopumetp doroanekrpuyeckuit KPO.

2. KroBeTbI KBapIeBbie ¢ UIMHOM MOTIIOMIAoIIEero ciost 1 = 20 Mm.



3. KonOb! KoHMYECKHE eMKOCTBIO 50 ¢M - 11 miT.

4. BIopeTKH eMKOCTBIO 25 ¢M>-3 miT.

5. PactBop K,80, ¢ xonnenrparmeii C(K,80,) = 0,005 monbs/am .
6. I'uapozons ruapokcuaa sxenesa (111).

7. Boma aucTUIITMpOBaHHAS.

XOJ1 PABOTBI
1  Homyuurs rugposons rugpokcuaa xkenesa (II1) y npemogasaTens.

2 HpI/IFOTOBJIGHPIG CCpun pPACTBOPOB THAPO30JIA C PA3TNYHBIM KOJHYCCTBOM

QJICKTPOJJIUTA-KOAr'yJIsITOpAa
(0)

2.1 B 11 xoHnueckux Kojido eMKocThi0 50 ¢CM MUMEeTKOM HaIUTh 1o 10
0

CM TuApo30Jia ruapokcua xenesa (111).

2.2 B kaxayro K00y ¢ THAPO30JIEM JT00ABUTH BOIBI M 3JCKTPOIUTA- KOATYIIATOPA
B KOJIMYECTBE, YKa3aHHOM B Tabnuiie. [lonydeHHbie pacTBOPHI TIIATENHHO MEPEMEIIATh.

2.3 Yepe3 1 MuHYTY TMOCIE TPHUTOTOBICHHUS KaXIOTO PpAacTBOpa H3MEPHUTH
ONTUYECKYIO MIIOTHOCTh pacTBOpa Ha PoTornekTpuueckoM kosopumerpe KDO.

3 U3MmepeHue ONTHYECKON IJIOTHOCTH PACTBOPOB Ha (DOTOBIEKTPHUCCKOM
konopumerpe KOO

3.1 Bxirounts npubop B ceTh 3a 30 MHHYT 10 Hadaia paboThl TYMOJIEPOM «CETHY,
MPEBAPUTEIILHO OTKPBIB KPBIIIKY KIOBETHOTO OTACICHUS.

3.2 YcraHOBHUTH CBETOMUIBTP MPH MOMOIIM PYUIKH «IlormoTuremmy.

3.3 TIpu OTKPBITOM KIOBETHOM OTIEJIEHUH YCTAHOBUTH CTPEJIKY MUKPOAMIIEPMETPA
Ha HOJb (JIeBOe KpailiHee 3HAauC€HHE BEPXHEH IIKaJbl) IPHU MOMOIIU PYYKU «Y CTaHOBKA
0».

3.4 3anojHMTH KBapLEBYI KIOBETY IHHOH 20 MM pacTBOpPOM CpaBHEHHS
(IMCTUITMPOBAHHON BOJIOM), TIIATEIHHO MPOTEPETh pabodyue TpaHU KIOBETHI CyXHUM
GUIBTPOM M TIOMECTHTHh KIOBETYy B IE€pBOE OT/AENeHHE (JanbHee OT pabOoTaroIlero)
KIOBETOJIeprKaTesl.

3.5 3anojHATH BTOPYIO KBapleBYIO KiOBeTy JUtHHOW 20 MM  HCCIIEAyeMbIM
pPacTBOPOM U MTOMECTHUTH KIOBETY BO BTOPOE OT/ICJIEHHUE KIOBETOAEep KaTEsl.

3.6 3aKkphITh  KPBINIKY KIOBETHOTO  OTAEIEHHS W  BBECTH KIOBETY C
JTUCTUJUTMPOBAHHON BOJIOM B CBETOBOM IMOTOK MOBOPOTOM Pyuku «KrOBETHI» BMPaABO.
Crpenka MUKpoaMmmepMmeTpa MNpH 3TOM JOJKHA OTKIOHUTHCS B IMpaBoe KpaiiHee
MOJIOKEHUE.

3.7 VcraHoBUTH CTPEIKYy MHUKpoamiepMerpa Ha «0» 10 MIKale ONTHYECKHX



MI0THOCTEN D (HMXKHSS 1IKaia) MOBOPOTOM PYUKH «YcTaHoBKa 100».

3.8 BBecTH KIOBETY C HCCIEIYEMBIM PAaCTBOPOM B CBETOBOW IIOTOK ITOBOPOTOM
pyuku «KroBeTb» BieBo. CTpeiaka MUKpOaMIIEpMETpa MpU 3TOM OTKIIOHSIETCS BIIEBO OT
HYJIEBOT'O TTOJIOKEHHUS.

3.9 Cuwurarh 3HaYECHHE ONTHYECKON IUIOTHOCTH D ¢ HIDKHEN MIKAIBI ¢ TOYHOCTHIO
710 TpeThel 3Havaniet nudpsl. Pe3yabTaTel n3MepeHus 3aHecty B Tabmuiry 3.1.

3.10. BepHyTh KIOBETHI B HCXOJHOE IOJOKEHHE MMOBOPOTOM Py4KH «KroBeTh»
BIIPaBO.

3.11. BbIHYTH KIOBETY C HCCIIEYEMbIM PACTBOPOM U3 KIOBETOJICPIKATEIIS, BBUIUTh
pacTBOp, 3aNOJHUTH KIOBETY CIEAYIOUIMM HCCIEIYEMBIM pPacTBOPOM U MPOBECTH
U3MepeHne onTuyeckou miotHoctu D cormacHo m.o. 2.3.1 - 2.3.10.

4 O6paboTKa pe3yabTaTOB H3MEPCHHIA

4.1 Tlo pe3yabprataM U3MEPEHUS TOCTPOUTH HHTEIPATBHYIO KPUBYIO 3aBUCHMOCTH
ONTHYECKOW IIIOTHOCTU D OoT 00bema 100aBAEHHOTO K THUAPO3OII0 3IEKTPOJIUTA-
Koaryssitopa, T.e. D = f(Vor).

4.2 Jlns Gonee TOYHOTO YCTAHOBJCHHS SKBUBAJIEHTHOTO O0BEMa 3JIEKTPOJHUTA-
KOAryJaropa Vor ONPEAEIUTh TAHT€HCHI YIIIOB HAKJIOHA KACATEIbHBIX K HHTErPAIbHON
kpuBoii D = f(Vor), MONy4eHHBIX B TOYKAX, COOTBETCTBYIOIIMX HM3MEHEHUIO O0BheMa

ANEKTPOIUTA-KoAryisTopa Vor de-
0
pe3 kaxabie 0,5 cm (pucyHok 3.1).
4.3. Ilo ycTaHOBJIEHHBIM 3HAYEHUSM tga; TOCTPOUTH TU(DPEepEeHIINATIbHYIO KPUBYIO

3aBUCUMOCTH = f(Vm) (pucyHok 3.2), ¢ KOTOpoi



CUHUTATh DKBUBAJICHTHBIA OOBEM JJIEKTPOJIUTA-KOATYJIATOpPAa C TOYKHM MaKCUMyMa Ha
g depeHunaIbHON KPUBOM.
4.4 PaccuurtaTh MOPOT KOATYJISIMU TSI KAXKIOTO DIICKTPOJIUTA- KOATyJIATOPa 0
dhopmyie:
C-V
Criop = /1 D)

re Cpop - TIOPOT KOATYJISAUNH JAHHBIM 3JICKTPOIMTOM-KOAryIsiTOpOM, MOJIb/aM>; Y., -
MUHUMAJIbHBIN 00BEM pacTBOpa AJIEKTPOIUTA-KOATYISITOPA, BBI3BIBAIOIINNA TOMYyTHEHUE

ruapo3oiisa ruapokcua xemnesa (1) FeH)s,

3 3
cM ; V=V, t Viobl + Y, - 001IH# 00bEM KOAryJIUpPyeMOTo 30715, CM .
5 Cnenathb BBIBOJI IO BBITIOJTHEHHOW paboTe.

Tabnuya 3.1 - Dxcnepumenmanvhvle OaHHble Ol ONPeOeseHUss Nopo2a Koazyasyuu
ONMUYECKUM MeMOOOM

Homep komn0Owr
34 5 6 7 8B 9 |10 11
O6wem 30511 Fe(OH)3, em® 10 {10 {10 |10 {10 {10 (10 {10 {10 {10 {10

0l5,0 4,5 14,0 3,5 3,0 2,5 2,0 {1,5 1,0 0,5 | -
OOBEM BOIBL CM
OGbéM  smextponuta-koarystopa| - 055 |10 [1,512,0 2,5 3,0 3,5 4,0 4.5 15,0

Yoau, cMm
Onruueckas IIOTHOCTh D

AD

ol

D 4

125 |-
1,00 |-
075 |-
0,50 ¥
025 |-

Pucynok 3.1 - Unmeepanvnas kpusas Pucynok 3.2 - Jlugppepenyuanvrasn 3aeucumocmu
ONMUYeCKol NIOMHOC- KPUBAs 3AGUCUMOCMU ONMUYECKOU mu 307ei om obvema
npubasnaemo2o niIomHocmu 30.1eti om obvema npubas- NeKmpoauma J11eM020
971eKmpoauma



JIABOPATOPHASA PABOTA Ne7. OITPEAEJIEHUE ITOPOI'A
KOAT'YJISAIIAU TUAPO30JIA THIPOKCHUIA KEJE3A (I1I)
[{ens paboThI: 1. Onpenenenne mopora KOaryJsiiiuy THAPO30JIs
ruapokcuna xenesa (I1I).
2. IIpoBepka BIUSHUS 3apsia KOAryJIdPYIOIIETO HOHA Ha MOPOT KOATYISIIUH (TIPaBHIIO
Wynsue-I'apan).

O6opynoBanne. Matepuabl

[IpoOupku nuIUHAPUYECKHE - 24 MIT.
BropeTku eMKOCTBIO 25 ¢M> - 3 miT.

PactBop KClI ¢ konuenrpanueit C(KC1) =2 mons/am .

PactBop K2S04 ¢ xonuentpanueit C(K2S04) = 0,05 mosnb/am .

Pactop K4[T'e(11I)s] ¢ xonuentpauueit C(K4[Fe(CN)g]) = 0,005 momn/am>.
PactBop FeCl; ¢ konnentpamueit O(FeCl;) = 2%.

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

PactBop NH40OH ¢ ©(NH40H) = 0,1%.

© N Uk WO~

XO/1 PABOTBI

1  Tlomyuenwue 301ms ruapokcuaa xeneza(lll) MeTo oM HenTU3anum

1.1 B kon6y Hamuts 20 cM pactBopa xjopuaa xkeieza ¢ mreCls) = 5%, 10cm
JTUCTUILTAPOBAHHOM BOIbI M 10OaBUTH pacTBop ammuaka ¢ (NH,OH) = 0,1% no momHOTO
ocaxkaenus ruapokcuaa skeneza (III). IMomyuennyto B3Bech rumpokcuaa xenesa (I11)
oT@uIbTpOBaTh, oOOpamiasi BHUMaHWE Ha MPo3padyHoCTh (QuibTpaTta. B ciyuae
HENpo3payHOro GuiabTpara 100aBUTh HA PUIIBTP HECKOJIBKO Karellb pacTBOpa aMMHAKa.

1.2 Ocanox ruapokcuma skeneza (III) Ha (uIbTpe HPOMBITH HECKOIBKMMHU
MOPIUSMH JUCTHUTUPOBAHHOM BOJIBI 10 MCUE3HOBEHHUS 3aMaxa aMMHakKa. 3aTeM 0CaJioK

ruapokcua sxenesa (II1) cusaTh nonaroukoii ¢ pubTpa u
0

MEPEHECTH B CTAKaH WJIM B KOHUUYECKYIO KOJIOY eMKOCThIO 250 cM .

1.3 To6asuts B koOy 80 cM> IUCTHIIMPOBAHHOM BOAKL, B300JITATh
0

710 TIOJTyY€HHUs OAHOPOAHOU B3Becu. B kon0y nmpunuts 40 cM pacTBOpa XJIopHa xKenesa
¢ meCl3) = 2% u HarpeBaTh Ha BoAsgHOM Gane npu 75°C 15-20 MUHYT, IIEPUOINYECKH
B30aNTHIBas 10 0Opa3oBaHUs TUPO30Jisl ruApokcuaa xkenesa (I11) kopuuHeBO-KpacHOTo
[BETA.



1.4 3amucars ypaBHEHUE peaKiMy MOJTYYEHUs 307151 TUAPOKCH A xke- jie3a FeH);.
Hanucare ¢dopmyny Munemisl THIpo30Jia Tuapokcuaa skeneza Fe“H)s, yuuTbiBas

MPEUMYILIECTBEHHYIO a/icopOLuto kaTnoHa FeO+.
2 IlpuroroBjeHHE CEPHH PACTBOPOB JIEKTPOIUTOB- KOATYISITOPOB

2.1 TloaroToBUTH TPU CEPHH MPOOUPOK 1O 8 B KaKIOH JUIS TPEX KOAryJasTOPOB:
KCl, K;804, M[Fe"N”].

2.2 PacnosioKuTh CEPHIO MPOOUPOK JUTS KaXKIOTO M3 KOAryJIITOPOB B CBOEM psiTy
IITaTHBA.

2.3 B ueTsipe mpoOupKku Kaxk10i1 cepun U3 OI0OpeTKH 100aBUTH O
5 oM ruaposois ruapokcuaa xenesa (111) Fe(OH);.

2.4 B ocTaBImIHUXCS YETHIpEX MPOOHMPKaX KaXKIOW CEpUU MPUTOTOBUTH PACTBOPHI
anektponuToB-KoarynsatopoB (KCl, K,80,, R*"Fe"N)") paznuuHoil koHIieHTpanuu. Jis
ATOTO CMEMaTh B HHUX pPACTBOPHI COOTBETCTBYIOIIMX OJJICKTPOJIWTOB C BOJOH B
COOTHOIIICHUH, YKa3aHHOM B Taouie 3.2.

3 Ompenesnenue mopora KOaryJisiium

3.1 B kax1oii cepuu BBUINTH MPUTOTOBJCHHBIE TI0 11. 2.4 pacTBOPBI KOAryJIsITOPOB
B MPOOUPKH C 5 CM THAPO30Jisd TUIpokcuaa xene3a FeH);, TiarensHo nepemeniatsh ux
1 ocTaBUTh Ha 30 MUHYT.

3.2 Yepe3 30 MUHYT OTMETUTh HaJHYWE IMOMYTHEHHUS WIM OCAaaKa T'MIPOKCHIA
xene3za Fe"H”. Pe3ynbrarsl 3anectu B Tabnuiy 3.2 (ctpoku 1-4).

3.3 lns Gojee TOYHOrO OIpPEHEIEHHs IOpOra KOaryIsiud HEeOOXOAUMO JIJIs
KaXXJI0T0 AJIEKTPOJIUTA-KOATYJIATOpa MPUTOTOBUTH MO 1. 2.4 BTOPYIO CEPUI0 U3 YEThIPEX
pactBopoB. Pa3zbaBiieHre KoaryJisiTOpoB BTOPOM Cepru BHIOMPAETCS B UHTEPBAJIE MEXKITY
KOHIICHTpAIMel B MPOOUPKE, TJe MPOU30IUIa KOAryJIalusl, U B OKanIel K HeH, rae
KOaryJisiuy He HaOII0JaI0Ch.

3.4 PacTBOpBI BTOPOl YTOYHEHHOMN CEPHUU KOATYJISTOPOB BIMBAIOTCS
0

B IpoOupKH ¢ 5 cMm ruapo3ons ruapokcuaa xenesa (III) Fe”H);, nepememmuBatores u
OCTaBJISIIOTCS Ha 30 MUHYT.
3.5 Yepe3 30 MUHYT OTMETUTh HAJIWYKME TMOMYTHCHHS WIIM OCaJKa T'MIPOKCHIA

xene3a (III) Fe"H”. Pesynbrarsl 3anectu B Tabauity 3.2 (ctpoku 58).

4 OO6paboTKa pe3yJbTaTOB H3MEPEHUI

4.1 3a KOHIEHTpALMIO DIIEKTPOJIHUTA-KOArYJIATOPa, HCIOJIB3YEMYIO B pacueTe
Iopora KOAryJsiyH, INPUHUMAETCS MHHUMAlbHAs KOHIIEHTPAIMs 3JIEKTPOJIHNTA-
KOAryJasTopa BO BTOPOM CEPHHM, BBI3BIBAIOINAS MOMYTHEHHE TIMAPO30JsS THAPOKCHIA



xenesa (1) Fe(OH)s.
4.2 PaccuutaTh MOPOT KOATYJSIIUH U KaXIOTO 3JEKTPOJUTA- KOaryssiropa Imo

dbopmye:
ORR%Y
Cl-[op y

G2

e Cpop - HOPOT KOATYISIIMK [aHHBIM SJICKTPOIHTOM-KOAryJIiTOpoM, MOJb/mm>; VA -
MUHHUMAJIbHBIA 00bEM PacTBOpA AIEKTPOIUTA-KOATYJISITOPA, BHI3BIBAIOIINI TOMYTHEHHE
ruaposoisa ruapokcuaa xkenesza (1) Fe(OH)s, cm ; V = VA + VA + V,, - o0iuii o0bem
KOAryJmupyemoro 30Jsl.

4.3 Tlo sKcIepUMEHTAILHBIM JaHHBIM CJIeJIaTh BHIBOJ O BBITOJHMMOCTH IIPaBUIIa

[ynene-I'apay Mo BAUSHUIO 3apsijia KOaryJIMPYIOIIETo HOHA Ha IMTOPOT KOaryJIsaIuy.
Tabnuya 3.2 - Dxcnepumenmanvhvle OaHHble 0151 Onpedenetus nopo2a Koazyasiyuu

Onekrpoaut| Ne  |OGpem 3oms O6bem O6vem  |IlomytHenune| Ilopor
npoObI [Fe ffh 3 anekTposinta | uepe3 30 | KoaryJsuu
Vs | BOAPL EM Vou, cMm MHH C
KCl1 1 5 4.5 0,5
2 5 4 1
3 5 3 2
4 5 1 4
5
6
7
8
K2S04 1 5 4.5 0,5
2 5 4 1
3 5 3 2
4 5 1 4
5
6
7
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. Onpenenenue nopora KOAryJsiuyd TUAPO301s OCPIAMHCKOM J1a3ypHu.



JIABOPATOPHAS PABOTA Ne 8. OHPEI[EJIEUHI/IE IHOPOT'A
KOATYJIAIUUA IT'NAPO30JIA BEPJIMHCKOU JIA3YPU
2. [IpoBepka BIUsSHUA 3apsia KOAryJIHPYIOIMIEr0 MOHA Ha IMOPOT
koaryisinuu (mpaswio Lynsie-Tapan).

O6opynoBanue. Matepuabl

1. TIpoGupky nuIMHAPHYECKHUE - 24 IIT,

2. BIopeTku eMKOCTBIO 25 ¢M3-3 1mT.
0

3. PactBop KClI ¢ konrnenrparmeir C(KCl) =2 monb/am .

3

4. PactBop MgCl, ¢ konnenrparmeir C(MgCl,) = 0,005 Mois/iM .

5. PactBop AICI; ¢ konrnentpanueii C(AICl;) = 0,002 mosn/am .

6. PactBop K4[Fe(CN)g] ¢ konurnentparmein w(Ky[Fe(CN)g]) = 0,01%.
7. PactBop FeCl; ¢ konnentpanueii ©O(FeCls) = 2%.

8. PactBop H,C,0, ¢ xoruentpanueit C(H,C,04) = 0,1 Monb/mm

XO/ PABOTBI

1  Tlonyuenue rumpo30is GEPIAMHCKON JIa3ypH METOAOM IIENTH3AIUH

1.1 K'5 cMm pactBopa xnopuna xenesa ¢ w(FeCls) = 2% npubaButh
I cm Haceiennoro pacrsopa rekcaruanodeppara (I11) kamus K4pe(C’¢].

1.2 Tlomy4eHHslii ocamoK OEpPIMHCKOM Ja3ypd OT(MUIBTPOBATH C IOMOIIBIO
BaKyyMHOTO Hacoca H TPOMBITh Ha (QWIbTpe HEOONBIIUMH  TOPIUSIMH
JTUCTUIUTAPOBAHHOM BOJIBI.

1.3 3arem ocamok Ha GuILTPEe 06pPabOTATH PACTBOPOM IIABEIEBOM
0

kucnotel ¢ C(H,C,04) = 0,1 Mosb/IM 10 TIOJIHOTO PACTBOPEHHS Ocajaka Ha (QUIbTpE,
cobupas punsTpat ruaposois Fe, Fe(CN)g]; B konOy bynsena.

1.4 Hammcats  ¢dopmyiny  Muiemusl  OEpIMHCKON  Ja3ypH,  yYHTHIBas
IPEUMYILECTBEHHYO aIcopOLuI0 MHOro3apsaaHoro nona [Fe(CN)g]*.

2 IlpuroroBieHHE CEPHU PACTBOPOB DIIEKTPOIUTOB- KOATyIsSTOPOB

2.1 IToaroroButs TpHU CCPUU HpO6HpOK 1o 8§ B KaXXI0M JJIs TPCX KOAryJjasaTopoOB:
KCl, MgClz, A1C13



2.2 PacrojoXuTh CEPUI0 MPOOUPOK IS KaXKIOTO M3 KOAryJISITOPOB B CBOEM PSTy
HITaTHUBA.

2.3 B 4erwipe NpOOMPKH KaXIOM cepud U3 OHOPETKH a00aBUTH MO 5 cMm>
TUPO30JisI OCPIUHCKOM JIa3ypH.

2.4 B ocTaBHIMXCS YETHIPEX MPOOMPKAX KaKAOH CEPHH MPHUTOTOBHTH PACTBOPHI
anextponuToB-koaryisitopoB (KCl, MgCl,, AlCl;) pasnuunoil koHUeHTpauuu. Jlis
ATOTO CMeNIaTh B HHUX PACTBOPbl COOTBETCTBYIOUIUMX JJIEKTPOJMTOB C BOJOM B
COOTHOIICHHH, YKa3aHHOM B Tabmuiie 3.3.

3 Omnpenenenue mopora KoaryJsiiuu

3.1 B kax0# cepuu BBUINTH IPUTOTOBIICHHBIE T10 11. 2.4 PacTBOPHI KOAr'YJISTOPOB
B NPOOMPKU € 5 ¢M® THAPO30Js OEPIMHCKON J1a3ypH, TIIATEIBHO MEPEMEINATh UX U
ocTaBUTh Ha 30 MUHYT.

3.2 Yepe3 30 MUHYT OTMETUTh HAIWYHME MOMYTHEHUS WM OCaaka OCpIMHCKOMN
na3zypu. Pesynbrarsl 3aHecty B Tabnuiy 3.3 (ctpoku 1-4).

3.3 Jlus Goiee TOYHOIO OINpPENENIEHHs MOPOra KOaryJssiud HEOOXOIUMO JUIs
KQXXJI0T0 JIEKTPOIUTA-KOAryJIsITOpa MPUTOTOBUTH 1O 11. 2.4 BTOPYIO CEPUIO U3 YETHIPEX
pacTBOpoB. Paz0aBieHne KoaryasiTopoB BTOPOM CEPHUH BEIOMPACTCS B HHTEPBAJIC MEXKTY
KOHIIEHTpAaIel B MpOOUPKE, T/I€ MPOU30IIUIA KOATYJISIus, U B ONFDKaiiien K HeH, rie
KOaryJsiliiy He HaOJII01aI0Ch.

3.4 PacTBOpPHI BTOPOH YTOYHEHHOMN CEPUU KOAryJIATOPOB BIMBAIOTCS B TPOOUPKH
¢ 5 cM® ruapo30J1s1 OEPAMHCKOI a3y pH, IEPEMENINBAIOTCS U OCTABIAIOTCA HA 30 MUHYT.

3.5 Yepe3 30 MUHYT OTMETUTh HAJIMYHE MMOMYTHEHHS MM OCajKa OCPIMHCKOM
nazypu. Pe3ynbratsl 3aHecty B Tabnuiy 3.3 (cTpoku 5-8).

4 OOpaboTKa pe3yIbTaTOB H3MEPEHUI

4.1 3a KOHIEHTPALMIO 3JIEKTPOJIUTA-KOAryJATOpa, HCIOJIB3YEMYIO B pacuere
opora KOaryJsify, NPUHUMAETCSs MUHUMalbHAsg KOHIIGHTPAIUs DJIEKTPOJIUTA-

KOaryJsiTopa BO BTOPOW CEpUHU, BBI3BIBAIONIAS TOMYTHEHHE THUAPO30JS OCPIMHCKOM

Ja3ypH.
4.2  PaccuuTaTh MOPOT KOATYJIAINU JIJISl KOKIOTO AJICKTPOJIUTA- KOATyJsITOpa 1o
bopmyiie:
IC'IHOC * Van
p (35’
V30015

e Cpop - HOPOT KOATYJSIIUA JAHHBIM SJICKTPOIHTOM-KOAryJIaTOpOM, MOJIB/AM™; Y., -



MUHHMAJIbHBIA ~ O0BEM  pacTBOpPa  DIIEKTPOJIMTA-KOArylIsaTOPa,  BBI3BIBAOLIMIA
IIOMYTHEHHUE THAPO30IIs1 OEPIMHCKOM a3ypu, cM>; Vo, - 00BEM THAPO3011s GEPIAUHCKOM
nasypu, cM>,

4.3  Tlo 5KCIIepUMEHTAILHBIM JaHHBIM CENIATh BEIBOJ O BEITOJHUMOCTH ITPaBHUIA

[Tynsne-I'apau 110 BIUSHUIO 3apsifa KOATyJIUPYIOIIEro HOHA Ha ITOPOT KOAryyIsaLyH.

4.4 Tabmnua 3.3 - DKCnepUMEHTAIbHbBIE JaHHBIE JUIS ONIPEAEIICHHS IOpora

KOAryJISIIIAN
Onekrpomn | Ne  |OGpem 30ms1| O0BEM (O6mem [TomytHenue| Ilopor
T POOBI |GepTHHCKOI BOJbI, [PieKTposuT | depe3 30 | KoaryJsiuu
nazypu Y30, 3la Vo, cm MWH u
KCl1 1 5 4.5 0,5
2 5 4 1
3 5 3 2
4 5 1 4
5
6
7
8
MgCl2 1 5 4.5 0,5
2 5 4 1
3 5 3 2
4 5 1 4
5
6
7
8
AICI3 1 5 4.5 0,5
2 5 4 1
3 5 3 2
4 5 1 4
5
6
7
8

JIABOPATOPHASA PABOTA Ne 9 BBAUMHASA KOAT'YJIALIMA Lens padboTst:
M3YYUTH NPOLECC B3aUMHOMN KOAryJIALUU TUAPO30JIEn
ruapokcuna xenesa (1) u 6epauHckoii mazypu.



O6opynoBanne. Matepuabl

[TpoOupku.

[ItatuB 1151 IPOOUPOK.

[Tunerka emxocThio 10 cM .

3onb rugpokcuaa xenesza Fe(OH);.
3071b OEpIAMHCKOM Ja3ypH.

AN o

JluctunnupoBaHHas BOJA.

XO/ PABOTEI

1  Tlomyuwurs ruapo3onu OGEpIHMHCKON asypu M ruapokcuma skeiesa (III) y
pernoiaBaTess.

2 Pacmonoxuth B mtatuse 11 mpoHyMepoBaHHBIX TPOOUPOK.

3 HanuTh B KaXIyI0 U3 IPOOUPOK OMpeaeICHHbIH 00heM THAPO30IIs (ITMIIETKOM)
ruapokcuna xenesa (1) B coorBercTBUU ¢ Tadauuei 4.1.

4 Paz0aButh 50 cM® 3051 OEPIMHCKOM Ia3ypH TUCTUILIMPOBAHHON BOJIOI B JBa
paza. JlobaBuTh onpeeneHHbi 00beM pa30aBICHHOTO PACTBOPA (MMUMETKOM) B KaXKIYIO
U3 MpoOUpoK ¢ runpo3osieM ruapokcusa xenesa (I1I) B coorBercTBuu ¢ Tabnuieii 4.1.

Ecnu B GonpminHCTBE (MIIM BO BCEX) MPOOHUPOK PacTBOP OKpaIlleH B LBET OJHOTO
U3 30JIeH, creayer pa30aButh B 2 (uiu 6osee) paza THAPO30Jib, MPUAAOIINN OKPACKY
cmecu. [IpoBecT NMOBTOPHYIO B3aMMHYKO KOAryJsILHUIO THAPO30JIEW MO ILIL 2-4 C
pa30aBIIEHHBIM THIPO30JIEM.

S OcTaBHTh CMECH THIPO30JICH JIUIsl B3aMMHOM Koarysiud Ha 30 MUHYT.

6 UYepes 30 MUHYT IIOCIIE CIAMBAHUS THAPO30JI€H OTMETUTH KOAT'YJISIHIO (ITOJHYIO,
HEMOJIHYIO) U I[BET PacTBOpa HaJ OCAJKOM B KaKJ10M U3 MPOOUPOK.

7 Cnaenath BBIBOJBI IO MPOJCIAHHON paboTe

7.1 Hlnucate (opMyasl MHUIEII C yKa3aHHEM 3HAKa 3apsia HCCICTyCMBIX
TUAPO30JIEH.

7.2 OOBSCHUTD HAOIIOMACMble SIBICHHUS B IPOIECCE B3aMMHON KOAryJISIIUH

ruapo3oeit ruapokcuaa xenesa (I11) u 6eprmurCKOI NMazypwu.
Tabauya 4.1 — DxcnepumenmanvHvle OaHHbLE
I unpozons Homep npobupku

1 2 B @4 5 6 |7 B 9 [10 11
['mapokcun xxeneza (Il Fe(OH); 9 8 (7 |6 5 4 B PR 10

p—
[«

4 5 6 7 8 9 10 0

[
(9}
(O8]

bepnunckas nazypb Fey[Fe(CN)gls

CreneHb KoaryJsignuu

OKpaCKa 30JIi Ha4 OCaIKOM




JIABOPATOPHA I PABOTA Ne 10 [TOJIYYEHUE 1 OFPAIIIEHUE AMYJIbCUH

Lens padotei: 1.13yyeHnue MeTOI0B MOJIYyUEHUS U ONPEACIICHUS
TUIA pa30aBICHHBIX SMYJIbCUM.

2.06pamienue ¢a3 B 3MyIbCUU O€H30JI-BO/IA.

O6opynoBanne. Matepuanbl
. ITIpobupkwu.
. ITaTuB 1u1st MpOOHUpPOK.
. Konnueckue xonos! emxocthio 50 cM? - 2 mir.
. [Iunerka emkocThio 10 cMm .
. Onear HaTpus ¢ KoHLEeHTpauuen m = 3%.
. berzon CHU* mo 'OCT 5955 - 75.
. llIceimenusii pactBop CaChb B Boxe.
. Macno nmojacosHevHoe.

O O\ DN N~ WD —

9. Boausrii pactsop Meuta Cri*COOIII ¢ koHmeHTparmei m = 2%.
10. ducrtuanmupoBaHHas BOja.
11. MeruneHOBBIN CUHMUIL.

XO/ PABOTBI

1 ITosrydyeHune 3MyabCUM NOACOIHEYHOTO Macia B BOJIE
3 3

1.1 B konuueckyro Koa0y eMKOCTBIO 50 ¢M HAJIUTH 8 CM IIOCOJHEYHOI'O MacJjia
1 100aBUTh 15 ¢cM® IUCTUIIMPOBAHHOM BOIBI. 3aKPHITH KOJIOY NPOOKOM U SHEPTHYHO
nepeMenIaTh 10 MOJyUYeHUs OJHOPOAHON AIMYIIbCHH.

1.2 Hanute no 5 cM® nomyueHHON dMyJibCcMH B JIBE NPOOMpKH. B mepByio

NPOOUPKY 106aBUTh 5 ¢M> IUCTUIUIMPOBAHHOMN BOJIBI, BO BTOPYIO -

33
3 CcM AMCTHIIIMPOBAHHOM BOABI M 2 ¢M BogHoro pacrsopa Mmeuila Cn*COO” ¢
KOHIeHTparuei m = 2%. 3akpbITh MPOOUPKH MPOOKAMU U SHEPTUUYHO TEPEeMeIaTh
110 MOJTy4EeHUsI OAHOPOIHOMN IMYIIbCUHU.

1.3 OrmeruTh HanM4KMe PacCIOCHUS U CKOPOCTh PAacCiioeHus (a3 B KaKIOM H3
poOUPOK.

2 Ilomydenue smynbcuu O€H30J1a B BOJE
3 3

2.1 B xoHmyeckyro koia0y eMKOCThIO 50 cM HamuTh 8 cM O¢H30/a U 100aBUTH



15 cM® qMCTHIIMPOBAHHON BOBI. 3aKPHITH KOJIOY MPOOKON U SHEPTUYHO HEPEMELIATE
110 TIOJTy4YEHUSI OAHOPOIHOMN IMYJIbCUHU.
2.2 Hamuts mo 5 cM® monydeHHON >MyIbcHU B ABE IPOOUpPKU. B mepByio

POOUPKY 106aBUTH 5 CM> IUCTUILIUPOBAHHOMN BOJBI, BO BTOPYIO
33

- 3 CM IUCTWIIMPOBAaHHOM BOJABI M 2 CM BOJHOTO pacTBOpa ojieaTa HATpus C
KoHIeHTparueit m = 3%. 3akppITh MPOOUPKH MPOOKAMU U SHEPTHUYHO TIEPEMEIaTh
710 MOJTYYEHUS OJTHOPOIHOM 3MYJIbCUU.

2.3  OTMETHTh HaJIMYUE PACCIOCHHS M CKOPOCTh PAcCIoeHus (a3 B KakI0U U3
npoOupok. B ciyuae HedeTKo# rpaHullbl paszjena KuAakux ¢as 100aBUTh B MPOOUPKH
¢ 6en3os0M (1. 2.1.) Mo 1 KpUCTAIIUKY KPAcCUTENS METUIIEHOBOT'O CHHETO.

3 OmnpepencHre THIIA SMYIbCHN

3.1 Ompenenenue Trma SMyJIbCHHA METOIOM pa30aBICHUS

3.1.1 Hamurs B IpoGUpKyY 5 ¢cM® QMCTUILIMPOBAHHON BOBI. BHECTH mumeTKoMi
B MPOOUPKY € BOAOW | KAIUIiO 3MYJIbCHH MOJACOTHEYHOro Macia. KoHTpoIupoBaTh
PaBHOMEPHOCTh pacrpeeseH s IMYJILCHU B BO/IC.

Ecnu kxamist SMyJibCHH PAaBHOMEPHO PACHpENeNeTCsi M0 00beMy BOJBI - THII
IMYJIBCHHU M/B; €CITH KaIUTsl SMYJILCHHU B BOJIC HE TUCIICPTUPYETCS - THIT SMYJILCHHU B/M.

3.1.2 Onpeneauts THIT BTOPO SMYJILCHH - OESH30I1a B BOjie coryacHo 1. 3.1.1.

3.2 OmnpeneneHune TUIA SMYIILCHHA METOIOM OKPAITMBAHKS HETIPEPBIBHOM (ha3br

3.2.] Hamute B npoOHPKY 5 cM> SMYJILCHU MOACOJIHEYHOTO Macia, J00OaBHTh
HECKOJIBKO KPUCTAJIJIOB METHJIEHOBOTO CHHETO U CHIILHO B30OJITATD.

3.2.2 KoHTpOnMupoBaTh PaBHOMEPHOCTh OKpAIIMBAHUS OMYyJbCHH. Eciu
IMYJIBCHSI PABHOMEPHO OKPAITMBAETCS 110 BCEMY 00BEMY - THIT SMYJILCHU M/B; €CITH B
IMYJIBCHU OKPAITUBAIOTCS UCICPCHBIC YACTHUIIBI MACya - THIT SMYJIbCHH B/M.

3.3 Omnpenenauts THII BTOPO SMYJILCHH - O€H30J1a B BOZE coryiacHo 1. 3.2.1.

4 OGparienue MyIbCHit

4.1 Hanute B mpoOHPKY 5 CM 3MyJIbCHH TOACOJHEYHOrO Macia, 100aBHTh
Heckoibko kanenb CaCly, 3akpbITh MpOOHUPKY HNPOOKON M SHEPTUYHO MEpPEMENIaTh.
Onpenenuts TUI 00pa30BaBIIEHCS 3MYJIbCUU coriacHo LI 3.1 1mbo 3.2.

4.2 TIpoBectn oOpaieHne 3MYJIbCHH OCH30a B COOTBETCTBMH ¢ 1. 4.1.
Omnpenenuts TUN 00pa3oBaBILENcs IMYIbCUU OeH301a coraacHo m.11. 3.1 mmbo 3.2.

S Cnenatb BBIBOJ O MPOJICIIaHHON paboTe.



KOHTPOJIBHBIE BOITPOCHI

1. XapakrepucTHKa KOJUTOUIHOTO COCTOSIHUSI BEIECTBA.

2. MeTo/ipl MOMYYEHHS AUCTIEPCHBIX CHCTEM: TUCTICPTallHOHHBIC, KOHICHCAIIMOHHBIC.
3. OnTryeckne CBOWCTBA TUCTIEPCHBIX CUCTEM.
4. PaccesiHue CBeTa B KOJUIOMIHBIX CUCTEMAX.
5. TlornomieHne cBeTa TUCTICPCHBIMU CUCTEMAaMHU.

6. cronb30BaHKUEe ONTUYECKUX METOJIOB ISl OTIPECICHUS pa3Mepa KOJLTOUIHBIX
JACTHII.

7. CTpoeHwue ABOMHOIO IEKTPUYECKOTO CIIOS Ha MOBEPXHOCTH KOJUTOM/IHBIX YaCTHII.
8. YCTOWYMBOCTH KOJJIOMIHBIX YACTHII.

9. DnexrponurHas koarysus. [Ipasuo [lymbeie-TI'apau. ITopor koarysisium.
10. Kwunernka mporiecca KOaryJisium.
11. Bsaumuas Koarysius TUAPO30JICH.
12. JInoduibHbIE AUCTIEPCHBIE CUHCTEMBI.

13. Omnpenenenue cpeaHeii MOJIEKYISPHOM MacChl IOJMMEPOB BUCKO3H-
METPUYECKHM METOIOM.
14. MukporereporeHHbIC CHCTEMBI: CYCIICH3UH, SMYJIbCHH, TICHBI, A3PO30JIH.

15. Meros! omyueHus U 0OpAICHUS IMYJIHCHA.
CIIMCOK JIMTEPATYPEI

1. OcHoBHas JuTEpaTypa:

1. Pomun, B. B; ®usnueckas u KOUIOWAHAA XUMHSI DJIEKTPOHHBIA peECypC :
YueOunoe nocodue / B. B. Poaun, 3. B. T'opuakos, B. A. Opobeu. - Crasponons :
CraBponosbCKuii TOCyJapCTBEHHBIN arpapHblii yHuBepcuret, AI'PYC, 2013. - 156 c. -
Knura naxonures B npemuyM-sepcun ObC IPR BOOKS. - ISBN 978-5-9596-0938-2

2. Tep3usn, T. B. ®usnueckas U KOJUIOUIHAS XUMHS : yueOHOe mocodue /
T.B. Tep3usn. - EkarepunOypr : U3gaTenscTtBo Ypansckoro yausepcureta, 2012. - 108
c. - http://biblioclub.ru/. - ISBN 978-5-7996-0789-0

2. lonoiHMTEIbLHAA JTUTEpPaTypa:

1.Opranmnydeckas 1 (pU3KOIOUHAS XUMUS : PAaKTUKYM / cocT. 1. B. Bacunbiiosa ; cocr.

T. U. bokoBa ; coctr. I'. II. KOcymoBa. - Hoocubupck : HoBocubupckuit
rocyJapCTBEHHBIN arpapHblil yHuBepceurert, 2013. - 155 c. - http://biblioclub.ru/
2. BacrokoBa, A.H. Xumus ¢Qusnyeckas u KOUIOMAHAS OJIEKTPOHHBIN

pecypc : mpaktukyM / H.B. HaconoBa ; coct. A.H. Bacrokosa ; O.Il. 3anauuna. -
brnarosenieHck : JlanbHEBOCTOUHBIN IOCYJapCTBEHHBIN arpapHbiil yHUBepcureT, 2015. -
69 c. - Knura naxoautcs B 6a3oBoit Bepcuu DbC IPRbooks.

3. KopoBun, H. B. O6mas xumus : yuebnux / H. B. Koposun. - 13-e usn.,
nepepad. u gor. - M. : Akagemus, 2011. - 496 c. : un. - (bakanaspuar). - Pek. MOuH P®.
- ITpun.: c. 461. - BH6J1H0rp c. 486. - ISBN 978-5-7695-8015-4

Ilepevyens pecypcoB HH(POPMANMOHHO-TEJICEKOMMYHUKAMOHHOU ceTu «AHTEpHET,
HEeO0XOAMMBIX JJI OCBOCHHS IUCIUILINHbI:

1. http://window.edu.ru/ - EniHO€ OKHO J0CTyIa K 00pa3oBaTeIbHBIM PECypCaM.

2. www.biblioclub.ru - DnekTpoHHO-0MOIHOTEYHAs! cUcTEMA « Y HUBEPCUTETCKAs
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OMOIMOTEeKa OHJIANHY.
3. catalog.ncstu.ru - DnekTpoHHbIHN KaTanor ¢ponuant CKOY

4. www.library.stavsu.ru - DneKTpoHHas OMOIMOTEKa U AJICKTPOHHBIN KaTaJIOT HAYyYHOU
oubmuorexu CKOY

4 CrnenaTh BBIBOJIBI IO MPOICTIAHHOM padoTe.
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