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FrPABUMETPUYECKUU AHAJIU3

I'paBuMeTpHrYecKMii MeTOJ SBISIETCS HAnOOJEe MPOCTHIM U TOY-
HBIM, XOTS JIOBOJILHO MPOJOJIKUTEIBHBIM METOJIOM aHayu3a. Ero cyii-
HOCTh 3aKJIF0YAETCS B TOM, YTO OMNPEACIIIEMYIO YaCTh aHAIU3UPYEMOTO
BEIIECTBA M30JIMPYIOT JIMOO B YMCTOM BHUJE, JIMOO B BUIEC COCTUHEHUS
OMPEJICIICHHOTO COCTaBa, KOTOPOE 3aTEM B3BEIIMBAIOT.

['paBUMETpHUYECKHE METOIBI TOAPA3EISIOT HA METO/Ibl OM2OHKU T
METOBI ocaxcoenusA. 1Ipu OTTOHKE ONpPenessieMbIi KOMIIOHEHT BBIJE-
JISIIOT U3 TPOOKI B BUE ra3000pa3HOro BEIIECTBA U ONPEICIISIIOT Maccy
OTOTHAHHOTO BelllecTBa (MpsAMOM MeToAd) MO0 Maccy ocTarka (KOCBEH-
HbI1 MeTox). B MeTonax ocaxkieHusi onpeaeisieMblil KOMIIOHEHT BCTY-
MaeT B XMMHUYECKYIO0 PEAKIMI0 C PEaKTUBOM — OCaJUTEIEM, 00pa3ys
TPYJTHOPACTBOPUMBIN MPOAYKT (OCATOK), KOTOPBIA OTAEISIOT, MTPOMBbI-
BalOT, BBICYILIMBAIOT W OMNPEACISAIOT MAcCy HAa AaHAIMTHYECKUX BECaX.
Merton ocaxkieHHs UCTIOJB3YETCs Ha ITPaKTUKE HA0O0JIee IIUPOKO.

JlabopamopHas paboma 1
OnpedeseHue KpucmaaAu3adyuoOHHOU 800bl
8 xs1iopude 6apus

CymHocts Metona. Kpucmannuzayuonnoii Ha3bIBalOT BOLY,
BXOJISIIIYI0O B CTPYKTYPY KPHUCTAIJIOB HEKOTOPHIX BEIIECTB — KpH-
crauioruaparoB, Hampumep CuSOy4- 5 H,0, FeSO4 - 7H,O u T. 4.
[Ipyn xpaHeHUH YacTO MPOUCXOAUT BBIBETPHBAHUE KPHUCTAIIIOTH]IPA-
TOB, T. €. YaCTHUYHAS WJIW TOJIHAS TOTEPS UMHU KPHUCTAJUIM3AIMOHHON
BOJIBbI C COOTBETCTBYIOIINM U3MEHEHUEM XUMHUUYECKON (POPMYJIBI.

OmnpeneneHue BOJbI B KPUCTAIIIOTUAPATAX MIPOBOJAT KOCEEHHbIM
Memooom omzonku. MeToa OCHOBaH Ha TOM, YTO MPU HarpeBaHUH
KPUCTAJUTOTUIPATHl PA3/IaraloTcsi ¢ BBIJCICHUEM BOJbI, MACCy KOTO-
PO HAXOJAT IO Pa3HOCTU MACC HABECKH JI0 U TIOCJI€ BBICYIITUBAHMUS.

JIist mpoBefieHUsT aHaIW3a HaBECKY KPUCTAJJIOTHUIIpaTa B3BEIIH-
BAlOT Ha aHAJUTHYECKUX BEcCax, IMOMEIIAIOT B IPEIBAPUTEIHHO B3BE-
IMIEHHBIN OFOKC, BHOCSIT B TEPMOCTAT (CYIIMIIbHBINA MIKa() U BBLICPIKU-
BalOT mpu 3amanHon Temreparype (110-120 °C), mpu kotopoit ynia-
JISTFOTCS TIaphl KPUCTAITU3AIMOHHON BOBI M JICTYYHX BEIIECTB. 3aTeM
OIOKC OXJIAKIAIOT 10 KOMHATHOM TeMmIepaTypbl W B3BEIIUBAIOT
Ha aHAJTUTUYECKUX Becax. Omepanuio MOBTOPSIOT 0 TEX IMOp, MOoKa



Macca OIOKCa HE TIIepeCTaHeT H3MEHSIThCS, UYTO CBUJETEIbCTBYET
O TOM, 4TO BCSl KpUCTaJUIM3allMOHHAs Boja yaaieHa. [lo pasHuue uc-
XOJHOM M KOHEYHOM MacChl OIOKCAa C HAaBECKOM OMPEACISAIOT COAEp-
YKAHUE JIETYYMX BEIIECTB 10 OTHOIIECHUIO K B3ATOM HABECKE.

O0opynoBaHue: BeChl TEXHUYECKHE, BEChl AaHAITUTUYECKHUE, CY-
IIUJIbHBIN IKad), TUT€IbHBIC MBI, SKCUKATOP, OFOKC C KPBIIIKOHM.

PeakTuBbBI: IBYXBOAHBIM KPUCTAIUIOTUAPAT XJI0OpUIa Oapusl.

Xoa ompenenenusi. HaBecky kpucramioruapara OepyT maccoi
B npenenax ot 1,0 7o 1,5 r, 14 3TOro coib B3BEIIMBAKOT HA KaJbKe
HA TEXHUYECKUX Becax. 3aTeM ONpPEACNISIIOT Maccy MyCcToro Orokca
C KPBIIIKOM Ha aHAJIMTHYECKUX Becax ¢ ToyHocThio a0 0,0002 r
(17151 TOTO TPOBOST TPU MAPATIICIBHBIX B3BEIIUBAHUS U O PE3YJib-
TaTaM BBIYUCIISIOT CpeJHee 3HaueHue — My). [lepen B3BemMBaHUEM
OIOKC JTOJDKEH OBITHh BBICYIIICH M MOJMNMcaH. HaBecky ¢ KaabKu mepe-
HOCSIT B OIOKC, 3aKPBIBAIOT €0 KPBIIIKON U OMPEIEISIOT Maccy OroKca
C HaBeCKOW (Take MPOBOJAT TPH B3BEHIMBAHHUS M IO Pe3yJbTaTam
BBIYHCIISIOT CpPeJIHEee 3HauCHUE — M,). JlaHHbIC 110 B3BEHIMBAHHUIO 3a-
HocsT B Tabm. 1. Ilo pasHuiie Mmacc 6rokca ¢ HaBECKOM U MyCTOTO OIOK-
ca BBIYMCIIAIOT MAacCy HaBECKH Kpucrautoruapara (ms).

Tabmura 1

Pes3ynvmamul onpedenenus maccwl (2) xaopuoa oapus
00 U nocje 6bICyUuGaAHUA

B3BemmuBanus Macca
Onpenenenne macc
nepBoe | Bropoe | Tpetbe | (CPeAHS)
brokc 0e3 HaBecku m;
brokc ¢ HaBeckoi ms
BaCl,-2H,0 — — — ms
BaCl, (nepBoe BhICyIIMBaHUE) My1
BaCl, (Bropoe BbicymmBaHue) My
BaCl, (TpeThe BrICyIIMIBaHHE) My3
H,0 — — — Ms

OTKpBIB OIOKC, MOMEIIAIOT €ro B CyHIMIbHBIN mKkad Ha 30 MuH.
3aTeM TUTEIbHBIMM IIHUMIAMH TEPEHOCSAT OIOKC B IKCHUKATOP



st oxyaxkaeHus. Kppliky Orokca mpu 3TOM HE 3aKphIBalOT. B akcu-
KaTope OIOKC OXJaXIalT 10 KOMHATHOW TeMIIepaTyphl B TEUEHUE
10-15 muH, 3aKpbIBAIOT KPBIIMIKONW U TMEPEHOCIT HA AHATIUTHUYECKUE
BECHI ISl TIEPBOTO B3BEIIMBAHUS TOC]IE BRICYIIMBaHUsA. Maccy comu,
OMpEeNIETICHHYI0 KaK cpeaHee apuMEeTHUYECKOEe TpeX MNapajuieIbHbIX
u3MepeHuli, 3aHocat B Tabmuimy (My,). Jlamee cHOBa cTaBAT OIOKC
(C OTKPBITOM KPBIIIKOW) B CcymmibHbIN mikad Ha 20 MUH, TOBTOPHO
OXJIAKIAOT B DKCUKATOPE U CHOBA B3BemMUBaIoT (My,). Eciu pe3yin-
TaT MOBTOPHOTO B3BEIIMBAHUS OTJIMYAETCS OT MPEAbIAYIIEro He Ooee
gem Ha 0,0002 r, To MOXXHO CUHMTaTh, YTO KPUCTALIN3AMOHHAS BOJIA
MOJIHOCTBIO yJialieHa. B MpOTUBHOM ciydae MPOBOAST TPEThE BBICY-
IIMBaHKE, OXJIAKICHHE M ONpeAcacHue Macchl (My3).

IIpoBenenue pacueroB
1. Onpenenenre Macchl HABECKH KpHCTaJIOruapara Mz (T):

m,=m,—m,.
2. OnpenenieHre Macchbl BOALI Ms (T):
m, =m, —m,,, eciu IpOBOAWIOCH ABa BbICYIUINBAHNU,
m, =M, —M, ,, €CIIu IPOBOAWIOCH TPH BBICYIIIMBAHUS.
3. TeopeTuueckoe omnpeesieHrne MaccoBoi 1014 Boabl (%0):

BaC|2' 2H,0 — BaC|2 + 2H,0

n =1 Moip n = 2 MOJIb

M = 244,26 r/moib M = 18,015 r/momb
m=nM=24426rT m=nM=36,03r

_ m(H,0)-100% _ 36,03-100 %
™ m(BaCl,-2H,0) 244,26

4. ITpakTrdeckoe ornpeesieHrue MaccoBoi 101 Bobl (%):

o,0)  =—MHO) 500,
P m,(BaCl,- 2H,0)

=14,75%.

o (H,0)

5. AGcomoTHas morpemHocTh onpeaenenus AX (%):

AX = ‘O‘) (HZO)HpaKT. —w (HZO)TeOpA .
6. OTHOCHTEIIbHAS ITOIPEITHOCTh onpeaeieHus o (%):
AX
o= -100 % .
® (HZO)TeOp.



JlabopamopHasa pa6boma 2
OnpedeseHue maccoeoll 001U UOHA 6apus
8 €20 c0/15X 8 sude cyabhama 6apus

CymHocTh MeToaa. ['paBuMeTpruecKoe onpeaeaeHrue 00bIINH-
CTBa BEILIECTB WM MOHOB MPOBOJAT MEMOOOM O0CANHCOEHUA . OTIpeie-
JSIEMO€ BEIIECTBO (MOH) C MOMOIIBI0 XMMHUYECKON peaKlnu MepeBo-
AT B OpMy TPYJHOPACTBOPUMOTO COeAUHEHUs — ocaaka. Ocaaok
OTJCJISIIOT OT pacTBopa (UIBTPOBAHWEM WM LEHTPUDYTUPOBAHUEM,
IIPOMBIBAIOT C IEJBI0 yAAJICHHUs] MMOCTOPOHHHUX MPUMECEH, BBICYIIIH-
BaIOT WJIM MPOKAJIMUBAIOT 0 MOCTOSHHOTO 3HAYEHUSI MACChl, KOTOPYIO
OTIPEICIIAIOT Ha AHAIMTUYECKUX BECaX.

B Meroae ocaxaeHUsl pa3iMyalOT ocaxcoaemyro ¢opmy, B BUIE
KOTOPOW OIpENEIsieMOe BEIIECTBO NEPEBOJAT B OCA/IOK, U pasumem-
puyeckyro gpopmy, B BUJie KOTOPOI ONpPeNeIieMOe BEIECTBO B3BEIIU-
BalOT. DT (POpPMBI MOTYT COBMaJaTh, & MOTYT M OTJIMYATHCS JIPYT
ot apyra. Hampumep, mpu ocaxxaeHud HMoHa Oapus cyibdaT-uoHOM
ocak/aemasi ¥ TpaBUMETpUIecKast pOpMbI COBITAIAFOT:

SO%~
Ba®>* —=% - BaSO, | —[ROAMBAC , B3SO,
onpeoensaemulii.  ocaxcoaemas zpasumempuyeckan
UOH dopma dopma

3+
A mpu onpeneieHny HOHOB FE™" ocaxkieHneM B BUJI€ THAPOKCUIA
3TU (POPMBI OYAYT OTIANYATHCS:

2Fe® —89H 5 2Fe(OH), | IPOR RIS Fe,0, 4

onpeoensiemulii  0caxcoaemas cpasumempuyecKan
UOH ¢dopma ¢opma
Ompenenenrne MOHOB Oapusi OCHOBAHO HAa WX OCAXKIICHUU M3 pac-
TBOpa cCymb(ar-moHamum mo peakumn: Ba®* +S0? — BaSO, .
Hampumep, xmopua Oapwsi, UCIIONB3YEMbI B JTAOOpATOPUU B BHJIC

ABYXBOJHOI'O KpHUCTAJLJIOrHApAaTa, BBaHMOﬂCﬁCTByeT C ocaagureciieM
COINIAaCHO YPABHCHUIO pCAKIINH:

BaCl, -2H,0+ H,SO, — BaSO, { + 2HCI +2H,0.

Cynbdar O6apus — 0JHO U3 Haubojee TPYTHOPACTBOPUMBIX CO-
enunenuid Oapus (Kg=1,1-107), OH mnpaKTHYECKH HEPaCTBOPUM
B KHCJIOTaX, UMEET CTPOrO OINPEACICHHbIA COCTaB, COOTBETCTBYIOIIMIA



dopmyne BaSO,. IIpu npokanuBanuu coctas cyibgarta 6apusi He MEHs-
€TCsl, a 3HaYuT, ocaxknaeMas (opma COBIAAAECT C TPABUMETPUYECKOM.
B kadecTtBe ocaauTens MPEeAnoYUTalOT CEPHYIO KHUCIOTY, YUUTHIBAs €€
nerydectb. Ho mockonpky BaSO,4 o cBoer npupoae — MENKOKPUCTAII-
JIMYECKOE BEILIECTBO, MPU OCAKIECHUU HEOOXOJIMMO CO3/aTh YCJIOBHUS,
00ecIeunBaoIIUe MOTydeHre 00Jiee KPYIMHBIX KPUCTAILIOB.

[Tpu npokanuBanuu ocanaka ¢ ¢uibTpom (600—-800 °C) Bo3MOXK-
HBI CJIEAYIOIINE HEXKENATENbHBIE TPOLECCHI:

1. IIpu o3onenuu (cropanun) dpuibTpa ocagok BaSO, vactuuHo
BOCCTaHABJIMBAETCs yriiem 10 BaS:

BaSO,+2 C — BaS + 2 CO,,
IIpY MPOKAIMBAHUM OCaJKa KUCIOPOJ BO3/lyXa BHOBb OKHUCIISIET BaS:
BaS + 2 O, — BaSO,.

2. CaumkoM BBICOKAs TEMIIEpaTypa MPOKAJIUBAHUS MPUBOAUT
K pa3JI0KEHUIO YaCTH OCAJKA:

BaSO, — BaO + SOs.

[ToaToMy TpoKalMBaHUE TUTJISL C OCAAKOM MPOBOJAT A0 MOCTO-
SHHOM Macchl. ITO OyJeT yKa3blBaTh HAa TO, YTO MOOOYHBIE MPOIIEC-
Chbl 3aKOHYMJIUCh, U OCAJO0K HE COJAEPKUT MPUMECEH, yAansieMbIX
MPOKaJIMBAHUEM.

OO0opynoBaHue. BEChl TEXHUUYECKHUE, BEChl aHAIUTHUUYECKUE, CY-
IIWTBHBIN Kad, MydenpHas neub, IMTa dJIeKTPUIecKas, SKCUKaTop,
TUTEIbHBIC IIUMILI, TPOMBIBAJIKA, OIOKC C KPBIIIKOM, MUMETKH 00be-
MOM 2 Mi H 5 M (rpaxydpoBaHHas), OC330JbHBIH (QUIBTP «CHHSISA
JIEHTa», BOPOHKA 7151 PuiabTpoBanusi, papdhopoBbIii TUrENb, XUMUYE-
CKHE CTaKaHbl, CTEKJISTHHAS Maj0ouKa, IPEeIMETHOE CTEKJIO.

PeakTMBBI: JBYXBOJHBIM KpPUCTALIOTHApAT XJjopuaa Oapus,
kuciora cepnas (pactsop, C = 1 moinb/n), Kuciaora a3otHas (pacTBop,
C = 2 MOJIB/), KHCIOTa THUKPHUHOBas (pPacTBOp C MAacCOBOM JIOJICH
1 %), autpat cepedpa (pactBop, C = 0,1 Momw/n).

Xoa onpeaeneHus

1. B3aTne HaBecku. ToUHOE ompeieNieHne HABECKU XJiopuaa 0a-
pusg M3 (okosio 0,5 1) TPOBOASAT HA TEXHUYECKUX, & 3aT€M Ha aHaJIU-
TUYECKHUX Becax aHAJIOTMYHO padote 1, 3amomnHss Tad. 2.



Tabmnura 2

Onpeodenenue maccel (2) xaopuoa u cyavhama oapus

B3semnBanus Macca

Onpenenenne macc
rmepBoe | BTopoe | TpeThbe | (CPEmHsis)

brokc 6e3 HaBecku m,
brokc ¢ HaBecKou m-
BaC|2'2H20 — — — ms
ITycroit Turenp My
Turens ¢ BemeCTBOM m

(mepBo€ MPOKAJIIMBAHHUE) >
Turens ¢ BEIECTBOM m

(BTOpO€ MPOKAITMBAHUE) 52
Turens ¢ BEIECTBOM m

(TpeThe MPOKaJIMBAHUE) >3
BaSO, — — — Mg

2. PacTrBopenne B Boae. HaBecky ximopuaa Oapusi mepeHOCST
u3 OIOKCa B TEPMOCTONKHUI CTakaH. BIOKC MHOTOKpPATHO OIOJacKHBa-
10T HEOOJBIIUM KOJMYECTBOM JUCTUUIMPOBAHHON BOJBI M BBUJIMBAIOT
e€ B CTakaH, KyJa NepeHeclin HaBecKy. Boabl 100aBISIOT CTONBKO,
YTOOBI OOIINHN 00BEM KUAKOCTHU B cTakaHe ObnL1 okos1o 50 mi. Hasec-
KY PacTBOPSIIOT MNPU MNEPEMENIMBAHUM C TMOMOIIBIO CTEKJISIHHOW Ta-
noukn. Ha 3TOoM miare u nanee nmajodky 3 cTakaHa He BRIHEMArOT (1),
T. K. HA HEW HaXOJATCSl YaCTHUIIbI OMPEICIISIEMOTO BEIIECTRBA.

3. Pacuer koquvecTBa ocaauTeisi u ocaxaeHue. Ocagok Cyib-
¢dara Gapus noaydaror nmpu oOpabOTKe pacTBOpa XJjopuaa Oapus cep-
HOM KUCIJIOTOM C KOHIIEHTparuen 1 mMosib/i. JIjisi MOJHOTHI OCaXKACHUS
KUCJIOTY OepyT ¢ u30bITKOM (k03 duuuent uzdpiTka K =1,5). Co-
IJIACHO YPABHEHUIO PEAKIMU ISl OCAKICHUS 1 MOnb xJjiopuaa Oapus
Tpebyetrcsa 1 Mosb cepHoOM kucaoThl. CieaoBaTelbHO, 00bEM CEPHOM
KHUCJIOTHI (MJT) PAaCCUMTHIBAETCS TAKUM 00pa3oM:

n BaCl, - 2H,0) = (BaCl;-2H;0)
M (BaCl,- 2H,0)
n(H,S0,)=n(BaCl, -2H,0);




n (H,S0,)-1000- K

V H SO = )
(H,;S0,) C (H,50,)
rae C (H,SO4) — MoisipHasi KOHLIGHTpALMs CEPHOM KHUCIIOThI (paBHAs
1 monw/m); 1000 — MHOXUTENb JJI1 THepeBoja oObeMa pacTBOpa

U3 JIUTPOB B MIIITHINTPBI, K — k03 durment n3odpiTka (paBHbii 1,5).
C y4yeTroM H3BECTHBIX 3HAYEHUU YKa3aHHYI (GOpMyTy MOKHO
npeodpa3zoBaTh CIAEAYIOMUM 00pa3oM:

V(H,S0,) = m (BaCl,-2H,0)-1000-1,5
o M (BaCl,-2H,0)-1

PaccuntanHblii 00bEM OCaIUTENIsI OTMEPSIIOT MEPHOM MHUIETKOMN
Y BBUIMBAIOT B JIPyroll TEPMOCTOMKHUN cTakaH. B Hero moOaBisior
2 MJI pacTBOpa a30THOM KUCIOTHI JJIS JIy4YIIEro oOpa3oBaHHs OCaaKa
cynb(ara 6apus, a Takke 3—4 Karim pacTBOpa MUKPUHOBOU KUCIOTHI
JUIS TIOJIHOTO CO3PEBAHUsS OCAJKa.

Crakanbl — TEpBBIM C pacTBOpOM Xjopuaa Oapusi U BTOPOH
C KUCIIOTAaMU — HAarpeBarOT Ha DJIEKTPUYECKOW IUJIUTKE, HE JOITYCKasi
kureHus. Jlamee pacTBOpbl CHUMAIOT C MIIMThI. CMECh KUCIIOT MPUJIH-
BAIOT IO CTEKJISHHOW MaJOyYKe K pacTBOpYy Xjopuja Oapwuisi, OCTAaBUB
HECKOJIbKO Karejdb KHUCIOTHhI JJIsi MPOOBbl HAa TOJHOTY OCaXIACHUS.
KuciaoTsl mpuianBarOT Mo 4acTAM J0 MOJHOTO OCaXIAeHUsI, YTOObI Oca-
JOK OBLIT KpYMHOKpUCTALTHYECKUM. CMECh NepEMEIIMBAIOT B TCUCHHE
3 MUH, MOCJI€ YEro KUIISTAT NPU MOCTOSIHHOM TMEPEMENINBAHUU B Te-
yenue 1 muH. [Ipu cobmoaeHnn BcexX yKa3zaHHBIX MPaBUII OCAI0K OCSI-
JIET Ha THO CTAaKaHa, a XUJIKOCTh HAJl HUM CTAaHET npo3payHou. [locime
ATOr0 MPOBOJAT MPOOY HA MOJHOTY OCAXKICHHUS U, €CIU OCAXKICHUE
MPOLUIO TIOJIHOCTBIO, COAEPKUMOE CTaKaHa BMECTE C IAJOYKOU
OCTaBJISIOT HA 2 yaca JJIs CO3PEBaHUS OCajIKa.

4. IIpo6a Ha moTHOTY ocaxaeHus1. Kamio npo3padHoil )KuaKoCTH
HaJ OCaaKOM 3a0WpaloT CTEKJISSHHOM TaJOYKOM U  TEepPEeHOCAT
Ha [PEIMETHOE CTEKJIO C PpacTBOPOM ocamgurelid. Ecinu mosBisiercs
MYTb, CIEIYET N100aBUTh OCATUTEINS B CTAKaH CO CMEChIO, TTOBTOPUB BCE
Onepalnu OCaXJICHUS, U BHOBb IIPOBEPUTH HA TOJHOTY OCaxIeHus. Ec-
JIA PACTBOP HE MYTHEET, 3HAYUT, OCAKICHUE MPOILIUIO ITOJHOCTHIO.

5. PuiabTpOBaHME U IPOMbIBaHUE 0caaKa HA puiabTpe. Cyxou
0€330JIbHBIN (PUIBTP «CUHSS JICHTa» CKJIaJbIBAIOT BUETBEPO U MOME-
IAI0T B YUCTYIO BOPOHKY. [loAroHstoT GuiibTp 1o BOPOHKE U CMAUHU-
BAIOT €0 JUCTWUIMPOBAHHOW BOJOW W3 IPOMBIBUIKH, OCTOPOMKHO

9



MpUXKKMMasl CTEKISTHHOM Majouykoil Oymary K CTeHKe BOpPOHKH. Ecim
(GUIBTP XOPOILIO MOJOTHAH, TO HOCHUK BOPOHKH 3aIOJHUTCS BOIOU
u puibTpoBaHUe OyJeT NpoXoauTh ObicTpee. 107 BOPOHKY CTaBAT
CTakaH Jyisi cOopa MPOMBIBHOM JKMAKOCTH (JIJIs1 9TOU €U MOKHO HC-
MOJIb30BaTh CTAKaH, B KOTOPOM pPaHEe HaXOUJIACh CMECh KUCIIOT).

OCTOpOKHO, HE B3MYUYMBasi OCaJI0K, CIMBAIOT MPO3PAYHBIN pac-
TBOP IO CTEKJITHHOM Mayiouke Ha QUIBTP, 3aMOJIHsA €ro He 0osiee YeM
Ha 2/3 (ecnu moTepeTh MajblieM IMOJ| «HOCUKOMY CTaKaHa C OCaJIKOM,
OH He OyJeT CMauuBaThCsl BOJOM W KAl (UIBTPYEMOU >KUIAKOCTHU
He OyAyT CTEKaTh IO BHEIIHEH CTeHKEe cTakaHa). CTeKIsTHHAS MajJovKa
JOJDKHA HAaXOAUTHCA TOJBKO HaJl (DUIBTPOM WM B CTaKaHe, HEb3s
noTparuBatbesi €0 10 GuibTpa. Takum oOpa3zom (GUIBTPYIOT MOUYTH
BECh PACTBOP C OCaJKa, CTApasCh MEHBIIEC B3MyYUBATh €r0. DTOT Me-
TOJ, Ha3bIBACTCS OeKaHmauueil.

[Tociie 3TOr0 MPUCTYMArOT K NPOMBIBAHUIO OCAJKa JJIsI MOJHOTO
yIaJeHUsl MOHOB XJyopa. B crakan HammuBaroT 20-30 M qucTHILIMpoO-
BAHHOW BOJbI, B3MYYMBAIOT OCAJOK IAJIOYKOM, HAIOT OTCTOSTHCS
U JICKAaHTUPYIOT KUAKOCTh C ocajka Ha GuiasTp. [Ipouenypy mpomsl-
BAHUs MOBTOPSIOT HE MeHee Tpex pa3. Ilocme aToro ocraBmmiics oca-
JIOK, OCTOPOYKHO B3MYUYHBAasi, CMbIBAIOT U3 CTaKaHa HEOOIBIIMMHU OP-
IUASIMHA BOJIbI, CTEKJISTHHYIO NAJIOYKy MPOMBIBAIOT HaJ OCAJKOM C MO-
MOIIBIO MPOMBIBAJIKHU.

6. IIpo6a Ha mosHoTy mMpombiBanus. [locneaHIo0 Kamio mpo-
MBIBHOM >KUJIKOCTH C KOHIIa BOPOHKM IOMEIIAIOT Ha MPEIMETHOE
CTEKJIO M HAaHOCST Ha HEro Karullo pacTBopa HuTpaTta cepedpa. Ecnu
OTMBIBAaHHE OCaJIKa MOJHOE, TO peaKklvsl Ha aHUOH XJiopa OyJIeT OTpH-
LIATEJIbHOM, T. €. KaIllid pacTBOpa OCTaHeTcs Ipo3payHou. [Ipu moss-
JIEHUU MYTH ITPOMBIBAHUE OBTOPAIOT.

/. BoicymuBanue ocaaka. BopoHky ¢ ¢GUIbTpOM NOMEIIAIOT
B CYIIWJIbHBIN MKad ¥ MOACYUBaOT 5 MuH nipu Temmneparype 100 °C.

8. IpokanuBanue ocaaka. OuIbTp C MOJACYIICHHBIM OCAIKOM
BBIHUMAIOT U3 BOPOHKH U CBOPAUYMBAIOT B BUJIE KOHBEPTA, BHYTPH KO-
TOpPOro HaxoauTcs cyibdar Oapus. KoHBepT momemniaroT B YHUCTHIM
MPOKAJICHHBIN TUTEIb (MacCy TUTJISI My NPEeABAPUTEIBHO OMPEACIISIIOT
Ha aHAJUTHYECKUX BECax). 3aTE€M THUTEb MEPEHOCIT C MOMOIIBIO TH-
TeIbHBIX IIUIIIOB B My(PeNbHYIO MeYb, PA30TPETYIO JI0 TeMIEpaTyphl
700 °C. IlepBoe mpokanuBaHue MpoBoaiT B TeueHne 30 MUH 0 MOJI-
HOTO Oo30sicHUs QuiabTpa. [locie 3Toro TUreaTbHBIMH ITUIIIIAMU TIepe-
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HOCSIT TUT€JIb B SKCUKATOp A1 oxaaxaeHus (10—15 mun) u npoBoasr
IIEpPBOE B3BEIIMBAaHUE, pe3yjbTaT 3aHOCAT B Tabmuiy (Ms,). [danee
MOBTOPSIOT POLIEAYPY NPOKaIMBaHUA B TeueHHE 20 MUH, OXJIQKIAIOT
TUTeJb B SKCUKATOPE W CHOBa B3BEMIMBAIOT (Msy). Eciam pesynbrar
MTOBTOPHOT'O B3BEIIMBAHUS OTJIIMYACTCS OT MPEIBIAYIIEro He Oolee
yeM Ha 0,0002 r, TO MOKHO CUMTATh, UTO Macca JOCTHUIJIA TOCTOSIHHO-
ro 3Ha4YeHUs. B MPOTUBHOM cily4ae MPOBOJAT TPEThE MPOKAIMBAHUE
(20 MuH), oxJaXkIeHHE U ompeacieHre Macchl (Ms ).

IIpoBenenue pacueros
1. Onpenenenue Macchbl HABECKHU XJiopuaa 6apust Mz (T):

m,=m,—m,.
2. Onpenenenue Macchl cynbdara 6apust Mg (T):
M, =M, —M,, €CJIX IIPOBOAMUIIOCH JBA IIPOKAIMBAHUS,
M, =M, —M,, €CIX IIPOBOAUIIOCH TPU NPOKAJIMBAHMS.
3. ConepxxaHue onpenensieMoro BemiecTBa X (T), a B HaCTOSIICH
paboTe 910 noHs! Gapust (Ba>"), BIHCISIOT 110 popMye:
x=a-f,
rJie & — Macca rpaBuMeTpuueckoii popmel (T); f— daxTop nepecuera.
dakTop mepecueTa MOKA3bIBACT OTHOIIEHHWE MOJISIPHOM MacChl
OTpEeNIeNIIEMOr0 BEIIeCTBA K MOJISIPHOW Macce TpaBUMETPUUYECKOM
¢dopmebl. 3HaueHus f, onpeiesIeHHBIC ¢ BRICOKOH TOYHOCTHIO, 3aHECCHBI
B aHAIMTHYECKHE CIpaBOYHUKH. OIHAKO IS KaKJIOT0 KOHKPETHOTO
ciydas f HecJioKHO paccUHTaTh:
_ Ar(Ba*) 137,326
Mr (BaSO,) 233,39
Takum o6pa3zomM, macca HOHOB Oapus (T):
m(Ba*)=a- f =m,-0,5884.
4. TeopeTudyeckoe OMpPENETICHUE MAacCOBOW JIOJM HOHA Oapus
(Ba®") B xuopuze 6apus (BaCl,-2H,0) (%):
B Ar(Ba*")-100 % ~ 137,326-100 %
P Mr(BaCl,- 2H,0) 244,26

5. [IpakTHueckoe ompeAcieHne MacCOBOM JOJM HOHA Oapusd
(Ba®") B xuopuze 6apus (BaCl,2H,0) (%):

=0,5884.

o (Ba®")

=56,22%.
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2+
0@y —— MBT) 500,
" m, (BaCl,-2H,0)

5. AGcomoTHas morpenHocTh onpeaeneHus AX (%):

AX = ‘(o (Ba™) .. —0 (Ba®™), |
6. OTHOCHUTEIIbHAS MTOTPEIIHOCTH onpeencHus o (%):
AX
0= - 100 %.
o (Ba™)

TEop.

KonmpoavHasa 3adava 2.1

Eciun paGota mpoBOAMTCS Ha OIICHKY, M3HAYaJbHYIO HABECKY
xJyiopujia 6apusi B OI0KCe yuyaniumcs BbIAaeT JiabopaHt. B aTom ciyuae
B3BCIIMBaHUE OIOKca HE MPOBOJAT (TMEPBBIE JBE CTPOKH TaOIHUIIBI
HE 3aMOJHAIOT), a X0/ ONIPEACIICHHUs] HAUMHAIOT C MIYHKTa 2, pacTBOPsIs
HABECKY B BOJIE.

[Tocne mpoBeneHus aHaidW3a BBIUUCISIOT MacCy HMOHOB Oapus
(c TouHocThIO 10 4 3Haka nocine 3anaroi). I[lomyyeHHsll pe3ynbTat
OTJAI0T Ha MPOBEPKY, MOCJIE€ KOTOPOW MONYYalOT OICHKY M Y3HAIOT
MacCy M3Ha4aJIbHOW HABECKU XJIOpHUAa 6apus Mz. ITO 3HAUEHUE 3aHO-
CST B Ta0J1. 2 M UCTIONB3YIOT JJIs1 JabHEHIITNX PacueToB.
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TUTPUMETPUYECKUU AHAJIU3

TurpumMeTpr4ecKUd MeTOJd — METOJ KOJIWYECTBEHHOI'O AHAJIM-
32, OCHOBAHHBIM Ha M3MEPEHUU O0BEMa pacTBOpa peareHTa ¢ TOYHO
W3BECTHOM KOHIICHTPAUMEW — MuUmpanma, 3aTPAyCHHOIO HA pEak-
LIUIO C ONPEAECISIEMbIM BEIIECTBOM. JTO aHAJIU3, OCHOBAHHBIN HA TUT-
poBaHUU. TUTPOBAHUE MTPOU3BOAAT C MOMOIIBIO OrOpemKu, 3an0JIHCH-
HOM TUTPAHTOM JO HYJIEBOM OTMETKH. B X01€ TUTPOBAHUSA OCTENEHHO
T00aBIISIOT K PacTBOPY OIPEALIIEMOro BellecTBa (WIN €ro aluKeome
— TOYHO M3MEPEHHOM KpaTHOM YacTH PacTBOpAa) SKBUBAJICHTHOE KO-
JIMYECTBO TUTPAHTA IO MOJIHOTO MPOXOKICHUS XUMHYECKON pEaKIiu
MEXIYy HUMU — peakuuu mumpoeanusi. KOHEUHYIO TOUKY TUTPOBA-
HUSI B XMMHUYECKOM aHaJIM3€ OOBIYHO OIPEICSSIOT C MOMOIIbIO MH]IH-
KaTOPOB, XOTS CYIIECTBYIOT M O€3bIHANKATOPHBIE METO/IBI.

[IpenmymecTBO TUTPUMETPUUECKOTO METO/IA aHAJIM3A MEPE]T Ipa-
BUMETPUYECKUM COCTOUT B OBICTPOTE OMPEACICHUNA M MEHbIIEH TPy-
TOEMKOCTH. TOYHOCTH TIPU ITOM MPHOIMKACTCS K TOYHOCTH T'paBH-
METPHUYECKOTO aHAJIU3A.

B TtuTpHMeTpHYecKoM aHalM3€ HCIOIb3YIOT PAacTBOPHI C TOYHO
U3BECTHOM KoHIeHTpanued (morpemtHocts He Oosee 0,1 %), Takue
pacTBOPHI HA3BIBAIOT cmanoapmuvimu (padouumu). Paznndaaror nep-
BUYHBIC ¥ BTOPUYHBIC CTAHIaPTHI.

Iepeuunvie cmanoapmer (pacTBOPHI C MPHUTOTOBIECHHBIM THT-
pPOM) TIOJIY4YarOT PaCTBOPEHUEM TOYHON HABECKH pearcHTa B MEpHOM
K0J10€ ¥ pa3z0aBiIeHUEM MOJYYEHHOTO pacTBOpa A0 METKU. 3HAsl MaccCy
pPacTBOPEHHOTO BEIIECTBA U O00BEM PACTBOpPA, MOXKHO BBIYUCIUTH
KOHIICHTpaIuio. [IpUMEHSIOT clienyromue BUAbI KOHIICHTPAIUH.

1. Monapnasa konyenmpayusa C (MOIb/1):

mB-Ba _ nB-Ba

M __ -V Vv

B-Ba p-pa p-pa

rae Mg, — Macca pacTBOpeHHOro BemiectBa (T); M, ., — MoJspHas
Macca pacTBOPEHHOTO BeliecTBa (T/MOJb); Ny, — KOJWYECTBO pac-
TBOPEHHOT'O BEIECTBA (MOJIB); V), ,, — 00BeM pacTBopa (11).

2. Monapuasn KORUEHMPAYUR SKeusaneHma (vemap. — mHop-
manvras konyenmpayus) C e (MoIB/1):

13



m
c e = C.z,

= Ml/z V

B-Ba p-pa

rae MY

B-Ba

— MOJIIpHAasi Macca PKBUBaJIEHTa BellecTBa (T/MOJIb); Z —

YUCJI0 YKBUBAJICHTHOCTHU, MOKA3bIBAIOIIEE YUCIIO SKBUBAJICHTOB BEllle-
CTBa, cojJiepKamuxcs B 1 MoJib 3TOro BellecTBa (ONpeneseTcss npu-
MEHHUTEILHO K KOHKPETHOW XUMHUYECKOU peakiun); 1/2 — dakTop k-
BUBAJICHTHOCTH.

3. Tump pactBopa T (r/mn):

m_ .. _C-M

Vo e 1000
rae Vp.pa — 00BEM pacTBopa (Mi).
4. Ycnoenulit mump, Wi mump no onpeoeniemomy 6euiecmay,
Tg/a (/M) MOKa3BIBaCT Maccy ompejaeiieMoro Bemiecta (A), pearu-

pyromyto ¢ 1 M qob6asiaeHHOTro TUTpanTa (B):
m, o MZ_CMy

B-Ba

ATV B TMYE T 1000

PeareHT nJig NpUroTOBICHUS MEPBUYHOIO CTaHJApTa JAOJKEH OT-
BE€UYATh CJIEAYIOLIUM TPEOOBAHUSAM:

- UIMETh KBasMpuKkaruio He Hke YA (4ucToiii 115 aHATN3a);

- OBITh HEJIETYUYUM;

- OBITh HETUTPOCKONIMYHBIM (HE MOTJIOIATh BOAY);

- HE TIOIJIONIATh YTJIEKUCIIBIN a3 U JpyTrue KOMIOHEHTHI U3 aTMO-
cdepsl;

- CTPOTr'0 COOTBETCTBOBATH XUMHUYECKOU (hopMyIIE;

- AMETh TI0 BO3MOXXHOCTH OOJIBIIIYI0 MOJISIPHYKO MacCy 3KBHUBa-
JieHTa (YTO CHMYKAET MOTPEITHOCTh MPU B3BEIIUBAHUH ).

JInsi TpUTrOTOBJIEHUSI TMEPBUYHBIX CTAaHJAPTOB TAKXKE YaCTO HC-
TONB3YIOT cmandoapm-mumput (Yycmap. — puxcanaivl) — BBITYCKa-
€MbI€ MPOMBIIIJIEHHOCTHIO 3aMassHHbIC aMITYJIbI, COAEPKAHUE BEIIECTB
B KOTOPBIX TOYHO MU3BECTHO.

Ecnu peareHT He oOTBeYaeT TpeOOBAaHUSAM, MPEAbIBISIEMbIM
K IEPBUYHOMY CTaHIApTy, U3 HEr0 MOKHO W3TOTOBUTH 6MOPUUHbBLIL
cmanoapm (pacTBOp C YCTAHOBJICHHBIM TUTPOM) — CTaHJAPTHBIN pac-
TBOP, XapaKTEPUCTUKNA KOTOPOTO YCTAHOBJICHBI MO MEPBUYHOMY CTaH-
napty. B 3ToM ciyuyae TOTOBST pacTBOp peareHTa ¢ MpUOIU3UTEIbHON

T
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KOHLICHTPALMEN, a 3aT€EM YCTAaHABJIMBAIOT TOYHYK) KOHLECHTPALMIO ITY-
TEM TUTPOBAHMSI PACTBOPOM MOAXOIALIETO IEPBUYHOTO CTAHIAPTA.

PaznuyaroT Tpu OCHOBHBIX CIIOCO0A TUTPOBAHU: IpsMoOeE, oOpart-
HOE U 3aMecTuTeNbHoE. [Ipu npamom mumposanuu pactBop onpeze-
asiemoro BemiecTBa (A) HEMOCPEACTBEHHO THTPYIOT PacTBOPOM THT-
panta (B). DToT cmoco6 HamboJiee MPOCTOM, HO €ro He YJaeTCs MpPH-
MEHUTbh, Korjaa A HeycTou4uuBo, Korja A u B meaineHHo B3auMoei-
CTBYIOT (MO0 HE B3aMMOJEHCTBYIOT) FUIM KOTJa HE yAaeTCs TOJ0-
OpaTh MHAUKATOP. B 3THX ciydasx MpUMEHSIOT 00OpaTHOE WJIH 3aMe-
CTUTEJIbHOE TUTPOBAHHUE.

Oopamnoe mumposanue (1o ocratky). K pactBopy Beniecta 4
T00aBIISIIOT CTPOr0 OTMEPEHHBIHN, 3aBEIOMO M30BITOUYHBIN IO OTHOIIIE-
HUIO K BEIIECTBY A 00bEM JOMOJHUTEILHOTO paboyero pacTpopa Be-
niectBa C, pearupyrouiero ¢ A B 3KBUBAJICHTHBIX KoJindyecTBax. [locie
OCTaTOK HemnpopearupoBapiiero C OTTUTPOBHIBAIOT OCHOBHBIM THT-
paHToM B.

3amecmumenvnoe mumposanue. Bce KOIMUECTBO BeliecTBa A
MEePEeBOIAT (3aMEIIAl0T) XUMHYECKON peakineil ¢ 3aBeJOMbIM H30bIT-
KOM peareHTa D B SKBHBaJEHTHOE BEIIECTBY A KOJWYECTBO BEIIECTBA
C, KoTOpoe U OTTUTPOBBIBaIOT TUTpaHToM B (B u C npu sToM momk-
HBI B3aMOJICCTBOBATh CTEXHOMETPHICCKH ).

B TuTpuMeTpruuecKOM aHaIM3€ HUCMOJIB3YKOT PEAKIHUH BCEX TH-
MOB: HEUTpaJIU3allUU, OKUCIECHUS — BOCCTAHOBJIEHHUS, KOMILIEKCOOO-
Pa30BaHUS U OCAXKICHUS.

KHC/IOTHO-OCHOBHOE THTPOBAHHE

KucioTHO-0CHOBHOE THTpPOBaHME OCHOBAHO HA pPEaKUUH
Heumpaiu3ayuu.
H"+ OH — H,0,

IIPU 3TOM B XOJI€ TUTpOBaHUs n3MeHsaeTca pH pactBopa. 9tum merto-
JIOM OIPEACNSIOT KUCIOTHI, OCHOBAHUS U COJU (pacTBOPbI KOTOPBIX
TIOJIBEPKEHBI THAPOJIM3Y, a TaKKe KHUCIIBbIE M OCHOBHBIC). B HEKOTO-
PBIX CIIy4asiX MOHO OIPEAEIATh U KOHUEHTPALMIO 3TUX BELIECTB
B UX CMECHX.
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TurpanTamu MeToja ABISIOTCSA pacTBOPHI CHIIbHBIX KuciIoT (HCI,
H,SO,, HNO3) u ocunosanunii (NaOH, KOH). D11 BelecTBa He COOT-
BETCTBYIOT TpeOOBaHUSAM, MPEAbSIBISIEMBIM K IMEPBUYHBIM CTaHJAp-
TaM, MOTOMY KOHIIEHTPAIMIO TUTPAHTOB YCTAHABIMUBAIOT CTAHIAPTHU-
3alMeil uX pacTBOPOB. B KauecTBe MEpBUYHBIX CTAHIAPTOB Yallle BCE-
ro ucnoiab3dyT O0ypy Na,B;0;- 10 H,O u 0e3poanbiii kapOoHaT
HaTpusi Na,COj3; (ecnu cTaHIapTU3YIOT PacTBOP KHUCIOTHI), OCH30M-
Hyto kuciory C¢HsCOOH wum  gurmapar 1maBeneBOM  KHUCIOTHI
H,C,0, - 2 H,0O (ecau cranaapTU3yIOT pacTBOP IIEI0YH ).

Jlist onipeienienrsi KOHEYHOM TOYKUA TUTPOBAHUS UCTIOJIB3YIOT UyB-
ctButenbHble K pH cpensl unankaropel — pH-unouxamopul (1akmyc,
dbeHondTanery, METUJIOBBIA OpaHKEBbIA, OPOMTHUMOJIOBBIA CHUHUM
U Ip.). DTH BEUIECTBA CHOCOOHBI U3MEHSATH CBOM I[BET B 3aBUCUMOCTHU
oT 3HaYeHus PH pacTBopa. BaxkHeiiiiei XxapakTeprUCTUKON UHIUKATOPA
SBJISICTCSl UHMeEPB8al nepexooa — VHTEpBal 3HaueHui PH, BHyTpH KO-
TOPOTO MIPOUCXOUT HAUOOJIee PE3KOE U3MEHEHHE OKPACKH MHIUKATO-
pa. Hanpumep, METWIOBBIA OpAaHXEBbIA U3MEHSAET  OKPACKy
npu pH = 3,1-4,4; denondraneun npu pH = 8,2-10,0; 6pomTHUMOIIO-
BbIii cuHuit ipu PH = 6,0—7,6 (3HaueHuss UHTEPBAJIOB MEpexo/a pas-
JIMYHBIX WHIAUKATOPOB MPHUBOAATCS B CIPaBOYHOM nuteparype). Unau-
KaTop BBIOMPAIOT TaKUM 00pa3oM, YTOOBI €ro MHTEpBaAJI Mepexoja Jje-
’aJT BOJIM3KM TOYKU IKBUBAJICHTHOCTH PEAKIIUU TUTPOBAHMSI.

JlabopamopHasa pa6oma 3
CmaHdapmu3ayusi pacmeopa coAsIHOU KUc/10mbul

CymHocTh MeTOaa. TOUHYIO KOHIIEHTPALMIO COJITHOW KHUCJIOTHI
B PACTBOPE MOKHO YCTAaHOBHUTH C IMOMOIIBIO MEPBUYHOTO CTaHIApTa
— pactBopa Oypbl. BogHbIi pacTBOp Oyphl OABEpPraeTcs rupoIn3y,
B PE3YJIbTATE YEr0 UMEET MIEITIOUYHYIO CPEY:

Na,B,O;+ 7 H,O — 2 Na"+2OH +4 H3803.

PacTtBop Oypbl TUTPYIOT PacTBOPOM COJITHOM KHCJOTHI MPSIMBIM
CIIoco0OM, Kak CHJIbHOE OCHOBAaHHME CHJIBHOM KucCIOTOH. B mporecce
TUTPOBAHHUS MTPOTEKAOT PEAKIINU:

Na,B,0;+ 7 H,O — 2 NaOH + 4 H3803
2 NaOH + 2 HCI — 2 NaCl + 2 H,0

Na,B,0, + 2 HCI + 5 H,0 — 2 NaCl + 4 H;BO;.
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N3 cyMMapHOro ypaBHEHUSI BUAHO, YTO JJII TUTPOBAHHUS 2 MOJIb
HCI tpedyercst 1 monb Na,B4O7;. B TepMunax skBUBaj€HTOB 3TO 3a-
nuceiBaetcs Tak: 1/2 (HCI) = 1, 1/z (Na,B40;) = %2. D10 o3Hauaer, 4To
IUTsl IPOBEAICHUSI TUTPOBaHMs B oObeMax 1:1 (uto Hambomee neneco-
o0Opa3Ho), Oypa JOJKHA MMETh MOJISIPHYIO KOHIIEHTpaIWio B 2 pasa
MEHBIIIE, YEM COJISIHAsI KUCIIOTA.

B Touke »skBHUBajieHTHOCTHM BenuunHa pH Oyaer Hmke 7,
T. K. B pe3yJibTare peaknuu odOpasyercs OopHas kuciora (pH = 5).
[TosToMy 1J1s1 YCTaHOBJIEHUSI KOHEUHOW TOYKHU TUTPOBAHUS HCMOJIb-
3YIOT WHIUKATOp, KOTOPHIH MEHSET OKpacKy B KHUCJIOW OO0JacTH,
npu pH 6mm3kux x 5. Haubonee momxondiyre WHANKATOPHI B 3TOM
JIAATNIa30HE — METUJIOBBIN KPACHBIA U METUJIOBBIN OPaHKEBBIN.

OO0opyoBaHue:. BeChl TEXHUYECKHE, BECHl aHATUTHYIECKHE, OFOKC
C KpBIIIKOH, OropeTka o0bemMoM 25 MJI, KOJObI MEPHBIE C MPOOKOM
oobemom 100 u 250 mi1, koJ10a KOHHUYECKas JIsi TATPOBAHUSI 0O0HEMOM
50 My, muneTkn oobeMoM S Ml (TpagyupoBaHHas) U 10 Mi1, BOpOHKa,
rpyllia, CTakaH Jijis CJIMBa, IPOMBIBAJIKA.

PeakTUBBI: JECATUBOIHBIN KPUCTAIUIOTHAPAT TeTpabopaTa HATPUs
(Oypa), kucimora  consHas  (KOHIICHTPUPOBAHHBI  PacTBOp,
p = 1,17 r/mi), HHIUKATOP METUJIOBBIM OpaHKEeBBIN (BOIHBIN PacTBOD).

Xoa onpeaeneHus

1. Pacyer u B3iTHE HaBecKHU Oypbl. PacTBOp Oyphl TOTOBST KaK
NEePBUYHBIM CTAaHAAPT C MOJIAPHOW KOHIICHTpAIllUEel SKBHUBAJICHTA
0,05 momnb/n B MepHOU K0510€ 00BeMoM 100 mit. Maccy HaBecku OyphI
(T) paccuuTHIBAIOT MO PopmyJie:

_ Yz Uz
mNaZB4O7 10H,0 — "Y' Na,B,0,-10H,0 'VK -C7,
M2 6
rae M. g,0,.10n,0 — MOJSpHAas Macca SKBUBAJICHTA Oypsbl, paBHas
190,68 r/monb; Vk — o0beM MepHOit konosl (11); CY* — MonsgpHas

KOHIICHTpAIUsI SKBUBaJICHTa OYpbI (MOJIB/JT1) B TpEOyEMOM PacTBOPE.

Paccuntannyro maccy Oypbl B3BEHIMBAIOT B OIOKCE CHayaia
Ha TEXHUYECKHUX, a 3aT€M Ha aHATUTHYECKUX Becax. MeToanka B3sTHS
HaBECKHU MOJpoOHO omucaHa B jabopaTopHoi padote 1. PesynbTaThl
3aHOCST B Ta0II. 3.
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Tabnuua 3
Onpeoenenue maccot Hasecku (2) oypser Na,B,07 - 10 H,0

B3BemmBanus Macca
OnpeneneHne Macchl
IIEPBOE | BTOPOE | TPETHE (cpemHsist)
brokc 6e3 HaBecku m;
brokc ¢ HaBeCcKoM m,
Na,B,0; - 10 H,O — — — M3=Mm, —my

2. IlpuroroBjieHre CTAHJAPTHOIO pacTBopa Oypbl. MepHyio
kosi0y oobemMoMm 100 M1 MOIOT M OMOJACKUBAIOT JUCTUIUIMPOBAHHOMN
BOJIOM. HaBeCKy MOJHOCTBIO MEPEHOCAT YEPE3 CYXYH0 BOPOHKY B MEp-
HYI0 KOJIOY, TIPEABAPUTEIILHO 3aM0JHEHHYIO JUCTHILIMPOBAHHOM BOJIOM
Ha 1/3 obbema. OctaTkm conM W3 OFOKCAa M CO CTEHOK BOPOHKH TIIa-
TEIBHO CMBIBAIOT BOJION U3 MPOMBIBAJIKHU B 3TY ke Kon0y. ConepkumMoe
KOJIOBI TMEpEMEIIUBAIOT 0 MOJHOro pactBopeHusi coyu. [locne atoro
pacTBOp AOBOJAT 10 METKU JTUCTUUIMPOBAHHOM BOJON. OTCYET BEIyT
1o HIKHEMY MeHUCKY. KonOy 3akpbIBaroT MpOOKOM U MOANKCHIBAIOT.

3. [IpuroroBJienne pacTBOpa coJisiHON Kuca0Thl. ComsHas
KHUCIIOTa JIeTy4yas, TOYHOM KOHIeHTpalrued He obnamaer. TouHylo
KOHIIEHTPAILUIO KUCIOThl YCTAHABIUBAIOT 110 CTAHJAPTHOMY PacTBOPY
Oypbl, HO cHaudasia roToBsT pactBop HCI ¢ mpubnusurenbHOi KOHIIEH-
Tpanuert sxBuBajgeHTa 0,05 monp/n. s 3TOro MCHOMB3YIOT PacTBOP
koHieHTpupoBanHoit HCI, umeromuiicst B nmadoparopuu. Pacuer Be-
yT 1o hopmye:

v MY2.CY v,

" 1000w p

rae Vyc) — 00beM UCXOJHOW KOHIIEHTPUPOBAHHOM COJISTHOM KHCIIO-
Tl (MJ1); M — MossipHass Macca SKBUBaJEHTa COJITHOW KHUCIIOTHI,
paBHas 36,46 r/monb; C”* — TpebyeMas KOHIEHTPALUs SKBUBAJIEH-
Ta COJISTHOM KHUCIOTHI (MOJb/1); Vk — 00beM MepHOH KOJIOBI, paB-
HbIM 250 MJI; @ — MaccoBasi A0JA HMCXOJHOIO pacTBOpa COJITHOU
KUCJIOTHI (OJM €IWHHUIIBI); p — IUIOTHOCTh HMCXOJHOTO pacTBOpa
COJITHO#M KHCIOTHI (T/MJ1).

[[10THOCTh KOHIEHTPUPOBAHHOTO PACTBOPA COJSIHOW KHCIOTHI
3aMEepSI0T apeoMETPOM B MEPHOM IHJIMHJIPE C COOJIFOJICHUEM BCEX
MpaBUJI TEXHUKH 0€30MacHOCTH, a 3aTe€M ONPECIISIIOT MO CIpaBOY-
HUKY MaccoByK noirw. Hampumep, pacTBOpYy COJSHOW KUCIOTHI
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c InoTHOCThIO p = 1,17 r/MA  COOTBETCTBYeT MaccoBasi JOJs
o = 34,18 % = 0,3418.

Mepnyto k0s10y 00bemMoM 250 MJT TIIATEIFHO MOIOT M OIOJIACKH-
BAIOT AUCTWUIMPOBAHHOM BOJOM. 3aTEM 3aNOJHAIOT €€ JUCTUILIAPO-
BaHHOM BOJ0¥ Ha 1/2 0ObeMa M BIMBAIOT OTMEPEHHOE MHUIIETKON KO-
JINYECTBO KOHIEHTPUPOBAHHOW COJIIHOM KHUCJIOTHI. PacTBOp HOBOAAT
10 METKU JUCTHILIMpOBaHHOM Boaou. KonOy 3akpbiBalOT mpoOKOH,
MEepPEMEIIMBAIOT M TMOJIKUCHIBAIOT, YKa3aB CBOW pabouuii HOMEp
1 (popmyny BelecTBa.

Teneps, yToObI nipuroroBiieHHbd pactBop HCI ctan crangaptu-
30BaHHBIM, C TOMOIIIBIO KOTOPOI'O MOKHO ONPEAEIATh KOHIIEHTPALUH
HCCIIEAYEMBIX PacTBOPOB IIIEI0YEH U cojiel, HEOOXOAUMO YCTaHOBUTD
€ro TOYHYIO KOHILIEHTPAIHIO.

4. Mertoguka TUTPOBaHMsi. BIOpPETKYy MOIOT, OIOJIACKUBAIOT
JTYMCTUIIMPOBAHHON BOJIOM, a 3aTe€M MPUTOTOBICHHBIM PAacTBOPOM
HCI. Jlamee GropeTKy HAIMOJHSIOT 3TUM PACTBOPOM BBIIIEC HYJICBOTO
JEJICHUS U yAAISI0T BO3AYyX U3 HAKOHEYHUKA M PE3MHOBOU TPYyOKH
OIOpeTKH. YCTaHaBJIMBAIOT YPOBEHb >KUJIKOCTH Ha HYJIEBOM Jcie-
HUM (OTCYET BEAYT MO HUKHEMY MEHHUCKY), OCTOPOXKHO CIIMBasl U3-
OBITOK KHCJIOTHI B CTaKaH.

B Tpu KOHMYECKHE KOJOBI MUIETKOW OTMEPSIOT AJIUKBOTHI —
o 10 M pactBopa Oypbl — U 100aBISIOT 1O 1—2 KaIiayu MHAUKATOpa
METHJIOBOTO OpaHXeBoro. PacTtBop Oypbl OKpaliuMBaeTCsi MPU 3TOM
B JKEJITBHIU IIBET.

OnHy 13 KoJIO ¢ pacTBOPOM Oyphl CTaBST MOJ OIOPETKY HA JIUCT
Oenoii Oymaru. PactBop Oypbl TUTPYIOT COJISHOM KHCJIOTOM, TPUOaB-
Jsi TIOCJICAHIO M0 KarulsiM M TOCTOSIHHO TIepeMEIINBasi KUIKOCTh
IJIABHBIMU JIBUKEHUSIMU KOJOBL. TUTpOBaHME MPOBOJAT O MOMEHTA
CMEHBI JKEJITOW OKPAacCKH pacTBOpa Ha OPAaHXKEBYIO, UTO HaOJIOJAETCSA
0oOBIYHO B mpenenax 1-2 kamenb KUCIOTHL. Pe3ynbTaT TUTpOBaHUS
10 OIOpETKE Cpa3y 3aMUCHIBAIOT B JIAOOPATOPHBIN KypHAJ, YUUTHIBAs
TOYHOCTh TIpuOOpa (17151 OIOPETKU OMpPEEseTCs] KaK MOJOBUHA IIEHBI
nenenus, T. €. 0,05 mi).

Takum sxe 00pa3oM TUTPYIOT COAEPKUMOE JBYX OCTABIIUXCS
K0J10. To4HOE TUTpPOBAaHHE CIEAyEeT MPOBOIUTH HE MEHEE TpeX pas.
Ecnu pa3nuia B oTcyeTax 1o OrpeTke MEeXIy mapaieIbHbIMHU OTpe-
nenenusimu npesbimaet 0,1 M (00beM BYX Kameib), TO TUTPOBaHUE
MOBTOPSIOT J0 TMOJYUYCHHS TPeX CXOASAIIUXCsA pe3ynbTaToB. Bee pe-
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3yJIbTaThl (B TOM YHCIIE U HECOBIAAIOININE) 3aHOCAT B TAOOPATOPHBII
KYpHaJl U BBIUUCIAIOT cpenHee apudmerndeckoe Vg, yUUTHIBas
TOJBKO CXOJSIINECS 3HAYCHUS.

IIpoBenenue pacuyeToB

1. MonsipHy10 KOHIIEHTpaluio Oypbl (MOJIb/JI) pacCUUTHIBAIOT
10 B3ATOH HaBeCKe M3, pacTBOPeHHOMH B Koy10e 00beMoM Vi (100 mu):

1000- Mya,8,0, 10 H,0 10- my
CNaZB4O7 "M = M 1

Na,B,0, -10 H,0 'VK Na,B,0; -10 H,O

rae My, g0, 101,0 — MOJSIpHas Macca Oypsl, paBHast 381,36 r/MoJb.

2. MonsipHass KOHLIEHTpalMsi JKBHUBajeHTa Oypbl (MOJIb/N)
B pacTBopeE:

Cl/Z :C

Na,B,0,

.2=C 2.

3. MoJiipHY10 KOHIIEHTPAIMIO JIKBUBAJICHTA (MOJIB/JI) COJISTHOM

Na,B,0, Na,B,0;
v .

kuciotel C,,, B TAaHHOM CJydYae YHCICHHO PaBHYIO MOJISIPHON KOH-

nentpaun C,., (Tak kak zZ = 1), onpenenstor mo pe3yabraTaM TUTPO-

BaHHA COINIACHO 3aKOHY 9KBHUBAJICHTOB!

Uz .
HClI —

HCI — V

rae Vy, go, — 00BEM QIMKBOTHI pacTBOpa Oypbl, paBHsIid 10 mir;

HCI

Vel — cpenauii 00beM KUCIOTHI, MOMEAIINNA Ha TATPOBAHUE (MII).
4. Tutp pacTBOpa COMSHOM KUCIOTHI (T/MI1):

_ Cict - Mpa _
" 1000

ITo pe3ynbpTaram pacuera 3anoaHAOT Ta0J1. 4.

Tabnuua 4

OnpeOeJleHue KOHUeHmpauuu eeuiecme 6 pacmeopax

Konuenrpanus

PactBop 1
C, MONB/n C™", MOIB/TI T, v/MI

NagB407 —
HCI
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KonmpoavHasa 3adaua 3.1
OnpedeseHue KOHYyeHmpayuu wesao4u
no CMAHAAPMHOMY pAcCmeopy Kuc/a0mbul

PacTBOpbI 1Ie104€ rOTOBAT U3 KPUCTAIUIMYECKUX BelecTB. Kpu-
CTAJUIBI IIEJIOYEH ITOTJIOMIAKOT M3 BO3JyXa Hapbl BOAbI, YIJIEKUCIbIN
ra3 4 JIpyrue BEIIECTBa, MOATOMY COJEpXKar NnpuMmecu. Bermencrsue
ATOTO COCTaB BEIIECTBA HE MOJHOCTHIO COOTBETCTBYET €ro (popmyJie.
ITo sTOM TpUYMHE PACTBOPHI IIEJIOYEH, HCIIOJb3YIOIIUECS B TUTPHU-
METPUUECKOM aHaJIN3€e, TOTOBAT JUOO M3 CTAHJIAPT-TUTPOB, JIUOO Kak
BTOPHUYHBIE CTAHIAPTHI.

JIns ycTaHOBJIEHHUS] TOYHOM KOHIIGHTpAIMK pabouyero pacTBopa Iie-
JIOYM YaCTO UCIOJIB3YIOT NIEPBUYHBIE CTAHAAPTHI. TaKXKe JJI1 3TON LIEJIH
MOYKHO ITPUMEHHUTHh M CTAHJAPTU30BAHHBIN PACTBOP CHUJIBHOM KHCIIOTHI,
uMeroIuiicss B Jlaboparopun. Hampumep, npu TUTPOBAHUM pacTBOpa
TUAPOKCHU]IA HATPUS PACTBOPOM COJITHOM KUCJIOTHI MPOTEKAET PEAKIIUSL:

NaOH + HCI — NaCl + H,0.

BemectBa B 3TOM peakiuy B3aUMOJIEHUCTBYIOT B SKBUMOJISIPHOM
COOTHOIIICHUH, (DaKTOP SKBUBAJICHTHOCTH JIJIsl BCEX BEIIECTB B PEAKIIMU
paBeH | (T. €. MOJIsipHasi KOHIIEHTPALIMSI BEIIECTB pPaBHA MOJISIPHOM KOH-
HEHTpaIMu SKBUBaJIeHTa). B Touke s3xBUBanieHTHOCTH pH = 7, 1iis ycra-
HOBJICHUSI KOHEUHOW TOYKH TUTPOBAHUS UCIIOJIb3YIOT UHIUKATOP, KOTO-
PBI MEHSIET OKPACKy B HEUTpaibHOU oOnacTu. JJid 3ToM 1enu B aHalu-
TUYECKON XUMHH YaCTO MPUMEHSIOT OPOMTHUMOJIOBBIM CHUHUM.

Oo6opynoBanue: O6ropeTka o0beMoM 25 M1, Kojiba MepHasi 00be-
MoM 100 mn, komba kKoHWYECKas Il TUTpOBaHHS oOBeMoM 50 mu,
nurneTka oobeMoM 10 M1, BOpOHKa, rpyIiia, CTakaH JJjIsl CJIUBa.

PeakTMBBI: TUAPOKCU]T HATPUs (aHATM3UPYEMBIN PacTBOp), KUC-
o 1/z
jota cojsiHas (craHmapTu3oBaHHBIN pactBop, C° = 0,05 Mow/1), HMH-
AUKATOP OPOMTHUMOJIOBBIM CHHUH (BOJTHBIN PacTBOp).

Xoa ompenejeHusl. AHAIM3UPYEMbId pACTBOP THAPOKCHUIA
HaTpuA MojydaroT B koioe Ha 100 ma y mabopanTta. O6BeM pacTBopa
B K0JIO€ JOBOAST IUCTHJUIMPOBAHHOW BOJIOW /10 METKH. B Tpu KOHH-
YeCKUe KOJObl HAJIMBAIOT MUMETKOW (MpeaBapUTEIbLHO OMOJIOCHYTOU
pacTtBopoM Tiesioun) o 10 M pactBopa menoun. B kaxmayro koia0y
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n00aBIAIOT 1O 1 Karjie WHAUKaTopa OpOMTHUMOJIOBOTrO cuHero. Pac-
TBOP IIEJIOYH MPU 3TOM OKPAIIIMBAECTCS B CUHUM 1IBET.

ConepKUMOe KaXXJI0H KOJIObI TUTPYIOT PacTBOPOM COJISTHOM KHC-
JIOTHI TIPSIMBIM CITOCOOOM (METOJMKa TUTPOBAHUS MOAPOOHO OmMKcaHa
B nabopatopHoil padote 3) 10 mepexo/ia OKpacKu W3 CUHEW B TpaBsi-
HUCTO-3e5enyto (PH = 7). B xadecTBe TUTpaHTa UCHOJIB3YIOT PACTBOP
COJISHOW KHCJIOTHI, CTaHIApTU30BaHHBIN B JlabopaTopHOW padote 3.
TuTpoBaTh HYHO 1O BO3MOXHOCTH OBICTPO, PACTBOP HE CIIEAYET Iie-
pEMEIINBATh CJIMIIIKOM MHTEHCHBHO BO M30€KaHUE TOIJIONICHUS pac-
tBOpoM CO; n3 Bo3ayxa. TutpoBaHue NMpOBOAAT 10 MOJYYEHUS TPEX
CXOJISAIIMXCS PE3YIBTATOB, KOTOPHIE 3aHOCST B JAOOPATOPHBIN KYyp-
Hai. Onpenenstor cpelHee 3HaueHHe 00bemMa pacTBOpa KHUCIOTHI
Ve, IOWEAUIET0 HA TUTPOBAHKUE PACTBOPA LIEIOYH.

IIpoBenenue pacuyeron
1. MonsipHasi KOHUEHTpAlMs SKBHUBAJEHTA TUJPOKCUAA HATpUs
Ciloy YUCIEHHO PABHA €r0 MONAPHOH koHueHTpamuu C..,,, TaK KaK
Z = 1. Ee onpenenstoT 1o pe3yabTaraM TUTPOBaHUS (MOJIb/J):
Yz
_ QY _ Crict *Vha

NaOH NaOH V !
NaOH

C

rae VNaon — 00bEM AJIMKBOTHI pacTBOpA 1IeI04H, paBHbIM 10 MJ1;
Vel — cpenauii 00beM KUCIOTHI, MOMEAIINNA Ha TATPOBAHUE (MI).

2. TuTp pacTBOpa ruapoKcuaa HaTpus (T/Mi):

T _CNaOH'MNaOH
NaOH — !
1000
riae MNaOH — MOJIIpHasd Macca THAPOKCHUIA HaTpHsd, paBHaA

39,997 r/moib.

OmnpenenerHoe B Xoj¢ paOdOTH 3HAYCHUE MOJISPHON KOHIICHTpA-
MK B pacTBope MEeN04n Crpyyr. (B MOJIB/JI ¢ TOYHOCTBIO 10 4-T0 3HAKa
MIOCJIE 3aIsATOM) OTHAOT Ha MPOBEPKY, MOJYyJalOT OIECHKY M y3HAIOT
VUCTUHHYIO KOHIICHTPAIMIO IIEJIOYH B BhIIaHHOM pactBope Cy... Pac-
CUHMTHIBAIOT a0COIFOTHYIO 1 OTHOCUTEIIHHYO TTOTPEITHOCTH.

3. AGcomoTHas morpenHocTh onpeaeneHus AX (%):

AX=|C -C,_..

TPAKT.

4. OTHOCHUTEIIbHAS MOTPEITHOCTH onpeaesenus o (%):
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5= 100%.
C

HUCT.

KonmpoavHasa 3adaua 3.2
OnpedeseHue 8peMEeHHOU HcecmKocmu 800bl

[Ipupoanas Boga B CBOEM COCTaBE BCETJA COJCPKHUT Pa3IUUHBIE
npuMecu. HekoTopble cOu, MPUCYTCTBYIOIIUE B BOJIC, BHI3BIBAIOT €€
HCECMKOCMb — COBOKYITHOCTb CBOMCTB, OOYCJIOBJICHHBIX HAJTUYHEM
B BOJI€ KaTHOHOB IIEJIOYHO3EMEJIbHBIX METAIOB (TJIaBHBIM 00pa3oM,
Kbl W Maruus). Boay ¢ OoyibIIUM CoOAEpKaHUEM TaKuX COJen
HAa3bIBAIOT HCECMKOI, C MAJIBIM COJIEP)KAHUEM — MAKOUL.

XKecTkast Bojia Ipu YMBIBAaHUU CYIIUT KOXKY, B HEH yXYJIIAETCs
NEeHOOOpa30oBaHWE M YBEJIMYMBAETCS PAcXoJl MOIOIIMX CpPEJCTB
npu ctupke. [loBbIIEHHAs] KECTKOCTh BOJbI MPUBOJUT K 0Opa3oBa-
HUIO Ocajika (HAaKUIIM) Ha CTEHKax KOTJIOB, B TpyOax u OBITOBOM MOCY-
ne. B xecTkoil BoJie MII0X0 pa3BapuBarOTCs OBOIIU U MSICO, T. K. KaTH-
OHBI KaJblIUsl 00pa3yroT ¢ OelkaMu HEPacTBOPUMBIE COCTUHEHMS.
Bosbiiiast MaruueBas >K€CTKOCTh MPUAAET BOJIE TOPbKUM BKYC.

Oowaa ncecmkocmp BOJABL ONPENCISIETCS CyMMapHOW KOHIEH-
Tpauueil noHoB Kanblus U Maraus. [IpencraBnser coboil cymmy 1o-
CTOSTHHOU (HeKapOOHATHOW) U BPEMEHHOU (KapOOHATHOM) )KECTKOCTH.

Ilocmoannasa scecmkocmsy 00yCIOBICHA HATMYUEM KaJbLIUEBBIX
Y MAarHUEBBIX COJIEM CUJIBHBIX KHUCIOT (CEpHOM, a30THOM, COJITHOW).
[Ipu KUTNITYEHUU HE YCTPAHSIETCH.

Bpemennaa scecmkocmsb BOAbl O0OYCJIOBJIEHA TPUCYTCTBHEM
B HEM THAPOKApOOHATOB KalblUsl M MarHusi. DTOT BHUJl KECTKOCTHU
MOHO YCTPAHUTh IMyTE€M KHUIISTYEHHUS, OTKYJa U B3sUIOCh Ha3BaHUE
«BpeMeHHas». [Ipu KumsyeHuu TuApoKapOOHATHI pasjararorcs ¢ 00-
Pa30BaHUEM HEPACTBOPHUMBIX KapOOHATOB, YIJIEKUCIIOTO Ta3a U BOJbI:

Ca(HCO,), —— CaCO, { +CO, T+ H,0,
Mg(HCO,), —— MgCO, ¥ + CO, T +H,0.

KecTkoCcTh BOIBI ONPENEISIETCS AHAIMTUYECKU. BpeMEHHYO
KECTKOCTb OIPEACIAIOT IPAMBIM TUTPOBAHUEM BOJIBI COJITHOU KUCIIO-
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TOH, MPU ATOM MPOUCXOAUT pa3pylieHre THAPOKApOOHATOB COTJIACHO
peaKIUsIM:

Ca(HCO,), +2 HCl — CaCl,+2C0, T +2H,0,
Mg(HCO,), + 2 HCl - MgCl, +2CO, T +2H,0.

N3 ypaBHEHMH BUIHO, YTO COJIM BPEMEHHOM ECTKOCTH pearu-
pytor ¢ HCl B momsapHom cooTHomieHuu 1:2. DTo o3HAYaeT, 4TO
1/z (HCI) =1, a 1/z (conn) = %.

JI1s1 YACIIEHHOTO BBIPAXKEHUS KECTKOCTH BOJbI YKA3bIBAIOT CyM-
MapHYI0 KOHIIEGHTPAIIMIO B HEM KaTHOHOB KAJIbI[US U MarHus B rpaiy-
cax xectkoctH (°XK). 1 °XK (ycmap. — me-5k6/1) COOTBETCTBYET KOH-
IICHTPAIMH MIEI0YHO3EMEIBHOTO 3JIEMEHTA, YACICHHO PAaBHOM /2 €ro
MUJITUMOJI Ha JUTP. TakuM o0pa3om, *KECTKOCTh MO CBOCU CYyTH —
3TO MOJISIpHAs KOHIIEHTPALIHS SKBUBAJICHTA.

Oo6opynoBanue: O0ropeTka 00beMoM 25 MJI, KoJjiba MepHasi 00be-
MoM 100 mun, konba koHHUUYECKas Iy TUTpoBaHus oObemoM 250 mul,
BOPOHKA, CTAaKaH JIJIsl CJIUBA.

PeakTHMBBI: BOJIa (aHaJ'II/I3I/Ip%/eMBII7I pacTBOp), KUCIIOTa COJITHAs
o Iz
(cranmaptuzoBanHbIil pactBop, C™° = 0,05 MOJIB/71), HHIMKATOP METH-
JIOBBIN OpaHKEBbIN (BOJHBIN pacTBOP).

Xona onpenesenusi. B Tpu koHM4eckue KoJiObl o0beMoM 250 Mt
orOuparot o 100 M1 uccnenyemon (Hampumep, BOAOMPOBOIHOM) BO-
bl C TOMOIIBI0O MEPHON KOJOBI. J[0O0aBIsIOT B KaXAYyH KOJIOYy
1o 3 Karid MHIUKATOpa METHUJIOBOTO OPAHKEBOT'O U TUTPYIOT PaCTBO-
POM COJISHOW KHCIOTHI (KOHIIGHTpAIlMI0O W THTP CM. B pabote 3)
110 TIEPEX0/Ia OKPACKU pacTBOpa M3 KEJITOM B OpaHkKeBYI. TUTpoBa-
HUE TIPOBOJAT JO MOJYYEHUS TPEX CXOMSIINXCS Pe3yabTaToB, KOTO-
pbIE 3aHOCAT B TA0OPATOPHBIN KypHAJI U ONPENEISAIOT Cpe/IHEE 3HAUE-
HHE 00beMa KUCIIOTHI V().

IIpoBenenue pacuyeron

Bpemennyro xkecTkocTh  BOabl  Kypew. (°2K) paccumThIBaroT
o ¢popmye:
_ Ci{é, 'VHCI -1000
BpEM. V

b
Hzo

rIe VHZO — o0beM uccieayeMoi Boibl, paBHbIN 100 Mi;
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Vhcl — cpennuit 00beM KUCIIOTHI, TIOMIEAIINN Ha TUTPOBaHKE (MJI);
1000 — xoa(pdunmeHT 115 IepeBoia KOIUIECTBA U3 MOJIb B MMOJIb.

JlabopamopHas pa6oma 4
CmaHdapmu3ayus pacmeopa
2udpokcuda Hampus

Cymnocth MeToaa. PactBopsl menodeit (NaOH, KOH) rorossr
U3 KPUCTAUTMYECKUX BemiecTB. KpHcCTaiuibl mieiaodei MOTJIomarT
U3 BO3/lyXa Mapbl BOJbI, YTIACKUCIBINA Ta3 U JPYTUe BEIIeCTBa, MO3TO-
My cojepKaT mpuMmecu. B pe3ynbpraTe cocTaB BeEIeCcTBa HE TOJHO-
CTBIO COOTBETCTBYET dopmyiie. I1o 3Tol mpHUMHE KPHCTALTAYECKUE
IIEJIOYN HE MOJXOMAT JJis MPUTOTOBJICHHUS MEPBUYHBIX CTAaHIAPTOB.
CHayayia TOTOBST PacTBOP IIEIOYH C MPUOIU3UTEIBHON KOHIIEHTpa-
IIMeH, a 3aTeM YCTaHABJIUBAIOT TOYHYIO KOHIIEHTPAIIHIO.

JIJist ycTaHOBJICHUSI KOHIIEHTPAIlMK B pacTBOpax Iejaoueld B Kave-
CTBE TICPBUYHBIX CTAHAAPTOB Yallle BCETO NMPUMEHSIOT KPHUCTAIIOTH/I-
pat maBeneBol kuciaotel H,Cy04 - 2 H)O, sHTapHYIO KHCIOTY
HOOC(CH,),COOH, o6en3otinyto kuciory CegHsCOOH, cynbdamu-
HOByI0 kmciioty HSO3NH, wim TuTpoBaHHBIE pacTBOPHI CHIIBHBIX
kucior (HCI, H,SO4 HNOj). Tlocimeanue OOBIYHO HMCIOIB3YIOT
JUTSI IPOBEPKHU KOHIIEHTPALIMK PACTBOPOB IIETOUCH.

TutrpoBaHue MPOBOIAT MPSAMBIM CITOCOOOM. B citydae mpuMeHeHwHsI
IaBEJICBOM KHCJIOTHI PEaKIvsl TATPOBAHUS MPOTEKAET 110 YPaBHEHHUIO:

H,C,0, + 2 NaOH — Na,C,0, + 2 H,0.

Hst tutpoBanus 2 monb NaOH tpebyercs 1 monp H,C,04,
T.¢. 1/2(NaOH) =1, 1/z (H,C,04) = . 3nauumrt, a1 TPOBEIACHHS
TUTPOBaHUSA B oObemax 1:1 miaBeneBas KHCJIOTa JOJDKHA UMETh MO-
JISIPHYIO KOHIICHTPAIIMIO B 2 pa3a MEHbIIIE, YeM IIEI0Yb.

B Touke 3KBUBAJIEHTHOCTH 00pa3yeTcsl CoJib CJIad0W KUCIOThI —
okcamar Hatpusi (Na,C,0,), — KOTOpBII IoJaBEpracTCcs THIPOIU3Y
10 aHUOHY, coO3JaBas B pacTBope Ienounyio cpeay (pH = 8,6).
JIJ1st yCTaHOBIICHHSI KOHEYHOW TOYKH TUTPOBAHUS MPUMEHSIIOT WHIH-
KaTop, MEHSIOIITUH OKpacKy B IMIEI0YHON 00acTr. OOBIYHO JUIS ATOTO
UCIIOJIB3YIOT (peHOoN(TaNCHH.

25



OO0opyaoBaHue: BeCbl TEXHUYECKHUE, BECHl AHAIUTHYECKHE, OIOKC
C KpBIIIKOHM, OropeTka oO0bemMoM 25 MJI, KOJOBI MEpHBIE C MPOOKOU
oobemom 100 u 250 mi1, kos10a KOHUYECKas JIJIsi TATPOBAHUS 00BEMOM
50 mu1, munietka oo6bemoM 10 mut, BOpoHKa, rpyina, CTakaH sl CIUBa,
ITPOMBIBAJIKA.

PeakTuBbBI. IBYXBOJHBIN KPUCTALIOTHAPAT IIABEJIEBOM KHUCIIOTHI,
TUJIPOKCH]T HATpUs, MHAUKATOP PeHodTaneuH (CIMPTOBOM PacTBOD).

Xoa ompenesenuss. Meroauka CTaHAAPTU3ALMUA PACTBOpPA MO-
JIpOOHO oIKcaHa B JlabopaTopHoil padote 3. PacTBop 11aBeneBoi Kuc-
JIOTBI TOTOBST KaK MEPBHUYHBIA CTaHAAPT C KOHIIEHTpAIMEH JKBUBA-
aenrta 0,1 monw/n B MmepHOM Koa0e oO0bemoMm 100 mi. HaBecky miaBe-
JIEBOU KUCIIOTHI (T) BBIYUCISIOT 1O (popmyie:

My,c0,-2H,0 = Mll—ljzzczo4-2 H,O -V 'Cﬂz,

1/z
rac MH20204~2H20 — MOJIpHasA MacCa 3KBHUBAJICHTA KPHUCTAJJIOTHMI-

para maBeneBoi KUCIoThI, paBHas 63,035 r/monb; Vi — ob6bem mep-
HOH KOJ0BI (71); cYr MOJISIpHAsE KOHIIEHTpAIMs SKBHUBaJICHTA B pac-
TBOpE (MOJIB/II).

PacTtBOp ruapokcuaa HaTpus ¢ MPUOIU3UTEIBHOM KOHIICHTPAIH-
e skBuBajeHta 0,1 mMoap/nm roroBiT B K0iJ0e 00BeMOM 250 M.
HaBecky mienoun (T) onpenemstoT ¢ y9eTOM IpHUMecei, MPUCYTCTBY-

IOIMHUX B KpHUCTAJJIaX THAPOKCHUAA.

Myeon =M #;OH Vi -C"* 1,25,

rne M, — MonspHas Macca SKBUBAJIEHTa IHIPOKCHIA HATPHUS, PaB-

nas 40,00 r/monb; Vk — 06beM konbbl (11); CY* — MosspHas KOHIEH-
Tpaiysi SKBUBAJICHTa B TpeOyeMOM pacTBope Iiesiouu (MoJis/n); 1,25 —
K03 (UILIMEHT TIepecyeTa, YUUTHIBAIOIINI HATUYKUE TPUMECEH B IIEIOYH.

Maccy HaBeCKM IIaBEJIEBOW KHUCIOTHI OMPEAECISIOT B OHOKCE
Ha TEXHUYECKUX, a 3aTeM Ha aHaJUTUYECKUX BecaX; THUIPOKCHU]
HATpHsI B3BEIIMBAIOT TOJHKO Ha TEXHUUYECKHX Becax (Tabi. 5). HaBec-
KU PAacTBOPSIIOT B COOTBETCTBYIOIIUX MEPHBIX KOJ0aX B AUCTUILIUPO-
BaHHOU BOJIE, HE COJIepKaIlel YIIIEKUCIIOro Tasa.

bropeTky 3amnoiHs0T pacTBOPOM THAPOKCUIA HaTpusi. B Tpu ko-
HUYECKUE KOJIOBI JJIi TUTPOBAHUS OTMEPStOT 1Mo 10 M aduMKBOTHI
pacTBopa IaBeJIeBOM KUCIOTHI M JOOABIAIOT MO 2—3 Kalljd WHIUKA-

26



Topa deHondranenna. PacTBOp KUCIOTHI B KaKJAOW KOJIOE TUTPYIOT
PACTBOPOM IIIEJIOYH JI0 TIOSABJICHUSA YCTOMYMBOM PO30BOM OKpacku. Pe-
3yJIbTaThl TUTPOBAHUS MO OIOPETKE 3alMChIBAIOT B Ja0OpATOPHBIN
KYpHaJl U OMpPEACISIOT CpeHee 3HAaueHUuEe oO0bema TUTpaHTa ViyaoH
MEK]1y TPEMS CXOAINMUCS PE3yJIbTaTaAMM.

Tabmuma 5
Onpeodenenue maccovl HABeCoOK (2)
B3BemmBanus Macca
Onpenenenue macc
IIEPBOE | BTOPOE | TPETHE (cpenHsist)

brokc 6e3 HaBecku m;

brokc ¢ HaBeckom ms
H,C,0, - 2 H,O — — — M3 =M, — My
NaOH — — — My

IIpoBenenue pacyeroB

1. MonspHy0 KOHIICHTPAIMIO IIABEJIEBOM KHUCJIOTHI (MOJIb/J)
PACCUMTHIBAIOT MO B3STOW HABECKE M3, pACTBOPEHHOU B KOJ0O€ 00be-
MoM Vi (100 mi):

1000- My,c,0, 21,0 _ 10-m,

H,C,0, —
e MHCO-ZHO'VK MHCO-ZHO
224 2 2v2M4 2

rae My, ¢ o, 2n,0 — MOJISIPHAst Macca KHCIOTHI, paHast 126,07 r/Mois.

2. MonspHas KOHIIEHTpaIUs SKBUBAJICHTA B PACTBOPE IIaBEJICBOM
KHCJIOTBI (MOJIB/I):

1z _ _ .
Chc,0. = Chc0, 2= Chrico, "2

3. MosisipHasi KOHIIEHTpalus SKBUBaJeHTa (MOJIb/JI) TUIPOKCUAA
1z o
Hatpusi Cy ., YUCICHHO paBHas MoOJspHOW KoHmeHTpamuu C...,

OIpEIENIeTCs 110 PE3yJIbTaTAM TUTPOBAHUS:
1z ‘V
C _ C]Jz _ __HC04 " H,C0,
NaOH NaOH V '
NaOH

rae Vi, c o, — 00BbEM aIIMKBOTBI PAaCTBOPA KHCIOTH, paBHbIi 10 Mir;

VNaoH — CpeHHi 00beM IIIEI0UH, MOMICAIINN Ha TUTPOBaHUE (MJI).
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4. Tutp pacTBOpa ruApokcuia HaTpus (T/mm):

T _ CNaOH -M NaOH
NaOH 1000
[To pe3ynbTatam pacyera 3anoiHsOT Taou. 6.
Tabnua 6
Onpeodenenue KOHUEeHMpPaAyUU 6euLeCme 6 paAcmeopax
Konuenrpanus
PactBOp 17
C, MoJIb/n C™*, MOJIB/TT T, /M

H2C204 —
NaOH

KonmpoavHasa 3adaua 4.1
OnpedeseHue ammuaka
8 pacmeope coaU AMMOHUAA

ConepxaHre aMMHUaka B COJISIX AaMMOHHUSI HE MOXKET ObITh Ompe-
JIEJIEHO HEMOCPEACTBEHHBIM TUTPOBAHUEM aHAIM3UPYEMOr0 pacTBopa
(npsimoe TuTpoBaHue). g 3TOM LEeIU UCHONIB3YIOT KOCBEHHBIE CIO-
coObl, HanTpuUMep odpamnoe mumpoeanue. Criocod OCHOBaH Ha THUT-
pPOBaHUU W30BITKA IIEJIOYH, OCTABIICICS B PacTBOpE MOCIE B3aWMO-
nevictBust conmn amMoHusa ¢ NaOH. Hampumep, peakuusi pa3iokeHus
XJIOpUJIa aMMOHHUS MPOTEKAET NMPU HATPEBAHUM COTJIACHO YPaBHEHUIO:

NH,Cl+ NaOH —“— NaCl+ NH, T + H,0.

N30BITOK 111€JI0YM OTTUTPOBBIBAIOT PACTBOPOM COJISTHOM KHCIIOTHI
B PUCYTCTBUU UHIUKATOPA:

NaOH + HCIl — NaCl + H,0.

OOopynoBaHue: 1JIMTa 3JIEKTPUUYECKas, OIOKC C KPBIIIKOW, XU-
MUYECKHE CTaKaHbI (TEPMOCTOMKHE), OtopeTka o0bemMoM 25 Mi1, Koaba
mepHass oobemom 100 mui, munetku oovemom 10 ma u 20 mui, konba
KOHHMYECKas JJIs1 TUTpoBaHus oO0bemoMm 250 My, BOpOHKa, rpyiia, cTa-
KaH JIJIs CJIMBa, MPOMBIBAJIKA.
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PeakTuBBI. XJOpHJI aMMOHMS (aHAIM3UPYEMOE BEILIECTBO), TH-
pPOKCHUJ HaTpusl (CTaHIapTU30BAaHHBIA PacTBOP, =01 MOJIb/JT), KHC-
aota coisiHas (pactBop, C = 0,1 MoJb/T), HUHAUKATOP OPOMTHUMOJIOBHI
CHHUH (BOJIHBIN pacTBOP), YHUBEPCaIbHAs HHIUKATOpHAs OymMara.

Xoa ompeneseHus. bIOKC ¢ HABECKOM XJIOPUIA AMMOHHS TOJTY-
yaloT y J1abopanTta. CoaepKuMoe OrOKca KOJIWYECTBEHHO IEPEHOCHT
B k0J10y Ha 100 mMi1, MHOTOKpaTHO CMbIBasi 4€pe3 BOPOHKY TUCTUIIIHU-
poBaHHOW BOJIOM. OOBEM KUAKOCTH B KOJOE JOBOMST IO METKH IH-
CTUWJUIMPOBAHHOW BOJOM U TIIATEJIBHO MEPEMEIINBAIOT.

B 2-3 TepMOCTOMKHUX CTakaHa BHOCAT numeTkou mo 10 mu uccie-
ayemMoro pactBopa u mo 20 mu pacTBopa TMAPOKCHIA HATpUsl (KOH-
IEHTPAIMIO U TUTP cM. B padotre 4). CTakaHbl C pacTBOpaMu Harpe-
BAIOT Ha DJJICKTPUYECKOW IUIMTKE TMpHU TeMIepaType, OIu3Kou
k 100 °C, no nmonHoro yaaneHus ammuaka. OObBIYHO ATO JOCTUTACTCSA
MIPU UCTIAPEHUU MPUMEPHO TMOJOBUHBI COJEPKUMOTO cTakaHoB. [lo-
HOTY yAaJI€HUS aMMHaKa KOHTPOJUPYIOT C TOMOIIBIO YHUBEPCAIbHOU
WHJIUKATOPHOM OyMard, CMOYEHHOW JIUCTHWUIMPOBAHHOW BOJIOU
(mpu 1ecTBUM ApOB aMMHUaKka Oymara CUHEET).

[Tocne 3aBepilieHUsI PEaKUUU COJNEPKUMOE CTAKAHOB OXJIAXKIAIOT
710 KOMHATHOW TeMmepaTypbl, BHOCAT 1Mo 1 Karjie OpoMTHMOJIOBOIO
CHUHETO U TUTPYIOT PACTBOPOM COJITHOM KHUCJIOTHI 10 TIEPEXo1a oKpac-
KU pacTBOpA U3 CUHEW B TPAaBSIHUCTO-3EJICHYIO.

B oOpatHOM TUTpOBaHUM MOKHO MPUMEHSITH BCIIOMOTATEIbHBIC
PacTBOPHI, TOUHASI KOHIIEHTPAIIMS KOTOPHIX 3apaHee HE yCTaHOBJICHA.
B nactosmeii pabore 3to pactsop HCI ¢ mpumepHO KOHIICHTpanuen
0,1 monb/n1 (MeTOAMKA €ro MPUTOTOBJICHUS OIKCaHa B J1abOpaTopHOU
pabote 3). B aToM ciydae mapajuiesibHO MPOBOJSAT TaK Ha3bIBAEMbIiA
«X0J0CcTO» omnbIT. B k0nOy nna tutpoBanus orOuparoT 20 mi pac-
tBopa NaOH (omepanuio HarpeBaHus B 3TOM ClIydyae MOKHO OITy-
CTUTb), NO0aBJISIIOT | Karuio WHIWKATOpa OpPOMTHUMOJIOBOTO CHHETO
Y TUTPYIOT B TEX K€ YCIOBUSAX PACTBOPOM COJISIHOW KUCIIOTHI.

Pe3ynbTaThl TUTpOBaHUSA 3aHOCIT B JIAOOPATOPHBIN KypHaJ
(Tabmn. 7). Ecau pe3ynbTaThl ABYX TUTPOBAHUN aHAIM3UPYEMOTO pac-
TBOPaA Pa3IMYarOTCsa MEXIy coOoi Oobie, yeM Ha 0,20 M1, TpoBOJAT
JTOTIOJIHUTEIBHBIA OMBIT. ONpeaessioT cpeaHee 3HaueHue oObheMa
pacTBOpa KUCIOTHI V¢, OMIEAIIETO Ha TUTPOBAHHUE IIECJIOYH.
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Tabmnua 7

Pe3lebmambl mumpoeanus

TurpoBanue Vel M Vicr, M Nuaukarop
(cpemuee)
Crakan 1 1 xarms
Crakan 2 VHel 1 xaruis
Crakan 3 1 xams
«XO0JIOCTOM» OIBIT Vel xon 1 xaruis

IIpoBenenue pacuyeToB

Maccy ammuaka (T) B XJOpHJIE aMMOHHS PAaCCUHUTHIBAIOT
o gpopmyie:

V
HCI Uz 1z
1_V 'CNaOH 'VNaOH -M NH,

HCI (xox) VK

M, = 1000 v
ITHII

rie Vycy — cpemHuii 00beM KHCIOTHI 10 OFOpETKE, IOIISIITHN
Ha TUTPOBAaHUE aHAIU3UPYEMOro pactsopa (Mia); Vihclxon) — 00BEM

KHUCIIOTHI 1O OIOpEeTKe, MOIICANINA Ha TUTPOBAHUE B «XOJOCTOM)
onbITe (M); VNaon — 00BEM THAPOKCHU]IA HATPHUS B CTAKaHE U B «XO-

JIOCTOM» onbITe, paBHbId 20 M Mi,’,js— MOJISIpHast Macca JKBHUBa-

JeHTa ammuaka, pastas 17,03 r/moinb; V, — 00BbeM KoJIOBI C Ha4Yalb-
HBIM pacTBOpoM coiu, paBHbid 100 mi; Vi, — 00beM NHUIETKU
IUJTA B3SITUSL ATMKBOTHI, paBHBIN 10 M.

OrmnpenienieHHoe B X07i€ pabOTHI 3HAYEHHE MACChl aMMHMAKA Mppar
(B TpamMMax C TOYHOCTBIO N0 4-TO 3HAKa MOCJE 3alsIToi) CaaroT
Ha MPOBEPKY, MOJIYUYAIOT OIIEHKY M y3HAIOT UCTUHHYIO MacCy aMMHaKa
B pacTBOpe My, . PaccunThiBatoT aOCOIIOTHYIO U OTHOCUTEIIbHYIO TO-
IPEIIHOCTH (aHAJOTUYHO KOHTPOJIbHOM 3amaue 3.1).
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KonmpoavHasa 3adaua 4.2
OnpedesieHue aCKOpPO6UHOBOU KUC/10Mbl
8 hapmayeemuyeckom npenapame

AckopOunoBasi kwuciota (ButamuH C,
CgHgOg) comepkuTcss B CBEXHX OBOIIAX CH,OH
1 QpyKTax, OHAa IIOCTyHnaeT B OpPraHU3M HO— (': H
TOJIBKO C TMPOAYKTaMH TIMTaHUA. ACKOp-
OuHOBas KHCJIOTa  SIBJISICTCS OJIHUM
13 OCHOBHBIX BEIIECTB B  YEJIOBEUECCKOM
paMoHe, KOTOpPO€ HEOOXOAMMO JJisi HOp- HO OH
MaJIbHOT'O (P)YHKIITMOHMPOBAHUS OpraHu3Ma:
OHa PETYJUPYET OKHUCIUTEIIbHO-BOCCTAHOBUTEIbHBIE IMPOIECCHI,
YCKOPSIET CBEPTHIBAHUE KPOBHM, TOBBIIIACT COINPOTHUBISIEMOCTD
opranu3Ma HHOEKITUIM, SBJISETCS aHTUOKCUIAHTOM.

AckopOMHOBasl KHCIIOTa XOpoIlno pactBopuMa B Bojae (33,31
B 100 M1 Boabl). DOTO [ABYXOCHOBHAs KHCJIOTa C KOHCTaHTaMHU
KHUCJIOTHOCTH Ky = 9,1-10° u Ko = 4,6-10 . Ornomenne Kai : Ko
Gonbie 10° MOATOMY TEOPETUYECKH MOXXHO OTTUTPOBATH KaXKIbIH
13 IByX MOHOB BOJIOPOJIa €HOJBHBIX THAPOKCHIBHBIX Ipynm. Ho Tak
Kak K, oueHb Maja, MPaKTUYECKH MOKHO OIPEACIUTh TOJIbKO OIUH
MOH BOJOPOJa, NPUMEHSS HHIMKATOp C IIEPeX0JIOM OKpacKu
B 1ies10uHOi obmactu (PpT > 8).

OO0opyaoBaHue: BEChl TEXHUYECKHE, BECHl aHATUTHUCCKHE, OFOKC
C KpBINIKOW, OropeTka o0beMoM 25 mil, Kojaba MepHas 00beMOM
100 M, mumretka o6beMom 10 M1, ko1b6a KOHWYECKast ISl THTPOBAHHMS
o6bemom 50 M1, BOpOHKA, I'pyIlla, CTaKaH JiJis CJIUBA.

PeakTuBbI: TIpenapaT acCKOpOMHOBOM KHCJIOTHI (aHAIU3UPYEMOE
BEIIECTBO), THJPOKCHUI HATpUs (CTaHAAPTH30BAHHBIA  PACTBOP
" ~0,1 MOJIb/JT), HHAUKATOp (eHoI(TaIenH (CIUPTOBOI PacTBOP).

Xoa ompenenenusi. GapManeBTUUECKU Tpenapar acCKOPOUHO-
BOH KHCJIOTHI B (pOpMe MOpOIIKa MOJYyJaroT y JJabopaHTa W B3BEIIH-
BAlOT B 3aKPHITOM OFOKCE CHadayia Ha TEXHHYECKHX, a 3aTeM Ha aHaJIu-
TUYECKHUX Becax. Pe3ynpTaThl 3aHOCAT B Ta01. 8.

Conepxumoe OroKkca TMEPEHOCAT B CYXYH KOO0y €MKOCTHIO
100 my1, MHOTOKpaTHO CMBIBasi 4epe3 BOPOHKY IUCTHILIMPOBAHHOMN
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BoJI0M. OOBEM B KOJIOE TOBOJAT O METKH JUCTHILIUPOBAHHON BOJOM
U TIEPEMEIINBAIOT.

Tabnuua 8

Onpeodenenue maccol HaAGecKu (2) ACKOPOUHOBOIL KUC/IOMBbL

B3BemmBanus Macca
Onpenenenne Macc
mepBoe | BTopoe | TpeTbe |  (CpemHsis)
brokc 6e3 HaBecku m;
brokc ¢ HaBecKou m-
AcKopOMHOBasI KHCJIOTA — — — M3=m, —my

B xonby mis TuTpoBaHus BHOCAT numeTkod 10 mur pactBopa ac-
KOPOMHOBOM KHCJIOTHI, 2—3 Karu ¢eHondTaienia U TUTPYIOT CTaH-
JapTHBIM PacTBOPOM THAPOKCHIA HATpusl (KOHIICHTPAIMIO M THUTP
CM. B pabote 4) 10 NosIBJICHUS 0JIETHO-PO30BOM OKPACKH, yCTOMYMBOM
B TeueHue 30 cexkyHI. AHaIU3 MOBTOPSAIOT AO MOJYYEHUS TPEX CXO-
JSIUXCSL Pe3yJIbTaTOB, KOTOPBIE 3aHOCAT B J1aOOPATOPHBIA >KypHaJ
U OTIPENICTISAIOT CpellHee 3HaueHue oObeMa menoun VyaoH, OIS Ie-
ro Ha TUTPOBAHUE.

IIpoBenenue pacueron

1. Maccy ackopOMHOBO# KHCIOTHI (T) B aHAIM3UPYEMOM Ipera-
paTe pacCUUTHIBAIOT 1O (hopMmyIie:

Vz Vz
_ CNaOH 'VNaOH ) MAK . VK

m
AK 1000 V

TTUII

rae VNason — CpeaHuil o0beM IIesioud Mo OIopeTKe, MOIISAIINN Ha

VT
TUTPOBaHHE aHAIHM3UPyeMOro pactBopa (mi); M, — MonspHas mac-

ca SKBHMBaJIEHTa aCKOPOMHOBOUM KHCIOTHI, paBHas 176,12 r/moinb; Vi
— 00BeM KoJIOBI C pacTBOpPOM KHCIOTHI, paBHbld 100 mut; Vi, —
00bEeM TUTICTKHU JIJIsI B3ATHS aJTUKBOTHI, paBHbIN 10 M.

2. Conepxanne ackopOmHOBOH KHCIIOTH (%) B dhapmarieBTHIe-

CKOM IIperapaTe pacCUUTHIBAIOT MO (OPMYIIE:
m
®, =—=-100%.
m3
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KOMII/IEKCOMETPHYECKOE THTPOBAHHE

KoMmmiiekcomeTpuuyeckoe THTPOBAHHME OCHOBAHO HAa pEaKIUU
0o0pa3oBaHUsl KOMIUIEKCOB. B KkauecTBe JUTraHfoB Uil ATOW UENu
B AaHAUIMTUYECKON MPAKTUKE HAnOOJIee 4acTO UCHOJIb3YIOT KOMMNJIEeK-
COHbl — OPTaHWYECKHUE IOJUJICHTAHTHBIE JIMTAHIbBl C Xeaamupyio-
wumu (KIEeIrHeoOpa3HbIMK) TPpyNIUpoBKamMu. Yaie Bcero npuMeHs-
I0T ATUJIEHIUAMUHTETpayKcycHyo kuciory (JATY) u ee nunarpue-
Byto coib (DJTA, tpunon b, NayH,Y, xommmiekcon I1). HauGonee
IIMPOKOE MPUMEHECHUE B aHAJINTUKE HAIIIel HMEHHO TPUJIOH b.

Tpunon b npencrasnser coboi O
KpHUCTaUIbl OE€JI0r0 LBETA, XOPOILIO 0 HJ\OH
pacTBOpuMbIE B BOJE. TpuioH b J\/N o
CIIOCOOEH M3BJIEKATh KaTHOHBI MHO- HO \/\N/\H/ Na*
TUX METAJUIOB W3 COJIEM, 3aMenas -OTH O
MX HAa MOHBI HATPHS, TIOYTH BCE COJIH Na*

KOTOPOTO PACTBOPUMBI B BOJIE:

Me™ +H,Y> = MeY?> +2H",
Me* +H,Y> =2 MeY +2H",
Me* +H,Y> = MeY +2 H".

W3 npuBeACHHBIX peaKIuii MOXKHO CJIEJIaTh CJICIYIONINE BBIBOIBI.

1. He3zaBrcuMO OT 3apsijia KaTHOHA BCEraa 00pa3yroTCss KOMILIEKCHI
C COOTHOIIeHHeM KoMmoHeHToB 1:1, T. e. 1/z (H,Y*) = 1/z (Me™), uro
OYEeHb YJ00HO JIJIS MPAKTHYSCKOTO IIPUMEHEHHUS U PacUueTOB.

2. OnpenencHHbI GopMaIbHBIM CIIOCOOOM DKBHBAJICHT TPHIIO-
Ha b Beera paBeH MOIOBUHE ero MOJEKYIbL, T. €. 1/2 (HY?) = Y.

3. B xaxmoi peakiuu BBIJICISICTCS 0 JBa HOHA BOAOPO/Ia, KOTO-
pbIe HAJO CBS3BIBATH JJIA CMEIICHUS PABHOBECHS PEaKIIMHM BIIPaBO.
JIJIst 3TOro MPUMEHSIOT IICIOYHbIC Oy(epHBIC pacTBOPHI, HAIPUMEP
aMMHaYHbIN Oydep.

O

Jy1st onpenienieHrss KOHEYHOM TOYKH TUTPOBAHUSI OOBIYHO UCIIOJb-
3YIOT MEMAAn0XpOMHbIE UHOUKAMOPbl — OPTaHUYECKUE KpacuTeln
(opuoxpom depHbiii T, Mypekcua, GIyopekCoH U Ap.), 00pa3yroIiue
OKpaIleHHbIE KOMIUIEKCHI C OTnpeesieMbiMu kKatnoHnamu. [Ipu tutpo-
BaHUM TPUJIOHOM b TakMX OKpaIIeHHBIX KOMILIEKCOB MTPOUCXOIUT MX
MIOCTETICHHOE Pa3IoKeHHE 3a cueT 00pa3oBaHUs HOBOTO, OoJiee mpoy-
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HOTO KOMILJIEKCHOTO COE€IMHEHUS] KaTHOHA C KOMIUIEKCOHOM. B Touke
HKBUBAJICHTHOCTH MEPBOHAYAIIbHBINA I[BET KOMILIEKCA, 00Pa30BaHHOTO
WHJIUKATOPOM C ONpEACIsieMbIM KaTHOHOM, MCYE3aC€T U TOSBIISIETCA
OKpacka, CBOMCTBEHHAass CBOOOTHOMY HHAUKATOPY.

JlabopamopHasa paboma 5
CmaHdapmu3ayusi pacmeopa mpusaoHa b

CymHocTh MeToa. B xuMHuueckoM aHanu3e OOBIYHO MPUMEHSI-
10T pabouuii pacTBop TpwioHa b ¢ MoOJIIpHON KOHIIEHTpalUe SKBU-
BasieHTa 0,1 monw/n. Konnenrpanuto tpusiona b B pactBope MOXKHO
YCTaHABJIMBAThH M0 TUTPOBAHHBIM PACTBOpPAM COJICH KaJbIIMs, MarHusl
WM UMHKA. J[J19 3TOro MpoBOJAT TUTPOBAHKUE CTAHIAPTHOTO PACTBOpA
COJIM MeTaljia TpUJIoHOM b mpsiMbIM criocoOoM, QUKCUPYSI TOUKY K-
BUBAJICHTHOCTH C TTOMOII[bIO MHIUKATOpa 3proxpoma yepHoro T.

Tak kak MOH MeTaJlla MPU KOMILIEKCOOOPA30BAHUM 3aMEIIAET
B TpujoHe b 1Ba MoHa BOIOpPOJa, TO MOJsApHAs Macca dKBHUBAJICHTA
(C1oH14N,Nay,Og - 2 H,O) paBHa mojoBHHE MOJSPHONM MAacChl TPH-
J0Ha b:

M7, =M, . /2=186,12 r/mons.

OO0opyaoBaHue: BeCbl TEXHUYECKHUE, BECHl AHAIIUTHYECKHE, OIOKC
C KpBIIIKOW, OropeTka 00beMOM 25 Mil, KOJOBI MEpPHBIE C MPOOKOI
oovemoM 100 u 250 mu1, k0102 KOHUYECKAs! 111 TUTPOBAHUS 00bEMOM
250 v, nunetkn oO0bemoM 5 u 10 My, MepHBI UUIUHIAP 00BEMOM
25 M1, BOPOHKa, rpylia, CTaKaH AJis CIUBA, IPOMBIBAJIKA, IIMATENb.

PeakTMBBI: CEMUBOJIHBIA KPUCTALIOTUAPAT Cyib(daTa MarHws,
tpuioHn b, ammuaunbeiii Oydepnbrii pactBop (PH = 10), mugukaTop
3proXpoM YepHbIi T (CyXoil, pacTEpThIN C XJIOPUIOM HATPHUS).

Xoa onpenenenusi. PactBop cynbdaTta Maraus roToBsT Kak Iep-
BUYHBIM CTAaHAAPT C MOJIIPHOM KOHLICHTPAUHUEHd OKBUBAJICHTA
0,1 mons/m B MepHOM Kombe oObeMoM 100 mi. PactBop Tpmiona b
C NpuOIM3UTENBHON KOHUEHTpauuel skBuBasieHTa 0,1 Mosb/n roto-
BST B KOJIOE 00BeMoM 250 M.

Hagecky cynbdara Maraus (T) BEIYUCISAIOT 10 hopmyIie:
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:Ml/Z

Mygso, -7 H,0 MgSO,

Uz
-7H,0 'VK -C7,

1z
TIc MMgSO4-7H20 — MOJIIpHasd MacCa 5KBHBAJICHTA CYJ'IB(I)aTa Marxauys,

. 1/

paBHas 123,24 r/monb; Vk — 006beM MepHOii konosl (1); C2 — Mo-

JIIpHasi KOHIIEHTpaLMs SKBUBaJIeHTa (MOJIb/J1) B TpeOyeMOM pacTBOpeE.
Hagecky Tpuiiona b (r) onpenenstoT aHaTOTHYHBIM 00Pa30M:

_ Yz . Yz
mH2Y2’ o MHZYZ’ VK c,
rae ME’ZY} — MOJspHasg Macca DJKBHBAJICHTA TpuioHa b
2
(186,12 r/moub).

Maccy HaBecku cylib()aTa MarHus ONpeAesioT B OIOKCE Ha TeX-
HUYECKHX, a 3aTeM Ha aHaJUTUYECKUX Becax; TPWIOH b B3BemmBaoT
TOJIKO Ha TEXHUYECKHX Becax (Tadi. 9).

Tabauma 9
Onpeodenenue maccovl Hagecok (2)
B3BemmBanus Macca
Onpenenenye Macc
IIEPBOE | BTOPOE | TPEThE (cpenHsist)
brokc 0e3 HaBecKH m;
brokc ¢ HaBeckoM ms,
MgSO, - 7 H,0O — — — M3=m, —Mmy
Tpuiion b — — — My

HaBecku pacTBOpSIIOT B COOTBETCTBYIOIIUX MEPHBIX KOJIOAX B JU-
CTUJUTMPOBAHHOU Boje. [ nyumiero pactBopeHus TpuioHa b kon0y
HarpeBaroT Ha BOASHON OaHe, MpH 3TOM JOBEJICHHE 00beMa KUJIKOCTH
0 METKU TPOU3BOIAT TOJBKO MOCIE OXJIAXKIACHUSA pacTBOpPA A0 KOM-
HATHOMW TEMIIEPATYPHI.

bropeTky OmonackuBarOT W 3aNOJHSIOT PacTBOPOM TpHIIOHA b.
B Tpu xoHHMUYECKHE KOJIOBI ISl TUTPOBAHUSA OTMEPSIOT 110 10 M1 anuk-
BOTHI pacTBopa cylibaTa Martusi, J00aBISIOT MEPHBIM LWJIUHAPOM
25 MJI JUCTUJUTMPOBAHHOU BOABI, 5 MJ1 Oy(epHOro pacTBopa U BHOCST
Ha KOHYUKE LINATENsI B PACTBOP CYXOM MHAUKATOP — IPUOXPOM Uep-
Helil T. ComepxuMoe KoJIObI MEPEMEIIUBAIOT /10 MOJTHOTO PacTBOpe-
HUSI UHAMKATOPA, MOCJE YEro TUTPYIOT PAaCTBOPOM TpuiioHA b 1o me-
pEX0Ja OKPACKH M3 BUHHO-KPACHOW B CHHIOK. THUTpPOBaHHUE 3aKAHYU-
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BAIOT TOT/1a, KOTJa KPACHBIM OTTEHOK COBEPIIEHHO UCcYe3aeT. Pe3yib-
TaThl TUTPOBAHMS 3aMKCHIBAIOT B J1aOOPATOPHBIA KYpHAJ U OIpese-
JSIOT CpeAHee 3HaYeHHE O0beMa TUTpaHTa MEXAY TpPeMsl CXOJSIIu-
MUCS pe3yJIbTaTaMHu.

IIpoBenenue pacueToB

1. MonsipHy10 KOHIIEHTpalUlo Cysibdara Maruus (MoJib/J1) B pac-
TBOPE PACCUYMTHIBAIOT IO B3SATON HAaBECKE M3, pAaCTBOPEHHOMN B KOJIOE
oovemom Vi (100 mi):

1000- Myvgso, -7 H,0 10-m,
Cogso, = V. M ’
MgSO, -7H,0 ~ VK MgSO, -7 H,0

246,48 r/mMoI1b.
2. MosipHast KOHIIGHTpAIusl SKBHBaJCHTa Cyib(dara MarHus B
pactBope (MOJIb/N):

Cyaso, =C .z=C 2.

MgSO, MgSO,
3. MonspHyr0 KOHIIEHTpPAlMIO SKBUBAJIEHTAa (MOJB/J) TpuioHa b

C}:’ZY} ONPENEIAIOT MO PE3yJIbTaATAM TUTPOBAHUA:
2

Uz
cvz  _ CMgSO4 'VMgso4

HY2 \V

H,Y?

e Vygso, — 00BEM AIMKBOTHI pacTBOpaA oM, paBHbIA 10 Mit;

V., . — cpenHuii 00beM TprioHa b, momeammii Ha TATPOBAHKE (MI).
2

4. MonsipHasi KOHLIeHTpatus TpuioHa b B pacTBope (MOJb/1):

C _ CaZZYZ* _ Clilzzvz* .
HoY?™ 7 2
5. Turp pactBopa Tpuiiona b (r/mn):
T _ CHZYZ’ M CASE
o 1000
rae M ny: — MOIIPHAS Macca TPUJIOHA b, paBnas 336,21 r/mMoIb.

I[To pe3ynpTaTam pacyera 3anomHsA0T Taom. 10.

36



Tabnuua 10

OnpeOeJleHue KOHUuenmpauuu eeuiecme 6 pacmeopax

Konuenrpanus
PactBOp 17
C, MOJIB/ C™*, MOJIB/TT T, /M
MgSO, _
Tpunon b

KonmpoavHasa 3adava 5.1
OnpedeseHue Kaavyuss U MA2HUs
npu coeMecmHOM npucymcmeuu

Paznuune B KOHCTaHTax yCTOMYMBOCTH ATUJICHIMAMUHTETpaaleTa-
ToB Kasbliugd U Maraus (g B paBubl 10,7 u 8,7 COOTBETCTBEHHO) HENO-
CTaTOYHO JJIsi PA3JECIBbHOTO TUTPOBAHMUS ATHUX HOHOB. (COBMECTHOE
ONPEAECICHUE MOKHO IPOBECTH, UCIOJbB3YSl Pa3HbIE METAJUIOXPOMHBIC
nHaukaTopel. C ucnoas3oBanueM spuoxpoma dyepHoro T mpu pH = 10
B OJJHOM aJIMKBOTHOM YaCTH aHAJIM3UPYEMOIO PacTBOpa OIPEICIISIOT
CyYMMAapHO€ COJICPYKAHUE KaJbLUs U MarHus. B Apyron alMkBOTHOM 4a-
ctu co3naroT pH > 12, ocaxknas marHuii B Buje Tuapokcuaa. He ot-
(UIBTPOBBIBAsI 3TOT OCAJA0K, B PACTBOPE OIMPEACIIAIOT KaJbIIUA B TIPH-
CYTCTBUH WHJIMKATOpa MypeKcria. Maraui onmpeaesstoT 1o pa3HOCTH.

OOopynoBanue: Oroperka o0BeMOM 25 mil, Kkoyiba MepHas
c mpoOkoit o6vemMom 100 My, konba KOHWYECKass aJii TUTPOBAHMUS
oobemom 250 mu1, mumeTkn oobemMoM 5 m 10 MiI, MEpHBIN HTHIHHAD
00BbEeMOM 25 MJI, BOPOHKA, I'PYIIIa, CTaKaH JJisd CJIUBA, IITATEb.

PeakTuBbI. aHAIM3UPYEMBIA PACTBOP COJIEM KAJIBLMUSA U MarHus,
TpuJIOoH b (cTaHIapTU30BaHHBIN PacTBOP, c'"~0,1 MOJIb/JT), aMMHaY-
HeIll OydepHbiit pactBop (PH = 10), ruapokcun Hatpus (pacTtBop,
C = 2 MOJIB/1), THIUKATOPHI IPHOXpOM depHbIH T u Mmypekcun (cyxue,
pacTepThie ¢ XJIOPHUIOM HATPUS).

Xoxa onpeneneHusi. AHAIU3UPYEMBIN PacTBOP, COAECPKAIUNA HO-
HbI KaJIbI[Msl U MarHus, mojy4arT B koyioe Ha 100 mu y yabopanTa.
O0veM pacTBOpa B KOJIOE€ JOBOASAT JAUCTHIUIMPOBAHHOM BOJIOU
JI0 METKH U TIIATEIbHO MEPEeMENINBAIOT.
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1. Onpenenenne cyMMbl KaJblUs U MarHus. B kon0y s TUT-
poBaHUS eMKOCTBI0 250 M1 BHOCAT mumneTkou 10 M1 aHAIM3UpyeMOoro
pacTBOpa, MNPHOABISIIOT S MJI aMMHadyHOro OydepHOro pacTBopa
U 25 MJT TUCTUITMPOBAHHOM BOJIbI. PacTBOp mepemenmBaiot, mpubdas-
JSIFOT HA KOHYMKE MINATENsl WHANKATOP SPUOXPOM YepHbIA T U BHOBB
MEePEMEIINBAIOT 0 MOJHOTO PACTBOPEHUSI MHAUKATOpa. TUTPYIOT MO-
JyYEHHBIA PacTBOP TPWIOHOM b (KOHIIEHTpaIMiO U TUTP CM. B pabo-
Te 5) 10 mepexoma OKpacKd pacTBOpa M3 BHHHO-KPACHOW B CHHIOIO.
TuTpoBaHue TPOBOIAT 10 MOTYUCHUS TPEX CXOASAIIUXCS PE3yJIbTaTOB,
KOTOpPBIE 3aHOCIT B JIabOpaTOpHBIN >kypHai. OmnpenensioT cpenHee
3HaueHHe o0beMa TpuiioHa b Vi, momieainiero Ha TUTPOBAaHUE CYMMBI
MOHOB KaJIbIUsI 1 MarHusl.

2. Onpenenenune Kaabuus. B KonOy 1y TUTPOBAHUS €MKOCTHIO
250 mu1 BHOCAT mumneTko 10 M1 aHanM3MpyemMoro pactBopa, nmpudas-
ast0T 5 M pactBopa NaOH (mpu 3TOM B 0CafioK BBIJACISICTCS THIPOK-
CUJl MarHus) u 25 Ml JUCTUIUIMPOBAHHOMN BOAbL. PacTBOp mepemeniu-
BalOT, NPHUOABJISAIOT HAa KOHYMKE IIMATENs WHIWKATOP MYPEKCH]
Y BHOBb IIEPEMEIIMBAIOT JI0 MTOJIHOTO PACTBOPEHUSI MHIAUKATOpa. THUT-
PYIOT MOJIYYEHHBIM pPACTBOP TPUIOHOM b (KOHUEHTpPAIUIO U TUTP
CM. B pabote 5) /10 mepexojia OKpacKh pacTBOpa M3 PO30BOKM B Iyp-
nypHyto. TUTpoBaHUE MIPOBOJIAT A0 MOTYUCHHS TPEX CXOMSIIUXCS pe-
3yJIbTAaTOB, KOTOPHIE 3aHOCAT B JTa0OPATOPHBIN KypHai. Onpenenstor
cpeaHee 3HaueHne o0beMa TpuioHa b Vo, momeamero Ha TUTpOBaHUE
MOHOB KaJIbIIHS.

IIpoBeaenue pacueros

1. Maccy HOHOB KaibIus (MI') B aHAJIM3MPYEMOM PacTBOpE pac-
CUUTBHIBAIOT 10 (popmyiie:

_ Uz 1/z VK
mCa2+ o CHZYZ’ V2 Mc:a2+ V '
ITHIT
rjae Ci" ZYzf — MOJIIpHasg KOHIIEHTpalysa 3KBUBAJIEHTA pacTBOpa TPU-
2

aoHa b (mone/n); Vo, — cpennuit o0beM tpuiiona b mo Oropetke, mo-

IIEIINIA Ha THTPOBAHUE HMOHOB Kanbhus (mi); M é/azz

Macca JKBUBaJieHTa MOHOB Kaubltus, paBHas 20,039 r/monp; V, —
00bEM KOJIOBI C Ha4YaJIbHBIM pacTBOpoM, paBHbiil 100 mi; Vo, — 00b-
€M IUMETKH I B3STUS AIMKBOTHI, paBHBIN 10 ML

— MoJIsIpHas
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2. Maccy woHOB MarHus (MI) B pPacTBOpPE pACCUHUTHIBAIOT
o hopmyiie:

Uz 1z VK
mMngr —_— CH2Y27 * (\/1 _V2) : M Mgz+ : V ]
TIATT
raie Vi, — cpennuii oobeM TpuioHa b mo OropeTke, MOIIEAIINA

Ha TUTPOBAaHUE CYMMbI MOHOB KaJIbIIUS W MarHus (mi); M ,\1222+— MO-
g

JsipHAasi Macca SKBUBAJICHTa MOHOB MarHus, pasHas 12,152 r/moub.

OrnpezeneHHble 3HAYEHUS] MAacC MOHOB KaJbIIMSl U MarHus (B MT
C TOYHOCTBIO JI0 2-TO 3HAKa IOCJE 3amsaTo) OTHAIT Ha IPOBEPKY,
MOJIy4aloT OLICHKY U Y3HAIOT UCTUHHYIO MAacCy HOHOB B HCXOJHOM
pacTBope. PaccuuThIBalOT aOCONIOTHYIO M OTHOCHUTENIBHYIO TMOTPEIll-
HOCTH (aHAJIOTUYHO KOHTPOJIBHOM 3amaue 3.1).

KonmpoavHasa 3adaua 5.2
OnpedeseHue obujell xcecmkKocmu 800 bl

OO6mas KeCTKOCTh BOJBI (TEOPETUYECKHE OCHOBBI CM. B KOH-
TPOJIbHOM 3ajaue 3.2) XapakTepu3yeTcsi CyMMapHbIM COIEPKaHUEM
B HEW PACTBOPHUMBIX COJIEH KAJIbLIMS U MarHus, B HEKOTOPBIX CIIydasx
— couieit xkenes3a. YToObl yCTpaHUTh OOIIYIO )KECTKOCTh, HEOOX0IUMO
3HaTh CYMMApHYIO KOHIICHTPALIMIO YKa3aHHBIX KaTUOHOB. i1 3TOrO
MPUMEHSAIOT METOJ KOMIIJIEKCOHOMETPUYECKOTO TUTPOBAHMUS.

OmnpeneneHne >KECTKOCTA BOJbI CTaJO MEPBBIM MPAKTUYECKU
BaXXHBIM TPUMEHEHUEM TpUJIOHA b B aHaNMTHUYECKOM XUMUHU, TO-
CKOJIbKY Ha BCEX MPOU3BOJACTBAX, 1€ UCIIOIb3YyETCS BOJA, TAKOW aHa-
JIU3 TOJKEH HEMPEMEHHO MPOBOIUTHCS.

Oo0opynoBanue: O0ropeTka o0beMoM 25 MiI, KoJiba MepHas C Tpoo-
kot oobemom 100 mut, koba KOHWYECKas IS TUTPOBAHUS OOBEMOM
250 M1, muneTka 00beMOM S MJI, BOPOHKA, CTaKaH JiJIsl CJIMBA, IIMATeh.

PeakTuBBI. BOoJa (aHAIM3HPYEMBIH pacTBOp), TpwioH b (craH-
JNAapTU30BaHHBIA PACTBOP, " =~0,1 MOJIb/JT), aMMHAYHBIN Oy(epHBIT
pactBop (pH =~ 10), uaaukaTtop 3puoxpoM depHsiii T (cyxol, pactep-
TBIN C XJIOPUJIOM HATPHS).

Xona onpenesienusi. B Tpu koHm4eckue KoJjObl o0bemoM 250 mi
otoupatot mo 100 mi1 uccaeayeMoi BoIbl ¢ OMOIIBIO MEPHOM KOJIOBI.
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J00aBnAIOT B KaXay0 KoJIOY 10 5 MJI aMMHadHOW OydepHoit cmecH,
BHOCAT HAa KOHUMKE IITATENsl S3PUOXPOM depHbI T U mepemMenmBaioT
JI0 TOJIHOT'O PACTBOPEHUS WHIAUKATOPA. TUTPYIOT MOJYYECHHBIA pac-
TBOp TPWIOHOM b (KOHIIEHTpalUIO U TUTP CM. B paboTe 5) 10 mepexo-
Jla OKpacKH pacTBOpa U3 BUHHO-KPACHOM B CHHIOIO.

TurpoBaHue IPOBOAAT A0 MOIYUYCHHUS TPEX CXOMSAIINXCS Pe3yJIbTa-
TOB, KOTOPBIE 3aHOCAT B JJaOOPATOPHBIH >KypHAII U ONPEAETSIOT CpeIHEe
3HaYeHHE 00beMa KOMIUIEKCOHA, 3aTPAuYe€HHOT0 Ha TUTPOBAHHUE.

IIpoBenenue pacueroB. OONIyI0 KEeCTKOCTh BOIBI Kogy (°K)
paccuuThIBAIOT MO popMmyiie:

C.. -V, .. -1000

_HYE
>I<0611[. - V s
H,0
rac Ci'/ ZYzf — MOJIIpHasA KOHICHTpalHsA OJKBUBAJIICHTA TpPHJIOHA B;
2
V — Cp@I{HI/Iﬁ 00BEM TPpHUJIOHA B, Sana‘IeHHBIﬁ Ha TUTPOBAHHC

H,Y?
(mi);Vy, o — 00BeM nccieyemoii Bozbl, pasHslid 100 M.

[TonydyeHHoe 3HaueHHE OONIEH JKECTKOCTH BOJIbI CPABHUBAIOT
C JaHHBIMHU Ta0JI. 11 U AEMa0T BBIBOJ O KATETOPUU KECTKOCTH.

Tabmumna 11
Tlokazamenu >icecmkocmu 600bl
Kareropus Boabl IToxazarens xxecTkocTH, 2K
OueHp MATKas <15
Msrkas 1,540
Cpennsis 4.0-8,0
Kecrtkas 8,0-12,0
OueHsb kecTKad >12,0

40



OKHC/IUTE/IbBHO-BOCCTAHOBHUHTE/IbHOE
THTPOBAHHE

OKHCIUTEIbHO-BOCCTAHOBUTEIbHOE (PEIOKC) THTPOBaHHE
OCHOBAaHO Ha OKHCJIUTEIbHO-BOCCTAHOBUTEILHBIX PEAKIUAX M COIPO-
BOXKIACTCS M3MEHCHHEM PEIOKC-TIOTCHIIMIA CHUCTEMBI. |HTpaHTaMH
METOJIa MOTYT OBITh KaK OKHCIIMTEIIH, TaK M BoccTaHOBHUTENH. Hanbo-
Jee 4acTto mnpuMeHsembie TUTpaHThL: |y / Na,S,03 (uodomempus),
KMnO, (nepmanzanamomempusn), K,Cr,0; (xpomamomempus),
KBrO; (opomamomempus), NaNO, (hnumpumomempus) v ap.

JlaHHas TpyIIIa METOJOB MOAXOIUT JUIS ONPEACIICHUS OKUCIUTC-
JIe, BOCCTAHOBUTEJIEH, a TaKKE BEIIECTB, HE MPOSABIAIOMINX OKUCIIH-
TEIHbHO-BOCCTAHOBUTEIBHBIX CBOMCTB, HO PEarupyrolux ¢ OKUCIUTE-
JSIMH WA BOCCTAHOBHUTEIISIMU B CTEXHOMETPHUICCKOM COOTHOIIICHHMH.

BoccranoButenn, HEMOCPEACTBEHHO PEAarupyroOIIMe CO CTaH-
JApTHBIMH PAacTBOPAMH OKHCIIMTEICH, ONPEASISIOT IPSIMBIM CIIOCO-
oom. Hampuwmep, Fe?*, C,04%, H,0, HEMOCPEACTBEHHO TUTPYIOTCS
IIepMaHTaHATOM KaJIhsi; HOHBI 8032_, SZ_, ASOgg_ — pacTBOpPOM Hoa.
OOpaTHBIM U 3aMECTUTEIIBHBIM THUTPOBAHUEM ONPCACISIOT OKHCIIH-
TeJu (HarpuMmep, WOHBI Cr2072_, NO;s, Cu2+, BrO;~, CIO") u Bemie-
CTBa, HE 00JIaJaloIIUe OKHMCIMTEILHO-BOCCTAHOBUTCIBHBIMU CBOM-
creamu (Ca”™", Zn™).

JlJia ycTaHOBJIEHHUS] KOHEYHOW TOYKM THTPOBAHHUS MOTYT MpUMe-
HATBCA pedoKc-unoukamopvl (IudpeHunamMut, (QEHWIaHTpaHUIOBas
KHCJI0Ta, METUJICHOBBI CHHHMHA W JIp.). DTH BEIIECTBA YyBCTBUTEIIHHBI
K U3MEHEHUIO PEJOKC-TIOTEHIAIa CUCTEMBI (MMEIOT Pa3sHYI OKpAaCKy
OKHCIJICHHOM W BOCCTAaHOBJICHHOW ()OpM) HE3aBHUCHUMO OT MPHUPOJILI Be-
mecTB B pactBope. Hampumep, maudeHMIaMUH COBEpIIAET TEPEeXo/l
okpacku B auana3one 0,76 + 0,03 B: npu 3navenunsx E <0,73 B on sB-
nsieTcst 6ectBeTHbIM, npu E > 0,79 B npeobianaer dhuonerosas ¢popma.

JIJ1s HEKOTOPBIX METOIOB UMEIOTCS Creuupuueckue uHOUKamopel,
KOTOpBIE 00pa3yrOT OKpAIlICHHbIE KOMIUIEKCHI ¢ TUTPAHTOM HJIU OIpe-
JeNsIeMbIM BeliecTBOM. Hampumep, Kpaxmai, NPHMEHSEMBIH B HOJI0-
METpHH, 00pa3yeT ¢ HMOJOM COCIMHEHHE CHHETO IIBETA; POJAHUI-HOH
JaeT KpacHOE OKpaIllMBaHUE C HOHAMHU TPEXBAJIEHTHOTO KeJie3a U Tp.

Hakosern, cymecTBYrOT 1 Oe3bIHINKATOPHBIC MeTOIbI. Hampumep,
NepMaHraHaT-aHHOH MMeeT COOCTBEHHYIO (PHMOJIETOBYIO OKpacky, Io-
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3BOJIAIONIYI0 UAECHTU(UIIMPOBATH €ro B pacTtBope. B GpomaTomeTpun
KOHEIl TUTPOBAHUSI MOKHO OINPEEIUTh MO MOABJICHUI0 Oypoi okpac-
KU BBIACISIONIETOCS MOJICKYJISIPHOTO OpoMa.

JlabopamopHasa pa6oma 6
CmaHdapmu3ayus pacmeopa
muocyashama Hampus

CymHocTh MeToaa. MoioMeTpru4ecKuil METO ] aHaIM3a OCHOBAH
Ha peJOKC-MPEBPAIEHUH M0/1a B HOAUI-UOHBI U1 OOPATHO:

l,+28221.

CraHgapTHBIM AIEKTPOAHBIM MOTECHUHAN JAHHOW pEaKIUUA CPaB-
HUTEIHLHO HeOobimon (E° = +0,54 B), 4TO MO3BOJISIET MCIIOIB30BATh
peloKCc-napy MojJia M KaK OKUCIUTENb U KaK BOCCTaHOBUTENb. Hampu-
Mep, pacTBOpP MOJa JIETKO OKHUCISET MPU MPSIMOM TUTPOBAHUHU HO-
HBI-BOCCTaHOBUTENH: Sn?¥, §%, 8032_, 82032_, A8033_ u 1p. Oxuciu-
Teu (Cu2+, H,O,, Br,, BrOs;, CIO", Cr,0; u np.) onpeaensior 3ame-
CTUTEIBHBIM TUTPOBaHUEM IIOCJE OOpabOTKH pacTBOpa HU3OBITKOM
MOAUJA KaJIHSL.

B unomoMeTpun TUTpaHTaMu SIBJISIIOTCS PacTBOPHI Moja (MPsSMOE
TUTPOBaHWE) U THOCYIb(aTa HaTpus (0OpAaTHOE W 3aMECTUTEIHHOE
TUTPOBAHUE), UHJUKATOP — PACTBOP Kpaxmara.

JIisi MpUroTOBJIEHHs CTAaHAAPTHOTO PacTBOpa HOJa MPUMEHSIOT
XUMUYECKA YHUCTHIM HMOJI, TOYHYIO HABECKy KOTOPOTO PACTBOPSIOT
B BOJHOM PacTBOpE MOAMAA Kayius (PaCTBOPUMOCTh MOJIa B BOJIC OYCHb
Mmana). [Ipu 3ToM 00pazyercs KOMIUIEKCHOE COSTMHEHUE Oyporo 1BETa:

|2 + Kl > K[|3]

CrangapTHbIil pacTBOp THOCY/Ib(aTa HATPUS HENb3sl MPUTOTO-
BUTh U3 TOUHOU HABECKH, T. K. OH JIETKO TEPSIET KPUCTAIUIM3ALMOHHYIO
Boqy. CranpapTuzanuio pacTBOopa THOCYJb(aTa HATPUS MPOBOJIAT
Mo AUXpOMaTy Kajids CIIOCOOOM 3aMECTUTEIbHOTO THUTPOBAHUS.
JI71s1 5TOTO CHAyajga BOCCTAHABJIMBAIOT AUXPOMAT H30BITKOM HOAMIA
KaJIisl B KUCJIOM CpeJIe:

K,Cr,0; + 6 KI + 7 H,SO, — Crg(SO4)3 +31,+4K,SO, + 7 H,0,
MOCJI€ YE€TO BBIICIUBIITUNACS U0 TUTPYIOT THOCYIh()ATOM HATPHUS:
2 Na,S,0;5 + |, - Na,S,0¢ + 2 Nal.
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Cnenyer oOpaTuTh BHHUMaHHE, 4YTO B JIaHHOM OIPECICHUHN
Ha OJMH JUXPOMAaT-aHUOH MPUXOJUTCS IIECTh TUOCYIb(aT-aHUOHOB,

1. €. 1/z (K2Cr207) =1/6, 1/z (Na28203) =1

OO0opyaoBaHue: BeChl TEXHUYECKHE, BECHl aHATUTHYECKHE, OFOKC
C KpBIIIKOW, OropeTka 00beMoM 25 mil, KOJOBI MEpHBIE C MPOOKOii
oobemoMm 100 u 250 mi, Koab6a KOHMYECKAs JJisl TATPOBAHUS C MPOO-
ko oobemoM 250 mi, mumetka oobemMoM 10 Mi1, MEpHBIN HITHHAD
o0beMoM 25 MJI, BOpOHKA, TpyIlla, CTaKaH JJisi CIMBa, MPOMBIBAJIKA,
TepMomMeTp ¢ npeaeaom uzmepenus ot 0 go 50 °C.

PeakTuBbBI. auxpoMar Kajaus, NATUBOAHBIA KPHUCTAJLUIOTHAPAT
ThOCyIb(aTa HaTpus, MOAUJ Kaius (pacTBOp C MacCOBOUM joJieit
10 %), kucnora cepnas (pactBop, C = 0,5 Moab/i1), ”HIAUKATOP Kpax-
Mmat (pacTBop ¢ MaccoBoi aosei 1 %).

Xoa onpenenenusi. PactBop guxpomara Kajusi TOTOBSIT Kak Iep-
BUYHBIM CTAHIAPT C MOJIIPHOM KOHIICHTPAIlME SKBUBAJICHTA
0,05 monp/n B MepHoO# kosbe oobemom 100 M. HaBecky nuxpomarta
Kayiust (T) BRIYMCIISIIOT IO pOpMyJIE:

_ 1z 1z
mKZCr207 - MKZCrZO7 'VK -C,
1z
TJe |\/|K2Cr2o7 — MOJISIpHAs Macca 3KBUBAJIICHTA AUXpoMaTa Kalus,
o 1/z
paBHas 49,03 r/mMmonb; Vi — o006bem mepHO#M KoJObI (J1); C7° — Mo-

JsIpHAas KOHIICHTPAIMs SKBUBAJICHTa B TPEOyEeMOM pacTBOpe (MOJIB/J).

PactBop tHOCynb(aTa HaTpUs ¢ MPUOIU3UTEIHLHON KOHIICHTpa-
e sxBuBasieHTa 0,05 Moab/n roToBAT B KOJIOE 00BeMoM 250 mi.
Hagecky tnocynbgara HaTpus (T) ONpenestoT Kak:

_ Vz 1/z
mNaZSZOS-SHZO — VINa,S,0,-5H,0 'VK -C,

1/z
TIC M Na,S,05 -5H,0 MOJISIpHas MaccCa SKBHBAJICHTA KpHUCTAJLJIOruapa-

Ta THOCYJIb(aTa HaTpus, paBHas 248,18 r/molb.

Maccy HaBecKu quxpomara Kajius ONpeAesisaioT B OI0KCe Ha TEXHU-
YECKUX, a 3aT€M Ha aHAJIMTUYECKUX BECax; TUOCYJb(aT HATpUs B3BeE-
IIMBAIOT TOJHKO HAa TEXHUUYECKUX Becax (Tabi. 12). HaBecku pactBops-
I0T B COOTBETCTBYIOIIMX MEPHBIX KOJIOAX B AUCTWUIMPOBAHHOW BOJIE.
PactBOp THOCY/IB(ATa OCTABIISIIOT BHICTAUBATHLCA HA 24 yaca.
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BbropeTKy OInonacKuBarOT W 3aMoJIHSAIOT PACTBOPOM THOCYIb(arta
HaTpus. B Tpu KoHMUYecKue KOJObI JjIsi TUTPOBAHUS BMECTUMOCTBIO
250 M otMepsitoT o 10 My aTMKBOTHI pacTBOpa AMXpoMara Kajus
temnepatypoi (20+2) °C (nuneTky npeaBapUTEbHO OIMOJACKUBAIOT
TUM pacTBOpPOM). B k07061 100aBISAIOT MEPHBIM LIMJIMHIPOM T10 D MJI
pacTBOpa MOAUCTOTO KaJlvsl, IEpEeMEIINBaAIOT U 100aBsitoT 20 mi1 pac-
TBOpa CepHOM KucioThl. [locie odepenHoro mepeMemmnBaHus Kooy
3aKpBIBAIOT TPOOKOW W IIOMEMIAIOT B TEMHOE MECTO Ha 5 MUH
JUISL TPOXOKJICHUST PEAKITUU.

Tabmuma 12
Onpeodenenue maccol HABecoK (2)
B3pemmBanus Macca
Onpenenenne macc
IIEPBOE | BTOPOE | TPETHE (cpenHsist)

brokxc 6e3 HaBeckH m;

brokc ¢ HaBeckou ms
K,>Cr,04 — — — M3z =My — My
Na,S,03 - 5 H,0 — — — my

[lo mpomecTBUM 5 MHUH BBIJCIIUBIINNACSA MOl OTTUTPOBBIBAIOT pac-
TBOPOM THOCYJb(aTa HATPUA JI0 CBETIO-KEITOM OKPACKH pacTBOpa, 3a-
TEM MPUOABIAIOT 2—3 MJI pacTBOpa Kpaxmaia (pacTBOp MPH STOM OKpa-
IIMBACTCSI B TEMHO-CUHUU 1BET). [IpogomxkaroT MeIIeHHO TUTPOBATh
pacTBoOp, MepeMenInBas nocjae Kaxa0i 100aBIeHHON KaIuld, 10 Ucue3-
HOBEHHSI CHHEM OKpacKu. B Touke SKBUBAJICHTHOCTH M IOCJIE HEE pac-
TBOpP Oy/IET UMETh CBETJIbII CUHE-3E€JIEHbIA OTTEHOK.

Pe3ynbTaTel TUTPOBaHUS 3aMHCBHIBAIOT B JAOOPATOPHBIM KypHAI
U OTIPENICTISAIOT CpeAHee 3HA4YeHHUE O00bheMa TUTPAHTA MEXKAY TpeMs
CXOJSAIIMMHUCS PE3yJIbTaTaMHu.

IIpoBenenue pacuyeron

1. Tutp pacTBOpa nuxpomMara kanus (I/MJI) PacCUUTHIBAIOT
10 B3ATOH HaBeCKe M3, pacTBOpeHHO# B Koy10e 00beMoM Vi (100 mu):

szcr207 _ m3

T = :
K,Cr,04 VK 100

2. MonspHas KOHIIEHTpanys JuxpoMaTa Kaius (MOJIb/1) B pacTBOpE:
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1000 Ty ¢.0,

K,Cr0, — ,
K,Cr,0,

rae My ¢ o — MomsipHas Macca quxpomara kanus, 294,19 r/mons.

3. MonsipHas KOHLIEHTpaLMs YKBUBAJIEHTA B PACTBOPE IUXPOMATa
Kayust (MOJIb/T):

1/z _ _ .
CKZCrZO7 - C|<2cr207 L= C|<2cr207

4. MossipHy10 KOHIIEHTPAIMIO SKBUBAJICHTA THOCYJIb(aTa HATPHUSI

1z o
CNa28203a YUCJIICHHO PAaBHYIO MOJISIPHOM KOHICHTPAIUH CNaZSZO3’

OonpecaACIIAIOT IO pe3yJibTaTaM TUTPOBAHUA:
1z .
Na23203 - Na.28203 - !
Na,S,04

rae Vi .o, — 00BbEM aIMKBOTHI PaCcTBOpa AUXpoMara, pasHsii 10 mi;

Via,s,0, — CPCAHMUI 00BEM THOCYIb(aTa, IOMEALINH Ha THTPOBAHHE.

5. Tutp pactBopa THocyibhara HaTpus (I/Mi):

T _ CNa28203 M Na,S,0,
N325203 1000
ITo pesynpTaTam pacyera 3amoiHSAIOT Taom. 13.

Tabmuma 13
Onpeodenenue KOHYEHMPAYUU EULECE 8 PACHBOPAX
Konuenrpauus
PactBop 1
C, MonB/n C™", MOIB/TI T, v/Ma
K,Cr,0O5
Na,S,04

KonmpoavHasa 3adaua 6.1
OnpedesieHUe AKMUBHO20 X/10pa
86 ombeaugawWux npenapamax

Or0OenuBaroiiiee JeCTBUE OCHOBAHO HA Pa3pYILLICHUU MPUPOTHBIX
NUTMEHTOB MaTepuaja U OKpPaIICHHBIX 3arpsA3HAIONIMX BEIIECTB Opra-
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HUYECKOW TpUpoabl. [IOCKOJIBKY A3TOT KPYyr BEUIECTB COCTABJISIOT
B OCHOBHOM BOCCTAHOBHUTEJIH, TO B KQ4€CTBE OCHOBBI OTOEIMBAIOIINX
IpernapaToB NPUMEHSIOT CHIIbHBIC OKUCIUTEIN PA3IMIHOM IPUPO/IBI.

B OBITOBBIX MpemapaTax 4acTo MPUMEHSIOT COCIMHEHUS XJIOpa,
Kak HamboJjiee memieBble U aocTtatouHo 3 dexruBnbie. [Ipu momana-
HUM OTOCIMBAIOIIEIO Iperapara B BOAY (KaK M MPH XJIOPUPOBAHUU
BOJIbI) XJIOP MOJXKET MPHUCYTCTBOBATh B PACTBOPE B Pa3IMYHBIX (Pop-
Max, KOTOpbIE TPOSIBIISTIOT OKUCIUTENbHBIC cBoiicTBa: Cly, XIopHOBa-
tuctas kuciora HCIO, runoxmoput-uon ClO . Mx cymMmapHoe co-
JIep’)KaHUE BBIPAKAETCS KaK KOHIICHTpAIMS «AKTHUBHOTO» XJIOpa, Tak
KaK MEeXIy STUMHU (DOpMaMU CYIIIECTBYET paBHOBECHE:

Cl, + H,O 2 HCIO + HCI.

Heo06xoauMo y4UTHIBATh, UTO B BOJHBIX PACTBOPAX, COACPKAITUX
AKTUBHBIN XJIOP, MOXKET MPOUCXOAUTHh CaMOIPOU3BOJILHOE Pa3JI0KE-
HUE COCIMHEHMN ¢ 00pa3oBaHMEM XJIOpHAA, XJopaTa W KHUCIOpOoa.
CietoBaTenbHO, BCTAET 3a/1a4a KOHTPOJIS KOHIIEHTPAUUH OKHCIUTENS
B OTOEJIMBAIOIIUX PACTBOpPAX.

Ornpenenenue akTUBHOTO XJIOpa MOJIOMETPUYECKUM METOIOM OC-
HOBAHO HAa PEAKIMU C MOAKUCICHHBIM pacTBOpoM uoauaa kaus. [Ips-
MO€ TUTPOBaHUE CTaHAAPTHBIM pacTBopoM KI He MCIoOnb3yroT H3-3a
TPYIHOCTEW WHIWMKAIWMNA KOHEYHOM TOYKH TUTPOBAHUWA: IPEKPAILCHHE
oOpa3oBaHMsi CBOOOTHOTO MOAA C MOMOIIBI0 Kpaxmalia 3aMETUTh HEllb-
3s. [loaTOMY 111 OTIpEeAeNeHNs] OKUCIUTENIEH NOJOMETPUIECKUM METO-
JIOM IIPUMEHSIOT CIOCO0 3aMecmumenbHo20 mumpoeaHus.

_ _ + _

ClIO +21 +2H — I, +Cl + H,0.
BriaenuBmuiicst HoJ1, KOJIMYECTBO KOTOPOTO SKBUBAJIICHTHO KOJIH-
YECTBY aKTUBHOTO XJIOpa, TUTPYIOT pabO4YMM PacTBOPOM THOCYJIb(aTa

B IMIPUCYTCTBUH KpaxXMaJid. CYMMapHOC COACPKAHUC PA3JINIHBIX (I)OpM
MNEPCCUNUTHIBAIOT HA XJIOP.

OobopynoBanue:. 0ropeTka 00beMoM 25 MJI, Koji0a MepHasi 00be-
MoM 250 mi1, Ko16a KOHUYECKas JjIsi TUTPOBAHUA C TPOOKOH 00BEeMOM
250 mut, munietka o6beMom 10 mi1, MepHBIN HHIUHIAP 00BeMOM 25 M,

BOPOHKa, TpyIlia, CTakaH JJIs CIUBa, TEPMOMETP C IPEACIOM H3Mepe-
ausg 0-50 °C.

PeakTuBbI: OTOETMBAIONIMNA Mpenapar (aHaJIUu3UpyeMblil pac-
TBOp), THOCYIb(paT HaTpus  (CTaHIAPTU30BAHHBIM  PACTBOD,
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C = 0,1 monb/n), noaun kanus (pacTBop ¢ maccoBoi goiaeii 10 %),
kuciora cepHas (C = 0,5 monw/n), wHAMKATOpP Kpaxmai (pacTBOp
¢ MmaccoBoii goieii 1 %).

Xona onpeaesnenus. 10 M1 KOHIIEHTPUPOBAHHOTO pacTBOpa OTOE-
JuBarollero cpeactsa remmneparypoit (20+2) °C nepeHocIT NUNeTKon
B MEPHYIO K0JIOY BMECTUMOCTBIO 250 MJI, TOBOJAT O METKHU JTUCTHUII-
JIMPOBAHHOW BOJIOW U TIIATEJNBHO NEpeMemnBarOT. 10 M1 TOJTy4EHHO-
ro pacTBOpa MEPEHOCAT B KOJOYy MJisi TUTPOBAHUA, N0OABISAIOT TyJa
5 MJI pacTBOpa MOJUCTOrO Kajus, IepeMEIIUBalOT U 100aBIsIoT 20 M
pacTtBopa cepHOil KUCHOThl. CHOBa MEPEMEIINBAIOT, 3aKPBIBAIOT KOJI-
Oy mpoOKO¥ 1 MOMEIIAaIT B TEMHOE MECTO Ha 5 MHUH JJisl IPOXOXK/Ie-
HUSI pEaKIINH.

ITo mpomiecTBUM 5 MUH BBIACIUBIIMICA UOJ OTTUTPOBBIBAIOT pac-
TBOPOM THOCYJIb(haTa HATPUs (KOHICHTPALUIO U TUTP CM. B paboTte 6)
710 CBETJIO-KEJITOM OKpPacKu pacTBOpa, 3aTeM NMpHOaBIsAOT 2—3 MII pac-
TBOpa Kpaxmalia U MpOAO0HKAlOT TUTPOBAHUE A0 OOECIIBEUMBAHUS pac-
TBOpA. 3a pe3yibTaT aHaIW3a MPUHUMAIOT CpeaHee apupMETHYECKOe
3HaUCHUE 3 MapaJUICNIbHBIX OMNpPENENCHUN, B KOTOPBIX PACXOXKICHHUE
B 00beMe JOOABIIEHHOTO TUTpaHTa He npeBbimaet 0,1 mit.

IIpoBenenue pacuyeroB

1. Jlna oOpaboTKK pe3ynbTaTOB JAHHOT'O aHajdu3a yJAOOHO IMOJb-
30BaThCS YCA06HBIM mumpom. B HacTosuend padoTe onpeaensieMbiM

BCIICCTBOM SBJIACTCA XJIOpP, @ TUTPAHTOM — PaCTBOD TI/IOC}/JIB(l)aTa
HaTpH. YcnoBHBIN THUTD TlxlochIL(I)aTa HaTpHs 110 XJIOPY (r/ MJI):
1z 1z 1z 1z 1z 1z
_T . MC|2 _ INag$,0; 'V NagS,0; MC|2 _ “MNas,0, Vi,
Na,S,0,/Cl, — 'Na,S,0, 1z - 1z o !
s, 1000 M so. 1000

re CNazszo3 — MOJISIpHAas KOHLIEHTPAIMs SKBUBAJICHTA B CTAHAAPTHOM

. vz
pactBope THOCYNb(ATAa HATPHs (MOJB/IT); Mc  — MoispHas macca

AKBUBAJICHTA XJiopa, paBHas 35,446 r/Mob.

2. I3 MONydeHHBIX TPH ONPEACICHUH CXOASAIIUXCS OTCUETOB
1o OropeTke OepyT CpeaHee W BBIUUCIISIIOT MAaCCOBYHO KOHIICHTPAIIUIO
aKTUBHOTO XJiopa (X) B 1 uTpe uccieayeMoro pactsopa (I/1):

\Y -V, -1000

V

317139

TNaSO/CI )
X_ 2923 2

B V

.
juising |
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rae Vi, 5.0, — 00BeM THOCY/Ib(ATA HATPHS IO OIOPETKE, pacxomye-

MBI Ha TUTpoBaHue (Mn); V; — 00beM KoIOBI I pazdaBieHUs,
paBubIi 250 MiT; V1 — 00BEM MUIIETKU TIPU 0TOOPE MPOOBI U3 TapHhl,
paBubiii 10 mit; V,» — 00beM NHUIETKH NpH 0TOOpEe MpOOBI U3 KOJI-
Ob1, paBHBIN 10 M.

Pe3ynbTarhl, MOJy4YeHHBIE BCEMH CTyACHTaMU J1abOpaTOpHOU
NOATPYIIbI, TPOBEPAIOT HA Hajduuyue mnpomaxa (rpyOoi MOrpemrHo-
CTH), CTaTHUCTUYECKU 00pabaThIBAIOT W MOJYYalOT COJEpKaHUE aK-
TUBHOT'O XJIOpa B OTOEJIMBAIOIIEM Ipernapare ¢ JTOBEPUTEIbHBIM HH-

TEPBAJIOM B BUJIE ()_(  AX).

CratucTnueckasi o0padoTka pe3yiabTaToB. Pe3ynbTaThl, momy-
YeHHBIC BCEMH CTYJICHTaMH, O(OPMIIIIOT B €AUHYIO 8blOOPKY (COBO-
KYITHOCTh DJJIEMEHTOB, KOTOpasi OXBAaThIBACTCS SKCIEPUMEHTOM). OTa
BBIOOpPKA HE BCErJa IMOJIY4YaeTcsi OJHOPOIHOM, UHOTAa TpeOyeTcs Ovu-
CTUTh €€ OT SKCTPEMYMOB — CJIMIIIKOM BBICOKUX WJIM CJIMIIIKOM HU3KUX
3HAYCHUM. [[J1s1 5TOM LIeJI NPUMEHSIOT 008EepUmenbHbll UHMEPBA.

CMBICIT BBIYUCIICHHS JIOBEPUTEIBHOIO HHTEpPBaia 3aKIH0YaCTCs
B IIOCTPOEHHUH 1O JAHHBIM BBIOOPKH TAKOTO MHTEpPBaia, YTOObI MOKHO
OBLIO YTBEPXKJATh C 3aJlaHHON BEPOSITHOCTHIO, YTO 3HAYCHUE OIICHU-
BAEMOT'0 NapaMeTpa HAXOAUTCA B 3TOM HHTepBajie. Jpyrumu cioBa-
MU, JTOBEPUTEIIBHBIA UHTEPBAJ C ONPEACICHHOW BEPOSITHOCTHIO CO-
JEPKUT HEU3BECTHOE 3HAUYCHUE OLICHMBAEMOM BeIWYMHBI. YeMm mmpe
WHTEpBaJ, TEM BbIIIIE HETOYHOCTb.

OO6paboTKa BBHIOOPKH METOJAMH CTATHUCTUKU TpPeOyeT BbIYMUCIIE-
HUS CJICYIOIIUX 3HAUCHUN:

1. Cpeonee apugpmemuueckoe 1o BLIOOPKE:

_ 1
X—H;Xi’

rme X — cpeaHee 3HAUCHHE MapaMeTpa; X; — I-¢ 3HaueHHe mapaMer-
pa; N — o0beM BBIOOPKH.

2. lucnepcun (S°) ucmons3yercs s 6ojlee TOYHOTO OLCHHUBA-
HUS BapHalliy JTaHHbBIX:

1 & -
S*=—"-Y (x —x)°.
n—li;
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3. Cpeonexsadopamuueckoe omkaioHeHue 10 BbIOOpPKe (S) —
HanboJyiee PacHpOCTPaHEHHBIM TMOKa3aTedb pPacCeHBAaHUS 3HAUYCHUUN
KOPPEKTUPOBOK BOKPYT CPEIHETO apru(hMETHIESCKOTO 3HAUCHHUS:

S =+/S%.

4. Ha cnenyromiem 1mare npoBepsitoT BRIOOPKY Ha mpomaxu (Tpy-
Oble omnOKu). B psiny mapanienbHbIX ONpeAeieHud HepeaKo 0OHapy-
KUBACTCS PE3yJbTaT, PE3KO OTJIMYAIOMIUNUCS OT JIPYTUX pPe3yJbTaTOB
U OT cpenHero apudmeruyeckoro Bcer cepuu. IIpousBosbHOE 0TOpa-
ChIBAaHUE M3MEPEHUS, KOTOPOE SBISIETCS «CIUIIKOM» BBICOKUM
WJIH «CITUIIIKOMY» HHU3KUM, MOXET CYIIECTBEHHO HCKa3UTh pPE3yJbTaT
aHaiM3a, TaK K€ KaK W BKIIOYEHHE OIIMOOYHBIX JAHHBIX B pacyeT
cpennero apudmeruyeckoro. st oOHapyXeHHs TPOMaxoB B sy Ma-
paJUIEIBHBIX OMPEIEICHUHN YaCTO UCTIONB3YIOT CISAYIOIINN KPUTEPHUI:

‘xi — x‘ >3S,
I7I€ X; — MOJ03PUTEIBHO BBIACISIONIEeCs (COMHUTENLHOE) 3HAUCHHUE;
S — cpeaHekBaApaTUUYHOE OTKIOHEHHUE, PACCUYUTAHHOE JJI1 BHIOOPKH,
coaepxkainei (N-1) BapuadT (MCKIOYEHO ITO03PEBAEMOE 3HAUCHHE).

5. losepumenshutit unmepean. OnuH U3 ciocoOOB BHIYUCIICHUS
NOBEPUTEILHOTO UHTEpBajla — 4epe3 Koappuuuenm Cmobirooenma
(t-kputepuii). IIpu pacuere 3TUM METOAOM OICHIIUK JOJDKEH caM 3a-
nath ypoeenv 3nauumocmu (P), ONPEACIAIONINN BEPOATHOCTD, C KO-
TOPOIl OyAET MOCTPOEH AOBEPUTENbHBIN MHTEpBal. YacTo MCHOJIb3Y-
10T ypoBHM 3Hauumoctu 0,05; 0,01 u 0,001. iM coOTBETCTBYIOT HOBE-
purenbHbie BeposaTHOcTH 0,95; 0,99 1 0,999.

3HaueHus kputepus CThIOJEHTA JUIsl BBIOPAHHOTO YPOBHS 3Ha-
YUMOCTH IPUBEIEHBI B Ta01. 14.

Tabnuia 14

Teopemuueckue 3nauenus t-kpumepus Cmoprooenma

O0nbem | Yposens 3Haunmoctu P | O0beM | YpoBeHb 3HAYHMOCTH )
BbI- BbI-

oopxu | 0,05 0,01 | 0,001 | 6bopku | 0,05 0,01 | 0,001
n n
1 12,70 | 63,65 | 636,61 11 2,201 | 3,106 | 4,437
2 4,303 | 9,925 | 31,602 12 2,179 | 3,055 | 4,318
3 3,182 | 5841 | 12,923 ] 13 2,160 | 3,012 | 4,221
4 2,176 | 4,604 | 8,610 14 2,145 | 2,977 | 4,140
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O0beM | Yposennb 3naunmoctu P | O0beM | YpoBeHb 3HAYMMOCTH P
BbI- BbI-

oopku | 0,05 0,01 0,001 | O6opkm | 0,05 0,01 0,001
n n
5 2,571 | 4,032 | 6,869 15 2,131 | 2,947 | 4,073
6 2,447 | 3,707 | 5,959 16 2,120 | 2,921 | 4,015
7 2,365 | 3,499 | 5,408 17 2,110 | 2,898 | 3,965
8 2,306 | 3,355 | 5,041 18 2,101 | 2,878 | 3,922
9 2,262 | 3,250 | 4,781 19 2,093 | 2,861 | 3,883
10 2,228 | 3,169 | 4,587 20 2,086 | 2,845 | 3,850

JloBeputenbHbIi HHTEpBATI (AX) paCCUUTHIBAIOT 110 (hOopMyIIE:

Ax:ti.

Jn
PesynbTar aHanu3a 3amuChIBalOT KaK cpeaHee apudmeTrnyeckoe
3HAYEHUE OMPENEIISIEMOro MapaMeTpa, HaxoAsueecsl B rpaHuLax J1o0-
BEPUTEJILHOTO UHTEPBAJIA;

X+ AX .

JlabopamopHass pa6oma 7
CmaHdapmu3ayus
pacmeopa nepmMaHzaHama Kaaus

CymHocTh MeTOma. MeTOon mNEpMaHTaHATOMETPUM OCHOBAH
HA PEAKUUAX OKHUCIICHUS IIEpMaHraHaT-aHMOHOM. B 3ToM moHe mapra-
HEIl HAXOJIUTCS B BBICIIEH CTENICHU OKHUCIICHUS, IIO3TOMY B PEAKIUAX
OH MOKET TOJIbKO IPUHUMATh 3JIEKTPOHBI, T. €. BOCCTAHABINBATHCS.

B mieno4Hon Wi HEUTPAIbHOW CPENE TUTPOBAHUE TIEPMAHTAHATOM
MPOBOJSAT PEAKO, T. K. B 3TOM CJIy4ac CHUKAKOTCSA €r0 OKUCIIUTEIIbHbBIC
cBoiictBa. Kpome Toro, Beimagaer Oypwiii ocagok MnQO,, cuibHO 3a-
TPYIHSIOMNN (PUKCHpPOBAaHUE KOHEUHON TOYKU TUTpoBaHUS. OOBIMHO
OTpeJICIICHUE TPOBOMAT B KHUCION cpene, riae moH MnO, mpossiser
HanOoJiee CHIbHBIC OKUCIUTEIbHBIC cBoMcTBa (E° = +1,52 B):

MnO, + 8 H' + 58 2 Mn?* + 4 H,0.
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B naHHOW nostypeakuyuyu BOCCTAaHOBJIEHUS POUCXOIUT TPUEM IIsI-
TH BJEKTPOHOB, 3HAYMUT, B KUCION cpeae (akTop 3KBUBAJIECHTHOCTH
g nepmanradar-aanona 1/z2 (MnQO,4 ) = 1/z (KMnOy) = 1/5.

IIpn TUTpOBaHUM B KUCJIOM CPEAE BaXKHO MOAACPKUBATh HU3KOE
3HaueHue pH B Tteuenue Bcero mpouecca. [IpeanounTaror ucnosb3o-
BaTh pa30aBiICHHYIO cepHyI0 KuciaoTy (1 Monb/in), a B TeX Clydasx,
KOrJla B PacTBOpE MPHUCYTCTBYIOT MOHBI, OCaXKJaeMble Cyib]aTamu,
MPUMEHSIIOT a30THYI0 KUCJIOTY. CONSHYIO KHUCJIOTY HE HCHOJIb3YIOT,
T. K. XJIOPUJ-aHHOH OKMCJISIETCS TEepMaHTaHATOM C OOpa3oBaHUEM
CBOOOJIHOTO XJIOpa.

B kadecTBe THUTpaHTa NPUMEHSIOT CTAHAAPTHBIA PACTBOp IEp-
MaHraHara kanus. OHa Kamis 3TOr0 pacTBOpa Ja)Ke MpU KOHIIEHTpa-
MM ero fKkBuBajeHTa, paBHOM 0,01 MOmB/1, OKpammBaeT B KOHIIC
TuTpoBaHusA 50 MJI TUTPYEMOrO PacTBOpa B OTYETIMBBIM PO3OBBIN
1BET. B CBsI3U ¢ 3TUM B MMEpMaHTaHATOMETPUU OOBIYHO HE TPUMEHSIOT
WHIUKATOPhI, & PacTBOp TUTPaHTa MOXKET OBITh JOCTAaTOYHO pa30aB-
JIEHHBIM (OOBIYHO MOJISIpHAs KOHIIEHTpalus skBuBasienTa KMnO, Ba-
peupyetcs B npeaenax 0,02—0,05 momnw/i).

B mMerone nmepmMaHraHaTOMETPUU MPSIMBIM CITIOCOOOM OTPEESIOT
BOCCTAHOBUTEIHU, OBICTPO pEATHPYIONIME C TEPMAHTaHATOM Kajus
(FeZ+, H,0,, C2042_, NO, wu np.). Eciu peakius mpoTekaeT MeaJIeH-
HO, IPUMEHSIOT 0OpaTHBIN c0CcO0, OTTUTPOBBIBAS IIABEIEBON KHUCIIO-
TOM WJIM OKcaJlaTaMU M30BITOK MEpMaHraHaTa Mocjie XUMUYECKON pe-
aKIuu (TaKUM 00pa3oM OIpPEEIIOT MHOTHE OPraHUYeCKHUEe COeUHE-
HUS B IIEJI0YHOM cpeae). OKuCIuTenu (Cr2072_, 82082_, ClO,") taxxe
MOXHO OIpEIENATh OOpPaTHBIM TUTPOBAHHMEM, IPOBOJS PEAKIUIO
OKUCIIUTEJNSI ¢ U30BITKOM CTaHAAPTHOTO pacTBoOpa Fe?*, a Henpopea-
TUPOBABILIEE €r0 KOJHMYECTBO THUTPOBATh PACTBOPOM IE€pMaHTraHaTa
KaJIisi. 3aMECTUTENIBHBIM CIIOCOOOM OIpEIeNsIIOT BeIllecTBa, HE MPo-
SBJISTIOIINE OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB. B 3TOM Ciy-
4ae OIpeJiesiieMO€e BEIIECTBO NEPEBOST B (hOpMy coeIMHEHUsI, 00J1a-
JAIOIIETO BOCCTAHOBUTEIbHBIMU WJIM OKUCIUTEIbHBIMU CBONCTBaMU,
a 3aTeM MPOBOJAT TUTpoBaHue. Hampumep, HOHBI Ca”*, Zn** wm Cd**
OCaXJIal0T B BUJIE OKCAJIATOB, OCAAOK PACTBOPSIOT B CEPHOU KHUCIOTE,
a BBIJICTUBIIYIOCS TPU 3TOM IIABEJIEBYIO KHUCIOTY THUTPYIOT PacTBO-
pOM TIepMaHTaHaTa KaJusl.
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CraHgapTHBIA pacTBOp MEPMaHraHaTa KaJlhsl HENb3S NPUTOTOBUTH
MyTeM B3ATHS TOYHOW HABECKH, T. K. NEPMAHraHaT BCEr/a COICPIKUT
PN TPYAHO YAQISEMBIX PUMECEH, B YaCTHOCTH TaKUX MPOYKTOB €ro
BOCCTaHOBJICHMS, Kak MnQO,. Ha mepmanranar QeHMCTBYIOT OpraHude-
CKH€ BEILIECTBA, COAEPKAIIMECA B IUCTUIUIMPOBAHHON BOJIE, AMMHUAK H
JIpyTrue MpUMECH, MOMNaJarolue B BOAY C MbUIbI0 U T. I. [lepmaHranat
KaJiusi OKUCIISIET PE3UHYy, KOPKOBBIE MPOOKU, Oymary | Jpyrue Bellle-
CTBa, MOA3TOMY HEOOXOAMMO HM30erath CONMPUKOCHOBEHHSI pacTBOpa C
HUMU (HAmpuUMep, HeNb3s (PUIBTPOBATH PACTBOpP uepe3 OyMaxKHbIC
¢bunbTpel). Ha cBeTy MOHBI MepMaHTaHaTa OKUCISIOT BOTY:

4 MnO4 +2H,0 -4 MnO,+40H +30,,

MO3TOMY PACTBOP XpaHAT B TEMHOTE WJIHM B CKJISIHKaX W3 TEMHOTO
CTEKJIA.

Tounyr konuentpauntro KMnO, B pacTBOpe yCTaHABIMBAIOT
o maseneBoit kuciore H,C,04 - 2 HyO, okcamary Hatpus Na,C,0,,
okcuay wmbimbsika (I11)  As,Os, rekcanmmanodeppary (II) xamus
K4[Fe(CN)g], mo merammmueckomMy kejne3y U HEKOTOPBIM JAPYTUM Be-
miectBaM. Hanbosee ya0o0HBI Kak yCTaHOBOYHBIE BEIIECTBA IIaBese-
Basg KHUCJIOTa U €€ COJIU, T.K. OHU JIETKO MOTYT OBITb OYHUIIECHBI
OT MPUMECEN MyTeM NEPEKPUCTATIIM3ALNUN U3 BOBI.

B3aumopencTtBue  MeEXIy — OKcajlaT-uOHaMU W [I€pMaHra-
HAT-MOHAMU MPOTEKAET CIIOKHO, B HECKOJIbKO cTaauil. CHauana mnep-
MaHraHaT-aHUOH MEPEXOIUT B MaHTaHaT:

MnO, + MnC,0,; — MnO,* + MnC,0,".
MaHranaT-aHuoOH B KHCJION cpefie OBICTpPO JIUCTPONOPLHOHUPYET.

JIns Havana 3TOM CcTaauu HEOOXOJMMO HAJU4YUe B PaCTBOPE XOTS OBl
cienos Mn”*:

Mn (V1) + Mn (1) = 2 Mn (IV),

Mn (IV) + Mn (1I) = 2 Mn (l11).

TpexBaneHTHBII Mapranel] 00pa3yeT OKCaJIaTHbIE KOMILUIEKCHI, KO-
TOpbIE MEJUICHHO pa3jlaratoTcsi ¢ 00pa3oBaHUEM Mn®* u CO,. Takum
o0Opa3om, Moka Mn®* He HakormTCs B pacTBOpE B JOCTATOYHOM KOHIICH-
Tpaluu, peakiusi MeKIy HOHAMH OKcajaTa ¥ iepMaHranara OyaeT npo-
TeKaTh oueHb MejieHHO. Korma koHIeHTpaus Mn?* nocrurher orpe-
JICJICHHOW BEJIMYMHBI, CKOPOCTh PEAKIIMU PE3KO YBEIUYUTCS.

Yacto paccMarpuBaeMoO€ B3aUMOJICMCTBUE YHPOIIEHHO 3alUChI-
BaIOT B BUJIE CYMMapHOTO YPaBHEHUS .
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5C,0,% +2MnO, + 16 H" — 10 CO, + 2 Mn** + 8 H,0.

B sToM peaknuu okcanaT-uoOH OTJAET JBA BJICKTPOHA, a IEPMAH-
raHaT-aHHOH MPUHUMAET IIATh JICKTPOHOB, 3HAYMT, (paKTOp IKBHBA-

nentroctr 1/7 (C,0,7) = 1/2, 1/z (MnOy) = 1/5.

O0opynoBaHue: BECHl TEXHUYECKUE, BECHI AHATUTUYECKHE, TUIH-
Ta 2JIEKTpUYECKas, BOJAsHas OaHs, OIOKC C KPBIIIKOM, OropeTka oObe-
MOM 25 MJ1, K0JIOBI MepHbI€ ¢ TTpoOKoi oobemom 100 u 500 mi, konba
KOHMYECKas Il TUTpoBaHUA oObemom 250 mi, mumerka o0beMoM
10 M1, MEpHBIM HMIMHAP 00BEMOM 25 MJI, XUMUUYECKHUI CTaKaH, CTEK-
JSSHHAs Majdo4Ka, CTEKISHHBIM (UILTP, BOPOHKA, Ipylla, CTaKaH
JUTSl CIIMBA, TPOMBIBAIKA, TEPMOMETP C IpeaenoM u3mepenus ot 0

1o 100 °C.

PeakTHBBI. OKcalaT HATpHs, IEPMAaHraHaT Kajus, KUCJIOTa cep-
Has (pactBop, C = 1 Moub/n).

Xoa onpenesieHust

1. IlpuroroBJieHue pacTBOpoB. PacTBOp Okcaiata HATpUs TOTO-
BAT KaK MEPBUYHBIA CTaHAAPT C MOJSIPHOW KOHIIEHTpallMel IKBUBa-
nenta 0,05 monbe/m B MepHO# k0s10€¢ 00beMoM 100 mi. HaBecky okca-
jaTta HaTpus (T) BBIYUCIISIOT 1O (hopMyIie:

_ Yz 1z
mNa2C204 =M Na,C,0, 'VK -7,

1z
Trac M Na,C,0, MOJBIpHAsA MacCa 3KBHUBAJICHTA OKCaJIaTa HATPHA, paB-

Has 67,00 r/mMonb; Vi — o0bem MepHOU KOJIOBI (J11); cr MOJISIpHas

KOHIIEHTpAllHs SKBUBAJIICHTA B TPEOyEMOM pacTBOPE (MOJIB/N).

PactBop mepmaHraHara Kajiusi ¢ MPUOJU3UTEIBHOW KOHIEHTpA-
e sxBuBasieHTa 0,05 Mons/n roroBsAT B K0JIOe oO0bemoM 500 mir.
HaBecky nepmanranara kaiuus (T) ONpeaestoT TaK:

. 1z 1/z
mKMno4 - MKMno4 'VK -C,

rue M+1</|f/|no4 — MOJIIpHas Macca DKBUBAJIEHTa II€pMaHraHaTa Kajwus,

paBHas 31,61 r/Mob.
Maccy HaBeCKHM OKcajlaTa HAaTpUs ONPEICISIOT Ha TEXHUYSCKHX,
a3aTeM Ha aHAJUTUYECKUX Becax; IMEpMaHTaHAT KaJHs B3BEIIUBAIOT

TOJBKO Ha TEXHHUYECKHUX Becax. Pe3ysbTaTbl B3BEIIMBAHUS 3aHOCST
B Ta0J. 15.
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OToOpaHHYI0O HaBECKy OKcajaTa HaTpPHsS PAaCTBOPSIOT B MEPHOMU
kojioe Ha 100 mu1, 3amoJHEHHOW AMCTUUIMPOBAHHOW BoAoW Ha 2/3
obbema. PacTBopeHme BeayT IpH HarpeBaHMM Ha BOJISHON OaHe,
T. K. OKCajaT HaTpHUs IIOXO pacTBOpsieTcs B xonoaHou Boje. [locie
TOTO0 KaK KPHUCTAIBI TMOJHOCTBIO PACTBOPATCS, KOJOY OXJIaKTaroT
IO/ CTPYEH XOJOAHOHN BOJBI 1O KOMHATHOM TEMIIEPATYPhl U JOBOIST
00BEM pacTBOpa A0 METKH.

Taomuna 15
Onpeodenenue maccol HagecokK (2)
B3BemmuBanus Macca
Onpenenenue macc
IIEPBOE | BTOPOE | TPETHE (cpemHsis)
Bbrokc 0e3 HaBecku m;
brokc ¢ HaBeckoi ms
Na,C,0, — — — Mz=m,—my
KMnO, — — — my

HaBecky mnepmaHraHata He BBICBINIAIOT Cpa3y B MEPHYIO Koy,
T. K. kpuctaiuibel KMnQO, pacTtBopsitoTCsSl JOBOJIBHO MeIeHHO. HaBecky
IIOMELIAIOT B XMMUYECKUH CTaKaH, IPWIMBAIOT HEKOTOPOE KOJINYECTBO
JVCTAJUIMPOBAHHOM BOJbI, HHTEHCUBHO IIEPEMEIIUBAIOT U XKAYT, MOKa
HEPACTBOPUBILMICS IIEPMAHTaHaT ocsiieT Ha JHO. OCTOPOKHO CIMBAIOT
KUIKOCTh C KPUCTAJUIOB B COCYZ I XpPAaHEHWs, B CTaKaH CHOBA HaJu-
BalOT MOPLIMIO BOJIBI M TaK MOCTYMAIOT 10 T€X MOp, MOoKa He OylIeT u3-
pacxoJ0BaH 3aroTOBJICHHBIA O0OBEM BOJBIL, AK€ €CJIM HE BECHh NIEPMaH-
raHat Oyjaetr pacTBopeH. Uepe3 5—7 nHeEW Mocie MPUTOTOBIIEHUS pac-
TBOp OT(WIBTPOBBIBAIOT Yepe3 CTEKJISAHHBIN (UIBTP U MPOBOIAT €ro
cranmapruzaiuio. Cregyer oOpamarb BHHUMAaHUE, 4YTOOBI B COCYZ
He nonaym Kpucramisl KMnO,, nHaYe npy nocTeneHHOM PacTBOPEHUU
OHU U3MEHAT YCTAHOBJIEHHYIO KOHIIEHTPALMIO TUTPAHTA.

2. MeToauka TUTpOBaHUA. YHCTyI0 OIOpPETKY OMNMOJACKUBAIOT
Y 3aII0JIHAIOT PAaCTBOPOM II€pMAHraHaTa KaJius. Y CTAHABIMUBAKOT ypPO-
BEHb KUAKOCTU B OlOpeTke Ha Hyje. Eciam HWwKHUM Kpalh MEHHUCKa
B OIOpETKE IIOXO BHUJEH, MOXXHO BC€ OTCUETHI JIEJIaTh [0 BEPXHEMY
Kparo MEHHUCKA.
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B xon0y nis TUTpOBaHUS BMECTUMOCTBHIO 250 MJT HAIMBAIOT MeEp-
HBIM TUIUHAPOM 20 MJI CEpHOM KHUCIIOTHI M 25 MJI AUCTHILTHPOBAHHOM
BOJIbI, MojiorpeToi Ha 3ekrpudeckoit mwute 1o /0-80 °C. B ropsuuii
pactBop (40-50 °C) nwmmetkoit BHOCAT 10 MJI CTaHZAPTHOTO PacTBOpA
OKcajara HaTpus W TUTPYIOT PACTBOPOM I€PMAHraHaTa KaJlds MpH Io-
CTOSIHHOM TepeMeluBanuu. [lepBbie Karim TUTpaHTa 0OECIIBEUHNBAIOT-
Cs JOBOJIBHO MEMJIEHHO, IOATOMY B HAyajle TUTPOBAHUS CIEAYIOLIYIO
karo pactBopa KMnO, npubaBisioT JMIIL MOCIE TOTO, KAk COBEP-
IICHHO MCYE3HET OKpacka or mnpeapiayuier. [lo mMepe HakoruieHus
noHos Mn?* CKOPOCTh PEaKIMU yBEIUYMUBAECTCS, © TATPOBAHUE MOKHO
BECTH ObICTpee, MPUOABIISAA MEPMaHTaHAT KAl MAJICHbKUMH TOPIIHUS-
MU TPU MMOCTOSHHOM NEPEMENTUBAHUU. PaCTBOp TUTPYIOT /IO OSIBJICHUS
OJIeTHO-PO30BOM OKpacKH, ycToiunBoi B TeueHue 30 c.

Kak Bcernma, TuTpoBaHue BEAYyT HE MEHEE TPEX pa3, pe3yiabTaThbl
3alMCHIBAIOT B J1A0OPaTOPHBIM >KypHAJ M OMPEACIISIIOT Cpe/IHEeEe 3Ha-
YeHrEe 00beMa TUTPAHTA MEXKIY TPEMS CXOSIIIIMMUCS PE3yIbTaTaMHu.

IIpoBenenue pacueroB
. Tutp pacTBOpa okcanara HaTpus (T/MJI) PACCUUTHIBAIOT IO B3S-
1.T /
TOM HaBeCKe M3, paCTBOPEHHOM B K0j10€¢ 00beMoM Vi (100 mu):
T _ mNa2C204 _ m3
Na,C,0, ~— - .
V¢ 100
2. MounsipHasg KOHIIEHTpalusa OKcajlata HaTpus (MOJb/II) B pac-
TBOpE:

1000 Ty, .0,

Na,C,0, — 1
Na,C,0,

rme My, co, — MOJSIpHas Macca OKcalaTa HaTpus, paBHas

134,00 r/Mo0b.
3. MonsgpHass KOHIICHTpAIMsl SKBHUBAJICHTA OKcajaTa HaTpHs
(MoJIB/):

1z . . .
CNa2C204 - CNa2C204 L= CNa2C204 2.

4. MoJsipHYI0 KOHIICHTpAIlMIO SKBUBAJICHTA (MOJIb/JI) B PacTBOPE

TIEpMAHraHAaTa KaJIus Cf(’,f,,nm OIIPEIEIAIOT 110 PE3yAbTaTaM TUTPOBAHUSL:

Uz
1z _ “Na,C,0, ~ VNa,C,0,
KMnO, — Y, !
KMnQO,
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e Vy, co, — 00BEM QIMKBOTBI PAaCTBOpA OKcasara, paBHbIi 10 mi;

Vimno,— CPeIHHI 00BEM MepMaHraHaTa, MOIMICAIIMI Ha THTPOBA-

Hue (MJ1).
5. Monsipuas konnenrpaius KMnO, (Mosb/11) B pacTBOpE:
C _Clivo, _Clivo,
‘ z 5
6. Tutp pacTBOopa nepmMaHraHara Kanust (r/mi):
TKMnO _ CKMno4 M KMnO, 1
: 1000

rae Mo, — MomsipHas macca KMnQy, paBras 158,03 r/mons.

[To pe3ynbTatam pacyera 3anoiHsOT Tads. 16.

Taomuna 16
Onpeoenienue KOHUEHMPAYUU BeULECHIE 8 PACMBOPAX
Konuenrpanus
PactBOp 7
C, MoJIB/ 1 C™*, Mo/ T, r/mn
Na,C,0,
KMnO,

KonmpoavHasa 3adaua 7.1
OnpedesieHue Kaomus 8 COAAX

[lepmaHraHaTOMeTpUYECKOE OMpeeTeHne KaJMHs OCHOBAaHO
Ha MiepeBojie ero B (Gopmy coeauHEeHUs, 001aIaloIIero BOCCTAHOBH-
TEIbHBIMU CBOMCTBaMU. J[J1s 3TOM 1€IM UCHOJIB3YIOT CIIOCOOBI 00paT-
HOTO WJIM 3aMECTUTEIHLHOTO TUTPOBAHUAL.

[Ipu 3amecTUTETLHOM THTPOBAaHMHM KaJIMHH OCaXIalOT B BHJIC
TPYIHOPACTBOPUMOTO OKcasiaTa:

2+ 2
Cd + C204 — CdC204,
0CcaZioK (PMIBTPYIOT, TPOMBIBAIOT U PACTBOPSIIOT B CEPHOM KHUCIIOTE!
CdC204 + HQSO4 — H2C204 + CdSO4
[Tociie 3TOro BBIACIUBIIYIOCS NIABEIEBYKO KHCIOTY (3aMECTH-
Te€JIb) TUTPYIOT paCTBOPOM IIEpMaHTaHATa Kajus B KUCJION cpelie:
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5C,0,% +2MnO, + 16 H" — 10 CO, + 2 Mn*" + 8 H,0.

B oOpatHoM cmnoco0Oe TUTpOBaHUS PACTBOP, COAEPKAIIUNA HMOHBI
KaaMusi, o0pabaThIBalOT M3BECTHBIM H30BITOUHBIM KOJIMYECTBOM OK-
cajata HaTpus Wid aMMOHUs. [Ipu 3TOM Takke BBIJIENAETCS OCaJ0K
okcanata kagmusi. Ocanok GUIBTPYIOT U cOOUparoT UIbTPaAT, KOTO-
PBIM TUTPYIOT HEPMAHTAHATOM KaJlhsl B KHCJIOW Cpelie, ONpenciss Ko-
JIMYECTBO HEMPOPEArNPOBABIIIETO OKCAJIATA.

JlaHHOMY OIpeIeJICHUIO MellaeT KaJIbIuii, MarHuii, CTPOHIIUM, Oa-
pHii, IMHK, KOOAJIBT U APYTHE UOHBI, 00pa3yIolre TPy AHOPACTBOPUMbBIEC
okcanarbl. OUeBUIHO, YTO €CIM OCAJOK OKcajaTa KaJMHSl COJCPKUT
HEKOTOPOE KOJIMYECTBO ATUX UOHOB, TO OHU OYAyT MPUHSTHI 32 KaJAMU.

OOopyaoBaHue. BECBl TEXHUYECKHUE, BECHl AHAIIMTUYECKUE, CY-
IMTBHBIN KA, TUIHTA JIEKTpUYecKas, OIOKC C KpBIIIKOW, OrOpeTKa
o0beMoM 25 mil, K0106a MepHas ¢ mpoOkoit oobemom 250 mui, koaba
KOHMYECKass i1 TUTpoBaHUA oObemom 250 mi, murerka o0beMoM
10 M, MepHBIA HUIMHAP 00bEMOM 25 MJI, XUMHUECKHUI CTakaH, 0e3-
30JIbHBIN (DUIIBTP «CHHSS JICHTa», BOPOHKA, TpyIlla, CTAaKaH JJis CJIMBA,
MIPOMBIBAJIKA, TEPMOMETD ¢ npeaenom uzmepenus ot 0 qo 100 °C.

PeakTuBBI: CONb KaaMus (aHATU3UPYEMOE BEIECTBO), OKcaliaT
HATpuUs, TIEpMaHTaHAT Kaimusg (CTaHJAPTU30BAHHBIM  PacTBOP,
1 _
C** = 0,05 monw/n), kucnora cepnas (pactsop, C = 1 Mons/n).

Xoa ompenesieHusi. brokc ¢ HaBECKOW COMM KaaMHS MOJYYarOT
y nabopanrta. Coaepxumoe OrOKCa KOJUYECTBEHHO MEPEHOCST B KOJI-
Oy Ha 250 MJ1, MHOTOKPATHO CMbIBasi Ye€pe3 BOPOHKY AUCTHUIIMPOBAH-
HOM Bojoil. Ilocie 3Toro OHOKC BBICYIIMBAIOT B CYIIWILHOM IIKady
(100-110 °C).

Hagecky oxcanara Hatpus (okojo 1,0 r) onpenenstoT Ha TEXHU-
YEeCKMX, a 3aTeéM Ha aHAJIUTHYECKUX Becax B BBICYIICHHOM OIOKCE
(tabn. 17). Jlanee HaBECKY CMBIBAIOT B Ty K€ MEPHYIO KOJIOy ¢ pac-
TBOPOM COJIM KaJMUs, 00bEM >KUIAKOCTU AOBOAST 10 METKH TUCTHII-
JIMPOBAHHOMW BOJIOW U TIIATEIBHO MEPEMEIITUBAIOT.

[Ipu nmoBeneHUM YpOBHS pacTBOpa 0 METKHU B TOpJie KOJObI OObIU-
HO coOupaetcs nieHa. JloOaByieHrue BOJbI MPEKPAIIAIOT, KOTJa YPOBEHb
KHUIKOCTH JOUJET JO0 METKHU, a MeHa nmogHuMercs Bhime. [locie atoro
JAI0T OCAJIKy OKcaJlaTa KaaMUsl OTCTOATHCS B TeueHne 30 MHUH.
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Tabnura 17

Onpeodenenue maccel HABeCKU oKcalama Hampus (2)

B3BemmBanus Macca
Onpenenenne macc
IIEPBOE | BTOPOE | TPETHE (cpenHsis)
brokc 0e3 HaBeckHn my
brokc ¢ HaBeCcKoM m,
Na,C,0y4 - — — M3 =My —My

[loka ocajgok oTcrauBaeTcsi, OIOPETKY OIOJACKUBAIOT W 3aroj-
HSIOT PacTBOPOM TMepMaHTaHaTa Kaidus (KOHUEHTPAIUIO U THUTP
CM. B pabote 7). YCTaHaBIMBAaIOT YPOBEHb XUJIKOCTU B OIOpETKE
Ha Hyse. Ecnyu HuKHUM Kpail MEHHCKA B OFOPETKE TJI0X0 BUJEH, MOX-
HO BCE OTCUETHI JIejIaTh 110 BEPXHEMY Kpar0 MEHHCKA.

OTcrosBIIMICS pacTBOP OTHUIBTPOBBIBAIOT YEpPe3 CyXOu 0€330J1b-
HBIM (QUIBTp «CHUHSS JIGHTa» B CyXoM crakaH. Ilockonbky (uibTpo-
BaJibHas Oymara cHavasa aJicopOupyeT HEKOTOpPOe KOJIMYECTBO OKcasat-
WOHOB U UX KOHIIEHTpAIKs B PUIbTpaTe HECKOJIBKO YMEHBIIIAETCS, TIEp-
Bble mopuuu QuiibTpara otOpackiBatoT. Korma B crakane cobepercs
oonpmie 25-30 M1 unbTpara, 10 M1 pacTBOpa OTOMpAIOT MUIIETKON
B KOHUYECKYIO KOJIOY i TUTpoBaHus oobemoM 250 mit. B oty xe kos-
Oy BHOCAT 20 MJI CEpHOM KUCIOTHI U 25 MJI IUCTUINIMPOBAHHON BOJBI,
nojorpeTor Ha snekTpudeckoit wmre 10 70-80 °C. ['opsumii pacTBOp
(40-50 °C) TuTpyroT MepMaHraHATOM KaJIHS JI0 TIOSBICHUS YCTOHIHBON
OJIeAHO-PO30BOI OKpacKu. 3a BpeMsi TUTPOBAHUSI MEPBOM MOPIUHU OT-
(GuIbTpOBBIBAaETCS ciaeayromas u T. 1. O0bIYHO TTpoBOAT 3—4 TUTpOBa-
HUS ¥ OepyT cpeHuil u3 Hanboliee OJM3KUX PE3yJIbTAaTOB.

IIpoBenenue pacuyeron
Maccy kaamus (T) B COJIM pPaCCUMTHIBAIOT IO (hOpMYyIIe:

1z 1z Uz
m | 'm CKMnO4 'VKMno4 M Na,C,0, VK MCd2+
Cd2+ - 3 - - : 1z ]
1000 VHI/IH M Na,C,0,
re M3 — Macca HaBECKU OKcajlata HaTpus (T); Cff,f,,no4 — MOJIIpHasd

KOHLEHTpAlMsl S3KBUBAJIEHTa B pPACTBOpE II€pMaHraHata Kajus
(MOnB/1); Vo, — 0OBEM IEpMaHraHata Kauwusi, MOMCAIINIT Ha THT-

. Yz
poBanne (Mi); My, -, — MomsipHast Macca dkBuBaleHTa NaCyOy,
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1z
Cd2+

musi, paBHas 112,41 r/monp; V, — 00beM KOIOBI C HaYaIBHBIM pac-
TBOpoM coju, paBHbIA 250 mi; Vi, — 00BbeM MUNETKH IS B3SATHS
aMMKBOTHI, paBHbIN 10 M.

Ompenenennoe B xoja¢e pabOThl 3HAYEHUE MACCHI KaIAMHUA Mypqpr.
(B TpaMMax € TOYHOCTBIO A0 4-TO 3HAaKa MOCJE 3amsiTOM) CIaroT
Ha MIPOBEPKY, MOJYYAIOT OIEHKY W Y3HAIOT HCTUHHYIO Maccy KaJaMus
B pacTBOpe My, . PaccunThIiBalOT aOCOMIOTHYIO U OTHOCUTEIBHYIO TO-
IPEIIHOCTH (aHAJTOTMYHO KOHTPOJIbHOM 3aaaue 3.1).

paBHas 67,00 r/mMonb; M — MOJISIpPHAs Macca SKBUBAJICHTA KaJl-

KonmpoavHasa 3adava 7.2
OnpedeseHue HUMpPUMOB8

Hutputsl copepkarcs B BbIOpocax MeTaniooOpadaThIBaIOUIEH,
MOJIMMEPHOM, JTAKOKPACOYHOM, TEeKCTUJILHOM, MUIEBON U (DapmalieB-
TUYECKOW MPOMBIIIUIEHHOCTH, a TAK)KE€ B OMOJOTMYECKUX CTOYHBIX BO-
nax. B moyBax M MOBEPXHOCTHBIX BOJAX HUTPUTHI MPUCYTCTBYIOT
B Pa3IMYHBIX KOJHMYECTBaX (OT AECATHIX JOJIEM MUKpOrpamma 10 He-
CKOJIbKMX MUJIJTATPAMMOB B JIUTPE).

[Tonagast B opraHu3M 4eIOBEKA, HUTPUTHI OKa3bIBAIOT TOKCHYECKOE
neiictBue. Bo-nepBbIX, HUTPUTHI MOTYT BbI3BaTh METTEMOTJIOOMHEMHUIO:
OKHCJISASI JKEJIE30 B TeMOITIOOMHE, HUTPUTHI 00Pa3yroT METreMOTrI00uH,
KOTOPBIA HE SBJISETCS MEPEHOCUUKOM KHCIOPOJA M YTIIEKUCIIOro rasa.
Bo BTOpBIX, HUTPUT-UOHBI MOTYT CBSI3BIBATHCSI B JKEIYJIKE C aMUHAMMU
U aMHJIaMU, 00pa3ys KaHIIEpOT€HHbIE HUTPO3aMHUHBI.

TutpuMeTprdeckoe ompeaeeHrne a30TUCTON KUCIOTHI U HUTPU-
TOB OCHOBAHO Ha MX B3aHMOJICCTBUU C EPMaHTaHATOM KaJiisd B KHUC-
goMm pactBope. [Ipy 3TOM HHUTPUTBHI KOJTUYECTBEHHO OKHUCISIOTCS
710 HUTPATOB:

5NO, +2MnO, +6H"— 5NO; +2Mn*" +3 H,0.

OTa peakuus COMPOBOXKIAETCS OTAAYed JBYX HJIEKTPOHOB
IPU OKUCIICHUU HUTpUT-uoHa, 3Haunut 1/2 (NO, ) = 1/2. Ilepmanra-
HAaT-aHUOH B KHUCJIOW Cpele NPUHUMAET TMSATh 3JEKTPOHOB,
1/z (MnO, ") = 1/5.

A30THCTasi KUCJIOTa U HUTPUTHI JIETKO Pa3JIararoTCs KUCIOTaMH
¢ o0pa3oBaHUEM OKCHJIOB a30Ta:

2NO, +2H" 22 HNO, —» NO + NO, + H,0.
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[ToCKOJIBKY TUTPOBAaHUE MEPMAHTAHATOM KaJlMsl BEAYT B KHUCJIOM
cpene, MpyU TUTPOBAHUM PacTBOpa HUTPUTA MOJIYYaIOT 3aHUKEHHBIE
pe3ysbTaThl. YTOOBI M30€KaTh MOTEPh, MOKHO MPUMEHSIThH 0OpaTHBIN
MOPSIIOK TUTPOBaHUS (HE MyTaTh ¢ OOpaTHBIM TUTPOBAHUEM, KOTOPOE
TOKE MOYKHO HCITOJIb30BaTh). B 3TOM cilydae IMOJIB3YIOTCS METOJI0M
JIyHre: HEe TUTPYIOT MOAKUCICHHBIA pAacTBOP HUTPUTA TMEPMaHTaHAa-
TOM, &, HA00OPOT, KUCIBIM PaCTBOP MEPMaHraHaTa TUTPYIOT aHAIU3U-
PYEMBIM pacTBOPOM HUTPUTA, HMMEIOIIUM HEWUTPAIbHYIO PEAKIIUIO.
[Ipu sToM Hutpur, nomnajas B pactBop KMnQO,, npakTuuecku Mrao-
BEHHO OKHCJISIETCSl O HUTpaTa U OKCHJBI a30Ta HE oOpasyrorcs. Me-
TOJA TpeOyeT THIaTeNbHOW paboThl, T. K. O] KOHEI[ TUTPOBaHUS 00ec-
I[BEUMBAHUE UIECT MEJIJICHHO.

OOopyaoBaHue: TUIMTa DJIEKTpUYECKas, OMOpeTKka 00BEeMOM
25 MJ1, KoJI0a KOHUYEeCKas Ji1 TUTpoBaHUs 00beMoM 250 mi1, mumeTKa
oobemom 10 mii, XUMHYECKHUI CTakaH, MEpPHbIC IUJIUHAPH 00HEMOM
25 u 100 M7, BOpOHKa, Tpylia, CTaKaH JjIs CIUBa, TEPMOMETP C TIpe-
nenoM uamepenus ot 0 go 50 °C.

PeakTHBBI. pacTBOp HUTpaTa (AaHATM3UPYEMOE BEIIECTBO), IEp-
N 1/
MaHraHaT Kanus (CTaHgapTH30BaHHBIA pactBop, C = 0,05 mons/n),
KkuciioTa cepHas (pactBop, C = 1 Monb/n).

Xoxa onpenenenus. [lonyyaroT y nabopaHnTa KOHTPOJIBHBIN pac-
TBOp, coaepxaumuii HUTpUT-uoHbl (okono 100 mu). PactBopom ormo-
JaCKUBAIOT W HAMNOJHAKT OropeTky. Eciaum B Oroperke mepen 3TUM
HaxXOJWJICS pacTBOpP NMEpPMaHraHaTa Kajlds WM JPYyroro OKUCIUTEI,
ee CeAyeT NPEeABAPUTEIIBHO OMOJIOCHYTh JUCTHUILUIMPOBAHHON BOJIOM.

B xoHMUYeCcKy10 KOOy AJIs1 TUTPOBAaHUS BAUBAIOT numneTkon 10 mi
cTagmapTuzoBaHHoro pactBopa KMnO, (KOHIIEHTpaIMil0 W THTP
CM. B pabote 7). MepHbIM muiauHApoM oTMmepsioT 20 M pacTBopa
cepHoOi KUCIOTHI, 700aBsA0T 100 M Terioi (okomo 50 °C) auctui-
JUPOBAHHOW BOJBI U TUTPYIOT PACTBOPOM HUTPHUTA JI0 O0OECLBEYMBa-
HUS €ro OT OJIHOM Karuik. B KOHIIE TUTpOBAaHUWE ClIEAyeT MPOBOIUTH
OYCHb AKKypaTHO, MpHUOaBIsIS PacTBOp HUTPUTA MO OJHOM Karuie
U THIATEbHO TEepPEeMEIINBasi pacTBOP, T. K. HA €ro o0ecIBEYMBaHUE
MOXET MOTPEOOBATHCS HECKOJIBKO CEKYHJI. TUTpOBaHHE MOBTOPSIOT
HE MEHEE TpeX pa3, U3 CXOMASIIMNXCS pe3yJbTaToB OEpyT CpeliHEe.
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IIpoBenenue pacueroB
1. VCOBHBIM THTP ITIEpMaHraHaTa Kajaus 10 HUTPHUTY (T/M):

1z 1z
_ CKMnO4 M NO,

TKMnO4/NO§ o 1000 !
e Cgrf/mo — MOJISIpHasg KOHLCHTpALMA SKBUBaJIEHTAa B CTAaHAAPTHOM
v

pacTBOpe MepMaHraHaTa Kaiausi (MOJIb/J); Mxéf — MOJISIpHAs Macca
2

SKBUBAJICHTA HUTPUT-aHUOHA, paBHas 23,00 r/MoIb.
2. MaccoBasi KOHIICHTpaIlis HUTpuT-aHroHa (X) B 1 JiuTpe ucciie-
Ayemoro pactopa (1/):

y = TKMno4/Nog Vi -1000
- 1
VNog
rme Vo — 00bEM HUTPHUTA, PACXOJYyEeMBIH Ha THUTpOBaHHE (M);
2

Viun — 00BEM IUIETKH pu 0TOOpE mepMaHranata kamnus, 10 mu.

Pe3ynbTaThl, MOJIyd€HHbIE BCEMHU CTYACHTaMHU JIaDOpaTOpPHOM
MOTPYIIIBI, MPOBEPSIOT HA HAIMUKUE MpoMaxa, CTATUCTUYECKH 00pa-
0aThIBAIOT (QHAJOTMYHO KOHTPOJBHOM 3amade 6.1) W moiydarT co-
JepKaHWe HUTPUT-aHUOHA B AHAIM3UPYEMOH MpoOE C JTOBEPUTEIIb-

HBIM MHTEpBaJIoM B Buje ( X+ AX).

JlabopamopHas pa6boma 8
Xpomamomempuuyeckoe onpedesieHue Jxceae3d
86 cmaau

CymHocth MeToa. MeTon XpoMaTOMETpUH (JIMXPOMATOMETPHH)

OCHOBAaH Ha PEaKkIMsIX OKUCICHUS JUXPOMAT-aHUOHOM B KHCJION Cpeie:
Cr,0;" + 14 H" + 68 22 Cr’" + 7 H,0.

Kucnyro cpeny cozmaror, mpuOaBisisi cepHyro, opTodochopHyro
WU COJISTHYIO KUCIOTY (Tipu koHueHTpanusax HC1, He npeBbIarnmx
2 MOJIb/JI, XJIOPUI-UOHBI HE OKUCIIAIOTCS AuXpomaTom). CTaHIapTHHIN
ANEKTPOJHBIA TMOTEHIMAl NpuUBEACHHOW peakiuu E° = +1,36 B,
T. €. JUXpOMaT-aHWOH, 001agaeT OOJbIEH OKHUCIUTEIBHOM CIOCO0-

HocThiO, ueM uoja (E° = +0,54 B), HO MeHbIICH, YeM IepMaHraHat
(E° =+1,52 B).
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MeTtoa XpoMaTOMeTpUu HMCIOJIB3YETCS NI MPSIMOTO OIpesese-
HUS KOHIICHTPAIlMd BOCCTAHOBHUTEJECH, TaKUX Kak Fez+, Sn2+, Sb3+,
SO5*, I u ap. Turposarue noros Fe?* (pacrsop comu Mopa) auxpo-
MaToM, B CBOIO OUY€pE]lb, IPUMEHSETCS I ONMPEAECICHUS] KOHIEHTpa-
IIUU OKHUCIIUTEIEN (FeB+, C03+, NOs, ClO3, MnO,4, H,0O, u np.) me-
TOJ0M OOPaTHOI'0 TUTPOBAHUS. XPOMATOMETPHUS UCIIOIb3YETCS TaKKe
JUIs OTIpeZieNieHNs] HOHOB, JAIONINX MaJopacTBOpUMBIe XpoMatsl (Ag’,
Ba’*, Pb*).

PabouumM pacTBOpOM B XpOMATOMETPUU SIBJISIETCSI PACTBOP JAUXPO-
Mmata Kanusa. CoJib TpeACTaBiIsieT cOO0M OpaH)KEBbIe HE TUTPOCKOMNY-
HBIE KpPHCTAJUIbI, XOPOIIO pacTBOpHMMBbIE B Boje. JuxpomaTr kamus
He o0pa3yeT KpUCTAIOTUIPATOB, €ro JIETKO MOJYYUTh B XUMUYECKU
YUCTOM COCTOSIHUM MEPEKPUCTATUIN3ALMEN U3 BOJHOTO pacTBopa. CtaH-
JapT auxpomara Kajdus MOXKHO MPHUTOTOBUTH MO TOYHOM HaBeCKe,
IIPY 3TOM PACTBOP OYE€Hb YCTOWUMB U JIOJTO COXPAHSIET KOHIICHTPAIHIO
MOCTOSIHHOM JaXe IO BO3ACHCTBUEM Pa3INYHbIX (PaKTOPOB (TEMIIepa-
Typbl, KUCJIOPOJIa U YIJIEKUCIOro Tra3a u mp.). Cieayer moMHUTh, YTO
TUXpOMaT Kajusi — OYE€Hb TOKCHUYHOE BEIIECTBO, 00JIa/IaloIIee CUITh-
HBIMH OKHCIIMTEIbHBIMU CBOMCTBaMH, KaHieporeHeH. [lpu pabote
C HUM HEOOXOJIMMO PUMEHSITh 3aIUTY OPTaHOB JIbIXaHUS U KOXKHU.

PactBop auxpomaTra OKpallleH B OpaHXXEBBIM I[BET, OJIHAKO
IIPU €r0 BOCCTAHOBJIEHWH O0pa3yeTcs MHTEHCHUBHO OKPAIICHHBIA WOH
Cr’* semeHOro uBera, MOSTOMY CYAHTh 00 OKOHUAHHH PEAKLHH
110 OKpacke pacTBOpa 3aTpyJaHUTENbHO. [Ipu TUTpOBaHUHU AUXpOMa-
TOM OOBIYHO TPHUMEHSIOT PEIOKC-UHIUKATOPbl — Iu(EeHUITaMuUH,
Iu(peHnITaMUHCYIb(OHOBYIO KHUCJIOTY, (DEHWIAHTPAHUIIOBYIO KHCIIO-
Ty, TM(PEeHUIO0CH3UIUH U T. 1.

XpOoMaTOMETPUUECKOE OMPEJECIICHUE KeJie3a OCHOBAHO Ha pe-
aKIUH:

6 Fe** + Cr,0,° + 14 H" — 6 Fe** + 2 Cr*" + 7 H,0.

B 3TOl peakuuu UOH JUXpoMara MPUHUMAET ECTh JIEKTPOHOB,
a JKeJe30 OTAACT OJIMH JICKTPOH. 3HAUUT, JJIs fuxpomara hakTop K-
BUBaJIEHTHOCTH 1/Z (Cr20727) = 1/z (K,Cr,07) = 1/6, a mns xenesa
1/z (Fe*") = 1/z (Fe) = 1.

KoHneuHyto TOUKY TUTpOBaHUSI (PUKCUPYIOT C IOMOIIbIO MHIUKATO-
pa mudenusaMuHa. B mporiecce TUTPOBaHUS MOBBIIIACTCS KOHIICHTpA-
st voHoB Fe** u moreHmman PEIOKC-CUCTEMBI Fe**/Fe®* BO3pPACTaeT,
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YTO TMPUBOAUT K MPEKICBPEMEHHOMY OKHCIICHHIO WHIWKAaTOpa | 3a-
HIDKEHHBIM pe3yJibTaTaM aHanu3a. J[Jis yMEHBINICHUS 3TOTO BIIWSHHUS
n00aBIsI0T OpTO(DOCPOPHYIO KHUCIOTY, KOTOpas CBSA3BIBAET OKpAIIICH-
HBIE B JKENTHIHA I[BET HOHBI Fe” B ycToifunBble GecIBETHBIE KOMILIEKC-
upie noHs! [Fe(PO,),]>". Braroxaps 5ToMy peoKC-IIOTEHIMAI [Iapbl Ke-
Jle3a TIOHIKAETCS. HACTONBKO, YTO MELIAlolnee BiusHie HOoHOB Fe®'
MOJTHOCTBIO ycTpaHseTcs. [lepexo1 oOkpacku HHIUKATOpa B ’TOM CiIy4ae
BEChbMa OTYETIIMB, YeMY CIIOCOOCTBYET MpHOABIICHUE B PACTBOP CEPHOM
KHUCJIOTBI, M IPOUCXOAUT TOUYHO B TOYKE SKBUBAJICHTHOCTH.

PactBopsl couneii kenesa (1) gacTto copepkaT mpuUMECH HOHOB
xeinesa (111), moaromy nepen turpoanuem sxene3o (I11) Heodxomaumo
BOCCTaHOBHUTH. JJIsI ATOro MpUMEHSIOT MeTaJUIbl (LIMHK, KaaMHil), ce-
POBOJIOPOJI, CEPHUCTBIN a3 U JPyrue BOCCTAHOBUTEIH.

OO0opynoBaHue. BEChl TEXHUUYECKHE, BEChl aHATUTUUYECKUE, CY-
IIUIBHBIN KA, TIUTa JIEKTpUYecKas, OIOKC ¢ KPBIIIKOM, OropeTka
o0beMoM 25 MJ1, K0I0bl MepHbIe ¢ pookor oobemom 100 u 250 mu,
KoJi0a KOHMYECKas (TepMOCTOMKas) JyIsi TUTPOBAaHUS OO0OBEMOM
250 min, unetku oobeMoMm 10 u 25 mi, MEpHBIN ITUIUHAP 00BEMOM
25 MJ1, BaTa, BOPOHKA, TpyIlla, CTaKaH ISl CIMBA, TPOMBIBAJIKA.

PeakTuBBI. H31enue U3 cTaiu (0OBEKT aHaAIM3a), IMXpOoMaT Ka-
JI¥sl, KUCJIOTa cojisiHas (KOHIIGHTPUPOBAHHBINA pacTBop, p = 1,17 r/mi),
KHCJIOTHas cMech KHoma (KOHIIEHTpUpOBaHHAs CepHasi KUCJIOTa, KOH-
IIEHTpUpOBaHHas opTodochopHasi KUCIOTa U BOJIa B COOTHOIICHUU
1:1:4,7), UMHK METALIUYCCKUN TPaHyJIUPOBAHHBIA, WHIUKATOP
mudeHnIaMuH (CEPHOKUCIIBIA PACTBOD).

Xoa onpeneaenus. PactBop aquxpomara Kajaus ¢ MOJSIPHOM KOH-
neHTpanueir skBuBajieHTa 0,05 MOIB/T TOTOBIT B MEpPHOM KOO
Ha 250 MJT Kak TIEpBUYHBIN CTaHIapT. MeToauKa NPUTOTOBJICHUS
CTaHJlapTa olucaHa B JabopaTopHOil padbote 6.

[Tonydatror y JsabopaHTa OOBEKT aHajiu3a, W3rOTOBJICHHBIN
n3 TexHnueckoit ctanu (Ct3). TiuareabHO NPOMBIBAIOT €0, HECKOIBKO
pa3 OINOJAaCKUBAIOT JUCTWUIMPOBAHHOW BOJAOW U  BBICYLIMBAIOT
B CYIIWJILHOM IIKay. B3BemmBaroT u3zennie Ha aHaTUTHYECKUX BEcax.

B kon0y u3 TepmocToiikoro ctekia oobemoM 250 M1 HATMBAIOT
WIMHAPOM D MJI BOJBI, a 3aT€M akKypaTHO npubasistor 10 M KoH-
[EHTPUPOBAHHOMN COJISTHOM KHUCJIOTHI (0OpaTUTE BHUMAHHE, YTO KOH-
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LHEHTPUPOBAHHASA COJISIHAS KHUCJIOTA BBIJIEIAET Mapbl XJOPOBOJIOPOA,
MO3TOMY BCe pabOThI ¢ paCTBOPOM 00s13aTE€NLHO TOKHBI TPOBOAUTH-
csl moj TAroi). PacTBop HarpeBaroT Ha MJIMTKE OKOJIO 5 MMH JIJIsl yja-
JeHus kKucjopoga. B konOy moMemarT aHamu3upyeMoe H3JeIue
Y OCTABJISIOT IPU KOMHATHOM TEMIIEPATYpPE 0 MOJTHOIO PACTBOPECHUS
WJIU, €CII BBIICJICHUE Ta3000pa3HbIX MPOIYKTOB UJET HEIOCTATOYHO
OBICTPO, CHOBA HarpeBaroT Ha IIJIUTKE.

[Ipn pacTBOpEHUHU Keme3a, COAEPKAIIETOCA B CTANIH, BBIACIACTCA
ra3000pa3HbIil BOLOPOX 1 06pa3yrorcs HoHsI Fe”*, 3a cuer uero pacTBop
OKpalIMBAETCS B CBETJIO-3€JICHBIA IBET. ECIIM PacTBOP MMEET KEITYIO
OKpAacCKy, 3TO CBUIETEIILCTBYET O HAIMYUU B HEM HOHOB Fe**. B srom
Clly4yae CJIEeIyeT IIPOBECTU JOIOJIHUTEIIPHOE BOCCTAHOBJIEHUE, OITYyCTHB
B KOJIOY 1—2 HEOOIBIIKMX IPaHyJIbl METAUTMYECKOTO ITMHKA (IMHK OITyC-
KalOT B PacTBOp IO CTEHKE KOJIOBI, HAKJIOHUB €€ IMOJ HEKOTOPHIM YT-
jom). KosiOy HarpeBaroT Ha IJIUTKE 10 OOMJIBHOTO BBIJEICHUS My3bIPh-
KOB BOJIOPO/Ia; HATPEBAHUE MPOJOJLKAECTCS IO TEX IOP, MOKA PACTBOP
HE CTaHET CBETJIO-3€JICHbIM, TTOUTH OeciBeTHBIM. HeoOxoaumo, 4To0bI
nocJjie 00ECIIBEYMBAHUS PACTBOpPa B HEM OCTaBAJIUCh KYCOYKH IIMHKA.
Ecnu Bech IMHK pacTBOPUTCS A0 HACTYIUICHUS OOECIBEUMBAHUS, HEOO-
X0uMO BBecTH emie 1-2 rpanynsl. [locime obecrBeunBaHus pacTBOpa
HE CJIEAYET HArpeBaTh €ro ¢ IUHKOM JIMIITHEE BPEMS, T. K. B 3TOM CITydae
B PAaCTBOPE OCTAHETCSI MAJIO CBOOOTHOM COJISTHOM KUCIOTHI.

Bo3MmoxkeH ciaydal, KOrjia MpU BBIMYCKE U3ECIUS UCIOJIb30BAIIN
XPOMHUPOBAHHYIO CTallb, TOT/IAa IPU PACTBOPECHUU IIBET MOHOB KEJI€3a
OylleT 3aMacKUpOBaH HW3YMPYIHO-3€JIEHONM OKpPACKOW HOHOB cr*.
B stux ycnoBusix Tem Oojee BaKHO THIATEIbHO MPOBOJUTH BOCCTa-
HOBJICHHE JKEJIE3a.

Kosn0y ¢ OeciiBETHBIM pacTBOPOM, COJEPKAIIUM KYCOUYKH I[MHKA,
TYT K€ TIIATEJIBHO OXJIAKIAKOT B CTPYE BOJOMPOBOJHON BOBI, CIEIS
3a TeM, YTOOBI OpBI3rK BOJBI HE MOMAJIM B pacTBop. B MepHYI0 KO0y
BMecTUMOCThI0O 100 M1 TOMEIIar0T BOPOHKY € KYCOYKOM BaThI
1 QWIBTPYIOT MOJYYEHHBIH pacTBOp (IIPH 3TOM KoJIOY, B KOTOPOM Be-
JIOCh PACTBOPEHUE, TIIATEILHO MPOMBIBAIOT AUCTHJUIMPOBAHHOM BO-
JIOM ¥ TPOMBIBHYIO KUJKOCTb MPUCOCAUHSIOT K PACTBOPY B MEPHOM
K0JIOE, XOPOIIIO TIPOMBIBas TakyKe BOPOHKY W Baty). PacTBop pa3zbas-
JISIFOT JI0 METKH.

B kxoHunueckyro KoJOy sl TUTPOBAHUS BMECTUMOCTbIO 250 M
OTOMPAIOT MUMETKOW 25 MJT aJUKBOTHI MOJYYEHHOTO pPacTBOpa, I0-
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OaBsar0T 50 MJI IUCTHIUIMPOBAHHOM BOJBI, 10 MJI KHCIOTHOM cMmecHu
n 1-2 xamm mHauKaropa audeHuwIaMuHa. PacTBop TUTPYIOT AUXpO-
MaTOM KaJiusl TPU HMHTEHCHUBHOM IEPEMEIIMBAHUU JI0 TMEPEXoja
OKpacK MHAMKATOpa B CHHE-(PHOJIETOBBIN 1[BET. TUTPOBAHUE MPOBO-
TT HE MEHEEe TpEeX pa3, pe3ysibTaThl 3alMCHIBAIOT B JA0OPATOPHBIN
KYypHaJl U OIPENEIISIIOT CpeaHee 3HaueHHe oO0beMa TUTpPaHTa MEXKIY
TpEMS CXOIAIIMMUCS PE3YJIbTATAMM.

IIpoBenenue pacueroB
1. Macca sxeie3a B obpasie ctanu (r):

Uz Uz Uz
m. = CK20r207 "VK,cr,0, " "WiFe VK
Fe — ) ’
° 1000 vV
Uz
rae C .o, — MOJSIPHAsSI KOHLCHTPALUS SKBUBAJICHTA B CTAHIAPTHOM
pacTBoOpe nuxpomarta Kaius (MOJb/M); Véjz 2Cr207 — CpellHHIl 00BeEM Ju-
Xpomara, MOIIEAIINNA Ha TUTPOBaHUE (MI); M,i/ez — MOJIIpHas mMacca
HKBUBAJIEHTa jKeje3a, paBHas 95,85 r/mons; V. — 00beM KOJIOBI
c pactBopoM obOpasna, paBHbid 100 mim; V., — 00BbEeM NHIETKHU

IUIS B3SITUSL ATMKBOTHI, PaBHBIN 25 ML
2. MaccoBas noiis xene3a B uzneianu (%):

m
O, = ——-100 %,
m

u3.1

rae M ,,; — Macca aHAIM3UPYEMOT0 CTaIBLHOTO U3aeus (T).

OCAJUTE/IbHOE TUTPOBAHHUE

Ocagure/ibHOE TUTPOBaHHE (CeIMMETPHUsi) — TIpynrna METOOB,
OCHOBAHHBIX Ha PEaKIUsIX 00pa30BaHMs TPYIAHOPACTBOPUMBIX COEIUHE-
HUH, BBIICISIIOIINXCS. U3 PacTBOpa B BUE Ocajika. B mponecce THTpoBa-
HUSI U3MEHSIOTCSI KOHLIEHTPALIMKA OCAKJJAEMbIX MOHOB B pacTBope. B na-
OOpaTOPHOM MPAKTUKE MPUMEHSIOT CIICIYIONTNE OCHOBHBIE METOIbI.

» Apzenmomempusa (tutpant — pactBop AgNOs3) st onpenene-
HUS MOHOB (KAaK IPABHJIO, TalOTEHOB), KOTOpHIE 00pasyioT ¢ Ag'
MPaKTUYECKH HEPACTBOPUMBIM OCAIOK.
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» Mepxkypomempusa (tutpant — Hgy(NOs),) ocHoBana Ha 00pa-
30BaHUU TPYyAHOPaAcTBOpUMBIX coenuHeHuil ptyTtu (I). [Ipumensercs
JUISL OTNIPEJICTICHUs] XJIOPUJIOB U OpPOMHUJIIOB B CHJIBHOKUCIIOW CpeJe.
Merton He MOJIy4HJI IIUPOKOTO PACHPOCTPAHEHUS M3-3a CUIIBHOM TOK-
CUYHOCTH COCIMHEHUN OJHOBAJIEHTHOU PTYTH.

o Cynvhamomempus (turpantr — H,SO,/ BaCl,) 6Gasupyercs
Ha peakuusx oOpa3oBaHUsA TPYIHOPACTBOPUMBIX cyibdaToB. NHOorAa
BBIJICJISIIOT OapUMETPHUIO0, OCHOBAHHYIO HAa HCMOJB30BAHUU PEaKIIHM
0o0pa3oBaHMs TPYJHOPACTOPUMBIX cojieli Oapus. MeToa Mmo3BOJISET
OnpenensaTh Cyab(aThl 1 HOHBI Oapusi (MOXKET CIYXKUTh albTepHATH-
BOW IPaBUMETPUUYECKOMY METOY ONPEACIICHUS Ba*").

» I'ekcayuanogeppamomempus — METOJ| ONPEICICHUS KaTHO-
HOB METAJJIOB C UCIOJIb30BAHUEM B KAaU€CTBE TUTPAHTA CTAHJAPTHOIO
pactBopa rekcanuanodeppara (1) xamus K4[Fe(CN)g].

* Ocadumenvnaa Xpomamomempus TO3BOJIAET ONPEACISITh HO-
HbI, JAOIIUE ManopacTBopuMble xpomarsl (Ba®*, Pb*", Ag").

JlabopamopHasa pa6oma 9
CmaHdapmu3ayus
pacmeopa HUumpama cepeépa

CymHoCcTh MeToa. APreHTOMETPUS — METO KOJIMYECTBEHHOTO
aHaJM3a aHUOHOB, OOPAa3yIOUIUX TPYIHOPACTBOPUMBIC COEIUHEHUS
WIM YCTOWYMBBIC KOMIUIEKCHI ¢ KaTHOHAMHU cepedpa. MeTo1 HCImob-
3yeTcs JUIsl OMNpeNeseHUsT TaJOreHUI0B, THOLMAHATOB, ITMAHHUIOB,
dbocdartoB u p.

OCHOBHBIM TUTPAHTOM B apTCHTOMETPUHU SIBJISICTCS PacTBOP HUT-
pata cepedpa (0,05-0,1 Moab/11), KOTOPBIA TOTOBUTCS KaK BTOPUYHBIH
cTaHAapT. B kadecTBe MEPBUYHOTO CTAHAAPTHOTO BEIECTBA ISl €rO0
crapgaptu3anun npuMeHstor NaCl (s yganeHuss THrpocKoIdye-
CKOM BJIard XUMHUYECKH YHCTBIM XJIOPUJ HATPUA MPOKAIUBAIOT
npu Temnepatype 400-500 °C  nmo mnoctostHHOM Maccel). HoHBI
Ag" Ha cBeTYy OBICTPO BOCCTAHABIMBAIOTCS O METATIMYECKOTO Cepe-
Opa, mo3ToMy cTaHaapTHbIA pacTBOp AgNOs3 ciaeayeT XpaHUTh B CO-
CyJlax U3 TEMHOTO CTEKJIa C MPUTEPTHIMH MPOOKaMU B 3aIUIICHHOM
OT CBETa MeCTe.
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[Ipu cranmapTuzalMu pacTBOpa HUTpaTa cepedpa XJIOPUAOM
HATpUs MIPOTEKAET CIASAYIOIIas peaKkius:

AgNO; + NaCl — AgCl| + NaNO:s.

Kak BuaHO, BeniecTBa B3aUMOJCUCTBYIOT B SKBUMOJISIPHOM COOT-
HOIIICHUH, (DAKTOP SKBUBAJICHTHOCTH JJISI BCEX YYACTHHUKOB PEAKIIUH
paBeH 1 (T.e. MOJspHas KOHIIEHTpAIlUs BEIIECTB paBHA MOJISIPHOM
KOHIIEHTPALlUX SKBUBAJICHTA).

KoHeuynyto TOYKY Ipu TUTPOBAHHH XJIOPHUIOB OOHAPYKHBAIOT
C TIOMOIIBIO Pa3HbIX METONOB. B memooe Mopa vHaukaTopom sIBIs-
ercs xpomat kamusa (K,CrO,), B mMemoode @Dasanca Mcnoab3yoT aj-
copOIMOHHBIE MHAUKATOPHI (203UH, (PiryopeciienH), B memooe Do.ib-
2apoa — XeJIe30aMMOHUHBIE KBACIIbI.

OO0opyoBaHue:. BeChl TEXHUYECKHE, BECHl aHATUTHYIECKHE, OFOKC
C KpBIIIKOM, OropeTka oO0bemMoM 25 MJI, KOJOBI MEpHBIE C MPOOKOM
oobemom 100 u 250 mi1, koJ10a KOHHUYECKas JIsi TATPOBAHUSI 0O0HEMOM
100 mn, munetka oo6beMoM 10 mut, MepHBIN 1TUIUHAP 00bemMom 10 M,
BOPOHKA, TpyIlia, CTaKaH IS CJIMBA, ITPOMBIBAJIKA.

PeakTHBBI. XJOPHI HATpus, HUTpAT cepebpa, Xpomar Kajus
(pacTBOp ¢ MaccoBo# nojei 5 %).

Xoa onpeneseHusi. PactBop xiopuaa HATpUsl TOTOBSAT KaK IEpP-
BUYHBIM CTAHIAPT C MOJIIPHOM KOHIICHTPAIME 3KBUBAJICHTA
0,05 monp/n B MepHoii konbe obbemom 100 mu. HaBecky xmopuma
HaTpus (T') BEIYUCIISAIOT 110 hopMyIIe:

_ vz Uz
Myact = M NaCl 'VK -C,

v
TAc M N;CI — MOJBIPpHAad MACCa 3KBUBAJICHTA XJIOpUAA HATPUS, paBHAA

58,443 r/monb; Vi — o0beM MepHOW KOJOBI (1); c’t — MOJISIpHas

KOHIIEHTpAllHs SKBUBAJIICHTA B TPEOyEMOM pacTBOPE (MOJIb/N).

PactBop HuTpara cepebpa ¢ NpUOJIUZUTEIHHON MOJIAPHOU KOH-
neaTpanueii skBuBaieHTa 0,05 MoJIb/11 TOTOBAT B MEpHOM K0JI0€ 00B-
emoM 250 mu1. HaBecky (T) onpenensror Kak:

_ vz Uz
mAgNo3 - MAgN03 'VK -C,
Yz
rae M,y o, — MOJpHAs Macca SKBHBAJICHTa HUTpATa cepebpa, pas-

Has 169,873 r/mMoib.
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Maccy HaBeCKHM BBICYNICHHOTO XJIOpWJA HATPHS OMPEISISIOT
B OIOKCE Ha TEXHUYECKUX, a 3aT€M Ha aHAJTUTHYCCKUX Becax; HUTPAT
cepeOpa B3BEIIMBAIOT TOJBKO HAa TEXHUYECKHX Becax. Pe3ynbTaThl
B3BEIIMBAaHUS 3aHOCAT B Tabiu. 18. HaBecku pacTBOpSAIOT B COOTBET-
CTBYIOILIUX MEPHBIX K0JIOaX B JUCTUUIMPOBAHHON BOJIE.

Ta0muna 18
Onpeodenenue maccol HABecoK (2)
B3BemmuBanus Macca
Onpenenenne macc
IIEPBOE | BTOPOE | TPETHE (cpenHsist)

brokc 6e3 HaBecKH m;

brokc ¢ HaBeckou ms

NaCl — — — Mmz=my,—m,
AgNO; — — — My

BbropeTKky 3amofHAI0T pacTBOPOM HUTpaTa cepebpa. B Tpu koHH-
yecKue KOJObI st TUTpoBaHus oO0bemMoM 100 mi BHOcAT 1o 10 mi
aJMKBOTBHI CTAHJAPTHOIO PacTBOpa XJIOpHUJA HATPUS, IUJIUHIPOM OT-
MEPSIOT 5 MJ JUCTHIIMPOBAHHOW BOJBI M J0O0ABIAIOT 3—5 Kalelb
(kakaplii pa3 OJUHAKOBOEC KOJHMYECTBO) pacTBOpa XpoMara Kajus.
PacTtBOp B KOJIOE TUTPYIOT HUTPATOM Cepedpa Mpu IHEPTUIHOM Tepe-
MEIIMBAHUN JI0 TEX IMOp, MOKA HE TMOSBUTCS TMEPBOE HEUCUE3AIOIIEE
OKpallliBaHWE CYCIEH3UU B CJIA0BIM KPacHOBATO-KOPUYHEBBLIN IIBET.
Pe3ynbTaThl TUTPOBAHUS MO OIOPETKE 3aMUCHIBAIOT B J1a0OpATOPHBIN
KYpHaJI U ONPENENISIIOT CpeHee 3HAaueHUuEe 00bheMa THUTpPaHTa MEXKIY
TpeMs CXOJSAIINMUCS PE3YJIbTATAMMU.

IIpoBeneHue pacueroB
1. Tutp pacTBOpa xjaopuaa HaTpus (I/Mi) pacCCUUTHIBAIOT MO B3S-
TOH HaBeCKe M3, pacTBOpeHHOM B K0y10e 00beMoM Vi (100 mu):
T _ mNaCI — mS

NaCl — VK 100 '

2. MonsipHasi KOHIIeHTpalus (MOJIb/J1) XJIOpUJa HATpUsl B pacTBO-

pe Cyac|, UHMCIEHHO paBHas MONSPHOH KOHIEHTPAI[MH SKBUBAJIEHTA

1z
CNatCI .
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_1000- Tyeer

_ lz
C:NaCI - CNaCI - M
NaCl

3. MonsipHasi KOHIIEHTpallUs SKBUBAJIEHTa (MOJIB/JI) B PacTBOpE
HUTparta cepedpa CX;NOS, YUCJICHHO paBHAs MOJIIPHOW KOHIICHTPAIUH
C agno, » OTIPEIICIISCTCSI [0 pe3ylIbTaTaM TUTPOBAHHS:

_ C;/;u Vil

Cl/z _
AgNO; — ~AgNO; v !
AgNO;4

rae Vy,c — 00BbeM alnKBOTHI pacTBOpa Xiopuaa Hatpus, 10 m;
Vagno, — cpennnii o0bem AgNQO;, mormeammii Ha THTpOBaHKE (MII).
4. Tutp pacTBOpa HUTpaTa cepedpa (r/mn):

CAgNo3 ) MAgNo3

T - ]
AN 1000

ITo pesynpTaTam pacyera 3anmoiHAOT Taosm. 19.

Taomuna 19
Onpeodenenue KOHUEHMPAYUU BeULECE 8 PACHEOPAX
KoHuenrpanus
PactBop 1
C, Monb/n C™", MOIB/T T, v/Ma
NaCl
AgN03

KonmpoavHasa 3adaua 9.1
OnpedesieHue xaopudos memodom Mopa

Meton Mopa oCHOBaH Ha MCIOJIb30BAaHWH B KAYECTBE UHANKATOPA
xpomara kanusi K,CrO4. ITOT MeTo NpeaHa3HaueH sl ONpeIeICHuUs]
XJIOPUJOB U OpOMHUJOB B HEUTPAIHHON WM CIIAa0ONICIOYHON cpelie
(pH = 6,5 — 10). Moanasl U THOIIMAHATHI 3TUM METOJIOM HE OINpEIEs-
10T, T. K. ocajiku Agl u AgSCN cnocoOHbI aicopOupoBaTh HHAUKATOP
(Xpomart KaJlvsi) ¥ OKpAIIMBAIOTCS JI0 TOYKH SKBUBAJICHTHOCTH.

OnpeneneHre MOHOB XJIOpa OCHOBAHO HAa MPSIMOM TUTPOBAHUU
HAaBECKU aHAIM3UPYEMOIO BEIIECTBA WJIM €r0 pacTBOpPA CTAHIAPTHBIM
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pacTBOpPOM HUTpaTa cepedpa B MPUCYTCTBUHM MHIMKATOpa — Xpomara
kanud. [locnennuit oOpasyer ¢ HUTpATOM cepedpa KUPIMUYHO-Kpac-
HBI OCaJ0K Xpomara cepeOpa, OoJjiee pPacTBOPUMBIM, YeM OCaJ0K
XJjopua cepeopa:
K2Cf04 +2 AgNO:; — Ag2CTO4l +2 KN03

TutpoBaHrne NPOBOIAT B HEUTPAIBHOM PACTBOPE, T. K. XpOMar
cepebpa pactBopuM B Kuciorax. Ilocie BbimajgeHusi 0eaoro ocaaka
AgC1l B MOMEHT 3KBHUBAJICHTHOCTH:

Ag"+ ClI" - AgCl| —
oJiHa U30bITOYHas Karis TuTpanta AgNO3; o0pa3yeTr ¢ noHaMu CrO,~

ocanok Ag,CrQOy4, KOTOPBIN M OKpAIIUBACT COJIEPKUMOE KOJIOBI B KHP-
MMUYHO-KPACHBIN LIBET.

Oo0opynoBanue: OIOKC C KpBIIIKOW, OrOpeTka o0beMoM 25 M,
Kojba MepHas ¢ mpoOkod oobemom 100 mu, komba KOHUYECKAs
it TuTpoBaHust oobemMoM 100 mut, mumnerka o6bemom 10 M1, MepHBIH
nunuHap oosemoMm 10 mii, BOpOHKa, Ipyllia, CTakaH JJis CJIUBa, MPO-
MBIBaJIKA.

PeakTuBbl: XJIOpUI HATPUS (aHaJmsﬂpPIeMoe BEILIECTBO), HUTPAT
. 1
cepebpa (cTaHgapTu3oBaHHbIHA pactBop, C ' = 0,05 MOb/11), UHIMKA-
TOp XpOMAT Kajus (pacTBOp ¢ MaccoBoit moieit 5 %).

Xoa ompenaesieHusi. bIOKC C HABECKOW IPOCYILIEHHOTO XJIOPpHUIA
HATpUs NoJydaroT y jabopanta. CoaepkuMoe OI0Kca KOJIMYECTBEHHO
nepeHocar B koyioy Ha 100 My, MHOTOKpAaTHO CMbIBasi C MOMOIIBIO
IPOMBIBJIKM 4Y€pe3 BOPOHKY JIUCTHILIMPOBAHHOM Bojaoul. OO0beM
KUJKOCTU B KOJIO€ MTOBOJAT 10 METKM JHUCTWIJIMPOBAHHON BOJOM
Y TIIATEIBHO MEPEMEIINBALOT.

BropeTky 3amoiHsoT pacTBOPOM HUTpaTa cepedpa (KOHLIEHTPALIUIO
U TUTP CM. B pabote 9). B Tpu koHnYeckue KOJIObI JJIsl TATPOBAHUS 00b-
emoM 100 M BHOCAT 110 10 MJI QJIMKBOTHI aHAIU3UPYEMOIO PaCTBOpa
XJIOpHUIa HATpUs, [MWIAHIPOM OTMEPSIOT 5 MJI AUCTHUILIMPOBAHHOW BO-
bl U A00aBIAIOT 3—5 Kamenb (KaKIbl pa3 OJMHAKOBOE KOJIMYECTBO)
pacTBopa Xxpomara Kajims. PacTBop B K0J0€ TUTPYIOT HUTPATOM cepedpa
MIPU SHEPTUYHOM TEPEMEIIUBAHUU JI0 TE€X MOpP, TTOKA HE MOSIBUTCS NEP-
BOE HEHCUE3aollee OKpalllMBaHWE CYCIEH3WHM B CIa0blii KpacHOBa-
TO-KOPUYHEBBIN LIBET. Pe3ynbTaThl TUTPOBAHUA MO OIOPETKE 3aIUCHIBA-
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10T B J1a00paTOPHBIN KypHAT U ONPEACIIAIOT CpeHee 3HaUYeHue o0beMa
TUTPAHTA MEKY TPEMS CXOJAIIUMHUCS PE3YIbTaTaAMU.

IIpoBeaenne pacueroB. Maccy xiopua-woHa (r) B XJIOPHIC

HanI/Iﬂ paCCqHTBIBaIOT I10 (bOpMy.TIe:
CX;Nos .VAQNOS ) I\/l:ClI/IZ_ VK
m.__ = . ,
cl 1000 V

TIATI

rie Cr% o, — MOJSpHAs KOHIEHTPALUS SKBUBAIEHTA B CTAHIaPTHOM
gNO;
. Yz %
pactBope HHTparta cepedpa (MOMIb/); Vo — CpelHHH 00beM HHT-
pata cepeOpa, MOUICANINI HA TUTPOBAHUE (MJI); Méjlf — MOJISIpHAs

Macca SKBHUBAJICHTa MOHOB XJiopa, paBHas 35,453 r/moinb; V, — 00beM
KoJIOBI ¢ pacTtBopom, paBHbid 100 mi; Vi, — 00BbEeM NUIETKH IS
B3SITUSI AJIMKBOTHI, paBHBIN 10 mut.

OnpeneneHHoe B xoA€ padOThl 3HAYEHHE MACChl XJOPUA-MOHOB
Mppaxr. (B TPAMMax ¢ TOYHOCTBIO 10 4-T0 3HAKa IOCJIE 3aIATON) CIAK0T
Ha TPOBEPKY, IMOIYUYAOT OIEHKY M y3HAIOT UCTUHHYIO MacCy HMOHOB
XJIOpa B pacTBOpe My.,. PaccunThIiBaloT aOCONIOTHYIO U OTHOCUTEIb-
HYIO MOTPEUIHOCTH (aHAJIOTUYHO KOHTPOJbHOM 3a1aue 3.1).

KonmpoavHasa 3adaua 9.2
OnpedesieHuUe X/10pudo8 Mmemoodom PassHca

Meron ®assHCca OCHOBaH Ha MPSAMOM TUTPOBAHUM TajOTr€HHUJIOB
cTaHIapTHBIM pacTBOpoM AgNQO3 B NPUCYTCTBHU @0COPOUUOHHBIX
UHOUKAMOPO8, KOTOpbIe aACOPOMPYIOTCA OCaJAKaMH, HW3MEHSs
IIPU 3TOM CBOIO OKPAacKy. AJICOPOIIMOHHBIE UHIUKATOPHI (303UH, (y-
opeclierH, (hJIOKCUH, S3PUTPO3UH) SIBIAIOTCS OPraHUYECKUM COEIUHE-
HUSIMH, OTHOCSITCS K OpraHMYeCKuM KuciioTaM. M3MeHeHue oKpacku
WHJUKATOpa IMIPOUCXOIUT HE B PACTBOPE, @ HA IOBEPXHOCTH OCAJKA.

[Ipu TUTpOBAaHUM XJIOPUIOB XOPOLIUM AJCOPOLIMOHHBIM UHAUKATO-
poM sBigeTcs (PIyopeclierH, KOTOpPbIi B pPAacTBOpPE HMMEET Kel-
TO-3€JIEHYI0 OKpPAaCKy, & B TOUKE 3KBUBAJCHTHOCTH OKPAIIMBAET OCAJIOK
AgC1 B po30BBI IIBET, U TOTJa TUTPOBAHUE CUUTAETCS 3aKOHYCHHBIM.

D03uH ancopoupyercs Jydille XJIOPUI-MOHOB, MOATOMY JTaHHBIN
UHIUKATOP HENb3d MPUMEHATH JJI1 OOHAPYKEHUS KOHEYHOM TOYKH
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TUTPOBAHUS XJIOPHUAOB, T. K. OH OyAET aacopOMpOBaTHCS Ha OCAIKe
AQCl emé mo MOCTHMIXKEHHS TOYKH SKBHBAJCHTHOCTH. DO3MH Yallle
NPUMEHSIOT MPU ONPEICICHUH OPOMHJIOB, HOAWIOB W THOIIMAHATOB.
[Ipu wucnosb30BaHWU 303MHA TOBEPXHOCTH OCAJKa OKpaIIUBACTCS
B KpacHO-(DHOJIETOBBIH IIBET.

ObGopynoBaHue. OIOKC C KpBIIIKOM, OOpeTka oO0beMoM 25 MII,
Kojiba MepHas c mpoOkorr oOobemMom 100 mi, komba KoHWYECKas
it TuTpoBanust oobemMoM 100 mut, munerka oo6bemom 10 M1, MepHBIH
nunuHap oobsemoMm 10 mu1, BOpOHKa, Ipyllia, CTakaH JJis CIUBa, IPO-
MBIBaJIKA.

PeakTuBbl: XJIOpUI HATPUS (aHaJIHBI/IpP/eMOG BEILIECTBO), HUTPAT
cepeOpa (cTaHIapTU30BAaHHBIN PacTBOP, C'* = 0,05 MOJIB/JT), MHIUKA-
TOp (prryopectienH (COUPTOBOM pacTBOp), Kpaxmain (pacTBOP ¢ Macco-
BO# noeit 1 %).

Xoa ompenaesieHusi. bIOKC C HABECKOW IPOCYILIEHHOTO XJIOPHUIA
HaTpus Mojay4daror y nadopanta. Cojepkumoe Or0Kca KOJIMYECTBEHHO
nepeHocsaT B Koj0y Ha 100 My, MHOTOKpPaTHO CMbIBasi C MOMOIIbIO
IPOMBIBJIKM 4Y€pe3 BOPOHKY JUCTWIIMPOBAaHHON Bomoi. OObem
KUJKOCTU B KOJIOE HOBOAAT /10 METKM JIUCTUILUIMPOBAHHOW BOJOU
Y TIIATEJIBHO MMEPEMENINBALOT.

BropeTKy 3amofiHAI0T pacTBOPOM HUTpaTa cepedpa (KOHIEHTpa-
ITUIO ¥l TUTP CM. B pabote 9). B Tpu KOHWYECKHE KOJIOBI IS TUTPOBA-
HUusg oobeMoM 100 mu1 BHOCAT 1o 10 MJT aTUKBOTHI aHAIU3UPYEMOTO
pacTBOpa XJOPHUJIA HATPHUS, HUHWIHHAPOM OTMEPSIOT 5 MJI JUCTHILIAPO-
BaHHOU BOJBI M MO 5 MJI pacTBOpa Kpaxmaya, H0OaBJISIIOT O Kallelb
uHauKaropa ¢ayopecuenna. PacTBop B kaxaoil koji0e TUTPYIOT HUT-
paroM cepedpa, HEMPEpPHIBHO MEPEMEIINBAs PACTBOP 10 IMOSBJICHUS
YCTOMYHMBOT'O PO30BOTO OKPAIIMBAHUS KUJIKOCTH WU OCAJIKA.

OkpalmvBaHHE >XKUIAKOCTH BBI3BIBACTCA TE€M, YTO 4YacTh OCaJIKa
AgCl ynepxuBaeTcss B KOJUTOMIHO-PACTBOPEHHOM cocTossHUH. I[lo-
3TOMY B HCCIIEIyeMbIi pacTBOp, KpOME HHIUKATOpA, MPUOABIISIIOT
KpaxMai U pa30aBisgioT BoaoM. [Ipu Takux ycloBHSIX Mepexo oKpac-
KM JOCTaTOYHO OTYETIIMB.

[To mepe npubaBnenusa no kamiasiMm pactBopa AgNO3 TuTpyemas
cMech MyTHeeT. BOiu3M TOYKM HKBUBAJEHTHOCTHM HaOJI0O/aeTcs 4a-
CTHYHAs Koaryysmus kojutommHoro ocaaka AgCl. B stor mMomeHT
TUTPYIOT €llle 00Jiee BHUMATEJIBHO, CHJIBHO MEPEMENINBAsi COICPKU-

72



Moe KoJIObI. TUTpOBaHME 3aKaHUUBAIOT, KOTJa OEJIbIM 0Ca0K XJI0pHaa
cepedpa OKpaIIMBaeTCs B PO30BHIH IIBET.

Pe3ynbTaThl TUTpOBaHUS O OIOPETKE 3alMCHIBAIOT B J1abopatop-
HBIH JKYpHaJl M ONpPEISIAIOT CpeIHee 3HaueHHe OoO0bheMa TUTpaHTa
MEXIY TPEMS CXOIALIMMUCS PE3YJIbTATAMM.

IIpoBeaenne pacueroB. Maccy xiopua-woHa (r) B XJIOPHIC
HaTpHUS PaCCUUTHIBAIOT 110 hopMyIIe:

1z 1z
CAgNo VAgNo3 ) Mcr VK

m._._ : ’
cl 1000 Vv

TTATIT

rac C AgNO, — MOJBIpHAasA KOHLCHTpAOUA 35KBUBAJICHTA B CTAHAAPTHOM

vz w
pactBope HUTpaTa cepedpa (MOJIb/N); Vo — CPEAHHIT 00beM HHT-

o . 1/z
para cepeOpa, momenmuii Ha TuTpoBanne (ma); M_° — MossipHas

Macca SKBUBAJICHTa MOHOB XJIopa, paBHas 35,453 r/monp; V, — 00beM
KoJIOBI ¢ pacTtBopoM, paBHbid 100 mir; V,,, — 00beM HHUIETKH s
B3SITHS QJIMKBOTHI, paBHBIN 10 Mt

OnpeneneHHoe B xoA€ padOThl 3HAYEHHE MACChl XJIOPUA-MOHOB
Mppaxr. (B TPAMMaXx ¢ TOYHOCTBIO JI0 4-I0 3HAKa IOCJIE 3aIATON) CIAI0T
Ha TPOBEPKY, MOJYYAIOT OLIEHKY M y3HAIOT UCTUHHYIO MacCy HMOHOB
XJIOpa B pacTBOpe M,.,. PaccunThIiBaloT aOCONIOTHYIO U OTHOCUTEIb-
HYIO MOTPENTHOCTH (aHAJIOTUYHO KOHTPOJIbHOM 3a1aue 3.1).
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O6pasen opopmMyieHUA OTUYETA
0 JJaGopaToOpHOM paboTe
IO TUATPUMETPUYECKOMY aHAJU3Y

Jlabopamopnasn paooma 3
Cmanoapmu3ayus pacmeopa coNAHOU KUC/10mbl

TOYHYIO KOHIICHTPAIUIO COJITHOW KHUCJIOTHI B paCTBOPE YCTaHAB-
JUBaeM C TIOMOIIBIO TMEPBUYHOTO CTaHAapTa — pacTBopa OypsI
Na,B,07 - 10 H,O. TurpoBanue nmpoBoauM MPSIMBIM CIIOCOOOM:

Na,B,O; + 2 HCIl +5 H,O — 2 NaCl + 4 H3803.

B stoii peakmuu skeuBanentsl 1/2 (HCI) = 1, 1/z (Na,B4,07) = %.

B Touke 3xBUBaJICHTHOCTH BennunHa pH Oyner Huxe 7 u3-3a 00-
pa3zoBanus OopHoi kuciothl (pH = 5). Jlnsg ycTaHOBICHHS KOHSYHOM
TOYKA TUTPOBAHUS HCIIOJIb3YEM HMHIUKATOP, MEHSIOIMIMKA OKpacKy
B KHCJIOM 00JIaCTU: BEIOMpPAEM METHJIOBBINM OPaH)KEBBIM.

OoOopynoBanue: .......

PeakTuBhbI: .......
1. PactBOp Oyphsl roTOBUM B MepHOM Koj106e Ha 100 My kak mep-
o 1z .
BuuHbIH crangapt (C™° = 0,05 momw/i). Macca HaBeCckH OYpBHI:

mNazB4O7 10H,0 — M %;28407 -10H,0 'VK CY = 190,68-0,1-0,05~ 0,95 2.

PaccunTaHHyl0 Maccy B3BEIIMBaeM B OIOKCE HAa TEXHUYECKUX,
a 3aTeM Ha aHAUIUTUYECKUX Becax. Pe3yapTarsl B3BeIIMBaHUS (T):

Bi3semmBanusa Macca

Onpenenenne macc
IIEPBOE | BTOPOE | TPEThE (cpennsist)

brokc 0e3 HaBecku 12,6234 | 12,6233 | 12,6235 12,6234
brokc ¢ HaBeckoit 13,5758 | 13,5758 | 13,5759 13,5758
Na,B,O- - 10 H,O — — — 0,9524

2. PactBop HCI (CllZ ~ 0,05 Monp/iT) TOTOBUM B MEpHOU KOJOE
Ha 250 M1 u3 uMerolerocs B Ja0OpaTOpUU KOHIICHTPUPOBAHHOTO
pactBopa kucioThl (0 = 34,18 %; p = 1,17 r/mi). O6beM KOHILIEHTPHU-
posanHoi HCI:

74



_ MY:.Cc¥.v,  36,46-0,05-250
" 1000-@-p  1000-0,3418-1,17

3. Pe3ynbTaThl TUTPOBAHMUS:

~1,14 mu.

Ne OGbem pacteopa, M1 | CY%, Mmois/n Wunnkarop
B METHUJIOBBIN
OIIbITa Na,B,0O- HCI Na,B,0O4 OpaH)KCBBIﬁ
1 10 9,35 2 Karm
2 10 9,30 2 Karm
0,04994
3 10 9,40 2 Karm
Cpennee — 9,35 -

4. BeruucieHus.
1000- Mya,8,0, 10 H,0 _ 1000-0,9524
M Na,B,0, -10 H,0 -V 381,36-100

CY oo =Crapo, 2 =0,02497 -2 =0,04994 mous/ 1,

Na,B,0; —

=0,02497 monw ! 1,

Cl/z V .
Coo =Cligy = —0r T0n o 00499410 _ 4 05341 oo / 1,
Vi 9,35

T = Cuo Myg _ 0,05341-36,40 _ ) 610473,/ yun.
1000 1000

5. Pe3ynbTarsl paboTHI:

Konuenrpanus
PacTtBOp 17z
C, MOJIB/TI C™*, MOJIB/TI T, r/™mn
Na,B,0O- 0,02497 0,04994 —
HCI 0,05341 0,05341 0,0019473
BuiBOX: .......
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Koumponwvnan 3aoaua 3.1
Onpeodenenue KOHUEeHMPAUUU ULE0YU
HO CMAHOAPMHOMY PACMEOPY KUCIOMBbL

Jlnst ompeneneHus: KOHIIEHTPALMM IIEJIOYM B PACTBOPE MOKHO
NPUMEHUTh  CTAHJIAPTU30BAHHBIA  PACTBOpP  CUJIBHOM  KHUCIJIOTHI.
[Tpu TurpoBanuu pactBopa NaOH pactBopom HCI mpotekaeT peaxius:

NaOH + HCI — NaCl + H,0.

BemiectBa B 3TOM peakluyd B3aUMOJCUCTBYIOT B 3KBUMOJISIPHOM
cootnomenuun: 1/2 (HCI) =1, 1/z (NaOH) = 1. B Touke 3KBHBaJICHT-
HocTu pH = 7, mo3TOMy MCNONAB3yeEM UHAUKATOP, MEHSIOLIUNA OKPACKY
B HEUTpaIbHOM 00JIaCTHU: BHIOUpPAaeM OPOMTUMOJIOBBIN CUHUIA.

OobopynoBanue: .......
PeakTuBHbI: .......

1. Pe3ynbTarsl TATPOBAHUSA:

O0BeM pacTBOpa, MII ™, Munuxarop

Ne P pa, MOJIB/Z1 | OpOMTHUMO-

OITbITA NaOH NaOH HCI JIOBBIA
HCI .
(ucxonH.) | (anukBOTA) | (TUTPAHT) CUHHI
1 10 2,70 1 karuis
2 100 10 2,80 1 karuis
0,05341
3 10 2,75 1 karuis
Cpennee — — 2,75 —
2. Berunucnenus:
1z
CNaOH _ C;/;OH _ CHCI Vi _ 0,05341-2,75 —0,0147 yoms | 1.
VNaOH 10
‘M :
TNaOH = CN&OH NeOH — 0,0147-39,997 =0,00058796 2/ M,
1000 1000
AX=|Cper — Cir | =0,0147 —0,0132 = 0,0015 wouv / .
6=ﬂ-100%zw-100%=11,36%.
0132

HCT. !
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3. PesynbTatsl paboTHI:

Konuentpanus OmmoOka
P 1/z
acteop | O Coparer. Crer. T, /M AX, moas/n| 6, %
MOJIB/JI | MOJB/JT | MOJB/II
NaOH | 0,0147 | 0,0147 | 0,0132 | 0,00058796 0,0015 11,36
BeiBOI: .......
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3AJIAYU
JNJI1 CAMOCTOSATE/JBHOTO PEIIEHUA

1. 3adayu Ha KOHYyeHMpayuio

1.1. B 168 r Boasl pactBopeHo 46 r NaCl (20 °C). Onpenenure
MacCCOBYIO JIOJIO ¥ MOJISIPHYIO KOHIIEHTPAILIMIO COJIM B PacTBOPE.

1.2. PactBoper NaCl (C = 0,15 mons/n) u KCI (C = 0,25 mos/)
cCMelIaJii B COOTHOIIEHUH 1:4 (COOTBETCTBEHHO) MO 00bemy. Haitnure
MOJISIPHYIO KOHILIEHTPALMIO KaXI0U U3 COJIEU B TIOJIyYEHHOM PACTBOPE.

1.3. B nabGopatopuu uMeeTCsi KOHIIEHTPUPOBaHHAsI CEpHasl KHC-
nota (98 %, p = 1836,1 KF/M3). TpebyeTcst mpuroToBUThH 1 JIUTP pac-
TBOpa 3TOW KHUCJIOTHI C MoJisipHOU KoHueHTpanueit 0,1 mons/n. [Ipen-
JIO’KUTE PELIETIT.

1.4. B 250 mn pactBopa coaepxkutcsa 1,250 r kapOoHaTa HaTpus.
PacTtBOp mpumMeHsieTcs it ONpeNesIeHUsT COSHON KUCIOTHI. Bhruuc-
JUTE MOJISIPHYIO KOHIICHTPAIMIO, MOJISIPHYIO KOHIIEHTPAIMIO YKBUBA-
JeHTa, TUTP | ycinoBHBIA TUTP 1o HCI mst aToro pacteopa.

1.5. Kakyto Maccy HaBECKU THOCYJb(aTa HaTpUs
Na,S,03 - 5 H,O cnenyer B3sTh ana npurotoBienus 1,3 1 pacTtBopa
(C=0,1000 moan/m)?

1.6. Kakyro maccy HaBeCKHM MEpMaHraHaTa Kajus CIEeIyeT B3STh
JUTst puroToBieHus 1,25 1 pactBopa (Cl/Z = 0,025 mounp/m)?

1.7. Kakoit o6vem 87,7 %-ro pacTBopa CEpHOM KHUCIOTHI C TJIOT-
HocThIO 1,8000 /M1 HAZO B3ATH JJIs1 IPUTOTOBIICHUS:

a) 1 n pacTtBOpa ¢ MoJisspHOM KOoHUEeHTpanuei 0,1 Moib/i;

0) 11 pactBOpa C MOJSPHON KOHIICHTpaIlU€ HSKBUBAJICHTA
0,1 moun/1;

B) 2 11 pactBopa ¢ Tutpom 0,02502 r/mu;

r) 2 11 pactBopa ¢ Turpom o KOH 0,04003 r/mn?

1.8. Kakoii o6bem pactBopa enkoro Harpa (C = 2,0000 mosnb/i)
HYXHO 100aBUTH K 2 11 pactBopa eakoro Hatpa (C = 0,0980 monw/n),
4TOOBI MOJYYUTH pacTBOP LIeaoun ¢ koHieHnTparuei 0,1000 mosnb/n?

1.9. 3,36 T yncroro rugpokrcuaa kKanmusd u 2,40 © 9UCTOrO €IKOTO
HaTpa pacTBOPWIM B Bojie U pa3zbaBmiau pactBop 10 1 200 miu. Ompe-
JIETUTE aKTUBHOCTH THIPOKCH/I-AaHHOHOB B 3TOM PacTBOPE.

1.10. 10 mut 10 %-ro pactBopa NaCl (p = 1,0707 F/CM3) cMelaau
c 10 ma 20 %-ro pactBopa comnsiHoi kuciaotsl (p = 1098 Kr/M°) H 110-
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O6aBunmu 750 mn Boawl. OmpenenuTe akTUBHBIE KOHIICHTPAIMM BCEX
HMOHOB B 3TOM PacTBOPE.

2. BeiyucsaenHue pH
6 pacmeopax 3J41eKmpo/iumoas

2.1. Onpenenure PH 1 Kaxyuryrocs: CTeNeHb AUCCOIMAINKU B pac-
tBope H,SO, (C = 0,25 mounb/i).

2.2. Beraucnute pH pactBopa 4,0 r enkoro Hatpa B 1 11 BOJBL.

2.3. Beruucnure PH a30THOM KUCIOTHI ¢ MaccoBoi jojeit 0,1 %.

2.4.K 100 mu pactBopa H,SO4 (C = 0,001 mosb/n) moOaBwiu
100 mut pactBopa K3PO, (C = 0,03 moss/n). Berancaute pH pactsopa.

2.5. K 100 ma pactBopa HCI (C = 0,2 moaw/n) nobasuim 100 mi
pactBopa KCI (C = 0,2 mounb/i1). Berauciiure pH pactopa.

2.6. Onpenenure PH wu crTenmeHp AUCCOIMAIMM B PacTBOpE
CH3;COOH (C =0,1 moaw/n).

2.7. Onpenenute PH u cTeneHp AUCCONMAIIMN B PACTBOPE aMMHUa-
ka (C = 0,05 monn/m).

2.8. K 50 mu pactBopa H,SO,4 (C = 0,25 moaw/n) godaBunu 80 mit
pactBopa CH3COOH (C = 0,1 moaw/i). Onpenenure PH mony4ueHHOr0O
pacTBOpa M CTENEHb JUCCOIMALIUU CIIa001 KUCIOTHI.

2.9. K 50 mit pactBopa HCI (C = 0,15 monb/i1) nobaBuau 25 mi
pactBopa KOH (C = 0,2 moms/). Beraucnure pH pactBopa.

2.10. K 25 ma pactBopa HNO;3 (C = 0,2 moaw/n) nob6aBumu 50 mur
pactBopa LIOH (C = 0,15 mounb/im). Berancinure pH pactBopa.

3.6yhepHble pacmeopbl

3.1. Beruucnure pH Oydepa, nonyuennoro npu ciuBanuu 10 mu
HNO, (C = 0,02 moas/n) 1 40 mn KNO, (C = 0,05 moms/n).

3.2. Beruucnute pH Oydepa, nonydennoro npu ciuBanuu 70 mu
NH,CI (C = 0,01 momns/im) u 30 mix NH,OH (C = 0,05 mon/7).

3.3. Beruucnute pH 6ydepa, nonyuennoro npu ciuBanuu 170 mi
KH,PO, (C = 0,1 mons/i) u 150 mu K;HPO, (C = 0,05 mous/m).

3.4. Onpenenutre pH 171 OydepHoro pacTBopa, COIAEpIKAIIETO
1,7 T 6ensornon kuciotel 1 0,17 r OeH30aTa KaIusl.
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3.5. Kakoit 066ém 0,5 %-ro pactBopa (p = 1,0013 /M) popmua-
Ta HaTpusl HY)XKHO 100aBUTh K 50 MJI pacTBOpa MypPaBbUHOU KUCTIOTHI
(C = 0,1 momaw/), yToOBI MOTYYUTH OydepHbIi pacTBop ¢ pH = 3,87

3.6. Crombko rpaMmmoB NH,4Cl Hamo mo6asuts k 300 Mt pacTBOpa
ammuaka (C = 0,15 mosw/i1), 4T00BI OTYyYuTh pacTBop ¢ pH = 9,127

3.7. Kakoii 00bém consaol kucaotsl (C = 0,3 MOJIB/IT) HY>KHO H0-
0aButh kK 900 M pactBopa ammmaka (C = 0,1 MoJb/i1), 9YTOOBI MMOITY-
yuTh Oydepusiii pactBop ¢ pH = 9,257

3.8. Kakoit 00béMm 2 %-ro pacrBopa NaOH (p = 1,0207 r/mu)
HY)XHO J00aBuTh K 750 M pacTBOpa YKCYCHOW KHCIIOTHI
(C = 0,15 Mounb/i1), 4T0OBI TONTY4YHTh OyhepHbIld pacTBop ¢ pH = 4,97

4. Tudpoaus coaell

4.1. B xakoMm oO0beme Boawl Hamo pactBoputh 0,01 r xapbonara
HATpHs, YTOOBI MOJTYYUTh pacTBOp ¢ pH = 107

4.2. B xakoMm ob6beme BojbI cienyetr pactBoputh 0,03 T amerara
Kkauusi, uToObl pH pacTtBopa Obu1 paBeH §?

4.3. BeruuciauTe KOHCTAHTYy THAPOJIN3a, CTEIEeHb THapoian3a u pH
pactBopa, coaepxamiero B 80 mi Boasr 0,012 Mmoss HUTpaTa CBUHIIA.

4.4. BeryuciauTe KOHCTAHTY THAPOIU3a, CTENEeHb Tuaponan3a u pH
pactBopa kapoonata ammonus (C = 0,03 moiw/x).

4.5. BeruuciauTe KOHCTAHTy THAPOJIN3a, CTEIeHb THapoian3a u pH
1 %-ro pactBopa Na,CO3 (p= 1,0 r/em®) 1 10 %-ro pactBopa Na,CO;
(p=11 F/CM3). Kak 3aBucCHT OTHOTA MPOTEKAHUS TUIPOJINA3a OT KOH-
ueHTpamuu conu? [louemy?

5. PasHoegecue 8 cémepoceHHbIX cucmemax

5.1. Onpenenure pacTBOpUMOCTH (/1) cynb(arta cBunia (20 °C).

5.2. Onpenenutre pacTBOPUMOCTb (MoOJb/1) ¢docdara MarHus
(20 °C).

5.3. Beruncnute npousBefeHue pactBopuMoctu (ocdara muTus,
€CJIM €T0 PAaCTBOPUMOCTH COCTABJIISCT 3,30-10° moub/11.
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5.4. Beruucnure npou3BEICHUE PACTBOPUMOCTH THIPOKCHUIA Ke-
ae3a (I11), eciu ero pacTBOPUMOCTDH COCTABIISIET 2.00:10°8 /.

5.5. Obpazyercs a1 ocamok npu ciauBanuu 150 M ¢ocdara
Hatpus (C = 0,05mone/m) w S0mm  xmopuma  KaabIus
(C = 0,001 moub/m)?

5.6. O0pazyetrcs mu ocamnok npu ciuBanuu 40 M1 Mn(NOj),
(C = 0,01 mons/m) u 160 M Na,S (C = 0,002 momn/n)?

5.7. Onpenenure  MUHUMAJbHYH)  KOHUEHTPALMIO  THAPOK-
CUJ-MOHOB B pacTBOpE, HEOOXOAUMYIO sl OOpa3oBaHUs OCajKa
Fe(OH); u3 pactBopa FeCl; (C = 0,1 moinb/n).

5.8. IIpu kakoi KOHIIEHTpaAIlMU MOHOB cepeOpa HAYHYT BbINAJaTh
ocaJIKu XJjopuaa, OpoMuga U uoauaa cepedpa, eciu HavaiabHas KOH-
neHTpanus ranoreanaoB pasHa 0,01 moaws/n? MoHHO#M cunoi pacTBo-
pa mpeHeopeyb.

5.9. Ha ckoyibKO rpaMMOB M Ha CKOJIBKO MPOIIEHTOB YMEHBIITUTCS
macca ocanka 0,3000 r cynwsdara 6apust pu ero npoMbiBaHuu 250 M
JTACTUJTAPOBAHHOW BOJIBI?

5.10. Ocanok oxkcamara kaaeuusi CaC,0O, mpombiT 250 M pac-
TBOpa okcainarta Hatpus (C = 0,1 monw/m). Kakas macca motepsieTcs
U3 0CajiKa 3a CYET PACTBOPEHHUS €r0 B MPOMBIBHOM KUIAKOCTH?

5.11. Bo cKoJIbKO pa3 pacTBOPUMOCTh OKcajlaTa KajbllUs B pac-
tBope Na,C,0, (C = 0,1 M0jb/iT) MECHBIIIE TIO CPABHCHHIO C YMCTOM
BOJION?

5.12. PacTBOp muxpomara Kayius, MOJspHAs KOHIICHTPAIIHs SKBH-
BaJICHTa KOTOPOro kKak okuciutens paBHa 0,1121 mone/n, Obu1 uc-
rosip30Bad g ocaxaeHus BaCrO, u3 0,5060 r BaCl, - 2 H,0. Kako-
Ba MoJisspHas KoHIeHTpanus skpuBaiienTa K,Cr,O; kak ocamurtens u
Kakou 00beM ero moTpedoBascs I OCAXKICHUSI noHa Oapus?

6. 'pasumempuyecKkuli aHaaus3

6.1. Kakoii o6bem pactBopa xsopuaa 6apus (C = 0,5 Mmosb/n) 1o-
TpeOyeTcs s ocaxkaeHus cyiabdar-uoHa u3 11 M pacTBopa cepHoi
KUCIOTH (© = 5,23 %, p = 1,035 r/mn)? Koaddunuent nzodbiTka npu-
HATH 3a 1,25.

6.2. [lpuaumas, 4to mpoda HCCIEayeMOTO BEIIECTBA COCTOUT
Ha 90 % u3 CaCOg, onpenenure 00beM pacTBOpa OKcajlaTa aMMOHHUS,

81



coaepskamero 4,0000 r (NH,),C,0,4 - H,O B 100 M pacTBOpa, Tpedy-
eMbIil utst ocaxkaenns Ca® w3 HaBecKH po6s1 B 1,0000 .

6.3. Ckonpko mnpouentoB MgSO, - 7 H,O coxepxutr TexHuue-
CKUM Tpemnapar cyibdara Maruus, ecid u3 ero Hasecku 0,4085 r mo-
aydero 0,1800 r Mg,P,0,?

6.4. lna ananuza HaBecky 0,2100 r cynbduaa xaivds pacTBOPUIIN
B BOJIC, TIOCIIE OKHUCIICHUS CYIb(HIa Kaaus 10 Cylab(]ara Kaaus pacTBOp
oOpaboTtanin u30bITKOM xyopuna Oapusi. OOpa30BaBIIMKCA OCATOK
cynbdara Oapus nocie npokaauBanus uMeln maccy 0,3500 r. Berancnu-
T€ TPOIIEHTHOE COJIep KaHue CYIb(H/Ia Kallis B UCCIAEAYEMOM 00pasIie.

6.5. [Ipu ananu3e AByX MpoO UHKOBOM py/Abl B IEPBOM U3 HUX, CO-
nepxaieit 1,50 % Biaru, Haitaeno 45,00 % nunka. Bo BTOpOH, coaep-
xareit 0,67 % Bmaru, Havimeno 46,00 % nwmaka. byayt mm 3tH IpOOHI
OTINYATHCS TI0 COACPIKAHUIO [IMHKA ITPH OJTMHAKOBOU BIIAKHOCTH?

6.6. KakoB MpoOIeHTHBI COCTaB JATyHH, COCTOSIICH TOJIBKO
U3 Meau, cBUHIA U 1uHKa, ecau 0,5000 r ee oopasma gaer 0,0230
PbSO4 10,4108 r ZnNH,PO,?

6.7. HaBecka 1,3162 r cmmaBa maer 0,1234r AlLO3; u 0,0267 r
Si0,. OnpenenanTe MacCOBYIO OO AIFOMUHUS U KPEMHUS B CILIaBE.

7. 'Iyecmeume/lbuocmb dHA/Aumu4eckKkux peam;uﬁ

7.1. OtkpeiBaeMblii MuHEMMYM noHa NH," peaktuBom Heccriepa
paBeH 0,25 MK, MUHUMAaJIbHBIN 00BEM 5 cM°. Boraucnure MpeIeIbHOE
paz0aBiieHHE JI TaHHOM peaKIluu.

7.2. IlpenenvsHoe pa30aBiieHHE PEAKIMU OTKPBITHS HOHA SiOg”
¢ moMo1bo MonuoaaTta ammonus 128000 mur/r. KakoB OTKpbhIBaeMbIi
MUHUMYM 3TON peakIiiu, €CIi MUHUMAaJIbHbINH 00bEM paBeH 1 mit?

7.3. OTKpBIBa€MbI MUHUMYM JIJIsl PEAKIIUU OTKPHITHUSI HOHOB Pb**
C MoMoIIbI0 AuTH30Ha paBeH 0,04 MKT, nipeiesibHOE pa30aBIeHUE pac-
TBOpa paBHO 1250000 Mi/r. BeryuciuTs MUHUMaNbHBIM O0OBEM pac-
TBOpA JIJIs OTKPHITHUSI HOHOB Pb*".

7.4. OTKpBIBa€MbIii MUHUMYM HOHOB Pb** ¢ KI B YKCYCHOKUCIIOU
cpeae pasen 0,07 mxr B oobeme 0,05 cM°. BorauciuTe MpeJeIbHYIO
KOHIICHTpPAIIUIO U TIpeJieNIbHOE pa30aBiieHUE ISl JaHHOW PeaKIlnu.

7.5. OTKpBIBa€MbIii MUHUMYM JIJISI pEaKIU OOHApY>KEHUsI HOHOB
Zn** ¢ noMolbto Autr3oHa paseH 0,025 mkr. I1/IK nona Zn** B IUTH-
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eBoi Bojae paBHa 5,0 mr/aM°. MOxHO OOHAPYXHUTh HOH Zn**
B 1 cM® Bozsl pu cojiepkanuu, pasHom I1/[K?

7.6. MunumaneHbli 00BEM pacTBOpa AJis OOHAPY)KEHUST MOHOB
Cu*" neiictBueM pacTBOpa amMMMaka paBeH | CM”, OTKpBIBAEMBIM MH-
HUMYM peakuuu paBeH 0,007 mxr. MoxHO 11 0OOHApYyKUTh UOH cu*

B 3aJlaHHOM 00BEME BOJABI IpHU cojepkanuu, paBHom ITJIK? (ITJK:
1,0 mr/am’).

8. Tumpumempuueckuil aHAAU3!:
npsamoe mumpoeaHue

8.1. Onpenenure MOJSPHYIO KOHIIEHTPAIIMIO SKBUBAJICHTA U TUTP
pacTBOpa COJSIHOW KHCIIOTHI, €ciii Ha TUTpoBaHue HaBecku 0,4330 r
oypst Na,B407 - 10 H,0 momwto 17,30 mur HCI.

8.2. 50,00 mn pacTBopa COJISTHOM KHUCJIOTHI pa30aBuiid B MEPHOU
koinoe Ha 250,00 M. Ha tutpoBanue 25,00 MJI mOJy4e€eHHOrO pac-
TBOpa yuuio 12,50 My pacTBopa ruapOKCHAA HATpUd C YCJIOBHBIM
tutpoMm 1o HCI 0,07300 r/mi. Onpenenure maccy HCl B ananmu3u-
pPyEeMOU KUCIIOTE.

8.3. HaBecka 0,2302 r o0Opa3iia TeXHMYECKOro €JIKOro HaTpa, CO-
JepKaIiero coay, pactBopeHa B Bojie. Ha TuTpoBaHue pactBopa
¢ ¢perondranennom momwto 29,60 M, a ¢ METHJIOBBIM OpPaHKEBBIM
30,90 ma pactBopa HCI (C = 0,2 monw/a, K = 0,9002). Ckosbko 1mpo-
IIEHTOB €JIKOT'0 HaTpa M YTJIEKUCIOTO HaTpUsl cojepkai oOpaserr?

8.4. Jlna ompenenenus oOmiel xecTtkoctu 0bu1o B3sATO 25,00 Mt
BOJIbI M oTtuTpoBaHo 2,20 M1 pactBopa TpwioHa b (CllZ =
= 0,05 mon/n1, K = 0,9600). KakoBa »xectkocTh (B °)K) ananuzupye-
MOUW BOJBI?

8.5. KakoBo coxepxanue (%) CaCO3; u MgCO; B u3BecTHsIKe,
eciu nocse pactBopenus 1,0000 r mpoObl 1 COOTBETCTBYIOIIEH 00pa-
0oTkn 00beM pactBopa ObuLT noBeseH a0 100,00 ma u B 20,00 M1 ero
NIMKBOTHI OblIa OMpeleNiecHa CyMMa Ca® u Mg* TUTPOBAHUEM
19,26 mn pactBopa TpuioHa b (CllZ = 0,1028 monw/m), a B apyrux
20,00 M anmuksoTsl Ca’* Gbut ocaxnen B Buge CaC,04 a Mg®* or-
TUTPOBaH 6,26 MJI TOTO K€ PaCTBOPa KOMILJIEKCOHA?
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8.6. Uemy paBeH mompaBOYHbIN KOd(PGUIIMEHT pacTBOpa MepMaH-
raHara kanus, eciv Ha tutpoBaHue 20,00 MJI IIaBEIIEBOW KHCIOTHI
(Cll = 10,1000 mMonb/1) 3aTpaueno 20,28 M1 pacTBOpa epMaHTaHaTa?

8.7. Kakyto HaBecKy oKcajlaTa HaTpHsl HaJl0 B3STh JJIsl YCTaHOB-
JIEHHWSI TUTPA pacTBOpa NMEPMAHTraHaTa Kajus (Cl/Z ~ 0,1 monn/m), ec-
J¥ HA €€ TUTPOBAHME >KEJATEIbHO 3aTpaTUTh 24 MJI pacTBopa Iiep-
MaHraHara?

8.8. K 20,00 mut pacteopa FeSO, (C** = 0,0500 monb/n) B KHc-
aou cpene npod6aBuiau 10,00 Mo pacTBOpa IlepMaHraHaTa Kallus
(Cl/Z = 0,0500 mounb/m). Beruricaure penokc-moTeHIHAN MOTy4YeHHON
CHUCTEMBI.

8.9. Ckonbko rpammoB KCIl conmepxurcs B 250,00 mir pacTBopa,
ecan Ha tUuTpoBaHue 25,00 Mu ero anukBOTHI 3arpadeHo 17,00 mu
pacTBOpa HUTpaTa cepedpa (CllZ = 0,1050 moutb/m)?

8.10. Kakoii 00BbeM pacTBopa HUTpaTa cepebpa
(CllZ = 0,1233 mounp/n) moTpedyercss s OCaXACHUS XJIOPHUI-HOHA

u3 oOpa3na kameHHoW conu Maccoirt 00,2280 1, copepxaiiero
99,20 % NaCl?

9. Tumpumempu4ecKuill AHAAU3:
o6pamHoe mumpoeaHue

9.1. CreknsiHHYIO0 amMIyJly ¢ HaBECKOM pacTBOpa a30THOM KHUCIO-
ThI B 2,1010 1 pa3ouiu B Bojie, cojieprkaiiei 25 Ml pacTBopa THAPOK-
cuga Hatpus (C = 1,0020 mons/m). M30bITOK THAPOKCHIA OTTUTPOBA-
mm 5,20 mi pactBopa HCI (C = 0,7005 monw/n). Haitnure mporieHTHOE
coaepxxanue HNO3 B ananuzupyemoit Kuciore.

9.2. O6pazen okcuma muHKa (2,0020 1) pactBoper B 100,00 mu
pacTBOpa CEpHOU KUCIOTHI (CllZ = 0,5 monw/n, K = 0,9800). 136bITOK
KucioTel oTTUTpoBaH 29,90 M pactBopa NaOH (C = 0,1 mons/m,
K = 1,2800). Onpeaenure MaccoByto oo ZnO B oOpasiie.

9.3. HaBecky 0,1285 r xapOoHaTa HaTpusi pacTBOPWIM B BOJE,
no6asuB 25,00 ma pactBopa HCI (C = 0,2034 moab/1), H30BITOK KHC-
701el ortuTpoBan 23,42 ma pactBopa NaOH (C = 0,1256 mois/n).
Haninnre MaccoBYIO OO IIPUMECEN B COJIE.

9.4. K 200,00 mu pactBopa cynbhara aMMOHHS OBLIO J00ABICHO
25,00 Mt pactBopa ruapokcuaa Hatpus (T = 0,009001 r/mu). 3aTem
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KUISTYEHUEM M3 pacTBopa ObLT yhaideH ammuak. Ha TutpoBanue
ocTaBIIerocs M30bITKa Ieioun mnonwio 6,30 Mi pacTBopa COJSHOU
kuciotel (T = 0,007800 r/mur). CkoibKo rpaMMOB CyJib(aTa aMMOHUS
COJIEPXKUTCA B 1 J1 aHANM3UPyEMOTO pacTBopa?

9.5. Onpenenure MossspHyro koHmeHtparuo Pb(NO3), B pactBo-
pe, eclid mocJie H}?I/I6aBJ'IeHI/I}1 k 20,00 mn ero pactBopa 20,00 ms1 koM-
mwiekcona 11 (CY* = 0,0994 mons/n) Ha TUTPOBAHUE KOMIIJIEKCOHA
C MHIMKATOPOM 3pHUOXPOMOM 4epHbIM T momwio 5,24 mi pacTtBopa
XJ0pHaa IMHKA (CllZ = 0,1036 monsw/m).

9.6. PactBOp, monyueHHbIH H3 HaBeCKH (eppura cocraBa
Fe,O3-BaO maccoii 0,3822 r, mpomycTuiid yepe3 HOHOOOMEHHYIO KO-
JIOHKY IJI OTAEeJICHUsA keJie3a. [1omyyeHHbI pacTBOpP HEUTPAIU30Ba-
ma no pH 10,0, mo6aBunm k Hemy 25,00 mn pactBopa I/TA
(C‘MZ = 0,0500 MoB/11), U30BITOK KOTOPOTO OTTUTPOBAIU PACTBOPOM
MgCl, (C** = 0,0400 mMonb/) ¢ MHAMKATOPOM 3PHOXPOMOM YEp-
HbeiM T. Ha tutpoBanue mspacxonoaim 20,92 mi tutpanra. Berunc-
auTe MaccoBbie 10H (%) OKCHIOB B (peppuTe.

9.7. 3 naBecku 1,0000 r XxpOMUPOBAHHOM CTaM XPOM OBLI OKHUC-
JIeH 70 TUXpoMaT-uoHa. 3aTeM K pactBopy nobdasuin 20,00 M pacTBo-
pa conu Mopa (Cl/Z = 0,1000 momnb/m) 1 u36bITOK xene3a (I1) orTurpo-
Bamu 5,50 MJI pacTBOpa MEpMaHraHata KaJlus (CllZ = 0,0310 mons/m).
Onpenenute MPOLEHTHOE COIEP KAHUE XpOMa B CTaJIH.

9.8. HaBecky 0,2058 r TexHudeckoro Opomuia HaTpHUsl PaCTBOPHIIU
B Bojie, pactBop oOpaboramu 40,00 M1 pacTBopa HUTpaTa cepedpa
(CllZ = 0,0998 monnw/m). Ha TuTpoBanue n30ObITKa cepedpa n3pacxoaoBa-
mu 21,20 M pactBopa poganuaa ammonusi. Kakyro nomto (%) npumeceit
coziepkUT o0Opaszerl, eciii u3BecTHo, uto 1,00 M1 pacTBOpa HHUTparTa ce-
pebpa sxBuBasieHTeH 1,06 M pacTBopa pogaHua aMMOHHS?

10. TumpumempuuyecKuil dHAAU3!:
3amecmumesibHOe mumpogeaHue

10.1. HaBecka 0,1602 r u3BectHska pactBopena B HCI, mocie ue-
ro KaJblldM OCAAWIIM B BUJE OKcajara Kajublusa. [IpOMBITBI OCaIOK
pactBopuwin B H,SO,4 u orTuTpoBaniu 20,75 Mit pacTBopa repMaHraHa-
Ta KaJIus, THUTP KOTOpPOro IO KapOOHaTy KaJbllMs paBeH
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0,006020 r/mi. Paccunraiite coaepkanue (%) kapOoHaTa KajbIUs
B U3BECTHSKE.

10.2. K pacTtBopy nepmaHraHara Kajaus J00aBUJIU B KUCIION cpeJie
U30BITOK pacTBOpa MOAWA Kalvs. BeiienuBIuiicss 10 OTTUTPOBAIH
17,20 mn pactBOpa THOCYJIb(daTa HATpUs (Cl/Z = 0,1234 monn/n).
Hannure maccy nepMaHrasHara Kajaus B HCXOJHOM PacTBOPE.

10.3. K pactBopy CuSO,4 mobGaBmin M30BITOK pacTBOpa HOIWIA
kanug. BeimenuBmmiics mox orrtutpoBanu 4,80 mi pactBopa THO-
cynbdara HaTpus (CllZ = 0,1524 monb/n). Haitnute maccy CuSOy
B UCXOJTHOM PacTBOPE.

10.4. B mepHoi#t kosnbe emkocthio 250,00 Ma pacTBopuiu TabeT-
Ky OenunbHOM m3BecTH maccoi 3,3520r u jmoBenu oObeM pacTBOpa
1o Metku. nsa turpoBanus 25,00 MII TOTy4EHHOW CYCHEH3UHU ITOCIIE
COOTBETCTBYyIOIIEH 00paboTku morpedoBaioch 18,29 mn pacTBOpa
tuocyibdara Hatpus (T = 0,02453 r/mit). CkoIbKO MPOIIEHTOB aKTUB-
HOT'O XJIOpa COJIEPKAIOCH B OCIMIBHOM U3BECTH?

10.5. K naBecke 0,1300 r nuxpomarta Kajausi J00aBJICH H30BITOK
pacTBOpa MOAMAA KajlMs U CEPHOW KHUCIIOThI. BBIAETMBIIMNCS HOJ OT-
tutpoBan 23,00 Mi pactBopa THOCyiIb(ara Hatpus. Onpeneaure Mo-
JSIPHYIO KOHIIEHTPAIIMIO THOCYJIb(aTa B paCTBOPE U €0 TUTP IO UOY.
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Bonpochl
AJd NOATOTOBKHU K KOJIJIOKBUyMy 1

1. OCHOBHBIE 3aKOHbl W TMPHUHIMIIBI TPU pacueTe pPaBHOBECHIA
B PaCTBOPE: 3aKOH SKBHUBAJICHTOB, 3aKOH JECHUCTBYIOIIUX MAacCC, YCIOBUE
MaTepUaIbHOTO OanaHca, MPUHIIKIT AJIEKTPOHEUTPAIIBHOCTH PacTBOpA.

2. JKBHUBaJICHT BeliecTBa. CriocoObl Onpe/Ie/ICHUs SKBUBAJICHTOB.

3. Konnenrpaiusi. CriocoObl BbIpa)KEHUSI KOHIIEHTPAIIUK PacTBO-
PEHHOI'O BEIIECTBA, BBIYUCICHHUE, EAUHULIBI U3MEPEHUs. CBA3b MEXKITY
Pa3JIMYHBIMU BUJIAMU KOHIIEHTPALIUH.

4, Xumnueckoe paBHoBecue. KoHcTtaHTa paBHOBecus, ¢uzuye-
CKHUM CMBICII, 3aBUCUMOCTD OT Pa3IUYHBIX (DAKTOPOB.

5. Teopus anexkTpoauTuueckon nuccorumanuu. Koncranra u cre-
MIEHb JUCCOIUALINN.

6. CraObie 2JIEKTPOJIUTHI, MPUMEPHI. BhIUnCIeHNE CTENEeHH JTHC-
COITMAILIMM B PACTBOPAX CIAOBIX 3JIEKTPOJHUTOB.

/. CunibHBIE DJIEKTPONUTHI, IpuMephl. Teopus Jledas — Xiokke-
ns. Kaxymasics crenens nuccoruannu. MoHHas cuia pactBopa. Ak-
THBHAas KOHILEHTpaIus, KOd3(PQPUIMEHT aKTUBHOCTU. BbruucieHue
KOHCTAHThI AUCCOLUAIIMU YEPE3 AKTUBHBIE KOHIICHTPALIUH.

8. Beruncnenue pH B pacTBOpax CHIBHBIX U CIA0BIX 3JIEKTPOJIH-
TOB (COJIeH, KHMCIOT, OCHOBAaHUM, X CMeCei).

9. [IpoTonutnueckoe paBHOBecre. OCHOBHBIC MOJIOKEHUS TCOPUHU
bpencrena — Jloypu. Crita KHCIOT U OCHOBaHUM. ABTOIIPOTOJIM3.

10. Bydepnbie pacTBOpHI, NpUHIMNI JelcTBUS. Baxuelue Oy-
(depHbIE CUCTEMBI, IPUMEHEHUE B XUMUYECKOM aHaju3e. Brrunciienue
PH kucioTHOrO 1 OCHOBHOTO Oy(depa. bydepHas eMKOCTb.

11. 'uaponu3 coiiedl, Tumbl ruapon3a. KoaudecTBeHHbIE Xapak-
TEPUCTUKU. BhIYuciaeHne KOHCTAHThI TUIPOJIN3a, CTENIEHU THUIPOJIN3A
1 PH pacTBOpOB rUIpOIU3YIOIIUXCS COJIEN.

12. PaBHOBecCHE B CUCTEME «0OCaJIOK — pacTBop». [IpousBeneHue
pacTBOpUMOCTH. PacTBOpUMOCTH, 3aBUCUMOCTh OT Pa3JIMYHBIX (haKTO-
poB (TemmepaTypa, coyieBor 3P ¢heKT, OJHOUMMEHHBIA HMOH). Y CIOBHS
BBIMTAJICHUS U PACTBOPEHUS OCAJIKOB. BhrunciieHus.
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Bonpochl
AJIA NOATOTOBKHU K KOJIJIOKBUYMY 2

1. AHanutndeckasi peakiusi. YyBCTBUTEIBHOCTh aHATUTUUYECKOU
peakiuu. YcloBHUsi OOHAPYKEHUSI MOHA B KAuYECTBEHHOM aHaJU3e.
Boluucienue npeaenbHoro pa30aBiieHus], Mpe1eTbHON KOHIICHTPAIINH,
OTKPBIBAEMOTO0 MUHAUMYMAa W MIOKA3aTENsl YyBCTBUTEILHOCTH PEAKIIHUH.

2. 'paBuMeTpuYecKuil aHaiu3, NPSIMblIE U KOCBEHHBIE METOJbI
onpenenenus. [IpoBenenue pacueTos, hakTop rnepecyera.

3. TutpumeTpruueckuii aHaau3, kiaaccudukanus MeTomaoB. MH-
cTpyMeHTbl. OCHOBHbBIE MPUEMbI TATPOBAHUS.

4. BeruucieHne KOHUEHTPAIMU, MACcChl U MAacCOBOW JIOJU Ompe-
JEIsIeMOr0 BEIIEeCTBA B CIOCO0axX MPSAMOTo, oOpaTHOTO W 3aMeCTH-
TEJIbHOTO TUTPOBAHUS.

5. CTaHapTHbIE PacTBOpPHI, MpUroToBiieHUE. [lonmpaBoYHBIN KO-
s unuent. Ilposenenue pacuetoB. [IprumMeHeHne CTaHAAPTHBIX pac-
TBOPOB B TUTPUMETPUUYECKUX METOAAX, TPUMEPHI.

6. Touka SKBUBaJICHTHOCTH M KOHEUHAsl TOYKa TUTpoBaHusa. Cro-
coObl (ukcupoBanus. MuaukaTtopsl. TUNBI U XapaKTEPUCTUKU UH]IH-
KaTopoB. Bei0op nnankaropa.

/. KucnoTHo-0oCHOBHOE TUTPOBAHUE, MPAKTUYECKOE MMPUMEHEHHUE.
Hcnonb3yemMbie TUTpaHThI. BaxHeime PH-uHIukaTopsl.

8. KoMIIeKCOHOMETpUYECKOE TUTPOBAHUE, NMPUMEHEHHE METOa.
OCHOBHBIE KOMIUIEKCOHBI B XUMHAYECKOM aHaln3e. KOMIUIEKChl KaTHO-
HOB MeTaJIoB ¢ D/ITA, sKkBUBaJICHTHL. METAIIIOXPOMHBIE UHIUKATOPHI.

9. OKuCIUTETHLHO-BOCCTAHOBUTEIILHOE TUTPOBAHHE, TPYIIIBI Me-
TOJIOB, TUTPaAHTHI. [IpakTuyeckoe nmpumMeHeHue. Y pasHeHue HepHcera,
CTaHJIAPTHBIE PEAOKC-TIOTEHIIMAJIBI. BhIUKNCIEHNE PENOKC-TIOTEHIINATA
CUCTEMBI B Tipoliecce TUTpoBaHus. CiocoObl onpeaeeHrus KOHEUYHOU
TOYKHU TUTPOBaHUs. Pe1OKC-HHIUKATOPBI.

10. OcanurenbHOE TUTpOBaHUE, KiacCU(pUKALMSI METOAOB, MPHU-
MeHeHHe. Mcnonb3yemMble MHINKATOPHI.
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