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YciioBus IpoBeIeHU JJAa00paTOPHBIX padoT:

1. [IpeaBaputenbHOE O3HAKOMIIEHWE C TMpPaBHJIAMH TEXHUKHU
0€30IMacHOCTH B XUMUYECKOI J1abopaTOpuUH.

2. llpenBaputenbHas 3alUTa TEOPETUUECCKON YACTH JJIS
MOJIYYEHHUSI IOMyCKa Ha BHITIOJHEHNE PaOOTHI.

3. Jlabopartopnas pabora ohopmiIsieTCs B TETpaan I
1a00paTOPHBIX PadOT.

4. OdopmIlIeHHBIE SKCTIEPUMEHTAIILHBIE PE3YJIbTATHI
1a00paTOPHON PadOThI MTOATBEPIKIAIOTCSA TMOJMUCHIO
penoiaBaTers.

5. Ilocne npoBenenuss U odopmiieHus aadOpPaATOPHOU pabOTHI
oO0s13aTeNbHA €€ 3alluTa.

1 TATPUMETPUYECKU AHAJIN3
1.1 OcHOBHBIE TTOJIOKEeHUA

Meroapsl TUTPUMETPUUECKOTO  aHalu3a KIACCUPUUUPYIOT TIO
TUILYy XWMUYECKOM peakLMM, JeXalled B OCHOBE TUTPOBAHMS.
Paznuyaror yeTelpe METONa TUTPUMETPUUECKOIO aHAIU3A:

1) KUCITOTHO-OCHOBHOTO TUTPOBAHUSI,;

2) OKHCJIUTEIbHO-BOCCTAHOBUTEIHHOTO TUTPOBAHUS;
3) KOMILJIEKCOHOMETPUYECKOTO TUTPOBAHUS;

4) 0caUTEIILHOTO THTPOBAHUSI.

Tak Kak B TUTPUMETPUU MCIIOJIB3YIOT CTAHAAPTHBIE PACTBOPHI C
TOYHO H3BECTHOW KOHIIEHTpaluend (TUTPaHThI), BaXXKHO TBEPAO 3HATh
CrocoObl BBIPKCHUSI KOHILIEHTPALIMM W yMETh JelaTh MEpecdeThl OT
ONHOM KOHIIEHTpALMA K JAPYrOM MW  pACYEThl, CBSA3AHHBIE C
IIPUTOTOBJIIEHUEM CTAHAAPTHBIX PACTBOPOB.

1.1.1. Cnocooul eévipasricenus KOHUeHmMpayuu pacmeopos
U UX 83AUMOCEA3b

B aHamuTHYECKOM XWUMHUM HCIOJB3YIOT CIICAYIOIIHUE CIOCOOBI
BBIPAKCHUS KOHIIEHTPALMA paCTBOPOB.

Monsapnasa xonyenmpayus: Ca, MOJB/J, MOKa3bIBAET KOJUYECTBO
BEIIIECTBA A B MOJISIX, KOTOPOE COJAEPKUTCS B OJTHOM JIUTPE pacTBOpa:




C ny my
A _——,——
Vi, MV,
Monapnaa xoHuenmpauus skeueaieuma. Ci1 /4 MOJIB/II,

MOKA3bIBAET KOJUYECTBO SKBUBAJICHTOB BEIIIECTBA A B MOJSX, KOTOPOE
COACP>KUTCSA B OJTHOM JINTPE pacTBOpa:
Ci/ 4 = T/ _ M
/ zA VA M 1/ZA VA

rae 1/z — dakTop 3KBUBAJICHTHOCTH, O0O3HAYAIONIMM, KaKyH HOJIIO
SKBHUBAJIEHT  COCTaBJisIeT oOT MoJia  BemectBa A.  daktop
SKBUBAJIECHTHOCTH MOKA3bIBAET, UTO | MOJIb BEIIECTBA COOTBETCTBYET Z
SKBUBAJEHTaM  (Z —  YHWCJIO  SKBHUBAJCHTHOCTH). dakTop
SKBUBAJICHTHOCTH SIBJISICTCS] O€3pa3MepHON BETMUUHON U ONPEeAeIseTCs
TUIOM XUMHUYECKON peakIuu U YCIOBUSIMHU TUTPOBAHUSI.

PacTBOpBI ¢ MOJISIpHOM KOHIIEHTpALME HA3bIBAIOT MOIAPHbIMU U
JUISL 3allUCH  UCTONIB3YIOT crieaytomyo ¢opmy — 0.1 M pactBOp
BelllecTBa A (IEUUMOJISIPHBIM pacTBOp BeliecTBa A), a pPacTBOPHI C
MOJISIPHOM KOHLEHTpAIMENW 3KBUBAJICHTA HA3BIBAKOT HOPMATbHLIMU W
JUIsL 3allUCU  UCTONb3yloT ciaenyromyo ¢opmy — 0.1 H pactBop
BelecTBa A (AeruHOpManbHBIN pacTBop BemiectBa A). Ecnu daktop
SKBUBAJIEHTHOCTH PABE€H E€IVWHUIIE W YUCJIEHHBIC 3HAYCHUS MOJISIPHOU
KOHIIEHTPAlMK W MOJISIPHOM KOHUEHTPAIMU KBUBAJICHTA COBHAJAIOT,
To ynorpebsstor TepMuH moasapuwiti (0.1 M pacTBop BemiectBa A) u
IIPU 3TOM HE CJIeIyeT NpuMeHsATh 00o3HaueHue «H», nanpumep, 0.1 M
pactBop HCI, o He 0.1 H pactBop HCI.

Tump T,, T/MI, TIOKa3bIBa€T Maccy BellecTBa A B TpaMmmax,
KOTOpas COJIEPKUTCS B OJJHOM MWUIHIIUTPE pacTBOpa:

my — Cl/ZA . Ml/ZA
v, 1000

TA=

Tump no onpeodensiemomy eewgecmgy Tap, T/MJ, TMOKA3bIBAET
Maccy OIpeaesieMoro Bemectsa B B rpaMMax, Kotopas 3KBHBaJICHTHA
(COOTBETCTBYET) OJHOMY MUJUTAJIUTPY PACTBOpPA BEUIECTBA A

TnA/B _ C1/ZA . Ml/zB _ T, °M1/ZB
V4 1000 Ml/zA

Maccosas Oonsi ma, %, TOKa3bpIBa€T Maccy BellecTBa A B
rpaMmmax, koropas cogepxurcs B 100 rpammax pactBopa:

TA/B -



my
w, = —-100
my

KonneHTpanuio TUTpaHTa OOBIYHO BBIPAXKAIOT OJHUM U3 MEPBBIX
YEThIPEX CIIOCOOOB BBIPAXKEHUS KOHIEHTpAIMid pacTBOpPOB. MaccoBas
JIOJIS MCMOJIB3YETCS TPHU TMPUTOTOBJIEHUM PAcCTBOPOB. 3HAsA OJHY U3
KOHIICHTPAIINI, MOKHO PacCUUTATh JIO0YIO APYTYIO.

1.1.2. 3axon Ixeueanenmos u haxmop IK6UBAIEHMHOCHIU

B ocHOBE BCeX KOIMYECTBEHHBIX PACUETOB PE3YJbTATOB aHAIU3a
JICKUAT 3aKOH IKBUBANEHMOE, IO KOTOPOMY BCE BEILIECTBA PEArUPYIOT U
00pa3yloTCcsi B OKBUBAJICHTHBIX KOJMUeCcTBax. I[IpUMEHHUTENBHO K
TATPUMETPUU CIEAYET, YTO YKUCIO MOJIb 3KBUBAJIEHTOB OMPEAECIIEMOTO
BEIIIECTBA PABHO YUCITY MOJIb SKBUBAJICHTOB TUTPAHTA.

OdyeHb BaKHO MPABUJIBHO OMPEACIUTh (haKTOP SKBUBAJECHTHOCTH
BCIIECTB, pEarupymommnx B MOpoIEcce TUTPOBaHUA. B peaknusax
KUCJIOTHO-OCHOBHOTO ~ B3aWUMOJCHCTBHUS HKBUBAJCHTOM  HA3bIBAIOT
YCIOBHYIO YacCTHILy, PABHOLICHHYIO B JTAHHOW pEaKIUh OJHOMY HOHY
Bogopona. Takum o00pa3oM, B peaklUHUsX KHUCJIOTHO-OCHOBHOTO
TUTPOBaHUsI (AKTOP HSKBUBAJICHTHOCTU OMNpPEACISIETCS MPOTEKAroIei
IPY 3TOM PEAKIHEN, KOTOPast COOTBETCTBYET YCIOBUSIMHU TUTPOBAHUS, A
UMEHHO, UCITOJIb3YEMOMY HHAUKATOPY.

B OKHCIMTENBbHO-BOCCTAHOBUTEIIBHBIX PEAKIUAX SKBHUBAJIECHTOM
HAa3bIBAIOT YCJIOBHYK) YAaCTUIY 3KBUBAJICHTHYK) OJHOMY 3JIEKTPOHY,
Y4aCTBYIOLIEMY B COOTBETCTBYIOLIEH MoJiypeakuuu. [Ipu atom uucio
AKBUBAJICHTHOCTU Z PABHO YHUCILY BJIEKTPOHOB, OTAABAEMBIX WJIN IIPUHU-
MaeMbIX  OJHOM  MOJIEKYJIOW  BEIIECTBA B  OKHUCJIMUTEIBbHO-
BOCCTAHOBUTEJIbHOM TOJYPEAKLINH.

1.1.3. Illpuzomoenenue mumposannwvlx (padouux) pacmeopos

J1s  TUTPUMETPUUECKOTO OMpeaeieHUus HeoOXOAuMO 3HATh
TOYHYIO  KOHUEHTpPALMIO  TUTPAHTAa. [UTPaHT C  HW3BECTHOU
KOHIIGHTpAILIMEN Ha3bIBAIOT cmaxoapmusbim pacmeopom. Ilo crocoOy
OPUTOTOBJIEHUSI  PA3JIMYAIOT HepeuUyHble CTAaHJAPTHBIE PACTBOPBI
(pacTBOpBI C OPUTOTOBIICHHBIM TUTPOM) U 6MOpuUYHblIe CTAHAAPTHHIC
pacTBOPbI (PACTBOPHI C YCTAHOBIICHHBIM TUTPOM, CTAHIAPTHU30BAHHBIE).

llepsuunviii cmanoapmusili pacmeop TOTOBAT PACTBOPEHUEM
TOYHOM HABECKH YKHCTOTO BEIIECTBA M3BECTHOIO COCTaBa, B3ATOW Ha
aHAJIUTUYECKUX BECaxX, B MEPHOU KOJIOE M3BECTHON BMECTUMOCTH.



6

Bmopuunwnii cmanoapmuwviti pacmeop TONYYaroT CHEAYIOIIUM
00pa3oM — TOTOBAT PACTBOP C MPHUOJM3UTEILHON KOHIIEHTpAIUEH,
OJIM3KOM K JKEJIaeMOW, U ONPEACISIIOT €ro TOYHYK KOHUEHTPALHUIO
(cTaHAApTU3YIOT) MO MOAXOJALIEMY MEpPBHUYHOMY cTaHAapTy. s
NPUTOTOBJIEHUSI CTAHJAPTHBIX PACTBOPOB MOYKHO BOCIOJIB30BATHCA
¢ukcananamu, KOTOPbIE MPEACTABISAIOT COOOM 3aMasHHYIO aMmIlyly C
TOYHO H3BECTHBIM KOJMYECTBOM CTAHAAPTHOTO BEIIECTBA WM
pactBopa. /i MpUroTOBIECHUS PACTBOPA C U3BECTHOM KOHIICHTPALUEN
CIEAYET KOJMYECTBEHHO IEPEHECTU COJNEPKUMOE aMIyJIBl B MEPHYIO
KOJIOY OIpeIeICHHOTO 00beMa U pa30aBUTh BOJIOM 1O METKHU.

1.1.4. Cnoco6vt mumpoeanusa — npamoe, oopamnoe (no ocmamxky),
no 3ameuieHuro

B oObeMHOM aHamu3e MCHOJB3YIOT —CIEAYIONIUE METOJbI
TUTPOBAHUS:

- Memoo NpsamM0o20 Mumpo8aHus;

- Memoo 06pamHo20 mumpoeanus (no 0oCmamxy);

- Memoo 3amMeCmumeibH020 MUmposanus (N0 3ameujeHuio).

B wmeronme mpsamoeco TuTpoBaHHMS BCerJa WCIOJIB3YEeTCS OJIUH
TUTPAHT A, KOTOpBI pearupyer ¢ OmpeaensieMbiM BeliecTBOM B B
CTPOrO SKBHUBAJIECHTHBIX KOJMYECTBAX. 3aKOH 3KBHUBAJICHTOB B 3TOM
CJIydae 3aIMChIBAIOT CISAYIONUM 00pa3oM:

ni/,p =My,

B merone obpammnoco TUTpOBaHUS KMCHOJIB3YIOT JBa TUTPaHTA,
OJIUH U3 KOTOPbIX A (IEpBBI TUTPAHT) MOOABISIOT K OMPEACISIEMOMY
BEIIECTBY B TOUHO M3BECTHOM M30BITOYHOM KOJIMYECTBE, a €ro U30BITOK
(OCTaTOK) OTTUTPOBBIBAIOT APYyruM TUTpaHTOM C (BTOpO TUTpaAHT). 3a-
KOH SKBHUBAJICHTOB MPU 3TOM 3aMKCHIBAIOT CIEIYIOIIUM 00pa3oMm:

Mpa = Mpp T e W =T 0~

B 3amecmumenvrom (KOCBEHHOM) TUTPOBAHUU K OIPEILIIEMOMY
BemecTBy B 100aBIsAOT HM30BITOYHOE KOJIMYECTBO KaKOTO-JIHO0O
peareHTa, B pe3yybTaTe 4ero oopa3yeTcsi MpoMeXyTOUHBIN mpoaykT C B
KOJINYECTBE, SKBUBAJICHTHOM OIPEEIIEMOMY BEIIECTBY. 3aTEM ITPOME-
KYTOUHBI  MPOAYKT  OTTUTPOBBIBAIOT  TUTPAHTOM A.  3aKOH
SKBUBAJICHTOB MPY ATOM 3aMKCHIBAIOT CIACAYIOIINUM 00pa30M:

M/,p = M0 = M fpa W/, g =1/ 4
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B TuTprMeTpruecKOM METOJAE aHalIM3a UCHOJB3YIOT ABa CIocoda
ONpeIETICHUS KOJIMYECTBA aHAJM3UPYEMOTO BEILIECTBA!

1. TutpytoT HaBECKYy OIpPENEIIEMOro BEUIECTBA, PACTBOPEHHOIO

HEMOCPEACTBEHHO B BOJE, TUTPAHTOM — Memo0 OMmMOeNbHbIX

HABECOK.

2. TutpyioT aIMKBOTHY!O (paBHYI0) 4YacTh  pacTBOpa

OMPENIENAEMOro BEIIECTBA TUTPAHTOM. DTOT METOJ MPEIoIaraet

JOBEJCHUE pPACTBOpPA BELIECTBA 10 OMNPEAEICHHOIO 00bema B

MEpPHON KOJO0e U B3ATHE MJI1 THUTPOBAHUS AHAIUTUYECKOU

MUMETKOW paBHOW (QJIMKBOTHOM) €ro 4yactu. MeToja Ha3bIBaeTCs

MemoOOM NUNEMUPOBAHUSA WU MEMOOOM ANUKBOMHBIX Yacmel U

yaiie ucnojibdyercs B ananuse. [Ipu pacuere pesynbTaTa aHaau3a

CJIeyeT YUUTHIBATh B3STYIO aIMKBOTHYIO YacTh.

B nabopatopHoil pakTHKe UCIOJIB3YETCS TEOPETUUECKUN (PaKTOop
nepecyera  KoHUeHTpauuu TuTpanta (K) wiam  monpaBoOYHBIM
ko3puuuent. OH TMOKa3bIBAET BO CKOJBKO pa3 TeOpeTHYEecKas
BEJIMYMHA KOHIIEHTpPAlMM TUTPAHTA OTIMYACTCS OT MPaAKTHYECKOM,
uCronb3yeMoll B aHaimi3e. I[Ipu pacderax ¢ UCHOJIB30BAHUEM
NOMpPaBOYHOro  KodpduuueHta BO  Bcex (opmynax  BMECTO
TEOPETUYECKON BEITMYUHBI UCIIOJIB3YIOT ITPAKTUYECKYIO, TO €CTh
CnpaKT = CTeop'K-

2 JJIABOPATOPHBIE PABOTbI

2.1 KucJI0OTHO-OCHOBHOE TUTPOBAHHUE

2.1.1 Cmanoapmuszayusn pacmeopa 2uopoxkcuoa Hampus
NnO COJIAHOU KUciome

Cywnocms  pabomul. bnarogapss Oonbiiomy ckadky pH Ha
KpUBOM THUTPOBAaHMS M TOMY, 4YTO TOYKA OSKBHUBAJICHTHOCTH
cooTBeTcTBYET pH 7, CUJIbHBIE KUCIOTHI MOYXHO TUTPOBATh CUJIbHBIMU
OCHOBAHHUSAMM C UHIUKATOPAMU, 3HAUCHUS TTOKa3aTesst TuTpoBanus (pT)
KOTOPBIX JISKAT B IIMPOKOM Jiana3zoHe pH.

Peaxkmuewr. Consinast xuciora, HCI, 0.1000 M crangapTHbIHA
pactBop. I'mapokcua natpusi, NaOH, 0.1 M pactBop. MHaukatopsr:
METHUJIOBBIN opaHxkeBbii, 0.1 %HbIN BOAHBIN pacTBOp; QeHondTaneus,
0.1 %HnsIit pactBOp B 60 % 3TaHOINIE.

llocyoa. Konba xonmueckas (250 wmu); mnumerka (10 wu);
oropetka (25 mut); nununap mMepHsii (100 mit); peauHoBas rpyiia.

Xo0 pabomul.
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1. Tumposanue c memunogvim opamndcegviM. B TiarenbHO
BBIMBITYIO M OIOJIOCHYTYHO PacTBOPOM THIPOKCHJIa HATPUsl OHOPETKY
HAJMBAaIOT pACTBOp THUAPOKCHUIA HATPUS U 3aKPbIBAIOT OIOPETKY
TpyOKOM ¢ HATPOHHOH M3BecThI0. OnosiocHyB nunerky pacrsopom HCI,
orOuparor nunerkod 10.0 M 3TOrO pacrBOopa W NEPEHOCHT B
KOHUYECKYI0 KOJIOy Il THUTPOBAaHUS BMECTUMOCThIO 250 wmu,
N00aBIAIOT MEPHBIM HUIMHApPOM 20 MJI IUCTUIUIMPOBAHHOW BOJBI, |
KAaIUIl0 METWJIOBOTO OPAaHXEBOIO M TUTPYIOT PACTBOPOM THIPOKCHIA
HaTpus 1O MW3MEHEHMS OKpacKu pacTBOpa U3 KpPACHOM dYepes
OPAaHXEBYID B YHMCTO JKENTyK0. TUTPyIOT HE MEHee Tpex pas.
Pe3ynbraThl TpeXx TUTPOBAHUN JOJLKHBI OTIAYATHCS JIPYT OT APYyra HE
0onee yem Ha 0.10 mo.

2. Tumposanue ¢ genorgpmaneunom. B xonly s TUTpOBaHUS
nomMemaroT nunerkoit 10.0 mn crangaptaoro pacrsopa HCI, 2-3 xarm
deHondranenta u TUTPYIOT PACTBOPOM TMAPOKCUIA HATPUS 10 OJIeAHO-
pO30BOM OKpacku, ycTtonunBod B TeueHue 30 cexkyHa. TurpoBarhb
HY’KHO MO BO3MOKHOCTH OBICTPO, PACTBOP HE CIEAYET MEpPEMENINBATh
CIIMIIKOM MHTEHCHBHO BO M30&kaHue mornomuienus pacrsopom CO, u3

BO3I[yxa.
MOHﬂpHYI'O KOHHCHTpaHI/IIO PI/I,Z[pOKCI/I,Z[a HanI/IH Ol'Ipe,Z[eJI}IIOT I10
YPaBHEHUIO:
Chet * Vicisxs

CN aOH —

VNaOH

rae Cyc; — KOHIeHTpaiusi Tutpanta, M; Vy,oy — 00b€M  aJIMKBOTHI
TUAPOKCHUIA HATPUS, MIL;, Vi) ks — CPENHEE 3HAUEHNE SKBUBAJICHTHOTO
oowsema HCI, momenmmero Ha TuTpoBaHue, MIL.

[lo pe3ynpTaTaM ONPEAEICHUS PACCUUTHIBAIOT MOMPABOYHBIN
kodgpuruent K = Cnqon-0.1.

2.1.2 Onpeodenenue kapoonam- u 2uOpoOKapoOOHAM-UOHOE
HpU COBMECHHOM RPUCYMCMEUU

Peaxkmueswi. Consinas xuciora, HCI, 0.1000 M cranmapTHbIiI
pactBop. MHaukatopel: MeTwioOBbIM opanxkeBbii, 0.1 % BogHbII
pactBop; dbenondranens, 0.1 % pactBop B 60 % sTanHOIC.

llocyoa. Konba mepnas (50 mur); xomba koHuueckas (250 mn);
nurnerka (10 m); Oroperka (25 mn); uunuuap mepsbid (100 mn);
pE3UHOBAs TpylIa.




Xoo pabomut.
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1. Onpeoenenue rapoonam-uonos. PactBop cmecu CO3; wu

HCO3; B mepHO# kon0e BMeCTUMOCTbIO 50 MJT pa30aBiisiOT BOJIOW J0
METKM UM Xopomo mnepeMemuBaior. Ilumerkoit orOuparor 10.0 M
pacTBOpa B KOHMYECKYIO KOJIOY IS TUTPOBaHUSA BMECTUMOCThHIO 200-
250 wmu, mpubaBnsoT 20 mu BOAbl, 5 Kamenab (QeHondTareuHa u
TUTPYIOT U3 Oropetku pactBopom HCI1 5o obGecuBeunBaHusS OT OZHOM
Karm tutpanTa. Msmepstor oksuanentHsii oobem HCL (V).

PacTBOp HEe BRUTUBAIOT, a MPOIOJDKAIOT aHAIN3 10 1I. 2.

2. Onpeoenenue euopokapbonam-uoHos. B OTTUTPOBAHHBINA TIO
dbeHondTanenHy pacTBOpP BBOJAT 2 KaIlJId METUJIOBOTO OPAHXKEBOIO U
tuTpytoT pactBopoM HC1 1m0 m3MeHEHUs OKpacKH M3 YUCTO XKEJITOH B
opatkeByto. Usmepsitor  okBuBaneHtHbli  o0bem HCl (V).

PaccuuThIBatoT copepkaHie HOHOB (T) 1Mo popmysiam:

Voxe.1'CHCl .MCO 52 - (Voke.2—Vake.1)'CHcl 'MHCO 3
m —2 = m - =
CO3 1000 HCO3 1000

2.1.3 Onpeodenenue conanoii u 6OPHOI KUCTOM NPU COBMECHIHOM
RPUCYMCMEUU C 08YMA UHOUKAMOPAMU

Cywnocmv pabomel. 1Ipyu TUTpOBAHUK CMECU CUIILHOM U ci1aboi
KHUCJIOT BCTPEYAKOTCS JIBA CIIyYas:

1) KOHCTaHTa KMCJIOTHOCTH CIa00M KHUCIOTHI 0YeHb Majia (< 1-10-7);
2) KOHCTAaHTA KHCIOTHOCTH CIaboil KHCIOTH Oim3ka k 1-107.

B mocnenneM cimydae moHHM3aIus ci1aboW KHUCIOThI HAYHMHAETCS
3a/10JIT0 70 TOYKH AKBHUBAJICHTHOCTH, COOTBETCTBYIOIICH
OTTUTPOBAHHOCTH CHJIBHOM KHUCJIOTBHL. OTTUTPOBATHh Pa3ACibHO TaKHE
KHCJIOTBI B BOJHOM PacTBOpE HEBO3MOKHO. HampoTuBs, korjga TUTPYIOT
CMECh CWJIBHOM M C1abOH KHMCJIOT ¢ KOHCTaHTOH KuciorHoctd (K )

okosio 10 7, TO JI0 Ha4yajla TUTPOBAHUSI KOHIICHTPALUs NOHOB BOJIOPOJIA
OyIeT mMpakTUYECKH paBHA KOHIICHTPAIIUN CUJILHON KHUCIIOTHI, TaK KakK B
€¢ TPHUCYTCTBHM HOHM3AIMSA CIA00M KHUCIOTHI OyJIeT NPaKTHYECKH
MOJHOCTRIO momaBjeHa. IlosTroMy BHavame OyaeT OTTHUTpPOBaHA
MPaKTUICCKHU BCS CHUJIbHAS KHCIIOTA, a 3aTeM OyJeT OTTUTPOBBIBATHCS H
cnabas kuciota. bopHas kucioTa SBISIETCA OYEHb CIA00M KHCIOTOM

-10
(K = 6.4 - 10 ), HEMOCPEACTBEHHO €€ OTTUTPOBATh HENb3s. Ho ecnu B
pacTBOp A00aBHUTh HEKOTOpPHIE OpraHWYeCKHe BelecTBa (MaHHUT,
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[JIMIIEPUH), TO OHU O0Opa3yrT ¢ OOpPHOM KHCJIOTOM 00Jiee CUIIbHBIC
KOMIUIEKCHBIE KHUCJIOTBI, KOTOPBIE Y€ MOXXHO TUTPOBaTh C TaKUM
HUHJIUKATOPOM, Kak (heHoJIPTaIeHH.

Peaxmuswvi. I'napoxcun Hatpus, 0.1000 M ctangapTHBIN pacTBOP.
['uuepuH (mpenBapuTEIbHO HEUTPAIM30BAaHHBIM MO (peHodTaICuHY).
NupukaTopbl: MeTUNOBbIM opaHkeBblid, 0.1 %HBII BOAHBIA pacTBOp;
denondraneunn, 0.1 %nsiit pactBop B 60 %oHOM 3TaHOIIE.

Ilocyoa. Konba mepnas (50 mur); kosmba koHudeckast (250 mun);
nunetka (10 mm); Oroperka (25 wmut); muausap Mepubid (100 wmu);
pE3UHOBAs TpylIa.

Xoo0 pabomuol

B OropeTky HanuBaroT CTaHAAPTHBIN pacTBOP THIAPOKCHUAA HATPUS
U 3aKpbIBAIOT TPYOKOM ¢ HAaTPOHHOM M3BECTHIO. PacTBOp, comepxkaiiui
COJIIHYI0O U OOpHYIO KHUCJOTHI, IOMEIIAIOT B MEPHYIO0 KOJIOy
BMECTUMOCTBIO S50 MJI, pa30aBisIlOT BOJOHM [0 METKH W XOPOLIO
nepeMennBaroT. 3areM nunetkoi orouparot 10.0 mu 3TOro pactBopa,
NEPEHOCAT B KOHUYECKYIO KOJIOY BMeCcTUMOCThIO 100 My, 1o6aBmsitoT 1
KaIUIl0 pacTBOpa METUJIOBOTO OPAHXKEBOTO M TUTPYIOT PacTBOPOM
TUAPOKCUAA HATpUs J0 M3MEHEHHUS OKpacKd pacTBOpa U3 KPaCHOM B
gucTo KenTyr. OTMeuaroT 00BbEM pacTBOpa THUAPOKCHIA HATPHS
(VNaoH.1), TIOMIEAIIETO0 HA TUTPOBAaHHE COJSTHOW KHCIOTHL. 3aTeM B
TUTPYyEeMbId  pacTBOp aAoOaBisgroT 10 M3 riMiepuHa, XOPOIIO
NepeMenInBaoT, J00aBIAlOT 6-7 Kamenb  ¢QeHondTasernHa U
OpPOAOJDKAIOT TUTPOBAHUE PACTBOPOM THJAPOKCHUIA HATPHUS 0O
U3MEHEHUS OKPACKU U3 KEITOW B OpaHkKEBO-KpacHy10. J{00aBsIOT erie
S M TIUIEpUHA M, €CIA OpPAaHXKEBO-KpacHas OKpacka ucuesna,
OpPOAOJDKAIOT TUTPOBAHUE PACTBOPOM THJAPOKCHUIA HATPHUS [0
MOSIBJICHUSI OPaHXEBO-KpacHOU okpacku. O0beM pacTBOpa TUAPOKCHIA
HaTpUsA (VNaoH.2), TIOIICIIIET0O HA TUTPOBAaHWE B IPHUCYTCTBUH
deHondranenHa, COOTBETCTBYET COJIEPKAHUIO OOpHOM KHUCIIOTHI B
AJIMKBOTHOM TTOPLIMH.

Konuentpanuu consstHol u  OopHoW  kuciaorel (M) B
aHAJM3UPYEMOM PACTBOPE PACCUUTHIBAIOT MO (OpMyJIaM:

Cuel = CNaoH ‘ZNaOH 1 CH3303 7 ,

rae V, — 00beM alnuKBOTBI aHATU3UPYEMOIO PacTBOPA, MIL.

_ CNaoH "VNaoH 2
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2.1.4 Onpeodenenue coneit aMmMoOHUA MEMOOOM 3AMEULCHUA

Cywynocms  pabomsi. OIHMUM U3 CaMbIX TOYHBIX METOJOB
ONpeACICHUsI COoJIell aMMOHUs sABisieTca  (QopMaibAeruanbii. OH
OCHOBAH Ha PEaKINU:

4NH4C| + 6H2CO = (CH2)5N4 + 6H20 + 4HCI

OOpa3zyrolytocs B pe3ylbTaTe€ pEaKUUH KHUCIOTY TUTPYIOT
pPacTBOPOM THAPOKCHIA HATPUSI B MPUCYTCTBUU (eHOoNPTanernHa. ITOT
UHJIUKATOp  HEOOXOAMMO  MPUMEHSATh  NOTOMY, UYTO  TOYKa
SKBUBAJICHTHOCTU HaxomuTcs npu pH > 7, Tak kKak B pe3ysbrare
OPUBEJCHHON BBIIIE peakuuu olpaszyercd ciaaboe OCHOBAHUE
rekcametTuieHteTpaaMud (yporponuH). Kpome Ttoro, dopmanbaerua
4acTO  3arpsi3HEH  MYPaBbUHOW  KHUCJIOTOM,  KOTOpas  TaKke
OTTUTPOBBIBAECTCS] PACTBOPOM LIEIOYH.

Peaxmuewi. I'nnpokcun natpus, 0.1000 M ctaHmapTHBIN pacTBOP.
®opmanbaernn, 20 % pacrBop. Mnaukarop: ¢enondranenn, 0.1 %

pactBOp B 60 %HOM 3TaHoIeE.

llocyoa. Kon6a mepnas (100 mur); xonobl konumyeckue (250-300
Mi); Oroperka (25 mur); nunerka (10 m); munuaap MepHbid (50 mu);
pEe3UHOBAas rpyia.

Xoo pabomul

Otb6upator nunerkor 10.0 M aHanM3UpyeMoro pacTBopa B
KOHUYECKYI0 KOJIOy JUIsi TUTPOBAaHUSI BMECTUMOCThbIO 250 mu,
N00aBJISIOT Tyna ke u3 Oroperku 5.0 mi pactBopa dopmanbaeruia u
OCTaBJISIOT Ha 12 MuH, 3aTeM A00aBysIOT 2-3 Kamu ¢eHondraieuta u
TUTPYIOT PACTBOPOM THUJAPOKCHUJA HATPUS OO TOSBICHUS OJeIHO-
PO30BOM OKpacku, yctoiuuBoi B TeueHue 30 cekyna. OTMeuaroT 00beM
pactBopa ruapokcuaa HaTpus (Vnaon.1), TOMIEAIINNA Ha THTPOBAHME.
TutpoBanue mpoBoIAT 3 paza.

Ilpumeuanue. B pe3ynpTarbl TUTPOBAHUS HYKHO BHECTH
MOMpaBKy Ha cojepkaHue B (opMasbieruje MypaBbUHON KHUCIIOTHI.
st aTOro B KOOy 11l TUTPOBAHMS MPUIMBAIOT U3 Oropetku 10.0 mi
pacTBopa ¢opmanbaeruaa, A00aBisioT 2-3 kamu (eHondranenHa u
TUTPYIOT PacTBOPOM TuApokcuaa Hatpus. [lomydeHHbIE 00BEM
(VNaoH.2) [enST Ha OBa M BBIUMTAIOT M3 O0beMa, IMOIICAIIECIO Ha
TAUTPOBAHUE UCCIEAYEMOTO pacTBOpa.
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CopaeprxaHne XJIOpHIa aMMOHHS B PaCTBOPE B T PACCUMUTHIBAIOT 1O
dbopmye:

_ (Vnaor.1 = Vaon 2/2) * Cnaon * Mym,cl

2.1.5 Bonpocwt npu 3augume nabdopamophvix padom
N0 KUCTIOMHO-0CHOBHOMY MUMPOCAHUID

1. Kakue TpeOoBaHMSI  NPEOBABIAIOTCA K  PEAKLHUSIM,
UCIIOJIb3YEMbIM B TUTPUMETPUUECKOM aHaIn3e?

2. B 4em 3aKIr04aeTcsi CylHOCTh ONEpaIid TUPOBAHUS !

3. KoHeyHas To4ka TUTpPOBAHUSI M TOYKA DSKBUBAJICHTHOCTH.
KakoBa mexny Humu paszauna?

4. KakoBa NOrpentHoCcTb TATPUMETPUUECKOTO OIpe/IeeHuUs ?

5. Kakue TUTPOBAHHBIE PacTBOPHI Ha3bIBAIOTCS
MPUTOTOBJICHHBIMU, a KaKHW€ YCTAHOBJIICHHBIMU?

6. TpeboBaHMs K BEIIECTBAM, UCXOJIHBIM JJIsl YCTAaHOBKH THUTPOB
BCEX JIPYTUX BELIECTB?

7. CnocoObl BBIMOJHEHHUS] TUTPUMETPUUECKUX AHAIU30B (METOJ
NUIMETUPOBAHUSI U METOJ| OTIEIbHBIX HaBeCOK). WX MOCTOMHCTBAa M
HEJIOCTATKHU.

8. Uto Ha3bIBaeTca SKBHBaJeHTOM BenlectBa? Kak Beramcisercs
MoJisipHasi ~ macca  dkBuBajeHta? Kak  onpenensitor  gaktop
SKBUBAJIEHTHOCTH B PEAKIUSAX HEUTPATIA3ALIAN?

9. Uro Takoe HOpPMalbHOCTH. [loyeMy B THUTPHUMETPUYECKOM
aHaju3e yA00HO UCIOJIb30BaTh HOPMAIbHYIO KOHIIEHTPALIUIO.

10. Yro Takoe TuTpoBaHHBIM pacTBOp? Kakue KOHIEHTpauuu
TUTPOBAHHBIX PACTBOPOB OOBIYHO MCIOJIB3YIOT B METOAE KHUCJIOTHO-
OCHOBHOT'O TUTPOBaHMUS?

11. Yo Ha3bIBa€TCS KPUBOU TUTPOBAHUS?

12. Yto Ha3bIBa€TCsI KUCIOTOM M YTO HA3BIBAETCS OCHOBAHHEM C
NO3ULIMM  TEOPUU  a)  DIEKTPOJIUTHYECKOW  Juccoluanuu; 0)
MPOTOJIMTUYECKON TEOPUHU KUCIIOT U OCHOBaHUM bpeHncrena-Jloypu.

13. Juddepenuupyromuii u  HuBenupyrommi  3hPexTo
pacTBOPUTEISL.

14. pH BOoAHBIX pacTBOPOB CHJIbHBIX U CIA0BIX DJIEKTPOJIUTOB.

15. KoHueHTpauuum Kakux BEIIECTB MOKHO  ONPEACHATH,
MOJIb3YSCh METOJIOM KUCIIOTHO-OCHOBHOI'O TUTPOBAHMS?
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16. Uto Takoe Touka sKBUBaJeHTHOCTH? B kakoit obmactu pH
(HEUTpaIbHOM, KHUCIION, MIEJIOYHOW) JIEKUT TOYKA SKBUBAJIECHTHOCTH
IpU TUTPOBAHUU PACTBOPA &) CUIILHOW KHUCIJIOTHI CUJIbHBIM OCHOBAHUEM;
0) crmaboi KHUCIOThl CHJIBHBIM OCHOBAaHHMEM; B) CJa0Oro OCHOBaHUS
cuiibHOM kuciioToi? I[puBeaure npuMepsl U3 1a00paTOPHOM pabOTHI.

17. Yto Ha3bIBAETCSl CKAUKOM TUTPOBAHUS?

18. Kakue (akTopbl BIUAIOT Ha a) TMOJOXKEHHE TOUYKHU
AKBUBAJICHTHOCTH; 0) BEIMYMHY U TOJIOKCHUE CKauKa TUTPOBAHUSI.

19. Kak npaktryecku GUKCUPYETCs TOYKA SKBUBAJICHTHOCTH?

20. Kakue BemecTtBa HA3bIBAIOTCI  KHCJIOTHO-OCHOBHBIMH
WHIUKATOpaMHu?

21. Kakme coemMHEHHS HCIOJL3YIOTCS B KauyecTBE KHCIOTHO-
OCHOBHBIX UHJIMKATOPOB?

26. Kak 00BsicCHSIETCS M3MEHEHHE OKPACKU MHIUKATOPOB C TOUYKU
3peHUs] MOHHO-XpOMO(OpHOI Teopun?

27. Ha3oBuUTE€ OCHOBHBIE XapaKTEPUCTUKU KHCIOTHO-OCHOBHBIX
WHIUKATOPOB.

28. UTo Ha3bpIBAIOT IMOKazaTeneM TUTpoBaHus pT U HMHTEpBaIoM
nepexojia MHIUKaTopa?

29. Kakas cBsi3b CYIIECTBYET MEXAY KOHCTAHTOW IMCCOLUALMU U
MHTEPBAJIOM NIEPEX0/Ia MHIUKATOpa?

30. KakuM cniocoOoM moaOuparoT WUHIAUKATOPHI MPHU TUTPOBAHUU
0 METOJly HEUTpanu3ainm?

31. Ha3BaTp TUITBI MUHAMKATOPHBIX OIIHOOK.

32. Ilpyu KakoM YyCJIOBUHM MOXHO IIPOBECTH CTYIEHYATOE
TUTPOBAHUE MHOTOOCHOBHBIX KUCJIOT UM CMECH KUCIIOT?

33. Ha3Barb OCHOBHBIE YyCTAaHOBOYHBIC BEIIECTBA  JJIA
ornpeieNIeHus HOPMAJIbHOCTHU &) KUCJIOTHI; 0) IIEJIOUH.

34. IlpuBecTy mpuUMEpPHl TATPOBAHUH a) MPSMOro; 0) 0OpaTHOTO U
B) 3AMECTUTEIHHOTO B TUTPUMETPUH.

35. Kakumu criocobamMu ONpenesisiioT CoJiepKaHue a) aMMHaKa B
COJIIX aMMOHHMS; 0) KapOOHATOB B IIEJIOYH.

2.2 OKHCJIUTETbHO-BOCCTAHOBUTEIbHOE THTPOBAHUE
2.2.1 Cmanoapmu3sayus pacmeopa nepmMaH2aHama Kaaus

Cyvunocms _pabomst.  Cranpmaptuzanusi  pactBopa KMnOy
OCHOBaHa Ha TUTPOBAaHWM TOYHOW HABECKM OKcajlaTa HATPUS WJIU
aJMKBOTHl CTAaHAAPTHOTO pacTBOpa OKcajlaTa HaTpUs PacTBOPOM
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nepmanranata kamus. CTaHZapTHBIA pacTBOp I€pMaHraHaTa KaJus
TOTOBST MO HaBecke Kpuctamumueckoro KMnQO,.

Peaxmuswvi. 1lepmanranar kamusga, KMnQO,, KpHUCTAUIMYECKUM.
Okcanat Hatpus Na,C,0,4, kpuctammmdyeckuii. CepHas kuciora, 20 %
pacTBop.

Ilocyda u obopydosanue. Konbda mepnas (100, 500 mi); nunerka
(20 mu); Oroperka (25 mun); nuuaap mepuHbiit (100, 500 mun); kosba
koHnueckas (250-300 mut); CTEKISHHBIA (QUIBTP; BECOBOM CTaKaHUYMK
(OrOKC); BOpOHKA CTEKJISTHHAS; CTaKaH CTEKJISTHHbINA. BoasiHast Oansi.

Xo0 pabomuol

PaccuutbiBator ~ HaBecky ~ KMnO,,  HeoOxomumyro  aJid
npurotoiieans 500 mn 0.1 H (1/5 KMnO,) pactBopa. HaBecky
npernapara B3BEIIMBAIOT HA TEXHUUYECKHX Becax. OTMEpSIIOT MEpPHBIM
muHApoM 500 M TUCTWIUTMPOBAHHOM BOJBI JIJIi  pacTBOPEHUS
HaBecKH. YacTh OTMEpPEHHOW BOJABI HATPEBAIOT TOYTH 10 KHUIICHUS U
HEOOJBIIUMU TTOpIUsAMH 00padaThiBatloT HaBecky KMnQO, B crakaHe.
OCTOpOXXHO CIIMBAIOT KHUAKOCTh C KPUCTAJUIOB YEpe3 BOPOHKY B
MEpHYI0 Koyi0y. OrmnonackuBarOT CTakaH XoJiogHoW Bojou. Ilo
OKOHYAaHHUHM PACTBOPEHUS COJM M OXJAXIECHUS JOBOJAT PacTBOpP 10
METKA OCTaBUICHCS YacTbl0 BOABI M TINATENBHO MEPEMENINBALOT.
PactBop ocraBiisatoT Ha 7-10 1HEN B TEMHOTE U 3aTeM (PUIBTPYIOT Yepes
CTEKJITHHBIN (UIBTP WM CHU(POHOM CIMBAIOT >KMJIKOCTHh HaJl OCaJKOM
MnO,. B kadecTBe CTaHIAPTHOTO BELIESCTBA Yallle BCETO HUCMHOJIB3YIOT
okcanat HaTpus Na,C,0;,.

1.  Cmawnoapmusayus  MemoOOM  OMOENIbHbIX  HABECOK.
PaccunThiBatOT HaBECKy oOKcajaTa HaTpUs, HA TUTPOBAHUE KOTOPOU
oymer wm3pacxomoBano 20 mia 0.1 H (1/5 KMnO,) pactBopa
nepmaHraHata kaius. Ha aHanuTudeckux Becax OepyT TpU HaBECKHU
OKcaJlaTa HATpusg METOAOM OTCHINAHUS; PACXOXKICHUE MEKIY
BBIYKMCJICHHOW M B3BEIICHHOW Maccod He JOKHO mpeBbimath + 0.02 r.
Kaxayto HaBeCKy pacTBOPSIIOT B KOHUYECKOU Kojioe B 20-25 My BOABI,
npubaBisitoT 15-20 M pactBopa 20 % cepHOM KHCJIOTHI U HarpeBaroT

Ha BoasHOM Oane 10 60-70 C. YcraHaBIMBalOT ypOBEHb IIEPMaHraHaTa
KaJIisi B OIOPETKE Ha HYJIb IO BEPXHEW rpaHulile pacTBopa.

Harperpii pacTtBOp Okcailata HATpUs TUTPYIOT IMEPMAHTAHATOM
Kanusi 10 OJIeTHO-pO30BOM OKpacKu, HE Hcuesarolied B TedeHue |
MUHYTHI. [IepBbIe KalulM IEepMaHraHata pearupyrT OYE€Hb MEIJIEHHO,
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NO3TOMY THUTPOBAaHUE, BHAYaje€, HYXHO BECTH OYE€Hb OCTOPOXKHO,
npuOaBisisi TMEpMaHraHaT MO KalulsiM MO0 Mepe O00eClBECYMBAHUS
pacTBopa.

PaccuuteiBator koHueHTtpanuio (H) pactBopa mnepmaHraHara
KaJIust:

_ Mgge1000
- 1
M1/20KCIVKM710 4

C1/5KMn04

rac Mmyge - MacCa HABCCKH OKCaJlaTa HaTpuda, T, Ml/zoxc - Macca

SKBUBAJICHTA OKcayata HaTpus, r; Viyno,- 00beM pactBopa KMnOy,
MOLIEIINN Ha TATPOBAHUE, MIL.

2. Cmanoapmu3sayusi Memooom nunemuposanusi. PaccunThIBalOT
HABECKY OKcajlaTa HaTpus, HEOOXOIUMYIO A purotoBiaeHus 100 mu
0.1 H (1/2 Na,C,0,) pactBopa. Ha aHanuTHYeCKHX Becax B3BCIIHMBAIOT
HABECKY, MPUOJIM3UTEIBHO paBHYIO BbluuciaeHHoi (£ 0.05 r). Hasecky
KOJIMYECTBEHHO MEPEHOCAT B MEPHYIO KOJOY BMecTUMOCThiO 100 mi,
pacTBOPSIIOT B HEOOJBIIOM KOJMYECTBE BOJBI U O0BEM pacTBopa
noBoASIT g0 MeTku. OtOuparoT nunerkod (20 mut) mpoOy pacTBopa
OKcaJlaTa B KOHMYECKYIO KOJIOY NI TUTPOBaHMS, MpuOaBisitor 15-20 M
20 % cepHOM KHUCIOTHI M HarpeBarOT Ha BojsHON Oane n0 60-70 oC.
HarpeBath pacTBOp /10 KUIIEHUS HE CIIEIYET, TAK KaK MOXKET IPOU30NTH
YaCTUYHOE pa3lioKeHUE IaBesieBoil KuciaoTel. Harperyio mpoOy
TUTPYIOT IEPMAHTAHATOM 110 OJIEHO-PO30BOM OKPACKH.

PaccuutsiBator koHmeHTpaiuio (H) pactBopa mnepmaHranara
KaJus:

_ Mgee1000
5'M1/20KC'VKMn0 4

C1/5KMn04

2.2.2 Onpeodenenue cooeprcanus HUMPUM-UOHOE

Cywynocmv  pabomul. OrnpefelieHUe HHUTPUTOB OCHOBAaHO Ha
peaxkiuu

5NO, + 2MnO, + 6H" = 5NOs+ 2Mn° " + 3H,0

Bo wu3bexanue pasznoxeHWs HUTPUTa B KHUCIOW cCpele,
MIPOTEKAIOUIETO IO YPABHEHUSIM

2NO, + 2H" = 2HNO,; 2HNO, = NO?1 + NO, + H,0,
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KUCIIBIM PacTBOp II€pMaHraHaTa Kaiausg TUTPYIOT HEUTPAIbHBIM
pPacTBOPOM HUTPUTA.

Peaxmuswi. Ilepmanranar kamuss, KMnQOy,, 0.1 M (1/5 KMnQy)
craHaapTHbeId pacTtBop. CepHas kuciora, 20 % pacTBop.

Llocyoa u ob6opyodosanue. Konba mepuas (100 mi); 6ropetka (25
mi); iuneTka (20 mi); kosi0a koHudeckas (250 mi1); cTakaH4YMK BECOBOM
(Orokc); nunuuap MepHbid (20 M), IlnuTka s5ekTpuyeckasl.

Xo0 pabomuol

Ha ananutnyeckux Becax B3BEIIMBAIOT HABECKY aHAIU3UPYEMOTO
BEILECTBA, COJIEPXKAIIEr0 HUTPUT-UOHBI. HaBecky U3 BECOBOro
CTaKaHYMKa  KOJIMYECTBEHHO  TMEPEHOCSAT B  MEPHYIO  KOJOy
BMeCTUMOCTBIO 100 MI1, pacTBOpSIIOT, pa30aBisIOT BOJAON 1O METKH U
THIATEIBHO MEPEMENIMBAIOT. ITUM PACTBOPOM 3AIOJIHSAIOT OIOPETKY.

B konOy mis tutpoBaHus mnoMemaroT 20 MIJI  CTaHIAPTHOIO
pacTBOpa MepMaHranata kainus, npuodasistoT 15-20 ma 20 % pacTBopa
CEpPHOM KHCIIOThI, CMECh CJIETKa MOJOTPEBAIOT U TUTPYIOT PaCTBOPOM
HUTpuTa 10 oOecuBeunBanus. [lo Oroperke (UKCUPYIOT pacxon
pacTBOpa HUTpUTa Ha TUTpoBaHue. [lomenmmii Ha TUTpOBaHHUE OOBEM
pacTtBopa, cojaepkamero HUTPUT-UOHBI ( Vi,.) , ONpENeNIoT Kak
CpeHee U3 TpeX MapaylieIbHbIX U3MEPEHUM.

KoHIIEHTpalMi0 HUTPUT-UOHOB B PACTBOPE OMNPEACISAIOT IO

dbopmye:
B VMncp. ' C1/5Mn _ 20 C1/5Mn

CHI/IT - V - V
HUT.CP HUT.CP

2.2.3 Cmanoapmuszauyusn pacmeopa muocyabghama
no ouxpomamy Kaaus

Cyviynocmsv _pabomsi. Jns cTaHAapTH3alUU  ITPUTOTOBJICHHOIO
pacTBOpa THOCYIb(aTa HATPUSA B KAUECTBE YCMAHOBOUHO20 BeUleCmed
UCIIONB3YIOT Ouxpomam xanus K,Cr,07.

[Ipsimoe TUTpOBaHKME AUXpOMATa KaJIUsl paCTBOPOM THOCYIIb(haTa
HaTpHs HEBO3MOXKHO M3-3a HECTEXHOMETPUYHOCTH peakinn. [loaTomy
UCIIOJIb3YIOT Memoo 3aMeuieHus.

- JUXpoMaT Kajusi B3aUMOJIEHCTBYET ¢ U30BITKOM HOAMIA KaJHS:
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Cr,0,% + 14H* + 6e = 2Cr** + 7TH,0
2 -2e =1,

1
3

Cr,0,% + 61" + 14H" = 31, + 2Cr** + 7TH,0

- BBIJIEJIMBIIIMKICS B DKBUBAJICHTHOM KOJIMYECTBE CBOOOTHEIN MO
OTTUTPOBBIBAIOT PACTBOPOM THOCYJIb(aTa HATPHUSI:

1]l +2e =2l
125,05 - 26" = S,05%

25,05" + |, = 21" + S,06°".

Pacder TO4YHOW KOHIEHTpauuu pacTBOpa THOCYJIb(pAaTa HATpUS
OCHOBAH Ha PAaBEHCTBE KOJWYECTBA DKBUBAJICHTOB JUXpoMara Kallus,
BBIJICJIMBILIErOCS CBOOOIHOIO 0/1a M THOCYJb(]aTa, NOMIEIIIEro Ha €ro
TUTPOBAHUE:!

n(1/6 chr207) = n(1/2 |2) = n(NaZSZOg).

JluxpoMar Kanus JIETKO IOJIy4YaeTcs IepeKpucTa3aiieid w3
BOJHOTO pacTBOpa coiu U BeicymuBanueM npu 150 - 180 °C. Conb He
COJICPKUT KPUCTAUIU3ALMOHHON BOJbI M HE M3MEHSET COCTaBa IpH
XpaHEHUHU.

Noaup xamust 6epercst B 3 - 4- KpaTHOM U30BITKE M0 OTHOUIEHUIO
K 9KBUBAJICHTHOMY KOJIMYECTBY.

Kak BUIHO W3 ypaBHEHHS PEaklMM B3aUMOJCUCTBUS IHUXpomaTa
KaJusi ¢ HM30BITKOM MOJWJA, JJIsi TOJYYEHHS TOYHBIX PE3yJIbTaTOB
CYIIECTBEHHOE 3HAYEHHWE MMEET YCTAaHOBJEHUWE  ONTHUMAaJIbHOU
KUCJIOTHOCTU. C OJIHOM CTOPOHBI, BO3pACTAHUE KOHIIEHTPALIMM HMOHOB
BOJOpOJa YBEIMYMBACT OKHCIUTEIBHBIA MOTEHIMAT JIUXpomara, a
3HA4YUT, oOierdaer BocctanoBienue xpoma (III) mo xpoma (VI). Ho, ¢
JIPYrOol CTOPOHBI, C YBEIMYEHHUEM KHUCJIOTHOCTH BO3PACTaeT CKOPOCTh
pEaKIMu OKHUCJICHUS HoAuAa Kaiaus KUCIOpoJoM Bo3ayxa. Oba »Ttux
MOMEHTA YYMTBIBAIOTCS TIPU IKCIEPUMEHTAIBHOM YCTAaHOBJICHUH
ONTUMAJIbHON KUCIIOTHOCTH.

[Ipu mpoBeneHUM TUTPOBAHUS HEOOXOJUMO TaKXKE YUWUTHIBATH,
YTO TpUOaBIEHHWE pPacTBOpa TUOCYJbdaTa Ype3MEpPHO OONBIINMU
NOPUMSAMUA U OTCYTCTBHE TIEPEMEIIMBAHUS MOXKET MPUBECTH K
MOSIBJICHUIO OIMMOKK 3a CYET MOOOYHOM pEaKIuy B3aUMOJCHCTBUS
THOCYJIb(aTa ¢ CEpHOUN KUCIOTOM:
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N3.28203 + H,S0, =H,0 + SOZT + Sl + Na,SO,.

CKOpOCTh 3TOM pEakuy HECONOCTABUMO MEHBIIE IO CPAaBHEHUIO C
OCHOBHOM pe€aklMell OKUCIEHUsS THOoCylab(dara HOAOM, MOITOMY
WHTCHCUBHOE IIEPEMEIIMBAHUE B XOJE€ THUTPOBAHUS MCKIIOYAET €€
BIIMSIHUE HA PE3YJIbTATHI.

HUnoukamopom B HOJOMETPUM SIBISIETCA PACTBOP  Kpaxmaid.
Bonanasi cycnensusi kpaxmajna o0Opas3yeT ¢ pacTBOPOM TPUHOAUI-MOHA
MHTEHCUBHO OKPAlIEHHOE B CHUHMI LIBET aJCOPOLIMOHHOE COEIMHEHUE.
MouJiekynspHbIA 04 HE NAET OKPALIMBAHUA C KPaxMajioM, IO3TOMY B
pacTBOpe 00s3aTENbHO JIOJDKEH COAEPKAThCS M30BITOK MOIMIa Kalus.
UyBCTBUTENBHOCTh pEAKIMM C KpaxMmMajoOM yMEHbIIACTCS IIpHU
NOBBIIEHUU TeMiiepaTtypbl. ClieIoBaTeNbHO, TUTPOBATh HAIO TOJBKO
XOJIOOHBIE pacTBOpbl. Kpome TOro, BBOIWTH Kpaxmall B paCTBOP HAJ0
TOJIBKO TI€pEJl CaMblM KOHIOM pPEaklu{, KOrJa AaHaJIu3UpPyEeMbIi
pacTBOp M3 Oyporo CcTaHET 1O IBETY COJOMEHHO-KeIThiM. B
OPOTUBHOM CJIy4yae pe3yibTaThl OyAyT MCKAXKEHBI 3a CUET OKHCJICHUS
KpaxMmajua iomoM. JTa nmoOo4Hasi peakiusi M0 CPaBHEHHIO C OCHOBHOM
peaKkurel TMPOTEKAeT MEIJIEHHO M MOXET MOBJIUATH Ha PE3yJIbTAThI
ONPEAEICHUS TOJIBKO NIPHU JUIUTEILHOM KOHTAaKTE MOJa C KPAXMaJOM.

Peaxmusvl.  Tuocynbdar HaTpus, KPUCTAUUIMUYECKUM WM
dukcana: aMIryja CTaHJIapT-TUTPA; TUXPOMAT KaJIus,
KPUCTAJUIMYECKUM;  AUCTAJUIMPOBAHHAs  BOJA,  IPEABAPUTEIHHO
OPOKUMSTYEHHAS; WOIWUJ Kalldsl, KpHUCTaummdeckuii; 3 M pacTBop
XJIOPOBOZOPOJHOW KHCJIOTHI; paCTBOP Kpaxmasia.

Lllocyoa u o6opyoosanue. Konbda mepnas (50, 100, 1000 mu);
nunerka (20 mu); Oroperka (25 mur); konba koHudeckas (250-300 mn);
BECOBOM CTakaHYMK (OIOKC); BOPOHKA CTEKJIIHHAS; YACOBOE CTEKJIO.

Xo0 pabomui

Jl1s mpurotoBiieHUsT paboyero pacTBOpa TUOCYJb(aTa HATPUS U3
¢uKkcanana, aMImyibl CTaHAAPT-TUTPA B TOPJIO MEPHOH KOJIOBI
BMecTUMOCTBI0O 1000 My BCTaBUTh BOPOHKY, BChINATh 4YEPE3 HEE B
KOJI0y HEOOJIBIIIOE KOMMYECTBO KapOoHaTa HaTpus (mpumepHo 0.1 r) u
BJIO)KUTh B BOPOHKY CTEKJIIHHBIM Ooek. Ammyny ¢uKcaHaga OOMBIThH
CHapy>Kd JUCTWUIMPOBAHHOW BOJIOM, 00TepeTh (UIBTPOBATIHLHOMN
Oymaroil u, MOMECTUB €€ B BOPOHKY, pa3OUTh THO aMmmyjibl O OOEK.
3aTeM MOpoOWUTH OTBEPCTHME B BEPXHEH YACTH aMIMyJbl 3a0CTPEHHOM
CTEKJITHHOW TaJOYKOM U JaTh COJEPKMMOMY TOJIHOCTBIO BBICHINIATHCS
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B KOJIOy. AMIyJy TIHIAT€IbHO OOMBITH W3 IMPOMBIBAJIIKM BOJON Haj
BOPOHKOM, OOMBITh BOPOHKY B KOJIOY, BRIHYTh €€ U JIOBECTHU PACTBOp B
KOJIOE J10 METKM BOJIOW, mepemeniarb. J[si mpuUroToBiIeHHUs pacTBOpa
UCIIOJIb30BaTh MPOKHUIISIYEHHYIO JAUCTUUIMPOBAaHHYIO Boay. Jlis
CTaOWJIM3AlUM TUTPa PacTBOpPA OCTABUThH IPUTOTOBJICHHBIA PACTBOP 10
CJIEYIOIIETO 3aHSITHS.

CrangapTusaius NPUTOTOBJIEHHOIO pacTBopa THOCYJb(daTa
HATpHsl C TOMOII[BIO pacTBOPa MEPBUYHOTO CTAHIAPTA TUXPOMATA KaJUs
OPOBOJSAT METOJIOM MUIETUPOBaHUSA. [[7s ATOro HaBecKy auxpomara
kanua maccod 1.2000 r pacTBOPSIIOT B JUCTUJUIMPOBAHHOW BOJE H
NEPEHOCAT B MEpHYI Koi0y BMectuMocThio 100 mi, IOBOJAT 10O
METKM JUCTUJUIMPOBAHHOM BOJOM M TIIATEIBHO TMEPEMENIUBAIOT.
Ot6uparor nuneTkod 4 aiukBOTHbIE YacTu Mo 10 M B KOHUYECKHUE
KOJIOBI 151 TUTPOBaHUs. B K0OI0BI 100ABIISIOT MO 2 T' KPUCTATUTMYECKOTO
omuna kamus KI. B mepByro  konOy pgoGammsiror 10 M
XJIOPOBOJIOPOJAHOM KHUCJIOTHI C KOHIIEHTpanuend 3 MoJib/J, 3aKpbIBAIOT
KOJIOY 4acCOBBIM CTEKJIOM M yOMparoT B TEMHOTY Ha 5 MHUHYT. 3aTeMm
no0apysitor B Koia0y 100 mui JUCTHUIUIMPOBAHHOW BOJBI U TUTPYIOT
pabouuM pacTBOpoM THOCYJb(ara HaTpusi TMNpPU HHTEHCUBHOM
NepeMENIMBaHUM J0 Tepexojia TEeMHO-Oypol OKpacKh pacTBopa B
COJIOMEHHO-XeNTY10. Jl00aBist0T B pacTBOp 3 MJI pacTBOpa Kpaxmania u
IPOAOJDKAIOT TUTPOBAHUE JI0 TIEPEX0a YUCTO CUHEN OKPACKHU B CBETIIO-
cajaTHyro okpacky cojei xpoma (IIT). 3akaHunBaTh TUTPOBAHUE HYXKHO
OYEHb  OCTOPOXKHO, IIEPEMEIIMBAsl  pacTBOpP  MOCIE  KaXAOu
npubaBiIeHHON Kamu Tuocylb(ara HaTpus. Haxomar cpennee
3Ha4YeHUE 00beMa THOCYNIb(haTa HATPUs, MOUIEAIIEr0 Ha TUTPOBAHUE U3
4 ipo0.

Pe3ynbTaT TUTpOBAHUS PACCUUTHIBAIOT 1O (popMyIie:

m -1000

C _ ANXP
THO

rie Cryo - MOJIAPHAs KOHUEHTPALKMs THOCYJIb(hAaTa HATPUS, My —

macca, r; M1 Jomaxp ~ MOJAHAS Macca SKBHBAJICHTA, I/MOJIb; Vmocp,_

cpeaHuil o0BeM pacTBopa THOCYJIb(aTa HaTpus, MOMIEAININN Ha
TUTPOBAHUE AJTMKBOTHI PACTBOpa AUXpOMAaTa KaJiusi, MIL.
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2.2.4 Onpeodenenue cooeprcanus meou

Cywynocms  pabomul. VOAOMETPUYECKOE OMNpPEACICHUE MEAn
OCHOBAHO Ha PEAKIUIX:

2
2Cu +4I'=2Cul + 1,
2_ o 2
|2+ 25,03°=21"+ S,05™.
JInsi mpoTeKkaHusi TEPBOM peakIiMyh HEeoO0XOJMMO co34aTh B
pacTBOpe CIA0OKHUCIYI0 Cpeay s MOpeaoTBpalieHus oOpa3oBaHUS
ruapokomiuiekcoB Meau (I1) ()11 TOBBINICHHS MTOTCHITMANA CUCTEMBI

2% - <
Cu”,/I') m Oparb OombIIOW W3OBITOK HOmUAA (VIS TTOHUKCHHS
noteHuuana cucremsl |,/21" u pactBopenus ioza).

Peaxmuepl. Tuocynbar Hatpus, Na;S;03-5H,0, 0.0500 M

cranmapTHelii pactBop. Momun kamms, KI, 20 % pactBop. CepHast
kucinora, H,SO4 1 M pactop. Kpaxman, 1 % pacrsop,

CBEXKEMPUTOTOBJICHHBIM.
llocyoa. Konba xonnueckast (250-300 mi); nunetka (2, 10 mi);
Oropetka (25 mut); uuinuHap MepHsbii (50 mit); rpyiia pe3uHoBasl.

Xoo pabomul

3anoyHSIOT OIOpPETKYy pacTBOpOM THUOCylb(dara HaTpUs U
3aKpBIBAIOT TPYOKOM C HATPOHHOM M3BECTHIO. B KOOy 17151 TUTpOBAHUS
BMECTUMOCTBIO 250 M1 BHOCAT nuneTkou 10 mit pacTtBopa cosm Mmenu, 2
MJI PacTBOpa CEpPHOM KHUCIOTHL, 30 MJI pacTBOpa WOIWIA Kalds M
TUTPYIOT PAcTBOPOM THOCYyJb(aTa HATPUS JO IKEITOH OKpacKu
cycneH3uu. J{oOaBIAIOT HECKOJIBKO Kamellb pacTBOpa Kpaxmana M
IPOAOIDKAIOT MEJJIEHHO TUTPOBATH IMPH MEPEMENIMBAHUU O TEX TOD,
MoKa cycrneH3usi He ctaHeT Oenoi. [lomenmuii Ha TUTpoBaHKHE 00BEM
TUOCYJIb(aTa HATPUS ONPEALISIIOT KaK CPEIHEE U3 TPEX MapasuieIbHbIX
U3MEPECHUN.

Konrnenrparuio meau (1) B pacTBope onpenelnstor mo popmyiie:

VTHon_ * Cruo . 0.05 - VI‘I/IOCp_
Ve, 10

Co = = 0.005- VTHOCp
rae Vg, - 00beMm ammkBoTHl pactBopa memu (1), mur VTHocp.' CpEIHUMN

o0beM pacTBOpa THOCYJb(aTa HATpUs, MOLICANIUNA HA TUTPOBAHUE
annkBoThI pactBopa meau (1), mir; €, - KOHIICHTpAIUS CTaHIAPTHOTO
pacTBopa THoCyJbdaTa HaTpus, M.
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2.2.5 Bonpocwt npu 3auwume 1a60pamopHwix pabom
N0 OKUCITUMENbHO-80CCHIAHOBUM EJIbHOMY MUMPOGAHUIO

1. Kakum TpeOOBaHUSIM [OJKHBI YJIOBJIETBOPATH PEAKLIUU
OKHCJICHUSI-BOCCTAHOBJIEHUS, YTOOBI MX MOXHO OBUIO HCIOJIb30BaTh
JUISL  KOJIMYECTBEHHOro aHanu3a? llpuBenure mnpuMepbl peakiui,
UCIIOJIb3YEMBIX B METOJIAX.

2. Ot kakux (HaKTOpPOB 3aBUCUT BEJIMYMHA MOTEHUHAJIA JAaHHOU
OKHCIIUTEIbHO-BOCCTAHOBUTEILHOW CUCTEMBI?

3. B kakux ciaydasx KpuBas THUTPOBaHUS B  METOJAaX
OKHCJIUTEIbHO-BOCCTAHOBUTEJIBHOTO ~ TUTPOBaHUS  aCUMMETpPUYHA
OTHOCHUTEJIbHO  TOYKM  JKBUBAJEHTHOCTM B  KaKUX  Ciy4asx
CUMMETpPUYHA?

4. [aliTe KpaTKyl0 XapaKTepUCTUKY (OCHOBHOE YpaBHEHHE
peakiu, paboyue pacTBOPbI, MHAUMKATOPHI, OO0JACTH NPUMEHEHUS)
METOJ/IOB OKUCJIEHUSI BOCCTAHOBJICHHUSI:

a) IepMaHraHaTOMETpUH; 0) XpOMATOMETPUU;

B) MOJOMETPHUH; T') HUTPUTOMETPUH;

1) OMXpOMaTOMETPHUH; €) UOJIUIOMETPUH; K) [IEPUMETPUH.

5. IlepeyucianuTh OCHOBHBIE OKHUCIHUTEIbHO-BOCCTAHOBUTEIbHBIE
MeTo/Ibl 00BEeMHOr0 aHanu3a. Kakue paboune pacTBOpbl U MHIUKATOPHI
NPUMEHSIOTCS B KQXKJIOM U3 ATUX METOJIOB?

6. UeM o0OBsicHAETCS TO, 4TO NepBbie Kamu pactBopa KMnO, npu
TUTPOBAHUM OKCAJIATOB OOECIBEUMBAIOTCA MEIJIEHHO, a MOCIEAYIOLINE
MTHOBEHHO?

7. Tlouemy mepMaHraHaToMeTpuueckoe ompezencHue xemeza (1)
B COJIIHOKHCIION cpefie HE00X0AUMO NPOBOAUTh B MPUCYTCTBUU CMECU
[ummepmana-Peitnrapaa?

8. IlpuBenute mTpPUMEPBI OKUCIUTEILHO-BOCCTAHOBUTEIBHBIX
WHJIUKATOPOB U OOBSICHUTE MEXaHU3M UX JICUCTBUA.

9. Kakue BelmecTBa HCHOJNB3YIOTCS B KayeCTBE IEPBUYHBIX
CTaH/IAPTOB PA3JIUYHBIX METOJIOB OKHUCIUTEIbHO-BOCCTAHOBUTEIHLHOTO
TUTPOBAHUSA?

10. Kakwe HOCTOMHCTBA JUXPOMATOMETPHUYECKOIO METOJIa
onpenenenus xxenesa (l1) nepen nepmanraHaToMeTpUdeCKuM?

11. Kakue npuuuHbl 00YyCIaBIMBAIOT HEYCTOMYHMBOCTH PAacTBOpA
tuocyibdarta? Kak mpuroroBUThH CTaHAAPTHBIM pacTBOp THOCYIb(aTa?

12. Kak omnpenensiercss (pakTop SKBUBAJCHTHOCTH M MOJIApHAs
Macca SKBUBAJICHTA B PEAKLIUAX OKHCICHUSI-BOCCTAHOBJIECHUA?
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13. TloueMy s HOAOMETPHYECKUX OINpPEACICHUN OKHCIUTEIeH
pUMEHSIETCS 00JIBIION N30BITOK HOAUCTOIO KaJIHs?

14. Tlouemy mepen  TUTPOBAHMEM  KHUCIBIX  PacTBOPOB
TUOCYJIb(PATOM HEOOXOAMMO 3HAYUTEIBLHOE UX pa30aBiicHUE?

15. Ilepeuucnure BO3MOXHBIE HCTOYHUKH OMIMOOK MpHU
OKHUCJIUTEIbHO-BOCCTAHOBUTEILHOM TUTPOBAHUH.

16. Kakue TpeOoOBaHUS TPEABIBIAIOT K  OKHUCIUTEIbHO-
BOCCTAaHOBUTEJIbHBIM PEAKIIUSAM, UCIIOJIb3yEMbIM B 00bEMHOM aHan3e?

17. Ilepeuncaute OCHOBHBIE OKHCIUTEIbHO-BOCCTAHOBUTEIIbHBIC
MeTo/Ibl 00BEMHOr0 aHanu3a. Kakue padoune pacTBOpbl U MHIUKATOPHI
MPUMEHSIOTCS B KaXKJIOM M3 dTUX METOJI0B?

18. Kak ompenensiercs (GakTop SKBUBAJIEHTHOCTH B PEAKIUSAX
OKHCJICHUSI BOCCTAHOBIICHUS ?

19. B kakux KOOpJMHATaX CTPOSATCS KPHUBBIE THUTPOBAHUS B
PEIOKCUMETPHHN?

20. Ot xakux (akTOpPOB 3aBUCUT BEIMYMHA CKauKa TUTPOBAHUS B
PEIOKCUMETPHHN?

21. Vka3zaTh ciocoObl (PUKCHPOBAaHMS TOYKH SKBHUBAJICHTHOCTH B
METO/1aX OKHCJICHUSI-BOCCTAHOBIICHHUS.

22. Kakve UHIMKATOPbl UCTIOJIB3YIOTCS B PEAOKCUMETPUN?

23. OOBSICHUTH NPUHILIUI JEUCTBUS PEIOKCUHANKATOPOB. YKa3aTh
HanOoJiee paclpoCTPaHEHHBIE U3 HUX.

24. Ha3BaTh OCHOBHBIE XapaKTEPUCTUKH PEIOKCUHINKATOPOB.

25. UTOo Ha3bIBa€TCS MHTEPBAJIOM IEpexojia PeAOKCHUHIUKATOpa?
YeMy OH paBeH?

206. Kax noaAOUparoOTCs PEIOKCUHIUKATOPBI
OKHCJIUTETbHOBOCCTAHOBUTEIBHOTO TUTPOBAHUSA?

27. Ot kakux (paKTOPOB 3aBUCHUT CKOPOCTh PEAKIIMHA OKUCIICHUS-
BOCCTAHOBJIEHUSI ?

28. Kakue peakiiuy Ha3bIBalOTCS aBTOKATATUTHYCCKUMM ?

29. Kakme peakuuu Ha3bIBalOTCA WHAYIHpOoBaHHBIMU? Kak
OOBSICHSIIOTCS] PEAKIIUU COTPSYKEHHOTO OKUCIICHUS?

30. MoxHo i1 mo TouHod HaBecke KMnQO, mpuUroToBUTH €ro
TUTPOBAHHBIN PacTBOp?

31. Hamwmcath ypaBHEHUS peaKIUA BO3MOXXHOTO Pa3IOKCHUS
nepMaHraHata Kajaus B BOJHOM pacTtBope. YTo crnocoOCTByeT
MPOTEKAHUIO 3TUX PEAKIii?

32. Kakue BemecTBa HCHOJB3YIOT [JIi YCTAHOBJICHHS THUTpA
IepMaHraHaTa Kajaus?
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33. KakoBwl ycnoBus (temmeparypa, pH, ckopocth mo0aBiaeHUs
TUTPAHTA) TUTPOBAHUS OKCAJIaTa HATPUS IEPMAHTaHATOM Kajus?

34. Tlouemy Tmnpu  TUTPOBAHWU  IABEJCBOH  KHUCIIOTHI
NEpMaHTaHaTOM KaJusl MepBbIe KaIid 00ECIBEYMBAIOTCS MEJJICHHO, HO
3aTeM 00eCIBEUMBAHUE IPOUCXOIUT TPAKTUYECKU MTHOBEHHO?

35. Uemy paBeH (pakTop SKBHBAJICHTHOCTH TEpMaHTaHaTa Kajus
IIPY IPOBEACHUM PEAKLNK B KUCIIOM U HEUTPAJIBbHOU cpefax? 3anucarb
COOTBETCTBYIOIIIME YPABHEHUS PEAKIIHIA.

36. IIpuBecTu mpUMeEpbl TUTPOBAHUM: MPSAMOTrO, OOPATHOTO U IO
METOJTy 3aMEIIEHUsI B METO/IC IIEPMaHTaHATOMETPUHU.

37. Kak npuroToBUTh TUTPOBAHHBIN PAaCTBOp OuxpomaTa Kajus?

38. Kak mpurotoButh pabouyue pacTBOpHl HOJa U THOCYIb(ara
HATPUsI U YCTAHOBUThH UX HOPMAIBHOCTH?

39. 3a cyer KakuX NPOLIECCOB MPOUCXOJUT HM3MEHEHHE THUTPa
pPacTBOPOB THOCYJIb(aTa HATPHUS U MOJA TIPU UX XPAaHEHUU?

2.3 OcaaurebHOEe TUTPOBAHUE

2.3.1 Onpeodenenue cynvham-uonos
MEMOoOOM NPAMO20 MUMPOBAHUA

Cywnocmsb pabomsi. B 0CHOBE MeTOAa JICKUT PEAKITUSA:
Pb* + SO, — PbSO4|

B Bome PbSO, mpaxtmuecku HepactBopum (IIP = 1.6-10°).
[TosTomMy panig ompeneneHus CyJib(aT-HOHOB MOKHO HCHOJB30BaTh
METOJI MPSIMOTO TUTPOBAHUSI PACTBOPOB, COJAEPIKAIIUX CYJIb(aT-HOH,
pactBopuMbiMu  coyisimu  cBuHIA (II) B OTCyTCTBHE aHWOHOB,
oOpa3ylolMx C HUM MajopacTBOpuMblie coeauHeHust (docdart-,
CynbPuT-, Cyabdua-, THocyabpaT-uoHbI U JIp.).

3aBepiieHUE TMPOTEKAHUS dATOM peakiuu  (UKCUPYIOT 1O
MOSBICHHIO B CHCTEME CBOOOXHBIX Pb°" KkaTHOHOB, KOTOpBIE B
HUYTOXKHO MaJIbIX KOJMYECTBAX OOPa3ylOT C JUTHU30HOM OKpalICHHBIN
XEJIATHBIA KOMIUIEKC C MEePEX0I0M OKPACKHU U3 3€JICHOU B MyPITyPHYIO.

Peaxmuevi. bpomdenonoBsiii cunuii, 0.1 % pactBop; amerar
(HuTpat) cBuHIA, TUTpoBaHHbIA pactBOop (0.02-0.06 monb/mn, TUTP
YCTaHABJIMBAIOT IO CTaHAAPTHOMY pacTBOpY cCyibdara HATpus WIU
KaJus); JUTH30H, pacTBopstoT 50 mr autruzona B 100 mur arerona. Pac-
TBOP TOTOBSIT MEPE]l CAMBIM ONPEACICHUEM. ALIETOH HE JOJDKEH COJEp-
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XKaTh MPUMECH, PEATHPYIONIUE C JIUTU30HOM. YKCYCHasl KHUCIIOTa,
pazoasnenHas. K 90 mu Boabl npuoOaBisitoT 10 Myl KOHIIEHTPUPOBAHHOM

YKCYCHOM KHUCIIOTBL. Pa30aBieHHblE pacTBOpPbl aMMHaka, a30THOM
kucioTel (0.01-0.03 M).

llocyoda. Konba xonundeckas (250-300 mu); nunerka (2, 10 mi);
Oropetka (25 mut); nuiauHap MepHsbii (50 min); rpyiina pe3uHoBasl.

Xoo0 pabomuol

Oto6upator 10 M BOAHOrO pacTBOpa, COAEpIKAILIEro Cyib(dat-
HMOHBI M TpuOaBiAOT | Kamio pacTBopa OpoMQpEHOIOBOIO CHHETO.
ITosmy4eHHBIN PacTBOP HEUTPAIU3YIOT B 3aBUCHUMOCTHU OT KUCIOTHOCTH
pa30aBJICHHBIM PACTBOPOM aMMHAKa WM CHUJIBHO pa30aBJICHHON
a30THOM KHCIIOTOM [0 MOJydyeHHsi OJIeHO-3E€JIEHON OKpacku. 3aTeM
npuoOaBisitoT 0.5 Mi1 pa30aBI€HHONW YKCYCHOM KMCIOTHI, 5 MII alleToHa, |
MJI JWATH30HA W TUTPYIOT PAcCTBOPOM COJIA CBHHIA JI0 MOJYy4YECHUS
nyprnypHoil okpacku. [lomenmmii Ha TUTpoBaHUE 00BEM THOCYJb(DaTa
HATpUs ONPEIEISAIOT KaK CPEAHEE U3 TPEX MAPAIUIETbHBIX U3MEPEHU.

KoHuentpanuto cynbpar-uona B pactBope (M) ompenenstor mno

dbopmye:

Vpp,. * Cpp

cp.

Csoz— v
S0%~

rae Vsp2- — 00BbEM aIMKBOTHI PACTBOPA, COJIEPHKAIIETO CYNb(haT-HOHBI,
MU, Vpbcp. — CcpenHuld 00bEM pacTBOpA COJM CBUHIIA, MOLICAIIMN Ha

TUTPOBAHUE AJTMKBOTHI PACTBOPA, COJIEPHKAIIETO CYJIb(paT-UOHBI, MII;
Cpp— KOHLEHTpALMS CTAHAAPTHOTO PACTBOPA COJIM CBUHLA, M.

2.3.2 Onpeodenenue uonos xnopa no memooy Mopa

Meton Mopa 0OCHOBaH Ha UCIOJIb30BAHUM B KAUYECTBE MHAUKATOPA
xpomarta kanus K,CrO4. DToT MeTon mpeaHazHadeH s ONpeaeeHHs
XJIOPUIOB U OPOMHUIOB B HEUTpaIpHOU Win ciiabdorienounoit cpeae (pH
= 6.5-10). Moauasr 1 THOIIMAHATHEI ’TUM METOJOM HE OINPEICIIIOT, TaK
KaK OCaJKH CIIOCOOHBI aAcOpOMpOBaTh HWHIWKATOP XpOMAT Kajus,
MOATOMY OHH OKPAIIMBAIOTCS A0 TOYKH SKBUBAJECHTHOCTH M HMECIOT
HEUYETKYIO OKPACKY.
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OmnpeneneHue MOHOB XJIOpa OCHOBAHO Ha MPSIMOM THUTPOBAHUU
HAaBECKM aHAJIM3UPYEMOrO BELIECTBAa WJIM €ro pacTBOpa CTaHJAPTHBHIM
pactBopoM AGNO; B mpHCYTCTBUM WHIUKATOpPA XpoMaTa Kajus WM
a7ICOpOIIMOHHOTO HMHAMKATOpa. XpoMaT Kallus C HUTpPATOM cepedpa
o0pa3yeT KHUPNUYHO-KPACHBIA OCAJOK XpomaTa cepebpa, Oosee
pPacTBOPUMBI, YEM OCAJIOK XJIOpHUa cepedpa:

KszO4 + 2AgN03 = AQZCrO4l+ 2KNO;

TutpoBaHue TMPOBOAAT B HEUTPAIBHOM pAacTBOpPE, TaK Kak
Ag,CrO, pacTBOpUM B KHCJIOTaX.

[Tocne BhITIaieHUst OEIOTO 0CaiKa B MOMEHT SKBUBAJIEHTHOCTH:

Ag" + Cl = AgCl|
M30BITOYHASl KAl TUTpaHTa oOpasyer ¢ moHamu CrO,” ocajok,
KOTOPBI U OKpAIIUBAECT COJEPKUMOE KOJObI B KHUPIMUYHO-KPACHBIN
IBET.

Peaxmuevi. Hutpatr cepebpa, 0.05 H TUTpOBaHHBIM pPacTBOp;
xnopua Hatpus, 0.1 H TtutpoBanHubiii pactBop; 5 % pacTtBop Xxpomara
KaJusl.

llocyoa. Konba xonuueckas (250-300 mu); mumerka (10 mu);
oroperka (25 mun); konbdba mepHas (100 mun); UAMHIP MEpHBIN (25 Mi);
rpylia pe3uHoBasl.

Xoo0 pabomul

PaccuntanHyio HaBECKy XJOpHUJIa WM €ro PacTBOp MEPEHOCST B
MEpPHYI0 KOJOy, JOBOASIT 00BEM 10 METKM M TNepeMemnBaroT. B
KOHUYECKYIO KOJIOY JUIsl TUTPOBAHUSI OTOMPAIOT MUIIETKOW aJTMKBOTHYIO
4acTh MOJy4yeHHOro pacTBopa (5-10 mut), pacTBop HEMHOTO Pa30aBIIAIOT
Bogoi (rmpumepHo 1o 10 mut). K pactBopy npubasinstot 35 kanenb 5 %
pacTBOpa XpoMara Kajiis U TUTPYIOT NP SHEPTUYHOM TepeMelIMBaHUU
pacTBOPOM JI0 Te€X IMOp, MOKa HE MOSIBUTCS IE€PBOE HEUCUE3AIOIIEe
OKpAaIlMBaHUM CYCIICH3UHU B CJIa0bIi KpaCHOBATO-KOPUYHEBBIN 1BET (110
nepexojia OKPacKu COAEPKUMOT0 KOJIObI OT TUMOHHO-KEJITOH OKPACKU
710 TEMHO-PO30BOM).

TutpoBanue NoBTOPSIOT 3 pasa.

KonuieHTpanuio XJjopuja-uoHa B pacTBope (M) ompenenstor 1o

dbopmye:
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rae V- — 00beM alMKBOTHI PacTBOPA, COJEPKAILIETO XJIOPHUA-HOHBI,
MJT; VAng — cpenauit  o0bem pactBopa AQNO;, momenmmii Ha
TUTPOBAHUE AQJIMKBOTHI PACTBOpA, COACPKAIIETO XJIOPU-WOHBI, MII;

Cpg— KOHIUEHTpaNMs cTanaapTHoro pactsopa AGNOs, M.

2.3.3 Bonpocwt npu 3awume 1a60pamopHuix padom
HO 0CAOUMENbHOMY MUMPOGAHUIO

I. Kakue peakium nexar B OCHOBE MeTojia ocaxiacHus? Kakwue
TpeOOBaHUS K HUM MPEIbABISIOTCS ?

2. Kakue Turbl HHAUKATOPOB IPUMEHSIOTCS B OCaAUTEIBHOM
TuTpoBaHun? Kakne peakuuu JexuT B OCHOBE MeTo0B Mopa, PasHca,
donwrapaa?

3. XapakTepucTUKa METOJOB OCAKJICHUS M MPUMEHSEMBIX IS
ATOTO XUMHYECKUX PEAKIIHIA.

4. Kak Bnuser koHueHTtpanus unaaukatopa K,CrO, Ha TOYHOCTH
aHanu3a 1o meroay Mopa?

5. KpuBbsle TutpoBaHus 10 MeToay Mopa. 3aBUCUMOCTH
BEJIMYMHBI CKayka Ha KPUBOM TUTPOBAHMS OT KOHIIEHTpAIUH,
TEMIIEpaTypbl U PACTBOPUMOCTH OCAkKIAAEMOTO BEIIECTBA.

6. [louemy Henb3sI MPOBOAUTH KOJIMYECTBEHHOE OIpPEIEICHUE MO
METO/ly MOpa a) B KUCJION cpejie; 0) B IIeI0UHOM cpeie?

7. B yem CYILIHOCTb TUOIMAHOMETPUYECKOTO
(pogaHOMETPUYECKOI0) METOa oNpeeNieHrs cepedpa U rajJoreHu10B?
Kakue peakiuu nexat B OCHOBE 3TOrO MeTo1a?

8. B xakol cpene nmpoBoasAT TUTpoBaHuUE 1o Metoy Ponbrapaa?

9. IloueMy npu npuOaBICHUU UOHOB K PacTBOPY, COACPKaIIEMY
U, MOHBl CHAYaJla pearupyrT ¢ MOHAMH cepedpa U JIMIb 3aTeM C
MOHAMH Kene3a?

10. Kakoit ”HIMKATOp CIEAYET MUCMOJb30BATh MPU ONPEICICHUN
XJIOPUJIOB METOJOM apT€HTOMETPUU B IPUCYTCTBUU UOHOB ?

11. Tlouemy mipu ompeAeNeHUur TAIOrEHUJIOB Mo MeTony Mopa

JOJDKHBI OTCYTCTBOBAaTh TaKHE KaTHOHBI KaK Ba2+, Pb2+, Bi*'u ApyTHE,
B TO BpeMs KakK IIpyd ompeacneHur 1mo merony Dosbrapja OHM HeE
MEIIaroT?

12. MoXHO 71 TUTPOBATh MO MeToAy Mopa OpoMHa- U HOIUI-
WOHBI?

13. B kakux ciydasx coAepKaHue XJIOPUIOB HENB3S ONMPEIACIATh
METOJIOM apreHTOMETPUHN?
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14. Kak ycTaHOBUTH HOPMAJIBLHOCTb U TUTP pabouero pactsopa ?

15. Kakoii Bua OyAeT MMETh KpuBasi TATPOBAHUS CMECH MOJIUJIA U
XJIOpUJIa Kajlusg HUTpATOM cepedpa C cepeOpsHbIM HHAUKATOPHBIM
BJICKTPOIOM?

16. Ot kakux (pakTOpOB 3aBUCUT BEJIMYMHA CKAauyKa MOTEHIIMAJIA
Ha IMOTEHIIMOMETPUYECKON KPUBOM?

17. Kak BmusitoT Temneparypa, pH, no0aBieHrue OJHOUMEHHBIX
MOHOB W  TMOCTOPOHHUX  DJIEKTPOJUTOB HA  PACTBOPUMOCTH
MaJIOPACTBOPUMBIX COCAUHEHUN?

18. OpunaxkoBa s pacrBopumocte MgF, u BaCO;, ecim

M3BECTHO, YTO WX IPOM3BEACHHUS PACTBOPUMOCTH OJM3KH MEXKITY
coboi?

19. Kakoit ocagok OyAeT BbINagaTh MEPBBIM MPU MOCTEIICHHOM
npuOaBJICHUHM pacTBOpa K pacTBOpYy, COJEpKaIleMy XJIOpUI- |
OpOMU/I-MOHBI OJTMHAKOBOM KOHIICHTpAIIUN?

20. B kakoil mocienoBaTeIbHOCTH OyIyT BbINMAAaTh OCAJKH
Cynb(aToB, €CIIM K pacTBOPY, COJEpIKAIIEMy OJNHAKOBBIEC KOJIMYECTBA
MOHOB Ba2+, Ca* u Sr2+, rnocreneHHo nooasiaate H,SO,?

21. B kakoMm pacTBOpe pacTBOPUMOCTb THAPOKCHIA MarHus
oonpiie: ¢ pH 7 wim pH 10?

22. Kakoit u3 cymbdaroB PbSO, BaSO, mmu SrSO, monnee
IpeBpallaeTcsi B KapOOHAT MPU HATPEBAHUM C PACTBOPOM CObI OJTHOU U
TOM K€ KOHIICHTPALINH?

23. Kakoit wu3 cyapdpumoB ZnS wuiam MnS  ocaxnaercs
CEpPOBOJIOPOJIOM IpU OoJIee HU3KOM 3HaueHur pH?

24. Ilpu xakom pH (2.0; 8.0; 7.0; 9.0) pactBOopumocTh Co0S
HauOonbimas? Ilpu kakoMm HaMeHbIIas?

25. Tlouemy CaCO3; nerko pactBopsiercsa, a CaC,0O4 He
pacTBOpsieTcs B pa30aBJICHHOW YKCYCHOM KHCIOTE, XOTd o00a
COEIUHCHHUS UMEIOT Onm3Kue 3HadyeHus [1P?

26. IlpuBectn mpuMepsl peakiuii TUTPOBAHUs, OCHOBAaHHBIX Ha
00pa3oBaHUM OCaJIKa.

27. Kakue TpeOoBaHHS MPEABSIBISIOTCS K PEaKIMIM B METOJax
OCaXXJeHUA?

2.4 KoMjieKCOHOMETPUYECKOe TUTPOBAHUE

KOMHJ’IGKCOHOMCTPH‘ICCKO@ TUTPOBAHUC OCHOBAHO Ha PCAKIUAX
O6pa3OBaHH$I KOMIIJIIEKCOB MOHOB MCTAJIJIOB C aMI/IHOHOJ'II/IKap6OHOBI>IMI/I
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KUCIIOTaMU (KOMILJIEKCOHAMM ). U3 MHOTOYHCJICHHBIX
AMUHOIIOJIMKAPOOHOBBIX ~ KHCJIOT HaWbOOJEe 4YacTo HCHOJb3YIOT
STHIIEHTeTpayKcycHyto  kuciory  (HsY).  BceneactBue — HU3KOM
pPacTBOPUMOCTH B BOJIE CaMa KHUCJIOTa HE MOJIXOIUT JJIsi IPUTOTOBJICHUS
TUTpaHTa. JJI1 3TOro MCHOJIB3YIOT AUTHAPAT €€ JIBYHATPUEBOU COJIU
(OATA, Tpunon b). {ns npurorosienus pactsopa I TA ucnons3yror
KOMMEpPYECKUI Ipenapar, a 3aTeM pacTBOpP CTaHIAPTUZHPYIOT. MOXKHO
TaK>Xe UC0JIb30BaTh (pukcanan /[ TA.

Peaknuu B3amMomencTBusi paziudHbix KatnoHoB ¢ JJTA B
PacTBOPE MOXKHO MPEICTABUTh YPABHECHUSIMU:

Ca® + YH,” = CaY*+ 2H",
Bi’* + YH,” = BiY¥+ 2H",
Th* + YH,* = CaY*+ 2H",

BugHo, 4YTo HeE3aBMCHMMO OT 3apsjia KaTHOHAa 0Opa3yroTcs
KOMIUIEKCBI C CcoOoOTHomeHueM komroHeHToB 1:1. CriemoBaTenbHO,
MOJISIpHBIE Macchl 3kBUBajieHTa DI TA U onpenensieMoro HoHa MeTajuia
PaBHBI X MOJICKYJISIPHBIM MaccCaM.

CreneHb TPOTEKaHHWS peakMu 3aBUCUT OT pH W KOHCTaHTHI
YCTOMYMBOCTH KOMIUIeKCcOHaTa. KaTuoHbI, oOpa3yroliue yCTONYHBBIC
KOMIUIEKCOHAThI, MOTYT OBITh OTTHUTPOBAaHbl B KHCIBIX pPacTBOpax.
HoHml, oOpa3sytolue CPaBHUTEIILHO MEHee YCTOMYUBBIC
KOMILJIEKCOHATHI, TUTPYIOT nipy pH 9 1 BhIIIIE.

KoHeuHyl0 TOYKY THUTPOBAaHHUSI ONPEIACIAOT C TMOMOIIBIO
METAJUIMHIUKATOPOB XpOMO(OPHBIX OPTraHUYECKHUX BEIIICCTB,
o0pa3ylomux ¢ HOHAMHU METAJIOB HHTEHCHUBHO  OKpAIllCHHBIC
KOMIIJICKCHI.

2.4.1 Onpeodenenue Hukensn 8 pacmeope

Cywnocms _pabomsi. OnpeneieHue OCHOBAaHO HAa TUTPOBAHUU
pacTBOpa COJIM HHUKENs cTaHaapTHeiM  pactBopom OJTA ¢
WHJUKATOPOM MYPEKCHUJIOM — B Cpele aMMOHHITHOTrO OydepHOoro
pacTBopa.

Peaxmuevl. JTUneHInaMUHTETpAaalETaT HATPUS JIBY3aMEIICHHBIN
0.1 M pactBop. Mypekcun (KpUCTaUTMYECKUM) (CMECh C XJIOPUAOM
Hatpus 1:100). Ammuak, 10 % pactBop.
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Ilocyoda. Konba mepnas (100 mur); konda xoHuueckas (250 mun);
nunetka (20 m); Oroperka (25 wmun); muauHap Mepubid (100 wmu);
pE3UHOBAs TpylIa.

Xo0 pabomuol

AHanu3upyemblid pacTBOp, COAEPKAILINI HUKENIb, B MEPHOM KOJIOE
BMECTUMOCTHIO 100 MJT pa30aBIIsAIOT BOJON 10 METKH U TIEPEMEIIINBAIOT.
[Tunerkoit mepenocat 20 MJI pacTBOpa B KOHHUYECKYIO KOJIOY IS
TUTpOBaHus, puoaBisitoT 70-80 Mi1 AMCTUIIMPOBAHHOW BOAbI, 10 M
10 % pactBopa ammmaka M HECKOJbKO KPHUCTAIOB HHIWKATOpa
Mypekcuaa a0 xentot okpacku. Tutpyrot 0.01 M pactBopom 3/TA no
nepexoja KeNTOM OKpacKh B CHUPEHEBO-(DHOJETOBYIO. PaccumThIBatOT
KOHIIEHTPALMIO0 HUKEIIA B PACTBOPE KAK CPEIHIO M3 3 MapasulesIbHbIX
onpeneneHui no popmyie:

_ Vapra, - Copra

Chr
" Vi

rae Vy; — 00beM aluMKBOTHI PACTBOpPA, COJAEPHKALIETO HUKENb, MI;
& A, — cpennuii 00bem pactBopa D/ TA, nomeamuii Ha TUTPOBAHKE

aJIMKBOTHI PACTBOPA, COAEPIKAILETO HUKENb, MII; C5rp— KOHLIEHTpALIUS
ctanaaptHoro pactsopa D TA, M.

2.4.2 Onpeodenenue kodanroma 6 pacmeope

CywHocms _pabomel. OmnpenieieHue OCHOBAaHO Ha TUTPOBAHUU
pacTBOpa coiM KoOanbTa cTaHAapTHbIM pactBopoM OJTA ¢
UHJIUKATOPOM MYPEKCHUJIOM — B Cpele aMMOHMITHOro OydepHOoro
pacTBopa.

Peaxmuevl. ITuneHIuaMUHTETpaAIeTaT HATPUS JBY3aMEIICHHBIM
0.1 M pactBop. Mypekcul (KpUCTaAUIMYECKUM) (CMECh C XJIOPUAOM
Hatpus 1:100). Ammuak, 10 % pactBop.

llocyoda. Konba mepnas (100 mu); xonba konuudeckas (250 mon);
nurnerka (20 m); Oroperka (25 mn); uunuuap mepsHsid (100 mn);
pEe3UHOBAs TpyIa.

Xo0 pabomui

AHanu3upyeMblid pacTBOp, COAEpKallUid KOOalbT, B MEPHOU
kojabe BMecTUMOCThIO 100 M1 pa30aBisiOT BOAOW JI0 METKH U
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nepememnBaroT. [Iunerkon nepenocsat 20 Mi1 pacTBOpa B KOHUYECKYIO
KOJIOY JJIsi TUTpOBaHWs, mpuOaBisitoT 70-80 M1 AUCTUIIIMPOBAHHOM
Bonbl, 10 M 10 % pacTBOpa amMmuaka W HECKOJIBKO KPUCTAJUIOB
WHAUKATOpa MYpEKcHaa 10 XKenrou okpacku. Turpyror 0.01 M
pacteopoM JIJITA 10 mnepexona KEATOM OKPaCKd B CHPEHEBO-
¢uoneroByro. PacCunThIBalOT KOHIIEHTPALIMIO KOOAJIbTa B paCTBOPE Kak
CPEAHIO U3 3 mapaJIeNbHbIX ONPEACICHH IO PopMyIe:

B Vanra,, * Capra
VCo

CCo

rae Vo, — 00beM amuKBOTHI PACTBOpa, COJAEPIKAIIEro KOOAJIbT, MII;
& A, ~ cpennuii oobeM pactBopa I/ TA, nomennnii Ha TATPOBAHKE

aTUMKBOTBI  PacTBOpa, COAEp)KAIIero KoOaJlbT, MII; Conra
KOHIIEHTpalus ctanaapTHoro pactsopa J/TA, M.

2.4.3 Onpeodenenue yunka
KOMNIAEKCOHOMEMPUYECKUM MUMPOBAHUECM

Peaxmuevl. ITuneHANaMUHTETpAAIIETAT HATPUS JBY3aMEIIECHHBIH,
0.1 M pactBop. MeTamionHauKaTOp SpUOXPOMOBBIN YepHbIil T (cMech
¢ xyiopuaoM Hatpus B cooTHomeHuu 1:100). AMMoHuliHbIN OydepHbIit
pactBop ¢ pH 10 (67 r NH4C1 u 570 mn 25 % NH3B 1 11 pacTBOpa).

Llocyoa. Konba mepnas (250 mu); xonba koHudeckas (250 mui);
nunerka (10 mu); Owmoperka (25 mn); uunuuap mepssid (100 mn);
pE3UHOBAs TpylIa.

Xo0 pabomul

AHanu3upyeMmblid pacTBOp, COJEpKalIUi IIUHK, B MEPHOH KOJoOe
BMECTUMOCTBI0O 250 M1 pa30aBigiOT BOAOM J1I0 METKHM M XOPOIIO
NEepEMEIINBAOT. AJIMKBOTHYIO 4YacTh pactBopa (10 mu1) nmmerkoit
NEPEHOCAT B KOHMYECKYHO KOJIOY [IJIi THUTPOBaHMS, MPUOABISIOT
muauHapom 20 M1 Bonbl, S mul OydepHOro pacTBopa M Ha KOHYHUKE
mmatens 20-30 Mr uHauKaTopHOM cMmecH. Tlocie pacTBOpeHUs: TUTPYIOT
pactBopoM D/[TA 110 U3MEHEHUS OKPACKU PACTBOpPA M3 BUHO-KPACHOU B
roayOyto Wi cuHiow. OnpenensoT KOHIEHTPAIMIO [IMHKAa B PacTBOPE
KaK CPEeAHION U3 3 mapayyiebHbIX U3MEpeHui 1o hopmyre:
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. VC—)L[TACp_ ) CZ-)L[TA
VZn

CZ n

rjae V;, — 00beM aIuKBOTHI pacTBOpA, COAEPHKAILIECTO [IUHK, MIT; V5 IITAcy,

— cpegnuid o0bem pactBopa O/ TA, nomenmuii Ha TUTPOBAHUE
aJIMKBOTBI PACTBOPA, COMEPIKAIIETO IUHK, M, (5;7po— KOHICHTpAIUS
craggaptHoro pactsopa J/TA, M.

2.4.4 Onpeoenenue meou
KOMNJIEKCOHOMEMPUUECKUM MUmMposanuem

Peaxmuevl. ITuneHnaMUHTETpAAIIETaT HATPUS JABY3aMEIICHHBIH,
0.1 M pactBop. Mypekcun (KpUCTAUTMYECKHI) (CMECh C XJIOPUAOM
Hatpusi 1:100). AmMmonuiinsiii Oydepnsiii pactBop ¢ pH 10 (67 r
NH;C1 u 570 mn 25 % NH;3; B 1 1 pactBopa). Ammuaxk, 10 % pactsop.

llocyoa. Konba mepHast (100 mn); komba konudeckas (100 mur);
nunerka (10, 20 mu); Oroperka (25 mun); unnuaap mepHsid (100 mn);
pEe3UHOBas rpylia.

Xoo pabomul

AHanu3upyemblid pacTBOp pa30aBIISIOT BOJOUW JO METKH B MEPHOM
koinoe BMectumocthio 100 M. Ilocnme nepememuBaHusi OTOMPAIOT
nurnetrkoil 10 M pacTBopa B KOHMYECKYIO KOJI0Y BMeCTUMOCTHIO 100
M1, TprOaBisitoT 20 MII IUCTHILTMPOBaHHOM BoJibl, S M 10 % pactBopa
aMMHuaka, Ha KoHuyuke mmarens 20-30 Mr WHIMKATOPHOW CMeECH,
pacTBOPSIOT €€ U TUTPYIOT pacTBopoM D/ TA 10 n3MeHEeHUsT OKpacku B
yucto (¢duoseroByro. Mamepstor odovem IJTA u BBOmAT 12 Mn
aMMoHuitHOro OydepHoro pactBopa (wm 1 kammo 2 M pactBopa
ammuaka). Eciu nBer pactBopa ocraercsi (UOJETOBBIM, TUTPOBAHHE
IpeKpamaT, eciu OT Jo0aBiieHHs OydepHOro pacTtBopa OKpacka
MU3MEHWIIACH B JKEJITYIO WM KEITO-3€JICHYI0, TPOJOIKAIOT TUTPOBAHUE
pactBopoMm D/[TA 10 ycToitunBoi (projaeToBO OKpacKHu.

OrnpenensiroT KOHUEHTPALMIO MEJIM B PACTBOPE KAK CPEIHIOK0 U3 3
napajuieIbHbIX U3MEpPEHUi 1o popmyiie:

_ Vaprag, - Copra

C
Cu ch
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rae Ve, — 00beM aJTuKBOTHI pacTBOPA, COJEPIKAIIECTO Meb, MIT; V5 IITAcy,

— cpeauuii o0beM pactBopa OJITA, mnomenmuid Ha TUTPOBAHHUE
aTMKBOTBI PACTBOPA, COMACPIKAIICTO Melb, MIT, (5 rpo— KOHICHTpAIHS
craggaptHoro pactsopa J/ITA, M.

2.4.5 Onpeoenenue cooepiricanusn scenesa

Peaxmuesbi. DTrneHIMaMUHTETpAAIeTaT HATPUS JBY3aMEIlICHHBIH,
0.10 M pactBop. CynbdocanuiunoBas Kuciaora, 1 % BOIHBIN pacTBOD.
Consnas kucnora, HCl, 1 M, 2 M pacTBOpbI, KOHLIEHTPUPOBAHHAS, P =
1,17 rt/cm. Awmmuak,, 10 % pacTtBop. A3OTHasi  KHUCJOTa,
KOHLIEHTpUpOBaHHasi, p = 1,4 r/cm.

llocyoa u o6opyodosanue. Kondba konmdeckas (250 mur); numneTka
(20 mu); Orwoperka (25 mun); umnuHap MepHbiilt (100 mir); pe3uHoBas
rpymia. [TnuTka snexkTpudeckast.

Xo0 pabomuol

AJMKBOTHYIO 4acTh aHAIM3UpyeMoro pactBopa (10 mu1) nuneTkon
NEPEHOCAT B KOHUYECKYIO KOJIOY JJIsl TUTPOBAHUS BMECTUMOCTBIO 250
M. Jlist okucienus kenesa (1) mpubaBiasroT 5 M1 KOHIIEHTPUPOBAHHOM
COJITHOM KHCJIOTBI, 2 MJI KOHLEHTPUPOBAHHOW a30THOW KHUCIIOTHI,
HaKpPBIBAIOT YACOBBIM CTEKJIOM, TOMEIIAT HA JIEKTPUUYECKYIO TUIUTKY
Y HArpeBaroT A0 KuneHusd. PacTBop KHOATAT 35 MUH, HE JOMyCKas
OypHoro kunenus. Ilocine »Toro koi0y CHHUMAIOT C IUIATKH,
OMOJIACKMBAIOT HAJ[ KOJOOW YacoBOE CTEKJIO BOJOH W OXJIAXKIAIOT.
PacTtBOp HeUTpanu3yrOT pacTBOPOM aMMHUAKa IO IOSBICHUS JIETKOU
OpAaHXEBOW MYTH, KOTOPYKO PAacTBOPSIOT B HECKOJBKHX Kamsix 2 M
coJsiHOM KucioTel. B pactBop BBOAAT | mii 1 M CoNIsIHOM KUCIIOTBHI,
pa30aBisItoT BoAoM 10 S0 My, HArpeBarOT MOYTH 10 KUTICHUS, BBOJAT S-
10 xamenpb pacTBOpa Cyab(POCATUIIMIOBON KUCIOTHI U TOPSIYUM PacTBOP

(50-60 0C) TUTpytoT pactBopom IJTA 10 wu3MEHEHUS OKpacku
pacTBOpa U3 BUIITHEBOW WM (DHOJIETOBOM B KEITYHO0 WM 3€JIEHOBATO-
KEJTYI0 OT OJJHOM KaIUIX TUTPAHTA.

OnpenensitoT KOHUEHTPALUIO KEJNE3a B pACTBOPE KaK CPEAHIOI0 U3
3 mapasuieNbHBIX U3MEPEHUH TI0 opMyIIe:

_ Vaprag,  Copra
VFe

CF e
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rae Vg, — 00BbEM aIMKBOTBI PacTBOpa, COAEPIKALIEIO >KEJIE30, MII;
/& A, ~ cpeanuil 00beM pactBopa I/ TA, nouieamnnii Ha TUTpOBaHUE

aJIMKBOTBI PACTBOPA, COAEPIKAILETO IKENE30, MII, (5 rp— KOHIIEHTPAIIUS
craggaptHoro pactsopa J/ITA, M.

2.4.6 Onpeoenenue oouieil yHcecmrKocmu 600bl

Kecmxkocmsb 600bl - 3TO CBOMCTBO MPUPOJHON BOJBI, 3aBUCIIIEE OT
NPUCYTCTBUSI B HEW COJiel psAla JBYXBaJICHTHBIX METAILJIOB, IMPEXK]E
BCEro Kajpls W Mar"us. [lpu kumsdyeHuu >kecTkasi Boja oOpasyer
HaKuIlb 3a CUYET OCAXKJICHUS TPYAHOPACTBOPUMBIX COJIEH KaJblus,
maruus u xenes3a (IIl). B sxkecTkoil Boje MbUIbHAsI TIeHAa HE 00pa3yeTcs
0 TEX TOp, MOKa 3TH HOHBI HE OYIyT CBS3aHbI B HEPACTBOPUMBII
ocazok. JXecTkas Boja HE MPUrOJHA ISl MUTAHUSI MAPOBBIX KOTJIOB,
MOCKOJIBKY Ha MX TOBEPXHOCTH OTJAraeTcs HaKHIlb, YTO MPUBOAUT K
YMEHBIIIEHUIO TEIJIONPOBOAHOCTH MeETajjla M, Kak CJIEACTBHE, K
nepepacxoiy TOIIMBA M TeperpeBy KoTiaoB. JKecTkas Boga He
OpUroJHa JJIsI MCIOJb30BAaHUS B XMMHUYECKOHW TEXHOJIOTMU, B
TEKCTWJILHOM MPOMBIIICHHOCTH TIPU 00pabOTKe TKaHEW, a TakXe s
IPYTUX TEXHUYECKHX menei. [loaTomy mepen MCcroiab30BaHHEM BO/IBI,
NOCTYNAIOUIEN U3 PA3IUYHBIX MPUPOAHBIX UCTOYHUKOB, JJISI MUTAHHS
NapOBbIX KOTJIOB W ISl PA3JIMYHBIX TEXHOJOTMYECKHUX ITPOLECCOB,
HEOOXOAUMO ONPEACIUTh €€ KECTKOCTh M Ha OCHOBAHUM JIAHHBIX
aHaJin3a BeIOpaTh KOMILJIEKC Mep ee 00paboTKHU.

Pa3mu4aroT )KeCTKOCTh: YCmpanumyio (Ui 8pemenHy0), KOTOPYIO
MOXHO YCTPAHUTh KHUIISTYEHUEM BOIbI, U NOCMOAHHYIO, KOTOpas HE
ycTpaHsaercss KurmsgueHueM. (CymMa BPEMEHHOM UM IMOCTOSIHHOM
AKECTKOCTHU COCTABJISIET OOULYIO HCECMKOCHIb.

Bpemennas orwcecmxocms 00yCIIOBJIEHa TPUCYTCTBUEM B BOJIE
rUAPOKapOOHATOB KaJbI[Msi W MarHusi, U TIO3TOMY €€ Ha3bIBaIOT
Kkapoonamuot sxcecmxkocmoto. OHA IOUTH TTOJIHOCTBIO YCTpaHSAETCS TIPU
KUIISTYEHUU B PE3yJIbTaTe Pa3IoKEeHUS THAPOKaApOOHATOB.

KapOoHaTHYI0O  JKECTKOCTh  MOXXHO  OMNPEAEIUTb  METOJIOM
KHCJIOTHO-OCHOBHOTO THUTPOBAaHMS C MCIIOJIb30BaHHEM pabouero
pacTBOpa XJIOPOBOAOPOJHOM KHUCJIOTHI B NPUCYTCTBHUM METHIJIOBOTO
OpPaHkKEBOTO.

llocmosaunas  owcecmxocmov, HE yCTpaHseMmash KUIISTYCHUEM,
BbI3BaHA TPUCYTCTBHEM B BOJE CyJIb(]aToB (a Takke XJIOPHUIOB)
KaJIbIUA U MarHusl.
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OHa Ha3bIBAETCS TaKKE HEKApPOOHAMHOU HCeCMKOCMbIO B00bl.
OOmiyr0  KECTKOCTh  BOJABL, TMPEACTABISIONIYI0O COOOH  CymMMy
KapOOHATHOM M HEKAPOOHATHOW >KECTKOCTU BOJIbI, MOXHO OIPEACIUTh
METOJIOM KOMIIJIEKCOHOMETPUYECKOTO TUTPOBAHMSI .,

Kecmrxocmuv 600v1 xapakmepu3zyrom MOAAPHOU KOHYeHmMpayuet
IKBUBAICHMOB KANbYUS U MASHUSL U 8bIDANCAION 8 MMOJIb/L.

Peaxmusvr.  OATA, 0.0500 M crasgapTHbId  pacTBOP.
AmmonnitHbiil Oygepubiii pactBop ¢ pH 10 (67 r NH,C1 u 570 ma 25
% NH; B 1 1 pactBOpa). NaOH wiu KOH, 2 M pactBOpHI.
MeranmMHaAUKATOphl:  3PUOXPOMOBBIM  YepHbIM  T;  Mypekcun,
(bIyOpEeKCOH; KAJIBIIMOH (CMECH C XJIOPUIOM HATpUsi B COOTHOIIICHUU
1:100).

ITocyna. Konba mepnas (100 mun); kondba koHudeckas (250 mu);
nunerka (20 mun); Owmoperka (25 mn); uunuuap mepssid (100 mn);
pEe3UHOBas rpylia.

Xo0 pabomuol

1. Otb6upator nunerkor 10 My aHanmM3UpPyeMoro Ha OOUIYIO
xecTkocTh pactBopa (Vi) B KOHHYECKYIO KOJOY JJIsi THUTPOBAHUS
BMeCTUMOCTBIO 250 M1, mpubaBistoT 25 M 6ydepHoro pactsopa ¢ pH
10, 15 mu BoABI, IEPEMENTUBAIOT U MPUOABISAIOT HA KOHYMKE IIMATEIs
20-30 Mr cMecu 3puUOXpoMOBOro uepHoro T U XxJjopuaa HaTpusl.
IlepememnBaroT 4O MOJMHOIO PACTBOPEHUS HWHIMKATOPHOM CMECH H
TUTpytoT pactBopoM OJTA no H3MEeHEHUs OKpackh pacTBopa H3
BUHHOKpacHOW B romyOyro. M3mepsaior oobem DJTA, nomenmuii Ha
TUTpPOBaHHUE, V5 7y, MIL.

Onpegensitor 0OIIYI0 KECTKOCTh BOJBI Kak cpeaHee wu3 3
napajuieJIbHbIX U3MEpPeHUit o popmynam:

V3,£[TACp, - C3,Z[TA. 1000

2.4.7 Onpeodenenue cooeprcanusn Kaabyusa u MacHus
HPU UX COBMECHIHOM RPUCYMCHIEUU

CywHocmo pabomut. KoHncTanTh! YCTOMYHUBOCTH
ATUJICHIMAMUHTETPAALECTATOB KAJIBIMS W MarHus pa3inyarTci Ha 2
nopsaka (JorapudMpl KOHCTAaHT YCTOMYMBOCTH paBHBI 10.7 u 8.7 mis
KaJIBIUS U Maruust cooTBeTcTBeHHO 1pHu 20 °C 1 MOHHOM CHiIe, paBHOMI
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0.1). IToaToMy ATH WMOHBI HENb3SI OTTUTPOBATH PA3ACIHHO, HCTOIb3YS
TOJBKO PA3JIMYNE B KOHCTAHTAX YCTOMYHMBOCTH KOMILIEKCOHATOB. [Ipm
pH_ _~10 B kayecTBe METAJUNIMHANKATOPOB UCIIOIB3YIOT SPHOXPOMOBBIH

yepHbIi T. IIpu 5TUX yCIIOBUAX ONPENEIAIOT CYMMY KaJIbLIAS U MarHus.

B npyroii anukBoTHOM yactu co3aatoT pH > 12, BBogs NaOH, npu
ATOM MarHui  OCaXkJaeTrcs B  BHJE€ TUIPOKCHJA, €ro  He
OT(QUIBTPOBBIBAIOT, a B pacTBope ONPENCIISIOT
KOMIUIEKCOHOMETPUUECKM KaJIbLIMK B MPUCYTCTBHU  MYPEKCHUIA,
(IyopeKCcOHa WM KajlbIMOHA, ABJISIOIIUXCA METAUIMHAUKATOpaMU Ha
KaJbluii. Maraui onpeaesstoT 10 pa3HOCTH.

Peakmuswr. IATA, 0.0500 M craHmapTHBIM  pacTBOP.
Ammonnitabiil 0ydepusiii pactBop ¢ pH 10 (67 r NH,C1 u 570 ma 25
% NH; B 1 1 pactBOpa). NaOH wiun KOH, 2 M pactBOpHI.
MeranmMHaAUKaToOphl:  3PUOXPOMOBBIM  4YepHbIM  T;  Mypekcun,
(bIyOpeKCOH; KaJIbIIMOH (CMECH C XJIOPUIOM HATpUsl B COOTHOIICHUU
1:100).

ITocyna. Konba mepnas (100 mun); xonba koHudeckas (250 mi);
nunetka (20 mi); Oroperka (25 wmun); muausap MepHbid (100 wmu);
pEe3nHOBAas Ipyuia.

Xoo0 pabomul

1. Onpeoenenue cymmor kanvyusa u masuuss. OTOUPaAIOT MUIETKON
10 M3 aHanMM3UPyeMOro pacTBopa M3 MEPHOM KOJOBI BMECTUMOCTHIO
100 M (Vuwe) B KOHHUECKYIO KOJIOY JIJIT TUTPOBAHUS BMECTHMOCTBIO
250 mn, mpubasstot 25 M 6ydepnoro pactBopa ¢ pH 10, 15 mu Boasl,
NepEeMENINBAIOT U NMPUOABISAIOT HA KOoHUMKe mimarens 20-30 Mr cmecu
apuoxpoMoBoro uepHoro T u xnopupa Hatpusa. [lepememmBaror 10
MOJIHOTO PACTBOPEHHS WHIUKATOPHONM CMECH U TUTPYIOT PacTBOPOM
OJITA 1o u3MeHeHHs OKpacKH pacTBOpa M3 BUHHOKPACHOM B TOJIYOYIO.
Hsmepsror 00vem D/ITA, nomenmuii Ha TATpOBaHUE, V., MIL

2. Onpeoenenue ranvyus. OtOuparoT nunerkon 10 M
aHaymupyemoro  pactBopa  (Viuwe) B~ KOHHYECKYIO  KOJIOY
BMeCTUMOCTBIO 250 M1, mpubasssitot 23 mi pactBopa NaOH unun KOH,
paz0aBisItoT  BOAOM mpuMmepHo 10 25 i, BBogaT 20-30 wr
WHJUKATOPHON CMECH MypeKcHaa, (IyopeKkCoHa WJIM KalblIMOHA C
XJIOPUJIOM HATpusi U TUTPYIOT pactBopom IATA 10 wu3MeHEHUs
OKpacKh pacTBopa oOT omHoW kKamm. HW3mepstor o0bem DOJITA,
MOIIEeAIINA Ha TUTPOBAHUE, Vg, MIL.
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N3MeHeHne OKpAacKW B KOHEYHON TOUKE TUTPOBAHUSI 3aBUCHUT OT
BBIOpAaHHOTO MeTaMHAuKaTopa. I[Ipu uHcnosb30BaHUMU MypeKcuia
OKpacka MU3MEHSETCS U3 PO30BOM B (PUOJIETOBYIO; MIPU UCIIOIH30BAHUU
(bayopeKkcoHa M3 JKEITOM C 3eJieHOW (yopeciieHIIHEl B OECIBETHYIO
WIM  PO30BYIO C  PE3KUM  YMEHBIIEHUEM  HHTEHCUBHOCTH
(bayopeclieHIIUM; TIPU UCIIOJIb30BaHUU KaJbIIMOHA U3 OJIETHO-KEJITON B
OpaHXXeBy10. B mocieiHeM ciiyyae MEI0YHY0 CPEAY CO3IA0T TOJIBKO 2
M pactBopom KOH.

3. Onpeodenenue macnus. O0ObeM THUTpaHTA, U3PACXOIOBAHHBIA Ha
TUTPOBAHUE MAarHus, BBIYUCIAIOT MO pa3HocTH o00beMoB OJITA,
nomeamux Ha Tutpoanue mpu pH 10 u pu pH 12.

OnpenensioT cojAep)KaHUE KaJbIlUsi M MarHusi B pacTBOpPE Kak
cpeaHee U3 3 mapajuieIbHbIX U3MEPEHUN 10 (hopMyJiaMm:

. VCacp_ ) CB[[TA

Cr. =
ca I/aJII/IKB
C = (chM - VCacp_) ) CB[[TA
Mo =
g I/aJII/IKB

e Vyuxs — OOBEM AMKBOTBI PACTBOPA, COJEPKAIIETO KaTbLHUN U
MarHui, M, VCan— cpennuii oobeM pactBopa D/ITA, nomenmuii Ha
TUTPOBAHUE Kalblus, MI; Vi, - cpenHuit oObem pactopa OTA,
TOIIE/IINI Ha TUTPOBAHME KAIBIIUA M MarHusi,  C5pra— KOHIEHTpALIUS
crtanaaptHoro pactsopa DTA, M.

2.4.8 Bonpocwt npu 3auwgume 1abopamopHvix padom
N0 KOMNIEKCOHOMEMPUUECKOMY MUMPOCAHUID

1. Kakon METOJ1 TUTPOBAHUS Ha3bIBACTCS
KOMIUIEKCOHOMeTpruYeckuM? Kakue BelecTBa MOKHO ONPENEIIATh 3TUM
METOA0M?

2. Kakue opraHndeckne peakTUBbl Ha3bIBAKOTCS KOMILIEKCOHAMM?
TpeOoBanusi Kk BellecTBaM, MNPUMEHSEMbIM B KayeCTBE THUTPAHTOB.
Kakue rpynmbl B KOMIUIEKCOHaX OMNPEAENSIOT HX CHOCOOHOCTh
00pa30BbIBaTh KOMIUICKCHI? Kakoi THII KOMIUIEKCHBIX COCIMHEHUM
oOpazyetcs B JaHHOM city4dae? OT 4ero 3aBUCUT UX YCTONYUBOCTH?

3. Uro Takoe TpwioH b? KakuMH XapakTE€pHBIMU CBOWCTBAMHU
00J1a/Taf0T KOMIIJIEKCHBIE COSAUHECHHS KaTHOHOB MeTauioB ¢ DJ[TA?
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4. Kakue nonnsupoBanubie Gpopmbl IJ[TA moryr cymiecTBoBaTh B
pacTBopax?

5. Kakas wuonumsupoBanHas ¢dopma OJ[TA B3aumoneicTByer c
nonamu Ca’* u Mg2+ IIPY ONIPEICIICHUH KECTKOCTHA BOJIbBI?

6. Kakne mHAMKATOPHI MIPUMEHSIOT B KOMIUIEKCOHOMETPUYECKOM
tuTpoBanuu? Ha yeM 0OCHOBaHO uX JNEHUCTBUE?

7. Kak noa0uparoT WHIUKATOPHI JJISI KOMIUIEKCOHOMETPUYECKOTO
TUTPOBAHUSA?

8. Iloyemy 3HayuTEIBHBIC KOJIMYECTBA Kejle3a MOTYT MeIlaTh
OomnpeAciCHUI0 O00IIeld KecTKocTh Boabl? Kakum o00pa3oM MOKHO
YCTPAHUTb ITO SIBJICHHUE?

Q. Kaxoe 3HaYEHUE uMeeT KHUCIIOTHOCTD npu
KOMIUIEKCOHOMETPUYECKUX ONPEICTICHUSX ?

10. Jns  dyero  paccuMThHIBA€TCS  YCJIOBHAasi ~ KOHCTaHTa
YCTOMYMBOCTH M KaK OHA OIpeeseTcs?

11. Kakue TpeOoBaHMS TMPEIBSBISIOTCA K PEaKIUsIM B METOJE
KOMIUICKCOHOMETPUU ?

12. Oxapaktepusyire IPUEMBI TUTPOBAHUS
KOMILUIEKCOHOMETpUUeCcKoro Meroaa. [IpuBeaure npumepsi.

13. Kakumu  daktopamu  ompeaeisieTcs — YCTOMYMBOCTH
KOMILIEKCHBIX COEAUHEHU?

14. Yto Takoe komIuiekcoHbl? K kakoMy Kilaccy CO€MHEHUN OHU
OTHOCSITCSl U KaKOBBI X CBOMCTBA?

15. B dem cymHOCTh MeTOJa KoMmIuiekcoHoMeTpuu? HazpaTh
pabouue PACTEODLI, HHIMKATODEI. 3anucaTh OCHOBHOE YypaBHEHHUE
onpenenenus Mg”".

16. Peakuuu  KOMIUIEKCOOOpAa30BaHUs, MPUMEHAEMbIE B
TUTPUMETPUM W TpeboBaHUS K HHUM. B dYeM mOpeuMyIiecTBO
MOJIUJICHTAHTHBIX JIUTaH0B 110 CPABHEHUIO C MOHOJICHTAHTHBIMU?

17. Kak npurotoBuTh pabouuii pacTBOp TpUJIOHA b U yCTaHOBUTH
€ro HOPMAJIbHOCTh?

18. TlpuBeaute cxemy B3aUMOACHCTBUSI KOMIUJIEKCOHA C JIBYX,
TPpEXH  YEThIPEXBAJICHTHHIMM  KaThoHamu. KakoBa  cTpykTypa
oOpazyrommuxcsi KoMIuieKcoHaToB? OT dYero 3aBUCHT MNPOYHOCTH
00pa3yromuXxcsi KOMIUIEKCOHATOB?

19. Kakue MeTajstoXpOMHBIE WHIMKATOpPhl Bl 3Haere? KakoB
MEXaHHU3M HX JIEUCTBHS?

20. Kakue TpeOOBaHUS MPEABABIAIOTCS K METANIOXPOMHBIM
WHAUKaTOpam?
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21. Wnpgukatop »spuoxpoMm dYepHbld T. KuCIOTHO-OCHOBHBIE
paBHOBECHS B BOAHBIX pacTBopax MHAUKaTtopa. OnTUMalbHBIE YCIOBUS
npu TutpoBanuu 1o IXYT.

22. naukatop Mypekcua. KucioTHO-OCHOBHBIE PaBHOBECHS B
BOJHBIX pacTBOpax MHAUWKaTopa. ONTUMalbHBIE YCJIOBUA MPHU
TUTPOBAHUU 110 MYPEKCHU]TY.

23. Kak 3aBucuT BenMYMHA  CKauyka  TUTPOBaHUA B
KOMIUIEKCOHOMETPUU OT TEeMIEpaTypbl, KOHCTAHTbl yCTOMYMBOCTH
KOMIUIEKCHOTO COEIMHEHMSI, KOHIIEHTpaILMKU pacTBOpoB, pH cpesbi?

24. B xakoMm cllydyae BeJIMYMHA CKayKa TUTPOBAHUS OKAXKETCS
HauOOJbIIe M B KAKOM HAWMMEHBINIECH, €CIM TUTPYIOT PaCTBOPOM
tpunona b: a) 0.01 M pactBoper MgSO,4, CoSQO4, ZNSOy; 6) 0.1 M u
0.01 M pactBopsl ZnSO,? [Touemy?

25. Tlouemy KOMILJIEKCOHOMETPUUECKOE OINpE/ICICHUE HOHOB Co*,
Zn2+, Ccd* MPOBOJIAT B 1IeI04HOM cpene? Kakol aHamuTHIeCKui mpuemM
UCIIOJNIb3YIOT JIJIs MPEAYNPEKICHUS 00pa30BaHUS OCAIKOB TUIPOOKHCEH
METaJUIOB B 3TOM cliydae?

26. Kakue MOHBI ONPENECTSAIOTCS C IIOMOIILIO
KOMIUIEKCOHOMETPUYECKOTO TUTPOBAHUS B KUCIION cpene?

27. XKectkoctb Boabl. Kak ompenenuts MKECTKOCTb BOJBI C
nomoibto TpuiioHa b? IlpuBectn pacuetHyro ¢opmyny. Ykazatb
WHJIUKATOPBI.

28. Kakue BemiecTtBa ONPEACISIIOT KOMIUIEKCOHOMETPUUYECKH
METOIaMH TIPSIMOT0, 0OPATHOTO TUTPOBAHUS U IO 3aMEILICHUIO?



