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Mertoanuyeckre yKa3aHUS 10 BBIMOJIHEHHIO MPAKTUYECKUX M JIAOOPAaTOPHBIX pPadoOT
pa3paboTaHbl HA OCHOBE paboUei MporpaMMbl yu4eOHOH TUCIUIUIMHBI « XUMUYECKHEe U (DU3UKO-
XUMHUYECKHE METO/Ibl aHATIN3a».
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npohecCHOHATTBHBIMUA KOMITETEHIHSMH.
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1 BBEAEHHUE



BaxHyl0 yacTb TEOpeTHYeCKOM MU Mpo(decCHOHATBHON MPAKTHUYECKOW IOATOTOBKH
CTYICHTOB COCTAaBJISIOT MPAKTUYECKUE 3aHATHS U JabopaTopHble paboThl. SIBISSCH YaCTHIO
U3y4eHUs y4yeOHOW [UCUMIUIMHBI, OHM IPU3BAHBL, JKCIEPUMEHTAIBHO IOATBEPIUTH
TEOpeTHYecKre MOoJIOKEeHUs U (opmupoBaTh o0lMe U NpodeccHOHaTbHbIE KOMIIETEHIIUH,
IIPaKTUYECKUE YMEHHUSL.

Benymieit aunakTuyeckoil LENbl0 npakmuueckux sauamuil sBiIseTcs (HopMHpoBaHHE
MPAKTUYECKUX YMEHUH - Mpo(ecCHOHANBHBIX (YMEHHUH BBINOIHATH ONPEAEICHHBIC IeHCTBUS,
orepalu, HeoOX0IMMbIE B MOCIIEAYIONIEM B TPO(eCCHOHATBHOM IeATENbHOCTH) UIN Y4eOHBIX
(ymMeHuii pemarp 3aauu 10 MaTeMaThke, Gpu3nke, XUMuH, H(POPMATHUKE U JIP.), HEOOXOTUMBIX
B MOCIEAYIOUIEH Y4eOHOM NesSTEIbHOCTH 110 €CTeCTBEHHOHAYYHBIM, 001IenpodeccnoHaIbHBIM
JUCLUILIMHAM.

Benymeit aunakTuueckoil Henblo 1abopamopHuix pabom SBISETCS SKCIIEPUMEHTAIBHOE
IIOATBEP)K/IEHUE M IPOBEPKAa CYILIECTBEHHBIX TEOPETUYECKUX IIOJIOKEHUH (3aKOHOB,
3aBUCUMOCTEH).

CoctaB W cojepXaHHE NPAKTUYECKHX U JIAOOpAaTOpHBIX paboOT HampaBlIeHBl Ha

peaM3anuio AecTByonmX ¢eaepanbHbIX T'OCYJapCTBEHHBIX 00pa30BaTeIbHBIX CTaHIAPTOB
cpenHero npoheccuoHaIbHOTO 00pa30BaHMS.
B cootBerctBUM ¢ pabouelr mporpammoit yuebnod guctmmiuael «XWUMHWYECKUE U
OU3UKO-XUMNYECKHUE  METOJIbI  AHAJIM3A»  npeaycCMOTpEHO  MpOBEIACHUE
MPAKTUYECKHUX U TaOOPaTOPHBIX padoT.

B pe3ynbrare X BBIIOJHEHMSI, 00Y4arOIUNCs JOKEH:

ymemy:

- TPOBOJUTH (PU3UKO-XUMHUYECKUH aHAIH3 METAIJIOB U OLEHUBATD €0 PE3yIbTATHI;
- HUCIONB30BaTh  XHUMHUYECKHE, (DU3UKO-XUMUYECKHE  METOJbl  aHaiu3a ChIpbS U
IIPOJYKTOB METAJLTypIrHH;

ConeprxkaHne NpaKTUUECKUX U J1a00paTOpPHbIX pabOT OPUEHTUPOBAHO HA MOATOTOBKY CTYJEHTOB

K OCBOCHHUIO IPO(ECCHOHAIBHOTO MOIYNsl OCHOBHOM IpO(eCcCHOHAILHOW 00pa3oBaTenbHOM
MPOrpaMMBI 110 CHEUATBHOCTH U OBJIAJAEHHIO PO(eCCHOHATBHBIMU KOMITETEHIIMSMU:

I1K 1.1. OcymiecTBiIATh TEXHOIOTMYECKHUE OTEPALIMH 110 IPOU3BOJCTBY YEPHBIX
METaJIJIOB.

I1K 1.2. Mcnionp30BaTh CUCTEMBI aBTOMATHUECKOTO YIIPABJICHUS TEXHOJIOTMUYECKUM
IIPOLIECCOM.

1K 1.3. DkcnmyaTupoBaTh TEXHOIOTHYECKOE U NTOABEMHO-TPAHCIIOPTHOE
o0opynoBaHue, 0OecreynBarolee NpoIecc MPOrU3BOJICTBA YEPHBIX METAJIIOB.

I1K 1.4. Ananu3upoBaTh KaueCTBO ChIPbs U TOTOBOW MPOLYKIIMH.

I[IK 2.1. IlnanupoBaTh W OPraHU30BBIBATH COOCTBEHHYIO JESTEIBHOCTH, PadOTy
MOJIpa3/IeIeHus, CMEHbI, y4acTKa, OpuUra/ibl, KOJJIEKTHBA UCTIOJIHUTENEH.

I1IK 3.1. IIpuHumMath yyacTHe B pa3pabOTKE HOBBIX TEXHOJOIMH U TEXHOJIOTMUECKHUX
IIPOLIECCOB.

1K 3.2. YuacTBOBaTh B 00ECIIEUEHUH U OLIEHKE IKOHOMUYECKOH 3()(HEKTUBHOCTH.

B mpouiecce ocBoeHus AMCLUMIIMHBI y CTYAEHTOB JOJKHBI (POPMHUpPOBATHCS OOIIHME
KOMITIETEHIINH:

OK 1. TloHnmath CymHOCTh M COIIMAIBHYIO 3HAYUMOCTh CBOEH OymyIei mpodeccuu,
IIPOSIBJIATH K HEW YCTOWYMBBINA UHTEPEC.

OK 2. Opranu3oBbIBaTh COOCTBEHHYIO JI€ATEIbHOCTh, BHIOUpATh THIOBBIE METOIbI U
CTIOCOOBI BBIMOJIHEHHS TPO(ECCHOHATBHBIX 3a/1a4, OLIEHUBATh UX 3((PEKTUBHOCTH U Ka4EeCTBO.

OK 3. [IppHuMate pemieHus B CTaHAAPTHBIX M HECTAHJIAPTHBIX CUTyalUsAX U HECTH 3a
HUX OTBETCTBEHHOCTb.



OK 4. OcymiecTBiaTh MOUCK U HCHOJb30BaHWE WH(GOPMALUU, HEOOXOAMUMOU IS
3(PEeKTUBHOTO BBIMOTHEHUSI TPOPECCHOHABHBIX 3a1a4, TPO(PECCHOHATIEHOTO U JTUYHOCTHOTO
pa3BUTHA.

OK 5. Hcnomnp3oBaTh HMH(POPMAIMOHHO-KOMMYHUKAIIMOHHBIE  TEXHOJIOTHM B
poeCCUOHATTLHON IEATEIEHOCTH.

OK 6. PabGotarh B KOJUIEKTHMBE M KOoMaHJe, 3(P(PEKTHBHO OOIIAThCA C KOJUICTaMH,
PYKOBOJICTBOM, IOTPEOUTEISIMHU.

OK 8. CamocrosTenbHO oOIpenensaTh 3aadyd Mpo(ecCHOHATBHOTO M JUYHOCTHOTO
pa3BUTHUs, 3aHUMAThCAd  CaMOOOpa30BaHUEM, OCO3HAHHO  IUIAHUPOBATh  IOBBIIICHUE
KBaTM(UKAITIH.

BeinonHenne  cTygeHTaMM — nmpakmuueckux — pabom 1O  y4eOHOM  AMCLUIUIMHE
«XHUMUNYECKHUE U ®PU3UKO-XUMNYECKHUE METO/Ibl AHAJIN3A» HampaBieHo Ha:

- 000011eHMe, cucTeMaTU3alnio, yrilyOneHue, 3aKperaeHne, pa3BUTHE U JIeTATU3ALUI0
MOJTyYCHHBIX TEOPETUUECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOM JUCIUIUINHEL,

- (hopMupoBaHHE YMEHUH NPUMEHATH IOJTYYEHHbIC 3HAHMS Ha MPaKTUKE, peau3aliio
€IMHCTBA WHTEIUICKTYAJIbHOW U MPAKTHUECKON ACATEIbHOCTH;

- (opmupoBanue M pa3BUTHE YMEHMH: HaOIIOAaTh, CPaBHUBATh, COMOCTABIIATH,
aHAIM3UPOBATh, JIENIaTh BBIBOABI W OOOOIIEHHS, CAMOCTOSITEIBHO BECTH WCCIIEIOBAHNUS,
[10JIb30BATHCS PA3IMYHBIMU IIpUEMaMU U3MEpPEHUH, oQpOpMIIsATh pe3yabTaTbl B BHJE TaONHLL,
CXeM, Irpa(uKoB;

- INpUOOpeTeHHE HABBIKOB pabOThl C pa3IMYHBIMM I[pUOOpaMu, amnmnapaTrypow,
YCTaHOBKAMU M IPYTUMH TEXHUYECKHUMHU CPEACTBAMH ISl IPOBEACHUS OTIBITOB;

- pa3BUTHE HHTEIUIEKTYaJbHBIX YMEHMH y OyIylIMX CHEHMAIMCTOB: AHAIMTUYECKUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIP.;

- BBIpaOOTKY IIPU PEILICHUH MTOCTABICHHBIX 33aJa4 MPO(hecCHOHATBHO 3HAYMMbIX KauecTB,
TaKHX KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTb, TBOPUECKAsI HHUIIUATHBA.

BeimonHenue  cryneHTamMu  abopamopHuix  pabom 1O y4yeOHOM  TUCHLMILIMHE
«XHUMHNYECKHUE U ®PU3NUKO-XUMNYECKUE METO/IbI AHAJIN3A» HampaBieHo Ha:

- 000011eHMe, crucTeMaTu3alnio, yriyOieHue, 3aKperyieHle, pa3BUTHE U JIeTATU3ALUI0
MOJTYYSHHBIX TEOPETUYECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOW JUCIUTUIHHEL,

- (hopMupoBaHHE YMEHUH NPUMEHATH MOTYYEHHbIE 3HAHMS Ha MPaKTUKE, peaTu3aIiio
€IMHCTBA WHTEIUICKTYAJIbHOW U MIPAKTHUECKON AEATEIbHOCTH;

- (opmupoBaHue M pa3BUTHE YMEHMI: HaOIOAaTh, CPaBHUBATh, COMOCTABIIATH,
aHAIM3UPOBATh, JIENIaTh BBIBOABI W OOOOIIEHHS, CAMOCTOSITEIBHO BECTH WCCIIEIOBAHNS,
M0JIb30BATHCS PA3IMYHBIMU IIpUEMaMU U3MEPEHUH, oQOpMIIsATh pe3yabTaThl B BHJE TaONHILL,
cXeM, Irpa(uKoB;

- TNpUOOpeTeHHE HABBIKOB pabOThl C pa3IU4YHBIMM IpuOOpaMu, ammnaparypowu,
YCTaHOBKAMH M IPYTUMH TEXHUYECKHUMHU CPEACTBAMH ISl IPOBECHUS OTIBITOB;

- pa3BUTHE HHTEIUIEKTYaJIbHBIX YMEHMH y OyIylIMX CHEIHMaIMCTOB: aHAIMTUYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIp.;

- BBIpaOOTKY IPU pelIeHUH MMOCTABICHHBIX 3a]1a4 NMPOo(eCcCHOHANBHO 3HAYNMBIX KayeCTB,
TaKHX KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTb, TBOPUECKAsI HHAIIUATHBA.

[TpoomKUTETHHOCTh BBIOIHEHUS MPAKTHYECKOH, JJaAOOpaTOpHON pabOThl COCTaBiIseT He
MEHee JByX aKaJEeMHUYECKHMX YacOB M MPOBOIHUTCS IIOCIE COOTBETCTBYIOLIEH TEMBI, KOTOpas
obecrieurBaeT HaJTMYKe 3HAHUN, HEOOXOTUMBIX /IS €€ BBIIOJHEHMSI.

2 METOJAUYECKHUE YKA3AHUSA

Tema 1.3.



O0padoTka pe3yIbTaTOB AHAJIN32a METOAOM MAaTEeMATHYECKOM CTATUCTUKH
[Tpaktrueckue 3ansaTusi Nol
O3HaKkoOMJICHHE C YCJIOBHUSMH TOYHBIX M3MEPEHHMH INPH BBHINOJIHEHWM aHalu3a, o0paboTka
pEe3yNbTaTOB aHalM3a IIyTeM pEIIeHUs pacueTHhIX 3aJad METOJOM MaTeMaTH4ecKOu
CTaTUCTUKH.
esab padoThI:

O3HakoMJICHHE C YCIIOBUSIMH TOYHBIX U3MEPEHUN MPH BBHIOJHEHUN aHAIN3a, 00paboTka
pEe3yNbTaTOB aHaJM3a IIyTeM pEIIeHUs pacueTHhIX 3aJad METOJOM MaTeMaTHYeCKOn
CTaTUCTUKH.

Bbinosinus padory, Bel Oyaere:
ymemy:
- MPOBOJUTH GUBUKO-XMMHUYECKUN aHAIU3 METAJJIOB U OLIEHUBATh €r0 Pe3yibTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PU3MKO-XMMHUYECKHE METOJbl aHajdu3a ChIpbS U
MIPOJYKTOB METAJLTypIHH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpenoaBaTers;
- pabouee MECTO CTy/ICHTa;
- TaOJIHIIBL.
O6opynoBanue 1a60paToOpUn:
- pabouee MeCTO IpenoaBaTers;
- pabouee MECTO CTy/ICHTa;
- METOJIMYECKHE YKa3aHMsl sl IPAaKTUYECKUX paboT;
- METOIWYECKHe YKa3aHHsl sl TaOOpaTOpHBIX padoT;
- METOJUYECKHE YKa3aHUs sl CAMOCTOSTENbHON pabOThI;
- XHUMHYECKOe 000pyI0BaHHUE;
- XMMHMYECKUE PEAKTHUBBI;
- ydeOHOe nmocoOue, CIpaBOUYHUKH M0 aHATUTUYECKOH XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:
— Ayauo-, BUzie0-, IPOEKIIMOHHAs anmaparypa.
Ilopsinok BbINOJHEHHS padOTHI:
1. HM3yuuTh MeToIMYECKHE YKa3aHUS K JAHHOW MPAKTUYECKOH U 1TabopaTOpHOI
pabore.
2. OmpenenuTh NPOIYKThI PEaKIUU
3. BBIMOAHUTE OTUET O MpOJIeIaHHOW paboTe.
Xoa pa0doThI:
Perucrpanusi u u3MepeHue BeJMYUHBbI aHATUTHYECKOro curnajia (AC)
AC onpenensemoro BemiecTBa OOBIYHO cOMYTCTBYIOT AC, MeIIalolue aHaau3y JIpYyrux
BELIECTB, KOTOpbIE HE OBbUIM OTIEIEHbl WJIM HEAOCTATOYHO IOJIHO ObUIM YCTpaHEHBl Ha
npenpiaymeM stane. AC Memaromyx BEIIECTB Ha3blBalOT (poHOM (mymom). Meroxn anainsa
WIM €ro YCJIOBHUS JOJDKHBI OBITh MOAOOpaHbl TakuM o00pa3zoMm, uToObl AC ompenensieMoro
BEIIECTBA OTYETJIMBO BbLAEIsUICS M3 (oHa (mryma). XKemarenbHO, YTOOBI METOJ aHaIM3a
oOecrnieunBall JIMHEHHYIO 3aBUCUMOCTh MHTEHCHMBHOCTH AC OT KOJMYEeCTBa OMPENENsieMOro
BELIECTBA.
Pacuer pe3syabtaTta anaamsallo pesynbraTaM KOJIMYECTBEHHOTO U3MEPEHUS] MHTEHCHUBHOCTH
AC (A) paccuuThIBalOT KOJIHYECTBO (), Maccy (m) WM KOHIIEHTPAIUIO (C) OMpenesieMoro
BellecTBa B Mpobe ¢ moMoIibio ypaBHeHus: cBsizu:A = K- n(m,c). TakuM ypaBHEHHEM CBSI3H,
HanpuMep B TUTPUMETPUH, SBIIAETCS 3aKOH 3KBHUBAJICHTOB, MO3BOJSIOLIMI 110 U3MEPEHHOMY
0o0bEMY CTaHAApTHOTO pacTBOpa peareHTra, IOLIEAIIer0 Ha TUTPOBAaHUE, pPACCUUTATh
COJIEp/KaHUE aHAJIM3UPYEMOro BellecTBa. 3akoH dapanes SABISIETCS ypaBHEHHEM CBS3H B
KYJIOHOMETPUYECKOM TUTPOBAHUH, 10 KOTOPOMY Maccy BEIIECTBA B paCTBOPE MOYKHO HAalWTH MO
3a/1aBaeMoi IIpU aHAJIM3€ BEJIMYHUHE TOKA U U3MEPEHHOU BEIMYMHE BPEMEHU TUTPOBAHMSI.



MareMaTnuyecKyro ¢byHKuHIO, BBIPAKAIOIIYIO 3aBUCUMOCTb A oT n(m,c),
Ha3bIBAIOT FPAAYMPOBOYHOI, a ee rpapuyeckoe H300paKeHHE -TPagyMpPOBOYHBIM
rpaguxom.

B ypaBHeHuHu cBs3UM KO3()PULIMEHT MponopHroHanbHOCTH K Ha3bIBalOT YyBCTBUTEIbHOCTHIO
(ko3pPpuumeHTOM YYBCTBHUTEIBHOCTH) MeTona. Yem Oonbmie K, TeM MEHBIIYIO BEIUYUHY
COJIEpKAHUS MOYKHO YCTAHOBHUTH 3TMUM MeToJoM. Eciu rpagynpoBouHas (yHKLUs JTUHEHHas,
to K HaxoauTcs Kak TaHTEHC yria HaKJIOHA IpadyHpOBOYHOrO rpaduka K ocu abcuucc. [pu
HEeJIMHEHHON (YHKUMU 4YyBCTBUTEIBHOCTb HAXOIAT KakK IEPBYIO MPOMU3BOJHYIO OT A IpH
3HAa4YeHHUsAX N(m,C), OTBEUAIOIINX YYACTKY IPaAyUpOBOYHOIO Tpaduka, OJIM3KOTro K JIMHEHHOMY:
k=98 ppux 28 S A

dri A0 np-mny

HpI/I IIPOBCACHHUH pacy€Ta pe3yJIbTaTOB aHAJIM3a HeO6XOI[I/IMO OYCHb BHUMATCIBHO BBIIIOJIHATH
BBIUHCICHHA. MaTremaruueckas NOrpe€uHoOCTb, JONMyHICHHAd B YHUCIIOBBIX 3HAYCHHAX,
PaBHOCHUJIbHA OIIMOKE B aHAJIHU3E.

YucaoBbie 3HAYCHUS moapa3ac/IsitoOT Ha TOYHBIC U HpI/I6JII/DK€HHHe. K TOYHBIM, HaIIpUMCED,
MOXHO OTHCCTHM YMCJIO BBIIIOJIHCHHBIX aHAJIN30B, HOpHI[KOBLIﬁ HOMCp JJICMCHTA B Ta6J'II/II_[e
MGHI[eJIeeBa, K HpI/I6JII/I)KCHHI)IM - IBMCPCHHBIC 3HAYCHUS MAaCChl UJIU o0BeMa.

3HavamuMu HUppaMyd TPUOIMIKEHHOTO YHCIa HA3bIBAIOT BCE €ro HU(dphl, KpoMe HYIEeH,
CTOSIIIMX CJIEBA OT 3aIlATOM, M HYJEH, CTOSIMX cripasa Iocie 3amarod. Hymu, crosime B
CepeIMHE Yucia, SBISIIOTCA 3HavyamuMu. Hampumep, B uncne 427,205 - 6 3Havanmmx mudp;
0,00365 - 3 3navantue mudpsr; 244,00 - 3 3Havamme TUPPHL.

Tounocte Beuucnenuit onpeaensercss ['OCT, OCT unu TY Ha ananus. Ecnu norpeniHocts
BBIUMCIICHUI HE OroBOpEHa 3apaHee, TO CleAyeT HMMETh B BHJIY, YTO KOHLEHTPalus
BbIUHC/sieTcs 10 4-0if 3Havameii nudpsbl nocje 3angaToi, Mmacca - 10 4-ro AeCATHYHOIO
3HAKA MOCJIe 3aNATOM, MaccoBast 101 (IIPOLEHTHOE COeP:KAHME) - 10 COTHIX J0JICH.
Kaxnpiii pe3ynpTaT aHanu3a HE MOXET ObITh TOYHEE, YeM ITO IO3BOJISIIOT M3MEPHUTENbHBIE
npubopsl (IIO3TOMY B Macce, BBIPRKEHHOW B rpaMMax, HE MOXeT ObITb Oousiblie 4-5 3HAKOB
MOCJIe 3aIATOM, T.€. OOJIbIIe TOYHOCTH aHATUTHYECKNX BecoB 10-4-10-5r).

dopma npeacraBjIeHus pe3yabTara:
1. HasBanwue u 1enp padboOTHI.
2. Hanwucatb cxembl ypaBHEHUN peakiuil.
3. Cnenats BBIBOJ O TIPOJICIIAHHOM padoTe.
Tema 1.4.
I'paBumeTpuyeckuii ¥ TATPUMETPHYECKHIT METOAbI AHATU3A
ITpakTruyeckoe 3aHsaTre Ne 2 BeluucieHus: B XUMUYECKMX METO/IaX aHAJIN3a

Hean padoThi:
BrruncieHust B XUMHYECKUX METOAaX aHaJInu3a
Beinosnus padory, Bel Oyaere:
ymemy:
- MPOBOJAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- HCIIOJb30BaTh XUMHUYCCKUCE, CbI/ISI/IKO-XI/IMI/I‘-IeCKI/Ie MCTOJbl aHalln3a CbIPbA
MPOAYKTOB METAJUTYPrHH;
MarepuanbHoe o0ecnieyeHme:
O6opynoBanne yueOHOTo KabUHeTa!
- pabouee MeCTO IpeIoIaBaTes;
- pabodee MECTO CTy/ICHTa;



- TaOJIHIIBL.
O6opynoBanue 1a00paTOPHH:
- pabouee MeCTO MPEnoaaBaTes;
- pabouee MeCTO CTyJICHTa;
- METOJIUYECKHUE YKa3aHWsl JIsl MPAKTUYECKUX pabdoT;
- METOJIMYEcKHe yKa3aHusl Il TabopaTopHbIX padoT;
- METOJIUYECKHE YKa3aHUs JIsl CAMOCTOSTEIIbHON PaOOTHI;
- XHUMHYECKOoe 000pyI0BaHHUE;
- XMMHYECKHE PEaKTHBBI,
- yueOHOe mocobue, CIpaBOYHUKHU 10 aHATUTUYECKON XUMUU.
TexHuyeckue cpeacTBa 0OyICHHUS:
— Ayauo-, BUie0-, IpOEKIIMOHHAs anmnapaTypa.
IHopsiaok BbINOJIHEHUS PA0OTHI:
N3yuuTh METOMYECKUE YKa3aHUS K JAHHOW MPAKTUUECKOU M JTAOOpaTOPHOH
pabore.
Onpenenuts NPOIYKTHl PEAKIIHH
BeImotHUTE OTUYET O MpoIelaHHO# padoTe.
Xox pabdoThI:
Pacuersl, cBs3aHHBIC C TIPUTOTOBJICHUEM U Pa30aBIICHUEM PACTBOPOB.
N3 xypca HeopraHWYecKOW XWUMHUU HM3BECTHO, YTO KOHIIEHTpAIMS PAcTBOPOB MOXKET OBITh
MPOLEHTHOM, MOJISPHOW, HOPMAJILHOW U MOJISIIBHOM.
B nmpakTtHke KOJMMYECTBEHHOTO aHAlM3a YacTO MPUXOAUTCA MPOBOJAUTH BBIYUCICHUS,
CBSI3aHHBIE C MIEPEXO0/I0OM OT OJIHOM KOHILIEHTPALUU K JPYTOH.

Ipumep 1. BbluuciauTh MOJSPHYHO W HOPMAJIbHYK KOHIIGHTpAIMIO 12-TpOIEHTHOrO
pactBopa cepHoit KUCIOTH HpS04.

Pewenue. JIns nepexona oT 0JJHOM KOHUEHTpPALMU K JPYroil HEOOXOAWMO HCIIONb30BaTh
TaONUYHbIC JaHHBIC U HAWTH IOTHOCTH 12-niporieHTHOrO pactBopa HzS04 (p =1,08). 3arem
onpexenstor 00bem 100 T pacTBOpa Mo hopmyie:

m=Vep v= "_200 45 5990)

p 108
U BBIYUCIAIOT, CKONbKO rpamMmoB HzS0s comepxut 1 1 12-mporieHTHOrO pacTBOpa CEpHOM
KHCIIOTHI:
92,59mi pactBopa cogepxkuT 12r HpS04:
1000Mm - xT HyS04,

_12x100 ~129(z)
92,59

IIpumep 2. CKOIBKO MUJUIMIUTPOB XJOPOBOJAOPOIHOM KHcinoThl p = 1,19 crnegyer B3ATh,
4yro0bI ipuroroButh 10 11 0,1 H. pacTBOpa XI0poBogopoaHoH KucaoTsl HCI?
Pewenue. CHauana HaxoJIuM, CKOJIbKO IPAMMOB XJIOPOBOJOPOJHON KHCIOTHI CIIEyeT UMETh,
9T100BI TONYyuuTh 1 71 0,1 H. pacTBOpA:
r-5kB HCI = 36, 46:1 = 36,46 (1)
ITockonbky Tpebyercst 0,1 H. pacTBOp, ClI€IOBATENbHO, JUIsI MIPUTOTOBICHUS 1J1 HYXKHO B3STh
0,1 r-3kB (36, 46:10), T.€. 3,646 r, s npurotrosnenus 10 i
m = 3,646 * 10 = 36,46 (1)

Io Tabnuie Haxomum conepxanne HCI, mpu p = 1,19 r/cm?

oo Oyzer 38,30%. Cocrapnsiem

COOTHOILICHHE:
m _ 952
> 115 80 (mur)



CanenoBarenbHo, ans npurorosiaeHus 10 i mpumepHo 0,1 H. pacTBopa HyXHO B3ITh 80 M
XJIOPOBOIOPOIHOM KUCTOTHI (p = 1,19), OTMEpUB €€ MEPHBIM IIWJIMHIIPOM, U JIOBECTH BOJIOHN 10
oobema 10 1.
Ipumep 3. Cxonbko Hy)KHO Ao006aBuTh Boabl K 100 mi 0,8 H. pacTBOpa XJIOPOBOIOPOIHOM
kuciaotel HCI, uTo6s! onyuuts 0,2 H.pacTBOp?
Pemenue. M3BecTHO, yTO Mpou3BeaeHNE 00BEMA PACTBOPA HA €r0 HOPMAIBHOCTh PABHO YUCITY
IpaMM-3KBHUBAJICHTOB JIAHHOT'O COCJMHEHUS B 3TOM 00beMe, TO3TOMY B JAHHOM CIIy4ae MOKHO
IIPUMEHUTH PABEHCTBO:
Hiy*Vy= Hy* 1,
vo— Hit¥ o _ 0800 _ B0 _ (1)

z Hy 0.2 0.2
Ckoyibko ke HY)KHO 100aBuTh Boael kK 100 mu 0,8 H.pactBOpa, 4ToOBI monyunTh 0,2 H.
pactBop?
Viao = V5 - V3 =400 - 100 =300 (M)
IMpumep 4. Kakue konuuectBa 90-npouieHTHOTO U 10-TTPOIIEHTHOTO pacTBOPa CEPHOM KUCIOThI
HY>KHO B35Tb, YTOOBI oiy4nuTh 800r 40-1IpoLIeHTHOTO pacTBoOpa?
Pewenue. HaxonuMm cHavasia OTHOLIEHHUE:

m, :mg=30:50

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

ITocne atoro genum 800 Ha ABC 9YaCTHU MMPONOPHHUOHAIIBHO 3TOMY OTHOLICHUIO:

20030 24000

m, = = 28000 _ 30 (1)
30+50 =]
200 <50 40000

Mg = = =500 (F)
30+50 50

CrnenoatenbHo, cieayeT B3aTh 300 r 90-nporienTHOrO ¥ 500 r 10-1IpOLIEHTHOTO pacTBOpA.

2.PacueTnl, CBSI3aHHbIE C BHIYMCIEHHEM Pe3yIbTaTOB THTPOBAHHUS.

Pacuemvr npu  ewipasxcenuu Konyenmpayueu uepes HOPMANbHYIO KOHyenmpayuro. Jns
MIPOBE/ICHUS] AaHAINTHYECKUX BBIYMCICHHNA 3TUM METOAOM (depe3 pacTBOPHI C OINpPeIeIeHHOM
HOPMAaJIbHOCTBIO) NPUMEHSIOT JBa CIOCO0a: CIoco0 TUTPUPOBAHUS U CHOCOO OTIENbHBIX
HaBECOK.

B 3aBucumMocTM OT TOro, KakuM CHOCOOOM MPOBOJMUTCS aHaNM3/, XOJ pacueta OyneT
Pa3IMYHBIM.

Pacuemvr npu npumenenuu cnocoba mumpupoeanus. B 1aHHOM cllydyae NPUMEHSIOT YK€
U3BECTHOE YPABHEHUE:

W *Hy; =1, * H,

Ipumep. BeuuciuTh HOPMAIBHYIO KOHIEHTPAIMIO W THTP PacTBOpa THUIAPOKCHAA HATPHS
NaOH, ecau mnpu TurpoBanun uM HaBecku 0,1590 1 (X.4.) IIaBeNEBOM KHUCIOTHI
H,C,0,— 2H,0 (pacTBOpeHHON B IPOU3BOJHLHOM KOJHMUYECTBE BOJbI) mouuio 24, 60 mi
THJIPOKCUA HATPUSI.

Pewenue. 3anuiiem ypaBHEHHE pEaKIVU:

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

a0, =5 = 03,03 (2)
Hasecxa H,C, 04 * 2H,0 — 0,1590 r Oyner cocTaBisiTh

s o /
53,02 I'-3KB/JI.

C npyroii cTopoHbl, 0003Ha4MB HOPMAILHOCTh pacTBOpa TUAPOKCHAA Yepe3 Hyqop, MOTyIHM:
24.60

1000
Komuuecro rpaMM-3KBUBAJICHTOB THUAPOKCHUAA HATPpHUA IO HNpaBUIIy 3KBUBAJICHTOB pPAaBHO

KOJIMYECTBY IPpaMM-IKBUBAJICHTOB IllaBesieBoi kucinotel H,C, 0y — 2H,0, unn

Hyaon = (r-oKB/11)



24,60 0,1590

H.. =
NeOH — 1pp0 63,03

Otkyna
. _ 1000%0,1590 01026
NaOH — 24 60%63,03
Tyaon= 20 2Na0H = 0,004104 (r /rer)

3.PacyeTrhl NpH BHIPA’KEHUH KOHIEHTPALIMHU Yepe3 TUTP padouero pacrpopa.
Ipumep. Paccuntarh, CKOIBKO THApPOKCUIA HaTpusi coaepxkutcs B 500 mu pactBopa, eciu
tutpoBanue 20 mi storo pactBopa uuaetr 20,80 XJI0pOBOJOPOJHON KHUCIOTHI, TUTP KOTOPOH
pasen 0,002022 r/m.
Pewenue. YpaBHeHUE peakIuu:
NaOH + HClI — NaCl + H20
CKOJIBKO XJIOpPOBOAOPOIHOM KUCIOTHI coaepxutcs B 20,80 mi pactBopa?
Myq = 20,80 * 0,002022 = 0,04206 ()
ITo ypaBuenuto Ha 1-3kB NaOH uzer 1 r-sks HCI u, cienosatenbHo,
Ha 39,99 r NaOH pacxonyercs 36,46 r HCI
>> y rNaOH >> 0,04206 r HCI

_ 393900206 _ 04505 (1)

36,46
Varoom Ve 0,04508 = 500

Mooy = wziﬂ*vﬂﬁm: 0 =1,1270 (1)

4. PacueTbl NpU BhIPaKeHUH KOHIIEHTPAIIMU Yepe3 TUTP MO ONpe/ie;IeHHOMY BellleCTBY.

OTtoT cmocod pacdera oOueHb yA00€H MpU ONpeleNieHMM KOJMYeCTBa BeIleCcTBa B
aHAJM3UPYEeMOM pacTBOpE MPHU MACCOBBIX aHaIM3aX. THUTPOM IO ONpEAEsIeMOMY BEIIECTBY
Ha3bIBAlOT KOJI-BO I'PaMMOB OIIPEJENIIEMOro BEIIECTBA, JKBHUBaJeHTHoe 1 M1 paboyero
pacTBopa.
Oo6mas popmyna:

Hs3
T=To00
IIpumep 1. CkoJIbKO YKCYCHOM KHCIIOTBI HAXOJUTCS B pacTBOpPE, €CIIM TUTPOBAaHUE 25 MII €ro,
pacTBopeHHOro B MepHoi kosioe Ha 500 mi, nouwto 20,50 mu 0,1145 H. pacTBOpe ruapokcuaa
Hatpus’?
Pewenue. a) Haxomum tutp NaOH o CH3COOH:

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

=06,006875 (/M)

6) OmpenenseM o011Iee KOTMUECTBO YKCYCHOM KHCIIOTHI:

A . _ 500
Myeon/ cH3CO0H = Inaon/ cuscoon * Vvaon PRI = 0,006875 % 20,50  — = 2,820 ()

THIETKH 25
Ipumep 2. Tutp pactBopa Hutpara cepedbpa AgNO; pasen 0,01702 r/mun. OnpenenuTs ero
TUTP 10 XJOpUAY HaTpusi. HailTu HopMaabHOCTh pacTBOpa HUTpaATa cepedpa.
T'=1000 0,01702=1000

H, yna = =0,1002 (r—>3xe /0
Agnes Dagnos 169,9 ( /)
Hy oz *a.n 0.1002 = 58046
_ Hagwoz ¥ Jagnoz _ _
Tagno3 /Nac1 = 1000 = 000 = 0.005856 (r/mn

®opma npeacraBjIeHus pe3yabTara:
Ha3zBanue u nienb paboThl.
Harnncats cxeMbl ypaBHEHM peaKiuil.
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CraenaTb BBIBOJI O IPOJIETIAHHOM padoTe.

JlabopaTopHas padora Nel OmnpeneneHue MacCOBOM JIOJIM BJIard B MpooOe KpUCTAIIOTHpATa
XJiopuia 6apusi.

Bremonaus oTy pa60Ty, Brr Hay4YUTECh IIOJIB30BATHCA aHAJIUTUYCCKUMH BECAMU, BEIIIOJIHATH
OCHOBHBIC OIICpaluu BECCOBOI'o aHalin3a.

MarepuajibHoe o0ecnieyeHue:
O6opynoBanue yueOHOro KabuHeTa:
- pabouee MeCTO IPEIoIaBaTelIs;
- pabodee MECTO CTy/ICHTa;
- TaOJIUIIBL.
O6opynoBanue 1a00pPaTOPUH:
- pabouee MeCTO IpeIoIaBaTelIs;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHE yYKa3aHHs JJIs MPAKTUYECKUX paldoT;
- METOJMYECKHE YKa3aHMsl Il JaOOpaTOpHbIX padoT;
- METOJIMYECKHEe YKa3aHHS JJIsi CAMOCTOSTEILHON paOOThI;
- XHMHYECKOoe 000py/I0BaHMUE;
- XHMHUYECKUE PEaKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH M0 AHATUTUYECKONU XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Ayawmo-, BUJIe0-, TPOSKIIMOHHAS armapaTypa.
IMopsinok BbINoJIHEHUs PAdOTHI:
W3y4nTh METOIMYCCKUE YKa3aHUS K JAaHHOK JTabopaTopHOU paboTe.
Onpenenuts NPOIYKTHl PEAKIIHH
BeImoaHUTE OTYET O MpoeaHHo#N padoTe.
Buumanue!
[Tpu BeIMOTHEHNH PabOTHI OyJHTE OCTOPOKHBI, AKKYPAaTHBI M BHUMATEJbHBL. BhIMOIHANTE BCe
npaBuia paboTHI C AIEKTPOHATPEBATEIEHBIMU ITPHUOOPAMH, CTEKIIOM, PTYTHBIM TEPMOMETPOM.

Obopyooeanue u mamepuanwl:
AHamUTHYECKUE BEChI, TEXHOXUMHYECKHE BECHI, CyIITHIBHBIN MKad, OFOKCHI, TEPMOMETD,
9KCUKATOp, IIMIILIBL, UCCIeyeMble 00pa3Libl (yromib, Topd, coib, xyied u mp.).

Brimonnenue paboTbl

OnpenenuTe MPOIEHTHOE COJIEPKAHNE aHATUTHYECKOM Bi1ark B oOpasiie (yriisi, Topda, coiu,
XJI€O0OYIIOYHOTO U3IENUS U TIP. ).

1. Bo3sbmuTe B UHCTHIN TOBEACHHBIN 0 MOCTOSHHOM Macchl Or0ke quameTpom 35-40 MM
HABECKY HCCIIEIyEMOr0 BEHIECTBA HA AaHAJUTUYECKHMX Becax ¢ TouyHocThio 10 0,001 .
Bennunna HaBecku ~2 T. TOJIIHHA CI0S HABECKHU B OIOKCE HE JOKHA OBITH OOIBIIE 5 MM.

2. OTKpBITHIN OIOKC MMOMEIIAIOT B HATPETHIN 10 105°C CYIIMJIBHBINA 1IKad U BBIICPKUBAIOT
B TeueHue | yaca.

3. BbHUMaOT OOKC W3 CYNIMIBHOTO MKada MHUITIAMH, TIOMEIIAI0T B YKCHKATOp U B HEM
OXJIAX/IAIOT.

4. B3BemMBarOT OXJAKICHHBIN OFOKC Ha aHATUTHYCSCKHX Becax ¢ TouyHOCThIo 0,001 T.

5. TIpoBOAST KOHTPOJIBHYIO MpPOCYIIKYy B TeueHHe 30 MHHYT, CHOBAa OXJIQXIAIOT B
AKCHKATOPE U B3BEUIMBAIOT. KOHTPOJIBHBIE TPOCYIIIKKA MOBTOPSIFOT JI0 TEX MOP, MOKA YOBUIH MacChI
obpazma oyzaer 0,001 T wim MeHbIIe.

6. PaccumTaiiTe NpOIEHT aHATMTUIECKOW BJIary B oOpasiie 1mo popmysie:
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W (%) = 5=% 1000,

1

Tect AJIs1 CAMOKOHTPOJIA:

1. Cdopmynupyiite CymHOCTH BECOBOTO aHazIl 39, MOACTABMB HEAOCTAIONKE CNIOBA B
BbIpggkeHne: «CyIHOCTE BECOBOIO aHANM3a — ..., ... (qgeHHe ... KOMIIOHEHTA WJIHA IPOJYKTa
peaxum.

2. VYKaxuTe OCHOBHYIO OIIEpallI0 B BECOBOM aHAJIM3E.

3. Ilepeuncnute Mo MOPSIKY ONEpaLU BECOBOTO aHAIHM3a MPU ONPENEICHUH 30IbI WIN
CYXOro BEILECTBa.

4. llepeuncnuTe 1O MOPSIKY ONEPALMK BECOBOI'O aHaM3a IPU ONPENECIICHUU BIIArd B
oOpasrie.

5. Ilepeuncnaure nO TNOPSAKY OIEpallMd BECOBOI'O AaHANW3a IpU  ONPEJEICHUU
KOMIIOHEHTa, KOTOPBIH BBIJIENIAETCS U3 00pa3la ¢ HOMOIBIO0 aHATUTHUECKON PeaKLny.

6. Kakum TpeGoBaHMSM JOJDKHA YJOBIETBOPATH AHAIMTHUYECKAs PEAKLUs B BECOBOM
aHanusze?

7. YKaxuTe TOYHOCTb B3BEIIMBAHUS HAa aHAIUTUYECKUX BECAX.

8. Ilepeuncaure 11€CTh OCHOBHBIX NPABHJI B3BELIMBAHMUS.

9. Yro Takoe HaBecka?

10. VkaxuTe BakHei1Iee ycI0BHE OCaX/IEHUSI KOMIIOHEHTA.

11. KaxoBo BaxHeii1Iee yCcI0BHE MOJIHOIO OCAXKACHHUS KOMIIOHEHTA.

12. Ilepeuncnure deTblpe HEOOXOAUMBIX YCIOBHUS OCAXKACHUS KPUCTAJUIMYECKUX
0CaJIKOB.

13. Ilepeuncnure yeTbipe HEOOXOAUMBIX YCIOBHSI OCAKACHUS aMOP(QHBIX OCAIKOB.

14. U306pa3ute cxemy npudopa ais GuibTPOBAHUS C YKa3aHUEM COCTABHBIX YacCTEH.

15. Yto takoe nexadramus?

16. Ha3oBuTe OCHOBHOE ITPABHUJIO IPOMBIBAHHSI OCaIKa Ha (QUIIBTpE.

17. Vxaxure, Kak OnpeAestoT OKOHUYaHHE TPOMBIBAHUS OCaJIKa:

a) MPOMBIBAIOT 2-3 pasa;

0) npoMmeiBatoT 1 yac;
B) MPOBEPSIOT MOJIHOTY MPOMBIBAHUS OT MaTOUYHOTO PACTBOPA.

18. Kakyro 0COOEHHOCTD JJOJKHBI UMETH (DUITBTPHI, HCIIOIB3YEMbIE B BECOBOM aHam3e?
19. B uem npokanuBaroT ocagKu’?

20. KakoBa npeBapuTenabHast MOATOTOBKA TUTIIS K aHAIN3Y?

21. KakoBo Ha3Ha4YeHHeE 3KcUKaropa?

22. Yo Takoe «IIOCTOSTHHAs Maccay ocaaka?

dopma npeacraBjIeHUs pe3yabTara:
Ha3Banue u 11e1p paGoThl.
Hamnucars cxeMbl ypaBHEHUH peaKiuil.
Crnenatpb BBIBOJ O MPOJIETaHHON paboTe.

JladopaTopHas pagora Ne2 OrnpeserneHre HOpMaabHOM KOHIIEHTPALMK pacTBOpa T’HIPOKCUIA
HaTpHUs METOAOM KHCIIOTHO-OCHOBHOT'O TUTPOBAHHUS

MarepuanbHoe o0ecnieyeHme:
Ob6opynoBanne yueOHOTo KabuHeTa:
- pabodee MECTO MPEeroIaBaTeis;
- pabodee MECTO CTy/ICHTa;
- TaOJIUIIEL.
Ob6opynoBanue 1a00paTOpUu:
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- pabouee MeCTO Ipero1aBaTes;

- pabouee MeCTo CTY/JEHTa;

- METOIWYECKHE YKa3aHUs AJIsl MPAKTUYECKUX pabdoT;

- METOJMYECKHE YKa3aHUs AJIs JaOOpaTOpHBIX paldoT;

- METOJWYECKHE YKa3aHUA IJIl CAMOCTOSTEIbHON pabOThI;

- XHMHYecKoe 000pyIOBaHUE;

- XMMMUYECKUE PEAKTUBBI;

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

— Ayauo-, BUzeo-, IpOEKIIMOHHAs annaparypa.
BrimonnuB 3Ty paboty, Bel HayunTech paboTaTh ¢ MEPHOM MOCYI0M, TATPOBATH, IPOBOJAUTH
OIIpeJIeJIEHUs] METOJIOM HeHTpaln3aluy, FOTOBUTh paboYKe pacTBOPHI.

Buaumanue!

Boimosasist paboTy, Oy/bTe aKKypaTHbBI, OCTOPOKHBI H BHUMATEJILHBI TIPH PAb0TE ¢ KUCIOTaAMU
Y 1IeJI0YaMu, CTEKIIOM; COOJII0TaliTe TipaBuiia 6€30MacHoi paboTHI.

Obopyoosanue u mamepuaivl. MEpHbIE KOJObI, BOPOHKU, OOWKH, (puKcaHanm cepHOU
kucnotel HpSO,4, muctwmmupoBannas Boja (n. HpO), mpombiBanka, KapaHmaml Mo CTEKIY,

KOHHMYECKHE KOJIObI, MEPHBIC IMHUIICTKU IpalyHMpoBaHHbIE W HErpajyMpOBaHHbIE, KalebHHUIA, CIUPTOBOK
pactBop ¢eHonpTanenHa, OIOpeTKa, TEXHOXUMHIECKUE BECH C pa3HOBECKAMH, CTAKaH XUMHUYECKUH CTEKIISTHHBIMH,
cyxoit KOH (eakoe xanm), CTCKIISTHHAS MAT0YKa.

Boinonnenue paboTsl

1. Tlomyuure 3amaHue y npenojaBarTessl.

2. TlpuroroBeTe cTaHAApTHBIA (YCTAHOBOYHBINA) PACcTBOP CEPHOM KHCIIOTHI W3 (PUKCaHAA.
Jlns 3TOro B MpeaBapUTENbHO TIIATEIBHO BBIMBITYIO MepHYIO koiOy (200 wmmu 250 wmm)
MIEPEHECUTE KOJIMYECTBEHHO C IOMOIIBI0O BOPOHKM M 0OMKa COJEpP)KUMOE aMITyJibl (pukcaHana
H,SO4, momeiite n. H,O no metku, nepememaiite. [logmummrte Ha konbe dopmyny u
KOHIIEHTPAIIMIO pacTBOpA.

3. B kxaxayro U3 Tpex 4MCThIX KOHMUYECKHX Kojb otOepure anukBory (10 mmm 15 mu)
MEpHOH MUIETKOHN MCCIeAyeMOro pacTBopa, 100aBbTe TUCTHUILIMPOBAHHOMN BOJIbI IPUMEPHO 110
oobema 100 i, mpuieiiTe MO HECKONbKO Kareidb CHHPTOBOIO pacTBOpa HWHAMKATOpa
¢denondranenna.

4. Ecnu B uccrieayeMoM pacTBOpE HYKHO ONPEAEIUTh COJIEpKaHUe LIeI0YH, TO YUCTYIO
OIOpETKY 3aIllOJHHUTE MPUTOTOBICHHBIM CTaHAAPTHBIM pacTBopoM HpSO4 10 HyneBOW OTMETKH
U OTTUTPYWUTE BCE AJIMKBOTHI UCCIIEYyEMOIO paCTBOPA 110 NCYE3HOBEHUIO MAJIMHOBON OKPAacKH,
OTMEThTE 00BEMBI KUCIIOTHI, IOIIEAIIEH Ha TATPOBAHHE.

5. Ecin B wuccinenyeMoM pacTBOpe HYXKHO ONPEAEIMTb COJAEp)KAaHUE KHUCIOTBI, TO
CHauajga HYXHO IPUTOTOBUTH pabouMii TUTPOBAHHBIN pacTBOp Iuenouu. Jlisg sToro B
Im1acTMaccoBou nocyne roroBat pacrsop KOH npumepHoii koHnenTpanuu. Ha TexHMuecknx
Becax oteemmBarT 0,56 r cyxoro KOH u pactBopsitor B crakane B 100 mu n. H,O mpu
NEepeMEIINBAaHNK CTEKISIHHOM manoukoi. CIuBalOT pacTBOp B MOJMATUIIEHOBYIO OaHKY,
MOJNKCHIBAIOT. 3aIlOJIHAIOT OIOPETKY 3THM PAacTBOPOM IIEJOYHM W OTTUTPOBBIBAIOT UM IO
¢denondranenny 2 anukBoThl o 10 M ctangapTHOrO pacTBopa KUCI0Thl HaSO4.

PaccuntpiBatoT HOpMaIBLHOCTH PabOYEro pacTBOpa MIEIOYH 10 hopMyIie:
N, -V,
N, = %; WIn

7 NeVieOuom _ Ny -V, 56
KOV 1000 Vg, -1000

6. Korma paGouwmii pacTBOp IIENOYM MPHUTOTOBIICH, M KOHIICHTPAIMS €r0 yCTAaHOBJICHA,
BO3BMHUTE TPU AIMKBOTHI MO 10 MII MccaeyeMoro pacTBopa B KOHMYECKHE KOJIObI, pa30aBbTe
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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

TUTPOBAHUE OOBEMBI.
7. TlpoueHTHOE coiepKaHne KOMIIOHEHTa PacCUUTaiTe o popMmyIie:

N VPO
X (%), = —— =0 .100%;
1000-10
N, -V D
X (), = —— o) .100% -
e 1000-10
8. PaccuuTaiiTe MpOLEHT OTHOCUTEIHHOU OIIMOKH:
an _Xmeop
Y%oomn.owuoy = — - 100% .

meop

®opma npeacTaBieHus pe3yJabTara:
HasBanue u uens paboThI.
Hanucatb cxembl ypaBHEHUH peakiuii.
Crenatb BBIBOJI O NPOJIETaHHOMN paboTe.

Tema 1.5.
XapakTrepucTuka PU3NKO-XUMHYECKUX METOI0B aHAJIN3a, UX KJIaccu(puKamus,
NMpenuMyIecTBa nepea ApyruMu MeTo1aMu, 00,1acTh MPUMeHEHH s

[IpakTuueckoe 3anatue Ne 3 YcTpoHCTBO U MPUHIIMI JEHCTBUS (POTOKOIOPUMETPOB
Lean padoThI:
[IpoBepka ycTpoiicTBa U IPUHIIMTIA JEHCTBUS (POTOKOIOPHMETpA.
Boinosinus padorty, Bel Oynere:
ymemy:
- MPOBOJUTH GUBUKO-XUMHUECKUN aHAJIA3 METAJIOB U OIEHUBATH €r0 Pe3y/IbTaTHhI;
- UCIONB30BaTh XUMHUYECKHE, (PUIUKO-XMMUYECKHE METOAbl aHauu3a ChIPhs
MIPOIYKTOB METAJLTyPTHH,
MarepuanbHoe obecrneyeHue:
ObopynoBanue ydeOHOTO KaOUHETA!
- pabouee MeCTO IperoiaBaTes;
- pabouee MeCTO CTYJEHTa;
- TaOIUIIBL.
O6opynoBanue 1a00paTOpUH:
- pabouee MeCTO IperoiaBaTes;
- pabouee MeCTO CTYJEHTa;
- METOAWYECKHE YKa3aHWsl sl MPAaKTUYECKUX paboT;
- METOIWYECKHe yKa3aHMsl Il TabopaToOpHbBIX padoT;
- METOIUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON PaOOTHI;
- XHMHYECKOe 000py/I0BaHHE;
- XMUMHYECKUE PEAKTHBBI;
- yueOHOe mocoOue, CIPaBOYHHUKH M0 AHATUTUYECKONW XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Aymmo-, BUJ€0-, TPOSKIIMOHHAS armaparypa.
Ilopsinok BbINOJTHEHHS PA0OTHI:
N3yuuTh MeTOIMYECKHE YKa3aHUS K JAHHOU MPAKTUUECKON U JTaOOpaTOpHON
pabore.
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Onpenenuts NPOIyKTHl PEAKIIUH

BrImoaHUTE OTUET 0 MpoJieIaHHON paboTe.
Xon padoThl:
OcoOenHoctn  mpuHOMNA  JedcTBUs  (oTokomopumerpa I[IpumeHsiemblii  BO  Bpems
WCCIICIOBAaHHI MPUHIMN JAeiicTBUSL  (OTOKOJIOpPHMMETPA OCHOBAaH Ha TOM, uTo Ooiee
OKpAaILlIEHHBIH PacTBOpP CHOCOOEH TMOIJIOTUTh CYIIECTBEHHOTO OOJjblllee KOJUYECTBO
IIPOXOJSIET0 4Yepe3 HEro CBETa IMpU ONPEIENIEHHON JulMHE BOJHBL Ilo3Tomy naHHOE
YCTPOMCTBO CHEIUANbHO MpeaHa3HaAYaeTCs Ul ONpPENeIeHNUs KOHLIEHTPAUUN aHAIU3HPYEMbIX
BEUIECTB B pA3IMYHbIX XMMHUYECKUX pacTBopax. IIpu mpoBeaeHMM COOTBETCTBYIOLIUX
UCCIIEeIOBaHUM MpuOOp HEOOXOIUMO TINATENIbHO HACTPOUTh HA H3IIyUYEHHUE C ONpeesIeHHOM
JUIMHOM BOJIHBI, IOCKOJIBKY Pa3JINYHbIE BEIIECTBA, KOTOPHIE MOTYT COJEPKAThCS B U3y4aeMoOu
cpene, CrIocoOHBI MOTJIOMIATh IO-PA3HOMY CBETOBbIE BOJHBI C HEOJHOPOIAHOW JUIMHOIA.
[TosToMy mnpuHIMI JeicTBUS (HOTOKOJIOPUMETpPA B Tpolecce padoThl Mpeanosaraet
MIPUMEHEHHUE Pa3UYHbIX CBETOPMIbTPOB. [lpuyem Kakapli M3 HHUX 00JIaJjaeT CBONHCTBOM
npeoOpa3oBhIBaTh B HM3JIYUYCHHE C 3apaHee OINPEACICHHOW IIMHOW BOJHBI IOCTYIAIOIIHIA
CBETOBOM MOTOK. TakuMm oOpa3om, mprOOp BIIOIHE CIIOCOOCH MOOUEPETHO OMPEIETUTh B OJJHON
1 TOM K€ pacTBOpE MJIM M3y4aeMOM cpejie KOHIIEHTPALMIO pa3ndHbIX BemiecTB. Hano Tosbko
1o100paTh M MOCTENEHHO MEHITh COOTBETCTBYIOIINE CBETOMUIBTPHI.

Bo3moxkHOCTBH Hcn0J1b30BaHus GOTOKOJIO0PHMMETPA 110 NPUHIUILY /1eiiCTBUSA

Brime 0003HaYCHHBIN npunyun Oeucmeuss Gomoxkoiopumempa NeNaeT ero HCIOoJb30BaHUE
JIOCTAaTOYHO  aKTyaJIbHBIM B  CEJIbCKOM  XO3SMCTBE, MHIIECBOH, METALUIYPTrUYECKOM,
HedTenepepabaThIBaIONICH, XUMUYECKOW U psijie IPYTHX OTpaciaeil MPOMBIIIICHHOCTH. MOXHO
OTMETUTh TAKXKE IIMPOKOE MPUMEHEHHE NMPHOOpa B PA3IMYHBIX MPOMBIIIICHHBIX U YI€OHBIX
XUMHUYECKUX JTA0OPATOPHBIX YUYPEKACHUSX JUIsI TPOBEICHHUS pPAa3HOrO poja aHallM30B,
MIPEUMYIIIECTBEHHO MIPUPOTOOX PAHUTEITHHOTO u TUTHEHUYIECKOTO xapakrtepa.
OOyCOBIEHHOCTh TMOMYJISPHOCTH YCTPOMCTBA HANPSAMYIO CBsi3aHA C TEM, YTO MPUHLUI
nercTBUS  QoToKoIopuMeTpa (KOTOPBIM HA3BIBAIOT TAKXKE WHOTJA OOBEKTHUBHBIM WIIH
(OTOANEKTPUYECKUM  KOJOPHUMETPOM) TMO3BOJISIET  YOPOCTHTh M YCKOPUTH  MpOIlecC
MIPOU3BE/ICHUS H3MEPEHUH U TTO3BOJISIET OCYIIECTBIIATH HX C JOCTATOYHBIM YPOBHEM TOYHOCTH.
KoTopslif, Kk CIOBY, OIIyTUMO BBIIIE, Y€M IPHU HCHOIB30BAHWHU, K MPUMEPY, BU3YAIbHBIX
KOJIOPUMETPOB.

Oco0eHHOCTH IKCIIyaTalliH ¢ Y4eTOM NPHHIUIA AeiicTBHA (POTOKOJTOPUMETPA

[lepen nHauanoM paboOTHI ¢ MPUOOPOM, HEOOXOAUMO TIIATETHLHO U3YUUThH DKCILTyaTallHOHHBIC
JIOKYMEHTBl M TIOHATh MPUHIMN JCHCTBUA (OTOKOJOPUMETPAa M HA3HAUEHHWE OPraHOB €ro
ynpaBieHus. B mpoiiecce paboThl He clieqyeT AOMycKaTh MOMaJaHus Ha Koprmyc mpubopa
KAaKUX-T1M00 OpraHMYECKHUX pPAaCTBOPUTENIEH, HCKIIOUEHHUE JENaeTcsl TOJNBKO MJS ATHIIOBOTO
cnupta. [Iponecc ucciaenoBanuii 10MKEH OCYIIECTBISITHCS B YCIOBUSIX, KOTOPbIE HE BBIXOJAT
3a 0003HauEHHBIE Mpeelibl padouux A NpUMeHeHusl ycinoBuidl. He nomyckaercs HaxoxaeHue
BOIHM3U MPUOOpPa BO BpeMs €ro pabOThl MPUCYTCTBUE MOIIHBIX HCTOYHUKOB MarHUTHBIX W/WIH
ANEKTPUYECKUX TOJIEH, MOLTHBIX HCTOYHUKOB CBETA M HarpeBaTeNbHBIX YCTPOHCTB, 3TO MOXKET
HapYIINTh MPUHIMN JIeHCcTBUS QoToKonopuMerpa. Ha mpubop Takke He JOKHBI MMOMAAaTh
NpsiMble COJTHEUHbIe JTy4u. Paboune mOBEepXHOCTH U3MEPUTEIbHBIX KIOBET HEOOXOAUMO Iepes
KOKIOW cepuell W3MEpPEeHWH TIATeNbHO MPOTEepPeTh S(QUPHO-CIUPTOBOM CMEChIO, a MpH
YCTaHOBKE KIOBET Ha MECTO 3aIlpeIlaeTcs J0TParuBaThCs 10 paboUnX Y4acTKOB Ha ONTUYECKUX
MOBEPXHOCTAX MajbllaMu. KIOBEThl JOMKHBI XPAHUTHCS TOJIBKO B IUIOTHO 3aKPBITHIX
KOHTEHepax, a >KMJIKOCTh B HHUX I€pe/l HayaJoM HCCIIEOBaHUI HaJMBAETCS MOCPEICTBOM
MUTIETKH.

Pacuer kod¢ddunmeHTa MOTNIOMIEHUS CIIOA TMPOBOAUTCS METOAOM 0a30BOM IJIMHUU C
WCIIOh30BaHUEM 3akoHa byrepa - Jlambepra - bepa.
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Jlnisi CHUOKEHUS TIOTPEIIHOCTEe peKoMeHIyeTcsi paboTaTh B mpeaenax npomyckanust 20-60%.
[Ipn OonpieM MOTJIOMIEHNH HEOOXOIMMO YMEHBIIATh TOJIIMHY oOpasma cmonsl. Jlis
u3MepeHus nHTeHcuBHOCTH (hoHa (lg) Ha anrHE BosiHBI nuka mojock! (1) monb3yroTes 6a3oBoit
TuHUEeH Kak suHHeH oTcyera. [Ipsmas Ga3oBas JMHHUS TPOBOAWTCS ISl AHAIMTHYECKOM
MOJIOCHI Yepe3 ee KpailHHMe TOYKW, TAe YK€ HET MOIJIOIIEHHs, WIM KaK KacaTelbHas B
CIIEKTPAIBbHON KPUBOW IO KPasiM IOJIOCH, KaK MTOKAa3aHO Ha PHC.

[IpoBenenue 0a30B0H IMHUY (IIYHKTHUD); HyJI€Bask JIUHUS - CIUIOLIHAS IIpsAMast

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

(D - onTuueckas MIOTHOCTS,

d - TonmuHA KpHCTaNIa,

lo - ”HTEHCHBHOCTB MMaAAIONIETO M3ITyYCHUS Ha 00pasels;
| - MHTEHCUBHOCTB MPOIIEIIETO)

1. TIpuroroBuTH 0Opa3LbI CIO]] PA3IMIHON TOJIIINHBI.

2. Cuarp UK-crieKTpbl IPUTOTOBICHHBIX 00Pa3IOB.

3. IlpoBecTu MHTEPIIPETALHMIO TOJIOC NOJTYYEHHOTO CIEKTPA.

4. BriOpaTh XapaKTEPUCTHUECKHE YACTOTHI IOJIOCHI IOTJIOMICHHUS, TPOBECTH 0a30BYIO
JMHUIO B MAaKCHUMyMe€ TOJIOCHI MorjouieHus. Paccuntarh kKo3pPUIMEHT MOIJIOMmEHHs.
Jlanubie 3aHecT B Tadu. 7.1.

5. Tlocrpouts rpaduk D=f(d) anst pasznuusbix TomumH (d) KpUCTALIa C LENBIO TPOBEPKH
crpaBeNIMBOCTH 3akoHa byrepa-JlamGepra-bepa.

6. IIpoBecTu aHAIM3 MOJYYEHHBIX PE3yJIbTaTOB.

Bennunna kos¢duinenTa noriomeHus B MaKCHMyMe T0JIOCHI

Munepan [d,cMm |V, cM lo | K, cM

®oronut

MyckoBUT

®opma npeacraBjIeHus pe3y/bTara:
Ha3zBanue u niens paboThl.
Harncatb cxeMbl ypaBHEHM peaKiuil.
CraenaTb BBIBOJ O TIPOJIEIaHHON padoTe.

JlaboparopHas pabota Ne 3 Tlposepka 3akona Byrepa-JlamGepra-bepa.
eab padoThi:
IIposepka 3akona byrepa-Jlambepra-bapa.
Beinosinus padory, Bl Oynere:
ymemn:
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- MPOBOAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAIJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- WCIOJIb30BaTh XHMHUYECKHE, (PH3MKO-XMMHUYECKHE METOJbl aHajih3a ChIpbS W
MIPOAYKTOB METAJLIYPIUU;
MarepuajibHoe o0ecnieyeHue:
O6opynoBanue yaeOHOTo KabUHeTA!

- pabouee MeCTO IpernoaBaTers;

- pabodee MECTO CTy/ICHTa;

- TaOJIUIIBL.
O6opynoBanue 1a60paTOPUH:

- pabouee MeCTO IPEIoIaBaTelIs;

- pabodee MECTo CTy/ICHTa;

- METOIWYECKHEe yKa3aHWs JJIs MPAKTUIECKUX padoT;

- METOIMYECKHE YKa3aHMsl U1l JaOOpaTOpHbIX padoT;

- METOJIMYECKHEe YKa3aHUs JJIsi CAMOCTOSTSILHON paOOThI;

- XHUMHYECKOE 000pYyI0BaHHUE;

- XHMHUYECKUE PEaKTHUBBI;

- ydeOHOe mocoOue, CIPaBOYHHUKH M0 AHATUTUYECKONU XUMUHU.
TexHuueckue cpencTBa 00ydeHus:

— Aynuo-, BUji€0-, IPOSKIIMOHHAS araparypa.
BeimonHuB 3Ty padoTy, Bel HayunTech paboTath ¢ MEPHOI TOCYI0H, THTPOBATh, IPOBOIUTH
oIpeziesieHUs] METOJOM HEeHUTpaanu3aluu, TOTOBUTh pabdoune pacTBOPSI.

Xoxa padoThI:

Meron aHanu3a, OCHOBAaHHBIM Ha H30UPATEIILHOM TIOTJIONIEHUH CBETOBOM SHEPrUHU
YacTUIIaMHU, MOJIEKYJIaMU HJIM MOHAMU BEIIECTBA B pacTBOPE HOCAT Ha3BaHUE aOCOPOYUOHHOU
CHEKMPOCKONUU.

Paznuyarot: CHEKTPO(HOTOMETPUUECKU, (bOTOKOIOPUMETPUYECKUI u
KOJIOpI/IMeTpI/I‘-IeCKI/Iﬁ METOAbI aI[C0p6III/IOHHOFO aHanuza. JTH MCTOJbI aHaJIn3a IMPUMCHAIOTCA
TJIaBHBIM 00pa3oM JJisi ONpeAeNieHUs] MallbIX KOJIW4ecTB BemlecTBa. Komopumerpus — Gpusuko-
XUMHUYECKUU METOoNO, OCHOBAHHLIM Ha 3aBUCHUMOCTH HHTEHCUBHOCTH OKpaCKu pacTBOpa OT
KOHIIEHTpAllUK OKPAIIEHHOTO BEIIECTBA.

HNHTEHCUBHOCTH OKPACKHU CBsI3aHA C MHTEHCUBHOCTBIO CBETA MPOLLEAIIETO YEPE3 PaCTBOP
1 €€ 3aBUCUMOCTb OT KOHLIEHTpALMU, OT TOJIIIMHBI CJIOS 1 UHTEHCUBHOCTH NAJAIOLIEr0 CBETa
BbIpakaeTcs 3akoHoM JlamGepra-byrepa - bapa.

I =1,*10p ™
rac | — MHTEHCHUBHOCTH CBC€Ta, HIpomecauero 4Yepe3 pacTBOP, |o — HUHTCHCHUBHOCTBL CB€Ta,
najaromiero Ha pactBop; C — KoHIeHTpanus pactBopa; | — tommunua ciost; E — koaddurment

CBTOIIOIJIOIIEHUS.
Jlorapugmupyem BoipakeHue 3akoHa JlamOepra-bepa
gl =lgl, +Ig10*

lgl =Igl, —Ecl

lgl,—gl = Ecl
I

IgTO:EcI

lg=D

D — ontuueckast IJIOTHOCTh pacTBOpa (JOrapu(M OTHOLICHUS MHTEHCHBHOCTH IaJarOIEro
CBETa K MHTEHCUBHOCTH CBETA, IPOIIEAIIEro uepe3 pacTBop.) Konopumerpust.
B OCHOBY KOHCTPYKIIHMHN an/I6opa IMMOJIOKCH IMPUHIUIT YPABHUBAHUA MHTCHCUBHOCTU ABYX
CBETOBBIX MIOTOKOB P MOMOLIH LIeNeBON AuadparmMsl.
1. Jlamma 16B Bximrouaercs yepe3 cTabUIN3aTOp HAMPSKEHUS.
2. Teruo3alIuTHBIE CTEKIIA.
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3.DoKyCUPYIOIIHE JTUH3BL.

4.3epkaia.

5. CBeToMIBTPHI, MOBBIIAIOIINE YyBCTBUTEILHOCT U TOYHOCTh METO/1a, TI0aBast
Ha pacTBOP, JIyYH TaKOH JJIMHBI, KOTOPBIE JTy4Ille BCEro MOTJIOUIAIOTCS 1aHHBIM PACTBOPOM.

6. KroBeTh! ¢ pacTBOpaMu.

7. OnTHYecKue KIMHbSA, PEryJIUPYIOLIe JIEBbI CBETOBOM MOTOK.

8. llleneBast muadparma, KOTOpasi CBsi3aHa C OTCUYCTHHIM OapabaHoM. 9.DOTOIIEMEHT.

10. 'ansBaHOMETD.

IIpu pabore c dorosrnekTpokosopumerpoM DOK-M wusMepeHHe ONTHYECKOM
IJIOTHOCTH TIPOU3BOIAT MPU TTOMOIIIH JICBOTO I MPABOTO OapabaHOB.

W3mepeHue mpu MOMOIIM IpaBoro OapabaHa MPOU3BOIAT B TEX clydasxX, Koria
OITUYECKasi TNIOTHOCTh pacTBopa He mnpessbimaet 0,5 u TpedyeTcs TOUHOCTh H3MEPCHH.

W3mepeHus mpu moMoIny JieBoro 6apabaHa MPOU3BOAAT B CIIydae BBICOKUX U HU3KUX
OINITUYECKUX TUIOTHOCTEH.

TouHOCTP W3MEpeHHMII Ha JICBOM OapabaHe HWXKE IO CPaBHEHHUIO C TOYHOCTHIO
WU3MEpPEeHUH mpaBoro OapabaHa, HO OHA BIIOJIHE JOCTAaTOYHA JUIS TPOBEICHHS PSIOBBIX
aHaJIN30B.

MeTonuka paboThl 1o JieBoMy OapabaHy:

1.YcranaBnuBaem JieBbli OapabaH B MOJIOKEHHUE, COOTBETCTBYIOMMUE «0» ONTUYECKON
wioTHOCTH. [Ipu 3TOM mieneBas quadparma oKa3bIBaeTCsl MOJHOCTHIO OTKPBITOM.

2. Ha mytu neBOTO CBETOBOTO MOTOKA YCTAHABIMBAIOT KIOBETY C PACTBOPUTEIIEM, Ha
MyTH TPABOrO C HCCIEAYeMbIM pacTBOpoM. KroBeTbl (0OIMHAKOBOW paboueil IMHHBI)
YCTaHABIIMBAIOT B KIO BETO JIEPXKATEIIAX HA OJMHAKOBOM PACCTOSHUH OT BXOAHOT'O OTBEPCTHSI.

3.KomneHcupyroT (OTOTOKHM, yCTaHABJIMBas CTPEIKY TajdbBaHOMETpa Ha HYJIb,
MOJIB3YSCh ONTHYECKUMHU KIUHBIMHU. [[IsI 3TOr0 PyKOSATKY TallbBAaHOMETpPa TMEPEBOIAT Ha
Malyl0 YYBCTBUTENIBHOCTH (TOJOXKEHHEe 1) W MpH TOMOIIM ONTHYECKOrOo KIMHA Tpyooin
HACTPOWKH BBOJST CTPEIIKY TaIbBAHOMETpA HA

4.IlocTaBuB BBIKITIOYATENh B MoyokeHHe «0», Ha MyTH MPaBOro CBETOBOTO MOTOKA
CTaBST KIOBETY C PacTBOpPUTENEM. B BUIY TOTrO, 4TO OCBEIIEHHOCTH MPABOro (HOTOIIEMEHTA
MOCIIe 3TOTr0 BO3pOCIa, Ui YpaBHUBAHUS OCBEIIEHHOCTH HEOOXO0IUMO 3aKPBITh AHadparmy.

5.BKJIFOYar0T raibBaHOMETP Ha YYBCTBUTEIBHOCTH «1» W, Bpamias W3MEpPHUTEIbHBIN
OapabaH, BO3BpAIIAIOT CTPENKY TalbBAHOMETPA B HYJIEBOE MOJOKEHHUE. 3aTeM rallbBAaHOMETP
MEPEKITFOYAI0T HA YYBCTBUTEIBHOCTD «2» M YTOUHSIOT U3MEPEHUSI.

OTtcuer onTUYECKON MIIOTHOCTH MPOU3BOIAT MO IIKase JIeBoro 6apabana. M3mepenus
clielyeT TIOBTOPHUTh TPH pa3a, MOABOJS CTPENKY TalbBAHOMETpPA K HYJIO TO ClieBa, TO CIpaBa.
W3 moTy9eHHBIX OTCUETOB BBIYHCIISIOT CPEIHEE 3HAYCHHUE ONTHICCKON TUIOTHOCTH.

[TapanmnensHO ¢ aHAIM30M HCCIENYEMOrO pacTBopa BEAYT aHalM3 CTaHJApTHOTO
oOpasra.

_Dy*Ceo

X

C
Dco

MeTtonuka paboTsl o mpaBoMy O6apabaHy:

B 00a cBETOBBIX MIOTOKA CTABSIT KIOBETHI C XOJIOCTHIM PACTBOPOM. Y CTAHABJIMBAIOT
npaBbiid Oapabad Ha «O», ONTUYECKUMU KIMHBSIMHA JOBOJISIT CTPENIKY TallbBaHOMETpa A0 «O».
OTKII0YalOT TAIbBAHOMET).

B mpaBeiii CBETOBOW MOTOK KIOBETY C HCCIEAYEMBIM pPAacTBOPOM. BkitouaroT
raJlbBaHOMeTp. BpaleHrueM pykosSTKH MpaBoro OapabaHa JOBOIST CTPEIKY TallbBAHOMETPA 10
«Oy.

OTcyeT oNTUYECKON IIIOTHOCTH MTPOU3BOIAT IO KPACHOM IITKaje mpaBoro 6apadaHa.

@®opma npeaocTaBIeHHs pe3yabTaTa
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1.  HasBanmue u 1enp paboTHI.
2. [TpousBecTn pacyeT ¢ ucmoap30BaHueM 3akoHa byrepa -JlambGepTa-bepa.
3. Craenathb BBIBOJI O MPOJICITAHHON padoTe.

JIaGoparopnas padota Ne 4 Onpenenenrie PH pacTBopoB pa3innyHO#l KOHIEHTPALUH.

Bremonnus 9Ty pa60Ty, 3331 Hay4YUTCCh NNOJIb30BAaThCA aHAJIUTUICCKUMHU BECaMU, BBIIIOJIHATH
OCHOBHBEIC OII€paly BECOBOI'O aHalin3a.

MarepunanbHoe obecrnieyeHue:

O6opynoBanue y4eOHOT0O KaOMHETa:
- pabouee MeCTO IpeIo1aBaTes;
- pabouee MecTo CTY/ICHTA;
- Ta0JIHIIBL.
O6opynoBanue 1a60paTopuu:
- pabouee MeCTO IpenoaBaTers;
- pabouee MeCTo CTY/ICHTA;
- METOJIUYECKHE YKa3aHHs JIsl MPAKTUISCKUX pabdoT;
- METOJIMYECKHEe YKa3aHUs s JAOOpaTOPHBIX padoT;
- METOJIUYECKHE YKa3aHHS JUIsl CAMOCTOSATEIIbHON PaOOTHI;
- XHMHYECKoe 000py0BaHNUE;
- XWUMHYECKUE PEAKTHBBI;
- ydueOHOe mocoOue, CIPaBOYHUKH 110 aHATUTUYCCKON XUMUH.
TexHu4eckue cpeacTBa 0OyICHHUS:
— Ayauo-, BUJI€O-, TPOSKIIMOHHAS araparypa.
IMopsiiok BBINOJTHEHHS PA0OTHI:
W3yunth MeToIMYeCKUE YKa3aHUs K JaHHON JabopaTopHOi paboTe.
OnpenenuTh MPOTYKTH PEAKITHH
BBIMOMTHUTE OTYET O MpoJeTaHHoM padorTe.

Xoa pabGoTbi

1. Cpenaiite pacyéT W TPUTOTOBBTE OMNPEACIEHHOE KOJUYECTBO PACTBOPA 3aJaHHOMN

MIPOLIEHTHOW KOHIEHTpaluu (Ha3BaHHE COJIM KaXJAOMYy CTYAEHTY OTHAEIbHO COOOIIaercs
[IPENOAABATENIEM, TAKXKE PEKOMEHYETCS U3MEHUTh KOJIUYECTBO U IIPOLIEHTHOE COACPKAHUE
MIPUTOTOBJISIEMBIX PACTBOPOB).
BblunciieHHOe KOJIMYECTBO COJIM OTBechbTe€ Ha Becax. HeoOxoaumoe KOJIMYECTBO BOJBI
OTMEpPbTE U3MEPHUTEIbHBIM IIWIIMHAPOM M BbUICHTE B KOIOy. BChlbTe OTBEIIEHHYIO COJIb B
BOJYy M pa3MEUIMBAWTE JO IOJHOTO pacTBOpeHMs. [IpUroTOBBTE ITMKETKY M HAaKJIEHTE Ha
KoJ0Yy.

2. Cuenaiite pacy€T W TPUTOTOBHTE OIPEICIIEHHOE KOJIWYECTBO MIJUIMIMTPOB PacTBOpa
3aJJaHHOM MOJISIPHOM KOHLEHTpauuu (KaKIOMY CTYIEHTY IpenojaBareib Aa€T 3apaHee
MOATOTOBJICHHOE 33/IaHKE).

3. B 50mn. Bombl pactBopuTe 3 T. XJIOpPHUCTOTO Kanusg. Bbluuciute MNpPOIEHTHYIO
KOHIIEHTPALMIO TOJYy4eHHOTro pactBopa. Crneilte pacTtBop B OyTBUIOYKY M HakJeWTe
ATUKETKY. (3aJaHne BbIAETCA UHANBUYAIIBHO).

4. B 100mn. Bogsr pactBopute 1 r. Egkoro Hatpa. Berauciaure MOJSIpHYIO KOHIIEHTPAITUIO
MoJTy4eHHOro pactopa. Creiire pactBop B Oyrbutouky N HakieilTe sTuKeTKy. (3amaHue
BBIIAETCS MHAMBUAYAIIBHO).

dopma npegocTaBieHus pe3yabTaTa
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1.  Haspanue u uenb paboTHI
2.  BobmmonHuTh pacyeT HeOOXOIMMBIX PEAKTHBOB ISl IPUTOTOBIIEHUS PACTBOPOB.
3.  Cpnenartb BBIBOJ O MPOJICTaHHON paboTe.

Tema 2.1.

XuMHYECKOe PABHOBeCHE U TE€OPHS YIEKTPOJUTHYECKOI THUCCOMAIIUH.
[Ipaktrueckoe 3anstue Ne 4 CocraBiieHue ypaBHEHUH IEKTPOTUTHICCKOMN JTUCCOIUAIINH
Lean padoThi:

CocraBiieHue ypaBHEHUH 3JEKTPOIUTHYECKOI TMCCOMALUN
Beinosinus patdory, Bel Oyaere:
ymemy:
- MPOBOJUTH GUBUKO-XUMHUYECKUN aHAIA3 METAJNIOB U OLIEHUBATh €r0 Pe3y/IbTaThI;
- UCIOJB30BaTh XUMHUYECKHE, (U3MKO-XMUMUYECKHME METOAbl aHajih3a CbIPbs
MIPOYKTOB METAJLTYPIHH,
MarepuanbHoe ofecrneyeHue:
ObopynoBanue yueOHOT0 KaOUHeTa:
- pabouee MecTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTA;
- TaOJIULIBI.
O6opynoBanue 1a00pPaTOPUH:
- pabouee MecTO MperoaaBaTes;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHE YKa3aHWsl JIsl MPAKTUYeCKuX paboT;
- METOJIMYECKHE YKa3aHMsl Il JaOOpaTOpHbIX padoT;
- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON PabOThI;
- XUMHYECKOoe 000py0BaHUE;
- XMUMHYECKUE PEAKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH 0 AHAIUTUYECKOW XUMUH.
TexHuueckue cpeacTBa 00y4eHHUS:
— Ayawo-, BUJIe0-, TPOSKIIMOHHAS armapaTypa.
Ilopsinok BbINOJIHEHHS PadOTHI:
N3yunTh MeTOAMYECKUE YKa3aHUS K JAHHOU MPAKTUUECKON U TaOOpaTOpHON
pabore.
OnpenenuTh MPOTYKTH PEAKITHH
BBIMOMTHUTE OTYET O MpOoJeTaHHOM padorTe.
Xoa pa0doThI:
[Iporecc paspymieHHus WM pacmana dJIeKTPOJIUTa HAa MOHBI HA3BIBACTCS DIIEKTPOIUTHYCCKOM
nucconuarueil. CocTaBHbIE YaCTH PACHaBIIMXCA MOJIGKYJ HIIM KPUCTAIJIOB MPEACTABISIOT
co00# JacTHIIbl, UMEIONIHe 3apsa. VX Ha3bBarOT MOHBL. PacTBOPHI BEIIECTB, MOJICKYJIBI WIIN
KPUCTAJIIBI KOTOPBIX criocoOHBI pacniafgatbest Ha MOHBI (mucconnupoBats), MOTYT IPOBOAUTH
JNEKTPUYECKUH TOK. VIMEHHO T03TOMY WX HA3bIBAIOT JJIEKTpoJiMTaMu. YacTo mporecc
ANEKTPOIIUTUIECKON TUCCOIIMAIIMN HA3BIBAIOT MPOCTO: AUCCOIHAITHS.
1.  uccouuanusi CUIbHBIX JIEKTPOJIUTOB
[Ipu aucconmanyu KUCIOT UX MOJIEKYIbI paclaJaroTCs BCETIa Ha MOJIOKHUTEIBHO 3apsKeHHBIE
HOHBI Bojiopoaa H 1 oTpunarensHo 3apsHykeHHBIC HOHBI KUCIIOTHBIX OCTaTKOB.
PaccmoTpum ypaBHEHHE NUCCONMAIIMY KUCTIOTHI CUIBHOTO YJEKTPOIHUTA. (BHUAEO YPOK)
[Ipn gucconmuanmuu OCHOBAaHWU WX MOJIEKYJIbl pPAclajaroTcs BCErjia Ha IOJIOKHTEIHHO
3apsDKEHHBIC HOHBI METAJIIa M OTPHUIIATEIBHO 3apsKeHHbIe TUAPOKCcHI-uoHbl (OH-).
2.ITpn JTACCOINAIINH coJie ux MOJIEKYJIBI pacrmamarTcs Bceraa Ha
MOJIOKUTETFHO 3apsDKEHHBIE MOHBI METallla U OTPHUIATENHHO 3apsKEHHBIE MOHBI KHUCIOTHBIX
OCTaTKOB.
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3. CocTaBiieHHE ypaBHEHUS JUCCOLMAIMHU COJIM, B KOTOPOW KUCIOTHBIM OCTAaTOK COCTOUT U3
oxHoro snementa (xjopun (Cl), cynbduast (S), oTIUYaeTCs OT T€X ypaBHEHHH, B KOTOPBIX
MOJICKYJIBI COJICH UMEIOT B KUCIIOTHOM OCTATKE JIBa AJIEMEHTA.

4. Muccouunanus ciaalblX 3J1EKTPOJIUTOB
JMCCOIMAIUS MHOTOOCHOBHBIX KHCIIOT CJa0BbIX JJIEKTPOJIMTOB HAa HWOHBI IMPOUCXOIUT
MOCTENeHHO (cTyneH4aro). [Ipu 3ToM Ha Kak[ol cTauy JUCCOLMAlUK 00pa3yeTcsl OUH HOH
Bojopoga H M oTpunarenbHO 3apsKEHHbIE HOHBI KUCJIOTHBIX OCTaTKOB. BTopas cranus
muccoraun  HCO3z- < H+ + COs.
Yucno craamii AMCCOLMAIMM KHUCIOTBI — C€Ia0Oro AIIEKTPOJIMTAa PABHO YHCITY AaTOMOB
Bozopoza H B ero moszekyie.
Juccounarus ciadbIX 3JEKTPOJIMTOB MHOTOKMCIOTHBIX OCHOBAaHUM Ha HMOHBI MPOUCXOAUT
nocreneHHo (crymeHyaro). Ilpm sTomM Ha Kaxkaod craauu auccoumanuu oOpasyercs 1
rugpokcua-uon (OH-).
Takue ocHOBaHMs, Kak INpaBWJIO, cojepxkar Heckoiabko rpymnn OH. Paccmorpum ypaBHeHMe
JMCCOLMAMU OCHOBaHUs — ciaboro anekrponuta Mg(OH),
IlepBas cTagus nuccouuanuu

Mg(OH),; <> MgOH+ + OH-
Yucno craguil nuccouuanuy OCHOBaHMs — ciaaboro 3JjeKTpoiauTa paBHO uyuciay rpymnn OH B
€ro MoJeKyJie. (B0 YPOK)
YpaBHEHUs TUCCOLUALMN COJIeH CIa0bIX 3JIEKTPOJIMTOB HAa HOHBI 3alMCHIBAIOT B OJIHY CTAAMIO.
[Ipu sTOM oOOpasyoTcs mnoJdoXHuTEeNbHO 3apsbkeHHble MOHDBI meramna u  oTpHIaTenbHO
3apsHKEHHBIE MOHBI KUCIIOTHOTO OCTATKa.

®opma npeacraBjIeHUs pe3yabTara:
HazBanue u niens paboThl.
Harncats cxeMbl ypaBHEHUI peaKiuil.
Crenatpb BBIBOJI O MPOJIETaHHOMN paboTe.

Tema 2.2.
OKHC/INTETLHO-BOCCTAHOBUTEIbHbIE PEeAKIINH
[Mpaktrueckoe 3ansatie Ne 4 CocraBieHHE OKHCIUTEIFHO-BOCCTAHOBUTEIBHBIX PEaKIINi
METOJIOM 3JIEKTPOHHOTO OajaHca
Lean paboThI:
CocraBieHne OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIINK METOIOM JIEKTPOHHOTO OalaHca
Beimosnus patdory, Bel Oyaere:
ymemy:
- TPOBOAUTH (HPUBNKO-XMMHUUECKHI aHATH3 METAIIOB U OIICHUBATh €0 Pe3yJIbTaThl;
- HCIIOJBb30BaTh XUMHUYCCKUCE, CbI/ISI/IKO-XI/IMI/I‘-IeCKI/Ie MCTOJbl aHalln3a CbIPbA
MPOJIyKTOB METAJTypPTHUH;

MarepuanbHoe o0ecnieyeHme:
O6opynoBanue yueOHOTo KabUHeTa!

- pabouee MeCTO IpenoaBaTels;

- pabodee MECTO CTy/IeHTa;

- TaOJIUIIEL.
O6opynoBanue 1a00paTOpUu:

- pabouee MeCTO IpenoaBaTers;

- pabodee MECTO CTy/ICHTa;

- MCTOANYCCKUEC YKa3aHUA JJIA MMPAKTUUCCKHUX pa60T;
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- METOJIMYECKHE YKa3aHUs JJIs 1TaOOpaTOpHBIX padoT;
- METOIWYECKHe YKa3aHUsl ISl CAMOCTOSATEIbHON paboThI;
- XHUMHYECKOE 000pyI0BaHHUE,;
- XMMHYECKHE PEAKTHUBBI;
- ydueOHOe mocoOue, CIpaBOUYHUKH 110 aHATTUTUYECKONH XUMUH.
TexHnuueckue cpeacTBa 00y4eHUS:
— Ayamo-, BUJeo-, MPOSKIMOHHAs anmaparypa.
ITopsinok BbINOJIHEHHSI PAa0OTHI:
W3y4nTh METOIMYCCKUE YKA3aHUS K JJAHHOUM MPAKTUYECKOH 1 1abopaTopHOit
pabore.
Onpenenuts NPOIyKThl PEAKIIMU
BBINOMHUTE OTYET O MpoJeaaHHoM padore.
Xon padoThl:
[To MeTony aneKTpoHHOrO OajnaHca CPaBHUBAIOT CTENEHU OKUCICHHS aTOMOB B HCXOJHBIX U
KOHEUHBIX BEHIECTBAX, MPUYEM YHCIO DJICKTPOHOB OTAAHHBIX BOCCTAHOBHUTEIEM, TOJIKHO
POBHSTBCS UUCITY DJIEKTPOHOB, IPUCOEIUHEHHBIX OKHCIUTEIIEM.

1)MeTton 351eKTpOHHOrO OanaHca
+3 +7 +5 +2

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

W3 cxembl peakuu BUAHO, YTO CTEIIEHb OKUCIICHHS aTOMa MBIIIbIKA 0 peakuuu +3 , mocie
+5, cTeneHb OKUCIEHUS MapTraHiia U3MEHUJIAch OT +7 110 +2.

OTtpaxkaeM 3TO U3MEHEHHE CTENIEHU OKUCIICHUS B 3JIEKTPOHHBIX yPaBHEHUSX.

Boccranosutens As™ — 2e” = As™ 5 mporece okucIeHHs

Oxuciurtens Mn'’ +5¢" = Mn*2 2 MPOIECC BOCCTAaHOBJICHUS

OBP, mporekammue B BOJHBIX pacTBOpax, paciulaBax M JPYrUX HOHU3UPYIOIIUX
pPacTBOPUTEINSAX, YpPaBHUBAIOT METOAOM »SJIEKTPOHHO-UOHHOro OanaHca. Ilpu cocraBmeHuun
MOJTypEaKIMA UCTIOIB3YIOTCS MOHBI M (MJTM) MOJICKYJIBI, IPUCYTCTBYIOIIHE B pacTBope. Ecim
BEIIECTBO HEPACTBOPHMO — OHO 3aMHUCHIBACTCS B HETUCCOLIMMPOBAHHOM BHae. Eciu aToMsbl, y
KOTOpBIX U3MeHSIOTcss CO, BXOIAT B COCTaB Cpa3y HECKOJBKUX YACTHII, TO MCIIONB3YIOTCS TE
YacTUIIbI, KOHIEHTpAIUsi KOTOPhIX Mpeobnamaer. Hampumep, B BOJHOM pacTBOpe claboi
KucIoTsl H 2S MPUCYTCTBYIOT aHUOHBI U —HS—2S, mpuuém [H 2S]>>[]>>[—HSfZS]. [TosTomy, u3

BCEX YaCTHII, COJEPKAIIUX CEPY, ISl YpaBHUBAHUS UCTIOIb3yeM H 2S.

Aneopumm memooa:

1. Haiitu gactuiibl, aToMbl KOTOPbIX MeHAIOT CO, M COCTaBUTh MOJIypeakluu ¢ ux ydactueM. [1pu
TOM HEOOXOAMMO YUYUTBIBATh 3IEKTPOJIMTUYECKYIO IUCCOLManuio M BiausHue pH cpensl
(cUnbHBIE BIEKTPOIMUTHI AUCCOLMUPYIOT MOTHOCTBIO, C1a0ble KUCIOTHl — TOJIBKO B IIEJTOYHOM
cpene, ciadble OCHOBAHHSI — TOJIBKO B KUCIION).

2. YpaBHATH MOTYpeaKIuu, T00UBasCh:
* maTtepuaibHOTO OamaHca. i MOCTHMXKEHWS MaTepualbHOTO OajaHca B BOIHBIX
pacTBOpax MOMXHO MCIIOJIb30BaTh MOJEKYIIbI HZO, KpOME TOro, B KHCIIOW Cpeae -

KaTHOHBI H+, B IIIEIOYHOM — AHHMOHBI , B HEUTPAJIbHOW — WU H—OH+, umu —OH
(Tabn.2).
+ OamaHca mo 3apsgaM (paBEHCTBA CYMMAapHBIX 3apsIOB BCEX HMOHOB U JJIEKTPOHOB B
JIEBOM W TpaBOW 4YacTAX ypaBHEeHHs). i1 3TOro K JIE€BOM YacTH TOJYpEaKIIUH
JO0ABISIOT WM BEIYUTAIOT U3 HEe€ HEOOXOAMMOE KOJIMYECTBO AJIEKTPOHOB.
3. YMHOXHUTH TOJNypeakiud Ha KOd(HUIMEHTHI, AOOWBAsCh BBITIOJHEHUS YCIOBHS: YHCIIO
OTJAaHHBIX SJIEKTPOHOB (B MOJYPEAKIIMU OKUCICHHS) PaBHO YUCIY MPHUHATHIX AJIEKTPOHOB (B
MOJIypEaKIIM1 BOCCTAHOBJICHHUS).
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4. Cnoxutb o0€ MOJypeakIHH, B pe3yabTaTe YEro IMOJIYyYUTCS 3alUCh YpaBHEHHS B HMOHHOU
dbopwme.
5. Jo6aBUTh K JIeBOM M MpaBOH YacTSIM HOHHOTO YpPaBHEHHUS OJMHAKOBOE KOJIUYECTBO

MIPOTUBOMOHOB

6. Meronx momypeaknuii (MEKTPOHHO — WOHHBIM METOJ) NPUMEHSIOT JUIsl PEaKIIHid,
MPOTEKAIINUX B PACTBOpPAX. DJIEKTPOHHO-UOHHBIE YPABHEHUS TOYHEE OTPAKAIOT UCTUHHBIE
HU3MEHEHHUs BEILLECTB B IPOLIECCE OKUCINUTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU U OO0JIEr4aroT
COCTaBJICHHE YpaBHEHHIl 3TUX MIPOLECCOB B HOHHO-MOJEKYJIsApHOH Qopmyne. Monno -
AIEKTPOHHBIA METOJI ( METOJ MOIYpPEaKlMii ) — OCHOBAH HA COCTaBJICHUU Pa3JIeIbHbIX HOHHBIX
YpaBHEHUH MOJIypeaklMii — IPOLIECCOB OKUCIEHHS] U BOCCTAHOBJIEHUS — C MOCIEAYIOIINM UX
CYMMHPOBAHHEM B 001[e€ HIOHHOE YpaBHEHHE.
['maBHBIE STANIBL:
1)3anmceIBaeTCs 00IIass MOJICKYJISIpHAS CXeMa
K2Cr20; + Fe + H2SO4 —Cr2(S04)3 + FeSO4 + H20
2)cocTaBiiieTcss MOHHAsl cXeMa peakuuu. [Ipu 3ToM cuibHBIE 3JE€KTPOJIUTHI NPEACTABIEHBI B
BUJIE MOHOB, a clla0ble DJIEKTPOJUTHI, OCAJKW M ra3bl — B MOJEKYyJIsipHOM Buae. B cxeme
OIpeIeIIsIeTCs YacTuIla, onpeaensercs xapakrep cpenst ( H+,H20 nnmu OH-)
Cr20;” + Fe + H+ — Cr3+ + Fe2+
3) CocraBisioTcst ypaBHEHHS 2-X MTOJTYPEaKIUii.
a) ypaBHHMBAETCS YHCIIO BCEX aTOMOB, KpOME BOJIOPOJia U KHCIOpOaa
Cr20;” + H" — 2cr*
Fe —» Fe”*

0) ypaBHUBAeTCs KUCIOPO/I C HCTOIb30BaHueM Monekyn HoO unu cBszbiBanus ero B H,O

Cr,07% + 14H" — 2Cr*" + 7 H,0

B) YPaBHUBAIOTCS 3aps/Ibl C TOMOIIBIO MPHOABICHUS JIEKTPOHOB

Cr,07% + 14H" + 6e — 2Cr*" + 7 H,0

Fe — 2e — Fe2"

4) ypaBHHMBaeTCsl 00Ilee YHUCIO YyJaCTBYIOIIUX 3JEKTPOHOB IMyTEM I000pa JOMOJIHUTENbHBIX
MHOJKHUTEJIeH 1O MpaBUIly HAUMEHBIIET0 KPAaTHOTO, M CYMMUPYIOTCSI YPABHEHHUS ofenx nomypeaxiyuii.
Cr2072- + 14H+ + 6e —2Cr3+ +7H202 1

Fe —2¢e — Fe2+63

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

5) 3amuChIBalOTCS ypaBHEHHWS B MOJEKYIApHOW ¢opme, ¢ JJ00aBIeHHEM HOHOB, HE
YYaCTBYIOIIMX B IPOLIECCE OKUCIIEHUS- BOCCTAHOBIICHMS.

K>Cr,0; + 3Fe +7H,S0O,4 = Crz(SO4)3 + FeSO,4 + K,SO,4 T+ 7 H,O

ITpumep 1.

MeTtonoM TONypeaknuii COCTaBbTE a) ypaBHEHHWE PEAKIIMH OKUCIIEHUS STHIIOBOTO CIHPTa
NepMaHraHaToM Kanus B cuibHokuco# cpeae: CoHsOH + KMnOy4 + HaSO4 —; 0) ypaBHeHne
peaKuuK B3auMOJECHCTBUS

TJIIOKO3bI ¢ IepMaHraHatom kanust B kuciol cpene: CgHi1206 + KMNO,4 + HySO,4 —.

Pemenne: Ilepmanranat Kanusi B KMCIIOM Cpelie MPOSBISET CBOMCTBA CHIIBHOTO OKHCIIUTEIS.
Opranuyeckue BeIIeCTBa, KaK MPaBUIIO, SBISAIOTCS BOCCTAHOBUTEINSIMU, PH B3aUMOACHCTBUH C
CHWJILHBEIMH OKUCIUTEIAMU OKHUCIIIoTCS 10 COo.

a) COCTaBUM IOJIypeaKkIuM U HalieM KOd(PUIIUEHTHI:

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

CyHsOH + 3H,0 — 12e = 2CO, + 12H"

5CoH50H+ 12KMnO4 + 18H,S04 — 10CO; + 12MnSO4 + 33H,0 + 6K,S04

0) aHaJIOTMYHO COCTaBUM IOJIYPEAKIIHIO C YYACTUEM TITFOKO3BI:

®opma nmpeacTaBJieHus pe3yJbTara:
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HazBanwe u 1ienb paboThlI.
Hanucate cxembl ypaBHEHUN peaKInid.
CraenaTb BBIBOJ O TIPOJIEIAHHON paboTe.

Tema 2.3.
B3aumojeiicTBHsI METALIIOB (CHIPbs), METAJJIMYECKUX MOPOIIKOB € Ta3aMM M IPYTHMH
BellecTBaMu
JlaboparopHast pabora Ne5 Ompeznenenue coaepaHus XpoMa B CTaJIA

Heanb padotel: OnpeneneHue coaepKaHus XpoMa B CTaIIU
Bbinosinus padory, Bol Oynere:
ymemn:
- [POBOAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PU3MKO-XMMHUYECKHE METOJbl aHajh3a CBIPbS
IIPOAYKTOB METaJTypruH;
MaTtepuajbHoe obecnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpenoaBaTes;
- pabouee MeCTO CTY/AEHTa;
- TaOIUIIBI.
O6opynoBanue 1a60paTopuu:
- pabouee MeCTO IpenoaBaTers;
- pabouee MeCTO CTYAEHTa;
- METOIWYECKHE yKa3aHWs IS MPAaKTUIECKUX pabdoT;
- METOJIMYECKHE YKa3aHHUs AJIs 1JaOOpaTOpHBIX paldoT;
- METOIWYECKHE YKa3aHWA IJI CAMOCTOSTEILHON pabOThI;
- XHMHYecKoe 000pyIOBaHUE;
- XHMHYECKHE PEaKTHBBI;
- ydeOHOe nmocoOue, CIpaBOYHUKHU O aHATTUTUYECKOW XUMUH.
TexHMueckue cpencTBa 00ydeHus:
— Ayauo-, BUJeo-, MpOeKLMOHHAs anmaparypa.
IMopsinok BbINoJIHEHUs PadOTHI:
N3yunTh METOMYECKUE YKA3aHUS K TaHHON MPAaKTUYECKOM 1 1abopaTopHOit
pabore.
Onpenenuts NPOAYKTHI PEaKLUU
BeImoaHUTE OTYET O MpoaeaHHO#N padoTe.
Xon pa0doThI:
e  DOTOKOJIOPUMETPHUECKOE OIpeIeIEHUEe KOHIIEHTPAIUY BEIIeCTBA B PACTBOPE METO/I0OM
CpaBHEHHSI ONITHYECKOHN TNIOTHOCTH MCCIIETyEMOT0 U CTaHIAPTHOTO PaCTBOPOB.
e DKCTPaKUHMOHHO-()OTOMETPHUECKOE OIpPEAesIEHNE MAJIBIX KOJUYECTB XpOMa C
nudeHnIKapoazuIoM
e  MeTroabl NPSMOTO CIIEKTPATHHOTO aHAIN3a
e  DmuccuOHHas GOTOMETPUS IUIAMEHU
e  ATOMHO-aOCOpOLIMOHHBIN METOA

e MeToapl IpsAMOro CIICKTPAJIbHOI'O aHalIn3a

CrekTpanbHbIi  aHAJIW3 — COBOKYIIHOCTb METOAOB KAauye€CTBEHHOTO M KOJIMYECTBEHHOI'O
oTpesieNieHus] COCTaBa 0ObEKTa, OCHOBAHHAS HA U3YYEHUU CIEKTPOB B3aUMOJICHCTBUS MaTEPUU
C WU3JIyYEHUEM, BKIIIOUAsl CIEKTPbl AJIEKTPOMATHUTHOTO M3JIY4YEHMs, aKyCTHUUECKHUX BOJIH,
pacrnpesielieHuss M0 MaccaM W JHEPrusiM AJIEMEHTapHBIX YacTHIl U JIp. ATOMBI KaKJIOTO
XUMHUYECKOTO 3JIEMEHTA UMEIOT CTPOrO ONpPEAEIEHHBIE PE30HAHCHBIE YACTOTHI, B PE3yJIbTaTe
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4ero UMEHHO Ha ATHX YacTOTaX OHHU M3JIy4aroT WIM MOIJIOUIAIOT CBET. JTO MPUBOIUT K TOMY,
YTO B CHEKTPOCKOIIE Ha CIEKTpax BHUJHBI JUHHUU (TEMHBIE WM CBETJBIE) B ONpPENCIEHHBIX
MeCTax, XapaKTEPHBIX I KaXA0ro BeulecTBa. VIHTEHCUBHOCTD JIMHUM 3aBUCUT OT KOJIMYECTBA
BEUIECTBA W €r0 COCTOSHUA. B KONMYECTBEHHOM CIEKTPAJIbHOM aHAIU3€ ONPEACIAIOT
COoZiep’KaHHE HCCIIEAYEMOro BEIIECTBAa IO OTHOCUTEIBHON MM a0COJIFOTHOI MHTEHCHBHOCTSM
JUHUM WM 1oJoC B crekrpax. ONTHYECKHH CHEKTPAJIbHBIM aHAIN3 XapaKTepU3yeTcs
OTHOCHUTEJIFHOW MPOCTOTON BBIMOJIHEHUS, OTCYTCTBUEM CIIOKHOW MOJTOTOBKH MPOO K aHATHU3Y,
HE3HAuYUTEJIbHBIM KoiudecTBOM BemiectBa (10—30 Mr), HeoOXoaumoro [uis aHajluM3a Ha
OO0JIBIIIOE YUCIIO IEMEHTOB. ATOMAapHBIE CIIEKTPHI (MOTJIOMIEHUS UM UCITYCKaHUs) TOTY4atoT
NIEpEeBEICHUEM BEIECTBA B MAapooOpa3HOE COCTOSHME IMyTEM HarpeBaHus npoOsl 1o 1000—
10000 °C. B kayecTBe HMCTOYHUKOB BO30YKIEHHS AaTOMOB IpPHU SMUCCHOHHOM aHAJM3E
TOKOIIPOBOJAILIMX MAaTE€PUATIOB IMPUMEHSIOT UCKPY, Ayry NEPEMEHHOI0 TOKA; IPU 3TOM IPOOy
IIOMEIIAIOT B Kparep OJHOIO M3 YIOJIBHBIX JJIEKTPONOB. [lns aHanu3a pacTBOPOB IIMPOKO
HCHOJIB3YIOT IUIaMs WM IIa3My Pa3iIu4HbIX ra30B.

dopma npeacTaBiaeHus pe3yJabrara:

HazBanue u nienb padoThl.

Hamucarte cxembl ypaBHEHUN peaKLUN.

Cnenatpb BBIBOJI O MPOJIETaHHOM paboTe

Tema 3.1
IMHUCCHOHHBIN CNIEKTPAJIbHBIN aHAJIU3.
[IpaxTuueckoe 3anatue Ne 5 O3HaKOMIIEHHE C YCTPOHCTBOM, IPUHLIUIIOM JIEHCTBUS U
SKCIUTyaTalluy 3KCIPECcC — aHAIMU3aTopa.
Lean paboThi:
O3HakOMJICHHE C YCTPOWCTBOM, MPHUHIMIIOM JACWCTBUS U OJKCIUTyaTallMM »dKCIpecc -
aHaJIN3aTOPOB
Beimosinus patdory, Bel Oyaere:
ymemy:
- MPOBOJAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- HCIIONIb30BaTh XHMMHUYECKHE, (PHU3HKO-XMMHUYECKHE METOJbI aHajh3a CBIPhS
MPOJIYKTOB METAILTypIHH;
MarepuanbHoe o0ecnieyeHue:

Ob6opynoBanue yueOHOro kabuHera:

- pabouee MeCTO MpenoiaBaTens;

- pabouee MecTO CTY/AEHTa;

- TaOTHIBI.
Ob6opynoBanue 1a00paToOpuu:

- pabouee MeCTO MpenoiaBaTens;

- pabouee MecTO CTY/AEHTa;

- METOIWYECKHEe yKa3aHWs IS MPAaKTHIECKUX padoT;

- METOJIMYECKHE YKa3aHUs AJs 1JaOopaTOpHBIX paldoT;

- METOIWYECKHEe YKa3aHWs I CAMOCTOSTEILHON pabOThI;

- XHUMHYECKOe 000pyI0BaHHUE,;

- XHMHUYECKHE PEaKTHBHI,

- yueOHOe nmocoOue, CIpaBOUYHUKH 10 aHATTUTUYECKON XUMUH.

TexHuueckue cpencTBa 00ydeHus:
— Ayauo-, BUzie0-, IPOEKIIMOHHAs anmnapaTypa.
IHopsiaok BbINOJIHEHUS Pa0OTHI:
N3yunTh MeTOAMYECKHUE YKa3aHUS K JAHHOU MPAKTUUECKOU H JTaOOpaTOpPHON
pabore.
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Ornpenenutb NPOAYKTHI PEAKIIUU

BrImoaHUTE OTUET 0 MpoJieIaHHON paboTe.
Xon padoThlI:
Kynonomempuueckue memoout

Kynonomerpuueckuili MeTo/1 aHainM3a OCHOBAH HAa U3MEPEHUU KOJIMYECTBA AJIEKTPUUYECTBA,

M3pPACXOJOBAHHOTO B XOJE 3JICKTPOXMMHUECKON peakluu ompenenseMoro BemiectBa. Eciu
IIPOTEKAET Kakas-IM0O 3JIEKTPOXMMHUYECKAss pEeakUus, TO IO KOJUYECTBY HIIEKTPUYECTBA,
M3pACXOJOBAHHOTO Ha 3TY PEAKIUIO, U YHUCITY 3JEKTPOHOB N, MPUHUMAIOUINX B HEW ydacTue,
MO>KHO OIPEJENUTh COJAEPKAHUE UCXOJHOTO BEIIECTBAa J B COOTBETCTBUM ¢ 3aKkoHOM (Dapazest
o ¢opmyre:

(AOHIER) = (AQ) [ (96485n)

’ riec Q —  Koim4ecTBO
3JICKTPUYECTBA, paBHOE
-1 O : i ‘ MPOM3BEJICHUIO CHJIBI TOKa Ha
ll [ l 7 'f}—"l' < JUIUTEIbHOCTh €r0 MPOXO0KICHUS
b .7 33 —_— g

jl | E'j’t“"ir e - ] yepe3 pacTtBop; 4 — aroM-macca
d—— - E==T s BellecTtBa; F — mocrosHHas

N . Dapaes.

' Ha smom ocnosan npsamou
KYJIOHOMempu4eckuii. memoo, B
KOTOPOM  pacyeX BeayT [0
IIPOJIOJKUTEIIBHOCTH JIEKTPOIIN3A.

B stoM cnyuae He TpeOyere! mocTpoeHHs TPAAMPOBOYHBIX TPaPUKOB W MPUMEHEHUS
CTaHJAPTHBIX PACTBOPOB, YTO BHITOAHO OTJIMYAET €T0 OT APYTUX (PU3HKO-XHUMHUYECKUX METOJIOB
aHanu3a.

KocBeHHBINM KyTOHOMETpUUYECKUN METOJ (KYJIOHOMETPUYECKOIO0 TUTPOBAHMSI) OCHOBAH Ha
MOJy4YeHU! (TeHEepPUPOBAHUH) PEarupyrollux C ONpeneNseMblM BEIIECTBOM HOHOB B CaMOM
TUTpyeMoM pacTBope. [IpsimMoli KyloHOMETpHUeCKHH aHaju3 OOBIYHO OCYIIECTBIISIOT MpPU
MIOCTOSIHHOM IOTEHIMalie paboyero 3JeKTpo/ia, a KOCBEHHBIH — IPH MOCTOSIHHOM Cuile TOKa,
MIPOXOJISIIETO Yepe3 JIEKTPOIUTHUECKYIO sueiiKy. Cxema KyJOHOMETPUUYECKOrO aHajau3a MpH
MOCTOSIHHOM TOTEHI[HANle Mpe/icTaBlIeHa Ha puc. 5, a. Tok oT akkyMynaTOpHOW Oartapen mpu
IIOMOIIM MOTEHIIMOMETPA MPH ONPEACICHHOM IOTEHIHANIE, KOHTPOJIUPYEMOM BOJBTMETPOM,
IIOJIaeTCsl HAa KYJOHOMETPHUECKYIO siueiKy. KoanuecTBo asieKTpUuecTBa, MPOLIEALIETO YEPE3
KYJIOHOMETPUUYECKYIO STYEUKY, OMPENEIAETCS KYJIOHOMETPOM. B KyJIOHOMETPUYECKOU SUYEHKe
IIPOUCXOJUT BOCCTAHOBJIEHUE OlpezensieMoro noHa. Cuua TOka, MPOTEKAIOIIEM B LEMH, IO
Mepe YMEHBIIECHHS KOHIICHTPALMK ONPENEIIEMOI0 HOHA CHUKAETCS U B MOMEHT €T0 MOJHOTO
BOCCTAQHOBJICHUS CTAHOBHUTCS OJM3KOW K HyM0. OTO yKa3blBaeT Ha OKOHYaHHME Ipoliecca
BOCCTAHOBJIEHHMsSI ~ ompejenseMoro uoHa. OmnpenenuB  KyJIOHOMETPOM  KOJIMYECTBO
AJIEKTPUUECTBA, M3PACXOJOBAHHOTO Ha BOCCcTaHOBIeHHE, Mo (opmyne (18) paccumTsiBatoT
KOJIMYECTBO OIPEAEIISIEMOr0 BENIECTBA B KYJJOHOMETPUYECKOH STUEHKE.

[IpuHiMnuaneHas cxema Uil KyJIOHOMETPUYECKOIO TUTPOBAHUSA IPU ITOCTOSHHOW CHIIE
TOKa JJis ONpeAeNieHWs, HampuMep, COJepKaHus Xpoma, MpuBeneHa Ha puc. 5, 0. B
KYJIOHOMETPUYECKYIO sITUEHKY JJI THTPOBAHUS HAIMBAIOT aHAIM3UPYEMbIH pacTBOp OuxpomaTa
KaJIWsI ¥ pacTBOP XJopuaa xkene3a. Karon onmyckaroT HEMOCPEACTBEHHO B PaCTBOp, @ aHOJ — B
MOPHUCTBIM cOCyl, colepKamuil pacTBop xjiopuia kamus. OT akKyMyJIaTOpHOW OaTapeu npu
IIOMOIIIM PETYJIMPOBOYHOIO PEOCTAaTa dYepe3 pPACTBOP MPONYCKAETCS MOCTOSHHBIM TOK,
KOHTpOJIUpYEMBIA amiepMerpoM. IIpy 5ToM B aHalIM3upyeMOM pacTBOpe Ha KaTole
MIPOUCXOAUT BOCCTAHOBJIEHUE TPEXBAJICHTHOIO JKEJI€3a 10 IBYXBaJEHTHOT0, KOTOPOE Ccpasy ke
OKHCIISIETCS JIO TPEXBAJIEHTHOTO OMXPOMAaTOM, HaXOAALIMMCS B pacTBOpe. YKa3zaHHBIN Mpolecc
MIPOTEKaeT JO0 TeX IOp, II0OKa BECh MIECTUBAICHTHBIH XpOM HE BOCCTAHOBUTCSA [0
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TPEXBAJCHTHOTO. B 3TOT MOMEHT B pacTBOpE MOSBATCS M30BITOUHBIE MOHBI JIBYXBAJIEHTHOTO
’Kele3a, KOTOpBIE JIETKO OOHAPYKUTh 110~ TEHIHOMETPUUYECKHM METOJIOM.

KonunuecTBo 3nekTpuyecTBa, pacXoayeMoro Ha TUTPOBAHUE, PABHO MPOU3BEICHHUIO CHUJIBI
TOKa Ha JJIMTENBHOCTh €ro mpoTekaHus. Takum oOpa3oM, B 3TOM BHUJE KYJIOHOMETPUYECKOTO
aHaJIn3a TUTPOBAHUE IIPOBOJAST BELIECTBOM, KOTOPOE 00pa3yeTcs (FreHEPUPYETCsl) B TATPYEMOM
pacTBope B pe3yibTare’ peakluuid BOCCTAHOBJICHUS WJIM OKHCIICHHS M B3aUMOJEHUCTBYET C
aHAJIM3UPYEMbIMU MOHAMU.

Kynonomerpuueckuii MeToJ] THUTPOBAaHHUS IIOJIOKEH B OCHOBY, HalpuMep, HIMPOKO
IIPUMEHSIEMBIX IKCIIPECC-aHAIM3ATOPOB Il OINPENEICHUS COJIEp)KaHUs YIJIEpoJa U CEpPbl B
Metaiie. CxeMa paboThl SKCIpecc-aHaau3aTopa JAJis aHallu3a yriepojaa MpuBeeHa Ha puc. 6.
Hagecky metaina (0,5 r), moMerieHnyio B papdopoByro J00UKY, CKUTAIOT B TPYOUaTOl mieun
mpu 1300—1350 C B mMOTOKE YHCTOrO0 KHUCIOPOAA, PacXoJ KOTOPOTO peryaupyercs
aBromarndecku ot 0,2 mo 2 n/mue. Ilpm 3toM Bech yriepon okucisiercss o CO2.
HemnpepsiBHBIN TOTOK KHCIOpoaa yHOocUT u3 meun COz B DJIEKTPOIMTHYECKYHO SUYCHKY 2
JaTurKa dKCIpecc- aHanmu3aTopa. 3aechk C0, moriomaercs CliaboeIOYHBIM OTIIOTUTEIBHBIM
pactBopom 3 (pH~10,2), BbI3bIBasi MOBBINICHUE KOHIICHTpAIlMKM HOHOB Bojgopoaa H+. Drto
m3mensier pH cpenpl, pukcupyemoii uepes snexrpoast 4, 5 u pH-merp 6. M3menenue 5. 1. c.
ANEKTPOAHON cucTeMbl pH-MeTpa MpUBOAUT K U3MEHEHUIO CHJIBI TOKA Ha BBIXOJIE YCUIIUTEINS
pH-meTpa, B pe3ynprare 4ero CnelualbHbIM PETryIsaTOp 7, COEAMHEHHBIM C BbIXOAOM pH-
MeTpa, aBTOMAaTHYECKH BKJIIOYAET MCTOYHHUK CTAOMIIM3UPOBAHHOIO TE€HEPaTOPHOro Toka 8.
I'eneparopHblii TOK mpoTekaeT yepes anoxa 10, kaTox 9 1 mpoHUIaeMyro JUIsl TOKa TIEPETOPOIKY
11 (nennoganoByro mierky). Ilpu sTom monsl H' paspspkaroTcs Ha KaToje ¢ 06pa3oBaHHEM
MOJICKYJISIPHOTO BOZIOpOZAa. ['€HepaTopHBIH TOK MpOTEKaeT 10 TeX IMOop, MoKa He OymyT
HelTpanu3oBaHbl MOHBI H+ u 3. 1. c. pH-MeTpa, a Takxke cuiia Toka Ha Beixoae pH-merpa He
JIOCTUTHET nepBoHavanbHoro 3HayeHus (0,2 MA). KonnuecTBo 3iekTpuyecTBa, 3aTpadyeHHOIO
Ha TUTpOBaHHE (BO3BpalllEHUE K HCXOIHOMY 3HadeHHi0 pH), oAHO3HAYHO CBSA3aHO C
KOJIMYECTBOM IOTJIOLEHHOIO YIVIEKUCIIOTO ra3a, a CJlIeJ0oBaTeIbHO KOJIMYECTBOM YIJEpojaa B
aHanM3upyeMoi nmpobde Meramna. KomudyecTBo a1eKTpudecTBa ONnpeaenseTcss aBTOMAaTUYECKUM
MHTErPUPOBAHUEM CHIIBI TOKA TUTPOBAHHUS CHIEUAIBHBIM KYJOHOMETPOM - HHTErpaTOpoM TOKa
13, Ha BBIXOJE KOTOPOTO BKIIIOUEHHI HEOHOBHIE LHU(PPOBBIC JAMIIBI, IMOKA3bIBAIOIINE
MIPOLIEHTHOE COJIep’KaHue YIiIepo/ia B aHAIM3UPYyEMOH IIpooe.

IIpy mOrJIOMIEHUM  YTJIIEKHUCIOTO
raza TMOTJOTUTENBHBIM PAacTBOPOM, B
COCTaB KOTOpOFO BXJIOAT XJ'IOpPICTBIﬁ
Kamuii , TPOTEKAIT  CIEAYIOLIUe
peaKuuu:

(Og 25 H;O - HQCOI

H,CO; + StCr, = St COw+2HC]

HCI=H CI'

B pe3yJabTare MPOTEKaHUS
VKa3aHHBIX pEaKIuid U MPOUCXOAUT
MOBBIIIEHNE KOHLEHTpauuu HoHOB H+
B MOTJIOTUTETFHOM PAacTBOpPE, KOTOPHIi
g Oojiee TOJIHOTO  MOTJIOIIECHHS
VIJEKUCIOTO Tra3a MepeMelInBaeTcs
Metrankon 14.

[Ipy mpoTeKaHWU TEHEPATOPHOTO
TOKa Ha Karozae, OHYIHCHHOM B HOFJ'IOTI/ITGJ'IBHBIﬁ paCTBop, HpOTeKaeT

peaxIus 2H +2e = H, T» a Ha aHoJIe,

M3TOTOBJIEHHOM W3 IIMHKA, PEaKIUs Zn—2e Zn" . Anon MOTPYKEH BO
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BCIIOMOTATENbHBIA pacTBOp 72, B COCTAB KOTOPOTO BXOJAT XJIOPUCTHIM Kanuid U Gpepporranug
Kanusl. VoHBl LIMHKa, B3aMMOJEHCTBYS ¢ (PeppOlMaHUAOM Kaiusi, oOpa3ylT KOMIUIEKCHYIO

COJIb IMHKA, KOTOPAs BbIIAJACT B OCAAOK 110 PCAKIIUU:

3Zn** + 2K" + 2Fe (CN)*'s = KoZn; [Fe (CN)s]ay. -

OCHOBHBIE TEXHUYECKUE XapPAKTEPUCTUKHU IKcIpecc-aHanu3aTtopos AH-29 u

AH-160:

Jnanazon onpexaensiembix | AM-29 AH-160

KOHIICHTpAllMH  yrjepoja,

%

Pacxon kucnoponma, r/mma | 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 cuet | 0,01—0,002 0,0002—
npuodopa, 0,0003

Q0/MHH.........cuvvnee.

UyBCTBUTEIHHOCTH, 0,03—0,04 60 0,006—0,008
9HCII0 UMITYJIbCOB 60—120
reHepaTopHoro toka Ha 0,1
MA pH-MeTpa .......ccocvene

[Tpo10mKUTETBHOCTD 60 60-120
AHAJIN3A, C .veeeenneee..

B HacTosee BpemMsi Ha METATYPrUYECKUX 3aBOJIaX IIMPOKO MCHOJIB3YIOT OTEUECTBEHHBIC
AKCIpPECcC-aHATN3aTOPhl ISl OnpeaeNieHus cojaepkanus yriaepoga (tuma AH-29, AH-160) u
cepsl (tuma AC-7012, AC-7412).

dopma npeacraBjIeHus pe3yabTara:

HazBanue u 1ienp paboThl.

Hamucars cXxeMbl ypaBHEHM peaKLuil.

Cnenatb BBIBOJI O MPOJIETaHHOM paboTe

Tema 3.2.
PeHTreHOoCTPpYKTYPHBIH aHAJIU3.
[TpakTryeckoe 3ansaTre Ne 6 O3HaKOMIICHHE C YCTPOWCTBOM, IPUHIIUIIOM JeHCTBUSA
PEHTTEHOCKOIa OTEUYECTBEHHOT0 U 3apy0eKHOI0 MPOU3BOJICTBA.
Lean paboThI:
O3HaKOMJIEHHE C YyCTPOWCTBOM, IPUHIIUIIOM JEHCTBHS pEHTI€HOCKONa
Beinosnus patdory, Bel Oyaere:
ymemy:
- MPOBOJAUTH (PU3UKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- UCIOJB30BaTh XHWMHUYECKHE, (PU3MKO-XMMUYECKHE METO/Abl aHajdu3a ChIpbs H
IIPOJYKTOB METAJIIypIyy;
MarepuanbHoe o0ecnieyeHme:
O6opynoBanue yueOHOTo KabuHeTa!
- pabouee MeCTO MpenoiaBarTeis;
- pabodee MECTO CTy/IeHTa;
- TaOJIUIIEL.
Ob6opynoBaHue 1a00paTOpUH:
- pabouee MeCTO MpenoiaBaTes;
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pabouee MeCTO CTY/ACHTA;
- METOIWYECKHEe yYKa3aHWs IS MPAKTUIECKUX padoT;
- METOIWYECKHEe yKa3aHus IJIsl JIaOOpaTOPHBIX paboT;
- METOJWYECKHE YKa3aHUS JJIsi CAMOCTOSTSIILHON pabOThI;
- XHUMHYECKOE 000pYyI0BaHHUE;
- XHMHUYECKUE PEaKTHUBBI;
- yueOHOe mocobue, CIPaBOYHUKH 10 aHATUTUYECKON XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Aynmo-, BUJeo-, MPOSKIMOHHAs armaparypa.
ITopsinok BbINOJIHEHHUSI PA0OTHI:
N3yunth MeTOAMUYECKHE YKa3aHUs K JAaHHOW MPAKTHYECKON U TabopaTOpHOU
pabore.
Onpenenuts NPOIyKThl PEAKIIUU
BBITIOTHUTE OTYET O MpOoeIaHHo# padoTe.
Xoa paGoTsI:

' T T T | /4

- 1
o

Prc, €1, Cxema yoramossn ass PENTTOHOCHEKTRAALROMO DHAANI2
I — soaGymaenne; !/ — paraomenve » cuexrp; /11— perncrpanms
| = perTreMopckar TpyOka, 2 — npola; J — RaayseHun  dayopecuestun

4 — xpacTann-awanmdaTop; 3 ACTCKTOP; & — PErNCTRPUPYIOWMA  NaMepH
TCOMRNA npubop

B o60mem cinyyae cxeMy pEHTTEHOCHEKTPAJIbHOTO aHalu3a MOXKHO TMpPEeJICTaBUTh
cienyromuM o0pa3oM; 1) Bo30ykeHNEe PEHTT€HOBCKOTO XapaKTEPUCTHIECKOTO U3IYyUCHUS
3JIEMEHTOB, 00pa3yoIux Mnpody; 2) pas3ioKeHHe PEHTTEHOBCKOTO HM3IY4YEHHUS B CIEKTp
(BBIIENICHUE AQHAIMTUYECKUX JIMHUW DJIEMEHTOB); 3) pEerucTrpanus U HU3MEpeHUe
MHTEHCUBHOCTH PEHTI€HOBCKOTO XapaKTEPUCTUUYECKOT0 M3Ty4YeHHUs dJIEMEHTOB. B cBs3H C
3THUM BCE PEHTTCHOBCKHE CIIEKTPOMETPUICCKHIE CUCTEMBI HMEIOT O0OIINE KOMITOHCHTHI:

1) ucTouyHUK BO3OYXKIEHHS XapaKTEPUCTUUECKOTO H3JIYYEHHS DIEMEHTOB MPOObBI; 2)
JTUCIIEPTaTOpP — YCTPOMCTBO ISl BBIJEICHUS] aHATUTUYECKUX CUTHAJIOB JJIEMEHTOB; 3)
JETEKTOP C COOTBETCTBYIOIIUM SIIEKTPOHHBIM yCTPOUCTBOM (puc. 41).

MeTtoabl  BO30Y:KI€HHST  PEHTT€HOBCKOr0  XapaKTePUCTHYECKOr0  H3JIyYeHHs
BKIIOUATOM: INEKMPOHHYIO OOMOAPOUPOBKY; PEHM2EHOBCKOe U3NYUeHUe

(bmroopectieHTHOE BO30OYKICHUE), U3TydeHNE PAAUOAKTUBHBIX H30TOTIOB.

Jlnst DIeKTpOHHOTO BO30YXKIEGHHS XapakTepHa BbICOKas d()PEeKTUBHOCTH, OJIHAKO
BCIIEJICTBHE CWJILHOTO pa3orpeBa oOpasila MoJ BO3AEHCTBHEM 3JIEKTPOHHOTO IMy4YKa (10
HECKOJIBKMX COT TPaayCcoB) BO3MOXXHBI CEIEKTUBHOE HCIApPEHUE DJIEMEHTOB WU JpYyTHE
XUMHYECKHEe W3MEHEeHUs B oOpasne. K HemocrtarkaMm SJEKTPOHHOTO BO30YKICHHS
OTHOCSITCSI MHTEHCHBHBIH (POH M HE0OXOoaUMOCTh paboTath moa BakyyMoM OTMeEuYeHHBIE
HEJIOCTAaTKW  TPOSIBISAIOTCA  cjlabee  TpH  BO3OYXKICHHH  XapaKTEPHCTUUYECKOTO
PEHTTeHOBCKOTO M3Iy4YeHUSI MPOOBI OCTPO C(HOKYCHPOBAHHBIM SIEKTPOHHBIM ITyYKOM
(PMeKTpOHHBIH MUKPO30HI). B sTOM ciydae meperpeBa oOpasia HE NPOUCXOIUT H3-3a
WHTEHCUBHOTO TEIJIOOTBOJA C MUKPOHHOTO Y4acTKa.

29



HenocratkoB,  xapakTepHbIX  Aisi  BO3OYXKIEHHUS  DJIEKTPOHAMH,  JIUIICHO
(bayopecueHTHOE BO30yXIeHHEe. DTOT METOJI BHIABUHYJICS Ha MEPEIHUMN MIIaH MOoCJe TOro, Kak
ObUTa pa3paboTaHa COBEPIICHHAS TEXHHKA PETUCTPAMHU CIAadoro  (IyopecreHTHOTO
PEHTTEHOBCKOTO H3Iy4eHHs. VICTOUHMKOM MEepBUYHOrO BO30YXKIAIOMIETO M3JIyYEHHUs CIIyXkat
peHTreHoBcKue Tpyoku. [lepBuyHoe n3nyueHue

noaouparT TakuM oO0pa3oMm, 4YTOOBI PHEPrusi €ro KBAHTOB OblIa 3aBEAOMO BBIIIE
SHEPTUHM KBAHTOB XapaKTEPUCTUUYECKOTO PEHTTEHOBCKOTO HU3IYYEHHS CaMOTO TSKEIOTro
sieMeHTa mpoObl. B TO ke BpeMs cieayeT yYUThIBaTb, YTO KOPOTKOBOJHOBOE >KECTKOE
PEHTI€HOBCKOE HM3JIy4eHHE OYeHb cJIabo Moryomaercss mpoOoil, mosTomMy BO30YKIeHUE
(hIOOpECICHIIMN CPETHUX U JIETKUX 3JIEMEHTOB OyaeT Manod3heKTUBHO.

Bo30yxaeHne peHTTeHOBCKOTO XapaKTEPUCTHUYECKOTO H3IY4eHHUs Mpo0 MOCPEICTBOM
W3JIyYeHHUS PAJUOAKTUBHBIX M30TONOB MHCIOJIB3YETCSI B PEHTICHOPAAHMOMETPUUYECKOM
aHanu3e. JlOCTOMHCTBAMH METOJA SABISIOTCA KOMIAKTHOCTh ammaparypbl M CTPOTO
MOHOXPOMAaTHYECKOE U3JIydyeHHe ucToyHuka. OCHOBHOW HEJOCTAaTOK — HHU3Kad
MHTEHCUBHOCTH NIEPBUYHOTO M3TYyUCHHUS.

Pasznooicenue penmeenosckoco uznyuenus 6 cnexmp. BuviOenenmue usmyuenus mpebyemoti
ONuHbl 607HbI. B COBPEMEHHBIX PEHTTeHOCHEKTPAJbHBIX YCTAHOBKax HCIIOIB3YIOT JBa
crocoba pas3ioKEeHHs HU3JIY4YeHUs] Ha COCTaBisiomue: 1) Aucnepcusl Mo JJIMHE BOJIHBI
(mudpaknus Ha MOHOKpHCTAIIAX); 2) AWCIEPCHS 1O DJHEpruu. B pPEeHTTeHOBCKUX
CHEKTpPOMETpax ¢ AMCHEpPCUel MO JJIMHE BOJIHBI AUCIEPTUPYIONIUM 3JIEMEHTOM CIIYKHUT
KpUCTAJUI-aHAJIM3ATOP., JACWCTBYIOIIMA aHAJIOTHYHO JAUPPAKIMOHHOW  pemeTke B
ONTUYECKON CHEeKTPOMETPUHU. YT0a AUPPAKIIMU PEHTTE€HOBCKOIO Jyda 6 C IJIWHOW BOJIHBI
{ OT KpUCTalIa-aHAIN3aTOPa, UMEIOIIETO MEXKIIJIOCKOCTHOE PACCTOSHHE ¢/, ONpeaesieTcs
ypaBHenueM Bynbda — bporra:

2¢1 51110=11/1

B 3aBucumocTH OT Auana3oHa JJMH BOJIH HCHOJB3YIOT KPUCTAUIBl C Pa3IdYHBIMU
3HAYEHUSIMU MEXKITOCKOCTHBIX PACCTOSIHUMN: KBapll, KaJIbIUT,

dbmooput, nuruapodochar ammonus u nap. Crnocod IUCHEPCHU MO JJIUHE BOJIHBI
obnamaer TeM JOCTOMHCTBOM, UYTO MO3BOJISIET BBIACIUTH JIOOYIO 3aJJaHHYIO CIIEKTPaIbHYIO
JUHUIO TUIaBHOW HacTpoiikoil. Hemoctatkom siBisiercsi OoJiblnasi mOTEps WHTEHCHUBHOCTH
W3JIy4YeHHUs] TPU OTPaXEHUU OT KpHUCTaia. B ONTHUMaIbHBIX YCIOBHSX WHTEHCUBHOCTD
OTPaXXEHHOTO Jiyya cocTaBisieT oT 5 g0 20 % majgamomero Ha MOHOKpPUCTAI
MOHOXPOMATHUYECKOTO U3ITyUCHHUS.

B ciydae oSHepreTM4eckoml — AMCIEPCHUM  JETEKTOPAMU  H3Jy4YEHHS  CIIyKaT
MOJYNPOBOJIHUKOBBIE KpUCTAbl. [IpM MOTJIOMEHUH PEHTTeHOBCKUX KBAHTOB TaKUM
KPUCTAJUIOM B HEM BO3HHKAIOT JJIEKTPUYECKHUE WMITYJIbChI, CBS3aHHBIE C DJHEpPruei
KBaHTOB. YCHJIEHHbIE UMITYJIbCHI MOMAaNal0T HA MHOTOKaHAIbHBIN aHanu3zaTop. OOpaboTka
UMITYJbCOB, NpEACTaBJI€HUE U 3allOMUHAHUE O0ecreunBalTCs MNpubopamMu 3amucu
CUTHAJIOB, UMIYJIbCHBIM CHeKTpoMeTpoM U DBM DHepreruueckoe pasperieHue MOXKEeT
OCYIIECTBIATHCS TaKXKE C TIOMOIIBIO IMPOMOPIUOHAIBHBIX M  CIUHTHJUISIIHOHHBIX
CUETYHKOB.

JIOCTOMHCTBOM AMCHEPCHH PEHTTEHOBCKOTO H3Jy4YeHUs M0 DHEPTrUU  SBISETCS
BO3MOYHOCTh Pa3pelIeHHs] OUYEeHb CIA0BIX CUTHAJIOB PEHTI€HOBCKOTO H3TydeHHs. MeTon
ya00€eH AJIsl KOHTPOJIS MPOU3BOACTBEHHBIX MPOLIECCOB.

Llemexmopuvl penmzeHo8CKUX ydel.

PenTreHoBckoe u3MydyeHUE MOXKHO 3aperuCTpUpOoBaTh, HaOMIOAass Kakoi-mubo wu3
3¢ (}HeKTOB ero B3aMMOJACUCTBUSA C BemecTBOM. Takumu dddekraMu SBISIOTCSA: 00pa3oBaHHE
CKpBITOTO H300pakeHUsT Ha (OTOIIaCTMHKE, HWOHM3aIusa Ta3a, Bo30yxkaeHue d¢ocdopa,
JIAIOIIETO BUANMBINA CBET, (POTOMPOBOIUMOCTD, BhI3BAaHHAS ACHCTBUEM PEHTTCHOBCKUX JYy4ei
Ha TTOJIYTIPOBOHUKOBEIE KPUCTAJLITBL.

Peructpamus ¢dororpapuueckuM CcrnocoOOM B PEHTTEHOCHEKTPAIbHBIX MTpUOOpax
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ceffuac MNpPAaKTHUYECKH HE IpUMEHseTcs. B To ke BpeMs IIMPOKO HCHOJb3YIOTCS B
PEHTI€HOBCKUX CIIEKTPOMETpax, Ta30HANOJHEHHbIE AETEKTOpbl — cueTunku ['eiirepa,
MPOMOPIUOHANbHBIE cYeTUUKU. OHU MPeoOpasyroT IHEPrui0 PEHTICHOBCKUX KBAaHTOB B
3JIEKTpUUYECKHE MMNYIbChbl. Ha Kak/plii NOIJIOIIEHHBIA KBAHT JAETEKTOp JaeT uMnyisc. B
IPONOPLMOHAIBHBIX  CUETUYMKAaX AaMIUIUTyJa HMIyJbca CBs3aHAa C  JHEpPruei
PEHTI€HOBCKOrO KBaHTa. lIpm uCHONB30BaHMM TaKOTO JETEKTOpa C aMIUIUTYAHBIM
CEJICKTOPOM OH MOXET OBITh HPUMEHEH ISl BBIACICHHUS W PETHCTPALNH H3TYyYCHHS
TpeOyeMbIX H BOJH. KoiMuecTBEHHBIH aHAIU3 JIETKUX JJEMEHTOB MO JHUHUIM
XapaKTEpPUCTUUYECKOT0 PEHTIEHOBCKOIO CHEKTpa 3aTpyAHEH BCIEACTBUE  PE3KOTO
ociiabyieHus] IJIMHHOBOJIHOBBIX JIMHUU B OKHE cueTuuka. JlanpHelmuil mporpecc anaiusza
CTaJl BO3MOXKHBIM TOCIE Pa3pabOTKH MPOTOYHBIX CYETYMKOB. OKHA JUIsi pPEHTTEHOBCKOTO
W3JIy4eHHs AeNaloT B HUX HACTOJIBKO TOHKHMMHM, UYTO yTedyka raza HeusOexxHa. CUETUHKH
MOTYT YCHEIIHO paboTaTh, €CIIM Yepe3 HUX HEMPEPHIBHO MPOIYCKAETCS ra30BbIi MOTOK.

JlelicTBHE CLHMHTUJUISILMOHHBIX CYETYMKOB OCHOBAHO HA BO3HMKHOBEHUHU CBEUYEHUS NPU
MOTJIOIIEHUH PEHTTEHOBCKUX KBAaHTOB (DIIOOpECHUPYIOIIMM MaTepHaioM. B Hux
HaOII0MaeTcsl MPOMOPIUOHAIBHOCTh MEXAY BEIMYMHON (aMIUIUTYJ0H) UMIylIbca U
SHEpPruel  perucTpupyeMoro KBaHTa. B KOpPOTKOBOJHOBOW  oOjacTu  cHeKTpa
1[eN1eco00pa3Ho HUCMOJIb30BaTh CIHUHTUIUISLMOHHBIE CYETYHMKHU, a JJIUHHOBOJHOBOM —
MPONOPLIMOHABHBIE.

[Ipu NOTNIOLIEHNH PEHTI€HOBCKUX KBAHTOB IOJYIPOBOJHUKOBBIM JI€TEKTOPOM B HEM
BO3HUKAIOT 3JIEKTPUUYECKUE HMIYJbChl, OTpabOTKa KOTOPBHIX MPOBOJUTCS C IOMOUIBIO
MHOTOKaHaJIbHBIX aHalu3aTopoB. [loNynmpOBOAHUKOBBIE OETEKTOPHI AAIOT BO3MOXKHOCTH
perucTpupoBaTh O4YE€Hb Ci1aOble CUTHAJbI, YTO IO3BOJISIET CHU3UTH AOCOJIOTHBIM Ipenesn
oOHapyKeHHs 3neMeHTOB. KpoMe TOro, 3To Mo3BOJSET MCIOJB30BATh ISl BO30YKICHUS
U3JIy4YEHHUS FJIEMEHTOB PaAO0aKTUBHbBIE U30TOIIBI.

Penmeenosckue  cnexmpomempul.  OTedecTBeHHbIE U 3apyOexxHbie  mpubdop!
CTPOUTENIbHBIC TPEANPUSATUS  MPOU3BOAAT MIUPOKUM  ACCOPTUMEHT  ammapaTrypsl,
MpeaHa3HAauYeHHOW NJig MPOBEJEHUS] PEHTIeHOCHEKTpalbHOTO aHanu3a. Beibop mpubopa
ompenenseTcss KOHKpPETHOW aHanuThdeckoil 3amaudeit. K daktopam, KoTopbie ciemyer
MPUHUMATh BO BHUMaHUE, OTHOCSITCS: CIOKHOCTh MPOO MO XUMHUYECKOMY COCTaBY, THI H
KOJINYECTBO MPOO, CTOMMOCTh 3JIEMEHTOONPEIEICHUS, METPOJIOTUUECKUE XAPAKTEPUCTUKU
U apyrast uHpopmaius, KOTOpy HaJ0 MOIYYUTh 00 00pa3iax.

Ilo ceéoemy Hasnauenuto  cnekmpomempvl  OenAmMcsi  HA  KOPOMKOBOHOSbIE,
ONUHHOBOIHOBblE U 6cegoNHosble. ChneKkmpomempsl, umeloujue HeCKOAbKO KAaHal08,
YCMAHOBIEHHBIX 0714 OOHOBPEMEHHOU PecUCmPAyuUu OnpeoeieHHbIX OJIUH 60JIH, HA3bIEAIOM
keanmomempamu. I1o cnocoby videnenus aHaIUMUYecKol TUHUY CHeKMpaibHble Npudopbl
oensiam Ha KpUcmaibHvle U OecCKpUcmaibHbule.

Penmeenopaouomempweckuii ananus.

PenTtrenopaanomMeTpuyeckuii aHalW3 Hallel TPUMEHEHHE B TMPAKTUKE TOPHO-
000raTUTENbHBIX U METAILTYPTHUYECKUX MPEANPHUATHH. ITOMY CIOCOOCTBOBAIU pa3padboTKa
BBICOKOA(D(EKTHUBHBIX  JETEKTOPOB  Ci1aboro  (IyOpeCHEeHTHOTO  PEHTTEHOBCKOTO
M3JIy4eHHs, a TakKe MPOMBIIIICHHBIH BBIYCK IIMPOKOTO Habopa paauoaKTHBHBIX
M30TONOB C OTHOCHUTEIBHO HEBBICOKON LEHOW M MOAXOISALIMM MEpUOAOM IMOoJypachaja.
HaunbGosiee yacTto HCHONB3YIOTCA HM30TOMNbBI, HCIYCKAIOMIME - ) -KBaHTBl B pe3yJibTare
3axBara SApPOM OpOUTAIBHOIO JJIEKTPOHA, HAMpPUMEp >°Pe, C<+ PaanoakrueHOE
U3JIydeHHe OT HMCTOYHMKA MHajaeT Ha oOpasel] U MHAYUHPYET B HeM (IyopecleHTHOe
U3JIydyeHue. DTO H3Iy4YeHUE 3aMepsieTcs MPOMOPUUOHAIbHBIM CYETYUKOM M pe3yJbTaT
u3MepeHusi obpabareiBaeTcs Ha DBM, BKIIOYEHHOW B OJIOK 3JEKTpoHHMKH mpubopa. B
KayecTBE OKOHYATEIBHOTO pe3yJbTaTa Ha IUQPPOBONW WHIAMKATOP (AUCIUICH) BBIAAIOTCA
JaHHBIE TI0 COJEPKAHUID XHUMHYECKUX OIEMEHTOB B o00paslle C HX CHMBOJBbHBIMHU
0003HaYEHUSIMU.

PenTrenopaanoMeTpuieckie aHaIMU3aTOPhl MPEeIHA3HAYCHBI I aHaTu3a 0ObEKTOB Ha
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3JIEMEHTBHI OT (e=12) ngo Il (r=92). I'pangyupoBka mnpubopoB
OCYULIECTBISIETCA MO CTaHAAPTHBIM oOpasnaM. CoBpeMeHHbIE KOHCTPYKIUU aHAJIU3aTOPOB
MO3BOJISIOT MOJIy4aTh OJJTHOBPEMEHHO JaHHBIE 10 1—6 3eMeHTaMm.

[IpuGopel  MOryT HOpPUMEHATbCS AJ  SKCHPECCHOTO  aHajiu3a B YCIOBMSAX
HECTAallMOHAPHBIX JIa0opaTopuii, B TOM 4YHUCJIE [Js MacCOBOr0 aHainu3a Mpod Ha
IIPOMBIIUIEHHBIX IPEINPUATUIX.

Jlokanvueiii ananu3. JIokanbHBIH PEHTIEHOCIEKTPAJIbHBIA aHAIU3 HCIOJb3yeTCd IS
uJeHTU(UKAMN BKIIOYEHHI B CIUlaBax M MUHepalax, M3ydeHus Iu(@y3uoHHBIX 30H,
pacmpesiesieHus 3JIEMEHTOB 110 MOBEPXHOCTH U T. 1. BaXKHBIM 00CTOSTEIBCTBOM SIBIISICTCS
TO, 4YTO METOJ JaéT BO3MOXXHOCTb paboTaTh C MpeIeNbHO MalbIMU 00beMaMu
HCCIIelyeMOro BelecTBa (opsigKka HECKOJIbKUX KyOMUeCKUX MUKPOMETPOB).
PenTreHocnekTpaiabHblii MHUKpPOAHAJIN3aTOp OCHOBAaH Ha BO30YXKIEHUU PEHTTEHOBCKOIO
XapaKTePUCTHUYECKOTO U3ITYUYEHHUS C TOMOIIBIO OCTPO CHOKYCUPOBAHHOTO JEKTPOHHOTO ITyUYKa
U MOCJIEAYIOIIEeH PEerucTpaluy pa3JesIeHHOrO MO JUIMHAM BOJH PEHTIC€HOBCKOIO H3JIY4EHUS.
JlokanpHOCTh aHalu3a, T. €. JIuUaMeTp wucciaeayemod miomanu, 1|—2 V.km. IIpubopst
MO3BOJISIIOT BECTH BH3yallbHOE HAONIOJEHHE 3a MCCIEIyEeMbIM O0pa3lioM C IOJIE3HBIM
yBenuueHueM X450, mpu 3TOM INepeKpecTHe MHKPOCKONA COBHAJAaeT C y4yacTKOM oOpasla,
obiydaembIM 3JeKTpoHaMu. llpu aHanu3e HeMeTauIM4ecKMX OOpa3lloB Ha HCCIEAYeMYIO
MIOBEPXHOCTh HEOOXOIMMO HAIBUIATh JIEKTPOINPOBOISAIINE CIOU TOJIIMHON 1 HM.

®opMma npeacraBjIeHud pe3yabTara:

Ha3zBanue u nienp paboThl.

Hamnmcars cxeMbl ypaBHEHMI peakiuil.

CnenaTb BBIBOJI O IIPOJIEIaHHON paboTe
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