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HOAI'OTOBKA JATYUKOB K PABOTE

1. lloaroroBka naryuxa JIEKTPONPOBOAHOCTH, JaT4nKa pH, qaTymuka okucIATELHO-
BOCCTAHOBHTE/ILHOI'0 OTEHIIMAIA

CHATB 3aIUUTHBIA KOTMA40K ¢ SIEKTPO/IA, C OMOMIBIO 1ab0PaTOPHOI IPOMBIBAIIKA TIIATEIBHO
OHONOCHYTE €ro HIKHIOW YacTh MHCTHIUIMPOBAHHON BOIOW, TOC/E 4ero OCTOPOKHO OCYUIHTH
(punbTpOBaILHOI GyMaroii.

BuyTps 3nexrpona OKHCJIMTETEHO-BOCCTAHOBHTE/IBHOIO MOTEHUMANA 3aMUT 3 M pactBop KCI.
Taxoii xe pacteop ucnonssyercs s XpaHeHud 3JIeKTpoaa pH B 3ammTaOM Konmauke. B ciryyae

TIPOJIUBAHUSA JTAHHOIO pacTtBopa CICAYET IPUTIOTOBUTE H 3aJIUTh HOBYIO NOPLHIO.

2. IloaroToBKa 3J€KTPoaa cpaBHeHns

ITpn ucnone3oBanum snexrposa CPaBHCHHUS HEOOXOUMO COBITIOAATE Ce/yroHe TpeboBanms:

1. Kontpomuposars yposens JJICKTPOIIATAa B 3JIEKTPOJC CPABHEHHS: YPOBEHb IOIGKEH
HaXONMTECA B TPEJCNAX, YKA3aHHBIX B TACHOPTE HITH HHCTPYKIIMU 110 SKCIUIyaTallHuH
pUMEHACMOro snekTposa. Ilpu HenocratounoM yposHe JICKTPONHTA €ro HEOOXOMUMO JIOMHTS,
AL 5TOTO HYXHO OTKpBITH 3aTMBOYHOE OTBEPCTHE M 3aMOTHUTS JIIEKTPOA, SJIEKTPOITUTOM JI0
YPOBHsI 3aJTHBOYHOI'O OTBEPCTHSI.

2. Ilepen Hayanom wm3mepeHwuii CIEAYeT CHATL 3alTUTHBIH KOMMAY0K © 2MeKTPosa, OTKPBITH
34JIMBOYHOC OTBEPCTHE H NPOMBITH HHIKHIOID YaCTh SICKTPOJa JHCTH/UTHPOBAHHOH BOOH. Bo
BPEM3L IDOBEICHHA U3MEPEHUH 3aTMBOYHOE OTBEPCTHE JNOMKHO GBIThH OTKPBITO.

3. Vposenr snekrpommra B SNICKTPOAC IPH M3MEPEHUSIX MODKEH OLITh BhIMIC YPOBH3
AHAIU3HPYEMOTO PacTBOpA.

4. Mexay u3MepeHHs MU JICKTPOA PEKOMEHIYCTCS XPaHHTh B JMCTULIHPOBAHHON BOJIE B
BCPTHKANBHOM I10JI0XKEHHUH H C 3aKPBITHIM 3aIMBOYHEIM OTBEPCTHEM.

5. Pexomenayercs paz B Teuenume HETBIPEX — INECTH MECALEB MONHOCTHI) 3aMCHSTH

JICKTPOMUT B  OJIEKTPOAE CBeXHUM 3 M PacTBOpPOM  XIOpHAA Kalmus COOTBETCTBYIOLIEH

KOHIICHTPALIKH.

3. MoaroroBKa HOROCENEKTHBHBIX 3JIEKTPO/IOB
Kareropuueckn sanpemarorcs mexanmueckue BO3/ICHCTBHS Ha MeMOpaHy s1ekTposa

(wmonanwme, yuapsr, HaparnaHue u T.J.), CIOM XHUIKOCTH C ee IIOBCPXHOCTH CIEAYET YIAIAThH
TOJIBKO TTyTEM JIErKUX TPUKOCHOBEHHIH (HILTPOBANBHOM Oymaroii.

HonocenexkrupHsrii SHEKTPOJ CACAyeT TMATSILHO 0OMBITH AUCTHJUIMPDOBAHHOW BOHOH W
BBRIMOYHTE B KOHAMLHMOHHPYIOIIEM pacTBope (coctaB pacteopa u BPEMS BBIACP>KUBAHHS IS

KQKIOTO KOHKPETHOTO JIICKTPO/Ia yKasaHbl B PEKOMEHAAIMIX K COOTBETCTBYIOWNM paboTam).
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[locrie BLIMAYMBAHHUS IEKTPOA HEOOXOIMMO BHOBL TIIATENBHO OTMBITH JUCTHILIMPOBAHHOH BOIOH
¥ OCTOPOKHO MPOMOKHYTh (DHITETPOBAJILHOT Oymaroi.

Kak npaBuio, HOArOTOBICHHBIH DJIEKTPO/L CICAyeT orkanubposats. KanuGpopka 00s3aTelIbHO
MPOU3BOIMUTCS TIPH MEPBOM BKIFOUEHNH JATIHKa C HOBO# 2IEKTPO/HON CHCTEMOH, IIPH CMEHE XOTs
GBI OJIHONO IEKTPOJIA, BXOAILETO B COCTAB HICKTPOAHOH CHCTEMb (MOHOCENEKTHBHBIH IEKTPO]T
+ 9J1eKTPOJL CpaBHEHHs), I0CTe epephLiBa B pabore Ha cpok Gosee 12 4acoB ¥ HE PEKE OHOTO pasa
B TedyeHue 48 4acoB NpH SKCIUTyaTallHH.

OG6pasnoBbie PACTBOPHI /ISl KAIMOPOBKM PEKOMCHILYETCA BhIOMpaTh Haubonee ONM3KHMH K
MCIIOJIB3YyEMOMY JIHANa30Hy W3MEHCHHA KOHICHTPALHH xourponupyemoit cpempl. Cocras
KanuOPOBOUHLIX PACTBOPOB M YKa3aHHA MO HX TPHTOTOBJICHHIO OTpaKeHbl U1 KakJIOTO
KOHKPETHOTO 3MEeKTPO/ia B PEKOMEHALMAX K COOTBETCTBY HOLIHM paboTam.

KanuOpoBKy JaTIHKa HCOOXOANMO OCYIIECTBIIATE B creyiomiei moceI0BaTebHOCTH:

1. TlonxmounTs narunk (MynsthaaTduk Xum-1) K NEPCOHAIBHOMY KOMIIBIOTEDY WIH
wiagmeTy nocpeacrsom USB-pazbema.

2. Bamycruth mporpammy Releon Lite. Ha nmepBoM KpaHe nporpaMMbl T0JDKHA oTobpaxkarbca
unpopmarus 00 ONpeIcICHIN AaTIHKA.

3. [ToMKTIOUNT K AATYHKY HOHOCEIEKTHBHBIH 2IEKTPOIL 1 STEKTPO/1 CPABHCHITA.

4. TIpurotoBUTh KanuOPOBOYHBIE PACTBOPHIL, B KaKIbIH pacTBOp C TMOMOLIBIO BHEIIHErO
MArHHTA TIOrPY3UTh MATHUTHLII SKOPE.

5. TIoATOTOBHMTS HOHOCENEKTHBHBIH MIEKTPOML M 3IEKTPO/l CPABHCHHA K paGore. 3akpernuTh
9EKTPO/Ibl W MAarHMTHYH0 MeIajlKy Ha 1aBOPATOPHOM IITATHBE TaK, HTOOEI obecneunTs
BO3MOYKHOCTB OIICPATHBHOH CMEHBI EMKOCTEH C HCIONL3yeMbIMI PACTBOPAMH.

6. Ha nmanemn «Hacrpoiiku» BBIOpaTh IMYHKT MEHIO «Kanubposka». B nosBHBIIEMCS CIIMCKE
NATYHKOB BHIOpaTh pesxuM «KamnbpoBarky s HaTIHKA.

7. Jlist ocymIecTRIeH s KATMOPOBKH BbIOPAHHOTO JATIHKA HE0OX0IMMO BBECTH MapoJb B OKHE
«BBeauTe napoie» 0 HaKath «OK».

8. Ecim mapoJib BBEIGH BEPHO, HA SKPAHE MOABHTCA OKHO kanuOpoBke gaTanka. C NOMOIIBI0
REITIAZIAIONIETO CrHcKa B MeHI0 «KommuecTBo  5TAloB» HEOOXOMMO  BBIOpATH  HMCIIO
KaIMOpPOBOYHBIX PACTBOPOB, HA OCHOBaHWH KOTOPBIX Gyzer TPOM3BOMUTLCH —KannOpoOBKa
MapamMeTpoB JaTdnka (0T ABYX 10 nstry). TIpu MPOBEEHMM CTIUTAHMPOBAHHOTO AKCTIEPHMCHTA
PEKOMEH/IYeTCsl [IPOBOUTL KalOPOBKY JaTdiKa IO ABYM-TPEM KaJIMOPOBOUYHBIM pacTBOPaM, IIpH
[POBEICHHH XHMHYECKOT0 aHAIM3a — 110 MATH KaJl 1OPOBOYHBIM PACTBOPAM.

0. MOHOCENEeKTHBHBI OSNeKTPOd W  DIEKTPOJ  CPAaBHEHWA  TILATENRHO  OLOJIOCHYTH
JMCTHIITIMPOBAHHOI BOJIOH, OCTOPOXKHO OCYLIMTH dusTpoBanBHON OyMaroii M MOTPY3HTHL B

Ka/IMOPOBOUHBINH PACTBOP. BKTIOUHMTL MArHMTHYIO MEIAIKy M HACTPOHIb CKOPOCTH BpPaLICHHA
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MarauTHOroO sxops Ha 1-2 06./c. lpouenypy xanubposku narumxa PEKOMEHAYeTCS HAYHHATH C
KaTHOPOBOYHOIO pacTBOpa ¢ HamMeHBIIEH KOHLUCHTpAlKCH, YBENMYMBAS KOHLCHTPAUMIO B
PacTBOPE € KaXIABIM HOBBIM ATANOM kaiuOpoBku. Bce [POUCAYpEl KanmubOpoBKH He06X0IHMO
HIPOM3BOMUTE [PH OIMHAKOBOH TeMuepaType u CKOPOCTH I€pEMENIHBAHHUS PACTBOPOB.

10. B akTuBHOe mnome BBOmA «BBegure uucmo» ma 9KpaHe KaIHMOPOBKH IPOTpaMMHOIO
obecrnieyernns BBecTH KOHLCHTPANHIO  HCMOJb3YEMOTO  KamMOPOBOYHOIO pactBopa. ITocne
YCTaHOBICHHs TOKasaHud B mone «ITokasaHue» HaKaTh kHonky «Ilpumenuts». B ciyuae
BOSHUKHOBCHHMA OLIMOOK NMpPH NPOBEACHHH JAHHOTO 5Tana U3MEPEHHH JIONYCKAETCS MOBTOPEHHE
NCHCTBHH STana u3MepeHuii ¢ MOCICAYIONM HaXaTHeM KHOIKH «[IpumenuTsy. Eciw JIaHHBIH
ITaI KaIUOPOBKYM OKOHYEH, IEPEHTH K CIICYIOIEMY 3Tany KamHOpPOBKY, HaXaB KHOMKY «/[laneey.

11. Bemonuutes aeiictsus mm. 9-10 AT OCTAJIBHBIX KanuOPOBOYHBIX PaCTBOPOB (B mopsiake
YBETHYEHHS KOHIICHTPAIHH).

12. Tlocne nHaxaThs KHOIKH «/lanee» Ha mocnemmem nsrame Kanmubpoeku B mone «Hosoe
SHAYCHHE» TOSBUTCA OTKAIMOPOBAHHOE 3HAYCHHE KOHICHTPALMKM TEeKywero pacrsopa. Eciu
3HAYCHHE YNIOBNCTBOPSET TPEGOBAHHUAM K TOYHOCTH JUIS [IPOM3BOAMMOrO 3KCIHEPUMEHTA, HAKATH
KHOIKY «CoXpaHuTh», B 06paTHOM Cllydae — MOBTOPHTE MPOLEAYPY KanuGPOBKH, Hakap KHOTIKY
«3aHOoBOY.

13. Jins npogomxenus paGoTs: ¢ AlaTYHUKOM B PEXUME H3MEPCHHUH HaXaTh KHOTIKY «[Tycky.

Bonee moapoGueie unctpykimmu ¢ WUTIOCTPALUIME MOXHO CKayaTh B pasjiere NOIEPIKKH

IH(ppoBEIX naGopaTopuii Mo cehuIKe http://rl.ru/support/. Takme B >tom paszieile MOKHO

O3HaKOMHMTLCH C JACMOHCTPallHOHHBIMHA BHJICOPOJINKAMH,

4. IloaroToBKa JaT9MKOB MYTHOCTH U ONTHYECKOH INIOTHOCTH

KroBera nomxkna 661 BbIMBITA, OIIOJOCHYTA JMCTHITUPOBAHHON BOMIOH 1 BBICYITIEHA.

Hnst npeumsnonnsix usMepenuit narumc MYTHOCTH TIDEABAPUTEIHHO CIIEdyeT OTKaIHOGPOBATS.
Mt storo  Heobxoammo moakmTIOUHTS AATHUK K KOMMBIOTCPY HIM [UIAHIIETY, 3aI1yCTHTh
liporpammHoe oGecriedenne Releon Lite u cesa na maneny IKpaHa BBIOpPATE «JlaTunk MyTHOCTHY.
B orkpeiBiemcs npasom okme CIEAyeT HaxaTe KHONKY «KamubGpoBka» u o 3aIpoCy BBECTH
napons. B kioBety Hanuth 1-2 Mi sTanonHoro pacteopa 100 NTU. Ilonoxaate, noka moxasamus
CTaOHIM3HPYIOTCS, HAXKATE TI0C/IEIOBATENBHO Knonku «[Ipumenntey, «Jlanee» n «CoxpaHuTe,

HUnetpykims no mpurorosnermio sranonmoro pactBopa 100 NTU upusenena s pasnene

TOAACPXKKN UH(DPOBBIX TaGOPATOPHIA 110 CChUIKE http://rl.ru/support/.

5. IloaroToBKa cyeTYHKa Kanejb

Ilepen ucnornb3oannem cuetuuka Kamens CJICLYET NPOBECTH €ro KaIUOPOBKY.



Jlisi 5TOrO HY)KHO 3aIlOJHMTB OIOPETKY PacTBOPOM, KOTOpBIil [LIAHUPYETCS UCIONL30BATH B
sKcTiepruMeHTe (KpaH GIOpeTKH JIOMKEeH 6BITH 3aKpHIT). 3aKpenuTh GropeTKy (3) U AATIHK CUCTHHK
xanenb (4) B mraruse (1), Kak nokasaHo Ha Puc. HIDKE. O6paruTh BHUMaHIE HA TO, 4TO OropeTka
JOIKHA OBITH YCTAHOBJEHA BBIIE AATYMKA CUETUHKA Kamelb, a4 HOCHK GlopeTKH HampaBsjiCH B
OITHYeCKHe BOpoTa Aardmka (5). PAaoM ¢ OCHOBAaHHEM INTATHBA (1101 ONITHIECKAMH BOPOTaMH)

yCTaHOBHUTH M3MEPUTETBHBIN LIHINHP (2) Ha 25 mur.

('xema 1a6opamopHoOll yemanoeKu 0l KaAuOposKy OaMyUKa cuenyuKad Kaneis:
| - wmamue nabopamopublil, 2 - USMEPUMENLHbI wiuHOp, 3 - 6ropemia, 4 - OamUUK cHenHuK Kanens, 5 — onmuveckue

gopoma OamuKd
3amycTHTh MPOrpaMMHOE 00ecreueHne Releon Lite ¥ cieBa Ha TlaHedH cleayeT BbiOpath
«JlaTyMK CUETUMK Karlenby, a B OTKPBIBLICMCH TPaBOM okHe HakaTh KHONKy «KaimmOpoBkay.
BeecTn maposib 1o 3ampocy. [TosBHTCS OKHO kanubpoBKH Jaruuka. B mone «BBeauTe 4UCION
sRecTH «20 MIT», OTKPLITh KpaH OI0PETKH H I100KAATE, MOKA B nuuEAp Hakanaer 20 I pacTBoOpa.

HaskaTh noclie oBaTeNbHO KHOTTKY «I1lpuMeHuTbY, «Jlanee» 1 «COXpaHUTB».



PEKOMEH/JIALIUM K PABOTAM JJI5 8 KIIACCA

Ne 1 YUCTBIE BEIIECTBA U CMECH

Ilpu BEmOMHEHMH paGoTel MOKeET BOBHUKHYTE BONPOC O EHHHLE SJIEKTPOIPOBOAHOCTH
(MxCyMm). Cumenc (emmHMLA  cucTeMBl CH) - osnexrpuueckas [IPOBOAHMOCTE  y4acTka
STIEKTPUYECKOH LenH ¢ conpoTHBienuem 1 Owm.

B omimune or gpyrux pabor ¢ naTunkom SNICKTPONPOBOAHOCTH, B 3T0# pabore He Tpebyercs
MPOMBIBATh W OCYLIATh €r0 MEPel KaXKIBIM HOBBIM OTILITOM, TaK KaK KOHUEHTPALHs COTH B BOJE
[IOCJIENIOBATEIILHO YBEIHYHBACTCS.

Moxno He sakpennars garauk B nanke IITATHBA, TOT/IA €I0 CIEMYET NPHICPKUBATE pyKaMmH,

HE Kacasce QYBCTBUTE/IBHEIM JIEMEHTOM CTEHOK U THA cTaKaHa.

OtBersl Ha Bonpock! s ananmsa PE3YJIBTATOB M MOATOTOBKH BHIBOIOB

1. Moorcro nu QUCTMURIUPOBaHHYIO 800y CUUMAmb YucmbIM 6eujecmeom u novemy?

Jmetumposamsyzo BOJIy MOXHO CUHTATh YUCTEIM BEIIECTBOM C HEKOTOPOH YCIIOBHOCTEIO,
TIOCKONIBKY €€ CBOKCTBA (B 4acTHOCTH, JNIEKTPONIPOBONHOCTS, paBHas 0) GIU3KM K CBONHCTBAM
HUCTON BOJIBI.

2. Mooicno nu 6000NPOBOOHYIO 600y CUUMAMb YUCIbIM 6eecmeom u novemy?

B Bojonposognoit Bone PACTBOPCHO HEKOTOPOE KONHMYECTBO COMel U rasos, HO3TOMY OHA HE
ABIIETCA  4MMCTRIM  BeulecTBOM.  IlpucyrerBue  cojeii NOKAa3LIBAETCA  3HAYCHHEM
JIEKTPONPOBOTHOCTH, 3AMETHO OTIHYAIOIUMCS OT () (oxo110 200 MKCwm).

3. Iouemy oucmunruposannas eoda ne Mooicem bvimb abeoromuo yucmoii?

B mmetmmiaposannoii Boge TIPH KOHTAKTe C BO3AYXOM DaCTBOPAIOTCS I'a3kl — KOMIOHEHTLI
BO3lyXa, B 4aCTHOCTH, YIJTIeKHCHIBIA ra3. Ero TIPUCYTCTBUE MOXKET OBITH BHOHO TO Clerka
OTIHYatomencs or 0 amekTponpoBomHOCTH: 10 15-20 MKCh. Kpome Toro, nmpu xomraxre c
MaTepUaIoM CoCyia MHUKPOKOJIMYECTBA BEILECTRA TAKKE MOTYT IIEPEXOJUTh B BOLY.

4. Yem obycnosneno ysenuuenue IMEKMPOnPOBOOHOCIMU 800l NPU dobaanenuu coau?

B Boxe Bospacraer KOHIICHTPAIHs HOCHTENEH BIIeKTpHYeCKOro 3aps/ia — MOHOB, U3 KOTOPKIX

COCTOHT COMIb, COOTBETCTBEHHO YBEITHYHBAECTCS SJICKTPOIIPOBOJTHOCTE.

Ne 2 OYHUCTKA BOJIBI OT PACTBOPUMBIX IIPUMECEI

IIpu BemonHenuM paboTsr MosKer BOSHUKHYTE BONPOC O EIUHHIIE SICKTPONPOBOLHOCTH
(MkCwm). CuMenc (eammwma  cmcTemsr CH) - osnextpuyeckas MPOBOJAMMOCTE  y4acTKa
SICKTPHIECKOH LEenH ¢ conpoTusaenuem 1 Om.

Komeo s ynepsxusanus BOPOHKH NpH (DUIBTPOBAHMH H AATYHK SJEKTPOIIPOBO/IHOCTH
MOKHO PasMECTHTh Ha OJHOM IITAaTHBE, HallpaBHB WX B NPOTHBONOJIOKHBIE CTOPOHBI. Ecin 3To
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Hey100HO, NCTIONb3YHTE Pa3HbIe IITATHBDL. MOXKHO He 3aKpeTUIATh JATIHK B JIAIKE MTATHBA, TOT/A
ero CieayeT TMpHUIAEpKMBATh PyKamu, HC Kacadch yyBCTBUTENBHBIM JIEMEHTOM CTCHOK H JHa
cTaKaHa, i aKKypaTHO TIOMEIIWBATE UM PAaCTBOP.

JLTst SKOHOMUH BPEMEHH MOKHO 3arOTOBHTE Cpasy /Ba CTAKAHA € pactBopoM cosu. IToka ozHa
ropims (GUIBTPYETCS M M3ydactes JaTIHKOM, BTOPAs nozsepraercst meperomke. OHAKO 3TO
Hey106H0, ec/i HEOOXOAUMO AKLEHTHPOBATH BHHMAHHE Ha caMHX Tpoleccax (HUIbTPOBAHUA H
MEPEroHKH.

BMecTo PacTBOpa COIM MOXKHO HCIONB30BATH BOIOTPOBOIHYIO BOJYy, HO B JTOM CIly4Yae
pazuuue B JIEKTPONPOBOAHOCTH C JMCTHITHPOBAHHON BOZOH OyAer He CTONER 3HATMTCIBHBIM
(971€KTPONPOBOAHOCTH PACTBOPA COTH Goslee 4eM Ha TOPSJOK TPEBHILIACT SNIEKTPONPOBOHOCTE

BO/IONPOBOIHO# BOJIBL).

OTBeTHI HA BONPOCHI /L/Isi AHATH3A Pe3yIHLTATOB H HOATOTOBKH BBIBO/IOB

1. O yem cogopum 3Ha4eHue 271eKMpPONPOEOOHOCHIL PACMBOPA conu?

BEICOKO® 3HAYEHHE SICKTPOIPOBOHOCTH TOBOPUT O TOM, YTO B BOIAC HaxomMTcs OOMbIIoe
KOIMYECTBO TIpUMECH (PACTBOPCHHOM counu).

2. Hsmenunacs au 31eKmponpogooHOCIib nocie (hunbmpoeanusn pacmeopa conu? ouemy?

JeKTPONPOBOAHOCT, HE MEHSAETCS, Tak KaK C INOMOMIBIO duasTpoBaHHs HEIb3A OYHCTHTH
BOJy OT PACTBOPHUMBIX TIPUMCCEHH.

3. Usmenunacs i 21eKmponposooHOCHb NOCie nepecoHKy pacmeopa conu? Ilouemy?

DAEKTPONPOBOAHOCTE YMEHbIIMIACH (mo 0 wim mouru a0 0), MOCKOIbKY MPHMECH COMM
0CTANACh B IEPErOHHOH K010e, a B MPUEMHAK MOCTYIIHIIA gucTas BOAa.

4. O yem 2060pum 3HAYEHUE HNEKMPONPOSOOHOCU, USMEPERIOE NOCAE 1 epezoHKu?

Huskoe WM HyJIEBOG 3HAUEHHE SIEKTPONPOBOAHOCTH CBHIACTETHCTBYET O TOM, 4TO BOJa
gHcTasl.

5. Kax oyucmumbs 600y Om pacmeopumblx npumeceit?

OumCTHTH BOAY OT DACTBOPHMBIX TPHMECCH MOXKHO, HANPUMED, € OMOMIBIO [IEPETOHKH

(puIBLTPOBAHHEM — HEINB35).

Ne 3 OITPEAEJIEHUE TEMIIEPATYPBI KPUCTAJIIM3ALIANA
BEIIECTBA

IlaBneHne ¥ KPHCTALIM3ANHIO apaduAa MOXHO MpOBOIHTL B dapdopopoii uantke (BMECTO
NpOOMpPKY) TIPH AKKYPaTHOM HArPCBAHWH HA CrMpTOBKE MM TLTATKE. [Ipn oToM KyCKH napaguHa
OBOJILHO XOPOIIO MPHICTAIOT K LIyILy JAT4MKa, ¥ BOSMOKHO CHATE 3aBHCHMOCTE TEMIIEPATYPBI OT

BpeMeHH HE TONBKO TIPH 3aTBEPEBAHHHE, HO 1 TIPH mrasnernu (puc. 3.1).



Puc. 3.1 — IThasnenue napagpuna: (a) navano Haepesainusa; (6) napagun noumu pacnaasuncs

K' coxanenmio, napadun, smusscs cMechio TBCPIABIX YTIIEBOJOPOAOB, HE WMEET YETKHX
TEMICPATyp TIABICHHA W KPUCTALIM3ALMH, TOITOMY Ha TpadUKe 3aBUCHMOCTH TEMIIEPaTyphl OT
BPEMCHH BMECTO TIIATO MOSBIMIOTCS TUIOXO 3aMETHBIE H3TOMBI (pHC. 3.2). AHANH3 TAKOTo rpauka
MOXKHO [POBOUTH C CHIBLHOM Tpynnoi obydarommxcs. C CHIBHOMN IPYNIIOH MOKHO TaKke
[[POBECTH ONBIT MO TUIABJICHUIO W 3aTBEPACBAHMIO CIMBOYHONO MAacia  HIN mIoKonaza,
HOATBEPXKIAIONIHH, 4T0, B OTNHYME OT YHCTOTO BEWIECTBA, CMECh HE HMeeT HNOCTOSIHHOM

TeMIIepaTyphl IUIABJICHUS U KPHCTA/LTH3aITHH.

a) 0)

Puc. 3.2 — Hamenenue memnepamypel npu naiasreruy napaguna (a)
u e2o samesepoesanuu (6)

Co cnaboii rpymmoit ofyuarommxcs MOKHO TPOBECTH OAMH H3 OIBITOB [0 MIABICHUIO H
KPUCTa/UIH3ALNHA MCTAIIIOB, ONMCAHHBIX B paboTte Ne 4 HU3yuenne dhusugeckux cBOMCTE METaIIOB.

3HayeHus TEMIIepaTyp, TOKa3bIBAEMbIe AaTIHKOM, HENOCTATOYHO MOTPYXKEHHBIM B PacILIaB,
MOTYT OBITb HIDKE JCHCTBHTEIBHBIX. Ilpn OGBICTPOM OXJI@KACHHH BO3MOXHO 3aHMGKEHIE
TCMIEpaTyp KPUCTAUTH3AIMM  M3-33 TOTO, YTO KPHCTALIHYECKAs pelieTKa He ycheBaer

QJUIJMI-IPOBEITLCH, H KaKoe-To BpeMs CYIIECTBYECT HEpeoXmaxacHHAaA KUIKOCTh.
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[locne mpoBeaeHus pabOTHI M OCThIBaHMA MIyra [AaTdHKa €ro HeoOX0AMMO aKKypaTHO
OUYUCTHTH OT OCTATKOB MapaduHa ¢ MOMOIIBIO LIIATCIIS.

I'padHK H3MEHEHHs TeMIIepaTyphbl MOXKHO aHAIM3UPOBATh MPSIMO HA DKPaHE, TAKKE MOKHO
pacriedarath ero (QyHKIMOHAI COXPaHEHUs rpaduKka B BHIC KapTHHKH JOCTYIEH NPH HAKATHH
MpaBoOil KHOMKOM MBILIM HA rpaduke), 100 BBITPY3UTHh NAHHLIE B Excel U mMOCTPOHUTH 110 HHUM

rpauk.

OTtBersbl HA BOMPOCHI Ui AHAJIN3A PE3yIbTATOB U MOAT0TOBKH BbIBO/10B

1. Kax no zpaguxy usmeHnenus memnepamypel eeujecmed npu OXNANHCOEHUU OmM spemMeHU
onpedenums memMnepamypy KpUucmaiiu3ayui KpUCmaiiuiecko2o eeuecmed 7

Temmeparype KpPHCTAUIM3ALMH COOTBETCTBYeT ILUIATO (Y4acTok, IAC TeMmeparypa HE
usmensiercst). [ napaduHa: B Clydae CMECH MHTEpBAly TCMICPAaTyphl KPHCTA/LIM3ALHH
COOTBETCTBYET YYaCTOK, HA KOTOPOM M3MEHEHHE TEMIIEPATyPhI 3aMEILICTCA.

2. Pacnevamatime 2paguk u OmMemoine Ha Hem y4acmeu, coomeemcmsyrouue.

a) srcudKomy cocmoanuio napaguna (0603nadsme SMOM yHacmox oykeamu AB);

6) cyecu napaguna & HUOKOM 1 MeEPOOM COCRMOANUIX (0D03HAbME IMONT YHACIOK bykeamu
BC);

6) MEEPAOMY COCMOAHUIO napaguna (00o3Haubme 5Mom yHacnox oyksamu CD).

Ortser uzobpaxen Ha puc. 3.3.

Puc. 3.3 — Yuacmxu Ha 2paghuxe 3aucumMocmu memnepamypol 0m epemenu npu 3ameepoesaHull
napaguna
3. Obwscrume xapaxmep nogeoeHus MONEKyn seujecmsa Ha Kancoom Y4acmie COoCmosHUS
napaguna.
B KHIKOM COCTOSHHHM MOJEKYJbl ABIDKYTCA XaoTW4HO. Ilpm AOCTIKCHHH TEMIEPATYPLI

KpHUCcTalTH3allHH MOJICKYJIBI IO OeHCTBUEM CHII ITPHTIKEHHA HAYHHAKOT (IIPHCTPAHUBATHCHA QJIHA

J1



K Jpyroi, o00pasys KpUCTaIIHYECKHE 3apOibImH. B TBCPJIOM COCTOAHMH BCE MOJIEKY/IbI

YUOPA04€HBI B KPUCTAJUIMYECKOH PEILETKE | TONBKO CIIErka KOJeOmoTes.

4. Hzobpasume cxemamuuno zpagur  sasucumocmu memMnepamypesl  Om epemenu npu

Hazpesanuu napaguna,

Ecim canrats napadun qucTsiv BemecTsom, a He cMechio BEIIECTB, rpadgux OyaeT BeITOsSAETH

OPHUMEPHO KaK Ha puc. 3.4.

t

=
Puc. 3.4 — Cxema usmenenus memnepamypol npu NIAEICHUU YUCMO20 8euecmea

B neiictBurensHoCcTH rpaduk GyeT M0X0XK Ha TOT, YTO H300paXkeH Ha pHc. 3.5.

L3
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Puc. 3.5 — Cxema usmenenus memnepamypu nApU NAGBNEHUU CMeCU
5. Yem ommuuaromes zpaghuxu 3aeucumocmu MEMREPamypbl O 6PeMEeHU NPU OXAAHCOCHUU
O3 KpUCManiuieckux u amopuvix eewyecms?

IIpu oxmnaxieHnn aMOPHEIX BEMECTB [1ATO H neperu0pl OTCYTCTRYHOT.

Ne 4 UBYYEHHUE ®U3UYECKHUX CBOMCTB METAJLJIOB

Harpesanne BemectBa moxer GHITh ymoGHee NIpOBO/MTH HE B HpoOMpKe, a B THINIE (Ha
YCMOTpeHUe npenosiasatens). B yskyro mpobupky cioxno sarpysuts I'PaHyIIEl METAJUIa TaK, YTOObI
PACHOJIOKHTE MEXK/ly HUMH HIYTI JATYHKA BBICOKON TEMIIEpPaTypEL.

Pabory co cBumHmoM cremyer MPOBOJMTE B BBITAXKHOM INKady, Tak KaK Hapsl CBHHIA
TOKCH4HBL JInsi mpoBeaenns 1abopaTopHOil paGoThl MOKHO B3STH TaKKe HMHK (Temmeparypa
miasiaeHus 420 °C). OgHako caMeiM YA0OHBIM METALIOM Ui HaHHOI paboTel 0cTaeTes 00RO,

[locne Kpucrammmsamum Meramia MoOXKer BOSHUKHYTh TIpOOJNeMa ¢ H3BICYCHMEM [I[yTa
marduka. JUist aToro mydmwe Bcero eme pas HarpeTh METail A0 IUIABICHHA W H3BJEYb IIyH H3
KUJIKOCTH, a pacIlIaB BEUTHTE Ha acOeCTOBHIH JHCT, cOBPATh TBEP/BIA METAT H HCMOIB30BATE €10

AT IPYTHX LelIen.

OTtBerhI Ha BOIIPOCHI AJI51 AHATHU3A Pe3yJabTATOB U MOATOTOBKH BBIBO/J0B

1. Kax coomnocames opye ¢ Opyeom MeMAREPamypbl NAABNEHUS U KPUCANTUIAYU?
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TeopeTHyeCcK: TEMIIEpaTyphl IUIABICHHA H KPHCTAIIN3ALUH JOIDKHET OBbITE paBHbI, OJTHAKO HA
IPAKTHKE TIPOSBIAIOTCA 3 EKTHI pa3HOTO POJIA, HCKAKAIOIIME PE3YIIBTAT.

2. Ecau usmepennvie memnepantypsl NIaenenus U KPUCMALIU3AYUU OMIUMAIOMCH, 6 HEM
Modcem Bblmb RPUYUHA 5Mo207

HeruioTHoe MpUIIEraHue rpaHyi] MeTaaia K LIyIly JaT4uka MOXKET MPUBECTH K TOMY, HTO
[1J1aTO, COOTBETCTBYIOLIEE IUIABIEHHIO, OYJIET pasMbITO, THOO JaTHHK Oy/eT noxassIBaTh APYrylo
Temmeparypy. IIp¥  pPaBHOMEPHOM  YMEHBIICHHWH  TEMIECPATYphl ~ MOXET  MPOMCXOAMIR
nmepeoxnaxaeHue pacmiaasa. [1maTto KpHCTALIM3AIUH TIpH  3TOM HaOo1aeTes XOpOIIo, HO
TeMITepaTypa KpUCTALIH3AIHH OKA3bIBACTCS 3aHIDKCHHOH.

3. Pacneuamaiime epagpux usmeHeHus memnepamypvt Npu Haepesanuu Uiu OXAAHCOCHUU.
Kakue yuacmxu Ha Hem Habmodaiomea? Ommememe y4aACmox, COOMBEMCMEVIOUJUL RAABTEHUIO
WU KPUCMATAUAYUU.

Ha rpapuke oxmaxaenus (puc.4.l) y4acTok A COOTBETCTBYET yMCHBIICHHIO TEMIEPATYPhI
pacriaBa, ydactok B (miaro) — KpHCTaUIM3aLMH, Y4acTOK C — YMEHBLICHHIO TEMIICPATYPBI

TBEPAOro BEILCECTBA.

Puc. 4.1 — I'pagux oxaasxcoenus ceunya

4. IMouemy npu niasienuu i KPUCMAIIUSAYUL MeMNepamypa He MeHAEenCa ?

Ilpu muiaBlieHwH TOrIOIIACTCS TEIUIOTA, TAK KaK Ha paspylIeHHe KPHCTAJIHYECKOH PEIeTKU
3aTpadMBAETCS HEPIHs, TIOITOMY POCT TEMIICPATYPHI BO BPEMsl [UIABICHHA MPEKPALIACTCL. Ipu
KPHCTAJLTH3AIMH — Ha000pOT, TETIO BRIACIACTCS.

5. Kak ast Oymaeme, nouemy 0 S5KCHEPUMEHMA 8610PaHbL 01060 U ceauiney?

TH METaIbl MMEIOT HEeBLICOKHE TEMTEepaTyphl IJiaBjicHus (0T0BO 232 °C, ceusen 327 °C),

yTO JemaeT BKCINEepHMEHT TEXHHUYECKH HECJIO0XHbBIM. Bo3sMmokHO TakkKe HCHOIb30BaAHHE IHHKA C



Temrepatypoi nnasnenns 420 °C. Eciu nposoguts padOTy Mpy HArpeBaHHH B THIVIE HA MASIILHON

POPEIIKE, MOXKHO OLPESAETHTh TEMIICPATYPHI ITABICHHMS ATFOMHEMUS (660 °C) nmu Maraus (651 SG):

Ne 5 OIPEJIEJIEHUE CTPYKTYPhI ILIAMEHA

st Gonee manexnoro wsmepenns TCMIICPATyphl TIAMEHH MOMKHO 3aKpeIUISTh JAaTUYHK B
WITATHBE, (QUKCHPYA €ro B ONPEJENICHHOM MOJOKCHHU A Kakjaoi Ttoukn. OnHako 3To
CYMECTBEHHO 3amentser paGory. Pabory ciemyer mposoauts NPH 3aKPBITBIX JBEpAX M OKHAX, B
OTCYTCTBHE TOPH3OHTANBHOTO [BIDKCHHS BO3Iyxa. B NPOTHBHOM CIy4Yae IUIaMs CHIIBHO
Kojebaercs.

PaGora moxer Gbith 3aTpymHeHa Tem, uTo cBeua 0OBIYHO IAeT OYEHb MAEHBLKOE nnams, u
CJI0JKHO HAHTH BCE PEKOMEH/YEMBIE TOUKH. Crnuproska faet 6osiee ropsiaee mwiams (oxoio 550 °C B
CaMo¥ TopsYeil YacTH Mo CPaBHEHHIO C IUIaMeHeM napaguna — okono 430 °C). [Tnams CIIMPTOBKH
TouTH OecuBeTHO, Ha Kpalo opamkesatoe. ILiams napadQHHOBO CBeYH CHHEBAaTOE BHYTpH,
HapYXXHBIH KOHYC SPKO CBETHTCS >KEITHIM HIIH OpAaHXEBBIM, BO3MOXKHa KOILOTh (JIBa MOC/IEIHHX

IPH3HAKA CBUACTENBCTBYIOT O HEMOIHOM CrOPAHHH),

OtBeThl Ha Bonpocs! g anan3a PE€3y/IbTaTOB H NOArOTOBKH BBIBOIOB

1. Kak 3a6ucum ceeuenue niamenu om memnepamypot?

JL1st OIHOTO ¥ TOrO >Ke mIaMeHu yeMm Bbime TEMIICpaTypa, TEM sApUE CBEYEHHE ITOH YACTH,

2. Ilouemy cpeduss uacms nnamenu ApKO ceemumes?

CBeuenne MIaMeHH MPHIAIOT pacKaTeHHbIC YaCTHIIBI YIIIEpOa.

3. B kakott uacmu niamenu credyem nazpeeamn sewyecmso, ymobwl Hazpesarue npoucxoouo
bvicmpee?

Bemecro cnemyer marpesars ma OCTPHE BOCCTAHOBHTENBHOTO KOHYCA, T.€. Ha BepXHeil
I'PaHHIIC CBCYCHHS.

4. Kaxotl npoyecc npoucxodum e camoii numcneii wacmu naamenu?

B nwxuelt wacTi wiamenu nmpoucxouT HCTApCHHE TOPIOYEI0 BELIECTBA U Cr0 Pa3ioikKeHue.
Bosayx tam npakruueckn ne HPHCYTCTBYET.

5. Yem paznuuaromes naama CRupma u niams napadguna?

Ilnams crmpra u napaduna pasiuuarores TEMIIEPATYPOI, LIBETOM, PA3MEPOM.

Ne 6 IK30TEPMHUUYECKHUE PEAKIIUHA

ITOT OIBIT MOKET BBITH OMHAM 3 HE/IOI JIMHEHKHU OMBITOB, OTPAKAIOLIMX BHIIC/ICHUE SHEPTUn

B PasHbIX BHJIaX.
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Jlas TpOBEACHUA ONBITA MOXHO HCTONB30BATE U JIPYTHE HK30TCPMUHCCKHC peakuuu B
pacTBopax.

BaskHO: HE IyTaTh XMMHYECKYIO PEAaKIHMIO C PACTBOPCHHCM BEIECTB B poje! PactBopenue
MHOIHX BEIIECTB CONPOBOKIACTCS 3HAUHTE/BHBIMU TEMIOBBIMA 3(deKTamMu, HO eCili petb HACT O
XMMUYECKHX PCAKIHAX, OCOOEHHO B Hauyajle M3Yy4CHHs XAMHH, KOraa ¥y o0ydJaiomuxcs HeT
chOPMHPOBAHHOIO TPE/ICTABICHAA O PACTBOPEHHH KaK O (PH3HKO-XHMHMUECKOM TIpOLiecce, TaKkue
PUMEPBI KpaHHe HeY/IauHBL.

EcJii Ha [IOArOTOBKY SKCIIEPUMEHTa OTBOJUTCS MaJIO BPCMEHH, MOMKHO paboTaTs Ge3 wrarusa
U MArHUTHOM Memmasiku. LIpi 3TOM TIpUIeTes AepkaTh TaTYMK B PyKaX H aKKypaTHO pasMElBaTh

UM PacTBOp.

OTBeTHI HA BONPOCHI /IS AHAJIM3A Pe3YIbTATOB H NOATOTOBKH BLIBO10B

1. Kak 2KCnepumMeHmaibHo O00KA3amb, 4iMO  peakyus  AeIACMCA IKIOMEPMUHECKOUL?
Paccmompume apuanmbol: ¢ ROMOwbIo npudopa u bes.

C nomompio npubopa: Mpu NMPOTEKAHUH PeaKIMK PacTeT TeMIepaTypa.

Be3 mpubopa: cocyil, B KOTOPOM MPOTEKAET PEaKius, CTAHOBUTCA TCILIBIM HITH ropsuuM Ha
OLLLYITh; MOTYT ObITh BHIHBI APYTHE IPU3HAKY BBIIETICHUS SHEPTHI: CBET, TUIAML.

2. Senaemca 1u uzy4eHHAs 8amMu PeaKyus K30MEPMUNECKOU?

Jla.

3. B xode 3K30MepMU1eckou peakyuu dHepeus He 0623aMenvHo Bbl0eIAencsa 6 sude menida.
Kakue ewe eudst snepauu 6vl suaeme? Ilpusedume npumepbl SK30MEPMUIECKUX peakyui, 6
KOMOPbIX IHep2usi 6bIOCIACMCA He 8 6Ude Menid Ui He MObKO & sude menia.

Bbijle/leHHe HEPrHH B BUAC CBETA: TIOMHHECLCHIIHSA; HacTO BCTPEUACTCA OIHOBPEMCHHOS
BBIJICIICHHE CBCTA M TeIna InpH TOpPEHHH paznnqmﬂx BEIIECTB.

BrIZeNeHuE MICKIPAYECKON HEPriHd B XMMHYECKOH Peakiui MPOHCXOMUT B Darapeiikax u
akkyMyssTopax. Jlasi cuibHOM TPYNIBL NPH HATHYMHM BPCMCHH MOXKHO POAEMOHCTPHPOBATE
BO3HUKHOBEHHE PA3HOCTH MOTEHIMAJIOB MEXTY INIACTHHAMH PasHBIX MCTA/LIOB.

B pesyiisTaTe XUMHYECKHX PEAKIMA TAKKC MPOH3BOIHTCHA paboTa. BONBUIMHCTBO JBHUTaTENeH

paboTaer 3a cHeT YIHEPTrHU CropaHys TOTLIHBA.

Ne 7 DOHIOTEPMUYECKHE PEAKIINH

O6mue PeKOMEHIAIMH COBMAJAIOT C MPHBEICHHBIMHE JUIA paGorel Ne 6 DK30TEpPMHUUCCKHUE
peaKLuy.

ITo jaHHOH METOJHKE MOKHO M3ydaTh JIIOOBIC YHAOTEPMUUESCKHMC PCAKIMM B PACTBOpAX HIH
MEXCTy TBEp/BIM BEIIECTBOM H PACTBOPOM. 3aMETHO 9HIOTEPMHUYECKON ABJIAECTCS PCAKIHA MEKIY
KHCIOTOH M MpaMOpoM, HO JUIi TOTO, 4TOOBI NMPOBECTH PEAKIHIO B MPCEIATacMOM dopmare,

15



Mpamop CIEAYET pacTepeTh B MOPOMIOK MM KaK MEHHMYM MEJIKO pa3aApoOuTs, 4TOOkI OBIIO Jerye
[EPEMENINBATb.

Peakuuss conpoBOXk/IaeTcs HHTEHCHBHBIM Ta30BBIICICHHEM, II0ITOMY TPEANOYTHTEIBHEE
OpaTh BBICOKHIl y3KMIt XMMHUECKHIT CTAKAH, YeM WApokui Hiskuil. Coly Ha/Io CTapaThCs BCHINATH
Cpasy Beio. IloHmKeHHEe TeMmmepaTypel mams KonHYecTs, YKa3aHHBIX B METOJHKE, COCTABUT

npuMepHo 5°.

OTBeTHI Ha BONPOCHI ISt aHAIM32 Pe3y/IbTATOB ¥ NOArOTOBKH BBIBOOB

1. Kax  akcnepumenmansno Odokazams, umo peaxkyus  s6isemcs  SHOOmepMuiecko?
Pacemompume sapuanmor: ¢ nomowsio npubopa u bes.

C momomtsro mpuopa: npw nporekanuu PEeaKINH yMCHBIIAETCA TEMIICPATY]A.

bes mpubopa: cocyn, B koTopom mpoTtekaer PeaKLus, CTAHOBHTCS HA OIILYTTh XOJOAHBM. [l
IPOTCKaHMs peakumy TPeOYeTCs! MOCTOSHHOE HArpeBaHHe.

2. Aenaemes nu usyvennas eamu peaxyus snoomepmudeckon?

Ha.

3. B x00e snoomepmuyeckoii peaxyuu sHepeus He 005A3aMeENbHO NOIOWAEMCs 6 Gude menia.
Kaxue ewe 6uowr smepeuu evi snaeme? llpuseoume npumepwvr sndomepmuueciux pearyui, 6
KOmMOopbLX SHEpeus no2iowjaemcs 1e 6 6ude menaa unu He Moibko 6 gude menia.

[lornomienwe sueprum B BUze cBeTa: (orocunTes; GoTOXUMHYECKAs HHHUITHALAS PaauKaIbHBIX
PeaKuui (HarmpuMep, peakius BOAOPOAa ¢ XJI0OpOM, OPOMUPOBAHHE AJIKAHOB).

[lornowenue snekTpudeckoit SHEPruu B XMMHUECKOI PCAKIMH TIPOUCXOIUT MPH NEKTPOIIU3eE.

[lporexanue xummyeckux peakumit MoxHO CTUMYITHPOBaTE MeXaHu4Yeckoil paboroii,
HAMPUMEP NPH NPHIOKEHMH GO/ILIIONO AABNCHNS H3 rPadmTa IOLYaEeTCs aMas. [Ipu pactupanun
B CTYIIKE LPOUCXOMUT PEAKLMs HATPHA H CEPBI, TBEPBIC HATPAT CBHHIA M MOAMA Katus. Jlerkoe

TPUKOCHOBCHHUE AOCTATOYHO JUTS B3pEIBA HOAM/1A A30TA.

Ne 8 ITIEPECBIIEHHBIE PACTBOPBI

Kpucrannorunpar auerara narpus TIpu HarpeBanuy 10 58 °C paspymaercs, BLIENSS BOLY, U
AlCTaT HATPHs pacTBOPSAETCS B COOCTBEHHOMH KPHCTAITM3ALMOHHON BOZE. [TosTomy cneumansmo
BOZy MOXHO HE H00aBIATh, OAHAKO HEOONILITOE KOIHYECTRO BOABL oOmerunt o0pa3zoBamwme
HCPECHIMIERHOr0 pacTBopa. Kpome Toro, 1o0aBicHue BOIBI MO3BOIMT HE 0OBICHATE C1a6oii rpyiie
00y4aloMmuXcs, YTo TaKoe KPHCTAJLIOrUAPAThI, MOYEMY OHH PaspylIaroTCs MPU HATPEeBAHWH, YeM
OTJIMYAETCS PACTBOP OT PacIuaBa U T. 1.

Xopowo ofpasyer mnepechieHHbIC PacTBOpEl  THOCYNb(GAT Harpus. OnHAKO NpH ero
HMCTIOJIB3OBAHMH MOXHO CTONKHYTBCS € TEM, YTO 3TH TIEPECHICHHbIE PacTBOpBl  JIOBOITEHO

YCTOUYHMBEI, M BBIAENEHHE KPHCTALTHYECKOI (asel M3 pactBopa MpH BHECEHHM KPHCTA/LIOB
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N2,8,03-5H>0 He npomcxomuT. YacTo He MOMOTaeT M HaTHPaHWE CTEHOK CTaKaHa CTEKITSIHHON
nanoukoit. B srom mmaHe THOcyab(ar HATPHA — JHOOONBITHBIH OOBEKT Ui M3YYCHUSA BIFSHHA
pasNMYHBIX (PAKTOPOB HA €ro KPHCTAILITH3ALMIO, HO TIOXO HOAXOIAIMH IS JIEMOHCTPALMOHHOTO

IKCICPHMEHTA.

OTBeThl HA BONPOCHI ISl AHAJIM3A PE3YIbTATOB M NOATOTOBKH BLIBO/I0B

1. Tlouemy npu 0XAaxcOeHUU pacmeopa HeoOXoOUMO UCKTIOHUIb nonaodarue nuiau U peskue
nomoxu 8030yxa?

JT1066Ie HEOAHOPOAHOCTH B PACTBOPE MOT'YT CILY)KHTB HEHTPaMHU KpHCTATH3AINH BELLCCTEA.

2. Iouemy rocumn wyn Oamyuka 6 pacmeop Ha0o 04eHb 0CMopOIICHO ?

[1{yn 1aTYnKa HYXHO BHOCHTB OY€Hb OCTOPOIKHO, 9TO0bI HCKIKOYHTE MOMA/AHAE OCTOPOHHHX
BELLECTB.

3. Ymo npoucxoOum npu 6HECEHUU 6 PACMBOP KPUCTAIIUKOE ayemama Hampus ? Onuwume
HAOMI0O0EHUA.

PacTBOp AOBOJIBHO OBICTPO 3aCTHIBACT M MPEBPAINACTCA B Oey o KPUCTAIUYECKYH Macey.

4. Kakyro pone uzparom Kpucmaiiuku ayemanad Hampua?

Kpuctamnuky anerara HATpHs CIykKaT 3apojbliiamMy (IEHTpaMH KPUCTAJUTH3AlMK), Ha
KOTOPBIX MPOMCXO/IUT KPHCTALIM3ALMS H30BITKA BELIECTBA H3 PACTBOPA.

5. Ymo npoucxodum ¢ memMnepantypou npu KpucmanIusayuu ayemama Hampus us pacmeopa?
O6vachume x00 2papuxa.

TemmepaTypa NpH KpPHCTAIUTM3ALMKA BO3PACTACT (puc. 8.1), Takxak Tpu 0OpasoBaHHH
KPHCTAJUTHYECKOM PELICTKH BBIIENAETCSA SHEPrus (a Ha €6 PaspyLICHUC SHCPTHA 3aTPa4HBaCICAH).

VBeaudyeHne TeMIepaTypsl MOxKeT cocTaBuTh 15-20 °C. Ha omtynb CTaKaH CTAHOBHTCS TOPA1IM.

Puc. 8.1 — Hamenenue memnepamypbsi & npoyecce Kpucmaiusayuu ayenama nampus
U3 nepeculyeHHo20 pacmeopa
6. Kaxoil npoyecc 6bl npogenu — IK30MEPMULCCKUL U FHOOMEPMUYECKUU !

DK30TEPMHYECKHUH.



PEKOMEH/IALIUA K PABOTAM JJISA 9 KIIACCA

Ne 9 SJIEKTPOJTMTHYECKAST TACCOLMAIIAS

[Ipn BemMONHEeHun paGorsr moxer BOSHUKHYTb BONPOC O EJMHMIE 3IEKTPOMPOBOAHOCTH
(MkCMm). CHMeHc (eamHHUA —CHCTEMbI CH) - anekrpuueckas IIPOBOIMMOCTE  y9acTKa
SIICKTPUYCCKOH ENH ¢ CONpoTHRICHHEM | OM.

MoxHo e 3akperiaTh gaTuMk B nanke LITATHBA, TOIAA €TO CIEYeT NPU/ICPXKUBATL PyKaMH,
HE KacajiCh UyBCTBHTEIbHEIM JIIEMEHTOM CTEHOK M JHA CTAKAaHa, H AKKYPaTHO IIOMEIIHBATh MM

pacTBop.

OTBeTsI Ha BONPOCKH U1 aHATIA3a PE€3yJIbTATOB H NO/ITOTOBKH BHIBOJOB

1. Pasmuuaiomes au suavenus 9NeKMPONPOBOOHOCU 600bI U BOOHOZO pacmeopa caxapa?
IToyemy?

He pasnuuarores (wnm  pasimuaiores B lIpefienax MOrPeIHOCTH  3KCIEPUMEHTa).
DIEKTPONPOBOHOCTE MOYKET COCTABIISITE Ao 15-20 mxCwm 3a cuer Toro, uro JAHCTHITHPOBAHHAS
BONIa MOTJIOMIACT YINeKHCIbIH Ta3 u  obpasyromascs YrolbHast KHCJIOTa HE3HAYHTEIBHO
OUCCOLHHUPYET.

Caxap — nesnexrponur, ero no6asncHne He TIPHBOIHUT K TOABJICHHUIO B PAcTBOPE HOCHTEJIEH
BJICKTPHIECKOr'0 3apsija.

2. Paznuyatomes au 3uavenus INEKMPOnPOEOOHOCIMUL 600HO20 pacmeopa caxapa u 800H020
pacmeopa conu? Ilovemy?

Pasiiuaiorcs. Snexrponposogrocts PacTBOpa COJIM HAMHOTO BbilE (Ha 3-4 mopsiKa).

Comb — snexrponut, mpu ce PACTBOPCHUH NPOUCXONT 3JICKTPONUTHYECKAs JAUCCOLHALHS U
MOSABIACTCs GOMBIIOE KOJIMYECTBO HOCHTENEH SNEKTPHYECKOro 3aps/a.

3. HAensomes nu 6oda, caxap, conv anexmporumamu?

Bosa u caxap — »et. Cons — z1a.

Ne 10 CWJIBHBIE M CJIABBIE DJIEKTPOJIUTEI

OTBeTsl Ha BONPOCKH 4191 aHAIN3A PE€3yJIbTATOB M OATOTOBKM BLIBO/I0B

1. 3uauumensno au pasmuuaromes smauenus SNEKMPONPOBOOHOCIU PACMBOPO8 COASHOLI U
azomuou kuciom? Iouemy?

Pasnuuus we 3HauntemsHel, B [Ipefienax MOrpelrHOCTH INPUTOTOBICHHS DPACTBOPOB M
H3MepeHHH. O6e 3TH KHCIOTHI CHIIBHEIE, AHCCOIMHPYIOT B pacTBOpe Haueno. Ilosromy
JICKTPOTIPOBOZHOCTh PACTBOPOB OJMHAKOBOH MOTAPHOI KOHIIeHTpauuH 6Onuska. Ee 3mauenue

cocragisieT mpuMepro 20000 MxCwm.
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2. 3nauumenvio AU PAFIUHAIOMCS 3HAHCHUS DAEKMPONPOSOOHOCHU pACME0POs CcONANOU U
ykeycnoti kuciom? Tlouemy?

Pasiane 3HAYATETLHOE, TAK KAK COJSHASA KHCIOTA JAMCCOLMHUPYET MOIHOCTBIO, a YKCYyCHad —
wer. Cremenb muccommanu ykcycHo# kucaorsl B 0,1 M pacrsope oKomo 1,5 %. 3mavenwne
2J1eKTponpoBoAHOCTH IpuMepHO 300 — 400 MKCM.

3. Kakue uz U3YUEHHbBIX Ki UCIOM AGAAIOMCA CUTBHBIMU ANeKmpoaumamu, d Kakue — craboimu?

ConsiHas U a30THAS KHCIOTa — CHITbHBIE 2IEKTPOJIHTHI, YKCyCHast — C/1a0pIi.

4. 3anuwume ypagreHus OUCCOYUAYUL USYUEHHBIX KUCTOM.

HCl=H"+Cl;
HNO; =H" + NOs57;
CH;COOH -——= H"+ CH3;COO".

Ne 11 BJIMSTHUE TEMIIEPATYPBI HA TUCCOIIUALIAIO

[IOMHMO TIEPEYHMCIICHHBIX B MOCOOMH KHCIOT, VI gaHHOM paboThl MOKHO HCTIONB30BATH
oOBIe cnabbie IEKTPOTHTBL, IOCTATOYHO XOPOLIO PACTBOPHMBIE B BO/E, HALIPHMED, aMMHAK.

[Ipy WCTONB30BAaHMM CBA3KH JBYX [aTYMKOB Ha rpaguKe CHUHXPOHHO OTPAXKAIOTCA HX
nokazanus (puc. 11.1). K coxanenuto, aHaTH3UPOBATh HX 110 noa00HOM KapTHHKE CJIOKHO, TaK KaK
MACIITa0 PEACTABNEHHS JAHHBIX TIOX0 COBMECTHM: TEMTIEPATYpd H3MCHACTCA B JHAMA3OHE 20-50
rpagycoB Llenbcus, a 3HAYCHUsS 3TEKTPOMPOBOAHOCTH HAXOAATCA BOmuzu 5000 MxCM. Ecim xe
paccMaTpHBaTh KX Iblid rpaguk B csoem Mmacmrabe (puc. | 1.2), TO TepseTrcs HarnsIHasg
CHHXpOHHU3aL|s. [109TOMY HMEET CMBIC]T BRITPY3UTH JIAHHBIC B BHAC TaOJIMIIBI ¥ TTOCTPOUTH MO HUM

8 Excel 3aBHCHMMOCTE 3JIEKTPONPOBOJHOCTH OT TEMTIEPATYPSI (PHC. 11.3).

Puc. 11.1 — I'pagpux, ompasxicarowjuii ca3Ky 0am1ukos
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Puc. 11.2 — ®pazmenmp npeovioywezo epaghuka, kaxcowii 6 ceoem macumabe:
a) uzmenenue memnepamypel, 6) usmenenue INEKMPONPOGOAHOCMY
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Puc. 11.3 — 3asucumocme INEKMPONPOGOOHOCMU OM MeMRepamypel, HOCMpPOeHHas no
sbiepyIcenHbim Oannvim 8 Excel

OTBeThI Ha Bonpocs! Ais anaIn3a PE€3YJIbTATOR H NOATOTOBKH BbIBOIOB

1. Iouemy ona nposedenus pabomei ¢3am crabuii INEKMPONUM, a He CULbHBIIL?

CHILHBIH 3neKTpONTHT AMCCOLMHMPYET B pacTBOpe HALENO (CTeNMeHb JUCCOLMAINM GIu3Ka K
100%). TTostomy 3amerroro M3MeHenus AJIEKTPONPOBOAHOCTH, OTPAKAIOIETO H3MEHEHHE CTEIICHH
AUCCOLHAITHY, MBI HE YBUJIUM.

2. Kak u nouemy usmensemes 3AEKMPONPOBOOHOCHb ¢ pocmom memnepamypor?

DIEKTPOMPOBOAHOCTE  YBEIHYMBAETCH, IIOCKONBKY ~ pacTeT CTENeHb JUCCOIMALMH U
YBEITMIUBACTCS KOHIICHTPALMS HOHOB — HOCUTEIelt SIIEKTPHIECKOTO 3aps/ia.

3. Kax sasucum cmenens ouccoyuayuu IAEKMPOTUMA OM MeMnEpamypol ?

Crenens AUCCOLIMaIiiu YBCIHMYHBAETCA C POCTOM TEMIICpaTypPHI.
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Ne 12 BJUSIHAE KOHIEHTPALIMU PACTBOPA HA JUCCOLNUALINIO

TTOMHMO YKCYCHOM KHCIOTSL, [T AaHHO#H paboTHl MOYKHO MCIIOIB30BATH KOHICHTPHPOBAHHBIC
PACTBOpBI APYTHX CHaGbiX ANEKTPOIUTOB, HAPUMED, AMMHAKA. Crejtyer 3aMeTHTh, YTO aMMUaK
yKCYCHAs KMCIIOTA JIETYdH, i €Clli OaHKH ¢ HUMH CTOATH JIOCTATOYHO JOJIro, Oyaydd 3aKpbITBHIMH
HerepMeTHYHO, KOHIEHTPAIMs MX PacTBopa MOTid HOHH3HTHCA. B stom ciyuae 3bdexr pocta
3MEeKTPONPOBOIHOCTH NIPH pa3baBleHHy HA HAYANBLHOM YHaCTKE MOXKCET ObiTh He3aMeTeH. MOoXHO
35T (pOCHOPHYIO KHCIOTY, TAKXKe MPEANOYTHICNBHO CBEXYIO, TaK KaKk 9TO THIPOCKOMHYHOE
BElIeCTBO, TIOTVIONIAIONIEE BOJY M3 BO3AyXa, eCli OaHKa 3aKphiTa HErepMCTHIHO. B cBs3u ¢ 3TUM
PEKOMEH/IY€eTC s IPOBEPHTH PabOTy 3apaHee.

Jlns aMMHaKa, HaCHILICHHBIH PacTBOP KOTOPOTO MMECT KOHIEHTPALMIO BCEro 25 % NH4OH,
HY)KHO PUGABIATH BOLY METKUMH TOPLMAMA (110 5 M1). MOKHO HCIIONB30BATH BMECTO IH/IHH/APA
[ATTETKY-/103aTOP.

TlpencTaBuseT UHTEPEC IPOBEIEHHE paBoThI ¢ MPUOABICHUEM BOJIBI TIO KAILIAM, TIPH STOM Ui
u3Mepenns o0bema JOOABICHHON BOIBI MOXKHO HCIOJIB30BATE CBA3KY © MATYHKOM — CHETYHKOM
Kanens. JlaTauk clieayeT OpeaBapuTeIbHO oTKanubpoBark (¢M. 9acTh | JaHHOIO nocoowus), a KpaH
GIOpETKHM OTPETyTHPOBATH TaKAM 0Opas’oM, yTOORI KarUIH lagaid OBICTPO, HO HE CIHWBATHCE.
D heKTUBHOE IepeMenTBaRHe 00eCIeuHBACTCs IPUMEHEHHEM marauTHOH Memaiky. IIpu aTHX
YCIIOBUSX SKCTIEPUMEHT IIPOTEKAET NOCTATOMHO GpicTpo. OJHAKO B 9TOM BapPHAHTE 3aTPYAHHTEIBHO
CMEHHThH CTAKaH Ha cTakaH 6ombiiero o0bema.

Teepapie cnabpie HMEKTPOIHTEL (raxwe KaK JMMOHHAS WJIH BHHHAsA KHCJTOT2) MCIIOJIB30BaTh
GecempbicienHo. FIX pacTBOPUMOCTH OIpaHHYCHA, W JdKe HACHINEHHbIA PacTBOP THX KHCIOT HE
gBISETC]  JOCTATOYHO  KOHIGHTPHPOBAHHBIM, — YTOOBI  TIPOABHICH apdexr  pocTa

AJIEKTPOTIPOBOAHOCTH TIPH Pa30ABICHHH.

OTBeTHI HA BONPOCHI /ISl AHAIH3A PE3YJILTATOB H NOATOTOBKH BbIBO0B

1. Houemy 0151 NPO6EOCHUS IKCNEPUMEHMA BIAM crabuili S1eKmponum, a He CuiibHoLi?

CHibHBIH IEKTPOITHT JHCCOLMHPYET B PacTBOpE HALEIO (cTenens mpcconmanuu OiH3Ka K
100 %). TlosromMy 3aMETHOr0 WM3MEHEHHs 3ICKTPONMPOBOAHOCTH, OTPAKAIOWIEr0 H3MEHEHHE
CTEIICHH JINCCOLMALIMNA, MBI HE YBHIHM.

2. ITouemy u Kax MeHsemcs: dNeKmponposoOHOCIb Pacmeopa npu obaeénenuu nepevix nopyuil
800b1?

MeKTPONPOBOAHOCTh YBEIHIMBACTCS, MOCKONBKY B PaCTBOPE HOABITIOTCA MOJICKYJIbI BOJIBI,
B3aMMOJEHCTBYIONIHE C MOJEKYTAMHU YKCYCHOM KHCIIOTbI, U CTCTICHB JIMCCOLMALITH pacTer.

3. ITocmpotime epa@ux  3a6UCUMOCTU 271eKMpPoOnpPoBOOHOCMU  pacmeopa . om obvema

Dobasennoti 600bl. Ha kaxue y4acmiu e20 MOJCHO pasoenums?
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Puc. 12.1 - 3agucumocme INEKMPONPO6OOHOCIU YKCYCHOU KUCIOMbL 0m 06bema dobasrennoii

60001

Ilepsriit yuacrok: yBenuuenue SNICKTPONIPOBOTHOCTH M3-3a TOABJICHHS MOJCKYJI BOJIEL. Tperuit
YHAaCTOK: yMCHBIIEHHE JIIEKTPOTIPOBOAHOCTH M3-33 YMEHbIICHHS KOHIICHTpanu#u MoHOB. Bropoit
YHaCTOK: SJIEKTPONPOBOHOCTD [OYTH TIOCTOSHHA, 062 (haxTopa KomueHcHpYIOT IpyT Apyra.

4. Ilouemy u kax mensemcs S1eKMPONposodrocmy pacmeopa npu dobasrenuu ROCACOHUX
nopyuii 600wt ?

DIIeKTPONPOBOAHOCTE YMCHBIIACTCH, TaK KaK KONMHYCCTBO MOJICKYJI BOMIBI Y)KE JOCTATOUHO st
B3aWMOJICUCTBUS C MOJIEKy/IaMH (ocdoproit kucIOTE, W mambHelmIce pasbaBieHne 1npocTo
YMEHBIIACT KOHIEHTPALIHIO HOHOB — HOCHTENICH 3ICKTPHIECKOr0 3aps/a.

J. Kak 3asucum cmenens ouccoyuayuy om Konyenmpayuu snexmpoauma?

Yem Gonblite KOHUEHTpAITHS JJICKTPOIIATA, TEM MEHBIIIE CTEHECHE JUCCOLHALIMH.

6. Hapucyime cxemamuuno aud epaguka 3asucumocmu DAEKMPONPOBOOHOCIU  pacmeopa

pocoproii kuciomer om ee Konyenmpayuu, Ha4unas ¢ Hy1e6ou Konyenmpayuu.

GA

Puc. 12.2 — 3agucumocmep INEKMPONPOBOOHOCHIU YKCYCHOU KUCIOMBL OM KOHYenmpayuu
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Ne 13 BJAUSIHUE PACTBOPUTEJISI HA JUCCOIUALINIO

KpHCTANIOrnaparel CONEpXKaT BOAY, KOTOpas IMEPEXOIUT B pacTBOp W3 KPUCTAIUIMYCCKOH
penretku. IlosToMy, ecii ecTh KENAHHE MONYYHTh B HAdalC 9UCTO CIIMPTOBOH PAacTBOpP, CTOMT
BOCIIOJB30BATHCS OE3BOAHBIME COMIMH (HX MOMKHO TIOJNY4dTh, TPOKAIHBAA KPHMCTATIIOTHAPATHl B
armMocdepe xiuoposonopona). OnHako HeGOMBIIOE KONMMYECTBO BOABI M3 KPHUCTALIOTHIpaTa HC
BUMSET HA HAYANBHBI LBET pacTBOpa M OdYeHb CiHabo BIWAET HA HAYATLHOC 3HA4YEHUE
3JIKTPOIPOBOIHOCTH, II0ITOMY IIPOLIE UCTIONB30BATH KPUCTAIIIOrUAPATHL.

Kpome XITOpHIOB Meu i K0oGanbTa, MOXKHO HCCIEA0BATh XJIOPU]I HUKENs, HO B OTOM CIly4ae
LBET PACTBOPA IIPH pa30aBIeHHH MEHATECS IPAKTHUCCKH HE 6yner (radm. 13.1).

Tabauya 13.1 — Oxpacka 600HbIX U CRUPMOBLIX PACMEOPOS

COC]z CllClz NiC'lg,

CrupTOoBO#i pacTBOp

ey
i b TP
"‘W::

BopaHblil pacTBOP

Kpome STHIOBOTO CTHMPTa, Alf TPOBEACHWS ONBITA MOKHO HCIOJIB30BaTh ApYyrue CIHpTHL,
XOpOILIO pacTBOPUMEIE B BOJIE: npomaxosi-1, mporanon-2. Mcrnonb3oBaHKHe aneToHa, HECMOTPA Ha
XOpOIIIYIO PacTBOPHMOCTD B BOJE, HEKEIATEIBHO, TIOCKOIBIY OH MOKET [TOBPEIAUTH MJIACTHKOBBIE
9JICMEHTBI TaTYHKA.

B CHHPTOBBIX DAacTBOpax  dJIEKTPOMPOBOTHOCTE 0OBIYHO HAXOAMTCS B Mpejenax
900 — 2500 MxCwm, B BoHbIX pactBopax 17000-20000 MxCw.

MOKHO YCHOKHHATE paboTy i CUITBHOHN TpyIsl 00yvaromuxcs. BMecTo npubasieHus BOJbL
K pacTBOpy OIHOH GONBIIOH mopuueii g06asnaTe BOAy MO | M U3 OIOpETKH WM [HMeTKH-
no3aropa. JIOMyCTHMO TakKe HPUMEHEHHE MEPHOTO IHIAHIAPA obbemMoM 5-10 Mt mm MepHOH
MUTETKH, OJHAKO MPH 3TOM HYXHO YYHMTBIBATH, HTO paboTa 3aHMMaeT MHOTO BpeMeHH. B
HocneJHEM BapUaHTe MOXKHO IPOBOIHTHL naGoparopHylo padboTy, HO HC JIEMOHCTPALIMOHHBIH
skenepument. Tlocne mpubaBieHis KaKIoH HOBOJ MOPIMH BOABL HYXKHO (PHKCHPOBATh 3HAYCHHC
3/1eKTpONPOBONHOCTH. [IpHINB TaKiM obpazoMm 25 M7 BOBI, CICHAYET TOCTPOHUTH rpaduk

3aBHCHMOCTH 3TEKTPONPOBOIHOCTH OT 06BbeMa 106aBIEHHOM BOJIBL. TMonyaeHHBIH TpadHUK COCTOUT
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U3 Tpex y4acTtkoB. [lepswrit ywacrtok: yBemmuenne JJIEKTPOIPOBOAHOCTH H3-3a YBETHYCHUS
TOJIAPHOCTH pPacTBOPHTENS, KOTOpas NPHUBOANT K GONBMICH CTeneHu nvccounanun. Tperui
YHACTOK:  yMEHBINCHHE 5/IEKTPONPOBOLHOCTH H3-33  YMEHBUICHHS KOHIIEHTPALMH  HOHOB
(37IEKTPOMPOBOAHOCTE YMEHBIIAETCS, TAK KAK BCE HOHET YK€ THApPaTHPOBaHBI, M JallbHEHIIee
pasbaBieHHe MPOCTO yMeHBIIaeT KOHLCHTPAIMIO HOHOB — HOCHTEINCH 3/IEKTPUYECKOro 3apsja).
Bropoii ygactok: snekrpompoBoasOCTE MOYTH OCTOANHA, 00a (akTopa KOMIICHCHPYIOT LpyT
Apyra.

[IpencraBnser uuTepec nposenenne paGors: ¢ NpUOaBIEHHEM BOBI MO KAIUIM, OPH 3TOM T
H3MEpEHHs 00beMa 006aBICHHON BOJBI MOXKHO FCIIONB3OBATE CBA3KY C JaTYUKOM — CYETIHKOM
Kamems. JlaT4uk crefyer npeaBapHTeibHO OTKanubpoBark (cM. pasgen «ITo/IrOTOBKA JATIHKOB K
pabore»), a kpan Groperkn OTPEryJiupoBaTh TakuM 00pa3oM, 4To0bl KaIIK Magaim ObICTpPO, HO HE
CIMBATACH. J(PPEKTHBHOE NEpeMenTuBanme obecrieunBaeTes IPUMEHCHHEM MATHUTHOM MEIIATKH,
Ilpu s1ExX ycmoBusx skcmepument IPOTEKACT AOCTATOYHO OBICTPO, M TIOLYYAOTCS XOPOLIHE

IPadyKH 3aBUCHMOCTH 3IEKTPONPOBOJHOCTH OT pasbaBnenus pactBopa (puc. 13.1).

Puc. 13.1 — Usmenenue NEKMPONPOBOOHOCINU CRUPIMOBOO pacmeopa CoCl npu dobagnenuu
80061 NO KANAAM

OtBersl Ha Bonpock! 119 aHaIH32 PE3yIbTATOB H MOATOTOBKH BLIBOI0B
1. Houemy u xax mensiemes DAEKMPONPOBOOHOCML pacmeopa npu dobasneniy 60dvi?

3ﬂ€K1‘p0Hp0|]0,E[HOCTB YBEIIHYMBACTCA, TakK Kak I[OﬁaBHﬂC' Ics HOHﬂpHBIﬁ pacTBOpUTENL, H

CTENEHb AUCCOIMALIMH PACTET.
2. Houemy u kax mensemcs yeem pacmeopa npu 0obasnenuu 800v1?

Oxpacku pactBopos cm. Ta6r. 13.1. Oxpacka menstetcs, [I0TOMY 9TO B BOLHOM PacTBOPE HOHBI

'MapaTHpOBaHEL, T. €. OKPYIKEHBI JUITOJIAMH BOIbI.

3. B kaxom pacmeopumene PREKMPOIUMUYECKAs duccoyuayus npomexaem nyuuwe — 6 eode

uau cnupme? Iouemy?
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B Boxe aucconmarys JIy4iue, MOCKOJIBKY MOJICKYJIbI BOJBI NOJSIpHEES, BEIMYHHA YACTHYHBIX
[IOJIOKUTENBLHBIX W OTPHUATEIBHBIX 3apsioB Ha KOHLAX ILHHOIIeﬁ BBILIC, B33}‘IMO}1€I:'ICTBH3 C

HOHAMH IMPOUCXOJIHUT MHTEHCHBHCC.

Ne 14 OIIPEJEJIEHUE PH PACTBOPOB

BMeCTO COMAHOH KHCIOTHI, YKCYCHOM KHCIIOTHI, THAPOKCHIA HATPHA JUIA IPOBCACHHUA OMbITA
MOYHO HCIIONB30BaTh Jobsie apyrue 0,1 M pacTBOpEl CHIBHOH KHCIIOTEI, cmaboil KUCIOTHEl K
CIHJIBHOTO OCHOBAHMSI COOTBETCTBEHHO. PacTBOp aMMHAKa 3aMEHATH HEXKEIIATCIBHO.

MOKHO HWCIHONB30BATh TAKKE IPYTHE KHCIOTHO-OCHOBHBIC HHIHUKATOPEL. Ipy HATUYHH
JOTOTHUTEIILHOTO BPEMEHH MMEET CMBICH 100aBHTb OLCHKY pH no yuusepcaibHOMY HHAMKATOPY
(nanpumep, PKC) u cpaBHGHHC MOJIyYCHHOH npubIu3uTenbHON BemanHEl pH ¢ 9HCIEHHBIMA
JAHHBIMU JaTIHKa.

TIpumepHBIe pe3ybTaThl I0KAa3aHEl B tabn. 14.1.

Tabauya 14.1— Pesyaomambl usmepenuil

I{BeT MHaMKaATOpA ]
HcenemyeMblil pacTBop 3uayenuc pH HH/UKATOP WHUKATOP
henondranenH METHIOPaHK
HCl 1 OecrBEeTHBIN KpacHbIi
CH3COOH 3 OecIBETHBIH KpacHbIH
NaOH 13 MAJTHHOBBII HKEIThIH
NH3 il MaJTHHOBBbIH HKEIITHIH
BomonposojHas Boaa 7 OecuBETHBIH JKEITHIH

OTBeTH! HAa BOMPOCHI /LISl AHAIA32 Pe3yJIbTATOB W NMOATOTOBKH BLIBOA0B

1. Paccmagbme ucciedo8anivle pacmeopbl 6 nopsoke yeeiudenus pH. Vmenvuwaemcs uiu
yeenuuusaemcs, KUCIOMHoOCb 6 9MOM psidy?

HCI, CH3;COOH, Boaa, NHs, NaOH. KucinoTHOCTh YMEHBIIACTCS.

2. Kax evl Oymaeme, ¢ 4em Modicem Guims ceazano omauuue pH sodonposoonot goowi om 77

pH BOOTIPOBO/HOIE BOJIBI 3aBHCHT OT €€ MCTOYHMKA: OT TOTO, € KaKHMH [IOPOAaMA — KHCIBIMH
MITH TIEJI0YHBIMU — KOHTAKTHPYET BOZOEM.

3. Kakyto cpedy umerom ucciedosanmsle pacmeopwi?

HCI, CH:COOH — kuciias cpefia, Boa — HeHTpaibHas Cpena, NH3, NaOH — menounas cpeja.

4. Mooxcno au ¢ nomowwio eHongmaneuna omaudums KUciyio cpedy om netmparbrou?
[I[enounyro cpedy om HelumpanoHou?

Kuciyio cpety OT HeHTpanbHON OTIHYHTE HEIIb3A. 1[en04Hy 0 0T HEHTPaIbHOH — MOKHO.

5. MooicHO U € NOMOWbIO MEmMUIOPAHICA OMAUYUMb  KUCHYIO cpedy om HeumpanbHou?
[enounyio cpedy om HeumpaibHou?

Kuciyio oT HeHTpalIbHOH OTIHYHTE MOXKHO. [L{eTo4HyI0 OT HOUTPATEHOH — HEJIb35.
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6. Oyenume npubnusumenvio smavenue PH, npu komopom npoucxooum usmenenue OKpacKu
Memunopansica u henongpmaneuna.

Metnnopansk: mexny 3 u 7 (peamsno 3.1-4,0).

Penondranenn — mexay 7 u 11 (peassHo 8,2-10,0).

Ne 15 PEAKIIUSI HEUTPAJIU3A LN, B3AUMOJIENCTBUE
THAPOKCHJIA HATPHS C COJSHOM KHCJIOTOIM

BMecTo CO/IHOI KHCIOTHI IS MPOBE/CHHs! ONMBITA MOYKHO HCTIONB30BATh JIIOOYIO CHILHYIO
KUCTIOTY (HalprMep, a30THYO W CEPHYIO; B CJIy4ae CepHOH KHCIIOTHI CIIEC/LYET YUHTHIBATE, UTO Ha
HCHTPQIM3alMI0O TAKOIO0 e KOIMYECTBA KHCIOTH HIET BABO¢ Oosbime Iuenoun). Bmecrto
THIIPOKCHIIA HATPUS MOXKHO HCIOIB30BATh THAPOKCH KasIus, KoHneHrpauuu Moxuo BapbUPOBAThH
or 0,00lM no 1M, ommako npu pabore co cmaboii rpynmoit oGyuarommxcs BaXXHO, YTOOBI
KOHLUCHTpAWyM ObUIM OJMHAKOBBL TaK HASAAHO ITOKA3HIBACTCS PaBEHCTBO  KOJIMYECTBA,
HpOpEarupoBaBIINX KHCIOTI H OCHOBAHHS, B MOMEHT HeilTpasi3aruuL,

C cunbHOM rpynmoii MosxHO H3YHHUTb, Kak M IOYEMY MEHsACTCs BHJ 3aBHCHMOCTH pH or
BPEMEHH OT KOHLUEHTPAIHH KHCIOTH M OCHOBaHusA. C YMeHbLICHHEM KOHLICHTPAIINH YMEHbIIAETCS
BEIMYMHA CKaYKa MO BEPTHKAJH, TaK KaK KHCIOTHOCTH HCXOTHOTO pactsopa Merbiue (pH Beie), a
B KOHCYHOM pacTBOpPE KOHLECHTpALMs menoun Menpime (pH HiKe). MsmeHeHne koHmeHTpauuu
OXHOTO M3 PEAreHTOB IPH HOCTOSHHOH KOHIEHTPAIMH APYIOro TAKKE CABHIaeT CKa4oK 0 OCH
abeumce, MOCKONbKY MEHSIOTCS 00bEeMHbIE COOTHOMICHIS B MOMEHT HEHTpATH3AINH.

Kpome denondranenna, moxuo ucromssosars APYTHE KHCIOTHO-OCHOBHbIE HHAUKATOPHI ¢ pH
nepexoaa 3-10: METHIOpaAH:K, JAKMYC | T.J1. DeHonranens NpeANOITHTENCH TeM, YTO H3MCHEHHE

OKPacky ¢ OECIBETHOM Ha PO30BYIO YETKO 3aMETHO.

OTBeTbI HAa BONPOCKI /1151 AHA/IH3A Pe3y/ILTATOB W HOALOTORKH BBIBOJIOB

1. Kakyio oxpacky umeem Gernongpmaneun 6 pacmeope xucnomor? 4 ¢ pacmeope wjeroyu?

B pactsope kucnorsr penondraneun OecuBeren, B pacTBope menouu PO30BHIii (1ipu Gonbmoit
KOHICHTPAITMH MHANKATOPA — MAJIHHOBEIH).

2. 0 uem ceudemenscmeyem  uzmenenue OKpacku  penongpmaneuna ¢  npoyecce
Heumpanuzayuu?

Oxpacka Qenondranenna Memsercs, Korma H3GEITOK KHCIIOTbI B pacTBOpPE CMEHSEeTCs
H30BITKOM LHEI0YH,

3. Pacnevamaiime unu nocmpotme ¢ Excel zpagux 3asucumocmu pH om epemenu. Ha xaxue
Yaacmru moxcno e2o pasbume? Yemy coomeemcmsyiom smu yuacmru? Obvacnume snavenus pH

HA YKA3AHHBIX yudcmrax.
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[papux MOKHO pa3duTh Ha TpHU Yy4acTka (puc. 15.1). Ha ywactke AB B pactsope
[IPUCYTCTBYET U30BLITOK KHCIOTBI, TAK KaK 1006aBJICHO HEJOCTATOYHO MICIOYM I HeHTPaTH3aLHK;
pH Ha 5TOM Y4acTKe COOTBETCTBYET kucioit cpene. Ha ygactke CD B pacTBOpE M30bITOK LIETIOYH,
pH cooTBeTcTBYET menoyHo cpene. Ha yyacTke BC npoHCXOIUT CKa40K pH, cepennHa AaHHOIO
y4aCTKa COOTBETCTBYET MOMEHTY HEHTpAIM3aLuH, KOrjia KHCIoTa [OJHOCTRIO ITpopearuposama co

IIE/I0YBHO H M30BITKA [IC/IOYH €Ie HET.

Puc. 15.1 — I'pagpux 3agucumocmu pH om spemenu npu oobasneHuy weiodu K Kuciome

4. Ommemvme Ha zpaguke MOMEHM USMEHEHUA OKPAcKu penongpmaneuna. Hemy
coomaemecmeayem 3mom momenm?

Ha puc. 15.1 MOMEHT M3MEHEHHs OKPacKH deHodraneHHa COOTBETCTBYCT HEHTpATH3ALUH
(KMCI0TA M [EeT0Yh TIPOPEarnpoBaH B CTEXHOMETPHICCKHX KOJIMYECTBAX ).

5 Kaxoii o6wem 0,1 M NaOH uspacxodosan wHa Heumpaausayuto 25 ma 0,1 M HCI?
Paccuumaiime KoIuHecmeo 6eujecms, npopeaziposasuillx K MOMEHY Hetumpaiusayi.

O6bem pactBopa NaOH — 25 M. B peanbHOCTH 9TO HHCJIO MONET HEMHOTO oTIH4aTheA 3a
CUeT MOIPEIIHOCTH H3MEPEHHH, 0COOEHHO TP GuicTpom o6aBnenny menoun. Konwutectso 060mx
pearcHTOB, MPOPEArupoBaBIIMX K MOMEHTY HeHTpaTH3aLuu:

v =0,025 1 - 0,1 moas/n = 0,0025 morb.

6. Mzobpasume (cxemamuuno) epagux 3asucumocmu pH om epemenu npu 0obasieHuu
Pacmeopa KUCionmbl K pacmeopy enoyi.

Tlpu noGaBieHMH KHCIOTHI K menouu pH GyfeT B Hayaje BBICOKHM, a B KOHIE HH3KHM

(puc. 15.2).



Puc. 15.2 — T'padpux 3asucumocmu PH om epemenu npu dobasnenuu xuciomor k wenoyu

Ne 16 CBOMCTBA BPOMHO¥M BO/IbI

Pa6oty HeoGxoaumMo IpoBoaUTE B XOpO1IO [IPOBETPHBAEMOM MTOMEILCHHH.

Jns nposenenus paGoTsi PEKOMEHIYeTCs HCTIONb30BATH CBEXYI0 OpoMHyIo Boay. Ee merko
HMPHIOTOBHTH, IPOCTO KANHYB OAHY KAILTIO XHKOro Gpoma B IPOOHPKY C BOJOI HIIM B CTAKAHUHK
C HEOONBIIMM KOJIMYECTBOM BOJIBL PacTeopenne Heo6X0aMMO MPOBOAUTL B BEITSKHOM uiKady.
Pactropenue nporexaer [I0CTENEHHO, B TEYCHHE HEKOTOPOrO BPEMEHH, JUIS YCKOPEHHS MOKHO
TICPCMELIHBATE COACPIKUMOE TTPOOUPKH CTEKIITHHON MATOYKOL.

Ecnm  Gpomuyio Bojy, OCTABIIYIOCH NOCNE NPOBCACHHMA OKCTICPUMEHTA, MPEALOIAraeTes
UCHIONL30BaTh VI APYTHX LENCH B TEUYEHHE HECKOIBKHX JIHEH, ee CIeNyeT IepennTh B XOpOLIO
3aKPBIBAIOUIYIOCH OaHKy W XPaHUTh B BBEITSIKHOM mkady. Ecim oma pgonro me oHaxo0uTCs,
CICAYeT N0OaBUTH LIET0Yh 0 HCUE3HOBEHMS OKPACKH, TOCIE YCr0 MOXKHO XPaHHThL ee B GaHke B
OOLIMHOM IIKady /I PeaKTHBOB JIHO0 BEUINTS,

Bpomuyio Boxy MOxHO 3aMeHHTS HOZHOIA. Won meHee JieTyd, U HCnonb30BaHMHe HOJHOM BOJIBI
TIPEATOYTHTCILHO MPH IUIOXOM MPOBETPHBaHMH. KpoMe TOro, MoxHO caenate’ padory Oonee
HHTEPCCHOMH, €CIH OHUM OOYHaKOIUMCS 1aTh Opomuyro Boxy, a apyram — uoanyw. Paborars ¢
XJIOPHOH BOJOH HEKEIATEHHO H3-32 MOBBIIEHHOH ONACHOCTH BCJIEJICTBHE BBICOKOH nequecm
XJIOpa, a TaKKe CII0KHOCTH Nony4deHusa XJIOpHOH BOABI.

J1si monyYeHus: HOMHOM BOABI JIOCTATOYHO 0,03 r TBepaOro HOAA MOMECTHTH B MaNCHLKMI
cTakanyuk ¢ 10 M1 BO/IBI U HarpeTs 1pu nepememuBanny. [Tocne oxnaxuenns HEPaCTBOPHUBIIUIHCS
1Oz OTQUILTPOBATE MO aKKYPAaTHO CIHTH PACTBOp € OCTaTKOB Hoja. IIpu oTcyTCTBUM TBEpHOrO
HO/1a MOKHO BOCIOIB30BATHCS ANTEUHOI HACTOMKOI Moz, Pa30aBuB ee B HECKOIBKO pa3 (okpacka
NOoMmKHA OBITH CHaboH, 4YTOOBR MATYHK ONTHYECKOM IUIOTHOCTH He samkamuBan). O6parute
BHUMAHWE: TIPH Pa30aBIeHHH HACTORKH YMEHBIIAKTCS KOHICHTPALHH €¢ KOMIIOHEHTOB — CIIUPTA U
KI, — uTo mpusogur x ymensmenno PacTBOPUMOCTH HOJAA, M OH MOKET BBINACTH B OCAOK;

TBEPIBIH MO/ CIIEIYeT OT/ICIHTb.

OTBeTHI Ha BONPOCKI /IS AHAIN3A PE3YIBTATOB M IOArOTOBKH BBLIBOJOB

1. Houemy dna usmepenuii 6vibpana oauna 6onnvr umenno 463 HM?
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Jra JIMHA BOJNHBI COOTBEICTBYET CHHEMY LBETY — NONOJIHUTCIBHOMY K OpaHXeBOH OKpackKe
GpomHoit Bozbl. (To ke camoe KacacTes 1 HOJIHOI BOBL).

2. YUmo nabmodaemes npu dobasrenuu weroui Kk 6pomnou gode? Kax »mo ompadcaemca Hd
nOKA3GHUAX OAMYUKA ONMULECKOU NAOMHOCHU?

Oxpacka OJeAHEET H HCYE3aeT, OLTHICCKAsA MIOTHOCTH YMEHBIIACTCA.

3 Kax obvacuumb usmenenus npu  000agieHuu  weiodu K opomuon  eode?
IIpokommenmupyiime u 3anumume ypasHerue peaxyuu.

Oxpacka ucuesaer (uim 6eHeeT), Tak Kak OKpaIleHHbIH OpoM TOIHOCTBIO (M B DOMBILIOH
CTETIeHH, CCIM B3AT HEJOCTATOK IETOYH) IIPEBPAIIACTCs B OECUBETHBIC COIH:

Br, + 2NaOH = NaBr + NaBrO + H20.

4. Ymo nabmodaemesi npu Q0b6agneHul KUciomol K NOAYYEHHOMY pacmeopy? Kax smo
OmMpPaAdNCaemces, Ha NOKA3AHUAX OAMHUKA onmuyeckou naommuocmu?

BHOBB MOSBISIETCS (MM YCHIIMBACTCST) OKPAcKa, ONTHYECKas TIOTHOCTE pacTeT.

5. Kax obwacuume uzmerenus npu 000asienuy Kucioml? IIpoxommenmupyiime u 3anuuume
YpagHeHue peaKyuil.

Oxpacka YCWIMBAETCsl, TIOCKONIBKY B PCAKIMOHHOH Cpeie CHOBA TOABILACTCA OKpareHHas
MoJIeKyJIsipHas dpopma Opoma:

NaBr + NaBrO + H-SOs = Na:SO4 + HBr + HBrO.

Ne 17 INIABJIEHHUE M KPUCTAJLTIA3AIIASA CEPBI

3HaueHnsl TEMIEpaTypsl, KOTOpHIC IOKA3bIBAET JATYMK, HEJOCTATOYHO MOTPYKEHHbIH B
pacIuias, MOTYT OBITh HIDKC JICHCTBHTEILHBIX. IIpu GBICTPOM OXJIAXICHUH BO3MOXKHO 3aHIDKCHHE
TeMmilepaTypbl KpHCTAUIM3ALMH H3-33 TOTO, HTO KPHUCTAUIMYCCKAS PEINEeTKa HE ycIeBaeT
DOpMHEpOBATECS, H KAKOE-TO BPEMS CYIIECTBYCT IEPEOXTAKACHHAA KHAKOCTD.

IMocne nposegeHus paboOTBl M OCTHIBAHMA IIyna JaTHAKA €ro HEOOX0IMMO  AKKYPaTHO
OYHCTHTH OT OCTATKOB CEpbI C MOMOTIIBIO ITATCII. ‘

Clieyer OTMETHTB, YTO MOHOKIHHHAsS Cepa 00pasyercs MpH OXJIAXACHHH HE BCOIAA. Jlns
3TOT0 OXJIAKIACHHE JODKHO ObITE MAKCHMAJIBHO TJIABHBIM H aKKypaTHBIM. OcHOBHasE METOAMKA
TIpenonaraeT I0CTaTouHO OBICTPOE TIPOBEACHHC paboThl, B 3THX YCIIOBHSX PACILIAB CEPBI MOKCT
repeoxNaauThes BINOTH 0 113 °C, u janee cpasy 06pasyioTes KpHCTALIBl POMOMYECKO Cephl.
Yro6bl TAPAHTHPOBAHHO YBHMIETh MOHOKIHHHYIO Cepy, IUIMTKY PEKOMEHAYCTCH HE ybuparteb, a

npocTto BBIKIIOYHTE, TOoriga mpH cc [HOCTEIEHHOM OCTBIBAHHH SYHCT MOCTENEHHO OCTRIBATL H

paciutas. Oaxo 970 3aifMeT ropasio H0IbIIE BPCMCHH.

OTReThI HA BONMPOCHI LI aHa/JIu3a pe3yjhTaTOB H NoAroToBKH BLIBOA0OB
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l. Kax no zpaduxy usmenenus memnepamypel - gewjecmea om Gpemenu  onpeoenums
memnepamypy  niaenenus  Kpucmamuieckozo eeujecmaad, memnepamypy  Kpucmanusayuu,
memnepamypy nepexooa u3 00nou moougukayuu & opyzyio?

OTHM nponeccaM COOTBEICTBYIOT IUIATO HIH IEPETHOBI HA 3aBUCHMOCTH TEMIIEPATYpPBI OT
BPEMEHH.

2. Pacnevamaiime zpagux  oxaascoenus cepel U ommemvme HA HeM  VYACMKU,
COOmEEemcmeyowmue.

a) JHCUOKOMY COCMOAHUIO cepyi (0603HaubMe 3mom yuacmok bykeamu AB);

6) cmecu cepwl 6 dcuokom u MEEPOOM COCMOsIHUAX (0DO3HAUBME SMmom yuacmok bykeamu BC);

8) cepe 8 meepoom cocmoaHuu (CD,).

Ha puc. 17.1 xpuctammsauuu cepsr TEOPETHYCCKH HOJDKHO OTBEYATH ITIJIATO, a HE meperuo.
IToyemy B HEeHCTBHTETEHOCTH YETKO BRIPAKCHHOE IIATO OTCYTCTBYET? ITO MPOMCXOLHUT, OTOMY
UTO Ha CaMOM JI€Nie COCTAB PACIiaBa COOTBETCTBYET HE HHIUBHIYaIbHOMY BELIECTBY, 4 CMECH.
Ilpy cunbHOM HAarpeBaHMM pacIuIaBA KONBIIEBBIE MOJIEKYJIBl Sg pasphIBAIOTCS, HA HX KOHIAX
BOSHHKAIOT HCCITADEHHBIC SNCKTPOHBI (BH3YalbHO 3TO BBIPAXKACTCS B HOTEMHEHHM paciuiasa,
TaK KaKk — paJdKaJbl XOpOLIO [OrJOmAKT cBer). Ilo  aToi OpUYHHE CEpa HAYHHAET
MONMMMEPU30BATECS  (BA3KOCTL — pacmyiaBa  BO3PAcTaeT 1o  Mepe YBEIIMYEHHUSI  CTETEHU
MoJMMEpU3aniK). B pesynbrate B paciuiaBe HaxoasTes MOJICKYJIbI Pa3HOMN [JIHHBL.

M30exath 3T0ro MOKHO, IpeKpaTHB Harper cpasy mocie riaejicHHs (IIOKAa cepa HE Hayana
TeMHeTh). OJIHaKO NpM 3TOM HaYaThHAS YACTh rpaduka MOXeT OKa3aThCs CIHILIKOM KOpOTKOit, a

IIOTOMY TIIOXO BBIPaXKEHHOM.

Puc. 17.1 — Hamenenue MEMREPATYPBL APU OXNANCOCHUL Cepb
(BC — cnabo samemmwiti nepezub, OMeeuawuil 3ameepoesanio MOHOKIUNHOL cepol,
E — naamo, omseuaiowjee nepexooy & poMbuyeckyio cepy)
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3. Ha mom oice 2paghuie ommemvme (hazo8viii nepexoo MOHOKTUHHOUL Cepbl 6 POMOUUECKYIO
oyxeoti E.

Pric. 17.1. Tlpu GbicTpoM OXJTaXIEHUH IUIaTO, 0003HATEHHOE Touko# E, MOXKET OTCYTCTBOBATS.
TemmepaTypa KpHCTAIUTM3ALHH B 3TOM CJIy4ae HAXOMUTCS BOmm3u 119 °C.

4. Kax evi dymaeme, nouemy npu Hazpesanu cepol (pazoswlii nepexo0 pombuueckou cepvl 6
MOHOKTUHHYIO HE hpochedcusaemcs?

[lepexom He TMPOCHCKHBACTCA TMOTOMY, HUTO HArpeBaHWe M IOJIHOC  PaspylICHHE
KPUCTAITMYECKOH PELICTKH MPOUCXOAUT ObICTpee, 9eM KMHETHUCCKH 3aTPYIHEHHBIH TpoLece ee
nepecTpanBaHms.

5. 1o Kaxkum HEeuiHUM NPUHAKAM MOICHO ONPeoenuinb Haualo u KoHey niagnetus, Hadaio u
KOHey Kpucmaniuzayuu, (azosulii nepexoo MOHOKIUHHOIL Cepbl 8 POMOUYECKYIO?

B Hauane TUIABJEHMS 4YAaCTh JKENTHIX KyCOYKOB (puc. 17.2, a) WaM KeITOro MOpOomKa Cepbl
oruteiBaeT, B (apdopoBoil HamKe MOSBISCTCA KenTas KHAKOCTb (pue. 17.2, 6). Tlo oxoHYAHHH
[IABJICHUS B YalIKe MPHCYTCTBYET TOMBKO MPO3pauHas )HAKOCTE (puc. 17.2, B).

B mauaje KpUCTA/UIM3ANMH TIOBEPXHOCTh pACTIABA TMONEPrHBAcTCA TOHKOH TUIEHKOH
kpucTannos (puc. 17.3, a). B KOHIE KpUCTALIH3AIMA JKUIKOCTE B HaLIKE OTCYTCTBYET, B HAIIUIHH
CILIONIHAS MACCa KPHCTAIIOB, IATYMK HEBO3MOXKHO H3BIedh Oe3 ee paspyluenus (puc. 17.3, 6). Ha
puc. 17.3 u3o0paxeHa KpUCTANLTH3ALKA pombuueckoit cepsi ipu 113 °C (6e3 cramun 06pasoBaHus

MOHOKJTHHHOM CEpBI).

Puc. 17.2 — [Tnaenenue cepuvl: a) meepdas cepa; 6) naasnenue; 6) pacnias cepol
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6) |

Puc. 17.3 — Kpucmanuzayus cepel:
a) Hauano Kpucmaniuzayuy; 6) oxonuanue kpucmarnuzayuu

[Ipu 3arBepieBanuu MOHOKIHHHOMN Cepel Mipu TeMirepatype 119 °C B gamke bopMupyrorcs
MPO3Pa4HbIe MINI000pa3HbIe KPUCTAILIBI (puc. 17.4, a). Ilpn [ICPCXONIE MOHOK/IMHHON Cepel B

pombuteckyro mpu 95 °C cepa MyTHeeT M cTaHOBHTCH Gomee Kenroi (puc. 17.4, 6)

6)

Puc. 17.4 — Obpaszosanue monoxnunnoii cepol (a) u ee nepexod @ pombuyeckyo (6)

Ne 18 NETUJIPATALIAS CO.JIEM

B kauecTBe HarpeBatensHOro nprGopa I NPOBEICHHS ONBITA MOKHO HCIIONb30OBATS TaKKe
Fa30BYI0 IOPEIKY WIH cyxoe ropriodee. Ho mimTka umeer OPEUMYIIECTBO — PaBHOMEPHOCTH
Harpesa. [Ipn Harpesanuu Ha mmTKe OTCYTCTBYIOT KOJEOAHHS TUIAMEHH, YTO [03BOJISET HOIY4YHTh
Ooiee poBHBIC rpaUKH H3MEHEHHS] TEMITCPATYPEI.

JlaTauk crenyeT momemmars B THTeNb 110 BO3MOKHOCTH HaKJIOHHO BO H30eaHne Ype3MepHOro

Harpesa IpoOBOJIa ¥ MIIACTHKOBBIX yacTeii (puc. 18.1).
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Puc. 18.1 — Dxenepumenmanvidsa yCmaHosKd

Kpome MemHoro Kymopoca, B padoTe PEKOMEHIYCTCs UCIIONB30BAaTL W JApyTHe
KPHMCTAITOTH/PATHI IIEPEXO/THBIX METAILIOB, Y KOTOPBIX OT/IMHACTCS oKpacka ruapata u 0e3BOAHOM
comnu (tabsm. 18.1).

MHOTHE KPHCTA/UIOTHAPATHL OTHIETUIAIOT MOIEKYThl  BOJbL HOCICIOBATENIBHO, HO Ha
SKCIIEPUMEHTATIEHOM Ipaduke. CKOpee BCEro, OyzeT BHIEH TOJNBLKO OJMH STall Jeruiparaliy, B
nydueM ciyuae aBa. ECIH Temieparyphbl ICTH/paTalu And pasHbiX STanos 6nm3ku, Ha rpaduke
ux wu3oOpakenue cnuBaercd. Fs-3a HEPaBHOMCDHOrO HAaTpeBa, 0COOEHHO TIPH  BBICOKHX
TeMIICpaTypax JerHparaliy, MIaT0 MOXKET HE TPOSBHTLCA HA rpaduke, BMECTO 9TOro rpaduk

JIMIITE MEHACT HAKJIOH.

Tabauya 18.1 — Lleema Kpucmaano2uopamos U coonsemcmeyiouux be3600HbIX conell

Kpucrauioruapar [{BeT KpucTALIOrH/IpaTa I1BeT 6e3B0/1HOM COIH

CuS04-5H20 roJryoou Oenbri

CoSO47H20 PO30BO-KPACHbIN

NiSO;4-7H20 3eneHbli JKEIITBIN
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CoCly-6H20 OopIoBkIii

NiCL:-6H,0 AKETTO-3eIeHBIH JKENTO-OPAHIKEBLIH

CuCly-:2H0 6MpI030BHIH KOPUYHEBLIH

JlernyipaTaims HEOKPALICHHBIX KPHCTAIIOTHAPATOB, HAPHME, ATFOMOKATHEBEIX KBAaCIIOB, HE
COTIPOBOXAACTCA APKHMH BH3YalbHbIMH HAONIOJEHUSMH, M OILIT MeHee KpacHB. OIHAKO ¢
MCTOJMYECKOH TOUKH 3pEHMS NPOBEJICHHE TAKOrO ONBITA MOXKET OKA3ATbCS HE MeHee BakKHBIM:

370€Ch HMEHHO IpaduK M3MEHEHMs TEMIICPATYphl GYIET OCHOBHBIM CBHIETETHCTBOM NIPOTEeKaAHHS

NETUIPATALIHH.

OtBeTbl HA BONPOCHI 7T AHAIN3A PE3yIHTATOR M HOATOTOBKH BHIBOIOB
1. 9mo npoucxodum ¢ meousim Kynopocom npu Hazpesaruu? Onuuume nabrooenus.
Meaublii KyHopoc npu HarpeBaHuK MEHSET [BET ¢ rony6oro ua Gesprii.
2. Hanuwume ypasnenue peaxyuu decudpamayuu MeoHo2o Kynopoca.
CuS045H20 = CuSO4 + 5H,07T.
3. Pacnevamaiime zpagux usmenenus MEMREPAMYPoL NPU HAZPEBAHUU MEOHO20 KYROPOCQ.
Ommemome na nem 6yxeamu AB yuacmok, COOMBEMCMEYIOUULL OeLUOPAMAYULL.

Jernnparaimu coorBercTByeT nnaro AB ua puc. 20.1.
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Puc. 18.1 — I'paghux usmenenus memnepamypol npu HA2PeBaHUU MeOHO20 Kyiopoca

4. Kax usmensiemesi memnepamypa npu oecuopamayuu? Iouemy?

TemmepaTypa HEKOTOpPOE BpeMsl OCTaeTcs MOCTOSHHOM, TaK Kak MpH JCruiparauuu
mormomaercs  Temwio (310 AHAOTEPMHUYECKMH  NPOLECC,  KpUCTAIMYeCKas  pPenIeTKa
KpMCTAUIOTHIPATA paspyIiaeTcs).

5. Onpedeaume no 2paguxy 3Havexe memMnepamypel decuopamayuii MeoHo20 Kynopoca.

Temmneparypa 1o rpaduxy coorsercrayer mpumepro 100-110 °C. Cornacto cripaBouHNKY, 5T0
OTBEYACT YJATCHUIO YETHIPEX MOJICKY/ BOIbI U3 IATH, OKOHYIATENbHAN ASrHAPATALINs IPOHCXOHT
npu 250 °C.

6. Umo moodcem npousoumu, ecmu npoodordcams Hazpeeanue? Onuuiume B03MONCHbIC
Habaodenus u xo0 spaura UIMeHeHUs memMnepamypaol.

Tpu jajibHEiiweM HArpeBaHHH BO3SMOYKHO PasioiKCHUE CyJib(aTa Men 10 OKCHA:

CuSO4 = CuO + S0:T + 0T.

Oxcual Mead uepHsii. Benmblit mopomok B Turie Oymer ceperh, a motoM dwepHeTs. llpu
temneparype Gruskoi k 650 °C 5TOT mpouece CTaHOBHTCHA OYEHb WHTCHCHBHBIM. OpHako U HHXKE
3Toil TeMIepaTyphl MOKHO 3aMCTHTh MOCTETIEHHOE [OSBJICHHE CEPhIX M YEPHBIX HacTHIl B 0o
Oe3BomHOI coJTH.

Ha rpaduke W3MEHCHHS TEMIIEPaTyphl TCOPETHYECKH JOMKHO OBITh ILUIATO, OTBEHAKOLICE
SHAYCHHIO TeMMepaTypsl pasiokenns. OJHAKO HAa NpPAaKTHKE rpauk HMEeT HaK/IOH (Donee

[IOJIOTHIA, YeM ITPH HATPEBaHHH, He OCTI0KHECHHOM PeakKInen pa3ioxkKeHus).
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PEKOMEHJAIINMU K PABOTAM JIJISI 10 KJIACCA

Ne 19 CBOMCTBA U30MEPOB

llpu HenocTaTOUHOM MPOBETPHBAHHH KM OpH OTCYTCTBHH SJICKTPOILIATKH € 3aKphITOi
CHIHPAIIBIO OIBIT HEOOXOAMMO MPOBOKUTE IO/ TATOM ¥ HAIPEBATD HA IECUAHOI Gane.

CrakaHbsl MOXHO 3aMEHHUTH OPOOHPKAMH ¥ TAaKMM 00pa’soM YMEHBIIHTh KOMHYECTRO
HCTIONIE3YEMOTO CTIHPTA, OHAKO MMPHHA MPOOHPKHA A0/DKHA GBITH TOCTATOUHON /IS TOr'0, 9TOOEI
AATIUK BXOJHII B Hee CBOBO/IHO.

Ecim npoBonmres nemoncrparmonssiit SKCHNEPUMCHT, BMECTO OYTHIIOBBIX CIMPTOR MOXKHO
CPaBHUTL MEXTy cO0Oil Ba TPONHIOBBIX: TIpormano-1 u nponanon-2. B papuante naGoparoproit
PaboThI MMeeT CMBICIT 1aTh Kax a0l padoueii Tpylne OnpeaenuTh TeMIIEPaTypy KUIEHHS OJHOTO U3
OyTHIOBBIX CIMPTOB, a 3aTeM IPH 0OCYIKICHNH CBECTH PE3YJILTATHI B 0buryro Tabnuiy.

Teoperuyeckue snauenus TeMIIEpaTyp KUIEHHS MpeACTaBiens! B Taou. 19.1.

Tabnuya 19.1 — Temnepamypoi kunenus cnupmoe

Crompr Temneparypa kunenus, °C
Byranon-1 117.3
Byranon-2 (srop-Gytusiossrii crmpr) 99,5
2-MCTHINPONaHoN-1 (1300yTHUIIOBBIH CriupT) 108.4
2-mMeTumponanon-2 (Tper-6y THIiIoBEit CIHPT) 82,2
ITpomanon-1 97,2
[Iponanon-2 (u3onponunossiii CILUPT) 82,4

Ecin Myn maT9dKa HEJ0CTATOYHO HOIPYKEH B XHAKOCTH, IKCTIEPUMEHTAITHEHO H3MEPCHHOE

3Ha4YCHHE TEMITEPATYpPLl KUTTEHUA MOMKET 0KA3aThCH 3AHHKEHHBIM.

OtBerni Ha BOIMPOCHI JI/IA aHAJIM3a PE3yabTAaTOB M MOJATOTOBKH BBLIBOIOB

1. Houemy cmaxanvi co cnupmamu ne Hazpesaiom Ha cnupmosKe, a UCROTLIVIOM NAUMKY UTU

necyanyto bawo?

CnupTsl Jierko Bocrmamensrores. Ecnm mmams CONPHKOCHETCSL ¢ MapaMH CHHPTA, MOXKET

HAYaThCA T0Kap.

2. Ha ocnosanuu sxcnepumenmanvubix danmvix coenaiime BbI800. KAK 3A6UCM MEMREpamypol
KUNEHUA OOHOAMOMHBIX CRUPIMOE OM PA3EEMEACHHOCIU Yyenepoowou yenu 6 monexyne cnupma?

Temneparypul kunenns pasBeTBIeHHBIX CLHMPTOB HHIKE, YEM CIIUPTOB HOPMAJILHOTO CTPOCHHS.

Ne 20 PATUKAJIBHOE BPOMHUPOBAHUE AJIKAHOB

At npoBeneHust paGoTHI PEKOMEHIYETCS HCTONb30BaTH CBeXKYI OpomHuyio Bogy. Ee merko
TPUTOTOBHTE, POCTO KAMHYE OJHY KAIUIO KHIKOTO GPOMa B MPOGUPKY C BOIOM HIIH B CTAKAHYHK

¢ HEDONBIIMM KOIMEECTBOM BOJBL PacTBOpeHme HeoGXOMHIMO MPOBOAMTE B BHITSHKHOM LIKady.
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PacTBOpenHe NpPOTEKAaeT MOCTENEHHO, B TEYCHHE HEKOTOPOI0 BPCMEHH, MUl yCKOPCHHA MOMKHO
[epeMEnIHBATH CTEKIISIHHOM 1an0uKOH.

Ecan 6poMHYIO BOMLY, OCTABIIYIOCS MOCHE IPOBEJCHMS OKCICPUMEHTA, NPCANOIaracTes
MCTIONB30BaTh [UIsl APYTHX IeNell B TEUCHHE HECKONBKAX [JHEH, €€ CIeAYeT NMepeiuth B XOPOMIo
3aKphIBAIONIyocA 0aHKy M XPaHWTh B BBITSKHOM mkay. Eciu ona jonro He monanodures,
ciejiyer IoGABUTH IMIEN0Yh 0 HCUE3HOBEHIS OKPACKH, [OCIC Her0 MOXKHO XpaHUTh C¢ B OaHKe B -
00Ob1gHOM KAy JUIsl PEAKTHBOB JIHOO BLUINTS.

PaGory HEOOXOAMMO TPOBOJAMTH B XOPOIIO INPOBETPHBACMOM MOMCUICHUH. OcaenieHue
MOMEIICHHS He MIpaeT 0co0OMH poju: KHOBETa MOTPYKEHa B JAaTIHK OTITHYECKO# [UIOTHOCTH, W €€
OCBEILGHHE ODecreyMBacTcs B OCHOBHOM HCTOYHHMKOM H3JIydUeHHs JaTdHKa. TToCcKONBKY €ero
SHEpPTHUs HEONTHMAITLHA /IS HHHLIMALMH PEAKIMH, PEAKLYMs POTEKALT C HH3KOH CKOPOCTBIO.

JUis WccleoBaHus MOXKHO HCIONB30BaTh M JIPYTHE KM/IKWE alKaHbl, HE YNOMIHYTEIC B
OCHOBHOIA MeTovke. KaTeropuuecky Helb3s HCIIOb30BaTh APEHBI: OHU PACTBOPAIOT TIACTHKOBLIC

KHOBETDI.

OTBETHI HA BOIPOCHI VISl AHATH3A Pe3y/IbTAaTOB H NOAI0TOBKY BLIBOI0B

1. IHouemy ons uzmepenuil 6s16pana O1uHa 60.1HbL umerno 465 HM?

Jta [UIHHA BOJHBI COOTBETCTBYET CUHEMY IBETY — JONOJHUTCIRHOMY K OpaHKeBOH OKpacke
OpOMHO# BOJIBI.

2. Hsobpasume cmpykmyphole (GOPMYIbl 2eKCAHA U u300Kmand. Omyemome NepeuUtnble,
GMOPUYHBIE U MPEMUUHBIE AMOMbL Y21EPOOa.

Ha puc. 20.1 (neppu4HBIe aTOMbI YIIIEPOA o6o3Havensl OykBoii f, BTOPHYHBIC — 8, TPETHIHBIE
—1).

CH3
| _
CHs — C — CH— CH'— CH

{ £ - |5 s s f I I
. CH3 e CHZ_ (_er— CHz_ CH2 e CH'3 6 CH; CHé

Puc. 20.1 — Cmpykmypnvie opiyav. 2ekcand (a) u u300Kmana (6)

3. Cuewusaemes i 6pomnas 60da ¢ 2ekcanom u usookmarom? 1o uemy?

BpoMHas Boja He CMENIMBAETCs C ATKAHAMH, TaK Kak aKaHbl HENOJIAPHBL, 4 OpoM pacTBOPEH B
BOJE — [OJIAPHOM PacTBOpUTEIE.

4. Kax mensemcs OKpACKa 6epxHe2o cros nocie szbanmuieanusn? Iowemy?

BepxHHid €10 CTaHOBHTICS OKPAIICHHBIM (1BET KPAacHO-OPAHJKEBBIH), @ OKpacKa HWKHCTO =
CJ1051, HATIPOTHB, ocaabuseTes. ITO CBA3AHO C TEM, UTO HEMOIAPHBIC MOTEKYIbI Opoma mepexoisT B .

HETOJISPHBINH PACTBOPHUTEND — AJIKAH.



3. Iloueny 6 Kiosemy nanusaom umeno BEpXHULl cAo?

AJIKaHBI JIerYe BOJBI, TOATOMY CIIOH ajllkaHa, COAEPKAIIHH SKCTPArMpOBaHHBLL OpoM,
HaxomuTes cBepxy. Takum obpasom, B 3toMm ciioe 06a pearenTa nNpucyTCTBYIOT BMecTe. B HinkHem
CJI0€ HAXOUTCs BOJA C OCTATKOM PACTBOPEHHOTO OGpoMa, T. €. HIKHUIH ClIoH He COJIEPIKUT BTOPOH
pearexr.

6. Konyenmpayuu raxoco u3z 6EWECNs, YUACMBYIOWUX 6 pearyull, NponopYUOHATbHA
onmuueckas nIomHocms?

Onruyeckas IUIOTHOCTL MPOMOPLUUOHATLHA KOHIIEHTPALMM €MHCTBEHHOTO OKpAIICHHOIO
BCILECTBA B 3TOii cCHCTEME — OpoMa.

7. Kak mensemes onmuveckas niommocms ¢ meyenuem epemenu? Iouemy?

OnTuyeckas rIOTHOCTL YMEHBIIACTCS [0 Mepe pacxonoBanus Opoma (puc. 20.2).

8. Kax cpasnume ckopocmu Gpomuposanus wa ocnoeanuu noxyuentvix epaguxos? Coenaiime
amo. Ckopocmb bpomuposanus kakozo sewecmea Goiue? [louemy? Bo ckonvko paz?

CkopocTu MOXKHO CPaBHHTH 110 YMEHBIIEHHIO ONTHYECKO§ TUIOTHOCTH (IPOMOPIHOHAIBHOM
KOHICHTpauuu Opoma) 3a OJMHAKOBEIH TIPOMEKYTOK BPEMEHM OT Hayana peakuud. Hanpuwmep,
BOosbMeM NpoMEXyTOK 300 c. 3a 3T0 BpemMs yMeHBIIEHHE ONTHYECKOH TIOTHOCTH U1 TeKaHa
cocraput 0,91-0,76 = 0,15, a a19 H300KTaHa 0,82-0,56 = 0,26. Takum o0paszoMm,
IKCIICPUMCHTAEHO OTIPE/JENCHHAs CKOPOCTh OpOMHMPOBAHMS M300KTAHA BBHIIE B 0,26/0,15 =
= 1,7 paza. Pasymeercs, B IpyruX 5KCHEPHUMEHTAX MOMNKHO [OJYYHTE JAPYTHE YUCIEHHBIC JaHHBIC.
HewsmeHHBIM OCTaeTcs TO, 4TO H300KTaH pearupyer ObICTpee, W MPHYMHA STOTO — HAIHYHE
TPETHYHOrO aTroMa yriepoga, I[PH KOTOPOM 3aMEleHHE AaToMa yriaepojia TpOHUCXOIUT C
HauboJbIIEH CKOPOCTBIO Graromapst BICOKOI YCTOHYMBOCTH IPOMEKYTOYHOTO CBOBOJHOTO

paaukana.

Puc. 20.2 — I'pagpuru 3asucumocmu onmuueckoii RIomnocmy om 8pemeru Ois pearkyuu 6poma ¢

dexarom (a) u ¢ usooxmarom (6)
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Ne 21 I3YUEHUE TEMITIEPATYPBI KUTTEHHUA OJTHOATOMHBIX
CIITUAPTOB

[Tpy HEJOCTATOYHOM TNPOBETPUBAHUM WIH IPH OTCYTCTBHH SJICKIPOIUIMTKH C 3aKpBITON
CIHPANIBIO OTBIT HEOOXOAMMO HPOBOJINTH IO TATOH K HArPEBaTh HA recuaHoii Oaue.

CrakaHbl MOXKHO 3aMEHHMTh TNPOOMpPKAMH M TakuM 00pasoM yMCHBIIMTE KOJHU4ECTBO
HCIIOIB3YEMOr0 CITUPTA, OJHAKO IUHPHHA TIPOOUPKH 10/KHA OBITH JOCTATOYHOM JJI1s TOro, 4TOOBI
JATYUK BXOJMI B Hee CBOOOIHO.

TeopeTndecKkne 3HAYCHHS TEMIIEPATYP KHIICHUS [IOKA3aHbI B Tabi. 21.1.

Tabnuya 21.1 — Temnepamypbl KUneHus CRUpMos

Coupr Temmnepatypa kunenus, °C
ITAaHOII 78.4
[Iponanon-1 97,2
byranon-1 117,3

Ecnu LIy AaTyuKa HEAOCTATOYHO TorpyxeH B HKHIKOCTh, IKCMEPUMEHTAILHO H3MCPCHHOC

3HAYEHHE TeMIIepaTyPbl KUTTEHHA MOXKCET 0OKa3aThCA 3aHMKCHHBIM.

OTBeTHI HA BONPOCHI /ISl AHAJIN3A PE3YJILTATOB H NOAr0TOBKH BbIBOL0B

1. ITouemy cmakamvl co CRUPMaM He HAZPesalom Ha CRUPMOBKE, d UCROAb3VION NIUMKY Uil
necuanyio barro?

CrompThl Terko Bociuiamensiorcs. Ecnmu mnams CONPHKOCHETCA C NapaMH CIHpTa, MOXCET
HA4aTbCs MOXKap.

2. Ha ocrHosanuu 5Kcnepumenmatbiblx 0anHblx coenaiime 8bi600: KAK 3a6UCAN MeMnepamypbl
KUNEHUs OOHOAMOMHBIX CRUPIMOE OMm ONUHBL Y21epOOHOU e 6 MoleKye cnupma?

YeM [AJMHHEE YITIEPOIHAS LENb, TEM BBILIC TEMIEPATYPa KHIICHHA.

3. Kax 6wt dymaeme, memnepamypbl KUNenus 0gyx- u mpexamomuelx Cnupmos bydym evluie
wnu HuoIce, yem coomeememeyowux oonoamomuvix? Ilovemy?

Bhille, TaK KaK yBENMYHBAETCA BKIAA MOJAPHBIX TPYNI B MOJCKYIC, H TaKHM obpasom

YBEITMYMBAETCS MEKMOJICKYTISPHOE B3aHMOACHCTBHE.

Ne 22 OKUCJIEHHME CIIMPTOB

Beito OB MHTEpECHEE MWCCIENoBaTh CKOPOCTh OKHCIIEHHS CIHPTOB C fosiee UTHHHBIM
YI7IEBOOPOHEIM PAZHKANoM — OyTHIOBOTO, AMHIOBOTO M T.IL, — OJHAKO STH CIMPTBI MMCIOT
OTPaHMUYEHHYIO PACTBOPUMOCTh B BOAE M Kak CIEACTBHE IUIOXO CMEIIHBAIOTCA € PACTBOPOM
nepmanTanaTa. [109ToMy HX HCTIOIb30BAHHE HE PCKOMEHITYCTCSL.

Pacreop KMnOj Hy)KHO TOTOBHTh HAKAHYHE HCCICOBAHMSA, MOCKOIEKY B JOATO XpaHiIIeMCE

pacTBOpE HAKAIUIMBANOTCA TIPOOYKTEI BOCCTAHOBIICHHA II€pMaHraHara, B YaCTHOCTH, JHOKCH]IL
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Mapranna MnQO», npuparompumii PacTeopy MyTHOCTh. KoHuerTparus pacTBopa mnoabupaercs
BPYUHYIO: OKpacka ZoikHA GbITh PO30ROI, CpeAnel uuTeHcHBHOCTH. HeoGxomumo IIPOBEPUTS,
4TOOBI ONTHYECKas IIOTHOCTE PaCTBOpa HAaXO/MIACh B 061aCTH H3MEpeHHii (He 3amkanmBana) u He
OhLIa CIMIKOM HH3KOIA, Ontnmanshoe snauenue onrmucckoit TUIOTHOCTH MCXOJHOTO pacTBOpa

KMnO4 naxogurcs Mexay 1 u 1,8.

Otsernl Ha Bonpochk aas ananusa PE3YIBTATOB H MOArOTOBKH BBIBOIOB

1. Houemy ons usmepenuii 6v10pana OnuHa 60KbL umenno 525 um?

3Ta JUTMHA BOJIHEI COOTBETCTBYET 3€/IEHOMY LIBETY — ACLIOJIHATENLHOMY K IypPIyPHO# OKpacke
pacTBOpa nepmanranara.

2. Hzo6pasume CMpYKmypHole opmynst smunosozo, PONUL06020, USONPONUNOBO20 ChUpPmMOS,
Onu sensiomes nepeuunsivu wm EMOPUYHBIMU CRUPMaMU?

Orunoesiii ciupr (nepsransiit) CHi-CHy-OH

[Iponunossii crmpr (mepeuunbrit) CH3-CHz-CH,-OH

Hsonponunopsrit CIHPT (BTOPHYHEIIH)

CH3_ICH _CH3
OH

3. Konyenmpayuu raxozo us sewecms,  yuacmeyiowux 6 peaxyuu, nponopyuonansia
ONMU4ecKas niomHoCms?

Ontuyeckas morroCTH MponopiroHaIbHa KoHneHTpanun KMnO,.

4. Kax mensemes onmuueckas niomnocme ¢ meuenuem epemenu? Ilouemy?

OnTtuyeckas mnotHOCTH YMCHBUIACTCA, TAK KaK TIEPMAHTAHAT KallHs pacxoayercsa, B moment
UPHITHBAHKS CIHPTA TAaKKE MOKET HaGIIOZaThes CKaIK000pa3HOE NOHMKEHHE ONTHYECKO}
TIIOTHOCTH 32 CueT pasbaBiIeHust pacTBopa.

J. Cpasnume cxopocmu oxucnenus CNUpmoe Ha OCHOGanuu epemenu, mpebyrowezocs 0as
YMEHbUIEHUS ONMUYECKOU NIomHOCIMY 8 name pas. Ckopocmv okucienus kaxozo uz UZVYEHHbIX
Cnupmos camas svicoxan? A camasn nusxas? llovemy?

Camas HH3Kas cKOpOCTH OKHCIEHHS — Yy 9THIOBOro crmpra (puc. 22.1, a), NIOCKOJBKY 3TOT
CIMPT NCPBUYHBIA M HMEET CaMEIl MaleHbKHMi YITICBONMOPOIHEIH paxuKar, CJICIOBATEIIbHO,
JICKTPOHHAsA TJIOTHOCTh Ha ©Bsisn C—-O MuHEMaiLHa, B A4HHOM CllydJae BpEMS, 3a KOTOpOe
OOTHYCCKAsA TUIOTHOCTH YMEHBLINACTCS B TISTh pas, coctaeiser 79 c. Haubonee OricTpo oxMCHIETCS
M3OMPOIMIOBEIH crmpr (puc. 22.1, 6), Tak Kak oH ABIIACTCA BTOPMYHEBIM, M MOmaya 9JCKTPOHHOMI
IITOTHOCTH Ha CBsa3b C-O npoHcxomuT ¢ ABYX CTOPOH. JUIst HETO BpeMsi yMeHbIeHHs ONTHYECKOi
TUIOTHOCTH B 1ATh pa3 1,4 ¢. Baxuo, uto B APYTHX IKCIEPUMEHTAaX H3MEpPEHHOE BpEMS MOXKET

OTIHYATHCS (OHO 3aBHCHT B TOM YHCIIE OT HCXOJTHOH KOHIIEHTPALIHH nepmanradara). OfHako uTor
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CcpaBHEHHA OJHHAKOB: HanmOoJIbIlIas CKOPOCTH OKHCJICHHS Y H30IIPOIMHUI0BOTO CIMpTa, 3aTcM

CICAYET l'[pOIil/L'IOBBIﬁ, M caMasi HU3Kas CKOpPOCTh OKHMCJICHHA Y STHJI0BOTO CIIMpTA.

a)

Puc. 22.1. I'pagdpuku 3a6ucumocmu ONMUYECKoii NIOMHOCTIUL OM BPEMENU 015l OKUCTEHUA
nepManeaHamoM Kanus Jmuio602o (a) u usonponunoeozo (6) cnupmos

Ne 23 U3YUYEHUE CHUJIbI OITHOOCHOBHBIX KAPBOHOBBIX KHCJ10OT

Teopernueckoe 3Hadenne pH 0,1 M pactBOpa MypaBbHHOHM KHCIOTEI COCTaBIACT 2.4,
yKcycHOi 2,9. PeanbHO H3MEPCHHBIC 3HAUCHHA MOTYT HEMHOTO OTKJIOHSTBCA OT STHX BEJHUHH,
[OTOMY YTO JAHHBIE KHCJIOTHI JOBOJILHO JETYdH, ¥ HPH XpaHEHMH KOHLEHTPAIHA HX PACTBOPOB
MOYKET YMEHBIIAThCH.

Pa6oTy MOXHO MOJM(DUUIHPOBATD. Tak, ¢ CHILHOH TPYIIOH HMEET CMBICT H3MEPHTL pH
pacTBOpa MOJOYHOH KHCIOTBI CH;3;-CHOH-COOH (K* = 1,37-104, pH 0,1 M pacteopa 2.4) u
CpaBHUTH C TPOTIMOHOBOM wncnoroit CHa-CH>-COOH  (K* = 1.34-10°, pH 2.9). Ha otom
OCHOBAHMH MOYKHO CJIeNaTh BBIBOJ O BIMSHUM DIEKTPOOTPHIATEILHBIX 3aMecTUTeNeH B paTuKalc
Ha CHIy KMCIOTHL JIaHHBIH ONBIT MPOIIE H GesomacHee OOBIYHO ONMCHIBAEMOIO B yaeOHHKax
CpaBHEHWsI YKCYCHOM, XJIOPYKCYCHOIL, AMXTOPYKCYCHOH H TPHXJIOPYKCYC HOM KMCIIOT.

MO)KHO PAcnpOCTpPaHUTh paboTy Ha ABYXOCHOBHBIC gienorel: masenenyro kucaory HOOC-
COOH (K* = 5,410, pH 0,1 M pacTtBopa 1,1) cpaBHMTH ¢ MATOHOBOM HOOC-CH>-COOH (K* =
1.4-107, pH 1,9).

OrBeTH! HA BONPOCH! /LISl AHA/IH3A Pe3yIbTaTOB H HOATOTOBKH BBHIBO/I0B

1. Cpasnume 3nauenus pH yrcycrou u MypasbuHol kuciomsl. B pacmeope KQKOU KUCTOMbI
cpeda boree kucras?

pH pacTBOpa MypaBbHHOH KUCIOTHI MEHBLLUC, qeM YKCYCHOH, 4TO TOBOPHT O Gosiee KHUCIIOH
cpeje B PAaCTBOPE MyPaBbIHOH KHCIIOTEL.

2. Kax ceszansl cuna kuciomol u pIl ee pacmsopa?
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Yem Gosbiie chma KHCITOTHI, Tem MeHbie pH ee pacTBopa (mpu oguHaKoBBIX KOHIEHTPAIHAX
KHCIIOT U UX OJIHHAKOBOIH OCHOBHOCTH!),
3. Kax yenesodopoousiii paodukan sausem na pH pacmeopa xuciomur?

C ymemuuennmem mmmsi YFICBOOPOHOro pajukana pH PacTBopa KUCHOTHI (IPH TIPOYMX

PaBHBIX YCIIOBHSX) YBEJIHYHBACTCS.

Ne 24 OIIPE/IEJIEHUE KOHCTAHT AUCCOLHUAIIMHA OPT AHUYECKHX
KNcJjiorT

st nmonyuenns smavenms komcrant AUCCOLHALMH, ONM3KMX K CHPaBOYHBIM JIaHHBIM,
HE00X0/1IMmo:

1) Tmarensro moxrorosuTs maTYMK PH, xopouio ero npomsisas mocte K100 M3MEPEHHs H
HaCyXxo poMoKas (PHIIbTPOBAIBHOI Oymaroii;

2) TOTOBHTE PAacTBOPE JTUMOHHON u LIABENCBOH KHCTOT MO TOYHBIM HABECKAM R MEPHBIX
Konbax;

3) 1m0 BO3MOXHOCTH TrOTOBUTE PacTBOpEl B GoNbIIOM 06BEME, HYTOGEI YMEHBIIHTD
OTHOCHTEJIbHYIO OMIHOKY;

4) ucnomne30BaTH CBECIPHTOTOBICHHBIH PACTBOP YKCYCHOR KHCJIOTBI, TaK KaK OHa JOBOJIBLHO
JICTy"Ia, 1 KOHLICHTPAIHS €€ PACTBOPOB CO BPEMCHEM TTOHHKAETCH,

5) pacTBOp yKCYCHOM KHCIOTE HIPOTHTPOBATE U OTPEAENHTH €ro TOUHYIO KOHIIEHTPALUIO,
Tak Kak KOHICHTPALHS MPOJAKHOTO PEAKTHBA MOKET OTIHYATLCS OT 3asBJIEHHOIA,

Kpowme kucior, mepeuncrennsix s PYKOBOACTBE, MOXKHO HCIIONB30BATS U APYTHe HMEIOTIHECs
OPTaHHYECKUE KHCIIOTBI, JOCTATOYHO XOPOLIO PacTBoOpuMbIe B Boze. Padota MokeT BRIIONMHITECS B

PaMKax uccheoBaHus: Hanpumep, OIIpENeNHnThL KOHCTAHTY NOUCCOLHAITHH CHHTE3MpPOBaHHOI

OPraHUY€CKOH KHUCIIOTHL.

OTtBers! Ha BOIIPOCKHI J1JIF aHAJIM3a PE3VILTATOR H NOATOTOBKH BBIBOAOB

1. Hovemy Odamuux PH nocre kancoozo usMepenus Hado npomieams oucmunnuposanot;

8000117

Ecan He npombisars AAdTHHK, OCTATKH pacTBOpa Ha HeM OyIyT W3MEHSTH KOHLIEHTPALUIO
CHEAYIOET0 HCCIIe/lyeMOro pacTBopa.

2. Hovemy Oamuux pH, npoMbIMbIL  QuCmUIIUpOsanol 6000, nepeo  cuedyioujum
USMEPEHUEM HYIICHO npoMaKusams puremposanvroii Gymazoii?

I1o Toit sxe npuunne: ocrapmmecs KaIlu BOAB! OYyT IOHMKATE KOHIIEHTPALHIO CIEAYIOIEro

pacrBopa.
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3. Paccuumatime 3Hauenus cmeneny ouccoyua

pacmeopa Kucaomsl no opmyiam (24.2) u (24.4).

B tabu. 24.1 npuseicH
yM 3Hadenus pH M CTENCHH JIMCCOLMAIMK B pacTBOpax yKa3aHHOH KOH

KCIIEPUMEHTE YMCIIA MOIYT TONY4UTBCA ApYTHMH (c

(myHKTHI 1-5 pexoMeHaIMiH K nanHoM padore)).

TOYHBIE PAcUeThl 110
(KaK ¥ U1s JEOOBIX KMCTOT C KOHCTAHTAaMH JHCCOLHALIH nopsazaxa 1

oOydaronMxcst Cleayer coobmuTe 00 2TOM 3ap

joragathcsi 00 3TOM CAMOCTOATENLH

[TABENIEBOM KUCIOTHI I

HCIIPABHTH CBOKO ONIMOKY.

dopMyIiam, a [T YKCYCHOH KHCIOTHI pacier MOXeT ObITh

Tabauya 24.1 — Pesynomambl usMepeHUuli U pacyemos

Yuu U KOHCMAHMbL OUCCOYUAYUU 01 KaHC0020

B1 CLPABOUHBIE 3HAUCHMA KOHCTAHT JHCCOLMAIIH 1 COOTBETCTBYIOLINE
neTpanuu. B peajbHOM
M. BLILIE, KAK MUHHMH3HPOBATH UX OTIHYHMC
O6parute BHAMaHHUE, 4TO JUIA JUMOHHOH M IIABEJNEBOM KHUCIIOTbI HeoOX0IMMO TIPOBOAUTE
NpUOIH3UTEIBHBIM
0 u menee). Cradoit rpymie
anee. OOyuarommecs CHIBHOW TpYyIIBl MOTYT
0 WIH, TIONBITABIIMCH IOCYMTATH CTCNCHDL JIMCCOIHALIHH

pHONIKEHHO, TONLYHHTh 3HAUCHHC Gonpie 1 W Ha HTOM OCHOBAHMH

Kucnora Konienrpauus pH CreneHb Koncranra
KHCITOThI, MOITB/II JUCCOLHALITI AMCCOITHALEH
KHMCJIOTHI KHMCJIOTBI
YkcycHast 0,01 3.4 0,042 1,8:10°
VkeycHast 0,005 3,5 0,060 1,8-103
| Ilaserenas 0,01 2.1 0,614 54107
JIuMoHHast 0,01 2,6 0,313 7.4-10%

PA3HOU KOHYEHMPAYUL. Obwscuume.

CTenenp AUCCONHALEM ¢1aboro JISKTPOJIHTA 3aBHC

KOHLCHTpAaIuA, TEM BBINIIE CTENEHE JUCCOUMAIIH.

5. Cpasnume noay4enHvle
KUCAOMbI PA3HOU KOHYEHMPAYUU. OovacHume.

KoOHCTAHTA JMCCOIMAIMK €raboro 3JEKTPOJINTa HC 3aBH
JaHHOI TeMIepaType B JaHHOM PaCTBOPUTEIE

3HaueHHsl KOHCTAHTHI JHCCOIH
MOTYT HEMHOT0 pa3/nH4a’

6. Cpagnume 3HAYEHUSL KOHCMAHM duccoyuayuu 0L YKCYCHOU,

OHa TIOCTOAHHA.

ThCS BCIICACTBHE HOTpCHIHOCTEﬁ H3MEpPEHHSL.

xucaom. Kaxas uz kucaom camas cnaban? Camas cuibHAa?

VKCyCHas KHCI0Ta — camast cnabasi,

7. QbvacHume, nodemy

waeeneeas, Wasenesan — IUMOHHA, TUMOHHAT — YKCYCHAA).
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4. Cpaenume noiy4eHnble SHAUeHUs cmenenu ouccoyuayuu 6 pacmsopax VKCYCHOU KUCOMbL
WT OT ero KOHIEHTpaluH. JeM MEHBIIE
snauenus KOHCMAHMbl Ouccoyuayuu 6 pacmeopax YKCyCHOU
cut or ero kouuentpanuu. Ilpu
AL, TIONYYCHHBIE Ha OCHOBE JKCICPHMEHTANLHBIX JAHHBIX,

wasenesol U JAUMOHHOU

niaBeepas — caMmas CUJILHAA U3 TTEPEUUCIICHHBIX.

0OHa Kucioma cutbHee opyeot, Ons 6cex B03MOMCHBIX NAp (vkcycHas —




YkcycHas kuciora ciaGee INaBENeBOH, Tak KAK B MONEKy/Ie IaBeneBoil KHCIIOTBI HET
YTIICBOLIOPO/IHOTO pajivkana (OTCYyTCTByeT mojada JJIEKTPOHHOM IUIOTHOCTH Ha KapOOKCHIIbHYIO
IpyNmy) ¥ €CTh JONMOJHHTEIbHEIE JJIEKTPOOTpULATENIEHBIE aTOMBI (IBa aToMa KHCJI0pOJ1a BTOPOi
KapOOKCHIIBHOM rpynmer), YBCIHIHBAIOMIHE [TOIAPHOCTS CBsizn O-H.

IlaseneBas xuenora cuiubHee JIAMOHHOH, IOCKOJNBKY HECMOTPS HAa HalHuHe Tpex
KapOOKCHIIbHBIX TPYNI B  JUMOHHOI KHCIIOTE, OHH pasjencHbI 3JIEKTPOHOIOHOPHBIMHU
MCTHJIEHOBBIMY I'DYITITIAMH.

Jlumonnas kucnora cumsaee YKCYCHOH, II0TOMY 9TO B HeH MPHUCYTCTBYIOT JOMONHATE/IbHEE

AICKTPOOTPHULIATEIILHEIE ATOMBIL,

Ne 25 BJIMSTHUE )KECTKOM BOJIbI HA MBLIO

Pabory MOkHO mpoBoauTH KaKk HCCIEN0BATENbCKYIO, H3y4as, Kak BuusioT Ha pH ucxommoro
PacTBopa MbUIa 100aBICHHE PACTBOPOB CONEH KAMbIMS H MATHMS Pa3sHBIX KOHLEHTpALMHA HIH
A00aB/IeHHE PACTBOPOB COJIEH JPYTUX METAIOB,

B xauectse nccienyemoro MaTepHalla MOXHO B3ATh, KDOME MbLIA, CTUPAITBHBIE HOPOUIKH HIIH
HHBIC Motomme cpenctea. MurtepecHo, u4to HEKOTOpBIE M3 HEX MOI'YT OKa3aTbCsl YCTOHYHBBEI K
ACHCTBUIO JKECTKOM BOIBI — B OCHOBE THX CPCACTB JIeXAT HE COMH KapOOHOBBIX KHCIOT, a pyrue
BCLLECTBA, MMCIOUINE MOMSPHYIO H HENOJAPHYIO YacTh. Hanpumep, nomysupri-nomnycomm CepHOH
KHCIOTHI (OZjHH aTOM BOZOPO/IA CEPHOM KUCIOTHI SaMELICH Ha MENOYHOH MeTallT, o Bropoii OH-
rpyrie o0pasoBaH COKHENT 3¢up co ciupToM, HMerOIIM JUIMHHBIA YI1€BOAOPOIHEILH pagukan),

C Takumu BEHICCTBAMM HOHEI KaIbLMsS 0 MarHus He oﬁpasylcrr ocanka.

OrseTnl Ha Bonpock! as anaamza PE€3yIbTaTOB H MOATOTOBKH BHIBOIOB

L. Yemy pasen pH mwinvrozo pacmeopa? Kakyto cpedy umeem mwiivHbili pacmeop? Yem ona
obycnogrena?

MBITBHBIH  pacTROp mMmeer leinouHyro cpeay, pH okomo 9-10, B 3aBHcEMOCTH oOT
KOHICHTPAUMH MblIa M OT ero copra. lllenounas cpena o0ycnoBiena ruapommsom 1o aHMOHY
c1aboi KapbOHOBOM KHCITOTHL.

. =g y‘pag%n PH nocne npunuearus pacmeopa conu Maznus unu Kabyus?

Ipu npunuBanrmy pacTBOpa COIM MarHMs WM Kambuus pH cymecrsenmo YMEHbIIaeTcs
(puc. 25.1). B nanHoM ciyuae 3uavenme pH nocturno 7,4,

3. O uem ceudemenvemeyem uzmenenue PH nocre npunusanus Pacmeopa conu MazHus uau
Kanvyua? Iovemy pH mensemes marum obpazom?

Takoe 3uaunrensHOe W3MeneHwe pH Hemb3s 06wscHUTE TpocTEIM pas0asiienneM pactsopa.
Haxe ecnn pas6asure MbLTEHBI PacTBOp B nBa pasa BomoH, pH ymeHwbummTcs Beero ua 0,3
eaHMLbLL pH pesko ymensmaercs, TIOTOMY 4TO aHHOHBI MBIITA CBA3BIBAIOTCS KATHOHAMM KaJablUs U

B




maraus B ocamok. Cpesna CTaHOBHTCS IPAKTHICCKH HEeWTpabHOM, TaK Kak

AHWUOHEI, JaKLIHE TTPH I'HJIPOIN3E HIETOYHYH CpeEnY.

Puc. 25.1 — Uamenenue pH npu npuiueanul K pacmeopy mMolid acmeopa colt MazHUA
pranp p ; p /4

Ne 26 OITPEJEJEHHUE CPEJIbI PACTBOPOB AMHMHOKHCJIOT

Teopernueckue 3HaueHna pH pacTBOPOB AMHHOKHCIOT MPE/ICTAB/ICH

Tabauya 26.1 — pH amunoxuciom

L1 B Tabn. 26.1.

U3 pacTBopa YXOUAT

AMHHOKHCIIOTA MDopmyita aMAHOKUCIIOTEI COOTHOIIEHHE YHCIA 3nauenue pH
(110 cipaBO4YHHUKY) KapOOKCHILHBIX Py U
AMHHOTPYTITI
(-COOH : NH»-)

I'manH NH:-CH>-COOH 141 6,1

AnanuH CH;-CH(NHz)-COOH 5l | 6,0
Tayrammmosas | HOOC-(CHz).-CH(NH2)-COOH 2:1 3,2

KUCIIOTA |

JIuzus NH;-(CH2)s-CH(NH2)-COOH 1:2 | 0.6

|

Ecim pacTBOpEI FOTOBHIIMCE Ha MOCTOSIBIIEH AMCTHILTHPOBAHHON BOJIE, YCIEBIICH MOTIOTHTE

CO; w3 BO3AYyxa, M3MEPECHHBIC 3HAYCHM: pH pacts

0Ka3aTbCs 3aHUKCEHHI.

OpoB CAVMIAHA, aJaHuHa, JTH3HHa MOTYT

Ne 27 THAPOJIN3 DTUJIAINETATA B NPUCYTCTBHHA PACTBOPA
MEJOYH

Hsmepenue pH pacTBOpOB, COAEpXKamHX STHIIALIETAT, Hal

6blCTp0, TaK KAk 3THIalleTaT IOCTCIIEHHO pacTBopAcT TJIACTUKOBBIE JACTalH JIaTIHKA.
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OTBers HA Bonpock: s ananusa PE3YIBTATOR H NOATOTOBKH BHIBOX0OB

1. Kakyio cpedy umeem eoonwiii pacmeop smurayemama?

bruskyro k HeitrpanpHoit,

2. Kaxyro cpedy umeem useecmrosas soda?

[enounyro.

3. Kax mensemes pH npu dobasnenuu dmirayemama x uzeecmxosou 6ooe? Iloveny?

PH ymenbimaercs, nockomexy PHAPOKCHA KallbIUA PaCXO/lyeTesl B PEAKITHY C STHIAIICTATOM.
4. Hanuwume ypasnenus npomexaowux npoyeccos.

B meitrpansHoit cpege:

OH
0] H |
Vi
H;——%( +&o\ W HI—E-—g =
O—CH, H I C,H,
OH
(0)
Vi
= HBC—C< +H—0
OH C,H,
B pacteope runpoxcnna kamsims:
.
0 I
Y h
HBC——%\/: t 0N fE-C—0 -
OLH, | CH,
OH
0
Vi
i C< + H—0
0 CH
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PEKOMEH/IAIIMA K PABOTAM JIJIA 11 KJIACCA

Ne 28 OTIPE/IEJJEHHME TEILTOTHI PEAKIIMA HEUTPAJTU3AIIMH

Matepuan npo 3akoH ['ecca M CieacTBHE U3 HETO, BRIIEJIEHHbIH MENKUM LIPpHPTOM, MOKHO
IIPOIYCTHTE Npu padboTe co c1aboii TpyIoi.

B kagecTBe CTAKaHA M3 TEIUIOM30NHMPYIOLIEro MarepHaila MOXET MCIIOTB30BATLCS OBITOBOM
TepMoc. MOXKHO TaKKe H3rOTOBHTEH TaKoil CTAKAH CAMOCTOSATENHLHO M3 OOBIMHOrO TJIACTHKOBOIO
cTakaHa, OOJIO)KHB €ro CTEHKd U JIHO BATON M 3aKpeIMB €€ HUTKaMH WIH donwroii (puc. 28.1).
JlommycTUMO HCTIONTB30BATh 0BBIYHYI0 IUTOCKYIO IUIACTHKOBYIO KpBIIIKY C auameTpom Ooubire
JAMaMeTpa CTakaHa, MPoJeiaB B Heit 1B OTBEPCTHA — OJIHO JUTS JIaTUMKA TEMITEPATyphl, a BTOPOE

JJ151 BOPOHKH. Ho JIy4lie caeaaTh JUIS1 KPBITIIKH TEIUI0M30JIALIHIO U3 BATHI.

Puc. 28.1 — Camodenviblii Meniousonupyioujuti cmaxar u Kpelwka ¢ omsepemimi, naomHo
npunezaiowas k nemy. Ha gpomo noxkasaxo, Kax XuMUHeckull cmaKan pacnonazaemcs 6
MenIoUFONUPYIOUeM CIAKAHE

Eciu paboTa npoBOMTCA KaK AEMOHCTPALHOHHAA 1 OTCYTCTBYET HEOOXOMMMOCTE IOMYHCHHA
KAK MOJKHO 6oNee TOYHBIX Pe3yJIbTATOB, MOXHO ODOHTHCH 0e3 TemIOU30JUPYHOIIETO CTaKaHa.
K30TEPMUUHOCTH PEAKIMH B JIFOOOM CIry1ae OyzaeT XOpoLIO BHAHA.

Eciu s mposelcHus paboTbl Mano BPEMEHH, MOWKHO HE BLIPABHUBATL TEMIIEPATYPBI
pacTBOPOB KHCJIOTHI (t) ¥ 1IC/I04H (tw), 8 pACCYUTATL HCXOAHYIO TEMIIEPATYpPy (t1y xaK CpeaHIOw
MesKIy HUMH:

t1 = (tw + t)/2.
MeToanKy NaHHOH PabOTBI MOXKHO HMCHOTB30BATH LA OTpeicsICcHHs TETLIOBBIX sddexros

TIOOBIX XMMIYECKHX PEaKIUi B pacTBOpax.
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OrBeTHI Ha Bonpocs! 1as anaimsa PE€3yJIbTATOB H NOATOTOBKH BLIBOJOB

1. Tlouemy sicenamenvuo, umote; UCXOOHbIE PAcmEopsl wenouu u KUciomol umenu 00uHarkoeyio
memnepamypy?

9to HeobXxoaUMO /1S GotbIIei TouHOCTH IKCIEPHUMEHTA.

2. Iouemy yoenvnsie MERNOEMKOCIMU PACMBOPOE KUCIOMbL U Wenoywy donyckaemesa npunsme
PasHbIMU yOenvHou mennoemrxocmu 600uL?

Iotomy uro pactrops: PA30aBICHEL, H OCHOBHYIO HX YacTh COCTaBIIsSeT BOJA.

3. Houemy nrommuocme PAcmeopos Kucioms: u wenowu Oonyckaemes NPUHSMB PasHbIMU
niomuocmu 600w ?

Iotomy uto pactrope: Pa30aBICHEL, 1 OCHOBHYIO HX YacTs COCTAaBJIACT BOJA.

4. Ha monv rakozo us ydacmuukos npoyecca meumparusayuu ewi paccuumanu mennomy
netumpanusayuu? Bydem nu snavenue Opyaum, ecnu paccuumams e20 na yous opya02o yuacmmuxa?
IIpusedume npumep npoyecca, 0ns KOMopozo 3uavenue meniogoso aphexma sasucum om moczo,
Ha MOIb KAKO20 U3 Y4acmHuKoe nposooumes pacyem.

[lockomeky Bce CTEXHOMETpUYCCKHE KO3 PUIHeHTH B YPaBHCHHH PEaKUMH HeHTpaivsaiuu
OMHAKOBbI, M BEIIECTBA B3SATHI B CTCXMOMETPHYECKOM OTHOWECHHH (110 0,05 MOJIb), TO HET
Pa3sHHIBL, HA MOJb K4KOTO M3 YYAaCTHHKOB IpOBOATE pacuer. Ecaur B3sath peaxuuio ¢ pasHbIMU
CTEXHOMETPHYCCKUMHU Koo duimenTamu, Harpumep:

2H2 + 02 = 2H;0,

TO 3HAUCHHA TCIIOBOTO > heKTa, paccuHTaHIbIC HA MO BOMIOpO/1a nilv HA MOJIb BOJIbL, Oy /1y T
PaBHBI ME3KTY COOOM M BIBOE MEHBIIE SHAYCHU, PACCYHTAHHOTO Ha MOJIb KMCIIOPOIa.

3. Betdenunocs umu noznomunocs menio g peaxyuu neumpanusayuu? Imo IKZOMeEpMU4eckas
i Snoomepmuveckas peaxyus?

Tenno Beinensiercs, peakius IK30TEPMHYIECKAS.

6. Kax u nouemy 6ydem OMAUHAMbCA NOIYYEHHOE FHAYEHUE enIombl Heumpanuzayuu, eciu
He ucnorvzosame mennousorupyrowuii cmaxan ¢ KPbilKoii?

Yacre Tenmors noiaer Ha HarpeB OKpYXamoIel cpesbl, CIICAI0BATENIbHO, HaOMOgaeMoe

[TOBBIILICHHUE TeMIIEPaTy Pkl GYL[GT MCHBIIIE, H IIOIYICHHOE 3HAYEHHEe TEIIIOTEI HEﬁ'I‘paJIHZ’:&HHH

Oyner 3ammkeHo.,

Ne 29 3AKOH T'ECCA
Usrotornenue crakana m3 TCIION30MMPYIOUIEr0 MaTepHala 1 KPBILIKY K HEMY PAaCCMOTPEHO B
PCKOMEHqauusx K paGore No 28 Onpenencuue temiorsr PCaKuK HEHTpaIH3aIiy,
Jlis ynpowenus pacueron TIPHHUMACM KOMYECTEO BCEX HCHOMB3yeMbIX B pabore Bemects

paBHbIM 0,05 mons. [lpu pabore ¢ cuibmol TPYIIIOH MOXHO 3a1aTh TOMBKO Maccy Teepmoi
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menoud 1 06bemM BOIBI, a Heo0XoIUMb

1c 00Bemsl pactBopoB 1 M NaOH u 1 M HCIl nonpocHThb

[IOCYHATATL CAMOCTOATENEHO TAK, 4yTOOBI pearcHThbl HaxOaHIIHCh B CTEXHOMETPHIECKOM OTHOIUCHHWH.

Jluist CHIBHOM rPyTIBI 00yHAIOMHXCA MOXKHO TAKKE BHJIOH

2 ¥ 3 HECKOJIBKO pa3s ¢ pasHbIMH OTHOLLIE

3MEHHTH paboTy, MPOBEAs PeaKlnu

HUSMH KOJIMYECTBA pearcHTOB. Pacuersl IPRACTCA BECTH

[10 TOMY BEIIECTBY, KOTOPOE HAXOJUTCS B HELAOCTATHE. Teruionsie 3ddexTst B kJDHK/MOIB IPH STOM

He 73aBHUCAT OT OTHOIICHHA KOTAYECTB pPEarcHTOB (XOTH TCII

pasHbIMM).

TIprMep IKCTIEPHMEHTANBHBIX JaHHBIX TIPUBC/ICH B tabmn. 29.1.

Tabauya 29.1 — Pesynbmamel UsmMepenus 6eUH1iHb! mennoso20 3gexma

nosbie sbdextsi B KUK OyayT

[ H3meHeHHue BenuunHa TEILIOBOTO Bennu@Ha TEILIOBOTO
temnepatypsl, | 2(dexra nporecca, KJlx s(pdekTa nporecca,
oL & J 1K/ MOJTB
ITporecc 1 8,6 1,905 38,1
Bona + NaOH kpucT.
[Ipouecce 2 20,9 4,613 92,3
1 M HCI + NaOH kp#CT.
ITpouecc 3 6,7 2,882 57,7
1 M HCI + 1 M NaOH |

ObpaiaeM BHHMAHMC,

4yTO Yy Bac MOIyT NOJYYHATHCH JApYyTHe 4YHCICH

Hble 3HaucHHA. BakHO

muue 1O, uto Q2 = Qi + Qs PazymeeTcs, 3T0 DABEHCTBO MOATBEPXKAACTCA C HEKOTOPOH

HEeH30eKHOM TTOrPEIHOCTBIO (CM. OTBET Ha BOIPOC 5).

OTBeTHl HA BONPOCHI /ISl AHAIN3A Pe3y/IbTATOB H HOATOTOR
1. Houemy 6 XuMuueckuii CMAaKau KATOpUMEempUyeckou
noxewamy meepoyvio wenodn, d He 600y
TToTOMy YTO TBEP/OE BEIIECTBO BCHINATH HEPE3 BOPOHIY HEeYIO

IHIPOKCHIA HATPHS, YaCTHITBI KOTOPOTO pa

3a0uBarOT HOCHK BOPOHKH.

2. Tlist uezo npedsapumensio usmepsaion memnepamypy 6000l U pd
Jra Temieparypa OyJeT B3ATa Kak HCXO/HA

TBECPABIM BEIECTBOM W HE MO

B kakaom ciaydae 1o 0,05 Moilb.

Kak golpaxcaemcs €20 menioeou

Wi pacmeop KUciomsi?

JeT a/leKBATHO H3MEPUTh €ro TEMIICPATYPY.

cumeonvt Q1, Q2u 0z, 20e 1, 2, 3 — Homep npoyeccd.

TonHas peakius — TpoLecc 2, a MPOLECCh 1 u 3 — cranuu.

Q:=Q1 + Qs.
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KH BbIBO/I0OB

Yemanoeku  PeKoMeHoyemes

6uo. OcobeHHo 3TO Kacaercs

CIUISIBAIOTCS Ha BO3/YXE, CIHMAIOTCA MEKIY coboii u

cmeopa Kucaomot?
51, TAK KAK LIyD JaT4HKa [UTOXO KOHTAKTHPYET C

3 Paccuumatime KOIUYeCmeo wenoyu u Kuciontol € Mouix 015t Kaxneoozo npoyeccd.

4. Kaxoii us npoyeccos ABIAemcs noHou peakyuel, a Kakue — €20 emadusmu? 3anuuwume,

s¢hhexm uepes mennoevie pcpexmpr  cmadutl, UCRONBIYA



J. Ilposepome evinonnenue 3axonq I ecca, nodemasus yuca 6 popmyny, noayuennyio é n. 4. C
HemM mo2ym Ouime ceszansl ominoHeHus?

OTKToHeHHs CBs3aHBI B OCHOBHOM G pacCeMBaHHEM Temna (W3-3a HEHIEAIbHOCTH
TeIousonauuu). Jlpyras npuuMHAa CcBs3ama o HETOYHBIMI  KOHICHTDPALMAMH PacTBOPOB
(HEOCTOSHCTRO cOCTaBA IPOAAKHOT KOHLEHTPHPOBAHHON COJIAHOM KHCIIOTBL, IPEBPAICHHE TaCTH
THAPOKCH/A HATPHA B KapOoHaT).

6. Bvipasume mennomy ucnapenus 6o0vl uepes menyiogie sghghexmul npoyeccos

CH4(r) + 202y = CO; @+ 2H20 () + 802 x]Jlx; (1)
CHa ) + 202 1y = CO2 ) + 2H20 @) T 890 k. (2)
Paccuumaiime ee.
Cymmapusii npouece — (1), om CKIaabIBAacTCA M3 npouecca (2) W yABOCHHOIO npouecca

HCTIapEHUs BOJIBI

Q=(Qi—Q2)/2;
Q = (802 — 890)/2 = —44 xTc/moms,

Ne 30 OIIPEJEJIEHUE TEIIVIOTBI PACTBOPEHUS CYJIb®ATA BAPUSA

Kanopumerpraeckas ycranoska ommcana B paGore Ne 1 YucTsie Bemecrsa u CMECH, a ee
H3TOTOBJICHHE — B PEKOMEH/IAITHSX K JaHHOH paGoTe.

MeToauKy mamHOH pa6oThl MOKHO HCHONL30BATE AL OTIPE/ICIEHUS TEIIOBBIX 3(deKToB
JFOOBIX POLECCOB PacTBOpeHHs TPYAHOPACTBOPHMBIX BEUIECTB (COOTBETCTBEHHO, IS U3MEpPEHHs
TEIUIOBBIX 3((EKTOB HPOLECCOB X OCaxuIeHus ),

Mg cymeara Gapus  nopemeHue TEMIEpaTypel  cocTapnsier okoino 1 rpagyca opH
COOMIONIEHNH KOIIMYECTBA, YKA3AHHOTO B metozuke (0,0126 mou).

llpu nposenennm paGorsr xax ACMOHCTPALIHOHHOM, 0€3 KOIMYeCTBEHHOTO ONpeeeHus
TETUIIOTBl paCTBOPEHHS!, HCTIONB30BAHHE KAJIOPHMETPHYECKOI YCTaHOBKU HE 00A3aTeNbHO, KaK u

B3BCLIMBAHUC CTAKAHOB, H I0BEJIEHNE 00BEMa PACTBOPOB POBHO 110 20 M.

Oreernl Ha Bonpock! nas ananmsa PE3YIbTATOB M HOATOTOBKH BBLIBOIOB

1. Jna wezo e36ewmusarom xumuvecxuii cmaxan Kanopumempu4ecko yemanoeru?

3HAYCHUE MACCHI UCTIOIBL3YIOT U pacueTa TemIoeMKOCTH.

2. Paccuumaiime MONAPHbIE KOHYEHMPAYU NPUOmMOBICHHbIX pacmesopos K>SOy u BaCl,.
Kaxyto maccy Kpucmaanozuopama BaCly-2H>O nyxeno pacmeopums?

Mosiprsre KOHLCHTpaluu  pauer 0,63 monmb/n.  TpeGyercs pactBoputh  3.1r
KPHCTA/LIOTH/IpaTa.

3. [na ue2o e36ewuusarom cmaxans ¢ pacmeopom?

Yrobs1 y3uats Maccr PAcTBOPOB, KOTOPBIC OTPEGYIOTCS IS PACYETA TEMIOSMKOCTH.
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4. IToyemy pacmeopbl He 20MOGIM Oobagnenuem 20 M1 6006l K MEEPObIM Beujecmeam, d
npeodsapumeibHo pacmeopaIom eeujecmsa u 00600sm obwvem 0o 20 Ma?

O6beM pacTBOpa He paBeH CymMme 00BHEMOB BOABI H pacTBOPAEMOTO BELIECTBA, A HOYTH
HACKHIIIIEHHOI'O PACTBOPA TAKKE HENb3sl PUHATE 00BeM pacTBOpA IIPUMEPHO PABHBIM 00HEMY BOABL.
TTOCKONBKY MOJIIPHBIE KOHUEHTPAIMH PACCUHTRIBAIOTCS Ha enMHMLY 00bEMa pacTBopa, BAXKHO
3aUKCHPOBATH KOHEUHbIH 00BEM.

5. Ymo npouzoiidem, eciu Cmaxaw ¢ pacmeopom BaCl> e ocmagisime OAd BbIPAGHUSAHUA
memnepamypbl pRoom ¢ KANOPUMEMPUNECKOU YCMAHOBKOU?

Ecnu TeMiieparypa OJHOTrO pacTBopa OyxeT OTTHYAThCH OT TEMIIEPaTyph! JPYroro pactsopa,
10 Ha (poHe FDPEKTa OT X CMEUICHHA MOBBILICHAS TEMIIEPATYPLI Ha rpagyc OyaeT He3aMeTHO.

6. Houemy yoelibHble MenI0eMKocmi. pacmeopos donyckaemcsi npUHAMb pasHblMU YyoenvHo
menioemMKocniu 600bl?

[T0TOMY YTO OCHOBHYIO HacTh PACTBOPOB COCTABIACT BOZA.

7. ITouemy nIomHOCNIb PACMEOPO8 QONYCKAeMEs RPUHAMb PasHbiMU NIOMHOCIU 600617

OCHOBHYIO YacTh PaCTBOPOB COCTAaBIIACT BOAA, MOITOMY ILIOTHOCTE PAcTBOPOB MPHHHUMACTCH
paBHOM IJIOTHOCTH BOJBL.

8. Kaxoea MOMAPHAA KOHYeHmpayus o0pasyioujeoca pacmesopd BaSO4 6 nepgvli momeHm
nocie ciuganus pacmeopos peazenmos? Cpagrume ee ¢ PacmeopuMocmoio cyasgpama Gapust 100
5 monw/n. Tlowemy MOJICHO CHUMAMb, 4MO NPAKMUYECKU  6ECH nonyuennviti  cyrogpam bapus
nepetidem 6 0cadoK?

MorsipHas KOHLUEHTpalsl paBHa 0,63 MOIB/T. DTO CYLIECTBEHHO O0JIbIIC PACTBOPUMOCTH (Ha
4 mopaaka). ITo CpaBHEHMIO ¢ KOTHUCCTBOM BEUIECTBA, BLITIABLIMM B OCAJIOK, PACcTBOPHMOCTBLIO

MOXKHO TIpeHedpeysb.

Ne 31 BJMSIHUE KOHIIEHTPALIMHA PEAT UPYIOUIUX BEHIECTB HA
CMENEHUE XUMHUYECKOTI'O PABHOBECHS

B 1. 4 METOAMUECKHX PEKOMEHIaluid [1s YICHHKA pacTBOp pasGagisiercst 10 caaboil KpacHo-

opamkesoii oxpacku (puc. 31.1).

—
g
T

Puc. 31.1 — Pabouuil pacmeop pooanuoa sicenesa
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st npoBenenus pa6orsr MoxHO HCTIOTB30BATh M 3C/ICHBIH CBETOYHIBTP, HO cuenyer
YUHTEBIBATB, YTO 3HAYEHUS ONTHYECKON MIOTHOCTH Ha JUIHHE BOJHBI 525 HM OyayT Mensme. B atom

CJIy4ae pacTBOp POJAHHMIA JKee3a CTOHT pasbasiate He 10 20 — 25 My, a IPHEMEPHO BIBOE (ero

OKpacka 10JIKHA OBITh HHTEHCHBHEC).

OTBeTnl Ha Bonpock! Aus anaTn3a P€3YJbTATOB H HOATOTOBKM BLIBOIOB
1. 3anuwmme ypasuenue pearyuu, pasHosecue Komopoii 6u110 uccnedosaro, 6 MOREKYIspHOM

U UOHHOM 8Ude.

FeCls +3KSCN ™ Fe(SCN); + 3KCl;
Fe** +3SCN" = Fe(SCN)s.

2. Ilouemy 6vin evibpan umenno cunuii ceemogpurvmp?

O6pasyromeecs kommIekcHoe coemuHeHMe Fe(SCN); mormomaer B cuneit o6aactu CIeKTpa
(6naromaps uemy oxpameno B KPacHO-OpamkeBhlif BET).

3. Kax Bvi oymaeme, dns uezo @ n. 4 pacmeop nado pazbasnams? Ymo 6ydem, ecau ezo0 ue
paszbasums?

PactBop pasbasmsitor, moromy uro Fe(SCN); oxpamen ouens HHTCHCUBHO, H Ja)K€ B TaKHX
HeOO/ILIINX KOHLEHTPAIHAX ONTHYECKAS IUIOTHOCTR 3auikanuBaer. Eciu pactop He pas6asurs, To
OyaeT HeBO3MOKHO MOy YHTE 3HAYCHHE €0 ONTHYCCKO] TUIOTHOCTH.

4. B kaxux cmyuasx oxpacka pacmeopos ycuausaemcs, a 6 xaxux ocrabesaem? Karx nmo
OMpadicaemecs Ha 3HAYeHUAX ONMUYECKOU NIOMHOCIL?

Oxpacka ycunmuraercs npH 100aBIEHHH XJIOpHIA Kenesa u poaanmna xamus (puc. 31.2 a, 6),
T. €. PCArcHTOB, MPH ITOM ONTHYECKAS TIOTHOCTH PACTET. IIpy nobasrenun xmopupa watpms

Okpacka ocnabesaer (puc. 31.2 B), onTuyeckas IJIOTHOCTE MAaJaeT.

Puc. 31.2 — Hsmenenue oxpacku pabouezo pacmeopa podanuda icenesa npu dobaenenuu;
a) podanuda xanus, 6) xiopuda dcenesa, 6) xnopuoa Hampus

3. Houemy u xax emusem na nonoxcenue pasHoeecus 6 usy4eHHol cucmeme Odobaenenue
podanuda kaaus, x1opuda xceresa, xaopuoa nampus?
Ponannn-uon u non sxenesa — pearentsl. Yeenmmuenne ux KOHLEHTPALMK CMEIIAET PABHOBECHE

B CTOPOHY NpAMO#T peakuun (BIpaso), T. €. & CTOPOHY 00pa30BaHHs OKPAIIEHHOTO KOMILIEKCA.
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Ponp XJI0puja HAaTpus cloxkuee. Ecmm mocMoTpeTh Ha MOJIEKYIISPHOE ypaBHEHNE PEaKilny,
KAKETCH, UTO XJIOPHA-MOH SBISETCA NPOAYKTOM pPEakuuH, W yBCIMHCHHE €ro KOHIEHTPaluH
CMeIaeT PaBHOBECHE B CTOPOHY OOpaTHOM peaximu (sneBo). ITockoIbKy OKpacka JeHCTBUTEILHO
ociabepaer, 3Ta BepcHs, Kazanoch Obl, TONYYacT MOATBCPKICHHC. OIHAKO €CIH BHUMATEIbHO
MOCMOTPETh HA MOHHOE YPAaBHEHHE PCaKIMH, JCTKO y6euThes, 410 XJOPHI-HOH B JaHHOM
PaBHOBECHH Y4YaCTHE HE TIPHHIMACT. Ero BIMSHHE OCHOBAHO HA TOM, YTO OH 00pasyer ¢ HOHaMH
Fe3* xommneke FeCli~, 6osiee NpOYHBIH, 9€M Fe(SCN):. B peakuun 06pa3oBaHus FeCly vons! Fe’™
PACXOMYIOTCS, MX KOHUEHTPAINS IIOHIKACTCA, M PABHOBECHE CHBUIraeTCsA B CTOPOHY MX MOTYy4eHu,
T. €. BJIEBO.

KpoMe XJIOPHI-MOHOB, [NPOYHBIE KOMILICKCHBIE coemunenus ¢ Fe’™ obpasyior dropuiml,
OKCAJIATHI, IIATPATHL, TAK YTO MOXKHO HCTONB30BATE COOTBETCTBYIOLIC COTH HATPUS WIIH KaJus.
HauGonee b dexTuBHO AeiicTBrHe YTOPUIA HATPHA, TAK KAK o6pasyromiuiics GTOPHTHBIA KOMILICKC
caMplii ipounslit. Ilpu 3TOM CIeAyeT yIUTBIBATE, 4TO, BO-TIEPBBIX, HTOPH/ HATPHUS HAOBHT, a BO-
BTOpbIX, pab0Ta ¢ HUM JO0JDKHA MPOBOANTHCA TOIBKO B [UIACTHKOBOI IToCyAe (TINaBUKOBas KMCIO0Ta,

BBUICIISIOMANACS B pesyTbTaTe THApOmM3a GTOpHR, TOBPEKAACT CTEKJIO).

Ne 32 BJUSTHUE OJJHOUMEHHBIX HOHOB HA CMEILLEHUE
XUMHUYECKOTI'O PABHOBECHUA

TTon0GHEI IKCTIEPHMEHT MOXKHO TIPOBECTH € JIFOOOH XOpOIIO HITH YMEPCHHO pPACTBOPHMOI
cnaboii KACIOTOH (HAmpHMep, TAMOHHOI HIM MypaBbUHOMH) i ee COJIBIO, a TAKKE € XOpOuIo il
YMEPEHHO PACTBOPHMBIM C1A0BIM OCHOBAHIEM (HATIpUMEp, AMMHAKOM HJIH AMHHAMM) H €I0 CONIBIO.

BMeCTO CyXOi COTH BO3MOMKHO MCTIONL30BATH FOTOBBIH PacTBOp, MPH STOM MEHBIIE BPEMEHH
TpaTHTCS HA IEPEMENIMBAHME, HO 9IKCIEPHMEHT MOTydacTes MeHee HarnagaeiM. YToOBI HE
BBIHMMATh faTdnk pH TIpH nepeMeniBaHni U HC TIOBPEAUTD ero, MBITAACh [IepEeMEITHBATE COJIb B

ero IPUCYTCTBHH, OIBIT PEKOMEHIYCTCS MPOBOAHTE Ha MArHHTHOM MeIaJike.

OTBersbl Ha BOMPOCHI ISt AHAJIN3A Pe3yIbTATOB H OAr0TOBKH BBIBOJIOB

1. Kaxoe snauenue pH umeem pacmeop yKCycHou Kucaomot?

VkeycHas kuciora umeer pH okono 3

2. Ha xaxue uousl ouccoyuupyem ayemam Hampus 6 pacmsope?

Ha non HaTpud H aerar-uoH.

3. Kax u nouemy uzmensemcs pH npu dobaenenuy ayemama Hampus K pacmeopy VKCYCHOU
Kuciomn?

pH Bo3pacTaeT (1py HCTIOIL30BAHNY PEKOMEH/IOBAHHBIX KOJMYECTB PEAreHTOB — MPHMEPHO 10

4), TaK KaK yBEIMYCHAE KOHICHTPAIIHH ALETAT-HOHA CMEILACT PABHOBECHE JIUCCOTMATIME YKCYCHOH

53



KHCIIOTBL B CTOPOHY MOJIEKYTIAPHOI (opmsr («BreBOY), u KOHLEHTpAITH HOHOB BOIOPO/A
YMEHBIIIaeTcs,
4. Kax enusiiom oonoumennvie uonsi na CMEUeHUE XUMUYECKO20 pasHosecus duccoyuayuu?

Jlo6aienne 0 THOUMEHHBIX HOHOR TO/TaBJISET JUCCOLMALIHIO,

Ne 33 SKCHEPUMEHTAJILHOE OITPEIEJTEHUE CKOPOCTH
XUMHYECKOW PEAKIIUM

Baxno! ITopsiiox ciupanms peareHTos. Crneayer npunusare uMenno pacTBOp nepMaHraHara
Ka/lisl K MoAKUCIeHHoMy cnupTy. Ilpu o6parHom HOPAJIKE, BO-NEPBBIX, PE3YIBTHPYIOLIHIT pacTBOp
XYHE ICPeMEIIHBACTCS, 9TO OTPULATENHHO CKA3KIBACTCS HA ZIOCTOBEPHOCTH PE3YIBTATOB, & BO-
BIOPLIX, TI0 IpaMKy H3MEHEHHS ONTHYECKOH ILIOTHOCTH TPYAHO ONPCHENNUTL KOHIEHTPALUIO
NICPMaHranaTa B IEPBLIH MOMEHT TIOCIIE CIIHBAHMUS pacTBOpOB.

Bumecto comsmoii kucnoTh ans moakucerus CIHpTa MOXHO B3ATh CEPHYI0 KHCJIOTY BIBOE

MEHBIICH KOHIIEHTpPALIUH.

OrBeTnl Ha Bonpockr 1us anaamza PE€3yIbTaTOB H NOATOTOBKH BHIBO/IOB
L. Hanuwmume ypasnenue u3yaemou peaxyuu.
4KMnO4 + 5C;HsOH + 12HCL = 4MnCl, + 5CH3COOH + 4KCl + 11H.0.
2. Paccuumaiime smauenus xonyenmpayuii KMnOy 6 pacmeopax, yxasannvix ¢ n. 8,
0,001 M u 0,00067 M.

3. Hocmpoiime  zpadyuposounsuii epaguk  (3a6ucumocms  onmuvecxos naomuocmu  om
Konyenmpayu pacmeopa, 6KI0YAsL HY1€6VI0 MOUKY).

I'padux (puc. 33.1) obssarensuo nomien IIPOXOZIMTE 4€pe3 HYNCBYIO TOYKY M MPENCTABISTSH
co00ii npamMyro uHMI0. Eciu oTKITOHCHMS OT TPsIMOH 3HAYMTENBHEI, TO B H3MepeHusix mbo B

HIPUTOTOBJICHIHH PaCTBOPOB GkUIA OMyMena omuGKa, TPAAYHPOBOYHBIH IPAd¥K HANO YTOYHHTE.

[ e il

1,8
1,6

OnTwyeckas naoTHOCTE
2
[=-]

0.4

a 0,0005 0,001 0,0015 0,002 0,0025 |

KoHuektpauus KMnO4, mons/n |

e e D RS

Puc. 33.1 — Ipumepnwiii 6ud 2padyuposounozo spaguxa (3asucumocmu ONMUYECKou NAOMHOCIIU
pacmeopa KMnOy4 om ezo KOHyenmpayuu)
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4. Pacneuamaiime 2pagux usMeHeHus ONMUYECKOl NAOMHOCMU pacmeopa 6 npoyecce
peaxyuy. Ommemome Ha HeM MOMeHN Hauand pearyuil.

Puc. 33.2. TIoaKUCTEHHBIH CIUPT UMEET HYJICBYIO ONTHYSCKYIO MI0THOCTE. [Ipy nNpuiiMBaHUH
nepMaHraHaTa B HaqallbHblil MOMEHT ONTHYCCKAA [JIOTHOCTH CKaYKOM IIOBBIINAETCA (MePMAHTaHaT-
JOH TOITOMAET B 3¢leHoil omacTu CIeKTpa), a 3aTeM [0 MeEpe NPOTCKAHHA PEAKUHH |
pacX0/I0BaHMUS NIEPMAHraHaTa MOCTENICHHO yMEHBIACTCA.

5. Yemy paéHa KOHYEHmMpPayus KMnOs & momenm Hauana peakyuu? Paccuumaume
meopemu4ecKoe 3HaveHue u onpedenume KOHYeHMpayuo 1o 2padYUPOBOUHOMY  2PAPUKY.
CpagHume ux u 06bACHUME PASHUYY, €ClIiL OHA UMECTNCA.

[pu pacyeTe KOHIEHTPALMH CICTYeT MOMHHTE, HTO [oc/Ie CMBAHMA PABHBIX 00BEMOB (IO
2 MiT) BCe KOHIIEHTPALMM YMEHBIIAIOTCA BJBOE, T.C. n3 wucxomsoro 0,002 M pactBOpa
[IepMaHTaHaTa [py CIMBAHHH [I0JIy4aeTCs pacTBop € xounenrpauneit 0,001 M.

PaccmotpiM puc. 33.2. B MOMEHT Hawana PeaxiHH ONTHYeCKad rmotHocts pasHa 0,78. Ilo
rpaayupoBO4HOMY TpaduKy (CM. pHc. 33.1) 3TO COOTBETCTBYET 4yTh MCHBIIEMY 3HAYCHHIO, EM

0.001 M. Pasuuua MOXeT 00BACHATHCS MOTPELIHOCTBIO TPH CIIMBAHIA MAJIbIX 00BeMOB pacTBopa.

Puc. 33.2 — I paghux usmenenus onmuueckoii niomnocmu 8 npoyecce peakyuu KMnQOy co
chupmom: A — MoMeHm Hauana peakyuiu, B — momenm, nocie Komopozo onmuyeckds niomrocms 6
meuenue 10 ¢ ocmaemcs NOCMOSHHOU (VCA0SHbITl KOHEY Pearyui)

6. Ommempme Ha 2pagpurxe MOMEHM, NOCIE KOMOPO20 ONMUHECKAA MAOMHOCIE 6 meuenue
10 ¢ 6ydem ocmasamsbCs nocmosmnoii. Hatioume xonyenmpayuio KMnQOi 6 2mom MOMeHM.

CM. puc. 33.2. OnTHyecKas WIOTHOCTb HA KOHETHOM yuactie rpaduka cocrapiuser 0,09, 9To
COOTBETCTBYET MO IPa/lyupOBOIHOMY rpapuxy 0,000135 M.

7. Onpedeaume cpeonior cKOpoCmo pearyui no KMnOy na yuacmke om ee naiaida 00 mozo
MOMeHmA, nocie KOomopo20 ORNMU4ecKdas MNIOMHOCHL 6 MeUeHUue 10 ¢ byoem ocmasamsca

HOCMOAHHOTL
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Hsmenenue KoHuentpamun 0,001 —0,000135 = 0,000865 M. Bpemsa 66.5—-26 = 40,5 c.
Cpenmsist ckopocts peaxuuu mo KMnO4 0,000865/40,5 = 2,14-10° M/e.

8. Onpedenume mznosennsie ckopocmu peaxyuu no KMnOq na nauanstom yuacmxe, 6 konye u
6 cepeoune.

Hns onpesenieHNs MrHOBEHHOI CKOPOCTH CleAyeT BEIOpPATh HEOOIbIIHE THHEHHBIC YYaCTKH H
HalTU [UIl HUX 3HAYEHUS TAHTEHCA yria HaKIOHa (He 3a0bIB MEPECYUTATh COHHUIEI ONTHYECKOM
IUIOTHOCTH B KOHIeHTpanuu). Hampumep, Ha HauagsnoM ydactke (puc.33.3 a) usMmeHeHue
ONTHYECKOH IIoTHOCTH paBHO 0,78 -0,60 = 0,18, wro 1o TpajyupoOBOYHOMY Tpaduky
coorsercTByer 0,000243 M, a Bpems 27—26 = | ¢, T.e. MIHOBEHHAs ckopocte 10 KMnQO4 B
Havane pasna 2,43-10* M/c. B koure peakiumu (puc. 33.3 6) U3MEHeHHE ONTHYECKOM TIIOTHOCTH
0,12-0,09 = 0,03, T.e. usMcHEeHHE KoHIeHTpauuu 6,35-10° M; Bpems 66,5 —53 = 135¢;

MTHOBEHHas CKkopocTh 1o KMnO4 4,70-10°6 M/c.

Puc. 33.3 — Haxoocoenue mzrosennoi CKOpOCMU peaxyul no a) Ha4aneHomy, 6) koneuHomy

y4acmyy epaghuxa usMeHeHUus OnmuNecKkol RAOMHOCHU

9. Kax mensemcs ckopocms peaxyuu no mepe ee npomeranua? I[lovemy?

CKOpOCTh peakunM yMeHbLLIAETCS, Tak Kak o MEpPC NPOTEKAHHUSA PEAKUHH KOHIEHTpaluH
peareHTOB yMEeHbINaKTCs.

Bamno! B obcyxnennn s1oit paboTsi NPUBCACHBI JHITE [PHMEPBI JKCIIEPHMEHTATBHEIX
AAHHBIX ¥ PacyeToB 110 HUM. Pe3ynpTaThl NOMYYEHHBIX HCCIIEIOBAHHIA MOL'YT CHITBHO OTIIHYATHCS,
HOCKOJILKY MMpPH NPUTOTOBICHMH M CIHMBAHHH CTONb MAJIOTO KOJIHYEcTBA PacTBOPOB BEIHKH
OTHOCHTE/IBHBIC MOTPEIHOCTH B 3HAYCHWSAX KOHIeEHTpaumii. B paGote nenaercs aKIeHT Ha
OCBOCHHC METO/OB MPaKTHICCKOTO OMPE/ICIICHHS CPETHEH U MIHOBEHHOI CKOPOCTH peakIuu, a He

Ha ACTAJIbHOE M3YYCHHE KHHETHKH KOHKPETHOTO IIpo1ecca.
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Ne 34 OIIPEJ/IEJIEHUE BUJIA KWHETHYECKOI'O YPABHEHMS

[Ipn paboTe C NEPMAHraHATOM KalWs MOXHO HCIONB30BATH jesieHblil CBeTOMMILTP (WIMHA
BOJIHBI 525 HM), HO B 3TOM Cilyuae ONTHYECKas MIOTHOCTE PacTBOpOB yKazaHHON KOHLEHTPALIH
MOMKET 3amKAIMBaTh, M KOHIEHTPAIMIO MCXOAHOIO pacTBopa I€pMaHraHata Kalus CICHyCT
yMeHbIHTL. Bammo! M3HayaqpHO KOHLEHTPAMA PAaCTBOPOB A NepBOil cepud OMBITOB
nofoGpansl Tak, 4ToOBl IaBesieBas KHCIOTAa HaXoqunach B U30bITKE, @ BO BTOPOM CepHH — B
HeJOCTATKE, TIPH HTOM BCE 3HAYCHMA OMNTHUECKMX ILIOTHOCTEH JIOMKHBI MONAJaTh B JHANA3OH
4yBCTBUTEJILHOCTH JIaTIUKA.

B peakiusx, ONMHCAHHBIX B TEOPETUYECKHX CBEACHUSX K naHHO# pabore, ydacTBYeT conldHas
kucnora. OIHAKO IPU TIPOBEJEHHH SKCICPUMEHTA COJIAHAS KHC10Ta HE nobasjsieTcs, LlaBeieBas
KUCJIOTA CAaMa JIaeT JOCTATOYHO KHCITYI0 Cpedy ms mpoTekanus peakuuu. OJHAKO ypaBHEHMS
peakimii 6e3 yHacTHs COISHOMH KHCIOTHI BRINIAIAT CII0XKHO I HEOTHO3HAMHO:

K>Cr207 + 9H2C204 = 2KH,[Cr(C204)3] + 6CO2 + TH20;
2KMnOs + 9H2C204 = 2KH[Mn(C204)2] + 10CO2 + 8H:20,
MOSTOMY PEKOMEHJYETCS HCIIOIB30BATh MPH OOCY)KIEHHH CO C1abbIMH TPyTHaMH o0yuarommxcs
YIIPOTMICHHBI BapUAHT, IPHBEIEHHBIA B METOAMHYECKUX YKA3AHHAX.

Peakuyst mpoTekaeT GLICTPO (3a OAHY-7BE CeKyHbl). [103TOMY B MOAMEHIO AaTHHKA CIETYET
YCTAHOBUTh DPEKUM CHATHA JAHHBIX HE MEHEE IBYX TOUCK B CEKYHIAY. B obnactu cxauka
BBHIOMpaAETCs JUHEHHBI yJacTOK M ONpPEC/IeTCs H3MEHEHNE ONTHYECKOH TIOTHOCTH 3a 1 ¢. Ota
BEIMYMHA TPAMO I[PONOPLHHMOHATBHA CKOPOCTH PEaKIHH (MOCKOJIBKY ~CYIIECTBYET [pPAMO
NPONOPILHOHANBHAS ~ 3aBUCHMOCTD  MEKY ONTHYECKOH TUIOTHOCTBIO M KOHILCHTpATHeH

OKpAILECHHOTO peareHTa).

OTBETHI HA BOHPOCBI 115l aHaJIM3a pEBY.TILTaTOB H HOAroTOBKH BEIBOAORB

1. Paccuumaiime 015 Kasco020 onbimd KOHYESHMPAYUU PeAeesmos 6 Nepevill MoMeHm nocie
cruganus pacmeopos. 3anecume ux 6 maoa. 34.1.

TIpu pacuere KOHLEHTpaUuil CiefyeT MOMHHTh, YTO MOCIHE CIMBAHHS PABHBIX obwveMoB (Mo
2 Mu1) Bee KOHIIEHTPALMK YMEHBIITAI0TCs BABOC.

2. Pacneuamaiime uai SHUMAMEIbHO PACCMOMPUME 2PapuKu 3a6UCUMOCHIL ONMUYECKOll
HAOMHOCMU Om 8peMeHu 05 PA3HbIX ONbLIMOS. Jna kaxcdozo onuima 6 obaacmu CKauKa
onpedenume UsMEHeHUe ONMUYecKou NI0MHOCMU 3 1 ¢. 3anecume smu dannvie 6 mabn. 34.1.

B Tabn. 44.1 npuBedeH HpuUMep SKCMNEPUMEHTAIBHBIX JTaHHBIX. OueBHIHO, YTO PEAIBHBIC

3HAYeHW ONTHYECKOI MIOTHOCTH MOI'YT OTIH4aThCA.
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Tabnuya 34.1 — Dxcnepumenmanvuvie danivie

Ne Konuentpanmus KonuenTtpa- Hauanrpuas OnTHueckas Wsmenenne
oneita | KoCroO7/ KMnOy, | mua HC20y4, OnTHYECKas IUIOTHOCTD OTNITHYECKOi
MOJIB/J1 MOJIB/IT IUIOTHOCTH yepes 1 ¢ IIIOTHOCTH 32 | ¢

1 0,003 / 0,001 0,005 1,72 /0,53 0,86 /0,25 0,86 /0,28
2 0,00225 / 0,00075 0,005 1,41 /0,41 0,75/0,22 0,66/0,19
3 0,0015 / 0,0005 0,005 0,88 /0,26 0,47/0,12 0,41/0,14
4 0,00075 / 0,00025 0,005 0.42 /0,09 0,23 /0,02 0,19/0,07
5 0,003 /0,001 0,0005 1,78 /0,54 0,92/0,27 0,86/0,27
6 0,003 / 0,001 0,000375 1,75/0,55 1,00 /0,27 0,75/0,28
7 0,003 /0,001 0,00025 1,80 /0,55 0,90/0,26 0,90 /0,29
8 0,003 / 0,001 0,000125 1,73 /0,55 0,93/0,29 0,80/0,26

3. Ilocmpotime zpaguk 3a6UCUMOCINY USMEHEHUA ONMUNECKOT RAOMHOCHU 3a lc om
Konyenmpayuu ouxpomama Kanus (nepmanzanama xamus). Onpedenume nOpA0OK peaxyuu no
momy peazenmy, obocHyiime ceoe MHenue.

I'padmku no nauueM Tabn. 34.1 usobpaxens! Ha puc. 34.1. Kak Juis auxpomara, Tak W s
TepMaHraHara HabJIIOaeTCs MMHEHHAsS 3aBHCHMOCTB CKOPOCTH PEaKLHH (H3MEHEHHs ONTHYECKOH

TIOTHOCTH) OT KOHUEHTpaLuu. Crie/10BaTebHO, Peakuus MMeeT TepBEIil IOPAIOK 10 JIAXPOMATY

HJIM TIEpMaHTraHary.
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Puc. 34.1 — I'paghuxu sasucumocmu uzmenenus onmuyeckoii niomuocmu 3a 1 ¢ om KOHYeHmpayuu
ouxpomama Kanus (a) u nepmanzanama Kaius (6) 8 peaxyuu ¢ wasenesoti Kuciomoii

CKacr207 CKEMnO4

a)

4. Ilocmpoiime zpaguk 3asucumocmu uzmenenus onmuueckoii niomuocmu 3a 1 c om
Konyenmpayuu ujacenesou Kucaomei. Onpedenume nopadox peaxyuu no waeseneaol Kuciome,
obocnytime ceoe mHeHue.

I'paduku no nawme tabm. 34.1 mzobpakens: Ha puc. 34.2. B o6oux Cllydasix CKOPOCTE
peakiuu (M3MCHEHUE OTITHYECKON IIOTHOCTH) HE 3aBUCHT OT KOHUEHTPAIHH I[ABEJICBOH KHCIIOTEI.

CreroBarensbHo, peakius uMeeT HYJIEBOH MOPSIOK 10 IIABENEBOI KHCIOTE.
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Puc. 34.2 — I'paghuru 3a6ucumocmu uzmeHeHus Onmuyeckol niomuocmu 3a 1 ¢ om konyenmpayuy
Wasene6otl KUCIombl 05 PEaKyuu ¢ OUXpoMamom Kauus (a) u nepman2anamom Kaius (6)

5. Iouemy nopsoKu peaxkyuu nO Pedzenmam He Ccoenacaom co CMeXUoOMempuiecKumu
Koahpuyuenmamu npu peazenmax?
[ToToMy 9TO peaKijHsi UMeeT CIOXKHbINH, MHOTOCTaAMHHBIH MEXaHU3M.
6. 3anuwiume KuHeMUYecKoe ypagHeHUe U3V4eHHOU peaKyiu.
w = kCxkacr207 W W = KCkmno4.
JIonycTHMa TakKe 3aIuch

w = kC'acr207C’m2c204 WA W = kKC'kMnoaCOH20204.

Ne 35 OTPEJIEJIEHUE TEIUIOBBIX D®®EKTOB PACTBOPEHHS
BEIIECTB B BOJIE

Ecimu ecTh HEOOXOIMMOCTE MOMYYHTH TOYHBIE 3HAYEHHS TEMIOBBIX 3(PQPCKTOB, PEAKTHBBI
CITeTyeT B3BELIMBATL C TOYHOCTHIO 10 BTOPOTO 3HAKA MOCIE 3aIATOM, BOLY OTMEPATD IMIMHAPOM H
NPOBOUTE PACTBOPEHHE B KAJOPUMETPHYECKOH YCTAHOBKE, onucannoii B pabore Ne 1 Yucteie
BEI[ECTBA M CMecH. IIpH 3TOM B XMMHYCCKHI CTaKaH KaJIOPUMETPHYCCKOH YCTAaHOBKM CICyeT
NMOMEIATh TBEP/OE BEIIECTBO, 2 MATHUTHYIO MEIIANKY BKIIOYATh CPasy MOCIC NPUIMBAHAA BOJIBL.
[lepeMemmuBanme TIPOBOUTCS, TAKUM 00Pa30M, He TaTIHKOM, & MArHMTHOH MEIIATKOH.

[pu coOmoICHME KOMHYECTB, YKa3aHHBIX B METOJHKE, MOBBIICHHE TEMICPATYPBI MpPH
pacteopennd NaOH cocTaBisieT 0KojIo 8 rpaaycos, MOHIKCHUC TEMITEPATYPhl MPH PaCTBOPCHHH
NH4NO3 — oxono 6 rpamycos (puc. 35.1). YCTaHOBACHHC TEMIECPATypBl MPOUCXOTHT B TCICHHC

OJIHOI MHHYTHI.
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Puc. 35.1 — Honuxcenue MmeMnepamypul npu pacmeopenuu HUmpama ammonus

Puc. 35.2 — IToevuuenue memnepamypui Ha 13 epadycos npu pacmeopenuu 6onviuezo Konuyecmea
NaOH no cpasnenuio ¢ memoouxoi

KomiuecTBo TBepapix Bemects Moo BapbHpoOBaTh B 3aBUCHMOCTH OT BHIa paGoThL [lns
ACMOHCTPALMOHHOrO JKCIIEPUMEHTa JIydiie, uto0bl BEemecTBa GhuIO Oonbme, B s1OM cryuae
JamMeTHee TennoBoi sddext (puc. 35.2). OaHAKO CITHIIKOM MHOTO Oparh BeliecTBa He HYyKHO,
TaK KaK pacTBOPHMOCTH 10000 TBEpPIOro BEIIeCTEa orparnyeHa. Jins maboparoproii paGots ¢
TOYHBIM PacyeToOM TEIIOBOTO 3(dEKTa WiTH IS HCCTENOBATENECKOI paboThEr Heb3s 6paTh MHOrO
BCIICCTBA, TaK KAK OHO NOKHO YCIETh GHICTPO PacTBOPHTBCA, IOKA TIOTEPH Teryia m3-3a
HOHICATLHOCTH TEINIOH30/ALHA HE CTATH 3HAYUTEILHBIMH. C APYTO# CTOPOHBI HCIIOJIB30BAHUE
C/IMIIKOM MAJIOro KONMYECTBA BEIIECTBA TIPHBELET K MAajioMy LOBBINICHHIO TEMIEPATyphl M, Kak
CIICACTBHC, K BEICOKOH OTHOCHTEIILHON MOTPELIHOCTH. [1pn nposenennn uccnenoBarenpokux pabor
KEIIATCBHO CeIaTh HECKOIBKO KCIIEPHMEHTOR C Pa3sHbIM KOJIMYECTBOM BEIECTRA.

Ilo nanHO# MeTonuke MoxHO OUPEACTATE TEMNOBbIC 3Q(EKTH PACTBOPEHHS JIHOOBIX TBEPBIX

BEIICCTB, & TaKXKe XKUAKOCTEIL.

Ortserb Ha Bonpocs! Ui anaam3a Pe3yJbTAaTOB M NOATOTOBKH BHIBOIOB
I. Kakum  npoyeccom  sensemes pacmeopenue  NaOH -  sxsomepmuveckum uau

ondomepmudeckum? A pacmeopenue NH/NO3?

60



NaOH — 2K30TepMIYeCKOe pacTBOPEHHE, NH4NO3 — SHAOTEPMHYECKOE.

2. Ilouemy mennosvie d@ghexmol pacmeopers NaOH u NH NOz umerom UMEHHO maxue
snaxu?

NaOH umMeeT He CIHLIKOM TMPOYHYIO KPHCTAIMYECKYIO PEIICTKY, d HOHBI, BXOIAILKUE B €TO
COCTAB, XOPOIIO THAPATHPYIOTCA. Y NH4NO3 Bce HaobOpOT.

C CWIBHOH IPyMTON MOXHO OOCYAMTb, HTO XOPOIIO THAPATHPYOTCH MaJ€HbKHE HOHBI
(IPUTSKEHUE JIMTONIEH BOIBI K HOHY TCM BBIIIE, HEM MEHBIIIE ero pajuyc U 4eM Oomblie 3apsi).
[TosTOMY IpH THAPATALMH KPYMHBIX MHOTOATOMHBIX HOHOB BBIJIENISETCS CYHIECTBEHHO MEHbBIIE
rermma. Ha caMoM Jielle B 5TOM 3aKIIOYAETCs OCHOBHAs MPHYMHA PasIUiii MEAILY IHAPOKCHAOM
HATpHs M HMTPATOM AMMOHHS, KPHCTANIIMYECKHC PEIETKH Yy oboMX 5THUX BEILIECTB HE OYCHBb
[IPOYHBI.

3. Kax 6l Oymaeme, pacmeoperue bonbuuncmea 2a3oe ydem conposodcOampcs GblOEICHUEM
wnu noznowjenuem menaa? Obvacuume.

Kax mpaBmiio, pacTBOPEHHE ra30B SK30TEPMHYHO. Bejib y HAX HET KPUCTAILUINYECKON POIICTKH,
Ha paspylIeHue KOTOPO TpaTANach Obl SHEPIHL.

4. Ilpueedume ewe OOUH NpUMEp 6€UeCMed, pAcmEopenue KOMOpoz0 CONPOBONCOACTNCA
samemHuIM meniossim Ighexmon. Kaxou 3nax umeem smom mennogol sghpexm?

Hanpumep, cepHasi KuciioTa (pacTBOPEHHE CHILHO sK30TepMEyHO, Q > 0). BO3MOXHEI IPYTHE
IPUMEPEI.

5. Oyenume genu4YHbl MENIOBbLX sgppexmos pacmeopenus NaOH u NHNO; Ha ocHosanuu
uaMeHeHus memnepamyp 6 xooe npoyecca. Kak coomnocamcs peanbhble Mmenioebie ahhexmol ¢
nOAY4YEeHHbIMU 8AMU geauyuHamu?

OLeHUBAHHE — CYIECTBEHHO OOICE CIOKHOC ACHCTBHE, HEM PACHeT, TIOITOMY JlaHHOE 3a[aHue
MMEET CMBICT BBIIOIHATE TOJLKO € CHIIBHBIMH I'DYLIIaMH. Tockonsky pafora npopogmnach 6es
KQJOPUMETPA, TO MPOM3OLUIO PACCEMBAHUEC TCIId, 3HAUAT, peanbHblil TemmoBod (gexT oyner
BhIllIe 3HAUEHMs, TIONMYYeHHOro mpu onexke. OneHKa ofbema BOJBI MOXKeT ObITH TIPOH3BEACHA HA
I'1a3, TAK KAK M3BECTEH 00BEM CTaKaHa M BHIHO, KaKyr0 HaCTh CTaKaHa sapEMaeT Boja. /I OLUeHKH
MACCHI BEIECTRA CIEyeT B3BECHTh MPHMEPHO TAKOE KE KOMHICCTBO BCIICCTBA, Kak ObLTIO B3ATO
(WIn OperofiaBaTelh MOXKET OONEerduTh 3a1aty, COOBIMB, CKOIBKO BEMIECTBA OH HCTIONB30BAIN).
TemnnoeMKOCTs PAcTBOpa CIEAYET CHHTATh MPHMEPHO paBHOM TEIIOEMKOCTH BOJbL, & TIOTHOCTE
pacTBopa — paBHOH IIOTHOCTH BOJEL.

TemoBoit ekt AomKen ObITh MPEACTABICH B S/IMHHLAX k/x/Monb.

[Ipu npoBeleHuH 3TOH pabotel B BHAe NaGOpaTOpHOH HIHK HCCIICTOBATENBLCKOIT PabOTEI C
HCIONB30BAHAEM KATOPMMETPHUIECKOl yCTAHOBKH, TOUHBIM B3BCIIMBAHMCM H OTMEpHBAHHEM

peareHTos, OLICHKY ClIicayeT 3aME@HHUTb pacucTOM.
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Ne 36 TEIVIOTA THAPATALIUA

Kanopumerprueckas ycranoska ommcana B pabore Ne 28 Ompenencuue TemmoTsr peakuuu
HEHTPATH3AIIMH, & €€ H3TOTOBJICHHE — B PEKOMEHAALHSX SIS IpenoaaBaTens K 3Toi pabore.

Ipoxanusanne memnoro kymnopoca CIIeyeT IPOBOMUTE AKKYpaTHO: €CIM €ro Meperperks, To
Ocnast Ge3BonHAst COMb pasmaraercss Jajbiie ¢ obpazoBanueM wepHoro CuO. [MosTomy syunre
IIPOKATUBATE [IOCTENEHHO U PABHOMEPHO.

Hns octeiBanus Ge3BOAMBIX cosieil mocTe MPOKAIHBAHKSA MOXHO HCHOJB30BAaTh 3KCHKATOP
(Hanpumep, ¢ KOHL. cepHO KHCJIOTOH) IIPH €r0 HaJIHIHH.

Kpome CuSO4-5H20, B paGore MOXHO HCHONB30BATH APYTHE KPHCTaJUIOTHAPATHI:
CoS04-7H20, NiSO47H20, CoCly-6H,0, NiCl2-6H20, NaxCO;-10H,0, Na;SO4-10H:0, a rakxe

MoAMHITHPOBaTH paboTy KaK HCCIICI0BATENBCKYIO.

Ot1BeThI Ha BONPOCKHI 17151 AHANM3A Pe3yALTATOB U HOAOTOBKH BbIBO/10B

1. Ymo nabmodaemes npu nazpesanuu Kpucmaozuopama?

Menueiii Kynopoc MeHser uger ¢ cHHe-roiyboro Ha Gejbiil, uis KPUCTAILIOrHIPATOB COJIEii
HUKEISA U KOOAIbTa TAKXKE MEHSETCS IBET. Kpome Ttoro, nan uamxoii mabmonaercs KOHJICHCALMS
BRUICIMBIICTOCA BOASHOTO napa. [lisi KpUCTATIIOTHAPATOB COMeil HATPHS 3TO Oymer eAMHCTBEHHBIM
NPU3HAKOM PEaKIUH.

2. Kax onpedenums, umo Kpucmanroeuopam yice nepewien 6 6e3800ryi0 cons?

Liser Gombiue He MEHSAETCH; €CiM CHSATH HalllKy C KPHCTA/UIOrMAPATOM C HATPEBATENLHOTO
MpHOOPA M HAKPBITL CTEKIOM, Ha HEM He 0CAKIAI0TCH KATETbKH BO/Ib.

3. Ckoavro mons 6e3600n01l conu nonyuaemes nocue nPoKaaueanus kpucmannozuopama?

Teopernueckn — cTonBKO ke CKONBKO GELTO Kpucrajiorujpara, 1. €. 0,025 mons.

4. Paccuumaiime  maccy — 6eseoomnoii  comu, KOmopasi  00MJICHA — ROAYYUMbCA  u3
KpUCMANI02UOPAma, U CPAGHUME C PeanbHOLL. Ionpobytime obvacums necoomsememeaus, ecnu
OHU echib.,

IIprann HecooTBETCTBHA MOKET GBITH HeCKONbKO. YacTs BCLICCTBA MOTNAa OBITH IPOCHITIAHA
IIpH  HEAKKypaTHOM mnepememmBanun. Ecnmu takux moreps mer, To peailbHas Macca BhIIIE
TEOPETHYECKOH FOBOPUT O TOM, UTO BEMIECTBO MPOKATHITH HE [0 KOHIIa, & HHXKE TeOPETHYECKOH — O
TOM, HTO BEIICCTBO [IEPETPENTH, H HAYAJI0Ch NaNbHElIIee PasnoKeHue Ge3BOIHON COMIL

3. Hns uezo kpucmannozudpam npu npoxanueanuu nomewusaion CMEKNAHHOU NATOYKOU ?

Y1001 iporper Gbu1 paBHOMEPHBIM.

6. na wezo uawiky nocne npoxamueanus cmaesm ua KEPaMUHECKYI0 unu Memaiiudeckyio

noocmasky?
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[loacTaBKa HYXKHA IS TOTO, YTOOB! HE MCIIOPTHUTH MOBEPXHOCTH CTO/A KOHTAKTOM C ropsayei
YaiKou.

7. ITouemy uawky 60 6pemMst OCMbIBAHUA HAKPLIGAION cmaxkaHom?

T1pH OXJIaXJeHHH Ha BO3IyXe 6e3B0/Has CONb MOKET HOIIOTUTE H3 HErO IApbl BOABL H CHOBA
YaCTMYHO MPEBPATHTLCSA B KPUCTATIIOTH/IPAT, 1103TOMY HE0OX0AMMO HEPEKPHITH TOCTYIT BO3/1YyXa.

8. IMouemy 6360010 COTb OXAUHCOAIOM 00 KOMHAMHOU MeMNepamypol, npeacoe yem
nposooums ¢ Hetl onvimvi?

[loToMy 9TO, KOIZIA COJb M BOJA MMEIOT OAMHAKOBBIC TEMIIEPATYPBI, pe3yabTaT MO/dyHactes
Tounee. Ec/M y HEX pasHble TEMIIEPATYPHI, TO HEOOXOAMMO CUUTATH HAYAIBHYIO TEMIIEPATYPY KaK
Cpe/IHEeB3BENIEHHYIO0 (ydHTBIBas PasHble Macchl). Kpome TOro, TeMueparypy TBEpIOro BELIECTBA
JIOBOJILHO CIIOXKHO OMPEIETNUTD LIyNOM H3-3a HEJIOCTATOUHOrO KOHTaKTa.

9. Asaaemcs au pacmeopenue Kpucmanno2uopama IKIOMEPMUYECKUM uiu
sndomepmuyeckum? Ilouemy?

PacTBOpenne KpHCTAIUIOTHIPATA, KaK MPABUIO, SHAOTEPMHYECKOE, TaK KaK THAPaTaIHs HouTH
He TIPOMCXOJIMT, a HA Pa3pylleHHe KPHCTAIUTMYCCKOH PEIICTKH SHCPTHA TPATHTCA. Brpouem, 3a
CueT OCTATOYHON THIPATALH HHOT/IA BO3MOXKCH CIa0BIH YK30TEPMHICCKH 3¢ dexT.

10. Henaemcs nu pacmeopenue 6€3600HOU COTU IKZ0MEPMUYECKUM UMM IHOOMmepMU1eckum?
THouemy?

Pactopenue  0e3BOJHOM  CONM,  CKIOHHOH K 00pa30BaHWK  KPHCTAJLIOIHIPATOB,
IK30TEPMUYECKOE, TOTOMY 4TO MPOMCXOUT HHTCHCHBHAS THAPATAIIAA.

11. Karoii 3uax umeem menioma euopamayuu? Iouemy?

TermnoTa THApATALME TIONOXKUTENbHA. DHEPrUs MPH TAAPATalMA  BBIIEICTCH, TaK Kak
00pasyloTCst CBS3H MEXK/Ty HOHAMH BCIIECTBA H MOJICKYJIaMH BOJIBI, & o0pazoBaHue cBA3eH — Beerja

SHEpreTHYECKH BRITOHEIH IPOLECE (B TPOTHBHOM Cllydac OHH GBI HE 00PA30BLIBAIIUCE).

Ne 37 ONIPEJIEJIEHUE PH PACTBOPOB COJIEH

B pa6oTe PEKOMEHILYETCs CPAaBHUTE CTENCHR THAPOIH3A kapOoHaTa u THApokapOoHaTa, ConeH
xenesa (1) u xenesa (1), Taroke MOXKHO HCCIEA0BATE H IPYTHE COJIH.

BHMMAHUS 3aC/y)KHBAET alleTaT aMMOHHA — CONb, 00pa3oBaHHAs cmaboii kucaoToH u cnabpim
ocHopanneM. HecMoTpst Ha cuisHBIN THAponus, pH OIH30K K 7 u3-3a TOTO, 4TO CHJIA KMCJIOTHI H
OCHOBAaHHMS TPAKTHYeCKH ojuHakopas. Hamporus, pacTBOp dTopuza aMMOHMA, TaKKe
o6pasoBauHOro caboii KHCI0TOol 1 CTa0BIM OCHOBAHUEM, HMECT c1abOKHCITYI0 cpejty (TTaBHKOBas
KHCJIOTA CHIIBHEE, YeM aMMHAK).

C CHABHON TpyNmoH MOMKHO HCCIENoBaTh PACTBOPHI docdara, rugpodocdara u

auruapodocdara (Ha cyabduTa u ruapocynsdura). JTuruapodocdar 1 IAAPOCYIB(GUT UMCIOT HE
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cl1abonIenouHyIo cpeny, a CIIA00KHCITYI0. DTO FOBOPHT O TOM, 9TO JIAHHBIE HOHKI He TI0/[BEPTaroTCs
THIpoIM3y, a HaobOpOT, AMCCOLMHPYIOT ¢ 06pasoBaHHeM mouos HY. Moxno obcyaute, uto
HOHATHE «CUIBHAS» U «cllabash) KHCIOTa OTHOCHTENbHEL Tak, (octopuas u cepumcras kuciora B
PaMKax LIKOMLHOH HPOrpaMMBI CIHTAIOTCS CIaBBIMH, HO CKOPCE MX CIICTYEeT OTHECTH K «CPETHUMY»
dlekrpomiTam. IlocnenoBaTenbHEIe CTyIICHH HX AMCCOMMALIMH 3HAYNTENLHO OTIHYAIOTCS IO CHITE:
MO TICPBOH CTYNEHW AMCCOUMAIMS MIAET B OONBIION CTENCHH, a [0 BTOPOM (W Tperhbeil) — Ha
HECKOJIBKO  1mopsiikoB MeHbte. Ilostomy kmembrii mom, obpasylommiics Ha MepBoif crymenm
AUCCOUHALMI KHCIOTBI, B IaHHBIX CIy9asx He I0JBepraercs THAPOITH3Y.
Ipumepnsre snavenus pH 0,1 M PacTBOPOB NIpUBE/IEHB! B Tabu. 37.1.

Tabnuya 37.1 — 3nauenun pH pacmeopos

COJIb pH TIpHMeYaHHe

Na;COs 11,7

NaHCO; 9.7

Na;SO; 10,1

NaHSO4 4,1 Hner aucconnanms nosa, a He ero TUPOIIA3
NazPOy 12.7

Na,HPO, 10,1

NaH;POQ, 4,1 Wjier auccoumanus wowa, a He ero THAPOIIN3
CH;COONa 8,9

NaF 8.1

Na,Si0; 12,9

FeCl, 5,6

FeCl; 1.6

CuSOq4 4,3

NiSO4 9.2

COSO4 5,3

MnSOy 5,8

ZnS0; 5.3

Pb(NO:), 3.7

Cr(NO1); 2.5

AINO:); 3,1

MgCl» 6.2

NH4Cl1 3,1 |

OTBeTHI HAa BONPOCHI 1JIs aHAIK32 Pe3yILbTaToOB H NOJATOTOBKH BLIBO/IOB

1. Kakas conv — xapGonam unu 2udpokapbonam wnampus — noosepzaemcs 2udponusy 8
bonvwiel cmenenu? Ha xaxom ocmosanuu moocno coenams makou 6616007 Kakx s5mo moxncno
0bvacHuUmy?

KapGonar runponusyercs B Gombuwicii cremenn. D10 MoOmKHO 3aKIIOYUTE M3 Toro, 9to pH
pacTBopa kapboHaTa BbILIE, 3HAYMT, B HEM OOIbBIIE kounentpauus OH™. Tlpuumna Gomsbmeit
CICIEHH THAPO/IN3a KapboHaTa B TOM, YTO YrojpHas KUCIOTA (kak u mobas apyras) no BTOPOH
CTYMEHH JUCCOLMHMPYET Xy’ke, YeM 1O HepBOi. ITO 3HAYMT, 4TO PaBHOBECHE JUCCOIHALINN

YTOJBHOM KHCIOTHI 110 BTOPO# CTymeH: (1 paBHOBECHE THAPOIH3a KapOOHATa) CHIIbHEE CMEIICHO B
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CTOPOHY HEMCCOLMUPOBAHHOH (OPMBI, 9eM PABHOBECUE AMCCOIMAIH yroJibHOH KWCIOTHI 110
TepBOii CTyNEeH: (A PaBHOBECHE TH/IPOITA3a ruapokapooHara).

2. Kaxoti uon — Fe®™ um Fe*™ — zudponusyemes & Goavwieti cmenenu? Ha kakom ocrosanuu
MONCHO cOenams maxoti 6e1600? Kax amo mookcno obvacrums?

CuiibHEe THAPOIH3YETCS HOH Fe*. DTo MOKHO 3aKTIOUMTH U3 Toro, uyro pH pacrBopa Fe*
uike, uem pactsopa Fe?*. IIpuuuna 5T0ro B TOM, 4TO fosiee BBICOKO3APSIHbIH HOH MHTEHCHUBHEC
B3aMMOJIEHCTBYET C JHUIOSIMHM BOABL. MOXKHO ommcarth TMPHIHHY IO-IAPyroOMY: Fe(OH)> 6onee
cwibHoe ocroBamme, uyem Fe(OH):. Dto, B CBOIW0O 04Epeab, obycnosjieHo Oonee CHIBHBIM

BBaHMOﬂCﬁCTBHBM TpexX3apAAHOro MOHA C THAPOKCHI-HOHOM, yeM JBYX3apsAaHoro.

Ne 38 BJIMSIHUE TEMIIEPATYPBI HA CTENEHD T /IPOJIA3A COJIEH

ITomimo xmopuaa skenesa (III) mmm cynsgara mMenH, MOXHO HCHOJIL30BATH mobyto Colib
CITLHON KHCIOTHI M C1aGoro OCHOBaHHMs, OAHAKO HE /Ul BCSKOH CONM NPH3HAKH yCHICHHS
rUAPOJIN3a JIEeTKO 3aMCTUTh BH3YalbLHO. Jcrions30BaHHe COJIH CHITBHOTO OCHOBAaHHS W Cadow
KHCIIOTHI HE NIPUBEJIET K JKEIAeMOMY Pe3yJIbTaTy H3MCPCHHA — POCT pH B pesynprare yBEJIHYCHHA
CTCIIEHW THAPOIM3a KOMIICHCHPYETCS CHHKCHHCM pH B pesynsrate YBEIHYEHHS CTCIICHH
JACCOLHALIMI BO/BI TIPH HArPEBaHUH.

Ecnu norpebyercs MOCTpOMTH rpaduk 3aBucuMocTd pH OT TeMrepaTypel, peKOMEHIYCTCH
[10J1b30BAThCS 0OBIUHBIM TepMoMeTpoM. [TpH koHTakTe narynka pH 1 JaTuuka TEMIEpaTyphbl HEPe3

COTIEBOH PACTBOp HADIIO/IAETCS KOHMIUKT MOKA3aHUH.

OteeThl HA BONPOCHI /ISl AHAJIN32 PE3yJIBTATOB U NO/ITOTOBKH BBIBO0B
1. Kaxoe 3nauenue pH umeem pacmeop Xiopuoa sicenesa (cyavghama medu) npu KomHamnou
memnepamype? Kakoii cpede oHo coomeememeyem?
Pacteop FeCls monsipuoit maccoii 0,01 M umeer pH — 2,1; pacreop CuSO4 MOIIPHOM MaccoH
0,01 M —4,8. O1o kucnas cpela.
2. Ilouemy pacmeop umeent UMEHHO MAKYIO0 cpedy?
I[Toromy uTo THApoKcHa xenesa (IIT) u ruapoxcna MerH (1) — ciabbie OCHOBAHUS, U HX COIH
TOBEPraloTCs TUAPOIA3Y, cBsi3biBas noHbl OH™ 1 ocTaBisis B pacTBOPE ceoboaubie Honsl H'.
3. Hanuwume ypagHenue npoyecca 2uopoiusa, Onpeoeriiouyezo peayiio cpedbl, 6 UOHHOU
popme.
Fe** + H;0 —— FeOH'+H";
Cu®" + HoO —= CuOH™ +H".
4. Pacneuwamaiime zpagpux sasucumocmu pH om epemenu. Kax usmensemcs pH?
Ipumepusiii rpaduk 3aBucumocty pH OT BpeMeHH NpHBEISH HA PHC. 38.1. Tlpu HarpeBaHuu

pactBopa pH yMmeHbIIaeTcs.
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5. Kaxue suzyanvnvie usmenenus NPOUCXO0SIM ¢ PAcmeopom npu Hazpesaruu?

PacTBop xj10pH/ia xkene3a Temueer u MYTHEET, PacTBOP Cylb(hara Meau MyTHEeT.

6. O uem eosopam eusyanvhvie uzmenenus pacmeopa u usmenenue pH pacmeopa npu
Hazpesanuu?

BusyalnbHble M3MCHEHHS CBUACTENLCTBYIOT 0O 00pa3oBaHNH MaJOPaCTBOPHMEBIX OCHOBHBIX
COJICH B pe3ynbTaTe rUAPONN3a. Y MEHbIICH e pH rosopur 06 ycmiennu kucnotaocTy Cpensl, T. €.
00 yBeNMYEHNH CTEMEHN rHAPOIH3a.

7. Kax 3asucum cmenens eudporusa om memnepamypo? Kax evi Oymaeme, nouemy?

Crenenn THOpPOIH3a  YBEITHYUBACTCS IIPH  HarpeBaHWW, TakK Kak F’AAPOITH3 —  9TO

SHIOTEPMHUYECKHH IIpoLece.

Puc. 38.1 — 3asucumocms pH om spemenu npu nazpesanuu pacmeopa FeCls
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PEKOMEH/IAIIMM K UCCJIEJOBATEJIbCKAM PABOTAM

Ne 39 OLIEHKA OBIIEHN )KECTKOCTH BO/bl

IIpy BHINOSHEHAH PaGOTbI MOXKET BOSHHKHYTH BOIPOC O CAMHHLE HIEKTPOTIPOBOJAHOCTH
(MkCwm). Cumvenc (eauHuna CHCTEMBL CU) - osiekTpHdecKas TPOBOJMMOCTh  y4acTKa

JIEKTPUIECKOH LEIIN C COMPOTHBIICHHEM 1 Om.

OTBersbl HA BONPOCHI /115l AHAIN32 Pe3yJILTATOB U NOAr0TOBKH BLIBO/OB

1. Kaxoii uz 06pasyog 600bl Xapakmepusyemcs MuH umanbHoil scécmrxocmoio? Ilouemy?

MuHEMATHHAS KECTKOCTE Y IMCTHIUIMPOBaHHOH BObL. IIpH AMCTHIIIAIAN B BOJC HE OCTACTCA
coJIe.

IeKTPONPOBOJHOCTE THCTHILIMPOBAHHOM BOJBI paBHA 0. Jlonro crosBLIas Ha BO3IyXe
MUCTHUIMPOBAHHAS BOJIA MOXKET UMETh 3IEKTPOIPOBOAHOCTD /10 15-20 mxCwm 3a cyeT MOrJIOUCHHSA
YIJIEKHMCIIOTO ra3a B YaCTHIHOH JAHCCOLMAHH 06pa3oBaBiueiicss yroJbHOH KHCIOThL.

2. Kaxoti uz 06pasyoe 6006l Xapakmepusyemca MmaxcumansHotl scécmrocmuio? Iowemy?

Bo3MOKHBI pa3Hble BapuanTel. Eciu B 00pasie BO/bI npeobagaeT BpeMeHHas KECTKOCTh, TO
pY KHTISYEHHH OHA yJalseTcs, ¥ MaKCHMAIbHOE 3HAYMCHHE KECTKOCTH OyIeT UMETh BOAa M3-TIOI
kpana. Ecrm mpeo6iazaeT MOCTOSHHAS KECTKOCT, TO 33 CHET BBIKHIAHWS BOBI KOHLIEHTPAIHs
HOHOB KaJIbIHS W MarHUS YBEIHUMBAETCS, ¥ MAKCHMMAIIbHYFO XKECTKOCTD HMCCT KHMAIEHAA BOAA.

DNEeKTPONPOBOAHOCTD BOIONPOBOIHON BOJLL  OKOJO 200 MkCM (MOXET OTIHYATLCS B
3aBHCHMOCTH OT MCTOYHHUKA). ITocie KUMsyeHHs MOXKET H3MEHUTECA B Ty MM APYTYIO CTOPOHY Ha
100 — 150 MxCw.

3. Kak 3aeucum s1eKkmponposoonocms om obuetl scécmiocmu 600ot? ITouemy?

Uem GosbIne KECTKOCTH, TEM BHIILE 3JICKTPOIPOBOAHOCTH, TaK KaK Donplle KOHUEHTPAIUsI

HMOHOB — HOCHTEJIEH 2JIeKTPHYECKOro 3apand.

Ne 40 OIIPEJIEJIEHUE CONEPKAHUSA KEJIE3A B MPUPO/IHBIX BOJAX

B 3aBHCHMOCTH OT MPEANOIaracMoro COJepikKaHus >Keiesa B oGpasuax BOMBI MOKHO
KOPPEKTHPOBaTh KOHIEHTPALMK TPagyHpOBOUHBIX PacTBOPOE. B wmpeane cojepxaHue Kelesa
JOJDKHO HAXOMTHCS MEAJIy 3HAUYCHHSMH KOHIEHTpAIMi TpaJyHpOBOHBIX PACTBOPOB. st
CepHIHBIX HCCIIEI0BaHMi CTOUT MOCTPOUTH rPAyIPOBOTHYIO TIPAMYIO IO 4-5 toukam (He 3a0bIBa,
YTO TIpAMast J0JDKHA TAKKe MPOXOIUTh Hepe3 HyIeBYIO TOUKY).

AHaTH3APOBATH HYXHO CBexie IpoGsl BO/bL [Ipu CTOSHUM Ha BO3AYXC HacTh JKeJe3a MOXKeT

BBILIACTH B OCAJIOK B BH/E OCHOBHBIX COJEH XKeesa (IIT).

OTBeThL]I HA BOITPOCHI /I/Ifl AHAJIN3A pe3yJabTaToB H MOATOTOBKH BBLIBO/10B
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1. C kaxoti yenvio cmposm zpadyuposounuiii epagux?

I'pagynposounsiii rpadux mHyxen s TOro, 4TOOBI HAHTH COOTBETCTBHE Meily
KOHUCHTPALMCH PacTBOPA M ONTUYECKOM MIOTHOCTLIO. 3apanee koaduumenT nepecuera MEKTy
STHMH BETHYHHAMH HEH3BECTCH, €10 MOKHO OIIPEAENTHTH TOIBKO 9KCIEPUMEHTAIBHO.

2. ITowemy onn nocmpoenus 2padyuposounozo zpagura weobxodumer Kax MUuHUMYM O8a
2padyuposounslx pacmeopa?

Hcnons3oBanne aByx rpaaympoBodnbix PAacTBOPOB JIAET SCHO IOHATH, JOXKATCH JH TH IBE
TOYKH BMECTE C HYJICBOW TOYKOH Ha MpAMy0. 3aBHCHMOCTD MEKITy KOHLUEHTpauueil pacteopa u
ONTHYECKOH IUIOTHOCTBIO NIPSMO TPONOPLHOHATHHAS (puc. 40.1). Ecu TpH ynomanyTsie Touku He
ST HAa TPAMYIO, TO B H3MEPCHMAX JIMOO B NPHUIOTOBICHMM PacTBOPOB JonyleHa omubka,

I'PafyMpOBOYHBIH rpahuK HALO YTOUHUTS.

OnTHyeckan NACTHOCTS
o -
N

—

==E S e
9 0,00002 000004 000006 000008 0,0001  0,00012
g 2 s = 8.0y
HoMuewnTpauna, mons/n

L —

Puc. 40.1 — lpumep 2padyuposoynoii nPAMON
3. Hna weco mozym nonadobumecs dononnumensusie epadyuposounsie pacmeopur?
Jlns yro4Henus rpafypoBouHOro rpaduka B Cilydae, eCJIH He IOTyYeHa YeTKas psaMas,
4. Paccuumaiime npedenvio donycmumylo  Kowyenmpayuio  ceneza  u npeden  ezo
06HApYHCeHUs ¢ NOMOUBIO POOdaHUda 6 MOTb/1.
ITJIK wona sxemesa 0,0054 Mmoms/n, T. e. 5,4:10° M. TIpenmexn BH3YaJIbHOTO OOHapyKeHHs

0,00036 Mmoms/n, 1w 3,6-10°7 M.

3. Paccuumaiime konyenmpayuu 2padyupoBOUHbBIX paCmMeEopos & Moib/l.

IlepBbiit n3 yxasasHEIX B 1. | pacTBOPOB HMeeT koHLeHTpaiuo 10 M, Bropoii 5105 M.
6. /Ina uezo x pacmeopam dobaeasiom asommyro Kucromy?

A30THYIO KHCIOTY HOGABISIOT 18 OKHCICHHS noHoB Fe’* n0 Fe3*. Womsr Fe?' ne JaoT
y

OKpPAaCKy € POJIAaHMIIOM.
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