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1 BBEAEHHUE

Baxnyio yacTh TeopeTHdyeckol H TNPOQPEecCHOHAIBHON MPaKTUYECKOW MOJArOTOBKU
CTY/ICHTOB COCTABIISIIOT NMPAKTHUECKUE 3aHATHS M J1abopaTopHble paboThl. SIBISASACH YaCTHIO
U3y4eHUsT Y4eOHOW JUCHUIUIMHBI, OHHM MPU3BAHBI, OKCIEPUMEHTAIBHO MOJITBEPIUTH
TEOPETUYECKHE TOJOXKEHUS W (HOpMUpPOBATH OOIIME W MPOPECCHOHATBHBIE KOMIICTEHIUH,
MPAKTUYECKHE YMEHHUS.

Benymieid nunakTu4eckodl LENbI0 Mpakmuyeckux saumamuil siBiseTcs (popMupoBaHUE
MPAKTUUYECKUX YMEHHH - MpodecCHOHANbHBIX (YMEHUH BBHINOIHATH ONpeAelieHHbIe NeHCTBUS,
orepanuu, HeoOXOAUMBIE B TIOCIEAYIOLIEM B MPO(eCCHOHAIBHOM JeSITEIbHOCTH) HITH Y4eOHBIX
(YyMeHwmi1 pemaTh 3a/1a4u 10 MaTeMaTuke, Gu3nuke, XuMuu, HHOOPMATUKE U JIP.), HEOOXOAMMBIX
B TIOCJIEyIONIel yueOHOM NesITeIbHOCTH IO €CTEeCTBEHHOHAYYHBIM, 00IIenpohecCHOHATbHBIM
JTUCIUILTAHAM.

Benymieid mumpakTudeckoi LENbio 1abopamophsix pabom SBISAETCS YKCIIEPUMEHTAIBHOE
MOATBEPKIEHUE ¢ TMPOBEPKAa CYIIECTBEHHBIX TEOPETUYECKUX IMOJIOKEHUU (3aKOHOB,
3aBUCUMOCTEH).

CoctaB u conaepkaHHWe TMPAKTUYECKMX M JIa0OpPaTOpPHBIX pabdOT HampaBieHbl Ha

peanu3anuio ACUCTBYIONMX (peaepanbHbIX TOCYJapCTBEHHBIX O0pa30BaTENbHBIX CTaHIAPTOB
cpenHero npodeccuoHaIbHOr0 00pa30BaHusl.
B coorBerctBuM ¢ paboueit mporpammoii yuebHoil muctmmmabl «XUMUYECKUE U
OU3UKO-XUMNUYECKHME  METO/Jbl  AHAJIM3A»  npeaycMOTpeHO  NpOBEACHUE
NPAaKTUYECKHUX U JTA00PATOPHBIX padoT.

B pe3ynbrarte ux BBINOIHEHUS, 00y4atOIUNACS JOKEH:

ymemy:

- MPOBOJUTH GUBUKO-XUMHUYECKUN aHAJIU3 METAJJIOB U OLIEHUBATh €r0 Pe3yibTaThl;
- UCIONB30BaTh XHUMHUYECKUE, (DHU3UKO-XMUMUYECKUE METOJBI aHalu3a ChIpbS W
MPOJIYKTOB METAILTypIHH;

ConepxaHye NpaKTUUECKUX U JTaOOpaTOpHBIX pabOT OPUEHTHPOBAHO Ha TIOATOTOBKY CTY/AEHTOB
K OCBOCHMIO OCHOBHOM IpPO(ECCHOHAILHOM 00pa30BaTeIbHOM MPOrpaMMbl MO CHELUAIbHOCTH U
OBJIA/ICHUIO IPO(ECCHOHATIBHBIMUA KOMITETEHIMSAMU:
[IK 1.1. IlmannpoBaTh MPOU3BOACTBO ¥ OPTAHU3ALMIO TEXHOJIOIMYECKOr0 MPOLEcca B LIEXe
00pabOTKN METAJJIOB JaBIEHUEM.
[IK 1.2. IlnanupoBath rpy30H0TOKH IPOAYKIIUU MO yYaCTKaM Liexa.
IIK 1.3. KoopanaupoBaTh NIPOU3BOICTBEHHYIO IEATEIBHOCTD YYAaCTKOB 11€XA C
HCI0JIb30BAaHUEM IIPOrPaMMHOTr0 00ecTeyeH s, KOMIbIOTEPHBIX 1 KOMMYHUKAIIMOHHBIX
CPEICTB.
I1K 1.4. Oprann3oBsiBaTh pabOTy KOJJIEKTUBA UCIIOJIHUTENEH.
I1K 1.5. Mcnonp30BaTh NporpaMMHoOe o0ecreyeHne o yueéTy U CKIaIupOBAaHHIO BBITYCKaeMON
MPOYKLIAH.
1K 1.6. PaccunTbiBaTh U aHATU3UPOBATH MTOKa3aTenu 3 (HEeKTUBHOCTH pabOTHI y4acTKa, 11exa.
[IK 1.7. OdopMAsATh TEXHUYECKYIO JOKYMEHTAIMIO HA BBIITYCKAEMYIO MPOAYKLHUIO.
IIK 1.8. CocTaBiATh pekiaMaliy Ha MOJy4aeMble UCXOAHBIE MaTEpUAIIbI.
IIK 2.1. Beibupath COOTBETCTBYIOIIIEE O0OPYAOBaHUE, 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 000PYy10BaHUSI.
1K 2.4. BeiOupats Npou3BOJACTBEHHBIE MOLUTHOCTH U TOIUIMBHO-3HEPreTUYECKUE PECYPCHI TS
BEJICHUsI TEXHOJIOTMYECKOTO IpoLecca.



1K 2.5. DkcmnyaTHpoBaTh TEXHOJIOTHUECKOEe 000pYJOBAaHUE B TNIAHOBOM U aBapUtHOM
peKUMAX.

[IK 2.6. IIpou3BoauTh pacyeThl SJHEPTOCUIIOBBIX TAPAMETPOB 0OOPYIOBAHMUS.

IIK 3.1. IIpoBepsATh MPaBUILHOCTH HA3HAYCHHUS TEXHOJIOTHYECKOTO peKUMa 00pabOTKH
METAJIJIOB JIaBJICHUEM.

[1K 3.2. OcyiiecTBisTh TEXHOIOTHUYECKUE MPOLIECCH] B INIAHOBOM U aBapUITHOM PEXKUMAX.
1K 3.3. BeiOupats BUAbI TEPMUYECKON 00pAaOOTKH [Tl YIyUYIIEHUS! CBOMCTB U Ka4eCcTBa
BBIITyCKAEMOM IIPOAYKIIUH.

1K 3.4. PaccuuThIBaTh MoKazaTesnu 1 KodpGuuueHTs! aedopmariu 00paboTKu METaUIOB
JTaBJIICHUEM.

1K 3.5. PaccunThiBaTh KaIMOPOBKY pabOYero MHCTPYMEHTa U (hopMOH3MEHEHUE
BBIITyCKAEMOM IIPOAYKIIUH.

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

[IK 3.7. Ocy1iiecTBisTh TEXHOJOTHUYECKUM MPOLIECC B IIIAHOBOM PEXKUME, B TOM YKCIIC
UCHOJB3Ys MPOTrpaMMHOE 00eCTieYeHHe, KOMITBIOTEPHBIE U TEJICKOMMYHHUKAIIMOHHBIE CPEJICTBA.
1K 3.8. OdopMIIATh TEXHHUECKYIO JOKYMEHTALIUIO TEXHOJIOIMYECKOI0 Ipoliecca.

[1K 3.9. IlpuMeHATh TUNIOBBIE METOAMKH pacyeTa mapamMeTpoB 00OpadOTKH METaNIOB
JTABJIICHUEM.

[1K 4.1. BeiOupars MeTOABI KOHTPOJIA, aNapaTypy ¥ MPUOOPHI Ui KOHTPOJISI KauecTBa
IIPOSYKIIMH.

[1IK 4.2. PeructpupoBaTh 1 aHaJIU3UPOBATH IOKA3aTEJIM ABTOMATUYECKOM CUCTEMBI YIIPaBJIECHUS
TE€XHOJIOTUYECKUM ITPOLIECCOM.

[1K 4.3. OnienuBaTh Ka4e€CTBO BBIITYCKAEMOW MPOTYKIIUH.

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

I1K 4.5. OdopMiATh TEXHUUECKYIO JOKYMEHTALUIO IIPU OTAEIKE U KOHTPOJIE BBITYCKaeMOn
MPOJIYKIIHH.

I1K 5.1. Opranu3oBbIBaTh U MPOBOAUTE MEPONIPHUSTHS MO 3alIUTE pAOOTHUKOB OT HETATUBHOI'O
BO3JICUCTBUS IPOU3BOJACTBEHHOU CpPEIBI.

I1K 5.2. [IpoBOIUTH aHAIN3 TPAaBMOOIACHBIX U BPEAHBIX (PaKTOPOB HA Y4aCTKaX LEXOB
00pabOTKH METANIOB JaBJICHUEM.

I1K 5.3. Co3naBate ycioBus A 6e30macHoi paboTHI.

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

[IK 5.5. Oka3bIBaTh NEPBYIO0 MEAUIIMHCKYIO TOMOIIb TOCTPAAABILNM.

A Taxxe GOpMUPOBAHUIO OOLINX KOMIETEHIIHA:
OK 1 - IloHumaTh CyIIHOCTh W COLHMAJBHYIO 3HAYUMOCTh CBOeH Oynaymieidl mpodeccun,
MIPOSIBJIATH K HEW YCTOWUYMBBIN MHTEPEC;

OK 2 - OpraHu3oBbIBaTh COOCTBEHHYIO JE€SATEIbHOCTD, ONPEAEIATh METObl PELICHUs
npodeccnoHaNbHBIX 33Ja4, OLIEHUBATh UX 3()()EKTUBHOCTH U KAYECTBO.

OK 3 - IIpuHuMaTh pemeHns B CTaHAAPTHBIX U HECTAHAAPTHBIX CUTYaLUsSIX U HECTH 3a
HUX OTBETCTBEHHOCTb.

OK 4 - OcymecTBisaTh NMOUCK, aHAJIM3 U OLEHKY MH(pOpMaluu, HeoOXOAMMOM uis
MIOCTAHOBKM W peUIeHHs] MpOo(ecCHOHAIBHBIX 3ajad, MPO(GEeCCHOHATBHOIO U JIMYHOCTHOTO
pa3BUTHS.

OK 5. Ucnonb3oBath  MH(OPMALIMOHHO-KOMMYHHUKAIIUOHHbIE ~ TEXHOJIOTHH  JUIsS
COBEPILIECHCTBOBAHMS MPOPECCUOHATILHON 1E€ATEIIbHOCTH.

OK 6. Pabortarh B KONJIGKTHBE M KOMaHJE, B3aMMOJICWCTBOBATH C PYKOBOJICTBOM,
KOJUIEraMH U COLIMAJIbHBIMU MTapTHEPaMH.

OK 7 - Bpatp Ha ce0st OTBETCTBEHHOCTDb 3a padOTy UJIEHOB KOMaH[bl (MOJAYUHEHHBIX ),
pE3yJIbTAT BBIIOJIHEHUS 3aJaHUM.



OK 8 - CamocTosTenbHO ONpeneisaTh 3a1aud Mpo(ecCHOHANBHOTO M JUYHOCTHOTO
pa3BUTHSA, 3aHUMATbCAd  CaMOOOpPa30BaHHMEM, OCO3HAHHO  IUIAHUPOBAaTh  MOBBILICHHUE
KBaJTM(PUKALHH.

OK9-OpueHTupoBaThCs B yCIOBUAX YaCTOW CMEHBI TEXHOJOTHUH B MPOQECCHOHAITBHON
NESTENIbHOCTH.

Boimonnenue  cryneHTaMu  npakmuueckux —paoom 1O y4eOHON — IHUCUUIUIMHE
«XUMHNYECKHUE U ®PU3NKO-XUMNYECKHUE METObI AHAJIM3A» HanpaBieHO Ha:

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

- (popmupoBaHUE YMEHUN NPUMEHATH MOJyYEHHBbIE 3HAHUSA HA MPAKTUKE, peaan3aluio
€MHCTBA UHTEIJIEKTYaJIbHOM U IPAKTUUECKOMN AEATEIbHOCTH;

- (¢opmupoBaHHE U pa3BUTHE YMEHUU: HaOIOJaTh, CPAaBHUBATH, COIOCTABISTH,
aHaJIU3UpOBaTh, J€jaTb BbIBOJAbI U OOOOLIEHMS, CAMOCTOSITEIBHO BECTH MCCIEI0BAHMUS,
MOJIb30BAThCS PA3MUYHBIMKU NPUEMaMH HU3MepeHul, opopmisATh pe3yabTaThl B BHIE TaOIuIl,
cxeM, rpauKoB;

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

- pa3BUTHE MHTEUIEKTYAJIbHBIX YMEHHUH y OyIylIUX CHENHATUCTOB: AHATUTHYECKUX,
MIPOSKTHUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIpAOOTKY MPH PELICHUH TOCTAaBICHHBIX 33714 MPO(PECCUOHANIBHO 3HAYUMBIX KaueCTB,
TaKMX KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTh, TOUHOCTb, TBOPUYECKAsi HHUIATHUBA.

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

- 00o01IeHne, cCuCTeMaTH3alMio, YriyOJieHHe, 3aKpeIUIeHne, Pa3BUTHE U JIETAIM3AIUIO
MOJTYYEHHBIX TEOPETUUECKUX 3HAHUHN 10 KOHKPETHBIM TeMaM Y4eOHON JUCIUTUINHBI,

- (opmupoBaHuEe yMEHUN NMPUMEHATH MOJYYECHHBbIE 3HAHMS Ha MPAKTUKE, PeaTn3aIuio
€IMHCTBA UHTEIJIEKTYaJIbHOM U MPaKTUUECKOMN JeATEIbHOCTH;

- ¢opmupoBaHHE W pa3BUTHE YMEHUUH: HaOMOaTh, CPAaBHUBATH, COIMOCTABISTH,
aHaJIM3UpOBaTh, JEjaTb BbIBOJbI U OOOOIIEHMS, CaMOCTOSITEIBHO BECTH MCCIEI0BaHMUS,
MOJIL30BAThCS PA3NUYHBIMHU MPUEMAMH U3MepeHul, opopMIIATh pe3yabTaThl B BHJE TaOIUII,
cXeM, Irpa(uKoB;

- TpuoOpeTeHHe HaBBIKOB pPa0OTHl C pa3NUYHBIMU MpHOOpaMu, ammaparypoi,
YCTaHOBKAaMHU U JPYTUMHU TEXHHUECKUMHU CPEICTBAMHU JIJIsl IPOBEACHUS OTBITOB;

- pa3BUTHE MHTEJUIEKTYAIbHBIX YMEHUN y OyAyHIMX CHEIUAINCTOB: AHAIUTUYECKUX,
MIPOSKTHPOBOYHBIX, KOHCTPYKTHUBHBIX U JIP.;

- BBIPAOOTKY MPH PEUICHUH TOCTABICHHBIX 33714 MPO(PECCHOHANIBHO 3HAYUMBIX KaueCTB,
TaKMX KaK CaMOCTOSITEIbHOCTh, OTBETCTBEHHOCTh, TOYHOCTb, TBOPUYECKAsi HHUIATHUBA.

[TpoaoMmKUTENFHOCTD BBITIONHEHHUST MPAKTUYECKOH, JTaO0OpaTOpHOM pabOThI COCTABISET HE
MEHee JIByX aKaJIeMMUYECKMX 4YacOB M IPOBOIUTCSA IOCIIE€ COOTBETCTBYIOLIEH TEMBI, KOTOpas
obecrieynBaeT HAIMYME 3HAHUM, HEOOXOAMMBIX JUIS €€ BBITOTHEHHSL.



2 METOAUYECKUE YKA3AHUSA

Tema 1.3.

O0paboTka pe3ysibTaTOB AaHAJIN3Aa METOA0M MATEMATHYECKONH CTATUCTHKH
[TpakTuyeckas padora Nel
O3HakOMJICHHE C YCJIOBHMSIMM TOYHBIX M3MEPEHHMH MNpHU BHINOJHEHHHM aHanu3a, 00paboTka
pe3yabTaTOB aHajdM3a IyTeM pEIIeHHs pPacuyeTHBIX 3a/Jad METOJIOM MaTeMaTU4eCKOH
CTaTUCTUKH.

Lean padoThI:

O3HaKOMJICHHE C YCIOBUSIMU TOYHBIX U3MEPEHUM MPHU BBHIOJHEHUH aHaIu3a, o0paboTKa
pe3yabTaTOB aHajgM3a IyTeM pEIIeHHs pPacueTHBIX 3a/Jad METOJIOM MaTeMaTU4YeCKOH
CTaTUCTHUKH.

Boinosinus padorty, Bel Oynere:
ymemy:
- MPOBOJAUTH (PU3UKO-XMMUYECKUN aHATIN3 METAJIOB U OLIEHUBATH €r0 Pe3yJIbTaThl;
- UCIONB30BaTh XUMHUYECKHE, (PUIMKO-XMMUYECKHE METOAbl aHalu3a ChIpbs W
MPOAYKTOB METAJUTYPTHH;
MarepuanbHoe obecrneyeHue:
ObopynoBanue yueOHOr0 KaOUHeTa:
- pabouee MecTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTa;
- TaOJIULIBI.
O6opynoBanue 1a00pPaTOPUH:
- pabouee MeCTO IpernoaBaTes;
- pabouee MeCTO CTY/JEHTa;
- METOJIWYECKHe YKa3aHWsl JJIsl MPAKTUYECKuX paboT;
- METOAMYECKHe YKa3aHMsl Il TabopaToOpHbIX padoT;
- METOIUYECKHE YKa3aHUs ISl CAMOCTOSITEIbHON PadOTHI;
- XHMHYECKOe 000py/I0BaHMUE;
- XMUMHYECKUE PEaKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH 0 aHATUTUYECKOU XUMUHU.
TexHuueckue cpencTBa 00ydeHus:
— Aymmo-, BUJ€0-, MPOEKIIMOHHAS armaparypa.
Ilopsinok BbINOJIHEHHS Pa0OTHI:
1. M3y4uuTh METOIMYECKHE YKA3aHUA K JAHHOW MPAKTUYECKON U TAOOpaTOpHON
pabore.
2. OmnpenenuTts TPOAYKTHI pEaKIIAN
3. BHIMOTHUTH OTYET O MpOAeNIaHHON pabdorTe.
Xox pa0doThI:
Perucrpanusi u u3mepeHue BeJTHYUHbI AHATUTHYECKOT0 curHagna (AC)
AC onpenensiemoro BemecTtBa OObIMHO comyTcTBYIOT AC, Memaronue aHamu3y Ipyrux
BEIIECTB, KOTOpbIE HE OBUIM OTIEICHBl WJIM HEAOCTATOYHO IOJIHO OBUIM YCTpaHEHBI Ha
npeasiaymeM stane. AC Memarnmx BemecTB Ha3bIBAIOT (poHOM (mymom). Meros aHanusa
WM €ro YCIOBUS JOJDKHBI OBITh MOAOOpaHbI TakuM o0pa3zoMm, uToObl AC ompenensieMoro
BEIIECTBA OTYETIMBO BBIIEIsUICS W3 (ona (myma). XKematenmpbHo, 9TOOBI METOJ aHaIU3a
obecrieynBa JTUHEHHYIO 3aBHCHMOCTh MHTEHCHMBHOCTH AC OT KOJMYECTBa OINpPENEIsieMOro
BEIIIECTBA.



Pacuer pe3yantaTta anaamu3allo pe3ynbrataM KOJTHYECTBEHHOTO M3MEPEHHUS HHTCHCHBHOCTH
AC (A) paccuuThIBalOT KOJWYECTBO (n), Maccy (m) WIM KOHIEHTpAIUIo (C) OmpeneasieMoro
BelecTBa B MPo0e ¢ MOMOIIbI0 ypaBHeHus: cBsi3u:A = K- n(m,c). TakuM ypaBHEHHEM CBSI3H,
HaTNpUMep B TUTPUMETPHUH, SBISICTCS 3aKOH AKBHBAJICHTOB, IMO3BOJIIONINI MO U3MEPEHHOMY
00bEMy CTaHJApPTHOTO pacTBOpa peareHra, IOMICJIIEr0 Ha TUTPOBAaHMUE, PACCUUTATH
COJIep)KaHUE aHAIM3UpPyeMoro BemiecTBa. 3akoH Dapajes SBISIETCS ypaBHEHHEM CBS3U B
KYJIOHOMETPHUYIECKOM TUTPOBAHUH, TI0O KOTOPOMY Maccy BEIIECTBAa B PACTBOPE MOYKHO HAWUTH TIO
3aJ]aBacMOM MPH aHAJIM3E BEJIMYMHE TOKA U M3MEPEHHOHN BEITMYMHE BPEMEHH TUTPOBAHUSI.

MareMaTnyeckyro byHKuuIO, BBIPAKAIOIILYIO 3aBUCUMOCTh A oT n(m,c),
Ha3bIBAIOT FPAAYMPOBOYHOI, a ee rpapuyeckoe HU300paKEHUE -TPagyHMpPOBOYHBIM
rpaguxom.

B ypaBHeHuHu cBs3M KO3()PULIMEHT MponopHroHanbHOCTH K Ha3bIBalOT 4yBCTBUTEIbHOCTHIO
(ko3pPpuumeHTOM YYBCTBHUTEIbHOCTH) MeTona. Yem Oonbmie K, TeM MEHBIIYIO BEIUYUHY
COJIEpKAHUS MOKHO YCTaHOBMUTH 3TMM MeToJoM. Ecnu rpagynpoBouHas (QyHKIMs JUHEWHHas,
to K HaxoauTcs Kak TaHTEHC yria HaKJIOHA IpadyHpOBOYHOrO rpaduka K ocu abcuucc. [pu
HEJIMHEHHON (YHKUMU 4YyBCTBUTEIBHOCTh HAXOAAT KaK IEPBYIO INMPOU3BOAHYI OT A mpHu
3HaYeHHUAX n(m,c), OTBEYAIOLIUX YYaCTKY I'paJyupOBOYHOr0 rpaduka, 6JIM3KOro K JMHEHHOMY:
k=98 ppux 28 S A
dri A0 np-mny

[Ipu npoBeneHnu pacuera pe3yabTaTOB aHAJIN3a HEOOXOAUMO OUYE€Hb BHUMATEIbHO BBIIOJIHSTH
BBIYHMCIICHUS. MaTeMaTuyeckass IOTPeIHOCTb, JOMYyIICHHAass B YHCJIOBBIX 3HAUCHMSX,
paBHOCHUJIbHA OLIMOKE B aHATIU3E.

YucnoBbie 3HAYCHUS noApas3JaC/iAr0OT Ha TOYHBIC H HpI/I6J'II/I)I(eHHBI€. K TOYHBIM, HAIIPpHUMEDP,
MOXXHO OTHCCTH YHMCJIO BBIIIOJHCHHBIX aHaJIM30B, HOp?IIIKOBI)If/'I HOMCp 3JICMCHTA B Ta6JH/HIe
MeHz(eJIeeBa, K HpI/I6J'II/I)KeHHBIM - IBMCPCHHBIC 3HAYCHUA MACChI NI oOBeMa.

3HavanmMu 1MdpamMu OpUOIMKEHHOTO YHUCIa Ha3blBalOT Bce ero HHUQphl, KpoMme HyIel,
CTOSIIIMX CJIEBA OT 3aIITOM, M HYJEH, CTOSIIMX copasa mocie 3amsatod. Hymm, crosmue B
cepeiHe 4ucla, ABIAITCS 3Havamumu. Hanpumep, B uncie 427,205 - 6 3Havamux uudp;
0,00365 - 3 3navantue mudpsr; 244,00 - 3 3Havanme TUPPHL.

Tounocte Beruucnennii onpeaensercs 'OCT, OCT nnu TY nHa ananu3. Ecnu nmorpemHocTs
BBIUMCIICHUM HE OroBOpeHa 3apaHee, TO CJIeAyeT HUMETh B BHUAY, YTO KOHLUEHTPALMA
BbIUMCIsieTcs1 10 4-0if 3Havamed nugpsl nocie 3ansaToi, Macca - 10 4-ro 1ecATHYHOIO
3HaKa 10cJIe 3anAToi, MaccoBasi 105 (IPOLEHTHOE COAePKAHUE) - 10 COTHIX J10JIeil.
Kaxnplil pe3ynbTaT aHain3a HE MOXET ObITh TOYHEE, YeM 3TO MO3BOJISAIOT U3MEPHUTENIbHbIE
puOopsI (II03TOMY B Macce, BBIPAXKEHHOH B IpaMMax, HE MOXET ObITh Oousiblie 4-5 3HAKOB
MOCJIE 3aIATOM, T.€. OOJIBIIIE TOYHOCTH aHAIUTHYECKHX BecoB 10-4-10-5r).

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

Tema 1.4.
I'paBuMeTpHYeCKUl 1 THTPUMETPUYECKHH METOAbl AHAIU3A
[Mpaktryeckas padora Ne 2
Bbruncnenus B XUMHYECKUX METO/IaX aHAIN3a
eab padoThi:
Bbruncnenus B XUMHUYECKHUX METOAAX aHAJIN3a



Beinosinus padory, Bel Oyaere:
ymemy:
- MPOBOJAUTH (PU3UKO-XMMUYECKUN aHAJIN3 METAJIOB U OLIEHUBATH €r0 Pe3yJIbTaThl;
- UCIOJB30BaTh XHUMHUYECKHE, (PU3MKO-XMMUYECKHE METOJAbl aHajdu3a ChIpbs H
MPOAYKTOB METAJUTYPTHH;
MarepuajibHoe o0ecnieyeHue:
O6opynoBanue yaeOHOTo KabUHeTA!
- pabouee MecTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTa;
- TaOJIUIIBL.
O6opynoBanue 1a60pPaTOPUH:
- pabouee MecTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTa;
- METOJIWYECKHe YKa3aHWsl sl MPAaKTUYeCKuX paboT;
- METOJIMYECKHE YKa3aHMs U1l JaOOpaTOpHbIX padoT;
- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON PadOThI;
- XHMHYECKOoe 000py/I0BaHMUE;
- XMUMHYECKUE PEAKTHUBBI;
- ydueOHOe mocoOue, CIPaBOYHHUKH TI0 AHATUTUYECKONU XUMUH.
TexHnuueckue cpeacTBa 00y4eHUS:
— Aymmo-, BUJe0-, MPOSKIMOHHAs armaparypa.
Ilopsinok BbINOJIHEHHUS PadOThHI:
N3yuuTh MeTOAMYECKUE YKa3aHUsI K JAHHOW MPAKTUUECKOU U JTaOOpaTOpHON
pabore.
Omnpenenuts MPOAYKTHI PEaKLIUU
BrINMOMHUTE OTYET O MpoJeIaHHoM padorTe.
Xox pabdoThI:
Pacuertsl, cBsI3aHHBIE C IPUTOTOBIICHUEM U pa30aBlIeHHEM PacTBOPOB.
W3 Kypca HeOpraHMYeCcKOW XMMHU H3BECTHO, YTO KOHIEHTpAIMs PacTBOPOB MOXKET OBITh
MIPOLICHTHOM, MOJISIPHOW, HOPMAJIBHON ¥ MOJISIIBHOM.
B mnpakTuke KOJIMYECTBEHHOIO aHajiM3a 4YacTO NPUXOAUTCS HPOBOIUTH BBIYMCICHUS,
CBSI3aHHBIE C MEPEXOIOM OT OJTHOM KOHUEHTPALMH K JPYTOH.
IIpumep 1. BeruncauTh MOJSIPHYIO M HOPMAJIbHYIO KOHIIEHTpAIMIO 12-poIieHTHOro pacTBopa
cepHoit kucioter HyS04.
Pewenue. JIns mepexona OT OJHOM KOHLEHTPAMM K JIPYro HEOOXOJMMO HCIOJIb30BaTh
TaOJMYHbBIC JaHHBIC M HAWTH TUIOTHOCTH 12-mporeHtHoro pactBopa HzS04 (p =1,08). Barem
omnpenensaoT o0beM 100 r pactBopa no dopmyse:

m=Vep v= 1100 5550901
p 108

W BBIYUCIIAIOT, CKOJIbKO rpamMmoB HpS04 comepxut 1 1 12-mporieHTHOTO pacTBOpa CEpHOM
KHUCIIOTHI:

92,59mi pactBopa coaepxkuT 12r HpS04:

1000Mmut - xr H,S0,.

_12x100 ~129(:)
92,59
IIpumep 2. CKOIBKO MUJUIMIUTPOB XJOPOBOJAOPOIHOM KHMCHIOTHl p = 1,19 cimexgyer B3ATS,
4yto0bI ipuroroButh 10 11 0,1 H. pacTBOpa XJI0poBoAOpoaHON KicaoThl HCI?
Pewenue. CHauana HaxoIuUM, CKOJIBKO I'PaMMOB XJIOPOBOAOPOJHOW KHCIIOTHI CIELYET UMETD,
yT0OBI oNyunTh 1 11 0,1 H. pacTBOpa:
r-skB HCI = 36, 46:1 = 36,46 (1)



[Tockonbky TpebOyercst 0,1 H. pacTBOp, cleAOBATENBHO, ISl IPUTOTOBICHUS 171 HYXKHO B3ATh
0,1 r-3kB (36, 46:10), T.€. 3,646 r, nys npurotroBnenus 10 i

m = 3,646 * 10 = 36,46 (1)

Io Ta6muue HaxomuM coxepxkanne HCI, mpu p = 1,19 r/em® ono Gyner 38,30%. Cocrasisem

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

CnenoBarenbHo, Ayt npurotoieHus 10 1 mpumepno 0,1 H. pacTBOopa HyX)HO B34Th 80 M
XJIOPOBOJIOPOIHOM KUCIOTHI (p = 1,19), 0OTMEpUB €€ MEPHBIM LIHJIMHIPOM, U JTOBECTH BOAOU J10
obwema 10 1.
IIpumep 3. Ckonpko Hyx)HO n00aButh Boasl kK 100 mum 0,8 H. pacTBOpa XJIOPOBOIOPOIHOM
kuciaotel HCI, uTo6s! onyunts 0,2 H.pacTBOp?
Pemenwue. M3BecTHO, 4TO Mpou3BeaeHIE 00BEMA PACTBOPA HA €T0 HOPMATHHOCTh PABHO YHUCITY
IpaMM-3KBUBAJICHTOB JAHHOTO COEIMHEHHS B 3TOM 00BbEME, IOATOMY B JAHHOM CIIy4ae MOXKHO
MIPUMEHUTH PABEHCTBO:
Hiy*Vy= Hy* 1,
v,o— Hit¥ _ 08100 _ 80 _ (1)

z Hy 0.2 0.2
Ckonpko ke HyxXHO no0aBuTh Boabsl Kk 100 mu 0,8 H.pacTBOpa, yToOBl MoOny4yuth 0,2 H.
pactBop?
Vigap = V5 - ¥, =400 - 100 =300 (M)
IIpumep 4. Kaxue xonnyectBa 90-npoueHTHOro 1 10-MpoLeHTHOro0 pacTBOpa CEPHOI KUCIOTHI
HYKHO B34Tb, 4T00bI OTY4YUTh 800r 40-1poLIeHTHOTO pacTBOpa?
Pewenue. Haxonum cHadana OTHOLIEHUE:

m, :mg=30:50

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

ITocne sToro genum 800 na ABC 4aCTHU NPOINOPHHUOHAIIBHO 3TOMY OTHOIICHHUIO:

S00=30 24000

my, = =22 _ 300 (1)
I0+50 t=1v]
200 =50 20000

mg = = =500 (r)
30+50 =]

CnenoBarensHo, cienyeT B34Tb 300 r 90-nponienTHOro 1 500 r 10-npouieHTHOrO pacTBopa.
2.Pacyersbl, cBsI3aHHbIE C BLIYHCJIEHUEM Pe3yJ1bTATOB THTPOBAHUS.

Pacuemvr npu  ewvipasxcenuu Konyenmpayueu uepes HOPMANbHYIO KOHyenmpayuro. Jns
MIPOBEJICHUS] AHAJTUTHUYECKUX BBIYMCIEHUN 3TUM METOJIOM (4Yepe3 pacTBOPHI C ONpeAeseHHOM
HOPMAaJIbHOCTBIO) TPUMEHSIOT JBa CIOCO0a: CIOCO0 TUTPUPOBAHHUA M CIOCOO OTAENBHBIX
HaBECOK.

B 3aBucumMocTH OT TOro, KakuM CHOCOOOM MPOBOJIMUTCS aHaNM3/, XOJ pacueta Oyner
Pa3IUYHbIM.

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

Vi *Hy =V, * H,

IIpumep. BpUUCIUTS HOPMAIBHYIO KOHIEHTPALMIO W TUTP pacTBOpa TUAPOKCHAA HATPH
NaOH, ecomm mnpu THTpoBaHMM wuM HaBecku 0,1590 1 (X.4.) mIaBeNeBOW KHCIOTHI
H,C,0,— 2H,0 (pacTBOpeHHON B MPOU3BOJIHLHOM KOJHMYECTBE BOJbI) momuio 24, 60 mi
TUIPOKCU/IA HATPHUSL.

Pewenue. 3anuiem ypaBHEHUE pEeaKLIUU:

H,C,0,+ 2NaOH H,C,0,+ 2H,0
126,08

3&,_1:504 -5 63,03 (2)
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1590 /
£3.03 I'-3KB/JI.

C npyroii ctopoHbl, 0003HaYHB HOPMAJILHOCTh pacTBOpa ruApokcua uepes3 Hy,on, HOTyduM:

Hasecxa H,C, 04 * 2H,0 — 0,1590 r Oyner cocTaBisTh

H,; = —
NaeOH 1000
KommuectBo rpaMM-3KBHUBAJICHTOB THAPOKCHAA HATpHA II0 IIpaBUly 3KBHBAJICHTOB pPaBHO

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

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.PacueTrsl NpU BbIPA’KEHUU KOHIEHTPALMHU Yepe3 TUTP padouero pacreopa.
IIpumep. Paccuntath, CKONBKO THApPOKCUIA HaTpusi coaepxkutcs B 500 mur pactBopa, eciu
tutpoBanue 20 mi storo pactBopa uuaer 20,80 XJIOpOBOJOPOJHON KHUCIOTHI, TUTP KOTOPOH
pasen 0,002022 r/m.
Pewenue. YpaBHeHUE peakuu:
NaOH + HClI — NaCl + H20
CKOJIBKO XJIOpPOBOAOPOIHOM KUCIOTHI coaepxutcs B 20,80 mi pactBopa?
Myq = 20,80 * 0,002022 = 0,04206 ()
ITo ypaBuenuto Ha 1-3kB NaOH uzer 1 r-sks HCI u, cnenosatenbHo,
Ha 39,99 r NaOH pacxonyercs 36,46 r HCI
>> y rNaOH >> 0,04206 r HCI

= 0,04508 (r)

_ 39,59:0,04206

36,46
Varonn Ve 0,04508 = 500

Myaon = dmoﬁ TR =T Vo = 20 =1,1270 (r)

4. PacueTbl NpU BbIPA)KEHHH KOHIEHTPAIIHMH Yepe3 THTP 10 ONpeIe/IeHHOMY BEUIeCTBY.

OToT cmocod pacdera oOueHb YyA00€H MpU ONpeleNieHMM KOJMYeCTBa BeIlecTBa B
aHAJM3UPYEMOM pacTBOPE MPHU MACCOBBIX aHAIM3aX. THUTPOM IO OMPENEIIEMOMY BEIIECTBY
Ha3bIBAlOT KOJI-BO TPAaMMOB OIIPEJENIIEMOr0 BEIIECTBA, JKBHUBaJeHTHoe 1 M1 paboyero
pacTBopa.
O6mas popmyna:

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

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

=06,006875 (/M)

6) OrmpenenseM o01Iee KOTMUECTBO YKCYCHOM KHCIIOTHI:

— . UT{EEE.HEJE. —_ . " 500 —_
Myaon/ 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 ero

TUTP 1O XJIOpUIy HaTpusi. HailTu HopManeHOCTh pacTBOpa HUTpara cepedpa.
T=1000 0,01702=1000

H, vna = =0,1002 (r—=ze /1
AgNo3 Dagnos 169,9 ( [/ m)
Hyonwos * Dagn 0.1002 = 58046
_ YHagwos T S4agnos _
Tagnos jNact = 1000 = 500 = 0.005856 (r/mn
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dopma npeacTaBiaeHus pe3yabrara:
HasBanue u 1ienp paboThl.
Hamnmcars cxeMbl ypaBHEHMI peakiuil.
CaenaTb BBIBOJ O IIPOJIEIaHHON paboTe

JladopaTopHas padora Nel OmnpeneneHue MacCOBOM JIOJIM BJIary B MpooOe KpUCTAIIOTHApaTa
xJiopua 6apusi.

Bremonaus oTy pa60Ty, Brr Hay4YUTECCh I10JIB30BaThCA aHAJIUTHYCCKUMH BECAMU, BEIIIOJIHATH
OCHOBHBIC OIICpaluu BCCOBOI'o aHalin3a.

MarepuajibHoe o0ecnieyeHue:
O6opynoBanue yaeOHOro KabUHeTa!
- pabouee MeCTO IpPeIoIaBaTelIs;
- pabodee MECTO CTy/ICHTa;
- TaOJIULIBIL.
O6opynoBanue 1a00pPaTOPUH:
- pabouee MeCTO IpenoaBaTels;
- pabodee MECTO CTy/ICHTa;
- METOJWYECKHE YKa3aHWs JJIs PAKTUYECKUX paldoT;
- METOJMYECKHE YKa3aHMsl JUIsl TaOOpaTOpHbIX padoT;
- METOJWYECKHE YKa3aHUS JJIs CAMOCTOSTSILHON pabOThI;
- XHMHYECKOoe 000py/I0BaHMUE;
- XHMHUYECKUE PEaKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH M0 AHATUTUYECKOU XUMUHU.
TexHuueckue cpencTra 00ydeHus:
— Ayawmo-, BUJIe0-, TPOSKIIMOHHAS armapaTypa.
Ilopsinok BbINOJIHEHHS PadOTHI:
N3yunTh MeTOAMYECKHE YKa3aHUs K JaHHOW JabopaTopHOM pabdore.
Onpenenuts NPOIYKTHl PEAKIHH
BeImoaHUTE OTYET O MpoeaHHo#N padoTe.

Bremonnus 9Ty pa60Ty, 333 Hay4YUTCCh NOJIb30BATHCA aHAJIMTUICCKUMU BECAMU, BBIITOJIIHATH
OCHOBHBIC OII€palr BECOBOI'o aHalin3a.

Buumanue!
[Tpu BEIMOTHEHUHN PabOTHI OyIETE OCTOPOKHBI, AKKYPATHBI ¥ BHUMATENbHBI. BEITONTHSANTE BCE
npaBuiia paboThI C ANEKTPOHATPEBATENEHBIMU IPUOOPAMH, CTEKIIOM, PTYTHBIM TEPMOMETPOM.

Obopyoosarue u mamepuanvl:
AHanmUTHYeCKre BEChI, TEXHOXUMHUYECKUE BECHI, CYIIMIBHBIN IKad, OI0KCHI, TEPMOMETD,
AKCUKATOP, MBI, UCCTETyeMble 00pa3iisl (Yroyb, Topd, comb, Xaed u mp.).

Beimosnnenue paboTbl

OmnpenenvTe NPOLIEHTHOE COACPKaHNE aHATTUTHUECKON BIIaru B oOpasiie (yrisi, Topda, comnu,
XJI€O0OYITIOYHOTO U3JIENHUS U TIP. ).

1. Bo3bMuTE B YUCTHIN JOBEIEHHBIN IO TTOCTOSSHHON Macchl OIOKC guameTpoM 35-40 MM
HaBECKy HCCIEIyeMOro BeIllecTBa HAa aHAaJUTUYECKUX Becax ¢ TouHocThio j0 0,001 .
Bennunna HaBecku ~2 T. TOJIIHHA CI0S HABECKHU B OIOKCE HE JOKHA OBITH OOIBIIE 5 MM.

2. OTKpBITHIIA OFOKC IMMOMEIIAIOT B HATPETHINA 10 105°C CYHIMJIbHBIN 1IKa( U BBIAECPKUBAIOT
B Teyenue 1 yaca.
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3. BpmHHMaOT 0I0KC W3 CYIIMIBHOTO MIKada IMHUIIAaMH, IIOMEIIAIOT B YKCUKATOP U B HEM
OXJIAXKIAIOT.

4, B3BelMBarOT OXJAXKICHHBIN OFOKC Ha aHATUTHYECKHUX Becax ¢ TouHOCThIo 0,001 r.

5. IIpoBomAT KOHTPOJBHYIO NPOCYIIKY B TedueHue 30 MHUHYT, CHOBa OXJIXIAIOT B
9KCHKATOPE U B3BEHIMBAIOT. KOHTPOJIBHBIE TPOCYIIKHA MOBTOPSIFOT JIO TEX TOP, MOKA YOBUTh MacChI
obpazma oyzaer 0,001 T win MeHbIIE.

6. PaccuuTaliTe MpOLEHT aHAIMTUIECKOM BJIard B 00Opaslie 1mo Gopmye:

W (%) = L;QZ 100%.

1
Tect IJIs1 CAMOKOHTPOJIA:

1. Cdopmynupyiite CymHOCTH BECOBOTO aHaJ33, NOJICTABMB HENOCTAIOIIME CIOBA B
BhIpgjKeHne: «CyIHOCTh BECOBOIO aHANM3A — ..., ... Uviéenne ... kommonerTa mwm IPOAYKTa
peaxkum.

2. VYKaxuTe OCHOBHYIO OIIEpalliI0 B BECOBOM aHAJIM3E.

3. Ilepeuncnure Mo MOPSIKY ONEpalK BECOBOTO aHAJIM3a MPH ONPENEICHUH 3061 WIH
CYXOro BEILECTBa.

4. llepeuncnuTe M0 MOPSIKY ONEPALMKM BECOBOI'O aHalM3a IPU ONPEIECIIEHUU BJIAard B
obpasiie.

5. Ilepeuncnaure 1O MNOPSAKY OINEpallMd BECOBOI'O AaHAIW3a IIPpU  ONPEIEIECHUU
KOMIIOHEHTa, KOTOPBIH BBIJIENIAETCS U3 00pa3ia ¢ HIOMOIIBI0 aHATUTHUECKON PeaKLnu.

6. Kakum TpeGoBaHMSIM JOJDKHA YJOBIETBOPATH AHATMTHYECKAs PEAKIUs B BECOBOM
aHanusze?

7. YKaxuTe TOYHOCTb B3BEIIMBAHUS HAa aHAIIUTUYECKUX BECAX.

8. Ilepeuncaure 11€CTh OCHOBHBIX NPaBHJI B3BELIMBAHMUS.

9. Yro Takoe HaBecka?

10. VkaxxuTe BakHei1Iee yCI0BHE OCAX/IEHUSI KOMIIOHEHTA.

11. KakxoBo BaxHeii1ee ycI0BHE MOJTHOIO OCAXKACHHUS KOMIIOHEHTA.

12. Ilepeuncnure deTblpe HEOOXOJMMBIX YCIOBHUS OCAXKAECHUS KPHCTAJUIMYECKUX
0CaJIKOB.

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

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

15. Yro Taxkoe nexanranusa?

16. HazoBHTe OCHOBHOE MTPABUIIO TIPOMBIBAHHSI OCaJIKa Ha (GUIIBTPE.

17. Vxaxure, Kak ONpeAesstoT OKOHUYaHHE TPOMBIBAHUS OCaJIKa:

a) MPOMBIBAIOT 2-3 pasa;

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

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

20. KakoBa npeiBapuTenabHas MOJrOTOBKA TUTIS K aHAIU3Y?

21. KakoBo Ha3HaueHUE SKCHKATOpa?

22. Yo Takoe «I1OCTOSTHHAsI Maccay ocajaka?

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

®opma npeacraBjIeHus pe3yabTara:
Ha3zpanue u nienb paboThlI.
Harncats cxeMbl ypaBHEHMI peaKiuil.
CraenaTb BBIBOJI O IIPOJIEIaHHON paboTe
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JlabopaTopHasi padora Ne2

Omnpenenenre HOPMAJIbHON KOHIEHTPAIMK PACTBOPA THAPOKCHIA HATPUsI METOIOM KHCIIOTHO-
OCHOBHOI'O TUTPOBAHMSI
MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOT0 KaOMHETa:

- pabouee MeCTO Ipero1aBaTes;

- pabouee MeCTO CTYAEHTa;

- TaOIHIIBI.
O6opynoBanue 1a00paTOPHH:

- pabouee MeCTO IpenoaBaTes;

- pabouee MeCTO CTYAEHTa;

- METOAWYECKHE yKa3aHUA IJIs MPAKTUYECKUX paboT;

- METOJMYECKHE YKa3aHUs AJIs JaOOpaTOpHBIX paldoT;

- METOJWYECKHE YKa3aHUA IJIl CAMOCTOSTEIbHON pabOThI;

- XHMHYecKoe 000pyI0BaHUE;

- XHMHYECKHE PEaKTHUBBI;

- yueOHOe nocoOue, CIpaBOYHUKHU 110 aHATUTUYECKON XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:

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

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

Obopydosanue u mamepuaivl. MEPHBIE KOJOBI, BOPOHKH, OOWKH, (DUKCAHA CEepHOU
kucnotel HpSO,, nuctumnupoBannas Boga (n. HpO), mpombiBanka, KapaHaall MO CTEKIY,

KOHHUYECCKHUEC KOJI6BI, MCPHBIC ITUIICTKH IpalydpOBaHHBIE U HETPAaLyHPOBaHHBIE, KaleIbHUIA, CIIMPTOBOM
pactBop ¢eHondranenHa, OI0peTka, TEXHOXMMHUYECKHE BEChI C Pa3HOBECKaMH, CTAKaH XMMUYECKHH CTEKIISIHHBIH,
cyxoit KOH (eakoe xaim), CTCKIISTHHAS ITaJ0vKa.

Brinonnenue paboTsl

1. Tlomyuure 3a7aHue y npenoaBaTess.

2. TlpuroroBbTe cTaHAApTHBINA (YCTAHOBOYHBINA) PAcTBOpP CEPHOM KHCIIOTHI W3 (PUKCaHAIA.
JInst 3TOro B MPEABApUTENBHO TINATENBHO BBIMBITYIO MepHYH KonOy (200 wmmm 250 mim)
MEPEeHECUTE KOJIMYECTBEHHO C IMOMOIIbI0 BOPOHKH M OOMKa COIEpKUMOE amIlyJibl (pUKcaHaia
H,SO4, momeiite n. H,O 1o metkm, mnepememaiite. [logmummrte Ha konbe dopmyny u
KOHIIEHTPAIIMIO pacTBOpA.

3. B kxaxayro U3 Tpex 4MCThIX KOHMUYECKHX Kojb oTOepure anukBory (10 mmm 15 mu)
MEpHOH MUIETKOHN MCCIeayeMOro pacTBopa, 100aBbTe U CTUILIMPOBAHHOMN BOJIbI IPUMEPHO 110
oobema 100 wmu, mpuieiTe MO HECKONbKO Kaleidb CHHPTOBOTO pacTBOpa HHJIMKaTOpa
¢denondranenna.

4. Ecnu B uccieayeMoOM pacTBOpE HYKHO ONPEAEIUTh COJIEpKaHUe LIeI0YH, TO YUCTYIO
OIOpETKY 3aIlOJHHUTE MPUTOTOBICHHBIM CTaHAAPTHBIM pacTBopoM HpSO4 10 HyneBOW OTMETKH
U OTTUTPYWUTE BCE AJIMKBOTHI UCCIIELYEMOIO pacTBOpa M0 MCYE3HOBEHHUIO MAIIMHOBOM OKpPACKH,
OTMEThTE 00BEMBI KUCIIOTHI, MOMIEAIICH Ha TATPOBAHHE.

5. Ecnmum B wmccienyeMoM pacTBOpEe HYKHO OINPENEIUTh COJAEp)KAaHHE KHUCIOTBHI, TO
CHauajga HYXXHO TNPUTOTOBUTH pabouMii TUTPOBaHHBIA pacTBOop mienoud. [lns sTtoro B
m1acTMaccoBoi nocyne roroBat pactsop KOH npumepHoit konnentpanuu. Ha TexHnuecknx
Becax oteemmBarT 0,56 r cyxoro KOH u pactBopsitor B crakane B 100 mu n. H,O mpu
NEepEeMEIIMBAaHNH CTEKISIHHOM manoukod. CnIuBarOT pacTBOp B TMOJMITHUIICHOBYIO OaHKY,
MOJNKCHIBAIOT. 3allOJIHAIOT OIOPETKY 3THM PAacTBOPOM IMIENOYM W OTTHUTPOBBIBAIOT MM IO
¢denondranenny 2 anukBoThl o 10 M ctangapTHOrO pacTBopa KUCI0Thl HaSO4.

PaccunthiBatoT HOpMaIBLHOCTH PabOYEro pacTBOpa MIEIOYH 1Mo hopMyIie:
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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,O o ~100 mit, no6aBpre 2-3 Karum pactBopa (GeHondranenHa U OTTUTPYHTE PacTBOPOM
IIEJIOYM /10 TIOSIBJICHUS 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 Nnepea IPyruMu MeToAaMM, 00/1acTh IPUMEHEHH s

[TpakTryeckoe 3ansTue Ne 3
VY CTpoicTBO M MPUHIMIT AEUCTBUS (POTOKOIOPUMETPOB
ean padoTbi:
[IpoBepka ycTpoiicTBa 1 IPUHIIMTIA JEHCTBUS (POTOKOIOpHMETpA.
Beinosnus padory, Bel Oyaere:
ymemy:
- TPOBOAUTH (PUBNKO-XMMHUUECKHI aHATH3 METAIOB U OIICHUBATh €0 PE3yJIbTAThI;
- WCIIONIb30BaTh XHMMHYECKHE, (PU3HKO-XMMHUYECKHE METOJbl AaHajh3a CBIPhS
MPOJIyKTOB METAJTypPTHUH;
MarepuanbHoe o0ecnieyeHme:
O6opynoBanne yueOHOTo KabuHeTa:
- pabouee MeCTO IpenoaBaTers;
- pabodee MECTO CTy/IeHTa;
- TaOJIUIIEL.
O6opynoBanue 1a00paTOpUu:
- pabouee MeCTO IpenoaBaTers;
- pabodee MeCTo CTy/IeHTa;
- METOIWYECKHEe YKa3aHWs IS MPAKTUIECKUX padoT;
METOAMYECKHE yKa3aHHsI JUIsl 1abopaTOpHBIX padoT;
- METOIWYECKHEe YKa3aHWs I CAMOCTOSTEIILHON pabOThI;

15



- XHUMHYECKOe 000pyI0BaHMUE,;
- XMMHYECKHE PEAKTHUBBI;
- yueOHOe mocobue, CIPaBOYHUKH 110 aHATUTHYECKON XUMUH.
TexHuueckue cpeacTBa 00y4eHUS:
— Ayawmo-, BUIe0-, POSKIIMOHHAS ammapaTypa.
ITopsinok BbINOJIHEHHUSI PAa0OTHI:
W3y4nTh METOIMYCCKUE YKA3aHUS K JJAHHOM MPAKTUIECKOM 1 1ab0paTopHOit
pabore.
Onpenenuts NPOIyKThl PEAKIIMU
BrInonHUTE OTYET O NMpoJenaHHoi padore.
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 4Yepe3 HEro CBeTa INPU ONPEISICHHON JumMHE BOJHBL [loaTomy maHHOE
YCTPOMCTBO CHENHANBLHO MPEAHA3HAYACTCS AJISl ONpeAeNieHUs] KOHIICHTPAIM aHaTU3UPyEeMBbIX
BEIICCTB B Pa3IMYHBIX XHMHYECKUX pacTBopax. [Ipw TpoOBEACHWH COOTBETCTBYIONIUX
UCCIIEeIOBaHUN MpuOOp HEOOXOIUMO TIATENIbHO HACTPOUTHh HA M3JIYYCHHE C OMNPEICIICHHOM
JUTMHOM BOJIHBI, IIOCKOJIBKY Pa3JINYHBIC BEIIECTBA, KOTOPBIE MOTYT COJCPIKATHCS B M3ydaeMOn
cpene, CIoCOOHBI MOTJIONIATh IMO-PA3HOMY CBETOBBIC BOJHBI C HEOJHOPOIHOW JIMHOMA.
[TosTromy mnpuHIUN JeicTBUS  (OTOKOJIOPUMETpAa B Mpolecce padoThl MPEAnoiaraeT
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 WUJIM M3y4aeMO# cpesie KOHIICHTPAIMIO pa3InyHbIX BemlecTB. Hamo Tonbko
o100paTh M MOCTETICHHO MEHSITh COOTBETCTBYIOIINE CBETODUIBTPHI.

Bo03M0KHOCTB HCII0/1L30BaHNA (POTOKOIOPUMETPA IO NPUHIUIY ACHCTBUA

Briie  0603HaueHHBIN npuHyun Oelicmeus Gomoxoiopumempa AeIaeT €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 JTA0OPATOPHBIX YUYPEKACHUSX ISl TPOBEIEHHUS pa3HOTO pojJa aHAIHU30B,
MIPEUMYIIIECTBEHHO MIPUPOIOOX PAHUTEITHHOTO " TUTHEHUIECKOTO Xapakrepa.
OOyCOBIEHHOCTh TMOMYISPHOCTH YCTPOMCTBA HAMpPSMYIO CBsi3aHA C TE€M, YTO MPUHIUI
NercTBUS  QoToKoIOpUMEeTpa (KOTOPBIM HA3BIBAIOT TAKXKE WHOTJIA OOBCKTUBHBIM 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 mpouecce paboTbl He cieayeT AONMYCKaTh IMOMaJaHUs Ha KopIiyc mpudopa
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 NpuMeHeHus ycinoBuil. 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 JeicTBUs doTokogopumerpa. Ha mpubop Takke He JOJDKHBI MOMaIaTh
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 ONTHUECKUX
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 3akoHa 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 nosockl (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 (IIYHKTHUD); HyJIE€Bask JIUHUS - CIUIOLIHAS IIpsMast

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;
| - *HTEHCUBHOCTH MPOIIEIIETO)

1. IIpuroroBuUTH 0OpPaA3LbI CIAIOA PA3IUYHOMN TOIIIHHBL

2. Cuarp UK-crieKTpsl IPUTOTOBICHHBIX 00Pa3IOB.

3. IIpoBecTH MHTEpHpPETALHIO [TOJIOC MOIYYEHHOTO CIEKTpA.

4. BriOpaTh XapaKTEPUCTHUECKHE YACTOTHI IOJIOCHI TOTJIOMICHHUS, TPOBECTH 0a30BYIO
JUHUIO B MAaKCHUMyMe I0JIOCHI morjomieHus. Paccuntars k03ppuUuueHT noraouneHus.
Jlanubie 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.

Jlaboparophast pabota Ne 3 TIposepka 3akona Byrepa-JlamGepra-bepa.
e padoThi:
[Ipoepka 3akoHa byrepa-Jlam6epra-bapa.
Beinosinus patdory, Bel Oyaere:
ymemy:
- MPOBOIUTH GUBUKO-XUMHUECKUN aHAIA3 METAJJIOB U OLIEHUBATh €r0 Pe3y/IbTaThI;
- UCIOJB30BaTh XHUMHUYECKHE, (PU3MKO-XMMUYECKHE METOAbl aHajiu3a ChIpbs H
MPOYKTOB METAJLTyprHH;
MarepuajibHoe o0ecnieyeHue:
ObopynoBanue yueOHOT0 KaOUHETa:
- pabouee MecTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTa;
- TaOJIULIBI.
O6opynoBanue 1a00pPaTOPUH:
- pabouee MecTO MperoaaBaTes;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHE YKa3aHWsl ISl MPAKTUYeCKuX paboT;
- METOIUYECKHUE YKa3aHwusl ISl TJAOOPaTOPHBIX padoT;
- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON PabOThI;
- XHMHYECKOoe 000py/I0BaHMUE;
- XMMHYECKUE PEaKTHUBBI;
- ydueOHOe mocoOue, CIPaBOYHHUKH TT0 AHATUTUYECKOW XUMUH.
TexHuueckue cpeacTBa 00y4eHUS:
— Aynawmo-, BHJIe0-, IPOSKIIMOHHAS araparypa.
BrimonuuB 3Ty paboty, Bl HayuuTech paboTaTh ¢ MEPHOI MOCYAON, TUTPOBATh, TPOBOIUTH
OTIpe/IeTICHUS] METOJIOM HEHTpaTN3allii, TOTOBUTh pabodne pacTBOPEHI.

Xoa padoThI:

Meton aHanu3a, OCHOBAaHHBIM Ha H30MpaTENbHOM MOIJIOUIEHUM CBETOBOM 3HEPTUU
YacTUI[AMU, MOJIEKYJIaMU MJIM HOHAMU BEILIECTBA B PACTBOPE HOCAT Ha3BaHUE abCOpOYUOHHOU
CNeKmpOoCKONuU.

Pa3nuyarot: CHEKTPO(OTOMETPUUECKHUH, (OTOKOIOPUMETPUUYECKHIA U
KOJ'IOpI/IMeTpI/I‘-IGCKI/Iﬁ METOAbI aHCOp6III/IOHHOFO aHanuza. OTH MCTO/JIbl aHaJINn3a IMPUMCHSAIOTCA
TJIaBHBIM 00pa3oM Jisl OIpeJiesIeHUs] MajbIX KOoJIM4yecTB BemecTBa. Komopumerpus — Gpusmko-
XUMHYECKHI METOoNO, OCHOBAHHBIM Ha 3aBUCHUMOCTH WHTSHCHBHOCTH OKpaCKu pacTtBOpa OT
KOHLIEHTPALlU OKPALIEHHOI'O BELIECTBA.

NHTEHCUBHOCTH OKPACKHU CBsI3aHAa C MHTEHCUBHOCTBIO CBETA MPOILIE/IIET0 YEpe3 pacTBOP
1 €€ 3aBUCUMOCTbh OT KOHLIEHTPALUU, OT TOJIIMHBI CJIOS U MHTEHCUBHOCTHU MAJAIOIIET0 CBETa
BBIpaXkaeTcs 3akoHoM Jlambepra-byrepa - bapa.

| =1,+10p =
rae | — WHTEHCHMBHOCTH CBeTa, MPOIIEAIIEro 4yepe3 pacTtBop; lp — MHTEHCHBHOCTH CBeETa,
najaroiero Ha pactBop; C — koHIeHTpaus pactBopa; | — tommuna cinost; E — koaddurment

CBTOIIOIJIOIIEHUS.
Jlorapudmupyem BoipakeHue 3akoHa Jlambepra-bepa
gl =lgl, +Ig10 ™
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Igl =lgl, —Ecl

Igl,—gl = Ecl
|

IgTO:EcI

lg=D

D — onruyeckas MIOTHOCTH pacTBOpa (JIorapudM OTHOIICHHS WHTECHCHBHOCTH TaJIAOIIETO
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 TAaKOH JJIMHBI, KOTOPBIE JIy4Ille BCEro MOTIOMIAIOTCS TaHHBIM PACTBOPOM.

6. KroBeThl ¢ pacTBOpaMu.

7. OnTH4eckue KIMHbSA, PEeryJIUpPYIOLIIe JIEBbI CBETOBOM MOTOK.

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

10. 'anbBaHOMETD.

[Ipu pabore c dorosnexTpokosopumerpoM OIK-M wu3MepeHHe ONTUYECKOMH
TUTOTHOCTH MTPOU3BOJIAT IPH MIOMOIIIH JIEBOTO HITH MPaBOTro 6apabaHOB.

Igl—o =D
|

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

W3mepeHus rnpu noMouy jgeBoro 0apadaHa Npou3BOJAT B ClIyyae BBICOKUX M HU3KHUX
ONTUYECKUX INIOTHOCTEM.

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

Metoauka paboTsl o JeBoMy OapabaHy:

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

2. Ha myTtu n€eBOro CBETOBOIO MOTOKA YCTAHABIMBAIOT KIOBETY C PACTBOPUTENIEM, Ha
IyTU MpaBOro ¢ HCCIeayeMbIM pacTBopoM. KroBeTbl (0AMHAKOBOM paboueill IJIMHHBI)
YCTaHABIIMBAIOT B KIO BETO AEpKATEAX Ha OIMHAKOBOM PACCTOSHUU OT BXOIHOT'O OTBEPCTHSI.

3.KomneHcupytoT (HOTOTOKHM, yCTaHaBIMBas CTPEIKY TajlbBaHOMETpa Ha HYJb,
MOJIB3YSICh ONTUYECKUMHU KIMHBAMHU. [lJI1 3TOro pPYyKOSTKY TajbBaHOMETpa IEepeBOJAT Ha
MaJlyl0 YYBCTBUTEJIBHOCTh (TOJOXKEHHEe 1) W MpH NOMOIIM OINTHYECKOro KJIMHA TIpyOoi
HACTPOWKH BBOJAT CTPEJIKY ralbBAHOMETPA Ha

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

5.BKiT104a0T rajJbBaHOMETP Ha YYBCTBUTEIBHOCTH «1» M, Bpalias HW3MEpHUTEIbHbIN
OapabaH, BO3BpAILAIOT CTPENKY r'aJIbBAHOMETpPA B HYJIEBOE IOJOKEHHUE. 3aTeM raJbBaHOMETP
MEPEKIIIOYAI0T HA YYBCTBUTENBHOCTD «2» U YTOUHSIOT U3MEPEHUS.

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 Cpe/IHEE 3HaUCHHE ONTHYECKOMN MIIOTHOCTH.

[TapamuienpHO € aHaNM30M HCCIENAYEMOrO pacTBOpa BEAYT aHAJINW3 CTaHJAPTHOTO
oOpasra.
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MeTtonuka paboTsl o mpaBoMy OapabaHy:

B 00a cBeTOBBIX MOTOKA CTABST KIOBETHI C XOJIOCTHIM PACTBOPOM. Y CTAHABJIUBAIOT
npaBblil 6apadan Ha «O», ONTHYECKUMH KIMHBSIMU JOBOJSAT CTPEINIKY rajibBaHOMETpa 10 «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 MTPOU3BOIAT MO KPAaCHOM IIKae mpaBoro 6apabana.
®opMa npeaocTaBIeHHUA pe3yabTaTa

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

JlaboparopHast pabota Ne 4 Onpenenenne PH pacTBopoB pasinyHON KOHIIEHTPAIMH.

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

MaTepnaﬂbnoe odecmeyeHue:

Ob6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpenoaBaTers;
- pabodee MEeCTO CTy/ICHTa;
- TaOTHIIBI.
O6opynoBanue 1abOpaToOpuu:
- pabouee MecTO IpenoaBaTers;
- pabouee MecTO CTY/AEHTa;
- METOIWYECKHEe yKa3aHWs IS MPAaKTUIECKUX padoT;
- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaTOpHBIX paldoT;
- METOJWYECKHEe YKa3aHWA Il CAMOCTOSTEIbHON pabOThI;
- XHMHYEcKoe 000pyJOBaHUE;
- XUMHYECKUE PCaKTHUBHI;
- ydeOHOe nmocoOue, CIpaBOUYHUKH M0 aHATUTUYECKOH XUMUH.
TexHMueckue cpencTBa 0OydeHus:
— Aymmo-, BUJe0-, MPOSKIIMOHHAS armaparypa.
ITopsinok BbINoJIHEHUs padoOTHI:
N3yunTh MeTOAMYECKUE YKa3aHU K JaHHOW JabopaTopHOM pabore.
OmnpenenuTb MPOAYKTHl PEaKIuH
BeImoaHUTE OTUET 0 TpoJIeIaHHON paboTe.

Xoa padorsbl

1. Choenaiite pacd€T W MPUTOTOBBTE OMNPEICTEHHOE KOJUYECTBO pPacTBOpa 3aJaHHOMU
MPOLIEHTHOW KOHIIEHTpAlMU (Ha3BaHHE COJIM KaXJAOMY CTYAEHTY OTAEIhHO COOOIIaeTcs
mnpenoaaBaTeyieM, TaKXKE PEKOMCHAYCTCA U3BMCHHUTDh KOJIMYCCTBO U MMPOUCHTHOC COACPIKAHUEC
MIPUTOTOBJISIEMBIX PACTBOPOB).
BrruucienHoe KOJWYECTBO COMM OTBEChTe Ha Becax. HeoOxomuMmoe KOJIMYECTBO BOJBI
OTMEphTE W3MEPUTENBHBIM UJIUHAPOM U BBUICHTE B KOJIOY. BChINbTE OTBEIICHHYIO COJb B
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BOJy U pa3sMELIMBAaWTE 1O IIOJHOIO pacTBOpeHMs. I[IpUroTOBBTE ITUKETKY M HaKIEHTE Ha
KOJIOY.

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

3. B 50mi. Bomwl pactBoputre 3 T. XJIOPUCTOrO Kajus. BBMHCINTE NPOLEHTHYIO
KOHLIEHTPALMIO IOJIY4eHHOro pactBopa. Cnedte pacTBOp B OyTBUIOYKY M HAaKJIEWTe
ITUKETKY. (3aJaHue BbIIAETCA UHANBUYAIIBHO).

4. B 100ma. Boabl pactBopute 1 r. Enkoro Harpa. Beruucnure MONSIpHYHO KOHLEHTPALUIO
noJrydeHHoro pactopa. Creiire pactBop B Oyrbulouky N HakielTe sTuUKeTKy. (3amaHue
BBIIAETCS MHAMBUAYAJIBHO).

(I)opMa nmpeaocraBjJdcHUusA pedyjibTaTa

1.  HaszBanue u 11enb pabOTEHI.
2.  BbINOMHUTH pacyeT HEOOXOAUMBIX PEAKTHBOB JJIsl IIPUTOTOBJICHUS PACTBOPOB.
3. Cnenartb BBIBOJ O MPOJICTaHHON paboTe.

Tema 2.1.
XuMHYecKoe paBHOBecHE U TeOPHS IEKTPOJIUTHYECKOI THUCCONMAIIUH.
[IpakTuueckoe 3anstue Ne 4
CocraBiieHue ypaBHEHUH 3JEKTPOIUTHUECKOM TUCCOMALIUN
Lean padoThi:
CocraBiieHne ypaBHEHUH 3JEKTPOIUTHUECKOMN TUCCOMALIUN
Boinosinus padorty, Bel Oynere:
ymemy:
- MPOBOJUTH (GU3UKO-XUMHUECKUN aHAJIN3 METAJIOB U OIEHUBATh €r0 Pe3y/IbTATHI;
- WUCIONB30BaTh XHUMHUYECKHE, (PU3UKO-XMUMUYECKHE METOAbl aHauu3a ChIpbs W
MPOYKTOB METAJLTYPTHH,
MarepuanbHoe obecrneyeHue:
Ob6opynoBanue y4eOHOTO KaOUHETA!
- pabouee MecTO MpernoaaBaTers;
- pabouee MeCTO CTYJIEHTa;
- TaOIUIIBL.
O6opynoBanue 1a00paTOpUH:
- pabouee MecTO MpernoaaBaTers;
- paboyee MECTO CTy/IeHTa;
- METOJIWYECKHE YKa3aHHs ISl MPAKTUIECKUX pabdoT;
- METOAWYECKHe YKa3aHusl sl TabopaTopHbBIX paboT;
- METOJIUYECKHE YKa3aHHS JUIsl CAMOCTOSATEIIbHON PabOTHI;
- XHUMHYECKOe 000pyOBaHUE;
- XWUMHYECKUEC PEAKTHBBI;
- yueOHOe mocobue, CIPaBOYHUKH 10 aHATUTUYECKON XUMUH.
TexHUYeCcKUe cpeacTBa OOYICHHUS:
— Ayawuo-, BUIe0-, MPOSKIIMOHHAs anmapaTypa.
IMopsinok BbINOJHEHUS PA0OTHI:
W3yunTh METOIMYECKUE YKA3aHUS K JAHHOUM MPAKTUYECKO 1 1abopaTopHOit
pabore.
Onpenenuth NPOIYKTHl PEAKIHH
BrImoHUTE OTUET 0 MpoJIeIaHHON paboTe.
Xon paborsr:
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[Ipouecc paspylieHuss WM pacrajga dJEKTPOJUTa HAa MOHBI HA3bIBAETCS AJIEKTPOJIUTUYECKON
nuccornuanuei. CocTaBHbIE YacTH PACMABIIMXCS MOJEKYJ WIM KPUCTAUIOB MPEACTAaBISIOT
co0Ol yacTuIbl, UMeronre 3apsaa. X Ha3pIBalOT MOHBI. PacTBOpHI BEIIECTB, MOJEKYJIbl MIIH
KPUCTAJLJIBI KOTOPBIX criocoOHbI pacniafarbes Ha MOHDBI (muccounnpoBats), MOTYT IPOBOAUTH
BJIEKTPUYECKUM TOK. MIMEHHO IOATOMY HMX HAa3bIBAIOT JJIEKTpOJHMTaMU. YacTto mnpouecce
3IEKTPOJUTUYECKON AUCCOLMALIMYI HA3bIBAIOT MPOCTO: TUCCOLUALIUS.

1. ucconumanus CUJIbHBIX 3JIEKTPOJIUTOB

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

PaccmoTpum ypaBHEHHE NUCCONMALINN KUCTIOTHI CHIIBHOTO 3JIEKTPOJIUTA. (BHUAEO YPOK)

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

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

3. CocraBiieHHe ypaBHEHHUsS TUCCOIMALMU COJM, B KOTOPOH KHCJIOTHBIA OCTATOK COCTOUT U3
onuoro snementa (xiopuna (Cl), cynbduasl (S), oTIMYaeTcss OT TE€X ypaBHEHUH, B KOTOPHIX
MOJIEKYJIBI COJIEH UMEIOT B KHCJIOTHOM OCTAaTKE /(B 3JIEMEHTA.

4. uccouumanus cyiadbIX 3JE€KTPOIUTOB
JUCCOLMAIMS MHOTOOCHOBHBIX KHCJIOT CIA0BIX DSJEKTPOJUTOB HA HOHBI IPOUCXOAMUT
nocreneHHo (crymnendaro). [Ipu 3ToM Ha KaXa0W CTaAuK JUCCOIUAIMU 00pa3yeTcsl OAUH HOH
Bojopoaa H um oTpuuarenbHO 3apsyKEHHbIE MOHBI KHUCJIOTHBIX OCTaTKOB. BTopas cragus
muccormanu  HCOs3- <+ H+ + COs.
Uucno craauii OUCCOLMANUU KUCIOTHI — c€Jab0ro 3JIEKTPOJIUTa PaBHO YHUCIY AaTOMOB
Bojopozaa H B ero moiekyie.
Jucconnanus ciabblX 3JEKTPOJUTOB MHOTOKHCIOTHBIX OCHOBAaHMM Ha HMOHBI MPOUCXOAUT
nocreneHHo (crymnenyaro). Ilpm 3ToM Ha KakaoM craguu auccouuanuu obpasyercs 1
ruapokcua-uon (OH-).
Takue ocHOBaHuS, Kak NpaBuio, cojepxkaT Heckosbko rpynn OH. PaccMoTrpum ypaBHeHue
JMCCOLMAIINYI OCHOBaHUS — ciaboro anekrponura Mg(OH);
[lepBas cragus aAucconanuu

Mg(OH), <> MgOH+ + OH-
Yucno craguil AMCCOLUAIMM OCHOBaHHUS — c1a0o0ro ayekTposuTta paBHO yuciay rpynn OH B
€ro MoJieKyJie. (BUIe0 ypOK)
VYpaBHeHMsI IUCCOLMALMN COJIEN CIa0bIX IEKTPOIUTOB HA MOHBI 3aMMCHIBAIOT B OJIHY CTAJIUIO.
IIpu sTomM oO6paszyrorcs mnonoxutenbHo 3apsbkeHHble MOHDBI Meranna u  oTpuiatensHO
3apsKEHHbIE MOHBI KUCIIOTHOT'O OCTATKA.

®opma npeacraBjIeHus pe3yabTara:
Ha3zBanue u niens paboThl.
Harncatb cxeMbl ypaBHEHM peaKiuil.
CraenaTb BBIBOJI O IPOJIETIaHHON padoTe.

Tema 2.2.
OKHCJINTEILHO-BOCCTAHOBUTE/ILHBIE PeaKInu
[TpakTuueckoe 3ansarue Ne 5,6,7.
CocTaBlieHHE OKHUCIIUTEIIPHO-BOCCTAHOBUTEIIBHBIX PEAKIIMH METOJO0M 3JIEKTPOHHOTO
OanaHca
eab padoThi:
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CocraBiieHHEe OKUCIUTEIHHO-BOCCTAHOBUTEIIBHBIX PEAKINI METOOM JIEKTPOHHOTO OanaHca
BoinosinuB padory, Bel Oynere:
ymemy:
- MPOBOJAUTH (PH3UKO-XMMUYECKUI aHAJTN3 METAJIOB U OLICHUBATh €r0 Pe3yJIbTaThl;
- WUCIONB30BaTh XHUMHUYECKUE, (DPHU3UKO-XUMUYECKHUE METOJABl aHauu3a ChIphS W
MPOJAYKTOB METAJUTYPTHH,
MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOT0 KaOUHETa:
- pabouee MeCTO IpernoaBaTes;
- pabouee MeCTO CTY/ICHTA;
- TaOIUIIBI.
O6opynoBanue 1a00paTOPHH:
- pabouee MeCTO IpeIo1aBaTes;
- pabouee MecTo CTY/ICHTA;
- METOIWYECKHEe yKa3aHUA IJIs MPAaKTUIECKUX paboT;
- METOJIMYECKHEe YKa3aHUs JJIs JAOOpaTOPHBIX padoT;
- METOIWYECKHEe YKa3aHUs JJISi CAMOCTOSTEIILHON pabOThI;
- XHMHYECKoe 000py0BaHNUE;
- XWUMHYECKUE PEAKTHBBI;
- ydueOHOe mocoOue, CIPaBOYHUKH 110 AaHATUTUYCCKON XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Ayauo-, BUJI€O-, TPOSKIIMOHHAS araparypa.
IMopsiiok BBINOJTHEHHS PA0OTHI:
W3yunTh METOUYECKUE YKA3aHUS K JIAHHOW MPAKTUYECKOH U J1a00paTOpHOi
pabore.
Onpenenuth MPOAYKTHI PEaKIIUU
BeImoyiHUTE OTUYET O MpoeaHHo padoTe.
Xoa paGoTsI:
[To MeTomy 2MeKTpOHHOTO OanmaHca CPaBHUBAIOT CTENEHU OKUCICHHS aTOMOB B HCXOJHBIX U
KOHEUHBIX BENIECTBAX, MPUYEM YHCIO DSJIEKTPOHOB OTNAHHBIX BOCCTAHOBHUTEIEM, JIOJIKHO
POBHSTHCS UUCITY DJIEKTPOHOB, IPUCOETUHEHHBIX OKHCIUTEIEM.

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

H3AsO3; + KMnO,4 + H,SO, —H3ASO4 + MNnSO, + K,SO4 + H,O

W3 cxembl peakuu BUAHO, YTO CTENEHb OKUCIIEHUS aTOMa MBIIIbSKA /10 peakuuu +3 , mocie
+5, cTeneHb OKUCIEHUsI MapraHiia U3MeHuIach ot +7 10 +2.

OTtpaxkaeM 3TO U3MEHEHHE CTENIEHU OKUCIICHUS B 3JIEKTPOHHBIX YPaBHEHUSX.

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

Oxwucimrens Mn™’ +5e” = Mn*? 2 nporece BoccTanoBieHus

OBP, mnporekaroume B BOJHBIX pPacTBOpax, paciylaBaXx M JIPYTUX HOHU3HUPYIOLINX
pacTBOPUTENAX, YPaBHUBAIOT METOAOM »3JIEKTPOHHO-UOHHOro OanaHca. Ilpu cocraBieHun
MOJTypeaKIuii UCTIOIB3YIOTCS MOHBI U (MJIM) MOJIEKYIBI, MPUCYTCTBYIOIIKUE B pacTBope. Ecnu
BEIIECTBO HEPACTBOPUMO — OHO 3aIlKCHIBAETCS B HEJUCCOLMUPOBAHHOM BHjae. Eciu aTomsl, y
KOTOpBIX M3MeHATCA CO, BXOIAT B COCTaB Cpa3y HECKOJIBKMX YacCTHIl, TO MCIIOIb3YIOTCS T€
YaCTHUIIbI, KOHIIEHTpAIlMsi KOTOpBhIX MpeoOnamgaeT. Hampumep, B BOZHOM pacTBope ciabou
KUCIOTH H 2S MPUCYTCTBYIOT aHUOHBI 1 —HS—2S, mpuuém [H 2S]>>[]>>[—HSfZS]. [TosTomy, u3

BCCX HacCTHUIL, COACPIKAIIUX CCPY, M1 YpaBHUBAHUSA UCIIOJIB3YCM HZS

Aneopumm memooa:

1. Haiitu YacCTHUILIbl, aTOMBbI KOTOPBIX MCHAKOT CO, H COCTAaBUTH MOJIYPCAKIHUHU C UX YUACTUCM. HpI/I
9TOM H€O6XO)II/IMO YUYUTBIBATH JJICKTPOJIUTHYCCKYHO AJUCCOOHALIMIO W BIUAHUC pH Cp€abl
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(CI/IJ'IBHBIC QJICKTPOJUTBI AUCCOUUHUPYIOT IMOJIHOCTBIO, CJI3.6BIG KHUCJIOTBhI — TOJIBKO B H_[eJIOIIHOI\/'I
cpene, ciabble OCHOBaHUS — TOJIBKO B KHCIION).

2. YpaBHATH NOJTypeaKiuu, T00UBasCh:
* MaTepuaipHOro OamaHca. Jlis MOCTMIKEHUS MaTepuaibHOro OamaHca B BOIHBIX

pacTBOpax MOXHO MCIIOJIb30BaTh MOJEKYJIbI HzO’ KpPOME TOro, B KHUCIIOW Cpene -
+ +
KaTUOHBI H , B MIETOYHOW — aHWOHBI , B HelTpanpHo — wmum H—OH , wim —OH

(Tabm.2).

+ OanaHca mo 3apsgaM (paBeHCTBAa CyYMMAapHBIX 3aps/IOB BCEX HMOHOB U AJIEKTPOHOB B
JIEBOM W TMpaBOM 4YacTAX ypaBHEHMs). i1 3TOro K J€BOM 4YacTH NOJypeaklHH
JOOABJISIOT WM BHIYUTAIOT U3 HEE HEOOXOAMMOE KOJIMYECTBO JIEKTPOHOB.

3. YMHOXUTHh NOJypeaknuu Ha Ko3(pduumeHTsl, DOOMBAACH BBHIOJHEHUS YCIOBHUS: YHCIIO
OTJAHHBIX 3JEKTPOHOB (B MOJYPEaKIMU OKUCJICHHS) PaBHO YUCIY MPHUHATHIX AJIEKTPOHOB (B
MOJTypeaKllui BOCCTAHOBJICHUS ).

4. Cnoxutp 00e MONTypeakiuu, B pe3ylbTaTe Yero MOJYyYUTCS 3aMUCh YpPaBHEHHsS B MOHHOU
dopme.

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

6. Meron mnomypeakiuii (PIEKTPOHHO — MOHHBIM METOJ) MPUMEHSIOT ISl PeaKIHid,

MIPOTEKAIOIIUX B pacTBOpax. DJIEKTPOHHO-UOHHBIE YPABHEHMSI TOYHEE OTPa)Kal0T MCTHUHHBIE

W3MEHEHHUS BEIECTB B IMPOLIECCE OKHUCIUTEIbHO-BOCCTAHOBUTEIBHON PEAKIIMH M 00JIer4aroT

COCTaBIICHHE YpaBHEHHH OSTHUX MPOIECCOB B HOHHO-MOJEKYJsipHOW (opmyne. HMonHO -

ANEKTPOHHBIA MeTO 1 ( METOJ MOJYPEaKIHil ) — OCHOBaH Ha COCTABICHHUH Pa3/ieIbHbIX HOHHBIX

YpaBHEHUH IMOITYpEaKIHil — MPOIECCOB OKUCIEHUSI U BOCCTAHOBIIEHUS — C MOCIEAYIOIUM UX

CYMMHPOBAHHEM B 00111e€ HOHHOE YpaBHEHHUE.

['maBHBIE ATAIBL:

1)3anuceiBaeTcs 0011ast MOJIEKYJISIpHAs cXeMa

K2Cr20; + Fe + H2SO4 —Cr2(S04)3 + FeSO4 + H20

2)cocTaBiisieTcss MOHHAs cxeMa peakuuu. [Ipu 3ToM cuibHBIE DIEKTPOIUTHI MPEACTABICHBI B

BUJIE MOHOB, a cJIa0ble AJIEKTPOJUTHI, OCAJKU M ra3bl — B MOJEKYyJsipHOM Buae. B cxeme

OTpeessieTCs YacTHIla, onpeaenseTcs xapakrep cpeast ( H+,H20 nnmu OH-)

Cr207* + Fe + H+ — Cr3+ + Fe2+

3) CocTaBisifoTCsl YpaBHEHHUS 2-X TOTyPEaKIIUH.

a) ypaBHMBAETCs YMCJIO BCEX aTOMOB, KpOME BOJIOPOJia U KHCIOpOa

Cr20;” + H* — 2Cr**

Fe —> Fe?

0) ypaBHHBAETCS KUCIOPO/ C MCTIOIb30BaHneM Moutekyn H,O nnm cBszpiBanms ero B H,O

Cr,0/4 + 14H" — 2Cr¥* + 7 H,0

B) ypaBHI/IBaIOTC}I 3ap51m>1 C IIOMOIIIBHO HpHGaBHeHI/IH 3J'IeKTpOHOB

Cr,0/4 + 14H" + 6e — 2Cr** + 7 H,0

Fe —2e — Fe2"

4) ypaBHHUBaeTCs 00Iee YUCIIO YYACTBYIOIIMX DJIEKTPOHOB MyTEM M0a00pa TOMOJHUTEIbHBIX
MHO)KHTCJ'ICﬁ 110 HpaBI/IJ'Iy HAUMCHBIICT O KpaTHOFO, n CyMMI/Ipy}OTCH ypaBHeHI/ISI 06erX TIoITypeaKIHii.

Cr2072- + 14H+ + 6e —2Cr3++ 7 H20 2 1

Fe—2e — Fe2+63

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

5) 3anuCHIBAIOTCS ypaBHEHHS B MOJIGKYJsipHOW Qopme, ¢ mo0aBleHHEM HWOHOB, HeE
YHaCTBYIOIIHX B ITPOLECCE OKUCIICHUSA- BOCCTAHOBJICHU.

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

[Ipumep 1.
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MeTooM TONypeakiuii COCTaBbTE a) YpaBHEHHE PEaKIUW OKHCICHHUS STUIOBOTO CIUPTa
repMaHTaHaTOM Kanus B cuibHOKUcTou cpene: CoHsOH + KMnO,4 + H,SO4 —; 6) ypaBHEHHE
peaKuuH B3aUMOIECHCTBUS

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

Pemenune: Ilepmanranar Kauusi B KMCIIOM Cpele NPOSBISAET CBOMCTBA CHIIBHOIO OKUCIIUTEIS.
Oprannueckue BEIIecTBa, KaK MPaBUIIO0, SIBISIOTCS BOCCTAHOBHUTEIISIMH, IPY B3aUMOJCHCTBUU C
CUJIBHBIMUA OKHUCIUTEISIMHU OKUCIIIIOTCS 10 CO»).

a) COCTaBHM IOJypEaKIIuu 1 HaieM K03 UIIUCHTHI:

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 COCTABUM IOJIYPEAKIHIO C YIaCTHEM TITFOKO3BI:

®opMa npeacraBieHns pe3yJbTaTa:
HasBanwe u 1ienb paboThlI.
Hanucarte cxembl ypaBHEHUN peaKLUN.
Cnenatb BBIBOJI O IIPOJIETIAHHOM padoTe.

Tema 2.3.
B3anmoneiicTBUS MeTAJIOB (CHIPhSl), METAJIMYECKHUX MOPOLIKOB ¢ Ta3aMU U APYTUMU
BellleCTBAMU
JlaGopaTtopnast pabota No5
Omnpenenenue coepkaHus Xpoma B CTaIu

Heanb padotsl: OmnpeneneHre coaepKaHus XpoMa B CTallu
Boinosinus padorty, Bl Oynere:
ymemy:
- MPOBOJUTH GUBUKO-XUMHUECKUN aHAJIA3 METAJIOB U OIEHUBATH €r0 Pe3y/IbTaTHhI;
- WUCIONB30BaTh XHUMHUYECKHE, (PU3UKO-XMMUYECKHE METOAbl aHauu3a ChIpbs W
MPOYKTOB METAJLTypPTHH,
MarepuanbHoe obecrnevyeHue:
Ob6opynoBanue y4eOHOTO KaOUHETA!
- pabouee MeCTO IperoiaBaTes;
- pabouee MeCTO CTY/JEHTa;
- TaOIUIIBL.
O6opynoBanue 1a00paTOpUH:
- pabouee MecTO IpenoaBaTers;
- pabouee MeCTO CTYJEHTa;
- METOIWYECKHE YKa3aHWsl JJIsl MPAKTUYECKuX paboT;
- METOAMYECKHe YKa3aHMsl U1l TabopaTopHbIX padoT;
- METOIUYECKHE YKa3aHUs JIsl CAMOCTOSTEIHbHON PaOOTHI;
- XHMHYECKOe 000py/I0BaHHE;
- XMMHYECKUE PEAKTHBBI;
- yueOHOe mocoOue, CIPaBOYHHUKH TT0 AHATUTHYECKOU XUMUMU.
TexHuueckue cpencTBa 00ydeHus:
— Aymmo-, BUJ€0-, TPOSKIIMOHHAS armaparypa.
Ilopsitok BbINOJIHEHHS PA0OTHI:
N3yunTh MEeTOIMYECKUE YKa3aHUS K JAHHOU MPAKTUUECKON M JTaOOpaTOPHON
pabore.
OnpenenuTh MPOTYKTH PEAKITHH
BrimosHUTE OTUET O mpoienanHoi paboTe.
Xoa padoThi:
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o  DOTOKOIOPUMETPHUECKOE OMPE/ICIICHHE KOHIIEHTPAI[MU BEIIECTBA B PACTBOPE METOIOM
CPaBHEHHUS ONTHYCCKOH MIIOTHOCTH MCCICTYEMOr0 U CTAaHIaPTHOTO PACTBOPOB.

e DKCTPaKIHUOHHO-()OTOMETPUUYECKOE OMPECIICHUE MAIBIX KOJIHMYECTB XPOMa C
nudeHnIKapOa3uIoM

e  MeToabl MPSAMOTO CIIEKTPAIBHOTO aHAN3a

e  DmMuccHOHHAs (OTOMETPHS IIAMEHU

e  ATOMHO-aOCOpPOIIMOHHBIN METOJ

e MeToapl MPSIMOTO CIEKTPAIBLHOTO aHaIn3a

CnexTpanbpHBI ~ aHAIM3 — COBOKYIHOCTH METOJOB KAa4ECTBEHHOIO M KOJIWYECTBEHHOI'O
OIIpeJIeNIeHUs] COCTaBa 0ObEKTa, OCHOBAHHAS HA U3YYCHUHU CIEKTPOB B3aUMOCHUCTBUS MaTEPHH
C M3JIydeHUEM, BKJIOYasl CIIEKTPHI 3JEKTPOMArHUTHOTO H3JIYYCHHS, aKyCTHYECKHUX BOJIH,
pacrpenienieHusi O MaccaM M SHEPrusiM d3JEMEHTApHBIX YacTULl M JIp. ATOMBI KaXXIOTO
XMMHYECKOTO 3JIEMEHTa UMEIOT CTPOTO OINpeesIEHHbIE PEe30HAHCHBIE YaCTOTHI, B pE3yJbTaTe
9Yero MMEHHO Ha 3THX YacTOTaX OHHU M3Iy4aroT WM MOTJIOMIAIOT CBET. DTO MPUBOAUT K TOMY,
YTO B CIIEKTPOCKOIE Ha CIIEKTPaX BHUIHBI JMHHUU (TEMHBIC WIH CBETIBIC) B ONpPENSIEHHBIX
MECTax, XapaKTEePHBIX IS KaXI0TO BemlecTBa. VIHTeHCHBHOCTD JIMHUI 3aBUCHT OT KOJMYECTBA
BEIIECTBA U €ro COCTOSHHSA. B KOJIMYECTBEHHOM CIIEKTPAaJIbHOM aHAM3€ OIPEACISIOT
COiep’KaHNE HCCIIEAYEMOr0 BEIIECTBAa IO OTHOCUTEIBHON MM a0CONIFOTHOI MHTEHCHBHOCTSAM
JUHUA WM 1ojoc B cHekTpax. OnTudeckuil CHEKTpajdbHBIA aHAJIU3 XapaKTepU3yeTcs
OTHOCHUTEIIHOW MPOCTOTON BBIMOJIHEHUS], OTCYTCTBHEM CIIOKHOW MOJITOTOBKH MPOO K aHATU3Y,
HE3HAYUTENBHBIM KoJudecTBOM BemiectBa (10—30 wmr), HeoOXoauMmoro ais aHaiu3a Ha
OO0JIBIIIOE YMCIIO IEMEHTOB. ATOMAapHBIE CIIEKTPHI (MOTJIOMIEHUS WM UCITYCKaHU) TIOTYJaroT
NepEeBEICHUEM BEIIECTBAa B MapooOpa3HOe COCTOSHUE IMyTEM HarpeBaHus HpoOsl 10 1000—
10000 °C. B xkauecTBe HCTOYHMKOB BO30Y)KJIEHHUS aTOMOB IPH SMHUCCHOHHOM aHaJU3e
TOKOIPOBOJSALIMX MaT€PHUAIIOB MIPUMEHSIOT HCKPY, AYTY IEPEMEHHOTO TOKA; IPH 3TOM Hpo0y
MOMEIIAI0T B KpaTep OJHOTO U3 YTOJIbHBIX 3JEKTpomoB. Jlis aHanmM3a pacTBOPOB HIMPOKO
UCTOJIB3YIOT TUIaMsl MJTH MJ1a3My Pa3JIUYHbIX Ta30B.

dopma npeacraBjIeHus pe3yabTara:

HazBanue u 1ienp paboThl.

Hamnucatb cXxeMbl ypaBHEHHI peaKLuil.

Cnenatb BBIBOJI O MPOJIETaHHOM paboTe

Tema 3.1
IMHUCCHOHHBIN CHEKTPAJIBHBIN aHAJIN3.
[TpakTnaeckoe 3austue Ne 8,9.
O3HakOMJIEHME C YCTPOWCTBOM, NPHUHLUIIOM JAEUCTBHUA M JKCIUIyaTallUH 3KCIPECC —
aHayiu3aropa.
Hean padoThi:
O3HakoMJIeHHME C YCTPOWCTBOM, MPHUHLMIOM JEHCTBHS M OKCIUTyaTallMd »JKCIpece -
aHaJIN3aTOPOB
Beinosnus patdory, Bel Oyaere:
ymemy:
- MPOBOJAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- UCIOJB30BaTh XHUMHUYECKHE, (PU3MKO-XMMUYECKHE METOAbl aHajdu3a ChIpbs H
IIPOJYKTOB METAJIIypIHH;
MarepuanbHoe o0ecnieyeHme:
O6opynoBanue yueOHOT0 KabUHeTa!
- pabouee MeCTO MpenoiaBaTes;
- pabodee MECTO CTy/IeHTa;
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- TaOJIHIIBL.
O6opynoBanue 1a00paTOPHH:
- pabouee MeCTO Ipero1aBaTes;
- pabouee MecTO CTY/ICHTA;
- METOAMYECKUE YKa3aHHUs JJIsl IPAKTUUECKUX padoT;
- METOJIMYECKHEe YKa3aHUs sl TaOOpaTOPHBIX paboT;
- METOAMYECKHE YKa3aHUs JUIS CAMOCTOSATEIILHON paboThI;
- XHMHYECKoe 000pyI0BaHNUE;
- XHMHUYECKUE PCaKTHUBBI;
- yueOHOe ocoOue, CIPaBOYHUKH 110 aHATTUTUYCCKONH XUMUH.

TexHnunueckue cpeacTBa 00y4eHUS:
— Aynuo-, BUieo-, IpOSKIIMOHHAS anmnaparypa.
IMopsinok BbINOJIHEHHUSI PAa0OTHI:
W3y4nTh METOIMYCCKUE YKA3aHUS K JJAHHOM MPAKTUIECKOW 1 1ab0paTopHOit
pabore.
Ornpenenuth NPOAYKTHl PEaKIIUU
BrINMOMHUTE OTYET O MpOoJeIaHHoM padoTe.
Xoxa paboThl:
Kynonomempuueckue memoout
Kynonomerpuueckuii MeTo aHanM3a OCHOBaH Ha U3MEPEHUU KOJIMYECTBA AJIEKTPUUYECTBA,
M3PACXOJ0BAHHOTO B XOJE JJIEKTPOXUMHUYECKOM peaklUu OIpeAessieMoro BemiectBa. Ecnu
MPOTEKaeT Kakasg-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 ¢popmyre:

o= (AOHIFn) = (AO) / (96485n)

’ rne Q —  KoJIMYecTBO

JJIEKTPUYECTBA, paBHOE

— rIﬁ;» T : : ‘ IIPOM3BEECHUIO CHJIBI TOKa Ha

L @1 ’L.—-‘f’—*' < JUITUTENILHOCTh €r0 MPOXO0XKICHHS

I'l‘ [ | iitiz ’:’:.:‘T r_lj_l 4yepe3 pacTBop; 4 — arom-macca

.I..J‘Lf}; == =2 BEmeCTBa, F — TOCTOSHHAs
y : dapanes.

" Sel0U Vol paneary R

' Ha smom ocnosan npsamou
KVIOHOMempu4ecKuii Memoo, B
KOTOPOM  pacueX BeAyT IO
MIPOJIOJKUTENIBHOCTH JIEKTPOIIN3A.

B sToM cnyuae He TpeOyere! mMOCTpoeHHS TPAAMPOBOYHBIX TPAPUKOB U MPUMEHEHUS
CTaHJAPTHBIX PACTBOPOB, UTO BHITOAHO OTJIMYAET €r0 OT APYTHX (PHU3NKO-XUMHUUECKUX METO/IOB
aHaJus3a.

KocBeHHBII KyTOHOMETPUYECKUH METOJ| (KYJTIOHOMETPHUYECKOTO TUTPOBAHMS) OCHOBAH Ha
MOJIy4eHUU (TeHEpUPOBAHUU) PEArupyIONIUX C OMPEeNiIeMbIM BEUIECTBOM HOHOB B CaMOM
TUTpyeMoM pacTBope. [IpsMoi KyJIOHOMETpPHUYECKUW aHaiIM3 OOBIYHO OCYIIECTBISIOT TPH
MTOCTOSIHHOM TOTEeHIIMANe pabovyero MeKTPo/ia, & KOCBEHHBIN — MpU MOCTOSHHOW CHJIE TOKa,
MIPOXOASAIIETO Yepe3 IEKTPOIUTHIECKYIO sTueiKy. CXxeMa KyJJOHOMETPUUYECKOrO aHAIN3a IpH
MOCTOSIHHOM TIOTEHI[HAIe TIpe/ICTaBlIeHa Ha puc. 5, a. TOk OT akKyMyNnAaTOpHOW Oartapen mpu
MOMOIIM MOTEHIIMOMETPA TMPU OMNPEJAEICHHOM MOTEHIMANe, KOHTPOJIUPYEMOM BOJIBTMETPOM,
MoJaeTcsl Ha KYJIOHOMETPUYECKYI0 siueiiky. KonuyecTBoO anekTpuyecTBa, MpOUISANIEro Yepe3
KYJIOHOMETPUUYECKYIO STYEUKY, OMPEAEIAETCS KYJIOHOMETPOM. B KyJTOHOMETPUYECKOU SUYEHKe
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IIPOUCXOJUT BOCCTAHOBJIEHUE olpezenseMoro moHa. Cuna Toka, MPOTEKAIOIEM B LIEMH, IO
Mepe YMEHbILIEHHs] KOHIIEHTPALUU ONPEAEIsIEMOr0 HOHAa CHUXKAETCS U B MOMEHT €ro IOJIHOIO
BOCCTAHOBJICHHSI CTAHOBHUTCS OJIM3KOM K HYJIIO. DJTO yKa3blBaeT HAa OKOHYAHHE TpoIiecca
BOCCTAQHOBJICHUs  ompezenseMoro  uoHa. OnpenenuB  KyJOHOMETPOM  KOJIMYECTBO
AJIEKTPUUYECTBA, M3PACXOJOBAHHOTO Ha BOccTaHoBIeHHE, Mo (opmyne (18) paccumTsiBaioT
KOJINYECTBO ONPEAEIAEMOr0 BEIIECTBA B KYJIOHOMETPUYECKOH sueiike.

[IpyHuunuanpHas cxema JUisl KyJIOHOMETPUYECKOTO TUTPOBAHUS NPU IOCTOSHHON CHIIE
TOKa JUIsl ONpEAETeHUs, HalpUMep, COJACpXkKaHMUA Xpoma, INpuBeAeHa Ha puc. 5, 6. B
KYJIOHOMETPUYECKYIO SUCHKY JUIS TUTPOBAHMS HAIMBAIOT aHAIM3UPYEMBIN pacTBOp Ouxpomara
KaJIMsl M pacTBOP XJIopuJa keseza. Katoq onyckaroT HEOCPEICTBEHHO B pacTBOP, @ aHOJ — B
MTOPUCTBIA COCY/I, COAEpKaIMiA pacTBOp xyopunaa kamus. OT akKyMyJSITOpHOW Oarapew mpu
IIOMOIM PEryJIMPOBOYHOIO peocTaTa uYepe3 pacTBOP MPOIYCKAETCS HOCTOSHHBIM TOK,
KOHTPOJMpYEMbIIl amiepmerpoM. llpu 3TOoM B aHanmM3UMpyeMOM pacTBOpEe Ha Karojae
IIPOUCXOJIUT BOCCTAHOBJIEHUE TPEXBAJICHTHOT'O JKE€JIe3a J10 AIBYXBaJEHTHOI0, KOTOPOE Cpasy xke
OKHUCJIAETCS IO TPEXBAJIEHTHOIO OMXpOMAaTOM, HaXOASIIMMCS B pacTBOpE. Y Ka3aHHBIHN mpolecc
IpOoTeKaeT J0 TeX IOop, IOKa BeCh IIECTUBAICHTHBIH XpOM HE BOCCTAHOBHUTCA JI0
TPEXBAJIEHTHOr0. B 3TOT MOMEHT B pacTBOpe MOSBATCA M30BITOUHBIE MOHBI JBYXBAJIEHTHOIO
’KeJie3a, KOTOpbIe JIETKO OOHAPYKUTh [10- TEHIIHOMETPUYECKHM METOOM.

KonunuecTBo anekTpuyecTBa, pacXoayeMoro Ha TUTPOBAHUE, PABHO MPOU3BEICHUIO CUJIBI
TOKa Ha JUINTENILHOCTh €ro MpoTeKaHus. TakuMm oO0pa3oM, B 3TOM BUJAE KyJOHOMETPUYECKOTO
aHaJIM3a TUTPOBAHKE IIPOBOJST BELIECTBOM, KOTOpOE 00pa3yeTcs (reHepUpyeTcsi) B TATPYEMOM
pacTBOpe B pe3yibTare peakiMil BOCCTAHOBJICHUS WJIM OKHCICHHMsS M B3aUMOJIEHUCTBYET C
aHAJIM3UPYEMbIMU HOHAMU.

KynoHnomerpuueckuif MeTOA TUTPOBaHMS II0JIOKEH B OCHOBY, HallpUMeEp, LIMPOKO
MIPUMEHSIEMBIX AIKCIIPECC-aHAIM3ATOPOB I OIpPENEICHUs] COJIEp)KaHUs YIJIepoJa U CEphbl B
Mmetauie. Cxema paboThl 3KCIIpecc-aHaIu3aTopa AJs aHaiM3a yriepoja npuBeaeHa Ha puc. 6.
Hagecky metaia (0,5 r), moMereHayio B GpapdopoByrO J00UKY, CKUTAIOT B TPYOUaTOl nieun
npu 1300—1350 C B 1OTOKE YHCTOrO KHUCIOPOJA, PpacxXxol KOTOPOTO peryiupyercs
aBromarndecku ot 0,2 mo 2 a/muH. Ilpm 3toM Beck yriepon okucisiercs go CO2.
HenpepbiBHBIN NOTOK KHciaopoga yHOcUT u3 neun COz B 3JIEKTPOIUTHYECKYIO SUYEHKY 2
JaT4YMKa KCTpecc- aHanu3aropa. 3aech CO; moromaeTcs ciiaboieIOYHbIM IMOTJIOTUTEILHBIM
pactBopom 3 (pH~10,2), BbI3bIBasi MOBBINICHHE KOHIIEHTPALMM HOHOB Bogopoma H+. Dro
m3mensier pH cpenpl, pukcupyemoii uepes snexrponst 4, 5 u pH-merp 6. 3menenne 5. 1. c.
JIEKTPOAHOM cuctemMbl pH-MeTpa MpUBOIUT K U3MEHEHUIO CHIIBI TOKA HA BBIXOJE YCHUIIMTEINS
pH-meTpa, B pe3ynpTaTe 4ero CHelualbHbBIM PETYISATOp 7, COEAMHEHHBIM C BbIXOAOM pH-
MeTpa, aBTOMATHYECKH BKIIIOYACT HCTOYHUK CTAaOMIM3MPOBAHHOIO TI'€HEPaTOPHOro Toka 8.
I'eneparopHbIii TOK TpoTekaeT yepe3 anoxa 10, kaToa 9 1 mpoHUIIaeMyTo JUTsl TOKA TIEPETOPOIKY
11 (uennodanoByio mneHky). Ilpu stom morsl H' paspskaioTcss Ha KaTofie ¢ 0Opa3oBaHHEM
MOJICKYJIIPHOTO BOJOpoja. ['eHepaTopHBIM TOK MpPOTEKaeT IO TeX Iop, MOoKa He OyayT
HelTpanu3oBaHbl HOHBI H+ u 5. 1. c. pH-MeTpa, a Takxke cuia Toka Ha Beixone pH-merpa He
JIOCTUTHET nepBoHavanbHOro 3HayeHus (0,2 MA). KonnuecTBo 3iekTpuyecTBa, 3aTpadyeHHOIO
Ha TUTpoBaHME (BO3BpALlEHHE K MHCXOAHOMY 3HaueHuio pH), OJHO3HAYHO CBSA3aHO C
KOJIMYECTBOM MOTJIOIIEHHOIO YIJIEKUCIIOTO ra3a, a ClIeJoBaTebHO KOJIMYECTBOM YTriepoja B
aHamM3upyeMoil nmpobe Metayuia. KomudecTBO 3JIeKTpUUYECTBA ONPENEeNIeTcsl aBTOMAaTHYECKUM
MHTErPUPOBAHUEM CHIIBI TOKA TUTPOBAHHUS CHIEUAIBHBIM KYJOHOMETPOM - HHTErpaTopoM TOKa
13, Ha BBIXOJE KOTOPOrO BKJIIOUYEHBl HEOHOBBIE IM(PPOBBIE JAMIIbI, MOKa3bIBAIOIINE
MIPOLIEHTHOE COJIepKaHue YIriiepo/ia B aHAIM3UPyeMOi Tipooe.
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[Ipu morNIOmIEHUM  YTIECKUCIOTO
rasa IMOIIOTUTCIIBHBIM pacTBOpPOM, B
COCTaB KOTOPOTO BXJAAT XJIOPHUCTHIN
KM , TPOTEKAIT  CIEIYIOLIHE
peaKuuu: 7

C03 35 HgO = “3CO\

H,CO;s + SrCr, = Sr COw+2HCI

HCI=H CI'

B pe3yJbrare MPOTEKaHUSA
YKa3aHHBIX pEaKIWii M TPOUCXOJIUT
IIOBBIIICHNE KOHLEHTpauuu HoHOB H+
B TIOTJIOTHTEIILHOM PacTBOPE, KOTOPHIN
It 00Jee  TOJHOTO  MOTJIOIICHUS
VIJIEKUCIOr0 Tra3a MepeMelInBaeTCs
Mermaiakou 14,

[Ipn mnpoTekaHuW TreHepPaTOPHOTO

MOTJIOTUTEIbHBIN pactBop, [IPpOTEKaeT

TOKa Ha

KaToJie,

ONYIIIECHHOM B

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

24
M3TOTOBJICHHOM U3 ITUHKA, PEAKIIHS Zn—2e Zn” . Anon MOTPYXEH BO
BCIIOMOTaTeNIbHBIN PacTBOp 72, B COCTAB KOTOPOTO BXOJST XJIOPUCTBIN Kaauid U heppornanu
Kaiaust. VMOHBI IMHKA, B3aMMOJCHCTBYS ¢ (DeppOIMaHUIOM Kayius, 00pa3ylT KOMILUICKCHYIO
COJIb I[MHKA, KOTOPasi BBINAACT B OCAOK MO PEaKI[HH:

3Zn** + 2K’ + 2Fe (CN)*s = KoZn; [Fe (CN)gla}. .
OCHOBHBIE TEXHHUUECKHE XapaKTEPUCTUKH 3Kcpecc-aHanu3aTopoB AH-29 u
AH-160:

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 HacTosmiee BpeMsi Ha METAITyPrUYECKUX 3aBOJIaX IIMPOKO MCHOJB3YIOT OT€UECTBEHHbBIE
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 1ieib paboThI.
Hamnmcarb cxeMbl ypaBHEHMI peakiuil.
CraenaTb BBIBOJ O IIPOJIEIAHHON paboTe

Tema 3.2.
PeHTreHOCTPpYKTYPHBIH aHAIU3.
[Tpaktrueckoe 3anstue Ne 10,11.

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

1 3apy0eKHOTO MPOU3BOICTBA.
Lean padoTbi:
O3HaKOMJICHHE C YCTPOWCTBOM, IIPUHIIMIIOM JICHCTBUS PEHTTEHOCKOMA
Boinosinus padorty, Bel Oynere:
ymemy:
- MPOBOJUTH (PH3UKO-XMMUYECKHUN aHAJIN3 METAJIOB U OLICHUBATh €r0 Pe3yJIbTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PU3UKO-XMMHUYECKHE METOJbl AaHajh3a CBIPbS
MPOAYKTOB METAJUTYPTHH,
MaTtepuajbHoe obecnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IpenoaBaTers;
- pabouee MecTO CTY/ICHTA;
- TaOTHIBI.
O6opynoBaHue 1abOpaTOpUu:
- pabouee MecTO IpenoaBaTers;
- pabouee MecTO CTY/AEHTa;
- METOIWYECKHEe YKa3aHWs JJIs MPAKTHIECKUX padoT;
- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaToOpHBIX paldoT;
- METOIWYECKHEe YKa3aHUA JJIi CAMOCTOSTEbHON pabOThI;
- XHMHYecKoe 000pyJIOBaHUE;
- XHMHUYECKHE PEaKTHUBBI;
- ydeOHOe nmocoOue, CIpaBOUYHUKHU M0 aHATTUTUYECKONH XUMUH.
TexHMueckue cpencTBa 00ydeHus:
— Ayamo-, BUJeo-, IpOeKIIMOHHAs anmaparypa.
IMopsinok BbINoOJIHEHUs padOTHI:
N3yunTh METOMYECKUE YKA3aHUS K TaHHOW MPAaKTUYECKO 1 J1abopaTopHOii
pabore.
OnpenenuTs NPOAYKTHI PeaKLUU
BeImoaHUTE OTUET 0 TpoielaHHON paboTe.
Xox pa0doThI:

30

u



: 7 7 T ‘ o

||

o

Prc, 41, Cxoma yoTOMOBKN ASR PEMTIOHOCHOKTPAALKONG DHAINIE:

[ — soaOymaenne; /! paxaomenne » cuexrp; /1 perncrpanus
| — perTreMonckan TpyOKa: 2 — npoba; J — RIAYSCHIR dayopecuentun

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

B o0mewm ciydyae cxeMy pEHTTC€HOCHEKTPAJIbHOTO aHajlu3a MOXHO THpPEeJACTaBUTh
crneayronmM oopaszom; 1) Bo3Oyx)aeHHE PEHTTCHOBCKOTO XapaKTEPUCTHUCCKOTO H3TyICHUS
3JIEMEHTOB, 00pa3yrIux Mnpody; 2) pas3ioKeHHe PEHTTEHOBCKOTO HM3IYy4YEHHUS B CIEKTP
(BbIIENICHUE AQHAIMTUYECKUX JIMHUWA HJIEMEHTOB); 3) perucrpanus U HU3MEpEeHUe
MHTEHCUBHOCTU PEHTITEHOBCKOTI'O0 XapaKTEPUCTUUECKOTO M3Ty4YeHUs JIEMEHTOB. B cBsi3H C
3THUM BCE PEHTTCHOBCKHE CIIEKTPOMETPUICCKHUE CUCTEMBI HMEIOT O0OIINE KOMITOHCHTHI:

1) uctoyHuk BO30YXKACHUS XapPAKTEPUCTUUYECKOTO H3IY4YEHHUs SJIEMEHTOB MHpPOObI; 2)
JTUCIIEPTaTOp — YCTPOMCTBO [JIsi BBIACICHHUS aHATUTHYCCKHX CHTHAIOB 3JIEMEHTOB; 3)
JI€TEKTOP C COOTBETCTBYIOUIUM SJIEKTPOHHBIM YCTPOUCTBOM (puc. 41).

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

(dmroopecuieHTHOE BO3OYK/ICHNUE), U3IIYyIECHHUE PATUOAKTUBHBIX H30TOIOB.

Jlnst 2IeKTpOHHOTO BO30YXKJIEHHS XapakTepHa BbIcOoKas 3()QPEeKTUBHOCTH, OJIHAKO
BCIICJICTBHE CHJIBHOTO pa3orpeBa oOpasna moJ BO3AEHCTBHEM 3JIEKTPOHHOTO IMy4YKa (110
HECKOJIBKMX COT TPaayCcoB) BO3MOXXHBI CEIEKTHBHOE HCIApEHUE DJIEMEHTOB U JpyTHE
XUMHYECKHEe W3MEHEHUs B oOpasme. K HemocTtarkaMm SJIEKTPOHHOTO BO30YKICHHS
OTHOCSITCSI MHTEHCHBHBIH (POH M HeoOXoauMocTh paborarh moa BakyyMoM OTMeuYeHHbIE
HEJIOCTAaTKW  TPOSIBISAIOTCA  cilabee  TpW  BO3OYXKICHHH  XapaKTEPHCTUUYECKOTO
PEHTTeHOBCKOTO M3Iy4eHHUsI TPOOBI OCTPO CHPOKYCUPOBAHHBIM JJIEKTPOHHBIM ITYyYKOM
(pMeKTpOoHHBIH MUKPO30HI). B sTOM ciydae meperpeBa oOpaslia HE NPOUCXOIUT HU3-3a
WHTEHCUBHOTO TEIJIOOTBOJA C MUKPOHHOTO Y4acTKa.

HenocraTtkoB,  xapakTepHbIX  JIsi  BO3OYKIEHHUS  DJEKTPOHAMH,  JIUIICHO
(bayopeciieHTHOE BO30ykIeHHEe. DTOT METO/l BBIIBUHYJICS HA TIEPEIHHI TJIaH MOCTe TOTo, Kak
OblTa pa3paboTaHa COBEpIICHHAs TEXHMKA PErucTpaluu ciaadboro  (HIyopecieHTHOTO
PEHTTEHOBCKOTO H3Iy4eHHs. VICTOUHUKOM MEepBUYHOTO BO30YXKIAIOMIETO M3JIYYEHHUsS CIyXat
peHTreHoBckue Tpyoku. [lepBudHoe U3 TydcHHE

noa0uparT TakuM oOpa3oMm, YTOOBI SHEPrusi €ro KBAHTOB ObLIa 3aBEJIOMO BBIIIE
SHEPrUM KBAHTOB XapaKTEPUCTUUYECKOTO PEHTTCHOBCKOTO HW3JIYYCHHS CaMOTO TSDKEIIOTO
sJeMeHTa TpoObl. B TO ke BpeMs cieayeT YYUThIBaTh, YTO KOPOTKOBOJIHOBOE >KECTKOE
PEHTTE€HOBCKOE H3JIy4eHHE OYEeHb C1a00 TOTrJomaeTcss MpoOoi, modToMy BO3OYKIACHHE
(bIr00peceHIIMN CPETHUX U JIETKUX AJIEMEHTOB O0yneT Manod(eKTUBHO.

Bo30ykIeHrne peHTreHOBCKOTO0 XapaKTePUCTHYCCKOTO U3JIYYECHHS MPOO MOCPEICTBOM
W3JIy4YeHHUS PAJUOAKTUBHBIX M30TOMOB HCIOJB3YETCS B PEHTTCHOPAAHMOMETPUIECKOM
aHanmuse. JIOCTOMHCTBAMH METOJA SBJISIIOTCS KOMIIAKTHOCTH ammapaTypel W CTPOTO
MOHOXPOMATHUYECKOE U3IyuyeHHe ucTouyHuKa. OCHOBHOW HEJOCTATOK — HH3Kad
WHTCHCUBHOCTH MTEPBUYHOTO WU3TyYCHHS.

Pasnoocenue penmeenosckozo usnyuenus 6 cnexmp. BwiOenenue uznyueHuss mpebyemotl
OuHbl 607HbI. B COBPEMEHHBIX PEHTTEHOCHEKTPAIbHBIX YCTaHOBKaX HCIOJB3YIOT JBa
crocoba pas3IoKeHHs U3JIY4YeHUs] Ha COCTaBisolmmue: 1) Aucrepcus Mo JIMHE BOJHBI
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(mudpaxknus Ha MOHOKpHCTAIIAX); 2) AMCIEPCHS TO DJHEpruu. B pPEeHTTeHOBCKUX
CHEKTpOMETpaxX C AUCHEPCHEH MO IJIMHE BOJHBI JUCIEPIUPYIOIIUM 3JIEMEHTOM CIYXHUT
KpUCTAJUI-aHAJIU3ATOp., JCUCTBYIOIIMNA  aHAJIOTUYHO JUPPAKIUOHHOM  pemeTke B
ONTHYECKON CHEKTPOMETPHUH. YTOI AUPPAKIUN 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 Jguamna3oHa JIJIWH BOJH HCHOJIB3YIOT KPUCTAJUIBI C Pa3IUYHBIMH
3HAYEHUSIMU MEXIUIOCKOCTHBIX PACCTOSHUM: KBapll, KalbIuT,

¢bmooput, nurunpodochar ammonus u aAp. Crnocod IUCTEPCUU MO JIMHE BOJHBI
o0nagaeT TeM JOCTOMHCTBOM, YTO IO3BOJISAET BBIACIUTH JIO0YIO 3aJaHHYIO CIIEKTPalIbHYIO
JUHUIO TUIaBHOW HacTpoiikoil. HemoctaTkoMm siBisieTcss Oonblnas mOoTepss MHTEHCUBHOCTHU
U3JIy4eHUs] IPU OTPa)XCHUU OT KpHUCTaja. B ONTHManbHBIX YCIOBHMSIX HHTEHCUBHOCTH
OTPaXXEHHOTO Jiyya cocTtaBisieT oT 5 g0 20 % mnajgamomero Ha MOHOKPHUCTAII
MOHOXPOMAaTHYECKOTO U3JIYyYCHHUS.

B ciydae oSHepreTM4eckom — AMCIEpPCUM  JETEKTOPAMU  H3JIyYEHHS  CIIyKaT
MOJIYIPOBOJIHUKOBBIE KpHUCTaibl. Ilpu moOriomeHun peHTreHOBCKUX KBAaHTOB TaKUM
KPUCTAJUIOM B HEM BO3HHKAIOT JJIEKTPUYECKHE HMITYJIbChI, CBS3aHHBIE C DJHEpPruei
KBaHTOB. Y CHJICHHBIE UMITYJIbCBl IOMAJAal0T HA MHOTOKaHalbHbIN aHanu3atop. O6paboTka
UMITYJIbCOB, TIPEJCTABICHHE M 3alOMHHaHUWE OO0OECIeYnBaIOTCA MNpUOOpaMu 3alucH
CUT'HAQJIOB, UMITYJIbCHBIM cHEKTpoMeTpoM M OBM DOHeprernueckoe pas3pelieHue MOXKET
OCYHIECTBISITECS TAaK)K€ C TIOMOUIBI0 TPOMOPIUOHANBHBIX W  CHHUHTHJUIAIHOHHBIX
CUYETUUKOB.

JIOCTOMHCTBOM AMCHEPCHUH PEHTTEHOBCKOTO HM3Jy4YeHUsS [0 DHEPTrUU SBISACTCA
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,
JIAIOIETr0 BUAMMBIN CBET, (HOTONPOBOIMMOCTb, BbI3BaHHAs JEHCTBHEM PEHTTEHOBCKUX JIydyeil
Ha TTOJIYTIPOBOJHUKOBEIE KPUCTAJLITBL.

Peructpanus ¢ororpaguyeckuMm cHnocoOOM B PEHTTEHOCHEKTPaIbHBIX NpUOOpax
cefiyac TpaKTUYECKH He TNpHUMEHseTcs. B To ke BpeMs IIHPOKO HCIOJNB3YIOTCS B
PEHTI€HOBCKHUX CIIEKTPOMETpax, Ta30HANOJIHEHHbIE IETEeKTOphl — cueTuuku [eiirepa,
MPOMOPIUOHANBHBIE cYeTYHKH. OHU TpeoOpasyroT IHEPTrUi0 PEHTICHOBCKUX KBAaHTOB B
JJIEKTpUYECKHE UMIYJIbChl. Ha KaXkJplii MOTJIONMIEHHbIH KBAaHT ACTEKTOP AaeT UMIyJbc. B
MPOMOPIMOHANBHBIX ~ CUETYMKAX  aMIUITyJa HMIyJbca CBs3aHA C  DHEPTHeH
PEHTI€HOBCKOrO0 KBaHTa. IIpM MCHONB30BAaHUM TAaKOTO [JETEKTOpa C aMIUIUTYAHBIM
CEJICKTOPOM OH MOXET OBITh TPUMEHEH ISl BBIACICHHS W PETHCTPAINH HW3ITyYCHHS
TpeOyeMbIX JiIuH BOJH. KonMuecTBEeHHBIH aHaNW3 JIETKUX JJEMEHTOB MO JIMHHUAM
XapaKTEPUCTUIECKOTO PEHTT€HOBCKOTO  CIIEKTpa 3aTPYIHEH BCIEJICTBHE PE3KOTO
ocnabiieHus JIMHHOBOJIHOBBIX JIMHUN B OKHE cueTuyuka. JlanpHelmmii mporpecc aHamusa
CTaJ BO3MOJKHBIM TIOCIIEe Pa3pabOTKH MPOTOYHBIX CYETYMKOB. OKHA ISl pEHTT€HOBCKOTO
U3JIy4eHHs JeNlaloT B HUX HACTOJIBKO TOHKMMHM, YTO yTedKa rasa HeuszOexxHa. CUeTUYHKH
MOTYT YCIEIIHO paboTaTh, €CIIM Yepe3 HUX HEMPEPHIBHO MPOITYCKAETCS Ta30BbIi MOTOK.

JleificTBUE CUMHTHIUIALIMOHHBIX CYETYNKOB OCHOBAaHO HAa BOSHUKHOBEHHH CBEUEHUS MPU
MOTJIOMIEHHH PEHTTEHOBCKUX KBAaHTOB (DIIIOOpECHUPYIOIIMM MaTepHaioM. B Hux
Ha0IIogaeTcsl MPONMOPLUUOHATBHOCTh MEXAY BEIUYMHOM (aMIUIMUTYAOW) HMIyJbca U
SHEPTHEH  PErucTPUPyeMOTro KBaHTAa. B  KOpPOTKOBOJHOBOW  00JacTH  CHEKTpa
1[eJeco00pa3Ho HCMHOJIb30BaTh CIHUHTHUIAIMOHHBIE CUETYMKH, a JJIMHHOBOJIHOBOM —
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MPONOPLIMOHAIBHBIE.

[Ipn mornomeHnn peHTreHOBCKUX KBAHTOB MOJYIPOBOJHUKOBBIM JE€TEKTOPOM B HEM
BO3HHUKAIOT JJIEKTPUUECKHE HMIYJIbCHl, OTPA0OTKAa KOTOPBIX MPOBOJIUTCS C IOMOIIBIO
MHOTOKaHaJIbHBIX aHalU3aTOpOB. [loNynmpOBOAHUKOBBIE IETEKTOPHI AAIOT BO3MOXKHOCTH
pPErUCTPUPOBATh OYEHBb Clla0ble CUTHANBI, YTO MO3BOJSET CHHU3UTH aOCONIOTHBIN mpeaen
oOHapyeHHs 3neMeHTOB. Kpome TOro, 3To MO3BOJISIET UCIOJIB30BATh ISl BO30YKICHUS
U3JIyYEHHUS FJIEMEHTOB PaAO0aKTUBHbBIE U30TOIIBI.

Penmeenosckue  cnexkmpomempur.  OTeduecTBeHHbIE U 3apyOexxHble  mpubop!
CTPOUTENBbHbIE MPEANPUITUS MNPOU3BOAAT IIMPOKUH  acCCOPTUMEHT  almaparyphl,
MpeJHa3HAauYeHHOW NJid MPOBEACHUS PEHTTEHOCHEKTPalbHOTrO aHanuiza. Bribop mpubopa
ompenensieTcss KOHKPETHOH aHanmuTuyeckod 3amadeir. K ¢akropam, KoTopwle cieayer
MPUHUMATh BO BHUMaHUE, OTHOCSTCS: CIOKHOCTh MPOO MO XUMHUYECKOMY COCTaBY, THI U
KOJIMYECTBO MPOO, CTOMMOCTD 3JIEMEHTOONPEIEICHUS, METPOJIOTHUECKUE XapaKTEPUCTHKU
u apyrasi uHopmaius, KOTOpyro HaJ0 MOJYy4UuTh 00 0Opa3uax.

Ilo ceoemy  HazHaueHurw  cnekmpomempuvl — OelAMCA  HA  KOPOMKOBOIHOBbIE,
ONIUHHOBONIHOBble U  8ceOoNHO8ble. Cnekmpomempol, umMewujue HeECKOIbKO KAHA108,
YCMAHOGIEHHBIX 0J151 OOHOBPEMEHHOI PESUCMPAUUU ORPeOeeHHbIX OJIUH 60JIH, HA3bIEAIOM
keanmomempamu. I1o cnocoby videnenus aHaIUMUYecKol TUHUY CHeKMpaibHble Npudopbl
oesim Ha KpUCMAbhvle U OeCKpucmaivhble.

Penmeenopaouomempweckuii ananus.

PenTtrenopaavomMeTpuyeckuii aHalu3 HalleJl [PUMEHEHUE B MPAKTUKE TOpPHO-
000raTUTENbHBIX U METAILTYPTHUYECKUX MPEANPUATHNH. ITOMY CIOCOOCTBOBAIU pa3padboTKa
BBICOKOO((EKTUBHBIX  JETEKTOPOB  ClIaboro  (JIyOpEeCHEHTHOTO  PEHTTEHOBCKOTO
M3JIy4YeHHs, a TakKe MPOMBIIIICHHBIH BBITYCK MIMPOKOrOo Habopa paauoaKTHBHBIX
H30TONOB C OTHOCUTEJIBHO HEBBICOKOM II€HOM M MOJIXOJASIIMM MEPHUOJOM Iojypacnaja.
Haunbonee yacto HCHONB3YIOTCS HM30TOMBI, HCIYCKAIOIIME - ) -KBAaHTHl B pe3yJbTaTe
3axBaTa SAPOM OPOMTAIBHOTO »SJIEKTPOHA, Hampumep - Pe, °C<+ PannoaxrueHOE
U3JIlydeHHe OT HMCTOYHMKA MaJaeT Ha oOpas3eln W HHIAYHUPYEeT B HeM (QIIyopecleHTHOe
U3JIydyeHHe. DTO H3JIy4YEHUE 3aMepsieTCs MPONMOPLUUOHAIbHBIM CUYETYUKOM M pe3yJbTaT
u3MepeHus: oOpabarsiBaeTcsi Ha DBM, BKIIOUeHHOH B OJIOK 3JIEKTPOHUKH Tpubopa. B
KayecTBE OKOHYATEIBHOTO pe3yJibTaTa Ha IUQPPOBONW WHIAMKATOP (AUCIUICH) BBIAAIOTCA
JaHHBIE MO COAEPKAHUI0O XUMHUYECKHX SJIEMEHTOB B 00pa3le ¢ HUX CHMBOJbHBIMHU
0003HaYEHUSIMU.

PeHTreHopannoMeTpuyeckue aHaan3aToOpbl IMpelHa3HAYeHB! JIJIs aHajdu3a O0BEKTOB Ha
3JIEMEHTHI OT (e=12) nmo Il (r=92). TI'pamyupoBka mpuOOPOB
OCYULIECTBIISETCA MO CTaHAApTHHIM oOpasnaM. CoBpeMeHHbIe KOHCTPYKLIMHM aHAJIU3aTOPOB
MO3BOJISIFOT TMOJIy4aTh OJJHOBPEMEHHO JaHHbIE M0 1 —6 371eMeHTaM.

[Ipubopel  MOTYyT HOPUMEHATHCS JAJIA  SKCIOPECCHOTO  aHajiu3a B YCIOBHSAX
HECTAallMOHApHBIX JlabopaTopuii, B TOM 4YHCI€ JJIsI MacCcoOBOrO0 aHanu3a Mpod Ha
MPOMBIIIJIEHHBIX TPEANPUITUSIX.

Jloxkanvnwiii ananuz. JIOKanbHBIA PEHTTEHOCHEKTPAIBHBIN aHAIU3 HMCIOJB3YETCS IS
UJeHTU(UKAIIMK BKJIIOYEHHIH B CIUlaBax M MHUHeEpasiax, uW3ydyeHus IudQy3HmoHHBIX 30H,
pacrpeneneHus 3JIEMEHTOB 0 MOBEPXHOCTH U T. . BaXHbIM 00CTOSTENHCTBOM SBISETCS
TO, 4YTO MeTOJ JaéT BO3MOXXHOCTh paboTaTh C TMpeNelbHO MajlbiMH OOBEMaMH
ucclielyeMoro BeuiecTna (mopsijaka HeCKOJIbKUX KyOMUeCKUX MUKPOMETPOB).
PeHTreHocneKTpaibHbIl MHUKpPOAHAIN3aTOp OCHOBAaH Ha BO30YXIEHHUU PEHTTEHOBCKOTO
XapaKTePUCTHUUECKOT0 U3TYUYEHHS C IIOMOIIBIO OCTPO CPOKYCHPOBAHHOTO AJIEKTPOHHOTO ITy4YKa
U TOCIEAYIOUIEH PErucTpalvy pa3fesIeHHOro 0 JJIMHAM BOJH PEHTT€HOBCKOTO W3JIY4EHHS.
JlokanpHOCTH aHanmW3a, T. €. auaMeTp ucciueayemon tromaan, 1—2 VY.km. IIpuGopsr
MO3BOJISIIOT BECTH BH3yallbHOE HAONIOJEHHE 3a MCCIEAYyeMBIM O0pas3lloM C IOJIE3HBIM
yBenuueHueM X450, mpu 3TOM IepeKpecTHe MHKPOCKOIa COBMAJAeT C y4acTKOM oOpasla,
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obOnxydaembIM anekTpoHamu. [Ipu aHammM3e HEMETANTUYECKHMX OO0paslloB Ha HUCCIETyEeMYIO
MMOBEPXHOCTh HEOOXOUMO HAMBLIATE AIEKTPOIPOBOASIIINE CJIOU TOIIMHON 1 HM.

dopma npeacTaBJieHUs pe3yabTarTa:

HasBanwe u 1ienb paboThlI.

Hanucatb cxembl ypaBHEHUN peakIyid.

CraenaTb BBIBOJI O TIPOJICIAHHON paboTe
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