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1 BBEAEHUE

Baxnyio yacTh TeopeTHdyeckol H MNPOQPEecCHOHAIBHON MPaKTUYECKOW MOArOTOBKU
CTY/ICHTOB COCTaBIISIIOT NMPAKTHUECKUE 3aHATHS M J1abopaTopHble paboThl. SIBISASCH YaCTHIO
U3y4eHUsT Yy4eOHOW JUCUUIUIMHBI, OHHM MPU3BAHBI, OKCIEPUMEHTAIBHO MOJITBEPIUTH
TEOPETUYECKHE TOJOXKEHUs W (HOpMUPOBATH OOIIME W MPOPECCHOHATBHBIE KOMIICTECHIUH,
MPAKTUYECKHE YMEHHUS.

Benymieid nunakTu4eckodl LENbI0 Mpakmuyeckux saumamuil siBiseTcs (popMupoBaHUE
MPAKTUUYECKUX YMEHHH - MpodecCHOHAIbHBIX (YMEHUI BBINOJIHATH ONpeAelieHHbIe NeHCTBUS,
orepanuu, HeoOXOAUMBIE B TIOCIEIYIONIEM B MTPO(HECCHOHAIBHOM eI TEIbHOCTH) I Y4eOHBIX
(YyMeHwmii pemaTh 3a/1a4u 10 MaTeMaTuke, pu3nuke, XuMuu, HHOOPMATUKE U JIP.), HEOOXOMMBIX
B TIOCJIEyIONIeH yu4eOHOM JesITeIbHOCTH TI0 €CTEeCTBEHHOHAYYHBIM, 00IIenpodecCHOHATEHBIM
JTUCIUILTAHAM.

Benymeil tuaakTHueckol LENbIO 1a00pamopHblx pabom SIBISIETCS SKCIEPUMEHTAIbHOE
MOJTBEPKICHUE W TPOBEPKA CYHNIECTBEHHBIX TEOPETUYECKHX IIOJIOKEHUH  (3aKOHOB,
3aBUCUMOCTEH).

CoctaB W cojepXaHWE NPAKTUYECKHX U JIAOOpAaTOpPHBIX pabOT HampaBlIeHBl Ha

peaMzanuio AercTByonmX (eaepanbHbIX T'OCYJapCTBEHHBIX 00pa30BaTeIbHBIX CTaHIAPTOB
cpenHero npoheccuoHaIbHOTO 00pa30BaHMSL.
B cootBerctBUM ¢ pabouelr mnporpammoit yuebnod guctmmiuHael «XWUMHWYECKUE U
OU3UKO-XUMNYECKHUE  METOJbI  AHAJIM3A»  npeaycCMOTpEHO  MpOBEICHUE
MPAKTUYECKHUX U TaOOPaTOPHBIX padoT.

B pe3ynbrarte ux BbINOIHEHUS, 00y4atOIUICS JOIKEH:

ymemy:

- MPOBOJAUTH (PU3UKO-XMMHUYECKUN aHAJIN3 METAJIOB U OLIEHUBATH €r0 Pe3yNIbTaThl;
- WUCIONB30BaTh XHUMHUYECKHE, (PU3UKO-XUMUYECKHE METOAbl aHauu3a ChIpbS W
MPOAYKTOB METAJUTYPTHH;

ConepaHye NpaKTUUECKUX U JTaOOpaTOpHBIX pabOT OPUEHTHPOBAHO Ha TIOATOTOBKY CTY/AEHTOB
K OCBOCHMIO OCHOBHOM IpPO(ECCHOHAIILHOM 00pa30BaTeIbHOM MPOrpaMMbl MO CHELMAIbHOCTH U
OBJIA/ICHUIO IPO(ECCHOHATIBHBIMUA KOMITETEHIMSAMU:
[IK 1.1. IlmannpoBaTh MPOU3BOACTBO M OPTAHU3ALMIO TEXHOJIOIMYECKOr0 MPOLEcca B LIEXe
00pabOTKN METAJJIOB JaBICHUEM.
[1K 1.2. IlnanupoBath rpy30n0TOKH IPOAYKIIUHU MO YYaCcTKaM Liexa.
IIK 1.3. KoopanaupoBaTh NPOU3BOICTBEHHYIO 1E€ATEIBHOCTD YYaCTKOB 11€XAa C
HCIOJIb30BAaHUEM IIPOrPaMMHOTr0 00ecTeyeH s, KOMIbIOTEPHBIX 1 KOMMYHHUKAIIMOHHBIX
CPEICTB.
I1K 1.4. Opranu3oBsiBaTh pabOTy KOJJIEKTUBA UCIIOJIHUTENEH.
I1K 1.5. Mcnonp30BaTh NporpaMMHOE o0ecriedeHre 1o y4EéTy U CKIaIupOBAaHHIO BHITYCKaeMON
MPOYKLIAH.
1K 1.6. PaccunTbiBaTh U aHATU3UPOBATH MOKa3aTenu 3 (HEeKTUBHOCTH pabOTHI y4acTKa, 1exa.
[IK 1.7. OdopMAsTh TEXHUYECKYIO JOKYMEHTAIMIO HA BBIITYCKAEMYIO MPOAYKLHUIO.
IIK 1.8. CocTaBiATh peKiIamMalviy Ha NOJy4aeMble UCXOAHBIE MaTEPHAIIbI.
IIK 2.1. Beibupats COOTBETCTBYIOIIIEE O0OPYAOBAaHUE, OCHACTKY U CPEACTBA MEXAHU3AINH JIJIS
BEJICHUs TEXHOJIIOTMYECKOT0 IIpoLecca.
[1K 2.2. TIpoBepsTh UCTIPaBHOCTh U OPOPMIIATH TEXHUYECKYIO TOKYMEHTAIIUIO Ha
TEXHOJIOTHYECKOe 000pyI0BaHHUE.
[1K 2.3. IIpou3BoauTh HACTPONKY U MPOPHUIAKTUKY TEXHOJIOTHYECKOTO 000PYy10BaHUS.



1K 2.4. BeiOupath npoU3BOACTBEHHBIE MOLUTHOCTH U TOIUIMBHO-3HEPTe€TUYECKUE PECYPCHI TS
BEJICHUS TEXHOJIOTUYECKOTO MpoLecca.

[IK 2.5. DkcmyaTupoBaTh TEXHOJIOTHYECKOE 000pyA0BaHUE B IIJITAHOBOM M aBapUMHOM
peKUMAX.

[1K 2.6. IIpou3BoauTh pacyeThl SJHEPTOCUIIOBBIX TAPAMETPOB 0OOPYIOBAHMUS.

IIK 3.1. IIpoBepsATh NMPaBUILHOCTh HA3HAYCHHUS TEXHOJOTHYECKOTO peKUMa 00paboOTKH
METAJIJIOB JIaBJICHUEM.

[1K 3.2. OcyiiecTBisiTh TEXHOJOTHUYECKUE MPOLIECCH] B IUIAHOBOM U aBAPUIHOM PEKUMAX.
1K 3.3. BeiOupats BUbI TEPMUYECKON 00pAaOOTKH [Tl YIYyUIIEHUS! CBOMCTB U Ka4ecTBa
BBIITYCKAEMOH IIPOAYKIIMH.

1K 3.4. PaccunThIBaTh MoKazaTenu u KodphuueHTs! aedopmaiin 00paboTKu METaUIOB
JTaBJIICHUEM.

1K 3.5. PaccunThiBaTh KaIMOPOBKY pabOYero MHCTPYMEHTa U (hopMOM3MEHEHNE
BBIITyCKAEMOH IIPOAYKIIMH.

1K 3.6. IIpou3BoauTh CMEHY COPTUMEHTA BBIITYCKa€MOM MPOIYyKIUH.

IIK 3.7. OcymecTBiIATh TEXHOJIOTMYECKUH ITPOLECC B INIAHOBOM PEKHUME, B TOM YHCIIE
HCIO0JIb3YS IPOrpaMMHOE 00€ecIieYeHHEe, KOMIIBIOTEPHBIE U TEIEKOMMYHUKAIIMOHHBIE CPEJICTBA.
1K 3.8. OdopMIIATh TEXHUUECKYIO JOKYMEHTALIUIO TEXHOJIOIMYECKOI0 Ipoliecca.

[1K 3.9. IlpuMeHATh THTIOBBIE METOAMKH pacyeTa mapamMeTpoB 00OpadOTKH METaNIOB
JTaBJIICHUEM.

[1K 4.1. BeiOupars MeTOBI KOHTPOJIS, aNapaTypy ¥ MPUOOPHI Ui KOHTPOJISI KauecTBa
IIPOLYKIIUH.

[1IK 4.2. PeructpupoBaTh 1 aHaJIU3UPOBATH MTOKA3aTEJIN ABTOMaTUYECKO CUCTEMBI YIIPaBIICHUS
TEXHOJIOTUYECKUM IIPOLIECCOM.

[1IK 4.3. OnieHuBaTh Ka4e€CTBO BBIITYCKAEMOW MTPOTYKIIUHU.

[1K 4.4. [Ipenynpexnars NOsBICHUE, OOHAPY)KUBATH U YCTPAHITh BO3MOXKHbIE 1€(EKThI
BBIIYCKa€MOM IPOAYKIIUH.

I1K 4.5. OdopMIIATh TEXHUUECKYIO JOKYMEHTALIMIO IIPU OTAEIKE U KOHTPOJIE BBITYCKaeMOn
MPOIYKIIHH.

I1K 5.1. Opranu30oBbIBaTh U MPOBOAUTE MEPONIPHUSTHS MO 3alIUTE pAOOTHUKOB OT HETATUBHOI'O
BO3JICUCTBUS IPOU3BOJACTBEHHOU CpPEIBI.

I1K 5.2. [IpoBOIUTH aHAIN3 TPAaBMOOIACHBIX U BPEAHBIX ()aKTOPOB HA Y4aCTKaX L[EXOB
00pabOTKH METANIOB JaBJICHUEM.

I1K 5.3. Co3naBatp ycioBus A 0e30macHoi paboTHI.

[1K 5.4. OnienuBaTh NMOCIEACTBUS TEXHOJIOTUYECKUX YPE3BbIUAHHBIX CUTYAI[Ul U CTUXUHHBIX
SBJICHU Ha 0€30MacHOCTh PabOTAIOIINX.

[IK 5.5. Oka3biBaTh NEPBYI0 MEAUIIMHCKYIO TOMOIIb TOCTPAJAABILINM.

A Taxxe GOpMHUPOBAHUIO OOLINX KOMIETEHIIHHA:

OK'1 [ToHnMaTh CYIIHOCTh M COIMANIbHYIO 3HAYMMOCTh CBOeH Oymyiieidt mpodeccuw,
MIPOSIBIIATH K HEW YCTOWYMBBINA NHTEPEC.

OK2 Opranu3oBbIBaTh COOCTBEHHYIO JAESITENHHOCTb, BBIOMPATh THUIIOBBIE METOIBI W
CIIOCOOBI BBIMTOJTHEHHUS MPOPECCHOHAITBHBIX 3a]1a4, OIEHUBATh X 3()PEKTUBHOCTH U KA4eCTBO.
OK 3 [IpuHuMaTh pemieHuss B CTaHJIAPTHBIX M HECTAHJAPTHBIX CUTYalMsIX U HECTH 3a
HUX OTBETCTBEHHOCTD.

OK 4 OcCymecTBIATh TOWUCK M UCIHOJb30BaHUE WHPOpPMAIUU, HEOOXOAMMON IS
3¢ PeKTUBHOTO BBITIOIHEHUS MPO(HEeCCHOHATBHBIX 3a1a4, MPOoGeCcCHOHATHFHOTO U JTUYHOCTHOTO
pa3BUTHSL.

OK 5 Hcnons3oBats MH(}OPMalOHHO-KOMMYHHUKAIIHOHHBIE TEXHOJIOTHH B
npodeccHoHaNBEHOM e TENbHOCTH.

OK 6 PaGorate B KoyekTMBE M KoMaHze, 3(G(EeKTHUBHO oOmIaThcs C KOJUIEraMu,

PYKOBOJICTBOM, MOTPEOUTEISIMU.



OK7 Bpath Ha ce0s OTBETCTBEHHOCTHh 3a pabOTy WIEHOB KOMaHMABI (TIOJYMHEHHBIX),
pe3yNbTaT BHINOJIHEHUS 3aJaHUM.

OK 8 CaMOCTOSATETbHO OMpenesaTh 3aJadd  MpPo(ecCHOHATLHOTO H  JTHYHOCTHOTO
pa3BUTHA, 3aHUMATbCAd CaMOOOpa30BaHMEM, OCO3HAHHO IUJIAHUPOBATh  IOBBIIICHUE
KBaJTM(PUKALHH.

OK 9 OpueHTUPOBATHCS B YCIOBUAX YaCTOM CMEHBI TEXHOJOTHUH B MPOGECCHOHATHHOU
e TETLHOCTH.

BoimonHnenue  cryneHTaMu  npakmuueckux —paboom 1O y4eOHON — IHCUUIUIMHE
«XUMHNYECKUE U ®PU3NKO-XUMNYECKHUE METOIbI AHAJIM3A» HanpaBieHO Ha:

- 00o01mieHue, cucTeMaTu3aluio, yriiyojlieHue, 3aKperuieHrue, pa3BUTHE U JIETAIM3aLUI0
MOJIYYEHHBIX TEOPETHYECKHUX 3HAHUHN MO0 KOHKPETHBIM TeMaM Y4eOHOW JUCIUILTNHBL,

- (popmupoBaHUE YMEHUN NMPUMEHATH MOJyYEHHbIE 3HAHUSA HA NPAKTUKE, pealn3aluio
€IMHCTBA WHTEIUIEKTYaIbHON U MPAKTUYECKON JAEeATeIbHOCTH;

- (¢opmupoBaHHE U pa3BUTHE YMEHUM: HaOIOJaTh, CPAaBHUBATH, COIMOCTABISTH,
aHAM3UpPOBaTh, JAENaTh BHIBOJALI U OOOOIICHHS, CaMOCTOSTETBHO BECTH WCCIICIOBAHMS,
MOJIb30BAThCS PA3NUYHBIMKU MPUEMaMH HU3MepeHul, opopmIATh pe3yabTaThl B BHJE TaOIUII,
cXeM, Irpa(uKoB;

- TpuoOpeTeHHe HaBBIKOB pPabOTHl C pa3NUYHBIMU M[pHOOpaMu, ammaparypoi,
YCTAaHOBKAMU U JIPYTUMHU TEXHUYCCKHUMH CPEJICTBAMH IS POBEICHUS OIIBITOB;

- pa3BUTHE MHTEJUICKTYAJIbHBIX YMEHUH y OyIylIMX CHEIHaTUCTOB: AHATUTUYECKHX,
MIPOSKTHUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIPAOOTKY MPH PELICHUH TOCTAaBICHHBIX 33714 MPO(PECCUOHANIBHO 3HAYUMBIX KaueCTB,
TaKHX KaK CaMOCTOSTEIIbHOCTh, OTBETCTBEHHOCTh, TOUHOCTbD, TBOPUYECKAsT MHUIMATHBA.

Broimonnenue  cTyaeHTamMu  1abopamopuwbix  pabom O  y4eOHOM  JIHUCUUIUIMHE
«XUMUHNYECKHUE U ®PU3NKO-XUMNYECKHUE METOIbI AHAJIM3A» HanpaBieHO Ha:

- 00o01mIeHne, cucTeMaTH3alfio, yriyojieHHe, 3aKpeIuieHne, pa3BUTHE U JIETAIM3AIUI0
MOJIYYEHHBIX TEOPETHYCCKHUX 3HAHUH 10 KOHKPETHBIM TeMaM YIeOHOU JUCIUILINHEL,

- (opmupoBaHUEe yMEHUN NMPUMEHATH MONyYEHHBIE 3HAHMS Ha MPAKTUKE, peaTn3aIuio
€IMHCTBA WHTEIUICKTYAJIbHON U MPAKTHICCKOHN JEATeITbHOCTH;

- ¢opmHupoBaHHE W pa3BUTHE YMEHUH: HaOmOIaTh, CPAaBHUBATH, COIMOCTABISTSH,
aHAJIM3UPOBaTh, JEJaTh BBIBOJALI W OOOOIICHHS, CaMOCTOSTEILHO BECTH WCCIICIOBAHMUS,
MOJIb30BAThCS PA3NUYHBIMHU MPUEMAMH U3MepeHul, opopMIIATh pe3yabTaThl B BHJE TaOIUII,
cXeM, Irpa(KoB;

- TpuoOpeTeHHe HaBBIKOB pPa0OTHl C pa3NUYHBIMU MpHOOpaMu, ammaparypoi,
YCTAaHOBKAMU U JIPYTUMHU TEXHUYCCKHUMH CPEJICTBAMH IS POBEICHUS OIBITOB;

- pa3BUTHE MHTEUIEKTYAJIbHBIX YMEHHH y OyIylIMX CHEIHAIMCTOB: aHAIUTUYECKUX,
MIPOSKTHPOBOYHBIX, KOHCTPYKTHUBHBIX U JIP.;

- BBIPAOOTKY MPH PEUICHUH TOCTABICHHBIX 33714 MPO(PECCHOHANTBHO 3HAYUMBIX KaueCTB,
TaKHX KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTh, TOUHOCTbH, TBOPUYECKAsT MHUIMATHBA.

[TpoaoMmKUTENFHOCTD BBITIOTHEHUS MPAKTUYECKOH, JTaOOpaTOpHOM pabOThl COCTABISET HE
MEHee JBYX aKaJeMUYECKUX YacOB W TIPOBOIMTCS TIOCIE COOTBETCTBYIOIIEH TEMBI, KOTOpas
obecrieynBaeT HATMYME 3HAHUM, HEOOXOAMMBIX JUTS €€ BBITTOTHEHHS.



2 METOJUYECKHUE YKA3ZAHUSA

Tema 1.3.
O0pabdoTka pe3yJIbTATOB AHAJIU32 METOI0M MAaTeMATHYECKON CTATHCTHKH
IMpakTnyeckas padora Nel
O3HakoMJIeHHE ¢ YCJIOBUSIMH TOYHBIX H3MEpPEeHUH NPHU BbINOJHEHNH aHAINU3a, 00padoTKa
pe3yJbTAaTOB AaHAJIN3A MyTeM pellleHUs] PACYEeTHBIX 32124 MeTO0M MaTeMATH4YeCKOM
CTATHCTHKH.
e padoThi:

O3HakoMJICHHE C YCIOBUSMH TOYHBIX M3MEPEHHIA NPH BBINOJHEHUH aHaIn3a, 00paboTka
pEe3yNbTaTOB aHalM3a IIyTeM pEIIeHUs pacueTHhIX 3aJad METOJOM MaTeMaTH4ecKOu
CTaTUCTUKH.

Bbinosinus padory, Bel Oynere:
ymemy:
- MPOBOIUTH GUBUKO-XUMHUUYECKUN aHAIIU3 METAJJIOB U OLIEHUBATh €r0 Pe3yibTaThl;
- HCIOJIb30BaTh XHMHUYECKHE, (PHU3MKO-XMMHUYECKHE METOJbl aHajdu3a ChIPbS U
MIPOJYKTOB METAJLTypPIHH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IPEIOIaBaTEeNs;
- pabouee MECTO CTy/ICHTa;
- TaOIUIIBI.
Ob6opynoBanue 1ab0paTopuu:
- pabouee MeCTO IpenoaBaTes;
- pabouee MECTO CTy/ICHTa;
- METOJIMYECKHE YKa3aHMsl ISl IPAaKTUYECKUX paboT;
- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaTOpHBIX paldoT;
- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON paboThI;
- XHMHYecKoe 000pyJIOBaHUE;
- XMMHYECKHE PEAKTHUBBI;
- yueOHOe nmocoOue, CIpaBOYHUKHU O aHATTUTHYECKOW XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:
— Ayauo-, BUzie0-, IPOEKIIMOHHAs annaparypa.
Ilopsinok BbINOJHEHHS padOTHI:
1. M3yunTh MeTOIMYECKHE YKa3aHUS K JAHHOW MPAKTUYECKOH U 1TabopaTOpHOI
pabore.
2. OmnpenenuTts NPOAYKTHI peaKun
3. BBIMOAHUTE OTUET O MpOJIeIaHHONW paboTe.
Xoa pa0doThI:
Perucrpanus 1 u3mepeHue BeJTMYUHbI aHATUTHYECKOr0 curiagna (AC)
AC onpegensemoro BemiectBa OOBIYHO comyTcTBYIOT AC, Melnaroniye aHaiauzy Apyrux
BELIECTB, KOTOpble HE ObUIM OTHEJEHbl WJIM HEAOCTATOYHO IOJIHO ObUIM YCTpaHEHbl Ha
npenpiaymeM stane. AC Memaromux BEIIECTB Ha3bIBaloT (poHOM (mymom). Merosn aHainsa
WIM €ro YCJIOBHUSl JOJDKHBI OBITh MOAOOpaHbl TakuM o0pa3zoMm, uToObl AC ompenensieMoro
BEIIECTBA OTYETJIMBO BbLAEsUICSs M3 (oHa (mryma). XKemarenbHO, YTOOBI METOJ aHaIM3a
oOecrnieunBall JIMHEHHYIO 3aBUCUMOCTh MHTEHCHMBHOCTH AC OT KOJIMYecTBa OIpENeisieMOoro
BELIECTBA.
Pacuer pe3yabtaTta anaamsallo pesynbraTaM KOJIMUYECTBEHHOTO U3MEPEHUS] MHTEHCHUBHOCTH
AC (A) paccuuThIBalOT KOIHYECTBO (n), Maccy (m) WIM KOHIICHTPAIUIO (C) OMpeaesieMoro
BelIecTBa B Mpobe ¢ moMolibio ypaBHeHus: cBsizu:A = K- n(m,c). TakuM ypaBHEeHHEM CBsI3H,
HanpuMep B TUTPUMETPUH, SBIIAETCS 3aKOH 3KBUBAJICHTOB, MO3BOJSIOLIMI 110 U3MEPEHHOMY



00bEMy CTaHJApPTHOTO pacTBOpa peareHra, TMOMIECAIIEro Ha TUTPOBAaHMUE, PACCUUTATh
COJIepKaHUE aHAIM3UPYeMOro BelecTBa. 3akoH Papases SBIAETCS YypaBHEHHEM CBS3U B
KYJIOHOMETPUYECKOM TUTPOBAHUH, IO KOTOPOMY Maccy BELIECTBAa B pAaCTBOPE MOYKHO HAWTHU IO
3aJjaBaeMOi IpH aHAJIN3€ BEJIMYMHE TOKA U U3MEPEHHOH BEJIMUYNHE BPEMEHU TUTPOBAHUS.

MareMaTnyeckyro byHKuHIO, BBIPAKAIOIILYIO 3aBUCUMOCTh A oT n(m,c),
Ha3bIBAIOT FPAAYMPOBOYHOI, a ee rpaduyeckoe H300paKeHHE -TPpagyHMpPOBOYHBIM
rpaguxom.

B ypaBHeHuu cBsi3u KO3QPUIMEHT MponopuroHanbHOCTH K Ha3bIBalOT YyBCTBUTEIbHOCTHIO
(ko3pPprumeHTOM YYBCTBHUTEIBHOCTH) MeTona. Yem Oonbmie K, TeM MEHBIIYIO BEIUYUHY
COJIep>KaHusl MOXKHO YCTaHOBUTH 3THUM MeToAoM. Ecnu rpagyrpoBoyHast GyHKIUS JTUHEIHAs,
to K HaxoauTcs Kak TaHTEHC yrila HaKJIOHA IpadyHpOBOYHOrO rpaduka K ocu abcuucc. [lpu
HEIMHEWHON (YHKIMU YyBCTBUTEIBHOCTh HAXOAST Kak IEPBYIO MPOU3BOJHYIO OT A Ipu
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 TOYHbBIM, HAIIPHUMEDP,
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.

3HavamuMu UppaMyd TPUOIMKEHHOTO YHCIa HA3bIBAIOT BCE €ro HU(phl, KpoMe HYIEH,
CTOSIIIMX CJIEBA OT 3aIlATOM, M HyJEH, CTOSAIIMX crpasa Iocie 3amarod. Hymu, crosiume B
CepeIMHE Yucia, SBISIIOTCA 3HavyamuMu. Hampumep, B uncne 427,205 - 6 3Havanmmx mudp;
0,00365 - 3 3navantue mudpsr; 244,00 - 3 3Havanme TUPPHL.

Tounocte Beruucnenuii onpeaensercs ['OCT, OCT wnmn TY nHa ananus. Ecnu nmorpemHocTts
BBIUMCIICHUM HE OrOBOpEHa 3apaHee, TO CIEAYeT HUMETh B BHUAY, YTO KOHLIEHTPALMA
BbIUHC/sieTcs 10 4-0if 3Havameii nudpbl nocje 3andaToi, Macca - 10 4-ro AeCATHYHOIO
3HAKA MOCJIe 3aNATOM, MaccoBasi 101 (IIPOLEHTHOE COeP;KaAHMe) - 10 COTHIX J0JICH.
Ka>1<zu,n71 PE3YIbTAT aHAJIM3a HC MOXKET OLITH TOYHCEC, YEM O3TO IMO3BOJIAIOT U3MCPUTCIILHBIC
npubopsl (IIO3TOMY B Macce, BRIPRKEHHOW B rpaMMax, HE MOXKET ObITh Ooiiblie 4-5 3HAKOB
MOCJIE 3aIATOM, T.€. OOJIbIIIe TOYHOCTH aHATUTHYECKNX BecoB 10-4-10-5r).

dopma npeacraBjIeHUs pe3yabTara:
1. HasBanwue u 1enp paboOTHI.
2. Hanwucatb cxembl ypaBHEHUI peakiuil.
3. Cnenats BBIBOJ O TIPOJICIIAHHOM padoTe.

Tema 1.4.
I'paBuMeTpHYeCKUl 1 THTPUMETPUYECKHH METOAbl AHAIU3A
IIpakTHyeckas: padora Ne 2
Borunciennss B XUMHYECKHX METOAAX aHAJIM3A
esab padoThi:
Brruncnenus B XUMHUYECKUX METO/IAX aHAJIN3a
Boinosinus padorty, Bel Oynere:
ymemp:
- NPOBOJUTH GUBUKO-XMMHUYECKUN aHAJIU3 METAJIOB U OLIEHUBATh €0 Pe3yibTaThl;



- HCIOJIb30BaTh XHMMHUYECKHE, (PU3MKO-XMMHUYECKHE METOJbl aHajdu3a ChIpbS U
MIPOJYKTOB METAJLTypIHH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue ydeOHOr0o KabuHeTa:
- pabouee MeCTO Ipero1aBaTes;
- pabouee MeCTO CTyJICHTa;
- TaOIHIIBI.
O6opynoBanue 1a00paTOPHH:
- pabouee MeCTO Ipero1aBaTes;
- pabouee MeCTO CTyJICHTa;
- METOIWYECKHE yKa3aHUA IS MPAKTUIECKUX paboT;
- METOJIMYEcKHe yKa3aHusl Il TabopaTopHbIX padoT;
- METOJIMYECKHE YKa3aHUA IJIsi CAMOCTOSTEIbHON pabOThI;
- XHUMHYECKOoe 000pyI0BaHHUE;
- XHMHYECKHE PEaKTHUBBI;
- yueOHOe mocobue, CIPaBOYHUKHU MO0 aHATUTUYECKON XUMUH.
TexHuueckue cpencTBa 0OydeHus:
— Ayauo-, BU1e0-, IPOEKIIMOHHAs anmapaTypa.
IMopsinok BbINoJIHEHUS PadOTHI:
W3y4unTh MeTOIMYEeCKUE YKa3aHUs K JAHHOM MPaKTUYECKON 1 1abopaTopHOit
pabore.
Onpenenuts NPOIYKTHl PEAKIIHH
BeImoyiHUTE OTUYET O MpojIeaHHo padoTe.
Xoa paGoTsI:
Pacuertsl, cBsi3aHHbIE C TIPUTOTOBJICHUEM U pa30aBlieHUEM PACTBOPOB.
W3 kypca HEOpraHMYECKOW XMMHH HW3BECTHO, YTO KOHIEHTpAIMS PAcTBOPOB MOXKET OBITh
MPOLEHTHOM, MOJISPHOU, HOPMAJILHOW U MOJISIIBHOM.
B mpakTuke KONMYECTBEHHOTO aHajHM3a YacTO TPUXOAUTCS MPOBOIUTH BBIYUCICHUS,
CBSI3aHHBIE C IEPEXOOM OT OJHOMN KOHIEHTPAIUU K APYTOH.
Ipumep 1. Beraucauth MOJSIPHYIO H HOPMAJIBHYIO KOHIIEHTPAIHMIO 12-1TpOIIeHTHOTO pacTBoOpa
cepHoi KUCIOThI HpS04.
Pewenue. JIns mepexona OT OAHONW KOHLEHTPALMU K JPYrodl HEOOXOIMMO HCIIOJIb30BATh
TaOJNMYHbIC JaHHBIE W HAWTH IUIOTHOCTH 12-mporientHOro pactBopa HpS0s (p =1,08). Barem
onpenenstor 00beM 100 T pacTBOpa Mo hopmyie:

m=vVep v= "_200 45 5990)

p 108
U BBIYUCIAIOT, CKONbKO rpamMmoB HzS0s comepxut 1 1 12-mporieHTHOrO pacTBOpa CEpHOM
KHUCIIOTHI:
92,59mi pactBopa cogepxkuT 12r HpS04:
1000Mmut - xr H»S0,.

X= 12x100 ~129(z)

92,59
IIpumep 2. CkoJIBKO MWIIWJIMTPOB XJIOPOBOJOPOAHOW KHUCIOTHI p = 1,19 cienyer B34Th,
4yro0bI ipuroroButh 10 11 0,1 H. pacTBOpa XI0poBogopoaHOH KucaoTel HCI?
Pewenue. CHauana HaxoJIuM, CKOJIbKO IPAMMOB XJIOPOBOJOPOJHON KHCIOTHI CIIEyeT UMETh,
9yT100BI TONTyuuTh 1 71 0,1 H. pacTBOpAa:
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, s npurotrosnenus 10 i
m = 3,646 * 10 = 36,46 (1)
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[To Tabmuue maxoaum coaepxkanre HCI, nmpu p = 1,19 r/cm” ono Oyner 38,30%. CocraBnsiem

COOTHOIIIEHHE:
m _ 952
> 115 80 (mur)

CnenoBarenbHo, ans npurotoBieHus 10 i npumepHo 0,1 H. pacTBopa HyXHO B34Th 80 M

XJIOPOBOJIOPOIHOM KUCIOTHI (p = 1,19), OTMEpUB €€ MEPHBIM MIJIMHAPOM, B JIOBECTH BOJOU 110

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 COCTUHEHHUS B ’TOM 00bEME, IIOATOMY B JAHHOM CITy4ae MOKHO

IIPUMEHUTH PABEHCTBO:

Hy*Vy= Hy* 1,

Vo= Hie¥ 0800 80 _ (1)
z H 2 0.2

Ckonbko ke HyXHO no0aBuTh BoAsl K 100 mu 0,8 H.pacTBOpa, uToOBI momyuuth 0,2 H.

pactBop?

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

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

HY>KHO B35Tb, YTOOBI moiy4nuTh 800r 40-1IpoLIeHTHOTO pacTBOpa?

Pewenue. HaxonuMm cHavasia OTHOLLIEHHUE:

my . my =30:50

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

[Tocne sroro genum 800 Ha 1BE YACTH MPOMOPIIMOHATIEHO 3TOMY OTHOIICHUIO:

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 10-1TpOLIEHTHOTO pacTBOpA.
2.PacueTsl, CBSI3aHHBbIE C BbIYHCIEHUEM Pe3yJbTATOB THTPOBAHMS.

Pacuemevr npu evipadxcenuu Konyewmpayuei uepe3 HOPMANbHYIO KOHyenmpayuro. Jlns
MIPOBE/ICHUS] aHAINTUYECKUX BBIYUCICHUH 3TUM METOJOM (4epe3 pacTBOPHI C ONpPE/IETIeHHOM
HOPMAJIbHOCTBIO) TMPUMEHSIOT JIBa CIOCO0a: CHOCO0 THUTPUPOBAHUS M CIOCOO OTAEITBHBIX
HaBECOK.

B 3aBucumMocTH OT TOro, KakuM CIOCOOOM TMPOBOAUTCS aHamu3/, XOi pacuera OyaeT
Pa3IUYHBIM.

Pacuemvr npu npumenenuu cnocoba mumpuposeanus. B NaHHOM cllydae NPUMEHSIOT YK€
U3BECTHOE YPaBHEHHE:

W *Hy =1, * H,

Ipumep. BeuauciuTh HOPMAIBHYIO KOHIEHTPAIMIO W THTP PacTBOpa THIAPOKCHAA HATPHS
NaOH, ecau mnpu TuTpoBanunm uM HaBecku 0,1590 1 (X.4.) maBeneBOW KHCIOTHI
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 Oyner cocTaBsTh

0,1550
63,03
C nmpyroit cTopoHbI, 0003HaYNB HOPMATBHOCTh PACTBOPA TUAPOKCHAA uepe3 Hy,ny, TOTYINM:

r-3KB/J1.
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22,60
1000
KommuectBo rpaMM-3KBHUBAJICHTOB THAPOKCHUAA HATpHA I10 IIpaBUIly 3KBHUBAJICHTOB pPaBHO

KOJIMYECTBY IPaMM-9KBHBAJIICHTOB IlaBeeBoi kuciotel H,C, 0y — 2H,0, unn

Hyaon = (r-2KB/1)

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.PacyeTrsl Npu BbIPA’KEHUU KOHIEHTPALMHU Yepe3 TUTP padouero pacrpopa.
Ipumep. Paccuntarh, CKOIBKO THApPOKCUIA HaTpusi coaepxkutcs B 500 mu pactBopa, eciu
tutpoBanue 20 mi sToro pactBopa wuuaetr 20,80 XJI0pOBOJOPOJHON 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 ()
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

= 0,04508 (r)

_ 39,59:0,04206

38,46
Varonn Ve 0,04508 = 500

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

4. PacyeTbl NpU BbIPaKeHUH KOHIEHTPAIMH Yepe3 TUTP MO0 ONpe/ieIeHHOMY BellleCTBY.

OTtoT cmocod pacdera oOueHb yA00€H NpU ONpelesieHMM KOJMYecTBa BeIlecTBa B
aHAJM3UPYEMOM pAcTBOPE MPHU MACCOBBIX aHAIM3aX. THUTPOM IO OMPENEIIEMOMY BEIIECTBY
Ha3bIBAlOT KOJI-BO TPAaMMOB OIIPEJENIIEMOro BEIIECTBA, JKBHUBaJeHTHoe 1 M1 paboyero
pacTBopa.
O6mas popmyna:

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

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

=06,006875 (/M)

6) OrmpenenseM o011Iee KOTMUECTBO YKCYCHOM KHCIIOTHI:

— . UT{EEE.HEJE. —_ . " 500 —_
Myaon/ cH3coor = 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

THTp 110 XJIOpUAy HaTpusi. HaliT HOpMaabHOCTh pacTBOpa HUTpaTa cepedpa.
. T+=1000 0,01702= 1000
NO3 T =
Ag Jagnos 1699
Hy wo1 ® Da,m 0.1002 = 58046
_ Hagwos ® Jagnos .
Ty wan ivar: = = = 0.005856 (r/mn
AQ'J"-'GE .u"u'ﬂfl. 1[":"] 1000 ( -'I'I

=0,1002 (r— 3ke / 1)

®opma npeacraBiaeHus pe3yJbTara:
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Ha3zBanue u nienp paboThI.
Hanucate cxembl ypaBHEHUHN pEaKIU.
CraenaTb BBIBOJI O TIPOJICIAHHON paboTe

JlabopaTopnasi paGora Nel
OnpeaesieHne MaccoBoii 10J1M BJIAru B MpPode KpUCTALUIOTHAPATa XJIopuaa dapus.

Bremonnus 9Ty pa60Ty, 3331 Hay4YUTCCh NNOJb30BATHCA AHAJIUTHYCCKUMHA BECaAaMU, BBIIIOJIHATH
OCHOBHBEIC OII€palry BECOBOI'O aHalin3a.

MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOT0 KaOMHETa:
- pabouee MeCTO IpeIo1aBaTes;
- 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 YKa3aHUSA IJI CAMOCTOSTEILHON pabOThI;
- XHMHUYECKoe 000pyI0BaHNUE;
- XWUMHYECKUE PEAKTHBBI;
- ydueOHOe ocoOue, CIPaBOYHUKH 110 aHATTUTHYECKONW XHMUHU.
TexHuueckue cpencTBa 0OydeHus:
— Aymuo-, BUJI€O-, TPOSKIIMOHHAS araparypa.
IMopsiiok BBINOJTHEHHS PA0OTHI:
W3yunth MeTOoIMYeCKUE YKa3aHUs K JaHHON JabopaTopHOi paboTe.
OnpenenuTh MPOTYKTH PEAKITHH
BBIMOMTHUTE OTYET O MpOoJeTaHHOM padorTe.

Bremomaus 9Ty pa60Ty, Brr Hay4YUTCCh NOJIB30BAThCA aHAJIUTUICCKUMU BECAMU, BBIITOJIHATH
OCHOBHBIC OIICpallu BECOBOI'O aHaJin3a.

Brumanue!
[Tpu BIMOTHEHNH PaOOTHI OyHTE OCTOPOKHBI, AKKYPAaTHBI U BHUMATEJbHBL. BhIMoIHANTE BCe
npaBuia paboTHI C AIEKTPOHATPEBATEIEHBIMU ITPHUOOPAMH, CTEKIIOM, PTYTHBIM TEPMOMETPOM.

Obopyooeanue u mamepuanwl:
AHanmUTHYECKUE BEChI, TEXHOXUMHYECKHE BECHI, CyIIMIBHBIN MKa(, OFOKCHI, TEPMOMETD,
HKCUKATOP, IIMIIIBI, UCCIeyeMble 00pa3iibl (yromib, Topd, comb, xyied u mp.).

Brimonnenue paboTbt

OnpenenuTe MPOIEHTHOE COJIEPYKAHNE aHATMTHUYECKOM Bi1ark B oOpasiie (yriis, Topda, couu,
xJ1€000yI0YHOTO U3/ACTHS U TIP. ).

1. Bo3bpmuTe 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 JIOJDKHA OBITH OOJIbIIE 5 MM.

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

3. BpHUMaOT OIOKC U3 CYHIMIBHOTO MKada MIUMIAMH, TIOMEIAI0T B YKCUKATOP U B HEM
OXJIQKJAOT.
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4, B3BelmMBarOT OXJAKICHHBIN OFOKC Ha aHATUTHYCSCKHX Becax ¢ ToUHOCThI0 0,001 T.

5. TIpoBOIAT KOHTPOJIBHYIO HpOCyHIKy B TeueHHe 30 MHHYT, CHOBAa OXJIQXIAIOT B
AKCUKATOPE U B3BEIIMBAIOT. KOHTPOJIBHBIE POCYIIIKH TIOBTOPSIIOT J0 TEX IOP, IMOKa YOBLTH MacChl
obpazma oyzaer 0,001 T win MeHbIIIE.

6. PaccuuTaiiTe NIpOIEHT aHATTMTUYECKOW BJIary B oopasiie mo popmysie:

W (%) = =% .100%.

q;

Tect ot CaMOKOHTPOJIA:

1. ChopmynupyiiTe CyIIHOCTb BECOBOIO aHag[l 39, TMOJICTaBHB HEZIOCTAOLIE COBA B
BbIpgjKeHNe: «CyIIHOCTE BECOBOIO aHANM3A — ..., ... %};eHI/Ie ... KOMIIOHEHTa WJIH IPOIYKTa
peaxKum.

2. VYKaxuTe OCHOBHYIO OIIEpPAIMIO B BECOBOM aHAJIM3E.

3. Ilepeunciaure o NopsaKy ornepanyuy BECOBOIO aHaIM3a IIPU ONPENEICHUH 30J1bl WIN
CYXOro BEILECTBA.

4. Tlepeuncnute MO MOPSJIKY ONEPALMU BECOBOI'O aHAIM3a IPU ONPEJCIICHUH Bjard B
oOpasiie.

5. Ilepeuncnure 1O NOPsSAKY ONEpPallMd BECOBOIO aHajlu3a INpU ONpEAeICHUU
KOMITOHEHTA, KOTOPBIN BbIIEISETCS U3 00pa3lia ¢ HOMOIIbIO aHATUTUYECKON peaKiuu.

6. Kakum TpeGoBaHMSM JOJDKHA YJOBIETBOPATh AHAIMTUYECKAs pEakKlus B BECOBOM
aHanuse?

7. VYKaxuTe TOYHOCTb B3BELIMBAHMS HA AHATUTUYECKUX BECax.

8. IlepeuncnuTe MECTh OCHOBHBIX MPABHJI B3BEIIMBAHMUS.

9. Yro Takoe HaBecka?

10. VkaxxuTe BayKHEHIIEEe YCIOBHE OCAXKIEHUS KOMITOHEHTA.

11. KakoBo BaxkHeliIlIee yCI0BUE ITOJHOTO OCAXKACHUS KOMIIOHEHTA.

12. Ilepeuncnure deThIpe HEOOXOAMMBIX YCIOBHS OCAXKACHUS KPHCTAJUIMYECKUX
0CaJKOB.

13. Ilepeuncnute YeThIpe HEOOXOAUMBIX YCIOBHS OCAKICHUS aMOP(HBIX OCaIKOB.

14. N300pa3ute cxemy npudopa /i GUIbTPOBAHUS C yKa3aHUEM COCTaBHBIX YacTel.

15. Yto takoe nexadramus’?

16. Ha3oBuTe OCHOBHOE ITPABUJIO MPOMBIBAHHS OCaIKa Ha (QUIbTpE.

17. YkaxuTte, KaK onpeAessitoT OKOHYaHUE POMBIBAHUSI OCa/IKa:

a) IPOMBIBAIOT 2-3 pa3a;

0) nmpoMmebIBatoT 1 yac;
B) NMPOBEPSIOT MOJIHOTY MPOMBIBAHUS OT MAaTOUYHOTO PACTBOPA.

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

20. KakoBa npeBapuTeabHas TIOJrOTOBKA THTJIS K aHATTU3Y?

21. KakoBo Ha3HaueHUE YKCHKaTopa?

22. Yo Takoe «ITOCTOSTHHAs Maccay ocaaka?

23. YKaxXkuTe IpeuMYyIlecTBa U HeIOCTAaTKH BECOBOTO METO/Ia aHATN3A.

®opma npeacTaBieHus pe3yJabTara:
Hazpanue u nenb paboThl.

Hamnucars cxeMbl ypaBHEHHI peaKkiuil.
CaenaTb BBIBOJ O IIPOJIEIAHHON paboTe

JladopaTopHasi padoTa Ne2
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OnpeneneHue HOPMATbHOI KOHIIEHTPAIIMH PACTBOPA IMIAPOKCHIA HATPUS METOI0M
KHCJIOTHO-OCHOBHOT'0 THTPOBAaHMA
MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOT0 KaOMHETa:
- pabouee MeCTO Ipero1aBaTes;

- pabouee MeCTO CTYAEHTa;

- TaOIHIIBI.
O6opynoBanue 1a00paTOPHH:

- pabouee MeCTO IpenoaBaTes;

- pabouee MeCTO CTYAEHTa;

- METOIWYECKHE yKa3aHUA IS MPAKTUIECKUX paboT;

- METOJMYECKHE YKa3aHUs AJs 1JaOOpaTOpHBIX paldoT;

- METOJWYECKHE YKa3aHUA IJI1 CAMOCTOSTEIbHON pabOThI;

- XHMHYecKoe 000pyJIOBaHUE;

- XHMHYECKHE PEaKTHUBBI;

- yueOHOe nocoOue, CIpaBOYHUKHU 10 aHATTUTUYECKONH XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:

— Aynuo-, BUJeo-, IpOeKLMOHHAs anmaparypa.
BoinonnuB 3Ty paboty, Bl HayunTech paboTaTh ¢ MEPHOU MTOCYAON, TUTPOBATh, IPOBOJAUTD
OIpeJIeJIEHUs] METOJIOM HeHTpan3aluu, FOTOBUTh pabo4yKe pacTBOPHI.

Buumanue! Beinonssis paboty, 0yapTe akKypaTHbI, OCTOPOYKHBI 1 BHUMATENIbHBI U paboTe ¢
KHUCJIOTaMH U ILeJI04aMU, CTEKJIOM; coOtoAaiTe npapuia 6e30nacHoil paboThl.

Obopydosanue u mamepuaivl. MEpPHBIE KOJOBI, BOPOHKH, OOWKH, (DUKCAHAN CEepHOU
kucnotel HpSO,, nuctumnmupoBannas Boga (n. HpO), mpombiBanka, KapaHaall MO CTEKIY,

KOHHUYECCKHUEC KOJI6BI, MCPHBIC ITUIICTKH IpalydpOBaHHBIE U HETPAaLyHPOBaHHBIE, KaleIbHUIA, CIIMPTOBOM
pactBop (eHondranenHa, OI0peTka, TEXHOXHMHUYECKHE BEChI C pa3HOBECKaMH, CTAKaH XMMUYECKHH CTEKIISIHHBIH,
cyxoit KOH (eaxoe xann), CTEKJIIHHAs NaJI04Ka.

Brinonnenue paboTsl

1. Ilomyuwure 3apaHue y npenojgaBatessl.

2. IlpuroroBbTe cTaHAAPTHBIA (YCTAaHOBOYHBIN) PacTBOpP CEPHOM KHUCIIOTHI U3 (PUKCaHAamA.
Jlns 3TOro B MpeaBapUTENbHO TIIATENBHO BBIMBITYIO MepHYIO koiOy (200 wmu 250 wm)
MIEPEHECUTE KOJIMYECTBEHHO C MOMOIIbI0O BOPOHKU M 0OMKa coaep)KuMoe aMmyibl (ukcaHana
HySO4, nomeiite n. H O nmo wmertkw, mnepememaiite. [logmummre Ha konbe Qopmyny u
KOHILIEHTPALIMIO pacTBOpa.

3. B xaxmyro U3 Tpex YHCTHIX KOHHUYECKHX KoJO oTOepure ammkBotry (10 mmm 15 mur)
MEpPHOM MUIETKON HUCCIIEAYEMOr0 PacTBOpa, 100aBbTE AUCTUILIUPOBAHHOMN BOJbI IPUMEPHO 10
oobema 100 M, mnpuieiiTe MO HECKOJBKO Kamellb CIMPTOBOIO pPacTBOpa HHIMKATOPA
denondranenna.

4. Ecnu B uccieayeMoM pacTBOPE HYXKHO ONPENEIUTh COJEpKaHUEe LIEI0YH, TO YUCTYIO
OIOpEeTKY 3alOJHHUTE MPUTOTOBIEHHBIM CTaHAAPTHBIM pacTBOpoM HySO4 10 HyneBoit OTMETKH
U OTTUTPYWUTE BCE AJIMKBOTHI UCCIIETYEMOTO pacTBOpa MO0 MCYE3HOBEHHUIO MAJIMHOBOM OKpPACKH,
OTMEThTE 00BEMBI KHCIIOTHI, TIOLIEIIIel Ha TUTPOBAHUE.

5. Ecim B wucciaenryeMoM pacTBOpE HYKHO ONPENENIHTh COAEPKAHHE KHUCIOTBHI, TO
CHayajla HYXXHO MPUIOTOBUTH paOOuMii TUTPOBAaHHBIA pacTBOp wienouyd. Jlnsg storo B
IIacTMaccoBoil nmocyae rotoesaT pactBop KOH npumepHoit koHnentpannu. Ha TexHudyecknx
Becax orsemmnBaoT 0,56 T cyxoro KOH wu pacreopstor B crakane B 100 mun a. HoO npu
MEepEeMEIIMBaHUN CTEKISIHHOW nanouykoi. CHuBalOT pacTBOpP B MOJMATUIIEHOBYIO OaHKY,
MOJIMTUCHIBAIOT. 3aloJHAIOT OIOPETKY 3TUM pPACTBOPOM MIENOYHM M OTTHUTPOBHIBAIOT MM IIO
denondranenny 2 anmukBoTH 1o 10 Mt cTarmapTHOTO pacTBopa KUCIOTH HaSO4.

PaccunTthiBatoT HOpMaILHOCTH PabOYEro pacTBOpa IIenouu 1o Gopmysie:
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T _ Ny -Vi '3»:(1{011) _ N, -V, -56
KoV, ,,-1000 V.., -1000

6. Korma paGouuit pacTBOp IIENOYM MPUTOTOBIICH, U KOHIIEHTPAIIUS €T0 YCTAaHOBJICHA,
BO3bMUTE TPH AJIUKBOTHI 10 10 MJT MCCIenyeMoro pacTBOpa B KOHUYECKHE KOJIOBI, pa30aBbTe
1.H,0 o ~100 mi, mo6aBpre 2-3 Karum pactBopa (eHonrasentHa U OTTUTPYHTE PacTBOPOM
IIEJIOYH JI0 TIOSIBJICHUA YCTOMYMBOM MalIMHOBOM OKpackh. OTMETbTE TMOIICANINE Ha
TUTPOBAHNE OOBEMBI.

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

N .ch : 9\1(K—m11) .
X%), ., =——Ft— ~-.100% ,
1000-10
N -V*.5
X (%) 0y = —2—E——2ter2) .100% .
1000-10
8. PaccumTaiiTe IpOIEHT OTHOCUTEILHON OIUOKH:
an _Xmeop
%oomn.oumuby = ———— - 100% .
Xmeop

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

Tema 1.5.
XapakrepucTHKa (PU3NKO-XUMHYECKUX METOI0B aHAIN3a, UX KJIacCH(pUKaLus,
npeuMyllecTBa NMepea IPYruiMU MeToAaMHM, 00J1acTh IPUMEHEHHU s

IIpakTuyeckoe 3ansaTue Ne 3
YCTpolcTBO M NPUHIMI AeHCTBHA (POTOKOJIOPUMETPOB
ean padoTbi:
[IpoBepka ycTpoiicTBa 1 IPUHIIMTIA JEHCTBUS (POTOKOIOpHMETpA.
Beinosnus padory, Bel Oyaere:
ymemn:
- MPOBOAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAIJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- UCIOJB30BaTh XUMHUYECKHE, (U3MKO-XMMUYECKHE METOJAbl aHajdu3a ChIPbs
MPOAYKTOB METAJUTYPrHH;
MarepuanbHoe o0ecnieyeHme:
O6opynoBanne yueOHOTo KabuHeTa:
- pabouee MeCTO MpenoiaBaTeis;
- pabodee MECTO CTy/IeHTa;
- TaOJIUIIEL.
O6opynoBanue 1a00paTOpUu:
- pabouee MecTO MpernoiaBaTes;
- pabodee MeCTo CTy/IeHTa;
- METOIWYECKHe YKa3aHMsl sl MPAaKTUYECKUX paboT;
METOAMYECKHE yKa3aHHsI JUIsl 1abopaTOpHBIX padoT;
- METOIWYECKHEe YKa3aHUs ISl CAMOCTOSTEIbHON paboThI;
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- XHUMHYECKOe 000pyI0BaHMUE,;
- XMMHYECKHE PEAKTHUBBI;
- yueOHOe mocobue, CIPaBOYHUKH 10 aHATUTHYECKON XUMUH.
TexHuueckue cpeacTBa 00y4eHUS:
— Ayawmo-, BUIe0-, POSKIIMOHHAS ammapaTypa.
ITopsinok BbINOJIHEHHUSI PAa0OTHI:
W3y4nTh METOIMYCCKUE YKA3aHUS K JJAHHOM MPAKTUIECKOM 1 1ab0paTopHOit
pabore.
Onpenenuts NPOIyKThl PEAKIIMU
BrInonHuTh OTYET O MpojeaanHoil padoTe.
Xon paboThr:
OcoOenHoctn  mpuHOMNa  JedcTBus  (ortokomopumerpa I[IpuMmeHsiemblii  BO  Bpems
WCCIICIOBAaHU MPUHIMN JelcTBUSL  (POTOKOJIOPUMETPA OCHOBAaH Ha TOM, 4TO Ooee
OKpAaIlIEeHHBIH PacTBOpP CHOCOOEH TMOIJIOTUTh CYIIECTBEHHOTO OOJjblllee KOJIUYECTBO
MIPOXOJIANICTO Yepe3 HEro CBETa NPU ONPEISICHHOW JUmMHE BOJHBL [loaTomy maHHOE
YCTPOMCTBO CHENHANBLHO MPEAHA3HAYACTCS AJISl ONpeAeNieHUs] KOHIICHTPAIM aHaTU3UPyEeMBbIX
BEIICCTB B Pa3IMYHBIX XHMHYECKUX pacTBopax. [Ipw TpoOBEACHWH COOTBETCTBYIONIUX
UCCIIEeIOBAaHUM MpuOOp HEOOXOJMMO THIATENFHO HACTPOUTH HA M3IIyUYEHUE C OMpeesICeHHOM
JUTMHOM BOJIHBI, IIOCKOJIBKY Pa3JINYHBIC BEIIECTBA, KOTOPBIE MOTYT COJCPIKATHCS B M3ydaeMOn
cpene, CIoCOOHBI MOTJIONIATh IMO-PA3HOMY CBETOBBIC BOJHBI C HEOJHOPOIHOW JIMHOMA.
[ToaTromy mnpuHIUO JaeicTBUS  (OTOKOJIOPUMETpAa B Mpolecce padoThl MpeanoyaracT
MIPUMECHCHHUE PA3JIMIHBIX CBETOPWIBTPOB. [lpmueM Kakaplii M3 HHUX 00JIaJaeT CBONCTBOM
peoOpa3oBbIBaTh B M3IYYCHHE C 3apaHee OINpeAeNIeHHOW UIMHOM BOJHBI MOCTYMAIOIIUN
CBETOBOM MOTOK. TakuM 00pa3oM, prOOp BITOIHE CITIOCOOCH IMTOOYEPETHO OMPEASTUTh B OJTHOU
U TOM >K€ pacTBOpE WUJIU U3ydaeMoi cpeiie KOHIEHTPAIMIO pa3InyHbIX BellecTB. Hano Tonbko
o100paTh M MOCTETICHHO MEHSITh COOTBETCTBYIOIINE CBETODUIBTPHI.

Bo03M0KHOCTB HCII0/1L30BaHNA (POTOKOIOPUMETPA IO NPUHIUIY ACHCTBUA

Britie  0603HaueHHBIN npuHyun Oelicmeus Gomoxoiopumempa AeNaeT €ro HCIOIb30BaHHE
JIOCTaTOYHO  AKTyaJIbHBIM B  CEJIIbCKOM  XO3fMCTBE, MHUIIEBOW, METaAIypruyecKoi,
HedTenepepabaThIBaIONICH, XUMUYECKOW U Psijie IPYTHX OTpaciaeil MPOMBIIIIEHHOCTH. MOXHO
OTMETUTh TAKXKE IIMPOKOE MPUMEHEHHE NMPHOOpa B PA3IMYHBIX MPOMBIIIICHHBIX U YI€OHBIX
XUMHUYECKUX JA0OPAaTOPHBIX YUPEKACHHUSIX IS TPOBEIEHUS pPa3HOTO poJa aHAIH30B,
MIPEUMYIIIECTBEHHO MIPUPOIOOX PAHUTEITHHOTO " TUTHEHUIECKOTO Xapakrepa.
OOyCOBIEHHOCTh TMOMYISPHOCTH YCTPOMCTBA HAMpPSMYIO CBsi3aHA C TE€M, YTO MPUHIUI
nercTBUS  QoToKoIOpUMETpa (KOTOPBIM HA3BIBAIOT TAKKE WHOTJAA OOBEKTUBHBIM WM
(OTOANEKTPUYECKUM  KOJIOPUMETPOM) TIO3BOJIAET  YIPOCTUTH U YCKOPUTH  MPOLIECC
MTPOU3BE/ICHUS H3MEPEHUH U TTO3BOJISIET OCYIIECTBIIATH HX C JOCTATOYHBIM YPOBHEM TOYHOCTH.
KoTopslif, Kk CJIOBY, OIIyTUMO BBIIIE, Y€M MPHU HCHOIB30BAHUHU, K MPUMEPY, BU3YAIbHBIX
KOJIOPUMETPOB.

Oco0eHHOCTH IKCIIyaTalliH ¢ Y4eTOM NPHHIUIA AeiicTBUA (POTOKOJIOPUMETPA

Ilepen Hauanom paboThl ¢ MPUOOPOM, HEOOXOAUMO TIIATENBHO M3YYHMTh SKCILTyaTallMOHHbIE
JOKYMEHTBl M TIOHATH NPUHIUN AEUCTBUS (OTOKOJIOpPUMETpa M Ha3HAUEHHE OPraHOB €ro
ynpasieHus. B mpomecce pa®oTbl He cieayeT JONMycKaTh MONajaHus Ha Kopmyc mpubopa
KaKUX-T1M00 OpraHUYEeCKUX PaCTBOPUTENEH, HCKIIOUEHHE JeTaeTcs TOJBKO MJs ATHIOBOTO
cnupra. I[Iponecc uccnenoBaHuil T0KEH OCYILECTBIATHCS B YCIOBUSX, KOTOPBIE HE BBIXOMAT
3a 0003HauEHHBIE Mpeesbl pabouux A MpUMeHeHus yciaoBuidl. He nomyckaercs HaxoxaeHue
BOJIM3M MpUOOpa BO BpeMsi €ro paboThl NPUCYTCTBUE MOIIHBIX HCTOUHUKOB MarHUTHBIX H/MIIH
ANEKTPUYECKUX TOJIEH, MOLTHBIX HCTOYHUKOB CBETAa M HarpeBaTeNbHBIX YCTPOHCTB, 3TO MOXKET
HapyWUTh NPUHLIMN JeiicTBUs doTokomopumerpa. Ha mpubop Taxke HE JOIKHBI MONaNaTh
NpsiMble COJTHEeuYHble Ty4yu. Paboure moBepXHOCTH U3MEPUTENbHBIX KIOBET HEOOXOAUMO TEpes
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KOKIOW cepueld W3MEpPEeHWH TIIATeNbHO MPOTEepPeTh 3(QUPHO-CIUPTOBONH CMEChIO, a MpH
YCTaHOBKE KIOBET Ha MECTO 3aIlpeIlaeTcs J0TParuBaThCs 10 paboyuX y4acTKOB Ha ONTHYECKUX
MOBEPXHOCTIX TNainblamMu. KrOBETbl JOKHBI XPAHUTHCSA TOJBKO B IUIOTHO 3aKPBITBIX
KOHTEWHepax, a KUJAKOCTh B HUX Iepe]] HadaJOM MCCIIEJOBAaHUN HAJIMBAETCS IOCPEICTBOM
MHUIETKH.

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

I =1lpe™

JInisi CHUO)KEHUST TTOTPEIIHOCTEe peKOMEHyeTcsl paboTaTh B mpenenax npomyckanus 20-60%.
IIpu OGonblieM NOIJOLIEHUHM HEOOXOAMMO YMEHbLIaTh TOJIIMHY oOpasna cimoabl. Jlns
u3MepeHus nHTeHcuBHOCTH (hoHa (lg) Ha anrHE BosHBI nuka mojock! (1) monb3yroTes 6a3oBoit
IMHMEH Kak JauHued otcuera. Ilpsmas Oa3oBas JMHUS NPOBOAMTCA A AHAIUTUYECKON
MOJIOCHI Yepe3 ee KpailHhMe TOYKW, TAE YK€ HeT MOIJIOIIEHHS, WIM KakK KacaTelbHas B
CIEKTPAJIbHOM KPUBOH MO KpasM MOJIOCHI, KaK IIOKa3aHO Ha PUC.

[IpoBenenue 0a30BoH JIMHUU (IIYHKTUD); HyJI€Bask JIUHUSI - CIUIOLIHAS IIpsAMast

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

(D - ontrueckas MIOTHOCTS,

d - TonmuHa KpHCTaIa,

lo - ”HTEeHCUBHOCTD Ma/IAOLIETO U3TYUYEHUs Ha oOpasell;
| - YHTEHCUBHOCTH MPOIIIEIIIETO)

1. IlpurotoBUTH 0OpaA3LbI CITIO PA3TUYHON TOIIINHBL.

2. Cuarp UK-crieKTpsl IPUTOTOBICHHBIX 00Pa3IOB.

3. IIpoBecTH MHTEpHpPETALHIO [TOJIOC MOIYYEHHOTO CIEKTpA.

4. BriOpaTh XapaKTEPUCTHUECKHE YACTOTHI IOJIOCHI TOTJIOMICHHUS, TPOBECTH 0a30BYIO
JUHUIO B MAaKCHUMyMe€ TOJIOCHI morjouieHus. Paccuntarh Ko3(pPUIUEHT MOIJIOMmEHHS.
JlanHbie 3aHecT B Taou. 7.1.

5. Tlocrpouts rpaduk D=f(d) mns pasnuusbix TomumH (d) KpUCTALIA C LENBIO TPOBEPKH
crpaBeNIMBOCTH 3aKkoHa byrepa-JlamGepra-bepa.

6. IIpoBecTH aHAM3 MOJYYEHHBIX PE3YJIbTATOB.

Bennunna koa¢duiimenTa nornomeHus B MaKCHMyMe TO0JIOCHI

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

doronurt

MyckoBUT

®opma npeacraBiaeHus pe3yJabTara:
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HazBanwe u 1ienb paboThl.
Hanucate cxembl ypaBHEHUN pEAKITUH.
CraenaTb BBIBOJI O TIPOJIEIAHHOM padoTe.

JlabopaTopnasi paGora Ne 3
IIpoBepka 3axona byrepa-Jlam0epTa-bepa.
esab padoThi:
[Ipoepka 3akoHa byrepa-Jlam6epra-bapa.
Bbinosinus padory, Bol Oynere:
ymembn.
- NpOBOJIUTH GUBUKO-XMMHUYECKUN aHAJIU3 METAJJIOB U OLIEHUBATh €TI0 Pe3yibTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PU3MKO-XMMHUYECKHE METOJbl aHajdu3a ChIpbS U
MPOIYKTOB METAJUTYpPIHH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue yueOHOro kKabuHeTa:
- pabouee MeCTO IpenoaBaTes;
- pabouee MECTO CTy/ICHTa;
- TaOIUIIBI.
O6opynoBanue 1a60paTopuu:
- pabouee MeCTO IpenoaBaTers;
- pabouee MECTO CTy/ICHTa;
- METOJIMYECKHE YKa3aHMsl ISl IPAaKTUYECKUX pabdoT;
- METOJIMYECKHe YKa3aHus IS 1abopaTOpHBIX padoT;
- METOJUYECKHE YKa3aHUs JUIsl CAMOCTOSTEIbHON pabOThI;
- XHUMHYECKOe 000pyJI0BaHHE;
- XMMHYECKHE PEaKTHBBI,
- yueOHOe nmocoOue, CIpaBOUYHUKH 10 aHATTUTUYECKOH XUMUH.
TexHnueckue cpeacTBa 00y4eHUs:
— Ayauo-, BUzie0-, IPOEKIIMOHHAs anmaparypa.
BoinonnuB 3Ty paboty, Bl HayunTech paboTaTh ¢ MEPHOU MOCYAON, TUTPOBATh, IPOBOJAUTH
OIIpeJIeJIEHUs] METOJIOM HEHTpan3aluu, FTOTOBUTh paboyre pacTBOPHI.

Xoa padoThI:

Meton aHanu3a, OCHOBAaHHBIH Ha H30MpPATENILHOM IIOTJIOUIEHUH CBETOBOM »HEPruu
YaCTUI[AMH, MOJIEKYJIaMU WJIM MOHAaMU BEILECTBA B PACTBOPE HOCAT Ha3BaHUE aOCOPOYUOHHOU
CNeKmpoCKonuu.

Paznuuarot: CHEKTPO(HOTOMETPUUECKUH, (G OTOKOIOPUMETPUYECKHI "
KOJIOPUMETPUYECKUN METOJIbl aICOPOIIMOHHOIO aHalIM3a. DTH METO/bl aHAIM3a MPUMEHSIOTCS
TJIaBHBIM 00pa30M JIJIsl OTIpeIeIICHUsI MaJIbIX KOIMUecTB BemecTBa. Komopumerpus — usuko-
XUMHUYECKUH METOJ, OCHOBaHHBI Ha 3aBUCUMOCTHM WHTEHCHUBHOCTU OKpacku pacTBopa OT
KOHIEHTPALMU OKPALIEHHOT'O BEIIECTBA.

NHTEeHCHUBHOCTH OKPACKH CBsI3aHA C MHTEHCUBHOCTBIO CBETA MPOIIE/IIETO Yepe3 PacTBOP
U €€ 3aBUCUMOCTbh OT KOHLIEHTPALMU, OT TOJIIMHBI CIOS U MHTEHCUBHOCTHU MAaJAIOIIEr0 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

CBTONOTJIOIICHHS.
Jlorapudgmupyem BolpaxkeHHe 3akoHa JlambGepra-bepa
gl =Igl, +Ig10 =
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Igl =lgl, —Ecl

Igl,—gl = Ecl
|

IgTO:EcI

lg=D

D — onruyeckas MIOTHOCTH pacTBOpa (JIorapudM OTHOIICHHS WHTECHCHBHOCTH IaJAIOICTO
CBETa K MHTEHCUBHOCTH CBETa, IPOIIEIIEro yepe3 pactBop.) Komopumerpus.
B ocHOBY KOHCTpyKIIMU MPUOOPA MMOTOKEH MPUHITUT YPAaBHUBAHUS HHTEHCUBHOCTH JBYX

CBETOBBIX IIOTOKOB IPH MOMOIIH IIE€TIEBOM quadparMsl.

1. Jlamma 16B Brirodaercs uepe3 cTabuan3aTop HampsHKESHUSI.

2. Teno3amuTHbIE CTEKIA.

3.DoKyCUPYIOIIHE JTNH3BL.

4.3epkaia.

5. CBeToMIBTPHI, MOBBIIAIOIINE YYBCTBUTEILHOCTh U TOYHOCTh METO/1a, TI0aBast
Ha pacTBOP, JIyYH TaKOW JJIMHBI, KOTOPBIE JTy4YIlle BCEro MOTJIOUIAIOTCS 1aHHBIM PACTBOPOM.

6. KroBeThl ¢ pacTBOpaMu.

7. OnTH4ecKkue KIMHbS, PETYIUPYIOLIUE JIEBbI CBETOBOI MOTOK.

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

10. 'anbBaHOMETD.

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

Igl—o =D
|

W3mepenue mpu momouiy npaBoro 6GapabaHa MPOU3BOAAT B TeX Cilydasx, Korja
OINTUYECKAs IUIOTHOCTh pacTBOpa He npesbiiaeT 0,5 u TpedyeTcst TOUHOCTh U3MEPEHUH.

W3mMepeHus npu noMolIy jeBoro 0apadaHa Npou3BOJIAT B ClIyyae BBICOKUX M HU3KHUX
ONTUYECKUX IUIOTHOCTEM.

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 JeBblit 6apabaH B MOJOXKEHHUE, COOTBETCTBYIOIMHKE «0» ONTUYECKOH
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 JAEPXKATEIAX HA OJMHAKOBOM PACCTOSIHUM OT BXOJHOI'O OTBEPCTHS.

3.KomneHcupytoT (HOTOTOKHM, yCTaHaBIMBas CTPEIKY TajlbBaHOMETpa Ha HYJb,
MOJIB3YSICh ONTHUYECKUMHU KIMHBAMHU. 711 3TOr0 PYKOSTKY TajlbBaHOMETpa IEpeBOAAT Ha
MaJyl0 YYBCTBUTEJIBHOCTH (TOJOKEHHE 1) M MpU MOMOIIM ONTUYECKOTo KIUHA TIpyOoii
HACTPOWKH BBOJAT CTPEJIKY ralbBAHOMETPA Ha

4.IlocTaBuB BBIKIIOYATENb B MosiokeHue «0», Ha MyTH MPaBOro CBETOBOIO MOTOKA
CTaBAT KIOBETY C pacTBOpuTeNeM. B BHIy TOro, YTO OCBEIEHHOCTh MPaBOro (hoTorsIeMEeHTa
IOCJIe 3TOr0 BO3pOcCia, U ypaBHUBAHMSI OCBEIIEHHOCTH HEOOXOIUMO 3aKPBITh Auadparmy.

5.BKiT104a0T rajJbBaHOMETP Ha YYBCTBUTEIBHOCTH «1» M, Bpalias HW3MEpHUTEIbHbIN
OapabaH, BO3BpPALIAIOT CTPEIKY I'aJIbBAHOMETpPA B HYJIEBOE MOJIOKEHUE. 3aTeM TrajlbBAHOMETP
MEPEKIII0YAI0T Ha YYBCTBUTENBHOCTD «2» U YTOUHSIOT U3MEPEHUSI.

OTtcuer oNTUYECKON MIIOTHOCTH MPOU3BOIAT IO IIKase JieBoro 6apabana. M3mepenus
cllelyeT IOBTOPUTh TPH pas3a, MOABOJS CTPENKY I'aJIbBAHOMETPA K HYJIO TO CJIEBA, TO CIPaBa.
W3 nony4eHHbIX OTCUETOB BHIYHUCISAIOT CPEeIHEE 3HAUEHUE ONTHUYECKOM MIIOTHOCTH.

[TapamuienpHO € aHaNM30M MCCIENAYEMOTO pacTBOpa BEAYT aHAJINW3 CTaHJAPTHOIO
oOpasra.
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C = Dy *Ceo

X
DC.O

MeTtonuka paboTsl o mpaBoMy OapabaHy:

B 00a cBeTOBBIX MOTOKA CTABST KIOBETHI C XOJIOCTHIM PACTBOPOM. Y CTAHABJIUBAIOT
npaBblil 6apaban Ha «O», ONTHYECKUMH KIMHBSIMU JOBOJAT CTPEIIKY raibBaHoMeTpa 710 «O».
OTKIII0YaIOT raibBaHOMETD.

B npaBblii CBETOBOM IIOTOK KIOBETY C HCCIEAYEMBIM PACTBOPOM. BKitouaroT
rajibBaHoMeTp. Bparmenrem pykosiTku npaBoro 6apabaHa AOBOAST CTPEIKY rajibBAaHOMETPA 110
«Oy.

OTcuer ONTUYECKOM MIOTHOCTH MPOU3BOJIAT IO KPACHOM HIKase npaBoro 0apadaHa.
®opMa npeaocTaBIeHHUA pe3yabTaTa

1.  Ha3Banue u nenb paboOTHI.
2. [IpousBecTn pacyeT ¢ UCTOIB30BaHKEeM 3akoHa byrepa -JlambGepTa-bepa.
3. CrnenaTp BBIBOJ O IIPOJICIAaHHOM padoTe.

JlabGopaTopnasi padora Ne 4

Omnpenesienne PH pacTBopoB pa3inyHoi KOHIIEHTPAILIUH.

Brinonnus 9Ty pa60Ty, Bri Hay4YUTECh NNOJIb30BAThCA aHAJIUTUICCKUMHU BECAMU, BBIIIOJIHATH
OCHOBHBIC OII€palr BECOBOI'0O aHaliM3a.

MaTtepuajbHOe o0ecneyeHue:

ObopynoBanue y4eOHOT0 KaOUHeTa:
- pabouee MeCTO IpeIoIaBaTelIs;
- pabouee MeCTO CTYJEHTa;
- TaOIUIIBL.
O6opynoBanue 1a00paTOpHH:
- pabouee MeCTO IpernoiaBaTes;
- pabouee MeCTO CTY/JIEHTa;
- METOIWYECKHE YKa3aHWsl JJIsl MPAKTUYECKuX paboT;
- METOAMYECKHEe YKa3aHMsl U1l TabopaTopHbIX padoT;
- METOIUYECKHE YKa3aHUs JIsl CAMOCTOSTEIbHON PadOTHI;
- XHMHYECKOe 000py/I0BaHHUE;
- XMUMHYECKUE PEaKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH M0 AaHATUTUYECKOU XUMUH.
TexHuueckue cpeacTBa 00y4eHHUS:
— Aymmo-, BUJ€0-, TPOSKIIMOHHAS armaparypa.
Ilopsinok BbINOJTHEHHS PA0OTHI:
N3yunTh MeTOAMYECKHE YKa3aHU K JaHHOW JabopaTopHOU pabdore.
Onpenenuts NPOTYKTHl PEAKIIHH
BrimoaHUTE OTUET 0 TIpojeTaHHOM padoTe.

Xox padoThbl

1. Cpenaiite pacyéT M MPUTOTOBBTE ONpEACIEHHOE KOJMYECTBO pPAacTBOpa 3aJaHHOU
MPOIICHTHOW KOHIICHTpAIuy (Ha3BaHHE COJHM KaXJIOMY CTYAEHTY OTAEIBHO CcOooOIIaercs
IperoiaBaTeNieM, TaKKe PEKOMEHIyeTCsl U3MEHHUTh KOJIMYECTBO M MPOLIEHTHOE COZep KaHue
MIPUTOTOBJISIEMBIX PACTBOPOB).
BblunciieHHOe KOJMYECTBO COJIM OTBechT€ Ha Becax. HeoOxoaumoe KOJIMYECTBO BOJBI
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OTMEpPbTE U3MEPHUTEIBHBIM IIMIIMHAPOM M BbUICHTE B KOIOy. BChIbTE OTBEIIEHHYIO COJIb B
BOJly M pa3MEIIMBAWTE O MOJHOTO pacTBOpeHUs. [[pUroToBbTE€ ATUKETKY W HAKJICHTE Ha
KOJIOY.

2. Cnenaiite pacy€T M NOPUTOTOBHTE OMNPECIIEHHOE KOJIMYECTBO MILIMIIUTPOB pPAcTBOpPA
3aJJaHHOM MOJISIPHOM KOHLEHTpauuu (KaKIOMYy CTYIEHTY IpenojaBareib Aa€T 3apaHee
[IOATOTOBJICHHOE 3a[aHKE).

3. B 50min. Bombl pactBopuTe 3 T. XJOPHCTOTO Kanusa. BplUMCINTE TPOIEHTHYIO
KOHIIEHTPALMIO TOJY4eHHOTro pactBopa. Credte pacTBop B OyTHUIOYKY M HakJIeWTe
ITUKETKY. (3a1aHue BbIIAETCS UHIUBUIYaJIbHO).

4. B 100mn. Boger pactBopute 1 r. Egkoro Harpa. BerauciauTe MOJSIpHYIO KOHIIEHTPAITUIO
MoJy4eHHOro pactBopa. Creiite pactBop B Oyrbuiouky N HakieiTe sTUKeTKy. (3amaHue
BBIIAETCS MHAMBHUAYAIIBHO).

dopma npenocrasiieHns pe3yjbTaTa

1. HazBanue u 1iei1p paboThl.
2.  BpmomHUTh pacyeT HEOOXOIUMBIX PEAKTHBOB ISl IPUTOTOBJICHUS PACTBOPOB.
3. Cpaenathb BBIBOJI O MPOJICIIAHHOMN padoTe.

Tema 2.1.
XuMHuyeckoe paBHOBecHEe U TeOPHs FJIEKTPOJIUTHYECKOH TMCCOHALHH.
IpakTnyeckoe 3ansitue Ne 4
CocTaB/ieHUe YpaBHEHHUI 3JIEKTPOJUTHYECKOH THCCOHALUH
eab padoThI:
CocraBieHne ypaBHEHUH IEKTPOITUTUYECKON TUCCOITUAIINN
Brinosinus padorty, Bl Oynere:
ymemy:
- MPOBOJIUTH GUBUKO-XUMHUECKUN aHAIIU3 METAJJIOB U OLIEHUBATh €TI0 Pe3yibTaThl;
- HCIONIb30BaTh XHMMHUYECKHE, (PHU3MKO-XMMHUYECKHE METOJbl aHajlh3a CBHIPbS W
MPOJYKTOB METAILTypPIHH;
MarepuanbHoe o0ecnieyeHue:
Ob6opynoBanue yueOHOro KabuHeTa:
- pabouee MecTO MpernoaaBaTess;
- pabouee MecTO CTY/AEHTa;
- TaOTHIBI.
O6opynoBanue 1ab0OpaTOpUu:
- pabouee MeCTO IpenoaBaTes;
- pabouee MeCTO CTYJEHTa;
- METOIWYECKHE YKa3aHWsl JJIsl MPAKTUYECKuX paboT;
- METOAMYEcKHe yKa3aHMsl Il TabopaTopHbBIX padoT;
- METOIUYECKHE YKa3aHUs JIsl CAMOCTOSTEIbHON PaOOTHI;
- XHMHYECKOe 000py/I0BaHHE;
- XMMHYECKUE PEAKTHBBI;
- yueOHOe mocoOue, CTPaBOYHHUKH M0 aHATUTUYECKOU XUMUHU.
TexHuueckue cpencTBa 00ydeHus:
— Aymmo-, BUI€0-, TPOEKIIMOHHAS armaparypa.
Ilopsinok BbINOJTHEHHS PA0OTHI:
N3yunTh MEeTOIMYECKHE YKa3aHUS K JAHHOU MPAKTUUECKON M JTaOOpaTOPHON
pabore.
Omnpenenuth MPOAYKTHI PEaKIIUU
BrimosHUTE OTUET O MpoielaHHON padoTe.
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Xon paboThr:

[Iponiecc paspyuieHus WM pacnaza 3JIeKTPOJUTa Ha MOHBI HA3bIBACTCA AIIEKTPOIUTUYECKOM
mucconuanuei. CocTaBHbIE YacTH PAcCHaBUIMXCA MOJIEKYJ WM KPUCTAJJIOB IPEACTABISAIOT
co0oil yacTuiel, UMeromue 3apsan. Mx Ha3piBaroT MOHBL. PacTBOpHI BEIIECTB, MOJEKYJIbl MIIH
KPHUCTAJUIBI KOTOPBIX cIOCOOHBI pacnaaarsess Ha MOHDBI (nuccoumupoBars), MOTYT IPOBOIUTH
JIEKTpUUYECKUil TOK. VIMEHHO MO3TOMy MX Ha3bIBalOT 3IeKTpoiauTamu. Yacto mpouece
JIEKTPOIUTUYECKOHN TUCCOLMALIMY HA3BIBAIOT IIPOCTO: JUCCOLMALHUS.

1. Jlucconmanus CHIIBHBIX 3JIEKTPOJIUTOB

[Ipu nucconmanyy KMCIOT UX MOJIEKYJIbl paclaJatoTcsl BCEI1a Ha MOJIOKUTEIbHO 3apsKEHHBIE
HOHBI Bogioposa H u oTpuuarensHo 3apskeHHbIE HOHBI KUCIOTHBIX OCTAaTKOB.

PaccmoTpuM ypaBHEHHE 1MCCOLMALIMUA KUCIOTHI CUIIBHOTO 3JIEKTPOIUTA. (BUAEO YPOK)

IIpu nucconmanyMyu OCHOBAaHMM MX MOJIEKYJbl pacHajaroTcsi BCErga Ha IOJO0XKHUTEIbHO
3apsHKCHHBIC HOHBI METaJlIa M OTPUIIATENILHO 3apshKeHHbIE THupokcua-uonsl (OH-).

2Ilpu  npuccoumanmuu  cosed  HMX  MOJIEKYJIbI pacmajgaroTcs  BCeraa  Ha
II0JIO)KUTEIBHO 3apsDKEHHBIE MOHBI METalIa U OTPHULATEIBHO 3apsDKEHHBIE MOHBI KHCIIOTHBIX
OCTaTKOB.

3. CocraBneHue ypaBHEHUS AMCCOIMAIIMU COJHM, B KOTOPOH KHCIOTHBIN OCTaTOK COCTOMUT W3
onnoro annemenTa (xynopun (Cl), cynbuast (S), OTaAUYaeTCss OT TeX ypaBHEHUH, B KOTOPBIX
MOJICKYJIbI COJICH UMEIOT B KUCIIOTHOM OCTATKE J[Ba AJICMEHTA.

4. Muccouunanus ciaalbIX 3J1EKTPOJIUTOB
JUCCOLMAIMS MHOTOOCHOBHBIX KHUCJIOT CJIA0BIX 3JIEKTPOJUTOB HA HOHBI IPOUCXOAUT
nocTeneHHo (cryneHyaro). [Ipu 3ToM Ha KakoW cTaAuK JUCCOLUAlUU 00pa3yeTcsl OUH HOH
Bojopoga H u oTpunarenbHO 3apsKEHHbIE HOHBI KUCIOTHBIX OCTaTKoOB. Bropas craaus
aucconuanuun HCOs3- <+ H++ COs.
Yucno craauili auccouuanuu KUCIOThI — c€Ia00ro 3JeKTpOoJuTa paBHO YHUCIY AaTOMOB
Bogopoza H B ero moiekyie.
Jucconmanus ciaaObIX 3J€KTPOJIUTOB MHOTOKHCIOTHBIX OCHOBAaHUN Ha HMOHBI IPOUCXOAMT
nocreneHHo (crymeHyaro). Ilpu 3ToM Ha KaxJIoW craguuM aMccouuanuu obpasyercs |
ruapokcua-uox (OH-).
Takue ocHOBaHuS, Kak NpaBWio, cojepkaT Heckospko rpynn OH. PaccMorpum ypaBHeHue
JUCCOLMAMU OCHOBaHUs — ciaboro anekrponuta Mg(OH),
IlepBas cragus aucconuanyuu

Mg(OH),; <> MgOH+ + OH-
Yucno craguil nuccouuanuy OCHOBaHMs — caaboro 3JeKTpoiauTa paBHO uyuciay rpynn OH B
€ro MoJeKyJie. (BUIe0 YPOK)
VYpaBHEHUs TUCCOLUAIINU COJIeH CIa0bIX 3JIEKTPOJIMTOB HAa HOHBI 3alUCHIBAIOT B OJIHY CTAAMIO.
IIpu sToM o06pa3yrorcs mnonoxurenbHo 3apskeHHble VMOHDBI Mmeranmna u oTpumarenbHO
3apsKEHHBIE MOHBI KUCJIIOTHOT'O OCTATKaA.

dopma npeacraBjIeHus pe3yabTara:
HazBanue u 1iens paGoThl.
Hamnucars cxeMbl ypaBHEHUH peaKIuil.
Crnenatpb BBIBOJ O MPOJIETaHHON paboTe.

Tema 2.2.
OKuCINTEBHO-BOCCTAHOBHUTE/ILHBIC PeaKINU
IIpakTuyeckoe 3ansiTue Ne 5
CocrapiieHHe OKHCINTEIBbHO-BOCCTAHOBUTEJIBHBIX PEAKIMH METOI0M
3JIEKTPOHHOI0 0ajiaHca

22



Lean padoThI:
CocraBieHHE OKHCIUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIIUK METOIOM JIEKTPOHHOTO OalaHca
Beinosinus patdory, Bel Oyaere:
ymems:
- MPOBOJAUTH (PU3UKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATH €r0 Pe3yJIbTaThl;
- WCIOJIb30BaTh XHMHUYECKHE, (PH3MKO-XMMHUYECKHE METOJbl aHalh3a ChIpbS U
MPOAYKTOB METAJUTYPTHH;
MarepuajibHoe o0ecnieyeHue:
O6opynoBanue yaeOHOTo KabUHeTA!
- pabouee MeCTO IPEIoIaBaTelIs;
- pabodee MECTo CTy/ICHTa;
- TaOJIULIBL.
O6opynoBanue 1a00pPaTOPHUH:
- pabouee MeCTO IpPEIoIaBaTelIs;
- pabodee MeCTo CTy/ICHTa;
- METOJWYECKHE YKa3aHWs IS MPAKTUYECKUX padoT;
- METOJMYECKHE YKa3aHMsl U1l JaOOpaTOpHbIX padoT;
- METOJWYECKHE YKa3aHUs JJIsi CAMOCTOSTSILHON pabOThI;
- XHMHYECKOe 000py/I0BaHMUE;
- XHMHWYECKUE PEaKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH M0 AHATUTUYECKOW XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Ayamo-, BUJe0-, MPOSKIIMOHHAs armaparypa.
IMopsinok BbINoJIHEHUs PAdOTHI:
N3yuuTh MEeTOAMYECKHE YKa3aHUS K JAHHOU MPAKTUUECKOU U JTaOOpaTOpHOH
pabore.
Omnpenenuts MPOAYKTHI PEaKLIUU
BbInmotHUTE OTYET 0 npojenaHHoi padoTe.
Xoa padoThi:
[To mMeTomy »IIEKTPOHHOTO OajlaHCa CPAaBHUBAIOT CTETIEHW OKMCIICHUS aTOMOB B MCXOIHBIX H
KOHEUHBIX BELIECTBAX, MPUYEM YHUCIO 3JIEKTPOHOB OTIAHHBIX BOCCTAHOBUTENIEM, OJKHO
POBHSATHCS YUCITY AJIEKTPOHOB, TPUCOSTUHEHHBIX OKACITHTEIIEM.
1)Merton s5ekTpoHHOTO OanaHca
+3 +7 +5 42

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

W3 cxembl peakuu BUAHO, YTO CTEMIEHb OKUCIICHUS aTOMa MBIIIbSKA 0 peakiuu +3 , mocie
+5, cTeneHb OKUCIIEHUSI MapTaHila U3MEHUIach ot +7 10 +2.

OTpakaeM 3TO U3MEHEHHE CTETIEHU OKUCIICHUS B 3JIEKTPOHHBIX YPaBHEHUSX.

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

Oxucaurens Mn*’ +5¢" = Mn*? 2 npouecc BoccTaHOBICHMS

OBP, mnporekaronme B BOJHBIX pacTBOpax, paciylaBax MW JAPYIrMX HOHHU3UPYIOIIHUX
pacTBOPUTENSAX, YPAaBHUBAIOT METOAOM OJJIEKTPOHHO-MOHHOTrO Oananca. [Ipu cocraBneHun
MOJTyPEAKIMIA MCIIONB3YIOTCS MOHBI M (MJIM) MOJIEKYJIBI, IPUCYTCTBYIOIINE B pacTBope. Ecim
BEIIIECTBO HEPACTBOPHUMO — OHO 3allMCBhIBAETCS B HEAMCCOLMUPOBAHHOM BHJe. Ecin atomsl, y
KOTOPBIX M3MeHsI0TCsE CO, BXOIST B COCTAaB Cpa3y HECKOJIBKUX YACTHI], TO UCIOIB3YIOTCS T
YacTHUIlbl, KOHIIEHTpALUsi KOTOpBIX NpeoOnamaer. Hampumep, B BOJHOM pacTBOpe cnaboii
KucnoTel H 2S MPUCYTCTBYIOT aHUOHBI U —HS—2S, mpuuém [H 2S]>>[]>>[—HS_2S]. [TosTomy, u3

BCEX YaCTHII, COJIEPKAIUX CEpYy, sl ypaBHUBaHUS UcHoib3yem H 2S.

Anzopumm memooa:
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1. Haiitu gactuibl, aToMbl KOTOPbIX MEHAIOT CO, M COCTaBUTh MOJIypEaKLUU ¢ ux ydactueM. IIpu
TOM HEOOXOAMMO YUYUTBIBATh IEKTPOJIMTUYECKYIO IUCCOLMalMio M BiausHue pH cpensl
(cUJIBHBIE 3IEKTPOIUTHI TUCCOUUPYIOT MOTHOCTBIO, cadble KUCIOTHl — TOJNBKO B IIEIOYHOM
cpene, ciabble OCHOBAHMS — TOJIBKO B KUCIION).

2. YpaBHATH NOJTypeakIuu, 100UBasCh:
* MaTepuaipHOro OamaHca. Jlis MOCTMIKEHUS MaTepuaibHOro OamaHca B BOIHBIX

pacTBOpax MOXKHO HCIIOJIb30BaTh MOJIEKYIIbI HzO’ KpOME TOro, B KHUCIIOW Cpene -
+ +
KaTUOHBI H , B MIETOYHOW — aHWOHBI , B HelTpanpHo — wmum H—OH , wim —OH

(Tabm.2).

+ OanaHca 1o 3apsjgaM (paBeHCTBAa CyMMAapHBIX 3aps/IOB BCEX MOHOB U AJIEKTPOHOB B
JIEBOM W TMpaBOW 4YacTAX ypaBHeHHs). i1 3TOro K JIEBOM 4YacTH MOJIypeakUuu
J00ABJISAIOT WM BHIYUTAIOT U3 HEE HEOOXOAMMOE KOJIMYECTBO IJIEKTPOHOB.

3. YMHOXUTHh NOJypeaknuu Ha Ko3(pduuumeHTs, DOOMBAACH BBHIOJHEHUS YCIOBHUS: YHCIIO
OTJAHHBIX 3JEKTPOHOB (B MOJYPEaKIMU OKUCICHHS) PaBHO YUCIY MPHUHATHIX 3JIEKTPOHOB (B
MI0JIypEaKIIU1 BOCCTAHOBJICHHUS).

4. Cnoxutp 00e TONypeakluu, B pe3ylbTaTe 4Yero MOJYYUTCS 3alHuch YpaBHEHUS B HMOHHOMN
dopme.

5. HoGaBuTh K JIEBOM M MPaBOil YacTAM HOHHOTO YypaBHEHHUS OJMHAKOBOE KOJIHUYECTBO
IIPOTUBOMOHOB

6. Meron mnomypeakiuii (PIEKTPOHHO — MOHHBIM METOJ) NPUMEHSIOT [UIsl PeaKIIHid,

MIPOTEKAIOIIUX B pacTBOpax. DJIEKTPOHHO-UOHHBIE YPABHEHMSI TOYHEE OTPaKalOT HCTUHHBIE

W3MEHEHHUS BEIECTB B IMPOLIECCE OKUCIUTEIbHO-BOCCTAHOBUTEIBHON PEAKIMH M O00JIer4aroT

COCTaBJICHHE YpaBHEHHH OSTHUX MPOIECCOB B HOHHO-MOJEKYJsipHOW ¢(opmyne. MonHO -

ANEKTPOHHBIA MeTO ( METOJI TMOIYPEaKIMil ) — OCHOBaH Ha COCTABICHHUH Pa3/ieIbHbIX HOHHBIX

YpaBHEHUH MOITYpEaKIHUil — MPOIECCOB OKUCIEHUSI U BOCCTAHOBIIEHUS — C MOCJIEAYIOIUM HUX

CYMMHPOBAHHEM B 00111e€ HOHHOE YpaBHEHHUE.

['maBHBIE ATAIBL:

1)3anuceiBaeTcs 0011as MOJIEKYJISIpHAs cXema

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

2)cocTraBisercss HOHHasg cxema peakuuu. [Ipu 3TOM CHIIbHBIE JIEKTPOJIUTHI MPE/ICTaBICHbI B

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

OmpeeNsieTcs YacTula, onpeaensiercs xapakrep cpenst ( H+,H20 umun OH-)

Cr207* + Fe + H+ — Cr3+ + Fe2+

3) CocTaBisiFoTCs ypaBHEHUS 2-X MOTyPEaKIHid.

a) ypaBHMBAETCS YMCJIO BCEX aTOMOB, KpOME BOJIOPOJia U KHCIOpOa

Cr20;” + H* — 2Cr**

Fe —> Fe?

0) ypaBHHBaeTCs KHCIOPOI C MCIoIb3oBaHueM Mosiekyn H,O nmu ceszpBanus ero B H,O

Cr,0/4 + 14H" — 2Cr¥* + 7 H,0

B) ypaBHI/IBaIOTC}I 3ap51m>1 C IIOMOIIIBHO HpI/IGaBHeHI/I}I BHCKTpOHOB

Cr,0/% + 14H" + 6e — 2Cr™* + 7 H,0

Fe —2e — Fe2"

4) ypaBHHUBaeTCs 00Iee YUCIIO YIACTBYIOIIMX DJIEKTPOHOB MyTEM M0100pa TOMOJHUTEIbHBIX
MHO)KHTCJ'ICﬁ 110 HpaBI/IJ'Iy HAUMCHLBIICT O KpaTHOFO, nu CyMMI/IpymTCH ypaBHCHI/ISI 06erX TIoITypeaKIHii.

Cr2072- + 14H+ + 6e —2Cr3++ 7H202 1

Fe —2e — Fe2+63

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

5) 3anMCHIBAIOTCA YpaBHEHHS B MOJEKYIApHOH QopMme, ¢ 100aBIEHHEM HOHOB, HE
y4aCTBYIOIIUX B MIPOIIECCE OKUCTIEH - BOCCTAHOBJICHHS.
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K,Cr,07 + 3Fe +7H,S0,4 = CI’z(SO4)3 + FeSO,4 + K,S0, T+ 7 H,O

[Tpumep 1.

MeTo0oM TONypeakluidi COCTaBbTE a) YpaBHEHHE PEAKIUW OKHCICHHUS STHUJIOBOTO CIUPTa
repMaHTraHaToOM Kaius B cuibHOKUcIou cpene: CoHsOH + KMnOy4 + H,SO4 —; 6) ypaBHeHHE
peaKuuH B3aUMOAECHCTBUS

TIFOKO3bI ¢ IepMaHTaHaToM Kanus B kucioi cpeae: CgHi206 + KMNO,4 + HSO4 —.

Pemenne: Ilepmanranar Kauust B KMCIIOM Cpele NPOSBISAET CBOMCTBA CHIIBHOIO OKUCIIUTEIS.
Oprannueckue BEIecTBa, KaK MPaBUIIO0, SIBISIOTCS BOCCTAHOBHUTEIISIMH, IPY B3aUMOJCHCTBUU C
CUJIBHBIMUA OKHUCIUTEISIMHU OKUCIIIIOTCA 10 CO»).

a) COCTaBHM IOJypEaKIuu 1 HailaeM K03 OUITHECHTHI:

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

C,HsOH + 3H,0 — 12e = 2CO, + 12H"

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

0) aHAJIOTUYHO COCTABHM TIOJIYPEAKITUIO C YIaCTHEM TITFOKO3BI:

dopma npeacTaBiaeHus pe3yJabTara:
HazBanue u nienb padoThl.
Hamucarte cxembl ypaBHEHUN peaKLUN.
Crnenatb BbIBOJI O IIPOJIETIAHHOMN padoTe.

Tema 2.3.
B3anmoneiicTBUS MeTAJIOB (CHIPhSl), METAJIMYECKHUX MOPOIIKOB € Fa3aMU U APYTUMU
BellleCTBaMU
JlabopaTopHas padora Ne5
Onpenesnenue coaep:kaHus XpoMa B CTAIU

Heanb padotsl: OmnpeneneHne coaepKaHus XpoMa B CTallu
Boinoainus padorty, Bel Oynere:
ymemy:
- MPOBOJUTH GUBUKO-XUMHUSCKUN aHAJIA3 METAJIOB U OIEHUBATH €r0 Pe3y/IbTaTHhI;
- WUCHONB30BaTh XUMHUYECKHE, (U3MKO-XUMUYECKHE METOJbl aHaiu3a ChIpbs W
MPOYKTOB METAJLTyPTHH,
MarepuanbHoe obecrnevyeHue:
ObopynoBanue y4eOHOTO KaOUHETA:
- pabouee MeCTO IpernoiaBaTes;
- pabouee MeCTO CTY/JEHTa;
- TaOIUIIBL.
O6opynoBanue 1a00paTOpUH:
- pabouee MeCTO IperoiaBaTes;
- pabouee MeCTO CTY/JEHTa;
- METOAWYECKHE YKa3aHWsl JJIsl MPAKTUYECKUX padoT;
- METOAMYEcKHe yKa3aHMsl Il TabopaTopHbBIX padoT;
- METOIUYECKHE YKa3aHUs JIsl CAMOCTOSTEIbHON PaOOTHI;
- XHMHYECKOe 000py/I0BaHHUE;
- XMUMHYECKUE PEAKTHBBI;
- yueOHOe mocoOue, CIPaBOYHHUKH 0 AHATUTUYECKOW XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Aymmo-, BUJ€0-, TPOSKIIMOHHAS armaparypa.
Ilopsinok BbINOJTHEHHS PA0OTHI:
N3yunTh MEeTOIMYECKHE YKa3aHUS K JAHHOU MPAKTUUECKOU M JTaOOpaTOPHON
pabore.
OnpenenuTh MPOTYyKTH PEAKIIHH
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BrimosiHUTE OTUYET O MpoenaHnHou padoTe.
Xox padoThI:

e  DOTOKOJIOPUMETPHUECKOE OIpE/IeIEHNUEe KOHIICHTPAIIUY BEIIECTBA B PACTBOPE METOI0M
CpaBHEHHSI ONTUYECKOHN MIIOTHOCTH MCCIETyEMOT0 U CTaHAAPTHOTO PaCTBOPOB.

¢ DKCTPaKIUOHHO-(DOTOMETPHUUECKOE OIPEICIICHUE MAIBIX KOJIUYECTB XpOMa C
nudeHnIKapOa3uIoM

e  Meroabl NPSIMOTO CHEKTPAIBHOTO aHaJIN3a

e  DmMuccuoHHas HOTOMETPHS MJIaMEHU

e  ATOMHO-aOCOPOLIMOHHBIA METON

e MeToapl MPSAMOTO CHEKTPAILHOTO aHaN3a

CrekTpanbHbli  aHAJIW3 — COBOKYIIHOCTb METOJOB KAauye€CTBEHHOTO M KOJIWYECTBEHHOI'O
OIIpeJIeJIEHUs] COCTaBa 0ObEKTa, OCHOBAHHAs Ha U3YYE€HUU CIIEKTPOB B3aUMOAEHUCTBUS MaTepUu
C U3JIyuYeHUEM, BKJIIOYasl CIEKTPbl AJIEKTPOMArHUTHOTO H3JIY4YEHMs, aKyCTHUYECKUX BOJIH,
pacrpesieieHusl M0 MaccaM M SHEprusiM 3JEMEHTapHBbIX YacTHULl M Jp. ATOMBI KaXKA0To
XUMHUYECKOI0 3JIEMEHTa UMEIOT CTPOro OINpeAeiEHHbIE PE30HAHCHBIE YACTOThI, B PE3yibTaTe
Yero MMEHHO Ha 3TUX YacTOTaX OHHU M3Jy4yaroT WM IOMIOIIAIT CBET. DTO MPUBOJUT K TOMY,
YTO B CHEKTPOCKOIE Ha CHEKTpaX BHJHBI JIMHUU (TEMHBIE WU CBETJIbIE) B ONPEICIEHHBIX
MECTax, XapaKTEePHbIX I KaX/10ro BellecTBa. VIHTeHCUBHOCTD JIMHUM 3aBUCUT OT KOJMYECTBA
BEUIECTBA U €ro COCTOSHUS. B KOIMYECTBEHHOM CHEKTPAaJbHOM aHAIM3€ OMNPEIENISIOT
CoJIepKaHue MCCIIEelyeMOro BEIECTBA [0 OTHOCUTEIbHON MM aOCOJIOTHONM MHTEHCHUBHOCTSIM
JUHUA WM TOJOoC B crekTpaX. ONTUYECKUM CIEKTPAIbHBIA aHAIM3 XapaKTepU3yeTcs
OTHOCHUTEJIbHOW MPOCTOTOMN BBINOJIHEHUS], OTCYTCTBUEM CIIOKHOW MOJArOTOBKH MPOO K aHAIU3y,
HE3HAYUTENIbHbIM KosndecTBoM BemiectBa (10—30 wmr), HeoOXxoaumoro Juisi aHalIM3a Ha
OO0JIBIIIOE YUCIIO IEMEHTOB. ATOMApHbIE CIIEKTPHI (IIOTJIOIIEHUS UM UCIYCKaHUs) OIYy4aroT
IIEpEeBEICHUEM BEIIECTBA B MAapo0OOpa3HOE COCTOSHME MYTEM HarpeBaHus mpoodsl g0 1000—
10000 °C. B kayecTBe HMCTOYHUKOB BO30YXKJEHUS aTOMOB IpPHU 3MUCCHOHHOM aHalM3e
TOKONPOBOJASAIIUX MaTEpPUAJIOB MPUMEHSIOT UCKPY, AYTY HEPEMEHHOr0 TOKa; MIPHU 3TOM Mpoly
IIOMEIAIOT B KpaTep OJHOTO W3 YTOJIBHBIX AJIEKTPOAOB. [l aHanm3a pacTBOPOB IIHPOKO
MCIOJIB3YIOT TUIaMs WM MJIa3My pa3JIM4HbIX ra30B.

®opMma npeacTaBJIeHUd pe3yabTara:

Ha3zBanue u 1ienps paboThlI.

Hamnncars cxeMbl ypaBHEHM peakiuil.

CraenaTb BBIBOJI O TIPOJIEIaHHON paboTe

Tema 3.1
IMHUCCHOHHBIN CHEeKTPAJIbHbIN aHAJIN3.
IIpakTnyeckoe 3ansTue Ne 6
O3HakomJIeHHE C YCTPOHCTBOM, IPUHIMIIOM ACHCTBUSA U IKCILIYaTALUH IKCIPeEce —
aHaJM3aTopa.
eanb padoThi:
O3HakOMJIEHME C YCTPOWCTBOM, IPUHIMIIOM JAEUCTBUS UM DJKCIUTyaTalluM »JKCIIpecc -
aHaJIN3aTOPOB
Beinosnus patdory, Bel Oyaere:
ymemy:
- MPOBOJAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- UCIOJB30BaTh XHUMHUYECKHE, (PUIUKO-XMMUYECKHE METO/Abl aHajdu3a ChIpbs H
IIPOJYKTOB METAJIIypIHH;
MarepuanbHoe o0ecnieyeHue:
O6opynoBanue yueOHOTo KabuHeTa:
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- pabouee MeCTO Ipero1aBaTes;
- pabouee MeCTo CTY/JEHTa;
- TaOUIIBI.
O6opynoBanue 1a00paTOPHH:
- pabouee MeCTO Ipero1aBaTes;
- pabouee MeCTO CTY/ICHTA;
- METOAWYECKHEe yKa3aHMA IJIs MPAKTUYECKUX paboT;
- METOJIMYECKHE YKa3aHUs JJIs JAOOpaTOPHBIX paboT;
- METOJWYECKHE YKa3aHUA IJI1 CAMOCTOSTENIbHON pabOThI;
- XHMHYECKoe 000pyI0BaHNUE;
- XHMHUYECKUE PECaKTHUBBI;
- ydueOHOe ocoOue, CIPaBOYHUKH 110 aHATUTUYCCKONH XUMUH.

TexHnuueckue cpeacTBa 00y4eHUS:
— Aynuo-, BUieo-, IpOEKIIMOHHAS anmnaparypa.
Ilopsinok BbINOJIHEHHUS PadOTHI:
N3yuuTh MEeTOAMYECKUE YKa3aHUS K JAHHOW MPAKTUUECKOU U JTaOOpaTOpHOU
pabore.
Ornpenenutb NPOAYKTHI PEaKIUu
BrINMonHUTE OTYET O MpoJenaHHoi padoTe.
Xox pabdoThI:
Kynonomempuueckue memoout
Kynonomerpuueckuii MeTo aHanM3a OCHOBaH Ha U3MEPEHUU KOJIMYECTBA AJIEKTPUUYECTBA,
M3PACXOJ0BAHHOTO B XOJE JJIEKTPOXUMHUYECKOM peakluu OIpeAesisieMoro BemiectBa. Ecnu
MPOTEKaeT Kakas-MuOO JIEKTPOXUMHUYECKAs peakius, TO MO KOJIUYECTBY JIIEKTPUYECTBA,
M3PACXOJ0BAHHOTO HA 3Ty PEAKINIO, U YUCITY SJEKTPOHOB N, IPUHUMAIOIIMX B HEW y4acTHe,
MOKHO ONPEJEIUTh COJEpKAHNE MCXOTHOTO BEIIeCTBAa J B COOTBETCTBUH C 3aKkoHOM (Dapajes
o ¢opmyre:
2= (AQ)I(Fn) = (AQ) / (96485n)

o«

rie Q —  KoJIm4ecTBo
JNEKTPUYECTBA, paBHOE
MMPOU3BCACHUIO CHJIBI TOKa Ha
JUIUTEIIBHOCTh €Tr0 TPOXOXKICHUS
gyepe3 pactBop; 4 — aroMm-Macca

BelecTBa, F — mocTosiHHAs
G oo oraie o s sao 2 (0 dapazes.
rh P GNORL 8 wewankas § — xatoar 10— Ha smom ocnosan npsamou

KVIOHOMEempu4ecKuii Memoo, B
KOTOPOM  pacueX BeAyT IO
MIPOJIOJKUTENIBHOCTH AJIEKTPOIIN3A.

B stoM cnyuae He TpeOyere! moCTpoeHHs TPAAUPOBOYHBIX TPaQUKOB U TPUMEHEHUS
CTaHJAPTHBIX PACTBOPOB, UTO BHITOAHO OTJIMYAET €r0 OT APYTHX (PU3NKO-XUMHUUYECKUX METO/IOB
aHalus3a.

KocBeHHBII KyTOHOMETPUYECKUH METOJ| (KYJTIOHOMETPHUYECKOTO TUTPOBAHHS) OCHOBAH Ha
MOJIy4eHUU (T€HEPUPOBAHUU) PEArupyIolUX C OMpeeNsseMbIM BEIIECTBOM HOHOB B CaMOM
TUTpyeMOoM pacTBope. [IpsMoi KylIOHOMETPHUYECKUW aHaIW3 OOBIYHO OCYIIECTBIISIOT TPH
MOCTOSIHHOM TOTEHIMANe pabovyero MeKTPo/a, & KOCBEHHBI — MpU MOCTOSHHOW CHJIE TOKa,
MPOXOJISAIIETO Yepe3 3JEKTPOIUTHUECKYIO sueiiky. CxeMa KyJIOHOMETPUYECKOro aHajau3a Impu
MMOCTOSIHHOM TIOTEHI[MANIe Mpe/IcTaBlIeHa Ha puc. 5, a. TOk OT akKyMynaTOpHOW Oartapen mpu
MOMOIIM MOTEHIIMOMETPA TMPU OMPEJAEIECHHOM MOTEHIHANEe, KOHTPOJIUPYEMOM BOJIBTMETPOM,

27



II0/1aeTCsl Ha KYJOHOMETPHUUECKYIO siuelKy. KoauuecTBo aneKkTpuyecTBa, IPOLIEAIIEr0 Yepes3
KYJIOHOMETPUUYECKYIO STYEUKY, OMPEEACTCS KYJIOHOMETPOM. B KylTOHOMETpUYECKOU SUYEhKe
IIPOUCXOJUT BOCCTAHOBJIEHUE olpezensieMoro uoHa. Cuna Toka, MPOTEKAIOIIEM B LIENH, IO
Mepe YMEHbILIEHHs] KOHIIEHTPALMU ONPEAEIsIEMOr0 HOHA CHUKAETCS U B MOMEHT €ro IOJHOIO
BOCCTAHOBJICHHSI CTAHOBHUTCS OJIM3KOM K HYJIIO. DJTO yKa3blBaeT HAa OKOHYAHHE TpoIiecca
BOCCTAQHOBJICHUA  ompezenseMoro  uoHa. OnpenenuB  KyJOHOMETPOM  KOJMYECTBO
AJIEKTPUUYECTBA, M3PACXOJOBAHHOTO Ha BOccTaHOBIeHHE, Mo (opmyne (18) paccumtsiBatoT
KOJINYECTBO ONPEAEIAEMOr0O BEIIECTBA B KYJIOHOMETPUYECKOM sAueiike.

[IpyHuunuanpHas cxema JUisi KYyJIOHOMETPUYECKOTO TUTPOBAaHUS IPU MOCTOSIHHOM CcHiie
TOKa JUIsl ONpeAEieHUs, HalpUMep, COJACpXkKaHMUA Xpoma, INpuBeAeHa Ha puc. 5, 0. B
KYJIOHOMETPHUYECKYIO SIUEHKY U1 TUTPOBAHMS HAIMBAIOT aHAJM3UPYEMBbI pacTBOp OMXpomara
KaJIMsl M pacTBOP XJIopuJa keseza. KaTo omyckaroT HEMOCPEACTBEHHO B pacTBOP, @ aHOJ — B
MTOPUCTBIA COCY/I, COAEpKaIMiA pacTBOp xyopunaa kamus. OT akKyMyJSITOpHOW Oarapew mpu
IIOMOIM PETYJIMPOBOYHOTO peocTaTa uepe3 pacTBOp MPOIYCKAeTCs IOCTOSIHHBIM TOK,
KOHTPOJMpYEMbIl amiepmerpoM. llpu 3ToM B aHanmM3MpyeMoOM pAacTBOpE Ha KaToze
IIPOMCXOJUT BOCCTAHOBJIEHUE TPEXBAJICHTHOTI'O JKeJle3a J10 IBYXBaJEHTHOI'0, KOTOPOE Cpasy xKe
OKHUCJIAETCS 1O TPEXBAJIEHTHOrO OMXpOMAaTOM, HaXOASIIMMCS B pacTBOpe. Y Ka3aHHBIHN mpoliecc
IpoTeKaeT J0 TeX IOp, IIOKa BeCh MLIECTUBAICHTHBIH XpOM HE BOCCTAHOBHUTCS JO
TPEXBAJIEHTHOr0. B 3TOT MOMEHT B pacTBOpe MOSBATCA M30BITOUHBIE MOHBI JBYXBAJIEHTHOIO
’KeJie3a, KOTOpbIE JIETKO OOHAPYKUTh [10- TEHIMOMETPUYECKUM METOOM.

KonnuecTBo anexTpuyecTBa, pacxoayeMoro Ha TUTPOBAHUE, PABHO MPOU3BEICHUIO CUJIbI
TOKa Ha JUINTENIHOCTh €ro MpoTekaHus. TakuM o0pa3oM, B 3TOM BUJE KyJIOHOMETPUYECKOTO
aHaJIM3a TUTPOBAHUE IIPOBOJST BELIECTBOM, KOTOpOE 00pa3yeTcs (reHEpUpyeTcsi) B TATPYEMOM
pacTBope B pe3yibTarTe peaklMid BOCCTAHOBJICHHMS MM OKHCICHHS M B3aMMOJEHCTBYET C
aHAJIM3UPYEMbIMU HOHAMHU.

KynoHomerpuueckuif MeTOJ TUTPOBaHMUS IIOJIOKEH B OCHOBY, HalpUMeEp, UIMPOKO
MIPUMEHSIEMBIX AIKCIIPECC-aHAIM3ATOPOB I OIpPENEICHUs] COJIEp)KaHUs YIJIepoJa U CEphbl B
Mmetauie. Cxema paboThI SKCIIpecc-aHaIM3aTopa AJs aHalu3a yriiepoaa NpuBeJeHa Ha puc. 6.
Hagecky metamna (0,5 r), nomenieHHy0 B GpappopoByro J0/I0UKY, CKUTAIOT B TPyOUaTOM meun
npu 1300—1350 C B DOTOKE YHCTOrO KHUCIOPOJA, pacxXxol KOTOPOTrO peryiupyercs
aBromarndecku ot 0,2 mo 2 n/muH. Ilpm 3tomM Beck yriiepon okucisercs go CO2.
HenpepbiBHBIN NMOTOK KHciaopoga yHOcUT u3 mneun COz B 3JIEKTPOIUTHYECKYIO SUYEHKY 2
JaT4YMKa YKCTpecc- aHanu3aropa. 3aech C0; moromaeTcs ciiabonieIOYHbIM MOTJIOTUTETbHBIM
pactBopom 3 (pH~10,2), BbI3bIBasi MOBBINICHHE KOHIICHTPALMM HOHOB Bogopoma H+. Dro
m3mensier pH cpenbl, pukcupyemoit uepes snextponast 4, 5 u pH-merp 6. 3menenne 5. 1. c.
INEKTPOAHON cUcTeMbl pH-MeTpa NpUBOAUT K M3MEHEHUIO CUJIBI TOKA Ha BBIXOJE YCHIIUTEI
pH-meTpa, B pe3ynpTare 4ero CnelualbHbBIM PETYISATOp 7, COEAMHEHHBIM C BbIXOAOM 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 mneHky). Ilpu stom mousl H' paspskaioTcss Ha KaTofie ¢ 0Opa3soBaHHEM
MOJICKYJIIPHOTO BOJOpojia. ['eHepaTopHBIM TOK MPOTEKaeT 10 TeX TMop, MOoKa He OyayT
HelfTpanu3oBanbl HOHBI H+ 1 3. 1. c. pH-meTpa, a Taxke cuia Toka Ha Beixoje pH-merpa He
JIOCTUTHET nepBoHavanbHoro 3HayeHus (0,2 MA). KonnuecTBo 3iekTpuyecTBa, 3aTpadyeHHOIO
Ha TUTpoBaHME (BO3BpallleHHME K MHCXOAHOMY 3HaueHHio pH), oJHO3HA4YHO CBsA3aHO C
KOJIMYECTBOM IMOTJIOIIEHHOTO YIJIEKUCIIOTO ras3a, a Cjlel0BaTelIbHO KOJUYECTBOM YIJiepoja B
aHaIM3upyeMoil nmpobe Metayuia. KomudecTBO 3JIeKTpUUYECTBA ONPENeNsIeTcs] aBTOMAaTUYECKUM
MHTErPUPOBAHUEM CHIIBI TOKA TUTPOBAHHUS CHIEUAIBHBIM KYJOHOMETPOM - HHTErpaTopoM TOKa
13, Ha BBIXOJE KOTOPOrO BKJIIOYEHBl HEOHOBBIE IIM(PPOBBIE JIAMIIBI, ITOKA3bIBAIOIIUE
MIPOLIEHTHOE COJIepKaHue YIriiepo/ia B aHAIM3UPyeMOi Tipooe.
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[Ipu morNIOmIEHUM  YTIECKUCIOTO
raza IIOTJIOTUTCIbHBIM paCTBOpOM, B
COCTaB KOTOPOTO BXJAAT XJIOPHUCTHIN
KaIMA , [POTEKAIOT  CIEAYIOLIUe
peaKuuu: )

C02 & HzO = H2C03

H,CO; + StCr, = Sr COs|+2HCI

HCI=H'CI

B pe3yJbrare MPOTEKaHUSA
YKa3aHHBIX pEaKIWi M TPOUCXOIUT
IIOBBIIICHNE KOHLEHTpauuu HoHOB H+
B TIOTJIOTHTEIILHOM PacTBOPE, KOTOPHIN
aas  Oojee  IOJHOTO — IOTJIOLICHHUS
VIJIEKUCIOr0 Tra3a MepeMelInBaeTCs
Melaikou 14.

[Ipn mnpoTekaHuW TreHepPaTOPHOTO

MOTJIOTUTEIbHBIN pactBop, [IPpOTEKaeT

N /
2 % 9 435

Puc. 6. Cxema paGotsi IKeHpe

CE @Ha i3aTopa An y
Hiisl yraepena B Metaae P2 AR KyMOHOMETPHYECKOTO OnpefeeHHA Comepika-

TOKa Ha KaTozac,

+ —
peaxius 2H'+2e = H, T’ a Ha aHoJe,

M3TrOTOBJICHHOM M3 IIMHKA, PEaKIUs in—Jle Zn’". AHOJI TIOTPYXKEH BO
BCIIOMOIaTelIbHBIN PacTBOpP 72, B COCTAB KOTOPOIO BXOIAT XJIOPUCTBIA Kajaui U (heppoLaHul
Kanus. MOoHBI [WHKA, B3aUMOJEHUCTBYS C (DEPPOIMAHUIOM Kajusi, 00pasyroT KOMILUIEKCHYIO
COJIb IIMHKA, KOTOPas BHIIAJAET B OCAJOK 10 PEAKIIUH:

3Zn™" + 2K" + 2Fe (CN)* = KyZn; [Fe (CN)glay, -

OCHOBHBIE TEXHHUUECKHE XapaKTEPUCTUKH 3Kcpecc-aHanu3aTopoB AH-29 u
AH-160:

ONYIIIECHHOM B

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—
npubopa, 0,0003

Q0/MHH.........cuvvee.

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

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

B HacTosmee BpeMsi Ha METAITyPrUYeCKUX 3aBOJIaX HIMPOKO UCIIONIB3YIOT OTEUECTBEHHbBIE
HKCIPECcCc-aHAIN3ATOPBl AJIS ompeAeneHus coiepxkanus yraepona (tuma AH-29, AH-160) u
cepsl (Tuma AC-7012, AC-7412).

®opma nmpeacTasJieHus pe3yJbTara:
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HazBanue u 1ieip paboThl.
Hamnmcarb cxeMbl ypaBHEHMI peakiuil.
CaenaTb BBIBOJI O IIPOJIETIAHHON paboTe

Tema 3.2.
PeHTreHOCTPYKTYPHBII aHAIN3.
IIpakTnyeckoe 3ansaTue Ne /
O3HakoMJIeHHe ¢ YCTPOHCTBOM, IPUHIIAIIOM JIeliCTBHSI PEHTI€HOCKOIa
0TeYeCTBEHHOI0 U 3apy0e:KHOr0 POU3BOACTBA.
eab padoThi:
O3HaKOMJIEHHE C YyCTPOWCTBOM, IPUHIUIIOM JEHCTBHSI pEHTI€HOCKOIA
Bbinosinus padory, Bel Oyaere:
ymemn.
- MPOBOIUTH GUBUKO-XUMHUUYECKUN aHAIIU3 METAJJIOB U OLIEHUBATh €r0 Pe3yibTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PU3UKO-XMMHUYECKHE METOJbl AaHajh3a CBIPbS
MPOYKTOB METAJUTYPIHUH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IPEIOIaBaTEeNs;
- pabouee MECTO CTy/ICHTa;
- TaOJIHIIBL.
Ob6opynoBanue 1ab0paTopuu:
- pabouee MeCTO IPEIOIaBaTEes;
- pabouee MECTO CTy/ICHTa;
- METOJIMYECKHE YKa3aHMsl ISl IPAaKTUYECKUX paboT;
- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaTOpHBIX paldoT;
- METOJIMYECKHE YKa3aHMs ISl CAMOCTOATEIbHONU padoThI;
- XHMHYecKoe 000pyJIOBaHUE;
- XMMHYECKHE PEAKTHUBBI;
- ydeOHOe nmocoOue, CIpaBOYHUKH M0 aHATUTUYECKOH XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:
— Ayauo-, BUzie0-, IPOEKIIMOHHAs annaparypa.
Ilopsinok BbINOJHEHHS padOTHI:
N3yunTh METOIMYECKUE YKA3aHUS K JAHHOW MPAaKTUYECKOH 1 1abopaTopHOi
pabore.
Onpenenuts NPOIYKTH PEAKIINH
BeImoaHUTE OTYET O MpoeaHHo#N padoTe.
Xoa paGoTsI:
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Pie, 41, Cxema yCTAHOBKN AAS PEHTrellOCNEKTPAAbHOTO GHAAHAE:
I — BosGyxaenne; // — paznoxenie B cuektp; /// — perucrpamus:
I — pentrenonckas TpyOka; 2 — npoGa; 3 — H3AYNCHHMA  dayopecueHUHH:

4 — XPHCTANN-aHANH3ATOP; 5 — AeTeKTOP; 6 — PerHCTPHPYIOWHA H ;
TerbANA npuGop PHpyouy IMepH

B o60mem ciydyae cxeMy pEHTT€HOCHEKTPaJbHOTO aHajlu3a MOXKHO MpPEeJCTaBUTh
creayrnmM oopaszom; 1) Bo3Oyx)aeHHE PEHTTCHOBCKOTO XapaKTEPUCTHYECKOTO U3TyUCHUS
3JIEMEHTOB, 00pa3yrIux Mnpody; 2) pas3ioKeHHe PEHTTEHOBCKOTO HM3IYy4YEHHUS B CIEKTP
(BbIIENICHUE AQHAIMTUYECKUX JIMHUWA HJIEMEHTOB); 3) perucrpanus U HU3MEpEeHUe
MHTEHCUBHOCTH PEHTI€HOBCKOTO XapaKTEPUCTUUYECKOTO M3IYyYEHHS AJIEMEHTOB. B cBs3u ¢
3THUM BCE PEHTTCHOBCKHE CIIEKTPOMETPUIECKUE CUCTEMbI UMEIOT OOIIHE KOMITOHCHTHI:

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

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

(bmroopectieHTHOE BO30YKICHUE), U3TyUCHNUE PAaAUOAKTUBHBIX U30TOIOB.

Jlns 2IeKTpOHHOTO BO30YXKJIEHHS XapakTepHa BbIcoKas 3(G(EeKTHBHOCTb, OIHAKO
BCIICJICTBHE CHJIBHOTO pa3orpeBa oOpasna moJ BO3AEHCTBHEM 3JIEKTPOHHOTO IMy4YKa (110
HECKOJIBKMX COT TPaayCcoB) BO3MOXXHBI CEIEKTHBHOE HCIApEHUE DJIEMEHTOB U JpyTHE
XUMHYECKHEe W3MEHEHUs B oOpasme. K HemocTtaTkaM SJIEKTPOHHOTO BO30YKICHHUS
OTHOCSITCSI MHTEHCUBHBIA (POH M HEOOXOIUMOCTH paboTaTh moj BakyymMoM OTMeueHHBIE
HEJIOCTAaTKW  TPOSIBISAIOTCA  cilabee  TpW  BO3OYXKICHHH  XapaKTEPHCTUUYECKOTO
PEHTIeHOBCKOTO M3Iy4YeHUSI MPOObI OCTPO C(HOKYCHPOBAHHBIM SIEKTPOHHBIM ITyUYKOM
(pMeKTpOoHHBIH MUKPO30HI). B sTOM ciydae meperpeBa oOpasiia HE MPOUCXOIUT H3-3a
WHTEHCUBHOTO TEIJIOOTBOJA C MUKPOHHOTO Y4acTKa.

HenocraTtkoB,  xapakTepHbIX  JIsi  BO3OYKIEHHUS  DJEKTPOHAMH,  JIUIICHO
(bayopeciieHTHOE BO30YykKIeHHEe. DTOT METOJI BHIABUHYJICS Ha MEPEAHUN TUIaH MOCIe TOro, KaK
OblTa pa3paboTaHa COBEpIICHHAs TEXHHMKA PErUCTpalu  claboro  (yopeciueHTHOro
PEHTTEHOBCKOTO H3Iy4eHHs. VICTOUHUKOM MEepBUYHOTO BO30YXKIAIOMIETO M3JIYYEHHUsS CIyXat
peHTreHoBckue Tpyoku. [lepBudHoe U3 TydcHHE

noa0uparoT TakuMm oOpa3oMm, 4YTOOBI PHEPrUs €ro KBAaHTOB Oblja 3aBEJOMO BBIIIE
SHEPrUM KBAHTOB XapaKTEPUCTUUECKOT0 PEHTTCHOBCKOTO H3JIYYCHHUS CaMOTO TSIXKEIOTO
sJeMeHTa TpoObl. B TO ke BpeMs cieayeT YYUThIBaTh, YTO KOPOTKOBOJIHOBOE >KECTKOE
PEHTTE€HOBCKOE HW3JIy4eHHE OYEeHb C1a00 TOTrJomaeTcss MpoOoi, modTOMY BO30YXICHHUE
(bIr00peceHIIMN CPEeTHUX | JIETKUX AJIEMEHTOB OyneT Manod(eKTuBHO.

Bo30ykIeHrne peHTreHOBCKOTO0 XapaKTePUCTHYCCKOTO U3JIYYECHHS MPOO MOCPEICTBOM
W3JIy4YeHHUS PAJUOAKTUBHBIX M30TOMOB HCIOJB3YETCS B PEHTTCHOPAAHMOMETPUIECKOM
aHaimu3e. JIOCTOMHCTBAMU METOJA SBISIOTCS KOMITAKTHOCTH AaImmaparypbl H CTPOTO
MOHOXPOMATHYECKOE U3JIyuyeHHe UCTOYHMKAa. (OCHOBHOM HENOCTaTOK — HH3Kad
WHTCHCUBHOCTH MTEPBUYHOTO WU3TyYCHHS.

Pasnoocenue penmeenosckozo usnyuenus 6 cnexmp. BwiOenenue uznyueHuss mpebyemotl
ONuHbl 607HbI. B COBPEMEHHBIX PEHTIEHOCTEKTPAIbHBIX YCTAaHOBKAX HCIIOJIB3YIOT JIBA
crocoba pa3loKeHHUs HU3JIY4YeHUs] Ha COCTaBIsiomue: 1) nucmepcus MO JIWHE BOJHBI
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(mudpaxknus Ha MOHOKpHCTAIIAX); 2) AMCIEPCHS TO DJHEpruu. B pPEeHTTeHOBCKUX
CHEKTpOMETpax C AUCIEpPCHEll MO JIMHE BOJHBI JUCIEPIUPYIOIIUM 3JIEMEHTOM CIYXKHUT
KpUCTAJUI-aHAJIU3ATOp., JCUCTBYIOIIMNA  aHAJIOTUYHO JUPPAKIUOHHOM  pemeTke B
ONTHYECKON CHEKTPOMETPHUH. YTOI AUPPAKLIUN PEHTI€HOBCKOIO Jydya 6 C JJIMHOW BOJIHBI
{ 0T KpuCTajla-aHaJu3aTopa, UMEIOIIEr0 MEXIIJIOCKOCTHOE PACCTOSHUE ¢/, onpeaensercs
ypaBHeHueM Bynbda — bparra:

2¢1 51110=11/1

B 3aBucuMocTH OT Juamna3oHa JJIUH BOJH HCIONB3YIOT KPHCTAIBI C Pa3JIMYHBIMHU
3HAYEHUSIMU MEXIUIOCKOCTHBIX PACCTOSHUM: KBapll, KalbIuT,

¢bmooput, nurunpodochar ammonus u aAp. Crnocod IUCTEPCUU MO JIMHE BOJHBI
o0nagaeT TeM JOCTOMHCTBOM, YTO IO3BOJISET BBIIEIUTH JIIOOYIO 3alaHHYIO CIIEKTPAJIBbHYIO
JUHUIO TUIaBHOW HacTpoiikoil. Hemoctatkom siBnsieTcst Oojbiias moTepsi HHTEHCUBHOCTH
U3JIy4eHUs] IPU OTPa)XCHUU OT KpHUCTaja. B ONTHManbHBIX YCIOBHMSIX HHTEHCUBHOCTH
OTPaXXEHHOTO Jiyda cocTaBisieT oT 5 g0 20 % mnajgamomero Ha MOHOKpPUCTaLI
MOHOXPOMAaTHYECKOTO U3JIYyYCHHUS.

B ciydae oHepreTM4eckom — AMCIEPCUHM  JIETEKTOPaAaMHM  HM3JIy4€HMS  CIyXKar
MOJIYIPOBOJIHUKOBBIE KpHUCTaibl. Ilpu moOriomeHun peHTreHOBCKUX KBAaHTOB TaKUM
KPUCTAJUIOM B HEM BO3HHKAIOT JJIEKTPUYECKHE HMITYJIbChI, CBS3aHHBIE C DJHEpPruei
KBaHTOB. Y CHJICHHBIE UMITYJIbCBI IONAJAl0T Ha MHOTOKaHalbHbIN aHanu3atop. OOpaboTka
UMITYJIbCOB, TIPEJCTABICHHE M 3alOMHHaHUWE OO0OECIeYnBaIOTCA MNpUOOpaMu 3alucH
CUT'HAQJIOB, UMITYJIbCHBIM cHEKTpoMeTpoM M OBM DOHeprernueckoe pas3pelieHue MOXKET
OCYHIECTBISTECS TakXKE€ C TIOMOLIBIO TPOMOPIHOHAIBHBIX M CHUHTHUISIIUOHHBIX
CUYETUUKOB.

JIOCTOMHCTBOM ~JMCHEPCHUH PEHTTEHOBCKOTO U3IIYYCHHS 10 OHEPTHH  SBISIETCS
BO3MOKHOCTh Pa3pelleHHs] OYeHb CJIa0bIX CUT'HAJIOB PEHTI'€HOBCKOIO H3JIydeHHs. MeToj
yI100€eH JUIsl KOHTPOJISl TPOU3BOICTBEHHBIX IIPOLIECCOB.

Lemexmopul peHmeeno8cKux ayyel.

PenTreHoBckoe u3IydeHHME MOXKHO 3aperHCTPHPOBATH, HaOMIOnas Kakoi-mmbo U3
3¢ HEeKTOB €ro B3aMMOJAEHCTBHS C BeleCTBOM. Takumu 3¢ ¢exTamu SBISIOTCA: 00pa3oBaHHE
CKpBITOTO H300pakeHUsT Ha (OTOIUIaCTUHKE, HWOHM3alusa Tra3a, Bo30yxkaeHue d¢ocdopa,
JIAIOIEr0 BUAMMBIN CBET, (hOTONPOBOJUMOCTb, BbI3BaHHAs IEHCTBHEM PEHTICHOBCKUX JIydyei
Ha TTOJIYTIPOBOHUKOBEIE KPUCTAJLITBL.

Peructpanus ¢ororpaguyeckuMm cHnocoOOM B PEHTTEHOCHEKTPaIbHBIX NpUOOpax
cefiyac TpaKTUYECKH He TNpHUMEHseTcs. B To ke BpeMs IIHPOKO HCIOJNB3YIOTCS B
PEHTI€HOBCKHUX CIIEKTPOMETpax, ra30HAIOJHEHHbIE AETeKTOpbl — cueTuuku [eiirepa,
MPOMOPIHMOHANBHBIE cYeTYHKUA. OHU TPeoOpa3yroT PHEPTrUI0 PEHTIEHOBCKUX KBAaHTOB B
JJIEKTpUYECKHE UMIYJIbChl. Ha KaXkJplii MOTJIONMIEHHbIH KBAaHT ACTEKTOP AaeT UMIyJbc. B
MPOMOPIMOHANBHBIX ~ CUETYMKAX  aMIUIUTyJa HMIyJbca CBs3aHa C  OJHEprueu
PEHTI€HOBCKOrO0 KBaHTa. IIpM MCHONB30BAaHUM TAaKOTO JETEKTOpa C aMIUIUTYJIHBIM
CEJICKTOPOM OH MOXET OBITh TPUMEHEH ISl BBIACICHHS W PETHCTPAINH HW3ITyYCHHS
TpeOyeMbIX JiIuH BOJH. KonMuecTBEeHHBIH aHaNW3 JIETKUX JJEMEHTOB MO JIMHHUAM
XapaKTEPUCTUIECKOTO PEHTICHOBCKOTO  CIIEKTpa 3aTPYJHEH BCIEIACTBHE PE3KOTO
ocnabiieHus JIMHHOBOJHOBBIX JUHUW B OKHE cyeTdMka. JlanpHelmuii nmporpecc anaiusa
CTaJ BO3MOJKHBIM TIOCIIEe Pa3pabOTKH MPOTOYHBIX CYETYMKOB. OKHA ISl pEHTT€HOBCKOTO
U3JIy4eHHs JeNlaloT B HUX HACTOJIbKO TOHKHMH, YTO yTeuka ra3za HeuzoOexHa. CUeTUHKH
MOTYT YCHENIHO paboTaTh, €CIIM Yepe3 HUX HEMPEPHIBHO MPOMYCKAETCS Ta30BBIHA MMOTOK.

JleificTBUE CUMHTHIUIALIMOHHBIX CYETYNKOB OCHOBAaHO HAa BOSHUKHOBEHHH CBEUEHUS MPU
MOTJIOMIEHHH PEHTTEHOBCKUX KBAaHTOB (DIIIOOpECHUPYIOIIMM MaTepHaioM. B Hux
HaOMrogaeTcss MPONOPIUOHANIBHOCTh MEXJY BEIMYMHOW (aMIUTUTYIOH) HUMIIylIbca |
SHEPTHEH  PEruCTPUPYEeMOro KBaHTa. B  KOpPOTKOBOJHOBOW  0OJacTH  CIEKTpa
1[eJeco00pa3Ho HCMHOJIb30BaTh CIHUHTHUIAIMOHHBIE CUETYMKH, a JJIMHHOBOJIHOBOM —
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MPONOPLIMOHATIbHBIE.

[Ipu mornomeHU PeHTIT€HOBCKUX KBAHTOB IMOJYIPOBOJAHUKOBBIM JIE€TEKTOPOM B HEM
BO3HHUKAIOT 3JIEKTPUUECKHE HMIYJIbCHl, OTPA00OTKAa KOTOPBIX MPOBOAUTCS C IOMOIIBIO
MHOTOKAaHAJIbHBIX aHalnu3aTopoB. [loaynmpoBOAHUKOBBIE NETEKTOPHI AAIOT BO3MOKHOCTD
pPErUCTPUPOBATh OYEHBb Clla0ble CUTHANBI, YTO MO3BOJSET CHHU3UTH aOCONIOTHBIN mpeaen
oOHapyeHHs 3eMeHTOB. Kpome TOro, 3To mo3BOJISIET MCIOJIB30BaTh IS BO3OYXKIEHUS
U3JIyYEHHUS FJIEMEHTOB PaAO0aKTUBHbBIE U30TOIIBI.

Penmeenosckue  cnexkmpomempur.  OTeduecTBeHHbIE U 3apyOexxHble  mpubop!
CTPOUTENIbHBIC  TPEANPUSATHS  MPOUZBOIAAT LIMPOKUM  ACCOPTUMEHT  ammapaTyphl,
MpeJHa3HAauYeHHOW MJig MPOBEACHUS PEHTTeHOCHEKTpalbHOTO aHanu3a. Beibop mpubopa
OTpeaeNsieTCs KOHKPETHOW aHanuThueckoi 3amadedl. K ¢akTopam, KoTopble clienyer
MPUHUMATh BO BHUMaHUE, OTHOCSTCS: CIOKHOCTh MPOO MO XUMHUYECKOMY COCTaBY, THI U
KOJIMYECTBO MPOO, CTOUMOCTD 3JIEMEHTOOIPEICICHUS, METPOJIOTUUECKIE XaPAKTEPUCTHKHU
u apyrasi uHpopMaius, KOTOpy HaJo0 MOJIYy4YuTh 00 oOpa3max.

Ilo ceoemy  HazHaueHurw  cnekmpomempuvl — OelAMCA  HA  KOPOMKOBOIHOBbIE,
ONIUHHOBONIHOBble U  8ceOoNHO8ble. Cnekmpomempol, umMewujue HeECKOIbKO KAHA108,
YCMAHOGIEHHBIX 0J11 0OHOBPEMEHHOU PeSUCMPAUUU ORPEOeeHHbIX OJIUH 60JIH, HA3bIGAIOM
keanmomempamu. I1o cnocoby videnenus aHaIUMUYecKol TUHUY CHeKMpaibHble Npudopbl
oesim Ha KpUCMAbhvle U OeCKpucmaivhble.

Penmeenopaouomempweckuii ananus.

PentrenopagmoMerpuieckuii aHaJW3 Hallel NPUMEHEHHWE B TMPAKTHUKE TOPHO-
000raTUTENbHBIX U METAILTYPTHUYECKUX MPEANPUATHH. ITOMY CI1OCOOCTBOBAIM pa3paboTka
BBICOKOO((EKTUBHBIX  JETEKTOPOB  ClIaboro  (JIyOpEeCHEHTHOTO  PEHTTEHOBCKOTO
M3JIy4YeHHs, a TakKe MPOMBIIIICHHBIH BBITYCK MIMPOKOrOo Habopa paauoaKTHBHBIX
M30TOMNOB C OTHOCHUTEJIBHO HEBBICOKON LIEHON M MOJAXOMSIIMM MEPUOJOM Iojypacrnaja.
Haunbonee yacto HCHONB3yIOTCA HM30TOIBI, HCIYCKAIOIIME - ) -KBAaHTHl B pe3yJbTaTe
3axBaTa SAPOM OPOMTAIBHOTO »SJIEKTPOHA, Hampumep ~ Pe, °C<+ PannoaxrueHOE
M3JIydyeHHe OT MCTOYHUKA MajaeT Ha oOpaseln] U HHAYyHUPYeT B HeM (IyopecieHTHOe
U3JIydyeHHe. DTO H3JIy4YeHUE 3aMepsieTcs MPONOPLUUOHAIbHBIM CUETYMKOM U PE3yIbTar
u3MepeHus obpabareiBaeTcs Ha DOBM, BkIIOYEHHOW B OJIOK 3JEKTpoHHMKH mpubopa. B
KayecTBE OKOHYATEIBHOTO pe3yJibTaTa Ha IUQPPOBONW WHIAMKATOP (AUCIUICH) BBIAAIOTCA
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 CTaHAApPTHHIM 00pa3uaMm. CoBpeMeHHbIE KOHCTPYKIIMU aHATH3aTOPOB
MO3BOJISIFOT TMOJIy4aTh OJJHOBPEMEHHO JaHHbIE M0 1 —6 3/1eMeHTaM.

[IpuGopsl MOTYT TpPUMEHATHCS IS DKCIPECCHOTO aHajiu3a B  YCIOBHUAX
HECTAallMOHApHBIX JlabopaTopuii, B TOM 4YHCI€ JJIsI MacCcoOBOrO0 aHanu3a Mpod Ha
MPOMBIIIJIEHHBIX TPEANPUITUSIX.

Jloxkanvnwiii ananuz. JIOKanbHBIA PEHTTEHOCNEKTPAIBHBIN aHAIU3 HMCIOJB3YETCS IS
UIeHTHUKAIUM BKJIIOYEHUNW B CIIJIaBaX M MHUHepanax, U3ydeHus IuQ@Gy3MOHHBIX 30H,
pacrpeneneHus 3JIEMEHTOB 0 MOBEPXHOCTH U T. . BaXHbIM 00CTOSTENHCTBOM SBISETCS
TO, YTO MeToJa JAa€T BO3MOXHOCTH paboTaTh C TpeAeabHO MalbiIMH O0beMaMH
ucclielyeMoro BeuecTna (mopsjaka HECKOJIbKUX KyOMUeCKUX MUKPOMETPOB).
PeHTreHoCnekTpalbHBI MHKPOAHAIM3aTOP OCHOBAaH Ha BO3OYKIEHUU PEHTIEHOBCKOTO
XapaKTePUCTHUUECKOT0 U3TYUYEHHS C IIOMOIIBIO OCTPO CPOKYCHPOBAHHOTO AJIEKTPOHHOTO ITy4YKa
U TOCJENYIOUIEH PEerucTpaluu pa3JeieHHOro Mo JJIMHAM BOJIH PEHTT€HOBCKOTO M3IyYEHHS.
JlokanpHOCTH aHanmu3a, T. €. auaMeTp ucciueayemon tromaan, 1—2 VY.km. IlpuGopsr
MO3BOJISIIOT BECTH BH3yallbHOE HAONIOJEHHE 3a MCCIEAYyeMBIM O0pas3lloM C IOJIE3HBIM
yBenuueHueM X450, mpu 3TOM IepeKpecThe MHUKPOCKOIAa COBMAJaeT € y4acTKOM o0Opasla,

33



o0xydaembIM ayekTpoHamu. [Ipu aHanmm3e HEMETALTMYECKUX OO0paslloB Ha HUCCIEIYyEeMYIO
MMOBEPXHOCTh HEOOXOUMO HAMBLIATE AIEKTPOIPOBOASIIINE CJIOU TOIIMHON 1 HM.

dopma npeacTaBJieHUs pe3yabTarTa:

HasBanwe u 1ienb paboThlI.

Hanucatb cxembl ypaBHEHUN peaKInid.

CraenaTb BBIBOJI O TIPOJICIAHHON paboTe
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