AJSA YHACTHHUKOB

(TeopeTnyecKkass 4acTh 3KCNEePUMEHTAJbHOIO Typa)

Juct 1
11 KJACC

VYrneBoasl MpeacTaBiIsioT co00il opraHMYecKHe BEIIecTBa, COJEp)Kalllie B CBOEM
COCTaBe KapOOHWIBHYIO TPYHNIy M HECKOJBKO THAPOKCUIBHBIX TPYMI. YTJIEBOAbI
ABJIIOTCSI HEOTHEMJIEMBIM KOMIIOHEHTOM KIJIETOK M TKaHEHl BceX >KMBBIX OpPraHM3MOB
Mpe/ICTaBUTENICH PACTUTENBHOTO U KUBOTHOTO MHpA, COCTAaBJsAs MO Macce OCHOBHYIO
4acTh OPraHMYEcKOoro BelecTBa Ha 3emie. Kpome Toro, MMEHHO YIJIEBOABI SIBISIOTCS
[JIaBHBIM HCTOYHUKOM OSHEPrMM B OpPraHU3ME YEJIOBEKa. OJHEprus, Iojiyyaemas C
CoJlep KalllMMHUCS B THILE YIJIEBOJAMH, B OCHOBHOM BbIpabaThIBaeTCA M3 Kpaxmana u
caxapoB, a TaK)Ke, B MEHBIIIEH CTETIEHH, U3 MTUIIEBBIX BOJIOKOH U CaXapHBIX CIIUPTOB.

BONBIIMHCTBO CYyIIECTBYIOIIMX CHOCOOOB OMpENENeHUs] YIJIEBOAOB B PpPEajbHBIX
00BEKTax OCHOBAHO Ha PA3IMYHBIX BapHaHTaX OKHUCIUTEIbHO-BOCCTAHOBUTEIHBHOIO
TuTpoBaHus. Haunbosee 4YacTO NPUMEHSIOT METOJA HOJAOMETPUYECKOrO0 THUTPOBAHUS,
KOTOpBIM OCHOBaH Ha BoccTaHoBieHuu caxapamu menu(Il) no menu(l) u3z TaprparHoro
komruiekca. Conbs menu(Il) u Taptpat 6epyT B 2—3-KpaTHOM HU30OBITKE 1O OTHOIICHHUIO K
caxapy. Ilo okoHuanuu peakiuu n30b6ITOK MOHOB Meau (II) BoccTaHaBnMBarOT MOIUIOM

KaJiusi B KUCJION cpejie, a BBIACIUBIIUICS U0 TUTPYIOT paCTBOPOM THOCYJIb(aTa HATPUS.

Teopernyeckue 3a1aHus:
1. Hannmmre OpyTTo- M CTPYKTYpHYIO opMmyiibl THOCyIb(harTa HaTpus. Kak mporekaeT
ero B3aumMmojeicTBue ¢ nogom? Hammmmre ypaBHeHue peakinu. CKOJIBKO 3JIEKTPOHOB

OTJIaeT OJIMH THOCYJIh(AT-HOH B dTOW peakiuuu?

2. Harmnmmre ypaBHEHUs peakUuid, MPOUCXOJALIMX B IpOILEcCe HOAOMETPUYECKOTO
orpeiesieHus TIII0KO03bI (Bcero 4 ypaBHeHus1). B kakoe BeliecTBO npeBpaliaercs rioKo3a

B pe3yJbTaTe peakiuu?

3. Hanumure ypaBHeHHME peaklIMH KHUCIOTHOTO THUIpOJu3a (MHBEPCUHU) Caxaposbl,

UCIOJIb3YS CTPYKTYpHbIE (DOPMYJIbl OPraHUYECKUX BEILIECTB.



AJSA YHACTHHUKOB

(npakTH4YeCcKasi 4aCTh JKCNEPHUMEHTAJbHOIO Typa)

Juct 2
11 KJACC

VYrneBoasl MpeaCTaBIsIOT COOOM OpraHMYecKHe BEIeCTBa, COAEpIKallhe B CBOEM
cOocTaBe KapOOHWJIBHYIO TpPYIIy M HECKOJIbKO THIPOKCWIBHBIX TIpPyHIL YTJIEBOAbI
ABJIAIOTCSI HEOTHEMJIEMBIM KOMIIOHEHTOM KJIETOK M TKaHEH BCEX KUBBIX OPraHU3MOB
Mpe/ICTaBUTENICH PacTUTENHHOIO W KMBOTHOTO MHpPA, COCTABIIAS IO Macce OCHOBHYIO
4acTh OpPraHWYECKOro BellecTBa Ha 3emie. Kpome TOro, MMEHHO yIJIEBOABI SBIISIOTCS
[JIaBHBIM HMCTOYHUKOM DSHEPrUM B OpPraHU3ME YeJIOBeKa. ODHEprus, Iojdydaemas C
CoJIep KalllMMHUCS B MUIIE YIJIEBOJAaMH, B OCHOBHOM BbIpaOATHIBAETCSA U3 Kpaxmayia U
caxapoB, a TaK)Xe, B MEHbIIIEH CTEINEHH, U3 MHIIEBBIX BOJIOKOH U CaXapHBIX CIIUPTOB.

BOABIIMHCTBO CYIIECTBYIOIIKMX CHOCOOOB OIpENENEHUsl YIJIEBOJOB B pEaJIbHBIX
00BEKTax OCHOBAHO Ha pAa3IUYHBIX BAPUAHTAX OKHUCIUTEIbHO-BOCCTAHOBUTEIHBHOIO
tuTpoBaHus. Haunbonee 9acTo NPUMEHSIOT METOJ HOIAOMETPUYECKOTO0 TUTPOBAHMUS,
KOTOpBIM OCHOBaH Ha BoccTaHoBieHHU caxapamu meau(Il) mo meau(I) uz taprpaTHOro
komruiekca. Conb meau(Il) u Taprpar 6epyT B 2-3-KpaTHOM U3OBITKE IO OTHOIIEHHUIO K
caxapy. [lo oxoHuanuu peakiuu n30b6ITOK MOHOB Meau(Il) BoccTaHaBnMBaOT MOAMIOM

KaJusi B KUCJIOU Cpe/ie, a BBIACIMBIIUNCS U0 TUTPYIOT pACTBOPOM THOCYJb(aTa HaTpHs.

IIpakTuyeckoe 3axanue:
B BrimanHOM Bam CTEKIISIHHOM CTakaHUMKe (MM OFOKCE) HAXOJIUTCS CMECh Caxapo3bl C
WHEPTHOU M00aBKOW. MeTo/I0M MOIOMETPUUYECKOTO0 TUTPOBAHUS OMPESITUTE MACCOBYIO

J0JIF0 Caxapo3bl B HCXOI[HOﬁ CMCCH.

PeareHrsbl:

e Jluxpomart kanus K,Cr20O7, cTaHapTHBINA pacTBOP.

o Cynbdat menu(Il) CuSOs4, 0.04 M cranmapTHBIN pacTBOP.
e Tuocynsdar Hatpus NaxS203, 0.025 M BoaHbIi pacTBOD.
e Taptpart kanusa K,CsH4Og, 0.5 M pactBOp.

o Uoaun kanus KI, 5%-Hblii pacTBOp.



e Comnsnas kucnora HCI, 2 M pactsop.
e (Cepnas kucnora H2SO4, 1 M pactBop.

e Kpaxwmai, cBexenpuroToBiieHHbIN 1%-HbIi1 pacTBOp.

Oo6opynoBanue:

e Ilecounas GaHs (WU AJIEKTpUUECKas TUIMTKA) — | mIT. Ha 4-5 y4aCTHHUKOB.
o CTeKJISIHHBIM CTaKaHUYMK (MK OFOKC) — 1 mmIT.

e (CrexyIsIHHAs BOPOHKA /I CBIITYyYUX BEIIECTB — | IIT.

e Mepnas kon6a (100.0 mx) — 2 .

e [IpoOGka mys MepHOM KOJIOBI— 2 IIT.

e [lunerka Mopa (10.00 M) — 1 mmT.

e Pe3nHOBas rpyia Wi nunerarop — 1 mr.

e Pe3nHOBBIE HAAJTBYHUKH — 2 IIIT.

e KamnenpHUIIa C JUCTUJUIMPOBAHHON BOAOW — | mIT.

e KanenpHuia c pacTBOpOM HHAMKATOpa — | IIT.

o Konunueckas konb6a nst turpoBanus (100 mur) — 2 mT.

o Konunueckas xonba s TutpoBanus (250 mi) — 2 mir.

e  Mepnbiii nunusap (10-25 mon) — 2 .

e  Mepnbiii nunusAp (25-50 mut) — 1 .

e broperka npsimMas ¢ KpaHoM (25 mut) — 1 .

e CrexisiHHas BOpOHKa i OropeTku — 1 mrT.

e XJlopkanblieBasi TpyOKa C HATPOHHOM U3BECThIO — | IIT.

e [llraruB ayig TuTpoBanus — 1 wr.

MeToauka 3KcnepMMeHTAa:

1. Cmanoapmuszayusa pacmeopa Na>S:0;. B 010peTKy uepe3 BOpOHKY HAJIMBAIOT PacTBOP
tuocyibdara HaTpus NazS>03 U 3aKphIBalOT €€ XJIOPKaIbIIMeBON TPyOKOil ¢ HATPOHHOU
U3BeCThI0. B KOHMYecKyto Kon0y it TuTpoBaHust 00beMoM 200—250 M1 BHOCST MEPHBIM
uumuHAapoM 10 M 1 M pactBopa cepHoit kucnotsl, 10 mn 5%-Horo pactBopa monunaa
KaJust 1 J00aBisroT numneTkoir Mopa 10.00 M cTaHmapTHOTO pacTBOpa AUXpOMAaTa Kaus

K2Cr207. OcraBnstor koi0y Ha 5—7 MUH B TEMHOM MECTE, IPUKPHIB €€ YACOBBIM CTEKIIOM.



3atem B K00y A00aBisSIFOT MEpHbIM IHHAPOM 100 MJI TUCTUIIMPOBAHHOM BOJABI U
OBICTPO TUTPYIOT pacTBOpoM NaxS>O3 10 mosiBIeHUsT OJIeAHO-KENITON OKpacKH pacTBOpA.
JoGanstor 1-2 ma (1 nmonnas numnetka) 1%-Horo pacTBopa Kpaxmana U MPOJOJIKAIOT
TUTPOBAHUE NIPU DSHEPrUYHOM MEPEMEIIMBAHUUA 1O HCYE3HOBEHHUS CHHEH OKpacCKH
pactBopa. 1o GropeTke m3mepstoT 00beM pactBopa NaxS>O3, nomeammii Ha THTPOBAHUE,
U 3aIMCBIBAIOT €r0 ¢ TOUHOCTHIO 10 0.10 Mi1. 3anonHsSIOT OOpPETKY 10 HYJIEBOM OTMETKH,
3aKpBIBAIOT €€ XJIOPKAJIbIMEBOM TPYOKOM C HATPOHHOW H3BECTHIO U TMOBTOPSIOT
TUTPOBAHUE JI0 MTOJIYYEHHUS TPEX Pe3yJIbTaTOB, HONAPHO OTINYAIOLIUXCS IPYT OT IpyTa HE
6onee ueM Ha 0.10 M. DTH pe3ynbTaThl YCPEAHSIIOT U UCTIONB3YIOT ISl pacueTa MOJISIPHOM
(MoB/11) KOHUEHTpauuu pactBopa NaxS>03. Pe3ynbTar pacuera MOJISIpHON KOHIIEHTpaLUU
pactBopa NazS>03 3anmchIBalOT ¢ TOYHOCTHIO IO YEThIPEX 3HAYAITUX ITUGD.

2. Ilposedenue uneepcuu caxaposvl. B TEpMOCTOMKHN XUMHUYECKUW CTaKaH BHOCST
BBIJIAHHYIO HABECKY Caxapo3bl, COACPIKAIIYI0O MWHEPTHBIE MPUMECH, JOOABISIOT MEPHBIM
murHapoM 20 mit 2 M pacTBopa COJIIHOM KUCIOTHI M HArpeBaloT Ha MECOYHOM OaHe Win
AIEKTPUYECKON IUIUTKE /10 KUIICHHMS], TOCJI€ YETrO KHUIISTAT PacTBOP B TE€YEHUE S5 MUH.
PacTBOp oxnaxparoT 10 KOMHATHOW TEMIIEpAaTypbl OJ CTPyel BOAONPOBOJAHOU BOJBI U
MEPEHOCAT €r0 uepe3 CTEKISHHYI BOPOHKY B MepHYyH Koj0y oOsemom 100.0 m.
Heckonpko pa3 oOIoiaackuBarOT TEPMOCTOWKHA XWMHWYECKUN CTaKaH U CTEKISIHHYIO
BOPOHKY ITUCTUJUTMPOBAHHOM BOJON U TEPEHOCAT TaKUM 0Opa3oM B MEPHYIO KOJIOY
OCTaBIITMECS YaCTHIIBI BelecTBa. Jlanee yOuparoT BOpOHKY, pa30aBIIsSIOT pacTBOp B KOO
JI0 METKM JUCTWIIUPOBAHHOW BOJOW M TIHIATEIBHO TEPEMENINBAIOT, MHOTOKPATHO
nepeBopaunBas Koioy.

3. Onpeoenenue unsepmuposanuvix caxapos. llumerkoii Mopa OTOMPAIOT AIUKBOTY
aHaju3upyeMoro pactopa oorsemMoM 10.00 M B KOHMYECKYIO KOJIOY AJIsi TUTPOBAHUS
emkocthio 150-200 mu, u3 Oroperku noGasistitor 10.00 mMi cTtaHmapTHOTO pacTBOpa
cynbdata meau(ll), BHOCAT MepHBIM LUIUHIAPOM 3 MJI pacTBOpa TapTpara Kajius H
THIATENbHO TepeMenmmBaroT. OOpa30BaBIIUICS TEMHO-CHHHIA PacTBOP HArpeBalOT Ha
ANEKTPUYECKON IIIUTKE WM MEeCOYHOW OaHe W KUIATAT B TeueHue 2—3 muH. [Ipu sTom
BBIJICIIIETCSL JKENTBIM OCaJl0K, NEPEeXOJslIMid B KpacHbld. PacTBop oxmaxpaaror 10
KOMHATHOM TemmepaTypsl IMOJA CTpyell BOIOMPOBOAHON BOABI, JOOABISAIOT MEPHBIM
uunuHApoM 20 mur pactBopa noauaa kanus U 10 M cepHoil kuciotel. HemenneHHo

TUTPYIOT JKEITOBATYIO CYCIEH3UIO pPAacTBOPOM THOCYJIb(paTa HATpus A0 IOSBICHUS



OneqHo-XKeNnToil okpacku. BBoasar 3—5 kamenb pacTBopa Kpaxmana U IPOJOJIKAIOT
TUTPOBATH IIPU B30ANTHIBAHUH IO MCUE3HOBEHUS cuHEN okpacku. [lo OropeTke u3aMepstor
o0wveM pactBopa NaS;03, MOMIENINI Ha TUTPOBAHUE, U 3aIMUCHIBAIOT €T0 C TOYHOCTHIO
10 0.10 mu1. 3anoaHSIOT OIOPETKY 10 HYJIEBOM OTMETKHU, 3aKPBIBAIOT €€ XJIOPKaJIbI[UEBOIM
TpyOKOW ¢ HATPOHHOW H3BECTHIO W TMOBTOPSIOT THTPOBAHWE A0 TMONYYEHHUS TpPeX
pe3ybTaToOB, MOMAPHO OTJIMYAIOUIUXCA JApYr OT Apyra He Ooisee yem Ha 0.10 mut. DTH
PEe3yIBTATHl YCPEIHSIOT U HCIIONIB3YIOT ISl pacdeTa MacCOBOM J0JIM caXxapo3bl B HABECKE
o opmyiie:

100-342.3-10.00
2 - m(HaBecka)

w(caxaposa), % =

c(Na,S,03) -V(Na,S,0
-(0.010-C(Cu504)_ (Nay$,05) - V(Na,S, 3))’

1000
rie

m(HaBECKa) — Macca HaBECKHU caxapo3bl ¢ MHEPTHOM 100aBKOiA, T;
¢(CuSO4) — Tounas koHueHTpauus pactsopa CuSOs, M;

c¢(Na2S>03) — TouHas koHIeHTpanus pactBopa NaxS»03, M;

V(NazS203) — cpennnii o0bem pactBopa NazS>03, 3aTpadueHHbIN Ha TATPOBAHUE, MII.



