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FrPABUMETPUYECKUU AHAJIU3

I'paBuMeTpHrYecKMii MeTOJ SIBIISIETCS HAanOOJEe 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 BUIE COCTUHEHUS
OTMPEJIETICHHOTO COCTaBa, KOTOPOE 3aTEM B3BEIITUBAIOT.

['paBUMETpHUYECKHE METOIBI TOAPA3IEISIOT HA METO/Ibl OM2OHKU T
METOABI ocaxcoenusA. 1Ipu OTTOHKE ONpenessieMbli KOMIIOHEHT BBIZE-
JISIIOT U3 TPOOKI B BUE ra3000pa3HOro BEIIECTBA U ONPEICIISIOT Maccy
OTOTHAHHOTO BelllecTBa (MpsSMOIN MeToAd) MO0 Maccy ocTatka (KOCBEH-
HbI1 MeTox). B MeTonax ocaxkneHusi onpeaeisieMblil KOMIIOHEHT BCTY-
MaeT B XMMHUYECKYIO0 PEAKIIMI0 C PEaKTUBOM — OCaJUTEIEM, 00pa3ys
TPYJHOPACTBOPUMBIN MPOIAYKT (OCATOK), KOTOPBIA OTAEISIOT, MTPOMBbI-
BAalOT, BBICYILIMBAIOT W OMNPEACISAIOT MAcCy HAa AaHAIMTHYECKUX BECaX.
Merton ocaxkieHHs UCTIONB3YETCs Ha ITPaKTUKE HAOO0JIee IIUPOKO.

JlabopamopHas paboma 1
OnpedeseHue KpucmaaAu3adyuoHHOU 800 bl
8 xs1iopude 6apus

CymHocTh Metona. Kpucmannuzayuonnoul Ha3bIBAIOT BOIY,
BXO/SIIYI0 B CTPYKTYPY KPHUCTANIOB HEKOTOPHIX BEIIECTB — KpHU-
cramoruaparoB, Hanpumep CuSO,- 5 H,O, FeSO, - 7H,O u 1. 1.
[Ipu XpaHeHUU YaCTO MPOMCXOJUT BBIBETPHMBAHUE KPUCTAIIOTHApA-
TOB, T. €. YaCTHUYHAsl WM TOJIHAS MOTEePs] UMU KPUCTAILTA3ALUOHHOM
BOJIbI C COOTBETCTBYIOIIUM U3MEHEHUEM XUMUUECKON (POPMYIJIBIL.

Ornpenenenrie BOJIbl B KPUCTAIIOTHAPATAX MPOBOISAT KOCBEHHBIM
Memooom om2oHKu. MeTos OCHOBAaH Ha TOM, YTO NPU HarpeBaHUU
KPUCTAJUIOTUPATHI pa3jiaraloTcsl ¢ BbIJICICHUEM BOJIbI, MAacCy KOTO-
pOI HAXOAAT MO PA3HOCTH MACC HABECKU JI0 U MOCJIE BHICYIIMBAHUS.

JIns mpoBeAeHUs aHalli3a HAaBECKY KPUCTAILIOTHApaTa B3BEIIU-
BalOT HAa aHAJUTUYECKHUX BEcax, MOMEIIAIOT B MPEABAPUTEIIHHO B3BE-
MIEHHBIN OFOKC, BHOCSIT B TEPMOCTAT (CYLIMIIbHBINA MIKa() U BBLICPIKHU-
BatoT npu 3agaHHou temneparype (110-120 °C), npu xotopoit yna-
JISTFOTCS Taphbl KPUCTAIUIM3AIMOHHOMN BOJIBI M JICTYUYHMX BEIIECTB. 3aTeM
OIOKC OXJIaXJAl0T J0 KOMHATHOW TeMIepaTypbl W B3BEIIMBAIOT
Ha AHAIUTUYECKUX Becax. Omnepainuio MOBTOPSAIOT O TEX IMOp, MOKa



Macca OIOKca HE TIIepeCTaHeT H3MEHSThCS, UYTO CBUJETEIbCTBYET
O TOM, 4TO BCSl KpUCTAJUIM3allMOHHAs BoJa yaaieHa. [1lo pasHuue uc-
XOJHOM M KOHEYHOM MacChl OIOKCAa C HAaBECKOM OMPEACISAIOT COAEp-
YKAHUE JIETYYMX BEIIECTB 10 OTHOIIECHUIO K B3ATOM HAaBECKE.

OOopynoBaHue: BeChl TEXHUYECKHE, BECHl AHAIUTHUYECKUE, CY-
IWIBHBIN IKad), TUTEIbHBIC UL, IKCUKATOP, OIOKC C KPBIIIKOHM.

PeakTuBbI: IBYXBOJAHBIN KPUCTAIUIOTUAPAT XJI0pUIa Oapusl.

Xoa ompenenenusi. HaBecky kpucramiorujapara OepyT Maccoi
B npeaenax ot 1,0 7o 1,5 1, 114 3TOro cojib B3BEIIMBAKOT HA KaJbKe
Ha TEXHUYECKUX Becax. 3aTeM OMNpPEACNISIOT Maccy MyCcToro Orokca
C KPBIIIKOM Ha aHAJIMTHYECKUX Becax ¢ ToyHOocThio a0 0,0002 r
(17151 TOTO TIPOBOJSAT TPU MAPATIJICIHHBIX B3BEIIUBAHUS U MO PE3YJib-
TaTaMm BBIYUCISIOT CpEeJIHEE 3HaueHWEe — miy). llepen B3BemMBaHueM
OIOKC JIOJDKEH OBITh BBICYIIIEH M moanucaH. HaBecky ¢ KajabKu mepe-
HOCSIT B OIOKC, 3aKPBIBAIOT €T0 KPBIIIKON U OMPEEISIOT Maccy OroKca
C HABECKOH (TakKe MPOBOJAT TPU B3BEIIMBAHUSA U MO pe3yJbTaTam
BBIYUCIIAIOT CpPEeAHEE 3HAUCHUE — M1y). JlaHHBIE MO B3BEIIMBAHUIO 3a-
HocsT B Ta0m. 1. Ilo pasHuiie Mmacc 6rokca ¢ HaBECKOM U MyCTOTO OIOK-
ca BBIYUCIIIOT MAacCy HABECKU KpUCTAIIOTUApara (m;).

Tabmura 1

Pe3ynbmamul onpedenenus maccwl (2) xaopuoa oapus
00 U noce 6bICyUuGaAHUA

B3BemmuBanus Macca
Onpenenenne macc
nepBoe | Bropoe | Tpetbe | (CPeAHS)
brokc 0e3 HaBecku n,
brokc ¢ HaBeckou m,
BaC12°2H20 — — - ms
BaCl, (mepBoe BbICyIIMBaHuE) my
BaCl, (BTopoe BeICyIIBaHME) my)
BaCl, (TpeTbe BrICyIMBaHNE) my3
HzO — — - ms

OTKpBIB OIOKC, MOMEMIAIOT €ro B CyIIMJIbHBIN mikad Ha 30 MuH.
3aTeM TUTEIbHBIMM IIHUMIAMH TEPEHOCSAT OIOKC B OJKCHUKATOP



st oxyaxkaeHus. Kppliky Orokca Impu 3TOM HE 3aKphIBalOT. B akcu-
KaTope OIOKC OXJIaXJaloT O KOMHATHOM TEMIIEpaTyphl B TEUCHHE
10—15 muH, 3aKpbIBAlOT KPBIIKOW M TMEPEHOCAT HA AHAIUTUYECKHE
BECHI JIJIA MIEPBOIO B3BEIIMBAHUS IOCJE BBICYIIMBaHUSI. Maccy coud,
OMpEeNIeTICHHYI0 KaK cpeaHee apuMETHUYECKOEe TpeX MNapauieIbHbIX
M3MEpPEHUM, 3aHOCAT B Tabauly (myq). Jlamee cHOBa cTaBAT OIOKC
(C OTKPBITOM KPBIIIKOW) B CymImibHBIN mikad Ha 20 MUH, TOBTOPHO
OXJIAXKJIaIOT B AKCUKATOPE U CHOBA B3BEILIUBAIOT (my ;). Eciin pe3yiib-
TaT MOBTOPHOTO B3BEIIMBAHUS OTIMYACTCS OT MPEAbIIYIIEro He OoJiee
yeMm Ha 0,0002 r, TO MOXXHO CUMTaTh, YTO KPUCTAIUIM3ALMOHHAS BOJA
MOJTHOCTRIO yJialieHa. B MpPOTMBHOM cilyyae MPOBOJAT TPETHE BHICY-
IIIMBaHKE, OXJIAKICHHUE U ONIPEICIICHUE MAaCChl (Mm43).

IIpoBenenue pacueroB
1. Onpenenenre Macchl HABECKU KpUCTaLioruapara ms (T):

m, =m, —m, .
2. OnpenesieHre Macchbl BOABI M5 (T):
ms =m, —m,,, €CIIA IPOBOJMIIOCH J1BA BBICYIIMBAHUS,
my = m, —m, ;, €CIIA IPOBOJNUIIOCH TPU BBICYLIMBAHUS.
3. Teoperuueckoe onpeeaeHue MaccoBou 101 Boibl (%):

BaClz y 2H20 — BaClz + 2H20

n =1 mMoJb n =2 MOJb

M = 244,26 T/M0nb M=18,015 r/momnb
m=nM=24426T m=nM=36,03r

_ m(H,0)-100% _ 36,03-100 %
* m(BaCl,-2H,0) 244,26
4. TIpakTHdeckoe onpeaesIiecHrHe MacCOBOM 101 BObI (%0):

o,0)  —— O 650
2N, (BaCl,- 2H, 0)

o (H,0) =14,75%.

5. AGcomoTHas morpenHocTh onpeneneHus Ax (%):

Ax = ‘O‘) (H2O)HpaKT. —w (H2O)Teop4 -
6. OTHOCHUTEIBHAS MOTPEIIHOCTH onpeneneHus o (%):
o= Ax 100 %.
@ (HZO)Teop.



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

CymHocTh MeToaa. ['paBuMeTprdecKoe onpeaeaeHrue 00bIIH-
CTBa BEILIECTB WM MOHOB MPOBOJAT MEMOOOM OCANHCOEHUA: OTIpEe/ie-
JSIEMO€ BEIIECTBO (MOH) C MOMOIIBI0 XMMHUYECKON pEeaKlnu MepeBo-
AT B GOopMy TPYJHOPACTBOPUMOTO COeqUMHEHUs — ocaaka. Ocamaok
OTJCJISIIOT OT pacTBopa (UIBTPOBAHWEM WM LEHTPU(DYTUPOBAHUEM,
IIPOMBIBAIOT C IEJBI0 yAAJICHHUs] MMOCTOPOHHMUX MPUMECEH, BBICYIIH-
BAIOT WJIM MPOKAJIMUBAIOT J0 MOCTOSHHOTO 3HAYEHUSI MACChl, KOTOPYIO
OTIPEICIIAIOT Ha AHAIMTUYECKUX BECaX.

B Merone ocaxaeHUsl pa3iMyalOT ocaxcoaemyio ¢popmy, B BUIE
KOTOPOW OIpENEIsieMOe BEIIECTBO NEPEBOJAT B OCA/IOK, U pasumem-
puyeckyro gpopmy, B BUJie KOTOPOI ONpPENEIIeMOe BEUIECTBO B3BEIIU-
BalOT. DT (POpPMBI MOTYT COBMaaaTh, a MOTYT M OTJIMYATHCS JPYT
ot apyra. Hampumep, mpu ocaxxaeHuu HMoHa Oapusi cyibdaT-uoHOM
ocak/aemasi ¥ TpaBUMeETpUIecKast pOpMbI COBITAIAFOT:

SO3~
Ba’* ——%  BaSQ, | —poumRae , BagQ, |
onpeoensaemulili.  0cax@coaeman zpasumempuyeckan
UOH dopma dopma

3+
A npu onpeneieHuy HOHOB Fe™' ocaxkieHneM B BUJI€ THIPOKCHUIA
3TU (POPMBI OYAYT OTIANYATHCS:

2Fe" —°2H 5 2Fe(OH), | — PGB 5 Fe,0, |

onpeoensaemulii.  0caxrcoaemas cpasumempuyecKka
UOH ¢dopma ¢opma
Omnpezenenre MOHOB Oapusi OCHOBAHO HAa MX OCAaXKJIEHUU U3 pac-
TBOpa cynb(dar-uoHaMu 10 peaknuu: Ba®' +SO; — BaSO, 5
Hanpumep, xsopua Oapus, HUCIOIB3YEMBIM B JIaDOpaTOpUHU B BHUIE

ABYXBOJHOI'O KpHUCTAJLJIOrHApPATa, BBaHMOﬂCﬁCTByeT C ocaagureiieM
COINIAaCHO YPABHCHUIO pCAKIINH:

BaCl, -2H,0 + H,SO, — BaSO, | +2HCl +2H,0.

Cynbdar O6apus — 0JHO U3 Haubojee TPYTHOPACTBOPUMBIX CO-

. 10
enunenuid Oapus (Ky=1,1-10""), OH TNpaKTHUECKH HEPaCTBOPUM
B KHCJIOTaX, UMEET CTPOrO OINPEACICHHbIA COCTaB, COOTBETCTBYIOIIMIA



dopmyne BaSO,. IIpu npokanuBanuu coctaB cyibgara 6apusi He MEHs-
€TCsl, a 3HaYUT, ocaxkraeMas (opma COBIMAAAECT C TPABUMETPUYECKOM.
B kadecTtBe ocaauTelns MPEANOYUTAIOT CEPHYIO KHUCIOTY, YUYUTHIBAs €€
nerydectb. Ho mockonpky BaSO,4 o cBoer npupoae — MENKOKPUCTAI-
JIMYECKOE BEILIECTBO, MPU OCAKIECHUU HEOOXOIUMO CO3/aTh YCJIOBHUS,
00ecIeunBaoIIUe MOTyUYeHHEe 00Jiee KPYHBIX KPUCTAIIIOB.

[Ipu npokanuanuu ocajaka ¢ ¢uasTpom (600—-800 °C) BO3MOXK-
HBI CJIEAYIOIINE HEXKENATENbHBIE TPOLECCHI:

1. Ilpu o30nenun (cropanuu) ¢uiabTpa ocagaok BaSO, yacTuuHo
BOCCTaHAaBJIMBAETCs yriiem 10 BaS:

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

2. CaumkoM BBICOKAs TEMIIEpaTypa MPOKAJIUMBAHUS MPUBOAUT

K Pa3J105KEHUIO YaCTH OCAJKA:
BaSO4 — BaO + SO3

[ToaTOoMy TIpOKajlMBaHUE TUIJISL C OCAAKOM MPOBOJAT A0 MOCTO-
SHHOM Macchl. ITO OyJeT yKa3blBaTh Ha TO, YTO MOOOYHBIE MPOIIEC-
Cbl 3aKOHYMJIUCh, U OCAJ0K HE COAEPKUT NPUMECEH, yAansieMbIX
MPOKAJIIMBAHUEM.

OOopynoBaHue: BEChl TEXHUUYECKHUE, BEChl aHAIUTUUYECKUE, CY-
WIBHBIN mKad, MydenbHas 1edb, IIUTa JIEKTPUUYECcKas, SIKCUKATOP,
TUTEIbHBIC MIUIMIEI, TPOMBIBAJIKA, OIOKC C KPBIIIKOMW, MUMETKH 00be-
MOM 2 MJ U 5 M (rpaayupoBaHHasi), 0€330JbHBIN (QUIBTP «CUHSA
JIEHTa», BOPOHKA 7151 PuiabTpoBanusi, paphopoBbIii TUTENb, XUMUYE-
CKHE€ CTAaKaHbl, CTEKJITHHAS NaJo4yKa, MPEeIMETHOE CTEKIIO.

PeakTMBBI: JBYXBOJHBIM KpPUCTALIOTHApAT Xjopuma Oapus,
kuciora cepHas (pactBop, C = 1 MoJib/11), KUCTIOTa a30THAs (pacTBOP,
C =2 MOJb/1T), KUCJIOTa TUKPpUHOBAs (pacTBOp C MaccOBOW JmoJjei
1 %), autpat cepedpa (pactBop, C = 0,1 mosb/mn).

Xoa onpeaeneHus

1. B3situe HaBeckn. TouHOe omnpeseneHre HaBeCKu xjopuaa Oa-
pus m3 (okoso 0,5 ) TpoOBOAAT HA TEXHUYECKUX, a 3aT€M Ha aHaJIU-
TUYECKUX BecaxX aHAJIOTUYHO paboTe 1, 3amosHss tadm. 2.



Tabmnura 2

Onpeodenenue maccel (2) xaopuoa u cyavhama oapus

B3semnBanus Macca

Onpenenenne macc
rmepBoe | BTopoe | TpeThbe | (CPEmHsis)

brokc 6e3 HaBecku my
brokc ¢ HaBecKou m,
BaC12'2H20 — — — ms
ITycroit Turenp my
Turens ¢ BemeCTBOM m

(mepBo€ MPOKAJIIMBAHHUE) >1
Turens ¢ BEIECTBOM m

(BTOpOE MPOKAIUBAHMKE) 52
Turens ¢ BEIECTBOM m

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

2. PacTBopenne B Bojge. Hapecky xmjopuaa Oapusi NepeHOCST
u3 OI0KCa B TEPMOCTONKHUIN CTakaH. BIOKC MHOTOKpPAaTHO OIOJacKuBa-
10T HEOOJBIIUM KOJMYECTBOM JUCTUUIMPOBAHHON BOJBI U BBUIUBAIOT
e€ B CTakaH, KyJa NepeHeclin HaBecKy. Boabl 100aBISIOT CTONBKO,
YTOOBI OOIIMHN 00BEM KUIKOCTHU B cTakaHe OnL1 okoi1o 50 mi. HaBec-
KY PacTBOPSIIOT MPU MNEPEMENIMBAHUM C ITOMOIIBIO CTEKJISIHHOW Ta-
nouku. Ha 3ToM miare u nanee manoyky U3 cTakaHa HE BBIHUMAIOT (!),
T. K. HA HEWl HaXOJATCSl YaCTUIIBI OMPEICIISIEMOTO BEIIECTRA.

3. Pacuer kosimuecTBa OCaauTe A U ocaxaenne. Ocagok CyJib-
¢dara 6apus noaydarot mpu o0OpabOTKe pacTBopa xJjopuaa Oapus cep-
HOM KUCIJIOTOM C KOHIIEHTparuen 1 mMosib/i. Jjis MOJHOTHI OCaXKACHUS
KUCJIOTY OepyT ¢ u30bITKOM (k03 duuuent uzdwitka K= 1,5). Co-
IJIACHO YPABHEHUIO PEAKIMU JJIsl OCAKICHUS 1 MOonb xJyiopuaa Oapus
Tpebyetrcsa 1 Mosb cepHOM KuciaoThl. CieaoBaTelbHO, 00bEM CEPHOM
KHUCJIOTHI (MJT) PACCUMTHIBAETCS TAKUM 00pa3oM:

m (BaCl,-2H,0)
M (BaCl,-2H,0)’
n (H,SO,)=n(BaCl, -2H,0);

n (BaCl, - 2H,0) =



n (H,80,)-1000- K

V H SO = ’
R T
rae C (H,SO4) — MomsipHast KOHIIGHTpalUsi CEPHOM KHUCIOTHI (paBHas
1 mons/m); 1000 — MHOXMTENb IS IIepeBojila 0O0beMa pacTBoOpa

U3 JUTPOB B MIULTHIIUTPBL; K — KoahuineHt n3ositka (paBHbii 1,5).
C yuyeTroM H3BECTHBIX 3HAUEHUU YKa3aHHYI (GOpMyTy MOKHO
npeodpa3zoBaTh CIAEAYIOMUM 00pa3oM:

m (BaCl,-2H,0)-1000-1,5
M(BaCl,-2H,0)-1

PaccunTanHblii 00bEM OCaIUTENIsI OTMEPSIIOT MEPHOM MHUIETKOMN
Y BBUIMBAIOT B JIPyroll TEPMOCTOMKHUN cTakaH. B Hero moOaBisior
2 MJI pacTBOpa a30THOW KUCJIOTHI JIJIS JIy4lIEro 0Opa3oBaHUsl OCaaKa
cynb(ara 6apus, a Takke 3—4 Karim pacTBoOpa MUKPUHOBOU KUCIOTHI
JUIS TIOJIHOTO CO3PEBAHMUs OCAJKa.

Crakanbl — TIEpBBIM C pacTBOpOM Xjopuaa Oapusi U BTOPOH
C KMCJIOTaMU — HArpeBarOT HA 3JIEKTPUUYECKOMN IUIMTKE, HE JOMyCKas
kureHus. Jlamee pacTBOpbl CHUMAKOT C MIIUThI. CMECh KUCIIOT MPUJIH-
BAIOT IO CTEKJSHHOW MajoyKe K pacTBOpYy Xjopuja Oapuisi, OCTAaBUB
HECKOJIbKO Karejdb KHUCIOTHhI JJIsi MPOObl HA TOJHOTY OCaXIACHUS.
KuciaoTel mpuiauBarOT MO 4acTAM J0 MOJHOTO OCaXACHUsI, YTOOBI Oca-
JOK OBUT KpYMHOKpUCTALTHYECKHUM. CMECh NepEMEIINBAIOT B TCUCHHE
3 MUH, MOCJI€ YEro KUIISTAT NPHU MOCTOSIHHOM NEPEMENINBAHUU B Te-
yenue 1 muH. [Ipu cobnroaeHnn BcexX yKa3aHHBIX MTPaBUII OCAI0K OCSI-
JIET Ha JTHO CTAaKaHa, a XKUJIKOCTh HAJl HUM CTAaHET npo3payHou. [locie
ATOr0 MPOBOJAT MPOOY HA MOJHOTY OCAXKICHHUS U, €CIU OCAXKICHHUE
MPOLIJIO TMOJIHOCTBIO, COAEPKMMOE CTAaKaHAa BMECTE C MaJOYKOU
OCTaBJISIFOT Ha 2 yaca JJisl CO3PEBAHUSA OCAAKA.

4. ITpo6a Ha MOJHOTY OcaxkneHus. Karuio npo3payHoi KUIKOCTH
HaJ OCaaKOM 3a0HpaloT CTEKJISSHHOM TaJOYKOM U  TEepPEeHOCAT
Ha MPEAMETHOE CTEKIIO C PpacTBOpoM ocaautens. Ecmm mosBusercs
MYTb, CIEIYET N100aBUTh OCATUTEINS B CTAKaH CO CMEChIO, TTIOBTOPUB BCE
OMEpAaIMU OCAXKICHUS, U BHOBb ITPOBEPUTH HA MIOJIHOTY OCaxJaeHus. Ec-
JIM paCTBOP HE MYTHEET, 3HAUUT, OCAXKJICHUE MPOILIO MOTHOCTHIO.

5. ®PuabTpoBaHMeE U IPOMbIBaHUE 0caAKa HA puiabTpe. Cyxon
0€330JIbHBIN (PUIBTP «CUHSS JICHTa» CKJIaJAbIBAIOT BUETBEPO U MOME-
IAI0T B YUCTYIO BOPOHKY. [loAroHstoT GuiibTp 1o BOPOHKE U CMAuHU-
BAIOT €0 JUCTWUIMPOBAHHOW BOJOW W3 IPOMBIBUIKH, OCTOPOKHO

V(H,S0,) =



MpUXKKMMasl CTEKISTHHOM Majouykoil Oymary K CTeHKe BOpPOHKH. Ecim
GUIBTP XOPOIIO MOJOTHAH, TO HOCHUK BOPOHKH 3aIOJHUTCS BOIOM
u puwibTpoBaHue OyJeT MpoXoauTh ObicTpee. 107 BOPOHKY CTaBAT
CTakaH sl cOopa MPOMBIBHOM JKMAKOCTH (711 9TOU I[ETTU MOKHO HC-
MOJIb30BaTh CTAKaH, B KOTOPOM pPaHEe HaXOUJIaCh CMECh KHCIIOT).

OCTOpOKHO, HE B3MYUYHBasi OCaJI0OK, CIMBAIOT MPO3PAYHBIN pac-
TBOP IO CTEKJIIHHOM Mayiouke Ha QUIBTP, 3aMOJIHsA €ro He 0ojiee YeM
Ha 2/3 (ecnu moTepeTh MajblieM IMOJ| «KHOCUKOMY CTaKaHa C OCaJIKOM,
OH He OyJeT CMauuBaThCsl BOJOM U Kariu (QUIBTPYEMOM >KUIAKOCTHU
He OyAyT CTEKaTh IO BHEIIHEH CTeHKE cTakaHa). CTeKIsSTHHAS MajJovKa
JOJDKHA HAaXOAUTHCA TOJBKO HaJl (PUIBTPOM WM B CTaKaHe, HEJb3s
noTparuBarbesi €0 10 GuibTpa. Takum oOpazom (GUIBTPYIOT MOUYTH
BECh PACTBOP C OCaJKa, CTApasCh MEHBIIEC B3MYyYUBATh €r0. DTOT Me-
TOJl Ha3bIBACTCSI OeKAHmauueu.

[Tocyie 3TOro MPUCTYMAarOT K NPOMBIBAHUIO OCAJKa ISl MOJHOTO
yIaJeHUsl HOHOB XJyopa. B crakan HammuBaroT 20-30 M gucTriumpo-
BAHHOW BOJbI, B3MYYMBAIOT OCAJOK IAJIOYKOM, HAIOT OTCTOSTHCS
U JICKaHTUPYIOT XKUAKOCTh C ocajka Ha GuiasTp. [Ipouenypy mpomsl-
BAHUs MOBTOPSAIOT HE MeHee Tpex pa3. Ilocme aToro ocraBmmiics oca-
JIOK, OCTOPOYKHO B3MYUYHBasi, CMBIBAIOT U3 CTaKaHa HEOOIBIIMMHU TOP-
IUASIMHA BOJIbI, CTEKJISTHHYIO NAJIOYKy MPOMBIBAIOT HaJ OCAJKOM C MO-
MOIIBIO MPOMBIBAJIKU.

6. IIpo0a Ha moaHOTY MpoMbIBaHus. [locienHO0 Karmmo npo-
MBIBHOM >KHJIKOCTH C KOHIIa BOPOHKM IOMEIIAIOT Ha MPEIMETHOE
CTEKJIO M HAaHOCST Ha HEro Karullo pacTBopa HuTpaTta cepedpa. Ecnu
OTMBIBAaHHE OCaJIKa MOJHOE, TO PEeaKIUsl Ha aHUOH XJIopa OyJIeT OTpH-
LATEJIbHOM, T. €. KaIllid pacTBOpa OCTaHeTcs Ipo3payHou. [Ipu moss-
JIEHUHW MYTH TPOMBIBAHHE TTOBTOPSIOT.

7. BoicymuBanue ocaaka. BopoHKy ¢ (UIBTPOM TOMEMIAIOT
B CYIIWJIbHBIN KA ¥ MOACYUBaOT 5 MuH nipu Temmneparype 100 °C.

8. IIpokanuBanue ocaaka. OUIbTp C MOJACYLMICHHBIM OCaJIKOM
BBIHUMAIOT U3 BOPOHKHU U CBOPAUYMBAIOT B BUJIE KOHBEPTA, BHYTPH KO-
TOpPOro HaxoauTcs cylbdar Oapus. KoHBepT momemniaroT B YHUCTHIM
MPOKAJICHHBIN TUTEIb (MACCy TUTJISI M4 IPEABAPUTEIBHO OMPEACIISIIOT
Ha aHAJUTHYECKUX BECax). 3aT€M THUTEb MEPEHOCIT C MOMOIIBIO TH-
TeJIbHBIX IIUMIOB B My(PeNbHYIO MeYb, PA30TPETYIO /10 TeMIEpaTyphl
700 °C. IlepBoe npokanuBaHHWE MPOBOAAT B TeueHUEe 30 MUH A0 TOJI-
HOTO O30sicHUs QuiabTpa. [locie 3Toro TUreaTbHBIMH ITUIIIIAMU TIepe-

10



HOCSIT TUT€JIb B SKCUKATOp A1 oxaaxaeHus (10—15 mun) u npoBoasr
MepBOE B3BEIIMBAaHUE, PE3yJbTaT 3aHOCAT B Tabmuity (ms.). Jamee
IIOBTOPSIOT MIPOILIEAYPY IpOKaIuBaHus B TeueHrue 20 MUH, OXJIaXKIat0T
TUTENIb B SKCUKATOPE WM CHOBAa B3BEIIMBAIOT (ms,). Eciam pesynbrar
MTOBTOPHOT'O B3BEIIMBAHUS OTJIIMYACTCS OT MPEABIAYIIEro He Oolee
yeM Ha 0,0002 r, TO MOKHO CUMTATh, UTO Macca JOCTHUTIJIA TOCTOSHHO-
ro 3Ha4YeHUs. B MPOTUBHOM cily4ae MPOBOJAT TPEThE MPOKAIMBAHUE
(20 MuH), OXJaXICHUE U ONIPEICIICHUE MACChI (M153).

IIpoBenenue pacueros
1. Onpenenenue Macchbl HABECKU XJopuaa 6apus m; (T):

m, =m, —m, .
2. Onpenenenue Macchl cynbhara 6apust mg (T):
m, = m,, — i, , €CII1 IPOBOJNJIOCH JBa POKAIUBaHUS,
m, = m, , — M, , €CII1 IPOBOJIUIOCH TPU NPOKAJIUBAHUS.

3. Coneprkanue omnpezaesseMoro BemiecTsa X (T), a B HACTOAIIEH
2+
pabote 5T0 noHsl Oapus (Ba™), BeruucisatoT no Gpopmysie:

x=a-f,

rJie @ — Macca rpaBuMerpudeckoi hopmel (T); f— dakTop nepecuera.

dakTop mnepecueTa MOKA3bIBACT OTHOIIEHHWE MOJISIPHOM MacChl
OTpEeNIeNIIEMOr0 BEIIECTBA K MOJISIPHOW Macce TpaBUMETPUUYECKOM
dbopmbl. 3HAUCHUS f, OTIPEICIICHHBIE C BEICOKON TOYHOCTHIO, 3aHECCHBI
B aHAIMTHYECKHE CIpaBOYHUKH. OIHAKO IS KaKJIOT0 KOHKPETHOTO
city4as f HeCIIOKHO pPacCUUTaTh:

o Ar (Ba™) _ 137,326 _
Mr (BaSO,) 233,39
Takum o6pa3zomM, macca HOHOB Oapus (T):
m(Ba’)=a- f=m,-0,5884.

4. TeopeTuueckoe OMNpeaeIeHUe MacCOBOM J0JIM HOHA Oapus
(Ba®™") B xnopuze 6apust (BaCl,-2H,0) (%):

 Ar(Ba*)-100% 137,326-100%
" Mr(BaCl,- 2H,0) 244,26

5. [IpakTHueckoe ompeAcieHne MacCOBOM JOJM HOHA Oapus
(Ba™") B xstopuze Gapust (BaCly-2H,0) (%):

0,5884.

o (Ba>) =56,22%.
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2+
o (Ba>), . = mBa) 00,
- m, (BaCl,-2H,0)

5. AGcontoTHas MOTpeIrHOCTh onpeaciaeHus Ax (%):

Ax =|o (Ba™ ), —© (Ba™),, |-
6. OTHOCHUTEIBbHAS MMOTPEIIHOCTH onpeaeneHust 0 (%):
Ax
0= - 100 % .
o (Ba™)

TEop.

KonmpoavHasa 3adava 2.1

Ecau pabota mpoBOAUTCS Ha OIEHKY, M3HAYAIBHYI) HABECKY
xJjiopuaa 6apusi B O0KCe ydaliuMcs BbIIAET JIabopaHT. B aToM ciydae
B3BCIIIMBaHUE OIOKCa HE MPOBOJAT (MEpPBBIC JBE CTPOKH TaOJIUIIBI
HE 3aI0JIHSIOT), @ X0/ ONPEICIICHUS] HAUMHAIOT C MTYHKTA 2, pacTBOPSS
HABECKY B BOJIE.

[locne mpoBeneHHs] aHAIM3a BBIYUCISIOT Maccy HOHOB Oapus
(c TouHocThIO 10 4 3Haka nocine 3anaroi). [lonmyyeHHsll pe3ynbTat
OTHAIOT HAa MPOBEPKY, MOCIE KOTOPOW MOJYYarOT OLEHKY M Y3HAIOT
Maccy M3Ha4YaJIbHOM HABECKHU Xjopuaa Oapus mz. ITO 3HaUYECHUE 3aHO-
CST B Ta0J1. 2 ¥ UCTIONB3YIOT JJIs1 JaTbHEHIITNX PacueToB.
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TUTPUMETPUYECKUU AHAJIU3

TurpumMeTpr4ecKUd MeTOJd — METOJ KOJIWYECTBEHHOI'O AHAJIM-
32, OCHOBAHHBIM Ha M3MEPEHUU O0BEMa pacTBOpa peareHTa ¢ TOYHO
W3BECTHOM KOHIICHTPALMEW — MUmpaHma, 3aTPAyCHHOIO HA pEak-
LIUIO C ONPEAECISIEMbIM BEIIECTBOM. JTO aHAJIU3, OCHOBAHHBIN HA TUT-
poBaHUU. TUTPOBAHUE MPOU3BOAAT C MOMOIIBIO OrOpemKu, 3an0JIHCH-
HOM TUTPAHTOM JO HYJIEBOM OTMETKH. B X01€ TUTPOBAHUSA OCTENEHHO
T00aBIISIOT K PacTBOPY OIPEALIIEMOro BellecTBa (WiIn ero aluKeome
— TOYHO M3MEPEHHOM KpaTHON YacTH PacTBOpAa) SKBUBAJICHTHOE KO-
JIMYECTBO TUTPAHTA IO MOJIHOTO MPOXOKIACHUS XUMHYECKON pEaKIu
MEXIYy HUMU — peakuuu mumpoeanusi. KOHEUHYIO TOUKY TUTPOBA-
HUSI B XMMHYECKOM aHaJIM3€ OOBIYHO OIPEICSSIOT C MOMOIIbIO MH]IH-
KaTOPOB, XOTS CYIIECTBYIOT M O€3bIHANKATOPHBIE METO/IBI.

[IpenMymecTBO TUTPUMETPUUECKOTO METO/IA aHAJIM3A MEPE]T Tpa-
BUMETPUYECKUM COCTOUT B OBICTPOTE OMPEACICHUN U MEHbIIEH TPy-
TOEMKOCTH. TOYHOCTh TIPH ITOM MPHUOIMKACTCS K TOYHOCTH T'paBH-
METPHUYECKOTO aHAJIU3A.

B TtuTprMeTpHYecKoM aHaln3€ HCIOIb3YIOT PAacTBOPHI C TOYHO
M3BECTHOM KOHIIEHTpamnuen (morpemHocts He Oosee 0,1 %), Takue
PacTBOPBI HA3BIBAIOT cmanoapmuvimu (padouumu). Paznuyaror nep-
BUYHBIC ¥ BTOPUYHBIC CTAHIaPThI.

Iepeuunvie cmanoapmer (pacTBOPHI C MPHUTOTOBICHHBIM THT-
pPOM) TIOJTYy4YarOT PacCTBOPCHHUEM TOYHON HABECKH pearceHTa B MEpHOM
KOJI0€ 1 pa3daBiieHUEM MOJYYEHHOI'O pacTBOpa J0 METKHU. 3HAs Maccy
PacTBOPEHHOTO BEIIECTBA U O00BEM pPAaCTBOpPA, MOXKHO BBIYUCIUTH
KOHIICHTpaIuio. [IpUMEHSIOT Clienyromue BUAbI KOHIICHTPAIUH.

1. Moaapuasa konuenmpayusn C (MOJb/1):

mB-Ba _ nB-Ba

M -V V

B-Ba p-pa p-pa

b

TI€ My, — Macca pacTBOPEHHOTO BemiecTBa (T); My ,, — MOJsipHast
Macca pacTBOPEHHOIO BelecTBa (T/MOJIb); My, — KOJWYECTBO pac-
TBOPEHHOT'O BEILECTBA (MOJIB); V), ,, — 00BEM pacTBOpa (11).

2. Moasapuasn KOHUEHMPAYUA IKGUGATEHMA (yecmap. — Hop-
manvras konyenmpayus) C bz (MoIB/1):
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1/z mB-Ba

= MI/Z 'V

B-Ba p-pa

=C-z,

rIe Ml/z

B-Ba

— MOJIApHAasi Macca SKBUBAJIEHTa BellecTBa (T/MOJIb); z —

YHCJIO SKBUBAJICHTHOCTH, TTOKA3bIBAIOIIECE YMCIIO SKBUBAJICHTOB BelIle-
CTBa, cojJiepKamuxcs B 1 MoJib 3TOro BellecTBa (ONpeneseTcss npu-
MEHUTEJbHO K KOHKPETHON XUMUYECKOU peakiun); 1/z — daxktop k-
BUBAJICHTHOCTH.

3. Tump pactopa 1 (r/mn):

m_. C-M_

T — B-Ba
2
V.. 1000
rae Vy.pa — 00BEM pacTBopa (Mi).
4. Ycnosnwlit mump, una mump no onpeoensiemomy eeuiecmaey,
T34 (T/M1) TIOKa3BIBAaCT Maccy ompejaeisieMoro BemecTBa (A4), pearu-

pytoiyto ¢ 1 mi nobaBieHHoro TutpanTa (B):
mA - ML/Z B CZI;/Z ‘ML/Z

gz v, © MY 1000

PeareHT mJ1si MPUTOTOBJICHHS MIEPBUYHOTO CTaHAApTa JOJDKEH OT-
BEUaTh CIEAYIONTUM TPEOOBAHUSM:

- UMETh KBanudukaiuio He Hrke YA (4ucToiii 115 aHAIN3a);

- OBITH HEJICTYUYNM;

- OBITh HETUTPOCKONTMYHBIM (HE MOIJIOMIATh BOY);

- HE TIOTJIONIATh YTIEKUCIBINA ra3 U APYTrue KOMIOHEHTHI U3 aTMO-
cdepsl;

- CTPOTO COOTBETCTBOBATh XUMHUYECKOH (hopmyIie;

- IMETh O BO3MOXXHOCTH OOJIBIIIYIO MOJISIPHYIO MAacCy IKBHBa-
JeHTa (4TO CHMYKAET MOTPEIIHOCTD MPY B3BEIINBAHUN ).

JIisi mpUroTOBICHUS TIEPBUYHBIX CTAHIAPTOB TaK)XE YacTO HC-
MOJB3YIOT cmanoapm-mumpol (ycmap. — QuKcanaivl) — BBITYCKa-
eMbI¢ TTPOMBINIJICHHOCTHIO 3aMasHHbIE aMITyJIbl, COJIEp)KaHUE BEISCTB
B KOTOPBIX TOYHO U3BECTHO.

Eciu peareHT He oOTBedaeT TpPEOOBAHUSM, TMPEIBIBISIEMbIM
K TIEPBUYHOMY CTaHJIAPTy, U3 HEr0 MOXXHO H3TOTOBUTH GMIOPUYHbLIL
cmanoapm (pacTBOp C YCTAHOBJICHHBIM TUTPOM) — CTaHAAPTHBIN pac-
TBOP, XapaKTEPUCTUKH KOTOPOTO YCTAHOBJICHBI IO TEPBUYHOMY CTaH-
napty. B 3ToM ciydae roToBsST pacTBOp peareHTa ¢ MpUOIU3UTEIBLHOM
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KOHLICHTPALMEN, a 3aT€EM YCTAaHABJIMBAIOT TOYHYK) KOHLEHTPALMIO ITY-
TEM TUTPOBAHMS PACTBOPOM MOAXOIAILIETO IEPBUYHOTO CTaHIAPTA.

PaznuyaroT Tpu OCHOBHBIX CIIOCO0A TUTPOBAHUS: IpsMoOeE, oOpart-
HOE U 3aMecTutenbHoE. [Ipu npamom mumposanuu pactBop onpeze-
JaseMoro BemiecTBa (4) HEMOCPEICTBEHHO TUTPYIOT PacTBOPOM THUT-
panTa (B). D1oT criocobd Hambosee MPOCTOM, HO €ro He yJaaeTcs IpHu-
MEHUTbh, KoTja A HEYyCTOMYUBO, Korja 4 U B MeJJIEHHO B3auMO/ICii-
CTBYIOT (MO0 HE B3aMMOJEHCTBYIOT) FUIM KOTJa HE yAaeTCsS TOI0-
OpaTh MHAUKATOP. B 3THX ciydasx NMpUMEHSIOT 00OpaTHOE WJIH 3aMe-
CTUTEJILHOE TUTPOBAHUE.

Oopamnoe mumposanue (1o ocratky). K pactBopy Bemniecta 4
T00aBIISIIOT CTPOT0 OTMEPEHHBIHN, 3aBEIOMO M30BITOUYHBIN O OTHOIIIE-
HUIO K BEIIECTBY A 00bEM JIOMOJHUTEILHOTO paboyero pacTpopa Be-
miectBa C, pearupyrouiero ¢ A B 3KBUBAJICHTHBIX KoJindyecTBax. [locie
OCTaTOK HemnpopearupoBapiiero C OTTHUTPOBHIBAIOT OCHOBHBIM THT-
paHToM B.

3amecmumenvnoe mumposanue. Bce KOIMUeCTBO BeliecTBa A
MEepEeBOIAT (3aMEIIAl0T) XUMHYECKON peakineil ¢ 3aBeJOMbIM H30bIT-
KOM peareHTa D B 9KBHBAJIEHTHOE BEIIECTBY A KOJIMYECTBO BEIIESCTBA
C, KOTOpPO€ M OTTUTPOBBIBAIOT TUTPAHTOM B (B u C mpu 3TOM JT0JIK-
HBI B3aMMOJICCTBOBATh CTEXHUOMETPHUUECKH ).

B TuTpuMeTpruuecKOM aHaIM3€ HUCMOJIB3YKOT PEAKIHUH BCEX TH-
NOB: HEUTpaJIU3allUU, OKUCIEHUS — BOCCTAHOBJIEHHUS, KOMILIEKCOO0-
Pa30BaHUS U OCAXKICHUS.

KHC/IOTHO-OCHOBHOE THTPOBAHHE

KucioTHO-0CHOBHOE THTpPOBaAaHHME OCHOBAHO HA pPEaKUUH
Heumpanu3ayuu:
H"+OH — H,0,

IIPY 3TOM B XOJI€ TUTpOBaHUs u3MeHsaeTca pH pactBopa. 9tum merto-
JIOM OIPEACNSIOT KUCIOThI, OCHOBAaHUS U COJU (pacTBOPbI KOTOPBIX
MOJBEP>KEHBI THUAPOJIN3Y, & TAKXKE KHUCJIbIE U OCHOBHBIE). B HEKOTO-
PBIX CIIy4dasiX MOHO OIPEAEIATh U KOHUEHTPALMIO 3THUX BELIECTB
B UX CMECSX.
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Tutpantamu mMeToza sSBISAIOTCS pacTBOpbl cuiibHbIX KuciaoT (HCI,
H,SO,4, HNO3) u ocnoBanuii (NaOH, KOH). 91u BemiecTBa HE COOT-
BETCTBYIOT TpeOOBAHUSM, MPEABSIBISIEMbIM K MEPBUYHBIM CTaHAap-
TaM, TOATOMY KOHIUEHTPAIMIO TUTPAHTOB YCTAHABIUBAIOT CTAHAAPTH-
3aIMel UX pacTBOPOB. B KauecTBe MEPBUYHBIX CTAaHAAPTOB Yalll€ BCE-
ro HCroan3ywT O0ypy Na,B,0;- 10 HO u 0e3poanbiii kapOoHaT
HaTpusi Na,CO; (ecnu CTaHIapTU3YIOT PaCTBOP KHUCIOTHI), OCH30M-
Hyto kuciotry CgHsCOOH wu pguruapar miaBeneBOHM KHCIOTHI
H,C,0, - 2 H,O (ecau cranaapTU3yrOT pacTBOP IICI0UH ).

JIns onpeniesieHus KOHEUHOW TOYKH TUTPOBAHUS UCIOJIb3YIOT UyB-
ctButenbHble K pH cpensl unankaropel — pH-unouxamopul (n1akmyc,
dbeHondTanery, METUJIOBBIA OpaH>KEBbIA, OPOMTHUMOJIOBBIA CUHUM
U Ip.). DTH BEUIECTBA CHOCOOHBI U3MEHSATH CBOM I[BET B 3aBUCUMOCTHU
ot 3HaueHus pH pactBopa. BaxkHenmen xapakTEpUCTUKON UHIUKATOPa
ABJISIETCS. UHMeEP8a nepexooa — VHTEpBal 3HaueHul pH, BHyTpH Ko-
TOPOTO MPOUCXOJUT HAUOOJIee PE3KOE U3MEHEHHE OKPACKH MHJIUKATO-
pa. Hanpumep, METWIOBBIA OpaHXEBbIA U3MEHSAET  OKPAaCKy
npu pH =3,1-4,4; denondraneun npu pH = 8§,2-10,0; 6poMTHUMOIIO-
BbI cuHuil npu pH = 6,0—7,6 (3HaUeHUs] MHTEPBAJIOB MEpEXoaa pas-
JMYHBIX UHAUKATOPOB MPUBOJATCS B CIIPABOYHOM nuTepatype). Muau-
KaTop BBIOMPAIOT TaKUM 00pa3oM, YTOOBI €ro MHTEpBaJI Mepexoja Jje-
a1 BOJIM3HM TOYKU YKBUBAJICHTHOCTH 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 MOABEpPraeTcs rupoIn3y,
B PE3YJIbTATE YET0 UMEET MICTOYHYIO CPENY:

Na,B,07 +7 H,0 — 2 Na’ +2 OH + 4 H;BO0:.

PacTtBop Oypbl TUTPYIOT PacTBOPOM COJISHOM KHCJOTHI MPSIMBIM
CIoco0OM, Kak CHJIbHOE OCHOBAaHHME CHJILHOM KucoTOH. B mporecce
TUTPOBAHHUS MTPOTEKAIOT PEAKIINU:

N32B407 +7 HQO — 2 NaOH + 4 H3BO3
2 NaOH + 2 HCIl — 2 NaCl + 2 H,O

Na,B40; +2 HCI + 5 H,O — 2 NaCl + 4 H;BO; .
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N3 cyMMapHOro ypaBHEHUSI BUAHO, YTO JJII TUTPOBAHHUS 2 MOJIb
HCI tpedyercst 1 monb Na,B4O;. B TepMuHax sKBUBaJ€HTOB 3TO 3a-
nuceiBaetcs tak: 1/z (HCl) =1, 1/z (Na,B40,) = Y. D10 03Hauaer, 4to
IUTsl TIPOBEAICHUSI TUTPOBaHMS B oObeMax 1:1 (uto Hambomee neneco-
o0Opa3Ho), Oypa JOJKHA MMETh MOJISIPHYIO KOHIIEHTpaIMio B 2 pasa
MEHBIIIE, YEM COJISIHAsI KUCIIOTA.

B Touke »skBHUBajieHTHOCTHM BenuunHa pH Oyxer Hmke 7,
T. K. B pe3yJibTaTe peakiuu oOpazyercsi OopHas kuciota (pH = )9).
[TosToMy 1J1s1 YCTaHOBJICHUSI KOHEUHOW TOYKU TUTPOBAHUS HCHOJIb-
3YIOT WHIUKATOp, KOTOPHIM MEHSET OKpacKy B KHUCJIOW OO0JacTH,
npu pH 6mm3kux x 5. Haubonee momxondiyve WHANKATOPHI B 3TOM
JIAATNa30HEe — METUIIOBBINA KPACHBIA U METUIIOBBINA OPAHKEBBIN.

O0GopynoBaHue: BEChl TEXHUUYECKHE, BEChl aHATUTUYECKHUE, OFOKC
C KpBIIIKOH, OropeTka o0beMoM 25 M, KOJObI MEPHBIE C MPOOKOM
oobemom 100 u 250 M1, koJ1I0a KOHUYECKAs JJIsI TATPOBAHUS 00HEMOM
50 M7, muneTkn oobemMoM S Ml (TpagyupoBaHHas) U 10 Mi, BOpOHKa,
rpyliia, CTakaH Jijis CJIUBA, TPOMBIBAJIKA.

PeakTuBBI: JECATUBOIHBIN KPUCTAIUIOTUAPAT TeTpabopaTa HATPHs
(Oypa), kuciora  coisHas  (KOHIICHTPUPOBAHHBI  PacTBOD,
p = 1,17 r/mi1), ”HIUKATOP METUJIOBBIA OPAHXKEBBIN (BOAHBINA PAaCTBOP).

Xoa onpeneneHus

1. Pacyer u B3iTHE HaBecKHU Oypbl. PacTBOp Oyphl TOTOBST KaK
NEePBUYHBIM CTAaHAAPT C MOJIAPHOW KOHIICHTpAlUEel SKBHUBAJIEHTA
0,05 Monw/n1 B MepHOII K010 00bemom 100 M. Maccy HaBecku Oypbl
(T) paccuuTHIBAIOT MO PopMmyJie:

_ 1/z 1/z
Mya,B,0,-100,0 = M Na,B,0, - 10H,0 'VK -,
Ml/z 6
rae My, 5o, .10n,0 — MOJISPHAs Macca SKBUBAICHTa Oypbl, paBHas
190,68 r/mons; Vyx — o6beM MepHOil konoObl (11); C'* — MondpHas

KOHIICHTpAIUsI SKBUBAJICHTa OYphI (MOJIB/J) B TpEOyEMOM PacTBOPE.

Paccuntannyro maccy Oypbl B3BEHIMBAIOT B OIOKCE CHayaia
Ha TEXHUYECKHUX, a 3aT€M Ha aHAJTUTHUYECKUX Becax. MeToanka B3sTHS
HaBECKHU MOJpoOHO omucaHa B jabopaTopHoi padote 1. PesynbTaThl
3aHOCST B Ta0II. 3.
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Tabnuua 3
Onpeodenenue maccol Hasecku (2) oypet Na,B,0; - 10 H,O

B3BemmBanus Macca
OnpeneneHne Macchl
IIEPBOE | BTOPOE | TPETHE (cpemHsist)
brokc 6e3 HaBecku m,
brokc ¢ HaBeCcKoM m,
N&2B4O7 - 10 Hzo — — - ms= m, — nmy

2. IIpuroroBjieHue CTAHAAPTHOIO pacTBopa Oypbl. MepHyO
kosi0y o0bemMoMm 100 M1 MOIOT M OMOJACKUBAIOT JUCTUIUIMPOBAHHOMN
BOJIOM. HaBeCKy MOJHOCTBIO MEPEHOCAT YEPE3 CYXYH0 BOPOHKY B MEp-
HYI0 KOJIOY, TTPEABAPUTEIILHO 3aMOJIHEHHYIO JUCTHILTMPOBAHHOM BOJIOM
Ha 1/3 obbema. OctaTkm conM W3 OFOKCAa M CO CTEHOK BOPOHKH TIIA-
TEIBHO CMBIBAIOT BOJIOM U3 MPOMBIBAIKHU B 3TY ke Konoy. ComepkumMoe
KOJIOBI TMEpPEMEITUBAIOT 0 MOJHOro pactBopeHusi conu. [locne 3toro
PacTBOp MOBOJAT A0 METKH IUCTHILIMPOBAHHOW BOAOU. OTcUeT BeayT
10 HIKHEMY MeHUCKY. KonOy 3akpbIBaroT MpOOKOM U MOANKCHIBAIOT.

3. IlpuroroBiieHHe pacTBOpa COJAHONW KHUCJIAOTBI. ColistHas
KHUCIIOTa JIeTy4yas, TOYHOM KOHIeHTpaluend He obnamaer. TouHyro
KOHIIEHTPALUIO KUCIOThl YCTAHABIMBAIOT 110 CTAHJAPTHOMY PacTBOPY
Oypbl, HO cHauyasia roToBsT pactBop HCI ¢ mpubnusurenbHOi KOHIIEH-
Tpauuen skBuBajieHTa 0,05 mosb/a. JJist 3TOr0 MCMOJIB3YIOT PacTBOP
koHieHTpupoBanHoit HCI, umeromuiicst B nmadoparopuu. Pacuer Be-

oyT 1o ¢hopmyIie:

MI/Z . Cl/z . V
— K
HCl
1000-®-p
rae Vyc) — 00beM UCXOJHOW KOHIIEHTPUPOBAHHOM COJISTHOM KHCIIO-
Thl (MJ1); M — MojsipHas Macca SKBUBAJEHTa COJITHOM KHUCIIOTHI,

paBHas 36,46 r/monb; C'° — Tpebyemas KOHIIEHTpALUS SKBHBAJICH-
Ta COJSIHOW KHUCIOTHI (MOJIb/M); Vx — 00beM MEpHOU KOJIOBI, paB-
HbIM 250 MJI; @ — MaccoBasi A0JA HMCXOJHOIO pacTBOpa COJITHOU
KUCJIOTHI (OJM €IWHHUIIBI); p — IUIOTHOCTh HMCXOJHOTO pacTBOpa
COJITHOM KUCIIOTHI (T/MIT).

[110THOCTh KOHIEHTPUPOBAHHOTO PACTBOPA COJSIHOW KHCIOTHI
3aMepAIOT apeoMETPOM B MEPHOM IWIMHJPE C COOMIOJICHUEM BCEX
paBUJ TEXHUKH OE30MAaCHOCTH, a 3aTE€M ONpPEIENSAIOT MO CIpaBOY-
HUKY MaccCoByK noirw0. Hampumep, pacTBOpY COJSHOW KHUCIOTHI
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C INIOTHOCTBIO p = 1,17 I/MA  COOTBETCTBYyeT MaccoBasi JOJs
o = 34,18 % = 0,3418.

Mepnyto k0s10y 00beMoM 250 MJT TIIATEIFHO MOIOT M OIOJIACKH-
BAIOT JUCTUUIMPOBAHHOW BOJOM. 3aT€M 3alOJIHSIOT €€ AUCTUILIUPO-
BaHHOM BOJ0¥ Ha 1/2 0ObeMa M BIMBAIOT OTMEPEHHOE MHUIIETKON KO-
JINYECTBO KOHIECHTPUPOBAHHOW COJIIHOM KHUCJIOTHI. PacTBOp HOBOAAT
10 METKU JUCTHILIMpOBaHHOM Boaou. KonOy 3akpbiBaloT mpoOKOH,
MEepPEMEIIMBAIOT M TMOJIKUCHIBAIOT, YKa3aB CBOM pabouuii HOMEp
1 (opmyny BelecTBa.

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

4. MeTroauka TUTPOBaHUSA. BHOpPETKy MOIOT, ONOJACKUBAKOT
TYMCTUIIMPOBAHHON BOJIOM, a 3aT€M MPUTOTOBICHHBIM PAacTBOPOM
HCI. [Janee OropeTKy HaAIMOJHSIOT STUM PACTBOPOM BBIIIE HYJIEBOTO
JEJICHUS U yAAISI0T BO3yX U3 HAKOHEYHHUKA M PE3MHOBOU TPYOKH
OIOpeTKH. YCTaHaBJIMBAIOT YPOBEHb >KUJIKOCTH HA HYJIEBOM Jcie-
HUM (OTCYET BEAYT MO HUKHEMY MEHHUCKY), OCTOPOXKHO CIIMBasl W3-
OBITOK KUCJIOTHI B CTaKaH.

B Tpu KOHMYECKHE KOJOBI MUIMETKOW OTMEPSIOT AJIUKBOTHI —
o 10 M pactBopa Oypbl — U 100aBISIOT 1O 1—2 KaIiyu MHAUKATOpa
METHJIOBOTO OpaHXeBoro. PacTBop Oypbl OKpalIuMBaeTCsi MPU 3TOM
B JKEJITBIU IIBET.

OnHy 13 KoJIO ¢ pacTBOPOM OyphI CTaBST MOJ OIOPETKY HA JIUCT
Oenoii Oymaru. PactBop Oypbl TUTPYIOT COJISHOM KHCJIOTOM, TPUOaB-
Jsi TIOCJICAHIOI M0 KarulsiM M TIOCTOSIHHO TIepeMEIIBas KUIKOCTh
IJIABHBIMU JIBUKEHUSIMU KOJIObL. TUTpOBaHME MPOBOJAT O MOMEHTA
CMEHBI JKEJITOM OKPAacCKH pacTBOpa Ha OPAaHXKEBYIO, UTO HAOJIOMACTCS
OOBIYHO B Mpenenax 1—2 kamenb KUCIOTHL. Pe3ynbTaT TUTpOBaHUS
10 OIOpETKE Ccpa3y 3aMUCHIBAIOT B JIAOOPATOPHBIN KypHAJ, YUUTHIBAS
TOYHOCTH TIpuOOpa (17151 OIOPETKU OMpPEEseTCs] KaK MOJIOBHUHA IIEHBI
nenenus, T. €. 0,05 mi).

Takum xe 00pa3oM TUTPYIOT COAEPKUMOE JBYX OCTABIIUXCS
K0J10. To4HOE TUTpPOBAaHHE CIEAyEeT MPOBOIUTH HE MEHEE TpeX pas.
Ecnu pa3nuiia B oTcyeTax 1o OropeTke MEeXay mapaieIbHbIMU OTpe-
nenenusimu npesbimaet 0,1 M (00beM BYX Kameib), TO TUTPOBaHUE
MOBTOPSIOT J0 TMOJYUYCHHS TPEX CXOASIIUXCSA pe3ynbTaToB. Bee pe-
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3yJIbTaThl (B TOM YHCIIE U HECOBIAAIOIINE) 3aHOCAT B TAOOPATOPHBII
KYpHaJl U BBIUUCIAIOT cpenHee apudmerndeckoe Vycp, yduThIBas
TOJBKO CXOISIINECS 3HAUCHUS.

IIpoBenenue pacuyeToB

1. MonsspHYyIO KOHIIEHTpamuioo Oypbl (MOJIB/J) PaCCUUTHIBAIOT
10 B3STOI HaBECKe 713, pACTBOPEHHOM B K0JI0e o0bemoM Vi (100 mu):

B 1000- MNa,B,0,10H,0 10-m,

NaBO g Ve M ’
Na,B,0,-10H,0 " " K Na,B,0; -10 H,0

rae My, s.o. 10m,0 — MOJSIpHas Macca Oypsl, paBHast 381,36 r/MoJb.

2. MonsipHasi KOHIIEHTpaIlus SKBUBAJIEHTa Oyphl (MOJIB/M)
B pacTBOpE:
1/z _ _ .
Na,B,0, — CNa2B4O7 ‘2= CNa2B4O7 2.

3. MonsipHyt0 KOHIIEHTPAI[MI0 3KBHUBAJIEHTa (MOJB/I) COJITHOU

1/ o
KHCJIOTHI CH(ZjD B JaHHOM CJIy4a€ YMCJICHHO PABHYIO MOJIIPHOM KOH-

nearpanun Cy, (Tak Kak z = 1), OnpeAensoT Mo pe3yibTaTaM TUTPO-

BaHH COINIACHO 3aKOHY 9KBHUBAJICHTOB!

1/z

HCI = “~HCl — ’

VHCI

rae Vyapo, — 00bEM AJIMKBOTHI pacTBOpa Oyphbl, paBHbIA 10 M,

Vhcl — cpenHuii 00beM KUCIIOTHI, HOIISAIINI Ha TUTPOBAHUE (MJT).
4. Tutp pacTBOpa COJSIHOM KUCIOTHI (T/MI1):

_ CHCl -M HCI
HCl — .
1000
[To pe3ynbraTaM pacuera 3amoIHSIIOT Ta0II. 4.

Tabnnua 4

OnpeOeJleHue KOHUeHmpauuu eeuiecme 6 pacmeopax

Konuenrpanus

PactBop s
C, MOIB/1 C'”, MOJIB/TI T, v/mn

N32B407 —
HCI
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KonmpoavHasa 3adaua 3.1
OnpedeseHue KOHYyeHmpayuu wesao4u
no CMAHAAPMHOMY pAcCmeopy Kuc/a0mbul

PacTBOpSI 1Ie104€M rOTOBAT U3 KPUCTAIUIMYECKUX BeecTB. Kpu-
CTAJUIbI IIEJIOYEH IOTJIOMIAKOT M3 BO3JyXa Hapbl BOAbI, YIJIEKUCIBIN
ra3 U Jpyrue BEIIECTBa, MOATOMY COJEpXkKar npuMmecu. Bemencrsue
ATOTO COCTaB BEIIECTBA HE MOJHOCTHIO COOTBETCTBYET €ro (popmyJie.
ITo »TOM TpUYMHE PACTBOPHI IIEJIOYEH, HCIIOJIB3YIOIIUECS B TUTPHU-
METPUUECKOM aHAJIN3€e, TOTOBAT JUOO M3 CTAHJIAPT-TUTPOB, JIUOO Kak
BTOPHUYHBIE CTAHIAPTHI.

JInst ycTaHOBJIEHUSI TOYHOM KOHIIGHTpAIMK pabouyero pacTBopa Iie-
JIOYM YaCTO UCIOJIB3YIOT NIEPBUYHBIE CTAHAAPTHI. TaKXKe JJI1 9TON LIEJIH
MOHO ITPUMEHHUTHh M CTAHJAPTU30BAHHBIN PACTBOP CHUJIBHOM KHCIIOTHI,
uMeroIuiicss B Jlaboparopuu. Hampumep, npu TUTPOBAHHM pacTBOpa
TUAPOKCHUJIA HATPUS PACTBOPOM COJITHOM KUCJIOTHI MPOTEKAET PEAKIIUSL:

NaOH + HC] — NaCl + H,0.

BemectBa B 3TOM peakiuy B3aUMOJIEHUCTBYIOT B SKBUMOJISIPHOM
COOTHOIIICHUH, (DaKTOP SKBUBAJICHTHOCTH JIJIsl BCEX BEIIECTB B PEAKIIUU
paBeH 1 (T. e. MOJIsipHasi KOHIIEHTPALIMsI BEILIECTB PaBHA MOJISIPHOM KOH-
HIEHTpaIu SKBUBaJIeHTa). B Touke a3xBUBanieHTHOCTH pH = 7, miis ycra-
HOBJICHUSI KOHEYHOW TOYKH TUTPOBAHUS UCIIOJIb3YIOT UHJIUKATOP, KOTO-
pBI MEHSIET OKPACKy B HEUTpaimbHOI oOnacTu. JlJig 3To# 1enu B aHalu-
TUYECKON XUMHH YaCTO MPUMEHSIIOT OPOMTHUMOJIOBBIM CHUHUM.

OobopynoBanue: 0ropeTka 00beMOM 25 MJI, KoJi0a MepHas 00be-
MoM 100 mu1, kobOa KOHMYECKas sl TUTpoBaHUS oO0beMoMm S50 mul,
nurneTka oobeMoM 10 M1, BOpOHKa, TpyIlia, CTaKaH JJIs CJIUBA.

PeakTMBBI: TUAPOKCU]T HATPUs (aHATU3UPYEMBIN PacTBOp), KUC-
. 1/
joTa coisHas (CrangapTH30BaHHLIM pactBop, C'~ = 0,05 MOJIB/1), HH-
TUKaTOp OPOMTHUMOJIOBBIM CUHUM (BOJHBIN pacTBODP).

Xoa ompenejneHusl. AHAIM3UPYEMbId pPACTBOP THAPOKCHUIA
HaTpuA MojydaroT B koioe Ha 100 ma y mabopanTta. O6seM pacTBopa
B K0JIO€ JOBOAST IUCTHJUIMPOBAHHOW BOJIOW /10 METKH. B Tpu KOHH-
YeCcKUe KOJObl HAJIMBAIOT MUMETKOW (MpeIBapUTEIbLHO OMOJOCHYTOU
pacTtBopoM Tiesioun) o 10 M pactBopa menoun. B kaxayro koia0y
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n00aBIAIOT 1O 1 Karjie WHAUKAaTopa OpOMTHUMOJIOBOTrO cuHero. Pac-
TBOP IIEJIOYH MPHU 3TOM OKPAIIIMBAECTCS B CUHUM 1IBET.

ConepKUMoe KaxXJI0H KOJIObI TUTPYIOT pacTBOPOM COJISTHOM KHC-
JIOTHI TIPSIMBIM CITOCOOOM (METOJMKa TUTPOBAHUS MOAPOOHO OmKcaHa
B nabopatopHoil padote 3) 10 mepexo/a OKpacKu W3 CUHEW B TpaBsi-
HucTo-3enenyto (pH = 7). B xauecTBe TUTpaHTa UCHOJIB3YIOT PACTBOP
COJISHOW KHUCJIOTHI, CTaHIapTHU30BaHHBIN B JlabopaTopHOM padote 3.
TuTpoBaTh HYHO 1O BO3MOXHOCTH OBICTPO, PACTBOP HE CIIEAYET Iie-
pEMEIINBATh CIMIIKOM WHTEHCHBHO BO M30€KaHUE TOIJIONICHUS pac-
tBOpoM CO; n3 Bo3ayxa. TuTpoBaHue MPOBOAAT 10 MOJYYEHUS TPEX
CXOJISAIIMXCS PE3YIbTATOB, KOTOPHIE 3aHOCST B JAOOPATOPHBIN KYyp-
Hai. OnpenenstoT cpelHee 3HaueHHe 00bemMa pacTBOpa KHUCIOTHI
Vucl, TOLIEAIIEr0 Ha TUTPOBAHKE PACTBOPA IIECJIOYH.

IIpoBenenue pacuyeroB
1. MonsipHass KOHLEHTpalusi 3KBUBAJICHTAa THIPOKCHIA HaTpuUs
C\ oy YMCIICHHO PaBHA €ro MoJjisipHoi koHuentpauu Cy.,, TaK Kak

z=1. Ee onpeaensitoT o pe3yiabTaraM TUTPOBaHUS (MOJIB/T):
1z
NaOH NaOH V o
NaOH
rae Vnion — 00bEM AIMKBOTHI pacTBOpA IIEJI04H, paBHbIN 10 MJ1;
Vhcl — cpenHuil 00beM KUCIIOThI, HOIIEAIINI Ha TUTPOBAaHUE (MJT).

2. Tutp pactBOpa ruapokcuia HaTpus (T/mmn):

T _ CNaOH -M NaOH
NaOH ~— s
1000
riae MNaOH — MOJIIpHasg Macca THAPOKCHUIAa HaTpHsd, paBHaA

39,997 r/MoOIb.

OmnpenenerHoe B xoj¢ paObOTHl 3HAYCHUE MOJISIPHON KOHIICHTpA-
MU B PacTBOpe MEN0UU Cppaer. (B MOJIB/II C TOYHOCTBIO 110 4-TO 3HAaKa
MIOCJIE 3aIATOl) OTAAOT Ha MPOBEPKY, MOJYyJalOT OLECHKY M y3HAIOT
VUCTUHHYIO KOHIICHTPAIMIO IIEJIOYH B BhIIaHHOM pactBope Cy... Pac-
CUHUTBIBAIOT a6COJ'IIOTHYIO N OTHOCHUTCIIbHYIO ITOTPCIIHOCTH.

3. AGcomroTHas morpenHocTh onpeaeneHus Ax (%):

Ax = C o CI/ICT.

TPAKT.

.

4. OTHOCUTENBbHAS MTOTPEIIHOCTh onpeaencHus 6 (%):
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0=—--100%.
C

HUCT.

KonmpoavHasa 3adaua 3.2
OnpedeseHue 8peMEeHHOU HcecmKocmu 800bl

[IpupoaHas 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). Boxy ¢ OoybIIUM CoOAEp)KaHUEM TaKuX COJei
HAa3bIBAIOT HCECMKOIL, C MAJIBIM COJICPIKAHUEM — MAKOIL.

XKecTkast Bojia Ipu YMBIBAaHUM CYIIUT KOXKY, B HEH yXyJIIAeTCs
MEHOOOpa3oBaHWE U YBEJIMYMBACTCS PACXOJl MOIOIMIMX CPEACTB
npu ctupke. [loBbIIEHHAs] KECTKOCTh BOJbI MPUBOJUT K 0Opa3oBa-
HUIO Ocajika (HAKUIIM) Ha CTEHKax KOTJIOB, B TpyOax u OBITOBOM MOCY-
ne. B s)kecTkoM BOJIEe TNIOXO pa3BapuBAOTCS OBOIIM U MSICO, T. K. KaTH-
OHBI KaJblIUsl 00pa3yroT ¢ OelkaMu HEPacTBOPUMBIE COCTUHEHMS.
Bosbiiiast MaruueBas >K€CTKOCTh MPUAAET BOJIE TOPbKUI BKYC.

Oowaa ncecmkocmp BOJABL ONPEIEISIETCA CyMMapHOW KOHIEH-
Tpauueil noHOB Kanblus U Maraus. [IpencraBnser coboil cymmy 1o-
CTOSTHHOU (HeKapOOHATHOW) U BPEMEHHOM (KapOOHATHOMN) )KECTKOCTH.

Ilocmoannasa scecmkocmsp 00yCIOBICHA HATMYUEM KaJbIIUEBBIX
Y MAarHUEBBIX COJIEM CUJIBHBIX KHUCIOT (CEpHOM, a30THOM, COJIIHOW).
[Ipu KUTNISTYEHUU HE YCTPAHSIETCA.

Bpemennaa scecmkocms BOAbl OOYCIOBJIEHA TPUCYTCTBHEM
B HEM THAPOKApOOHATOB KalblUsl U MarHusi. DTOT BHUJl KECTKOCTHU
MOHO YCTPAaHUTh IMyTE€M KHUIISTYEHHUS, OTKYyJa U B3sUIOCh Ha3BaHUE
«BpeMeHHas». [Ipu KumsyeHuu TUApPOKapOOHATHI pasjiararorcs ¢ 00-
Pa30BaHUEM HEPACTBOPHUMBIX KapOOHATOB, YIJIEKUCIIOTO Ta3a U BOJbI:

Ca(HCO,), —— CaCO, 4 +CO, T+ H,0,
Mg(HCO,), —— MgCO, { +CO, T+ H,0.

JKecTkoCcTh BOIBI ONPENEISICTCS AHAIMTUYECKU. BpeMEeHHYO
KECTKOCTb OIPEACIAIOT MIPAMBIM TUTPOBAHUEM BOJIBI COJITHOU KUCIIO-
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TOH, MPU ATOM MPOUCXOAUT paspylieHrne THAPOKaApOOHATOB COTJIACHO
peaKIUsIM:

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

N3 ypaBHEHMH BUIHO, YTO COJIM BPEMEHHOM ECTKOCTH pearu-
pytor ¢ HCl B MoasapHOM cooTHomieHuu 1:2. DTO O3HA4aeT, 4YTo
1/z (HCl) =1, a 1/z (conu) = Y.

JI1s1 YACIIEHHOTO BBIPAXKEHUS KECTKOCTH BOJBI YKA3bIBAIOT CyM-
MapHYI0 KOHIIEHTPAIIMIO B HEW KaTHOHOB KAJIbI[US U MarHus B rpaiy-
cax xectkoctu (°XK). 1 °XK (ycmap. — me-5k6/71) COOTBETCTBYET KOH-
IICHTPAIMH MIEI0YHO3EMEIBHOTO 3JIEMEHTA, YACICHHO PAaBHOM /2 €ro
MUJITAMOJIA Ha JUTp. TakuM o0pa3om, *KECTKOCTh MO CBOCU CYyTH —
3TO MOJISIpHAs KOHIEHTPALIHS SKBUBAJICHTA.

Oo6opynoBanue: O0ropeTka 00beMoOM 25 MJI, Kojiba MepHasi 00be-
MoM 100 mi1, Koa0a KOHHUYECKAs JjIs1 THUTpOBaHUsS oObeMoM 250 mul,
BOPOHKA, CTaKaH JJIsl CJIMBA.

PeakTMBBI: BOJIa (aHATU3UPYEMBI PacTBOp), KUCIOTA COJISHAS
N 1/
(crapmaprusoBanublii pactsop, C'° = 0,05 MOJIB/1), HHIUKATOP METH-
JIOBBIN OpaHKEBbIN (BOIHBIN pacTBOP).

Xona onpenesenusi. B Tpu koHM4eckue KoJObl o0beMoM 250 Mt
orOuparot o 100 M1 uccnenyemon (Hampumep, BOAOIPOBOIHOM) BO-
bl C TIOMOIIBIO MEpPHOM KOJOBbIL. J[00aBIsAIOT B KaXAYH KOJIOY
1o 3 Karid MHIMKATOpa METHUJIOBOTO OPAHKEBOT'O U TUTPYIOT PaCTBO-
pOM COJITHOM KHCJOTHI (KOHIIEHTpalMI0 M TUTP CM. B pabore 3)
110 TIEPEX0/Ia OKPACKU pacTBOpa M3 XKEJITOW B OpaHkKeBYl. THUTpoBa-
HUE TIPOBOJAT JO MOJYYEHUS TPEX CXOMSIINXCS Pe3yabTaToB, KOTO-
pbIE 3aHOCAT B TA0OPATOPHBIN KypHAI U ONPENEISAIOT CpE/IHEE 3HAUE-
HHE 00beMa KUCIIOTHI V(.

IIpoBenenue pacuyeron

Bpemennyto kecTkocTb BOIBI  XKypey. (°K) paccumrTeIBaroT
o opmyie:

1/z
_ Chct Ve 11000

BpeM. V ’
H,0

XK

rae Vy o, — 00beM uccnegyemoit Bosl, paBusbid 100 mir;
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Vicl — cpeaHuii 00beM KUCTOTHI, MOMICANINN Ha TUTPOBaHUE (MJT);
1000 — ko3¢ durmenT ajs nmeperoga KOJIU4ecTBa U3 MOJIb B MMOJIb.

JlabopamopHas pa6oma 4
CmaHdapmu3ayus pacmeopa
2udpokcuda Hampus

Cymnoctb MeToaa. Pacteopsl menodeit (NaOH, KOH) rorosst
U3 KPUCTAUIMYECKUX BemlecTB. Kpucramnbl I1enodyedl MOraomarT
Y3 BO3/lyXa IMapbl BOJbI, YIJIIEKUCIBIN ra3 U Apyrue BELIECTBa, MO3TO-
My cojiepkaT mpumecH. B pe3ynbTare cocTaB BEIIECTBA HE IMOJHO-
CTBIO COOTBETCTBYET (popmyiie. [1o 3Toil mpuuMHE KPUCTALIUYECKUE
HIEJI0YHM HE MOJXOAAT JJIsl MPUTOTOBJICHHS MEPBUYHBIX CTaHIApPTOB.
CHayayia TOTOBST PacTBOP IIETOYH C MPUOIU3UTEIBHON KOHIIEHTpa-
IIMEH, a 3aTeM YCTaHABJIMBAIOT TOYHYIO KOHIICHTPAIIHUIO.

JI1s1 ycTaHOBJIEHUS KOHIIEHTPALUM B PACTBOPAX IIEJIOYEH B Kaye-
CTBE€ MEPBUYHBIX CTAHJIAPTOB YaIlle BCEr0 MPUMEHSIOT KPUCTAIIIOTHU-
par maseneBoit kuciaorel H,C,04 - 2 H,O, sHTapHyl KHCIOTY
HOOC(CH,),COOH, 6en3zoitayro kuciory CsHsCOOH, cynbdamu-
HOBYt0 kucinoty HSO;NH, wnaum TUTpoBaHHBIE pPAaCTBOPHI CHIIBHBIX
kucior (HCl, H,SO,, HNOj;). Tlocinennue OOBIYHO HCMIOJB3YIOT
JUTs1 TPOBEPKHU KOHIIEHTPAILUKM PACTBOPOB LIETIOUEH.

TuTtpoBaHue MPOBOJAT MPSIMBIM CIIOCOOOM. B ciiyuae npuMeHeHUs
[IABEJIEBOM KUCIIOTHI PEAKIUS TUTPOBAHUS MPOTEKAET M0 YPABHEHUIO:

H2C204 + 2 NaOH — N32C204 +2 HQO

Hnst tutpoBanust 2 Moinb NaOH tpebyercs 1 monbp H,C,0q,
T.e. I/z(NaOH) =1, 1/z (H,C,04) = ‘5. 3Hauut, i1 OpoBEICHUS
TUTPOBaHUS B oObeMax 1:1 miaBeneBas KUCJIOTa JMOKHA UMETh MO-
JISIPHYIO KOHILIEHTPAIMIO B 2 pa3a MEHbIIIE, YEM IIEJI0Yb.

B Touke 3KBUBaJIECHTHOCTH 00pa3yeTrcsl CoJib CJIad0W KUCIOThI —
okcanat Hatpusi (Na,C,0O4), — KOTOPBIM HOABEpPraeTcs THAPOIU3Y
10 aHMOHY, CcO3/laBasi B pacTBope IelouHyro cpeay (pH = 8,6).
JI71s1 yCTaHOBJIEHUS! KOHEUHOW TOYKM TUTPOBAHUSI NPUMEHSIIOT WH]IU-
KaTop, MEHSIOIIUN OKPAaCKy B IMIEI0YHON 00acTH. OOBIYHO ISl 3TOTO
UCIIOJIB3YIOT (PeHON(TaNICHH.
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OO0opynoBaHue: BeCbl TEXHUYECKHUE, BECHl AHAIUTHYECKHE, OIOKC
C KpBIIIKOHM, OropeTka oO0beMoM 25 MJl, KOJIOBI MEpHBIE C MPOOKOH
oobemom 100 u 250 M1, koJi0a KOHUYECKAs JIJIsI TATPOBAHUS 00BEMOM
50 My, munetka oobemom 10 MJ1, BOpOHKa, T'pyIlia, CTaKaH JJIsI CIIUBA,
IPOMBIBAJIKA.

PeakTuBbI: IBYXBOJHBIM KPUCTALIOTMAPAT IIABEJIEBON KHUCIIOTHI,
THJIPOKCH]T HATpUs, MTHAUKATOP PeHodTanenH (CIMPTOBOM PacTBOD).

Xoa ompenesenuss. Meroauka CTaHAAPTU3ALMUA PACTBOpPA MO-
JTpOOHO oIKcaHa B 1abopaTopHoil padote 3. PacTBOp 11aBeneBoi Kuc-
JOTBHI TOTOBSIT KaK MEPBUYHBIA CTaHAAPT C KOHIIEHTpAIMEH JKBHUBA-
aenrta 0,1 monw/1 B MepHOM Koja0e oO0bemoMm 100 mi. HaBecky miaBe-
JIEBOU KUCIIOTHI (T') BBIYUCISIOT 1O (popmyie:

_ 1/z 1/z
Ml/z
rac H,C,0,-2H,0 ~ MOJIIPpHAd MacCa SKBUBAJICHTA KPUCTAJIIOTIHUI-

para maBeneBor KUCIOThI, paBHas 63,035 r/monb; Vi — obbem mep-
HOH KOJ0BI (71); clF— MOJISIpHAsE KOHIIEHTpAIMs SKBHUBaJICHTA B pac-
TBOpE (MOJIB/II).

PacTtBOp ruapokcuaa HaTpus ¢ MPUOIU3UTEIBPHOW KOHIICHTPAIH-
el skBuBajieHTa 0,1 MOJIB/T TOTOBAT B K0IOe 0OBEeMoM 250 miL.
Hagecky mienoun (T) onpenesstoT ¢ y9eTOM IpHuMecei, MPUCYTCTBY-

IOIIMX B KPUCTAIUIAX THAPOKCHIA!
_ 1/z 1/z
Myaon = Mygon Vi "€ -1,25,
rne M 11\501{ — MOJISIpHasi Macca 3KBUBAJIEHTA THAPOKCUAA HATPUS, PaB-

nasg 40,00 r/mMons; Vg — 00beM konbsl (1); C'° — MoysApHas KOHIIEH-
Tpalusi SKBUBAJIEHTa B TpeOyeMOM pacTBope mienouu (Mosb/n); 1,25 —
K03 (DULIMEHT TIepecyeTa, YUUTHIBAIOIINI HaJTMYKUE IPUMECEN B IICJIOYH.

Maccy HaBeCKM IIAaBEJIEBOW KHUCIOTHI ONPEAECISIOT B OHOKCE
Ha TEXHUYECKUX, a 3aTeM Ha aHaJUTUYECKUX BecaxX; THUIPOKCHU]
HaTpUs B3BEIIMBAIOT TOJIBKO Ha TEXHUYECKUX Becax (Tabus. 5). HaBec-
KU PAacTBOPSIIOT B COOTBETCTBYIOIIUX MEPHBIX KOJI0aX B AUCTUILIUPO-
BaHHOU BOJIE, HE COJIepKallel YIIIEKUCIIOro Tasa.

bropeTky 3amnojHs0T pacTBOPOM THAPOKCUIA HaTpusi. B Tpu Ko-
HUYECKUE KOJIOBI JJISi TUTPOBAHUS OTMEPStOT 1Mo 10 M aduKBOTHI
pacTBopa IaBeJIeBOM KHUCIOTHI M JOOABIAIOT MO 2—3 KaIljd WHIUKA-
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Topa ¢denondranenna. PacTBOp KUCIOTHI B KaKJAOW KOJIOE TUTPYIOT
PACTBOPOM IIIEJIOYUH JI0 TIOSABJICHUA YCTOMYMBOM PO30BOM OKpacku. Pe-
3yJIbTaThl TUTPOBAHUS 1O OIOPETKE 3alMChIBAIOT B Ja0OpATOPHBIN
KYpHaJl U OMpPEACISIIOT CpeHee 3HaueHue oobema TUTpaHTa Faon
MEK]1y TPEMS CXOAIINMUCS PE3yJIbTaTaAMM.

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

brokc 0e3 HaBecku my

brokc ¢ HaBeckou m,
H2C204 -2 Hzo — — — ms=m,— mq
NaOH — — — my

IIpoBenenue pacyeroB

1. MonsspHYI0 KOHIICHTPAIlMIO IIAaBEJICBON KHUCJIOTHI (MOJIB/T)
PaCCUUTHIBAIOT MO B3SITOM HABECKE M3, PACTBOPEHHOHN B KOJOE 00be-
MoM Vi (100 mn):

1000 My o suo  10-m,

Y, Ve M

rae My ¢ o, om0 — MOJSpHAst Macca KHCIOTHI, paHast 126,07 r/Mois.

2. MonspHas KOHIIEHTpaIHs SKBUBAJIEHTa B pacTBOPE IaBEJICBOM
KHCJIOTBI (MOJIB/T):

1/z _ _
H,C,0, — “H,c,0, £~ Cy

2.

3. MonsipHas KOHIIEHTpallUsl dKBUBaJeHTa (MOJIb/JI) TUIPOKCUAA

2C2O4

/ v
Hatpust C,,;, YUCICHHO paBHas MOJSpHON KoHueHTpauuu Cy,.y,

ONpeENIeTCs 0 Pe3yabTaTaM TUTPOBAHMS:
1/z
1z _ THG0, VH2C204
NaOH ~— o
VNaOH

rae Vy ¢ o, — 00BEM AIMKBOTBI PACTBOPA KHCIOTHI, paBHbIN 10 MiL;

CNaOH

VNaOH — CpEeIHUN 00BeM IIeJIOUH, MOIIEAITNNA Ha TUTPOBAHUE (MJI).
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4. Tutp pacTBOpa ruApoKcuia HaTpus (T/mi):
_ CNaOH "M on '

T -
NaOH 1 O 0 O
I[To pe3yibTaTam pacueTa 3aImOJHSIOT Ta0II. 6.

TaoOmuna 6
Onpeoenienue KOHUEHMPAYUU BeULECHIE 8 PACMBOPAX
Konuenrpanus
PacTtBOp 77
C, MoJIb/n C'”, MOabB/1I T, r/mn
H,C,04 _
NaOH

KonmpoavHasa 3adaua 4.1
OnpedesieHue ammuaka
8 pacmeope coaU AMMOHUA

ConepxxaHre aMMHUaka B COJISIX AaMMOHHUSI HE MOXKET ObITh Ompe-
JIEJICHO HENOCPEACTBEHHBIM TUTPOBAHUEM AHAIIM3UPYEMOI'O PAcTBOpA
(opsimoe TuTpoBaHue). g 3TOM LeU UCMOIB3YIOT KOCBEHHBIE CIO-
coObl, HanTpuUMep odpamnoe mumpoeanue. Criocod OCHOBaH Ha THUT-
pPOBaHUM W30BITKA IIEJIOYH, OCTABIICICS B PacTBOpE MOCIE B3aWMO-
nericteus coim ammoHus ¢ NaOH. Hanpumep, peakiusa pa3iioxxeHus
XJIOPHUJIa aMMOHHS MPOTEKAET IPU HArPEBAHUU COTJIACHO YPABHEHMUIO:

NH,Cl+NaOH —~— NaCl+ NH, T + H,0.

M30BITOK 11€JI0YM OTTUTPOBBIBAIOT PACTBOPOM COJISTHOM KHUCIIOTHI
B MPUCYTCTBUU UHIUKATOPA:

NaOH + HCl — NaCl + H,0.

OOopynoBaHue: 1JIMTa 3JIEKTPUUYECKas, OIOKC C KPBIIIKOW, XU-
MUYECKHE CTaKaHbI (TEPMOCTOMKUE), OFOpeTKa 00beMOM 25 MJI, K0JI0a
mepHass oobemom 100 mu1, munetku oovemMoMm 10 ma u 20 mui, konba
KOHUYECKasl JIJI1 TUTPOBaHUS 00beMoM 250 M1, BOpOHKA, Ipyliia, cTa-
KaH JJIsl CJIMBa, MPOMBIBAJIKA.
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PeakTuBbBI: XJOpH] aMMOHMS (aHAJIM3UPYEMOE BEILIECTBO), TH-
pPOKCHUJ HaTpusl (CTaHIapTU30BAaHHBIA PacTBOP, C*=0,1 MOJIb/JT), KHC-
jota cojisiHas (pactBop, C = 0,1 MOnb/1T), UHAUKATOP OPOMTHUMOJIOBBIN
CUHUM (BOJHBIN pacTBOpP), YHUBEpCAIbHASA HHANKATOpHAs Oymara.

Xoa ompeneseHus. bIOKC ¢ HABECKOM XJIOPUIA aMMOHHS TOJTY-
yalT y J1abopanTta. CoaepKuMoe OrOKca KOJIWYECTBEHHO IMEPEHOCST
B K0JI0y Ha 100 MJI, MHOTOKpaTHO CMbIBasi 4e€pe3 BOPOHKY TUCTUIIIHU-
poBaHHOW BOJIOM. OOBEM XUAKOCTH B KOJOE JOBOMSIT IO METKH IH-
CTUJUIMPOBAHHOMW BOJOM U TIIATEJILHO NEPEMELINBAIOT.

B 2-3 TepMOCTOMKHMX CTakaHa BHOCST numeTkou mo 10 mu uccie-
ayemMoro pactBopa u mo 20 mu pacTBopa TMAPOKCHIA HATpUsl (KOH-
IEHTPAIMIO U TUTP cM. B padotre 4). CTtakaHbl C pacTBOpaMu Harpe-
BAIOT Ha DJJICKTPUYECKON IUIMTKE TMpHU TeMIeparype, OIu3Kou
k 100 °C, no nonHoro yaaneHus amMmmuaka. OObBIYHO ATO JOCTUTACTCS
MIPU UCTIAPEHUU MPUMEPHO TMOJOBUHBI COJEPKUMOTr0 cTakaHoB. [lo-
HOTY yAaJI€HUsS aMMHaKa KOHTPOJUPYIOT C TOMOIIBIO YHUBEPCAIbHOU
WHJIUKATOPHOM OyMard, CMOYEHHOW JHUCTHWUIMPOBAHHOW BOJIOU
(mpu 1ecTBUM apOB aMMHUaKka Oymara CUHEET).

[Tocne 3aBepilieHUsI PEaKUUU COJIEPKUMOE CTAKAHOB OXJIAXKIAIOT
710 KOMHATHOM TeMmepaTypbl, BHOCAT Mo 1 Karjie OpoMTHMOJIOBOIO
CHUHETO U TUTPYIOT PAaCTBOPOM COJITHOM KUCJIOTHI JI0 MEPEX0Ja OKpac-
KU pacTBOpa U3 CUHEW B TPABSIHUCTO-3EJICHYIO.

B oOpaTHOM TUTpOBaHUM MOKHO MPUMEHSITH BCIIOMOTATEIbHbIC
PacTBOPBI, TOUHASI KOHIIEHTPAIIMS KOTOPHIX 3apaHee HE yCTaHOBJICHA.
B Hacrosimieit padote 3to pactBop HCl ¢ mpuMepHOl KOHIIEHTpanuen
0,1 Momnb/n1 (METOAMKA €ro MPUTOTOBJICHUS OIKCaHa B J1abOpaTopHOU
pabote 3). B aToM ciydae mapajuiesibHO MPOBOJSAT TaK Ha3bIBAEMbIiA
«X0J0CcTO» omnbIT. B konOy nnma tutpoBanus orOuparoT 20 mia pac-
tBopa NaOH (omepanuio HarpeBaHus B 3TOM ClIy4yae MOKHO OITy-
CTUTb), NO0aBJISIOT | Karuro WHIWKATOpa OPOMTHUMOJIOBOTO CHHETO
Y TUTPYIOT B TEX K€ YCIOBUSAX PACTBOPOM COJISTHOW KUCIIOTHI.

Pe3ynbpTaThl TUTpOBaHUSA 3aHOCIT B JIAOOPATOPHBIN KypHaJ
(Tabmn. 7). Ecau pe3ynbTaThl ABYX TUTPOBAHUN aHAIM3UPYEMOTO pac-
TBOPaA Pa3IM4aroTCsa MeXy co0oi Oobie, ueM Ha 0,20 M1, TpoBOJAT
JTOTIOJIHUTEIBHBIA OMBIT. ONpeaessitoT cpeaHee 3HaueHHe oObheMa
pacTBOpa KUCIOTHI Fycy, HOMIEANIEr0 Ha TATPOBAHUE IEJIOYH.
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Tabmuia 7

Pe3lebmambl mumpoeanus

TurpoBanue Vict, M Vicn, M1 Nuaukarop
(cpemuee)
Crakan 1 1 xamns
Crakan 2 Viaa 1 xaruis
Crakan 3 1 xams
«XO0JIOCTOM» OIBIT Vuc (xon) 1 xaruis

IIpoBenenue pacueToB

Maccy ammuaka (T) B XJIOpHJIE aMMOHHS PACCUHUTHIBAIOT
o gpopmyie:

v
HCl1 1/z 1/z
1- v ) CNaOH ) VNaOH -M NH,
HCI (xom) K(
n’lNH3 = : ’
1000 V.
rie Vyci — cpenHuii 00beM KHCIOTHI 10 OFOpETKE, IOIMISIITHN
Ha TUTPOBAaHUE aHAIU3UPYEMOro pactsopa (Mia); Vicixon) — 00BEM

KHCJIOTHI 110 OIOpeTKe, MOIMIEAIMHNN Ha THUTPOBAHUE B «XOJOCTOM)
onbiTe (MIT); VNaon — 00BEM THAPOKCHIA HATPHUS B CTAKAHE U B «XO-

JIOCTOMY» OINbITe, paBHBLI 20 Ma: M2 — monspHas macca DKBHBa-
9 9 NI—I3

JeHTa aMMmuaka, pasHas 17,03 r/moinb; V,, — 00BbeM KoJIObI ¢ Ha4Yalb-
HBIM pacTBOpoM coiu, paBHbid 100 mi; Vi, — 00beM NHUIETKU
JUJTA B3SITUSL ATMKBOTHI, paBHBIN 10 M.

OrmnpenienieHHoe B X0l pabOThI 3HAYEHUE MACChl aMMHMAKA Mppager.
(B TpamMMax C TOYHOCTBIO N0 4-TO 3HAKa MOCJE 3alsToil) CAaroT
Ha MPOBEPKY, MOJIYYAIOT OIIEHKY U y3HAIOT UICTUHHYIO MacCy aMMHaKa
B PACTBOPE My,. PacCUUTHIBAIOT a0COIIOTHYIO U OTHOCUTEIIbHYIO TO-
IPEIIHOCTH (aHAJOTUYHO KOHTPOJIbHOM 3amaue 3.1).
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KonmpoavHasa 3adaua 4.2
OnpedesieHue aCKOpPO6UHOBO0U KUC/10Mbl
8 hapmayeemuyeckom npenapame

AckopOunoBasi kwuciota (ButamuH C,
CgHgOg) comepkuTcs B CBEKHX OBOIIAX CH,OH
1 QpyKTax, OHAa IIOCTyHnaeT B OpPraHU3M HO— (l: H
TOJBKO C TIPOAYKTaMU NHUTaHUs. ACKOp-
OuHOBast KHCJIOTa  SIBJISICTCS OJIHUM
13 OCHOBHBIX BEIIECTB B  YEJIOBEUECCKOM
pamoHe, KOTOpPO€ HEOOXOAMMO JJisi HOp- HO OH
MaJIbHOT'O (P)YHKIITMOHMPOBAHUS OpraHu3Ma:
OHa PETYJIUPYET OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIE IMPOIECCHI,
YCKOPSIET CBEPTHIBAHUE KPOBHM, TOBBIIIACT COINPOTHUBISIEMOCTD
opranu3Ma HHOEKITUIM, SBJISETCS aHTUOKCUIAHTOM.

AckopOMHOBasl KHCIIOTa XOpoIlno pactBopuMa B Bojae (33,31
B 100 M1 BOabI). DTO [ABYXOCHOBHAs KHCJIOTa C KOHCTaHTaMu
KHUCJIOTHOCTH K| = 9,1-10_5 ukK,= 4,6-10_12. OtHomenue K, : Ky
Gombie 107, MOATOMY TEOPETUYECKH MOXXHO OTTUTPOBATH KaXKIbIH
13 IBYX MOHOB BOJIOPOJIa €HOJBHBIX TMIAPOKCUIBHBIX Ipynn. Ho Tak
Kak K, O4YeHb Maja, MPAKTHYCCKH MOKHO OIPEACIUTh TOJIbKO OIUH
MOH BOJOPOJa, MPUMEHSS HHIMKATOp C IIePeX0JIOM OKpacKu
B eno4Hoit obnactu (pT > 8).

OO0opynoBaHue: BeChl TEXHUUYECKHE, BECHl aHATUTUYECKHUE, OFOKC
C KpBIIIKOM, Oroperka oObemMoMm 25 Mil, Koj0a MepHas 00bEMOM
100 mn, nunetka oobemMom 10 M1, Kos10a KOHUYECKast AJ1s1 TUTPOBAHUS
ob6bemom 50 mi1, BOpOHKA, I'pYyIla, CTaKaH JiJis CJIHUBA.

PeakTuBbl: TIpenapaT acCKOpOMHOBOW KHCJIOTHI (aHATU3UPYEMOE
BEIIECTBO), THJPOKCHUI HATpUs (CTaHAAPTH30BAHHBIA  PACTBOP
C'" = 0,1 mons/n), uHIUKaTop dheHondranenH (CIUPTOBOM pacTBOD).

Xoa ompenenenusi. GapManeBTUUECKUN Tpenapar acCKOPOUHO-
BOH KHCJIOTHI B (popMe MOpPOIIKaA MOJYyJaroT y JJabopaHTa W B3BEIIH-
BalOT B 3aKPBHITOM OFOKCE CHadayia Ha TEXHHYECKHX, a 3aTeM Ha aHaJIu-
TUYECKHUX BecaX. Pe3ynbpTaThl 3aHOCAT B Ta0I. 8.

Conepxumoe OroKkca TMEPEHOCAT B CYXYH KOOy €MKOCThIO
100 M1, MHOTOKpPaTHO CMBIBas 4epe3 BOPOHKY AUCTHUIUIMPOBAHHOU
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BoJI0M. OOBEM B KOJIO€ TOBOJAT IO METKH TUCTHILIUPOBAHHON BOJOM
Y TIEPEMEIINBAIOT.

Tabnuua 8

Onpeoenenue maccol HaAGecKu (2) ACKOPOUHOBOI KUCIOMbL

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

B xonby mis TuTpoBaHus BHOCAT numeTkod 10 mur pactBopa ac-
KOPOMHOBOM KHCJIOTHI, 2—3 Karum ¢deHondTarenia U TUTPYIOT CTaH-
JapTHBIM PAcTBOPOM THAPOKCHIA HATpusl (KOHIICHTPAIMIO W THUTP
CM. B padote 4) 110 NosIBJICHUS 0JIETHO-PO30BOM OKPACKH, YCTOMYMBOM
B TeueHue 30 cexkyHI. AHaIU3 MOBTOPSAIOT AO MOJYYEHUS TPEX CXO-
JSIUXCSL Pe3yJIbTaTOB, KOTOPBIC 3aHOCAT B J1aOOPATOPHBIA >KypHaJ
U OTIPENIETISAIOT CpellHee 3HaueHue oO0beMa menoun Vyaon, TOIISIIe-
ro Ha TUTPOBAHUE.

IIpoBenenue pacuyeron

1. Maccy ackopOMHOBOW KHUCHOTHI (T') B aHAJIM3UPYEMOM Mpena-
paTre pacCUUTHIBAIOT MO PopmyJie:
1/z 1/z
_ Croon Vo " Max Vi
m AK — : s

1000 V

ITUII

rae Vson — CpeaHuil o0beM IIeJIoud Mo OIOpeTKe, MOIISAIINN Ha

1/
TUTPOBAaHUE AHAIU3UPYEMOro pacTBopa (mi); M , . — MoJsIpHas Mac-

ca SKBHUBAJICHTAa aCKOPOMHOBOM KHUCJOTHI, paBHas 176,12 r/Monb; Vg
— 00BeM KoJIOBI C pacTBOPOM KHCIOTHI, paBHbld 100 mut; Vi, —
00bEeM TUTICTKHU JIJISI B3ATHS aJTUKBOTHI, paBHBIN 10 M1

2. Conepxanue ackopomHoBor kuciotsl (%) B (apmaieBTHUE-
CKOM MpernapaTe pacCUMuTHIBAIOT MO GopmyJie:

®, = AL .100 %.
m3
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KOMII/IEKCOMETPHYECKOE THTPOBAHHE

KoMmmiiekcomeTpuuyeckoe THTPOBAHHME OCHOBAHO HAa pEaKIUU
00pa3oBaHUsl KOMIUIEKCOB. B KkauecTBe JUTraHIoB Il ATOW Lenu
B AaHAUIMTUYECKON MPAKTUKE HAWOOJIee YacTO UCHOJIb3YIOT KOMMNJIEeK-
COHbl — OPTAaHWYECKHUE IOJUJICHTAHTHBIE JIMTAHABI C Xeaamupyio-
wumu (KICIrHeoOpa3HbIMK) TpyNIUpoBKamMu. Yaiie Bcero npuMeHs-
I0T ATUJIEHIMAMUHTETpayKcycHy0 kuciory (JATY) u ee nunarpue-
Byto conb (BJATA, tpunon b, Na,H,Y, xommiekcon III). Hanbomee
IIMPOKOE MPUMEHCHUE B AHAJINTUKE HAIIIE]I KMEHHO 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* 2 MeY? +2 H",
Me* +H,Y>* 2 MeY +2H",
Me* +H,Y" 2 MeY +2 H".

W3 npuBeAeHHBIX peaKIuii MOKHO CIENIAaTh CIETYIONINE BHIBOIBI.

1. HezaBucuMo OT 3apsjia KaTHOHA Bceraa 00pa3yroTCsl KOMILIEKChHI
C COOTHOIICHHEM KoMmoHeHToB 1:1, T.e. 1/z (H,Y*) = 1/z (Me™), uto
OYeHb YJI0OHO JIJIsl MPAKTUYECKOTO MPUMEHEHHS U PACUYETOB.

2. OnpeneneHublii (opMaIbHBIM CIOCOOOM 3KBUBAJIICHT TPHUIIO-
Ha B Bcera paBeH MOJIOBHHE ero MOJEKYIIsL, T. e. 1/z (H,Y*) = 1.

3. B ka0 peakuuu BBIACIAETCS MO JBa MOHA BOJAOPOJA, KOTO-
phle HAJIO CBSI3BIBATh JJIS CMEIICHHUS PAaBHOBECHS DPEAKIIMHM BIIPABO.
JIJist 5 TOro MPUMEHSIOT IIEJIOYHbIe Oy(epHbIe pacTBOPHI, HAIIPUMED
aMMHavHbIN Oydep.

O

Jyst onpenienieHrss KOHEYHOM TOYKH TUTPOBAHUSI OOBIYHO UCIIOJb-
3YIOT MEMAA10XpOMHble UHOUKAMOPbl — OPTaHUYECKUE KpacuTelln
(apuoxpom 4yepHsiii T, mypekcua, GpiayopekcoH u Jap.), oOpasyrolme
OKpaIleHHbIE KOMIUICKCHI C OTnpeesieMbIMu kKatnoHaMmu. [Ipu tutpo-
BaHUM TPUJIOHOM b TakMX OKpaIlIeHHBIX KOMILUIEKCOB MTPOUCXOIUT UX
TIOCTETICHHOE Pa3IoKeHHE 3a cUeT 00pa30BaHUs HOBOTO, OoJiee mpoy-
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HOTO KOMIIJIEKCHOTO COEMHECHHS KaTHOHA ¢ KOMILJIEKCOHOM. B Touke
HKBHBAJICHTHOCTH TIEPBOHAYAJIBHBIN IIBET KOMILIEKCA, 00pa30BaHHOTO
WHJIMKATOPOM C OIIpeJIe/ISIEMbIM KaTHOHOM, MCYE€3aeT W IOSBISETCS
OKpackKa, CBOUCTBEHHAs1 CBOOOTHOMY WHJIMKATOPY .

JlabopamopHasa pa6boma 5
CmaHdapmu3ayusi pacmeopa mpusaoHa b

CymHocTh MeToa. B xuMuueckoM aHanu3e OOBIYHO MPUMEHSI-
10T pabouuii pactBop TpwioHa b ¢ MoNsipHON KOHIIEHTpalue SKBU-
BasieHTa 0,1 Monw/n. Konnenrpauuto tpusiona b B pactBope MOKHO
YCTaHABJIUBAThH M0 TUTPOBAHHBIM PACTBOPAM COJICH KaJblIMsl, MarHUs
WM UUHKA. J[J11 3TOro MpoBOJAT TUTPOBAHKUE CTAHIAPTHOTO PACTBOpA
COJIM MeTaljia TpuJIoHOM b mpsiMbIM criocoOoM, UKCUPYST TOUKY K-
BUBAJICHTHOCTH C TTOMOIIBIO MHAUKATOpa 3proxpoma yepHoro T.

Tak kak MOH MeTaJlUla MPU KOMIUIEKCOOOPA30BAHUM 3aMEIIAET
B TpujoHe b 1Ba MoHa BOIOPOJa, TO MOJsApHAs Macca dKBUBaJICHTA
(Ci0H14N,;Na,Og - 2 H,O) paBHa moJI0BHUHE MOJSIPHONW MacChl TPH-
J0Ha b:

M, =M, . /2=186,121/Mon®.

Oo0opynoBaHue: BeChl TEXHUUYECKHE, BECHl aHATUTUYECKHUE, OFOKC
C KpBIIIKOM, OropeTka o0beMoM 25 MJl, KOJObI MEpHBIE C MPOOKOU
oobemom 100 u 250 mi1, KoJ10a KOHUYECKAs JIsI TATPOBAHUS 00BEMOM
250 mn, unetkn oobemMoMm 5 u 10 mii, MEpHBIA HHIMHAP O00BEMOM
25 M1, BOPOHKA, TpYyIlla, CTAKaH JIJIs CJIMBA, TPOMBIBAJIKA, IINATENb.

PeakTMBBI: CEMUBOJHBIA KPUCTALIOTUAPAT Cyib(daTa MarHus,
TpwioH b, ammuauneiii 0ydepnsiii pactBop (pH = 10), unaukatop
3proXpoM uepHbIi T (CyXoil, pacTepThIi C XJIOPUIOM HATPHUS).

Xoa onpenenenusi. PactBop cynbdaTta Maraus roToBsAT Kak Iep-
BUYHBIM CTaHAAPT C MOJIIPHOM KOHLICHTPALUMEHd OKBUBAJICHTA
0,1 mosis/n B MepHO# koJsiOe oobemoMm 100 mi. PactBop Tpuiona b
C NpUOIM3UTENBHON KOHUEHTpauuel skBuBasieHTa 0,1 MoJsb/1 TOTO-
BST B KOJIOE 00BeMoM 250 M.

Hagecky cynbdara maraus (T) BEIYUCISAIOT 10 hopmyIie:
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_ 1z 1z
mMgSO4A7HZO - MMgSO4 -7H,0 VK C >

1/z
rae My.so, 7m0 — MOISPHAsA Macca SKBUBAJICHTA cynb(aTa MarHus,
. 1/
paBHas 123,24 r/moib; Viy — o0beM MepHoit k0j10b1 (11); C° — Mo-

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

_ 1/z . Nall
My =M V- C,
Trac Ml/z - MOJIIPHasA Macca OKBHUBAJICHTA TPHUJIOHA b

H,Y?"
(186,12 r/mounb).
Maccy HaBecku cyiib(aTa MarHusi ONpeessioT B OIOKCE Ha TEX-
HUYECKHX, a 3aTeM Ha aHaJUTUYECKUX Becax; TPWIOH b B3BemmBaOT
TOJBKO Ha TEXHUYECKUX Becax (Tadi. 9).

Tabauma 9
Onpeodenenue maccovl Hagecok (2)
B3BemmuBanus Macca
Onpenenenye Macc
IIEPBOE | BTOPOE | TPEThE (cpenHsist)
brokc 0e3 HaBecKH m;
brokc ¢ HaBeckou m,
MgSO, - 7 H,O - — - m3= m, — my
Tpuiion b — — — my

HaBecku pacTBOpSIIOT B COOTBETCTBYIOIIUX MEPHBIX KOJIOAX B JU-
CTUJUIMPOBAHHOU Boje. [ myumiero pactBopeHus TpuioHa b konoy
HarpeBaroT Ha BOASHON OaHe, MpH 3TOM JOBEJICHUE 00beMa KUJIKOCTH
0 METKH MPOU3BOIAT TOJBKO MOCIE OXJIAXKIACHUS pacTBOpPA A0 KOM-
HATHOMW TEMIIEPATYPHI.

bropeTky OmonackuBarOT W 3aNOJHSIOT PacTBOPOM TpHIIOHA b.
B Tpu kKoHHMUYECKHE KOJIOBI ISl TUTPOBAHUSA OTMEPSIOT 110 10 M1 anuk-
BOTHI pacTBOpa cylibaTa Martusi, J00ABISIOT MEPHBIM LWJIUHAPOM
25 MJ1 TUCTUWIITUPOBAHHOM BOJIBI, 5 Ml Oy(pepHOro pacTBOpa U BHOCST
Ha KOHYHUKE LINATENsI B PACTBOP CYXOM MHAUKATOP — IPUOXPOM Uep-
Helil T. ComepxuMoe KoJIObI MEPEMEIIUBAIOT /10 MOJIHOTO pPacTBOpe-
HUSI UHAWMKATOPA, MOCJE YEro TUTPYIOT PAaCTBOPOM TpuiioHA b 1o me-
pEX0Ja OKPACKHA M3 BUHHO-KPACHOW B CHHIOK. THUTpPOBaHHUE 3aKAHYU-
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BAIOT TOT/1a, KOTJa KPACHBIM OTTEHOK COBEPIIEHHO HcYe3aeT. Pe3yib-
TaThbl TUTPOBAHMS 3aMKCHIBAIOT B J1aOOPATOPHBIA KYpHAJ U OIpese-
JSIOT CpeAHee 3HaYeHHE O0beMa TUTpaHTa MEXAY TpPeMsl CXOJSIIu-
MUCS pe3yJIbTaTaMHu.

IIpoBenenue pacueToB

1. MonsipHyt0 KOHIIEHTpaluio cyibdara maraus (MoJyib/J1) B pac-
TBOPE PACCUYHUTHIBAIOT IO B3SATON HABECKE 713, PACTBOPEHHOHN B KOJIOE
oobeMoM Vi (100 m):

1000- My1gs0, -7H,0 10-m,
Crvso, =77 V. M ’
MgSO, -7H,0 " 'K MgSO, -7 H,0
rne Myo,7n0 —— MOIsSpHas Macca  cynbgara, paBHas

246,48 r/MOIIb.
2. MonspHass KOHIIEHTpaIlds JKBUBAJeHTa CyJb(aTa MarHus B
pactBope (MOJIb/N):

Cl/z

MgSO,

=C,

MgSO,

z=C

MgSO,

2.

3. MonspHyi0 KOHIIEHTPAllMIO SKBUBAJIEHTAa (MOJB/J) TpuioHa b
C''* , OIPENEISIOT [0 Pe3yIbTaTaM TUTPOBAHMUSL:
2

1/z
vz CMgSO4 'VMgfso4
H,Y> ’
VHZYZ,

7€ Vyyes0, — OOBEM QITHKBOTBI PAaCTBOPA COJIH, PaBHBIH 10 ML,

VHZYZ, — cpeanuii 00beM Tpuiiona b, momeammii Ha TUTpoBaHUE (MJ).
4. MonsipHasi KOHLIEHTpatus TpuioHa b B pacTBope (MOJb/1):
1/z 1/z
C . CHZYZ’ _ CHZYZ’
H, Y™ z 2
5. Tutp pactBopa Tpuiiona b (r/mn):
T _ CHZYZ’ .MHZYZ’
2- T M
LY 1000
rae M, — MoisipHas Macca TpuiioHa b, pasrast 336,21 r/mos.

[To pe3ynpTaram pacyera 3anoyiHsOT Taodsu. 10.
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Tabnuua 10

OnpeOeJleHue KOHuUenmpauuu eeuiecme 6 pacmeopax

Konuenrpanus
PacTBOp 77
C, MOJIB/ C'”, MOabB/TI T, r/mn
MgSO4 —
Tpunon b

KonmposavHasa 3adava 5.1
OnpedeseHue Kaavyuss U MA2HUs
npu coeMecmHOM npucymcmeuu

Paznuune B KOHCTaHTax yCTOMYMBOCTH ATUJICHIMAMUHTETpaaleTa-
ToB Kasbliug u Maraus (g B paBubl 10,7 u 8,7 COOTBETCTBEHHO) HENO-
CTaTOYHO JJIsi PA3JEIBbHOTO TUTPOBAHMS ATHUX HOHOB. (COBMECTHOE
ONPEAECICHUE MOKHO IPOBECTH, UCIOJB3Ysl Pa3HbIE METAJUIOXPOMHBIC
nHaukaropel. C ucnosb3oBaHueM 3puoxpomMa depHoro T npu pH = 10
B OJJHOM aJIMKBOTHOM YaCTH aHAJIM3UPYEMOIO PacTBOpa OINPEICIISIOT
CYMMAapHO€ COJICPYKAHUE KaJbLUs U MarHus. B Apyroi almkBOTHOM 4a-
ctu co3naroT pH > 12, ocaxknas marHuii B Buje Tuapokcuaa. He ot-
(UIBTPOBBIBAsI ATOT OCAJA0K, B PACTBOPE OIMPEACIIAIOT KaJIbIIUA B TIPH-
CYTCTBUH WHJIMKATOpa MypeKcuia. Maraui onmpeaesstoT 10 pa3HOCTH.

Oo6opynoBanue: Oroperka oObeMoM 25 mul, Kojba MepHas
c mpoOkoit obovemMoM 100 My, komba KOHMYECKas Uil TUTPOBAHUSA
oobeMoM 250 mi, nunetku oobeMoM 5 U 10 M, MEpHBIN LUIUHIP
o0beMoM 25 M1, BOpOHKA, TPyIa, CTaKaH JJIs CJIMBa, IITATeb.

PeakTuBbI: aHATM3UPYEMBIA PACTBOP COJIEM KAJIBLUMUSA U MarHus,
TpuiIoH b (cTaHIapTU30BaHHBIN PacTBOP, C”=0,1 MOJIB/JT), aMMHa4-
Hell Oydepubiii pactBop (pH = 10), ruapokcua Hatpusi (pactBop,
C = 2 MOJb/IT1), UHANKATOPHI 3pUOXpOM uepHbIi T U Mmypekcun (cyxue,
pacTepThie ¢ XJIOPHUIOM HATPHS).

Xoxa onpeneneHusi. AHAIU3UPYEMBIN PaCTBOP, COAEPKAIUNA HO-
HbI KaJIbIIMsI U MarHus, mojy4arT B koyioe Ha 100 mu y yabopanTa.
O06vem pacTBOpa B KOJIOE€ JOBOASAT JAUCTHIUIMPOBAHHOM BOJIOU
710 METKH U THIATEIbHO MEPEMENINBAIOT.

37



1. Onpenenenne cyMMbl KaJbIHUs U MarHus. B koi0y s Tut-
pOBaHUsA EMKOCThIO 250 MJI BHOCAT MUIETKOM 10 MJT aHAIM3UPyEMOTO
pacTBOopa, MNpHOABISIIOT 5 MJI aMMHadHOro OydepHOro pacTBopa
U 25 M TUCTUWIIIMPOBAHHOM BOJIbI. PacTBOp mepemenmBarot, mpubdas-
JSFOT Ha KOHYMKE WIIATENS MHAUKATOP 3PUOXPOM YEpHBIM T M BHOBB
MEPEMENINBAIOT O MOJHOTO PACTBOPEHUS MHIUKATOpPA. TUTPYIOT MO-
JyYEHHBIA PacTBOP TPWIOHOM b (KOHIEHTpaIMIO U TUTP CM. B pabo-
T€ 5) 10 MepexoJa OKPACKA pacTBOpA M3 BHHHO-KPACHOW B CHHIOKO.
TutpoBaHue TPOBOJAT A0 MOTYUYEHUS TPEX CXOAIINXCS PE3YIbTATOB,
KOTOpPBIE 3aHOCIT B JIabOpaTOpHBIN >kypHai. OmnpenensioT cpenHee
3HaueHHe o0beMa TpuiioHa b V7, momieaiiero Ha TUTPOBAaHUE CYMMBI
VOHOB KQJIbIIASI U MarHus.

2. Onpenesienue Kaabuus. B xon0y ais TUTpOBaHUSA €MKOCTBIO
250 mu1 BHOCST nuneTko 10 M1 aHaIM3UpyeMOro pactBopa, npudaB-
ast0T 5 M pactBopa NaOH (mpu 3TOM B 0CafioK BBIJCISICTCS THIPOK-
CUJl MarHus) u 25 Ml JUCTUIUIMPOBAHHOMN BoAbL. PacTBOp mepemerniu-
BalOT, NPHUOABISAIOT HAa KOHYMKE IIMATENs WHIWKATOP MYPEKCH]
Y BHOBb MEPEMEIIMBAIOT JI0 MTOJHOIO pACTBOPEHUSA MHAMKATOpa. TUT-
PYIOT MOJIYYEHHBIM pPACTBOP TPUIOHOM b (KOHUEHTpPAIMIO U TUTP
CM. B paboTe 5) 1o mepexoja OKpacKd pacTBOpa W3 PO30BOHM B Iyp-
nypHy0. TUTpoBaHME MPOBOJAT IO MOJIYUECHUS TPEX CXOMASAIIUXCS pe-
3yJIbTAaTOB, KOTOPHIE 3aHOCAT B Ja0OPATOPHBIN KypHai. Onpenenstor
cpeaHee 3HaueHne oobeMa TpuioHa b V), momeamero Ha TUTpOBaHUE
VOHOB KaJIBIIHUS.

IIpoBeaenue pacueros

1. Maccy MOHOB KanbIus (M) B aHAIM3UPYEMOM PacTBOpE pac-
CUUTBHIBAIOT 10 (popmyiie:

_ 1/z 1/z I/K
mca2+ _CHZYZ— V2 MCa2+ 9
UM
rae C:{/ZY} — MOJISIpPHAsl KOHLIEHTpAUWs 3KBUBAJIEHTA PAacTBOpa TPU-
2

aoHa b (mone/n); V, — cpennuit o6beM Tpuiiona b mo Oropetke, mo-
IeJIUHA Ha TUTPOBaHME WOHOB Kambius (mi); MZ

Ca2+
Macca JKBUBaJI€HTa MOHOB Kaubltus, paBHas 20,039 r/monb; V, —
00bEM KOJIOBI C Ha4YaJIbHBIM pacTBOpoM, paBHbiil 100 mi; Vi, — 00b-
€M IUMETKH I B3STUS AIMKBOTHI, paBHBIN 10 ML

— MoJsIpHas
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2. Maccy uoHOB MarHus (Mr) B pacTBOPE PaCCUUTHIBAIOT
o hopmyiie:

l/z 1/z V
HY2’ (V V) MM2+° s
TIATT
rae V; — cpenHuit oObeM TpuioHa b 1o OropeTke, MoIIeAIIui

Ha THTPOBAHHE CyMMbI HOHOB KaJbLWs U Maruus (Ma); M ':, — Mo-
g

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

OrnpeneneHHble 3HAYEHUS] MAacC MOHOB KaJIbIUSI U MarHus (B Mr
C TOYHOCTBIO JI0 2-TO 3HAaKa MOCJE 3alsiToi) OTAAl0T Ha IPOBEPKY,
MOJYYar0T OLIEHKY M Y3HAIOT WCTUHHYK MAacCy MOHOB B HCXOJHOM
pacTBope. PaccuuThIBalOT aOCONIOTHYIO M OTHOCHUTENIBHYIO TMOTpEIll-
HOCTH (aHAJIOTHYHO KOHTPOJIBHOM 3amaue 3.1).

KonmpoavHasa 3adaua 5.2
OnpedeseHue obujell xcecmkKocmu 800 bl

OO6mias KeCTKOCTh BOJBI (TEOPETUYECKHE OCHOBBI CM. B KOH-
TPOJIbHOM 3ajaue 3.2) XapakTepu3yeTcsi CyMMapHbIM COIEPKaHUEM
B HEW PACTBOPHUMBIX COJIEH KaJIbLIMSI U MarHusi, B HEKOTOPBIX CIydasx
— couieit xkene3a. YToObl yCTpaHUTh OOIIYIO KECTKOCTh, HEOOX0IUMO
3HaTh CYMMApHYIO KOHIICHTPALMIO YKa3aHHBIX KaTUOHOB. i1 3TOrO
MPUMEHSAIOT METOJ KOMIIJIEKCOHOMETPUYECKOTO TUTPOBAHMUS.

OmnpeneneHne >KECTKOCTA BOJbI CTaJO MEPBBIM MPAKTUYECKU
BaXXHBIM TPUMEHEHUEM TpUJIOHA b B aHaNMTUYECKOM XUMHUHU, TO-
CKOJIbKY Ha BCEX MPOU3BOJICTBAX, 1€ UCIIOIb3YETCS BOJA, TAKOW aHa-
JIU3 TOJKEH HEPEMEHHO MPOBOIUTHCS.

OO0opynoBanue: 0ropeTka 00beMOM 25 MJI, KOJIOa MepHas ¢ poo-
ko ooveMoMm 100 My, koa0a KOHWYECKast JUisi TUTPOBAHUS O0OBEMOM
250 mu1, iUIeTka 00HEMOM 5 MJI, BOPOHKA, CTaKaH JJIs CJIUBA, IINaTelb.

PeakTuBBbI: BOJa (aHAIM3UPYEMBbId pacTBOp), TpuJioH b (cran-
JNapTU30BaHHBIA PACTBOP, C'"=0,1 MOJIB/J), aMMUAUHbIi OyhepHbIN
pactBop (pH = 10), nanukarop spuoxpom uepnsid T (cyxoH, pacrep-
TBIN C XJIOPUJIOM HATpHUs).

Xona onpenesienusi. B Tpu koHn4eckue KojObl o0bemoM 250 mi
otoupatot mo 100 mi1 uccaeayeMoi BOIbl ¢ ITOMOIIBIO MEPHOM KOJIOBI.
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J06aBnAIOT B KaXayto KoJIOy 1Mo 5 Mil aMmMuadHo OydepHoit cmecH,
BHOCAT HAa KOHUMKE IIMATENs S3PUOXPOM depHbIi T U mepemMeninBaioT
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-KPACHOW B CHHIOKO.

TurpoBaHue IPOBOAAT A0 MOIYUYCHHUS TPEX CXOMSAIINXCS Pe3yJIbTa-
TOB, KOTOPBIE 3aHOCAT B JaOOPATOPHBIN >KypPHAII U ONPEAETSIOT CpeIHEe
3HaYeHHEe 00beMa KOMIUIEKCOHA, 3aTPaue€HHOT0 Ha TUTPOBAHHUE.

IIpoBenenne pacueroB. OOy xecTKOCTh BOABI Kygy (°K)
paccuUuTHIBAIOT MO popMmyiie:

1/z
C, -V, . -1000

Y U HYH
— 2 2
>I<0611[. - V >
H,0
(S C:{/ZYL — MOJsIpHAsg KOHUEHTpalMs SKBUBAJIEHTA TPUJIOHA b;
2
V — cpenHuii o0bem TpuioHa b, 3aTpadyeHHBIN Ha TUTPOBAHUE

H,Y?"

(mi); ¥V}, o — 00BeM HccieryeMoii Boabl, paBHsblid 100 M.

[TonydyeHHoe 3HaueHHE OONIEH JKECTKOCTH BOJIbI CPABHUBAIOT
C AJaHHbIMHU Ta0J1. 11 U AeNatoT BBIBOJ O KATETOPUHU KECTKOCTH.

Tabmumna 11
Ilokazamenu >icecmkocmu 600bl
Kareropus Boabl IToxazarens xxecTkocTH, 2K
OueHpb MsTKas <1,5
Msrkas 1,5-4,0
Cpennss 4,0-8,0
Kectkas 8,0-12,0
OueHb KecTKas > 12,0
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OKUHC/IUTE/IbBHO-BOCCTAHOBHUHTE/IbHOE
THTPOBAHHE

OKHCIUTEIbHO-BOCCTAHOBUTEIbHOE (PEeIOKC) THTPOBaHHE
OCHOBAHO Ha OKHCJIUTEIbHO-BOCCTAHOBUTEILHBIX PEAKIIHAX U COIMPO-
BOKJIAETCA H3MEHEHHEM PEAOKC-TMOTEHIMIAa CUCTEMBI. TUTpaHTamMu
METO/ia MOT'YT OBITh KaK OKHMCJIUTEINIH, TaK U BoccTaHOBUTEIU. Hanbo-
Jee 4YacTo IIpuMeHsieMble TUTpaHTHL: I,/ Na,S,05; (uodomempusn),
KMnO, (nepmanzanamomempusn), K,Cr,O; (xpomamomempusn),
KBrO; (6pomamomempus), NaNO, (Humpumomempus) u 1p.

JlaHHas rpyImma METOJ0B MOJXOIUT JJIS ONPEACICHUS OKUCIUTE-
JIe, BOCCTAHOBUTEJIEH, a TaK)KE BEIIECTB, HE MPOSABISIOIINX OKUCIIH-
TEJbHO-BOCCTAHOBUTEJILHBIX CBONCTB, HO PEArUpPYIOIINX C OKUCIUTE-
JIIMU WJIA BOCCTAaHOBUTEISIMU B CTEXHOMETPUUECKOM COOTHOIIICHHH.

BoccranoBuTtenu, HEMOCPEACTBEHHO pPEarupyroline co CTaH-
JApTHBIMHU PAacTBOPAMM OKHUCIHUTEIICH, ONPeaeIstoT IPSIMbBIM CIIOCO-
o6om. Hampumep, Fez+, C2O42_, H,O, HenmocpeacTBEHHO TUTPYIOTCS
TIEPMAHTaHATOM KaJlisi; HOHBI SO32_, Sz_, AsO33_ — pPacTBOPOM KOAA.
OOpaTHBIM M 3aMECTUTEIbHBIM TUTPOBAHUEM OIIPEICISAIOT OKHCIIH-
Tenu (HampuMmep, MOHBI Cr2072_, NO;, Cu2+, BrO;, ClO") u Beme-
CTBa, HE 00JaJaloMMe OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIMU CBOM-
crBamu (Ca*’, Zn™").

Jlyia ycTaHOBJIEHHMS] KOHEYHOW TOYKM THTPOBAHHUS MOTYT MpUMe-
HATHCA pedoKc-unoukamopvl (IupeHunamMut, (QEHWIaHTpaHUIOBAs
KHCJI0Ta, METUJICHOBBI CHHHMMA W JIp.). DTH BEIIECTBA YyBCTBUTCIIHHBI
K U3BMEHEHUIO PEJOKC-TIOTEHIMAIa CUCTEMBI (MMEIOT Pa3HYI0 OKPAaCKy
OKHCIJICHHON W BOCCTaHOBJICHHOW ()OpM) HE3aBHUCHUMO OT MPHUPOJILI Be-
mecTB B pactBope. Hampumep, audeHMIaMUH COBEpIIAET TEPeXxo/l
okpacku B nuana3one 0,76 = 0,03 B: npu 3nauenusax £ < 0,73 B oH sB-
nsieTcst 6ectBeTHRIM, 1pu E > 0,79 B npeobianaet dhuoneroBas ¢popma.

J1J11 HEKOTOPBIX METOJIOB UMEIOTCS CHeyughuueckue UHOUKAmopbl,
KOTOpBIE 00pa3yrOT OKpAIICHHbIE KOMIUIEKCHI ¢ TUTPAHTOM HJIU OIpe-
JeIsIeMbIM BellecTBOM. Hampumep, Kpaxmall, NMPHMEHSEMBIH B HOJI0-
METpHUH, 00pa3yeT C HMOJOM COCIMHEHUE CHHETO IIBETA; POJAAHUI-HUOH
JaeT KpacHOE OKpaIllIMBaHUE C MOHAMH TPEXBAJIEHTHOTI'O JKeje3a U TIp.

Hakosern, cymecTBYrOT 1 Oe3bIHINKATOPHBIC MEeTOIbI. Hampumep,
NepMaHraHaT-aHHOH MMeeT COOCTBEHHYIO (PHMOJIETOBYIO OKpacky, Io-
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3BOJIAIONIYI0 MAECHTU(UIIMPOBATH €ro B pacTBope. B GpomaTomeTpun
KOHEIl TUTPOBAHUSI MOKHO OINPEJETUTh MO MOABJICHUI0 Oypoit okpac-
KU BBIACIISIONIETOCS MOJIEKYJISIPHOTO OpoMa.

JlabopamopHasa pa6oma 6
CmaHdapmu3ayus pacmeopa
muocyashama Hampus

CymHocTh MeToaa. MooMeTpru4ecKuil METO 1 aHaJIM3a OCHOBAH

Ha peJIOKC-MPEBPAIIEHUN U0/1a B MOAUI-UOHBI U1 OOPATHO:
L+2e22T1.

CraHgapTHBIM AIEKTPOAHBIM MOTECHUHAN JAHHOW PEaKIMHA CPaB-
HUTEJIbHO HeOonbmoi (E° = +0,54 B), 4T0 MO3BOJISET UCHOIB30BAThH
peloKC-napy MojJia U KaK OKUCIUTENb U KaKk BOCCTaHOBUTENb. Hampu-
Mep, pacTBOp HMOJa JIETKO OKHUCISET MPU MPSIMOM TUTPOBAHUHU HO-
HBI-BOCCTAHOBUTEJIH: Sn2+, Sz_, SO32_, 82032_, ASO33_ u ap. Okucnu-
TN (Cu2+, H,0,, Br,, BrO; , ClO", Cr,0O7 u np.) onpeneistoT 3ame-
CTUTEIBHBIM TUTPOBaHUEM IIOCJe OOpabOTKH pacTBOpa H3OBITKOM
MoAuIa KaJIHsl.

B nomoMeTpuu TUTpaHTaMu SIBJISIIOTCS PacTBOPHI Mojaa (MpsiMoe
TUTPOBaHWE) U THOCYyIb(aTa HaTpus (0OpaTHOE W 3aMECTUTEIBHOE
TUTPOBAHUE), UHIUKATOP — PACTBOP KpaxmaJa.

JIisi MpUroTOBJIEHHS CTAaHAAPTHOTO PacTBOpa HOJa MPUMEHSIOT
XUMUYECKA YHUCTBIM HMOJl, TOYHYIO HABECKy KOTOPOTO PACTBOPSIOT
B BOJHOM pacTBOpE HOAMUAA Kayius (paCTBOPUMOCTh MOJIa B BOJIC OYCHb
Mmaza). [Ipu 3ToM 00pasyercs KOMIUIEKCHOE COSIMHEHUE Oyporo 1BETa:

I, + KI —» K[1;].

CrangapTHbIl pacTBOp THOCYIb(aTa HATPUS HENb3sl MPUTOTO-
BUTh U3 TOUHOU HABECKH, T. K. OH JIETKO TEPSIET KPUCTAIUIM3ALIMOHHYIO
Boqy. CranpapTuzanuio pacTBopa THOCYJb(aTa HATPUS MPOBOJIAT
M0 AUXpOMaTy Kajiiusg CIIOCOOOM 3aMECTUTENIbHOTO TUTPOBAHUA.
JI71s1 5TOTO CHAyajga BOCCTAHABJIMBAIOT AMXPOMAT H30BITKOM HOAMIA
KaJIisl B KUCJIOM CpeJie:

chr207 +6KI+7 HQSO4 — CI'Q(SO4)3 +3 12 +4 KQSO4 +7 HZO,
MOCJI€ YE€TO BBIICIUBIITUNACS U0 TUTPYIOT THOCYIb()ATOM HATPHUS:
2 N328203 +L, > NEle406 + 2 Nal.

42



Cnenyer oOpaTuTh BHHUMAaHHE, 4YTO B JaHHOM OIPECICHUHN

Ha OAWH JUXpOMAT-aHHUOH IPUXOAUTCA HICCTH THOCYHB(baT-aHHOHOB,
T.¢. 1/z (chr207) = 1/6, 1/z (N&zSzOg,) =1.

OO0opyaoBaHue: BeChl TEXHUYECKHE, BECHl aHATUTHIECKHUE, OFOKC
C KpBIIIKOW, OropeTka 00beMoM 25 mil, KOJOBI MEpHBIE C MPOOKOii
oobemom 100 u 250 mi, Koab6a KOHMYECKAs JJIsl TATPOBAHUS C MPOO-
Ko o0bemMoM 250 mi, mumetka oobeMoM 10 MJI, MEPHBIN HITHHAD
o0beMOM 25 MJI, BOpOHKaA, TpyIlla, CTaKaH JJisi CIWBa, MPOMBIBAJIKA,
TepMoMeTp ¢ npeaesom udmepenus ot 0 go 50 °C.

PeakTuBbBI: auxpoMar Kajaus, NATUBOAHBIA KPHUCTAJLUIOTHAPAT
TUOCyb(aTa HaTpus, MOAUJ] Kaiusi (pacTBOp C MacCOBOUM joJieit
10 %), kucnora cepHas (pactBop, C = 0,5 Monb/1), HHAUKATOP KpaxX-
Mai (pacTBop ¢ MaccoBou noueit 1 %).

Xoa onpenenenusi. PactBop guxpomara Kajiusi TOTOBSIT KakK Iep-
BUYHBIM CTAHIAPT C MOJIIPHOM KOHIICHTPAIlME SKBUBAJICHTA
0,05 monp/n B MepHO# kos6e o6bemom 100 M. HaBecky nuxpomarta
Kayiust (T) BRIYUCIISIIOT IO pOopMyJIe:

_ 1/z 1z
My cr0, =M K,Cr,0, Ve - C,

l/z
rne My .o, — MonApHAs Macca SKBHBAJIEHTAa JMXpoMaTa Kajus,

paBHas 49,03 r/Monb; Vi — o0bemM MepHON KOJOBI (J1); C"* — mo-

JsIpHAas KOHIICHTPAIMs SKBUBAJICHTa B TPEOyEeMOM pacTBOpe (MOJIB/ ).

PactBop tHOCyB(aTa HaTpUs ¢ MPUOIU3UTEIHLHON KOHIICHTpa-
e sxBuBasieHTa 0,05 Moas/n roToBAT B KOJIOE 00BeMoM 250 mi.
Hagecky trocyinbdara HaTpus (T) ONPeIensoT Kak:

_ 1/z 1/z
MNa,8,0,51,0 = Y Na 8,0, -5H,0 'VK -C,

1/z
rae My, 5.0, sn,0 — MOJApHAsA Macca SKBUBAJIEHTa KPUCTAILIOTHIPa-

Ta THOCYJIb(aTa HaTpUs, paBHas 248,18 r/mMolb.

Maccy HaBecKu quxpomara Kajius ONpeAesisioT B OI0OKCe Ha TEXHU-
YECKUX, a 3aT€M Ha aHAJIMTUYECKUX BECaxX; TUOCYJb(AT HATPUS B3BeE-
IIMBAIOT TOJIBKO HA TEXHUYECKUX Becax (Tab:x. 12). HaBecku pacTtBopsi-
I0T B COOTBETCTBYIOIIMX MEPHBIX KOJIOAX B AUCTWUIMPOBAHHOW BOJIE.
PactBOp THOCY/IB(aTa OCTABIISIIOT BHICTAUBATHLCA HA 24 yaca.
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bropeTKy OInoiacKuBaroT W 3amojHSAIOT PACTBOPOM THOCYIb(aTta
HaTpus. B Tpu KoHMuYecKue KOJIObI JJIsi TUTPOBAHUS BMECTUMOCTBIO
250 mn otmepsroT no 10 M aMKBOTHI pacTBOpa AUXpOMAaTa Kaiaus
temnepatypoi (20+2) °C (muneTky npeaBapUTEbHO OIMOJACKUBAIOT
TUM PacTBOpPOM). B k01061 100aBISAIOT MEPHBIM LIMJIMHIPOM T10 5 M
pacTBOpa MOAUCTOTO Kallvsl, IEpEeMEIINBAIOT U 100aBisitoT 20 M1 pac-
TBOpa CepHOM KuciotThl. Ilocie odepenHoro mepeMemunBaHus KoJOy
3aKpBIBAIOT TPOOKOW W IIOMEMIAIOT B TEMHOE MECTO Ha 5 MHUH
JUISL IPOXOXKJICHUS PEAKIINU.

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

Bbrokc 6e3 HaBecku m,

brokc ¢ HaBeckom m,
chr207 - - - mj3= mp — n
Na,S,05 - 5 H,O — — — my

[lo mpomecTBUA 5 MUH BBIACIHUBIIHNIICS MOl OTTUTPOBBIBAIOT pac-
TBOPOM THOCYJb(aTa HATPUA JI0 CBETIO-KEITOM OKPACKHU pacTBOpa, 3a-
TEM NpUOABIIAIOT 2—3 MJI pacTBOpa Kpaxmaia (pacTBOp HpHU 3TOM OKpa-
IIMBAETC B TEMHO-CMHUU 1BeT). [[poaomkatoT MEIJIEHHO TUTPOBATh
pacTBOp, MepeMenInBas Nocjae Kaxa0i 100aBI€HHON KaIuid, 10 Ucue3-
HOBEHUS CUHEW OKpacku. B Touke 3KBHBAJICHTHOCTH U IOCIJIE HEE pac-
TBOpP Oy/IET UMETh CBETJIbII CUHE-3E€JI€HbIA OTTEHOK.

Pe3ynbTaThl TUTPOBAHMS 3aMKMCHIBAIOT B J1a0OPATOPHBINA KypHaI
Y ONIPEACISIOT CpeHee 3HaueHue oObeMa THUTPAHTA MEXAY Tpems
CXOJISIIIIUMUCS pe3yIbTaTaMHu.

IIpoBenenue pacuyeron

1. Turp pactBopa nauxpoMara Kanus (I/MJI) PaCcCUUTHIBAIOT
10 B3SITOM HAaBECKE #3, PACTBOPEHHOM B KoJioe o0beMoM Vi (100 mi):

mKZCr207 _ m3
Ve 100

2. MonsipHast KOHIIEHTpALM JUXpoMarta Kaius (MOJb/J1) B pacTBOpE:

T, K,Cr,O,
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10007,

. K,Cr,0,
K,Cr,0; — ’
K,Cr,0,

rae My .o, — MOJSIpHas Macca Juxpomara Kaius, 294,19 r/mois.

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

1/z _ _ .
CK2Cr207 = CK2Cr207 2= CK2Cr207 6

4. MossipHy10 KOHIIEHTPAIMIO SKBUBAJIEHTA THOCYJIb(aTa HATPHUS

1/z o
Na,8,0; » YUCJICHHO PAaBHYIO MOJAPHONW KOHLCHTPALUH CNa28203’

ONPENEIAIOT MO PE3yJAbTaTaM TUTPOBAHUA:

lz .
C _ 1/z _ chr207 chr207
Nazszo:y’

rae Vy 0, — 00BEM aIMKBOTHI PAaCTBOPA AMXpOMara, paBHbId 10 M,

VNass,0, — CPEAHUI 00BEM THOCYJIb(aTa, IOMIEAIINH Ha THTPOBAHHC.

5. Tutp pactBopa THOCyb(haTa HaTpus (I/Mi):

T . CNaZSZO3 -M Na,S$,0;
Na,S,0; —
1000
ITo pe3ynbpTatam pacuera 3amoiaHAOT Tab. 13.

Tabmmma 13
Onpeodenenue KOHYEHMPAYUU EULECNE 8 DACHBOPAX
Konuenrpauus
PactBop s
C, MOIbB/1 C”, MOJIB/TI T, v/mn
KzCI’zO7
Na28203

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

Or0enuBaroiiiee JeCTBUE OCHOBAHO HA Pa3pYILICHUU MPUPOTHBIX
NUTMEHTOB MaTepuaja U OKpPAIICHHBIX 3arpsA3HAIONIMX BEIIECTB Opra-
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HUYECKOW TpUpoabl. [IOCKOJIBKY A3TOT KPYyr BELIECTB COCTABJISIOT
B OCHOBHOM BOCCTAHOBHUTEJIH, TO B KQ4€CTBE OCHOBBI OTOEIHBAIOIINX
IpernapaToB NPUMEHSIOT CHIIbHBIC OKUCIUTEIN Pa3IMIHOM MPUPO/IBI.

B OBITOBBIX MpemapaTax 4acTo MPUMEHSIOT COCIMHEHUS XJIOpa,
Kak HamboJjiee memieBble M aoctatouHo 3 dexruBnbie. [Ipu momana-
HUM OTOCIMBAIOIIEIO Iperapara B BOAY (KaK M MPH XJIOPUPOBAHUHU
BOJIbI) XJIOP MOJXKET MPHCYTCTBOBATh B PACTBOPE B Pa3IMYHBIX (Pop-
Max, KOTOpbIE TPOSIBIISIIOT OKUCIUTENbHBIC cBoiicTBa: Cl,, XIOopHOBa-
tuctas kuciora HCIO, runoxmoput-uon ClO . Mx cymMmapHoe co-
JIep’)KaHUE BBIPAKAETCS KaK KOHIICHTpAIUs «AKTHUBHOTO» XJIOpa, Tak
KaK MEXIy STUMHU (DOpPMaMU CYIIECTBYET paBHOBECHE:

Cl, + H,O 2 HCIO + HCl.

Heo0xoauMo y4UTHIBATh, UTO B BOJHBIX PACTBOPAX, COACPIKAIIUX
AKTUBHBIN XJIOP, MOXKET MPOUCXOAUTHh CAaMOIPOU3BOJILHOE Pa3JI0KE-
HUE COCTMHEHMN ¢ 00pa3oBaHMEM XJIOpHAA, XJopaTa W KHUCIOpOoJa.
CietoBaTenbHO, BCTAET 3a/1a4a KOHTPOJIS KOHIIEHTPAUUH OKHCIUTENS
B OTOEJIMBAIOIIUX PACTBOpPAX.

Ornpenenenue akTUBHOTO XJIOpa HUOJIOMETPUYECKUM METOIOM OC-
HOBAHO HAa PEAKIMU C MOJAKUCICHHBIM pacTBOpoM uoauaa kaus. [Ips-
MO€ TUTPOBaHUE CTaHAAPTHBIM pacTBopoM KI HEe MCIoOnb3yroT H3-3a
TPYIHOCTEW WHIWMKAUWMNA KOHEYHOM TOYKH TUTPOBAHUA: ITPEKPAILCHHE
oOpa3oBaHMsi CBOOOTHOTO MOAA C MOMOIIBI0 Kpaxmalia 3aMETUTh HEllb-
3s. [loaTOMY 111 OTIpEeAeNeHrs] OKUCIUTENIEH NOJOMETPUIECKAM METO-
JIOM IIPUMEHSIOT CIOCO0 3aMecmumenbHo20 mumpoeaHus:

_ _ + _

ClO +2T +2H — L, +CI +H,0.
BriaenuBmuiicst HoJ1, KOJIMYECTBO KOTOPOTO SKBUBAJICHTHO KOJIH-
YECTBY aKTUBHOTO XJIOpa, TUTPYIOT pabOYUM PacTBOPOM THOCYJIb(aTa

B IMIPUCYTCTBUH KpaxXMaJid. CYMMapHOC COACPKAHUC PA3JINIHBIX (I)OpM
MNEPCCUNUTHIBAOT HaA XJIOP.

OobopynoBanue: 0ropeTka 00beMOM 25 MJI, K0Ji0a MepHasi 00be-
MoM 250 mi1, kob6a KOHUYECKas JJIsi TATPOBAHUS C TPOOKONH 00BEeMOM
250 mu1, munietka o0bemoM 10 M1, MEpHBIN MUIUHIP 00BEMOM 25 M1,

BOPOHKA, T'pyllla, CTaKaH JJIs CJIMBa, TEPMOMETP C MPEICIOM HU3Mepe-
aus 0-50 °C.

PeakTuBBI: OTOCIMBAIOIIMIA mOpenapaT (aHATU3UPYEMBIH pac-
TBOp), THOCYIb(par HaTpus  (CTaHIAPTU30BAHHBIM  PaCTBOD,
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C: = 0,1 monb/im), moaua kamus (pactBop ¢ MaccoBoi goisen 10 %),
kuciora cepHas (C = 0,5 Monb/11), UHAUKATOp Kpaxmall (pacTBOP
¢ MaccoBoi noJeit 1 %).

Xona onpeaesnenus. 10 M KOHIIEHTPUPOBAHHOTO pacTBOpa OTOE-
JuBarollero cpeactsa remmneparypoit (20+2) °C nepeHocIT NUNneTKon
B MEPHYIO K0JIOY BMECTUMOCTBIO 250 MJI, TOBOJAT O METKHU JTUCTHII-
JIMPOBAHHOW BOJIOW U TIIATEJNBHO NEepeMemnBarOT. 10 M1 TOJTy4YEeHHO-
ro pacTBopa MEPEHOCAT B KOJOYy NJisi TUTPOBAHHUA, N0OABISAIOT TyJa
5 MJ1 pacTBOpa MOAUCTOrO Kaaus, IEPEeMEIInBaOT U 100aBiIsatoT 20 M
pacTtBopa cepHOl KUCHO0Thl. CHOBa MEPEMEIINBAIOT, 3aKPBIBAIOT KOJI-
Oy mpoOKoO¥ 1 MOMEIIAaIT B TEMHOE MECTO Ha 5 MHH JJisi IPOXOXK/Ie-
HUS PEAKIUH.

ITo mporiecTBUM 5 MUH BBIACIUBIIMNCA UOJ OTTUTPOBBIBAIOT pac-
TBOPOM THOCYJb(haTa HaTpusl (KOHIICHTPAIMIO U TUTP CM. B padote 6)
JI0 CBETJIO-’KEJITOM OKpaCKU pacTBOpa, 3aTeM MPHUOABIISIOT 2—3 MII pac-
TBOpa Kpaxmalia U MpOAO0HKAIOT TUTPOBAHUE J0 OOECIIBEUMBAHUS pac-
TBOpA. 3a pe3yibTaT aHaIW3a MPUHUMAIOT CpeaHee apupMETHYECKOe
3HAQUCHUE 3 MNapaJUICIbHBIX OMPEACIICHUN, B KOTOPBIX PACXOKICHUE
B 00beMe JOOABIIEHHOTO TUTPaHTa He npeBbimaet 0,1 mit.

IIpoBenenue pacueron

1. Inss 0O6paboTKu pe3ynbTaTOB JAHHOIO aHAIM3a yAOOHO TOJIb-
30BaThCSl YCA0BHBIM mumpom. B HacTosmed paboTe onpeaensieMbiM
BEILIIECTBOM SIBIIIETCSI XJIOP, & TUTPAHTOM — PacTBOpP THOCYJb(daTa
HATpUs. Y CIOBHBIN TUTP THOCYIb(aTa HATPUS MO XJIOPY (I/MI):

1/z 1/z 1/z 1/z 1/z 1/z
M c, CNa25203 -M Na,$,0, M c, CNa28203 M cl,

- 1000

=T .
Na,$,0,/Cl, — *Na,$,0, 1z 1z
Na,$,0, 1000 M Na,$,0,

5

re Clléaz c.0. — MOJIApHas KOHILIEHTpallKs DKBUBAJIEHTA B CTAHIaPTHOM
2923

. 1/z
pactBope THOCYNb(ATA HATPHs (MOJB/I); M  — MOIpHas Macca

SKBUBAJICHTA XJiOopa, paBHas 35,446 r/Mo0b.

2. VI3 momy4eHHBIX TIpU OMNPEASICHUN CXOJSAIINXCS OTCUETOB
1o OropeTke OepyT CpeaHee W BBIUUCIISIIOT MAaCCOBYHO KOHIICHTPAIIUIO
aKTUBHOTO XJiopa (x) B 1 MTpe uccieayeMoro pactsopa (I/i):

Viwso. V., -1000

Na,S,0;
s

V

2

_ TNaZSZO3/C12 )

B %

.
jnizing |
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rae Vy,s,0, — 00BEM THOCY/Ib(ATa HATPHs IO OHOPETKE, pacxomye-

MBI Ha TUTpoBaHuEe (Mn); Vi — 00beM KOIOBI I pazOaBieHUS,
paBHbIN 250 MIT; V1 — 00BbEM MUMETKH TP 0TOOPE MPOOBI U3 TAPHI,
paBubiid 10 mit; Vi — 00bEM MHUIETKH OpH O0TOOpEe MpOoOBI U3 KOJI-
Obl, paBHbIi 10 M.

Pe3ynbTarhl, MOJy4YeHHBIE BCEMH CTyACHTaMU J1abOpaTOpHOU
NOATPYIIbI, TPOBEPAIOT HA HajduWuyue npomaxa (rpyOoi MOrpemnrHo-
CTH), CTaTHUCTUYECKU 00pabaThIBAIOT W MOJYYalOT COJEpKaHuE ak-
TUBHOT'O XJIOpa B OTOEJIMBAIOIIEM Ipernapare ¢ JTOBEPUTEIbHBIM HH-

TepBajioM B Buje (Xt Ax).

CratucTnueckasi o0padoTka pe3yiabTaToB. Pe3ynbTaThl, momy-
YEHHBIE BCEMH CTyACHTaMU, OQOPMIISIIOT B €AUHYIO 6blOOpPKY (COBO-
KYITHOCTh DJJIEMEHTOB, KOTOpPas OXBAaThIBACTCS SKCIEPUMEHTOM). OTa
BBIOOpPKA HE BCErJa IMOJIY4YaeTcsi OJHOPOIHOM, UHOTAa TpeOyeTcs Ovu-
CTUTh €€ OT SKCTPEMYMOB — CJIMIIIKOM BBICOKUX WJIM CJIMIIKOM HU3KHX
3HAYCHUM. [[J1s1 5TOM LIeJIM NPUMEHSIOT 008EepUmEnbHbLIL UHMEPBA.

CMBICIT BBIYUCIICHHS JIOBEPUTEIBHOIO WHTEpPBaia 3aKIH0YaCTCs
B IIOCTPOEHHUHU 110 JAHHBIM BBIOOPKHM TAKOTO MHTEpBaia, YTOObI MOKHO
OBLIO YTBEPXKJATh C 3aJlaHHON BEPOSITHOCTHIO, YTO 3HAYCHUE OIICHU-
BAEMOT'0 NapaMeTpa HAXOAUTCA B 3TOM HHTepBajie. Jpyrumu cioBa-
MU, JTOBEPUTEIIBHBIA UHTEPBAJ C ONPENCICHHOW BEPOSTHOCTHIO CO-
JEPKUT HEU3BECTHOE 3HAUYCHUE OLICHMBAEMOM BEIMYMHBI. YeMm mmpe
WHTEpBaJl, TEM BbIIIIE HETOYHOCTb.

OO0paboTKa BBHIOOPKH METOJAMH CTAaTHUCTUKU TPeOyeT BhIYMCIIE-
HUSI CIEIYIONIUX 3HAUYCHU:

1. Cpeonee apugpmemuueckoe no BbIOOPKE:

-1
x:—Exl.
9

n i

rae X — cpeaHee 3HAUCHHUE MmapaMmeTpa; X; — i-€ 3HaueHue mapameT-
pa; n — o0beM BBIOOPKH.

2. Tucnepcun (S°) wcronb3yercs 1isi 6oiee TOYHOTO OLICHHBA-
HUS BapHaINH JTaHHBIX:

1 & -
S*P=—— x. — x)°.
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3. Cpeonekeaopamuueckoe omkjaoHeHue 1O BbIOOpke (S) —
Hanbojiee pacIpOCTPaHECHHBIM IIOKa3aTelb pPACCEMBAHUA 3HAYCHUM
KOPPEKTUPOBOK BOKPYT CPEAHETO apuPMETHUUECKOTO 3HAUCHMUSI:

S =4S

4. Ha cnenyromiem mare npoBepsitoT BHIOOPKY Ha mnpomaxu (Tpy-
Oble omnoOKu). B psiny mapanienbHbIX ONpeAesieHUd HEpeaKo 0OHapy-
KUBACTCS PE3YJIbTAT, PE3KO OTIMYAIOIIUNCA OT JAPYTHX PE3yJIbTaTOB
U OT cpenHero apudmernyeckoro Bcer cepuu. IIpousBosbHOE 0TOpa-
ChIBAHUE HW3MEPEHUS, KOTOPOE SBISIETCS «CIHUILIKOM» BBICOKUM
WJIU «CIIUIIKOM» HU3KUM, MOYKET CYIIECTBEHHO HCKa3UTh PE3yJbTaT
aHaiM3a, TaK K€ KaK W BKIIOYEHHE OIIMOOYHBIX JAHHBIX B pacyeT
cpennero apudmeruyeckoro. s oOHapyXKeHHs MPOMaxoB B sy Ma-
paJUICNIbHBIX OMPEICICHUN YaCTO UCIIONB3YIOT CIICIYIOMUN KPUTEPHIl:

‘xl — x‘ >3S,
r7€ X1 — MOAO03PUTEIBHO BhIACIAIONIEECS (COMHUTEIbHOE) 3HAUCHUE;
S — cpeaHeKkBaApaTUYHOE OTKIOHEHHUE, PACCUYUTAHHOE /I BHIOOPKH,
coaepaxkaiiei (n-1) BapuadT (MCKIIOYEHO ITO03PEBAEMOE 3HAUCHUE).

5. /losepumenvhutit unmepean. OnuH U3 CIOCOOOB BBHIYUCICHUS
NOBEPUTEILHOTO UHTEpBajla — 4epe3 Koappuuuenm Cmobirooenma
(t-xputepuii). Ilpu pacdyeTe 3TUM METOJOM OLICHIIUMK JOJDKEH caM 3a-
1aTh ypoeeHd 3Hayumocmu (p), ONPEETIIONUNA BEPOSITHOCTh, C KO-
TOPOIl OyAET MOCTPOEH AOBEPUTENbHBIN MHTEpBal. YacTo MCHOJIb3Y-
10T ypoBHM 3Haunumoctu 0,05; 0,01 u 0,001. iM coOTBETCTBYIOT HOBE-
purenbHbie BeposTHOocTH 0,95; 0,99 1 0,999.

3HaueHus kputepus CThIOJEHTA ISl BBIOPAHHOTO YPOBHS 3Ha-
YUMOCTH IIPUBEJEHBI B Ta0. 14.

Tabnuia 14

Teopemuueckue 3nauenus t-kpumepus Cmoprooenma

O0nem | Yposennb 3Haunmoctu p | O0beM | YpoBeHb 3HAYMMOCTH p

BbI- BbI-
oopku | 0,05 0,01 0,001 | Ooopxu | 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 | 5,841 | 12,923 13 2,160 | 3,012 | 4,221
4 2,776 | 4,604 | 8,610 14 2,145 | 2,977 | 4,140
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O0beM | Yposenn 3naunmoctu p | O0beM | YpoBeHb 3HAYHMOCTH p
BbI- BbI-

oopku | 0,05 0,01 | 0,001 | oopxu | 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 HHTEpBAI (AX) paCCUUTHIBAIOT 110 (hopMyIE:

A=t

Jn
PesynbTar aHanu3a 3amuChIBalOT KaK cpeaHee apudmeTrnyeckoe
3HAYEHUE OMPENEIISIEMOro MapaMeTpa, HaxoAsueecs: B rpaHuLax ao-
BEPUTEJILHOTO UHTEPBAJIA;

x+Ax.

JlabopamopHass pa6oma 7
CmaHdapmu3ayus
pacmeopa nepmMaHzaHama Kaaus

CymHocTh MeTOmAa. MeTOn mNEepMaHTaHATOMETPUM OCHOBAH
HA PEAKUUAX OKHUCIIEHUS IIEpMaHraHaT-aHMOHOM. B 3ToM noHe mapra-
HEIl HAXOJIUTCS B BBICIICH CTETICHU OKHUCIICHUS, IIO3TOMY B PEAKIUSIX
OH MOKET TOJIbKO IPUHUMATh 3JIEKTPOHBIL, T. €. BOCCTAHABINBATHCA.

B mieno4HoMn Wi HEUTPaAIbHOW CPENE TUTPOBAHUE TIEPMAHTAHATOM
MPOBOJSAT PEAKO, T. K. B 3TOM CJIy4ac CHUKAIOTCSA €r0 OKUCIIUTEIIbLHbBIC
cBoiictBa. Kpome Toro, Beimagaer Oypwiii ocagok MnQO,, cuibHO 3a-
TPYIHSIONNN (PUKCHpPOBAaHUE KOHEUHON TOYKU TUTpoBaHUS. OOBIMHO
ONpENICIICHUE TIPOBOAAT B KHUCJIOW cpene, rae noH MnQO4 mposBisieT
HanOoJIee CUIIbHBbIC OKUCITUTEIbHBIE cBOlCcTBa (E° = +1,52 B):

MnO, + 8 H" + 58 2 Mn*" + 4 H,0.

50



B naHHOW nostypeakiuyuyu BOCCTAHOBJIEHUS POUCXOIUT IPUEM IIsI-
TH BJEKTPOHOB, 3HAYMUT, B KUCION cpeae (PakTop 3KBUBAJIECHTHOCTH
JU1sl mepManranaT-anuona 1/z (MnQOy ) = 1/z (KMnOy) = 1/5.

IIpu TUTpOBaHUM B KUCJIOM CPEAE BaXKHO MOAJAECPKUBATHh HU3KOE
3HaueHue pH B Tteuenue Bcero mpouecca. [IpeanmounTaror ucnosb3o-
BaTh pa30aBJICHHYIO CEpHYIO0 KHCIOTYy (1 Moab/iI), a B TexX ciydasx,
KOrjJa B PacTBOpE MPHUCYTCTBYIOT MOHBI, OCaXKJaeMble Cyib(]aTamu,
MPUMEHSIIOT a30THYIO0 KHUCJIOTY. CONSHYIO KHUCJIOTY HE HCHOJIb3YIOT,
T. K. XJIOPUJ-AHHOH OKMCJISIETCS TEepMaHTaHATOM C OOpa3oBaHUEM
CBOOOJIHOTO XJIOpa.

B kadecTBe THUTpaHTa NMPUMEHSIOT CTAHAAPTHBIA PACTBOP IEp-
MaHraHara kanus. OHa Kamis 3TOr0 pacTBOpa Ja)Ke MpU KOHIIEHTpa-
MM ero fKBuBajeHTa, paBHOW 0,01 MONB/1, OKpammBaeT B KOHIIC
TuTpoBaHusA S50 MJI TUTPYEMOrO PacTBOpa B OTYETIMBBIM PO3OBBIN
1BET. B CBsI3U ¢ 3TUM B MMEpMaHTaHATOMETPUU OOBIYHO HE TPUMEHSIOT
WHJUKATOPhI, & PacTBOp TUTPaHTa MOXET OBITh JOCTAaTOYHO pa30aB-
JIEHHBIM (OOBIYHO MOJISIpHASI KOHIIEHTpalus skBuBasienTa KMnO, Ba-
peupyetcs B peaenax 0,02—0,05 momnw/i).

B mMeTrone nmepmMaHraHaTOMETPUHU MPSIMBIM CITIOCOOOM OTPEESIOT
BOCCTAHOBUTEIHU, OBICTPO pEATHPYIOIIME C TEPMAHTaHATOM Kajus
(Fez+, H,0,, C2042_, NO, wu ap.). Ecnu peakuus nporexkaeT MeaIcH-
HO, IPUMEHSIOT 0OpaTHBIN c0CcO0, OTTUTPOBBIBAS IIABEIEBOUN KHUCIIO-
TOM WJIM OKcaJlaTaMU M30BITOK NEpMaHraHaTa Mocjie XUMUYECKON pe-
aKIuu (TaKUM 00pa3oM OIpPEEIIOT MHOTHE OPraHUYeCKHUEe COeUHE-
HESE B mienodHoit cpexae). Oxuciuremn (Cr,0,~, S,05™, ClO,) Takxke
MOXHO OIpEIENATh OOpPaTHBIM TUTPOBAHHEM, IPOBOJS PEAKIUIO
OKUCIIUTEJNSI ¢ U30BITKOM CTaHAAPTHOTO pacTBoOpa Fe™', a Hempopea-
TUPOBABILIEE €r0 KOJHMYECTBO THUTPOBATh PACTBOPOM IE€pMaHTraHaTa
KaJIisi. 3aMECTUTENIBHBIM CIIOCOOOM OIpEIeNIsIIOT BeIlecTBa, HE MPOo-
SBJISTIOIINE OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX CBOMCTB. B 3TOM City-
4ae OIpeJieNiIeMO€e BEIIECTBO NEPEBOAST B (hOpMy cOoeIMHEHUs, 00J1a-
JAIOIIETO BOCCTAHOBUTEIbHBIMU WJIM OKUCIUTEIbHBIMU CBONCTBAMU,
a 3aTeM MPOBOJAT TUTpoBaHue. Hampumep, HOHBI Ca®, Zn*" wm Cd*
OCaXJIal0T B BUJIE OKCAJIATOB, OCAAOK PACTBOPSIOT B CEPHOM KHUCIOTE,
a BBIJICTUBIIYIOCS TPU 3TOM IIABEJIEBYIO KHUCIOTY THUTPYIOT PacTBO-
pOM TIepMaHTaHaTa Kajusl.
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CraHgapTHBIA pacTBOp MEPMaHraHaTa KaJlusl HENb3S NPUTOTOBUTH
MyTeM B3ATHS TOYHOW HABECKH, T. K. MEPMaHraHaT BCEI/la COICPIKUT
PN TPYAHO YAQISEMBIX MPUMECEH, B YaCTHOCTH TaKUX MPOYKTOB €ro
BOCCTaHOBJICHMS, Kak MnQO,. Ha mepmanranar JeHMCTBYIOT OpraHude-
CKH€ BEILIECTBA, COAEPKAIIMECA B TUCTUIUIMPOBAHHON BOJIE, AMMUAK H
JIpyrUe MPUMECH, MONaJaroIIMe B BOAY C MbUIbI0 U T. I. [lepmanranat
KaJiusi OKUCIISIET PE3UHY, KOPKOBBIE MPOOKU, Oymary | Jpyrue Bellle-
CTBa, MOA3TOMY HEOOXOAMMO HM30€rath CONMPUKOCHOBEHHSI pacTBOpa C
HUMU (HampuUMep, HeNb3s (PUIBTPOBATH PACTBOpP uepe3 OyMaxkHbIC
¢bunbTpel). Ha cBeTy HOHBI IepMaHTaHaTa OKUCIISIOT BOAY:

4MHO4_+2H20—)4M1102+4OH_+30z,

MMO3TOMY PAacTBOP XPaHAT B TEMHOTE WM B CKISIHKaxX W3 TEMHOTO
CTEKJIA.

Tounyr konuentpauntro KMnO, B pacTBOpe yCTaHABIMBAIOT
o maseneBot kucinore H,C,04 - 2 H,O, okcanatry Hatpus Na,C,0y,
okcuny wMbimbaka (III) As,Os;, rekcammmanodeppary (II) kamus
K4[Fe(CN)s], mo meTammnueckomy kejie3y U HEKOTOPbIM JIPYTrUM Be-
miectBaM. Hanbosee ya00HBI Kak yCTaHOBOYHBIE BEIIECTBA IIIaBese-
Bas KHUCJIOTa U €€ COJIU, T.K. OHU JIETKO MOTYT OBITb OYHUIIECHBI
OT IPUMECEN MYyTEM MEPEKPUCTAIIAZAINYU U3 BOJIBI.

B3aumopencTtBue  MEXIAy ~— OKcajlaT-uOHaMUA W [I€pMaHra-
HaT-HOHAMU IPOTEKAET CI0KHO, B HECKOJBKO cTaaui. CHavdana nep-
MaHTaHAT-aHUOH MEPEXOAUT B MAHTaHAT:

MHO4_ + MHC204 —> MHO42_ + MHC204+.
ManranaT-aHHOH B KHCJIOH cpene OBICTPO AUCIPOIOPIIHOHUPYET.

JIns Havana 3TOM CTaauu HEOOXOJMMO HAJU4Yue B PacTBOPE XOTS OBl
cienoB Mn”':

Mn (VI) + Mn (II) - 2 Mn (IV),

Mn (IV) + Mn (II) — 2 Mn (111).

TpexBaneHTHBII Mapranel] 00pa3yeT OKCaJIaTHbIE KOMILUIEKCHI, KO-
TOpbIE MEJUICHHO pa3jlaratoTcsi ¢ 00pa3oBaHUEM Mn*" u CO,. Takum
o0OpazoMm, TMoKa Mn®" He HakomuTCS B pacTBOpE B JOCTATOYHON KOHIIEH-
Tpaluu, peakiusi MeKIy HOHAMH OKcajaTa ¥ IiepMaHranara OyaeT npo-
TE€KaTh OYCHb MEIJICHHO. Korjga KoHUeHTpanus Mn*"* JIOCTUTHET OIIpe-
JIEJIEHHOM BEJIMYUHBI, CKOPOCTh PEAKIIUN PE3KO YBEITUUUTCS.

Yacto paccMarpuBaeMoO€ B3aUMOJICMCTBUE YIPOIIEHHO 3alUChI-
BaroOT B BUJ€ CYMMapHOI'0 YPaBHEHUS:
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5C,0 7 +2MnO4 +16 H — 10 CO,+ 2 Mn*" + 8 H,0.

B sToM peaknun okcanaT-uoOH OTIACT JBA BJICKTPOHA, A MEPMAH-

raHaT-aHHOH MPUHUMAET IIATh JICKTPOHOB, 3HAYMUT, (aKTOp AKBHBA-
2— _
nentHoctu 1/z (C,047) =1/2, 1/z (MnOy ) = 1/5.

O0opynoBaHue: BECHl TEXHUYECKUE, BECHI AHATUTUYECKHE, TUIH-
Ta DJICKTpUYECKas, BOJAsHas OaHs, OIOKC C KPBIIIKOM, OropeTka oObe-
MOM 25 MJ1, K0JIOBI MepHBbIE ¢ TTpoOKoi oobemom 100 u 500 mu, konba
KOHMYECKas Il TUTpoBaHUA oObemoMm 250 mi, murerka o0beMOoM
10 mu1, MEepHBIN HUIUHAP 00BEMOM 25 MJI, XUMUUECKUM CTaKaH, CTEK-
JISTHHAsl TaJio4Ka, CTEKJISHHBIM (QUIbTpP, BOPOHKA, TIpyllia, CTakaH

JUISL CJIMBA, MPOMBIBAJIKA, TEPMOMETpP C IpenaesioM usMepeHus ot 0
o 100 °C.

PeakTMBBI: OKCaJlaT HATPHs, IIEPMaHTaHAT Kajus, KHCIOTa Cep-
Has (pactBop, C = 1 moub/n).

Xoa onpenesieHust

1. IlpuroroBJieHue pacTBOpoOB. PacTBOp Okcaiata HATpUs TOTO-
BAT KakK MEPBUYHBIA CTAaHAAPT C MOJSIPHOW KOHIIEHTpalMel IKBHBa-
nenta 0,05 monb/n B MmepHOM kosibe oobremoMm 100 M. HaBecky okca-
jaTta HaTpus (T) BBIYUCIISIOT 1O (hopMyIie:

_ 1/z 1/z
Mya,c,0, = Mya,c,0, Ve - C,
IS Mll\gzczo‘t — MOJISIpHAs Macca SKBHBaJICHTa OKcaylaTa HaTpHs, paB-
. 1/
Hast 67,00 r/Monb; Vi — 00beM MepHoit Koa0bI (11); C'° — MoIspHast

KOHIIEHTpallHs SKBUBAJIICHTA B TPEOyEMOM pacTBOPE (MOJIB/N).

PactBop mepmaHraHata Kajiusi ¢ MPUOJU3UTEIBHOW KOHIEHTpA-
e sxBuBasieHTa 0,05 Moas/n roToBAT B K0JIOe 00BemMoM 500 mi.
HaBecky nepmanranara kaiuus (T) ONpeaestoT TakK:

_ 1z 1/z
Mivino, = MKMnO4 Ve - C,
rae Mll&nm — MOJIIpHast Macca JKBHUBAJICHTa IIEpMaHraHaTa Kayus,

paBHas 31,61 r/mMoJb.

Maccy HaBeCKHM OKcajaTa HaTpHs ONpPEeIIOT Ha TEeXHUUECKUX,
a 3aTeM Ha aHAJIMTUYECKUX Becax; MEepMaHraHaT Kajus B3BEHIUBAIOT
TOJBKO Ha TEXHHUYECKHUX Becax. Pe3ysbTaTbl B3BEIIMBAHUS 3aHOCST
B Tabu. 15.
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OToOpaHHYIO HAaBECKy OKcajaTa HaTpHsS PACTBOPSIOT B MEPHOMU
kojioe Ha 100 mu1, 3amoJHEHHOW AMCTHUIMPOBAHHOM BoAoW Ha 2/3
obbema. PacTBopeHme BeayT IpH HarpeBaHMM Ha BOJISHON OaHe,
T. K. OKCajaT HATpHUA IIOXO pacTBOpsieTcs B xoioaHou Boje. [locie
TOTO0 KaK KPHUCTAUIBI TMOJHOCTBIO PACTBOPATCS, KOJOY OXJIaXTaroT
IO/l CTPYEH XOJIOAHOM BOJBI 1O KOMHATHOM TEMIIEPATYPhl U JOBOIAT
00BEM pacTBOpa A0 METKHU.

Taomuna 15
Onpeodenenue maccol HagecokK (2)
B3BemmBanus Macca
Onpenenenue macc
IIEPBOE | BTOPOE | TPETHE (cpemHsis)
Bbrokc 0e3 HaBecku my
brokc ¢ HaBeckoi m,
N32C204 — — — ms= m, — my
KMnO, — — — my

HaBecky mnepmaHraHata He BBICBINAIOT Cpa3y B MEPHYIO Kooy,
T. K. Kpuctaiuibel KMnQO, pacTBopsArOTCS N0BOJbHO MemiieHHO. HaBecky
MOMEIIAOT B XUMAYECKUN CTaKaH, IPWIMBAOT HEKOTOPOE KOJIMYECTBO
JVCTAJUIMPOBAHHOM BOJbI, HHTEHCUBHO IEPEMEIIUBAIOT U XKAYT, MOKA
HEPACTBOPUBILHICS IMEPMAHTAHAT OCAAET HA JHO. OCTOPOKHO CIMBAIOT
XKUJIKOCTh C KPUCTAJUIOB B COCYJ JIJII XPAHEHUS, B CTAKaH CHOBA HaJu-
BalOT MOPLIMIO BOJIBI M TaK MOCTYMAIOT 10 T€X MOp, MoKa He OylIeT u3-
pacxoJ0BaH 3aroTOBJICHHBIA O0BEM BOJBIL, AK€ €CJIM HE BECH NIEPMaH-
raHat Oyjaetr pacTBopeH. Uepe3 5—7 NHeEW Mocie MPUTOTOBIEHUS pac-
TBOp OT(WIBTPOBBIBAIOT Yepe3 CTEKJIAHHBIN (DUIBTP U MPOBOIAT €ro
cranmapruzaiuio. Cregyer oOpamarth BHHUMAaHUE, 4YTOOBI B COCY
He nonanu kpucramwiel KMnQ,, nHade 1mpu nNOCTENEHHOM PacTBOPEHUHN
OHU U3MEHAT YCTAHOBJIEHHYIO KOHIIEHTPALMIO TUTPAHTA.

2. Meroauka TUTpOBaHUA. YHCTyI0 OIOpPETKY OMNOJACKUBAIOT
Y 3aII0JIHAIOT PAaCTBOPOM II€pMAHraHaTa KaJius. Y CTAHABIUBAIOT ypPO-
BEHb JKUJKOCTU B OlOpeTke Ha Hyje. Eciam HWKHUM Kpall MEHHUCKa
B OIOpETKE IIOXO BHUJEH, MOXXHO BCE OTCUETHI JIEJIaTh M0 BEPXHEMY
Kparo MEHUCKA.
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B xon0y s TUTpOBaHUS BMECTUMOCTHIO 250 MJT HAIMBAIOT MeEp-
HbIM TAJIAHAPOM 20 MJI CEpHOU KHMCJIOTHI U 25 MJI JUCTUUIMPOBAHHOU
BOJIbI, MOJOTpeTON Ha 3nekrpudeckor mute a0 70—80 °C. B ropsunii
pactBop (40-50 °C) nunerkor BHOcAT 10 Mil cTaHIapTHOrO pacTBOpa
OKcajara HaTpus W TUTPYIOT PACTBOPOM IEpMAHraHaTa KaJlds MpH Io-
CTOSIHHOM TepeMeluBanuu. [lepBbie Karm TUTpaHTa 00ECIIBEUHUBAIOT-
Cs JOBOJIBHO MEMJIEHHO, IOATOMY B Hayajle TUTPOBAHUS CIEAYIOLIYIO
ka0 pacteopa KMnO, nprOaBisifOT JUIIb MOCIE TOTO, KaK COBEp-
IICEHHO MCYE3HET OKpacka or mnpeapiayuer. [lo mMepe HakoruieHus
roHoB Mn”" CKOPOCTb PEAKIIMU YBEJIMYMBACTCS, U TUTPOBAHUE MOKHO
BECTH ObICTpee, MpUOABIISAA MEPMaHTaHAT KAl MAJICHbKUMH TOPIIUS-
MU TPU MMOCTOSSHHOM NEPEMENTMBAHUU. PacTBOp TUTPYIOT /IO OSIBJICHUS
OJIeTHO-PO30BOM OKpacKH, ycTounBoi B TeueHue 30 c.

Kak Bcerma, TuTpoBaHue BEAYyT HE MEHEE TPEX Pa3, PE3yJbTaThl
3aMMCHIBAIOT B J1TA0OPATOPHBIM >KypHAJ M OMPEACIISIIOT Cpe/HEee 3Ha-
YeHrne 00beMa TUTPAHTA MEXKIY TPEMS CXOSIIIIMMUCS PE3yIbTaTaMHu.

IIpoBenenue pacyeron
1. Tutp pacTBOpa okcanata HaTpus (I/MJ1) paCCUYUTHIBAIOT 110 B3sI-
TON HABECKE M3, pACTBOPEHHOM B K0J10€ 00bemMoM Vi (100 min):
T _ Mya,c,0, _
Na,C,0,4 :
Ve 100
2. MonsipHasi KOHLIEHTpallUsl oKcanaTa HaTpus (MOJIb/I) B pac-
TBOpE:

c B 1000- 7y, c.o,
Na,C,0, ~— >
Na2C2O4
rne My, co, — MOIFpHas Macca OKcamarta HAaTpus, paBHas

134,00 r/Mob.
3. MonspHass KOHIICHTpAIMs »JKBUBAJICHTa OKcajaTa HaTpHs
(MoJIB/):

1/z . _
CNa2C204 = CNa2C204 2= CNa2C204 2.
4. MoJsipHYI0 KOHIICHTpAIlMIO AKBUBAJICHTA (MOJIb/JI) B PacTBOPE

IIEpMaHIraHaTa KaJausd CII(/;/InO4 OoNpCACIAIOT IO PE3yJibTaTaM TUTPOBAHUSA:
1/z

cV: o Z Na,C,0, " Na,C,0,
KMnO, — v 9
KMnO,
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e Vy, co, — 00BEM aIMKBOTHI PaCTBOpA OKcanara, paBHbId 10 M

VKMnO4_ cpcaHuu 00BEM IIEpMaHraHara, nmomeJaumnun Ha TUTPOBA-

HUe (MI).
5. Mospnas konneHntparus KMnO,4 (Mob/11) B pacTBOpE:
¢ Glino, _ o,
! z 5

6. Tutp pacTBopa nepManranaTa Kauus (T/mi):
C -M
TKMnO = e
s 1000
rae Myy,o, — MomsipHas Macca KMnOy, paBrast 158,03 r/mons.

KMnO,

b

Ilo pe3ynbTaTam pacuera 3anoyiHsIOT Tadd. 16.

Tabama 16
Onpeodenenue KOHUEHMPAYUU BeULeCE 8 PACHEOPAX
Konuenrpanus
PactBop s
C, MoJIB/ 1 C'”, MOIB/TI T, r/mn
N&2C204
KMDO4

KonmpoavHasa 3adaua 7.1
OnpedesieHue Kaomusi 8 COAAX

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

[Ipu 3amecTUTETLHOM THTPOBAaHHMHM KaJIMHUH OCaXIalOT B BHJIC
TPYIHOPACTBOPUMOTO OKcajiaTa:

2+ 2
Cd™ + C204 — CdC204,
0CaZoK (PHIBTPYIOT, TPOMBIBAIOT U PACTBOPSIIOT B CEPHOM KUCIIOTE:
CdC204 + HzSO4 — H2C204 + CdSO4
[Tociie 3TOro BBIACIUBIIYIOCS NIABEIEBYKO KHCIOTY (3aMECTH-
T€JIb) TATPYIOT paCTBOPOM NEpMaHTaHaTa Kajaus B KUCJION cpele:
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5C,0 7 +2MnO4 +16 H — 10 CO, + 2 Mn*" + 8 H,0.

B oOpatHoMm cmnoco0Oe TUTpOBaHUS PACTBOP, COAEPKAIIUNA HMOHBI
KaaMusi, o0pabaThIBalOT M3BECTHHIM H30BITOYHBIM KOJIMYECTBOM OK-
cajata HaTpus Wid aMMOHUs. [Ipu 3TOM Takke BBIJIENAETCS OCAJO0K
okcanata kagmusi. Ocanok GUIBTPYIOT U cOOUparoT PUIbTpaT, KOTO-
PBIM TUTPYIOT IEPMAHTAHATOM KaJlhsl B KHCJIOW Cpelie, ONpenciss Ko-
JIMYECTBO HEMPOPEArNPOBABIIIETO OKCAJATA.

JlaHHOMY OIpeIeJICHUIO MellaeT KaJlbIuii, MarHuii, CTpOHIIUM, Oa-
pHii, IMHK, KOOAJIBT U APYTUE UOHBI, 00pa3yIolre TPy AHOPACTBOPUMbBIC
okcanarbl. O4eBUIHO, YTO €CIM OCAJOK OKcajlaTa KaJMHSl COJCPKUT
HEKOTOPOE KOJIMYECTBO ITUX UOHOB, TO OHU OYAYT MPUHSTHI 32 KaAMUH.

O0OopynoBaHue: BECBl TEXHUYECKHUE, BECHI AHAIIMTUYECKUE, CY-
IUJIBHBIN KA, TIUTa 2JIeKTpUdYeckas, OIOKC ¢ KPBIIIKOW, OropeTKa
obbemMoM 25 miI, Kojiba MepHasl ¢ MpoOkoi ooveMoM 250 mi, kKoiiOa
KOHMYECKasi Il TUTpoBaHUA oObeMoM 250 mil, mumeTka o0BeEMOM
10 mu1, MEpHBIN TUIUHAP 00BEMOM 25 MJI, XMMUYECKUN CTakaH, 0e3-
30JIbHBIN (DUIIBTP «CUHSS JICHTa», BOPOHKA, TpyIlla, CTAaKaH JJis CJIUBA,
MIPOMBIBAJIKA, TEPMOMETP ¢ npenesnom usmepenus ot 0 mo 100 °C.

PeakTuBbI: CONb KaaMUs (aHAIU3UPYEMOE BEILIECTBO), OKcalar
HaTpus, MNE€pPMaHraHat Kainus (CTaHJApTU30BaHHBIA  PacTBOD,
1/
C"* = 0,05 monb/n), kucimora cepras (pactBop, C = 1 Mob/7).

Xoxa ompenesieHusi. brokc ¢ HaBECKOW COMM KaaMMS MOJY4YarOT
y nabopanrta. Coaepxumoe OrOKca KOJUYECTBEHHO MEPEHOCST B KOJI-
Oy Ha 250 MJ1, MHOTOKPATHO CMbIBasi Yepe3 BOPOHKY AUCTUIIMPOBAH-
HOM Bojoil. Ilocie aToro OHOKC BBICYIIMBAIOT B CYIIMILHOM IIKady
(100-110 °C).

Hagecky okcanara Hatpus (okosio 1,0 r) onpenensroT Ha TEXHU-
YECKUX, a 3aTeéM Ha aHAJIUTHYECKUX Becax B BBICYIICHHOM OIOKCE
(Tabn. 17). Jlanee HaBECKy CMBIBAIOT B Ty K€ MEPHYIO KOJIOYy ¢ pac-
TBOPOM COJIM KaJMUs, 00bEM >KUIAKOCTU AOBOAST 10 METKH TUCTHII-
JIMPOBAHHOMW BOJIOW U TIIATEIBHO MEPEMEIITNBAIOT.

[Ipu nmoBeneHUM YpOBHSI pacTBOpa 0 METKHU B TOpJi€ KOJObI OObIU-
HO coOupaetcs nieHa. JloOaByieHrne BOJbI MPEKPAIIAlOT, KOTJa YPOBEHb
KHUIKOCTH JOUJET JO METKHU, a MeHa nmoguuMercs Bhime. [locie atoro
JAI0T OCAJIKy OKcajlaTa KaaMUsl OTCTOATHCS B TeueHne 30 MHUH.
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Tabmnura 17

Onpedenenue maccel Hagecku oKcaiama Hampus (2)

B3semmBanus Macca
Onpenenenne macc
IIEPBOE | BTOPOE | TPETHE (cpenHsis)
brokc 0e3 HaBeckHn my
bIokc ¢ HaBecKoOn m,
N&2C204 - — - m3 = n; — Ny

[loka ocagok oTcrauBaeTcsi, OIOPETKY OIOJACKUBAIOT W 3aroj-
HSAIOT pPacTBOPOM II€pMaHraHaTa Kajus (KOHLUEHTPALMIO W THUTP
CM. B pabote 7). YCTaHaBIMBAaIOT YPOBEHb MXHUJIKOCTU B OIOpETKE
Ha Hyse. Ecnyu HuKHUM Kpail MEHHCKA B OFOPETKE TJI0XO BUJEH, MOX-
HO BCE OTCYETHI JIENIATh 110 BEPXHEMY KPar0 MEHUCKA.

OTcrosBIIMICS pacTBOP OTHUIBTPOBBIBAIOT YEPE3 CYyXOu 0€330J1b-
HBIM (QUIBTp «CHUHSS JIGHTa» B CyXoM crakaH. Ilockonbky ¢uibTpo-
BaJibHas Oymara cHavaja aJicopOupyeT HEKOTOPOe KOJIMYECTBO OKcasat-
WOHOB U UX KOHIIEHTpAIKs B PUIbTpaTe HECKOJIBKO YMEHBIIIAETCS, TIEp-
Bble mopuuu QuibTpara otOpackiBatoT. Korma B crakane cobepercs
oonpmie 25-30 M ¢unbTpara, 10 M1 pacTBOpa OTOMPAIOT MUIIETKON
B KOHUYECKYIO KOJIOY i TUTpoBaHus oobemoM 250 mit. B oty xe kos-
Oy BHOCAT 20 MJI CEpHOU KUCIOTHI U 25 MJI IUCTUIUIMPOBAHHON BOJBI,
noaorpeTor Ha snekrpuueckont e 10 70-80 °C. ['opsauunid pacTBop
(40-50 °C) TUTpyIOT MEpMAHTaHATOM KaJIMA JI0 MOSIBJICHUS YCTOMYUBOM
OJIeAHO-PO30BOI OKpacKu. 3a BpeMsi TUTPOBAHUS MEPBOM MOPIUHU OT-
GuabTpOBBIBAaETCS ciaeayromas u T. 1. O0bIYHO TTpoBOIAT 3—4 TUTpOBa-
HUS ¥ OepyT cpeHuil u3 HanboJiee OJIM3KUX PE3yJIbTATOB.

IIpoBenenue pacuyeroB

Maccy kaamusi (T) B COJIM paCCUUTHIBAIOT TI0 hopMyIIe:

1/z 1/z 1/z
CKMnO4 'VKMno4 -M Na,C,0, V M cd**

K

b

m 2+ = m, — :
cd : 1000 Vo M

M Na,C,0,
1€ m3 — Macca HaBECKU OKcajlata HaTpus (T); Cféf,lno“ — MOJIIpHasd

KOHIICHTpAIlMsl OSKBUBAJICHTa B pAacTBOpE TIepMaHTaHaTa Kajus
(Monb/n); Vigypo, — OOBEM IEpMaHraHaTa Kauwsi, MOMCAIINIT Ha THT-

. 1/z
poBanne (mi); My, ., — MOJsIpHas Macca dKBHBaJeHTa Na,C,Oq,
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1/z
Cd2+

musi, paBHas 112,41 r/monb; V, — o00beM KOIOBI C HAYAIBHBIM pac-
TBOPOM cOJv, paBHBIA 250 Mi; Vi, — 00BEeM MUNETKH IS B3STHS
aJTMKBOTHI, paBHbIN 10 ML

Omnpenenennoe B xojae pabOThl 3HAYEHUE MACCHI KAIAMMS Mlypaxr,
(B TpaMMax € TOYHOCTBIO A0 4-TrO0 3HAaKa MOCJE 3amsiTOM) CIAroT
Ha MPOBEPKY, MOJIYUYAIOT OIIEHKY M y3HAaIOT UCTUHHYIO MAacCy KajaMusl
B PacTBOPE My;. PaCCUNTHIBAIOT a0COMIOTHYIO U OTHOCUTEIBHYIO TTO-
IPEIIHOCTH (aHAJOTMYHO KOHTPOJIbHOM 3aaaue 3.1).

paBHas 67,00 r/mMmonb; M — MOJISIpHAs Macca dDKBUBAJCHTa Kaj-

KonmpoavHasa 3adava 7.2
OnpedeseHue HUMPUMOB8

Hutputsl copepkarcs B BbIOpocax MeETaLIo00padaThIBAIOUIEH,
MOJIMMEPHOM, JTAKOKPACOYHOM, TEeKCTUJIbHOM, MUILEBON U (hapmalieB-
TUYECKOW MPOMBIIIUIEHHOCTH, a TaK)Ke€ B OMOJIOTMYECKUX CTOYHBIX BO-
nax. B moyBax M MOBEPXHOCTHBIX BOJAX HUTPUTHI MPUCYTCTBYIOT
B Pa3IMYHBIX KOJMYECTBaX (OT JECATHIX JOJIEM MUKpOrpamma J0 He-
CKOJIbKMX MUJIJTATPAMMOB B JIUTPE).

[Tonagas B opraHu3M 4eIOBEKA, HUTPUTHI OKa3bIBAIOT TOKCHYECKOE
neiictBue. Bo-nepBbIX, HUTPUTHI MOTYT BbI3BaTh METTEMOTTIOOMHEMHUIO:
OKHCJISASI JKEJIE30 B TeMOITIOOMHE, HUTPUTHI 00Pa3yroT METTeMOTrIO0uH,
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 onpeaereHrne a30TUCTON KUCIOTHI U HUTPU-
TOB OCHOBAHO Ha MX B3aMMOJICCTBUU C IEPMaHTaHATOM KaJlisd B KHUC-
goMm pactBope. [Ipu 3TOM HHUTPUTBHI KOJTUYECTBEHHO OKHUCISIOTCS
710 HUTPATOB:

5NO, +2MnO, +6H" — 5NO; +2 Mn>" + 3 H,0.

OTa peakuus COIMPOBOXKIAETCS OTAAYEH JBYX JJIEKTPOHOB
pU OKUCJIEHUU HUTPUT-HOHA, 3HauuT 1/z (NO, )= 1/2. Ilepmanra-
HAaT-aHUOH B KHUCJOW Cpele NPUHUMAET TMATh JJEKTPOHOB,
1/z(MnOy4 ) = 1/5.

A3oTHCTass KUCIIOTA U HUTPUTHI JIETKO Pa3IaratoTcsi KUCIOTaMH
¢ o0pa3oBaHUEM OKCHJIOB a30Ta:

2NO, +2 H 22 HNO, —» NO + NO, + H,0.
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[ToCKOJIBKY TUTPOBAaHUE MEPMAHTAHATOM Kaliusl BEAYT B KHUCJIOM
cpede, Mpu TUTPOBAHWH PACTBOPA HUTPUTA IMOJYYAIOT 3aHUKEHHBIC
pe3ysbTaThl. YTOOBI M30€KaTh MOTEPh, MOKHO MPUMEHSITh 00paTHBIN
MOPSIIOK TUTPOBaHUs (HE MyTaTh ¢ OOPaTHBIM TUTPOBAHUEM, KOTOPOE
TOXE MOYKHO HCHOJIb30BaTh). B 3TOM ciydae moJib3ylOTCS METOJIOM
JIyHre: HEe TUTPYIOT MOAKUCICHHBIA pAacTBOP HUTPUTA TMEPMAHTAHA-
TOM, a, HA00OPOT, KUCIBIN PaCTBOP MEpMaHraHaTa TUTPYIOT aHAIU3U-
PYEMBIM pacTBOPOM HUTPUTA, HMMEIOIIUM HEWUTPAIbHYIO PEAKIIUIO.
[Ipu sToM HuUTpUT, nonagas B pactBop KMnO,, nmpakTuuecku MrHO-
BEHHO OKHCJISIETCSl O HUTpAaTa U OKCHJBI a30Ta HE oOpasyrorcs. Me-
TOJA TpeOyeT THIATENbHOW paboThl, T. K. MOJ KOHEIl TUTPOBaHUS 00ec-
[[BEUMBAHUE UECT MEJIJICHHO.

OOopyaoBaHue: TUIMTa DJEKTpUYECKas, OmOpeTka 00BEeMOM
25 M1, k0102 KOHUYECKasl JJ1s1 THTPOBAHUS 00beMoM 250 MJ1, TUTETKA
oobemom 10 mMJI, XUMHYECKHUI CTaKaH, MEpPHbIC IWJIUHAPH 00HEMOM
25 n 100 M7, BOpOHKa, rpyma, CTakaH sl CIIMBA, TEPMOMETP C Mpe-
nesom usMepenust ot 0 go 50 °C.

PeakTuBBI: pacTBOp HUTpaTa (AaHATIM3UPYEMOE BEIECTBO), TEp-
. 1/
MaHTraHaT Kanus (CTaHmapTu3oBaHHBIA pactBop, C'~ = 0,05 Mois/1),
KucjaoTa cepHas (pactBop, C = 1 moiw/1).

Xoxa onpenenenus. [lonyyaroT y nabopaHnTa KOHTPOJIBHBIN pac-
TBOp, coAepxaumuidi HUTPUT-UoHbI (okomo 100 mu). PacTtBopom ormo-
JaCKUBAIOT M HAMoOJHSAIOT OropeTky. Ecnu B OropeTke mepen 3TUM
HaxXOAWJICS pacTBOpP NMEpPMaHraHaTa Kajldsl WIH JPYyroro OKUCIUTE,
ee CJeAyeT NPEeABAPUTEIIBHO OMOJOCHYTh JUCTHUILUIMPOBAHHON BOJION.

B xoHMYeCcKy10 KOJOY AJIs1 TUTPOBAHUS BIUMBAIOT NMUMeTKoN 10 M
CTaHJapTU30BaHHOro pactBopa KMnO, (KOHIEHTpaUHUIO U THUTP
cM. B pabote 7). MepHbIM HWIMHAPOM OTMepsaroT 20 mi pacTBopa
cepHOl KuCIOTHI, 700aBsA0T 100 Mt Teroi (okosmo 50 °C) auctui-
JUPOBAHHOW BOJBI U TUTPYIOT PACTBOPOM HUTPHUTA JI0 OOECLBEYMBa-
HUS €ro OT OJIHOM Karuii. B KOHIlE TUTpOBAaHHWE ClIEAyeT MPOBOIUTH
OYCHb aKKypaTHO, MPHUOABIsIsl PacTBOp HUTPUTA MO OJHOW Karuie
U THIATEIbHO TEepPEeMENINBasi pacTBOP, T. K. HA €ro o0eclBEeYMBaHUE
MOXET TOTPEOOBATHCSI HECKOJIBKO CEKYyHJI. TUTpOBaHHE MOBTOPSIOT
HE MEHEe TpeX pa3, U3 CXOMASIIMNXCS pe3yJIbTaToB OepyT CpeliHEe.
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IIpoBenenue pacueroB
1. YCcaoBHBIN TUTP NEpMaHraHaTa Kajus 1o HUTPUTY (T/MJ1):

1/z 1/z
CKMnO4 -M

— NO,
KMnO,/NO; 1000 >

1z
re Cyypno, — MOJSIPHAsE KOHLICHTPALHS S9KBHBAJICHTA B CTAHIAPTHOM
pacTBOpe IepMaHraHaTa Kamus (MOJB/I); M ° — MOISIpHAs Macca
2

SKBUBAJICHTA HUTPUT-aHUOHA, paBHas 23,00 r/MoJb.
2. MaccoBasi KOHLIEHTpalus HUTpUT-aHuoHa (x) B 1 nuTpe uccie-
Ayemoro pactBopa (1/n):
V. -1000

KMnO,/NO; ~ mun

7

NO;

rae V. — oO0beM HHTpHUTA, PACXOAYEMBI Ha THTPOBAaHHE (MII);
2

Viun — 00BbEM MUMETKHU MPH 0TOOpE mepMaHraHnara kanus, 10 mi.

Pe3ynbTaThl, MOJyd4eHHBbIE BCEMHU CTYACHTaMHU JIabOpaTOpPHOM
MOATPYIIIBI, MPOBEPSIOT HA HAJIMUKUE MpoMaxa, CTATUCTUYECKH 00pa-
0aThIBAOT (QHAJOTMYHO KOHTPOJBHOHM 3amade 6.1) W moiaydarT co-
JepKaHWe HUTPUT-AaHUOHA B aHAIM3UPYEMOM MpoOE C JOBEPUTEIIb-

HBIM HHTEpBajaoM B Buje (X T Ax),

JlabopamopHas pa6boma 8
Xpomamomempuuyeckoe onpedesieHue xceae3d
86 cmaau

CymHocth MeToAa. MeTon XpoMaTOMETpUN (JIMXPOMATOMETPHUH)

OCHOBAH Ha PEaKklMsIX OKUCICHUS JUXPOMAT-aHUOHOM B KUCJION Cpeie:
Cr,0; +14H + 68 22 Cr'" + 7 H,0.

Kucnyro cpeny cozmaror, npuOaBisisi cepHyro, opTodochopHyro
WU COJISTHYI0 KUCIOTY (Tipu koHueHTpanusax HC1, He npeBbIaronmx
2 MOJIB/J, XJIOPUI-UOHBI HE OKUCIISIIOTCS TuxpomMaTroM). CTaHaapTHBIM
AJEKTPOAHBIM MOTEHIMAN NpUBEACHHOW peakunun E£° = +1,36 B,
T. €. AUXpOMaT-aHWOH, 00JagaeT OOJbIIeH OKHUCIUTEIBHOM CIOCO0-

HOCThIO, yeM uoj (E° = +0,54 B), HO MeHbIIEH, YeM MepMaHraHaT
(E°=+1,52 B).
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MeTtoa XpoMaTOMeTpUu HMCIOJIb3YETCS NJis MPSIMOTO OIpesere-
HUSl KOHIICHTPAllMM BOCCTAHOBUTEJIEH, TaKUX Kak Fez+, Sn2+, Sb3+,
SO;*, I u mp. Turposarue noxos Fe* (pactBop comm Mopa) quxpo-
MaToM, B CBOIO O4Y€pE]lb, IPUMEHSETCS I ONMPENECICHUS] KOHIEHTpA-
[IMA OKUCIUTEIICH (Fe3+, C03+, NO;, CIO;, MnO, , H,O, u np.) me-
TOJ0M OOPaTHOI'0 TUTPOBaHUS. XPOMATOMETPHUS UCIIOIb3YETCS TaKKe
JUISL OTIPEJIENICHHS] HOHOB, JAIOIIMX MaJOpPacTBOPHMEIE XpoMaTsl (Ag
Ba*", Pb™").

PabouumM pacTBOpOM B XpOMATOMETPUU SIBJISIETCSI PACTBOP JAUXPO-
Mmata Kanusa. Colib TpeACTaBisieT coO0M OpaH)KEBbIe HE TUTPOCKOMUY-
HbIE KPHUCTAJIbl, XOpOIIO pPacTBOpUMbIE B Boje. Jluxpomar Kauwus
He o0pa3yeT KpUCTAIOTUIPATOB, €ro JIETKO MOJYYUTh B XUMUYECKU
YUCTOM COCTOSIHUM MEPEKPUCTATUIN3ALMEN U3 BOJHOTO pacTBopa. CTaH-
JapT AuXpomara Kalldsg MOYKHO TPUTOTOBUTH IO TOYHOM HAaBECKE,
IIPY 3TOM PACTBOP OYE€Hb YCTOWUMB U JIOJITO COXPAHSIET KOHIICHTPAIUIO
MOCTOSIHHOW Ja)Ke IMOJ BO3ACHCTBUEM Pa3INYHbIX (PaKTOPOB (TEMIIepa-
Typbl, KUCJIOPOJIa U YIJIEKUCIOro ra3a u mp.). Cieayer NoMHHUTh, YTO
TUXpOMaT Kajusi — OYE€Hb TOKCHUYHOE BEIIECTBO, 00JIa/Ial0IIee CUITh-
HBIMH OKHCIIMTEIbHBIMU CBOMCTBaMH, KaHieporeHeH. [lpu pabote
C HUM HEOOXOJIMMO PUMEHSITH 3aIUTY OPTaHOB JIbIXaHUS U KOXKHU.

PactBop auxpomaTra OKpallleH B OpPaHXXEBBIM I[BET, OJIHAKO
IIPU €r0 BOCCTAHOBJIEHUH O0pa3yeTcs MHTEHCHUBHO OKPAIICHHBIA WOH
Cr’" 3emenoro ugera, MO3TOMY CYAUTh OO0 OKOHYAHUHU PEaKIUU
110 OKpacke pacTBOpa 3aTpyJaHUTENbHO. [Ipu TUTpOBaHUU AMXpOMa-
TOM OOBIYHO NPUMEHSIOT PEIOKC-MHAUKATOPbl — AU(EHUIAMUH,
nu(peHnITaMUHCYT(OHOBYIO KHUCIOTY, (EHWIAHTPAHUIIOBYIO KHCIIO-
Ty, TM(PEHUIOCH3UIUH U T. 11

XpOoMaTOMETPUUECKOE OMPEJEIICHUE KeJie3a OCHOBAHO Ha pe-
aKIUH:

6 Fe” + Cr,0,> + 14 H — 6 Fe" + 2 Cr’" + 7 H,0.

B 31Ol peakuuu UOH JUXpoMaTra MPUHUMAET ECTh JIEKTPOHOB,
a YKeJe30 OTAACT OJMH JICKTPOH. 3HAUUT, JJIsl fuxpomara hakTop K-
BUBAJICHTHOCTH 1/z (Cr2072*) = 1/z (K,Cr,O7) = 1/6, a nnsa xkenes3a
1/z (Fe*") = 1/z (Fe) = 1.

KoHeuHyto TOUKY TUTpOBaHUSI (PUKCUPYIOT C TIOMOIIbIO MHIUKATO-
pa mudenusaMuHa. B mporiecce TUTPOBaHUS MOBBIIIACTCS KOHIICHTpA-
st moHoB Fe’' u moTeHrman PEIOKC-CUCTEMBI Fe’'/Fe*" BO3pPACTaeT,
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YTO MOPUBOAUT K MPEKICBPEMEHHOMY OKHCIICHUIO WHAUKATOpA W 3a-
HIDKCHHBIM pe3yJibTaTaM aHaiu3a. /[ yMEeHbIIeHHs 3TOro BIMSTHUS
n00aBIsAI0T OpTO(POCPOPHYIO KHUCIOTY, KOTOpas CBSA3BIBAET OKpAIIICH-
HbIC B JKEJITHI 1BeT HoHbI Fe'' B YCTOUYNBBIE OCCIIBETHBIC KOMILICKC-
HBIE NOHBI [Fe(PO4)2]37. biaromaps 3ToMy peIoKC-IOTEHIMAN Hapbl Ke-
JIe3a TOHIDKACTCSL HACTONBKO, YTO MELIAIOIee BIIMSHIE HOHOB Fe''
MOJIHOCTBIO ycTpaHsieTcs. [lepexo okpackyu UHIMKATOpa B 3TOM ClIydae
BEChMa OTYETJIMB, YEMY CIIOCOOCTBYET MPHOABICHUE B PACTBOP CEPHOM
KHUCJIOTBI, ¥ IPOUCXOJIUT TOYHO B TOUKE SKBUBAJICHTHOCTH.

PactBopsl couneit xenesa (II) wacto comepkar nmpuMecH HOHOB
xenesa (I11), mosTomy mepen turpoBanuem sxene3o (III) Heobxoaumo
BOCCTAHOBUTH. J[JI 3TOr0 MpUMEHSIIOT MeTaJUIbl (IIUHK, KaaMUii), ce-
POBOJIOPO/I, CEPHUCTBIN a3 U APYrue€ BOCCTAHOBUTENH.

OOopynoBaHue: BEChl TEXHUUYECKHE, BEChl aHATUTUUYECKUE, CY-
IUIBHBIN KA, TIUTa 2JIEKTpUYeckas, OIOKC C KPBIIIKOM, OropeTka
o0beMoM 25 M1, K0i0bl MepHbIE ¢ PoOKor oobemom 100 u 250 mu,
KoJI0a KOHMYECKass (TepMOCTOMKas) JyIsi TUTPOBaHUS OO0OBEMOM
250 mu1, munietkud oobeMoM 10 u 25 M1, MEpHBIN HUIUHAP 00BEMOM
25 mu1, BaTa, BOPOHKA, rpyllla, CTaKaH JJisl CJIMBa, POMbIBAJIKA.

PeakTuBBI: H31enMe U3 cTaiu (0OBEKT aHAIW3a), IMXpOMaT Ka-
JUsl, KUCJIOTa COJisiHasl (KOHIIEHTPUPOBAHHBIN pacTBop, p = 1,17 r/min),
KUCJIOTHasi cMech KHoma (KOHIEHTpUPOBAaHHAsI CEPHAsi KUCJIOTA, KOH-
IIEHTpUpOBaHHass opTodochopHasi KUCIOTa U BOJIa B COOTHOIICHUU
1:1:4,7), UMHK METAINIMYECKUUA TpPaHYJIUPOBAHHBIN, HHIUKATOP
nudeHuIaMuH (CEPHOKUCIIBINA PacTBOP).

Xoa onpeneaenusi. PactBop aquxpomara Kajausi ¢ MOJSPHOM KOH-
neHTpanuein skBuBajieHTa 0,05 MOJIB/I TOTOBAT B MEPHOM KoJiOe
Ha 250 MJT Kak MEpBUYHBIN CTaHAApT. MeToauka NpPUTOTOBICHUS
CTaHJlapTa onucaHa B JabopaTopHOil padbote 6.

[Tonydaror y JnabopaHTa OOBEKT aHajiu3a, W3rOTOBJICHHBIN
n3 Texanueckoit ctanu (Ct3). TiareabHO NPOMBIBAIOT €0, HECKOJIBKO
pa3 OIOJIACKUBAKOT JTUCTWUIMPOBAHHOW BOJOM M  BBICYIIMBAIOT
B CYIIWJILHOM IIKay. B3BemmBaroT u3zenne Ha aHaTUTHYECKUX Becax.

B kon0y u3 TepmMoCTONKOro cTekia oobeMoM 250 M1 HATMBAIOT
IUJIUHIPOM S5 MJT BOJIbI, @ 3aTE€M aKKypaTHO mpuoOasisaoT 10 M KoH-
[EHTPUPOBAHHOMN COJISTHOM KHUCJIOTHI (0OpaTUTE BHUMAHHE, YTO KOH-
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LHEHTPUPOBAHHASA COJISIHAS KHUCIJIOTA BBIJIEIAET Mapbl XJOPOBOJIOPOAA,
MOA3TOMY BCe pabOThI C paCTBOPOM 00s13aTE€NBLHO JOKHBI TPOBOAUTH-
csl moj TAroi). PacTBop HarpeBaroT Ha MJIMTKE OKOJIO 5 MMH JIJIsl ya-
JeHus kKucjopoga. B konOy moMemarT aHamu3upyeMoe H3JeIue
Y OCTaBJISIIOT IPU KOMHATHOM TEMIIEPATYpPE 0 MOJTHOIO PACTBOPECHUS
WJIU, €CIIM BBIICJICHUE Ta3000pa3HbIX MPOIYKTOB UJET HEIOCTATOYHO
OBICTPO, CHOBA HarpeBaroT Ha IIJIUTKE.

[Ipn pacTBOpEeHUHU Keme3a, COAEPKAETOCA B CTAIH, BBIACIACTCA
ra3000pa3HbIil BOZOPOJ 1 06pasyiorcs noHsl Fe®', 3a cuer uero pacTBop
OKpalIMBAETCS B CBETJIO-3€JICHBIA IBET. ECIIM PacTBOP MMEET KEITYIO
OKpAacCKy, 3TO CBUIETEJILCTBYET O HAIMYUU B HEM HOHOB Fe’*. B atom
Clly4yae CJEIyeT IIPOBECTH JOIOJIHUTEIBHOE BOCCTAHOBJIEHUE, OITYyCTHB
B KOJIOy 1—2 HEOOBIIHMX IPaHyJIbl METAUTMYECKOTO ITUHKA (IMHK OIyC-
KalOT B PacTBOp IO CTEHKE KOJIOBI, HAKJIOHUB €€ IOJ HEKOTOPHIM YT-
jom). KosiOy HarpeBaroT Ha IJIUTKE 10 OOMIBLHOTO BBIJCICHUS MTy3bIPh-
KOB BOJIOPO/Ia; HATPEBAHUE MPOJOJLKAECTCS 10 TEX IMOP, MOKa PACTBOP
HE CTaHET CBETJIO-3€JIEHbIM, TTOUTH OeciBeTHBIM. HeoOxoaumo, 4To0bI
nocJjie 0O0ECIIBEYMBAHUS PACTBOpPa B HEM OCTABAJIUCh KYCOYKH IIMHKA.
Ecnu Bech IMHK pacTBOPUTCS A0 HACTYIUICHUS OOECIBEUMBAHUS, HEOO-
X0uMO BBecTH ere 1-2 rpanynsl. [locrme oGecrBeurBaHUsS pacTBOpa
HE CJIEIyET HArpEBATh €ro ¢ HMHKOM JIMIITHEE BPEMS, T. K. B 3TOM CIIydae
B PAaCTBOPE OCTAHETCSI MAJIO CBOOOTHOM COJISTHOM KUCIIOTHI.

Bo3MmoxkeH ciaydal, KOrjia MpHU BBIMTYCKE U3EIUS UCTOIb30BAIIN
XPOMHUPOBAHHYIO CTallb, TOT/IAa IPU PACTBOPECHUU IIBET MOHOB KEJI€3a
OylleT 3aMacKUpOBaH HW3YMPYIHO-3€JIEHOM OKpPACKOW HOHOB Cr'.
B stux ycnoBusix Tem Oojee BaKHO TIIATEIbHO MPOBOJUTH BOCCTa-
HOBJICHHE JKEJIE3a.

Kosi0y ¢ OeciiBETHBIM pacTBOPOM, COJIEpPKAIIUM KYCOUYKH I[MHKA,
TYT K€ TIIATEJIBHO OXJIAKIAKOT B CTPYE BOJOMPOBOJHOM BOJBI, CIEIS
3a TeM, YTOOBI OpBI3TrK BOJBI HE MOMAJIM B pacTBop. B MepHyI0 KO0y
BMECTUMOCTBIO 100 M MOMEMmMAaOT BOPOHKY € KYCOYKOM BaThl
U QWIBTPYIOT MOJYYEHHBIH pacTBOp (IIPH 3TOM KoJIOY, B KOTOPOU Be-
JIOCh PACTBOPEHUE, TIIATEILHO MPOMBIBAIOT AUCTHUIUIMPOBAHHOM BO-
JIOM ¥ TPOMBIBHYIO KUJKOCTb MPUCOECAUHSIOT K PACTBOPY B MEPHOM
KOJI0e, XOpOoIlIo TTPOMBIBasi Takke BOPOHKY U BaTy). PacTBop pa3bas-
JISIFOT JI0 METKH.

B kxoHMueckyro KoJOy Jisi TUTPOBAHUS BMECTUMOCTbIO 250 M
OTOMPAIOT MUMIETKOW 25 MJT aTUKBOTHI MOJIYYEHHOTO pPacTBOpa, I0-
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OaBsar0T 50 M IUCTHIUIMPOBAHHOW BOJBI, 10 MJI KHCIOTHOM cMmecHu
u 1-2 xamm uHAuKatopa audeHuwIaMuHa. PacTBop TUTPYIOT auUXpo-
MAaTOM KaJIUSl TPU HWHTCHCHUBHOM TMEPEMEIIMBAHUM [0 IIEPEXO0]Ia
OKpacK MHAMKATOpa B CHHE-(PHONIETOBBIN 1IBET. TUTPOBAHUE MPOBO-
IST HE MEHEEe TpeX pa3, pe3ysbTaThl 3alMCHIBAIOT B JIa0OPATOPHBIN
KypHaI U ONPEJESIOT CpeHee 3HaUeHUEe 00beMa TUTPAHTA MEXKIY
TpeMS CXOIALIMMUCS PE3YIbTATAMMU.

IIpoBenenue pacueroB

1. Macca xene3a B oopasie ctanu (T):
1/z 1/z 1/z

_ CKZCr207 'VK2Cr207 -M eV

Fe 1000 14

I

m

b

re C11</Zcf o. — MOJIsIpHas KOHLEHTpALUs DKBUBAJICHTAa B CTAHAAPTHOM
22T

. 1/z o
pacTBope Auxpomara Kamus (MOJb/M); Vi ¢, , — CPenHHil 00beM JH-
1/z

Xpomara, NOIEAMNN Ha TUTpoBanue (Mi); M.~ — MOJspHas Macca
SKBUBAJICHTA jXeje3a, paBHas 55,85 r/Moab; Vi — 00beM KOJIOBI
c pacTBopoM o0Opasna, paBHbid 100 mi; Vi, — 00BEeM NHIETKHU

IUIS B3SITUSL ATMKBOTHI, PaBHBIN 25 ML
2. MaccoBas gous xenesa B uzaenuu (%):

m
o, = —=-100 %,
m

u3.

TA€ M 3, — Macca aHATU3UPYEMOT0 CTAIBLHOTO U3enus (T).

OCAJUTE/IbHOE TUTPOBAHHUE

Ocagure/ibHOE TUTPOBaHUE (CeIMMETPHUsi) — TIpynna METOOB,
OCHOBAHHBIX Ha PEaKIUsiX 0O0pa30BaHMs TPYIAHOPACTBOPUMBIX COEIUHE-
HUH, BBIICISIFOIINXCS. U3 PacTBOpa B BUE Oocazika. B mponecce THTpoBa-
HUSI U3MEHSIOTCSI KOHLIEHTPALIMKA OCAKJAEMbIX MOHOB B pacTBope. B na-
OOpaTOPHOM MPAKTUKE MPUMEHSIOT CICIYIONTNE OCHOBHBIE METOIBI.

* Apzenmomempusn (TutpadT — pactBop AgNQO;3) 11 onpeene-
HUA MOHOB (KAaK TPABHIIO, TAJOTEHOB), KOTOphle 00pa3yloT ¢ Ag'
MPaAKTUYECKU HEPACTBOPUMBIN OCaIOK.
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* Mepkypomempusn (tutpant — Hg,(NOs),) ocHoBaHa Ha 00pa-
30BaHUU TPYyAHOPAcTBOpUMBIX coenuHeHuil ptyTtu (I). [Ipumensercs
JUIsl OTNIPEJICTICHUs] XJIOPUJIOB U OpPOMHUIIOB B CHIJIBHOKUCIIOW CpeJie.
Merton He MOJIydHJI IIUPOKOTO PACHPOCTPAHEHUS M3-3a CUIIBHOU TOK-
CUYHOCTHU COCIMHEHUN OJHOBAJIEHTHOU PTYTH.

e Cynvpamomempun (tutpantr — H,SO,/ BaCl,) 0asupyercs
Ha peakuusx oOpa3oBaHUsA TPYIHOPACTBOPUMBIX cyibdaToB. NHorAa
BBIJICJISIIOT OapUMETPHUIO0, OCHOBAHHYIO Ha HCMOJB30BAaHUU PEaKIIMM
00pa3oBaHMs TPYJHOPACTOPUMBIX cojieli Oapus. MeToa Mmo3BoOJISET
OnpenensaTh Cyab(aThl U1 HOHBI Oapusi (MOXKET CIYXKUTh albTepPHATH-
BOW I'PABUMETPUUECKOMY METOY OIIPEICIICHUS Ba2+).

» I'ekcayuanogeppamomempus — METOJ| ONPEICICHUS KaTHO-
HOB METAJJIOB C UCIOJIb30BAHUEM B KAaU€CTBE TUTPAHTA CTAHJAPTHOIO
pactBopa rekcannanodeppara (II) kamus Ky[Fe(CN)g].

* OcadumenvHaa xXxpomamomempusa MO3BOJSET ONPEIEIATh HO-
HBI, JAOIIME MaJOPACTBOPUMBIE XPOMATHI (Ba2+, Pb*", Ag)).

JlabopamopHasa pa6oma 9
CmaHdapmu3ayus
pacmeopa HUumpama cepeépa

CymHocTh MeT0/1a. APreHTOMETPHUS — METO/] KOJIMYECTBEHHOT O
aHajgu3a aHWOHOB, OOPa3yIOUIUMX TPYAHOPACTBOPUMBIE COETUHEHUS
WM YCTOWYUBBIE KOMIUICKCHI ¢ KaTHOHAMH cepedpa. MeTosl Ucoib-
3yeTcsi IS OMNpENENICHUs] TAJIOrN€HHWJIOB, THOLMAHATOB, I[MAHUJIOB,
dbocdartoB u ap.

OCHOBHBIM TUTPAHTOM B aAPTEHTOMETPHUU SIBJISIETCS PAcTBOP HUT-
para cepeopa (0,05-0,1 Mob/1), KOTOPBIA TOTOBUTCSI KAK BTOPUYHBII
cTaHjapT. B kauecTBe MEpBUYHOIO CTAHIAPTHOTO BEIIECTBA JJISI €TO
crangaptuzanuu npuMmeHsroT NaCl (s yaajaeHusi TUrpOCKOIHYe-
CKOM BJaru XUMHYECKH YHCTBHIM XJIOpUJ HATPUS MPOKAIUBAIOT
npu temneparype 400-500 °C  no mnoctosstHHOM Maccel). HMoHbl
Ag’ Ha cBeTy OBICTPO BOCCTAHABJIMBAIOTCS O METAIMYECKOTO Cepe-
Opa, mo3ToMy cTaHIapTHBIA pacTBOp AgNO; ciaeayeT XpaHUTh B CO-
Cy/laX U3 TEMHOTO CTEKJa C MPUTEPTHIMU MPOOKAMH B 3AIIMIIIEHHOM
OT CBETa MECTE.
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[Ipu cranmapTuzalMu pacTBOpa HUTpaTa cepedpa XJIOPUAOM
HATpUs MIPOTEKAET CIASAYIOIIas peakius:

AgNO; + NaCl — AgCl| + NaNO;.

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

KoneuHyto TOYKYy NpH TUTPOBAHUHU XJOPUIOB OOHAPYKUBAIOT
C IIOMOIIBIO Pa3HbIX METONOB. B memooe Mopa vHaukaTopom sIBIs-
ercst xpomar kaius (K,CrOy), B Memooe @Dasanca UCTONb3yOT ajl-
copOIMOHHBIE MHAUKATOPHI (703UH, PiryopeciienH), B memooe Do.ib-
2apoa — XeJIe30aMMOHUHBIE KBACIIbI.

ObGopynoBaHue: BEChl TEXHUUYECKHUE, BEChl aHATUTUYECKHUE, OFOKC
C KpBIIIKOM, OropeTka o0beMoM 25 MJI, KOJObI MEpHBIE C MPOOKOM
oobemom 100 u 250 M1, koJ1I0a KOHUYECKAs JISI TATPOBAHUSI 0O0HEMOM
100 mu, munetka o6veMom 10 M1, MepHBIN nHIUHIAP o0beMoM 10 M,
BOpPOHKa, TpyIlia, CTaKaH JJIs CJIMBa, MPOMbIBAJIKA.

PeakTuBBI: XJIOpUJ HATpHs, HUTpAT cepedpa, XpomaT Kajus
(pactBOp ¢ MaccoBoii noseu 5 %).

Xoa onpeneseHusi. PactBop xiopujaa HATpUsl TOTOBSAT KaK IEpP-
BUYHBIM CTAHIAPT C MOJIIPHOM KOHIICHTPAIlME SKBUBAJICHTA
0,05 Mmons/m B MepHO#l konbOe oobemoMm 100 mu. HaBecky xmopuna
HaTpus (T') BEIYUCISAIOT 110 hopMyIIe:

_ 1/z 1/z
Myacr = Myaer Vi " C7s

1/
TAc MNiCl — MOJBIPHasdA MACCa 3KBUBAJICHTA XJIOpUAA HATPUS, pPaBHAA

58,443 r/monb; Vi — 00beM MEpHOUM KOJOBI (J1); c'" — MOJIIpHas

KOHIIEHTpAllHs SKBUBAJIICHTA B TPEOyEMOM pacTBOPE (MOJIB/N).

PactBop HuTpara cepebpa ¢ ONpUOIUZUTEIHHON MOJIAPHOU KOH-
neHTpanueit sxkBuBajgeHTa 0,05 MoJIb/J1 TOTOBAT B MEPHOU K0J10€ 00b-
emoM 250 mu1. HaBecky (T) onpenensror Kak:

_ 1/z 1/z
M gno, =M AgNO; Ve - €,

1/z
rae M .o, — MOJIApHAs Macca SKBMBAJICHTA HUTpaTa cepebpa, pas-

Has 169,873 r/mMoib.
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Maccy HaBeCKM BBICYIIEHHOTO XJIOPHUJIA HATpUs ONPENECISIOT
B OIOKCE Ha TEXHUYECKHUX, a 3aT€M Ha aHAJUTUYECKUX BECax; HUTpAT
cepeOpa B3BEIIMBAIOT TOJBKO Ha TEXHUYECKUX Becax. Pe3ynbTarhbl
B3BEIIMBAHUS 3aHOCAT B Tabiu. 18. HaBecku pacTBOpSAIOT B COOTBET-
CTBYIOILIUX MEPHBIX K0JIOaX B JUCTUUIMPOBAHHON BOJIE.

Taomuna 18
Onpeodenenue maccol HABecoK (2)
B3BemmuBanus Macca
Onpenenenne Macc
IIEPBOE | BTOPOE | TPETHE (cpenHsist)

brokc 6e3 HaBecku m;

brokc ¢ HaBeckoi m,

NaCl — — — ms3= m, — m,
AgNO3 - - — my

BropeTKky 3amofHAI0T pacTBOPOM HUTpaTa cepedpa. B Tpu koHH-
yecKue KOJObI sl TUTpoBaHus oO0bemMoM 100 mi BHocAT 1o 10 mi
aJMKBOTBHI CTAHJAPTHOIO PacTBOpa XJIOpHUAA HATPUS, IUJIUHIPOM OT-
MEpSIIOT 5 MJI JUCTUUIMPOBAHHOW BOABI M J00ABISAIOT 3—5 Kamesb
(KaXaplii pa3 OAMHAKOBOE KOJMYECTBO) pacTBOpa XpomaTa Kallusl.
PacTtBOp B KOJIOE TUTPYIOT HUTPATOM Cepedpa Mpu IHEPTUIHOM Tepe-
MEIIMBAHUU J10 TEX MOp, MOKA HE TMOSBUTCS TMEPBOE HEUCUE3AIOIICE
OKpallliBaHWE CYCIEH3UWU B CJIA0BIM KpacHOBATO-KOPUYHEBBIN I[BET.
Pe3ynbTaThl TUTPOBAHUS 1O OIOPETKE 3aMUCHIBAIOT B Ja0OpATOPHBIN
KYpHaJI U ONPENEINISIIOT CpeHee 3HAaUeHUEe 00beMa THUTpPaHTa MEXKIY
TpeMs CXOJSAIINMUCS PE3YJIbTATAMMU.

IIpoBeaenue pacueros

1. Tutp pacTBopa xjopuaa HaTpus (I/MJ1) paCCUYNUTHIBAIOT IO B3sI-
TOW HaBECKE M3, PACTBOPEHHON B K0J10€ 00beMoM Vi (100 mi):

m m
7 —_ Nl _ 73
My 100

2. MonsipHasi KOHIIeHTpauus (MOJIb/J1) XJIOpUJa HATpUsl B pacTBO-
pe C\,c|, YUCIEHHO paBHAS MOJSAPHON KOHIIEHTPALUMU IKBUBAIICHTA

lVz
CNaCl .
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1000 -7,
Cract = CII\;szI = M L

3. MonsipHasi KOHIEHTpalus 3KBUBaJeHTa (MOJIb/J) B pacTBOpE
HUTpaTa cepedpa CI'AngN03 , YICJICHHO paBHAas MOJISIPHON KOHILIEHTpAIUU

NaCl

Cugno, » OTIPEACTSICTCS [0 PE3yIIbTaTaM TUTPOBAHMUSL:

1/z
Cl/z - C _ CNaCl 'VNaCl
AgNO; =~ “~AgNO; 14 ’

AgNO,
rae Vy,c, — 00beM almKBOTHI pacTBOpa Xjopujaa Hatpus, 10 mi;
Vieno, — cpearnii 00bem AgNO;, norueammii Ha TATpOBaHKE (MII).

4. Tutp pacTBOpa HUTpaTa cepedpa (r/mn):

CAgNO3 -M AgNO,

1000

T, AgNO;

b

ITo pe3ynbpTaram pacuera 3amoiaHAOT Tad. 19.

Tabmuma 19
Onpeodenenue KOHUEHMPAYUU BeULeCE 8 PACIEOPAX
KoHuenrpanus
PactBop T
C, MOJIB/TT C*, MOJIB/IT T, v/mn
NaCl
AgNO3

KonmpoavHasa 3adaua 9.1
OnpedesieHue xaopudos memodom Mopa

Meton Mopa oCHOBaH Ha MCIOJIb30BAaHWH B KAYECTBE UHANKATOPA
xpomara ks K,CrO,. OT0T MeTon npeaHa3HayeH AJIsl ONPEICIICHUS
XJIOPUAOB U OpOMHUJOB B HEUTPAIHLHON WM CIIAa0ONICIOYHON cpelie
(pH = 6,5 — 10). Moanasl U THOIIMAHATHI 3TUM METOJIOM HE OINpEIes-
10T, T. K. ocanku Agl u AgSCN crocoOHbI aicopOUpOBaTh UHIUKATOP
(Xpomar Kaus) U OKpalIuBaKOTCA 1O TOUKH SKBUBAJICHTHOCTH.

OnpeneneHre MOHOB XJIOpa OCHOBAHO HA MPSIMOM TUTPOBAHUU
HAaBECKU aHAIM3UPYEMOIO BEIIECTBA MJIM €r0 pacTBOPA CTAHIAPTHBIM

69



pacTBOPOM HUTpaTa cepedpa B MPUCYTCTBUHM MHIMKATOpa — Xpomara
kanud. [locnennuit obpasyer ¢ HUTpaToM cepedpa KUPIMUYHO-Kpac-
HBI OCaJoK Xpomara cepeOpa, 0oJjiee pPacTBOPUMBIN, YeM OCaJ0K
XJjopua cepeopa:
KzCI'O4 +2 AgNO3 — AngrO4l +2 KNO3

TutpoBaHrne NPOBOIAT B HEUTPAIBHOM PACTBOPE, T. K. XpOMar
cepebpa pactBopuM B Kuciiorax. [locie BbimajgeHus: 0emoro ocaaka
AgC1l B MOMEHT 3KBHUBAJICHTHOCTH:

Ag +Cl" — AgCl] —
oJiHa U30bITOYHAs Karis TuTpanta AgNO3 o0pa3yeTr ¢ noHaMu CrO,~

ocanok Ag,CrOy4, KOTOPBIN M OKpAIIIUBACT COJIEPKUMOE KOJIOBI B KUP-
MMUYHO-KPACHBIN LBET.

Oo0opynoBanue: OIOKC C KpBIINIKOW, OrOpeTka o0beMoM 25 M,
Kojiba MepHas ¢ mpoOkor oOobemMom 100 mm, komba KOHWYECKas
Uit TUTpoBaHust oobeMoM 100 mut, muneTrka oo6bemMom 10 M1, MepHBIH
nuauHIp oosemoMm 10 M1, BOpOHKa, Ipyllla, CTaKaH JJis CJIMBa, MPO-
MBIBAJIKA.

PeakTuBBI: XJIOpUJ HaTpus (AHAIU3UPYEMOE BEILIECTBO), HUTPAT
. 1/
cepebpa (cranmapTu3oBaHHblii pactBop, C~ = 0,05 MOIL/11), HHIUKA-
TOP XpoMar Kajnus (pacTBOp ¢ MaccoBoi noseu 5 %).

Xoa ompenaesieHUsi. bIOKC C HABECKOW IPOCYILIEHHOTO XJIOPHUIA
HATpHs NoJydaroT y jabopanTta. CoaepkuMoe OI0Kca KOJIMYECTBEHHO
nepeHocar B kosioy Ha 100 my, MHOTOKpAaTHO CMbIBasi C MOMOIIBIO
IPOMBIBAJIKM 4Y€pe3 BOPOHKY JIUCTHILIMPOBAHHOM Bojaoul. OO0beM
KUJKOCTA B KOJIO€ NTOBOJAT 10 METKM JHUCTWIIMPOBAHHON BOJOM
Y TIIATEIBHO MEPEMEIINBALOT.

BropeTky 3amoiHs0T pacTBOPOM HUTpaTa cepedpa (KOHLIEHTPALIUIO
U TUTP CM. B pabote 9). B Tpu koHnYeckue KOOkl JJIsl TATPOBAHUS 00b-
emoM 100 M BHOCAT 110 10 MJI QJIMKBOTHI aHATU3UPYEMOIO PacTBOpa
XJIOpHUIa HATpUs, [MWIAHIPOM OTMEPSIOT 5 MJI AUCTULIMPOBAHHOW BO-
bl 1 A00aBISAIOT 3—5 Kamenb (KaKIbI pa3 OAMHAKOBOE KOJIMYECTBO)
pacTBopa Xxpomara Kajims. PacTBop B K0J0€ TUTPYIOT HUTPATOM cepedpa
IIPU SHEPrUYHOM TEPEMEIINBAHUU JI0 TE€X MOpP, TTOKA HE MOSIBUTCS MEP-
BOE HEHCUE3aollee OKpalllMBaHWE CYCHEH3WHM B CIaOblii KpacHOBa-
TO-KOPUYHEBBIN LIBET. Pe3ynbTaThl TUTPOBAHUS MO OIOPETKE 3aIUCHIBA-
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10T B J1a00paTOPHBIN KypHAT U ONPEACIIAIOT CpeiHee 3HaUeHue 00beMa
TUTPAHTA MEKTYy TPEMS CXOJAIIUMHUCS PE3YIbTaTaAMU.

IIpoBenenue pacueroB. Maccy xnopuja-uoHa () B XJIOpUJIE
HaTpHUS PaCCUUTHIBAIOT 10 hOpMYyIIE:

1/z 1/z
_ CAgNO3 VAgNO3 MCI_ . VK

m_ _ = ’
cl 1000 V

TIATI

1/z
TIc CAgNO3 e MOHHpHaf{ KOHHGHTpaHI/Iﬂ 3KBHUBAJICHTA B CTaHI[apTHOM

. 1/z (%]
pactBope HHTpara cepedpa (Monb/i); V, 1, — CpelHHH 00beM HHT-

ata cepebpa, moueqmuii Ha TUTpoBanue (Mia), MY? — momnspHas
Cl

Macca SKBHUBAJICHTa MOHOB XJiopa, paBHas 35,453 r/monb; V, — 00beM
KOJIOBI ¢ pacTtBopoM, paBHbd 100 mi; Vi, — 00BbeM NHUIETKHA IS
B3ATHS AIMKBOTHI, paBHbIN 10 M.

OnpeneneHHoe B x0A€ padOThl 3HAYEHHE MACChl XJIOPUA-MOHOB
Mypaxr. (B TPAMMAX ¢ TOYHOCTBIO 10 4-T0 3HAaKa IOCIIE 3alATOM) CAAI0T
Ha TPOBEPKY, IMOJYYAOT OIEHKY M y3HAIOT UCTUHHYIO MacCy HOHOB
XJIOpa B PACTBOPE Mye,. PACCUNTHIBAIOT aOCOIOTHYIO U OTHOCUTEIb-
HYIO MOTPEIHOCTH (aHAJIOTUYHO KOHTPOJbHOM 3a1aue 3.1).

KonmpoavHasa 3adaua 9.2
OnpedesieHuUe X/10pudo8 Mmemoodom PassHca

Meron ®assHCA OCHOBaH Ha MPSAMOM TUTPOBAHUM TajOT€HHJIOB
cTaHIapTHBIM pacTBOpoM AgNO; B NPUCYTCTBHU @0COPOUUOHHBIX
UHOUKAMOPO8, KOTOpbIE aACOPOUPYIOTCA OCaJAKaMH, HW3MEHSs
IIPU 3TOM CBOIO OKpacKy. AJICOPOIMOHHBIE UHIUKATOPHI (303UH, Qiy-
opeclierH, (hJIOKCUH, S3PUTPO3UH) SIBIAIOTCS OPraHUYECKUM COEIUHE-
HUSIMH, OTHOCSITCSL K OpraHMYeCKUM KHclioTaM. M3MeHeHue oKpacku
WHJUKATOpa MIPOUCXOUT HE B PACTBOPE, @ HA IOBEPXHOCTH OCAKA.

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

D03uH ancopoupyercs Jydille XJIOPUI-MOHOB, MOATOMY JTaHHBIN
UHIUKATOP HENb3d MPUMEHATH I OOHApPYKEHUS KOHEYHOM TOYKH
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TUTPOBAHUS XJOPHUAOB, T. K. OH OyAET aacopOMpOBATHCS Ha OCAIKE
AgCl emé€ m0 MOCTMXKEHHS TOYKH SKBHBAJCHTHOCTH. DO3MH Yallle
MPUMEHSIIOT MPU OMpPEAEICHUN OpOMUIOB, MOAUIOB U THOIIMAHATOB.
[Ipy ucnonp30BaHMM 303MHA MOBEPXHOCTh OCAJIKa OKPAIIUBAETCS
B KpacHO-(DHOJIETOBBIH IIBET.

ObGopynoBaHue: OIOKC C KpBIIIKOM, OOpeTka oObeMOM 25 MiI,
Kojiba MepHas c mpoOkor oOobemMoM 100 mi, komba KOHWYECKas
Uit TUTpoBaHust oobeMoM 100 mut, munerka oobeMom 10 M1, MepHBIH
nuauHIp oobemoMm 10 M1, BOpOHKa, Ipyllla, CTaKaH JJisg CIUBa, MPO-
MBIBaJIKa.

PeakTuBbI: XJIOpUI HaTpuUs (AHATIU3UPYEMOE BEILIECTBO), HUTPAT
cepeOpa (cTaHmapTU30BaHHBINA PAcTBOD, C'""=0,05 MOJIb/JT), UHJIMKA-
TOp (prryopectienH (CIUPTOBOM pacTBOp), Kpaxmain (pacTBOp ¢ Macco-
BoM nonent 1 %).

Xoa ompenaesieHusi. bIOKC C HABECKOW IPOCYILIEHHOTO XJIOPHUIA
HaTpus Mojay4daror y jadopanta. Cojepkumoe Or0Kca KOJIMYECTBEHHO
nepeHocsaT B Koj0y Ha 100 My, MHOTOKpPaTHO CMbIBasi C MOMOIIbIO
IPOMBIBAJIKM 4Y€pe3 BOPOHKY JUCTWIIMPOBAaHHON Bomoi. OO0bem
KUJKOCTH B KOJIOE HOBOASAT /10 METKM JIHUCTUILUIMPOBAHHOW BOJOU
Y TIIATEJIBHO MMEPEMENINBALOT.

BropeTKy 3amofiHAI0T pacTBOPOM HUTpaTa cepedpa (KOHIEHTpa-
LU0 U TUTP CM. B pabote 9). B Tpu KoHMYECKHE KOJIOBI 711 TUTPOBA-
HUusg o0beMoM 100 mu1 BHOCAT 1o 10 MJT aTUKBOTHI aHAIU3UPYEMOTO
pacTBOpa XJOPHUIA HATPHUS, HHWJIHHAPOM OTMEPSIOT 5 MJI JUCTHILIAPO-
BaHHOU BOJBI M MO 5 MJI pacTBOpa Kpaxmaya, H0OaBJSIIOT 5 Karelb
uHauKaropa ¢ayopecuenna. PacTBop B kaxaoil kojid0e TUTPYIOT HUT-
paroM cepedpa, HEMPEPHIBHO MEPEMEIINBAs PACTBOP 10 IMOSBJICHUS
YCTOMYHMBOTO PO30BOTO OKPAIIMBAHUS KUAJIKOCTH WU OCAJIKA.

OkpalvBaHHE >KUIKOCTH BBI3BIBACTCA TEM, YTO 4YacTh OCaJIKa
AgCl ynepxuBaeTcsi B KOJUIOMTHO-PACTBOPEHHOM cocTosiHuU. [lo-
ATOMY B HCCIIEIyeMbIi pacTBOp, KpOME HHIUKATOpA, MPUOABIISIIOT
KpaxMmai U pa30aBisioT BogoM. [Ipu Takux ycloOBHSX Mepexo oKpac-
KM JOCTaTOYHO OTYETIIUB.

[To mepe npubaBnenus nmo kamisaMm pactBopa AgNO; turpyemasi
cMech MyTHeeT. BOiu3M TOYKM 3KBUBAJEHTHOCTHM HaOJI0O/aeTcs 4a-
CTUYHas Koaryisiuus kojutougHoro ocaigka AgCl. B 3tor momeHT
TUTPYIOT €llle 00Jiee BHUMATEJIBHO, CHJIBHO MEPEMENINBAsi CONCPIKU-
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Moe KoJIObI. TUTpOBaHME 3aKaHUUBAIOT, KOTJa OEJIbIi 0Ca0K XJI0pHaa
cepebpa OKpaIIMBaeTCs B PO30BHIH IIBET.

Pe3ynbpTaThl TUTPOBAHUS 110 OIOPETKE 3aIlMCHIBAIOT B J1aOOpaTOp-
HBIH JKYpHaJl M OMNpPEISSIOT CpeIHee 3HaueHHe OoO0bheMa TUTpaHTa
MEXTy TPEMS CXOSIMUMHUCS Pe3yTbTaTaMH.

IIpoBenenue pacueroB. Maccy xiopuja-uoHa (r) B XJIOpUJIE
HaTpHUS PaCCUUTHIBAIOT 110 hOpMyIIe:

. CX;NO3 'VAgNo3 -M é/lf . 4

K

m. _ = s
cl 1000 V

TIUTI

1/z
rae C, o, — MOISIPHAs KOHLCHTPALNUS SKBUBAJICHTA B CTAHIaPTHOM
. 1/z (%)
pactBope HuTpaTa cepeOpa (MOMb/n); V, 1, — CPeaHHil 00beM HHT-
(v . 1/z
para cepeOpa, momeamnii Ha THTpoBanue (M), M _~ — MOJsIpHas

Macca SKBUBaJICHTa MOHOB XJiopa, paBHas 35,453 r/mons; Vi, — o0bem
KoJIOBI ¢ pacTtBOopoM, paBHbid 100 mir; Vi, — 00bEM NIHUIIETKH s
B3ATHUS AIMKBOTHI, paBHbIN 10 M.

OnpeneneHHoe B xoA€ padOThl 3HAYEHHE MACChl XJIOPUA-MOHOB
Mypaxr. (B TPAMMAaX C TOYHOCTBIO 110 4-T0 3HaKa IOCJIE 3alATOM) CAAI0T
Ha TPOBEPKY, MOJYUYAIOT OLIEHKY M y3HAIOT UCTUHHYIO MacCy HMOHOB
XJIOpa B PaCTBOPE Mye,. PACCUNTHIBAIOT aOCOIOTHYIO U OTHOCUTEIb-
HYIO MOTPEITHOCTH (aHAJIOTUYHO KOHTPOJIbHOM 3a7aue 3.1).
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O6pas3en, opopmMyieHUA OTUYETA
0 JJaGopaToOpHOM paboTe
IO TUATPUMETPUYECKOMY aHAJIU3Y

Jlabopamopmuasn paooma 3
Cmanoapmu3ayus pacmeopa coAAHOU KUC/10mbl

TOYHYIO KOHIICHTPAIIUIO COJITHOW KUCJIOTHI B paCTBOPE YCTaHAB-
JUBaeM C TIOMOIIBIO TMEPBUYHOTO CTaHAapTa — pacTBopa Oypsl
Na,B407 - 10 H,O. TurpoBanue npoBoauM MPSIMBIM CIIOCOOOM:

Na2B4O7 +2 HCl+ 5 HzO — 2 NaCl +4 H3B03 .

B sroit peakuuu sxBuBanenTs! 1/z (HCI) =1, 1/z (Na,B407) = Y.

B Touke 3xBUBaJIeHTHOCTH BennunHa pH Oyner Huxe 7 u3-3a 00-
pazoBanusi 0opHOUl kuciaoTel (pH = 5). lns ycTaHOBIEHUS KOHEUHOM
TOYKHA TUTPOBAHUS HCIIOJb3YEM WMHIUKATOP, MEHSIOIMIMKA OKpacKy
B KHCJIOM 00JIaCTH: BEIOMpPAeM METHUJIOBBIM OpaH KEBBII.

OoOopynoBanue: .......

PeakTuBhI: .......
1. PactBop Oypsl roToBUM B MepHOU koaoe Ha 100 mu kak mep-
o 1/z
BuuHbIi ctangapt (C~ = 0,05 moinb/i). Macca HaBecku Oypbl:

Mya,B,0, 10H,0 = MI¥§2B4O7 J10H,0 VK CV = 190,68-0,1-0,05~ 0,95 2.

PaccuntanHylo Maccy B3BeIIMBacM B OIOKCE Ha TEXHHUYECKHX,
a 3aTeM Ha aHAIMTHYECKUX Becax. Pe3ynbTaThl B3BemMBaHUS (T):

Bi3semmBanusa Macca

Onpenenenne macc
IIEPBOE | BTOPOE | TPEThE (cpennsist)

brokc 06e3 HaBeckHn 12,6234 | 12,6233 | 12,6235 12,6234
brokc ¢ HaBeckom 13,5758 | 13,5758 | 13,5759 13,5758
N32B407 - 10 H20 — — — 0,9524

2. PactBop HCI (C]/Z ~ 0,05 MoJIb/JT) TOTOBUM B MEPHOW KOJIOE
Ha 250 M U3 UMeEoIIerocs B Ja0OpaTOpUU KOHIICHTPUPOBAHHOTO
pactBopa kuciothl (o = 34,18 %; p = 1,17 r/mi1). OO0bEeM KOHLIEHTPU-
poBanHoit HCI:
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_M"-C"V,  36,46-0,05-250

HCl —

1000-®-p ©1000-0,3418-1,17

3. Pe3ynbTaThl TUTPOBAHMUSL:

~ 1,14 mn.

No OGbeM pactopa, Mt | C%, Moib/1 NuaukaTop
- METHUJIOBBIM
onbITa Na2B4O7 HCI N32B4O7 OpaHK eBEIH
1 10 9,35 2 Karuim
2 10 9,30 2 Karuim
0,04994
3 10 9,40 2 Karuii
Cpenuee — 9,35 —
4. BoluuciaeHus:
1000 - m :
Na,B,0, — =20 20 1009.0,9524 =0,02497 monv/ 1,
Na,B,O, - 10H,0 * VK 381,36-100
Cll\szB4O7 = Cya,p,0, -2 =0,02497-2=0,04994 monv / a,
1/z
a "VNa ,04994 -1
Cuo = Cey = —2201 _T0301 - 0,04994-10 _ 0,05341 monw / 1,
Viacr 9,35
C,nM 0,05341-36,46
Hel = HOL____Hel - ~—=0,0019473 2/ mx.
1000 1000
5. Pe3ynbTarhl paboTHI:
Konuenrpanus
PactBop s
C, MOoJIB/ 1 C'”, MOIbB/TI T, r/mn
Na,B,04 0,02497 0,04994 —
HCI 0,05341 0,05341 0,0019473
BeiBOx: .......
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Koumponwvnan 3aoaua 3.1
Onpeodenenue KOHUEHMPAUUU ULEI0YU
HO CMAHOAPMHOMY PACMEOPY KUC/IOMBbL

Jns ompeneneHuss KOHLUEHTPALMM IIEJIOYM B PACTBOPE MOXKHO
IIPUMEHUTh  CTAHJAPTU30BAHHBIA  PACTBOP  CWJIBHOM  KHUCJIOTHI.
[Tpu TutpoBanuu pactBopa NaOH pactsopom HCI mpotekaeT peakiiusi:

NaOH + HCl — NaCl + H,0.

BemiectBa B 3TOM peakluyd B3aUMOJCUCTBYIOT B 3KBUMOJISIPHOM
coorHomenuu: 1/z (HCl)=1, 1/z(NaOH)=1. B Touke sKBHBajEHT-
HocTh pH =7, mOATOMY MCHOJIB3yeM UHAUKATOP, MEHSIOIINAN OKPACKY
B HEUTpaIbHOM 00JIaCTHU: BHIOUpPAaeM OPOMTUMOJIOBBIN CUHUIA.

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

1. Pe3ynbTarsl TATPOBAHUSA:

", Wuaukarop
Ne OOmem pacTsopa, M MOJIB/J1 | OpOMTHUMO-
OTIbITA NaOH NaOH HCl JIOBBIN
HCl .
(ucxonH.) | (anukBOTA) | (TUTPAHT) CUHHI
1 10 2,70 1 kamns
2 100 10 2,80 1 xaruis
0,05341
3 10 2,75 1 kamns
Cpennee — — 2,75 —
2. Beruucnenus:
Ciir Vaa  0,05341-2,75
Cruon = Crioy = —29__HA - 2 75 _ 0,0147 monw / 1,
Vxaon 10
-M 147 -
Ton = Craon My _ 0,0147:39,997 _ 0,00058796 2/ m,
1000 1000
Av=|Cp — Cre| = 0,0147-0,0132 = 0,0015 oz / 1.
Ax 0,0015
6=C—-100%= : 2-100%211,36%.

HUCT. b
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3. PesynbTathl paboTHI:

Konuentpanus OmmoOka
PactBO 1z
Pl c Coparcr Crer. T, v/Mn 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 Boapl pactBopeHo 46 r NaCl (20 °C). Onpenenute
MacCOBYIO JIOJIIO0 U MOJISIPHYIO KOHIIEHTPALIMIO COJIU B PACTBOPE.

1.2. PactBopsr NaCl (C = 0,15 monw/n1) u KCI1 (C = 0,25 moib/n)
cCMelIaJii B COOTHOIIEHUH 1:4 (COOTBETCTBEHHO) MO 00bemy. Haitnure
MOJISIPHYHO KOHLIEHTPALMIO KaXI0U U3 COJIEU B TIOJIyYEHHOM PACTBOPE.

1.3. B naGopatopuu umeeTcs KOHIEHTPUPOBAHHASI CEpHAasi KHC-
nora (98 %, p = 1836,1 kr/m’). TpeGyercs mpuroToButs | THTp pac-
TBOpa 3TOW KHUCJIOTHI C MOJIIpHOU KoHueHTpanueit 0,1 mons/n. [Ipen-
JI0KUTE PEUEIT.

1.4. B 250 mi1 pactBopa coxepxkurcs 1,250 r kapOoHaTa HaTpusl.
PactBOp mpuMeHsieTCs ISt ONPEAEIICHUS] COJIHOW KUCIOThI. Bpranc-
JIUTE MOJISIPHYIO KOHUEHTPAIIMIO, MOJISIPHYIO KOHUIEHTPAIMIO YKBUBA-
jeHTa, TuTp U ycaoBHbd TUTp o HCI asist aToro pacteopa.

1.5. Kakyro Maccy HaBECKU THOCYJb(aTa HaTpHUs
Na,S,0;5 - 5 H,O cnenyer B3saTh 1i1d npurotoBieHus 1,3 1 pactBopa
(C=0,1000 monn/m)?

1.6. Kakyro maccy HaBeCKHM MEpMAaHTraHaTa KaJHs CIEIYyET B3SITh
JuIst IprrotosieHus 1,25 11 pacteopa (C7* = 0,025 Mois/m)?

1.7. Kakoii oobem 87,7 %-r0 pacTBOpa CepHOM KHUCIOTHI C IJIOT-
HocThiO 1,8000 /M1 HAO B3STH JJIs1 IPUTOTOBIICHUS:

a) 1 1 pacTtBOpa ¢ MoJisipHOM KOoHUEeHTpanuel 0,1 Moib/i;

0) 1 1 pactBOpa C MOJSIpPHON KOHIICHTpAIlU€ HSKBUBAJICHTA
0,1 mounn/m;

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

r) 2 1 pactBopa ¢ Tutpom no KOH 0,04003 r/mn?

1.8. Kakoii 06beM pactBopa enkoro Harpa (C = 2,0000 moib/mn)
HY>KHO 100aBUTH K 2 11 pacTBopa eakoro Hatpa (C = 0,0980 moib/n),
4YTOOBI MOJYYUTh pacTBOP LIeaoun ¢ koHeHTparuei 0,1000 mosnb/n?

1.9. 3,36 r wuctoro ruapokcuaa kamus U 2,40 r YUCTOTO €IKOrO
HaTpa pacTBOPWIM B BoJie U pazbaBmiau pactBop 10 1 200 miu. Ompe-
JIEJTUTE aKTUBHOCTh THIPOKCHUI-AaHUOHOB B 3TOM PacTBOPE.

1.10. 10 mix 10 %-ro pactBopa NaCl (p = 1,0707 r/em’) cMernanu
c 10 mu 20 %-ro pactBopa cossiHoN KuciaoTel (p = 1098 KI/M’) 1 J10-
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O6aBunmu 750 mn Boawl. OmpenenuTe aKTHBHBIE KOHIICHTPAIMM BCEX
HMOHOB B 3TOM PacTBOPE.

2. BeiyucsaenHue pH
6 pacmeopax 3J41eKmpo/iumoas

2.1. Onpenenure pH 1 KaxXyIyrocs CTENEHb JUCCOIMAIIMY B pac-
tBOope H,SO,4 (C = 0,25 Momnw/m).

2.2. Beruucinre pH pactBopa 4,0 T egxoro Hatpa B 1 11 BOJBL

2.3. Beruucnute pH azotHO#M kucnoTel ¢ MaccoBoi aoient 0,1 %.

2.4.K 100 M pactBopa H,SO, (C = 0,001 mons/n1) mobaBuan
100 M pactBopa K5PO, (C = 0,03 momnb/im). Berauciure pH pactBopa.

2.5. K 100 mn pactBopa HCI (C = 0,2 monb/n) nobasuiau 100 mi
pactBopa KCI (C = 0,2 monw/n). Beraucnute pH pactBopa.

2.6. Onpenenure pH W creneHp OucCcOUMAMA B PacTBOPE
CH;COOH (C= 0,1 mons/xn).

2.7. Onpenenure pH u cTenens nuccounanyu B pacTBOPE aMMHUA-
ka (C = 0,05 monn/m).

2.8. K 50 mn pactBopa H,SO,4 (C = 0,25 monb/n) nodaBuinu 80 mi
pactBopa CH;COOH (C = 0,1 monb/n). Onpeaenute pH nomydeHHOTO
pacTBOpa M CTENEHb JUCCOIMALIUU CIIa00i KUCIOTHI.

2.9. K 50 mn pactBopa HCI (C = 0,15 mons/n1) godaBuim 25 mi
pactBopa KOH (C = 0,2 mons/n). Beruucnure pH pactopa.

2.10. K 25 ma pactBopa HNO; (C = 0,2 monw/n) nobaBmwiu S0 M
pactBopa LiOH (C = 0,15 mouns/n). Beruuciaure pH pactBopa.

3.6yhepHble pacmeopul

3.1. Beruucnure pH O6ydepa, nomydeHHoro npu cnuanuu 10 mi
HNO, (C = 0,02 mons/n) u 40 ma KNO, (C = 0,05 momb/m).

3.2. Beiuucnutre pH Oydepa, nonyuenHoro npu ciuBanuu 70 mi
NH4CI1 (C = 0,01 mons/n) u 30 ma NH,OH (C = 0,05 mons/m).

3.3. Beruucnute pH Oydepa, momyuernHoro npu ciauBanuu 170 miu
KH,PO,4 (C = 0,1 mons/n) u 150 ma K,HPO,4 (C = 0,05 momaw/1).

3.4. Onpenenure pH 11 OydepHoro pacTBopa, CoaeprKaliero
1,7 T 6en3oiiHOM KHca0oThI M 0,17 r OeH30aTa KA.
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3.5. Kakoit 06bem 0,5 %-ro pactBopa (p = 1,0013 r/mi) ¢popmua-
Ta HaTpusl HYXHO 100aBUTh K 50 MJI pacTBOpa MypPaBbUHOU KUCTIOTHI
(C = 0,1 Moaw/m), 4TOoOBI OTYUUTH OyepHbIit pacTBOp ¢ pH = 3,87

3.6. Cxonbko rpammoB NH,Cl Hago no6aButs k 300 mu pactBopa
ammuaka (C = 0,15 monb/1), 4To0BI MOTYy4UTH pactBop ¢ pH = 9,127

3.7. Kakoit 00béM comstHoi kucioThl (C = 0,3 MOJIb/JT) HYKHO J10-
6aBuTh k 900 mn pactBopa ammuaka (C = 0,1 Moab/1), 4TOOBI MOJTY-
yuTh Oydepusiii pactBop ¢ pH = 9,25?

3.8. Kakoit 00bém 2 %-ro pactBopa NaOH (p = 1,0207 r/mu)
HY)XHO J00aBuTh K 750 M pacTBOpa YKCYCHOW KHCIIOTHI
(C=0,15 moaw/n), uToOBI TOMYUUTH OYPepHBbIit pacTBOp ¢ pH = 4,9?

4. Tudpoaus coaell

4.1. B xakom oO0beme Boawl Hamo pactBoputh 0,01 T kapObonarta
HATpHs, YTOOBI MOJTYYUTh pacTBOp ¢ pH = 10?

4.2. B xakoMm ob6beme Bojbl cienyetr pactBoputh 0,03 r amerara
Kayusi, 4ToObl pH pactBopa ObL1 paBeH §?

4.3. BeiunciuTe KOHCTaHTY THAPOJINU3a, CTENEeHb ruaposn3a u pH
pactBopa, comepxamero B 80 it Boasl 0,012 Monp HUTpaTa CBUHIA.

4.4. BpluncnuTe KOHCTAHTY THUAPOJIN3a, CTENEHb ruaposin3a u pH
pactBopa kapoonara ammonus (C = 0,03 monb/n).

4.5. BeiunciuTe KOHCTaHTY THAPOJIN3a, CTENEHb ruaposn3a u pH
1 %-ro pactBopa Na,CO; (p = 1,0 r/em’) 1 10 %-ro pactBopa Na,CO;
(p~ 1,1 r/em’). Kak 3aBHCHT MOJHOTA MPOTEKAHMS THAPOJIN3a OT KOH-
ueHTpamuu conu? [louemy?

5. PasHosgecue 8 cémepoceHHbIX cucmemax

5.1. Onpenenure pactBOpUMOCTSH (/1) cynbgara cBunia (20 °C).

5.2. Onpenenute pacTBOpUMOCTh (MOJb/T) dochata MarHus
(20 °C).

5.3. Beruncnure npousBeAeHue pactBopuMmoctu ocdara nutus,
€CJIM €ro PacTBOPUMOCTH cocTasisier 3,30 10~ moub/m.
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5.4. Beruucnure npou3BEICHUE PACTBOPUMOCTH THUIAPOKCHUIA Ke-
ne3a (III), ecu ero pactBopuMocTh coctasisaeT 2,00 10° /o

5.5. Obpasyercss a1 ocaaok npu ciauBanuu 150 mi ¢ocdara
Hatpus (C = 0,05wmonp/n) wu S50mn  xmopuaa  KaJibIus
(C=10,001 momnb/m)?

5.6. Obpazyercs au ocamok npu ciauBanur 40 ma Mn(NOs),
(C=0,01 monn/m) m 160 Ma Na,S (C = 0,002 monn/m)?

5.7. Onpenenure  MUHAMAJIBbHYI0  KOHUEHTPAUHUK  THIAPOK-
CUJI-MOHOB B pacTBOpE, HEOOXOIUMYIO JJisi OOpa3oBaHUs OCajKa
Fe(OH); u3 pactBopa FeCl; (C = 0,1 momb/i).

5.8. Ilpu kakoW KOHIIEHTpaAIlMd MOHOB cepeOpa HAYHYT BhINAJaTh
OoCaJIKu XJopuaa, OpoMuaa U uoaujaa cepedpa, eciu HavyaiabHas KOH-
neHTpanus ranoreanaoB pasHa 0,01 moaws/n? MoHHO#M crioi pacTBo-
pa peHeopeyb.

5.9. Ha cKoJIbKO TpaMMOB U Ha CKOJIBKO MPOIEHTOB YMEHBIITUTCS
macca ocanka 0,3000 r cynsdara 6apust pu ero npoMbiBaHuU 250 M
JTACTUJTAPOBAHHOW BOIBI?

5.10. Ocanok oxcanara kaiapiusa CaC,0O4 mpombsiT 250 M1 pac-
TBOpa okcainarta Hatpus (C = 0,1 monw/m). Kakas macca motepsieTcs
U3 0CaJIKa 3a CYET PACTBOPEHUS €0 B IPOMBIBHOW JKUIAKOCTU?

5.11. Bo cKoJIbKO pa3 pacTBOPUMOCTh OKcajlaTa KajbllUs B pac-
tBOope Na,C,O4 (C = 0,1 MONB/7) MEHBIIIE MO CPABHEHHIO C YHUCTOM
BOJION?

5.12. PacTtBOp nuxpomara Kajius, MOJISIpHAs KOHIICHTPALIMs dKBU-
BaJICHTa KOTOPOro kak okuciutenss paBHa 0,1121 momne/n, Obu1 Hc-
nonbs30BaH 11 ocaxxkaenusa BaCrO, u3 0,5060 r BaCl, - 2 H,O. Kako-
Ba MOJIsIpHas KoHieHTpaius skBuBaieHTa K,Cr,O; kak ocaautens u
Kakou 00beM ero moTpedoBascs i OCAKICHUSI noHa Oapust?

6. 'pasumempuyeckuli aHaaus

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

6.2. [Ipyunumas, 4Tto mpoda HCCIETYEMOro BeIIeCTBa COCTOUT
Ha 90 % u3 CaCOs;, onpenenure 00beM pacTBOpa OKcajlaTa aMMOHHUS,
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coaepxkariero 4,0000 r (NH,),C,0O4 - H,O B 100 M pactBOpa, TpeOy-
€MBIN 151 OCAXKICHUS Ca’" u3 naBecku po6sI B 1,0000 .

6.3. Cxonbpko mnpoueHToB MgSQO, - 7 H,O comepxutr TexHHU4e-
CKUM Tpernapar cyibdara Maruus, eciu u3 ero Hasecku 0,4085 r mo-
ayyeno 0,1800 r Mg,P,0,?

6.4. Ins ananuza HaBecky 0,2100 v cynbbuga kamus pacTBOPUIIU
B BOJIE, MIOCJIC OKUCTICHUS CYIb(UIa Kaus 0 Cyab(daTra Kajaus pacTBOp
oOpaboTtanin u30bITKOM xyopuaa Oapusi. OOpa30BaBIIMKCA OCATOK
cynbdara Oapus nocie npokaauBanus uMeln maccy 0,3500 r. Beraucnu-
TE MPOIICHTHOE COJIEpKaHue Cybhuaa Kajivs B UCCIeyeMoM oOpasiie.

6.5. [Ipu ananuze 1ByX MpoO MHKOBOH Pybl B IEPBOM U3 HUX, CO-
nepxaieit 1,50 % Biaru, Haitgeno 45,00 % nunka. Bo BTOpOH, coaep-
xamieit 0,67 % Bnaru, HaiigeHo 46,00 % uuHka. byayt im 3TH IpOOKI
OTJINYATHCS MO COACPIKAHUIO [IUHKA MTPU OJIMHAKOBOW BIIAXKHOCTH?

6.6. KakoB MpOLIEHTHBIM COCTaB JIATYHH, COCTOSIEN TOJBKO
U3 Meau, cBUHIA U 1nuHKa, ecau 0,5000 r ee oopasma gaer 0,0230 r
PbSO,4 u 0,4108 r ZnNH,PO,?

6.7. HaBecka 1,3162r cmmaBa maer 0,12341 Al,O; m 0,0267 r
S10,. Onpenennute MacCOBYIO JOJIIO allFOMUHHKS U KPEMHUS B CILJIABE.

7. 'Iyecmeume/lbuocmb dHA/Aumu4ecKkux peam;uﬁ

7.1. OTkpeiBaeMelii MuEEMYM HoHa NH4 peaktuBom Heccrepa
paBeH 0,25 MK, MUHUMAaJIbHBIN 00BEM 5 cM’. Berunciure MpeIEeIbHOE
paz0aBiieHUE 1JI TaHHOW PEaKIIUu.

7.2. TpenenbHoe pa3baBicHHe PEAKIMH OTKPHITHS HOHA SiO;”
¢ nomonisio MonuOaara ammonus 128000 mi/r. KakoB OTKpbIBaeMbIi
MUHHUMYM 3TOM peaklnu, €CIi MUHUMaJIbHbINH 00bEM paBeH 1 mi?

7.3. OTKpBIBa€MbIii MUHHUMYM JJISl PEAKIIUN OTKPBITHSI NOHOB Pb*"
C MoMOUIbI0 quTHU30HA paBeH 0,04 MKr, npenenbHOe pa30aBIeHUE pac-
TBOpa paBHO 1250000 Mi/r. BeryuciuTh MUHUMaNbHBIM OOBEM pac-
TBOpA JIJIsI OTKPBITHSI HOHOB Pb>".

7.4. OTKpbIBa€MbII MUHUMYM HOHOB Pb>" ¢ KIB YKCYCHOKUCIION
cpene paser 0,07 Mkr B o6beme 0,05 cM’. BbIunmcinTe mpeebHyo
KOHIICHTPALIMIO U TIPeiesIbHOE pa30aBieHue AJisl TaHHOW PEaKInu.

7.5. OTKpBIBa€MbIii MUHUMYM JJIsI peakiiii OOHapy>KEHUsI HOHOB
Zn*" ¢ noMolbto Autru3oHa paseH 0,025 mkr. I1/IK nona Zn*" B muTH-
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eBoil Boge paBHa 5,0 Mr/mM>. MOXHO 1M OGHApYXHTb HOH Zn’
B 1 M BOJIBI pu cojiepkanuu, pasHom I1/[K?

7.6. MuHuManbHbli 00BEM pacTBOpa AJisi OOHAPYKEHUST MOHOB
Cu®" geiicTBueM pacTBOpa amMmMHaka paseH | e, OTKPBIBAEMBIN MU-
HUMYM peakuuu paBeH 0,007 mxr. MoXHO 11 OOHApYKHUTh MOH Cu*
B 3aJlaHHOM O00BEME BOJBI MpH cojaepxkanuu, paBHom [TJIK? (TTJIK:
1,0 Mr/):[M3).

8. Tumpumempuueckuil aHAAU3!:
npsamoe mumpoeaHue

8.1. Onpenenure MOJISIPHYIO KOHIIEHTPAILIMIO SKBUBAJICHTA U TUTP
pacTBOpa COJSIHOW KHCIIOTHI, €ciii Ha TUTpoBaHue HaBecku 0,4330 r
oypsl Na,B,0; - 10 H,O nmomwo 17,30 ma HCL.

8.2. 50,00 M pacTBOpa COJITHOM KUCIIOTHI pa30aBUiid B MEPHOU
koi0e Ha 250,00 M. Ha tutpoBanue 25,00 MJI mOJy4E€HHOrO pac-
TBOpa yuuio 12,50 My pacTBOpa rMApOKCHAA HATpUAd C YCJIOBHBIM
tutpom no HCI 0,07300 r/mu. Onpenenutre maccy HCl B ananuzu-
pPyEMOM KUCIIOTE.

8.3. HaBecka 0,2302 r oOpa3iia TeXHUYECKOTO €JIKOro HaTpa, CO-
JepKaIero coay, pactBopeHa B Bojie. Ha TuTpoBaHue pactBopa
¢ ¢perondranennom momuio 29,60 M, a ¢ METHJIOBBIM OpPaH)KEBBIM
30,90 ma pactBopa HCI (C = 0,2 monaw/n, K = 0,9002). Ckosibko mpo-
IIEHTOB €JIKOT'0 HaTpa M YTJIEKUCIOTO HaTpUsl cojepkai oOpaserr?

8.4. JIns omnpeneneHusi oOmIeH )KeCTKOCTH ObuIo B3sATO 25,00 M
BOJIBI M oTtuTpoBaHo 2,20 M1 pactBopa TpwioHa b (C]/ T o=
= 0,05 monp/n1, K = 0,9600). KakoBa xectkocth (B °2K) aHanuzupye-
MOUW BOJBI?

8.5. KakoBo cogepxkanue (%) CaCO; u MgCO; B u3BECTHSIKE,
eciu nocie pactBopenus 1,0000 r mpoObl U1 COOTBETCTBYIOIIEH 00pa-
0oTkn 00beM pactBopa ObuLT noBeseH a0 100,00 ma u B 20,00 M1 ero
AIMKBOTHI ObLTa ompexencHa cymvma Ca’ um Mg®  TuTpoBaHHEM
19,26 mn pactBOpa TpuiioHa b (C]/Z = 0,1028 monp/11), a B JIpyrux
20,00 M1 aIUKBOTBI Ca’" 6bUT OCaXkIEH B BUJIE CaC,0,, a Mg2+ OT-
TUTPOBaH 6,26 MJI TOTO K€ PaCTBOPa KOMILJIEKCOHA?
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8.6. Uemy paBeH mompaBOYHBIN KOAXDPHUIIMEHT pacTBOpa MEpPMaH-
raHara kanus, eciv Ha tutpoBaHue 20,00 MiI 1IaBEIIEBOW KHCIOTHI
(CI/ *=0,1000 mounn/mm) 3aTpaueno 20,28 M pacTBOpa mepMaHranara’?

8.7. Kakyro HaBecKy Okcajata HaTpus HAJO B3STh JJIs yCTAHOB-
JIEHHWSI TUTPA pacTBOpa NMEPMAHTraHATa Kajus (C]/Z ~ 0,1 monn/m), ec-
J¥ HA €€ TUTPOBAHME >KEJATEIbHO 3aTpaTUTh 24 MJI pacTBopa Iiep-
MaHraHarta?

8.8. K 20,00 mn pactBopa FeSO, (C]/Z = 0,0500 momp/1) B KHC-
aou cpene npobGaBwim 10,00 M pacTBOpa mnepMaHraHaTa Kajius
(CI/Z = 0,0500 mob/11). Beruucnure pegoKc-mOTEHIIUAT MOTYYEHHOM
CHUCTEMBI.

8.9. Cxonbko rpammoB KCI coxepxxutcs B 250,00 mir pacTBopa,
ecan Ha tuTpoBaHue 25,00 mi ero anukBOTHI 3arpadeHo 17,00 mu
pacTBopa HuTpara cepedpa (C* = 0,1050 Mob/1)?

8.10. Kakoiu 00BbeM pacTBopa HUTpaTa cepeobpa
(C"* = 0,1233 mounb/1) moTpedyeTcs MIs OCAXKICHUS XJIOPUI-HOHA

u3 oOpa3na kameHHOW conu Maccoit 00,2280 r, coaepxkamero
99,20 % NaCl?

9. Tumpumempu4ecKuill AHAAU3:
o6pamHoe mumpoeaHue

9.1. CrexnsiHHYIO0 amMIyJly ¢ HaBECKOW pacTBOpa a30THOM KHUCIO-
ThI B 2,1010 1 pa3ouiu B Bojie, coqieprkaiieit 25 Ml pacTBopa THAPOK-
cuna Hatpus (C = 1,0020 monp/i). U30BITOK TUAPOKCHIA OTTUTPOBA-
mu 5,20 mu pactBopa HCI (C = 0,7005 moaw/n). Haiiaure nporieHTHOE
coaepxanre HNO; B aHanmM3upyemMou KUCIIOTe.

9.2. O6pazen; okcuna nuuHka (2,0020 r) pactBopen B 100,00 mn
pacTBOpa CEpHOUN KUCIIOTHI (CI/ * = 0,5 monas/1, K = 0,9800). 130661TOK
kucioThl ortuTpoBaH 29,90 mn pactBopa NaOH (C = 0,1 mous/m,
K =1,2800). Onpenenure maccoByto noito ZnO B oOpasie.

9.3. HaBecky 0,1285 r kapOoHaTa HaTpusi pacTBOPWIM B BOJE,
no6asuB 25,00 ma pactopa HCI (C = 0,2034 Mob/1), U30BITOK KHUC-
70Tel oTTUTpoBanu 23,42 ma pactBopa NaOH (C = 0,1256 momnb/n).
Hannure MaccoBYIO OO PUMECEN B COJIE.

9.4. K 200,00 mx pacTtBopa cyibdara aMMOHHUS ObLIO J100aBICHO
25,00 mn pactBopa ruapokcuna Harpus (T = 0,009001 r/mn). 3aTem
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KUISTYEHUEM M3 pacTBopa ObLT yhaideH ammuak. Ha TutpoBanue
ocTaBIIerocs HM30bITKa Ieioun monuio 6,30 M pacTBopa COJISHOU
kuciotsl (7= 0,007800 r/mit). CkoyibKO TpaMMOB CyJsib(daTa aMMOHUS
COEPKUTCA B | 1T aHamU3upyeMoro pactsopa’?

9.5. Onpenenure mMoJsapHyto koHIeHTpanuo Pb(NO;), B pactBo-
pe, ecnu nocie npudasneHus k 20,00 ma ero pacteopa 20,00 M koM-
rtekcona 111 (CI/Z = 0,0994 monw/1) Ha TUTpOBaHWE KOMIUIEKCOHA
C MHIMKATOPOM 3PHUOXPOMOM 4epHbIM T momwio 5,24 mi pacTtBopa
xiopuaa muaka (C77 = 0,1036 moub/).

9.6. PacTBOp, TmoONyuYeHHBIH M3 HaBeCKH (eppura cocraBa
Fe,03-BaO maccoit 0,3822 r, nmponycTuiu 4epe3 HOHOOOMEHHYIO KO-
JIOHKY IJ1 OTAEeJICHUsA keJie3a. [1omyyeHHbIM pacTBOpP HEUTPAIU30Ba-
ma no pH 10,0, mo6aBunm k Hemy 25,00 mn pactBopa I/TA
(C"* = 0,0500 MoB/1T), H3GBITOK KOTOPOTO OTTHTPOBAINA PACTBOPOM
MgCl, (CI/Z = 0,0400 MOaIB/1T) ¢ MHIUKATOPOM SPHUOXPOMOM HEP-
HbeiM T. Ha tutpoBanue mspacxonoaim 20,92 mi tutpanra. Berunc-
auTe MaccoBbie 10H (%) OKCHIOB B (peppuTe.

9.7. 3 naBecku 1,0000 r XxpOMUPOBAHHOM CTaJIM XPOM OBLI OKHC-
JIEH 10 JUXpoMaT-uoHa. 3areM K pactBopy aoo6asuin 20,00 M1 pactBo-
pa comu Mopa (C"* = 0,1000 monb/) 1 u36bITOK *ernesa (I[) orturpo-
Baiu 5,50 M pacTBOpa mepmanranara xamust (C7° = 0,0310 Mob/1).
Onpenenvre MPOLIEHTHOE COJIEPKAHUE XPOMA B CTAJIH.

9.8. HaBecky 0,2058 T TexHU4ECKOr0 OpoMHIa HATPUSI PACTBOPUITU
B Bojie, pactBop oOpaboramu 40,00 M1 pacTBopa HUTpaTa cepedpa
(C"* = 0,0998 mounb/i). Ha THTpOBaHME H30bITKA cepeGpa H3PACKOI0Ba-
mu 21,20 M pactBopa ponanuaa ammonusi. Kakyro nomto (%) npumeceit
COJIEPKUT oOpazel, eciau u3BecTHo, uro 1,00 mu pacTBopa HUTpaTa ce-
pedpa sxkBuBanieHTeH 1,06 M1 pacTBOpa pogaHuIa aMMOHHS?

10. TumpumempuuyecKuil dHAAU3!:
3amecmumesibHOe mumpogeaHue

10.1. HaBecka 0,1602 r uzBectHsika pactBopeHa B HCI, nmocie ye-
ro KaJbldM OCAAWIIM B BUJE OKcajara KajublusA. [IpoMBITBI OCaIoOK
pactBopwia B H,SO,4 u orrutpoBanu 20,75 mit pactBopa nepMaHraHa-
Ta KaJIus, THUTP KOTOpPOro IO KapOOHaTy KaJlbllMs paBeH
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0,006020 r/mn. Paccuuraiite comepkanue (%) kKapOoHaTa KaJIbITUs
B U3BECTHSIKE.

10.2. K pacTBOpy nepmaHranara Kajiusi J0OaBUJIU B KUCJIOU Cpejie
U30BITOK pacTBOpa MOAW/A Kalvs. BeiienuBIuiicss 101 OTTUTPOBAIH
17,20 M1 pactBOpa THOCYJb(aTa HATPUS (C"* = 0,1234 monb/x).
Hangure maccy nepmMaHrasHara Kajaus B HCXOJHOM PacTBOPE.

10.3. K pactBopy CuSO4 mob6aBuiy m30BITOK pacTBOpa HOAHAA
Kanus. BeigenmuBmmiics wnox orrutpoBanu 4,80 Mi pactBopa THO-
cynb(dara HaTpUs (CUZ = 0,1524 monsw/n). Haiinute maccy CuSQOy
B UCXOJTHOM PacTBOPE.

10.4. B mepHoii koi6e emkocThio 250,00 Mi1 pacTBOpuiid TabJIeT-
Ky OenunbHOM mM3BecTH mMaccou 3,3520r u jgoBenu o0ObeM pacTBOpa
1o Metku. nsa turpoBanus 25,00 MII TOTy4EHHOW CYCHEH3UHU ITOCIIE
COOTBETCTBYIOIIEH 00paboTKu mnoTpedoBanock 18,29 M pacTBOpa
tuocyibdara Hatpus (7 = 0,02453 r/mi). CKoIbKO MPOILIEHTOB aKTUB-
HOT'O XJIOpa COJIEPKAIOCH B OEIMIBHOM U3BECTU?

10.5. K naBecke 0,1300 r muxpomara kamusi 100aBJ€H H30BITOK
pacTBOpa MOAMAA KajlMsd U CEPHOW KHUCIIOThI. BBIAETMBIIMNCS HOJ OT-
tutpoBan 23,00 Ma pactBopa THOCyiIb(ara Hatpus. Onpeneaure Mo-
JISIPHYIO KOHIIEHTPAIIMIO THOCYJIb(aTa B paCTBOPE U €0 TUTP IO UOY.

86



Bonpochl
AJId NOATOTOBKHU K KOJIJIOKBUyMYy 1

1. OCHOBHBIE 3aKOHbI W MPUHIUIIBI [PU PACUETE PABHOBECHIA
B PAaCTBOPE: 3aKOH SKBHUBAJICHTOB, 3aKOH JECHUCTBYIOIIUX MAaCC, YCIOBUE
MaTepUaIbHOTO OanaHca, MPUHIIKIT AJIEKTPOHEUTPAIIBHOCTH PacTBOpA.

2. DxBuBaneHT BenecTBa. CrocoObl OnpeaeaeHNUs YKBUBAJICHTOB.

3. Konuenrpaiusi. CriocoObl BhIpaKEHUSI KOHIIEHTPAIIUK PacTBO-
PEHHOI'O BEIIECTBA, BBIYUCICHHUE, EAUHULIBI U3MEpPEHUs. CBA3b MEXKTY
Pa3IMYHBIMU BUJIAMU KOHIICHTPAIIUU.

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

5. Teopus 2JIEKTPOJUTHYECKON aucconnanuu. Koncranra u cre-
IIEHb JUCCOLALINN.

6. CnaOble 3JIEKTPOJUTHI, MPUMEPHI. BBIUKCIEHUE CTENEHU AMC-
COIMAIIMM B PACTBOPAX CIAOBIX DJIEKTPOJHUTOB.

7. CunibHBIC DJIEKTPONUTHI, IpuMephl. Teopus Jedas — Xiokke-
na. Kaxymasics crenens aucconuanuu. MoHHas cuna pactBopa. Ak-
TUBHAs KOHLEHTpaIus, KOd3()QPUIMEHT aKTUBHOCTU. BpruucieHue
KOHCTaHThI TUCCOLMALINY YEPE3 AKTUBHBIE KOHIICHTPALIHAH.

8. Briuncnenue pH B pacTBopax CHJIBHBIX M CIA0BIX 3JIEKTPOJIU-
TOB (COJICH, KHMCIOT, OCHOBAaHUM, X CMecei).

9. IIporomutnueckoe paBHOBecue. OCHOBHBIE MOJIOKEHUSI TEOPUH
bpencrena — Jloypu. Crita KHCIOT U1 OCHOBaHUM. ABTOIIPOTOJIM3.

10. bBydepnbie pactBopbl, mpuHLUN AchcTBUS. Baxneitmme Oy-
(depHbIE CUCTEMBI, IPUMEHEHUE B XUMUYECKOM aHaju3e. Borunciienue
pH kucnotHoro u ocHoBHOTO Oy(epa. bydepnas eMKOCTb.

11. 'mpponus comeit, Tumnbl ruaposin3a. KojlndecTBeHHbIE Xapak-
TEPUCTUKU. BBIYMCIIEHNE KOHCTAHTHI TUIPOIN3a, CTEIEHH THAPOJIN3A
1 pH pacTBOpOB ruapOIM3yHOIIUXCS CONEN.

12. PaBHOBECHE B cUCTEME «OCaTOK — pacTtBOp». [IpousBenenue
pacTBOpUMOCTH. PacTBOpUMOCTh, 3aBUCUMOCTh OT Pa3IMYHBIX (haKTO-
poB (TemriepaTtypa, coieBo 3G @eKT, OJHOMMEHHBIM MOH). Y CIOBUS
BBINTAICHUS U PACTBOPEHUS OCAJIKOB. BhrunciieHus.
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Bonpochl
AJIA NOATOTOBKHU K KOJIJIOKBUYMY 2

1. Ananmutnyeckas peakuusi. YyBCTBUTEIBHOCTh aHATIUTUYECKOU
peakiuu. YcioBUs OOHApy>KEHHs] MOHA B Kauye€CTBEHHOM AaHaJIM3E.
Boluucienue npeaenbHoro pa30aBiieHus], Mpe1eTbHON KOHIICHTPAIINH,
OTKpPBIBAEMOT0 MUHUMYMAa W MIOKA3aTENsl YyBCTBUTEILHOCTH PEAKIIHM.

2. I'paBUMETPUYECKUI AHAIN3, MPSIMbIE U KOCBEHHBIE METOIbI
onpenenenus. [IpoBenenue pacueTon, hakTop nepecyera.

3. TutpumeTpuueckuii aHaau3, kiaaccudukanus MeTomaoB. MH-
cTpyMeHTbl. OCHOBHBIE MPUEMbI TATPOBAHUS.

4. BeluKCIEHHE KOHIEHTPAIMHA, MAacChl U MacCOBOM JOJMU OIIpe-
JEJISIEMOT0 BELIECTBa B CIIOCO0AX MPsIMOTO, OOpPaTHOTO M 3aMECTHU-
TEJIbHOTO TUTPOBAHUS.

5. CrangapTHbIE PacTBOPHI, MPUTOTOBJIEHUE. [lompaBoUHBIN KO-
s unuent. IlpoBenenue pacuetoB. [IprumMeHeHne CTaHAAPTHBIX pac-
TBOPOB B TUTPUMETPUUYECKUX METOAAX, TPUMEPHI.

6. Touka SKBHUBAJICHTHOCTH M KOHE€UYHAsl TOYKa TUTpoBaHUA. CIio-
coObl (ukcupoBanus. MuaukaTopsl. TUIBI U XapaKTEPUCTUKU UH]IU-
KaTopoB. Bei0op nnankaropa.

7. KHCIIOTHO-OCHOBHOE TUTPOBAHUE, IPAKTUYECKOE ITPUMEHECHUE.
Hcnonp3yemble TuTpanThl. BaxkHenmme pH-uHauKaTopsl.

8. KOMIUIEKCOHOMETPUYECKOE TUTPOBAHWE, NMPUMEHEHHE METOJIA.
OCHOBHBIE KOMILUIEKCOHBI B XUMHAYECKOM aHaln3e. KOMIUIEKChl KaTHO-
HOB MeTaJJIoB ¢ D/ITA, sKkBUBaJIEHTHL. MeTAITIOXPOMHBIE UHIUKATOPHI.

9. OKUCITUTENBHO-BOCCTAHOBUTEIBHOE TUTPOBAHUE, TPYIIIBI ME-
TOJIOB, TUTPaHTHI. [IpakTuueckoe npumeHeHue. YpasHeHue HepHcera,
CTaHJIAPTHBIE PENOKC-TIOTEHIMAJIBI. BhIUNCIEHNE PENOKC-TIOTEHIINATA
CUCTEMBI B Tpoliecce TUTpoBaHus. CiocoObl onpeAeeHrus KOHEUHOU
TOYKHU TUTPOBaHUs. Pe1OKC-NHHANKATOPHI.

10. OcaguTensHOe TUTPOBAaHME, KIACCU(PUKAIMS METOJOB, MpPH-
MeHeHHue. Mcnonb3yemMble MHIUKATOPHI.
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