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CocraBuTeib:
npenoaasaresns ®I'bOY BO MI'TY MK Haraness AnexcannpoBHa IleTpoBckas

MeToaudeckie yKazaHWs TIO BBIMOJHEHHMIO MPAKTUYECKHX M JabOpaTOpHBIX padoT
pa3paboTaHbl HA OCHOBE paboUei MporpaMMbl y4eOHON TUCTIUTUIMHBI « XUMUYECKHEe U (PU3UKO-
XUMHUYECKUE METObI aHATIN3a.

ConepxaHre TPAKTUYECKUX U JIA0OPATOPHBIX pabOT OPHEHTHPOBAHO HA TIOATOTOBKY
00Yy4Jaromuxcsi K OCBOCHHIO MPO(EeCCHOHATLHOM MPOrpaMMBbI IOATOTOBKH CHEIMATIMCTOB CPEHETO
3BeHa 10 crempanbHocTn  22.02.01. Meranmypruss YepHBIX METAUIOB M OBJIAJICHUIO
npoeccroHaTbHBIMU KOMITETECHIIHSIMH.
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Baxnyto wacTe TeopeTHyeckod W TpOo(EeCCHOHATBHON TMPAKTHYECKON IMOATOTOBKH
CTY/ICHTOB COCTaBIISIIOT NMPAKTHUYECKUE 3aHATHS U JabopaTopHble paboTHl. SIBISASCH YaCTHIO
U3y4eHUsT Y4eOHOW JUCHUIUIMHBI, OHHM MPU3BAHBI, JKCIEPUMEHTAIbHO IOATBEPIUTH
TEOPETUYECKHE TOJOXKEHUs W (HOpMUPOBATh OOIIME U MPOPECCHOHATBHBIE KOMITCTEHIIHH,
MPAKTUYECKHE YMEHHUS.

Benymieid nunakTU4eckodl LENbI0 Mpakmuyeckux sauamuil siBiseTcs (GpopMupoBaHUe
MPAKTUUYECKUX YMEHHH - MpodecCHOHANbHBIX (YMEHUH BBHINOJIHATH ONpeesieHHbIe EeHCTBUS,
orepanuu, HeoOXOANMBIE B IOCIEIYIONIEM B MTPO(HECCHOHAIBHOM AESITEIbHOCTH) HITH Y4eOHBIX
(yMeHwmii perrath 3a/1auu 1Mo MaTeMaTuke, PU3UKe, XUMHUU, UHPOPMATHKE U JIp.), HEOOXOTUMBIX
B TIOCJIEyIONIel yueOHOM JesITeIbHOCTH MO0 €CTEeCTBEHHOHAYYHBIM, 00IIepohecCHOHATbHBIM
JTUCIUILTNHAM.

Benymell tuaakTHuecKol LENbIO 1a00pamopHblx pabom SIBISIETCS SKCIEPUMEHTAIbHOE
MOATBEPKIEHUE M TMPOBEPKA CYIIECTBEHHBIX TEOPETUYECKUX IMOJIOKEHUH (3aKOHOB,
3aBUCUMOCTEH).

CoctaB u conepkaHuWe TMPAKTUYECKMX M JIA0OpPaTOpPHBIX pabdOT HampaBieHbl Ha

peanu3anuio ACUCTBYIOMMX (peaepantbHbIX TOCYJapCTBEHHBIX 00pa30BaTElIbHBIX CTAaHIAPTOB
cpenHero npodeccuoHaIbHOr0 00pa3oBaHusl.
B coorBerctBum c paboueit mporpammoii yuebHoil muctummmHbel «XWUMUYECKUE U
OU3UKO-XUMNUYECKHME  METO/JbI  AHAJIM3A»  npeayCcMOTpeHO  NpOBEACHUE
IPAKTUYECKUX U JJAOOpaTOPHBIX padoT.

B pe3ynbrarte ux BBINOTHEHHS], 00Y4aIOIIUNACS JOKEH:

ymemy:

- MPOBOAUTH (PU3UKO-XUMHUYECKHI1 aHATTN3 METAIJIOB U OILICHUBATh €T0 PE3yJIbTaThl;
- HUCHOJIb30BAaTh  XHMMHYECKHE, (PU3UKO-XMMHUYECKHME  METOJbl  aHaliu3a ChIpbd U
MIPOJYKTOB METAJLTypPIrHH;

ConepxaHue NPakTUYECKUX U JIJAOOpaTOPHBIX pabOT OPUEHTUPOBAHO Ha MOTOTOBKY CTY/ICHTOB
K OCBOGHHIO TNPO(ECCHOHATBHOIO MOAYJS OCHOBHOM IpOQecCHOHAIBLHON 00pa3oBaTebHOM
MPOrPaMMBI 110 CMIELUATIBHOCTH U OBJIAAEHUIO MPO(eCCHOHATBHBIMI KOMITETEHIIUSIMHU:

[1K 1.1. Ocy1ecTBiaTh TEXHOIOTMYECKUE ONEPAIMH 10 TPOU3BOJICTBY YepHbIX MeTaioB (I1K-
1)

IIK 1.2. Ucrions30BaTh CUCTEMBI AaBTOMATHUYECKOTO YIIPABJICHUST TEXHOJIOTMYECKUM MPOIIECCOM
(IK-2)

[IK 1.3. DOkcrutyaTupoBaTh TEXHOJOTMYECKOE M MOABEMHO-TPAHCIIOPTHOE OOOpPY/I0BaHMUE,
obecreunBaroIIee Mporecc MPOU3BOACTBa uepHbiX MeTaioB (ITK-3)

K 1.4. AHanm3upoBaTh Ka4eCTBO ChIPbs U ToTOBOM mpoaykiuu (ITK-4)

1K 2.1. [TnaHupoBaTh U OPraHU30BBIBATH COOCTBEHHYIO JIEATEIbHOCTh, padOTy MOAPA3AEICHUS,
CMEHBI, y4acTKa, OpHrajibl, KojuiektiBa ucroaureseit ([K-7)

1K 3.1. IIpuanmars yyactue B pa3paboTKe HOBBIX TEXHOJIOTUI U TEXHOJIOIMYECKUX TMPOLIECCOB
(IIK-9)

I1K 3.2. YuacTtBOBaTh B 00€CIICYEHNH 1 OLIEHKE 3KOHOMUUecKoit 3 dexruBHocTH (ITK-10).

OK 1. TloHumaTh CYIIHOCTh M COLHMAJbHYIO 3HAUYMMOCTb CBOEH Oyayuieil mpodeccuw,
MPOSBJISITH K Helt ycroiuuBsiii naTepec (OK-1)

OK 2. OpraHu3oBbIiBaTh COOCTBEHHYIO NI€ATEIbHOCTh, BHIOMpPATh TUIIOBBIE METOMABI U
CIOCOOBI BBIMOJIHEHHSI MTPO(ECCUOHATIBHBIX 3a/1ad, OLEHUBATh UX YP(PEKTUBHOCTh U KaYeCTBO
(OK-2)

OK 3. [IpuHuMaTh pemieHusi B CTAHJAPTHBIX UM HECTAHIAPTHBIX CUTYaLUsSX U HECTH 3a
Hux orBeTcTBeHHOCTH (OK-3)

OK 4. OcymecTBiasaTh MOMCK M UCIOJNb30BaHUE HH(MOPMAIMHM, HEOOXOAUMOM yIs
3(PEKTUBHOTO BBIMOIHEHUSI TPOPECCHOHAIBHBIX 3a7a4, MPOPECCUOHATHPHOTO W JIUYHOCTHOTO
pazsutus (OK-4)



OK 5. Hcnonb3oBaTth  WMH(POPMAIIMOHHO-KOMMYHUKAI[HOHHBIE  TEXHOJIOTHH B
npodeccroHanbHoi aestensHoctr (OK-5)

OK 6. PabGorate B KOIEKTHBE U KOoMaHJe, 3()(eKTHBHO 0OIAThCA C KOJUIETaMH,
pykoBocTBOM, notpedurensmu (OK-6)

OK 8. CamocTosATenbHO OINpeneNnarh 3anadyd Mpo(ecCHOHAIBHOTO M JINYHOCTHOTO
pa3BUTHS, 3aHMMAaTbCcsd  CaMOOOpa30BaHMEM, OCO3HAHHO  IUIAHMPOBATh  IOBBIIICHUE
kBanupukarmu (OK-8)

BoinonHenue  cryaeHTamMu  mpakmuyeckux — pabom 1O  Y4eOHOM  IHUCLUIUIMHE
«XNUMHNYECKHUE U ®PU3NUKO-XUMHNYECKHWE METOIbl AHAJIM3A» HanpaBiieHO Ha:

- 00001IeHNe, CHCTEeMaTH3alnIo, yriyOJeHne, 3aKperyieHHe, Pa3BUTHE U JICTATH3ALUI0
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUH 110 KOHKPETHBIM TeMaM Yy4eOHOW JUCIUILINHBL,

- (hopMupoBaHHE yMEHUI NMPUMEHATH MOJYYCHHBIC 3HAHHS Ha MPAKTUKE, peaTU3aIUIo
€IMHCTBA MHTEIIEKTYaJIbHOM U MPaKTUUECKON JeATeIbHOCTH;

- (opmupoBanue u pa3BUTHE YMEHHIA: HaOIIOAaTh, CPAaBHUBATh, COMOCTABIATH,
aHaIM3UpOBaTh, JAENaTh BHIBOJAbI U OOOOIIEHHS, CaMOCTOSTETFHO BECTH HCCIEI0BaHMUS,
10JIb30BaThCSl PA3JIUYHBIMU NPUEMaMH HU3MEpPEHUM, opopMIIATh pe3yabTaThl B BHUJE TaOJIuUL,
cxeMm, rpaduKoB;

- TpPHOOpETeHHE HABBHIKOB pabOTBHl C pa3IMYHBIMH T[PHOOpaMH, ammaparypowu,
YCTaHOBKaMU U IPYTUMH TEXHHUYECKUMHU CPEICTBAMU JJIsl TPOBECHUS OIBITOB;

- pa3BUTHE MHTEUIEKTYAJIbHBIX YMEHUH y OyAylIMX CHENUAINCTOB: AHAIUTUYECKUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIpaOOTKY IIPY PEIICHUH ITOCTABICHHBIX 3a/1a4 MPO(ECCHOHATBHO 3HAYNMBIX Ka4eCTB,
TaKHX KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTb, TBOpUYECKAsi MHUIMATHUBA.

BeimonHenue  crygeHTaMu  1abopamopHuix  pabom 1O y4eOHOW — TUCHUILIMHE
«XUMHNYECKHUE N ®PU3NKO-XUMHNYECKHUE METO/1bI AHAJIM3A» HanpaBieHo Ha:

- 0000mIeHne, cCHUCTeMaTH3alnIo, yriyOJIeHne, 3aKperyieHne, Pa3BUTHE U JICTATH3ALUI0
MOJTyYEHHBIX TEOPETUUECKUX 3HAHUH 110 KOHKPETHBIM TeMaM y4eOHOM TUCIUILINHEI,

- (popmupoBaHuE yMEHUN NPUMEHATH MOJyYEHHBbIE 3HAHUSA HA MPAKTUKE, peaTn3alHio
€/IMHCTBA UHTEJUIEKTYaJIbHOW U MPAKTUUECKOM JeITeIbHOCTH;

- (¢opmHpoBaHHE U pa3BUTHE YMEHUMH: Ha0I0JaTh, CPABHUBATH, COIOCTABIISTh,
aHaIM3MPOBaTh, JIENaTh BBIBOJABI M OOOOIIEHMS, CAMOCTOSITEIbHO BECTH HCCIIEA0BaHMU,
I0JIb30BAThCSl PA3IMYHBIMKU NPUEMaMH HU3MepeHul, opopmiIsATh pe3yabTaThl B BHJE TaOIuL,
cXeM, rpauKoB;

- TOpuoOpeTeHHe HaBbIKOB pPAa0OTHl C pa3lIUYHBIMU IpHOOpaMu, ammaparypou,
YCTaHOBKAaMH U JJPYTUMH TEXHUYECKMMHU CPEACTBAMU JUIsl IPOBEACHHUS OIIBITOB,;

- pa3BUTHE MHTEJUIEKTYaJbHBIX YMEHUH y OyAylIMX CHEIHaJMCTOB: aHAJIUTUYECKUX,
MPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JP.;

- BBIpAaOOTKY IIPH PELICHUH TOCTAaBICHHBIX 3a]]a4 MPOPECCUOHANBHO 3HAUUMBIX KauecCTB,
TaKMX KaK CaMOCTOSTEIbHOCTb, OTBETCTBEHHOCTh, TOUHOCTb, TBOPUYECKAsi MHUIMATHBA.

[TpoMOKUTENBEHOCTD BBITTOTHEHUSI MPAKTUIECKON, JTaOOpaTopHOH pabOThl COCTaBISIET HE
MEHEE JIByX AaKaJEMMUYECKHX 4YacOB M IPOBOJMTCS IIOCIE COOTBETCTBYIOLIEH TEMBI, KOTOpas
obecrieynBaeT HAIMUME 3HAHUM, HEOOXOAMMBIX JUIS €€ BBITOTHEHHSL.



2 METOJUYECKHUE YKA3AHUSA

Tema 1.3.

O0paboTka pe3yJbTaTOB AHAJN3Aa METOJ0M MATEMATHYECKON CTATUCTUKH
[Ipaktrueckue 3ansatust Nel
O3HakOMJICHHE C YCJIOBHMSIMM TOYHBIX M3MEPEHMH MpHU BHINOJHEHHM aHanu3a, 00paboTka
pe3yabTaTOB aHajM3a IyTeM peIIeHUs pacuyeTHBIX 337ad METOJOM MaTeMaTH4eCKON
CTaTUCTUKH.

Hean padoThi:

O3HakOMJICHHE C YCIOBUSIMU TOUHBIX U3MEPEHUMN MPHU BBIIOJHEHUH aHanu3a, o0padoTka
pe3yabTaTOB aHajM3a IyTeM pEIIeHUs pPacuyeTHBIX 3aJad METOJIOM MaTeMaTU4eCKOH
CTaTUCTUKH.

Beinosinus padory, Bel Oyaere:
yMmemy:
- MPOBOJUTH GUBUKO-XUMHUECKUN aHAIU3 METAJJIOB U OLIEHUBATh €r0 Pe3y/IbTaThI;
- UCIONB30BaTh XHUMHUYECKHE, (PUIMKO-XMMUYECKHE METOAbl aHadu3a ChIpbs H
MIPOJIYKTOB METAJLTYPIHH,
MarepuanbHoe obecrneyeHue:
ObopynoBanue yueOHOT0 KaOUHeTa:
- pabouee MeCTO MpenoaBaTes;
- pabodee MECTO CTy/ICHTa;
- TaOJIULIBL.
O6opynoBanue 1a00pPATOPHH:
- pabouee MecTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHE YKa3aHWsl JIsl MPAKTUYECKUX padoT;
- METOJMYECKHE YKa3aHMsl U1l JaOOpaTOpHbIX padoT;
- METOJWYECKHE YKa3aHWs JJIsl CAMOCTOSATEIHbHON PabOTHI;
- XHMHYECKOe 000py/I0BaHMUE;
- XMUMHYECKUE PEaKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH M0 aHATUTUYECKOU XUMUHU.
TexHuueckue cpeacTBa 00y4eHUS:
— Aymmo-, BUJ€0-, MPOEKIIMOHHAs armaparypa.
Ilopsinok BbINOJHEHHS PadOTHI:
1. M3y4uuTh METOIMYECKHE YKAa3aHUA K JJAHHOW MPAKTUYECKOU U TAOOpaTOpHOU
pabore.
2. OmnpenenuTts TPOAYKTHI pEaKIIUN
3. BHIMOAHUTH OTYET O MpoJAeIaHHON pabdoTe.
Xoa paGoTsI:
Perucrpanusi u u3mepeHue BeJTMYUHbI AaHATUTHYECKOT0 curagna (AC)
AC onpenensiemoro BemecTBa OObIMHO comyTcTBYIOT AC, Memaronue aHamu3y Ipyrux
BEIIECTB, KOTOpbIE HE OBUIM OTHAEJCHBl WJIM HEJOCTATOYHO TMOJHO OBUIH YCTpaHEHBI Ha
npeasiaymeM stane. AC Memarmux BEMECTB Ha3bIBAIOT (poHOM (mymom). Meros aHanusa
WM €ro YCIOBHUS JOJDKHBI OBITh MOAOOpaHbl TakuMm oOpazoMm, uToObl AC ompeaensieMoro
BEIIECTBA OTYETIMBO BBIAEHUICS W3 (ona (mryma). XKemarenpbHo, 9TOOBI METOJ aHaIU3a
obecrieunBal JMHEHHYIO 3aBUCUMOCTh WHTEHCHBHOCTH AC OT KONHMYECTBa OMPEIENIIeMOTO
BEIIIECTBA.
Pacuer pe3syabtaTta anaiausallo pe3ynbraTaM KOJTHYECTBEHHOTO M3MEPEHHUS] HMHTEHCHBHOCTH
AC (A) paccuuThIBalOT KOJWYECTBO (n), Maccy (m) WM KOHIEHTPAIUIO (C) ONMpeAessieMOoro
BellecTBa B Mpo0e ¢ MOMOIIbio ypaBHeHus1 cBsi3u:A = K- n(m,c). TakuM ypaBHEHHEM CBSI3H,
HalpuMep B THTPUMETPHUH, SIBISICTCS 3aKOH JKBHUBAJICHTOB, MO3BOJISIONIANA 1O U3MEPECHHOMY
00BEMYy CTaHAAPTHOTO pAacTBOpa peareHTa, TOLIEANIEr0 Ha TUTPOBaHUE, pPACCUUTATH



coJiepKaHUE aHAIM3UPYEeMOro BemiecTBa. 3akoH apajes SBISETCS ypPaBHEHHEM CBS3H B
KYJIOHOMETPUYECKOM TUTPOBAHUH, 10 KOTOPOMY Maccy BelIecTBa B paCTBOPE MOKHO HAWTHU MO
3a/1aBaeMoM MpY aHAJIN3€ BEJIMUYMHE TOKA U U3MEPEHHON BETMYMHE BPEMEHU TUTPOBAHMSL.
MatemaTuuecKyro byHKIHIO, BBIPAXKAIOMIYIO 3aBUCHUMOCTh A oT n(m,c),
HA3BIBAIOT TPAIYyHPOBOYHON, a ee¢ Trpaduueckoe H300paKEHHUE -TPATYHPOBOYHBLIM
rpagukom.

B ypaBHeHHH CBSI3U KO3(PPUIIMEHT MPOMOPIHOHATLHOCTH K HA3bIBaIOT YyBCTBUTEIbHOCTHIO
(k03(ppueHTOM YyBCTBHUTENbHOCTH) MeTona. Yem Oonbire K, TeM MEHbIIYIO BETUYHHY
COJIEp’KaHUsI MOKHO YCTaHOBUTH I3THM MeTojoM. Eciu rpamynpoBouHas (GyHKIUSI JTHHEHHAS,
To K HaxoauTcs Kak TaHTeHC yrijla HaKJIOHA IpaaydpoBOYHOro rpaduka K ocu abcuuce. [Ipu
HETMHEWHON (YHKIIUU YYyBCTBUTEIBHOCTh HAXOMSIT Kak IMEPBYIO MPOU3BOJHYIO OT A TpH
3HaYeHUAX n(m,c), OTBEUAIOIUX YYaCTKY I'PalyupOBOYHOrO rpaduka, OJIM3KOro K JIMHEHHOMY:

dA A4 A;- A

=— WK =——=
dn A rng-my

[Ipu npoBeneHnu pacyera pe3yabTaToB aHAJIN3a HEOOXOIUMO OUYE€Hb BHUMATEIbHO BBINOIHSITh
BBIYMCIICHHUS. Maremarudeckas IOIpElIHOCTb, JONYIIEHHAas B 4YHUCJIOBBIX 3HAYCHUSX,
paBHOCWIIbHA OLIMOKE B aHAJIM3E.

YucnoBbie 3HAYCHUS noApa3JaAC/iAr0OT Ha TOYHBIC H HpI/I6J'II/I)KeHHBIC. K TOYHBIM, HAIIpUMED,
MOXXHO OTHCCTH YHMCJIO BBIIIOJIHCHHBIX aHaJIM30B, HOp?IIIKOBI)If/'I HOMCD JJICMCHTA B Ta6JII/ILI€
MeHz(eJIeeBa, K HpI/I6J'II/I)KeHHBIM - IBMCPCHHBIC 3HAUYCHUA MAaCChl WU obbeMa.

3Hagamumu  1EQpamMu TpUOTMHKEHHOTO YHWCIIa HA3bIBalOT BCcE ero mudpsl, KpoMme HYJEH,
CTOSIIIMX CJieBa OT 3alAToW, W HyJeW, cToAlMX cupaBa nocie 3amsTod. Hymwu, crosmue B
cepeuHe 4ucia, SBIAoTCA 3HadamuMmu. Hampumep, B uncne 427,205 - 6 3Havamux uudp;
0,00365 - 3 3navamume uudpsr; 244,00 - 3 3Havamume udps.

Tounocte Beruucnenuii onpeaensercs ['OCT, OCT nmu TY na ananmus. Ecim norpemHocTs
BBIUMCIICHUM HE OroBOpeHa 3apaHee, TO CJIeAyeT HUMETh B BHUJIY, YTO KOHUEHTPALMsA
BbIUMCsieTcs1 10 4-0if 3Havamed nugpsl nocie 3ansaToi, Macca - 10 4-ro 1ecATHYHOIO
3HaKa 10cJIe 3anAToi, MaccoBasi 105 (POLEHTHOE COAePKAHUE) - 10 COTHIX J10JIeil.
Kaxnplii pe3ynbTaT aHain3a HE MOXET ObITh TOYHEE, YeM 3TO MO3BOJISAIOT U3MEPHUTENIbHbIE
puOopsI (II03TOMY B Macce, BBIPAXKEHHON B IpaMMax, HE MOXKET ObITh Oouiblie 4-5 3HAKOB
MOCIIe 3aMsATOH, T.€. 0OJIbIIIe TOUHOCTH aHANUTUYeCKUX BecoB 10-4-10-5 r).

dopma npeacraBiaeHus pe3yabrara:
1. HasBanwue u 1enb paboThI.
2. Hanmcarte cxembl ypaBHEHHH peaKIuii.
3. Cpnenatb BbIBOJ O MPOJIENaHHON paboTe.
Tema 1.4.
I'paBuMeTpHYeCKUl 1 THTPUMETPUYECKHH METOAbl AHAIU3A
[MpakTryeckoe 3ansTre Ne 2 BerauciieHUs] B XAMHYECKIX METO/IaX aHAJIN3a

eab padoThI:
BbruuciieHuss B XMMHUECKUX METOAAX aHaIM3a
Boinosinus padorty, Bel Oynere:
ymemy:
- MpPOBOJUTH GUBUKO-XMMHUYECKUN aHAJIU3 METAJIOB U OLIEHUBATh €0 Pe3yibTaThl;
- HCIOJIb30BaThb XMMHYECKHE, (PU3MKO-XMMHUYECKHE METOJbl aHajh3a ChIPbs
IIPOIYKTOB METAIIIYPIUY;
MarepunanbHoe obecneyeHue:



O6opynoBanne yaeOHOT0 KabUHeTA!
- pabouee MeCTO IPEIoIaBaTEes;
- pabodee MECTO CTy/ICHTa;
- TaOJIULIBL.
O6opynoBanue 1a60paTOpUH:
- pabouee MeCTO IPEIoIaBaTelIs;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHEe yKa3aHHs Ui NPaKTUIECKUX padoT;
- METOJIWYECKHEe YKa3aHUs AJIs JJabOpaTOpHBIX padoT;
- METOJWYECKHE YKa3aHUS JJIsi CAMOCTOSTSIILHON pabOThI;
- XHUMHYECKOE 000pYyI0BaHHUE;
- XHMHUYECKUE PEaKTHUBBI;
- yueOHOe mocoOue, CIpaBOYHUKH 110 aHATUTUYECKONH XUMUH.
TexHuueckue cpencTra 00y4IeHusI:
— Aynmo-, BUJeo-, MpOEKIMOHHAs anmaparypa.
IMopsinok BbINOJIHEHUsI PadOTHI:
N3yuuTh MEeTOAMYECKUE YKa3aHUS K JAHHOW MPAKTUUECKOU U JTaOOpaTOpHOU
pabore.
OnpenenuTs NPOAYKTHI PEaKIIUN
BBITIOTHUTE OTYET O MPOJeIaHHOM padoTe.
Xox pabdoThI:
Pacuertsl, cBsI3aHHBIE C IPUTOTOBIICHUEM U pa30aBlIeHUEM PacTBOPOB.
W3 kypca HEOpraHWYECKOW XMMHH HW3BECTHO, YTO KOHIIEHTpAIMS PACTBOPOB MOXKET OBITh
MPOLEHTHOM, MOJIAPHOW, HOPMAJIbHOW U MOJISIIBHOM.
B mpakTuke KOJIMYECTBEHHOTO aHajiM3a 4YacTO TPUXOJUTCS TPOBOIUTH BBIYMCICHUS,
CBSA3aHHBIE C IIEPEXO0I0M OT OJHOM KOHIICHTPALMH K JIPYTOH.

Ipumep 1. Brluuciauth MOJSAPHYIO W HOPMAJbHYIO KOHIIEHTPAIUIO 12-TpOIEHTHOTO
pactBopa cepHoit Kuciotsl HyS04.

Pewenue. JIns nepexona oT 0AHON KOHLEHTPALUH K APYroil HE0OXOAMMO HCHOJIb30BATh
TaOJMYHbIC JAHHBIC M HAWTH TIOTHOCTH 12-miporienTHoro pactBopa HyaS04 (p =1,08). 3atem
omnpenensaoT o0beM 100 r pacTBopa no dopmyse:

m=Vep v= 1100 555090
p 108

U BBIYUCIIAIOT, CKOJIBKO rpamMmoB HpS04 comepxut 1 1 12-mporieHTHOrO pacTBOpa CEpHOM
KHCIIOTHI:

92,59mi pactBopa comepxuT 12r HpS04:

1000mn - xr HyS04,

= 12x100 ~129(:)

92,59
IIpumep 2. CKOIBKO MUJUIMIUTPOB XJOPOBOJOPOIHOM KHCIOTHI p = 1,19 cinenyer B3sTh,
4yro0bI ipuroroButh 10 11 0,1 H. pacTBOpa XJI0poBo0poaHON KucaoTsl HCI?
Pewenue. CHauana HaXoUM, CKOJIBKO I'PaMMOB XJIOPOBOAOPOJHOW KHUCIIOTHI CIELYET UMETH,
yT00BI osyunTh 1 11 0,1 H. pacTBOpA:
r-3kB HCI = 36, 46:1 = 36,46 (1)
[Tockonbky Tpedyercs 0,1 H. pacTBOp, CI€AOBATENbHO, JJIsl MPUTOTOBIEHUS 171 HY)KHO B3STh
0,1 r-skB (36, 46:10), T.€. 3,646 r, nyg npurotosyieHus 10 i
m = 3,646 * 10 =36,46 (1)
To Tabmume Haxomum conepxanue HCI, mpu p = 1,19 r/em® ono Gyner 38,30%. CocTaBnsem
COOTHOILIEHUE:



m _ 95,2

> 115 80 (M)

CanenoBarenbHo, ans npurorosiaeHuss 10 i npumepHo 0,1 H. pactBopa HyXHO B3ATh 80 M
XJIOPOBOJIOPOIHOM KUCIOTHI (p = 1,19), OTMEpUB €€ MEPHBIM IIIMHAPOM, M JOBECTH BOJIOH 110
oobema 10 1.
Ipumep 3. Cxonbko HY)KHO A00aBuTh Bojabl K 100 mu 0,8 H. pacTBOpa XJIOPOBOJOPOIHOM
kuciaotel HCI, uTo6s! omyunts 0,2 H.pacTBOp?
Pemenue. M3BecTHO, yTO Mpou3BeaeHUE 00bEMa PacTBOpa Ha €ro HOPMAJIbHOCTh PABHO YHCIY
IpaMM-3KBHUBAJICHTOB JIAaHHOT'O COCMHEHUS B 3TOM 00beME, IIOATOMY B JAHHOM CITyyae MOXKHO
IIPUMEHUTH PABEHCTBO:
Hiy*Vy= Hy* 1,
vo— Hit¥ o _ 0800 _ B0 _ (1)

z Hy 0.2 0.2
Ckonbko ke HyXHO no0aBuTh Boasl K 100 mu 0,8 H.pacTBOpa, uToOBl momyuuth 0,2 H.
pactBop?
Viao = V5 - V3 =400 - 100 =300 (M)
IMpumep 4. Kakue konuuectBa 90-npouieHTHOTO U 10-IIPOIIEHTHOTO pacTBOPa CEPHOM KUCIOThI
HY>KHO B35Tb, YTOOBI moiy4uTh 800r 40-mIpoLieHTHOTO pacTBOpa?
Pewenue. HaxonuMm cHavasia OTHOLIEHHUE:

m, :mg=30:50

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

ITocne atoro aenum 800 Ha ABC 4aCTHU NPOHOPHHUOHAIBHO 3TOMY OTHOIICHHUTO!:

S00«=30 22000
= = 2299 _ 300 (1)
Jo+50 =]
200 <50 40000
Mg = = =500 (F)
30+50 50

CrnenoBatenbHo, cieayeT B3aTh 300 T 90-nporienTHOTO ¥ 500 T 10-TIpOLIEHTHOTO pacTBOpA.

2.PacueTnl, CBSI3aHHBbIE C BbIYMCIEHUEM Pe3yJIbTATOB TUTPOBAHMSA.

Pacuemvr npu ewvipasxcenuu Konyenmpayueu uepes HOPMANbHYIO KOHyeHmpayuio. Jns
MIPOBE/ICHUS] aHAINTUYECKUX BBIYMCICHHNA 3TUM METOAOM (d4epe3 pacTBOPHI C OINpPeIeIeHHOM
HOPMAaJIbHOCTBIO) HPUMEHSIOT JBa CIOCO0a: CIOCO0 TUTPUPOBAHMUS M CIIOCOO OTAENbHBIX
HaBECOK.

B 3aBucumocTH OT TOro, KakuM CHOCOOOM IPOBOJUTCS aHaluM3/, XoJ pacuera Oyner
Pa3TMYHBIM.

Pacuemvr npu npumenenuu cnocoba mumpupoeanus. B 1aHHOM cllydyae NPUMEHSIOT YK€
M3BECTHOE YpaBHEHUE:

W *Hy =1, * H,

Ipumep. BeruauciuTh HOPMANBHYIO KOHIEHTPAIMIO W THUTP PAcTBOpa THIPOKCHAA HATPHUS
NaOH, ecau mnpu TuTpoBanuum uM HaBecku 0,1590 1 (x.4.) mIaBeNeBOH KHUCIOTHI
H,C,0,— 2H,0 (pacTBOpeHHOH B MPOU3BOJLHOM KOJMYECTBE BOJIbI) monuio 24, 60 wmu
THJIPOKCHA HATPUSI.

Pewenue. 3anuiiem ypaBHEHHE PEaKLIUU:

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 cTopoHbI, 0003HaYMB HOPMAIILHOCTh PAaCTBOPA THAPOKCUAA uepe3 Hypop, MOTyINM:
24.60

Hyaon = (r-oKB/11)



KonnuecTtBo rpaMM->KBUBAJIEHTOB THUAPOKCHIA HATpHs MO IPaBUIY SKBUBAJICHTOB PAaBHO
KOJIMYECTBY IPaMM-IKBHBAJICHTOB IllaBesieBoi kucnotel H,C, 0, — 2H,0, unn

24,60 0,1590

H.. =
NeOH — 1pp0 63,03
Otkyna
1000 = 0,1590

H. = = 0,1026
NeOH 34 60=63,03

Tyaos= "2e02NaE = 0,004104 (r /oer)

3.PacueTrhbl Npu BbIPAKEHUU KOHIEHTPALMHU Yepe3 TUTP padouyero pacreopa.
IIpumep. Paccuntarh, CKONBKO THApPOKCHUIA HaTpusi coaepxkutcs B 500 mMa pactBopa, eciu
tutpoBanue 20 mi storo pactBopa wuuaetr 20,80 XJIOPOBOJOPOJHON KHUCIIOTHI, TUTP KOTOPOH
pasen 0,002022 r/m.
Pewenue. YpaBHeHUE peakuu:
NaOH + HClI — NaCl + H20
CKOJIBKO XJIOpPOBOAOPOIHOM KUCIOTHI coaepxutcs B 20,80 mi pactBopa?
Mye = 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 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. PacyeTbl NpU BhIPa’KeHUH KOHIEHTPAIMH Yepe3 THTP MO onpeaeTeHHOMY BellecTBY.

OTOoT cnocobd pacueta O4YeHb YyHOOEH TpU ONpEeAENeHUH KOIMYEeCTBa BEIIeCTBa B
aHAJIM3WPYEMOM PACTBOPE MPH MACCOBBIX aHaIHM3aX. TUTPOM IO ONPEAeIsieMOMY BEIIECTBY
HAa3bIBAIOT KOJ-BO TPAaMMOB OIpPENEIsIeMOro BEIECTBa, SKBHUBAJIEHTHOe 1 Mi pabodero
pacTBopa.
Oo6mas popmyna:

H«3
T= o0
IIpumep 1. CKOIBKO YKCYCHOU KHCIOTHI HAXOJUTCS B PACTBOPE, €CITU TUTPOBaHUE 25 MII €ro,
pacTBopeHHOro B MepHoi koi6e Ha 500 mu1, momwio 20,50 M 0,1145 H. pacTBOpe rumpokcuIa
Hatpus’?
Pewenue. a) Haxomum tutp NaOH o CH3COOH:

Tnaon/ cuacoon _ 0.01145 +60,05
80Ny

=06,006875 (/M)

6) OmpenenseM o01Iee KOTMUECTBO YKCYCHOM KHCIIOTHBI:

- | U?‘fEEE.H:JE. p— " " 500 J—
Myaon/ cuacoor = Inaon/ cuscoon * Vvaon = 0,006875* 20,50 = P 2,820 (1)
IMHIETKE =

Ipumep 2. Tutp pactBopa mHutpara cepedpa AGNO; pasen 0,01702 r/mi. OnpenenuTs €ro
TUTP MO XJOpUy HaTpusi. HaliTh HopMallbHOCTH pacTBOpa HUTpaTa cepedpa.
. T+1000 0,01702= 1000
NO3 T =
44 Dagno3 169,9
Hagnos * dagyos  0.1002 58046

Taon03 /Nacl = = = 0.005856 (r/mn
AgNO03 [NacCl 1000 1000 [ ."JI

=0,1002 (r— 3ke / 1)

®opma npeacrapiaeHus pesyJabTara:
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Ha3zBanue u nienp paboThlI.
Hanucate cxembl ypaBHEHUN pEaKIUM.
CraenaTb BBIBOJI O TIPOJIEIAHHOM padoTe.

JlabopaTopuas padora Nel OmnpeneneHre MaCCOBOM JIOJIM BJIard B MP00OE KPUCTAIIIOTHAPATA
xJiopua 6apusi.

Bremonaus oTy pa60Ty, Bu1 Hay4YuTECh IIOJIB30BATHCA aHAJIUTHYCCKUMHU BECAMU, BBIIIOJIIHATH
OCHOBHBIC OIICpalru BCCOBOI'o aHalin3a.

MarepuajibHoe odecrnieyeHue:
O6opynoBanue yaeOHOTo KabUHeTA!
- pabouee MeCTO IPEIoIaBaTelIs;
- pabodee MECTO CTy/ICHTA;
- TaOJIULIBI.
O6opynoBanue 1a00pPaTOPHUH:
- pabouee MeCTO IpernoaBaTers;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHE YKa3aHHs JJIs MPAKTUYECKUX padoT;
- METOIWYECKHUE YKa3aHwWs IS JIA0OpATOPHBIX padoT;
- METOJWYECKHE YKa3aHUs JJIsi CAMOCTOSTSILHON pabOThI;
- XUMHYECKoe 000pyI0BaHHUE;
- XHMHUYECKUE PEaKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH 0 aHATUTUYECKOU XUMUHU.
TexHuueckue cpelcTBa 00ydeHus:
— Ayawmo-, BUJIe0-, TPOSKIIMOHHAS armapaTypa.
IMopsinok BbINOJIHEHUs PAdOTHI:
N3yunTh MeTOAMYECKUE YKa3aHUs K JaHHOW JabopaTopHOM pabore.
OnpeaenuTb MPOAYKTHI PEaKIIUU
BeImoaHUTE OTYET O MpoeaHHO#N padoTe.
Buumanue!
[1pu BeIOIHEHUN PaOOTHI OY/ILTE OCTOPOXKHBI, AKKYpaTHBI 1 BHUMATEIILHBI. BBINONHSIATE BCe
npaBuia paboThI C AIEKTPOHATPEBATEIEHBIMU ITPHUOOPAMH, CTEKIIOM, PTYTHBIM TEPMOMETPOM.

Obopyooeanue u mamepuanwl:
AHamUTHYECKUE BEChl, TEXHOXUMHYECKHE BECHI, CyIITMIbHBIN MKad, OFOKCHI, TEPMOMETD,
9KCUKATOp, IIMIILIBL, UCCIeyeMble 00pa3iibl (yromib, Topd, coib, xyied u mp.).

Brimonnenue paboTbl

OnpenenuTe MPOIEHTHOE COJIEPYKAHNE aHATTMTHYECKOU Bi1ark B oOpasiie (yrisi, Topda, coiu,
XJICOOOYITOYHOTO U3JIENUS U TIP. ).

1. Bo3sbpmuTe B UHCTHIN TOBEACHHBIN 0 MOCTOSHHON Macchl O10Kc nuameTpom 35-40 MM
HABECKY HCCIIEIyEMOr0 BEIIECTBA HA AaHAJUTHUYECKUWX Becax ¢ TouHocThio 110 0,001 .
Bennunna HaBecku ~2 T. TOJIIMHA 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 OFOKC W3 CYNIMIBHOTO MKada MHITIAMH, TIOMEIAI0T B YKCHKATOp U B HEM
OXJIAXK/IAIOT.

4. B3BemMBarOT OXJAKICHHEIN OFOKC Ha aHATUTHYCSCKHX Becax ¢ TouHocThIo 0,001 T.
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5. TIpoBOAsAT KOHTPOJIBHYIO TPOCYIIKYy B TedeHHe 30 MHHYT, CHOBa OXJXIAIOT B
AKCHKATOPE U B3BEUIMBAIOT. KOHTPOIBHBIE MTPOCYIIIKHA MOBTOPSIFOT JI0 TEX TOP, TIOKA YOBUIb MacChI
obpazma oyzaer 0,001 T wim MeHbIIE.

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

W (%) = %0 -100%.

1
Tect AJIs1 CAMOKOHTPOJIA:

1. Cdopmynupyiite CymIHOCTH BECOBOTO aHaK3d, MOJCTaBHB HEIOCTAIOILIME CIIOBA B
BbIpgjKeHne: «CyIHOCTh BECOBOIO aHANM3A — ..., ... (32 €HUE ... KOMIIOHEHTa UJTU MPOAYKTa
peaxkum».

2. YKaxuTe OCHOBHYIO ONEPAIIMIO B BECOBOM aHAHU3E.

3. Ilepeuncnute Mo MOPSIKY ONEpaMK BECOBOTO aHATIM3a MPH ONPEIEICHUH 30JIbI WIN
CYXOro BEIeCTBa.

4. llepeuncnuTe 10 MOPSAKY ONEPALMK BECOBOI'O aHalM3a IPU ONPENCIICHUU BIIArd B
obpasiie.

5. Ilepeuncaure 1nO TNOPSAKY OINEpallMd BECOBOI'O aHalW3a IpU  ONPEIEICHUU
KOMITOHEHTa, KOTOPBIN BBIIEISIETCS U3 00pa3iia ¢ MOMOIIbI0 aHATUTUYECKON PEaKIuu.

6. Kakum TpeGoBaHMSIM JOJDKHA YJOBIETBOPSTH AHAJUTHYECKAas PEAKIUs B BECOBOM
aHanusze?

7. YKaXWuTe TOYHOCTH B3BEIIMBAHHS HA AHATUTUIECKUX BECAX.

8. Ilepeuncnute MIECTh OCHOBHBIX MPABUJ B3BEIIUBAHUS.

9. Yro Takoe HaBecka?

10. YkaxxuTe BakKHEMHIIIEe YCIOBUE OCAKICHHUS KOMIIOHEHTA.

11. KaxoBo BaxxHeii1Iee yCI0BHE MOJIHOIO OCAKIACHHSI KOMIIOHEHTA.

12. [lepeuncnure YeTbipe HEOOXOJUMBIX YCIOBHS OCAXKIACHHUS KPHUCTAITMYECKHX
0CaJIKOB.

13. Ilepeuncnure yeTbipe HEOOXOAUMBIX YCIOBHSI OCAKIACHUS aMOP(PHBIX OCAIKOB.

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

15. Yro Taxkoe nexanranusa?

16. HazoBuTe OCHOBHOE ITPABUIIO TIPOMBIBAHHSI OCaJIKa Ha (GHUIIBTPE.

17. Vxaxure, Kak OnpeAestoT OKOHUYaHHE TPOMBIBAHUS OCa/IKa:

a) MPOMBIBAIOT 2-3 pasa;

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

18. Kakyro 0cOOEHHOCTb JJOJDKHBI UMETh (PUIIBTPBI, HCIIOJIB3YEMbIE B BECOBOM aHaIu3e?
19. B yeM npoKaIMBaIOT OCAAKH?

20. KakoBa npeaBapuTenabHas MOJrOTOBKA TUTJIS K aHAIU3Y?

21. KakoBo Ha3HaueHUE SKCHKATOpa?

22. Yo Takoe «IIOCTOSTHHAsA Macca» ocajka’?

®opma npeacraBjIeHus pe3yabTara:
Ha3zpanue u nienb paboThl.
Harncatb cxeMbl ypaBHEHM peaKiuil.
CraenaTb BBIBOJI O IPOJIETIaHHON padoTe.

JlaGopaTopHas padora Ne2 OnpenerneHrne HOpMalbHON KOHIIEHTPALMU pacTBOpa I'MIPOKCHIA
HAaTpHUs METOIOM KHUCIOTHO-OCHOBHOT'O TUTPOBAHUSA

MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOTO KaOWHETa:
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- pabouee MeCTO Ipero1aBaTes;

- pabouee MeCcTo CTYJEHTa;

- TaOIHIIBI.
O6opynoBanue 1a00paTOPHH:

- pabouee MeCTO Ipero1aBaTes;

- pabouee MeCTO CTY/EHTa;

- METOAWYECKHEe yKa3aHMA IJIs MPAKTUYECKUX paboT;

- METOIMYECKHE yKa3aHUsA AJIs JabOpaToOpHBIX padoT;

- METOJWYECKHE YKa3aHUA IJI1 CAMOCTOSTENIbHON pabOThI;

- XHMHYECKOe 000py/I0BaHUE;

- XMMMUYECKUE PEAKTUBBI;

- ydeOHOe nocolue, CpaBOYHUKHU 10 aHATTUTUYECKOH XUMUH.
Texuuueckue cpencTra 00ydeHus:

— Aynuo-, BUJeo-, IPOeKLMOHHAs anmnaparypa.
BrimonnuBs 3Ty paboty, Bel HayunTech paboTarh ¢ MEpHOI MOCYA0H, TUTPOBATh, TIPOBOAUTH
OIIpeJIeJIEHUs] METOJIOM HeHTpain3aluy, FOTOBUTh paboYKe pacTBOPHI.

Buaumanue!

Beimonsss pabory, OyabpTe akKypaTHBI, OCTOPOKHBI 1 BHUMATEIIBHBI IPH Pa00TE C KUCIOTaMHU
Y 1IeJI0YaMu, CTEKIIOM; COOJII0TaliTe TipaBuiia 0€30MacHoi paboTHlI.

Obopyoosanue u mamepuaivl. MEpHbIE KOJObI, BOPOHKU, OOiKH, (pukcaHanm cepHOU
kucinotel HpSO4, muctmimmpoBannas Bonma (n. HpO), mpombiBanika, KapaHgam Mo CTEKIY,

KOHHMYECKHE KOJIObI, MEPHBIC IMHUIETKU IpalyHpoBaHHbIE U HErpajyHpOBaHHbIE, KalebHHUIA, CIMPTOBOK
pactBop ¢eHondTanenHa, OIOpeTKa, TEXHOXUMHUECKUE BECHI C pPa3HOBECKAMH, CTaKaH XMMHUYCCKUH CTEKIITHHBIMH,
cyxoit KOH (eakoe xanm), CTCKIISTHHAS MAT0YKa.

Boinonnenue paboTsl

1. Tlomyuure 3aaHue y mpenoaBaTess.

2. TlpuroroBbTe cTaHmApTHBINA (YCTAHOBOYHBINA) PAcTBOpP CEPHOM KHCIIOTHI W3 (PUKCAHAIA.
JUnst 3TOro B MPEABAPUTENBHO TINATENBHO BBIMBITYIO MepHYI KomOy (200 wmm 250 mon)
MEPEHECUTE KOJIWYECTBEHHO C MOMOIIbI0 BOPOHKHM U OOMKa coJepKHMOE aMIlyibl (prkcaHana
H,SO4, pomeiite n. H O no metkm, mnepememaiite. [logmummrte Ha Konbe dopmyny u
KOHIIEHTpPAIIMIO pacTBOpA.

3. B kxaxayro U3 Tpex 4MCTBIX KOHMUYECKUX Koj0 otOepure anmukBotry (10 wmm 15 mo)
MEpHOH MHUIETKOH MCCIeAyeMOro pacTBopa, 100aBbTe TUCTUINIMPOBAHHOMN BOJIbI IPUMEPHO 10
oobema 100 wmu, mpuieiTe MO HECKOJbKO Kaleidb CHHPTOBOTO pacTBOpa HHJIMKaTOpa
¢denondranenna.

4. Ecnu B uccneayeMoM pacTBOpE HYXKHO ONPEIEIUTh COJIepyKaHue LIeI0UH, TO YUCTYIO
OIOpETKY 3alOJHHUTE MPUTOTOBICHHBIM CTaHAAPTHBIM pacTBOpoM HySO4 10 HyneBOW OTMETKH
U OTTUTPYWUTE BCE AIMKBOTHI UCCIIEyEMOIO pacTBOPA 10 HCYE3HOBEHUIO MAJTMHOBON OKPACKH,
OTMEThTE 00BEMBI KUCIIOTHI, MOMIEAIICH Ha TATPOBAHHE.

5. Ecnmm B wmccienyeMoM pacTBOpe HY)KHO ONPEAETHTb COAEp)KaHUE KHUCIOTHI, TO
CHauajga HYXXHO TNPUTOTOBUTH pabouMii TUTPOBAHHBIA pacTBOp Ienouu. st 3TOro B
m1acTMaccoBoi nocyne roroBat pactsop KOH npumepHoit koHueHnTpauuu. Ha TexHMuecknx
Becax otreemmBalOT 0,56 r cyxoro KOH u pactBopsitor B crakane B 100 mu n. HyO mpm
NEepeMEIINBaHNH CTEKISIHHOM manoukoi. CrIuBalOT pacTBOp B MOJMATUIICHOBYIO OaHKY,
MOJNKUCHIBAIOT. 3alOJHAIOT OIOPETKY ATHM PAacTBOPOM WIENIOYM U OTTUTPOBBIBAIOT UM IO
¢denondranenny 2 anukBoThl o 10 M ctannapTHOro pactBopa KUCI0Thl HaSO4.

PaccuntpiBatoT HOpMaIBLHOCTH PaboOYero pacTBopa MmeIo4H 1mo hopMyIie:
N, -V,
N, = %; Wi

w
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7 NeViOom _ NV, 56
Ko V,,,-1000 V., -1000

6. Korma paGouuii pacTBOp IIENOYM MPUTOTOBIICH, U KOHIIEHTPAILIUS €T0 yCTAaHOBJICHA,
BO3BMUTE TPH AJIMKBOTHI 1O 10 MJT MCcaeayeMoro pacTBopa B KOHHYECKHE KOJIOBI, pa30aBbTe
1.H,0 o ~100 mi, mo6aBpre 2-3 Karum pactBopa (enonrasentHa U OTTUTPYHTE PacTBOPOM
IEJIOYM /10 TIOSIBJICHUSA YCTOMYMBOM MajaMHOBOM OKpackh. OTMETbTE TMOIICANINE Ha
TUTPOBAHNE OOBEMBI.

7. TlpoueHTHOE comepKaHUE KOMIIOHEHTA PacCUMTanTe 1Mo GopMyIie:

N VPO
X (%), = —— =0 .100% ;
1000-10
N, VD
X (), = —— o) .100% -
e 1000-10
8. PaccuuTaiiTe MpOLEHT OTHOCUTEIHLHOW ONIMOKH:
an _Xmeop
Yoomu.owmbu = g -100% .

®opma npeacTaBieHus pe3yabTara:
HasBanue u ens paboThI.
Hanucath cxembl ypaBHEHUH peakIii.
CraenaTh BBIBOJI O TIPOJICTIAHHOM padoTe.

Tema 1.5.
XapakTrepucTuka PU3NKO-XUMHYECKUX METOI0B aHAJIN3A, UX KJIacCcupukanus,
NMPeuMYyILIecTBa nepea APYyruMUu MeTOAaMHM, 00/1aCTh IPUMEHEHHU S

[TpakTuueckoe 3anatue Ne 3 YcTpolCTBO U MPUHIIHI JEHCTBUS (POTOKOIOPUMETPOB
ean padoTbi:
[IpoBepka ycTpoiicTBa 1 IPUHIUIA JeHCTBUS (POTOKOIOPHMETPA.
Boinoanus padorty, Bbl Oynere:
ymemy:
- MPOBOJUTH GUBUKO-XUMHUECKUN aHAJIA3 METAJIOB U OIEHUBATh €r0 Pe3y/IbTaTHhI;
- UCIONB30BaTh XHUMHUYECKHE, (PU3UKO-XUMHUYECKHE METOAbl aHajah3a ChIPbs
MPOYKTOB METAJLTYPTHH,
MarepuanbHoe obecrneyeHnue:
ObopynoBanne ydeOHOTO KaOUHETA!
- pabouee MeCTO IpenoaBaTe’s;
- pabouee MeCTO CTYJEHTa;
- TaOJIUIIBL.
O6opynoBanue 1a00paTOPHH:
- pabouee MecTO IpernoiaBaTers,
- pabouee MeCTO CTY/JEHTa;
- METOIWYECKHE YKa3aHWsl JJIsl MPAKTUYECKuX paboT;
- MeTOAMYecKHe yKa3aHHsl JUIsl 1JabopaTOpHBIX padoT;
- METOIUYECKHE YKa3aHWs JJIsl CAMOCTOSATEIbHON paboThI;
- XHMHYECKOe 000py/I0BaHHE;
- XMUMHYECKUE PEAKTHBBI;
- yueOHOe mocoOue, CTPaBOYHHUKH M0 AaHATUTUYECKOM XUMUH.
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TexHuueckue cpencTBa 00ydeHus:
— Aynno-, BU€o-, IpOEKIIMOHHAs anmnaparypa.

IHopsiok BbINOJIHEHHSI PA0OTHI:

N3yunTh METOAMYECKUE YKa3aHUS K JAHHOU MPAKTHUECKOW M JTaOOpaTOpHOH

pabore.

Ornpenenutb NpOAYKThI PEaKLIUU

BeimosiHUTE OTUYET O MpoenanHoil padorTe.
Xox padoThI:
OcobeHHocTH  TpUHIMNA  AWCTBUS  dorokoigopuMerpa [IpuMeHsemblii  BO  BpeMms
UCCIIEIOBAaHUY MPUHUMNI JAelcTBUSL (POTOKOJOPUMETPA OCHOBaH Ha TOM, 4TO Oosee
OKpAIIeHHBI PACTBOP CIOCOOCH TMOTJOTUTHh CYIIECTBEHHOTO OoJblliee  KOJIUYECTBO
MPOXOASAIIEr0 4Yepe3 HEro CBeTa NpH ONpeNeNeHHOM [iuHe BOJHbL I[loaromy paHHOe
YCTPOMCTBO CHELMANIBHO MPEAHA3HAYaeTCs AJIs ONpEesIeHUs] KOHLEHTPAi aHAJIN3UPYEMbIX
BEIIECTB B pA3IMYHBIX XUMHUYECKHX pacTBopax. [Ipm mnpoBegeHUM COOTBETCTBYIOIIUX
WCCIIeIOBaHN MPHOOp HEOOXOIMMO THIATEIHHO HACTPOUTH HA M3JIYYECHHE C OIpEaeIICHHON
JUIMHOW BOJIHBI, TOCKOJIBKY Pa3/IMYHbIE BEIIECTBA, KOTOPHIE MOTYT COJEPKAThCsl B M3y4aeMOu
cpene, CIOCOOHBI TOTJIOMATh I0-PA3HOMY CBETOBBIE BOJHBI C HEOJHOPOTHOW JTMHOM.
[TosTromy mnpuHIUN JeicTBUS  (OTOKOJIOPUMETpAa B Mpolecce padoThl Ipearnoiaraer
PUMEHEHHE Pa3IMYHBIX CBETOGMIBTPOB. [Ipruem Kaknplii W3 HUX OOJIaZaeT CBOHCTBOM
npeoOpa3oBhIBaTh B HM3JIyUYECHHE C 3apaHee ONPEACTCHHON UIMHOW BOJHBI IOCTYIAIOIIUI
CBETOBOM MOTOK. TakuM o0pa3om, MpuOOP BIOIHE CIIOCOOEH MOOYEPETHO ONPEACTUTH B OJTHOM
1 TOM K€ pacTBOpE MJIM M3y4aeMOH cpejie KOHLUEHTPALUIO pa3inyHbIX BenlecTB. Hano Tonbko
o100paTh ¥ MOCTENIEHHO MEHSTh COOTBETCTBYIOIINE CBETOPUIBTPHI.

Bo3mokHOCTH HcN0Jb30BaHUs (GOTOKOJIOPUMETPA 10 NPUHLIUILY JAeiicTBUS

Beime o0o3HaueHHBIH npunyun Oelicmeuss homokonopumempa NenaeT ero HUCIOIb30BAHUE
JOCTaTOYHO  AKTyaJbHBIM B  CEIbCKOM  XO3MCTBE, IHINEBOM, METaJUIypruuecKom,
He(TenepepadbaThIBaIONICH, XUMUYECKON U psijie IPYruxX oTpaciell MPOMBIIIIIEHHOCTH. MOKHO
OTMETHUTbH TaK)K€ HIMPOKOE MPUMEHEHHE NMPUOOpa B Pa3IMUHBIX MPOMBIIUICHHBIX U Y4eOHBIX
XUMHUYECKUX JIA0OPATOPHBIX YUYPEXKACHUSX JUIS IPOBEJIEHUS pA3HOTO pojJa aHaJIM30B,
[IPEUMYILECTBEHHO IIPUPOJOOXPAHUTEIIBHOTO u TUTMEHUYECKOTO Xapakrepa.
OOycCOBIEHHOCTh MOMYJSPHOCTH YCTPOMCTBA HANpsSMYyIO CBsi3aHa C TEM, 4YTO MPUHIMI
neiictBuss  QoTokonmopuMeTpa (KOTOPBI Ha3bIBalOT TakXKe HWHOIZAa OOBEKTUBHBIM HIIH
(OTORNEKTPUYECKUM  KOJIOPUMETPOM) TMO3BOJIIET  YOPOCTUTb M YCKOPHUTH  IpOIIEecC
IIPOU3BEICHUS U3MEPEHUN U MO3BOJISIET OCYLIECTBIATh UX C TOCTATOYHBIM YPOBHEM TOYHOCTH.
Koropslii, K €I0By, OLNIyTHMO BBIIIE, YEM IIPU HCIOJIB30BAHMM, K INPUMEPY, BU3YAIBHBIX
KOJIODUMETPOB.

Oco0eHHOCTH IKCIIyaTalliK ¢ Y4eTOM NPHUHIUIA AeiicTBUA (POTOKOIOpPHUMeETPa

[Tepen nauanom paboThl ¢ TPUOOPOM, HEOOXOAMMO TIIATEIBHO M3YYHTh SKCIUTyaTallMOHHBIC
JOKYMEHTHl M TOHSTh NPUHLIMI JeHCTBUSA (DOTOKOIOPUMETpa M Ha3HAYEHHE OPTraHOB €ro
ynpasneHusi. B mpoiecce paboTbl HE cielyeT OOMycKaTh MOMaJaHus Ha Kophyc mnpubopa
KaKMX-THO0O0 OPraHMYECKUX PacTBOPUTENICH, MCKIIOUYEHUE JeNaeTcsl TOJNBKO I STHIIOBOTO
cnupra. [Iponecc ucciaenoBaHuil 10KEH OCYIIECTBISATHCSA B YCIOBHUSIX, KOTOPhIE HE BBIXOMST
3a 0003HaUYEHHBIE MPe/esbl pabourx A NpUMeHeHus yciaoBuid. He gomyckaercst HaxoaeHne
BOIM3U MpUOOpa BO BpeMs €ro paboThl MPUCYTCTBHUE MOIIHBIX HCTOYHUKOB MarHUTHBIX W/WIH
NMEKTPUYECKUX TOJIEH, MOLIHBIX HCTOUHUKOB CBETA U HArpeBaTEIbHbBIX YCTPONCTB, 3TO MOXKET
HapyLIUTh MPUHIMI JeiicTBUs QoTokonopumerpa. Ha mpubop Takxke He AOKHBI MONAJaTh
IpsiIMble COJTHEYHbIE JTyyu. Paboune MOBEpXHOCTH M3MEPHUTEIbHBIX KIOBET HEOOXOAMMO Iepe]
KOKIOW cepuell M3MepeHUi TIIATEeNbHO MPOTEepeTh 3(PUPHO-CIIUPTOBOM CMEChIO, a MpH
YCTAHOBKE KIOBET Ha MECTO 3allpeliaeTcs JOTParuBaThes 10 paboYnX y4acTKOB Ha ONMTUYECKUX
MOBEPXHOCTAX NanbliaMu. KioBeThl JOMKHBI XPaHUTHCS TOJNBKO B IIOTHO 3aKPBITHIX
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KOHTeﬁHean, a JXUIAKOCTh B HUX MEPC HavdaJIOM I/ICCJIGIIOBaHI/Iﬁ HaJIMBACTCA IMOCPCACTBOM
IIUIICTKH.

Pacuer kosdduumenta mnoriomeHus CaoA MPOBOJUTCS METOAOM 0a30BOM JIMHUU C
MCIOJIb30BaHUEM 3akoHa byrepa - Jlambepra - bepa.

-kd
I=lge ™,

Jljis CHMDKEHUs MOTpelIHoCTel pekoMeHayercs padotath B npeaenax npomyckanus 20-60%.
[Ipu OonbimeM TNOTJONICHUH HEOO0XOAWMO YMEHbIIATh TOJIIMHY oOpasua cironsl. s
u3Mepenus: nateHcuBHOCTH (oHa (lp) Ha JIMHE BOMHBI HKa moj1ock! (1) monp3yrores 6a3oBoi
JUHUEN Kak JuHued otcuera. llpsmas 0a3zoBas JIMHMS NPOBOIUTCS AJIs AHAIUTUYECKOU
MOJIOCHl Yepe3 ee KpallHue TOYKH, TJIe YK€ HeT IOIJIOIIEeHUs, WIM KaK KacaTelbHas B
CIEKTPaJIbHOM KPUBOM 110 KpasM I10JIOCHI, KaK IIOKa3aHO Ha PHUC.

[IpoBenenue 6a30B0i TMHUY (IYHKTHUD); HyJIeBas JTUHUS - CIUIOIIHAS IpsSMast

I=lge™® ; 1/15=e™*; Ln(1/1o)=kd=D ; k=D/d

(D - onTrueckas IIOTHOCTb,

d - TonmmMHa KpUcTaia,

lo - FHTEHCHBHOCTP NAIAIOIETO U3TYYEeHHUs Ha 00paser;
| - ”HTEHCHBHOCTb MPOIIEIIIETO)

1. TlpuroToButh 00pa3Lbl CIOJ PA3IUYHON TOJIINHBI.

2. Cuarp UK-criekTpbl IPUTOTOBICHHBIX 00pPa3LOB.

3. TlIpoBecTn MHTEPIPETAIHIO MTOJIOC TIOTYIEHHOTO CIEKTPA.

4. BblOpaTh XapaKTEpUCTHUECKUE YacTOTHI IOJIOCHI TOTJIOUICHHUs, MPOBECTH 0a30BYIO
JUHAIO B MaKCHMyMeE TIOJIOCHI TOTJomieHus. Paccuntary k03 uumeHT nmoriomeHus.
JlanHbie 3aHecTH B TaOI. 7.1.

5. Tloctpouts rpaduk D=f(d) mis paznuunbix ToiuwH (0) KpUcTamia ¢ UENbIO MPOBEPKU
CrpaBeIIMBOCTH 3akoHa byrepa-Jlambepra-bepa.

6. IIpoBecTn aHAN3 MOTYYCHHBIX PE3YJIBTATOB.

Bennunna koa¢dumenTa noraomeHus B MaKCHMyMe TO0JIOCHI

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

®oronut

MyckoBHT

dopma npeacraBjIeHus pe3yabTara:
Hazpanue u nienb paboThl.
Hanucars cxeMbl ypaBHEHUH peakIuil.
CrnenaTh BBIBOJ O TIPOJICTIaHHON padoTe.
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JlaGopaTtopnas pabota Ne 3 Tlposepka 3akoHa Byrepa-JlamGepra-bepa.
Hean paboThi:
[IpoBepka 3akoHa byrepa-JlamGepra-bapa.
Bbinosinus padory, Bel Oyaere:
ymemn.
- MpOBOJIUTH GUBUKO-XMMHUYECKUN aHAIU3 METAJNIOB U OLIEHUBATh €r0 Pe3yibTaThl;
- UCIONB30BaTh XWMHUYECKHE, (PH3UKO-XUMUYECKUE METOJAbl aHalu3a ChIphS W
MPOYKTOB METAJUTYpPIHH;
MarepuanbHoe obecniedeHue:
O6opynoBanue y4eOHOT0 KaOUHETa:
- pabouee MeCTO Ipero1aBaTes;
- pabouee MeCTO CTyJICHTa;
- TaOUIIBI.
O6opynoBanue 1a00paTOPHH:
- pabouee MeCTO IpenoaBaTes;
- pabouee MECTO CTy/ICHTa;
- METOJIWYECKHE YKa3aHHs JJI MPAKTHUYECKUX padoT;
- METOIMYECKHe YKa3aHusl JUIs 1abopaTOPHBIX padoT;
- METOJUYECKHE YKa3aHUs sl CAMOCTOSTENbHON pabOThI;
- XHUMHYECKOe 000pyJI0BaHHUE;
- XHMMHYECKHE PEaKTHBHI,
- yueOHOe nocobue, CIPaBOYHHUKYU 0 aHAITUTUYECKON XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:
— Aynuo-, BUeo-, IpOEKIIMOHHAs anmnaparypa.
BrmmonnuB 3Ty paboty, Bl HayunTech paboTaTh ¢ MEpHOI MMOCYAOH, TUTPOBATH, IPOBOJAUTH
oTpeieNIeHUs] METOJIOM HEHUTpaIu3aluu, TOTOBUTh pabodre pacTBOPHI.

Xoa padoThI:

Meton aHanu3a, OCHOBAHHBIM Ha H30MPATENIbHOM TOIJIOIIEHUH CBETOBOM SHEPruu
YaCTUI[AMH, MOJIEKYJIaMU WJIM MOHAaMU BEILIECTBA B PACTBOPE HOCAT HAa3BaHUE aOCOPOYUOHHOU
CNeKmpoCKonuu.

Paznuuarot: CHEKTPO(HOTOMETPUUECKUH, (G OTOKOIOPUMETPUYECKUI )51
KOJIOPUMETPUYECKUN METOJIbl aICOPOLIMOHHOTO aHaIM3a. DTH METO/Ibl aHaIM3a MPUMEHSIOTCS
TJIaBHBIM 00pa3oM JJisl ONpeeNieHus] MallblX KoyndyecTB BeuiecTBa. Komopumerpust — Gpusuko-
XUMHYECKHH METOJ, OCHOBAaHHBIM Ha 3aBUCUMOCTUM HMHTEHCHUBHOCTH OKpPAacKd pacTBopa OT
KOHLEHTPALUU OKPALIEHHOT'O BEUIECTBA.

NHTEeHCUBHOCTH OKpAacKHU CBsi3aHAa C MHTEHCUBHOCTHIO CBETA MPOIIEAIIETO Yepe3 pacTBOP
U €€ 3aBUCUMOCTbh OT KOHLEHTPALMHU, OT TOJILHUHBI CJIOS U MHTEHCUBHOCTHU MAJAIOLIEr0 CBETA
BBIpaXkaeTcs 3akoHoM Jlambepra-byrepa - bapa.

I =1,*10p ™
rac | — HUHTEHCHUBHOCTH CBC€Ta, HIpomcamero 4€pe3 pacTBOp, |0 — HMHTCHCHUBHOCTH CBC€TA,
najaromero Ha pactBop; C — KoHUeHTpauus pactBopa; | — rommuuna ciost; E — koaddurment

CBTONOTJIOIIECHHS.
Jlorapudgmupyem BolpaxkeHue 3akoHa JlamOGepra-bepa
gl =Igl, +Ig10 =

lgl =Igl, —Ecl
lgl,—gl = Ecl
IgITozEcI
lg=D
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D — onruyeckas MIOTHOCTH pacTBopa (JIorapudM OTHOIIECHUS WHTEHCHBHOCTU I1aJIAIOIIETO
CBeTa K MHTEHCUBHOCTH CBETa, IPOLIEIIETo yepe3 pacTtBop.) Komopumerpus.
B ocHOBY KOHCTpYKIIMH MPUOOPA MOJTO0KEH MPUHIIAI YPABHUBAHUS HHTCHCUBHOCTH JIBYX

CBETOBBIX IIOTOKOB IPH MOMOIIIH IIENEBOM TuadparMsl.

1. Jlamma 16B Brirodaercs uepe3 CTabuan3aTop HapsHKESHUSI.

2. Tenno3amuTHbIE CTEKIIA.

3.DoKyCUPYIOIIHE JTUH3BL.

4.3epkaia.

5. CBeToMIBTPHI, MOBBIIAIOIINE YYBCTBUTEILHOCTh U TOYHOCTh METO/1a, TIOaBast
Ha pacTBOP, JIyYH TaKOH JJIMHBI, KOTOPBIE JIy4Ille BCErO MOTJIOUIAIOTCS TaHHBIM PACTBOPOM.

6. KroBeThI ¢ pacTBOpaMu.

7. OnTHYecKkue KIMHbSA, PEeryJIUpPYIOLIe JIEBbIl CBETOBOI MOTOK.

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

10. 'aneBanOMeETD.

[Ipu pabotre c¢ QoroanekrpokomopumerpoM OIK-M wu3MepeHue ONTUYECKON
IUTOTHOCTH MTPOM3BOJIAT TPH IIOMOIIH JICBOTO HIIK MpaBoro 6apabaHoB.

W3mepenue mpu moOMOLIM NpaBoro OapabaHa MPOM3BOAAT B TeX CIydasx, KOTJa
OINTHYECKas INIOTHOCTh pacTBopa He npesbliaet 0,5 u TpedyeTcst TOUHOCTh U3MEPEHUH.

W3mepenus npu nomoiu JieBoro 0apabaHa Npou3BOAST B Cllydyae BBICOKUX U HU3KHUX
OINTUYECKUX IIIOTHOCTEH.

TouHOCTh M3MepeHMH Ha JeBOM OapabaHe HI)KE IO CPaBHEHUIO C TOYHOCTHIO
u3MepeHuil mpaBoro OapabaHa, HO OHA BIIOJIHE JOCTAaTOYHA ISl HPOBEAEHUS PSIOBBIX
aHaJIN30B.

MeTtonuka paboTsl 1o JieBoMy OapabaHy:

1.YcranaBnuBaem sieBblit OapabaH B MOJIOXKEHHE, COOTBETCTBYIOIIME «0» ONTHUECKON
wioTHOCTH. [1pu 3TOM mieneBast [uadparma oka3blBaeTCs MOJTHOCTHIO OTKPBITOM.

2. Ha mytu neBOro cBETOBOIO MOTOKA YCTAHABIIMBAIOT KIOBETY C PACTBOPUTENIEM, Ha
INyTH TpPaBOro C HccleayeMbIM pacTBopoM. KroBeTbl (oauHakoBOil paOoueil UIMHHBI)
YCTAHABIIMBAIOT B KIO BETO JiEpKaTeNsAX Ha OAMHAKOBOM PAaCCTOSIHUM OT BXOJHOI'O OTBEPCTHSI.

3. KomneHncupyor (OTOTOKH, ycTaHaBIMBas CTPEJKY TajlbBaHOMETpa Ha HYIIb,
MOJIb3YACh ONTUYECKUMHU KIUHBbSAMHU. [[Is1 3TOro pyKOATKY TrajbBaHOMETpa NEpeBOAST Ha
MaJIyl0 YYyBCTBHUTEIBHOCTH (IOJIO)KEHHE 1) M MpH TMOMOIIM ONTHUYECKOrO KIMHA TpyOoii
HACTPOMKHU BBOJSAT CTPEJIKY T'aJlbBaHOMETpA HA

4.IloctaBuB BBIKJIIOYATENb B MOJOXKeHHE «0», Ha MYyTH MPaBOrO CBETOBOTO MOTOKA
CTaBAT KIOBETY C pacTBOpuTeNneM. B BHIy TOro, YTO OCBEIEHHOCTh MPaBOro (hoTolrsieMeHTa
IOCJIe 3TOr0 BO3pOcia, Ui ypaBHUBAHMSI OCBEIIEHHOCTH HEOOXO0IMMO 3aKPhITh Auadparmy.

5.Bkio4aroT rajibBaHOMETP Ha YYBCTBUTEIBHOCTH «1» M, Bpalias H3MepHTENbHBIN
OapabaH, BO3BpALIAIOT CTPEIKY T'aJIbBAHOMETpPA B HYJIEBOE MOJIOKEHHUE. 3aTeM rajlbBAHOMETP
MEPEKIII0YAI0T Ha YYBCTBUTENBHOCTD «2» U YTOUHSIOT U3MEPEHHS.

OTtcuer oNTUYECKON MIIOTHOCTH MPOU3BOAT IO IIKaye JieBoro 6apabana. M3mepenus
clieyeT IOBTOPUTh TPH pa3a, MOABOJS CTPEIKY aJIbBAHOMETPA K HYJIIO TO CJIEBA, TO CIPaBa.
W3 nony4eHHbIX OTCUETOB BHIYHUCISIOT Cpe/IHEE 3HaUCHHE ONTHYECKOMN MIIOTHOCTH.

[TapamienpHO € aHaNM30M HCCIENYEMOIO pacTBOpa BEAYT aHaJINW3 CTaHJAPTHOTO
oOpasra.

_Dy*Cco

X

C
Dco

MeTtonuka paboTsl o IpaBoMy Oapabany:
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B 00a cBeTOBBIX TOTOKA CTABAT KIOBETHI C XOJIOCTHIM PACTBOPOM. Y CTAaHABJIUBAIOT
npaBblil 6apaban Ha «O», ONTUYECKUMH KIMHBSIMHA JOBOJST CTPENIKY rajibBaHOMeETpa A0 «O».
OTKIIIOYAIOT TaJTbBAHOMETP.

B mnpaBbiii cBETOBOM IIOTOK KIOBETY C HCCIEIYyEMbIM pacTBOpoM. Bkiroyarot
raibBaHOMETp. BpalenreM pykosTKU mpaBoro 0apabdaHa JOBOAST CTPEIKY TallbBAHOMETPA JI0
«Oy.

OTc4eTr ONTUYECKON IIIOTHOCTH MTPOU3BOAAT MO KPACHOM IIKaje mpaBoro bapadaHa.

@®opma npegocTaBIeHHs pe3yabTaTa

1.  Ha3Banue u nenb paboOTHI.
2. [IpousBecTr pacyeT ¢ UCTOIB30BaHKeM 3akoHa byrepa -JlambGepTa-bepa.
3. Craenatb BBIBOJI O MPOJICITAHHON padoTe.

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

Bremomaus 9Ty pa60Ty, Bor Hay4YUTCCh NOJIB30BATHCA aHAJIUTUICCKUMH BECAMU, BBIIIOJIHATH
OCHOBHBIC OII€pallu BECOBOI'O aHaJIK3a.

MaTepI/la.ﬂbHOC odecmeyeHue:

O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpenoaBaTers;
- pabouee MeCTO CTY/ICHTA;
- TaOJIALB.
Ob6opynoBanue 1ab0paTopuu:
- pabouee MeCTO IpenoaBaTers;
- pabouee MeCTO CTY/ICHTA;
- METOIWYECKHEe yKa3aHWs IS MPAaKTUIECKUX padoT;
- METOJIMYECKHe yKa3aHMs 1JIsl JJaOOpaTOpHBIX paboT;
- METOIWYECKHEe YKa3aHWA IJIsi CAMOCTOSTELHON pabOThI;
- XHMHYecKoe 000pyJIOBaHUE;
- XHMHYECKUE PEaKTUBBI;
- ydeOHOe nmocoOue, CIpaBOUYHUKHU M0 aHATTUTUYECKONH XUMUH.
TexHMueckue cpencTBa 0OydIeHus:
— Ayamo-, BUJeo-, IpOeKIIMOHHAs anmnaparypa.
IMopsinok BbINoOJIHEHUS PadOTHI:
N3yunTh METOIMYECKUE YKA3aHUs K JaHHOW J1abopaTopHOU padore.
OnpenenuTh MPOAYKTHI PEaKIIUU
BhINOTHUTE OTYET O MpojenaHHoi padoTe.

Xon pab6orsl

1. Choenaite pacd€T W MPUTOTOBBTE OINPEIETEHHOE KOJUYECTBO pPacTBOpa 3aJaHHOMU
MPOIIEHTHOW KOHIIEHTPAlMN (Ha3BaHHE COJHM KaXJOMY CTYAEHTY OTAEIbHO COOOIIaeTcs
MIPENOIABATENIEM, TAKXKE PEKOMEHAYETCS U3MEHUTh KOJIMYECTBO U IIPOLIEHTHOE COAEPKAHNE
IIPUTOTOBIIIEMBIX PACTBOPOB).
BoruncneHHoe KOJIMYECTBO COJM OTBeChTe Ha Becax. HeoOxonnmoe KOJIMYecTBO BOIbI
OTMEpPbTE U3MEPHUTETBHBIM IIMIMHAPOM U BbUICHTE B KOIOy. BChbTe OTBEIIEHHYIO COJb B
BOJY M pa3MEUIMBAWTE JO0 IMOJHOIO PacTBOPEHHUs. [IpUroTOBbTE ITUKETKY M HAKJIEWTE Ha
KoJ10y.

2. Chenaiite pacu€T W TPUTOTOBHTE OIPEICIIEHHOE KOJWYECTBO MIJUIMIMTPOB PAcTBOpA
33JJaHHOM MOJISIPHOM KOHLEHTPAaLMU (KaKIOMY CTYIEHTY IpEeNojaBareib NA€T 3apaHee
MTOATOTOBJICHHOE 3a/IaHKE).
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3.

N e

B 50mn. Bomel pactBopure 3 r. XJOPUCTOrO Kanusl. BpluMciauTe NpOLEHTHYIO
KOHIICHTPAIIUIO TIOJIy4eHHOTO pactBopa. CreliTe pacTBOp B OYTBHUIOUKY M HaKJIEHTe
ATUKETKY. (3a/1aHue BbIIAETCS UHIUBUIYaJIbHO).

B 100mu. Bogwl pactBopute 1 r. Egkoro Harpa. BeraumciuTe MOJSApHYIO KOHIEHTPAIIUIO
noJy4eHHoro pactopa. Creiite pactBop B Oyrbutouky N HaxieilTe sTukeTKy. (3amanue
BBIIAETCS UHAMBHUAYAIIBHO).

®opma npegocTaBIeHHs Pe3y/ibTaTa
HasBanwe u 1ienb paboThl.
BbInonHuTh pacuer HeOOXOIUMBIX PEAKTUBOB JUIsSl IPUTOTOBIIEHHUS pAaCTBOPOB.
CraenaTb BBIBOJ O TIPOJICIAHHON paboTe.

Tema 2.1.
XHMHYECKOe PABHOBeCHE U TEOPHS IEKTPOJIUTHYECKO TMCCONUAIUMN.

[Ipaktuueckoe 3anatue Ne 4 CocraBieHue ypaBHEHUH 3IEKTPOIUTHYECKOM TUCCOMALIAN
Lean padoTbi:

CocraBnenue ypaBHCHI/Iﬁ BHCKTpOHHTquCKOﬁ Aucconranmnumn

Boinosinus padorty, Bl Oynere:

ymemn:
- MPOBOJAUTH (PU3UKO-XMMUYECKUN aHAJIN3 METAJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- HCIIOJIb30BaThb XMMHUYECKHE, (PU3MKO-XMMHUYECKHE METOJbl aHajau3a ChIPbs
IIPOYKTOB METAJUTYpPIUH;

MaTtepuajbHoe obecneyeHue:
ObopynoBanue yueOHOr0 KaOUHeTa:

- pabouee MeCTO IpeIoIaBaTelIs;
- pabodee MECTO CTy/ICHTa;
- TaOJTHIBI.

Ob6opynoBanue 1a00paToOpH:

- pabouee MeCTO IperoiaBaTes;

- pabouee MeCTO CTY/JEHTa;

- METOJAMYECKHE yKa3aHMs IJI NPaKTUYEeCKUX padoT;

- METOJIMYECKHe YKa3aHMsl IS JabopaTOPHBIX padoT;

- METOJMYECKHE yKa3aHUs JJIs CAMOCTOSTENbHON paboThI;

- XHMHYECKOe 000py/I0BaHMUE;

- XMUMHYECKUE PEAKTHUBBI;

- ydueOHOe mocoOue, CIPaBOYHHUKH TT0 AHAIUTUYECKONW XUMUH.

Texuuueckue cpeacTBa O6y‘IeHI/IHZ

— Aynuo-, BUeo-, IpOEKIIMOHHAS anmaparypa.

ITopsinok BbINOHEHHS PA0OTHI:

N3yunTh MeTOIMYECKUE YKa3aHUS K JAHHOU MPAKTUUECKON M JTaOOpaTOPHON
pabore.

Onpenenuth MPOAYKTHI PEaKIIUH

BrimosHUTE OTUET O MpoaenaHHoMl padorTe.

Xon paborhr:

IIponecc paspylleHus WM pacmajna 3JIEKTPOJUTa Ha MOHBI HA3bIBACTCS JJIEKTPOIMTHYECKOU
aucconuanueii. CocTaBHbIE YacTH PAaCHaBUIMXCS MOJIEKYJ WJIM KPUCTAJIJIOB IPEACTABISAIOT
co0ol YacTuIlbl, UMEIOITHe 3apsia. VX Ha3pIBarOT MOHBI. PacTBOPHI BEIIECTB, MOJEKYIBI WM
KPHUCTaJUIBI KOTOPBIX cocoOHBI pacnaaarsess Ha MOHDBI (nucconmupoBars), MOTYT IPOBOIUTH
JNEKTPUYECKUN TOK. VIMEHHO MOATOMY HX Ha3bIBalOT JJIEKTPOJMTaMH. YacTo mpouece
9JEKTPOJUTUYECKON JUCCOLMALIMY HA3bIBAIOT IIPOCTO: TUCCOLUALINS.

1.

Jrccounanus CHIbHBIX 3JIEKTPOJIUTOB
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[Ipu nucconmanuu KUCIOT UX MOJIEKYJIBI pacnafaloTCs BCErla Ha MOJIOXKHUTENbHO 3apsiKEeHHbIE
HOHBI BojtopoJa H u oTpunatenbHo 3apsiKeHHbIE HOHBI KUCIOTHBIX OCTAaTKOB.

PaccmoTpuM ypaBHEHHE AUCCOLMALIMH KUCIOTHI CHIIBHOTO 3JIEKTPOJIUTA. (BUIEO YPOK)

[Ipn nuccounanuu OCHOBaHMM MX MOJIEKYJbl pacnajaroTCs BCErJa Ha IOJIOKUTEIBHO
3apsHKEHHBIC HOHBI METAJIa M OTPHUIIATEIBHO 3apsKeHHbIC TUAPOKCHI-uoHbl (OH-).

2Ilpu  npuccoumanud  colell  MX  MOJIGKYJIbI pacmajaroTcsi  Bcerjaa  Ha
MOJIOKUTEIBHO 3apsKEHHBIE MOHBI METAJlJIa U OTPULIATENIBHO 3apsKEHHBIE MOHBI KUCIOTHBIX
OCTaTKOB.

3. CocraBieHne ypaBHEHHUS JHCCOIUALMK COJIM, B KOTOPOW KHCIOTHBIH OCTATOK COCTOMT U3
oxHoro snementa (xjopun (Cl), cynbduast (S), oTIUYaeTCss OT T€X ypaBHEHHH, B KOTOPBIX
MOJIEKYJIBI COJIEH MMEIOT B KUCIIOTHOM OCTATKE /[Ba SJIEMEHTA.

4. NMuccouunanus ciaalblX 3JIEKTPOJIUTOB
JMCCOIMALUS MHOTOOCHOBHBIX KHCIIOT CJIa0BIX 3JIEKTPOJMTOB HAa HWOHBI IMPOUCXOIUT
NocTeneHHo (crynenyaro). [Ipu 3ToM Ha KaKIoW cTaauK JTUCCOLUAlMK 00pa3yercsl OIUH HOH
Bogopoga H u oTpuuarenbHO 3apsyKEHHbIE HMOHBI KHUCIOTHBIX OCTAaTKOB. Bropas craaus
aucconuanuun HCO;3- «» H++ COs.
Yucno craauil auccouuanuu KUCIOTHI — c¢aaboro 53JeKTPOJuTa PaBHO YHUCIY aTOMOB
Bosiopozia H B ero moszekyiie.
Hucconmanus ciaaObIX 3J€KTPOJIUTOB MHOTOKHCIOTHBIX OCHOBAHUN Ha HMOHBI IPOUCXOAUT
nocreneHHo (crymeHuaro). Ilpm sTom Ha Kaxaod craguu auccouuanuu oOpasyercs 1
ruapokcua-uox (OH-).
Takue ocHOBaHuS, Kak INpaBWioO, cojepkaT Heckosbko rpynn OH. Paccmorpum ypaBHeHue
JMCCOLMAMU OCHOBaHUs — ciaboro anekrponuta Mg(OH),
IlepBas cTagus nucconuanuu

Mg(OH); <> MgOH+ + OH-
Yucno craguil nuccouuanuy OCHOBaHMS — caaboro 3JeKTpoiuTa paBHO uyuciay rpymnn OH B
€ro MoJeKyJie. (B0 YPOK)
VYpaBHEHUs TUCCOLMAIMU COJIeH cIa0bIX 3JIEKTPOJIMTOB HAa HOHBI 3alMCHIBAIOT B OJIHY CTAMIO.
IIpu stomM o06pasyrorcs mnonoxurenbHo 3apsokeHHble VMOHDBI meramna u  oTpuiatensHo
3apsKEHHBIE MOHBI KUCJIIOTHOTO OCTATKaA.

dopma npeacraBjIeHus pe3yabTara:
HazBanue u 1iens paboThl.
Hamncars cxeMbl ypaBHEHMI peaKLUii.
Crenatpb BBIBOJI O NPOJIETaHHOMN paboTe.

Tema 2.2.
OKHCIUTETLHO-BOCCTAHOBUTEIbHbIE PeaKIIHH
[Tpaktuyeckoe 3anstue Ne 4 CocraBieHHEe OKUCIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKLIUi
METOJIOM 3JIEKTPOHHOTO OajaHca
Lean padoThI:
CocraBieHrEe OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIINK METOIOM JIEKTPOHHOTO OalaHca
Beinosnus patdory, Bel Oyaere:
ymemy:
- MPOBOJAUTH (PU3UKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- HCIIOJIB30BaThb XHMMHUYECKHUE, q)HSHKO-XI/IMI/ILIeCKI/Ie MCTOJbl aHalln3a CbIPbA
IPOAYKTOB METAJUTYPrHH;

MarepuanbHoe o0ecnieyeHme:
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O6opynoBanue yaeOHOTO KabUHeTA!
- pabouee MeCTO IPEIoIaBaTEes;
- pabodee MECTO CTy/ICHTa;
- TaOJIUIIBL.
O6opynoBanue 1a60paTOpUH:
- pabouee MeCTO IPEIoIaBaTelIs;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHE YKa3aHWs JJIs MPAKTUIECKUX padoT;
- METOIWYECKHE YKa3aHws sl TaOOpaTOpHBIX padoT;
- METOJWYECKHE YKa3aHUS JJIsi CAMOCTOSTSIILHON pabOThI;
- XHUMHYECKOE 000pYyI0BaHHUE;
- XHMHUYECKUE PEaKTHUBBI;
- yueOHOe mocobue, CIPaBOYHUKH 110 aHATUTUYECKON XUMUH.
TexHuueckue cpencTra 00ydeHus:
— Ayamo-, BUIe0-, IPOSKIIMOHHAS armaparypa.
IMopsinok BbINoJIHEHUS PAdOTHI:
N3yuuTh MEeTOAMYECKUE YKa3aHUS K JAHHOW MPAKTUUECKOU U JTaOOpaTOpHOU
pabore.
OnpenenuTh MPOTyKTH PEAKIIHH
BBITIOTHUTE OTYET O MPOJeIaHHOM padoTe.
Xox pabdoThI:
[To MeToy AJIEKTPOHHOTrO OajaHca CPAaBHHBAIOT CTENICHH OKUCJICHHS aTOMOB B MCXOJHBIX H
KOHCUHBIX BEIIECTBAX, MPUYEM YHCIIO 3JICKTPOHOB OTIAHHBIX BOCCTAHOBUTEIIEM, JOJDKHO
POBHSATHCS YUCITY JIEKTPOHOB, IPUCOSTMHEHHBIX OKUCIIUTEIICM.
1)Meton 37eKTpOHHOTO OalaHca
+3 +7 45 +2

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

W3 cxembl peakiuu BUAHO, YTO CTETIEHb OKUCIICHUS aTOMa MBIIIbSIKA J0 peakiuu +3 , mocie
+5, cTeneHp OKUCIEHUS MapTraHiia U3MEeHUJIach oT +7 10 +2.

OTpakaeM 3TO U3MEHEHHE CTETIEHU OKUCIIEHUS B 3JIEKTPOHHBIX YPaBHEHUSIX.

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

Oxkncmurens Mn*’ +5¢” = Mn*2 2 IIPOLIECC BOCCTAHOBJICHUS

OBP, mporekaromme B BOJHBIX pacTBOpax, pacIiulaBaXx W JAPYIHX HOHU3UPYIOIINX
pPacCTBOPUTENAX, ypPaBHUBAIOT METOAOM »JJIEKTPOHHO-UOHHOTO OamaHca. Ilpu cocraBmeHumn
MOJTypPEaKIMK MCIIONB3YIOTCS HOHBI M (WJIM) MOJIEKYJIBI, PUCYTCTBYIOIIKE B pacTtBope. Ecimu
BEIIECTBO HEPACTBOPUMO — OHO 3alMCHIBAETCS B HEJUCCOIMUPOBAHHOM BHe. Ecnu aTtomel, y
KOTOPBIX M3MeHsIoTCsl CO, BXOIST B COCTAaB Cpa3y HECKOJIBKUX YACTHUI], TO UCHOIB3YIOTCS TeE
YacTUIIbI, KOHIEHTpAIUsi KOTOpPhIX Mpeobnamaer. Hampumep, B BOAHOM pacTBope craboii
KHCIoThl H 2S MPUCYTCTBYIOT aHUOHBI U —HS—2S, mpuuém [H 2S]>>[]>>[—HSfZS]. [TosTomy, u3

BCEX YaCTHII, COJIEPKALLUX CEpY, s ypaBHUBAHUA HUCONb3yeM H 2S.

Anzopumm memooa:

1. Haiitu gactuiipl, aToMbl KOTOPbIX MeHAIOT CO, M COCTaBUTh MOJIypeakluu ¢ ux ydactueM. [Ipu
TOM HEOOXOJMMO YUYUTHIBATh INIEKTPOJIMTUYECKYIO IUCCOIMalnuio U BiausHue pH cpens
(CHIIBHBIC AJIEKTPOJIUTHI TUCCOIMUPYIOT MOJHOCTHIO, CJIa0ble KUCIOTHI — TOJIBKO B IIEIOYHOM
cpene, cnadble OCHOBAHHS — TOJIBKO B KUCIION).

2. YpaBHATH MOIypeaKkuu, JOOMBAasICh:

* MaTepuaibHOTO OanaHca. JIJIs MOCTHMXKEHHsS MaTepualbHOTO OajllaHca B BOIHBIX
pacTBOpax MOXKHO HCIOJIB30BATh MOJICKYJIBI HZO, KpoMe TOro, B KHCJIOH cpene -
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+ +
KaTUOHBI H , B IIETOYHOW — aHWOHBI , B HelTpanpHoi — wimn H—OH , wim —OH

(Tabmn.2).

+ OanaHca 1o 3apsjaM (paBEHCTBAa CyMMapHBIX 3aps0B BCEX HMOHOB U 3JIEKTPOHOB B
JIEBOM W TMpaBOW 4YacTsAX ypaBHeHHs). g 3TOro K JE€BOM YacTH MOJIypEaKIUd
N00aBIISAIOT WM BBIYUTAIOT U3 HEE HEOOX0IMMOE KOJIMYECTBO AIEKTPOHOB.

3. YMHOXUTH MONYypeakiuu Ha KOIPQPUIMEHTHI, N0OWBAsCh BBIMOJHEHHS YCIOBHUS: YHCIIO
OTJ@HHBIX 3JIEKTPOHOB (B MOJypEaKLUU OKHUCICHMS) PABHO YUCILY NPUHATBHIX 3JIEKTPOHOB (B
MOJIypEaKIIM1 BOCCTAHOBJICHHUS).

4. Cnoxutb 00€ MONypeakiHH, B PE3yJbTaTe 4Yero MOJIYYHUTCS 3alHuCh YPaBHEHUS B HOHHOM
dbopwme.

5. Jlo6aBUTh K JIeBOM M MpaBOH YacTAIM HOHHOTO YpPaBHEHHUS OJMHAKOBOE KOJIUYECTBO
MIPOTUBOMOHOB

6. Meronx momypeaknuii (MEKTPOHHO — WOHHBIM METOJ) MPUMEHSIOT JUIsl PeaKIIHid,

MPOTEKAIOIINX B pacTBOpax. DIEKTPOHHO-HUOHHBIE YPaBHEHHsI TOYHEE OTPa)Kal0T MCTUHHBIC

M3MEHEHHUs BEILECTB B IPOLIECCE OKUCIUTEIbHO-BOCCTAHOBUTEIBHON PEAKIMU U O00JIErdaroT

COCTaBJICHHE YpaBHEHUI JTHX MPOLECCOB B HOHHO-MOIEKYIApHOW Qopmyne. HMonHo -

AJIEKTPOHHBIA METOJI ( METOJ MOJIYPEaKIUii ) — OCHOBAH HA COCTaBJICHUU Pa3/IeTbHBIX MOHHBIX

ypaBHEHUH MOJIypeaKlUii — MPOLIECCOB OKUCICHUS U BOCCTAHOBIIEHUS — C MOCIEAYIOUINM HX

CYMMHPOBAHHMEM B 00111e€ HOHHOE YpaBHEHHUE.

['maBHbIE TamBI:

1)3anmceIBaeTCs 00IIas MOJICKYJISIpHAS CXeMa

K2Cr20;7 + Fe + H2S04 —Cr2(S04)3 + FeSO4 + H20

2)cocTaBiiieTcss MOHHAs cxeMa peakuuu. [Ipu 3ToM cuibHBIE 3JE€KTPOJIUTHI MPEACTABIEHBI B

BUJIE MOHOB, a clla0ble DJIEKTPOJUTHI, OCAIKU M ra3bl — B MOJEKYIsIpHOM Buie. B cxeme

OIpeIeIsIeTCs YacTulla, onpeaensercs xapakrep cpenst ( H+,H20 nnmu OH-)

Cr207” + Fe + H+ — Cr3+ + Fe2+

3) CocraBisioTcst ypaBHEHHS 2-X MTOJTyPEaKIHii.

a) YpaBHHMBAETCS YHCIIO BCEX aTOMOB, KpOME BOJIOPOJia U KHCIOPOa

Cr20;” + H" — 2cr**

Fe — Fe”*

0) ypaBHHUBaeTCs KUCIOPO/]I C HCToIb30BaHueM Monekyn HoO unu cBsazbiBanus ero B H,O

Cr,07” + 14H" — 2Cr* + 7 H,0

B) YPaBHUBAIOTCS 3aps bl C TOMOIIBIO TPHOABIICHUS DJIEKTPOHOB

Cr,0,% + 14H" + 6e — 2Cr*" + 7 H,0

Fe —2e — Fe2"

4) ypaBHHUBaeTCs 00IIee YUCIO YYACTBYIOIIMX DJIEKTPOHOB IyTEM MOAOOpa JOMOTHUTEIBHBIX
MHOKHUTEJIEH 10 IPaBUITy HAUMEHBIIEr0 KPATHOTO, M CYMMUPYIOTCS YPABHEHUS ofenx nomypeaxiuii.

Cr2072- + 14H+ + 6¢ —2Cr3++7H202 1

Fe —2e — Fe2+63

Cr207* + 3Fe + 14H" — 2Cr** + 3Fe** + 7 H,0

5) 3amMChIBAIOTCS YpaBHEHUS B MOJCKYJISpHOW ¢dopme, ¢ J00aBIeHHEM HOHOB, HE
YYACTBYIOIIHMX B MPOIIECCE OKUCIIEHUS- BOCCTAHOBIICHHMS.

K,Cr,07 + 3Fe +7H,S0, = CI’Q(SO4)3 + FeSO, + K,SO4 T+ 7 H,O

[Ipumep 1.

MeTtosoM TONypeakiMii COCTaBbTE a) YpPaBHEHHUE PEAKIIMUA OKUCIICHUS STHIJIOBOTO CIHpTa
MepMaHTraHaTOM Kayiis B cruibHOKHCIoU cpene: CoHsOH + KMnOy4 + H,SO4 —; 6) ypaBHEeHHE
peaKIiK B3aUMO/ICHCTBHS

TITFOKO3BI ¢ TIEpMaHTaHaToM Kanus B kucioi cpene: CgH1206 + KMnO,4 + H,SO4 —.
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Pewmenune: Ilepmanranar Kauusi B KMCIIOM Cpele NPOSBISAET CBOMCTBA CHJIBHOIO OKUCIIUTEIS.
Opranuueckue BellecTBa, Kak MpaBUio, SBISIOTCS BOCCTAHOBUTEISIMH, TIPU B3aUMOJACHCTBUHU C
CUJIBHBIMHA OKHUCIUTEISIMHU OKUCIIIIOTCA 10 CO»).

a) COCTaBHMM IOJypEaKIuu 1 HaieM K03 UIIUCHTHI:

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

CyHsOH + 3H,0 — 12e = 2CO, + 12H"

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

0) aHAJIOTMYHO COCTABHUM IOIYPEAKIUIO C YIaCTUEM TIIFOKO3BI:

dopma npeacTraBJieHus pe3yJabTarTa:
HazBanwe u 1ienp paboThlI.
Hanucatb cxembl ypaBHEHUI peaKIyid.
Cnenatb BBIBOJI O NIPOJIETIAHHOM padoTe.

Tema 2.3.
B3aumojeiicTBHsI METALIIOB (CHIPbs), METAJJIMYECKHUX MOPOIIKOB € Fa3aMM M IPYTHMH
BellecTBaMu
JlaboparopHast pabora Ne5 Omnpeznenenue coaepkaHus XpoMa B CTaJIN

Heanb padotsl: OmnpeneneHue coaepKaHus XpoMa B CTalIU
Brinosinus padorty, Bl Oynere:
ymemy:
- [POBOAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PHU3HKO-XMMHUYECKHE METOJIbl aHajln3a ChIpbS W
IPOAYKTOB METaJUTYprHH;
MaTtepuajbHoe obecnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpenoaBaTels;
- pabouee MecTO CTY/AEHTa;
- TaOJINLIBI.
O6opynoBanue 1ab0OpaTOpUu:
- pabouee MecCTO IpenoaBaTers;
- pabouee MecTO CTY/AEHTa;
- METOIWYECKHEe yKa3aHWs IS MPAaKTUIECKUX pabdoT;
- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaTOpHBIX paldoT;
- METOIWYECKHEe YKa3aHUs JJIsi CAMOCTOSTEIILHON paboThI;
- XHMHYecKoe 000pyI0BaHUE;
- XHMHUYECKHE PEaKTHUBBI;
- ydeOHOe nmocoOue, CIpaBOUYHUKH M0 aHATUTUYECKOH XUMUH.
TexHuueckue cpencTra 00y4eHus:
— Ayauo-, BUJeo-, MpOeKIMOHHAs anmaparypa.
IHopsiaok BbINIOJIHEHUS PA0OTHI:
N3yunTh METOMYECKUE YKA3aHUS K TaHHON MPAaKTUYECKON 1 JabopaTopHOii
pabore.
Onpenenuts NPOAYKTHI PeaKLUU
BrImoaHUTE OTUET 0 TpoJieIaHHON paboTe.
Xox pa0doThI:
e  DOTOKOJIOPUMETPHUECKOE OTIpEIeIeHNEe KOHIIEHTPAIMH BEIIECTBA B PACTBOPE METOI0M
CpaBHEHMSI ONTUYECKOHN MIIOTHOCTH MCCIIEyEMOT0 U CTaHAapTHOIO PacTBOPOB.
e DKCTPaKUMOHHO-()OTOMETPHUECKOE OIpeaesIeHNe MAIBIX KOJUYECTB XpoMa C
nudeHnIKapoazuIoM

° MeTtonpl IpsAMOIo CIICKTPAJIbHOI'0 aHajln3a
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e  DmMuccuoHHas GOTOMETpHs IJIaMEHU
e  ATOMHO-aOCOpOLIMOHHBIN METOA
e MeToapl MPSIMOTO CHEKTPAJIBHOTO aHAIH3a

CrexkTpaJibHBIA ~ aHAJIU3 — COBOKYIHOCTh METOJIOB KAaYECTBEHHOTO W KOJIMYECTBEHHOI'O
oTpesieNieHUs] COcTaBa 0ObEKTa, OCHOBAHHASA HA U3YYEHHUH CIIEKTPOB B3aHUMOJCHCTBHS MaTepuu
C M3JIyYEHUEM, BKJIOYas CHEKTPbl AJIEKTPOMArHUTHOTO U3IYyYEHHUs, AKYCTUYECKUX BOJIH,
pacmpesielieHuss M0 MaccaM W SHEPrusiM JJIEMEHTapHBIX YacTHIl U JAp. ATOMBI Ka)XJI0To
XUMHUYECKOI0 3JIEMEHTA UMEIOT CTPOro OINpPEAEIEHHBIE PE30HAHCHBIE YACTOThI, B PE3yibTaTe
4Yero UMEHHO Ha 3THX YacTOTaX OHU M3JIY4alOT WM MOTJIOLIAIOT CBET. JTO MPUBOJIUT K TOMY,
YTO B CIIEKTPOCKOIIE Ha CIEKTPaxX BUAHBI JIMHUU (TEMHBIC WA CBETJIbIC) B ONPEAEIEHHBIX
MeCTaX, XapaKTepHBIX I KaKJI0ro BellecTBa. IHTEeHCMBHOCTD JTMHUI 3aBUCUT OT KOJIMYECTBA
BEUIECTBA U €ro COCTOSHUSA. B KOJIMYECTBEHHOM CHEKTPAJbHOM aHAJINU3E ONPEAEIISAIOT
coJiep>KaHue MCCIIEyeMOro BEIIeCTBA 110 OTHOCUTENbHOM Ui aOCONMIOTHON MHTEHCUBHOCTSM
JUHAA WM TOJOC B cHekTpax. ONTHUYECKHM CHEKTPaJIbHBIA aHAJIN3 XapaKTEePHU3YeTCs
OTHOCHUTENILHOM MPOCTOTON BBIMIOTHEHUS, OTCYTCTBUEM CJIOKHOM MOJATOTOBKHU MPOO K aHATH3Y,
HE3HAYUTENIbHbIM KosindecTBoM BemiectBa (10—30 wmr), HeoOXxogumoro Jyisl aHaiIM3a Ha
00JIBIIIOE YUCIIO PIIEMEHTOB. ATOMapHbIE CHEKTPHI (MOTIOMIEHUS WM UCITYCKaHUSI) TOMy4YatoT
MIEPEeBEICHNEM BEIECTBa B MapooOpa3HOe COCTOsHUE MyTéM HarpeBaHusi mpoOsr g0 1000—
10000 °C. B kauecTBe HCTOYHHKOB BO30YKIEHHS aTOMOB IPH SMUCCHOHHOM aHaju3e
TOKOIIPOBOSIIIIUX MATEPHAIOB MIPUMEHSAIOT UCKPY, AyTy MEPEMEHHOTO TOKA; MPU 3TOM MPOOY
MOMEIIAIOT B KpaTep OJHOTO W3 YrOJIbHBIX AJIEKTPOAOB. [l aHanmm3a pacTBOPOB IHPOKO
HCHOJIB3YIOT IUIaMs WJIH IJIa3MYy pa3IM4HbIX ra30B.

®opMma npeacTraBJIeHud pe3yabTara:
Ha3zBanue u nienp paboThl.

Hamnncars cxeMbl ypaBHEHMI peakiuil.
CrnenaTb BBIBOJI O IPO/IETAHHON paboTe

Tema 3.1
IMHMCCHOHHBII CMIEKTPAJILHBINH aHAJIN3.
[TpakTuueckoe 3anarue Ne 5 O3HaKOMIIEHHE C YCTPOHCTBOM, MIPUHIIUIIOM JACHCTBUS U
HKCILTyaTaIlH SKCIIPECC — aHATN3aToPA.
Lean padoThI:
O3HakOMJIEHHE C YCTPOWCTBOM, MPHUHIMIIOM JAEWCTBUS W OJKCIUTyaTallUM »dKCIpecc -
aHaIIM3aToOPOB
Boinosinus padorty, Bel Oynere:
ymemsp:
- MPOBOJUTH GUZUKO-XMMHUYECKUN aHAJIU3 METAJNIOB U OLIEHUBATh €TI0 pPe3yibTaThl;
- UCIONB30BaTh XHUMHUYECKHE, (PU3UKO-XMMUYECKHE METOAbl aHauu3a ChIpbs W
NIPOIYKTOB METAIIYPIUY;
MarepunanbHoe obecrnieyeHue:

Ob6opynoBanne y4eOHOT0O KabnuHeTa:

- pabouee MeCTO IpernoiaBaTels;

- pabouee MeCTO CTY/JEHTa;

- TaOJIUIIBL.
O6opynoBanue 1a00paTOPHH:

- pabouee MeCTO IpernojaBaTes;

- pabouee MeCTo CTY/JEHTa;

- METOIWYECKHE YKa3aHWsl JJIsl MPAKTUYeCKuX paboT;
METOMYECKHE YKa3aHUsl IS TaOOpaToOpHbBIX padoT;
METOAMYECKHE YKa3aHHs Ul CAMOCTOSTENIbHOU PaboOThI;
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- XHUMHYECKOe 000pyI0BaHMUE,;
- XHMHUYECKHE PEaKTHUBBI;
- yueOHOe mocobue, CIPaBOYHUKH 110 aHATUTHYECKON XUMUH.

TexHuyeckue cpeacTBa 0Oy4ICHHUS:
— Ayauo-, BUie0-, IpOEKIIMOHHAs anmnapaTypa.
IMopsiiok BbINOJTHEHHS PA0OTHI:
W3yunth MeTOIMYECKUE YKa3aHUs K JAHHOM MPaKTUYECKO U 1abopaTopHOit
pabore.
Onpenenutb NPOIYKTHl PEAKIIHH
BeinmonuuThk 0TYET O MpojienaHHON paborTe.
Xox padoThI:
Kynonomempuueckue memoouwt
Kynonomerpuueckuii MeTo1 aHanM3a OCHOBaH Ha U3MEPEHUU KOJIMYECTBA AJIEKTPUUYECTBA,
M3PACXOJOBAHHOTO B XOJC JJCKTPOXMMHYECKON pPEaKIMH OmpenesieMoro BemiectBa. Ecnm
MPOTEKAeT Kakas-MuOO JIEKTPOXMMHYECKas peakius, TO MO KOJUYECTBY IJIEKTPUYECTBA,
M3PACXOJOBAHHOTO Ha ATY PEAKIUIO, U YHCITY 3JICKTPOHOB N, MPUHUMAIONINX B HEW ydacTue,
MOKHO ONPEJEIUTh COJEPKAHNE HCXOTHOTO BEIIeCTBAa J B COOTBETCTBUH C 3aKkoHOM (Dapajes
o ¢popmyre:

(AL Mikn) [} ll:)) (Y6455n)

’ rnie Q —  KoIMuecTBO
JJIEKTPUUIECTBA, paBHOE
il nemCal) : ] ‘ NPOU3BEACHHUIO CHJIBI TOKa Ha
Ilj I [ ,[-7 "‘i'“‘"j' = JUINTCIIBHOCTh €ro MPOXOKACHUS
" e « Rt ' .

J ] i8] ,L;T ‘ l yepe3 pacTBop; A — aromM-macca
{lis _l_i' H == i BellectBa; F — mocrosHHas

e e e vty g Dapazes.

' Ha osmom ocnosan npsamoii
KYIOHOMempu4ecKulli Memoo, B
KOTOPOM  pacueX BeIyT IO
MPOJOIIKUTENEHOCTH AJIEKTPOIIN3A.

B sToM cnyuae He TpeOyere! mocTpoeHMs TpaJUpPOBOYHBIX TpaQUKOB U MPUMEHEHUS
CTaHJIaPTHBIX PACTBOPOB, YTO BBHITOAHO OTIUYAET €ro OT APYTUX (GU3UKO-XUMHUECKUX METOJIOB
aHaJu3a.

KocBeHHbIi KyTOHOMETpHUECKUNH METOJ (KYJIOHOMETPUYECKOTO THUTPOBAHM) OCHOBAH Ha
MoJTydYeHnr (TeHEPUPOBAHWH) PEarupyrolldx C OINpeNeIIeMbIM BEIIECTBOM HOHOB B CaMOM
TUTpyeMOM pacTBope. IIpsimMoii KymoHOMETpHUYeCKUW aHalu3 OOBIYHO OCYIIECTBISIOT MPU
MIOCTOSTHHOM TTOTEHIHalie pabodero 3JeKTPo/a, a KOCBEHHBIH — IPH MOCTOSIHHOM CHIIe TOKA,
MIPOXOAAIIETO Yepe3 AIEKTPOIUTHUECKYIO sueiiky. Cxema KyJIOHOMETPUYECKOTO aHalu3a Mpu
MMOCTOSTHHOM TIOTEHIIMAJIC MPECTaBiIeHa Ha puc. 5, a. TOK OT aKKyMyJIsTOpHOW OaTapew mpu
MOMOIIM TOTEHIIMOMETPA MPU ONPEIEICHHOM IMOTEHLUAE, KOHTPOIUPYEMOM BOJIBTMETPOM,
MOJIAeTCs Ha KYJIOHOMETPHUYECKYIO siueiiky. KommuecTBo aieKTpudecTBa, MpOIMIEANIETro Yepes
KYJIOHOMETPUYECKYIO SYeHKy, omnpesessercss KyJIoHOMEeTpoM. B KymoHoMmeTpuueckon siueiike
MIPOUCXOIUT BOCCTAHOBIIEHUE ompezensieMoro moHa. Cuiia TOKa, MPOTEKAMEM B IIETH, 110
Mepe YMEHbIICHHS] KOHIIEHTPALMU ONPEAeIsIeMOr0 HOHAa CHUXKAETCS U B MOMEHT €r0 TMOJHOTO
BOCCTAHOBJICHHS CTaHOBHUTCS OJHM3KOW K HYNMIO. DTO YKa3blBaeT Ha OKOHUYAHHE Tpoliecca
BOCCTAQHOBJICHMA  ompezenseMoro  uoHa. OnpefenuB  KyJOHOMETPOM  KOJHMYECTBO
JJIEKTPUYECTBA, HM3PACXOJIOBAHHOIO HAa BoOccTaHOBIIeHWE, 1o ¢opmyne (18) paccuuTsiBaroT
KOJINYECTBO ONPEAEIAEMOro BeleCTBa B KYIOHOMETPHUUECKOM sueiike.
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[TpunnunuanbHas cxema Ui KYJIOHOMETPUYECKOTO TUTPOBAHMS HpPU IOCTOSHHON cuie
TOKa JJi1 OINpENeNieHus, HampuMep, COAep)KaHMsl Xpoma, MpuBeleHa Ha puc. 5, 6. B
KYJIOHOMETPUYECKYIO SIUEHKY U TUTPOBAHMS HAIMBAIOT aHAJTM3UPYEMBbI pacTBOp OMXpomara
KaJlusl ¥ pacTBOp XJIopuJa xkerne3a. Karon omyckaroT HEmoCpeACTBEHHO B pacTBOp, a aHOJ — B
MOPUCTBIA COCY/I, COIEpIKAIIMA pacTBOp xyopuaa kamus. OT akKyMyJIsTOPHOW Oarapew Ipu
MOMOLIM PETYIUPOBOYHOIO peocTaTa 4Yepe3 pacTBOpP MPOIYCKAETCS IOCTOSHHBIM TOK,
KOHTPOJIMpYEeMbIl amiepmerpoMm. Ilpu 3TOM B aHanM3upyeMOM pacTBOpE Ha Karojae
MIPOUCXOUT BOCCTAHOBJICHHE TPEXBAJIIEHTHOIO Keje3a J0 JIBYXBaJIEHTHOTO, KOTOPOE Cpasy ke
OKHCJIETCS 1O TPEXBAJIEHTHOIO OMXpOMaToM, HaXOASIIMMCS B pacTBOpe. Y Ka3aHHBIHN mpolecc
MpoTeKaeT J0 TeX Iop, IOKa BeCh IIECTUBAJICHTHBIH XPOM HE BOCCTAHOBHUTCS [0
TPEXBAJEHTHOI0. B 3TOT MOMEHT B pacTBOpE MOSBATCSA M30BITOUHBIE MOHBI JIBYXBaJIEHTHOTO
&Kele3a, KOTOpBIE JIETKO OOHAPYKHUThH 110- TEHIHOMETPUIYECKHM METO/IOM.

KonunuecTBo 31ekTpuyecTBa, pacXoayeMoro Ha TUTPOBAHUE, PABHO IIPOU3BEIECHUIO CHUJIBI
TOKa Ha JJIMTENBHOCTh €ro mpoTekaHus. Takum o0pa3oM, B 3TOM BHUJAE KYJIOHOMETPUYECKOTO
aHaJM3a TUTPOBAHHE MIPOBOJISAT BEILIECTBOM, KOTOpOe 0Opa3yercs (reHepHpyeTCs) B TUTPYEMOM
pacTBope B pe3ynbTare’ peakluid BOCCTAHOBIICHUS WM OKHCIICHUS M B3aUMOJCUCTBYET C
aHAJIM3UPYEMbIMU HOHAMU.

Kynonomerpudeckuii MeTOJ TUTPOBAaHUS IMOJIOKEH B OCHOBY, HalpUMep, MIHPOKO
MIPUMEHSIEMBIX IKCIIPECC-aHAIM3ATOPOB I OINpPEAEICHUS COAEPIKAHUS YIiIepojia U CEphl B
Metaie. CxeMa paboThl SKCIpecc-aHaau3aTopa AJis aHallu3a yriepoja npuBeieHa Ha puc. 6.
Hagecky metaina (0,5 r), moMereHayio B papdopoByrO J00UKY, CKUTAIOT B TPYOUaTOl Tieun
mpu 1300—1350 C B MOTOKE YHUCTOrO KHUCIOPOJA, Pacxo]] KOTOPOro peryaupyercs
aBromarndecku ot 0,2 mo 2 n/mue. Ilpm 3tomM Bech yriepon okucisiercss o CO2.
HenpepeiBHblli MOTOK kucIopoaa yHOCHUT u3 meud COz B SJEKTPOIMTUYECKYIO SUYCHKY 2
JaTdrKa dKCIpecc- aHam3aTopa. 3xechk C0, moriomaercs: CiabomeI0YHBIM OTIIOTUTEIEHBIM
pactBopom 3 (pH~10,2), BbI3bIBasi MOBBINICHUE KOHICHTpAIlMM HOHOB Bogopoaa H+. Drto
u3mensier pH cpenpl, pukcupyemoii uepes snexrpoast 4, 5 u pH-merp 6. M3menenue 5. 1. c.
JIEKTPOAHOM cuctemMbl pH-MeTpa MpUBOIUT K U3MEHEHUIO CHIIBI TOKA HA BBIXOJE YCHUIIMTEINS
pH-meTpa, B pe3ynpTare 4ero CnenuaibHbIM pEeryiasTop 7, COCOUHEHHBIM C BbBIXOAOM pH-
MeTpa, aBTOMATHYECKH BKIIFOYACT HCTOYHUK CTAOMIM3MPOBAHHOTO T'€HEPaTOPHOro Toka 8.
I'eneparopHblii TOK poTekaeT yepe3 anoxa 10, kaTox 9 1 mpoHUIIaeMyTO JUTsl TOKA TIEPETOPOJIKY
11 (uennodanoByio TneHky). Ilpu stom norsl H' paspsxaioTcs Ha KaTofie ¢ 0Opa3oBaHHEM
MOJICKYJIIPHOTO BOJIOpoJa. ['eHepaTopHBIi TOK MpOTEKaeT 10 TeX Mop, MOoKa He OyayT
HelfTpanu3oBanbl HOHBI H+ 1 3. 1. c. pH-meTpa, a Taxke cuia Toka Ha BeIxojae pH-merpa He
JOCTUTHET nepBoHavanbHoro 3HayeHus (0,2 MA). KonanuecTBo 31eKkTpuuecTBa, 3aTpayeHHOro
Ha TUTpOBaHME (BO3BpallleHHME K MHCXOAHOMY 3HaueHuio pH), oJHO3HA4YHO CBSA3aHO C
KOJIMYECTBOM IOTJIOIEHHOIO YIJIEKUCIIOTO rasa, a CJlIeJ0oBaTebHO KOJIMYECTBOM YyTJepojaa B
aHamM3upyeMoil mpobe Metayia. KoanuecTBo 3/eKTpUUYecTBa ONPEeIseTcs aBTOMaTHYECKUM
MHTErPUPOBAHUEM CHIIBI TOKA TUTPOBAHHUS CHIEUAIBHBIM KYJIOHOMETPOM - HHTErpaTopoM TOKa

13, Ha BBIXOJIE KOTOPOTIO BKJIIOUEHBI

HEOHOBBIE uudpoBbIe JIaMIIBI,
[TOKa3bIBAIOLIME IIPOLICHTHOE
co/iepKaHue yriaepoja B

aHaJIM3UpPyeMoil mpobe.

[Ipy DOrIOMIEHUH  YTIIEKUCIIOTO
raza IOINIOTUTCIBbHBIM pPAaCTBOPOM, B
COCTaB KOTOPOrO BXJJAT XJIOPHUCTBIN
KaIMi , TPOTEKAIT  CIEAYIOIINE
peakuuu:




(Og 35 H:O - ”3C01
H,CO + SrCr, = Sr CO:4+2HCI
HCI=H'CI
B pe3yJIBTaTe HpOTeKaHI/IH yK%aHHBIX peaKI_[I/Iﬁ )41 HpOI/ICXOIII/IT TIIOBBIIIICHUC KOHL[eHTpaL[I/II/I
HNOHOB H+ B TIIOTJIOTUTCIBHOM paCTBOpe, KOTOpBIﬁ JJIA 60.]166 IIOJTHOI'O IIOIJIOIICHUS

YIIICKUCIIOTO Ta3a MepeMenmBaeTcs Menankou 14.
[Ipy TmpoTeKaHWM TEHEPATOPHOIO TOKa Ha KaroJlle, OMYIICHHOM B MOTJIOTHTEIbHBIN

2H'+2e = H,?
pacTBOp, MPOTEKAET peaKkus = “ 2 |» aHa aHOZIE,
2

M3TOTOBJIEHHOM M3 IIMHKA, PEaKIUs Zn—2e Zn" . AHOJI TIOTPY>KEH BO
BCIIOMOTATENbHBIA pacTBOp 72, B COCTAB KOTOPOTO BXOJAT XJIOPUCTHIN KaJIuil M (eppormaHug
Kaiaust. MOHBI IMHKA, B3aMMOJEHCTBYS ¢ (PeppOIMaHUIOM Kajus, 00pa3ylT KOMILIEKCHYIO
COJIb IIMHKA, KOTOPask BBIIAAET B OCA0K [0 PEaKI[HH:

3Zn*" + 2K" + 2Fe (CN)*4 = K,Zn; [Fe (CN)slay -
OcCHOBHBIE TEXHUYECKUE XapAKTEPUCTUKHU IKcIpecc-aHanu3aTtopos AH-29 u
AH-160:

JlnanaszoH onpenensieMbIX AU-29 AH-160

KOHUEHTpaUMuii  yriepoja,

%

Pacxon xuciopona, r/muu | 0,03—2,0 0,001—0,2

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

XoJsocTon cuer | 0,01—0,002 0,0002—
pudopa, 0,0003

%0/MHH..........0vveee.

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

[IponomKUTENbHOCTD 60 60-120
AHAIIN3A, C vevvvveennnn.

B HacTosIEee BpeMs Ha METATYPrUUECKUX 3aBOJIAaX MIMPOKO HCIOJIB3YIOT OTEUECTBEHHBIE
JKCIIpecCc-aHAIN3aTOPhl JJIsl olpesaeneHus coaepxkanus yriaepoaa (tuna AH-29, AH-160) u
cepsl (tuma AC-7012, AC-7412).

dopma npeacraBjIeHus pe3yabTara:

HazBanue u 1ieip paboThl.

Hamnucatb cxeMbl ypaBHEHHI peakiuil.

Cnenatb BBIBOJI O MPOJIETaHHOMN paboTe

Tema 3.2.
PeHTreHOoCTPpYKTYPHBIH aHAJIN3.
[TpakTrnyeckoe 3ansTue Ne 6 O3HaKOMIIEHHE C YCTPOWCTBOM, IPUHIUIIOM JIeHCTBUSA
PEHTTEHOCKOIIa OTEUECTBEHHOT0 U 3apy0eKHOTr0 MPOU3BOJICTBA.
Lean padoThI:
O3HaKOMJIEHHE C YyCTPOUCTBOM, MPUHIUIIOM JEHCTBHS pEHTI€HOCKOa
Beinosinus padory, Bel Oyaere:
ymemy:
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- MPOBOJAUTH (PU3UKO-XMMHUYCCKHUN aHAJU3 METAJJIOB U OLICHUBATh €r0 PE3yJIbTaThl;
- WCIIOJIb30BaTh XHMHUYECKHE, (PH3MKO-XMMHUYECKHE METOIbI aHajHh3a ChIPhS
MPOYKTOB METAJLTYPIHH;
MarepuajibHoe o0ecnieyeHue:
O6opynoBanue yaeOHOro KabuHeTa!
- pabouee MeCTO IpernoaBaTers;
- pabodee MECTO CTy/ICHTa;
- TaOJIUIIBL.
O6opynoBanue 1a60paTOPUH:
- pabouee MeCTO IpenoaBaTels;
- pabodee MECTo CTy/ICHTa;
- METOIWYECKHEe yKa3aHWs JJIs MPAKTUIECKUX padoT;
- METOIUYECKHE YKa3aHus sl TaOOpaTOpHBIX padoT;
- METOJWYECKHE YKa3aHUS JJIsi CAMOCTOSTSIILHON pabOThI;
- XHUMHYECKOE 000pYyI0BaHHUE;
- XHMHUYECKUE PEaKTHUBBI;
- ydueOHOe mocoOue, CIPaBOYHHUKH M0 AaHATUTUYECKOM XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Ayawo-, BUJIe0-, TPOSKIIMOHHAS armmapaTypa.
IMopsinok BbINoJIHEHUs PAdOTHI:
M3yunTh MeTOAMYECKHE YKa3aHUs K JAHHOW MPaKTUYECKOUN U JIa0OpaTopHOit
pabore.
OnpenenuTh MPOTYKTHl PEAKITHH
BBINOTHUTE OTYET O MpoJIenaHHo# padoTe.
Xox padoThI:

r : y./4

||

o

Prc, 41, Cxoma yoTOMOBKN ASR PEMTIOHNOCHOKTPAALKONG OHAINIE:
I — soaGymaenne; !/ — paraomenve » cnexrp; /1 perncrpanns
| — perTreMonckan TpyOKa: 2 — npoba; J — RIAYSCHIR dayopecuentn;

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

B oOmem cnydae cxemMy peHTTEHOCHEKTPAJIbHOIO aHajdu3a MOJKHO MPEICTaBUTh
cienyromuM o0pa3oM; 1) Bo30yXkJeHHE PEHTTEHOBCKOTO XapaKTePUCTUUECKOTO U3ITYISHHUS
3JIEMEHTOB, 00pa3yromux Npoly; 2) pa3ioKeHHe PEHTTC€HOBCKOTO HM3Jy4YE€HHs] B CHEKTP
(BblACNIEHHME AaHAJTUTUYECKUX JIMHUM D3JIEMEHTOB); 3) perucrtpanus U H3MEpeHHe
MHTEHCUBHOCTH PEHTIE€HOBCKOI'0 XapaKTEPUCTUUYECKOT'O U3JIYyYEHHUs JIeMEHTOB. B cBs3u ¢
STUM BCE PEHTT€HOBCKHE CIIEKTPOMETPHUECKHE CUCTEMBI HMEIOT 00IMe KOMITOHECHTHI:

1) UCTOYHMK BO3OYKIEHUS XapaKTEPUCTUUECKOTO HM3ITYyUYEHHUs DJIEMEHTOB IMpOObI; 2)
TUCTIEPTaTOpP — YCTPOMCTBO ISl BBIACICHHS AHAIUTHYECKUX CHTHAJIOB JJIEMEHTOB; 3)
JETEKTOP C COOTBETCTBYIOUIUM BJIEKTPOHHBIM YCTpOUCTBOM (pHc. 41).

MeTtoasl  BO30YKIEHHS  PEHTTEHOBCKOI0  XapaKTEePUCTHYECKOT0  HM3JIyYeHHUs:
BKIOUATOM.: NEKMPOHHYIO OOMOAPOUPOBKY; PEHM2EHOBCKOe U3NyYeHUe

(bmroopectieHTHOE BO3OYKIEHUE), U3TydeHNE PAAUOAKTUBHBIX HU30TOIOB.
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JUis 3JIeKTPOHHOTO BO30YXJEHHUS XapaKTepHa BbICOKas 3((PEeKTUBHOCTH, OJHAKO
BCJIEJICTBUE CHJIBHOTO pa3zorpeBa oOpasla moJ BO3AEHCTBHEM 3JIEKTPOHHOrO Iydka (10
HECKOJBKUX COT TIpaayCoOB) BO3MOXXHBI CEJIIEKTUBHOE HCHAPEHHE 3JIEMEHTOB WM IpYyrue
XUMUYECKHEe u3MeHeHuss B oOpasue. K HemocrarkaM 53JIEKTPOHHOTO BO30YyXJEHHUS
OTHOCATCSI MHTEHCUBHBINH ()OH M HE0OXO0AMMOCTh paboTarh MoJ BakyyMoM OTMeUYEHHBIE
HEJOCTaTKW  MPOSBIAIOTCS  cinabee  Hpu  BO3OYXKIEHUM  XapaKTEpUCTUUYECKOIO
PEHTI€HOBCKOTO H3JIy4eHHUsI HPOObI OCTPO C(HOKYCHPOBAHHBIM 3JIEKTPOHHBIM ITyYKOM
(371eKTpOHHBIN MHKpO30HA). B 3TOM ciyuae meperpeBa oOpas3una He NPOUCXOIUT H3-3a
MHTEHCUBHOTO TEIUIOOTBOAA C MUKPOHHOTO y4acTKa.

HenocratkoB,  XapakTepHbIX  JUIsl  BO30OYXKIEGHHUS  JJEKTPOHAMH,  JIMLIEHO
duryopecuieHTHOE BO30YXKICHHE. DTOT METO/] BBIABUHYJICS HA NMEPEAHUN IUIaH IOCIE TOro, Kak
Obula pa3paboTaHa COBEpUIEHHAs TEXHUKAa perucrpauuu ciaaboro  QuyopecueHTHOro
PEHTICHOBCKOTO W3Ny4YeHHUs. VICTOUHMKOM NEPBUYHOTO BO30YXKIAIOMIETO M3IYYEHHUS CIyXKaT
peHTreHoBckue Tpyoku. [lepsuunoe usnyuenue

noa0uparT TakuM 00pa3oM, YTOOBI JHEpPrusi €ro KBAHTOB OblIa 3aBEJOMO BBIIIE
SHEPTUM KBAHTOB XapAKTEPUCTHUUECKOTO PEHTTEHOBCKOTO H3JIyYEHHUS CaMOI0 TSKEIOro
aneMeHTa mpoObl. B TO ke BpeMs ciienyeT y4YHTBIBaTh, YTO KOPOTKOBOJIHOBOE KECTKOE
PEHTI€HOBCKOE H3JIydeHHE OuYeHb cjabo moryouniaercss npoboil, mo3tomy BO30YKIeHUE
(GII0OPECICHIINN CPETHHUX U JIETKUX DJIEMEHTOB OyaeT Mano3(ppeKTHBHO.

Bo30yxaeHne peHTTeHOBCKOTO XapaKTEePUCTHYECKOTO H3JIy4eHHUs Mpo0 MOCPEeICTBOM
W3IIYYCHHUS PAJMOAKTUBHBIX HM30TOMOB HCIIONB3YETCS B PEHTTCHOPAAHOMETPUUYECKOM
aHanu3e. JlOCTOMHCTBAMHM METO/a SABISIIOTCA KOMIAKTHOCTh alnapaTypbl M CTPOro
MOHOXPOMATHYECKOE HW3JIy4eHHe HUCTOYHMKAa. (OCHOBHOW HENOCTAaTOK — HH3Kas
MHTEHCUBHOCTb IEPBUYHOTO M3ITYyUEHHUS.

Pasznoowcenue penmeenosckoco usiyyenus 6 cnekmp. Bwioenenue usnyuenusi mpebyemotl
OnuHbl 607HbI. B COBPEMEHHBIX PEHTI€HOCHEKTPAIbHBIX YCTAHOBKAX MCIIOJB3YIOT JiBa
crioco0a pas3ioKEeHHUs H3IyYeHHUs Ha COCTaBisiomiue: 1) aucrnepcus MO JUIMHE BOJHBI
(mudpaxkuus Ha MOHOKpHCTAIAX); 2) AMCHEpCHs MO DJHEpruu. B peHTreHOBCKUX
CHEKTPOMETpaxX C AUCHEPCHEH MO UIMHE BOJHBI JUCIEPTUPYIOMIUM JJIEMEHTOM CIYKHT
KpUCTAJUI-aHAJIM3ATOp., JEWCTBYIOIIMM  aHAJIOTMYHO JU(PAKIMOHHOW peuieTke B
ONITHYECKOW CHEKTPOMETPHH. YTON AUPPAKIUN PEHTTCHOBCKOTO Jyda 6 C JUIMHOW BOJHEI
{ oT KpHUCTalla-aHAJIN3aTOPa, UMEIOIIETO MEXIIJIOCKOCTHOE PacCTOAHME ¢/, onpeaensercs
ypaBHeHueM Bynbpa — bparra:

2¢1 51110=11/1

B 3aBucumocTH OT Auama3oHa [UIMH BOJIH HUCIIOJIB3YIOT KPUCTAJUIBl C Pa3IuYHBIMU
3HAYECHUSMHU MEXKIJIOCKOCTHBIX PACCTOSHUM: KBapll, KAJIbIUT,

¢moopur, auruapodochar aMmmonus U ap. Crnocol AMCHEpPCHM MO JJIMHE BOJIHBI
o0nagaeT TeM JOCTOMHCTBOM, YTO MO3BOJSAET BBIAEIUTH JIO0YI0 3aJaHHYIO CIIEKTP AJIbHYIO
JUHUIO TUIaBHOW HacTpoiikoil. HemoctaTkoM siBiseTcss Oousbllias MOTeps MHTEHCUBHOCTHU
W3Jy4EHUs] NPH OTPAXKEHHHM OT KpUCTALIa. B ONTHManpHBIX YCIOBHSX HHTEHCUBHOCTH
OTPaXXEHHOTO Jy4a cocTaBisieT oT 5 g0 20 % mnajgamomero Ha MOHOKpPHUCTAILI
MOHOXPOMAaTHYECKOTO U3JTyYEHHUS.

B ciydae oSHepreTM4eckom — AMCIEPCUU  JETEKTOPAMU  H3IYy4YEHHUS  CIIyKaT
MMOJYIPOBOXHUKOBBIE KpHUCTaibl. [Ipy MOraomjeHnu pEeHTreHOBCKUX KBAaHTOB TAKHM
KPUCTAJUIOM B HEM BO3HMKAIOT DJJIEKTPUUYECKUE MMIIYJIbChl, CBA3aHHBIE C DJHEpPrueu
KBaHTOB. Y CHJIEHHbIE UMITYJIbCHI ONAJAI0T HA MHOTOKaHaJIbHBINA aHanu3atop. O6paboTka
UMITyJIbCOB, TPEJCTAaBJICHHE M 3alOMHHaHUE OOEecleynuBarOTCs MNpUOOpaMu 3aluCcH
CUTHAJIOB, UMIYJIBCHBIM clekTpomMeTpoM U OBM OHepreruueckoe paspemieHue MOXKET
OCYLIECTBIATHCA TAaKKE C IOMOIUBIO IPONMOPLUUOHAIBHBIX M  CLHUHTUIUISLHOHHBIX
CYETUYHKOB.

JIOCTOMHCTBOM JUCIEPCUM PEHTTEHOBCKOIO H3IY4YEHHUS II0 DHEPrUHU  SABIISETCS
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BO3MOKHOCTB Pa3pelIeHHs] O4eHb CJIa0bIX CHUTHAJIOB PEHTIC€HOBCKOTO M3JIy4eHHS. MeTon
ya00eH AJisl KOHTPOJIsl IPOU3BOACTBEHHBIX MPOLIECCOB.

Llemexkmopuvl penmeeHo8CKuX Iydel.

PenTreHoBckoe u3IydyeHUE MOXKHO 3aperuCTPUpPOBaTh, HaOIIOAas KakoH-mubo U3
3¢ EKTOB €ro B3aMMOACHCTBHS C BemECTBOM. Takumu > dexTamu SBISIOTCA: 00pa3oBaHHE
CKpBITOTO H300pakeHUsT Ha (OTOIIACTUHKE, HWOHHW3alMs Trasa, Bo30yxkieHue ¢docdopa,
JAIOIIET0 BUAMMBIA CBET, (DOTOMPOBOJMMOCTD, BbI3BAaHHAS JIEHCTBHEM PEHTIC€HOBCKHX JIydei
Ha TOJYTPOBOJHUKOBBIE KPUCTAILIIBL.

Peructpamust ¢ororpaguyeckuMm CcHocoOOM B PEHTTEHOCHEKTPAIbHBIX NpUOOpax
ceifluac MpakTUUYECKH HE MpumeHsercsi. B To ke Bpems MHUPOKO HCHOJNB3YIOTCS B
PEHTI€HOBCKHUX CIIEKTPOMETpaxX, Ta30HANOJHEHHbIE AETEKTOpPhl — cueTuuku [ eiirepa,
MPONOpIHOHANbHBIE cUeTYMKH. OHU NpeoOpa3yloT SHEPrUI0 PEHTI€HOBCKUX KBAaHTOB B
JJIEKTpUUYECKHE MUMIYJIbChl. Ha Kakablii NOIVIOMIEHHBIM KBAHT AETEKTOp JaeT uMmnyisc. B
MPONOPIMOHANBHBIX ~ CUETUMKAaX AaMIUIMUTyJa HMIylbca CBsi3aHa C  JHEpruei
PEHTIeHOBCKOTO KBaHTa. lIpM HMCHOIBb30BaHMHM TaKOTO JIETEKTOpa C AaMILUIUTYIHBIM
CEJIEKTOPOM OH MOXET OBbITh MHPUMEHEH ISl BBIACICHUS W PETUCTPAlUU H3Ty4eHUs
TpeOyeMbIX IMH BOJNH. KOJNWMYECTBEHHBIH aHAIM3 JIETKUX OJJIEMEHTOB IO JIMHUSM
XapaKTepUCTUYECKOTO PEHTTeHOBCKOTO CIEKTpa 3aTPyJHEH BCIEICTBHE PE3KOro
ocnabieHusl IIMHHOBOJHOBBIX JUHUN B OKHE cueTyuka. JlalmpHeHmmii mporpecc aHaausa
CTajJ BO3MOKHBIM IOCTE pa3pabOTKU MPOTOYHBIX cUETUYUKOB. OKHaA Il PEHTTE€HOBCKOTO
W3IIy4eHHS JENIaloT B HUX HACTOJIBKO TOHKMMH, YTO yTe4Ka raza Hem3OexHa. CUETUHKH
MOT'yT yCHEeNIHo paboTaTh, €CIu Yepe3 HUX HEeNPEepPhIBHO MPOMYCKAETCS ra30BbIi MOTOK.

JleificTBHE CHMHTHJUIAIMOHHBIX CYETYNKOB OCHOBAHO HA BOSHUKHOBEHUH CBEUCHHUS MPH
MOTJIOIIEHUH PEHTTEHOBCKUX KBAaHTOB (DIIOOpECHUPYIONIUM MaTepuanioM. B Hux
Ha0IIOAaeTCsl MPOMOPIUOHANBHOCTh MEXIY BEIUYMHOW (aMIUTUTYIOH) HUMIIyJIbCca W
SHEpPruel  perucTpupyeMoro KBaHTa. B  KOpPOTKOBOJNHOBOW  o0JacTu  CHEKTpa
1eJIeco00pa3Ho HCIOJIb30BaTh CIUHTHUIAIHNOHHBIE CUETYUKH, a JUIMHHOBOJHOBOW —
IPONOPIHUOHAIbHBIE.

[Ipu moriomeHnn PEeHTT€HOBCKUX KBAHTOB IOJYNMPOBOAHUKOBBIM JETEKTOPOM B HEM
BO3HHMKAIOT 3JIEKTPUUECKHE HUMIYJIbChI, OTPabOTKa KOTOPBIX MPOBOJUTCS C IOMOIIBIO
MHOTOKaHAJIbHBIX aHaNNu3aTOpoB. [loTyNpOBOAHMKOBEIE JETEKTOPHI JAIOT BO3MOXKHOCTH
pPEerucTpUpoOBaTh OYEHb CJIadble CUTHAIBI, YTO MO3BOJSAET CHU3UTh aOCOIIOTHBIN Ipexaeln
oOHapyxeHHs 3JIeMeHTOB. KpoMe TOTro, 3TO MO3BOJSET MCIOJb30BaTh ISl BO3OYKICHUS
U3JIy4eHHS JIEMEHTOB PaJlMOAKTHUBHbIE H30TOIIBI.

Penmeenosckue  cnexkmpomempol.  OTeduecTBEHHblE U 3apyOexxHble  mpubdop!
CTPOUTENBHbIE NPEANPUATHS  MPOU3BOAAT IIUPOKUHA  aCCOPTHUMEHT  ammapaTyphl,
MpeHa3HAaYEeHHON IS NPOBEJCHUS PEHTICHOCIEKTPAIBHOTO aHanu3a. Breibop mpubopa
onpenensieTcss KOHKPeTHON aHanmuTuyeckod 3amadeil. K ¢akropam, KoTopsle cieayer
MPUHUMATh BO BHUMAHHUE, OTHOCSTCS: CIOKHOCTH MPOO MO XHMHUYECKOMY COCTaBY, THII H
KOJIMYECTBO MPOO, CTOUMOCTh 3JEMEHTOOIPEEICHUS, METPOJIOTUUECKUE XapAKTEPUCTUKHU
u apyrasi uHpopmaius, KOToOpyro HaJ0 MOJYy4UuTh 00 0Opa3max.

Ilo ceoemy  HazHaueHurw  cnekmpomempuvl — O0eNAMCA  HA  KOPOMKOBOIHOBbIE,
ONIUHHOBONIHOBbIe U  8ceBOonHO8ble. Cnekmpomempol, umewujue HECKOIbKO KAHA08,
YCMAHOGIEHHBIX 0151 0OHOPEMEHHOU PECUCIPAUUU ONPeOeNeHHbIX OJIUH 60JIH, HA3bIEAIOM
keanmomempamu. I1o cnocoby @vioenenus aHarumuyeckol TUHUY CheKmpaibHble npudopbl
oensim Ha KpUCManvhvle U 6ecKpucmaivhble.

Penmeenopaouomempweckuti ananus.

PenTrenHopaiuoMeTpuyecKuii aHanu3 Hamlel OpUMEHEHHWE B TMPAKTHKE TOpHO-
000raTUTENbHBIX U METAINTYPTHUECKUX MPEANpUATHIl. DTOMY c1ocOOCTBOBAIN pa3zpaboTKa
BBICOKOO((EKTUBHBIX  JIETEKTOPOB  CIa00To  (PIyOpPECHEHTHOTO  PEHTTEHOBCKOTO
W3IIy9eHHS, a Takke MPOMBIIUICHHBIH BBITYCK IMHPOKOTO Habopa paanoaKTHBHBIX
M30TONOB C OTHOCHUTEIbHO HEBBICOKOW IEHON M MOAXOMASIIMM HEPHOAOM Iodypacmaja.
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Haunbonee 4acto HCHONB3YIOTCS H3O0TOMBI, WCIYCKAIOIIHE - ) -KBAaHTHI B pe3yJbTaTe
3axBaTa SJApOM OpPOHWTAIbHOTO JJIEKTPOHA, HaMpUMeEp >°Pe, ®C<+ PagmoaxtueHOE
M3JIydeHHEe OT MCTOYHUKA MajaeT Ha olpaseln W WHAYHUPYeT B HEM (IIyopecieHTHOe
M3Jy4eHUE. DTO HU3JIy4YEHHUE 3aMepsAeTCs NPONOPUUOHAIBHBIM CUETYMKOM MU PE3YyJbTaT
u3Mepenusi oOpabarsiBaeTcsi Ha DBM, BKIIOUEHHOH B OJIOK 3JIEKTPOHUKH Tpubopa. B
KauecTBE OKOHYATEJIbHOTO pe3ysbTaTa Ha HUPPOBOM HHIMKATOP (JUCIIICH) BBIAAIOTCS
JAHHBIE TI0 COJCPKAHUIO XHMHYECKHX DJJIEMEHTOB B 00pasle ¢ HX CHUMBOJbHBIMH
0003HAYCHUSIMU.

PenTrenopaanoMeTpuiecKie aHaIU3aTOPBI MPEIHA3HAYCHBI I aHAIu3a 00BEKTOB Ha
3JIEMEHTHI OT (e=12) no Il (r=92). I'pagyupoBka mpubOpPOB
OCYIIECTBISECTCS MO CTaHJAApTHBIM oOpa3naMm. COBpeMEHHBbIE KOHCTPYKLMH aHAIU3aTOPOB
MO3BOJISIOT MOJIYy4aTh OJJHOBPEMEHHO JIaHHbIE 110 1—6 31eMeHTaMm.

[IpuGopsl MOTYT TPUMEHSTHCS JUII  OKCIPECCHOTO aHalM3a B  yCIOBUSAX
HECTAl[MOHAPHBIX JlabopaTopuii, B TOM 4YHCIE JAJsS MaccoBOTO aHainu3a mpo0d Ha
MPOMBIIIJICHHBIX TPEANPUITUSIX.

Jlokanouwiii ananuz. JIokanbHBIA PEHTTEHOCHEKTPAIbHBIA aHAIU3 MCHOIB3yeTCs JIs
UICHTH(UKAIMA BKIIOYCHUN B CIUIaBaX M MUHepanax, u3ydeHus Iu(Qy3HOHHBIX 30H,
pacrpenieieHus] JIEMEHTOB IO MOBEPXHOCTH U T. 1. BaXHBIM 00CTOSTEIHCTBOM SIBJISIETCA
TO, 4YTO MeETOJ /AaéT BO3MOXHOCTh paboTaTh C MPEAEIbHO MaJIBIMH OObEeMaMu
ucclelyeMoro BeuiecTna (Mopsika HeCKOJIbKUX KYOUYECKUX MUKPOMETPOB).
PeHTreHoCneKTpalIbHbI  MHKPOAHAIM3aTOP OCHOBAaH Ha BO3OYKIECHUU PEHTICHOBCKOTO
XapaKTePUCTHUECKOT0 U3TYUYEHHS C IIOMOIIBIO OCTPO CPOKYCHPOBAHHOTO IJIEKTPOHHOTO My4YKa
U TIOCJIENYIOUIEH PETUCTpallMy Pa3JeICHHOr0 MO JJIMHAM BOJIH PEHTTC€HOBCKOTO H3JIYYCHHS.
JlokanpHOCTH aHaNW3a, T. €. JOuaMeTp wuccieayemoi momanu, 1|—2 V.km. IIpubopsr
MO3BOJISIFOT BECTH BHU3YAJIbHOE HAONIOACHHE 33 HCCICIYeMBIM OOpa3loM C TOJIE3HBIM
yBennueHneM X450, mpu 3TOM MepekpecThe MUKPOCKOMa COBMAaeT C y4acTKOM o0pasiia,
o0ydaemMbIM 3yieKTpoHamu. [Ipu aHamM3e HEMETANTUYECKHX OO0pasloB Ha HCCICAYEMYIO
MOBEPXHOCTh HEOOXOJUMO HAMBUISATH ANIEKTPONPOBOISIINE CIOU TOIIIMHON 1 HM.

dopma npeacraBjIeHus pe3yabTara:
HazBanue u 1ienp paboThl.

Hamnucatb cXxeMbl ypaBHEHHI peaKLuil.
Cnenatb BBIBOJI O IIPOJIENIAHHOM paboTe

32



33



	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

