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1 BBEAEHUE

Baxnyio yacTh TeopeTHdyeckol H MNPOQPEecCHOHAIBHON MPaKTUYECKOW MOArOTOBKU
CTY/ICHTOB COCTABIISIIOT NMPAKTHUECKUE 3aHATHS M J1abopaTopHble paboThl. SIBISASCH YaCTHIO
U3y4eHUsT Y4eOHOW JUCHUIUIMHBI, OHHM TMPU3BAHBL, JKCIEPHUMEHTAIbHO MOJITBEPIUTDH
TEOPETUYECKHE TOJOKEHUsI W (HOpMUPOBATH OOIIME U MPOPECCHOHATBHBIE KOMITCTCHIIHH,
MPAKTUYECKHE YMEHHUS.

Benymieid nunakTu4eckodl LENbI0 Mpakmuyeckux saumamuil siBiseTcs (GpopMupoBaHUE
MPAKTUUYECKUX YMEHHH - MpodecCHOHAIbHBIX (YMEHUI BBINOJIHATH ONpeAelieHHbIe NeHCTBUS,
orepanuu, HeoOXOANMBIE B IOCIEAYIONIEM B MPO()ECCHOHAIBHOM eI TEIBHOCTH) TN Y4eOHBIX
(YyMeHwmii pemaTh 3a/1a4d 10 MaTeMaTuke, pu3nuke, XuMuu, HHOOPMATUKE U JIP.), HEOOXOAMMBIX
B TIOCIIEyIONIel yueOHOM esITeIbHOCTH IO €CTEeCTBEHHOHAYYHBIM, 00IIenpohecCHOHATbHBIM
JTUCIUILTNHAM.

Benymieid mumakTudeckoi HeNbio 1abopamophsix pabom SBISAETCS YKCIIEPUMEHTAIBHOE
MOATBEP)KIEHUE ¢ TMPOBEPKAa CYIIECTBEHHBIX TEOPETUYECKUX IMOJIOKEHUN (3aKOHOB,
3aBUCUMOCTEH).

CoctaB u conepkaHHWe TMPAKTUYECKHMX M JAa0OPATOpPHBIX paboT HampaBiIeHbl Ha
peanu3anuio ACUCTBYIONMX (peaepanbHbIX TOCYJapCTBEHHBIX O0pa30BaTeNbHBIX CTAaHIAPTOB
cpenHero npodeccuoHaIbHOr0 00pa30BaHusl.

B coorBerctBuM ¢ paboueit mporpammoii yuebHoil muctmmmabl «XUMUYECKUE U
OU3UKO-XUMUYECKHUE  METO/JIbI  AHAJIM3A»  npeaiyCMOTpPEHO  INpPOBEIECHUE
NPAaKTUYECKHUX U JTA00OPATOPHBIX padoT.

B pe3ynbrarte ux BHINOTHEHHSI, 00Y4aIOIIUNACS JOKEH:

ymemy:

- MPOBOJUTH GUBUKO-XUMHUUYECKUN aHAJIU3 METAJJIOB U OLIEHUBATh €r0 Pe3yibTaThl;

- UCIONB30BaTh XHUMHUYECKUE, (DH3UKO-XMUMUYECKUE METOJABl aHauu3a ChIphS W

MPOJYKTOB METAILTypIHH;

ConeprkaHue MpakTUYECKUX U J1aDOpaTOPHBIX padOT OPUEHTUPOBAHO HA MOJITOTOBKY CTY/IEHTOB
K OCBOGHHIO OCHOBHOM IpO(hecCHOHANBHOM 00pa30BaTelbHOM MPOrpaMMbl MO CIENUaIbHOCTH U
OBJIAICHHIO IPO(heCCHOHATIBHBIMU KOMITETEHIIUSIMU:
IIK 1.1. InaHnpoBaTh NPOU3BOJICTBO U OPraHU3ALMI0 TEXHOJIOTHUECKOTO MPOIIECCa B LIEXE
00pabOTKH METANIOB JaBJICHUEM.
[1K 1.2. IlnanupoBath rpy30N0TOKM NPOAYKLIUU MO yYaCcTKaM Lexa.
IIK 1.3. KoopauaupoBaTh NPOU3BOICTBEHHYIO IE€ATEIBHOCTD YYaCTKOB 11€XA C
HCIOJIb30BaHUEM IIPOrPaMMHOT0 00€CTIeUeH I, KOMITbIOTEPHBIX U KOMMYHHUKAIIMOHHBIX
CPEICTB.
I1K 1.4. Oprann3oBsiBaTh pabOTy KOJJIEKTUBA UCIIOJIHUTENEH.
I1K 1.5. Mcnonp30BaTh NporpaMMHoOe o0ecreyeHre o yY€Ty U CKIaJupOBAaHHIO BBITyCKaeMON
MPOTYKLIAH.
1K 1.6. PaccunTbiBaTh U aHATU3UPOBATH MTOKa3aTenu 3 (HEeKTUBHOCTH pabOTHI y4acTKa, 1exa.
[IK 1.7. OdopMAATh TEXHUYECKYIO JOKYMEHTAIMIO HA BBIITYCKAEMYIO MPOAYKLHUIO.
IIK 1.8. CocTaBiATh pekiIaMaluy Ha MOJy4aeMble HCXOAHBIE MaTEpUAIIbI.
IIK 2.1. Beibupath COOTBETCTBYIOIIIEE O0OPYAOBaHUE, OCHACTKY U CPEACTBA MEXAHU3AINH JIJIS
BEJICHUs TEXHOJIIOTMYECKOT0 IIpoLecca.
[1K 2.2. TIpoBepsTh UCIIpaBHOCTh U OPOPMIIATH TEXHUYECKYIO IOKYMEHTALIUIO Ha
TEXHOJIOTHYECKOe 000pyI0BaHUE.
[1K 2.3. IIpou3BoauTh HACTPONKY U MPOPHUIAKTUKY TEXHOJIOTHYECKOTO 000PYy10BaHUS.
1K 2.4. BeiOupath Npou3BOJACTBEHHBIE MOLUTHOCTH U TOIUIMBHO-3HEPIeTUYECKUE PECYPCHI TS
BEJICHUsI TEXHOJIOTMYECKOTO IIpoLecca.



1K 2.5. DkcmmyaTHpoBaTh TEXHOJIOTHUECKOE 000PYI0BAHUE B IIJITAHOBOM U aBapUITHOM
peKUMAX.

[IK 2.6. IIpou3BoauTh pacyeThl SJHEPTOCUIIOBBIX TAPAMETPOB 0OOPYIOBAHMUS.

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

[1K 3.2. OcyiiecTBasiTh TEXHOJOTMYECKHUE MPOLIECCH B TUIAHOBOM Y aBapUITHOM PEXKUMAX.
1K 3.3. BeiOupats BUAbI TEPMUYECKON 00pAaOOTKH [Tl YIyUYIIEHUS! CBOMCTB U Ka4eCcTBa
BBIITyCKAEMOM IIPOAYKIIUH.

1K 3.4. PaccunThIBaTh MoKazaTesu U KodpUIreHTs! aedopmariy 00paboTKH METAIIIOB
JTaBJIICHUEM.

1K 3.5. PaccunThiBaTh KaIMOPOBKY pabO4Yero HHCTpyMEHTa U (POPMOU3MEHEHHE
BBIITyCKAEMOM IIPOAYKIIUH.

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

[IK 3.7. OcyiiecTBisiTh TEXHOJOTHYECKUM MPOLIECC B IIJITAHOBOM PEKUME, B TOM YHUCIIE
UCTOJB3Ys MPOTrpaMMHOE 00ecTieueHre, KOMITbIOTEPHBIE U TEJICKOMMYHUKAIIMOHHbIE CPECTBA.
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, alaparypy U MpUOOPHI I KOHTPOJIS KauecTBa
IIPOSYKIIMH.

[1IK 4.2. PeructpupoBaTh 1 aHaIU3UPOBATH IOKA3aTEJIM ABTOMAaTUYECKOM CUCTEMBI YIIPaBJIECHUS
TE€XHOJIOTUYECKUM ITPOLIECCOM.

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

I1K 4.4. [Ipenynpexnares NosBICHUE, OOHAPYKUBATh U YCTPAHITh BO3MOKHBIE 1€(DEKThI
BBIIYCKa€MOM IPOAYKIIUHU.

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

I1K 5.1. Opranu3oBbIBaTh U MPOBOAUTE MEPONIPHUSTHS MO 3alIUTE pAOOTHUKOB OT HETATUBHOI'O
BO3JICUCTBUS IPOU3BOACTBEHHOU CPEBI.

I1K 5.2. [IpoBOIUTH aHANN3 TPABMOOIACHBIX U BPEAHBIX (PaKTOPOB HAa y4acCTKaX L[EXOB
00pabOTKH METANIOB JaBJICHUEM.

I1K 5.3. Co3naBate ycioBus A 6e30macHoi paboTHI.

[IK 5.4. OnienuBaTh NOCIEACTBUS TEXHOJIOTMYECKUX YPE3BbIUaHBIX CUTYAllUl U CTUXUMHBIX
SBJICHU Ha 0€30MacHOCTh PabOTAIOIINX.

IIK 5.5. Oka3bIBaTh NEPBYI0 MEAUIIMHCKYIO TOMOILb IOCTPA/IaBIIUM.

A Taxxe GOpMUPOBAHUIO OOLINX KOMIETEHIIHA:

OK'1 [ToHMMaTh CYIIHOCTH M COLMANBHYIO 3HAUMMOCTh CBOEH Oynyuied mpodeccuu,
MIPOSIBJIATH K HEW YCTOWUYMBBINA NHTEPEC.

OK 2 Opranu3oBbIBaTh COOCTBEHHYIO JAESITENBHOCTb, BBIOMPATh THUIIOBBIE METOIBI U
CIIOCOOBI BBIMOTHEHHUS MPOPECCHOHAITBHBIX 3a]1a4, OIEHUBATh X I()PEKTUBHOCTH U KA4eCTBO.
OK 3 [IpuHuMaTh pelieHuss B CTaHJAPTHBIX M HECTAHJAPTHBIX CUTYalMsIX U HECTH 3a
HUX OTBETCTBEHHOCTb.

OK 4 OcymecTBiATh TOWUCK M UCIHOJb30BaHUE WHPOpPMAIUU, HEOOXOAMMON IS
3¢ PEeKTUBHOTO BBITIOIHEHUS MPO(HEeCCHOHATBHBIX 3a1a4, MPOoGeCcCHOHATHHOTO U JTUYHOCTHOTO
pa3BUTHSL.

OK 5 Hcnons3oBats MH(}OPMalMOHHO-KOMMYHHUKAIIHOHHBIE TEXHOJIOTHH B
npoecCUOHATLHON 1eATENIbHOCTH.

OK 6 PaGorate B KosekTMBEe M KoMaHze, 3(G(EeKTHUBHO oOmIaThcs C KOJUIEraMu,
PYKOBOJICTBOM, MOTPEOUTEISIMH.

OK 7 BbpaTth Ha cebsi OTBETCTBEHHOCTh 3a pabOTy YJIE€HOB KOMaH/Ab! (IOJYMHEHHBIX),

PE3YJIbTAT BBIIIOJIHCHUS 3aJIaHHil.



OK 8 CaMOCTOATENbHO ONpeNeNiaTh 33Ja4d  MPO(PECCHOHANBHOTO W JMYHOCTHOTO
pa3BUTHA, 3aHUMATbCAd CaMOOOpPAa30BaHMEM, OCO3HAHHO IUJJAHUPOBATh  IOBBIIICHHE
KBaJTM(PUKALHH.
OK 9 OpueHTUPOBATHCS B YCIOBUAX YaCTOW CMEHBI TEXHOJOTHUH B MPOGECCHOHATHHON
NESTENIbHOCTH.

BeimonHenue  CTyAGHTAMH  npakmuyeckux —pabom TO  y4eOHOH  TUCHMILIMHE
«XNUMHNYECKHUE U ®PU3NUKO-XUMNYECKHWE METOIbl AHAJIM3A» HanpaBiieHO Ha:

- 00001IeHNe, cHcTeMaTH3alnio, yriyOieHue, 3aKperjieHue, pa3BUTHE U JICTATH3ALUI0
MOJIYYEHHBIX TEOPETHUECKUX 3HAHUH 110 KOHKPETHBIM TeMaM yu4eOHON TUCIUILINHBL,

- (hopMupoBaHHE YMEHUH NMPUMEHATH MOJTYYECHHBbIC 3HAHHMS Ha MPAKTUKE, PeaTU3aIUIo
€IMHCTBA MHTEIUICKTYaJIbHOM U MPaKTUUECKON JeATeIbHOCTH;

- (opmupoBanue u pa3BUTHE YMEHHIA: HaOIIOAaTh, CPAaBHUBATh, COMOCTABIATH,
aHaJIM3upOBaTh, JENaTh BHIBOJAbI U OOOOIIEHMS, CaMOCTOSITEILHO BECTH HCCIIEI0BaHUS,
MOJIb30BATHCS PA3NUYHBIMUA IIPUEMaMU M3MEPEHUH, OQOpPMIISATh pe3yiabTaThl B BHIE TaOJHII,
cxeMm, rpaduKoB;

- TpUOOpETeHHWE HABBHIKOB pabOThl C pa3NIWYHBIMA [pUOOpaMH, ammaparypowu,
yCTaHOBKaMH U JIPYTMMH TEXHUYECKUMHU CPEICTBAMU JJIsi TPOBECHUS OTIBITOB;

- pa3BUTHE MHTEUIEKTYQJIbHBIX YMEHUH y OyIylIMX CHELHATIUCTOB: AHAJIUTUYECKHUX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTUBHBIX U JIP.;

- BBIpaOOTKY IIPY PEIICHUH IMOCTABICHHBIX 3a/1a4 MPO()EeCCHOHAILHO 3HAYMMBIX KauecTB,
TaKHX KaK CaMOCTOSTEIbHOCTh, OTBETCTBEHHOCTh, TOUHOCTb, TBOPUYECKAsi MHUIATHUBA.

BeimonHenue  cryaeHTaMu  1abopamopHuix  pabom 1O y4eOHOW — TUCHUILIMHE
«XUMHNYECKHUE N ®PU3UKO-XUMHNYECKHUE METO/1bI AHAJIM3A» HanpaBieHo Ha:

- 0000mIeHNne, CHUCTEeMAaTH3alnIo, yriyOJIeHne, 3aKperyieHne, Pa3BUTHE U JICTATH3ALUI0
MOJIYYEHHBIX TEOPETHUECKHUX 3HAHUHN M0 KOHKPETHBIM TeMaM Y4eOHOM TUCIUILINHBI,

- (hopMupoBaHHE yMEHWH NMPUMEHATH IOITYYECHHBIC 3HAHHUS Ha MPAKTUKE, PEaTU3aIIIo
€IMHCTBA MHTEIUIEKTYAJIbHOM U IPAKTUYECKOMN AEATEIbHOCTH;

- (¢opmHpoBaHHE U pa3BUTHE YMEHUMH: Ha0I0JaTh, CPABHUBATH, COIOCTABIISTh,
aHaJIM3MPOBaTh, JIeNaTh BBIBOJABI M OOOOIIEHMS, CAMOCTOSITEIbHO BECTH HCCIEI0BaHuU,
MI0JIb30BAThCSl PA3IMUYHBIMU NPUEMaMH HU3MepeHul, opopmiIsATh pe3yabTaThl B BHJE TaOIuL,
cXeM, rpauKoB;

- TOpuoOpeTeHHe HaBbIKOB pPAa0OTBl C pa3lIUYHBIMU IpHOOpaMu, ammaparypou,
YCTaHOBKAaMH U JJPYTUMH TEXHUYECKMMHU CPEACTBAMHU JUIsl IPOBECHHUS OTIBITOB,;

- pa3BUTHE MHTEUIEKTYQJIbHBIX YMEHUH y OyIylIMX CHELHaTUCTOB: aHAIUTUYECKHX,
MIPOEKTUPOBOYHBIX, KOHCTPYKTHBHBIX U JIP.;

- BBIpaOOTKY IIPH PELICHUH TOCTAaBICHHBIX 3aJ]a4 MPOPECCUOHANBHO 3HAUMMBIX KauecCTB,
TaKMX KaK CaMOCTOSITEIbHOCTb, OTBETCTBEHHOCTh, TOUHOCTb, TBOPYECKAsI MHUIMATHUBA.

[TponOmKUTENIBEHOCTD BBIOTHEHUST MPAKTUYECKON, JTAOOpaTOpHOM pabOThl COCTaBISIET HE
MEHEE JIByX AaKaJIEMMUYECKMX 4YacOB M IPOBOIUTCSA IOCIE COOTBETCTBYIOLIEH TEMBI, KOTOpas
obecrieynBaeT HAIMUME 3HAHUM, HEOOXOAMMBIX JUIS €€ BBITOTHEHHSL.



2 METOJAUYECKHUE YKA3AHUSA

Tema 1.3.
O0paboTka pe3yJbTaTOB AHAJN3Aa METOJ0M MATEMATHYECKON CTATUCTUKH
IIpakTnyeckas padora Nel
O3HakoMJIeHHE ¢ YCJIOBUSIMHM TOYHBIX U3MEpPEeHM i NPU BHINOJHEHUHN aHAJIN3a, 00padoTKa
pe3yJbTAaTOB AHAIN3A MyTeM PellleHHs PACYETHBIX 32124 METOJ0M MATeMaTHYeCKO
CTATHUCTHKH.
Hean padoThi:

O3HakOMJICHHE C YCIOBUSIMU TOUHBIX U3MEPEHUMN MPHU BBIIOJHEHUH aHanu3a, o0padoTka
pe3yabTaTOB aHajdM3a IyTeM pEIIeHHs pPacuyeTHBIX 3a/Jad METOJIOM MaTeMaTU4eCKOH
CTaTUCTUKH.

Beinosinus patdory, Bel Oyaere:
yMmemy:
- MPOBOAUTH (PU3UKO-XMMUYECKUN aHAJIN3 METAJIOB U OLIEHUBATH €r0 Pe3yJIbTaThl;
- UCIONB30BaTh XHUMHUYECKHE, (PUIMKO-XMMUYECKHE METOAbl aHadu3a ChIpbs H
MIPOYKTOB METAJLTYPIHH,
MarepuanbHoe obecrneyeHue:
ObopynoBanue yueOHOT0 KaOUHeTa:
- pabouee MecTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTa;
- TaOJIULIBL.
O6opynoBanue 1a00pPaTOPUH:
- pabouee MecTO MperoaaBaTers;
- pabodee MECTO CTy/ICHTa;
- METOIWYECKHE YKa3aHWsl ISl MPAKTUYeCKuX paboT;
- METOJMYECKHE YKa3aHMsl U1l JaOOpaTOpHbIX padoT;
- METOIUYECKHE YKa3aHUs JIsl CAMOCTOSTEIbHON PabOTHI;
- XHMHYECKOoe 000py/I0BaHMUE;
- XMUMHYECKUE PEaKTHUBBI;
- ydueOHOe mocoOue, CIPaBOYHHUKH 0 AHATUTUYECKONW XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Aymmo-, BUJ€0-, TPOSKIIMOHHAS armaparypa.
Ilopsinok BbINOJHEHHS PadOTHI:
1. M3y4yuTh METOIMYECKHE YKAa3aHUA K JJAHHOW MPAKTUYECKON U TaOOpaTOpHOU
pabore.
2. OmnpenenuTts TPOAYKTHI pEaKIIUN
3. BHIMOAHUTH OTYET O MpoAeIaHHON paboTe.
Xoa paGoTsI:
Perucrpanusi u u3mepeHue BeJTMYUHbI AaHATUTHYECKOT0 curagna (AC)
AC onpenensiemoro BemecTBa OObIMHO comyTcTBYIOT AC, Memaronue aHamu3y Ipyrux
BEIIECTB, KOTOpbIE HE OBUIM OTAETCHBI WJIM HEJOCTATOYHO TIOJHO OBUIM YCTpaHEHBI Ha
npeasiaymeM stane. AC Memammux BEeMECTB Ha3bIBAIOT (poHOM (mymom). Meros aHanusa
WIM €ro YCIOBHUS JOJDKHBI OBITh MOAOOpaHbI TakuM o0Opa3zoMm, uToObl AC ompenensieMoro
BEIIECTBA OTYETIMBO BBIAEHsUICS W3 (ona (mryma). XKemarenmbHO, 9TOOBI METOJ aHaIW3a
obOecrieunBal JIMHEHHYIO 3aBUCUMOCTh MHTEHCHMBHOCTH AC OT KONHWYECTBa OMPEENIIeMOTO
BEIIIECTBA.
Pacuer pe3syabtaTta anaam3allo pe3ynbrataM KOJTHYECTBEHHOTO M3MEPEHHUS HMHTEHCHBHOCTH
AC (A) paccuuTHIBAIOT KOJWYECTBO (N), Maccy (m) WJIM KOHIEHTPAIUIO (C) ONMpeaensieMoro
BellecTBa B Mpo0e ¢ MOMOIIbio ypaBHeHus1 cBsi3u:A = K- n(m,c). TakuM ypaBHEHHEM CBSI3H,
HalpuMep B THUTPUMETPHUH, SBJISCTCS 3aKOH 3KBHUBAJICHTOB, MO3BOJISIONIUI 110 H3MEPEHHOMY
00BEMYy CTaHAAPTHOTO pacTBOpa peareHTa, TMOUIEANIEr0 Ha TUTPOBaHHE, pACCUUTATh



coJiepKaHuE aHAIU3UPYEeMOro BemlecTBa. 3akoH apajes sBISETCS YpaBHEHHUEM CBSI3U B
KYJIOHOMETPUYECKOM TUTPOBAHUH, IO KOTOPOMY Maccy BEIIECTBa B paCTBOPE MOYKHO HAWTH 1O
3a/1aBaeMoM MpU aHaJIU3€ BEIMYMHE TOKA U U3BMEPEHHON BETMYMHE BPEMEHU TUTPOBAHMUS.
MatemaTuuecKyro byHKIHIO, BBIPAXKAIOMIYIO 3aBUCHUMOCTh A oT n(m,c),
HA3BIBAIOT TPAIYyHPOBOYHON, a ee Trpaduueckoe H300paKEHHE -TPATYHPOBOYHBLIM
rpagukom.

B ypaBHEeHHH CBSI3U KO3(PPUIMEHT MPONOPIUOHATEHOCTH K HA3BIBAIOT YyBCTBUTEIbHOCTHIO
(k03(ppueHTOM YyBCTBHUTENbHOCTH) MeTona. Yem Oonbire K, TeM MEHbIIYyIO BETUYMHY
COJIEp’KaHUsI MOKHO YCTaHOBUTH ITHM MeToAoM. Ecnu rpagynpoBodHasi GyHKIUS JTMHEWHAS,
To K HaxoauTcs Kak TaHTeHC yrila HakJOHA rpaayupoBoYHOro rpaduka k ocu abcuucc. [lpu
HETMHEWHON ()YHKIIUU YYBCTBUTEIBHOCTh HAXOMSAT KakK IMEPBYIO MPOU3BOJIHYIO OT A mpu
3HaYeHUAX N(m,c), OTBEYAIOIIUX YYaCTKY I'PaJyupOBOYHOrO rpaduka, OJIM3KOro K JIMHEHHOMY:

dA A4 A;- A

=— WK =——=
dn A rng-my

[Ipu npoBeneHnu pacuera pe3yabTaToB aHAJIN3a HEOOXOAUMO OUYE€Hb BHUMATEIbHO BBIIOJIHSTH
BBIYMCIICHHUS. Maremaruyeckas IOIPElIHOCTb, [JONYLIEHHAas B YHCIOBBIX 3HAYCHUAX,
paBHOCWIIbHA OLIMOKE B aHAJIM3E.

YucnoBbie 3HAYCHUS noApas3JaC/iAr0OT Ha TOYHBIC H HpI/I6J'II/I)I(eHHBI€. K TOYHBIM, HAIIpUMED,
MOXXHO OTHCCTH YHMCJIO BBIIIOJIHCHHBIX aHaJIM30B, HOp?IIIKOBI)If/'I HOMCp 3JICMCHTA B Ta6JH/HIe
MeHz(eJIeeBa, K HpI/I6J'II/I)KeHHBIM - UIBMCPCHHBIC 3HAYCHUA MACChI NN o0BeMa.

3Havamumu  1E@pamMu TPUOIMKEHHOTO YHWCIIa HA3bIBAIOT BCE €ro IH(pBI, KpoMe HYIEH,
CTOSIIIMX CJieBa OT 3alATOW, W HyJeW, CToAUMX chpaBa nocie 3amsaroil. Hymu, crosmue B
cepeuHe 4ucia, SBIAoTCs 3Hadamumu. Hampumep, B uucine 427,205 - 6 3Havamux uudp;
0,00365 - 3 3navammume uudpsr; 244,00 - 3 3Havamume udpHI.

Tounocte Beruucnenunii onpexaensercs ['OCT, OCT nmu TV Ha anamus. Ecinu nmorpemiHocTts
BBIUMCIICHUM HE OroBOpEHa 3apaHee, TO CJIeAyeT HUMETh B BHUAY, YTO KOHLEHTPALMsA
BbIUMCsieTcs1 10 4-0if 3Havamed nugpsl nocie 3ansaToi, Macca - 10 4-ro 1ecATHYHOIO
3HaKa I0cJIe 3anAToi, MaccoBasi 105 (IPOLEHTHOE COAePKAHUE) - 10 COTHIX J10JIeil.
Kaxnplii pe3ynbTaT aHain3a HE MOXET ObITh TOYHEE, YeM 3TO MO3BOJISAIOT U3MEPHUTENIbHbIE
puOopsI (II03TOMY B Macce, BBIPAXKEHHOH B IpaMMax, HE MOXKET ObITh Oouiblie 4-5 3HAKOB
MOCIIe 3aMsATOH, T.€. OOJbIIIe TOUHOCTH aHANUTUYeCKUX BecoB 10-4-10-5 r).

®opma npeacraBiaeHus pe3yJabTara:
1. HasBanwue u 1enb paboThI.
2. Hanmcarte cxembl ypaBHEHHH peaKIuii.
3. Crnenats BbIBOJ O MPOIETIaHHOI paborTe.

Tema 1.4.
I'paBuMeTpHUYeCKHil 1 THTPUMETPUYECKHHA METOAbl AHAINU3A
IIpakTnueckas padora Ne 2
Boiuncienuss B XUMHYeCKUX METOAAX aHAJIM3A
Lean paboThi:
Boruncnenus B XUMUYECKUX METO/IaX aHalu3a
Beinosnus patdory, Bel Oyaere:

ymemy:

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

- UCIOJB30BaTh XHUMHUYECKHE, (PU3MKO-XMMUYECKHE METO/Abl aHajJu3a ChIPhbS

IIPOJYKTOB METAJIIypIHH;



MarepunanbHoe obecrnieyeHue:
Ob6opynoBanue y4eOHOTO KaOMHETA!
- pabouee MeCTO Ipero1aBaTes;
- pabouee MeCTO CTyJICHTa;
- TaOIHIIBI.
O6opynoBanue 1a00paTOPHH:
- pabouee MeCTO Ipero1aBaTes;
- pabouee MeCTO CTyJICHTa;
- METOAWYECKHE yKa3aHUA /Ul IPAKTUYECKUX padoT;
- METOJIMYEcKHe yKa3aHus Il TabopaTopHbIX padoT;
- METOJWYECKHE YKa3aHUA IJIi CAMOCTOSTEIbHON pabOThI;
- XMUMHYECKOoe 000pyI0BaHHUE;
- XHMHYECKHE PEaKTHUBBI;
- yueOHOe mocobue, CIpaBOYHUKHU M0 aHATUTUYECKON XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Ayauo-, BUIe0-, MPOEKIIMOHHAs anmapaTypa.
IMopsinok BbINoJIHEHUs PadoOTHI:
W3y4unTh MEeTOIMYECKUE YKA3aHU K JaHHOM MPaKTUYECKOi 1 1abopaTopHOit
pabore.
Onpenenutb NPOAYKTHI PEAKLUU
BeImoyiHUTE OTYET O MpojeaHHOl padoTe.
Xoa pa6oTsI:
Pacuertsl, cBsi3aHHbIE C IPUTOTOBJICHUEM U Pa30aBIC€HUEM PACTBOPOB.
W3 kypca HEOpraHMYECKOW XMMHH HW3BECTHO, YTO KOHIEHTpAIMS PAcTBOPOB MOXKET OBITh
MPOLEHTHOM, MOJISPHOU, HOPMAJILHOW U MOJISIIBHOM.
B mnpakTuke KONMYECTBEHHOTO aHajiM3a YacTO TPUXOAUTCS MNPOBOIUTH BBIYMCICHUS,
CBSI3aHHBIE C MIEPEXO0/I0M OT OJIHOM KOHIIEHTPAIMH K JIPYTOH.
Ipumep 1. Beraucauth MOJSIPHYIO M HOPMAJIBHYIO KOHIIEHTPAIHMIO 12-1TpOIIEeHTHOTO pacTBoOpa
cepHoi KUCIOThI HpS04.
Pewenue. JIns mepexona OT OAHONW KOHLEHTPALMU K JIPYrodl HEOOXOIMMO HCIIOJIb30BATh
TaOJNMYHbIC JaHHBIC W HAWTH IUIOTHOCTH 12-mporientHOro pactBopa HpS0s (p =1,08). Barem
onpexenstor 00bem 100 T pacTBOpa Mo hopmyiie:

m=vVep v= "_200 45 5990)

p 108

U BBIYUCIAIOT, CKONbKO rpamMmoB HzS0s comepxut 1 1 12-mporieHTHOrO pacTBOpa CEpHOM
KHCIIOTBI:

92,59mi pactBopa coaepxuT 12r HpS04:

1000mn - xT HpS04,
X= 12>100 =129(e)

92,59
IIpumep 2. CkoJIBKO MWIIWJIMTPOB XJIOPOBOJOPOAHOW KHUCIOTHI p = 1,19 cienyer B34Th,
4yro0bI ipuroroButh 10 11 0,1 H. pacTBOpa XI0poBogopoaHON KucaoTsl HCI?
Pewenue. CHauana HaxoJlUM, CKOJIbKO T'PaMMOB XJIOPOBOAOPOTHONW KHUCIIOTHI CIETYeT UMETh,
9T100BI TONyuuTh 1 71 0,1 H. pacTBOpA:
r-3kB HCI = 36, 46:1 = 36,46 (1)
ITockonbky Tpebyercst 0,1 H. pacTBOp, CI€IOBATENbHO, ISl MPUTOTOBICHUS 1J1 HY)KHO B3SITh
0,1 r-3kB (36, 46:10), T.€. 3,646 r, nyis npurotroBnenus 10 i
m = 3,646 * 10 = 36,46 (1)
o tabmuue Haxomum comepskanne HCI, mpu p = 1,19 r/em? ono Gyner 38,30%. CocraBmsiem

COOTHOIIICHHE:
m 952
> 115 80 (mur)



CnenoBarenbHo, ans npurorosiaeHus 10 i1 mpumepHo 0,1 H. pacTBopa HyXHO B3iTh 80 M
XJIOPOBOIOPOIHOM KUCTOTHI (p = 1,19), OTMEpUB €€ MEPHBIM IIWJIMHIIPOM, U JIOBECTH BOJIOHN 10
oobema 10 1.
Ipumep 3. Cxonbko Hy)KHO Ao006aBuTh Boabl K 100 mi 0,8 H. pacTBOpa XJIOPOBOIOPOIHOM
kuciaotel HCI, uTo6s1 onyunts 0,2 H.pacTBOp?
Pemenue. M3BecTHO, yTO Mpou3BeaeHNE 00beMa PaCTBOPA Ha €r0 HOPMAIBHOCTh PABHO YUCITY
IpaMM-3KBHUBAJICHTOB JIAHHOT'O COCJMHEHUS B 3TOM 00beMe, TO3TOMY B JAHHOM CIIy4ae MOKHO
IIPUMEHUTH PABEHCTBO:
Hiy*Vy= Hy* 1,
vo— Hit¥ o _ 0800 _ B0 _ (1)

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

m, :mg=30:50

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

ITocne atoro aenum 800 Ha ABC 4aCTH NPOIOPHHUOHAIIBHO 3TOMY OTHOIICHHIO:

20030 24000

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

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

CrnenoatenbHo, cieayeT B3aTh 300 r 90-nporienTHOrO ¥ 500 r 10-1IpOLIEHTHOTO pacTBOpA.
2.PacuyeTnl, CBSI3aHHbIE C BLIYHCIEHHEM Pe3yJIbTATOB TUTPOBAHUS.

Pacuemevr npu evipadxcenuu kKonyenmpayuei uepe3 HOPMANbHYIO KoHyenmpayuro. Jlns
MPOBEJICHUS] AHATUTHUYECKUX BBIYMCIECHUN STUM METOJIOM (d4epe3 pacTBOPHI C ONpeaeneHHON
HOPMAJIbHOCTBIO) TMPUMEHSIOT JIBa CIOCO0a: CHOCO0 THUTPUPOBAHUS M CIOCOO OTAEITBHBIX
HaBECOK.

B 3aBucumocTH OT TOro, KakuM CIIOCOOOM TPOBOIUTCS aHanu3/, XOi pacuera Oyaer
Pa3TUYHBIM.

Pacuemvr npu npumenenuu cnocoba mumpuposanus. B naHHOM cllydae NPUMEHSIOT YK€
W3BECTHOE YpaBHEHHUE:

Vi *Hy =V, * H,

IIpumep. BpuncinTh HOpPMadbHYIO KOHIIGHTPAIIMIO M THTP PacTBOpa THAPOKCUAA HATPUS
NaOH, ecomm mnpu THTpoBanuM wuM HaBecku 0,1590 T (X.4.) mIaBeNEeBOH KHCIOTHI
H,C,0,— 2H,0 (pacTBOpeHHON B MPOU3BOJIHLHOM KOJHMYECTBE BOJbI) momuio 24, 60 mi
THJIPOKCHUIA HATPHS.

Pewenue. 3anuiiem ypaBHeHHE pEaKIINU:

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

E’Hzr:za4 -7 ~ 63,03 (2)

390

Hasecxa H,C, 04 * 2H,0 — 0,1590 r Oyner cocTaBisTh 6’3 o5 [-OKB/JL
C npyroii ctopoHbl, 0003HaYMB HOPMAJILHOCTh pacTBopa ruApokcua uyepes3 Hyuon, HOTydUM:
H _ 2480 y

NaOH = (r-oKB/1)

1000
KommuectBo rpaMM-5KBUBAJICHTOB THUIAPOKCHUAA HATpHA IO HIpaBUIy 3KBUBAJICHTOB pPaBHO

KOJIMYECTBY IPaMM-IKBHBAJIICHTOB IlaBeneBoi kucnotel H,C, 04 — 2H,0, unu

10



24,60  0,1590

H.. =
NeBHE  qpoo 63,03
Otkyna

. _ 1000+ 0,1590
NaOH — 54 60 % 63,03

Tyaon= S 2Na0H — 0,004104 (r /mn)

3.PacyeTrsl Npu BbIPa’KEHUU KOHIEHTPALMHU Yepe3 TUTP padouero pacreopa.
IIpumep. Paccuntarh, CKONBKO THApPOKCUIA HaTpusi coaepxkutcs B 500 mu pactBopa, eciu
tutpoBanue 20 mi storo pactBopa uuaer 20,80 XJI0pOBOJOPOJHON KHUCIOTHI, TUTP KOTOPOH
pasen 0,002022 r/m.
Pewenue. YpaBHeHUE peakIuu:
NaOH + HClI — NaCl + H20
CKOJIBKO XJIOpPOBOJIOPOIHOM KUCTOTHI conepxkutes B 20,80 mu 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)

= 0,1026

_ 39,99:0,04206

36,46
Varoom Ve 0,04508 = 500

Myaon = Jmoij TR =T Vosm = 20 =1,1270 (r)

4. PacueTbl NpH BbIPA)KEHHH KOHIIEHTPAIMH Yepe3 THUTP M0 OnpeaeeHHOMY BellecTBY.

OTtoT cmocod pacdera oOueHb yA00€H MpU ONpelesieHMM KOJMYeCTBa BeIlecTBa B
aHAJM3UPYEMOM pacTBOPE MPHU MACCOBBIX aHAIM3aX. THUTPOM IO OMPENEIIEMOMY BEIIECTBY
Ha3bIBAlOT KOJI-BO I'PaMMOB OIIPEJENIIEMOro BEIIECTBA, JKBHUBaJeHTHoe 1 M1 paboyero
pacTBopa.
Ob6mas dpopmyna:

Hs3
T=To00
IIpumep 1. CkoJIbKO YKCYCHOM KHCIIOTBI HAXOJUTCS B pacTBOpPE, €CIIM TUTPOBaHUE 25 MII €ro,
pactBopeHHOro B MepHoi kosi6e Ha 500 mi, mouwto 20,50 miu 0,1145 H. pacTBOpe THapOKCHIA
Hatpus’?
Pewenue. a) Haxomum tutp NaOH o CH3COOH:

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

=06,006875 (/M)

6) OrmpenenseM o01Iee KOTMUECTBO YKCYCHOM KHCIIOTBI:

A . _ 500
Myeon/ cuscoor = Tyaos/ cracoon * Vvaon o = 0,006875 * 20,50 * S = 2820 (1)

IIpumep 2. Tutp pacTBopa HUTpara cepe6pa-Agl\-|03 pasen 0,01702 r/mn. Onpenenuts ero
TUTP 10 XJ0opuay HaTpus. HailTu HopMaabHOCTh pacTBOpa HUTpaTa cepedpa.
T'=1000 0,01702=1000

H, yna = =0,1002 (r—>3xe /0
Agnos Sagnoa 169,9 ( /)
H, vas 34,0 0.1002 = 58046
_ agno3 T Yagno3 .
Tagno3 /Nac1 = 1000 = 000 = 0.005856 (r/mn

®opma npeacraBjIeHus pe3yabTara:
Ha3zpanue u nienb paboThlI.
Harnncats cxeMbl ypaBHEHMI peaKiuil.
CraenaTb BBIBOJI O IPOJIETaHHON paboTe
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JlaGoparopHas padora Nel
OmnpenesieHne MaccoBOI 1011 BJIATH B IP00e KPUCTALUIOTHAPATA XJIOpHAa Oapusi.

Bremonaus oTy pa60Ty, Brr Hay4YUTECh NIOJIB30BATHCA aHAJIUTUICCKUMH BECAMU, BBIIIOJIHATH
OCHOBHBIC OIICpaluu BCCOBOI'o aHalin3a.

MarepuajibHoe o0ecnieyeHue:
O6opynoBanue yaeOHOro KabUHeTA!
- pabouee MeCTO IpPEIoIaBaTelIs;
- pabodee MeCTo CTy/IeHTa;
- TaOJIUIIBL.
O6opynoBanue 1a60pPaTOPUH:
- pabouee MeCTO IPEIoIaBaTelIs;
- pabodee MECTO CTy/ICHTa;
- METOJWYECKHE yYKa3aHWs JJIs MPAKTUYECKUX paldoT;
- METOJMYECKHE YKa3aHMsl Il TaOOpaTOpHbIX padoT;
- METOJWYECKHE YKa3aHUs JJIsi CAMOCTOSTSILHON pabOThI;
- XHUMHYECKOoe 000py0BaHUE;
- XHMHUYECKUE PEaKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH M0 AHAIUTUYECKONU XUMUH.
TexHuueckue cpencTBa 00ydeHus:
— Ayawmo-, BUJIe0-, TPOSKIIMOHHAS armapaTypa.
IMopsinok BbINMoJIHEHUs PAdOTHI:
N3yunTh MeTOAMYECKUE YKa3aHUs K JaHHOW JabopaTopHOM pabdore.
OnpeaenuTh NPOAYKTHI PEaKIUU
BeImoyiHUTE OTUYET O MpojeaHHol padoTe.

Bremonaus 9Ty pa60Ty, Bor Hay4YUTECh NOJIb30BAThCA aHAJIUTUICCKUMHU BECAMU, BBIIIOJIHATH
OCHOBHBIC OII€palr BECOBOI'o aHalin3a.

Buumanue!
[Tpu BeIMOHEHUN PabOTHI OyIETE OCTOPOKHBI, AKKYPATHBI M BHUMATENbHBI. BEITIOTHSAlNTE BCE
npaBuia paboThI C AMEKTPOHATPEBATENLHBIMU IPUOOPAMH, CTEKIIOM, PTYTHBIM TEPMOMETPOM.

Obopyoosanue u mamepuanvl:
AHaTUTHYECKUE BEChl, TEXHOXUMUYECKUE BECHI, CYIIMIBHBIN MIKad, OI0KCHI, TEPMOMETD,
AKCUKATOP, HIMIIIIBI, UCCTETyeMble 00pa3iibl (Yroyb, Topd, comb, Xed u mp.).

Beinosnnenue paboTs

OnpenenuTe NPOLIEHTHOE COAEPKaHNE aHATUTHYECKON BIIaru B ooOpasiie (yris, Topda, comn,
XJI€O0OYIIOYHOTO U3JIENHUS U TIP. ).

1. Bo3sbpmuTe B UHCTHIN TOBEACHHBIN 0 MOCTOSHHON Macchl Or0ke quameTpom 35-40 MM
HaBECKy HCCIEIyeMOro BeIllecTBa HAa aHAaJUTHYECKUX Becax ¢ TouHocThio 10 0,001 r.
Bennunna HaBecku ~2 T. TOJIIHHA CI0S HABECKHU B OIOKCE HE JOKHA OBITH OOIBIIE 5 MM.

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

3. BbHUMaOT OOKC W3 CYNIMIBHOTO MKada MHITIAMH, TIOMEIIAI0T B SKCHKATOp U B HEM
OXJIQKJIAIOT.

4, B3BelMBarOT OXJIAXKIEHHBII OIOKC Ha aHATUTHYECKHX Becax ¢ ToUHOCTRIO 0,001 r.

5. TIpoBOAST KOHTPOJIBHYIO MpOCYIIKy B TeueHHe 30 MHHYT, CHOBAa OXJIQXIAIOT B
HKCHKATOPE U B3BEUINBAIOT. KOHTPOJIBHBIE MPOCYIIKHA MOBTOPSIIOT JI0 TEX MOP, MOKa YOBLITb MacChl
obpasia 6yzaet 0,001 T wim MeHbIIe.
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6. PaccuuTaiiTe MpOLEHT aHATMTUYECKOM BJIard B 00Opasiie 1mo Gopmye:

W (%) = =% 1009,

1
Tect IJIs1 CAMOKOHTPOJIA:

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

2. VYKaxuTe OCHOBHYIO OIIEpAIlI0 B BECOBOM aHAJIU3E.

3. Ilepeuncnute Mo MOPSIKY ONEpaly BECOBOTO aHAJIHM3a MPU ONPEIEICHUH 30JIbI WIN
CYXOro BEILECTBa.

4. llepeuncnuTe 10 MOPSAKY ONEPALMM BECOBOI'O aHaM3a IPU ONPENECIICHUU BJaru B
oOpasrie.

5. Ilepeuncnaure nO MOPSAKY OIEpallMd BECOBOI'O AaHANW3a I[IpU  ONPEJEICHUU
KOMIIOHEHTa, KOTOPBIH BBIJIENIAETCS U3 00pa3la ¢ HOMOIBIO aHATUTHUECKON PeaKlny.

6. Kakum TpeGoBaHMSM JOJDKHA YJOBIETBOPATH AHATUTUYECKAs PEAKIUs B BECOBOM
aHanusze?

7. YKaxuTe TOYHOCTb B3BEIIMBAHMS HA aHAIUTUYECKUX BECAX.

8. Ilepeuncaure 1m1€CTh OCHOBHBIX NPaBHJI B3BELIMBAHUS.

9. Yro Takoe HaBecka?

10. VkaxuTe BakHei1Iee yCI0BHE OCAXIEHUSI KOMIIOHEHTA.

11. KaxoBo BaxHeii1Iee yCcI0BHE MOJHOIO OCAXACHUS KOMIIOHEHTA.

12. Ilepeuncnure deTblpe HEOOXOAUMBIX YCIOBHUSA OCAXKACHUS KPUCTAUIMYECKHUX
0CaJIKOB.

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

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

15. Yto takoe nexadramus’?

16. HazoBHTE OCHOBHOE MTPABUIIO TIPOMBIBAHHSI OCaJIKa Ha (GUIIBTPE.

17. Vxaxure, Kak OnpeAenstoT OKOHYaHHE TPOMBIBAHUS OCaJIKa:

a) MPOMBIBAIOT 2-3 pasa;

0) npombIBatoT 1 yac;
B) MPOBEPSIOT IMOJHOTY IMMPOMBIBAHHUS OT MaTOYHOTO PACTBOPA.

18. Kakyro 0cCOOEHHOCTb JJOJKHBI UMETh (DUIBTPBI, UCIIOJIB3YEMbIE B BECOBOM aHaiH3e?
19. B ueM npoKaIMBaIOT OCAAKH?

20. KakoBa npeaBapuTeabHast MOATOTOBKA TUTIIS K aHAIU3Y?

21. KakoBo Ha3HaueHUE SKCHKATOpa?

22. YTo Takoe «IOCTOSTHHAsA Macca» ocajka’?

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

®opma npeacrabjIeHUs pe3yJbTara:
Ha3zpanue u nienp paboThlI.
Hamnncatb cxeMbl ypaBHEHHN peakiuil.
CraenaTb BBIBOJI O IPOJIETIaHHON paboTe

JlabopaTopHas paGora Ne2

OnpenesieHne HOPMAJTbHON KOHLIEHTPAIUM PACTBOPA THAPOKCHIA HATPHUSI METO0M
KHCJI0THO-OCHOBHOTO TUTPOBAHMS
MarepuajibHoe o0ecnieyeHue:
O6opynoBanne yueOHOTO KabUHeTa!
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- pabouee MeCTO IpenogaBaTes;

- pabouee MeCTo CTY/JEHTa;

- TaOIHIIBI.
O6opynoBanue 1a00paTOPHH:

- pabouee MeCTO Ipero1aBaTes;

- pabouee MeCTO CTYAEHTa;

- METOAWYECKHEe yKa3aHMA IJIs MPAKTUYECKUX paboT;

- METOJMYECKHE YKa3aHUs AJIs JaOOpaTOpHBIX padoT;

- METOJWYECKHE YKa3aHUA IJI1 CAMOCTOSTENIbHON pabOThI;

- XHMHYecKoe 000pyIOBaHUE;

- XMMMUYECKUE PEAKTUBBI;

- ydeOHOe nocolue, CpaBOYHUKHU 10 aHATTUTUYECKOH XUMUH.
TexHuueckue cpencTBa 00ydeHus:

— Aynuo-, BUJeo-, IPOeKLMOHHAs anmnaparypa.
BrimonnuB 3Ty paboty, Bel HayunTech paboTaTh ¢ MEPHOM MOCYI0H, TATPOBATH, IPOBOJANUTH
OIIpeJIeJIEHUs] METOJIOM HeHTpain3aluu, FOTOBUTh paboYKe pacTBOPHI.

Buumanue! Beinonsss padoty, 6yapTe akKypaTHbI, OCTOPOXHBI 1 BHUMATEIIbHBI IIpU paboTe ¢
KHUCJIOTaMH U ILeJI04aMH, CTEKJIOM; coOtoAaiTe npasuia 6e30nacHoi paboThl.

Obopydosanue u mamepuaivl. MEpHBIE KOJOBI, BOPOHKH, OOWKH, (pUKCaHal cepHOU
kucnotel HSO,, nuctumnmupoBannas Boga (n. HpO), mpombiBanka, KapaHaall MO CTEKIY,

KOHHUYECCKHUEC KOJI6BI, MCPHBIC ITUIICTKH IpalydpOBaHHBIE W HETPAaLyHPOBaHHBIE, KaleIbHUIA, CIIMPTOBOM
pactBop ¢eHondranenHa, OI0peTka, TEXHOXHMHUYECKHE BEChl C pa3HOBECKAMH, CTAKaH XUMHYECKUIl CTEKIISIHHBIH,
cyxoit KOH (eaxoe xann), CTEKJIIHHAs NaI04Ka.

Beinonnenue paboTbl

1. Tlonyuure 3a7aHue y npenoaaBaTess.

2. IlpuroroBbTe cTaHAAPTHBIA (YCTAHOBOYHBIN) PAcTBOP CEPHOM KHUCIIOTHI U3 (PUKCaHAsA.
JUis 3TOr0 B TpPEABApUTENHLHO TINATEIFHO BBIMBITYIO MepHyH koiaOy (200 wmm 250 wur)
MIEpeHECUTE KOJIMYECTBEHHO C IMOMOIIbI0O BOPOHKU M 0OMKa coJepKUMoe aMImylibl (pukcaHana
HySO4, nomeiite n. H O nmo wmertkw, mnepememaiite. [logmummre Ha xonbe Qopmyny u
KOHILICHTPAIIMIO pacTBOpA.

3. B xaxmyro U3 Tpex YHCTBIX KOHMUYECKUX KoJO oTOepure amukBotry (10 wmmm 15 mon)
MEpPHOM MUIMETKON HUCCIIEAYEMOr0 PacTBOpa, 100aBbTe AUCTUILTUPOBAHHOMN BOJBI IPUMEPHO 10
oovema 100 M, mnpuneiiTe MO HECKOJBKO Kamellb CIMPTOBOIO pPacTBOpa HHIUKATOPA
denondranenna.

4. Ecnu B UccieyeMOM pacTBOPE HYXKHO OIpPENETUTh COAEPKaHUE IIETI0UH, TO YUCTYIO
OIOpEeTKY 3allOJHHUTE MPUTOTOBIEHHBIM CTaHAAPTHBIM pacTBOpoM HzSO4 10 HyneBoit OTMETKH
U OTTUTPYWUTE BCE AJIMKBOTHI UCCIETYEMOIO pacTBOpa M0 MCYE3HOBEHHUIO MAJIMHOBOM OKpPACKH,
OTMETbTE 00BEMBI KHCIIOTHI, TIOLIEIIIeN Ha TUTPOBAHUE.

5. Ecim B wmcciegyeMoMm pacTBOpe HYKHO ONPENENINUTh COJACpKAaHUE KHUCIOTBHI, TO
CHayajla HYXXHO IPUTOTOBUTH pabounMii TUTPOBAaHHBIA pacTBOp mienouyn. [lng storo B
IIacT™MaccoBoil nocyae rotoesaT pactBop KOH npumepHoit koHnentpannu. Ha TexHudyecknx
Becax orsemnBaoT 0,56 T cyxoro KOH wu pacreopstor B crakane B 100 ma n. HpO npu
MEepEeMEIINBAaHUN CTEKISIHHOM nanouykoid. CIuBalOT pPacTBOpP B MOJMATUIICHOBYIO OaHKY,
MOJIMUCHIBAIOT. 3aloJHAIOT OIOPETKY 3TUM pPACTBOPOM WIENOYH M OTTHUTPOBHIBAIOT MM IIO
deHondranenny 2 anmukBoTH 1o 10 Mt cTarmapTHOTO pacTBopa KUCIOTH HaSO4.

PaccunThiBaloT HOPMaAILHOCTH PabOYEro pacTBOpa LIeI0uH 1o Gopmysie:

N = Ny -V .

; AN
wy Vm
7 NeVieOuuom _ N, -V, 56
KO Vo -1000 Vg, -1000°
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6. Korma paGouuii pacTBOp IIENOYM MPUTOTOBIICH, U KOHIIEHTPAIIUS €T0 YCTAHOBJICHA,
BO3BMUTE TPH AJUKBOTHI 10 10 MJT MCCnemyeMoro pacTBOpa B KOHUYECKHE KOJOBI, pa30aBbTe
1.H,O o ~100 mi, mo6aBpre 2-3 Kamum pactBopa (eHonrasenHa U OTTUTPYHTE PacTBOPOM
IEJIOYM /10 TIOSIBJICHUS YCTOMYMBOM MalIMHOBOM OKpackh. OTMETbTE TMOIICANINE Ha
TUTPOBAHNE OOBEMBI.

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

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

®opma npeacTaBieHus pe3yJabTara:
HasBanue u nenps paboThI.
Hanucath cxembl ypaBHEHUH peakIii.
Crenatpb BBIBOJI O NPOJIETaHHOMN paboTe.

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

IIpakTyeckoe 3ansaTue Ne 3
YcTpoiicTBO M NPUHIMI AeHCTBHUA (POTOKOJTOPUMETPOB
Lean padoThI:
[IpoBepka ycTpoicTBa U IpUHITUNA JIEHCTBHS (POTOKOIOpPHMETpA.
Beimosinus padory, Bel Oyaere:
ymemn:
- MPOBOJAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAIJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- UCIOJB30BaTh XUMHUYECKHE, (U3MKO-XMMUYECKHE METOJAbl aHajdu3a ChIPbs
IIPOJYKTOB METAJIIypIHH;
MarepuanbHoe o0ecnieyeHue:
O6opynoBanue yueOHOro kKabuHeTa:
- pabouee MeCTO MpernoiaBaTes;
- pabouee MecTO CTY/AEHTa;
- TaOJIUIIEL.
Ob6opynoBanue 1a00paTOpUu:
- pabouee MeCTO MpenoiaBaTeis;
- pabodee MECTO CTy/IeHTa;
- METOAWYECKHe YKa3aHMsl sl MPAaKTUYeCKuX paboT;
- METOJIMYECKHE YKa3aHUs AJIs 1JabopaTOpHBIX paldoT;
- METOJWYECKHe YKa3aHMs ISl CAMOCTOSATEIbHONU paboThI;
- XHUMHYECKOe 000pYyI0BaHHUE;
- XMUMHYECKUE PEAKTHUBBI;
- yueOHOe nmocoOue, CIpaBOUYHUKH M0 aHATUTUYECKOH XUMUH.
TexHnueckue cpeacTBa 00y4eHUS:
— Ayauo-, BUz1e0-, IPOEKIIMOHHAs anmnaparypa.
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Iopsaok BbINOJHEHUS Pa0OTHI:

N3yunTh MEeTOAMYECKUE YKa3aHUS K JAHHOU MPAKTHUYECKON U TaOOpaTOpHOH

pabore.

Ornpenenutb NpOAYKThl PEaKLIUU

BeimosiHUTE OTUYET O MpoeNaHHol padorTe.
Xox padoThI:
OcobeHHOCTH — TpUHIMNA  ACWCTBUS  orokojopuMerpa [IpuMeHsemMblii  BO  BpeMms
UCCIIEIOBAaHUM MPUHUMN JelcTBUSL (POTOKOJIOPUMETPA OCHOBAaH Ha TOM, 4TO Ooee
OKpAIlICHHBIA PacTBOpP CHOCOOCH TMOTJIOTHTH CYIIECTBEHHOTO OOJbIIEe KOJUYECTBO
MPOXOASAIIEr0 4Yepe3 HEro CBeTa NpH ONpeNeleHHOM JummHe BoaHbL [losTomy npaHHOE
YCTPOMCTBO CHEIHUATIBHO MpeIHAa3HAYAETCs ISl ONpPEIeTICHUsI KOHIICHTPAlMK aHaTU3UPYEeMbIX
BEIIECTB B pA3IMYHBIX XUMHUYECKUX pacTBopax. [Ipum mnpoBeaeHUM COOTBETCTBYIOIIUX
HCCIICIOBAaHUN TpUOOp HEOOXOIUMO TIIATEIILHO HACTPOUTH HA H3IIyUYEHHUE C OMpEeACIICHHOM
JUIMHOW BOJIHBI, TOCKOJIBKY Pa3JIM4YHbIE BEIIECTBA, KOTOPbIE MOTYT COAEPKATHCS B U3y4yaeMOn
cpene, CIOCOOHBI TMOTJIOMIATh IMO-PA3HOMY CBETOBBIC BOJHBI C HEOJHOPOIHOW JJIMHOM.
[ToaTromy mnpuHIUN JeicTBUS  (OTOKOJOPUMETpa B Mpollecce pabdoThl Mperoaraet
MIPUMECHEHHUE PA3JIMIHBIX CBETOPWIBTPOB. [lpmueM KakIplii M3 HHUX O0JIAJaeT CBONCTBOM
peoOpa3oBbIBaTh B M3IYYEHHE C 3apaHee OINpeAeNIeHHOW UIMHOM BOJHBI MOCTYMAIOIIUN
CBETOBOM NOTOK. TakuM 00pa3oM, pUOOpP BIIOIHE CIIOCOOCH IOOYEPETHO ONPEACIUTH B OAHOM
Y TOM € PacTBOPE MJIM U3y4yaeMOU cpejie KOHIICHTPAIMIO pa3IMuHbIX BellecTB. Hamo Toapko
o100paTh U MOCTENEHHO MEHITh COOTBETCTBYIOIINE CBETOMUIBTPHI.

Bo3mokHOCTH HcnoJb30BaHus GOTOKOJIOpPUMETPA N0 NPUHIUILY /1eiicTBUSA

Brime  0003HAaYCHHBINH npunyun Oelicmeus (pomoxosopumempa JIeNaeT €ro HWCIOIb30BaAHUE
JOCTATOYHO  aKTyalbHbIM B  CEJIbCKOM  XO3SIMCTBE, IMHILEBOH, METAJUIyprHUECKOM,
HedTenepepabaThIBAIONICH, XUMUYECKOW M PsIJIe IPYTHX OTPACICH MPOMBINIICHHOCTH. MOXHO
OTMETUTH TaK)Ke IIUPOKOE NMPUMEHEHHE MPUOOpa B PA3NMUYHBIX MPOMBIIUICHHBIX U Y4eOHBIX
XUMUYECKUX JIA0OPATOPHBIX YUPEKIEHUAX JJIsi TPOBEIEHUS Pa3HOTO pojia aHaJU30B,
MIPEUMYILECTBEHHO MIPUPOAOOXPAHUTEIIBLHOTO u TUTMEHUYECKOTO Xapaxkrepa.
OO0yCnOBIECHHOCTh TOMYJIIPHOCTH YCTPOWCTBA HANPSMYIO CBsf3aHa C TE€M, YTO TPUHIIMII
neictBus  QoTokomopuMeTpa (KOTOPBIM HA3BIBAIOT TaKXKe WHOTJA OOBEKTHUBHBIM WM
(hOTOAIEKTPUUECKUM  KOJIOPUMETPOM)  TIO3BOJISIET  YIPOCTUTH H  YCKOPUTH  TIPOLIecC
MIPOU3BEICHUS U3MEPEHNUN U MTO3BOJISIET OCYILIECTBIATH UX C IOCTATOYHBIM YPOBHEM TOYHOCTH.
KoTtopslii, Kk CJIOBY, OUIyTUMO BBIIIE€, YEM IPH HUCIOJIb30BAHUHM, K MPUMEPY, BH3YyaIbHBIX
KOJIOPUMETPOB.

Oco0eHHOCTH IKCIIyaTaAllMK C y4eTOM NPUHIUIA JeiicTBUA GoToKoI0pHMeTpa

[Tepen nauanom paboThl ¢ TpPUOOPOM, HEOOXOAMMO TIIATETFHO M3YUYUTh HKCILTyaTallMOHHBIC
JOKYMEHTbl M TOHSTh NPUHLIMIT JeHcTBUSA (DOTOKOJIOpUMETpAa M Ha3HAYEHHE OPIraHOB €ro
ynpasieHusi. B mpouecce paboThl HE cienyeT JONMycCKaTh MOMaJaHus Ha KOpIyc Mpuodbopa
KaKMX-THO0O OpPraHMYeCKUX PacTBOPUTENCH, HCKIIOUYEHHUE JeNaeTCsl TOJBKO IS 3TUIIOBOTO
cnupra. [Iponecc uccienoBaHuil 10KEH OCYIIECTBISATHCS B YCIOBHSIX, KOTOPHIE HE BBIXOMST
3a 0003HaUEHHBIE MIPe/iebl pabounx s MpUMeHeHus yciaoBuid. He nomyckaercs HaxoxaeHue
BOIM3U MPUOOpa BO BpeMs €ro paboThI MPUCYTCTBUE MOIIHBIX UCTOYHUKOB MAarHUTHBIX W/WIIH
EKTPUYECKUX TOJIEH, MOLIHBIX HCTOYHUKOB CBETA U HArpeBaTENIbHBIX YCTPOUCTB, 3TO MOXKET
HapyLIUTh NPUHIMI JeicTBUS QoTokonopumMerpa. Ha nmpubop Taxke He JOKHBI MMONAAATh
npsiMble COJTHEYHbIE Ty4u. Paboune MOBEPXHOCTH M3MEPUTENBbHBIX KIOBET HEO0X0AUMO Nepea
KaKIOW cepueldl H3MepeHHil TIIATeNbHO MpOTEepPeTh 3()UPHO-CIIUPTOBOM CMEChio, a MpH
YCTAHOBKE KIOBET Ha MECTO 3allpeliaeTcs J0TParuBaThes 10 pabounx y4acTKOB Ha ONTHYECKUX
MOBEPXHOCTAX NanbliaMu. KioBeThl JOKHBI XPaHUTHCS TOJIBKO B IIJIOTHO 3aKPBITHIX
KOHTENHEpax, a >KMJIKOCTh B HHUX IE€pell HayaJoOM HCCIIEJOBaHWI HaJMBAETCS MOCPEICTBOM
MUTIETKH.
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Pacuer kosdduimenta TOTIOMEHUS CIIOJ TMPOBOAMTCS METOJIOM 0a30BOM JIMHHHM C
WCIIOb30BaHUEM 3akoHa byrepa - Jlambepra - bepa.

I =1lpe™

Jljis CHUM>KEHUS MOTpelIHOCTel pekoMeHayercs padotars B mpezaenax npomyckanus 20-60%.
[Ipu OonbimeM TNOTJOMICHUH HEOOXOAWMO YMEHbIIATh TOJIIMHY oOpasua ciromsl. Jlms
u3Mepenus uaTeHcuBHOCTH (oHa (lp) Ha HIHMHE BOJIHBI IHKa 0J10ck (1) monb3yroTces 6a3oBoi
TUMHMEH Kak JuHued otcuera. Ilpsmas ©a3oBasi JHMHUS TPOBOAMTCS IS AHATUTUYECKON
MOJIOCKl Yepe3 ee KpaillHue TOYKH, TJEe YyXKE HeT IMOIJIOIIEHUs, WM KaK KacaTelbHas B
CIEKTPaJIbHOM KPUBOM 110 KpasM I10JIOCHI, KaK IIOKa3aHO Ha PHUC.

[IpoBenenue 6a30B0i TMHUY (IYHKTHUD); HyJEBas JUHUS - CIUIOIIHAS IpsSMast

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

(D - ontuueckas mIOTHOCTS,

d - TonmuHa KpHCTaa,

lo - ”HTEHCHBHOCTH MAIAIOIIETO M3ITyYECHHUS Ha 00pasels;
| - *HTEHCUBHOCTD MPOIIE/IIETO)

1. IIpurotoBUTH 0OpPA3LIbI CIIOA PA3TUYHON TOJIINHBL.

2. Cuarp UK-crieKTpsl IPUTOTOBICHHBIX 00Pa3IIOB.

3. IIpoBecTu MHTEpHpPETALHIO [TOJIOC NOIYYEHHOTO CIEKTpA.

4. BriOpaTh XapaKTEPUCTHUYECKHE YaCTOTHI IOJIOCHI IOTJIOMICHHUS, NMPOBECTH 0a30BYIO
JUHUIO B MAaKCHUMyMe€ IOJIOCHI MorjouieHus. Paccuntarh Ko3(pQUIMEHT MOIIOMEHHS.
Jlanubie 3aHecT B Taou. 7.1.

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

6. IIpoBecTH aHAJIN3 MOJYYEHHBIX PE3YJIbTATOB.

Bennuuna KOB(I)(l)I/II_[I/IeHTa MOorJjIomeHns B MaKCUMYMC ITOJIOCHL

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

daoronurt

MyckoBHT

dopma npeacraBjIeHus pe3yabTara:
HazBanue u 1ienp paGoThl.
Hamnucars cxeMbl ypaBHEHUH peaKIuil.
Crnenatpb BBIBOJ O MPOJIETaHHON padoTe.
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JlabopaTopnasi paGora Ne 3
IIposepka 3axona byrepa-Jlam0epra-bepa.
esab padoThI:
[Ipoepka 3akoHa byrepa-Jlam6epra-bapa.
Bbinosinus padory, Bel Oyaere:
ymemn.
- NpPOBOJIUTH GUBUKO-XMMHUYECKUN aHAJIU3 METAJJIOB U OLIEHUBATh €r0 Pe3yibTaThl;
- HCIOJIb30BaTh XHMHUYECKHE, (PHU3UKO-XMMHUYECKHE METOJbl aHajdu3a ChIpbS U
MPOYKTOB METAJUTYpPIHH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue y4eOHOT0O KaOMHETa:
- pabouee MeCTO IpEIoIaBaTes;
- pabouee MeCTO CTyJICHTa;
- TaOIHIIBI.
O6opynoBanHue 1a00paTOPHH:
- pabouee MeCTO IpenoaBaTes;
- pabouee MECTO CTy/ICHTa;
- METOJIMYECKHE YKa3aHMsl sl IPAaKTUYECKUX paboT;
- METOAMYECKHEe YKa3aHusl sl Tab0paTopHbBIX paboT;
- METOJUYECKHE YKa3aHUs sl CAMOCTOSTENbHON pabOThI;
- XHUMHYECKOe 000pyI0BaHHUE;
- XHMMHYECKHE PEaKTHBBI,
- yueOHOe mocobue, CIPaBOYHHUKYU M0 aHATUTUYECKON XUMUH.
TexHunueckue cpeacTBa 00y4eHHUs:
— Aynuo-, BUeo-, IpOEKIIMOHHAs anmnaparypa.
BoinonHuB 3Ty pabdoty, Bl HayunTech paboTaTh ¢ MEPHOU MOCYAON, TUTPOBATh, IPOBOJAUTD
oTpeieNIeHUs] METOJIOM HEHTpaIu3aluu, TOTOBUTh paboure pacTBOPHI.

Xoa padoThI:

Meton aHanu3a, OCHOBAHHBIM Ha H30MpPATENILHOM IOIJIOLIEHUH CBETOBOM »HEPIruUu
YaCTUI[AMH, MOJIEKYJIaMU WJIM MOHAaMU BEILIECTBA B PACTBOPE HOCAT HA3BaHUE aOCOPOYUOHHOU
CNeKmpoCKonuu.

Paznuuarot: CHEKTPO(HOTOMETPUUECKUH, (G OTOKOIOPUMETPUYECKHIT "
KOJIOPUMETPUYECKUN METOJIbl aICOPOLIMOHHOTO aHAINM3a. DTU METO/Ibl aHaIM3a MPUMEHSIOTCS
TJIaBHBIM 00pa3oM JIJIsl OTIpeIeIICHUsI MaIbIX KOnuecTB BemecTBa. Komopumerpust — usuko-
XUMHYECKUH METOJ, OCHOBaHHBIA Ha 3aBUCUMOCTHM WHTEHCUBHOCTU OKpAacKu pacTBopa OT
KOHLEHTPALUU OKPALIEHHOT'O BELIECTBA.

NHTEeHCUBHOCTH OKPAaCKHU CBsI3aHA C MHTEHCHBHOCTHIO CBETA MPOIIEIIEr0 Yepe3 pacTBOP
1 €€ 3aBUCUMOCTbh OT KOHLIEHTpALMU, OT TOJIIMHBI CJIOS U MHTEHCUBHOCTH NAJarOLIEro CBETa
BBIpaXkaeTcs 3akoHoM Jlambepra-byrepa - bapa.

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

CBTONOTJIOIICHHS.
Jlorapudmupyem BolpaxkeHHe 3akoHa JlamOGepra-bepa
gl =Igl, +Ig10 =

Igl =lgl, —Ecl
lgl,—gl = Ecl
| IT°=Ec|
lg=D
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D — onruyeckas MIOTHOCTH pacTBopa (JIorapudM OTHOIIECHUS WHTEHCHBHOCTU I1aJIAIOIIETO
CBeTa K MHTEHCUBHOCTH CBETa, IPOILIEANIEro yepe3 pactBop.) Komopumerpus.
B ocHOBY KOHCTpyKIIMU MPUOOPA MOTOKEH MPUHITUT YPAaBHUBAHUSI HHTEHCUBHOCTH JBYX

CBETOBBIX IIOTOKOB IPH MOMOIIH IIENEBOM TuadparMsl.

1. Jlamma 16B Brirodaercs uepe3 CTabuan3aTop HapsHKESHUSI.

2. Teno3aumuTHbIE CTEKIA.

3.DoKyCUPYIOIIHE JTUH3BL.

4.3epkaia.

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

6. KroBeThI ¢ pacTBOpaMu.

7. OnTHYeckue KIMHbSA, PEryJIUpPYIOLIe JIEBbI CBETOBOM MOTOK.

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

10. 'ansBaHOMETD.

[Ipu pabotre c¢ dQoroanekrpokomopumerpoM OIK-M wu3MepeHue ONTUYECKON
TUTOTHOCTH MTPOM3BOJIAT MPH IMIOMOIIH JIEBOTO HIIH MPABOTro 0apabaHOB.

W3mepenue mpu moOMOLIM NpaBoro OapabaHa MPOM3BOAAT B TeX CIydasx, KOTJa
ONITUYECKAs TUIOTHOCTh pacTBOpa He mpeBbiiaet 0,5 u TpedyeTcst TOUHOCTh U3MEPEHU.

W3mepenus mpu moMoIy JieBoro 0apadaHa MpOU3BOIAT B CIIydae BHICOKUX M HU3KHX
ONTUYECKUX MIOTHOCTEH.

ToyHocTh W3MepeHWd Ha JieBoM OapabaHe HIDKE IO CPAaBHEHHIO C TOYHOCTHIO
u3MepeHuil mnpaBoro OapabaHa, HO OHA BIIOJIHE JOCTaTOYHA JUIS MPOBEICHHUS PSAIOBBIX
aHaJIN30B.

MeTonuka paboThl o JieBoMy OapabaHy:

1.YcranaBnuBaem sieBblii OapabaH B MOJIOKEHHE, COOTBETCTBYIONINE «0» ONTHUECKOMN
wioTHOCTH. [1pu 3TOM mieneBas uadparma oka3bplBaeTCsl MOJTHOCTHIO OTKPBITOM.

2. Ha myTH 1€BOTO CBETOBOTO MOTOKA yCTAaHABJIMBAIOT KIOBETY C PACTBOPUTENEM, Ha
IyTH TpPaBOro C HUCCIeAyeMbIM pacTBOpoM. KroBeTbl (oauHaKoBOM palOoueil JIMHHBI)
YCTaHABJIMBAIOT B KIO BETO JIEPIKATEIAX HAa OJJMHAKOBOM PACCTOSTHUU OT BXOJHOTO OTBEPCTHSI.

3. KomneHcupyoT (OTOTOKH, ycTaHaBIMBas CTPEJIKY TajlbBaHOMETpa Ha HYIIb,
MOJIB3YSICh ONTUYECKUMHU KIMHBAMH. JlJIi 3TOTO PYKOSITKY TalbBaHOMETpa IEPEeBOAAT Ha
MaJIyI0 YyBCTBHUTEIBHOCTH (IOJIOKEHHE 1) M IMpH TMOMOIIM ONTUYECKOTO KIUHA TIpyOoii
HACTPOWKH BBOJST CTPEJIKY TaIbBAHOMETpA Ha

4.IloctaBuB BBIKJIIOYATENh B MOJOkKEeHHE «0», Ha MyTH MPaBOTO CBETOBOIO MOTOKA
CTaBAT KIOBETY C pacTBOpuTeNneM. B BHIy TOro, YTO OCBEIEHHOCTh MPaBOro (hoTolrsieMeHTa
MOCJIe ATOTO BO3pOCHa, Uil yPaBHUBAHUS OCBEIIEHHOCTH HEOOXOMMO 3aKPBITh TUadparmy.

5.Bkio4aroT rajbBaHOMETP Ha YYBCTBUTEIBHOCTH «1» W, Bpalias H3MepHUTEIbHbIH
0apabaH, BO3BpAIIAlOT CTPEJIKY TallbBAHOMETPA B HYJIEBOE TOJOXKECHHE. 3aTEM TalbBaHOMETP
MEPEKIII0YAI0T Ha YYBCTBUTENBHOCTD «2» U YTOUHSIOT U3MEPEHHUSL.

OTcueT ONTHUYECKOH TNIOTHOCTH MPOU3BOIAT IO IIKaJie JieBoro Oapabana. M3mepenus
ClIeIyeT MOBTOPUTH TPH Pa3a, MOABOJS CTPEJIKY TajlbBAHOMETPA K HYJIO TO CJIeBa, TO CIIpaBa.
W3 monmy4eHHBIX OTCYETOB BBIUUCIISIOT CpeHEe 3HAYEHUE ONTHYECKON TUNIOTHOCTH.

[TapannensHOo ¢ aHaIM30M HCCIEAYEMOIO pacTBOpa BEAYT aHajIM3 CTaHAAPTHOTO
oOpasra.

Cc - Dy *Ceo

X
DC.O

MeTtonuka paboTsl o mpaBoMy O6apabaHny:
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B 00a cBeTOBBIX TOTOKA CTABAT KIOBETHI C XOJIOCTHIM PACTBOPOM. Y CTAaHABJIUBAIOT
npaBbii 6apaban Ha «O», ONTUYECKUMU KIMHBSIMUA JOBOJST CTPENIKY TajibBaHOMeETpa A0 «O».
OTKIIIOYAIOT TaJTbBAHOMETP.

B mnpaBbiii cBETOBOM IIOTOK KIOBETY C HCCIEIYyEMbIM pacTBOpoM. Bkiroyarot
rajibBaHOMETp. Bpanienuem pykosiTku mpaBoro 0apabana JOBOJSAT CTPEIKY rajJbBaHOMETpa 10
«Oy.

OTc4er ONTUYECKON IMIIOTHOCTH MTPOU3BOIAT IO KPACHOU HIKaJe IpaBoro Oapabana.
dopma npeaocTaBieHHs pe3yJibTaTa

1. HazBanue u 1ieip paboThl.
2. [IpousBecTu pacueT ¢ ucroib3oBaHueM 3akoHa byrepa -JlamOepra-bepa.
3. Crnenatb BBIBOJI O MPOJICIIAHHON padoTe.

JlabGoparopHasi pabora Ne 4
Omnpenesienne PH pacTtBopoB pa3inyHoi KOHIEHTPAaLUH.

Brinonnus 9Ty pa60Ty, Bri Hay4YUTECh NNOJIb30BAThCA aHAJIUTUICCKUMU BECAMU, BBIIIOJIHATH
OCHOBHBIC OII€palv BECOBOI'O aHaliM3a.

MaTtepuajbHoe o0ecneyeHue:

ObopynoBanue yueOHOT0O KaOUHETa:
- pabouee MeCTO IpeIoIaBaTelIs;
- pabodee MECTO CTy/ICHTa;
- TaOJIULIBIL.
O6opynoBanue 1a00pPaTOPUH:
- pabouee MeCTO IperoiaBaTes;
- pabouee MeCTO CTY/JEHTa;
- METOIWYECKHE YKa3aHWsl JJIsl MPAKTUYECKUuX paboT;
- METOJIMYECKHe YKa3aHMs JUIs 1abopaTOpPHBIX padoT;
- METOIUYECKHE YKa3aHUs JIsl CAMOCTOSITEIbHON pabOTHI;
- XHMHYECKOe 000py/I0BaHMUE;
- XMUMHYECKUE PEAKTHUBBI;
- ydueOHOe mocoOue, CIPaBOYHHUKH 0 AHATUTUYECKONU XUMUH.
TexHuueckue cpeacTBa 00y4eHUS:
— Aymmo-, BUJe0-, MPOEKIIMOHHAS armaparypa.
Ilopsinok BbINOJTHEHHS PA0OTHI:
N3yuuTh MeTOAMYECKUE YKa3aHUs K JaHHOW JabopaTopHOM pabdore.
Onpenenuts NPOIYKTHl PEAKIIHH
BeImoaHUTE OTUET 0 TIpoieIaHHON paboTe.

Xox padoThbI

1. Cpenaiite pacyéT M MPUTOTOBBTE ONpEACIEHHOE KOJMYECTBO pPAacTBOpa 3aJaHHOU
MIPOICHTHOW KOHIICHTpAIMK (Ha3BaHWE COJHM KaXJIOMY CTYACHTY OTAEIBHO COOOIIaeTcs
IperoiaBaTeNieM, TakKe PEeKOMEHIyeTCsl U3MEHHUTh KOJIMYECTBO M MPOLIEHTHOE COZep KaHue
MIPUTOTOBJISIEMBIX PACTBOPOB).
BblunciieHHOe KOJMYECTBO COJIM OTBechTe Ha Becax. HeoOxoaumoe KOJIMYECTBO BOJBI
OTMEpPbTE MU3MEPHUTEIBHBIM IIMIIMHAPOM U BBUICHTE B KOJIOYy. BCBIIBTE OTBEMIEHHYIO COJIb B
BOJIy U pa3MeIIMBaiTe J0 MOJHOTO PacTBOpPeHMA. [IpUroToBbTE ITHKETKY M HaKJIEHTe Ha
KOJIOYy.

2. Caenaiite pacy€ér M NPUTOTOBBTE OIPEACIIEHHOE KOJIWYECTBO MHUIMIMTPOB PacTBOpPA
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3aJJaHHOM MOJISIPHOM KOHLEHTpalUMU (KaKIOMY CTYIEHTY IperojaaBareib NAET 3apaHee
MTOATOTOBJICHHOE 33/IaHKE).

B 50mn. Boxmel pactBopure 3 . XJIOpPUCTOro Kajius. BplunciauTe NpOLEHTHYIO
KOHIIEHTPALMIO MOJy4eHHOro pactopa. CieiliTe pacTBOp B OYTBUIOYKY U HakiIeHTe
ATUKETKY. (3a1aHue BbIJAETCS UHIMBUIYaJIbHO).

B 100mn. Bogwl pactBopute 1 r. Egkoro Hatpa. Berauciaure MOJSIPHYIO KOHUEHTPALMIO
MoJy4eHHOro pactBopa. Creiite pactBop B Oyrbutouky N HakielTe sTukeTKy. (3amanue
BBIIAETCSA MHAUBUYAJIBHO).

dopma npenocTaBiieHns pe3ybTaTa

N

HazBanue u 1ieib paboThl.
BeImomHUTE pacder He0OXOIUMBIX PEAKTHBOB ISl IPUTOTOBIICHUS PACTBOPOB.
CnenaTh BBIBOJ O IIPOJICITAaHHON padoTe.

Tema 2.1.
XuMun4eckoe paBHOBeCHE M TEOPHS IJIEKTPOJUTHYECKON JUCCONMALMU.
IIpakTnyeckoe 3ansitue Ne 4
CocraBJ/ieHUe YPaBHEHHUI JIeKTPOJIUTHYECKOM JUCCONALMU

eab padoThI:

CocraBnieHre ypaBHEHUHN JIEKTPOTUTHUECKOMN JUCCOLUALINH

Brinosinus padorty, Bl Oynere:

ymemy:
- MPOBOIUTH GUBUKO-XUMHUUYECKUN aHAIIU3 METAJJIOB U OLIEHUBATh €r0 Pe3yibTaThl;
- WUCIONB30BaTh XUMHUYECKUE, (DHU3UKO-XUMHUYCCKHUE METOABI aHaau3a ChIPbs
MIPOJYKTOB METAJLTypPIHH;

MarepuajibHoe o0ecnieyeHue:
Ob6opynoBanue yueOHOro kabuHeTa:

- pabodee MeCTo MperoIaBaTels;
- pabodee MECTO CTy/ICHTa;
- TaOTATIBI.

O6opynoBanue 1abOpaTOpuu:

- pabouee MeCTO IpEIoIaBaTes;

- paboyee MECTO CTy/ICHTa;

- MCTOANYCCKUEC YKa3aHUAd JJIA MMPAKTUUCCKHUX pa60T;

- METOAWYEcKHe YKa3aHusl s TaOOpaTOpHBIX padoT;

- METOIUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON pabOTHI;

- XHMHYECKOe 000py/I0BaHMUE;

- XMUMHYECKUE PEAKTHUBBI;

- ydueOHOe mocoOue, CIPaBOYHHUKH 0 AHATUTUYECKONW XUMUH.

TexHnuueckue cpeacTBa OGy‘-ICHI/I}IZ

— Aynuo-, BUe0-, IpOSKIIMOHHAS anmaparypa.

ITopsinok BbINOJHEHHS PadOThI:

N3yunTh MEeTOIMYECKUE YKa3aHUS K JAHHOU MPAKTUUECKON M JTaOOpaTOPHON
pabore.

Onpenenuth MPOAYKTHI PEaKIIUH

BrimosHuTE OTUET O MpoaenaHHo padorTe.

Xox pa0doThI:

IIpouecc pa3pyiieHus WM pacnazga 3JIEKTPOJUTa Ha MOHBI HA3bIBAETCS AJIEKTPOIMTUYECKOU
nucconuanueil. CocTaBHbIE YacTH PACHaBUIMXCA MOJIEKYJ WM KPUCTAJIOB IPEACTaBISIOT
co0oi yacTuiel, UMeroMe 3apsaa. VX Ha3pIBalOT MOHBL. PacTBOpHI BEIIECTB, MOJEKYIbl WM
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KPHUCTAJUIBI KOTOPBIX cocoOHBI pacnanarsess Ha MOHDBI (nuccoumupoBars), MOTYT IPOBOIUTH
AJIEKTPUYECKUM TOK. MMEHHO MOATOMY HWX HAa3bIBalOT JJIEKTpoOMTaMU. YacTto mpoliecc
ANEKTPOIIUTUYECKON TUCCOLMALMHN HA3bIBAIOT IIPOCTO: UCCOLIMALIMSL.

1.  Jlucconmanus CHIIbHBIX 3JEKTPOJIUTOB

[Ipu nucconuany KUCIOT UX MOJIEKYJIbl paciaJatoTcsl BCEI1a Ha MOJIOKUTEIbHO 3apsKEHHBIE
HOHBI Bogioposa H u oTpuuarenbHo 3apskeHHbIE HOHBI KUCIOTHBIX OCTAaTKOB.

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

IIpy nuccoumanyMy OCHOBAaHMM MX MOJIEKYJbl pacHajaroTcsl BCera Ha IOJO0XKHUTEIbHO
3apsHKCHHBIC HOHBI METaJlIa M OTPUIIATENILHO 3apshDKeHHbIE THupokcua-uonsl (OH-).

2Ilpu  puccoumanmuu  cosed  HMX  MOJIEKYJIbI pacmajgaroTcs  BCeraa  Ha
II0JIO)KUTEIBHO 3apsDKEHHBIE MOHBI METalIa U OTPHULATEIbHO 3apsDKEHHBIE MOHBI KMCIIOTHBIX
OCTaTKOB.

3. CocraBiieHHE ypaBHEHHUs TUCCOLMALUU COJIM, B KOTOPOH KHMCIOTHBIH OCTaTOK COCTOUT U3
oxHoro snementa (xjopun (Cl), cynbduast (S), oTIUYaeTCss OT T€X ypaBHEHHH, B KOTOPBIX
MOJIEKYJIbI COJIEH UMEIOT B KUCJIOTHOM OCTAaTKE J[Ba 3JIEMEHTA.

4. NMuccouunanus ciaalbIX 3J1EKTPOJIUTOB
JUCCOLMAIMS MHOTOOCHOBHBIX KHUCJIOT CJIA0BIX 3JIEKTPOJUTOB HA HOHBI IPOUCXOAUT
nocTeneHHo (crynenyaro). [Ipu 3ToM Ha KakJoH cTaAuK IUCCOLMAIMU 00pa3yercsl OJUH HOH
Bojopoga H u oTpunarenbHO 3apsKEHHbIE HOHBI KUCJIOTHBIX OCTaTKOB. BTopas cranus
aucconuanuun HCO;3- <+ H++ COs.
Yucno craauili auccouuanuy KUCIOThI — c€1a00ro 3JeKTpOojuTa paBHO YHUCIY AaTOMOB
Bosiopoza H B ero moszekyie.
Hucconmanus ciaaObIX 3J€KTPOJIUTOB MHOTOKHCIOTHBIX OCHOBAHMN Ha HMOHBI IPOUCXOAMUT
nocreneHHo (crymeHyaro). Ilpm sTom Ha Kaxkaod craauu auccouuanuu oOpasyercs 1
ruapokcua-uox (OH-).
Takue ocHOBaHUS, Kak NpaBWio, colepkaT Heckosbko rpynn OH. Paccmorpum ypaBHEHME
JMCCOLMAMU OCHOBaHUs — ciaboro anekrponuta Mg(OH),
IlepBas cragus aucconuanyuu

Mg(OH),; <> MgOH+ + OH-
Yucno craguil nuccouuanuy OCHOBaHMS — caaboro 3JeKTpoiauTa paBHO uyuciay rpymnn OH B
€ro MoJeKyJie. (B0 YPOK)
VYpaBHEHUs TUCCOLUAIIMU COJIEH cIalbIX AJIEKTPOJIMTOB Ha MOHBI 3aMCHIBAIOT B OHY CTAJHIO.
IIpu stomM o06pasyrorcs mnosoxurenbHo 3apskeHHble MOHDBI mMeranna u  oTpumarensHo
3apsKEHHBIE MOHBI KUCIIOTHOTO OCTATKaA.

dopma npeacraBjIeHUs pe3yabTara:
HazBanue u 1iens paboThl.
Harmncats cxeMbl ypaBHEHHI peaKLuil.
Crnenatpb BBIBOJ O MPOJIETaHHON paboTe.

Tema 2.2.
OKHCAUTEIBHO-BOCCTAHOBHTEIbHbIE PeaKIIUU
IIpakTHyeckoe 3ansitue Ne §
CocTaB/ieHHEe OKMCIUTEIbHO-BOCCTAHOBUTEIBHBIX PeaKIMii MeTO10M
3JIEKTPOHHOI0 DajiaHca

Hean padoThi:

CocraBrieHre OKUCIUTEIbHO-BOCCTAHOBUTENIBHBIX PEAKIMII METO0M 3JIEKTPOHHOTO OanaHca
Beinosinus padory, Bel Oyaere:

ymemn:
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- MPOBOJAUTH (PU3UKO-XMMHUYCCKHUN aHAJU3 METAJJIOB U OLICHUBATh €r0 PE3yJIbTaThl;
- WCIOJIb30BaTh XHMHYECKHE, (PU3MKO-XMMHUYECKHE METOIbI aHajHh3a ChIPhS
MPOJIyKTOB METAJTypPTUH;
MarepuajibHoe o0ecneyeHue:
O6opynoBanue yaeOHOTo KabUHeTa!
- pabouee MeCTO IPEIoIaBaTelIs;
- pabodee MECTO CTy/ICHTa;
- TaOJIUIIBL.
O6opynoBanue 1a60paTOPUH:
- pabouee MeCTO IPEIoIaBaTelIs;
- pabodee MECTo CTy/ICHTa;
- METOIWYECKHEe yKa3aHWs JJIs MPAKTUIECKUX padoT;
- METOJIWYECKHE YKa3aHMA ISl JIaDOpaTOpHBIX padoT;
- METOJWYECKHE YKa3aHUS JJIsi CAMOCTOSTSIILHON pabOThI;
- XHUMHYECKOE 000pYyI0BaHHUE;
- XHMHUYECKUE PEaKTHUBBI;
- ydeOHOe mocoOue, CIPaBOYHHUKH M0 AHATUTUYECKONU XUMUHU.
TexHuueckue cpencTBa 00ydeHus:
— Aynuo-, BUji€0-, IPOSKIIMOHHAS araparypa.
IMopsinok BbINMOJIHEHUs PA0OTHI:
N3yuuTh MEeTOAMYECKUE YKa3aHUS K JAHHOW MPAKTUYECKOU U JTaOOpaTOpHOH
pabore.
OmnpenenuTh MPOAYKThI PeaKIUuK
BBITIOTHUTE OTYET O MPOJEIaHHOM padoTe.
Xox pabdoThI:
[To mMeromy »/IEKTPOHHOTO OajlaHCa CPAaBHUBAIOT CTETIEHU OKMCIICHUS aTOMOB B MCXOIHBIX H
KOHCUHBIX BEIIECTBAX, MPUYEM YHCIIO 3JICKTPOHOB OTIAHHBIX BOCCTAHOBUTEIIEM, JOJDKHO
POBHSTBCS YUCITY SJICKTPOHOB, MPHUCOCTHHEHHBIX OKUCITUTEIICM.
1)Merton s5ekTpoHHOrO OanaHca
+3 +7 +5 +2

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

W3 cxeMbl peakiuy BUIHO, YTO CTEIIEHb OKUCIICHUSI aTOMa MBIIIbSIKA J0 Peakiuu +3 , mocie
+5, cTeneHb OKUCIIEHUSI MapTaHila U3MEHUJIach ot +7 10 +2.

OTpakaeM 3TO U3MEHEHHE CTEIIEHU OKUCIICHUS B 3JICKTPOHHBIX YPaBHEHUSIX.

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

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

OBP, mporekaromue B BOJHBIX pacTBOpax, paciiaBaXx H JIPYTHX HOHH3UPYIOIINX
pacTBOPUTEIISAX, YPaBHUBAIOT METOAOM DJIIEKTPOHHO-MOHHOTO Oananca. [Ipw cocraBieHun
MOJTypEaKIMA UCTIOIB3YIOTCS MOHBI M (MJTM) MOJICKYJIBI, IPUCYTCTBYIOIIHE B pacTBope. Ecim
BEIIECTBO HEPACTBOPHMO — OHO 3aIMKCHIBACTCA B HEIUCCOIMUPOBAHHOM BHe. Ecnu aTtomel, y
KOTOPBIX U3MeHSIOTcsT CO, BXOAAT B COCTaB Cpa3y HECKOJBKUX YACTHII, TO HCIIOIB3YIOTCS TE
YaCcTHUIlbl, KOHIICHTPAIlUsl KOTOPBIX TMpeoOnamaer. Hampumep, B BOJHOM pacTBOpe claboii
KHCIoTh H 2S MPUCYTCTBYIOT aHUOHBI U —HS—2S, mpuuém [H 2S]>>[]>>[—HS_2S]. [TosTomy, u3

BCEX YaCTHII, COJIEPXKAIUX CEpY, sl ypaBHUBaHUs Ucnoib3yem H 2S.

Anzopumm memooa:

1. Haiitu gactuiipl, aToMbl KOTOPbIX MeHAIOT CO, M COCTaBUTh MOJIypeakluu ¢ ux ydactueM. [1pu
TOM HEOOXOAMMO YUYUTBIBATH 3JIEKTPOJUTUYECKYIO JIUCCOIManuio U BiausHue pH cpenb
(CHIIBHBIC AJIEKTPOJIUTHI JUCCOIMUPYIOT MOJTHOCTHIO, CJIa0ble KUCIOTHl — TOJIBKO B IIEIOYHOM
cpene, ciadble OCHOBAHHS — TOJIBKO B KUCIION).
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2. YpaBHATH MOIypEaKIuu, JOOHBAsICh:
* MaTepuajlpHOro OanmaHca. Jlias OOCTHMXKEHUS MaTepHaIbHOro OajgaHca B BOJHBIX
pacTBOpax MOXKHO HCIIOJIB30BaTb MOJIEKYJIBI HZO, KpOME TOr0, B KHUCJOW Cpene -

+ +
KaTHOHBI H , B IIEJIOYHON — aHWOHBI , B HelTpambHoi — min H—OH |, wim —OH
(Tabmn.2).

+ OanaHca 1o 3apsjaM (paBEHCTBAa CyMMapHBIX 3aps0B BCEX HOHOB U AJIEKTPOHOB B
JIEBOM W TMpaBOd 4YacTAX ypaBHeHHs). g 3TOro K JEBOM YacTH MOJypEaKIIUd
N00aBIISAIOT WM BBIYUTAIOT U3 HEE HEOOXOIMMOE KOJTMYECTBO JIEKTPOHOB.

3. YMHOXUTH MONYypeakiuu Ha KOIPQPUIMEHTHI, N0OWBAsCh BBIMOJHEHHS YCIOBHUS: YHCIIO
OT/IaHHBIX 3JIEKTPOHOB (B MOJIYPEAKIIMHA OKUCJICHHUS) PAaBHO YHCIY MPUHSATHIX 3JIEKTPOHOB (B
MOJIypEaKIIM1 BOCCTAHOBJICHHUS).

4. Cnoxurb 00€ TONypeakiuu, B pe3ylIbTaTe Yero MOJYyYUTCS 3alMUCh YPaBHEHHS B MOHHOU
dhopwme.

5. Jlo6aBUTh K JIeBOM M MpaBOH YacTSIM HOHHOTO YPaBHEHHUS OJMHAKOBOE KOJIUYECTBO
MIPOTUBOMOHOB

6. Merox momypeakiuii (IEKTPOHHO — WOHHBIA METOJ) MPUMEHSIOT JUIsl PEaKIIHid,

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

M3MEHEHHUS BEILECTB B IPOLIECCE OKUCIUTEIbHO-BOCCTAHOBUTEIBHON PEAKIUU U O00JIErdaroT

COCTaBJICHHE YpaBHEHUI 3TUX MPOILECCOB B HOHHO-MOIEKYIsApHOW Qopmyne. HMonno -

AJIEKTPOHHBIA METOJI ( METOJ MOJIYPEaKIUii ) — OCHOBAH HA COCTaBJICHUU Pa3JIeIbHBIX HOHHBIX

yYpaBHEHUH MOJIypeaKlUii — MPOILIECCOB OKUCICHUS U BOCCTAHOBIIEHUS — C MOCIEAYIOUINM HX

CYMMHpPOBaHHEM B 00111€€ HOHHOE YpaBHEHHUE.

['maBHbIE TamBI:

1)3anmcpIBaeTCs 00IIass MOJICKYJISIpHAS CXeMa

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

2)cocTaBisieTcss MOHHAsA cxema peakuuu. [Ipyu 3TOM CHIIbHBIE AJIEKTPOJUTHI MPEACTABICHBI B

BUJIE MOHOB, a clla0ble JJIEKTPOJUTHI, OCAJKU M ra3bl — B MOJEKYyJIsipHOM Buae. B cxeme

OIpeIeIIsIeTCs YacTuIla, onpeaensercs xapakrep cpensl ( H+,H20 nnmu OH-)

Cr20;” + Fe + H+ — Cr3+ + Fe2+

3) CocraBisioTcst ypaBHEHHS 2-X MTOJTYPEaKIHii.

a) YpaBHHMBAETCs YHCIIO BCEX aTOMOB, KpOME BOJIOPOJia U KHCIOpOa

Cr20,* + H" —2Ccr*

Fe —» Fe?*

0) ypaBHUBAeTCs KUCIOPO]I C UCTIOIb30BaHNeM Monekyn HoO umu cBszbiBanus ero B H,O

Cr,074 + 14H" — 2Cr** + 7 H,0

B) YPaBHUBAIOTCA 3aps/bl C IOMOIIBIO MPUOABIEHUS AIEKTPOHOB

Cr,074 + 14H" + 6e — 2Cr*" + 7 H,0

Fe —2e — Fe2"

4) ypaBHHBaeTcs 00Iee YHCIO YYaCTBYIOIIUX SJIEKTPOHOB MyTeM MOAOOpa JOMOTHUTEIHHBIX
MHOJKHUTEJIeH MO MPaBUIly HAUMEHBIIEr0 KPAaTHOTO, M CYMMUPYIOTCS YPABHEHUS o6enx nonypeaxiuii.
Cr2072- + 14H+ + 6e —2Cr3+ + 7 H20 2 1

Fe—2e — Fe2+63

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

5) 3anmuCBHIBAIOTCS YpaBHEHUS B MOJEKYIsIpHOW (opme, ¢ J100aBIIeHHEM WOHOB, HE
YYaCTBYIOIIMX B MPOIECCE OKUCTICHUS- BOCCTAHOBIICHUSI.

K,Cr,07 + 3Fe +7H,S0O,4 = Cr2(804)3 + FeSO,4 + K,SO, T+ 7 H,O

ITpumep 1.

MeTooM TIONypeakuid COCTaBbTE a) YpaBHEHWE pEaKIUW OKHCICHHUS STHJIOBOTO CITHUPTa
MepMaHraHaToM Kanus B cunbHOKucTon cpene: CoHsOH + KMnOy4 + H,SO4 —; 6) ypaBHEeHHE
peaKuuy B3auMOJECHCTBUS
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TJIIOKO3BI ¢ TIepMaHTraHaToM kanusi B kucioit cpene: CgH1206 + KMnO4 + H,SO4 —.

Pemienue: IlepmanranaTt kaaus B KUCJIOW cpelie MPOSIBISET CBOMCTBA CHUIIBHOIO OKHCIUTEINS.
Opranuveckuie BEIIeCTBa, KaK MPaBUJIIO, SBIISIOTCS BOCCTAHOBUTEIISIMH, IPU B3aUMOJCHCTBHH C
CHJIBHBIMHU OKHCITUTENAMHU OKUCISIOTCS 10 CO».

a) COCTaBUM IOJIypEaKIK U HaljeM KO PUIIUEHTHI:

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

C2HsOH + 3H,0 — 12e = 2CO; + 12H"

5CyHsOH+ 12KMnO4 + 18H,S04 — 10CO; + 12MnS0O, + 33H20 + 6K2SO4

0) aHAJIOTMYHO COCTABHUM IOTYPEAKIUIO C YIACTHEM TJIFOKO3BI:

dopma npeacTaBiaeHus pe3yabrara:
Ha3zBanue u nienp paboThl.
Hamnucarb cxeMbl ypaBHEHMI peakiuil.
CaenaTb BBIBOJ O IIPOJIENIaHHON padoTe.

Tema 2.3.
B3aumoneiicTBusi MeTa/NIOB (ChIPbSi), METAJIMYECKUX IMOPOUIKOB € Fa3aMM U APYTHMH
BellleCTBAMU
JlabopaTopHas padora Ne5
Onpenenenue cogep:;kaHus XpoMa B CTaJIU

Heanb padotsl: OmnpeneneHue coaepKaHus XpoMa B CTalIU
Brinosinus padorty, Bl Oynere:
ymemn:
- [POBOAUTH (PU3MKO-XMMUYECKUN aHAJIN3 METAJJIOB U OLIEHUBATh €r0 Pe3yJIbTaThl;
- HCIOJIb30BaTh XHMMHUYECKHE, (PHU3HKO-XMMHUYECKHE METOJbl aHajdh3a ChIPbS U
IPOAYKTOB METaJUTYprHH;
MarepuanbHoe o0ecnieyeHue:
Ob6opynoBanue yueOHOro kKabuHeTa:
- pabouee MecTO MpernoaaBaTess;
- pabouee MecTO CTY/EHTa,;
- TaOTHIBI.
Ob6opynoBanue 1abOpaTOpUu:
- pabouee MecTO MpernoaaBaTess;
- pabouee MecTO CTY/AEHTa;
- METOIWYECKHEe yKa3aHWs IS MPAaKTUIECKUX padoT;
- METOJIMYECKHE YKa3aHHUs AJs 1JabOpaToOpHBIX paldoT;
- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTENbHON paboThI;
- XHMHYEcKoe 000py0BaHUE;
- XHMHUYECKHE PEaKTHUBBI;
- yueOHOe mocoOue, CIpaBOUYHUKH M0 aHATUTUYECKON XUMUH.
TexHunueckue cpeacTBa 00y4eHHUS:
— Ayauo-, BUJeo-, MpOeKLMOHHAs anmaparypa.
IHopsiaok BbINIOJIHEHUS PA0OTHI:
N3yunTh METOMYECKUE YKA3aHUS K TaHHON MPAaKTUYECKOH 1 J1abopaTopHOii
pabore.
OnpenenuTb NPOAYKTHI PeaKLIUU
BrImoaHUTE OTUET 0 TpoJieIaHHON paboTe.
Xox pa0doThI:
e  DOTOKOJIOPUMETPHUECKOE OTIpeIeIEHNEe KOHIIEHTPAIIMK BEIIECTBa B PACTBOPE METOI0M

CpaBHCHUA OIITUYECKOM INIOTHOCTH HCCICAYCMOT'0 U CTAHAAPTHOI'O PACTBOPOB.
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e DKCTPaKIUOHHO-(OTOMETPUUECKOE OMPEIEIICHUE MAIBIX KOJIHYECTB XpPOMa C
nudeHnIKapOazuIoM

e  MeToabl MPSAMOTO CIIEKTPAIBHOTO aHAN3a

e  DmMmuccuoHHas GOTOMETpHs IJIaMEHU

e  ATOMHO-aOCOpPOIIMOHHBIN METOJ

e MeToapl MPSIMOTO CIEKTPATBLHOTO aHaIn3a

CnexTpanpHBI  aHAIM3 — COBOKYHMHOCTH METOJOB KAa4ECTBEHHOTO M KOJMYECTBEHHOTO
OIIpeJIeJIEHUs] COCTaBa 00bEKTa, OCHOBAHHAS HA M3YYEHUU CIIEKTPOB B3aUMOICHUCTBUS MaTePHH
C M3JIydeHUEM, BKJIIOYasl CIIEKTPHI 3JEKTPOMArHUTHOTO H3JIYYCHHS, aKyCTHYECKHX BOJIH,
pacripenieieHusi O MaccaM M SHEPrusiM 3JIEMEHTApHBIX YacTULl M JIp. ATOMBI KaXXIOTO
XMMHYECKOTO 3JIEMEHTa MMEIOT CTPOTO OINpEeeIEHHbIe PE30HAHCHBIC YaCTOTHI, B PE3YJIbTaTe
9Yero MMEHHO Ha 3THX YacTOTaX OHHU M3Iy4aroT WM MOTJIOUIAIOT CBET. DTO MPUBOAUT K TOMY,
4TO B CIIEKTPOCKONE Ha CIIEKTPaX BHUIHBI JUHHUU (TEMHBIC WIM CBETIBIC) B ONpPENSIEHHBIX
MECTax, XapaKTEePHBIX Ul KaXXJI0TO BemecTBa. IHTEHCHBHOCTD JITMHUMN 3aBUCUT OT KOJUYECTBA
BEIIECTBA U €ro COCTOSHHSA. B KOJIMYECTBEHHOM CIIEKTPAaJIbHOM aHAM3€ OINPEACISIOT
COIep’KaHNE HCCIIEAYEMOTO BEIIECTBAa IO OTHOCUTEIBHON MM a0COJIFOTHOI MHTEHCHBHOCTSM
JUHUA WM 1ojioc B cHekTpax. ONTHYecKuil CHEeKTpaJbHbI aHalIMU3 XapaKTepU3yeTcs
OTHOCHUTEIIEHOW MPOCTOTON BBIMOJIHEHUS, OTCYTCTBUEM CIIOKHOW MOJATOTOBKH MPOO K aHAIU3Y,
HE3HAYMTENBHBIM KoJudecTBOM BemiectBa (10—30 wmr), HeoOXoauMmoro ajisl aHaiu3a Ha
OO0JIBIIIOE YUCIIO IEMEHTOB. ATOMApHBIE CIIEKTPHI (MOTJIOMIECHHS MM UCIYCKAaHUs) TOTYJaroT
NepEeBEICHUEM BEIIECTBAa B MapooOpa3HOe COCTOSHUE MyTEM HarpeBaHus mpoOsl 10 1000—
10000 °C. B xkauecTBe HCTOYHMKOB BO30Y)XIEHHUS aTOMOB IPH SMUCCHOHHOM aHaJU3e
TOKOIPOBOSAIINX MaT€pPUAIIOB IPUMEHSIOT HCKPY, AYTY MEPEMEHHOTO TOKA; IPHU 3TOM HPoOy
[IOMEIIAIOT B KpaTep OJHOTO U3 YTOJbHBIX 3JEKTPOAOB. [ aHanmmM3a pacTBOPOB IIHMPOKO
UCTIOJIB3YIOT TIaMs WIIH TIJ1a3My Pa3JIMdHBIX I'a30B.

dopma npeacraBjIeHUs pe3yabTara:

HazBanue u 1ienp paboThl.

Hamucarb cXxeMbl ypaBHEHHI peaKiuil.

Cnenatpb BBIBOJI O MPOJIETaHHOM paboTe

Tema 3.1
IMHUCCHOHHBIN CHEKTPAJIBHBIN aHAJIN3.
IIpakTnyeckoe 3ansaTue Ne 6
O3HakoMJ/IeHHe ¢ YCTPOICTBOM, IPMHUMIIOM AefCTBHSA U IKCILUIYaTallMH IKCIpece —
aHaJju3arTopa.
Lean padoThI:
O3HakOMJIEHHE C YCTPOWCTBOM, MPHUHIMIIOM JAEWCTBUS W OJKCIUTyaTallMM »JKCIpecc -
aHaJIN3aTOPOB
Boinoainus padorty, Bel Oynere:
ymemy:
- MpPOBOJUTH GUBUKO-XMMHUYECKUN aHAJIU3 METAJJIOB U OLIEHUBATh €0 pPe3yibTaThl;
- HCIOJIb30BaTh XMMHUYECKHE, (PU3MKO-XMMHUYECKME METOJbl aHaju3a ChIpbS U
NIPOIYKTOB METAIIYPIUY;
MarepunanbHoe obecnieyeHue:
Ob6opynoBanue ydeOHOTO KaOWHETA!
- pabouee MeCTO IpernoiaBaTers;
- pabouee MeCTo CTYJEHTa;
- TaOIHUIIBI.
O6opynoBanue 1a00paTOPHH:
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- pabouee MeCTO Ipero1aBaTes;

- pabouee MeCTo CTY/JEHTa;

- METOAMYECKUE YKa3aHMUs JJIsl IPAKTUUECKUX padoT;

- METOJIWYECKHEe YKa3aHUs sl TAOOpaTOPHBIX padoT;

- MCTOANYCCKUC YKa3zaHUAd IJIA CaMOCTOSTSIILHOM paGOTBI;

- XHMHYECKoe 000pyI0BaHNUE;

- XUMHYCCKUC PCAKTHBBI;

- ydeOHOe ocoOue, CIPaBOYHUKH 110 aHATTUTUYCCKONH XUMUH.

TexHnuueckue cpeacTBa 00y4eHUS:
— Aynuo-, BUieo-, IpOEKIIMOHHAs anmnaparypa.
IMopsinok BbINOJIHEHHUSI PAa0OTHI:
W3y4nTh METOIMYCCKUE YKA3aHUS K JAHHON MPAKTUYECKON 1 1ab0paTopHOit
pabore.
Onpenenuts NPOIYKThl PEAKIIMU
BrIMOMHUTE OTYET O MpoJenaHHoi padoTe.
Xoxa paboThI:
Kynonomempuueckue memoout
Kynonomerpuueckuili MeTos1 aHanu3a OCHOBAH Ha U3MEPEHUU KOJIMYECTBA AJIEKTPUUYECTBA,
M3pAcXOJIOBAHHOTO B XOJE 3JIEKTPOXMMHYECKON pPEaKIUH ompenensemMoro Beuiecrsa. Ecnu
MPOTEKaeT Kakasg-MuOO JIEKTPOXUMHUYECKAs PEakIus, TO MO KOJIUYECTBY JIIEKTPUUECTBA,
M3pAcXOJOBAHHOTO Ha 3TY PEAKIUIO, U YUCIY 3JEKTPOHOB N, MIPUHUMAIOUINX B HEW ydacTue,
MOKHO ONPEJEIUTh COJEpKAHNE MCXOTHOTO BEIIeCTBAa J B COOTBETCTBUH C 3aKkoHOM (Dapajes
o ¢popmyre:
2= (AQ)I(Fn) = (AQ) / (96485n)

. rne Q —  KOJIMYecTBO

AJIEKTPUYECTBA, paBHOE

=0 NPOM3BEACHUIO CHJIBI TOKa Ha

Lo [OR] JUTUTENILHOCTh €r0 MPOXOXKICHHSI

yepe3 pactBop; 4 — arom-Macca

— 1] BemecTBa, F — mocrosHHAs
. DR — Dapajes.

Pic. 5. CXCM7 ~YJOHOMETPUNCKROND aHaA i

1 2 — noteni npAmenNs); 3 — 0oaw

: 7 —awoa; & — Melwa

Ha smom ocnosan npsamou
KVIOHOMEempu4ecKuii Memoo, B
KOTOPOM  pacyeX BeayT [0

IIPOJIOJKUTENIBHOCTH JIEKTPOIIN3A.

B stoM cnyuae He TpeOyere! mOCTpoeHHS TPAAMPOBOYHBIX TPaPUKOB W TPUMEHEHHS
CTaHJAPTHBIX PACTBOPOB, UTO BHITOAHO OTJIMYAET €ro OT APYTHX (PU3NKO-XUMUUYECKUX METO/IOB
aHaJus3a.

KocBeHHBIN KyTOHOMETPHUYECKUN METOJ (KYJTOHOMETPUYECKOTO TUTPOBAHHS) OCHOBAH Ha
MOJIy4eHUU (T€HEPUPOBAHUU) PEArupyroluX C OMpeeNsseMbIM BEIIECTBOM HOHOB B CaMOM
TUTpyeMoM pacTBope. [IpsMoii KylIOHOMETPHUYECKUW aHaIW3 OOBIYHO OCYIIECTBISIOT TPH
MTOCTOSIHHOM TOTEHIIMANe pabovyero MeKTPo/a, & KOCBEHHBIN — MpPU MOCTOSHHOW CHJIE TOKa,
MIPOXOASAIIETO Yepe3 IEKTPOIUTHIECKYIO sS4eiiKy. CxeMa KyJOHOMETPUYECKOIO aHajlu3a MpH
MOCTOSIHHOM TIOTEHI[MAIe TIpe/ICTaBlIeHa Ha puc. 5, a. Tok OT akKyMynaTOpHOW Oartapen mpu
MOMOIIM TMOTEHIIMOMETPA MPHU OMNPEIEICHHOM MOTEHIMANe, KOHTPOJIUPYEMOM BOJIBTMETPOM,
MoJaeTcsl Ha KYJIOHOMETPUYECKYIO siueiky. KoaudyecTBo anekTpudecTBa, MPOIIEAIIETO Yepes3
KYJIOHOMETPUUYECKYIO STYEUKY, OMPEAEIAETCS KYJIOHOMETPOM. B KyJTOHOMETpUYECKOU SUYEHKe
MPOUCXOAUT BOCCTAHOBJIEHHE ompesenseMoro nona. Cuiaa Toka, IPOTEKAIOUIEM B LIEMH, MO
MEpe YMEHbBIIEHUS KOHIIEHTPAIUH OMPENECIIEMOr0 HOHA CHUKAETCA U B MOMEHT €r0 MOJIHOTO
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BOCCTAQHOBJICHUS CTAHOBHUTCS OJM3KOW K HyMI0. OTO yKa3blBaeT Ha OKOHYAHHE Ipoliecca
BOCCTAQHOBJICHMA  ompezensemMoro  uoHa. OnpenenuB  KyJOHOMETPOM  KOJHMYECTBO
AJIEKTPUUYECTBA, M3PACXOJOBAHHOTO HA BOCCTaHoBIeHHE, 1Mo ¢opmyne (18) paccumTsiBaroT
KOJINYECTBO ONPEAEIIAEMOr0 BEIIECTBA B KYJIOHOMETPUYECKOH sAueiike.

[IpyHuunuanpHas cxema JUisl KyJIOHOMETPUYECKOTO TUTPOBAHUS NPU IOCTOSHHON CHUIIE
TOKa JUIsl ONpEAETeHUs, HalpUMep, COJACpXkKaHMUA XpoMma, INpuBeAeHa Ha puc. 5, 0. B
KYJIOHOMETPUYECKYIO SUEHKY I TUTPOBAHMS HAIMBAIOT aHAJTM3UPYEMBbI pacTBOp OMXpomara
KaJIMsl M pacTBOP XJIopuaa kesesza. Katoq onyckaroT HEOCPEICTBEHHO B pacTBOP, a aHOJ — B
MTOPUCTBIA COCY/I, COAEpKaIMii pacTBOp xyopunaa kamus. OT akKyMyJSITOpHOW Oarapew mpu
IIOMOIM PETYJIMPOBOYHOTO peocTaTa uepe3 pacTBOP MPOIYCKAeTCs IOCTOSIHHBIM TOK,
KOHTPOJIMpYEMbIl amiepmerpoM. llpu 3TOoM B aHanmM3MpyeMoOM pacTBOpEe Ha Karojae
IIPOUCXOJIUT BOCCTAHOBJIEHUE TPEXBAJICHTHOTI'O JKE€JIe3a J10 IBYXBaJIEHTHOI0, KOTOPOE Cpasy xke
OKHCIISIETCS /IO TPEXBAJIIEHTHOTO OMXPOMATOM, HAXOAAILIMMCS B pacTBOpe. YKa3aHHBIH MpoLece
IpOTeKaeT J0 TeX IOop, IOKa BeCh IIECTUBAIECHTHBIH XpOM HE BOCCTAaHOBHUTCA [0
TPEXBAJEHTHOI0. B 3TOT MOMEHT B pacTBOpe MOSBATCSA U30BITOUHBIE MOHBI JIBYXBaJIEHTHOTO
’KeJie3a, KOTOpbIe JIETKO OOHAPYKUTh [10- TCHIHOMETPUUYECKHM METOOM.

KonnuecTBo anekTpuyecTBa, pacxoayeMoro Ha TUTPOBAHUE, PABHO MPOU3BEACHUIO CUJIbI
TOKa Ha JUIUTENILHOCTh €ro MpoTeKaHHs. TakuMm oO0pa3oM, B 3TOM BUJAE KyJIOHOMETPUYECKOTO
aHaJlM3a TUTPOBAHKE MIPOBOJST BELIECTBOM, KOTOpOE 00pa3yeTcs (FreHEpUpPYeTCsl) B TUTPYEMOM
pacTBope B pe3yibTare peaklMid BOCCTAHOBJICHHMS MM OKHCICHHS M B3aUMOJEHCTBYET C
aHAJIM3UPYEMbIMU HOHAMU.

KynoHnomerpuueckuif MeTOA TUTPOBaHMS II0JIOKEH B OCHOBY, HallpUMeEp, LIMPOKO
MIPUMEHSIEMBIX IKCIIPECC-aHAIM3ATOPOB I OINPEAEICHUS] COAEPXKAHUS YIJIEpo/a U CEphl B
Mmetauie. Cxema paboThl SKCIIpecc-aHaIM3aTopa AJs aHalu3a yriiepoaa IpuBeJeHa Ha puc. 6.
Hagecky metaia (0,5 r), moMereHayio B papdopoByrO J00UKY, CKUTAIOT B TPYOUaTOl nieun
mpu 1300—1350 C B MOTOKE YHUCTOTO KHUCIOPOJA, Pacxo]] KOTOPOTO peryiupyercs
aBromarndecku ot 0,2 mo 2 n/mue. Ilpm 3tomM Bech yriepon okucisiercss o CO2.
HenpepbiBHBIN NMOTOK KHciaopoga yHOcUT u3 meun COz B 3JIEKTPOIUTHYECKYIO SUYEHKY 2
JaT4YMKa YKCTpecc- aHanu3aropa. 3aech CO; moromaeTcs ciiabonieIOYHbIM MOTJIOTUTETbHBIM
pactBopom 3 (pH~10,2), BbI3bIBasi MOBBINICHHE KOHIICHTPALMM HOHOB Bomopoma H+. Dro
n3mensier pH cpenbl, pukcupyemoii uepes snextponast 4, 5 u pH-merp 6. M3menenne 5. 1. c.
JIEKTPOAHOM cuctemMbl pH-MeTpa MpUBOIUT K U3MEHEHUIO CHIIBI TOKA HA BBIXOJE YCHUIIUTEINS
pH-meTpa, B pe3ynpTare 4ero CnelualbHbIM PEryiasTop 7, COCOIUHEHHBIM C BeIXOAOM pH-
MeTpa, aBTOMATHYECKH BKIFOYACT MCTOYHUK CTaOMIM3MPOBAHHOTO T'€HEPaTOPHOro Toka 8.
I'eneparopHblii TOK poTekaeT yepe3 anoxa 10, kaTox 9 1 mpoHUIIaeMyTO JUTsl TOKA TIEPETOPOIKY
11 (uennodanoByto mneHky). Ilpu stom morsl H' paspsxaioTcs Ha kaTofie ¢ 06pa3oBaHHEM
MOJICKYJIIPHOTO BOJOpojia. ['eHepaTopHBI TOK MPOTEKaeT OO0 TeX TMop, MOoKa He OyayT
HelfTpanu3oBanbl HOHBI H+ 1 3. 1. c. pH-MmeTpa, a Taxke cuia Toka Ha BeIxoje pH-merpa He
JOCTUTHET nepBoHavanbHoro 3HayeHus (0,2 MA). KonnuecTBo 3ieKTpuuecTBa, 3aTpaueHHOro
Ha TUTpOBaHME (BO3BpallleHHME K MHCXOAHOMY 3HaueHuio pH), oJHO3HA4YHO CBsA3aHO C
KOJIMYECTBOM MOTJIOLIEHHOIO YIJIEKUCIIOTO ra3a, a ClIeJoBaTebHO KOJIMYECTBOM yTiepoja B
aHaM3upyeMoil nmpobe Metayuia. KomudecTBO 3JIeKTpUUYECTBA ONPENeNIeTcsl aBTOMAaTUYECKUM
MHTErPUPOBAHUEM CHIIBI TOKA TUTPOBAHHUS CHIEUAIBHBIM KYJOHOMETPOM - HHTErpaTopoM TOKa
13, Ha BBIXOJE KOTOPOIO BKJIIOUYEHBl HEOHOBBIE IM(PPOBBIE JAMIIBI, MOKa3bIBAIOIINE
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 pEaKIWii M TPOUCXOJIUT
IIOBBIIICHNE KOHLEHTpauuu HoHOB H+
B TIOTJIOTHTEIILHOM PacTBOPE, KOTOPHIN
aas  Oojee  IOJHOTO — IOTJIOLICHHUS
VIJEKUCIOro ra3a IMepeMenInBaeTcs
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
BCIIOMOIaTelbHBIN PacTBOpP 72, B COCTAB KOTOPOIO BXOIAT XJIOPUCTBINA Kalui U (heppOLUaHu]]
Kanus. MOoHBI [WHKA, B3aUMOJEHUCTBYS C (DEPPOIMAHUIOM Kajusi, 00pasyroT KOMILUIEKCHYIO
COJIb LIMHKA, KOTOPas BHIIAJAET B OCAJOK [0 PEAKIMH:

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 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 1ieip paboThl.
Hamnmcarb cxeMbl ypaBHEHMI peakiuil.
CraenaTb BBIBOJ O IIPOJIEIAHHON paboTe

Tema 3.2.
PeHTreHOCTPYKTYPHBII aHAIN3.
IIpakTnyeckoe 3ansaTue Ne /
O3HakoMJ/IeHHe ¢ YCTPOHCTBOM, PUHIIUIIOM J1eiiCTBUSI PEHTITeHOCKONAa
0TeYeCTBEHHOI0 U 3apy0e:KHOr0 POU3BOACTBA.
eab padoThi:
O3HaKOMJIEHHE C YyCTPOWCTBOM, IPUHIUIIOM JEHCTBHSI pEHTI€HOCKOIA
Bbinosinus padory, Bel Oynere:
ymemn.
- MPOBOIUTH GUBUKO-XUMHUUYECKUN aHAIIU3 METAJJIOB U OLIEHUBATh €r0 Pe3yibTaThl;
- UCIOJB30BaTh XUMHUYECKHE, (PUIUKO-XUMUYECKHME METOJAbl aHajdu3a CbIPbs
MPOYKTOB METAJUTYPIHUH;
MarepunanbHoe obecrnieyeHue:
O6opynoBanue yueOHOro kabuHera:
- pabouee MeCTO IPEIOIaBaTEeNs;
- pabouee MECTO CTy/ICHTa;
- TaOJIHIIBL.
Ob6opynoBanue 1ab0paTopuu:
- pabouee MeCTO IPEIOIaBaTEes;
- pabouee MECTO CTy/IeHTa;
- METOJIMYECKHE YKa3aHMsl ISl IPAaKTUYECKUX paboT;
- METOJIMYECKHE YKa3aHHUs AJs 1JaOOpaTOpHBIX paldoT;
- METOJUYECKHE YKa3aHUs ISl CAMOCTOSTEIbHON paboThI;
- XHMHYecKoe 000pyJIOBaHUE;
- XMMHYECKHE PEAKTHUBBI;
- ydeOHOe nmocoOue, CIpaBOYHUKH M0 aHATUTUYECKOH XUMUH.
TexHnueckue cpeacTBa 00y4eHHUs:
— Ayauo-, BUzie0-, IPOEKIIMOHHAs annaparypa.
Ilopsinok BbINOJHEHHS padOTHI:
N3yunTh METOIMYECKUE YKA3aHUS K TaHHON MPAaKTUYECKOM 1 1abopaTopHOit
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 ciyyae cxeMy pEHTT€HOCHEKTPAJIbHOTO aHaln3a MOXKHO MpPEeJCTaBUTh
crneayronmM oopaszom; 1) Bo3Oyx)aeHHE PEHTTCHOBCKOTO XapaKTEPUCTHUCCKOTO H3TyICHUS
3JIEMEHTOB, 00pa3yrIux Mnpody; 2) pas3ioKeHHe PEHTTEHOBCKOTO HM3IYy4YEHHUS B CIEKTP
(BbIIENICHUE AHAIUTUYECKUX JIMHUWA JJEMEHTOB); 3) perucrpauuss U HU3MEpEeHHUe
MHTEHCUBHOCTH PEHTI€HOBCKOTO XapaKTEPUCTUUYECKOTO M3IYyYEHHS AJIEMEHTOB. B cBs3u ¢
3THUM BCE PEHTTCHOBCKHE CIIEKTPOMETPUICCKHUE CUCTEMBI HMEIOT O0OIINE KOMITOHCHTHI:

1) uctoyHuK BO30YXKACHUS XapaKTEPUCTUUECKOTO HU3JIYYEHHUs SIEMEHTOB HpOObI; 2)
JTUCIIEPTaTOp — YCTPOMCTBO JJIsi BBIJCICHUS aHAJTUTUUYECKHUX CUTHAJIOB DJIEMEHTOB; 3)
JI€TEKTOP C COOTBETCTBYIOUIUM SJIEKTPOHHBIM YCTPOUCTBOM (puc. 41).

MeTtoabl  BO30Y:KI€HHS  PEHTT€HOBCKOr0  XapaKTepPUCTHYECKOr0  H3JIyYeHHs
BKIIIOYAIOM: NeKMPOHHYI0 DOMOAPOUPOBKY, PEHMEEHOBCKOe U3TYUeHUe

(bmroopectieHTHOE BO30YKICHUE), U3TyUCHNUE PAaAUOAKTUBHBIX U30TOIOB.

Jlnst 2IeKTpOHHOTO BO30YXKJIEHHS XapakTepHa BbIcOoKas 3()QPEeKTUBHOCTH, OJIHAKO
BCIICJICTBHE CHJIBHOTO pa3orpeBa oOpasna moJ BO3AEHCTBHEM 3JIEKTPOHHOTO IMy4YKa (110
HECKOJIBKMX COT TPagyCcoB) BO3MOXHBI CEJIEKTHBHOE HCIAapEeHHE SIEMEHTOB W Jpyrue
XUMHYECKHEe W3MEHEHUs B oOpasme. K HemocTtaTkaM SJIEKTPOHHOTO BO30YKICHHUS
OTHOCSITCSI MHTEHCHBHBIH (POH M HeoOXoauMocTh paborarh moa BakyyMoM OTMeuYeHHbIE
HEJIOCTATKW  TPOSBISAIOTCA  cjlabee  TpW  BO3OYXKIECHHH  XapaKTEPHUCTHUYECKOTO
PEHTIeHOBCKOTO M3Iy4YeHUSI MPOObI OCTPO C(HOKYCHPOBAHHBIM SIEKTPOHHBIM ITyUYKOM
(pMeKTpOoHHBIH MUKPO30HI). B sTOM ciydae meperpeBa oOpaslia HE NPOUCXOIUT HU3-3a
WHTEHCUBHOTO TEIJIOOTBOJA C MUKPOHHOTO Y4acTKa.

HenocraTtkoB,  XapakTepHBIX s BO3OYXKIEHHUS  OJCKTPOHAMH,  JIHIICHO
(bayopeciieHTHOE BO30YykKIeHHEe. DTOT METOJI BHIABUHYJICS Ha MEPEAHUN TUIaH MOCIe TOro, KaK
OblTa pa3paboTaHa COBEpIICHHAs TEXHMKA PErucTpaluu ciaadboro  (HIyopecieHTHOTO
PEHTTEHOBCKOTO H3Iy4eHHs. VICTOUHUKOM MEepBUYHOTO BO30YXKIAIOMIETO M3JIYYEHHUsS CIyXat
peHTreHoBckue Tpyoku. [lepBudnoe u3mydcHue

noa0uparoT TakuMm oOpa3oMm, 4YTOOBI PHEPrUs €ro KBAaHTOB Oblja 3aBEJOMO BBIIIE
SHEPrUM KBAHTOB XapaKTEPUCTUUYECKOTO PEHTTCHOBCKOTO HW3JIYYCHHS CaMOTO TSDKEIIOTO
sJeMeHTa TpoObl. B TO ke BpeMs cieayeT YYUThIBaTh, YTO KOPOTKOBOJIHOBOE >KECTKOE
PEHTTE€HOBCKOE HW3Jy4YeHHE OYEeHb Ca00 TMOrjomaeTcss MmpoOoi, mo3ITOMY BO30YXKICHUE
(bIr00peceHIIMN CPETHUX U JIETKUX AJIEMEHTOB O0yneT Manod(eKTUBHO.

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

Pasnoocenue penmeenosckozo usnyuenus 6 cnexmp. BwiOenenue usnyuenus mpeoyemoul
ONuHbl 607HbI. B COBPEMEHHBIX PEHTIEHOCTEKTPAIbHBIX YCTAaHOBKAX HCIIOJIB3YIOT JIBA
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 AMCHEpPCHEH IO JUIMHE BOJHBI JAUCIEPTUPYIOIIUM 3JIEMEHTOM CIIYXKHT
KpUCTAJUI-aHAJIU3ATOp., JCUCTBYIOIIMNA  aHAJIOTUYHO JUPPAKIUOHHOM  pemeTke B
ONTHYECKON CHEKTPOMETPHUH. YTOI AUPPAKIUN PEHTI€HOBCKOIO Jydya 6 C JJIMHOW BOJIHBI
{ 0T KpuCTajla-aHaJu3aTopa, UMEIOLIEro MEXIIJIOCKOCTHOE PAaCcCTOAHME ¢/, onpeaensercs
ypaBHeHueM Bynbda — bparra:

2¢1 51110=11/1

B 3aBucuMocTH OT Jguamna3oHa JIJIWH BOJH HCHOJIB3YIOT KPUCTAJUIBI C Pa3IUYHBIMH
3HAYEHUSIMU MEXIUIOCKOCTHBIX PACCTOSHUM: KBapll, KalbIuT,

¢dmrooput, nurunpodochar ammonus u ap. Crnocod AWCTEPCHH MO JJIWHE BOJIHBI
o0nagaeT TeM JOCTOMHCTBOM, YTO IO3BOJISET BBIIEIUTH JIIOOYIO 3alaHHYIO CIIEKTPAJIBbHYIO
JUHUIO TUIaBHOW HacTpoiikoil. HemoctaTkoMm siBisieTcss Oonblnas mOoTepss MHTEHCUBHOCTHU
U3JIy4eHHUs] IPU OTPaXE€HUU OT KpHUcTalja. B ONTUMaiIbHBIX YCIOBUSX HMHTEHCHUBHOCTD
OTPaXXEHHOTO Jiyda cocTaBisieT oT 5 g0 20 % mnajgamomero Ha MOHOKpPUCTaLI
MOHOXPOMAaTHYECKOTO U3JIYyYCHHUS.

B ciydae oSHepreTM4eckom — AMCIEpPCUM  JETEKTOPAMU  H3JIyYEHHS  CIIyKaT
MOJIYIPOBOJIHUKOBBIE KpHUCTaibl. Ilpu moOriomeHun peHTreHOBCKUX KBAaHTOB TaKUM
KPUCTAJUIOM B HEM BO3HHUKAIOT JJIEKTPUYECKHE HMITYJIbChI, CBS3aHHBIE C DJHEpPruei
KBaHTOB. Y CHJICHHBIE UMITYJIbCBl IOMAJAal0T HA MHOTOKaHalbHbIN aHanu3atop. O6paboTka
UMITYJIbCOB, TIPEJCTABICHHE M 3alOMHHaHUWE OO0OECIeYnBaIOTCA MNpUOOpaMu 3alucH
CUTHAQJIOB, MMITYJIbCHBIM cHEKTpoMeTpoM M OBM DOHepreruueckoe paspeuieHue MOXKET
OCYHIECTBISTECS TakXKE€ C TIOMOLIBIO TPOMOPIHOHAIBHBIX M CHUHTHUISIIUOHHBIX
CUYETUUKOB.

JIOCTOMHCTBOM AMCHEPCHUH PEHTTEHOBCKOTO HM3Jy4YeHUsS [0 DHEPTrUU SBISACTCA
BO3MOKHOCTh Pa3pelleHHs] OYeHb CJIa0bIX CUT'HAJIOB PEHTI'€HOBCKOIO H3JIydeHHs. MeToj
yI00€eH ISl KOHTPOJIS MPOU3BOICTBEHHBIX MTPOIIECCOB.

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 (OTOIIaCTUHKE, HWOHU3alnMs rasza, Bo3OyxueHue docdopa,
JIAIOIEr0 BUAMMBIN CBET, (hOTONPOBOJUMOCTb, BbI3BaHHAs IEHCTBHEM PEHTICHOBCKUX JIydyei
Ha TTOJIYTIPOBOJHUKOBEIE KPUCTAJLITBL.

Peructpanus ¢ororpaguyeckuMm cHnocoOOM B PEHTTEHOCHEKTPaIbHBIX NpUOOpax
cefiyac TpPaKTUYECKH HE NpHUMEHseTcs. B To ke BpemMs MIHMPOKO HCIOIB3YIOTCS B
PEHTI€HOBCKHUX CIIEKTPOMETpax, ra30HAIOJHEHHbIE AETeKTOpbl — cueTuuku [eiirepa,
MPOMOPIUOHANBHBIE cYeTYHKH. OHU TpeoOpasyroT IHEPTrUi0 PEHTICHOBCKUX KBAaHTOB B
3NEKTPUUYECKUE UMIYJIbChl. Ha Kakablii MOTJIONMEHHBIN KBAaHT JETEKTOp AaeT UMIyibc. B
MPOMOPIMOHANBHBIX ~ CUETYMKAX  aMIUIUTyJa HMIyJbca CBs3aHa C  OJHEprueu
PEHTI€HOBCKOrO0 KBaHTa. IIpM MCHONB30BAaHUM TAaKOTO [JETEKTOpa C aMIUIUTYAHBIM
CEJICKTOPOM OH MOXET OBITh TPUMEHEH ISl BBIACICHHS W PETHCTPAINH HW3ITyYCHHS
TpeOyeMbIX JauH BOJH. KonuuecTBeHHBIH aHaNW3 JIETKUX OJJIEMEHTOB IO JIMHUAM
XapaKTEPUCTUIECKOTO PEHTICHOBCKOTO  CIIEKTpa 3aTPYJHEH BCIEIACTBHE PE3KOTO
ocnabiieHus JIMHHOBOJIHOBBIX JIMHUN B OKHE cueTuyuka. JlanpHelmmii mporpecc aHamusa
CTaJ BO3MOJKHBIM TIOCIIEe Pa3pabOTKH MPOTOYHBIX CYETYMKOB. OKHA ISl pEHTT€HOBCKOTO
W3JIy4eHHs JeNlaloT B HUX HACTOJIbKO TOHKHMMHM, YTO yTedKa raza HeuzoOexHa. CUeTUHKHU
MOTYT YCIEIIHO paboTaTh, €CIIM Yepe3 HUX HEMPEPHIBHO MPOITYCKAETCS Ta30BbIi MOTOK.

JleificTBUE CUMHTHIUIALIMOHHBIX CYETYNKOB OCHOBAaHO HAa BOSHUKHOBEHHH CBEUEHUS MPU
MOTJIONMICHHN PEHTTCHOBCKUX KBAaHTOB (IIOOPECHHUPYIONIUM MaTepuaioM. B  HuX
HaOMrogaeTcss MPONOPIUOHANIBHOCTh MEXJY BEIMYMHOW (aMIUTUTYIOH) HUMIIylIbca |
SHEPTHEH  PErucTPUPyeMOTro KBaHTAa. B  KOpPOTKOBOJHOBOW  00JacTH  CHEKTpa
1[eJeco00pa3Ho HCMHOJIb30BaTh CIHUHTHUIAIMOHHBIE CUETYMKH, a JJIMHHOBOJIHOBOM —
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IIPONOPLIMOHATIbHBIE.

[Ipn mornomeHnn peHTr€eHOBCKUX KBAHTOB IOJYINPOBOJHUKOBBIM JIE€TEKTOPOM B HEM
BO3HHUKAIOT JJIEKTPUUECKHE HMIYJIbCHl, OTPA0OTKAa KOTOPBIX MPOBOJIUTCS C IOMOIIBIO
MHOTOKaHaJIbHBIX aHalU3aTOpOB. [loNynmpOBOAHUKOBBIE IETEKTOPHI AAIOT BO3MOXKHOCTH
pPEruCTpUPOBATh OYEHBb ClIa0ble CHUTHAJBI, YTO IO3BOJIET CHU3UTH A0CONIOTHBIN Ipenen
oOHapyeHHs 3neMeHTOB. Kpome TOro, 3To MO3BOJISIET UCIOJIB30BATh ISl BO30YKICHUS
U3JIyYEHHUS FJIEMEHTOB PaAO0aKTUBHbBIE U30TOIIBI.

Penmeenosckue  cnexkmpomempur.  OTeduecTBeHHbIE U 3apyOexxHble  mpubop!
CTPOMUTENBbHBIE  MPEANPUATUS NPOU3BOAIT ULIMPOKUW  acCOPTUMEHT  amlmaparyphl,
MpeJHa3HAauYeHHOW MJig MPOBEACHUS PEHTTeHOCHEKTpalbHOTO aHanu3a. Beibop mpubopa
ompenensieTcss KOHKPETHOH aHanmuTuyeckod 3amadeir. K ¢akropam, KoTopwle cieayer
MPUHUMATh BO BHUMaHUE, OTHOCSTCS: CJIOKHOCTh P00 MO XUMHUYECKOMY COCTaBy, TUIl U
KOJIMYECTBO MPOO, CTOUMOCTD 3JIEMEHTOOIPEICICHUS, METPOJIOTUUECKIE XaPAKTEPUCTHKHU
u apyrasi uHopmaius, KOTOpyro HaJ0 MOJYy4UuTh 00 0Opa3uax.

Ilo ceoemy  HazHaueHurw  cnekmpomempuvl — OelAMCA  HA  KOPOMKOBOIHOBbIE,
OJIUHHOBONIHOBble U  8ceONHO8ble. Cnekmpomempol, uMewujue HECKOIbKO KAHA08,
YCMAHOGIEHHBIX 0J11 0OHOBPEMEHHOU PeSUCMPAUUU ORPEOeeHHbIX OJIUH 60JIH, HA3bIGAIOM
keanmomempamu. I1o cnocoby videnenus aHaIUMUYecKol TUHUY CHeKMpaibHble Npudopbl
oesim Ha KpUCMAbhvle U OeCKpucmaivhble.

Penmeenopaouomempweckuii ananus.

PenTtrenopaauomMeTpuyeckuii aHalu3 HalleJl [PUMEHEHHE B MPAKTUKE TOPHO-
000raTUTENbHBIX U METAILTYPTHUYECKUX MPEANPUATHNH. ITOMY CIOCOOCTBOBAIU pa3padboTKa
BBICOKOO((EKTUBHBIX  JETEKTOPOB  ClIaboro  (JIyOpEeCHEHTHOTO  PEHTTEHOBCKOTO
U3JIyYeHHs, a TakKe MPOMBIIUICHHBIH BBIMTYCK I[IHPOKOro Habopa paauoaKTUBHBIX
M30TOMNOB C OTHOCHUTEJIBHO HEBBICOKON LIEHON M MOJAXOMSIIMM MEPUOJOM Iojypacrnaja.
Haunbonee yacto HCHONB3YIOTCS HM30TOMBI, HCIYCKAIOIIME - ) -KBAaHTHl B pe3yJbTaTe
3axBaTa SAPOM OPOMTAIBHOTO »SJIEKTPOHA, Hampumep - Pe, °C<+ PannoaxrueHOE
U3JIydeHHe OT HMCTOYHMKA MajJaeT Ha oOpas3eln W HHIAYHUPYeT B HeM (IyopecleHTHOe
U3JIydyeHHe. DTO H3JIy4YEHUE 3aMepsieTCs MPONMOPLUUOHAIbHBIM CUYETYUKOM M pe3yJbTaT
u3MepeHus: oOpabarsiBaeTcsi Ha DBM, BKIIOUeHHOH B OJIOK 3JIEKTPOHUKH Tpubopa. B
KayecTBE OKOHYATEJIbHOTO pe3yJibTaTa Ha HU(POBON HMHAMKATOp (AMCIUICH) BBIIAIOTCS
JaHHBIE MO COJAEPXKAHUI0O XMUMHYECKUX DOJEMEHTOB B 00pa3le ¢ HUX CHMBOJbHBIMHU
0003HaYEHUSIMU.

PeHTreHopannoMeTpuyeckue aHaan3aToOpbl IMpelHa3HAYeHB! JIJIs aHajdu3a O0BEKTOB Ha
3JIEMEHTHI OT (e=12) nmo Il (r=92). TI'pamyupoBka mpuOOPOB
OCYULIECTBISETCA MO CTaHAAapTHHIM oOpasnaMm. CoBpeMeHHbIE KOHCTPYKIIMU aHAJIU3aTOPOB
MO3BOJISIFOT TMOJIy4aTh OJJHOBPEMEHHO JaHHbIE M0 1 —6 371eMeHTaM.

[Ipubopel  MOTYyT HOPUMEHATHCS JAJIA  SKCIOPECCHOTO  aHajiu3a B YCIOBHSAX
HECTAllMOHApHBIX JlabopaTopuii, B TOM 4YHCI€ s MaccoBOro aHanu3za mpod Ha
MPOMBIIIJIEHHBIX TPEANPUITUSIX.

Jloxkanvnwiii ananuz. JIOKanbHBIA PEHTTEHOCNEKTPAIBHBIN aHAIU3 HMCIOJB3YETCS IS
UJeHTU(UKAIIMK BKJIIOYEHHIH B CIUlaBax M MHUHeEpasiax, uW3ydyeHus IudQy3HmoHHBIX 30H,
pacrpenieieHus] 3JIEMEHTOB I10 MMOBEPXHOCTH U T. JI. BaXkHbIM 00CTOSATENBCTBOM SIBISETCS
TO, 4YTO MeTOJ JaéT BO3MOXHOCTh paboTaTh C TMpPEAEeNbHO MalbIMU 00beMaMu
ucclielyeMoro BeuiecTna (mopsijaka HeCKOJIbKUX KyOMUeCKUX MUKPOMETPOB).
PeHTreHocneKTpaibHbIl MHUKpPOAHAIN3aTOp OCHOBAaH Ha BO30YXIEHHUU PEHTTEHOBCKOTO
XapaKTePUCTHUECKOT0 U3ITYUEHHSI C TIOMOIIBI0 OCTPO CPOKYCHPOBAHHOT'O AJIEKTPOHHOTO ITy4YKa
U TOCIEAYIOUIEH pEerucTpanyy pa3fesIeHHOTO 0 JJMHAM BOJH PEHTI€HOBCKOTO HM3JIy4YECHMS.
JlokanpHOCTH aHanmW3a, T. €. auaMeTp ucciueayemon tromaan, 1—2 VY.km. IIpuGopsr
MO3BOJISIIOT BECTH BH3yallbHOE HAOMIOEHHE 3a HCCIeIyeMbIM OOpa3loM C MOJE3HBIM
yBenuueHueM X450, mpu 3TOM IepeKpecThe MHUKPOCKOIAa COBMAJaeT € y4acTKOM o0Opasla,
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obOnxydaembIM anekTpoHamu. [Ipu aHammM3e HEMETANTUYECKHMX OO0paslloB Ha HUCCIETyEeMYIO
MMOBEPXHOCTh HEOOXOUMO HAMBLIATE AIEKTPOIPOBOASIIINE CJIOU TOIIMHON 1 HM.

dopma npeacraBJieHus pe3yJbTara:

HasBanwe u 1ienb paboThlI.

Hanucatb cxembl ypaBHEHUN peaKInid.

CraenaTb BBIBOJI O TIPOJICIAHHON paboTe

34



