denepalibHOE TOCYAAPCTBEHHOE 00pa30BaTEIbHOE YUPEKICHHIE
BbICIIEro oOpa3zoBaHus «KpacHOSpCKU rocy1apCTBEHHBIA MEUIIMHCKHMA
yHUBEpCcUTET uMeHHU npodeccopa B.dD. Boitno-Scenerkoro
MunucTepceTBa 3apaBooxpaneHus Poccurickoit denepanumny

Kadeapa Guoxumun ¢ Kypcamu MEIUIIUTHCKOMH,
dapmaneBTHYECKON U TOKCUKOJIOTHIECKON XUMHH

XNUMHUA

Ja00paTOPHBIN MPAKTUKYM I oOydaromuxcs 1 Kypca 1Mo CrelraIbHOCTIM
31.05.01 — JIeuebHnoe aeno, 31.05.02 — Ilequatpus, 31.05.03 — Cromaronorus

Kpacnostpck
2016



VIIK 54(076.5)
BBK 24
X 46

Xumus: nadbopaTop. MPaKTUKYM s oOydaromuxcst 1 Kypca Mo CHeIruaabHOCTIM
31.05.01 — Jleuebnoe nmeno, 31.05.02 — INeauarpus, 31.05.03 — Cromaronorus /
coct. P. f. Onosssuaukosa, JI. b. Hagpuna, JI. C. Tangsikuna. — KpacHospcek :
tun. KpacI'MY, 2016. — 94 c.

Cocrasurtenn: OnossnaukoBa P. 4., agpuna JI. b., Tanasikuna J1.C.

B naGopaTopHOM MpakTUKyMe U3JI0KEHBI MPAaBUJIa TEXHUKH O€30MaCHOCTH
pu paboTe B XUMUUYECKOU JTAOOpaTOpUU, ONTMCAHUE OMBITOB JIA0OPATOPHBIX PabOT
B COOTBETCTBUM C T€MaMH JIa0OpaTOpHBIX 3aHsATUH. OOpalmiaercss BHUMaHHE Ha
1[eJIM, Ha3HaueHue JabopaTopHOil pabOThI, MPUHIIUIIEI METOJ0B Kauye€CTBEHHOIO U
KOJIMYECTBEHHOTO aHalin3a, CTaTUCTUYECKYI0 00pabOTKYy JaHHBIX HKCIIEPUMEHTA,
peKoOMeH Iy Mo opopmiIeHUIo otyeTa. JlaeTcsi CMCOK MPUMEHSEMBIX B OIBITaX
peakTUBOB M 00OpynoBaHus. B KOHIlE KaxJI0H pabOThl WJIM OTJEIBHOIO OIbITa
pa3MenIeHbl BOMPOCHI JJIsI 3alIUThHI 1a00OPaTOPHOU pabOTHI.

JIaGopaTopHBIil MPAaKTUKyM COOTBETCTBYET paboyeill mporpamMme Mo Kypcy
«XuMUs» W TpeHa3HAYEH MJIA CTYACHTOB, OOYYaIOIIMXCS MO CHEIHaTbHOCTSIM
Jleuebnoe naeno, Ilenuarpus, CToMaTonaorus, HO MOXET OBITh MCIOIB30BaH JJIS
ayIUTOpHOM paloThl cTyfeHTamMu 1 Kypca u Apyrux crnenuaibHocTeit (30.05.03-
Menuunckas kuoepruetuka, 33.05.01-dapmarius), a Takke MPeno1aBaTesIsIMH.

PeuenzenTnl: 1.X.H., 3aBeayommii kageapoit xumuu KI'TIY um. B.I1. Acradnena,
npodeccop I'opHocTaes JI.M.

I.X.H., mpodeccop Kaheapbl XUMUH U TEXHOJIOTHH OPraHUICCKUX
BemectB Cubl'AY, npodeccop Torouc M.C.

YrBepxkaeHo k nedatn [IKMC KpacI'MYV (mporokon Ne ot . . 2016)

© ®I'bOY BO KpacI'MV
uM. po¢. B.®.Boiino-Scenerkoro
Munzapasa Poccuu, 2016



OI'JTABJIEHUE

BBEIIEHIE ... ..t e e e e e e e ena e aans 5
TEXHUKA BE3OIIACHOCTH TP PABOTE B XUMHWUYECKOM JIABOPATOPUM .... 6
1.O0IIHE MEPBI OCZOTIACHOCTH «.vvevvveessreessssrensssssresssssessssssesssssessssssesssssssessnseesns 6
2.ITepBast IOMOIIb MPH HECYACTHBIX CITYUANX .vvveerrrressrressseeessneesssesssessssessnsessnns 9

METOJUYECKHNE PEKOMEHJALNU 10 O®OPMIJIEHUIO OTYETA

1O TTPOJEJTAHHOM PABOTE ...ccciivviieietiieecettie ettt e e steeesettes e s etaeessneeessnbensssaseeesanns 10
JJABOPATOPHASI PABOTA Nel. YTOYHEHHUE KOHIEHTPALIMU THIPOKCHIA
HATPHS 110 MIABEITICBOM KHCIIOTE ...vuvvveveviiseseieteesssssesessssssssssesssssssssssessssssssssssesesessssssenes 11

JJABOPATOPHAS PABOTA Ne2. [IpyumeHeHre MeTo1a HEUTpaanu3aluu
(KUCIIOTHO-OCHOBHOTO TUTPOBAHUS) JIJIsI ONIPEACICHUS KUCIOTHOCTH
HKEITYZIOTHOTO COKR 1.vuvvvrrrerereresesesesasasasasasasesasasesesesasesesesesesesesesesesasesesesesesasesasesasesesasesenes 17

JABOPATOPHAS PABOTA Ne3. Kuci0THO-0CHOBHBIE OydepHbIE pacTBOPHI ... 21

JIABOPATOPHAS PABOTA Ned4. YTOUHEHHE KOHIIEHTpALMK (hapMaKoOIeitHOTO
mpernapara pacTBOpa MEePOKCHIa BOIOPOIa METOIOM ITIEPMaHTaHATOMETPHH. ... 26

JIABOPATOPHASI PABOTA Ne5. OnpeiesieHre akTUBHOTO XJIOPA B XJIOPHOM
U3BECTU METOJIOM HOTOMETPHH ... .eeeenereeesnrreeesurreesasseeesssseeesssseasssssesssssesssseessnnes 30

JABOPATOPHAS PABOTA Neé. OHpez[eJIeHI/Ie XJIOPHUJOB B OHOJIOTUYECKOU
KUJIKOCTH METOI0M Dosbrap/ia (METO OCAMKICHUS) ...vvveeervrreearrneesrreeasseneesnnns 34

JABOPATOPHAS PABOTA Ne7. OHpGI[GJIGHI/Ie KECTKOCTH BOJKI U
KOHIICHTPAIIUX HOHOB KAJIBITUS B OMOJIOTHUYECKUX KHIKOCTSIX METOJIOM
KOMIUTCKCOHOMETPHH ..vvvieessreessstenesssssesssssssssssssssssssssssssesssnssssssnssssssnssesssssessnnes 38

JIABOPATOPHASI PABOTA Ne8. CKOpPOCTh XMMHUYECKOM peaKIiu v (PaKTopsl,
BIIUSIONINE HA HEE. XUMHUUYECKOE PABHOBECHE ......vuveverrreereieieieieieieieieseieseissesesssesnns 45

JJABOPATOPHAS PABOTA Ne9. KosutoniHbI€ paCTBOPBI: METOBI IOJTYYEHHUS
1 0L 1 (021 < TSRO PPRP TP 53

JABOPATOPHAS PABOTA Nel0. Onpe):[eneHI/Ie IIOPOTr0OB KOAryJisiiuu 30J1er
MO/ IEUCTBUEM DIICKTPOIIHATOB ... .veeestreeesssreassuteeesssseeesasseeesssseessssseessssesssssessnnes 60

JABOPATOPHASI PABOTA Nell. Peakiuu 351eKTpoUiIbHOTO 3aMeleHus
(Sg) y apeHOB: OCH30MHOM U CATTHITHIOBOM KHACTIOT vvvevvvereresseesseeasenesenesseesssnseens 65

JIABOPATOPHAS PABOTA Nel12. Omnpenenenue TeopuuinHa B (hapMakorneHoM
npenapare 3yQUIUTMTHE METOIOM HEHTPATTUBAIIMH ....eeeervvereiireeesireeesnreeessnseeesns 67

JJABOPATOPHAS PABOTA Nel3. PeakiimodHas criocoOHOCTh OKCOCOETMHEHNN
(hOPMATBIACTHIA F AIIETOHA). e vvveessrreeessrressssneesssssesssssenessssnsessssesssssesesssseesssssees 69

JABOPATOPHAS PABOTA Nel4. Peakiiuu oOHapy>KeHuUs aleTaToB, 0EH30aTOB
) QTN 0% 0 00% 00 62 N0 ) S 71

JJABOPATOPHAS PABOTA Nel5. KaueCTBEHHBIE PEAKLIUNA HA YIVIEBOABL.......... 73



JIABOPATOPHAS PABOTA Nel16. KonnuectBennoe onpeaenenue HAJIH
B €I'0 PACTBOPE METOJIOM IMEPMAHTAHATOMETPHH ...vvvveervreresireeessrnesssrseessneessnns 76

JIABOPATOPHAS PABOTA Nel7. neHTudukaiys aMuHOKHUCIIOT B OEJIKe. ...... 79

JIABOPATOPHASI PABOTA Ne18. OnipenieneHue n303JeKTPUIECKON TOUKU
(p1) ceiBopoTOUHOTO anbOymMuHa. Bimsiaue pH u 351eKTpOIUTOR Ha
CTETICHDb HAOYXAHUS JKEITATHHA .. vveesrvreresssreessssnessssseesssssenssssssssssssesssssesssssesssnssees 84

JIABOPATOPHAS PABOTA Ne19. Onipe/ieICHUE KOHCTAHT KUPOB ....vvveevvvennse 86

JABOPATOPHASI PABOTA Ne20. OnipesiesieHre MOBEPXHOCTHOTO HATSHKEHUS
JKCJTYHBIX KHMCJIOT METOJIOM CUCTA KAIICTIB..vvuuniiiriinieiiisiisesisiiinnesssssnsessssiaesenns 91

CIIMCOK JIMTEPATYPBL.......ooiieee e 94



BBE/JIEHHUE

JlabopaTopHbIil TPAKTUKYM OPUEHTUPOBAH HA CUCTEMHOE M3YYEHUE OCHOB
aHAIMTUYECKOM, 00IIeld U OMOOpraHUYEeCKON XMMHUH (CTPOCHHUS U PEaKIUOHHOM
CIIOCOOHOCTH Ba)KHEHIIMX KJIACCOB OPTraHMYECKUX COCAMHEHHH, a TakkKe TPy
OPUPOAHBIX  BEIIECTB, MPEIOCTABISIOMIUNA  MPOPECCUOHATIBHBIA  HUHTEPEC).
Matepuain pasziesieH Ha TeMbI, TOCIIEIOBATEIBHO PACIIONIOKEHHBIE B COOTBETCTBUU
c yueOHOW mporpammor 1o xumuu (2012) @I CTYACHTOB MEIMIIMHCKUX
CHENUAIBHOCTEH. 3aKperieHue TEOPETUUECKUX M MPAKTHUYECKUX 3HAHUU TI0
KaXJI0M TeMe MPOUCXOAUT MyTEM BBITIOTHEHHUS JIa0OpaTOPHBIX paldoT, a TaKkKe 3a
CU€T OTBETOB Ha BOIIPOCHI, KOTOPBIE €CTh MOCIE KaXI0H 1abopaTOpHOU pabOTHI.

CoznmaHHbIN Ta0OPAaTOPHBINA MPAKTUKYM TIO3BOJISET CTYACHTY MOHAThH CYTh
TUTPUMETPUUECKOTO  aHalnW3a, ero Ha3HAa4eHWe, OOOCHOBHIBATH  BBIOOD
WHJIUKATOpa, HUCIOJIb30BaTh OSKCIEPUMEHTAIbHBIE JIaHHbIE TUTPUMETPUUYECKOTO
aHanM3a JUIS PacyeTOB KOJIMYECTBEHHBIX TMapamMeTpoB (Macchl BEIIECTBA,
pPa3IMYHBIX TUIIOB KOHIIEHTPAIMA PACTBOPOB, KHUCIOTHOCTH KEIYJOYHOTO COKa,
OydepHOI €MKOCTH CHIBOPOTKH KPOBHU, KOHCTAHT >KHUPOB), OMPEIEIATh CKOPOCTh
KOHKPETHON peaklUud M CTPOUTh KPHUBBIE 3aBUCHUMOCTU CKOPOCTH PEAKIUU OT
KOHIIEHTpAIlMU KaXXJIOTO M3 €€ pPEareHToB, OT TEeMIEepaTyphl, COIMOCTAaBISATh
HKCIIEPUMEHTAJIbHBIC JIaHHBIE C TEOPETHUUYECKUMHU U JIeJNaTh BBIBOJIBI, MPOBOIUTH
CTaTUCTHYECKYI0 00pabOTKy pe3yiabTaToB. JIabopaTOpHBIN MPAaKTUKYM IO3BOJISET
YBUJETH B OKCIICPUMEHTE KaK CMEIIAETCS PAaBHOBECHE B 0OPATUMBIX PEAKITUIX TIPU
100aBJICHUH TIPOIYKTOB MJIM MCXOJIHBIX BEIIECTB WM KaK MPOSBIISIOTCS HanboJiee
BOKHBIE XHMHUYCCKHE CBOWCTBA (YHKIHOHATBHBIX TPYIMIM, OMPEACIISTIONIIX
PEaKIMOHHYIO CITOCOOHOCTH coeMMHEeHN. HecMoTpst Ha HECI0KHOE anmapaTypHOe
opopMieHHE, CTYOEHT JOJDKEH HAyYHWThCS BAYMYHMBOMY OTHOIICHHUIO K
HaO0JII0TaeMbIM SIBJICHUSIM, TOHUMATh UX XUMHUYECKYIO CYIIHOCTh, YMETh BbIPA3UTh
ee depe3 rpadosIoruuecKue CXeMbl M CXEMbI peakiuid. BaxkHO MOHMMAaTh, Kakue
XUMUYECKHE TIPOLEeCChl O0YyCIOBIMBAIOT TMPOSIBJICHHE BHEMHEro dddekra
(MosIBJIEHWE OKpaIlMBaHMs, 3amax U T. a). Ha 3TO HalenuBarOT MPUBOAMMBIEC K
OTIBITaM BOTIPOCHI, OTBETHI HA KOTOPHIC JAOTCS CTYJIEHTOM C Y4E€TOM pPe3yJIhTaTOB
HKCIIEPUMEHTA.

JlaGopaTopHBIil MPAKTUKYM COCTAaBJIEH C TaKMM pacdyeToM, 4yToObl Oblia
BO3MOYKHOCTh BbIOOpa T€X WJIM MHBIX JaO0OpaTOPHBIX padOT B Cilydae U3MEHEHUS
paboueil mporpaMmel.



TTPABUJIA TEXHUKU BE3OITACHOCTH ITPY PABOTE B XUMWYECKOM
JJABOPATOPUU

HeoOxomuMbpIM ~ yCIIOBHEM  YCIEIIHOTO  BBHITIOJHEHHSI  J1aOOPaTOpHOTO
NpaKTUKyMa © W30€KaHUs HECYACTHBIX CIy4acB sIBIISCTCS BHHUMATEIhHOE
U3Y4YCHWE METOJUKH TIPOBEACHHS OIbITa, COONIOJICHUE TIPaBWII TEXHHUKHU
6e3omacHoctu. [IpucTynaTh K BBITIOJHEHHIO PaOOTHI BBl MOXKETE TOJBKO TOCTE
Oecenpl ¢ TmpenogaBaresieM (JIOMYCK K JiabopaTopHOW paboTe), B XOAE€ KOTOPOM
CIEMyeT OINuCaTh OCHOBHBIC JTambl JKCIIEPUMEHTAa C yKa3aHUEM Mep
MIPEIOCTOPOKHOCTH, a TAK)KE OTBETUTh HA PAJ TCOPETUUCCKUX KOHTPOIHHBIX
BOTIPOCOB I10 TEME BBITIOIHAEMOU PabOTHI.

O61mme Mmepbl 0€30NMACHOCTH.

1. B naGopatopuu HEOOXOOUMO HAXOJUTHbCS B 3aCTETHYTOM JIaOOpaTOPHOM
xanare. Bojocbl nomkHbl ObITh yOpanbl. Ilocine mnpoBeneHUss ONBITOB
HEO0OXOIMMO TUIATENILHO BBIMBITh PYKHU.

2. B mabopatopuu ciemyeT BECTH ce0sl akKypaTHO, HE OeraTh, HE pa3MaxUBaTh
pykamu. Ha naGopatopHoM cTojie BO BpeMsi pabOThl HE JOKHO OBITh
MMOCTOPOHHUX MPEIMETOB.

3. Crporo 3anpemiaercs NpUHUMATh B Ja00OpaTOPUU MHUIILY U HAIUTKH, TeM OoJiee
UCITIOJIB30BATh JJI MPUEMa UM WK BOBI Ja00OPaTOPHYIO OCYY.

4. 3anpemaercs TpoOOBaTh BeIIeCTBAa Ha BKYC, Ja)Ke€ €CJIU Bbl YBEPEHBI B
Oe3omacHOCTH BellecTBa (HampuUMep, caxapo3a WM XJopuja Hatpus). B
CJIEIYIONTUH pa3 BbI CIy4aiiHO MOXKETE MOMPOOOBATh SJJOBUTOE BEILIECTBO.

5. Xumuueckue peakTHBBI OpaTh TOJIBKO MINATEJIeM, MUHLIETOM WM JIOKEUKOM
(me pykamu!). [lmarens goykeH ObITh Bcerga cyxuM M yucTeiM. [locne
pacxol0BaHus CIELYET €ro TIATEIbHO O0TEPETS.

6. JKunmkoctu mepenuBarh uepe3 XUMHUYECKHE BOPOHKU. CKISHKY, M3 KOTOpPOM
NEePeIUBAlOT KUAKOCTb, HEOOXOIMMO JAEp’KaTh JSTUKETKOM K PYKE BO
n30exaHue ee NopyHu.

7. Henb3qa OaHKy WM CTaKaH C pEaKTHBOM, OTKPBIBATh, JA€pXkKa B pyKax, €€ HaaA0
MOCTaBUTh Ha JTJA0OPATOPHBINA CTOJI U TOJIBKO MOCJE 3TOr0 OTKPHIBATD.

8. s BBITIOJIHEHUS OIBITA IMOJIb30BAThCSA TOJIBKO YHUCTOM, CyXOH J1Tab0opaTopHOI
NOCYIOW; I OTMEPUBAHUS KAXKIOTO PEAKTHUBA HYKHO UMETh MEPHYIO MOCYLY
(mumeTku, OFOPETKH, MEH3YPKY, MEPHBIN IWJIMHIP WJIA MEPHBIA CTakaH); HE
CleNyeT BBUIMBATh HW30BITOK HAJIUTOTO B MPOOUPKY peakThBa OOpaTHO B
€MKOCTb, YTOOBI HE UCTIOPTUTH peakTuB. [lociie pacxogoBaHus peakTuBa OaHKY
WJIM CTaKaH He0OXO0IUMO Cpa3y 3aKphITh MPOOKOI U MOCTaBUTh Ha MECTO.

9. Huxkxorma He HaOupailTe >XUIKOCTh B THUIIETKY PTOM, BCerja MOJIb3yHTeCh
rpyuied Uiy NpucrocooseHueM st oroopa mpoo.
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He narpeBaiite, He cMemuBaiiTe, He JeilTe W He B30alNTHIBAWTE pPEAKTHUBBI
BONM3M oT juua. Beerna HampasisiiiTe ropiio cocyaa oT auuna u tena. He
HAIpaBIIUTE TOPJIO COCYa B CTOPOHY paboTaroIMX NOOIN30CTH TOBApULIEH.

PaszmemmuBath PCAKOMOHHYIO CMCCb B COCYIC CTEKJITHHOW MaJIOYKOM WU
mIaTeJIeM HaJ0 OCTOPOKHO, HC HOIIYCKasd pa3jioMa COCyaad. I[epmaTL coCcya
IIpHu 5TOM H€O6XOI[I/IMO 3a €C I'OPJIOBUHY.

[lepenocst cocynbl ¢ ropsiueld >KMJIKOCTbIO, HAZO JEpkKaTh UX JIBYMS PyKaMHu:
OJHOM — 3a JHO, APYrod — 3a TOPJOBHUHY, UCIIOJB3Yysl MPU 3TOM IOJOTEHIIE
(4TOOBI N30€KaTh 0KOTOB KUCTEU U MAJIBIIEB PYK).

[Ipu 3akpbIBaHMM TOJCTOCTEHHOW IOCYAbI MPOOKOW CIIEAyeT NepxkaTh €€ 3a
BEPXHIOIO 4acTh FOPJIOBUHBI. HarpeTelii coCyn Henb3sl 3aKpbIBATH MPUTEPTON
MPOOKOH MOKA OH HE OXJIAIUTCS.

B ombiTax ¢ HarpeBOM HEOOXOIUMO MOJI30BATHCS MOCYIOU, KOTOpas MMEET
COOTBETCTBYIOIIYIO0 MapKUPOBKY.

[Ipu HarpeBaHuM pacTBOPOB U BEIIECTB B MPOOHPKE HEOOXOIUMO
HCIIOJIB30BaTh CIEIMANIBHBIN Jepkarenb s npooupok. [Ipobupky ciemyer
JepKaTh Moj HakJIoHOM. OTBepcTHE MPOOUPKHU JOHKHO OBITH HAIPABJICHO B
CTOPOHY, Kak OT ce0si, TaK U OT TeX, KTo paboraer psjmoM. He momyckaTh
pa3OpBI3TUBaHUs CMECH U3 COCY/IA.

Henb3s HaKIOHATHCS HaJa COCYAOM, B KOTOPOM IMPOUCXOIUT HAI'PCBAHUC HJIU
KHUILTYCHHUC )KUAKOCTH, TaK KaK HHOT'/ITa OHa MOJKCT BBIKHIIATh U3 COCY/IA.

[Tpr HEOOXOAMMOCTH ONPEAETUTH 3allaxX BBIICISIONIMXCS MPH PEaKIUUd Ta30B
HY)KHO JIETKAM JBWKCHHEM JIAJJOHH HAaMpaBUTh CTPYIO Ta3a OT TOPJIBIIIKA
cocyzia K cede U OCTOPOKHO BIOXHYTb.

bynbTe OCTOPOXHBI C CHUJBHBIMM KHCJIOTaMH W Ileinodyamu. Hukxorma He
n00aBIsUTEe BOJY K KOHIIEHTPUPOBAHHBIM KHUCJIOTaM M TBEP/ABIM IEI0YaM.
JI71st mpUroTOBJICHUS Pa30aBICHHOTO PAaCcTBOpPa KOHIEHTPUPOBAHHYIO KUCIIOTY
TOHKOM CTPYMKOW IPUIIMBAIOT B BOAY IIPYM IOCTOSHHOM IMEPEMEIIMBAHUU U
oxJjaxaeHuu. [Ipu pacTBOpeHUH MIENOYH €€ J0OaBIAIOT B BOJIY MaJeHbKUMH
KYCOUKaMH, TaK)K€ IPU IMEPEMEIIMBAHUU U OXJaxJaeHuu. Kycouku menouun
HYKHO OpaTh TOJBHKO IIUTIIAMH.

PazauThie KUCIOTHI MM MIETIOYH HEOOXOIUMO HEMEIJICHHO 3aChIaTh MECKOM,
HEWUTPaIn30BaTh, U TOJBKO MOCIIE 3TOTO MPOBOIUTH YOOPKY.

Co BceMHU NBUBALIMMHU WM MAPSAUIMMU BEUIECTBAMU PabOThI MPOBOJAT TOJIBKO
B BBITSDKHOM IKady C OMNYIIEHHbIMH CTBOPKaMH, HaJe€Basl 3alllUTHBIC
MEepYATKH.

[Ipu pabote B BHITSDKHOM IIKady HE CIEAYET HAKJIOHATHCS BHYTPb pabodvero
o0beMa BBITSKHOTO IMIKada, TaKk Kak Mapbl U MEJIKUE YacTHUIbl PEaKTHBOB
NOTOKOM BO3JyXa VYHOCSTCS BBEpX W MOIYT I[ONAacTh BamM B JIMIIO,
JpIXaTeIbHBIE ITyTH U IJ1a3a.
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He momyckaiite momanmanus B Tiaza jro0oro BemiectBa. [lomHuTe, 9TO 1151
POTOBHIIBI TJ1a3 0COOCHHO OIMACHBI IIEJI0Yh U AMMHAK.

PaboTy c JerkoiaeTydyuMu M JIETKOBOCIUIAMEHSIOIIMMUCS BEIIECTBAMHM HAJO
MPOBOJUTH TOJBKO B BBITSDKHOM IIKady, HENb3s JIOMYCKaTh KOHTaKTa WX
MapoB C OTKPBITHIM IIJIAMEHEM, 3JIEKTPOIPOBOJKOM, 3JIEKTpONpHOOpamMu H
JPYTUMHU BO3MOXHBIMH UCTOYHUKAMH BO3TOPaHHUSI.

[lepen Hadamom pabOTHl ¢ dPUPOM WU JHOOBIM JIPYTUM JIETKOJIETYYUM U
JIETKOBOCIUTAMEHSIOIIMMCSL BEIIECTBOM MPEAYINpeanTe 00 3TOM pabOTaIOUINX
psOM C BaMH, 4TOObI HM30€XaTh CIy4aillHOTO HCHOJb30BAaHUS OTKPBITOTO
IJIaMEHHU.

JInst HarpeBaHUsl OPraHUYECKUX KUJKOCTEH JIydIllle MPUMEHSTh BOJSHYIO WU
MacJsSHYI0 OaHI0, 3JIEKTPUYECKYIO IUTUTKY C 3aKPBITOM CIIHPAJIbIO.

[lepen 3akuraHuemM CIUPTOBKU HYKHO YOEIUTHCS, YTO KOPITYC €€ UCIIPABHBIH,
GUTUIIL BBIMYIIEH HAa HYXKHYIO BBICOTY M Pa3BEpHYTHIM, a TOPJIOBUHA H
4epeHOK (QUTHIISA CyXue.

3aX@OKEHHYIO0 CIIMPTOBKY HE MEPEHOCUTHh C MECTa Ha MECTO; HEJIb3sl 3aKUTaTh
OJIHY CIIUPTOBKY OT JPYTOil.

TymuTh CIUPTOBKY HY)KHO HAaKpbIBas IIaMs KOJMA4YKOM. 3aJyBaTh ILIaMs
3aIpeIaeTCs.

B CIIMPTOBKAX HCIIOJB3YCTCA TOJIBKO ATUJIOBBIN CIINPT, II0JBb30BATLCA
OCH3WHOM HIIH APYTIrUMH T'OPIOYMMH JKUIKOCTAMU 3alIpCIiacTCH.

He nomyckaiiTe HarpeBaHUsl 3aMKHYTOM CHUCTEMBI JIFOOOTO THIAa — 3TO MOKET
IIPUBECTU K B3PBIBY B PE3YJIbTATE€ PE3KOTO INOBBIIIEHUS IABJICHHS MApOB B
CUCTEME.

Henn3s umcnonb3oBaTh JJIs1 Harp€BaHHA )I(HI[KOCTCﬁ CTCKILIHHYIO IIOCydYy C
TpCIIMHAMM, B IIPOLHECCE HArpC€BaHUsA TPCIIMHA MOKCET YBCIWYUTLHCA, WIN
KoJ10a JIOITHCT, 3TO IPHUBCACT K IIOIIAAAHHUIO PACTBOPUTCIIA HaA HAIpCTyro
IIOBCPXHOCTb K MOJKCT CIIPOBOLUPOBATH IIOXKApP.

[ToMHHMTE, YTO OONBIIMHCTBO OPTAaHUYECKUX IKHUJIKOCTEH JIETKO BOCILIA-
MeHnsieTcs. Hanbosee onmacHbI IeTKOJIETYy4YHe BEIIeCTBa, TaKHUE KaK JTUITHUIIOBBII
U TIETPOJICHHBIA A(UpHI, alleTOH. Takue BEIIecTBa JOJDKHBI HAXOJIUTHCS Ha
BameM paboyeM MECTe TOJIBKO B MHHHMAJIBHOM KOJIMYECTBE, HEOOXOIUMOM
JUUISL BBITIOJTHEHUS PaOOTHI.

[ToMHHUTE, YTO OOJNBIIMHCTBO OPTAaHUYECKUX IKUJIKOCTEH JIETKO BOCILIA-
MeHnsieTcsi. Hanbosee onacHbI JIeTKoJIeTyYre BEIIeCTBa, TAKUE KaK JUITHUIIOBBII
U TEeTpoJIeHHbI A(UpHI, alleToH. Takue BeliecTBa JOJDKHBI HAaXOJIUTHhCS Ha
BaieM paboyeM MeECTe TOJIbKO B MUHHUMAJIBHOM KOJIMYECTBE, HEOOXOIUMOM
ISl BBITIOJTHEHUST PaOOTHI.

Ecnu npousonuio Bo3ropanve Ha pabodyeM MECTE, OTKIIOUUTE BEHTHIISIIUIO,
AEKTPUUECTBO OOIMMM PyOWUITLHUKOM, IIO30BHTE TMPENoaaBaTeNsl WU
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nabopanta. HeGomnpioli oyar BO3ropaHMsi 3achIIbT€ MECKOM WM HaKpoOuTe
acOeCTOBBIM OJESVIOM, B Cllydyae BO3rOpaHus Ha OOJNbLION IUIOIIaau
UCIOJIb3YITE OTHETYIIUTENb.

He npiTaliTech TymuTh oyar BO3TOpaHUs BOJOH. DTO HEAIPHEKTHUBHO, €CIH
TOPUT HE CMEIIMBAIOIIEeCs C BOJOW BEIIECTBO, U OMACHO, €CJIHM 3aropeBlIeecs
BEI[ECTBO CIIOCOOHO BCTYIATh C BOAOW B PEAKIIMIO.

[lo oxoHyaHuu paboOTHI CieIyeT MPUBECTH B MOPSAIAOK CBOEe pabouee MecTo:
NOMBITh MOCYAY, IPOTEPETh MOBEPXHOCTh paboyero 1adbopaTopHOro CTOJa,
3aKpBITh BOJOTPOBOIHBIC KPAHBI, BEIKIIOUUTD IIEKTPUUECKUE TPUOOPHI.

HepBaﬂ nmoMomb NnMpu HECHACTHBIX CJIyvasix

HecoOnrogenne TeXHUKH O€30MaCHOCTH MOXET TMPUBECTH K HECUYACTHBIM
CIIy4asiM.

B ciyuyae mopesa cTEKIIOM HYXKHO CHadajga BHUMATEIbHO OCMOTPETH PaHy H
U3BJICYb U3 HEE OCKOJKHU CTEKJIa, €CJIM OHHU €CTh, @ 3aT€M OOMBITh PaHEHHOE
MecTo 2% pacTBOPOM II€pMaHraHaTa Kajius, cMas3aTb HOJAOM M 3aBs3aTh
OMHTOM WJIU 3aKJIEUTh JIEHKOIUIACTHIPEM.

[Ipy He3HAUUTENBHOM TEPMUYECKOM OXOre (TOpsYUMH NpPEAMETAMH,
BELIECTBAMM WJIM MapoM) cpa3y clleqyeT oO0paboTaTh MOpPaXEHHBIH Yy4acTOK
STWJIOBBIM CIIMPTOM WJIM KPEMKUM PacTBOPOM IE€pMaHraHaTa Kajiusg. A mpu
0oJiee TSHKEIBIX 0KOorax CIIEAYeT HEMEIJIEHHO OOpaTUThCS K Bpady.

[Ipn momajgaHuu Ha KOXY KHCJIOTHI HEOOXOAMMO CMBIBAaTh €€ IMPOTOYHOM
BOJIOM B TedeHHe 15 MUH, 3aTeM MOPaKEHHBIA Yy4acTOK MpoMbITh 2-3% pac-
TBOPOM MUTHEBOM COJBI.

[Ipy monaganuy Ha KOXY IIEJIOYM TAK)KE€ CMBIBAUTE €€ MPOTOYHOW BOJIOW B
TeueHue 15 muH, a 3aremM oOpaboTaiiTe MoOpa)kKeHHbIH ywyacTok 2-3% pac-
TBOPOM YKCYCHOM MM OOPHOM KHCIIOTHI.

[Tpn monaganuu JHOOBIX BEIIECTB B I1a3a THIATEIBHO MPOMOUTE UX OOJIBIITMM
KOJIMYECTBOM MPOTOYHOM BOJIBI M 0053aTEIIBHO 0OpaTUTECh K Bpady.

[Tpu Bo3ropanuu 0JI€KIbI HA YEIOBEKE HAOPOCHTE HA HETO BOMJIOYHOE OJIESIIO
Wi 00yl TUIOTHYIO TKaHb, 4TOOBl cOWUTh muiams. He mosBomsiite mo-
CTpaJiaBilieMy O0€kKaTh, ’TO YCUIIUT TOPEHHE.

[To okoHuaHuM PabOTHI BHIKITIOYUTE UCTOYHUKY HArpeBa,

Brimoiite 3a coOoif mocyny, caaiite pabodee MECTO JCKYpPHBIM IO Jia-
OopaTopuu WM JIaOOPaHTY.



METOIUYECKHE PEKOMEHJJAIIUU T10 OOOPMJIEHUIO OTHETA I1O
[MTPOJAEJTAHHOU JTABOPATOPHOU PABOTE

JIABOPATOPHAS PABOTA No
Tema: 3anucwisarom nazeanue 1abopamopHou pabomsi

Heas padotbl: gopmynupyrom, ucxoos u3z memsl, OMpadx*cas 6Ce HIOAHCHL
npeocmosueli pabomol

Ipunuun meroaa: gopmyaupyrom, ucxoos u3 yeieu U peaxyull, Jedcaux 8
OCHOBe MemoOa C HANUCAHUeM 6cex IMUX peaxyuil, a npu Heobxooumocmu (8
MUMpUMempu4eckom anaiuse), U yKazamuem padouux pacmeopos u 0axce ux
@YHKYUll 8 niaHe MEXHUYECKO20 UCNOJHEHUs Memooa (Mmumpanm, mumpyemoe
sewecmso, CMaHOApmublil pacmeop, MUmMpOSAHHbIL PACMBOP, BCROMO2AMEIbHBII
pacmeop, uHouxamop u m.o.)

@opmyJbl IS PACYETOB: NPUBOOAM 8 0OWeM 8UOe (eClu OHU eCMb):

PesyabTarbl:  npedcmasnsiom — cxemy — NOCIe008AMENbHO20  BbINOJHEHUS
IKCNEPUMEHMANILHOU ~ pabomul,  3anoJHeHHble  mabauysvl (¢ UCXOOHBIMU
napamempamu U paAcHUMAHHLIMU — NOKA3amensimu) Ui OQpopMieHHble
CUMYAYUOHHbIE 3a0a4u (C KpamKum YClo8UueMm U peuleHuem), NnocmpoeHHbvle
epaghuxu.

BeiBoa: gopmyaupyiom ucxoods u3z yeau pabomel, NO0BOO0sST UMOZ CEOUM
pe3yibmamam (8 CpasHeHuu ¢ meopemudeckKu BO3MONCHbIMU UIU UMErOUUMU
cmanoapmamu); 060CHOBbIBAION HE0OX0OUMOCMb UCNONb308AHHBIX MEMO008 UU
npuemos.

3amura: omeeuarom Ha 80NPOCHI, NPUBEOCHHBIE 8 KOHYE KAXCOOU 1abopamopHoll

pabompi.

Ounenka:
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JIABOPATOPHAS PABOTA Nel

YTouHeHHEe KOHIEHTPAIUY TMAPOKCHIA HATPHUS MO IABeJIeBOM
KHCJIOTEe METOI0M HelTpaau3amum.

Teoperuyeckasi 4acTh

Merton HelTpanuzanuu (KUCIOTHO-OCHOBHOTO THUTPOBAHUS)  CIIYXKUT
[JIABHBIM 00pa3oM ISl KOJMYECTBEHHOIO ONPEEICHUS KUCIOT U IIEJI0Yel, HO UM
MO>XHO OINpPEAENSATh U COJM, MOHBl KOTOPBIX BBINOJIHSIOT POJIb KHCIOT WU
OCHOBaHMK bpeHcTrena. B KIMHWYECKOW TMPAKTUKE METOJ HEWTpalu3auuu
MPUMEHSIETCS IS ONPENENICHUs] KUCIOTHOCTH KEIyJIOYHOTO coka, OydepHou
€MKOCTH CBIBOPOTKH KpPOBH, CIHUHHO-MO3TOBOM JKHUJKOCTH, MOYH W JIPyTrUX
OMOJIOTUYECKUX  KUAKOCTEH. B  caHUTapHO-TUTHMEHWYECKHX J1TabopaTopUsax
KHCJIOTHO-OCHOBHOE TUTPOBAHUE UCIIOJIb3YETCS JUISt YCTaAHOBJICHUS
N0OpPOKAUYECTBEHHOCTU NPOAYKTOB MUTAHUS. DTOT METOJ LIMPOKO HCIIONb3YeTCs
Takke B (apMalleBTUYECKON XMMHUHU TPU aHAIIM3€ JIEKAPCTBEHHBIX BEIIECTB Kak
HEOPTaHUYECKOM, TAK U OPraHUYECKOU MPUPOIBI.

Paoouumu pacmeopamu B METOJE HEUTpAIN3ALUHU SBISIOTCS CHIIBHBIE
KUCJIOTBl WA CHUJIbHBIE OCHOBAaHUS, KOTOpPHIE MCIOJIB3YIOTCSI B KadyeCTBE
TUTPAHTOB, @ TAK)KE€ CTAHJAPTHBIE PACTBOPHI COJIEH, MO KOTOPHIM YCTaHABIUBAIOT
TOYHYIO KOHIICHTPALIUIO TUHTPAHTOB.

Cmanoapmmusie pacmeopst — 3TO PACTBOPbl M3BECTHOW KOHIIEHTPALUU.
Tumpanm — >TO Takoil pabouMii pacTBOp, KOTOPHIA 3aIMBAETCA B OIOPETKY U
NPUJIMBACTCS K JAPYroMy pacTBopy (B KOJOOuUKe) MO KaruisiM. THUTpaHT,
KOHLIEHTPAIMI0 KOTOPOr0 YCTAHOBWJIM C IOMOILNBIO CTaHAAPTHOTO pPACTBOPA,
HA3bIBACTCSI MUMPOBAHHBIM PACHEOPOM.

Tumpoeanue — »>TO Tmpolecc JOOABICHHS TUTpPaHTa JI0 TOYKHU
AKBUBAJICHTHOCTH (KOHIIA PEAKIIHH ).
Touka 3KeueanreHmHocmu — 3TO MOMEHT pEaKIMH, KOTrJa BellecTBa

IpOpearupoBajl MeXAy cOOOM B HSKBUBAJEHTHBIX KOJUYECTBaX. TOJIBKO B 3TOM
cllydae MapaMeTpbl OIpPEAeNsIEMOro BellecTBa (€ro Maccy, KOHUEHTpPALMIO,
KOJIMYECTBO UM 00BbEM) MOKHO PacCUMTHIBATh HA OCHOBE 3aKOHA SKBUBAJICHTOB.
TouKy SKBHBAJEHTHOCTHM YCTAHABIMBAIOT C MOMOLIBIO HWHIMKATOPOB KHUCJIOTHO-
OCHOBHOTO THIIA.

Hnoukamop B Metosie HEUTpaIU3alMU — 3TO ciadasi KUCIOTa WU ciaadboe
OCHOBAHHME OPraHMYECKOW MPHUPOJIbI, MOJIEKYJsIpHAs U MOHHAs (opMa KOTOPOTro
omyaercss no nBery. C mo3unuid TpOTONUTHYECKOM Teopun bpencrena,
WHJWAKATOp — CONPSDKEHHAs KHUCIOTHO-OCHOBHAsA Iapa, KOMIIOHEHTBI KOTOPOW
OTJINYAIOTCS I10 LBETY:

Hind 2 H" + Ind”

user | uset |l
[ToaToMy KaXKIblii MHAUKATOP XapaKTEPU3YETCsl OMPEICICHHBIM 3HAYCHUEM
pPK, wim Tak Ha3piBaeMbIM TokazateneM TutpoBanus pT = pK, = —Ig[K,].
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BcnomauMm, uto pK, — 310 3Hauenue pH cpenpl, mpu KOTOpOM COAEpKaHUE
KHUCJIOTHOM U CONPSIKEHHOU €l OCHOBHOW (POPMBI OJJUHAKOBBI. A 3TO 3HAYUT, 4TO B
touke pT uBer pacrBopa mHauKaropa Oyner cmemadHblii. Ho ria3 demoseka
3aMeyaeT CMEIIaHHBIM IBET M TOr/Aa, Korxa ojaHa u3 (opM HMHIUKaTopa
npeobnagaer Haja Apyroil pa3 B 10. B aTom ciydae Mbl mody4yaem 30HY Iepexojia
usera unaukaropa pT=+1. Ilpu 3nauenusax pH< pT=+l (1. e. 1eBee 30HbI MEpexo/ia
[[BETA) MHAMKATOp OYJET HaXOAMTHCS TIJaBHBIM OOpa3oM B KHUCIOTHOM CBOEH
dopme HInd. A npu 3Hauenusx pH> pT=I (1. e. mpaBee 30HBI IMEpPexo/ia IBETA)
OyzeT 3Ha4YUTEIILHO MPeodIaiaTh ero CONpsbKeHHas OoCHOBHas ¢popma Ind'.

Ta6u. 1. [IpuMepsl HHAUKATOPOB U UX XapaKTEPHUCTUKHU.

NuankaTop Oxpacka pK.(pTina) pfﬁé{;ﬁggsgﬁw
B opme B opme OKpAaCKH

KHCJIOTBI OCHOBAaHHA

Tumo 10BBII cHHUANA

(IIepBoe M3MeHenHe) Kpachas Kenras 15 1,2+2,8
MeTuj10BbI OpaH:KeBbIit « Kenras 3,7 32+44
BPOMKP,&OHOBHH Kenras Cunss 47 38+54
3eJIeHbI’

MeTni10BbIi KpacHbIH Kpacnas Kenras 51 42 +6,2
Jlakmyc (a30J1MTMHH) « Cunss 5,0+38,0
BbpomtumosioBbiii cuauii  JKenras Cunss 7,0 6,0 -7,6
DeHOoJI0BbIH KPaCHBIH « Kpachas 7,9 6,8 ~ 8,4
gﬁ:gg:i‘;ﬁ e:;:ﬁlg) « Cunss 8,9 8,0+9,6
®enogdrasienn Becusernags ManuHoBas 9,4 8,2+10,0
Tumondranenn « Cunsist 9,3+10,5

Ilpu evi60pe unouxamopa PyKOBOJCTBYIOTCSI IIpaBWIOM: 3HaueHue pH B
TOYKE SKBUBaJEHTHOCTH (pH,) 1omKHO Tomamarh B 30HY Iiepexoia IIBETa
uHaukatopa (1. €. pH, = pT=£1). 3nauenue xe pH, onpenensercsa mo nNpoaykKTam
peakiuu, Korja B KOJOOYKE Jii TUTPOBAHUS YK€ H3PACXOJO0BAHO HCXOJHOE
BEILECTBO, HO €lIE HET U30bITKA TUTPAHTA (a €CTh TOJIBKO NPOAYKThI PEAKIIMH).

B MmeTone HelTpanuzanyuu MOXeT ObITh HCTOJB30BAHO HE TOJHKO MPsSIMoe
TUTPOBaHMe (KOTJa TUTPAHT HEMOCPEACTBEHHO IMPUIIMBAIOT K OINPEIEIIEMOMY
BEIIIECTBY), HO ¥ 00paTHOe (111 TUTPOBAHKE IO U30BITKY).

Cymb 06pamnoco mumpogarnus: K ONpeneisieMoMy BEIIECTBY J100aBIseTCs
(UKCUPOBAaHHBIN M30BITOK CTAaHAAPTHOTO BCIIOMOTATEIHHOTO PacTBOPA, KOTOPHIMA
3aT€M OTTUTPOBBIBAETCS JPYTUM PACTBOPOM (TUTPAHTOM).

K oOpatHOMy TUTpOBaHWIO MPUOETAIOT B TOM CiIy4ae, KOTJa, HalmpuMep,
MojJ PYKOW HET HYXKHOTO HWHJIMKATOpa Uil TMPSMOr0 TUTPOBAHMUS WIIHU
OTIPEIeNIIEMOE BEIIECTBO CIIUIIIKOM JIETy4ee.
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Hean padoThl: OCBOWTH MPUEMBI THUTPOBAHUS W OMNPEICIUTh TOYHYIO
KOHIICHTpAIMIo MpurotoBiieHHoro pactBopa NaOH mo craHmapTHOMY pacTBOpY
KPUCTALUTNYECKOW IaBejeBod KUCIOThl. CpaBHHTH YCTAaHOBJIEHHOE 3HAUYCHUE
koHneHTparuu NaOH ¢ anaauTHyeckoi KOHIIEHTpaIueH.

PeakTuBbI 1 000pyA0BaHKE:
1. BropeTku, BOpOHKH, MMATIETKHU, KOJIOOYKH JJIT TUTPOBAHUSI.

2. Nuguxatop — 0,1 % cnupToBbiii pacTBOp peHondranenna.
3. 0,1 » pactBop runpoxcuaa varpus NaOH.
4. 0,1 » cBeXeNPUTOTOBJICHHBIN pacTBOp MaBesieBoit kuciotel H,C,04 - 2H,0.

e

IIpaKkTHYeCcKasi 4acTh <«
IHopsaok BbINOJIHEHHUS Pa0OThI:

1. 3anonuuTk 610peTKy 0,13 pactBopom NaOH.

2. B xonly nyst TuTpoBaHUsA OTMEpUTH mnureTkoir 5 mu pactBopa H,C,04:2H,0.
JobGaBuTh 1-2 kamim pactBopa geHondraaeuHa.

3. [IpoBectn THTpOBaHHWE MPUTOTOBIEHHOW TPoOBl pactBopoM NaOH no
NOSIBJICHUS ¢1ab0 po30BOTO OKpamuBanusi. OTMeTnth 00beM pacTBopa NaOH,
MOUIEAIINM HA TUTPOBaHUE. TUTPOBAaHKE IMOBTOPUTH S pas.

4. Bce nanHbie (MCXOAHBIE U PACUETHBIC) 3aHECTH B TAOJIUILY.

Ta6n.2. JlaHHbIE TUTPOBAHUS 111ABEIEBON KUCIOTHI
pabouum pactBopom NaOH

O6LEM Onpenensiemast
O0BEM pacTBOpa C, (H,C,0,), KOHIICHTpAITUS
Ne H,C,0,, M MOJIB/T1 Npa(c)THBopa C, (NaOH),
abH, M MOJIb/J
1 5 0,1
2 5 0,1
3 5 0,1
4 5 0,1
5 5 0,1

Peakuumn, jgexamue B 0CHOBE MeTO1a:

1) H,C,0, + 2NaOH 2 Na,C,0, + 2H,0O (B MOJEKYISIpHOM BH/IE)
H,C,0,+20H 2 C,0,5 + 2H,0 (B KpaTKOM MOHHOM BHJIC)

2) C,0,5 + HOH 2 HC,0, + OH (IMApoiIu3 [0 aHHOHY), pH,>7
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Pacuersl. [1o 3aKoHYy SKBHBaJIEHTOB (KOHLIEHTPALMOHHBIN (hOpMAT) HAXOIAT
AKBUBAJIICHTHYIO KoHIIeHTparuo NaOH:
(C5 - Vu,c,0,
VNaon
[Tpu HeoOxommmocTh paccunThiBatoT TPOCcTOil TUTP (Tnaon) M CIOKHBIN
TP (TnaoH/H,cC,0, 20,00 WM THTp NaOH mno omnpenenseMomy BelIECTBY
H,C,0, - 2H,0) mo ¢popmynam:

C; NaoH =

1
Cs NaoH - M(;NaOH)
1000 L
_ CyNaon " M(FH2C304°2H;0)
TNaoH/H,C,0,2H,0 = 1000 , T/MI

TNaon = ,  T/mI

B koHIle pabOTHl IPOBOAAT CTATUCTHYECKYIO 00pabOTKY AaHHBIX U JIEJAIOT
BBIBOJI, COBIAJAIOT JIM TOJy4eHHbIe pe3yibrarhl KoHIeHTpamun C, (NaOH) c
anamutryeckor C, (NaOH), ykazannoit Ha OyThutoukax kak 0,13 NaOH.

Cratucruyeckass o0padoTka JaHHBIX TIPOBOJUTCS [IJISi BBISICHEHUS
OLIMOKHU 3KCIEPUMEHTa U MPEACTABIEHUS pe3yibTaTa B BUJIE CPEIHErO 3HAYECHMUS
X ¢ ydeToM 370 ommbku (1m60 B Buae X + sz, 1160 B BUAE X + £, CM.HUKeE).

Cpeonee 3nauenue X pacCUMTHIBAIOT KaK CyMMy psjga eapuanm X
JIeNeHHYIO Ha YMCIIo BApUaHT Bpaay N: X =X; + X, + .. + X,, /n

OwubKy cpeone2o & PACCUUTHIBAIOT KaK MPOU3BEIACHUE CTaHAAPTHOTO
OTKIIOHCHHSI CpeIHero S; W koddduiumenta CrprogeHta (t-kputepus) t,:
£ = S;-t,.

Koagpdpuyuenm Cmorooenma HaxoguTcs Mo TaOIHIE B 3aBUCUMOCTH OT
gyrcna creneHeid cBoOomel f (N-1) u BBIOpaHHOTO YPOBHS 3HAYMUMOCTH p (WM
WHaue, JOBEPUTEIBHON BEPOSTHOCTH, CM. Ta01.4), KOTOPHINA MOKa3bIBAET, C KAKOU
JI0JIel BEPOATHOCTHU JOMyCKaeTcs omuOKka. B XuMuu 1 OMOJIOTUH NPUHST YPOBEHb
sHaunmoctu p=0,05.

Kpagpar cmandapmmnozo omxionenus cpeone2o SZ — 5TO ecTh KBajapar
CTaHJAPTHOrO OTKIOHeHUs S (UIM MHaye, CpPeIHEKBaApaTHUHAs OIIMOKa),

. )
JIeJICHHBINA HA YUCIIO BapuaHT N: Sy = S2/n.
2
Ksaopam cmanoapmmnoco ominonenuss S° pacCUnThIBAETCA MO (opMmyJie:

Yd? . _
§2 = ==L 'rne d; — OTKIOHEHHUE KaXI0H BAPUAHTHI OT CPEIHETrO 3HAYEHUS X, TO
n—1 t ’

ecTh d; = x; — X.

st cratuctryecko oOpabOTKH SKCIEPUMEHTAIBHBIX JaHHBIX YAO0HO
WCIIOJIB30BaTh TaOiuibl (CM. mpumep B Ta0n.3 W 3Ha4YeHUs KOIPPUIIUECHTA
CtbrofeHTa B Ta01.4).
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Tabn. 3. Craructuyeckoit 06paboTKU
SKCIIEPUMEHTAIbHBIX TaHHBIX IPUMEHUTEIBHO K 00beMy TuTpanta V,,,(NaOH)

Bapuanra, 4,

2 2 2
_ : S2

VNaoH) i =Vi—V g : v E

V=472 0,08 0,0064 . B

V,=4,0 -0,12 0,0144 PaccuutbiBaem | PaccumtbiBaem Sply, =

_ ’ ’ o popmyse: o popmyse:

V3 - 4,3 0,18 0,0324 :\/S—T3 . tv

Vi=4,1 -0,02 0,0004 xdi _0068 | S 0017

V5=4,0 -0,12 0,0144 n-1 4 no 5 =0,058-2,8
- IVi_ Yd? = = 0,017 = 0,0034 _ 0162
Yo T 0,068 ’

Ta6n.4. 3naucuus koaddunuenta CteroneHTa (t-KpUTEpHrs) It IBYX
YPOBHEW 3HAYUMOCTH (MJIH TOBEPUTEIHLHON BEPOSTHOCTH) P
B 3aBUCUMOCTH OT YHCJIa cTeneHel cBo0o b T

_ p
F=nl 0,05 0,01
1 12.7 63.6
2 4.3 9.9
3 3.2 5.8
4 2.8 4.6
5 2.6 4.0

Takum oOpa3zom, pe3ynbTar cTaT. OOpabOTKH TOKAa3bIBAECT JOMYCTHUMBIC
3Hauenus oobeMoB TutpanTa Vi(NaOH) B unreppane V + ¢: 4,12+0,16. To ecTs, ¢
BEPOSTHOCThIO 95% wucTUHHBIE 3HaueHUsT OOBEMOB IIEJIOYM HAXOJATCA B
unTepBaie: 3,96 < V; < 4,28.

Ecim kakoe-To 3Ha4YeHHWE BapHaHTHI (B HAIIEM ciydac oObeMa IEI0YH) He
MOMAJIaeT B YKa3aHHBIH WHTEPBaJ, TO OHO BBIOPAKOBBIBACTCS, a OCTABIIHECS
3HAUEHUS CHOBa MOJIBEpraroTcs crar. oopadotke. Hamm >xe 3HaueHus 00beMOB
Vi(NaOH) (¢ yueTom okpyriieHHs ) BCE MONANAI0T B HAWICHHBIH HHTEPBAL.

Omeem: C  yd4eTOM  CTaHAAPTHOTO  OTKJIOHEHHUS  CPEIHETO Sy:
V(NaOH) = 4,1240,058; a ¢ y4yeToM OIIKOKHA CpeJHEro  &:
V(NaOH) = 4,12+0,16.

CTyAeHTBl MOTYT TIPOBOJUTH CTATUCTHYECCKYI0 O0O0pabOTKY JTaHHBIX
NPUMEHHUTEIBHO K pacueTHoMy 3HaueHHio C,(NaOH).
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Bonpocs! ajis1 3a1uThI 1a00paTOPHOI PadOTHI.

1. Kakue peakuuu, JiexaT B OCHOBE METO/A OINPEIECICHHUs] TOYHOU
koHneHTparuu NaOH?

2. Jlns gyero ycranaBinupaiot Tutp NaOH?

3. Ilouemy tuTp NaOH yTOouHsAIOT Mo miaBeneBoi kuciore? MOXHO Ju
MCITIOJIB30BATh JIJIs 3TOM 11eNu Apyroi padbouuit pactBop?

4. MO>HO T IIaBEJIEBYIO KUCIOTHI UCIIOIB30BaTh B KAYECTBE TUTPAHTA?

5. Kakasg pasHuma Mexay CTaHJapTHBIM pabo4YuM  pacTBOPOM U
TUTPOBAHHBIM PabOYHM PacCTBOPOM?

6. Kaxk ycranaBnuBaeTcsi TOUKa SKBUBAJICHTHOCTHU B IAaHHOM peakuuu?

7. Kak o6ocHOBaTh BEIOOp MHAUKaTOpa (heHondTanenHa?

8. Kakas gopma TUTpOBaHUS UCTIONIB3YETCS B TaHHOM padboTe?

9. IlpuBectu mpuMepbl pacyeTOB Pa3IUYHBIX BUIOB KoHIeHTparuii NaOH,
€ro KOJMYeCTBa WJIM MACChl, ONMPAsACh HA 3aKOH YKBUBAJICHTOB, HA OCHOBE JAHHBIX
IPOBEJICHHOIO SKCIIEPUMEHTA.

10. IMpennoxxute pabounit pactBop /i ycranoBku tutpa HCl. Hamwmmmire
COOTBETCTBYIOLIYIO PEAKIIHIO.

11. [lpeanoxkure METOA ONpEAENIEHUS aMMHaka C HCHOJIb30BaHUEM
oOpatHoro tutpoBaHus. Hamummre peakuuu, jexamiye B OCHOBE 3TOr0 METOJa.
Kak Oynere ycraHaBiMBaTh TOYKY SKBHUBAJIEHTHOCTH B 3TOM ciiydae? HazoBute
Bce paboume pactBopbl. Hamummre pacuetHble (OpMYyJbl sl ONpeneNeHus
pa3IMYHBIX BUAOB KOHIIEHTPALM aMMHaKa B ’TOM METO/IE, €T0 MaCCHI.

12. UaaukaTopbl B MeTOIe TUTPOBaHUSA. VIcX0as1 U3 OnpeAesieHus, CeanTe
BbIXOJl Ha ux xapakrepuctuku (pT, 3oHa mepexona usera). [IpuHumn neicTBus
KHCIIOTHO-OCHOBHOT'O MHAMKATOPA.

13. Kakoii uHIUKaTOp ClieyeT MPUMEHUTD MTPU TUTPOBAHUU:

a) c1aObIX OCHOBAHUMN CHIIBHBIMH KUCIIOTaMH;
0) c1aObIX KUCIIOT CHIIBHBIMHA OCHOBAaHUSIMU ?
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JIABOPATOPHAS PABOTA Ne2

IIpumeHeHnne MeToa HEMTPAJIU3ANUM (KUCIOTHO-OCHOBHOT'O TUTPOBAHUS)
JJIS1 OTIpeiesieHUs] KHCJIOTHOCTH KeJIyJOYHOI'0 COKA.

Teoperuyeckasi 4acTh

KenymouHblld COK B MPOCBETE Kenyjka mMmeerT kuciayro pH: Haromak B
HOpPME y B3pOCIIOTO YeJIOBEKa MPUMEPHO 1,5-2 ¥ y HOBOPOKIEHHBIX AeTer ~ 3-4.
[Tocie mpuéma numm pH emé Huxke. ['7aBHBIA HEOPraHMYECKUN KOMITOHECHT
KEITYyIOYHOTO COKa — COJSIHAf  KHCJ0Ta, KOTopas BbIpaOaThIBaeTCA
OOKJIaJIOYHBIMU (NapueTatbHbIMU) KICTKAMU KEIyAKa W HAXOAHUTCS B IMPOCBETE
JKeTyJIKa B CBOOOJIHOM U CBSI3aHHOM COCTOSIHUHU (riaBHBIM oOpasom ¢ Genkamu). OHa
MOJIJICP>)KUBACT ONPEICICHHBIA YPOBEHb KUCIOTHOCTH B KEIYIKE, MPEMATCTBYET
MPOHUKHOBEHHUIO B OpPraHU3M  OOJIC3HETBOPHBIX  MHUKPOOPTaHHU3MOB U
MOATOTaBIMBaeT Nuily K 3ddekTuBHOMY Tuapoiu3y. ColisiHas KHCIOTa HMEET
MTOCTOSTHHYIO U HEM3MEHHYIO KOHIIEHTpaIuio — 160 MMOJIb/J1.

Kpome OenkoB B JKeIyJOYHOM COKE NPHCYTCTBYIOT M Jpyrue ciadble
KHCJIOTBI: THAPOKApOOHATHI, THUIAPOCYIb(aThl, IUTHAPO- U THApodocdaTsl,
dbochopHas KuCIIOTa, YKCYCHas, MOJIOYHAsl, NHUPOBUHOIPAAHAS, MaclsHas,
sa0J04Hasi U HEKOTophie Apyrue. [loaToMy pasznuuaroT mpu euda KUCIOMHOCMU:
CBOﬁO)]HyIO (MM aKTUBHYIO KHUCJIIOTHOCTh, OOYCIIOBJICHHYIO KOHIICHTpAIMEH CBOOOIHBIX H+),
CBA3AHHYIO (MM MOTEHIMAIBbHYI0, OOYCIIOBJICHHYIO HAJIMYHEM HEIUCCOIMHPOBAHHBIX B
KHCIION cpejie KenyaKa ciabbix KUCa0T) U OOUIYH0 (CyMMapHOe COIEpIKaHUE BCEX KHCIIOT).

B naGopaTopusix KHUCIOTHOCTH KEIYJOYHOTO COKa BBIAAeTCS B
TUTPUMETPUUECKUX SIUHUTIAX.

o0 mumpumempuueckumu eOuHuyamu TOApPa3yMeBalOT 00BEM (B MII)
0,1> pactBopa NaOH, neoOxomumblii miis HeuTpanmm3anuu KuciaoT B 100 mi
KEITYJJOYHOTO COKa.

Ha wuccnenoBanue 6epyr He 100 mu sxkemymowyHoro coka, a 5-10 mi, u
tutpytor He 0,13 NaOH, a oObryHO MeHbIIel ero koHmeHtparmuen (= 0,093).
[ToaToMy Tipu pacy€Te KHUCIOTHOCTH KEIYJOYHOTO COKa B THTPUMETPUUECKHX
eIMHUIAX TIPUACTCS JeNaTh ABE MONMPABKHA: HA HEOOXOAUMBIHA 0 YCIOBUIO 00BEM
xkenynouHoro coka (100 mi1) 1 Ha HEOOXOAUMYIO TIO YCJIOBHUIO KOHIICHTPAIUIO
pactBopa NaOH (0,15).

C y4€TOM 3THX MONMPAaBOK MOKHO BBIBECTH O0IIYI0 (popMy.ty Ajsi pacuéra
KHCJOTHOCTH KeJIyJIOYHOT0 COKA:

0.13,100 VNaoH
KucaoTHoCTb K. C. = V.~ = 10C,(NaOH) - 100 —/=*—, mump. eo.
NaOH 3( ) V(x.coka)’ P !
0.13,100 -
rae Vyaon — 9TO mapaMeTphl IMIEIOYH COIJIaCHO  ONPEACIICHHUIO

TUTPUMETPUYECKUX eIUHUL; Vy,op — 00bEM NaOH, 3aTpadeHHBIN Ha THTpOBaHKE
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B3STOM Ha HCCIEJOBaHHE MPOOBI kemyaoyHoro coka (5-10 mu, Hampumep);
C,(NaOH) — kounenrpanus pabouero pacrsopa NaOH.

Ecau tutpoBanusiii pactBop NaOH okaxkercs Takum, Kakoi HEOOXOAUM T10
ycinoBuio — 0,IMomb/1, a 00BEM KETyIOYHOTO COKa, B3ATHIH Ha HMCCIICIOBAHUC
V i coxa) = O M1, TO (pOpMyJIa sl pacu€ra KMCIOTHOCTH YIIPOILAETC:

KHC0THOCTD 3. €. Vg = 10 - 0,1+ 100 2% = 20 - Vi, oy, mump. eo.

Ot GopMyINIBI TPUMEHSIOT IS OMPENSICHUsT JTI000T0 BHIA KUCIOTHOCTH
KEIY0YHOTO COKa: C80000HOU Kuciomuocmu (B TPUCYTCTBUM METHUIIOBOTO
KEJITOTO, OH JK€ AUMETHUJIOBBIA KENThIA WM 4-0umMemuiamunoa’ooen3on) Win
obweii kucnromuocmu (B mnpucyrctBuu (penondranemna, oH ke 4,4'-
nuokcudTanopeHoH). B aToMm citydae céa3zannyo Kuciomuocms ONpenessioT 1o
pa3HOCTH 001IeH 1 CBOOOTHOW KHCIOTHOCTH.

B nopme (v 300posoco 63pocnoco uenosexka) odwas KUCIOMHOCHD
cocmasnsiem 4060 m.e., a ceobo0Has kuciomuocms cocmasingem 2040 m.e.

Hear pabGorbl. OnpenenuTs CBOOOJHYIO, CBSI3aHHYI0O H  OOIIYIO
KHCIIOTHOCTH JKEIYJOYHOTO COKa B THUTPUMETPHUYCCKUX EAMHHUIAX METOJIO0M
HEUTpaM3aIllii M CPAaBHUTHh STHU JaHHBIC C COOTBETCTBYIOIIMMH JTAHHBIMHU IS
3JI0POBOTO YEJIOBEKA.

Ipunomun meroaa. Ilpu TUTPOBAHHMM KEITYJOYHOTO COKA TUTPOBAHHBIM
pabounm pactBopoM NaOH B mnpucyTcTBUM JBYX HMHAUKATOPOB CHadalia
oTTUTpOBBIBaeTCs cBoOoaHas HCI, a 3arem manoauccorupyeMbie COSTUHECHNUS.

Peakuum, nexaimue B 0CHOBE MeTO/1a:
1) H  + OH — HOH (pH, xacymasics /05 PHo paxrmeckas ~3,9 — 910 pH pactsopos
MaJIOMCCOMUPYMBIX KHCJIOT, KOTOphle Ha TIepBOH CTAAMM HE JOJKHBI OTTHTPOBBIBATHCH).
Touka SKBHBAJIEHTHOCTH YCTaHABIIMBAETCS C TIOMOIIBIO METHJIOBOTO KEJITOrO (30HA Mepexoja
1BeTa 3Toro uuaukaropa pH 3,0+ 4,0).
2) CH;COOH + OH — = HOH + CH3COO (pH, ~8,7 B coorsercrBun ¢

HE3HAYNTENILHOW 00paTHOW peakiued THAPOJIU3a CONHM MO aHHOHY). ToYka 3KBHBAICHTHOCTH
yCTaHaBIMBAETCS C MOMOIIbIO ¢eHonpTanenHa (30Ha mepexoia LBeTa 3Toro uHauKatopa pH
8,2 + 10,0)

O0OopynoBaHune U peaKTHUBBI:

1. BropeTku, BOpOHKH.

2. ITuneTku Ha 5 M1

3. Konbouku KOHMYECKHE JIJIs TUTPOBAHMSI.

4. XXenynouHslii cok (OTHUIBLTPOBAHHBIN).

5. Turpoannsiii pactBop NaOH (KOHILIEHTpALMIO KOTOPOTO 3apaHee YTOUHSLIIN).

6. Uunukatopsr: ciuptoBbie pactBopbl 0,1% denondranenna u 0,1% meTunoBoro
KEJTOTO.
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IIpakTHyeckas 4acTh =
IHopsinok BbINOJIHEHNSI Pa0OTHI:

1. 3anoaHUT OrOPETKY TUTPOBAaHHBIM pacTBopoM NaOH.

2. OT™MEepUTh MUIMETKOM 5 MII KEIYAOYHOIO COKa, MEPEHECTH B KOJIOY I
TUTPOBAHMUS.

3. [IpubaBuTh B KOJOY C KEMYyJAOYHBIM COKOM IO Karjie o0a MHANKATOpa
(penondranenn U METUIIOBBIM KEJTHIN): MOSBUTCS SPKO-KPACHOE OKpaIIMBaHUE,
00YCJIOBJIEHHOE METUJIOBBIM KEJITHIM, YTO YKa3bIBAE€T HA MPUCYTCTBUE CBOOOIHOM
HCI.

4. TutpoBate pactBopoM NaOH moka kpacHas oOKpacka pacTBOpa HeE
CMEHUTCSl HA OpaHdi#cesyro — CpabOTaeT METUIIOBBIM KENThIM (30Ha mepexoja IBeTa
unaaukatopa B obmactu pH 3,0+4,0). Ilo Oropetke ommeuaem o06vém wénouu,
oI Ha TUTpOBaHKWE (OH SKBUBAJICHTEH cojepaHuio cBoooaHoir HCI). U
€Clli ero BBeCTU B (popmyiy /i pacuy€ra KUCIOTHOCTH, TO TOIYYHM CE8000O0HYI0
KUCIOMHOCMb KEITyTI0YHOTO COKAa B TUTPUMETPUIECKHIX €IMHULIAX.

5. IlpomomkaeM TUTPOBATh, OPAHICEBASI OKPACKA PACMBOPA CMEHUMCs HA
JtceImy1o (3Ty OKpacKy AacT METUIIOBBIN >KeNThIH NpH BbIxone pH 3a 30Hy ero nepexoza 1seTa,

T.e. pH > 4,0, cm. puc.l), a 3aTEM IIOSIBUTCS CHOBA OpAHIHCE8Asl OKPACKA (IpH BXOJE B
3oHy pH mepexona nsera denondranenna 8,2+10,0 (cm. puc.l), rie mpousoiineT HaloKEeHUE

OKPACKH JKEJITOr0 IBETA OT METHJIOBOIO JKEJITOr0 M PO30BOro nsera or (enondranenna). B
TOT MOMEHT MPEKPAIAeM TUTPOBAHHE U (UKCUPYEM OOBEM WIEIOYH (OT HyIst
GropeTku), MOMIEIIEH HA TUTPOBAHUE J0 MOSIBICHUS 6MOPOU OPAHIHCEBOU OKPACKU
(B cyMM€ OH DJKBHUBAJEHTEH COAEPKAHHUIO BCEX KHUCIOTOOOPA3YIOIIHUX
coenuHenuii). M ecnu 3ToT 00BEM BBECTH B (POPMYIy JJi pacyéTa KUCIOTHOCTH,
TO TOIYYUM OOWLYI0 KUCIOMHOCHMb KEIyJ0YHOTO COKa B TUTPUMETPHUUYECKHX
eIMHULAX.

6. [locuntaem ceA3aHHYI0 KUCAOMHOCMbL KAaK PAa3HOCTh MEXAy oOuiel u
cBOOOIHOI KUCIOTHOCTBIO.

/. TurpoBaHnue MpPOBECTH 5 pa3 M KaXIbI pa3 pacCUYUTHIBATH CBOOOJHYIO,
OOIIYI0 M CBSI3aHHYIO KHCIIOTHOCTH J>KEIYAOYHOTO COKa B TUTPUMETPUUECKUX
enuHuLax. Pe3yabTaTsl TATPOBAHUS U Pacu€Thl 3aHECTU B TAOIUILY.

Tabnuua 5. JlaHHbIE TUTPOBAHUS KEITYTOUYHOTO COKa
pabouum pactBopom NaOH

d C
BA3aH
V potir G, Vﬁd&%H, VNaOH’ Y 012,100 (o) | ;013,100 (§) | oo
(oxenyn, | (NaOH) M1 NaOH NaOH
Ne COK) TUTPOBAH T (ormymst | (cBoGonHasi k- | (oOmast K-Tb), | KACIOT
M HEIH, " OropeTKkH) | Tb), TUTp.CJ. * THTP. €. * HOCTB,
MOJIB/JI . THTD.eT
1 5 0,09
2 5 0,09
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3 5 0,09
4 5 0,09
5 5 0,09

* [Ipu kemaHMM MOYKHO TPOBECTH CTATUCTHUUECKYIO OOpaboOTKy IH000T0
DKCIIEPUMEHTAJIBHO IIOJIyYEHHOI'O IapaMeTpa U BBIAATH PE3YIbTAT B BUIE X+ s;
win X + £ (cM. IpeablayIIyIo 17a60paTopHyIo paboTy).

O0o3Havenns B Ta0nuIe: M.JK. — METHJIOBBIH XeNThId, ¢ — dheHondpTanent, TUTP.e1. —
TUTPUMETPUUECKHE STUHHIIBI.

8. CpenaTh BBIBOJBI, COMNOCTaBISSl CpEIHHME 3HAYEHUS MOJYUYEHHBIX
IapaMeTpoB € IapaMeTpaMH KHUCJIOTHOCTH >KEIyJIOYHOTO COKa Yy 3J0pOBOrO
B3pPOCJIOTO Y€JIOBEKa.

Puc. 1. /lnarpammel nepexofa OKpaCKu MHAUKATOPOB B 3aBUCUMOCTH OT pH
pacTBopa
JuarpamMa rnepexona OKpackH METHJIOBOTO KeJITOrO B 3aBHCUMOCTH oT pH pacTBopa

oH 1 2 3 4 5 6 7 g 9 10 11 12 13
| |

JuarpaMma repexoza okpacku eHondTarenHa B 3aBHCHUMOCTH 0T pH pacTBOpa

oH 1 2 3 4 s 6 7 8 E] 10 11
| | | | | | | | | | | | |

Ilpumepwl pacuémoe: nONyCTUM, HA TUTPOBAHHE 5 MJ OT(HUIBTPOBAHHOTO
JKEJIyJJOYHOTO COKa C METHJIOBBIM KeIThIM u3pacxoaoBaiu 1,3 mu 0,093 pactBopa
NaOH, a ¢ dbenondranenHom (cuutast OT Hyssl OFOPETKH) — 3 MJI TUTPAHTA.

CBo0oaHast KHMCJIOTHOCTHb (B TUTp. €11.), OOYCJIOBJICHHAs COAEp>KaHUEM

COJISIHOM KHCJIOTBI, paBHA:

0.13,100 (M.2x.) _ 1,3
Vaaor: =10-0,09-100- == 234r.c.

O0masi KMCIOTHOCTH (B TUTp. €7.), OOYCIOBJIEHHas COAEpPKAHUEM Kak

COJISTHOM KHCJIOThI, TaK U Pa3JIMYHbBIMH BUJaMHU cI1a0BIX KHCJIOT, paBHA:

0.13,100 (¢) _ 30
Vaaor  P=10-0,09-100-2 = 541 e,

CBsi3aHHasi KHMCJIOTHOCTb (B THUTp. €7.), OOYCIIOBJIEHHas HaJIU4YUEM
HEJMCCOLIMMPOBAHHBIX CJA0BIX KHUCIOT, paBHA pPAa3HOCTH MEXIy oOwed u
CBOOO/IHOM KHUCIOTHOCTSIMU KeTya0uHoro coka: 54 — 23,4 =30,6 1. e.

Bomnpocs! A1 321U THI J1a00pPaTOPHOI PA0OTHI.
1. Cocrapistonye KHUCIOTHOCTH JKEIYAOYHOro coka (wiau ee ¢pakiuu:
oO1asi, CB000 1HAsI, CBA3aHHAS! KUCIOTHOCTD) M UX OIpeIeTieHuE.

2. EnuHuIbl u3MepeHus KUCIOTHOCTH KETYJOYHOTO COKa U (POPMYIIBI st
pacyeToB.
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3. Jlmg dero mpW HWCCIAEAOBAHWUHM KHUCJIOTHOCTH KEITYJOYHOTO COKa
UCITOJIb3YIOTCS JIBA UHAMKATOpA?

4. Kakue peakiuu JiexaT B OCHOBE METOAa ONpeleseHus NByX (ppakiuit
KHCIIOTHOCTHU KEITYJJOUHOTO cCoKa?

5. O0ocHOBaTh BHIOOP MHAMKATOPA METUIIOBOTO KEJITOTO /I OMpeIeTICHUs
CBOOOTHOM KHCIOTHOCTH.

6. OOocHOBaTh BBIOOp HHIMKaTOpa (QeHondTaneuHa s ONpeAcIICHUs
CBSI3AaHHOM KUCJIOTHOCTH.

7. Kakyr KHUCJIOTHOCTH JKEIIYAOYHOTO COKa MOYKHO OIPEACIIUTh, UCTIOJIb3YS
TOJIBKO OJIMH UHAUKATOP — eHondramenn?

8. Tlouemy mpu THUTPOBAHHM KEITYJOYHOTO COKA IIEIOYBIO B MPHUCYTCTBHU
JIBYX HWHIAKATOPOB pAaCcTBOP B KOJOOYKE IS TUTPOBAHHUS TPHOOpETaeT
OpaHXKEBYI0 OKpPacKy U B MEPBOI, © BO BTOPOM TOYKE SKBUBAJICHTHOCTH? [l7s
OTBETa UCMOJB3YHUTE AUArpaMMBbl epexo/ia OKPACKU UHIUKATOPOB (puc.1)

9. KakoBbl 3Ha4YE€HHS] KHUCIOTHOCTH IKEIYJAOYHOTO COKa Yy B3POCIOTO
3I0pOBOT0 YeJoBeKa?

10. TIpum kakux 3a00JI€BaHUSIX MOKET OBITH MOBBINIEHA OOIIAs KUCIOTHOCTh
3a cuer cBoOoaHoM? [Ipu kakux 3a00JIeBaHUSX MOKET HAOJIOJATHCS MOHUKEHUE
KHUCIIOTHOCTHU KEITYJJOYHOTO COKa?

JIABOPATOPHAS PABOTA Ne3

KucsioTHO-0cHOBHBIE Oy(epHbie pacTBOpbL. [IpuroroBienue 0ydepHbIx
pactBopoB 1o 3axanHomy pH. IIpumenenune MeToaa HelTpaau3auuu
(KMCIIOTHO-OCHOBHOT'O TUTPOBaHUS) ISl onpeaesieHusi 0ydepHoii eMkocTH
cbIBOPOTKH KpoBu.UcciienoBanue BiussHus pasoasienusi Ha pH u 0ydepnyro
€MKOCTb.

Teoperuuyeckasi 4acTh

bybep kak compsbkeHHas KHCIOTHO-OCHOBHAs TMapa XapaKTepHu3yercs
onpeneneHHbIM 3HaueHueM pK,. Eciu komnounenmsi conpsdiceHHoOU KUCIOmMHO-
OCHOBHOU OyepHoll napvl 6yoym Haxodumvcs 6 coomuoulenuu 1:1, 1o O0ydep
oyner noxanepxkusBath pH B Touke pK,. OTO BUIHO U3 ypaBHeHus [ eHaepcoHa-

I'accennbaxa:

[ocHOBaHuME]

pPHeygepa = PKa(kuCIOTa/OCHOBAHME) + 1g —

r7ie KBaJpaTHble CKOOKM 0003HAYAIOT PaBHOBECHYIO MOJIIPHYIO KOHIIEHTPALIMIO
KOMITOHEHTA.

N3 sTOorOo XK€ ypaBHEHUS CIEIYET: eciu OOUH U3 KOMHOHeHmOo8 Oygepa
npeobnadaem Hao opyeum 6 10 paz (umo donycmumo no onpedeneruio 6ygepa),
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To Oydep Oyner moanepxuBath pH B 30He pKa *1. DTy 30HY Ha3BIBaIOT 30HOU
OydepHoro aeicrTausl.

IIpu BBIOOpE Oydepa pykoBOJICTBYIOTCA TeM, uToObl ero pKa Oblia Kak
MOXXHO Oimke K Tpebyemomy 3HaueHuto pH, mockonbky Takoir Oydep Oymer
UMETh MPUMEPHO OJMHAKOBOE COJIEP)KAHNE CBOMX KOMIIOHEBTOB U B OJIMHAKOBOM
ctenieHu 3G GHEKTUBHOCTH 3aITUINATh OT CHUIBHBIX KUCJIOT U MIEIOYCH.

Ecnu paBHOBecHBIE MOJIIpHBIE KOHLIEHTpalud B OydepHOM ypaBHEHHUU
3aMEHUTH Ha aHATUTHUYECKHE, TO Oy(epHoe ypaBHEHHE TPUMET BU/I:

Cy V.,
PHeypepa = pPKa(x/0) + g —CO_ V°.
K K
DTO ypaBHCHHE HCIIOJB3YIOT Ha MPaKTHKE I pacueTa OO0bEMOB PacTBOPOB

KOMITOHEHTOB (KHUCJIOTHOTO M OCHOBHOTO), M3 KOTOPBIX OyJeT TOTOBUTCS Oydep
3agaHHbIM pH.

CnocoOHocTh Oy(depHBIX PacTBOPOB MOJJEPKUBATH MOCTOSHCTBO PH (B
30H¢e  Oydepnoro  meiictBus  pH=pK,(x/0)+1)  HeOe3rpanuuna. OHa
xapakTepuszyercs 0y(hepHOil eMKOCTBIO.

Bygepnas émxocms (B) — 5TO KOMMYECTBO SKBHUBAICHTOB CHIBHOTO
ANEKTPOJIUTA, KOTOPOE Halo NpwinuTh K 1 1 Oydepa, urobsl usmenuts ero pH Ha
eIMHUILY.

C5 'V (CUJIbH.3JIEKTPOJIUTA
Ortcrona, obmas gpopmyna ans pacuera: B = = ( P )

V(6ydepa)-|ApH]|

, (MouB/m),

rae |ApH| — 310 pasHocTh (IO aOCOMIOTHOW BEIHMYMHE) MEKIY HCXOIHBIM
sHaueHueM pH Oydepa (pH;) u kakumM-mn00 (GUKCHPOBAHHBIM C IOMOIIBIO

uHIuKaTopa 3HaucHreM (pHy) mocie qo6aBieHus CHILHOTO DJIEKTPOJINTA:
|ApH|=|pH,-pH;|

Paznuuarom 6yghepnyro émxocms no xuciome B, u 6ygepuyro émxocmo no
ocrosanuto Byp.

bygepnaa émkocmv no kuciome B, — 3TO KOJIMYECTBO SKBHUBAJICHTOB
cuibHOU KucioTel (00braHO0 HCI), KoTOpoe Hamo npuiauth Kk 1 11 Oydepa, 4ToOBI
yMeHbIUTh ero pH Ha enunuity. OTcrona, popMya s pacuera:

__ C5'V(CHIIBbH.KUCJIOTHI)
@ V(6ydepa)|ApH]
byghepnaa émxocms no ocrnosanurw By — 5TO KOTUYECTBO SKBUBAJICHTOB
cunbHOrOo ocHOoBaHMs (00braHO NaOH), xoTtopoe Hamo mpwmth K 1 1 Oydepa,
yTOOBI YBennuuTh ero pH Ha enunuiry. Otcrona, popmMyna s pacuera:

, MOJIB/TI

__ Cy'V(cuIbH.OCHOBaHMA)
b V (6yepa)|ApH|

, MOJIB/JT

bydepHas eMKOCTh HampsiMyr0 3aBHUCHT OT KOHIICHTpPAI[MM KOMITIOHEHTOB,
cocTaBisitoUMX Oydep: yem Oosibllle KOHLEHTpAlus KHCIOTHOTO (OCHOBHOTIO)
KOMITOHEHTA, TeM BhIlIe Oy(]epHas eMKOCTb 0 OCHOBaHUIO (kucnoTe). CpaBHUBas
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OydepHyl0O €MKOCTh IO KHUCIOT€ W [0 OCHOBAHHMIO, MOXHO CYIWTh, KaKOM
KOMIOHEHT Oydepa npeobaagaet.

Cyns o pH xpoBu y 3m0poBbix moaeh (7,4 — u 310 Ooubine, yem pK,
TJaBHBIX  Oy(depHBIX CHCTEM TUIa3Mbl  KPOBH), MOJXKHO  IPEAIOJIOKHUTH
npeobiajaHie B KPOBH  OCHOBHBIX  KOMIIOHEHTOB  (THAPOKapOOHATOB
HCO3, rumpogocparos HPO3™ wu 1ap.) Ham KHCIOTHBIME (COOTBETCTBEHHO,
yroasHOM kucnorto H,CO5, nuruapodocharamu H,PO; u ap.). 910 mo3Bonumio
TOBOPUTh O TaK HA3bIBAEMOM «IIIEJIOYHOM pe3epBe» opranu3ma. Hanwmuwme
«IIEJIOYHOTO Ppe3epBay HMEET OWOJOTWYECKUM CMBICH, TOCKOJIbKY TTO3BOJISET
NPEAyNpPeKaAaTh 3aKUCICHUE OpTaHW3Ma NPOIYKTaMH KaTaboym3Ma, TIaBHBIM
o0pa3oM, KHCIOTHOTO XapakTtepa (3TO MOJIOYHAs KHUCJIOTa, MHPOBUHOTPATHAS
KHCTIOTa, yriekucnora, QocdopHas Kwuciaora, MmaBeieBas KHCIOTa, MoueBas
KHUCJIOTa, acraparuHoBas W TIyTaMHUHOBAas aMUHOKHCIOTHI W Jp.). B Hammumm
«IIEJIOYHOTO pe3epBa» OpraHU3Ma MOXKHO YOETUThCS U TPHU HCCIEIOBAHUU
OydepHOI eMKOCTH KPOBH.

B HOpME y 310pOBOTO YeoBeKa B CHIBOPOTKE KpoBH B,=29 MMomw/n, By=12
MMOJIB/JI.

Hean padorsl: 1) BeiOpaTe noaxoasmuii Oydgep no 3aaHHOMY 3HAYEHUIO
pH, npuroTtoBUTH €ro u HCCIENOBaTH BIUsSHUE pa3BeneHus Oydepa Ha pH.
2) Omnpenenuth OypepHYI0 EMKOCTh CHIBOPOTKM KPOBH IO KHCIOTE M TIO
OCHOBAHUIO METOJIOM HEHTpaIM3allii M CPaBHUTH 3TU TMOKA3aTeNId MEXIy COOOH,
a TakKe ¢ HOPMaJbHBIMM IOKa3aTeJIIMU. Y CTAaHOBUTH BIIMSHUE pa3BEICHUS Ha
OydepHyI0 EMKOCTb.

O6opynoBaHne M pEaKTUBBI.
broperku
[Iunerku Ha 5 MJI U TpyIIU
Konbouku koHMYeCKHe 711 THTPOBAHMUS
XWMHYECKUE CTaKaHIYUKH, MCH3YPKH
VYkcycHas kucnora CH;COOH 0,1M
Amnerar Hatpus CH;COONa 0,1 M
Huruapodocdat narpus NaH,PO, 0,1M
I'mapodocdar marpus Na,HPO, 0,1 M
I'mapokcun Hatpust NaOH 0,15
10 Consnas kucmora HCI 0,1 3
11. Unaukatopel: cruptoBeie  pactBopel  0,1%  denondranemna u  0,1%
METHJIIOBOTO KEJITOTO.
12. YauBepcaibHas HHAUKATOpHAs Oymara

ocoNOGaRODE
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IIpakTHyeckas 4acTh =
3agaua 1. BriOpath 1 npurotoBuTh noaxoasimuii 6ydpep B oobeme 20 mi
JUTSL TOJIIEp>KaHus 3aIaHHOTO0 3HaueHus pH.

llopsoox evinonnenus 3adauu (onvima) Nel:

1) Tlomy4uTh OT IpeNoAaBaTelIs HHAUBUAYAIbHbIC 3HaYCHHS PH.

2) C yderom storo 3HaueHusi pH BeIOpaTh mojaxoasmmii Oydep u3 nByX
MIPEICTaBIICHHBIX: anieTaTHoro - pK, 4,8 u dhocdharnoro — pK, 6,8.

3) Paccunrath 00BEMBI KOMIIOHEHTOB BBIOpAaHHOTO Oydepa ¢ ydeToM Toro,
YTO KOHIICHTPAIIUU KOMIIOHEHTOB OJMHAKOBBHI.

4) OTMepuTh THIETKOW (MIM MEH3YpKOW) pACCUUTAHHBIE OOBEMEI
KHUCJIOTHOTO U OCHOBHOTO KOMITOHEHTOB Oydepa | MEepeHecTd X B CTaKaHUHK.
IIepememars.

5) Ompenenuts pH npurorosieHHoro Oydepa 1Mo HHAMKATOPHON OyMaxKe
U UCIOJIb30BaTh 3TOT Oydep A1 pelieHus 3a1auu 2.

3agaua 2. BeusicHUT, U OOBSICHUTBH, uTO mpousoiner ¢ pH Oydepa mpu
pasz0aBlieHUU €r0 BOJIOM.

Tlopsaodox evinonnenus 3aoaqu (onvima) No2:

1) B oTaenbHBI CTakaHYMK OTMEpPUTHh mHIeTkod 1 M OydepHOro
pacTBopa, MPUTOTOBIEHHOTO B MEPBOM OMBITE. DTO OYyIeT onwvimuas Tpoda.
Hcxonublil Oydep noCiyXUT KOHMpOieM.

2) Pa30aBuTh ONBITHYIO IPOOY Bo0M B 10 pas.

3) C momompl0 MHIWKATOPHOW OyMakKu omnpenenuTh pH B ONBITHOI
npo6e U MoJIy4eHHOE 3HAUCHUE CPABHUTH C KOHTPOJIEM.

4) Cpenath BBIBOJ M OOBSICHUTD PE3yJIbTaT.

3agaua 3. Onpeaenutb OyQpepHYI0 €eMKOCTh CBIBOPOTKH KPOBHU IO KUCJIOTE
Y TI0 OCHOBAHUIO, UCTIOJB3YSI METOJI HEUTpaTH3aIUu.

llopsook evinonnenus 3a0aqu (onvima) Ne3:

1) 3anomuuTh OropeTky TTpoBaHHBIM (0,13) pactBopom HCI.

2) B nBe koj0BbI A1 TUTPOBAaHUS BHECTH MUIETKOW MO 5 MJI CHIBOPOTKH
kpoBH, pH xotopoin 7,4.

3) B omHy w3 koi0 mnpubaButh 2-3 KalUIM WHAWKATOPA METHUIIOBOTO
KENTOr0 W TUTPOBaTh M3 OropeTku pactBopom HCI| mo mosiBieHus opamxeBoit
okpacku (pH = 3,4).

4) Tlo OropeTke OTMETHUTh 00BEM H3PACXOIOBAHHOW KHMCIOTBHI M, 3HAs e
KOHIIEHTPAIUIO, paCCUUTATh Oy(EepHYI0 €eMKOCTh CBIBOPOTKH KPOBH MO KUCIIOTE.

5) Cnuts u3 6ropetku pactBop HCI u mpombITh 6ropeTKy BOOM.

6) 3amonHuTh OtopeTKy THTpoBaHHBIM (0,13) pactBopom NaOH.

7) Bo BTOpy0 KOJIOYy C CBIBOPOTKOH KpOBH TIpHOaBUTh 2 KaIlIH
dbenondranenna u TUTpOBaTh W3 Oroperku pactBopoM NaOH no mnosiBiaeHus
MalinHOBOM okpacku (pH = 9,4).
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8) Ormerutrh mO OrOpeTKe OO0BEM MMOTpAYCHHOW IIENOYM W, 3HAS €ro
KOHIICHTPAIMIO, paccuuTarh OypepHyl0 EMKOCTh CBHIBOPOTKH KPOBH  TIO
OCHOBAHMUIO.

9) Voeaurbcs, uto OydepHas EMKOCTh CHIBOPOTKH KPOBH IO KHCIIOTE
Oonbiie, yeM OydepHas EMKOCTh 10 OCHOBaHUIO. CpaBHUTH C HOPMAaMH U ClieaTh
BBIBO/I.

# Ecimu Heobx00umo 6visACHUMb OWUOKY 3IKCNEepuUMeHma, mo Kajicooe
mumpoganue ciedyem nogmopsims nims pas u coeiams Cmamucmuieckyo
00pabomky  pe3yibmamos  no  HeobOXooumomy — napamempy  (CM.
Jlabopamopnyto pabomy Nel, cmp. 13).

3anaua 4. BeISICHUTD U OOBSICHUTH, YTO MPOU3OUIET C OyPepHON eMKOCTHIO
CBIBOPOTKHU KPOBU IPH pa30aBICHUH €€ BOJOM.

llopsdox evinonnenus 3adauu (onvima) No4.:

1) PasBectu 5 mMi1 CBIBOPOTKH KpPOBHU B 2 pasa Bojou. Pasaenuts npoOy Ha
JIBE YaCTH.

2) OaHy w4YacTh TPOTUTPOBaTh THUTPOBaHHBIM pacTBopom HCl B
MPUCYTCTBUM MHJMKATOPA METUIIOBOTO KEJITOT0, a IPYTYI0 YaCTh — TUTPOBAHHBIM
pactBopoM NaOH B mpucyrctBum heHONdpTanenHa. 3anucaTh 00bEMbI TUTPAHTOB,
MOTpPaYeHHbIE HA TUTPOBAHME, M paccUUTaTh OydepHbIE E€MKOCTH CHIBOPOTKHU
KPOBH MO KUCJIOTE U IO OCHOBAHMIO.

3) Cnenarb BBIBOJIBI U OOOCHOBATh BIIMSHHUE Pa3BEJICHUS CHIBOPOTKH Ha
OydepHyI0 EMKOCTBb.

Bomnpocs! A1 32U THI J1a00pPaTOPHOIT PpadOTHI.

1. Ot yero 3aBucut pH OydepHoro pactBopa?

2. Kakum Oynmer 3nauenue pH OydepHoro pactBopa, ecinu KUCIOTa H
COIPSKEHHAsl €l OCHOBAaHUE COJEPKATCS B IKBUMOJISIPHBIX KOJIMYECTBaX (T. € UX
pPaBHOBECHBIE MOJISIPHBIE KOHLIEHTpalMU B O0y(depe oJuHAKOBBI)?

3. Kakum Oyner 3nauenme pH OydepHoro pactBopa mpu mpeoOianaHuu
KHUCITIOTHI MJTH OCHOBAHUS?

4. Ilpm xakux 3HaueHusx pH Oydep OyaeT B OJUHAKOBOM CTENEHU
3alIUIIATh OT CHJIBHBIX KHUCJOT M CUJIbHBIX OCHOBAHMM (T.€. IMETh ONMTUMAIBHYIO
O0ydepHyI0 eMKOCTH)?

5. Kak npaBuiibHO BbIOpaTh Oydep 11 noaaepxkanus tpedyemoro pH?

6. Kak paccunrtath cOOTHOIIEHHE 00BEMOB HCXOIHBIX KOMIIOHEHTOB Oydepa
no 3agaHHoMy pH, ecnu aHanmuTHYECKHME KOHILEHTPALMU 3TUX KOMIIOHEHTOB
onuHakoBbl? Kakoii mapaMeTp HYKHO 33/1aTh JOMOJHUTEIBHO, YTOOBI PACCUUTATD
00BeM KaK0T0 KoMIOHeHTa Oydepa?

7. Kakyro oOuyro ¢opMmyiry MOXKHO HCIIOJIB30BaTh JJsi pacuera oObema
KHCIIOTHOTO KOMIIOHEHTa Oydepa.

8. Ilouemy npu no6asnenun k 0ydepy Boabsl pH He Mensercs?

9. J[lus yero onpenenstor 0ypepHyro eMKOCTb 110 KMCIOTE, 10 OCHOBAHUIO?

25



10. TIlpuamun meroma ompeneneHusi OydepHoil emkoctu. [[ns dwero 3mech
UCTIONTB3YETCSI METUIIOBBIN KENThIN, (eHoNMpTanenH?

11. Kak #u B KakuX €JUHHIIAX PACCUUTHIBAIOT OY(EepHYI0 €eMKOCTh IO KHUCIIOTE
WM 110 OCHOBAHHIO?

12. Ot vero 3aBucHUT OydepHasi eMKOCTb?

13. Tlouemy OydepHas eMKOCTh KPOBH IO KUCIIOTE OKa3bIBACTCS OOJIBIIE, YEM
110 OCHOBAHUIO (TPHYMNHHO-CIICICTBCHHAS CBS3b)?

14, O 4YeM MOXET CBHJIETEILCTBOBATH YMCHBIICHHE Oy(pepHON eMKOCTH
KpPOBH IO KUCIOTE?

15. Kak u3menutcs OydepHas eMKOCTb MpH J00aBiIeHUU K Oydepy BOIbI?
OTBeT 000CHOBATH.

16. Jlo kakoro KOHEYHOTOo 00BheMa HAAO JOJUTH BOAOW 2 M Oydepa, 4ToObI
pa3Bectu ero B 10 paz?

17. OcHoBHo#1 Oydep mua3mbl kpoBU. Kak oH padoTaeT (1moka3aTh MEXaHHU3M
JIEUCTBUS CXEMATUYHO U C TTIOMOIIBIO YPaBHEHUN peakiun)?

18. Yro Takoe mienoyHoM pe3epB opranuzma? Ha kakue mokaszarenu KpOBHU U
KaK OTPA3UTCs €r0 yMEHbIleHue?

19. Tlouemy mpu  pacCMOTPEHMHM HAPYIIEHHH  KHUCJIOTHO-OCHOBHOTO
paBHoBecust (KOP) (anumo3oB, ankano3oB) nmpuOeraroT K TaKOMy IMapaMeTpy Kak
napuyaabHOE JaBJIeHUe yriaekucioro rasa (Peg,)?

JIABOPATOPHAS PABOTA Ne4

YTOo4YHeHHEe KOHLIEHTPpauuu (papMaKoONeHOI0 Mpenapara pacrsopa
nepokcuaa Bogopoaa (Hydrogenii peroxydum)
METOAO0M NEPMAHTAHATOMETPHUHM.

Teopernueckast 4acThb

Ilepoxcua Bomopoaa 3% mnpuMmeHseTcs B MEIUIMHCKHX IENAX Kak
AHTHUCENTHK W JAe3uHUIMpYIoImee cpeactBo. llepokcua Bomopona obiamaer
CBOMCTBAMU OKHCJIUTENS W BOCCTAHOBUTENSA, T. €. MPOSBISET OKHCIUTEIHHO-
BOCCTAaHOBHUTEIBHYIO JIBOMCTBEHHOCTh. HO st Hero Oojiee xapaKTepHBI BCE XkKe
OKHCJINTEIILHBIE CBOMCTBA:

@°(H,0./H,0) = +1,776 B H,0,+ 2H" +2é = 2H,0
=
2e
@°(0/H,0,) = +0,682 B H,0,-28 =0, +2H"
28

B mocnegHedt peakuuu  TEPOKCHUI  BOJOpPOAA  SIBJISIETCS  CJIaObIM
BocctaHoBuTeaeM. OH MOXET BOCCTAaHABJIMBATH TOJBKO TE€  BEIISCTBA
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(OKHCITUTENN), CTaHIAPTHBIA OKUCIMTEIHbHO-BOCCTAHOBUTEIBHBIA  ITOTCHIIHAI
koTopbix @° Gossiue 0,68 B.

Hanpumep, B peakmusx ¢ oueHb CHiIbHBIMH OKHcCIUTEIIME (KMNOy,
K,Cr,07, KCIO3) mepokcux Bogopoia BEICTYIIaeT B KAYSCTBE BOCCTAHOBUTEIIS:

2KMnO, + 5H,0; + 3H,S0,— 2MnSO, + 50, + K,SO, + 8H,0

MnO, +8H" +58 — Mn* +4H,0 | x2  @% o yp2+ = 1,52 B

H,0, — 28 — O, + 2H" | x5

daktop skBuBasieHTHOCTH f, (3KBHBajeHT) paBeH %, rae Z — KOJIMYECTBO

IPUHATBIX 41U OTAAHHBIX JJIEKTPOHOB. IlepMaHraHaT-WOH B JaHHOW peaKIMH
npuauMaer 5€, cieposarenbHo, f, (MNO,) = 1/5. Yro kacaeTcs mepokcuaa

BOJIOPOJIa, TO OH OT/AAeT 2 3JIEKTPOHa, cienoBaTesbho, Z(H,0,) = 2, a SKBUBaJICHT

1 1
BocctaHoButens — (H,0,) = =
z

2

[IpuBeneHHas BbIle OMypeakivs A1 IEPMaHTaHAT-HOHA JIEKHUT B OCHOBE
METOJla TUTPUMETPHUUECKOrO aHajn3a, Ha3bIBAEMOTO IepMaHTaHaTOMETpuen. A
CyMMapHasi peakiusi OTpakaeT NPHUHIUI OMNPEICNICHUs TEePOKCHAa BOAOPOIA
METOJIOM TI€pMaHTaHATOMETPUH IyTeM TMpPsSMOTO THUTpoBaHMs. B kadecTBe
TATPAHTA HCHOJIb3yeTCA TUTpoBaHHBIA 0,023 pacTBOp IEepMaHraHara Kajus
KMnO,. TutrpoBanue mNpOBOASIT B CHUIBHOKHCIBIX, Yallle BCETO CEPHOKHCIBIX
pactBopax. Kucmoret HCl 1 HNO; He npuMeHSOT, T. K. B IPUCYTCTBHH ITHX
KHUCIIOT MOTYT MPOTEKaTh KOHKYPHUPYIOIIUE OKHCIUTEIbHO-BOCCTAHOBUTEIHHBIC
peakuuu. B kucioi cpese erko ycraHaBIMBaeTCsl TOUKA SKBUBAJIEHTHOCTH: 3/1ECh
cam TuTpant KMnO, sBnseTcs WHIUKATOPOM, TIOCKOJIbKY TMPOAYKT €Tro
BOCCTAHOBICHHS HOH MN”" GecrBeTHbIi, i Ha ero GOHe XOPOIIO 3aMETHA JINLIIHSS
karms tutpanta KMnQO,, okpammBaroiasi TUTPYEMbId pacTBOpP B KOJIOOUKE B
PO3OBBII 1IBET.

[IpsIMBIM  TUTpPOBaHMEM B IIEPMAHTAHATOMETPHH OINPEACISAIOT JIO0ObIC
BOCCTAHOBHUTEIM C TIOTEHIMAJIOM B CBOCH CONPSDKEHHOM — PEIOKC-Tape
¢’(ox/red) < +1,52 B.

Ectb u npyrue BapuaHTBl MCIOJB30BAHUSA METOJa MEPMaHTaHATOMETPUU —
3TO O00paTHOE W KOCBEHHOE THUTpoBaHHe. Tak, OOpaTHBIM THUTPOBAHHEM
(TUTpOBaHHWEM MO M30BITKY) ONPEACISIIOT OKUCIUTEIN C MOTEHIIMAJIOM B CBOEH
compskeHHON  pemokc-mape @ (ox/red)~1,52 B. Ilpu 3TOM HCIOIB3yeTCS
BCIIOMOTaTENbHBIN CTaHJAAPTHBIA pacTBOp maseneBol kuciotel H,C,04X2H,0
(mmm  ee wHarpueBod comu Na,C,0O4), oOmamaronii BOCCTAHOBHUTEIBHBIMU
cBoiictBamu: ¢ (0x/red)= -0,49 B. PacTBOp IaBeleBOil KUCIOTHI JOOABISIOT B
U30bITKE, a 3aTeM M30bITOK OTTUTPOBBIBAIOT THUTPOBAHHBIM PAaCTBOPOM
TIepMaHraHaTa Kajaus 10 MOSIBICHHS PO30BOM OKPACKH.

# Llasenesyto kuciomy unu ee cob UCNOAL3VIOM OISl YCMAHOGIeHUsL MUmMpa
KMnQO,, pacmeop komopoco mouno npucomosums He NpeoCmasisiemcs
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803MOdCHbIM.  ModicHo 078 Imou e yeau Ucnoavzosams  conb  Mopa
2+
(NH,4),Fe(SO,),, 20e ponv 6occmanosumens uepaiom uonvr Fe .

B MCHHHHHCKOﬁ IIPAKTHUKC HGpMaHFaHaTOMeTpI/IIIGCKI/IfI MCTOJ B
MNPpUMCHACTCA IJIA OIIPCACIICHUA COACPIKAHUA MOYEBOM KHCJIOTHI B MO4YC, Caxadpa B
KpOBH, HOHOB C32+ B HpO6C KpOBH, COACPKAHNA HCKOTOPBIX BUTAMHUHOB B BOJHBIX
CpCaax, a TaKKC I OIPCACICHUSA AKTHBHOCTH HCKOTOPLIX (bepMeHTOB,
HaIllpuMCp, KaTaJla3bl.

Leab padoThl: HAYYUTHCS OMPENEATh KOHIEHTpaLWo (hapMaKkomeHoro
mpernapara pacTBopa IEPOKCHIA BOJOPOJA MPSIMBIM IIEPMAHTaHATOMETPUYECKUM
TUTPOBAHHUEM B KHCJIOU CpeJie.

HpuHuun meroaa:

Ilepoxcun Bomopoaa B KHUCIOW Cpele  BBI3BIBAET BOCCTaHOBJICHUE
NepMaHraHaT-uoHa 10 KaTHOHAa Maprasiia, 4To IMPUBOJUT K 0OECLIBEUYMBAHUIO
pacTBopa IepMaHraHara Kajus, KOTOPBIM HCIIOIb3YETCSd B KadyeCTBE TUTPAHTA.
JInmHAg Kamus nepMaHraHara Kajlds OKPAacUT TUTPYEMBIM pacTBOP B PO30BbIN
L[BET, YTO YKAYKET Ha KOHELl TUTPOBAHUS.

PeaxkTuBbI 1 000pyI0BaHME!

bropeTku, BOpOHKH
Mepnsie npoOupku Ha 10 mi1 u mepHas kosnbda Ha 100 mu
ITunetku Ha 2 (5) M
Konbouku st THTpOBaHUS
PaGounii pactBop nepmanranara kanus 0,025 KMnO, (Tutpant, oH xe
WHJIMKATOP).
6. PacTBOp cepHOIl KUCTOTHI 25.
7. ®apmakomneitHbIii pacTBOP Mepekucu Boaopoaa 3%.
8. JuctwimupoBaHHas BOJA.

IIpaKkTHYECKAsl YACTh =
IHopsinok BbINOJIHEHHS PA0OTHI.

abhwhE

1.  HWccnemyemsblii  pacTBOp  MEpOKCHAAa  BOJOpoJa  pa30aBUTh
nuctuumpoBanHou Bogou B 100 pas. Jlisg storo 1 mi H,O, nepenecty nuneTkoi
B MepHYI0 K010y Ha 100 M1 1 00BEM JOJIUTH 10 METKU AUCTUUIMPOBAHHOMN BOJOM.

Heobxooumocmo paszbasnenus. Tak kak dapmaxoneinbiii npemapar H,O,
Co'10p _ 3+10-1

M(H,0,) T 3412

umeet KoHnentparmio 3%, to C,(H,0,) = ~ 1,8 Monb/1, H 3TO

1,8
npespimiaeT C, KMnOy (ryrpanry B 90 pas (m). Ha TtutpoBanue 5 M Takoro

pactBopa nepekcuaa norpedopayics 661 00beM KMNOy,:
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V(KMnO,) = CyV(H02) _ 185
C,(KMn0,) 0,02
NPUHIUIAMU TUTPOBAHHS.
Ecnu xe ¢apmakoneiinsiii 3% pacTBop mepokcuia Boaopoaa pa3daBUTh B
100 pa3, To ero koHueHTpauusi yMeHbmutcsa B 100 pa3 u Ha TUTpOBaHHUE TEX K€ D
M1 Tuzaponepokcuaa nmorpedyercs B 100 pa3 menwmmit 06beM pactBopa KMNOy,,
T.e. Bcero 4,5 Mia. OTO TOT 00OBEM, HAa KOTOPBIA MOYKHO OpPHEHTHPOBATH
TATPUMETPUYECKUN aHAIINS.

=450 w1, YTO HE corjacyercs c

2. 3anonHuTh 610peTKy pabounm pactBopoM KMnO,.

3. B kxonOy st TUTpOBaHUS BHECTHM MHIIETKOW 5 MI pa30aBICHHOTO
pacTBopa MepoKcHa BOJAOPOJA U B ATy K€ KOJIOY MPUIUTH MEPHOIU RPOOUPKO
3+5 Mz pactBopa 23 H,SO,.

4. MUccnenyemslidi mnoakucieHHslii pactBop H,0, otturpoBate 0,023
pactBopom KMnO, 1m0 mnosBieHuss CTOWKOrO pO30BOrO IBeTa. TUTpoBaHME
HOBTOPHTH 5 pas. Pe3ynbrarel opopMuUTh B BUE TAOIHIIBI.

Tabu. 6. Pesynbrarel TUTpOBaHus paz0asieHHoro B 100 pa3 ¢papmakoneiHoro
pacTBopa nepokcuaa Bogopoia padbounm pacrsopom KMnO,.

OHJ:(I_)Ta V(HZOZ)pa369 MJI C3(KM nO4), MOJIB/JT V(KMnO4), MJI
1 5,0 0,02
2 5,0 0,02
3 5,0 0,02

5. Tlo cpennemy o0bEMYy nepmanraHata kamms V(KMnO,) paccuuTaTh
MacCoBylO J0Jit0 (apMakomneiHoro (Hepa30aBIEHHOIO) pacTBOpa IEPOKCHUIIA
8010p0a Coo(H202) papvs IPUHAMAS P (1,0,) 6= | T/MIL

6. ObopmuTs 0TUET O MTAGOpaTOPHOI paboTe:

a) Ha3BaHWE pabOThI, MPUHIIUI METO/a, PEAKIIMs B OCHOBE METOJa, TATPAHT
¥ WHAWKATOP, BHUJ TUTPOBAHUS, MOJSPHBIE MAacChl DKBUBAJICHTOB OKUCIHTENS U
BOCCTaHOBUTENA B JaHHOM peakiuu, Gpopmyisl 1t pacueta Coo(H202)gapy;

0) caenaThb BBIBOJ O MPUTOJHOCTH UCCIEAYEMOro (hapMaKONeHHOTOo
npenapara.

Bomnpocs! A1 32U THI J1a00pPaTOPHOIT PadOTHI.

1. YTo M KaK MOXHO ONPENENATh METOIOM IIEPMAHTAHATOMETPHUU?

2. TlpuHmun wMeroma W peakius, JieKam@as B OCHOBE OMNPEIeICHUS
TUAPOIIEPOKCHIA BOJOPOJa MPSIMBIM TUTPOBAHHWEM €ro pacTtBopa pabouum
pacTBOPOM IEepMaHTraHaTa Kajusl.

3. Kak ycraHaBiamBaeTcs ToUKa SKBUBAJICHTHOCTH B IIEpMaHraHATOMETpUU?

4. Kakue CBOICTBa NEPOKCHIA BOJOPOAA TMPOSBIAIOTCA MPU MPSIMOM
TUTPOBAHHUH €TI0 PACTBOPA IIEPMAHTaHATOM Kajusi?
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5. MoxHO 1M B TPUHIMUIE HCHOJB30BATh JJISI  ONPEACIICHUS
THAPONIEPOKCHIa  BOAOPOJA  METOJOM  IE€pMaHraHATOMETPUU  OOpaTHOE
tuTpoBaHue? OTBET 000CHOBATh.

6. Jlug dero B MeTolle NMEpMaHTaHATOMETPUM HCIOJIb3YeTCs IIaBesieBas
KucaoTa’?

7. Tlouyemy mepMaHraHaTOMETPUIO MPOBOAST B KUCIIOH cpeze (a UMEHHO, B
cpelle CepHOU KUCIIOThI)?

8. Ortpaxaercst mu pH cpenpl Ha THTpe pacTBOpa NMEpMaHTaHATa Kajus?
OTtBeT 000CHOBATH.

JIABOPATOPHASA PABOTA Neb

OmnpenesieHue AaKTUBHOT0 XJIOPA B XJIOPHO# M3BECTH METOAOM HOAOMETPHUHM.

Teoperuuyeckasi 4acTh

XJiopHasi uM3BecThb (OHa ¢ OCIWIbHAS H3BECTh, IOMPOCTY XJIOPKa) —
IpeJCTaBIsieT co0ol TexHu4yeckui rumoxiopua kamenus, T.e. Ca(OCl), ¢
npumecsamu Ca(OH), u CaCl, u kpucrammmsanmonHoi Bojael. OTHOCUTCS K Tak
HA3bIBAEMBIM CMEIIAHHBIM COJIsIM. DOpMaATBbHO €€ COCTaB BBIPAXKAIOT (HOpMYIOi
Ca(ChOCI. Drto Oenplii wiau cllerka cepoBaThIi TOPOIMIOK € 3alaxoM XJIopa,
JaCTUYHO pPacTBOPUMBIA B Boje. Ha Bosmyxe (MO BIMSHUEM YTJICKHCIIOTHI)
évldennem Xa0p, KOTOPBIA OKa3bIBaeT JE3MH(DUIMPYIOIIEE U aHTHCENTUYECKOE
NeHCTBHE, SIBISISICH caM 110 ce0e CUITbHBIM OKHUCITUTEINIEM, a IIPH B3aUMOJICHCTBHH C
BOJIOM 00pa3yeT HOBBIN OKHCIUTENh — XJopHOBaTHCTYIO Kucioty HOCI, koropas,
B CBOIO OYepe/lb, HEYCTOWYHMBA W TIPU PA3IOKCHHH IPOU3BOJUT ATOMAPHBIN
KHCJIOPO (CHJIBHEHIITNI OKHUCITUTEIID).

Jesundunmpyromas  CnoCOOHOCTh  XJOPHOW  M3BECTH  3aBUCUT  OT
MPOIEHTHOTO COAEp X aHMs aKTUBHOTO XJIOpa. B 3aBHCHMMOCTH OT MapKu U copTa
MaccoBasi J0Jsl aKTUBHOTO XJIOpAa B TEXHHUYECKON XJIOPHON U3BECTH COCTABIISIET OT
27% no 35% (cBexkast XJopHas U3BECTh MOXKET conepkarh 10 30-38% aBTHBHOTO
xjopa). ITo rocynapctBeHHON (apmakoree B XJIOPHOM M3BECTH, MOCTYMAONICH B
IpoAaXy, JOJDKHO coaepaThcsi He MeHee 25 % axTuBHOTO Xjopa. XJopHas
U3BECTh, B KOTOpOM MeHblle 15% aKkTUBHOrO Xjopa, M Je3UH(PEKUUU
HETIPUTOJTHA.

[TpuMEHSIFOT ~XJIOPHYEO HW3BECTh JUISl JIC3WH(EKIIUH CTOYHBIX BOJI,
MEAMIIMHCKUX U CEJIbCKOXO3SMCTBEHHBIX MOMEIICHUN MpH sIIype, TyOepKyJese,
CHOUPCKON  s3B€, KOHTAarMO3HOH IUICBPOITHEBMOHWUM W MHOTHX JIPYTHX
3a0osieBaHusAX. J[0OaBiIeHUE KUCIOT M HATPHUS XJOPHUIA B PACTBOPHI M B3BECH
XJIOPDHOM H3BECTH YCHJIMBAaeT ee OakTepULUUIHOCTh. B nabopaTopuu ee MOXKHO
MCTIONIb30BAaTh JIJISl TIOJTYUYEHUS XJIopa
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N3-3a MENJIEHHOTO Pa3JIOkKEHUSI, OCOOEHHO BO BJIAJKHOM COCTOSIHWUHU, OHA
BCerja MaxHeT XJopoM. [lpu xpaumenuu xnopuou uzeecmu mepsemcs 0o 10%
aKmugHo20 xaopa 8 200. PaznoxkeHne yCKOpsieTCsl ¢ MOBBIIICHUEM BIAXHOCTU U
TEMIIepaTyphbl, MpPU OCBELIEHWH, B TMPUCYTCTBUHU TSDKEIBIX METALIOB U
YTIEKUCIIOTO Ta3za. Pacmeop xnopHou uzsecmu, cmoswuil Ha COIHEeYHOM c8emy, 3d
cymku mepsiem 00 5% axmueHo20 xnopa.

B mnpucyTrcTBUM BO31yXa, COJHEYHOrO CBETa, TEIJla M BIAard, a TaKkKe
OpPraHWYECKUX MpUMece (IPEBECHBIX OIWIOK, YrOJBHOH TBLIM, Macja) W
METAJIJIOB, JIEHCTBYIOIIMX KAaTaJUTHUSCKH (XKeJIe30, MeJb, IIMHK, OJIOBO, KOOAJbT,
HUKEJIb), U3BECTh Pa3jiaraeTcs, YTO UHOTIa COTPOBOXKIACTCS CaMOBO3TOPAHHEM CO
BCIIBIIKOM U B3pBIBOM. [loaTOMYy Hyorcho cobniooams ycnogus ee xpanenusl.

XJopHasi U3BECTh OOECIIBEYMBAET TKAHH, BBI3BIBAET KOPPO3UIO0 METAIIIOB,
pa3apaxaeT AbIXaTelbHbIC MYTH, T71a3a, KOXKY U 3yOHYIO0 AMallb, Ipu paboTe ¢ Hel
HE00XO0IMMO TaKKe COOJII0IaTh MEPhI MPETOCTOPOKHOCTH.

Heas padorbl: Onpenennuts NPOLIEHTHOE COAEpPKaHHE aTUBHOrO XJIOpa B
XJIOPHOM HM3BECTH METOJIOM MOJOMETPHUM U BBISICHUTH MPUTOJAHOCTH U3BECTH IS
MIPAKTUYECKOTO UCIIOJIb30BAHUs ITyTeM cpaBHeHUs ¢ dapmakoneiiHbiM ['OCTomMm.

B nogoMerpun OKHMCIUTENN € MOTEHIMAJIOM B CBOEH CONpPSDKEHHOHN mape
oonee 0,54 B ompenenstoT KOCBEHHBIM TUTPOBaHWEM. B damnom ciyuae Oyodem
ucxooums u3 conpsixcennou napvi Cl,/2C1™: ee cTaHIapTHBINA PEIOKC TOTCHITHAI
(pglz s2c- = 1,36 B (254 = 2), 4TO yKa3sblBaeT Ha BO3MOXKHOCThH onpenensts Cly
KOCBEHHBIM HOJIOMETPUYECKUM TUTPOBAHUEM C HCIOJIb30BAaHUEM B KauecTBE
BOCCTAHOBUTEJISI HO/IU]I-aHUOHBI ((p?2 s21- = 10,54 B).

Mpuaoun mMetoma. K XJIOpaKTHUBHOMY COCIMHEHHIO (XJIOPHOW HM3BECTH),
MOAKUCIICHHOMY COJITHOM KHCJIOTOM, N00aBIsAOT M30bITOK moauaa kamus Kli, a
00pa3oBaBIIMICS TPOAYKT peakiuu I, (KOTOpBI XOpOIIO pacTBOpsETCS B
n30bITKe Kl) TuTpyroT tnocynbdarom varpus Na,S,0; U3BECTHOIN KOHIIEHTpAIMH
B MIPUCYTCTBUM Kpaxmasia (MHANKATOpa Ha UOJ).

OcHOBHbBIE pEAKIIUN METOAA:
Ca(COCI + 2H* — Ca®* +Cl, + H,O wm  Ca(Cl)OCI + 2HCI — CaCl, + Cl,+ H,0
Cl, +2I" — 2CI +1,, wm B monekymsspuom Buze: Cl, + 2KI — 2KCI +1,
12 + 2820%_ — 2| + S40%_ , AJIIN 12 + 2Na25203 — 2Nal + 2 Nazs406

# IIpoAyKTOM OKHCIIEHHS THOCYJIb(aT-noHa B TOCIACIHEH PEaKIHH SBIACTCS
) 2-. 0 _ _
teTparnoHar-uon S,07 ; @'s,02- /25,02~ = 40,20 B (zpeq = 1).

# Touka PKBHUBAJICHTHOCTH YCTAaHABJIIMBACTCA C IIOMOIIBIO MHAMUKATOPA Kpaxmaiia,
KOTOpLIfI B MPUCYTCTBUU HMOAAa CUHCCT, a4 KOI'Jla UCYC3aCT NOJ, NCUYC3aCT U CUHSA

OKpacCka Kpaxmajia.
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# KonnuecTBO 3KBHUBAJICHTOB THOCYJb(aTa HATPUSI KOCBEHHO PaBHO KOJIWYECTBY
DKBHUBAJICHTOB XJIOpA, BBIJCICHHOTO M3 XJIOPAKTUBHOIO COCAMHCHMS O]
JeHCTBUEM KUCIOTHI (B mepBoi peakuun). [loaToMy paccuntarh Maccy aKTUBHOTO
XJIopa B po0e, B3ATON AJI1 TUTPOBAHUSA m™(Cl,), HECIOMKHO:

M(Cl,)

m*(Cly) = 2« C,(Na;S5,03) - V;(Na,S,03), r

A 3atem 3Ty Maccy Hajno OyJeT MepecurMTaTh Ha HABECKY XJIOPHOM H3BECTU

mZ(Ca0Cl,). Jlas »Toro, 3Has 00BEM pAcCTBOpPA, B KOTOPOM OblLIa PacTBOpPEHA

nasecka VZ(CaOCl,) u o6bem npoObl, B3aTOi Ha TuTpoBanue VT(CaOCly,),
m"(cl,)- VE(Ca0Cly)
VT(Ca0Cly)

HaliIleM BCIO Maccy aKTHBHOTO XJiopa B HaBecke: m>(Cl,)=

OcTaeTcsd BBIYUCIUTH IMPOLCHTHOC COACPIKAHUC AKTHUBHOI'O XJIOpad B XJ'IOpHOﬁ
mZ(Cl,) 100

U3BECTU: W, (Cly) = T (Ca0Cly)

Wrak, pabounMu pacTBOpaMu SBJISIFOTCS: PACTBOp HOAMIA KAJIHUA U PACTBOP
TUTpOBaHHOTO THOCYJb(aTa HaTpus Na,S,0; MuaukaTop — kpaxmai.

O0OopyaoBaHune U peaKTHUBBI:

Mepnbie koa0b1 BMeCTUMOCTBIO 50, 100 mi1.

[Tunerkwu.

CrexisiHHBIE TPOOUPKU 00bEMOM 20 MIT.

bropetku.

Bopa nuctunnupoBanHas.

PactBop ioanna kammst Kl 10%-nbrid.

PactBop cossinoit kuciaotel HCI 45.

TutpoBanubii pabounit pactBop THocybbarta HaTpus Na,S,0; 0,02 ».
PactBop kpaxmana 5%-Hblil.

©CoNoRWNE

LR =

IIpaKTHYECKAsl YACTh =
ITopsiioK BBINOJTHEHUST paGoOThI.

1) TlonyueHHyI0 HaBeCKY OCNMIBHON M3BECTH MEPEHOCAT B (hapPpOpoBYIO CTYIIKY,
no6apysroT 10-20 M7 BOJBI JUCTHIUTMPOBAHHOW W PACTUPAIOT MECTHKOM [0
oOpa3oBaHMsl OJHOPOAHOM Macchl. 3aTeM IMOJIYYEHHYI0 Maccy THIATEeNbHO
CMBIBAIOT JUCTUJUIMPOBAHHON BOJIOM B MepHYyIO KoJ0y émkocThio 100 M u
N00aBIISIOT AUCTUJIMPOBAHHON BOJBI 1O METKHU.
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2)

3)

4)

5)

6)
7)

8)

W

o o

10.

W3 npuroToBieHHOM cycnien3uu OepyT nunetkoi 10 Mi 1 BHOCAT B KOJOy Ha
50 ma. Crona xe npunuBatoT 10 ma 10% pactBopa Hoaucroro kamust u 10-15
Kareiab KOHIEHTPUPOBAHHOM COJITHOW KUCIOTBHI.

XJ0p, BBIACTSAIOMMICA U3 XJIOPCOAEPKAIUX IPENapaToB, BBITECHSIET
HKBUBAJICHTHOE KoaudecTBo Homa. CopepKuMoe B KOJIOE OKpalIMBaercs B
VHTCHCUBHBIA JKENTHIA UBET. Uepe3 5 MHUH BBIACIUBIIANCA HWOJ TUTPYIOT
pactBopoM Na,S,;03 10 COJIOMEHHO-KENITOrO 11BeTa, 100aBsA0T 2-3 Karmu 5%
pacTBOpa Kpaxmaja M MpOAO0HKAIOT TUTPOBAHHUE IO MOJTHOTO OOECIIBEUNBAHUS
pacTBopa (MCYE3HOBEHUS CUHEN OKPACKH).

[ToBroputrs THUTpOBanue 3 paza. Jlng pacyera B3ATb CpeaHUN 00BEM
THOCYJb(aTa.

PaccuuTaTh mpoleHTHOE coziepKaHUE aKTUBHOTO XJOpa B OCIMIBHON M3BECTH
(MaccoByr0 JIOJIFO aKTHBHOTO XJIOpa B HaBECKe HE IMyTaTh C IPOIICHTHOM
KOHIICHTpPAIIUEH XJIOpa B CYCIICH3HH):

OdopmuTth oTuéTa 0 TabOpPATOPHOI paboTe:

a) yKazaTb METOJ U BHUJ| TUTPOBAHUS; HANKCATh BCE YPaBHEHHUS DPEAKIMHU B
MOJIEKYJIIPHOM BHJIC, COCTaBUTH ISl KaKJI0M MOHHO-3JEKTPOHHBIA OajaHc,
HamucaTth  (OPMYNIBI  MOJISIDHBIX MacC OKBUBAJICHTOB OKHUCIHTENEH U
BOCCTAHOBUTEJIEN B JAHHBIX PEAKIIUSIX;

0) clienarb BBIBOJ O MPUTOJHOCTU OENMUIBLHON M3BECTU (CTaHIAPTHASI XJIOpHAs
U3BECTh JIOJDKHA COAEPKATh HE MeHee 25% aKTUBHOTO XJIOpa).

Bomnpocs! AJ1s1 321U THI 1200paTOPHOI PA0OTHI.

Kakumu cBoiicTBamu o00mamgaeT xjopHas u3BecTh? C dYeM CBsI3aHBI OTHU
cBolicTBa?

['ne mpumeHsieTcs XJ0pHasi U3BECTh?

Kak onenuBaetcs cojepkaHue akTUBHOTO XJI0pa B OCIUIIbHON U3BECTH?
OcHOBHBIE  peakuMu U  paboyue  peakTUBbl  METOJa  KOCBEHHOIO
HOJAOMETPUYECKOTO TUTPOBAHHS.

Kak ycranaBnuBaeTcsi TOUKa SKBUBAJIEHTHOCTH B METOAE HOAOMETPUU?
[ToueMy MeTOJ KOCBEHHOTO TUTPOBAHHUS HA3bIBAETCS METOAOM MO 3aMEICHUIO?
B kakux ycrnoBHUSX OCYIIECTBISIETCS HomoMerpus (Tpu J0O0OM criocobe
TUTPOBAHUS)?

3adem IS onpeieiICHUs aKTUBHOTO XJIOpa B OCIMIIBHOM U3BECTH MIPUMEHSICTCS
CoJIsTHast KucioTa?

JIns yero mpu KOCBEHHOM THUTPOBAHMM HYKHAa TUTPUMETPUUYECKAs CUCTEMA,
€CJIM OHA HE YYacTBYET B pacuerax?

Kak pacuuThIiBaeTCS MPOICHTHOE COACPKAHUE aKTUBHOTO XJIOpa B OCIMIIBHOM
U3BECTH?
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JIABOPATOPHA PABOTA Ne6

Onpenesnenue XJI0pHa0B B 0MOJI0THYECKO KUAKOCTH MeToa0M Dosibrapaa
(MeToa ocaXKIeHHUN)

Teoperuyeckasi 4acTh

BaxnelmuMu  aHMOHAMHM  BHEKJIETOYHOIO  IMPOCTPAHCTBA  SIBISIIOTCS
XJIOPUJ-UOHBI, B HeM conepxutca 10 90% obmiero konuuectBa xjopa. OHH
HaxoJsITCS B OpraHu3Me NpeuMyliecTBeHHO B Buiae coneil Na, K, Ca, Mg u
UTPalOT BAXKHYIO POJIb B CO3JaHUM OCMOTHYECKOIO JABJICHHS, B TMOJJIEpKaHUU
KHUCJIOTHO-IIEJIOYHOTO paBHOBecHsi. OCHOBHBIM JIENO XJIOpa SBISETCA KOXKa,
MOAKOXHAs KJIETYaTKa M COOTBETCTBYIOIIAST MEXKKJIETOUYHAS IKUJKOCTh, TJIE
nenonupyercss oT 30 go 60% BBegeHHOro xjopa. B kpoBu XJIOp BCTpedaeTcs
TJIaBHBIM 00pa30M B KOMILIEKCE C MOHAMU HaTpHs. B apuTponurax noHOB XJiopa B
2 paza Menblie, yeM B miazMme. C Mouoil BeBogutcs 10 90%, ocranbHOE
KOJIMYECTBO YAAISIETCS C IOTOM U KAJIOM.

B dusnonornyeckux ycioBUsX U3MEHEHUS KOHIIEHTPAIMH XJIOpa BTOPUYHBI
K HM3MEHEHUSIM JIPYTHX DSJEKTPOJIUTOB W HAIPABJICHBI B NEPBYIO OYEPEAb Ha
CO3/IaHUE JIEKTPOHEUTPAIIBHOCTH Cpelibl. HeCKkoOMITIEHCUpOBaHHAasl TUIIEPXIOPEMHUS
IPUBOJUT K META0OIMYECKOMY allUI03y.

ConeprxaHre MOHOB XJIOpa B IUIa3ME KPOBHU 3JI0POBBIX JIFOAEH KoJedyercs B
npeaenax 95 — 110 mmonp/n. CHMKEHHME WX YpPOBHSA HaOIMOIaeTcs MNpu
0o0pa30BaHWM OTEKOB, CKOIUIEHMHM JKHJIKOCTHU B TIOJIOCTSAX, HW30BITOYHOM
MOTOOT/AEJIEHNUH, TIOHOCE U JIp. YBEIUYECHHE COAEPKaHUS MOHOB XJIOpa B IJIa3Me
MPOUCXOUT MPU 00E3BOKMBAHUM, BBI3BAHHOM HEIOCTATOUYHBIM IMOCTYILJIEHUEM B
OpPraHu3M JKUJKOCTH, TJIyOOKOM pacCTpONCTBE CEpACYHON JeATEeNbHOCTH MU
HEKOTOPBIX JIPYTUX cOCTOSHUAX. B HOpMe 0k0510 90 % moTpebnsieMbIX XJIOPUI0B
BBIBOJIUTCS ¢ MOUOH (B cyTKH 8 — 15 T).

Jlns  ompenencHUss CoJepaHUs XJopa B OHOJOTHYECKHX KHUIKOCTSIX
HCTIOJIB3YIOTCA pa3HbIE TPYIIIIbI METOIOB: PTYTHOMETPUYECKHE,
KOJIOPUMETPUYECKUE, ITEKTPOXUMUYECKNE, U30TOITHBIC, OCAI0YHBIC

Meron ocaxnaeHus — OOUH W3 METOJOB TUTPUMETPUYECKOTO aAHAIIN3A,
OCHOBAHHBIM Ha B3aMMOJCHUCTBUU TUTPAHTA C AHAIU3UPYEMBIM BELIECTBOM,
MPUBOMSIIEM K OOpa3oBaHHIO oOcajka. MeTombl OCaXJACHUS TECHO CBS3aHBI C
MOHATUEM Npou3BeAeHUs pactBopumoctu I1P.

K peakiusim ocaxaeHus MpeabsBISIOTCS CIeAyIOIIe TpPeOOBaHUS:

1) Ocamok, ocaxnaeMblii TpPH TUTPOBAHHM JIOJDKCH OBITh MPAKTHYECKH
HEPAaCTBOPUMBIM. J[Is1 TOCTAaTOYHONW TOYHOCTH OCAIUTEIBHOTO THUTPOBAHUS
IPUMEHSIOT PeaKIIMH OCAKICHHS, IPH KOTOPBIX 00pasyiores ocanku ¢ ITP < 107,
2) CkopocTh 00pa30BaHUs OCaKa J0JKHA ObITH OOJIBIION, M 0CATOK 00pa3yeTcs
COTJIACHO CTEXHMOMETPHH B3aUMOJICHCTBHUS TUTPAHTA C ONPEIEIIIEMbIM BEIIIECTBOM.
3) OrtcyTcTBHE IpoIiecca COOCAKIACHUS IPYTUX UOHOB.
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4) Hanuuue MOAXOMSIIErO HHANKATOPA.

UyBCTBUTENIBHOCTh METO/JA OCAJUTEIIBHOTO THUTPOBAHUS OMpEACsaeTCs
MPOM3BEACHUEM pacTBOpUMOCTU ocaaka. Yem menbie [P ocanka, Tem meHble
€ro pacTBOPUMOCTb U CJIEJAOBATEIbHO OOJbIIE UYYBCTBUTEIBHOCTh METO/IA.
Hanpumep: nipu B3anMoaecTBUM HUTpaTa cepedpa ¢ XJopuaaMu, OpoMUIaMHu 1
HoauaamMu 0Opa3yroTCs HEpPacTBOPHMMBIC B BOJE OCAIKH. HPAQC|=1,8-10'10;
TPage=4,9 -10™%; TP pg=1-10",

CrnenoBaresibHO, TOYHOCTH APT€HTOMETPUUECKOTO ONpEAeICHUsI HOIU MOHA
BBIIIIE YEM JPYTUX HOHOB.

MeTtoabl 0CaaUuTEILHOTO0 TUTPOBAHUS TMPOKO MCHOJB3YIOTCS VI aHaIM3a
psAlla JIGKapCTBEHHBIX BEIIECTB, COJIEPXKAIIUX B CBOEM COCTABE aTOMBI IaJIOTCHOB
(Cl, Br, I). B dapmameBTuueckoM aHaiau3e HauOoOJIee YacTO HCIOIb3YIOT
apreHTOMETPUUECKOE W THOLMAHATOMETPUYECKOe (POJTaHOMETPHUUECKOE, METO]T
donprapaa) TutpoBanue. [locpecTBOM 3TUX METOIOB MPOBOAAT KOJNUYSCTBECHHBIC
OTpENICIICHUS] HEOPraHWYEeCKUX JIEKAPCTBEHHBIX BEIICCTB - TaJOTCHUJIOB
mieounbix MetaiioB (NaBr, KBr, KI), yeTBepTHUHBIX aMMOHHEBBIX OCHOBaHUM,
THAPOTAIIOTCHHUIOB OPTaHWYECKUX OCHOBAaHWHA (KCHKaWH, TPUMEKaWH), B TOM
yucie  ankaiouaoB  (MopduHa rugpoxiopuia, ddeapuHa  TUAPOXJIOPHUI).
JlekapcTBEHHBIE BEIIECTBA, COJEPIKAIME€ AaTOMbl TaJOrE€HOB, CBS3aHHBIE C
OPraHUYECKON YacThI0 MOJIEKYJIbl KOBAJIEHTHOM CBSI3bI0, OOBIYHO OMPEACIISIOT
METOJIOM THomHMaHatoMeTpuu (Meton osbrapma) TOCIe KHISYCHUAS C
TATPOBAaHHBIM pacTBOpoM AgNOs.

B tronmanaTomerpuu (pogaHOMETPUN) TUTPAHTOM CIIYKUT pacTBop KSCN
(NH4SCN), uHAMKATOPOM SIBISIETCS PACTBOP KEJI€30aMMOHHHHBIX KBaCIOB —
NH;Fe(SO,), - 12H,0, moaxucnennsiii HNOjz mis mogaBiacHHMs THAPOJIH3a ITOM
COJIM MO KaTHOHy. B TOouke SKBUBAJIGHTHOCTH HaOJromaeTcs OJieHO-KpacHOe
OKpaIlIMBaHKE BCJICACTBUEC PEaKIUU:

Fe** + "'SCN = Fe(SCN)*

eab padoThI:
OnpenenuTs Maccy XJOPHUA-UOHOB B OHOJIOTMYECKOW JKUAKOCTH METOJIOM
donbrapaa.

Ipunoun meroga: K ucciemyemomMy pacTBOpy XJopuaa HaTpus J10OABISIIOT
(bUKCHUpPOBaHHBIN M30BITOK BCIIOMOTATEJILHOTO PAacTBOpa HUTpaTa cepedpa, mocie
MOSIBJICHUS OcCajika XJopuaa cepedpa W30BITOK HUTpaTa cepedpa OTTUTPOBBIBAIOT
THOITMAHATOM KaJIHsl B MIPUCYTCTBUHU KEJIE30aMMOHHIHBIX KBACIIOB JIO MOSBICHUS
po3oBoii okpacku. Takum oOpazom, Meton Dosbrapja NpeaAcTaBiIseT COOOM
oOpaTHOe TUTpOBaHUE (OOPATHYIO apreHTOMETPHIO — U3MEpPEHUE M30bITKAa MOHOB
cepedpa).

Peakuumn, Jgexaiue B 0CHOBE METO/1A:

1. NaCl + AgNO3 ugurox — AgCl] + NaNOs
Cr + Ag+l/136bIT0K —>AgC1l
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2. AgNO; + KSCN — AgSCN| + KNO;
Ag* + 'SCN — AgSCN|

3. NH, Fe(SO4)2 + 6KSCN — Kg[Fe(SCN)e;]l + K,S0O,4 +NH,SO,
Fe** + "SCN = Fe(SCN)*

Orcrona, opMyJIbl AJ151 pacdeTa Macchl XJI0pua-noHoB B ipode m'(ClY):
m'(Cl") = M(SCI7) - C,(AgNO3) * V1 (AgNO3) - 1073 =i=, ¢
V;(AgNO3) = VE(AgNO3) — V,(AgNO3) =i= M

C5(KSCN) -V (KSCN) _

V,(AgNO;) = SEEESED -

rae VZ(AgNO3) — Beck 06beM B M pacTBopa AgNOs, 100aBIeHHBIH B U30BITKE;
Vi1 (AgNO3) — 06vem B M pactBopa AgNO;, MOIIEANINI B IEPBYIO PEAKIIHIO;
V,(AgNO;) — o0beM B mut pactBopa AgNO5, MoIIe/ Nl BO BTOPYIO PEAKIIHIO.

Konyenmpayuio xnopuo-uonoe 6 2/n (m.e. Maccogyio KOHYEHmMpayuro) MOMKHO
m'(CI7) mT(Cl7)
V,(npo6bl) Vi, (po6b1)-10~3

onpenenuts 1o popmyne: Cy, (Cl7) =

IKBUBANEHMHYIO KOHYESHMPAYUIO XJI0PUOO08 8 MOJIb/I MOKHO TaKXKE PAcCUUTATh,
mT(Cl7)
M(%Cl_)'VMH(HpO6bI)'1O_3

UCXOJIs U3 MacChl XJIOPUA-UOHOB B mipobe: C,(Cl7) =

PeakTusbl u 000pyaoBaHue:

1. TutpoBauHsIii pacTBOp HUTpaTa cepedpa AgNQO3;, 0,19

2. TutpoBanHbIii pacTBOp THOUMaHaTa (pomonuma) kamusa KSCN  wm
tuonmoHaTta (pogonuaa) ammonuss NH,SCN, 0,19

3. Keneszoammuaunsie kBacisl NH;Fe(SO,), - 12H,0, moakucinennsie 19 HNO;

4. PactBop xnopuna Hatpust NaCl unm Grosnoruueckas >KUaKOCTh

5. bropetka, nuneTka, KoJObl 111 TATPOBAHMS

o® 2

IIpakTHYyeckasi 4aCcTh <+ =
Iopsinok BbINOJIHEHUS PAa0OThHI

1. bBropetky 3amosHuTh TUTpoBaHHBIM pacTtBopoM KSCN (NH4SCN).

2. K mnomyyeHHomy Juisi aHaiu3a pacTBOPY OHOJIOTMUYECKOW KHUIAKOCTH,
conepxkarieir NaCl (oobemom 8 i), 100aBuTh 10 M THTPOBAHHOTO pacTBOpa
AgNO;. Ilepememan, 1006aBuTh 6-8 Kamenab WHIMKATOpa (KeEIe30aMMHUAYHBIX
KBAacCIlOB) U CHOBa MepeMeniaTh.

3. Korma ocagok ocsaer Ha JHO KOJIOBI, a JKUJKOCTh HAaJ HHM CTaHET
npo3payHoii, wu30bITok AgNO; akKypaTHO (He B30anThIBasg OcCaJoK!)
OTTUTPOBaTh pacTBopoM THonuaHata kamus (ammonms) KSCN (NH;SCN) mo
MOSIBJICHUS OJIETHOPO30BOM OKPACKU PacTBOPA.
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Ob6beM TUTpaHTa, MOIIEAIINA Ha TUTPOBAHUE, 3amUcaTh. THUTpOBaHHE
NOBTOPUTH 5 pa3. Pe3ynbrarel 3anectu B Tabnuiy 7.

Tabmuna 7. VicxonHble U pacueTHbIE JaHHbBIE OIIBITA 10 ONPEIEICHUIO
XJIOpUZ MOHOB MeTofoM Dosibrapaa

No
/o

O0BéM
OMOIOTHYECKOH
SKAJIKOCTH, MJI

O0BéM
100aBIIEHHOTO
AgNO3, M

06bém AgNO3,
M3pacxoA0BaHHBIN
B 1-011 peakuuu

(c NaCl), ma

0O6Beém AgNO3,
M3pPaCXO0I0BAHHBIN
BO 2-0i1 peakuun
(c KSCN
NH4SCN), mn

O06BEM TUTpaHTa
KSCN/NH,4SCN,
3aTpaycHHbIH HA
THTPOBAHHE, MJI

Konuenrpauus
KSCN/NH,SCN,
MOJIB/JI

Konuenrpauus
AgNO; momw/n

Onpenensiemast
macca XJIOPHT-
nonos CI

B npobe m'(Cl), r

Onpenensiemast
KOHIICHTPAIHS
XJIOPHI-HOHOB
G, (C),
MMOJIb/IT

# IlpoBecTH CTAaTUCTHUECKYIO O0OpaOOTKY pe3yJbTaTOB MOCIEIHEU CTPOKH (CM.
npuMep cTaToOpaboTKH pe3ylbTaToB B JabopaTopHoil pabore Nel) u BbImaTh
OTBET 110 SKBUBAJICHTHOW KOHIEHTpauuu ¢ yderom owmmbku: C,(Cl7) *+ sg (10

ecTb X =+ sg).
ITosydeHHBIE pe3yIbTaThl CPABHUTH C HOPMaMH y 3/10POBOT'0 YeIoBeKa.

Bomnpocs! A5 321U THI J1a00PATOPHOI padOThI

1. B uem cymHOCTh MeTOZ0B ocaxaeHus? [lepeuncnure TpebOBaHUS K PEAKITUIM
B OCQIUTEJILHOM TUTPOBAHUH.
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2. B xakoM mopsake OyAyT BbIIagaTh OCAAKH IPU aAPTEHTOMETPUYECKOM

ompenencHun  cmecu, coxaepxkameii ClI, Bru I - wHoHBI  OAMHAKOBOM
KOHIICHTpAIuu?

3. IlpuBeaute ypaBHEHHUS peaKlMi, MPOTEKAOIMX Ipu TUTpoBaHuu KBr mo
domnprapay.

4. Ilouemy tutpoBanue no merony Dosbrapia HOpOBOASAT B CpPele a30THOM
KHCJIOTBI?

5. Kak ¢ukcupyercs TOuYka SKBHUBAJCHTHOCTH IPH TUTPOBAHUU IO METOLY
®dounbrapaa’?

6. CyTtb 00paTHOI apreHTOMETPHH.

7. MOXHO JI1 ONpeAeNniaTh XJOpUAbl NpsAMoM apreHToMmerpuei? Kakue 3aech
MOTYT BO3HUKHYTb TIPOOJIEMBI?

JIABOPATOPHAS PABOTA Ne7

Ol'lpeIleJ'leHl/le KECTKOCTH BOAbI H KOHIHCHTPAIIMH HOHOB KAaJIbIIUA B
OMOJIOTHYeCKHUX KHJIKOCTHAX METOAOM KOMILVIEKCOHOMETPHHA

Teopernueckasi 4acThb

MeToa KOMIUIEKCOHOMETPUU — OJWH M3 METOJOB THUTPUMETPUUYECKOIO
aHaju3a, OCHOBAHHBIA HAa 0OpPa30BaHUU MPOYHBIX U XOPOIIO PACTBOPUMBIX B BOJIE
BHYTPUKOMIUIEKCHBIX ~ COEJMHEHUM  HOHOB  METAUIOB C  TUTPAHTOM
(xoMmriekcoHamu). KOMITJIEKCOHBI — 3TO TpYyINa OPraHUYECKUX COCAUMHEHUH,
SIBJISTFOTITMIX CST TOJIU/ICHTATHBIMHU JUTaHJaMU. H, H,
KOMIIIEKCOHAMH ~ BBICTYHAIOT ~ aMUHOINONHKAPOOHOBIe A00CTC\ C—COOH
KUCJIOTHI M uX coyiv. Ha mpaktuke Hanbojiee MIMPOKOE cn
npuMeHeHue Hamen komniaekcon |11 — nunarpuesas coib éHz
THWIeHInaMUHTEeTpayKCcycHOM Kuciotel (NaDATA wmm '
Tpunon-b; M.M.yurumpara=372,24 T/MOIIB), COKpAILEHHO
Na,H,Y (em. popmyny cnpasay).

2

~NL
HOOC—C~ ~C—COONa
H2 H2

B BogHOM pacTBOpE TpuioH b nrcconuupyet u UMEET KUCITYIO PEAKIHUIO:
Na,H,Y =2 Na* + H,Y %

OTA oOpa3yeT co MHOTMMHU KaTHOHAaMU METaJUIOB
YCTOWYMBBIE MAaJOJUCCOLIMMPOBAHHBIE PACTBOPUMBIE B BOJE
BHYTPUKOMIUIEKCHBIE COJIM. B KoMMIekcax 4yacTh CBsI3ei HOCUT
VOHHBIM XapakTep, 4aCTh — JOHOPHO-AKIENTOPHbIA. TpuiioH b
C MOHAMH METAaJUIOB JIFOOOTO 3apsiia 00pa3yeT 4eThipex- MATH-
WU UIECTUKOOPAMHAIMOHHBIA KOMIUIEKC C MATHWICHHBIMH




OUKJIaMH. AToMm mertanna HaxoAnuTCA B OKPYKCHUHW aTOMOB KHUCJIOpOAa U aTOMOB
a30Ta, HaxXoJAIHNXCA B IUC-TTOJIOKCHHH.

YcroitunBocth komiuiekcoB ¢ DJITA Bo3pactaeT ¢ yBeIWYEHHEM 3apsiaa
LHEHTPAJbHOIO HMOHA, MO3TOMY OJHO3apsIHBIE KaTHOHBI B BOJHBIX PacTBOpPAX
KOIUIEKCOHOMETPUYECKH HE ONPEIEISAIOT.

OdeHb BaXHBIM SBJISETCS TO, UYTO pEAKIMU KOMIUIEKCOOOpa30BaHUs
aMUHOMOJMKApOOHOBBIX KHCJIOT c MOHAMH METAJIJIOB POXOISAT
CTEXMOMETPUYECKM B COOTHOweHMH 1:1 ¢ oOpa3oBaHWEM JUIIb OIHOTO
KOMILJIEKCHOT'O COEIMHEHHUsA, T.€. OTCYTCTBYET CTylneH4YaTocThb. (CleaoBaTelbHO,
MoJIsipHas Macca 3kBuBasieHTa DJ[TA 1 onpenensieMoro MoHa MeTala paBHbI HX
MOJISIPHBIM MacCaM.

Tax, mpu TutpoBanuu IJ[TA comneil MeTaIOB — KOMILIEKCOOOpa3oBaTenei
— IPOTEKAIOT CIEAYIOIINE PEAKIINH:

Me?* + H,YZ — MeY? + 2H"
Me** + H,YZ — MeY™ +2H"
Me* + H,YZ — MeY +2H"

Bo Bcex peakmusax 1 Momb Meramia (HE3aBUCHUMO OT €ro CTENEHU
OKHCJICHUS1) BCET/Ia CBA3bIBAET | MOJIb KOMILJIEKCOHA (HE3aBUCUMO OT CTEIIEHH €T0
JUTAHIHOCTH) W OCBOOOXKTAETCs 2 MOJb HMOHOB Bojopoaa. OOpasyromiuecs
KOMIUIEKCHBIE COEIMHEHHUS pa3MyaroTcs Jullib 1o 3apsny. Monel Bomopona
noHmwkaoT pH pacTBopa, B pe3yibTare TMOBBIMICHUS KUCIOTHOCTH CPEIbI
TpeOyeMOro KOMIUIEKCHOIO COEIMHEHHS MOXET He mnoiyuutbes. [losTtomy
TUTPOBAHUE MPOBOJAT B Oy(PEepHOM pacTBOpE, MOAAECPKUBAIOIIEM ONPEIEICHHOE
3HaueHue pH. Bce 310 mo3Bomser ucnosb3oBath DA TA 11 THTpUMETPUYECKOTO
ONPENIEIICHUS] COJIEW METAILIOB.

st YCTaHOBKH TOYKH SKBUBAJICHTHOCTH HCMOJIB3YIOT
METaJUIOMHIUKATOPHl  (METaJUIOXpPOMHBIE  WHAMKATOPbI) —  BEIIECTBA,
oOpasylolue ¢ HOHAMU META/VIOB MHTEHCUBHO OKpAIIEHHBIE KOMILUICKCHBIC
coequHeHusA. K TakOBBIM OTHOCATCS: MYPEKCHUI, KCHIIEHOJIOBBI OpPAHXKEBBIN,
spuoxpom uepHbiii T u ap. Okpacka KOMIUIEKCHOTO COEMHEHHS] UHANKATOpa U
KaTHMOHA OTJIMYAETCS OT OKPACKHM CBOOOJIHOTO WMHIUKATOPA, MOITOMY B TOUKE
DKBUBAJICHTHOCTH ITPOUCXOAUT U3MEHEHNE OKPACKU TUTPYEMOI'O PACTBOPA.

Me?* + 2 HInd < Melnd, +2 H*

[ser 1 Iser 2
Melnd, + H,Y*~ <> MeY*~ + 2 HInd
IBet 2 Iger 1
HauGonee LIUPOKOE IIPUMEHEHNE B OH OH

KOMIUIEKCOHOMETPUHU HaIea apuoxpom uepnotii T NeOS O NeN

(xpomocen wepmwill), OTHOCSINUHCA K TPYIIIE OO
a30KpacuTesed M MMEKIIAM B MOJIEKYyJe O
xenaTooOpasyromue OH-rpynmbr: N

B 3aBucumocTr ot pH pactBopa cywecmeyrom mpu

okpautennvie opmul smoeo kpacumens. Ilpu pH < 6 pacTBOp MMeeT BHUHHO-
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KpacHblii uBet, npu pH = 7-11 — cunuini yeem, npu pH > 11,5 — xento-
OpaHXXEBBIN 1IBET. B cnabo wenounom pacmeope spuoxpom uepnuiii T obpaszyem c
UOHAMU MA2HUS, YUHKA U HEKOMOPbIMU OpYyeUMU KAMUOHAMU UHMEHCUBHO
OKpauienHvle GUHHO-KpacHble Komnaekcwl. llostomy npu pH 8-10 nepexoo
OKpACKU UHOUKAMOpa U3 6UHHO-KPACHOU 6 CUHIOI0 OKPACKY NPOSGIAemcs
Hauboee OMuemiuso.

[Ipu noGaBneHMM K aHAIU3UPYEMOMY pacTBOPY HHIMKATOpa SPHOXPOMA
yepHoro T, mocneanuii 00pa3zyeT ¢ HOHAMH METaJJIOB OKPAIICHHbIE KOMILIEKCHI:

HzInd + Me** = Melnd + 2H*
CUHUU BUHHO-KPACHbLU

[Ipu TuTpoBanuu TpusoHoM b mpoOwbl ¢ 3puoxpomom uvepHbiM T BOIHM3U
TOYKH KBHUBAJIEHTHOCTH PACTBOP MEHSET LIBET C BUHHO-KPACHOTO (MJIM KpacHO-
¢buoneroBoro) Ha cuHui. [IlpyymHa B TOM, 4YTO OOpa3ylOUUMHCI KOMIUIEKC
sproxpoma dyepHoro T ¢ KaTHOHOM MeTalsla MEHEE MPOYEH, YEM KOMILUIEKC TOTO
e MeTalljla ¢ TPUJIOHOM b (KOMILIEKCOHOM), TTOATOMY MPU TUTPOBAHUU TPUJIOH b
OyJeT BBITECHITh MHAMKATOP U3 €r0 COCTUHEHUS C KATHOHOM MeTala:

Melnd + Na,[H,Y] = Na,[MeY]* + H,Ind
BUHHO-KpACHbLU CUHUU

UToOBl XMMHYECKOE paBHOBECHE YKAa3aHHBIX pEakiHil ObUIO CIBUHYTO
BIIPABO, IS TIOJIHOTHI MPOTEKAHUSI PEAKIIUN KOMILIEKCOOOpa30oBaHus TpeOyeTcs
niesnioyHast cpena. OJHako B CHJIBHOIIEIOYHBIX pactBopax (mpu pH>10)
HaOMogaeTcsi 00pa30BaHUE OKCUKOMILJIEKCHBIX COEAMHEHMHA METaJIOB WIIU
BBITNIAJICHUE OCAJKOB THJIPOKCHIIOB METAUIOB. B CBSI3M C 3TUM I CO3JaHUS
HIEJIOYHOW Cpelbl K MCCIEeIyeMOMY pPacTBOpPY J00aBISIOT aMMHUAYHBIN
oydepnsrii pactBop (NH4Cl / NH3-H,0), kotopsrit mognepxkusaet pH = §-10.

KommiekcoHoMeTpus mo3BOJISIET ONPEAENSITh MPAKTUYECKH BCE METAJLIbI
ITepuomnueckon cucremsl .M. MenaeneeBa. Meron sBISIETCS OOHUM W3
OCHOBHBIX (DapMaKOMEWHBIX METOJIOB aHaju3a JIEKapCTBEHHBIX BelIecTB. Tak
KOMIUICKCOHOMETPHUSI Ha TPaKTUKE MPUMEHSETCS IS KOJUYECTBEHHOIO
ompeiesieHns] HeopraHuueckux (apMakomeHbIX MpernapaToB MarHus (MarHus
cylbdaT, Maraus KapOOHAT OCHOBHOM, MarHWsi OKCHJ), IIMHKA (IIMHKAa OKCH/I,
IMHKa Ccynb(dar), Kaublusa (Kajdbldsg XJOpHI), BUCMyTa (BUCMYyTa HUTpAT).
AHQJIOTUYHO ONPENETSIOT KaJIbIIUEBbIC COJU OPTaHMYECKUX KHUCIOT (KadbIUs
JAKTaT, KaJbIUsl TJIOKOHAT, KajbllMsd NAHraMatr W J1p.). Meroa Hamien
MPUMEHEHUE U B  TOKCHUKOJIOTMYECKOM  aHAJIU3€ (ompenenexue
«METAJUIMYECKUX» SAO0B), a TaKkKe JUIsl YCTAHOBJEHUS KOHIEHTpalUu
COOTBETCTBYIOIIUX METAUTMYECKUX UOHOB B OMOJIOTHYECKUX JKUKOCTSIX.

KoHcTaHThl yCTOWUMBOCTA KOMIUIEKCHBIX COEAUHEHUN KAJIbLHS U MarHus ¢
TprioHoM B pasmmuarores Ha gBa mopsmka (2-10M u 2-10°), MMO3TOMY 3TH MOHBI
HEJIb3d OTTTUTPOBATH Pa3/eNIbHO, HMCIOJb3Yys TOJBKO pa3Myhe€ B KOHCTaHTaX
YCTOMYMBOCTHA KOMIUIEKCOB. Tutpys uccinenyembii pactsop npu pH =10 c¢
APUOXPOMOBBIM YEpHBIM T ONpenenstoT CyMMy KaJdblUs U MarHUSL.
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Cozoasan pH 12 c¢ nomowpro NaOH, moxHO MypescHA

OCaJUTh HMOHBI MArHus B BHUAE THAPOKCHAA, a 3aTeM O N 00 N 0]
OTIPEJICIUTh MOHBI KAJIBLUS 68 NpUCymcmeuu Mypekcuod, IW;E j%:fH
kotopslil pu pH12 naer cupeHneByro okpacky. Mypekcua 2
MIpeCTaBIIsCT coboi aMMOHHUEBYIO coinp 5,5 0 0
HUTPWIOANOAPOUTYPOBOM KHUCIOTHI, WIM MypHypaT aMmMmoHus. MOHBI Kamblus
Mypekcusl komiuiekcupyer npu pH 10,8+13,2. Tlpu npyrux 3Hadenusx pH
MYPEKCHU]T KOMIUIEKCUPYET IPYTUE UOHBL.

" NH,*

B nuTheBO# BOAE MPUCYTCTBYIOT CyibdaThl B (GocdaThl KalbIUI U
MarHus, KOTOPbIC W OMPEIACIAIOT TaK HA3BIBACMYIO NOCHOSHHYIO JHCECHMKOCHb
6000bl.

CorilacHO OMpENCICHUIO, MHCECMKOCHb 600bl — OSTO KOJIHYECTBO
MIJLTIMOJIb SKBUBAIEHTOB KaTHoHoB Ca’’ u M92+ , cojiepKamuxcs B 1 autpe
BOJBL.

OTCIOIIa, (bOpMy.]'Ia L OIIPCACIICHUA ) KECTKOCTH BOLI!

n(zca?* Mg?+)-10° _ n(Zrpunona 5)-10° _ (C5'V)rpunona 5’103
VJI(HZO) VJI(HZO) VJI(HZO)

Ky,o = ,  MMOJIB/N

ITo BemuuuHE KECTKOCTH BOJIa XapaKTEpU3yeTCs, KaK MSATKas, CPEIHSS U
KecTkas (Tab:m.8):

Tabnuna 8. XapakTepucTrka BOAbI IO CTEMIEHH JKECTKOCTH B MMOJIb/JT
(XumMudecKkuii SHIUKIONEIUIECKUN cI0Baphb, 1983)

Bona Mrkast Cpennet OueHn xecTKas
’KECTKOCTHU
Konnenrtpanus
coJiei, 5o 2 2-10 >10
MMOJIB/TI

# OO0mias KECTKOCTh BOJIBI PEK M 03ep B Taiire u TyHape cocrasiser 0,1-+0,2
MMOJIb/JT; MOpEH, OK€aHOB, MOJ3eMHBIX BO10eMOB 80--100 MMOJIB/I.

# Vcnionb3oBaHMe KECTKOM BOJIbI MPUBOANUT K OOPa30BAHUIO HAKUIIHM B KOTJIaX U
OTOIIUTENBHBIX CHCTEMAax, IMOBBIIMIAET pacxol Mbula. BepxHuili mnpenen
KECTKOCTU B CHUCTEMax BOJOCHA0XKEHHUS COCTaBJISET, KaK MPaBUIIO, 7 MIMOJIb/JI
(B MCKJTIOUUTENBHBIX cay4asx 10 10 MMoub/m).

eab padoThI:

2
OnpeeuTh OOIIYI0 )KECTKOCTh BOJIbI M KOHIIEHTPAIMIO HOHOB Kanbiusa Ca”’ B
OMOJIOTUYECKON KUJIKOCTH METOIOM KOMIIJIEKCOHOMETPHUH.
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PeakTuBbl u 060pyaoBanue:

bropetka

[Tunerka Ha 5 Mit u 10 M

Kon6w1 aiis turpoBanus Ha 100 M
Mepubiil unuHap Ha 50 M

Mepnsbie ipobupku Ha 10 M
NuaukaTopbl: 3pUOXPOM YEPHBIN U MYPEKCH]T
Tutposaunnsiii 0,05 D pactBop Tpunon b
buonoruueckast »xuaKoCTh

PactBop NaOH - 10% (umm 209)

0. I[Hmarens

11. Ammmuaunsiii Oydepnsiii pactBop ¢ pH10

HOoo~NoOTkwWNE

IIpakTHyeckasi 4acTh =
OnbiT 1. Onpenesnenue o01ei ;KeCTKOCTH BOAbI

Hpunuun meroma: Tpwion b B mienoyHoM cpene BBITECHSET HHIAMKATOP
SpHOXpoM uepHsiii T u3 ero komimiekca ¢ karnonamu Ca®* u Mg?*. CBoGoaHbIit
OPUOXPOM B ILIEJIOYHOW Cpelle OKpAlIMBAET pacTBOp B cuHUM LBeET. IloaTomy
TUTPOBAHME MPOBOJAT [0 MOSBICHUS CUHEN OPACKHU.

IHopsinok BbINOJIHEHHS PAadOTHI

1) K 50 mi uccrnemayemoii BOAbI MPHOABISIOT 2 MJI aMMHa4HOTo Oydepa u 4
KaIuIM MHAMKATOpa - 3pruoxpoma yepHoro T. Bece nepememmBaror.

2) broperky 3amomustor 0,050 pactBopom TpwiioHa b um  THTpYyIOT
UCCIEeNyeMbIil pacTBOp A0 IMepexoja OKpackh OT BHUHHO-KPAaCHOM uepes
(hUOJETOBYIO K CUHEH.

3) TutpoBanme mnpoBoaaT 3-5 pa3. Jnst pacdera KECTKOCTH BOABI OEpyT
cpeaHuit apupMeTHIECKU 00BEM TUTPAHTA.

4) JlenaroT BBIBOJ O dKECTKOCTH BOJIBI.

OnbIT 2. OnpenesneHue coAepKaAHNA KAJbLIMA B 0MOJIOTNYeCKOM JKUAKOCTH

[To maHHBIM JUTEPATYpBI, COACP)KAHWE KaJIbIUS B KPOBU 3aBUCHT OT
BO3pacTa. Y B3pOCIHBIX JIOJEd KOHIEHTpalus OOIero Kbl B KpPOBH
cocrasisiet 2,1 -2,6 mmounb/n (9-12 mr% wunu 90-120 mr/n). MoHU3UpOBAHHOTO
(cBoGoanOro) kaneums Cat1,05-1,3 mmons/n (4,2-5,2 Mr% unm 42-52 mr/n). B
MO4Y€ 3II0poBOrOo denmoBeka coaepxkutcs S50-150 wr/cytkm  (1,2-3,7
MMOJIB/CYTKH).

IlonmxeHHBIN YPOBCHL KaJIbIIUsA B KPOBU MOXKET OBITE O6YCJIOBJ'ICH I[e(bI/ILlI/ITOM 9TOT'0

MakpodjeMeHTa u BUTaMuHa D. [IoHM>KEeHHBII YpOBEHb KalblMs B KPOBH TAK)KE€ MOXKET ObITh
BbI3BAaH HApPYIIECHUSIMHM BCAaChIBAEMOCTH BEIIECTB, 3a00JE€BaHUSIMHU TIOYEK U TICYCHH,
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SHIOKPUHHBIMU M JAPYTMMHU paccTporcTBaMu. [IOHM)KEHHBI ypOBEHb KalbLIMs B KPOBH
MOJKET OBITh PE3yJIbTATOM IMpPHEMa HEKOTOPBIX JIEKAPCTB MPOTUBOCYIOPOKHBIX MPENapaTos,
MPOTUBOOITYXOJIEBBIX CPEACTB, HECOMUIIMHA U TIP.

YpoBeHb KaJbIsi B KPOBU HE MOXKET OBbITh €JUHCTBEHHBIM UYETKUM KpUTEpUEM
OCTEOI0P03a, OCKOJIbKY HE YKa3bIBa€T Ha COJACpKaHUE KalbIUs B KOCTHOM Tkanu. Ecnu B
OpraHu3M IIOCTYNAeT HEAOCTaTOYHO 3TOr0 MAaKpO3JIEMEHTa WIM OH Tepsercs Hu3—3a
CHIKEHHOTO YpPOBHSI ’KEHCKOIO TOPMOHA 3CTPOr€HA, KaJIbIIM HAYMHAET BBIMBIBATHCS W3
KOCTei, 4TOObI KOMIEHCHUPOBATh JEPUIUT B KPOBU. T0 €CTh KOCTHASI TKAHb CTPAJIaeT, YTOObI
OCTaJIbHBIE OpTaHbl MO3T, CEP/LIE, HEPBbI, MBIIIIBI MOTJIH pabOTaTh HOPMAJIBHO.

[loBbI1IEHHBIM YpPOBEHb KaJbIUsl B KPOBU YAaCTO YKAa3blBA€T Ha TMIIEPBUTAMHHO3 D.
[ToBBIIIEHHBIN YPOBEHB KaJbIUS B KPOBU MOKET OBIThH CIICICTBUEM IpHUeMa psijia JIEKapcTB (C
CoJlep’)KaHUEeM JIUTHS, JUYPETUKOB—THA3uA0B). [IOBBIICHHBIH YpPOBEHb KalbLiUs B KpPOBHU
MOKET CBHJICTEIBCTBOBATH M O 0OJiee CEpPhE3HBIX PACCTPONCTBAX — THIEPTUPEO3E,
TUUIIEPIIapaTUPEO03€e, BEIPAKEHHOM OCTEONOPO3€e, 3TT0KAYECTBEHHBIX HOBOOOPA30BAHUSIX U TIP.

Bce dusnonormdeckne 3pGekThl Kalblivs (y4acTHe B MBIIIEYHOM COKpAIICHHUH, B
MEXaHU3MaxX CEKpEUMU TOPMOHOB, PELENTOPHBIX IpoIeccax, B MEXaHHW3MaxX KIJIETOYHOIO
JIEJICHUS U JIP.) OCYIIECTBIISIOTCS €r0 HOHU3UPOBAaHHOW (HOpMOit (Ca2+). CBOOOHBIN KaJIBIIHI
coctaBisier oT 43% 1o 50% o6mero kampnusa. Ero KoHIIEHTpalusi BapbHUPYeT B TECUCHHE
CYyTOK: MUHUMAaJIbHast KoHIeHTpauus B 20 4, MakcuMmaibHas B 2 - 4 yaca HOYU. YPOBEHb
MOHU3UPOBAHHOTO KalbIUsl MOJAEPKUBACTCS MAapaTTOPMOHOM, KaJbLIUTOHMHOM, aKTUBHOU
dbopmoii Butamuna Jl3. IIpoaykmus 3TUX TOPMOHOB, B CBOIO OYEPEIb, 3aBUCHT OT YPOBHS
Ca**. Ha ero KOHIIEHTPALMI0O B KPOBH BIUSAIOT MHOTHE (AaKTOphl - O€NKH, MarHui
(HE0OX0IMMO 0053aTeIPHO HCCIIECA0BATh KOHIICHTPAIIMIO MAarHus, €CId OOHApYKHUBACTCS
runokanpiuuemMusi!). OueHb BaXHBIM SIBISIETCA KUCIOTHO-ocHOBHOe coctosHue (KOC):
aJIKaja03 YBEIMYMBACT CBSI3bIBAHUE U CHIKAET KOHIICHTPAIIMIO, a alli103, HAIPOTUB, CHIKACT
CBS3bIBAHME W YBEIMYMBACT KOHLEHTPAUUIO MOHU3UPOBAHHOIO KalblUsi B KpPOBH.
OnpeneneHrne HMOHU3UPOBAHHOTO Kajbls Oonee WH(DOPMATHBHO, TIO CPaBHEHHUIO C
UCCJIEIOBAaHUEM OOIIETO KaJbIs, AJI1 IUArHOCTUKU TUIEPKAIbIIMEMUYECKUX COCTOSHHM, B
YACTHOCTH TP MEPBUYHOM TUIIEpIIAPATUPEOUIU3ME (1711 KOTOPOTO XapaKTEpPHO MOBBIIIICHUE
B KPOBU KOHIICHTPAIIUU CBOOOIHOTO KaJIbIUs U HEM3MEHEHHBI YPOBEHb OOIIETO KAJIbLIHS), Y
OOJILHBIX C OHKOIIATOJIOTHEH, Y TTAIIMEHTOB, HAXOISAIIUXCS Ha THAIIU3E.

IIpuHuMn MeToa onpeieIeHUs KAJIbIUSA.

B  npucyrctBUM < KOHUECHTPUPOBAHHOW  IIEJIOYM  HOHBI  MarHus
OCaXIaroTcs, a MoHbl Kanbuusa B cpeae ¢ pH 10,8+13,2 maror ¢ Mmypexkcuaom
KOMILJIEKC, OKpAIICHHBIH B po3osvlil ysem (npu pHI2) (user Gyner 3aBucets OT
cosmaBaemoit pH u Moxer Obith kpacHbiM). Ilpu TuTpoBanum Tpunonom b
HHAUKATOPp MYPCKCHUI BI)ICBO60)KI[3€TC$I N3 KOMILICKCA, YTO COIIPOBOXKIAACTCA
HN3MCHCHHUCM IBCTAa pacTBOpa OT PO30BOI0 Ha cupeﬂeeblﬁ BOJIM3H TOYKH
DKBHUBAJIEHTHOCTH (3TOT LBET ToXke Oyzaer 3aBuceTb oT pH M MoXeT OBbITH JIMIIOBO-
(HOIETOBBIM).

IHopsinok BbINOJIHEHUS PadOTHI

1) B o0y mns TutpoBaHus BHOCAT 10 MI uccienyeMol OHOJIOTHYECKOU
XKUJIKOCTH (MO4H), 100aBsttoT 40 MII TUCTHITMPOBAHHON BOJIbI, 5 M1 10% (vnm
23) pactBopa NaOH (otmeputh MepHON TPOOUPKOIT) U HA KOHYUKE IIIATENs —
WHIUKATOp Mypekcun. PacTBop mpuoOperaer KpacHO-OpaHKEBYIO (PO30BYIO)
OKPACKY.
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2) CopaepxuMoe KOJIObI MEIJICHHO TUTPYIOT, JOOABIISS 110 KaIlIsIM U3 OIOpeTKH
pacTBop TpujoHa b 10 mepexoaa okpacku B CUPEHEBYIO.

3) TurpoBanme mnpoBomaT 3-5 pa3, Uil pacdera OepyT CpeAHud o0beM
TUTpaHTa. Macca HOHOB Kallbllus, B3ATasi Ha TUTpOBaHKHEe M’ (TO ecTh, B 10 M
MOYH):

m'(Ca?*) = M(ica?*) - C,(tpun.B) -V, (tpun. B) - 1073, 1
B nepecuete Ha cyTouHblit 00beM Moun =~ 1500 mi1 310 OyAeT:

2+ __ m7(Ca?*)-1500
m(ca )cyTKH - 10

= 150 -m™(Ca%*), r/cyTku

Cpasnusaem ¢ HOpMOU U Oenaem 8bl8oo.

Bonpocs a1 3aiiuThI pad0ThI

1. Yewm oOycioBiieHa )KECTKOCTh BOJIbI? B Kakux eIuMHUIIAX OHA U3MEpSeTCs?

2. OxapakTepu3oBaTh METOJ, KOMIUICKCOHOMETpUU (CyTh MeETOda, pabdodue
pacTBOPBI, UHAMKATOPHI, TPEOOBAHUS K MHAUKATOPY U TUTPAHTY). [ uero Hy>kHa
nieao4YHas cpeaa?

3. Uro Takoe spuoxpom uepHbiii T? Kak oH Benet ce0s B pa3HbIX cpegax?

4. Yro Takoe koMIiekcoHbI? [IpuBenure npumMepsi.

5. Uro u3 cebs mpencrasisier TpwioH b? Kak oH pearupyer ¢ KaTHOHAMH
METAJIIIOB?

6. B posm 4ero BBICTYMAIOT ONpeAe/siIeMbIe HOHBI KAIBIMS M MarHus?

7. Jlns yero mpu onpenesaeHUH >KECTKOCTU BOJIBI METOJIOM KOMILIEKCOHOMETPUU
MPUMEHSIIOT aMMHUaYHbIN Oydep?

8. Hammcarp peakiuu, Jekammpe B OCHOBE METOJAa ONpEaeNeHUs OOIIeH
KECTKOCTH BoAbl. Kakoii cmioco0 TUTpOBaHUS UCTOJIb3YETCSl B JAaHHOU padoTe?

9. Yro 0o6miero B MpUHITUIIAX OMPEISICHUS )KECTKOCTH BOABI M HOHOB KaJIbIUS B
onosornyeckoi ;xuakoctu? B uem otinuune?

10. Kak ycraHaBnuBaeTcs TOYKAa JKBUBAJICHTHOCTH TIPU ONPEIEICHUU HOHOB
KaJIbIIUS B OMOJIOTUYECKOM JKUIKOCTH.

11. TloueMy npu onpeneICHUN HOHOB KaJIbIUS UCTIOJIb3YIOT HHANKATOP MYPEKCHUI,
a HEe HPUOXPOM YepHbIN T?

12. 3aueM mnpu ONpENeICHUU HMOHOB KaJIblUg B OHOJOTHUYECKOW KUIAKOCTH
UCIIOJIB3YIOT KOHIIeHTprpoBaHHbIi pacTBop NaOH, a He ammuaunsiii 6ydep?
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JIABOPATOPHAS PABOTA Ne8

CkopocTh XUMHYECKHX peaKkiuil U (paKTOPbI, BJAUSIONIHE HA Hee.
XuMun4eckoe paBHoOBecHe

Teopernyeckas yacrTb

[lox ckopocmvio  xumuueckoui  peakyuu  TOHUMAKOT  U3MEHEHHE
KOHIICHTPAIIMM KAaKOTO-TMOO W3 PEarupyromux BeIIECTB WJIM KOHEYHBIX
MPOJYKTOB PEaKIMU B €UHUILY BPEMEHHU.

Ha npakThke OOBIYHO U3MEPSIOT CPeOHIow CKOopocmbs 71U00 1O
YMEHBITICHUIO KOHIICHTpauu UcxoaHoro BemecTBa (Toraa AC=C,-C;<0), mu6o 1o
YBEJIMYECHHUIO KOHLEHTpauuu KoHeyHoro mnpoaykra (torma AC=C,-C;>0) 3a
JAHHBIN TPOMeXyTOK BpemeHH (T). [lockonbKy BeandrHa CKOPOCTH MOXKET OBITh
TOJIBKO TIOJIOKHUTEIBHOM, TO [JII TOMOTEHHOM peakiuu OepeTcss MOIYJb
otHomeHust AC/A 1:

_|ac
AT

Hcmunnas (menosennas) ckopocmbs TOMOTEHHOM peakinuu (CKOpOCTh B
JTAHHBI MOMEHT BPEMEHH) €CTh U3MEHEHUE KOHIICHTPAIIMH BEIIECTB, OTHECEHHOE
K OECKOHEYHO MalloMy TIPOMEXKYTKY BpeMEHH. BeIpakaercsa mnpeneiaoMm, K
KoTopoMy cTtpemutcs otHomeHnune AC mpu 7—0 (TO ecTb, 3TO MPOU3BOJHAS
CKOPOCTH IO BPEMEHM):

dCc
dr

[ToaTOMYy MrHOBEHHasi CKOPOCTh OMNPENEISIETCA KaK TAHT€HC yTIJla HAKJIOHA
KacaTebHOM K KpuBoi C=f(T) B JTaHHOW TOYKE T.

C A

C=f(7) dc

B nepBoM npuOIMKEHUM CKOPOCTh PEAKIUU (OTHOCHTEIBHYIO CKOPOCTD)
MO>KHO OIICHUTH TI0 BEJIMYMHE OOpPaTHOU BPEMEHU:

1
v="—
T

20e T — UHMepBal B8peMeHU, NPOXOOAWUL OM MOMEHMA 668e0eHUs] UCXOOHBIX
sewecms 8 peakyuro 00 MOMeHmMa 0OHAPYIHCeHUS KAKUX-TUOO 8UOUMBIX U3MEHEHU
8 cucmeme (U3MeHeHUe Yyeema, NPo3pa4HoOCmu, oopasosanus ocaoka u m.n.). Yem
OonbULe IMOM UHMEPBA, MeM MeHblle CKOPOCHb PeAKYUU.
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Takas BpeMeHHass XapaKTepUCTUKA CKOPOCTH peaklud HamboJiee mpocTa B
HKCIIEPUMEHTAJILHOM OTHOLIEHUWU W KaK OTHOCUTEJIbHAs BETUYMHA MOXKET OBbITh
WCII0JIb30BaHAa JJI1 CPABHEHUSI CKOPOCTEH XUMHUYECKUX PEAKIIUi, TPOBOJIUMBIX MPHU
Pa3HBIX YCIOBHUSAX. JTO MO3BOJISIET M3ydaTh 3aBUCUMOCTH CKOPOCTH PEAKIUU OT
pa3nuuHbIX  (GakTopoB  (BCIOMHHMTE (aKTOPBI, BIMSIOIIAE HA CKOPOCTb
TOMOT'CHHBIX M T€TEPOTCHHBIX PEaKIInii).

XuMHYecKoe paBHOBeCHE.

BONpIIMHCTBO XUMHUYECKHMX peakuuid oOpaTHUMBbL: Hapsay C OpsIMOM
peakuuenl (B3aMMOJEHCTBHE MCXOAHBIX BEIIECTB) NPOUCXOIUT M oOpaTHas
(B3auMOJeliCTBE TPOAYKTOB peaknuu Mexmay co0Ooif). Ilockompky kaxkmas w3
pEaKUi HENPEPBIBHO ITOCTABIIIET PEATrCHTHI JUIS PEAKIUU ITPOTUBOIIOJIOKHOIO
HAIIpaBJICHUs], HU OJHA W3 HUX HE IIPEKPAIAeTCs, U BCS CUCTEMA B LIEJIOM HOCUT
JVHAMUYECKUM XapakTep. B HEKOTOPBIM MOMEHT BPEMEHU CKOPOCTH IPSMOIO U
00paTHOTO MPOILIECCOB BHIPABHUBAIOTCS — B CUCTEME YCTAHABIIUBAETCS XUMUUECKOE
pasHosecue. XUMUYECKOE PABHOBECHE SBISETCA JMHAMHUYECKUM PaBHOBECHEM,
IIOCKOJIBKY IIPY HEM JIBa IIPOTUBOIIOJIOKHO HAIPABJIEHHBIX MpoLiecca IPOTEKAIOT €
PaBHBIMU CKOPOCTSIMH.

XuMuyeckass CHCTeMa, JOCTUTIIAs COCTOSIHUSL —paBHOBecus, Oyner
HaXOJUTBLCSA B HEM JI0 TE€X IIOP, ITIOKA HE U3MEHATCS T€ YCIOBHUs, IIPU KOTOPHIX 3TO
PAaBHOBECHE YCTAaHOBWIOCH. [3MeHEHHe COCTOSAHMS PaBHOBECUS B PE3YJbTaTe
W3MEHEHHSI BHEUIHUX YCJIOBUW HA3BIBAIOT CMEUjeHUeM XUMUYEeCKO20 PABHOBECUsL.
Ecnu B pe3ynbTaTe U3MEHEHUS! BHEIIHUX YCJIOBHIM HAaUMHAET Mpeo0iaaaTh npsmas
peakius, TO TOBOPAT, YTO pAaBHOBECHE CMECTWIIOCH BIpaBo. Hamporus,
PEUMYILIECTBEHHOE YCKOPEHUE 00OpaTHOW pEaKIMK PACIICHUBAETCS KaK CMELIEHUE
paBHOBECH BIIEBO (BCIIOMHHUTE (DAKTOPBHI, BIUSIONIME HA CMELIEHUE XUMHYECKOTO
pPaBHOBECHS)

eab padoThI:

1. OnpenenuTh 3aBUCUMOCTh CKOPOCTH XHMHUYECKON PEaKIMU OT KOHIICHTPAIUH
pearupyromnmx BeIeCcTB, TEMIIEPATYPhl U HAIMUMS KaTajau3aTopa.

2. Ompenenuth BIWSHUE TEMIEPATypbl W KOHIIGHTPALIMM YYacTBYIOIIUX B
pEeaKIuu BEIIECTB HAa CMEIIEHUE XUMUYECKOT'O0 PABHOBECHSI.

PeakTuBbI 1 000pyI0BaHKE:
Tepmocrar

Bonsinas Gans

TepmomeTtp

CexyHngomep

[TpoOupku

XUMHUUYECKUM CTaKaH

[MTunerku Ha Smut u 10 M

2% pactBop cepHoit kucnoTel H,SO,
. 2% pactBop THOCYJb(haTa HaTpus Na,S,0;3
10 2% pacTBOp Kpaxmasa

ocoNOOR~ODE
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11. Haceiennsie pactBopbl xsopuga xkene3a FeCls pogannna kamus KSCN,
xnmopuna kanmus KCl, cynsdara meau CuSO,
12. PactBop Jltoroms (B kaneapbHUIIAX ).

0o

IIpakTHyecKas 4acTh <=

OmnpbIT 1. 3aBHCHMOCTD CKOPOCTH XMMHUYECKOM PeaKINU
OT KOHLIEHTPALIMM PearupyrIIuX BellecTB

3aBUCUMOCTh ~ CKOPOCTM XMMHYECKOM pEakuuu OT KOHIEHTPALHUH
pearupyronmx BEUNIECTB H3YYUM Ha pEaKlIHMH B3aHMMOJEHCTBHUS THOCYJb(aTa
HATpUs C CEPHOU KUCIIOTOM:

Na,S,03 + H,SO, = Na,SO,4 + HyS,0;
O6pasyrorasics Tuocepnas kucnora H,S,03 HeycToiunBa U JIETKO pasiaraercs:
H,S,0;3— S| + H,O + SO,1
CyMMapHO mporiecc MO>KHO MPEJCTaBUTh TaK:
Na,S;03+ H,SO, < Na,SO4+S| + H,0 + SO,

O MpOXOXIEHUHM PEAKIMU MOXHO CYAHWTHh MO0 W3MEHEHHIO TPO3PAaYHOCTH
pacTBOopa. B pe3ynmpTaTe peakiuu BBIACISETCS CBOOOIHAS Cepa, YTO BBI3BIBACT
MIOMYTHEHHUE PacTBOPA.

JUtst WccnmeoBaHUsT BIMSHUS KOHIIGHTPAIMU OJIHOTO M3 PEarupyroriux
BCIIIECTB HAa CKOPOCTh JTAHHOW pEAKIMU CIIEIyeT MPOBECTH €€ HECKOJbKO pas,
BappUpys KOHIIEHTPAIMIO PacTBOpa OJHOTO HCXOIHOTO pearcHra (HampuMmep,
THOCYNb(aTa HATPUA), HO OCTaBISAS KOHIICHTPAIIMIO TOCTOSHHON BTOPOTO
peareHTa (HarpuMmep, CEPHON KUCIOTHI).

JUIsi  KaXaoro 3HAYeHHsI KOHIIGHTpAIMu THOCYyJdb(ara HaTpus Oyaem
3aMepATh BPEMsS OT MOMEHTA CJIMBAHUS PACTBOPOB (THOCYJIb(aTa HATPUS U CEPHOU
KHCJIOTBI) 70 Hayaja nmoMyTHeHus. [lo aTomMy mpomexyTKy BpemeHHU (7) Oyaem
CYyJIUTh 00 OTHOCHUTEILHON CKOPOCTH XUMHUUYECKOM PEaKIIMK: YeM MEHBIIIC BpEMEHHU
OyZeT 3aTpavyeHo Ha PEAKIIHUI0, TEM BBIIIE CKOPOCTh PEAKITUH.

IHopsinok BbINOIHEHHS PAadOTHI

1. B mare npoodupok numnetkoit (Ha 10 mur) Habepute mo 10 M pactBopa 2%-i
CEpPHOM KUCIIOTHI.

2. B nate apyrux npoOupok mnunerkamu (Ha S5 mi) Habepute pactBop 2%-To
THOCYJb(aTa HATPUA U BOJY B KOJUYECTBAX, YKa3aHHBIX B Tabnuile 9 (MUneTku He
nyTaThb!)

3. TlomapHO cnuBas MPUTOTOBJIEHHBIE PACTBOPHI THOCYNIb(aTa HATPUS U CEPHOU
KHUCJIOTBl B XMMUYECKUN CTaKaH, 3aMEpbTE€ MO CEKyHAOMEPY BpeMsi OT MOMEHTa
CIMBaHUSI PAaCTBOPOB JI0 Haudaja MOMyTHEHUs. Bpems 3amummte B Tabmuiry 9.
PactBop ¢ ocagkom BbUIEHTE, CTaKaH TIIATEIBHO BBIMOWTE, CIIOJOCHHUTE
JACTUJUIMPOBAHHOM BOJOM U ITPOBOJUTE B HEM CIEAYIOIIUMN OMBIT.
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5. PaccuuTaiiTe OTHOCHUTENBHBIE CKOPOCTH ITPOBEAECHHBIX ISTH pPEAKUUN 10
(dopMyiie, ykazaHHOW B MOCJIEAHEN KOJOHKE TaOJUIbl, U PE3yJIbTaThl 3aHECUTE B

Ta0IuILy.
6. PaccuuraiiTe oTHOCUTEIBHYIO KOHIIEHTpaIio Na,S,03 1o dpopmyse:
_a
M a+b+c,

20e a— 0bvem pacmeopa Na,S;03, M,
b— o6vem pacmeopa H,SOy4, M,
c— o0bvem H,O, ma.

OTH pe3ynbTaThl TOXKE 3aHECUTE B TAOIULLY.

Tabnuua 9. M3yueHne 3aBUCUMOCTH CKOPOCTH PEAKIIUU Pa3I0KEHUS
THOCYJb(aTa HATPHUS O IEHCTBUEM CEPHOM KUCIOTHI OT KOHIIEHTPAITUU

THOCYJb(haTa
O0Bem, Mt Bpewmst mo | OTHOCHTEBHAS
OrtHocuTeNbHAA Hayaja CKOPOCTH
OHJ\IfI_)Ta PactBop H,O | H,SO, KOHUEHTpPAIUS | IOMYTHEHHUS peaKunu
Na,S,03 Na,S,0; pacTBopa o= 1/1,
T,C ¢t
1 5 10 10
2 8 7 10
3 10 5 10
4 12 3 10
5 15 0 10

7. TloctpoiTe rpaguk 3aBUCUMOCTH OTHOCHUTEIBHOM CKOPOCTH PEAKUUU OT
OTHOCHUTEIHHOM KOHIEHTpauu NayS;03.

8. CnemnaiiTe BBIBOJ O BIMSHHH KOHIIEHTPALIMK Ha CKOPOCTH peakiuu. OTMEThTe
XapakKTep 3aBUCUMOCTH CKOPOCTH JTaHHOM pEeaKIMH OT KOHUEHTpaluu (mpsmas,
IpOXOJsIIas Yepe3 Hayalo KOoopAauHaT, mapabona). KakoB mopsaok nzydaemoi
peakuuu Mo JaHHOMy peareHTy? Cnemaiite OOOOIIEHHBIN BBIBOJ O TOM, Kak
MEHSIETCS CKOPOCTb PEaKUUMU C YBEIWYEHHEM KOHIEHTPAUUU PEarupyromux
BEIIECTB.

9. HanummTe KUHETHMYECKOE YpaBHEHHE CKOPOCTH peakuuu (WId ypaBHEHHUE
JNEUCTBYIOIIMX MAaccC) MPU YCIOBUH, YTO MOPANOK PEAKLUH I10 BEIIECTBY CEPHOMU
KHUCJIOTHI TaKOH K€, KaK 10 THOCYIb(daTy.
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OnbIT 2. 3aBUCUMOCTb CKOPOCTH XMMHUYECKOI peaKIuM 0T TeMIlepaTypbl
3aBUCUMOCTb ~ CKOPOCTM  XHMHUYECKOW pPEAKIUM OT  TEeMIepaTypsl
pearupyoIrx BEIIECTB U3YYUM Ha TOW Ke peaklUu:

Na,S,0;+ H,SO, = Na, SO, + Sl +H,0 + SOzT
B aroM cnydae KOHIICHTpalu THOCYJIb(haTa HATPUS U CEPHON KUCIIOTHI
OCTAIOTCS HEM3MCHHBIMH, a W3MCHSIOT TEMIIepaTypy, MPH KOTOPOH MPOBOJIST
OIIBIT.

IMopsaok BeINOJTHEHUS] padOThI

1. B nBe mpoOupku mnumnerkod Ha 5 miu Hajedte mo 15 mu 2%-ro pactBopa
THocynb(para HaTpusiNa,S,0s3.

2. IMunerkoit wa 10 mim B apyrue nBe mnpoOupku Hamedte mo 10 mu 2%-
ro pactBopa cepHoi kucaotsl HySOy.

3. e npobupku ¢ pactBopamu H,SO4 u Na,S,03 Harpeiite Ha BonsgHON OaHe, B
KOTOPOM TEMIIepaTrypa BOJbl OTJIMYAETCS OT KOMHATHOM Temmeparypbsl Ha 10°C
(uiroc 2—3°C Ha nporpeBaHue CTeKIIa MPOOUPOK U PACCEUBAHUE).

4. Harperple pacTBOpBI CIIEUTE B XUMHUYECKHMM CTaKaH, 3allUIIUTE BpPEMs OT
MOMEHTA CJIIMBAaHUSI PACTBOPOB A0 MOSBICHUS TIOMYTHEHHUS.

5. Ilpoxenaiite emie pa3 OMBIT C TEMH k€ O0OBEMaMU pPEArUPYIOIIMX BELIECTB,
UCIIOJIB3YA CIEAYIONME JBE MPOOUpPKU, HO Tpu TemnepaType Ha 20°C (turoc 2—
3°C) BblllIe MTEpBOHAYAIBHON. 3aMUIIIUTE BpEMs JI0 Hayaia MOMYTHEHHUS pacTBOpa.
BpeMs nosiBjieHUst MyTH IIPU KOMHATHOU TeMIEpaType B3sATh U3 TaOIUIlbl 9 (OIBIT
5).

6. BpiunciauTe OTHOCHUTENBHYIO CKOPOCTh  pPEAKIMU U TeMIIepaTypHBIM
kodhdummeHT ckopoctu peakuuu y (koapdunurent Bant-I'odpda), a pesynbrarTs
3a”ecute B Tabmuiry 10.

Tabnuma 10. N3yuenne 3aBUCUMOCTH CKOPOCTH PEAKITUU PA3IOKEHUS
THOCYJb(aTa HATPHUSL CEPHOU KHUCIOTOM OT TEMIIEPATPHI.

O0BeM, MIT
Bpewms no | OTHOCHTENBHAS

Ne Temneparypa Hayasia CKOPOCTh _ E

onpita | PacTBop H,SO, | OmbITa, °C | IOMyTHEHHS peakuuu Vi,
Na,S,03 T, C v=1/1

1 15 10 | KowmmH.

2 15 10 | Komu.+10°C

3 15 10 | Komu.+20°C

7. Ha ocHoBanum MOJIYYCHHBIX TAHHBIX cnenaﬁTe BBIBO/I O BJIMSIHUH TCMIICPATYPhI
Ha CKOPOCTb PCAKIHH.
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OnbiT 3. 3aBUCHMOCTH CKOPOCTH XMMHUYECKOH peaKkMu 0T KaTaJIu3aTopa

[Ipu B3auMojelicTBUS pojlaHKuaa Kaiausl U xyopuaa sxenesa (II1) odbpasyercs
ponanuy xene3a (I11) kpacHoro 1Bera:

FeCl; + 3KCNS = Fe(SCN); + 3KCl

[lpu pobGaenenmu k pomanuay keme3a (lll) Twocynedara HaTpus
POMCXOTUT MCYE3HOBEHHE KPACHOW OKPACKH BCIEACTBUE MPOTEKAHUS PEAKIIMU
BOCCTAHOBJICHHS HOHOB KeJie3a:

2N2,S,03 + 2Fe(SCN); = 2Fe(SCN), + 2NaSCN + Na,S,0¢

v 2+
KaTaJ'II/ISaTOpOM I JTaHHOW PCAKIUU ABJIAIOTCA MOHBI Cu”.

IMopsaok BeINOJTHEHUS] padOThI

1. K 20 M Boasl B HEOOJIBIIIOM CTaKaHe MPUOaBhTE MO 1—2 Karjiyd HaCHIIEHHBIX
pactBopoB FeClzu KSCN. (Ecnm pactBop mogydusii O4YE€Hb HACHIIICHHOU
OKpacKH, T. €. HENpO3pauHbli, €ro HeoO0XoAMMO pa30aBUTh BOJOW 10 OJEAHO-
KpPacHOTO I[BETA).

2. IlomydeHHBIH pacTBOp pasiieiTe B 2 MpOOUPKH 1Mo 7,5 MIL.

3. B nBe apyrue mpoOupku HajeiTe mo 5 Mia pacTBopa THOCyiIb(aTra HaTpus; B
OJIHY M3 HUX J100aBbTE 2 KaIUIM pacTBOpa cyib(para MeIu.

4. B nepByro mpoOUpKY € pacTBOPOM POJIaHK[A XKeje3a ObICTPO BJIEUTE pacTBOP
THOCYJb(paTa HATpUsA, OJHOBPEMEHHO BKIIOYas cekyHaomep. OTMeTbTe Bpems,
yepe3 KOTOPOE UCUE3HET KpacHasi OKpacka.

5. Bo BTOpYyI0 npobHpKy ¢ pacTBOPOM poJlaHuAA KeJie3a ObICTPO BICHTE pacTBOP
TUOCYNb(aTa HAaTpUs C Cyab(}aToM MeIu, OJHOBPEMEHHO BKIIOYas CEKyHJIOMEP.
OTtMmeThTe BpeMs, 4epe3 KOTOPOE NCUE3HET KpacHas OKpacka.

6. [IpousBenure pacuyeT OTHOCUTEIBHOW CKOPOCTH peakiuu. Pe3ynbrarhbl
3anuiuTe B Tabmuiy 11.

Tabmuua 11. U3yyeHue BAUSHUS HOHOB Cu* Ha CKOpPOCTb peaKiuu
BOCCTaHOBJIEeHMs poaoHua xenesa (I1I) tnocynbdarom HaTpus.

OOBeMBI paCTBOPOB, MIT Bpewms OtHOCUTENbHAS
Karamuszarop

No MPOTEKAHUS CKOPOCTH

onbita | FE(CNS)s, CuSQy, PEeaKIMH T peaKIyu
Na,S;03, mn Kareiab ’ —
M C v=1/1
1 7,5 S) -
2 7,5 S) 2

. 2
7. Crenaiite BBIBOZ O BIUSAHUHE HOHOB Cu”’ Ha CKOPOCTh MPOTEKAHUS PEAKIINH.
8. Hunmmure KMHETHYECKOE YpaBHEHUE PEAKITUH.
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OnpIT 4. Bausinue KOHIHCHTPAIUMHA HA CMEIICHHEC XUMHUICCKOI0 paBHOBECHUA

BrusHue KOHIIEHTpallUd Ha CMEILIEHHWE XMMHUYECKOTO PABHOBECHUS yIOOHO
U3YYUTh Ha peakuuu oopa3zoBanus poaanua xxemnesa (III) mo nsmeneHuio okpacku
PEaKIMOHHON CMECH NpPHU YBEITUYEHUH KOHIIEHTPALIMH OJHOTO M3 PEearupyrouux
BEIIECTB:

FeCl; + 3KSCN = Fe(SCN); + 3KCl
Ponanup xeneza Fe(SCN)3; MHTEHCUBHO OKpalleH B TEMHO-KPAaCHBIN IIBET,
FeCl; — B xentoiit, KSCN u KCI — GecriBeTHble, U IpH M3MCHCHHH KOHIICHTPALIMH
Fe(CNS); okpacka pacTBopa MEHSIETCS, UTO YKa3bIBACT HA HAIIPABICHUE CMEIIICHUS
paBHOBECHS.

IMopsaok BeINOJTHEHUS] padOThI

1. K 20 ma Boasl B HEOOJBIIIOM CTakaHe MpHOaBbTE MO 1—2 KaIjiyd HACHIIEHHBIX
pactBopoB FeCl; u KSCN. Ecnu pacTBop nosryunin O4eHb HACBHIIEHHON OKPACKH,
T. €. HENpO3payHblii, ero HeoOXoAUMO pa30aBUTh BOAOW 10 OJETHO-KPACHOIO
LBETA.

2. IlomyueHHBIH pacTBOp pasneiTe B 4 IpOOHPKH.

3. B mepByto mpobupky m06aBbTe HeCKOIbKO Kamenb pactBopa FeCls, Bo BTopyro
— Heckobko kanenb pactBopa KSCN, B tpetbto — KCI, geTBepryro octaBbTe JIst
cpaBHEHHUs. Pe3ynbTarhl 3anuimuTe B Tadauiy 12.

Ta6numa 12. 3yuenne BIUSHUS U3MEHEHUS KOHIICHTPAIIUNA NCXOAHBIX U
KOHEYHBIX BEILIECTB HA MOJIOKEHUE PABHOBECUS

Ne JloGaBrieHHbIN N3menenue Hanpasnenue
onbITa pacTBop MHTEHCUBHOCTHU CMEILEHUS pAaBHOBECHUS
OKpackH (yCUJICHHE, (B11€BO, BIIPABO)
ocliabJIeHHe)
1 FeCl;
2 KSCN
3 KCl
4 KOHTPOJb

4. OObsacHuTe HaOMIOAaeMble sBIIeHUS ¢ Tomolneto mnpuHiuna Jle-lllarense.
Hanummte BbIpakeHUe [Jii KOHCTaHThI paBHOBecus. Cremaiite 000O0IIEHHBIN
BBIBOJ] O BIIUSIHMHM W3MCHEHUS KOHIICHTPAIIMA UCXOIHBIX U KOHCUHBIX BEIIESCTB Ha
TIOJIOKCHUE PAaBHOBECHS.

OmnbIT 5. Biansinue TeMnepaTypbl Ha CMellleHUe XMMUYECKOTr0 PaBHOBECHS

Biusinue temnepaTyphl Ha MOJIOKEHHE XUMUYECKOTO pPaBHOBECHS M3y4aeTCs
Ha peaklMi B3aWUMOJICUCTBUA HOJa C KpaXMallOM IO CUCTEME '"TOCTh-XO35IUH'", C
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oOpa3oBaHWEM OKpANIEHHOTO B CHHHUW [BET CII0)XHOTO  KOMIUIEKCHOTO
COEJIMHEHUS:

<G> — @@

L Bod - “zocmu.”

IopsiioK BbINOJIHEHUS PadOThI

1. B aBe npoOupku HajlelTe O 5 MJI pacTBopa Kpaxmaja U J100aBbTE MO KaIljisM
pacTBOp MOAA 10 MOSABJICHUS CHHEW OKPACKH.

2. Ogny u3 mpoOUPOK OCTaBbTE JI CPAaBHEHHUs, JAPYryro Harpeite. OTMEThTe
U3MEHEHUE OKPACKHU.

3. Oxunagurte npoOupky BoAoH (o kpaHoMm). CpaBHUTE IIBET B 00EUX IPOOUPKAX.
4. OObsacHuTe HabOionaeMble siBIeHUs ¢ mnomolnplo npuHiuna Jle-lllarensbe.
VYKaXuTe HaIpaBJICHUE CMEUICHUS PAaBHOBECUSA B 3aBUCHUMOCTH OT ITOBBILICHUS
WIM TIOHW)KEHUs TeMmieparypbl. Crenaiite 00OOIIEHHBIM BBIBOA O BIUSHUU
TEMIIEPATYPhI Ha NIOJIOKEHUE PABHOBECHSI.

Bonpocs! 1s1 3a10MThI padoThI

1. Yro moHMMaeTcs MOJ CKOPOCTbIO XUMHUYECKOW peakuuu? Jlaiite mnousaTue
CpEIHEN M MCTUHHOW CKOPOCTH peakunu. Kakyro CKOpOCTh peakuuu Onpeaeisan
Brl B onibiTax 1-3?

2. OT Kakux OCHOBHBIX (DaKTOPOB 3aBHUCUT BEJIMYMHA CKOPOCTH PEaKIUu?
OxapakTepu3yiTe U3MEHEHUE CKOPOCTH PEAKIMU B 3aBUCUMOCTH OT U3MEHEHUS
TUX (PaKTOPOB.

3. UTto Takoe KMHETHYECKOE YpaBHEHUE PEAKITUHN?

4. Yto Ttakoe TemriepaTypHsbIii koddunuent Bant-I'obhda? B uem ero cmpica?

5. Uro moHMMaeTcs TMOJ OOpaTUMOCThI0 XHWMHUYECKHX peakiui? B  dem
3aKJII0YAETCS JUMHAMUAYECKUN XapaKkTep XMMUYECKOTr0 paBHOBECHS?

6. Kak MOXHO TIPOTHO3UPOBATH HAMPABJICHHE CMEIICHUS XHUMHYECKOTO
paBHOBeCHsSI TIPU M3MEHEHUHU YCJIOBUM TIPOBEICHUS pPEaKIUu (TeMIepaTyphl,
JABJIEHUs1, KOHIEHTpAIMil BEIIECTB)?



JIABOPATOPHA PABOTA Ne9

KOJIJ'IOI/IIIHBIB PACTBOPLI: METOALI IOJYICHHA U OYHUCTKA

Teoperuueckas yacThb
Cucrema, cocrosias U3 pa3apoOJIEHHOTO BEILIECTBA (OucnepcHas @asa),
B3BCILICHHOTO B OKpPY’KaIOIIEH €ro cpene (ducnepcuorHas cpeoa), Ha3bIBAETCA
oucnepcHou cucmemoul. J{ucriepcHble CUCTEMBI, Y KOTOPBIX YaCTHLIBI JUCIEPCHON
(hasbl nmeroT pasmep mopsyaka 10°— 107 M OTHOCSTCS K KOJTOMIHBIM CHCTEMAM.
[IpoMexxyTOUHOE TIOJIOKEHHUE MEXAY HWCTHUHHBIMH  PacTBOpAMH |
rpyOOIUCIIEPCHBIMU CUCTEMaMU 3aHUMAIOT KOJUIOMIHO-TUCIIEPCHBIE CHCTEMBI
307u (IUCTIEpCHAsl cpella — KUJKOCTh, a JucnepcHas (a3za — TBEPAOE BEIIECTRBO).
CTpyKTypHOU equHUIEH 3075 SABISICTCS Muyesia — 4aCTUIla TBEPAOro BEUIECTBa,
JTUCTIEPTUPOBAHHOTO B 00BEME AUCHEPCHOM cpeabl, coctosmas u3 saapa (1),
aacopOnronHoro cios (4) u muddysunonHoro cios (5). AACOpOIMOHHBINA CIION
MIPE/ICTABIICH PACTBOPUMBIM B BOJIE AJIEKTPOJIUTOM — CTAOMIIM3aTOPOM M COCTOUT
u3 noteHuanonpeaensonmx nonos (IION) u nporusononos (ITPON):

Puc. 1. CxemaTuuHOE CTPOCHUE MUIIEIIBI
1- sa0dpo, 2- aocopbyuomnwvili crou, cocmoswul U3
nomenyuanonpeoensirowux uonos (IIOH) u npomueouonos
(IIPOH), 3- epamnyna, 4- oughghyzuonnviii cioii UoHoO8, I-
Muyenna

[Torenuuanonpenenstomue, wikn noreHuanoopasywmme ([IOM) wuons
pacTBOPMMOIO B BOJIE DJIGKTPOJUTa — CTAaOWJIM3AaTOpa HEMOCPEICTBEHHO
n30UpaTeNbHO aICcOpPOUPYIOTCS  siApOM  coryiacHO npaesuny Illanema-Dasnca:
aocopbupyemcsi mom UoH, KOMOPbI MOHCem O00CMpausamy KpUCmAaiiuieckyio
pewemky s0pa (éxooum 6 Hee uau uzomopghen eit). Benmen 3a IIOU wumyt
npotuBoroHbl (ITPON) Toro ke aieKTposiuTa, MPUYEM, OHHU TOJBKO YACTUYHO
KOMIIEHCUPYIOT BO3HUKIIHWIM Ha MOBEPXHOCTHU siApa 3apsl, Tak kak yacte [IPOU
OyZIeT cMbIBaThCS BOJOW M CYIIECTBOBATh B Tak Ha3piBaeMoM JuU(dy3HOM,
pasMmbITOM cioe. B pesynbrare Ha rpanuiie pasnena rpanyna/muddy3HbIi ciaon
BO3HUKAET JBOWHOM 3sektpuueckuit cioit ([ADC), xoTopblii Ha3bIBAIOT A3€Ta-
noteHuaioM ( & ), WM  DJIEKTPOKUHETUYECKUM  mnoTeHuuaioMm. OH
OOHApyXUBAae€TCS U M3MEpsETCSs TMpU JIIOOOM TIEpEeMEIEHUH TpaHyJbl U
nuddy3HOro ciosi OTHOCUTENBHO APYT Apyra. Beauuuna - moTeHIIMana HEBEIUKA
u cocrtaBmger 50 — 100 MB, HO OHa J0CTaTOYHA, 4YTOOBI MOACPKUBATH
OTPEICTICHHYIO TOJIIMHY AU(PY3HOTO CII0S U arperaTUBHYIO YCTOWYUBOCTD 30JI.
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[Tomy4aroT 30111 IBYMsI METOJJaMHU:
1. ®usznyeckod WIM XUMHUYECKOW KOHAeHcaluen (00beIuHEHHEM) aTOMOB WIIU
MOJICKYJI B arperarhbl.
2. lucneprupoBanueM (JIpoOJCHUEM) KPYIHBIX YacTHI[ BEIIECTBA 10 YACTHII
KOJUIOUTHOM CTETICHH JUCTICPCHOCTH.

Konaencanueil, MpUMEHUTETHHO K TOTYYCHHIO KOJUIOMIHBIX PacTBOPOB,
HA3bIBACTCS  BO3HUKHOBEHHE B  TIEPCHACHIIIEHHOM  pacTBOpE  IIEHTPOB
KPUCTAJUTM3AIIMU U POCT UX C 0Opa3oBaHWEM MEIbYAMIINUX YACTHI] JUCIICPCHOMN
¢ha3pl — MUIICILIT.

OCHOBHBIMH  YCJIOBHSIMH  OOpa30BaHWsA  30J€l TNPH  XUMHYECKOU
KOHJICHCAITUH SIBIISTFOTCSI:

v/ MaJjible KOHIIEHTPAIUU PacTBOPOB,
v' U30BITOK OJJHOTO M3 PEareHTOB, BHICTYIIAIOIIETO B POJIH CTAOMIM3aTOPA.

HauGomee IIOIIYAPHBIMU pPCAKIMAMHU, JICKAIIMMHU B OCHOBC MCTOIAOB
XUMHYECKOM KOHACHCAIIUU ABJIAIOTCA PCAKIHNH I[BOﬁHOI‘O oOMeHa H PCaKkInuu
Iruapojinia. Hauboee IIOIIYJIIPHBIM MCTOAOM (1)H3I/I‘I€CKOﬁ KOHACHCALINU SABJIACTCS
MCTOA 3aMCHBI PACTBOPUTCIIA.

JlucrieprupoBaHue K€ KPYIHBIX YaCTHUIl 40 pa3Mepa KOJUIOUIHBIX IPOBOIAT
B IIAPOBBIX M KOJUIOMJHBIX MEJIBHULAX, BOJBTOBOM Jyre, YIbTPa3BYKOM,
nenTU3anuel (pa3pyeHne phIXJIbIX CBEKEIPUTOTOBICHHBIX OCA/IKOB ¢ TOMOUIBIO,
HaIpuMep, MENTU3aTOPOB — KUCIOT, IIEJIOUEH, CONEeN — WM IPYTUM ITyTEM).

JUIsL OYHMCTKM TIOJyYEHHBIX 30JIed OT TpyOOJUCIEPCHBIX MpHUMECEH
IPUMEHSIOT O0BIYHOE (UIBTPOBAHHE, & OT IPUMECEd HOHOB — JIHAIU3 C
MCIIOJIb30BaHUEM TOJIYIPOHULIAEMBIX MEMOpaH.

Leab padoThI: MOTYYUTH KOJJIOMIHBIE PACTBOPHI PA3IMYHBIMHU CIIOCOOAMH U
MPOBECTHU UX OYUCTKY.

PeakTusbl u 000pyaoBaHue:
[lItatuBsl ¢ IPOOUpPKAMU
[Tunetku Ha 1,5 1 10 M
Crakan nnu konndeckas xkojioa Ha 100, 200 mn
MepHble TUIUHAPHI
Boponka
DNEKTPOIUTUTKA C 3aKPBITON CIIUPATIBIO
CnuproBka
Crouuku
. Kpucrammsarop
10. PacTBOpESI:
= 10%, 2% pactBopsl FeCl;
= 5% pactBop NH3'H,O
= (0,13 pacTBOp 1mIaBEIEBON KUCIOTHI
= 2% cnupTOBOM pacTBOp KaHU(OIN
" HACBHILUIEHHBINA PACTBOP CEPHI B CIIUPTE

LCoNOOTRWDE
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= 0,012 pactBop AgNOs

"  pacTBOP KOJUIOAUS

= 0,013 pactBop Kl

» 0,1% pactBop rckcarmanodeppara (1) xamus Ky[Fe(CN)g]
11. bymaxkHsie GUIBTPHI, UHAUKATOPHAs Oymara
12. IuctuniupoBaHHas Bojia

LR =

IIpaKkTHYeCcKasi YacTh <«
Onwbit 1. Ilonyuenue 301 zuopokcuoa s»cenesa (I11) memooom nenmuzayuu.

[lenTr3annen  Ha3pIBACTCA  KOHACHCALMOHHBIA  METOJA  MOJYYCHUS
KOJUTOMJIHBIX PACTBOPOB, 3aKIIOYAIOLIUICSA B MEPEBOJIEC CBEKEMPUTOTOBIECHHOIO
PBIXJIOTO OCaJIKa, MOJYYEHHOTO B XOJI€ XMMHYECKOW pPEAKIMU, B KOJUIOWIHBIN
pactBop. IlenTH3anus MOKET MPOUCXOIHWTH B PE3YJbTATE MPOMBIBAHUSA OCAJKa
(ynanenwe wu30BITKA OJJCKTPOJIUTA — KOAryJsTOpa) WM TOA JICUCTBHEM
CIIEIIMAJIBHO BBOJIMMBIX BEIIECTB — nenmuzamopos. llentuzaropaMu MOTyT OBITH
MMOBEPXHOCTHO AKTUBHBIE BELIECTBA WJIM HU3KOMOJICKYJISIPHBIE JJIEKTPOJIUTHI.
[lentuzaTtop aacopOUpyeTcss YaCTUIAMU OCaJKa W, €CIM MEeNTU3aTop SBISETCS
HOHOM, TO 9TO MPUBOJUT K 00pa30BaHUIO TBOMHOTO AekTpruueckoro cios (JI2C),
a TaKkXKe COJbBATHOM OOOJOYKM Ha HMX IMOBEPXHOCTH — TIJIABHBIX (haKTOPOB
arperaTuBHOM yCTOMYUBOCTH.

Ilopsodok evinonnenus pabomol

1. B cTakaH uiM KOHHMYECKYIO KOJIOY OTMEPHUTh 25 MJI JUCTUILUIUPOBAHHOMN BO/IBI
u 0,5 mi 10% pactBopa FeClj,

2. K momyyeHHOMY pacTBOpPY AO0OaBISIOT MO KarisiM 5% pacTBOp aMMHUaka [0
T€X TOp, IOKa KOJMYECTBO OOpa3ylollerocs ocajka HE I[epecTaHeT
YBEITUYUBATHC.

3. JlaTh ocajky OcecTh U JE€KaHTUPOBATH €T0, TO €CTh OCTOPOXKHO CIUThH PacTBOP
HaJl OCaJKOM B KpPHUCTAJUIM3aTOp, CIEAs, 3a TeM, YTOObI OCAJOK OCTaBajCs Ha
CTaKaHe.

4. JoGaBuTh K ocaiaky, npuOau3utenabHo 30 M AUCTWIIIMPOBAHHOW BOJBI,
B300JTaTh, 1aTh OTCTOSATHCS W CHOBA JEKaHTUPOBaThb. [IOBTOpHUTH JOEKaHTALMIO
elé aBa pasa.

5. K orMmbIiTOMYy Ocanky g00aBUTh 25 MJI AUCTUIUIMPOBAHHOM BOJIbI, B30OJITATh U,
HE JaBas OCaJKy OCECTh, IMEPEHECTH NHUIETKOM mo 2 M 00pa3oBaBIIMIICS
cycren3uu B 5 unucThiX (!) mpoOupox.

6. JloGaBnaTh B Kaxayl MNpoOMpPKY yKa3aHHble B Tabmuue 13 00bEMBI
TUCTUITMpOBaHHON Bomael u mentusatopa (10% pactBop FeCls). Duepruuno
nepeMeniaTh COAEPKUMOE BCEX IPOOUPOK U MOCTABUTH UX B IITATUB Ha OJIUH Yac.
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Tabmuua 13. [lomydyeHue 30151 TMAPOKCUIA KeETE3a METOAOM MENTHU3ALNH C
MCIIOJIb30BaHUEM MENTU3ATOPA.

Ne ipobupku 1 2 3 4 3)
O0BeEM CYCTICH3UH
Fe(OH)3; mn 2 2 2
OO0BEM BOJBI, MIL. 5 4.8 4.6 4.4 42
06bém 10% FeCls, Mn - 0,2 0,4 0,6 0,8
CreneHp NenTU3aluu

7. Tlo ucTedyeHnn 4aca CpaBHUTH 00BEM Ocagka B MPOOMPKAX C MENTHU3ATOPOM C
00BEMOM Ocajika B KOHTpoibHOU npobupke Ne 1 (6e3 menrtuzaropa). OTMETUTDH B
tabnuie 13 creneHs nentuzanuu (yCJIOBHO, C MOMOIIbIO KpecTHKOB). Craenathb
BBIBO/I TIO TOMY OKa3aTeNIo.

Onwit 2. IHonyuenue 301 zudpokcuoa »cenesa (111)

1. Hanuts B ipobupky 10 mMi1 BOABI M HArPETh HA CIIMPTOBKE JO KUIIEHUS.

2. B ropsuyto Bomy moOaButh To KamsiM 2 wmit 2% pactBopa FeCl; mpu
NOCTOSSHHOM  nepeMemuBanud. (OOpa3yeTcss 30db  KpacHO-Oyporo IBETa,
HAIIOMHUHAIOIINK KPEKO 3aBaPEHHBIN Yail.

3. 3anucaTh ypaBHEHHE PEAKIIMU U GOPMYITYy MULIEIUIBI 30J151.

4. OnpenenuTs 3apsa] rpaHyiIbl METOJOM KalWJUIIPHOTo aHaiu3a (cM. onbIT Ne 9)
U CJENaTh BBIBOJ O COOTBETCTBHM 3KCHEPHUMEHTAIbHO MOJYyYEHHOrO 3apsijia ¢
(bOpMYIBHBIM.

Onbit 3. Ilonyuenue 2uopo30.1a cepvl MenoooM 3aMeHbl PACMEOPUM e/IA

B asTOoM cnydae mepechIllieHME CHCTEMBI JTOCTHUTACTCS TPH CMEIIMBAHHUH
JI0OCTaTOYHO KOHIIEHTPHPOBAHHOTO PACTBOpPA KAKOTO-THOO BEIIECTBA C OOJBIINM
00BEMOM >KHJIKOCTH, SBIISFOIICHCS JIJI TOTO BEIIECTBA TUIOXHM PACTBOPUTEIICM.

HeoOxoaumbiM  yclioBHEM TakOTO MeETOAAa TOJIYYCHHS 30JI€i  SBIACTCS
MOJIHASE CMEIIMBAEMOCTh «ILIOXOT0» M «XOPOIIEr0» PAacTBOPUTENIECH MPHU JTaHHOMN
temriepatype. Crabmnm3aTopoM 3051 OOBIYHO SIBIISIETCA aJCOpPOHpYIONIuecs
MPUMECH WJIHA MPOAYKTHI THIPOJIN3A.

Tlopsaoox evinonnenus pabomol

OTtmeputh B OpoOMPKY S5 M AUCTUUIMPOBAHHOM BOABI U J100aBUTH
HECKOJIBKO KalleNb OT(HILTPOBAHHOTO HACHIIIEHHOrO PACTBOPA CEPhbl B CIHPTE.
Yepe3 1 — 2 MUHYTHI MOABISETCS IIyOOKOE CBEUEHHE pacTBOpa MpuU OOKOBOM
OCBEIICHHUH (OTATIECIICHIINS ) — TPU3HAK 00pa30BaHUs 307151 CEPHI.
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Onbit 4. Ilonyuenue 2uopo30.ia Kanugoau Memooom 3amMeHbl pAcmeopumes

K 5 mn Bogpl, HarpeToil no mnosiBieHHs mnapa, npuinutb 0,5 mu 2%
CIIUPTOBOTO PacTBOpa KaHU(MOIM (COCTaBHAas YacCTh CMOJIMCTHIX BEIIECTB XBOMHBIX
nepesbes). OTPUIBTPOBATH MOJTYYEHHBIA ONATECIUPYIOUTUNA 30J1b.

OnbIt 5. Ilonyuenue 3011 uoouoa cepeopa peaxkyueit oomena

Merox OCHOBaH Ha TOJYYEHUH TPYAHO PACTBOPUMBIX COCIUHCHHMA,
oOpa3yronux TUCIepCHY0 (pa3y, ¢ MOMOMIBI0 XUMHUYECKUX PEaKIUNA Pa3TMIHbBIX
TUOB  (0OMEHa, THUAPOIN3a, OKUCICHUS — BOCCTAHOBJICHHS M JIp.).
Ctabuinm3atopoM OOBIYHO CHYKHAT OJWH W3 HCXOTHBIX DJIEKTPOJHUTOB (TOT,
KOTOPBIN B3SIT B U30BITKE).

Tlopsook evinonnenus pabomol

1. B n1Be npoOupKu OTMEPUTH PACTBOP MOAMJA Kallusi: B IEPBYIO 2 MII, BO BTOPYIO
— 3 M.

2. MeanenHo, 1o xarisiM, 1o0aButh u3 Oropetku 0,013 pacTBop HUTparta cepedpa:
B IIEPBYIO MTPOOUPKY 3 MJI, BO BTOPYIO — 2 MIL

3. O0pazyercst 30ap wuoauaa cepeOpa. Ero wuHTEHCHBHas omnajiecUEHIIMS
CMEIIMBAETCS € KEITOW OKPACKON pacTBOPA U BBITJISIAUT KEITO — 3€JIEHOM.

4. 3anucate (opmyabl MHUIEUT B MEPBOM M BTOpoM mpodOupkax. OmnpenenuThb
3apsA] TpaHyjdbl METOJAOM KamWUIAPHOTro aHanu3a (cM. ombIT Ne 9) um cnenaTh
BBIBOJI O COOTBETCTBUHU IKCIEPUMEHTAIBHO MOJTYUYEHHOTO 3apsia ¢ pOPMYIbHBIM.

OnbiT 6. Ionyuenue cunezo 3011 yHcene3noil 1a3ypu peaKuyueil 0omena

1. OrmepuTts B npodbupky 10 mu 0,01% pactBopa rckcanmanodeppata (I1) kanus
(>K€NTOM KPOBSTHOM COJIM).
2. lo6aBute 1-2 xamm 2% pactBopa xmopuma xeineza (III). B pesynprate
peaKInu:

K,[Fe(CN),] + FeCl, = Fe,[Fe(CN)¢],| + 3KCl

[Tomy4aeTcst 301b ¢ TIIyOOKOM CHHEHN OKpaCKOM.

3. 3anucath (HOpMyITy MUIICILIIBI 30J151.

4. OnpeaenuTh 3apsa rpaHy/Ibl METOJOM KaluUIAPHOTro aHaimmu3a (cM. ombIT Ne 9)
U CcJenaTh BBIBOJ O COOTBETCTBUU SKCIEPUMEHTAIBHO MOJYYEHHOTO 3apsiga C
(bOpMYIBHBIM.

Onwvim 7. [lonyuenue 3e1éH020 3011 JHcene3Hoil 1a3ypu peakyueii 00Mena

1. Ormeputs B mpobupky 10 mi 2% pactropa FeCls.

2. Jlo6aButh 1 — 2 xarum 0,01% pactBopa rexcauuanodeppara (1) kanus (npu
HSHEPTrUYHOM BCTpsixuBaHuM). [TomyyaeTcs 30116 3€7€HOro 1BETA.

3. 3anucaTh ypaBHEHHE PEAKIIMU U (OPMYITYy MULIECIUTHI 30J151.

4. OnpeaenuTh 3apsaa rpaHy/Ibl METOJOM KalMUIAPHOTO aHajiu3a (cM. ombIT Ne 9)
U clieJaTh BBIBOJ O COOTBETCTBUM SKCIEPUMEHTAIBHO IMOJYYEHHOTO 3apsja C
(bOpMYIBHBIM.
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Onwit 8. Ionyuenue 3011 jHcene3ucmocunepooucmoii meou

1 K 10 mx 0,01% pactBopa K4[Fe(CN)g] mpwiute 2 — 3 xammm 1% pactBopa
CuSO,, [Tosy4uaeTcs 30716 KOPHYHEBO — KPACHOT'O [IBETA IO PEAKIIHH:

2CuS0O, + K4[Fe(CN)6] = CUZ[Fe(CN)(;]l + 2K,S0O,

2 3anucaTh (HOpMYITy MUIICIUIIBI 30J151 U OOpAaTUTh BHUMAHKUE Ha 3aps]l TPaHyJIbL.

3 Omnpenenuts 3apsii rpaHyIbl METOJAOM KaMMIIIIPHOTO aHanu3a (CM. ombIT Ne 9)
U CJeNaTh BBIBOJ O COOTBETCTBHHM JSKCIEPUMEHTAIBHO TOJYYEHHOTO 3apsia C
(GhOpMYIIBHBIM.

OnbiT 9. Onpedenenue 3naka 3apaoa 4acmuybl MemoOOM KaANUNIAPHO0
ananusa

Cywinocmys memooa. B ocHOBe MeToJla JIGKHUT SIBJICHUE adcopoyuu
KOJUIOMIHBIX YAaCTHI] HAa MOBEPXHOCTU TBEPIOTO ajicopOeHTa (B JaHHOM Ciydae —
bunbTpOBaILHON OyMaru, KOTopas COCTOMT, TJIaBHBIM 00pazoM, U3 IIEJUTIONIO3HI,
«IPOIIUTON» CYIh(AaTHBIMU TPyIIIAMU).

[Ipyu cmauuBaHUM BOJOW WM IIEJIOYHBIMH BOJHBIMH PacTBOPAMHU
bunbTpOBaIbHONM  OyMaru, CTEHKM KalWUIIPOB TIOCIETHEH  3apsKaroTCs
orpuriarensHo. [loaToMy, ecnum B BOAe HAXONATCS OTPULIATENBHO 3apsHKCHHBIC
KOJUTOMIHBIE YACTHIIBI, TO OHU OYIyT OTTAIKUBATHCS KAMWUISIPaMU MOBEPXHOCTU
Oymaru u OyIyT IBUraThCsi BMECTE C BOJIOM (OT IIEHTpa HAHECEHUs KaIljd K
nepudepun), o0pazysi paBHOMEPHO OKpAIIEHHOE MATHO. Ecin jke 4acTUIbl 30715
3apsOKEHBI  MOJOKUTEIBHO, TO OHW OYIyT TMPHUTATHUBATHECA KaMLIIpaMu
MOBEPXHOCTU OyMaru, U aacopOupyroTcs (OCeAaroT) Ha €€ MOBEPXHOCTH, 00pa3ys
OKpalIeHHOE B LIEHTPE U OECLBETHOE MO KPAsM IATHO.

Opnako B cuibHO Kkuciol cpene (pH<<7) moBepxHOCTh Oymarm MOKET
3apsKATHCA MOJOKUTETHFHO U B 9TOM CJIy4yae €€ Kamwuisipbl OyayT MPUTSATHUBATH,
HA00OpOT, OTPHUIATEIIBHO 3apsDKCHHBIC YaCTUIIBI 3071, a TOJIOKHUTEIBHO
3apsHKEHHBIE — OTTAJIKUBATh.

Taxum 00pa3oM, npunyun memooa KAnUIAPHO20 AHAAU3A, TTPOBOIUMBIN
Ha (QunpTpoBambHONW Oymare, MOXHO xopomko CGOPMYIHPOBAaTh Tak: &
3asucumocmu om pH nHanocumozo 30715 yennono3usvie CmenKy Kanuiiapos dymacu
0yoym 3apsaxcamvcs U aub60 ommankuseams om ceds uacmuyvl 3075, JUOO
npumseuseams. Imo nosedeHue Oyoem 3a8ucemv OmM 3apsaod Spamyivl 30758 U
3apsa0a nogepxHocmu oymaeu.

Tlopsaodox evinonnenus pabomel

1. Ha nucroxk OyMarm HaHECTH KAIUIIO HCCIEAyeMOTro 30l (IIPeaBapUTEIBLHO C
MOMOIIBIO HHAUKATOPHOM Oymaru omnpeaenute pH 305151, 3anUIKATE 9TO 3HAYCHUE).
2. [locne BcachiBaHUS KaIlJid OMPEICIUTh 3HAKU 3apSIOB y 30JIeH, TOJyUYCHHBIX B
OTBITax paHee.
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OnbiT 10. OuncTKa 301€i TUATN30M pacTBOpa

Cywjnocmy memooa: OYVIIAEMBIN KOJUIOMAHBIA PAcTBOpP, OTIEIEH OT
YUCTOrO PACTBOPUTENSL MOJIYIPOHUIIAEMONM MeMOpaHoM (KoJuoauid, nesmtoda,
NepraMenT, MOJIMCUIIOKCaH, TOJIUXJIOPBUHUI, MOJTUATHIICH). 3a cUeT ouggy3uu Bce
MOHBI U3 KOJIJIOUTHOTO PacTBOpa, CIOCOOHBIE MMPONTH Uuepe3 OTBEPCTUSI MEMOPAHBI,
OyIoyT MepexoJuTh B PACTBOPHUTENb, a Oojee KPYMHbIC KOJUIOWIHBIE YACTHUIIBI
ocTaHyTcsl B pacTBope. OCHOBHBIMU JOCTOMHCTBAMHM JAHHOTO METOAA SABJISETCS
€ro IMpoCcTOTa W KOMMEpUYECKas JOCTymHOCTh. (OJIHAKO CTOUT OTMETUTh U
CYUIECTBEHHBI HEJIOCTATOK TAKOrO Crocoba: BpeMs [uain3a MHOT/A JOCTUTAeT
HECKOJIbKUX CYTOK. CKOPOCTh MOKHO YBEJIMYHTH 3a CUET TEMIIEPATYPhI, HO OYEHb
HE3HAYUTEIBHO.

Jlnis yBenMUYeHUs: CKOPOCTH JAMANN3a HCIONB3YIOT duaniuzamop — Mpuoop,
0o0OpYyZIOBaHHBI  KaMEpOW C  JJEKTPOJAMH, CO3JAIONIMMHU  ITOCTOSHHOE
AIEKTpUYECKOE Tosie. B 3TOM cilyyae MNpoOAOIKUTENBHOCTh Mpoliecca OYUCTKU
KOJUIOMIHBIX PACTBOPOB 3HAYUTEIBHO COKPAILAETCS U MOYKET BapbUPOBATHCA OT
HECKOJIbKAX YacOB JI0 HECKOJBKMX MHHYT. DTOT METOJ IIUPOKO MPUMEHSETCA B
Oouoxumuu, hapMaluu, METUIIMHE, TTPU OYUCTKE BOJIBI M IPOU3BOJICTBE MPOAYKTOB
MATAHUS.

IHopaook evinonnenus padomal

1. Honyuwums noaynpouuyaemyro memopany u3 xoinoous — 3To 4% pacTBop
HUTPOKJIETYATKH (HUTPOLEILTION03bl) B cMecH ciupTa u adupa (1:3):

a) B YMCTO BBIMBITHI U BBICYIICHHBI XUMHUUYECKUN CTaKaH HAJUTh KOJUIOWIHBIN
pacTBOp W MEJICHHBIMH  BpalllaTeIbHBIMU  JIBDKCHUSIMH ~ PaBHOMEPHO
pacnpeenuThb €ro MO0 CTEHKAM;

0) B OIPOKMHYTOM TOJIO)KEHUH OCTaBUTh CTAaKaH JI0 MCUE3HOBEHUS 3amaxa 3dupa
(5 - 10 munyT);

B) OIIOJIOCHYTH OOpa3oOBaBIIYIOCS IJIEHKY NMCTHIUIMPOBAHHOM BOJOM HECKOJIBKO
pa3 i yiaJeHus CIUpTa;

') OCTOPOKHO OTJCJIUTH CIOW KOJUIOJUSI OT CTEHOK CTaKaHa, HaJUBas BOJY MEXKY
CTEKJIOM U IJIEHKOM.

2. Ilposecmu ouanuz pacmeopa.

a) B TPUTOTOBJICHHBIM KOJUIOMJHBI MEIIOYEK HaJUTh PacTBOp Kpaxmaa,
conepkamuii Na,SOy;

6) MeIIoueK 3aBs3aTh, OJBECUTh Ha CTEKIISIHHOM MAJIOYKEe U OMyCTUTh B CTAKaH C
JTACTUUIMPOBAHHOM BOAOMN Ha 15-20 MUHYyT;

B) B IEpPBOM NpPOOUpPKE, B3SITOW W3 OMBIBAIOIIECH BOJbI, MOATBEPAUTHh HAIUUUE
Cyb(haT-uOHOB S0,% ¢ momompro BaCly;

r) BO BTOpPOHl MpoOHpKE C MOMONIBIO pacTBOpa Moja yOeAUTbCS B OTCYTCTBHHU
Kpaxmarna.
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Bomnpocsl k 3ammTe padoTbl

1. Yto Takoe KOJJIOMJHBIE PACTBOPBI, UX OTIWYUE OT MCTUHHBIX PACTBOPOB U
pactBopoB BMC.

2. [lepeyncinuTh OCHOBHBIE METOJbI MOJIYYCHHS KOJUIOMAHBIX CUCTEM. PacKpbITh
UX CYTb.

3. Uro Takoe 301567

4. Yto SBIAETCS CTPYKTYPHOU €TUHUIICH 301517

5. IIpuHIUIT TOCTPOCHUS MUEIUIBI 30JI4.

6. Hammucate dopmynsl MHIEIT MPUTOTOBICHHBIX Bamu 307eit (B ombiTax 1-+2,
4--8): rugpokcuma kenesa (lll), wommma cepebpa ¢ MOJOKUTEILHO U
OTPUIIATEIBHO 3apPSXKEHHBIMU TpaHyJlaMU, CUHEH M 3€JIEHOM Kele3HOH JaszypH,
KEJIEe3UCTO-CUHEPOAUCTON ME/TH.

7. IlpyHiun MeToJla OmpeesieHuss 3apsja TpaHyJbl METOJO0M KalmuJUISIPHOTO
aHaIH3a.

8. Kak 3apsokeHa TmMOBEpXHOCTh OyMaxxHOro (GUIbTpAa W3 LEJUIIONIO3bI  TPH
CMauyMBaHUU €€ HEUTPaJIbHBIMU PACTBOpaMU? CJ1a00 MICIOYHBIMU? KUCTBIMU?

9.B uém 3akmodaeTcs CYIIHOCTh TAaKUX METOJOB OYHUCTKH KOJUTOMTHBIX
pPacTBOPOB Kak AUAIN3, YIbTpaQUIbTpalus, reabPuibTpauns?

JIABOPATOPHAS PABOTA NelO

OnpenesieHue NOPOroB KOAryJAsIIIAM 30J1€ii MO JeliCTBHEM JIEKTPOJIUTOB

Teopernueckasi 4acTb

Yemoniuueocms oucnepcnoii cucmemst xapaxTepusyercsi HEU3MEHHOCTBIO
BO BPEMEHH €€ OCHOBHBIX MapaMeTpPOB: CTENEHU AUCIEPCHOCTU U PABHOBECHOTO
pacripefiesieHuss aucnepcHol da3el B cpene. byayun  TepMOAMHAMHYECKU
HEYCTOWYMBBIMU  H3-32  M30BITKA CBOOOJHOM  TMOBEPXHOCTHOM  BHEPruu
KOJUJIOM/IHBIE CHUCTEMBI CTPEMSTCS YMEHBIIWTH 3amac 3Tod sHepruu. l[lotomy B
30JI1X Pa3BUBACTCS CAMONPOU3BOJbHLIL TIPOLECC YKPYMHEHUS 4YacCTUIl, YTO
NPUBOJUT K TIOTEPE AarperaTMBHOM YCTOWYHMBOCTH. OITOT MPOLECC MOXKET
3aBEpPIINTHCS CEIMMEHTAlMEH, T.€. ocedaHueMm YKPYMHEHHBIX YaCTHUI[ TIOJ
JIEUCTBUEM CUJTBI TSHKECTU, U PACCIIOEHUEM CUCTEMBI Ha JIBE (pa3bl.

Ilpoyecc crunanus KOAMOUOHBIX wacmuy ¢ oOpazoearuem 0Oojee KPYNHbIX
(nomeps  azpe2amuHOl YCMOUYUBOCMU) C NOCAeOyowel ceoumenmayuel
(nomepsi KUHeMuyecKoll yCmoudueoCcmu) Hazvléaemcs Koazyaayueil.

Koarymsauuu 3o07eii  MOTYT  CHOCOOCTBOBAaTh  pasziuyHbie  (HAKTOPHI
(BCIIOMHHTE KakKue), OJHAKO HaubOojiee BaXKHBIM W3 HUX — 3TO JICHCTBHUC
AIIEKTPOJIUTOB.
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Koarynsuuio BbI3BIBAIOT T€ W3 HOHOB MPUOABISAEMOr0 3JEKTPOJIUTA, Y
KOTOPBIX 3HAK 3apsia IMPOTUBOIOJIONKEH 3apsiiy rpaHyibl. B cooTrBeTcTBHM €
npaBwioM llynene — [Mapan, mopor KoaryJsiiii pe3KO CHUKAETCA C YBEIUYCHUEM
3apsiia HOHA — KOAryJsiTopa.

Ipasuno [lynvye-I'apou:

Koazynayuio evizbigarom uonsl ¢ 3apsaoom, NpoOmMu8ONONI0NCHbIM 3apso0y ePaHybl, U
KOA2yIupyowas cnocooHoCms UOHA meM 8blule, YeM 00.bule e20 3apsio.

C1abuiabHOCTH 307151 MOXKHO NOBBICHTh TyTEM BBeneHUs pacTtBopoB BMC. B
3TOM CJIy4ae TOBOPAT O «KOJUIOWIHOW 3amure». lIOBBIIEHME YCTOMYMBOCTH
CBs3aHO C azcopOmmeit Makpomosniekyl BMC Ha KOJUIOMIHBIX 4YacTUIAX |
BO3HMKHOBEHUEM Ha UX IMOBEPXHOCTU aJICOPOLIMOHHBIX CIIOEB.

Ilopoz xoacynayuu — >TO MUHUMAaJbHAs SKBUBAJICHTHAs KOHLIEHTpaLUs
KOAaryJupyIOIIEro 3J€KTPOJIUTA B 30JI€, KOTOPAsk BHI3BIBAET BUIUMYIO KOATYJIALIMIO.
Otcrona, hopmyra ajst pacdera rnopora KoaryJjsiuu ():

1
n(; onekrpomura)  C, 'V (9seKkTponnTa)

y = MOJIB/JI

®y; (3071 +3TEKTpOIHTA) Vo+V ’

I71€ ® - CyMMapHbId 00BEM 3075 U 3JEKTPOJUTa, V; - UCXOAHBIA 00BEM
301, V — MUHUMAaJbHBIH OOBEM 3JIEKTPOJIUTA, HEOOXOMUMBIM [Js Hayaja
KOaryJisilyu.

Koazynupyrwwaa cnocoonocms (P) — 3T0 BenuuuHa, oOpaTHasl MOPOTY
1
Koaryysinuu: P = ;(JI/MOJIB)

CornocraBiss KOaryJmpyromyro CIIOCOOHOCTh ABYX QJICKTPOJIUTOB,
HUMCIOIINX 06H.IPII>1 HOH, MOXHO Y3HAaTb KaKkoil HOH BBI3BIBACT KoaryJsinmuro, a

CJIEOBATENBHO, W 3apsAx TrpaHysbl yactuubsl 30ii1. Hanpumep, Pygo = ﬁ,
1

Peuct, = 5o56 - Eciu Obl KoarynupyrommMm noHoMm Obl1 annoH Cl~, To moporm
KOAaryJisiliiyd U KOaryJIUpyromiasi CrioCOOHOCTh ObLITN OBbI MPUMEPHO OJMHAKOBHI. [10
YCIIOBHIO 3aJa4l, OHHU CUJIBHO OTIM4YaroTCs. CleaoBaTeslbHO, KOAryJIMpYyOLUM
MOHOM OB KATUOH, YUMo YKA3bleaem HA ompuyamenvhuli 3apso epanyivl. Kpome
TOTO, PE3YJIbTATHI MMOKa3aJIM, YTO MOH MeAW o0JaaaeT OOJbIIel Koaryiaupyromen
CIIOCOOHOCTBIO, YEM MOHBI HATpUs (0OBACHUTE ATOT (PakKT).

Konnouonasn 3awiuma.

Kak yxe ObulO0 cka3aHO Bblmle, Opu Jo0aBieHud K 3o0ismM BMC,
YCTOMYMBOCTh K JCHCTBUIO DJJIEKTPOJMTOB Y MOCIEAHUX  3HAYUTEIBHO
noBbIIIaeTcA. Takoe sIBIeHNE MOJIYYHIJIO HA3BaHUE KOLIOUOHOU 3aUjUmbl.

3alUIIeHHBIN 30J1b MOAJAETCS KOHLIEHTPUPOBAHUIO U JIAXKE€ BbIMAPUBAHUIO
JI0CyXa ¥ CTAHOBUTCS TEPMOJAMHAMUYECKU 00JIee YCTONIUBBIM.

Mepoii 3anutHoro aeictBus BMC sBisieTcsl Tak Ha3bIBAEMOE «30/10MOe€
yyucno» — MAHUMAaJbHasg Macca (MI) CyXOro BBICOKOMOJIEKYJISIPHOTO COCIMHEHUS,
KOTOpPYIO HE00XoauMo A00aButh K 10 Mi1 cranmapTHOTO (KpacHOTO) 30JIs1 30J10Ta
JUTSL TOTO, YTOOBI TIPEIOTBPATUTH €r0 KOAryJsIuio (MIOCHHEHWE) TPU BBEJACHUH B
cucrtemy 1M 10% pactBopa xjopujia Kaiaus (3TO MOJYyHACKIIIEHHBIN pacTBOP).
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bonee mpocroe B ONpENeNeHUU «Jicesle3HOe YUCIO0», XAPAKTEPU3YIOT Kak
MUHUMabHOE unciao MuumrpaMmoB BMC, crmocoOHoro 3amututh 10 Mt 3075
rugpokcuaa xeneza (1) or xoarymupyromero aericteus 1w 0,005M pactBopa
cyibdaTa HaTpusl.

B ¢apmarnieBTHYecKoil TPOMBINIUICHHOCTH 3alMTHBIE CBOWCTBA BEIIECTB
IIMPOKO HCIOJB3YIOTCSA JIs TOMy4YeHUs KOHIICHTPHUPOBAHHBIX 301l cepedpa,
PTYTH, 307I0Ta (HapUMeEp, JIGKAPCTBEHHBINA Tpenapar KOJUIaprojl — KOJUIOHIHBIHI
pacTBOp OKCHIA cepedpa, 3amuIéH BBICOKOMOJICKYIIPHBIMU COSIUHEHUsIMHU). B
kauectBe BMC moryT BeIcTynaTh O€IKH, YIJIEBOIBI, JKEJIaTHH (CMECh OCIKOBBIX
BCIIECTB, TMOJydaeMas BBIIAPWUBAHUEM KOCTEH, XpAMIEH U JOPYroro ChIphbs
YKUBOTHOTO TIPOUCXOXKICHUS) U T.I.

o,

IIpakTHyeckasi 4acTh « =

OnwiTt 1. Onpeoenenue nopoza xoazyrauuu 301n Fe(OH); (nepswiii
cnocoo)

1. B 12 npoOupok HaJUTh 1Mo 5 Mt 3011 ruapokcuaa xenesa (11).

2. JlobGaBuTh mOCIIEIOBATEIBHO B KaxIbie 4 npooupku 3aekTpoautsl: 2M KCI (B
nepByro yerBepky npooupok); 0,005M K,SO, (Bo BTOpyIO 4eTBEpKY MPOOHPOK),
0,001M K3[Fe(CN)¢] (B TpeThto YeTBEpKY MPOOUPOK) U TUCTUILTUPOBAHHYIO BOIY
B KOJIMYECTBaX yKa3aHHbIX B Tabnuie 14.

Ta6nuna 14. Co3ganue pa3HOM KOHIIEHTPAIMU KaXX0T0 3JIEKTPOJIUTA
B KaXXJ0M U3 TPEX YETBEPOK MPOOUPOK

Ne npoGupku 1 2 3 4
JuctuinnupoBaHHast 45 4 3 1
BOJIA, MJI

PactBop 0,5 1 2 4
DJIEKTPOJIUTA, MJI

3. Coxepxumoe MpoOUPOK XOPOIIO BCTPIXHYTh U OCTABUTH Ha Yac.

4. OnpeaenuThb, B KAKUX MPOOUPKAX MPOHU30IILIA Koarysius. Paccuutars mopor
KOAryJISIIIUH.

5. Hamucarp hopMyny MuLessl 30515 ruapokcuaa sxenesa (11).

6. ComnocTaBuUTh OPOTH KOATYJISIIIUU AJICKTPOIUTOB U CAEIATh BBIBOJ O TPUPOJIC
MOHA-KoaryJasHTa (ero 3apsje) W 3aBHCHMOCTH MOPOTa KOAryJsiluu OT 3apsja
MOHOB-KOAryJISIHTOB.

OnsIT 2. Onpeoenenue nopoza xoazynauyuu 3005 Fe(OH)3 (smopoii cnoco6)

1. Ormeputs uneroit mo 10 mi 3o Fe(OH); B n1Be koHnYeckue konobl Ha 100
wit. OJlHa U3 HUX CITY)KUT KOHTPOJIEM.
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2. 3omp B Jpyrod Koibe THUTPYEM OCTOPOXKHO, HEOOJbIIMMHU mopuusMu 19
pactBopom KCI 1o nosiBnieHust eBa 3aMeTHOW MYTH, KOTOPYIO JIETKO YCTaHOBHUTD,
CpaBHUBAs C KOHTPOJIBHOM MPOOOii.

3. OmnbIT npojaenath Kak MUHUMYM 2-3 pa3a.

4. 3amucate oobeM KCI, momeammii Ha TUTpPOBAaHHME W PACCYUTATH TMOPOT
KOaryJisiluu.

5. AHaJIOrM4yHO MpOJENaTh OMBIT JUIsl AJIEKTpoIUTa 1D pacTBopa XpoMmara Kajius
K,CrO,.

6. CpaBHUTH MOPOTH KOATYISIIUU JBYX 3JeKTpoiuToB-KoarynssHtoB (KCl u
K,CrO4) m cnmenmaTh BBIBOJ, OT KakuxX (DAaKTOPOB 3aBUCUT KOATYIHPYIOIAs
CIIOCOOHOCTH DJIEKTPOJIUTA.

OnbiT 3. 3auummnoe deiicmeue pacmeopoe BMC

Tlopsook evinonnenus pabomol

1. B 2 npoOupku HAIUTH 1O S MJT 30151 OEPIIMHCKOM J1a3ypH.

2. B nepByto npobupky 100aBUTh 1 MJI TUCTUIUIMPOBAHHOMN BOJBI; BO BTOPYIO 1
MJT CBEKEIIPUTOTOBJICHHOTI'O PACTBOPA JKEIAaTHHA.

3. B o00e mpoOupku Hamuth mo 1 mur 0,02M AI(NOs)s, B300aTaTh M OCTAaBUTH
HEKOTOPOE BpeEMSI.

4. Tlo OTCYTCTBHIO KOAryjisiiud BO BTOPOW MPOOMpPKE YOEIUTHCS B 3alIUTHOM
JIEWCTBUY PACTBOPA JKEJIATHHA.

OmnbiT 4. OnpeaesieHne «KeJae3HOI0 YHUCIA»

1. Bzsats 7 npobupoxk. B nepByto npobupky HamuTh 2 mit 1% pacTBopa xenaTuHa.
B ocranbHble 6 mpoOMpPOK BHECTH MO | M AMCTWIIMPOBAHHOW BOABI U
MOCJIEA0BATEIBHO MEPEHECTH 10 1 M1 pacTBOpa U3 MEPBOU BO BTOPYIO, U3 BTOPOH
B TpeThto U T.J. M3 mocnennerr mpoOupku 1 ma BeiOpocuts. [lomyuutcs psin
pPacTBOPOB ¢ yOBIBAIOIIEH KOHIIEHTpaIel xenatuna (cM. Tabmuiry 15).

Tabmuma 15. M3ydeHue 3amuTHOTO TSHCTBUS KeJaTHHA
ot xoaryJsiuu 305151 Fe(OH); monynaceienasiM pactsopom KCI

Howmep npobupku
1 | 2 | 3 | 4 | 5 | 6 | 7
KoHuenTpanus xenatuHa HCXOHAsS (I[O NPHUIIMBAHUS 301 U Kanyﬂ}IHTa), %
1 | 05 | 025 | 04125 | 006 | 003 | 0015

Pe3ynbrar 3amuThl (3HAK «+» WA «—)»)

2. B kaxayo npooupky nobaButh mo 1 wmua 3oms Fe(OH); m 1 wmn
nosryHackimennoro pactsopa KCl u Habmonats B kakoil u3 mpoOUPOK MPOU30IILIa
KoaryJsinus, T.e. KoHreHTpanuss BMC B HUX HeJocTaTOYHA JIJIS 3aIUTHI.

3. PesynpraTel HaOmoaeHWit BHecTH B Ta0Onuily. [locTaBuUTh 3HAK «+». THAe
IIPOM30IIIA 3aIUTa U 3HAK «—», TJe HeT.

4. PaccuuTaTrh «KEJIEe3HOE YHCIIO» JJIA sKejaaTuHA. [ 3TOro HeoOX0auMO HAUTH
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cpeaHee apu(MeTHYECKOE [BYX 3HAYEHMH KOHIEHTpauuil kenatuHa Co, B
MOCJIEAHEN «3alllMIEHHOW TMPOOUPKE» U TMEepBOM, B KOTOPOW MPOHM3OIILIA
KOAryJISIIUSL.

5. 3areM, 3Haa Co, paccuuTaTh Maccy ’kelaTuHa (Mr), cofiepkamerocs B 1 Mi1 ero
pacTBopa, KOTOPBIM 3amuimaroT 1w 3ois ruapokcuna xkenesa (1) Fe(OH)s.
Jlnst aToro BeIBeAeM GOPMYIy IJis pacdeToB, MPUHUMAsI TUIOTHOCTH PAacTBOpa
xKenaTuHa 3a IMr/mul 1 o0beM pacTBOpa KejdaTUHa paBHBIM 1 MJI, MO YCIOBUIO
OMBITA:

Cy, - m(pacTBopa) - 103
100

m(KesaTuHa) = = 10Cy; - p - Vyn(pacTBopa) = 10Cy, - 11
= 106%, MrI

BOl'lpOCLI AJIA 3aIIIUThI paﬁoTbl

=

[loueMy KOUIOUIHBIE PACTBOPBI TEPMOJANHAMUYECKA HEYCTOUYNBBI?

Yewm onpenesercs arperaTuBHasl U KHHETUYECKask yCTOMYMBOCTD?

3. JleiicTBeM KakuX BHEIMIHUX (DAaKTOPOB MOXKHO BBI3BaTh KOATyJIAILIHIO
KOJUJTOMJTHOTO pacTBopa’?

Kak MOXHO onpenenuTs 3HaK 3apsiia KOJUIOWIHON YaCTULIbI?

UYro Takoe KoyutouaHas 3amura’?

N

o b
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JIABOPATOPHAS PABOTA Nell

Peaknumn 3j1ekTpopuiIbHOrO 3amenieHus (Sg) y apeHoB: 0eH30iHOM U
CAJTHIIMJIOBOM KHCJIOT.

eab padoThI:

[IponeMoHCTpUpOBaTh B OMNBITaX C OpOMHOM BOJOM U (hopMaibaeruaoM
CHIOCOOHOCTh OCH30MHOM ¥ CAJWIUIOBOM KHCIOT BCTyHaTb B PEAKIUH
anekTpouiabHOrO  3amemieHus — (OpoMUpOBaHMST W TTOJIMKOHJICHCAIIHH).
Bripabotate mNpHUBBIUKY COOJIOAATh MpaBUja TEXHUKA OE30MacHOCTH TIpU
BBIIIOJIHEHUH ONBITOB U YMEHUE OKa3bIBATh MEPBYIO0 MEIULUHCKYIO TOMOLIb.

O0OopynoBaHNe U peaKTUBBI:

[TpoOupkwu.

®dapdopoBbie YAIIKH.

Bonsnas Oaust.

[Munerku Ha 5 — 10 M.

Kucnora canununoBast (KpucTauinyeckas).
Oturiobld ciupt 95%.

bpomnuas Boga 3,5%.

PeaktuB Mapku (pactBop opmalibjieruia B KOHIIEHTPUPOBAHHOM CEpHOI
KHCIIOTE).

9. KonneHTpupoBaHHAs cepHAs KHCIOTA.

10. PactBop AlBrs.

11. Kucnora 6eH30iiHasl.

12. Tuocynbdat marpus 10% pactBop.

13. PactBop MoueBHHBI 5% pacTBOp.

£

IIpakTHYyeckasi 4aCTh <« =

Nk whE

Onsit Nel. PEAKIINS CAJIMIINIJIOBOM Y BEH30MHOM KUCJIOT
C BPOMHOM BOJIOM

Buumanue! bpoM — A10BUTas )KUIKOCTh, IPH MOMAJTAHUNA HA KOXKY BbI3bIBAET
oxxoru. OcreperarbCsi BAbIXATh €r0 Maphbl

IlepBasi moMomb: opaxkeHHOE MecTo oOpabaThiBatoT 10%-bIM pacTBOpOM
THOCyNb(paTa HATpPUs, MPOMBIBAIOT OOJIBIIIMM KOJWYECTBOM BOJbI, 3aTeM
HAKJIaJbIBAlOT TAaMIIOH, CMOYEHHBI 5%-bIM pacTBOPOM MOYEBUHBI. MOXKHO
MTOPAKEHHOE MECTO NMPOMBITh CITUPTOM, a 3aTEM CMa3aTh Ma3bl0 OT OKOT'OB.
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IIpaBuia padoTsl ¢ OpoMoM.

» PaboTel ¢ OpoMOM TIPOBOJUTH B BBITSDKHOM IIKady B MepyaTKax, psSIOM C
YalIKOM, HAIIOJJTHEHHOM aMMHaKOM.

» Jlna mormomeHuss OpOMHCTOrO BOJOPOJIA, BBIACISIONICTOCS IPH PEaKIINH,
MIPUMEHSAETCS BOJA.

a) B 2 mpobupku momectuth 1mo 0,05 T, COOTBETCTBEHHO, OCH30WHON W
calMuuiIoBol kucnot. PactBoputs ux B 2 Ma 95% cnupta, npubaBuTh OpOMHOM
BOJbI 10 0Opa3oBaHus 0enoro ocajaka (Xots Obl B OTHOM U3 MPOOUPOK). OTMETUTH,
€CTbh JIU Pa3Inyusl B MPOOUpPKaxX U OOBICHUTH UX IPUUUHY.

Hanucats cxemy peakuuu. byner nu Beigensatbest CO,, €ciu CaauIMIOBYIO
KHCJIOTY 3aMEHHUTD CATUIIIIAMUIOM?

0) [IoBTOPUTH OMBIT B MPUCYTCTBUU OpOMHUJIA ATFOMUHHUS.
OTMETuTh, €CTh JIM Pa3Inyus B MPOOUPKaX U OOBSICHUTH UX npuuuHy. OOpaTuTh
BHUMAaHHE Ha CKOPOCTH XMMHUUYECKUX PEaKIIUid B OMbITax a) u 0).

Hamnucath cxeMy 1 MEXaHU3M peaKIuu OpOMUPOBaHUSI OCH30MHOM KUCIIOTHI.

Omnbit Ne2. PEAKIIUU CAJIMLIMJIOBOU U BEH30MHOW KUCJIOT
C PEAKTHBOM MAPKU

0,005r. canuuuIOBON KUCIOTHI IOMECTUTH B (apPOpOBYIO YAIIKY WIIH CYXYIO
npoOUpKy U MpudaBuTh 3-5 Kamens peakTuBa Mapku (pactBop popMmanbaeruia B
KOHIICHTPUPOBAHHOM CEPHOM KUCIIOTE), 3aTEM HArpeTh Ha KUIIALIECH BOASHON OaHe
JIO TIOSIBJIEHUS KPACHOTO OKPAIIIMBAHMUS.

Hamucate cxemy peakiuu (ykazaThb peaKIMOHHBIE IICHTPBI, aTaKy W THII
peakiun). OnbIT HOBTOPHUTH C OEH30HHON KHCIOTONH. OTMETUTH, €CTh JIM OTJIUYHS.

BOITPOCHI U 3AJAHUA

1. MOXHO 1M OTJIMYUTh OEH30MHYIO KHUCIOTY OT NMPOMHUOHOBOW peakIuei
opomupoBanus? I1o kakum nmpu3Hakam?

2. Pacmpenenuts B psAA MO JIETKOCTH OpPOMHPOBAHUSL  CIEAYIOIIUE
coenuHeHusd: Oenzos, TuodeH, Genon, aHwiMH. CpaBHUTH  YCIIOBHUS
OpOMUPOBAHMUS.

3. Uto nerye xsopupyercs: heHon uiau HUTpooOeHson? I[lpuBecTu cxembl u
MEXaHHU3MBbI PeaKINil XJIOPUPOBAHUSI.

4. XJjiopupoBaHUE TOJIYOJa MOXET MPOTEKaTh Kak B OCH30JbHOE KOJBIIO, TaK
u B OOkOByI0 1enb. OQOpMUTH CXEMbI peakiuid XJOPUPOBAHUS TOIyoja B
NPUCYTCTBUM KatainzaTopa (KUCIOTHl JIbloMca) W NpW HAJIU4YUU YCJIOBUH s
oOpa3oBanus pajaukanoB. [loka3aTh peaKIIMOHHBIE IIEHTPHI, aTAKy W TUIl PEAKIUH.
Hanucate MexaHu3Mbl peakiyi.
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JIABOPATOPHAS PABOTA Nel2

Onpenenenue TeopuinHa B papMakoneinHoM mnpenapare 3ypuijinHe
METOJA0M HEeMTPAJIU3ALMH.

Teopunmuua C;HgN4,O, (1,3-numerun-1H-nypun-2,6-muon) — METHJIKCAHTHH,
MPOM3BOJHOE  IIypUHA,  TETEPOIMKIMYECKUN  aJKIOWJ  PACTUTEIBHOIO
MPOUCXOXKICHHUS, CIAa3MOJUTUK U JUYPETHK. Ero mupoko HCHONB3YIOT, Kak
OpoHXoauTHK. OKa3pIBaeT JUYPETUUYECKOE, COCYIOpacCIIUpsIoNiee JACCTBUE,
MPUMEHSIETCS TIPU OTEKAX CEPACYHOTO M TMOYEYHOTO MPOUCXOKICHUS, ClazMax
OponxoB. Jl03pl OAOMpaIOT UHANBUAYATBHO. [103TOMY Ba)KHO MOCTOSTHCTBO €TO
comepkanusi B (papMakomeHOM Tipemapare JIyQUIIJIMHE (conb TeopWUIMHA C©
ATUJICHIUAMHHOM).

eab padoTbI:

Wcrnionb3ysi HAaBBIKM, TMOMYYEHHBIE HA MPAKTUYECKUX 3aHATUSAX IO OOIIei
XUMHUH, TPOBEPUTH METOJAOM HEWUTpalM3allid MPUTOJHOCTh TeOoPHIIMHA K
MPAKTUYECKOMY UCITOJIb30BAHUIO.

IIpuHUMI MeTOAAa KOCBEHHON HEWTPAIM3AUUM (KOCBEHHOE TUTPOBAHUE HIIH
TUTPOBAHUE TI0 3aMECTHTENI0). HCIOIb3YETCSI OOUH TUTPAHT, HO UM THUTPYIOT HE
aHaJTU3UpPyEeMOE BEIIECTBO, a MPOAYKT peakiuu, oO0pa30oBaBIIMNCA TMpU
B3aMMOJICHCTBUU OMPEACIISIEMOTO BEIIECTBA CO BCIIOMOTATEIbHBIM BEIIECTBOM
(AgNOs3).

[Ipu B3aumoxeiicTBUM TeopUIUIMHA C HUTpaTOM cepedpa obpaszyercs
KOMIUIEKCHAsI COJib, KOTOpasi B TOXXE BpeMsl SBJISIETCS M KHUCJIOTOM bpencrena
(peakiust 1). IloaTOMy €€ OTTUTPOBBIBAIOT PACTBOPOM THAPOKCHAA HATpUs B
MPUCYTCTBUH MHIUKATOPa ()EHOJIOBOTO KPACHOTO (peakims 2).

Peakuumn, nexaimmue B 0OCHOBE MeTO/1a:

0 OAg
H3C\ || N H3C\ N
N \ NT SN :
//k | > + AgNO; —— )\ > | NO;
4 <N
o N o NN
L CHy | CHg P
OAg OAg
N . N
)\ _ \> NO; NaOH )\ _ \>
¥ N ||\|+ Y N N
| |
H
— CH3 - N&NOg CH3
2 H,0
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Bo3Mo:xHO, HOH cepebpa Ag” OyaeT «o0beuHATEY 2 MOJIEKy bl TeO(HIINHA,

a He OHY, U 00pa30BBIBATh KOMIUJICKC C KOOPAMHAIIMOHHBIM YHCIIOM, PABHBIM 2.
OTO He MOBIMAET HAa KOJUYECTBEHHBIE pacyeThl, Tak kak NH — kucimorHble
IEHTPBI, IO KOTOphIM «pabotaer» NaOH HezaBucumbl B oOpa3zoBaBIIeMCs Ha
nepBoi cTaauu Komiuiekce u B3anmoeiictyer ¢ NaOH B cootHomenuu 1:1.

ook wnE

O6opynoBaHue U peaKTHBBI:

bropeTku

[Iunerku Ha 5 M

Kon0p1 koHWYeCKHe ISl TATPOBAHUS

PactBop Teodrmmmna (B aydbmwmnmne) 0,4 r. sydprmmmuaa B 100 Mot

0,15 pactBop NaOH

WNunukatopsl (heHOTOBEIN KPACHBIH (SIBISETCS OCHOBAaHHEM; €TO0
IPOTOHUPOBAHHAA (POpMa UMEET >KENTHIN I[BET, a JCMPOTOHUPOBAHHAS — SIPKO
KpaCHBIN).

30Ha nepexoja 1[BeTa HHAuKaTopa (opaHxeBas okpacka) 6,8-8,4

0,15 pactBop AgNO;

IIpakTHyecKas 4acTh <=

Ok wh e

o

IHopsioK BbINOJIHEHHUS Pa0OThI:

3anoxauTs 610peTky 0,13 pactBopom NaOH.

B konOy 1151 TUTpOBaHMs OTMEPUTH UneTko 10 M pactBopa TeopuinHa.
Ho6asuts 2,5 mi 0,15 pactBopa AgNO;,

Jlo0aBUTH OJIHY Karutio pactBopa (GEeHOJIOBOTO KPACHOTO.

[IpoBecTtu TuTpOoBaHue mpuroToBiaeHHoU mpookl 0,13 pactBopom NaOH no
TOSIBJICHHSI KpACHOTO OKparuBanus (5 pas).

PesynbraTel 3anectu B Tabnuiry 16.

Tabnuua 16. McxonHble 1 pacyeTHBIE JAHHBIE OIBITA MO ONPEIETICHUIO
Teo(pUUIMHA B 3y(QUIUIMHE METOJOM HEUTpaau3aluuu (KOCBEHHOE TUTPOBAHUE)

O0beM C, (NaOH), Oo0veMm NaOH, TNaOH/rcod. m
HCCIIETyEeMOM MOIISIIETO Ha | TeouILIMHA,
POOBI, MJI MOJIB/JI TUTPOBAHHUE, MJI /M r/ 10 mn

10 0,1

10 0,1

10 0,1

10 0,1

QB WIN|F

10 0,1

C; (NaOH) - M (Sreod)
1000

m (TCO(l). B 10 MH) = TNaOH/TeO(b. X VMJI (NaOH)

TNaOH/Teoq) =
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Paccuurate maccy teopummna B 100 mn pactBopa (to ectb B 04 T.
UCCIeNyeMOTo Mpenapara 3y(QuuinHa), KOTOporo JAOHKHO ObITh He MeHee 99%
(I'OCT). IIpoBectn ctratucTUYECKYI0 00paOOTKY pe3yibTaToB. ChenaTh BBIBO/,
cpaBHHUBas MoyyeHHbIN pe3ynbTaT ¢ [OCTom.

Bonipocs! 111 3aIIUTHI JIA00OPATOPHOH PadOTHI

1. KakoBa KHCIIOTHOCTb Cpebl B TOUKE IKBUBAJIEHTHOCTHU?

2. Kako#l cnoco0 TUTpOBaHUS UCIIONB3YETCS B JAHHOM METOJE?

3. Kakas ponbp otBomutcs | peakuuu? Ilouemy Henp3s MPOBECTH NPSIMOE
TUTPOBaHUE?

4. K xakoMy TUITy B3aUMOJEHCTBUI MOKHO OTHECTH | peakuuro?

JIABOPATOPHAS PABOTA Nel3

PeaknuonHasi cnocoOHOCTH OKcocoeanHeHui (popmasnbaernaa,
alneToHa).

Leab padoThI:

[TpoBecTH KadyeCTBCHHBIE pEaKIWA Ha OKCO-TPYNIy H  CPaBHUTH
PCAKIMOHHYIO CIIOCOOHOCTH aJBJCTHIOB W KETOHOB B PEAKIHMIX OKHUCICHUS M
npHCcoeMHEHUs — 3amerneHus (Ay—E).

PeakTuBbI:

10% pacTBOp eaKoro HaTpa.

2% pacTBOp CEPHOKHUCIION MEIN.

PactBop dopmanuHa.

AILIETOH.

PactBop 2,4-nuHuTpodeHUITUIpa3uHa CONSTHOKUCIIOTO.

ok whE

£

IIpaKkTHYeCcKasi YacTh <=

Onbir Nel. OTHOIIEHUE ®OPMAIJIBAEITUIA WM AHLOETOHA K
OKHMCJIEHMIO HIEJIOYHBIMU PACTBOPAMU OKCHUJIOB TAXKEJIBIX
METAJUIOB
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Xoa BbINOJTHEHHS padoThI

DTansl pa6OTBI HOCJ’IGI[OBaTeJIBHOCTB BBIITOJIHCHU A

[ToMecTHTh B KaXayr0 M3 JBYX HPOOHUPOK
[TpuroTtoBnenue ruapokcuaa | mo 5 kameib 10% rugpokcuaa HATPUsS U BOJIBI,
meau (1) no6asuth o 1 kxamie 2% pactBopa cyibdara
MeIH

K BpImaBmiemMy ocajky B KaXIyr0 U3 MPOOUPOK
npuOaBUTh N0 3  Kalull  OJHOIO W3
UCCIIEyEMBIX pacTBOpOB, poOupKU
OCTOPOKHO HarpeTh

[IpoBenenue peakuu ¢
2 | ccreyeMbIMH pacTBOpaMu
(bopmaIMHOM U alleTOHOM)

PCBYJIBTaTBI OIIBITOB 3aHCCTHU

3
B Ta0uity 17
Tabnuua 17. OtHolIeHHe popManbAETHIA U alleTOHA
K OKHcIeHuo ruapokcuom meau (1)
Ne
Oo6pazoBanue Pe3synpTaT onpeneneHus
pacTB IIBeT ocanka
opa ocazka (+/-) (bopmanbrerun/aneTon)
1
2

OmnbiT Ne2. ObPA3OBAHUE 2,4-TUHUTPOOEHUIIT TJAPA3OHA
OOPMAJIBAEI' A

B mpoOupky momectuTh 5 kameiab pactBopa 2,4-AMHUTPODECHUITHAPAZHHA.
JobGaButh 1-2 kammm pactBopa opMaibieruia A0 MOSBICHUS JKEITOTO OCaIKa.
[Ipoaenats 3TOT K€ ONBIT C AI[lE€TOHOM.

BOITIPOCHI U 3AJAHUA

1. Ha ocHOBaHMM O3KCIEPUMEHTAIbHBIX JAHHBIX CPAaBHUTHb CIIOCOOHOCTH
dbopmaliblieruia v alleToHa K OKUCIECHUIO.

2. Hammcate ypaBHEHHE peaKIMU OKHUCICHHs (OpMabAeTuAa THAPOKCHUIOM
MeJu.

3. Hamucarp ypaBHEHHE peakIuu «cepeOpsHOTo 3epkana» s (popmanabaeruia.
YTo IpoU30UIET C MPOAYKTAMU PEAKLIUU IIPU UX JAJIbHENIIEM OKUCICHUH, TO €CTh
pu U30bITKE okucuTensi? Hanrcath ypaBHEHUE peakIuy.

4. Hammcatpb cxeMy peakiuu  TodydeHus  2,4-TuHUTPO(ESHWITHAPA30HA
dbopmanprerua W ommcarh MexaHw3M. [lpuBecT mpuUMeEpHl  peakIui,
IPOTEKAOIIUX 110 ’TOMY MEXAHU3MY.

5. byner nm ameroH BcTynmaTh B peaknuio ¢ 2,4-TUHUTPOPEHUITUIPAZUHOM?
[Touemy?
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JIABOPATOPHA PABOTA Nel4

Peakunu oOHapy:KeHUs alleTATOB, 0€H30aTOB U CAJTUIIMJIATOB.

eab padoThI:
OBnazeTh KAYECTBEHHBIMU METO/IaMU OOHAPYKEHUS B UCCIIETYEMBIX
pacTBOpax aneTaToB, CAIMIUIATOB U OEH30aTOB.

PeakTuBbI 1 000pyI0BaHKE:

[Tpobupku.

[TunieTkwm.

2% pactop FeCls

0,1 » pactBop CH3;COOH.

0,1 » pactBop CH3COONa.
Konnentpupopannas H,SO,,
15% pactop HCI.

OTUIIOBBIN CIHPT.

PactBop xmopodopma.

10 2% pactBop CuSQ, -5H,0.

11. 2% pactBop OeH30aTa HATPHSI.
12. 2% pacTBOp canuIuIaTa HATPUSI.

I[IpakTHyeckas 4acTh =

CoNoRWNE

OmnbiT Nel. OBGHAPY XEHUE ALIETATOB
a) Ilo obpaszosanuio croxcHozo s¢upa

AueraTsl ONpenesnsoTcs N0 o0pa30BaHUIO 3TUJIAIETAaTa, MMEIOIIETO 3amax
CBEXKUX SI0JIOK.

K 5 kamnsiM pacTtBopa yKCYCHOM KHCIOTBI JOOABUTH PaBHOE KOJIMYECTBO
ATUJIOBOTO CIHUPTA, NPWINTh 5 Kamelb KOHIEHTPUPOBAHHOM CEPHOW KHCIIOTHI.
OOHapykuTh 00pa30BaHME ITHIIALIETATA 110 MPUATHOMY OCBEKAIOILLEMY 3aIaxy.

Bomnpocs! 51 321U THI padoThI

1. Harmucath cxeMy peakiiuu oOpa3oBaHus dTUIAIeTaTa.
2. Ilo xakoMy ME€XaHHU3MY OCYIIECTBISIETCS peakius dTepudukanuu? Kakyro pois
B 3TOM pPEeaklMM BHIMOJIHIET KOHIICHTPUPOBAHHAS CEpHast KUCIoTa?

0) Ilo peaxyuu c xnopuoom xcenesa (111).

K 10 xammsm pacTBOpa arerata HaTpusi J00aBUTh S5 Karmeilb pacTBopa
xnopuna xkenesa (111). O6pazyercs dypo-kpachsiii 0cadok M XapakTEpPHBIN 3amax.
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Bomnpocs! auist 3amuThl padoThl

1. HammcaTh ypaBHEHHE pEakiMd B3aWMOJCHCTBHUS alleTaTa HATPUSA C XJOPHIOM
xenesa (111).

2. OOpa3oBaHME KaKOro BeEIIECTBA B pe3yJbTaTe peakiuu OOBSICHSICT
BO3HHKHOBCHHE 3araxa’?

OmnbiT Ne2. OBGHAPYXEHUE BEH30ATOB
a) Ilo peaxyuu c xnopuoom sncenesa (111)

Hpunuun: Heimpanbhble pacTBOPHl OEH30aTOB 00pPa3ylOT C XJIOPHUIOM
xenesa (111) ocanok pozeeamo-scenmoczo yeema:

COONa COO~ COOH
Fe:Fe(OH); -7TH20 + 3

6 + 2Fe¥ + 10H20 —_—

-6Na” 3

Xoa onbiTa: K 10 kamusim O6eH3zoata HaTpus A00aBuTH 1-2 Karum Xjopuja
xenesa (111). Habmrogaercs o6pazoBanue ocanka. Ocagok pacTBopsieTcs B adupe.

Ilpu pH >7 xnopun xene3a (111) oopazyer Fe(OH)s.

B kucnoii cpede BbiienseTcs 0caoKk OEH30MHON KUCTIOTHI fento2o yeema. B
TOM MOXHO YOEIWUThCs, e€ciiu, u3MepuB pH MOIydyeHHOTO B OMbBITE PACTBOPA,
no6aryatk Kk Hemy 1o Karisam HCI go pH 1. Jlns cpaBHEHHS MOKHO TO K€ caMoe
pojieyaTh C UICXOJAHBIM PacTBOpOM OeH3oaTa HaTpusa. OOBSICHUTD Pe3yJIbTar.

0) Ilo peaxyuu c cynoghamom meou

Xoa onbiTa: K 10 xarusim pactBopa O6enzoara HaTpusi 100aBUTh 10 Kamenb
BOJIbI M 1-2 Karmm pactBopa cyibdara meau. [lossisiercst ronyboe okpaiuBaHue.
K monyuennomy pactBopy mo6aButh 1 Ma xmopodopma. Okpacka MepexoauT B
OpraHUYeCcKuM CJIoi, a BOJHBIN coil oOeciiBeunBaeTcs. OObsICHUTHh HAOIIOACHUS.

3AJJAHUE: 3anucarh cxeMbl Ka4eCTBEHHBIX peakiuii Ha OenzoaThl. K
KAKOMY THITy PEAKLIHI UX MOYKHO OTHECTH?

OmnbiT Ne3. KAYHECTBEHHBIE PEAKIIMN HA CAJIMLTUIJIAT-UOH

a) Peaxyuu ¢ xnopuoom sicenesza (111)

IpuHnun: B 3aBUCHMOCTH OT COOTHOIIICHUS peaKTHUBa U MperapaTa, a TakKe
pH cpensl, canunmiat-uoH obpasyer ¢ xmopugoM okeiesa (1) pazmmuno
OKpalleHHble KoMIUIeKCHbIe HOHBI. [Ipum pH 2-3 oOpasyercs oOkpalieHHBIA B
@uonemosuiii yeem MOHOCAJINLIATIAT [mpeamonaraemoro cocTaBa
Fe(OH)CgH4(O)CO;,], xotopsiit paspyiraercs npu pH 1 u Huwke, W BbIagaer
OeIbIil 0CcaIOK CATUITUIOBON KHCIIOTHI.

Xox onbiTa: K 10 karuisM canuiuiara Harpus npubauth 10 kanens BoAbl U
4 kammm pactBopa xjopuma okenesa (lll). TlosBustorcs  Kpachno-oypoie
Kpucmanauku Ha pone oparoiceso-6ypoco pacmeopa. amepus pH, 106aBiaath mo
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karsim 15% pactBop HCI no pH 1. Ieem pacmeéopa nipn 3TOM cHadaia MEHSETCS
00 BUWHEB020, 3aTEM 00 Guoremoso2o; KpacHble KPUCTAJUIMKA HCYE3HYT, HO
TIOSIBUTCSI O€/1blil MEOPOHCUCHBLIL 0CAOOK.

OOBSACHUTD, TIOYEMY H3MEHSETCS I[BET pacTBOpa B XOJIe OMNbITA, & KPACHBIC
KPUCTAUTMKK Hcde3aioT. O 4eM CBHJIETENBCTBYET MOSIBICHHE Oeloro ocamka?
Hanucath cxemMy peakiuu B3aWMOJCWCTBHS CaJMIMJIATa HATPUS C XJIOPUAOM
xenesa (11).

0) Peaxyuu c cyntvgpamom meou

Xon onbita: K 10 xarusam canuimuiata HaTpus npwindth 10 xanens Bojsl, 1-2
Kallli pacTBopa cyibdaTa Meau. PacTBop oOkxpammBaeTcss B 3€JICHBIM IBET.
Jlo6aButh 1-2 Mu xmopodopma. 3eneHas OKpacka BOJHOTO CJIOS COXPaHSIETCH.
OOBsiICHUTH HAOMIOJIEHNA. 3anKicaTh CXEMY PEaKIMU B3aUMOACHCTBUS CaIMIIMIIATa
HaTpUs ¢ CyIb(HaTOM MEIH.

JIABOPATOPHAS PABOTA Nel5
KayecTBeHHBIC peaKIMH HA YIJ1€BO/bI

Heans padorbi: HayuuTbesd HACHTUPUIMPOBATH HEKOTOPBIE YIJIEBOIBI, C
ITOMOIIBIO KAYECTBEHHBIX PEAKIIUM.

3anayu: BeisiBUTH yrieBos, HAXOIAIINAKCS B PaCTBOPE, IPOBOJIS 3TOT
pactBop uepe3 peakuuu Oenunra, bapdena, buans, Benbka u CenuBaHosa.
[lomy4nTh 03a30H IITFOKO3BI.

PeakTHBBI 1 000py/I0BaHKE:

1. Conepxxumoe ¢daakoHoB 1, 2, 3, 4, 5 ¢ pacTBOpamMu YIJIEBOJIOB.

2. PeaktuB ®denunra: roroear asa pactBopa A (34,6 r CuSO,5H,0 B 500 mn
pactBopa) u b (173 r cerneroBoit conu u 70 r rugpokcuaa Hatpus B 500 mi
pactBopa). PacTBopbl XpaHaT paznenbHo. Ilepen ynoTpeOieHHeM CMENIHMBAIOT
paBHbIe 00BeMBI pacTBopa A u b.

3. PeaktuB bapdena: 13,3 r anerara meau pactBopstoT B 100 M ropsiaeid BOAbI,
GuUIBTPYIOT U K PUiIbTpaTy NpuOaBisaoT 1,9 Ml eI HONH YKCYCHOM KUCIOTHI.

4. PactBop CenuanoBa: 0,05 r pe3opuuHa pactBopsitoT B 100 Mi1 pazbaBieHHON
cosistHOM kucnoTsl (1:1).

5. PeaktuB buans — opuuHoBsii peaktus: 0,2 T opunnHa pactBopstoT B 100 ma 30
% comnstHOM KucnoThl, o0aBsaoT 0,1 T xmopuna xenesa (11). PactBop xpansT B
TEMHOM CKJISTHKE.

6. AMMHaK BOJAHBINA KOHIIGHTPUPOBAHHBIN 25%.

7. T'mapoxcun kanus 20%.

8. MepHbIe KOHHUYECKHE MPOOUPKH.

9. Kanenpuup!l ¥ nuneTky Ha 1 1 2 MiI.

10. Kunstiasg BoasgHast OaHs.
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11. [IpoOupKu B IITaTUBAX.
12. CoupTOBKHM U JIepKaTEH.

IIpaKkTHYeCcKasi YacTh <=

OmnbiT Nel. PEAKIIUA C PEAKTHMBOM ®EJIMHI'A

Ipunmun: Bce MoHOcaxapuabpl W HEKOTOpBIE AWcaxapuibl (JaKTo3a W
MabTO3a) 00JaNaloT PEAYLHUPYIONINM JIEHCTBUEM, TO €CTh JIETKO OKHUCISIOTCS
poHamu CuU®* B IIeMOYHON Cpefe, BOCCTAHABIMBAS MOHBI MEIH, NPU OTOM
obpazyercss ruapar 3akucu Mean CUOH — sxenToro 1BeTa, KOTOPBIM Mpu
JUTUTEIIFHOM HarpeBaHWU MepeXoauT B 3akuch Mean CU,O — kpacHOTO 1IBeTA.

Onpit No2. PEAKIINST BAPDEJIA

Hpunnun: Tor xe, yro u B peakuuu DenuvHra, HO OKHUCICHHME caxapa
MPOTEKAeT HE B INEJIOYHON cpene, a B cpene, OJM3KOM K HeWTpanbHOW. B aThx
YCIOBUSIX PEAYLUPYIOIINE AUCAXAPHUJIBI, B TPOTUBOIOJIOKHOCTH MOHOCAXAPHUIAM,
MPAKTUYECKA HE OKHUCISIOTCS, a, CIEAOBATEIBHO, HE BOCCTAHABIMBAIOT PEAKTHUB
bapdena, 4To mo3BoisIeT OTIUYUTH UX OT MOHOCAXapHJIOB.

Omnbit Ne3. PEAKIMA HA ITEHTO3bI [TO BUAJIIO

Hpunmun: [Ipu HarpeBaHuu ¢ KOHIEHTPUPOBAHHBIMU KUCIOTAMH OT TIEHTO3
OTLICIUIAETCS BoJa U oOpasyercs ¢ypdypon, KOTOpBIA KOHACHCUPYETCS C
OpIIMHOM, J1aBasi 201y0068amo-3ejleHo8amoe OKpalliBaHue.

HO
C¢H2(OH),CH;3
CHmO\T> O\CHZO 2 p T’ O\

3H;0 H 2H;0 CoH(OH):CH:
ITenTo3a Oypdypon Opuun [IpoayKT KOHIEHCAIlHH

OmnsiT Ne4. PEAKIA CEJIMBAHOBA HA ®PYKTO3Y

Hpunmun: B kucnoil cpeae Qpykroza TepseT BOAY M MNPEBPALIACTCS B
okcuMeTunpypdyHOJ, KOTOPbIH KOHAECHCUPYETCS C PE30pIHUHOM, JaBas
COEJIMHEHUE, OKPAIIICHHOE 8 KPACHbIU 1IBET.

S TR a B U
Cotl1206 HOH,C CH— HOH,C CH

N\
3H;0 ZH0 CsH3(OH)>
®pykTo3a OxcuMeTHIDYpdYypOT Pesopuun IIpoayKT KOHOEHCAIIHH
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OmnbiT NeS. PEAKIIUA BEJIbKA HA JIAKTO3Y U MAJIbTO3Y

Hpunmun: Penyuupyroiiye aucaxapuibl ¢ KOHIEHTPUPOBAHHBIM PACTBOPOM
aMMuaka B IICJIOYHOW Cpele NpH HarpeBaHUM AT KUPNUUHO-KPACHOE
OKpallliBaHHE.

OmnbiT Ne6. [IOJTYHEHUE O3A30HA TI'JIFOKO3bI

Hpunuun: Ilpu  o00paboTke TIOKO3bI  U30BITKOM  (hEHUITHApPA3UHA
oOpazyercst (peHmITHAPAa30oH TIIOKO3bl (peaknus 1). Ilpu moGamieHWM TIemIOYH
oOpa3yeTcsi 03a30H TIOKO03bI (peakiuu 2,3). [Ipu aToM BTOpO# aTom yriepoaa
TJIFOKO3bI OKHCIISIETCSI MOJIEKYJION (PEeHHITHIpa3uHa, KOTOpas BOCCTAaHABIMBACTCS
B aHWJIMH U aMMHaK.

H, 0 _
o H N NH@

H——OH H——OH
HO——H NH2—NH@ —> HO——H
H——OH H——OH
1. CH,OH CH,OH
H, ,N—NH@ H, ,N—NH@
o ¢
A——OH H 8-9 C[O
. pH 8- -
HO——H NHZ_NH@ HO——H
H——OH i’ H——OH
H——OH NH, H——OH
5 CH,OH CH,OH
' + NH;
H, ,N-NH-CgHs H, ,N-NH-CgHs
c ;
c=0 C=N-NH-CgHs
HO—H NH—NH-CeHs HO——H
H——OH H——OH
3 H—OH H——OH
CHon HZO CHon

Xoa paboThl 1 PE3yIbTaThI OMBITOB MPECTaBUThH B BUIC TaOJIUIIBIL.

Ne Hccnen.
OMBITa| PAcTBOP PeaxTussl VYcioBus peakuuu Pesynprar
) HarpeThb 110
1 1 mn 1 mn p-Ba @enunra KUTTCHS
1 M 1 mi p-Ba bapdena KUISATUTh 3 MHH
I M 1 M1 HarpeToro A0 | KUIISTUTH 2-3 MUH.
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Kuriesns buang
1 M pacTBOpa
4 1 Mo CoiBaHOBA KHUIBITUTH | MUH.
1,3 ma1 NH;-HOH
5 2 M1 koHIl. + 3 xkarn. KOH | kumsituts 2-3 MUH.
20%
1 mn HarpeTh
dbenunruapazuna + JKEJITBIN
Ha KOHYMKE AT (heHmIrnIpa3ox
CyXOro OXJIAUTD
6 I mn dbeHuruapazuHa
HarpeTh J0 MOSIBJISIETCS
[IOMECTUTH MIOMYTHEHUSI MaJIMHOBOE
minactuaky NaOH KOJIBI[O aHHJIMHA

BBI,ZICJ'ICHI/IC aMMMaKa OoIpeCaCIIArOT 110 ITIOCMHCHUTO MOKpOﬁ I/IHI[I/IK&TOPHOﬁ 6YMaI‘I/I

Bomnpocs! a5 3amuThl padoThl

=

Byzaer nmu ¢ppykTo3a gaBaTh NOJIOKUTENbHYIO peakiuio Pennnra?

Kaxkoii peakiiueit MOXHO OTJIUYUTD IITIOKO3Y OT (PPYKTO3bI?

3. Kakoii peakmueil MOXHO OTIWYHTH PUOO3Y OT TIIIOKO3bI M MalbTO3y OT
caxapo3bl, a TAK)KE JJAKTO3Y OT TaJlaKTO3bI?

4. MOHO JU TIOJIyYUTh 03a30H PeAyLUPYIOIIETo Aucaxapuaa?

N

JIABOPATOPHAS PABOTA Nel6

KoauvecrBenHoe onpenenenue konuenrpauuu HATH B ero pacrope
METOJ0M MEePMAHIAHATOMETPHHA

PactBopst HAJIH wucnons3yroTCsi B Hay4dHBIX JA0OpaTOpPUSAX C LEJIbIO
OINpEENECHHUs] aKTUBHOCTH HEKOTOPBIX (DEPMEHTOB Kjlacca OKCUAO-PEAYKTa3 WU
WX METa0OJUTOB B OMOJOTUUECKUX KUIKOCTSIX. 3HAHUE TOYHOM KOHIICHTpaIluu
HAJIH npu 5TOM COBEPIIIEHHO HEOOXOIUMO.

Mexnay tem, xpaHenue kpuctamumyeckoro HAJIH u tem Oonee ero
pPacTBOPOB TPEOYET OMpeeTICHHbBIX YCIOBUM, MPU HecoOM01eHrn kKoTopbix HAJITH
paspymaercs. OOpa3yroTCcsi BEIIECTBA, MENIAIOIINE MPOBOJUTH HCCIEIOBAHUS C
dbepmenTamu (MHTUOUTOPHI (HEPMEHTOB).

CornacHo cmpaBo4yHbIM gaHHbIM, pactBopel HAJIH u ero Nay-comu
ycToiuuBHl TIpu Xpanenuu B 50 MM tpuc-0ydepe (pH=7,4) B Teuenue 1 negenu
mpu 4 C u 1 mecsiy npu -20 C. Veroitunsocts pactBopoB HAJIH moBsimaercst B
HIEJIOYHOM cpejie U CHIKaeTcsl B KuciaoTHou (pH < 7) u komMHaTHO# TemneparType.
Opnako, HE COBCEM SICHO, MOXHO JH paboTaTh C OOBIYHBIMH BOJHBIMH
pactBopamu HAJIH B TeueHne, Hanpumep HEAEIH, OCTABIISASA UX B XOJOAUIBHUKE
TOJIbKO 4YacoB Ha 12 u 0e3 MCMOJIb30BaHUS CHEHUATBHBIX Oy(epoB Ha OCHOBE
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TpUC(TUAPOKCUMETHIT)- aMUHOMETAaHA. BBISICHEHMIO JaHHOrO BOINpoOca W
MOCBSIIEHA 3Ta padoTa.

Ieab: BBISICHUTH, BBISIBIACTCSA JIM aHaluTU4eckas koHueHTpauuss HAJIH
METOJIOM II€PMAHTaHATOMETPUM IIOCJIE XPAHEHHWS €ro BOJHBIX PacTBOPOB B
OOBIYHBIX YCIOBHUAX B Te€UCHHE 1-7 THEH U €CTh JIU MOTEPH KOHIICHTPAIIUH.

O6GopynoBaHne U peaKTUBBI:

bropetku.

[Tunerkwu.

KonOs1 17151 TUTpOBaHUSA.

CHnupTOBKH.

0,004 5 KMnQ,,

0,005 » Na,C,0,.

20% H,S0O, (p=1,14 r/mn).

0,002 » HAZIH-Na,-conb (M = 709 r/mMo7b), MpUroTOBIIEHHBIH 3a 1-7 aHEH
JI0 9KCIIEPUMEHTA U XPAHUBIIHMICS B XOJIOIUIbHUKE B TeueHue 12—14 yacos.

NIk WDE

IMpuHuun Mmeroxa:
Onpenenenne HAJIH ocHoBano Ha okuciennu HAJIH nepmanranatom kanus
B KHCIIOH cpeze. @ (HAI'/HAIH) = -0,32 B (pH = 7); ¢° (MnO; /Mn*) = 1,51 B.

IIpakTHyeckasi 4acTh =

Jransl padoThbI:

=

Yrounuth KoHIICHTpanuu padbouero pactBopa KMnO4mo Na,C,04.
Omnpenenuts koHeHTpanuio HAJIH no TurpoBannomy pactsopy KMnO,.
3. Cpasuuts konuentpaunu HAJIH: sxciepruMeHTanbHYIO U aHATUTHIECKYIO.
CrenaTh BBIBOI.

N

Xoa padoThI:

1. B xonbouky misi turpoBanus BHectu 2 mu 0,0055 pactBopa okcanara
Hatpus u 1 M 20% cepHoit kucnoTsl. Coaep:kuMoe KOJTOOYKHU HarpeTh, HE IOBOJIS
10 KureHus. ['opsunii pacTBOp OTTUTPOBATh NEPMAHTAHATOM KaJIHAs 10 MOSIBJICHUS
cmabo - PO30BOM YCTOWYMBOW OKpAacKu. THUTpOBaHWUE MOBTOPUTH 3-5 pa3 u
paccuMTaTh CpEeIHUNA O00BEM THUTpaHTa, MOTpPAaYeHHBIH Ha THTpoBaHue. [lo
NOJY4eHHBIM JaHHbIM paccuuTath C3 (KMnOy4) B Moiw/m.

2. B npyryto KoOJa0OYKy [JIsi TUTPOBAHHS BHECTH 2 MJI ONpPENENsieMOro
pactBopa HAJIH u 1-2 kamumm 20% cepHOl KUCIOTBI U OTTUTpPOBaTh (0e3
nonorpeBa) KMnO,; ormerutrs o6bem KMnO,, nomexammii Ha TUTpOBaHUE.
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HNcnonb3ysd MOJyd4EHHBIE [TAHHBIE, PACCUMTATh SKBHUBAJECHTHYK) KOHIEHTPALUIO
HAJIH B monb/m.
3. CpaBuuTh nonydeHHyro KoHueHtpamuio HAJIH c ananutuueckoit (T.e.
MPUTOTOBJIICHHON MO pacueTy HaBecku Kpuctamimyeckoro HAJIH-Na,-comm; cwm.
paszzaen «PeakTUBbI»).
Caesatb BBIBOJ O COOTBETCTBUH KOHILIEHTPALIMI U YCTOWYHUBOCTH PACTBOPOB

HAIH

B TCUYCHHUC

IPENoaBaTesieM).
3aHecTH BCe dKCIIEpUMEHTANIbHBIE Pe3yNbTaThl B Ta0uiy 18.

OIIpCACIICHHOI'O

BpPCMCHHU

(Bpems

YCTAHABJIIMBACTCA

Tabnuna 18. VcxoaHble U pacyeTHBIE TaHHBIE OMBITA IO OTMPEACICHUIO
HAJIH meTonoMm nepMaHraHaTOMETPUHU

O6’[>6CM Ob6beM C O06Bem O6Bem C
Ne poOBI, | TUTPAHTA > Ne npoObl | TUTpPaHTA 2
(KMnOy), (HAZIH),
OIIBITOB (Nalg\fﬂzm) (Kl\lil/lr;104), MOE/ 7 | CTIPITOB (H?/[%[IH)’ (KI\;I/IrJ]IO4), MONE/T
1 2 1 2
2 2 2 2
3 2 3 2
Pacuerni C,(X), Mob/1
CS(KMn04) _ CB - V(N32C204) . Ca(HAﬂH) _ CZ—) - V(KMHO4)

V(KMno,) ' V(HAJIH)

Bonpocs! 11s1 321U ThI padoThI

1. Hamucarh ypaBHEHHS COOTBETCTBYIOIIMX JBYM »Tanmam paOoThl peakuuil (B
MOJIEKYJIIPHOM M KPaTKOM MOHHOM BHJIE).
2. Ilokazate ¢akrop skBuBageHTHOCTH HAJIH—nuHaTpueBoil coau U MOJSIpHYIO

1
MaccCy 3KBHUBAJICHTA 3TOTO BelleCcTBa M (E HA[[H).
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JIABOPATOPHAS PABOTA Nel7

NnenTudukannss aMUHOKHCJIOT B OeJike.

He.]'lb paﬁoTu: O3HAKOMUTBHC ¢ KAUCCTBCHHBIMU MCTOAaMK I/II[eHTI/I(i)I/IKaHI/II/I
OCITKOBBIX aMUHOKHCJIOT.

3agaum: Ha ocHOBaHMM 3HAHUS KAYECTBEHHBIX PEAKLUN HA O.-aMHUHOKHUCIJIOTHI
U TIENTHIHYIO CBSA3b, CTYACHTHI JOJKHBI YCTAHOBUTH COJEpKUMOE (PriakoHOB Ne 1,
2, 3, 4 npoBeas ¢ KaXJbIM KCAHTOIIPOTEHMHOBYIO, HUHTHJIPUHHYIO U OMypETOBYIO
peakuuu.

IIpubGopsbl 1 MaTepHaJIbI:

1. Copepxumoe ¢makonoB 1, 2, 3, 4, 5 ¢ 0,01%-upiMu pacTBOpamu
AMUHOKHUCIIOT UM OeJIKa.

1% pactBOp HUHTHIpUHA B aleToHe (95 Y%-HOM).

20% HNO:;.

KoHueHntpupoBanHbiii pacTBOp ruapookucu HaTpus (30%).
10% pacTBOp rMIPOOKUCH HATPHA.

5% YyKCYCHOKHCIIBI CBUHELL.

20% pacTBOp CEpHOKHUCIION MEAU.

MepHble KOHUYECKHE TPOOUPKH.

[Munetku Ha 1 1 5 M.

0. Kunsamas BoasiHasg Oans.

1. TIpoOGupku CTEKISIHHbIE XUMUYECKHE B IITATUBAX.

2. CHupTOBKHU U JAEprKaTEIH.

IIpaKkTHYECKAsl YACTh =

RPN WN

OmnbiT Nel. HUHTUIPUHHAS PEAKIIUA

Cymp: TIpoayKT peakiuu O.-aMHUHOKHCIOT C HUHTHUAPUHOM HUMEET CUHe-
@uonemogoe OKpanmBaHue (HO C TPOJIMHOM — sipKo-dicenmoe). B xome artoid
peaKIuy aToM a30Ta O.-aMUHOKHCIIOTHI (KpOMe MpoJuHa) "CIIUBAET» 2 MOJICKYJIbI
HUHTUAPUHA B €IUHBIA KOMILIEKC.
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IlpongykT peakuuu
(cuHe-dHOIETOBAsA OKpacKa)

Peakuust HUHTHAPUHA C IPOJIMHOM UMEET HEKOTOPbIE OCOOEHHOCTH:

O
Il
: !
b’
i COs @ N\
O COOH H20 5
IIpoayKT peakHH

APKO-JKeITOH OKpackH

HunruapunHas peakuusi HCIONB3YETCS Il BU3YaJbHOTO OOHApYXEHUs
O.-aMUHOKHMCJIOT Ha XpoMarorpaMmax M HMX CHEKTPOPOTOMETPUUECKOTO
OIPELIEIICHHUS.

X00 oneima: K 3 wmin wucciaemyeMoro pactBopa no0aBisioT 1w
CBEKENPUTrOTOBIECHHOTO 1% HuHruapuHa. Cmech HarpeBaroT 10 KHUIIEHUS Ha
cnupToBKEe W uepe3 1 MuHyTy oxnaxpaator. llosBisercs cunHe-duoneToBoe
OKpallliBaHue, 0OOYCIOBJIEHHOE MPUCYTCTBUEM KOMILIEKCA, CBUIAETEIbCTBYIOIIETO
O CYIIECTBOBAaHUU OL-aMUHOTPYIIIBI B CBOOOAHOM O.-aMHUHOKHCIIOTE.

# Jlns mponrHa pEeKOMEHIYIOT UCIOJIb30BaTh HArpeBaHHE Ha BOJSIHON OaHe
npu 70 °C B Te4eHUE 5 MUHYT.

OmnbIT Ne2. KCAHTOITPOTEMHOBAA PEAKIHMA HA
APOMATHUYECKUE AMMHOKHUCJIOTBI

Hpunmun: IIpu geiictBun Ha THpo3uH 20 % a30THOW KUCIOTHI 0Opasyercs
HUTPOCOEIUHEHNE, OKpallleHHOE 6 orcenmuii 1BET. Ilpu noOaBieHUMM K Hemy
IIEJI0OYM, OKpacKa CTAHOBHUTCS OpaHoicesoli B CBA3M C HMOHM3ALUUEH (PEHOIbHOU
TUAPOKCUIIBHOM TPYIINbI M YCUJIEHUEM BKJIa/la aHUOHA B COMPSKEHHUE.
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NH; — CH - COOH NH; - CH COOH NH’—CH COONa
”I\aOH
2 F’Hw

Xon onbiTa: K 1 M uccnenyemoro pactBopa g06asuth 0,5 mu 20 % azoTHOMU
KHCJIOTHI, HAarpeth A0 KureHus. [locie oxmaxaeHus I00aBUTH IO KarumsM
KoHIeHTpupoBaHHBI pacTBop NaOH. Ilposisiercss opaHacesoe OKpallnBaHUE,
00yCJIOBJICHHOE TPEBpAIICHHEM HHUTPOIPON3BOIHBIX ITUKIMYECKUX aMUHOKHCIOT
B COJIH.

OmnbiT Ne3. OBHAPYXEHMNE MEPKAIITOI'PVIIIIBI B BEJIKAX 1
UCTEWUHE

Mpunoun: M3 Bcex (yHKIMOHAIBHBIX TPYMNI OelKa B MEPBYIO OYEpelh C
voHaMn cBHHIA Pb”* B3aMMOAEHCTBYIOT THOIBHBIC IPYIIEL, Tak Kak Pb®* ato
MSTKasi KUCJI0Ta, a THOJIbHAs Tpynna iuctenHa SH — Markoe ocHoBanue. Peakiuio
6eIKOBOM MOJIEKYIIBI ¢ Pb®* MOYXHO IPeICTaBHTh CIIEIYIOMIIM 00Pa30M:

~OH, t °C
2Prot-SH + (CH3COO).Pb \\ » Prot-S—Pb-S—Prot |

2HOH, 2CH3CO0~

OGpa3zyercst yepHbili 0ca00K — HEPACTBOPUMBIEC MEPKANITU bl CBUHIIA.

OHaKO CUUTAETCS, YTO B YCIOBHUSIX TAHHOTO OTBITa OETOK THIPOIU3YETCS, U
OCBOOOJIMBIIMECS CEpPyCOJepKalIue KUCIOTHl (B 4YacTHOCTH, IctenH RSH)
TEPSIIOT cepy B Buje cyiabuaa Hatpus Na,S:

R—-SH + 2NaOH — R-OH + Na,S + H,0
OGpa3oBaBIIHiics cyIbhUI-HOH S°~ B3aNMOAEIHCTBYET C IIFOMONTOM HATPHS
Pb(ONa), u ocaxkmaercs ero KaTHOHAMU Pb* B Buze cyabbuma ceuma PbS

(ocamox uepHoro 1mBera). [LmomOutr HaTpus oOpasyeTcs W3 aierara CBUHIA
(CH3COO0),Pb nox aeiicTBreM Mieiioun:

Na,S + Pb(ONa)z + 2H,0— PbSl + 4 NaOH
# DToil peakueil MOKHO OOHAPYKUTh U LIUCTHH.

Xon onbiTa: K 1 M pactBopa uucrenna (wiu 6enka) noo6asuts 0,5 mi 30%
pactBopa NaOH, nepememiath U KUNSATUTH Ha BOAsiHOM Oane 10 MHMHYT, 3aTeMm
no6aBuTh 1-2 kxammm 5% pacTBOpa YKCYCHOKHCIIOTO CBHHIIA M TPOJAOJKHUTH
HarpeBaHue 10 00pa30BaHUs YEPHOTO OCAKA.
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OmnbiT Ne4. BMYPETOBAA PEAKIIA

Cyrtb: Ilpu nobGaBnenuu k pactBopy Oenka pactBopa NaOH u CuSO,
TOSIBIIICTCS  (huoiemosoe OKpalluBaHHE, OOYCIOBICHHOEC HAIUYHEM XEJIaTHOTO
KOMILIEKCA MEKY TISITHAHBIME IPYIITaMy B HOHaMu Mean Cu®'.

B mienouHo# cpene menTUaHBIC TPYMIIBI MOTYT CYIIECTBOBAaTH B €HOJBHOM
dopme. [TosToMy OMYPETOBYIO pEaKIIMIO MOXKHO MPEICTABUTH:

ol b \
4| & ANaOH, CuSO; | 5 mems /N\c 7 0\({
27 N > u

N- ” o /N

= \' 5 %(,\ o /N B LIEIIb
-4HOH, /
Nas N
s B IIENb ONa

(bHOIIETORO OKpaIlleHHBIH
PACTBOPHMBIH KOMILTEKC

Takoe »xe okpammBaHue gaeT u Ouyper (amun amtoGaHOBOW KHCIOTHI
NH,—~CO-NH-CO-NH,), ecmu ¥ Hemy mobaButh CuSO, B mienmodHoi cpene.
OTcrofa 1 OJTHOMMEHHBIE Ha3BAHUSI: PeakTUBA (OMypETOBBIN) U COOTBETCTBYIOLIEH
peakuuu (OuypetoBast).

buyperoByto peakiuio JalOT Bce O€NKH, a TakXKe OJUTONEeNTH/bI,
CoJIeprKalllie He MEHee JBYX MENTUIHBIX CBS3EH.

Xoa ombiTa: K 0,5 M 6enka mo6asuth 0,5 mia 10% pactBopa NaOH u 3
karu pactBopa CuSQO, . O6paszyercst proseToBOE OKpalliuBaHUE.
PesynbraTel HaOmI0IeHU 3aHOCATCS B Ta0IUITYy 19.

Tabnmma 19. Onenka HaOJIOACHUH, CBA3aHHBIX ¢ KAY€CTBEHHBIMU
peaKIusIMH Ha OCJIKU

Peaxnus ¢
Peaknus ¢ Kcanronporen aHeTI;.TOM buyperoBas BeiBog
Ne | HuHrMIpuHOM | HOBas peakuus CBUHIA peakuus o Hanuuuu AK* B
+/- +/- 4 +/- pacTBoOpe

gl | W DN -

* AK - amMmuHOKHKCIIOTA
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Bomnpocs! puist 3amuThl padoTsl

1. Hanmcatp peakuuio B3auMOJEHCTBUS TpunTodaHa ¢ HUHruapuHoMm. Kakue
NpEBpAIllCHNUs] MPETEPHEBAIOT AMHHOKHUCIOTBI B pPE3yJbTaTe HUHTUAPUHHON
peakiuu?

2. Tlo xakoMy THIly MPOTEKAET KCAaHTOMPOTEUHOBAS PEaKUUsi C TUPO3UHOM?
Kak e€ moxuno eme Ha3BaTh? OOBSCHUTH, MOYEMY MpPH MOMAJaHUU HA KOXKY
KOHLIEHTPUPOBAHHOM a30THOM KUCIIOTHI HAOJIIOJAETCSI )KENTOE OKpaLIMBaHHE.

3. Hanucatre OuypeToByro peakuutoo. MOXHO JIM C MOMOLIbIO OWypeTOBOU
peakuuu pa3InuuTh PaCTBOP 0.-aMUHOKHUCIIOTHI U pacTBOp Oenka?
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JIABOPATOPHAS PABOTA No18

Onpenesienue n3ozaekTpruyeckoii Touku (Pl) cbIBOPOTOUHOTO
aapO0ymuna. Biusinue pH u 3,1eKTpo/IMTOB HA cTeneHb HA0YXaHUA JKeJIaTUHA

PeakTuBbl 1 000py0BaHuE:
0,1> 1 0,5 3 CH;COOH.
0,151 0,5 » CH;COONa.

0,1> HCI.

0,15 NaOH.

0,53 K,SO,, KCI, KBr, KCNS.
95% STHIIOBBIIA CITUPT.
SAw4HbIN aTEOYMUH.
[Topomiok xenaTrHa.

.jm;i
¢ ‘e

0. ITumerkw.
IIpakTHyecKas 4acTh <=

Hoo~NooOkwhE

OmnbiTNel. OIIPEJEJIEHUE pl CBIBOPOTOYHOI'O AJIbBBYMUHA

IIpunumn mMeroaa: benok Jerko BhINAAAET B OCAZOK B M303JIEKTPUUYECKOM
cocrosinud. [loaromy, T0 3Hauenue pH, npu KOTOpoM OENOK BBINAAET B OCAJIOK, U
Oyaer wu303J1eKTpuuecKkoil Toukoi. OcaxzaeHue Oenka MPOBOAAT IMyTEM
BBICAJIMBAHUS JIETUAPATUPYIOIIMM CPENCTBOM — 3THJIOBBIM cUpTOoM. OcakJieHne
KOHCTaTUPYETCs IOMyTHEHUEM PacTBOpa.

JTanbl MeTOA:

1. TlpurotoButs 8 pactBOpoB amerartHoro Oydepa (K,=1,75-107) c
pa3nu4HbIM 3HaueHueM pH, nmpenBapuTenbHO pacCuuTaB €ro MO JaHHBIM TaOIHIIbI
c momolIiblo ypaBHenus I'ennepcona-I'accennbaxa.

2. Hcnonb3oBaTh NPUTOTOBJICHHBIE OydepHbIe PacTBOPHI Kak cpeay Jjis
BbICAJIMBaHUs O€JIKa STUIIOBBIM CIIUPTOM.

3. BoIiAcHUTD, B KaKOM Cpesie pacTBOp OeKa MyTHEET.

Ta6muma 20. [IpuroroBienue 6ydepHbIX pacTBOPOB.

[Tpobupkwu 1 2 3 4 5 6 7 8

O0pem
0,1 > CH3COOH, 8 4 2 1 1 0,5 0,5 0,5

MJI

0O0BeM
0,1 » CH3COONa, 0,5 0,5 0,5 0,5 1 1 2 4

MJI

pH
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Xona onbiTa: B 8 mpoOupok 3aMBarOT 1Mo 1 MJT MPUTOTOBIIEHHBIX alleTaTHBIX
OydepHBIX pacTBOPOB. B KaxkIyro MpoOUpKy AO0ABISIIOT MO | MJI CBIBOPOTOYHOTO
anbOymMuHa M 1o S5 Kamenab ATwioBoro cnupra. CoaepKuMoe TIHIATEIbHO
MEPEeMEITUBAIOT U OTMEYAIOT MPOOUpPKY (a 3Ha4MT, W 3HadeHue pH), B KoTOpoit
HaOroAaeTcsl HauOoJiblllee MOMYTHEHHUE. 3aluChIBAlOT OTBET HA MOCTaBIICHHBIN
Borpoc — pl (ssmyHOTO ATKLOYMHUHA).

OnbiTNe2. BJIMAHUE pH HA CTEIIEHb HABYXAHUE BEJIKA

B Tpu oMHAaKOBBIX MEPHBIX NPOOUPKU BHOCAT 10 0,5 T mOpOIIKa KeJlaThHA
(BeIcOTa Ocajaka 1cm). B ogny mpobupky Hamusarot 8 mi 0,1 3 HCI, B npyryro — 8
mia 0,1 » NaOH, B tpetrpto — 4 M 0,5 3 CH3COOH u 4 mn 0,5 » CH3COONa.
CopnepxxruMoe NpoOMPOK MEPEMENIUBAIOT U OCTABIISIIOT HAa 1 4ac (B TEUEHHE 3TOrO
yaca pacTBOpHl TIIATENIbHO MepemeninBaoT). [lo hcTeueHuro 3TOro BpEMEHH,
U3MEPSIOT BbICOTY HaOyxmiero rens. CTposiT AuarpaMMy 3aBHUCHUMOCTH CTETIEHU
HaOyxaHHUs xKenaTtuHel oT pH.

OnbiTNe3. BJIMAHUE DJIEKTPOJIMTOB HA CTEIIEHb HABYXAHUA
XEJIATUHA

B 4 npoOupkm HaceimaroT 1o 0,5T MOpoIIKa >KelaTHHA, B KaXKIYI II0
otaenbHOCTH n00aBistoT o 8 mi 0,5 3 K,;SO4, KCI, KBr, KCNS. Coxepxumoe
POOMPOK OCTaBHTh HA Yac, B TCUCHHUE KOTOPOTO MPOHM3BOJIUTH MEPHOAMUCCKOE
nepeMemmBanue. Uepes yac M3MEPUTH BBICOTY HaOyXaHUS JKeJIaTHHA.

BOl'lpOCLI AJIA 3aIIIUThI paﬁoTbl

1. Mo)XHO 1M 1O H303JEKTPUYECKOM TOuke Oenaka XOTs Obl Kak-ToO
MPUOINKEHHO CYJIUTh 00 €ro aMUHOKHUCIOTHOM COCTaBe?

Kakumu cBoiicTBamu 00J1aj1aeT 0€7I0K B M30JICKTPUUICCKON TOUKE?

Kaxoii 3apsg umeet 6emnok npu pH > pl u pH < pl?

[ToueMy BHE U302JIEKTPUUYECKONU TOYKU OETIOK TPYAHO OCATUThH?

Yrto Takoe cTeneHb HaOyxaHus Oenka?

OOBSICHUTH 3aBHCHMOCTD CTEIICHN HaOyXaHUs KenaThuHa oT pH.

Kak Oymer HaOyxaTh JKeJIaTHH B M303JeKTpHueckoit Touke (Pl 4,7)? Uem 310
OOBSICHUTH?

8. OOBSACHUTH Pa3INIHOEC BIMSHUE aHHOHOB Ha MIPOIIecC Ha0yXaHUs JKeJaTHHA.

No ko
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JIABOPATOPHAS PABOTA Ne19

OnpeneseHue KOHCTAHT KHUPOB.

KoHcTaHTh! %UpoB (HOAHOE YUCIIO, YUCIO OMBUICHHUS, KUCIIOTHOE U 3(PUPHOE
YHCII0), MO3BOJISIIOT CYJUTh O KAa4eCTBE JKHUpa: CTEIEHH €ro 3pesIoCTH, CTEIEHU
HEHACBIIIEHHOCTH Macell, O CKJIOHHOCTM UX K IIPOTOPKaHUI0 U APYrUM
U3MEHEHUSIM, MPOUCXOMAIIUM TMPU XPAaHCHUHU U TMepepadOTKe MUIIEBBIX Macell.
[Iporopkinre macia OMacHo YHNOTPeONATh B MHUILY, TaK KaK OHM SBISIOTCS
UCTOYHUKAMU CBOOOHBIX PATUKATIOB, MPUBOIIINX K XUMUYECKOW MOAU(PUKAIIUN
JUMHUIOB OMOJOTHYECKHX MEMOpaH, a TaKkKe Pa3jMYHbIX OENIKOB, HYKJICHMHOBBIX
KUCTIOT, Hapyas ux QyHKIHH.

Maco, NoJy4eHHOE U3 3PEIbIX CEMSH, COAEPKUT MaJIO CBOOOJHBIX KUPHBIX
KHCIIOT U OylIeT XapaKTepU30BATHCS HU3KUM KHCJIOTHBIM YHUCJIOM M BBICOKUM
3¢upHBIM uucio. B Macne ke M3 HE3pENbIX CEMSIH COJep)KaHHWe CBOOOIHBIX
XKUPHBIX KHUCJIOT 3HauuTeNbHO. Ilpu XpaHeHuu macia HaOJIIOAETCS THUAPOJIU3
TPUTIMLIEPUAOB, KOTOPHIN MPUBOJUT K HAKOIJIEHUIO CBOOOJIHBIX KUPHBIX KUCIIOT,
T.€. K BO3pPacCTaHUIO KHUCIOTHOCTU. IIOBBIIEHHAs KHCIOTHOCTh Macja YKa3bIBaeT
HAa CHU)KEHHUE €r0 KayecTBa.

Iesn padorsl: [IokazaTe BO3MOXKHOCTh HCIIOJIB30BAHNSI TUTPUMETPUUECKOTO
aHanu3a JJid ONpeieJICHUs] KOHCTAHT KUPOB U OIIEHKU UX Ka4eCTBa.

O0OopyaoBaHue U peaKTUBBI:

1. bropeTku u K0AOOUYKHU ISl TATPOBAHUS.

2. Ilunerku.

3. OOpatHble BO3AYIIHBIE XOJOIMIBHUKY ¢ TpoOupkamu (mymHa 70 cm).

4. Bopgsnag Oans.

5. PactBoputens xupa (Jiydine — MeTposieHbd ddup, OE€H301, TOIYOd, HO B
JTAHHO# paboTe mpe/yIaraeTcsi STUIOBBIN CITUPT).

6. 0,25 ciuproBoii pactBop ;.

7. 0,15 pactBop Na,S,0:s.

8. Huaukartopsl: kpaxman u peHoadTaaenH.

9. 0,53 cimproBoii pactBop KOH.

10. 0,53 HCI.

11. JIuctuiiupoBaHHas BOAA.

12. Hasecka xwupa (Macna).

IIpuHUUNBbI METOAOB ONpedeJeHUS KOHCTAHT KMPOB M 3HAUCHHE ITUX
KOHCTaHT TIPEJICTABJICHBI B BUJIE TPa(OIOTHISCKON CXEMBI.
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VsMepseTcsa KOIHYECTBOM IPaMMOB Hoza,

ﬁonn%;{ YHCIO0 ——— KOTOpOe NpHCOeaHHAeTCA K 100 r sxupa

TTo3zeonser CYJHTE O CTEIIEHH HeHAaCBhIIICHHOCTH JKHpa, O €ro
CKJIOHHOCTH K «BBICBIXaHHIO», IIPOTOPKAaHHIO H IPYTHM

H3MEHEHHAM, IIPOHCXOJANIHM IPH XPaHEHHH H nepepaboTke
MHIIEBBIX H TEXHHYECKHX Macel

Tanubie 119 y TBepasx xupoB 30 + 86 (;KHP MIeKONHTAIOMIHX)
JHTePATYPHI, Y SKHAKHX KHPOB 150 + 200 (GKHP MOPCKHX MIEKOIHTAKOLIHX,
I1e PEI0, pacTHTEIbHEIS JKHPEI)

HCIIOIb30BATHCE CIIHBOYHOrO Maciaa — 81 E )ICHPBI ¢ ﬁq =70 :
OpraHH9eCKHe xonkogoro — 106 ! OTHOCATK MaciaM
PaCTBOpHTeIH MOACOMHeYHoro — 119 +145 t i

THMA meHsHOTo-179  TTTTTTTTTTTTTTOS '
Hzmepaerca xommrgecTeoM MELHIpanyoe KOH,
A 33TPaueHHOr0 KaK Ha IMET0YHOH IEAPOIHS (IIeI090mHs), TaK
Yncao oMBLIEHHA H Ha HeHTPATH3aHIO CB000IHEX (He3TepHHIIHPOBAHHEIX)
o4 SKHPHEBIX KHCIOT 1 T 2XKHpa
Ay =
Hamepaerca xommrgecTeoM MEUTHIpanmoe KOH,
Kucaorso -
——~ He00XO0ZHMOT0 A1 HeHTPaIH3allHE CEODOJHEX
BN - "Ig‘?‘o (HeaTepHQHIHPOBAHHEIX) JKHPHEIX KHCJIOT, COASPAKAIHXCA B
Uen Oomeme KU, TeM HHXKE Ka9eCTBO JKHpA (OH MOIVYeH H3
HE3peNEX CeMAH HIIH JOMT0 XPAaHHIICA, TOJBEpPraich THAPOIH3Y)
A
Smproe H3mepaerca KoqEdecTBoM MELTHTpanyoe KOH,
SIS > Heo0X0JHMOro 711 IEJ0YHOr 0 THAPOIH3a (meno4omsa) 1 r
< |

OnsIt 1. Onpedenenue

I

Yem oomsme OY B 3Y, TeM 00MIBIIE KOPOTKOLEIOYETHEIX
AKHUPHEBIX KHCIO0T (¢ muHEOoH nenH < C1g) COTep:KHT KHp

# PacTHTeNBHEIE MacIa He Cofep:KaT KHeIoT HHuke Cia.
B XeHCKOM MOJIOKE TO:Ke OTCYTCTBYIOT KOPOTKOIEOYe HEIR
JKHPHEIE KHCIOTEL JTHM KEHCKOE MOJIOKO OTIHYAETCA 0T
KOPOBEETO (CM. JaHHBIE JTHTePaTYPHI: Tadmuua 20)

liooHoz0 uucna (MY).

Ortanbsl METOAA

Xon paboThl

1. [TogroroBka
HCXOJ/THOTO
MmarepHaia K pabote
(pacTBOpEHUE XHPa B
CIHUPTE U
KOHTPOJIbHAS MP00a)

B xon0y Ha 100 Ma momectuts 0,21 Macia (WM JIp. )KUAKOTO KUPA)
u 10 mn crnmpra (momorpeTh Ha BOASHOW OaHe, €Clid IIJI0XO
pacTBOpSIETCs) — 3TO ONMbITHASI MPOda.

Bo BTOpoit kombe — Tonpko 10 M cnupTa — 3TO KOHTPOJbHAS
npoda.

2. IlpoBenenue peakuuu
HOaMpOBaHUS B
TeUeHUE 5 MUH.

B kaxayio npoOy (OombIT U KOHTPOJb) mpubaButh mo 5 mia 0,2 3
CIIUPTOBOTO pacTBOpa Hoja, mepeMematb, npwmth 40 M
JUCTUITUPOBAHHOM BOJIBI M XOPOIIO BCTPSIXHYTh, 3aKPHIB MPOOKOIA.
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3. TutpumeTrpuueckuit
a”Ham3 Jo: ero
OCTaTKa B OIBITE U
BCEro KOJIMYECTBA B
KOHTpOJIE.

Yepe3 5 munyT comepxumoe koiabd orrurposath 0,1 3 pacTBopom
THOCyNb(aTa HATpUsA CHavajla J0 TOSBICHUS Ci1ab0-KeJITOro
OKpalllMBaHus, a 3aTeM, npudasuB 10 kamens Kpaxmaia, TUTPOBAThH
JI0 UICUE3HOBEHUSI CUHETO OKpAIIMBaHUS.

4. Pacuer MU — mo
dbopmyiie, KoTopas
BBIBOJIUTCS Ha
OCHOBE
OIIpEEIICHUS 1y

m(I,)x100

pa) ’

r/100: (1)

Io onpenenenuto: MY =
m (xu

m(IZ) = TTC/IZ ) AVMH(TC) = TTC/12 ) (Vl - V2 )MJI(TC) =

1
_ G(to) M(512)
- 103

V-V )MJ'I(TC) =127-107*- -V, )Mﬂ(Tc)a

T
[Tonyuennoe 3Hauenue Maccel M(1,) B T MOICTaBJIsIEM

B popmy.y (1)
Oo6o3nauenus: Vi — KoiuuecTBo THOCYIb(DaTa (TC),
MONIeAIIee Ha TATPOBAHUE KOHTPOJIS B MIT;

V, — konnuecTBO THOCYb(]aTa (TC), momeanee Ha
TUTPOBAHHKE OIBITA B MJI;

# P ACXOXKJACHHUC B IApAJUICIIBHBIX OIIbITaX JOITYCKACTCA JIMIIb B JCCATBIX AOJIAX
IMOJIy4aCMBIX ﬁOI[HBIX YHCCII

OnbiT 2. Onpedenenue xucromuozco uucia (K4), uucna omwinenus (OY) u

aghupnozo yucna (34).

DTansl METOAA

Xon paboTbl

1. IToaroroBka MCX0IHOTO
MaTtepuana K padore.

bepyrcs nBe
IKCIIEpUMETATILHBIC
cepuu:

1 cepus — nns
ONpeIeIICHUS YUCAA
OMbLIeHUS,;

2 cepusn — s
OTpeIeTICHUS
KUCTIOMHO20 YUCIA.

B3are 4 kon6e1 Ha 100 mur: 1Be — ombITHBIE (0),
JIB€ — KOHTpPOJIbHBIE (K). B Kaxkmoi cepur — OMBIT

¥ KOHTPOJIb
0 3
1 cepus 2 cepus

B onbITHBIE K0JI0BI TOMecTuTh 0,5 T Macna (Wi
JIp. PaCTOIIEHHOTO KHPA).

B KOHTpOJIbHBIE KOJIObI
JTUCTUJTUPOBAHHOMN BOJIBI.
Bo Bce 4 xkon6sl mpwmth mo 15 mm 0,5 o
criuproBoro pactsopa KOH.

Hamute 0,5 wn

. [TpoBeneHne peakuuu
TUAPOJIN3A B REPEO
IKCnEPUMEHMAIbHOIL

OnbBITHYIO W KOHTPOJIbHYIO TNpoObl l-0it cepuu
3aKPbITh poOKaMu v 00paboTaHHBIMHU
BO3IyIIIHBIMUA XOJIOAWJIbHUKAMUA W TIOCTaBUTHh B
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cepuu B Teuenue 30-40
MUH IIPH HArPEBaHUU

KUISYI0 BOJsHyr0 OaHoo Ha 30-40 MuHyT,
NEPUOINYCCKHA BCTpsXuBas. JKUIKOCTh B KOJOax
JOJDKHA €200 KHUIIETh, a BEPXHSSA YacThb TPYOKH
HE HarpeBaThCs (IUIMHA TPYyOKHW >kejaTenbHa 70
cM.). ITocne aToro o6e KoJaObl OXJIaAUTh.

. Tutpumerprdeckui
ananmn3 n30eiTka KOH
(KOTOpBIii HE MONIeIT Ha
CBSI3BIBAaHUE CBOOOTHBIX
KK*) 60 emopoii
IKCHEPUMEHMATbHOU
cepuu.

OH HyX€EH s
onpexaenenus KY

[loxa mepeasa cepusa 1pod moOABEpraercs
KUTICHUIO, 6MOPYI0 Cepul) MOXXHO TOJBEPTHYTh
aHalIu3y Ha CBOOOJHBIC >KHUPHBIE KHUCIOTHI (IO
KOH).

B KOHTpOJIBHYI0O M ONBITHYIO KOJOBI 6mopoil
cepuu npwuth 15-20 M Boubl, 3-4 Kamau
¢enondranenna u turpoare 0,5 3 HCl mo
HCUYE3HOBEHHUSI PO30BOU OKPACKHU.

Ommeuaiom ob6wemvr 0,5 3 pactBopa HCI,
MOIIEAIIETO Ha TUTPOBaHUE KOHTPOJIA V; (KOJOBI ¢
BOJI0M) 1 ombITa V; (KOJIOBI C JKUPOM).

Pasnocte mexnay kommuectBom HCI, mormenmieit
Ha TUTPOBAHUE OMBITA U KOHTPOJIS, IKBUBAJIICHTHA
konmuectBy KOH, koropoe wu3pacxoloBaHO B
peaknusx cojieodpazoBaHus (0Opa30BaHUS MbLa)

. Pacuer KU — o gopmyue,
KOTOpasi BBIBOJIUTCS Ha
ocHoBe onpeaenenunss K4

CO CBOOOJTHBIMH JKHPHBIMHU KHUCJIOTAMHU.
m(KOH)-103

v — mr/r  (2)
M(KOH) = Tyci/kon - AVun (HCD) = Tyciykon - (Vi — V2)uel =
C,(HC) - M (% KOH)
103
D10 3HayeHne M(KOH) B T mojcTaBisieM B (2)

ITo onpenenenuro: KY =

28
(Vi = V)ua = 1_03 (V1 = V2)Ha

5. TUTpUMETPUYECKUN aHAIN3

n30biTka KOH (koTopbIil He
TOIIIEN Ha CBSA3BIBAHUE
cBoOoaubIx JKK* u ne
y4acTBOBAJ B LIEIIOYHOM
TUAPOIIN3E KUPA) 6 Nepeoil
IKCHEPUMEHMATIbHOIL CEPUU.
OH HYXEH JIJIsl oTpe/ieeHUs
ou.

KOH ¢ nepeoit cepuu (nocne xuns4eHus) aHATU3UPOBATH
TaK kK€, Kak U émopyio cepuio (06e3 KunsyeHus), T.e. mocie

nobaBneHust Kk xowmponaio (npobe ¢ BOJOH) U onwimy
(mpobe c¢ xupom) 15-20 mMa Boael u 3-4 Kamenb
¢beHondTanenHa koumpoab U onvim  HEOOXOJUMO
nporutpoBats 0,5 3 HCl nmo wucuesHoBeHus po3oBoii
OKpacKH.

Pasnocte wmexay kommuectBom HCI, momemmum  Ha
TUTPOBAaHHWE  ONbITA W  KOHTPOJIA,  OSKBHUBAJEHTHA

kommyectBy KOH, koTopoe wu3pacxogoBaHO BO BceX
peakiusx cosneoOpa3oBaHus (B TOM YHCIE, M HIETOYHOTO
TUIPOJIN3a).

[IpoBonutcs no Toi xe ¢dopmyne, yto u KU, B

6. Pacuer O4 KOTOPYIO HaJ0 TMOJACTaBUTH 3HaueHus Vi u Vo,
MOJIYYCHHBIC B 3TOM cepuu (TOCIe KUTISTYCHNUS ).
7. Pacuer DY 2O =0Y - KY
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* 7KK — )KupHbI€ KUCIIOTBI

OY — gyucno ombuienus, KU — kucinornoe uucio, Y — aupHoe 9ucio.

[Tpumeuanue:
onpenenenue xxupHbix kucaot no KOH, a ne NaOH cBsizano ¢ Tem, 4To KajlueBble
MbLIa JIyYIll€ pACTBOPUMBI B YCIIOBHSIX OIIBITA.

IMPOBCICHUC

rmapojin3a JXKHpa C

nomompro KOH wu

CpaBHUTE KOHCTAHTHI Pa3HBIX KHPOB B CBOMX ONBITAaX (€ciu Takue
IPOBOJIWIINCE) M MO JIAHHBIM JIUTEPATYPbI (cM. Tabimiry 21).

Tabnuma 21. KoncTaHTsl )XKUpOB (JTUTEpaTypHbIEC JaHHBIC™*)

IToaconueud | Prokukosoe | CiuBouno | CBuHOU Kup Monoko | Momoko
0€ MacJio MacJjo € Macio KUP YeNIOBEKa | KEHCKOE | KOPOBBE
14 119-145 133-155 27-36 46-66
oy 186-194 181-190 220 193-203
Tw’C | -16+-19 | -15+-18 | 22+ 32 17
<Cu-8| >Cyp
CocraB Co 95 C16—30 Cu—3 | <Cypo—0]| C4-Cys
XK, % Cle, Cis Cis < éG -13 Cis—18 Cis—25 Ciu—20 [<Cyp—-10
14 Cis—8 | Cis—15
Cis—15
HAaCBbIIII. 6-12 6-9 > <50 > 39-49 > 44 > 50
OJIEUHO-
Bas 24-40 <27 35 ~41 46 ~32 32
Cis1
JIMHOJIE-
BasL 46-62 14-15 5 ~5 10
Cis2
JINHOJIE-
HOBas 20-38 0 ~0
Cis

** IlpuBeneHbl AaHHBIE C UCIOJIB30BAHUEM OPraHMYECKUX PACTBOPUTENEH THIIA

nerposieiiHoro »¢upa (HO HE OTUIOBBIA CIUPT,

kak y Hac). Iloatomy

OPHUCHTHUPOBATLECA MOXEM TOJBKO Ha CpPAaBHUTCIBHBIC, 4@ HC Ha a0COJIIOTHBIE
BCIIMYUHBI.
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JIABOPATOPHAS PABOTA Ne20

OnpenesieHue NOBEPXHOCTHOTO HATSKEHUS JKeJTYHBIX KHUCJI0T METO0M
CY€éTa KamneJb.

CHIKeHHE TOBEPXHOCTHOTO HATSXKEHUS HA TpaHUIle paszzena AByX (a3 ¢
nomoiibio [TAB nexuT B 0cHOBE MeXaHW3Ma 3MYJIbIUPOBAHUS )KUPOB U CHUKEHUS
MOBEPXHOCTHOTO KOH(MIUKTA Ha TPAHUILIE TIOJIIPHOE — HETIOJIPHOE.

Ongnum u3 ucrounukoB ITAB B opranu3Mme sBIS€TCS K€T4b — MPOAYKT
paboThl MEYEHOUHBIX KJIETOK. B cocTaBe my3bIpHON JKETYM 4YETOBEKa HMEIOTCS
Boja (86,65%), xemunble KucnoThl (9,14%), nmurmentsl (2,98%), xonecrepuH
(0,26%), >xupnbie kucaotsl U Junuasl (0,32%), neoprannueckue conu (0,65%), B
T.9. Na* — 130 uM, K* — 9 uM, Ca** — 6 uM, CO3~ — 75 uM, HCO3 — 10 uM.

Bunno, uto u3 Bcex [IAB Gounbiiias 107151 IPUXOIUTCS HA KEITUHBIE KUCIOTHI.
[Ipyyem, mocienHUe HAXOIATCA, TJIABHBIM 00pa3oM, B KOHBIOTUPOBAHHOW C
TJIMIIMHOM WIM TaypuHOM (hOpME, TaK HA3bIBAEMBIC NAPHblEe JHCEYHble KUCIOMbL
(TTMKOXOJIEBas U TaypOXoJeBas).

_____

R = COOH (rmHuuH)
R = CH:- SO:H (taypuH)

[ L p——

PR -

T'mapodupHas 4acTh
TapHBIX KETIHBIX KHCIOT

TugpododHas yactsp
MapHBIX KETIHBIX KHCIOT

brnarogapss OuduibHON TpUpPOAE napHvle dicenuHvle KUCIOMbl W SBISIOTCS
MOBEPXHOCTHO-aKTUBHbIMU BemiecTBaMu ([TAB) u ywacTByloT B pa3IMyHBIX
MOBEPXHOCTHBIX SIBJICHUSX:

» OMYJIBTHPYIOT XUp (pa30uBasi O0JIbINE KallJIi Ha MEJIKHUE),

» a7CcopOMPYIOTCSI Ha HEMOJIIPHBIX YacTSAX JKUPHBIX KHCIOT, 00pa3ys C
HUMHU XOJICMHOBBIE KOMIUJIEKCHI KaK TPAaHCIOPTHYIO (OpMY KUPHBIX KHUCIOT B
CTEHKY KHUIIEYHHKA (3TO TPOIECC BCACHIBAHUSA HEPACTBOPUMBIX B BOJIC KUPHBIX
KHUCJIOT);

» aKTUBHPYIOT (PePMEHTHI TAHKPEATHIECKYIO JINA3y, Pa3pyIIAroIIyI0 KHUP.

I'uaponus >xkupa TPOUCXOAUT HA TOBEPXHOCTH pazzena (a3 Kup/Bojaa U
CKOPOCTh 3TOTI0 TpoIlecca 3aBUCUT OT BEJIMYMHBI MOBEPXHOCTH. YeM MeEHbIIe
Karii, TeM OoJbllas MOBEPXHOCTh >KHUpa JocTynHa s ¢gepmenta. [lapHbie
YKEITYHBIE KUCJIOTHI CIVIAKUBAIOT MOBEPXHOCTHBINM KOH(IMKT Ha TpaHUIlE pasjelia
XKUP/BoAHAS cpena (epMeHTa, MOTPYKasiCh CBOCH HEMOJISIPHON YacThIO B JKHP, a
MIOJIIPHOM «TOJIOBKOI» - B BOJIHYIO CpeAy WU TUAPO(IIbHBINA JOMEH (pepMeHTa.
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KpurepueM mNOBEpXHOCTHOW aKTHUBHOCTH ({) MOXKET CIYXHUTh BEIUYHHA
CHIDKCHHS TIOBEPXHOCTHOTO HAaTsDKeHHS (AG) Ha ONPENEICHHOM —Y4YacTKe
koHueHnTpaiuu (AC), B3sitas ¢ 00paTHBIM 3HAKOM:

A
g:—ﬁ, re Ac<0, AC>0

3HaK «—» TMOCTABJICH IS TOTO, YTOOBI BETUYHHA TTOBEPXHOCTHOU aKTUBHOCTHU
() Obuta mosOkHTENBHOM MMeHHO it [IAB (oTpumarenbHas MOBEPXHOCTHAS
akTuBHOCTH [TAB He nmesa Obl pusudeckoro cmpicial)

eab padoThI:
Y06eauThes, 4To JKeMYHbIe KUCIOTHI JKeaun oTHocsTcs K [TAB.

3apaun:

1. MeTomoM cuera Kareiab ONPEACIUTh MOBEPXHOCTHOE HATSKCHUE JKCITUU
IIPY Pa3HBIX €€ Pa3BEIACHUIX

2. ITlocTpouTs H30TEpMy IMOBEPXHOCTHOTO HATSDKCHHS W 10 Tpaduky
OTIPENCNUTh TOBEPXHOCTHYIO aKTHBHOCTh Ha TpeX YyYacTKaxX W3MEHEHUH
KOHIICHTPAITUH JKSITIU

3. Cnenate BBIBOABI O TOBEPXHOCTHOW AKTHBHOCTH >Kem4H ((paKTUUECKH,
JKETYHBIX KHCJIOT) B CpPaBHEHWH C KapOOHOBBIMH KHCJIOTaMHU (KOHTPOJIHHBIN
AKCTIICPUMEHT WJIM CIIPABOYHBIE JTaHHBIC).

O06opynoBaHne M peaKTHUBBI:
Cranarmomerp.
CTeKJISTHHBIC CTAaKaHYMKH.
Mensypku.
MenunuHcKas KeaTdb — UCTOYHUK KETYHBIX KUCIIOT.
JucTrimmpoBaHHas BOJA.

ok wnE

IlpuHMn MeToxa OCHOBAaH Ha 3aBHCHMOCTH: BEJIMYHMHA TIOBEPXHOCTHOTO
HATSHKEHUS )KUIKOCTH 00paTHO MPOMOPITMOHAIBEHA YHCITY Kalelb, HCTEKACMBIX H3
CIIEIUAJIBHO MOJ00paHHOr0 Kamuisipa (CTatarMoMeTpa), TO €CTh B HallleM Cilydae

o(kemun)  n(H;0)
o(H,0)  n(xemun)

I'JIC 6 — NOBEPXHOCTHOC HATSHKCHHUE, N- YUCJIO KaIlCib.

(K-

IIpakTHyeckasi 4acTh <« =

Xoxa padoThi:

1. IIpuroToBUTH pa3Hble pa3BEICHUS KEITUN:
)kemun: Boga = 1:1,5; =1:5,0; =1:10,0; =1:100,0; =1:150.

2. Yepes pe3nHOBYIO TPYOKY, HaJIETyIO0 Ha BEPXHHI KOHEI] CTaJlarMOMETPa
34CAaChIBAOT U3 CTaAKAHYHUKA ) KUJIKOCTHh 10 BerHeﬁ MCTKH CTaJlarMomMceTpa.
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3aTeM CUMTAIOT KAIlJIH KUIKOCTH, BBITCKAIOIIMNUEC U3 o0beMa a0 HWKHEH METKU
cTajlarMmomMeTpa. OngIT nmpoaciaats € ,Z[I/ICTI/IJIJII/IpOBaHHOﬁ BO,HOﬁ 141
HCCICAYCMBIMU PACTBOpPAMHU KCIIYH.

3. ITOBEPXHOCTHOE HATSKEHHE G PACCUUTATEH 110 POPMYIIE:
n(H,0)

c(>kemun) = 6(H,0) - Y

4. JlaHHbIE 3aHECTH B TaOHIy 22.

Ta6J'II/IHa 22. I[aHHLIG OIIbITA 110 OIIPCACIICHHUA IIOBCXHOCTHOI'O HATSAKCHUA
KCIIYHBIX KHCJIOT MCTOJOM CUCTa KaIICJIb

Ne | Hccnenyemsrit pactBop | C(kemun), % | Yncno kanensb . /M(‘Sl 02
1 H,O nuctmn. 0 7,25

2 | Kendb 100

3 ’kenmub: Boga 1: 1,5 40

4 ’kemub: Boda 1:5,0 16,6

5 »kemub: Boda 1:10,0 9

6 »kemub: Boga 1:100,0 0,9

7 )Kemab: Boga 1:150 0,66

5. IToctpouts rpaduk 3aBUCUMOCTH G, H/M OT Cy, KeTuH (T.€. U30TEPMY
MOBEPXHOCTHOTO HATSHKCHHUS).

6. Onpenenutsb 1o rpaduKy BEIMUYNHY TOBEPXHOCTHOW aKTUBHOCTH (:

g__AO' _ 0= 01 _ 01—0p
ACy, Coz = Co1  Copz — Copa

Ha Tpex ydyactkax koHueHTparmu (ACy,).

1. C)ICJ'IEITB BBIBOJIBI, OTBCYAsA Ha BOIIPOCHI:

4 Kaxk 3aBucur IMMOBEPXHOCTHOC HATAKCHUC O OT KOHICHTPAIHH KCJTUNU

Co.
v KakoBa oBepXHOCTHAsE aKTUBHOCTE K€Ut ( ((PaKTHUECKH -
JKEITYHBIX KUCJIOT)? 3aBUCUT JIU OHA OT KOHIIEHTPAIIUH KEITUH.
SIBnstrorces au sxemuHble KuciioTel ITAB.
OTnuyaeTcs 1M IMOBEPXHOCTHAS aKTUBHOCTD § (JKEITYH) OT (J
(kapOOHOBBIX KMCJIOT), UCIIOJIb3Ys CIIPABOYHbBIC JJAHHbBIC
OTHOCHUTEJIBHO MOCIETHUX.

AN
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