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Mertoauueckue YKa3aHud 110 BBIIOJHCHUIO MPAKTHYCCKUX H J'IaGOpaTOpHLIX 3aHATHHN

pa3zpaboTaHbl Ha OCHOBE palouell MporpaMMmbl Yy4eOHOW AUCUUIUIMHBI «XUMUYECKUE U
OU3NKO-XUMNYECKUWE METO/IbI AHAJIN3A».

ConepaHye NPaKTUUECKUX W JIA0OPATOPHBIX 3aHATHHA  OPUEHTHPOBAHO HA TOJTOTOBKY
00ydaromuxcsi K OCBOEHHMIO TPO(ecCHOHATBHOrO (bIX) MOmyist (ei) mporpamMMbl TMOATOTOBKH
CIIELMAIMCTOB CPETHET0 3BeHa 10 crneuanbHocT 22.02.01 Mertamutyprust 4epHbIX METAILIOB.
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1 BBEJEHUE

BaxHyro uacTb TeopeTHdeckoil U Mpo(ecCHOHAIbHON IPAKTUUYECKOM MOATrOTOBKU
00y4aroImuXxcs COCTABIIAIOT PAKTUYECKHE U TAOOPATOPHBIE 3aHATHS.

CoctaB M cozepkaHHe MPAKTUYECKMX  3aHATUH HalpaBlIeHbl Ha pealu3alio
denepalbHOTO roCy/AapCTBEHHOTO 00pa30BaTEILHOTO CTaHjapTa CpeIHero
po¢eCCHOHAITBHOTO 00pPa30BaHUS.

Benymell nuaakTH4ecKod LEIbI0 MPAKTUYECKUX M JIA0OPATOPHBIX —3aHATHH SBISETCS
¢dopmupoBaHue  NPOPECCUOHATBHBIX  MPAKTUYECKMX  yMEHUH  (YMEHUH  BBINOJHSATH
OIpeJieIeHHbIE JCUCTBUS, ONepaliy, HE0OX0AUMbIE B TOCIEAYIONEM B MPo(ecCHOHANIbHOMI
NesITeIbHOCTH) WM Y4€OHBIX MPAKTHUECKUX YMEHUH, HEOOXOJUMBIX B OCIEAYyOLEeH yueOHOoH
NESITENIbHOCTH.

B coorBercTtBUM ¢ pabodeil mporpaMMoi y4yeOHOW IHUCHUIUIMHBI «XHUMHYECKHE U
(U3NKO-XMMHYECKHE METOIbl aHAJIM3a» PEAYCMOTPEHO MPOBECHNE PAKTUIECKUX 3aHATHI.

B pe3ynbrare uX BBIIOIHEHUS, 00YYarOLIHics JOKEH:

ymemy:

VY 1.1.14 ¢pusnko-xMMUYECKUNA aHAJIN3 METAJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;

V1.2.05 wucnonp3oBaTh XUMHUYECKHE, (U3UKO-XMMHUECKHE METOJbl aHajdu3a ChIpbi U
IIPOAYKTOB METaJUTYprHH;

Yo001.1. pacno3naBare 3amady W/wiud mpoOieMy B MPOPECCHOHATBLHOM H/HIM COLHATBLHOM
KOHTEKCTE; OLIEHUBAaTh COLMAIbHYIO 3HAUYUMOCTh CBOeil Oynymieil mpodeccuu Uit pa3BUTHS
SKOHOMMKH U CPEJIbl )KUZHEAEATEIBHOCTH IPaskJjaH pOCCUICKOI0 rocyiapcTBa

Y002.1. onpenensats 3a1a4u Il IOUCKa HHGOPMAIIHH;

Yo003.1.  ompemensiTh  aKTyaJbHOCTh  HOPMATHBHO-TIPAaBOBOM  JOKYMEHTAllMd B
poeCCUOHATILHON JIeTeIbHOCTH; NPUHUMATh PELICHUs B CTAaHAAPTHOM NpodeccnoHaIbHON
CUTYalluu U ONPEIENITh HEOOXOIMMBIE PECYPCHI;

Y003.2. npuMeHsTh COBPEMEHHYIO HayuyHYIO IPO(GECCHOHATBHYIO TEPMUHOJIOTHIO;

VY004.1: opraHu30BBIBaTH padOTY KOJUIEKTHBA U KOMAH/IbI,

VYo004.2. B3auMo/IeliCTBOBaTh C KOJUIEraMy, PyKOBOJICTBOM, KJIMEHTaMU B X071€ MPo(eccCHOHATBHOM
NeATeNIbHOCTH,

VY005.1. rpaMOTHO H3/aratb CBOM MBICIH M OQOPMIISATH JOKYMEHTHI MO MpOo(dhecCHOHATIbHON
TEMaTUKEe Ha TOCYJapCTBEHHOM SI3bIKE, POSIBISATH TOJIEPAHTHOCTh B paboyeM KOJIJIEKTUBE;
VY006.1. onuceiBaTh 3HAUUMOCTh CBOEH CHEIMATBHOCTH;

¥Y006.2 npuMeHATh CTaHIaPThl aHTUKOPPYIIIMOHHOTO TIOBE/ICHUS

Y009.1. noHuMate OOLIMI CMBICT YETKO NMPOU3HECEHHBIX BBICKA3bIBAHUN HAa M3BECTHBIE TEMBbI
(npogeccroHanbHbIE U OBITOBBIE), TOHUMATh TEKCTHI HAa 0a30BbI€ MPOPECCUOHATIBHBIE TEMBL;

ConepxaHue MpPaKTUUECKUX W J1a0OpaTOPHBIX  3aHATUH  OPUEHTHPOBAHO HA IOJTOTOBKY
CTyIEHTOB K OCBOEGHHIO  OCHOBHOH mpodeccuoHaIbHOW 00pa30oBaTeNbHOW MPOrpaMMbl O
CIIEMAIbHOCTH M OBJIA/ICHNIO MPO(GECCHOHATIBHBIMUA KOMITETEHITHSMM:

[IK 1.1. OcymiecTBiATh TEXHOJOTMYECKUE ONEPALIUH IO TIPOU3BOJICTBY YEPHBIX METALIOB

1K 1.2. Mcnonb30BaTh CHCTEMBI aBTOMATHUYECKOTO YIIPABJIEHUS TEXHOJIOTMYECKUM IPOLIECCOM

I[IK 1.3. DkcrutyatupoBaTh TEXHOJOTMYECKOE M TOJBEMHO-TPAHCIIOPTHOE OOOpYI0OBaHHE,
obecreunBaroILee MpoLece MPOU3BOICTBA YEPHBIX METAJLIOB

1K 1.4. AHanm3upoBaTh Ka4YeCTBO ChIPbSl U TOTOBOM MPOTYKIIUH

1K 2.1. [TnanupoBaTh U OPraHU30BbIBATH COOCTBEHHYIO JIEATEIbHOCTD, pabOTy MOAPA3AEICHUS,
CMEHBI, y4acTKa, OpUra/ipl, KOJJIEKTUBA UCIIOTHUTENEH

1K 3.1. IlpunrMats yyactue B pa3paboTKe HOBBIX TEXHOJIOTHI U TEXHOJIOTMUYECKUX MPOLIECCOB

1K 3.2. YyacTtBoBaTh B 00€CTI€UEHNH U OLIEHKE IKOHOMUYECKON 3((HEKTUBHOCTH

OKO01.BpiOupath crmocoObl  pemieHust 3agad  OpoecCHOHATIBHOM  /IEATEIbHOCTH
IIPUMEHUTEIBHO K Pa3JIMYHBIM KOHTEKCTAM



OKO02.Mcnonb30BaTh COBPEMEHHBIE CpEACTBA TIOMCKA, aHalIM3a W HWHTEPIpeTaIiu
nHpopManud U UHPOPMAIIMOHHBIE TEXHOJOTHH ISl BBIOJHEHUS 3a7ad mpodecCHOoHaIbHOM
NESTEIbHOCTH

OK 04.5¢ddexTrBHO B3aUMOACHCTBOBATH U pabOTaTh B KOJUICKTUBE U KOMaH/Ie

OK 05.0cymiecTBiaTh yCTHYIO M HUCBMEHHYIO KOMMYHMKAIMIO HAa TOCYIapCTBEHHOM
s3bike  Poccuiickoit dexpepaniuu ¢ y4ETOM OCOOCHHOCTEH COIMAIBHOTO M KYJIBTYPHOTO
KOHTEKCTa

OKO6.[TposiBATh  TpakIaHCKO-MATPUOTUYECKYIO  TO3UILHI0,  JEMOHCTPUPOBATH
OCO3HAaHHOE IIOBEJICHUE HAa OCHOBE TPAIMIIMOHHBIX OOIIEYETOBEUYECKUX IIEHHOCTEH, B TOM
Yyclie C Y4YeTOM TapMOHHU3ALMK MEXKHAIMOHAIBHBIX M MEXKPEIUTHO3HBIX OTHOILIEHU,
IIPUMEHSTh CTaHAAPTHl AaHTUKOPPYILIOHHOTO [TOBEIECHUS

OK 09.Ilonp3oBathcsi mpodhecCHOHATBHOM JTOKYMEHTAIMe Ha TOCYJapCTBEHHOM H
MHOCTPAHHOM $I3bIKAX
BrimontHeHME cTyaeHTaMu npakmuyeckux pabom o yaeoHou nucuurummae «XUMUYECKUE
N ®N3NKO-XUMHNYECKUE METO/Ibl AHAJIM3A» HanpaBieHo Ha :

- 00o01IeHne, cCuCTeMaTH3aliio, YriyOJieHHe, 3aKpeIUIeHne, Pa3BUTHE U JIETAIM3AIUI0
MIOJIYYE€HHBIX TEOPETUUECKUX 3HAHUH 10 KOHKPETHBIM TEMaM y4eOHOW JUCIUILINHBL,

- (opmupoBaHuEe yMeHUN NPUMEHATH MOJyYEHHBbIC 3HAHUSA HA IMPAKTUKE, PeaTn3aIuio
€IMHCTBA UHTEIJIEKTYaJIbHOM U IPaKTUUECKON JEATEIbHOCTH;

- ¢opmupoBaHHE U pa3BUTHE YMEHUU: HaOIOJaTh, CPAaBHUBATH, COIMOCTABIISTS,
aHaJIM3UpoBaTh, JejaTb BbIBOJAbI U OOOOLIEHMS, CAMOCTOSITEIBHO BECTH MCCIIEI0BAHMUS,
MOJIb30BAThCS PA3MUYHBIMK MPUEMaMH U3MepeHul, opopmIIATh pe3yabTaThl B BHJE TaOIUII,
CXeM, Irpa(uKoB;

- TpuoOpeTeHre HaBBIKOB pPa0OTHl C pa3IUYHBIMU M[pHOOpaMu, ammaparypoi,
YCTaHOBKAMU U JIPYTUMH TEXHUYECKHUMHU CPEACTBAMU IS IPOBEJICHUS OIIBITOB;

- pa3BUTHE MHTEJUIEKTYQJIbHBIX YMEHHUH y OyIylIMX CHEHHATUCTOB: AHAIUTUYECKUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIP.;

- BBIPAOOTKY MPH PEUICHUH TOCTABICHHBIX 337124 MPO(PECCUOHANIBHO 3HAYUMBIX KaueCTB,
TaKMX KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTh, TOUHOCTb, TBOpUYECKAsi HHUIATHUBA.

BeimonHenue  cryneHTaMu  abopamopHuix  pabom 1O y4yeOHOM — TUCLHUIUIMHE
«XUMHNYECKHUE 1 ®PU3NUKO-XUMHNYECKHWE METOJIbI AHAJIM3A» HanpaBieHo Ha:

- 00001IeHNe, cucTeMaTu3alnio, yriyOneHue, 3aKperieHne, pa3BUTHE U JIeTATU3ALUI0
MOJIYYEHHBIX TEOPETUUECKUX 3HAHUI 10 KOHKPETHBIM TeMaM y4eOHOW JUCIMUILINHBL,

- (opmupoBaHuEe yMEHUN NMPUMEHATH MOJNYUYEHHBIE 3HAHMUS Ha MPAKTUKE, peaTn3aIuio
€/IMHCTBA MHTEIJIEKTYaJIbHOM U MPaKTUUECKON JeATeIbHOCTH;

- ¢opmupoBaHHE W pa3BUTHE YMEHUH: HaOmOJaTh, CPAaBHUBATH, COIMOCTABISAThH,
aHaJIM3UpOBaTh, JejaTb BbIBOJAb U OOOOLIEHMS, CaMOCTOSITEIBHO BECTH MCCIEI0BaHMUS,
MOJIb30BaThCS PA3NUYHBIMK MPUEMaMH HU3MepeHui, opopMIIATh pe3yabTaThl B BHJE TaOIUII,
cxeM, rpauKoB;

- TpuoOpeTeHHe HaBBIKOB pPa0OTHl C pa3nUYHBIMU MpHOOpaMu, ammapaTypoid,
YCTaHOBKAMU U IPYTUMH TEXHUYECKHUMH CPEICTBAMU IS TPOBEJIEHUS OTIBITOB;

- pa3BUTHE HHTEJUICKTYAIbHBIX YMEHUH y OyAyImIHMX CHEIHAIMCTOB: aHAIUTUYECKUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIP.;

- BBIPAOOTKY MPH PEUICHUH TTOCTABICHHBIX 337124 MPOPECCHOHATBHO 3HAUUMBIX KaueCTB,
TaKMX KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTb, TBOpYECKAsi MHUIATHUBA.

[TpoomKUTETLHOCTh BBINOIHEHUS MPAKTHYECKOH, JJAOOpAaTOPHON pabOThl COCTaBIseT HE
MEHee [IByX aKaJIeMMUYECKMX 4YacOB M IPOBOIUTCS IMOCIE COOTBETCTBYIOLIEH TEMBbI, KOTOpas
obecrieurBaeT HaJTMYKe 3HAHUN, HEOOXOTUMBIX /IS €€ BBITOJHEHMSI.



2 METOJAUYECKHUE YKA3ZAHUSA

Tema 1.3.

O0padoTKka pe3yJIbTATOB AHAJIHU32 METO0M MAaTeMATHYECKON CTATUCTHKH
[IpakTrueckoe 3anstue Nel
O3HaKkoMJICHHE C YCJIOBHUSMH TOYHBIX W3MEPEHUN IPH BBHINOJHEHHH aHaiu3a, o0paboTka
pe3yNbTaTOB aHalM3a IIyTeM pEIIeHUs pacueTHhIX 3aJad METOJOM MaTeMaTH4ecKOu
CTaTUCTUKH.

e padoThi:

O3HaKoOMJICHHE C YCIIOBUSMH TOYHBIX U3MEPEHUN MPH BBIOJHEHUN aHAIN3a, 00paboTka
pEe3yNbTaTOB aHalM3a IIyTeM pEIIeHUs pacueTHhIX 3aJad METOJOM MaTeMaTH4ecKOu
CTaTUCTUKH.

Bbinosinus padory, Bel Oynere:
ymemy:
- MPOBOJUTH GUBUKO-XUMHUYECKUN aHAIU3 METAJJIOB M OLIEHUBATH €r0 Pe3yibTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PHU3HKO-XMMHUYECKHE METOJbl aHajdh3a ChIPbS U
MIPOJYKTOB METAJLTypPIHH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpenoaBaTers;
- pabouee MECTO CTy/ICHTa;
- TaOJIHIIBL.
Ob6opynoBanue 1ab0paTopuu:
- pabouee MeCTO IpenoaBaTeds;
- pabouee MECTO CTy/ICHTa;
- METOAMYECKHE YKa3aHMsl sl MPAaKTUYECKUX padoT;
- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaTOpHBIX paldoT;
- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON paboThI;
- XHMHYecKoe 000pyJIOBaHUE;
- XMMHYECKHE PEAKTHUBBI;
- ydeOHOe nmocoOue, CIpaBOYHUKHU MO aHATTUTUYECKON XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:
— Ayauo-, BUzie0-, IPOEKIIMOHHAs annaparypa.
3aganue:
1. TlomyuuTs 3ajaHMe y IperoiaBaTens.
2. M3y4nTh TEOPETHUECKYIO YacTh 3aaHuUs.
3. OdopMuUTh NPaKTUYECKOE 3aHATHE B TETPAISX.
Ilopsinok BbINOJHEHHS PadOThHI:
1. M3yunTh METOAMYECKHE yKA3aHUS K JAHHOMY IMPaKTUYECKOMY 3aHATHIO.
2. OmnpenenuTs NPOAYKTHI peakluu
3. BmImoaHUTH OTYET O MpOJeTaHHOM padorTe.
Xox pa0doThI:
Perucrpanusi u n3aMmepeHue BeJTHYUHbI AaHATUTHYECKOT0 curHagna (AC)
AC ompeznensiemoro BemniecTBa OOBIUHO comyTcTBYIOT AC, Memaroniye aHaiu3y JIpyrux
BEIIECTB, KOTOpble HE OBUIM OTAEICHbl WM HEJAOCTaTOYHO MOJHO ObUIM YCTpaHEHbl Ha
npeasiaymeM stane. AC Memarmux BEMECTB Ha3bIBAIOT (poHOM (mymom). Meros aHanusa
WIA €ro YCJIOBHS JOJDKHBI OBITH 1MOJ00paHbl TakuM oOpazoMm, 4ToObl AC ompenensieMoro
BEIIECTBA OTYETJIMBO BBIEIsUICS U3 (ona (myma). XKematempbHo, 9TOOBI METOJ aHaIU3a
obecrieynBall JTUHEWHYIO 3aBHCUMOCTh MHTEHCHMBHOCTH AC OT KOJIHMYecTBa ONpEIeNsieMOro
BElIEeCTBA.



Pacuer pe3yantaTta anaamu3allo pe3ynbrataM KOJTHYECTBEHHOTO M3MEPEHHUS HHTCHCHBHOCTH
AC (A) paccuuThIBalOT KOJUYECTBO (n), Maccy (m) WJIM KOHILEHTpAIMIO (C) OmpenesieMoro
BelecTBa B MPo0e ¢ MOMOIIbI0 ypaBHeHus: cBsi3u:A = K- n(m,c). TakuM ypaBHEHHEM CBSI3H,
HaTNpUMep B TUTPUMETPHUH, SBISICTCS 3aKOH AKBHBAJICHTOB, IMO3BOJIIONINI MO U3MEPEHHOMY
00bEMy CTaHJApPTHOTO pacTBOpa peareHTa, IOUIeIINIer0 Ha TUTPOBAaHHE, pPACCUUTAThH
COJIep)KaHUE aHAIM3UpPyeMoro BemiecTBa. 3akoH Dapajes SBISIETCS ypaBHEHHEM CBS3U B
KYJIOHOMETPUYIECKOM TUTPOBAHUH, TI0O KOTOPOMY Maccy BEIIECTBAa B PACTBOPE MOYKHO HAWUTH TIO
3aJ]aBaeMOM MPH aHAIIM3e BEIMYMHE TOKA U M3MEPCHHOM BEJTMUYMHE BPEMEHH TUTPOBAHUSI.

MareMaTnyeckyro byHKuuIO, BBIPAKAIOIILYIO 3aBUCUMOCTh A oT n(m,c),
Ha3bIBAIOT FPAAYMPOBOYHOI, a ee rpaduyeckoe H300paKeHUE -TrPpagyHMpOBOYHBIM
rpaguxom.

B ypaBHeHuHu cBs3M KO3()PULIMEHT MponopHroHanbHOCTH K Ha3bIBalOT 4yBCTBUTEIbHOCTHIO
(ko3pPpuumeHTOM YYBCTBHUTEIbHOCTH) MeTona. Yem Oonbmie K, TeM MEHBIIYIO BEIUYHHY
COJIEpKaHUS MOYKHO YCTAHOBHUTH 3TMM MeToJoM. Ecnu rpagyupoBouHas (yHKLUs JIUHEHHas,
To K HaxoauTcs Kak TaHr€HC yrjla HakJOHa rpalydpoBOYHOro rpaduka k ocu adbcuucc. Ilpu
HEeJIMHEHHON (YHKLUUU 4YyBCTBUTEIBHOCTb HAXOIAT KakK IEpPBYIO NPOU3BOJHYIO OT A IpH
3HaYeHUAX n(m,c), OTBEYAOLIUX YYaCTKY I'paJyupOBOYHOIO rpaduka, OJIM3KOro K JIMHEHHOMY:
k=98 ppux 28 S A
dri A0 np-mny

[Ipu npoBeneHnu pacuera pe3yabTaTOB aHAJIN3a HEOOXOAUMO OUYE€Hb BHUMATEIbHO BBIIOJIHSTH
BBIYHMCIICHUS. MaTeMaTHyeckas IOTPeIIHOCTb, JONMYyIICHHAs B YHCIOBBIX 3HAYCHHSIX,
paBHOCHUJIbHA OLIMOKE B aHATIU3E.

YucnoBbie 3HAYCHUS noApas3JaC/iAr0OT Ha TOYHBIC H HpI/I6J'II/I)I(eHHBI€. K TOYHBIM, HAIIpUMED,
MO>XXHO OTHCCTH YHMCJIO BBIIIOJHCHHBIX aHaJIH30B, HOprI[KOBI)IfI HOMCp J3JICMCHTA B Ta6J'H/HIC
MeHz(eJIeeBa, K HpI/I6J'H/I)KeHHBIM - IBMCPCHHBIC 3HAYCHUA MACChI UJIN o0BeMa.

3HavanmMu 1MdpamMu OpUOIMKEHHOTO YHUCIa Ha3blBalOT Bce ero HHUQphl, KpoMme HyIel,
CTOSIIIMX CJIEBA OT 3aIlATOM, M HYyJEH, CTOSIMX crhpasa Iocie 3amarod. Hymu, crosimue B
cepe/lvHe 4ucla, ABIAIOTCS 3Havamumu. Hanpumep, B uncie 427,205 - 6 3Havammx uudp;
0,00365 - 3 3navantue mudpsr; 244,00 - 3 3Haganue TUPPHL.

Tounoctes Beruucnenuii onpeaensercs ['OCT, OCT nmu TV Ha anamus. Ecinu nmorpeniHocts
BBIUMCIICHUM HE OroBOpeHa 3apaHee, TO CJIeAyeT HUMETh B BHUAY, YTO KOHLUEHTPALMA
BbIUMCIsieTcs1 10 4-0if 3Havamed nugpsl nocie 3ansaToii, Mmacca - 10 4-ro 1ecATHYHOIO
3HaKa 10cJIe 3anAToi, MaccoBasi 105 (IPOLEHTHOE COAEePKAHUE) - 10 COTHIX J10JIeil.
Kaxnplii pe3ynbTaT aHain3a HE MOXET OBbITh TOYHEE, YeM 3TO MO3BOJISAIOT M3MEPHUTEIbHbIE
puOopsI (IT03TOMY B Macce, BBIPAXKEHHOH B IpaMMax, HE MOXET ObITh Oouibllie 4-5 3HAKOB
MOCJIE 3aISATOM, T.€. OOJIBIIIE TOYHOCTH aHAIMTHYECKHX BecoB 10-4-10-5r).

dopma npeacTaBJieHus pe3yabTaTa:

1. HaszBanwue u 1esb pabOTHI.

2. Hanmcartbk cxembl ypaBHEHUH peakiuii.

3. CaenaTh BBIBOJ] O TIPOJICIIAHHON padoTe.
Kpurepun onenkmn:

1.«5» (OTIMYHO): BHITIOJIHEHBI BCE 3aJ]aHUs, CTYJACHT YETKO U 0€3 OMMOOK OTBETHII Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

2. «4» (XOpoIo): BBITIOJHEHBI BCE 3a/laHUs; CTYACHT OTBETHJI HAa BCE KOHTPOJBHEIC
BOIIPOCHI C 3aMEUaHUSIMHU.

3. «3» (yIOBIETBOPHUTENIHHO): BHITIOJHEHBI BCe PaOOTHI ¢ 3aMEYaHUSIMH; CTYIACHT OTBETHI
Ha BCE KOHTPOJIbHBIE BOIIPOCHI C 3aMEUAHUSMH.



4. «2» (He 3a4TeHO): CTYIEHT HE BBIMOJHUJ WIH BBHIMOJTHUI HEMPABWIBHO 3a/laHUS;
CTYIEHT OTBETUJI Ha KOHTPOJbHBIE BOIMPOCHI C OMMOKAMU HJIM HE OTBETUJ Ha KOHTPOJIbHbBIE
BOIIPOCHI.

Tema 1.4.
I'paBumMeTpuyecknii ¥ TUTPUMETPUYECKUA METOAbI AHAJIM3A
[TpakTnueckoe 3anstue Ne 2
Boruncnenus B XMUMUYECKUX METO/IaX aHalln3a
Lean paboThi:
Boruncnenus B XUMUYECKUX METO/IaX aHalnu3a
Beinosinus patdory, Bel Oyaere:
ymemy:
- MPOBOIUTH GUBUKO-XUMHUECKUN aHAIA3 METAJNIOB U OLEHUBATh €r0 Pe3yJIbTaThI;
- UCIOJB30BaTh XHUMHUYECKHE, (PU3MKO-XMMUYECKHE METOAbl aHajiu3a ChIpbs H
MIPOIYKTOB METAJLTYPIHH,
MartepuanbHoe obecrneyeHue:
ObopynoBanue yueOHOT0 KaOUHeTa:
- pabouee MecTO MperoaaBaTes;
- pabodee MECTo CTy/ICHTa;
- TaOJIULIBI.
O6opynoBanue 1a00pPaTOPUH:
- pabouee MecTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTa;
- METOJWYECKHE YKa3aHHsl JIJIsl MPAKTUYECKUX 3aHITHIA,
- METOJWYECKHE YKa3aHMA IJI CAMOCTOSTEILHON pabOThI;
- XHUMHYECKOe 000pyI0BaHHUE;
- XWUMHYECKUE PEAKTHBBL;
- yueOHOe mocobue, CIPaBOYHUKHU MO0 aHATUTUYECKON XUMUH.
TexHuueckue cpencTra 00ydIeHus:
— Ayauo-, BUie0-, MPOEKIIMOHHAs anmapaTypa.
3aganue:
1. Tlomyuuts 3aaHue y mpemnojaBaTens.
2. VI3y4uTh TCOPETHUYECKYIO YaCTh 3aaHUSI.
3. OdopMuUThH NPaKTUYECKOE 3aHITHE B TETPAIIX.
IMopsinok BbINOJTHEHHS PA0OTHI:
W3yunTh METOIMYECKUE YKA3aHU K JaHHOM MPAKTUYECKOM 1 1abopaTopHOit
pabore.
Onpenenuts NPOIYKTHl PEAKIIHH
BeImoaHUTE OTUET 0 TIpoieIaHHON paboTe.
Xox pa0doThI:
Pacuyetsl, cBsi3aHHBIE C TIPUTOTOBIICHUEM U Pa30aBlIeHUEM PACTBOPOB.
N3 kypca HEOPraHWYECKOW XWMHW HW3BECTHO, YTO KOHIICHTPAIUS PACTBOPOB MOXKET OBITH
IIPOLICHTHOM, MOJISIPHOM, HOPMAJIBHON Y MOJISIIBHOM.
B mpakTHKe KOJWYECTBEHHOTO aHAW3a YacTO MPHXOJUTCSA IPOBOJUTH BBIYMCIICHHS,
CBSI3aHHBIE C MTEPEXO/I0OM OT OJIHOM KOHIIEHTPALUU K JPYTOH.
ITpumep 1. BerauciuTh MOJIIPHYIO B HOPMAJTBLHYIO KOHIICHTpAIMIO 12-1TpoIieHTHOTO pacTBopa
cepHoi KucIoThl HzS04.
Pewenue. ]Ins mepexona OT OJHOM KOHUEHTpAaUMU K APYrol HEOOXOIMMO HCIOJIb30BaTh
TaOJMYHBIC JaHHBIC U HAWTH MJIOTHOCTH 12-miporientHOro pactBopa HpS04 (p =1,08). 3arem
onpeaenstor 00vem 100 T pacTBOpa Mo hopmyite:

m=Vep v= "_-200_ g 5990m)
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U BBIYUCIAIOT, CKONBbKO rpamMmoB HpS04 comepxut 1 1 12-mporieHTHOrO pacTBOpa CEpHOM
KHUCIIOTHI:

92,59mu pactBopa coaepxuT 12r HpS04:

1000m - xr HyS0,4

= 12x100 ~129(z)

92,59
IMpumep 2. CKOIBKO MWUIMJIUTPOB XJOPOBOJOPOAHOM KUCIOTHI p = 1,19 ciemyer B34Tb,
4yro0bl ipuroroButs 10 11 0,1 H. pacTBOpa XI0poBoAopoaHON KrcaoTel HCI?
Pewenue. CHauana HaXoUM, CKOJIBKO TPAMMOB XJIOPOBOAOPOTHON KHUCIOTHI CIIEyeT UMETh,
9T100BI TOyuuTh 1 71 0,1 H. pacTBOpA:
r-skB HCI = 36, 46:1 = 36,46 (1)
[Tockonbky TpeOyercst 0,1 H. pacTBOp, CleAOBATEIBHO, JUISI IPUTOTOBICHUS 171 HYXHO B3ATh
0,1 r-3kB (36, 46:10), T.€. 3,646 r, 1y npurorosieHus 10 i
m = 3,646 * 10 = 36,46 (1)

ITo Tabauue maxoaum coaepxkanue HCI, mpu p = 1,19 r/em?

ono Oyxer 38,30%. Cocrapnsiem

COOTHOIIIEHHE:
m _ 95,2
> T 1 80 (mur)

CnenoBatenbHo, 111 npurotoBieHuss 10 o mpumepno 0,1 H. pacTBopa HYKHO B3sTh 80 Ml
XJIOPOBOJIOPOHOM KUCTOTHI (p = 1,19), OTMEpUB €€ MEPHBIM LIMJIMHIIPOM, U JIOBECTU BOJIOH 10
oowema 10 1.
Ipumep 3. Cxonbko HykHO AoOaButh Boabl kK 100 mi 0,8 H. pacTBOpa XJIOPOBOIOPOIHOM
kuciotel HCI, uto6s1 nonyuuts 0,2 H.pacTBOp?
Pemenue. M3BecTHO, yTO Mpou3BeaeHNE 00BEMA PACTBOPA HA €T0 HOPMAIBHOCTh PABHO YUCITY
IpaMM-3KBHBAJICHTOB JAHHOTO COSAMHEHUS B 3TOM 00BbEME, IIOITOMY B JaHHOM CIy4ae MOXKHO
IIPUMEHUTH PAaBEHCTBO:
Hiy*Vy= Hy* 1,
v,o— Hit¥ _ 084100 _ 80 _ (1)

z Hy 0.2 0.2
Ckonbko ke HyxHO n00aBuTh Boabl K 100 mi 0,8 H.pacTBopa, yToObI mOdyuuth 0,2 H.
pactBop?
Vizo = V5 - V3 =400 - 100 =300 (M)
IIpumep 4. Kakue xonmuectsa 90-npoueHTHOro 1 10-poLeHTHOro0 pacTBOpa CEPHON KUCIOTHI
HY>KHO B35Tbh, YTOOBI moiy4uTh 800r 40-TIpoLIeHTHOTO pacTBopa?
Pewenue. HaxonuMm cHavasia OTHOLIEHHUE:

m, :mg=30:50

C-B=40-10=30
A-C=90-40 =50

IlIocne aToro genum 800 Ha ABC 4aCTHU NPOHNOPHHUOHAIIBEHO 3TOMY OTHOIICHHIO:

S00=30 24000
= =29 — 300 (¢
4 I0+50 t=1v] ( )
200 =50 20000
mg = = =500 (r)
30+50 =]

CnenoBarenbHo, cienyeT B3aTh 300 T 90-nporienTHOro 1 500 r 10-npoueHTHOrO pacTBopa.
2.Pacuersbl, cBsI3aHHbIE C BLIYHCJIEHUEM Pe3yJIbTATOB TUTPOBAHUS.

Pacuemuvr npu  evipadgcenuu Konyenmpayueu uepes HOPMANbHYIO KOHyeHmpayuio. Jns
MIPOBEJICHUS] AaHAJTUTHUYECKUX BBIYMCIECHUI 3TUM METOA0M (4Yepe3 pacTBOPHI C ONpeaesIeHHOM
HOPMAaJIbHOCTBIO) TPUMEHSIOT JBa CIOCO0a: CIOCO0 THUTPUPOBAHMUA M CIIOCOO OTAENBHBIX
HaBECOK.

B 3aBucuMocTH OT TOro, KakuM CHOCOOOM MPOBOJIMTCS aHANM3/, XOJ pacuera OyneT
pa3IUYHbIM.



Pacuemuvr npu npumenenuu cnocoba mumpupoéanus. B naHHOM cilydyae TPUMEHSIOT YK€
M3BECTHOE YpaBHEHHE:

Vi *Hy =V, * H,

IIpumep. Bpunciauth HOPMAaJbHYIO KOHIIGHTPAIMIO M TUTP PacTBOpa THAPOKCHAA HATPUL
NaOH, ecmu mnpum TuTpoBanmm wuM HaBecku 0,1590 © (Xx.4.) I1IaBeneBON KHCIOTHI
H,C,0, — 2H,0 (pacTBOpEHHOH B MPOU3BOJBHOM KOJMYECTBE BOJbI) monuio 24, 60 mu
THJIPOKCHUIA HATPHUSL.

Pewenue. 3anuieM ypaBHEHUE PEAKIUU:

H,C,0,+ 2NaOH H,C,0,+ 2H,0
126,06

B, .0, = s = 63,03 (2)
Hasecxa H,C, 04 * 2H,0 — 0,1590 r Oyner cocTaBisiTh

390
&3,03

C apyroii cTOpOHbBI, 0003HAYNB HOPMAJILHOCTh PACTBOPA TUAPOKCHAA Yepe3 Hypp, TOTYIHM:
Hypom = 2480 (r-3KB/M)
: 1000

KonuyecTBO rpamMM->KBUBAJIE€HTOB THUIIPOKCHIA HATPUS IO MPaBUIY SKBUBAJIECHTOB PABHO
KOJMYECTBY IPaMM-KBHBAJIICHTOB Il1aBeneBoi kucnotsl H,C, 04 — 2H,0, unu

-3KB/I1.

2460  0,1590

H.. —]
NeBE  q1poo 63,03
Otkyna

. _ 1000+%0,1590 _ 01096
NaOH — 54 60%63,03

Tyaos= "2e02Nak = 0,004104 (r /2er)

3.PacyeTsl NpH BbIPA’KeHUU KOHIEHTPALMU Yepe3 TUTP padouyero pacraopa.
IIpumep. PaccunrtaTh, CKONBKO THAPOKCHAA HaTpus coaepxutcs B 500 mMi pacTBopa, eciu
tutpoBanue 20 mu 3Toro pactBopa wuaet 20,80 XJI0pOBOAOPOIHON KUCIOTHI, TUTP KOTOPOM
pasen 0,002022 r/m.
Pewenue. YpaBHeHHE peakyu:
NaOH + HCI — NaCl + H20
CKOJIBKO XJIOPOBOJIOPOIHOM KUCTOTHI coaepxutcs B 20,80 mi pactBopa?
My, = 20,80 = 0,002022 = 0,04206 (r)
ITo ypaBuenwuto Ha 1-3kB NaOH wuzet 1 r-axkB HCI u, cnenoBarensHo,
Ha 39,99 r NaOH pacxonyertcs 36,46 r HCI
>> y rNaOH >> 0,04206 r HCI

= 0,04508 (r)

_ 39,99+0,04206

36,46

Ynzou V. 0,04508 =500

Mooy = % =T* Vg = — ™ =1,1270 (r)
4. Pacyerbl NpH BbIPAKeHUH KOHLICHTPALMH Yepe3 TUTP MO ONpeleIeHHOMY BelllecTBY.
OroT cnocobd pacuera OYeHb YyNOOEH TpU ONpeAeNeHWH KOJMYeCTBAa BEIleCTBa B
aHAJIM3MPYEMOM DPACTBOPE NPU MAaCCOBBIX aHalIM3aXx. TUTPOM IO ONpEnensieMOMY BEIIECTBY
Ha3bIBAIOT KOJI-BO TPAaMMOB OIpPENEISIEeMOro BELIeCTBa, SKBUBaJIEHTHOe 1 w1 pabouero
pacTBopa.
O6mas popmyna:

_H=3

1000
IIpumep 1. CKOJIBKO YKCYCHOHM KHMCIIOTBI HAXOJUTCS B paCTBOPE, €CIIM TUTPOBAHME 25 MII €ro,
pacTBopeHHOro B MepHOi kosibe Ha 500 mi, mouwto 20,50 mu 0,1145 H. pacTBOope ruapokcuaa
HaTpus?
Pewenue. a) Haxomqum tutp NaOH mo CH3COOH:

Tnaon/ cuacoon _ 0.01145 +60,05
A (hN0N

=06,006875 (/M)
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0) Ompenensiem o0I1Iee KOJIMYECTBO YKCYCHOW KHUCIIOTHI:

A . _ 500
Myeon/ cH3Co0H — Inaon/ cuscoon * Vvaon PRI = 0,006875 % 20,50  — = 2,820 ()

! TIHIT ETHH 25
IIpumep 2. Tutp pactBopa Hutpara cepedpa AGNO; pasen 0,01702 r/ma. OnpenenuTs €ro
TUTP 10 XJ0puay Hatpus. HaliTu HopManbHOCTh pacTBOpa HUTpaTa cepedpa.
T'=1000 0,01702=1000
Dagno3 169,9
 Hagyos *Dagyos _ 0.1002x 58046

Ty n03 INaCl — = = 0.005856 (r/ma
AgNO3 (NaCl 1000 1000 (r/

H

agno3 = =0,1002 (r— ake / m)

®opma npeacraBieHus pe3yJabTara:
HasBanwe u 11enb paboThl.
Hanucatb cxembl ypaBHEHUI peakii.
Crnenatpb BBIBOJI O NPOJIETAaHHOM paboTte
Kpurepun oneHku:
1.«5» (oTJIMYHO): BBITIOJIHEHBI BCE 3aaHMsI, CTYJACHT YETKO M 0€3 OMMOOK OTBETHII Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.
2. «4» (Xopomio): BBITIOJHEHBI BCE 3aJaHWsl; CTYIACHT OTBETWJ Ha BCE KOHTPOJIBHHBIC
BOIPOCHI C 3aMEYaHUSIMH.
3. «3» (YAOBIETBOPUTEIBHO): BHIIIOIHEHBI BCE PAOOTHI C 3aMEUaHUSIMH; CTYACHT OTBETHII
Ha BCE KOHTPOJIbHBIE BOIIPOCHI C 3aMEUAHUSAMHU.
4.«2» (He 3a4TE€HO): CTYIACHT HE BBINOJHMUI WM BBINOJIHWI HENPABWIBHO 3aJaHUS;
CTY/IEHT OTBETHJI Ha KOHTPOJIbHBIE BOIIPOCH! C OIIMOKAMM WJIM HE OTBETWJI Ha KOHTPOJIbHBIE
BOIIPOCHI.

JIaGoparophnoe 3ansatue Nel OrmpenerneHue MaccoBoOil 10JH BIIary B Mpo0e KpUCTaJIOrUpara
xJjiopuja 6apus.

He.]'lb pa60T1>1: OHpeI[eJ'H/ITB MacCCOBYIO IOJIFO 3aJaHHOTO BEIICCTBA.

Borinoinus padorty, Bel Oynere:
ymemsp:
- pa60TaTI> Ha aHAJIMTHUYCCKUX BECaX, IMPOBOJUTH B3BCIIMBAHUC BCIICCTB B 6}0Kcax;
- UCIONB30BaTh XUMHUYECKHE, (U3MKO-XUMHUYECKHE METOAbl aHajdn3a ChIPbs
IIPOIYKTOB METAIIYPIuy;
MarepunanbHoe obecnedeHue:
Ob6opynoBanue y4eOHOTO KaOWHETA!
- pabouee MeCTO IpernoiaBaTes;
- pabouee MeCTo CTY/JEHTa;
- TaOJIUIIBL.
O6opynoBanue 1a00paTOPHH:
- pabouee MeCTO IpernoiaBaTes;
- pabouee MeCTO CTYJEHTa;
- METOIWYECKHE YKa3aHWsl JJIsl MPAKTUYECKuX paboT;
- METOJAMYEcKHe yKa3aHHsl JUIs 1abopaTOpPHBIX padoT;
- METOIUYECKHE YKa3aHUs JIsl CAMOCTOSTEIHbHON PaOOTHI;
- XHMHYECKOe 000py/I0BaHHE;
- XUMHYCCKUC PCAKTHBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH 0 AaHATUTUYECKONW XUMUH.
TexHuueckue cpencTBa 00ydeHus:
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— Ayauo-, BUJ€O-, MPOSKIIMOHHAS armaparypa.
3aganue.
1. TMony4wuTb 3a7aHKe y IPEIOIaBaTEIs.
2. M3y4nTh TEOPETHUECKYIO YacTh 3aaHUs.
3. OdopmuTth 1abopaTOpHOE 3aHATHE B TETPAISX.
ITopsinok BbINOJIHEHHUSI PAa0OTHI:
W3y4unTh METOIMYECKUE YKa3aHUS K JAaHHOU JTabopaTtopHOi paboTe.
OnpenenuTh MPOAYKTHI PEaKIIUU
BrimosiHUTE OTUYET O mpoienanHoi padore.
BrimosiHuB 31y paboTy, Bbl HayunTech Moiab30BaThCs AaHATMTHY €CKUMU BECaMU, BBITIOJIHSATD
OCHOBHBIEC OIlepallKi BECOBOTO aHAIIN3A.

Buumanue!
[Tpu BeIMOTHEHNH PaOOTHI OyHTE OCTOPOKHBI, AKKYPATHBI 1 BHUMATEJIbHBI. BBIOTHSNTE BCe
npaBuiia paboThI C AMEKTPOHATPEBATEIbHBIMU IPUOOPAMH, CTEKIIOM, PTYTHBIM TEPMOMETPOM.

Obopydosanue u mamepuainl.
AHaIUTHYECKUE BEChI, TEXHOXUMHYECKUE BEChI, CYIIHIIbHBIN IIKa(, OFOKCHI, TEPMOMETD,
AKCHKATOP, IIUTIIIBI, UCCIISTyeMbIe 00pa3iibl (Yrob, Topd, CoNb, XJIed U Ip.).

Brimonuenue paboTsl

OrmpezenuTe NPOICHTHOE COJICPKAHNE aHATUTUYECKOH Biaru B oopasiie (yris, Topda, Co,
xJ1e000yI0YHOTO U3/ACTHUS U TIP. ).

1. Bo3bMuTE B YUCTHIN JOBEICHHBIN IO TOCTOSSHHOM Macchl O10KC auameTpoM 35-40 MM
HABECKY HCCJENyeMOro BeIIecTBa Ha aHAaTUTHYECKUX Becax ¢ TouyHocThio a0 0,001 .
Benuunna HaBecku ~2 T. TOJIIKMHA CJIOS HABECKU B OIOKCE HE I0JKHA OBITH OOJIBIIE 5 MM.

2. OTKpBITHII OIOKC ITOMEIIAIOT B HArPETHIN JI0 105°C CYIIWIBHBINA MIKa( 1 BBIICPKUBAIOT
B TeueHue | yaca.

3. BpHUMaOT O0IOKC U3 CYHIMIBHOTO MIKada MIUMIAMH, TIOMEIAI0T B AKCUKATOp U B HEM
OXJIQKIAIOT.

4. B3BemuMBaIOT OXJIAXK/ICHHBIN OFOKC HA aHATUTUYECKUX Becax ¢ TouHocThio 0,001 1.

5. TIpoBomsT KOHTPOJBHYIO MPOCYIIKY B TeueHne 30 MHHYT, CHOBa OXJIaXJAIOT B
AKCHKATOPE U B3BEMIMBAIOT. KOHTPOJIBHBIEC TPOCYIIKHA MOBTOPSIFOT JIO TEX TIOP, TIOKA YOBUTH MacChI
o6pasia 6yzaet 0,001 T uu MeHbIIe.

6. PaccuuTaiiTe mpoOIIEHT aHATTMTUYECKOM BIIaru B oopasiie no popmyse:

W (%) = 22 . % .100%.

1
Tect nms CaMOKOHTPOJIA:

1. ChopmynupyiiTe CyIIHOCTH BECOBOIO aHaml/Baé MIOJICTABUB HENOCTAIOIIME CJIOBA B
BbIpggKeHne: «CyIIHOCTE BECOBOIO aHANM3a — ..., ... Dienne ... kommonenTa mm IIPOJYKTa
peaxKum.

2. VYKaxuTe OCHOBHYIO OIIEPAIMIO B BECOBOM aHAJIN3E.

3. Ilepeuncnure MO MOPSIKY ONEpAIMK BECOBOTO aHAJIHM3a MPH ONPENEICHUH 30J1bI WIH
CYXOT0 BEILLECTBA.

4. TlepeuncnuTe MO MOPSIKY ONEPALMd BECOBOIO aHalM3a MpPH ONPEIECIIEHUU BJIard B
oOpasiie.

5. Ilepeunciaure 1O TMOPSAKY OINEpallMd BECOBOI'O aHalW3a MpPU  ONpPEIEICHUU
KOMITIOHEHTA, KOTOPBIN BBIJIENIAETCS U3 00pa3iia ¢ IOMOIIBI0 aHATUTHYECKON peaklny.

6. Kakum Tpe6OBaHI/I$IM AO0JDKHA YAOBJICTBOPATH AaHAJIUTHUUYCCKAA pEaKIusd B BCCOBOM
aHanuze?

7. VYKaxuTe TOYHOCTh B3BELIMBAHMS HA AHATUTUYECKUX BECaX.

8. HepequanTe MECTb OCHOBHLBIX MMPAaBHUJI B3BCIIMBAHUS.
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9. Uro Takoe HaBecka?

10. VkaxuTe BaXHEHIIIEE YCIOBUE OCAK/ICHUS KOMITOHEHTA.

11. KaxoBo BaxxHeii1Iee yCI0BHE MTOJIHOIO OCAXKACHHUS KOMIIOHEHTA.

12. [lepeuncnure ueTblpe HEOOXOJUMBIX VYCIOBHUS OCAKICHHUS KPUCTAILTUYECKHX
0CaJIKOB.

13. [lepeuncnure 4eTbipe HEOOXOAUMBIX YCIOBHS OCAXKACHUS aMOP(PHBIX OCAJKOB.

14. N300pa3ute cxemy npubopa /uist GUIbTPOBAHUS C yKa3aHHEM COCTaBHBIX YacTeH.

15. Yto takoe nexadramus’?

16. HazoBuTe OCHOBHOE MPABUIIO TIPOMBIBAHHS OCaJIKa Ha (PUITBTPE.

17. YkaxuTe, KaK OonpeAesisiioT OKOHUYaHUE MPOMBIBAHUS OCAJIKa:

a) MPOMBIBAIOT 2-3 pa3a;

0) nmpomeIBatoT 1 yac;
B) TIPOBEPSIIOT MOJTHOTY MMPOMBIBAHUSI OT MATOYHOTO PacTBOpa.

18. Kakyto 0cOOEHHOCTD JJOIDKHBI UMETh (DHIIBTPHI, HCIIOJIb3YEMbIE B BECOBOM aHAIU3e?
19. B ueM npoKaIMBaIOT OCAAKH?

20. KakoBa npenBapuTenbHast TOATOTOBKA THIJIS K aHAIU3Y?

21. KakoBo Ha3HaueHUE IKCHKATOpa?

22. YT0 Takoe «[0CTOSHHAs Macca ocaka?

23. YKaxuTe MpeuMyIIecTBa U HEJOCTATKA BECOBOTO METO/1a aHAJIH3a.

®opMma npeacTraBJIeHud pe3yabTara:
HasBanue u e paboThl.
Hamnmcars cxeMbl ypaBHEHMI peakiuil.
CnenaTb BBIBOJI O IIPOJIEIAaHHON paboTe
Kpurepum ounenku:
1.«5» (0TIMYHO): BBINOJIHEHBI BCE 3aaHUs, CTYACHT YeTKO U 06e3 OImMOOK OTBETHII Ha BCE
KOHTPOJIBHBIE BOIIPOCHI.
2. «4» (XOpoIlOo): BBIIOJHEHbI BCE 3a/laHUsl; CTYAEHT OTBETHJI Ha BCE KOHTPOJbHBIE
BOIIPOCHI C 3aMEYaHUSIMHU.
3. «3» (YAOBIETBOPUTENBHO): BBIIIOJHEHBI BCe Pa0OThI C 3aMEYaHUSIMH; CTYACHT OTBETUII
Ha BCE KOHTPOJIBHBIE BOIIPOCHI C 3aMEYaHUSAMM.
4.«2» (He 3auTeHO): CTYACHT HE BBINOJHWJ WJIM BBINOJHWI HENPAaBUIBHO 3aJaHUS;
CTYJEHT OTBETWUJI Ha KOHTPOJBHBIE BOIMPOCHI C OMIMOKaMM WJIM HE OTBETHUJI HA KOHTPOJIbHBIE
BOIIPOCBL.

JlaGopaTopHoe 3ansiTue No2

OHpe,Z[CJ'ICHI/IC HOpMaHBHOﬁ KOHIICHTpAUX paCcTBOpa TUAPOKCHUIA HATPHUA METOJOM KHUCIIOTHO-
OCHOBHOI'O TUTPOBAaHUA
He.]'lb paﬁoTbIZ OHpe,Z[CJ'ISITB KOHICHTpPAIUIO 3aJaHHOI'0 pacTBOpa.

Boinosinus padorty, Bel Oynere:
ymemy:
- paboTaTh ¢ MEPHOW MOCYIOH, BBITIOJHATH OCHOBHBIC ONEPAIMH PUTOTOBICHUS
KOHIICHTPUPOBAHHBIX PACTBOPOB.
- HCIONB30BaTh XUMUYECKHE, (DU3UKO-XUMUIECKIE METO/IbI aHATTN3a ChIPhS U
MIPOIYKTOB METAJLTyPIHH,
MarepunanbHoe obecnieyeHue:
ObopynoBanne ydeOHOTO KaOWHETA!
- pabouee MeCTO IpernoiaBaTels;
- pabouee MeCTo CTY/JEHTa;
- TaOJIHIIBL.

13



Ob6opynoBanue 1a00paTOpUH:

- pabouee MeCTO IpernoiaBaTes;

- pabodee MECTO CTy/ICHTa;

METOAMYECKHE YKa3aHUs U1 1a00paTOPHBIX 3aHATUH;

- METOJWYECKHE YKa3aHUA IJIl CAMOCTOSTEIbHON pabOThI;

- XHMHYECKoe 000py/I0BaHUE;

- XMMMUYECKUE PEAKTUBBI;

- ydeOHOe nocoOue, CpaBOYHUKHU 10 aHATTUTUYECKON XUMUH.
TexHuueckue cpencTBa 00ydeHus:

— Ayauo-, BUzieo-, IpOEKIIMOHHAs anmaparypa.
BrimonnuB 3Ty paboty, Bel HayunTech paboTaTh ¢ MEPHOM MOCYI0M, TATPOBATH, IPOBOJAUTH
OIIpeJIeJIEHUs] METOJIOM HEeHTpan3aluu, FOTOBUTh paboYKe pacTBOPHI.

3aganue:

1. TlomyuuTs 3ajaHMe y IpernoiaBaTes.

2. W3y4nTh TEOPETHUECKYIO YacTh 3aaHUs.

3. Odopmuts n1abopaTopHOE 3aHATHE B TETPAISX.
Buumanue! Beinonsss padoty, 6yapTe akKypaTHbI, OCTOPOXHBI 1 BHUMATEIIbHBI IIpU paboTe ¢
KHUCJIOTaMH U ILeJI04aMU, CTEKJIOM; coOtoAaiTe npasuiia 0e30nacHoi paboThl.

Ilopsinok BbINOJHEHHS PadOThI:
W3yunTh MeTOoIMYEeCKUE YKa3aHHs K JAHHOMY J1a00paTOPHOMY 3aHATHUIO.
Onpenenuts NPOIyKThl PEAKIIUU
BrINMonHUTE OTYET O MpoJenaHHoi padoTe.

Xoa padoTbl

1. . Jlns aToro B mpeABapUTENLHO TIIATEIHHO BHIMBITYIO MEpHYIO KOOy (200 wmmu 250 mi)
MIEPEHECUTE KOJIMYECTBEHHO C IMOMOIIbIO BOPOHKU M 0OMKa coJepKUMoe aMIylibl (pukcaHana
HySO4, nomeiire n. H O nmo wmerkw, mnepememaiite. [loamummre Ha konbe Qopmyny u
KOHILICHTPAIIMIO pacTBOpA.

2. B xaxnayro u3 TpexX YHCTBIX KOHMYECKMX KoJO oTOepure anmmkBotry (10 mmm 15 mur)
MEpPHOM MUIMETKON UCCIIEAYEMOro pacTBOpa, 100aBbTe AUCTUILTUPOBAHHOMN BOJBI IPUMEPHO /10
oovema 100 M, mnpusieiiTe MO HECKOJBKO Kamellb CIMPTOBOIO pPacTBOpa HMHIMKATOPA
¢denondranenna.

3. Ecmm B nccrnegyeMoM pacTBope HYXKHO ONPENETUTh CONEPKAaHHUE MIETIOYH, TO YUCTYIO
OIOpEeTKY 3allOJHUTE MPUTOTOBIEHHBIM CTaHAAPTHBIM pacTBOpoM HzSO4 10 HyneBoit OTMETKH
Y OTTUTPYHTE BCE ATMKBOTHI HCCIEyEMOTO PacTBOPA O NCYE3HOBEHHIO MAJIMHOBOM OKpAaCKH,
OTMETbTE 00BEMBI KHCIIOTHI, TIOLIe/IIIeN Ha TUTPOBAHHUE.

4. Ecimm B WCCIENyeMOM pAacTBOpPE HYXHO OINPEACIHTb COAEpKaHUE KHUCIOTHI, TO
CHayajla HYXXHO IPUTOTOBUTH pabounMii TUTPOBAaHHBIA pacTBOp Imienouy. [lng storo B
r1acTMaccoBoit nmocyne rorosst pactsop KOH npumepHoii koHueHnTpamuu. Ha TexHuueckux
Becax otrBemmBalOT 0,56 r cyxoro KOH wu pactBopsitor B crakane B 100 mn n. H,O npum
NEepeMEIINBAaHNK CTEKISIHHOM manoukoi. CIuBalOT pacTBOp B MOJMATUIIEHOBYIO OaHKY,
MOJITMCHIBAIOT. 3alONHAIOT OIOPETKY 3TUM DPACTBOPOM MIENIOYH M OTTHTPOBBIBAIOT MM IIO
¢denondranenny 2 anukBoThl o 10 M ctangapTHOrO pactBopa KUCI0Thl HaSO4.

PaccuntpiBatoT HOpMaIBLHOCTH PabOYEro pacTBOpa MIEIOYH 10 hopMyIie:

N, = %; HIIH
W
T[('OH = Nk .Vk .QM(KOH) = Nk .Vk 96 .
Von 1000 Vyon -1000

5. Korga paboumii pacTBOp IIEIIOYM MPUTOTOBIICH, M KOHLIEHTPAIHMSI €ro YCTaHOBIICHA,
BO3BMHUTE TPU aJTUKBOTHI 0 10 MJI MccieayeMoro pacTBopa B KOHUYECKHE KOJIObI, pa3daBbTe
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1.H,0 o ~100 mi, no6aBpre 2-3 Karum pactBopa (eHonrasenHa U OTTUTPYHTE PacTBOPOM
IEJIOYN 10 TIOSIBJICHUA YCTOMYMBOM MAalIMHOBOW OKpackh. OTMEThTE TMONICANINE Ha
TUTPOBAHNE OOBEMBI.

6. IlpoueHTHOE CoepKaHne KOMIIOHEHTA PacCUUTaiTe 1O popMyIie:

N, -V.P-O .
X (%), = —— 2= .100%;
' 1000-10
N -VF.-D
X(%)M,Q’l()‘ﬂl = p p '“(W'lallu) '100% .
! 1000-10
7. PaccuuTaiiTe IpOLEHT OTHOCUTEIHHON OIIMOKU:

np _ yrmeop
Y%oomH.owuou = XX—Xp -100% .

meo,

@dopma npeacTaBJieHus pe3yabTarTa:
HasBanue u uens paboThI.
Hanucatb cxembl ypaBHEHUN PeaKIIHii.
Crenatpb BBIBOJ O NPOJIETaHHOMN paboTe.
Kpurepun oneHku:
1.«5» (OTIMYHO): BBITIOJIHEHBI BCE 3aJ]aHUs, CTYACHT YETKO U 0€3 OUIMOOK OTBETHI Ha BCE
KOHTPOJIbHBIE BOTIPOCHI.
2. «4» (Xopomio): BBINIOJHEHBI BCE 3aJaHMS; CTYACHT OTBETHJI Ha BCE KOHTPOJIbHBIC
BOIPOCHI C 3aMEYAHUSIMH.
3. «3» (YAOBIETBOPUTEIBHO): BHIIIOIHEHBI BCE PAaOOTHI C 3aMEYaHUSIMH; CTYACHT OTBETHI
Ha BCE KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHHUSIMHU.
4.«2» (He 3a4TEeHO): CTYJNEHT HE BBINOJIHWI WM BBINOJIHWI HENPABWIBHO 3aJaHMS;
CTYIEHT OTBETUJ Ha KOHTPOJBbHBIE BOIPOCHI C OMIMOKAMU HJIM HE OTBETUJ Ha KOHTPOJIbHbBIC
BOIPOCHI.

Tema 1.5.
XapakrepucTHKa (PU3HKO-XUMHYECKUX METOI0B aHAIHN3a, UX KJIaccH(pUKaLus,
npeuMyllecTBa Nnepea ApyruMu MeTo1aMM, 00/1acTh IPUMEHEHHU S
[TpakTryeckoe 3anstue Ne 3
VY CTpoiCTBO M IPUHLIKI AEWCTBUS (DOTOKOJIOPUMETPOB
Lean padoThI:
[IpoBepka ycTpoicTBa U IpUHIIUTIA IEHCTBHS (POTOKOJIOPHUMETpA.
Beimosinus patdory, Bel Oyaere:
ymemy:
- MPOBOJAUTH (PU3UKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJbTaThl;
- UCIOJB30BaTh XUMHUYECKHE, (U3MKO-XMMUYECKHME METOJAbl aHajdu3a ChIpbs
IIPOJYKTOB METAJIIypIHH;
MarepuanbHoe o0ecnieyeHme:
O6opynoBanue yueOHOTo KabuHeTa:
- pabouee MeCTO MpenoiaBarTeis;
- pabodee MeCTo CTy/IeHTa;
- TaOJIUIIEL.
O6opynoBanue 1a00paTOpUu:
- pabouee MeCTO MpenoiaBaTeis;
- pabodee MECTO CTy/IeHTa;
- METOAMYECKHE yKa3aHMs IJIs MPAaKTUYECKUX padoT;
METOAMYECKHE yKa3aHUs I J1a00opaTOpHBIX padoT;
METOAMYECKHE yKa3aHUsl Ul CAMOCTOSITENIbHON PabOThI;
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- XHUMHYECKOe 000pyI0BaHMUE,;
- XMMHYECKHE PEAKTHUBBI;
- yueOHOe mocoOue, CIpaBOYHUKH 110 aHATUTUYECKONH XUMUH.
TexHuueckue cpeacTBa 00y4eHUS:
— Ayawmo-, BUIe0-, POSKIIMOHHAS ammapaTypa.
3aganue.
1. TMomyuuTb 3aaHKE y IPETIOIaBaATENs.
2. VI3yuuTh TEOPETUUYECKYIO YaCTh 3aJaHUSI.
3. OdopMuUThH MPAKTUYECKOE 3aHITHE B TETPAIIX.
ITopsinok BbINOJIHEHHUSI PAa0OTHI:
W3y4nTh METOIMYCCKUE YKA3aHUS K JJAHHOHN MPAKTUIECKOM 1 1ab0paTopHOit
pabore.
Onpenenuts NPOIyKThl PEAKIIUU
BrInonHUTE OTYET O MpoJeTaaHHOi paboTe.
Xoa paGoTsI:
OcoOenHoctn  mpuHIMNa JedcTBUs  (oTokomopumeTrpa [IpumeHsiemblii  BO  Bpems
WCCIeA0OBaHUHM NPUHIMI JeiicTBUSL  (OTOKOJOPUMMETPA OCHOBAaH Ha TOM, 4To Oosee
OKpAaIlIEeHHBIH PacTBOpP CHOCOOEH TMOTJIOTUTh CYIIECTBEHHOTO OOJblllee KOJUYECTBO
MPOXOMAIIETO Yepe3 HEro CBeTa IPH OIpEIeNeHHOW JuiMHEe BOJHBL lloaToMy naHHOE
YCTPOHCTBO CHENHATBHO MPEIHA3HAYACTCS IS ONPEICICHUsT KOHIICHTPAM aHAIN3UPYEMBIX
BEUIECTB B pa3UYHBIX XHMHUYECKUX pacTBopax. [Ipu mnpoBeAeHHH COOTBETCTBYIOLIUX
WCCIIeIOBAaHN MPHOOP HEOOXOIMMO TIIATEIBHO HACTPOHWTH HA W3JIYYECHHE C ONMpeesICHHON
JUIMHOM BOJIHBI, IOCKOJIbKY Pa3JInYHbIE BEIIECTBA, KOTOPBHIE MOTYT COJEPKAThCS B M3ydaeMon
cpene, CIOCOOHBI TOTJIOMATh I0-PAa3HOMY CBETOBBIE BOJHBI C HEOJHOPOJHOW JIJTMHOM.
[ToaTromy mnpuHUUN JeicTBUS  (OTOKOJOPUMETpa B Mpollecce pabdoThl Mperoiaraet
MPUMEHCHHUE PA3JIMIHBIX CBETOPWIBTPOB. [lprueM KakIplidi M3 HHUX O0JIaJaeT CBONCTBOM
MpeoOpa3oBhIBaTh B M3IYYCHHE C 3apaHee ONpeAeNeHHOW UIMHOM BOJHBI MOCTYMAIOIIUN
CBETOBOM MOTOK. Takum 00pazoM, MpuOOP BITOJIHE CIIOCOOCH MOOYEPETHO ONPESTUThH B OJTHON
U TOM >K€ pacTBOpE WUJIM M3y4aeMoOM cpejie KOHIEHTPAIMIO Pa3InyHbIX BenlecTB. Hamo Tonbko
oT00paTh M MOCTETICHHO MEHSITh COOTBETCTBYIOIINE CBETODHIBTPHI.

B03M0KHOCTB HCII0/1L30BaHKUA (POTOKOIOPUMETPA IO NPHUHIUIY ACHCTBUA

Britie  0603HaueHHBIN npuHyun Oelicmeus Gomoxoiopumempa AeIaeT €ro HCIONIb30BaHHE
JIOCTaTOYHO  AKTyaJIbHBIM B  CEJIIbCKOM  XO3fMCTBE, MHUIIEBOW, METaIypruyecKoi,
HedTenepepabaThIBaIONICH, XUMUYECKOW U psijie IPYTHX OTpacieil MPOMBINIIEHHOCTH. MOXHO
OTMETUTh TAKXKE IIUPOKOE MPUMEHEHHE NMPHOOpa B PA3IMYHBIX MPOMBIIIICHHBIX U YI€OHBIX
XUMHUYECKUX JA0OPAaTOPHBIX YUYPEKIACHHUSIX JJs TPOBEIEHUS pa3HOTO pojJa aHAIHU30B,
MIPEUMYIIIECTBEHHO MIPUPOIOO0X PAHUTEITHHOTO " TUTHEHUIECKOTO Xapakrtepa.
OOyCIOBIEHHOCTh TMOMYJISPHOCTH YCTPOMCTBA HANPSMYIO CBSi3aHAa C TEM, YTO MPHUHIIUI
NercTBUS  oToKoopuMeTpa (KOTOPBIA HA3BIBAIOT TAKKE€ WHOTJAA OOBEKTHBHBIM WM
(OTOINEKTPUYECKUM  KOJIOPUMETPOM) TIO3BOJIIET YIOPOCTUTH U YCKOPUTH  MPOLIECC
MTPOU3BEICHUS H3MEPEHUH U TTO3BOJISIET OCYIIECTBIIATh MX C JOCTATOYHBIM YPOBHEM TOYHOCTH.
KoTopslif, kK CIOBY, OIIYTUMO BBIIIE, Y€M IPH HCHOJIB30BAHWHU, K MPUMEPY, BU3YAIbHBIX
KOJIOPUMETPOB.

Oco0eHHOCTH IKCIIyaTalliH ¢ Y4eTOM NPHHIUIA AeiicTBUA (POTOKOJIOPUMETPA

Ilepen Hauanom paboThl ¢ MPUOOPOM, HEOOXOAUMO TIIATENBHO M3YYHMTh SKCILTyaTallMOHHbIE
JOKYMEHTBl M TIOHATH NPUHIUN AEUCTBUS (OTOKOJIOpPUMETpa M Ha3HAUEHHE OPraHOB €ro
ynpasieHus. B mpomecce pa®oTbl He cieayeT IONMycKaTh MONaJaHus Ha Kopmyc npubopa
KaKUX-T1M00 OpraHUYECKUX PaCTBOPUTENEH, HCKIIOYEHHE JeTaeTcs TOJBbKO MJs ATHIOBOTO
cnupra. I[Iponecc ncciaenoBaHuil T0KEH OCYILECTBIATHCS B YCIOBUSX, KOTOPBIE HE BBIXOMAAT
3a 0003HauEHHBIE Mpeesbl padouux A MpUMEeHeHUs ycnoBuil. He nomyckaercs HaxoxxaeHue
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BOJIM3H IIpUOOpa BO BPEMs €ro padOThl MPHUCYTCTBHE MOIIHBIX HCTOYHUKOB MarHUTHBIX H/HIIN
AJIEKTPUIECKUX TOJICH, MOIIIHBIX NCTOYHUKOB CBETA U HarpeBaTEIbHBIX YCTPOMCTB, 3TO MOXKET
HapyIIUTh MPUHLHUI JAeHCcTBUS (poTokoaopumerpa. Ha nmpubop Takke HE JOKHBI IONafaTh
MPsIMBIE COJTHEYHBIC JTy4d. Paboune moBEpXHOCTH U3MEPUTEIBHBIX KIOBET HEOOXOAMMO TIepe/
KOKIOW cepuel W3MEpPEHWH TIATeNIbHO MPOTEepPeTh S(QUPHO-CIUPTOBONH CMEChIO, a TpH
YCTaHOBKE KIOBET Ha MECTO 3alPeIlaeTCs JOTParuBaThbes 10 pab0YMX YIaCTKOB HA OMTHYECKUX
MMOBEPXHOCTSX MajibllaMKi. KIOBETHI JOJDKHBI XPAaHHUTBCS TOJIBKO B IUIOTHO 3aKPBITHIX
KOHTEHWHEpax, a JXUIKOCTh B HUX Iepe]] HAYaJOM HCCIICIOBAaHWN HAJIMBACTCS ITOCPEICTBOM
MMHUIICTKH.

Pacuer kodddummeHTa NOTIIOMICHUS CIIOA MPOBOAUTCS METOAOM 0a30BOM JIMHUU C
HCIIOIb30BaHUEM 3akoHa byrepa - Jlambepra - bepa.

| =lpe ™

JInisi CHU)KEHUS TTOTPEIIHOCTEeH peKOMEHyeTcsl paboTaTh B mpenenax npomnyckanus 20-60%.
[lpu OonpleM MOTJIOMIEHUH HEOOXOIUMO YMEHBIIATh TOJIIMHY oOpasna cmonsl. Jlis
u3Mepenus uHTeHcuBHOCTH (hoHa (lg) Ha anrHE BoyiHBI nuka mojock! (1) monb3yroTes 6a3oBoit
JUHUEH Kak JnuHHed otcyera. [Ipsmas Ga3oBas JIMHHA TPOBOAWUTCS ISl AHAIUTHYECKOM
MOJIOCHl 4Yepe3 ee KpailHhue TOYKM, IJIe Y)KE€ HET MOIJIOINSHHs, WM Kak KacaTelibHas B
CIIEKTPaIBbHOM KPUBOMW TI0 KPasiM MOJIOCHI, KaK MMOKAa3aHO Ha PHC.

[IpoBenenue 0a30B0i IMHUU (IIYHKTHUD); HyJI€Bask JTMHUS - CIUIOIIHAS TpsMast

1=lee™® 5 1/15=e™; Ln(1/lg)=kd=D ; k=D/d

(D - ontiueckas MIOTHOCTS,

d - TonmuHa KpHCTaIa,

lo - ”HTEHCHBHOCTb Na/IAOIETO U3YUYEHUs Ha oOpasell;
| - *HTEHCUBHOCTD MPOIIEIIETO)

1. IIpurotoBuUTH 00pa3LIbI CITIO PA3TUYHON TOIIINHBL.

2. Cusarp UK-crieKTpsl TPUTOTOBICHHBIX 00pPa3IOB.

3. IIpoBecTu MHTEpHPETALHIO MTOJIOC TOTYYEHHOTO CIEKTpA.

4. BriOpaTh XapaKTEPUCTHUECKUE YACTOTHI ITOJIOCHI TOTJIOMICHHUS, TPOBECTH 0a30BYIO
JUHUIO B MAaKCHUMyMe TOJIOCHI MorjomieHus. Paccuntarh K03 QUIMEHT MOTJIOMEHHS.
JlanHbie 3aHecTH B TaO. 7.1.

5. Tocrpouts rpadux D=f(d) mis paznuuneix TonuwH (0) KpUcTamia ¢ UENbI0 MPOBEPKU
crpaBeNIMBOCTH 3akoHa byrepa-JlamGepra-bepa.

6. IIpoBecTH aHAM3 MOJYYEHHBIX PE3yJIbTATOB.

Bennunna koa¢dumenTa noraomeHus B MaKCHMyMe T0JIOCHI

Musnepan [d,cm  |v, cM lo | k, cm
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daoromur

MycKoBUT

dopma npeacTaBJieHus pe3yabTaTa:
HazBanue u 1ienp paboThl.
Hamnmcars cxeMbl ypaBHEHUH peakiuil.
CnenaTb BBIBOJ O IIPOJICTIaHHOM padorTe.
Kputepuu onenkmu:
1.«5» (OTIMYHO): BBINIOJIHEHBI BCE 3aJ]aHUs, CTYJACHT YETKO U 0€3 OMMOOK OTBETHII Ha BCE
KOHTPOJIBbHBIE BOTIPOCHI.
2. «4» (XopoIlo): BBHIOJHEHBI BCE 3aJlaHUS;, CTYICHT OTBETHJI Ha BCE KOHTPOJbHBIC
BOIIPOCHI C 3aMEYAHHSIMH.
3. «3» (yAOBIETBOPUTENIBHO): BHITIOJHEHBI BCE PAOOTHI C 3aMEYaHUSAMU; CTYICHT OTBETUI
Ha BCE KOHTPOJILHBIC BOIIPOCHI C 3aMCYaHHUSIMHU.
4.«2» (He 3a4TEeHO): CTYINCHT HE BBINOJIHWI WM BBIMOJIHWI HENPAaBHIBLHO 3aJaHHS;
CTYJCHT OTBETHUJI Ha KOHTPOJBHBIC BOIPOCHI C OMIMOKAMH I HE OTBETHJI Ha KOHTPOJIbHBIC
BOITPOCHI.

JlaGopaTtopHoe 3anatre Ne 3 Tlposepka 3akoHa Byrepa-JlamGepra-bepa.
Lean padotbi: Iposepka 3akoHa Byrepa-JlamGepra-bapa.
Brinosinus padorty, Bl Oynere:
ymembn.
- MPOBOJUTH GUBUKO-XUMHUYECKUN aHAIIU3 METAJJIOB U OLIEHUBATH €TI0 Pe3y/bTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PU3UKO-XMMHUYECKHE METOJbl AaHajh3a CBIPbS
MPOYKTOB METAJUTYPIHUH;
MarepuanbHoe o0ecnieyeHue:
O6opynoBanue yueOHOro kabuHeTa:

- pabouee MeCTO MpenoiaBaTens;

- pabouee MecTO CTY/AEHTa;

- TaOTHIBI.
O6opynoBanue 1ab0OpaTOpUu:

- pabouee MeCTO MpenoiaBaTens;

- pabouee MecTO CTY/AEHTa;

- METOJIMYECKHE YKa3aHMsl JUIsl MPAaKTUYECKUX padoT;

- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaTOpHBIX paldoT;

- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTENbHON paboThI;

- XHUMHYECKOe 000pYyI0BaHHUE;

- XMMHYECKHE PEaKTHBHI,

- yueOHOe mocoOue, CIpaBOUYHUKH 10 aHATTUTUYECKON XUMUH.
TexHunueckue cpeacTBa 00y4eHHUS:

— Ayauo-, BUz1€0-, IPOEKIIMOHHAs annaparypa.
BoinonHuB 3Ty paboty, Bl HayunTech paboTaTh ¢ MEPHON MOCYAON, TUTPOBATh, IPOBOAUTH
OIpeJIeNIeHUs] METOJIOM HEHTpaIn3aluu, FTOTOBUTh pab0YHe PacTBOPHI.

3aganue:
1. TlomyuuTs 3ajaHMe y IpeIoiaBaTens.
2. W3yunTh TEOPETHUECKYIO YacTh 3aaHMUs.
3. Odopmuth 1a00paTOPHOE 3aHATUE B TETPAISX.
IMopsinok BbINoOJIHEHUs PadOTHI:
N3yuuTh METOIMYECKUE YKA3aHUs K JAHHOMY J1a00paTOPHOMY 3aHSTHIO.
OmnpenenuTs MPOAYKTHI PEaKIIUH
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BrBIOTHUTE OTYET 0 mpojenaHHoi padoTe.
Xox padoThI:

Meton aHanm3a, OCHOBAaHHBIM Ha HM30HMPATEILHOM IMOTJIOMICHUH CBETOBOW JHEPTHH
YaCTUIIAMH, MOJICKYJJaM{ WM MOHAMHU BEIIECTBA B PACTBOPE HOCAT HA3BaHHUE aOCOPOYUOHHOU
CNEeKmpOCKONUU.

Paznmuuaror: CHEeKTpOPOTOMETPUUECKUM, (hOTOKOJIOPUMETPUUSCKHI n
KOJIOPUMETPUUYECKUM METObI aJICOPOIIMOHHOTO aHallh3a. DTH METO/Ibl aHAJIM3a MPUMEHSIOTCS
IJIaBHBIM 00pa30M JIJIsl OTIPE/ICIICHUST MaIbIX KOJIM4YeCTB BemecTBa. Komopumerpust — pusuko-
XI/IMI/I‘-IGCKI/Iﬁ METOA, OCHOBaHHBIfI Ha 3aBUCHUMOCTHU HHTCHCHUBHOCTH OKpaCKI/I paCTBopa oT
KOHIICHTPAIlUX OKPAIICHHOTO BEIIECTBA.

NHTEeHCUBHOCTBH OKPAaCcKHU CBSI3aHA C MHTEHCUBHOCTBIO CBETA MPOIIEILIEr0 YEPE3 pacTBOP
U €€ 3aBUCUMOCTb OT KOHILIEHTPAlWH, OT TOJIIHUHBI CJIOS U MHTEHCUBHOCTH MAJAlOLIEr0 CBETA
BhIpaxkaeTcs 3akoHoM JlambepTta-byrepa - bapa.

I =1,+*10p ™
rac | — UHTEHCUBHOCTH CBCTa, IpOoMCAIICIO Y€pe3 pacTBOP, |o — HUHTCHCHUBHOCTBL CB€Ta,
najaromiero Ha pactBop; C — KoHIeHTpanus pactBopa; | — tonmmunba ciost; E — koaddurpent

CBTOIOTJIOILEHUS.
Jlorapugmupyem BolpakeHue 3akoHa JlambGepra-bepa
gl =Igl, +Ig10 ™

lgl =lgl,—Ecl

lgl,—gl = Ecl
I

IgTozEcI

lg=D

D — onruyeckas miIoTHOCTH pacTBopa (JiorapupM OTHOLIEHUS WHTEHCHUBHOCTH MaJlalollero
CBEeTa K MHTEHCUBHOCTH CBETA, MTPOILIE/IIEro uepe3 pactsop.) Kogopumerpus.
B ocHOBY KOHCTpYyKIMH MprOOpa TOI0KEH MPUHIUI YpaBHUBAHHS HHTEHCUBHOCTHU JBYX

CBETOBBIX IMIOTOKOB P MOMOLIH LIeNeBON Auadparmsl.

1. Jlamna 16B Bxirouaercs yepes cTabUIM3aTop HAIPSKEHUS.

2. Tenno3auiuTHbIE CTEKIIA.

3.DOoKyCUPYIOIIHE JTNH3BI.

4.3epkaia.

5. CBeTo(OUIABTPHI, MOBBIIIAOIINE YyBCTBUTEILHOCTh M TOYHOCTh METOA, TIOaBast
Ha pacTBOP, JIy4d TaKOH JJIMHBI, KOTOPBIE JIyYIlle BCETO MOTJIOMIAI0TCS IaHHBIM PACTBOPOM.

6. KroBeTh! ¢ pacTBOpaMHu.

7. OnTruyeckue KIUHbS, PEryJnpyIOLIHe JIeBbIil CBETOBOM IMOTOK.

8. llleneBas nuadparma, KOTOpas CBsi3aHa ¢ OTCUETHBIM OapabaHoM. 9.DOTOIIEMEHT.

10. I'anbBanOMeETp.

[Ipu pabotre c ¢orosnexTpokosopumerpoM OIK-M wu3MepeHHe ONTUYECKOMH
MJIOTHOCTH TTPOU3BOIAT MIPH MIOMOIIIH JIEBOTO UJTK TTPABOTO OapabaHOB.
Igl—o =D

|

W3mepenue mpu momouiM npaBoro OapabaHa MPOM3BOAAT B TeX Cilydasx, Korja
OINTUYECKas TUIOTHOCTh pacTBOpa He mnpesbiiaeT 0,5 u TpedyeTcst TOUHOCTh U3MEPEHUH.

W3mepenus npu moMoIy jJeBoro 0apabaHa MpoU3BOJAT B CIIyyae BHICOKUX M HU3KHUX
ONTUYECKUX IIOTHOCTEM.

ToyHocTh M3MepeHH Ha JieBoM OapabaHe HIDKE IO CPAaBHEHHMIO C TOYHOCTBHIO
U3MEpeHu mpaBoro OapabaHa, HO OHAa BIIOJIHE JOCTaTOYHA JUId MPOBEIEHHS PSIOBBIX
AHAJIN30B.
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Metoauka paboThl 10 JIeBOMYy OapabaHy:

1.YcranaBnuBaem JieBbll OapabaH B MOJIOKEHHUE, COOTBETCTBYIOMME «0» ONTUYECKON
wioTHOCTH. [pu 3TOM mieneBas uadparma oKa3bIBaeTCsI MOJTHOCTHIO OTKPBITOM.

2. Ha nmytu 5n1€BOro CBETOBOrO NMOTOKAa YCTAHABIIMBAIOT KIOBETY C PAaCTBOPHUTENIEM, Ha
MyTH TPABOrO C UCCIEAyeMbIM pacTBOpoM. KroBeThl (0JMHAKOBOW pabodYeil IMHHBI)
YCTaHABIIMBAIOT B KIO BETO JIepKaTeNIAX HAa OJJMHAKOBOM PACCTOSSHUM OT BXOJIHOI'O OTBEPCTHS.

3.KomneHncupyoT (OTOTOKH, ycTaHaBIMBash CTPEJIKY TajbBaHOMETpa Ha HYIIb,
MOJIb3YSICh ONTHUYECKUMHU KIMHbSIMHU. J[JI1 3TOr0 pPYyKOATKY TrajibBaHOMETpa MEPEeBOJAT Ha
MQJIYI0 YYBCTBHTEIBHOCTH (IIOJIOKEHHE 1) M MpH TMOMOIIM ONTHYECKOTO KIMHA TIpyOoii
HaCTPOMKHU BBOJAT CTPEJIKY FaIbBAHOMETPA HA

4.IlocTaBuB BBIKIIOYATENb B IOJIOKEHHE «0», HA MyTH IPABOrO CBETOBOTO IIOTOKA
CTaBST KIOBETY C pacTBOpUTENeM. B BUAy TOro, 4TO OCBEIIEHHOCTH MPaBoro (hOTOANEMEHTa
1ocJIe ATOr0 BO3pOCia, /Uil yPaBHUBAHUS OCBEIIEHHOCTH HEOOXOMMO 3aKPHITh Juadparmy.

5.BxiroyaroT rajgbBaHOMETP HAa YYBCTBHUTENIBHOCTH «1» M, Bpalias W3MEpPUTEIbHBIN
OapabaH, BO3BpAIIAIOT CTPEJIKY raJlbBAHOMETPA B HYJIEBOE TOJOXKECHHE. 3aTEM TalbBaHOMETP
MEPEKIIIOYAIOT Ha YYBCTBUTEIBHOCTD «2%» U YTOUHSIIOT U3MEPEHUS.

OTtcuer onTUYECKON MIIOTHOCTH MPOU3BOJAT IO IIKaJle JIeBoro 6apabana. M3zmepenus
clenyeT HOBTOPUThH TPH pasa, MOABOMAS CTPENKY rajlbBaHOMETpa K HYJIIO TO CJIEBA, TO CIIPaBa.
W3 nony4eHHbIX OTCUETOB BHIYUCISAIOT CPEIHEE 3HAUEHUE ONTUYECKOM MIIOTHOCTH.

[lapannenbHO C aHAIM30M HCCIEAYEMOIO pacTBOpa BEAYT aHAIU3 CTaHAAPTHOIO
oOpa3sia.

_Dy*Ceo

X

C
Dco

Metoauka paboTsl o mpaBoMy O6apabaHny:

B 00a cBETOBBIX MMOTOKA CTABAT KIOBETHI C XOJIOCTHIM PACTBOPOM. Y CTAaHABIINBAIOT
npaBblif 6apaban Ha «O», ONTHYECKUMH KIIMHBSIMU JOBOJSAT CTPEINIKY rajibBaHOMETpa 10 «O».
OTKIIIOYAIOT TaJTbBAHOMETP.

B npaBblii CBETOBOM IIOTOK KIOBETY C HCCIEAYEMBIM pacTBOpoM. Bxitouaror
rajibBaHoMeTp. Bpaienrem pykosiTku npaBoro 6apadaHa AOBOAST CTPEIKY I'aJibBAHOMETpA 110
«Oy.

OTcyeT ONTUYECKON MIIOTHOCTH MTPOU3BOIAT MO KPACHOM ITKaje mpaBoro 6apadaHa.
dopma npegocTaBIeHHs pe3yJbTaTa
1.Ha3Banue u 1ienb paboThI.
2.ITpousBecTH pacyer ¢ HCIoJIb30BaHNEM 3akoHa byrepa -JlamGepTa-bepa.
3.Cnenath BBIBOJ O TIPOJICTIaHHON padoTe.

Kputepun onenkn:

1.«5» (oTnM4HO): BBINIOJIHEHBI BCE 3a/laHusl, CTYJEHT YEeTKO M 0e3 OomMOOK OTBETHUJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

2. «4» (XOpoII0): BBIIIOJHEHB! BCE 33aJJaHUS; CTYJIEHT OTBETHJI HAa BCE KOHTPOJIbHBIE BOIPOCHI C
3aMeUYaHUsIMHU.

3. «3» (yIOBIETBOPHUTEIBHHO): BBIMOJHEHBI BCe pabOThI ¢ 3aMEYaHUSIMU; CTYIEHT OTBETHJ Ha
BCE KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

4.«2» (He 3auTEeHO0): CTYACHT HE BBINOJIHMI WIMA BBIIOJHHUI HENPAaBUIBHO 33JaHUS; CTYIEHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OMIMOKAMHU WJIM HE OTBETUJI HA KOHTPOJIbHBIE BOIPOCHI.

JlabopaTtopHoe 3anstre Ne 4 Onpenenenrie PH pacTBOpoB pa3inyHO# KOHIIEHTPAIIUH.
Heawb padorsl: Onpenensts pH pacTBopa 3a1aHHOM KOHIIEHTPAIIUH.

Boinosinus padorty, Bel Oynere:
ymemy:
- paboTaTh ¢ MEPHOM MOCYIOH, BBITIOJHATH OCHOBHBIC ONEPAIMH PUTOTOBICHUS
KOHIICHTPUPOBAHHBIX PACTBOPOB.

20



- HCIIOJIB30BaTh XUMHUYCCKUC, (I)I/ISI/IKO-XI/IMI/I‘-IGCKI/IG MCTOBI aHaJIn3a ChIpbA U

IPOyKTOB METAJLTyPTHUH;
MarepunanbHoe obecrnieyeHue:

O6opynoBanue ydeOHOr0o KabuHeTa:
- pabouee MeCTO IpeIo1aBaTes;
- pabouee MeCTO CTY/ICHTA;
- TaOUIIBI.

O6opynoBanue 1a00paTOPHH:

- pabouee MeCTO Ipero1aBaTes;

- pabouee MeCTO CTyJICHTa;

- METOJIUYECKHE YKa3aHWs JIsl MPAKTUYECKUX pabdoT;

- METOJIMYEcKHe yKa3aHusl Il TabopaTopHbIX padoT;

- METOJIUYECKHE YKa3aHWs JIJIsl CAMOCTOATEIHLHOU PabOTHI;

- XHUMHYECKOe 000pyJI0BaHHE;

- XWUMHYECKUE PEAKTHBBI;

- yueOHOe mocobue, CIPaBOYHUKHU MO0 aHATUTUYECKON XUMUH.

TexHnueckue cpeacTBa 00y4eHHUs:

— Ay,Z[I/IO', BUJICO-, IPOCKIHNOHHAY allaparypa.

3ananue:.

1. Tlomy4wTb 3aaHKE y TIPEIIOIaBATEIIs.
2. VI3y4uTh TCOPETHUYECKYIO YaCTh 3aJaHUSI.
3. Odopmuts 1abopaTopHOE 3aHATHE B TETPAISX.

HOpﬂIlOK BbIIIOJTHCHU A paﬁoTbI:

W3yunth MeToIMYeCKUE YKa3aHUs K JaHHON JabopaTopHOi paboTe.
Onpenenuts NPOIyKThl PEAKIIUU
BbINOTHUTE OTYET O MpojenaHHoi padoTe.

Xox padoTsI

1.

Cnenaiite pacy€éT M NPUTOTOBBTE OIPEJNEIEHHOE KOJIMYECTBO pacTBOpa 3aJaHHOM
MPOLIEHTHOW KOHILIEHTpAlMM (Ha3BaHHE COJM KaXJOMY CTYAEHTY OTAEIbHO COOOIIaeTcs
MIPENOIABATENIEM, TAKKE PEKOMEHYETCSI K3MEHUTh KOJIMYECTBO M IIPOLIEHTHOE COJIEpKAHUE
IIPUTOTOBJIIEMBIX PACTBOPOB).

BbruncneHHoe KOJIMYECTBO COJM OTBechTe Ha Becax. HeoOxomnmoe KOJIMYEeCTBO BOJbI
OTMEpPbTE U3MEPHUTEIbHBIM IIWIIMHAPOM M BbUICHTE B KOIOy. BChbTe OTBEIIEHHYIO COJIb B
BOJy M Pa3MELIMBAWTE JO IOJHOIO pacTBOpeHMs. [IpUroTOBBTE ITUKETKY M HAKJIEHTE Ha
KoJ0Yy.

. Chenaiite pacuéT M NPUTOTOBBTE OIPENEIEHHOE KOJIMYECTBO MWLIMIUTPOB pPacTBOpa

3aJJaHHOM MOJSPHON KOHIEHTpaluu (KaKIOMY CTYIEHTY MpernojaBareib HaéT 3apaHee
MOATOTOBJICHHOE 3a/IaHHE).

. B 50min. Bomel pactBopure 3 T. XJIOPUCTOrO Kaius. Bpluuciure MNpOLEHTHYIO

KOHIIEHTPALMIO TOJy4eHHOro pactBopa. CieliTe pacTBOp B OYyTBUIOUKY M HaKJIEHTe
ATUKETKY. (3aJaHue BbIIAETCA UHANBUYAIIBHO).

B 100mn. Boasl pactBopute | r. Exkxoro Harpa. Beraucinre MOJSpHYIO KOHIEHTPALMIO
nojrydyeHHoro pactopa. Creiite pactBop B Oyrbutouky N HakielTe sTHKeTKy. (3amaHue
BBIIAETCS UHAMBUAYAIIBHO).

®opMma npeaocTaBieHNus pe3yabTaTa

1.HazBanue u nenp paboThl.

2.BeInmomHUTE pacyeT HeOOXOIMMBIX PEAKTHBOB ISl IPUTOTOBIICHUSI PACTBOPOB.

3.Cnenath BBIBOJ O TIPOJICTIaHHON padoTe.

Kpurepun onenkmn:

1.«5» (OTAMYHO): BBITIOJIHEHBI BCE 3a/IaHMS, CTYACHT YETKO M 0e3 OImMOOK OTBETHJI Ha BCE
KOHTPOJIBbHBIE BOTIPOCHI.
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2. «4» (XOpOIIIO): BBHIMTOJIHEHBI BCE 33aHUsI; CTYACHT OTBETHII Ha BCE KOHTPOJIbHBIC BOIIPOCHI C
3aMEYaHUsIMU

3. «3» (YIOBJIETBOPUTEIHHO): BBIOJHEHBI BCE PAOOTHI C 3aMEYaHUSIMU; CTYJCHT OTBETHII HA
BCE KOHTPOJIbHBIE BOMPOCHI C 3aMeUaHUsIMHU.  4.«2» (HE 3a4TEHO): CTYJCHT HE BBIMOIHUI WU
BBITIOJTHWI HETIPABUIIBHO 33/IaHUS; CTYICHT OTBETHJI Ha KOHTPOJBHBIC BOMPOCHI C OIMUOKaMU
WJIA HE OTBETHJI HA KOHTPOJIBHBIE BOIIPOCHI.

Tema 2.1.
XHMHYeCKOe PABHOBECHE U TEOPH YIEKTPOJUTHYCCKON JMCCONHALINH.
[IpakTuueckoe 3anstue Ne 4
CocraBiieHne ypaBHEHUH 2JIEKTPOIUTHYECKON TUCCOLMALIAN
Lean paboThi:
CocraBiieHne ypaBHEHUH 2JIEKTPOIUTHUECKON IUCCOLMALIAN
Boinosinus padorty, Bel Oynere:
ymemy:
- MPOBOJAUTH (PU3UKO-XMMUYECKUN aHAJIN3 METAJIOB U OLIEHUBATH €r0 Pe3yJIbTaThl;
- HCIIOJIb30BaThb XMMHUYECKHE, (PU3MKO-XMMHUYECKHE METOJbl aHajau3a ChIPbs
IIPOJYKTOB METAJLIIypIrUH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpenoaBaTes;
- pabouee MeCTO CTYAEHTa;
- TaOIHUIIBI.
O6opynoBanue 1ab0paTopuu:
- pabouee MecTO MpenoiaBaTes;
- pabouee MecTO CTY/IEHTA,;
- METOAMYECKHE YKa3aHMsl sl MPAaKTUYECKUX padoT;
- METOJIMYECKHE YKa3aHHUs AJs 1JabOpaTOpHBIX paldoT;
- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON paboThI;
- XHMHYEcKoe 000pyIOBaHUE;
- XMMHMYECKHE PEAKTHUBBI;
- yueOHOe nmocoOue, CIpaBOUYHUKHU M0 aHATTUTUYECKOH XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:
— Ayauo-, BUzieo-, IPOEKIIMOHHAs anmaparypa.
3aganue:
1. TlomyuuTs 3ajaHMe y IperoiaBaTes.
2. W3yunTh TEOPETHUECKYIO YacTh 3aaHMUs.
3. OhopMUTH IPAKTUYECKOE 3aHATHE B TETPAIIX.
Ilopsinok BbINOJHEHHS PadOThHI:
N3yunTh METOMYECKUE YKA3aHUS K TaHHOW MPAaKTUYECKOH 1 J1abopaTopHOii
pabore.
Onpenenuts NPOIyKTH PEAKIINH
BeImoaHUTE OTUET 0 TpoielaHHON paboTe.
Xox pa0doThI:
IIpouecc paspymieHus WM pacnajga 3JIEKTPOJUTa Ha MOHBI HA3bIBAETCS AJIEKTPOIMTUYECKOU
nucconuanueil. CocTaBHblE YacTH pPAcHaBIIMXCA MOJIEKYJ WM KPUCTAJIOB MPEICTABIISIOT
co0oi yacTuiel, UMeroMe 3apsa. VX Ha3bIBalOT MOHBL. PacTBOpHI BEIIECTB, MOJEKYIbl UM
KpHUCTAJIJIBI KOTOPBIX criocoOHbI pacniafgarbest Ha MOHDBI (nuccounnpoBats), MOTYT IPOBOAUTH
JJIEKTPUYECKUN TOK. VIMEHHO mO3TOMY HX Ha3bIBAIOT JJIEKTPOJMTAMHU. YacTo mpouecc
ANEKTPOIIATUYECKON TUCCOLMAIUHU HA3BIBAIOT IIPOCTO: TUCCOLIMALIHS.
1. Jucconuanus CUJIbHBIX 3JIEKTPOJIUTOB

22



IIpu nucconmanyy KMCIOT UX MOJIEKYJIbl paclaJatoTcsl BCEr1a Ha MOJIOKUTEIbHO 3apsKEHHBIE
HOHBI Bonopoaa H u orpunarensHo 3apsyKeHHbIE HOHBI KUCIOTHBIX OCTaTKOB.

PaccmoTpuM ypaBHEHUE 1MCCOLMALIMUA KMCIOTHI CUJIBHOTO 3JIEKTPOJIUTA. (BUAEO YPOK)

IIpn pucconmanuu OCHOBAaHMH MX MOJEKYJIBbl pAacHafaroTCsl BCErAa Ha IOJIOKHUTEIBHO
3apsHKCHHBIC HOHBI METaJlIa M OTPUIIATENILHO 3apshKeHHbIE THUApokcua-uonsl (OH-).

2Ilpu  npuccoumanmuu  cosed  HUX  MOJIEKYJIbI pacnajarloTcs  BCerga  Ha
IIOJIO)KUTEIBHO 3apsDKEHHBIE MOHBI METalIa U OTPHULATEIbHO 3apsDKEHHBIE MOHBI KHCIIOTHBIX
OCTaTKOB.

3. CocraBieHrne ypaBHEHHUS JUCCOLUALMHM COJIM, B KOTOPOW KHCIOTHBIH OCTaTOK COCTOUT M3
oxHoro snementa (xjopun (Cl), cynbdunst (S), oTIM4aeTcst OT TeX ypaBHEHHH, B KOTOPBIX
MOJIEKYJIBI COJIEH MMEIOT B KUCIIOTHOM OCTATKE J[Ba HJIEMEHTA.

4. NMuccouunanus ciaalblX 3JIEKTPOJIUTOB
JUCCOLMAIMS MHOTOOCHOBHBIX KHUCJIOT CJIA0BIX 3JIEKTPOJIUTOB HA HOHBI IPOUCXOAUT
HocTeneHHo (ctynenyaro). [Ipu 3ToM Ha KakAOH cTaauu ITUCCOLMAIMM 00pazyeTcss OAUH HOH
Bojopoga H u oTpunarenbHO 3apsKEHHbIE HOHBI KUCJIOTHBIX OCTaTKOB. BTopas cranus
aucconuanuun HCO;3- «» H++ COs.
Yucno craauii auccouuanuu KUCIOThI — c€Ia00ro 3JeKTpOojJuTa paBHO YHUCIY AaTOMOB
Bosiopozia H B ero moszekyiie.
Hucconmanus ciaaObIX 3JE€KTPOJUTOB MHOTOKUCIIOTHBIX OCHOBAHHMN Ha HOHBI IPOUCXOIMT
nocreneHHo (crymeHyaro). Ilpm sTomM Ha Kaxaod craauu auccouuanuu oOpasyercs 1
ruapokcua-uox (OH-).
Takue ocHOBaHMs, Kak NpaBWJIO, cojepxkar Heckoiabko rpymnn OH. Paccmorpum ypaBHeHMe
JMCCOLMAMU OCHOBaHUs — ciaboro anekrponuta Mg(OH),
IlepBas cTagus nucconuanuu

Mg(OH),; <> MgOH+ + OH-
Yucno craguil nuccouuanuy OCHOBaHMsS — caaboro 3JeKTpoiauTa paBHO uyuciay rpymnn OH B
€ro MoJeKyJie. (B0 YPOK)
VYpaBHEHUs TUCCOLMAIMU COJIEH caalbIX 3JIEKTPOIUTOB Ha HOHBI 3aMCHIBAIOT B OJHY CTaIHIO.
IIpu stomM o6pa3zyrorcs mnonoxurenbHo 3apskeHHble MOHDBI meranna u  oTpunarensHo
3apsKEHHBIE MOHBI KUCJIIOTHOTO OCTATKaA.

dopma npeacTaBiaeHus pe3yJabrara:

1.Ha3Banue u 11e16 padoTHhl.

2.HanucaTh cxembl ypaBHEHUH peakiui.

3.Crenath BBIBOJ O TIPOJICTIaHHON paboTe.

Kputepun onenkn:

1.«5» (OTAMYHO): BBITIOJIHEHBI BCE 3a/aHMS, CTYACHT YE€TKO M 0e3 OIMMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

2. «4» (X0poT1110): BHIIOJIHEHBI BCE 33aHUS; CTYACHT OTBETHII Ha BCE KOHTPOJIBHBIE BOIPOCHI C
3aMEYaHUsIMU

3. «3» (YIIOBIIETBOPHUTEIHHO): BHITIOHEHBI BCE pabOTHI ¢ 3aMEUaHMSIMH; CTYCHT OTBETHJI Ha
BCE KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

4.«2» (He 3aYTeHO): CTYJEHT HE€ BBINOJHWI WJIM BBINOJIHWI HEMPaBUIbHO 3aJaHUs; CTYACHT
OTBETHJI Ha KOHTPOJIbHBIE BOIIPOCHI C OIIMOKAMH WM HE OTBETHUII Ha KOHTPOJIbHBIE BOIIPOCHI.

Tema 2.2.
OKHCIUTEIbHO-BOCCTAHOBUTEIbHbBIE PeaKIuu
[TpakTuueckoe 3ansarue Ne 5,6,7. CocTaBieHHe OKACIUTEIFHO-BOCCTAHOBUTEIHHBIX pPEaKIIUN
METOIOM 3JICKTPOHHOTO OajaHca
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Lean padoThI:
CocraBrieHrEe OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIMII METOAOM JIEKTPOHHOIO OanaHca
Beinosinus patdory, Bel Oyaere:
yMmemy:
- MPOBOJAUTH (PU3UKO-XMMUYECKUN aHAJIN3 METAJIOB U OLIEHUBATH €r0 Pe3yJIbTaThl;
- UCIOJB30BaTh XUMHUYECKHE, (PU3MKO-XUMUYECKHE METOAbl aHajih3a CbIPbs
MPOAYKTOB METAJUTYPTHH;
MarepuajibHoe o0ecnieyeHue:
O6opynoBanue yaeOHOTo KabUHeTA:
- pabouee MecTO MperoaaBaTers;
- pabodee MECTo CTy/ICHTa;
- TaOJIULIBL.
O6opynoBanue 1a60paTOpUHU:
- pabouee MeCTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHE YKa3aHWsl ISl MPAKTUYeCKuX paboT;
- METOJMYECKHE YKa3aHMsl U1l JaOOpaTOpHbIX padoT;
- METOJUYECKHE YKa3aHHs JIJIsl CAMOCTOATEIbHOU paboThI;
- XHMHYECKOe 000py/I0BaHMUE;
- XMMHYECKUE PEAKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH M0 AHATUTUYECKONU XUMUH.
TexHnuueckue cpeacTBa 00y4eHUS:
— Ayamo-, BUJe0-, MPOSKIIMOHHAs armaparypa.
3ananme:
1. TlomyuwTb 3aaHKe y IpEIoaBaTes.
2. VI3y4uTh TEOPETHUYECKYIO YaCTh 3aJaHUSI.
3. OdopMUTH MPAKTUIECKOE 3aHITHE B TETPATAX.
Ilopsinok BbINOJIHEHHS PadOTHI:
N3yunTh MeTOAMYECKHE YKa3aHUS K JAHHOU MPAKTUUECKON U JTaOOpaTOpHOH
pabore.
Onpenenuth MPOAYKTHI PEaKIIUU
BhInoTHUTE OTYET O MpojenaHHoi padoTe.
Xoa pa0doThI:
[To mMeromy »IIeKTPOHHOTO OayiaHca CPaBHUBAIOT CTETIEHW OKMCIIEHUS aTOMOB B MCXOIHBIX H
KOHEYHBIX BEIECTBaX, MPUYEM YHCJIO JJIEKTPOHOB OTIAHHBIX BOCCTAHOBHUTENEM, JIOJKHO
POBHSATHCS YUCITY AJIEKTPOHOB, TPUCOECTUHEHHBIX OKHACITUTENIEM.
1)Merton s5ekTpoHHOrO OanaHca
+3 +7 +5 42

H3AsO3; + KMnO,4 + H,SO, —H3AsO4 + MNSO, + K,SO4 + H,O

W3 cxeMbl peakiuy BUAHO, YTO CTENEHb OKUCIIEHUS aTOMa MBIIIbSIKA 10 peakiuu +3 , mocie
+5, cTeneHp OKUCIEHUsI MapraHiia i3MeHuIach oT +7 10 +2.

OTpakaeM 3TO U3MEHEHHE CTETIEHU OKUCIICHUS B 3JIEKTPOHHBIX YPaBHEHUSIX.

Boccranosutens As™ — 2e” = As*™® 5 npouecc okucieHus

Oxkncmurens Mn*’ +5¢” = Mn*? 2 IpOIeCC BOCCTAHOBJICHUS

OBP, mnporekaronme B BOJHBIX pacTBOpax, pacilaBax MW JAPYrMX HOHHM3UPYIOIIHUX
pacTBOPUTENSAX, YPAaBHUBAIOT METOAOM HIIEKTPOHHO-MOHHOTrO Oananca. [Ipu cocraBneHun
MOJTyPEAKIMA MCIIONB3YIOTCS MOHBI M (WMJIM) MOJICKYJIBI, PUCYTCTBYIOIIHE B pacTBope. Ecim
BEIIIECTBO HEPACTBOPHUMO — OHO 3allMChIBAETCS B HEAMCCOLMUPOBAHHOM BHJe. Ecin atomsl, y
KOTOPBIX M3MeHsIOTCsE CO, BXOISIT B COCTAaB Cpa3y HECKOJIBKUX YACTHI], TO UCIOIB3YIOTCS TeE
YacTHUIIbl, KOHIIGHTpALUsl KOTOpBIX NpeoOmamaer. Hampumep, B BOJHOM pacTBope cialoii
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KUCI0THI H 28 MPUCYTCTBYIOT aHUOHBI U —HS—-2S, mpuuém [H 2S]>>[]>>[—HSf2S]. [TosTomy, u3
BCEX YaCTHII, COJAEPKAIIUX CEPY, ISl YpaBHUBAHUS UCTIOTIb3yeM H 28.

Aneopumm memooa:

1. Haiitu gactuibl, aToMbl KOTOPbIX MEHSIOT CO, M COCTaBUTh IOJIypeakluu ¢ ux ydactueM. [Ipu
TOM HEOOXOAMMO YUYUTBIBATh 3IEKTPOJIMTUYECKYIO IUCCOLMalnuio M BiausHue pH cpensl
(cuJIBbHBIE 3IEKTPOIUTHI TUCCOUUPYIOT MOTHOCTBIO, cIa0ble KUCIOTHl — TOJIBKO B IIEIOYHOM
cpene, ciabble OCHOBAHMS — TOJIBKO B KUCIION).

2. YpaBHATH MOITYpEaKINH, T0OUBAsCH:
* MaTepuaipHOro OamaHca. Jlis MOCTMIKEHUS MaTepuaibHOro OamaHca B BOIHBIX

pacTBOpax MOXKHO HCIOJIB30BaTh MOJEKYJIIbI HzO’ KpOME TOTO, B KHCJIOW Cpele -
+ +
KaTHOHBI H , B IIEJIOYHON — aHWOHBI , B HeWTpampHol — miu H—OH | wim —OH

(Tabmn.2).

 OanaHca 1o 3apsiiaM (paBEeHCTBa CyMMAapHBIX 3apsifioB BCEX MOHOB U 3JIEKTPOHOB B
JIEBOM W TMpaBOW 4YacTAX ypaBHeHHs). i1 3TOro K JIEBOM YacTH MOJIypeakluu
J00aBJISAIOT WIN BBIYUTAIOT U3 HEE HEOOXOIMMOE KOJIMYECTBO AIEKTPOHOB.

3. VYMHOXUTh MONYpEaKUH Ha KO3PQPUIMEHTHI, JOOUBAsCh BBIIOJHEHUS YCJIOBUS: YHCIIO
OTJAHHBIX 3JEKTPOHOB (B IMOJIypEaKLMH OKHMCICHHS) PAaBHO YHUCIY NPUHATHIX 3JIEKTPOHOB (B
[I0JIypEaKIIU1 BOCCTAHOBJICHHUS).

4. Cnoxutp o0e MOJypeaklHH, B pe3yJabTaTe Yero IMOJIyYUTCs 3alUCh YpPaBHEHHS B HMOHHOU
dopme.

5. Jlo6aBuUTh K JI€BOW M MpaBOM YacTSIM HOHHOTO YpPaBHEHHsI OJMHAKOBOE KOJIMYECTBO
IIPOTUBOMOHOB

6. Merox mnosypeakuuii (3JIEKTPOHHO — MOHHBIH METOJ) HPUMEHSIOT M peakuui,

MIPOTEKAIOIINX B pacTBOpax. DJIEKTPOHHO-HUOHHBIE YPaBHEHMsI TOYHEE OTpa)kal0T MCTHUHHBIE

W3MEHEHMsI BELIECTB B IMPOLECCE OKUCIUTEIbHO-BOCCTAHOBUTENIBHOW PEaKIMU U OOJIeryaroT

COCTaBJICHHE YpaBHEHHI 3TUX NPOLECCOB B HOHHO-MOJEKYJIsApHOU Qopmyne. MonHO -

JIEKTPOHHBINA METOA ( METOJ] MOJYPEaKIUi ) — OCHOBAH HA COCTaBJIIEHUH Pa3/IeIbHBIX HOHHBIX

YpaBHEHUH MOITYpEaKIUil — MPOIECCOB OKUCIEHUSI U BOCCTAHOBJIEHUS — C MOCIEAYIOIUM UX

CYMMHPOBAHHEM B 0011[e€ HIOHHOE YpaBHEHHE.

I'maBHBIE STAIIBL:

1)3anuceiBaeTcs 0011as MOJIEKYJISIpHAs cXema

K2Cr207 + Fe + H2S0O4 —Cr2(S04)3 + FeSO4 + H20

2)cocTraBisercss HOHHasg cxema peakuuu. [Ipu 3ToOM CHIIBHBIE 3JEKTPOJIUTHI MPEICTABICHBI B

BUJIE€ MOHOB, a CJIa0ble AJIEKTPOJIUTHI, OCaJKW M ra3bl — B MOJEKyJspHOM Buue. B cxeme

OIpeIeIIsIeTCsl YacTuIla, onpeaensercs xapakrep cpenst ( H+,H20 nnmu OH-)

Cr2072' + Fe + H+ — Cr3+ + Fe2+

3) CocraBisioTcst ypaBHEHHS 2-X MTOTYPEAKIHi.

a) ypaBHUBAETCS YUCIJIO BCEX aTOMOB, KpOME BOAOPOAA U KUCIIOPOIa

Cr20;” + H" — 2Cr**

Fe — Fe”'

0) ypaBHHUBAeTCs KUCIOPO/I C HCTonb30BaHueM Monekyn H,O unm cBsazbiBanus ero B H,O

Cr,0/* + 14H* — 2Cr** + 7 H,0

B) YPaBHUBAIOTCA 3apsbl C TOMOIIBIO MPUOABIEHUS FIEKTPOHOB

Cr,0/* + 14H* + 6e — 2Cr** + 7 H,0

Fe —2e — Fe2"

4) ypaBHHBaeTCs 00IIee YHCIO YYaCTBYIOIIUX 3JEKTPOHOB MyTEM MOA00pa JAOMOIHUTEIHHBIX
MHOJKHTEJIEH MO MPaBUITy HAUMEHBIIET0 KPAaTHOTO, M CYMMUPYIOTCS YPABHEHUS ofenx nonypeaxiuii.
Cr2072- + 14H+ + 6¢ —2Cr3++ 7H202 1
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Fe—2e — Fe2+63

Cr20,* + 3Fe + 14H" — 2Cr** + 3Fe” + 7 H,0

5) 3amuCBIBAIOTCS YpaBHEHHS B MOJIGKYJISIpHOU Qopme, ¢ moOaBlIeHHEM HOHOB, HE
YYacTBYIOIIMX B MPOIECCE OKUCIICHHS- BOCCTAHOBIICHHUS.

K,Cr,0; + 3Fe +7H,S0O,4 = Cr2(804)3 + FeSO,4 + K,S0,4 T+ 7 H,O

[Tpumep 1.

MeTooM TIONypeakuid COCTaBbTE a) YPaBHCHHE PEaKIMH OKHCICHHUS STHUJIOBOTO CIHPTa
repMaHTraHaToOM Kanus B cuibHOKUcIou cpene: CoHsOH + KMnOy4 + H,SO4 —; 6) ypaBHEHHE
peaKuuH B3aUMOIECHCTBUS

TIFOKO3BI ¢ IepMaHTaHaToM Kanus B kucioi cpeae: CgHi206 + KMNO,4 + H,SO4 —.

Pemenne: Ilepmanranar Kauus B KMCJIOH Cpelie NMPOSBIAET CBOMCTBA CHWIIBHOIO OKHCIIUTEIIS.
Oprannueckue BEIIecTBa, KaK MPaBUIIO, SIBISIOTCS BOCCTAHOBHUTEIISIMH, IPY B3aUMOJCHCTBUH C
CUJIBHBIMHA OKHUCIUTEISIMHU OKUCIIIIOTCA 10 CO»).

a) COCTaBHM IOJypEaKIIuu 1 HaieM K03 UIIUCHTHI:

MnO4 + 8H+ +5e = Mn," + 4H,0

C,HsOH + 3H,0 — 12e = 2CO, + 12H"

5C,HsOH+ 12KMnO4 + 18H,S04 — 10CO; + 12MnSQO4 + 33H,0 + 6K,S04

0) aHAJIOTMYHO COCTABHM IMOJIYPEAKIUIO C YIaCTUEM TIIFOKO3BI:

dopma npeacTaBiaeHus pe3yJabTara:
Ha3zBanue u niens paboTHI.
Hanucarte cxembl ypaBHEHUN pEeaKLUN.
Cnenatb BbIBOJI O IIPOJIETIAHHOMN padoTe.
Kpurepun oneHku:

1.«5» (OTIMYHO): BBITIOJIHEHBI BCE 3a/JIaHMS, CTYACHT YE€TKO M 0e3 OIMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOMIPOCHI.

2. «4» (XOpOIII0): BBIITOJIHEHBI BCE 3aIaHUS; CTYJICHT OTBETHIJI HA BCE KOHTPOJIBHBIC BOIIPOCHI C
3aMeYaHUSIMH

3. «3» (YIOBJIETBOPHUTEIHHO): BBIIOJHEHBI BCe PaOOTHI C 3aMEYaHUSIMU; CTYJICHT OTBETHJI HA
BCE KOHTPOJIbHBIE BOIIPOCHI C 3aMEUYaHUSIMHU.
4.«2» (He 3aYTeHO): CTYJEHT HE BBHIMOJHUJ WJIA BBITIOJHWI HEMPaBUJIBHO 3aJaHUs; CTYJICHT
OTBETUJI Ha KOHTPOJIBHBIE BOMPOCHI C OIIMOKAMHU WJIM HE OTBETHUII HA KOHTPOJIbHBIE BOTIPOCHI.

Tema 2.3.
B3anmoneiicTBUS MeTAJIOB (CHIPhSI), METAJIMYECKHUX MOPOIIKOB ¢ Ta3aMU U APYTUMU
BelllecCTBAMU
JlabopaTtopnoe 3anstue Ne5 Omnpesenenue cofep>KaHust XpoMa B CTalln
Heas pabdotsi: OnpeneneHue coiepxKaHus XpoMa B CTaau
Boinosinus padorty, Bel Oynere:
ymemy:
- MPOBOJUTH PU3NKO-XHMHUECKUN aHAJIN3 METAJNIOB M OIEHUBATh €r0 Pe3yIIbTaTHhI;
- WUCIONB30BaTh XUMHUYECKHE, (U3MKO-XUMUYECKHE METOAbl aHajan3a ChIPbs
MIPOIYKTOB METAJLTyPIHH,
MarepunanbHoe obecrnieyeHue:
Ob6opynoBanue ydeOHOTO KaOWHETA!
- pabouee MecTO MpernoaaBaTers;
- pabouee MeCTO CTY/JEHTa;
- TaOIHUIIBI.
O6opynoBanue 1a00paTOPHH:
- pabouee MecTO MpernoaaBaTers;
- pabouee MeCTo CTY/JEHTa;
- METOIWYECKHE YKa3aHWs JIsl MPAKTUYECKUX paboT;
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- METOJIWYECKHEe yKa3aHUs AJIs JabOpaTOpHBIX padoT;
- METOIUYECKHE YKa3aHUs JIsl CAMOCTOSTEIbHON paboTHhI;
- XHUMHYECKOE 000pyI0BaHHUE,;
- XMMHYECKHE PEAKTHUBBI;
- ydueOHOe mocoOue, CIpaBOUYHUKH 110 aHATTUTUYECKONH XUMUH.
TexHnuueckue cpeacTBa 00y4eHUS:
— Ayamo-, BUJeo-, MPOSKIMOHHAs anmaparypa.
3aganue.
1. TMomyuuTb 3aaHKE y IPEIOaBaTENs.
2. V3yuuTh TEOPETUUYECKYIO YaCTh 3aJaHUSI.
3. OdopmuTts 1abopaTopHOE 3aHSATUE B TETPAISX.
ITopsinok BbINOJIHEHHUSI PAa0OTHI:
W3y4nTh METOIMYCCKUE YKA3aHUS K JJAHHOUN MPAKTUYIECKONM 1 1ab0paTopHOit
pabore.
Omnpenenuth MPOAYKTHI PEaKLIUU
BrInmonHuTh OTYET O MpojesaaHHol paboTe.
Xoa pa6oTsI:
¢  DOTOKOIOPUMETPUUECKOE OMPE/IEICHNE KOHIICHTPAIIMHU BEIIECTBA B PACTBOPE METOI0M
CpPaBHEHHUS ONTHYECKOH MIIOTHOCTH MCCIEAYEMOTO U CTAaHAAPTHOTO PACTBOPOB.
¢ DKCTPaKIMOHHO-()OTOMETPHUECKOE OIpPEAeIICHINE MAIBIX KOJUYECTB XpOMa C
mudeHnIIKapOa3uIoM
e  Meroabl NPSIMOTO CHEKTPATHHOTO aHAIN3a
e  DwmuccuoHHas GOTOMETPUS IUIAMEHU
e  ATOMHO-aOCOpPOLIMOHHBIN MeETOA

e Metonpl IpsAMOro CIICKTPAJIbHOI'0 aHajln3a

CrekTpanbHbIl  aHAJIW3 — COBOKYIIHOCTb METOAOB KAadye€CTBEHHOTO M KOJIWYECTBEHHOI'O
OTpesieNIeHUs] COCTaBa 0ObEKTA, OCHOBAHHAS HA U3yUYEHUH CIEKTPOB B3aUMOJECHCTBUS MaTEpUU
C U3JIyYEHUEM, BKIIOUAsl CIIEKTPbl JJIEKTPOMATHUTHOTO M3JIY4YEHMs, aKyCTHUECKHUX BOJIH,
pacrnpezielieHuss M0 MaccaM W SHEPrusiM AJIEMEHTapHbIX YacTHIl U JIp. ATOMBI KaKJIOTO
XMMHUYECKOTO 2JIEMEHTA UMEIOT CTPOrO ONpEAEIEHHBIE PE30HAHCHBIE YacTOTHI, B PE3yJbTaTe
Yero UMEHHO Ha ATHX YacTOTaxX OHHU M3JIy4aroT WIM MOTJIOUIAIOT CBET. JTO MPHUBOJIUT K TOMY,
YTO B CHEKTPOCKOIIE Ha CIEKTpaxX BHUIHBI JUHUU (TEMHBIE WIM CBETJIbIE) B ONpEACIEHHBIX
MeCTaxX, XapaKTepHBIX Il KaKJ0ro BellecTBa. IHTEeHCUBHOCTD JTMHUM 3aBUCUT OT KOJIMYECTBA
BEUIECTBA M €r0 COCTOSHUA. B KONMYECTBEHHOM CHIEKTPAJbHOM aHAIU3€ OINPEAEIAIOT
CoJIep’KaHUE MCCIIEyEMOI0 BEIIECTBA 110 OTHOCUTENbHON MM aOCONIOTHON MHTEHCUBHOCTSAM
JUHUN WM 1osoc B chnekTpax. ONTHYECKMH CHEKTPAJbHBIM aHAIN3 XapaKTepU3yeTCs
OTHOCHUTENIbHOM MPOCTOTOM BBIMIOJIHEHUS, OTCYTCTBHEM CJIOKHOM MOJATOTOBKU MPOO K aHAIH3Y,
HE3HAUUTENbHBIM KoiudecTBOM BemiectBa (10—30 Mr), HeoOXoaumoro Juis aHajlinM3a Ha
00JIbIIIOE YUCIIO PJIEMEHTOB. ATOMapHbI€ CHEKTPHI (MOTJIOMIEHUS WM UCIYCKAaHUS) TMOTy4YaroT
NepeBEICHUEM BeIeCTBa B MapooOpa3zHOe COCTOsHUE MyTEéM HarpeBaHus mpoOsl 10 1000—
10000 °C. B xkauecTBe HCTOYHMKOB BO30Y)KIEHHUS aTOMOB IPH SMUCCHOHHOM aHaJu3e
TOKOIPOBOJISAIINX MaTEpUAIIOB MPUMEHSIOT UCKPY, AYTY IEPEMEHHOr0 TOKa; MPH 3TOM Hpoly
MOMEIIAI0T B KpaTep OJHOTO W3 YrOJIbHBIX AJIEKTpOnoB. [[is aHanmmsa pacTBOPOB IIMPOKO
HCHOJIB3YIOT TUIaMs WM IJIa3My pa3iIu4HbIX ra3o0B.

dopma npeacTaBieHus pe3yJbTara:

Ha3zBanue u niens paboThI.

Hamncars cxeMbl ypaBHEHM peaKiuil.

CraenaTh BBIBOJI O IPOJIETIAHHON paboTe

Kpurepumn oneHku:
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1.«5» (OTIM4YHO): BBIMIOJIHEHBI BCE 3aJlaHUs, CTYACHT 4eTKO W 0e3 OmMOOK OTBETHJI HA BCE
KOHTPOJIbHBIE BOTIPOCHI.

2. «4» (X0po1110): BHIMOJIHEHBI BCE 33aHUs; CTYACHT OTBETUII Ha BCE KOHTPOJIbHBIE BOIPOCHI C
3aMeYaHUsIMU

3. «3» (YIOBJIETBOPUTEIHHO): BBIMOJHEHBI BCE PAOOTHI C 3aMEYaHUSIMU; CTYJCHT OTBETHII HA
BCE KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

4.«2» (He 3aYTeHO): CTYJEHT HE BBIMOJHWJ WJIA BHIMOJHWI HEMPaBUJIBHO 3aJaHUs; CTYIEHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OMIMOKAMHU WJIM HE OTBETHJI HA KOHTPOJIbHBIE BOIPOCHI

Tema 3.1
IMMCCHOHHBII CNIEKTPAJIBLHBINA aHAJIN3.
[Ipaktrueckoe 3anstue Ne 8,9,
O3HakoMJIEeHHE C YCTPOWCTBOM, HPUHIMIIOM JACHCTBHUS M OKCIUTyaTallud SKCIpPEcc —
aHaIN3aTopA.
Lean padoThi:
O3HakOMJICHHE C YCTPOMCTBOM, IPHHIMIIOM JEHCTBUS W OKCIUTyaTallMH OJKCIPECC -
aHaJN3aTOPOB
Brinosinus padorty, Bl Oynere:
ymemy:
- TPOBOAUTH (HPUBNKO-XMMHUUECKHI aHAJIH3 METAIUIOB U OIICHUBATh €T0 PE3YJIbTAThI;
- HCIOJIb30BaTh XHMMHUYECKHE, (PU3UKO-XMMHUYECKHE METOJbl AaHajh3a CBIPbS
IPOJIyKTOB METAJLTypTHUH;
MatepuajbHoe obecnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpenoaBaTers;
- pabodee MECTO CTy/ICHTa;
- TaOJINILIBI.
O6opynoBanue 1ab0OpaTOpUu:
- pabouee MeCTO IpenoaBaTers;
- pabouee MecTO CTY/AEHTa;
- METOIWYECKHEe yKa3aHWs IS MPAKTUIECKUX padoT;
- METOJMYECKHE YKa3aHHUs AJs 1TaOOpaToOpHBIX paldoT;
- METOJWYECKHEe YKa3aHWs IJIsi CAMOCTOSTELHON pabOThI;
- XHMHYEcKoe 000pyIOBaHUE;
- XHMHUYECKHE PEaKTUBBI;
- yueOHOe nmocoOue, CIpaBOUYHUKH 10 aHATTUTUYECKOH XUMUH.

TexHuueckue cpencTBa 00ydeHus:
— Ayauo-, BUie0-, IpOEKIIMOHHAs anmnapaTypa.
3aganue:
1. Tlomyuuts 3aanue y mpenojaBaTes.
2. VI3yuuTh TEOPETUUYECKYIO YACTh 3aJaHUSI.
3. OdopMUTH MPAKTUYECKOE 3aHITHE B TETPAIX
Iopsaok BbINOJHEHUS PA0OTHI:
N3yunTh MEeTOIMYECKUE YKa3aHUS K JAHHOU MPAKTUUECKON M JTaOOpaTOPHON
pabore.
Ornpenenuth MPOAYKTHI PEaKIIUH
BrimosHUTE OTUET O MpoaenaHHol padorTe.
Xon paborsr:
Kynonomempuueckue memoout
Kynonomerpuueckuii MeTOJ] aHaJIu3a OCHOBAH Ha W3MEPEHHUH KOJIMYECTBA AJICKTPUYECTBA,
M3pAcXOJOBAHHOTO B XOJE 3JIEKTPOXMMHUYECKON peaklHH ompenenseMoro BeulectBa. Ecnu
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MPOTEKaeT Kakas-TM0O JIEKTPOXMMHUYECKAs PEaKIUs, TO MO KOJIUYECTBY DIIEKTPUYECTBA,
M3pacXO0JI0OBAHHOTO HA ATy PEaKIUIo, ¥ YUCIY AJIEKTPOHOB N, MPUHUMAIOIINX B HEW ydyacTue,
MO>KHO OIPEJENIUTh COJICPKAHNE UCXOAHOTO BEIIECTBA § B COOTBETCTBHH C 3akoHOM (Dapajes
o ¢opmyre:

(AQHFR) =(AQ) [ (Y6485n)

’ riec Q —  KoimM4ecTBO
3JIEKTPUYECTBA, paBHOE
o 0 - i : ’ ‘ IPOU3BEICHUIO CHJIBI TOKa Ha
Ilj I [ i:‘ "i'“'"j' = JUTUTCIIBHOCTh €ro MpPOXOXKACHUS
" < —= ' .
J | | .T as l yepe3 pactBop; 4 — aroM-macca
{1 - ST i BemiecTBa, F — mocrosiHHAsg
N S A Dapanes.

ST e ns Ha smom ocnoean npsamoii
Ky]lOHOMempLII{ECKMZZ Memod, B
KOTOPOM  pacyeX BeayT IO
MIPOJOIIKUTENLHOCTH AJIEKTPOJIN3A.

B srom cmyuae He TpeOyere! MOCTpOEHUS T'PaAMPOBOYHBIX TI'paUKOB M MPUMEHEHHS
CTaHJIaPTHBIX PACTBOPOB, YTO BBHITOAHO OTIUYAET €ro OT APYTUX (PU3UKO-XUMHUECKUX METOJIOB
aHaJu3a.

KocBenHblil KyTOHOMETpUUYECKUNA METOJ (KYJTIOHOMETPUYECKOTO0 TUTPOBAHMS) OCHOBAH Ha
MI0JIy4eHUHU (FE€HEPUPOBAHUHU) PEarupyrolux C ONpEeAeNsseMbIM BELIECTBOM HOHOB B CaMOM
TUTpyeMOoM pactBope. [IpsiMoli KyTOHOMETpHUYECKHUH aHalu3 OOBIYHO OCYIIECTBISIOT IMPU
MIOCTOSTHHOM TOTEHIHalie pabodero 3JeKTpo/ia, a KOCBEHHBIH — IPH MOCTOSIHHOM CHIIe TOKA,
IIPOXOALIETO Yepe3 AIEKTPOIUTHYECKYIO siueiiky. Cxema KyJIOHOMETPUYECKOro aHalu3a Mpu
MIOCTOSIHHOM TOTEHIMaJle Mpe/icTaBlIeHa Ha puc. 5, a. Tok oT akKyMyJnaTOpHON OaTtapen mpu
IIOMOILIY TMOTEHIMOMETPA NPU OINPEAEIEHHOM IOTEHIMANIE, KOHTPOJIUPYEMOM BOJBTMETPOM,
MI0/1aeTCsl Ha KYJOHOMETpHUECKylo siueiiky. KoauuecTBo anekTpuyecTBa, MPOLIEIIEr0 Yepes
KYJIOHOMETPUYECKYIO SYEHKY, ONpPENEsAeTCs] KYJIOHOMETPOM. B KylnoHOMETpUUecKOon suelke
MIPOUCXOJUT BOCCTAHOBJIEHUE OmpesenseMoro nona. Cuia Toka, MPOTEKAIOIIEM B LIEMH, IO
MepE YMEHBILIEHUS KOHIIEHTPALMK ONPEIEIIIEMOT0 HOHA CHUKAETCS U B MOMEHT €r0 IOJIHOTO
BOCCTAHOBJICHHSI CTAHOBHUTCSI OJIM3KOM K HYJIIO. OJTO yKa3blBaeT Ha OKOHYAHME IMpoliecca
BOCCTAHOBJIEHMsSI ~ ompejensseMoro  uoHa. OnpenenuB  KyJIOHOMETPOM — KOJIMYECTBO
AJIEKTPUYECTBA, M3PACXOJOBAHHOTO Ha BOcCcTaHOBIeHHE, 1o Qopmyne (18) paccumTsiBaroT
KOJIMYECTBO OIPENEISIEMOrO BEIECTBA B KYJJOHOMETPUUECKOM STUEHKE.

HpI/IHIII/IHI/IaJ'II)Haﬂ CXEeMa IJid KYJOHOMCETPHYCCKOro THUTPOBAHHA IIPpH MOCTOSTHHOM CHJIE
TOKa JUIs OIpeNeNIeHusl, HampuMep, COAEp)KaHus Xpoma, IpHBeleHa Ha puc. 5, 0. B
KYJIOHOMETPUYECKYIO sIUEeHKY JJI TUTPOBAHUS HAIMBAIOT aHAJIM3UPYEMBbIIl pacTBOp Ouxpomara
KaJlusl U pacTBOp XJIopuaa kene3a. Katon onmyckaroT HEMOCPEACTBEHHO B pacTBOp, a aHOJ — B
TIOPHUCTBIA COCYM, COAEPKAIIUKA pacTBOp XJopuaa kKamusa. OT akKyMyJsTOpHOW Oarapen mpu
IIOMOLIM PETYJIMPOBOYHOIO peocTaTa 4Yepe3 pacTBOpP MPOIYCKAETCs IOCTOSHHBIM TOK,
KOHTPOJIMpYeMbIil amrepmerpoM. Ilpu 53ToM B aHanmu3MpyeMoOM pacTBOpe Ha Karojae
IIPOUCXOJUT BOCCTAHOBJIEHHE TPEXBAJIEHTHOTO JKEJIE3a 10 ABYXBAJIEHTHOT0, KOTOPOE Cpa3y XKe
OKHCIISIETCS IO TPEXBAJIEHTHOTO OMXpOMAaTOM, HaXOSAITUMCS B pacTBOpe. Y Ka3aHHBIHN Mpoliece
IIPOTEKAaeT A0 TeX IIOp, II0Ka BEChb IIECTUBAJICHTHBII XpPOM HE BOCCTAHOBHUTCA [0
TPEXBAJICHTHOTIO. B »ToT MOMEHT B pacTBOpPE MOABATCA M30BITOYHBIE MOHBI JABYXBaJICHTHOI'O
&KeJe3a, KOTOpbIE JIETKO OOHAPYKHUTh M0~ TEHIIMOMETPUYECKHM METOOM.

KonnuecTBo anekTpuyecTBa, pacXxoayeMoro Ha TUTPOBAHUE, PABHO MPOU3BEACHUIO CUJIIBI
TOKa Ha JJIUTEILHOCTh €r0 MpOTeKaHus. Takum oOpa3oM, B 3TOM BUJE KyJIOHOMETPHUYECKOTO
aHaJM3a TUTPOBAHUE TIPOBOIAT BEIIECTBOM, KOTOpOe 00paszyercs (reHEpUPYETCs) B TUTPYEMOM
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pacTBope B pe3ynbrare’ peakiuid BOCCTAHOBIICHUS WM OKHUCIICHUS M B3aUMOJICUCTBYET C
aHAJIM3UPYEMbIMU HOHAMHU.

Kynonomerpuueckuif MeTOJ THUTPOBAHMS TIOJIOKEH B OCHOBY, HAalpUMEp, LIUPOKO
MIPUMEHSIEMbIX IKCIIpeCcC-aHAIM3aTOPOB JJIs OIpeNeeHHs] COJIep)KaHUs YIJIepoja U cephbl B
Mmetauie. Cxema paboThI SKCIIpecc-aHaIM3aTopa JJIs aHaIK3a yriiepoaa npuBeJeHa Ha puc. 6.
Hagecky metamna (0,5 r), nomemennyto B hapdopoByro JI0J0UKY, CKUTAIOT B TPYOUATON IMeun
mpu 1300—1350 C B mMOTOKE YHCTOTO KHUCIOPOJA, PacXo] KOTOPOTO peryiIupyercs
aBromatudecku ot 0,2 mo 2 na/mun. Ilpu sTom Bech yrieponm okucnsercs po CO2.
HenpepwiBHBI MOTOK KHCIOpoaa yHOCHUT u3 meuun CO; B AICKTPOIMTUYECKYIO SUYCHKY 2
JaTyuKa dKcrpecc- aHanuzatopa. 3aechk COp nmoruomaercs ciiaboeI0YHbIM HOTIIOTUTEIBHBIM
pactBopom 3 (pH~10,2), BbI3bIBas MOBBIIICHHE KOHIIEHTPAIMK HOHOB Bojgopoxa H+. Dto
m3mensier pH cpenpl, duxkcupyemoit yepe3 anexrpoasl 4, 5 u pH-merp 6. M3menenue 3. 1. c.
AJEKTPOHOM cucTteMbl pH-MeTpa NpUBOIUT K M3MEHEHHUIO CHJIBI TOKA HA BBIXOJE YCHUIIUTEIS
pH-MeTpa, B pe3ynbTaTe 4ero CHeuualdbHBIM pPEryysitop 7, COCAMHEHHBIM C BbhIXOJA0M pH-
METpa, aBTOMATHYECKH BKIIIOYAET MCTOYHHK CTAOMIM3MPOBAHHOIO TE€HEPATOPHOTO ToKa 8.
I'enepaTopHbiii TOK poTekaeT uepe3 anoj 10, katon 9 u npoHuiaeMyro AJsl TOKa MEPEropoaKy
11 (uemnoganoByro mienky). Ilpu sTom monsr H' paspspkarorcss Ha KaToje ¢ 06pa3oBaHHEM
MOJIEKYJISIPHOTO BOJOpOJa. ['eHepaTOpHBI TOK MpOTEKaeT A0 TeX Mop, MOoKa He OyayT
HeWTpanu3oBaHbl MOHBI H+ u 3. 1. c. pH-MeTpa, a Takxke cuia Toka Ha Beixone pH-merpa He
JOCTUTHET nepBoHavanbHoro 3HaueHus (0,2 MA). KonuuecTBo 31eKTpuyecTBa, 3aTPayeHHOTO
Ha TUTpOBaHHE (BO3BpalllCHHE K HMCXOAHOMY 3HaueHuio pH), ogHO3HAYHO CBSI3aHO C
KOJIMYECTBOM IMOTJIOIIEHHOTO YIJIEKUCIIOTO ra3a, a CJlIeJ0oBaTebHO KOJHMYECTBOM YTriepojaa B
aHanu3upyemon npode meramia. KoinuecTBo 351eKTpruecTBa OMPEAesaeTcsl aBTOMAaTHYECKUM
WHTETPUPOBAHUEM CHIIBI TOKA TUTPOBAHUS CHIEIUAIBHBIM KYJTOHOMETPOM - HHTErpaTopoM TOKa
13, Ha BBIXOJE KOTOPOrO BKIIIOUYEHHI HEOHOBBIC MHU(DPOBBIC JIAMITBI, ITOKA3BIBAIOIINE
MIPOLIEHTHOE COJIepKaHue yIriiepo/ia B aHAIU3UpyeMO pooe.

[Ipy moryIOmIEHUH  YTIEKUCIOTO
ra3a IMOIJIOTHUTCIBHBIM pPacTBOpPOM, B
COCTaB KOTOPOTO BXJAAT XJIOPUCTHIN
KM , TPOTEKAT  CIEAYIOIINE
peaKuuu:

(‘Og - HgO - I]gCOl

H,CO; + SrCry == St COw+2HC

HCI=H CI'

B pe3ynbTaTe MPOTEKAHUS
YKa3aHHBIX pEaKUMil M TPOUCXOIUT
MOBBIIIEHHE KOHLEHTpanuu noHoB H+
B IIOTJIOTUTEIIEHOM PacTBOPE, KOTOPHIN
JUisi  Ooliee  TOJIHOTO  TOTJIOIICHUS
YIJIEKHACIIOTO Ta3a MepeMEelInBaeTCs
Memankoi 14.

IIpn npoTekaHun TreHepaTOpHOro
TOKa  Ha  Karoje, ONYILIEHHOM B MOTJIOTUTENbHBIA  PacTBOP, MpPOTEKaeT

M 9n 8
peaxius 2H +2e = H; T’aHa aH”oJe,

24
M3TOTOBJIICHHOM U3 IIMHKA, PEaKIUs Zn—2e ZN" . AHox mOrpyKeH Bo
BCIIOMOTATENbHBIN pacTBOp 72, B COCTaB KOTOPOTO BXOJAT XJIOPUCTHIM Kaiauil u peppounanua
kanusi. VIOHBI IIMHKA, B3aUMOJCHCTBYS C (eppOLHaHHIOM Kalus, 00pa3ylT KOMILICKCHYIO
COJIb IMHKA, KOTOPAsl BBIIIAACT B OCAJIOK 10 PEaKIIUH:

3Zn** + 2K" + 2Fe (CN)*'s = KZn; [Fe (CN)say -

30



OCHOBHBIE TEXHUYECKUE XapAKTEPUCTUKHU IKcIpecc-aHanu3aTtopos AH-29 u
AH-160:

Junanazon onpexaensiembix | AM-29 AH-160

KOHIICHTpAllUH  yrjepoja,

%

Pacxon kucmoponma, r/mun | 0,03—2,0 0,001—0,2

I'enepaTopHbIii TOK, A . . 0,6—0,8 0,6—0,8
0,38—0,42 0,38—0,42

Xomocroit cuer | 0,01—0,002 0,0002—
npuodopa, 0,0003

Q0/MHH.........cvvneee.

UyBCTBUTEIHHOCTb, 0,03—0,04 60 0,006—0,008
9HCII0 UMITYJIbCOB 60—120
reHepaTopHoro Toka Ha 0,1
MA pH-MeTpa .......cceennne

[Tpo10mKUTEBEHOCTD 60 60-120
AHAJIN3A, C .vveeeennee..

B HacTosmEee BpeMsl Ha METAIITYPrUYECKUX 3aBOJIaX UIMPOKO MUCIOJB3YIOT OTEUECTBECHHBIE
JKCIIpECC-aHAIN3ATOPBI JJIsl olpeseneHus coaepxkanus yriaepoaa (tuna AH-29, AH-160) u
cepsl (tuma AC-7012, AC-7412).
dopma npeacraBjeHus pe3yabTara:

Ha3zBanue u nienp paboThl.

Hamnncars cxeMbl ypaBHEHMI peakiuil.

CraenaTb BBIBOJI O IPOJIETIaHHON paboTe

Kpurepuu onenkmn:

1.«5» (OTNIMYHO): BBINOJIHEHBI BCE 3aJaHMs, CTYAECHT YeTKO W 0e3 OmMOOK OTBETHJI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

2. «4» (Xopo1110): BHIMOJIHEHBI BCE 33aHUs; CTYJACHT OTBETUII Ha BCE KOHTPOJIbHBIE BOIPOCHI C
3aMeYaHUsIMHU

3. «3» (yIOBIETBOPHUTEIBHO): BBIMOJIHEHBI BCE pabOThI ¢ 3aMEYaHUSIMHU; CTYIE€HT OTBETHJI Ha
BCE KOHTPOJIbHBIE BOIIPOCHI C 3aMEYaHUSIMHU.

4.«2» (He 3a4TeHO): CTYACHT HE BBINOJHWJI WIM BBIIOIHWI HEMPABUIBHO 3a/laHUs; CTYJICHT
OTBETUJI Ha KOHTPOJIbHBIE BOMPOCHI C OMIMOKAMHU MJIM HE OTBETUJI HA KOHTPOJIbHBIE BOIPOCHI.

Tema 3.2.
PeHTreHOoCTPpYKTYPHBINM aHAIU3.
[TpakTuueckoe 3anstue Ne 10,11.
O3HaKOMJIEHHE C YCTPONCTBOM, MPUHILMIIOM JEUCTBUS PEHTTEHOCKOINA OTEYECTBEHHOIO
1 3apy0€KHOT0 IPOU3BOCTBA.
Lean padoThI:
O3HakoMIIEeHHE C YCTPOUCTBOM, IPUHIUIIOM JEHCTBUS PEHTIE€HOCKOIIA
Beinosnus patdory, Bel Oyaere:
ymemy:
- MPOBOJAUTH (PU3UKO-XMUMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- HCIOJIb30BaThb XMMHYECKHE, (PU3MKO-XMMHUYECKME METOJbl aHajlu3a ChIpbs U
IIPOJYKTOB METAJLIIypIHH;
MarepuajibHoe o0ecnieyeHue:
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O6opynoBanue yaeOHOTO KabUHeTA!
- pabouee MeCTO IpenoaBaTers;
- pabodee MECTO CTy/ICHTa;
- TaOJIUIIBL.
O6opynoBanue 1a60paTOpUH:
- pabouee MeCTO IpernoaBaTers;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHE YKa3aHWs JJIs MPAKTUIECKUX padoT;
- METOIWYECKHE YKa3aHwus sl TaOOpaTOpHBIX padoT;
- METOJWYECKHE YKa3aHUS JJIsi CAMOCTOSTSIILHON pabOThI;
- XHUMHYECKOE 000pYyI0BaHHUE;
- XHMHUYECKUE PEaKTUBBI;
- yueOHOe mocobue, CIPaBOYHUKH 110 aHATUTUYECKON XUMUH.
TexHuueckue cpencTra 00ydeHus:
— Ayauo-, BUJ€O-, TPOSKIIMOHHAS araparypa.
3ananme:
1. TlomyuuTb 3aaHue y mpernogaBaTels.
2. M3y4nTh TEOPETHUECKYIO YacTh 3aJaHUS.
3. OdopMUTH MPAKTUYECKOE 3aHITHE B TETPAIIX
IMopsinok BbINoJIHEHUs PAdOTHI:
M3yunTh MeTOAMYECKHE YKa3aHUS K JAHHOW MPAaKTUYECKOW U JIa0OpaTopHOi
pabore.
OnpeaenuTb MPOAYKTHI PEaKIInU
BBINOTHUTE OTYET O MpoJIenaHHo# padoTe.
Xox pabdoThI:

: T 7 I | ./

||

o

Prc, 41, Cxoma yoTOMOBKN ASR PEMTIOHNOCHOKTPAALKONG OHAINIE:

I — soaGymaenne; !/ — paraomenve » cnexrp; /1 perncrpanns
| — perTreMonckan TpyOKa: 2 — npoba; J — RIAYSCHIR dayopecuentn;

4 — xpucrann-awasuraTop; 3 ACTEKTOP; 6 — PerucTPUpYOWMA  naMepH
TCOMRMA npubop

B o0mem ciydae cxeMy pEHTTEHOCHEKTPAJIbHOTO aHalu3a MOXKHO TMPEJCTaBUTh
cienyromuM o0pa3oM; 1) Bo30ykaeHHE PEHTTEHOBCKOTO XapaKTEPUCTHIECKOTO H3IIYyUCHUS
3JIEMEHTOB, 00pa3ywIux Mpoldy; 2) pas3ioKeHHUe PEHTTEHOBCKOTO HM3IY4YEHHUS B CIEKTP
(BBIIETICHUE AQHAIMTUYECKUX JIMHUW DJIEMEHTOB); 3) pErucTpanus © HU3MEpeHUe
MHTCHCUBHOCTHU PEHTIEHOBCKOTO XapaKTEPUCTHUYECKOTO M3ITyYeHHUs dJIEMEHTOB. B cBs3U ¢
3THUM BCE PEHTTCHOBCKHE CIIEKTPOMETPUICCKHUE CHCTEMBI HMEIOT OOINE KOMITOHCHTHI:

1) ucTouyHHUK BO3OYXKIEHHS XapaKTEPUCTUUECKOTO H3IYyYEHHS DIIEMEHTOB MPOOBI; 2)
JTUCIIEPTaTOp — YCTPOMCTBO Il BBIJEICHUS aHATUTUYECKUX CHUTHAJIOB JJIEMEHTOB; 3)
JIETEKTOP C COOTBETCTBYIOIIUM SIIEKTPOHHBIM YCTPOUCTBOM (puc. 41).

Metoabl  BO30Y:KAeHMSI  PEHTTEHOBCKOr0  XapaKTepPUCTHYECKOr0  H3JIy4YeHHs
BKIOUATOM.: INEKMPOHHYIO OOMOAPOUPOBKY; PEHM2EHOBCKOe U3NYyYeHUe

(bmroopecuieHTHOE BO30OYKACHHE), U3yYCHUE PATUOAKTUBHBIX H30TOTIOB.
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JUis 3IeKTPOHHOTO BO30YXICHUS XapaKTepHa BbICOKas 3((PEeKTUBHOCTH, OJHAKO
BCJIEJICTBUE CHJIBHOTO pa3zorpeBa oOpasla moJ BO3AEHCTBHEM 3JIEKTPOHHOrO Iydka (10
HECKOJIBKMX COT TpajycoB) BO3MOKHBI CEJIEKTHBHOE MCIApPEHUE 3JIEMEHTOB U JpYyrue
XUMUYEeCKHe u3MeHeHus B oOpasue. K HegoctaTkaMm 3JI€KTPOHHOTO BO30YXACHUS
OTHOCATCSI MHTEHCUBHBINH ()OH M HE0OXO0AMMOCTh paboTarh MoJ BakyyMoM OTMeUYEHHBIE
HEJOCTaTKU  MNPOSBIAIOTCS  cinabee  Hpu  BO3OYXKIEHUM  XapaKTEPUCTUUYECKOIO
PEHTI€HOBCKOTO HM3JIYy4eHHUsI HPOObI OCTPO C(HOKYCHPOBAHHBIM D3JIEKTPOHHBIM ITYYKOM
(371eKTpOHHBIN MHKpO30HA). B 3TOM ciyuae meperpeBa oOpa3la He HNPOMCXOAUT H3-3a
WHTEHCUBHOTO TEINIOOTBOJA C MUKPOHHOI'O Y4acTKa.

HenocratkoB,  XapakTepHbIX  JUIsi  BO30OYXKAEHUS  OJIEKTPOHAMHM,  JIMILIEHO
¢iryopecuieHTHOE BO30YKJI€HHE. DTOT METO/ BBIABHUHYJICS Ha MMEPEIHUN IUIaH MOCIE TOTO, KaK
Obula pa3paboTaHa COBEpUICHHAs TEXHUKAa perucrpauuu ciaaboro  (GayopecueHTHOro
PEHTT€HOBCKOTO M31y4eHMs. VICTOUHMKOM MEpBUYHOrO BO30YXKIAIOIIETO M3JIyYEHUs CIIyXat
peHTreHoBcKue Tpyoku. [lepsuuHoe usnyueHue

Moa0UparOT TaKuM o00pa3oM, 4YTOOBl HEPrUs €ro KBAaHTOB OblIa 3aBEIOMO BHIIIE
SHEPTUM KBAHTOB XapaKTEPUCTUUECKOTO PEHTTEHOBCKOTO HU3JIYyYEHHS CaMOTI0 TSXKEJIOoro
snemMeHTa mpoObl. B TO ke Bpems cienyeT y4uThIBaTh, YTO KOPOTKOBOJHOBOE YKECTKOE
PEHTI€HOBCKOE H3JIydeHHEe OuYeHb cjabo moryomiaercs npoboil, mosromy BO30YKIAeHHUE
(GII00PECICHIINN CPETHHUX U JIETKUX JJIEMEHTOB OyaeT Manod(heKTUuBHO.

Bo30yxaeHne peHTTeHOBCKOTO XapaKTEePUCTHYECKOTO H3JIy4eHHUs Mpo0 MOCPEeICTBOM
W3IIy4eHHUS] PAJMOAKTUBHBIX HM30TOIOB MCIOJB3YEeTCS B PEHTTEHOPAIUOMETPHUIECKOM
aHanu3e. JlOCTOMHCTBAMHM METO/a SABIISIIOTCA KOMIIAKTHOCTbh ammaparypsl U CTPOTO
MOHOXPOMAaTHUYECKOE H3JIyuyeHHEe HCTOYHMKA. OCHOBHOM HENOCTaTOK — HHU3Kas
MHTEHCUBHOCTb IEPBUYHOTO M3ITYyUEHHUS.

Pasnoocenue penmeenosckozo usnyuenus 6 cnexmp. BviOenenue uznyuenus mpebyemou
OnuHbl 607HbI. B COBPEMEHHBIX PEHTIeHOCHEKTPAJbHBIX YCTAHOBKAX HCIOJIb3YIOT JBa
crnocoba pas3oKEeHHs U3JIYyYeHHUs] Ha cocTaBisomue: 1) aucnepcus Mo JJIMHE BOJIHBI
(mudpaxkuus Ha MOHOKpHCTAIAX); 2) AMCHEpCHs MO DJHEpruu. B peHTreHOBCKUX
CHEKTPOMETPaX C AUCHEPCHEH MO UIMHE BOJHBI JUCIEPTHUPYIOMIUM JJIEMEHTOM CIYKHT
KpUCTAJI-aHAJIU3ATOp., JEUCTBYIOIIMA  aHAJIOTMYHO JU(PPAKIUOHHOM  pemeTrke B
ONITHYECKOW CHEKTPOMETPHH. YTON AUPPAKIUN PEHTTCHOBCKOTO Jyda 6 C JUIMHOW BOJHEI
{ oT KpHUCTalla-aHAJIN3aTOPa, UMEIOIIET0 MEXIIJIOCKOCTHOE PacCTOAHME ¢/, onpeaensiercs
ypaBHeHueM Bynbpa — bporra:

2¢1 51110=11/1

B 3aBucuMocTH OT Auama3oHa [JIMUH BOJH HCIOJB3YIOT KPUCTAUIBI C Pa3IUYHBIMU
3HAYECHUSMHU MEXKIJIOCKOCTHBIX PACCTOSHUM: KBapll, KAJIbIUT,

¢moopur, auruapodochar ammoHus u aAp. Crnocod aucrnepcuud MO JJIMHE BOJIHBI
o0nagaeT TeM JOCTOMHCTBOM, YTO MO3BOJISIET BBIACINUTH JIOOYI0 3aJaHHYIO CIEKTPaIbHYIO
JUHUIO TUIaBHOM HacTpoiikoil. HemoctaTkoM siBisieTcss Oosbluas moTepss MHTEHCUBHOCTHU
W3Jy4EHUs] NPHU OTPAXKEHHHM OT KpUCTALIa. B ONTHMaldbHBIX YCIOBUAX HHTEHCHUBHOCTH
OTPaXXEHHOTO Jy4ya cocTaBisieT oT 5 g0 20 % mnajgamomero Ha MOHOKpPHUCTAIII
MOHOXPOMAaTHYECKOTO U3JTyYEHHUS.

B ciydae oHepreTM4eckom — AMCIEPCUU  JETEKTOPAMU  HU3JIYy4YEHHUS  CIIyKaT
MMOJYIPOBOXHUKOBBIE KpHUCTaibl. [Ipy MOraomjeHnu pEeHTreHOBCKUX KBAaHTOB TAKHM
KPUCTAJUIOM B HEM BO3HHUKAIOT DJJIEKTPUUYECKHE MMIIYJIbChI, CBS3aHHBIE C DJHEpPrueu
KBaHTOB. YCUJIEHHbIE UMITYJIbCHI MTONAJal0T HA MHOTOKaHAJIbHBIN aHanuzaTop. OOpaboTka
UMITyJIbCOB, TPEJCTAaBJICHHE M 3alOMHHaHUE OOEecleynuBarOTCs MNpUOOpaMu 3aluCcH
CUTHAJIOB, MMIYJIBCHBIM CIIEKTpoMeTpoM M OBM DHepreTnueckoe pa3pelieHne MOXKeET
OCYIIECTBIATHCA TAKKE C IOMOIUBIO IPONOPLUUOHAIBHBIX U CUUHTHILIALUOHHBIX
CYCTYMKOB.

JIOCTOMHCTBOM JUCHEPCHM PEHTITCHOBCKOIO H3JIYy4YEHHUS [0 DHEPIUU  SBIISETCS
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BO3MOKHOCTb Pa3pelieHHs] 0YeHb CJIa0bIX CUTHAJIOB PEHTTC€HOBCKOTO H3JIy4eHHs. MeTon
ya00eH AJisl KOHTPOJIsl IPOU3BOACTBEHHBIX MPOLIECCOB.

Llemexkmopuvl penmeeHo8CKuX Iydel.

PenTreHoBckoe u3MydyeHUE MOXKHO 3aperuCTpUpPOBaTh, HAOMIOAAs Kakoil-nmubo wu3
3¢ EKTOB €ro B3aMMOACHCTBHS C BemECTBOM. Takumu > dexTamu SBISIOTCA: 00pa3oBaHHE
CKpBITOrO H300pakeHUsT Ha (OTOIUIaCTMHKE, HWOHM3allus Ta3a, Bo30yxkieHue d¢ocdopa,
JAIOIETr0 BUAMMBIA CBET, ()OTOMPOBOJMMOCTbD, BHI3BaHHAS JICHCTBHEM PEHTI'CHOBCKUX JIyde
Ha TOJYTPOBOJHUKOBBIE KPUCTAILIIBL.

Peructpamust ¢ororpaguyeckuMm CcHocoOOM B PEHTTEHOCHEKTPAIbHBIX NpUOOpax
ceifuac MpakTUUYECKH HE MpuUMeHseTcs. B To ke BpeMs HIMPOKO HCIOJb3YIOTCS B
PEHTI€HOBCKHUX CIIEKTPOMETpax, ra30HANOJHEHHBIE IETEeKTOphl — cueTuyuku [ eiirepa,
MPONOpIHOHANbHBIE cUeTYMKH. OHU NpeoOpa3yloT SHEPrUI0 PEHTI€HOBCKUX KBAaHTOB B
3JIEKTPUUYECKHE UMIYIbChl. Ha KakIbli NOIVIOIIEHHBIM KBAHT JAETEKTOp NaeT MMIyisc. B
MPONOPIUOHANBHBIX ~ CUETUMKAX  AaMIUIMUTyJa HMIyJbca CBsi3aHAa C  DJHEprueu
PEHTI€HOBCKOTO KBaHTa. lIpW MCHONB30BAaHWM TAaKOTO JETEKTOpa C aMIUTUTYAHBIM
CEJIEKTOPOM OH MOXET OBbITh MHPUMEHEH ISl BBIACICHUS W PETUCTPAlUU H3Ty4eHUs
TpeOyeMbIX IMH BOJH. KONMYECTBEHHBIM aHAIW3 JIETKUX DJJIEMEHTOB 110 JIMHUSAM
XapaKTepUCTUYECKOTO PEHTTeHOBCKOIO CIEKTpa 3aTPyAHEH BCIEACTBUE PE3KOTO
ocna0ieHusl IJIMHHOBOJHOBBIX JMHUN B OKHE cueTuuka. JlanpHelmmii mporpecc aHammsa
CTaJl BO3MOKHBIM IOCT€ pa3pabOTKU MPOTOYHBIX cUeTUYUKOB. OKHaA Il PEHTIE€HOBCKOTO
W3IIY4CHHS JIENal0oT B HUX HACTOJIBKO TOHKHMH, YTO yTe4Ka ra3za HenzOexHa. CUeTUYHKH
MOT'yT yCHENIHO paboTaTh, €CIu Yepe3 HUX HEMPEPBIBHO MPOMYCKAETCS ra30BbIi MOTOK.

JleificTBHE CHMHTHJUIAIMOHHBIX CYETYNKOB OCHOBAHO HA BOSHUKHOBEHUH CBEUCHHUS MPH
MOTJIONIEHUH PEHTTeHOBCKUX KBAaHTOB (roopeciupyronuM MatepuanioM. B Hux
Ha0IIOAaeTCsl MPOMOPIUOHAIBHOCT MEXAY BEIWYUHON (aMIUIMTYZOW) HMITyJdbca H
SHEpPruel  perucTpupyeMoro KBaHTa. B  KOpPOTKOBOJNHOBOW  o0JacTu  CHEKTpa
1eJeco00pa3Ho HCIOJIb30BaTh CIUHTHWUIAIHNOHHBIE CUETYMKH, a JUIMHHOBOJTHOBOW —
IPONOPIHUOHAIbHBIE.

[Ipu moriomeHnyn PeHTTE€HOBCKUX KBAHTOB IOJYNPOBOAHUKOBBIM JIETEKTOPOM B HEM
BO3HHMKAIOT 3JIEKTPUUECKHE HMIYJbChl, OTPa0OTKAa KOTOPBIX MPOBOJIUTCS C IOMOIIBIO
MHOTOKaHAJIbHBIX aHaNNu3aTOpoB. [loTyNpOBOAHMKOBEIE JETEKTOPHI JAIOT BO3MOXKHOCTH
pPEerucTpUpoBaTh OYEHb cllabble CUTHANbI, YTO MO3BOJSAET CHHU3UTh aOCONIOTHBIM mpexaen
oOHapyXeHHs 3JIeMEeHTOB. KpoMe TOTO, 3TO MO3BOJISET MCIOJIB30BATh JISI BO3OYKICHUS
U3JIy4eHHS JIEMEHTOB PaJlMOAKTHUBHbIE H30TOIIBI.

Penmeenosckue  cnexkmpomempol.  OTeduecTBEHHblE U 3apyOexxHble  mpubdop!
CTPOUTEIbHbIE MPEANPUATHS  NPOU3BOAAT IMIUPOKUH  AaCCOPTHUMEHT  ammaparyphl,
NpeHa3HaYeHHON ISl TMPOBENEHUS PEHTICHOCIEKTpaIbHOTO aHamm3a. Beibop mpubopa
onpenensieTcss KOHKPeTHON aHanmuTuyeckod 3amadeil. K ¢akropam, KoTopsle cieayer
MPUHUMATh BO BHUMaHHUE, OTHOCSTCS: CIOKHOCTh MPOO MO0 XUMHUYECKOMY COCTaBY, THI U
KOJIMYECTBO MPOO, CTOUMOCTD 3JIEMEHTOOIPEeNEHUsI, METPOJIOTHUECKHUE XapaKTePUCTUKH
u apyrasi uHpopmaius, KOToOpyro HaJ0 MOJYy4UuTh 00 0Opa3max.

Ilo ceoemy  HazHaueHurw  cnekmpomempuvl — O0eNAMCA  HA  KOPOMKOBOIHOBbIE,
ONIUHHOBONIHOBbIe U  8cegonHosble. Cnekmpomempol, umewujue HeECKOIbKO KAHA08,
YCMAHOGIEHHBIX 011 00OHOBPEMEHHOU PecUCMPAUUL OnpedeneHHbIX OJIUH 60JIH, HA3bIEAIOM
keanmomempamu. I1o cnocoby @vioenenus aHarumuyeckol TUHUY CheKmpaibHble npudopbl
oensim Ha KpUCManvhvle U 6ecKpucmaivhble.

Penmeenopaouomempweckuii ananus.

PenTrenHopaiuoMeTpuyecKuii aHanu3 Hallel MOpUMEHEHUWE B TMpPaKTHKE TOpHO-
000raTUTENbHBIX U METAILNTYPTHUECKUX MPEANPUATHNH. DTOMY c1OocOoOCTBOBAIN pa3paboTKa
BBICOKOO((EKTUBHBIX  JIETEKTOPOB  CIa00To  (PIyOpPECHEHTHOTO  PEHTTEHOBCKOTO
W3JIy4YeHHs, a TakKe MPOMBIIIICHHBIH BBITYCK MIMPOKOro Habopa paanoaKTHUBHBIX
M30TOMOB C OTHOCHTEIbHO HEBBICOKOH LIEHOW M MOAXOISAIIMM IEPUOJOM IOJypacrana.
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Haunbonee 4acto HCHONB3YIOTCS H3O0TOIBI, HCIYCKAIOIIHE - ) -KBAaHTHI B pe3yJbTaTe
3axBaTa SJApOM OpPOHWTAIbHOTO JJIEKTPOHA, HaMpUMeEp >°Pe, C<+ PagmoaxrueHOE
M3JIydYeHHEe OT WCTOYHUKA MajaeT Ha olpaselny U WHAyHUpyeT B HeM (iryopeciieHTHOe
W3Jy4eHUE. DTO HU3JIy4YEHHUE 3aMEPSEeTCS MNPOMOPLUOHAIBHBIM CUYETUMKOM M PE3yIbTaT
u3Mepenusi oOpabarsiBaeTcsi Ha DBM, BKIIOUEHHOH B OJIOK 3JIEKTPOHUKH Tpubopa. B
KauecTBE OKOHYATEJIbHOTO pe3yjbTaTa Ha IUu(poBOi MHAUKATOP (AMCIIIEH) BBIIAIOTCA
JaHHBIE TI0 COJEPKAHUIO XHMHUYECKUX DOJIEMEHTOB B 00paslle ¢ WX CHMBOJBHBIMHU
0003HaYEHUSIMU.

PenTrenopaanoMeTpuiecKie aHaIU3aTOPBI MPEIHA3HAYCHBI I aHAIu3a 00BEKTOB Ha
3JIEMEHTHI OT (=12) nmo Il (r=92). TI'pamyupoBka npuOOpPOB
OCYIIECTBISCTCS MO CTaHJAapTHBIM oOpa3naM. COBpeMEHHBbIE KOHCTPYKLIHH aHAIU3aTOPOB
MO3BOJISIOT MOJIYy4aTh OJJHOBPEMEHHO JaHHbIE 110 1—6 3neMeHTam.

[IpuGopsl MOTYT TPUMEHSTHCS JUII  OKCIPECCHOTO aHalM3a B  yCIOBUSAX
HECTAallMOHAPHBIX JlabopaTopuii, B TOM 4YHUCIE JJIsI MacCoOBOro0 aHanu3a Mpod Ha
MPOMBIIIJICHHBIX TPEANPUITUSIX.

Jlokanouwiii ananuz. JIokanbHBIA PEHTTE€HOCIEKTPAIbHBIA aHAIU3 MCHOJb3YyeTCs IS
UICHTH(UKAIMA BKIIOYCHUN B CIUIaBaX M MUHepanax, u3ydeHus Iu(Qy3HOHHBIX 30H,
pacrpeneneHus JIEMEHTOB 0 MOBEPXHOCTH U T. 1. BaXHBIM 00CTOSTENHCTBOM SBISETCS
TO, 4YTO MeETOJ /AaéT BO3MOXHOCTh paboTaTh C TMPEACIbHO MAaJIbBIMU O0OBbEeMaMH
ucclelyeMoro BemecTna (mopsaka HeCKOJIbKUX KyOMUYeCKUX MUKPOMETPOB).
PeHTreHoCneKTpalIbHbI  MHKPOAHAIM3aTOP OCHOBAaH Ha BO3OYKIECHUU PEHTICHOBCKOTO
XapaKTePUCTHUECKOT0 U3TYUYEHHS C IOMOIIBI0 OCTPO CPOKYCHPOBAHHOTO AIIEKTPOHHOTO MTy4YKa
U TOCIEAYIOLIEH PETUCTPALMU PA3/ICIICHHOr0 MO JUIMHAM BOJH PEHTIEHOBCKOTO H3JIyYCHHS.
JlokanpHOCTH aHaNW3a, T. €. JOuaMeTp wuccieayemoi momanu, 1|—2 V.km. IIpubopsr
MO3BOJISIFOT BECTH BU3YaJIbHOE HAOJIOACHWE 3a HCCICAYeMBIM OO0pa3loM C TOJIC3HBIM
yBennueHneM X450, mpu 3TOM MepekpecThe MUKPOCKOMa COBMAJaeT C Y4acTKOM o0pasiia,
oOmydyaeMbIM dJeKkTpoHamu. [Ipu aHann3e HEMETAIUTMYECKHUX O0OpaslloB Ha HCCIEIYEMYIO
MOBEPXHOCTh HEOOXOIUMO HAMBUISATH AJIEKTPOIPOBOISAIINE CIOU TOMIIHHON 1 HM.
®opMa npeacTaBJIeHus pe3yJbTara:

HazBanwe u nienb paboThl.

Hamnncars cxeMbl ypaBHEHUH peakiuil.

Cnenatb BBIBOJI O MPOJICTAaHHON paboTe

Kpurtepun onenku:

1.«5» (0oTIM4YHO): BBIMIOJIHEHBI BCE 3a/laHUsl, CTYACHT YeTKO W 0e3 OmMOOK OTBETUI Ha BCE
KOHTPOJIbHBIE BOIIPOCHI.

2. «4» (XOpOIII0): BBIMIOJIHEHBI BCE 3aJaHUs; CTYACHT OTBETHJI Ha BCE KOHTPOJIbHBIE BOIIPOCHI C
3aMEYaHUSIMU

3. «3» (YIOBIETBOPUTEIHHO): BBIMOJIHEHBI BCe PaOOTHI C 3aMEUaHUSIMU; CTYJCHT OTBETHI Ha
BCE KOHTPOJIbHBIE BOIIPOCHI C 3aMEUAHUSIMH.

4.«2» (He 3aYTeHO): CTYJCHT HE BBHIMOJHWII WM BBIMOJTHWI HEMPAaBUIBHO 3aJaHUS; CTYACHT
OTBETHJI Ha KOHTPOJIbHBIE BOMTPOCHI C OIMMOKAMH HJIA HE OTBETUJI HA KOHTPOJIHHBIE BOIIPOCHI.
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