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YciioBus MpoBeeHN Ja00paTOPHBIX padoT:

1. [IpeaBaputenbHOE O3HAKOMIIEHWE C TMpPaBHJIAMH TEXHUKHU
0€30I1acHOCTH B XUMUYECKOI JIabopaTOpuUHu.

2. IlpenBapurenbHas 3alMTa TEOPETUIECKON YaCTU JIsI
MOJIYYEHHUSI IOMyCKa Ha BHITIOJHEHNE PaOOTHI.

3. Jlaboparopnas pabora ohopmiIsieTCs B TETpaan IS
1a00paTOPHBIX PadOT.

4. OdopmilIeHHBIE SKCTIEPUMEHTAIILHBIE PE3YJIbTAThI
1a00paTOPHON PadOThI MTOATBEPIKIAIOTCSA TMOJMUCHIO
pernoiaBaTers.

5. Tlocne mpoBenenuss u odopmiieHus aad0OpPATOPHOU pPabOTHI
o0s13aTeNbHA €€ 3alluTa.

['paBuMeTpruyecKUM aHaJIN30M Ha3bIBAIOT METO[
KOJIMYECTBEHHOTO XMMHMUYECKOTO aHajin3a, OCHOBAHHBIA Ha U3MEPEHUU
Macchl ONpPENEISIEMOr0 BEIIeCTBA MM €ro COCTaBHBIX YacTeH,
BBIJICJISIEMBIX B BUJE€ COCIMHEHUI HM3BECTHOIO MOCTOSIHHOTO COCTAaBa.
['paBuMeTpuyecKre OMpeneseHrus MOKHO Pa3/eIuTh Ha TPU TPYIIIbL:
METO/Ibl OCAXIACHUS, OTTOHKHU U BBIJCICHHUS.

Meroapl OCaXI€HHSI OCHOBAaHbl HAa OCAXKICHHUHM OMNpPENENIeMOro
KOMIIOHEHTa B BHUJE MaJOpPaCTBOPUMOTO XHUMHUYECKOTO COEAUHEHUS,
(UIBTPOBAHUU, MPOKATUBAHUM (WJIM BBICYIIMBAHUM) JI0 TOCTOSIHHOM
MacChl ¥ TTOCJIEIYIOIIEM ONPEACICHUN MACChl ITOJTYYEHHOT'O BEIIECTBA.

MeToasl OTIrOHKM OCHOBAaHbI Ha OTIOHKE OIPEIEIISIEMOro
KOMIIOHEHTa B BHJE JIETY4e€ro COCAMHEHUA C MOCJIEAYIOIUM
OTpeAeICHUEM MacChl OTOTHAHHOTO BellecTBa (MPSMOE OIpeeeCHUE)
WM Macchl ocTaTka (KOCBEHHOe ompezeneHue). Hampumep, npsmoe

onpeaeneaue CO2, BBIAEHSAIONIETOCS MPHU KHUCIOTHOM Pa3JIOAKEHUU
KapOOHATOB:

CaCO3; — CaO + CO,t

[IpuMep KOCBEHHOIO OIPEACICHUSI — METOJ OIPEICICHUS
KPHUCTAJUIM3ALMOHHON BOJIbI B HEOPTraHUYECKUX COCTUHEHUSX:

CuSQO45H,0 — CuSO, + 5H20T

Merogq  OTrOHKM TNPUMEHSIOT  TakXe ISl ONPEICTICHUS
comepkanns SiO2 ¢ MOMOINBIO TUTABHKOBOM KHCIIOTHI  (0Opasyercs

aeryumii  SiF4), a Takke TpU aHaIU3e HEKOTOPHIX HHUTPATOB,
00pa3yroNuXx JETy4Yre MPOTYKThI PEaKIIUH.
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Metobl BBIIEIICHHSI OCHOBAHbI HAa KOJIMYECTBEHHOM BBIJICICHUU
ONPENENAEMOr0 KOMIIOHEHTa W3 AHAIM3UPYEMOIO pacTBOpa IIyTEM
NPOBEICHUS XUMHYECKOW PEAaKUUUA C IMOCICAYIOIMUM ONpPEACICHUEM
MacChl BBIJIEJICHHOIO BEMIECTBA. JTOT NPUHLMI IIOJOXKEH B OCHOBY
JIEKTPOTPABUMETPUYECKOIO  METOJa  aHajin3a, B KOTOPOM
ONpPEACISIEMbIA KOMIIOHEHT BBIJCISIETCS W3 pPAaCcCTBOpPa B PE3yJbTaTe

AIEKTPOXUMHUYECKUX PEAKIIUM, MPOTEKAIOIIUX Ha AIEKTPOJIaXx.

Ooopyooeanue ¢ zpasumempuueckom aunanuze. OO0OpPyA0BaHUE,
NPUMEHSIEMOE B TPAaBUMETPUUECKOM aHAJIN3€, OCHOBHBIE TPEOOBAHUS U
PEKOMEH/IAIINU 110 €r0 UCTI0JIb30BAHUIO IPUBEICHBI B TA0. 1.

Ta6nuna 1 - TpeboBaHus K 000PY0BAHUIO

HaumenoBanue
000pyA0BaHUS

TpeboBaHus kK 000PY/1I0BaAHUIO

CrakaHbl

Hcmons3ytoT  XMMHYECKHE  CTaKaHbl  Pa3IUIHOM
BMECTUMOCTH. J[JI1  OCaXIeHHS KPUCTALINYECKUX
OCaJKOB OOBIYHO HCIIOJB3YIOT CTaKaHbl C HOCHKOM
BMeCTUMOCTBIO 200-250 M1, 17151 ocakaeHUus aMOpP(HBIX
ocagakoB — 100-150 mu. IIpu oamHaKOBON BMECTUMOCTH
Jydille TPUMEHSATH Oojiee HU3KHUE CTaKaHbl, T.K. HUX
JIETYe OYMINATEL OT OCaJIKa.

Boponku

MoryT OBITh Pa3IMYHOTO IUAMETPA, B 3aBUCUMOCTH OT
KOJIMYECTBA OTAEISIEMOrO0 OCAJKa, JOJKHBI HMETh
HaKJIOH CTEHOK 60° M YIJIMHEHHBIM KOCOCPE3aHHBIM
KOHEIL.

Turmm

dapdopoBbie TUTJIN MPUMEHSIOT ISt
BBICOKOTEMIIEPATYPHOTO MPOKAJIMUBAHUS OCAAKOB (10
1200 °C). Ilpu paboTe ¢ HECKONBKHUMH THUTISAMH HX
HaJ0 IMPOHYMEPOBATH CIEIUAIBHON OTHECTOMKOU
KPAaCKOM WM KOHUEHTPUPOBAHHBIMH  PAacTBOPaAMH
XJIOpUJIa JKeJlie3a, IOCJI€ HAHECEHHS! HAANUCU TUTIIH
MPOKAIMBAIOT. st BBICOKOTEMIIEPATYPHOTO
CILJIABJICHUS U MPOKAJIMBAHHUS NPUMEHSIOT
MeTaJuIM4ecKre (TJIaTUHOBBIC, 30JI0ThIe, CEepeOpsHBIE,
HUKEJIEBBIC, CTAIbHBIE), KBAPLEBBIE U Apyrue TUrIU. J[o
OKOHYaHHSI  BCEX oneparun (B3BEILIMBAHUE,
MPOKAJIMBAHKUE) TUTJIM HEJIb3d OpaTh pyKaMu, a TOJIbKO
PY MOMOIIYA METAJUIMYEKUX TUTeJIbHBIX IIUIIIIOB.

CrekJIgaHHbBIE

[IpencTaBasstoT  coOOM  CTEKISHHBIE THIJIM  C




buUnbTpyromme
TUTJIN

BIUIABJICHBIMH  (QUIBTPYIOIIMMU  IUJIACTUHKAMH U3
IPECCOBAHHOIO MOPUCTOrO CTEKIa ISl (PUIbTPOBAHUSA
C TMOCJEAYIOIIMM BBICYIIUBAHUEM B  CYIIMJIBHOM
mkady  OCagKOB,  KOTOpbIE pas3jlararoTcsi  IpH
BbicOkuX Temmneparypax (AgCl, no 200 °C); ocankos,
MOJIy4aeMbIX JCHCTBUEM OPraHUYECKUX OCaIuTeIeH Ha
KaTHUOHBI METaJUIOB,— JUMETWITIMOKCUMATa HUKEJ,
THIPOKCUXUHOJIMHATA QJIIOMUHUS U JIp.

CyllecTByeT  HECKOJBKO  COPTOB  CTEKJISIHHBIX
GUIABTPYIOIMIUX TUTJIEH C PA3IMYHBIM pa3MEpPOM TIOp,
paznuyaeMbplx 1[I0  HOMEpaMm, TMpU  ITOM €
yBEJIMUECHUEM HOMepa (QWIbTpa  IMOPHUCTOCTH
yMeHbIaercs. OUIbTPYIONIUE THUTIIA, U3TOTOBJICHHBIE
U3 TUIABJICHOTO KBaplla, MOXHO TPU MEHITh MpHU
BBICOKHX TeMIIepaTypax.

Turens ['yua

310 (hapPopoBbIi TUTENH C CETYATHIM THOM, HA KOTOPOE
NOMEILEHb! PUIbTPYyIOLIas MOIyIIeYKa U3 acOecta WM
KPYXOYKH W3 TIPECCOBAHHOTO TOJNMEHOro crekia. Mx
MOXHO HarpeBaTh 10 Temrieparypsl He Bbime 1200 °C,
HO OHU HENpPUTOAHBI JUIsl (PUIBTPOBAHUS CTYAEHUCTHIX
ocaakoB. DWIbTpOBAHUE Yepe3 (PUIBTPYIOUIUE THUIIIH
OpoBOJAT Ha ycraHoBkax (puc.l). IlpumeHnenue
(UIBTPYIOIIMX TUIJIEH JAaeT BO3MOYKHOCTb CHU3HTH
IPOJOJKUTENIBHOCT ~ TPAaBUMETPUUYECKOrO  aHaJMU3a,
IIOBBICUTb €TI0 TOYHOCTb WU YBEJIMYUTH ACCOPTUMEHT
KOMIIOHEHTOB, ONPEACISIEMBIX T'PABUMETPUUECKUM
METOJIOM.
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Pucynok 1 - ®unbrpoBanue yepe3 QGUIBTPYIONIUE THUTIU
Ha YCTAaHOBKAaX C HCIIOJb30BaHUEM OTcoca: 1 - konoa,
2- TPeIOXPaHUTEIHHOE YCTPONCTBO.

DKCHKATOp

[IpuMeHSIIOT IJisi OXJIAKICHUS TUTJIEW TIPU JOBEICHUU
UX MacChl JI0 TOCTOSIHHOTO 3HAYEHMs, a TakXke JJis
XpaHEHUs TPOKAJICHHBIX TUIJIEM W BBICyIIUBaHUS. B
KaueCTBE  OCYIIMTENS B DJKCHUKATOpax MPUMEHSIOT
oespogubiii  CaCl,, KOHIIEHTPUPOBAHHYIO CEPHYIO




KUCJIOTY, mnsATUOKUCh (docdopa. Ilpu pabotre ¢
ASKCUKATOPOM HEO0OXOIUMO CoOIIoJaTh mpaBwia: 1)
CI€AUTh, YTOOBl MPUTEPThIE YaCTU Bcerjga ObUIU
cMa3aHbl BAKYYMHOH CMa3KoM; 2) MEePEHOCS DKCUKATOP,
CIEAyeT NPHUICPKUBATHh €ro KphIKY; 3) IOMECTUB
TOpSIYMN TUTEIh B AKCUKATOP, €r0 KPBIIIKY OCTAaBJISIIOT
MPUOTKPHITOM B T€UEHHUE 3-5 MUH, MTOKa BO31YyX BHYTPHU
AKCHUKaTOpa HE mporpeercs;; 4) Henb3sl OCTaBISAThH
SDKCUKATOp OTKPBITHIM; 5) OTKpbIBas U 3aKpbIBas
AKCUKATOP, KPBIIIKY CJIEIYET CIBUTaTh B CTOPOHY, a HE
MOJHUMATb.

CrekIsIHHbIE
AJIOYKHU

[IpuMeHst0oT OOBIYHBIE W C PE3MHOBBIMU HAcCaJKaMU
(17151 CHATUSA OCaJIKa CO CTEHOK U JIHA CTAKaHOB).

YacoBble
CTEKJIa

I[J'If[ HAaKpbIBAHUA CTAKAHOB C OCaZIKaMH.

ITpombiBasiKa

HUcnons3yroT s mpOMBIBaHUS THUTJIEM W OCajJKa Ha
(buUIbTpe MOAXOASIIMM PACTBOPUTEIIEM 1 BOJOI.

bymaxusie
0€330JIbHbIE
bUIbTPHI

N3roroBmstoT u3 (UIBTPOBATHHOM Oymaru,
obpaborannoii, Hampumep, HCIl, HF. Tlpumenstor B
TOM CJy4ae, €Clid MPOAYKThl TOPEHUsI OyMaru U yroJb
He OyJlyT OKa3bIBaTh BJIMSHUA HA COCTAaB ocaaka. Macca
307161 0e3305bbIX (uibTpoB Menee 0,1 mr, T. e. mpu
B3BCIIMBAHUU HAa OOBIYHBIX AaHAJUTHYECKUX Becax
Takas Macca 30JIbl HECKaXXeTCs Ha pe3ysibTaTax
B3BemMBaHus. [lo mioTHOCTH (MOPUCTOCTH) (UIBTPHI
MapKUpPYIOT 1BETHOM OyMa)XHOH JEHTOM, KOTOpOM
OKJICMBAIOT YIMAaKOBKY (DUIBTPOB: CHUHSIS JIEHTA — IS
MEJIKO3EepHUCTHIX ocagkoB Tuna BaSOy; 6enas nenrta —
st cpegnesepHuctoix Tuna CaCoOy kpacHas jgeHTa —
JUTSL KPYITHO3EPHUCTBIX W aMOP(HBIX OCaJIKOB THIIA
Fe(OH)3. Ha »Tukerkax  yKa3aHa  30JbHOCTB
bunpTpoB, 00bryHO 0.00005 T.

CylmuibHbIN
mkad

Jns  BbIcymMBaHuUsT TIPOObI  Tocie  (UILTPOBAHUS
ocaxk1aeMoil (POpMBI UCTIONB3YIOT CYIIUIIBHBIN IIKad €
HHTEPBAIOM pabounx temmeparyp a0 150 °C.

DJIEKTPOIINTKA

[IpoObl, comepxkamue OymMakHbie (QUIBTPHI, MEpen
MpPOKaJUBaHUEM B My(enbHOM TMe4r O030J5SI0T Ha
AICKTPOIUIMTKE C 3aKPHITOM CIIUPATIBIO.

MydenbsHas
neyb

s IOJIYYEHUS IPaBUMETPUYECKON dbopmbl
OTGUIBTPOBAHHYIO  OCaXJaeMyr  Gopmy  mocie




O30J€HUSl I[POKAIUMBAIOT B My(QEIbHOH Ieud ¢
uHTEpBAIOM Temuepatyp a0 1200 °C.
Becnl WCrnonb3yroT aHAIUTUYECKUE BECHI UL OIPEACICHHS

AHAJIMTUYECKHE| MACChI IPOO C MOTPEIIHOCTHIO B3BEIIMBAHUS
+ 0.0002 r.

CTEeKJISIHHYI0 TOCyly, NPUMEHSAEMYI0O B TIPABUMETPUUYECKOM
aHaJIu3€e, MOIOT MOIOIIMMH >KUAKOCTAMH (Yalle MPUMEHSIOT XPOMOBYIO
CMECh — «XPOMIIMK»), BOJOMPOBOJHOM M 3aT€M JUCTUJIMPOBAHHOU
Boxou. Eciaum  BHYTpEHHHE CTEHKH CTaKaHOB  HEPABHOMEPHO
CMauMBaIOTCA BOJIOM (BOJa HE CTEKACT HEMNPEPHIBHOM IIJICHKOM),
HE0OXO0IUMO MPONapuTh CTaKaHbl BOASHBIM napoM. DapdopoBbie TUTIIN
OYMILIAIOT MEXAHWYECKUM IYTEM OT 3arpsA3HEHUM U MOPOTHUPAIOT
bunbTpoBaibHONM OyMaroi. Ilpu 3HAYUTENBHBIX 3arpsi3HEHUSX THUIIIH
IPOMBIBAIOT pacTBOpOM HCI (1:1) U OMOJIACKUBAIOT
TACTUUIMPOBAHHOU BOJIOM.

Texnuxka npoeedenus zpagumempuueckozo ananuza. Cxema
IPaBUMETPUUYECKOTO aHAIN3a M0 METOAY OCAXKIIEHHUS MpeaycMaTpuBaeT
MOCJIEZIOBATENIbHOE BHITIOHEHUE CIISAYIONUX OCHOBHBIX ONIEPAIIHIA:

1) or6op mpoOkI ¥ MOATOTOBKA €€ K aHAJIN3Y;

2) B3SITHE HABECKH;

3) nepeBeicHNE HABECKU BEIIIECTBA B PaCTBOD;

4) mosrydeHue 0CaxaaeMoi (OPMBI;

5) punpTpoBaHmeE;

6) npoMbIBaHKE OCaJIKa;

7) BBICYIIIIBAaHUE OCAJIKa;

8) monmyuyeHue rpaBUMETPUICCKON (DOPMEI.

Lonyuenue ocasicoaemoti ghopmui. 1lenb 3TOM onepanuu — MakCH-
MajbHO IIOJHO IIEPEBECTH OMNpESIAieMbIi KOMIIOHESHT M3 pacTBopa B
ocazoK (ocaxkaaemyro hopMmy).

PactBOpbl OcamguTene TOTOBSAT W3 HABECOK, B3SITHIX Ha
TEXHUYCSCKHUX Becax, B XUMHYCSCKUX cTakaHax. [locie moOaBieHus BCero
obbema ocaguTens (MO0 KamsiIM  — B Cllydae  OCaXKICHUS
KPUCTAJUTMYECKUX OCAJKOB M TIOPIUSMH — B Cllydae aMOpP(PHBIX) OCajiKy
JAIOT OTCTOSITBCA B YCJIOBHSX, MNPEAYCMOTPEHHBIX METOJIUKON, H
MPOBEPAIOT  TOJHOTY  OCaxaeHusa. Jlma »Toro K  pacTBopy,
HaXOAAIIEMYyCs HaJ OCaJKOM, KalleJIbHOM MUIIETKON JO0aBIISIOT KaILIio
ocamutensa. Ecim B mecTe m00aBlIeHHS KalIM PAacTBOP MYTHEET, TO
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OCAXJICHUE HEIMOJIHOE M HEOOXOAMMO J1I00aBUTh HOBYIO MOPLHUIO
ocaautens. IIpy OTCYTCTBMM TMOMYTHEHHSI TIOJIHOTA OCaXKICHUS
nocturnyra. CTakaH C OCaJKOM HAaKpbIBAIOT YAaCOBBIM CTEKJIOM, HE
BBIHUMAsl CTEKJIHHOW TMAJIOYKH, W OCTaBJSIIOT [JIsl CO3PEBAHMUS.
Kpucrammueckue ocajiky OCTaBISAIOT HA 6-24 4 1i1d cO3peBaHUs NpPU
KOMHATHOM TeMIepaType Wi HarpeBaroT Ha BOASAHOW OaHe, MOCIe Yero
GuIBTPYyIOT. AMOp(HBIE OCANKU (PUIBTPYIOT Cpasy MOCIE OCAKICHUS.

Omoenenue ocazcoaemou gopmvi. (OCHOBHAsE LEIb 3TOU
OMepaluu — KOJIMYECTBEHHOE OTJIEJICHUE OCaJKa OT pPacTBOpa M €ro
OUYHCTKA OT aICOPOMPOBAHHBIX 3arps3HEHUM.

Ocalok OTHAENSIOT OT pacTBopa IyTeM (QUILTPOBAHUS uepes
OyMakHbI 0€330J1bHbIA QUIBTP WM (QUIBTPYIOWIUNA TUTENb. Pasmep
¢unapTpa BBHIOMPAIOT B 3aBUCUMOCTHM OT KOJMYECTBA IOJYYEHHOIO
OcajKa, OCaJKOM JOJKHA OBbITh 3aloJIHEHAa OJHA TpeTh (UIbTpa.
Pa3sMep BOpOHKM MOAOHMPAIOT TakK, YTOOBI PACCTOSIHUE MEXAY Kpaem
(¢unabTpa U KpaeM BOPOHKH ObLIIO HE MEHbIIIE 7 U He Ooiiee 15 mm.

OuibTp CKIAIBIBAIOT TMOMOJIAM, MPUIVIAKUBAIOT W 3aTEM
CKJIaJIbIBAIOT €IIE pa3 MNPUMEPHO TMOMOJIaM. 3aTeM pPa3BOPAYUBAIOT
GuabTp TakK, YTOOBI MOJYYHWJICS KOHYC (OTrubOasi OJHY CTBOPKY
00pa30BaBIIETOCs YTrOJKa), U BKJIAJBIBAIOT €r0 B CTEKISHHYIO BOPOHKY
TaK, 4YTOObBI OH COOTBETCTBOBaJ IO (HOpME KOHYCY BOPOHKH.
CMauuBarOT QUIBTP BOJON M3 MPOMBIBAJIKH U PACIIPABIISIOT €0, YTOOBI
OH IJTIOTHO MPHJIETall K BOPOHKE, HE UMEIT CKIIAJIOK.

Boponky ¢ QuibTpoM BCTaBJISIIOT B KOJBIO INTaTUBAa Haj
CTaKaHOM TaK, YTOOBI OTTSIHYTHIM KOHEIl BOPOHKU KacajiCsi BHyTPEHHEH
CTEHKHM CTa-KaHa, 4To Yyckopser ¢uibTpoBanue (puc. 2). PactBop,
HAaXONAIIMMCS HAJ OCaJKOM, TMEPEHOCAT Ha (WIbTp CIOCOOOM
nexkanTanuu. g 9Toro Ha (QUIBTP OCTOPOXKHO MO CTEKJISTHHOMN
Najo4yke, NPUCTABICHHOM K HOCUKY CTakKaHa, CJIMBAIOT pacTBOD,
HaXOASIIMUACS HaJ OCAaJAKOM, CTapasch HE B3MYYHUBATh OCAJIOK.
CTEeKIIIHHYIO0 MAJIOYKY JEpkKAT BEPTHKAIBHO B JIEBOM PYKE, HUKHHM
KOHEIl €€ JIOJDKEH KacaThCid BHYTPEHHEH MOBEPXHOCTH (UIIbTpA.
OuibTp B BOPOHKE MOXKET OBITh 3aMOJHEH KUIKOCTbIO TOJBKO TaK,
yTOOBl €€ YypoBeHb Haxomwica Ha 0.5 cMm Huxe Kpas QuibTpa.
CTeKJIIHHYI0 MAJIOYKYy [OCIE KaXJI0ro MNPWIUBAHUS KUJIKOCTH
OMYCKAIOT B CTaKaH.



IIpoMbIRaNKa
9

r Pucynok 2 - JlekaHtauus u
S 4 epeHoc  ocajka Ha  OyMaKHbINA
GuIbTp: a) JAeKaHTalus pacTtBopa; 0)
NPOMBIBAHUE OCTABIIETOCS  OCaJKa

- IIPOMBIBHOU JKUIKOCTBIO.

a

[Tocne cnuBaHus OOJIBLIEH YAaCTH PacTBOpPa OCAJOK MPOMBIBAIOT
NeKkaHTaiuen. /s 3Toro Kk ocaaky B cTakaHe MPUIMBAOT HEOOIbIIUMU
MNOPIUSAMHU TPOMBIBHYIO JKHIKOCTh, COCTAB KOTOPOW NPUBOJIUTCS B
KOHKPETHBIX METOJAMKAX aHaIN3a U 3aBUCUT OT CTPYKTYPbI OCAJKOB.
[IpOMBIBHYIO KHUJKOCTh NEPEMENIMBAIOT C OCAJKOM B CTAaKaHe, JaBas
KOKJIBIA pa3 OTCTOSThCA OCAAKy, W CIHMBAIOT XKUJIKOCTh C OCaJKa Ha
(GuUIbTp, Kak yKa3aHO BbIlIE. JTy OINEpalMi0 MOBTOPSAIOT 2-3 pasa.
IIpoMbiBaHWE  JEKaHTAllMeW  3HAUUTENBHO  dA(PQdEeKTUBHEE, UYeM
npoMbiBaHUE Ha (puibTpe. 3aTeM 0CaJ0K KOJIMYECTBEHHO MEPEHOCAT Ha
bunbTp, I Yero K HEMY NPUIMBAIOT HEOOJbIIMMHU MOPUUSIMU
MPOMBIBHYIO KUJIKOCTh, B3MYUHMBAIOT OCaJIOK CTEKJISTHHOW MaJOYKON U
CIIMBAIOT CYCIIEH3UIO Ha (QUIIBTP.

OcTaBIIHiiCcS B CTaKaHE 0CAJI0K MEPEHOCAT Ha PUIIBTP CTEKIJISIHHOU
NaJIOYKOM C PE3MHOBBIM HAKOHEYHUKOM, TIIATEIBHO YIAJIAS YaCTHUIbI
OCaJika Co JIHA M CTEHOK CTakaHa. YacTuibl ocajika co JHA U CTEHOK CTa-
KaHa MOKHO TakKK€ CHATb HEOOJBIIMM KYCOUYKOM  BJIQXXHOTO
0€3301pH0r0 (PUIBTPA C MOMOIIBIO CTEKISTHHON Majl0YKH, MPUCOSANHSA
ATOT KyCcOYeK K ocajky Ha ¢unbrpe. CTakaH ¥ MaJOYKy ONOJIACKUBAIOT
POMBIBHOM JKMJIKOCTBIO, CJIUBAsI €€ Ha (PUIIBTP.

[IpombiBanue ocagka Ha (QUIbTPE MOPOBOAAT HEOOIBIIUMHU
HOPLUSAMU MPOMBIBHOW >KMAKOCTH, OOIIHMI 00bEM KOTOPOM HE JTOJDKEH
npeBbimiath 100 wmu.  [lpu  noGaBieHMH NPOMBIBHOM — KMJIKOCTH
HEOOJILIIUMH TOPLUMSAMU K OCAJIKy JIOCTUTAETCs 00Jiee MOJHOE yIaJICHUE
a7IcCOpOMPOBAHHBIX MPUMECEH C MOBEPXHOCTU ocaika. Jjis mpoBepku
MOJIHOTHI TPOMBIBAHHUSI OCA/IKa HECKOJIBKO Kameiab PuibTpara oTOUparoT
Ha 4aCOBOE€ CTEKJIO W MPOBOASAT KAYECTBEHHYIO PEAKIMIO HA HOHBI, OT
KOTOPBIX OCaJOK OTMbIBaercs. [IpombiBaHMe 3akaHUYMBAKOT MpPH
OTPHUIIATEIIBHOM PEe3yJbTaTe MPOOHI.

[Ipuembl QuiabTpoBaHUS ¢ NOpUMEHEHHEM (UIBTPYIOIIUX THUTJIEH
aQHAJIOTUYHBI OMMCAHHBIM 151 OYMaXKHBIX (PUIBTPOB.

Llonyuenue epasumempuueckou gpopmwi. Turens npokanuBaroT 15-
20 MuH B My(enbHOM Meur WIK B TJIAMEHHU Ta30BOM TOPEJIKH B TEX KE
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YCIIOBUAX, B KOTOPBIX OyIyT MPOKAIUBATh OCAJ0K, 3aTEM MPU MOMOIIU
TUTENIbHBIX IIMIIIOB MEPEHOCAT B JIKCUKATOP, OCTABIIAIOT B BECOBOMU
KOMHATE JJisl OXJIAKJEHUS J0 KOMHATHOM TeMIlepaTyphl, MOCJE Yero
B3BEIIMBAIOT HA AHAJIMTHYECKUX Becax. [lOBTOpsOT mpokaIvuBaHUE
TUTJIS B TEX XK€ YCJIOBUSIX B TEUCHUE 5 MUH, OXJIAXIAIOT B SKCUKATOPE U
CHOBa B3BECIIIMBAIOT HA TEX >K€ AHAIMTHYECKUX Becax W T. A. Maccy
TUTJII CYUTAIOT TOCTOSHHOM, KOTJla M3MEHEHHE MacChl TOCHe ABYX
nocjaeaHUX MpokauBanuii 0yner He oosbiie 0.0002 r. B nabopaTopHom
KypHaJIe JeNatoT 3anuch 1o ¢popme (Tadi.2):

Tabnuuna 2 - VI3MeHeHWe Macchl THUIJIEH B MOpoliecce
MPOKaJIMBAHUS
Macca turieu, T
IlepBblii TUTEND Bropoi1 Turesnp
1-e mpokaJiMBaHue | ... 1-e mpokanuBanue | ...
2-¢ IpOKaJIuBaHue | ... 2-¢ IpoOKalnuBaHue | ...
3-¢ mpoKaJuMBaHue | ... 3-¢ mpoKalnuBaHUue | ...

CreknsHHble (QUIBTPYIONIAE THUIJIM JOBOMST JO IOCTOSHHOU
MacChl, BBICYIIMBAasT WX B CYIIWJIbHOM IKady mpu TeMmiepaType
BBICYIITMBAHMS OCaJKa. TEeXHWKA JOBEICHUS MX MACChI JIO0 TOCTOSHHOM,
aHajiorudHa padote ¢ hapPopoBBIMHU TUTIISIMHU.

Braxxueiii GpuiabTp ¢ 0CaKkoM MOJCYIIMBAIOT MEpPea MOMEIIEHUEM
B TUTENb. J[J11 3TOr0 BOPOHKY C (PUIBTPOM HAKPBIBAIOT JIUCTOM OyMard,
IIPOKOJIOTHIM B HECKOJIbKUX MECTaxX, U MOMEUIAIOT B CYIIWJIbHBIN TIKad
npu temnepatype 100 °C. Heobxoaumo ciaeauTh 3a T€M, YTOObI HE
nepecymutb QuibTp (JoMKOCTh Oymaru). IloacymieHHbld GUIBTP C
OCaJIKOM OCTOPO’XHO BBIHMMAIOT U3 BOPOHKH, CKJIQJbIBAIOT, Kak
MOKa3aHO Ha pHC.3, U MEPEHOCAT B TUTEb, Macca KOTOPOro JAOBEACHA
110 TIOCTOSIHHOM.

[ B o,

Pucynok 3 — CBepTtbiBaHue GUILTPa C OCAIKOM

Turenap MOMEMIAIOT Ha SJCKTPOIUITUTKY W O30JSI0T (QHIBTP Tak,
9TOOBI OH HE 3aropeics.

IIo oOxKOHYaHMU O030JCHUSA 0CaaOK B THUIUVIC IIPOKAJIMBAKOT B
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My((heJIbHOM Meuu MpU yKa3aHHOW B METOJIMKE aHAJIN3a TEMIIEpAType A0
MOJIYYEHHUS TIOCTOSHHOM MacChl TUTJISI C TPABUMETPUUYECKON (HOPMOH.

[Ipu paboTe co CTEKIAHHBIMU (PUIIBTPYIOIIUMH TUTJISIMUA OCAaJ0K B
TUTJIE BBICYIIMBAIOT 10 ITOJYYEHHS ITOCTOSHHOM MAacChl B CYIIMJIBHOM
mKady npu TeMIeparype, yKa3aHHOW B METOJIMKE aHAJIN3a.

PesynpTaThl  B3BEmIMBaHHUS ~ IPOO
3aMUCHIBAIOT B JIA0OPATOPHBIN KypHal (Tadi.3).

ITOCJIC IMpOKaJIMBaHUA

Tabnuua 3 — OnpeneneHrue Macchl 0cajka

Macca turiaeu, T
IlepBblii TUTEND Bropoi1 Turesnp
Macca Macca Macca Macca
Macca Macca
MyCTOr'O | THUTJIA C IyCTOrO TUTJIS C
ocajika ocaJika
TUTJIS OCaJIKOM TUTJIA 0CaJIKOM
FpaBHMeTpl/IquKoe onpenejeHue MEeTOI0M
oCaKaeHus

Jlabopamopnasa paooma 1. Oupenesienne cyab(aToB B BOJHOM
pacTBope

Ilens pabomwi: 0OCBOUTH METOJIUKY OIPEICICHUS CYIb(haT-HOHOB
OCaXJEHUEM B BHJE KpHUCTauIMdeckoro oOejoro ocanka BaSO,; u
nojiydeHueM rpaBuMmerpudeckoit popmel (BaSO,) npokanuBaHuem.

50,7 +Ba?" . BasO, . BaSO,

JIaHHBIM ~ METOJIOM  OMNpENESAIOT CyibpaTHYIO Ccepy, a TaKxke
CBOOOJIHYI0, MUPUTHYIO U CYJIb(PUIHYIO, TPEABAPUTEIHHO OKHUCIIUB €€
10 Cyib(aTHOM.

HUcnonvzyemvle npubdopsi, peazennuvl u MemoOuKU ux npueomos-
nenusa. MydenbHas T1e4yb, aHAIUTUYECKUE BEChl, BOJAsSHas OaHs,
AKCUKATOP, CTEKJISIHHBIC MAJIOYKU, CTEKJISTHHbIE BOPOHKH, (papdopoBbie
TUTJIM, MEPHBIN TUIUHIP BMECTUMOCTHIO 100 MII, IIMMIIBI TUTEILHBIC,
XUMUYECKUEe cTakaHbl BMeCTUMOCTHIO 200-250 u 100 mui, QuiabTpsl
0€330JIbHbIE «CHHSS JIeHTa», XJopua Oapuss 3 M pacTBOp, coJisHas
kuciora 6 M pacTtsop.




12

Memooduka evinonnenus anwanuza. PacCCUNTaHHYIO U B3BEHIEHHYIO
Ha aHAJUTUYECKHX BECAX HABECKY CyJb(aTa (WM aJMKBOTHYK YacTh
aHAJIM3UPYEMOTO pacTBOpPa) MEPEHOCAT B XHUMHUYECKHNW CTakaH
BMecTUMOCThI0 200-250 M u npunuBaroT 100 M1 IUCTUIITMPOBAHHOMN
Bozbl. K momydueHHomy pactBopy no0asisitoT 2 min 6 M pactBopa HC1
Y HarpeBaroT MOYTH 10 KUIIEHUSA Ha ra30BOM ropeike. B xumuuyeckuit
crakaH BMeCTUMOCTBIO 100 mur momemaror 50 MiI JUCTHIIIMPOBAHHOU
BoJibI U1 6 M1 3 M pactBopa BaCl,, HarpeBatoT moyTH 10 KHUIECHHUS HA
ra3oBOM TOpeNKe. 3aTeM OCTOPOYKHO, MO KaIUlAM, MPU IOCTOSHHOM
IIEPEMELINBAHUY CTEKJISTHHOM MMAJIOUKON NMPUIMBAIOT HArPEThId PacTBOP

BaCly k ropsiueMy pactBopy cyibdara, Ipu 3TOM Hajgouka He JOJKHA
KacaThCsl CTEHOK cTakaHa. CTakaH ¢ 00pa30BaBIIMMCSI OCAJKOM CTaBsIT
Ha KUISIIYIO0 BOJSIHYIO OaHI0. Kak TOJMbKO 0cagoK OCSIET, U KUAKOCTh
HaJ HHUM M[POCBETJICET, MHPOBOJAT MPOBEPKY IMOJHOTHI OCAXKICHUA

BaSO4. [Hns 3TOro K pacTBOpPY Haja OCAIKOM IMPUIMBAIOT 2-3 Kaliu
ropsiuero pactsopa BaCl,, ocTtopoxHO, HE B3MyuuBas ocajka. Eciu
IIPY 3TOM HE HaOJII0JaeTCsl TOMYTHEHHUSI pacTBOpa, MOJHOTA OCAXKICHUS
JOCTUTHYTa, B IPOTUBHOM CJIy4ac MPHIMBAIOT emie | MII ropsdero

pactBopa BaCljy, nmarot ocanky ocecTb M CHOBA MPOBEPSAIOT MOJHOTY
OCQXJICHHUSI.

3aTeM CTakaH CTaBST Ha KUIIAIIYIO BOASHYIO OaHio Ha 2-3 4 s
CO3peBaHMs ocajka (WM OCTABJISIIOT B pabodeM mKady 10 CIAETyIOUIEro
3aHATUA), TOCJIE€ YEro O0caJoK (UIbTPYIOT U MNpOMBIBalOT. [
(GUIBTpOBAaHUA TPUMEHAIOT OyMaKHBIM 0€330JIbHBIM (DUIBTP «CUHSS
neHTta». IlpombIBHasT KUIAKOCTb —  JAUCTUUIMPOBAHHAsT  BOJA,
nogkucieHHas 6 M pactBopom HCI (8-10 kamems wa 100 Mt Bompl).
[loacymuBanue, o3oeHue GUIbBTpA W MPOKAIMBAHUE OCAAKa IpHU
temneparype (600-800 °C).

Ocaxnaenuto cynbdar-uoHoB B Bujae BaSO,; memaror aHHOHBI
Si032', Sn032', WO42' U Jpyrue, oOpa3yrmomme  OCaJIKH
COOTBETCTBYIOIIUX KHUCIOT MPH MOJAKUCICHUH pacTBopa. Oca)kKIeHUIO
MEIIIAIOT TaK)KE MOHBI Fe3+, A|3+, Cl', MnO4 u npyrue, coocakaacMbIe ¢
BaSO,. Memaronye noHbI JOJKHBI ObITh MPEABAPUTEILHO YAAICHBI U3
aHaJM3UPYEMOTO pPacTBOpa.

[lo macce MoJIy4eHHOTO NPHU MPOKAJTMBAHUU OCAJKa OMPEICIUTDH
coniepkanue cynbdar-uonos (C, T-HOH/JI) B aHAIM3UPYEMOM PAaCTBOPE
o popmyiie:
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C= mF°1OOO/VMSO4,

rme M — wmacca rpaBuMerpuueckod ¢opmel, T, F = 04116 -
rpaBuMeTpudeckuii pakrop; V — o0beM aHATU3UPYEMOTO PacTBOpa, M,
Mso. = 96 — MonekysipHas mMacca cyibdaT-uoHa.

Jabopamopnas paboma 2. Onpenejienue coJei xeae3a (111)
B BOJIHOM pPacTBOpe

Ilenv pabompl: OCBOUTH METOAUKY ONPEIECICHHS COJEH Kenesa,
BbICA)KMBaEMOro B BujJe amop¢Horo ocaaka. MeToj OCHOBaH Ha
ocaxaenuun xeneza (III) B Bume amMopPHOro KOpPHUYHEBOrO OcCajJKa
Fe(OH); wu momyduenun rpaBumerpudeckoir  dopmer  (Fe,O3)
IPOKAIUBAHUEM:

Fe** + 3NH; + 3H,0 — Fe(OH); + 3NH,"
2F€(OH)3 — Fe,05 + 3H,0

Hcnonvsyemvle  npubopwvl,  peacenmbvl U MEMOOUKU  UX
npucomosnenus. MydenbHas T1edb, aHATUTHUYECKUE BEChl, BOJSHAS
OaHs, DSKCHUKATOp, CTEKJSHHBIC TAJIOYKH, CTEKJISTHHBbICE BOPOHKH,
dbapdopoBbie TUTIIM, MEPHBIN [TUIUHJP BMECTUMOCTHIO 100 MJI, ITUMITBI
TUTEIbHBIC, XUMHUYECKUE cTakaHbl BMeCTUMOCTBIO 200-250 m 100 mu,
GbUIbTPHI 0€330JIbHBIC «KpAacHas JICHTa.

Amvmuak, 10 % BOIHBIN pacTBOP; HUTpAT aMMOHUS, 2 % pacTBOp;
a30THAsl KUCJIOTa, KOHLICHTPUPOBAHHASL.

Memoouxka  evinoanenusn  anaauza.  PaccuuTaHHyrO U
B3BEILICHHYIO Ha aHAJIMTUYECKUX BecaxX HaBECKY 00pasia, CoAepKallero
Fe** (w1n aIMKBOTHYIO YacTh aHAIM3HPYEMOTO PACTBOPA), IEPEHOCHT B
crakaH BMecTuMOCThIO 100 My, MOAKUCIAIOT 2-3  KaIUIsIMU
koHieHTpupoBaHHOo HNOj3; 11si okuciieHHsT MOHOB Fe”*, BO3MOXHO
COJIEPIKALLUXCS B PACTBOPE, H IS IPEJOTBPALICHHS ruapoimsa Feo u
HarpeBaroT Ha KUIsIIeld BoasHoii 6ane 1o 70-80 °C.

K ropsueMy pacTBOpy NpU TMOCTOSSHHOM TE€pEMEIIMBAHUU
npunuBator 10 % BOmHBIM pacTBOp aMMHaka JO IMOSBJIEHUS
YCTOMYMBOTO 3amaxa, Mocjie Yero K pacTBOPY € OCAJIKOM MPUIIMBAIOT
100 mn ropsden AUCTHIUIMPOBAHHOM BOJBI U CTABIAT HA KUIIILYIO
BOJsAHYIO OaHro. Ilocime ocaxmeHus ocagka, ero (QHIBTPYIOT dYepes
OyMa>kHbIN 0€330JIbHBIN (QUIIBTP «KpacHas JCHTa.

Ocanoxk Ha GUIBTpE MPOMBIBAIOT TopsuyuM 2 % pacTBOpPOM
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HUTpaTa aMMmoHuA. [IpoMbIBaHME 3aKaHUMBAIOT, KOrja Ipoda JaeT
OTPHULIATEIILHYI0 PEAKUUI0 Ha MOJHOTY MPOMbIBaHUA. [IpOMBITBIN U
MOJICYIICHHBIM OCAJIOK O30JISIFOT U NpOKaIMBatOT B Turie mnpu 1000-
1200 °C. Ilpu nauTenbHOM TMPOKATUBAHUM BO3MOXKHO MPOTEKAHUE
CIEAYIOUIUX MOOOYHBIX PEAKIIU:

t
6F€203 — 4Fe304+ OQT

I nepeBenenust Fes0, B Fey03 Kk oxnakaeHHOU
IPaBUMETPUYECKOU dopme NpUOaBIISIOT 1-2 KaIuiu
koHIeHTprupoBaHHOH HNO3; u OCTOpPOXXKHO HArpeBarOT Ha IUIAMEHU

v 2+ 3+
ra3zoBou ropenku. [Ipu atom nnpoucxoaur oxkucienue Fe” B Fe™ .
OcaxxaeHnio Fe®* MeIraoT KaTHOHBI, OCaXJAeMbIC BOIHBIM
2+ 3+ 3+
pacTBOpoM amMmuaka B Buje ruapokcugoB (Be®, Al™, Cr™ u ap.),

AHHUOHBI, KOTOPBLIC B aMMHA4YHOM cpeac 06p213y10T OCalK1u C KaTuOHaMHU,

MPHCYTCTBYIOIMME B aHanm3upyemom pacteope (PO4”, AsO,”, SiO3”
M IIp.), a TakKe KaTuOHbI, coocaxaaembie Fe(OH);, u wuoHBI,

00pa3yrolne KOMIUJIEKCHBIE COSTUHEHUS C Fe3* (F_, PO43' u 1p.). Bece
OHM TIEPE/I MPOBEICHUEM aHaIN3a JJOJDKHBI OBITh YaJICHBI.

ITo mMacce MOMYYEHHOTO IPH IMPOKAJIMBAHUKM OCaJIKa OINPEACIHUTH
comepkanue okene3a (C, T/MiI) B aHAJIM3UPYEMOM pacTBOpe IIO

dbopmye:
C =mF/V,

rme M - Macca rpaBuMmerpudeckon ¢opmbsl, 1; F = 0.6994 -
rpaBuMeTpuyeckuil paktop; V — 00beM pacTBOpa, B3ATHIN JJIsl aHAJIN3A,
M.

Jlabopamopnas paboma 3. OnpenejieHue COAepP:KAHUA HUKEJIS
(1) B BOIHOM pacTBOpeE

Ilenv pabomwi: 0CBOUTH METOAWKY ONPEICIICHUS MOHOB HUKEJIS
(1) B BomHOM pacTBOpe. MeTox OCHOBaH Ha 0Opa30BaHUK B aMMHAYHOM
cpelie MajJopacTBOPUMOr0 OCaJaKa IUMETHUITJIHOKCHMATa HHUKENS SIPKO-
PO30BOTO I[BETA:

- + - + t
Ni%* + 2C4HgO,N, + 2NH; —(C4H;0,N,)Ni + 2NH," —
(C4H702N2)Ni

HUcnonvzyemvle  npubopwvl, peacenmbvbl U MemMOOUKU  UX
npueomosienus. CymuibHBIA TTKa(, aHATUTHYECKHUE BECHI, SKCUKATOP,
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bunpTpyronui crekassHHbIN TUreNb Ne 3-20 (40 mop), konba byH3eHa,
BOJOCTPYHHBIN Hacoc, CTakaH BMECTUMOCTBIO 200 MJI,
JTAMETWITITMOKCUM, 1 % BOIHBIN pacTBOp JTHUHATPUEBOW COJIW; COJISTHAS
Kuciora, 2 M pactBop; ammuak, 2 M pactBop.

Memoouka evinoinenusn anaauza. PacTBOp, colepkallud HE
oonee 30 mr HuKesns, pa3oasiaoT Bojgoi o 100 mui, nogkucisior 2 M
pacteopom HCI no cmabokucnoii peakiuu, HarpesarorT g0 80 °C wu
N00aBJIAIOT PacTBOp peareHTa B HEOOJdbIIOM H30bITKE. Heobxomumo
n00aBUTh S MJI PEaKTUBA MPUOIM3ZUTENBHO HAa Kaxasle 10 Mr HuKens,
OJIHAKO 3TO COOTHOIIEHUE MOJKHO OBITh YBEJIMYEHO, €CJIM B PACTBOPE
npucyrctyror  Co”® u Fe”, ofpasyomme B 9THX YCIOBHSX
pPacTBOpUMBIE YCTOMUYMBBLIE Xe€JIaThl. 3aTeM J00aBiisitor 2 M pacTBOp
aMMHaKa J10 TOSIBJICHMS 3amaxa, YTO COOTBETCTBYET CJa0OIICIOUYHON
peakiuu (pH 8), u mpomomkaloT HarpeBaTh Ha BOJSIHOW OaHe HE Oosee
1 4. He cnenyer mpoBOAUTH IJWTEILHOTO HArpeBaHUsl MPH JIOCTYIIC
BO3/1yXa, TaK KaK B 3TUX YCJIOBHUAX MOXKET 00pa30BaThCs PACTBOPUMBII
xenaT Hukend. Ilociae TpoOBEpKH TMOJHOTHI OCAXKJICHHUS OCaJIOK
GUIBTPYIOT Yepe3 CTEKJISTHHBIM (UIBTPYIOMIUN TUTEIh U MPOMBIBAIOT

TETUTON BOJOW 10 HWcYe3HOBeHHS HOHOB Cl B MPOMBIBHBIX BOJaX.
CTeKJIsIHHBIN TUTENb C OCaaKoM cymat B Tepmoctate nipu 110-120 °C

710 TIOCTOSTHHOM MacChl ¥ B3BEIIIMBAIOT.
[To macce (M, T) BBICYIIEHHOTO OCajKa OMPEICIUTL COACPKAHNE
Hukens (C, Mr/mi) B aHAIM3UPYEMOM PacTBOpeE Mo Gpopmyiie:

C =1000m-F/VV

3necr F 0.2032 — rpaBumerpuueckuii ¢daktop; V — o0beMm
aHaJM3UPYEMOTO pacTBOpa, M.

Jlabopamopnas paboma 4. I'paBUMeTpUYecKOe OINpeeleHue
oapus B BaCl,2 H,0O

Ilenv  pabomer.  OCBOUTH  METOAMKY  KOJWYECTBEHHOTO
onpeneneHus Oapus, UCIMONb3Ysl TpaBUMETpUdeckuii metoj. Mon Ba*
oOpasyeT psii TpPyAHOPACTBOPUMBIX COJICH: KapOOHAT, OKcaiaT, XpoMmar,
cynbdat u ap. Haumenee pactBopumbiM siisiercs cyiabdar 6apus (ITP
= 1.1-10™). Do BewecTBO YIOBIETBOPSET GOIBIIMHCTBY TPEOOBAHMIA,
OPEAbIBISEMBIX K OCaJKaM B TPAaBUMETPUUECKOM aHaJIN3€, HO UMEET
CKJIOHHOCTh K OOpa30BaHMIO MEJIKUX KPUCTAIJIOB, KOTOpBIE TIpHU
(GUIBLTPOBAHUM MOTYT MPOXOJAUTH CKBO3b MOpbl (uiabTpa. [losTomy
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cienyer o0paTuTh 0c000€ BHUMAaHHME Ha CO3/aHUE YCIIOBHIA,
ONaronmpUSITCTBYIOITIX 00pa30BaHUIO KPYITHOKPUCTAIUTHYECKAX
OCAaJIKOB.

Llpuboper u mamepuanbl. INEKTPOIUIUTKA, MUNETKHU, acOeCTOBas
CeTKa, CTCKJISHHBIC NAJOYKH, THTJIH C KpbIIKamMu, MydeabHas IIeUb,
skcukarop ¢ mpokaseHHbIM CaCly, mmumipl, cTakaHbl BMECTHMOCTBHIO
100 u 400 M. Peaktussr: BaCl,-2H,0, 2 H pactBop HCI, 100 M 2 H
pactBopa H,SO,, Boponku guamerpom 60 MM, GUIBTP «CUHSS JICHTa»
muamerpoM 90 MM, pazbaBiieHHAas a30THASI KUCIIOTa, KOHUYECKHUE KOJIOBI
BMECTUMOCTBIO 250 M1, pactBop AgNQOj3, TUCTUIIMPOBAHHAS BO/IA.

Memoouka eévinoanenusn ananusza. Hasecky BaCl,-2H,0 (macca
ot 0.3 o 0.6 ) mepeHocAT B XUMUYECKUM cTakaH BMecTUMOCThI0 400
M1, pactBopsAroT B 100 MiI TUCTUIIIMPOBAHHOM BOJABI, MPUOABIIAIOT 3-5
mia 2 H pactBopa HCI u HarpeBaroT Ha acOECTOBOIl CeTKe J0 Hayaia
kurnenus. [lapannenbHo B apyroi Koi0e HarpeBaroT MOYTH J0 KUTICHUS
3-5 mn 2 H pactBopa H,SO,4, npeaBaputenbHo pazdaBiaeHHOro 30 mi
JTUCTUJUTUPOBAHHON BOJIBI. 3aT€M CTaKaH C TOPSIYMM PacTBOPOM CEPHOM
KHUCIIOTHI CTaBAT HA CTOJ M MEIJIEHHO MPHUOABJISIIOT MPH DHEPTUIHOM
NepeMENIMBAHUN TAJOYKOW TOpAYMid pacTBOp Xjopuja Oapus
(mpuMepHO 110 2-3 KaIljid B CEKYHIY).

[locne mnonaHOrO mnNpuOaBICHUS  CEPHOWM KHCIOTHI, MAOUYKy
OMOJIACKMBAIOT HaJ CTaKaHOM CTPYHKOW BOJbI M3 MPOMBIBAJIKH,
HAKpBIBAIOT YaCOBBIM CTEKJIIOM WJIM JUCTOM OyMard M OCTaBIISIOT
CTOSITh HE MeHee 12 4YacoB Ml yKpyHHEHUs (CO3pEBaHUs) YaCTHIL
ocaJika.

Hns duneTpoBaHust ocaaka OepyT IUIOTHBIA (UIBTP «CHUHSS
JIEHTa», XOPOIIO MPUTOHAKOT K BOPOHKE M BCTABIAKOT B KOHHYECKYIO
KOJI0y. 3aTeM JeKaHTUPYIOT >KUJIKOCTh HaJl OCaJKOM IO CTEKJISTHHOMN
najouke Ha QuibTp, GUIBTPAT MPOBEPSIIOT HA HAJIMYME MYTH (€ciiu
MYTHBIH, cieayeT npoduibTpoBaTh Yepe3 TOT Ke (QUIbTP) U, €CIU OH
po3pavHblid, BHUIMBAIOT U3 KOJObI. [locie storo 3-4 pasa npoMbIBatOT
OCaJIOK JIEKaHTAllUEN TOpAYEN IUCTUIUIMPOBAHHOW BOJOHM, CJIETKA
nojkucieHHon cossHor kuciotor (2 mu 2 H HCI ma 100 mi BojsI),
3aTeM, B3MYTHB OCaJ0K, ero (QuibTpyroT. [IpucrtaBimime kK cTeHKam
CTaKaHa YacTHUIbl OCaJKa YAAISIOT CTEKJSIHHOW MaJO4YKOW C HaIEThIM
PE3MHOBBIM HAKOHEYHUKOM M CMBIBAIOT CTPYEW BOABI U3 MPOMBIBAJIKH.
Ocanok Ha (QuiIbTPE MPOMBIBAIOT TOpSYEH MUCTUILTUPOBAHHON BOJOM
10 TeX Mop, Moka B (UIbTpaTe >KUIKOCTh, CJETKa IOJKUCICHHAs
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a30THOM KHUCIIOTOW, HE MEpPEeCTaHeT JaBaTb MyTh INpHU A0OaBICHUU
HUTpaTa cepedpa.

[ToncymuB GuabTp ¢ 0CaaKOM, €ro MepeHocsT B JOBEACHHBIN 10
MOCTOSIHHOT'O BECA TUT'eJIb, OCTOPOYKHO O30JISIIOT Ha JJIEKTPOIUIUTKE MPU
3aKPBITOM KPBIIIKE W MPOKATMBAIOT B My(denpbHOW meun 20 MUH [0
oOeJIeHUs COIEPKUMOTO THUTJIS, 3aTEM OCTYKAIOT B SKCHUKATOPE.

PaccunteiBator conepxkanue Oapus (Cgy,%) B HaBecke XJIopHuia
Oapusi 1Mo Qopmylie M  CpPaBHUBAIOT IIOJYYEHHOE 3HAYCHUE C
TeopeTudeckuM (56.2 %):

Cga = 100m-F/G,

rae M — Macca NoJy4eHHOro MpH MpoKaJMBaHuu cyib(dara Ooapus, T; F
= 0.5884 — rpaBumerpuueckuii daktop; G — B3sATasg I aHaIM3a
nasecka BaCl,-2H,0, r.

I'paBuMeTpuyeckoe onpeaejeHne MeTOA0M U3MEPEeHUS
MacChl 0CTATKA (KOCBEHHBIM METOI0M)

Jlabopamopnas  paboma 5. OnpenejieHne  COAePKAHUA
JABYXBAJEHTHOT0 MaPraHia B COJIAX C)KUTAHUEM HABECKH

lleJlb paﬁombl: OCBOUTHb MCTOIUKY OIPCACIICHUA COACPIKAHUA
ABYXBAJICHTHOI'O MapraHiia B COJBIX Ha IIPUMCPEC alcTtara WJIN XJI0pHuaa
MapraHia. MCTO,Z[ OCHOBAH Ha BBICOKOTCMIICPATYPHOM CKUT'daHUHU COJIN
MapraHia 10 €ro OKCHuaa 110 pCeakuuu € IOCJICAYIOMHNM OIIPCACIICHUCM
MacCChbl OCTaTKa.

AMn?* +30,— 2Mny03 (1)
3Mn*" +20,-Mnz0s  (2)

Ucnonvzyemvle  npubopvl, peazeHmbvl U MeMOOUKU  UX
npueomosienus. MydenbHas nedb, aHAIUTUYECKUE BECHI, IKCUKATOP,
CTEKJIAHHBIC MaJO4YKH, CTEKJSHHbIE BOPOHKH, GapdopoBbie THUTIIH,
LUIILb] TUTEIIbHBIE.

Memoouka  evinonnenusa  aHanu3a.  B3BEIIEHHYHO  Ha
aHAJIUTUYECKUX BECaX HABECKY COJM Mapraiia (XJopuj WU areraT
Mapraiiia) TOMEIIAI0T B TMOATOTOBJICHHBINA MPOKaJCHHBIA THUTENb,
CTaBAT €ro B My(elbHYIO MeYb U MOJHUMAIOT Temieparypy 1o 600-
700 °C npum cxuranmn mo peaknuu (1) u mo 1100-1300 °C mpwm
C)KUTaHUHU 1O peakiuu (2).

[To macce (M, r) MOJIYIEHHOTO OKCHA ONPEACIUTL COACPKAHUC
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mapraniia (Il) B anamusupyemom oOpasiie comu Maprania (Il) mo

dbopmye:
Cwmn = 100m-F/G, %.

3nece F = 0.6960 u 0.7203 B cuaywae peakuuu (1) u (2),
cooTBeTcTBeHHO; G — HaBecka conm mapranma (1), r.

Jlabopamopuas ~ paboma 6. OnpeaejieHue coaepKaHUA
KPUCTAJUIOTHAPATHOM BOAbI KOCBEHHBIM METOI0M OTTOHKH

Ilenv padompl: OCBOUTH METOAUKY OIPENCIICHUS COJEPKAHUS
BOAbl B KpUCTaJIOrWapaTax. MeToJ OCHOBAaH Ha U3MEPEHUH IOTEpPHU
MacChl aHAIU3UPYEMOro 00pasia Mpu €ro BhICYIIMBAHUU B CYIIMJIBHOM
mkady npu QukcupoBaHHON Temieparype. KoHkpeTHee ycioBUs
(Temnepartypa,  OPOJOJDKUTEIBHOCTh  BBICYIIMBAHUS M T.1.)
ONPENEIISIOTCS MPUPOJION aHATU3UPYEMOIO OOBEKTA U YKA3bIBAIOTCS B
METOJIMKE aHAJIN3A.

Hcnonvsyemvle  npubopwvl,  peacenmbvl U MEmMOOUKU  UX
npucomosnerusi. BIOKChI, BEChbl aHAIMTHUYECKHE, CYIIMIbHBIA IKad,
AKCUKATOp, MEHTAruapaT cyjibdara Meau.

Memoouka evinoanenus ananuza. Jlo TPOBEIACHUS aHaAIU3a
pPacCUMTHIBAIOT ~ONTHMalbHY0O Maccy (M) HCXOMHOM  HaBECKH
nerraruapara cyiabpara meau (1) CuSO,4 5H,0, koTopyro HeoOxXo1uMo
B3STh JUISI ONpPEACNICHUS] COAEpKaHUs BOJbI B HATOM COCIUHEHUU
KOCBEHHBIM METOJIOM OTTOHKH.

[Ipu BEIOOpE ONTUMAIBHOM MAaCChl HCXOHOM HaBECKH MCXOJST U3
TOT0, YTOOBI OTHOCHUTEJIbHASI OIITMOKA ONPEIEICHUS He npeBbimaa +0.2
% mpu yCIOBMU B3BEIIMBaHUA OOpaslia Ha aHAJIUTUYECKUX Becax C
touHocThio +0.0002 r. Maccy ucxoaHoi HaBecKu OepyT TaKkou, YTOObI
Macca yAalsieMbIX JIETy4MX BEIIECTB W Macca OCTaTkKa IOocie HuX
ynajaeHus Obuta 061 He MeHee 0.1 1. Pacder maccel (M, T) MPOBOJAT TIO

dbopmye:
m = 0.1-100/C, re

C — TeopeTH4ecKoe COJAEp)KAHUE KPUCTAUIM3AIMOHHONW BOJILI B
KpucTamoruapare, %:

Chzo = 100-Myp0 IMcysosnzo = 100-5-18/249.7 = 36.04 %
m=0.1-100/36.04 = 0.28 ¢
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TakuM oOpazom, onTUMalibHAs Macca MCXOJHOM HABECKU HE JIOJKHA
ObITh MeHbIIe 0.28 T.

PaccuuTaHHyl0 HaBECKY aHAJIM3UPYEMOIo 00pasiia, B3BEUICHHYIO
Ha aHAJUTUYECKUX Becax ¢ TOYHOCTHIO £(0.0002 r, moMemarT B CyXou
(mpenBapuTEbHO B3BELICHHBIM) OIOKC WJIM THUrElb, BHOCAT B
CYIIWJIBHBIN MIKa( W BBIAEPKUBAIOT B TEUCHHE MPUMEPHO JBYX YaCOB
npu 3agaHHou Temmneparype (okono 100-110 °C), mpu KoTopoii
YAQUISIIOTCSL TIapbl CJ1Ia00CBSI3aHHOM BOABI M JIETYYMX BEIIECTB. 3aTeM
OOKC (TWUrenab) OBICTPO MEPEHOCAT B HKCUKATOP C OCYIIUTENIEM,
OXJIAXXAarT, BblaepxkuBas 30-50 MMH mpu KOMHATHOM TeMIIEpaType,
nocje 4ero OrKC (TUrelsib) B3BENIMBAIOT BMECTE C COJACPKUMBIM Ha
AHAJIUTUYECKUX BECaX.

OnucaHHyl0 omnepanyio MOBTOPSIOT, MOMEIasi CHOBa oOpasel] B
CYIIWJIBHBIA IIKad yXke Ha MEHEe IMPOJOJDKUTEIHHOE BpPEMsS. OKOJIO
yaca. [loBTopHBIE omepanu MPOBOASIT IO JOCTHKEHHUSI MOCTOSHHOU
Macchl Orokca (TUrisl) ¢ oOpa3ioM. AHalu3 OOBIYHO 3aKaHYMBAIOT
TOT/1a, KOTJIa Pa3HOCTh MEXK]y IBYMS MOCJCTHUMHU B3BEIIMBAHUSIMU HE
MPEBBIIIAECT TOrPEIIHOCTH B3BEIIMBAHUS Ha AHAIMTHYECKUX Becax
+0.0002 r.

Conepxanue KPUCTAJUITM3ALIMOHHOU BOJIbI (C,%) B
KPUCTAJJIOTUIpaTE PaCCUUTHIBAIOT 11O (hopmyJie:

C =100-mgy.,./m,

M — Macca HWCXOJHOM HABECKHW KpHUCTaUIOruapara, I; My, — Macca
OCTaTKa IMOCJ€ BBICYIIIMBAHUS KPUCTAJUIOTHIpATa, T.

KOHTPOJIBHBIE BOITPOCBHI
1. UTo Ha3bIBaeTCsS rpaBUMETPUYECKUM aHATIU30M?

2. Kakue OCHOBHBIE METOJIbI TPABUMETPHUUECKOrO aHAIM3a BaMm
u3BecTHbI? Kakoi U3 METOI0B UCIIOJIb30BAJICS B JAHHOM J1a00paToOpHOM
pabote?

3. HazoBuTe OCHOBHBIE >Tambl ONpCACIICHUA JXKCJIC3a II0 MCTOAY
OCaXKJICHUA.

4. Kak nmpou3BOAUTCS B3SITUE HABECKU UCCIIETYEMOIO BEleCcTBa?

5. Kak npou3BOAUTCS MPOLECC OCAKIACHUS?
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6. UTo moHMMAIOT 1OJ] rpaBUMETpruyeckoil popmoii? Kakre oCHOBHbBIC
TpeOOBaHUS K HEU MPEIBABISIOTCS?

7. Kak ocyiiecTBiisieTcst IEPEBOJT OCaJKa B TPaBUMETPUUYECKYIO (opMy?
KakuMm crocobomM 53TO OCYIIECTBISJIOCH B JIaHHOM J1abopaTopHOM
pabote?

8. Ot kakux (hakTOpPOB 3aBUCST pa3Mep U YKUCIIO YACTHUIL OcaaKa?

9. Kakue tpeGoBaHUs NPEABSBISIOTCS K OCAIUTEII0 B TPaBUMETPH-
4eCKOM aHaiuse?

10. Kakume TpeOGoBaHUs  TIPEABABISIOTCA K  OCAXKITAaeMOH W
rpaBuMeTpuyecKon popmam?

11. Kak BIMAIOT Ha pacTBOPUMOCTb  OCajJKa MPUCYTCTBUE
OJIHOMMEHHBIX C O0CaaKoM MOHOB, pH cpenbl, HOHHAs cujia pacTBoOpa,
KOHKYPHUPYIOUIME PEAKIIMU KOMILJIEKCOOOpa30BaHMsI?

12. Kakumu OIPUYUHAMHU 00yCJIOBJIEHO 3arpsI3HEHUE
KPUCTAITMYECKUX OCATKOB, aMOP(HBIX 0CATKOB?

13. OOocHy#iTEe YCNOBUSI OCaXACHUSA KPUCTAJUIMYECKUX U aMOP(HBIX
0CaJIKOB.

14. Kakumu mpeuMyliecTBaMu 0071aJal0T OpraHWYeCKHe OCaauTeNn
nepes Heopranwdeckumu? Kakue opraHudeckue ocaauTenu Bel
3HaeTe?

15. Tlpemnoxure B OOOCHYHTE COCTaB IMPOMBIBHOM KMIKOCTH IS
npoMbiBanus ocaakoB: Fe(OH)3, Al(CgHgNO)3, AgCl.

16. Kakue QuibTpsl NPUMEHSIOT B TPAaBUMETPUU IJIsi OTICICHUS
ocaxxaaemMout popmbl?
17. BaxHeillline OpraHM4ecKUe U HEOPTaHUYECKHUE OCATUTENH.

18. TlorpenrHocTH B rpaBUMETPUIECCKOM aHAIIU3E.

19. Ananutuyeckue Becbl. UyBCTBUTENBHOCTH BECOB U €€
MaTEMaTHYE€CKOE BhIpaKCHUE.

20. TIlpuMepbl MPaKTUUECKOTO MPUMEHEHHUS T'PaBUMETPUUYECKOTO

MCTOAa aHaJIn3a.

21. Bemager au ocagok AQCl mpu cMmemnennn paBHbIx 006eMoB 0.2 M
pactBopa NaCl u 0.1 M pactBopa AgNO;?

22. Bemager mu ocanok Cay(PO,), npu cMelmeHUH pPaBHBIX 00BEMOB
0.1 M pactBopa CaCl, u 0.05 M pactBopa NazPO,?

23. Beruuciuth pactBopumocTts Agl: a) B Boge; 6) B 0.1 M pactBope
AgNOg; B) B 0.01 M pactBope KNOs3.

24. Bpruucauts pactBopuMocTs B 0.001 M pactBope HCI: a) BaCOg
0) AIPO,.
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25. Beruucnute pactBopumocts: 8) AgCl B 1 M BomHOM pacTBOpe
ammmuaka; 0) FePO, B 1 M pactBope NH,OH.
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