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1 BBEJEHUE

Baxnyio yacTh TeopeTHdyeckol H MNPOQPEecCHOHAIBHON MPaKTUYECKOW MOJArOTOBKU
CTY/ICHTOB COCTABIISIIOT NMPAKTHUECKUE 3aHATHS M J1a0opaTopHble paboThl. SIBISASCH YaCTHIO
U3y4eHUsT Yy4eOHOW JUCUUIUIMHBI, OHHM MPU3BAHBI, OKCIEPUMEHTAIBHO MOJITBEPIUTH
TEOPETUYECKHE TOJOXKEHUsT W (HOpMUPOBATh OOIIME U MPOPECCHOHAIBHBIE KOMITCTEHIIHH,
MPAKTUYECKHE YMEHHUS.

Benymieid nunakTU4eckod LENbI0 Mpakmuyeckux 3saumamuil siBiseTcss (GpopMupoBaHUe
MPAKTUUYECKUX YMEHHH - MpodecCHOHANbHBIX (YMEHUI BBINOJIHATH ONpeAelieHHbIe NeHCTBUS,
orepanuu, HeoOXOANMBIE B IOCIEAYIONIEM B MTPO()ECCHOHAIBHOM eI TEIBHOCTH) TN Y4eOHBIX
(yMeHwmii pemaTh 3a/1a4d 10 MaTeMaTuke, pu3nke, XuMu#, UHPOpPMaTUKE | JIP.), HEOOXOTUMBIX
B TIOCJIEyIOUIel yueOHOM JesITeIbHOCTH 10 €CTEeCTBEHHOHAYYHBIM, 00IIenpohecCHOHATbHBIM
JTUCIUILTNHAM.

Benymieid mumakTudeckoi HENbio 1abopamophslx pabom SBISAETCS YKCIIEPUMEHTAIBHOE
MOATBEP)KIEHWE ¢ TMPOBEPKAa CYIIECTBEHHBIX TEOPETHUECKUX TMOJOKEHHH (3aKOHOB,
3aBUCUMOCTEH).

CoctaB u conepkaHuWe TMPAKTUYECKMX M JIA0OpPaTOpPHBIX pabdOT HampaBieHbl Ha

peanu3anuio ACUCTBYIONMX (peaepanbHbIX TOCYJapCTBEHHBIX O0pa30BaTeNbHBIX CTAaHIAPTOB
cpenHero npodecCuoHaIbHOr0 00pa30BaHusl.
B coorBerctBuM ¢ paboueil mnporpammoi yueOHoOM nucuumumHbel «XUMWYECKHWE U
OU3UKO-XUMNUYECKHME  METO/JbI  AHAJIM3A»  npenycMOTpeHO  NpOBEAECHUE
NPAaKTUYECKHUX U JTA00OPATOPHBIX padoT.

B pe3ynbrarte ux BHINOTHEHHSI, 00Y4aIOIIUNACS JOKEH:

ymemy:

- MPOBOJUTH GUBUKO-XUMHUYECKUN aHAJIU3 METAJJIOB U OLIEHUBATh €r0 Pe3yibTaThl;
- UCIONB30BaTh XWMHUYECKUE, (DHU3UKO-XMUMUYECKUE METOJBl aHalu3a ChIpbS W
MPOJIYKTOB METAILTypPIHH;

ConeprkaHue MpakTUYECKUX U J1a0OpaTOPHBIX PadOT OPUEHTUPOBAHO HA MOJI'OTOBKY CTY/IEHTOB
K OCBOGHHIO OCHOBHOM IpO(heCcCHOHANBHOM 00pa30BaTeNbHOM MPOrpaMMbl MO CHENUaIbHOCTH U
OBJIZICHHIO PO(hEeCCHOHATIBHBIMU KOMITETEHIIMSMU:

IIK 1.1. OcymiecTBsIT TEXHOJIOTMYECKUE ONIEPALIIY TI0 TPOM3BOICTBY YEPHBIX METAJLIOB

[1K 1.2. Ucnonb30BaTh CUCTEMbI aBTOMATUYECKOTO YIIPABJICHUS TEXHOJIOTMYECKAM MPOIIECCOM

IIK 1.3. DkcrmyaTHpoBaTh TEXHOJOTMYECKOE M TOIbEMHO-TPAHCHOPTHOE 00OpY/IOBaHHUE,
obecrneunBarollee MpoLece MPOU3BOICTBA YEPHBIX METAILIIOB

I1K 1.4. AHam3upoBaTh Ka4eCTBO CBHIPHS ¥ TOTOBOM MPOYKLIUH

[1K 2.1. I1nanupoBath U OpraHU30BbIBATE COOCTBEHHYIO JAEATENBHOCTD, PA0OTY MOpa3/iesieHus,
CMEHBI, y4acTKa, OpUra/ibl, KOJUIEKTHBA UCIIOIHUTENEH

[1K 3.1. IIpunumath ydacTtue B pa3paboTKe HOBBIX TEXHOJIOTUI U TEXHOJIOTMYECKUX MPOLIECCOB

1K 3.2. YyactBoBaTh B 00€CIICUEHHHN U OIIEHKE SKOHOMUYECKON 3(D(PEKTUBHOCTH

OKO1.BeiOupats cIocoOBbI  pemieHHs 3ajad  NPOPECCHOHATBHOH  JeSTCIEHOCTH
IIPUMEHMUTEIBHO K Pa3IMYHbIM KOHTEKCTaM

OKO02.Mcronb30BaTh COBpPEMEHHBIE CpEICTBA TIOMCKA, aHAIW3a W WHTEPIpETaIin
uHpopMaluu ¥ WH(POPMALMOHHbIE TEXHOJIOTHH Il BBIOJHEHUS 3ajad MpodeccHoHANbHOM
NeSITeIbHOCTH

OK 04.2¢ddexTuBHO B3aUMOICHCTBOBATh U pabOTaTh B KOJUIEKTHUBE U KOMaH/IE

OK 05.0cymecTBisATh yCTHYIO W NHUCBMEHHYIHO KOMMYHHKAIMIO Ha TOCYAApPCTBEHHOM
a3bike  Poccuiickoit ®Denepanuu ¢ y4eToM OCOOCHHOCTEH COLHMAIBHOTO W KYJIbTYPHOTO
KOHTEKCTa

OKO06.IIposiBnsATh  TpaXJaHCKO-TIATPHOTHYECKYIO  TO3MLHUIO,  JEeMOHCTPHUPOBAThH
OCO3HAaHHOE IIOBEJIEHUE HAa OCHOBE TPAJUIMOHHBIX OOIEYETOBEYECKUX LIEHHOCTEH, B TOM



YUCJI€ C Y4YE€TOM TapMOHM3alMU MEXKHAIMOHAIBHBIX M MEXPEIUTHO3HbIX OTHOIICHHH,
MIPUMEHSTh CTaHAAPTHl AaHTUKOPPYILIHOHHOTO MOBEICHUS

OK 07.ConeiicTBOBaTh COXPAaHEHHIO OKpYXKAIOIIEH Cpeasl, pecypcocOepekeHuIo,
NPUMEHITh 3HAaHUS 00 W3MEHEHMH KIIMMaTa, MPUHLUIB OepeXIMBOrO MPOU3BOICTBA,
3¢ (HEeKTHBHO ACHCTBOBATH B YPE3BBIYAMHBIX CUTYAIHSIX

OK 09.ITonp3oBatbcss MpodheCCHOHATBHOM JTOKYMEHTAllMEW Ha TOCYJIapCTBEHHOM H
WHOCTPAHHOM SI3bIKaX
BrinontHeHME cTyeHTaMu npakmuyeckux pabom mno yuaeoHou nucuurummae «XUMUYECKUE
N ON3NKO-XUMHNYECKUE METO/Ibl AHAJIM3A» HanpaBiieHo Ha:

- 00o01mieHue, cucTeMaTu3aluio, yriiyojlieHue, 3aKperuieHrue, pa3BUTHE U JIETAIM3aLUI0
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUH 110 KOHKPETHBIM TeMaM Y4eOHOU TUCIUILTNHBL,

- (popmupoBaHUE YMEHUN NMPUMEHATH MOJyYEHHbIE 3HAHUSA HA MPAKTUKE, peaTn3aluio
€MHCTBA MHTEJUICKTYaJIbHON U ITPAKTUYECKOMN JACSITEIIbHOCTH;

- (¢opmupoBaHHE U pa3BUTHE YMEHUUN: HaOIOJaTh, CPABHUBATH, COIOCTABIISATh,
aHaJIM3UpOBaTh, JejaTb BbIBOJbI U OOOOLIEHMS, CaMOCTOSITEILHO BECTH MCCIIEI0BaHMUS,
MOJIb30BAThCS PA3NUYHBIMKU MPUEMaMH HU3MepeHul, opopmIATh pe3yabTaThl B BHJE TaOIUII,
cXeM, Irpa(uKoB;

- TpuoOpeTeHHe HaBBIKOB pPa0OTHl C pa3IUYHBIMU [pHOOpaMu, ammaparypoi,
YCTaHOBKAaMHU U JPYTUMHU TEXHUUECKUMU CPEJICTBAMH JIJIsl IPOBEACHUS OTIBITOB;

- pa3BUTHE MHTEJUICKTYAJIbHBIX YMEHUH y OyIylIMX CHEIHaTUCTOB: AHATUTUYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIP.;

- BBIPAOOTKY MPH PELICHUH TOCTAaBICHHBIX 33714 MPO(PECCUOHANIBHO 3HAYUMBIX KaueCTB,
TaKuX KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAsI MHUIIUATHUBA.

Broinonnenue  cTyaeHTamMu  1abopamopuwix  pabom TO  y4eOHOM  JIUCUUIUIMHE
«XUMHNYECKUE 1 ®PU3NUKO-XUMHNYECKHUE METOJIbI AHAJIM3A» HanpaBieHo Ha:

- 00o01mIeHne, cucTeMaTH3alfio, yriyojieHHe, 3aKpeIuieHne, pa3BUTHE U JIETAIM3AIUI0
MOJTYYEHHBIX TEOPETUUECKUX 3HAHUHM TT0 KOHKPETHBIM TeMaM Y4eOHOW JUCIUTIIIMHBL,

- (opmupoBaHUEe yMEHUN NMPUMEHATH MONyYEHHBbIC 3HAHUSA HA MPAKTUKE, peaTn3aIuio
€IMHCTBA MHTEJUICKTYaJIbHON U TTPAKTUYECKOMN JCSITEIIbHOCTH;

- ¢opmHupoBaHHE U pa3BUTHE YMEHUH: HaOmOJaTh, CPAaBHUBATH, COIMOCTABISAThH,
aHaJM3UpoOBaTh, JejaTb BbIBOJAbI U OOOOIIEHMS, CaMOCTOSITEIBHO BECTH MCCIEI0BaHMUS,
MOJIb30BaThCS PA3NUYHBIMHU MPUEMaMH HU3MEpeHuH, opopMIATh pe3yabTaThl B BHJE TaOIUII,
cXeM, Irpa(KoB;

- TpuoOpeTeHHe HaBBIKOB pPa0OTHl C pa3NUYHBIMU MpHOOpaMu, ammapaTypoi,
YCTaHOBKAaMHU U JPYTUMHU TEXHHUYECKUMHU CPEICTBAMHU JIJIsl TPOBEACHUS OTBITOB;

- pa3BUTHE MHTEJUIEKTYAJIbHBIX YMEHUH y OyIylIMX CHEIHaTUCTOB: aHATUTHUYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX H JIP.;

- BBIPAOOTKY MPH PEUICHUH TOCTABICHHBIX 33714 MPO(PECCHOHANTBHO 3HAYUMBIX KaueCTB,
TaKUX KaKk CaMOCTOSITETbHOCTh, OTBETCTBEHHOCTh, TOYHOCTh, TBOPYECKAsI MHUIIMATHBA.

[TpoaomKUTENFHOCTD BBITIONHEHUS MPAKTUIECKOH, JTaO0paTOpHOM pabOThI COCTABISET HE
MEHee [IByX aKaJIeMMUYECKMX 4YacOB M IPOBOIUTCS IMOCIE COOTBETCTBYIOLIEH TEMBbI, KOTOpas
obecrieynBaeT HATMYME 3HAHUM, HEOOXOAMMBIX JUTS €€ BBITTOTHEHHS.



2 METOJAUYECKHUE YKA3ZAHUSA

Tema 1.3.

O0paboTka pe3yJIbTATOB aHAJIN32a METOI0M MaTeMATHYeCKOIl CTATUCTUKHU
[IpakTrueckas padota Nel
O3HaKkoMJICHHE C YCJIOBHUSMH TOYHBIX W3MEPEHUN IPH BBHINOJHEHHH aHaiu3a, o0paboTka
pe3yNbTaTOB aHaJM3a IIyTeM pEIIeHUs pacyeTHhIX 3aJad METOJOM MaTeMaTU4YecKOu
CTaTUCTUKH.

e padoThi:

O3HaKoMJICHHE C YCIIOBUSIMH TOYHBIX U3MEPEHUN MPH BBHIOJHEHUN aHAINU3a, 00paboTka
pEe3yNbTaTOB aHalM3a IIyTeM pEIIeHUs pacueTHhIX 3aJad METOJOM MaTeMaTH4ecKOu
CTaTUCTUKH.

Bbinosinus padory, Bel Oyaere:
ymemy:
- MpPOBOJIUTH GUBUKO-XUMHUYECKUN aHAIIU3 METAJJIOB M OLIEHUBATh €r0 Pe3yibTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PHU3HKO-XMMHUYECKHE METOJbl aHajdh3a ChIPbS U
MIPOJYKTOB METAJLTypPIHH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpernoaBaTes;
- pabouee MECTO CTy/ICHTa;
- TaOJIHIIBL.
Ob6opynoBanue 1ab0paTopuu:
- pabouee MeCTO IPEIOIaBaTEes;
- pabouee MECTO CTy/ICHTa;
- METOAMYECKHE YKa3aHMsl sl MPAaKTUYECKUX padoT;
- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaTOpHBIX paldoT;
- METOJAMYECKHE YKa3aHMs ISl CAMOCTOSATEIbHONU paboThI;
- XHMHYecKoe 000pyJIOBaHUE;
- XWUMHYECKUE PEAKTHBBI;
- ydeOHOe nmocoOue, CIpaBOYHUKH M0 aHATUTUYECKOH XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:
— Ayauo-, BUJeo-, MpOeKLMOHHAs anmaparypa.
Ilopsinok BbINOJHEHHS padOTHI:
1. M3yuuTh MeTOAMYECKHE yKa3aHUs K JAaHHOW MPAaKTHUECKON U TabopaTOpHOH
pabore.
2. OmnpenenuTs TPOAYKTHI peakluu
3. BmImoaHUTE OTUET O MpOJeTaHHONW paboTe.
Xoa padoThi:
Perucrpanusi ¥ u3MepeHue BeJTMYUHbI AaHATUTHYECKOro curiagna (AC)
AC onpegensemoro BemiectBa OOBIYHO comyTcTBYIOT AC, Melnaroniye aHaiauzy Apyrux
BELIECTB, KOTOpbIE HE ObUIM OTHAEJIEHbl WJIM HEJOCTaTOYHO IOJIHO ObUIM YCTpaHEHBl Ha
npenpiaymeM stane. AC Memaromyx BEIIECTB Ha3blBalOT (poHOM (mymom). Merosn aHainsa
WIM €ro YCJIOBHUSl JOJDKHBI OBITh MOAOOpaHbl TakuM o0pa3zoMm, uToObl AC ompenensieMoro
BEIIECTBA OTYETJIMBO BbLAEIsUICA M3 (oHa (mryma). JKemarenbHO, yTOOBI METOJ aHaIM3a
oOecrnieunBall JIMHEHHYIO 3aBUCUMOCTh MHTEHCHMBHOCTH AC OT KOJIMYeCcTBa OMNPENENsieMOro
BELIECTBA.
Pacuer pe3yabtaTta anaamsallo pesynbraTaM KOJIMUYECTBEHHOTO U3MEPEHUS] MHTEHCHUBHOCTH
AC (A) paccuuThIBalOT KOIHYECTBO (n), Maccy (m) WIM KOHIEHTPALHUIO (C) ONMpeaensieMoro
BeIleCcTBa B Mpobe ¢ momoIsio ypaBHenusi cBsisu:A = K- n(m,c). Takum ypaBHEeHHEM CBSI3H,
HampuMep B TUTPUMETPHUH, SBISIETCS 3aKOH HKBHUBAJICHTOB, IMO3BOJIAIONINI MO U3MEPEHHOMY



00bEMy CTaHJApPTHOTO pacTBOpa peareHra, IOIIEIIer0 Ha TUTPOBAHUE, PACCUUTATh
COJIepKaHUE aHAIM3UPYeMOro BelecTBa. 3akoH Papases SBIAETCS YypaBHEHHEM CBS3U B
KYJIOHOMETPUYECKOM TUTPOBAHUH, 10 KOTOPOMY Maccy BEIIECTBA B pACTBOPE MOYKHO HAlTH 110
3aJjaBaeMOi IpH aHAJIN3€ BEJIMYMHE TOKA U U3MEPEHHOH BEJIMUYNHE BPEMEHU TUTPOBAHUS.

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

B ypaBHeHuu cBsi3u KO3QPUIMEHT MponopuroHanbHOCTH K Ha3bIBalOT YyBCTBUTEIbHOCTHIO
(ko3pPprumeHTOM YYBCTBUTEIbHOCTH) MeTona. Uem Oonbmie K, TeM MEHBIIYIO BETUYHHY
COJIep’KaHusl MO’KHO YCTaHOBUTH 3TUM MeToAoM. Ecnu rpagynpoBouHasi GyHKIUS JTHHEWHAs,
to K HaxoauTcs Kak TaHTEHC yrila HaKJIOHA IpadyHpOBOYHOrO rpaduka K ocu abcuucc. [lpu
HETMHEWHON (YHKIUMU YyBCTBUTEIBHOCTh HAXOAST Kak IEPBYI0 MPOU3BOJHYIO OT A mpu
3Ha4YeHHUsAX N(m,C), OTBEUAIOIINX YYAaCTKY IPaAyUpOBOYHOIO Tpaduka, OJIM3KOTro K JIMHEHHOMY:
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[Tpu npoBeneHn pacueTa pe3ynbTaToB aHAJIH3a HEOOXOIUMO OYEHb BHUMATEIILHO BBIMOIHSITH
BBIYHMCIICHUS. MaTeMaTuyeckass IOTPEIIHOCTb, JIOMYyLICHHAass B YHCJIOBBIX 3HAUCHHMSX,
paBHOCHUJIbHA OLIMOKE B aHATIU3E.

YucaoBbie 3HAYCHUS moapa3ac/IsAItoOT Ha TOYHBIC U HpI/I6JII/DK€HHHe. K TOYHBIM, HaIpUMCED,
MOXHO OTHCCTHM YHMCJIO BBIIIOJIHCHHBIX aHAJIN30B, HOpHI[KOBLIﬁ HOMCp JJICMCHTA B Ta6J'II/II_[e
MGHI[eJIeeBa, K HpI/I6JII/I)KCHHI)IM - KBMCPCHHBIC 3HAYCHUS MAaCChl UJIU o0beMa.

3HavyanMu nudpamMu NpUOIMIKEHHOIO 4YKcia Has3blBAalOT BCE €ro LU(pbl, KpoMe HYJeH,
CTOSIIIMX CJIEBA OT 3aIlATOM, M HyJEH, CTOSIMX cropasa Iocie 3amarod. Hymu, crosimue B
cepeiHe yucla, ABIAITCS 3Havamumu. Hanpumep, B uncie 427,205 - 6 3Havamux uudp;
0,00365 - 3 3navantue mudpsr; 244,00 - 3 3naganue UL

Tounocte Beuucnenuit onpeaensercs ['OCT, OCT unu TY Ha ananus. Ecnu nmorpemniHocts
BBIUMCIICHUI HE OroBOpEHa 3apaHee, TO CJeAyeT HMMETh B BHIY, YTO KOHLEHTPalus
BbIYHC/sieTcs 10 4-0if 3Havameii uudpsbl mocje 3andaToi, Macca - 10 4-1o0 AeCATUYHOIO
3HAKA MOCJIe 3aNATOM, MaccoBast 101 (IIPOLEHTHOE COeP;KAHME) - 10 COTHIX J0JICH.
Kaxnpiii pe3ynpraT aHanu3a HE MOXET ObITh TOYHEE, YeM 3TO IO3BOJISIIOT M3MEPHUTENbHBIE
npubopsl (II03TOMY B Macce, BRIPRKEHHOW B rpaMMax, HE MOXKET ObITh Ooiiblie 4-5 3HAKOB
MOCJIE 3aIATOM, T.€. OOJIbIIe TOYHOCTH aHATUTHYECKUX BecoB 10-4-10-5r).

dopma npeacraBjIeHus pe3yabTara:
1. HasBanwue u nenb paboOTHI.
2. Hanwmcate cxembl ypaBHEHUN peakiuil.
3. Cnenats BBIBOJ O TIPOJICIIAHHOM padoTe.

Tema 1.4.
I'paBuMeTpHYeCKHl 1 THATPUMETPUYECKHNA METOAbI AaHAJIN3A

[MpakTryeckas padora Ne 2

Bbruncnenus B XUMHYECKUX METO/IaX aHAIN3a

esab padoThi:

Boruncnenus B XMUMUYECKUX METO/IaX aHAIN3a
Boinosinus padorty, Bel Oynere:

ymemp:

- MPOBOAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;



- HCIIOJIb30BaTh XHMMHUYECKHE, (PU3MKO-XMMUYECKHE METOJbl aHajh3a ChIPbS U
IIPOAYKTOB METaJTypriH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOT0 KaOMHETa:
- pabouee MeCTO Ipero1aBaTes;
- pabouee MeCTO CTYAEHTa;
- TaOIHIIBI.
O6opynoBanue 1a00paTOPHH:
- pabouee MeCTO Ipero1aBaTes;
- pabouee MeCTO CTYAEHTa;
- METOAWYECKHE yKa3aHH Ui IPAaKTUYECKUX padoT;
- METOJMYECKHE YKa3aHUs AJs 1JaOOpaTOpHBIX paldoT;
- METOJWYECKHE YKa3aHUA IJI1 CAMOCTOSTEIbHON pabOThI;
- XHMHYecKoe 000pyJIOBaHUE;
- XHMHYECKHE PEaKTHUBBI;
- yueOHOe nocolue, CpaBOYHUKHU 10 aHATTUTUYECKON XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Aynuo-, BUJeo-, IpOeKLMOHHAs anmaparypa.
IMopsinok BbINoJIHEHUS PadOTHI:
N3yunTh METOMYECKUE YKA3aHUS K JaHHON MPAaKTUYECKOM 1 1abopaToOpHOi
pabore.
Onpenenuts NPOAYKTHI PEAKLUU
BeImoyiHUTE OTUYET O MpojIeaHHo padoTe.
Xoa paGoTsI:
PacueTsl, cBsI3aHHBIE C IPUTOTOBJICHUEM U pa30aBlieHUEM PACTBOPOB.
W3 kypca HEOpraHMYECKOW XMMHH HW3BECTHO, YTO KOHIEHTpAIMS PAcTBOPOB MOXKET OBITh
MIPOLICHTHOM, MOJISIPHOM, HOPMAJIBHON Y MOJISIIBHOM.
B mpakTuke KONMYECTBEHHOTO aHajHM3a YacTO TPUXOAUTCS TPOBOIUTH BBIYMCICHUS,
CBSI3aHHBIE C NIEPEXOOM OT OJJHON KOHLEHTPAIMU K APYTOH.
Ipumep 1. Beraucauth MOJSIPHYIO M HOPMAJIBHYIO KOHIIEHTPAIHMIO 12-1TpOIIeHTHOTO pacTBoOpa
cepHoi KUCIOThI HpS04.
Pewenue. JIns mepexona OT OAHONW KOHLEHTPALMU K JPYrodl HEOOXOIMMO HCIOJIb30BATh
TaOJNIMYHbIC JaHHBIC W HAWTH IIOTHOCTh 12-mporieHTHOro pactBopa HpSO0s (p =1,08). Barem
onpenenstor 00beM 100 T pacTBOpa Mo hopmyie:

m=Vep v= 1200 g 5990m)

p 108
U BBIUUCIAIOT, CKONbKO rpamMmoB HzS0s4 conmepxutr 1 n 12-mporeHTHOro pacTBopa CepHOM
KHUCIIOTHI:
92,59mi pactBopa cogepxkuT 12r HpS04:
1000mn - xr HyS04

X= 12x100 ~120(2)

92,59
IIpumep 2. CkoJIBKO MWIIWJIMTPOB XJIOPOBOJOPOAHOW KHCHOTHI p = 1,19 cienyer B34Th,
4yro0bI ipuroroButh 10 11 0,1 H. pacTBOpa XI0poBogopoaHOH KucaoTel HCI?
Pewenue. CHauana HaxoJIUM, CKOJIbKO T'PAMMOB XJIOPOBOJAOPOJHON KHUCIIOTHI CJIETYEeT UMETh,
9T100BI TONYyuuTh 1 71 0,1 H. pacTBOpA:
r-3kB HCI = 36, 46:1 = 36,46 (1)
ITockonbky Tpebyercst 0,1 H. pacTBOp, ClI€IOBATENbHO, sl MPUTOTOBICHUS 1J1 HY)KHO B3SITh
0,1 r-3kB (36, 46:10), T.€. 3,646 r, nyis npurotoBienus 10 i
m = 3,646 * 10 = 36,46 (1)
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[To Tabmuue maxomaum conepxxkanre HCI, npu p = 1,19 r/em” ono Oyzner 38,30%. CocraBnsiem

COOTHOIIIEHHE:
m _ 952
> 115 80 (mur)

CanenoBarenbHo, ans npurorosiaeHuss 10 i1 npumepHo 0,1 H. pactBopa HyXHO B3ATh 80 M

XJIOPOBOIOPOIHOM KUCTIOTHI (p = 1,19), OTMEpUB €€ MEPHBIM IWJIMHIIPOM, U JIOBECTH BOJIOH 10

oobema 10 1.

IIpumep 3. Cxonbko Hy)KHO Ao06aBuTh Boabl K 100 mi 0,8 H. pacTBOpa XJIOPOBOIOPOIHOM

kuciaotel HCI, uto6s1 onyunts 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:

Hy*Vy= Hy* 1,

Vo= Hie¥ 0800 80 _ (1)
z H 2 0.2

Ckonbko ke HykHO no0aBuTh BoAbsl K 100 mu 0,8 H.pacTBOpa, yToOBI moOdyunuth 0,2 H.

pactBop?

Vizo = V5 - V3 =400 - 100 =300 (M)

IMpumep 4. Kakue konuuectBa 90-npouieHTHOTO U 10-TIPOIIEHTHOTO pacTBOPa CEPHOM KUCIOThI

HY>KHO B35Tb, YTOOBI moiy4nuTh 800r 40-m1poLIeHTHOTO pacTBoOpa?

Pewenue. HaxonuMm cHavasia OTHOLIEHHUE:

my, :mg=30:50

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

[Tocne aroro genmum 800 Ha 1BE YaCTH MPOMOPIIHOHATIEHO TOMY OTHOIIEHHUIO:

S00=30 22000
= = 2299 _ 300 (1)
30+50 B0
200 <50 40000
Mg = = =500 (F)
30450 g0

CrnenoBatenbHo, cieayeT B3aTh 300 r 90-nporienTHOrO ¥ 500 T 10-TIpOLIEHTHOTO PacTBOpA.
2.PacueTsl, CBSI3aHHbIE C BbIYHCIEHUEM Pe3yJIbTATOB THTPOBAHMS.

Pacuemevr npu evipagxcenuu Konyenmpayuei uepe3 HOPMANbHYIO KOHyenmpayuro. Jlns
MIPOBE/ICHUS] AaHAINTUYECKUX BBIYMCICHUH 3THM METOJIOM (d4epe3 pacTBOPHI C ONpeAeTIeHHOI
HOPMAJIbHOCTBIO) TMPUMEHSIOT JIBa CIOCO0a: CHOCO0 THUTPUPOBAHUS M CIOCOO OTAEITBHBIX
HaBECOK.

B 3aBucumMocTH OT TOro, KakuM CIIOCOOOM TPOBOJUTCS aHalu3/, XOj pacuera OyaeT
Pa3IUYHBIM.

Pacuemvr npu npumenenuu cnocoba mumpupoeanusi. B TaHHOM ciydyae HNPUMEHSIOT YXe
M3BECTHOE YpaBHEHHE:

W *Hy =1, * H,

Ipumep. BeuauciuTh HOPMAIBHYIO KOHIEHTPAIMIO W THTP PAcTBOpa THIPOKCHAA HATPHS
NaOH, ecau mnpu TurpoBanun uM HaBecku 0,1590 1 (X.4.) IIaBeNEeBOM KHUCIOTHI
H,C,0,— 2H,0 (pacTBOpeHHOW B MPOU3BOJIEHOM KOJHMYECTBE BOABI) momnwio 24, 60 wmi
THJIPOKCUA HATPUSI.

Pewenue. 3anuiiem ypaBHEHHE pEaKINU:

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

0, =5 = 03,03 (2)
Hasecxa H,C,04 * 2H,0 — 0,1590 r Gyner cocTaBsTh

20,1550
63,03
C npyroi#i cTOpoHbI, 0003HAYMB HOPMAIBHOCTh PacTBOpa TUAPOKCcHAA Yepe3 Hy .oy, TOTyIHM:

-3KB/J1.



22,60
1000
KommuectBo rpaMM-3KBHUBAJICHTOB THAPOKCHUAA HATpHA I10 IIpaBUIly 3KBHUBAJICHTOB pPaBHO

KOJIMYECTBY IPaMM-9KBHBAJIICHTOB IlaBeneBoi kuciotel H,C, 0y — 2H,0, unnm

Hyaon = (r-oKB/11)

24,60 0,1590

H.,. =
NeOH — 1pp0 63,03
Otkyna

. _ 1000+0,1590 _ 01026
NaOH — 54 60%63,03

Tyaos= "2e08 ek = 0,004104 (r /2or)

3.PacueThl Npu BbIPAKEHUU KOHIEHTPALMU Yepe3 TUTP padouyero pacreopa.
Ipumep. Paccuntarh, CKOIBKO THApPOKCUIA HaTpusi coaepxkutcs B 500 mu pactBopa, eciu
tutpoBanue 20 mi storo pactBopa uuaer 20,80 XJIOpOBOJOPOJHON KHUCIOTHI, TUTP KOTOPOH
pasen 0,002022 r/m.
Pewenue. YpaBHeHUE peakuu:
NaOH + HCI — NaCl + H20
CKOJIBKO XJIOpPOBOAOPOIHOM KUCIOTHI coaepxutcs B 20,80 mi pactBopa?
Myq = 20,80 * 0,002022 = 0,04206 (1)
ITo ypaBuenuto Ha 1-3kB NaOH uzer 1 r-sks HCI u, cienosatenbHo,
Ha 39,99 r NaOH pacxonayercs 36,46 r HCI
>> y rNaOH >> 0,04206 r HCI

= 0,04508 (r)

_ 39,59:0,04206

38,46
Varonn Ve 0,04508 = 500

Mooy = wZT*VDEm: 0 = 1,1270 (1)

4. PacueTbl Npu BhIPaKeHUH KOHIIEHTPAIIMU Yepe3 TUTP MO ONpeieJ;ieHHOMY BellleCTBY.

OToT cmocobd pacueta O4YeHb yA00€H TpU ONpeAeNeHHWH KOJMYeCTBAa BeEIlecTBa B
aQHAIM3WPYEMOM PACTBOPE MPHU MACCOBBIX aHaIHM3aX. THUTPOM IO ONPeAesieMOMY BEIICCTBY
HAa3bIBAIOT KOJ-BO TPaMMOB OMNpEIEIIEeMOr0 BEIIECTBa, HSKBHUBAJIEHTHOe | wmi pabouero
pacTBopa.
O6mas popmyna:

Hx3
T= 1000
IIpumep 1. CKOIBKO YKCYCHOU KHCIIOTBHI HAXOJUTCSI B PACTBOPE, €CIM TUTPOBAHHE 25 MII €ro,
pacTBOpeHHOro B MepHOi koi6e Ha 500 mut, momwio 20,50 mia 0,1145 H. pacTBOpe rumpokrcuIa
Hatpus’?
Pewenue. a) Haxomum tutp NaOH o CH3COOH:

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

=06,006875 (/M)

6) OrmpenenseM o01Iee KOTMUECTBO YKCYCHOM KHCIIOTHI:

_ . UT{EEE.HEJE. —_ . " 500 —_
Myaon/ cHscoor = Tnaon/ cuscoon * Viaow = 0,006875* 20,50 = —— 2,820 (1)
I eTER =

Mpumep 2. Tutp pactBopa mHutpara cepedpa AGNO; pasen 0,01702 r/mi. OnpenenuTs €ro
TUTP MO XJOpUIy HaTpusi. HaiiTu HopMalibHOCT pacTBOpa HUTpaTa cepedpa.
. _ T'=1000 0,01702=1000
NO3 T -
44 Dagno3 169,9
Hygvos * agnos _ 0.1002 = 58046

T, vos ivact — = = 0.005856 (r/ma
AQ'J"-'GE .u"u'ﬂfl. 1[":"] 1000 ( -'I'I

=0,1002 (r— 3ke / 1)

®opma npeacTaBiaeHusl pe3yJabTara:
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Ha3zBanue u nienp paboThI.
Hanucate cxembl ypaBHEHUHN pEaKIU.
CraenaTb BBIBOJI O TIPOJICIAHHON paboTe

JlabopaTopuas padora Nel OmnpeneneHue MaccoBOM 10 Biaru B npode KpucTajyioruapara
xjopuaa 6apusi.

Bremonnus 9Ty pa60Ty, 3331 Hay4YUTCCh NNOJIb30BAThCA aHAJIUTUICCKUMU BECAMU, BBIIIOJIHATH
OCHOBHBEIC OII€palry BECOBOI'O aHalinM3a.

MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOT0 KaOMHETa:
- pabouee MeCTO IpenoaBaTes;
- pabouee MecTO CTY/ICHTA;
- TaOJIHIIBL.
O6opynoBanue 1a60paTopuu:
- pabouee MeCTO IpenoaBaTes;
- pabouee MeCTO CTY/ICHTA;
- METOIWYECKHEe yKa3aHWs IJIs MPAaKTUIECKUX pabdoT;
- METOJIMYECKHEe YKa3aHUs s JAOOpaTOPHBIX padoT;
- METOJWYECKHE YKa3aHHA IJI CAMOCTOSTEIbHON pabOTHI;
- XHMHUYECKoe 000pyI0BaHNUE;
- XWUMHYECKUE PEAKTHBBI;
- ydueOHOe mocoOue, ClIPaBOYHUKH 110 AaHATTUTUYCCKON XUMUH.
TexHuueckue cpencTBa 0OydeHus:
— Aymuo-, BUJI€O-, TPOSKIIMOHHAS araparypa.
IMopsinok BBINOJTHEHHS PA0OTHI:
W3yunth MeTOoIMYeCKUE YKa3aHUs K JaHHON JabopaTopHOi paboTe.
OnpenenuTh MPOTYKTH PEAKITHH
BBIMOMTHUTE OTYET O MpOoJeTaHHOM padorTe.

Bremomaus 9Ty pa60Ty, Brr Hay4YUTCCh NNOJIB30BATHCA aHAJIUTUICCKUMU BECAMU, BBIIIOJIHATH
OCHOBHBIC OIICpallu BECOBOI'O aHaJin3a.

Brumanue!
[Tpu BIMOTHEHNH PabOTHI OyJHTE OCTOPOKHBI, AKKYPAaTHBI U BHUMATEJbHBL. BBIMOIHANTE BCe
npaBuIia paboTHI C AIEKTPOHATPEBATEIEHBIMU IPHUOOPAMH, CTEKIIOM, PTYTHBIM TEPMOMETPOM.

Obopydosanue u mamepuansl.
AHaTUTHYECKUE BEChI, TEXHOXUMHYECKHE BEChI, CYIIHIBHBIN IKa(, OFOKChI, TEPMOMETD,
AKCUKATOP, HIUIIIBI, UCCISyeMbIe 00pa3iibl (yroyb, Topd, cosib, XJied u mp.).

Brimonnenue paboTbt

OnpenenuTe MPOIEHTHOE COJIEPYKAHNE aHATMTHUYECKON Bi1ark B oOpasiie (yriisi, Topda, coiu,
xJ1€000yI0YHOTO U3/ACTHS U TIP. ).

1. Bo3sbmuTe B UHCTHIN TOBEACHHBIN 0 MOCTOSHHON Macchl Or0Ke quameTpom 35-40 MM
HABECKY HCCIIEIyEMOr0 BEHIECTBA HA AaHAJUTUYECKHMX Becax ¢ TouHocThio 10 0,001 .
Benuunna HaBecku ~2 T. TOJIIMHA CJIOS HABECKU B OIOKCE HE JI0OJKHA OBITH OOJIbIIE 5 MM.

2. OTKpBITHIN OIOKC MOMEIIAIOT B HATPETHIN 10 105°C CYIIMJIBHBINA 1IKa( U BBIACPKUBAIOT
B TeueHue | yaca.

3. Brmumaror OIOKC U3 CYHIMIIBHOTO IMIKagda MHIIaMU, MOMEIA0T B 9KCHKATOP U B HEM
OXJIAXK/IAIOT.

4, B3BelmMBarOT OXJAKICHHBIN OFOKC Ha aHATUTHYCSCKHX Becax ¢ TouyHOCThIo 0,001 T.
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5. TIpoBOAsAT KOHTPOJIbHYIO TpOCYIIKY B TeueHHe 30 MUHYT, CHOBa OXJIXIAIOT B
AKCHKATOPE U B3BEUIMBAIOT. KOHTPOJIBHBIE MTPOCYIIKHA MOBTOPSIFOT JI0 TEX TOP, TIOKa YOBLIh MACChI
obpazma oyzaer 0,001 T win MeHbIIIE.

6. PaccuuTaiiTe NpoLIEHT aHATMTUYECKOW BJIary B odpasiie 1o popmyse:

W (%) = %0 .100%.

1
Tect IJIs1 CAMOKOHTPOJIA:

1. Cdopmynupyiite CymHOCTh BECOBOTO aHaJK3a, MOJICTABHB HEIOCTAIOILIME CIIOBA B
BhIpgjKeHne: «CyIHOCTh BECOBOTO aHANM3A — ..., ... (32 €HUE ... KOMIIOHEHTa UK MPOAYyKTa
peaxkum».

2. YKaxuTe OCHOBHYIO ONEPAIIMIO B BECOBOM aHAHU3E.

3. Ilepeuncnute Mo MOPSIKY ONEpalU BECOBOTO aHAJIHM3a MPU ONPEIEICHUH 3016l WIN
CYXOro BEIECTBa.

4. llepeuncnuTe M0 MOPSIKY ONEPALMKM BECOBOI'O aHalM3a IPU ONPEIECIIEHUN BIIArd B
obpasiie.

5. Ilepeunciaure 1O MOPSAKY OINEpallMd BECOBOI'O AaHAIW3a IIpU  ONPEICICHUU
KOMITOHEHTa, KOTOPBIN BBIIEISIETCS U3 00pa3iia ¢ MOMOIIbIO aHATUTUYECKOW PEaKIUu.

6. Kakum TpeGoBaHMSM JOJDKHA YJOBIETBOPATH AHATMTUYECKAs PEAKLIUs B BECOBOM
aHanusze?

7. VYKaxuTe TOYHOCTb B3BEIIMBAHMS Ha aHAIUTUYECKUX BECAX.

8. Ilepeuncnute MIECTh OCHOBHBIX MPABUJ B3BEIIUBAHUS.

9. Yro Takoe HaBecka?

10. YkaxxuTe BaKHEMHIIIEe YCIOBUE OCAKICHHSI KOMITOHEHTA.

11. KaxoBo BaxxHeii1Iee yCI0BHE MOJHOIO OCAXKACHUS KOMIIOHEHTA.

12. [lepeuncnure YeTbipe HEOOXOJUMBIX YCIOBHS OCAXKICHHUS KPUCTAITMYECKHX
0CaJIKOB.

13. Ilepeuncnure yeTbIpe HEOOXOAUMBIX YCIOBHSI OCAKACHUS aMOP(PHBIX OCAIKOB.

14. N306pa3ute cxemy npudopa ais GuiIbTPOBAHUS C YKa3aHUEM COCTABHBIX YacTeH.

15. Yro Taxkoe nexanranusa?

16. HazoBHTE OCHOBHOE MTPABUIIO TIPOMBIBAHHS OCaJIKa Ha (GUIIBTPE.

17. Vxaxure, Kak ONpeaenstoT OKOHUYaHHE TPOMBIBAHUS OCaJIKa:

a) MPOMBIBAIOT 2-3 pasa;

0) npombIBatoT 1 yac;
B) MPOBEPSIOT IMOJIHOTY MMPOMBIBAHHUS OT MAaTOYHOTO PACTBOPA.

18. Kakyto 0cOOEHHOCTb JJOJKHBI UMETh (DUIBTPBI, UCIIOJIB3YEMbIE B BECOBOM aHaIM3e?
19. B yem npoKa MBarOT OCaIKN?

20. KakoBa npeiBapuTeabHast MOJATOTOBKA TUTIIS K aHAIU3Y?

21. KakoBo Ha3HaueHHUE SKCHKaTOpa?

22. Yo Takoe «IIOCTOSTHHAsA Macca» ocajka’?

23. YKaxuTe MpeuMyIIecTBa U HEJOCTATKA BECOBOTO METO/Ia aHAJIH3a.

®opma npeacraBjIeHus pe3yabTara:
Ha3zpanue u nienb paboThlI.
Hamnncatb cxeMbl ypaBHEHHI peakIyil.
CraenaTb BBIBOJI O TIPOJIEIaHHON paboTe
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JlabopaTopHasi padora Ne2

Omnpenenenne HOpManbHON KOHIIEHTPALMU pacTBOPA THAPOKCHIA HATPUS METOJOM KHCIOTHO-
OCHOBHOI'O TUTPOBAHMSI
MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOT0 KaOMHETa:

- pabouee MeCTO IpenoaBaTes;

- pabouee MeCTO CTYAEHTa;

- TaOIHIIBI.
O6opynoBanue 1a00paTOPHH:

- pabouee MeCTO IpeIo1aBaTes;

- pabouee MeCTO CTYAEHTa;

- METOAWYECKHE yKa3aHUA IJIs MPAKTUYECKUX paboT;

- METOJMYECKHE YKa3aHUs AJIs JaOOpaTOpHBIX paldoT;

- METOIWYECKHEe YKa3aHUs JJISi CAMOCTOSTEIILHON pabOThI;

- XHMHYecKoe 000pyI0BaHUE;

- XHMHYECKHE PEaKTHUBBI;

- yueOHOe nocoOue, CIpaBOUYHUKHU 10 aHATTUTUYECKOH XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:

— Aynuo-, BUJeo-, IpOeKLMOHHAs anmnaparypa.
BoinonnuB 3Ty paboty, Bl HayunTech paboTaTh ¢ MEPHOW MTOCYAON, TUTPOBATh, IPOBOIUTH
OIpeJIeJIEHUs] METOJIOM HeHTpain3aluy, FOTOBUTh paboYHe pacTBOPHI.

Buumanue! Beinonssis paboty, 6yapTe akKypaTHbI, OCTOPOXHBI 1 BHUMATENbHBI U paboTe ¢
KHUCJIOTaMH U ILeJI04aMU, CTEKJIOM; coOtoAaiTe npapuia 6e30nacHoi paboThl.

Obopydosanue u mamepuaivl. MEpHBIE KOJOBI, BOPOHKH, OOWKH, (DUKCAHA CepHOU
kucnotel HSO,, nuctumnmupoBanHas Boga (a. HpO), mpombiBanka, KapaHaall MO CTEKIY,

KOHHUYECCKHUE KOJ‘I6I)I, MECPHBIC ITUIICTKH IpalyupOBaHHBIE U HETPAaLyHPOBAHHBIE, KalleIbHHIA, CIIMPTOBOM
pactBop ¢eHondranenHa, OI0peTka, TEXHOXMMHUYECKHE BEChl C Pa3HOBECKaMH, CTaKaH XUMHYECKUIl CTEKIISIHHBIH,
cyxoit KOH (eakoe xaim), CTEKIISTHHAS MAI0YKa.

Brinonnenue paboTsl

1. Tlomyuure 3a7aHue y npenoaBaTess.

2. TlpuroroBbTe cTaHAApTHBINA (YCTAHOBOYHBINA) PAcTBOpP CEPHOM KHCIIOTHI W3 (PUKCaHAIA.
JInst 3TOro B MPEABAPUTENBHO TINATENBHO BBIMBITYIO MepHYH KonOy (200 wmmm 250 mm)
MEPEeHECUTE KOJIMYECTBEHHO C MOMOIIbI0 BOPOHKH M OOMKa COIEpKMMOE amIlyiibl (UKcaHaia
H,SO4, momeiite n. H,O 1o metkm, mnepememaiite. [logmummrte Ha konbe dopmyny u
KOHIIEHTPAIIMIO pacTBOpA.

3. B kaxayro U3 Tpex YMCThIX KOHMUYECKHX Koj0 otdepure anukBotry (10 mmm 15 mu)
MEpHOH MUIETKOHN MCCIeayeMOro pacTBopa, 100aBbTe TUCTHUILIMPOBAHHOM BOJIbI MPUMEPHO 110
oobema 100 wmu, mpuieiTe MO HECKONbKO Kaleidb CHHPTOBOTO pacTBOpa HHIMKATOpa
¢denondranenna.

4. Ecnu B uccieayeMoM pacTBOpe HYXKHO ONPENIEIUTh COAEepKaHHUE LIENI0UH, TO YUCTYIO
OIOpETKY 3aIlOJHHUTE MPUTOTOBICHHBIM CTaHAAPTHBIM pacTBopoM HpSO4 10 HyneBOW OTMETKH
U OTTUTPYWUTE BCE AJIMKBOTHI UCCIIELYEMOIO pacTBOpa M0 MCYE3HOBEHHUIO MAIIMHOBOM OKpPACKH,
OTMEThTE 00BEMBI KUCIIOTHI, MOMIEAIICH Ha TATPOBAHHE.

5. Ecnmm B wmccienyeMoM pacTBOpe HYXKHO ONPEAETMTb COAEp)KaHUE KHUCIOTHI, TO
CHauajga HYXXHO TNPUTOTOBUTH pabouMii TUTPOBAHHBIM pacTBOp Iuenouu. Jlisg sToro B
m1acTMaccoBoi nocyne roroBat pactsop KOH npumepHoit konnentpanuu. Ha TexHuuecknx
Becax otrBemmBalOT 0,56 r cyxoro KOH wu pactBopstor B ctakane B 100 mn a. H,O npm
NEepeMEIIMBaHNH CTEKISIHHOM manoukoi. CrIuBalOT pacTBOp B MOJHMATUIIEHOBYIO OaHKY,
MOJNKCHIBAIOT. 3allOJIHAIOT OIOPETKY 3THM PAacTBOPOM IMIENOYM W OTTHUTPOBBIBAIOT MM IO
¢denondranenny 2 anukBoThI Mo 10 M ctangapTHOrO pacTBopa KUCIOThl HaSO4.

PaccunTeIBaloT HOpMaATLHOCTH PAbOYEro pacTBOpa IIEN04H 1o popmyIie:
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7~ NeViOugon _ N, -V, -56
Ko Veon 11000 Vg, -1000

6. Korma paGouuit pacTBOp IIENOYM MPUTOTOBIICH, U KOHIIEHTPAIIUS €T0 YCTAaHOBJICHA,
BO3BMUTE TPH AJMKBOTHI 110 10 MJI MCCenyeMoro pacTBOpa B KOHHYECKHE KOJIObI, pa30aBbTe
1.H,0 o ~100 mi, mo6aBpre 2-3 Karum pactBopa (eHonrasentHa U OTTUTPYHTE PacTBOPOM
IIEJIOYM /10 TIOSIBJICHUS YCTOMYMBOM MalIMHOBOM OKpackh. OTMETbTE TMOIICANINE Ha
TUTPOBAHNE OOBEMBI.

7. TlpoueHTHOE comep)aHue KOMIIOHEHTA paccunuTanTe 1mo popmye:

N .V®.5
X(%),_,, =—— 2= . 100%;
1000-10
N p VpCp : ati(ueao'm)
X () eron = rleron) .100%
“ 1000-10
8. PaccumTaiiTe IpOIEHT OTHOCUTEILHON OIUOKH:
an _Xmeop
%oomn.oumubu = ————  —-100% .

meop

®opMma npeacTraBjIeHud pe3yabTara:
HasBanue u 1ienp paboThI.
Hamnmcars cxeMbl ypaBHEHUH peakiuil.
CraenaTb BBIBOJI O IPOJIETIaHHON paboTe.

Tema 1.5.
XapakrepucTuKka (GU3HKO-XUMHYECKHUX METOI0B aHAIN3a, UX KJIacCH(pUKaLus,
npeuMyllecTBa nepea ApyruMu MeTo1aMM, 00/1acTh IPUMEHEHHU s

[TpakTryeckoe 3ansTue Ne 3
VY CTpoicTBO M MPUHIMIT AEUCTBUS (POTOKOIOPUMETPOB
ean padoTbi:
[IpoBepka ycTpoiicTBa 1 IPUHIIMTIA JEHCTBUS (POTOKOIOpHMETpA.
Beimosnus padory, Bel Oyaere:
ymemy:
- TPOBOAUTH (PUBNKO-XMMHUUECKHI aHATH3 METAIOB U OIICHUBATh €T0 PE3YJIbTaThI;
- WCIIONIb30BaTh XHMHYECKHE, (PH3UKO-XMMHUYECKHE METOIbI aHajh3a CBHIPhS
MPOJIyKTOB METAJTypPTHUH;
MarepuanbHoe o0ecnieyeHme:
O6opynoBanne yueOHOTo KabuHeTa:
- pabouee MeCTO IpenoaBaTers;
- pabodee MECTO CTy/IeHTa;
- TaOJIUIIEL.
O6opynoBanue 1a00paTOpUu:
- pabouee MeCTO IpenoaBaTers;
- pabodee MeCTo CTy/IeHTa;
- METOAWYECKHE YKa3aHHWs ISl MPAKTUUECKUX padoT;
- METOJIMYECKHE YKa3aHUs AJIs TaOOpaTOpHBIX padoT;
- METOAWYECKHE YKa3aHUs JUIsl CAMOCTOSITEIbHON paboThI;
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- XHUMHYECKOe 000pyI0BaHMUE,;
- XMMHYECKHE PEAKTHUBBI;
- yueOHOe mocobue, CIPaBOYHUKH 110 aHATUTUYECKON XUMUH.
TexHuueckue cpeacTBa 00y4eHUS:
— Ayawmo-, BUIe0-, POSKIIMOHHAS ammapaTypa.
ITopsinok BbINOJIHEHHUSI PAa0OTHI:
W3y4nTh METOIMYCCKUE YKA3aHUS K JAHHON MPAKTUYECKON 1 1ab0paTopHOit
pabore.
Onpenenuts NPOIyKThl PEAKIIMU
BBINOMHUTE OTYET O MpoJeaaHHoi padore.
Xon paboThr:
OcoOenHoctn  mpuHOMNa  JedcTBUs  (oTokomopumerpa IIpumeHnsiemblii  BO  Bpems
WCCIICIOBAaHU MPUHIMN JelcTBUSL  (POTOKOJIOPUMETPA OCHOBAaH Ha TOM, 4YTO OoJee
OKpAaIlIEHHBIH PacTBOpP CHOCOOEH TMOTJIOTUTh CYIIECTBEHHOTO OOJblllee KOJUYECTBO
MIPOXOJIANICTO Yepe3 HEro CBEeTa IMPU ONPEISICHHON JumMHE BOJHBL [loaTomMy maHHOE
YCTPOMCTBO CHENHANBLHO MPEAHA3HAYACTCS AJISl ONpeAeNieHUs] KOHIICHTPAIM aHaTU3UPyEeMBbIX
BEIICCTB B PA3UYHBIX XHMHYECKHX pacTBopax. [Ipw TpOBEACHHH COOTBETCTBYIOIIUX
UCCIIEeIOBaHUN MpuOOop HEOOXOIUMO TIATENILHO HACTPOUTH HA W3IIyUYEHHUE C OMpeAesIeHHOM
JUTMHOM BOJIHBI, IIOCKOJIBKY Pa3JINYHBIC BEIIECTBA, KOTOPBIE MOTYT COJCPIKATHCS B M3ydaeMOn
cpene, CIOCOOHBI MOTJIOMIATh IMO-PA3HOMY CBETOBBIC BOJHBI C HEOJHOPOIHOW JJIMHOM.
[ToaTromy mnpuHIUN JeicTBUS  (OTOKOJOPUMETpa B Mpollecce pabdoThl Mperoiaraet
MIPUMECHCHHUE PA3JIMIHBIX CBETOPWIBTPOB. [lpmueM Kakaplii M3 HHUX 00JIaJaeT CBONCTBOM
peoOpa3oBbIBaTh B M3IYYCHHE C 3apaHee OINpeAeNIeHHOW UIMHOM BOJHBI MOCTYMAIOIIUN
CBETOBOM MOTOK. TakuM 00pa3zoM, prOOp BITOITHE CITIOCOOCH IMTOOYEPETHO ONPEISTUTh B OJTHOU
U TOM >K€ pacTBOpE WJIM M3y4aeMO# cpesie KOHIICHTPAIMIO pa3nyHbIX BemlecTB. Hano Tonbko
0TI00paTh M MOCTETICHHO MEHSITh COOTBETCTBYIOIINE CBETODUIBTPHI.

Bo03M0KHOCTB HCII0/1b30BaHKA (POTOKOTIOPUMETPA IO NPUHIMITY AeHCTBUSA

Briie  0603HaueHHBIN npuHyun Oelicmeus Gomoxoiopumempa AeIaeT €ro HCIONIb30BaHHEe
JIOCTaTOYHO  AKTyaJIbHBIM B  CEJIIbCKOM  XO3fMCTBE, MHUIIEBOW, METaAIypruyecKoi,
HedTenepepabaThIBaIONICH, XUMUYECKOW U Psijie IPYTHX OTpaciaeil MPOMBIIIIEHHOCTH. MOXHO
OTMETUTh TAKXKE IIUPOKOE MPUMEHEHHE NMPHOOpa B PA3IMYHBIX MPOMBIIIICHHBIX U YI€OHBIX
XUMHUYECKUX JTAaO0OPAaTOPHBIX YUYPEKACHUSX JUIsI TPOBEACHHUS pPA3HOTO poja aHalM30B,
MIPEUMYIIIECTBEHHO MIPUPOIOOX PAHUTEITHHOTO " TUTHEHUIECKOTO Xapakrepa.
OOyCOBIEHHOCTh TMOMYJISPHOCTH YCTPOMCTBA HAMpsIMYyIO CBSI3aHa C TEM, 4YTO MPUHIIMII
nercTBUS  QoToKoIIoOpUMeTpa (KOTOPBIM HA3BIBAIOT TAaKXKE WHOTJA OOBEKTHUBHBIM WM
(OTOANEKTPUYECKUM  KOJIOPUMETPOM) TIO3BOJIAET  YIPOCTUTH U YCKOPUTH  MPOLIECC
MIPOU3BEICHUS H3MEPEHUH U TTO3BOJISIET OCYIIECTBIIATh UX C JOCTATOYHBIM YPOBHEM TOYHOCTH.
KoTopslif, Kk CIOBY, OIIYTUMO BBIIIE, Y€M IPU HCHOIB30BAHWHU, K MPUMEPY, BU3YAIbHBIX
KOJIOPUMETPOB.

Oco0eHHOCTH IKCIIyaTalliH ¢ Y4eTOM NPHHIUIA AeiicTBUA (POTOKOJIOPUMETPA

Ilepen Hauanom paboThl ¢ MPUOOPOM, HEOOXOAUMO TIIATENBHO M3YYHMTh SKCILTyaTallMOHHbIE
JOKYMEHTBl M TOHSTHh NPUHIUN AEHCTBHUS (OTOKOJIOPUMETpa M Ha3HAYEHHE OPraHoB €ro
ynpasieHus. B mpouecce pa®oTbl He cienyeT AOMYyCKaTh IMOMaJaHHs Ha KOpIyc mpudopa
KaKUX-T1M00 OpraHUYEeCKUX PaCTBOPUTENEH, HCKIIOUEHHE JeTaeTcs TOJBKO MJs ATHIOBOTO
cnupra. I[Iponecc ncciaenoBaHuil TOKEH OCYIIECTBIATHCSA B YCIOBUSAX, KOTOPBIE HE BBIXOMST
3a 0003HauEHHBIE Mpeeibl padouux A MpUMeHeHusl ycinoBuid. He nomyckaercs HaxoxaeHue
BOIHM3U MPUOOpPA BO BPeMs €ro pabOThI MPUCYTCTBUE MOIIHBIX UCTOYHUKOB MAarHUTHBIX W/WIH
JIEKTPUYECKUX IOJIEHM, MOIIHBIX HCTOYHUKOB CBETA U HAIPEBATEIBHBIX YCTPOMCTB, 3TO MOXKET
HapYIINTh MPUHIMN JIeHCTBUS QoTokonopuMerpa. Ha mpubop Takke HE JOKHBI MMONAAaTh
MpsiMble COJTHEuUHble Jy4yu. Paboure moBepXHOCTH MU3MEPUTENbHBIX KIOBET HEOOXOAUMO TEpes
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KOKIOW cepueld W3MEpEeHWH TIIATeNbHO MPOTEepPeTh 3(QUPHO-CIUPTOBONH CMEChIO, a MpH
YCTaHOBKE KIOBET Ha MECTO 3aIlpellaeTcs J0TParuBaThCs 10 pabounX Y4acTKOB Ha ONTUYECKUX
MOBEPXHOCTIX TNainblamMu. KrOBETbl JOKHBI XPAHUTHCSA TOJBKO B IUIOTHO 3aKPBITBIX
KOHTEWHepax, a KUJAKOCTh B HUX Iepe]] HadaJOM MCCIIEJOBAaHUN HAJIMBAETCS IOCPEICTBOM
MHUIIETKH.

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

I =1lpe™

JInisi CHU)KEHUS TTOTPEIIHOCTEe peKOMEHyeTcsl paboTaTh B mpenenax npomyckanus 20-60%.
[Ipn OonpieM MOTJIOMIEHHH HEOOXOIMMO YMEHbBIIATh TOJNMIMHY oOpasua cironsl. Jlns
u3MepeHus: nHTeHcuBHOCTH (hoHa (lg) Ha anrHEe BosiHBI nuka mojock! (1) monb3yroTes 6a3oBoit
JUHUEH Kak JnuHHed otcyera. [Ipsmas Ga3oBas JIMHHA TPOBOAWUTCS Ul AHAIUTHYECKOM
MOJIOCHI Yepe3 ee KpailHHue TOYKW, TAE YK€ HET INOIJIOMEHHs, WIM KaK KacaTelbHas B
CIIEKTPAIBHOM KPUBOMU IO KPasiM MOJIOCH, KaK MMOKAa3aHO Ha PHC.

[IpoBenenue 0a30B0i IMHUY (IYHKTHUD); HyJ€Bask JIUHUS - CIUIOIIHAS TpsAMast

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

(D - ontrueckas MIOTHOCTS,

d - TonmuHa KpHCTaIa,

lo - ”HTEeHCUBHOCTD Ma/IAIOIETO U3TY4YEeHUs Ha oOpasels;
| - *HTEHCUBHOCTH MPOIIEIIETO)

1. IIpurotoBUTH 0OpPaA3LIbI CIOA PA3TUYHON TOJIINHBL.

2. Cuarp UK-crieKTpsl IPUTOTOBICHHBIX 00Pa3IOB.

3. IIpoBecTH MHTEpHpPETALHIO [TOJIOC MOIYYEHHOTO CIEKTpA.

4. BriOpaTh XapaKTEPUCTHUYECKHE YaCTOTHI IOJIOCHI IOTJIOMICHHS, TPOBECTH 0a30BYIO
JUHUIO B MAaKCHUMyMe€ TOJIOCHI MorjouieHus. Paccuntarh K03(QQUIMEHT MOTJIOMEHHS.
JlanHbie 3aHecTH B TaO. 7.1.

5. Tocrpouts rpadux D=f(d) mis paznmuuneix TonmwH (d) KpUcTamia ¢ UENbIO0 MPOBEPKU
crpaBeNIMBOCTH 3aKkoHa byrepa-JlamGepra-bepa.

6. IIpoBecTH aHAN3 MOTYYEHHBIX PE3YJIbTATOB.

Bennunna koa¢duiimenTa nornomeHus B MaKCHMyMe TO0JIOCHI

Musnepan [d,cm  |v, cM lo | K, cm

doronurt

MyckoBUT

®opma npeacTaBiaeHus pe3yJabTara:
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HazBanwe u 1ienb paboThl.
Hanucate cxembl ypaBHEHUN pEAKITUH.
CraenaTh BBIBOJI O IPOJIEIAHHOM paboTe.

JlaboparopHast pabota Ne 3 TIposepka 3akona Byrepa-JlamGepra-bepa.
e padoThi:
[Ipoepka 3akoHa byrepa-Jlam6epra-bapa.
Beinosinus patdory, Bel Oyaere:
ymemy:
- MPOBOIUTH GUBUKO-XUMHUECKUN aHAIU3 METAJNIOB U OLIEHUBATh €r0 Pe3y/IbTaThI;
- UCIOJB30BaTh XHUMHUYECKHE, (PU3MKO-XMMUYECKHE METOAbl aHajiu3a ChIpbs H
MPOYKTOB METAJLTYpPIHH;
MarepuanbHoe ofecrneyeHue:
ObopynoBanue yueOHOT0 KaOUHETa:
- pabouee MecTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTa;
- TaOJIULIBI.
O6opynoBanue 1a00pPaTOPUH:
- pabouee MecTO MpenoaBaTes;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHE YKa3aHWsl ISl MPAKTUYeCKuX paboT;
- METOJIMYECKHE YKa3aHMsl Il JaOOpaTOpHbIX padoT;
- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON PabOThI;
- XHMHYECKOoe 000py/I0BaHMUE;
- XMUMHYECKUE PEAKTHUBBI;
- ydueOHOe mocoOue, CIPaBOYHHUKH M0 AHATUTUYECKOU XUMUHU.
TexHuueckue cpeacTBa 00y4eHUS:
— Ayawo-, BUJIe0-, TPOSKIIMOHHAS armapaTypa.
BrimonuuB 3Ty paboty, Bl HayuuTech paboTaTh ¢ MEPHOI MOCYAON, TUTPOBATh, TPOBOIUTH
OTIpeJIeNIEHUs] METOJIOM HEHTpaIN3alui, TOTOBUTh pa00YHe PacTBOPHI.

Xoa padoThI:

Meton aHanu3a, OCHOBAaHHBIM Ha H30MpaTENbHOM MOIJIOUIEHUH CBETOBOW 3HEPTUU
YacTUI[AMU, MOJIEKYJIaMU MJIM MOHAaMH BEIECTBAa B pAaCTBOPE HOCSAT Ha3BaHUE abCOpOYUOHHOU
CNeKmpOoCKONuU.

Pa3nuyarot: CHEKTPO(OTOMETPUUECKHUH, (OTOKOIOPUMETPUUYECKHIA U
KOJ'IOpI/IMeTpI/I‘—IeCKI/Iﬁ METOAbBI aH00p6HI/IOHHOFO aHajgm3a. JTH MCTOABI aHaJIn3a MPHUMEHATIOTCA
TJIaBHBIM 00pa3oM JUIsl OTpeJiesIeHUs] MajbIX KOJIMYecTB BemiecTBa. Komopumerpust — Gpusnko-
XUMHYECKHH METOMO, OCHOBAHHBIM Ha 3aBHCHMOCTH WHTESHCHBHOCTH OKpaCKu pacTtBOpa OT
KOHLIEHTPALlU OKPALIEHHOI'O BELIECTBA.

NHTEHCUBHOCTH OKPACKU CBSI3aHA C MHTEHCUBHOCTHIO CBETA MPOIIEIIEr0 YePe3 pacTBOP
1 €€ 3aBUCUMOCTbh OT KOHLIEHTPAILMU, OT TOJILIMHBI CJIOSl U MHTEHCUBHOCTH NAJarOLIEro CBETa
BBIpaXkaeTcs 3akoHoM Jlambepra-byrepa - bapa.

| =1,+10p =
rae | — WHTEHCHMBHOCTH CBeTa, MPOIIEAIIEro uyepe3 pacTtBop; lp — MHTEHCHBHOCTH CBeETa,
najaroiero Ha pactBop; C — KoHIeHTpaius pactBopa; | — tommuna ciost; E — koaddurment

CBTOIIOTJIOIICHUS.
Jlorapudmupyem Beipakenue 3akoHa Jlambepra-bepa
Igl =lgl, +Ig10*
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lgl =lgl,—Ecl

lgl,—gl = Ecl
I

IgTozEcI

lg=D

D — onruyeckas MmIOTHOCTH pacTBopa (JIorapudM OTHOIIECHUS WHTEHCHUBHOCTU ITaJIAIOIIETO
CBETa K MHTEHCUBHOCTH CBETa, IPOIIEIIEro yepe3 pactBop.) Komopumerpus.
B ocHOBY KOHCTpyKIIMU MPUOOPA MMOTOKEH MPUHITUT YPAaBHUBAHUS HHTEHCUBHOCTH JBYX

CBETOBBIX IIOTOKOB IPH MOMOIIH IIEJIEBOM TuadparMsl.

1. Jlamma 16B Brirodaercs uepe3 cTabuan3aTop HampsHKESHUSI.

2. Teno3amuTHbIE CTEKIA.

3.DoKyCUPYIOIIHE JTNH3BL.

4.3epkaia.

5. CBeToMIBTPHI, TOBBIIAIOIINE YYBCTBUTEILHOCTh U TOYHOCTh METO/Ia, TIOaBast
Ha pacTBOP, JIYYH TaKOW JJIMHBI, KOTOPBIE JyYIlle BCErO MOTJIOMIAIOTCS JaHHBIM PACTBOPOM.

6. KroBeThl ¢ pacTBOpaMu.

7. OnTH4eckue KIMHbSA, PEeryJIUpPYIOLIIe JIEBbI CBETOBOM MOTOK.

8. llleneBas muadparma, KOTOpast CBsi3aHa ¢ OTCUETHBIM OapadaHoM. 9.DOTOIIEMEHT.

10. 'anbBaHOMETD.

[Ipu pabore c dorosnexTpokosopumerpoM OOK-M wu3MepeHHe ONTUYECKOH
TUTOTHOCTH MTPOM3BOJIAT MPH MIOMOIIH JIEBOTO HIIH MPABOTro 0apabaHOB.

Igl—o =D
|

W3mepenue mpu momouiy npaBoro 6GapabaHa MPOU3BOAAT B TeX Cilydasx, Korja
OINITUYECKas IUIOTHOCTh pacTBOpa He mpeBbimaet 0,5 u TpedyeTcst TOUHOCTh U3MEPEHU.

W3mepeHus npu noMoIy jeBoro 0apadaHa MpoU3BOJAT B ClIyyae BBICOKUX M HU3KHX
ONTUYECKUX INIOTHOCTEM.

ToyHocTh M3MepeHM Ha JieBoM OapabaHe HIKE IO CPAaBHEHHMIO C TOYHOCTHIO
M3MEpEeHUil mpaBoro OapabaHa, HO OHA BIIOJIHE JOCTAaTOYHA JJIsi TPOBEACHHS PSATOBBIX
aHaJIM30B.

Metoauka paboTsl o JeBoMy OapabaHy:

1.YcranaBnuBaeM JieBblil OapabaH B MOJIOKEHHE, COOTBETCTBYIOIINE «0» ONTUYECKOMH
mwiotHocTy. [Ipu sTOM HieneBas Auadparma oka3bIBaeTCs OJTHOCTBIO OTKPBITOM.

2. Ha myTtu n€eBOro CBETOBOIO MOTOKA YCTAHABIMBAIOT KIOBETY C PACTBOPUTENIEM, Ha
IyTH MpaBoro ¢ uccileayeMbiM pacTBopoM. KroBeTel (oIMHAKOBOM pabodeil JIMHHBI)
YCTaHABIIMBAIOT B KIO BETO AEpKATEAX Ha OIMHAKOBOM PACCTOSHUU OT BXOIHOT'O OTBEPCTHSI.

3.KomneHncupytor (OTOTOKHM, yCTaHaBIMBas CTPEIKY TajlbBaHOMETpa Ha HYJb,
MOJIB3YSICh ONTUYECKUMHU KIMHBAMHU. [lJI1 3TOro PYyKOSTKY TrajbBaHOMETpa IEpPeBOIAT Ha
MaJlyl0 YYBCTBUTEJIBHOCTh (TOJOXKEHHEe 1) W MpH NOMOIIM OINTHYECKOro KJIMHA TIpyOoi
HACTPOWKH BBOJAT CTPEJIKY ralbBAHOMETPA Ha

4.IlocTaBuB BBIKIIOYATENb B MosiokeHue «0», Ha MyTH MPaBOro CBETOBOIO MOTOKA
CTaBAT KIOBETY C pacTBOpUTeNeM. B BHIy TOro, 4yTO OCBEIIEHHOCTh MPaBOro (hoTorneMeHTa
IOCJIe 3TOTr0 BO3pOCia, Ui YpaBHUBAHMSI OCBEIIEHHOCTH HEOOXO0IMMO 3aKPhITh Aadparmy.

5.BKiT104a0T rajJbBaHOMETP Ha YYBCTBUTEIBHOCTH «1» M, Bpalias HW3MEpHUTEIbHbIN
OapabaH, BO3BpPALIAIOT CTPEIKY I'aJIbBAHOMETpPA B HYJEBOE MOJIOKEHHUE. 3aTeM rajlbBAHOMETP
MEPEKIIIOYAI0T HA YYBCTBUTENBHOCTD «2» U YTOUHSIOT U3MEPEHUS.

OTtcuer oNTUYECKON MIIOTHOCTH MPOU3BOIAT IO IIKase JieBoro 6apabana. M3mepenus
cllelyeT IOBTOPUTh TPH pas3a, MOABOJSA CTPENKY I'aJIbBAHOMETpA K HYIIO TO CJIEBA, TO CIIPaBa.
W3 nosmy4eHHbIX OTCUYETOB BBIUUCIIAIOT CPEAHEE 3HAUEHUE ONTHYECKON TIIOTHOCTH.

[TapaymienpHO € aHaNM30M HCCIENYEMOrO pacTBOpa BEAYT aHAJINW3 CTaHJAPTHOTO
oOpasra.
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MeTtonuka paboTsl o mpaBoMy OapabaHy:

B 00a cBEeTOBBIX MOTOKA CTABST KIOBETHI C XOJOCTHIM PACTBOPOM. Y CTAHABJIUBAIOT
npaBblil 6apadan Ha «O», ONTHYECKUMH KITMHBSIMU JOBOJSAT CTPEINIKY rajibBaHOMETpa 10 «O».
OTKIII0YaIOT raibBaHOMETD.

B npaBblii CBETOBOM IIOTOK KIOBETY C HCCIEAYEMBIM PACTBOPOM. BKitouaroT
rajibBaHoMeTp. Bparenrem pykosSTKU mpaBoro 6apabaHa JOBOAST CTPEJIKY rajibBAaHOMETPA 110
«Oy.

OTcuer oNTUYECKOM MIOTHOCTH MTPOU3BOIAT MO KPAaCHOM IIKae mpaBoro 6apabana.
®opMa npeaocTaBIeHHUA pe3yabTaTa

1.  Ha3Banue u nenb paboOTHI.
2. [IpousBectu pacuet ¢ ucnonb3oBaHueM 3akoHa byrepa -JlamGepra-bepa.
3. CrenaTh BBIBOJ O IIPOJICIAaHHOM padorTe.

JlaboparopHast pabota Ne 4 Onpenenenne PH pacTBopoB pasinyHON KOHIIEHTPAIMH.

Bremomaus 9Ty pa60Ty, Bor Hay4YUTCCh NNOJIB30BATHCA aHAJIUTUICCKUMHU BECAMU, BBIIIOJIHATH
OCHOBHBIC OII€pallu BECOBOI'O aHaJIK3a.

MaTepnaﬂbnoe odecmeyeHue:

Ob6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpenoaBaTers;
- pabouee MecTO CTY/AEHTa;
- TaOTHIIBI.
O6opynoBanue 1abOpaToOpuu:
- pabouee MecTO IpenoaBaTers;
- pabouee MecTO CTY/AEHTa;
- METOIWYECKHEe yKa3aHWs IS MPAaKTUIECKUX padoT;
- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaTOpHBIX paldoT;
- METOJIWYECKHEe YKa3aHWsA IJIsi CAMOCTOSTEIIbHON pabOTHI;
- XHMHYEcKoe 000pyJOBaHUE;
- XUMHYECKUE PCaKTHUBHI;
- ydeOHOe nmocoOue, CIpaBOUYHUKH M0 aHATUTUYECKOH XUMUH.
TexHMUecKue cpencTBa 00ydIeHus:
— Aymmo-, BUJ€0-, TPOSKIIMOHHAS armaparypa.
ITopsinok BbINoJIHEHUs padoOTHI:
N3yunTh MeTOAMYECKHE YKa3aHUs K JaHHOW JabopaTopHOM pabore.
OmnpenenuTb MPOAYKTHl PEaKIuH
BeImoaHUTE OTUET 0 TpoJIeIaHHON paboTe.

Xoa padorsbl

1. Choenaiite pacd€T W MPUTOTOBBTE OMNPEICTEHHOE KOJUYECTBO pPacTBOpa 3aJaHHOMU
MPOLIEHTHOM KOHIEHTpAllMU (Ha3BaHHE COJIM KaXKIOMY CTYACHTY OTAEIBHO COOOIIaeTCs
mnpenoaaBaTejieM, TaKXKE PEKOMEHAYETCA U3MCHUTDh KOJIMYCCTBO U MPOUCHTHOC COACPKAHUEC
MIPUTOTOBJISIEMBIX PACTBOPOB).
BrruncneHHoe KOJMYECTBO COJM OTBechTe Ha Becax. HeoOxomumoe KOJIMYECTBO BOIbBI
OTMCPLTC USMCPUTCIIBHBIM HUJIMHAPOM U BEIJICHTE B KOH6y. Bcerinbste OTBCHICHHYIO COJIb B
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BOJy U pasMELIMBAWTE 1O IOJHOIO pacTBOpEHMs. I[IpUrOoTOBBTE ITUKETKY M HAKJIEUTE Ha
KOJIOY.

2. Cpenaiite pacy€T W TPUTOTOBHTE OIPEACIEHHOE KOJIMYECTBO MHUIMIMTPOB PacTBOpa
3aJJaHHOI MOJISIpHOW KOHLEHTpaluu (KaXIOMy CTYACHTY MNpernojaBareib JaéT 3apaHee
MOJITOTOBJICHHOE 3aJIaHHE).

3. B 50mi. Bomwl pactBopure 3 T. XJIOPUCTOTO Kajus. BbluMciauTe NPOLECHTHYIO
KOHLIEHTPALMIO IOJIY4eHHOro pactBopa. Cnedte pacTBOp B OyTBUIOYKY M HAaKJIEWTe
ITUKETKY. (3aJaHue BbIIAETCA UHANBUYAIIBHO).

4. B 100ma. Boabl pactBopute 1 r. Exkoro Harpa. Belumcnure MOJSpPHYIO KOHLIEHTPALMIO
noJrydyeHHoro pactopa. Creiite pactBop B Oyrbulouky N HakielTe 3THUKeTKy. (3amaHue
BBIIAETCS MHAMBUAYAJIBHO).

(I)opMa nmpeaocraBjJdcHUusA pedyjibTaTa

1. Haspanwue u uenb paboTHI.
2.  BbINOMHUTH pacyeT HEOOXOAUMBIX PEAKTHBOB JJIsl IIPUTOTOBJICHUS PACTBOPOB.
3. Cnenartb BBIBOJ O MPOJICTaHHON paboTe.

Tema 2.1.
XuMHYecKoe paBHOBecHE U TeOPHS IEKTPOJIUTHYECKOI THUCCONMAIIUH.
[IpakTuueckoe 3anstue Ne 4
CocraBiieHue ypaBHEHUH 3JEKTPOIUTHUECKOM TUCCOMALIUN
Lean padoThi:
CocraBiieHne ypaBHEHUH 3JEKTPOIUTHUECKOMN TUCCOMALIUN
Boinoinus padorty, Bel Oynere:
ymemy:
- MPOBOJUTH PUBUKO-XUMHUECKUN aHAJIA3 METAJIOB U OIEHUBATh €T0 PE3yIIbTATHI;
- WUCIONB30BaTh XHUMHUYECKHE, (PU3UKO-XMUMUYECKHE METOAbl aHauu3a ChIpbs W
MPOYKTOB METAJLTYPTHH,
MarepuanbHoe obecrneyeHue:
Ob6opynoBanue y4eOHOTO KaOUHETA!
- pabouee MecTO MpernoaaBaTers;
- pabouee MeCTO CTYJEHTa;
- TaOIUIIBL.
O6opynoBanue 1a00paTOpUH:
- pabouee MecTO MpernoaaBaTers;
- pabodee MECTO CTy/IeHTa;
- METOJIUYECKHE YKa3aHHs [Tl MPAKTUISCKUX padoT;
- METOIWYECKHe YKa3aHusl sl TabopaTopHbBIX padoT;
- METOJIUYECKHE YKa3aHHs JIsl CAMOCTOSATEIHLHOU PaboTHI;
- XHUMHYECKOe 000pYyI0BaHHUE;
- XWUMHYECKUEC PEAKTHBBI;
- yueOHOe mocobue, CIPaBOYHUKH 10 aHATUTUYECKON XUMUH.
TexHUYeCcKUe cpeacTBa OOYICHHUS:
— Ayawuo-, BUIe0-, MPOSKIIMOHHAs anmapaTypa.
IMopsinok BbINOJHEHUS PA0OTHI:
W3yunTh METOIMYECKUE YKA3aHUS K JAHHON MPAKTUYECKON 1 1abopaTopHOit
pabore.
Onpenenuth NPOIYKTHl PEAKITHH
BrImoHUTE OTUET 0 TpoJielaHHONi paboTe.
Xon paboThr:
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[Ipouecc paspylieHuss WM pacrajga dJEKTPOJUTa HAa MOHBI HA3bIBAETCS AJIEKTPOJIUTUYECKON
nuccoruanued. CocTaBHbIE YacTH PACMABIIMXCS MOJEKYJ WIM KPUCTAUIOB MPEACTaBISIOT
co0O# yacTuIbl, UMeroHe 3apsa. VX Ha3pIBalOT MOHBL. PacTBOpHI BEIIECTB, MOJEKYJIbl UM
KPUCTAJLJIBI KOTOPBIX criocoOHbI pacniafarbes Ha MOHDBI (muccounnpoBats), MOTYT IPOBOAUTH
BJIEKTPUYECKUM TOK. MIMEHHO IOATOMY HMX HAa3bIBAIOT JJIEKTpOJHMTaMU. YacTto mnpouecce
3IEKTPOJUTUYECKON JUCCOLMAIIMN HA3bIBAIOT IPOCTO: TUCCOLUALINS.

1. ucconumanus CUJIbHBIX 3JIEKTPOJIUTOB

[Ipu nqucconmanuu KUCIOT UX MOJIEKYJIBl pacafatoTcs BCEI/1a Ha MOJOKHUTEIBHO 3apsKEHHbIE
HOHBI BOAOpOJa Hn OTPULATCIIBHO 3apAKCHHBIC HOHBI KUCJIOTHBIX OCTAaTKOB.

PaccmoTpuM ypaBHEHHE IUCCONMALIMUA KUCIOTHI CUIIBHOTO 3JIEKTPOIHUTA. (BHAEO YPOK)

[Ipu nuccoumanuyM OCHOBAaHMM HMX MOJIEKYJbl pPACHafarOTCs BCErJa Ha IOJOKHUTEIBHO
3apsHKCHHBIC HOHBI METaJlIa M OTPHUIIATENILHO 3apshKeHHbIe Tuapokcua-uonsl (OH-).

2.1Tpu THACCOLAALIN cosen 1504 MOJIEKYJIBI pacnamaroTcs BCerga  Ha
MOJIOKUTEIBHO 3apSyKEHHBIE MOHBI METAJlJIa U OTPULIATENIbHO 3apsKEHHbIE MOHBI KUCIOTHBIX
OCTaTKOB.

3. CocraBiieHHe ypaBHEHHUsS TUCCOIMALMU COJM, B KOTOPOH KHCJIOTHBIA OCTATOK COCTOUT U3
onuoro snementa (xiopua (Cl), cynbduasl (S), oTaHYaeTcss OT T€X YpPaBHEHMIA, B KOTOPBIX
MOJIEKYJIBI COJIEH UMEIOT B KHCJIOTHOM OCTAaTKE /(B 3JIEMEHTA.

4. uccouumanus cyiadbIX 3JE€KTPOIUTOB
JUCCOLMAIMS MHOTOOCHOBHBIX KHCJIOT CIA0BIX DSJEKTPOJUTOB HA HOHBI IPOUCXOAMUT
nocteneHHo (crymneHdaro). [Ipu 3ToM Ha Kaxa0W CTaauu auccouranuu o0pazyeTcsi OJIMH UOH
Bojopoaa H um oTpuuarenbHO 3apsyKEHHbIE MOHBI KHUCJIOTHBIX OCTaTKOB. BTopas cragus
muccormanu  HCOs3- <+ H+ + COs.
Uucno craauii OUCCOLMANUU KUCIOTHI — c€Jab0ro 3JIEKTPOJIUTa PaBHO YHUCIY AaTOMOB
Bojopoaa H B ero mosekyse.
Jucconnanus ciadblX 3JEKTPOJUTOB MHOTOKHCIOTHBIX OCHOBAaHMM Ha MOHBI MPOUCXOIUT
nocreneHHo (crymnenyaro). Ilpm 3ToM Ha KakaoM craguu auccouuanuu obpasyercs 1
ruapokcua-uon (OH-).
Takue ocHOBaHuS, Kak NpaBuio, cojepxkaT Heckosbko rpynn OH. PaccMoTrpum ypaBHeHue
JMCCOLMALM OCHOBaHUS — ciaboro snektponuta Mg(OH),
[lepBas cragus aAucconanuu

Mg(OH), <> MgOH+ + OH-
Yucno craguil AMCCOLUAIIMM OCHOBaHMUS — c¢1a0o0ro asekTposuTa paBHo yuciay rpynn OH B
€ro MoJieKyJie. (BUIe0 ypOK)
VYpaBHEeHMsI IUCCOLMALINN COJIEN CIa0BIX NEKTPOJIUTOB HA MOHBI 3allMCHIBAIOT B OJIHY CTa/IHIO.
IIpu sTtomM o6pa3zyrorcs monoxurenabHo 3apsbkeHHble MOHBI Meranna u  oTpuIlaTensHO
3apsKEHHbIE NOHBI KUCIIOTHOT'O OCTaTKA.

®opma npeacraBjIeHus pe3yabTara:
Ha3zBanue u niens paboThl.
Harncatb cxeMbl ypaBHEHM peaKiuil.
CraenaTh BBIBOJI O IPOJIETAHHOM padoTe.
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Tema 2.2.
OKHCIUTEILHO-BOCCTAHOBUTEIbHBIE PEAKIIUU
[TpakTuueckoe 3ansarue Ne 5,6,7.
CocraBjieHHE OKHCIHMTEIbHO-BOCCTAHOBHUTEIBHBIX PEAKIUH METOJOM 3JICKTPOHHOTO
Oananca
esab padoThI:
CocraBieHne OKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLIUI METOIOM JIEKTPOHHOTO OalaHca
Bbinosinus padory, Bel Oyaere:
ymemy:
- MPOBOJAUTH (PH3UKO-XMMHUYECKUI aHAJIM3 METAJIOB U OLICHUBATh €r0 Pe3yJIbTaThl;
- WUCIONB30BaTh XHUMHUYECKUE, (DHU3UKO-XUMUYECKHUE METOJABl aHauu3a ChIpbS W
MPOAYKTOB METAJUTYPTHH,
MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOT0 KaOUHETa:
- pabouee MeCTO IpenoaBaTers;
- pabouee MeCTO CTY/ICHTA;
- TaOJIHIIBL.
O6opynoBanue 1ab0paTopuu:
- pabouee MeCTO IpenoaBaTes;
- pabouee MeCTO CTY/ICHTA;
- METOJIUYECKHE YKa3aHHs ISl MPAKTUYSCKUX pabdoT;
- METOJIMYECKHEe YKa3aHHUs sl JIAOOPATOPHBIX padoT;
- METOJIUYECKHE YKa3aHHs JUIsl CAMOCTOSTEIIbHON PaOOTHI;
- XHMHYECKoe 000pyI0BaHNUE;
- XWUMHYECKUE PEAKTHBBI;
- ydueOHOe mocoOue, CIPaBOYHUKH 110 AaHATUTUYCCKON XUMUH.
TexHu4eckue cpeacTBa OOyICHHUS:
— Ayauo-, BUIe0-, MPOEKIIMOHHAs anmapaTypa.
IMopsinok BbINOJTHEHHS PA0OTHI:
W3yunTh MEeTOIMYECKUE YKa3aHUs K JaHHOM MPaKTUYeCKOi 1 1abopaTopHOit
pabore.
Onpenenuts NPOIYKTHl PEAKIIHH
BeImoaHUTE OTYET O MpoeaHHOM padoTe.
Xoa paGoTsI:
[To MeTony aMeKTpoOHHOTO OanmaHca CPaBHUBAIOT CTENEHU OKUCICHHS aTOMOB B HCXOJHBIX U
KOHEYHBIX BEIIECTBAX, MPHYEM YHCIO JJICKTPOHOB OTIAHHBIX BOCCTAHOBHUTEIIEM, JIOJDKHO
POBHSTHCS UUCITY DJIEKTPOHOB, PUCOETUHEHHBIX OKHCIUTEIEM.

1)MeTton 351eKTpoHHOTO OanaHca
+3 47 +5 +2

H3AsO3; + KMnO,4 + H,SO4 —H3ASO4 + MNSO, + KySO4 + H,O

W3 cxembl peakiuu BUAHO, YTO CTENEHb OKHCIIEHUS aTOMa MBIIIbsIKA J0 peakuuu +3 , mocie
+5, cTeneHp OKUCIIEHUsI MapraHija U3MEHWIach oT +7 10 +2.

OTtpakaem 3TO U3MEHEHHE CTETIEHN OKUCIICHHS B JIEKTPOHHBIX YPAaBHEHUSX.

Boccranosurens As™ — 2e” = As™ 5 IIPOLIECC OKUCIICHUS

Oxucimrens Mn™’ +5e” = Mn*? 2 nporece BoccTaHoBIeHHs

OBP, mporekaromue B BOAHBIX pacTBOpax, pacljlaBax M JIpYrMX HOHM3UPYIOLIMX
pacTBOPUTENAX, YPaBHUBAIOT METOAOM »3JIEKTPOHHO-UOHHOro OanaHca. Ilpu cocraBieHun
MOJTypEeaKIMi MCIIONB3YIOTCS MOHBI U (WJIM) MOJIEKYJIBI, MPUCYTCTBYIOIINE B pacTBope. Eciu
BEILIECTBO HEPACTBOPHUMO — OHO 3aIMCHIBAECTCA B HEAMCCOLMUPOBAHHOM BUIE. Ecim aTomsl, y
KOTOpBIX M3MeHA0TCca CO, BXOIAT B COCTaB Cpa3y HECKOJIBKUX YACTHI, TO MCIIONb3YIOTCS T€
YaCTHUIlbl, KOHIIEHTpaLus KOTOpbIX mpeoOnagaer. Hampumep, B BOJHOM pacTBOpe ciadoii
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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 MEHAIOT CO, ¥ COCTaBUTh MOJIypeakLuu ¢ ux ydactueM. [Ipu
TOM HEOOXOAMMO YUUTBIBATh 3NIEKTPOJIMTUYECKYIO IUcCcOLMaluio W BiausHUe pH cpexabl
(cuJIBbHBIE 3IEKTPOIUTHI TUCCOUUPYIOT MOTHOCTBIO, cIa0ble KUCIOTHl — TOJIBKO B IIEIOYHOM
cpene, ciabble OCHOBAHMS — TOJIBKO B KUCIION).

2. YpaBHATH NOJTypeakIuu, 100UBasCh:
¢ MaTepuaspHOro OanaHca. s MOCTM)KEHHS MaTepUalbHOTO OajaHca B BOJHBIX

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 TMpaBOM 4YacTAX ypaBHeHUs). JlJis 3TOro K JIeBOM 4YacTH TMOJYpEeaKIMH
J00aBJISAIOT WIN BBIYUTAIOT U3 HEE HEOOXOIMMOE KOJIMYECTBO AIEKTPOHOB.

3. YMHOXUTHh NONypeaknuu Ha Kod(pduuumeHTh, HOOMBASCH BBHIOTHEHUS YCIOBHUS: YHCIIO
OTJAHHBIX 3JEKTPOHOB (B IMOJIypeaKILMM OKHMCJIEHHs) PABHO YHMCIY MPHUHATHIX 3JIEKTPOHOB (B
[I0JIypEaKIIU1 BOCCTAHOBJICHHUS).

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

5. Jlo6aBuUTh K JI€BOW W MpaBOH YaCTSIM HOHHOI'O YpPAaBHEHMs 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 OO0JIeryaroT

COCTaBJICHHE YpaBHEHHI 3TUX NPOLECCOB B HOHHO-MOJEKYJIApHOH Qopmyne. Monno -

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

YpaBHEHUH MOITYpEaKIMil — MPOIECCOB OKUCIEHUSI U BOCCTAHOBIIEHUS — C MOCIEAYIOIUM UX

CYMMHPOBAHHEM B 0011[e€ HIOHHOE YpaBHEHHE.

['maBHBIE ATAIBL:

1)3anuceiBaeTcs 0011ast MOJIEKYJISIpHAs cXeMa

K2Cr20; + Fe + H2S0O4 —Cr2(S04)3 + FeSO4 + H20

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

BUJIE€ MOHOB, a CJIa0ble 3JIEKTPOJUTHI, OCAJKU M ra3bl — B MOJEKYyJsipHOM Buue. B cxeme

OIpeIeIIsIeTCsl YacTuIla, onpeaensercs xapakrep cpeabt ( H+,H20 nmu OH-)

Cr2072' + Fe + H+ — Cr3+ + Fe2+

3) CocraBisioTcst ypaBHEHHS 2-X MTOTYPEAKIHi.

a) ypaBHHBAETCS YUCIJIO BCEX aTOMOB, KPOME BOJIOPO/a M KHUCIOpOaa

Cr20;” + H" — 2Cr**

Fe — Fe”'

0) ypaBHHUBAeTCs KUCIOPO/I C HCTonb30oBaHueM Monekyn HoO unm cszbiBanus 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 10 MPaBUILy HAUMEHBIIET0 KPAaTHOTO, M CYMMUPYIOTCS YPABHEHUS ofenx nonypeaxiuii.
Cr2072- + 14H+ + 6¢ —2Cr3++ 7H202 1

23



Fe—2e — Fe2+63

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

5) 3amuCBIBAIOTCS YpaBHEHHS B MOJCKYISIpHOW Qopme, ¢ 100aBIeHUEM 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 TONypeakluid COCTaBbTE a) YpaBHEHHE PEaKIUW OKHCICHHUS STHUJIOBOTO CIUPTa
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 Kauusi B KMCIIOH Cpele NPOSBISAET CBOMCTBA CHIIBHOIO OKUCIIUTEIS.
Oprannueckue BEIIeCTBa, KaK MPaBUIIO, SIBJISIOTCS BOCCTAHOBUTEISIMU, IIPH B3aUMOJICHCTBUH 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:
HazBanue u nienp padoThl.
Hanucarte cxembl ypaBHEHUN pEeaKLUN.
Cnenatb BbIBOJI O IIPOJIETIAHHOMN padoTe.

Tema 2.3.
B3aunmoneiicTBUS MeTAJIOB (CHIPbSl), METAJIMYECKHUX MOPOLIKOB € Fa3aMU U APYTUMU
BelllecCTBAMU
JlaGopaTtopnast pabota No5
Omnpenenenue coep:kaHus XpomMa B CTaIu

Heas padotsi: OnpeneneHue coiepxkaHus XpoMa B CTaau
Borinoinus padorty, Bel Oynere:
ymemy:
- MPOBOJUTH GUBUKO-XUMHUECKUAN aHAIM3 METAJUIOB U OIEHUBATh €T0 PE3yIIbTATHI;
- UCIONB30BaTh XUMHUYECKHE, (U3MKO-XUMHUYECKHE METOAbl aHajdh3a ChIPbs
MPOYKTOB METAJLTyPTHH,
MarepuanbHoe ofecrneyeHue:

ObopynoBanue y4eOHOTO KaOUHETA!

- pabouee MeCTO MpeIoaaBaTers;

- pabouee MeCTo CTY/JEHTa;

- TaOIHUIIBI.
O6opynoBanue 1a00paTOPHH:

- pabouee MeCTO MpeIoaaBaTers;

- pabouee MeCTO CTYJEHTa;

- METOIWYECKHE YKa3aHWsl JJIsl MPAKTUYECKuX paboT;

- MeTOAWYEcKHe yKa3aHusl Il TabopaTopHbBIX padoT;

- METOIUYECKHE YKa3aHUs JIsl CAMOCTOSTEIHbHON PaOOTHI;

- XHMHYECKOe 000py/I0BaHHE;

- XMUMHYECKUE PEAKTHBBI;

- ydueOHOe mocoOue, CTPaBOYHHUKH 0 AHATUTUYECKONW XUMUH.
TexHuueckue cpeacTBa 0OyICHHUS:

— Ayauo-, BUieo-, IpOeKIIMOHHAs anmnapaTypa.
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IMopsinok BbINMOJIHEHUs PA0OTHI:
N3yunTh MEeTOAMYECKUE YKa3aHUS K JAHHOU MPAKTUUECKON M JTaOOpaTOPHON
pabore.
OnpenenuTh NPOAYKTHI PEaKIIUU
BeimosiHUTE OTUYET O MpoeNaHHol padorTe.
Xox pa0doThI:
e  DOTOKOJIOPUMETPHUECKOE OTIPEICIEHNE KOHIIEHTPAIIMK BEIIECTBAa B PACTBOPE METOI0M
CPaBHEHHUS ONTHYECKOH MIIOTHOCTH HCCIEAYEMOT0 U CTAaHAAPTHOTO PACTBOPOB.
¢  DKCTPaKIUOHHO-(DOTOMETPHUECKOE OIPEICIICHUE MAIBIX KOJIUYECTB XpOMa C
nudeHnIKapOa3uIoM
e  MeTroabl NPSIMOTO CHEKTPAIBHOTO aHaJIN3a
e  DmMmuccuoHHas GOTOMETpHs IJIaMEHU
e  ATOMHO-aOCOPOIIMOHHBIA METOJ
e MeToapl MPSAMOTO CHEKTPAILHOTO aHaN3a

CrekTpanbHbli  aHAJIW3 — COBOKYIIHOCTb METOJOB KAauye€CTBEHHOTO M KOJIWYECTBEHHOI'O
OIIpeJIeJIEHUs] COCTaBa 0ObEKTa, OCHOBAHHAs Ha U3YUYE€HUU CIIEKTPOB B3aUMOACHUCTBUS MaTepuu
C U3JIyuYE€HUEM, BKJIIOYasi CIEKTPbl 3JIEKTPOMATHUTHOIO M3IY4YEHMs, aKyCTHUUYECKHUX BOJIH,
pacrpesielieHusl MO0 MaccaM M SHEprusiM 3JEMEHTAapHBbIX YacTHULl M Jp. ATOMBI KaXKA0ro
XUMHUYECKOI0 3JIEMEHTa UMEIOT CTPOro ONpeesIEHHBIE PE30HAHCHBIE YaCTOThI, B PE3yJbTaTe
Yero UMEHHO Ha 3TUX YacTOTaX OHHU M3Jy4aroT WM HOIJIOLIAIOT CBET. DTO NPUBOAUT K TOMY,
YTO B CHEKTPOCKOIE Ha CHEKTpaX BHUJHBI JIMHUU (TEMHBIE WU CBETJIbIE) B ONPEICIEHHBIX
MeCTax, XapaKTEePHbIX I KaX/10ro BemecTBa. IHTEeHCUBHOCTb JIMHUIN 3aBUCUT OT KOJIUYECTBA
BEUIECTBA U €ro COCTOSHUS. B KONMYECTBEHHOM CHEKTPaJbHOM aHaJIU3€ OINpPEACIsIOT
coJiepKaHue MCCIelyeMOro BeIeCTBa M0 OTHOCUTEIbHON MM a0COIIOTHONM MHTEHCHUBHOCTSIM
JUHUA WM TOJOC B crekTpax. ONTHYECKU CIEKTPAIbHBIA aHaJu3 XapaKTePHU3yeTCs
OTHOCHUTEJIbHOW MPOCTOTOMN BBINOJIHEHHS], OTCYTCTBUEM CIIOKHOU MOJITOTOBKH NMPOO K aHAIU3y,
HE3HAYUTENbHbIM KosndecTBoM BemiectBa (10—30 wmr), HeoOXxogumoro Juisi aHalIM3a Ha
OO0JIBIIIOE YUCIIO EMEHTOB. ATOMApHBIE CIIEKTPHI (IOTJIOIEHHS UM UCITYCKaHHs) MOIYy4aroT
MIEpeBEICHNEM BEIIECTBA B MapooOpa3HOE COCTOSIHME MyTEM HarpeBaHus mpooOsl go 1000—
10000 °C. B kauyecTBe HMCTOUYHUKOB BO30YXJIEHHS aTOMOB IpPHU SMUCCHOHHOM aHalH3e
TOKONPOBOJASAIIUX MaTEpPUAJIOB MPUMEHSIOT UCKPY, AYTY HEPEMEHHOr0 TOKa; MPHU 3TOM Mpoly
MIOMEIIAIOT B KpaTep OJHOTO M3 YTOJIBHBIX 3JEKTpoAoB. [l aHamm3a pacTBOPOB IIMPOKO
MCHOJIB3YIOT TUIaMs WM MJIa3My pa3iIu4HbIX ra30B.

®opMma npeacTraBjIeHUd pe3yabTara:

Ha3zBanue u niens paboThI.

Hammcarb cxeMbl ypaBHEHM peakiuil.

CraenaTb BBIBOJI O IPOJIETaHHON paboTe

Tema 3.1
IMHUCCHOHHBIN CNIEKTPAJIbHBIN aHAIH3.

[IpakTuyeckoe 3anstue Ne 8,9.

O3HakoMJIeHHE € YCTPOWCTBOM, NPHUHIMIIOM ACHCTBUSA M JKCIUTyaTallMd SKCIpecc —
aHaJM3aropa.
eanb padoThi:
O3HakOMJIEHME C YCTPOWCTBOM, IPUHIMIIOM JAEUCTBUS W DJKCIUTyaTalluM »JKCIIpecc -
aHaAJIN3aTOPOB
Beinosinus padory, Bel Oyaere:

ymemy:

- MPOBOAUTH (PU3MKO-XMUMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
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- HCIIOJIb30BaTh XHMMHUYECKHE, (PU3HKO-XMMHUYECKHE
MPOAYKTOB METAJUTYPTHH,
MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOT0 KaOMHETa:
- pabouee MeCTO IpenoaBaTes;
- pabouee MeCTO CTY/ICHTA;
- TaOUIIBI.
O6opynoBanue 1a00paTOPHH:
- pabouee MeCTO Ipero1aBaTes;
- pabouee MeCTO CTY/ICHTA;
- METOIWYECKHE yKa3aHUA IS MPAKTUIECKUX paboT;
- METOJIWYECKHEe YKa3aHUs sl JAOOpaTOPHBIX padoT;
- METOJMYECKHE YKa3aHHUsS JJISi CAMOCTOSTEILHON paboThI;

METOJIbI

aHaJIn3a CbhIpbA

-  XHUMHYECKOEC O60py,Z[OBaHI/Ie;
- XHUMHYCCKUEC PCAKTUBELI;

- yqe6Hoe HOCO6I/IC, CIIpaBOYHHUKH I10 aHAJUTUYECKON XUMHUH.

TexHuueckue cpeacTtBa 06y‘IeHI/I${Z

— Aynuo-, BUieo-, IpOEKIIMOHHAS anmnaparypa.

Ilopsinok BbINOJHEHHS PadOThHI:

N3yuuTh MEeTOAMYECKHE YKa3aHUS K JAHHOW MPAKTUUECKOU U JTAOOpaTOpHOU

pabore.

Onpenenuts NPOIyKThl PEAKIIUU
BrINMOMHUTE OTYET O MpoJeIaHHoM padoTe.

Xox pabdoThI:
Kynonomempuueckue memoosi

Kynonomerpudeckuii METO/I aHaIM3a OCHOBAH HA U3MEPEHUHU KOJIMYECTBA JJIEKTPUUYECTBA,
U3PACcXOJI0OBAHHOIO B XOJ€ AJIEKTPOXMMUYECKON peakluH OmpeenseMoro BemecTtBa. Ecimu
NpOTeKaeT Kakas-mM0o 3JIEKTPOXMMUYECKas peakius, TO MO KOJIUYECTBY 3JIEKTPUYECTBa,
M3pPACcXOJOBAHHOTO Ha 3TY PEAKIUIO, U YHUCITY 3JEKTPOHOB N, MIPUHUMAIOIINX B HEW ydacTue,
MOKHO OIPEJENINTH COAEPKAHUE UCXOJHOTO BEIIECTBA J B COOTBETCTBHM ¢ 3aKkOoHOM Dapazest

o ¢opmyre:

( l()ln.'i,v’-,u (AQ) / (Y6485n)

O
'MJ {+}- ¢ _,,L:, o

S

I S eO0U gl Vg PeONRAS

MMPOAOJIKUTCIIBHOCTH 3JICKTPOJIN3A.

rme Q —  KoJIM4YecTBO
INEeKTPUYECTBA, paBHOE
MIPOU3BCACHUIO CHJIBI TOKa Ha
JUIUTEIILHOCTh €T0 TPOXO0XKICHUS
gyepes pacTtBop; A — aromM-macca
BemiecTBa; F — mocTosHHAsA
®dapages.

Ha >mom ocnoean npsamoii
KYJIOHOMempu4ecKuii Memoo, B
KOTOpOM  pacyeX BeayT IO

B srom cnmyuae He Tpebyere! MOCTpOEHUS T'PaAUPOBOYHBIX TI'paUKOB U MPUMEHEHHS
CTaHJIaPTHBIX PACTBOPOB, YTO BBHITOJAHO OTIUYAET €r0 OT APYTUX GU3UKO-XUMHUECKUX METOJIOB

aHaju3a.

KocBeHHbIH KyTOHOMETpUUYECKUH METO/ (KYJIOHOMETPUYECKOTrO TUTPOBAHMS) OCHOBAH Ha
MIOJIy4€HUHN (FE€HEPUPOBAHUHU) PEArUpYIOLIUX C ONPEIENIIEMbIM BELIECTBOM HOHOB B CaMOM
TATpyeMoM pacTBope. [IpsMoi KylIOHOMETpPHUYECKUH aHaiu3 OOBIYHO OCYIISCTBISIOT TPH



MOCTOSTHHOM TOTEHIMale paboyuero 3JeKTpo/ia, a KOCBEHHBIH — IPH MOCTOSIHHOM CHIIE TOKa,
IIPOXOAAIIETO Yepe3 AIEKTPOIUTHYECKYIO siueiiKy. Cxema KyJIOHOMETPUYECKOro aHalu3a Mpu
MIOCTOSTHHOM TIOTEHLIMAJIe TPEeCTaBiIeHa Ha puc. 5, a. TOK OT aKKyMYJISATOpHOH OaTapen mpu
MIOMOILM TOTEHIIMOMETPA IIPU ONPENEICHHOM IMOTEHIHale, KOHTPOJIUPYEMOM BOJBTMETPOM,
II0/1a€TCSl Ha KYJIOHOMETPHUUECKYIO siueliKy. KoauuecTBo anekTpruyecTBa, IPOLIEIIIEr0 Yepes3
KYJIOHOMETPUYECKYIO SUYeHKy, Oomnpeaessiercss KyJIoHOMEeTpoM. B KylnoHoMmeTpuueckon siueiike
IIPOUCXOJUT BOCCTAHOBJIEHUE olpezensieMoro uoHa. Cuia Toka, MPOTEKAIOIIEM B LIENH, IO
Mepe YMEHbIIEHHsI KOHIIEHTPALUU ONPEAEIsIeMOr0 HOHa CHUXKAETCSA U B MOMEHT €ro IOJHOTO
BOCCTAHOBJICHHSI CTAHOBHUTCS OJIM3KOM K HYJIIO. DJTO yKa3blBaeT HAa OKOHYAHHE TpoIiecca
BOCCTAQHOBJICHHA  ompezenseMoro  uoHa. OnpenenuB  KyJOHOMETPOM  KOJIMYECTBO
AJIEKTPUUYECTBA, M3PACXOJOBAHHOTO Ha BOccTaHoBIeHHeE, 1o ¢opmyne (18) paccumtsiBaroT
KOJINYECTBO ONPEAEIAEMOr0 BEIIECTBA B KYJIOHOMETPUYECKOH sAueiike.

[IpyHuunuanpHas cxema JUisl KYyJIOHOMETPUYECKOTO TUTPOBAHUS NPU IOCTOSHHON CHUIIE
TOKa JUIsl ONpEJAETeHUs, HalpUMep, COJACpXkKaHMUA Xpoma, INpuBeAeHa Ha puc. 5, 6. B
KYJIOHOMETPUYECKYIO SIUEHKY AJI1 TUTPOBAHUS HAIMBAIOT aHAJIM3UPYEMBIi pacTBOp OMxpomara
KaJIMsl ¥ pacTBOP XJIopuJa kesesza. KaTo onyckaroT HEOCPEICTBEHHO B pacTBOP, @ aHOJ — B
MIOPHUCTBIA COCYJ, COAEpKAIMK pacTBop xJyopuaa kanus. OT akKyMyJsITOpHOM Oatapeu mpu
IIOMOILM PETYJIMPOBOYHOIO peocTaTa uepe3 pacTBOp MPOIYCKAeTCs IOCTOSHHBIM TOK,
KOHTPOJIMpYEeMbIil ammepmerpoM. llpu 3ToM B aHanmM3UpyeMOM pacTBOpEe Ha Karojae
IIPOUCXOJIUT BOCCTAHOBJIEHUE TPEXBAJICHTHOTI'O )Kejle3a J10 IBYXBaJEHTHOI'0, KOTOPOE Cpasy xKe
OKHUCJIAETCS 1O TPEXBAJIEHTHOrO OMXpOMaToM, HaXOSAIIKMMCS B pacTBOpe. Y Ka3aHHBIM mpoliecc
IpoTeKaeT J0 TeX IOp, IOKa BeCh IIECTUBAIEHTHBIH XpOM HE BOCCTAHOBHUTCA [0
TPEXBAJIEHTHOr0. B 3TOT MOMEHT B pacTBOpe MOSBATCA M30BITOUYHBIE MOHBI JBYXBAJIEHTHOIO
’KeJie3a, KOTOpbIe JIETKO OOHAPYKUTh [10- TEHIIMOMETPUYECKHM METOOM.

KonnuecTBo anekTpuyecTBa, pacXxoayeMoro Ha TUTPOBAHUE, PABHO MPOU3BEACHUIO CUJIbI
TOKa Ha JUINTENILHOCTh €ro MpoTeKaHus. TakuMm oO0pa3oM, B 3TOM BUJAE KyJOHOMETPUYECKOTO
aHaJIM3a TUTPOBAHKE MIPOBOJST BELLIECTBOM, KOTOpOE 00pa3yeTcs (reHepUpyeTcsi) B TATPYEMOM
pacTBope B pe3yibTaTe peakiMid BOCCTAHOBJIEHHMS WM OKHCICHHS M B3aMMOJEHCTBYET C
aHAJIM3UPYEMbIMU HOHAMHU.

KynoHomeTrpudeckuii METOJ THUTPOBaHUS IIOJIOKEH B OCHOBY, HaIpUMEp, ULIMPOKO
MIPUMEHSIEMBIX IKCIIPECC-aHAIM3aTOPOB IS OIpENeeHHs] COJIEp)KaHUs YIJIepoJa U Cephbl B
Mmetauie. Cxema paboThI IKCIIpecc-aHaIM3aTopa AJs aHalu3a yriiepoaa NpuBeJeHa Ha puc. 6.
Hagecky metamna (0,5 r), nomemeHHyto B hapdopoByro JIOJ0UKY, CKUTAIOT B TPYOUATON 1Meun
npu 1300—1350 C B 1OTOKE YHUCTOrO KHUCIOPOJA, PpacxXxol KOTOPOTrO peryiupyercs
aBromarndecku ot 0,2 mo 2 n/muH. Ilpm 3TOM Bech yriepon okucisiercs o CO2.
HenpepbiBHBIN NMOTOK KHciaopoga yHOcUT u3 meun COz B 3JIEKTPOIUTHYECKYIO SUYEHKY 2
JaT4YMKa YKCTpecc- aHanu3aropa. 3aech CO; moromaeTcs ciiaboieIOYHbIM MOTJIOTUTETbHBIM
pactBopom 3 (pH~10,2), BbI3bIBasi MOBBIICHHE KOHICEHTpALMH HOHOB Bomopoma H+. Dro
nm3mensier pH cpenbl, pukcupyemoii uepes anexrponast 4, 5 u pH-merp 6. M3menenne 5. 1. c.
AJIEKTPOAHOM cuctemMbl pH-MeTpa MpUBOIUT K U3MEHEHUIO CHIIBI TOKA HA BBIXOJE YCHUIIMTEINS
pH-meTpa, B pe3ynpTaTe 4ero CoerualbHbIM PETYISATOp 7, COEAMHEHHBIM C BbIXOAOM pH-
MeTpa, aBTOMATHYECKH BKIIFOYACT HCTOYHUK CTAOMIM3MPOBAHHOTO T'€HEPaTOPHOro Toka 8.
I'eneparopHbIii TOK TpoTekaeT yepe3 anoxa 10, kaToa 9 1 mpoHUIIaeMyFo TSl TOKA TIEPETOPOIKY
11 (uennodanoByio TneHky). Ilpu stom mousl H' paspskaioTcs Ha KaTofie ¢ 0Opa3OBaHHEM
MOJICKYJIIPHOTO BOJOpojia. ['eHepaTopHBI TOK MPOTEKaeT OO0 TeX TMop, MOoKa He OyayT
HelfTpanu3oBansl HOHBI H+ 1 3. 1. c. pH-MmeTpa, a Taxke cuia Toka Ha BeIxojae pH-merpa He
JIOCTUTHET nepBoHavanbHOro 3HayeHus (0,2 MA). KonnuecTBo 3iekTpuyecTBa, 3aTpadyeHHOIO
Ha TUTpoBaHME (BO3BpallleHHME K MHCXOAHOMY 3HaueHHio pH), oJHO3HA4YHO CBS3aHO C
KOJIMYECTBOM MOTJIOLIEHHOIO YIJIEKUCIIOTO ra3a, a ClIeJoBaTebHO KOJIMYECTBOM YyTriepoja B
aHaIM3upyeMoil nmpode Metayuia. KomudecTBO 3JIeKTpUUYECTBA ONPEeNsIeTcsl aBTOMaTUYECKUM
MHTETPUPOBAHUEM CUIIBI TOKA TUTPOBAHUS CIIEUAIBHBIM KYJOHOMETPOM - MHTEIpaTopoM TOKa
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13, Ha BBIXOJE KOTOPOrO BKJIIOUYEHBl HEOHOBBIC IM(PPOBBIC JAMIIbI, MOKa3bIBAIOIINE

MIPOIICHTHOE COJICPKAHUE YTIIEpo/ia B aHATTM3UPYEMOil pode.

[Ipu mOrJIOMIEHUH  YTIICKUCIOTO
raza IIOTJIOTUTCIbHBIM paCTBOpOM, B
COCTaB KOTOPOTO BXJIAAT XJIOPHCTHIN
KaIMA , [POTEKAIOT  CIEAYIOLIUe
peaKuuu: 7

CO; - HgO = ”3CO\

H,CO; + StCry = Sr COw+2HCI

HCI=H CI'

B pe3yJbrare MPOTEKaHUSA
YKa3aHHBIX pEaKIUi M TPOUCXOJUT
IIOBBIIICHNE KOHLEHTpauuu HoHOB H+
B TIOTJIOTHTEIILHOM PacTBOPE, KOTOPHIH
g Ooyiee TOJIHOTO  MOTJIOIICHHS
VIJIEKUCIOr0 Tra3a MepeMelInBaeTcs
Melaikou 14.

[Ipy mnpoTekaHuW TreHepaTOPHOTO

MOTJIOTUTEIbHBIN pactBop, [IpOTEKaeT

TOKa Ha

KaToJIe,

ONYILIECHHOM B

M +2e :
peaxiust 2H +2e H, T» a Ha aHoJIe,

M3TOTOBJICHHOM U3 ITUHKA, PEAKIIHS Zn—2e = Zn" . Apon MOTPYXEH BO

BCIIOMOTaTeNbHBIN pacTBOp 72, B COCTaB KOTOPOTO BXOAT XJIOPUCTHIM Kaiuil u peppounanua
Kanust. VIOHBI IMHKA, B3aMMOJEHCTBYS ¢ (PeppOIMaHUAOM Kajusi, 00pa3yloT KOMIUIEKCHYIO
COJIb IIUHKA, KOTOPAsl BBIIAAAET B OCAJOK IO PEAKIUU:

3Zn*" + 2K" + 2Fe (CN)*s = K1Zn; [Fe (CN)g]
OCHOBHBIE TEXHUYECKUE XapPAKTEPUCTUKHU IKcIpecc-aHanu3aTtopos AH-29 n
AH-160:

|
-
v v

Jlnana3on onpenensieMbix | AM-29 AH-160

KOHIIEHTpallui  yriaepoja,

%

Pacxon xucnopoma, 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

Xomnocron cuet | 0,01—0,002 0,0002—
pubopa, 0,0003

%/MUH..................

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

[TpomomKUTETHHOCTD 60 60-120
AHATIN3A, C .vvveeenee..

B Hacrosimee BpeMst Ha METAJUTYPrHUECKUX 3aBOJIAX IIMPOKO MCTOIB3YIOT OTEYECTBEHHBIE
HKCIPECcC-aHAIN3ATOPBI JJIs ompeAeneHus coaepxkanus yraepona (tuma AH-29, AH-160) u
cepsl (Tuma AC-7012, AC-7412).
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®dopma npeacTaBiaeHus pe3yJabTara:

Ha3zBanue u nienp paboThl.
Hamnmcarb cxeMbl ypaBHEHMI peaKiuil.
CrnenaTb BBIBOJ O IIPOJIETIaHHON paboTe

Tema 3.2.
PeHTreHOoCTPpYKTYPHBIH aHAJIU3.
[Tpaktrueckoe 3anstue Ne 10,11.

O3HaKOMIICHHE C YCTpOI;'ICTBOM, IMPUHIUIIOM IIGﬁCTBI/IH PECHTICHOCKOIIa OTCYCCTBCHHOI'O

1 3apy0eKHOTO IPOU3BOACTBA.
Lean padoTbI:
O3HaKOMJIEHHE C YyCTPOWCTBOM, IPUHIUIIOM JEHCTBHSI pEHTI€HOCKOIA
Brinosinus padorty, Bl Oynere:
ymemy:
- MPOBOJUTH GUBUKO-XUMHUYECKUN aHAIIU3 METAJJIOB M OLIEHUBATh €r0 Pe3y/bTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PU3UKO-XMMHUYECKHE METOJbl AaHajh3a CHIPbS
MPOJYKTOB METAJLTypPIHH;
MarepuanbHoe o0ecnieyeHue:
O6opynoBanue yueOHOro KabuHeTa:
- pabouee MeCTO MpenoiaBaTens;
- pabouee MecTO CTY/AEHTa;
- TaOTHIBI.
Ob6opynoBanue 1abOpaToOpuu:
- pabouee MeCTO MpenoiaBaTens;
- pabouee MecTO CTY/AEHTa;
- METOAMYECKHE YKa3aHMsl sl MPAaKTUYECKUX padoT;
- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaTOpHBIX paldoT;
- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON paboThI;
- XHMHYecKoe 000pyJIOBaHUE;
- XMMHYECKHE PEAKTHUBBI;
- yueOHOe mocoOue, CIpaBOUYHUKH M0 aHATUTUYECKONH XUMUH.
TexHunueckue cpeacTBa 00ydeHHUs:
— Ayauo-, BUz1€0-, IPOEKIIMOHHAs annaparypa.
Ilopsinok BbINOJHEHHS PadOTHI:
N3yunTh METOMYECKUE YKA3aHUS K TaHHOW MPAaKTUYECKON 1 J1abopaTopHOii
pabore.
Onpenenuts NPOIyKTHl PEAKIINH
BrImoaHUTE OTUET 0 TpoJieIaHHON paboTe.
Xox pa0doThI:
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Pre, €1, Cxoma yoramossn ass PENTTCHOCHEKTRAALROND DHAANI2:
[ — soaOymaenne; /! paxaomenne » cuexrp; /1 perncrpanus
| — perTreMonckan TpyOKa: 2 — npoba; J — RIAYSCHIR dayopecuentun

§ — XpacTaAn-aWanMIATOP; 3 ACTEKTOP; 6 — PerucTPUPYOWMA  naMepH
TCMRMA npubop

B o0mem ciydyae cxeMy pEHTI€HOCHEKTPaJIbHOI'O aHalu3a MOXXHO MpEeICTaBUTh
cieayomuM o0pa3oM; 1) Bo30ykaeHHE PEHTT€HOBCKOTO XapaKTEPUCTHUECKOTO HU3JIYyUCHUS
3JIEMEHTOB, 00pa3yrIux Mnpody; 2) pas3ioKeHHe PEHTTEHOBCKOTO HM3IYy4YEHHUS B CIEKTP
(BbIIENICHUE AHAIMTUYECKUX JIMHUWA JJEMEHTOB); 3) peructpamus W HU3MEpEeHUue
MHTEHCUBHOCTH PEHTI€HOBCKOTO XapaKTEPUCTUUYECKOTO M3IYyYEHHS AJIEMEHTOB. B cBs3u ¢
3THUM BCE PEHTTCHOBCKHE CIIEKTPOMETPUICCKHUE CUCTEMBI HMEIOT O0OIINE KOMITOHCHTHI:

1) uctoyHuk BO30YXKACHUS XapPAKTEPUCTUUYECKOTO H3IY4YEHHUs SJIEMEHTOB MHpPOObI; 2)
JTUCIIEPTaTOp — YCTPOMCTBO JJIsi BBIJCICHUS aHAJTUTUUYECKHUX CUTHAJIOB DJIEMEHTOB; 3)
JI€TEKTOP C COOTBETCTBYIOUIUM SJIEKTPOHHBIM YCTPOUCTBOM (puc. 41).

MeTtoabl  BO30Y:KI€HHS  PEHTT€HOBCKOr0  XapaKTepPUCTHYECKOr0  H3JIyYeHHs
BKIIIOYAIOM: NeKMPOHHYI0 DOMOAPOUPOBKY, PEHMEEHOBCKOEe U3TTYYeHUe

(dbmroopecuieHTHOE BO30OYKICHHE), U3IYICHHUE PAJMOAKTHBHBIX U30TOIOB.

Jlnst 2IeKTpOHHOTO BO30YXKJIEHHS XapakTepHa BbIcOoKas 3()QPEeKTUBHOCTH, OJIHAKO
BCIIEJICTBHE CWJIBHOTO pa3orpeBa oOpasla MoJ BO3AEHCTBHEM 3JIEKTPOHHOTO IMy4YKa (10
HECKOJIBKMX COT TPaayCcoB) BO3MOXXHBI CEIEKTHBHOE HCIIAPEHHE DIEMEHTOB M Jpyrue
XUMHYECKHEe W3MEHEHUs B oOpasme. K HemocTtaTkaM SJIEKTPOHHOTO BO30YKICHHUS
OTHOCSITCSI MHTEHCHBHBIH (POH M HeoOXoauMocTh paborarh moa BakyyMoM OTMeuYeHHbIE
HEJIOCTAaTKW  TPOSIBISAIOTCA  cilabee  TpW  BO3OYXKICHHH  XapaKTEPHCTUUYECKOTO
PEHTIeHOBCKOTO M3IIy4eHUsI TPOOBI OCTPO C(HOKYCUPOBAHHBIM DSIEKTPOHHBIM ITYUYKOM
(pMeKTpOoHHBIH MUKPO30HI). B sTOM ciydae meperpeBa oOpaslia HE NPOUCXOIUT HU3-3a
WHTEHCUBHOTO TEIJIOOTBOJA C MUKPOHHOTO Y4acTKa.

HenocraTtkoB,  xapakTepHbIX  JIsi  BO3OYKIEHHUS  DJEKTPOHAMH,  JIUIICHO
(bayopeciieHTHOE BO30ykIeHHE. DTOT METO/l BHIABUHYJICS Ha MEPEAHUI TUIaH MOCIe TOro, KaK
OblTa pa3paboTaHa COBEpIICHHAs TEXHMKA PErucTpaluu ciaadboro  (HIyopecieHTHOTO
PEHTTEHOBCKOTO H3Iy4eHHs. VICTOUHUKOM MEepBUYHOTO BO30YXKIAIOMIETO M3JIYYEHHUsS CIyXat
peHTreHoBckue Tpyoku. [lepBudHOe U3TydeHHE

noa0uparoT TakuM oOpa3oMm, YTOOBI PHEPrUs €ro KBAaHTOB OblJa 3aBEIOMO BBIIIE
SHEPrUM KBAHTOB XapaKTEPUCTUUYECKOTO PEHTTCHOBCKOTO HW3JIYYCHHS CaMOTO TSDKEIIOTO
sJeMeHTa TpoObl. B TO ke BpeMs cieayeT YYUThIBaTh, YTO KOPOTKOBOJIHOBOE >KECTKOE
PEHTTE€HOBCKOE H3JIy4YEHHE OYEHb CJIa00 MOrJoIaeTcss MpoOoi, MmModTOMY BO30YXICHHUE
(bIr00peceHIIMN CPETHUX U JIETKUX AJIEMEHTOB O0yneT Manod(eKTUBHO.

Bo30ykIeHrne peHTreHOBCKOTO0 XapaKTePUCTHYCCKOTO U3JIYYECHHS MPOO MOCPEICTBOM
W3JIy4YeHHUS PAJUOAKTUBHBIX M30TOMOB HCIOJB3YeTCS B PEHTTEHOPAJANOMETPUUIECKOM
aHaimu3e. JIOCTOMHCTBAMU METOJA SBISIOTCS KOMITAKTHOCTH AaImmaparypbl H CTPOTO
MOHOXPOMATHUYECKOE U3IyuyeHHe ucTouyHuKa. OCHOBHOW HEJOCTAaTOK — HH3Kad
WHTCHCUBHOCTH MTEPBUYHOTO WU3TyYCHHS.

Pasnoocenue penmeenosckozo usnyuenus 6 cnexmp. BwiOenenue usiyuenusi mpeoyemoui
ONUHbl 60HbI. B COBPEMEHHBIX PEHTTEHOCHEKTPAIbHBIX YCTAaHOBKAX HCIOJIB3YIOT JBa
crocoba pa3IoKEeHHUsS WU3JIY4YEHUs] Ha COCTaBisoImmue: 1) Aucrepcus Mo JJIMHE BOJHBI

30



(mudpaxknus Ha MOHOKpHCTAIIAX); 2) AMCIEPCHS TO DJHEpruu. B pPEeHTTeHOBCKUX
CHEKTPOMETpPaxX C AMCIEPCHEN MO IMHE BOJHBI AMCIEPTUPYIOIIHUM 3JIEMEHTOM CIIYXKHUT
KpUCTAJUI-aHAJIU3ATOp., JCUCTBYIOIIMNA  aHAJIOTUYHO JUPPAKIUOHHOM  pemeTke B
ONTHYECKON CHEKTPOMETPHUH. YTOI AUPPAKIUN PEHTI€HOBCKOIO Jydya 6 C JJIMHOW BOJIHBI
{ 0T KpuCTajla-aHaJIu3aTopa, UMEIOIIEro MEXIIJIOCKOCTHOE PAacCTOSHUE ¢/, onpeaensercs
ypaBHeHueM Bynbda — bparra:

2¢1 51110=11/1

B 3aBucumocTH OT Auana3oHa JJIMH BOJIH HCHOJB3YIOT KPUCTAUIBI C pPa3indHbIMU
3HAYEHUSIMHU MEXIUTOCKOCTHBIX PACCTOSIHUMN: KBapll, KaJIbIUT,

¢dmroopur, nurunpodochar ammonus u ap. Cnocod nucmepcur MO IIWHE BOJIHBI
o0sajaeT TeM JOCTOMHCTBOM, YTO MO3BOJISIET BBIACIHUTH JIO0YIO 3aIaHHYIO CIEKTPaIbHYIO
JUHUIO TUIaBHOW HacTpoiikoil. HemoctaTkoMm siBisieTcss Oonblnas mOoTepss MHTEHCUBHOCTHU
W3JIyYEHHUS] TPU OTPaXEHUU OT KpHUCTauia. B ONTHUMalIbHBIX YCIOBHSX HWHTEHCUBHOCTD
OTPAXXEHHOTO Jiyda cocTtaBisieT oT S5 10 20 % majgamomero Ha MOHOKPHUCTAI
MOHOXPOMATUYECKOTO U3TyUCHHUS.

B ciydae oSHepreTM4eckom — AMCIEpPCUM  JETEKTOPAMU  H3JIyYEHHS  CIIyKaT
MOJYNPOBOJHUKOBBIE KpUCTabl. [IpM MOrJIOmMEHUHM PEHTTeHOBCKUX KBAHTOB TaKUM
KpPUCTA/UIOM B HEM BO3HHUKAIOT JJIEKTPUYECKUE HMIYJIbChl, CBSI3aHHBIE C DJHEPrUeil
KBaHTOB. Y CHJICHHBIE UMITYJIbCBl IOMAJAal0T HA MHOTOKaHalbHbIN aHanu3atop. O6paboTka
UMITYJIbCOB, TIPEJCTABICHHE M 3alOMHHaHUWE OO0OECIeYnBaIOTCA MNpUOOpaMu 3alucH
CUTHAJIOB, MMITYJIbCHBIM CHEKTpoMeTpoM M OBM DOHepreruueckoe pas3pelieHHe MOXKET
OCYILIECTBJIATHCS TaKXK€ C T[OMOIIbIO MPOMNOPUUOHAIBHBIX M CHUHTUUISIUOHHBIX
CYETYHKOB.

JIOCTOMHCTBOM JIMCHEPCUU PEHTTEHOBCKOTO U3JIYYEHHUs] IO DSHEPTUM SBISETCS
BO3MOYHOCTh Pa3pelIeHHs] OUYEHb CIA0BIX CUTHAJIOB PEHTI€HOBCKOTO H3JydeHHs. Meron
ya00€H AJisl KOHTPOJISl TPOU3BOJCTBEHHBIX MPOIIECCOB.

Jlemexmopul penmeeHo8CKuUX yell.

PentreHoBckoe wu3yueHHE MOKHO 3aperucTpUpoOBaTh, HaOMIOAass Kakoi-nmubo wu3
3¢ HEeKTOB €ro B3aMMOJAEHCTBHS C BeleCTBOM. Takumu 3¢ ¢exTamu SBISIOTCA: 00pa3oBaHHE
CKpBITOTO H300pakeHUsT Ha (OTOIIACTUHKE, HWOHHM3alus Tra3za, Bo30OyxueHue docdopa,
JIAIOIEr0 BUAMMBIN CBET, (hOTONPOBOJUMOCTb, BbI3BaHHAs IEHCTBHEM PEHTICHOBCKUX JIydyei
Ha TOJYTIPOBOJHUKOBBIE KPUCTAILIIBL.

Peructpanus ¢ororpaguyeckuMm cHnocoOOM B PEHTTEHOCHEKTPaIbHBIX NpUOOpax
ceiflyac MNpaKTUUYECKH HE MpuUMeEHseTcs. B To ke BpeMs MIHPOKO HCIHOIB3YIOTCA B
PEHTI€HOBCKHUX CIIEKTPOMETpax, ra30HAIOJHEHHbIE AETeKTOpbl — cueTuuku [eiirepa,
MpONOpLHOHANbHbIE cUeTYMKH. OHU NpeoOpa3yloT SHEPTUI0 PEHTI€HOBCKUX KBAaHTOB B
JJIEKTpUYECKHE UMIYJIbChl. Ha KaXkJplii MOTJIONMIEHHbIH KBAaHT ACTEKTOP AaeT UMIyJbc. B
MPONOPIUOHATBHBIX  CUETUMKAaX AaMIUIUTyJa HUMIyJbca CBs3aHa C  DJHepruei
PEHTI€HOBCKOTO KBaHTa. IIpM MCHONB30BAaHUM TAaKOTO [JETEKTOpa C aMIUIUTYAHBIM
CEJIEKTOPOM OH MOXET OBbITh HPUMEHEH ISl BBIAEICHUS U pPETUCTpaluyd HU3JIydeHUs
TpeOyeMbIX JiuH BOJH. KonMuecTBeHHBIH aHamu3 JIETKUX DJJEMEHTOB IO JIMHUAM
XapaKTepUCTUYECKOTO PEHTTeHOBCKOIO CIEKTpa 3aTpPyJHEH BCIEICTBHE PE3KOro
ocnabiieHus JIMHHOBOJIHOBBIX JIMHUN B OKHE cueTuyuka. JlanpHelmmii mporpecc aHamusa
CTajJ BO3MOJKHBIM IOCJ€ pa3pabOTKU MPOTOYHBIX CUETUYUKOB. OKHa Il PEHTI€HOBCKOTO
U3JIy4eHHs JeNlaloT B HUX HACTOJIBKO TOHKMMHM, YTO yTedKa raza HeuzOexHa. CUETUHKHU
MOT'yT yCHENIHO paboTaTh, €CIU Yepe3 HUX HEMPEPhIBHO MPOMYCKAETCS ra30BbIi MOTOK.

JleificTBUE CUMHTHIUIALIMOHHBIX CYETYNKOB OCHOBAaHO HAa BOSHUKHOBEHHH CBEUEHUS MPU
MOIJIOIIEHUN PEHTIeHOBCKMX KBAaHTOB (oopecuupyromuM MartepuaioM. B Hux
HaOMrogaeTcss MPONOPIUOHANIBHOCTh MEXJY BEIMYMHOW (aMIUTUTYIOH) HUMIIylIbca |
JHEPTHEH  PErucTpUpPyeMoro KBaHTa. B KOPOTKOBOJIHOBOM  00JacTH  CHeKTpa
1eJeco00pa3Ho HCMHOJIb30BaTh CIUHTHWUIAIMOHHBIE CUETYUMKH, a JJIMHHOBOJIHOBOM —
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MPONOPLIMOHATIbHBIE.

[Ipn mornomeHnn peHTr€eHOBCKUX KBAHTOB IOJYINPOBOJHUKOBBIM JIE€TEKTOPOM B HEM
BO3HHUKAIOT JJIEKTPUUECKHE HMIYJIbCHl, OTPA0OTKAa KOTOPBIX MPOBOJIUTCS C IOMOIIBIO
MHOTOKaHaJIbHBIX aHalU3aTOpOB. [loNynmpOBOAHUKOBBIE IETEKTOPHI AAIOT BO3MOXKHOCTH
pPErUCTPUPOBATh OYEHBb ClIa0ble CUTHANBI, YTO IO3BOJIAET CHU3UTH AOCONIOTHBIN Ipesen
oOHapyeHHs 3neMeHTOB. Kpome TOro, 3TO MO3BOJISIET UCIOJIB30BAaTh ISl BO30YKICHUS
U3JIyYEHHUS FJIEMEHTOB PaAO0aKTUBHbBIE U30TOIIBI.

Penmeenosckue  cnexkmpomempur.  OTeduecTBeHHbIE U 3apyOexxHble  mpubop!
CTPOUTENIbHBIC  TPEANPUSATUS  MPOU3BOASAT MIMPOKUM  aCCOPTUMEHT  almapaTryphl,
MpeJHa3HAauYeHHOW MJig MPOBEACHUS PEHTTeHOCHEKTpalbHOTO aHanu3a. Beibop mpubopa
ompenensieTcss KOHKPETHOH aHanmuTuyeckod 3amadeir. K ¢akropam, KoTopwle cieayer
MPUHUMATh BO BHUMaHUE, OTHOCSTCS: CJIOKHOCTh P00 MO XUMHUYECKOMY COCTaBY, THI U
KOJIMYECTBO MPOO, CTOUMOCTD 3JIEMEHTOOIPEICICHUS, METPOJIOTUUECKIE XaPAKTEPUCTHKHU
u apyrasi uHopmaius, KOTOpyro HaJ0 MOJYy4UuTh 00 0Opa3uax.

Ilo ceoemy Hasnauenuro  cnekmpomempvl — OensAmMcsi HA  KOPOMKOBOHOSbIE,
ONIUHHOBONIHOBble U  B8CegoNHO8ble. Cnekmpomempol, umewujue HeECKOJIbKO KAHA08,
YCMAHOGIEHHBIX 0J11 0OHOBPEMEHHOU PeSUCMPAUUU ORPEOeeHHbIX OJIUH 60JIH, HA3bIGAIOM
keanmomempamu. I1o cnocoby videnenus aHaIUMUYecKol TUHUY CHeKMpaibHble Npudopbl
oesim Ha KpUCMAbhvle U OeCKpucmaivhble.

Penmeenopaouomempweckuii ananus.

PenTtrenopaauomMeTpuyeckuii aHalu3 HallleJl [PUMEHEHHE B MPAKTUKE TOPHO-
000raTUTENbHBIX U METAILTYPTHUYECKUX MPEANPUATHNH. ITOMY CIOCOOCTBOBAIU pa3padboTKa
BBICOKOO((EKTUBHBIX  JETEKTOPOB  ClIaboro  (JIyOpEeCHEHTHOTO  PEHTTEHOBCKOTO
W3JIy4yeHHs, a TakKe IMPOMBIILICHHBIH BBITYCK MIMPOKOro Habopa paJuOaKTUBHBIX
M30TOMNOB C OTHOCHUTEJIBHO HEBBICOKON LIEHON M MOJAXOMSIIMM MEPUOJOM Iojypacrnaja.
Haunbonee yacto HCHONB3YIOTCS HM30TOMBI, HCIYCKAIOIIME - ) -KBAaHTHl B pe3yJbTaTe
3axBaTa SAPOM OPOHMTAIBHOTO »SJIEKTPOHA, Hampumep - Pe, °C<+ PagnoakrueHOE
M3JIydyeHHe OT HCTOYHHMKA MajaeT Ha olpaszeny U MHAYHUPYET B HEM (IyopecieHTHOoe
U3JIydyeHHe. DTO H3JIy4YEHUE 3aMepsieTCs MPONMOPLUUOHAIbHBIM CUYETYUKOM M pe3yJbTaT
u3MepeHus obpabareiBaeTcs Ha DOBM, BkIIOYEHHOW B OJIOK 3JEKTpoHHMKH mpubopa. B
KayecTBE OKOHYATEJIbHOTO pe3yJibTaTa Ha IU(PPOBON HHIAUKATOP (AMCIUICH) BBIIAIOTCS
JaHHBIE TI0 COJEPKAHUID XUMHYECKHX DOJIEMEHTOB B 00paslle ¢ HUX CHMBOJbHBIMHU
0003HaYEHUSIMU.

PenTtrenopaanomeTpuieckre aHaIu3aTOPhl MPEeIHA3HAUYCHBI 11 aHadu3a 0ObEKTOB Ha
3JIEMEHTHI OT (e=12) nmo Il (r=92). TI'pamyupoBka mpuOOPOB
OCYIIECTBISETCS MO CTaHAApPTHBIM o0pa3uam. CoBpeMeHHbIE KOHCTPYKIIUUA aHATU3aTOPOB
MO3BOJISIFOT TMOJIy4aTh OJJHOBPEMEHHO JaHHbIE M0 1 —6 371eMeHTaM.

[IpuGopsl MOTYT TpPUMEHATHCS IS DKCIPECCHOTO aHajiu3a B  YCIOBHUAX
HeCTAallMOHApHBIX JlabopaTopuii, B TOM 4YuCIE JJIsI MaccoBOro aHanu3a Mpod Ha
MPOMBIIIJIEHHBIX TPEANPUITUSIX.

Jloxkanvnwiii ananuz. JIOKanbHBIA PEHTTEHOCNEKTPAIBHBIN aHAIU3 HMCIOJB3YETCS IS
UIeHTHUKAIUA BKIIOYEHUN B CIJIaBaX M MUHepanax, u3ydeHus IudQy3uOHHBIX 30H,
pacrpeneneHus 3JIEMEHTOB 0 MOBEPXHOCTH U T. . BaXHbIM 00CTOSTENHCTBOM SBISETCS
TO, YTO MeToa MAa€T BO3MOXHOCTH padoTaTh C TMpeaeNbHO MaJbIMH O0BEMaMH
ucclielyeMoro BeuiecTna (mopsijaka HeCKOJIbKUX KyOMUeCKUX MUKPOMETPOB).
PeHTreHoCnekTpalbHBI MHKPOAHAIM3aTOP OCHOBAaH Ha BO3OYKIEHUU PEHTIEHOBCKOTO
XapaKTePUCTHUECKOT0 U3ITYUEHHsI C TIOMOIIBI0 OCTPO CPOKYCHPOBAHHOTO AJIEKTPOHHOTO ITy4YKa
U TOCJENYIOUIEH PEerucTpaluu pa3JeieHHOro Mo JJIMHAM BOJIH PEHTT€HOBCKOTO M3IyYEHHS.
JlokanpHOCTH aHanmW3a, T. €. auaMeTp ucciueayemon tromaan, 1—2 VY.km. IIpuGopsr
MO3BOJISIIOT BECTH BH3yallbHOE HAOMIONEHHE 3a HCCIeIyeMbIM OOpa3loM ¢ TOJIE3HBIM
yBenudeHueM X450, mpu 3TOM TepeKpecTHe MHUKPOCKOIA COBIIAJIaeT C y4acTKOM o0Opasiia,
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obOnxydaembIM anekTpoHamu. [Ipu aHammM3e HEMETANTUYECKHMX OO0paslloB Ha HUCCIETyEeMYIO
MMOBEPXHOCTh HEOOXOUMO HAMBLIATE AIEKTPOIPOBOASIIINE CJIOU TOIIMHON 1 HM.

@dopma npeacTaBJieHus pe3yJabTara:

HasBanwe u 1ienb paboThlI.

Hanucatb cxembl ypaBHEHUN peaKInid.

CraenaTb BBIBOJI O TIPOJICIAHHON paboTe
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	Расчеты, связанные с приготовлением и разбавлением растворов.
	Из курса неорганической химии известно, что концентрация растворов может быть процентной, молярной, нормальной и моляльной.
	В практике количественного анализа часто приходится проводить вычисления, связанные с переходом от одной концентрации к другой.
	Пример 1. Вычислить молярную и нормальную концентрацию 12-процентного раствора серной кислоты H2S04.
	Решение. Для перехода от одной концентрации к другой необходимо использовать табличные данные и найти плотность 12-процентного раствора H2S04 (р =1,08). Затем определяют объем 100 г раствора по формуле:
	m = V • р;    V =
	Возможность использования фотоколориметра по принципу действия
	Особенности эксплуатации с учетом принципа действия фотоколориметра

