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1 IIEJIb U 3AJJAYM OCBOEHMS JUCLUILINHEI

Leabi0 0cBOEHMS AMCUHUILVIMHBI - SBISICTCS (OPMHUPOBAHHWE CHUCTEMHBIX 3HAHUM, KOTOpHIE
HEOOXOUMBI CTYJIEHTaM IIPHU PACCMOTPEHUH (PU3UKO-XUMHUYECKOM CYIIIHOCTH U MEXaHHU3MOB
IIPOLIECCOB, IPOUCXOJALINX B IPUPOJIE U )KUBOM OpraHU3Me Ha MOJIEKYJISIPHOM U KJIETOYHOM
ypoBHSIX. B pe3ynpTaTe OCBOEHUS NaHHOW TUCIHUIUIMHBI JOJDKHBI OBITh CPOPMHUPOBAHBI
YMEHUS BBIOJTHATh B HEOOXOIUMBIX CIyYasX pacyeThl MapaMeTpoB 3TUX IMPOIECCOB, YTO
MO3BOJIUT OoJiee TIIyOOKO MOHATh (YHKIMH OTICNIBHBIX CHUCTEM OpTraHHM3Ma, a TaKXKe ero
B3aMMO/JICHCTBUE C OKPYKAOUIEN CPELOIA.

3aga4yu ocBOEHHS TMCHUIJIMHBI

- OCBETUTb KJIOYEBBIE BOINPOCHl IPOTrPAMMBI, CTUMYJIUPOBAaTh CTYAEHTOB K
MOCIEAYIOLIEH caMOCTOATEIbHOM padoTe.

- chOopMHPOBATH YMEHHS U HABBIKH ISl PELICHUS POOIEMHBIX M CUTYAI[MOHHBIX 3a]1a4;

- chopmupoBaTh  MPAKTUYECKHE  HABBIKM  IIOCTAHOBKM M BBINIOJHEHUS
AKCIIEPUMEHTAIbHON PadOTHI.

2 MECTO JUCHUIIJIMHBI B CTPYKTYPE OIIOII:

JlucumIuimHa OTHOCUTCSI K MAaTEMaTHYECKOMY M €CTECTBEHHOHAYYHOMY ITUKITY, Oa3oBast
gactb (b1.0.21). [JIng wu3y4yeHWs JAMCUMIUIMHBI  HEOOXOIWMBI ~ 3HAHHS  BOIPOCOB
MPEIIISCTBYIONUX HW3YYaeMbIX IUCIHMIUIMH — MIKOJBLHOTO Kypca XuMUH. JlaHHAs TUCIUIUIMHA
u3ydaercs Ha 1 Kypce.

JucuumniuuHa  sBIsSETCS  IpeauecTByrowmed Juist  aucuuiiund:  «MHpopMmaThkay,

«Du3noNIOTUs  PACTECHUN», «Jlenaponorus», «ITouBoBeIEHNEY, «Takcammmst  neca»,
«JlecoBeneHne», a Takke O3HAKOMUTEIIBHOM INPAKTUKE, IOATOTOBKOM K cladye U claadeu
rOCYIapCTBEHHOIO 3K3aMEHA.

Kommnerentust OIIK-1 oqHOBpEMEHHO ¢ TUCIUTIIIMHON «XHUMHUSI» OCBAaUBAETCS TaK¥Ke MIPHU
n3ydeHun auciuiuime «dusuka», «Martemarukay, «abopmatukay, «['eonesusn», «boTtanukay,
«Dusmnoniorusgs  pacreHun»,  «llengpomorus»,  «llouBoBenenue»,  «Takcanua — secay,
«JlecoBeneHne» a TakKe O3HAKOMHUTEIIBHOM NPAaKTUKE, MOATOTOBKOW K cladye M clayeu
rOCyIapCTBEHHOIO 3K3aMEHA.
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3 HEPEYEHD IIVIAHUPYEMBIX PE3YJIbTATOB OBYUEHHS 11O JUCHUIIJIMHE
MOAVYJIIO), COOTHECEHHBIX C INTAHUPYEMBIMMU PE3YJIbTATAMMU

OCBOEHMS OIIOII

Ko n HaumeHnoBanue
peanu3yemMoil KOMIETEHIIUU

[TepeueHs TUITAHUPYEMBIX PE3YIBTATOB OOYUEHUS IO
JTUCIUTIINHE (MOJIYJII0), COOTHECEHHBIX C MHIMKATOPAMHU
JOCTHKEHHUSI KOMIIETCHITUI

OIIK-1:  Cnocoben  pemathb
TUTIOBBIC 3a1aun
npodeCcCuOHATBLHON

JESITEIIbHOCTH Ha OCHOBE 3HAHHM
OCHOBHBIX 3aKOHOB
MaTEeMaTHYECKHUX u
€CTECTBEHHBIX HayK c

MPUMECHEHHEM WH(GOPMAIMOHHO-
KOMMYHUKAIMOHHBIX TEXHOJOIUI

3HaTh: TEOPETUUYECKHE OCHOBBI OOIIEH, HEOPraHWYECKOH,
AHAIUTUYECKOW XMMHUH; COCTaB, CTPOCHHE M XUMHUYCCKUE
CBOICTBAa OCHOBHBIX IPOCTHIX BEIIECTB U XHMHYECKUX
COCIMHEHUH; MOHUMATh MPHUHIIMITEI CTPOCHUS BEIECTBA W
MPOTEKaHUs XHUMHUYECKHUX TPOIECCOB; OCHOBHBIC O3Tarlbl
NPOBEICHUS J1TAOOPAaTOPHOTO MCCIIEIOBAHMS.

YMeTh: BRIOUPAaTh METOIMKH MOCTAHOBKH U MTPOBEICHUS
71a00paTOPHOTO UCCTIEAOBAHUS

-ONpeNesITh BO3MOXKHOCTh M MYTh CaMOMPOU3BOJIBHOIO
MPOTEKAHUS XUMHYECKUX IPOIIECCOB, B OCHOBE KOTOPBIX
JIeKAT Pa3IMYHbIe XUMHUUECKUE PEaKIUy;

- moabuparh  ONTHMAJLHBIC  YCIIOBHS
XUMHUYECKUX PEaKIIUH.

Bnanets: - npuemamu UCIosib30BaTh HEOOXOAMMOE
nabopatopHoe 00opyaI0oBaHUE U TPUOOPHI B XOJI€
IIPOBEJICHUS J1aOOPATOPHOTO UCCIIEI0OBAHUS.

MIPOBEICHUS

OBIIAA TPYAOEMKOCTH IUCHUIIJIMHBI

4.1. O0beM TUCHHUILINHBI B 3a4eTHBIX equHuIax (Bcero) S 3ET
4.2. Tlo BuiaM y4eOHoii padoTsl ( B yacax): 180

KonnuectBo yacos
(popma oOyueHus -3a04uHast)
Bun yuebnoii paboThl Beero 1o B 1.4. mo
- ceMecTpaM
1
1 2 3
KonrtakTHas paboTa 00y4aronuxcs ¢ MpernoiaBaTesieM B 12 12
cooTBeTCTBUU C YII
AyIUTOpHBIE 3aHITHSL: 12 12
JEKIHNH 6 6
CEMUHAPHI U TPAKTUYECKHE 3aHITHSI 0 0
nabopaTopHbIe PAOOTHI, MPAKTHKYMBI 6 6
CamocrosiTenbpHas pabora 159 159
dopma TEKYIIEero KOHTPOJISl 3HAHUWA U KOHTPOJIA Komnmoksuywm, | KomnokBuym,
CaMOCTOSITENIbHOM pa0bOThI: TECTUPOBAHUE, KOHTPOJIbHAS KOHTPOJIbHASI | KOHTPOIbHAsS
paboTa, KOJUTOKBUYM, pedepar u ap. (He meHee 2 BHUIO0B) paborta paborta
KypcoBas pabota - -
Buibl IpOMEXYTOUHOU aTTecTaluy (IK3aMeH) 36 36
Bcero yacos no gucuunianHe 180 180
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4.3 Conepixkanue TUCHMILUIMHBI (MoayJs.) Pacnpenesienne 4yacoB mo TeMamM M BHIaM
yueOHoii padoThI:

Buel yaeOHBIX 3aHATHI ®opmMma
AyYIUTOPHBIE 3aHATHUS 3 CamMocCTOs1 | TEKYIIETO
Hasganue paznenos | Beer [TpakTuuec | JlabopaTo AT B | o npmas KOHTPOJIA
U TEM 0 KHue pHbIE MHTEpAiTH pabora | 3HaHMM
JICKIINH IBHOH
3aHATHUSA, | pabOTHI
(hopme
CCMHUHAP5bI
1 2 3 4 5 6 7 8
Paszgen 1. O6mas xumus
1. Hemn wu 3agaum 15 1 - - - 14
xumud. CTpoeHue aToma
Ilepuonuueckuii 3aKoH U
Komnoxsuym
MepHOINYECcKas CUCTEMa Nol
AWM. Mengeneera B ’
KOHTpPOJIbHA
CBETE TEOPHU CTPOCHUS
st paboraNel
aTroMma. XuMuyeckas
CBSI3b U CTPOCHHUE
MOJICKYJI.
2. OCHOBBI XUMHUYECKOH 13 - - 1 - 12 KonokBuym
TEPMOJIMHAMUKH. Ne2,
XuMudeckas: KHHETHKA KOHTpPOJIbHA
Y paBHOBECHE. 1 paboraNe2
3. Teopus pacTBOpOB U 15 1 - - - 14
PacTBOPUTEIIEH.
KonnuratusHbie
CBOMCTBa pacTBOpPOB. Konnoxsuym
PactBops! Ne3,
AIIEKTPOJIUTOB. KOHTpOJIbHA
Bonopoausrii st pabota Ne3
nokasarenb. ['uuponus
COJICH. Bydephsie
pacTBOpPbI
4.OKHCIUTENBHO- 13 - - 1 - 12
BOCCTaHOBUTEIbHBIE
Komnoxsuym
MPOLIECCHI. Nod
CraHgapTHBbIH u ’
peaNbHBII 3JIEKTPOIHBIH KOHTPOJIbHA
st paboTaNe4
MOTEHIHMA. Ob6urue
CBOMCTBA METAJUIOB.
5. Teopusi KOMIUIEKCHBIX 15 1 - - - 14 Komnoxksuym
COCIMHEHUH. No5
Paznen 2. Heopranuueckas XuMus
1. Xumus HEMETaJlIoB: 13 - - 1 - 12 Komnoksuym
anementoB VIIA, VIA, Ne5,
VA IVA (yrmepon) KOHTpOJIbHA
rpynnsl [leproanyeckoit s paboTaNed
CHCTEMBI u ux
COEIMHEHHUSL.
2. Xumus metaiuios: | u 15 1 - - - 14 Komnoxksuym
A, A, IVA (onoBo 1 No6,
CBHHEI) TpyTIBI KOHTpOJIbHA
ITepuonuueckoit s paboraNeS
CHCTEMBI " ux
COEIMHEHUN.
3. Oouas 13 - - 1 - 12 KostokBuym
XapaKTepUCTHKA u Ne7,
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TOKCHKOJIOT U d- KOHTPOJIbHA

3JIEMEHTOB u 10: st pabotaNe6

COEIMHEHUI.

4 BUOTEeHHBIE 3JIEMEHTHI. 15 1 - 14 Komnoksuym

Ne7

5.Heopranmueckue - - 12 Komnoksuym

MUHEpaJIbHBIE Ne8

ynoOpeHus.

Pazpnen 3. AHanuTuueckasi XuMust

1. Buast u MmeTo b1 15 1 - 14 Konoksuym

XHMHYECKOTO Ne9

aHaIu3a.

2.Pacuetsl B| 13 - - 12 Komnoxksuym

KOJINYECTBCHHOM NelO

AHAJIN3E.

3.AHamu3  oObekToB | 15 1 - 14 KonmokBuym

OKPYIKaIOIIEeH CpeIbl. Nell,
KOHTPOJIbHA
st paboraNe7

BCET'O 180 4 - 159

[ToaroTOBKA K IK3aMEHY 36 - - -
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5 COJEPXAHME JUCLUILIUHBI (MOIY.JIS)

Paznen 1. Ooras xuvust

Tema 1. Hesm u 3agaun xumun. Ctpoenue aroma. Ilepuoamyueckuii 3aKoH U ePUOTMYECKAsT
cucrema /L. MenneneeBa B cBere TeOPHMHM CTPOEHHSI aToMa. XHMHMYECKAs CBSI3b U CTPOEHHE
MOJIEKYJT

Xumusa kak Hayka. [Ipenmer, 3amauu m Metonabl xumuu. CtpoeHue aromMa. OCHOBBI
KBAaHTOBOM MexaHukU. KBaHTOBBbIE YHCIA U CTPOCHUE DOJIEKTPOHHBIX OO0O0JIOYEK aroMma.
[TpuHIMIIBI 3aTIOTHEHHS ATOMHBIX OpOUTANICH.

Hcropust co3nanusi mepuoguvyeckoro 3akoHa. CTpyKTypa NEpPHOJUYECKONM CHUCTEMBI.
BepTukanbHasi, TOpH30HTaJIbHAS U AMATOHAJIbHAS MEPUOIUYHOCTh. BTOpHUHAsS MEepHOAUYHOCTb.
[TapameTpsl aTOMa ¥ IEPUOJUYHOCTD UX U3MEHEHUS B cucteMe ateMeHToB .M. Menneneesa.

[TonstTne xuMuyeckass CBA3b W MEXaHU3Mbl ee OO0pa3oBaHMs. MeTOAbl OMHCAHUS
XUMHUYECKON CBS3M: METOJ BAJICHTHBIX CBS3€H M MOJICKYJISPHBIX opOutaneil. OCHOBHBIC
XapaKTePUCTUKU XUMHUYECKON CBA3M. Pa3HOBUAHOCTHM XMMHUYECKON CBS3M: KOBaJCHTHAaf,
MOHHAs1, MeTauInueckasi. MeXMONIEKyJISIpHOE B3aUMOJICUCTBHE.

Tema 2. OCHOBBI XMMI4€CKOIl TEPMOAMHAMMKHA. XMMHYECKasi KHHETHKA U paBHOBeCHe.

OcCHOBHBIE TIOHSATUS XHUMHUYECKOW TepMOAWHAMUKHU. [lepBeiii W BTOpPOW 3aKOH
TepMoauHamMuKku. 3akoH ['ecca u ero cnenctBus. CBoOomHas sHeprus ['mb6ca kak KpurepwHii
CaMOIIPOU3BOJIBHOIO MPOTEKAHNS XUMUYECKUX PEAKIUM.

[lonsiTue ckopocTH XUMUYECKON peakiuu. MakTopkl, BIUSIIOLME HA CKOPOCTh PEAKIUU:
IIPUPOJAa pPEArupyIOIIMX BEIIECTB, KOHIICHTPALMs pEarcHTOB, TEMIIEpaTypa M JaBJIICHUE.
[loHsiTHE XMMHUYECKOTO paBHOBECHS M MHpHUHLMN ero cmeunieHus. Karamus. ['omoreHHslii u
reTEepPOreHHbIN KaTalus3.

Tema 3. Teopusi pacTBOpoB M pacrBoputelieil. Ko/ummratuBHele cBoiicTBa pacTBOpPOB.
PacrBopbl 2j1ekTpo/nToB. Bogopoausiii nokasareis. I'mapoims coseil. bygepHbie pacrBopbl

OO0mure noHATUS O pacTBOpax U pacTBopuTessix. CrnocoObl BhIpaXKEHUS KOHIEHTPALUU
pactBOpoB. TepMomHaMKKa 00pa30BaHUs PaCTBOPOB.

KomnuraruBable CBOMCTBA PaCTBOPOB: OCMOC M OCMOTHYECKOE JABJICHHE, TEMIEpaTypa
KUIICHUSA U 3aMep3anus. [IepBbiii 1 BTOpoi 3akoH Payiid.

Teopust osnekTponuTHdeckoil auccouuanuu Appenuyca. CuibHble U cia0bie
anekTponuTel. KoHcTaHTa M cTeneHb auccouuanuu. 3akoH pa3dasinenus OctBanibia. Teopus
CUJIbHBIX 3JIEKTPOJIUTOB, IOHATHE aKTUBHOCTh. [Ipon3Benenne pacTBOPUMOCTH.

I'ereporenHoe paBHOBecue B pacTBopax. [IpousBeneHHe pacTBOPUMOCTH. Y CIOBHS
oOpa3oBaHus ocaakoB. Boropoanslil mokaszarens. [ 'naponus coneit. bydgepusie pacTBopsI.

Tema 4. OKuHCIANTEJBHO-BOCCTAHOBHTE/IbHbIe mpoueccbl. CTaHIapTHBIA M
peanbHbIN JJIEKTPOAHBIN NoTeHnHa. O01ue CBOICTBA METAIIOB.

OKHCIUTENIbHO-BOCCTAHOBUTENbHBIE — Mpouecchl. CreneHb  okuciaeHus. CrocoObl
YpaBHUBAHMS OKHCIUTEIbHO-BOCCTAHOBUTENBHBIX peakuuid. Kiaccudukanus OKHCIMTENbHO-
BOCCTAHOBUTEJIBHBIX PEAKIINM.

CraHpapTHBIM U peanbHBIA JIEKTPOIHBIM NoTeHuuan. YpaBHeHue Hepucra-Ilerepca u
HaIlpaBJI€HUE  OKUCIUTEIbHO-BOCCTAHOBHUTENBHOIO  mporecca.  CpaBHHTENbHas  CHJIA
OKHCJIUTENEH M  BOCCTaHOBUTENEH. OKHCIUTEIBHO-BOCCTAHOBUTENBHBIE  IMPOLECCHl U
KU3ZHENIEATEIIbHOCTD.

ONEKTPOXUMHUECKUI  PsII  HAmpsDKEHHsT  METauloB.  JiekTpoiu3. OcoOeHHOCTH
MeTauimuecko cBsizu. OOIMe CBOMCTBA METAUIOB: KOBKOCTh, TEIUIONPOBOJAHOCTE U
AIIEKTPONPOBOIHOCTE. Koppo3ust MeTaiia, BUABI KOPPO3UH, CLIOCOOBI 3aIUTHI OT KOPPO3HH.

Tema 5. Teopusi KOMILIEKCHBIX COeIMHEHM.
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OcHoBHBIE TIOHATHS Teopuu BepHepa. Jluranapl ©w ©UX  KjIaccHUKaIus.
BryTpuopOuTaisHbie W BHEIIHEOPOUTANIbHBIE KOMIUIEKCH. Kitaccudukanuss 1 HOMEHKJIATypa
KOMILUIEKCHBIX coenmnuenuii. [lonsiTie KoHCTaHTa HECTOUKOCTH.

Pa3nes 2. Heoprannueckasi XuMust

Tema 1. Xumus Hemera/ioB: diementoB VIIA, VIA, VA IVA (yriaepoa, kpemumuii)
rpynnsl [lepuoanyeckoii cucTeMbl U UX COETUHEHUSI.

DONEKTPOHHBbIE CTPYKTYpbl aTOMOB TrajoreHoB. ['amoreHsl B mpupojae. dDusnmyeckue
CBOWCTBA M XHMMHUYECKHE CBOMCTBA rajoreHoB. [logydeHue W NPUMEHEHHE TaJIOrCHOB.
Coenunenue rajnoreHoB ¢ BogopoaoM. Kucnopoacoaepxaiiue coeJUHEHHsI TalOr€HOB.

DJEKTPOHHOE CTPOCHHE U MapaMeTpbl aTOMOB AJIEMEHTOB TJIABHOW MOJATPYIIBI IIECTOM
rpynnbl.  [lepuonuuHocts ux wu3MeHeHusa. Kucnopon, pacmpocTpaHeHHE B MNPUPOAE U
XUMHYeckre cBoiictBa. Cepa, paclipocTpaHeHHE B IPUPOJIE U XUMHUYECKHE CBOiicTBa. OCHOBHBIE
COETMHEHUS Cephbl: OKCUIBI U KUCTIOTHI. X XUMU4ecKre CBONCTBA.

DJEKTPOHHBIE CTPYKTYPBI aTOMOB. A30T: a30T B MPHPOJIE, €TO MOJIyUYEHHUS M CBOWCTBA.
AMMuak, comu amMMmoHus. Dukcaius atMochepHOro a3oTa, MOoJdydeHHe amMmuaka. [ uapasuH,
THJIPOKCHIIAMUH, a3uaoBogopoa. Oxcunmbl a3ora. A30TucTas M a30THas KHUCIOTHL Docdop:
docdop B mpupose, nonyueHue u cporictBa gochopa. Coenunenus pocdopa ¢ BOAOPOIOM U
rasioreHaMu. OKCUIBI U KUCIOTHI pocdopa.

DNEKTPOHHBIE CTPYKTYphl aTOMOB YTJIEPOJ: YIJIepoJ B MPHUPOAE €ro MOIy4YeHHE H
cBoMcTBa. Ayutorponus yriaepozaa. Juokcun yrinepona. YronsHas kucinora. Oxkeun yraeposa (I1).
Coenunenus yrieponaa ¢ cepoil U a3oToM. KpemHwMii: KpeMHUIl B MPUPOJE, €ro MOIyYeHHE U
cBoiictBa, CoeIMHCHMSI KPEMHHSI ¢ BOJAOPOJOM | rayioreHamu. Jlmokcun kpemaus. KpemHeBbie
KHUCTIOTHI ¥ UX coiti. CTeKI10, LIEMEHT.

Tema 2. Xumusa wmeramion: |A, IIA, IlIA, IVA (o10Bo u cBUHel) rpyninbl
IHepuoauveckoii cucTeMbl U MX COeIMHEHMIA.

[[{enounble METAJUIBL: PACIPOCTPAHEHUE B IPUPOJIE, ITOITYUEHUE, CBOMCTBA, TPUMEHEHUE.
Harpuii. Kannii.

[[{enouHO3eMeNnbHBIE METAJUIBI: PACOPOCTPAHEHUE B MPHUPOJE, MOJIYYEHHE, CBOMCTBA,
npUMeHeHue. Maruui, kaiplui, 6apuil.

DOnekTpoHHbIe CTPYKTypbl atoMoB |lIIA rpynmel. AntomMuHMiA: pacmpocTpaHEeHUE B
MpUpPOJE, MOJYyYeHUE, CBOWCTBA, TPUMEHEHUE.

DOnekTpoHHbIe CTPYKTYphl atoMoB IVA rpynmbl. OIOBO U CBUHEI: paclpoCTpaHEHHE B
MIPUPO/IE, TOJyUYeHHEe, CBOMCTBA, TPUMEHEHHE. TOKCUKOJIOTHS CBUHIIA U €70 COCTMHEHMUS.

Tema 3. O0uIas XapaKTEPUCTHKA H TOKCHKOJIOTHs 0-3JIeMEHTOB M MX COeHHEHHIA.
d-amementer. OOImas xapakTepHUCTHKA. PacmpocTpaHeHHOCTh B mpupojae. Pusnko-
XUMUYeCKHe cBoricTBa d-3memMeHToB. TOKCHKOIOrHs d-271EMEHTOB U UX COEIMHEHUIA.

Tema 4. BuoreHHbIe 3J1€MeHTHI.

[TonsiTue OMOreHHOCTH XHMHMYECKHUX 3JIEMEHTOB. buocdepa, KpyroBopoT OMOTre€HHBIX
sneMeHTOB. KoHlleHTprpoBaHHe OMOTEHHBIX 3JEMEHTOB XUBBIMU cucTeMamu. Knaccugukarus
OMOreHHBIX AJIEMEHTOB MO UX (PYHKIMOHAIBHOM POJIM: OPraHOT€HbI, SJIEMEHTHI 3JIEKTPOIUTHOTO
¢oHa, MHUKPO3JIEMEHTHI. [IpumecHbie AIIEMEHTHI (aKKyMyIupyroLmecs T
HeakkyMmynupyromuecs). OCHOBHbIE HCTOYHUKM TOCTYIJICHHS MPUMECHBIX 3JEMEHTOB B
OpraHM3M 4YeJoBeKa. XMMUYECKUE aCTIEKThl OXPAaHbl OKPYKAOLIEH CPEb.

Komrutekchbl KaTHOHOB S-MeTauioB (MOHOGMOPHI, KpayH-2UPBI, KPUITAHIBI. XJI0POhHUILI.
buonoruueckass ponab HaTpus, Kajlus, KaJbLMs, MarHud. XHMHUYECKOE CXOJCTBO U
OMOJOTUYECKHI aHTarOHU3M (HaTpUN-KaIui, MarHUi- KaJabIuil).

HaubGonee BakHble OMOreHHBIC dNeMeHTHI d-Onoka: XpoM, Meab, MonmbaeH. CHcTeMBl
MeTaJI-0e10K (METaIJIONPOTEUHBI U O€JIKH, aKTUBUPYEMbIE METAJIIIAMH).
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Tema 5. Heoprannueckne MuHepajibHbI€ Y100peHH.

Ilpocmule yoobpenus:

ABOTHBIC: HUTPATHBIC (HATPUEBAsI M KaJbIMEBasl CEIIUTPHI); AMMOHHUIHBIC 1 aMMHUAYHBIE
ynobpenusi (cyiabpaT amMMOHHUS, aMMOHUWHO-HUTpaTHbIE yHOOpEHUS, aMMHayHas CelUTpa);
MOYEBHHA.

®docdopnseie: cynepdocdar, nBoiiHoM cynepdocdar, mperunuTar.

Mukpoyno6penus. MukposnemeHnThsl. bopHbie ynoopenus. Menubie ynoopeHusi.

Komnnexcnvie yooopenus:

Ammodocsl, HUTpoPOCBl M  HUTPO(POCKH, HUTPOAMMO(OCHI M HHUTPOAMMO(DOCKH,
kapO6oammodochl, mosuduchaTbl aMMOHHS.

Paznen 3. AHaauTHYeCcKass XUMHUS

Tema 1. Buabl 1 MeTOBI XMMHYECKOI0 AHAJIN3A.

KayectBeHHbIN U KonuuecTBeHHbIN aHanu3. Knaccudukauus sugos anamuza. OOBEKTHI
aHannza. OCHOBHbIE CTaguu NpoBeleHHUs aHanu3a. (OCHOBHBIE CTaJAUM IOCTPOCHUS
AHAJTUTUYECKOW METOJUKU M OCHOBHBIE METOJbl aHajau3a. MeTopl MpobooTOopa, pa3aoKeHUs
npoOBbl, pa3/ieNeHus 1 KOHIICHTPUPOBAHUS, OOHAPY)KEHUS M OTIPEICITICHHUS.

Tema 2. PacyeTnl B KOJIMYECTBEHHOM aHAJIU3e.

Enununbsl xonmyectBa BemiecTBa. CrocoObl BbIpaXEHHUs] KOHLIEHTpAlMi: MOJsipHas
KOHIIGHTpAlLUsi, MOJIApHAs KOHLIEHTpAlUsl SKBHUBAJIEHTA, MAaccOBas KOHLEHTpauus (TUTP
paboyero pacTBOopa, TUTP IO OINpPEAEIIEMOMY BELIECTBY), OObEMHas KOHUEHTpauus, A0S
KOMITOHEHTa (MaccoBasi, 00beMHast, MOJISIPHAS ).

3akoH KpaTHbIX OTHoweHWi JlanbToHa. Bbruncienue Qakropa SKBUBAJEHTHOCTU U
SKBHUBAJICHTA.

Pacyersl B TUTPUMETPUYECKOM aHAJIN3€: CYIIHOCTh TUTPUMETPUH; CTaHIAPTHBIE
PacTBOPBI U CIIOCOOBI UX MPUTOTOBJICHUS; BUJI TUTPOBAHUS: MpsiMOe, 0OpaTHOE (10 OCTaTKYy),
TUTpoBaHUe 3amectutelns. Kpubble TuTpoBanus. I'paBuMeTprudeckuii (BeCOBOIi) aHaIM3.

Tema 3. AHa/IM3 00bEKTOB OKpPY:KaIOLIeil cpelbl.

Crioco0b! B34TUS U TOJATOTOBKU MPOOBI (pa3ioKeHus, OTACICHUS MENIAIONMX KOMIOHEHTOB U
KOHLEHTPUPOBAHNUS MHUKpOINpUMECEH) IJid aHaiu3a OOBEKTOB OKPYXKAIOIIEW Cpebl: MOUBbI
JIOHHBIX OTJIOKEHUH, BOABI, BO3ayXa. Mcronb3oBaHMe XMMHMUYECKUX, (PU3MUECKUX U (UBHUKO-
XUMHUYECKHX METOJIOB JUIsl aHAJIN3a 00BEKTOB OKpYKAroIIel Cpe/ibl.

6 TEMbI IPAKTUYECKHUX U CEMUHAPCKUX 3AHATHIA

Jlannslit Bug paboTsl He pexycMoTpeH YII.

7 JIABOPATOPHBIE PABOTBI, IPAKTUKYMBbI

Paznen 1. O6mas xumus.
TEMA 1. JHEPTETUKA XUMHNYECKHUX ITPOLECCOB.
OINPEJIEJIEHUE TEIIJIOBOI'O ITPOIIECCA PEAKIIMU HEMTPAJIN3AIINN.
Hean padoThi:
1. HayuyuTbcs BBIONTHATH KAIOPUMETPUUECKUE U3MEPEHUSI.
2. OCBOUTH HABBIKH TEPMOJUHAMHYECKHX PACUYETOB, CBSI3AHHBIX C DHEPTETHKOM XMMHUYECKUX
peaKkIui.
Copepxanue padoThI:
1. DxcnepuMEHTATBHO OMPEAETUTh TEITIOBOH d(PPEKT peakinu HeUTpaTu3aini.
2. [IpoBepuTh BBITIONHEHHUE 3aKOHA [ecca.
3. OnpenenuTh OTHOCUTEIEHYIO U a0COIOTHYIO IOTPEIIHOCTHA U3MEPEHUSI.

IIpuGopsl M peakTHBBI: KaJOpUMETP, MEpPHBIC LWIUHAPHI, BOPOHKA, TEPMOMETP,
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CEKYHJIOMEP WJIM [1ECOYHBIE Yachl, paCTBOPBI THApOKcHIa HaTpus ¢ KoHueHTpanueit C(NaOH) =
2 monw/1 u cepHoit kuciioTel C(H2SO4) = 1 Monb/i.

Kparkue TeopeTrnueckue cBeIeHHUsI.

JIroOble XMMHUYECKHE peaKklMM BCErAa CONPOBOXKAAIOTCA TEMH WM  HHBIMU
SHEPreTHUECKUMH P PEeKTaMu: BBIJCICHHEM MU MOTJIOIEHHEM TEIUIOTHI, CBETA, COBEPIICHUEM
JIEKTPUUECKON WM MeXaHHM4ecKol paboThbl. M3yueHueM »HEpreTM4eckMX H3MEHEHUH IpH
XUMHUYECKMX peakUusX 3aHUMAaeTcsl HayKa, Ha3blBaéMas XHMMHUYECKOH TEpMOAMHAMUKOM.
OCOOEHHOCTBIO XUMUYECKOH TEPMOJANHAMUKYU KAaK HAyKU SIBJISIETCS pACCMOTPEHHE XMMUYECKUX
peakiuii B COCTOSIHUU PAaBHOBECHS, KOT/Ia peaklus JIM00 He Havyajach, MO0 yKe 3aKOHUMIIACH, U
U3MEHEHMs BO BHELIHEH Cpesie OTCYTCTBYIOT.

XuMHUecKasi TepMOAMHAMUKa 0a3upyeTcs Ha IByX OCHOBHBIX 3akoHax. Ilepavlil 3aKkon
mepmMoOuHamMuKu N3BECTEH KaK 3aKOH COXpaHEHUs 3Hepruu. Vi3MeHeHne BHyTpeHHEeH
SHEPrUM 3aKPBITON CHCTEMBI ONPEAEIIAETCS KOJIMYECTBOM BbIAEIEHHON TEIUIOTHI U
coBepineHHon paboTel. AU =Q - A

KonnuecTBO TEIUIOTHI BBIISTUBINECIHCS WM TOTJIOMIEHHOH B pe3yibTaTe XUMHUYECKOH
pEaKkIMy HA3BIBACTCA MENA06biM IPdekmom. DK30TepMHUYECKass peakuuss — Teriora
BBIJICTISIETCS, SHIOTEPMHUUECKAst — MOTJIOLIACTCH.

Yame Bcero B OHMOJOTHMYECKMX CHCTEMaX XHMHYECKHE TIPEBPAIICHUS MPOTEKAIOT MpHU
NOCTOSTHHOM J1aBiieHHH ( M300apHBbIE TPOLIECCHI) B 3TOM Cilydae TEIUIOBOM A(PQeKT peakuuu
Oyzer paBeH M3MEHEHHIO BHYTPEHHEW OHHEPrMM CHUCTEMBI IUIIOC paboTa HaJ BHEIIHUM
nasinenueM pAV: Q=AU + pAV

Cymma U + pV Ha3bIBaeTCs IHmanpnuell u sBIseTcss QYHKIHEH COCTOSIHUS CUCTEMBI U
MepoH ee TeII0CoIepKaHuUSI.

Jnist XUMUYECKON peakuy MPOTEKAIOUICH MPH MOCTOSIHHOM JIaBJICHUW DHTANBIINS PaBHA

TerioBomMy b heKry.

3a cmanoapmmuyio Inmansvnuto 00pa30BaHUS NPUHUMAIOT SHTAIBIHIO TOM peakluH, B
KoTopoil 1 Monp BemecTBa 00pa3zyeTcsi M3 MPOCTBIX BEIIECTB, KaXJI0€ U3 KOTOPBIX
HaXOJIUTCA B TEPMOJMHAMHYECKOM COCTOSHUU.

3akon I'ecca u caencTBus U3 Hero.
TennoBoit 3P ¢heKT peakiuu 3aBUCUT TOJBKO OT HAYaJbHOTO W KOHEUHOTO COCTOSTHUS

CHUCTCMBI HO HC 3aBUCUT HU OT IIYTH NPOTCKAHUA PEaKIUU, HU OT €€ MCXaHNU3MaA.
CnenctBus 3akoHa ['ecca.

1) U3MeHeHue SHTATBIMM XUMHUYECKOH peakuuh He 3aBUCUT OT YHCIIAa MPOMEXYTOUHBIX
cTagui

2) SHTaAJBIUS PEAKIMU paBHA CyMME SHTaJbIUNA 00pa3oBaHHs MPOIYKTOB 3a BBIYETOM
CYMMBI DHTAJIBITHIA 00pa30BaHUS HCXOIHBIX BEIIECTB.

Tennoma neitmpanusayuu — 570 TEII0BOH 3 deKT peakiuu odpazosanus 1 moias H20 u3
voHoB H" u OH~
H* p-p) + OH™ pp) = H20;  AHa08 = -55,9 kJIx/M0J1b

[Ipu HelTpasnzanuy CUJIBHBIX KHCIOT CHJIBHBIMH OCHOBAaHUSIMH TEIUIOBOM 3¢ ekt 3Toro
nporiecca Mo4TH OJJMHAKOB B pacyeTe Ha | MOJIb SKBUBAIEHTA KHCIIOTHI WM IIETOYH.

OKcrepuMeHTanbHoe omnpeaenenne AH HeUTpanm3anuu OCIOKHEHO TEM, YTO IIpH
CJIMBaHUM PacTBOPOB UMEET MECTO Mpoliecc pa30aBiIeHuUs:

o(pa36aBn) = AHueiip + AHpass. HeliTpanuzarmst cnaboit KMCIOTHI WM CIa00OTO OCHOBAHUS
COIIPOBOKIAETCS THUAPOIM30M O0O0pa3yromeics Ccolu, B pe3yidbTaTeé Yero M3MEHSETCs
koHienTpanus nonoB H u OH™ B pactBope, ciieoBaTelibHO U TEIIIOBON S(QdeKT mporecca
OyzaeT UHBIM.
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Memoouueckue pekomenoayuu u OnUCanue 1ad0pamopHoll yCmaHo8Ku

C menbio MpOBEpPKU CIPaBETMBOCTH 3akoHa ['ecca, B TaHHOUM paboTe MPOBOJAUM PEAKITUIO
HerTpammzanuu HoSO4 menousto NaOH B n1Be cTaaum.

Pe3ynbrarom peakuuu nepBoi ctaauu (mpu HegoctatoyHoM kosinuectBe NaOH)
H>2SO4 + NaOH = NaHSO4 + H20; AH1

SBIIsIETCS pacTBOp ruapocyiabpara Hatpuss NaHSO4 B Boze.

Pe3ynbrarom peakuuu 1o BTOpOi CTauu
NaHSO4 + NaOH = Na2SO4 + H20¢0);  AH2

SBIIIETCSl 0Opa3oBaHue Ccylbdara HATPHUS.

B kax10i craguu Temneparypa yBEIMYUBACTCS IO CPABHEHUIO ¢ TEMIIEPATYpOi HCXOJHOTO
BemtectBa (pactBopa H2SO4). TloaToMy NpOMCXOOWT H3MEHEHHE OJHTAJBIIMA B MpoOIecce
peakuu. Ero Mbl MokeM onpeenuThb Uit KaKI0W cTaauu 1o Gpopmyse:

AH =K- AT/n (xx/mMomb),

rae K= 0,96 x/[x/Monp — MocTosiHHAsL KaJopuMeTpa (KOJMYECTBO TEIUIOTHI, HEOOXOAMMOE IS
HarpeBaHus KaJOpUMeETpa C TEPMOMETPOM, MemIankoi, pactBopoM H2SO4 Ha 1 K);
n = C-V — KOJINYECTBO BEILECTBA;
C — MomsipHasi KOHLIEHTpAIUs BEIIECTBA;
V — 00BeM pacTBOpa.

OO011ee KOTMYECTBO TETUIOTHI, BBIICIMBILCHCS B pe3yIbTaTe pPeakinu, OyJIeT paBHO CyMMe
W3MEHEHUI 3HTAIBINN Ko ctagun: AHsken = AH1 + AHa.

Jlist  ompeneNneHuss TOTPEIIHOCTH HM3MEPEHHS TEeIUIOBOTO J(¢deKTa BOCIOIB3YeMCS
dopmynoit: 6 = (AHsken— AHucr./ AHuer.) - 100%.

3a AHucr mpuHumaem tabnuuHoe 3HaueHne AH nns peakuum, mpoTekaromie B OAHY

CTaJIUIO:
H2SO04 + 2NaOH = Na2SO4 + 2H20x) + 137,43 x/{x/ Mo,

ITopsinok BbINOJIHEHHS PadOTHI.

Hanuts B ogun mumusp 100 M ogHomossipHOTo pactBopa H2SOa.

Hanute B 1Ba nunuuapa no 50 ma apymossipHoro pactsopa NaOH.

3anuts B KagopumeTp 100 mi onHOMOusipHOTO pactBopa H2SOx4.

BxirounThs Memanky.

B Teuenune 5 munHyT uepes kaxapie 60 CEKyHII CHUMATh IOKa3aHUs TEPMOMETpA U 3aHOCHUTH

3HAuUEHUs TEMIIEpaTyphl B IEPBYIO CTPOKY Tabauipl Nel

Bnuts B kanopumerp 50 M aByMossspHoro pactsopa NaOH u3 nepsoro nuimsapa.

7. B Teyenue 5 MUHYT CHUMAaTh [TOKa3aHUsI TEPMOMETpA yepe3 Kaxkaple 60 CeKyH] U 3aHOCHUTD
BO BTOPYIO CTPOKY TaOmuIibl Nel.

8. Bumte B kamopumetp 50 mur qeymossipHoro pactBopa NaOH. B teuenue 5 MUHYT CHUMATH
MOKa3aHUs TEPMOMETpa uepe3 Kaxple 60 CeKyH]I U 3aHOCUTh UX B TPETHIO CTPOKY TAOJIHUIIBI
Nel.

9. Paccuutath 3HaueHUs AH 15 Kax 10 CTaIuu peakIMK U 3aHECTH B TaOIHITy No2.

10. Beumuth oTpaboTaHHBIE PACTBOPHI, MOCYAY BBIMBITh. ClaTh paboyee MeCTO JJaOOPaHTY.

agrwdE

S

Cxema J1a00paTOPHOIi YCTAHOBKHU
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Puc. 1. Cxema xanopumerpa:

1 — BkJIIOYATENh MEIIATIKY; 2 — TEPMOU30JUPYIOLINE CTAKAHBI;

3 — peaKIMOHHBIN cTakaH; 4 — TEPMOMETP; 5 — ANEKTPOJABUTaTENb MEIIAIIKH;
6 — mraTtuB; 7 — BOPOHKa; 8 — MeIaika; 9 — OCHOBaHUE IITATHBA.

OcCHOBHOM YacThI0 TaOOPATOPHON YCTAHOBKU SIBIISICTCS KATOPUMETP, MPEACTABISIONIUN
€000l M30JUPOBAHHBIN OT OKpYKaloleh cpenbl BHyTpeHHui cocya (3). s uzmepenus
TEMIIEPATyphl pearupyroIINX BEIIeCTB UCIIONIb3yeTcsl pTyTHBIN TepMomeTp (4). [lepememnBanue
pacTBOpa OCYIIECTBISIETCS MeMIaNIKOM (8) ¢ momMoIibio nekTpoasuratens (5). Boponka (7)
CILY’KHT JUISI 3JIUBKH PACTBOPOB.

Tabnuya 1
t, MuH 1 2 3 4 5
t° C, H2SOq4
T°C, 1 ctaguu
T°C, 2 ctanuu
Tabnuya 2
1 cramus 2 craaus
ToHa‘I = toKOH = toHa'—I = tOKOH =
At° = At° =
AH1 = AHy =

Conep:xanue oT4era:

Tema u 1enb paboTHI.
XUMUYECKUE YPABHEHUS PEAKIIUH.
Tabmusr Nel u Ne2,

Pacuerst AH 1 norpemnoctu 6 %.
BriBobI O TIpOIETIAHHOM paboTe.

bk owdE

KoHnTpoJsbHbBIE BONIPOCHI:
1. OcHoBHBIE TOHATHS TEPMOAMHAMHUKHU (T€PMOJMHAMHMYECKAs CUCTEMa, MapaMeTpbl CHUCTEMBI,
¢daza, KOMIIOHEHTBI CUCTEMBI, Tporiecc). Kiraccudukamus TepMOIUHAMAYECKUX CUCTEM.
2. Buytpennss sHeprus BemiecTBa. DyHKIMENW KakuxX MapaMeTpoB SIBISETCS BHYTPEHHSSA
sHeprusi BemiectBa? [lepBoe Hauano TtepmonuHamMuku. llpuMeHeHue mnepBoro Hauana
TEPMOJIMHAMHUKH K OMOJIOTMYECKUM CUCTEMaM.
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3. DHranbnus Kak QyHKIus coctossHus. CTaHIapTHBIE YCIOBUS B TEpMOJUHAMUKe. V3MeHeHue
SHTAJIBIMU B PA3IUYHBIX XUMHUECKUX U PU3UKO-XMMHUUYECKHX Ipolieccax.

4. TeruoBor >pdexT xumuueckoi peaknuuu. OCOOEHHOCTH TEPMOXHMMHUYECKHX ypaBHEHHUH U

pacyeToB 1o HUM. 3akoH ['ecca u cieCTBUS U3 HEro.

Bropoii 3akoH TepmoarHamMuku. [loHaTHE SHTpONHM.

6. CobGoaHas sHeprus ['m60ca kak KpUuTepuil CaMONPOU3BOIBHOIO POTEKAHUS PEAKIUH.

TEMA 2. TEOPUS PACTBOPOB.

Yacrs A. [lpuroroB/ieHne pacTBOPOB 32IaHHOI KOHUEHTPAIUH.

Hean padoThi:
Hayuutcst roTOBUTH pacTBOPHI 3a4aHHOM KOHLICHTPALIUH.
[IpuoOpeTenne HaBBIKOB pacyeTa U rnepepacuyera KOHIEHTPAIUil pacTBOPOB.

Conep:xkanue padboThi:
IIpuroroBnenust pacCTBOPOB Pa3INYHON KOHIICHTPALUH U3 CYXOU COJIHU.
[TpuroTtoBneHus pacTBOPOB U3 0OJIEe KOHLIEHTPHUPOBAHHOTO PACcTBOPA.
[IpuroroBieHus: pacCTBOPOB CMEIIEHUEM JIBYX PACTBOPOB Pa3HBIX KOHIIEHTPAIUH.
[lepepacuer MaccoBOMl 10U pacTBOPOB B MOJSIPHYKO KOHUEHTPALUIO, MOJIIPHYIO
KOHIICHTPAIIMIO SKBUBAJICHTA, B MOJISUIBHOCTb.

IIpudopsl 1 peakTUBbI: MepHbIE KOJIOBI (KOHUYEeCKHE Ha 250 MIT); MEpHBIE IMIIMHIPHI

Ha 50, 100 u 250 mu, CTEKJISIHHBIE NAJIOYKH, BEChl TEXHOXHMHUUYECKHE, Pa3HOBECHI, HaOOp
apeoMEeTPOB, XJIOPUJT HATPHUS.

o

™=

NN

MeTtoauueckne pekoMeH 1AM U ONHCAHKE J1a00pPaTOPHOIi padoThI

a) [IpuroroBienue pacreopa NaCl 3axanHoii KOHIEHTPAIIMHU U3 HABECKH
CyX0ro BellecTBa
Ilopsinok paGoTbI:
1. [TomyunTs 3a7aHuie OT MpENoJaBaTeNs: MPUTOTOBHUTH ompereneHHoe koiaudectBo (100-500
MJI) pacTBOpa XJIOpUJia HATPHs C KOHIeHTparueit 5—15%.

2. PaccunTtaTh HEOOXOAUMYIO JJISl MPUTOTOBJICHUS 3aJaHHOTO 00beMa PacTBOpPA HABECKY CYXOM
COJIA ¥ 00BEM BOJEL.

(O8]

. OTBecuTh HaBECKY XJIOPH/Ia HATPUS HA TEXHOXUMHUYECKUX BECax U MEPEHECTH €€ B KOJOY.
4. OT™MepuTh HEOOXOIUMOE KOJMYECTBO BOJIBI MEPHBIM ITWJIMHAPOM U BBUIMTH BOJY B COCY] C
CyXOH cOJb0. Pa3mMermars cMeCh NATIOYKOM 10 TIOJIHOTO PACTBOPEHUS COJIU.

5. Jlns KOHTposisi MpaBWIBHOCTH TPUTOTOBIIEHUS pPACTBOpPAa HU3MEPUTh €ro IJIOTHOCTb
apeoMeTpoM: B IIMIMHP eMKocThio 50/100 M1 HaMBarOT MOJy4YeHHBIH pacTBOp (2/3 oObema)
U OCTOPOYKHO OITyCKAalOT TyAa apeoMeTp (B MPUCYTCTBUU mpernonasarens). CpaBHUBAIOT
peasbHyI0 IUIOTHOCTh ¢ HEOOXOAMMOW (TalbnMua) U JenaroT 3aKiIl0UYeHUE O MPaBUIbHOCTU
BBITIOJTHEHUS PaOOTHI.

6. OdopMHUTH MTPOTOKOJ pabOTHI M BBIPA3UTH COJCPKAHUE XJIOPUAA HATPUS BO BCEX €IMHMIIAX
koHUeHTpauuu (%, MoJspHas [0Jid, MaccoBas KOHUEHTpauus, THUTP, MOJISIPHOCTb,
MOJISITIBHOCTh, HOPMAJIBHOCTB).

7. PacTtBOp XJ10pMaa HaTPUSL OCTaBUTH IS TATbHEUITIeH pabOThI, HCITOIb30BAHHYIO TIOCY/TY BHIMBITD.
0) ITpurorossienue pacreopa NaCl pasoasiieHuem GoJiee KOHIEHTPUPOBAHHOIO PACTBOPA

IHopsinok padorTsI:

1. IMosyunTs OT MpenoaBaTelis 3alaHue — MPUTOTOBUTE ompezeeHHoe koaudectso (100-500
MJI) pacTBopa XJOpWJa HATpus HHU3KOM  KoHIeHTpamuu (2—-8%) w3  Oomee
KOHILIEHTPUPOBAHHOT'O pacTBOpA.

2. PaccuurtaTh 00bEM KOHILEHTPUPOBAHHOIO pacTBOpa, HEOOXOIUMOrO [UIsl MPHUTOTOBIIEHUS
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3aJJaHHOTO 00beMa U KOJIMYECTBO JJOOABOYHOM BOJIBI.

3. OT™MepuTh HEOOXOAMMOE KOJMYECTBO KOHIEHTPUPOBAHHOIO pacTBOpa U J00aBOYHOIN BOJBI,
CJIUTPH UX B KOJIOY ¥ TIIATEIILHO MIEpEMENIaTh PacTBOP.

4. Jlns KOHTPOJS TPaBUIBLHOCTH NPUTOTOBJICHMSI pAcTBOpa HM3MEPUTHh €ro IUIOTHOCTb
apeoMEeTPOM B MIPUCYTCTBUU IPETOIaBATEIIS.

5. Oopmuth npoTokon paboThl U BBIPA3UTh COJEP’KaHUE XJIOpUJA HATPUS BO BCEX €IMHHUIIAX
KOHIICHTpAI1H.

6. PacTBOp xJylopuja HAaTpusi OCTaBUThH AJIs JalibHEHIIed paboThl, MUCMOIb30BAHHYIO IMOCYIY
BEIMBITb.

B) [Ipurorosienune pacreopa NaCl cmenieHneM ABYX pacTBOPOB 33aIaHHBIX KOHIEHTPAIMii

IMopsinoxk padoThI:

. I[onmy4yuTs OT npenogaBarTess 3alaHue.
Paccuurate TpeOyemble 00beMBI O0OHMX PAacTBOPOB, HEOOXOIUMBIX JMJISI TPUTOTOBJICHUS
3aJJaHHOTO PacTBOpA.
. OT™MepuTh paccunTaHHbIE KOJIMYECTBA CMEILIMBAEMBIX PACTBOPOB U CMEIIATh UX B KOJIOE.
4. J1ns KOHTPOJIS IPAaBUIBHOCTH PacyeTOB U MPUTOTOBJICHUS pACTBOPA U3MEPUTH €ro INIOTHOCTh
apeoMETPOM B MPUCYTCTBUHU IIPENOJaBaTENs.
5. OdopmuTh POTOKOJI pabOTHI M BBIPA3UTH COJACPKAHUE XJIOPUAA HATPUS BO BCEX €IMHMIIAX
KOHIEHTpaLUH.
6. BeIuTh pacTBOPHI XJIOpUIA HATPHSL, HOCYly BEIMBITE. CllaTh pabouee MecTo J1a0OpaHTy.

N —

(O8]

Coaepixanue oTyera:
Tema u uenb paboThI.
Pacuerts! o kaxxaoi yactu paboThI.
3HaueHus TIOTHOCTEN: TeopeTuyeckoe (U3 TaOIUIIbI) U SKCIIEPUMEHTAIbHOE.
Pacuer norpemHocTu 6 % MPUTOTOBJICHUSI PACTBOPOB.
BriBoibI 110 TipoienaHHOM paboTe.
KouTtpoJbHble BOnpochI:
Kakwue crocoObl BeIpaK€HUSI KOHIICHTPAIIMH PACTBOPOB BaM U3BECTHBI?
Kaxk mepeitTi oT 0IHOTO BH/1a KOHIICHTPALIMU K APYromMy (Ha KOHKPETHOM mpumMepe)?
Kakwue cymiecTByrOT criocoObI MPUTOTOBJIEHUS PACTBOPOB?
Omnumute X0 paboThI M0 JIFDOOMY CIIOCO0Y MPUTOTOBIIEHUSI PACTBOPOB.

agrwbdE

el AN

Yacre b. HonHble peakniui B pacTBOpPax, reTeporeHHbie pAaBHOBECHS B pacTBOpax
3J1eKTPOJIUTOB (PKCIIEPUMEHTAIBHOE ONPEIeTICHUE HAIIPaBICHNU XUMHUUECKUX PEAKIIH).

Hean padoThi:
O3HakoMIIeHHE ¢ OOLTUMH CBOWCTBAMU MAJIOPACTBOPUMBIX SJIEKTPOIUTOB.
[TproOpeTeHne HABBIKOB pacueTa MPOU3BEIEHUSI PACTBOPUMOCTH U PACTBOPUMOCTH OCATIKOB
CUJIBHBIX 3JICKTPOJIMTOB.

A -

Copepxanue padoThI:
1. Omnpenenenue peakuuu cpeibl IPU THIPOJIN3E COTIEH.
W3yueHue BAUSHUA TEMIIEPATYpPhl HA TUAPOIIH3.

3. U3ydenme ycrmoBwii 00pa30BaHMs OCATKOB MaJIOPACTBOPHUMBIX CHIIBHBIX AJIEKTPOIHUTOB U MX
pacTBOPUMOCTH.

4. Pacuer pH coseii monBepraromuxcst FTUIpoOIHU3Yy.

N

IIpuGopsb! U peakTHBDI:
1) mwtaTuBbI U1 TPOOUPOK, MPoOUpKHU Ha 10 M1, MUIETKH.

2) 2 H pacTBOPBI: XJIOpUJA KaIbLIMs, XJIOpUIA HATPUS, XJI0pHuaa Oapus, okcajlaTa aMMOHUS,
COJISTHOM KHCIIOTBI, HUTpaTa 6apusi, XpomMara Kajus, yKCyCHOM KHCIIOThI, HUTpaTa cepedpa,
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Cynb(uIa HATPUSL.
DKCIepuMEeHTaIbHas YacTh:
MeToauyeckue peKOMeHIAMHU U ONMCaHKe Ja00PATOPHO padoThl
OmnpiT 1. O0pa3oBaHne 0caIKa U YCJI0BHE €r0 PACTBOPEHUS

B npobupky Haneiite 4—5 kanenb pacTBOpa XJOpuaa Kaidblus U IpuOaBbTe MO KarisaM
pacTBOp OKcajlaTa aMMOHMS 10 00pa3oBaHusl Oenoro ocajka. M36eraiite pacTBOPUMOCTH
ocaZKa B 2 H pacTBOpPE COJSAHON KUCIOTHl. Hanummure MoneKynsipHble U HOHHBIE YPaBHEHUS
peakuuii. BeimummTe U3 TabJINILl KOHCTAHThI IUCCOLMALIMN U PACTBOPUMOCTH CJIa0bIX
ANEKTPOJIMTOB. BhIUMCINTE KOHCTAHTY paBHOBECHUS PEAKLIMH PACTBOPEHHUS OCaaKa U
00BACHUTE, TOYEMY HTO IPOUCXOAMT.

OmnsIT 2. OnpenesieHne HanpaBJeHUss XHMHYECKHX peakuuii (pacTBOpeHHe 0CAIKOB)

Hanelite B mpobupky 6—8 Kamenb pacTBOpa XJIOpUIa WM HUTpaTa Oapus v mpubaBbTe MO
KaIluIsIM pacTBOp Xpomara Kajusi 10 oOpa3oBaHUs KenToro ocanka. Ocagok paszaenuTe Ha JIBe
yactu. K onHoi vactu mpubaBbTe 2 H pacTBOP COJITHOM KHUCJOTHI, a K JIPYrod — 2 H pacTBOp
YKCYCHOM KHCJIOTHL. B omHOM M3 mpoOHMpOK HAOIMI0OJaeTcsi pacTBOPEHHE OCalaKa. 3aruIlInTe
HaOmoeHus, caenaiite BeiBOJ. COCTaBbT€ MOJIGKYNISAPHBIE M HOHHBIC YPAaBHEHHUS pEaKIIUU.
BrerurcnuTe KOHCTaHTBI PAaBHOBECHS IPOIECCOB PACTBOPEHHUS Xpomara Oapusi B COJSHOW H
YKCYCHOMH KHCIIOTE U O0BSICHUTE HAOII01aeMOe.

- OnpiT 3. HanpaBjieHHe XMMH4YeCKOii peaklMd B CTOPOHY 00pa3oBaHUs MeHee
PACTBOPHMOIO COeUHEHUS

Haneiite B mpoOupky 2—3 karum pacTBopa HHTparta cepedpa u npubaBbTe K HeMy 2—3 Karum
pacTBopa Xpomara Kajius. 3alMUIMTe [BET IOJIYYEHHOrO OcCajKa, Iociie 4Yero 100aBbTe B
npoOupky 2-3 kamim pacTtBopa xjiopuaa Harpusa. Kak wn3Mmensiercs nBer ocaaka (uis
HAOJMIOJEHHsI I[BE€Ta OCaJKa pacTBOP MOYKHO OCTOPOKHO CIHTh)? A Tenepb NnpudaBbTE K
COJIEPKUMOMY NMPOOHPKHU 2—3 Karlld pacTBOpa Cynb(uaa HATPUS U ONATH 3aMUILIUTE IIBET OCAJIKA.
CocTtaBbTe MOJIEKYJISIPHBIE M HOHHBIE YPAaBHEHHS BCEX MTPEBPAILICHHU.
Hcrionb3yst 3Ha4eHHs KOHCTAHT DPACTBOPHMMOCTH, BBIYMCIMTE PACTBOPUMOCTH IOITYYEHHBIX
COEIMHEHUII M KOHCTaHThl pPaBHOBECHs Uil HaOMoAaeMbIX mporeccoB. CrenaidTe BbIBOI O
HaNpaBJIeHUN XUMUYECKUX PEAKIHH.
ITopsinok padorbI:

1. TTonyuuTs OT MpemnoaaBaTess 3aaHue.

2. BBIOTHUTH paboTy COTIIACHO METOAMYECKUX PEKOMEH TAITHIH.

3. OdopmMHUTH TPOTOKOJ PAOOTHI.

4. BpuiiTh 0TpabOTaHHBIE PACTBOPHI, IOCYy BBIMBITH. C1aTh pabouee MecTo.
Conep:xanue oT4era:

Tema u nenb paboThI.

Habmionenus, ypaBHEHUS peakIuil o KaXka0i 4acTu paboTHL..

Br1BosibI 10 ipozieniaHHoM padoTe.

KoHTpoJibHbIE BONIPOCHI

1. Honnble ypaBHEHUS peakiuil. Y CIOBUS NPOTEKAaHUs PEAKIUil B pacTBOpax.

2. T'ereporeHHoe paBHOBECHE: OCalOK — HACBIIIEHHBIH pacTBop. KoHcTaHTa pacTBOpUMOCTH
(unu Ipou3BeIEHNE PACTBOPUMOCTH)

VYcnoBust 06pa3oBaHus U paCTBOPEHUS OCAIKOB.

Brustaue o61iero noHa Ha pacTBOPUMOCTh MaJIopacTBOpuMoOro BemectBa. ConeBoi A PexT.

~w

TEMA 3. 3QKCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE BJIMAHUSA PH CPEJIbI HA
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IMPOJIYKTBI OKUCJUTEJIBHO-BOCCTAHOBUTEJIBHBIX PEAKIIUIA
Hean padoThi:
1. I/I3yT-II/ITb OKHCIIUTEILHO-BOCCTAHOBUTEIILHLIC CBOMCTBA MCTALJIOB, HCMCTAJZIOB H HUX
COETMHEHUH.

2. OcBouTth MCTOJUKY COCTABJICHUA ypaBHCHI/Iﬁ OKHCJIIMTCIBbHO-BOCCTAaHOBHUTCIIbHBIX
IMpONLECCOB.

3. 3akpenuTh 3HAHUS O BIUSHUU CPEbl HA OKUCIUTEIbHO-BOCCTAHOBUTEIbHBIEC TPOLIECCHI
Conep:xkanue padboThi:

1. OxucnuTenbHbIE U BOCCTAHOBUTEIBHBIE CBOMCTBA MEPOKCHIa BOJOPOAA.

2. OKHCIHTENbHBIC U BOCCTAHOBUTEIbHBIC CBOMNCTBA HOHOB P- U 0-3JIEMEHTOB.

3. OxucnurenpHbIE CBOICTBA IEpMaHraHaTa Kalius B pa3IUYHbBIX Cpe/iax.

IIpudopsbI U peakTHBBI:
1. TIpoOupxu, mTaTUB AJ MPOOHPOK, JepKATENb I IPOOUPOK, TUIIETKU, BOASHAS OaHs,
ropenka.

2. 2 M pactBopsl HuTpata xpoma (lll), rugpoxcuna Hatpus, momuaa Kamus, TepMaHraHara
Kanusi, cyibura Hatpus, cyibpara mapranma (1), xmopuma omosa (1), 3% pactBop
nepekucu Bojopona, 2H pactBop cepHoit kuciaotel, 2H pacTBOp a30THON KHCIIOTHI,
YETBIPEXXJIOPUCTHIN YIIIepo/1, PaCTBOP HO/1a, HOPOLIOK AUOKCHA CBUHIIA.

KpaTkue Teopernueckue cBeaeHHUs.

Bce xuMudeckue peakiuu MOXHO Pa3JIeIuTh HA JIBE OOJBIIKE TPYIIIBI: IPOTEKatoIue 0e3
U3MEHEHHUS CTENEeHU OKHUCIEHUS U C U3MEHEHHUEM CTENEHU OKUCICHHS — OKHCIUTEIbHO-
BOCCTAaHOBUTEJIbHBIE.

K okucnuTenbHO - BOCCTAaHOBUTENBHBIM OTHOCSITCSI BCE PEAKLIMM 3aMEIICHUS M T€ PEaKLUH
COEJIMHEHMS U PA3JIO’KEHUS] B KOTOPBIX Y4acTBYET XOTS Obl OJTHO MPOCTOE BeliecTBO. Bee peakium
oOMeHa POTEKAI0T 0e3 M3MEHEHUsI CTENIEH! OKHUCIICHHUSI.

[Tog creneHb) OKHMCJIEHUSI TOHUMAIOT (AKTUYECKUM 3apsA]l aToMa B MOJICKYJIE
oOpa3yromuiics B pe3ynbTaTe nepepacipeaencHus 3IeKTPOHHOM MITOTHOCTH.

OxkuciieHMeM Ha3bIBAIOT MPOIECC TMOTEPH DJIEKTPOHOB, MPHUBOASAIINK K TOBBIIICHUIO
CTETNIeHH OKHUCJIeHHs. BeriecTBa, aTOMbl WJIM HMOHBI KOTOPBIX OTJAIOT DJIEKTPOHBI, HA3BIBAIOT
BOCCTAaHOBUTEISIMU. BoccTaHOBUTENB, OTaBast AJIEKTPOHBI, OKUCTseTcs. ZNn° -2¢ — Zn*?

BoccranoBiieHne — mpoliecc NPUCOEAUHEHUSI 3JIEKTPOHOB, MPUBOIALIIMN K IMOHUKEHUIO
CTENEHNW OKHUCIIeHus. BelecTBa, aTOMbl WM HOHBI KOTOPBIX MPUCOSIUHSIOT SJIEKTPOHBI,
HA3BIBAIOTCA OKMCTUTENsMHU. OKHCITUTeNb, IPHCOSANHSS MEKTPOHBI, BoccTaHaBnmBaerca. Cu*?
+2e — Cu°

OO01iee YHUCIIO ANEKTPOHOB, OTAAHHBIX BOCCTAHOBHUTENIEM, PABHO YHUCIY 3JIEKTPOHOB,

MIPUHSITBIX OKUCITHTEIIEM.

Jlns  mporHo3a  MPOAYKTOB UM HANpaBlIEHUsS  NPOTEKAaHUS  OKHUCIUTEIHHO-

BOCTAHOBUTEJIBHBIX MPOIIECCOB HAJO 3HATH, YTO TUMHYHBIMU OKMCJIUTEIAMM SBIISTFOTCS:

1) mpocThle BEmecTBa, aTOMbl KOTOPBIX HMEIOT OOJIBIIYIO 3JIEKTPOOTPHIATEIBHOCTD (3JIEMEHTHI
VIA u VA rpymn). 13 Hux Haubonee cunbHbie okucnutenn F, O, Cl.

2) BemecTBa, cojepiKallye >IEMEHTHl B MaKcHUManbHOU crenenn okucinenus: (KMnOs,
K2Cr207, HCIO4, H2SO4 1 p.

3) Karnonsl MeTaIOB U BOJOPOIa

K THNHYHBIM BOCCTAHOBHUTEJISIM OTHOCSTCS:

1) mpocThle BemiecTBa, aTOMbI KOTOPBIX HMEIOT MAalyl 3JIEKTpOOTpHLaTeabHOCTh < 1,5
(anements! IA u llA rpynn u HEKOTOpBIE IPYTHE METAJIBI).

2) BeniectBa, copeprkaline 3IeMEeHThI B HU3MIMX cTeneHsx okucnenus: (H2S, NHs u ap)
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BemiectBa, cozepikaniye aroMbl B IPOMEKYTOUHBIX CTEMEHSX OKHCIICHHS, CIIOCOOHBI Kak
HOBBIIIATh, TAK U MOHUXKATh CTENEHb OKHCIEHUS, T.€. MOT'YT ObITh KaK BOCCTAHOBUTEISIMH (IIpU
neiictBuu 0oJiee CHIIBHOTO, YeM OHH, OKHCIHUTENS), TaK U OKUCIUTENSAMU (IIpU ASUCTBUH Oosee
aKTUBHOI'O, 4YE€M OHM, BOCCTAHOBHTENsS). Takue BeIIeCTBA NPOSBISIOT OKUCIUTENBHO-
BOCCTaHOBUTEIIbHYIO JIBOWCTBEHHOCTbD.

ITpu cocTaBneHny peakiii OKUCIUTEIBHO - BOCCTAHOBUTENBHBIX IIPOLIECCOB HCIOJIB3YIOT:

1) MeTo AJIEKTPOHHOIO OataHca

2) MeTOJ MOJypeaKrii WM HOHHO - 3JICKTPOHHBIH CI10c00.
IIpaBujia  HanMCAaHUS  OKHUCJIUTEIbHO-BOCCTAHOBHMTEIbHBIX  peakUuid  MeToaoM
MOJIypeaKumii:
1. BBIACHAIOT NPUHLIUIHAIBHYIO BO3MOXKHOCTh mpotekanuss Ox/Red mporecca - Haxomsr

HOTEHIMATIbHBIN OKUCINUTENb U BOCCTAHOBUTEIb.

2. OnpenensitoT MPOIyKThl OKUCICHUS K BOCCTAaHOBIICHHS.

3. Iumyt momypeaxkiyy OKUCIEHHsI U BOCCTAHOBJICHUS, pPaCCMAaTpHUBasi BCE UMEIOLINECS MOHBI
u cpeny - H20, H" wim OH', o uu B koem ciayuae me H' u OH - Bmecre oHH
COCYILIECTBOBATh HE MOT'YT.

CBoaaT MaTepuabHbIi OamaHc MOJIypeakiuii - 3akoH JIoMOHOCOBa B IEHCTBUH.

5. CBOIAT 3NIEKTPOHHBIN OanaHc, MMOACUYMTAB, 3apsi/ibl CIE€Ba U CIpaBa U J0OaBUB WM BBIUTA

AIIEKTPOHBI.

6. Haxomar oOmuii MHOXUTeNb Uil 00eUX MONypeakUui, ¢ y4eTOM TOro, 4TO, CKOJIBKO

AIIEKTPOHOB OBLIO OTHSTO Y BOCCTAHOBUTEIS, CTOJIBKO MPHOABUIIOCH K OKUCIIUTEITIO.

PaccraBnsatoT k03¢ (GUIMEHTH B ypaBHEHUHU U JOMUCBIBAIOT HEJOCTAIOIINE POIYKTHI.

KMnO4 + NaxS03 + H2SO4 = MnSO4 + NaxSO4 + K2SO4 + H20

Peakiusi mnporexkaeT B BOJHOM pacTBOpPE, COOTBETCTBEHHO KOMIIOHEHTBI peaKIUH
JMCCOIIMHUPYIOT:

K*+ MnOy + 2Na* + SOs* + 2H* + SO4% = Mn?" + SO4> + 2Na* + SO4% + 2K* + SO4* + H20

Jlnist cocTaBieHns MOTypeaknnuid BRIOMpaeM HOHBI, KOTOPBIE COJIEPKAT aTOMBI, M3MEHSIOIINE
CBOMU CTETIEHU OKUCIICHUS.

2 | MnOy4 + 8H*+ 5e — Mn?* + H,0O  okuciuTens/ BOCCTAHOBUTEND
5 [ SOs% + H20 - 2e — SO4* + 2H*  BoCCTaHOBHUTEINH/OKUCIUTEND
2MnO4 + 16H+ 5S03% + 5H20 = 2Mn?* +5504% + 10H" + 8H,0
Cokpalas KOMIIOHEHTbl B MpaBOd M JIEBOM YacTH, IOJIy4aeM COKpPALIeHHOE HOHHOE
ypaBHEHHE JAHHOW OKUCIUTEIHFHO-BOCTAHOBUTEIEHOW PEAKIINN:

2MnOy4 + 6H*+ 5S03% = 2Mn?* +5S04% + 3H,0

[ToncTaBuB K MOHAM HEOOXOIMUMBIE TIPOTUBOMOHBI, TOJIYYUM MOJIEKYJISIPHOE YPaBHEHHUE C
TOTOBBIMH KO3 PHUIMEHTAMHU.

2KMnO4 + 5NaxS03 + 3H2S04 = 2MnSO4 + 5NaS04 + K2SO4 + 3H20

Cynbdar xams HEe Y4JacTBYeT B OKHCIIMTEIbHO-BOCCTAHOBUTEIIBHOM TMPOLIECCE, MO3TOMY MpU
COCTAaBJICHUH TIOTyPEaKIHil HE YIUTHIBAJICS, OHAKO YUUTBHIBACTCS TIPY 3aITMCH MOJICKYJIIPHOTO YPaBHEHHSL.

BuimsiHue cpeabl HA OKMCJINTEIbHO — BOCCTAHOBHUTEIbHbIE NPOLECCHI.

pH cpenbl oka3piBaeT BIMSHYAE HA HANIPABICHUE OKHUCIUTEIFHO-BOCCTAHOBUTEIBHBIX PEAKIHIA
U XapakTep 0Opa3yroIMXCsl MPOAYKTOB. UeM MeHbIle KUCIOTHOCTh Cpelibl, TeM, KaK IpaBUIIO,
MeHee TIyOoko maet mporecc. Hampumep, KMnOs niposiBiisieT OKUCITUTENNBEHBIE CBOMCTBA 33 CUET
Mn*” i BoccTanaBIMBaeTCs:

B KHCJIOH cpefie — 110 Mn*2 , B HeWTpanpHO# — 10 MNnO2

B IIEJIOYHOM cpesie 0 MaHTaHaT-HoHa - MNO,%

XpomaT M AMXpOMAT Kajdus BBICTYNAOT B KayeCTBE OKHCIHTENEH B KHUCIOW Cpene,
BOCCTAaHABIMBAACH 10 HoHa Cr*s,
B npupozne Hambornee pacrnpoCTpaHEHBI COSITWHEHHS MapraHila CcO CTETICHBIO OKHCIICHHS

&
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+2. B oprann3me udenoBeka MapraHel] Tak)Ke HaXOAWTCS B CTETICHH OKUCICHUS +2, HO, y4acTBYS B
OMOXMMHYECKUX MPOIECcCax, OH HE MEHSET CBOEH CTENEeHU OKUCIIEHHUS. JTO CBSI3aHO C TEM, YTO B
OpraHu3Me HET CHJIbHBIX OKHCIIUTENEH.

N3menenue pH cpenbl MOKET pa3BepHYTh peakiuio. Tak AUCIPONOPIUOHUPOBAHUS XJI0pa
B menounoii cpene Clo + KOH = KCI + KCIO3 + H20 uaer B 00OpaTHOM HampaBICHUH TPH
noakucienun pacrsopa. HC1 + HCIO3 = Clz + H20

UeMm MeHbLIE KHUCIOTHOCTb CPEIbl, TEM, KaK IPaBUJIO, MEHee IIIyOOKO HJIET MpoIliecc:
IIepMaHTraHaT BOCCTAHABJIMBAETCS 10 Mn?* B xucioit cpene, 10 MnO; - B HEHTpaIbHOU U 10
MnO4? B meno4HOI cpeje.

JKCIEPUMEHTAJIbHASA YACTh.

Onpit 1. Okucienne nona Cr3* 10 BbICIIEH CTeNEHH OKHCIEHHS]

K 6-8 karusam pactBopa Cr(NO3)3 npubasste no kamism pactBop NaOH 1o pactBopenus
obpa3yromerocs ocanka Cr(OH)3 u 3atem 3-4 xarum 3% pactBopa H202. Cmech nepemeriaiite
¥, IpU HEOOXOJMMOCTH, HarpeiTe Ha BOASHONW OaHe WJIM TOpelKe B Te4YeHHe 1-2 MHH.
OKpaliBaHie pacTBOpPa B JKENTHI IBET CBHAETENBHCTBYeT 00 oOpasoBamm monHa CrO42".
PaccraBpre K03 (PpULIMEHTHI B ypaBHEHHH PEAKIIMK METOIOM IOJIYPEAKINI U CIeIaliTe BHIBO/I.

Cr(NO3)s + NaOH + H202 = Na>,CrO4 + NaNO3z+ H>O

OnpIT 2. OKUC/IUTETbHBIE M BOCCTAHOBUTE/IbHbIE CBOICTBA IIEPOKCHIA BOIOPOAA

a) K 3 kamnsam pactBopa Kl npubasste 2 kammu 2H pactBopa H2SO4 u 3aTem mo Karssm
3%-b1it pactBop H202 nmo mosiBieHus sxentod okpacku. s oOHapyxkenwst |2 B pacTBope
npubaBbTe K HeMmy Heckoibko Kamenb CCls u  BeTpsxHuTe npobupky. PaccraBeTe
K03 PHUIMEHTHI B ypaBHEHUH PEAKIIMH METOAOM ITOIYPEaKIUil U CAeTaiTe BHIBOI.

Kl + H202 + H2SO4 = |2 + K2SO4 + H20

6) K 5-6 xammsim pactBopa KMnOs nipubaBete 3-4 xarum 2H pactBopa H2SOs m 3atem
Heckosbko Kamenb 3%-ro pactBopa H202. HaOmromaercs oOecliBeunBaHuE pacTBOpa U
BbIJICTICHHE Tra3a. lchblTaiiTe BBACNSIOMIMIICA Ta3 TICOIIEH JydyuHKOM. PaccraBere
K03(pPUIIMEHTHI B ypaBHEHUH PEAKIIMHA METOI0M IOJIypeaKIHii U cielnaiTe BHIBOI.

KMnO4 + H2SO4 + H202 = MnSO4+ O2+ K2SO4 + H2O

OnbIT 3. OKHCIMTETIBHBIE CBOMCTBA MIEPMAHTAHATA KA B PA3JIMYHbIX cpeJax

B tpu npobupku Haneiite mo 5-6 kamenb pactBopa KMnOs. 3atem B mepByrO HpoOHPKY
npubasbTe 3-4 kammu 2 H pactBopa H2SOs, BO BTOpYIO - HMYEro, a B TPeTblo - 3-4 Kamim 2H
pactBopa NaOH. Tlocne 3Toro B KaxIyro MpoOHUpKy mpudaBbTe 0 Karuissm pactBop NaSOz wimm
cyxyto conb. Habmonaiite Hu3MeHEHHE OKpackd pacTBOpoB. PaccraBbTe KOI(HIMEHTH B
YpaBHEHUSIX PEAKIMi METOJIOM TMOJYPEaKIUi U CAETIaiTe BBIBOJBI 00 OKUCIUTENBHBIX CBOMCTBAX
niepMaHraHaTa Kaius

a) KMnOs + H2SO4 + Na;SO3 = MnSO4 + K2SO4+ NaxSO4 + H20
6) KMnO4 + H20 + NaxSOz = MnO; + Na,SOs+ KOH
B) KMnO4 + KOH + NaxSO3 = KoMnO4 + NaxSOs+ H20

OnbIT 4. OKHUCIeHNEe KAaTHOHA (-3JIeMEHTA 10 BhICHIEH CTeNneHH OKNCIeHUs

Oxucnenne moHa Mn?* muoxcumom cBuHIA. BHecuTe B MPOOGMPKY HEMHOTO MOpPOIIKA
PbO2, mpubassre 2 mMn 2H pactBopa HNOz u Harpeiite Ha BOISHOH OaHe WM TOpEIKE 0
kunenus. Ilocne storo npubaseTe B mpobupky 1-2 kamnu pactBopa MnSO4 mepemeraiite u
cHoBa Harpeite. Habmonaercst mosiBjieHus: MaIMHOBOW OKpacku oOpazoBaBuierocst nvona MnOy'.
PaccraBbre K03()(pULIMEHTHI B ypaBHEHUH PEAKLIMK METOI0M IOJIypEaKIUil U clieaiTe BHIBOIL.

PbO2 + HNO3 + MnSO4 = HoMnO4 + Pb(NO3), + H2.0

OnbiT 5. BoccTaHOBHTEIbHBIE CBOMCTBA KATHOHA p-3JeMenTa (Sn?Y)

Haneiite B npobupky 3-4 karumm pactBopa SnCly, mpubaBbTe MO KamisiM 2H pacTBOP
KMnO4 Habmiogaercss ncye3HOBEHHE MAaJMHOBOW OKpackH. PaccraBbTe K03 (duIIMEHTH B
YpaBHEHUH pEaKIMd METOAOM Toiypeakiuuid u caenaite BoiBoga. SNCly + KMnOs + H2SO4 =
SnCls + MnSO4 + H20
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OnbIT 6. BoccranoBHUTeILHBIE CBOMCTBA AHHOHA pP-3jeMenTa (SO3%)
ITomectute B mpobupky 3-4 karum pactBopa NapSOs, nprbasbre 2-3 Karum 2H
pactBopa HSOs u 1-2 xarm pactBopa lp, Berpsixaure mpoOupky M HaOmonmaiite 00eclBEUMBAHHE
pactBopa. PaccraBbre KO3((HUIIMEHTHI B YpPaBHEHHN PEAKIME METOIOM TMOTYPEAKIINIA U CIIENIaiTe BHIBO/I,
KakoBa poJib cepHOii KUCIIOTHI B JAHHOW PEAKLIN?
Na,SOs3 +1I2 + H20 = NaxSO4 + HI
IMopsinok paGoThbI:

ITomy4yuTs OT npenoaaBaTes 3aJaHue.

BbImonHuTh paboTy COrJacHO METOUYECKUM PEKOMEHAAIIHSIM.

OdopMHUTE TTPOTOKOIT PAOOTEHI.

Bouinte oTpaboTaHHBIE PACTBOPHI, MOCYAY BBIMBITH. C1aTh pabouee MecCTo.
Conep:xanue oT4yera:

1. Tema u uenb pabOTHI.

HaGmronenus, ypaBHEHUST peakinii 10 KaXK0i 4acTh paboThI..

3. BbIBOBI 110 TIpOJIEIaHHOM padoTe.

NS

N

KOHTpOJ’IbeIe BOIIPOCHI.

1. Tumel OKHUCIUTEIBHO-BOCCTAHOBUTEIBLHBIX peaKuHﬁ. TunuyHele OKUCIUTEIN W TUIINYHEBIE
BOCCTaHOBUTENU. DaKTOPHI, BIUSIONIAE HA MIPOTEKAHUE OKUCIIUTEIIEHO-BOCCTAHOBHTEIBHBIX
peaKuHnii.

2. MeTtoapl COCTaBJIICHUSI OKUCIIUTEILHO-BOCCTAHOBUTEIILHBIX PEAKIUN (METO/ MONTypeakiui
WJIA METOJI MOHHO-DJIEKTPOHHOTO OaaHca).

3. Kiaccudukanus oKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKIIUIA

TEMA 4. KOMIIVIEKCHBIE COEIMHEHUA

ean padoTbi:
1. U3yuuts siBIEHUS KOMILIEKCOOOpa30BaHUs.
W3y4uTh CBOMCTBA pa3NUYHBIX KOMILJIEKCOB.

3. OcBouTh HaBBIKM pacueTa KOHCTAHT HECTOMKOCTH M KOHCTAaHT YCTOMYMBOCTH KOMILIEKCHBIX
COCTUHEHUN.

o

Copnepxxanue padoTbI:

1. Tlonmy4yeHne KOMITJIEKCHBIE COETMHEHMS cepedpa, MEIU U PTYTH, U3YUUTh ITOBEICHUE TaHHBIX

KOMIUIEKCHBIX COCTMHEHUH TP T00aBICHNN H30bITKA pearcHTa.

PaccMmoTpenue mporeccoB, CBA3aHHBIX C pa3pylieHUeM KOMIUIEKCHBIX COeIMHEHUH.

3. Paccmotpenue nporecca qUCCOMaui KOMIUIEKCHBIX COSIMHEHUH.

IIpudops! U peakTUBbI:

1. IIpoOupxwu, nunerku, 1a00paTOPHBIN ITATHUB.

2. 1M pactBOpbl HUTpaTa cepelOpa, XJIopuaa HATpHs, TUAPOKCHIA aMMOHMUs, cylbdaTa Menu,
Hutpara pryru (ll), monuna kamusa, cynbuua HaTpus, rekcauuano-lll-peppara xamus,
xsopuaa xenesa (1), poganuna ammonus (vau kanus), 25% pacTBOp THAPOKCHIA AMMOHUS,
a30THas KUCIOTa (KOHIL.).

N

Kparkue Teopernyeckue cBeieHUs.
B HacTosmee BpeMs He CyLIECTBYET Kakoro JIMOO OJHO3HAYHOIO OMNPEAENICHMs 3TUX
COCIMHEHUH, KOTOPBIE MOIJIO IIOJIHO OXapaKTepU30BaTh UX CTPYKTYPY U XUMHUECKHUE CBOWCTBA.
Hekortopsie u3 Hux:
Komnnekcnvimu  Ha3bpIBalOTCSI  ONPENEIICHHBIE  MOJIEKYJSIPHBIE  COEAUHEHMS, IIpU
COUYETaHUH KOMIIOHEHTOB KOTOPBIX 00pa3yOTCs MOJOKUTEIBHO WM OTPULIATENBHO 3apsKEHHbIE
MOHBI, CIOCOOHBIE K CYIIECTBOBAHHUIO, KaK B KpHCTAJLJIe, TAK U B PaCTBOPE.
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Komnnexkcuvimu Ha3BIBalOTCS MOJICKYJIIPHBIC COCAWHCHUA, HC IIOKAa3bIBAOIMIHUEC B
pacTBOpPEC BCEX CBOMCTB XapaKTCPHBIBIX JJI UX COGI[I/IHGHI/II\/'I IIEPBOro mopsaaKa.

Komnnexkchvimu Ha3pIBaroTCS COCMHCHUA, B Y3JIaX KPHUCTAUVIOB KOTOPBIX HAXOOATCA
KOMIIJICKCHBIC HOHBI, CIIOCOOHBIE CAMOCTOSTEIHHO CYHICCTBOBATh B paCTBOpaAx.

KommiekcHbie coeIMHEHHsI — 3TO CaMblii OOIIMPHBIN KJIacC HEOPTaHMUECKUX COSTUHEHUH,
UMEOIUX OrPOMHOE OMOJIOTHYECKOE 3HaYeHHE: XJI0PO(UILIBI B PACTEHUSAX, TEMOIJIOOUH Y
JKUBOTHBIX, Pa3JIMYHbIC HUTOXPOMBI, BATAMUHBI.

CornacHo KoOpAMHANIMOHHAK Teopuu Anbdpena Bepuepa, npenioxxennou B 1893 roxay:

1. ATOoMBI MOTyT HpOSBIATH HE TOJNBKO OOBIYHYIO «IJIABHYIO» BaJICHTHOCTH (YHCIIO
3JIEKTPOHOB, KOTOPbIE MPUHUMAIOT ydacTue B 00pa30BaHHE XMMHMUYECKON CBSI3U IO OOMEHHOMY
MEXaHU3MYy), HO U «IIOOOYHYIO», CBSI3aHHYIO C HAJIMYHEM BAaKaHTHBIX aTOMHBIX OpOUTaNei mim
HE TOJIEJICHHBIX 3JEKTPOHHBIX Nap. ['J1aBHas BaJIGHTHOCTh y KATHOHOB METAJUIOB HACHIIIAETCS
TOJIBKO IPOTUBOMOHAMHU, I0OOYHAsI- IPOTUBOMOHAMHU MJIM HEUTPAIbHBIMU MOJIEKYJIaMH.

2. B KkaxaoM KOMIUIEKCHOM MOHE HUMEeTCs LEHTpPalbHBId aTroM, BOKPYI KOTOPOIo
pacrnojararTcs KOOpJAUHUPOBAHHBIE UM MOHBI UJIM HEUTPAJIbHBIE MOJIEKYJIbI.

3. Uuciao MOHOB WM MOJIEKYJ, KOTOpPblE KOOPAMHHUPOBAaHBI BOKPYI LEHTPAJIBbHOIO aToMa
HAa3bIBACTCSI KOOPAMHAUMOHHBIM ynciioM. K Y. cBSI3aHO ¢ 3apsA0M LEHTPAJIbHOIO aToMa.

3apsn +1 +2 +3 +4

K.U. 2 2,4 4,6 8

4. KoopAMHUPOBAHHBIE ATOMBI, MOHBI HJIM MOJIEKYJIBl HAXOJSIIMECS BOKPYT LIEHTPAIbHOTO
aToMma, Ha3bIBAIOTCA JHraHgaMd win ajaeHgamMu.  COBOKYITHOCTh IIEHTPAJBbHOTO aToMa u
JUTAaHJ0B Ha3bIBaeTca BHYTpeHHeW cdepoil. Ecnu BHyTpeHHsS cdepa 3apspkeHa, TO MUMEeTCs
eme W BHEWHss cdepa, KOTOpas IMpeICTaBlieHa NPOTUBOMOHOM. B 1menoM Moiekyna
KOMILJIEKCHOTO COE€IMHEHHUS 3JIEKTPOHENTpabHa.

KoMmiekcebl MOTYT OBITh:

a) xatnonnsle [Cu(NHs)s]?*, [Co(H20)6]?*

6) anmonnsie [Al(OH)s]*, [Fe(CN)e]* unum armmokoMIIeKcs.

B) Hewrpanbhbie [Fe(CO)s], [Cr(NHz)3Cls].

B 3aBucuMocTH OT TOro, 4YeM MPEICTABICH JIMTAH[ BBIICIISIIOT:  AKBAKOMILUICKCHI,
AN JOKOMILICKChI, aMMHAaKaThl, AMMHHATBI, KAPOOHHUJIBI, THIPOKCOKOMILIEKCHI U T.JI.

MeTo BaJeHTHBIX CBsi3€il B ONMHCAHHH KOMIUIEKCHBIX COeTHHEeHHId.

CormnacHo METOAY BC Ka)XABIN JIUTaH]I SBIISETCS JAOHOPOM SJICKTPOHOB, a
KOMHJ’IGKCOO6pa30BaTeJ'IB — aKOCITOPOM BJICKTPOHOB. .HI/Il"aHI[ pasMeiacT CBOU 3JICKTPOHBI HA
BAaKaHTHBIX aTOMHBIX Op6I/ITaJ'I5{X KOMHJ’IGKCOO6paSOBaTeJ'I}I. HpOCTpaHCTBCHHOC
PACIIOJIOKCHHUEC JIMTAHI0B 3aBUCUT OT TUIIA FI/I6pI/II[I/ISaHI/II/I HCHTPAJIBbHOI'O aToMa.

sp3d?— okraszp; spd? —ksampar; Sp°— TeTpasap
EcrectBenHo, uto npu 3ToM MeTox BC paccmaTprBaeT 00pa3oBaHUE TOIBKO CHI'Ma —CBSI3EH.

HN3omepus KOMIIEKCHBIX COCAMHEHU I

1) Nonmzanuonnas [Co(NH3)sBr]SO4 - [Co(NH3)sSO4]Br
2) Koopaunanmonnas [CO(NH3)s] [Cr(C204)3] - [Cr (NHz3)s] [Co(C204)3]
3) CeszeBast [(NH3)sC0-NO2]Cl> - [(NH3)sCo-ONO]CI:
4) T'mapatras [Cr(H20)6]Cls - [Cr(H20)sCI]Cl2-H20
5) IIpocTpaHCTBEHHAsI - IIAC- TPAHC- H30MEPHSI
B BoHBIX pacTBOpax KOMIUIEKCHBIE COSAMHEHUS ITOABEPTalOTCS TUCCOIIHAIINN

XeJ1aTHbIE KOMILJIEKCEI.
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Oco0oe MecTo cpe/ii KOMIUIEKCHBIX COSIMHEHUI 3aHUMAIOT TaK Ha3bIBAGMBbIC
BHYTPUKOMIUIEKCHbBIE COeMHEHHS. [10 THITY 3THX COSTUHEHUI TOCTPOCHBI MHOTOYHCIICHHBIC
METAJIIPOTEHUIBI: TEMOTIIO0WH, XJIOPO(HILT U Jp.

XeaTHble WK KJICITHEBUAHBIE KOMIUIEKCHI TOCTPOEHBI 110 THUITY IIUKIMYECKHX
COEMHEHMH, B KOTOPBIX CYLIECTBYIOT JBA THUIIA CBS3€H: HOHHBIE U KOOPAUHALMOHHBIE. T.€.
JUTa”a 00pa3yeT ¢ HOHOM-KOMIUIEKCOOoOpa3oBaresieM Kak HOHHYIO, TaK M KOOPIMHAIIMOHH YO
CBSI3b.

B anamuTiaeckoit IIPaKTUKE HIMPOKO IPUMCHAIOTCA BEIICCTBA, CITOCOOHBIE O6p330BBIBaTB
PasIMIHbIC BHYTPUKOMITUJICKCHBIC COCAMHCHMSA. HaubGonee KU POKOC MPUMCHCHUC IMOTYINIIN
aMI/IHOHOJ'II/IKap6OHOBBIC KHCJIOTBI, HA3BaHHBIC KOMITJICKCOHaAMM

KommuiekcoH | — HUTpuiIoTpuyKkCcycHasi KUCI0Ta

Kommekcon |l —3TriienAnaMuHTETpOYKCYCHAsE KUCIO0Ta
Kommekcon Il — sTunenguamunTeTpoaneraT HaTpus
Kommnekcon |V —1naMUHIMKIOreKCAaHTETPOYKCYCHAsl KUCIIOTA.

B ananuTuyeckoil mpakTHKe 151 00bEMHBIX OMpPEeICHIH pa3IMyHbIX KATHOHOB HanboJee
HIMPOKO MPUMEHSIOT AMHATPUEBYIO COJIb 3TUICHIUAMUHTETPAYKCYCHOM KUCIOTBI — KOMNIEKCOH
M.

D10 coenuHeHue (MHOrAAa Has3blBaeMoe mpunionom b) 0003HAYalOT COKPALIEHHOM
dopmynoit NazH2Y wumu O/ATA. Kommnekcon Il conepxut, Hapsany ¢ kapOOKCUIBHBIMU
rpymnIamy, eie U TpeTU4Hble aMMHOTpyHbl. [103TOMy OH cuMTaeTcst He TOJIBKO OpraHUYecKon
KHUCJIOTOM, JAIOUIel CONMM ¢ pa3iMYHbIMU KaTHOHAMM, HO TaKXe€ U KOMIUIEKCOOOpa3yHOIIUM
BEIIIECTBOM.

Kommnekcon Il mony4un mmpokoe npuMeHEHNE B XUMUYECKOM aHAJIM3€, IOTOMY 4TO OH
06pasyeT BHYTPUKOMILIEKCHBIE COJH ¢ KATHOHAMM IIETOYHO-3eMeNbHBIX MeTamios (Ca?’. Mg?”,
Ba®"), KoTopsle OYeHb TPYAHO MEPEBECTH B KOMIUIEKCHBIE COSIMHEHHS APYTHUMH CIOCOOaMH.
TurpoBanue kommiekcoHoM |l ucmonp3yercss A7 KOJUYECTBEHHOIO OIPEESNIEHUs] 3THX
KAaTHOHOB.

JKCNEePUMEHTAJIbHAS YaCTh.

Omnpit 1. ITosry4eHHe KOMILIEKCHBIX COCIHMHEHUS

a) Haneiite B npoOupky 2-3 Kkamiau pacTBopa HMUTpata cepebpa, npubaBbTe
Takoe K€ KOJMYEeCTBO pacTBopa xyopuna Harpus. [lpunelite k oOpa3oBaBiiemycs
OCaZKy pacTBOp THJAPOKCHIAa aMMOHMS JI0O TIOJIHOTO pacTBOpeHus ocaaka. [louemy
pactBopmiics ocanok? CoxpaHUTE pacTBOP JJIs OTBITA 2 a.

AgNOs + NaCl = AgCl| + NaNOs

AgCl + NHz -H20 — [Ag(NH3)2]Cl + H20

0) Haneiite B mpoOupky 3-4 xamum pactBopa cyibdara Meaw, mnpubaBpTe 2-3
KalUIM pacTBOpa THApPOKcHIAa aMMOHHUsA (25%) - BbINaJaeT CBETJIO-TONYyOOH 0OcCamoK
ocuoBHoi comu  Mema (CuOH)2S0s. TlpubaBbTe 1O  KamissM  HM30BITOK  pacTBOpa
ruapokcuaa aMMoHusa.  Yrto  HaOmromaere?  Hanmmmre — ypaBHeHMEe — peakuuid B
MOJIEKYJISIpHOM 1 HOHHOM opMax. CoXpaHUTE pacTBOP AJIS CIEYIOIIETO OMBITA.

CuSO4 + NH3 H20 — (CuOH)2S04 + (NH4)2S04

(CuOH)2S04+ (NH4)2SOs+ NH3z H20 — [Cu(NH3)4]SO4 + H2O

B) K pactBopy Hg(NOs3), no6aBsTe mo KarusiM pactBop uoauaa kamusi. OOpature BHUMaHUE
Ha oOpazoBanue ocaaka moauna pryta (ll), orMersTe ero 1Betr W A00aBbTE M3OBITOK MOAMIIA
kanus. Yro HaOmronaere? HanummTe ypaBHeHUs peakliiy B MOJIEKYJISIPHOM M HOHHOM (hopMmax.

Hg(NOz3) + KI — Hgl> + KNOs

Hgl> + KI — K2[Hgl4]
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OneIT 2. Pa3py1ne1me KOMIIJICKCHBIX COGJIHHCHI/Iﬁ
a) K pacTBopy, OCTaBHICMYCA OT OIIbITa | a, HpI/I6aBBTe 1o Karursm
KOHICHTPUPOBAHHYTO A30THYIO KHUCJIOTY. OObBsAcHATE Ha6JIIOI[a€MO€ SABJICHUC.

Hanumure ypaBHEeHUE peakluu.
[Ag(NH3)2]Cl + HNO3 — AgC1{ + NH4NO3
6) K  pactBopy ocraBmemycs OT OIbITa 16, npudaBbTEe 3-5 Karnesb
CepOBOZIOPOAHOM BOABI WJIM pacTBopa cyinbpuma Harpus. Hamummre ypaBHeHHE
peaxkuu U 00bSICHUTE IPUYMHY 00pa30BaHKE OCaJIKa.
[Cu(NHz3)4]SO4 + NaxS -> CuS + Na>SO4 + NH3
OnpIT 3. DJIEKTPOJTUTHYECKAS JUCCONMALMS KOMILJIEKCHBIX COeIMHEeHU I
B npob6upky Haseiite no 3-5 kanenb pactBopa rekcarnuano-11-peppara xamus K3[Fe(CN)s], a
BO BTOPYI NpoOupKy HameWte 1-2 kammm pactBopa FeCl3, 3aTeM B KaXaylo NpOOHPKY
npubaBpTe 2-3 Kammu pactBopa pomaHuia kKamus wim pomanmga ammoHuss NHsSCN. Yro
Habmonaete? OOBSICHUTE OTCYTCTBHE OKpacku B MepBOil mpoOupke. Hamuimmute uHOHHBIE
YpaBHEHUS PEAKIIUM.
Ks[Fe(CN)s] — 3K* + (Fe(CN)g)*
FeClz — Fe** + 3CI
Ks[Fe(CN)s] + KSCN #
FeCl3 + KSCN ->K3[Fe(SCN)g] +KC1
IMopsinoxk padoThI:
ITomyuuTs OT npenoaaBaTes 3aJaHue.
BbImomHuTh paboTy COracHO METOJUYECKUM PEKOMEHIAIIHSIM.
OdopMHTE TTPOTOKOIT PAOOTEHI.
Bbuinte oTpaboTaHHBIE PACTBOPHI, IOCYY BBIMBITH. CaTh pabouee MecTo.
Coaepixanue oTyera:
Tema u uenb paboThI.
Habmroienusi, ypaBHeHHs peakluid 0 KaKI0i yacTH paboThlI.
Pacuersl.
BriBozibI 110 cienanHoi paboTe.

NS

NS

KonTpoJsbHBIE BOPOCHI.

1. Knaccudukamus ¥ HOMEHKIATypa KOMIUIEKCHBIX COCIWHEHUM. XeNIaThl U KOMILUIEKCOHBI.
N30Mepust KOMIUJIEKCHBIX COSAMHEHUIN

2. OCHOBHBIC TIOJIOKEHUS TEOPUU KOMIUIEKCHBIX coenuHeHnd A. Beprepa. CocraB

KOMIUIEKCHBIX COEIUHEHHI: IIeHTPalIbHBIH aTOM - KOMILIeKcooOpa3oBaTenb, JHTaH,

BHYTPEHHSISI U BHEITHSASI c(Pepbl KOMILIIEKCA.

3aps KOMIUIEKCHOro oHa. KaTnoHHbIe, aHHOHHBIE 1 HEUTPAJIbHbIE KOMIUIEKCHI.

Koopaunanponnoe uucino KomruiekcooOpazoBaTens. CBs3b KOOPAWMHAIMOHHOTO 4YHUCIA C

3apsa0M LEHTPAJIBbHOIO aToMa.

5. Jlucconmamus KOMIUICKCHBIX coeqnHeHui. KoHcTaHTa HeCTOMKOCTH KOMIUIEKCHBIX HOHOB.
3aBUCHMOCTh JUCCOLMAIMN KOMILJIEKCHOTO MOHA OT KOHIIEHTPAIIMU CBOOOJHBIX MOJEKYI
(VI MOHOB) JIUTAH/IA.

6. [entarHocts nuranna. Knaccuduxaims KOMIIEKCHBIX COSTMHEHUI 110 COCTaBY JIUTAH IOB.

7. Tlpupoma XMMHUYECKON CBSI3M B KOMIUIEKCHBIX coequHEHUX. OCHOBHBIC TIOJIOKECHUSI TEOPUH
BaJICHTHBIX CBsi3eil. THUII CBSI3M MeX Iy KOMILIEKCOOOpa3oBaTesieM U JIMTaH/1aMHu.

8. MarHuTHBIE ~ CBOWCTBA  KOMIUICKCHBIX  COCTUHCHHIA. Braemneopbutanbapie U
BHYTPHUOPOUTAIbHBIE KOMITTIEKCHI. OKpacka KOMIUIEKCHBIX COSTUHEHHIHA.

9. Kakne KOMIUJICKCHI, COTJIAaCHO TEOPWUU BAJICHTHBIX CBS3CH, SBIIAIOTCS HEYCTOWYMBBIMH H

~ow

AKTUBHBIMH, a KaKUE€ - YCTOﬁqHBBIMH u HeaKTI/IBHI)IMI/I?
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Pa3nes 2. Heoprannueckasi XuMust
TEMA 1. XUMHUSA HEMETAJIJIOB
Yactp A. 'asioreHbl 1 UX coeIMHEHMS.
ean padoThI:
M3y4nTh XUMUYECKUE CBOMCTBA I'AJIOTCHOB U UX COCIMHEHUN.
3HaKOMCTBO C J1a00OPATOPHBIMU CIIOCOOAMU MOTYUYEHUS FAJIOTEHOB U UX COCAMHEHHIA.
Conep:xanne padoThbI:

[Toyuenue xJiopa 1 HccaeI0BaHUE €r0 XUMUYECKUX CBOMCTB.

[TosryueHue XJ10poBOIOPOIa U UCCIEAOBAHUE €T0 XMMUUYECKUX CBOMCTB.

HccnenoBanrie BOCCTAHOBUTEIbHOW aKTUBHOCTH TaJIOT€HU/]I-HOHOB.

KavecTBeHHBIE peakIiy Ha TaJIOTeHU/1-HOHBI.

IIpudopsbI U peakTUBBI:

1. IlpoOupku, crnupTroBKa, Jep)KaTeslb s IPOOMPOK, NHUIETKH, JONATOUYKa, KareabHas
BOpPOHKA, Ta300TBOJHAs TpyOKa, XWUMHUYECKUI cTakaH, Kkoiba, Oymara (MOJIOCKH),
JaKMycoBas OyMaXkka, (MIBTpOBaIbHAs OyMaXkKa, CTEKIISTHHAS MTAI0YKa, JIyYUHKA, CITHYKH.

2. Jluxpomart kanus (Cyxoif), colisiHasi KUcIoTa (KOHII.), CEpHAs KUCIOTa KOHIICHTPUPOBAaHHAS U
pazbaBieHHas (2H), HOaUA Kanus (pacTBOp), HOAUA Kaius (Cyxoi), XJopu HaTpus (Cyxoi),
XJIOpUJT HATpHUs (pacTBOp), MEpMaHTaHaT Kajus (pacTBOp), JTAKMYC, METUJIIOPAHXK, KyCOUYeK
MarHusi (WM [UHKAa), HUTpaT cepebpa (pactBop), Opomua Kamus (Cyxoi), OpoMuI Kayus
(pactBop), xnopuma xene3a (1) (pactsop).

Kparkue TeopeTrnueckue cBeeHHUsI.

["anorenst: ¢rop, xynop, Opom, o U actat. DIeKTPOHHAS KOH(PUTYpALIUs HEBO30YKACHHBIX
aToMOB rajgoreHoB — Ns’np®> CTemeHb OKHCIEHHS >IEMEHTOB B COEIMHEHMSX OT -1 10 +7,
TOJIBKO (hTOpP MMEET OJIHY CTereHb OKucaeHus (-1).

HanGonee cHbHOM OKUCIHTEILHOMN CIOCOGHOCTBIO 06IaaoT (rop, X1op 1 Gpom. Hox moxer
HPOSIBIISITH KaK OKHCIIUTENbHBIE (HanpuMep, 1o oTHomeHHo kK HzS u SO2), Tak 1 BoccTaHOBUTEbHbBIE
cpotictra (nipu B3anmozerictBur ¢ HNOs u H20»).

Bornee anexTpooTpuLiaTebHBIN TaloreH BCETAA BBITECHSAET 3JEKTPOIOJIOKUTENbHBIN U3 €ro

N =

NS

COEIUHEHUI C METaJIJIaMU. 2KBr + Cl; = 2KCI + Br;
Bce ramorensl, kpome GTOpa, MOABEPTatOTCS B BOJHBIX PACTBOPAX MPH OOBIYHBIX YCIOBHUSX
JTUCTIPOTIOPITMOHUPOBAHMIO: Br2 + H20 <> HBrO + HBr

Haxo:xaenue B nmpupoje:
Haubonee pacnpocTpaHeHsl ciaeayroie MUHEpaIbL:

CaF; — ¢umroopuT (TITaBUKOBBII TITIAT); Nas[AlFs] — kpuosur;
3Caz(P0a4): - Ca(F, Cl)2 — ¢ropanarur; NaCl — ranur;
KCI — cunbBum; KCI - NaCl — cunbBuHHT;

KCI - MgCl> - 6H20 — xapHasuT.
JKCNEPUMEHTAJIBHAA YACTh!

Omnpit 1. ITosryyenue xJjiopa

ITo 3aanuio mpemnoaBarelis B IpoOUpPKY BHECUTE HECKOJIBKO KPUCTAJUIMKOB JUXpOMaTa
KaJust (TMOKCUIA MapraHila Wi JUOKCH/Ia CBUHIIA) U J00aBbTe 2-3 Karii KOHIICHTPUPOBAHHOM
COJITHOM KUCNOThI. Ecnu peakuus npoTekaeT HeA0CTaTOYHO aKTUBHO, COAECPIKUMOE IMTPOOUPKH
OCTOpOKHO Harpeire. OTMEThTE IIBET 00pa3yIOILIErocs ra3a U UCIbITAUTE ero AeHCTBUE Ha
OyMaXXKy, CMOYEHHYIO PacTBOPOM Houa Kanust. HarmummTe ypaBHEHHsS COOTBETCTBYIOIINX
peaKIuii.

OneiT 2. IlonyyeHune u cBOiicTBa XJ10pPOBOAOPOIA

B kon0y, cHaOeHHyIO KareabHOHW BOPOHKOW M Ta300TBOJHOM TPYOKOW, MOMECTHUTE
HEeOOoJIbIIIOE KOJIMYECTBO CyXOro Xjopujaa. Uepes3 KameiabHYI0 BOPOHKY K COJM HpUIIEHTE IO
KaIjIiM KOHUEHTPUPOBAaHHYIO cepHylo kuciaory. Coxaepkumoe KoIObl clierka Harpemure.
Brienstromuiicst XJ0poBOIOPO MPOITYCTUTE Yepe3 BOIY, HAXOAALIYIOCS B CTaKaHE WM Koide
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(TpyOKY, 110 KOTOPOH MAET TOK XJIOPOBOJOPOIA IEPKUTE HAJl TIOBEPXHOCTHIO BObI). IIpoBepbTe
JEICTBHUE BBIJICISIIONIETOCS ra3a Ha BIAXKHYIO CHHIOIO JJAKMYCOBYIO OymMary, a TakyKe Ha MOJIOCKY
¢GmIbTpOBANBHOM Oymaru, CMOUYEHHOM PO30BBIM PACTBOPOM IEpMaHraHata Kanus. byner am
BBIJICTISITHCSL XJIOPOBOJIOPOJT MPH B3aUMOJICHCTBUU XJIOpUAA HATpusi ¢ pa30aBIIEHHOIN CepHOi
KHUCIIOTOM?
B Tpu npobupku Hanelte mo 5-6 karenb MOJy4eHHOTO pacTBOpa XJIOPOBoaopoaa. B ogny
npoOupKy m1o6aBpTe 1-2 Karim JaKMyca WM METUJIOpaHXa, BO BTOPYIO — KyCOUeK MarHus (MiIu
IIUHKA), B TPETHhIO — PACTBOP HUTpaTa cepedpa.
OOnbsicHuTe HaOMIO1aEMbIE SIBIICHUS U COCTAaBbTE COOTBETCTBYIOIIUE YPABHEHUS PEaKIIHA.
OmnbiT 3. BoccTaHOBHTEIbHAS AKTHBHOCTD raJ10reHU/I-HOHOB
a) Ilomecture B 0HY MPOOUPKY HECKOJIBKO KPUCTAIIOB OpoMHIa Kajus, a B IPYTylO —
noauaa kKanmus. B kaxmayro mpoOupKy moOaBbTe MO 2-3 Karuld KOHIIGHTPUPOBAHHOM CEpHOM
kucinoTel. OOpatuTe BHUMaHME Ha LBET W 3amax NMPOAYKTOB obewx peakuuid. Ha ocHoBaHUM
9TOr0 W MPEABIAYIIETO OIBITOB CPaBHUTE BOCCTAHOBHUTEIBHYIO AKTUBHOCTH XJIOPOBOIOPOJA,
OpomoBogoposia U HonoBonopoaa. CocTaBbTE ypaBHEHHUS COOTBETCTBYIOIIMX OKHCIUTEIbHO-
BOCCTaHOBUTEJIbHBIX PEAKIUH.
6) B Tpu npoOupku BHECTH 1O 2-4 Karull AUXpOMAaTa Kajiusl, MOJKUCICHHOTO 2 H. CepHOU
kucnothl (1-2 xarm). Jlo6aBuTh 1o 2-3 Kariu B MEpBYIO IPOOUPKY pacTBopa MOAUIA Kajus, BO
BTOPYIO — CTOJBKO € Kakoro-mubo OpoMuja M B TPETbIO — XJOpHIa HaTpusi. PacTBOpbI
nepeMeniaTh YUCTOM CTEKJISTHHOM Maloykoi. B kakoMm ciiydae BOCCTaHOBJICHHE JUXpOMara He
npousonuto. HamucaTe ypaBHEHUs MPOTEKAIOIIMX PEAKIMM, YYUTHIBas, 4TO AUXPOMAT Kajus,
BOCCTaHaBNUBasACh, nepexonutT B cyibdar xpoma (Ill). Kak u3mensnach mpu 3TOM CTENEeHb
OKHCIICHHSI COOTBETCTBYIOIIUX rajloreHoB? UYTo mpu 3ToM HaOIr01a710Ch?
B) IlponmenaTh OMNBIT, aHAJOTUYHBIA ONBITY 0), 3aMEHHUB PACTBOP AUXpoMara Kajus
pactBopom xjopuna kenesza (llI). UYro wHabGmomanu? B kakoM cioydae MpOU3OILUIO
BOCCTAaHOBJICHME XJIOPHMJA JKEIE€3a M COOTBETCTBEHHO OKMCIEHHE rajoreHa. Kak usmensercs
BOCCTaHOBUTENbHASI CIIOCOOHOCTh OTPULIATENbHBIX HOHOB T'aJIOT€HOB?
OnbiT 4. KayecTBeHHBbIC pEAKIIMH HA TAJI0TeHU/I-HOHBI
B Tpu nmpoOupku momectutre mo 3-5 Kameiab pacTBOPOB COJICH: B MEPBYIO MPOOUPKY —
XJIOpHJIa HATpUs, BO BTOPYIO — OpOMUa Kalusl, B TPEThIO — HOUAA Kanus. B kaxkayro mpodupky
no0aBbTe 1-2 Kamm pacTBOpa HUTpara cepedpa 10 BbINAJEHUS XapaKTEPHBIX TBOPOXKHUCTHIX
0CaJIKOB TaJIOreHUI0B cepedpa. OTMEThTE I[BET OCAJKOB U COCTaBbTE MOJIEKYJIIPHBIE U HOHHBIE
YpaBHEHUS PEaKIIU.
ITopsinok padorbI:

[TosryunTs OT IpenogaBaTesis 3aJaHue.

BoinonHuTh paboTy cOriacHO METOIMYECKUM PEKOMEHJAIUSM.

OdopMHUTH TPOTOKOIT PAOOTHI.

Bouinth oTpaboTaHHbIE pacTBOPHL, HOCYAY BBIMBITE. CaaTh pabodee MecTo.
Conep:xanue oT4era:

1. Tewma u uenb pabOTHI.

Habmionenus, ypaBHeHUS peakiuil o Kakaoi 4acTu paboThI.

3. BBIBOJIBI 110 MpOJIeTaHHOMN padoTe.

el AN

N

KoHnTpoJibHbIE BONIPOCHI:
O61mas xapakTeprCcTHKa 3JI€MEHTOB IM1aBHOM noArpynmsl VI rpymnmsl.
PacmipocTpaneHue ranoreHoB B MPUPOIE, CIIOCOOBI MOTyUEHUSI.
du3zndyeckue CBOMCTBA raJIoTeHOB.
XUMHUYECKME CBOMCTBA TrajoreHoB. Hammcate ypaBHEHHMS peakUUil B3aMMOJCHCTBUS
raJIoreHoOB € BOJIOM U pacTBOpaMH wiesiouei (XOJIOAHBIMU U TOPIUYUMHU).
[IpumeHeHne rajoreHoBs.
CoenuHeHns TaJOTEHOB C BOJOPOJIOM, MX XMMHYECKHE CBOWcTBa. Hammcath ypaBHEHHs

el oA

oo
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peaKIuii HOJTy4YeHHUsl BCEX TaJoreHoBO0po10B. KakoBbl 0COOEHHOCTH 3THX IPOLECcCOB?
7. Kucnopozacoaepkamiye coeIMHEHUs TaIOTeHOB.

Yacrp b. Jaementsl VIA-rpynnbl nepuoauyveckoil cucTeMbl 3J1€MEHTOB H HMX
coeJUHEeHHUS.

Heas padoThi:

1. U3yuuth XuMUYECKHE CBONCTBA KUCIOPOJA U €r0 COCTUHEHUN

N3yueHne XMMUYECKHUX CBOMCTB CEPBI U €r0 COCAMHEHUN.

3HAKOMCTBO C J1JaOOPATOPHBIMU CIIOCOOAMU MOJTYUEHHUsI KUCTIOPO1a U COSAMHEHUN Cephl
Coaepixanue padoThbI:

[Tonydenue u CBOMCTBA KMUCIOPOA.

OKHCIUTENBHO-BOCCTAHOBUTEIBHBIE CBOICTBA ITEPOKCHIa BOJOPOAA.

BoccranoButenbHbIEe CBOMCTBA CEPbI M CEPOBOIOPOIA.

BoccranoButenbHbIe CBOMCTBA pacTBOpa JUOKCHA CEPhI U CYIb(PHUTA HATPUSI.

CpaBHuUTENbHAS OIICHKA PaCTBOPUMOCTH Cylib(uTta u cyibdara 6apus B KUCIOTE.

OO6HapyxeHue cynbhaT-HoHa.

IIpudopbI U peakTHBBI:

1.JIaGopaTopHbIif IITATUB, NPOOMPKM, MHUIETKHU, CHUPTOBKA, JEp)KaTeslb s HPOOHPOK,
JIOTIATOYKA, TyYMHKA, CIIMYKH.

2. Ilepmanranar kanus (TB.), pacTBop nepmanranarta kamus, 3% u 30% pactBop H202, nrokcua
Mapraia, Tuxpomar Kajius (Hachlll. pacTBOP), HOJU Kaus, cepHas Kuciora (pa30. pacTBop),
KpaxMallbHbIM KiIeHicTep, HUTpAT cepedpa, pacTBOp aMMHUaka, a30THas KMclIoTa (KOHIL.), cepa,
xyopup 6apus, cynbdun HaTpus (pacTBop).

TeopeTuyeckue cBeIeHHS.

B VIA rpynny nepuonuueckoil cuctemsl BXoasT msaTh snementoB: O, S, Se, Te, Po.
DJeKTpOHHAs KOH(UIYparus HeBO3OYKIEHHBIX aToMOB sneMeHToB VIA rpymmer: ns?np?,
HanOonee crabmiibHas CTENEHb OKUCIEHUS JIEMEHTOB B UX COSMHEHMSIX (-2) XapakTepHa JUis
kuciopoga. Cepa MOXKET HaXOMUThCSA B cTerneHu okucieHus 0, +2, +4, +6, -2. Y temnypa,
MIOJIOHUS U CeJIeHa, 00J1aIalolINX MEHBIIEH 3JIeKTPOOTPULIATEIbHOCTHIO, CTAOMIIBHON SIBIISETCS
cTeneHb okucaenus (+4). Kucnopon, cepa u ceneH — TUIIMYHbIE HEMETAJUIBI.

Kucuopon (02) — ra3 6e3 npera, 3amaxa u BKyca. AJUIOTporHast MOAH(UKAIUS KHCIOPOIa
— O3 — o30H. Kucnopon manopactsopuM B Boae. Ha Bo3ayxe moanep:kuBaeT ropeHuE MHOTHX
BemecTB. CUIIbHBIN OKUCIIUTENb — IPU BBICOKMX TEMIIEpaTypax pearupyer ¢ OOJBIIMHCTBOM
METaJIJIOB U HEMETAJIJIIOB.

[Ipocreiias kauecTBEHHAs peaklus — IPKOe 3aropaHue TICroIel peBeCHON JTyYMHKH B
atMocdepe KUcaopoa.

[TpumMeHsieTcsa Kak peareHT B XMMHUYECKOH TeXHOIOTUH (00XKUT CYIb(QHUIHBIX Py, CUHTE3
OKCHJIOB), METAJUTypTuH (MPOU3BOJICTBO UyTyHa, CTAJIM), CBAPKE U PE3KE METAIJIOB U T.J.

IHony4enmne:

OcHoBHOM  (mpomblluieHHBIH). M3  BO3dyxa  METOJOM  HU3KOTEMIIEpaTypHOI
pekTH(UKaIUN (KUAKUNA BO3AYX pa3JesseTcsl Ha KUCIOPOJ U a30T).

Cepa — XUMHYECKH aKTHBHOE BellecTBO. V3BECTHBI €€ COeNMHEHHUs MOYTH CO BCEMH
aIIeMEHTaMU, KpoMe OJIaropoHbIX ra3oB, a Takke Au, Pt, I, At.

I'oput Ha Bo3ayxe: S + 02 = SO

wn

agrwpdE

IHony4enmne:

B nma6oparopusix ycnosusix: FeS + 2HCI = HaS1 + FeCly

Bosiee uucTelil ra3 obpasyercs npu pa3iokeHuu Cyabpuaa Kaablus: CaS + 2HCI =
H.S1 + CaCl»

JKCIEePUMEHTAJIbHASA YACTh
Kucaopon. Ilepoxcua Bonopoaa
Onbrt 1. ITosryyeHne u cBOMCTBA KHCJI0POAA
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B cyxyro npoOupky momecTuTe NpUOIM3UTEIBHO 2 T' IepMaHraHata Kajuus. YKpemurTe
npoOMpKYy B JallKe IITaTHBA U HarpeiTte ee. Bpimensromwuiics ra3 HCHBITaTEe ¢ MOMOIIBIO
Tietomen TyduHKU. COoCTaBbTE€ ypaBHEHUE PEAKIIUH.

OnpIT 2. KaTaauTuyeckoe pa3jioxKeHue NepoKcuaa Boopoaa

a) Haneiite B npobupky 8-10 xamenb 3%-Horo pactBopa H2O2 u BHecute B npoOHpKY
HECKOJIbKO KPHCTaJUIOB JIMOKCHIA MapraHila B KadecTBe KaTanuzaTtopa. Beimemnstonuiics ras
UCIBITAlTE € MOMOIIBIO Tieolel ayuynHKu. CocTaBbTe ypaBHEHHE peakuuu. K kakomy tumy
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX PEAKIIUN OHA OTHOCHUTCS?

0) Haneiite B mpoOupky 6-7 Kameiab HACHILIEHHOTO PacTBOpa AMXpoMara Kajius U Clierka
nonorpeiite. Jlo6aBbre 2 kamm 30%-HOro pactBopa mepokcuaa Boaopoda. Ilpomcxoaut
NOYEPHEHHE pacTBOpa 3a cyeT 00pa3oBaHMs MPOMEXKYTOUHBIX coenuHeHuit tuma Ko[Cr.O7
‘H2032]. Yepes 1-2 MUHYTBI POUCXOIUT OypHOE pa3lIoKEHUE MPOMEKYTOUHBIX COSAMHEHUH C
BBIIEJICHMEM KHcCIopojaa. BHecure B IpoOMpPKY TICHOHIYIO JIY4MHKY. UTO mnpoucxonut?
CocraBbpTe ypaBHeHUE peakiuu. K KakoMy THIY OKHCIUTEIbHO-BOCCTAHOBUTENIBHBIX peaKIUui
OHa OTHOCUTCS?

OnpIT 3. OkucanTeIbHbIE CBOMCTBA MEPOKCHIA BOAOPOAA

B nmpobupky k 3 kamisiM pacTBopa MOIuAa Kaimus npubaBbTe 2 Karum pa30aBICHHOTO
pacTBopa CEpHOM KHUCIOTHI M 3aTeM MO KaruisiM npubaBisiite pactBop H202 no mosiBieHus
xentoil okpacku. OOpa3oBaHHe HOJa CTaHOBUTHCS 0o0Jiee 3aMETHBIM, €CIM K pacTBOpy B
npoOupke J00aBUTh HECKOJIBKO Kalleldb OPraHMYECKOTO PacTBOPHUTENS MIIM HECKOJBKO Kareb
KpaxmajibHOro kielicrepa. CocTaBbTe YpaBHEHHE PEAKLUU.

OnbIT 4. BoccTaHOBHTEIbHBIE CBOMCTBA MEPOKCHIA BOOPOIA

a) B mpoOupky BHecuTe 2-3 KamM pacTBOpa IEpMaHTaHata Kaiuus W 2-3  Kariu
pa30aBIEHHOTO pPacTBOpa CEPHOM KHUCIOTHIL. 3aTeM K MOJYyYEeHHOMY B MPOOUpPKE pacTBOPY
n00aBbTE€ HECKOJBKO Kamellb pacTBOpa MEPOKCHIA BOAOPOAA A0 M3MEHEHUS OKPACKHU PacTBOpA.
Beipensromuiics ra3 UCHbITAaUTe € IMOMOIIBIO TIEHOMIEH JydnHKH. COCTaBbT€ ypaBHEHHE
peakuuu.

6) K 4-5 kannsam pactBopa HHUTpata cepedpa Jo0aBbTe MO KaIUISIM pacTBOpP aMMHUakKa J0
pacTBopeHus oOpa3oBasiieiica MyTH. K nomyuyeHHOMY pacTBopy npuOaBbTe Mo KaruisM 3%-Hblil
pacTBOp MepoKCcHIa BOAOPOa. 3alUIINTE HAOIIOICHUS U COCTaBbTE YPAaBHEHUS PeaKLni.

KoHnTpoJsbHbIe Bonpockl
1. DrexkTpoHHOE CTpOEHHME W MapaMeTpbl aTOMOB 3JIEMEHTOB IJIaBHON MOATPYMIBI IIECTOMN
rpynnsl. [lepnoanyHoCTh UX U3MEHEHHUS.

Kucnopon: kucnopon B npuposie, Bo3ayx. Ilomyuenune kucinopona.

CBoiicTBa U MPUMEHEHUE KUCIOPOIa.

ITepoxcnn Bonopoaa. Onucats crpoeHue Mmosekynsl H2O2. [Touemy aTa Mosnekyina noiaspHa?

VYka3arh crnocoObl MOJYyYEHHsI MEPOKCHJAa BOJOpPOJAA, IMPUBECTH YPABHEHUS pPEAKIMM.

MoxuHo i nomyunts H202 HenmocpencTBEHHBIM B3aUMOIEHCTBHEM BOIOPOAA M KHUCIOpOAa?

OtBeT 000CHOBATH.

6. Hanucarp ypaBHeHHE peakluu pas3iokKeHHs Iepokcuaa Boaopoma. K kakomy tumy
OKHUCJIUTEIHbHO-BOCCTAHOBUTENBHBIX PEAKIIUl OHA OTHOCHUTCS?

7. TlpuBectn mpuMepsl OKUCIMTEIBHOTO M BOccTaHOBUTeNnbHOTo zeicTBus H202. Ha uem
ocHoBaHO npuMeHenue H>O2 B Meauimne.

8. Hammmcats ypaBHEHUS peakiMii B3aMMOJICUCTBHSI IEPOKCH/IA BOIOPOJIa ¢ TIEPMAHTaHATOM KaJlusl B
KHUCJION cpejie; MOAUIOM Kallusl B KMCIIONW CpeJie; XpOMaTOM Kallus B ILIEJIOYHON Cpefie.

9. OszoH.

arwN

Cepa u ee coeMHEHUS

OmnpbiT 1. BoccTaHOBHTE/IBHBIE CBOMCTBA CePbl
Tsra! B npoOupky Hanelte 1-2 MJI KOHIEHTPUPOBAHHOI'O PacTBOpa a30THOM KUCIIOTHI U
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BHECHTE B IPOOMPKY HEOOJBINON Kycouek cepbl. ComepkuMoe MpoOupKH HarpenTte. A30THas
KHCJIOTa MpHU 3TOM BoccTaHaBiauBaercsa 10 okcuzaa asora (II), a cepa okucnsgercs no cynabdar-
MOHA, KOTOPBIA MOXHO JIETKO OOHAPYXHTb, J100AaBUB K TOJIYYEHHOMY PacTBOPY HECKOJIBKO
Kamenb pactBopa xjopuga Oapus. CocraBbTe YypaBHEHUs peakLUi OKHUCIEHUS Cepbl U
oOHapyxeHHs Cynb(aT-HoHa.

OnbIT 2. BoccTaHOBHTEIbHBIE CBOMCTBA CEPOBOIOPO/A.

B npobupky BHecuTe mo 2-3 KaluiM pacTBOpa: a) MepMaHraHara Kaiuus, ©0) Auxpomara
kanusg. B mpobupky nob6aBpTe mo 2-3 karmum pa30aBiIeHHON CEpHOW KHCIOTBI U HECKOJIBKO
Karesib pacTBopa CyJib(uaa HaTpUs J0 W3MEHEHHs OKpacku pactBopa. CocTaBbTe ypaBHEHHE
peaxIuu.

OnbiT 3. BoccTaHOBUTEIBHBIE CBOWCTBA PACTBOPA AMOKCH/IA CePbI U CYIb(UTA HATPUS

a) B mpoOupky HamedTe mo 2-3 KaljMd pacTBopa JuUXpoMara Kaius U pa30aBICHHOM
cepHoii kucnoTel. K cMecn 100aBbTe HECKOJNBKO Kamellb PacTBOpa CEPHUCTOH KUCIOTHI WU
HECKOJIbKO KpHUCTauioB cynbdura Hartpus. OTMeTbTe HM3MEHEHHE IBeTa pacTBopa. Kakue
CBOICTBa MpPOSIBIISIET CEPHUCTAsI KUCJIOTa UM €€ cOolb B 3TON peakuuu? CocTaBbTE€ ypaBHEHUE
OKHCITHTETHHO-BOCCTAHOBUTENBHOM peakiuy. (JIaHHO# peakiyeil MOKXHO OTKPHITh HOH SO3z% B
OTCYTCTBHUHM JIPYT'MX BOCCTAHOBUTEIIEH)

6) B npobupky c 3-5 KarisiMu pacTBOpa CEpPHUCTON KHCIOTHI J0OaBbTE HECKOJIBKO Kalelb
3 %-Horo pactBopa mepokcuaa Bogopoaa. OTMeTsTe Kakue U3MEHEHHUS TPH STOM IPOUCXOJISIT.
KakuM 06pa3oM MOXHO J0Ka3aTh nNpucyTcTeue noHa SOs2 B mpoxykrax peakimu? CocTaBbTe
YpaBHEHUE PEAKIUH.

OnbiT 4. CpaBHUTE/ILHAS OLIEHKA PACTBOPUMOCTH cyJibuUTa M cy/bdarTa Oapus B

kuciaore. OdHapy:keHue cyjabdaT-uoHa

B onny npobupky BHecute 2-3 Kariiu pacTBopa cyibdara HaTpus, B APYryro — 2-3 Karuu
pactBopa cynbdura Hatpus. B o6e nmpobupku nmodaBere 1-2 karmmm pactBopa xjopuaa Oapus. B
obenx nu mnpoOupkax BbImanaer ocagok? Jlo6aBpre B 00e mnpobupku mo 2-3 Kamm
pa306aBiieHHON a30THOM (COMsiHOM) KHUCIOTH. OObsicHUTE HaOmrogaemble siBieHUus. CocTaBbTe
ypaBHEHHUS peakuuid moilydeHus cynbdara u cynbdura Oapus U pacTBOPEHHUsS IMOCIETHETO B
KHCIIOTE.

KoHnTpoJsbHbIe BONPOCHI
Cepa: cepa B ipupo/ie, MOJIyUEHHE CEPBI.
CBoiicTBa 1 NPUMEHEHHUE CEPHI.
CepoBonopon, cynbpuasl. Hamummre ypaBHEHHs peakIMM B3aUMOJEHUCTBUS CYJb(uI
xenesa (I1) ¢ consHo# KUCIOTOM U a30THON KUCITOTOM.
Jlnokcun cepbl, cCepHUCTAs KUCIIOTA.
Tpuokcnn cepel, cepHasl KMCIIOTa, €€ MOIY4YeHHEe, CBOICTBA U IPUMEHEHHUE.
[TepokcoaBycepHast U THOCEPHAs! KUCIOTHI.
CoenuHeHue cepbl ¢ raJIOTeHaMU.
Ilopsinok paGoTbI:

=

wn

No ok

[TomyuuTh OT mpenojaBaTesis 3aJaHue.

BbInoHUTE paboTy COrIaCHO METOINYECKUM PEKOMEHIAIUSM.

OdopMHUTH TPOTOKOIT PAOOTHI.

Bbunth oTpaboTaHHBIE PACTBOPHI, TOCYAY BBIMBITE. C1aTh pabouee MeCTo.
Conep:xanue oT4era:

1. Tema u uenb paboTHI.

HabGnronenusi, ypaBHEHHS pEaKIIUN 1O KaXI0W 4aCTH PabOTHI.

3. BrIBojBI O MIpOAETaHHOI paborTe.

PwdE

N

Yacts B. Duaementsl VA-rpynmnbl NepuoAU4YeCKOil CHCTEMbI JJ1eMEHTOB M MX
COeIMHEeHHSI.
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Heas padoThi:

N3yunTh XMMUYECKHE CBOMCTBA COEAMHEHUH a30Ta.

N3yunTh XUMHUYECKHE CBOICTBA (hochopa 1 ero COeAMHEHUIA.
Conep:xanue padoThbI:

[Tonydenue a3ota u coJield aMMOHUS, UCCIIEIOBAHUE UX XUMUYECKUX CBOMCTB.

[MTonyuyenue okcuma azota ().

HccenenoBanue OKUCIMTENBHBIX CBOMCTB a30THOM KUCIIOTHI.

Xumuaeckue cBoicTBa hochopHO KUCIOTHI, moiyuenue pocdaros u ruapodocdaros..

IIpuGopsl U peakTUBBI:

1. IIpoOupku, crnupTOBKa, Hep)KaTeslb UIs MPOOMPOK, MHUIETKH, JIONaTOuYKa, KareabHas
BOpPOHKA, Ta300TBOJHAs TpyOKa, XWMHUYECKUH CTakaH, Koi0a, Oymara (ITOJIOCKH),
JaKMycoBas OyMaxkka, GUIbTpOBalIbHAS OyMaXkka, CTEKJISIHHAs MMajJoyKa, JIy4MHKa, CIIUYKH,
YHUBEpCaJbHas HHAUKATOpHAs Oymara, IITaTHB.

2. Jluxpomar kanus (Cyxoi), coysiHast KUclIoTa (KOHII.), CepHasi KUCI0Ta KOHIICHTPUPOBAaHHAS U
pazbaBienHas (2H), noaua Kanus (pacTBop), HOAUA Kaius (Cyxoi), XJI0pua HaTpust (Cyxoi),
XJIOpUJI HaTpus (pacTBOp), MepMaHTaHaT Kajus (pacTBoOp), JaKMYC, METHIOPAHXK, KyCOUeK
MarHus (MJIH [MHKA), HUTpaT cepedpa (pacTBop), Opomu Kamus (Cyxoii), OpoMuI Kaus
(pactBop), xnopuma xene3a (1) (pactsop).

Boanbie pactBopsl docdara Hatpus, ruapodocdara Hatpus, auruapodocdara HaTpus, cyiabdara
xkene3a (1), pogannma kamus KSCN, xmopuga Gapus, CONSHOM KHCIOTHI, a30THON KHCIIOTBI,
YKCYCHOU KHCIJIOTBI, THAPOKCHIA aMMOHHUSI.

Teopernveckue cCBeICHUS.

B VA rpynmy BxomsT a3or, ¢ochop, MBIIBSIK, cypbMa U BHCMYT. A30T U docdop -
TUMIMYHBIE HeMmeTauibl. Bucmyr — weramn. OOmas 3leKTpoHHas  KOHQHUrypanus
HEBO30YXJICHHOTO aTOMa — nsznp?’, C TpeMsl HeCHapeHHBIMH 3JICKTPOHAMHU Ha P-OpOUTAIU. DTO
JIOBOJIBHO yCTOWYMBas 3JeKTpoHHas KoHpurypauus. [IpucoequHenue nim yaaaeHue 3JIeKTpoHa
C P-OTOMHOI OpOUTANIN PHEPTETUUYECKU HE BBITOJHO, TO3TOMY cTeneHb okucienus (-1) uwim (+1)
BCTPEYAETCS PE/IKO U MOI00HOT0 TUIIA COETUHEHUS] HEYCTONYHBEI.

Crenenp okucienus (+3) peain3yercsi B COSIMHEHUSIX ¢ 00Jiee IEKTPOOTPHUIIATETFHBIMU
sneMeHTamMu — Gropom, kucinopogom u xiaopom (NFs, HNO2, PClz3).

Crenenb okucieHUs (-3) UMEIOT 3JIEMEHThI B BOAOpOIHBIX coenuHenusx (NHs, PH3),
aurpuaax (LisN, MgsN2), bocounax (CasP2).

Creniers okucniennst (+5) Berpedaercst B okcryiax (N2Os, P2Os, As;Os), xuciorax (HNOs, HsPOq,
HzASOs).

A30T (N2) — mpocrtoe BemiecTBo. becuBeTHbI ra3, KOHICHCHUPYETCS B OCCI[BETHYIO
KHJIKOCTh. MOJIEKyTa COIEPKHUT KOBAIEHTHYIO G-, Ti-, Tt- CBs3b (N = N).

A30T — IM1aBHAsI COCTABIISIOIAs YacTh BO3/TyXa. MajopacTBOpUM B BOJIE (M MEHBILIE YeM KHCIIOPOT).
Bxomt B cocTaB HEOOMBIIIOTO YKClIa MUHEPATIOB(CEUTPBI U JP.), HEKOTOPBIX MPUPOAHBIX YITICH.

IHony4enmne:

B mpoMBIIIIIEHHOCTH a30T MOMYYaroT (HPAKIMOHHOW JUCTHIUISIAEH >KUAKOTO BO3IyXa.
A3OT BBIKUMIAET J0 KUCIOPOJIA.

B nabGoparopun mpUMEHSIIOT PEaKIIuu:

2NHs + 3Br2 — N21 + 6HBr

NH4Cl + NaNO2 — N21 + NaCl + 2H.0

NH4NO3 pp) — N21 + 2H20

IIpumensieTcs: 11 CHHTE3a aMMHaKa, a30THOW KHUCIOTHI M JAPYIHX a30TCOACPIKAIINX
IPOAYKTOB, KaK MHEPTHAs Cpela MPOBEICHUS XUMHUYECKHX U METAJUTyPrHUECKUX MPOLECCOB U
XpaHEHHSI OTHEOTIACHBIX BEIIECTB.

P — ¢ochop. — Dnement 3 -ro nmepuoma u VA rpymnnsl Ilepuoanueckoil cuctemsl.
[opsmkoBsiii HOoMep 15. DnektpomHas ¢opmyma artoma ...3s23p%, ycroitumBas cremens

™=
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OKHCJIEHHU 15, pexe BCTpedaeTcsi CTENEeHb OKUCIEHUS -3 1 +3.

B mpupone Bcerpeuaercssi TOJABKO B XMMHUYECKH CBS3aHHOM Buzae. BxoauT B cocraB
MHOTOYHCIIEHHBIX MUHEPAJIOB, Py ¥ TOPHBIX OO ((hocdaThl, aaTUThI U Ip. ).

Beablii_docdop (Pwen) — MATKUil Kak BOCK (pexercss HOKOM). [lmaBurcss U KUMUT Oe3
paznoxenus. OKHCIIETCS HAa BO3MyXe (3€IEHOC CBEUCHHE B TEMHOTE) MpU OONBIION Macce
BO3MOXXKHO caMoOBoOcCIIaMeHeHHe. B 0coObIX YCIOBHSIX NEpEeBOAMTCA B KpPAaCHBIM U YEpHBII
docdop.

Xopo1o pacTBopuM B OeH3011€e, apupax, cepoyriepojae. He pearupyer ¢ Bogo, XpaHuTcs
MO/ CJI0E€M BOABL. Upe3BhIUaiiHO XUMUYECKH AKTUBEH.

IMonyyenne OGenoro ¢ochopa TPOBOAAT BOCCTaHOBIEHHWEM (QocdaTa  KaIbIHSA
pacKaJeHHbIM KOKCOM (B IIPOMBILLIIIEHHOCTH )

Caz(PO4)2 + 3SiO2 + 5C — 2P1 + 5CO1 + 3CaSiO3

IIpouecc cocTOUT U3 CAEAYIOUINX CTaaUM:

2Caz(POg4)2 — 6Ca0 + 2P20s

P20s + 10C — 4P1 + 10CO

Ca0 + SiO2 = CaSiO3

IIpumensiercsi: B mpousBozactee pochopHOit KUCIOTH U KpacHOTO (ocdopa, Kak peareHT
B OpraHMYecKUX CHHTE3aX, PACKUCIHUTEIh CIJIABOB, 3a)XXUTaTelbHOE cpeaAcTBo. [opsmuii
docdop crnemayer racuTh ieckoM (HO He BoI0#!). Upe3BbIUaliHO STOBUT.

Yepublii_pocdop (Puepn)) - UMeECT CIOUCTYIO CTPYKTYpY, IO BHEIIHEMY BHIY MOXOK Ha
rpadurt. [Ipy HarpeBaHmM TepexoiuT B KpacHbIA ¢ochop. Xumudeckas aKTUBHOCTh 3HAYUTEIHHO
HIDKe, yeM y Oenoro ¢ocdopa. Ycroituus Ha Bozayxe. He simosurt. [lomyuaror npu HarpeBaHuu Oeioro
docdopa.

IIpumensieTcsi xak peareHT (Ooree Oe3omacHbIi, YeM Oenblid (hocdop) B HEOPraHUIECKOM CHUHTES,
HAIOJHUTEITh JIAMIT HAKaIMBaHYs1, KOMIIOHEHT HaMa3K1 KOpOOKa Ipy U3r0TOBJIEHNH crinyek. He siioBur.

JKCNEePUMEHTAIbHAS YACTh:

A30T U ero coelMHEeHUsI.

OnebiT 1. Ilonyyenue ammuaka

K 4-5 xamism pactBopa Xxjopuaa wiu cyidbdara aMMOHHS HpUJIEHTEe paBHbBI 00BEM
pa30aBIeHHOTO pacTBOpa T'HIpOoKcuaa HaTpus. PactBop cnerka moporpeiire. K otBepctuio
MpOOUPKH TIOJAHECUTE BIAXHYIO JIAKMYCOBYIO (YHUBEPCAIbHYIO) OyMaXXKy WU TIOJOCKY
¢uibTpoBaNbHOM Oymaru, cModeHHyro ¢eHondrasenHoM. bymaroil He kacaliTecb CTEHOK
npobupku. Kak uzmensiercs user 6ymaru u nouemy? (KauectBeHHas peakiysi HA MOH aMMOHHS).

OnbIT 2. BoccTaHOBHTE/IBHBIC CBOIICTBA aMMHAKA

Buecute B mpobupky 2-3 karuiy pacTBopa rnepmMaHraHaTta kanus u 3-5 xamnenb
KOHIIEHTPUPOBAHHOI'O pacTBopa amMuaka. [lomyueHHyto cmech cierka nojporpeire. Kak
U3MEHsEeTCs OKpacka pacTBopa? Hanumnre ypaBHEHHE peakluy, YIUTHIBas, YTO aMMHaK
OKHCIIsieTCs 710 CBOOOJHOTO a30Ta, a IepMaHraHaT Kajiusl BOCCTaHABIMBAETCS JI0 JUOKCUA
Maprasiia.

OnbIiT 3. OTHOLICHHE COJIel aMMOHMSA K HATPEBaHUIO.

A) IlomectuTe B CyxXyr HpOOMPKY HEMHOTO KPHCTAUIMYECKOTO XJIOpUAA aMMOHHUS U
Harpeiite mpoOupky. OOpartuTe BHMMaHHEe Ha OOpa3oBaHHE O€JIOro Hajera Ha XOJOIHBIX
CTeHKaX BepxHei yactu nmpooupku. CoctaBbTe ypaBHEHUE PEaKLIUU.

b) Bo3pMmuTe Ha KOHYMKE INMAaTeNss HEMHOro cyinb(ara aMMOHHS, IpeIBapUTEIHHO
pacTepToro B CTYIKE, M BBICBIIIbTE COJIb B CyXylo mpoOupky. [Ipobupky nHarpeiite. OOparure
BHUMaHME Ha 3arax, NOSBUBIIMICA BO Bpems HarpeBanus. IlogHecuTe K OTBEpCTHIO MPOOHPKU
BIQXHYIO JIAKMYCOBYIO OyMmakky. Urto mpoucxomut? OcTaBiieecss BEIIECTBO B TMPOOUPKE
pacTBOpUTE B BOJE M OINpENIeIUTE XapakTep cpenbl B pacTBope. HanumuTe ypaBHEHUs peakIuii
pa3ioxeHus cyiabdara aMMOHMS M JAMCCOLMAIMM B PAcTBOpE BEIIECTBA, 0Opa30BaBLIETOCS B
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pe3ynbTaTe pa3ioKEHUs COJIH.

B) B cyxyro npoOupKy HachIlbTe HEMHOTO JAMXpOMaTa aMMOHHS. 3aKpENHUTe MPOOUPKY B
ITaTUBE BEPTHKAJIbHO, WU HEMHOTO mnojorpeite. Kak TOJIBKO HAayHETCS pa3jIOkKEHUE COJIH,
HarpeBaHue npekparure. Yto HaOmogaercsa? VIMEroT i 3amax MpoayKThl peaKIuu Pas3sIoKeHUs
conu? CocTaBbT€ ypaBHEHHE peakiuu. B yem oTiiMuue MoBeneHUs 3TOM COJMU OT cojeil B
OTBITAaX, MPOJETAHHBIX 70 3Toro. Kakue conm aMMOHHMS pa3iararoTcs MOJA00HO JUXPOMATY
aMMOHUS?

OnbiT 4. T'uaposus cojieit aMMOHUA

C nomortkto pH-uHAMKATOPHON OymMaru onpenenuTe XapakTep Cpebl B pacTBOPE XJIOpUia
win cynbdara ammonus. HanummTe ypaBHeHHe peakuuu ruaponusa conu. EcTe nu pa3Huua B
TUAPOIN3E ITUX COJIEH.

OnpiT 5. Ilosydyenue oxkcuna azora (II)

B mpoOupky ¢ ra3o0oTBOJHOW TPYOKOW IMOMECTHTE HEMHOTO MEJIKUX CTPYXKEK MEIH U
npubaBbTe HECKOJBKO Kamelb pa30aBIeHHOW a30THOM kucinotel (p = 1,2 r/mi). 3akpoiite
npoOUpKy NMpoOKoi U cierka ee Harpeiite. OOpaTuTe BHUMaHUE Ha IBET BBLAEISIOLIETOCs rasa.
Yactp raza cobepute B MpoOUPKY HaJ BOJOH, a APYTyl0 YacTh MPOIYCTUTE B MPOOHPKY ¢ 5-6
KaIIsiMU pacTBopa cyibara sxenesa (11).

OmneIT 6. CBolicTBa a30THOH KHCJIOTHI. B3anMoneiicTBue ¢ MeTauiaMu

[TomectrTe B IpOOMPKY HEMHOT'O IMHKOBOH IMBUTH WJIM CTPYXKEK MarHus U mpuOaBbTe
HECKOJIBKO Karenb OYeHb pa30aBiIeHHON a30THOM KUCIOThL. B3bonraiite cmech. [1o 3amaxy
oTpeneNnuTe, Kakou ra3 Beiensercs. CocTaBbTe ypaBHEHUE PEaKIUH.

OmneIT 7. B3anuMopaelicTBHE a30THOH KHCJIOTHI ¢ HEMeTaLlIaMH

B dapdoporyro gamiky HaneiiTe HEMHOTO KOHIICHTPUPOBAHHOM a30THOM KHCIIOTHI.
[Tonoxxute B KUCIOTY HEOOMBIIONW Kycouek cepbl. [locTaBUB Yallky Ha acOECTOBYIO CETKY,
0CTOpPOKHO ee HarpeiTe. Uto Habmonaercsa? OxnanuTe peakiiMoHHY0 cMech. Heckonbko
KareJjb CMECH NTOMECTUTE B IPOOUPKY M 1006aBbTe 2-3 KAl pacTBOpa XJIopuaa Oapusl.
CocraBbTe ypaBHEHUSI peaKIIUil.

OnbiT 8. OKHCANTEIBHBIC CBOMCTBA 230THOM KHCJIOTHI
K 3-4 karmisim cBeXempUrOTOBIICHHOTO pacTBopa cyibdarta sxenesa (II), moakucieHHoro

Karuiel pa30aBIeHHON CepHON KMCIOTHI, IpubaBbTe 5-6 Kamenb KOHLUEHTPUPOBAHHOM a30THOU
kucinoTel. CMmech HarpeiiTe 10 Haudana KumneHus. Heckoyibko Karenb IOJIydeHHOTO pacTBopa
pa3baBbTe BOAOM M J00aBbTE OAHY KaIlJII0 pacTBOpa poJaHuaa aMMoHMs (kanus). Yto
npoucxoaut? [IpeaBapurenbHO yOeauTeCh B TOM, UTO UCXO/HBIN pacTBOp cyibgara xenesa (1),
HE J1aeT WIN [IOYTHU HE JAET OKPAIIUBAHUS C POLAHHUIOM aMMOHUS.

KoHnTpoJsbHbIE BONPOCHI:
OO0u1ast xapakTepucTiKka V MoArpymnisl r1aBHON TPYIIIBL.
Pacripoctpanenue azorta B npupoje, MoxydeHue.
CBolicTBa U IPUMEHEHUE a30Ta.
AMMHaK.
Oxcupel a3ora.
A3oTuCTas KUCJIOTa U €€ COJIH.
A30THas KUCI0Ta, CBOMCTBA, COMH.

Dochop u ero coeUHEHUS

Omnbrt 1. I'maposus coieit GpochopHO KHCIOTHI.

Conu ochopHOI KUCITIOTHI, pACTBOPUMBIE B BOZIE, THAPOIN3YIOTCS. [ ApoiIn3 nporekaer
HEOJIMHAKOBO Y CPEHUX U KUCIBIX cosiel. [Tpu rupponnse KUCIbIX COIEl MEN0YHBIX METAIIIOB
OJIHOBPEMEHHO C THAPOJIN30M aHMOHOB MPOTEKAET UX AUCCOLHALIMS:

H,PO4 + H,O—H3PO4 + OH; HPO4? + H,0— H2PO4+ OH

NoabkowhE
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H,PO4s— HPO4> + H*; HPO4> —-POs* + H*

C mnomompio yHHBEpCAIbHOW HHIMKATOPHONM OyMaru IpoBEephTE XapaKTep Cpeabl B
pactBopax cosieii NasPO4, NazHPO4, NaH2PO4. Ilony4yeHHble OKpacku MHAMKATOPHOW Oymaru
CpaBHUTE ¢ BETHOM 1mKanoi pH- naanKaTopHOi Oymaru. Pe3ynbTaTsl onbita opopMHUTE B BHJIC
TaOJIHIIBL.

PacTtBop conu pH cpenbl BriBog

NasPO4

Na:HPO4

NaH2PO4

Peakumst oOpazoBanus pacTBOPUMBIX (Hoc(aToB MIHMPOKO HCIONB3YETCS B aHATUTHICCKON
XUMHH KaK KauyeCTBeHHasl peakius Ha ¢pocdar-uoH.

OmnpIT 2. O6pa3oBanue gocdara xenesa (I11).

K 3-4 xamsam pactBopa cynbdata xesesa (I11) Fea(SOs)s npuneiire 2-3 kamim poaaHuia
kamuss KSCN m Heckosibko Karenb pacTBopa, conepxkaiiero docdar-uon Na;HPOs. Kpachas
OKpacka pacTBOpa HMcue3aeT B pe3ylbTaTe Iepexojia poJaHuia Kele3a B MalopacTBOPHUMBIN
docdar, umeronuii cnadbo->KenThIN I[BET.

Omnsit 3. O0pa3oBanue ruapodocdara 6apus

K 2-3 kamsim NaoHPO4 npubaBbTe Heckosbko Karenb xjaopuaa 6apus BaClo. O6pasyercs
oenbiii ocamok BaHPOs, pactBopumbiii B comstHoit HCl u asornoii kucimore HNOz u
HEpacTBOpUMBbIN B YyKcycHoOW. [IpoBeppTe pacTBOpUMOCTH Ocaaka B kuciortax. CocraBbTe
YpaBHEHHUS PEaKIUH.

OmnbiT 4. O0pa3zoBanue ¢gocdara cepedpa.

K 3-4 xamsam pactBopa NaHPO4 nob6aBbTe 1-2 xammu pactBopa Hutpata cepedpa AgNOa.
Oo6pasyetcs xentoiii ocanok AgsPOs, pacTBopuMblii B pazbaBineHHon azoTHoU kuciore HNO3z n
pactBope ammuaka NHsOH.

KonTpoabHbie BONpPOCHI.

®docdop. PacnpocTpaHeHHOCT B IPUPOJIE, TOTYUEHHE.

®dusndeckue cBoiicTBa dhochopa, MpUMEHEHUE.

Coenunenus (ocdopa ¢ BOJOPOIOM U TaIOreHAMH.

Oxkcuasl pocdopa.

Kucnotsr dpochopa.

MunepanbsHble yaoOpenus, coaepxainiue ¢pocdop u as3or.

Yacre I'. Daementsl |V A-rpynnbl nepuoau4eckoil CHCTeMbI 3JIeMEHTOB M HX
coeIMHEeHM.

ean paboThI:

1. W3yyeHue XMMUYECKHUX CBOICTB yriepoja, KpeMHUs, OJIOBA, CBUHIIA U UX COETMHEHUI

2. OzHakoMmJIeHHE C J1a0OpaTOPHBIMU CIOCOOAMU MOJMy4eHHUs KapOOHAaTOB M KPEMHHUEBOM

KHCJIOTHI.

Coaep:xanue padoThI:

[Tonydyenne u pa3inokeHue KapOOHATOB.

2. TlomyuyeHune KpeMHHEBOM KUCIOTHI.

IIpuGopsbl U peakTHBBI:

1. TlpoOupku, NHUNETKH, IITATHB, Ta300TBOJAHAs TpyOKa, KoON0Oa, CTEKIsHHAs Majoyvka,
CIIMPTOBKA, JAePKaTEINb ISl IPOOUPOK,

2. Bopanble pacTBOpHI Xsopuna Oapus, cynbgara 1mHKa, xymopuna xkenesa (l11), xapOonara
HATpHs, CUJIMKaTa Hatpus, xjaopuaa ojosa (ll), mepmanraHara Kajus, CEpPHOW KHCIIOTHI,
COJISTHOM KUCIIOTHI (pa30.), a30THOM KUCHOTHI (pa3b.), rTuApoKcHIa HaTpus, Cylbduaa HaTpus,
MOJU/Ia KaJlvsl; W3BECTKOBasi BOJA, KapOOHAT aMMOHHMSA (TB), KOHIICHTPHPOBAHHAS COJISTHAS
KHCJI0Ta, METAJUTMUECKUM 1TUHK, okcua cBuHIa (11).

ok wdpE
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Teopernyeckue cBeieHMsI.

B IVA rpynny BXomsT yriepoj, KpeMHHUH, repMaHUM, OJOBO W CBHUHEI. DJICKTPOHHAS
KOH(HIypalus aTOMOB B CTAallHOHAPHOM COCTOSHHMM: NS’NP?, mpudeM Ha p-aTOMHOI OpOUTau
HaXOJATCS JIBa HECTIAPEHHBIX JIEKTPOHA.

B cBoux coenuHenusix snemeHTsl IVA rpynmbsl MMEOT Kak IpaBWIO, ABE CTENEHU
okucnenus: (+2+ wmu (+4). YCTOWYMBOCTh COCIMHEHHH CO CTENEHbIO OKuciaeHus (+2)
YBEJIMYMBACTCS OT YIIIepOo/ia K CBHHILY.

IIpu nepexone OT coeMHEHUH Yriepoja K COeIMHEHUSM CBHHIIA BO3PACTAET MOJIAPHOCTD
cBsaseil, u B kpuctainax coneit tuna PH(NO3)2, PClz u apyrux yske npucyTcTByIoT HoHBI Ph*2,
OpHako moutu Bce Bemiectsa, coaepkaiue Sn (1V) u Pb (1V), sBistoTcss KOBaJICHTHBIMH.

OcHoBHBIE 3amachl yriepojaa cocpeoToueHsl B kapoonatax: kanpuute (CaCOs), nomomure
(MgCOs3 -CaCO0s3), maruesute (MgCO3). Pa3HOBHIHOCTH KalbI[HTa: MEII, MPaMOP, H3BECTHSIK.

KpemHuii  BXOOUT B  COCTaB  MHOTOYHUCIEHHBIX TOPHBIX TOPOJ  (CHUJIMKATBHI,
AIFOMOCHJIUKATHI), B OOJIBIINX KOJHUYECTBAX HAXOAMTCA B 3eMHOU Kope B Buae SiO2 (rOpHBIi
XpycTaib, Olall, araT, AIIMa, XajlleJoH U JIp.).

3amnachl 0JI0Ba U CBUHIIA B 3eMHOM KOpe orpaHuyeHbl. BajkHeieil 1 mo4tu e1InHCTBEHHOM
pyooW s TONMy4YeHHWsT OJIOBa  SIBISIETCS  «OJOBSHHBIM  Kamenb» SNOz.  Haumbonee
pacmpoCcTpaHEHHBIM MHHEPAIOM CBHUHIIA siBisieTcs raneHut (PhS).

I'epmanuii — paccessHHBIH JJEMEHT, CBOMX MHHEpaJoOB OH HE oOpasyer, Bcerna
COIIPOBO’KIAET KPEMHUH B €0 COEIMHEHUSX U KOHLEHTPUPYETCS B KAMEHHBIX YIJIfAX.

B cBoGOIHOM BHIIE BCTpeyaeTcs: B MPUPOJE TOIBKO yriepoa (aimmassl, rpaduT, KapOuH) u
0JIOBO B BHUJE CEpEOPHCTO-KENTHIX KPUCTAIUIOB, BKIIOYAIOLUIMX 30JI0TO, IUIATHHY, HPUIMM,
OCMMUI, Me/Ib. YTJIEpO]I SIBISETCSI COCTABHOM YacThIO MCKONAEMbIX YIJIeH (aHTpalUThl, KAMEHHbBIE
u Oypsble yriu, Topd, HePTh).

YcroitunBas alutoTponHas opMa CyIeCTBOBAHHUS AJIEMEHTa yriiepo — Tpadur.

I'padutr — cepo-uepHBIid, ¢ METAUIMYECKUM OJECKOM, >KUPHBI Ha OIIyNb, MATKUH,
o01aaeT EeKTPOIPOBOTUMOCTHIO.

Kpucrannuueckass pemerka COCTOMT M3 CJIOEB MNPAaBUJIBHBIX IIECTUYTOJBHBIX KOJIEL,
KOH/ICHCHPOBAHHBIX 10 BCEM CTOPOHAM (SP>- THOpUM3AINs).

AnMa3z  COIEpXKHUT B y3JlaX KPUCTAJUIMYECKOM peIIeTKH aToMbl  yriepojaa cC
TeTepadApPUYECKUM OKpyKeHHeM (SP?- TuOpuamsanums). biaaropomHsii KaMeHb, HMeeT
HauOOJIBIIYI0 TBEPAOCTh CPEAM MPUPOIHBIX BEIIECTB, HUIM(YETCS TOJIBKO COOCTBEHHBIM
MOPOIIKOM. XUMHUYECKas aKTUBHOCTh HMWKe 4eM Yy rpadura. Beime 1200° C nepexonuT B
rpagur.

B npomsinuiennoctu u3 rpagura npu 2000° C mox o4eHb BBICOKUM JIaBJICHUEM MOJy4YaroT
MeJIKHE KPUCTAJIbl UICKYCCTBEHHBIX aIMa30B. [IpUMEHSIOTCS OHM Ul U3TOTOBICHUS PEXYLIUX
WHCTPYMEHTOB M TOUHBIX H3MEPUTEIBHBIX TPHOOPOB.

KapOun coctouT u3 nuHEHHBIX MakpoMosiekysl co ctpoeHuem —C=C—- umu =C=C= (Sp-
ruOpuau3anys). XMMUYECKH MeHee akTuBeH, yeM rpadurt. [Ipu 2300° C nepexoaut B rpadur.
[Iupokoro mpuMeHEHHs HE UMEET, OUYeHb PEIKO BCTPEUASTCS B IPUPO/IE.

IKCNepPUMEHTAIbHAS YaCTh:
Omnpit 1. ITosryyeHue kapOoOHATOB.

B npoOupku HanuBaroT pactBopsl coieii: a) BaClz; 6) Zn SO4; B) FeClz u npunuBatoT
HuM pactBop NaxCOs. HaGmromaroT ocakeHHe BEHIECTB W OTMEYAIOT OKPAacKy MOJTyYeHHBIX
ocazakoB kapoonara BaCOz (a), rumpokcokapoonata (ZnOH)2CO3 (6), runpokcuna Fe(OH)s (B).
OmnbiT 2. Tepmuueckoe pa3iioxeHne KapoOOHATOB.

B mratuB 3akpenuTh HAKJIOHHO OTBEPCTHEM BHHU3 CYXYIO NPOOHPKY C Ta300TBOJHOM
TpyOKoii, momemaiot B Hee (NH4)2CO3 u HarpeBaioT. 'a300TBOIHYIO0 TPYOKY OIMYCKAIOT B KOJIOY
¢ u3BecTkoBoit Bosorr Ca(OH)2. HabGmroaror noMmyTHEHHE pacTBOpa.

Omnpit 3. ITosryyeHHe KpeMHHEBOH KUCJIOTHI.
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(Pabora mox Tsaroit!) B mpoOupky HamuaroT 3 ma kouueHtpupoBannoi HCl um 3 mn
pactBopa cuiMkara Hatpus (pactBopumoro crekiaa) NapSiO3 u mepeMemuBalT pacTBOp
CTEKJIITHHOM mnayodkoil. Ilomydaercs KOJUIOMAHBIM pacTBOp — 30Jb KPEMHHUEBOM KHCIIOTHI.
Cogepxumoe NMpoOUPKH HArpeBaroT, MPU TOM MPOUCXOIUT KOATYISLHs Tels U BbIICNAETCS
CTYAEHUCTBINA OCAJ0K Iejisi KpEMHUEBOM KUCIIOTBHI.
IMopsinoxk padoThI:

[TomyuuTs OT mpenoaBaTesis 3aJaHue.

BbInonHUTE paboTy COrTaCHO METONYECKUM PEKOMEHIAIUSIM.

OdopmMuTh POTOKOJ padOTHI.

Bobutnth oTpaboTaHHbIe pacTBOPHL, IOCYY BEIMBITE. ClaTh pabouee MecTo.
Conep:xkanue oT4yera:

Tema 1 nenb paboTHI.

Habmroienusi, ypaBHeHHsI peaklUid 0 KaXK0i yacTu paboThl.

BoiBosbI O IIpOJIENIaHHOM padoTe.

NS

KoHTpoJibHbIE BOPOCHI:
OO61as xapakTepucTKa riaHoi noarpynnst 1V rpynmsl.
VYraepon. Pacripoctpanenue B nmpupoe.
[Tony4yenue yrieposaa u ero aiIoTpOnHbIE MOAU(DUKALINY.
XuMHUYECKUe CBOICTBA yriepoja.
Juokcnn yrinepona. YronbHas KHCIOTA.
Oxkcup yriepona (11). Ero xumuueckue cBoiicTsa.
CoenuHeHHs yriiepoaa ¢ Cepor U a30TOM.
Kpemuuii. Pactipoctpanenue B npupo/ie v MojaydeHue.
. CBoiicTBa KpeMHUS.
10. CoenuHenus KpeMHHUS C BOAOPOAOM U raJIOTeHAMHU.
11. Okcun kpemuus (1V), xumudeckue cBONCTBA.
12. KpeMHUeBbIE KUCIOTHI M UX COJIH.

©CoNoOR~wWNE

TEMA 2. XUMMHUS METAJIJTIOB

MeTaJ'IJ'II)I — XUMHUYCCKUE JJIEMCHTBI, aTOMBbI KOTOpBIX OTOAarT 3J'I€KTpOHI)I BHCIITHETO (a
WHOTJ]a W TIPEABHEIIHEr0) SJEKTPOHHOTO CJOs, MPEBPAIlasch B TMOJOKHUTEIBHO 3apsKECHHBIS
WOHBI. MeTayulbl — BOCCTAaHOBHUTEIH. DTO OOYCIOBJICEHO HEOOJBIIUM, KaK IMPABHIIO, YUCIOM
AIIEKTPOHOB Ha BHEIIHEM CJIO€, OONBIIMMH [0 CPAaBHEHHUIO C HEMETalIaMU paguycaMy aTOMOB,
BCJICJICTBHE YE€TO BAJICHTHBIC MJICKTPOHBI CJIA00 YACPKHUBAOTCS SIPOM.

[TpoyHOCTH CBSI3U BaJCHTHBIX DJIEKTPOHOB C SIPOM 3aBUCHUT OT JBYX OCHOBHBIX (DaKTOPOB:
BEJIMYMHEI 3aps/ia sSjpa U pajryca atoma.

Panuyc aTomMa 3HaUMTENBHO YBETUYUBACTCS C MOSBICHUEM Ka)KJJOTO HOBOTO 2JIEKTPOHHOTO
CJIOS JUTSl DJIEMEHTOB TMEPBBIX TPEX IMEPHUOJOB, U UMEHHO ATOT (DakTOp B OOJBIIEH CTEMEHU
BIUSET HA MPOYHOCTH CBSI3M BAJICHTHBIX D3JEKTPOHOB C SIAPOM MJIs DJIEMEHTOB TJaBHBIX
NOArpyNN (CBEPXY BHU3 pPallyC aTOMOB YBEIMUYMBAETCS, IPOYHOCTh CBSI3U AJIEKTPOHA C SAPOM
ocnabeBaeT, BOCCTAHOBUTEIHHBIE CBOMCTBA YBEIIMYUBAIOTCS).

VY sneMeHTOB MOOOYHBIX MOJATPYMI — 3TO 3JEMEHTHI 4-7 NMEpUOAOB — C YBEIMYEHHUEM
MOPSIIKOBOTO HOMEpa dJIeMEHTa paJuyCc aTOMOB H3MEHSETCS Maylo, a BEJIMYWHA 3apsaa sjpa
yBeJ'II/I'-II/IBaeTCSI 3HA4YUTCIIBHO, HO3TOMy HpO‘—IHOCTI) CBSI3M BAJICHTHBIX BHGKTpOHOB (¢} fI)IpOM
YBEJIMYUBAETCS, BOCCTAHOBUTEIBHBIE CBOMCTBA OCIa0eBaloT.

Memannuueckas céa3b U MEMANIUUECKAA KPUCMALTUYECKAS PeUlenKd.

MerTalbl — MPOCThIE BEMIECTBA. ATOMBI METALIOB 00Pa3yI0T METAUTUYECKYIO CBSI3b.
Oco0EeHHOCTH METAIUINYECKON CBS3H:

CpaBHUTENBHO HEOONBIIOE KOTUYECTBO DIEKTPOHOB (ITO S-DJIEKTPOHBI) OAHOBPEMEHHO
CBSI3BIBACT MHOYKECTBO aTOMHBIX SIJIEpP, CBSI3b JCIIOKAIIM30BaHA.
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BasieHTHBIE  3JIEKTPOHBI

CBOOOMHO TEpPEMENIAOTCS 10

BCEMY KyCKy MeTtamia (uimn

METATMYECKOMY M3ICIIHI0), KOTOPBIHA B IIEJIOM JICKTPOHEHTPAJICH, IIOATOMY 3TH SJICKTPOHBI
YacTO HA3BIBAIOT CBOOOIHBIMHU.
MeTairdeckas CBs3b He 00J1aJjaeT HAIIPABJIIEHHOCTBIO M HACBIIIAEMOCTBIO.

B CcOOTBeTCTBMM ¢ TakUM CTPOCHHEM METaUIbl XapaKTePU3YIOTCS  CICAYIOIIMMHU
(U3HYECKUMU CBOMCTBAMH:
CBolicTBO,  IOJIOXKEHHOE Knaccudukanmonnsie rpynnst | [Tpumepst
OCHOBY KJIacCH(DUKAIMH
DIIEKTPONPOBOTHOCTh C BBICOKOH | Ag
AIEKTPOIPOBOJTHOCTHIO
C HM3KO0H | Mn
AIEKTPOIPOBOTHOCTHIO
Temmnepatypa miaBIeHUs JIECKOIUIABKUE Hg, Ga, Cs, In, Bi
TYTOTUJIAaBKHE W, Mo, V, Cr
[InorHOCTH Jlerkue Li, K, Na, Mg
Tsoxenslie Os, Ir, Pb
TBepnocTh Msrkue In, Na, K, Rb (pexyrcs
HOKOM)
Trepubie Mo. Cr (miapamarot CTeKso)

[Tpu4KHbI, MTPUBOASIIUE K PA3IUYHIO (PU3MUECKUX CBOUCTB METAJIOB:

aTOMBI METAJJIOB 00pa3yrOT pa3HbIe TUITBI KPUCTALUTMIECKUX PEIIETOK

aTOMbl METAJUIOB HMMEIOT pa3HOE YHCIO BAJIEHTHBIX S-3JIEKTpOHOB (+1 wmmm +2),
YYaCTBYIOUIMX B 00pa30BaHUN METAJUINIECKOM CBS3H.

aTOMbI (MOHBI) METAJUIOB UMEIOT PAa3HbIE PailnyChl

aTOMBl METAJJIOB TOOOYHBIX MOATPYII MOMHUMO METAUTMYEeCKOH MOTyT 0Opa3oBBIBAaTh U
KOBAJICHTHYIO CBSI3b C TIOMOII[bIO HECHIAPEHHBIX (-3JIEKTPOHOB BAaJCHTHBIX opOuTtaneil. IMeHHO
takue Metayutel W, Mo, Cr, Os — u TyromnaBkue, U TsOKEIbIe , B TBEpble. (CaMblii TBEpABIH U3
METAaJUIOB — XPOM; CaMblil TyroIjIaBKuil — BoJIb(pam.

B coBpeMeHHO# TeXHHKE OOBIYHO HMCIIOJIB3YIOT HE YUCTHIE METAJUIbI, a CIUIaBBl, KOTOpPHIE
MO3BOJISIIOT COYETaTh B OJHOM MaTepuale IMoJie3Hble CBOICTBA cpa3y HECKOJIBKMX METAUIOB U
Jpyrux BemiectB. Hampumep, mropanromuHuii — crias, conepxkammii Al, Cu, Mg, Ni, Mn. On
codeTaeT B cebe Malyro IUIOTHOCTh aTFOMHHHUS U MarHusi, KOppo3uoHHyto croiikocts Ni u Al,
TBep0oCTH MN.

Jlis XyJNOXKECTBEHHBIX LieJlee HCIOIb3YIOT MENbXMOp — CIUIaB MeAau ¢ HukeneM. [lo
BHEIITHEMY BUJIY OH ITOX0X Ha cepedpo, HO 3HAYUTEIIHHO JICHIEBIIE TOCIIETHETO.

HInpoko HCHONB3YIOTCS PA3MUYHOTO COpTa CTAIM M YYTyHbl — CIUIaBBl Kele3a C
yIJIEpOJOM U JIIp.

XuMH4YeCcKHe CBOMCTBA METAJLJIOB

AKTHUBHOCTh METaJNIOB B BOIHBIX PACTBOpAxX OINPEAEISIETCS TOJOXKECHHEM MeTaia B
AIIEKTPOXUMHUYECKOM DSy HANpsHKEHHUs METaJIoB. TeM aKkTHBHee aToMbl MeTayuia Me°, Tem
HIKe akTUBHOCTE Me"'. Bce peakuuu ¢ y4acTHEM METAUIOB SIBJISIOTCA OKHCIUTENBHO-
BOCCTaHOBUTEIIbHBIMH, TIPHYEM METAJUTBI BCET/Ia BBICTYIAIOT B KAYECTBE BOCCTAHOBUTEIEH, TaK
KaK [IPUHUMATh 3JIEKTPOHBI U MPOSIBIISATh OTPULATEIbHYIO CTEIIEHb OKUCIEHUS! OHU HE MOTYT.

OTtHoleHHe K BoJe.

1) Llenounble M IIEIOYHO3EMENbHBIE METAJUIBI B3aMMOJEHCTBYIOT C BOJOH HpPU OOBIYHBIX
ycnoBusix. OOpa3yercs MIe04Yb U BhIIEISIETCS BOJOPO/I.

2K + 2H20 = 2KOH + H21 Ca + 2H20 = Ca(OH)2 |+ H2?1
2) Maruwii 1 aqrOMUAHMIA (OYMIIEHHBIH OT OKCHIHOW TUICHKH) PEarupyroT ¢ ropsdell BOOH.

Mg + 2H20 = Mg(OH)2| + H21 2Al + 6H20 = 2AI(OH)z| + 3H27
3) Metasuibl cpeiHei akTHBHOCTH, PACTIONIOKEHHBIC B psiy Hanpsbkenuid mexay Mg u Pb (Al,

Dopma A Crpanuna 33 u3 60



MHUHHCTEpCTBO HAYKU M BBICLIEro oOpa3oBanus PO

o N Dopma
VY IbSHOBCKHI TOCYAapCTBEHHBIH YHUBEPCUTET

@ - PaGouast nporpaMma TUCIUILITHHEL

Ti, Cr, Fe, Co, Ni, Zn, Sn, Cd, Pb), 00bIuHO HE BBITECHSAIOT BOJOPO U3 BObl. Ha moBepxHOCTH

ATHX METaJIOB 00Pa3yloTCsl OKCUIHBIE IJICHKH, 00JIaJaroIIne 3aIlUTHBIM JICHCTBHEM.

[ToaTOMy OHM pearupyroT ¢ BOAOW JHUIIb B MKECTKUX YCIOBUAX (pacKaJeHHBIM MeTayll, mapbl

BOJIBI, T.€. C IEPETPETHIM BOJSTHBIM MTAPOM) ¢ 00pa30BaHUEM OKCHJIOB ¥ BBIICIICHUEM BOJOPO/A:.
3Fe + 4H, O = Fe304 + 4H,1 2Cr + 3H20 = Cr,03 + 3H21 Zn+ H2O =2Zn0 + Hz1

4) MaJloaKTHBHBIC METAIbl, CTOSIIME B 3JCKTPOXUMHUYCCKOM psIy HAMpsHKCHUH TOCIe

BOJIOPOIa, C BOJIOM HE B3aMMOJICHCTBYIOT JJaXKe MPHU BBICOKOH Temrieparype: Cu + H,O —

2. OTHOLICHHE K KHCJI0TAaM.

1) Kucnotsl, o6nazaronye ciaadbIMi OKUCIMTEIBHBIMEU CBOMCTBaMu (3a cuetr H') pearupyror ¢
MeTaJlJIaMH, CTOSIIIIUMU B AJIEKTPOXUMUYECKOM Py HaNpsOKEHU# 10 BoxopoAa (OOJIbIIMHCTBO
kuciot). Ilpu 3Tom 00pa3yroTcs cosb U BOJOPO:

a) CuibpHble KHMCIOTBI M KHUCJIOTHI CpelHEH CHJIbI pearupyroT CO BCEMU MeETalllaMH,
CTOSAILMMU JIEBEE BOJIOPOA:

Fe + 2HBr = FeBrz + Hz1; Zn + HCI = ZnCl, + Ha21; 2Al + 6HI = 2All3 + 3H21

3Mg + 2H2PO4 = M@3(PO4)21 + 3H21

XKenezo xI0poBOIOPOAHON (COMSHOM) KUCIOTON OKUCISETCS 10 JBYXBAJIEHTHOIO COCTOSIHUSL.
ITpu 5TOM Ha MOBEPXHOCTH 00pa3yeTcs 3allMTHAS TUIEHKA, TOPMO3sLas TajbHEHNIIee OKUCIICHUE.

C consHOI KHUCIOTON pearupyeT U naccUBUpyercs cBuHel. [laccuBaiys CBHHIIA BOSHUKAET
13-3a TOTO, 4TO 00pa3yromuiics B Havase peakiuu xiaopus ceuamna (1) TpyaHo pacTBopuM B BojE,
U, OCTaBasiICh Ha TOBEPXHOCTH METalIa 3allUIIAET €ro OT AOCTYIa HOBBIX MOPIUI KUCIOTHI:

Pb + 2HCI = PbCl> + Hz. B pe3ynbTare peakiius OCTaHaBIHBACTCSL.

0) Crabble KUCAOTHI — TOJBKO CO IIETOYHBIMU U IIETOYHO3EMENIbHBIMI METaJJIaMu:

Ca + H2CO3 = CaCOg3| + Hzt

B) pasz0aBieHHas cepHas KuclaoTa oO0janaeT cia0bIMU OKUCIMTEIbHBIMU CBOICTBaMH,
MO3TOMY JIUCTBYET TOJIbKO Ha METaJIbl, CTOSAIIUE B DJICKTPOXUMHUYECKOM PSIy HANpPSKEHUN
nesee Bojopoaa. [Ipu sTom obpazyercst cosb ¥ BOAOPO/.

Mg + H2SO4(pass) = MgSOs + Hz1; Fe + H2SO4(pass) = FeSO4 + H2?1

Cu+ H2804(pa36) -

2) Kucnotel, oOnagaronme  CUJIBHBIMH  OKHCIWTEIbHBIMH  CBOMCTBAMHU  a30THas
(KOHIIEHTPUPOBAaHHAs ¥ pa3bapienHas 3a cuetr N*™°), cepras (koHIeHTpHpoBaHHas 3a cuer S*),
B3aMMOJICHCTBYIOT KaK ¢ METaJJIaMH, CTOSAIIMMH B AJIEKTPOXUMUUYECKOM PATY HAMPSKEHHUH 10
BOJIOpPOJIa, TaK U C METAJUIaMM, CTOSIIMMM TOCJE€ BOJAOPOAA, OJHAKO BOAOPOJ IMpPH 3TOM HE
BoIZesieTcs. He neiicTBYIOT 9TH KHCIIOTHI TOJIbKO Ha AU, Pt, Ir, Rh, Ta.

B npoykTax peakiuu — coiib, BOJIa M KaKOH JINOO MPOTYKT BOCCTAHOBIICHUS KHCIIOTHI, HO HE
BOZIOpoA. Bua mpoaykTa BOCCTAaHOBJIEHHS KHCIOTHI OMpeNesieTcss €€ KOHIIGHTpAIlHei,
AKTUBHOCTBIO METAJNIA U TEMIIEPATYPOU.

H2SO4(konn) (OKHeMTEML — S*6)
1) IllenodHbIe U MIETOYHO3EMEITBHBIC METAILTBI BOCCTAHABIIMBAIOT KUCIOTY B OCHOBHOM J10 H2S.

4Ca + 5H2SO4(xom) = 4CaS0O4 +H2ST + 4H20
2) Mg u Zn B 3aBUCHMOCTH OT yCJIOBHI MOT'YT BoccTaHaBIHBATh H2SO4(kory) HE TOIBKO 10 SO,

HO ¥ 710 S mim H2S: Zn + 2H2SO04(xony = ZNSO4 + SO27+ 2H20

47n + SHZSO4(KOHH)= 47nS0O4 + HZST + 4H20, 3Zn + 4HZSO4(KOHH)= 3ZnS04 + Sl,+ 4H,0
3) Meraubl cpeHel aKTUBHOCTH.

AJIIOMUHMI W JKejle30 TACCHBHPYIOTCS HM3-3a 00pa30BaHUs IUIOTHBIX IUICHOK OKCHJIOB.
OJ10BO OKHCIISIETCS 10 YETHIPEXBAIEHTHOTO COCTOSIHUS C 00pa30BaHUEM CyIb()aTOB 0JI0Ba:

Sn + 4H2SO04(kory) = SN(SO4)2 + 2S0O21 + 2H20
CauHel| HE pacTBOpSiETCS B CEpPHOW KHUCIOTe Tpu €€ KoHueHTparmu Hike 80%, Tak Kak
o0pasyrorascs Mpu B3aMMOJICHCTBUH CBHHIIA C CEPHOM KucaoToi cob PbSO4 HepacTBoprima B
BOJIC M COXJIaeT Ha MOBEPXHOCTH METaiia 3allMTHYIO IUIEHKY. B Goree KOHIEHTpUPOBAHHOMN
CEepHON KHCJIOTE€ CBHMHEL OKHUCISETCS /0 JBYXBAJEHTHOI'O COCTOSIHHUA C OOpa3oBaHHEM
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pPacTBOPUMOTO THAPOCYIb(aTa CBUHIIA:
Pb + 8H2SO4(kosny = 3PB(HSO4)2 + S + 8H20

[Tpu HarpeBaHUU KOHIIEHTPUPOBAHHAS CEPHAS KHCIIOTA B3aUMOJICHCTBYET C 00pa30BaHUEM COJIH,
BOIbI U okcup cephl (1V):

AIIOMUHUEM: 2Al + 6H2SO4(comy = Al2(SO4)3 + 35021 + 6H20
PryThiO: Hg + 6H2SO4(kory) = HGSO4 + SO21 + 2H20
Menpio: Cu + 2H2SO4(konn) = CuSO4 + SO21 + 2H20

B Kumsiieil KOHIEHTPUPOBAHHOM CEPHOM KHUCIIOTE pAaCTBOPSETCS CEPEOPO:
2Ag + 2H2SO4(comn) = Ag2SO4 + SO21 + 2H20
C HSO4(xony HE pearupyrot Au, Ru, Os, Rh, Ir, Pt.

HNO3(onn) (0OxmeauTe H N*°)
1) Co miemoYHBIMHU | HIETIOYHO3EMEIBHBIME METAJUIaMU 00pa3yeT cojb (HuTpat) , Boay u N2O:
4Ba + 10HNO3kony) = 4Ba(NO3)2 + N2O7T + 5SH20
2) C apyruMy MeTaslaMH: CpPEIHEeH aKTHBHOCTH M MaJOaKTHBHBIMH OOpa3yrOTCs HUTPATHI,
Bona u NOz:
Zn + 4HNO3(xonn)= ZN(NO3)2 + 2NO21+ 2H20
Cu + 4HNOg3(oun)= CU(NO3)2 + 2NO21+ 2H20
Ag + 2HNO3(omn) = Ag(NO3)2 + NO21 + H20
3) Ha xomnoxy u npu o0br4HO# Temreparype He aeiictByer Ha Fe, Co, Ni, Cr u Al, a Taxke
Ha HEPI)KABCIOIIME CTaIM BCICACTBHUE maccuBaiuu. Ho mpu HarpeBaHuHM OOpa3yrOTCs T Ke
IPOAYKTHI, YTO U C APYTUMH METAJIAMU:
Fe + 6HNO3(ou= Fe(NO3)s + 3NO21+ 3H20
4) C HNO3(xoun He pearupyrot Au, Ru, Os, Rh, Ir, Pt.
5) KoHIileHTprpOBaHHasE a30THAs KUCJIOTA MPU CMEIIMBAHUK C KOHIICHTPUPOBAHHOW COJISHOM
KUCJIOTOM B COOTHOMICHUH 1:3 110 00BbeMy, 00pa3yeT pacTBOp, Ha3bIBACMBbIN «I1aPCKOM BOJIKOI», B
KOTOPOM PacTBOPSIFOTCS 30JI0TO, TUIATHHA U Apyrue Metayuibl HepacTBopuMbie B HNO3z n H2SOg.
HNOs + 4HCI + Au = H[AuCl4] + NO?T + 2H20
4HNOs3 + 18HCI + 3Pt = 3H2[PtCls] + 4NO1 + 8H20
B «uapckoii Bogke» He pactBopsitorest Ru, Os, Rh, Ir.

HNO3pass) (oxucauTenn N*°)
1) Co mienoyHbIMH U ILETOYHO3EMENbHBIMU MeTaJulaMi 00pa3yeT coib (HUTpart), Bogy 1 NHs3 v
NHsNO3:

4Ca + 10HNO3 (pass)= 4Ca(NO3)2 + NH4sNO3 + 3H20
2) C wMerajulaMd CpelHEH AaKTUBHOCTH, DACIIOJIOKCHHBIMH B DICKTPOXHUMHYECKOM PSIY
HanpsDKeHUH 70 BOAOpOJa, pa30aBieHHas a30THas KuciIoTa o0pa3yeT coilb, BOAY U , B
ocHoBHOM, NO (moryt oOpasoBatbcst u N20, N2, NHs (NH4OH). Yem Gonbiie pa3bdasieHa
KHCJIOTa, TEM HUXKE CTENeHb OKHMCIEHHs a30Ta B BBIJCIAIOLIEMCS T'a3000pa3HOM MPOJYKTE.
JlocraTouHo pa3zbaBieHHAs KHCI0Ta 00bI9HO BoccTaHaBmuBaeTcs 10 NHsNOs:

Fe + 4HNO3(pass) = Fe(NO3)z + NO1+ 2H.0

3Zn + 8HNO3z(pass) = 3Zn(NO3z)3 + 2NO7T+ 4H20

47Zn + 10HNO3(pass) = 4Zn(NO3z)3 + N2O1+ 5SH20

5Zn + 12HNO3(pass) = 5Zn(NO3)s + N21+ 6H20

4Zn + 10HNO3(ou. pass) = 4Zn(NO3)3 + NH4sNOs31+ 3H20

OnoBo okucnsercs 1o HuTpara onosa (Il). Tutan maccuBupyercs.
3) C ManoakTHBHBIMU METaJUIAMH, CTOSIIMMH B 3JICKTPOXMMHUYECKOM Psly HAINPSDKEHUH IMocie
BOJIOPOJIa, 00pa3yroT coib (HuTpat), Boay u NO:

3Cu + 8HNO3(pass) = 3CU(NO3)3 + 2NO1+ 4H20

3Ag + 4HNO3pas) = 3AgNO3 + NO1+ 2H20

3Hg + 8HNO3pass) = 3Hg(NO3)3 + 2NO1+ 4H20
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4) C HNO3(pass) HE pearupyrot Au, Ru, Os, Rh, Ir, Pt.

Menb. Haxomsice B psily HalpspKEHHS [OCIE BOAOPOJA, MEIb HE BBITECHSET €r0 U3 KHUCIOT.
[Tostomy comnsiHasi W pas30aBlicHHAas CEepHasl KUCIOTHI Ha Meab He AcicTBYOT. OgHako B
NPUCYTCTBUH KHCIOPOJAa BO3IyXa MeIb PACTBOPSETCS B 3THX KHCJIOTaXx C 0Opa3oBaHUEM
cootBercTBYONUX coieit: 2Cu + 4HCI + Oz = 2CuCl» + 2H,0

B ouecHb KOHIEHTPUPOBAHHOW COJSIHOW KHCIIOTE MEIb MOKET OBITh pacTBOpPEHa ¢
00pa3oBaHUEM KOMILICKCHOTO COCNHCHHUSL:

2Cu + 4HCI = 2H[CuCl;] + H2 (auxmopokympar (1) Bogopomaa

3. OTHoOlIEHHE K OCHOBAHHAM

Tonpko MeTaimel, 0Opasyroniue aMmpOoTepHbIe OKCHIIBI M THIPOKCHIIBI, B3aUMOJICHCTBYIOT
co menodamu. [lpu stom BemensiroTcst Ho u oOpasyercst conb (B pacTBOpax — KOMIUIEKCHasI, B
pacmaBax — cpennsisi). Mckmouenue coctaBisitoT Fe u Cr, KoTopble B OTIHYHE OT UX aM(OTEPHBIX
okcunoB Fe203 u Cro03 u ruapokcuao Fe(OH)z u Cr(OH)s, co 1mienovyamu He B3aUMOICHCTBYIOT.

Fe + NaOH — Cr+ NaOH —

B pactBOpax:

Zn +2NaOH + 2H,0= Naz[Zn(OH)4]+ H: 2Al+ 2NaOH + 6H20= 2Na[Al(OH)4]+ 3H>

Be + 2NaOH + 2H;0 = Naz[Be(OH)4] + H>  Pb + 2NaOH + 2H20 = Naz[Pb(OH)4] + H2

B pacniaBax:

Zn + NaOHs) = Na2Zn0O2 + H2 Be + NaOHs) = Na:BeO: + H»

Pb + KOH(m) = KoPbO2 + H» 2Al + 2NaOHm) + 2H20 = 2NaAlO; + 3H>

4. OTHOIIEHHE K OKCHAAM.
1) ITpu BbICOKO¥ Temneparype 00jiee aKTUBHbIE METAJIJIbl BHITECHSIOT (BOCCTAHABJIMBAIOT) MEHEE
aKTUBHbIE U3 UX OKCUA0B. Ha 3TOM OCHOBaH OJMH M3 CIIOCOOOB IOJyYEHHs] METaJIOB,
Ha3blBaeMblil MeTajyioTepMueil. B kauecTBe MeTanaoB-BOCCTAaHOBHUTENEH OOBIYHO HCHOJB3YIOT
ATIOMMHUM (QTFOMOTEpMUST), MarHUil (MarHUATEpMUs), PEIKO KaJbLUM, KaJuil, HATpUil U Jpyrue
METaJUIBL.

Zn+ CuO =ZnO +Cu 3Fe204 + 8Al = 4Al,03 + 9Fe
WOs + 2Al = W + Al203 4Ba0 + 2Al = BaO + Al20s3 + 3Ba
4)  MarHuiTepMHIO UCTIONB3YIOT TAKXKE JJIsl BOCCTAHOBJICHUS] HEMETAJUIOB M3 UX OKCHJIOB!
CO2+2Mg=2MgO +C SiO2 + 2Mg = 2MgO + Si

5. OTHOLIEHHE K COJISM.

1) BonbUIMHCTBO aKTHBHBIX METAJJIOB BBITECHSIOT MCHEE aKTHBHBIC U3 PACTBOPOB UX COJICH:

Fe + CuSQO4 = FeSO4 + Cu; Zn + FeSO4=ZnS0O4 + Fe

Cu + Hg(NO3)2 = Cu(NO3). + Hg Fe + AgNO3 = Fe(NOs)2 + 2Ag
2) Metannsl MOTYT BBITECHATH IpYr Jpyra M M3 paciulaBoB coiiel (peakuusi 0e3 mocTyna
BO3/1yXa — BAKYYMHO-TEPMUYECKUI CIIOCO0):

Na+ KClpacun= NaCl + K; 3K+ AlCIpacnn)=3KCI + Al; Mg + BeF2pacun= MgF2 + Be
OpHako cinenyetT HOMHUTb, YTO
a) MIPH TUTABJICHUH MHOTHE COJIH Pa3JIaratoTcst
0) DIEKTPOXMMHUYECKMH DSl HaNpsOKEHUs METauloB, CIYXKallUi JUIs  OmpejeeHus
OTHOCHTEJIEHOW aKTHBHOCTH METAJIIOB, CITPABEUINB TOJBKO JIJIsl BOJHBIX pacTBOpoB. Hampumep,
QIIOMUHUI MeHee aKTUBHBIM, YeM IIEJIOYHO3eMeNIbHbIE METaljIbl, a B pacljaBax HaoOOpOoT.
[TosTOMY aFOMHHUN MOKET BBITECHSTH MIETIOYHO3EMENTbHBIE METAJUTBI U3 PACIIIIABOB UX COJICH:

2Al + 3CaClypacunas) = 2AICI3 + 2Ca
3) U3 TBepAbpIX CyXuX, a TaKK€ HEPACTBOPHMBIX COJICH MPH OOBIYHBIX YCIOBHSIX METAILIBI JPYT
npyra He BeiTecHsot: Fe + AgCl —
4. B pactBOpax conu, 00JIaJarolIie OKHCIUTEIHHBIMI CBOHCTBAMH, BCTYMAIOT C METAJIAMU B
OKHCITUTEIbHO-BOCCTAHOBUTENbHBIC PEAKIIUH:
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2FeCls + Fe = 3FeCly; Hg(NO3)2 + Hg = Hg2(NO3)2
HgCl, + Hg = Hg2Cl» 2CrCl3 + Zn = 2CrClz + ZnCl;

6. OTHOLIeHNE K HEMeTALJIaM (CM. XUM. CBOWCTBAa HEMETAJLIIOB)

7. OTHOLIEHHUE APYT K APYrY.

Meransl Ipyr ¢ IpyroM He B3aUMOJIEHCTBYIOT, HO B PACIUIaBJIEHHOM COCTOSIHUM CMELIMBAIOTCS
Ipyr, oOpa3ys pacTBOpBI, IPH OXJIAXIEHUM KOTOPBIX IOJYyYalOTCsl TBEpHble BEILECTBA,
Ha3bIBAEMbIE CIUIABAMH.

8. Ilpn HarpeBaHNHU XMMHUYECKasi aKTUBHOCTh METAJIJIOB IOBBIILIACTCS.

Koppo3us merajios:

Koppo3uss — mnposiBieHHE BOCCTAaHOBUTEJIBHBIX CBONCTB METAJUIOB, OOYCIOBICHHOE
BIIMSIHUEM OKPYKArOLIEH CPEJIbI.

| rpymma nepuoanmdeckod cucteMbl. lllenouHble MeTaulbl MMEIOT HAMMEHBIIYIO
KOPPO3UOHHYIO CTOMKOCTB; OJIECTSAIIasi IOBEPXHOCTh CPE3a 3TUX METAUIOB Ha BO3/1yX€ OBICTPO
IOKPBIBAETCS TOJICTOM PBIXJION IJIEHKOH OKCHIOB, MEPOKCHAOB, a TAKKE MX COEAMHEHHH ¢
YIIIEKUCIIBIM Ta30M U Bos10H. [1oaTOMY 11e/104HbIe METAUIBI XPAHSTCS MO CJI0EM KEPOCHHA.

B noGouHoil moarpymnmne HaxoAATCs JOCTaTOYHO CTOWKHE K KOPPO3UU METAUIbl: Mellb,
cepedpo, 30510T0. C yBeIMYEHHEM MTOPSIKOBOIO HOMEpa KOPPO3UOHHAS! CTOMKOCTh ITOBBIIIAETCS.

Il rpynna. Mertamibsl raBHOM MOATPYIIBl BEChbMa MallOyCTOHYMBBI, M C YBEJIWYEHUEM
MOPSIKOBOTO HOMEPA YCTOMYMBOCTh K KOPPO3UU CHUKAETCA.

Bosee ycroitunBel Metawibl modouyHnoi moarpymns: Zn, Cd, Hg. Ha ux moBepxHocTH B
IOPUCYTCTBUM KHCIOpOAa OOpa3yloTcsi TOHKHE, JOBOJBHO IIPOYHBIE IIJIEHKM OKCHJIOB,
NPEJOXPaHSIOIINE X OT JAalbHENIIEro pa3pylIeHHUs.

Il rpynma. AMOMUHUN JIETKO COEIUHSIETCS C KHUCIOPOJOM, BCJIEACTBHE Yero obpasyercs
TOHKasi, oOjajaroIias BbICOKUMHU 3aIIUTHBIMU CBOWCTBAMM OKCHAHAas IuleHka. Ho oHa
paspymiaercs B pPAacTBOpax KHUCIOT M IIesnoded. AJIFOMUHUI TakKe IacCUBUPYETCS C
MOBEPXHOCTU KOHIIEHTPUPOBAHHOM a30THOM M cepHOM Kkuciaoramu. IlaccuBanust oOycioBieHa
00pa30BaHUEM Ha MOBEPXHOCTH TPYAHO PACTBOPUMBIX COEIUHEHHH.

IV rpynna. OmoBo M CBHUHEI — CTOMKHE K KOPPO3MHM METaibl, Oyiarojapsi MpPOYHBIM
OKCH/JTHBIM TJICHKaM.

V, VI, VII, VIII rpymmet. Metamisl nobounsix noarpymmn V, Cr, Co, Mo, Ru, Pd, W, Os, Ir,
Pt o06sagaloT BBICOKOH CIOCOOHOCTBIO K IACCHBALMM, a CJeNOBaTelbHO, OOJIBIION
KOpPpPO3MOHHOM cTOHKOCThI0. Hanbosee yctoiunsel k koppo3uu Metaiuisl VI rpymnmel, npuuem,
yeMm OOJIbIlle MOPSIKOBBIM HOMEp, TeM Oofbllie uX ycroiuuBocTh. 3Hauut, OS, Ir, Pt —cambie
CTOWKHE K KOPPO3UH METAJLIBI.

XKenezo — mHaubonee U3BECTHBIH M PACOPOCTPAHEHHBIM MeETall, IAaCCUBUPYETCS
KOHIICHTPUPOBAHHOM a30THOW M XOJIOJIHON KOHLIEHTPUPOBAHHONW CEPHBIMU KHUCIOTAMH.

Cnoco0blI moJry4eHnsi MeTaJVI0B:

BonbIIMHCTBO METAIOB B MPHUPOJE BCTPEUAETCS B BUIE COECAUHEHMH, TaKk KaK MeTaljbl
HaxXoJslIMecss B OKUCICHHOW (hopMme Oojiee yCTOMUMBBIE BEIECTBA, YEM METAUIbl — MPOCTHIE
BellecTBa. B caMOpoHOM COCTOSIHUM B MPHUPOJE HAXOIATCS TOJBKO METallIbl, KOTOpPbIE B
AIIEKTPOXUMHUYECKOM psy HalpsDKEHWH CToSAT B camoM KoHue: Au, Pt, pexxe Ag, nnoraga Cu u
Hg.

Baxxneiiimne mNpuUpoAHBIE COEAVWHEHMS] METAIOB, CTOSIIMX B Psy HaNpsDKEHUS 10
IMIOMUHUS — 3TO cou: rajorenup:, damnie xjaopuasl NaCl, MgClz, KCI; kap6onarsr: CaCOg,
MgCOsg; cynbdarer Na2SOs, MgSO4; autpater NaNOs; docdarer Caz(POa)./

[pupoaHbIe COENHEHUS IPYTHX METANIOB — 3TO B OCHOBHOM OKCHIBI U cyabdusl: Al2Os3,
CuO, Sn0g, Fe203, Cr203, ZnS, PbS, MoS,, CuS..

Munepansl U TOpHBIE MOPOABI, KOTOPbIE HCHOJB3YIOTCS Ui TMOJY4YEHHUS METauIoB
Ha3bIBAIOTCA pydamMu. Meraml W3 pyabl IMOJYy4arOT BOCCTAHOBIEHHMEM — 3TO 3ajaua
MeTaJITypTUH.
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Paznmuarot crnemyromnue criocoObl MOTYYSHHS] METAIIOB:
[TupomeTaimyprudeckuii (OT rped MUPOC — OTOHB)
I'uppomeraryprudeckui
DIIeKTPOMETAUTYPTUUECKHUH (IJIEKTPOIIH3)

CyIIHOCTh HUPOMETAUIYPIrHYSCKOr0  CIoco0a - BOCCTAHOBIIEHHE METAIOB U3  HMX
COCIMHCHUH MPHU BBICOKMX TeMIIepaTypax. B kauecTBe BOCCTaHOBUTENEH MCIOIB3YIOT BOJAOPOI,
aktuBHbIe MeTaiutbl (Mg, Al), yrnepon, okcup yriepoaa (11).

Metoa ucnosib3yeTcs Jis MOJyYeHUs] METAJUIOB, CTOSIIUX B PSY HANPSDKEHUS METa/IOB TI0CTIe
AJTIOMUHHSL.

['mapomeTaiyprus —MCIoJIb3yeTes IS MOJyYeHHUs] MaJIOaKTUBHBIX MeTaiuioB. Hampumep,
METO/JI M3BJICUCHHS 30JI0Ta OT ITYyCTOW MOPOBI (IIECKa) MyTeM PacTBOPEHUS 30J10Ta B IIHAHUIE
HaTpUsl WK KaJus B NMPHUCYTCTBHHM KHCIOPOJA, C MOCIEAYIOIIMM BOCCTAHOBJIEHHEM MeETalia
MyTeM BBITECHEHHUS ero 0Ooyieeé aKTHBHBIM METAJUIOM M3 COJU. TakuM CIOCOOOM MOKHO
nonxyuuts Cu, Cd, Au, Ag, Mo, V u np.

DekTpoMeTaIyprus (3JeKTposin3) — BocctaHoBiaeHHe akTuBHBIX MeTauioB (Na, K, Ca, Al
Li, Mg u ap.) ¢ MOMOIIBIO 3JIEKTPUYECKOr0 TOKA W3 PACIUIABOB COJICH, OKCHIOB WIIH
TUIPOKCHJIOB.

Yactb A. U3yyeHne CBOMCTB IIEJI0YHBIX M IIEJT0YHO3eMeIbHBIX METAJIOB U HX
COeIMHEeHUI»
eab padoThI:

1. U3yuutb XuMU4eCKHE CBONCTBA IIEIOYHBIX METAJUIOB U UX COEIMHEHUH.

N3y4uTh XMMUYECKHE CBOMCTBA LEJI0YHO3EMEIbHBIX METAJUIOB U UX CBOMCTBA.

3. O3HakoMIIeHHE C JTa0OpPaTOPHBIMH CIIOCOOAMH TOyYEHHS] THAPOKCHIOB U COJEH METaUIOB
IA u llA rpynmsl.

Conep:xanue padoThI:

1. HccrnemoBaHue XMMUYECKUX CBOMCTB HATPUSI U €r0 COCIUHEHHH (B3aUMOJCHCTBHE C BOJIOM,

TOpEHue).

[TosryueHnue ruapoOKcHIa MarHusl ¥ €ro pacCTBOPEHUE B KUCJIOTE U B COJIIX aMMOHUS.

3. Tlomyuenue kapOooHATOB, Cy/Ib()ATOB U XPOMATOB IIEIOYHO3EMETbHBIX METAIIJIOB U U3yUCHHE
UX XUMHYECKUX CBOWCTB.

IIpudops! U peakTUBBI:

1. 3amuTHBIE OYKHM, KPUCTAJUIM3ATOp, NHHIET, (UIbTpOBalbHAasg Oymara, MeTaJlIMYecKas
Jo0xeuka, paphopoBblil TUTEIb, CIUPTOBKA, MUIETKH, TPOOUPKH, TPOBOJIOKA C METEIBKOM.

2. OenondranenH, Bojga, HaTpUH (MET.), COJb MarHWs, KpaxMayu, 2 H pPacTBOp COJSTHON
KHCIIOTBI, 2 H PAcTBOP XJOpHJAa aMMOHMs, PacTBOpPHl MOAMJAA Kajus, CEPHOM KHCIIOTHI,
TUAPOKCUAA HATpUs, KapOoHaTa HATpHs, XJIOpHAa Kajblus, Xjopuaa Oapus (BO3MOMKHBI
Jr00ble pacTBOPUMBIE COJIM KanblLius U Oapus), cyibdaTta HATpUs, XpoMaTa Kaius, YKCyCHOU
KHCJIOTBI, HUTpaTa KaJusi; COJISTHAas KACI0Ta (KOHIL. ).

no

N

:‘)KCHepHMeHTaJILHaH qacThb

OnbiT 1. BzaumopeiictBue HaTpus ¢ Booii. (PaboTath moxa TATOM B 3alIMTHBIX O4YKax!)
B kpucramimzarop ¢ Booi 100aBIsOT HECKOIBKO Kamnenb GpeHondTanenHa. [lunmnerom gocrath
KyCOYEK IIEJIOYHOTO MeTajlsla M BBICYIIUTh (MIBTPOBANbHOM Oymaroil. OTnenuTh Kycodek
HaTpUs pa3MepoOM CO CIUYEYHYIO TOJIOBKY M MHHIIETOM TIE€PEHECTH B KPUCTAJLIU3ATOP.
HabmrogaroT nmpoTekaHue peakiiuy U OKpallvBaHue Bojbl. Hamucare ypaBHeHUE NMpoTEKaroen
peaxIuu.

OnbiT 2. I'openune Hatpus. (Pabotare mox Tsroii!) B merammnueckyro JOXKeuky WIH
bap@opoBbIil TUTENh MOMENIAIOT HEOOJIBIION KYCOUeK HATpHsl, IPEIBAPUTEIbHO BBICYIICHHBIN
¢mibTpoBabHON Oymaroif. JIojkeuky WM THUTeNb HAarpeBalOT CHU3Y HEOOJBIIUM IJIaMEHEM
CIUPTOBKM, 3aT€M IOJDKUTAIOT IUIAMEHEM pacIUlaBlIeHHBIH MeTaul cBepxy. HaOmomator
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ropeHue Harpus. I[IpomyKTbl OKHCIEHHS OCTaBIAIOT Ui ciaeayromero onsita. Hanucars
YpaBHEHUE PEAKLIUU FOPEHUS HATPUS.
OnbIT 3. B3anMopeiicTBMe KHCJIOPOJHBIX COeJUHEHUI HATPHsA ¢ BoAoM. [lonyueHHble B
MPEIbIIYIIEM ONbITE MPOJAYKTHI OKUCICHHUS HATPHUS PACTBOPSIIOT B HEOOJBIIOM KOJIUYECTBE
BoAbl. K mosrydeHHOMY pacTBOPY IPWIMTH PACTBOP HMOAMAA Kalausl IOJKUCICHHOIO CEpHOMU
KHCJIOTOM M HECKOJILKO Kallelb pacTBopa kpaxmaina. HabmogaroT n3aMeHeHne OKpacku pacTBopa.
Hanmcars ypaBHEHHE IPOTEKAIOIIEH PEAKIIUH.
OnbiT 4. [losryyeHHne rHAPOKCHIA MATHUSI U €r0 PacTBOPEeHHE B KHCJIOTE U B COJISIX
aMMoHusl. BHecTn B 1Be mpoOMpKHU MO 3 Karuid pacTBOpa COMM MAarHusl U B KaKIYIO U3 HHUX
n00aBUTh 1O 4 Kariu pacTBOpa €IKOro HaTpa. B oaHy u3 mpoOHpoK, MOMeIMBas CoAepKUMOe
CTEKJIIHHOW TaJ04KOd, MPUOABUTh MO KAaIUIAM 2 H. PacTBOpP COJISHOM KHUCIIOTBHI JI0 TOJHOTO
pacTBOpPEHHs] OCaJKa, IMOACUMTHIBAs KOJMYECTBO Kamenb. B Jpyroit mpoOupke TakuM ke
CII0COOOM PacTBOPUTH OCAZ0K I'MAPOKCHA MarHus B 2 H. pacTBOpE XJIOpUJa aMMOHHUA. B kakom
ciIy4ae JUIsl pacTBOpEHHUs ocajika moTpeOyercs Ooibliiee KoIW4YecTBO peakTuBa? Hamummre
YPaBHEHUS POTEKAIOIINX PEAKIUN.
OnbiT 5. Kap0oHaThl me/I04HO3eMeJbHBIX MeTa/LI0B. [lonyunTs ocaaku kapOOHATOB
KaJplus U O0apusi B3aUMOJICHCTBUEM PAcTBOPOB COOTBETCTBYIOIIMX COJIEW C PacTBOPOM COJIbI.
HcnpiTaTh OTHOIIEHHE MOJTYYEHHBIX KapOOHATOB K COJISTHOM KHCIIOTE, J0OaBIIsIs €€ OCTOPOKHO
0 KaruisAM. 3arucaTh ypaBHEHUS MPOTEKAIOIINX PEaKIIUM.
OnbiT 6. Cyiabdarsl 1eJ0YHO3eMeIbHBIX MeTaJLI0B. B 1Be mpobupku BHecTH 1o 2-3
KalUTM PacTBOPOB coJiel Kambius u Oapus. B kaxayro mpoOupky no6aButTh mo 3-4 Karm
pactBopa cyibdaTta Hatpusa. Uto Habmrogaerca? OTMETUTh PAa3IUYHYI0 CKOPOCTh 00pa3oBaHUs
ocankoB. McmeITaTh AEWCTBUE COJSHOM KHCIOTHI Ha IOJIydeHHBIE Cylb(arbl. 3ammcarh
YpaBHEHUS IPOTEKAIOIINX PEAKIUH.
OnpbiT 7. XpoMaThl 1IeJI04YHO3eMeIbHBIX MeTALIOB. B 11Be mpobupku BHecTu 1o 3-4
KaIlUIM pacTBOPOB coJiel Kanblus U Oapusi. B kaxayro mpoOupky no0GaBuTh mo 4-5 kamenb
pacTBopa xpomata Kaius. HaOnrogaroT BblnaieHne 0CaIkoB, OTMEYAIOT UX LIBET U UCHBITHIBAIOT
JEICTBUE HA HUX YKCYCHOMU M COJISTHOM KHUCJIOT. 3alliCaTh YPaBHEHUS MPOTEKAIOIINX PEAKIIUM.
Onpir 8. OxkpammBaHMe IUIAMEHM  PAaCTBOPAaMH  COJIeld  IIEJIO0YHBIX H
IIeJI0YHO3eMeJIbHbIX MeTa/I0B. IIpoBOJIOUKY ¢ METENBKOM Ha KOHIE BHECTH B
KOHIICHTPUPOBAHHYIO COJISIHYIO KHMCIJIOTY M 3aT€M NPOKAJINUTh B IJIAMEHU CIIUPTOBKH. Hucras
IIPOBOJIOKA HE JOJDKHA OKPAIIMBaTh IuiaMs. OUYHMILEHHYIO IPOBOJIOKY OIYCTHTh B PacTBOP COJIU
HaTpUs U CHOBA BHECTHU B IJIaMsl COUPTOBKU. OTMETUTH LIBET IUIAMEHU U 3alKCaTh B TETPAJlb.
OnbIT MOBTOPUTH C PacTBOpaMM cojiei Kamusi, Oapust M Kaimblus. llepen KaxabIM ONBITOM
MPOBOJIOYKY MPOMBITh KOHIEHTPUPOBAHHOMN COJITHOM KHUCJIOTOM U 3aT€EM ITPOKAIUTh.
ITopsinok padorbI:

[TosryunTs OT IpenogaBaTesis 3aJaHue.

BoinonHuTe paboTy cOryiacHO METOIMYECKUM PEKOMEHJAIUSM.

OdopMHUTH TPOTOKOIT PAOOTHI.

Bbunte oTpaboTaHHBIE PACTBOPHI, TOCYY BBIMBITH. CaTh pabouee MecTo.
Conep:xanue oT4era:

1. Tewma u uenb pabOTHI.

el NS s

2. HaGmoneHus, ypaBHEHUS peakiuil Mo Kakaoi 4acTu padoThI.
3. BBIBOJIBI 11O MPOJICTaHHOM padoTe.
KonTpoJsbHbIe BONpoCHI.
1.  OOwas xapakTepucTUKa INIaBHON NOArpymnibl | rpynmsl (11e10YHbIe METAIIIIBI).
2.  PacnpoctpaHeHue B pupoJie U MOTyYEeHHUE.
3.  Dusnyeckue U XUMHUYECKUE CBOMCTBA MIETOYHBIX METAIUIOB.
4.  TlpumeHeHUE, TOKCUKOIOTHS.
5. OOmas xapakTepHucTHKa IN1aBHOM noArpymnmnsl || rpynmsl menoyHo3eMeNbHbIE METaIbI).
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6. Pacnpocrpanenue B mpupoJie U MOTyYCHHUE.
Ouznyecknue 1 XMMHUYECKHE CBOICTBA IIEI0YHO3EMENIbHBIX METAIIIOB.
8.  IlpumeHeHue, TOKCUKOJIOTHS.
Yactp b. DnemenTsl |11 A-rpynnsl nepuoanveckoii cucTeMbl 4 MX COeIMHEHUSI.
Lean paboThI:
1. U3yuyntbh XuMUYECKHE CBONCTBA AIFOMUHHUS U €r0 COCTUHEHUI.
Coaepixanue padoThbI:
1. Usyyenue am(pOTEpHBIX CBOWCTB QJIIOMHHHS: B3aHUMOJCHCTBHE C KUCIOTAMH U BOJHBIMH
pacTBOpaMH IIECIOYEH.
2. HccnenoBanue BIMSHUS XJIOPHA-HOHOB HA KOPPO3HUIO AITFOMHHHSL.

~

IIpudopsl U peakTUBBI:

HITartus, npoOupku, AepkaTeib A1 NpoOUpPOK, BOAsSHAs OaHs,

2. Hutpata cepebpa, cynbdara meau, cynbdara aTrOMUHUSA, XJIOPUAA MEIU; CEpHasi KHCIOTa
(koHILI.), BoAaa, (eHondTanenH, 2 H. PacTBOPhHl COJISHOM, CEpHOM W a30THOM KHCIIOT,
TUAPOKCUAA HATpusl; KOHLIEHTPUPOBAHHBIE KHUCIOTHL: COJISiHAs, CEpHas M a30THas;
atfoMuHueBas Qosbra,

JKCIepUMEHTAJIbHAS YaCTh

OnbiT Ne 1. BzanmoaeicTBre aTIOMUHASA ¢ KHCJIOTAMH.

A) B3zaumooeiicmeue antomunus ¢ pazoéasieHnvimu Kuciomamu. B Tpu npoOUpKu BHECTH
no 5-8 kamenab 2 H. PacTBOPOB KHCJOT: COJISIHOHM, cepHOM, a30THOH. B kaxayro mpoOupky
OIyCTUTh MO MAaJEHBKOMY KYCOUYKY altOMUHHEBOH (ormbru. Bo Bcex nu cirydasix mpoTeKaeT
peakuus Ha xosony? Harpers npoOupku Ha BonsHoW Oane. Uto HaOmromaercs? Hamucats
ypaBHeHUs peakuuii. Kakoit ra3 BeimesieTcss Ipu B3aUMOJICHCTBUM ATIOMHHUS C pa30aBiIeHHOMN
a3oTHOM kucnotoit? C pa30aBIeHHBIMU CEPHOI U CONSHOMN?

b) B3zaumooeiicmeue aniomunua ¢ KOHYeHmpuposannvimu Kuciomamu. B tpu npobupku
BHECTH 10 5-8 Kamenb KOHIEHTPUPOBAHHBIX KUCJIOT: COJITHOM, CEpHOM, a30THOW. B kaxmyro
IpOoOUPKY OMYCTUTH MO MAJIEHbKOMY KYCOUKY alIOMMHHUEBOM (oibru. Kak nporekaror peakiuu
Ha xonony? C kakoil kucinotoi amoMuHuil He pearupyer? [louemy? Harpers mpoOupku Ha
BoJsiHOM Oane. Kak Bimsier HarpeBanue? HammcaTh ypaBHEHMsI peaklUMi, yUuUThIBas, YTO NpH
HarpeBaHUM a30THas KUCJIOTa BOCCTAHABIMBAETCS B OCHOBHOM JI0 IMOKCHJA a30Ta, a CEpHas J10
CEepHUCTOTO ra3a Ha XOJOAY M YacTUYHO CBOOOJHOHM cepbl NpH HarpeBaHuM. Biwmser i
M3MEHEHNE KOHIIEHTPAIH COJISTHOM KUCIIOThI HAa XapaKTep €€ B3aUMOAEHCTBUS C altOMUHUEM?

OneiT Ne 2. PacTBopeHHMe aJIIOMMHUSI B BOJHOM pacTBOpe miejJo4yu. Boectu B
pOOUPKY MOJOCKY aFOMUHKEBOH (onbru u 106aBuTh 3-4 Karu Boabl. Harpers npoOupky Ha
BOJIsiHOM Oane. Habmonaercs mu BoaeneHue Bojopoaa? Jlo6aBute B mpoObupKy 5-8 kamesb 2H.
pacTBopa eakoro Harpa. OTMETHTh MHTEHCHBHOE BblelieHue Bojopona. OTCyTCTBHE peakIuu
IIOMUHUS C BOJIOW OOBSICHSETCS HAJMYMEM Ha €ro MOBEPXHOCTH IJIOTHOW OKCHIHOW IJICHKH,
KOTOpasi 3aTpyJIHseT JOCTYN BOJOPOJHBIX HOHOB K IOBEPXHOCTH MeTauia. JloOaBneHHas
IeJI0Yb PACTBOPSIET OKCHAHYIO IUIEHKY C OOpa3oBaHMEM THAPOKCOAIIOMUHATA M CO37aeT
BO3MOKHOCTbh HEITOCPEJICTBEHHOIO B3aWMOJEHCTBUS aTOMHHUS ¢ Bojou. Hanucate ypaBHeHUS
peaKuuu.

OneiTr Ne 3. BuausiHue XJIOPUA-MOHA HAa KOPPO3WK0 ajqoMuHus. B aBe mpoOupku
MOMECTHUTh O KYCOUKY aJIOMHHMSA M J00aBUTh B OJHY M3 HUX 5-8 Kamenb cynbdaTa Menu, a B
JIPYTYIO - CTOJIBKO e pacTBopa xyopuna meau. OTMETUTh Pa3IMYHBIA pe3ynbTaT B 00OMX
cllydasix: B TO BpeMs KakK B MEpBOM MpOOMpKE alFOMUHHUI OcTaeTcss mouTH 0e3 M3MEHEHHs], BO
BTOPOI1 OH OBICTPO MOKpBIBae€TCA HaeToM Menu. Hanucarh ypaBHeHHE peakiuu.

ITopsinok padorbI:

1. TlomyuuTs OT mpenojaBaTess 3a1aHue.

2. BpImomHATE paboTy COTIIACHO METONYECKUM PEKOMEH/IAIHSIM.

3. OdopMuTh NPOTOKOA PabOTHI.

=
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4. BbumTh 0TpabOTaHHBIE PACTBOPHI, OCYY BEIMBITE. CaTh pabouee MecCTo.
Conep:xkanue oT4yera:

1. Tema u uenb pabOTHI.
2. HaOmonenus, ypaBHEHUS peakiyil Mo KaXKI0i 4acTu padoTHI.
3. BbIBOBI 110 TIpOJIEIaHHOM padoTe.

KoHTpoJibHbIE BONPOCHI:
1. Obmas xapakrtepuctrka riaaBHod mnoxarpymnmbl |l rpynmer. PacnpocTpanenue B mpupoe.
[Tonyuenue.
2. Amomunuii. CBolicTBa 1 coenuHenus. [Ipumenenue.

TEMA 3. OBIIIAA XAPAKTEPUCTUKA U TOKCUKOJIOT'UA D-9JIEMEHTOB
U UX COEJJUHEHUM
Yactb A. daemenTsl |b u |1 rpynnsl nepuoanyeckoii cucTeMbl U HX COeIUHEHHUS.
eab padoThI:
1. H3ydeHwue CBOMCTB MEIH U cepedpa U UX COCTUHEHUM.
2. H3yueHue cCBOMCTB IIMHKA U €TO0 COCAUHEHUU.
Coaep:xanue padoThbI:

1. HccnenoBanue B3auMOJEHCTBUS MeAU ¢ KUcIoTaMu. B3aumopelicTBie coeMHEHUI Meau ¢
KHCIIOTaMHU LIeJI0YaMH, KOHLEHTPUPOBAHHBIMU DPACTBOPAMH aMMMAKa, KOMILIEKCHBIMU
COCIMHEHUSMU.

2. BsaumopneilicTBue HUTpara cepedpa C IIeIo4aMu, KUCIOTaMH, COJISIMU TaJIOTEHBOJIOPOIHBIX
KUCJIOT, THOCYIb(ATOM HaTpPHUS.

N3yuenue cBoOiicTB Mein U cepedpa U UX COeJUHEHMIA.
IIpubopbl U peakTUBBI:

1. Xumunueckue crakaHbl, IPOOUPKHU, TUIETKH, LITATUB.

2. PactBOpnl cynbdara Mmenu, THAPOKCHIA HATpus, HOAMIAA Kaiuus, OpomMHaa Kauus,
THOCY/b(aTa HaTpHsl, KapOoHaTa HaTpus, rekcannanodeppara (11) kanus, coastHON KUCIOTHI,
CepHON KMCJIOTHI, aMMHaKa, HUTpaTa cepebpa; 2 H pacTBop XJIOpOBOIOPOJHON KHUCIOTHI,
KOHIICHTPUPOBAHHBIM BOJHBIN pacTBOP aMMHUAKA.

JKCIepUMEHTAIbHAA YaCTh

OmnpiT 1. U3yueHue cBOKMCTB MeIH U ee COeMHEeHUI.

a) B xuMunyeckom cTakaHe CIMBAIOT MPU NEpEeMEIIMBAHUM MPUOIU3UTENBHO Mo 10 mi
pactBopoB CuSO4 1 NaOH.

Ocanok nendar Ha 4 npo6upku. [lepByto mpoOUpPKyY OCTOPOKHO HArpeBaroT.
Bo BTOpYyt0 mpuimBaroT 2H. pacTBOP XJIOPOBOJOPOIHON KUCIIOTHI,
B TPEThIO — KOHLIEHTPUPOBAHHbII BOAHBIN pacTBOp amMmmuaka. Yto HaOmronaete?

0) B mpobupky HammBaroT pactBop CuSOs m mobGammsiroT pactBop momuna kamms Kil.
Habmonaror ocaxnenue nomuna memu (1) Cul, okpacky KOTOpOro MacKMpyeT BBIICIHBIIMNACS
won 2. Jlms ycraHOBIIEHMS OKpacKM ocaaka mo0aBISIOT HECKOJIBKO Karelb pacTBOpa
tuocynbgata Hatpus NaxS:03. K ocaaky Cul noGaBnsitor B M30BITKE pacTBOp THOCYJbdara
HaTpus NaxS;03. Habmroarot pactBopeHne ocajka.

B) B npoOupky HamuBaioT pactBop CuSOs m 100aBisIOT pacTBOp KapOoHaTa HaTpHs
Na,COs. HaOmromaroT o00pa3oBaHWe OCajKa, KOTOPBIH COCTOMT €3 OCHOBHBIX COJICH
NEPEMEHHOT0 COCTaBA.

r) B mpobupky mpunuBaroT pactBop CuSOs 1 1o KarisiM 100aBISIOT KOHIIEHTPUPOBAHHBIN

BO/IHBIN pacTBop ammuaka NHs. Uto Habnronaete?

1) KadecTBeHHas peakrms Ha Cu?*. K pactBopy CuSOs m06aBIsIOT HEGOIBIIOE
KosimdectBO pactBopa rekcarmanodeppara (Il) kamus Ko[Fe(CN)s]. Bwimensiercst ocamok
rekcaranodeppara (1) meau (11) Cu[Fe(CN)e] . demst ocanok Ha 4 MPOOUPKHU M HCIIBITHIBAIOT
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neiicreue Ha ocangok HCI, H2SO4, pactBopa NaOH u BogHoro pacrBopa ammuaka NHz. Urto
HaOJronaere?

OnsIT 2. U3ydeHue cBoiicTB cepedpa M ero coeANHEHUI.
a) B npobupky BHOCAT 2-3 kammu pactBopa AGNO3 u npubaBisSiOT B U30BITKE PaCTBOP
NaOH. Habmonarot o6pazosanue Ag20.
0) B aBe mpoOupku HaymBaroT 1o 3-4 karum pactBopa AGNOs 1 100aBIISIOT IO HECKOJIBKO
kanenb HCI. Habmonarot Beigenenue 6enoro ocaaka AgCl.
B oany mnpoOupky mnpuianBaioT BOAHBIM pacTBOop ammuaka NHsz, B apyryioo - pacTBop
tuocynbsgata HaTpus Na2S203. Habromarot pacTBopeHue ocaika.
B) B nBe nmpoOupku HasmmBaroT pactBop AGNOs. B oany nobassitor pactsop Kl, B apyryro
— KBr. Kaxpiit ocaiok AT Ha 2 TPOOHPKH.
JloGaBnsroT BoaHbIN pacTBop ammuaka NHs B 1 mpobupky ¢ Agl u B 1mpooupky ¢ AgBr. B
00enx JIm MpoOUPKAX MPOUCXOJUT PACTBOPCHHE OcaIKa?
B ocraBummmecs npoOupku mpuiauTh pactBop THocylb(aTta Hatpus NaxS:03. Uto
Habromaere?
KoHTposibHbIE BOIPOCHI.
OO61as xapakTepucTiKa No0oyHo! noArpynms! | rpymnsl (moarpynmna Mean).
PacnipocTpanenue B mpUpo/ie U MOIy4YeHHUE.
Ou3nyuecKre 1 XUMUYECKHE CBOWCTBA.
[Tpumenenue, Harboiee BaXKHbIE COSTUHEHHS MeIU, cepedpa U 30J10Ta.
OxapakTepu3yiiTe OTHOIIEHWE Meau, cepedpa ¥ 30J0Ta K pa30aBIeHHBIM U
KOHIIEHTPUPOBAaHHBIM pPacTBOpaM KHUCJIOT, K pacTBOpaMm Imienoueil u coneil. Hanmumure
YpPaBHEHUS COOTBETCTBYIONIUX PEAKIHH, YKaKHUTE YCIOBUS UX OCYIIECTBICHHS.
6. Kakue peakuuum mnOpoTekaT MpPH PACTBOPEHUU 30JI0Ta B «IIAPCKOW BOJKE», B
KOHIIEHTPUPOBAHHOM COISIHON KHCJIOTE, HACHIIIEHHOM XJI0POM, B CEIEHOBOW KHCTIOTE?
7. Uem oObscHAeTcs 00pa3oBaHME 3€JICHOIO HajeTa Ha MEIHbIX U3ACNUSX U IOYepHEHHE
cepeOpsSHBIX MPEAMETOB MPH JAIUTEIHHOM peObIBaHUM UX Ha Bo3ayxe? Hamuimre ypaBHeHUS
COOTBETCTBYIOIIMX PEAKIHI.

arONE

IluHk 1 ero coeTUHEHUS

IIpuGopsb! U peakTHBDI:

ITatuB, npoOUpPKH, MTUMETKHU, MUKPOILNATEb, CHUPTOBKA, JepKaTeb 1 IPOOUPOK.

2. lluaKoBas MbLUTb, 2 H PACTBOPHI CEPHOI M COJISTHOM KUCIIOTHI, 2 H pacTBOP THAPOKCHAA HATpus, | H
pacTBOp COJITHOM KHMCIIOTHI, 2 H paCTBOpP aMMHaKa, KOHIIECHTPUPOBAaHHAs CEpHasi KMCII0Ta, pacTBOP
COJIM LIMHKa (JIr00asi pacTBOpUMasi), HACHIIIEHHBIN pacTBOpP Cyiab(puaa aMMOHHUS, COJIb LIMHKA (KP.),
BOJIa, JIAKMYC.

=

JKCNepUMEHTAJIbHAS YaCTh
OmnpiT 1. PacTBOpeHNe IMHKA B KHCJI0TAX U HIEJI0YAX.

Hamure B mpoOupky 4-5 kamenb 2 H. pacTBOpa CEpHOM KHUCIOTHI, A00aBUTH 1
MUKpPOILIIATENb [IUHKOBOW MBLIM U CJIETKa NOA0TrpeTh. To ke nmponenarsb ¢ KOHUEHTPUPOBAHHON
CEpHOI KHCIIOTOM U IO 3amaxy OINpeAeiuTh BbIIEICHHE CEpPHUCTOro rasza. Takum xe obpazom
IIPOBEPUTH PACTBOPUMOCTH LIUHKA B 2 H. PacTBOPE COJITHOM KHUCIIOTHI M B 2 H. pacTBOPE €IKON
mrenouyn. Ommcath HaOmromaemoe. [louemy paszbamieHHas W KoHIeHTpupoBaHHas H2SOs mo-
pasHOMY pearupyroT ¢ LMHKOM? Kakoil aToM M B Kakoil CTENEHM OKHCIEHUS SBIIAETCS
OKHUCJIUTEJIEM B TOM U B IpYroM cirydae?

OnsIT 2. 'HApOKCH] HMHKA U €ro CBOMCTBA.

Hanute B nBe mpoOupku mo 3-4 kamim pacTBopa COJNM IUMHKA. B Kaxayro mpoOHpKy
N00aBJIATE 2 H. pPacTBOpP €AKOM WIEOYM J0 TMOSABIEHHS O€J0ro CTYIACHHUCTOIO OcajKa
TUAPOKCUAA HMHKA. McnbITaTh OTHOIIEHNE MOJyYEHHOT0 THAPOKCUAA K KUCIOTaM U LIeJI0UaM.
Kakoli BBIBOJ MOXKHO CIIENaTh O CBOMCTBAX ruapokcuaa nuHka? Hamucare ypaBHEHMs peakiuil
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B MOJICKYJISIPHOW M HOHHOHM (popMax.
Omnpit 3. Cyabdua uMHKA.

B mpoGupky mnomectuth 3-4 Kamiau pacTBOpa CONM LMHKA W J100aBUTH 2-3 Karuii
HACBIILIEHHOI'O pacTBopa cyib(uua aMMoHMA. OTMETHTh IBET OOpPa30BaBIIEroCs OCajKa M
no6aButh 1 xamns 1 H. pacTBopa coisiHOW KHcHoThl. Uto mpoucxonut? Hamucats ypaBHEHUs
peaKIui.

OnbiT 4. I'uapoan3 cojieil HMHKA.

[TomecTuTh B POOUPKY HECKOJIBKO KPUCTAJUIMKOB COJIM IIMHKA M PAcTBOPUTH UX B 1-2
Karsix Bozabl. J[00aBUTH B mpoOHMpKy 2-3 Karuid pacTBOpa JaKMyca W Ciierka MoJaorperb. Bo
BTOPYIO NMPOOUPKY HAINThH 2-3 KaIUIM pacTBOpa JlakMyca M 1-2 Kamjau BOJbl U CPAaBHUTH LIBET
COJCPKMMOTO 3TOH MPOOMPKH C OKPACKOW IOIy4eHHOro pacTBopa. Ha Kakyro peakuuio
YKa3bIBaeT IBET JIAKMyca B pacTBope coiu IuHKa? Hanucare B MOJEKYJISIPHOW M HOHHOU
¢dopmax ypaBHEHUS MPOLIECCOB, BBI3BIBAIOIINX H3MEHEHUE OKPACKH JTAKMYCa.

OneIT 5. AMMHAYHBIH KOMILIEKC IIHHKA.

B npobupky momectuTh 1 Karuio pacTBopa COM IUHKA U J0OaBUTH 2 KaIui 2 H. pacTBOpa
ammuaka. Ocallok Kakoro BemiectBa oOpaszoBaics? K mosyueHHOMY pacTBOpYy NPHIMBATh 110
KaIjIsiM U30BITOK PAacTBOpa aMMMaka 10 pacTBOpeHHUs ocaaka. Hanmucarh ypaBHEHUs peakuui,
CcuMTas, 4YTO KOOPAMHALMOHHOE YUCIO HMOHA IMHKa 4. Hanucare ypaBHEHMS JuccOLUalUU
KOMIUIEKCHOTO COE/IMHEHUS U KOMIJIEKCHOTO MOHA.

KonTposbHbIe onpochl:
1. Xumus snemeHTOB noOoyHON noarpynmnsl Il rpynmnsl nepuoanyeckoil cuctemsl (MOArpymnna
IIMHKA).
PacnipoctpanenHocTs B npupoze. OCHOBHbIE MUHEPAJIBL.
DU3NKO-XUMHUYECKHE CBOMCTBA IIPOCTHIX BellecTB. [lomyuenne npocTsix BEIECTB.
XHUMHS BOAHBIX PaCTBOPOB.
Oxcuapl ¥ THIPOKCHIIBL.
Conu. KoMmIuiekcHble coOeTMHEHUS.
ITopsinok padorbI:

[TonyuuTs OT mpenoaBaTess 3a/laHue.

BEIMoHATE paboTy COTIACHO METOINYECKUM PEKOMEHIAIHSIM.

OdopMHUTh TPOTOKOJT PAOOTHI.

Bouinth oTpaboTaHHbIE pacTBOPHL, HOCYAY BBIMBITE. CaaTh pabodee MecTo.
Conep:xanue oT4era:

1. Tema u uenb paboTHI.

HaOGnronenusi, ypaBHEHHsI peakifii Mo Kax10i yacTu paboThlI.

3. BBIBOJBI 110 MpoOJIeTaHHON padoTe.

oA wN

el AN

N

Yacrtb b. DiemenTbl 10004HOi noarpynnsl VI rpynnbl nepuoanyeckoi CHCTEMBbI.
«H3yyeHune CBOMCTB XpOMa U €ro CoeAUHEHUI»
eab padoThi:
N3yunTh XMMUYECKHE CBOMCTBA XPOMA U €r0 COEAUHEHUN.
2. OzHakomIleHHE C JTAOOPaTOPHBIMHU CIIOCOOAMH TTOYYEHHUS] OKCHIIOB, THAPOKCHIOB H COJICH
XpoMa.
Conep:xanue padoTbI:
1. Tlonmyuenue okcuaa xpoma. IlonaydeHue u uccie0BaHUE XUMHUECKUX CBOMCTB THIAPOKCHIA
xpoma (I11).
[Tony4yeHue MamopacTBOPUMBIX XpOMaTOB OapHsi, CBUHIIA U cepedpa.
3. MHccrnenoBanue OKMCIUATENBHBIX CBOMCTB XPOMATOB M JJUXPOMATOB.

=

N

IIpudops! U peakTUBbI:
1. [rarus, npoOUpKU, MTUNETKH, IepKaTelb IS MPOOUPOK, CIUPTOBKA.
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2. buxpomar ammoHus (Kp.), pacTBOpBI XpoMmMaTa W OuMXpomara Kauus, XJopuaa Oapus, HHUTpara
CBUHIIA, HUTpaTa cepeOpa, MOAMIA Kajus, ; Kpaxmal, 2 H pacTBOp THIpOKCHIA HaTpus, 2 H
PacTBOP COJISTHOM KUCIIOTHI, 2 H PaCTBOP CEPHOM KUCIIOTHI, COJIIHASI KUCIO0Ta (KOHIL. ).
JKCNepUMEHTAIbHAS YaCTh

OmnsIt 1. Ilosryyenne okcuaa xpoma.

B mpobupky momMecTuTh HEOOJBIIOE KOJMYECTBO OHMXpoMaTa aMMOHHSI U OCTOPOXKHO
HarpeTh. HaOmromaercs OypHoe pasnokeHue coiid. Kakod 1BeT MMEET TOJMyYEHHBIH OKCHJT
xpoma (I11)? Hammcars ypaBHEHWE peakIMu pa3JIOKEHUS, YYUTHIBAas, YTO OJHOBPEMEHHO
00pa3yroTcs a3oT U BOJIa.

Onpit 2. [Tosiyyenue u cBoiicrBa ruapokcuaa xpoma (111).

[Tonmyuuts B AByX npobupkax ruapokcus xpoma (I11) B3anmopelicTBieM pactBopa Xjaopuia
xpoma (I1) (3-4 kamam) ¢ 2 H. pactBopom miemoud (1-2 kamim). McmeiTaTh OTHOIIEHHE
THJIPOKCHIA XPOMa K KHCJIOTE M K U30BITKY IIEIOYH, JUIS 4ero 100aBIsATh B OJHY MPOOUPKY 11O
KarjisiM 2 H. PacTBOpP COJISHOM WJIM CEPHON KHUCIOTHI, B JAPYTyl0 — 2 H. pacTBOp WIEIOYU IO
pacTtBopeHusl ocaaka. Hammcars ypaBHEHMsI peakLUMi, Y4YHMTHIBAs, YTO IIPM B3aUMOJCUCTBUHU
THAPOKCHIA XPOMa C KUCIIOTOH U CO MENOUbI0 TToMydaeTcs KoMIekcHbii annon [Cr(OH)s]*.
OnbiT 3. XpomaThl 1 OMXPOMATHI.

a) nepexod xpomama kKanus é ouxpomam. K pactBopy xpomara kamus (3-4 xaruim)
npuOaBiIsATh MO KamisM 2 H. pacTBOpP CEpHOM KHCIOTHl. OTMETUTh OKpacKy B3SITOTO U
MOJIyYEHHOTO PacTBOPOB U yKa3aTh, KAKUMHU MOHAMHU 3TU OKpacku oOycnaBinuBatorcs. Hamucatsb
YpaBHEHUE PEAKIUH.

0) nepexoo ouxpomama kanus ¢ xpomam. K pactBopy Ouxpomara kanus (3-4 xarum)
npuOaBiIsATh IO KalljsM pacTBOp WIEJIOYM JI0 W3MEHEHUs oKpacku. HamumcaTh ypaBHeHue
peaxIuu.

Omnbit 4. IlosryyeHHe Ma10pacTBOPMMBIX XPOMATOB 0apusi, CBUHIIA U cepedpa.

B Tpu npobupku ¢ pactBopoM Xpomara Kanus (2-3 kamiM) npubaBuTh Mo 2-3 Karuu
pacTBOpPOB: B MEPBYIO — XJopuja Oapusi, BO BTOPYIO — HUTpaTa CBUHIIA, B TPEThIO — HUTpaTa
cepebpa. OTmeTuTh 11BeTa ocaakoB. Hamucath ypaBHeHUs peakuuil.

OneIT 5. OKHCIANTE/IBHBIC CBOICTBA XPOMATOB.
a) okucienue uoouoa kanua. K nogkucneHHoMy cepHou kuciotou (1 karuist) pactBopy
Ouxpomara kamusi (4-5 kamenb) nobaButh 3-4 karum pactBopa uoauaa Kamus. OTMETUTh
M3MEHEHHEe OKpacku. Jloka3aTh ¢ MOMOUIbIO pacTBOpa Kpaxmaja BblJeIeHHe CBOOOAHOrO Hoja,
JUI 4ero B MpOOUpPKY ¢ 5-6 KalusiIMM Kpaxmalla BHECTH OJHY Kallll0 MOJYYEHHOTO B OINbITE
pactBopa. Hanmcats ypaBHEHMs peakiuil.
0) okucnenue conanoit kucnomsl. K pactBopy Ouxpomara kanus (1-2 xamim) npuOaBuTh
10-12 xamenb KOHIICHTPUPOBAHHOM COJISTHOW KUCIOTHI. CMeCh HArpeTh JI0 EPexo/ia OPaHKEBOM
OKpackH B 3esieHyr0. OTMeTuTh BblAENeHue ra3a. Kakoii ra3 Beigensercs. Hanucats ypaBHEHME
peakuuu.
IHopsinok padoTsi:

[TosmyunTs OT IpenogaBaTesis 3aJaHue.

BbImonHuTE paboTy COraacHO METOJUYECKUM PEKOMEHAAIIMSIM.

OdopMHUTH TPOTOKOJT PAOOTHI.

Bbuntk oTpaboTaHHBIE PACTBOPHI, IOCYY BBIMBITH. CaTh pabouee MecTo.
Conep:xanue oT4era:

1. Tema u uenb paboOTHI.

HabGnronenusi, ypaBHEHHS pEaKIIUN MO KaXX0W 4aCTH PaOOTHI.

3. BrIBojBI O MIpOAETaHHOI paborTe.

el NS s

N

KoHTpoJsbHbIe BONIPOCHI.
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1. Xumus 37eMeHTOB MOO0YHOM moArpynns! VI rpynmnsl nepuoandeckoil cucremMsl (OArpynna
XpoMma).

2. PacnpoctpaneHHocTs B ipupojie. OCHOBHbIC MUHEPAIIBI.

3. dusuko-xumuyeckue cBoiicTBa MetayuioB. [lomyuenue xpoma, MonubaeHa U Boibdpama.

4. Xumus BOJHBIX pacTBOPOB.

5. Oxcuabl ¥ TUAPOKCUIBL.

6. Comnu. KoMIiekcHbIe COeTMHEHHUS.

7. Tloyemy mpu B3aMMOJAEWCTBUHU COJEil Oapus ¢ pacTBOpaMH XpoMaTa U JUXpoMaTa Kajus
BBINAJIAIOT OCAJKH OJMHAKOBOT0 coctaBa? Paccmorpure okuciutenbhbie cBoiictBa KoCro07
npu paznuuHbIX pH pacTBOpOB.

Yacrts B. I[lo0ouHas moarpynmna ceabMoii rpyninbl NepuoguvdecKkoii CucTeMbl.
Maprasen u ero coeiuHenus’’
eab padoThI:

1. W3yyeHue XMMHUYECKHX CBOMCTB COEIMHEHUIN MapraHiia.

2. OsHakomiieHHE ¢ Ja0OpPaTOPHBIMU CHOCOOAMH TIONYyYEHUS MajopacTBOPUMBIX —COJIEeH
mapranna (I1) 1 u3yueHne ux XMMUYECKUX CBOMCTB.

Conep:xanue padoTbl:

1. HccnemoBaHue OKMCIUTEIBHBIX CBOWCTB coJieit Mapranma (1) ¢ amoMuHueM.

2. HccnemoBanune OKUCIUTEIBHBIX CBOMCTB coequnenuii mapranma (VII).

3. Tlonyuenue ruapokcuaa mapranna (l1) u uccinenoBanue ero XMMUYECKUX CBOMCTB.

4. TlomyuyeHue xpomara Maprasiia, kKapOoHaTa Maprasia, cyJib(uaa Mapraaia 1 UccleJOBaHHue

XAMHUYECKUX CBOMCTB dTUX COEOUHEHUU.
IIpudopsbI U peakTHBBI:

1. IlIratuB, nOpoOUPKH, TNHMNETKH, CTEKISHHAS  MaJO4YKa, MHUKPOIINATellb, CHUPTOBKA,

npoOupKoiepkKaTeb,

PactBop conu mapranmna (l1), anromunneBas ¢osbra, 2 H paCTBOP THAPOKCH/IA HATPHS, 2 H PaCTBOP
CepHOW KHUCIIOTBHI, PaCTBOPBI XpoMaTa Kaius, kapOoHaTa HATpus, cyabpuaa aMMOHMs, cyibdara
mapranmna (lI), pactBop mnepmanranata kamus, cyibut Harpus (kp.), 10%-HOro pactBOp

HEePOKCHJIa BOJOPO/a, 3TUIIOBBIM CIIUPT.
JKCNepuMeHTAIbHAA YacTh
OmnbiT 1. Boccranosienue coiiu mapranua (11) amomunnem
Hanuts B mpobupky 5-8 xanens pactBopa conu Maprasua (1) u onyctuts B Hero kycouek
amomunueBo  dosneru  (5x30 mm). Yepe3 HekoTopoe BpeMms HaONOJaTh BBIACICHHUE
METaJUIMYECKOTO MapraHila Ha TIOBEPXHOCTH aTIOMHHHUA. Hammcars ypaBHEHHE peakIny.
OmnpiT 2. I'napoxcug mapranua (I1) u ero cBoiictBa

B nBe nmpoOupku BHecTH o 3-4 kamu pactBopa conu mapradua (1) u mo 2-3 xamum 2 H.
pactBopa menoun. Kako et nosyuusiierocst ocajaka rujgpokcuaa mapranua (11)? Pasmemars
0CaJZIOK CTEKIITHHOW TaJIOYKOW M OTMETUTH €ro MoOypeHHe BCIIEICTBHE OKHCICHHS MapraHiia
(1) mo Mn (V). Bo BTOpy!0 MpoOUpPKY € OCaTKOM I'HIPOKCHIA MapraHia 100aBuTh 2-3 Karum 2
H. pacTBOpa cepHoi kuciaoTel. Uto Habmonaere? Kakue cBoiicTBa XapakTepHbl Ui THAPOKCHIA
Mn (Il)? Hammcarp ypaBHEeHWs peakimid: a) moiydeHus ruapokcuaa mapranma (I1) m ero
OKHCIICHHHS KUCIIOpOJOM Bo3ayxa B mpucyrcTBuu Boabl B MNO(OH)2; 6) B3ammopeicTBus
THJIPOKCHUA MapraHiia C CEpHOM KHCIOTOM.

Omnpit 3. [losryuyeHHe HEKOTOPHIX MAJIOPACTBOPUMBIX coJieil mapranna (11)

B 1pex npobupkax moiay4duTh: a) XpoMmar MapraHua; 0) kapOoHaT MapraHia; B) cyibhus
Maprafiia B3aMMOJICWCTBHEM Xpomara Kaiusi, KapOoHaTta HaTpus W cyinbduga aMMOHHUS C
cynbdarom mapranua (I1). PactBopsr Opate no 3-4 xammu. OTMETUTH 11BeTa 0cagkoB. PacTtBop ¢
0CaJIKOM CyJb(HIa MapraHiia pa3MenaTth CTeKJISTHHONW Mamoukoi. OTMETUTh H3MEHEHHUE IIBETa
ocazaka. J[06aBUTh K KakaoMy ocaaky 2-4 karM 2 H. pacTBopa KHcIoThl. Craenarh BBIBOJ O
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PacTBOPMMOCTH IIOJIYYCHHBIX COJIEW MapraHia B KUCJIOW cpene. Hanucars ypaBHEHUs peakiui:
a) TIOJIyYeHHS XpoMmaTa, kKapOoHata u cyiab(huaa Maprasia; 0) OKHCICHHs Cyabdumaa Maprasia
KHCJIOPOJIOM BO3/1yXa B IIPUCYTCTBUH BOJIbl, YUUTHIBAs, YTO IIPU STOM IOIY4aeTCs TMIPOKCH]L
Mn (IV); B) pactBopeHus xpomara, kapbonata u cynbduaa maprauia (1) B kucmore.
OnbIT 4. OKUCIUTEIbHBIE CBOWiCTBA coequHeHuit mapranua (V11).
a) Bauanue pH cpedwt na xapakmep 60ccmanogieHus nepmanzanama.
B 3aBucuMocTH OT cpeibl — KHCIOW, HeWTpaibHOM wim menounor — mapraner; (VII)
BOCCTAHABIIMBAETCS [0 pa3lIMYHBIX CTerneHed okuciaeHus. B kucnoit cpege mon MnOg
nepexomuT B MoH Mn?* | B HeifTpanbHOM, crmabomienoynoi u crmabokucioit — B MnO; |, B
CHJILHOIIIEIIOYHO} MPH HEAOCTaTKE BOCCTAHOBHUTENSA — B HOH MNO4%".
B Tpu mpobGupku BHecTH mo 3-4 KamiM pacTBOpa INepMaHraHata kKaimus. B onHy
npoOUPKY 100aBUTH 2 KaIlIM 2 H. pacTBOpa CEPHON KUCIOTHI, B IPYT'YIO — CTOJIBKO K€ BOJIBI, B
Tpetbio — 3-4 Kamm 2 H. pacTBopa Iuenoud. Bo Bce Tpu mpoOupku mnpubaBuTh 1mo 1
MUKPOITATENI0 KPUCTAJUIMYECKOTO CynbhuTa HaTpus wWid Kanus. OTMETHTh pa3IudyHOe
M3MEHEHHE IEPBOHAYAJIbHOM OKpAacKd pacTBOpa IEpMaHraHara B KaXaoM ciydae. Yem 310
BbI3BaHO? Hamucars ypaBHEHUS pEeaKIIHiA.
0) OKucnenue nepmManazanmom Kaiusa nepoKcuod 6000pooa.
B npoGupky BHecTu 3-5 Karmens pacTBOpa IepMaHraHaTa Kauusi U 2-3 Karu 2 H. pacTBopa
cepHoil kucnotel. JlobaBute 3-4 karmm 10%-HOro pacrBopa mepokcuia Bopopozaa. Kakoil ras
BoiersieTcs? Kak m3mMeHnach crenenb OKucieHus Maprania? Hamucars ypaBHEeHHE peakivu.
6) OKucnenue nepmanazanmom Kaausa CRupma ¢ KUcaoil U wea04Holl cpeoe.
B nBe npoOupku BHeCTH 10 2-3 KaIllk pacTBOpa MepMaHranara kaiuus. B oqny npoOupky
n00aBUTh 2 Karuid 2 H. pacTBOpa CEPHOM KHCIOTHI, B APYTyI0 - CTOJBKO K€ 2 H. pacTBOpa
nienoud. B mpoOupKy ¢ MOAKHUCICHHBIM PAacTBOPOM IMEpPMaHraHaTa Kaius Mo0aBUTh 3 Karliu
ATWJIOBOr0 crnupTta. PacTBop momorperb MajleHbKMM IIJJaMEHEM CHUPTOBKU. OTMETUTh
u3MeHeHne okpacku. Kak m3MeHunach creneHb OKMCIeHHUs Mmapranna? B apyryro mpoOupky k
IEJIOYHOMY pacTBOPY IepMaHraHaTa Takke J100aBUTh 3 Karuiy 3TuiaoBoro cnupra. Habmonars
MOCTETIEHHOE BOCCTAHOBJICHHE TEpMaHTaHaTa CHayala JI0 MaHTaHata, a 3aTeM JI0 JHOKCH[A
Mmaprania. OTMETUTh TIOCIENIOBAaTEIbHOCTh HW3MEHEHHsS OKpacku pacTBopa. Hamucath
YpaBHEHHUS PEaKIuil: BOCCTAHOBIIEHHUS TIEpMaHTaHaTa Kalusi CIIUPTOM B KHCIION cpejie cHayalna
JI0 MaHTaHaTa, a 3aTeM MaHraHaTta — J0 JMOKCHJa MapraHiia, yuuTbIBas, 4TO B KaXKIOM Cilydae
CIIUPT OKHUCIISIETCS B IbJACTHIL.
Ilopsinok paGoTbI:

[TosmyuuTs OT mpenojaBaTesis 3aJaHue.

BbinonHuTh paboTy COracHO METOIMYECKUM PEKOMEHIAIUSM.

OdopmuTh MPOTOKOI pabOTHI.

Brutnth oTpaboTaHHBIE PACTBOPHI, MOCYY BBIMBITH. CaTh pabouee MecTo.
Coaepixanue oTyera:

1. Tema u uenb paboTHI.

HabGnronenusi, ypaBHEHHS pEaKIIU 1O KaX 0 4aCTH PabOTHI.

3. BrIBojbI O MIpOAETaHHOI paboTe.

NS

N

KoHTpoJibHBbIE BONIPOCHI.
1. Xumusa osneMeHTOB moOo4yHONW moarpynmsl VIl Trpynmbl  HepHOAMYECKON  CHCTEMBI
(moArpyrma Maprasiia).
Pacnpoctpanennocts B mpupoje. OCHOBHbIE MUHEPAIBI.
DU3MKO-XMMHUYECKHE CBOMCTBA MeTasuIoB. [loryueHne meTamios.
XuMUs BOJHBIX PACTBOPOB.
OKcuabl ¥ THAPOKCHIBI.
Conu. KoMIIeKkCHBIE COETMHEHUS.
Hanummure ypaBHEeHHS peakinii, B KOTOPbIX COCIMHEHUS MapraHiia mposiBISIOT

Nogakown
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8. a) okuciouTenbHBIE, O) BOCCTAHOBUTEIBHBIC CBOWCTBA, B) OKHCIUTEIBHBIE W
BOCCTAHOBUTEIIbHbIE OJHOBpEeMEHHO. Kakue coequHeHus MapraHua MOTYT MpOSIBISTH
OKHCJIUTEIIbHO-BOCCTAHOBUTENBHYIO IBOMCTBEHHOCTH?

9. Paccmorpute OKHCITUTEIIbHBIC CBOMCTBa KMnOg4 B Pa3IMYHBIX cpenax.
Urto mpencTaBisioT co0oi mpoayKThl BoccTaHOBIeHUSI KMNO4 B KUCIBIX, HEUTPAIBHBIX U
nieaouHbiX cpenax? Kak M3MeHseTcs OKpacka pacTBOPOB B IPOLIECCE BOCCTAHOBJICHMS
KMnO4?

10. OxapakTepu3yiTe B3aMMOJICHCTBHUE COJSTHOM KHCIOTBHI C OKcHaaMu Mapranma MnO,
MnO2, Mn;07. Kak u3 nupostosuta nomyauts KMnO4?

Yactp I'. Daementsl V1B rpynnbl nepuoauyeckoii cucTeMbl 3JIEMEHTOB U
ux coeaunenus. Keine3zo, k00aabT, HUKeJIb U UX COeTMHEHUSI.

Lean padoTbi:
W3ydyeHne XMMHUYECKUX CBOMCTB COEIMHEHUN XkKele3a, KoOanbTa U HUKEIS.
O3HakoMJIeHUE C TaOOPATOPHBIMU CIIOCOOAMU TOJIYYCHHSI COCIMHEHUN KeJe3a, KodainbTa U
HUKEJIS.
Coaep:xanue padoThbI:
IIpoBeneHre KauecTBEHHBIX PEaKIMii 1o ompeeneHuio nonos Fe* n Fe",
[Monyuenue ruapokcuaa sxenesa (1) u uccnenoBanmne ero XAMHUYECKUX CBOUCTB.
[Monyuenue ruapokcuaa sxenesa (1) u uccnenoBanue ero XAMUYECKUX CBOUCTB.
HccnenoBanue OKUCIUTENbHBIX CBOICTB coenuuenuit xemnesa (111).
[Monyuenue komiuiekcHoro (ocdara xemesa (I11).
[Mony4yenne ruapokcuaoB kobanpra () m Hukens (1), u3yyeHHe XMMHUYECKMX CBOWCTB
JTAHHBIX COCAMHEHUU.
7. KommuekcHbie coeIMHEHHs KOOabTa U HUKEIS, U3Y4eHUE XUMHUECKUX CBOMCTB.

™=

ok wdE

IIpuGopsI U peakTUBBI.

1. Hlrarus, npoOUpPKH, TUNETKH, CTEKITHHAS AJIOUKa, CIIUPTOBKA, JIep>KaTelb JUIsl TPOOPOK,

2. Comp Mopa, pactBopbl rekcanmanodeppara (Ill) xamums, xmopuma sxemesa  (I1),
rekcaunanodeppata (I1) xanus, HuTpara cepebpa, noanua Kanus, cyabpuTa HaTpus, colen
kobanbTa U Hukens; 0,01H. pacTBOp poaaHuga aMMOHMS (WM Kaius), BoJa, 2 H. pacTBOP
THJIPOKCUA HATpUs, 2 H. paCTBOP COJITHOW KUCIIOTHI, KOHIIEHTPUPOBAaHHAsI a30THAsI KMCIIOTA,
2 H. pacTBOpa CEpHOHN KHCIOTHI, 3%-HOTO pacTBOpa MEPOKCUAA BOJOPOAa, 2 H. pacTBopa
opTodocdopHoil kucaoThl, 25% pacTBOp aMMHaKa, pacTBOp Cyib(puia aMMOHHMS,
JKCNepuMeHTAIbHAA YacTh

OnbiT 1. XapakrepHble peakuuu Ha HoHbI Fe?* u Fe3*

a) JeiicrBue Ha cosn xesie3a (I1) rekcanmanogeppara (111) kamus

Hanute B mpobupky 5-8 kamenb pactBopa conu Mopa u a06aBuTh | Kamio pacTBopa
rekcanuanodeppara (Ill) xamus (kpacuoit kpomsiHou conmu Ks[Fe(CN)s]). Otmeruts 1BeT
oOpasoBagiierocsi ocaaka (TypHOyJeBa CHHB), yKa3aTb XWMHUYECKOE Ha3BaHUE W (POPMYIY
TONMy4eHHOTro BemlecTBa. JlaHHAs peakius sBIAeTCs XapakTepHOW Ha mon Fe?*. Hammcatsh
MOJIEKYJISIPHOE U HOHHOE YPaBHEHUS PEaKITUH.

0) JeiictBue Ha coJn keje3a (111) rekcannanodeppara (I1) kaaus

[Tomectuts B npoOupky 2-3 kamu pactBopa xjiopuaa xeneza (1) u nob6asuts 1 kammio
pactBopa rekcarmanodeppara (Il) kamus (kenroit kpossiHol comu  Ka[Fe(CN)s]). Uro
HaOmoaercsi? OtTmeTuTh I1BEeT oOpa3oBaBlIerocs ocaika (OepiauHCKas Jja3ypb), yKa3aTh
XMMHUYECKOe Ha3BaHHWE U (OpPMYIy IMOJyY€HHOTO BellecTBa. Hamucarh ypaBHEHHE peakiiH B
MOJIEKYJISIPHOM U HOHHOM opMe.

B) [lelicrBue Ha couu xkeine3a (111) ponanuaa ammoHust (MId KaJIust)

[Tomectuth B npoOupky 5-6 kamiu pactBopa xiopunaa xeneza (1) u nob6asuts 1 kammio
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0,01H. pactBOopa pojnanuga aMMOHHUs (WM Kanusi). Takoil ke ONBIT MpojenaTh ¢ PacTBOPOM
comu Mopa. IlepenecTn Kami0 HOJYYEHHOrO B MEPBOM MPOOHMpPKE pacTBOpa B JIPYryIO
npobupky u ao6aButh 8-10 kamenp Boabl. HammcaTe ypaBHEHHE peakUuH C IMOJTy4YCHHEM
Fe(SCN)s, cooOmiammero pactBopy SpKO-KpacHy0 OKpacKky. OTMETHTh, YTO OKpacka
xapaktepHa Toibko ansi comu skenesa (I11). Uem oObsicHsieTcs ocialOieHHe OKpacKu MpH
pazb6aBieHun?

Onbit 2. l'uapoxcnn xenesza (11)

B mpobupky ¢ 3-4 kamismu pacTBopa cosii Mopa nmpwinBaTh 2 H. PacTBOP IIEJIIOYH 0
BBINIQJICHUSI 3elieHoro ocaaka ruapokcuaa skenesa (Il). IlepememaTs monydeHHBINM 0cCaIo0K
CTCKJISIHHOW TMajoykod W HaOmoAarh 4vepe3 1-2 MHHYTHI MOOypeHHE oOcajKka BCIEICTBUE
okucneHus ruapokcua xenesa (1) B ruapoxcun xenesa (111) Fe(OH)s. I[IpoBepuTh ONBITHBIM
myTeM, KaKk B3aUMOJICHCTBYET CBEXeocaxkIeHHbIM ruapokcun >xenesa (I1) ¢ 2 H. pacTBOpom
COJISTHOM KHCIoThl. Kakue cBo¥cTBa MpOSIBIsSET B 3TOM peakumu ruapokcun keneza (11)?
Hanucarp ypaBHeHusi peakuuid: a) oOpasoBanus ruapokcupa kenesa (ll); 0) oxucinenus
MOJIy4YeHHOTO OCHOBaHMsl B Tusipokcu/ xkeinesa (111) mox neiictBuem kucimoposa Bo3ayxa U BOJBL.

OnpIT 3. BoccTaHOBHTE/ILHBIE CBOCTBA coenHeHuii sxesie3a (11)

a) Boccmanoenenue azomuoii Kuciomol

B nBe mpoOupku HanuTk o 1 M1 pactBopa conu Mopa. B onHy u3 Hux 100aButh 1 Karuio
KOHIICHTPUPOBAHHON a30THOW KHUCIIOTHI, MOJIOTPETh PACTBOP J0 MPEKPAICHHUS BBIICICHUS ra3a
U JaTb €My OCTBITh. 3aTeM B 00e mpobupku nodaButh mo 1 kamie 0,01 H. pacTBopa pomanuaa
amMMmoHus. B kakoil mpoOupke HaOmogaeTcs KpacHOE OKpaIlMBaHUE pacTBOpa M Moyemy?
Hanucarp ypaBHeHuE peakiuu, CUMTas, 4YTO Aa30THasg KHUCJIOTa BOCCTAHABIUBACTCS
npeumytiectBeHHO 10 NO.

0) Boccmanosnenue nepokcuoa 6000pooa

B nBe npoOupku HamuTh 110 1 M1 pactBopa comr Mopa. B oy mpobupky 106aButh 2-3
KaIlId 2 H. pacTBOpa CEpHOM KUCIOTHI U 2-3 Karuu 3%-HOT0 pacTBOpa NEPOKCUIa BOJAOPOIa.
3areM B 00e pobupku 10o0aButh 1o 1 xarute 0,01 H. pacTBopa pogaHuaa aMMoHusl. B kakoit
mpoOupKe HaOII0aeTCcsl KpacHOE OKpaltuBaHue u nmoueMy? [IpoBepuTh OMBITHBIM MTyTEM, KaK
MPOTEKAET BOCCTAHOBJICHHE MEPOKCHIa BOJopoaa conbio xkene3a (1) B menounoit cpene.
OtmeTuTh BhINIaZIeHHE ocaka ruapokcuaa xkenesa (111). Hanucats ypaBHEeHUS peakiiuii.

B) Boccmanosnenue numpama cepeopa

[Tomectuts B 1Be mpobupku 1o 1 mu pactBopa conu Mopa. B onny U3 HUX 1006aBUTH 6-7
KareJab pacTBOpa HUTpaTa cepedpa U clierka HarpeBaTh HEOOJIBIINM IJIAMEHEM TOpPEJIKH, He
JIOBOJIS )KMJIKOCTH /10 KumnieHus. Ha kakoii mporiecc ykas3pIBaeT MOSIBICHNE HAa BHYTPEHHHUX
CTEHKaX MpoOupku cepedpsiHoro 3epkana? OxiaauB npoOUpKy, 100aBUTH B HEE U B
KOHTpOJIbHYIO TTpoOupKy 1o 1 xarute 0,01 H. pacTBopa pogaHuaa aMmmMoHus. B kakoii mpoOupke
HaOJIr01aeTCs OKpaIIMBaHKUe U odemMy? 3amucarh ypaBHEHHE peaKkIlii BOCCTaHOBIICHHSI HUTpaTa
cepebpa coubio xenesa (11).

Onbit 4. F'uapoxcnn xeneza (111)

B nBe npoOupku BHeCTH 1O 5-6 Kamnens pacTBopa xjopuna xxernesa (I11) u nod6asuts no 3-4
Karmm 2 H. pacTBopa menoun. Uto Habmomaerca? B oaHy npobupky m106aBuTh paz0aBiIeHHON
KHCTIOTHI IO PACTBOPEHMsI OCalika, BO BTOPOH MPOOHMPKE MPOBEPHUTH PACTBOPHUMOCTH OCAIKa B
nienoun. Hanmcars ypaBHeHUS peakiiuii: a) B3aumoeiicTeus xyuopuaa xxenesa (111) ¢ pacrBopom
nienoun ¢ oopazoBanueM ruapokcuna xenesa (l11); 6) pactBopenus runpokcuna sxenesa (I11) B
KHCTIOTE.

OnpIT 5. OKUCAHTEIbHBIE CBOHiCTBA coequHeHuil keme3a (111)

a) OKuclienue uoouoa Kanus

B mpobupky ¢ 3-4 karusmu pactBopa FeCls no6asuth 1-2 xarmim pactBopa HOAHIA KAJIUS.
B kakoii BeT u nouemy okpaiuBaeTcs pactBop? Hanucarh ypaBHeHHE peakIiu.

0) Okucnenue cynvgpuma nampusn
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B npo6upky ¢ 3-4 xamismu pactBopa FeClz 106aBUTh HECKOIBKO KPUCTAJUIMKOB CyJIb(uTa
HaTpud. [Ipu sToM BHavane nosBisercss Oypo-KpacHOE OKpallMBaHUE BCIEACTBHE 00pa3oBaHUs
manioyctoiunBoro cynbguta xenesa (l1), koropoe mcuesaer npu HarpeBaHuu. YOeIUTbHCA B
BOCCTAHOBJICHMM Xeye3a 1o crteneHu okucienus +ll. Kakoil peaktuB crnemyer ans 3Toro
npuMeHnTh? HammcaTh ypaBHEHUS peaKUMU OKUCICHUS CYIb(HUTa HATPUS XJIOPHUIOM XKele3a
(1), yauTsIBast, YTO B peakliu MPUHUMAET YyU4aCTHE BOJA.

OnbiT 6. KommiekcHble coeaunenuss axene3a (l11). IlosyyeHue KOMIIEKCHOTO
docdara xeaesa (111).

B npo6upky ¢ 3-4 kamsimu pactBopa FeCls no6asuts 1 kammo 0,01 H. pacTBOpa ponaHuga
aMMOHHUS M 3aTeM 2 KamM 2 H. pactBopa (ochopHoit opTrokucioTsl. UTo HaOmromaeTcs?
VuuTHIBasg, uTO YCTOHYMBBIA KomruiekcHblii uoH [Fe(POa)2]* GecuBereH, O0OBACHHUTS
Ha0JI0/1TaeMOe SBJICHUE U HAIlMCaTh YpaBHEHHE COOTBETCTBYIOIICH PeaKIuu.

Onpit 7. F'uapoxcuan kodaabta (1) m mukens (11).

a) Ilonyuenue zuopoxcuoa kooanvma (11) u ezo oxucnenue.

B nBe mpoOupkum momecTuTh 1o 2-3 KaluiM pacTBOpa CONM KOOAIbTa W JOOABIATH II0
KaIlJIsiM pacTBOP €IKOM IIENOYH; CHauaa MOsBISeTCS CHHUN 0CaZOK OCHOBHOM COJIM, KOTOPBIN
3aTeM CTaHOBHTCS PO30BBIM, UTO YKa3bIBaeT Ha oOpa3zoBanue ruapokcuaa kodansra (I1). Ocanok
B O/IHOM IpPOOHpPKE THIATETHHO pa3MellaTh CTEKJISSHHON MallOUuKOW, a B APYryro NpubaBuTh 2-3
karu 3%-HOTro pacTBOpa MepoKcHaa BoAopoaa. B kakoil u3 mpoOHpoK HAOII0JaeTCsl OKHCIICHHE
ruapokcuaa kobansta? Hamucath ypaBHeHus peakiuil. CpaBHUTH MOJTYYEHHbBIE PE3YNIbTAThI C
pesynbTaToM onbita 2. Kakoii non sBisercs 6onee IHepruuHbIM BoccTaHoBuTenem: Co?* i Fe?*?

0) Honyuenue 2udpoxcuda nuxensn (11) u e2o oxucnenue.

B Tpu npoGupku noMecTuTh 10 2-3 KaIuld pacTBOpa COJIM HUKENS U J00aBISTH MO KallisaM
pacTBOp €IKOHM Menouu 10 BhIMageHus ocaaok rujapokcuna wukens (I1). Ocagok B mepBoit
npoOUpKe TIATETHHO pa3MelaTh CTEKISIHHOM MaT04YKol, BO BTOPYIO MPUOaBUTh 2-3 Karum 3%-
HOT'O pacTBOpa nepokcuaa Bojgopoaa. HaGmonaeTrcs 1 u3menenue 1sera ocajaka? I[Ipoucxoaur
nu okucieHue ruapokcuna Hukens (ll) xucimopomom Bo3myxa W mepokcuaoM Bogopoaa? B
TpeTbl0 MpoOMpKy mnpubaBuTh 1 kammo OpomHON Boabl. YUto HabGmonaercs? Hamucarts
YpaBHEHUS PEAKIIUM.

OmnbiT 8. KommiekcHble coeinHeHUs1 KOOAJILTAa U HUKEJIS.

a) Ilonyuenue KomniekcHozo pooanuda Kooanvma.

[TomecTuTh B mpoOUpKY 2 KaIuIM HACBIIIEHHOTO pacTBopa conu kobanbta (1) u nodaBuTh
5-6 Kamenb HACBHIIIEHHOTO PAacTBOpa poJaHuIa aMMOHHS; Y4eCTb, YTO NPU STOM 00paszyeTcs
pactBop kommtekcHoi comi (NH4)2[Co(SCN)4]. Kommnexcubie nousl [CO(SCN)4]? okpaiens! B
cuHMii 1BeT, a ruapatupoBaHHble HoHBI [CO(H20)s]** — B po3oBbif. OTMETHTH IIBET
MOJIy4eHHOT0 pacTBopa. Pa30aBuTh ero BoJON 10 M3MEHEHUsI OKPACKH, 100aBUTh 2 KaIlJld CMECU
cnupTa ¢ 3pupom, pazMelIaTh pacTBOP CTEKJIIHHON MajJOYKOM M BHOBb HA0JI0/1aTh U3MEHEHUE
OKpacku. 3aTeM B Ty Ke MpoOMpPKY MpHUIMBaTh JUCTWUIMPOBAHHYIO BOXy, HaOmroaas
MOCTENIEHHOEe HM3MeHeHue okpacku. Omucath HaOmiogaeMble siBaeHHs. Hamucaths ypaBHEHHS
JMCCOIMALIMU KOMIUIEKCHOM CONTM KoOalibTa U KOMIIJIEKCHOT'O HOHA.

6) Hebonpioe konmuectBo conu Hukens (ll) pactBoputs B 5 kamnsax Boabl. JJo6aBUTh 5
Kanenb 25%-Horo pactBopa ammuaka. Kak namensiercs uset pacrsopa? J[06aBuTh Kk pacTBopy 2-
3 xammu pactBopa cyiabduaa ammoHus. Uto BeImamaer B ocamok? Hamwmcate ypaBHEHHs
peakuuii: a) 00pa30BaHUS KOMIUIEKCHOTO aMMHaKaTa HUKeNsS (KOOPAUHALIMOHHOE YHCIIO HUKEIs
paBHO 6); ©) aUCCOIMAIIMM KOMIUIEKCHOTO COCOMWHEHHUST M KOMIUUIEKCHOTO HOHA; B)
B3aUMO/ICHCTBUS MOTYYEHHOTO KOMIUIEKCHOTO COEJMHEHUSI HUKENS C CYIb(UI0M aMMOHHS.

Ilopsinok paGoTbI:

1. TlomyuuTs OT mpenojaBaTess 3alaHue.
2. BpImomHATE paboTy COTIIACHO METONYECKUM PEKOMEH/IAIHSIM.
3. OdopMuThH NPOTOKOA PabOTHI.
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4. BpumTh 0TpabOTaHHBIE PACTBOPHI, OCYY BEIMBITE. CaTh pabodee MecCTo.
Conep:xkanue oT4yera:

1. Tema u uenb pabOTHI.
2. HaOmonenus, ypaBHEHUS peakiyil Mo KaXKI0i 4acTu padoTHI.
3. BbIBOBI 110 TIpOJIEIaHHOM padoTe.

KoHnTpoJibHbIE BOIPOCHI.
1. Xwumus snemeHToB mobGounor moarpymmbl VIII rpynmbel mepuoguveckoil cucTembl (MOATPYIITA
Kesesa).
PacnpocTpanennocts B mpupoje. OCHOBHbIE MUHEPAIIBI.
3. DuszuKo-xuMUYECKHE CBOWMCTBA >Keine3a, KoOambTa M Hukensd. llomyueHue metaioB. XuUMHUS
BOJIHBIX PacTBOPOB.
Oxcupl ¥ THIPOKCHIBI JKene3a, KoOaIbTa U HUKEIS.
Conu xene3a, koOanbTa U HUKed. KoMIuiekcHble COeTMHEH NS
6. Kak B3auMOJeHCTBYIOT kene30, KOOanbT U HUKENb C a30THOM, CEPHOM M COJISTHOW KUCIOTamMH?
Kaxk »Tu MeTauisl B3aMMOJIEHCTBYIOT C BOJIOM, C BOJHBIMH PacTBOpPaMU COJIeH?

N

oA~

Paznen 3. Ananurnyeckasi XumMms
TEMA 1. AHAJIN3 OB BEKTOB OKPYKAIOIIEN CPEJIBI
Onpenesnenue KapOOHATHOM KeCTKOCTH BOJAbI METOI0M AUMIMMETPUYECKOI0 THTPOBAHUM
esan padoThi:
1. Hayuutbcs onpenensaTs KapOOHATHYIO KECTKOCTb BOJbI, TUTP paboyero pacTeopa.
2. 3aKkpenuTb HaBBIKM TUTPOBAHHUS U pacueTa KOHLEHTPALUHU ONPEeIieMOro BellecTBa

JlaboparopHoe oGopyaoBaHue, MOCyaa W peakTUBbI: HUIUMHAPbHL HA 50 u 100 M,
MTUTICTKH, OFOPETKH, KOJIOBI JUISI THTPOBAHUS.
BononpoBoaHas Boga, METHIIOBBIN OPaHKEBbIN, KOHII. COJISIHAsA KMCJIOTA.

Kparkue Teopernyeckue CBeACHHUS.

MeTo KHCIOTHO-OCHOBHOTO THUTPOBAHMSI OCHOBaH Ha B3aMMOJCHCTBMM KHUCIOT C
OCHOBaHUSMU. MeTo/ MO3BOJISET ONPEAENATh B paCTBOPaX HE TOJIBKO KOHIIEHTPALMIO KUCIOT U
OCHOBAHHMH, HO TaK)K€ KOHLEHTPAILUIO COJIEH MOIBEPratoIUXCs THAPOIH3Y.

Jlns ompezeneHuss B pacTBOpPax KOHILEHTPAlMM OCHOBAaHUM WM COJeH NAloUMX IpH
TUAPOJIN3E IIEIOYHYI0 PEaKIUI0, UCHOJIb3YIOT THUTPOBAaHHBIE pPAacTBOPBl KHCIOT. OTHU
OIPE/ICIICHNUs HAa3bIBAIOT ayudumempuen (0T nat. acidum — kuciora).

Touky SKBMBAJIEHTHOCTH TNpU HEUTpalM3allUd OIPEAESIOT MO H3MEHEHUI0 OKpacKu
UHUKaTopa (METUIIOBOTO OPAHkKEBOI'0, METHIIOBOTO KPacHOTo0, (heHoI(TaIeHHa).

C nomomibl0 CTaHJAPTU3UPOBAHHOTO PACTBOPA XJIOPOBOJAOPOIAHON KUCIOTHI ONPEAEISIOT
HE TOJIBKO COJEpKaHUE LIENIOUel, HO U HEKOTOPBIX cojeil. bonblloe mpakThueckoe 3HauYeHUe
UMEET OIpeJIeIeHNue KapOOHATHOM KECTKOCTH BOJIBI.

XecTkocTh MPHUPOTHBIX BOJ M3Y4aeTcsi, YTOObI BBUICHUTH MX MPHUTOJHOCTH JUIA
CEJIbCKOTO XO03S5ICTBA (B paCTEHUEBOCTBE, ’)KUBOTHOBOJCTBE), a TAKXKE JJI TEXHUUYECKUX LIeTIeH.

M3BeCcTHO, YTO JKECTKOCTh OOYCIIOBIIEHA INPHCYTCTBUEM B BOJI€ PACTBOPUMBIX COJIEH
KaJIbIUS U MarHHUsL.

KapOonartHas kuKoCTh BOJbI 00yCIOBICHA HAINYHEM B HEHM THIPOKapOOHATOB KAIbLUS U
maraus Ca(HCOz3), u Mg(HCOz3)2). OHa MOJTHOCTBIO YCTPAHSIETCS] KUISTYCHUEM, MTPU KOTOPOM
THJIPOKapOOHATHI pa3siaratoTcs:

Ca(HCOs), = CaCOzl +CO,T + H.0
MO3TOMY KapOOHATHYIO KECTKOCTh Ha3bIBAIOT TAaKXKe YCTPAHUMOM MM BPEMEHHOM.

HekapbonaTHasi >K€CTKOCTh BBI3bIBa€TCS IMPUCYTCTBUEM B BOJE CYIb()aToB (a Takke

XJIOPU/IOB) Kanbliusl WM MarHusa. KursdeHueM oHa He YCTpaHSeTCs M MOATOMY Ha3bIBaeTCs
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noctosiHHOM. CymMma KapOOHATHON M HEKapOOHATHOM KECTKOCTH JJACT OOIIYIO )KECTKOCTH BOJIBI.

[Io MexnyHapoAHBIM CTaHAApTaM >KECTKOCTb BOJABI MPHUHATO BBIPAXKATh MOJSPHON
KOHIICHTpaIuei SKBUBaICHTOB Kabitus ¥ Maraus (f = 1/2 ) B mosib/1 11 Bozbl. [IpakTudecku mpu
3TOM YKa3bIBAIOT HOPMAIbHYIO KOHILIEHTPALIUIO pacTBopa cojiee yMHOkeHHY0 Ha 1000.
KapOoHaTHyI0 )K€CTKOCTb OINPENENAI0T TUTPOBAHUEM OIPENIEIIEHHOT0 00bheMa BOJBI PACTBOPOM
XJIOPOBOAOPOJHONW KHCIOTBI C METUJIOBBIM OpaHXeBbIM. XHMH3M TIpoIecca BBIpaXKaeTcs
YpaBHCHUSIMH:

Mg(HCO3)2 + 2HCI = MgCl> + 2CO> + 2H,0
Ca(HCO:s3)2 + 2HCI = CaCl, + 2CO2 + 2H20

JKCNePUMEHTATbHAS YACTh:

B xoHnueckyro kosly J1st TATpOBaHUS oTMepbTe nuneTrkoi 100 M1 aHanu3upyemMoin BOAbI.
[TpubaBbTe 2-3 KamiM pacTBOpa METHIIOBOTO OPAHXKEBOTO U TUTPYHTE pabOuMM pPacTBOPOM
XJIOPOBOAOPOJHONW KHUCIJIOTHI /10 MEPEX0/a JKEITOW OKpAacKU HHIMKATOpa B OJI€IHO-PO30BYIO.
[ToBTOpUTE THUTpOBaHHME 2-3 pa3a U U3 CXOMAALIUXCS OTCUYETOB BO3BMHUTE cCpelnHee. YIA00HO
BBITIOJIHSITH TUTPOBAHUE CO «CBUACTEIIEM).

Uro0Obl BeMUCIUTH KapOoHaTHYO kecTkocTh (mo 'OCTy) B MMonb Ha 1 nuTp BOJBI,
HaXOJAT MOJISIPHYIO KOHIIEHTPALMIO SKBUBAJICHTa pacTBopa cosieil u ymHoxaroT ee Ha 1000:

K = ((VHci+ Coks Hel) /VH20) - 1000, Toe
K -xapOoHaTHast ’KECTKOCTh BOJABI, MI-3KB/II;

Coke HCl -MOJIIpHAsT KOHIIEHTPAIHs SKBUBAIEHTA KUCIOTHI, MOJIb-IKB/JI;
VHcl -cpeaHuii 00beM KHCIIOTHI, ITOIC NI Ha TATPOBAHUE, MJT;
VH20 - 00bEM BOJBI, B3STHIA HA aHAIH3.

(Obpasey ons pacuema: JJonycmum na mumposanue 100 mn 6006l nowtnoe cpeonem 12,25

mn 0,01016 n pacmeopa kucromwl. Toeoa XK = ((12,25 - 0,1016) /100) - 1000 = 12,45)

KoHnTpoJsbHbBIE BONIPOCHI:
ALUIUMETPUYECKOE TUTPOBAHUE, CYIIIHOCTh METO/A.
NHauKaTOphl KUCIOTHO-OCHOBHOTO TUTPOBAHUS.
Kpusbie TutpoBanus. Beibop nnaukaropa.
[Topsinox TUTpOBaHMS

NS

8 TEMATHUKA KYPCOBBIX, KOHTPOJIbHBIX PABOT, PE®@EPATOB

JlanHbli BuA padboThl He npeaycMoTpeH Y11

9 MNEPEYEHDb BOIIPOCOB K 9 K3AMEHY
OCHOBHBIE KJIAaCChl HEOpPraHWMYEeCKuX coeAuHeHuH. Okcuabl W ocHoBaHUsA. [IpuHUHIBI
KJaccu(puKauu, XUMHYECKHE CBOWCTBA W CIIOCOOBI MOJydeHHs. B3auMOCBS3b CTPYKTYpHI
OKCHJIOB OT BJICHTHOCTH 3JIEMEHTOB U UX PACIOJIO0KEHHE B IEPUOJUUYECKOI CUCTEME.
OCHOBHBIE 3aKOHBI U TOHSATHS XUMHH (3aKOH COXPAaHEHUSI MacChl U SHEPTHH, 3aKOH IMOCTOSHCTBA
COCTaBa M KPaTHBIX OTHOILIEHUW, 3aKOH SKBHUBAJIEHTOB). MoJib — KOJNMYECTBA BEUIECTBA. 3aKOH
ABOTaJIpo U €ro CIEeICTBUSI.
Kucnoter u conu. [lpunnumne! knaccudukanui. XUMHUECKUE CBOWCTBA U CIIOCOOBI MOTYYCHHUS
coJIeit.
ATtomHO-MonekynsapHoe ydeHue. Teopust Pesepdopma, e€ Q0OCTOMHCTBA ¥ HEJOCTATKH.
KBanroBas Teopust aroma H. bopa, 0OCHOBHBIE MOJIOKEHHUS], JOCTOMHCTBA U HEIOCTATKH.
[TpuHIMITBI 3aTIOTHEHMS] ATOMHBIX OpOUTATCH.
Ilepnonnueckuil 3akoH M nepuoanyeckas cucrema sneMeHtoB [[.M. MenaeneeBa. Mcropusa u
dTambl CO3MaHUs.
[TapameTpsl aToMa ¥ MEPUOTUIHOCTD UX U3MEHEHHS B TIPE/IeNiaX CUCTEMBI SJIEMEHTOB.
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3aKOH COXPAaHEHUs MacChl W DBHEPIUM, €ro 3HAYEHUE B XHMHUYECKUX pacueTax. 3aKOH
IIOCTOSIHCTBA COCTABA U KPaTHBIX OTHOLIEHUH.

3akoH ABOTaJipo U €ro ciIeACTBUs. 3aKOH SKBUBAJIECHTOB.

XuMHUYECKasi CBsA3b M CTPOCHUE MOJEKyd. MeToj BaJICHTHBIX CBSI3€M, €ro JOCTOMHCTBA U
HEJ0CTaTKH.

Meton MonekynsapHbIx opoutaneil. Ero qocToMHcTBa M HEIOCTATKH.

KoBanenTnas cBsi3b. MexaHU3Mbl 00pa30BaHUs XUMUYECKOM CBS3H.

['uOpunuzanus atoMubix opoutaneit. Tumnbl rubpuauzanuu. [IpocTpaHCTBEHHOE PaCONOKEHNE
THOPUIHBIX AaTOMHBIX OPOUTANICH.

HonHas cB3b.

Merannudeckas CBA3b.

MexmodekyisipHoe Bzaumoaeictaue. [Ipupona Ban-nep-BaanbcoBbix cuil.

IlepBbiii  3akoH TepmMoauHamuku Ilonstue oHranenuda. IlpuHnmnel  pacuera  3TOrO
TEPMOJIMHAMUYECKOTO NTapaMeTpa MPUMEHUTEIbHO K XUMUYECKUM CUCTEMAM.

Bropoii 3akoH TepmoauHamuku. Ilonarme osHTpomwms. IlpuHmmner  pacdera  3TOrO
TEPMOJIMHAMUYECKOT0 TapaMeTpa MPUMEHUTEIbHO K XUMUYECKUM CUCTEMAM.

CBoOomnast sHepruss ['unbOOca, Kak KpUTEpUH OICHKA BO3MOXKHOCTH CaMOIPOU3BOJIBHOTO
MPOTEKAHUSA XUMUYECKUX ITPOLIECCOB.

3aKoH JEHCTBYIOIUMX Macc. 3aBUCUMOCTb CKOPOCTH XMMHUYECKON peaklMy OT KOHLUEHTPALUU U
MPUPOJbI pEArupYIOLINUX BEUIECTB.

Oueprus aktuBanuu. [ToHsTHEe akTHBHPOBAaHHBIN KOMIUTEKC. 3akoH Bant-I'odda. Karamms.
Xumnueckoe paBHoBecue. IIpunuun Jle-Illatenbe. KoHcTaHTa paBHOBeCHst Kak KpUTEpUid
OLICHKH OJJHOCTOPOHHETO MPOTEKaHHUsI XUMUYECKOTO ITpoLiecca.

OO6mas Teopusi pacTBOpoB U pactBoputeneid. CrocoObl BEIpaKEHUSI KOHIICHTPAIUU PACTBOPOB.
[TonsiTue pacTBOPUMOCTb. PacTBOpHUMOCTh Ta30B B JKHUIAKOCTAX, 3akoH ['eHpu. Bsaumuas
pPacTBOPUMOCTB KHUJIKOCTEH, TIOHATHE KOHCTAHTBI PACTIPEACICHUS.

Huddysus u ocmoc. 3akon Baut-I'odda.

TemnepaTypsl KAIIEHUs W 3aMEp3aHUsl pacTBOPOB U pacTBoputeneu. IlepBbiil 1 BTOpOH 3aKOH
Payns.

OcCHOBHBIE TNPHUHLUIBI KJIAacCUPUKAIMKU  pacTBOpuTeNedl  (MONSApHOCTb, HOHU3UPYIOIIAs
CIOCOOHOCTh, KUCIIOTHOCTH U T.J1.).

Teopus 21EKTPOTUTHYECKON TUCCOLMALINN.

KucnoTsl 1 0CHOBaHUS C TOUKH 3pEHUS] TEOPUHU IIIEKTPOJIUTHUECKON IrccolManuu AppeHuyca,
teopun bpencrena u Jloypu, snekrpoHHon reopuu JIsrouca.

CuiibHBIE U ci1a0bIe 2JIEKTPOIUTHL. JIluHaMHUYecKoe paBHOBECUE B PACTBOPAX.

Kaxymascs u a¢pdextuBHas koHueHTpanus. [lonsTHe akTHBHOCTH.

HNoHHbIE peakuu B pacTBOpAX.

ITpon3BeneHne pacTBOPUMOCTH.

HonHoe npousBeieHNEe BOIbl, BOJIOPOAHBIN TOKAa3aTeNb.

I'upponus comnent.

bydepnoe neiictBue. bydepHbie pacTBOpHI.

KommnekcHble coennnenus. Obmias xapakrepuctuka. [ToHaTHE KOOpAMHAIIMOHHAS CBSI3b.
Teopust KOMIUIEKCHBIX coequHeHn A. BepHepa.

ITpocTpaHCTBEHHOE CTPOEHNE U U30MEPUS KOMIUIEKCHBIX COEIMHEHU.

Metoa BaneHTHEBIX CBsA3E€H B OMMCAHUN KOMIUIEKCHEIX COEIMHEHUI.
OKHCIUTENBHO-BOCCTAHOBUTENBHBIE TIpolecchl. CTENEHb OKUCIEHHMS W CTPOECHHE aroMma
AJIEMEHTA.

Knaccugukaius OKUCIUTENbHO-BOCCTAHOBUTEIBHBIX PEAKIINH.

CnocoObl  paccTaHOBKH KOA(D(PHUITMEHTOB B OKHCIHTEIBHO-BOCCTAHOBUTEIBHBIX PEAKIIHIX.
MeToapl 3JeKTPOHHOTO OajlaHCa U MOHHO-3JIEKTPOHHBIH.
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ONEeKTPOAHBIA NOTEHLUAN U PSI/i HAIIPSDKEHUS. METAJIJIOB.

CraHJapTHBIN U peabHbIN AIEKTPOAHBIN ToTeHIMal. Y paBHeHue HepHcra.

@®akTOphl BIUAIOLIME HA IPOTEKAHUE OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLIUN.
XUMHUYECKUE UCTOYHHUKH TOKA. ['albBaHUYECKHUE 3JIEMEHTHI.

ITpoueccel, TpoucXoAsIIne IPU 3apsAIKe U pa3psaIKe CBUHLIOBOTO aKKyMYJISITOPA.
DNEKTPOoIN3. 3aKOHbI DJIEKTPOJIN3A.

OO6mme cBoiicTBa MeTaiioB. Mertaimnudeckast cBsizb. Koppo3ust MeTayioB U criocodbl 60psObI ¢
HEH.

Bonopoa. Mecto B mepuoAMYECKON CUCTEME XUMUYECKUX 3JIEMEHTOB. XUMUYECKUE CBOMCTBA.
[Tonyuenue.

CoennHeHnus BOAOPOJA: BOJA U MIEPOKCU BOJAOPOA.

["asorenst. O61Iast XapakTeprucTuka. XUMUYECKHe cBoicTBa. [TomydyeHue.

CoenuHeHus rajioreHoB: rajlor€HOBOOPO/Ibl; KUCIOPOAOCOIEP KAINE COETUHEHHS TaJIOT€HOB.
[Toarpynna xuciopoga. OOmas xapakTepucTuka. DPU3NYECKUE U XUMHYECKHE CBOWCTBA.
ITonmy4enue.

O3oH. dusnueckue u xuMudeckue cporctsa. [lomyuenue.

Cepa. ®usnueckue cBoiicta. Amtorponus. [lonyuenue.

Cepa. Haxoxnenue B npupoze. XuMudeckue cpoiictsa. [Ipumenenue.

CepoBogopoa. [lonyuenue. duznueckue u xumudeckue cBorcTra. CynbQuabl.

Oxkcunsl cepol. usnueckue u xumMuueckue cBoictpa. [lomyuenue.

Cepnas xucnora. [lonydyenue u cBoiicTaa.

[Toarpynmna azora. O0mas xapakrepuctuka. A30T. Ou3nueckue U XUMUYECKUE CBOMCTBA.
Ammuak. Conu aMMOHHUSL.

HeconeoOpa3yromire oKCuabl a30Ta.

A3OTUCTBIN U a30THBIN aHTUIAPUBL. A30TUCTAsI KUCIIOTA.

AsorHas kucnora. [Toxyuenue. CBolicTBa. PaznoskeHue HUTPATOB.

®dochop. Amorponus. [Tonyuenne. XuMuueckue CBOMCTRA.

Coenunenus pochopa: pochun, okcua hochopa (I11), okcun pocdopa (V).

®dochopHbIE KUCTOTHI.

[Toarpynna yraepona. O61mast XxapakTepucTuKa. AJIOTPONHSL.

XHUMHUYECKUE CBOMCTBA yIIIepoia. YTOJIbHAsA KUCJIOTA U €€ COJIH.

Okcuabl yraepoja.

Kpewmuuii. Pactipoctpanenue B npupoae. Annorponus. [Tonyuenue. CoiicTsa.
CoenvHEeHNs KpEMHUS: CHIIaH, OKCHUJI KpEMHUS, KDEMHUEBBIE KUCIIOTHI.

I'epmanmii, 010BO, CBUHEI.

Amomunuii. [Tonydyenne. CBolicTBa.

CoenvHeHUs aTIOMUHUS: OKCHUJT, TUIPOKCU, TUAPUL.

[lenounsie metamiel. O6mas xapakrepuctuka. [lomyuenue. CoiicTsa.

CoennHeHUs HIeTIOYHBIX METAIIJIOB.

[lenouno — 3emenbHbIe MeTaiIbl. O0Imas xapakrepuctuka. [lonydenue. CBoiicTaa.
CoennHeHus HIeI0YHO — 3eMEeJIbHBIX METAJUIOB.

[Moarpynna meau. Obmas xapakrepuctuka. [lomyuenne. CBoiicTsa.

CoeanHeHUs OIHO- U IBYXBaJICHTHON ME/H.

Cepebpo u ero coeruHeHMsl. 30J10TO ¥ €0 COSAMHEHUS.

[Toarpynma nuaka. Ob6mas xapakrepuctuka. [luak. [lomydenue, cBoicTBa, COETMHEHHS ITUHKA.
Kagmuii.

Pryth. CoeguHeHNs OTHO- U IByXBAJICHTHOM PTYTH.

[Toarpymnna xpoma. O6mias xapakrepuctuka. [lonydenue u cBoiicTBa xpoma.
CoenuHeHus JBYX- U TPEXBAJIEHTHOTO XpOMa.

CoennHeHns YeThIpex- U ECTUBAIEHTHOTO XpOMa.
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89. Iloarpynmna mapranma. OOmme cBoiicTBa 31meMeHTOB. llomydeHue MeTaioB. XWMHYECKHE
CBOICTBA.

90. CoennHeHHs IBYX- U TPEXBAJICHTHOTO MapraHia.

91. Coenuuenus Maprasiia, TEXHEIUs U PEHUS ¢ BaJeHTHOCTHIO IV,

92. Coenuuenus cemuBasieHTHOro0 Mapranna. Coim MapraHiia.

93. Bocbmast rTpymma mobOounas moxarpymma. OOmas xapakrtepuctuka. l[loarpymma kenesa.
[TomryueHnne 1 XUMUYECKUE CBOMCTBA, AJUTOTPOITHUS Kele3a.

94. CoenuHenus: ABYXBAJCHTHOIO XKeje3a.

95. CoennHeHHs TPEXBAIEHTHOTO JKeJe3a.

96. [NoHATHE OMOTEHHOCTH XMMUYECKHUX 3JIEMEHTOB. bruocdepa, KpyroBopotr OMOT€HHBIX 3JIEMEHTOB.
Kon1nieHTprpoBanne OMOTCHHBIX 3JIEMEHTOB KHUBBIMUA CUCTECMAMH.

97. Knaccudukanust OHOreHHBIX DJIEMEHTOB 1O UX (YHKIIMOHAIHHON POJIA: OPTraHOTCHBI, SJIEMEHTHI
AJIEKTPOJIUTHOTO (POHA, MHKPOIIIEMEHTHI.

98. [IpumMecHbIe JIEMEHTHI (AKKyMYJIUPYIOIIHECs T HeaKKyMyupyomuecs). OCHOBHbIC HCTOUHUKH
MOCTYTUICHUSI TPUMECHBIX JICMEHTOB B OPTaHHU3M UYEJIOBEKA.

99. XuMHUECKUE aCIICKThl OXPaHbI OKPYKAIOIICH CPeIbl.

100. Kommiekcel  KaTHOHOB — S-MeTayyioB  (MOHOGOPBI,  KpayH-3(pHUPBI, KPUITAHIBI.
Xopodu.

101. buonornueckas posib HaTpUs, KaJIKs, KAJIbLMUSA, MarHusl.

102. XHWMHYECKOE CXOJICTBO M OHOJIOTHYECKUH aHTaroHW3M (HATpH-Kaaud, MarHui-
KaJIbITUI).

103. Haubonee Bakuble OHOreHHbIe deMeHThl d-0110Ka: XpoM, Meab, MOauOaeH. CUCTEMBI
MeTaJlI-0€e10K (METaJIONPOTEUHBI U O€JIKH, aKTUBUPYEMbIE METAJIIAMH).

104. Heopranunueckue MuHepaabHbIie y10OpEHUS.

105. A3OTHBIE y10OpEHUs: HUTpATHbIE (HaTpUEBas U KajlbIHEeBasi CEIUTPHI); aAMMOHUMHbBIE U

aMMuaudHble ynoOpeHus (cyiabhaT aMMOHHS, aMMOHUHHO-HUTpATHBIE yIOOpEHUs, aMMHauHas
CEeUTpa); MOUYCBHHA.

106. ®docdopuble ynodbpenus: cynepdocdat, ABoiHON cynepdocdar, npernunurar.

107. Muxkpoynobpenus. MukpoanemeHnTol. bopabie ynodpenus. Mennsie ynoOpeHus.

108. KommnekcHble ynoOpenus: ammodocsl, HUTPO(GOChl 1 HUTPO(POCKH, HUTPOAMMO]OCHI
u HUTpoammodocku, kapdoammodocsl, nonudochaTsl aAMMOHHS.

109. Buabel 1 MeTOABI XUMHUYECKOT'O aHAIN3a.

110. PacueTs! B XUMHUYECKOM aHaIIN3eE.

111. Turpumerpuueckne METObI aHAIN3A.

112. I'paBuMeTpHuuecKuii aHAIN3.

113. AnHanu3 00BEKTOB OKpYXKaroIel Cpe/ibl.
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10. CAMOCTOSATEJBHASA PABOTA OBYYAIOLIIUXCSA

Cozepixanue, TpeOOBaHHs, YCIOBHS H IOPSIOK OPraHU3alUH CAMOCTOSTEIILHOH paboThI
o0yuaronuxcs ¢ ydeToM (GopMbl 00ydeHHUs onperensercs B cooTBeTcTBHU ¢ «[lomoxennem o6
OpraHu3aluf CaMOCTOSTEIbHON pabOThl OOYYArOLIMXCS», YTBEPXKICHHBIM YUYEHBIM COBETOM
Yal'V (mpotokoin Ne 8/268 ot 26.03.19 1.).

dopma 00yueHus: OUHas.

HasBanue pa3esioB 1 TeM Bun camocTosiTeIbHOM paGoThI Oo0beMm B ®opma
yacax KOHTPOJIsA
Paznen 1. IMpopaboTka y4eOHOro MaTepuana cC 14 BKJIIOYCHIUE
1. Ilenu u 3a7a4y XMMUHM. | UCTIONB30BAHNEM — PECYpCOB  yueOHO- BOMPOCOB  Ha
CTpoeHue aToma METOANYECKOTO W HH(DOPMAIMOHHOTO KOJIJIOKBUYME U
Tlepuosyeckuii 3aK0H obecrieYeHns TUCIIUTUTHHBL. KOHTPOJIbHOM
[ToaroTroBka K YCTHOMY ONpOCYy W abote Ha
MepUoANYECKas CHCTEMa A . y y pocy p ’
JLU. Meniencesa B cBeTe KOHTPOJIBHOM paboTe. IK3aMeHe
o a IToaroroBka K ciade 3K3aMeHa.
TEOpPUU CTPOEHUSI aTOMA.
Xumudeckas CBsI3b U
CTPOEHUE MOJIEKYIL.
2.0cHoBel  xumuueckol | [IpopaboTka ydeOHOro Mmarepuayia ¢ 12 BKITIOUYCHUE
HCITOJIB30BaHUEM eCypCoB qeOHO-
TEPMOAUHAMUKH. pecyp y BOIIPOCOB Ha
XUMHUECKas KHHETHKA u | METOAMYECKOro M MH(POPMALMOHHOIO
6 KOJJIOKBUYME U
paBHOBeCI/Ie 00CCIICUCHHUS NTUCHUITJINHBI.
IToaroroBka K YCTHOMY ONPOCY | KOHTPOJIbHOM
KOHTPOJIBHOH paboTe. pabote, Ha
[ToaroroBka Kk caave 3K3aMeHa. SK3aMEHE
3.Teopuss pactBopoB u | IIpopabotka ydeOHOro marepuana ¢ 14 BKJIIOUCHUE
PacTBOPHUTEIIEN. MCIIOIB30BAHAEM ~ PECYpCoB  y4eOHo- BOIIPOCOB  Ha
KoJLTHraTHBHBIC CBOiicTBa | METOIMYECKOr0 M MH(OPMALMOHHOTO KOJUIOKBHUYME H
. KOHTPOJIBLHOM
ACTBODOB PacTBODEI OHGGCHC‘IGHI/ISI JOUCLUIIIMHEL. P
T'OTOBK K THOM 11 u
DJIEKTPOJIUTOB. OAroToBKa 5 yCTHOMY ofpocy pabore, Ha
. KOHTPOJIBHOM padoTe.
Bonoponsslii mokasarens. p P IK3aMeHe
. | IlogroroBka K caaye SK3aMeHa.
I'upponns coJIei.
Bydepnbie pacTBOpbI
4.QKUCIIUTEILHO- [IpopaGoTka yueOHOrO Marepuaga ¢ 12 BKITIOUECHHE
BOCCTaHOBHUTEIILHEIE HMCIIOJIb30BAHAEM  PECYpCoB  y4eOHO- BOIIPOCOB  Ha
nporiecchl. CTaHmapTHBIT | METOMMYECKOro M MH(OPMALMOHHOTO KOJUIOKBUYME H
¥ pEATbHBII DJIEKTPOIHBIN OHGGCHC‘IGHI/ISI AUCIIMILTHEL KOHTPOJIBHO#
OJITOTOBKA K YCTHOMY ONPOCYy W
[IOTEHIHAI. O6mmume ‘o }?Tpoanoﬁ pa60¥e Y pocy pabore, Ha
CBOMCTBA METAJIJIOB. ) JK3aMEHe
IToarotoBka K cavue 9K3aMeHa.
5.Teopus komruiekcHbIX | [IpopaGotka y4eOHOro Mmarepuana ¢ 14 BKJIFOUEHHUE
COCHHHCHHﬁ. HUCIIOJIB30BaAHUEM peCypCcoB yqe6Ho- BOIIPOCOB Ha
METOANYECKOTO W WH(DOPMAIIMOHHOTO KOJUIOKBHYME 1
I(ZIGCCHCT-ICHI/ISI JTUCLUATIIMHEL. KOHTPOJIBHOI
OJITOTOBKA K YCTHOMY OIPOCY.
A y y onpocy pabore, Ha
IToaroroBka Kk caaue sK3aMeHa.
JK3aMeHE
Paznen 2. IIpopaGoTka ydeOHOro Marepuaia ¢ 12 BKJTIOUCHHE
1. Xumus HEMeTaJJIoB: | HCIONB30BaHHEM — PECypcoB  y4eOHO- BOIIPOCOB  Ha
anemeHToB VIIA, VIA, | MCTOMMICCKOTO 1 MH(OPMAITHOHHOTO KOJJIOKBUYME U
VA IVA (yrnep 0 )1) OH6CCI'I€‘{6HI/I$[ JUCHUITIINHBI. KOHTp OJNBHOI
. | [TomroToBKa K YCTHOMY ONPOCY W
rpynnsl  [lepuoanueckou A . Y y pocy pabore, Ha
KOHTPOJIBHOM padoTe.
CHUCTEMBI u 170:9 JK3aMeHE

Dopma A

Crpanuna 55 u3 60




MHUHHCTEpCTBO HAYKU M BBICLIEro oOpa3oBanus PO Dopma
VY IbSHOBCKHI TOCYAapCTBEHHBIH YHUBEPCUTET P
@ - PaGouast nporpaMma TUCIUILITHHEL
COEIMHEHUS. [ToaroToBka k caade dK3aMeHa.
2 Xumust MetayioB: | u | [Ipopabotka ydeOHOro wmarepuana c 12 BKJIIOUCHUE
1A, 1IlIA, IVA (onoBo u | HCIIOIB30BAHHEM — PECYPCOB  yd4eOHO- BOMPOCOB  Ha
CBHHEL) rpynmpl | METOIUYECKOro MHGOPMAITHOHHOTO KOJUIOKBHYME H
[TepuoaNYECKON CHCTEMEI obecrieueH s CIHUIIIHHBL KOHTPOJIBHOM
. [lonroToBKa K yCTHOMY OIpOCYy W
U UX COCIUHECHUMU. . pabore, Ha
KOHTPOJILHOH padoTe.
JK3aMeHe
IToaroroBka k caaye dK3aMeHa.
3.00mas xapaktepuctuka | [Ipopabotka y4ebHOoro marepuana ¢ 14 BKITIOUYCHHE
u TOKCHUKOJIOTUS d- | HCIIONB30BAHMEM  PECYpCOB  y4eOHO- BOIIPOCOB  HA
SIIEMEHTOB " ux | MeToauueckoro ¥ - MH()OPMALMOHHOTO KOJUIOKBAYME H
COC/IMHEHHUI. obOecreueHus JUCIUILIHHEL. KOHTPOTBHOIH
[lonroToBKa K yYCTHOMY OIPOCYy H
N pabore, Ha
KOHTPOJILHOH paboTe.
JK3aMeHe
IToaroroBka K caue 3K3aMeHa.
4 .buoreHHbBIC DJIEMCHTHI. [IpopaGoTka yueOHOrO Marepuaga ¢ 14 BKJIIOYEHHE
HUCIIOJIB30BAHHUEM pecprOB yLIe6HO‘ BOIIPOCOB Ha
METOANYECKOTO ¥ WH()OPMAIIMOHHOTO KOIUIOKBHYME U
0H6ecnequm{ JOUCUUILIVHBEI. KOHTPOIBHOI
OJrOTOBKA K YCTHOMY OIIPOCY.
A y y ompocy pabore, Ha
IToaroroBka k ciade 3K3aMeHa.

JK3aMeHe
5.Heopranudeckue [IpopaGoTka yueOHOrO Marepuaga ¢ 14 BKJIIOYEHHE
MUHEpalbHbIE HCIIONB30BAHAEM  PECYpCOB  y4eOHO- BOIIPOCOB  Ha
YI0OpEHHSL. METOJUYECKOTO ¥  WH(GOPMAIMOHHOTO KOJUIOKBAYME H

0H6ecnequm{ JOUCHUILIVHBI. KOHTPOIBHOI
OJTOTOBKA K YCTHOMY OIIPOC
A y y ompocy pabore, Ha
IToaroroBka K ciade 3K3aMeHa.

JK3aMeHe
Pazmen 3. IIpopaGoTka ydeOHOro Marepuajia C 12 BKJTIOUCHHE
1.Bunpt U METO/Ibl | HCIOIB30BAHUEM  PECYpPCOB  y4eOHO- BOIIPOCOB  Ha
XUMHYECKOTO aHan3a METO/IMYECKOTO M MH(pOPMAIHOHHOTO KOJUIOKBHYME H

OHGGCHC‘ICHI/ISI JOUCIUILIMHBI. KOHTPOIBHOI
OJITOTOBKA K YCTHOMY OIIPOCY.
A y y onpocy pabore, Ha
[Toarororka k caade SK3aMeHa.

JK3aMeHe
2.PacueTtsl B | [Ipopabotka y4yeOHOro Martepuana C 12 BKJTIOUCHHE
KOJIMYECTBEHHOM HCIIONB30BAHAEM  PECYpCoB  y4eOHO- BOIIPOCOB ~ Ha
aHaIH3e. METOJIUYECKOTO0 ¥  WHGOPMAIIMOHHOTO KOJUIOKBAYME U

OHGGCHC‘ICHI/ISI JOUCIUILINHBI. KOHTPOIBHOI
OJITOTOBKA K YCTHOMY OIIPOCY.
A y y onpocy pabore, Ha
[ToaroTorka k caade SK3aMeHa.

JK3aMeHe
3.Ananmm3 00bekToB | [IpopaboTka ydeOHOro Martepuana C 14 BKJTIOYEHHE
OKPY’KaIOILeH Cpebl. WCIIOTb30BAHHEM  PECYPCOB  y4eOHO- BOIIPOCOB  Ha

METOJIMYECKOT0 ¥ HMHGOPMAIIMOHHOTO KOJUIOKBAYME U
1(3[6ecneqenm JIACIIUATIINHBL KOHTPOJTBHOI
OAr0oTOBKA K CTHOM O1IpocC u
A . y y pocy pabore, Ha
KOHTPOJIBHOM padoTe.
JK3aMeHe
IToaroroBka k caade SK3aMeHa.

Dopma A

Crpanuna 56 u3 60




MHUHHCTEpCTBO HAYKU M BBICLIEro oOpa3oBanus PO

o N ®dopma
VY IbSHOBCKHI TOCYAapCTBEHHBIH YHUBEPCUTET

@ - Pabouast nporpaMma JTUCHUILIHHBI

11 YYEBHO-METOAUYECKOE U UH®OPMAIIUOHHOE OBECIIEYEHHUE

JAUCHUITTIMHBI
XUMUsA
a) CnuCcoK peKoMeHyeMOoil JTHTepaTypbl
OcHoBHas :
| I'nunka, H. JI. O6mas xumust B 2 1. Tom 1 : yueGuuk st By3os / H. JI. 'nunka ; nox penakumeit
B. A. IlomkoBa, A. B. ba6koBa. — 20-¢ u3x., mepepab. m mom. — Mocksa : M3nmarenscrso FOpaiir,

2021. — 353 ¢. — (Beicmee obpazosanue). — ISBN 978-5-9916-9353-0. — Teker : anexkrponnsiii // DBC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/470483 .

2. I'nunaka, H. JI. O6mas xumust B2 1. Tom 2 : yueOnuk s By3zos / H. JI. I'murka ; mox penakumeit
B. A. TlonkoBa, A.B. Ba6kosa. — 20-¢ u3x., mepepab. u mom. — Mocksa : M3narenscteo FOpaiir,
2021. — 379 c. — (Boicuiee obpazosanue). — ISBN 978-5-9916-9355-4. — Tekcrt : anextponHsiii / DBC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/470484 .

3. Huxonsckmii, A.b. Xwumus: yueOnuk u mnpaktukym s By3os/ A. b. Hukombckwid,
A. B. CyBopoB. — 2-¢ u3z., mepepab. n morn. — Mocksa : Usnarenscreo FOpaiit, 2020. — 507 ¢. —
(Beiciee o6pazosanne). — ISBN 978-5-534-03930-6. — Tekcr : anextponsstii / BC HOpaiirt [caiit]. —
URL: https://urait.ru/bcode/450360.

JlononnuTtenbHas
1. O6urast xumust. [Tpaktukym : yueGHOE mocodue A7st CpeAHEro npodeccHoHaIbHOro 00pa3oBaHust /
H.JI. Tnueka ; mox pemakumeit B. A. Tlonkosa, A.B. Bbadkosa, O.B. Hecreposoii. — Mocksa :

NzmatensctBo FOpaiit, 2019. — 248 c. — (Ilpodeccuonamproe obpazosanue). — ISBN 978-5-534-
09180-9. — Texcr : anexrponnsiii // DBC Fpaiir [caiit]. — URL: https://urait.ru/bcode/427370

2. Cxmsp, C. . OOwas,, HeopraHuueckasi 1 OMOHEOPraHHYCCKasi XUMUS | YICOHOE mocodue st
By3oB/ C.W. Cxmsip, B.T. dprok, B.®. llynaerun. — 3-e wu3n., nmepepad. um mom. — Mocksa :
WsnarensctBo HOpaiir, 2021. — 263 c. — (Bsiciee obpazosanne). — ISBN 978-5-534-08661-4. —
Tekcer : anexrponssii / IBC FOpaiir [caiir]. — URL: https://urait.ru/bcode/474424

4. Ily3axos, C. A. OO6mast xumus, COOpPHHK 3a1a4 U YIPaKHEHUIT : yueOHOe mocobue st By30B /
C. A. Ily3akos, B. A. TTonkos, A. A. ®unumnmnosa. — 5-e u3x., nepepad. u gorn. — Mocksa : M3xarenscTBo
KOpaiit, 2021.— 251 c.— (Boicmee o60paszoBanue). — ISBN 978-5-534-09473-2. — Texkcr
anextponHsiii // DBC FOpaiir [caiit|. — URL: https://urait.ru/bcode/468600

5. 3aiiues, O. C. Xumus. JlaGopaTopHslil mpakTukyM u COOpHHK 3aad : yueOHOE mocobue s
By30B / O. C. 3aiiueB. — Mocksa : U3xarensctBo FOpaiit, 2021. — 202 ¢. — (Bricmee oOpa3oBaHue). —
ISBN 978-5-9916-4106-7. — Texcr : oanekrtponnsii // 3BC IOpaiir [caiitr]. — URL:
https://urait.ru/bcode/469344.

YueGHo-MeTOANYECKAS

1. PykoBoacTBO K 1a00OpaTOPHOMY MPAKTUKYMY MO JHCUUIUTHHE « XUMHUS» ULl CTYACHTOB | Kypca
HampasjieHust moAroToBk OakamaBpos 35.03.01 «Jlecnoe memo» / CocraBurenu: Vsanosa JI.A., llpons
010, Awnzpees A.O. - VabsSHOBCK: yal'y, 2019. - 46 C.
http://lib.ulsu.ru/MegaPro/Download/MObject/5590

2.WBanosa JI. A. XuMus : METOOMYECKUE YKA3aHUS IJISI CAMOCTOSITEIBHON pabOThI CTYACHTOB
GaxanaBpos HampasineHus noarotosku 35.03.01 Jlecnoe meno / JI. A. MBanosa, H. A. Murpodanosa;
Val'V, Dkon. dpak. - YaesHosek : Yul'Y, 2019. - 3arn. ¢ sxpana; HeonyOnukoBaHHSbIiH pecypc. - DIEKTPOH.
TEKCTOBBIC JaH. (1 taiin : 502 KB). - Texer : 3JIEKTPOHHBIN.
http://lib.ulsu.ru/MegaPro/Download/MObject/7639

CoraacoBaHo: _
I'n1. 6ubnnorekaph /[ IO.P.CromonpHukoBa / W/ /15.05.2023 /.

JIOIKHOCTD COTPYIHIKA HAYIHOIN OHMOMHOTEKIT @IIO no,um{cy naTa

0) [IporpamMmMHoOe o0ecnieueHne
1. OC MicrosoftWindows
2. MicrosoftOffice 2016

3. «MoitO¢uc CtaHTapTHBII
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B) [Ipodeccuonanbubie 6236l JaHHBIX, HHPOPMALMOHHO-CIIPABOYHbIE CHCTEMBI

1. J71eKTPOHHO-0MOJINOTEeYHbIE CUCTEMBbI:

1.1. Iudposoii obpazoBarenbubiii pecypc IPRsmart : siexTpoHHO-OMOIHOTEUHAs
cucremMa : cabt / OOO Kommanus «A#u Ilm Ap Memua». - CapartoB, [2023]. — URL:
http://www.iprbookshop.ru. — Pexxum goctyma: s 3aperducTpHp. Mmojib3oBaresiei. - Tekcr :
3JIEKTPOHHBIMN.

1.2. O6pazoparenshas miathopma FOPAMT : o6pasoBaTenbHblil pecype, 3EKTPOHHAS
6ubmmoteka : caiit / 000 DnekrponHoe n3garenbcro «FOPAWT». — Mocksa, [2023]. - URL:
https://urait.ru. — Pexxum nocryna: ams 3apeructpup. nojib3oBareniei. - TeKCT : SIeKTPOHHbIH.

1.3. ba3a nannbpIx «2nexkTpoHHas Oubnmmoreka TexHuueckoro BY3a (ObC «KoHcynbranT
CTYACHTA») : AJIEKTPOHHO-OMOIMoTeuHast cucrema : caiit / OOO «Ilonutexpecype». — Mocksa,
[2023]. — URL: https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexum pocryma: s
3apPETUCTPUP. MOJIb30BaTENEH. — TEKCT : JIEKTPOHHBIN.

1.4. ObC Jlanp : snekTpoHHO-OMOMMOTEeYHast cucteMa : calt / OO0 OBbC «Jlanby. —
Canxkr-IlerepOypr, [2023]. — URL: https://e.lanbook.com. — Pexwum moctyma: uist 3aperucTpup.
nosb30BaTesnen. — TeKCT : 2JIEKTPOHHBIMN.

1.5. BBC Znanium.com : »3JeKTpoHHO-OMONMoTeuHass cucrema : caiit / OOO
«3Hanuym». - Mocksa, [2023]. - URL: http://znanium.com . — Pexxum poctyma : s
3apPErUCTPUP. MOJIb30BATENEH. - TEKCT : AIEKTPOHHBIN.

2. KoncyabsTanTllitoc [DnexkTpoHHBIH pecypc]: cipaBouHas mpaBoBas cucrema. / OO0
«Koncynbrant [Tntocy - Dnexktpon. naH. - Mocksa : Koncynerantllntoc, [2023].

3. ba3bl JaHHBIX NEPUOAUYECKUX HU3TAHUIN:

3.1. eLIBRARY.RU: nayunas snekrponHas OuOimoteka : cadt / OOO «Hayunas
OnekTponHas bubnmoreka». — Mockga, [2023]. — URL: http://elibrary.ru. — Pexxum mocryma :
JUIsl aBTOPH3. MOJIb30BaTeNel. — TEeKCT : 3JIEKTPOHHBII

3.2. DnexTponHas Oubnmoteka «M3garensckoro noma «I'pedennukoB» (Grebinnikon) :
anekTponHas Oubmmoreka / OOO U] «I'pebennukoB». — Mocksa, [2023]. — URL:
https://id2.action-media.ru/Personal/Products. — Pexwum moctymna : Juis aBTOpH3. TOJIH30BATEIICH.
— TeKCT : 3NEKTPOHHBIM.

4. ®egepanbHasdg rocygapcreeHHasi MHpopmanumonHas cucrema «HanuonaabHas
3JIEKTPOHHAsI OU0JMoTeKa» : HeKTpoHHas Oubnuoreka : caidt / ®I'BY PI'b. — Mockasa, [2023].
— URL: https://36.pd. — Pexxum goctyma : nms monb3oBareneil HaydHoi 6ubnnorexku. — Tekcr :
AJIEKTPOHHBIN.

5. Poccuiickoe o0pa3oBanue : denepanbublii noptan / yupeautens OI'AY «DPULITO».
— URL: http://www.edu.ru. — TekcT : 3JeKTPOHHBIA.

6. OuaexkrponHas OmOamoreuynass cucrema Yal'V : wmoagyns «OIeKTpOHHas
O6ubanorexar» ABUC  Mera-ITIPO / OOO  «/lara Oxkcmpece». —  URL:
http://lib.ulsu.ru/MegaPro/Web. — Pexxum noctyna : 1uis mojib30BaTeseii HayqYHOH OUOTHOTEKH. —
TekcT : 31MeKTPOHHBIN.

CorunacoBano
Hauanenuk YnpasieHus: ”HPOPMAITHOHHBIX / /
TexHojoruil u renekommyHukanuii  [LIL. Bypaun 15.05. 2024
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12. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYHEHUE JUCIUMIIJINHbI

VY4eOHble ayJUTOPUU JUIS TPOBEICHHS JICKIMH, JAaO0OpaTOPHBIX 3aHATHH, TEKYIIEro
KOHTPOJISI U IPOMEXKYTOYHOM aTTECTALlMH, TPYNIIOBBIX M HMHIUBUIYAIbHBIX KOHCYJbTAlLlUH,
OCHAIIEHHBIE 000PYAOBAaHUEM U TEXHUUECKUMH CPEICTBAMU O0yUCHHUS.

Ilomemiennss  ans  caMOCTOSITENbHOM — paboThl  OOy4aroIIMXCs,  OCHAIllEHHbIE
KOMIIBIOTEPHON TEXHUKON ¢ mnoxaxitoueHueM k ceru «MHrepHer» u  gocrynom B DHOC
YHHMBEPCUTETA.

HauMeHoBaHMe MOMEIICHHUHT 151 IPOBEACHHSI

y4€OHBIX 3aHATUH, IPEAYCMOTPEHHBIX [lepeueHb OCHOBHOTO 000pYI0BaHUS U
nporpamMmoii bakanaBpuara v MOMEIIECHUN JIJIsI TEXHUUYCCKHUX CPEACTB 00yUeHHS

CaMOCTOSITENTLHOW pabOThI 00YJAIOIINXCS

Aynuropus -3/211. Ayautopus ISl | AyAUTOpUS YKOMIUIEKTOBaHA YYEHUYECKOM
IPOBEJACHUS  JIEKIIMOHHBIX,  IPAKTHUUYECKUX | MEOEIbIO u JIOCKOH. Kommuiexr
3aHATHH, TEKYILEro KOHTPOJIS U | MyJIbTUMEIUNHHOTO 000pyI0BaHUS:
IIPOMEXYTOUHOM aTTecTaluy, TPYHIOBBIX U | KOMIBIOTEDP, IPOEKTOP, IKPaH.

VH/IMBUYAJIbHBIX KOHCYJIbTALIUH.

Ayautopus - 216. Aynutopus 1uist IpoBeAeHUsl | AyIUTOpUsl YKOMIUIEKTOBaHA YYEHUYECKOU
IPAKTUYECKUX M Ja0OpaTOpHBIX 3aHATUH, | MeOenpl0 W jJockod.  JlabGoparophHoe
TEKYIIer0 KOHTPOJSI U  TNPOMEXKYTOYHOH | 000pYyJAOBaHUE: BBITSDKHBIE IIKA(BI, CTOJBI
aTTeCcTalliy, TPYIIOBBIX W HHIWBUIYAIBHBIX | 1a0OpaTOpHBIC, TYMOOYKH JIaOOpaTOpHBIC

KOHCYJIbTAIMH. HOJIKaTHbIE, PaKOBHHBI. KommiekTsl
1ab0paToOpHOTO 000pyaOBaHUS
(XuMUYecKo  MOCyAbl) M PEaKTUBOB.
HaGopel  apeomeTpoB,  IOMOT€HM3AaTOp

nabopatopubiii  ['JI[1-300, Oanst BoasHAas
[12-4310, akBapguctmwsatop J2-10, Beckl
nopuronnsie AND HT-120, BcTpsixuBaTenb
V-3, KoJOoHarpeBaTelb I15-4110,
noHomMepsl 1-160, noHOMEPHI MYJIBTUTECT,
neyb MydenbHas, 3JEKTPOMEIIaTIKa
npoOUpOK, aHamUTU4YeCKue Becbl, pH-
metp/uonomepsl UTAH, poromerp KOK-2-
MII, TepmocTaTsl, CYyMIMJIbHBIE IIKaQBbI,
KaJlOpUMETPHI, eHTpUudyru nadopaTopHbie,
TepMoMeTpbl, pH-MeTphl, ciekTpodoToMeTp

5400-BH. CraunoHapHbIi
CHEKTPO(OTOMETP C BO3MOKHOCTHIO CHATHUS
CIIEKTpPOB. [TopratuBHBIA ra3oBbII
xpomarorpad, pebdpakromerp HPD-460,
TEPMOCTAThI TC-80-M, MarHUTHbIE
MEMIANIKU,  DJeKTPOoruTKu.  Komrmekr
TabIIHIIL.

Aynutopus -  230.  Ayautopus  Ans | AyIUTOpUsS YKOMIUJIEKTOBaHA y4E€HHUYECKOH

CaMOCTOSITENIbHOM PabOThI mebenbro. O6opynoBanue: 16 KOMIBIOTEPOB

¢ goctynom B UnTepner, DUOC, SBC.

Aynuropus -237. YuTanbHbll 3al HaydHOH | AyIUTOpHUS YKOMIUIEKTOBaHA YYEHHUYECKOM
OMONIMOTEKH € 30HOM I caMOoCTOsTENbHOHU | MeOenbo. KommbroTep (21T) € 10CTyNIOM B
paboTHI. Nurepuer, DUOC, OBC. TeneBuzop, skpaH,
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| npoekTop. Cron ans aui ¢ OB3 (2 mir) |

13 CHEHUAJIBHBIE YCJIOBHUS AJ151 OBYYAIOIUXCSA C O'PAHUYEHHBIMU
BO3MOXKHOCTAMMU 310POBbSA

B cinysae HeoOXomumocTH, OOydYaOMIMMCS W3 YWCIA JIMIl C OTrPaHMYECHHBIMU
BO3MOXHOCTSIMH 3JI0OPOBbs (TI0 3asBJICHUIO OOYYArOIIErocsi) MOTYT TpeiaraThCsl OJHU W3
CIICAYIONIMX BapUAaHTOB BOCHPHUATHS HWHQPOPMAIMKA C yYETOM WX HWHAWBUAYAIbHBIX
NCUXO(PHU3MUECKUX 0COOEHHOCTEH:

— U JIMI] C HApYIICHHUSMHU 3PEHUS: B INe4YaTHOW (opMe yBEIMYCHHBIM mpudTOM; B
dbopMe 3MEeKTPOHHOTO JOKyMeHTa; B (popme ayamodaiina (mepeBo] y4eOHBIX MaTEpHUajoB B
aynuodopmar); B TevaTHOW (opme Ha s3bike bpaiins; MHIMBHIYadbHbIE KOHCYJIBTAIUH C
HpUBJICYeHHEM TH(HIOCYPONCPEBOAYMKA; WHANBUIYaTbHbIC 3aIaHHS U KOHCYJIbTALINY;

— s JMIl C HapYIICHWSIMHU ClyXa: B TiedatHoW ¢opme; B (GopMe DICKTPOHHOTO
JIOKYMEHTAa; BUACOMATEePHAIIbl C CYOTUTPAMU; UHANBUIYAIbHBIC KOHCYJIBTAIIUH C TPUBIICYCHUEM
CYpIOTIEPEBOIUNKA; UHANBUIYaIbHbIC 331aHUs U KOHCYJIbTAIINY;

— JUIS JIMII C HapyIICHHSIMH OIOPHO-JBHUIaTeJIbHOTO almapara: B NedaTHoW (opme; B
(GopMe DIIEKTPOHHOrO JOKYMEHTa; B (opMme ayauodaiiia; HHIMBUAYaIbHBIC 3aJaHHUi H
KOHCYJIbTaI[HH.

B ciyvae HEO0OXOIUMOCTH HCIIOJIb30BaHUS B y4eOHOM npoiiecce
YaCTUYHO/MCKIIIOYUTEIBHO JIMCTAHIIMOHHBIX 00pa30BaTENIbHBIX TEXHOJIOTHM, OpraHU3aIus
pabotel IIIIC ¢ obywatromumucs ¢ OB3 u mHBanuaamMu npeaycMaTpUBAaeTCs B AJIEKTPOHHOU
UH(POPMAIIMOHHO-00pa30BaTENIBHON Cpeie C YYETOM WX HHIUBUAYAIBHBIX MCHUXO()H3HMUECKUX
0coOeHHOCTEHN

Pazpabotunku: J/ @ noueHt JILA. MBanoBa
15.05.2024
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