denepanbHOE TOCYIaPCTBEHHOE OOKETHOE 00pa30BaTEIbHOE YUPEKICHUE

5 BBICIIIETO 06paBOPaHHH
«KAJIMHUHI'PAJJCKUU I'OCYJAPCTBEHHBIM TEXHUYECKMM YHUBEPCUTET»

E. B. KouyaHoBckas

XNUMUs

VY4eOHO-MeToIMYECKOEe TOCOOKE MO BBIMOIHEHUIO J1a00paTOPHBIX padboT
IUIA CTYJIEHTOB, 00yJaromuxcs B 6akaraBpuaTe 1Mo HaMmpaBJICHHUIO MOATOTOBKU
05.03.06 Dkonorus ¥ TPUPOAONOJIH30BAHUE

Kanununrpan
UznareasctBo ®I'BOY BO «KI'TY»
2022



YK 54(076)
Penenzenr
KaHAUAAT TEXHUYECKUX HAYK, TOIEHT, JOICHT Kadeapbl TEOPHUU MEXaHU3MOB U
MamuH 1 getaneit mamd @I'bOY BO «KanuHUHTpaICKU TOCy1apCTBEHHBIN
texHuueckuii yaupepcute™ H. A. Cepena

Kouanosckas, E. B.

Xumusi: yaeOHO-METOINYECKOE MTOCOOME MO BBHITOJTHEHHUIO Ja0OPaTOPHBIX pa-
6ot mus crya. OOywarommxcss B OakajmaBpuaTe MO HAMpPaBICHUIO MOJITOTOBKU
05.03.06 Dxonorus u npupopononb3oBanue / E. B. Koyanosckas. — KamuauHrpan:
Hzn-so ®PI'BOY BO «KI'TY», 2022. — 86 c.

B yueGHO-MeToanYecKoM MOCOOUH 1O BBIMOJHEHUIO JJA00PaTOPHBIX pabOT AJIst
JTUCHUIUIMHBL «XHUMHUS» TPEACTaBICHbI OpPraHU3allMOHHO-METOJUYECKUE YKa3aHus,
BOIIPOCHI TEXHUKU 0€30IaCHOCTH, METOAUKHU Ja0OPATOPHBIX pabOT MO MX BHINOJIHE-
HUIO Ji1d HampaiieHus noarotoBku 05.03.06 Dxosorus U NpUPOIONOIL30BAHMUE,
dbopma o0yueHus O4Hasi, 3a04Has.

Tabm. 15, puc. 6, cnucok mMT. — 5 HamMeHOBaHUH

VYyebHoe mocobue paccCMOTPEHO U PEKOMEH/IOBAHO K M3/IaHHIO B Kau€CTBE JIO-
KaJIbHOTO JJIEKTPOHHOTO METOJUYECKOTO MaTepuana kadenpoi xumuu 15 uroHs
2022 r., nmpotokoa Ne 9

Y4eOHO-MeToIUYECKOe MOCOOHre MO M3YUYEHUIO JAMCLUILUIMHBI PEKOMEHI0BAHO
K U3JaHHIO B KAYECTBE JIOKAJILHOIO JIEKTPOHHOIO METOAMYECKOIO MaTeprala MeTo-
JUYECKOW KOMUCCHEN MHCTUTYTa arpovHkeHepuu u nuieBbix cucteM GPI'6OY BO
«KanuHuHTpagacKuii TocyJapCTBEHHBIN TeXHUYecKni yHuBepcuter» 30 urons 2022
r., IpoTokoJ Ne 8

Y4ebHo-MeToAnUeCcKOe O0COOue M0 U3YyUYEHUIO JUCIUIUIMHBI PEKOMEHI0BaHO
K M3JaHUIO0 B KAUECTBE JIOKAIHHOTO 3JIEKTPOHHOTO METOJIMYECKOTO MaTepuaia MeTo-
JTUYECKON KOMHUCCHEH MHCTUTYTa pbioosoBcTBa U akBakynbTypsl ®I'BOY BO «Ka-
JUHUHTPAJICKUN TOCYIapCTBEHHBIN TEXHUYECKUU yHUBEpcUTET» 7 OKTsOpst 2022 r.,
poTokoa Ne 6

VIIK 54(076)

© depnepanbHOE TOCYIAPCTBEHHOE OIOKETHOE
o0pa3oBaTeNbHOE YUpPEXKIEHHE BBICIIEr0 00pa3o-
BaHMs «KaJIMHMHIPAACKUM  TroCyJapCTBEHHBIN
TEXHUUYECKUN YHUBEpCUTET», 2022 T.

© Kouanosckas E. B., 2022 r.



OI'JIABJIEHUE

1. BBEIEHMUE .......ooiiiiii s
2. OBIIME OPTAHU3AILIMOHHO-METOANYECKUE YKA3AHUA ..o

3. [IPABUJIA TEXHUKU BE3OITACHOCTH IIPU PABOTE B XUMUYECKOH
JIABOPATOPUU U OKAZAHMUE ITEPBOM ITOMOIIH ........oovreieieeieeeecesesieeee s
4. METOAMYECKUE YKA3AHUMS 10 [TIOAIOTOBKE K BBITTOJIHEHUIO 1
SAIIUTE JIABOPATOPHBIX PABOT ...coviiiiiiiiie s
Jlaboparopnas padota Ne 1. OnpeneneHue MOJISIpHOW Macchl SKBUBAJIEHTa MeTallla
Jlaboparopnast padota Ne 2. YcranosneHue GopMyIibl KPUCTAIOTUAPATA ................
Jlaboparopnas pabora Ne 3. [lomydyeHue U uccleOBaHUE CBONCTB KOMILIEKCHBIX
LoTa Yoy 0705 (< 517 1 (R
Jlaboparopnas padota Ne 4. Onpenenenue TernoBoro 3¢dexra (AH) pactBopenus

JlaGoparopHast padota Ne 5. VM3ydeHue BIHSHHE KMHETHYECKUX MapaMeTpPOB Ha
CKOPOCTh XUMHUYECKHUX peakinuid. M3ydeHre HalpaBiICHHUS CMEIIECHUS XUMHIECKOTO
PABHOBECHS .....cuvvieuteeasteessteesseeassseesseeasseessbeeaseeeab et e be e e b e e e abe e eab e e ahe e e nbneebeeanbeeanbeesnneennnee e
Jlaboparopnas paborta Ne 6. [IpuroroBiieHre U ompeeeHne KOHIIEHTPAllUd pac-
(107010 S TSP OP PRSI
JlaGoparopnast pa6ota Ne 7. IlpoBenenre HEOOpPATUMBIX M OOPATHUMBIX HMOHOOO-
MEHHBIX peaklMi B BOJHBIX pacTBopax. VM3yueHue BIUSHUS YCIOBHM B3aUMOJCH-
CTBUS HA COCTOSTHUE PABHOBECHSI B HOHOOOMEHHBIX PEAKITHNX +...vvvesveesnreessveessneessneens
JlaGopartopnas padorta Ne 8. Unentudukamus pacTBOPOB BEIMIECTB MO UX KUCIOTHO-
CTH (OMPEIETEHIE PH) .ovviiiiiiiiie i
Jlaboparopnas padota Ne 9. MccnenoBanue nporecca ruipoan3a CoJieid U yCTaHOB-
JeHUE (PAKTOPOB, BITHSIFOIINX HA THIPOITHS COITCH .vvuvvrarrieirieesieeesiieasseestessnsesssneessneenes
JlaGoparopnas padorta Ne 10. YcBoeHHEe 3aKOHOMEPHOCTEHN MPOTEKAHUS OKUCIIU-

TETHHO-BOCCTAHOBUTEIBHBIX PEAKITHM ... vveevietveeiieatieasteesiteesiseesseeesseesseesnneesneeessneenes
JlaGoparopnast pa6ora Ne 11. M3yueHue mpoiieccoB 3IEKTPOJIM3a B PacTBOpax
EY) (519 N 0100 171 01 PRSP
Jlaboparopnas pabora Ne 12. MccnenoBanue mpoieccoB dEKTPOXUMUYECKON KOp-
pPO3UHM METAJUIOB B Pa3lIMYHBIX cpenax. VM3ydeHue BIMSHHUS aKTHBATOPOB Ha TPO-

10 (ool N0 0] 10171 E PSP T PR POPRTR
JlaGopartopnas pa6ota Ne 13. M3ydyeHne XMMHUYECKUX CBOMCTB METAUIOB pa3iny-
HOM QKTHBHOCTH .....vtveeeiisstsesessassseeeessssseeesasnseessaasssse e e s asnnse e e e asns e e e e s annne e e e e ssnnn e e e s annneeeeans
JlaGopartopnas pa6ota Ne 14. OnpeneneHue cymMMapHOW KECTKOCTU BOJOMPOBOJI-
HOM BOJbI METOJIOM KOMIUIEKCOHOMETPHUUECKOTO TUTPOBAHMSI «...vvevveeiirierireesieeeinen
JlaGopaTopnast pabota Ne 15. MccnenoBanue coctaBa v CBOMCTB OpraHUYECKUX CO-
L3075 () 5 17 1 CO TR

5. BUBUOTPAG®UUECKUI CITHCOK ......ooveviieiiesieieeeee e senes s

6. TTPUTIOMKEHTISL ......cooiiiiiiiie ettt
TIPHITOKEHME L ...t
00070 (02 XS 1 (ST TUPT PP

11
11
16
19

24

27

31

37

41

45

50

56

60

64



1. BBEJIEHUE

VYyebHo-MeToAMuecKoe Mocoore K J1abopaTOpHBIM paboTaM MO JTUCHUTLINHE
«XuMus» TpeHa3HaAuYeHO sl CTYJIEHTOB OYHOM, 3a04uHOM (popm oOyueHus B Oaka-
JaBpuare no HamnpasieHUto noArotoBku 05.03.06 DKogorus U NPUPOIONOIb30BAHUE.

JuctuninHa « XUMUsSD» OTHOCUTCS K oO1enpodeccuoHanbHOMY MOAYIIO 00s-
3arenbHOM yacT Osoka 1 OITOIT BO mno nanpasnenuto 05.03.06 Dkonorust u mnpu-
POJIONIOJIB30BAHUE.

[lenpio OCBOCHMSI JUCHMIUIUHBI «XUMHs» SBISETCS (popMHpOBaHHE 3HAHUN
TEOPETUYECKUX OCHOB XMMHUU U CBOMCTB XUMUYECKHUX JIEMEHTOB, COCAMHEHUN U Ma-
TEepHUAJIOB Ha MX OCHOBE, MPHUOOPETEHNE HABHIKOB MOCTAHOBKU U MPOBEICHUS J1a00-
pPaTOPHBIX HCCIEAOBAHUN; U YMEHHE MCIIOJIb30BaTh UX B CBOEH Mpo¢ecCHOHATBHON
NEeSATENBHOCTH.

3agayamMu U3y4YEHHUs TUCLUIUINHBI SIBIISIETCS:

— U3Y4YECHHE B3aMMOCBS3b, CTPOCHUE U CBOMCTB BELIECTB, COCTABIIIOIIMNX Cpe-
1y 00uTaHusi OMOJOTUYECKUX OOBEKTOB U 3arpsI3HSIONINX €€;

— u3y4yeHue oOIUX 3aKOHOMEPHOCTEW MPOTEKaHUS XMMUYECKHX IpeBparie-
HUM.

HenpeMeHHBIM yCI0BHEM YCIEUTHOTO YCBOCHUS NUCIUIINHBI « XUMUS» SABIIS-
€TCsl BBITIOJIHEHUE J1a00PaTOPHOTO MPAKTUKyMa.

B pe3ynbTaTe 0CBOCHHUS TUCUUIIIIMHBI 00yYaroMUNiCs TOJKEH:

— 3HaTh: XUMUYECKHUE PJIEMEHTBI U UX COCIMHEHUS; METO/bl U CPEJICTBA XUMHU-
YECKOI'0 MCCIEI0BAHMS BEIIECTB M UX MIPEBPAILICHUN;

— YMETh: UCIOJIb30BaTh OCHOBHBIE 3aKOHBI €CTECTBEHHOHAYYHBIX JUCUUIUINH B
poheCCUOHAIBHOM JIeSITEIHbHOCTH,

— BJIQJIETh METOJIAaMH U CPEICTBAMU U3MepeHUs HU3UKO-XUMUUECKUX BEJTUYUH;
MeToJaMH 0TOOpa MPo0; COBPEMEHHBIMH METOJJaMHU KOJIMYECTBEHHOM 00paboOTKH
uHdopmaIuu.

2. OBIIUE OPTAHU3AIIMOHHO-METOANYECKHUE YKA3AHUSA

Tabnuna 1 — Tematuyeckuii raaH gadbopatopHbIx padoT (JIP)

inrl(_; Tema qucIUIINHEL Hanmenosanue JIP
1. 1. Benenue. OcHoBubie | OOmue npaBuiia paboThl U TEXHUKA 0€30MaCHOCTH B XH-
3aKOHBI ¥ TIOHATUS XUMUHU | MHUECKOH 1aboparopun. OnpenenecHue MOJISIPHOM MaCChI
HKBUBAJICHTA METAJIA METOJIOM BBITECHEHUS BOJIOPOJIa
2. 2. CTpoeHHe BelIeCcTBa YcranoBnenne GopMyI1 KPHCTAJIOTHAPATOB
3. 2. CTpoeHue BeliecTa [Tomyuenune u ucciaenoBaHUE CBOMCTB KOMIUIEKCHBIX CO-
eIMHEHNN
4. 3. OcHoBHbIe 3aKoHOMEp- | Onpenenenue TermioBoro 3¢dexra (AH) pactBopenus
HOCTH XUMHYECKHUX IPO- | COIU
11ECCOB
5. 3. OcHoBHBIE 3aKOHOMEp- | M3ydeHue BIUSHUE KHHETUYECKHX IapaMeTpOB Ha CKO-
HOCTH XMMHYECKUX MPO- | pOCTh XUMHUYECKUX peakiuil. V3yueHue HarpaBiIeHHs




JJE'; Tema qUCIUIIIMHEBI Haumenosanue JIP
1IECCOB CMEIIEHUS XUMUUYECKOTO PABHOBECHSI
6. 4. PactBOpbl U 31ekTpo- | [IpuroroBnenue u omnpeaeneHre KOHIEHTPAaLUU pacTBO-
XUMUYECKHE MPOLECCHI poB
7. 4. PactBopsl u aniektpo- | [IpoBeneHre HeOOpaTUMBIX U OOPaTUMBIX HOHOOOMEH-
XUMHUYECKHE MPOIECChHI HBIX peaKIuil B BOJHBIX pacTBOpax. M3ydeHue BIusSHUS
YCIJIOBHI B3aMMOJIEMCTBHUS Ha COCTOSTHUE PAaBHOBECHS B
MOHOOOMEHHBIX PEaKIMsIX
8. 4. PacTBOpBI U 371€KTpO- | MaenTudukanus pacTBOPOB BEUIECTB M0 UX KUCIOTHO-
XUMUYECKHE MPOLECCHI ctH (onpenenenne pH)
9. 4. PactBopsl U anekTpo- | MccnenoBanue mpoiiecca ruapoiin3a cojieil 1 yCTaHOB-
XUMUYECKHE MPOIECChHI JeHue (PaKTOpPOB, BIMSIOMIMX HA THIPOIU3 COJIEH
10. | 4. PacTBOpSHI M 9JEKTPO- | YCBOCHHE 3aKOHOMEPHOCTEH MPOTEKAHUS OKUCIUTEb-
XUMHUYECKHE MPOLECCHI HO-BOCCTAaHOBUTEJIbHBIX PEAKIINI
11. | 4. PacTBOpHI U 3IEKTPO- N3ydenune npoueccoB IEKTPOIn3a B pacTBOpax dIeK-
XUMUYECKHE MPOLECCH TPOJIUTOB
12. | 4. PactBops! U 3nekTpo- | MccnenoBanue mporeccoB 3JEKTPOXUMUYECKON KOppo-
XUMHUYECKHE MPOIECChHI 3UHM METAJVIOB B PA3JIMUHBIX cpenax. M3yuenue BnusHus
aKTUBATOPOB Ha MPOLIECC KOPPO3UHU
13. | 5. I30panHbBIEe BOIPOCHI N3yueHne XuMHUECKUX CBOMCTB METAJIJIOB PA3JIUYHOM
XUMUHU AKTUBHOCTH
14. | 5. I30paHHbBIEC BOIPOCHI Ornpenenenrie cyMMapHOM K€CTKOCTH BOJIOIIPOBOIHOM
XUMUU BOJIbl METOJIOM KOMIIJIEKCOHOMETPUYECKOTO TUTPOBAHUS
15. | 5. 36panHbIe BOMPOCHI HccnenoBanue cocraBa CBOMCTB OPraHUYECKUX COETU-
XUMUU HEHUM.

JlaGopatopHble paOOTHl MPOBOJATCS MApaIENbHO C U3yYEHHEM TeopeTHhye-
CKOI'0 Marepuania.
OOyyarouiics JOMYyCKAeTCs K BBIITOJIHEHHIO JJA0OPAaTOPHBIX padbOT MpH HaIu-

YUW y HEro JabopaTopHOro *)ypHayia (TeTpaau) ¢ OPOpMIICHHBIM MPOEKTOM OTYETa
o JyrabopatopHoi pabdore. Ilepen ero odhopmiieHHEM CTYJIEHTY CIEAYyeT CaMOCTOS-
TEJHLHO M3YYUTh TEOPETUUCCKUN MaTEpHall MO TeMe JTAOOPaTOPHON pabOTHI, HCIIOb-
3ysl KOHCIICKT JICKITUH U PEKOMEHAYEMYIO YUeOHYIO JTUTEpaTypy, OMUcCaHue J1abopa-
TOPHOU PabOTHI.

[TpoexT oTueTa o 1abopaTopHOIl paboTe MOJKEH BKIHOYATh:

— Ha3BaHUE TEMbI TaOOPATOPHOI pabOTHI;

— Ha3BaHUE J1a0OPaTOPHOU PabOTHI,

— HEOOXOUMBbIE TEOPETUUYECKHUE CBEIECHUS 10 TeMe JaHHOU J1abopaTopHOM pa-
OOTEHI;

— TIeJTh JTA0OpaTOPHON PabOThI U KaXKIIOTO OTIBITA;

— OTMHMCaHue X0J1a paboThl, YDaBHEHUS COOTBETCTBYIOIIUX PEAKIIUA, pacueTHHIE
bopmyIsl;

— cBO0OOHOE MECTO B TETPaaM Jisg HAOIIOACHUHN, PaCUETOB U BHIBOOB.

HabGnroneHuss ¥ BBIBOJBI TIO KaXKJIOMY OIBITY (DOPMHUPYIOTCS M 3aITHCHIBAIOTCS
TOJIBKO TIOCJIE BBITIOJTHEHUS KaK/IOTO OIbITa B JabopaTopuu XuMuH. B maboparopHoM



KypHAaJe ClIeyeT MPeyCMOTPETh MOJIA.

3anucu B 1a00OpPAaTOPHOM >KypHaJI€ BBIMOJHSAIOTCS PYYKOM, aKKypaTHO U pa3-
O0opunBo. Hemnb3st cTupaTh 3alMCH U MOJIb30BaThCA KOppekTopoM. B cinyyae ommbku
CJIOBA U LIU(PBHI 3a4E€PKUBAIOT U MUIIYT MPaBUIIbHBIE PSJIOM OJIUH pa3. Ha TuTynbHOM
aucTe 1a00paTOpHOro >KypHaia cleqyeT MNPUBECTH €ro Ha3BaHUE C YyKa3aHUEM
Ha3BaHUE JUCLUIUIMHBI, (aMIINKA U MHUIMAJIOB, a TaKKe y4eOHOM Ipymibl CTy/IeH-
Ta.

[lepen BbIIOJIHEHHEM Ja0OPATOPHOM padOTHI MPENOAABATENb IMPOBEPSET y
KKJIOTO CTyACHTa Hajau4re o(pOPMIICHHOTO MPOEKTa OTYeTa Mo JabopaTopHOU pa-
00Te, 3HaHHE UM TEOPETUYECKOr0 MaTepualia Mo TeMe JJabopaTOpHOU padoThI, X012
MpOBEJCHUS] PabOThl U COOTBETCTBYIOIIMX € ypaBHeHMI peakiuil. [IpenonaBatens
Takke oOpaIraeT BHUMAHHE CTYJICHTOB Ha HEOOXOJAMMOCTH COOJIOJCHUS TEXHUKH
0€301MacCHOCTH MIPH BBITIOJHEHUH JIA0OPATOPHBIX padoT.

JlabopaTopHble pabOTHI BBIMOIHSAIOTCS CTYACHTAMU UHAUBUAYAJIbHO, YTO IM03-
BOJISIET UM TIATEIBHO HAOIIOJATh XOJ MPOBEJCHUS OMBITOB U HA €r0 OCHOBE CaMo-
CTOSITEJIBHO JIeJaTh BBIBOBI, YBSA3BIBASI TEOPETHUUECKUE 3HAHUS DJIIEKTPOHHOTO CTpOe-
HUA, QU3HUYECKUX U XUMUYECKUX CBOMCTB MCCIEIYyEMBIX COCIUHEHUN C MpaKTHYe-
CkuMH HabmoneHusMu. JlabopatopHble pabOThI cojaepkaT 3HAYUTEIHHOE YHCIIO
OTBITOB, KOTOPHIE BKIIIOYAIOT (PU3UKO-XUMHUECKHUE SIBJICHUS, HEOOXOAUMBIE TPU U3Y-
YEeHUU XUMHUYECKUX CBOMCTB PA3IMYHBIX KJIACCOB COEAMHEHHM. JTO OyneT crnocoo-
CTBOBaTh OoJsiee TIIyOOKOMY YCBOEHHUIO CTYAEHTaMHU 3aKOHOMEPHOCTEW OO0IIel Xu-
MHH, CTPOEHHUS U CBOMCTB COCIMHEHHI Pa3HbIX KJIACCOB.

JlaGopaTopHble pabOTHI BKJIIOYAIOT OIBITHI, TIPOBOAUMBIC KarelIbHBIM METO-
7I0M, HE TpeOylolleM CleuaibHOi moAroToBku. PaboTra ¢ ManbiMu KOJIUYECTBAMHU
BEIIIECTB MO3BOJISICT MPABWIBHEE YCTAHOBUTH ONTHMAJIbHBIE KOJUYECTBEHHBIC COOT-
HOIICHHWSI MEXIY pEeareHTaMH Il TPOBEICHHUS COOTBETCTBYIOIIUX PEAKIUH, TPH
ATOM PacXo0]i PEaKTUBOB 3HAYUTEIHHO COKpAIAETCsl W TMOoBbIIaercs. [Ipu BeimomaHe-
HUU Ta00PaTOPHBIX pabOT CTYJAEHTY HEOOXOIMMO COOJI0IaTh TPEOOBAHUS 110 TEXHU-
Ke 0e30MacHOCTH (MyHKT 3 y4eOHOTO ocoous).

B xoxe BeimomHeHUs1 1a00paTOPHBIX PabOT CTYACHTHI 3alKCHIBAIOT B Jabopa-
TOPHBIN KypHa HAOIIOIEHUS U (HOPMUPYIOT BHIBOJIBI 10 KAXKIOMY OIIBITY.

[IpenoiaBatenb KOHTPOJIUPYET MPABUIHLHOCTD BBITTOJIHEHUSI OMBITOB KaXKIbIM
CTYJIEHTOM ¥ 0(pOpPMIICHHUSI UM OTUYEeTa MO JJabopaTopHOM padoTe.

CryzeHT, BBINOJHUBIIUN JJAOOPATOPHYIO padoTy, 0(hOPMUBLINI IO HEW OTYET,
JOTyCKaeTcsl K 3almre jgabopatopHoil paboTsl (coOecemoBanue). 3ammra jJadopa-
TOPHOW pabOTHI IPOBOAUTCS 10 MEPE MX BBITIOJHEHHUS B Yachl 3aHATUH, OTBEICHHBIC
Ha BBINIOJHEHUs paboThl. Omnpoc CTyAeHTa MpernojaBaTeieM MPOBOJUTCS B paMKax
TeMbl JlJabopaTopHOi paboThl. CTYZEHT, HE 3alIUTUBIINI Ja00OpaTOpHYIO paboTy, 10-
MyCKaeTCs K ClIeyIolIel 1abopaTopHOi padboTe.

dopMaMu ¥ METOJIJaMU KOHTPOJIS M OLICHKH PE3YJIbTATOB BBIMOJTHEHUS Jabopa-
TOPHOW pabOTHI ABJISIOTCS: (PPOHTATBHBIN OMPOC; WHAUBUIYAIBHBINA OMPOC; OIICHKA
OCBOCHHBIX YMEHUUW MPU BBHITIOJHEHUU DKCIIEPUMEHTA; OIEHKAa OCBOCHHUS YMEHUN B
X0/ BBITIOJTHEHHS 33JIaHW; aHAJIU3 TIOJIHOTHI, KAYeCTBA, JOCTOBEPHOCTH, JIOTUYHO-
CTH W3JI0KeHUs WH(OpPMAIMU MPU TOJIBEICHUH WUTOTOB; TecTupoBanue. OreHKa 3a
BBITIOJIHEHHUE JTA00PATOPHOI pabOThI BHICTABIISECTCS MO AUXOTOMHYECKOM IIKAJIe: 3a-



YTEHO, HE 3auTeHO. B (poHae oneHouHbIX cpeAcTB, JabopaTopHbie pabOTHI SBISAIOTCS
CPEICTBOM KOHTPOJIS TEKYLIEH YCIIEBAEMOCTH.

KoHTponbHbIE BOIpOCH (3aaHusl) IO pe3yJbTaTaM BBIIOJHEHUS Jaboparop-
HOW paboThl JOKHBI OBITH CHOPMYIMPOBAHBl B BUJIE, CHOCOOCTBYIOLIEM CaMo-
KOHTPOJIIO O0y4aroLerocsi MoAroTOBIEHHOCTH K MPOBEACHUIO J1abopaTOpHOU pado-
Thl, @ MIOCJIE €€ 3aBEPILEHUs U OPOPMIIEHHUsI OTYETA — K 3aumre. [ oneHku npopa-
OOTaHHOCTU KIIFOUEBBIX CTPYKTYPHO-JIOTUYECKUX €IMHUL] J1abOpaTOpHOU padOThI
Haubosee 3(hPeKTUBHBI BOMPOCH! U 33aJlaHUS B TECTOBOM (popme, Il 3aIIUTHI HEOO-
XOJIUMO BBITOIHUTE OT 40 10 60 % NpeIIoKEeHHBIX TECTOBBIX 3aJlaHUl (MPUMEpPHI
TECTOBBIX 3a/JIaHUN K 3allUTE HEKOTOPHIX JTAOOPAaTOpHBIX PabOT MpEeACTaBICHBHI B
npuioxeHnu 1).

3. IPABIJIA TEXHUKHU BE3OIIACHOCTHU IIPU PABOTE B XUMHUYE-
CKOMH JIABOPATOPUH U OKA3BAHHME ITEPBOHM IIOMOIIN

CTyneHThl AOIycKaloTCcs K paboTaM B 1abOpaToOpUu TOJIBKO MOCIIE MPOXO0XKIe-
Hust THCTPYKTAXA I10 TEXHUKE BE3OITACHOCTH, o3HakomieHus C mpa-
BUJIAMU WX BBIMIOJHEHUS, TEXHUKU O€30MaCHOCTU U OKa3aHUs NIEPBOIl MOMOIIH, O YeM
pacnuchiBalOTCd B KOHTPOJBHOM JjucTe. llpu mpoBeaeHHM OMBITOB HEOOXOIUMO
o0e3omacuth cedst OT CIIy4alHOTO MOMajaHusl XUMUYECKUX BemiecTB. K mHauBUmY-
QJIBHBIM CPEACTBAM 3alllUThl OTHOCATCS: XMMHUYECKUW XaaT, MePYaTKH, 3alUTHBIC
OYKH, pecrnupatopbl. Boiaockl JOMKHBI OBITH COOpaHbI BO M30€KaHWE BOCIJIAMEHE-
Hus. HeoOxoaumo Takke MMETh YUCTOE CyX0€ MOJIOTEHIE MM TIATOK (711 OBICTpO-
T'0 yIaJICHUS MTOTMABIINX HAa KOXKY TBEPABIX M KUIKHX PEarcHTOB).

B xumudeckoit 1abopaTopuu HeNb3si MPUHUMAThH MHIILY, 0 OKOHYaHUN PabOTHI
00513aT€TbHO BBIMBITH PYKH, TTOCKOJIbKY Ha HUX MOTYT OCTAThCsl BPEIHBIC BEIIECTBA
OT CONPUKOCHOBEHHS C MOCYA0H WK peakTuBaMu. ONBITHI BBITOJHAIOTCS Y CBOETO
pabouero MecTa WM MO/ TSATOM, IIPU STOM HEJb3S OTBJICKATHCS, OCTABJISATH MPUOOPHI
0e3 mpuCcMOTpa, MOKUIATh J1a0OPATOPHUIO J1aXke Ha HENMpOIOLKUTEIbHOE BpeMs. Pe-
aKIMK MPOBOJISIT C TAKUM KOJMYECTBOM BEIIECTB M B TAKOW MOCY/IE, KAKHE YKa3aHbI B
METOJIMYECKOM pyKoBoJcTBE. Ha 1abopaTOpHOM CTOJIE BBIOJIHSIOTCS BCE ONBITHI, HE
MPEACTABISIONINE ONAaCHOCTH. OMBITHI C SJOBUTHIMH, HEMPHUATHO MAXHYIIUMHU BeIlle-
CTBaMHM, KOHIIEHTPUPOBAHHBIMU KHCIOTAMH U IIEJIOYaMH BBIOIHSIIOTCS CTPOTO B
BBITSDKHOM ITKady. DTH BEIIecTBa XpaHITCS TaM e W MEePEHOCUTh WX Ha Jabopa-
TOpPHBIE CTOJIBI KaTeropuyecku 3ampemaercs. [lociae paboTel ¢ TaKUMHU BEIIECTBAMH
BCE COJIEPKUMOE KOJIO U MPOOMPOK BBUIMBAIOT CTPOTO B CIMB BBITSKHOTO IHIKada.
OcTtatku 0co00 STOBUTHIX WM IICHHBIX BEHIECTB (COJMU PTYTH, MBIIIbsIKA, cepedpa u
T. T1.) BBUTUBAIOT B CHEIHAILHBIE COCYIBI IS COOTBETCTBYIOIINX OCTATKOB B BBITSIXK-
HoM wKady. [Ipu paborax ¢ 0cobo onacHbIMU BellecTBamMu (TBepAbIE 11es0un, doc-
dhopHBIN aHTHAPHT, PTOPOBOAOPO U T. 11.) HECOOXOAUMO HAJCTh 3AIMUTHBIC OYKH HIIH
MacKy U pe3uHoBble nepuaTku. [Ipu paboTax c JIerko BOCIIaMEHSIOLIMMUCS Belle-
CTBaMHU CJICNTh, YTOOBI B TaOOopaToOpuu HE OBLIIO OTKPHITOTO OrHsA. OTOMpaTh HEOO-
XOJIMMBIE KOJIMYECTBA KOHIIEHTPUPOBAHHBIX KUCIIOT JIJIS TIPOBEJICHHUS OIBITOB U pa3-
0aBJIATh UX BOJOW pa3pelraeTcss CTPOro B BBHITSHKHOM KAy B CTEKISTHHBIX WA
baphopoBBIX TEPMOCTOMKUX CTaKaHaX MpPU TEPEMENIMBAHUU, MPUYEM KHCIIOTa



J0JDKHA BJIMBAETCSA B BOJY HEOONBIIMMHU MOPUHUSMHU BO M30€XKaHHE CHIBHOTO Pa3o-
rpeBa pacTBOpPa U pa3OpbI3TUBAHUS KOHIEHTPUPOBAHHON KUCIOTHI. XUMUYECKasl O~
CyJlla, B KOTOpPOH MPOBOJMIIOCH HETPABUIIBHOE pa30aBiIeHUE KUCIOTHI BOJOM, MOKET
TpecHYTh. OCOOEHHO OCTOPOKHO HEOOXOIUMO Pa30aBIsATh CEPHYIO KUCIOTY U TOTO-
BUTh KOHIEHTPUPOBAHHBIN pacTBOp uienouun. [Ipu pabore c snexTpomnpubopamu
(2MEKTPOIUIMUTKAMH, CYIIUIBHBIMU IIKadaMu, BBIIPIMUTEISAMU TOKa, MY(elIbHbIMU
nevyamu M Jip.) HE0OXOUMO CIIEUTh, YTOOBI U30JISALIUS IPOBOIOB, U BUJIKH MPUOOPOB
ObUIM UCTIPaBHBI, HHAYE UMH HEJB3S MOJIb30BATHCA.

Henb34 ucciienqoBaTh 3amax raza HENOCPEICTBEHHO U3 PEAKIIMOHHOIO COCy/ia, a
CJIElyeT OCTOPOKHBIM JIBHXKEHHEM PYKH HAIllpaBUTh K ce0€ BO3AyX C MPUMECHIO 3TO-
ro raza. Cyxue BeliecTBa u3 6aHOK OpaTh LITATEIEM WU JIOKEUKOU, KOTOPBIE TOCIIe
YHOTPEOJIEHHS] BBIMBITh, BBITEPETh, U TOJBKO IOCJIE 3TOr0 OpaTh APYroll peakTHB.
Ecnu B pyKoBOJCTBE KOJIMYECTBO CYXOT'O BEIIECTBA HE YKa3aHO, TO OpaTh €ro O4eHb
HEMHOro (mpuMepHo B oObeMme 1-2 cruyeuHbIX TooBOK). Ecnm cyxoro Bemiectsa
B3SITO CJMILKOM MHOTO, TO U30BITOK €ro BbICHIIIaTh OOpPAaTHO B OaHKY 3ampeniaercs,
3a UCKJIFOUEHUEM TOI'O CIIy4dasi, KOI/la BELIECTBO OTBEIIMBAECTCS Ha Becax. PacTBopa B
MpoOUpKy HalMBaTh He Oojee 1/6 oObema nmpoOUpKH, eciiu He yKazaHo uHade. Eciu
€ B PYKOBOJICTBE TOBOPUTCS, UTO HY’KHO B35ITh 2—3 MJI pacTBOpa, TO HAJIUTh OKOJIO
1/10 o6bema npoOupku. M3nuiiiku pactBopa U3 NpoOUPKH HEJb3s BBUIUBATH OOPaTHO
B CKJISTHKY, €r0 OTJIMBAIOT B pakoBuHY. Ecim pacTBOp B mpoOUpKY HajIuBaeTcs Mu-
METKOW, TO MOCIEAHIO HEJb3sl TJIyOOKO ONMYyCKaTh B MPOOMPKY MIIM KacaThbCs €I0
CTEHOK MpoOupku. Bce CKISHKM ¢ pacTBOpamMu M OaHKH C TBEPABIMU BELIECTBAMU
HE0OXOJMMO Cpa3y CTaBUTh Ha T€ K€ MecTa, OTKyJa ux Opamu. [[ns HarpeBaHus B
7a00paTOpUM Yallle BCEr0 HCIOIb3YIOT ra30BbI€ TOPEJIKU WM CIUPTOBKU. ['openka
MPUCOEIMHEHA K KpaHy pPE3UMHOBOWM TpPYOKOM, KOTOpas JOJKHA ObITh UcHpaBHa. B
cllydae, eclii Ha TpyOKe €CThb TpEeIIMHA, OTKPhIBATh KPaH U 3a)KUTaTh TOPEJIKY HEJIb3sl.
Ecnu npu oTkpeiBaHuU 00IIIEr0 ra30BOr0 KpaHa B JIa0OpaTOPUH YyBCTBYETCS 3amax
ra3za, HEeMEJIJIEHHO 3aKpbITh KPaH, HE 3KUIaTh OTHSI, IPOBEPUTH, 3aKPHIThI JTU KPaHBI
y BCEX T'OPENOK, a KOMHATy NPOBETPUTH. 1Ipu moIb30BaHNM TOPEIKOM BO3MOXKHBI OT-
PBIB WJIM TIPOCKOK IJIJaMEHH. B miepBOM cilydae TOpeHHe HauYMHAETCS BBIIIE BEPXHETO
Kpasi TOPEJIKK U JIETKO MOXET IMOTACHYTh, BO BTOPOM CIlydae T'OPEHUE MPOUCXOIUT
BHYTPH TOPEJIKU, KOTOPasi MPU 3TOM IIYMUT U CHJIBHO HArpeBaeTcs, a CHapYy»KH Ijia-
Msl Y3KO€ U TOSIBJISIETCS HEMPUATHBIN 3amax MPOJYKTOB HEMOJHOIO CrOpaHus Trasa.
['openky HEMeMJIEHHO MOracuTh, €CJIM OHA Topsiyasl — 1aTh OCTBITh, IIAli0ON yMEHb-
IIUTh IPUTOK BO3/AyXa B HEE, MOCJE Yero CHoBa 3axxeyb. [lmams ropenku umeer pas-
HYIO TEMIIEPATYPY: B BEPXHEH yacTu oHO Hanbosee ropsuaee (1o 900 °C), a B HuKHEH
temmeparypa He Bbine 400 °C. Ecnu Hy)KHO HarpeBath pacTBOp B MPOOHMPKE, TO I10-
CJIEIHIOIO 3aKPEIUISIOT B JeprKaTesie y BEPXHEro Kpas U HarpeBaroT TOJIKO Ty YacCTh,
IJIe HAJUT PacTBOP, HAKIIOHUB MPHU 3TOM MPOOHMPKY OTBEPCTHEM OT ceOs U Clierka
CTpSIXUBasl JIJIsl NIEpEMEIIUBAHUS KUJAKOCTH. [[1s HarpeBaHUs KUJAKOCTH B CTaKaHE
WM KOJIOE CIIelyeT HAaCyXO BBITEPETh BHEIIHHE CTEHKH COCYJa, TOCTaBUTh COCY]l Ha
acOeCTOBYIO CETKY M HE HAKJIIOHSATHCS HaJ[ COCYZOM, YTOOBI OpBI3THU HE MOMAaiu B JIH-
0. JKuJIKOCTh nepeMemmBaTh CTEKISSHHOM MAJIOYKOM, HE KacasiChb CTEHOK CTaKaHa,
4TOOBI HE Pa3oUTh ero. M0oXKHO Ha KOHEI| CTEKJITHHOM MaJIOUYKU HaJeTh KyCOUeK pe-
3MHOBOM TpyOku. HarpeBaTh pacTBOp ¢ 0CaKkoM B NMPOOUpPKE HYXHO OYEHBb OCTO-



PO’KHO, TaK KaK W3-3a HEPAaBHOMEPHOTO HArpeBa BEIIECTBO MOET BHIOPOCUTH W3
npobupku. HarpeBanue pactBopa ¢ 0CaJlkoM B CTakaHE BO3MO>KHO TOJIBKO NpH He-
PEPHIBHOM MEPEMENIMBAHUN OCAIKa CTEKISTHHOM MajloyKoM ¢ HaJIeThIM Ha €€ KOHEIl
KyCOUKOM pe3MHOBOM TpyOKku. OHAKO B 3TOM Ciyyae Jydyllle HarpeBaTh CTakaH Ha
BOJISTHOM OaHe, T. €. OIyCTUTh B APYTOM COCY/Jl C KUIISIIEH BOJIOM, MpUYEM HE CTaBUTh
CTaKaH Ha JTHO 3TOT0 COCY/a.

[Ipu HeOpexHOM paboTe M HECOONIOJICHUM TPABHJI TEXHUKH 0€30MacHOCTH
BO3MO>KHBI Pa3JIMYHbIC MOPAKEHUS: JIETKUE OTPABJICHUS OT BIBIXaHUSI BPEIHBIX ra30B
(xsopa, Opoma, cepoBosopoja, okcuaa yrieposa (1) u ap.), mope3bl CTEKIOM, 0KOTH
OT TOPSAYUX MNPEIMETOB, KOHIEHTPUPOBAHHBIX PACTBOPOB KHUCIOT, IIEIOYEH U JIp.
[Ipu Bcex HECUYACTHBIX CIIydasX HEMEJICHHO OOpPaTUTHCS K MPENoAaBaTEei0 WA Jia-
Ooopanty. UeMm panbie OymayT MPUMEHEHBI MUMEIONIHECS B J1abOpaTOpUU CpECTBa
MepBOM MOMOIIM, TEM MEHBIIE MOCIEICTBUI OCTaHETCs y nocrpanasiiero. [lomas-
IIYI0 Ha PYKH WIH JIUIO KUCIIOTY CIIEAYET Cpa3y K€ CMBITh CUJIBHON CTPYEH BOJBI.
Ecnu Ha k0Xy momajio MHOTO KOHIICHTPHUPOBAHHOM CEPHOMl KHMCIOTHI, TO CHayaia
HY)KHO yJIaJIUTh €€ 4eM-HUOyIb CyXuM (BaToi, Oymaroif), a 3aTeM BBIMBITh MPOTOY-
HOU BOJOM. Ha mopaXxeHHOE KMCIOTOM MECTO HaJOKUTh BAaTHBIM TaMIIOH, CMOYECH-
HBII pa30aBIEHHBIM PACTBOPOM THAPOKApOOHATA HATPUS W3 aNTCYKH, UMEIOIIHUICS B
nabopatopuu. [lonaBuryto Ha pyKu WM JMIIO MIEJI0Yb HAJIO CMBITh CUJIIBHOM CTpyei
BOJIbI, TIOKAa KOKa HE MPECTaHeT ObITh CKOJIB3KOU, U MPU HEOOXOTUMOCTH HEUTpaIu-
30BaTh pa30aBJICHHBIM PACTBOPOM YKCYCHOM KHUCJIOTBI U3 allT€UKH, MPU HEOOXOU-
MOCTHU HaJIOKUTh TAMIIOH, CMOYEHHBIN 3TUM PACTBOPOM.

B cnyuae momamanus Ha koxy Oenoro ¢gocdopa WM 0KOroB ropsimum $oc-
dhopom 00paboTaTh MOBpEkKIAEHHOE MeCTO 2%-HbIM pacTBOpoM cyibdarta meau (I11),
HaJIOXKUTh HA HEKOTOPOE BPEMsI TAMIIOHBI C 3TUM e pacTBopoM. B ciydae Tepmuue-
CKHMX 0KOTOB 000XOKEHHYIO TOPSYMMU MPEIMETaMU KOXKY CMa3aTh KPEIKUM pacTBO-
POM TIepMaHraHaTa KaJiusi, €CJIM 0KOT HE OUY€Hb CHJIbHBIHN, a TIPH CHJIBHOM O3ore (ec-
JU cpa3y o00pa3oBaJUCh My3bIpHU) MPUMEHUTHh Ma3b OT 0XKOTOB. [Ipu oTpaBieHuu OT
BJIBIXaHUS Ta30B HYXKHO BBIBECTH IMOCTPAJABIIETO Ha CBEXUW Bo3ayx. lIpu 3Hauu-
TEJTLHOM BJIBIXaHUHM TApOB OpoMa, XJIOpa TMOJIE3HO HEMHOTO TMOJBIIIATh Mapamu
CWJIBHO Pa30aBIEHHOTO pacTBOpa aMMHaka (He U3 CKJISTHKH, a OT CJIeTKa CMOYEHHOU
BAaTKH, OCTOPOKHO). [Ipu monaganuu pacTBOPOB PEAreHTOB B IJ1a3a HY>KHO MPOMBITh
UX MPOTOYHOM BOJIOM, OCTOPOKHO pa3/IBMHYB BEKHU naiblaMu. [Ipu moBpexaeHuun
pPacTBOPOM KHCJIOTHI IJ1a3a CIEIyeT MPOMBITh pa30aBJICHHBIM PAaCTBOPOM THAPOKAP-
OonaTta HaTpus U (C MOMOIIBIO CTEKJISIHHOM TJIa3HOW BAHHOUYKU W3 alTEUKd WJIN
HaOpaB pacTBOpP B JIaJIOHb, HAKJIOHUTKLCSA, TIPUJIOKUB JIAJIOHb C PACTBOPOM K TJIa3y U
noMoprars). [Ipu nmopakeHuu ri1a3a IIEJIOYbIO MMPOMBIBATH €ro CIEAYET PacTBOPOM
OopHOM KHUCIOTHI U3 anteuku. [Ipu mope3ax CTEKJIOM CHaudajla yJaduTh OCKOJKH U3
paHbl, TOTOM ITPOMBITH BOAOM BO M30€KaHUE MONAJaHUs B KPOBh PEAKTUBOB, a Jjajee
Py HEOOJIBIINX TMOpPe3aX OCTAHOBUTH KPOBb Pa30aBIICHHBIM PACTBOPOM TEPOKCHIA
BOJIOPO/Ia M HAJIOKUTh CTEPUIILHYIO TOBS3KY. [Ipu cephe3HbIX mope3ax Haao oOpa-
TUTbCS K Bpauy. [Ipyu CHIBHOM KPOBOTEUEHUH HAIOKHUTH JKTYT, 00s13aTE€IBHO MPHU-
KpPEeTUB PsIoM OYMaXKy C yKa3aHHMEM BPEMEHM HAJOXEHUS JKT'yTa, TTOCKOJIbKY TO-
CJICIIHUIN HEJIb3sl OCTAaBJIATh HEMPEPHIBHO B TeueHue Oosee 20 MUH, U BBI3BATh CKO-
pyto noMoup (ten. 112).



PaccmoTpum moapoOHEe HEKOTOPBhIE KOHKPETHBIE MPUMEPhI OKa3aHUsI TIEPBOU
MOMOIIM TIPU pabOTe ¢ XUMUYECKMMHU BEIlIECTBAMMU.

Ilpu nonaoanuu na Kodxicy (pyK, auya) KOHYEHMPUPOBAHHBIX Kuciom (CEPHOM,
a30THOM) clieyeT HEMENJIEHHO MPOMBITh 000XOKEHHOE MECTO CHIIBHOW CTpyeu BO-
JOTIPOBOIHOM BOJIbI B T€UEHHE 3—5 MUH, IIOCJI€ YEeTO HAJOXKUTh MOBI3KY U3 Mapiu U
BaThbl, CMOYEHHOU 3%-HbIM pacTBOpPOM IepMaHraHaTta kaiaus. [Ipu cuiIbHBIX OKOrax
nocJie OKa3aHus MepBOM MOMOIIHU CIEAYET HEMEUICHHO 00paTUThLCS K Bpayy.

Ilpu oorcocax koxcu pacmeopamu wenodet CIeayeT MPOMbIBATh 000KKEHHBIN
Y4acTOK KOXXH BOJIOM 110 T€X IMOp, MOKa OHA HE MEpEeCTaHEeT OBITh CKOJB3KOW Ha
OIIYTIh, TIOCIIC YETO CJIETYET HAIOKHUTH TOBS3KY U3 3%-HOTO pacTBOpa NepMaHTaHaTa
KaJIA.

IIpu nonaoanuu 6pwvi3e KUciom U WEIOUU 8 21a3a HEMEJIEHHO TPOMBITh T0-
BpPEXACHHBIA TJ1a3 OOJBIIMM KOJIMYECTBOM BOABI KOMHATHOW TEMIIEpPaTyphI, MOCIE
Yero HEMEJJIEHHO 00paTUTHCS K Bpavy.

Ilpu oorcoeax koocu copavumu npeomemamu (CTEKIO, TUTeIb, METaJUIbI)
HAJIOKUTh CHauaja MOBS3KY U3 MEpMaHraHaTa Kajus, a 3aT€M IMOBS3KY C Ma3bl0 OT
0>KOTOB.

IIpu oorcocax pocghopom HEOOXOIUMO HATIOKHUTH HA O0O0XKEHHOE MECTO IO-
BSI3KY, CMOUEHHYI0 2%-HbIM pacTBopoM cyibdara meau(ll).

Ilpu ompasnenuu xnopom, opomom, cepo8oOOpPOOOM, OKUCHIO Yeliepooa HEOO-
XOJIMMO BBIBECTH TOCTPAJABIINECTO HAa BO3AYX, a 3aTeéM HEMEJICHHO OOpPAaTHUTHCS K
Bpauy.

B xumuyeckoil 1abopaTopuy MCIONB3YIOTCS KUAKUE, TBEPABIE U Ta3000pa3-
Hble peakTuBbl. JKunkue — azotHas kucinora HNO3, cepnas kucmora H2SO4, comns-
Has kuciota HCl, ammuak NH3, 6pomuas Boga Br2, xnopnas Boga Cl2, cepoBojio-
poanast Bojga H2S; tBépabie — Metamnel (Zn, Cu, Fe, Na, Ca) pasznuunble coid
(KMnO4, K2Cr207, KI); razooopasusic — CO2, CI2, H2S, SO2, H2, HCI. Jlns G6e3-
OMacHOW pabOThl TPHU BBIMOJIHEHUH JIAOOPATOPHOTO HDKCIEPUMEHTa HEO0OXO0IUMO
3HATh CBOMCTBA UCIOJIb3yEMbIX PEAKTUBOB, & TAKKE CBOMCTBA XMMHUYECKUX BEIIECTB
— TPOJIYKTOB XUMHUYECKUX PEAKIUN (STOBUTOCTb, OKHUCIUTEIbHAS CIIOCOOHOCTH,
B3PBIBO- U OTHEOMACHOCTH). [l0JI€3H0 Takke 3HATh HAXOXKICHUE PEAKTUBOB B JIa0O-
patopuu. Cregyer mOMHUTB, 4TO:

1) KOHIIEHTPUPOBAHHBIC KUCIIOTHI, MIENTOYH, a TAK)KE SIOBUTHIC, BPSIHBIC U HE-
npuaTHO naxHyiue Bemecta (koni. H2SO4, xonn. HNO3, konu. HCI, koni. NH3,
H2S, xnopnas Boja, OpomMHas Boja) MOMENIAIOTCS B BBITSKHOM IIKady, OTKyJa UX
HE CJIeAyeT BBIHOCUTH Ja)Ke TIPU BBITOJTHCHUH dKCIIepuMeHTa. Bee paboThl ¢ MCITOb-
30BaHMEM 3THUX BEIICCTB BBITIOJIHSAIOTCS CTPOTO B BBHITSDKHOM IIKady, colepkumoe
MPOOHPOK M KOJO IOCIIC OKOHYAHMS OIbITA BBUIMBACTCSA TOJHKO B CHEIHATLHBIN
CJIMB, KOTOPBIA TaK)Ke HAXOAUTCS B BHITSHKHOM KAy :

2) paz0aBieHHbIe pacTBOPbI KucioT (2 H. H2SO4, 2 . HNO3, 2 1. HCI) u mre-
noueti (2 . NaOH, 2 1. NH4OH) naxoasaTcs Ha MOJKaxX y KaXa0ro gabopaTopHOTo
CTOJIa;

3) HaOOpbI PEaKTUBOB, HEOOXOIUMBIC JJIsi BHIMOJHEHUS OMpeaeaEHHOMN J1a00-
paTopHOI paboThI, BRICTABIIAIOTCS Ha BCce JabopaTopHbie cToybl. He pekoMeHayercs
MEPEHOCUTh PEAKTHBBI C OJHOTO pabouero mecra Ha apyroe! PeaktuBnl oOmiero
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MOJIb30BAHUS, HANpPUMEp, TBEPJbIe HEOPTaHWYECKHE COJIM, KOHIICHTPUPOBAHHBIN
pacTBOp poJlaHM]Ia KaJiMsi, pacTBOP Kpaxmaya, UOJHAs BOJa W T. M., HAXOIATCA Ha
o0111eM J1abopaTOPHOM CTOJIe, KOTOPBIN, /IS yI00CTBA, PACcIOIOKEH KaK MPaBUIIO, IO
cepeanHe 1abopaTopuu, OTKY/1a UX TAKXKe 3alpeliaeTcsl YHOCUTD,

4) cyxue peakTHBBI OEpyT CYXHUM YHCTHIM IIIATEIeM HIIK JIokeukoil. ITocie
paboThl ¢ peakTHBAMHM IIIATENIb U JOXKEUKY MOIOT M MPOTHUPAIOT (PUILTPOBATIHLHOMN
Ooymaroi. JXKujakue peakTUBBI MOXKHO OTOOpATh MUIETKON WM OCTOPOKHO OTIUTh U3
CKJISTHKH, B35IB 3TUKETKY C HAJIHUCKHIO B PYKY, YTOOBI HE MOPTUTH ee. Henn3s npu BHI-
MTOJTHECHUH J1a00paTOpHOUW pabOThI MyTaTh MUIETKA M KPBIIIIEYKH OT CKJISHOK; B IPO-
THBHOM CJTy4ae MUIETKY U KPBIICUKY HAJIO TIIATEIIBHO BHIMBITh. KPBIIIKY U TPOOKH
OT PEaKTUBHBIX OAHOK W CKJISTHOK CIIEAYyeT KJIacTh Ha CTOJ YCTOWYMBOW IMOBEPXHO-
CTBIO, HE COIPHUKACAIOMICHCs ¢ peakTuBoM. [locie orbopa peakTuBa CKISHKY Cpasy
e 3aKpBITh POOKOI (HE myTaTh MPOOKH!) U MOCTAaBUTh HA MECTO;

5) ecnu B paboTe HE YKa3aHO KOJHYECTBO PEAKTHBA JJI KAKOTO-JIMOO OIIBITA,
TO €ro KOJIMYECTB JOJKHO ObITh, KAK MOKHO MEHBIIIE (CYyXOr0 peakThBa Ha KOHUHKE
mmaresis pactBopa He 6ojiee 1/6 o6béMa npodbupku). Eciim B pykoBOACTBE yKa3aHO,
YTO HEOOXOJMMO B35Th 3 MJI PacTBOpa WJIM YTO MOJTYYEHHBIM OCaJOK HY>KHO pasjie-
JIUTH Ha TPU YaCTH, TO ITO JENACTCS MPUOTU3UTEIHHO;

6) HeoOxoauMo Oepeub peakTBbl! OIHAKO, €CIM PEAKTUB MPOCHINATA HIIH
B3SUTH JIMIIIHEE KOJIMYECTBO, TO HEJb3s €r0 CChINAaTh WU CIUTh OOPATHO B CKIISIHKY C
YUCTBIM PEaKTHUBOM. M3IUIKK peakThBa MOKHO CIMTh B PaKOBHHY, WU CAAaTh J1a00-
paHTy;

7) ocTtaTku coyiel CyJb()HIIOB METAIIOB, cepedpa, PTYTH, APYTUX JTOPOTOCTO-
SIIAX WIA STOBUTHIX BEIIECTB HU B KOEM Clydae HE BBUIMBATh B KaHaIW3amuio. Mx
clemyeT coOupaTh B CHEIUaIbHBIC CKISIHKA C HAAMHUChIO «Ag — octaTkm», «Hg —
OCTAaTKW» | T. TI.

4. METOOANYECKHUE YKA3ZAHUS 1O MOAI'OTOBKE K BBIITIOJIHEHUIO
N 3AIINTE JJABOPATOPHBIX PABOT

Onucanue Kaxaoi 1abopaTopHOIl padOTHl BKIIOYAET TEOPETUUECKUM MaTepH-
a1, HeOOXOIUMBIN JIJIsi €€ BBIMOJTHEHUS, KAaCAIOUUNCS JIEKTPOHHOTO CTPOCHUS U pe-
AKIIMOHHOM CIMOCOOHOCTH COOTBETCTBYIOIIMX XUMUYECKUX COCAMHEHUI; MOAPOOHOE
omnucaHue J1abopaTopHOil paboThl (MEepedyeHb HEOOXOJIUMBIX PEaKTUBOB W XOJ BBI-
MTOJIHEHUSI OTIBITOB), BOTIPOCHI JJISI CAMOCTOSATENILHON padoThl 1 OMOIMoTpadudecKuii
CITUCOK, CChUJIKM Ha TIPUIIOKEHHUS.

JlaGopaTopHnasi padora Ne 1
OnpenesneHue MOJISIPHOIT MACChl IKBUBAJIEHTA METAJLJIA

eanb 1adopaTopHoii padoThI — 3aKPEIUICHUE TEOPETUUECKOIO0 MaTepuasa mo
TeMe i1 POpMHUPOBAHUS IKCIIEPUMEHTAIBHBIX YMEHUM Y CTYJACHTOB MPU OCBOCHUU
00BEMHOI'0 METOJ1a OMPEEICHUSI MOJISIPHOM MacChl SKBUBAJIEHTA HCCIIEyeMOro Me-
Taja (MeToAa BBITECHEHUS! BOJIOPO/Ia), YMEHUN aHAIM3UPOBATh PE3YyJIbTAThl SKCIIE-
pUMEHTa, YMEHUI JeNIaTh BBIBOBI IO MPOJIeTIaHHOW paboTe, YMEHHUs OIEeHUBAThH TO-
IPEIIHOCTh KCIIEPUMEHTA.

Ilnan npoBeeHUs 3aHATHUS:
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— OpraHU3alOHHAs YacTh;

— TeopeTrueckas yacthb ((popMyIMpoBKa 3aKOHA HKBUBAJICHTA, €AMHUIIBI U3Me-
pEHUsl SKBUBAJICHTA, MOHITHE 00 SKBUBAJICHTaX U MOJSPHBIX MAccax HKBHBAJICHTOB
MPOCTHIX U CIOXKHBIX BEIIECTB, 3aKOH IKBUBAJICHTOB);

— DKCIIEpPUMEHTAJIbHAS YacTh;

— 00CYyX/IeHHE IKCTIEPUMEHTAIbHBIX JIaHHBIX;

— TEMATUYECKOE TECTUPOBAHUE IO TEME;

— uTOT 1abOPaTOPHOM PabOTHI.

IIpubopbl m peaktuBsbl: [IpuGop 11 onpenesneHUs SKBUBAJIEHTAa MeETailia
(pucynok 1). Ananurnyeckue Becbl. Tepmometp. bapomerp. MepHbIil IHIMHIP Ha
25-30 M. Crakanumk xumudeckuil. OwmibTpoBanbHas Oymara. HaBecka merarmna.
Consnas kucnota (10-20%-nblit pacTBOD).

Teopernueckoe BBeeHuUeE:

DKBHBAJEHTOM (XUMHUYECKHUM) HA3bIBAIOT PEajbHYIO WM YCIOBHYIO YaCTHUILY
BEIIIECTBA, KOTOPAsi MOXKET 3aMEIIaTh, MPUCOCAUHSITH, BRLICBOOOXK/IaTh UK OBITH Ka-
KUM-JTHOO JPYTrUM CHOCOOOM SKBHMBAJIEHTHA OJHOMY HOHY BOJOpOAAa B KUCJIOTHO-
OCHOBHBIX WJIM HMOHOOOMEHHBIX PEAKIUSAX WA OJHOMY DJIEKTPOHY B OKHCIUTEIHHO-
BOCCTAHOBUTEIBHBIX PEAKIHUAX.

13 3aKk0Ha IOCTOSIHCTBA COCTaBa CIEAYET, YTO ATOMBI 3JIEMEHTOB COEIUHSAIOTCS
IpYyr C IPyroM B CTPOrO OIPEIEIICHHBIX KOJMYECTBEHHBIX COOTHOLICHHsX. To ke
MOKHO CKa3aTh U O B3aUMOJECHCTBUU CIIOKHBIX BEIIECTB. B cBs3u ¢ 3TUM ObUIM BBe-
J€HBI MOHATUSA (DAKTOpA IKBUBAJIEHTHOCTU (3KBHBAJIEHTA) U MOJIIPHOI Macchl SKBU-
BaJICHTA BEUIECTBA.

®dakTopoM 3KkBUBAIEHTHOCTH (fyKp) HA3BIBACTCS YUCIIO, MOKA3bIBAOIICE, Ka-
Kasi 10JI1 YacTULbl (aTOMa, MOJIEKYJIbI) ATOTO BEIECTBA PABHOLICHHA OJIHOMY HMOHY
H" B peakuusax oOMeHAa HMIM OJHOMY DOIEKTPOHY B  OKHCIMTEIBHO-
BOCCTAHOBUTEJBHBIX PEAKIHUSIX.

fBKB =1/z.

MoJsipuasi Mmacca 3xkBuBajieHTa (M>gg) — 3T0 Macca 0aHOTO MOJIb (6,02 10%
YacTHI]) SKBUBAJICHTA BEIIECTBA, paBHAsI MPOU3BEACHHUIO (haKTOpa HKBUBAJICHTHOCTU
Ha MOJISIPHYIO MaccCy BELIECTBA.

Mk, = oM =M/z .

Yucs10 3KBUBAJTEHTHOCTH (IKBHBAJIEHTHOE 4YMCJIO) Z — NIEPEMEHHAS BEIHU-
YMHA, 3aBHUCSIIAs OT COCTAaBAa BEUIECTBA MM OT KOHKPETHOW peakIuu, B KOTOPOMU
Y4aCTBYET JJAHHOE BEIIECTBO.

OnpenesieHue YncjIa IKBUBAJTEHTHOCTH.

Z. (aToma 3j1eMeHTa B COeIMHEHUH) = CTCIICHU OKHUCJICHUS DJIEMEHTA B Be-
mecTse (¢.0.).

Hanpumep: Yemy paBHSETCS YMCIO 3KBUBAJIEHTHOCTH CEPbI B CIEAYIOMIMX
COECIMHECHMSIX:

Z = C.0. — CTENIEHb OKUCJICHMS JIEMEHTA B XUMHUYECKOM COEIMHEHHH.

1.c0.(S)=-2;Z2=2;2.c0.(S)=+4,2=4;3.¢c.0.(S)=+6;Z=6.

Z(xuca0Thl) = OCHOBHOCTH KHCJIOTHI B JAHHOW pEaKUUH, T. €. YUCIY 3ame-
IEHHBIX KaTHOHOB Bojopoaa (nH™) Ha gpyrue KaTHOHBI.
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7. (kM cJI0# COJIM) = YUCITYy 3aMELICHHBIX KATHOHOB BOJIOPOAA (nH+).

Z. (ocHOBaHMA) = KHUCIOTHOCTA OCHOBAHUSl B JJAHHOM peakIuH, T. €. YUCIY
ruapokcui noHoB (NOH), 3aMelIeHHbIX Ha KUCJIIOTHBIE OCTaTKHU.

Z. (0OCHOBHO# €0JIM) = YuCIy ruapokcuit — noHoB (n OH™), 3amelieHHbIX Ha
KHCJIOTHBIE OCTaTKH.

Z (HopMaJIbHOM (CpeaHeii) CoJIM) = CyMMapHOMY 3apsily KaTHOHA.

Z. (BemecTBa, yuyacrBywuero B OBP) = uunciy npuHATBIX 3JEKTPOHOB OJI-
HUM MOJIEM OKHUCJIUTENS WIN OT/IaHHBIX OJTHUM MOJIEM BOCCTAHOBUTENS (ne).

KouanuecTBO BelecTBa 3KBUBAJIEHTA Nykp (B-BAa) — KOJUYECTBO BEIIECTBA, B
KOTOPOM YaCTHIIAMH SIBIISTIOTCS SKBUBAJICHTHI. BhIpaskaeTcs B MOJISX, KaK M JH000€
KOJINYECTBO BEIIECTBA.

Nokg.(B-Ba) = m(B-Ba) / Mykp. (B-Ba) [MOJIb]| WuIH
N5kp. (B-Ba) = m(B-Ba) / Mykp. (B-Ba) [MOJB].

MoJasipablii 00beM 3KBHBAJEHTOB Tra3000pa3Horo BemecTBa (IKBHBA-
JeHTHbIH 00beM). [lIupoko ucnonb3yercs: Takoe MOHATHE, KaKk 00bEM SKBUBAJICHTA
ra3000pa3HOro BeIlecTBa (9KBUBAJIECHTHBIM 00beM). ITO 00BEM, KOTOPBIN 3aHUMAET
P HOPMAJIBHBIX YCIOBUSAX | MOJIb 3KBHBAJIEHTOB ra3000pa3Horo BemecTBa. M3-
BECTHO, YTO OJMH MOJIb JIFOOOTO rasza (H.y.) 3aHUMAaeT MOCTOSHHBIN 00BhEM, PaBHBIM
22,4 1 (cnencTBue U3 3aKOHa ABOTaapo).

V5kp— 00BEM OJTHOTO MOJIb SKBUBAJICHTA Ta3a.
Vo= Toxs © Vm(rasza) = Vy(raza) / z [/moinb], rae Vy(rasa) — MOJSIpHBIH
o0BbeM rasa, 1 (H.y.), KOTOphIil paBeH 22,4 1/MOJIb.

3aK0H IKBUBAJEHTOB: MACChl PEArHPYIOIIUX BEIIECTB, MPSIMO MPOMOPIIUO-
HaJIbHBI MOJISIPHBIM MaccaM 3KBUBAJICHTOB ATUX BEIIECTB.

Ha ocHOBe 3aKOHa 3KBHBAJIEHTOB MOKHO BBIBECTU CJeAyIOIIKE (HOPMYIIbI s
BBIYMCJICHUS 9KBUBAJICHTHBIX MAacC CJIOKHBIX BEIIECTB:

Hanpumep, 17151 1ByX KOMIIOHEHTHOM CUCTEMBI:

ﬂ _ MYEA.l V1 VY&

m, I YEA 2 , Vz VYEA.z

r1e m; U My — MacChl pearupyrolux BemecTs; Mogg 1 1 Mogp, — MOJISIpHBIE
MaccChl DKBUBAJIEHTOB PEATUPYIOLIUX BEIIECTB; Vg U Vokp, — MOJSIPHBIE OOBEMBI
DKBUBAJICHTOB PEATUPYIOLINX BEIIECTB.

JKBHBAJEHTOM CJIOKHOI'0 BeleCTBA SBISIETCA TAKOE €ro KOJIMYECTBO, KOTO-
poe B3auMOJEHCTBYET 0€3 ocTaTka C OJHUM 3KBHUBAJICHTOM JHOOOIr0 Jpyroro Belle-
CTBA.

Takue pacueTsl BO3MOKHBI O1arosiapsi 3aKOHY SKBUBAJICHTOB.

AJITOPUTM NPOBEACHUSA IKCIIEPUMEHTA:

[Toryuenue u n3MepeHre oo0bemMa BbIICTUBIIETOCS BOAOPOIA OCYIIECTBIIACTCS
B JIADOPATOPHOM yCTaHOBKE (PUCYHOK 1).

VYcraHoBKa COCTOUT M3 JIBYX OIOpeToK: paboueill uamepurenabHoil by u ypaBHu-
TenbHON by, cOeIMHEHHBIX pe3nHOBOM TPyOKOM T M 3amOMHEHHBIX AUCTHILIUPOBAH-
Hol Bosioi. K paGoueii OropeTke mpu OMOIIM Ta300TBOAHON TpyOku ' mpucoeauHe-
Ha nipobupka I1.

[lepen HauanoM BBIMOJHEHUS! OMBITa HEOOXOAMMO MPOBEPUTH T€PMETUYHOCTD
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yCTaHOBKH. JJig 3TOro mpoOHpKy IUIOTHO HaJEHbTE Ha MPOOKY ra300TBOJHON TPYO-
KU, TOCJIE YETO YPABHUTEIbHYIO OIOPETKY MOAHUMHUTE WM omycTuTe Ha 15-20 cwm,
3aKpenuTe €€ B 3TOM IOJIOKEHUU JalKaMy IITaTUBAa M HabltonaiTe B TeueHue 1—2
MUH 32 TIOJIO)KEHHEM B HEW YPOBHS KUIKOCTH. ECiu 3a 3TO BpeMsl ypOBEHb BOJIBI HE
U3MEHHTCS, 3TO OyJIeT 03HauaTh, YTO MPUOOpP TEPMETUYEH U MOXKHO, MPUCTYINATh K
BBITIOJIHEHUIO PA0OTHI.

B npoGupky I1 naneiire 1,5-2,0 ma 20%-Horo pactBopa COJISIHON KHUCIOTHI,
OIyCTUTE B MPOOMPKY HABECKYy MeTajula HaJleHbTE MPOOMPKY Ha MPOOKY C Tra300T-
BOJIHOM TpYOKOM, HE Hapylllasi TePMETUYHOCTH MPUOOpa 3aNUIINTE HAYaIbHBINA 00b-
eM (Vyay,). 3aTeM MoCTyKuBasi MajbleM MO MPOOHPKE, CTPSIXHUTE METAUT B PACTBOP
KHCJIOTBI.

Korzma Bech MeTain pacCTBOPUTCA M IPEKPATUTCS BBIACICHUE MY3bIPHKOB BOJIO-
pona, naite mpoOupKke B TeueHHWe 1—2 MUH OCTBITh, U, HE OTCOCAUHSIS MPOOUPKY,
IPUBEINUTE TOJIOKEHUE JKUJIKOCTH B U3MEPUTENBHON M YPaBHUTEIBHOU OIOpETKE MO
HIJKHEMY Kpar0 MEHHCKA K OJHOMY YPOBHIO, JUISl YETO YPABHUTEJIBHYIO OIOpPETKY
OIyCTUTE BHHU3. 3alMIIUTE MOKa3aHus OopeTku Viop, [lo pasHocTu ompenenurte
00BEM BBIJECIUBILIETOCS BOJOPOAA B MJL.

Pucynoxk 1 — JlaGopatopHas ycTaHOBKA JJisi ONIPEACIICHUS
SKBUBAJICHTHOM Macchl MeTajlia.

AJroputM 00padO0TKH IKCIIEPUMEHTAJIbHBIX JAaHHBIX:
3anuch SKCIIEPUMEHTANBHBIX JAHHBIX M YCJIOBHUH OITBITA!
Macca metamia My, (1) =

HauanbHbiit 00beM, (MJT) tyay =

Koneunslit 00beM, (M) txop,=

O0BEM BeIETUBIIIETOCS BOJI0poaa, (M) Vi = Vikon. — VHau=
Temneparypa (°C) t =

A6comorHas temneparypa (K) T =273 +t°C =
AtmocdepHoe naBienue (MM pT. cT.) P =

JlaBneHue HACBIIIEHHOTO BOASHOTO mapa, (MM pr.cT.) h =
[MaprmanbHoe qaBiieHUe BOAOPOAa, (MM.pT.CT.) Py, =P —h =
YHuBepcanbHas ra3oBas MocTostHHas, (MJI.© MM.pT.cT. / MoJib: K) = 62400.
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Tabnuna 2. J/laBneHre HaCHIIIEHHOTO BOJSHOTO TTapa B PABHOBECHH C BOJIOM
Temmneparypa, °C 18 19 20 21 22 23 24 25

Jasnenue napa, klla | 2,06 | 2,20 | 2,37 | 2,48 | 2,64 | 2,80 | 2,98 | 3,16

JlaBiienne napa, MM
pT.CT.

15,47 116,48 | 17,53 | 18,65 | 19,89 | 21,09 | 22,37 | 23,75

Ha ocHoBanuu ypaBHeHuii MeneneeBa-Kiamnelipona 1 00beIMHEHHOTO Ta30-
BOT'O 3aKOHA BBIYUCIIUTE MAcCy U 00beM (H.y.) BBIIETUBIIErocs Bojopoia. B ocHOBY
METOZa IMOJIOKEHA PEAKLNs B3aUMOAEHCTBHS METAJJIa C PAaCTBOPOM XJIOPOBOAOPO/I-
HOUM (COJISTHOM) KHUCJIOTBHI, MPOJYKTOM KOTOPOH SIBJISETCS Ta3000pa3HbI BOAOPO.
(HZ) 2HCI + Me — MCCIQ + HZT

PaccuuTaiiTe MOJIIpHYIO MacCy SKBUBAJIEHTa METaJUIa IBYMsl CIIOCOOaMHU:

1. IloncraBuB B ypaBHeHue Kianeitpona-Menjeneena

PV = —.RT,
M

COOTBCTCTBYIOIIHNC BCINYUHBI BBIYHCIIACM MACCY BBIACIUMBIICTOCA BOJOPOJAd

mH, (IToxcraBus R = 62400 MM prt. cT./ Moiib - K)
MPV

RT
Omnpenenenue SKBUBAJICHTHOM MacChl MeTasuia (MOJISIPHONW MacChl SKBUBaJICHTa
MeTajuia) 1Mo o0beMy BBITECHEHHOTO BOJOPOJa MPOBOMST, MPUMEHSSI MaTeMaTHde-
CKO€ BBIpaKCHHE 3aKOHA 3KBUBaJIEHTOB M(B-Ba); M(H;) = Mykp (B-Ba)/Mnskp (Hy) mnu
m(B-Ba)/ Mokp (B-Ba) = V(H2)/V ks (Ho).
3aTtem, 10 3aKOHY 3KBHBAJICHTOB, BBIUMCIUTE MOJSIPHYIO MacCy SKBHUBAJICHTa
MeTaa;

mHZ ES

mMe - Maks,(H2)
Mbj,,.=
m(H2)
2. PaccumnTaiiTe MOJSIpHYIO MacCy SKBHBAJICHTA METaJlJIa BTOPBIM CIIOCO0aM:
[To ypaBHEHHIO 00BETMHEHHOTO TA30BOTI0 3aKOHA'!
PV _ Poy,
T Ty '
MPUBOJIUM OOBEM BBIACIMBIIEIOCS BOJOPOJAa K HOPMAIbHBIM YCIOBUSIM
(ommpenersieM V).

VO = ﬂ

PoT

Bpruucnsiem MOJISIpHYIO MacCy SKBUBAJICHTAa METAJLIA, 3aMEHHB MacCy U MO-
JPHYIO MacCy 3KBUBAJICHTA BOJOPO/Ia B YPABHCHUU 3aKOHA SKBHUBAJICHTOB HA COOT-
BETCTBYIOIINE UM OObEMHBIC 3HAUCHUS:

Mbdpe = Myt 11200/ Vo).

CpaBHUTEJbHBII aHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

Brraucisiem abcomoTHy 0 ommOKy omnbITa. [[s aToro paccunraiite Teoperude-
CKYI0 MOJISIPHYIO MAaccy 3KBUBAJICHTA METajljia, B3SB aTOMHYI0 Maccy MeTtauia (U3
tabnuipl 1. V1. Menneneesa), u paznenute e€ Ha BAJICHTHOCTb.

AoOcomrorHast omnoka A = MBKB.TEOP.— MSKB.BKCHEP-[F/ MOJ'IB].
Brruncnure OTHOCUTEIBHYIO OIITMOKY OMBITa B IPOIICHTAX:

15



OtnocurenbHas ommoka A% = (A / Margop) - 100.

BeiBoa: B nannoit nabopatopHoii paboTe omnpeseneHa SKBUBAJCHTHAs Macca
UCCJIeIOBAHHOIO MeTamia (...... ), C TIOTPEIIHOCThIO M3MEPEHHS (......), UTO CBHJIC-
TEJICTBYET O TOM, YTO OIIBIT IPOBEAEH BEPHO.

TpeOoBaHusi K TeXHHUKe 0€30MACHOCTU NPH BBHINOJHEHNH J1A00PATOPHOM
padoThI:

DKCIIEpUMEHT CIEAYET MPOBOAUTH B YHCTOW MOCYZE, HE 3arPOMOKIATh CBOE
pabouee MECTO MMCBbMEHHBIMU TTPUHAIICKHOCTIMU. [loce ompiTa OCTaTKU MeTaia
HE BBIOPACHIBATh B PAKOBUHY, a cOOpaTh B OTAEIbHYIO mocyay. Heobxoammo octo-
POXKHO pabOTaTh CO CTEKIJIOM: BCTABIATH NPOOUPKY, MEpe MPOBEPKOM HA repMETUY-
HOCTh U CHUMATh MPOOHMPKY TOJIBKO BBIKPYUYHBAHHEM, JEPKaCh 32 PE3NHOBYIO MPOO-
KY.

3amaHus I CaMOCTOSATEILHON padoThI:

1. Yto Ha3bIBaeTCS IKBUBAJICHTOM BEIIECTBA, MOJIIPHOM Maccoi SKBUBaJIeHTA?
Kak BBIYMCINTH MOJIIPHYIO MacCy 3KBUBAJICHTA AJIEMEHTA U CIIOKHOTO Beniectra? B
YeM CYIIHOCTh 3aKOHA YKBUBAJIEHTOB?

2. Omnpenenute SKBUBAJICHTHYIO Maccy MeTailia, u3 1 r KoTroporo oopasyercs
1,2518 r okcuaa.

3. Ilpu B3ammojaecTBUM ¢ BOJAOH 6,65 I' MIETIOYHOTO METajia BBIJACIUIOCH
0,56 1 Bomopoaa, U3MEPEHHOT0 MPU HOPMaJbHBIX ycioBusX. Kakoii 3To metasn?

Yueonas aureparypa: [1, c. 16-59]; [2, c¢. 10-33]; [3, c. 12-16].

JlaGoparopHasi padora Ne2
Ycranonienue GopMyJibl KPUCTAIOTHAPATA

eanb 1a0opaTopHOii padOTHI — 3aKPEILUICHUE TEOPETUUECKOIO0 MaTepuasa mo
TeMe U1l OPMUPOBAHUS IKCIIEPUMEHTAILHBIX YMEHUHN Y CTYJICHTOB MPU OCBOCHHUH
METO/Ia XMMUYECKOTO TPaBUMETPUYECKOTO (BECOBOT0) aHAIM3a, YTO MO3BOJUT pas-
BHUBAaTh HAaBBIKM ASKCIIEPUMEHTAIHLHOTO OIPEACIICHUS COCTaBa HCCIEAYEMOIo KpH-
CTaJUTOTHUJIpaTa, YMEHUE JIeNIaTh BBIBOJBI MO MPOJEIaHHONW paboTe, yMEHHE OIlCHU-
BaTh MOTPEITHOCTH IKCIIEPUMEHTA.

Ilnan npoBeneHust 3aHATHS:

— OpraHu3alMOHHAs YacTh;

— TeopeThuecKas 4acTh (UTO HA3bIBAIOT KPUCTAJJIOTHUAPATOM, YTO TaKas KpH-
CTaJUIM30BaHHAsl BOJA, B YEM 3aKJIFOYAETCS CYIIHOCTh T'PAaBUMETPUUYECKOIO0 METOJa,
JUISl 4eTO MPUMEHSIOTCS B XUMUYECKOM AKCIIEPUMEHTE TUTEJb, YKCUKATOP, IecuaHas
OaHs1; pa3z0op pelIeHUs 3aJauu y JOCKH: ompeaenauTe GopMyiny MupabuiInTa, sBis-
IOIIETOCS KPUCTAJUIOTHAPATOM CyJb(]aTa HATpHs, €CIU MOCJe NMPOKAIUBAHUS HaBEC-
ku Maccor 193,2 r ona crana Becuth 85,2 r);

— DKCTIEPUMEHTAIbHAS YaCTh;

— 00CYXJICHHE IKCTIEPUMEHTAIBHBIX JIaHHBIX;

— TEMAaTHYE€CKOE TECTUPOBAHUE 110 TEME;

— uToT J1abOpPaTOPHOM PabOTHI.

I[IpubGopbl U peakTHBBI: AHATUTUYCCKUE BECHI, IKCUKATOP, IIUIIIBI THUTEIIb-
Hble, TUreah Ne 2, OGaHs mecdaHas win MydenbHas medb, cTynka (apdopoas c me-
CTUKOM, MIMaTeNb, KpucTamoruaparel: cynbdara meau (II), cynbdar wukens (II),
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xyopua kobansta (1), xmopun 6apus (11).

Teopernueckoe BBeeHUE:

Kpucrammoruaparsl — 3T0 BeIIECTBA, KPUCTALIU3YIOIIUECS ¢ OJHOM WU He-
CKOJILKUMHU MOJICKYJIaMHU BOJIbL. SIBIIeHHE 00pa30BaHUs KPUCTALIOTHAPATOB — OJHO
U3 JI0KA3aTeJIbCTB XMMUYECKON MPUPOJIBI MIPOIIECCa PACTBOPEHUS;, OHO TOATBEPK/1a-
€T, YTO MPHU PACTBOPEHUHU MOJICKYJIBI pPAaCTBOPUTEIIS U PACTBOPEHHOTO BEIIIECTBA B3a-
UMOJICHCTBYIOT JAPYT € ApYyrom, oOpasys cBsi3u. MoJieKyia KpUCTaJIoTHIpaTa BKIIHO-
4yaeT B ce0sl MOJIEKYJIbl O€3BOJTHOM COJM M MOJIEKYJIBI BOABI B ONPENEIECHHBIX MOJIb-
HBIX COOTHOUIEHUsX. KpucrtamioruapaTsl MOTYT Tak:ke 0Opa3oBaThCs MPU ITTUTEIb-
HOM XpaHEHUH O€3BOJIHOM COJIM BO BIAXKHOW aTMocdepe, MOCKOJIbKY 0€3BOIHBIEC CO-
U 001aat0T, B OOJBIIMHCTBE CBOEM, BBHICOKOW THTPOCKOMUYHOCTHIO. THIMMYHBIMU
KPUCTAJUIOTUAPATAMU SIBJIIIOTCS MHOTHE MPUPOJHBbIE MHUHEPAJIbI, HANpPUMEp, THUIIC
CaS042H,0, kaprammt MgCl,*KCl*6H,0 nmu memubiii kynopoc CuSO45H,0 —
MATHUBOJHBIA cynbdar Meau. MenHbIi Kyrmopoc — rojyboro mnBeta. [Ipu HarpeBanuu
OOJIBIIMHCTBO KPUCTAIIOTHAPATOB TEPSAIOT KPUCTAJUIM3AIMOHHYIO BOJY, IIpeBpalia-
SCh B 0€3BOAHBIC BemiecTBa. [Ipw 3TOM 4YacTO IMPOMCXOIUT M3MEHEHHE I[BETa Be-
mecTB. MI3MenbuuM Kynopoc U MpoKajauM ero. MeaHbIi KyImopoc MOCTENEHHO TepsieT
BOJly, MpeBpalasick B Oenbiii mopomiok cynbpara meau. CuSO45H,O0 = CuSO, +
5H,0. Ilpu noGaBmeHUH BOILI IPOUCXOIUT OOpATHBIN Iporiecc: 0€3BOIHBIN OebIii
cylbdaT MeIH MPEeBPAIIACTCS B KPUCTAIUIOTHAPAT — FOJIyOOH MEIHBIN KyIIOpoc:

CuSO, + 5H,0 = CuS0O,*5H,0.

AJITOPUTM NMPOBeJAEHNs IKCIIEPUMEHTA:

3anucate HOMep TUrIs. [IpokanuTe GpapdopoBbIil TUrEIb, OXJIAJUTh €r0 B IK-
CHUKAaTOpe, B3BECUTh HA JJICKTPOHHBIX TEXHUUYECKHX Becax ¢ TOYHOCThIO a0 0,01 r.
B3Becuts B Turie 0,5—1 r pactepToro B mopouiok Kpucramioruapara (comis). [Tocra-
BUTh TUTEJIb C COJIBIO B CYIIWJIbHBIM IIKad) UM HA MEeCUaHylo 0aHo, HarpeBaTh B Te-
yenue 30-40 munyTt nipu temmneparype 240—-260 °C. [Ipu npokaauBaHUU KPUCTAILIO-
ruapaTa HaOJII0IaTh 3a U3MEHEHHEM IiBeTa coiu. Ilo OKOHUaHMHM 00E3BOKMBAHUS
(KpuCTaLIOTUIPAT U3MEHUT CBOM IIBET), IOMECTUTh THUTEIb C TIOMOIIBIO TUTEIbHBIX
HIUIIOB B 9KCUKATOP U OCTaBUTh HA 10—20 MUH 40 MOJHOTO OXJIAXKACHUSI.

OcThIBIINI TUTEJIb BBIHYTh M3 DKCHKATOpa U B3BeCUTh. [I0BTOpATH Harpena-
HUE, OXJIAKICHUE U B3BEIIMBAHUE TUTJIS JI0 TEX MOP, MTOKA pa3HHUIla TOKa3aHUN MEX-
Iy TPEABIAYIIUM U MOCIEAYIONMM B3BelnBaHueM He cocTaBuT 0,01 r.

AJropurM 00padOTKH IKCIEPUMEHTAJbHBIX JAaHHBIX:

Pe3ynbpTaThl BceX U3MEPEHMI 3anucaTh B 1a00OPaTOPHBIN KypHAIL.

Howmep turis —

Macca turisa,m; r =

Macca Turins + Macca KpUCTAJJIOTUApATa, My T =

Macca kpucramioruapara, mg = (My —my) T =

Macca Turis ¢ 6€3BOJTHOM COJIBIO MOCIIE MPOKATUBAHUS, My T =

Macca 6e3BogHOM comu ms = (Mg —my )T =

Macca ynaneHHoi Boasl mg = (M3~ ms),r =

PaccunraTh uncio Mosei Boabl, Ipuxosiieecss Ha 1 Moiab 0€3BOTHOM CONH, U
COCTaBUTh XUMHUUYECKYIO (POPMYITy KPUCTAJUIOTHUAPATA.

n(H,0) = m(H,0) - M (conn) /m(comm) ‘M (H,O) [monsb].
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Ha ocHoBaHuM pe3ynbTaTOB OMbITA BHIYUCIUTE KOIUYECTBO MOJIb KPUCTAILIU-
3aIlMOHHOM BOJIbI, MPUXO/IAIIEECS HAa OJUH MOJIb 0e3BoiHOM conu. Hamucats hopmy-
JIy KPUCTAJIJIOTH/IpaTa U yCTAaHOBUTH €€ COOTBETCTBHE 3aKOHY ITOCTOSTHCTBA COCTaBA.

[IpumMep mopsiaKa 3alIMCH U X0/ BEIYUCIICHHI:

Macca turias, T 8,1320
Macca TUIIs ¢ BEIECTBOM, T 9,5895
Macca naBecku BaCl,-2H,0, r 1,4575
Macca Turiis ¢ BemecTBOM IOCIIE BRICYIIIMBAHUS, T
1-e B3BemMBanue 9,3758
2-¢ B3BEIINBAHNE 9,3747
3-€ B3BeElINBaHHUE 9,3749
Cpennee 3HaueHUE 9,3748

Ot6pocuB pe3ynbTar nepBoro B3BemmuBaHusg (9,3758), HAXOAAT KOJIMYECTBO
KPUCTAJUTM3AIMOHHOM BOJIbI B HABECKE, B35IB CPEHEE 3HAUCHUE:!

9,5895 -9,3748 =0,2147 r H,0

ConeprxaHue ee BBIPaKaroT B MACCOBBIX J0JsX (%0):

®(H20) = m(H,0)/m(o6pa3zia),
o(H20) =0,2147/1,4575 = 0,1473 (14,73%)

JIJist mpoBepKU TOYHOCTU ONpENETICHUs] HAlIEHHYIO0 BETMYMHY CPABHHUBAIOT C
TEOPETUUYECKH BBIYMCICHHBIM 3HAYE€HUEM MPOIEHTHOro cojaepxkanus H,0 B
BaCl,:2H,0. 3nas, yto B 1 Mons (244,3 1) BaCl,:2H,0 conepxutcs 2 MOJib BOJIBI,
T. €. 36,03 r H,0, MOXHO COCTaBUTH CIAEAYIOUIYIO TPOITOPIHIO:

B 244,3 r anamusupyemoro BemiecTBa coaepxutcs 36,03  H,0
B100 r » » » » x 1 H,0

x =36,03-100/ 2443
x = 14,75%
AoOcomrorHas omunbka cocrasisger: Aw = 14,73 — 14,75 =- 0,02 %
OtrHocutenbHas ommoka: D = (— 0,02/ 14,75) 100 = - 0,14 %.

CpaBHUTEJIbHBII aHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

JIns mMpoBEepKH TOYHOCTH OIpeJeieHUs HalICHHYIO BEIIMUMHY CPaBHUBAIOT C
TEOPETUYSCKH BBIYMCIICHHBIM 3HA4YCHHUEM MpOIIeHTHOro coxaepkanus H,0 B
BaCl1,-2H,0. 3nas, uto B 1 Moas (244,3 ) BaCl,-2H,0 conepxutcs 2 MOJIb BOJIHI,
T. €. 36,03 r H,0, MOXHO COCTaBUTH CIAEAYIOUIYIO TPOMOPIHIO:

B 244,3 r anamusupyemoro BemiecTBa coaepxutcs 36,03  H,0
B100 r » » » » x 1 H,0

x =36,03-100/244,3
x = 14,75%
AoOcomrorHas omunbka cocrasiger: Ao = 14,73 - 14,75=-0,02 %
OtHocurenbHas omubka: D = (— 0,02 / 14,75) 100 = - 0,14 %.
Tpeb6oBanusi Kk TexHHKe 0€30MACHOCTH NMPH BHINOJHEHUN JIa00OPATOPHOM
paborsbl. [lepen BomonHeHHEM PabOTHI CIEAYET 03HAKOMHUTLCS C METOJIMKON MPOBe-
JIEHUSI SKCTIIEPUMEHTA, MOHATH IIeNb uccienoBanusa. K pabore mpucTymaTh TOJIBKO
nocje paspeuieHus: npenojasatens. [loMHUTE 0O TOKCMYHOCTH MHOTHX COJEl (0cOo-
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OCHHO COJIeH «TSDKEIBIX» METAJIOB — MEJIH, IIMHKA, KaJMUs, pTyTH, CBUHIIA, OJIOBA).
Paboraiite akkypartHo. [Ipu nomnananuu Ha pyKyd pacTBOPOB COJIEH U B KOHIIE paOOThI
TIIATEJIbHO BBIMOWTE PYKU. BBICYIIEHHBIM THUTeNb HeENb3sl OpaTth pykamu. Ilepeme-
IICHUE TUTJIS OCYIIECTBIISIOT C MOMOIIBIO TUTEIbHBIX IIUMIIOB. BricyiBanue (B Te-
yeHue 15—20 MUH) ¥ B3BEIIMBAHUE TUTJISI IOBTOPSIOT JI0 TEX IOP, ITOKAa Macca TUTJIS
MOCJI€ TIOCJICAHETO BBICYIIMBAHUA HE OyJeT OTJIMYAThCSA OT MAcCChl THUIJIS IOCTE
npeaplayIero BeicymuBanus He 6osee yem Ha 0,0004 r. Ilocie 3TOoro oxmakaaroT
THTCIIb
20-30 MUH B SKCHKaTOpe A0 KOMHATHON TeMIIEpaTypHl.

3agaHus ISl CAMOCTOSITEIbLHOM PadoThI:

1. ITouemy Turenas ¢ 6€3BOIHON CONBIO HEJIb3s OXJIAKIATh HA BO3TyXe?

2. YeMy paBHsETCS MOJISIpHAsi Macca rekcaruapara cynbgara sxenesa (11)?

3. KakoBa maccoBas 110715 (B %) BOJIbI B rurce?

YueoHnas aureparypa: [1, c. 220-228], [2, c. 13, 17].

JlaGopaTopHnasi padora Ne 3
IHoyyenue u HccIe0BaHNE CBOMCTB KOMILIEKCHBIX COeIMHEHH

Hean n1adopaTopHoii padoThi: GOPMUPOBAHNUE IKCIIEPUMEHTAIBHBIX YMEHUN
y CTYICHTOB B IIPOLIECCE MOTYUYECHUSI AHUOHHBIX U KATHOHHBIX KOMIUIEKCOB, HABBIKOB
B COCTaBJICHUM OKUCJIMTEIbHO-BOCCTAHOBUTEJIBHBIX U MOHHBIX YPABHEHUI B peaKilu-
X OOMEHa TMpPHU MCCIECAOBAaHUU XUMHUYECKUX CBOMCTB KOMIUIEKCHBIX COCIMHEHUH.
dopMUpOBaHUE HABBIKOB OIPECICHUS YCTOMYUBOCTU KOMIUJIEKCHBIX COCIUHEHHM,
YMEHUH JeNaTh BHIBOJBI 10 MPOAECIAHHON padoTe.

Ilnan npoBeneHust 3aHATHUS:

— OpraHu3alMOHHAs YacTh;

— TeOpeTHYecKas 4acTh (UTO TaKOE€ KOMIUIEKCHbIE COeIMHEHHUs, Teopusi BepHe-
pa, 0COOGHHOCTH 00pa30BaHUsS U JUCCOLMAINU KOMIUIEKCHBIX COCIWHEHUM, YCTOMU-
YUBOCTb KOMIUJIEKCHBIX COEAMHEHUN );

— DKCIIEPUMEHTAJIbHAS YacTh;

— 00CYXJIeHHE IKCTIEPUMEHTAIBHBIX JIaHHBIX;

— TEMAaTHYECKOE TECTUPOBAHUE 10 TEME;

— uTOT 1abOpPaTOPHOM PabOTHI.

IMpubopsbl u peakTuBbl: Enkuit Hatp. (21.), ammuax (25 % p-p), HUTpAT BUC-
myTa (0,5H), cynbdat Hukens (0,5H), cynbdar meau (1H), cons Mopa, yHuBepcaib-
Has MHIUKATOpHAs Oymakka, xiopuna oapus (II), rekcarmanodeppar kamus (111).

Teopernueckoe BBeeHuUE:

KoMriiekcHble COeIMHEHNS — 3TO COEMHEHUs BBICIIETO MOpPsiaKa, 00pa3oBaH-
HbIE U3 COEIMHEHMI NIEpBOro nopsiika 6e3 o0pa3oBaHUsI HOBBIX 3JEKTPOHHBIX Map, a
3a CYET NMPOSBIICHUS XOTsI Obl OJTHOM JOHOPHO-AKIIENTOPHOU CBSI3H.

B 1893 r. mBeitnapckuii xumuk A. BepHep npeiokuil KOOPAUHALMOHHYIO
Teopuro, kotopyto gonomuuin JI. A. YUyraes, W. JI. Uepnses, A. A. I'pun6bepr. Oc-
HOBHBIE MOJIOKEHUS 3TOM TEOPUH CIIETYIOLIHE:

1. B KOMIUIEKCHBIX COECIMHEHUSIX OJUH U3 MOHOB MJIM aTOMOB CUMUTAETCS IICH-
TpaJbHBIM, €r0 HAa3bIBAIOT KOMILIEKCOOOpa30BaTeIeM.

2. Bokpyr nieHTpaipbHOro noHa (aToMa) — KOMIUIEKCOOOpa3oBaTessi — pacmoia-
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rarorcs (KOOPAMHUPYIOT) OIPEACICHHOE YHCIO MPOTUBOIOIOXKHO 3apsyKEHHBIX
MOHOB WJIM MOJIAPHBIX MOJIEKYJI, HA3bIBAEMbIX JINTAHAMHU.

3. LlenTpanbHbIi HOH (aTOM C JIMTaHAaMHu) o0Opa3yeT BHYTPEHHIOI cepy, KO-
TOPYIO 3aKJII0YAIOT B KBAJPATHBIE CKOOKHU.

4. B OOJBIIMHCTBE CIIy4aeB YHCIIO JIMTAHJ0B, HEMOCPEACTBEHHO CBSI3AHHBIX C
[EHTPAJIbHBIM MOHOM (2TOMOM), Ha3bIBA€TCA KOOPJAWHAIIMOHHBIM YHCIOM, KOTOPOE
garie Bcero NpuHUMaeT 3HadueHus 2, 4, 6, 8.

5. Monbl, KOTOpBIE pacroyiararoTcsl Ha Haubosee 1aJeKOM PACCTOSIHUH OT LIEH-
TpaJbHOTO MOHA (aTOMa), 00pa3yI0T BHEIIHIOIO KOOPAUHAIIMOHHYIO chepy.

B OonpmuMHCTBE KOMIUIEKCHBIX COCAMHEHHHN pPa3jIM4ar0T BHYTPEHHIO U
sremHio0 cdepsr Ky[Fe(CN)g], rae [Fe(CN)q]* — BryTpenuss chepa, 4K* — BHemHss1
cdepa, KOMIUIEKCHBIM MOH 3aKII0OYeH B KBaJpaTHble CKOOKU. OH, B CBOIO OYEpE/b,
COCTOUT U3 KOMIIIEKCOOOpasoBarels (LIEHTPAIbHOr0 HOHA U JTHraHaoB), Fe?* — kom-
MJICKCHBIN MOH, KOMILIEKCOOOPa30BaTENb.

KooprHalimoHHOE YMCI0 — YKUCIIO JIMTaHAOB (KOOPAUHUPYEMBIX BOKPYT IICH-
TPaJIbHOTO MOHA). 3apsii KOMIUIEKCHOTO MOHA PaBEH CyMME 3apsijioB KOMILIEKCO00-
pazoBatens U JIUTaH0B — 4.

3aps BHelHel cepsl paBeH 3apsay BHyTpeHHei cdepbl: 4K 3apsay BHem-
Hel chepsl +4, 3apsa BHyTpeHHeH cdepol — 4.

KomrinekcHble coeiuHeHsT 00pa3yloTcs MpU COYETAaHUH AJIEKTPOHEUTPATHHBIX
(HACBIIEHHBIX ¢ TOYKH 3PCHUS KJIACCHUECKOTO TIOHATHSI «BAJICHTHOCTHY ), TPOCTHIX H
CJIOKHBIX BEIIIECTB:

CUSO4 + 4NH3=[CU(N H3)4]SO4.
KommiekcHble coeiHEeHNs B OOJIBIIMHCTBE CIydaeB 0Opa3yloTcsi B JBE CTa-
AN
ZnCl, + 2NaOH= Zn(OH), + 2NaCl.
[Tpu n30bITKE T1IEI0YH
Zn(OH), +NaOH = Nay[Zn(OH),].

Crnenyer cuMTarh, YTO KOMILJIEKCOOOpa30BaHKUE MPOUCXOAUT BO BCEX CIIyYasx,
KOT'/Ia U3 MEHEE CIIOKHBIX CUCTEM 00pa3yroTcs 00Jiee CIOKHBIE CUCTEMBI.

Teopus BaJleHTHBIX CBA3EH OOBSICHSET CTPOCHUE KOMIUIEKCA BO3ZHUKHOBEHHEM
JIOHOPHO-AKIIENTOPHOM CBS3M MEXK]Ty KOMIUIEKCOOOpa30BaTeIeM U JIMTaHIaMu.

Kaxxnas u3 yeTsipex MOJIEKYJl aMMHaKa JaeT MO0 HEeMOeJICHHOM nape 3JIeKTPO-
HOB, KOTOPBIE 3aHUMAIOT YeThIpe THOpuaHbIe SP3 — opOuTanu muHka (+2). Kommeke
UMEET TETPadIpHIecKoe CTPOCHHE.

Teopust BaJIeHTHBIX CBSA3EH OOBACHSAET CTPOEHHE KOMIUIEKCAa Xpoma, JKelie3a U
HUKEJIS B HOPMAJIbHOM M BO30YXJICHHOM COCTOSTHUSIX.

Bo30yxaeHHOE COCTOSTHUE aTOMa BO3MOKHO HE TOJIBKO 3a CUET pacrapuBaHUs,
HO U 3a CYCT crapuBaHus 3J1eKTpoHOB. [locine cnapuBanus 3d — 3J€KTPOHOB BHYTPH
KaXX/I0r0 M3 3THX aTOMOB y XpoMa UMeIoTcs 1ecTh (a8a 3d, ogna 4s u tpu 4p), y xe-
ne3a Atk (oaHa 3d, omHa 4S ¥ TpH 4P) Uy HUKeENS — yeThipe (01Ha 4S u Tpu 4p) CBO-
OOJHBIX BaKaHCHM, 3HAYUT, XPOM MOKET OBITh aKI[ENTOPOM IIIECTH, KEIE30 — IISITH,
HHKEIIb — 9eTHIPeX MeKTPoHHBIX map: Cr(CO)g -oxTasap d’sp® —rubpuamsarusi,

Fe(CO)s — tpuroHansHas Gurmpamua dsp® — ruépuausars,

Ni(CO),-terpasap Sp° — rubpuau3ars.
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Jlucconmarysi KOMIUIEKCHBIX COSIMHEHUI
[Cu(NH3)4]SO,=[Cu(NH3).J** +SO,%, (1)
[Cu(NH3)4]** = Cu**+ 4NHs. (2)

PaBHOBecue (2) xapakTepu3yeTcsi KOHCTAHTOM pacnaja Wi HECTOMKOCTH
KOMIIJIEKCHOTO HOHa™.

Ku=[Cu*"][NH3]/[[Cu(NHa),]*".

Uem BbIllIe KOHCTAHTa HECTOMKOCTH, TeM 0o0Jiee yCTOWYUB JaHHBIA KOMILJIEKC-
HBIA HOH.

KoHcTraHTa HECTOWKOCTH, Kak W JII00as KOHCTaHTA PAaBHOBECHS, 3aBUCHUT OT
MIPUPOIBI BEIIECTB U OT TEMIEPATYPHI U HE 3aBUCHUT OT KOHIICHTPAIUH.

JIBOIiHBIE COMM — KOMILJICKCHBIC COCOMHCHHUS C OYCHBL OOJBIION KOHCTAHTOU
HECTOMKOCTH, T. €. HallEJIO Pa3jiaraloTcsl Ha HOHBIL:

K[MgCl;]=K* + Mg* + 3CI".

B Hacrosiee BpeMs o0IIenpruHATa pallioOHaIbHAsT HOMEHKJIATypa, OCHOBaHHAas
Ha peKOMEeHanuax MexXIyHapoaHOTO COr03a M0 YUCTON U NMpukiIagHoi xumud. [Ipu
COCTaBJICHUM HAa3BaHUS KOMIUIEKCHOTO COSIUHEHUsS HAJ0 MOJIb30BATHCS CIIETYIONIH-
MU TIpaBUJIaMU:

1. [lepBbIM B UIMEHUTEIILHOM MaJeKe HA3bIBAIOT aHUOH, & TIOTOM B POJUTENb-
HOM — KaTHOH, HE3aBUCUMO OT TOTO, KOTOPBINA U3 HUX SBJIAETCS KOMILUIEKCHBIM.

2. IIpu cocraBiieHUH Ha3BaHUS KOMILJIEKCHOTO COCIMHEHMS CHayaja Mmepeyuc-
JISIFOT B MOPSIKE YBEIUYCHHS MX CJIOKHOCTH JIMTAHIbI — aHUOHBI, 3aTEM JIMTAHIbI —
MOJICKYJIBI M, HAKOHEII, JINTAH/IbI-KaTHOHBI, a 3aTEM YKa3bIBAIOT IIEHTPATILHBIN aTOM.
Ecnu nieHTpansHbIil aTOM BXOAWT B COCTaB KOMIUICKCHOTO KaTHOHA, TO HCIIOIB3YETCS
PYCCKO€ Ha3BaHHE AJIEMEHTA, 4 B CKOOKaX pUMCKUMU U(paMu YKa3bIBAE€TCS CTETICHb
OKHUCJCHUS. ECin e 1eHTpaIbHBIN aTOM BXOJUT B COCTaB KOMITJIEKCHOTO aHHOHA, TO
YHOTPEOJISIOT JIATHHCKOE Ha3BaHWE ATOTO 3JIEMEHTA, Mepe]] HUM PUMCKOU (POt
0003HaYalOT CTETIeHb OKUCIICHNUS, & B KOHIIE TPUOABIISIIOT CyPUKC -aT.

3. K Ha3BaHU10 IUraHA0B-aHHOHOB MPUOABIISIIOT OKOHYAHUE -O:

(CI'- x0po, CN'— nmano). Ha3zBaHusl HEWTpalbHBIX JIMTAHIOB OKOHYAHHE -O
He umeroT (NHz-ammuak).

4. Yucno nuraHjoB, IPUCOSAMHEHHBIX K KOMILJIEKCOOOpA30BaTEeIIi0, YKa3bIBa-
I0T MIPUCTABKaMU: MOHO- (3Ta MPUCTaBKa OOBIYHO OIYCKaeTcs), MU -, TPU-, TETpa- U
T. II.:

K4[Fe(CN)6]- rekcarmano |l peppar kamus;

Na[Co(NH3)2(NO;)4}- rerpanutpoammun-1I1 kobanbpTaT HaTpHSL.

Knaccudukaiys KOMIICKCHBIX COSTMHEHUH TI0 AJICKTPHUCCKOMY 3apsiay KOM-
IJICKCHOT'O MOHA!

1. KatuoHHble KOMIUIEKCHBIE coenuHeHus. MoHBI 00pa3yloTcsi B pe3yJibTare
KOOPJIMHAIIMKA TIOJIIPHBIX MOJIEKYJ BOKPYT TOJIOKHTEIBHOTO MOHA — KOMIUIEKCO00-
pazoBarensi. KoMIUIEKCHBIE COEIMHEHUS, B KOTOPBIX JIMTAHAAMH SIBJISIETCST MOJIEKYyJa
BOJIbI-aKBacoeIMHEHHS, MOJIeKyIbl aMmmuaka — amMmuakathl. [Ni(H,0)s](NO3) — Hut-
par rekcaakBanukens (11).

2. AHWOHHPBIE KOMIUIEKCHBIC MOHBI OOpa3yloTCS B PE3yJIbTaTe KOOPAMHAITIU
BOKPYT TMOJOKUTEIHFHOTO MOHA-KOMIUIEKCOOOpa30BaTeNsl OTPUIIATEIbHBIX JTUTAaH/OB.
K KOMIIJIEKCHBIM COEMHEHUSIM, COEPKAITUM KOMIUIEKCHBIM aHUOH, OTHOCSITCSI TH/I-
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pokcocoenuuenus (muranaamu sBistores OH-), anmumoKOMITIEKCHBIE COSTMHEHUS
(JIuraHgaMu — KUCJIOTHBIE OCTATKH ), HAIIPUMED:
Nay[Pt(CN),4Cl,] — nuxnoporerpanmano Y miaTuHAT HATpPUS.

3. Cpenu KOMIUIEKCHBIX COEIUHEHUN €CTh U TaKue, KOTOPbIe COAEpKaT U KOM-
TUIEKCHBIN KaTHOH, U KOMIUIEKCHBIA aHUOH:

[Co(NH5)6][Co(NH3)(NOy)4]s— Terpanurpomuammun-(111) xobaapTar rekca-
amuH kobaibTa (I1).

CnemyeT OTMETUTh, YTO MEXAY KOMIUIEKCHBIMU U MPOCTHIMU COCIUHEHUSMHU
HET KaKoW-IHOO CTPOro YCTaHOBJIEHHOW rpaHulbl. *Hepeako onHO U TO ke coeau-
HEeHHe MM HOH, HanpuMep SO,”, OTHOCST TO K YHCITy KOMILUIEKCHBIX, TO IPOCTHIX.

Tak, xkpucramoruaparet u ABouHbie comu Tma CaCl,6H,O0  wm

KAI(SO, ), - 12 H,O MOXHO cUHMTAaTh OTIMYAIOIIUMUCSA OT THIUYHO KOMILIEKCHBIX
COEIMHEHUI, HO C TaKUM K€ OCHOBAaHUEM UX MOXKHO CUMTATh KOMIUICKCHBIMU COJISI-
MU, OTJIMYAIOUMMUCA JIUIIb TEM, YTO KOHCTAHTA HECTOMKOCTH OOpazyeMbIX HMHU
KOMIUIEKCHBIX MOHOB BECbMa BBICOKA.

[Ipo4YHOCTh KOMIUIEKCHBIX MOHOB XapaKTEpU3yEeTCs BEIUUYMHON KOHCTAHThI HE-
cToikocTH Kygcr KOTOpasi B CBOKO OYEpENb €CTh HUYTO MHOE, KAK KOHCTAHTa PaBHO-
BeCHsI TIpollecca TUCCOIMAIIMN KOMILJIEKCHOTO HOHA Ha HOH-KOMILIEKCOO0pa30BaTEb
Y JIUTaH/IbI.

KoHcTaHTa HECTOMKOCTH paBHA MPOU3BEJACHUIO PABHOBECHBIX KOHIIEHTPALIHIA
MOHA-KOMIUIEKCOOOpa30oBaTelsl M JIMIAaHJOB, JIEJIEHHOMY Ha KOHIIEHTPAlUIO KOM-
IJIEKCHOTO MOHA.

Kirger = [Fe™] - [CNTY [[Fe(CN)e]“T=1- 107"

KoHcTaHnTa HECTOMKOCTH, KaK Jt00asi KOHCTaHTa PaBHOBECHUSI, 3aBUCUT OT TPHU-
OBl BEIIECTBA, OT TEMIIEPATypPhl U HE 3aBUCHUT OT KOHIICHTPAIUU.

JIBOMiHBIE COMM — KOMILJICKCHBIC COCOWMHCHUS C OYCHBL OOJBIION KOHCTAHTOU
HECTOMKOCTH. [[BOIHBIE COM pacnafaroTCsi B OJIHY CTYINEHb Ha KaTHOHBI 000UX Me-
TaJuUI0B (MJIM KATUOH aMMOHMSI) U @aHUOHBI KUCJIOTHOTO OCTaTKa:

KAI(SO,), «> K + AI*" + 250,>
NH,Fe(SO,), <> NH," + Fe*" + 250,”".

AJITOPUTM NMPOBEACHUS IKCIIEPUMEHTA:

OmnbiT Ne 1. Aunonnblie komIuieKkcebl. Terpaitonosucmyrart (I11) kanus.

B npoOupky k oaHo# karie pactBopa Hutpata Bucmyta (I11) Bi(NOs); npu-
0aBJIATH MO KariaM pactBop noauaa kanus Kl o BeimageHus TeMHO — Oyporo ocai-
ka fioguaa sucmyrta (II1) Bils. PactBopuTh 3TOT 0caiok B M30BITKE pacTBOpa MOIUA
KaJIuA.

OnpiT Ne 2. KaTHoHHBIE KOMILIEKChI. KOMILLIEKCHOE 0CHOBAHME HUKEJIS.

[Tonyunts ocagok ruapokcuaa Hukens (I1), BHecss B mpoOupky 4 Kariu pac-
tBOpa cynbdara Hukens (II) NiSO, u Takoit xe 00béM pactBopa menoun NaOH. K
ocanky no6aBuTh 6 kamenb 25%-nHoro pactBopa ammuaka NHjz- H,O. CpaBauTh
OKpAacKy MOHOB Ni** B pacTBope cynbdara aukens (I1) ¢ okpackoit morydeHHOTO pac-
TBOpa

OnpiT Ne 3. KoMnuieKCHbIE COeIMHEHUSI B PeaKIUAX 00MeHa.

BzaumopeiictBue rexcanuanodeppara (II) xamus ¢ cynedarom meau (II). B
poOUpKy ¢ 5 KarsiMu pactBopa cynbdarta menu CuSO, 106aBUTH TaKOM ke 00bEM
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komruiekcHor coiu Ky[Fe(CN)g]. OTmeTnth 11BeT 00pa30BaBIIErocs Ocajika T'eKca-
nmanodeppara (II) meau (II). Hanucars ypaBHEHUE peakiinu.

OnbeiTNe 4. KomniekcHbie coeIMHEeHUus B OKHCJIUTEJILHO-
BOCCTAHOBHUTEJIBbHBIX peakuusax. Oxkucienue rekcanuanopeppara (1) kaaus.

B npobupky BHecTn 5 Kamenb pacTBopa nepmanraHara kaiuus KMnQO,, moj-
KUCIIUTh 2H CEpPHOM KHUCIOTOW M JOOABUTH MO KaIlIsIM pacTBOp rekcaiuaHodeppara
(I1) xanmusa. HaGmromath oOeclBEUMBAHHME pacTBOpa BCIEICTBHE BOCCTAHOBIICHUS
IIEpMaHTraHaT — MOHA B HOH JBYXBAJEHTHOI'O MapraHiia.

OnbITNe 5. J/IBOMHBIE COJIN.

B TpeX  NpoOMpKax  MPUTOTOBUTH  pacTBOpP  JABOMHOMU COJIH
(NH4),SO4-FeSO,4-6H,0 (comb Mopa), BHeCS B KaXAylo MPOOHUPKY MO HECKOJIBKO
KPUCTAJJTMKOB COJIU ¥ 0 4 KaIlIu AUCTUUIMPOBAHHOMN BOABI. 3aTeM B 1-10 MPOOUpPKY
K pacTtBopy coimu Mopa nobaButs 2 kamiu 0,5 H pacTBopa cyiabduga aMMOHUS
(NH,).S, Bo 2-10 mpobupky 2 kariu 0,5 H pactBopa xiopuna o6apust BaCl,. OtMeTuth
I[BET OCAJIKOB U HAIUCAaTh HOHHBIEC YPAaBHEHUS peakiuil ux odpa3zoBanus. Ha npucyr-
CTBHE, KAKUX MOHOB B PACTBOPE JBOMHON COJIM YKa3bIBalOT 3TH peakuuu? B 3-ro
poOupKy 100aBUTh 3 Kamiv 2 H pactBopa eakoro Hatpa NaOH u nmogorpets Ha Bo-
nsHoit Oane. [lomepxaTh Haj MPOOUPKON TMOJIOCKY YHUBEPCAIBHOW WHIUKATOPHOM
OyMmaru, mpeaBapuTeIbHO CMOUYEHHYIO TUCTUIUIMPOBaHHON Bojaoi. [lo m3meHeHUIo
OKpacKy MHIUKATOPHON Oymaru u 1o 3amnaxy, Onpe/leIuTh KaKol ra3 BbIAeNIseTcs U3
npobupku. Ha npucyrcTBue, Kakux HOHOB B pacTBOPE ABOMHON COMM YKa3bIBaIOT 3TA
peakius.

AJIropuTM 00padoOTKH IKCIIEPUMEHTAJIbHBIX JAHHBIX:

OmnbiT Ne 1: KakoB 1BeT moJiydeHHOrO pacTBOpa? YpaBHEHHUS peakUuid B MO-
JIEKYJISIPHONM M MOHHO-MOJIEKYJIIPHOM popMax ¢ Ha3BaHMEM KOMILJIEKCHBIX COEINHE-
Huii cornmacHo [UPAC. 3anucarh BbIpa)XKe€HNE KOHCTAHTBl HECTOMKOCTH MOJTYYEHHOTO
KOMIIJIEKCHOT'O HOHA.

[Tonyuenune Tetpanonoucmytara(lll) kamus.

Bl(N03)3 +3 KI —

HNonHoM BU:

Bil; + Kl — K[Bil,]

HNoHHbIN BUI:

Kuect ([Bily]) =

OnbiT Ne 2: HazoBute coemuHeHUs. 3aMWINIATE YPAaBHCHUS B MOHHOM BUJIE.
[IpuBenute BbIpakeHUE 0OIIEH KOHCTAHTHI HecToWkocTH (KHecT) KOMIUIEKCHBIX
HOHOB. OTMETHTE CBOU HAOIIOIECHUS.

[Tonyuenue cynbdara rexkcaammuuaukessi(Il)

NISO4 + NaOH —

HNoHHOE ypaBHEHHUE:

(NlOH)zSO4 + NH3 —

HoHHOE ypaBHEHHE:

Kuect ([Ni(NHs)g]*) =

OnbiT Ne 3. OTmeTuTh 1BET 00pa30BaBIIETOCS OcCajKa rekcamuaHodeppa-
Ta Meau. Hanucats MOJIEKYIIIpHOE M MIOHHOE YPaBHEHHUE PEAKLUN.

OmnbiT Ne 4. Hanuiure ypaBHEHUSI OKUCIUTEIbHO-BOCCTAHOBUTEIIBHOU peak-
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IIUH, yKa3aTh OKUCIUTENb U BOCCTAHOBUTENb, OTMETHTH I[BET 00pa30BaBIIETrOCs pac-
TBOpA.

OnbiT Ne 5. Hanrcarh MOHHBIE ypaBHEHUsI peakiuu. Ha npucyTcTBre Kakux
MOHOB B PAacTBOpPE JBOWHOW COJIM YKA3bIBAET 3Ta peaklMs? YUHUThIBas pe3yJIbTaThl
OTIBITA, HAIIMCATh YPABHEHHE AIEKTPOIUTUUECKON aucconuanuu coiu Mopa. [Ipose-
PHTb JEHCTBHE PacTBOpa Cyib(ia aMMOHHUS 0OGHAPYKHUBAIOTCS JTH HOHBI Fe** B pac-
tBope K4[Fe(CN)g] Habarogaercs au BeilafeHue YepHOro ocaaka FeS?

CpaBHHMTE/IbHBIH AHAJN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

N3 tabnuipl 16 «KOHCTaHTBI HECTOMKOCTH HEKOTOPBIX KOMILJIEKCHBIX HOHOB)»
(mpunoxenune 2) maiTe CPAaBHUTEIBHYIO XapaKTEPHCTUKY JBOWHBIX COJEH M KOM-
TJICKCHBIX COCJIMHEHUN.

BbiBoa: B nmanHoii maGopaTopHOil paboTe pacCMOTPEHBI METOJIbI MOTyYEHUs
KOMILJIEKCHBIX COEJUHEHUN M MX CBOMCTBaMHU. Pa3inyHble KOMIUIEKCHBIE COEIMHE-
HUS 00J1aJJal0T XapaKTEpPHBIMU CBOMCTBAMU: MPUJAIOT OCOOBIM LIBET pacTBOpaM, Bbl-
najaroT B 0Cal0K, MO0 pacTBOpstoTcs. CBOMCTBA KOMIUJIEKCHBIX COCAMHEHUN 3aBU-
CSIT OT KAYECTBEHHOI'O ¥ KOJIMYECTBEHHOI'O COCTaBa BHYTPEHHEHN U BHEIIHEHN Cephl.

TpeOoBanusi Kk TexHMKe 0€30MACHOCTH NMPH BBHINOJHEHUHN JIa00OPATOPHOH
padorsi: K paboTe HE0OXOMMO MPUCTYIATh TOJBKO MOCIIE pa3pelieHus Ipernoaana-
Tessl. DKCIIEPUMEHT CIIEYET MPOBOIUTH HA paboyeM MECTE, CTPOTO BBIIOIHSIS ajro-
PUTM DKCIEPUMEHTA B UHCTOM MOCYyAE, HE 3arpOMOXKAAaTh CBOE pabouee MECTO MHUCh-
MEHHBIMU TPHUHAIIEKHOCTAMHU. OMBITHI ¢ KOHUEHTPUPOBAHHBIMU PACTBOpAaMHU Clie-
IyeT BBINOJIHATH B BBITSOKHOM MKady. CTyaeHTaM HEOOXOUMO MOMHUTh O TOKCHY-
HOCTH MHOTHX COJIe (OCOOCHHO COJIEM «TSKENBIX» METaNIOB — MEJU, LIMHKA, KaJ-
MUsI, pTYTH, CBHHIIA, 0Ji0oBa). [Ipu momajanuu Ha PyKu PacTBOPOB COJICH M B KOHIIE
paboThl HEOOXOIMMO TIIATEIHEHO BBIMBITH PYKH.

3aiaHus 11 CaMOCTOATEILHON PadoThI:

1. Jlarp  Ha3BaHME  CJEAYIOIIMM  KOMIUIEKCHBIM  COEAMHEHUSIM:
[CoCI(NH3)s]Cl3, K3[Co(NO,)s].

2. Hammcath KOHCTaHTYy HECTOMKOCTH JUIsl KOMIUIEKCHOro noHa. Kak cBsizana
KOHCTAHTa HECTOMKOCTH ¢ MPOuHOCTBI0 KoMiiekca [CO(NH3)g]**?

3. Uemy paBHO KOOPAMHAIIMOHHOE YHUCIO B KOMIUIEKCHBIX COEIMHEHUAX
([Ag(NH3),]Cl, K4[Fe(CN)e]) , uto oHo 03HauaeT?

4. Kakue KOMIUIEKCHBIE COEIMHEHMS HA3bIBAIOTCS aMMHAKaThl, MPUBEIUTE
MPUMEDPBI.

Yueonas aureparypa: [1, c. 599-620], [3, c. 214-237].

JlaGoparopHasi pabora Ne 4
Onpenesnenue Temnosoro 3¢pdexra (AH) pacrBopenus coiu

Heab 1adopaTopHoil pad0ThI: 3aKPEIUVIEHUE TEOPETUUYECKOr0 MaTepualia 1o
TeMe «TepMOXuMUs», 4TO MO3BOJIUT CHOPMUPOBATH IKCIIEPUMEHTAIBHBIE YMEHUS Y
CTYJICHTOB B TIPOIIECCE OMPEACIICHUs TETUIOBOTO 3P deKTa KaJoOpUuMETPUISCKUM Me-
TOJIOM, Pa3BUTh HABBIKU IKCIEPUMEHTAIBHOTO M TEOPETHUYECKOIO MOATBEPXKICHUS
AK30- WU SHIOTEPMUYECKUX PEAKIUM, YMEHUS JIeN1aTh BIBOABI MO MPOJIETaHHON pa-
060Te, yMEHHS OLICHUBATH MOTPEIIHOCTh IKCIIEPUMEHTA.

Ilnan npoBeeHUs 3aHATHUS:
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— OpraHU3alOHHAs YacTh;

— TEOpPEeTUYECKasl 4acTh (9K30- M DHAOTEPMHUUYECKUE PEaKlUU, TEIrI0BOU 3(-
(eKT XMMHUYECKHUX peaklii, XapakTepucTuueckue GyHKIuu, 3akoH ['ecca, ciieacTaue
U3 3aKOHA, KOJIMYECTBEHHBIE PACUETHI XapaKTEPUCTUUECKUX (PYHKIUN);

— DKCHEPUMEHTAJIbHAS YaCTh;

— 00CYyX/IeHHE IKCTIEPUMEHTAIbHBIX JIaHHBIX;

— TEMAaTHYECKOE TECTUPOBAHUE 10 TEME;

— uTOT 1abOPaTOPHOM PabOTHI.

IIpuGopsl U peakTHUBBI: KAJOPUMETPUUYECKAsT YCTAHOBKA, XJIOPUJ aMMOHHMS
(1 r), aHaTUTHYECKHE BEChI, MEPHBIN IIMIIMHAP (25 MIT), TEepMOMETP.

Teopernuyeckoe BBeeHUE:

K BaxHeWmmM (QyHKIHSIM, XapaKTEPU3YIOINUM XUMHYECKHE CHCTEMBI, OTHO-
csatcst BHyTpeHHss sueprusa U; saranenus H; sHtpornus S u sueprust ['m66ca (u30-
0apHo-n3oTepMuueckuil noreHuuan G).

Ecnu xumuueckas peakiys npoTeKaeT Mpu MOCTOsTHHOM 00bEme (AV = 0, u3o-
XOPHBIH mporiecc), To padoTa pacuuperus cuctemsl (A = PAV) paBHa Hyio.

XUMUYecKasi peakiys yaule BCEro OCYIIECTBIISIIOTCS IIPU MOCTOSTHHOM JIaBJie-
Huu (AP = 0, uzo06apHsbIit nporecc). B mogoOHOM citydae it XapaKTepUCTUKH MPO-
1ecca yao0Hee Moyib30BaThCsa HE BHYyTpeHHel sHeprueit U, a sntanbnueit H, kotopas
omnpenensercs coorHomenneM: H=U + PAV.

DHTAIBIUS UMEET TY K€ Pa3MEPHOCTh, UTO U BHYTPEHHSIS YHEPTUS, U TOATOMY
00b14HO BbIpakaercs B [k wnu kJ[x. [Ipu nocrosunom nasnenun: AH = AU + PAV.

Peakiuu, npoTekaromye ¢ BbIICIEHUEM TEIIOThI, HAa3bIBAKOTCS AK30TEpMUYE-
CKHMH, C MOTJIOIIEHUEM — SHAOTEPMUYECKUMH.

WNuorna temnoBoil 3p(EeKT XUMHUYECKON peakluuy BbIPAXaroT KOJIUYECTBOM
BBIJICTTUBIIICHUCS WJTM MOTJIOMIEHHOM TEIIOThl M 0003HayatoT OykBon Q. s sx30Tep-
MuuecKux peakuuii Q > 0, a s sugoTepmudeckux — Q < 0.

Ecnm peakuus sx3orepmuueckas — AH < 0; Q >0,

Ecnu peakuus suporepmuueckas — AH >0; Q <0

Otcrona BeiTekaeT cBsa3b Mexkay Q u AH: + Q = —AH.

XHUMUYECKHE YpPAaBHEHUS, B KOTOPBIX YKa3aHbl U3MEHEHHS SHTAJIbIIUU, HA3bI-
BAIOTCA TEPMOXUMHYECKUMH YPABHECHUSIMH.

OcCHOBHBIM 3aKOHOM TepMoxuMuH siBisieTcs: 3akoH I'. U. I'ecca, coriacHo ko-
TOPOMY U3MEHEHHUE SHTAIBIHH (TETUIOBOM 3P (HEKT) XUMHUUECKOU pPEeaKIMKU ONpeaes-
€TCS TOJIbKO HAayaJbHbIM U KOHEUHBIM COCTOSIHUEM CHCTEMBI HE 3aBUCHUT OT ITYTH T1e-
pexoz1a OT IyTH NEPEX0/Ia CUCTEMBI U3 OHOTO COCTOSIHUS B JIPYTOE.

[IepBbIM clleICTBUEM U3 3aKOHA ['ecca sIBISETCS COOTHOLIEHUE:

AH = Zn iAH ;6-i (Ip 01y KTOB) — anAHO6p.g (ucx.B—B)
! g

rae AH — SHTanbnusa XUMHUYECKON PEAKIIUU.

[lepBbIil wieH B MpaBoOd YacTH ypaBHEHHUS — CyMMa DHTAJIbINI 00pa3oBaHUS
MPOYKTOB PEAKIMM, B3ATHIX C YYETOM CTEXHOMETPHUYECKUX KOIPPUIIMEHTOB B
YpaBHEHUH peaklnu. BTopoii ujeH — aHajnoruyHas cyMMa JJil UICXOJHBIX BEIIECTB.

25



AJNITOpPUTM NpPOBeJIeHHS IKCIIEPUMEHTA: y
[Ipocreitmmii KaTOpuMeTp COCTOUT U3 2-X CO-
el ’:-:':':Y-:-

CYJIOB: Hapy>KHOTO (4) U BHYTPEHHETO KaJOpUMETPH- 6
yeckoro (3). Bo uzbexxanue morepp TEIJIOTHI depe3 5
CTEHKH KaJJOPUMETPUYECKOIO COCYAa OH MOMEIIAETCS
Ha TOJICTaBKy W3 IMEHOIUIacTa (Marepuail C Maloi
TEIJIONPOBOAHOCTHIO).  Kamopumerp  3akpwiBaeTcs
KPBIIIKO# (5) ¢ TpeMs OTBEPCTUSAMH: JIJIs1 BOPOHKHU (2),
Memanku (6) u repmometpa (7).

Omnpenenenne TermoBoro 3sd@dexTa pacTBOpe-
HUsI OE€3BOTHON COJIH (XJIOpHUAa aMMOHHS) IPOBOASAT B
YIOPOILIEHHOM KaJIOPUMETpE: JBa COCYJa, ITOMEIICH-
HBIE OJUH B IpYyroi. BHyTpeHHUN cOCy/ 3aKphIBAE€TCS
mpoOKolt ¢ TepMoMeTpoM. Bo3aymHas mpocioiika
MEXKly ABYMSI COCyAaMU JIUIIb B HEKOTOPOM CTEIECHU Pucynox 2 -

Kanopumerpuueckas
o0ecneunBaeT TEIUIOM3O0JISALUI0 BHYTPEHHETO cocyia VCTAHOBKA
OT OKPY KaIOIIEH CPEBbI.

Bo BHyTpeHHU# cocya HajelTe TMCTUILITMPOBAHHYIO BOAY (Voo = 25 Mi), OT-
MEpPEHHYIO IUAMHAPOM. ONyCTUB B BOAY TEPMOMETp (HE KacasiChb CTEHOK U JHA CO-
cyza), U3MEepbTe TeMIIEpaTypy BOJbI (tyay) B KajopuMmeTpe ¢ TouHocThio 10 0,1 °C.
B3BechTe Ha TEXHOXMMHUYECKUX Becax | T XJopuJia aMMOHHMS U OBICTPO BBHICHITIaB BO
BHYTPEHHHI COCYJl KAIOPUMETPA, NMEPEMEIIANTE 10 MOJHOTO PACTBOPEHUS COJM U
3anuIIMTe IMOKa3aHus TepMoMeTpa. OTMEThTE pe3KOe NOHMKEHUE TemnepaTypsl. [a-
Jiee ciaeauTe 3a TUIABHBIM ITOBBIIIEHUEM TEMIIEPATyphl B paCTBOPE XJIOPUIa aMMOHHS.
Pe3ynbTaTel v3MepeHuil TeMneparypsl 3aHeCUTE B TaOIuUILy 3:

AN AR RN
OIOOOLIH
DO NN

Tabnuna 3. Pe3ynbratsl n3MepeHus TeMIepaTyphbl

Bpewms ot Hayana 0 1 5 3 4 5 6
ONbITa, MUH

Temneparypa,® C

AJropuTm 00padOTKH IKCIEPUMEHTAJIbHBIX JaHHBIX:

[To pe3ynbraram ombITa paccuuTaiTe uaMeHeHue 3HTanbnuu AH (TermoBoit
s dekT) pactBopenus xjopuaa ammonus. [loctpoiite rpaduk 3aBUCUMOCTH TeMIIE-
paTypbl OT BPEMEHH, OTJIOKMB Ha OCHM OpJAMHAT TEMIEpaTypy, a Ha ocu adcuucc —
BpeMs (MUH).

[TocTpoiiTe Tpaduk W3MEHEHUS TEMIIEpaTyphbl 1O BPEMEHHU, OTJIOKHUB Ha OCH
OpIWHAT TEMIIepaTypy, a Ha ocu abcmucc Bpems (MuH). [1o rpaduky onpeaenure Ko-
HEUYHYIO TeMIeparypy (tkon.). 3aT€M BBIUMCIUTE HHTAIBIIMIO PACTBOPEHUS XJIOPUIA
aMMOHUS B BOJIe IO (hopmyre:

AHNmac1 (oxcrEp) = — (Mcomu + Mpospr)-At- 4,184 - Mcoym/ 1000 - meomu [Kx/Momb],

At = txon. — thau, ° C;
Mcom — Macca COJH, T

mBOI[])I— Mmacca BOJHhI, T,
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Mcosu — MOJIEKyJIsipHasi Macca COJIv, T/MOJIb;

4,184 — ynenbHas TEIUIOEMKOCTh PaCTBOPa, paBHasl TEINIOEMKOCTH BOJIbI,
kJx/kr-K;

1000 — nepeBonoit KOdPuiment, Ix B kJx.

CpaBHHMTEJIbHBIH AHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

AHNH4C1(TEOP) = 16,5 KI[)K/MOJIB

PaccuuTaiiTe MOrpemHOCTH ONbITa: a0COMIOTHYIO U OTHOCUTENbHYIO OIIMOKHU
o opMyIIam:

A6comorHas ommobka A = Hrrop. — Hokenep. [KK/MOIB],
OtHocutenbHas ommoka A% = (abcomrorHas ommobka / Hrgop.) - 100.

BoiBoa: Peaknuu, npoTekaroiye ¢ BbIJCICHUEM TEIUIOThI, HA3bIBAIOTCSA JK30-
TEPMUYECKUMH, C TIOTJIOMICHHEM — YHIOTEpMHYEeCKUMHU. MHOTHAa TermnoBoi 3 dexT
XUMUYECKON pEeaKIuu BhIPAXXKalOT KOJUYECTBOM BBIJICIUBILICHCS WM MOTJIOMICHHOMN
TEIJIOTH U 0003HavaroT OykBou Q. Jliist sx3oTepmudeckux peakiuit Q > 0, a 1151 9H-
norepmuyeckux — Q < 0.

Ecnu peakuums sx3orepmuueckas — AH < 0; Q >0,

Ecnu peakuums sngorepmuueckas — AH > 0; Q <0.

TpeOoBanusi kK TexHHKe 0€30MACHOCTH NMPH BBHINOJHEHUH JIAa00OPATOPHOH
pabotbl: [lepen BeimogHEHHEM PAaOOTHI CIEAYET O3HAKOMUTHCSA C METOJAMKOM MpoBe-
JICHUSI DKCIIEPUMEHTA, MOHATH 11eNb ucciieqoBanus. K pabore HeoOXoaumMo mpucty-
nath TOJILKO TOCJE pa3penieHus npenojaBatens. [Ipu mpoBeneHun >KCiepUMEHTA
HEOO0XOJIMMO OCTOPOXKHO TMEPEMEIIUBATh COJIb BO BHYTPEHHEM CTEKJISSHHOM IIMJIMH-
Jpe KaJIOpUMETpa, JJaHHasi padoTa MPOBOAUTCS C PTYTHBIM TEPMOMETPOM, KOTOPBIH
TpedyeT OCTOPOKHOTO 0OpalIeHUSI.

3aiaHus 11 CaMOCTOATEILHOM PadoThI:

1. Chopmynupyiite 3akoH ['ecca, cneacrBue u3 3akona I ecca.

2. Jlatite onpeienieHue PK30- M SHI0TEPMUYSCKUX PEaAKITAi?

3. Kakoil 3HaK UMEIT 3HAYEHHS SHTAJBIINUN 3K30- U SHIOTEPMHUUYECKUX pEaK-
H?

4. DKCIepUMEHTAIBHO YCTAHOBIIEHO, YTO MIPU B3aUMOJICUCTBUU 2,3 T HATPUS C
BojioM BeiAenseTcs 14,0 kI TenaoTel. BEIYMCIUTE SHTATBITNIO PEAKIIUH.

YueoHnas aureparypa: [1, c. 169-173], [2, c. 175-208], [3, c. 40-58].

JlabGoparopHasi pabora Ne §
N3yyenne BIUsIHME KWHETUYECKHUX MIAPAMETPOB HA CKOPOCTh XMMHUYECKHUX pe-
akuuii. U3yuyeHue HanpaBJ/jieHUs] CMellleHUs] XUMHYEeCKOr0 PABHOBECHSI
Hean n1adopaTropHoil padoThI: MPOBEPKA, KOPPEKTUPOBKA U yIriyOJIeHUE 3Ha-
HUM CTYJIEHTOB 10 TeMe « KuHeTnka» depe3 SKCIepuMEeHT U perieHue 3aaad. Dopmu-
POBaHNME HABBIKOB BBHITIOJTHEHUS AKCIIEPUMEHTA, YMEHUS OOBSICHATH PE3yJbTaThl IKC-
MepUMEHTa, YMEHUSl aHaJIU3HpOBaTh. BocmuTaHne camMOCTOSITENBHOCTH, OPraHU30-
BaHHOCTH, (pOpMUpOBaHUE yMEHUS pabOTaTh B TPYMIE, PA3BUTHE TBOPUYECKUX CITO-
COOHOCTEH, JIOTUYECKOTO MBITUICHHS, BHUMAHUS, TTAMSITH.
Ilnan npoBeeHUs 3aHATHUS:
— OpraHu3alMOHHAs YaCTh;
— TeopeTHYECKas 4acTh (CKOPOCTh TOMOI€HHOM, T€TEPOTCHHOMN peaKIuii, 3aKOH
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neiictBust macce, npunuun Jle [latense, ¢pakTopbl, KOTOPbIE OKAa3bIBAIOT BIUSHUE HA
CKOPOCTb XUM. pEaKLnii);

— DKCIIEPUMEHTAJIbHAS YacCTh;

— 00CYXKJI€HHE SKCIIEPUMEHTAIIBHBIX JAHHBIX;

— TEMATUYECKOE TECTUPOBAHUE 10 TEME;

— UTOT J1a0OpaTOpHOH pabOTHI.

IIpubopsl M peakTMBBI: CEKYHJIOMEp, IITaTUB C MPOOUpPKaMHU, CyJIb(UT
HaTpus, THocynb(aT HaTpus (1H., 0,5H), cepHas kuciota (2H), xaopun xenesa (I1I)
(0,0025H, 0,5H), ponanun kamust (0,0025H, HACKINI.), XJIOPUJ Kajius, IIEpMaHTaHAT
kanus (1H), maseneBas kuciota (1H), cynasdar maprasina (KpUCTaUIMUECKUN).

Teopernueckoe BBeeHuUeE:

XuMuYecKass KHHEeTHKA — pa3ien GU3nueckoi XUMHUH, U3y4Jaroluil BOMPOCHI
0 CKOpPOCTSIX U MEXaHU3MaX XUMUYECKUX PEaKIUH.

CKopocTh XMMHYECKO# PeaKIMu ONPEIEIsIeTC U3MEHEHUEM KOHIEHTPALMH
pearupyromux BEUIECTB 34 €IMHUILY BPEMEHH B €IUHULE PEAKIUOHHOIO IPOCTPaH-
CTBa.

CKOpOCTh XMMHMYECKOW PEaKIHMHM 3aBUCUT OT MPHUPOJBl PEarupyrolmux Be-
LIECTB, UX KOHLIEHTPALlMU, TEMIIEPATYPBl, JaBICHUSA U IPUCYTCTBUS KaTaIU3aTopa.

3aBUCUMOCTb CKOPOCTH XMMHYECKOM pPEaKUHMH OT KOHLEHTpALUU pearupyro-
IIMX BELIECTB BBIPAXKAECTCSI OCHOBHBIM 3aKOHOM XMMHYECKON KUHETUKH — 3aKOHOM
AercTBUs Mace. [Ipy mOCTOSHHOM TeMIleparype CKOPOCTh XMMHUYECKOW peakuuu
MPSIMO MPOIMOPIMOHATIbHA MPOU3BEICHUIO MOJISIPHBIX KOHUEHTpAIUil pearupyronmx
BEILIECTB, BO3BEJCHHBIX B CTENEHb UX CTEXUOMETPUUYECKHUX KOA(D(PUIIMEHTOB.

XWMHUYECKHE PEaKlUU, B KOTOPBIX MCXOJHbIE BEIIECTBA LIEJIMKOM IpeBpalla-
I0TCS B IPOAYKTHI PEAKLIMH, Ha3bIBAIOTCS HEOOPATUMBIMU:

2KCIO;3 = 2KCI + 30,1,
v, = ki C3(KCIO).

3HAUNUTEIBHO Yallle MPOUCXOJAT PEAKLUHH, HIYIIHE OJHOBPEMEHHO B JBYX
MPOTUBONOJIOXKHBIX HAMPABICHUSIX — MPSAMOM U 0OpaTHOM:

2NO + 02 > 2N02,
V1= kl'[NO]z' [O2],
Vo = kz' [NOz]2

CocrostHue 00paTUMOM peakifu, TP KOTOPOM CKOPOCTH MPSIMON U 0OpaTHOM
peakLuii paBHbI MeX1y COOOM, HA3bIBAETCS XUMHYECKHM PABHOBECHEM.

[Ipn XUMHUYECKOM PAaBHOBECHUHU V1 = Vy , OTKYAA:

Kc = ki / 'k, = [NO,J? / [NOJ? [O4],

rae K¢ — KOHCTaHTa XMMUYECKOTO paBHOBECHS (BEIMYMHA TaOJIM4YHAsA), BbIpa-
KEHHasi 4Yepe3 pPABHOBECHBIE MOJISIPHbIE KOHIIEHTpPALMUM Pearupyroniux BeIIeCTB;
Ki, K — KOHCTaHTBI CKOpOCTEl mpsiMoii 1 oOpaTHOU xumuueckux peakuuii; [NOy],
[NO], [O,] — paBHOBeCHBIE MOJISIPHBIE KOHIICHTPAILIMU PEarupyroIIuX BEIIECTB.

s oOpaTuMoii XMMHUYECKOW PEaKIMH OTHOIICHUE TIPOU3BEICHHUS pPaBHOBEC-
HBIX KOHIIEHTPALMA MPOAYKTOB PEaKUWU K MPOU3BEIECHUIO PABHOBECHBIX KOHIICH-
Tpauuil UCXOJHBIX BEIIECTB €CTh BEJIMYMHA ITOCTOSIHHAS MPH MOCTOSHHOM Temmepa-
Typ€, U Ha3bIBAECTCSI KOHCTAHTOH XMMH4Y€CKOro papHoBecusi. OHa 3aBUCHUT OT TEM-
nepaTypsl, IPUPOJIBI PEATUPYIOIIMX BEIIECTB, U HE 3aBUCUT OT KOHLEHTpaluil pea-
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THPYIOIINX BEIIECTB.

AJITOPUTM NPOBeIeHUs IKCIIePUMEHTA:

OnpiT Ne 1. BiausiHue KOHIEHTPAUMM Peardpyloinnx BellecTB Ha CKO-
POCTH peakuuy B TOMOTeHHOM cucTeMe.

Peakiust THoCynbGaTa HATPUS C CEPHON KUCITOTON MPOTEKAET M0 YPABHEHUIO:

Na,S,0; + H,SO,4 = Na,SO,4 + Sl, + SOQT + H,0.

[IpeaBapuTenbHO MpOEIIaiiTe KAYeCTBEHHYIO PEaKIIUIO, /ISl Yero B MPOOUPKY
Ne 1 Buecure 10 xanens pacTBopa THocynbdara Hatpus Na,S,03 u 1 xaruto 2 H pac-
TBOpa cepHoil kuciotel H,SO,. HaOmiomalite mosBieHne ciiaboit omajieciieHITUN
(cune-(roNeTOBOE CBEUYCHHE) U JalbHEWIIee MOMYTHEHNE PAacTBOpa OT BhIMABIIEH
CcBOOOHOM Cephl.

B Tpex cyxux npoOupKax HNPUTrOTOBBTE PACTBOPHI THOCYJb(aTa HATPUS pa3-
JMYHBIX KOHIEHTpauui. J{7s yero: Bo 2-10 mpoOUpKy BHecHTE 5 Kamenb | H pacTBopa
trocynbdara Hatpus u 10 kanenb TUCTUIUTMPOBAHHOM BOABI, B 3-10 — 10 Kamnenb THO-
cynb(dara Hatpusa u 5 kamenb Bojbl, B 4-10 — 15 kanenb Thocynbdara Hatpus. Pac-
TBOPBI BO BTOPOW M TpeThel MpoOUpKax TIIATEeIbHO NepeMemaiite. Takum oOpazom,
OTHOCUTENbHAsT KOHIEeHTpamus: Na,S,03; (B Monb) Oyner B mpobupke Ne 2 — 1C, B
npobupke Ne 3 — 2C, B npobupke Ne 4 — 3C.

BxurounTe cekyHznomep, 3ateM B pooupky Ne 2 BHecUTe 0JIHY Karuiio 2 H pac-
TBOpPA CEPHOM KHUCIIOTHI, TIIATENbHO Nepememaite. [1o cekynaoMmepy uaMepbTe Bpe-
MsI OT MOMEHTa J0OABJICHUSI KUCIOTHI /10 TOSIBIICHUSI B pacTBOpPE 3aMETHOW oOralec-
HeHUuU (cuHe-(uoneToBoe cBeueHue). Takxke mocieqoBaTeIbHO BHECUTE MO OJHOM
Karie pacTBopa cepHoil KucaoTsl B mpoOupku Ne 3 u Ne 4 u uzMepbTe Bpems OT MO-
MeHTa nobasnenns H,SO,4 10 mosiBiIeHMs B pacTBOpE 3aMETHOM omajecieHuy. Jlan-
HBIC OTIBITA 3aHECUTE B TAONIUILY 4.

Ta6numa 4. Jlanaeie onbiTa Ne 1

No Yucno Yucno Yucno Konuen- Bpewms CxopocTb
HpoGHpKi Karejb Karejb Karejiab Tpanus T, Peaknmn
Na,S,0; H,O H,SO, Na,S,0; CCK 1/t
1 10 0 1 KauecTBeHHas peakius
2 5 10 1 1C
3 10 5 1 2C
4 15 0 1 3C

OmnbiT Ne 2. CMeieHHe XMMHUY€CKOT0 PABHOBECHSI 00PATUMBIX PeaKIIuii.

B derbipe xoHmueckue nmpoOupku BHecute mo S5 kamenb 0,0025 H pacTBOpa
xsopuna xenesa (I11) FeCl; u mo 5 xanens 0,0025 # pacTBOpa THOLMAaHATA (POTAHU-
na) kamusi KSCN. PacTBopbl TIIATENBHO NEpEMENIATe U TMOCTABHTE B IITATHB.
Hanumure ypaBHEHHE pEaKLMH:

FeCl; + 3KSCN « Fe(SCN); + 3KCI.

[TpoOupky Ne 1 ¢ momydyeHHBIM PacTBOPOM (KOHTPOJIb) COXpPAHUTE ISl CpaB-
HEHUA C pe3ysbTatamu onbIToB (mpodupku Ne 2, 3, 4). B octanbHble poOUpKH J10-
0aBbTE CINEAYIOINE PEAKTUBBI: B TPOOUpPKY Ne 2 — 1 Kariio HachIEHHOTO PacTBOpa
xsopuaa xkenesa (I11), Ne 3 — 1 kammo HACBIIIEHHOTO pacTBOpa THOLIMAHATA KaJus,
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Ne 4 — 1 xarmto HachleHHOTO pacTBopa xjopuaa kanus KCl. CpaBHUTE HHTEHCHB-
HOCTb OKPACKH IIOJyYE€HHBIX PACTBOPOB C MHTEHCHUBHOCTBIO OKPACKU KOHTPOJIBHOIO
pacTtBopa.

OmnbiT Ne 3. Bunsinue TeMnepatrypbl HA CKOPOCTh XUMHYECKOM pPeaKkIum.

B ocHOBe ombITa JIEKUAT Ta )KE PEaKIUs, YTO U B OIBITE 1:

Na,S,0; + H,SO, = Na,SO, + H,0 + SO, + S{.

Haneiite B cTakansl Ha 1/2 BBICOTHI BOAY: B NIEPBBIN CTaKaH — BOAOIPOBOIHYIO,
BO BTOPO#l — CMECh BOJIONIPOBOIHOM | ropsiueii (Temiieparypa 1okHa 06Tk Ha 10 °C
BBIIIIC, YEM B TIEPBOM CTaKaHe), B TPETHI — ropsayio (Temmeparypa Ha 10 °C Bire,
YeM BO BTOPOM CTaKaHe).

B tpu npobupku Habepure no 10 kanens 1 H pacTBOpa THOCYNIb(aTa HATPUS U
OITyCTHUTE 10 OJJHOU B CTAKAHBI.

W3meppTe Temneparypy B crakaHax. He BeIHMMast IpoOUpKY ¢ THOCYIb(HATOM,
no6aBbTe B Hee | Karuio 2 H CepHOM KUCIOThI U U3MEPHTE BPEMSI 110 CEKYHJIOMEPY OT
MOMEHTa J10OaBJIE€HUSI KHUCIOTHI J0 MOSBICHUS JIerko omanecueHuuu. IloBropure
OMBITHI C PACTBOPOM THOCYJIb(aTa U CEPHON KUCIOTOW MPHU JBYX APYTUX TEMIIEpaTy-
pax. [IponsBenure OTCUET BPEMEHHU PEAKLUU 10 CEKYHIOMEPY, KaK U B IIEPBOM CIIy-
yae. Pe3ynbrarsl HaOMI0I€HUH BHECUTE B TAOIUILY 5.

Tabnuua 5. BiusitHue temneparypbl Ha CKOPOCTh PEAKIMH

Ne nabmone- | Temnepaty- | Bpems teyenns peakuun | CKOpOCTh peakiuu
HUSI paombita, °C | 10 ceKyHmOMEDY, T (C) | U, =1/T, yci. en.
1
2
3

OnbIT Ne 4. BinsiHue KaTAIM3aTOPa HA CKOPOCTh XUMHUYECKOI peakumnu.

[Ipouecc nmporekaer npu KOMHATHOM TEMIIEPATYype MEIJICHHO. Y CKOPSIIOT 3Ty
peakiuo noHbl maprania (I1).

B n1Be npoOHpKM MOMECTUTE HECKOJIBKO Kaleilb pacTBOpA EPMaHTaHaTa Kaaus
KMnQO,, 1M pactBopa maseneBoii H,C,04 u ceproit kucnotsl H;SO,4. B oqHy 13 HEX
OpocwkTe kpuctauik cynbdara mapranma (II) MnSO,4. Uepes HekoTopoe Bpems OT-
METhTE€ HM3MEHEHHUE OKpPACKH PacTBOpPOB B MpoOupkax. CraenmaidiTe BBIBOJ O POJIU
MnSO,. Hanummrte ypaBHEeHHE peakinu.

2KMnQO, + 5H,C,0, + 3H,S0, = 2MnSO, + K,SO, + 10CO, + 8H,0.

AJroputm 00padoTKH IKCHEPUMEHTAJIbHBIX TaHHBIX.

OmnbiT 1. Ha ocHOBaHWU 3KCMEPUMEHTANBHBIX JTAHHBIX 3aIMOJHUTE TaOJHUIIBI.
Haueptute rpadux 3aBUCHMOCTH CKOPOCTH pEaKLUMU OT KOHIEHTPALMU OJHOTO U3
pearupyromux BemectB. Ha ocu aGciuce oTnoxuTe B ONpeesieHHOM MaciiTade oT-
HOCHUTEJIbHbIE KOHIIEHTPAIMKM THOCYNIb(aTa HATpUs, HA OCH OpJUHAT — COOTBETCTBY-
IOIME UM CKOPOCTH.

OnwIT 2. 3anumure cBou HaOmoaeHus. Hanuimmre KuHeTHUeCKne ypaBHEHUS
IUTSl IPSIMOM M 0OpaTHOM peaklMii U BhIpaXKEHUE KOHCTAHThI PAaBHOBECHSI.

B onbiTe 3 HeoOxonumo 3auKCHpOBaTH BpeMs MOSABICHHS OMNAaJECHEHIIUU
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pacTBopa MpU Pa3IUYHBIX TEMIEpaTypax, HO OJMHAKOBBIX KOHIIEHTpAlUAX pearu-
PYIOLIMX BEILIECTB.

B omnbITe 4 noKka3zaHO BIMSHUE KaTAJIM3aTOPA HA CKOPOCTh PEAKIIMKU HA MpPHUME-
P€ BOCCTAHOBJICHUS IIEPMAHIaHATA KaJIUs.

CpaBHUTEJIBbHBIN AHAJN3 Pe3yJIbTATOB IKCIIEPHUMEHTA.

OmnbiT 1. ChopmynupyiiTe U HAUIIUTE BIMSIHUE KOHIEHTPAIIMU HA XOJ peaK-
1M1 (3aKOH JACHCTBHS Mace).

OnbiT 2. OTBeTHTE Ha cIeayromue Bonpockl: 1. Kakue BemecTBa HaXoasaTCs B
HCCIIETyEMOM pacTBOpPE B COCTOSIHMM paBHOBecHsi? 2. Kakoe BelecTBO MpuaaceT pac-
TBOPY KpOBaBO-KpacHyt0 okpacky? 3. Kak u3MeHsieTcs MHTEHCUBHOCTh OKPACKHU pac-
TBOpA, U B KaKOM HAIPaBJICHUU CMENIAETCS PAaBHOBECUE JAaHHOW paBHOBECHOW CH-
CTeMBI TIpH J00aBlieHNN W30bITKA: a) xjopuaa xene3a (I11); 6) Tmormanara (pomanu-
71a) KaJlvs; B) XJIOpUAa Kanus?

ChopmynupyiiTe 1 HaUIIUTE BBIBOJI B COOTBETCTBUU ¢ npuHiunom Jle Ila-
TEIbE.

OmnbiT 3. BiusiHre pa3anyHON TEMIIEpaTypbl HA CKOPOCTh XUMUYECKOU peaK-
nuu. [Ipasuno Bant-T'ododa.

OnbiT 4. CpaBHEeHUE MPOTEKAHUS PEAKIIMK a IPUCYTCTBUM KaTaluzaTopa, 0e3
KaTajau3aropa.

BoiBoa: (GakTophl, KOTOpHIE OKa3bIBAIOT BIUSHUE HA CKOPOCTh XUMHUYECKOMN
peaKIuu, BIMSHUE KOHLIEHTPAIIMKU Ha CABUT XMMUYECKOTO PABHOBECHS.

TpeOoBaHusi K TexHUKe 0€30MACHOCTH NPHU BBINOJHEHNUH J1A00OPATOPHOU
padoTtsl. Ilepes BoimoaHEHHEM PA0OTHI CIEAYET 03HAKOMUTHCS ¢ METOAUKON TTPOBE-
JICHUSI SKCIIEPUMEHTA, MOHATH 11eJIb uccienoBanus. K paboTe cienyer mpuctynaTh
TOJBKO TIOCJIE paspelieHus npenojapatens. HeoOXoauMo MOMHUTE O TOKCUYHOCTHU
MHOTHUX COJIel (OCOOCHHO COJIeH «TSDKEIIBIX» METAJIOB — MEJIU, [IUHKA, KaJIMUs, PTY-
TH, CBHHIIA, 0JioBa). [Ipu momaganuy Ha pyKd pacTBOPOB COJICH U B KOHIE PabOTHI
HE0OXOJMMO TIIATEIHHO BBIMBITh PYKU. DKCIIEPUMEHT CJEAYET MPOBOJIUTH B YMCTHIX
MpoOUpKax, MPEIBAPUTEITHLHO BBIMBITHIX JTHUCTUUTMPOBAHHON BOJOW, HE 3arpOMOXK-
7aTh CBOE paboyee MECTO MUCHhbMEHHBIMHU MPHUHAIICKHOCTIMHU. PeakTuBbI clieayer
HCIIOJIB30BaTh 10 OMMCAHHON METOIUKE.

3amaHus 11 CAaMOCTOSATEILHON PadoThI:

1. Cpopmynupyiite 3aKoH AeicTByromux Macc u npuniun Jle [larense?

2. JlaiiTe onpeaeneHue TOMOTEHHBIX U T€TEPOTEHHBIX XUMUYECKUX PEAKITUI?

3. Kak moBnusier kaTanm3aTop Ha COCTOSHHE PaBHOBECHUS OOpATHMOW peak-
oaun?

YueoHnas aureparypa: [1, c. 174-204], [2, c. 239-289], [3, c. 17-27].

JlaGopaTopHasi padora Ne 6
IIpuroroBieHne U onpeae/ieHNe KOHIEHTPAIUM PACTBOPOB
Hean nadoparopHoii padotbl: [IpnoOpecTn HaBBIKK MPUTOTOBJICHUS PACTBO-
POB Pa3IMYHON KOHLEHTPALIMHU U3 CYXOM COJIM U YMEHHS U3MEPATH IJIOTHOCTh MONY-
YEHHBIX PAaCTBOPOB apEOMETPOM, YMEHHS UCTOJIb30BATh TEOPETUUECKHUE 3HAHUS, T10-
JyYEHHBIE Ha JICKIIUU MPU PEIIEHUN MPAKTHUYECKUX 3aJ]lay; CPAaBHUBAThH dKCIIEPUMEH-
TaJbHBIC 3HAHUS C TEOPETUYECKUMH BEJIMUYMHAMHU, aHATTU3UPOBATh, 1€7IaTh BHIBOJIBI.
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[lnan npoBeneHUs: 3aHATHS:

— OpraHu3alMOHHAs YacTh;

— TeopeTUYecKas 4acTh (PacTBOPHI, CIIOCOOBI BBIPAXKEHUSI KOHIIEHTPAIUU pac-
TBOPOB, MPUMEPHI PEIICHUS 3a]1a4 C pa3IMYHON KOHIICHTpaLUen);

— DKCIIEpPUMEHTAJIbHAS YacTh;

— 00CYyX/IeHHE IKCTIEPUMEHTAIbHBIX JIaHHBIX;

— TEMATUYECKOE TECTUPOBAHUE IO TEME;

— uToT 1abOpPaTOPHOM pabOTHI.

IIpubGopbl U peaKTUBBI: AHATUTUYECKHUE BECHI, HAOOP apEOMETPOB, MEH3YPKHU
(950, 25, 15, 10), xon6a xoumueckas 50 mur, 100 mi1, kKoi0a MIOCKOAOHHAS BMECTH-
MocThio 200-250 mut, Boponku 30—40 mn, wacoBoe ctekio, crakanbl 50-100 Mo,
XJIOPUI HATPHSl, €AKUHN HATP (KPUCTAJUTMUECKUE).

Teoperuueckoe BBeeHUE:

PactBOpBI OTHOCSTCS K AUCTIEpCHBIM cucTeMaM. CUCTEMBbI, MOTy4eHHBIE B pe-
3yJbTaTe pacHpeiesieHus: OJTHOTO BEIIECTBA B BUJIE MEJIKUX YACTHI] B APYTOM, Ha3bl-
BAIOTCSl UCIIEPCHBIMU. BeliecTBo, KOTOpoe pachpenemnsieTcsi, Ha3bIBaeTCsl JUCIepC-
HOI (pa3oi, a BEIIECTBO, B KOTOPOM pacmpeensieTcss JucnepcHas ¢asa, Ha3bIBaeTCs
JTUCTIEPCUOHHOM CPEJIOi HIIK PaCTBOPUTEIIEM.

JlucniepcHble CUCTEMBI ACNATCS Ha TPU TPYIIbBL: TpyOoArCIepCHbIE (B3BECH),
KOJUIOUJIHBIE U WMCTUHHBIE PacTBOPHI. MICTUHHBIMU pacTBOpaMu Ha3bIBAIOTCS T'OMO-
reHHbIE (OJTHOPOJIHBIC) CUCTEMBI, COCTOSIIIUE U3 JIBYX U 00Jiee KOMIIOHEHTOB U MPO-
TYKTOB MIX B3aUMOJICHCTBHS.

CopepikaHrue pacTBOPEHHOTO BEIIECTBA B PACTBOPE MOXKET OBITh BHIPAKEHO
60 Oe3pa3sMEepHBIMH €IWHUIIAMH — JOJSMHU WJIA MPOICHTAMH, OO0 BEIMYMHAMHM
pa3MepHBIMU — KOHIICHTPAIIUSIMH.

Huxe npuBeaeHsl Hanboliee 4acTo ynoTpeOssieMble B XMMUHM CIIOCOOBI BbIpa-
KEHUS COJIEPKAHUSI PACTBOPEHHOTO BEIIIECTBA B PACTBOPE.

MaccoBasi 1011 (W) — 3TO MPOIEHTHOE OTHOIIEHHUE MACChl PaCTBOPEHHOTO
BEIIIECTBA K O0IIei Macce pacTBOpa; BhIpaXKaeTCs B MPOIICHTAX:

o= (mB_BA/ mp_pA) - 100 [%], OTCIOAAa M.ga = ® - M p_pA/ 100 [F]

MoJibHasi 10JI1 — 3TO OTHOIIEHUE KOJMYECTBA PACTBOPEHHOI'O BEIIECTBA K
CyMMe€ KOJIMYECTBA BCEX BEIIECTB, HAXOIAIIUXCS B PACTBOPE.

N, = n1/ (nl + nz);
N2=n,/ (N1 +N2), a ngga = Mp.ga/ Mp.ga [MOIIB],

r7ie Ny — KOJIMYECTBO PACTBOPUTENS, MOJIb; N, — KOJTMYECTBO PACTBOPEHHOTO
BEIIIECTBA, MOJIb.

MoJisipHasi KOHIEHTPAus I MOJAPHOCTH (Cy uiim M) — 3TO OTHOIIIEHUE
KOJIMYECTBA PACTBOPECHHOTO BEIIECTBA K 00bEMY PacTBOPA; BRIPAXKACTCS B MOJIB/JI:

Cwm = Ngga / Vepa; Cyvi = Mp.ga/ Mpga * Viopa;

rae V — o0bsEM pactBopa, JI; V = Mppa / p; P — ITIOTHOCTH PaCTBOPA, T/MII.

MoasiibHasi KOHIEHTPAIMSA WIH MOJSIbHOCTD (C,, IIIM M) — 3TO OTHOIIIE-
HUE KOJMYECTBA PACTBOPEHHOIO BEIIECTBA K MAacC€ PACTBOPUTEIIS; BBIPAKACTCS B
MOJIB/KT":

Cn= N p-a! Mp_jig; Con = Mp_pa * 1000 / Mp_ga * Mp_g (H20).
MoJisipHasi KOHIIEHTPANMs IKBHBAJIEHTOB MM HOpMaiabHOCTh (Cy wim
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N) — 9T0 OTHOIIIEHHE YKCIIa SKBHBAJICHTOB PACTBOPEHHOTO BEIIECTBA K 00BEMY pac-
TBOPA; BBIPAXKAETCS B MOJIb * KB /J1 WIH H.:
CH =Ny B-BA/ Vp_pA [MOHB * OKB /J]], CH = mB_BA/ MBKB.B_BA 'V [H]

Turp (MaccoBas KOHIICHTpAIIUs) — Macca B rpaMMax pacTBOPEHHOTO BEIIECTBA
coziepakaierocst B 1 Mi1 pacTBopa; BbIpaskaeTcs B I /MII:

T =mgpa/ Vppa; T=Cq- Maks. / 1000 [r/mi]; T = Cy - M/ 1000 [r/mi].

JIns mpUrOTOBIIEHHS] PACTBOPOB OINPEAEIECHHON KOHILIEHTPALMH, 1JI1 TOYHOTO
U3MEPEHHsI 00BEMOB MPUMEHSIOT MEPHYIO NIOCYy: MEPHBIE KOJIObI, TUIETKH U OrO-
PETKU.

Mepnbie K0IObI — TOHKOCTEHHBIE MJIOCKOJIOHHBIE COCY/bI C JJIUHHBIM y3KHUM
ropJOM, Ha KOTOPOM HaHECEHa Kpyrosas (KoJiblieBasi) MeTka. Ha kaxxoi konde nme-
eTCsl KJIeiMO, Ha KOTOPOM yKa3aHa €MKOCTh M TeMIepaTypa, Mpu KOTOPOU Kojiba oT-
kanmuOpoBana. Komba momKHA MIIOTHO 3aKPBIBATHCS IPOOKOH (pUCYHOK 3).

[TuneTky UCHOIB3YIOT 1711 0TOOpa OIPEIETIEHHOT0 00beMa pacTBOpa.

[Tunetkn Mopa npeacTaBisitoT coOOM CTEKIISIHHbIE TPYOKH C paclIUpEeHHUEM
nocepenrHe. HukHMI KOHEN OTTAHYT B KalWLISAP, @ HA BEPXHUW HAHECEHa KOJIbLie-
Bas METKa, [0 KOTOPOIl yCTaHaBIMBAIOT TOUYHbINM 00beM. Ha muneTke ykazaH HOMU-
HaJbHBIA 00BEM U TeMIiepaTypa, Ipu KOTOPOU MPOBOAMIN KaTHMOPOBKY MEPHOM Mu-
NeTKU (HaHeceHHe KoiblieBoM MeTkH). [IInpoKo MpUMEHSIOT TaKke rpalyipoBaHHbIE
IIUIIETKY Pa3INYHON BMECTUMOCTH, Ha HapY>KHOM CTEHKE KOTOPBIX HAHECEHBI JEJIe-
HuA (TpagyupoBka). JJisd 3amoaHeHus] TUNETKA HUKHUN KOHEI] €€ OMYCKaloT B KU -
KOCTh M BTSATHBAIOT MOCJEIHIOI MPU MOMOIIM IFPYLIM WM CHEUAIBHOIO MPHUCIIO-
cobisienus. JKuJkocTh HAOUpPaIOT TakK, YTOOBI OHA MOAHSIACH HA 1—2 CM BBIIIE METKH,
3aTeM OBICTPO 3aKPBIBAIOT BEPXHEE OTBEPCTHE, YKA3ATEJIbHBIM NaJbIEM NPABOU py-
KM, TIPUJIEPKUBAsE B TO K€ BpeMs MUIETKY OOJbIIMM M CPEHUM MHalbllaMHU. 3aTEM
OCJIa0JISIIOT HAKMM YKa3aTeJIbHOTO Majblia, B pe3yJbTaTe Yero KUJIKOCTb OyAeT Me-
JICHHO BBITE€KATh W3 IUIETKA. B TOT MOMEHT, Korja HM)KHUN Kpah MeHHcKa (ypo-
BEHb) KHUJKOCTU OKaXETCS HAa OJHOM YpOBHE C METKOM, Majer CHOBa MPUKUMAIOT.
BBens nunetky B cocyn, yOMparoT yKa3aTeJabHbIN Majel u JatoT KUAKOCTH CTeUb IO
cTeHke cocyna. [locie Toro, Kak >KMIKOCTb BBITEUYET MOJHOCTBIO, MUIIETKY €IIe 5 CeK,
IIPUCJIOHUB KallWJUIAP K CTEHKE COCYJa, CIIETKAa IOBOPAYMBAaOT BOKPYT ocu. Hemnb3s
BBIJIYBaTh PACTBOP M3 IUIIETKH, TaK KaK PU 3TOM HapyIIaeTCs TOYHOCTh U3MEPEHUS
o0Bbema.

bropeTku NMpUMEHSIOT AJI1 U3MEPEHUs TOUYHBIX OOBEMOB IMPU TUTPOBAHUHU U
T. O.

OObemMHbIE OIOPETKH — 3TO CTEKJIIHHBIE TPYOKHU C HECKOJIBKO OTTSHYTHIM HUXK-
HUM KOHIIOM WJIM CHaO>XeHHBbIM KpaHoM. Ha HapyXHOW cTeHke Mo Bcell ayinHe Oto-
PETKU HaHeceHa TPaIyHpOBKa, [IeHa GOJBIIOro JAeiaeHns pasHa 1 M1 wm lem®, a ue-
Ha camoro manenbkoro aenenus — 0,1 mu. K oTTssHyroMy KOHIly O€cKpaHOBOW Mu-
NETKH C MOMOUIbIO PE3UHOBOM TPYOKH, B KOTOPYIO 3aKJIaJbIBAIOT CTEKJISHHYIO OY-
CUHKY, IIPUCOEIHHSIOT MMUIIETKY. BIOPETKY 3aIlONHSIOT KUIKOCTBIO YEPE3 BOPOHKY.
3areM OTKpPBIBAIOT KpaH WIM 3a)KUM, YTOOBI 3alOJHUTh PacTBOpOM mumetky. llpu
3TOM YPOBEHb JKUIKOCTH B OIOPETKE YCTaHABIMBAIOT HECKOJIBKO BBILIE HYJIEBOTO Je-
JICHUS LIKajbl OIOPETKHU, U OCTOPOKHO MPHUOTKPHIBAs 3a)KUM, YCTAHABIMBAIOT ypO-
BEHb JKUJIKOCTH (HIKHHI Kpail MEHUCKA) Ha HyJieBoe AeneHue. Kaxaoe TurpoBanue
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CJIeIyeT HauYMHATh TOJBKO MOCJE YCTAaHOBJICHHS YPOBHS pacTBOpa B OIOpETKE HA HY-
JieBOE JiefieHre (Ha HyJIe).
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Pucynox 3 — Mepnas nocyza (a — MmepHas KoJoa; 6- HHHé’kaI; B — OIOpeTKa)

JI71st MeHee TOYHOTO U3MEpPEHUsT 00BEMOB KUIAKOCTH UCIOJIb3YIOT UUIUHAPHI U
MEH3YpKH (PUCYHOK 4).

Pucynok 4 — MepHble UUITUHIPBI U MEH3YPKA

AJITOPUTM NpPOBeJIeHHUS IKCIIEPUMEHTA:

OmnbiT Ne 1. IlpuroroB/ieHne pacTBOPa XJIOPUAA HATPHSA.

[TomyuuTe 3amaHue y mpenojgaBaTesisi: IPUrOTOBUTh PACTBOP XJIOPUAA HATPHUS
3aJIaHHON KOHIICHTPAIUU: HEOOXOAMMO PacCUYUTATh Maccy coiu (Mppa) U MacCy BO-
A6l (Mp_ji5) JUTS IPUTOTOBJICHUS JaHHOM Macchl pacTBopa xjopuaa Hatpus NaCl ¢ 3a-
JTAHHOW MAaCCOBOM JIOJIEW BEIIECTBA, OINPEACIUTh C TOMOIIBIO apEOMETPa TNIOTHOCTh
pacTBOpa XJOpHJAa HATPHUS W MACCOBYHO JIOJIK0O B HEM PACTBOPEHHOTO BEIIECTBA,
IJIOTHOCTH BOABI paBHa | /Mil, TO 1O aOCOJIFOTHOM BEJIMYMHE Macca U 00bEM BOJIbI
PaBHBI.

OmnbiT Ne 2. U3mepeHue IJIOTHOCTH PacTBOpA.

[IpyHIMO OEeWCTBUSA apeoMeTpa OCHOBAaH HAa NMPUMEHEHUH 3aKOHAa ApXHMEZa.
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CornacHo 3aKOHY, CUJIa TSXKECTH, MPUBOJISIIAS K MOTPYKEHUIO0 apeoMeTpa B pacTBOp,
YPaBHOBEIIMBAETCS BHITAIIKMBAIOIIEH CUJIONW PaBHOM Macce pacTBOpa BHITECHEHHOIO
apeoMmeTpoM. ApeoMeTp (PHCYHOK 5) TpEACTaBIsCT COOOH CTEKISHHYIO TPYOKYy,
pacuiMpeHHasi (HHXKHSAS) 4acTh KOTOPOM 3arojiHeHa OalllaCTOM — YMCTOM M CyXOil
METaNINYeCKON IPoObI0, 3AIUTON CIIOEM CMOJIBI C TEMIIEPATypOM TUIaBJICHUS HE HU-
ke 80 °C. Ha y3Kkyio (BepXHIO) YacTh HAHECEHA IIKANa, OTrPaLyHpOBAHHAS B CIIH-
HUIAX MJIOTHOCTU. OTCUYET MIOTHOCTU C MOMOIIIBIO apeoMeTpa MPOBOJIAT MO MOKa3a-
HUIO MIKaJIbI, KOTOPOE HAXOJWTCS HAa OJTHOM YPOBHE C HIDKHUM KpaeM BOTHYTOM ITO-
BEPXHOCTU (MEHHCKA). 3HAYEHUE TUIOTHOCTU UCCIIEIYEMBIX PACTBOPOB C TOYHOCTHIO
10 0,001 /M HimH r/cM® He0OXO0MMO 3aHECTH B 1a00PATOPHBIH KYPHAIL.
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Pucynok 5 — ApeoMeTp U OTCYET T10 €ro IIKaje
[110THOCTH BOJHBIX PACTBOPOB XJIOPUJA HATPUS MPUBEACHA B TaOIHIIE 6.

Tabnuua 6. IITIOTHOCTH U MPOLICHTHOE COAEPKAHUE PACTBOPOB XJIOPHJIa HATPUS

[TnotHOCTE * 10'3, KF/MB, IInorHOCTE * 10'3, KF/MS,

KOHHeH;pa' NPU TEMIEpaType  |KowmenTpammus, %|  TIPH TeMIepatype
HH, 7o 10°C 20°C 10°C 20°C

1 1,0071 1,0053 14 1,1049 1,1008

2 1,0144 1,0125 15 1,1127 1,1065

3 1,0218 1,0196 16 1,1206 1,1162

4 1,0292 1,0268 17 1,1285 1,1241

5 1,0366 1,0340 18 1,1364 1,1319

6 1,0441 1,0413 19 1,1445 1,1398

7 1,0516 1,0486 20 1,1525 1,1478

8 1,0591 1,0559 21 1,1607 1,1559

9 1,0666 1,0633 22 1,1689 1,1639

35




[ImotHOCTE * 10'3, KF/M3, [I;moTHOCTH * 10'3, Kr/MS,
KOHHeHOTpa' NPU TeMIIEpaType  |KowuenTpauus, %|  TIPH TeMIepatype
s, %o 10°C 20°C 10°C 20°C
10 1,0742 1,0707 23 1,1772 1,1722
11 1,0819 1,0782 24 1,1856 1,1804
12 1,0895 1,0857 25 1,1940 1,1888
13 1,0972 1,0933 26 1,2025 1,1972

AJIropuT™M 00padOTKM IKCIEPUMEHTAIbHBIX TAHHBIX

Hcnonb3ysi TEOPETUUECKYIO TIIOTHOCTh HEOOXOJUMO CHAENaTh pacuyeT MOJsp-
HOW, MOJISUIbHOM, HOPMAJIbBHOW KOHIIEHTPALMKU U TUTPA.

CpaBHUTEJbHBII aHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

AOCOIOTHOM MOTPEMIHOCTHI0O A Ha3bIBaeTCsl aOCOJIIOTHAST BEJIMUMHA PAa3HOCTH
MEX]ly TaOJIMYHOE 3HAYCHHE IUIOTHOCTH — X U €ro 3HA4Ye€HUEM, KOTOPOE HU3MEPEHO
apeoMeTpoM — a:

A=|x—-a.

OmnpeneneHrne OTHOCUTEIBHOM € MOTPEUTHOCTH: OTHOIIEHHUE aOCOJTIOTHOM IO-
IPEIIHOCTH K TaOJIMYHOMY 3HAUYECHUIO TUIOTHOCTH:

e=A/lX.

BbiBoA: B JlaHHOW pa0OTe HAYYWIHCH apeOMETPOM OMNPENENsATh IIOTHOCTh
MIPUTOTOBJIICHHOTO PACTBOPA, & TAKXKE MPOJOJLKUINA Pa3BUBATh HABBIKM MaTeMaTHyYe-
CKO 00pabOTKHU IKCTIEPUMEHTAX JAHHBIX, IIPU PacyeTe pa3IuYHbIX KOHIICHTPAIUH.

TpeOoBaHusi K TexHUKe 0€30MACHOCTH NPHU BBINOJHEHUH J1A00OPATOPHOU
paborbl: Ilepen BeimogHEHHEM pabOTHI CIEAYET O3HAKOMUTHCA C METOAMKOM MpoBe-
JICHUSI DKCTIEPUMEHTA, MOHATH 1eJb uccienoBanus. K pabote HEOOXOIUMO MPUCTY-
MaTh TOJBKO TMOCJIE pa3pelleHus npenojaBarens. PaboraTh HEOOXOAMMO aKKypaTHO,
MPaBUJIBHO OCYIIECTBIISATHh B3BEIIMBAHUE HA aHAIMUTHUUYECKUX BECaX, apeoOMETpP HEO0O-
XOJIUMO TOTPY>KaTh B PACTBOP OCTOPOKHO, MO CTEHOYKE LIMJIUH]IPA.

3ajanus Qs CaMOCTOSITEILHOM PadOThI:

1.Yto Takoe pactBop? IlpuBeauTe mpumepsl KUIKOTO, Ta3000pa3HOTO U TBEP-
JI0OT0 pacTBOpA.

2. Kak u3aMepsIoT mI0THOCTh pacTBopa?

3. Kakue criocoObI BeIpakeHUsI KOHIIEHTpAIUU pacTBOpoB Brl 3HaeTe?

4. BplurciIUTEe TUTP, HOPMAIBHOCTh U MOJISIPHOCTh PACTBOPOB CEPHOM KUCIIO-
THI CIEAYIOIIUX KOHIIeHTpauuii: a) 34 %; 0) 70 %; B) 96 %.

5. Ha tutpoBanue 10 miu 0,122 H pacTBOpa kaycTHka mouuio 12,2 M pactBopa
COJITHOM KUCIIOTHI. OnpenennuTe HOpMaJIbHYH0 KOHIEHTPAIUIO KUCIOTHI.

Yueonas aureparypa: [1, c. 217-233]; [2, c. 417-428]; [3, c. 64-70].

JlaGopaTopuasi padora Ne 7
IIpoBeneHue HeOOPATUMBIX U 00PATHUMBIX HOHOOOMEHHBIX PeaKUMil B BOAHBIX
pacrBopax. U3yueHune BIMSAHUA YCJIOBUM B3aUMOACHCTBHS HA COCTOSIHME PaB-
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HOBeCHSI B MOHOOOMEHHBIX peaKkIUusixX

Heas nadopaTtopHoii padoThl: MPUOOPECTH HABBIKUM COCTABIEHUS MOJIEKY-
JSIPHBIX W HUOHHBIX YpPaBHEHUW B pPacTBOpaxX JJIEKTPOJIMTOB, YMEHHUS OIPEICINSTh
HaIpaBJIeHUE CMEIIECHUS] XUMUYECKOT0 PaBHOBECHS, YMEHUSI PACO3HABATh peakluu
HEUTpan3aluu.

Ilnan npoBeneHust 3aHATHS:

— OpraHu3alMOHHAs YacTh;

— TEOPETUYECKAS YaCTh (IJIEKTPOIHUTHI CUIIBHBIC U CITA0BIC, DIEKTPOIUTHICCKAS
TUCCOIHMAIIHS, OTIPEIETCHUS M KOJUYCCTBEHHBIC XapaKTEPUCTUKHU CIIA0BIX 3JIEKTPO-
JUTOB, BIMSIHUE OJJHOMMEHHBIX MOHOB Ha CJIBUT XHMHYECKOTO PABHOBECHS);

— DKCIIEpUMEHTAJIbHAS YaCTh;

— 00CYXICHHE IKCTICPUMEHTATBHBIX JIaHHBIX;

— TEMaTHYECKOE TECTUPOBAHHUE IO TEME;

— UTOT J1abOPaTOPHOM PabOTHI.

IIpubGopbl U peakTUBBI: IITATUB C MPOOUPKAMU, HAOOpP WHIUKATOPOB, COJIS-
Has kucnota (24, 0,141, 0,5H), ykcycHas kucnota (2H, 0.1H), pactBop ammuaxa (0,11),
cuinkara Harpus (0,5H), xaopuaa ammonus (0,5H), kapoonat HaTpus (2H), CyabhuUI
aMMOHUS (2H), KPUCTAJUTMYECKHUE alleTaT HATPUS, XJIOPHUJT AMMOHHUSI, XJIOPUJI, XJIOPU]T
maruus (0,5H), Hutpar amomunus(0,5H), cunukat Hatpus (0,5H), cynbdar HuUKes
(0,5n), cynbdat muaka (0,51H).

Teopernueckoe BBeIeHUE:

[To crtocoGHOCTH TIPOBOAUTH ANEKTPUUCCKUI TOK B BOJHOM PAaCTBOPE HIIH pac-
IJIaBe BEIIECTBA JEIATCSA Ha JJCKTPOJUTHI U HE JJICKTPOJUTHL. IJICKTPOIUTAMU
Ha3bIBAIOT BEIIECTBA, PACTBOPHI MJIM PACIUIABBI KOTOPHIX MPOBOJAT JICKTPUUECKHUMA
TOK.

[Ipomecc pacnaga MONEKYJT JICKTPOJIUTOB Ha HOHBI B PaCTBOPE WIIM PACILIaBe
HAa3bIBACTCA JIEKTPOJIUTHYECCKOM TUCCOLMALMEI.

HoHbl — 5TO aTOMBI WJIM TPYMIBI ATOMOB, HECYIIIHE MOJIOKUTEIBHBIM WA OT-
PULIATEIIBLHBIN 3apsi.

Jucconmarusi mporecc oOpaTuMbli M1 PaBHOBECHBIH. DTO 3HAYUT, UYTO OIHO-
BPEMEHHO HJYT JIBa MPOTHBOIOJIOKHBIX MPOIecca: pacaj MOJIEKyJl Ha HOHBI — JIUC-
comuanus 1 o0beAMHEHUE MOHOB B MOJIEKYJIbI — accoluaius. B pacTBope CHIIbHBIX
AJIIEKTPOIUTOB MpeodIIaiaeT MPOIEeCcC TUCCOIUAIIMU U PAaBHOBECHE CHIIBHO CMEIIECHO
BIIPABO, & B PacTBOPE CJIA0BIX 3JIEKTPOJIUTOB PABHOBECHE CMEIICHO BJICBO, TaK Kak
npeobiiaaeT MpoIecc acCoOUaInu:

HNO; —H" + NO; ; HNO, <> H" + NO, .

B BOIHBIX pacTBOpax OJIHU 3JICKTPOUTHI MIOJTHOCTHIO PACIIaIatoTCs Ha HOHBI,
JIPYTUE — YaCTUYHO, T. €. YaCTh MOJICKYJI 3JICKTPOJITA OCTAETCS B PACTBOPE B HEJIHC-
COIIMMPOBAHHOM BHJIE.

Uucno (o), mokaspIBarolee, Kakas 9acTh MOJIEKYJ PaCTBOPEHHOTO BEIECTBA
pacrnanach Ha MOHBI, HA3bIBACTCS CTEMEHBIO AIEKTPOIUTHICCKOM TUCCOIUAIINN.

A =(n/N) - 100 [%],

r7ie N — YUCJIO MOJIEKYJT AJIEKTPOJINTA, pachaBIuxcs Ha HoHbl; N — ob1iee unc-
JI0 MOJIEKYJT SJIEKTPOJIUTA B PACTBOPE.

B 3aBucuMOCTH OT 3HaYEHUS CTENEHU TUCCOIUAIINN DIICKTPOJIUTHI JIETSATCS Ha
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CUJIbHBIE, CJ1a0ble U JIEKTPOIUTHI CPEIHEN CUIIBL.

CuibHBIE JIEKTPOJIUTHI — 3TO JIEKTPOJIUTHI, CTENIEHBb JTUCCOIMALIMN KOTOPHIX B
0,1 M BonHoM pactBope 6odblie 30 %.

Cnalple AJIEKTPOJIUTHI — ATO JICKTPOJIUTHI, CTEMEHb JUCCOLMAIIUNA KOTOPBIX B
0,1 M BomHOM pacTBOpE MeHblie 3 %.

DJIEKTPOIUTHI, CTENEHb JUCCOLUAIIMNA KOTOPBIX JICXKUT B nipeaenax 3—30 % sB-
JIAIOTCS DJIEKTPOJIUTAMU CPETHEUN CHUJIBI.

JInst XapaKTEepUCTUKH CIIa0bIX 3JEKTPOIUTOB MPUMEHSIOT BEIUYNHY, Ha3bIBaEC-
MYIO KOHCTAaHTOM JUCCOLMALIAH.

B pactBOpax cialbIX 3JEKTPOIUTOB YCTAHABIMBACTCS TMHAMUYECKOE PABHO-
BECHE MEXy HEAUCCOIMMPOBAHHBIMUA MOJICKYJIAMH U MOHAMU, HAIIPUMED:

CH;COOH «< H" + CH5;COO..

[IprumMeHNB 3aKOH JIEVCTBUS MACC ISl ITOTO XUMUYECKOTO PaBHOBECHS, MOJY-
YHM:

K,=[H"] - [ CH;COO]/[CH;COOH].

Koncranty paBHoBecus (K) B 3ToM cilydae Ha3pIBalOT KOHCTAHTOM JHCCOIMA-
nuu. KoHcTaHTa AuccOIManuM XapaKTepu3yeT CIIOCOOHOCTh JJICKTPOJIMTa paciia-
JaThCsd Ha WOHBI. YeM Ooibllle 3HAYCHHE KOHCTAHTHI JMCCOILIMAIIMU, TEM CHJIBHEE
AJICKTPOJIUT, TEM JIeT4e AJICKTPOJIMT paclaacTcs Ha MOHBI, M TeM OOJbIIE HOHOB B
€ro pacTBope.

3akoH pazbaBiienusi OCTBaIbJa OCYIIECTBISIET CBS3h MEXKAY CTEIECHBIO U KOH-
CTAHTOM OUCCOIUAINN:

K=0’Cy/ (1- o),

rae C, — MoJIIpHasi KOHIEHTPALUSI 3JIEKTPOJIUTA, MOJIb/JI.

Ecnu crenens aucconuanyy 3HAYUTEIIBHO MEHBIIE €UHULIBI, TO TIPU MPUOITHU-
YKCHHBIX BBIYHCIICHUSAX MOXHO NPUHATH, 4TO 1 — o ~ 1. Torma BeIpaxkeHHE 3aKOHA
pa3z0aBiieHUs YIIPOIIAETCS:

K = a’C,, OTKyJa o, = VK/C,,

B pacTBOopax MHOTOOCHOBHBIX KHMCJIOT, @ TaKK€ OCHOBaHHWM, COJIEpKAIMX He-
CKOJIbKO THAPOKCUJIBHBIX TPYIIN, YCTAHABIUBAIOTCSA CTYyIIEHYAThIE paBHOBECHUSI, OTBE-
YaIoIKe MOCIEIOBATEeIbHBIM CTAIMAM Jaucconanuu. Tak, guccoranus oprodoc-
(hOpHOM KUCIIOTHI MPOTEKAET B TPH CTYNCHHU:

I cr. HsPO, & H + H,PO, K =7,5107,

Il ct. H,PO, - H' + HPO,” K, =6,3-107,

[l ct. HPO,” & H +PO,> Ky =1,3-10",

Kak/1asi, U3 KOTOPBhIX OTBEYAET OMPEICIICHHOE 3HAUCHUE KOHCTAHTHI JUCCOIIUAIIVH.
ITockonbky K; >> K, >> K3, To B HauOoJIbllIei CTEEHU MPOTEKAET AUCCOIMAIIUS TI0
MepBOM CTYIECHH, a MPHU MEPEXOJe K KKIOU MOCIeayIOeld CTYIIEH! CTeIeHb JTUCCO-
[UAIMN PE3KO YMEHBIIIAETCS. ITO OOBACHSIETCS TEM, UTO DHEPTrus, KOTopas HeoOXo-
IIUMa 11 OTPhIBA MOHA H" wiu OH ot HEUTPaAIbHOM MOJIEKYJIbI KUCJIOTHI UM OCHO-
BaHMs, MUHMMaJIbHA. [Ipy Aucconmanuy no cieayroumend CTyleH!n SHEPrus yBEeIuYu-
BAaeTCs, TaK KaK OTPHIB MOHOB IMPOHUCXOJIUT OT MPOTUBOIIOJOKHO 3apsHKEHHBIX 4a-
CTHII.

Peakiuu B pacTBOpax 3JEKTPOJUTOB, IIPU KOTOPHIX HE MPOUCXOAUT U3MEHEHUE
3apsiia MIOHOB, HA3bIBAIOTCS HMOHOOOMEHHBIMHM peakiusMu. OOMEHHBIE PEaKIUH B
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PacTBOpPAX ANEKTPOIUTOB MPOTEKAOT B HANIPABJICHUM CBS3BIBAHHS MOHOB, MTPUBOJIS-
Iero K 00pa30BaHUIO0 MaJOPACTBOPUMBIX WMJIM JIETYYMX BEIIECTB, MOJEKYJ CIa0bIX
ANEeKTPOIUTOB. CYIIHOCTH MPOTEKAIOUIUX MPOILIECCOB HAanOoJee MOJTHO BhIpa)KaeTcs
Opy 3alucu UX B (OpME MOHHO-MOJIEKYJISIPHBIX ypaBHEHUW. B Takux ypaBHEHHSIX
CUWJIbHBIE JIEKTPOJIUTHI 3alIUCHIBAIOTCS B BUJIE€ HOHOB, a CJIA0BIE DJIEKTPOJIUTHI, MaJIO-
pPacTBOPHUMBIE BEIIECTBA U COSAMHEHUS B Ta3000pa3HOM COCTOSIHUM 3alMChIBAIOTCS B
MOJIEKYJISIpHOM (popMme.

Hamnpumep,

1. BaCl;, + H,SO4 = BaSO,| + 2HCI (MmonekysipHOe ypaBHEHHE);

Ba’* + 2CI” + 2H" + SO, = BaSO, + 2H" + 2CI (monHoe HOHHO-
MOJIEKYJISIPHOE YPABHEHUE);
Ba’* + SO,* = BaSO, (COKpAIEHHOE HOHHO-MOJIEKYIISIPHOE yPaBHEHHE).

2. HCI + NaOH = NaCl + H,0 (cnalpbrit 37eKTpOIuT);

H"+ClI + Na"+ OH =Na" + CI" + H,0;
H"+ OH = H,0.

AJITOPUTM NPOBeIeHUs IKCIIEPUMEHTA:

OmnbiT Ne 1. CMeieHHe paBHOBECHS TMCCONMANNH CIA0bIX 3JIEKTPOJIHMTOB.

A) Bausinue coJim ¢J1a00i KMCJI0ThI HA JUCCOIUALUIO 3TOI KHCJIOTHI.

B naBe mnpoOupku BHecHTe 1O 5 Kamellb pacTBOpa YKCYCHOM KHCIOTBI
CH3COOH u no oiHO# Karjie HHIUKaTopa METHIOBOTO opaHxeBoro. OaHy npooup-
Ky C YKCYCHOM KHCIIOTOM OCTaBbTE B Kau€CTBE KOHTPOJIS, a B APYTyI0 BHECUTE MUK-
poumnarens anerata Hatpust CH3COONa.

b) Bausinue cosim ¢1a00ro OCHOBAHHMS HA IUCCONMAIIUIO ITOI0 OCHOBAHMS.

B nBe npobupku BHecute 1o 5 kameinb pactBopa ammuaka NHsz- H,O u no on-
HoM karum ¢eHondranenna (uHauKarop). OaHy NpoOUPKY ¢ pacTBOPOM aMMHaKa
OCTaBbTE B KAYECTBE KOHTPOJISI, @ B IPYT'YI0 BHECUTE MUKPOIIINATEIh XJIOPHIa aMMO-
aus NH,CI.

OmnbiT Ne 2. HanpaBjieHue 00MEHHBIX MPOLECCOB B PACTBOPAX JJIEKTPOJIH-
TOB.

A) O0pa3zoBaHue MAJIOPACTBOPUMBIX BelleCTB.

B tpu nipoOupku BHECUTE TIO 5 Karelb CIEAYIONINX PACTBOPOB: B MEPBYIO XJIO-
pun xene3a (III) (FeCls) u enxuit Hatpuit NaOH, Bo BTOpyI0 — CHJIMKAT HaTpHs
Na,SiO; u consnyro kuciory (HCI), B Tpetsio — cepryro kucinory H,SO,4 u xsopus
6apus BaCl,. HaGmronaliTe BbIajieHne 0CaaKOB COOTBETCTBEHHO TMIPOKCH/IA Kee-
3a (IIT) Fe(OH)3, MetakpemuueBoii kuciotbl H,SiOs u cysbgara 0apus BaSO,.

b) Peakuuu HeliTpaausanum.

B nBe npobupku ¢ 7 xamnsiMu pactBopa menour NaOH u 1 xarneit unaukaro-
pa denondranenna q06aBbTE B MEepBYIO — 7 Kamenb cojisHoi kucinoTel HCI(2H), BO
BTOpY1O — 7 Kamneyb ykcycHou kuciiotel CH3COOH(2H) 1o monHoro obeciiBeurnBaHust
pactBopa. B kakoit mpoOupke obeciiBeunBaHUE HACTyMaeT ObicTpee?

B) O0pa3oBaHue JieTy4HuX NPOAYKTOB PeaKIMH.

B nepByro mpobupky ¢ pactBopom conbl Na,COj; (6 kamens) mo0aBbTe 5 Ka-
neJb cepHo KucnoThl. Habmrogaiite Beienenue yriekucioro raza CO,.

Bo BTopyto nmpobupky ¢ cynbpuaom ammonuns (NH,4),S (6 kanens) no6aBbte 5
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KareJb COJISTHOW KUCIOTHI. 3/1€Ch OIyIaeTcs 3amnax ceposogopona H,S.

OnpiT Ne3. XapakTep aucconuanyy ruipoOKCU/I0B.

[ToctaBbTe B nBa psga 10 npobupok. 3ateM B aABe npodbupku Ne 1 BHecuTe 1o
2 karum 0,5 H pactBopa xjopuna maraus MgCly,, Ne 2 — HuTpara anroMuHus
AI(NO3)3, Ne 3 — cunmkata Hatpust Na,SiOz, Ne 4 — cynbdata Hukens NiSOy4, Ne 5 —
cynbdara nuaka ZnSO,4. B 18e npobupku NeNe 1, 2, 4, 5 o xaruisim no6aBisite 2 H
pactBop ruapokcuaa Hatpuss NaOH 1o BeImageHus OCaJkoOB TMPOKCHUIIOB MarHus,
ATIOMHUHMSI, HUKENA U IIuHKa. B 1Be mpobupku Ne3 nobasisiite 10 BbIMaSHUS OCal-
Ka TUApPOKCUAa KpeMHHs (kpeMHueBas kuciiota H,S103) 2 H pacTBOp XJI0pOBOAOPO/I-
Hoil kucnotel HCl. Hanumure ypaBHeHUs, IpOTEKAOMIMX peakuuid. OTMEThTE LBET
BBIMTABIINX OCAJIKOB.

Onpenenure XUMUYECKUH XapakTep TUAPOKCHIOB. JlJIg 4yero B JIEBBIM psif
MpoOUPOK ¢ ocaakaMu J00aBbTE MO 4 Kariu pacTBopa TMAPOKCHIA HATPHs, a B Mpa-
BbII — 10 4 KaIlIu pacTBOpPa XJIOPOBOJIOPOIHON KUCIOTBHI.

AJaroputm 00padoOTKH IKCIEPUMEHTAIbHBIX JaHHBIX:

OnbiT 1. BusyansHo onumurte 3KcnepuMeHT. Hanmuimmre B MOJIEKYJISIpHOU |
MOHHO-MOJIEKYJISIpHOM (hopMe ypaBHEHHUsI peakinii. B pacTBopax ciaObIx 3JIEKTPOIH-
TOB YCTaHaBJIMBAETCS JHUHAMUYECKOE PAaBHOBECHE MEXIY HEIWCCOLHMHPOBAHHBIMU
MOJIEKYJIaMU U OOpa30BaBIIMMUCS B pe3yjbTaTe TUCCOIMAIMM MOHAMHU. DTO JHHA-
MUYECKOE PABHOBECHE MOXHO CMECTUTh OJIHUM M3 CIEAYIOUIMX crocoOoB: 1) pas-
OaBJIeHHE PacTBOPA CIIOCOOCTBYET JUCCOLMAIIMHN, PABHOBECUE CMEIIAETCS B CTOPOHY
00pa30oBaHUsl JOMOJHUTEIBHOIO KOJIUYECTBA MOHOB; 2) YBEIMYEHUE KOHIICHTPALUU
OJTHOMMEHHBIX HOHOB OyJIeT MOAABIATH JAMCCOLMALINIO, PABHOBECHUE CMECTUTCS B
CTOPOHY 00pa30BaHUs HEAUCCOLIMUPOBAHHBIX MOJIEKYIL.

OneiT 2. Hanummure B MOJIEKYISPHON U MOHHO-MOJIEKYJIIpHOU (opMe ypaB-
HEHUA peakUuui. YKa3zaTh, KAKOE€ U3 YCIOBHUM MPOTEKAHUs PeaKUi MOHHOTO OOMEHa
BBITIOJTHSAETCS B KAXKJIOM KOHKPETHOM ciydae. BelmrcaTh KOHCTaHTBI MCCOLMALINU
YKCYCHOM, COJISHOW KHCJIOT U BOJBI. BU3yaabHO ONMUILIUTE SKCIIEPUMEHT.

OnbIT 3. 3anumure pacnpelesieHue 3JIEKTPOHOB Y 3JEMEHTOB, ONpPENEInTe
CTEMEHH OKHCIICHMS, 3aMUIINTE XUMUYECKHE CBOMCTBA TMIPOKCHIOB B MOJEKYISP-
HOI ¥ HOHHO-MOJIEKYJISIpHOU opMme. B kakux cirydasix ocagku pacTBOPHINCH TOJIBKO
B ILIEJIOYH WJIH TOJBKO B KHCIIOTE, U KAaKUE OCAJKU PACTBOPHIMCH KAK B IIEJIOYH TaK B
kuciore? Hanummre ypaBHEHHMsI COOTBETCTBYIOIIMX peakuuil. [Ipu stom cienyer
Y4€CTh, UTO TIPU PACTBOPEHUHN aM(pOTEPHBIX THAPOKCUIOB B BOJAHBIX pacTBOpax Iie-
Jouel 00pa3yroTcs THIPOKCOKOMIUIEKChl. Hanpumep, mpu pacTBOpEHUH T'HIPOKCUAA
[IMHKAa B M30BITKE PacTBOpPE T'UJAPOKCHAA HATpHsl oOpazyeTcs TeTparuapOKCOIMHKAT
HaTpUs:

Zn(OH)Z + 2NaOH — NaZ[Zn(OH)4]

VYKaxute KUCIOTHBIMHU, OCHOBHBIMU MM aM(OTEpHBIMU CBOMCTBaMH 00sana-
IOT TUAPOKCUABI MarHus, aJIFlOMUHMS, KpeMHUs, HUKeNs U 1uHKa? COoCTaBbTE ypaB-
HEHUS AWCColMauu (CyMMapHbIe), TMOJYyYeHHBIX THAPOKCHIOB, 0€3 ydeTa mporiec-
COB THJIpaTalliH.

CpaBHUTEJbHBII AaHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

OnbiT 1. CpaBHUBAsS C KOHTPOJIBHOUN MTPOOUPKOH, 110 U3MEHEHUIO 1IBETA UH/IU-
KaTopa, ONPEAEIIUTh B KaKyl0 CTOPOHY CMEIIAETCS XUMUYECKOE PABHOBECHE.
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OmnbIT 2. CpaBHUTH KOHCTAHTBI IUCCOLIMAIIMN BOJBI U YKCYCHOM KUCIIOTBI: MO-
YeMy paBHOBECHE CMENIAETCSl B CTOPOHY 00pa30BaHUs BOJbI MPU YUACTHH B PEAKIIMU
HEUTpalM3aIu cjiado IUCCOMUPOBAHHBIX MOJIEKYJI YKCYCHON KUCIIOTHI.

OnbiT 3. CpaBHUTH XMMUYECKHE CBOMCTBA TUJPOKCUAOB, HAXOSAUIUXCS B OJI-
HOM Tiepuo/ie (TI0 CTETIeHsIM OKUCIIEHUS U paanycaM atoMoB) Tabnuisl [. . Menne-
JeeBa.

BbiBoa: B 1aHHOM paboTe MOKA3aHO BIUSHHUE OJHOUMEHHBIX HOHOB Ha CIBUT
XUMHUYECKOTO PABHOBECHS, MPOTEKAHUS PEaKIMil HEUTpaaIu3aluu CHIBHOTO U cjiabo-
ro 3JIEKTPOJIUTA, PEAKIUi, UAYIINX JI0 KOHIIA, 3aBUCUMOCTh XMMHUUYECKUX CBOMCTB
TUAPOKCUIOB OJTHOTO MIEPHOJIa OT paguyca aToMa U CTENEHU OKUCIICHHS 3JIEMEHTOB.

TpeOoBaHuss K TexHUKe 0€30MACHOCTU NPHU BBHINOJHEHUH J1a00OPATOPHOU
pa6otbl. Heo6xomumo co0moaTh 0COOYI0 OCTOPOKHOCTE IIPH padOTE ¢ paCTBOPAMHU
KHUCJIOT U WIEeJoYEeH, HE JOMyCKaTh UX IOMaJIaHus Ha KOXY U oJiexkay. Ecnu B mpo-
1[ecCe DKCIIEPUMEHTA BBIICIACTCS TOKCUYHBIM ra3000pa3HbId MPOJIYKT, TO HEOOXO-
JTUMO 0053aTeJIbHO TIPOBOJUTH OMBIT B BBHITSHXKHOM IKady mpu padboTaroliei BeHTH-
nsuu. Heo0xonuMo coOIt01aTh OCTOPOKHOCTH MPU pabOTe ¢ TOKCUYHBIMU COJIIMH
U UX pacTBOpamu (coiu Oapusi, HUKEIs, MEAH U JIp. ).

3amaHus 11 CaMOCTOATEILHON PadoThI:

1. IlpuBenute 1Ba mpuMepa peakiuii ¢ 00pa30BaHUEM MPAKTUYECKU HEPACTBO-
PUMBIX U MaJIOpaCTBOPUMBIX cosieil. Hanummure ux ypaBHEHHSI B MOJEKYJSIPHOM U
HMOHHO-MOJICKYJISIPHOM BUJIE.

2. llpuBenuTe MO OMHOMY TpPHMEpa PEaKIuid ¢ 0Opa3oBaHUEM IMPAKTUUECKH
HEPACTBOPUMBIX U MaJOPACTBOPUMBIX KUCJIOT U OCHOBaHWI. Hamuivre ux ypaBHe-
HUSI B MOJICKYJISIPHOM ¥ HOHHO-MOJIEKYJIIPHOM BH/JIE.

3. [IpuBenuTe ABa mpuMepa peakuuii ¢ 00pa30BaHUEM ra3000pa3HbIX Majo-
pPacTBOPUMBIX B BOJIE BelllecTB. Hanuiumre ux ypaBHEHUS B MOJIEKYJIIPHOM U HOHHO-
MOJIEKYJISIPHOM BHJIE.

4. IlpuBenute Tpu MpUMEpPa peakinii ¢ 00pa30BaHUEM CIAOBIX JIEKTPOJIUTOB.
Hanumwure nx ypaBHEeHUS! B MOJIEKYJIIPHOM U HOHHO-MOJIEKYJISIPHOM BHUJIE.

5. IlpuBenure MO0 OAHOMY IPUMEPY PEAKLIMU NEPEeBOAA KUCIOWM U OCHOBHOM
COJIM B HOpMaJIbHbIE (CpenHue) conu. Hanmummre ux ypaBHEHHs] B MOJICKYJISIPHOM U
HMOHHO-MOJIEKYJISIPHOM BUJIE.

6. Hanumure B MOJIEKYJSIPHOM U MOHHO-MOJIEKYJISIPHOM BHJI€ YPAaBHEHUS pe-
aKkuMii aMm(pOTEPHOrO TMIPOKCUAA XpOMa C CEPHOM KUCIOTOW U C PACTBOPOM THIPOK-
cua Kajusl.

7. O0BsACHUTE U TIOATBEPAUTE pacueTOM, ToUeMy CyIb(U] IIMHKA B3aUMOICH-
CTBYET C COJISTHOM KHUCJIOTOW (HANMIIWTE YpPaBHEHUS B MOJICKYJISIPHOM U HOHHO-
MOJIEKYJIIPHOM BHJIE), a CYJIb(U KaAMUSI HE B3aUMOJICHCTBYET.

Yueonas aureparypa: [1, c. 237-260]; [2, c. 435-444]; [3, c. 84-106].

JlabGopaTopHasi padora Ne 8
NnenTtudukanus pacTBOPOB BelleCTB M0 UX KUCJIOTHOCTH (onpeneaenune pH)
Hean gabdopaTopHoii padoThbl: TPUOOPECTH HABLIKA OMPEAENEHUS C TTOMO-
IIbI0 Ha0Opa WHIUKATOPOB CPEIy PacTBOPOB, MPOJOJKUTH Pa3BUBATh YMEHUS HC-
M0JIb30BaTh TEOPETUUECKHUE 3HAHUS, JUIsl onpeaesneHus pH, yMeHus: aHanu3upoBaTh,
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JIeaTh BBIBOIBI.

Ilnan npoBeaeHus 3aHATHS:

— OpTaHU3alMOHHAs YaCTh;

— TeopeTHIecKasi 9acTh (UTO MOHMMAET 1moa pH, MeToIbl onpeneneHus, pacyeTr
3HaueHUi pH 17151 CUIIBHBIX U CIIa0BIX 3JIEKTPOIUTOB);

— JKCTIIepUMEHTAIbHAS YacTh;

— 00CYXKICHHE SKCTIEPUMEHTALHBIX JTaHHBIX;

— TeMAaTUYECKOE TECTUPOBAHUE TI0 TEME;

— uToT 1abOpPaTOPHOM PabOTHI.

IIpuOopsI 1 peaKkTUBBLI.

PeaktuBsl: pactBopel: NaOH, HCl, CH3COOH, NaOH c xoHueHTpamnuen
0,1 mone/n. Comu: cynwdar meau, xymopun HaTpwsi, kapoonat Hatpus (0,1H). du-
CTHJUTMpOBaHHas Boja. VHIMKATOpHI: JaKMyC, METHJIOBBIM KpPacHBIA, METUIOPAHIK,
dbeHondTanenH, yHuBepcaibHas HHANKATOpHAs Oymara.

O6opynoBaHUE: MITATUB C TPOOHUPKAMH.

Teopernueckoe BBeIeHUeE.

BoapmMHCTBO peakinii, MPUMEHSEMbIX B aHAJIU3€, MPOTEKAIOT B BOJHBIX pac-
TBOpax. Bo/a oTHOCUTCS K CJIa0bIM AJIEKTPOIUTAM U, XOTS B HE3HAUUTEIBHOM CTeme-
HU, HO TIOJIBEPraeTcsi HOHU3ALNU:

H,O <> H" + OH".

[Tporecc moHM3aMK BOABI XapaKTEPU3yeTCs KOHCTAHTOW MOHHM3AINH (IUCCO-

IHAIAN ):

[H']-[OH ]/ [H,0] = K(H:0) 1)
[Ipeobpazyem 3T0 ypaBHEHHE:
[H'] - [OH] = K(H.0) - [H0] (2)

B mpusenennom ypaBHenuun [H,O] (mipy mOCTOSIHHOM TeMrepatype) MOXKHO
CUHMTATh MPAKTUYECKU MOCTOSHHOU. CienoBaTensHo, MpaBas 4acTh ypaBHeHuUs (2), a
3HaunT, 1 npoussenenue [H'] - [OH ] — Benmunna noctosiHHas. E& HA3bIBAIOT HOH-
HBIM MPOU3BEACHUEM BOJIbI M 0003HavYatoT Kw:

Kw: = [H"] - [OH] (3)

Ipu temnepatype 25 °C B uncroii Boge [H'] = [OH] = 10"momns/n, ciexoBa-
tenpo Kw = 107-107 = 10", TIpu noBbimennn temmeparypst Kw 6bIcTpo yBeu-
yuBaercsa. CMbIch ypaBHeHUs (3) 3aKiI04aeTcsl B CIEAYIOIIEM: Kak Obl, HE U3MEHS-
nack, KoHLeHTpauus nonos H' 1 OH, ux npoussenenue [H'] - [OH ] B mo6om Boj-
HOM PacTBOPE COXPAHsET IIOCTOsHHOE 3HaueHue pasHoe 107 mpu 25 °C.

Bumecto koHnentpauuu [H'] yno6Hee Mmonp30BaThCs OTPULATENBLHBIM JECs-
TUYHBIM JIOTApU(PMOM U3 3TON BEIIMUUHBI — BOJAOPOAHBIM Moka3aresem (pH).

pH =—{g[H'] (4)

Kpome Bogopoanoro mokasatens (pH) npu pacuerax MIMPOKO MCHOJB3YIOT U
TUAPOKCUIIBHBIN moka3aTens (pOH) u nmponorapudmMupoBaHHbIN TOKA3aTeNIb HOHHO-
r'0 MPOU3BEJEHUS BOJIBI:

pOH =—{g[OH ],
pKw = —lgKw,
pKw = pH + pOH.
B xucneix pacteopax pH < 7, B menounsix pactBopax pH > 7, B HEUTpaIbHBIX
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pactBopax pH = 7.

NHnukaTopaMy Ha3bIBAIOTCS OPTAHUYECKHE COEIAMHEHUS, PE3KO MEHSIOIIHE
I[BET B 3aBUCUMOCTH OT KOHIIEHTpaI[uu KaTuOHOB Bojaopoja (pH) pacTopa.

Pa3nnyaroT KUCJIOTHO-OCHOBHBIE NHIUKATOPBI JBYXI[BETHBIE U OJHOI[BETHHIC.

JIByX1IIBETHBIMU UHAUKATOPAMH SIBJISIOTCS JIAKMYC, Y KOTOPOTO B KHCJIOW CPENE
KPacCHBIN LIBET, a B WEIOYHOW — CHHAM Y METUJIOBBIM OPaHKEBbIN, KPACHBIN LIBET KO-
TOPOro MOKa3bIBAET, YTO Cpela KUCIIasl, a KEJIThIA IBET — mIesioyHass. OQHOLBETHBIM
WHANKATOPOM siBIsieTcsl peHondranent, OECBETHBIN B KMCIOW U HEUTPaJIbHOM cpe-
JI€ ¥ OKPAIIMBAOLIMICA B IIEJIOYHOMN CPEle B MATMHOBBIN 1IBET.

KHCII0THO-O0CHOBHBIE MHIMKATOPBI MOKHO pacCMAaTpUBATh KAK CJIa0ble KUCIIO-
TBl WJIM OCHOBAHMS, PAa3jIMUMe OKPACOK KOTOPBIX 3aBUCHUT OT MOJIEKYJISIPHOTO WU
MOHHOI'O COCTOSIHHSI.

PaccmoTpum npuHIMN IEWCTBUS MHAMKATOPAa HA IpUMeEpe MeTwiopanxka. Kak
cnabyro KUCIIOTY €ro MOXHO MpeAcTaBuTh B Buae HInd, auccomumpyromnyo mo cxe-
Me:

HInd <> H" +Jnd "~

Henuccounupoanubie MojieKyibl HINd okpaiiieHsl B KpacHBIN I[BET, @ HOHBI
Jnd" B sxenThIit nBeT. EcM KOHIIEHTPAIIUIO BOJOPOIHBIX HOHOB YBEIMYUTh, TO PaB-
HOBECHUE CIABUTAETCS BJIEBO, OKpacKa CTAHOBUTCS KpacHOM. Eciu KOHILIEHTpaius BO-
JIOPOJIHBIX MOHOB YMEHBIIAETCS, TO YBEJIMUYMUBACTCS KOHILIEHTpAIUsi HOHHON (DOPMBI
UHJIMKATOpa, T. €. PAaBHOBECHE CMEIIaeTcs B CTOpOHY oOpaszoBanus noHoB Jnd
OKpAaIIEHHBIX B KEJITHIN LIBET.

HNHuTtepBan mexay AByms 3HaueHUsMH pH, B mpenenax KOTOPOro CymieCTBYIOT
MOJIEKYJIIpHAsl U MOHHAs (JOpMa MHAMKATOpPA HA3bIBAETCS MHTEPBAJIOM MEPEX0/1a UH-
nukartopa. 11onb3ysace onpeneeHHbIMU WHIUKATOPaMH, MOKHO onpenenuts pH pac-
TBOpA — PEAKLIMIO CPEABI — KUCIIAs, IIEJIOYHAS WM HEUTPaJIbHAs.

AJITOPUTM NPOBeIeHUs IKCIIePUMEHTA:

OmnbiT 1. BuzyajabHo-KoJOpUMeTpUYEeCKUiT MeToa onpenesenuss pH pac-
TBOpA.

B uetbipe npornymMepoBaHHbIe MpoOupku BHecute 1o 4 karum 0,1 H pacTBOpa
XJIOPOBOJIOPOAHOM (COJSIHOM) KUCIOTHI, @ B JAPYrue€ YeThbpe NPOOHPKHU C TEMU KE
Homepamu 1o 4 karum 0,1 H pactBopa ruapokcuaa Hatpus. [IpoOupku B mitaTuBe
MOCTaBbTE B JIBa Psiia TAKUM 00pa3oM, 4TOOBI B OJTHOM PSJIy CTOSUIH TOJBKO MPOOUp-
KM C KHCIIOTOH, a B IpyroM — MpOoOUpPKHU co 1ienoubto. [locme atoro B 06e mpodupku
Ne 1 mobGaBpTe Mo 1 Karie HHAWKATOpa METUIIOBOTO OPAaHXKEBOTO, B TPOOUpPKH Ne 2 —
METHJIOBOTO KpacHOTo, B mpooupku Ne 3 — nakmyca, B mpooupku Ne 4 — denondra-
JIEVHA.

OnbIT 2. Onpenesnenue BoAopoaHoro noxkasaress (pH) B BogHoM pacTBope
COJIM € MOMOIIbI0 YHUBEPCAJIBbHOI0 HHAUKATOPA.

Jlnst mpubnukeHHoro omnpeaenenus pH ynoO0HO mosib30BaThCs Tak Has3blBae-
MBIMU YHUBEPCAIbHBIMHU UHANKATOPAMH, TPEICTABISIOMMUME COO0N CMEeCH HECKOJTb-
KUX UHJIUKATOPOB, U3MEHSIONIMMHU CBOM LBET B BOAHBIX PACTBOpaX pa3IUYHBIX Be-
IECTB B IIKMPOKOM nuana3zoHe pH. bymara, mponuTtaHHas yHUBEPCAJIbHBIM WHJIUKA-
TOPOM, U BBICYIIIEHHAs, HA3bIBACTCS YHUBEpPCAIbHOW WHAMKATOpHOW Oymarou. K
Mayke Takol Oymarw mpujaraercsl IBETHas IIKajla, MOKAa3bIBAIOIIasl, KAKOW IIBET
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NpUHUMAET WHAUKaTopHasi Oymara (3Hadenue pH) mpu Hanecenuu Ha He€ 1 karum
UCCIIEAYEMOTO pPAcTBOpPA. Y HUBEPCAIbHbIE MHAMKATOPHI IPUMEHSIOT U B BHUJIE pac-
TBOpPOB. B 3TOM citydae rOTOBUTCS cepHUsl ITAJTOHOB B TEPMETUYECKHU 3aKPBITHIX COCY-
Jax C YKa3aHMEM Ha KaXIOM U3 HUX pH, cCOOTBETCTBYIOIIEro BETY 3TAJIOHA — pac-
TBOpA.

[TonyuuTte y npenoaaBaTesisi pacTBOpP, BOJAOPOIHBIN noka3areinsb (pH) koToporo
Tpedyercs onpenenuTh. [Ipy momoiy NMUneTku HaHecuTe | Kamio HCCleqyeMoro
pacTBopa Ha YHUBEPCAJIBbHYIO HHANKATOPHYIO Oymary. CpaBHUTE OKpacKy MsTHa, 00-
pa3oBaBIIerocs Ha Oymare, ¢ IIBETHOM IIKaJION W BRIOpATh OTTEHOK, HanbOoiee OJm3-
KU K [BETY MOJIYYEHHOrO IATHA. Ha nBeTHOU mikaie, mpuBOAATCS LBETA, COOTBET-
CTBYIOIIME IENbIM 3HaueHusM pH, mo3stomy B ciayyae HEOOXOIUMOCTH MOXKHO IO
IIPOMEKYTOYHOM OKPACKE MATHA OPUEHTUPOBOYHO OLIEHUTH AecAThIe noyu pH.

AJIropuTM 00padoTKHU IKCIEPUMEHTAJIBHBIX JAHHBIX:

OnbiT 1. CymiecTByloT paznudHble METOAbI onpenenenus PH pactBopos. Oxn-
HUM M3 METOJIOB SIBIISIETCS KOJOPUMETPUYECKUI METOJ|, OCHOBAaHHBIM Ha IpPHUMEHE-
HUU PEareHTOB, KOTOPBIE H3MEHSIOT OKPACKY B 3aBUCHMOCTH OT KOHIICHTPallUU
MOHOB BOAOpoJa. Takue peareHThl Ha3bIBAIOT KUCIOTHO-OCHOBHBIMU MHIUKATOPAMM.
OnHu npeAcTaBiAOT cOO00M ciiabble OpraHMYeCKUe KUCIOTHl MM OCHOBAHMS, HEAMC-
COLIMMPOBAHHBIE MOJIEKYJIbBl U HOHBI KOTOPBIX MMEIOT Pa3HYI0 OKpPacKy IpU pa3iand-
HbIX 3HaueHuAX pH. MHTepBan pH, B KOTOPOM HMHIMKATOpP MEHSET CBOKO OKPACKY,
Ha3bIBalOT MHTEpBasioM pH mepexona okpacku nHaukatopa. HabmroneHnus mo nsety
KHCJIOTHOM U IIETOYHON ()OpPM MHIMKATOPOB 3alUIIUTE MO MPUIAraeMoON HIXKE CXe-
Me, TJe yKe yKazad uHTepBai pH B o0iacTu nepexojia Kaxaoro HHANKATOPA U LBET
€ro B 3TOM 00yacTy.

Tabnuua 7. HabmroaeHus o 1BeTy KUCIOTHOM M 1eT04YHON (hOpM UHIMKATOPOB

pH I1BeT mHAMKaTOpa
Nunukarop | obnactu Ne Kucnor- | B obnactu No [lenou-
nepexo- | mpoo. HOM nepexona | mpoO. | Hou dop-
na (hopMBI MBI
MeTunoBeIi 1 . 1
OpaHKEBbIH 3,144 HCI OpamieBsii |\, oy
MeTtunoBbIit 2 . 2
KpaCHBIH 4,4-6,2 HCI Opamxesbilt |\, oy
3 ®duonero- 3
Jlaxuyc >,0-8,0 HCI BBII NaOH
deHol- 4 . 4
dranenn 8,2-10 HCl Po3oBsrit NaOH

OnbiT 2. CpaBHUTE OKpacKy MsATHA, 00pa3oBaBIIerocss Ha Oymare, ¢ LIBETHOM
IIKAJIOW U BBIOpaTh OTTEHOK, HauOosiee OJIM3KUU K IBETY MoydyeHHoro nstHa. Ha
LBETHOM IIKaJie, MPUBOASTCS 1[BETA, COOTBETCTBYIONIME 1EIbIM 3HaueHusIM pH, mo-
ATOMY B cllydae HEOOXOJAMMOCTHA MOKHO 10 MPOMEXYTOYHOU OKpacKe MsTHa OpUEH-
TUPOBOYHO OLIEHUTH JiecAThie 101 pH.
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CpaBHUTEJIbHBII aHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

OmnbiT 1: IlBeT uHAMKATOpa KUCIOTHOW M IIETOYHOM (DOPM CPABHHMBAETCS C
[IBETOM B HEUTpaJILHOU cpefie, Mo 00JacTH epexoaa UHANKATOPOB, UHIUKATOPHI HC-
NOJIB3YIOT JJIS HIEJOYHOM WIIA KUCIION cpelibl. HeKoTophle MHINKATOPBI HCIIOJIb3YIOT
U IS IIEJIOYHOM, U JIJIsl KUCJIOW Cpell — YHUBEpcalabHble. PaBHOBECHE qUCCOLMALINU
MHJMKATOPa MOET CMEIIAThCS MOJ ACHCTBUEM KHCIOT MM OCHOBAHWI BIIEBO WM
BIIPABO COOTBETCTBEHHO. Tak, B pacTBOpE JakMyca B MHTepBasie 3HaueHurd pH ot 0
10 5,0 (1o uHTEpBaJia Mepexo/aa) B pacTBoOpe OyeT IMpeBaIMpoOBaTh MPOTOHUPOBAH-
Has popM MHIUKATOPA, ¥ PACTBOP OKpacuTCs B KpacHbI nBeT. [Ipu pH > 8,0 (3a un-
TEpBAJIOM MEPEXO0/a) B paCTBOPE B OOJIBIIIEM KOJIUYECTBE MPUCYTCTBYIOT ACTPOTOHHU-
pPOBaHHbIC YACTHUIIbI MHJIUKATOpPA M PACTBOP MMEET CHUHIOIO OKpacky. B uHTepBane
nepexoja u MPOTOHUPOBAaHHAS, U JCIPOTOHUPOBAaHHAS (POPMBI MHIUKATOPA MIPUCY T-
CTBYIOT B COM3MEPHUMBIX KOJIMYECTBAX, IMOATOMY PACTBOP HUMEET MPOMEKYTOUHYIO
OKpackKy, To ecTh (huosnetoByto. CornocTapisisa JeHCTBUE UCCIEAYEMOTro pacTBOpa Ha
pa3JIMuHbIE MHAUKATOpPBl HETPYIAHO omnpenenutb pH uccimemyemoro pactBopa. s
MIPOBEJCHUS JKCIIEPUMEHTA IMOJYYUTE Yy MPENoJaBaTesl HCCIEIyEMBbIA pPacTBOp.
Bossmute 4 npobupku. [lomecture B Kaxayro MpoOOMPKY OJMHAKOBOE KOJIUYECTBO
(2-3 cm3) pacTBOpa U 100aBbTE MO KaIlJIe PACTBOPHI UMEIOIIMXCS UHAUKATOPOB. OT-
METhTE IIBET PaCTBOpPA B Kak/10M mpobdupke. Pe3ynbTaThl HccienoBanuii ohopmMuTe B
BUJIe Tabnuibl. Ha OCHOBaHMM MOJTYyYEHHBIX JAHHBIX ompenenuTe 3HaueHue pH BbI-
JTAHHOT'O PacTBOpa.

OnbIT 2. Ykaxute peakiuio cpeast (pH), mpoBepbTe ee mpaBIWILHOCTD y TIpe-
MOIaBaTEIs.

BoiBoa: BomopoaHsblil moka3aTenb SBISETCS BAKHEHIIAM MOKA3aTelieM, KOTO-
PBI ONIPEACIISIIOT M KOHTPOJIUPYIOT MPU MPOBEACHUU PeaKIuii U B 1abopaTopuu, U B
X0JI€ TEXHOJOTHUUECKUX MPOIIECCOB HA Mpou3BoAcTBE. OMHUM U3 CIIOCOOOB Ompee-
JICHUSI BOJOPOJAHOTO MOKA3aTeNs SBIISIETCS. BU3YyAJIbHBIN C HOMOILBIO HHINKATOPOB.

TpeboBanusi k TexHuKe 0€30MACHOCTH NMPH BBHINOJHEHUH J1a00PATOPHOM
padortbl. Crnexyer akKypaTHO paboTaTh C peakKTUBAMU: BHUMATEIHHO YUTATh TUKET-
KM, HE YHOCUTh PEaKTHBBI 00IIIETO MOJH30BaHMS HA CBOM paboyre MecTa, BO n30exa-
HUE 3arpsi3HEHUSI PEaKTUBOB JIEPKATh CKISIHKU C pACTBOPAMH U CYXHMU BEIIECTBAMHU
3aKpBITBIMU, HE MyTaTh MPOOKH, HE BHICHINATh U HE BBUIMBATH OOPATHO B CKIISTHKU
HEHWCIIOJIb30BAaHHBIE WJIM YACTUYHO HCIIONB30BaHHBIE peakTuBbl. Heobxommmo co-
OsroaTh 001IKeE NpaBuiia padboOThl B XUMUYECKOH J1a00pATOPHH.

3aiaHus 11 CaMOCTOATEILHOM PadoThI:

1. late onpenenenuie pH.

2. Kakue 3nauenus pH B pa3nuyHbIX cpeqax.

3. OOGnacTh mepexojia, Kakoro M3 HUCCIAEAOBAHHBIX MHANKATOPOB HAXOIUTCS
OJIM>Ke BCEro K HeUTpaabHOU cpene?

4. Boeruncnure BoaopoaHbiii nmokazarens pH B 0,002 H pacTBope XJIOpOBOJI0-

ponuoit kucnotel HCl 1 B 0,01 H pacTBOpe ruapokcuna Hatpus NaOH.
YueoHas aureparypa: [1, c. 259-260]; [2, c. 43, 45].

JlabGopaTopHnasi padora Ne 9
HcciienoBanue npouecca ruJipoJin3a coJieid M ycTaHoBJIeHUue GaKTOPOB, BJIUSIO-
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LIUX HA THAPOJIN3 coJieil

Heas naGopaTopHoil padoThbI: NPUOOPECTH HABBIKM COCTABJICHUS MOJIEKY-
JSIPHBIX U MOHHBIX YPAaBHEHUU TUAPOJIU3a COJICH, YMEHHUS ONPEIECIATh HAPABICHUE
CMEILIEHHS] XUMUYECKOTO PAaBHOBECHS], YCTAHABINBATh B3AUMOCBSA3b MEXKIY COCTABOM
COJIU U €€ CIIOCOOHOCTh MOJIBEPIaThCs TUIPOIIU3Y.

Il1an npoBeneHus 3aHATHUSA:

— OpraHu3allOHHAS YaCTh;

— TEOPETUYECKAs 4acTh (UTO MOHUMAET MO THIPOIU30M, KaK OMPEAEIUTh THIL,
Cpely THIpoJii3a cojeil, HEOOpaTUMbIN THAPOIIN3);

— AKCIEPUMEHTAJIbHAS YaCTh;

— 00CYK/JICHHE SKCIIEPUMEHTAIbHBIX JJAHHBIX;

— TEMATUYECKOE TECTUPOBAHUE TIO TEME;

— uTor 1ab0OpPaTOPHOM PabOTHI.

IIpuGopsI 1 peakTUuBLI:

PeaktuBpl. comu (pactBopbl win kpuctaibl) (0,51, 0,1H): NaCl, NaNOsg,
Na,SO., Na,COs,, Na28i03, NagB4O7, NaHCO3;, CH3COONa, Na,S, NazPO,, KClI,
KNO3, K;SO4, NH4CI, NH;NO3, NH4CH3COO, ZnS0,, Al (SOy)s, Cra(S0O4)3, AlCIs,
FECIg, BaCl,, CaCl,, MgC|2

PactBopsl MHAMKATOpPOB: (PeHONA(PTaTEnH, METUIOBBIA OpPAHKEBBINA, JAKMYC,
WHJUKAaTOpHas Oymara.

[Tocyna: mraTuB ¢ NpoOUpKamu.

Teopernyeckoe BBeeHUE.

XUMHUECKOe 0OMEHHOE B3aUMOJICHCTBHE MOHOB PACTBOPEHHOM COJIM C BOJIOM
(pacTBOpHUTENEM), MPUBOSIIEE K 00pa30BaHUIO MPOIYKTOB CIAOBIX 3JIEKTPOJMTOB
(MoJIeKys cnaObIX KUCIOT WJIM OCHOBAaHWMW, aHMOHOB KHCIBIX COJICH WM KaTHOHOB
OCHOBHBIX COJICH) U COMPOBOXKJAIOIIeEeCss U3MEHEHUEM peakiuu cpensl (pH), Ha3bl-
BAETCS THAPOJIU30M.

CyIHOCTh TUZIPOJIU3a CBOJUTCS K XUMUUYECKOMY B3aUMOJICHCTBHUIO KaTHOHOB
WJIA aHHOHOB COJIM € Tuapokcua — noHamu OH unu monamu Bogopoa H" u3 mose-
KyJ BoJbl. B pe3ynbraTe 3TOro B3auMoAEHCTBUS 0Opa3yeTcs ciabo AMCCOLUUUPYIO-
mee coeuHeHue (Cnadblil AMEKTPOJIUT). XUMUYECKOE PAaBHOBECHE TPOIIECCa JUCCO-
LMAIMU BOAbI cMemaercs Brpaso: H,O «<» H + OH'. TloaToMy B BOJHOM pacTBOpe
COJIU MOSIBJIAETCS M3OBITOK cBOOOAHBIX HOHOB H' nmu OH', 1 pacTBOp oMM MOKA3bI-
BAET KUCJIYIO WIH LIECJIOYHYIO CPENy.

['unponusy moaBEpraroTCs Coau 00pa30BaHHBIE:

— ¢J1a00# KUCIIOTOM M CHJIbHBIM OCHOBAHHEM,

— CHUJIBHOM KHCJIOTOM M ¢J1a0BIM OCHOBAHHMEM,

— caboit KUCTOTON U CIa0bIM OCHOBAHHEM.

['uaponu3y He moABepraroTcsl Cojid, 00pa30BaHHBIC CUJIBHBIM OCHOBAaHHEM M
CUJILHOM KHMCJIOTOM, MOTOMY YTO KaTHOHBI U aHHOHBI ATUX COJIEH HE CBS3BIBAIOTCS C
vonamu H' unu OH™ Bozisl, T. €. He 00pa3yIoT ¢ HUMU MOJIEKYI CIIA0bIX 2JIEKTPOIIHU-
TOB. PaBHOBECHe aucconuaimy BoAsl He cMemaeTcsa. Cpeia paCTBOPOB ITUX COJIEH —
Heiitpanbhas (pH = 7), Tak kak koHueHTpanus nonos H u OH™ B ux pacTBopax, Kak
U B YMCTOM BOJIE, OJJUHAKOBAS.

Tunu4yHsblie cay4au rugpoJin3a CoJiei:
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1. Comu obOpa3oBaHHBIE CIA00 ITMAHOBOJOPOTHON (CHHWJIBHOW) KHCIOTOM
HCN u cunibHbIM ocHOBaHueM ruapokcuaoM kanus KOH, nonsepratorcs rupoausy
0 AaHHOHY:

KCN < K"+ CN",
CN + HOH < HCN + OH
KCN + H,0 <> HCN + KOH.

['unponusy noABepraoTCcss aHUOHBI COJIM, B PE3yJIbTaTe YEero B PacTBOpPE yBe-
JUYUBACTCSl KOHILIEHTpalKs cBOOOIHBIX ruapokcusl — nonoB OH . IToatomy pactBop
comu KCN umeet menounyto cpeny (pH > 7).

2. Comn, obOpazoBaHHble cribHOM KkucioTod HCl m cmabeiM ocHoBaHMeM
Zn(OH),, noasepraroTcs TUAPOIJINA3Y MO KATUOHY:

ZnClye> Zn** + 2CI',
Zn** + HOH «> ZnOH" +H",
ZnCl, + HO <> ZnOHCI + HCI.

['unponusy noaBeprarTcsi KATHOHBI COJIM, B PE3YyJIbTaTe B pACTBOPE MOSBISET-
cs1 u36bITOK noHoB H'. Cpena B pactBope ZnCl, — kucnas (pH < 7).

3. Conu oOpa3oBaHHBIC CIA00M KUCIOTOW M CIaOBIM OCHOBAHHMEM, THJIPOJIH-
3YIOTCSI OJTHOBPEMEHHO M MO KaTHOHY, M TI0 aHHOHY. DTH COJIM 00pa30BaHbl KaTHO-
HOM CJ1a00TO OCHOBaHMS, KOTOPHKIH CBsi3biBaeT noHbI OH 13 MosieKyIibl Bo/bI U 00pa-
3yeT ci1aboe OCHOBaHHE M aHHOHOM CJIa00i KHCIOTHI, KOTOPbIii CBsA3bIBaeT HOHBI H'
M3 MOJICKYJIBI BOJBI M 00pa3yeT ciaadyro KHCIOTy. Peakmus pacTBOPOB ATHX COJICH
MOKET OBITh HEUTPAIbHOM, CTAOOKHUCIION WM CIIa0O0IIETIOYHON. DTO 3aBUCUT OT KOH-
crant guccormanuu ciradoi kuciaotel CH3;COOH u cmaboro ocuosanus NH;-H,0,
KOTOpBIE 00pa3yloTcs B pe3yibTaTe Tuapoan3a. Hanpumep:

CH3;COONH, <> CH;COO™ + NH,",
CH;COO + NH;" + HOH < CH3;COOH + NH3-H,0,
CH3COONH,; + HOH < CH3COOH + NH3-H,0O (NH,OH).

Peaknus pactBopa comn CH3COONH, — netitpanshas (pH = 7), moTomy 4dto
KOHCTaHTBhI JTUCCOITMAIIMU KHUCJIOTHI M OCHOBaHUS MMEIOT OJIMHAKOBBIC 3HAYCHUS
K(CH3COOH): K(NH40H) =1,8-10.

[Munponus conu, o6pazoBanHbiil cinaboi kucinoroit (HCN) u cunbHbIM OCHOBA-
nuem KOH, xapaktepusyercst koHcTanTol ruaposusa (K,):

Kr=[OH ] [HCN]/ [CN ] =K#n,0/Ka,
rne KH,0 — HoHHOE POU3BEICHHE BOIBI,
Ka— koHcTaHTa AMCCONMAIIY KUCTOTHI.

AnanoruyHo st conu cinaboro ocHoBanus (NHs HyO) u cuiibHON KHUCTOTBI
HCI:

Kr=[H']- [NHs- H,O]/ [NH,'] = Kn,0/Kp,

rae K, — KoHCTaHTa IuCccoIuaIii OCHOBaHMS.

Cremnenpto ruaponu3a h Ha3bIBaCTCS OIS DJICKTPOJIUTA, MOIBEPIIIASCS TH/I-
ponmsy. OHa cBsi3aHa ¢ KOHCTaHTOM Truaposm3a Kr ypaBHEHHEM, aHAJIOTHYHBIM BbI-
pakeHu1o 3aKoHa pazbasienust OCTBaIbAA ISl AUCCOIMAIIAN CIab0T0 AIEKTPOIUTA!

Kr=h* Cy/ (1-h).

Yamie Bcero ruApoiM30BaHHAsI 4acTh COJIM OYEHb Majia, a KOHIIEHTPAIHS Mpo-

JTYKTOB THAPOJIM3A He3HauuTenbHa. Torma cBsa3p mexay Kr u h Bepakaercs Oonee
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MIPOCTBIM COOTHOIICHUEM:
Kr:h2CMI/IHI/Ih: \/KF/CM

W3 nocneaHero ypaBHEHHs CIEIYET, UTO CTENEHb THAPOJIN3a JAHHOU COJIU TEM
OoJpIIle, YeM MEHbIIIEe €€ KOHIEHTPALMs; UHaYe TOBOPs, MPU pa30aBlIeHUH pacTBOpa
COJIM CTEMNEHb €€ THIPOJIh3a BO3pacTaeT.

AJITOPUTM NPOBeIeHUs IKCIIEPUMEHTA:

OmnbiT Ne 1. Peaknus cpeabl B pacTBOPax pa3jiMYHbIX COJICH.

B cemb npoOupok BHecute 1o 1 karie Jakmyca. B mepByto mpoOupky BHecHUTe
S Kamenb JAUCTWIIMPOBAHHOM BOJBI M OCTABBTE B KA4E€CTBE KOHTPOJIBHOW, a B
OCTaJbHBbIE BHECHTE MO 5 Karellb pacTBOPOB COJICH: BO BTOPYIO — aleTara HaTpus
(CH3COONa), B tpetsto — xmopuna amromunus (AlCl3), B uwetBepTyro — kapOoHarta
Hatpus (Na,COg), B maTyro — kapbonara ammonus ((NH,;),COz), B mmrectyro — XJtopu-
na kamms (KCI), B cenpmytro — amerat ammonns (CH;COONHy).

OnbiT Ne 2. Bausinue pa3daBiieHusi pACTBOPa HA CTeNeHb THAPOJIN3A CO-
JIN.

B npobupky BHecuTe no 3 kamu xsopuaa cypbmbl (I11) u moctenenHo no kar-
JsIM TIpHOaBIIANTE BOAY A0 BBIMAACHHS 0e0oro ocaaka xjopuaa okcocypbmbl SHOCI.
DToT 0cazok oOpa3yercs Ha Bropoi ctyneHu ruaposmsza uz Sb(OH),Cl Bciencrue
OTILETIJICHUS BOBI.

OmnpiT Ne 3. Ciryyau moJtHOro (He0OPATUMOI0) rUAPOIH3a COJIH.

B nBe mpoOupku BHecuTe 1Mo 7 Karenbs pactBopa ximopuaa amomuaus AlCl;. B
OJIHy NMPOOHMpPKY A00aBbTE 7 Kamleib pacTBOpa CyJb(puaa aMMOHUSA, B IPYTyIO — Kap-
6onata Hatpus. OTMeThTE BhIeNeHUE cepoBogopoa (H,S) B mepBoii mpobupke (1o
3amaxy) ¥ my3bIpbKOB auokcuaa yriaepoaa CO, Bo BTopoit mpodbupke. B oboux ciy-
JasxX B 0CAJOK BBINAAACT TUAPOKCH]T aTFOMUHHS.

OmnbIT 4. PaKTOPHI, BJAMSIOLINE HA CTENICHb THAPOJIH3A COJICH.

[ToaroToBhTE NBE MPOOHMPKH, 3aTEM B OJIHY MPOOUPKY BHECUTE HECKOJIBKO
KpUCTaUTMKOB cylbdurta HaTpus Na,SOs, B Ipyryr0 — CTOJIBKO K€ KPUCTAJUIUKOB
kapOonata Hatpusa Na,CO;. B xaxmayro nmpoOupKy m006aBbTe 1Mo 4 Karv JUCTUILIU-
poBaHHOM BoJbI ¥ 110 | Karuie geHondranenHa.

AJITOPUTM 00Pa0OTKHU IKCIEPUMEHTAIBLHBIX JaAHHBIX:

Onbit 1. [TomydyeHHbIe pe3ybTaThl CBECTH B TAOJHILY 8.

Tabnuua 8. Pezynbrars! onbiTa 1

No dopmyna [[BeT Peaknus pH pactBopa
poOUpKHU cou JJaKMyca cpenbl pH>7
pH <7
pH =7
1

Kakue u3 uccieioBaHHBIX COJiel moaBepratorcsi ruaposin3y? HamucaTe moH-
HBIE ¥ MOJIEKYJISIPHBIE YPABHEHMs PEAKLIHUNA UX TMAPOIU3a U yKa3aTh BUJ T'MIPOJIA3A
KKJ0M coin (IIPOCTOM WM CTyNeH4atThlil). B ciayyae crynmeH4aToro rujaposusa
HaIucaTh YPaBHEHHUE PEAKIUHU TOJBKO ISl IEPBOM CTYIEHMU.

OmnbiT 2. Hanucate MOHHBIE U MOJIEKYJIIPHBIE YPABHEHUS THAPOJIM3a XJIOPUAA
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cypbMmsl (III) u obmee ypaBHeHnn ruaponmsa g0 oopasosanus SH(OH),Cl. Hanwmm-
T€ BBIpaXXEHME JUIsl KOHCTAHThI Iuapoau3a xyuopuaa cypsmsl (I1I) mo nepsoit ctyne-
HU. [lokaxuTe Kak BAMsET pa30aBiIeHNE HA CTETIEHb I'MIPOIN3a 3TOM COJIH.

OnsbiT 3. HanumuTe MOJEKyJIIpHbIE U MIOHHBIE YpaBHEHUSI HEOOPATUMOTO TUA-
poJnsa.

OmnsIT 4. CocTaBbTE HOHHO-MOJIEKYJISIPHBIE U MOJIEKYJIIPHBbIE YPaBHEHUS TU-
posm3a 3tux coiieid. C IOMOIIBK MHIMKATOpa ONPENEIUTE XapaKTep Cpeasl B pac-
TBOpax coiiei. Kak m3meHwiach okpacka mHaukatopa? B kakoil U3 coneil okpacka
MHJUKaTopa 0ojiee HHTEHCUBHAs?

CpaBHHMTEbHBIH AHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

OnbiT 1. CpaBHUTE LBET JIaKMycCa B IIECTH MPOOUpPKaX C IIBETOM JaKMyca B
KOHTPOJIbHOM npoOupke. Ykaxute pH cpeasl B Kax10i U3 NpoOUpPOK.

OnbiT 2. CTeneHb rujiposin3a Kakux COJIed HE MEHsSeTCs NpHu pa30aBlICHUU
pacTtBopa.

OnbiT 3. Eciiu pacTBOpbl 3TUX COJIEH HAXOIATCSA B OJHOM COCYJE, TO HJIET
B3aMMHOE YCUJIEHHE TMAPONIM3a KaxI0li u3 HuX, n6o nousl H" u OH™ o6pasyior Mo-
aexyny cinaboro anekrponura HyO. Ilpu 3TOM ruppoauTuieckoe paBHOBECHUE CHBU-
raercs BIPABO U TUAPOJIN3 KaXI0H U3 B3ATHIX COJEH UIET 10 KOHIAa C 00pa30BaHUEM

OmnbIT 4. B pactBOope Kakoi coiu NosiBisieTcs 00jiee MHTEHCUBHOE OKpallluBa-
Hue? Kakas U3 AByX coJiell Ipu paBHBIX YCIOBUSIX B OOJIbIIEH CTEIEHH MOABEPTacTCs
ruapom3y: Na,CO3z mimn Na,SO3? TTouemy?

BoiBoa: Xumuyeckoe 0OMEHHOE B3aMMOJICHCTBUE MOHOB PACTBOPEHHOM COJIN
C BOJIOW, MPUBOsIIEEe K 00pa30BaHUIO CIA00IUCCOIMUPYIOMIUX MPOIYKTOB (MOJIe-
KyJ cIa0bIX KUCJIOT WJIM OCHOBAHHMM, aHUOHOB KHMCJIBIX WJIM KATHOHOB OCHOBHBIX CO-
Jeil) U conpoBoKaaroleecs nsMmeHeHueM pH cpespl, Ha3bIBa€TCSI THAPOJIU30M.

TpeOoBaHusi Kk TexHMKe 0€30MACHOCTH NMPH BBHINOJHEHUH JIA00PATOPHOM
padoTtsl. 1. Ilepen BeimonHeHHEM pabOTHI ClIEAyeT 03HAKOMUTHCS ¢ METOJAUKOMN MPO-
BEJICHUS SKCIIEPUMEHTA, MOHATH LeNb ucciaenaoBanud. 2. K pabore HeoOxoaumo npu-
CTYIIaTh TOJBKO IIOCIE paspelieHus npenogasarens. 3. Hy)KHO MOMHUTE O TOKCHY-
HOCTH MHOTHX coJiell (0COOEHHO COJIeH «TSKENbIX» METaIJIOB — MeJH, IUHKa, KaJ-
Musi, pTyTH, CBUHLA, 0J0Ba). [Ipyu momasanum Ha pyKu pacTBOPOB COJIEH U B KOHIIE
paboThl HEOOXOAMMO TIIATEIBHO BBIMBITH pyKU. 4. [IponnTeie peakTUBBI HEOOXO -
MO Cpa3y ke YAQJIUTh BIAXHON TPAIKOU, HE JOIyCKas MX KOHTAKTA C HE3alUIICH-
HOM KOX€W pyK. 5. OnbIThI, B KOTOPBIX BBIACISIIOTCS SIAOBUTHIE Ta3bl, CIEAYET MPO-
BOJUTH B BBITSDKHOM IIKady MpU BKIOYEHHOW BEHTWIALMH. 6. PacTBOpHI coliel u
MHJUKATOPOB HYXKHO MCIOJIb30BaTh B KOJUYECTBAX, YKA3aHHBIX B OMKUCAHUU DKCIIE-
puMeHTa. He cnenyer ncnonap30BaTh pacTBOPHI, B HA3BAaHUAX KOTOPBIX HE YBEPEHBI.

3aiaHus 11 CAaMOCTOATEILHON PadOThI:

1. IIpuBenuTe mpUMeEpPBI PaCTBOPUMBIX B BOJAE COJIEH, Cpella paCTBOPOB KOTO-
pPBIX HEWTpaibHas, KHCIad, menouHas. Hanummure ypaBHeHHs UX THAPOJIA3a B MOJIe-
KYJISIPHOM U HOHHO-MOJIEKYJISIPHOM BH/IE.

2. IlpuBenure mpuUMEPHI COJIEH, THIPOJIN3 KOTOPBIX UAET TOJBKO MO KaTHOHY,
TOJIBKO 10 aHUOHY, M 10 KaTUOHY U IO aHHOHY OAHOBpeMeHHO. Hanumure ypaBHe-
HUS UX THIPOJIM3a B MOJIEKYJISIPHOM U MOHHO-MOJIEKYJISIPHOM BH/IE.
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3. IIpuBenute mpuMepsI CONEM, TMAPOIU3 KOTOPBIX BOZMOXEH IO OJTHOM, IBYM
U TpeM cTyneHsM. Hanummre ypaBHEHUS! UX THAPOJIN3a B MOJEKYISIPHOM U MOHHO-
MOJIEKYJIIPHOM BHJIE.

4. Hanuimure B MOJIEKYJISIPHOM M MOHHOM BHJI€ YPABHEHHSI COBMECTHOTO TH/]I-
poim3a: a) cynbdara xpoma (III) u kapbonara Hatpus u 0) HUTpaTa ATIOMHHHUS U
cynbdua Kaaus.

5. Kak Busier mo6asnenne pacrBopoB KOH, ZnClz, NaZS, COJISTHOM KHCIIOTHI U

tBepaoro NaCl Ha ruaponu3 kapOoHaTa Kayus (TUAPOJIU3 YCHUIIMBAET, OCIA0IACTCS,
BIIUSIHUS HE HAOII01aeTCsl).
6. Kak Brmuser moGasinenue pactBopoB NaOH, Na2CO3, AIZ(SO4)3, CepHO

KUCJIOTBl U TBEPJIOTO KZSO4 Ha TUAPOJIMU3 XJIOpUAAa LHUHKA (TUIPOJIM3 YCUIIUBAET,

ocyiabJseTcs, BIUSHUAS HE HAOII01aeTCs).

7. Hanuiure B MOJEKYJISIPHOM UM MOHHOM BHJI€, YPABHEHHS TPEX CTYIECHEH
ruaponusa xyuopuaa xkenesa (II1). OobsicHuTe, MoueMy npu KOMHATHOW TeMIIepaType
THAPOJIA3 UACT TOJBKO IO MEPBOW CTYNCHH, a MPU KUISTYCHUH pacTBOpa — MO BCEM
TpEM.

YueoOnas aureparypa: [2, c. 447].

JlaGoparopHasi padora Ne 10
YcBoeHUe 3aKOHOMEPHOCTe NPOTEeKAHUSA OKUCJIUTEIbHO-BOCCTAHOBUTEIbHBIX
peakuui

Hean nadopaTropHoii padoThI: IPOBEPKA, KOPPEKTUPOBKA U yTIyOJieHHE 3HA-
HUI CTYJIEHTOB IO TeMe «OKUCIUTEIBHO-BOCCTAHOBUTEIBHBIE PEAKIINM) YEPE3 DKC-
NEPUMEHT U COCTABJIEHUE METOAOM 3JIEKTPOHHOTO OajaHca ypaBHEHUN XUMHYECKHUX
peakiuii. ®opMUpPOBaHNE HABBIKOB TEXHHKH BBIMIOJHEHUS IKCIIEPUMEHTA, YMEHHS
paboTaTh B rpymnne, pa3BUTHE TBOPUYECKUX CIHOCOOHOCTEH, JOTMUYECKOIO MBIIUICHHUS,
BHUMAaHUSI, TaMSITH.

Il;1an npoBeeHNs 3AHATHUA:

— OpraHu3alUOHHAs YacTh;

— TeOpeTHYecKas 4YacTh (CTENEHb OKUCIEHUS, PABUIIO ONPEICTICHUS CTENEeHEN
OKHUCJICHUS, Ba)XKHEHUIIME OKUCIUTENIM U BOCCTAHOBUTENM, THUIBI OKUCIUTEIBHO-
BOCCTAHOBUTEIBHBIX PEAKIUI, TUIIBI OKUCIUTEIHHO-BOCCTAHOBUTENBHBIX PEAKILINN);

— DKCIIEPUMEHTAJIbHAS YacTh;

— 00CYXJIeHHE IKCTIEPUMEHTAIBHBIX JIaHHBIX;

— TEMaTUYECKOE TECTUPOBAHUE IO TEME;

— uToT J1abOpPaTOPHOM PabOTHI.

IIpuGopsl 1 peakTUBDI:

PeakTuBbl: conu (pacTBOpPBI, KPUCTAILIBI) IEpMaHTraHaTa Kajius (2H), KpUcTal-
JTUYECKUEe CYyJIb(PUT Kalus U JUXpOMaT aMMOHUS, CEpHAsl KUCIIOTA, TUCTUILINPOBAH-
Has BOJA, €AKUW HATP.

[Tocyna: mraTuB ¢ npobupkamu, ¢paphopoBas yanika, CIupTOBKa.

Teoperuuyeckoe BBeaeHUeE.

XUMHUYECKHE PeaKIMH, KOTOPbIE MPOTEKAIOT C U3MEHEHUEM CTENEeHeN OKucie-
HUS aTOMOB B MOJIEKYJlaX pEarupyrolyuX BeIIeCTB, HA3bIBAIOTCS OKHCIUTEIbHO-

50



BOCCTAHOBHUTCJIBHBIMU.

I[Hﬂ XapaKTepI/ICTI/IKI/I COCTOSIHUA 3JICMECHTOB B COCIMHCHUSAX BBCACHO ITOHATUC
CTEIIEHU OKUCIecHud. Unucio QJICKTPOHOB, CMCIHICHHLIX OT aTOMA HJIM K aTOMY HJAHHO-
I'0 3JICMEHTA B COCAMHCHUHN, HAa3bIBACTCs CTCIICHBIO OKHCIICHM .

HpOHeCC OTAa4YU JJICKTPOHOB HA3bIBACTCA OKUCJICHUCM. HaHpI/IMep:

Cu’-2&=Cu*

HpI/I OKHCJIICHHUHU CTCIICHb OKHCJIICHHIA 2JICMCHTA IIOBBIIIACTCA.

ITporuecc MPHUCOETUHEHUS dIEKTPOHOB HA3BIBAETCA BOCCTaHOBIEHUEM. Hanpu-
Mep:

Hg**+ 28 = Hg".

[Ipy BOCCTaHOBIIEHUH CTEIIEHb OKUCIIEHUS 3JIEMEHTA IIOHWKAETCS.

BoccraHoBuTensIMM Ha3bIBAIOTCS aTOMBI, MOJIEKYJIbl WJIM MOHBI, KOTOPBIE OT-
JAIOT JIEKTPOHBI B IPOLIECCE OKUCIICHUS.

OxHCIUTENAMU HA3bIBAIOTCSI aTOMBI, MOJIEKYJBI WM HOHBI, KOTOPBIE IPUCO-
€IUHSAIOT JIEKTPOHBI B IIPOLIECCE BOCCTAHOBIICHUS.

Oo6mas cxema OBP mMoxet ObITh 3amncaHa Tak:

ne
| v

BoccranoBurens + Oxuciurens = [IpoyKThl peaknuu

[Io OKHCIUTENIBHO-BOCCTAHOBUTEIBHBIM CBOMCTBAM BCE BEIIECTBA JACIATCA HA
TPU TPYNIIBL:

1. BemiectBa, KOTOpblE MOTYT OBITh TOJBKO OKHCJIAUTEIsIMH. B Monekynax
TaKUX BEIIECTB 3JIEMEHTBI, U3MEHSIOINE CTEIIEHb OKUCIICHUS, HAXOAATCSA B BbICLIECH
CTETEeHM OKHUCIeHus: (Tabnuia 9).

ATOMBI C BBICIIMMH CTEIEHSIMHU OKHCIIEHUS HE MOTYT OTJaBaTh JJEKTPOHBI, a
MOT'YT TOJIBKO IPUCOEIUHATD UX.

Ta0muma 9. Baxxuenime OKUCINTEITN

BHGMGHT BI)ICHIaﬂ CTCIICHBb OKUCJICHUA BCHIGCTBa — OKHUCJIIUTCIIN
N +5 HNO;
Mn +7 KMnO,, HMnO,
Cr +6 K,Cr,07, CrO,
Pb +4 PbO,
F 0 F,

2. BemecTBa, KOTOphIE MOTYT OBITh TOJBKO BOCCTAHOBUTEASIMU. B Moieky-
JaX TaKUX BEIIECTB DJIEMEHTHI, M3MEHSIONINE CTETNeHb OKUCIEHUS, HAXOMISITCS B
HUM3IIEH CTETICHH OKHCIICHHS. ATOMBI C HU3IIMUMH CTCTIICHIMHU OKWUCJICHHUS HE MOTYT
MIPUCOEAUHATH JICKTPOHBI, @ MOTYT TOJIBKO OTAaBaTh ux (Tadnuna 10).
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Taomuna 10. Baxxueime BOCCTAaHOBUTENA

DneMeHT Husmias crenens okuciaenus | BemiecTBa — BOCCTaHOBUTEIH
N -3 NH;
S -2 HoS
Cl, Br, | -1 HCI, HBr, HI
H -1 I'unpuast metammos (NaH)
Bce meramist 0 Na, Fe, Al, Zn...

3. BemiecTBa, KOTOpbIe MOTYT OBITh KAK BOCCTAHOBUTEJISIMH, TAK U OKHUCJIHU-
TeJsIMHU (B 3aBHCHUMOCTH OT BTOPOTO yYacTHHKA peakuuu). MoJeKkyybl Takux Be-
IIECTB COJIEPKAT PJIEMEHTHI B IPOMEKYTOYHOM CTEeTIeHH OKucieHus (Tadbmumna 11).

ATOMBI C TPOMEKYTOUHBIMHU CTEMIEHAMH OKUCJICHHS] MOTYT U MPUCOEAUHSATH, U
OT/IAaBaTh 3JIEKTPOHBI.

Ta6JIHIIa I11. Bemecma, IMPOABJIAIOIUC OKHCJIUTCIBHO-BOCCTAHOBHUTCIIBHYIO I[BOﬁ-
CTBCHHOCTbH

IEMCHT [IpomMexyTOUHBIE CTETIEHU BemecTsa
OKHCJICHHUS
N 0 N,
+3 NaNO,
S 0 S
+4 SOZ, KgSOg
Fe +2 FeSO,; FeCl,
Sn +2 SnCl,

Ha rpanuiie uHepTHOTO 37eKkTposa (TiaTUHBI, rpaduTa) B pacTBOpE AIEKTPO-
JIUTa, B KOTOPOM MPOUCXOAUT OKUCIUTEIBHO-BOCCTAHOBUTEIbHAS PEAKIIMsl, BOSHUKA-
€T CKaueK MOTEHIHala .

AOCOJIIOTHOE 3HAYEHHUE () HE OMpPEICNSIeTCs, HO MU3MEPSETCsS OTHOCHTEIIbHOE
3HAYEHUE K BOAOPOJHOMY BJIEKTPOAY CPABHEHUS, () 3aBUCUT OT MPUPObI BEILIECTBA,
OT KOHUEHTPALUH, OT TEMIIEPATYPHI.

Kaxxnas OKuCIUTEIbHO-BOCCTAHOBUTENbHASL PEAKIIMS COCTOUT U3 JIBYX MOJIY-
PEAKLHI. T. €. U3 IBYX JICKTPOXUMHUUYECKUX CUCTEM C JICKTPOABHKYILECH CHUITOM:

. 92—:[(3 = AQ° = (POOUK-J'[H — ¢°Bocc-sy

r7Ie ¢ — CTaHJAPTHBIN AJIEKTPOJHBIA MOTEHIMAN, 3HAYCHHUSI KOTOPOTO MPUBO-
JATCS B CIPaABOYHBIX TaOIUIAX.

OKHUCIUTEILHO-BOCCTAHOBUTEIIBHBIE PEAKIIMM MPOTEKAOT B JAaHHOM HarmpaB-
JIEHUU TIPU YCJIOBUU TOJIOKHUTEIILHOTO 3HAYEHHUS 3.1.C (DJIEKTPOABUKYILASA CUJIA CHU-
CTEMBI).

BemiecTBo B pa3HbIX peaklMsIX MOXKET OTAaBaTh WIM NPUCOEAUHSATH Pa3HOE
YUCJIO AJEKTPOHOB, MOTOMY €r0 3KBHUBAJIEHTHAs Macca MOXET HUMETh Pa3IudyHOe
3Ha4YECHHUE.

B cooTBeTcTBUU € 3TUM, SKBUBAJICHTHAsI Macca OKUCIHUTENS (BOCCTAHOBUTENS)
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paBHA €r0 MOJIAPHOM Macce, ACIICHHON Ha YUCIIO DJIEKTPOHOB, KOTOPHIE IPUCOSTUHS-
€T OJIMH MOJIb OKHCIIUTENSI MM BRICBOOOXKIAET OAMH MOJIb BOCCTAHOBUTENS B JAHHOU
peakuuu: M» = M/z [r/MO7B], T€ Z-4UCIO SKBUBAJIEHTHOCTH, Z = N€ (YHUCIIO AJEK-
TPOHOB).

Hampumep, KMnO4 (M= 158,0 r/M0:1b) B 3aBUCUMOCTH OT KUCJIOTHOCTHU CPEJIbI
BOCCTaHABJIMBAETCAd MO-pa3HOMYy. B KHCIION cpelie BOCCTaHOBIEHUE MPOTEKAET IO
ypaBHEHHUIO:

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

3mece Ne = 5, z =5 , skBHBajeHTHas macca M» ( KMnO,) = 158,0/5 =
31,6 r/mM0b.

Jlnst cocTaBiieHHs] YPAaBHEHHA OKHCIUTEIHLHO-BOCCTAHOBHUTEIBHBIX PEAKITUI
HCIIONB3YIOT JIBA METOJA: METOJ] 3JICKTPOHHOTO OajlaHca U MOHHO-3JIEKTPOHHBIA Me-
TOJ (METO/ MOTyPEaKIIHi).

1. MeTtoj 2JIeKTpOHHOTO OanaHca:

5Na28+403 + 2KMn+7O4 + 3H,S0O, = 5Na28+604 + 2Mn+2804 + K,SO, + 3H,0

S _28=5" 5 mpoliecc OKUCIEHUS

Mn*" +58 = Mn*?| 2 MPOIIECC BOCCTAHOBJICHUS

2. HMOHHO-3JIEKTPOHHBIA METOA:

st cocTaBieHUs ypaBHEHUN OKHCIUTEIHbHO-BOCCTAHOBUTENBHBIX PEAKIIUM,
MPOTEKAIONUX B BOJHBIX PAaCTBOpax, yJAOOHO HCIOJIb30BaThb HMOHHO-JIEKTPOHHBIM
MeTOJ| (METO/I TOJTypeakiuii). ITOT METOJI OCHOBAH Ha COCTABJICHUU YpaBHEHUU IO-
JTypeakiuii BOCCTAHOBJICHUS HMOHA (MOJIEKYJIbI) — OKHCIUTEIS M OKUCIEHUS HOHA
(MOJIEKyJIbl) — BOCCTAHOBHUTENSL C MOCJIECAYIOIIMM CYMMHUPOBAHUEM 3THX MOIypeaK-
AH.

S0,> + H,0 — 26 =S0O,* +2H" 5 mpolecc OKUCIEHUs

MnO, + 8H" + 58 = Mn*" + 4H,0 |2 npomuecc BoccTanoBneHus

505" + 5H,0 + 2Mn0O, + 16H" =5S0,” + 10H" + 2Mn** +8H,0

CJIOUB TTOJ00HBIC YICHBI, TOJIYYaIOT HOHHOE YpaBHEHUE:

5505 +2Mn0O, + 6H" = 5S0,> + 2Mn** +3H,0,
M0 KOTOPOMY COCTABJISIIOT MOJICKYJISIPHOE YpaBHEHUE pPeakiuu (i1 3TOTO K KaXKJI0-
My aHUOHY MPHUIUCHIBAIOT COOTBETCTBYIONIUN KATHOH, a K KaX/JI0My KaTHOHY — COOT-
BETCTBYIOIIUNA aHUOH C YYETOM MOJ00paHHBIX KOADPHUITUESHTOB):

5Na,SO; + 2KMnO, + 3H,S0, = 5Na,S0O, + 2MnSO, + K,SO, + 3H,0.

AJITOPUTM NPOBeIEHUsI IKCTIEPUMEHTA:

OmnbiT 1. Biausinue cpeabl Ha XapaKTep BOCCTAHOBJICHHUS IIEPMAaHIaHATA
KaJIUsl.

B Tpu mnpoOupku BHecwTe MO 4 Kalld pacTBOpa IIepMaHTaHAaTa KaJusl
(KMnOy). B 1-to mpobupky nobaBbsTe 2 Karuiy 2 H pacTBopa cepHoit kuciotsl H,SO,,
BO 2-10 MPOOMPKY — 2 KaIIu AUCTHILIMPOBAHHOM BOJBI, B 3-10 2 Kalid 2 H pacTBOpa
menoun NaOH. B kaxmyro mpoOupKy BHECHTE HAa KOHUYMKE MUKPOIIIATENS MO He-
CKOJIbKO KPUCTAUTUKOB Cynb(duta Hatpus Na,SO; U THiaTenpbHO mepeMenianTe pac-
TBOPBI JIO TIOJTHOTO pacTBOpeHust coyid. OTMEThTE U3MEHEHUE OKPACKH PACTBOPOB BO
Bcex mpoOupkax. B mpoObupkax mpoTeKaroT CASAYIONINE PEaAKITHH:

1. KMnO4 + N&2803+HZSO4 — MnSO,4+ NﬁzSO4+ KzSO4+H20;

2. KMnO4 + N&2803+ H,O -MnO, + N3.2504 +KOH;
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3. KMnO, + Na,SO; + NaOH — K,MnO, + Na,MnO, + Na,SO,+H,0.

OnpiT 2. OKUCIAUTENbHbIE U BOCCTAHOBUTE/IbHbIE CBOMCTBA AaTOMOB P-
3JIEMEHTOB B IPOMEKYTOYHBIX CTENEeHAX OKUCICHUS.

B 1-10 mpoOupky ¢ pactBopom auxpomara kanus (K,Cr,07), Bo 2-10 ¢ pacTBo-
pom cynbduaa Hatpusi (Na,S) BHecute no 1 kamie 2 H pacTBOpa CEpHOM KUCIOTHI U
Ha KOHYMKE MINaTels HECKOJIbKO KPUCTAJUTMKOB cyibhuTta HaTpusi Na,SO3

OnbiT 3. BHyTpUMOJ/IEKY/ISIDHBIE OKHCJIUTEIbHO-BOCCTAHOBUTE/ILHBIE pe-
AKIMU.

B npenBaputensHO HArpeTyro Ha AJIEKTpuUecKkoi mTke (papdopoByro damky
MIOMECTUTE TOPKON HECKOJIHKO MHUKPOILIATENICH KPUCTAUIMYECKOTO AUXpOMaTa aM-
mouus (NHy),Cr,0;. Uepe3 HECKOIBKO CEKYHT HaOro1aliTe OypHOE pa3IoKEeHHE CO-
JIU «BYJIKAHUUK:

(NH4)2Cf207 — Cr203 + N2 + 4H20

3elieHble OKaThIIIU TpeacTaBisioT co0oit CroO3— okcua xpoma (I1I).

OnbIT 4. B3aumoaeiicteue xjgopuaa ojoBa(Il) ¢ merTasmanyecknM MUHKOM.

B npyryto npobupky BHECUTE KycOUeK IIMHKA M 5 Karejab pacTBopa XJIopHuaa
osoa (II), HaGmrogaiiTe Ha MOBEPXHOCTH IIMHKAa 00pa3oBaHUE OJIECTAIIMX KPUCTAJ-
JIMKOB OJIOBA.

OmnbIT 5. Oprannyeckne BemecTBa B OKUCJIANTEIbHO-BOCCTAHOBUTEJIbHBIX
peakuax.

B mpobupky ¢ pactBopom amxpomara xamus K,Cr,O; (6 xamens) BHecute 2
KaIlJId KOHIEHTPUPOBAHHON CEPHOU KHUCJIOTHI INIOTHOCTHIO 1,84 r/M° U 5 Kalemb STH-
noBoro crnupra C,HsOH. OT™MeTbTe M3MEHEHUE LIBETa PACTBOPA W MOSABICHHUE CIIE-
nuduyeckoro «s0J0YHOTO» 3amaxa, NPUCYIIEro YKCYCHOMY allbJIETUy (areraibie-
rua) CH3;CHO. Hanumute ypaBHEeHUE peakivu, yUuThiBas, 4To XxpoM (VI) nepemen
B xpowm (IIT).

OmnbIT 6. OKHMCAUTENbHBIE U BOCCTAHOBHUTEIbHbIE CBOMCTBA MPOCTHIX Be-
IEeCTB.

Bnecure B n1Be mpobupku 1o 4 karu WoaHoi Bojbl (I,+H,0). B nmepByro npo-
OupKy m100aBbTe HECKOJBbKO Kamenb xjaopHoi Boasl (Cl,+H,0), Bo BTOpYIo ceposo-
nopoauoit Boas! (H,S + H,0).

AJITOPUTM 00Pa0OTKHU IKCIIEPUMEHTAIBLHBIX JaAHHBIX:

Omnpbit 1. B onbiTe 1 HanummTe ypaBHEHHs PeaklMil BOCCTAHOBIICHUS TIEpMaH-
raHaTa Kajius, cyJ1b(UTOM HAaTpHUsl B KUCIIOM, HEUTpaJIbHOM U 1Ieno4Hol cpeaax. Ko-
a(PuIUeHTH MOA0EPUTE METOAOM DJIEKTPOHHO-UOHHOTO OajaHca.

OnbIT 2. OKUCIIUTENIEM WK BOCCTAHOBUTEIIEM MOJKET SIBJISITHCSI B XUMHUUECKUX
peakuusx K,Cr,0;? Na,S? Ilonbepure k03pHULIUEHTHI, yKaXUTE OKUCIUTENb U BOC-
CTAHOBUTEIIb

OnbIT 3.ATOMBI, KAKOT'O 2JIEMEHTA SIBIISLJIUCH OKUCIMTEIAIMU? BoccTaHoBUTE-
nsimu? Kak u3MeHUIach CTENEeHb X OKUCIIEHUs?

OmnbiT 4. Hanuiure ypaBHEHUE peakIMu B3auMoiercTBus xjaopua onosa (1)
C IIMHKOM, KO3 (GUIIMEHTH HEOOXOIUMO T0I00paTh METOAOM AJIEKTPOHHOTO OaaH-
ca. OKUCIIUTENEM UK BOCCTAHOBHTENEM SBISETCS HOH Snt B HT0i peaxkuun?

OnbIT 5. OTMETHTE N3MEHEHHE 1IBETA PACTBOPA U MOSBIICHUE CIIEU(PUIECKOTO
«sI06JTOYHOTOY 3armaxa, MPUCYIIero ykcycHomy anpaeruny (ametanpaerun) CH3;CHO.
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Hanummre ypaBHeHHe peakiuu, yuuTbiasi, yTo XpoMm (VI) nepewen B xpom (III).

OnbiT 6. Hanummure ypaBHEHUS! MPOTEKAIOIIUX PEAKIMM, yYUThIBas, YTO B
nepBoM ciiydae oopasyrorcs xiopoogopoanas HCl u momnosaras HIO; kuciorsr;
BO BTOPOM ClIy4ae MOMYTHEHUE PAacTBOpa BBI3BAHO BBIJIEJICHUEM KOJUIOUIHOW CEphI,
SBJISIFOIIECICS. OJTHUM U3 MPOJAYKTOB PEAKIIUH.

CpaBHHMTEJIbHBIH AHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

OnbiT 1. [lepmanranar kamusi, KMnO,, gBIs€TCsl CHIBHBIM OKHCIUTEIIEM.
Haunbonee cuibHbie okucnuTenbHble cBOicTBAa KMnO, nposiBisieT B KUCIION Cpe/ie.
[ToaToMy B MpUCYTCTBHHM BOCCTAHOBHII €JI€i B KHCIION cpefie ¢uoseToBast OKpacka,
npucymas — MnQO, , nucdesaer, Tak KaK B MPOAyKTax oOpaszyercs OeCIiBeTHBIN HOH. B
HelTpanbHoU cpene KMnQOy, aBissich Oosiee ciiadblM OKUCIUTENIEM, IPEBPAILAETCS B
muokcu Maprania (MnQO;), o6pazoBaHrue KOTOPOTO MOKHO YCTaHOBHTH IO OypOMY
ocanky (xjombsam). B menounoii cpene KMnO, niposiBiisieT emre 6osee cnabble OKHC-
JUTENbHBIE CBOMCTBA, BOCCTaHaBIMBasCh A0 MaHraHata kamus K,Mn04, mostomy
droeToBas OKpacka, mpuCymas HoHy MiO,>, IepEeXOIuT B 3€TIEHYIO.

OmnbiT 2. Kak u3Menunach okpacka pactBopa B 1-ii mpobupke? Ilouemy mo-
MYTHEJ pacTBOp BO 2-it mpobupke? OKUCTUTENbHBIC WJIH BOCCTAHOBUTEIbHBIE CBOM-
ctBa mposiBisieT NapSO5? .

OnbiT 3. [laliTe omnpeaeneHne BHYTPUMOJEKYJISIPHBIX OKHCIHMTEIbHO-
BOCCTAHOBUTEJBHBIX peakuuii. YeM OHM OTIMYAIOTCS OT APYTrOro TUMA OKUCIUTEINb-
HO-BOCCTAHOBHTEJIbHBIX PEAKIIMIA.

OnbIT 4. CpaBHUTH AKTUBHOCTh METAJUIOB IO PSY aKTUBHOCTU: 00JIe€ aKTUB-
HBI METAJIJI BEITECHSIET MEHEE AKTUBHBINA U3 €€ COJICH.

OmnbiT 5. CTENeHN OKUCIIEHHS] B OPraHUYECKUX COEIMHEHUSIX ONPEIEISAIOT 0
CABUTY AJIEKTPOHHOM TUIOTHOCTH K 00JI€€ 3JIEKTPOOTPULIATEILHOMY AJIEMEHTY.

OnbIT 6. OKUCAUTENEM WIM BOCCTAHOBUTENIEM SIBISIOTCS B ITHUX PEAKIUAX
1on u xjaop?

BoiBoa: OKUCIUTENBbHO-BOCCTAHOBUTENBHBIE PEAKIIUA — 3TO PEAKLIMH, MPOTE-
KAIOIIUE C U3MEHEHUEM CTEIIEHHU OKHCIIEHHS y 3JIEMEHTOB B CO€IMHEHMsX. B 3aBu-
CUMOCTH OT TOTO B KaKOW CTETICHU OKHUCIICHUS HAXOJUTCS DJIEMEHT OH MOXKET ObITh U
OKHCIIUTENIEM U BOCCTAHOBUTEJIEM, U OJJHOBPEMEHHO M OKUCIUTEIEM U BOCCTAHOBU-
TeneM. PaccMOTpeHO BIMSIHUME Cpellbl pacTBOpa Ha MPOTEKAHUSI OKUCIHUTENIbHO-
BOCCTAHOBUTEJBHBIX PEAKLIMI, Y4YaCTHE€ TMPOCTHIX BEIIECTB B OKUCIUTEIbHO-
BOCCTAHOBUTENBHBIX MIPOLIECCAX.

TpeOoBaHuss Kk TexHMKe 0€30MACHOCTH NPH BHINOJHEHHUHU JI1A00PATOPHOI
padoTsl: K paboTe mpucTynarh TOJBKO MOCE pa3pelieHus mnpenogasarens. Pado-
TaTh HYXXHO aKKypaTHO M B KOHIIE pa0OThl BBIMBITH pyKH. [IpoiuThie peakTHBBI
HEOOXOAMMO Cpa3y K€ YJaduTh BIAXKHOW TPANKOW, HE JOMYyCKas MX KOHTAKTa C
HE3alUIIEHHON KOoXKel pyK. OTBITBI, B KOTOPBIX BBIJEISIOTCS SIOBUTHIC Ta3bl, Clie-
JyeT TMPOBOJIUTH B BHITSHKHOM ITKa(y MPH BKIIOYEHHON BEHTHIAIMH. PacTBOphI Xu-
MHUYECKUX PEAKTUBOB U WHJIUKATOPOB HYKHO MCIOJIb30BAaTh B KOJIMYECTBAX, YKA3aH-
HBIX B ONHCAHUU 3KcrepuMeHTa. OMNbITHI ¢ HATPEBAaHUEM W KOHIICHTPHUPOBAHHBIMU
pPacTBOpaMH CIIEYET MPOBOJUTH TOJHKO B BHITSHKHOM KA.

3aiaHus I CAaMOCTOSATEILHON padoThI:

1. Cpenu BemecTB — xiopun xenesa (II), xmopun xenesa (I11), metainmuueckoe

55



KEJIe30 CEPOBOAOPO/I, CYyIb(DHUT HATPHS, CEpHAS KUCIOTA — YKAKUTE BOCCTAHOBUTEID,
OKHUCJIUTEIb U BEIIECTBO C OKUCIUTEIbHO-BOCCTAHOBUTEIBHON JBONCTBEHHOCTBIO.
2. [logbepure crexnoMeTpuyeckue Kod(pPUIUMEHThI B ypaBHEHUS PEAKIIMIA:
HZS + KMnO4+ HZSO4= S+ MnSO4+ KZSO4 + HZONQ,
FeSO + KCrO_+H SO =Fe (SO) +Cr (SO) +K SO +HO,
4 27277 2T 2\ 743 T3 T T2
Mn02+ KC|03+ KOH = KZMnO4+ KCI + HZO.

VYKa)kuTe B HUX OKUCIIUTEIb, BOCCTAHOBUTEND U peakluio cpenbl (pH).

3. Ykaxure ypaBHEHUS peakLUui: MEKMOJIEKYISIPHON, BHYTPUMOJIEKYIISIPHON
U JUCHPOIIOPLUOHUPOBAHUS (CAMOOKHUCIICHUSI CAMOBOCCTAaHOBJICHHS); B yYpaBHEHUE
peaKkIMy IUCHPONOPLUOHUPOBAHUS MOAOEpUTE CTeXHoMeTpudeckne Kod3dduumen-

TBI
C|2+ NaOH — NaCl + NaC|O3+ H_O,

CI2+ KZMnO4—> KCI + KMnO4,

KCIO3 — KC1+0,,

Zn + HN03—> Zn(NO3)2 +N + HZO.

Yueonas aureparypa: [1, c. 271-278]; [3, c¢. 194-211].

JlabopaTtopnasi paGora Ne 11
N3yuyenne npoueccoB 3J1eKTPOJIN3a B PACTBOPAX IEKTPOJIUTOB

Hean nadopaTropHoii padoThI: IPOBEPKA, KOPPEKTUPOBKA U yTIyOJieHHE 3HA-
HUH CTYJIEHTOB IO TeMe «DJIEKTPOJIN3)» Yepe3 FIKCIEPUMEHT U pelieHue 3aaa4d. Pop-
MHPOBAHUE HABBIKOB TEXHUKH BBITIOJIHEHHS SKCIIEPUMEHTA, YMEHHS peliaTh pacyeT-
HbIC M KQ4eCTBEHHBIC 3a/1aU, COCTABIIATh YPABHEHUS XMMHUYCCKUX PEaKIIUi, MpOTe-
KAIOIIUX NP AJIEKTPOIN3€E PACTBOPOB U PACIIaBOB AJIEKTPOIUTOB. BocnuTanue ca-
MOCTOSITEIBHOCTH, OPTaHW30BaHHOCTH, (popMHUpOBaHHE yMEHUsI paboTaTh B TPYMIIE,
pPa3BUTHE TBOPUYECKUX CIIOCOOHOCTEH, JOTHIECKOTO MBIIIICHUSI, BHUMAHMS, TTAMSITH.

Il;1an npoBeeHNs 3AHATHUA:

— OpraHu3alMOHHAs YacTh;

— aKTyaJlu3alusl OCHOBHBIX TEOPETUYECKUX BOIPOCOB (AJEKTPOJIU3, €ro CYII-
HOCTh, KaTOJHBIE MPOIIECCHI MIPH DIIEKTPOJIM3E PACTBOPOB C TPAPUTOBBIMU DIEKTPO-
JlaMU, aHOJHBIE TIPOLIECCHI MPU IIEKTPOJIH3E PACTBOPOB C TPaUTOBBIMU IIEKTPOIa-
MU, DJIEKTPOJIU3 C PACTBOPUMBIM IEKTPOIOM);

— DKCIIEPUMEHTAJIbHAS YacTh;

— 00CYXJICHHE SKCTIEPUMEHTAIBHBIX JIaHHBIX;

— TeMaTUYECKOE TECTUPOBAHUE TI0 TEME;

— UTOT J1a0OpaTOpHON pabOTHI.

IIpubopsl U peakTUBBI: SJICKTPOIU3EPHI, PACTBOPHI XJIOPUAA HATPHUSA, CYIIb-
(dara HaTpus, cynbhara Meau, Habop UHIUKATOPOB.

Teopernueckoe BBeeHUE.

DNEKTPOIM30M HA3bIBAETCS OKHCIHUTEIbHO-BOCCTAHOBUTENBHBIA MPOILECC,
MPOTEKAIOLIUHN Ha AIEKTPOJAX MPHU MPOXOKACHUH MOCTOSHHOTO AJIEKTPUUECKOrO TO-
Ka yepe3 paciiiaB Wik PacTBOP AJIEKTPOJIUTA.
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CymHOCTH 3JEKTPOJIM3a COCTOUT B TOM, YTO 32 CUET AJIEKTPUUECKOW SHEPTHH
OCYIIECTBIISIETCS XUMUYECKasi peakins, KOTopas HE MOXKET MPOTEKaTh CaMOIPOM3-
BOJIBHO.

[Tpu amekTponu3e MPOUCXOTUT MPEBPAICHUE dICKTPUUSCKON YHEPTUN B XU-
MHUYECKYIO0. Y CTPOUCTBO ISl DJIEKTPOJIN3a, Ha3bIBAEMOE JIEKTPOJIU3EPOM, COCTOUT U3
JIBYX AJIEKTPOJOB M AJIEKTPOJIUTA. DJIEKTPOJ, COSAMHEHHBI C OTPUIATEIbHBIM TO-
JFOCOM MCTOYHHMKA TOKA, HAa3bIBAIOT KATOJOM, a JIEKTPOJ, TOJKIIOYCHHBIN K ITOJIO-
KUTEILHOMY TOJIIOCY — aHOAOM. Ha aHoje mpoTekaroT peakiuy OKHCICHUs, Ha Ka-
TOJI€ — BOCCTAHOBJICHUSI.

DJeKTpoIM3 pacIuiaBa U pacTBOpa OTIIMYAIOTCS APYT OT ApyTa.

B pacTtBOpe conmu KpoMe HOHOB METaJlIa U KUCIOTHOTO OCTaTKa MPUCYTCTBYIOT
MoJIeKy bl Bofbl ¥ noHsl H' 1 OH™ — mpoyKTsl Auccomuaniy Boasl. Iloatomy mpu
PACCMOTPEHUU PEaKIUi Ha JIEKTPOJaX HEOOXOAMMO yUUTHIBATH BO3ZMOXHOCTH y4a-
CTHSI MOJIEKYJT BOJIBI B AJIEKTPOJIU3E.

[Tpubop A mpoBeeHUs IIEKTPOIIN3a BOIHBIX PACTBOPOB COJICH MPECTaBICH
Ha pUCyHKe 0.

V7777777 77 A

Pucynox 6 — JlabopaTopHasi ycTaHOBKA JJI SJICKTPOJIN3a

B snexrponuzep (U-o6pa3usiii cocyn) (1) Hanute ¥4 06beMa pacTBOpa CoJid U
100aBUThH B 00a KOJEHA COCyAa HECKOJIbKO Kaleb pacTBOpa MHIMKATOPA, OMYyCTUTh
B pacTBOp IrpaduToBbIE (MHEPTHBIE) ANEKTPOBI (2) U C MOMOILIBIO TPOBOJOB MPUCO-
€AUHUTH UX K BbIIpsAMuUTENto Toka (3). IIponyckaTts Tok B Teuenue 3—5 muH. Haburo-
JaTh U3MEHEHHE OKPACKHU pacTBOpa B KATOJAHOM U aHOJAHOM MPOCTPAHCTBE.

[Ipoliecc Ha KaToJe HE 3aBUCUT OT MaTepualia Karoia, a 3aBUCUT OT IOJIOXKeE-
HUSI METaJIa B DJICKTPOXUMHUYECKOM psy (Tabnuia 12).
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Tabmuna 12. Katogabie mporecchl B BOJHBIX PACTBOPAX COJIEH

BHCKTPOXI/IMI/I‘{eCKI/II\/’I pAa HAIPSXKCHUA MCTAJIJIOB

Li; K; Na; Ca; Mg; Al

Mn: Zn; Fe; Ni; Sn; Pb

H, | Cu; Hg; Ag; Pt; Au

+
Men — HC BOCCTaHaBJIMBa-

CTCA
2H20 +2¢e= H2T+ 20H"

Me™ +n & = Me°
2H,0 + 2 & = Hyl+ 20H

Me™ +n & = Me°

[Ipouecchl, MpoTeKarOUMe HA aHOJAE, MOIPYKEHHOM B BOJHBIN pacTBOp 3JIEK-
TPOJIMTA, 3aBUCAT OT MaTepuaia, U3 KOTOPOro U3rOTOBJIEH aHOJI, & TAKXKE U OT MpHU-
pOJbl aHMOHA. AHUOH, KOTOPBIA BXOJIUT B COCTaB D3JIEKTPOJIATA MOXKET SIBISTHCS
OCTaTKOM KakK OECKHCIIOPOJHOM KHUCIOTBHI, TaK M KHUCJIOPOJACOAEPKAIEH KHUCIOTHI

(Tabmamma 13).

Ta6numa 13. AHOHBIE TPOIIECCHI B BOJAHBIX PaCTBOpaXxX cojiei

AHoOx

Kucnorsslit octatok (Ac™)

OCCKUCITIOPOTHBII

\ KHCIIOPOJICOACPIKAIITUN

AKTUBHBIN (pacTBOPUMBIiA)

Oxkwucnenne Metaja (aHoa)
Me®—n & = Me™

WNuepTHblil (HEpaCTBOPMBIIA)

OkucneHne aHuOHa
(xpome ¢propuoB F )
Ac™ —me=Ac’
2ClI" — 28 — Cl,

B mienounoi cpene:
40H —4¢& = 0,1+2H,0
B xucnoi u HeUTpaIbHOU
cpene:

2H,0 — 48 = 0,1+ 4H"

IMpumep 1: DnekTponn3 paciiaBa cyibdaTa HaTpUs
Na,SO, <> 2 Na"+ SO,*

K(-) Na"+&=Na’

A(+) 2580, —48=2S0;+0, |1

4

4Na™ + 2364 =4Na” + 2363 + 02
2 Na,SO, = 4Na’ + 2S0; + O,
Ipumep 2: DieKTpoau3 pacTBOpa XJopujia Kaiaus (aHO  HEPACTBOPUMBII)

KCl < K"+ CI”
H,O« H" + OH~

K(-) 2H,O0 + 2 & =H,1+ 20H"

A(+) 2CI" — 28 = CL,°1

2H,0 + 2CI” = H,t+ 20H™ + CI,"
2 KCI +2H,0 = H,1+ 2KOH + Cl,’t
IIpumep 3: DnekTponau3 BOAHOTO pacTBOpa XJIOpHUJa LIUHKA (aHOJ HEPACTBO-

PUMBIiN)
ZnCl, <> Zn** +2CI°

H,0«> H" + OH™ (Boaa cnabblif S7IeKTPOIHT)

K(-) Zn* + 28 =2zn°

2H,0 + 2 & = Ho+ 20H"
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A(+) 2CI =28 =Cl,t
CYMMapHOG YPaBHCHHEC PCAKIIMH B JAHHOM IIPUMEPE HAIMMCATh HCJIb3, TAK KaK
HEU3BCCTHO, KaKasa 4aCTb 06H1€F0 KOJIMYCCTBA JJICKTPHUYICCTBA UACT HAa BOCCTAHOBJIC-
HHUEC BOJBI, 4 KaKasd — Ha BOCCTaAHOBJICHHUC MOHOB IIMHKA.
IIpumep 4: DnekTposnu3 pacTBopa cyiabhara Menu (aHOI HEPaCTBOPUMBIN)
CuSO, « Cu®" + SO~
H,0 & H'+ OH"
K(-) Cu* +2&=Cu’ |2
A(+) 2H,0 - 48 =0,1+ 4H" |1

2Cu?* +2H,0 = 2Cu’+0,1+ 4H"
2CuS0O, + 2H,0 = 2Cu° + 0,1+2H,S0,
IIpumep 5: DnekTposivi3 BOAHOTO pacTBOpa HUTpaTa cepedpa C aKTUBHBIM
(pacTBOPUMBIM) aHOZIOM U3 cepedpa
AgNO3(—>Ag+ + NOj
H,O < H'+ OH~
K(-) Ag +e=Ag’
A(+)Ag° e = Ag’
IIpumep 6. Kakas macca Meau BBIJICIUTCS Ha KaTOJI€ MPH DJIEKTPOJIU3E pac-
tBOpa CuSO, B Teuenue 1 4 npu cuse Toka 4 A?
Pemenune. CormnacHo 3akonam @apajes:
m = D1t/96500, (1)
IJIe T — Macca BEIIeCTBa, OKMCICHHOTO MM BOCCTAHOBIICHHOTO Ha AJIEKTPO/IE;
D — 5KBHBAJICHTHAs Macca BemecTna; | — cuia Toka, A; t — mpoa0IHKUTETEHOCTh
ANEKTPOIN3a, ¢. JKBUBaJeHTHas Macca Meau B CuSO, paBHa 63,54:2 = 31,77 r/Monb.
[Toacrasus B popmyny (1) 3nauenus O = 31,77, 1 =4 A, t =60 * 60 = 3600 c, momy-
UM
_ 31,77-4-3600
96500
AJITOPUTM NPOBeIEHUs IKCIIEPUMEHTA:
OmnbIiT Ne 1. Dy1eKTPOJIN3 pacTBOPa XJIOPUIA HATPHS.
B snexktponuzep HAIUTH pacTBOP XJIOpUIA HATPUS, J00ABUTH (eHoIPTaIenH B
00a KoJIeHa, OIyCTUTh IPaPUTOBBIC DIEKTPOIbI U TOJKIIOUUTh TPUOOP K HCTOUYHUKY
TOKaA.

—474r.

OnbIT Ne 2. JiekTpoJiu3 pacTtBopa cyiabdara HATPHS.

B anexTponuzep HaIUTh pacTBOp Cysbdara HaTpHsl, TOTPY3UTh B AICKTPOIUT
rpadUTOBBIC SJIEKTPOJbI U MOJKIIOYUTL MPUOOP K MCTOUYHHUKY IMOCTOSHHOIO TOKA.
Uepes MUHYTY OTKJIFOYUTH DJIEKTPOJU3EP OT UCTOUYHHUKA TOKA, YOpaTh dJEKTPOJbI U
BHECTH B KaXK/10€ KOJIEHO MPpUOOpa 1Mo 2 Karjiu JaKMyca.

OmnbIT Ne 3. DuekTposn3 pacteopa cyjbdara Meau (¢ MHEPTHBIM aHOJA0M).

B snextponmzep HAIUTH pacTBOP Cyiab(hara Men, BCTAaBUTh TPa(QUTOBBIE AJICK-
TPOJIbI ¥ MOAKIIOYUTH MPUOOpP K UCTOYHHUKY TOKA. HabmrogaTh mporeccrl, mpoucxo-
JSIIME HAa KaTOJIe U aHO/IE.

OnbIT Ne 4. JjiekTpoJin3 pacTBopa cyjbdara Meau (C paCTBOPUMBIM aHO-
JIOM).
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He otkmtouas snexkTponu3ep OT UCTOUHUKA TOKa (OmbIT Ne 3), MOMEHSTh Me-
CTaMH DJIEKTPOJABI B KOJIEHSX 3JIEKTPOIU3EPA, BCIAEACTBUE YETO DIIEKTPOJI, MOKPBIB-
IUICSA BHAYAJIE MEABIO, OKAXKETCS aHOAOM.

AJITOpUTM 00PA0OTKH IKCIIEPUMEHTAJIbHBIX JaHHBIX:

OnbiT 1. OTMETUTH U3MEHEHHUS 1IBETA Y KaToja U aHoJla, HAOII01aTh BhleIe-
HUE XJIOPA B aHOJTHOM MPOCTPAHCTBE U BOJIOPO/IA U IIEJIOYH — B KATOAHOM.

OmnbIT 2. OTMETUTH U3MEHEHUS 1[BETA JIAKMYCA Y KaToJa U aHOAA. 3Has, 4TO B
KHCJION CpeJie JIAaKMyC MPUOOpeTaeT KPacHBIM IBET, a B IICJIOYHOW — CHHUH IIBET,
OTIpeNeINTEe B KAaKOE KOJICHO 3JIEKTPOJIM3epa, ObUT MOTPYKEH KaTod, a B KaKoe —
aHO/I.

OnbiT 3. Habmonate mporecchl, IpOUCXOIsIIe Ha KaToAe U aHO/E.

OmnsIiT 4. Kakoe BeniecTBo BbiAEseTCS Ha KaToAe? HanucaTs ypaBHEeHUS Ka-
TOAHOTO W aHOAHOTO MPOIIECCOB, MPOTEKAIOIINX TIPH IEKTPOJIU3E CyIb(haTa MeIu ¢
MEJIHBIM aHOJIOM.

CpaBHUTEJIBbHBII AHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

B ombiTax 1, 2, 3 aHoj He MPUHUMAET y4acTHE B IPOIIECCE AIIEKTPOJIU3a, B
omnbITe 4 B MPOLIECCE EKTPOIN3a yyacTByeT aHo . [Iporieccsl Ha KaToae 3aBUCST OT
Pa3JIMYHON aKTUBHOCTH METAJIA; MPOLIECCE HA aHOAE 3aBUCAT OT IMPHUPOJIbI KHCIOT-
HOI'O OCTaTKa.

BoIBoaBI: DKCIIEPUMEHTAIBHO HCCIIEIOBAIA AJEKTPOJIU3 33/IaHHBIX PAaCTBO-
POB: OIPEACIIINA MOPSIOK pa3ps/IKU BEIIECTB HA KAaTOAE U aHOJIE, YCTAaHOBUIIU pa3-
HUIly TPOTEKaHMs Mpoliecca SJIEKTPOIU3a C UHEPTHBIM U PACTBOPUMBIM aHOJOM.
Hayuunuce 3anuceiBaTh KaTOAHBIE U AHOIHBIE MTPOIIECCHI.

TpeOoBaHusi K TexHHKe 0€30MACHOCTH NPHU BBHINOJHEHUH J1a00OpaTOPHOI
padoThI: TIpeXkAe YeM MPUCTYIUTh K BHITIOJTHEHUIO JIa0OpaTOpHOU pabOThI, HEOOXO-
JTUMO U3YYUTh METOJIMKY €€ MPOBEJCHHUS, MOJYYUTh pa3pelieHue mpenoaaBaress Ha
BBITIOJIHEHHE Pa0OThl. BKitouath mpubOp B CETh CIEMYEeT TOJBKO B MPHUCYTCTBUH
npenogaBaresia. BKIouaTh 3JEKTPOIM3Ep B CETh HYKHO TOJBKO MOCJE €ro 3aroJiHe-
HUA Ha 2/3 pacTBOpPOM coJiH, paboTa C AIEKTPOJIU3EPOM M YTOJIBHBIMH DJIECKTPOIaMU
TpeOyeT akKKypaTHOCTH.

3ajanus Qs CaMOCTOSITEILHOM PadOThI:

1. UeM oTiHMyaeTcs 3JIEKTPOJIU3 C HEPACTBOPUMBIM aHOAOM OT 3JIEKTPOIN3A C
PacTBOPUMBIM aHOJIOM?

2. ECTb 1 OTIIWYHXS IPU MIPOBEICHUY AJIEKTPOJIM3a pacTBOpa U paciuiaBa’?

3. BeruncianTe 3KBUBAJIGHTHYIO MacCy MeTajuia, 3Has, 4TO NPH DJIEKTPOJIN3E
pacTBopa xJjopuaa 3Toro Merauia 3arpadyeHo 3880 Ku snextpuuectBa M Ha Karoae
BeIfENsieTcs 1,742 T meTaa.

4., UYemy paBHa cujga TOKa TIpU DJIGKTPOJIM3E pacTBOpa B TEUCHUE
1 4 40 muH 25 cek., eclii Ha KaTojie BeIAeIUIOCh 1,4 11 Bogoposa (H.y.)?

YueoHnas aureparypa: [1, c. 302-310]; [2, c. 566].

JlabopaTopHasi padora Ne 12
HccaenoBanue mpoueccoB 3JIEKTPOXMMHUYECKOIl KOPPO3MH METAJJIOB B Pa3jiny-
HBIX cpenax. 3yueHue BIMSHNS AKTUBATOPOB HA MPOLECC KOPPO3UH
[ear naGopaTopHoii padoOTHI. 3aKpPENUTh 3HAHHSA 00 OKHCIUTEIBHO-
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BOCCTAHOBUTEJBHBIX PEAKIUAX, IKCIIEPUMEHTAIBHO HCCIIEI0BATh CYUIHOCTh KOPPO-
3UM METAJUIOB U CIOCOOBI 3alIUThl OT KOPPO3UU; Pa3BUTh YMEHUSI HAOIIOAATh, CpaB-
HUBATbh, 0000IIATh, /IeTaTh CAMOCTOSATEIbHBIC BHIBOIBI.

Ilnan npoBeeHus 3aHATHUSA:

— OpraHu3allOHHAS YaCTh;

— aKTyaJlu3alusi OCHOBHBIX TEOPETHUYECKUX BOIPOCOB (KOPpO3Usl, €€ BUIbI U
THUIIBI, IPUYMHBI 3JIEKTPOXUMHUUYECKON KOPPO3HUH, YTO TAKOE MHUKPOTAIbBAHUYECKYIO
napa, crocoObl 3alllUThl METAJLUIOB OT KOPPO3UU);

— AKCHEPUMEHTAJIbHAS YaCTh;

— 00CYKJIEHHE SKCIIEPUMEHTAIbHBIX JJAHHBIX;

— TEMAaTHYE€CKOE TECTUPOBAHUE 110 TEME;

— uTOT 1abOpPaTOPHOM PadbOTHI.

IIpubGopbl U peakTUBBI. TPAHYJIBI IIMHKA, 0JI0BA, ATFOMHUHMS, HAKIaYHas Oy-
Mara, MeJiHasi MPOBOJIOKA, CEpHAs KUCIIOTa (2H), pacTBOPHI XJIOpUJa MEIU U CyJib(]a-
ta meau (0,5H), KpacHas KpoBsiHas CoJib (0,5H), ITATUB C TPOOUPKAMHU.

Teopernveckoe BBeIeHHUE.

Kopposus — 310 paspyiieHrue Metaiiia B pe3yibTaTe ero pu3nko-XxuMu4eckoro
BO3JICUCTBUS C OKpY»Karorieil cpenoil. [Ipu 3ToM MeTaribl OKUCTSIOTCS U 00pa3yroT
MPOAYKTBI, COCTaB KOTOPBIX 3aBUCUT OT YCIIOBHI KOPPO3UH.

[To MexaHu3My MPOTEKAHUS PA3IHYAOT XUMHUYECKYIO U JJIEKTPOXUMHUYECKYIO
KOPPO3HIO.

XuMuveckass KOppo3us HaOII0aeTCs B CPE/IC CYXUX Ta30B U HE MPOBOJIAIINX
ANEKTPUUECKUHN TOK KUAKOCTAX. [I[ppuMepoM Takoi KOppO3UU MOKET CIIYX HUTh 0Opa-
30BaHUE KEJIE3HON OKAJWHBI, UMEIOIIEEe MECTO MIPU OTKUTE CTAIBHBIX U3JCIUN, TPU
3aKaJike U B JIPYTUX MOpolieccax, MPOTEKAIOIUX MPU BBICOKUX TEMIIEpaTypax B BO3-
IYyITHOM cpefie:

6 Fe+40,=2Fe03

B ciyyae xuMuyeckod KOppO3WU 4acTo OBIBAET Tak, YTO OOpa3yroIieecs co-
€MHEHHUE TOKPHIBAET METAJIJI TOHKUM, HO IJIOTHO MPUJIETAIOIIUM CJIOEM, KOTOPBIi
3alMIIAeT META/Ul OT JAJIBHEUIIETO BO3JCHCTBUS HAa HEro IPYyTrHX BelleCcTB. Takue
IJIEHKU HAa TOBEPXHOCTH METAUIMYECKUX M3AEIINN YacTO CO3/Al0T CHEHUAIbHO C 11e-
JBI0 MIPEJOXPAHEHUS UX OT KOPPO3UH; 3TO TAKKE MPOLIECCHI, KAK HAIlPUMEP, OKCUH-
pOBaHUE, AaHOJJUPOBAHUE U JIP.

DJIEKTPOXUMHYECKAS] KOPPO3Usl XapaKTepHa JJIsl Cpell, UMEIOLIUX HOHHYIO
MpoBOAUMOCTh. Ha moBepXHOCTH MeTajlia, BCIEACTBUE PA3IMUHBIX BKJIIOUCHHU B
METaJlJI, MOXKET ObITh MHOTO MHUKPOYYAaCTKOB, UMEIOIINX Pa3HbIN 3JIEKTPOJHBIN IM0-
TeHuuan. TakuMm oOpa3oM, eciau MEeTall COMPUKACAETCS C PACTBOPOM AJIEKTPOJIHUTA,
CO3/IAlOTCSl YCIIOBUSI JUISi BO3HUKHOBEHUSI MHMKPOTAIbBAHUYECKUX KOPPO3UOHHBIX
AJIEMEHTOB. DJIEKTPOHBI OT MECT ¢ Oojiee OTpUIIATEIBLHBIM AJIEKTPOJAHBIM MOTEHIIA-
J0M (aHOJHBIX YYaCTKOB) MEPEMEIIAIOTCS K MECTaM, UMEIOIIMM MEHEE OTPULATEIb-
HbIM (MM MOJIOKUTENbHBIN) NOTEHIMaN (KaTOAHBIM yyacTkaM). MeTasi, Ha aHOJ-
HBIX Yy4acTKax OyJIeT OKHUCIATHCS, W TEPEXOJUTh B COCAMHEHHUS C KOMIIOHEHTaMU
cpenbl. Ha katogHpIx ydacTkax OyayT BOCCTaHABIUBATHCS OKUCIUTENN, COACPIKAIIH-
ecs B cpele.

OpnHako eciau MeTainueckas MOBEPXHOCTh BO BCEX TOUKAX MMEET OJUHAKO-
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BBIW MOTEHIIMAJ, MUKPOTAIBbBAHUYECKUN 3JIEMEHT BO3HUKATh He OyaeT. Hampumep,
€CJIM XMMHUYECKH YUCTBIA IMHK MOMECTUTh B pa30aBICHHYIO KUCIOTY, BbIJCIICHHE
KHUCIIOpOa TIOYTH OTCYTCTBYET. ITO OOBACHSIETCS TEM, UTO HA TOBEPXHOCTU METaslia
BO3HHUKAET OJIHOPOJIHBIA JIBOMHOM JICKTPUUCCKUM CIIOM M MOHBI IIMHKA, 00pa3yIoIIne
OJIVH CIJIOM M HAaXOJSIIUECS Yy MOBEPXHOCTU METAJUIA, MPEMATCTBYIOT HOHAM BOJOPO-
J1a OJIXOAUTh K IMMOBEPXHOCTU METAJlIa U MOJIy4YaTh C HEE ANEKTPOHbI. OIHAKO, eCu
NPUKOCHYTHCSI K TOBEPXHOCTH ILHMHKA KAaKUM-JIHUOO MEHEEe aKTUBHBIM METAaJIOM,
HaIlpuMep, MEIHOM NPOBOJIOKOW, HAYMHAETCS YCWUJICHHOE DPACTBOPEHUE IMHKA H
SHEPrUYHOE BBIIEIICHUE BOAOPOJA HA ITOBEPXHOCTH MEIHOM MPOBOJOKU. [IpnunHon
3TOr0 CIIY’)KUT 00pa30BaHUE raJlbBAHUYECKOTO AJIEMEHTA, B KOTOPOM LIMHK SIBJIAETCA
aHOJIOM M IEPENAET CBOM 3JEKTPOHBI KaToay — Meau. C MOBEPXHOCTU MEAH MOHBI
BOJOPOJA JIETKO OTHAIOT MPHUIIEAIIME OT IMHKA DJJEKTPOHBI, IPEBpAIlasCh B
HEUTPAJIbHBIEC aTOMBI, 4 3aT€M B MOJIEKYJIBI:
1Zn/ A(-) Zn®-2& =2Zn*
ICU/K(+) 2H" +2& = H,

Bo Bcex ciyyasix KoHTakTa 0oJjiee aKkTUBHOT'O METajljla C MEHEE aKTUBHBIM Me-
TAJJIOM B MPUCYTCTBUU JJIEKTPOJIUTA BO3ZHUKAECT rajiIbBAHUYECKAs Iapa U UAET YCH-
JICHUE KOPPO3UHU aKTUBHOTO METasia.

JIns 3a1MTEl OT KOPPO3UH, A TaKXKE C JCKOPATUBHBIMU LEISIMU MMOBEPXHOCTH
OJHOTO METaJIa YacTO MOKPBIBAIOT IPYIUM MeETaLUIOM. Pasinuyaror aHOAHBIE U Ka-
TOJIHBIE METAJUTNYECKUE MMOKPBITHSL.

AHOIHBbIE TOKPBITUSI — METAUT MOKPHIBAETCS 0O0Jee AaKTUBHBIM METAJIOM,
HaIpyuMep, [IUHK 110 XKENE3Y; OJI0BO M0 MEAU. DTO HAAECKHAS 3aIUTA, TOCKOIBbKY J1a-
e B CIydyae MEXaHWYECKOTO MOBPEKICHUS TMOKPHITUS U 00pa3oBaHUE rajibBaHUYeE-
CKOM Mapbl, MOKPHIBAIOIIMNA METAJIJ SIBJISIETCA aHOJOM, T. €. OH NMPUHUMAET Ha cels
KOPPO3HIO U XOPOIUIO 3alIUIIAET OCHOBHOM MeTaml. Takum o0pa3oM, OH UTpaeT poJib
MIPOTEKTOpA.

KaroaHoe mokpbiTHEe — METa/ul MOKPHIBAECTCS MEHEE AKTUBHBIM METAJUIOM,
HalpuMep, OJIOBO MO KEJe3y; HUKENb M0 Kele3y. DTO HE HAJekKHOE MOKpbITHE. B
Cllydae MEXaHWYECKOTO TOBPEKICHUS TOKPBITUS M 00pa3oBaHUSl TajbBaHUYECKOU
napbl pojib aHOJa BBITIOJHSIET 3alllAIaeMblii MeTaut (kene3o). B atom ciydae mo-
KpBITHE HE 3aIIMILIAET KEeJI€30, 8 HA0OOPOT, YCKOPSET €ro KOPPO3HUIO.

B nacrosiee Bpemsi ©MeeTCs OOMBINOE KOJTHMYECTBO CPEACTB I OOPBHOBI C
KOPPO3HEN.

AJITOPUTM NPOBeIeHUS IKCIIEPUMEHTA:

OmnbiT Ne 1. BzanmoaeiicTBHe IMHKA ¢ CEPHOIl KUCJIO0TOM B OTCYTCTBHE U B
NPUCYTCTBUU ME/IM.

B npoOupky BHecTH 5 Kamnenb pacTBOpa CEPHOM KUCIOTHI MU KyCOUEK IIMHKA.
HaOnromaeTcst 1 BeITECHEHHE BOJOPOJa U3 CEpHOM KHUCIOTHI? KOCHYThCSI MeTHOM
MIPOBOJIOKOM KyCOUKa IMHKA B TIpoOupke. Kak u3MeHseTcss HHTEHCUBHOCTD BBIJIENe-
HUSI BOJOPOJIa, U HA KAKOM U3 METAJUIOB OH BbiAessieTca? OTHATh MEIHYIO TPOBOJIO-
Ky OT IIMHKA U YOEAUTHCS, YTO HHTCHCUBHOCTH BBIJICIICHUS BOJOPO/Ia CHOBA M3MEH I~
€TCH.

OnbIT Ne2. DiieKTpOXUMHUYECKasi KOPPO3US JIYKEHOT0 U OIIMHKOBAHHOIO
JKese3a.
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B nBe uncthie mpoOMpPKH BHECTH IO 3 KAaIUIM pacTBOpa CEPHON KUCIOTHI U TeK-
carmanodeppara (I1I) kamus Kz[Fe(CN)g].

JIBe >kelie3HbIe TMPOBOJIOKU 3aYUCTUTh HAXKIAYHOW OyMaroil. DTH MPOBOJIOKHU
OIYCTUTh B NPOOUPKU C MPUTOTOBICHHBIMH PACTBOPAMHU U MPUKOCHYTHCS OJIHOMN
IIPOBOJIOKOM K KyCOUKY LIMHKA, a JPYTroi — K KyCOYKYy O0JIOBa. Yepe3 HECKOJIbKO MU-
HYT HAOJIO/IaliTe MOSBJICHUE CUHETO OKPAILIMBAHUS PACTBOPA, B KOTOPBIM MOrpyXKeHa
JKeJIe3Hasi MIPOBOJIOKA B KOHTAKTE C OJIOBOM.

OmnbiT Ne 3. BiusiHue XJ10p — HOHA HA KOPPO3HI0 METAJLJIA.

Hon xyopa sIBISETCS CUIBHBIM aKTUBATOPOM KOppo3uu. Ero mpucyrctBue B
pacTBope CoCOOCTBYET pa3pylICHUIO 3allIUTHON TIJICHKH OKCHUA allOMUHUS, BCIIE]I-
CTBHE YETO KOPPO3USl yCUIUBACTCS.

B n1Be mpoOUpKM MOMECTUTH MO KYCOUKY aTIOMUHUS U I00aBUTh B OJIHY U3 HUX
5—-6 kamenb pacTBOpa cynbdara Meau, a B APYTyI0 — CTOJIBKO K€ pacTBOpa XJIOpHUAA
ME/IN.

AJaroputm 00padboOTKH IKCIIEPUMEHTAJIbHBIX JAHHBIX:

OmnbiT 1. YKa3aTh HanpaBieHUE Mepexoda 3JIEKTPOHOB B MAPE IUHK — MENb.
Kaxkoit Mmetanmn Oyner UMeTh OTpPUIIATENIbHBIN 3apsijl, U SIBISATHCS KATOJOM JIJII HOHOB
BOJIOpOJIa, UMEroIUXcs B pacTBope? COCTaBUTh MUKPOTaJIbBAHUYECKYIO TIApy, HAIIH-
caTh MPOLECC HAa aHOJIE U Ha KaTOJI€ B KUCIION CpeJie.

Omnbit 2. O6bsicHUTe 00pa3oBaHHe HOHOB Fe** B 5TOM pacTBOpE, yUMTHIBas,
YTO KEJI€30 U 0JIOBO 00pa3yroT rajibBaHUUYECKyo nmapy. Ha moBepXxHOCTU Kakoro me-
TaJula BBIJEISAETCS B 3TOM ClTydae BOAOpOA?

[ToueMy He MosIBUJIACh CHHSS OKpacka B pacTBOPE, B KOTOPKIM ObL1a OomyIieHa
’KeJIe3Hasi IPOBOJIOKA B KOHTAKTE C IIUHKOM?

CocTtaBbTe cXeMy AJIEKTPOXUMUYECKON KOPPO3UU JTY>KEHOTO U OIIMHKOBAHHOTO
&Keses3a, c 00pa3oBaHUEM TaJIbBAHUYECKUX Map.

OnbIT 3. OTMETUTD PA3IUYHBIA pe3yIbTaT B 000UX CIy4asix: B TO BpeMs Kak B
MepBOIl MPOOUPKE aTIOMUHHM OCTAaeTCA MOYTH 0€3 U3MEHEHUS, BO BTOPOH OH OBICTPO
MMOKPBIBAETCS HAJeTOM Meau. HanncaTth ypaBHEHHE pEaKIUU.

CpaBHUTEJbHBII aHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

OmnbiThl 1, 2. Tporiecchl Ha aHOJIE 3aBUCAT OT AKTUBHOCTH METAJUIOB: HA aHO-
Jie pa3pymaercs Bceraa 0ojiee aKTHMBHBIM MeTalll, CTAaHAAPTHBIA 3JCKTPOIHBIN IT0-
TEHIIMa] KOTOPOTrO UMEET MEHBIIIEE 3HAUYEHNUE, AKTUBHOCTh METAJIJIOB JIETJIA B OCHOBY
BbIOOpA METAJUTUIECKOTO MOKPhITHsI (Tabmnuia 14).

Tabmumna 14. CranmaptHbie 37eKTpojHble noTeHuanbl (E°) HeKoTOphIX MeTasioB
(psin HanpsIKEHUN)

OJIEKTPO/ E°, B QJIEKTPO/] E°, B
Li*/Li -3,045 cd**/cd -0,403
Rb*/Rb -2,925 Co*ICo -0,277
K*/K -2,924 Ni**/Ni -0,25
Cs*/Cs -2,923 Sn**/Sn -0,136
Ba“*/Ba -2,90 Pb**/Pb -0,127
Ca’*/Ca -2,87 Fe¥*/Fe -0,037
Na*/Na 2,714 2H*IH, -0,000
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QJIEKTPO/ E°, B QJIEKTPO/] E°, B
Mg“* /Mg -2,37 Sb**/Sb +0,20
APFY/Al -1,70 Bi**/Bi +0,215
Ti¢*Ti -1,603 Cu”/Cu +0,34
zr¥1zr -1,58 Cu*/Cu +0,52
Mn**/Mn -1,18 Hg**,/2Hg +0,79
VIV -1,18 Ag'/Ag +0,80
cr¥/Cr -0,913 Hg**/Hg +0,85
Zn**/Zn -0,763 Pt**/Pt +1,19
Cr¥/Cr -0,74 Au®*/Au +1,50
Fe”*/Fe -0,44 Au*/Au +1,70

OnbiT 3. AKTUBATOPBI — YCKOPSIIOT Mpolecc Koppo3uu. UHrubuTopsl 3amen-
JISIEOT.

BoiBoabl: Ha ocHOBE TEOPETUYECKOTO U IKCIIEPUMEHTAIHHOTO U3YUYEHHUE MPO-
IIECCOB XMMUYECKON U 3JIEKTPOXUMHUUECKON KOPPO3UM, METOJOB 3alllUThl METAJIIOB
chopMUpOBalId YMEHHUE OMPEAEsATh YCIOBUSI KOPPO3UOHHOM COBMECTUMOCTH JETa-
Jied U3 pa3IuYHbIX MaTepUANIOB, BHIOMPATh ONTUMAJIbHBIE.

TpeOoBaHusi K TexHUKe 0€30MACHOCTH NPHU BBINOJHEHUH J1A00OPATOPHOU
padoThI: IpeXkAe YeM MPUCTYIUTH K BHITIOJTHEHUIO JJa0OpaTOpHOM pabOThI, HEOOXO-
JUMO U3YYUTh METOJUKY €€ MPOBEICHUS, MOJYUYUTh Pa3pelICHUE MPenoaaBaTeis Ha
BBITIOJIHEHHE paboThl. B KOHIlE paboThl HEOOXOAUMO TIIATENBHO BBIMBITH PYKH.
[IponuThie peakTUBBI HEOOXOAUMO Cpa3y K€ yAAJIUTh BIAXKHOU TPSMKOW, HE JIOMYC-
Kas MX KOHTaKTa C HE3aUIMUICHHON KOXeill pyK. PacTBOpbl XMMHUYECKHX PEAaKTHBOB
CIeAyeT UCIOJIb30BaTh B KOJIMYECTBAX, YKa3aHHBIX B ONMKCAHUU 3KcriepuMmeHTa. He
CJeAYyEeT MCIOJb30BaTh PACTBOPHI, B HA3BAHUSAX KOTOPHIX HE yBepeHsbl. Ilocne omnbiTa
OCTaTKH METajllIa HEOOX0IUMO cOOpaTh B OTACIBHYIO MTOCYY.

3agaHus 11 CAaMOCTOATEILHOM PadoThI:

1. YUto Takoe xoppo3us MeramioB? KakoBbl IPUYMHBI BOZHUKHOBEHHUS DJICK-
TPOXUMHYECKOU KOPPO3UH?

2. Yro Takoe uHruoutopsi? B ueM 3akiatoyaeTcsl CylHOCTh UX JEHCTBUSA?

3. Kak mpoucxoauT KOppo3us [IMHKA, HAXOSIIETOCSd B KOHTAKTE C KaMUEM B
HEUTpaJIbHOM U KHCIIOM pacTBopax. CocTaBbTe AJEKTPOHHBIE YPaBHEHUSI aHOJHOTO U
KaToJIHOTO mporueccoB. KakoB cocTaB MpoayKTOB KOPPO3UU?

4. TloueMy XUMHYECKH YMCTOE Keye30 00jee CTOMKO MPOTUB KOPPO3UHU, YEM
TEXHUYECKOE JKeJe30?

5. XKenesnoe uznenue NMOKPHUIM CBUHIOM. Kakoe 3TO MOKPBITHE — aHOJHOE
unu katonHoe? [louemy?

YueoHnas aureparypa: [1, c. 568]; [2, c. 593-638].

JlabopaTopHnasi padora Ne 13
N3yyeHune XuMHYECKHX CBOICTB METAJUIOB Pa3JIMYHON AKTUBHOCTH
Hean nadopaTropHoii padoThI: IPOBEPKA, KOPPEKTUPOBKA U yIiyOJieHHEe 3Ha-
HUM CTYJEHTOB 1O TeMe «CBOWCTBA METAIJIOBY 4epe3 3KCnepuMeHT — DopMupoBa-
HUE€ HABBIKOB TEXHUKHU BBIMOJHEHUS KCIIEPUMEHTA, COCTABIIATh YPABHEHUS] XUMUYe-
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CKHX PEaKIIii, OTPaKAIOIINE OCHOBHBIE CBOMCTBA METAJIOB. BocnuTanue caMocTosi-
TEJIbHOCTH, OPTaHU30BAaHHOCTH, (POPMUpOBAHUE yMEHUSI paboTaTh B rpyIie, pa3Bu-
THE JJOTUYECKOTO MBIILJICHUS, BHUMAHHUS, TAMSITH.

[Inan npoBeneHust 3aHATHS:

— OpraHu3alMOHHAs YacTh;

— aKTyaJu3alKsl OCHOBHBIX TEOPETUYECKHUX BOMPOCOB (METAILIbI, MOJOKEHHUE B
tabnune JI. M. MengeneeBa, MeTaminyeckas CBA3b, (PU3MUYECKHE U XUMHUYECKHE
CBOMCTBA, OCHOBHBIE CIIOCOOBI IMOTYYEHUS U TPUMEHEHUS);

— DKCIIEPUMEHTAJIbHAS YaCTh;

— 00CYXICHHE IKCTIEPUMECHTAIBHBIX JIAHHBIX;

— TECTUPOBAHHUE T10 TEME;

— uTOT 1abOpPaTOPHOM PadbOTHI.

IIpubGopbl U peakTUBBI: MTATUB C MPOOUPKAMHU, COJISTHAS, CEpHAas, a30THas
(2H) KHCIOTHI, colstHOM (mtotHOCTs 1,19 r/em®), ceproii (rwotHOCTh 1,84 r/em®)
a3oTHO# (mmotHOCTh 1,40 r/cM®); rpaHyIbl IMHKA, ONOBA, ANIOMHHHS, HAXKIAUHAS
Oymara; MeaHas MPOBOJIOKA, cepHas KUcioTa (2H), pacTBOPHI XJIOpUIa MEJIU U CYJib-
¢dara meau (0,5H), KpacHas KpoBsiHas COJib (0,5H), MITATUB C IPOOUPKAMHU.

Teopernveckoe BBeeHUE.

MeTtanibl ipu OOBIYHBIX YCIOBHUSIX — 3TO TBEPJIbIE BEUIECTBA (32 UCKIIOYECHUEM
PTYTH), C XapaKTEPHBIM METATMYECKUM OJIECKOM, XOPOIIEH 3IEKTPO- U TEIIONPO-
BOJIHOCTBIO.

HapyXHbIil 3JIEKTPOHHBIN CJIOM aTOMOB OOJBIIMHCTBA METAJJIOB COACPKHUT
OJIMH WJIM JiBa dJekTpoHa. Hambomnee xapakTepHBIM XUMUYCCKAM CBOHCTBOM MeETaJ-
JIOB SIBJIAETCSI CITOCOOHOCTh MX aTOMOB OT/IaBaTh CBOM HApY>KHBIE AJICKTPOHBI, TIpe-
BpaIiasch MPU 3TOM B IOJOKUTEIBHO 3apsHKCHHBIC MOHBI, CIEIOBATEIHLHO, CBOOO/I-
HBIC METAJIIBI SIBIISIFOTCS BOCCTAHOBUTEIISIMHU.

BoabImMHCTBO METaIOB HEMOCPECTBEHHO PEarupyroT C KUCIOPOJI0OM, 00pa-
3ysl OKCHJIBI. XapaKkTep OKCHA 3aBUCHUT OT MPOSBISEMON METaNIOM CTETECHU OKHC-
JICHUS: HU3IINE OKCUIBI HOCAT OCHOBHOM WM aM(OTEpHBINA XapaKTep, BHICIIHE OK-
CUIBl — MOTYT TPOSBIATH KUCIOTHBIA Xapaktep. Hampumep, oxcua mapranua (1)
MnO siBrisieTcst OCHOBHBIM OKcuaoM, okcu mapranua (IV) MnO, npossrser amdo-
TepHbIE CBOMCTBA, a okcua Maprasia (VI[)Mn,O; — 310 yke KUCIOTHBIN OKCHUJI, SIB-
JSI€TCSl aHTHAPUIOM MapraHiieBo kuciaoTel HMNO,.

[Toutn Bce MeTaNIBI OKUCIISIOTCS KUCIOTaMH, TIPEBPAIAsACh B COOTBETCTBYIO-
e conn. [Ipy melicTBUM KHUCIOTHI Ha METAJI POJIb OKUCIUTENS UTpaeT JTUO0 MOH
BOJIOpPO/Ia, JIMOO BJIEMEHT B TOJIOKHUTCIBHONW CTCTICHU OKUCIICHUS, BXOIAIINN B CO-
CTaB KMUCJIOTHOTO OCTAaTKa KUCIOPOACOACPKAIICH KUCIOTHI.

ConsHast u pa30aBlieHHas CepHass KUCIOTHI OKHCIISIOT TOJIbKO METAJLIbI, KOTO-
pBIC CTOSIT B PSAY HANPSOKCHHSI IO BOAOPO/IA, TaK KaK POJIb OKUCIIUTENS B 3THX CITy-
qasx UTPparoT HOHBI BOJAOPO/IA:

Mg + 2HCI = MgC|2+ H,,

Fe + HQSOA, :FESO4 + H2.

KoHnienTpupoBaHHasi cepHasi KUCJIOTa OKUCISET NMPH HArpeBaHWUU TOYTH BCE
MeTaJuTbl (HE OKUCISIOTCS 30J10TO, IJIATHHA M HEKOTOpPbhIE peIKre MeTasuibl). B aTom
Cllydae OKHCIIHTENEM SIBISETCS cepa B BICIICH cremenn okuciaenus (S*°), koTopas B

65



3aBHCUMOCTH OT METaJlJla MOXKET BOCCTaHaBIUBAaThCS 10 SO, (MaJOAaKTHBHBIMH Me-
Tayuamu), 10 cBoGomHON cepr(SY) n maxe mo HpS (MAlOAKTHBHBIME METAILIAMH).
Harmpumep:
Cu +2H,S0,4 = CuSO, + SO, + 2H,0,
3Fe + 4H,S0O, = 3FeSO, +S + 4H,0,
4Mg + 5H,S0, = 4MgSO, + H,S + 4H,0.

ABOTHasl KUCJIOTa, KaK KOHLIEHTPUPOBAHHAS, TaK W pa30aBieHHAs, OKUCISIET
MOYTH BCE METAJUIBI (32 UCKIIOUYEHHUEM 30JI0Ta, TIJIATUHBI U HEMHOTHUX APYTHUX), NpHU-
YeM BOJIOPOJI HE BBIIEISAETCA JaXKe B Cllydae pa30aBIEHHON KUCIOTHI; OKUCIUTEIEM
371eCh SIBJISIETCS a30T B BhIcIIel crermenn oxkuciaenns (N™).

KoHiuieHTpupoBaHHass a30THAasli KUCJIOTa BOCCTAHABIMBACTCS METaUIaMH [0
NO,, Hantpumep:

Cu + 4HNO; = CU(N03)2 + 2NO, + 2H,0.

Pazb6aBnennas a3oTHas kuciora BocctanaBinubaetcs Mmetauiamu 10 NO; N,O u
1oNH;NO3, B 3aBUCHUMOCTH OT aKTUBHOCTH METAJIJIa U OT CTENIEHU pa30aBIeHUs KK C-
notel. YUem akTuBHEe MeTall U yeM Oosiee pa30aBiieHHAs KUCIOTa, TEM CHIIbHEE OHA
BOCCTAHABJIIMBAETCS, HAIIPUMED:

3Pb + 8HNO; = 3Pb(NO3), + 2NO, + 2H,0,
4Mg + 10HNO; = 4Mg(NO3),; +NH4NO;+ 3H,0.

AJFOMUHHM, XpOM, KEJIE30 MPHU JEUCTBUU HA HUX KOHLIEHTPUPOBAHHOW a30T-
HON KHUCJIOTHI MACCUBUPYIOTCS, MOKPHIBAACh TOHKOW IICHKON OKCHJA, MOCJE Yero
ATU METAJIJIbI HE TIOJIBEPTratoTCs JEUCTBUIO U IPYTUX KUCTIOT.

HexoTopble MeTalibl, U3 TEX, YbU THUAPOKCUILI MNPOSBISAIOT amM(pOTEpHBIE
coiictBa, — Zn, Al, Sn, Pb, Cr, — moasepratorcs IeHCTBHIO pacTBOPOB IICIIOYCH, B
pe3ynbTaTe 4ero oOpa3yroTcsi COJIM COOTBETCTBYIOLIMX KHUCJIOT C BBIJACICHHEM CBO-
6omHoro Bojaoponaa. OOpazoBaHue CBOOOJHOTO BOJOpPOJA SIBISETCS PE3yJIbTaTOM
B3aMMO/JICHCTBUSI METaJlJla C MOHAMHU BOJIOPOJIa BOJBI, & HE BOAOPOAA, BXOMSIIETO B
COCTaB IIEJI0YH, HAIPUMED:

2Al + 6H,0 = 2AI(OH); + 3H,.

B orcytcTBue mienoun o0pa3zoBaBIIMNACA THAPOKCHI, KaK TPYTHO PAaCTBOPUMOE
BEIIIECTBO, MOKPHIBAET MOBEPXHOCTh METajlla CIUIOIIHOW IJIEHKOW M Mpolecc IMpe-
kpamaercs. [1o 3Toli npuynHe Ha3BaHHBIE BBIIIE METAJIBI HE PACTBOPSIIOTCS B BOJIE.

Ponp mienmoun 3akiroyaeTcss B pacTBOPEHUM THUAPOKCHJIA, 00pa30BaBIIETOCS
MPU B3aUMOJICUCTBUM METAJIJIA C BOJOM:

AI(OH)3 + NaOH = NaA|02 +HZO.

AJITOPUTM NMPOBeJAEHNs IKCTIEPUMEHTA:

OnbiT Ne 1. B3anmoaeidcTBue AJIOMHUHUSA € KUCJI0TAMH Pa30aBJICHHON H
KOHLCHTPMPOBAHHOM COJISHOM, CEPHOI U A30THOM KUCJIO0TAMHU.

A) BzaumopeiicTBue aJIOMHMHHSA ¢ Pa30aBJIEeHHbIMUA KUCJIO0TAMH.

B Tpu npoOupku BHecTH 1o 5—8 Kamenab 2H pacTBOPOB KUCJIOT: COJISTHOM, cep-
HOM 1 a30THOM. B kaxkayro mpoOHUpKy OMyCTUTh MO MajJeHbKOMY KyCOUYKY METauIH-
YECKOr0 aJIFOMUHUS

b) B3aumopaeiicTBre aJJIOMMHUSA ¢ KOHIEHTPUPOBAHHBIMHU KUCJIOTAMHU.

B Tpu npobupku BHecTH 1Mo 5—8 Kamenb KOHIEHTPHUPOBAHHBIX KUCIIOT: COJIS-
HOM (mtoTHOCTH 1,19 T/eM’), ceproii (motHOCTh 1,84 T/cM®) M a30THO# (ITOTHOCTB
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1,40 r/em®). B kakayro mpoGHPKy OMYCTHTH MO MATEHBKOMY KyCOUKY MeTajInde-
CKOT'0 QJIFOMUHHSL.

OnbiT Ne 2. JlelicTBMe KOHLHEHTPHMPOBAHHON A30THOM KHMCJIOTHI HA AJI0-
MHUHHI (MacCUBaAUA AJTIOMUHMS).

B npoOupky ¢ pacTBOpOM COISTHOM KUCHOTHI (5—8 Karelb) OMyCTUTh MaJjleHb-
KU KyCOYEeK MeTaJUIMuecKoro amoMuHus. Habmonate BbleieHre BOIOpOa.

BbiHyTh antoMuHUNA U3 MPOOUPKH, OMOJIOCHYTH BOJAOW U OMYCTUTh B PacTBOP
KOHIICHTPUPOBAHHOM a30THOU KUCIOTHI (TIOTHOCTH 1,40 r/cM’) Ha 2—3 MHH. BrinyTh
KyCOYEK METAJUIMYECKOIO AJIFOMUHHUS, OMOJIOCHYTh BOJAOW U CHOBA OIYCTUTH B IIPO-
OMPKY C PaCTBOPOM COJISTHON KHUCIIOTHI

OmnbiT Ne 3. PacTBOpeHHe aJIlOMUHUS B BOJAHOM PACTBOPE LICJI0YH.

BrecTr B npoOMpPKY MaleHbKUN KyCOYEK METANINYECKOI0 aIFOMUHUSA U J00a-
BUTh 3—4 karum Boabl. Harpets nmpoOupky Ha BoasiHOM Oane. HabmiomaeTcst mu BbI-
nenenue Bojmopoaa? Jlo6aButh B mpoOUpKy 5—8 Kameinb 2H pacTBOpa €IKOro Hartpa.
OTMEeTUTh NHTEHCUBHOE BBIJCIIEHHE BOJOPOAA.

OnbIT Ne 4. PacTBopeHHe IMHKA B KMCJI0TAX M 1IeJI04aX.

Brectu B mpoOUpKy KyCOYEeK METAJUIMUECKOTO IMHKA U JOOABUTh 5 Kareiab 2H
pacTBOpa CEPHOM KHUCIIOTHI, U cllerka nogorpers. Kakoii ra3 Beiaensercs? Toxe npo-
JIeNIaTh ¢ KOHLIEHTPHPOBAHHOI CEPHOIT KHCIOTOM (II0THOCTH 1,84 r/cM®) 1 1o 3amaxy
OIPENEIIUTH BBIICIICHUE CEPHUCTOTO Ias3a .

Takum xe 00pa3oM IPOBEPUTH PACTBOPUMOCTh IIMHKA B 2H PacTBOPE XJIOPO-
BOJIOPOJTHOM KHUCJIOTHI M B 2H PaCTBOPE €AKOM LIEIOYH.

OmnbiT Ne 5. I'uapokeux HMHKA M €ro CBOMCTBA.

Hanute B 1Be nmpoOupKu no 4—5 Kamnenab pacTBOpa COJIM LIMHKA U JOOaBHUTH B
KXyt u3 HUX 1o kamisim 2H pactBop NaOH g0 mosiBieHust OenbIX CTYIACHHCTHIX
OCaJIKOB THIPOKCHIOB. VICIIBITaTh OTHOIIEHHE K KACIOTAM M LIENI0YaM, MOJTYYEHHBIX
TUAPOKCUIOB.

Kakoil BbIBOJ MOXHO CJeJaTh O CBOWMCTBaxX THApoKcHuaa HuHka? Hamucathb
YpaBHEHUS PEaKkluii B MOJICKYJISIPHON U MOHHOH (hopMme.

OnwiT Ne 6. B3anmoneiictBue Meau ¢ pa3daBjJeHHbIMM U KOHLEHTPHUPO-
BAHHBIMHU KHCJI0TAMH.

B Tpu mpoOupku BHECTH MO KyCOUKY MEIU W MpUOABUTH MO 5—8 kamenb 2H
PacTBOPOB KHUCJIOT: B MIEPBYIO — COJIIHOM, BO BTOPYIO — CEPHOM, B TPETHIO — a30THOM.
Bo Bcex nu nmpoOupkax MosiBUJIOCH CUHE — IoJly00€ OKpalllMBaHUE, XapaKTepHOE IS
vonoB meau Cu™?.

[Iponenars aHAJIOTUYHBIA OMNBIT C KOHLIEHTPUPOBAHHBIMU KUCJIOTAMH — COJISI-
HoH (TutoTHOCTH 1,19 r/em’), cepHoil (mioTHOCTH 1,84 F/CM3) U a30THOM (TIJIOTHOCTH
1,40 r/cm®) Ge3 HarpeBaHus U IPU HATPEBaHUH (0CMOpodicHo!), BO BCEX I IPOOHp-
Kax mpoTekaer peakuus. O0parure BHUMaHUE Ha Pe3KUil 3amax aquokcuaa cepsl SOy,
BBIJICIISIFOIICICS TIPU B3aMMOJICHCTBUY MEJN C CEPHOM KUCTIOTOM, U Ha Oypyro OKpac-
Ky nuokcuaa azota NO,, BbIAENAOMErocs B IpoOUpKe ¢ a30THON KUCTIOTOM.

AJaroputm 00padoTKH IKCIEPUMEHTAIbHBIX JaAHHBIX:

Omnpit 1:

a) BO BCEX JIM CIIydasiX MpOTEKaeT peakius Ha xonoae? Harpers mpoOupku Ha
BojsiHOM Oane. Uto HaOmomaeTe? Hamucate ypaBHeHust peakuuid. Kakoit ra3 Bbijge-
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JSIETCSl IPU B3aUMO/JICHCTBUY ATIOMHUHHUS C pa30aBiieHHON a30THOM KucnoToit? C pas-
OaBJIEHHOW COJISIHOM M cepHOM kucimoTamu? Hamuiure ypaBHEHHS BO3MOXKHBIX pe-
aKIMi, COCTaBbTE CXEMY MEPEXOJA IJICKTPOHOB, YKAXKUTE OKHUCIUTENb U BOCCTAHO-
BUTEIIb.

0) BO BCcex Ciyyasx IMpPOTEKaeT peakuus Ha xojoae? C Kakol KUCIOTOW allo-
MUHMM He B3auMojeicTByer? [louemy? Harpers mpoOupku Ha BojsHOU OaHe. UTo
HaOmonaere? Hanucath ypaBHEHUS peakilvii, yUuThIBas, YTO MPU HAPEBAHUU a30T-
Hasi KMCJIO0TAa BOCCTAHABIMBAETCS B OCHOBHOM JI0 IMOKCHUJA a30Ta, a CEpHAs KUCIIOTa
70 CEPHHUCTOrO Ta3a Ha XOJOJIy M YaCTUYHO JO CBOOOJHON cepbl MPH HArpEBAHMH.
Hanummre ypaBHEHUS BO3MOKHBIX PEAKLMM, COCTaBbTE CXEMY IEPEXOAa JIJIEKTPO-
HOB, YKQ)KUTE OKUCIUTEID U BOCCTAHOBUTEIIb.

OnbIT 2: Brigensercs nu Bogopoa? UYrto mpousonuio ¢ amomunueM? Hamwu-
IIUTE YPaBHEHMS BO3MOXKHBIX PEAKIMH, COCTAaBbTE CXEMY IEPEXOJa AJIEKTPOHOB,
YKaKUTE OKUCIUTEID U BOCCTAHOBUTENb.

OnbiT 3: OTCYTCTBUE PEaKIIUU ATFOMUHHUS C BOJAOU OOBSICHSAETCS HAJTUYMEM Ha
€ro MOBEPXHOCTU IIJIOTHOM OKCHIHOM IUIEHKH, KOTOpas 3aTpyAHSET JOCTYyI BOZO-
POJIHBIX MOHOB K MOBEPXHOCTU MeTaina. JloOaBieHHas IIeJI0Yb PACTBOPSIET OKCHU/I-
HYIO IUIEHKY ¢ 00pa30BaHUEM THIPOKCOATIOMUHATA HATPHUS M CO3/Ia€T BO3MOXKHOCTh
HETIOCPEACTBEHHOTO B3aMMOJICHCTBUSl allFOMUHUS C BOAOW. Peakiusi mpoTrekaeT mo
cxeme:

A|203 + NaOH + Hzo = Na[AI(OH)4],
Al + Hzo :AI(OH)3 +H2,
Al(OH); + NaOH = Na[AI(OH),].

[Tono6parh KO3PPUIMEHTHI K JTAHHBIM PEAKLIUSM.

OnbiT 4: [loyueMy pa3z0OaBieHHass U KOHIICHTPUPOBaHHAsI CEpHasi KUCJIOTa MO-
pa3sHOMY pearupyert ¢ HMHKOM? Kakoil aToM 1 B KaKOW CTENIEHU OKUCIICHUS SIBIISIETCA
OKHCIIUTEJIEM B TOM U JIPYTOM ciiydae?

OnbiT 5: [louemy Menb HE B3aUMOJICHCTBYET C XJIOPOBOJAOPOIHON KUCIOTOU U
C pa30aBIeHHON CepHOM KUCIOTOM? Hanummre ypaBHEHUS TPOTEKAIONTNX PEAKIINA,
YKQOKHUTE OKUCIUTENb U BOCCTAHOBUTEb.

OnbIT 6: yKaXXuTe€ OKUCIUTEIb M BOCCTAHOBUTEIb, HAIUIIUTE YpPaBHEHUS
OKHCIIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUM.

CpaBHUTEJbHBII aHAJIN3 Pe3yJIbTATOB IKCIEPUMEHTA: aKTUBHOCTh METAJI-
JIOB TIOKAa3aHa B psAly HANPSIKEHUs, B 3aBUCHMOCTH OT AKTUBHOCTH METAJUIBI 110 pa3-
HOMY PEarupyroT ¢ KHCJIOTaMH: METAJLIBI, CTOSIIIME 10 BOJOPO/IA, BBITECHSIOT €T0 U3
KHUCJIOT (MCKJIIOYEHUE COCTABIISIET CEpHAsi KOHUEHTPUPOBAaHHAs, a30THAsI pa3daBieH-
Hasi U1 KOHLIEHTPUPOBaHHAS). AKTUBHBIC METAJUIBI OT JIMTHUS O QJIFOMUHUS BKJIIOUU-
TEJIbHO MPU B3aUMOJCHCTBUM C CEPHOM KHUCIOTOM KOHIEHTPUPOBAHHOW 0OpazyroT
COJIb, BOJIY U BBIIEIISIFOT CEPOBOJIOPO/, METAJIJIbI CPETHEW aKTUBHOCTH — COJIb, BOJIBI
U Cepy; METaJUlbl HEAKTUBHBIE (CTOSIT B PALY HANPSKEHUS IOCIE BOAOPOAA) COJb,
BOJly M CEPHHUCTHIN ra3. MeTauibl ¢ KOHIICHTPUPOBAHHOW a30THOM KUCIOTOW oOpa-
3YI0T cOJib, Boay U NO,. Pa36aBiieHHast a30THasi KUCIIOTa C HEAKTUBHBIMU METaJUIAMH
— conb, Boay U NO, ¢ MeTaisiaMy aKTUBHBIMU U CPEIHEN aKTUBHOCTH — COJIb, BOAY U
N,O.

BeiBoabl: Ha 0CHOBE TEOPETUUECKOTO M SKCHEPUMEHTAIBHOIO aKTyalU3HpPO-
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BAJIM 3HAHUSI O METAJUIaXx, UX B3aUMOJECHCTBUS (B 3aBUCHUMOCTH OT AKTUBHOCTH) C
KHUCJIOTaMU KOHLIEHTPUPOBAHHBIMU M Pa30aBJIECHHBIMH, a Takke amM(pOTEpPHOCTh Ha
npuMepe aTtOMUHUSL.

TpeOoBanusi kK TexXHUKe 0€30MACHOCTH NMPHU BHINOJHEHUH J1A00OPATOPHOI
paborbl: [lepen BeimogHEHHEM paOOTHI CIEAYET O3HAKOMUTHCA C METOJAMKOMN MpoBe-
JE€HUS SKCIIEPUMEHTA, MTOHATH LIEJIb UCCIIEI0BAHUS, HAIIMCATh BCE BO3MOYKHBIE ypaB-
HeHus peakiuil. K pabore He00X0IMMO MPUCTYMATh TOJIBKO MOCJE pa3pelieHus mpe-
nomaBatens. [Ipu momagaHuy Ha pyKd XHMHYECKUX PEAKTHBOB W B KOHIIE paOOTHI
HY)KHO TIIATEIbHO BBIMBITH PYKH. [IposuThie peakTuBbl HEOOXOIUMO Cpasy Ke yaa-
JIUTH BIIAJXHOW TPAIKOM, HE JOIIYCKAs MX KOHTAKTAa C HE3ALIUIIEHHOW KOXKEHU PYK.
OnbIThI, B KOTOPBIX BBIICIAIOTCS SIOBUTHIC Ta3bl, U C KOHIIEHTPUPOBAHHBIMU pac-
TBOpaMH CJIETyeT MPOBOAWTH B BHITSDKHOM ITKay MpH BKIFOUYEHHON BEHTHIISITUH.
PacTBOpBI XUMUYECKHX PEAKTUBOB HY>KHO MCIOJIb30BATh B KOJUYECTBAX, YKA3aHHBIX
B OIMCAHUU IKCIIEPUMEHTA.

3amaHus 11 CAaMOCTOATEILHON PadoThI:

1. Kakue cBoiicTBa B OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIUAX MMPOSBIIAECT
cepHas Kuciora?

2. Hanummre ypaBHEHHS peakIMil B3auMOJICHCTBUSI pa30aBICHHONW CEPHOM
KHUCJIOTBI C MarHueM. Y KaKUT€ OKUCIUTENb U BOCCTAHOBUTEIIb.

3. Hanuunre ypaBHEHUs peaklMil B3aUMOJICUCTBUSI KOHIIEHTPUPOBAHHOM CEp-
HOI KUCJIOTHI — ¢ cepeOpoM. YKaXKUTE OKUCIUTENb U BOCCTAHOBUTEND.

4. CocTaBbTE€ YpaBHEHUS PEAKIMNA, KOTOPBIC HAJIO MMPOBECTH ISl OCYILECTBIIE-
HHUS CIEAYIOIINX NPEBPALICHUM:

Cu — Cu(NO3); = Cu(OH), — CuCl, — [Cu(NH,)4]CI.

5. CocTaBbTe YpaBHEHUS PEAKIMi, KOTOPbIE HYKHO MPOBECTU AJISI OCYLIECTB-
JICHUS CJIEIYIOIINX MPEBPAILICHHI:

Yueonas aureparypa: [1, c. 545-558].

JlaGopaTopHnasi padora Ne 14
Onpenenenue cyMMapHOii KeCTKOCTH BOJAONPOBOJIHOI BOJAbI METOI0M
KOMILJIEKCOHOMETPUYECKOr0 TUTPOBAHUS

Hean JabopaTopHOii padoThI: TPOBEPKA, KOPPEKTUPOBKA U YIiayOJICeHHE 3HA-
HUM CTYAEHTOB MO TeMe «KeCTKOCTh BOJABD) Uepe3 SKCIEPUMEHT U peIlIeHUE 3ajay.
dopMHUpOBaHHE HABBIKOB TEXHUKH BBIIOJHEHUS KOMIIJIEKCOMETPUUECKOTO TUTPOBA-
HUSI, YMEHHS pelllaTh pacyeTHhIE 3ajlauu. Bocnuranue caMOCTOSITEIbHOCTH, OPraHu-
30BaHHOCTH, (POpMHUpOBaHUE YMEHHUS pabOTaTh B TPyIIe, pa3BUTUE TBOPUECKUX CITO-
COOHOCTEH, JIOTHYECKOTO MBIIIUIEHHS, BHUMAHHUS, TAMSITH.

Il1an npoBeieHUs 3aHATHUSA:

— OpraHMu3allMOHHAs YaCTh;

— aKTyaJIM3alisl OCHOBHBIX TEOPETHUYECKUX BOMPOCOB (KECTKOCTh, €IWHUIIBI
KECTKOCTH, BUJIbI, CIIOCOOBI YMSITUCHUS BOJIbI);

— DKCIIEpUMEHTAJIbHAS YaCTh;

— 00CYX/IeHHE IKCTIEPUMEHTAIBHBIX JIaHHBIX;

— TEeMaTUYECKOE TECTUPOBAHUE T10 TEME;
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— uToT 1abOpPaTOPHOM PabOTHI.

IIpuGopsl U peakTuBbI: 3 KOJIOBI Ha 250 MJI, GrOpeTKa, MEPHbBIE LWJIMHJPHI,
NUINETKHU, BOJAa, TEMHO CUHUI XpOMOBBIA UHAMKaTop, TpwioH b (0,05H), aMmmuauHo-
OydepHas cMecCh.

Teopernyeckoe BBeIeHHUE.

Bony ¢ pacTBOpeHHBIMH B HEW COJISIMU HA3bIBAIOT KECTKOM, a COBOKYITHOCTh
CBOMCTB TaKoi BOJIbI — K€CTKOCTBI0. JKECTKOCTH BOJBI — CBOMCTBO BO/JIbI, CBA3aHHOE
C COJEpP)KaHWEM PACTBOPHMBIX B HEW COCAMHEHUI KaJbIlUs M MAarHus. JTOT mapa-
METp TMOKa3bIBAET COJEPKaHME KAaTMOHOB KalbllWsi, MarHusi B Boje. JKecTkas Boma
o0Opa3yeT HaKWIh Ha CTEHKaX MapOBBIX KOTJIOB, OTOMUTEIBHBIX MPUOOPOB M OBITOBOM
MeTaJuIM4ecKor nmocyipl. OHa He MPUToAHA JJIs MPOU3BOACTBA OyMaru M KpamleHus
TKaHEH, 11 MPUTOTOBIICHUS MHIIM U HATUTKOB. B JKECTKOM BOJE MIIOXO pa3BapuBa-
FOTCSI OBOIIM M MSICO, HE TEHUTCS MBUIO. MbIJIa — 3TO HATPUEBBIC W KATHEBBIC COJIH
oprannueckux Kuciaor (Ci7HzsCOONa, Ci7;H3sCOOK). C xatmoHamMu Kaiblids M
MarHusi aHUOHBI KUCJIOTHBIX OCTaTKOB 00pa3yloT HEPACTBOPUMBIE COJIM, U MBLIO pac-
XOJIyeTCs IPU ATOM OECIIOJIE3HO

’KectkocTh BOJIbI 00YCIIOBJICHA HAIMYUEM B HEH PACTBOPUMBIX COJICH KaIbIus,
Maramst. JKeCTKOCTBIO HA3BIBACTCS KOJIMYECTBO Mr-3kB HoHOB Ca®’, Mg, comepika-
muxcss B 1an Bombl. 1 Mr-skB (pycckuil Tpagyc >KECTKOCTH) COOTBETCTBYET
40,08/2=20,04 mr/n Ca*" wmu 24,3/2=12,15 mr/n Mg**.

Paznuyator oOiryro, kapOOHATHYIO, BPEMEHHYIO M TMOCTOSIHHYIO U HeKapOo-
HATHYIO KECTKOCTb.

BpemMeHHast kecTKOCTh 00YCJIOBJICHA HAJTUYHEM B BOJIe OMKapOOHATOB Kallb-
st Ca(HCO3), u maraus Mg(HCOs),.

[Tpu ruaponuse conu, oOpazoBaHHOU c1abo0il nByxocHOBHOU Kucimotoit H,COg,
MIPOIIECC PEAKIIMH HJIET TI0 CIEAYIOIIECH cXxeMe:

COs;* + HOH = HCO;3 + OH".

Hucconuarus 6ukapOboHaTa HOHA:

HCO; =H" + COs”

Hactosibko Mana K= 4,7 10", uto npousBeaeHue pactBopumoct CaCOs
He JocTuraeTcs u ocanaok He BbimanaeT (I1Pc,co3= 5 10 TIP mgcoz = 1- 10'5).

[Tpu KuMAYEHNN 3HAYUTEIHLHO YCKOPSIOTCS JIBAa MPOTHBOIOJIOKHBIX MpoIiecca:

a) ruaponus nona HCO;™
HCO,; + Hoyinco3 + OH'K,5=3,3 107
CO, H,0O
0) nuccouumarusi nona HCOj3'
HCO; < H' + CO5”.

ITpouecc nuccommannu nona HCO3 aenaetT BO3MOXXHBIM MPEBBIIICHUE BEJHU-
yuH npoussenenus pacrsopumoct CaCO3 u MgCOj3 u Bbinianaet ocagok. Cymmap-
HBII TIPOLIECC BBIPAXKAETCS YPABHEHUEM:

Ca(HC03)2 «— CaCO; + CO, + H,0.

PaBHOBecHe 3TOI peakiuu Mpy KUMSTYEHUU CHIIBHO CABUTAETCS BIIPABO BCIIEI-
cTBue obpaszoBanus yietydero (CO;) v TpyIHO paCTBOPUMBIX MPOTYKTOB.

[TockonbKy OMKapOOHATHASI KECTKOCTh YCTPAHIETCS KHUISTYCHUEM, OHA Ha3bI-
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BAETCSI BPEMEHHOM.

IMocTosiHHAS KeCcTKOCTH 00YCIIaBIMBAET HAIMYUE B BOJIE CYyIb(HaTOB, XJIOPHU-
JIOB ¥ JAPYTHUX COJIEH KaJbI[Usl U MarHus, KOTOpbIE HE pa3jaraioTcs MpH KUIMSYEHUU
BOJIBI.

CymMMa BpeMEHHOW U MOCTOSTHHOM >KECTKOCTH COCTaBJIIET OOIIYIO KECTKOCTh
BOABL. OOIIIYIO )KECTKOCTh MOKHO ONPENETUTh ABYMS CIIOCOOaMHU:

a) o cymme kationoB Ca®* u Mg?";

0) mo cymme annoHoB HCOy3'; SO,%; Cl u p.

OO01mast KECTKOCTh BOJIBI OIEHUBAETCS CYMMOUM MMOJIb — DKBHBAJICHTOB HOHOB
KaJIBIIUSI U MarHus, coaepxammuxcs B 1 murpe. OQuH MMOJIb — YKBHBAJICHTOB JKECT-
KOCTH OTBevaeT conepkanuto 20,04 mr/im noHoB kanbius win 12,16 mMr/m noHOB mar-
HUSI.

JKecTkocTh TPHPOAHBIX BOJ KOJICOJNETCS B OYEHb IMUPOKUX TMpeAeiiax —
ot 0,1-0,2 M3KB/T B BOJIaX pPEK U 03€p, PACIOIO0KEHHBIX B 30HAX TAlTU U TYHJIPHI, 10
80-100 M3KB/1T B HEKOTOPBIX IMOJA3EMHBIX BOJAaX M BOJax Moped u okeaHoB. I10BBI-
IIEHHAs! )KECTKOCTh B BOJaX MPUPOJAHBIX UCTOYHUKOB 00YCJIOBJIEHA KOHTAKTOM BO/IbI
C TOPHBIMHU MTOPOJIAMHU, COJIEPKAIIUMU KapOOHATHI U CYJIb(aThl.

[To »ecTKOCTU BOMY pPa3feNsitoT Ha: ouyeHb MATKy0 (0—1,5Mr-skB/m coseit),
markyto (1,5-3), cpenneii sxectkoctu (6—10) u oueHb xkecTkyto (cBoite 10).

[Io TOCT 1974-82 pomyctumasi >KECTKOCTb BOABI ISl XO3AMCTBEHHO-
MMATHEBOTO BOJIOCHAOKEHHUS TOJDKHA COCTABIIATEH HE O0s1ee 7Mr-dKB/II.

[IpumeHeHne KECTKOH BOIBI HEIOMYCTUMO B HEKOTOPBIX OTPACISAX MPOMBIIII-
JICHHOCTH, HaIIPUMEP B TEIJIODHEPTETUKE, TaK KaK B KOTJIaX U OTOTMTEIBHBIX MPHUO0-
pax oOpaszyercs HaKWIlh, YTO yXYAMIAeT TEII000MeH. [103TOMY JKeCTKOCTh SIBIISCTCS
OJTHUM M3 TIOKa3aTeJIei KauecTBa BOABI, KOTOPHI HEOOXOIMMO KOHTPOIUPOBATh.

[Tpu HEOOXOAMMOCTH MCTIOIB30BAHMS BOJOUCTOYHUKA C BHICOKOU JKECTKOCTHIO
BOJIbI IPUMEHSIOT CTICIIHAIBHBIC METObl YMSITUEHUS BOJIBI. Y MATYCHUE MOXKET OBITh
OCYIIECTBJICHO TIEPEBOJIOM COJIEH KECTKOCTH B TPYJHOPACTBOPUMBIC MIJIH KOMILJIEKC-
HbIE COCJTMHEHUS, IEPETOHKON BOJIbI, METOJIOM MOHHOTO OOMEHa.

[Ipn yMardeHuu BOJBI METOJIOM OCAXKICHUS COJIM KECTKOCTH TEPEBOIST B
CJIeIyIONUe TPYAHOPACTBOPUMbBIC COCMHEHHUS: KapOOHAT KaJbIKs, THIPOKCU]] Mar-
HUs, Tpex3aMenieHHbIe GpocdaThl. B 3aBUCUMOCTH OT MPUMEHSIEMOT0 OCAJUTES CII0-
coObl 00pa0bOTKM HA3BIBAIOT M3BECTKOBAHUEM, COJIOM3BECTKOBaHMEM, (ocdaTupoBa-
HUECM.

[Ipouecchl, mnpoTeKawIMe MpU HM3BECTKOBaHMM (00pabOTKa H3BECTHIO
(Ca(OH), ), OIKCBHIBAOTCS YPABHEHHSMM:

Ca(HCO,), +Ca(OH), = 2CaCO, +2H,0,
Mq(HCO,), +2Ca(OH), = Mg(OH), +2CaCo, + 2H,0
CO, +Ca(OH), =CaCo, + H,0,
MgSO, +Ca(OH), = CaSO, + Mg(OH), .
IlocTosiHHAA KECTKOCTH M3BECTHIO HE YAACTCA — HU3MCHACTCA €€ COCTaB!

MarHueBas JKeCTKOCTb MEPEXOUT B IKBHBAICHTHOE KOJIUYECTBO KAJIBIIMEBOM.
O6paboTtka Boxsl comoii (Na,CO,) M M3BECTBIO (COIO-M3BECTKOBAHME) MOKET

OBITH OMMCAaHA TEMU K€ YPAaBHEHHSIMU (KPOME MOCIEAHETO) U B JOMOJTHEHUE K HUM
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CHEAYIOIIUMU:
CaSO, + Na,CO, = CaCO, + Na,S0, ,
MgSO, + Na,CO, +Ca(OH), = Mg(OH), + CaCO, + Na,SO, .

KoMiuiekcoHoMeTpuieckoe TUTPOBAHUE.

B ocHoBe METO/I0B KOMILJIEKCOHOMETPUUECKOTO THUTPOBAHUSA JIEKAT PEaKIHU
o0pa3oBaHUsI MPOYHBIX BHYTPUKOMIUIEKCHBIX coenuHeHuid. lllupokoe mpumeneHue
KOMJIEKCOHOMETPHUSI TOJIy4YHJIa C BBEJACHHEM B IPAKTUKY AHAIUTUYECKOW XUMHUU
AMUHOMOJMKAPOOHOBBIX KHCIOT W HX COJIEH, Ha3bIBAEMbIX KOMNIEKCOHAMU.
HauOonbiiee pacnpocTpaHeHue MNOJy4Hsia IUHATPHUEBAask COJb ATUIICHIUAMUHTET-
paykcycHou kuciotbl (DTA), sTHIeHIMaMMHUHTETpaalleTaT HATpUs, Ha3bIBaemasl,
koMiuiekcoHoM III mnmm tpunonom b. Kommnekcon I o6pasyer pacTBopuMble BHYT-
PUKOMIUIEKCHBIE COCIMHEHUS C PA3JIMUHBIMU METAJIJIAMU CTPOTO OMPEAECICHHOTO CO-
CTaBa, a UMEHHO OTHOIIICHHE KaTUOHOB METaJlJIa K JIMTaHy paBHo 1:1.

B kauecTBe MHAMKATOPOB B KOMIUIEKCOHOMETPUU UCTOJIB3YIOT METAJTIOMHIU-
KaTOpHI.

DTO OpraHUYeCcKUe KPaCUTENH, 00pa3yIolue ¢ METANIAMH OKPAIICHHBIE KOM-
IIJIEKChI, MEHEE TIPOYHBIE, YEM KOMILUIEKChI KATUOHA 3TOTO METAJIJIA C KOMILIEKCOHOM.

Pabounii pactBop — 0,05 v Na,CioH14N,Og-2H,0.(kommnexcon III, Tpuion b,
JUHATPUEBAs COJIb ATUICHIMAMUHTETPAYKCYCHOM KUCIIOTHI).

NHaukaTopsl — 3pruoXpoM YepHbld T, MypeKkcua, XpoM TEMHO-CUHHUI KHCIIOT-
HBIU

Omnpenenenue KECTKOCTH BOJIbI OCHOBAHO Ha CIOCOOHOCTH KomIuiekcoHa IlI
(Tpunona b) o6pa3oBbeIBaTh C HOHAMM KaJbIMS U MarHusi O€ClBETHbIE XOPOIIIO pac-
TBOPUMBIE B BOJI€ BHYTPUKOMILJIEKCHBIE COCTUHEHUS.

TuTpoBaHue MPOBOJAST B MPUCYTCTBUU UHAMKATOPA (KUCIOTHOTO XPOM TEMHO-
CUHEro0), KoTopblid B 1enouHoi cpene (pH = 10) npu Haimyum cBOOOAHBIX HMOHOB
KaJIbI[USl U MarHus, OKpalMBaeT npoOy B PO30BBIM IBET 3a CYET 0Opa30BaHMS Cla-
OBIX KOMILIEKCOB.

HeobOxoaumasi menoyHas cpena mpoObl CO3/a€TCsl CMEChI0, COCTOAILIEH W3
xmopuctoro ammonust NH,Cl u ammuaka NHs. Takast cMech co3maer yCTOHYHMBYIO
menounyto cpeny (pH = 10). Ilpu TutpoBaHum TpuiIoHOM b MOHBI KabIIUs U MarHus
o0Opa3yloT ¢ HUM 0oJiee TPOYHbIE KOMILIEKCHI, UeM ¢ uHaukaTopom. Korma Bce nme-
IOIMECS MOHBI KAJIBIMS M MarHusi CBSDKYTCS C TpUJIOHOM b (HelTpanbHas TOdYka),
WHJUKATOP U3MEHSET OKPACKy — CTAaHOBUTCS CHUHE-(UOIETOBBIM (TIEPETUTPOBAHHBIM
PacTBOp — CUHUI).

Pacuet 0011ei ®KeCTKOCTH BOJIBI 10 JTAaHHBIM TUTPOBAHUS OCHOBAaH Ha HCTOJb-
30BaHUU 3aKOHA SKBUBAJIICHTOB: BEIIECTBA PEArupyrOT B SKBUBAJICHTHBIX KOJIAYE-
cTBax. [I[pUMEHUTEIHLHO K JKHAKUM PEarupyrolluM CHUCTEMaM 3aKOH SKBHUBAJICHTOB
ya00€H B cleaAyIolIeil MaTeMaTuieckon popme:

ViN; = V)N,
rae Viu V, — 00bEMBI pacTBOPOB pearupyrolnx BEUIECTB;
N; 1 N, — HOpMaJIbBHOCTH 3THX PaCTBOPOB.
AJITOPUTM NPOBEAECHUS IKCIIEPUMEHTA!
OmnbiT Nel. OnpenenneHue CyMMapHOii 2KeCTKOCTH BOJIONPOBOIHOM BO/AbI.
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B xonunueckyio xon0y BmectumocThio 200-250 M wanmute 100 mi Bogompo-
BOJIHOH BO/BI; 100ABUTH 3 MJI aMMHUa4HOI Oy(depHOW cMecu U 7 Kamellb UHIUKaTopa
XpOM-TEMHO-CHUHET0 KUCIOTHOTO. PacTBOp TiiarensHO nepememars. OOpaTuTh BHU-
MaHHE Ha OKpPAacKy pacTBopa, KOTopas JOHKHA CTaTh PO30BOM.

BropeTky IpOMBITh JUCTWIIMPOBAHHOW BOJOMW, 3aT€M OIOJOCHYB pabouum
pacTBOpOM TpuiioHa b, ycTaHOBUTH ypOBEHb pabOUEro pacTBopa B OIOPETKE Ha HYJIE.
TutpyroT pacTBOp B KOJIO€ 1O NOSIBIECHUS CHUHE-(PUOJIETOBOIO OKpalIMBaHMs, TIIa-
TEJBHO MEepEMENINBas COAEPKUMOE KoJiObl. PacTBOp TpuioHa b npuimBaTte MenieH-
HO T10 KaIuisiM, ¥ TIpY MPUOIMKEHUN K TOYKE KOHI[A TUTPOBAHUS TIEpPEMEIINBATh OCO-
OCHHO TILATENBHO.

M3MeHeHne OKpacKH pacTBOpa O3HAYAET, YTO TPWJIIOH b MOJIHOCTBIO CBs3ai
wonsl Ca®* 1 Mg®". 3anucars 06beM TpriioHa b, momemmero va TutpoBanue. Tutpo-
BaHHE MPOBOJAT JI0 TPEX CXOASAIIMXCS PE3YIbTATOB.

OnbiT Ne2. OnpenesieHue :KeCTKOCTH YMITY€eHHOH BO/IbI.

[ToyuuTh TpU CXOIALIMXCS PE3yNbTaTa, B3sB JUIsl ONPEACIICHUS TPOKUIITYEH-
HYy10 BO1y. [IoArOTOBKY KHIISITYEHOM BOJBI K TATPOBAHUIO U TUTPOBAHUE €€ MPOBOIAT
aHAJIOTMYHO BOJOIPOBOJAHON BOJE.

AJIropuTm 00padoTKH IKCIIEPUMEHTAJIBHBIX JAHHBIX:

Pe3ynbrathl onpeneneHuii 3anuckIBatoT B Tadauiy 15.

Tabnuua 15. Pesynbrarel n3MepeHuit onbIToB Nel u No2

BonomnpoBoanas Boja

Tutpo- O6bem | O6bem Tpusiona b, | Vep (Tpuiion b), | XKectkocts BojbI,
BaHUE BOJIbI, MJT MUIT MJT MAKB/J

1 100,00

2 100,00

3 100,00

4 100,00

Kunsuenas (ymsardennas) Boja

Tutpo- O6bem | O6bem tpusiona b, | Vep (Tpuiion b), | XKectkocts BojbI,
BaHUE BOJIBI, MJT MUIT MJT MOKB/JT

1 100,00

2 100,00

3 100,00

4 100,00

Beraucisitor o0111yt0, TOCTOSHHYIO U BPEMEHHYIO KECTKOCTh BOJBI MO (hOpMYy-
e:
XK= V1 : N1 - K- 1000/ VBO)II)] [MBKB/J’I],
rne N;— HopmansHocTh TpriioHa b (0,05 u); V; — cpennuii o0bem Tpusiona b,
MOIIEAIIer0 Ha TUTpoBaHue, mir; K — monpaBouHbii K03G(UITMEHT HOPMAIBLHOCTH
pactBopa TpusioHa b (K=1); Vgonp — 00beM Boabl, MiT; N; - K — nctuHHas HopMab-
HOCTb PacTBOpa TpuioHa b.
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CpaBHUTEJIbHBII aHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

XKecTtkocTh TPHUPOAHBIX BOJ KOJIEOJNETCS B OYEHb IIUPOKUX TMpeAesiax —
ot 0,1-0,2 M3KB/J B BOJIaX peK U 03€p, PACIOI0KEHHBIX B 30HAX TalTU U TYHIPHI, 10
80-100 M3KB/1T B HEKOTOPBIX TMOJA3EMHBIX BOJAaX M BOJax Moped u okeaHoB. I1oBbI-
IIEHHAs dKECTKOCTh B BOAAX MPUPOIHBIX UCTOUHHUKOB OOYCIIOBJIEHA KOHTAKTOM BOJbI
C TOPHBIMHU MTOPOJIAMH, COJIEPKAIUMU KapOOHATHI U CYJIb(AaThl.

[To »ecTKOCTU BOMY pa3feisitoT Ha: ouyeHb MATKyro (0—1,5Mr-skB/m coseit),
Msrkyto (1,5-3), cpenueii sxectkoctu (6—10) 1 oueHb xkecTkyto (cBbiiie 10).

[To 'OCT 1974-82 pnomyctumasi )K€CTKOCTh BOJbI JJISI XO35IHCTBEHHO— MUThHE-
BOT'O BOJJOCHAOKEHUS JJOJKHA COCTABIIATH HE 00JIee 7MT-3KB/JI.

BbIBOA: KOMIUIEKCOMETPUUYECKUM TUTPOBAHUEM OIPEACTUIN OOIIyI0, Bpe-
MEHHYI0, HOCTOSIHHYIO dKECTKOCTh BOJAOIPOBOIHOMN BOJIBI.

TpeOoBaHuss K TexHUKe 0€30MACHOCTH NPHU BBINOJHEHUH JIA00OPATOPHOU
paborbl: [lepen BeimogHEHHEM PAaOOTHI CIEAYET O3HAKOMUTHCSA C METOJAMKOM MpoBe-
JICHUSI SKCIIEPUMEHTA, MOHATH 11eNb uccienoBanus. K padbore Heobxoaumo mpucry-
MaTh TOJIBKO MOCIIE pa3pelieHus: NpenoaaBaTens. BeIMONHISA ONbITHI, HY’KHO MOJIb30-
BaThCsl PACTBOPAMHU TOJIBKO YKa3aHHOW KOHIIEHTpAaIlMu U COOJI0JIaTh PEKOMEHTYe-
My10 103UpOBKY. ClienyeT akKkypaTHO paboTaTh ¢ peaKTUBaMU: BHUMATEIHHO YUTATh
ATUKETKH, HE YHOCUTHh PEaKTHBBI OOIIET0 MOJb30BaHMS Ha CBOM pabOyue CTOJIbI, BO
n30eKaHue 3arps3HEHUs] PEaKTUBOB JIepkKaTh CKISIHKH C PACTBOPAMU M CYXUMH Be-
IIECTBAaMU 3aKPBITHIMU, HE MyTaTh MPOOKHU, HE BHICHINIATh U HE BHUIMBATH OOPaTHO B
CKJISSHKUA HEHMCIOJIb30BAHHBIEC WJIM YACTUYHO MCIOJIb30BAHHBIC PEAKTHUBBI.

3aaHus 11 CaMOCTOATEILHON PadoThI:

1. Uto Ha3BIBAETCS JKECTKOCTHIO? YKAXKUTE €AUHUII U3MEPEHUS JKECTKOCTH.
[Tepeuncnute KJ1acChl )KECTKOCTH, BUIbI JKECTKOCTH.

2. Kakum 00pa3oM KOJIMUYECTBEHHO OMPEIEsIOT )KeCTKOCTh BOAbI? OXxapakTe-
pU3YUTE 3T METO/IbI, 3AIUIINTE YPABHEHUS PEAKLIUN.

3. OxapakrepusyiTe crocoObl YMSTYEHUsSI BOJbI. 3aMUIIUTE YPABHEHUS peaK-
1007178

4. Yto Takoe MOHOOOMEHHBIE CMOJIbI: KATUOHUTHI, AaHUOHHUTHI?

5. Kakywo maccy docdara Hatpus Hamo npubaBuTh K 500 71 BOIBI, 4TOOBI

YCTPAaHUTH €€ KapOOHATHYIO )KECTKOCTh, PABHYIO 5 MT-3KB/ II.
YueoHnas aureparypa: [1, c. 632], [2, c. 461-469].

JlaGoparopHnasi padGora Ne 15
HccnenoBanue cocTaBa M CBOMCTB OPraHM4YeCKUX COeIMHEHUI

Hean n1adopaTropHoil padoThI: MPOBEPKA, KOPPEKTUPOBKA U yIiayOJeHUE 3Ha-
HUW CTYACHTOB MO TeMe «BBICOKOMOIEKYIISIpHbIE COEAMHEHUS Yepe3 IKCIEePUMEH-
TaJbHbIE OMPEEICHUS HEKOTOPBIX XUMUYECKHUX 3JIEMEHTOB, BXOASIINX B COCTaB Op-
FaHUYECKUX COCTMHEHHN M O3HAKOMJICHHUS C MPUHIMIAMU Kau€CTBEHHOI'O aHAJIN3a
OpTraHUYECKUX COCAMHEHHH, (HOPMUPOBAHUE YMEHUN paboTaTh B TPYMIE, PAa3BUTHE
TBOPYECKUX CIIOCOOHOCTEH, JIOTUIECKOTO MBIIIJICHHU S, BHUMAHHUS, TTAMSITH.

Ilnan npoBeeHUs 3aHATHUS:

— OpraHU3alMOHHAS YaCTh;

— aKTyaJIn3alusl OCHOBHBIX TEOPETUYECKUX BOIPOCOB (UTO TAKOE BBICOKOMO-
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JEKYJISIPHBIE COEIMHEHHUSI, COCTaB, CTPOEHUE, PEAKLMH JIEKAIUE B OCHOBE MX IOJY-
YEHUs, TEPMOIUIACTBI, PEAKTOILIACTBI, IUIACTMACChl, OCHOBHBIE CBOWMCTBA IMOJUME-
poB);

— DKCHEPUMEHTAJIbHAS YaCTh;

— 00CYyX/IeHHE IKCTIEPUMEHTAIbHBIX JIaHHBIX;

— TEMAaTHYECKOE TECTUPOBAHUE 10 TEME;

— UTOT J1a0OpaTOpHOH pabOTHI.

IIpubGopbl U peakTUBBI: TOPEJIKA, METAUTMYECKHE IUIIH, (hapdhopoBast Jar-
Ka (WIK KpBIIIKA OT THUIJS), CKAJIbIIENIb, MEIHAs MPOBOJOKA, Ta300TBOJHAs TPYyOKa,
WHJUKATOPBI, IITATUB C MPOOMPKAMH; PACTBOP IIEJIOYH, COJISIHAsA, CEpHasi, a30THAs
(2H) KHCIOTHI, comstHOM (rwoTHOCTH 1,19 r/emd), cepHoil (rmoTHOCTh 1,84 r/eM’) u
asotHOH (mwiotHocTs 1,40 T/eMd); o0Opasibl TIIOKO3bI, alleTOH, MOJUBUHUIXIIOPH]T
(MO)HO XJ10p0(HOPM), TOJIUITUIIEH, TOTUCTHPOI.

Teopernveckoe BBeIeHUE.

BbICOKOMOJIIEKYIIIpHBIE OPTAHUYECKUE COECTMHEHUSI — BEUIECTBA C MOJIEKYJISAP-
HOM Maccoi OT JECSTH ThICSY JO MUJUIMOHA U OoJiee YIIIepOAHbIX equHuIll. Mosexy-
Jbl TAKUX BELIECTB, COAEPKAIINE OT HECKOJIBKUX COTEH JO COTEH ThICSY aTOMOB, IO
CPaBHEHUIO C OOBIYHBIMHM MOJIEKYJIaMU 00J1a/1al0T OTPOMHBIMH pazMepamu. [losTomy
MX Ha3bIBAIOT MAKPOMOJIEKYJIAMH.

Kunaccupukanus. PaznuuaroT npupoHBIE BBICOKOMOJEKYJSIPHBIE COEOUHE-
HuA (OenKku, KpaxMmali, LEeJUII0JI03y, HaTypallbHbI KaydyK) U CUHTETUYECKHE, MOJY-
YEHHbIE XUMUYECKUM IMYTEM 3a CueT 00bEIMHEHUS MHOTHX MOJIEKYJ OOBIYHOTO pa3-
Mepa B OJIHY MaKpOMOJIEKYITY.

IIpuMeHeHue. BBICOKOIIOIMMEDPHI SIBISIOTCA OCHOBOM JUISl MOJIYYEHHUs TAKUX
BXKHBIX B HAPOJHOM XO3SIUCTBE MATEPHUANIOB, KaK MJIACTUYECKUE MACChI, CHHTETHY E-
CKHE KayudyKH, 3JIEKTPOU3OJISAIIMOHHBIE CMOJIbI, CHHTETUYECKHE MaTepHaybl JJI TO-
CTPOWKH OpYJIUi JOBa, JATEKChI, CMOJIBI, TIICHKOOOpa3yIolre BEeIecTBa U T. 1.

Hcxoanoe cbIpbé. VIcXOOHBIM CBIPBEM IJIS POU3BOICTBA MHOTUX IOJIUMEPOB
CiIyaT He(QTSHbIE Tra3bl U MPOAYKTHI MEepepadOTKU HEDTIHOW U KOKCOOCH30JIbHOU
MIPOMBIIIEHHOCTH.

[HosryyeHue moJiuMepoB.

Honumepusanusi. Peakuusi nonuMepusaluu 3akKiIOYaeTcs B COCIUHEHUU
MHOTHX MOJIEKYJI HCXOJHOTO BEIIECTBA B OJHY MAKPOMOJIEKYITY.

HeoO6xoIuMpIM yCIOBUEM JJISl PEAKIUM TOJIUMEpPHU3AIuU SIBIIACTCS HaJIU4Ke
JIBOMHOM WJIM TPOMHOM CBSI3U B MOJIEKYJIaX MOHOMEPOB.

[Ton nelicTBueM Tex WM WHBIX (aKTOpOB (CBETa, TEIIa, YHEPTUHU BEIECTB,
BBEJICHHBIX JIJI OTOM I€U, DHEPTUM PaJUOAKTUBHBIX YAaCTHI]) OJIHA CBSI3b pPa3phiBa-
€TCsS M MOJIeKyJia MpeBpaIiaeTcs B pajaukai, o0Jagaronuil 1ByMsi CBOOOIHBIMU Ba-
JICHTHOCTSIMU (OUpaaurKa).

CBouMu CBOOOJHBIMU BAJICHTHOCTSIMUA OTH PAJIUKAIBl CBS3BIBAIOTCS MEXKITY
co0oii, 00pa3yst MAaKpOMOJIEKYJIBI.

Honukonnencanusi. B mpoiieccax MOIUMKOHJICHCAIIUU TAKXKE HMEET MECTO
o0beIMHEHNE MHOTUX MOJIEKYJI B OJHY MaKpOMOJIEKYJy B PE3yJIbTaTe XUMHUYECKOTO
B3aUMOJICUCTBHUS MEXAY (DYHKIIMOHAIBHBIMU TPyNIaMHU, KOTOPOE COMPOBOXKIACTCS
0o0pa3oBaHMEM HHU3KOMOJICKYJISPHBIX BEIIECTB (BObI, XJIOPHUCTOTO BOJOPOIA, AaMMHU-
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aKa u T. IL.).

OO0uue cBoiicTBA.

K Baxnelmmm cBoMcTBaM OOJBIIMHCTBA IJIACTMACC OTHOCUTCSA MX JIETKOCTD,
J0CTaTOYHAsT MEXaHU4YecKasi IPOYHOCTh, XUMUYECKasi CTOMKOCTh, HU3Kasl TEIJIONpPO-
BOJHOCTb, BHICOKHE JUAJICKTPUUECKHE CBOMCTBA, XOPOIUINI BHEITHUI BU U JIP.

K HemocTaTkam 1miacTMacc MOKHO OTHECTH Majyl0 TEIUIOCTOMKOCTD (HE BBIIIE
120 °C), 60sb110#1 KO3(PHUIIMEHT TEPMUYECKOTO PACIIMPEHHUS, XJIaJOTEKY4eCTh MO/
Harpy3kamu, CTapeHHE MO/ IEUCTBUEM CBETA, BIIard, MEXaHUYECKUX U TEPMUUECKUX
BO3JICUCTBHI. DTU HETOCTATKHA YaCTO YCTPAHSIOTCA PALlMOHAIBHBIM BEIOOPOM COCTa-
Ba IUIACTMACC, YAAICHUEM BPEIHBIX MPUMECEH, BBEJCHUEM UHTHOUTOPOB (CTaOMIIU-
3aTOPOB, MPOTUBOCTAPUTEIIEH ), TOTIOTHUTEIHLHON TEPMOOOPAOOTKOM.

Bricokas MexaHMueckas MPOYHOCTh M Majasl IUIOTHOCTh OOYCJIaBIMBAaeT HX
MIPUMEHEHUE KaK HE3aMEHUMBIX KOHCTPYKIIMOHHBIX MatepuaioB. Hekoropsie miact-
MacCChl IIAPOKO MPUMEHSIOT B XUMHUYECKOM MAIIMHOCTPOEHUU B Kau€CTBE aHTUKOP-
PO3UOHHOTO MaTepuana (pTopoIuIacThl, MOTUITHIICH, TOTUU300YTUIICH, TOJTUCTUPOT,
noJMBUHWIXJI0pU). HexkoTophie miacTuku (MOJUAKpUiIaT U KPEMHUHOPTaHUYECKUE
CMOJIbI) UMEIOT BBICOKYIO TEPMOCTONKOCTS, 10 300 “C u BbIIIIE.

[TonuaTUsEH, TOJUCTUPOIT U TOTUTETPAPTOPITHIICH — HAWITYUIIIHE AUIICKTPU-
KM U TIO3TOMY HCIIOJIB3YIOTCSl KaK 3JIEKTPOU3OJIALIMOHHBIE MaTepralibl. TOKOMPOBO-
JS1IMe HAnoJHUTENN (rpaduT, METAUIMYECKUE MOPOIIKH, Caka U Jp.) MO3BOJSIOT
MOJIYYUTh TOKOIIPOBOJSIINE U TEIIONPOBOASIINE IJTACTUKU.

[Tonmuamunpl, cinoucteie (peHOIUIacThl (HA OCHOBE TKAHEW M JPEBECHOIO IIIO-
Ha) — Xopouiue aHTU(GPUKIIMOHHBIE MaTepUalibl Il U3TOTOBJICHUS TMOJIIUITHUKOB,
3yOuarbix nepenad. [Ipo3paunbie miacTuku (MOAMMETHIMETAKPHUIIAT, MTOJIUCTUPOIT U
Ip.) IPEBOCXOAAT CHJIMKATHBIE CTEKIIA.

Cocras miacrmacc.

[InacTMaccel — 3TO MOJMMEPHI U KOMIIO3UIMUA HAa UX OCHOBe. K momumepam
N00aBIIAIOTCS KPACUTEIN U CcTa0miM3aTopbl. K KOMIIO3UITMOHHBIM IIJITACTMACCaM J10-
OaBJISAIOTCA TaK)K€ HE3HAYUTENIbHBIE KOJUYECTBA (/10 HECKOIBKUX JECSITKOB MPOIICH-
TOB) MHBIX KOMIIOHEHTOB: HATOJHUTENEH, TNIacTU(PUKATOPOB, UHOT/IA CIICIIHAIbHBIX
orBepauteneil. [lopucTeie miacTMacchl MOJIy4YaloT ¢ MOMOIIBIO ra3000pa3oBaTenen
(TeHOTLIACTHI).

HanosiHuTEIM — 3TO U3MENbUYCHHBIE HEOPTAHUUECKUE U OPTaHUYECKUE MaTe-
puasl (MECOK, TalbK, CII0/Ia U JIP.) U BOJIOKHUCTHIE (0UEChl XJIOMKA, 0OPE3KH TKAHEH,
Oymarm).

InacTudukaropbl — MaciIo0Opa3Hble OPraHUYECKHUE BEIIECTBA C BBICOKOM
temnepatypoii kunenus (quoyrundranat — CeHy(COOC,Hy),, HU3KOMOIEKYIApHBIC
nonud(pUpPHBIE CMOJBI U JIP.) YMEHBIIAIOT KECTKOCTh MU XPYNKOCTh MOJIUMEPA, YBe-
JINYUBAOT MOPO30CTOUKOCTb.

Kpacurenn — MuHepanbHble MUTMEHTHI (OKUCh IIMHKA U JIp.) WU OpraHuye-
CKHE KPaCUTEIIH.

Craduwamsaropsl (ot 0,1 10 3 %) — TepMocTabuiuzaTopsl (aMUHBI, (PEHOJIBI) U
CBETOCTAOMIN3ATOPHI (Ca)ka M Jp.) MPEMSITCTBYIOT TEPMOOKUCIUTENBHONU U (DOTOXH-
MHYECKOU NECTPYKILIHH.

B cocraB oprannueckux coeqMHEHUI KpoMe yriepoa Hanbosaee 4acTo BXOISIT
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BOJIOPOJ, KUCIOPOA U a30T. M3 npyrux anemMeHTOB 4aile BCEro BCTPEHArOTCs cepa,
rajoressl, gochop.

KauyecTBeHHBbIN aHAJIM3 OPraHUYECKUX BEIIECTB OCHOBAH HAa MX NEPEBOJE B
HEOpraHUYEeCKUE COCIUHEHUS, KOTOPhIE B JaJIbHEHIIIEM HCCIEIYIOT METOAaMu 00bIY-
HOTO Ka4eCTBEHHOro aHanu3a. O MpPUCYTCTBUM KUCIOPOJA CYISAT IO JTaHHBIM KOJIHU-
YECTBEHHOT'O aHaJu3a.

Onpenesenue yriaepoaa. [IpucyrcTBue yriepoaa Bo MHOTUX (HO HE BCEX) Op-
TFaHMYECKUX BEHIECTBAX MOXHO OOHApPYKUTh MO OOYIJIMBAHUIO COCIWHEHUS MpH
OCTOPOKHOM €ro npokaJnBaHuu. OTpHULIATENbHBIN PE3ynbTaT OOYTJIMBAHMS HE BCE-
rja JaeT rapaHTUIO OTCYTCTBHUS YIVIEPOJA, TaK KakK psJ OPraHUYECKUX BEILIECTB
(mampumep, 3¢UpHl, COUPTHI) UCHAPSIIOTCS TpU OoJiee HU3KHUX TEMIEpaTypax, ueM
oOyTaMBalOTCs, a Ipyrue (HampuMmep, MOYeBUHA, (PTaneBblil aHTHIPHU) BO3TOHSIIOTCA.
[ToaTomy Hambosee oOIIMM METOIOM OTKPBITHS YIiepoJa U MapaiieIbHO BOJIOPOAa
ABJIIETCSL CKUTAHNUE OPTaHMYECKOI0 BEIIECTBA B CMECU C OKUCIHUTENEM (HampuMmep, ¢
okcuaoM menu CuO). [Ipu 3ToM nporCcXoAUT HMPOLECC, ONUCHIBAEMbII YpaBHEHHEM

(C..H...) +3 CuO =CO, + H,0 + 3 Cu.

Onpenenenue xjopa no beasmreiiny. Meton 3akitodaercss B 00pa30BaHUU
JETy4YUX COCAMHEHUM MEIU C Tajlor€HOM, OKPAIIMBAIOIIMX IIJ1aMsl TOPEJIKU B Xapak-
TEPHBIN SIPKO-3E€JICHBIN LIBET.

AJITOPUTM NPOBEAECHUSA IKCIIEPUMEHTA:

OmnbiT 1. O0HapYyKeHue MOJIUXJI0OPBUHMIIA.

CWIBHO HarpenTe MEIHYIO NMPOBOJIOKY B INIAMEHU TOPENKHU, 3aTEM IPHUKMUTE
e€ Kk oOpasly NOJUXJIOPBUHWIIA U CHOBa BHecute B Iuiams. HaOmronmaiite 3eneHyro
OKpacKy TuiameHu. [Ipy HakanMBaHUU TPOBOJIOKM Ha €€ MOBEPXHOCTU oOpazyercs
OKHCh MEIM, pearupyromas ¢ OTUIEIUISIOIHAMUCS OT MOJUXJIOPBUHUIA XIJIOPHUCTBIM
BOZIOPOJIOM C 0OABJIEHHEM XJIOPHOW MEAM W BOJBI. 3eJeHasl OKpacka IjIaMeHu o0y-
CJIOBJIEHA XJIOPHOM Mezp0. KpoMe MOoJIMXI0pBUHMUIIA, TaKas K€ PEaklvs XapaKTepHa
U JUIs APYTUX IUIACTMACC, COAEPIKALLNX XJIOP.

OnbiT 2. O0HApYsKEHUE yIJIepoa.

Ha KOHUYMK METajuIM4eCKOro CKaJIbIENs IMOMEIIA0T HECKOJIBKO KPHUCTAJUIOB
IVIFOKO3bl U OCTOPO’KHO HArpeBaroT B IUIAMEHU TOpenKH. [71r0Ko3a pacruasisiercs,
TeMHeeT U 3aropaercs. Ha ckanbnene ocraercss oOyriMBIIascs Macca YepHOTo IiBe-
Ta — yriepoa

OmnbiT 3. O0Hapy:KeHHe KAallPOHA M JAeHCTBHE HA HEro XMMHUYECKHUX peak-
THBOB:

a) BHECUTE B IJIaMs Kycodek kampoHa. OOpaTthTe BHUMaHUE Ha XapakTep ro-
PEHUS U 3arax.

0) paciuiaBbTe KalpoH B TUIAMEHHU CIIUYKUA U MONPOOYWTE BBITSHYTh U3 KaIpo-
Ha TOHKWE HUTH CIHUYKOM Wiu OynaBKoi. BO3MOXXHOCTh MOJIYYHUTh W3 paclljiaBiiCH-
HOT'O KallpOHa HUTHU PE3KO OTINYAET €ro OT APYrUX IUIACTMACC.

B) B TpU MPOOUPKU C KOHIICHTPUPOBAHHOW cepHOU kucioToid, 10%-HbeIM pac-
TBOPOM ILIEJOYH U alleTOHOM MOMEUIal0T 00paslibl KanpoHa. 3aMevyaroT, YTO pacTBO-
pEHHE KallpoHa IMPOUCXOAUT TOJIBKO B KMCIIOTE.

OmnbiT 4. O0HapYyKeHHe MOJMITIIEHA U JeHCTBUE HA HEr0 OPraHu4YecKux
pacrBopuresiei, KUCJIOT:
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1. ITomecTuTe KycOUYEK MOMMITUIIEHA B CTAKaH U HAJIEUTE TyJ1a HEMHOT'O BOJBI.

2. Kycouek monusTuiaeHOBOM TPYOKH WIM JPYroro u3aeius (HO He TJIEHKH)
MOJIOKUTE Ha MPOBOJIOYHYIO CETKY M OCTOPOKHO Harpewte. [Ipu momoliu cTekIsiH-
HOW MaJIOYKu U3MEHUTE (POpMY U3AEIHS.

3. JlaliTe KyCOUKY MOJMATUIIEHA OCTBITh U €IE pa3 MOMbITAUTECh U3BMEHUTH €T0
dhopmy.

4. Kycodek moJIM3TUIIeHa MPY TOMOIIY TUTEIbHBIX IIUIIIOB BHECUTE B IJIaMS
Y TIOJIOKTHUTE €TO0.

5. HeckollbkO MENKUX KyCOUYKOB TMOJUATHUIICHA TMOMECTHTE B MPOOHPKY: a) C
OpoMHOI1 BOJ0#1; 0) ¢ pacTBOpoM nepmaHTanara kanusa. Comep:kuMoe o0enx mpoou-
POK MOJOTPEUTE.

6. Heckonmpko KyCOUKOB MOJMATHUIIEHA TTOMECTUTE B MPOOHPKY: a) C KOHIICH-
TPUPOBAHHOW CEPHOM KHUCIOTOM; 0) ¢ KOHLIEHTPUPOBAHHOW a30THOM KHMCIIOTOM; B) C
pa30aBIEHHBIM PAacTBOPOM TUApPOKcUIa HaTpus. Bce mpoOupku ocTOpoXKHO Harpei-
te. [loueMy moiau3TUIIEH HE JIEHCTBYET HA OPOMHYIO BOJy U HE 0OECLIBEUMBAET pac-
TBOp IepMaHraHara kanus? KakoBO OTHOIIEHHE MOJMATUIIEHA K JEHCTBHUIO KHCIIOT,
LIEI0YEH.

OmnsIT 5. O0HapyKeHHe MOJIMCTHPOJIA U [IeiiCTBHE HA HEr0 KOHLIEHTPHUPO-
BAHHBIMHU KHCJI0TAMH, OPraHu4eCKUMH PACTBOPUTEJISIMU

a) paCTBOPHUTE MOJUCTUPOI B OeH30I1€ (IIpU HarpEBAHUN);

0) mpoBepbTE AEUCTBUE HA TOJUCTUPOJ KOHIIEHTPUPOBAaHHBIX KUCTOT (H,SOy;
HCI; HNO,).

AJIropuT™M 00padOTKHU IKCIIEPUMEHTAJIBHBIX JAHHBIX:

OmnbiT 1. Onpenesnenue xsopa no beabmreiiny. Meron 3akimtouaercs B 00-
Pa30BaHUHU JIETYYUX COCIMHEHHM MEIU C TAJIOT€HOM, OKpAIIUBAIOUIUX IIaMsl Topel-
KM B XapaKTE€PHBIN SPKO-3EIEHBIN 1IBET.

OnbiT 2. Onpenesnienue yraepoaa. [IpucyrcTsue yriepoaa BO MHOTHX (HO HE
BCEX) OPTaHMYECKHX BEIIECTBAX MOXXHO OOHAPYKUTH MO OOYTIUBAHUIO COCTUHEHUS
IIPU OCTOPOKHOM €ro mpokaiauBaHUU. OTpULATENbHBIN pe3yabTaT OOYIJIMBAHUS HE
BCErJa JAeT rapaHTHI0 OTCYTCTBHUS YIVIEPOJA, TaK KaK Psii OPraHUYECKUX BEIECTB
(manpumep, 3(UpPHI, CIUPTHI) UCHAPAIOTCS MPHU OOJiee HU3KUX TeMIepaTypax, uyeM
oOyTIIMBarOTCs, a Apyrue (Hampumep, MOYeBUHA, (PTaTEBbIM aHTUPH]T) BOTOHSIIOTCA.
[ToaTomy Haubosee oOLUIMM METOJIOM OTKPBITUS yIilepoJa U MapajiedbHO BOJIOPOAA
ABJISIETCS] COKUTAHUE OPTaHUYECKOr0 BELIECTBA B CMECH C OKHUCIIUTENIEM (HAIIPUMED, C
okcugom menu CuQ). [Tpu 3ToM IPOUCXOIUT MPOLIECC, ONUCHIBAEMbI YpaBHEHUEM

(C..H...)) +3 CuO =CO, + H,0O + 3 Cu.

OmnbiT 3. HarpeBatoT kanpoH B nNpoOupke Ha riameHu ropenku. CHaudana oH
pa3msiryaercs, 3arem maBures (216 °C), npu nanpHeleM HarpeBaHUM pasJiaraeTcs,
BBIJICJISISL JIETYYHE MPOJYKTHl C HEMPUATHBIM 3alaxoM. 3aMedaroT, YTO PacTBOPEHUE
KalpoHa MPOUCXOJUT TOJBKO B KUCIIOTE.

Omnbit 4. 1) [TonmuaTiien He pearupyet ¢ Bogoi. 2) [lonusTunen npu HarpeBa-
HUU Jierko u3Mmenser ¢opmy. 3) Ilocne ocTeiBaHMs HE H3MEHSET (OpPMY, COOTBET-
CTBEHHO SIBJISIETCA TEPMOIUIACTUYHBIM nosumepoM. 4) Tlonuatusien ropur ronyoosa-
THIM TIJIAMEHEM, TPU 9TOM IUIaBUTCS U 00pasyer karud. 5) [lonudTunen He neicTBy-
eT Ha OpOMHYIO BOJy M HE 00eCIBEYMBAECT PacTBOp ME€pMaHraHaTa Kajiis MOTOMY,
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9TO OH HE CoNepPXuT NBOMHBIX cBsizel (—CH2—CH2-)n. 6) [Tonmatunen He pearupyer
C KOHLEHTPUPOBAHHON CEPHOM KUCIOTOM U ¢ pa30aBIIEHHBIM PAaCTBOPOM THAPOKCHU]IA
HaTpus. Paznaraercs moj AeiicTBUEM KOHLIEHTPUPOBAHHOW a30THOM KHUCIIOTHI.

OnbIT S. [Ipn KOMHaTHOM TEMIIEPATypE MOJIUMED CTOEK
K JIEACTBUIO KOHIIEHTPUPOBAHHBIX KUCIOT (KPOME JIEJITHON YKCYCHOM M a30THOM; TO-
CIICIIHSISI, KaK U JIPYTHe OKUCIIUTEIH, pa3pyIiaeT HOIUCTHPON).

Pazb6aBiennble U KOHIIEHTpUpoBaHHbIE (10 40 %) Imenoun He NEeUCTBYIOT Ha
MOJIMMEP, TaK K€, KaK U HU3IIKNE CIUPTHI, MNIUIEPUH, Maciia (MUHEpaIbHbIE U PACTHU-
TEJIbHBIC) U CMECH Pa3HBIX COJIEH.

CpaBHUTEJIbHBII aHAJIN3 Pe3yJIbTATOB IKCIIEPUMEHTA:

OnbiT 1, 2. KauecTBeHHBIN 3JIEMEHTHBIN aHAN3 — 9TO COBOKYITHOCTH METO-
JIOB, TMO3BOJISIIOIIMX YCTAHOBHUTH, U3 KAKUX SJIEMEHTOB COCTOUT OPraHMYECKOE CO-
eauHeHue. g onpeneneHus 3JEMEHTHOIO COCTaBa OPraHUYECKOE BEIIECTBO MpEa-
BAPUTEIIBHO MyTEM OKHCJICHUS WJIA MUHEpAIU3alUu (CIUIABIICHUEM CO IEJTOYHBIMU
MeTaJUIlaMH) TIPEBPAIlalOT B HEOPTaHWUYECKUE COCTUHEHUSI, KOTOPhIE 3aTEM HCCIIETY-
10T OOBIYHBIMH AHAIUTUYECKUMH METOJIaMHU.

OmnbiT 3. KanpoH — 3TO CUHTETUYECKOE MOJMAMHUIHOE BOJIOKHO, KOTOPOE IO-
JTy4aroT u3 HeTH, B pe3yJIbTaTe Peakiuy MOJIUMEPU3AIUU KapolaKkTaMa.

®dopmyna kanpona: [—HN(CH2)5CO—]n

N3y4uB CHHTE3 KalpoHa, HY’KHO YTOYHUTh OAUH MOMEHT. [lomydaercs B pe-
3yJIbTaTE PEAKIUH KalpOHOBas cMoja. M3 CMOJbI 1€71at0T BOJIOKHA, U3 BOJIOKOH HHU-
TU, U3 HUTEW TKaHU, HO 000 BCEM IO MOPSAKY.

IonydeHHas B pe3ynbTaTe CHHTE3a cMoina, Harpeaercs moutd 10 300 °C u
BBIJIABJIUBACTCA Yepe3 CIeIUaibHble (POPMBI-CUTA C ONPEACIICHHBIMU OTBEPCTUSIMHU.
Ha BeIxozme cTpym OXJakIaroTCsi BO3AYXOM, BBITATHUBAIOTCS. BoliokHa rotoBel. B
JanbHENIIeM eciii He0OOX0IUMO UX CKPYUMBAIOT B HUTH.

Hutu nomnyyatorcst oueHnb npounsie. K npumepy, Hurouka Tonmuuon 0,1 Mm
crioco0Ha BeIIEPKATh TPy3 BecoM Ooliee mory kuiorpamma. Hutu kanpona otianda-
FOTCS MTOBBIIIEHHONW CTOMKOCTBHIO K MCTUPAHUIO, OHU HE PBYTCS, a JIMILb PACTITHBA-
IOTCS, TOCII€ CHATUS Harpy3KH BO3BPAILAIOTCSl B HCXOJIHOE MOJI0KEHUE, HUTU YCTOM-
YUBBI K OaKTEPUAIBHBIM aTaKaM.

N3 MUHYCOB KalpOHOBBIX HUTEH, MOKHO OTMETUTb, YTO KAaIIPOH HAKAIIJIMBACT
CTaTUYECKOE BJIEKTPUYECTBO, XUMUUYECKH HE CTOEK — pa3pyllaeTcsl MoJ ACHCTBHEM
KUCJIOT W JJIUTEIBHOTO BO3JEUCTBUS yiabTpaduosera. KanpoHoBble HUTH HIUPOKO
pactipoctpaHeHnsbl. [Ipu3Hanue noayuduiu Ogarogapsi MPOYHOCTH M HU3KOM CTOMMO-
CTH.

Onbit 4. [Tomvstunen (I19) [-CH2-CH2—]n cymecTtByeT B 1ByX Moauduka-
[USIX, OTJIUYAIOIIMXCS TI0 CTPYKTYPE, a 3HAYUT, U 10 cBoiicTBaM. O6e MoauduKaiuu
nonyyvatorcs u3 stiwiiena CH2=CH2. B onHo#t u3 ¢popM MOHOMEpHI CBSI3aHbI B JIU-
ueitaple nenu ¢ CII o6erar0 5000 1 Gosee; B apyroi — pa3BeTBiICHUS U3 4—6 yriie-
POJHBIX aTOMOB IPHUCOEIUHECHBI K OCHOBHOM IIETIH CIyYalHBIM crioco0oM. JImHelHbIe
MTOJIMATUIICHBI TIPOU3BOIATCS C UCTIOJIB30BAHUEM OCOOBIX KaTaanu3aTopoB, MOJTUMEPH-
3aIusl MPOTEKAeT mpu yMepeHHbIX Temmneparypax (mo 150 °C) u naBnenusix (1o
20 at™m). [TomuaTuneH o61amaeT HU3KOM MapO- U Ta30MPOHUIIAEMOCThIO. XUMUYECKast
CTOMKOCTbH 3aBUCHUT OT MOJIEKYJISIPHOM Macchl U MOTHOCTHU. [lonmaTunen He pearu-
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pPYeT CO IIeI0OYaMH JTF0OOW KOHIIEHTPAIMH, C PACTBOPAMH JIFOOBIX COJIeH, KapOOHO-
BbIMU, KOHICHTPUPOBAHHOW COJITHOM M IUIABUKOBOW KHUCIIOTAMHU. Y CTOMYMBBIN K
KHUCIIOTaM, IIEeJI0KaM, PACTBOPUTEISIM, aJIKOT0JIt0, OCH3UHY, BOJIE, OBOIIHBIM COKaM,
maciy. OH paspymaercs 50%-noii HNO3, a Takxke >Xuakumu U razoodpasubimu C12
u F2. bpom u nop yepe3 nonmuatuiieH qud@ynaupyrot. [lonustuneH ve pacTBOpuM B
OpraHUYECKUX PACTBOPUTEINSIX U OTPAHUYEHHO HA0YXaeT B HUX.

@u3NYeCKUe CBOMCTBA: ANACTUYHBIN, )KECTKUM — A0 MSATKOrO, B 3aBUCHMOCTH
OT Beca U3JIeINs YCTOWYUBBIN K HU3KUM Temreparypam a0 muayc 70 °C, yaapocToii-
KHUH, HE JIOMAIOIIUICS, C XOPOIINMU JAUICKTPUIECKUMU CBONCTBAMU, C HEOOJIBIIION
MOTJIOTUTEIILHONH CIOCOOHOCTHIO. (DM3MOJOTUYECKH HEUTpanbHBINA, O0e3 3amaxa. Ilo-
audTHIEeH HU3KoM mioTHocTH (0,92—-0,94 r/cm3) — MATKUI; HOJMATHICH BBICOKOM
mw1oTHOCTH (0,941-0,96 1/cM3) — TBEpHbIi, OYCHb JKCCTKHH. DKCILTyaTalldOHHBIC
CBOMCTBA: MOJUATIICH CTOSK IPU HAarpeBaHWH B BaKyyMe W aTMocdepe WHEPTHOTO
rasa; JeCTPYKTHPYETCs [P HarpeBaHuy Ha Bo3ayxe yxe mpu 80 °C. [Tox neiicTBrem
COJIHEUHOW pajuaiuu, ocooenHo Y@ nydeil, noasepraerca porocrapeHuro (B kave-
CTBE CBETOCTAOMIIN3aTOPOB MCIOIB3YETCS Caxka, MPOU3BOHbIE OeH30(heHoHOoB) . [1o-
JUATWICH MPAKTUYECKU O€3BpPEJICH; U3 HEro HE BBIIEISIOTCS B OKPYXKAIOIIYIO CPEy
OTIaCHBIE JJI 3JOPOBbs UEJIIOBEKA BEIIECTBA.

OnbiT 5. TlOTUCTUPOT — OJMH U3 MIMPOKO PACIPOCTPAHECHHBIX MOJIMMEPOB.

HOHy‘-IaGTCH OH HOHHMepHBaHHGﬁ CTHUpPOJIA:
ACH=CH - (—CH,—CH—),
| |

C C
HC# “rﬂm r Hﬂr’r"’ "‘*ﬁcf I
Hel, joH el o

W )

CH ﬁ [

Takoll mpoliecc CpaBHUTENIBHO JIETKO MOXKET OBITh OCYIIECTBIIEH B J1a00OpaTo-
puu. J{as 3TOro 1OCTaTOYHO HArpeTh CTHPOJ B MPOOUPKE UM CTaKaHYMKe ¢ J00aB-
KOM OYeHb HEOOJIBIIIOr0 KOJIMYECTBA BEIIECTBA B KaU€CTBE MHUIIMATOpA (3aUMHATEs)
pEeaKIMH.

[TomucTuposn — TBEpAbIM, NPO3PAYHBINA, ITOXOKHM HA CTEKIO MaTepHUall, C
yACIbHBIM BeCOM HeMHOTro Oosbine enuuuilbl (1,05). OH 10BOJIBHO CTOEK K Jeii-
CTBHUIO KHCJIOT, M ILIEeJN0Yel (MEHee CTOeK MO OTHOIIEHHIO K a30THOM KHUCIIOTE), pac-
TBOPSIETCS B HEKOTOPBIX OPTaHUYECKUX PAacTBOPUTENSIX (O€H30J1€) U TTOITOMY MOXKET
CKJIEUBATHCS, TOPUT KONTSIIMM IIaMeHeM. [l mojsucTuposna XapakTepHbl OYEHb
BBICOKHE AJIEKTPOU30JISILIHOHHBIE CBOWCTBA.

B oTiinume ot paHee pacCMOTPEHHBIX IMOJIMMEPOB MOJUCTHPOJI JOBOJBHO JIET-
KO JENOJMMEpU3yeTcs, T. €. paszjaraercsi ¢ oOpa30BaHHEM HCXOJHOTO MOHOMEDPA.
DTO MOXHO OCYUIECTBUTH, HArpeBast KyCOUKH MOJUCTHPOIIa B 0OBIYHOM IIpHOOpe 1Jis
neperonku xuakocteil. [Ipu tremneparype nemuoro Beie 300 °C nmonumep Oyaer
pasnaraThbCsi, B IPUEMHUKE HAYHET COOMPATHCS MEPETOHSIOIMNUCA CTUPOII, HaJUuYue
KOTOPOT'0 MOKHO YCTaHOBHUTH 110 3alaxy U MO peakiuu ¢ OpOMHOM BOJOM.

Bbyayun marepuanom BecbMa TEPMOIUIACTUYHBIM, TIOJMCTUPOI JIETKO MO1aeT-
csi (hopmoBaHuto. M3 HEro roToBSIT UCKIIOYUTEIBHO IIMPOKUN ACCOPTUMEHT HU3Jie-
h117078

80



Kak xopommuii 37€KTpOr30JATOP OH UAET Ha U3TOTOBJIEHUE JETATIEN B JIEKTPO-
U PaAUOTEXHUKE, IJICHKA W3 MOJHUCTUPOJA MPUMEHSIOTCS MPU U3TOTOBJICHUH KOH-
JICHCATOPOB U JIJIS1 U30JISILIUU TPOBOJIOB B AJIEKTPUUECKUX KaOeIsX.

N3 monucTuposa roToBsIT EMKOCTH JJIi MUHEPAJIBHBIX KUCJIOT, aKKYMYJISTOP-
Hble OaHKU, OOJIBIIIOE KOJMYECTBO MPEAMETOB OBITOBOTO Ha3HAYEHUS — 0J110/1a, Ba3bl,
IIKATYyJIKK, CTaTydTKH, PACueCKH, OpUTBEHHbIE MPUOOPHI, Pa3HOOOpa3HbIE TETCKUE
UTPYIIKKA U T. . DTU U3JENUs MOTYT OBITh MPO3pPaYHBIMU W HEMpo3pauHbiMu. U3
MIPO3PAYHOTO MOJIUCTHPOIIA JAETAI0T TAKKE JUH3bI OOJBIIOT0 AUAMETPA JJIs CHIIbHBIX
HMCTOYHHUKOB cBeTa. B mociieiHee BpeMst MOJUCTUPOIT CTATU IPUMEHSTH JJIsl U3TOTOB-
JIEHUSI PA3HOLBETHBIX OOJMIOBOYHBIX IUIUTOK, IPUMEHAEMBIX B CTPOUTENbCTBE; Ta-
KM€ IUIMTKH JIerye, yI100HEeH 1 3HAUUTENIbHO KPACUBEW KEPAMUYECKHX.

Henocratok noauctuposia — HU3Kask TEIIOCTOMKOCTh: ITPU TEMIEPATYPE OKOJIO
80 °C u3genus U3 HEro HAYMHAIOT yke nedopMupoBaTbesa. Heckoapko orpaHudnBaeT
IPUMEHEHHE MOJIMCTUPOIA U XPYIIKOCTh €ro. B nociennee Bpemst HaliieHbl ClIOCOObI
MOJIyYEHUs Kak 0oJiee TeIIOCTONKOT0, TaK U HEXPYNKOTO MOJUCTUPOIIA, YTO OTKPbI-
BaeT ellle 0osee NIMPOKUE MEPCHEKTUBBI JUIsl UCTIONb30BaHUsI 3TOTO MoJiuMepa B Oy-
IYILIEM.

BeIBOA: paccMOTpeENH KauyeCTBEHHBIN COCTaB BBICOKOMOJIEKYJIIPHBIX BELIECTB,
UX B3aUMOJEHCTBHE C XMMUYECKUMH BEILIECTBAMM.

TpeOoBanusi Kk TexHMKe 0€30MACHOCTH NMPH BBHINOJHEHUH JIa00PATOPHOM
padoTtsl. [lepes BoimoaHEHHEM PA0OTHI CIEAYET 03HAKOMUTHCS ¢ METOAUKON TTPOBE-
JIEHUSl SKCIEPUMEHTa, MOHATh 1eNb uccienoBanusa. K pabore mpuctynarb TOJBKO
MOCJIE pa3pelieHusl npenojaBaress. BhINOMHAS ONbITHI, HY>KHO IOJIb30BaThCS pac-
TBOpPaMU TOJIbKO YKa3aHHOW KOHLIEHTPAllMU U COOJIIOIATh PEKOMEHAYEMYIO TO3UPOB-
Ky. ONBITBI C KOHLIGHTPUPOBAHHBIMHU PACTBOPAMH CJIEYET MPOBOJIUTH TOJIBKO B BbI-
TsKHOM 1iKady. CrieyeT akkypatHo paboTaTh ¢ peakTUBaMHU: BHUMATEIbHO YUTATh
ATUKETKU, HE YHOCHUTh PEaKTHBBI OOLIETO MOJIb30BaHMS Ha CBOM pabOYHe CTOJIbI, BO
n30exaHue 3arpsi3HEHUs] PEaKTUBOB JIEPKATh CKIISIHKH C pacTBOpPAaMU U CyXHMH Be-
IIECTBAMU 3aKpPBITHIMU, HE MyTaTh IPOOKHU, HE BHICHINIATh U HE BBUIMBATH OOPAaTHO B
CKJISIHKM HEMCIOJIb30BAHHBIE MJIM YaCTUYHO MCIIOJIb30BAHHBIE PEAKTUBBI.

3amaHus 11 CAaMOCTOSATEILHON PadoThI:

1. Yem oTnuy4aroTCsl NpUPOJHBbIE BOJIOKHA OT XUMHUYECKUX? BosokHa pactu-
TEJBHOTO MPOUCXOXKIEHUS OT BOJOKOH JKMBOTHOTO NPOMCXOXIEHHA? VCcKyccTBEH-
HbIE BOJIOKHA OT CHHTETHYECKHUX?

2. [IpuBeanTe mMpuUMepbl CHHTETUYECKUX BOJOKOH, MOJy4aeMbIX METOJIOM TIO-
JUMEpU3alliU Y TTOJIMKOHIEHCALIUH.

3. Uem oTiIMYaroTCa reTepolenHble MoJUMepbl oT romouensbix? IlpuBeaute
MPUMEDPBI.

4. Kakumu o01IMMHU CBOMCTBaMH 00J1a7al0T BBICOKOMOJICKYJISIPHBIC BEIIECTBA?

5. OTyero 3aBUCAT CBOMCTBA BBICOKOMOJIEKYJISIPHBIX COETMHEHHI?

6. Kakue mosmumepbl Ha3bIBalOT TEPMOIUIACTUUYHBIMH M TEPMOPEAKTUBHBIMU?
MoryT 11 CUHTETHYECKHE BOJIOKHA OBITh TEPMOPEAKTUBHBIMU?

YueoHas Jureparypa: [1, c. 463-512].
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6. MPUJIOXKEHU S
Ipuioxenue 1

TecToBble 3aJaHNS 110 HEKOTOPBIM TeMaM LISl 321U THI JJA00PaTOPHOI
padéoTbI

JlaGopaTopnasi pa6ora Ne 1 (2 u)
Onpenesienne MOJISIPHOW Macchl IKBHBAJIEHTA MeTaJLIa

BAPUAHT 1

1. Mosekyna AMOKCHAA a30Ta COCTOWT ... (BBIOpATh MPABHIBLHOE MPOIOIIKE-
HHE):

1) ...n3 aTOMa a30Ta ¥ MOJICKYJIBI KHCIIOpOa

2) ...n3 aToMa a30Ta M JIByX aTOMOB KHCJIOPOJa

3) ...u3 MOJIEKYJIbI 230Ta U MOJIEKYJIbI KHCIIOPO/IA.

2. Ilo (bOpMy.]IaM JaHHBIX COG,Z[HHGHI/II‘/’I OIIPpCACIINTE, B KAKOM OTBCTC OJIUH U3
9JICMCHTOB UMCCT IICPCMCHHYIO BaJICHTHOCTH?
1) Mn(OH),  2) AI(OH) 3) ZnO 4) B,O;
HMnO, A|C|3 ZnS0O, H3;BO;.

2 .
3. B kakoM KommdecTBe a3oTa comeputcst 1,2:10% momexyn? Kaxoif macce

COOTBETCTBYET BBIUYMCIIEHHOE KOJMYECTBO MOJIEKYJISIPHOTO a30Ta?
1) 1 monp; 28 2) 0,2 monb; 5,6 3)2wmonp; 56T  4)0,1 Mmons; 2,8T.

4. Yemy paBHa Macca Kanwus, coaepkamerocs B 37,25 r KCI?
1)1,95r 2)0,195r 3)0,0195 4) 19,5 .

5. beproneroBa coib Mpu HarpeBaHUU paszjaraeTcs ¢ 00pa3oBaHUEM XJIOPHA
Kanus 1 kuciopoaa. Kakoit 00béM kucimopoaa (pu H.y.) MOXKHO TOJTYyYUTh U3 OJTHO-
ro moiib KCIO3?

1)44,8 n 2)33,6n 3)22,4n 4) 11,2 o

6. OnMH rpaMM MeTaiia BBITECHSET U3 KUCIOThl 560 M Bogopoaa (H.y.). Bbi-
YHUCIUTh ATOMHYIO Maccy MeTaJlla, €ClId ero CTEXMOMEeTpHUYecKasi BAICHTHOCTh PaBHA

IBYM U ONIPEAENUTH, KAKOM 3TO METAILI?
1) Fe 2) Mg 3) Ca 4) Cr.

7. Haiitu ¢opmyny BemiecTBa, eciii B ero coctaB BxoauT 71,7 % Xiopa,
24,3 % yrnepona u 4,0 % Bogopoaa, a MIOTHOCTh €ro Mo BOJOPOy paBHa 49,5.
1) CHiCI 2) C,H,ClI, 3) CHCl; 4) C,H,Cl,,
8. Oxuu M° razoo6pasHoro BemecTBa umeet Temmeparypy 273 °K (0 °C). IIpu
KaKo# TemMmeparype 00beM raza yIaBOUTCS, €CJIU JaBJICHUE OCTAHETCS HEM3MEHHBIM?
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1) 298 K 2)275 K 3)136,5 K 4) 546 K.

9. B xakom COCANMHCHNU SKBHUBAJICHT a30Ta COCTABJISICT 1/ 5 €Iro aTOMa?
1) KNO; 2) NO 3) HNO, 4) NO,

10. CoenuHeHue 3jeMEHTa C BOAOPOIOM coAepKUT 25 % Bomopona. Uemy

paBHA MOJIIPHAs Macca SKBUBAJICHTA 3TOTO dJIeMEeHTa?
1) 4 r/moib 2) 3 3) 3 r/momb 4) 4.

JlaGopaTopHnasi pabora Ne 6 (2 4)
[IpuroroBiienne u onpeaejieHHe KOHIEHTPAIIUN PACTBOPOB

BAPUAHT 1

1. Maccy () u o0bem pactBopa (i) 0003HaYalOT cuMBOJIaMu M u V, Maccy
pacTBopeHHOro BemecTBa M(B) u pactBoputens (Boab) m(H,O), monsapHyto mMaccy
pPacTBOPEHHOTO BeIIECTBA M, a MOJISIPHYIO MacCy €ro 3KBUBaieHTa M,.. [lomp3ysch
STUMH CHUMBOJIAMH, YKKUTE BBIpAXEHHE, KOTOPOE OIMpenessieT MOJISIPHYIO KOHIIEH-
Tpaluio pacteopa?

1) 100m(B) 2) m(B) 3) m(B) 2) m(B) |

m MV M,V Mm(H,0)

2. CKOJIbKO TpaMMOB JIaHTaHa COJEPKUT KPEMEHb ISl 3a)KUTajlOK Maccoit
2,5, ecinu ero MaccoBas 10Js B ciiaBe coctaisieT 40 %?
Hilr 2)100Tr 3)0,625 4) 6,25 .

3. "3 600 r 10 % pactBopa Beimapuian 300 r Boabl. KakoBa KOHIIEHTpanus mo-

JIY4EHHOT'0 pacTBopa?
1) 23,7 % 2) 20 % 3)41 % 4) 4 %.

4. Cmemranu 500 mu 1M pactBopa u 11 3M pactBopa? Ilpenebperast usmene-
HUEM O0beMa MPU CMEITMBAHUH, BRIYUCIUTE MOJISIPHYIO KOHIIEHTPAIIMIO MOTYYEHHO-

ro pacTBopa.
1) 6,25moub/1 2) 2,33Momb/1 3) 1,25 mounp/n 4) 13momb/m.

5. 6 r moueBuHBI pacTBopriH B 500 T Boabl. Paccuntarh MOJSUIBHYIO KOHIICH-
TPaALHIO MOJIYYEHHOTO pacTBopa?
1) 0,2 mons/kr  2) 0,155 mMomb/kr 3) 15,5 mob/kr 4) 0,0526 MOIB/KT.

6. Ha meiitpammsarmio 31 cm® 0,16 H. pactBopa menoun tpebyercst 217 cm®
pactBopa H,SO,. Uemy paBHBI HOpMasibHOCTh H,SO,4?
1) 0,023 H. 2) 0,046 H. 3) 0,92 u. 4) 0,0125 .

7. Cxonbko rpammoB Na,CO3:10H,0 nyxHO B3aTh /i npurotoBiaeHus 100
Mz 0,1M pactBopa kapboHata HaTpus?
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DIr 2)2,86T 3)0,625r 4) 16,25 1.

8. U3 700 r 60%-HoM cepHOM KUCIOTHI BhimapuBaHuem yaaawin 200 T BOAbI.

Yemy paBHA MPOIIEHTHAS KOHIICHTPAIIHSI OCTABIIETOCS pacTBopa?
1) 84 %, 2) 168 %, 3) 42 %, 4) 21 %.
9. Cmemamu 10 cm® 10%-noro pacrBopa HNO; (. 1,056 r/em®) u 100 em®
30%-roro pactopa HNO; (mr. 1,184 r/cm®). Beruncimre HpOLEHTHYO KOHIGHTpA-

U0 TTOJTYYEHHOTO PacTBOPA.
1) 28,38%, 2)56, 76%, 3) 14, 19%, 4) 112%.

10. BeruncnuTe MOJIBHYIO JOJIO XJIOpUa HATPHUS B CHCTEME, KOTOpasi COCTOUT

n3 0,2 moab NaCl u 8 moib BoabI?
1) 28,38%, 2) 6,76%, 3) 4,19%, 4) 2,4%.

Ipuioxenue 2

Ta6JIHIIa 16 — KoHCTaHTBI HECTOHKOCTH HCKOTOPBIX KOMIIJICKCHBIX HOHOB

KommiekcHbIN HOH T,OC Kurer KommnekcHbIi HOH T,OC Kueer
[AgCL,]™ 25 1,76-108_5 [Fe(CN)G]i_ 25 1,0-10—2
Ag(NH,),]* 30 [9,310” Fe(CN)e]*™ 25 |1,0-10”
EASESZO?)ZZ]]3_ 20 [2,5107 EHg(I4]2_)6] 25 | 1,46:107°
[CA(CN).]" 25 141077 |[MgdODTA]™ 20 [24-10”°
[Cd(NH3)4]§+ 25 2,8-1(356 [Ni(NH3)4]2+ 25 1,13-190—3
[Zn(NH3)4] ¥ 25 410_ [N|(NH3)6] ¥ 25 210_
[Cu(NH5).J** 30 [2,14-10 " | [Ni(CN).]"~ 25 | 1,810
[Cu(CN).]*~ 25 9,610 |[CadDTA]™ 20 |2,58-107"
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