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1 HEJIb U 3AJAYU OCBOEHUSA JUCIIUAIIJIMHBbI

Lenbo ocBOeHUS] TMCHMILIMHBI - SBJIseTCS (OPMUPOBAHME CHCTEMHBIX 3HAHUI, KOTOpbIE
HEOOXO/IMMBI CTYJIEHTaM IPU PACCMOTPEHUHU (PU3UKO-XMMUYECKON CYITHOCTH U MEXaHU3MOB
IPOLIECCOB, IPOUCXOAIINX B IPUPOJIE U )KMBOM OpraHU3Me Ha MOJIEKYJIIPHOM U KJIETOYHOM
ypOBHsIX. B pe3ynbraTe OCBOCHHS ITAHHOM IUCIMILUIMHBI JOJDKHBI OBITH Cc(HOpPMUPOBAHBI
YMEHHUSI BBIIIOJIHATH B HEOOXOJMMBIX CIydyasX pacdeTbl NMapaMeTpoOB 3THUX IMPOLIECCOB, UTO
MO3BONIUT OoJiee TIyOOKO MOHSTH (PYHKIIMH OTIEIBHBIX CHCTEM OpraHu3Ma, a TakkKe ero
B3aMMO/ICHCTBUE C OKPYKAIOIIEH CPENOi.

3aga4u 0CBOCHHMS JMCHHUILIHHBI:

- OCBETHThb KJIIOYEBBIE BONPOCHl MPOrpamMMbl, CTUMYJIHPOBATH CTYIEHTOB K
MOCTEAYIOIEH caMOCTOATEIbLHOU padoTe.

- chopMHpOBATH YMEHUS W HABBIKH JJIS1 PEIICHUS TPOOIEMHBIX M CUTYAI[HOHHBIX 33]1a4;

- chopmupoBaTh  MpPaKTUYECKHE  HABBIKM  IOCTAHOBKM U BBINIOJHEHUS
9KCIIEPUMEHTAIILHOU PaboTHl.

2 MECTO JUCIIMIIJIMHBI B CTPYKTYPE OIIOII:

JucuuriauHa OTHOCUTCS K MAaTEMaTUYECKOMY M €CTECTBEHHOHAYYHOMY IMKITY, 0a3oBas
gactb (b1.0.21). [ns wu3yueHus  AUCUMIUIMHBI  HEOOXOIMMBI  3HAHHUS  BOIPOCOB
MPEANIECTBYIOMMUX U3YYaeMbIX AUCIUIUIMH — IIKOJIBHOTO Kypca XUMUU. JlaHHAsl NUCHUILIAHA
u3yyaercs Ha 1 Kypce.

JlucuuiuinHa — SBISETCS  NpeAmecTByromerd it gucuuiuinH:  «MHpOopMaTHkay,
«@usnosiorusi  pacreHui»,  «lengponorus»,  «llouBoBenenue», «Takcauus — jecaw,
«JlecoBenenue», a Takke O3HAKOMUTEIIBHOM MpakTUKE, IMOATOTOBKOM K caadye M caadeu
roCyJJapCTBEHHOTO IK3aMeHa.

Komnerenmus OIIK-1 onHOBpEMEHHO € IUCHUIUIMHON «XUMHUS» OCBaUBAETCs TAK)KE IIPU
n3yueHun aucruiuine «dPusukay, «Maremarukay, «Mudopmatukay, «I'eone3usn», «boranukay,
«@usnoniorusi  pactreHuit»,  «lengponorus»,  «llouBoBeneHue», «Takcanus  jecay,
«JlecoBeneHrne» a TakKe O3HAKOMUTEIBHOM MpPAKTUKE, MOATOTOBKOM K cAadye M caade
rOCyIapCTBEHHOIO 3K3aMEHA.
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3NNIEPEYEHDb INTAHUPYEMBIX PE3YJIbTATOB OBYUYEHUSA 1O AMCIHUIIJIMHE
MOAVYJIIO), COOTHECEHHBLIX C IINTAHUPYEMBIMMU PE3YJIbTATAMMU

OCBOEHMH O11011

Kox u HaumenoBsanue
peanu3yeMoi KOMIETEHIIMI

[lepeuenp mIaHUPYEMBIX PE3yJIbTATOB 00YUEHHUS 110
JTUCLHUIUIMHE (MOJYJII0), COOTHECEHHBIX ¢ MHIANKATOpaMH
JOCTHKEHHSI KOMIETEHIMHI

OIIK-1:  Cmocoben  pemaTh
THUIIOBBIC 3a7a4un
npodeccroHanbHON

JEATEIIFHOCTH HAa OCHOBE 3HAHHH
OCHOBHBIX 3aKOHOB
MaTEMaTHYCCKHUX u
CCTCCTBCHHBIX HayK C

MIPUMEHEHUEM WH(POPMAIUOHHO-
KOMMYHUKAIMOHHBIX TEXHOJIOTUN

3HaTh: TEOPETUYECKHE OCHOBBI OOIIEH, HEOPraHHMYECKOH,
AQHAIUTUYECKOM XHMMHUU; COCTaB, CTPOCHHE M XUMUYECKHE
CBOICTBAa OCHOBHBIX IPOCTHIX BEIIECTB W XUMHUYECKUX
COEJIMHEHUI; MOHUMATh MPHUHIIMIIBI CTPOEHUSI BEIIECTBA U
MPOTEKaHUsl XUMHYECKHX TIPOIECCOB; OCHOBHBIE JTaIlbl
MIPOBEJICHUS J1aOOPATOPHOTO UCCIIEIOBAHUS.

YMeTh: BHIOUpaTh METOAUKH MOCTAHOBKH M MTPOBEICHUS
71a00paTOPHOTO UCCIEIOBAHUS

-OIpEeAENsTh BO3MOXKHOCTh M NyTh CaMOIPOU3BOJIBHOTO
MPOTEKAHUSI XUMHUYECKHUX TPOIECCOB, B OCHOBE KOTOPBIX
JIeKaT pa3IMyHbIe XUMHUECKHUE PEaKIUy;

-  Toa0upaTh  ONTHUMAJIbHBIE  YCIIOBHS
XUMHUYECKHUX PEaKIIHA.

Brnaznerts: - npueMaMu UCOIb30BaTh HEOOXOAUMOE
nabopaTopHoe 000opyioBaHHe U MPUOOPHI B X0J1€
MIPOBEJCHUS JIaOOPATOPHOTO UCCIIEIOBAHUS.

MIPOBEACHUS

OBIIAA TPYAOEMKOCTDB JUCHUIIJINHBI

4.1. O0beM TMCUMILINHBI B 3a4eTHbIX equHUIAX (Bcero) S 3ET
4.2. Ilo BunamM y4e0OHoi# padoTsl ( B yacax): 180

KonuuectBo yacor
(dbopma 0O0ydeHMS -3a049HAs)
Bun yueGHO#I paboThI B 1.4. o
Bcero no
Hnany ceMe(I:TpaM
1 2 3
KonrakTHas paboTta oOyJaronuxcs ¢ npenoaaBaTeieM B 12 12
cooTBeTcTBUHU C YII
AyJIUTOPHBIE 3aHATHUSA: 12 12
JIEKITUH 6 6
CEeMHHApPhl 1 IPAKTUUYCCKHUE 3aHSATHS 0 0
J1a00paTOpPHBIE PAOOTHI, IPAKTUKYMBI 6 6
CamocTosiTellbHast padoTa 159 159
@dopMa TEKyIEro KOHTPOJI 3HAHUM U KOHTPOJIA Komnoksuym™m, | Komioksuywm,
CaMOCTOSITEIIBHOW pabOThI: TECTUPOBAHKE, KOHTPOJIbHAS KOHTPOJIbHAsI | KOHTPOJIbHAS
paboTa, KOJUIOKBUYM, pedepaT u ap. (He MeHee 2 BUJIOB) pabota pabora
Kypcosas pabora - -
Buapl mpoMekyTOUYHOM aTTecTaluu (9K3aMeH) 36 36
Bcero 4acoB mo AMCIUILIMHE 180 180
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4.3 Conepxxanue TUMCUMILUIMHBI (MoayJisi.) PacnpenesieHue 4acoB mo TeMamM M BHJAaM
yueOHOM padoThI:

Bupl yaeOHBIX 3aHITHI ®opma
AyJIUTOpHBIE 3aHATHS 3 CaMoCTOS | TEKYILETO
Hassanmue pasnenos | Beer IIpaktuyec| JIabopato aHHTHi " | TenpHas KOHTPOJIS
U TEM 0 KHe pHBIE pHTepalTH paboTta | 3HaHUMH
JICKOUHN IBHOHN
3aHATHUS, | paOOTHI
bopme
CEMUHAPBHI
1 2 3 4 5 6 7 8
Pasgen 1. OOmas xumMus
1. Ilemm wu 3agaun 15 1 - - - 14
xumud. CTpoeHne aroma
Ilepuonuyeckuii 3aKoH 1
Konnoxksuym
TIePUOANYECKas CHCTEMa Nol
.M. MenneneeBa B >
CBETE TEOPHUH CTPOCHHS KOHTPOILHA
s padotaNel
aTroma. Xumuueckas
CBSI3b U CTPOEHHE
MOJICKYIL
2. OCHOBBI XHUMHYECKOM 13 - - 1 - 12 Konoksuym
TEPMOJINHAMHUKH. Ne2,
Xumudeckass KHHETHKA KOHTPOJIbHA
¥ paBHOBECHE. 51 paboraNe2
3. Teopust pacTBOpPOB U 15 1 - - - 14
pacTBOpUTENEH.
KomnuratusHbie
CBOMCTBa pacTBOpPOB. Komnoksuym
PacTtBops! Ne3,
JJIEKTPOJIUTOB. KOHTPOJIbHA
Bonopoansrit s pabora Ne3
mmoKaszaTenb. [ uaponus
COJICH. Bydepusie
pacTBOpPEI
4.OKHCTUTENHHO- 13 - - 1 - 12
BOCCTaHOBHTEIBHBIC
Konnoksuym
TIPOIIECCHI. Nod
CranpapTHBIN u ’
peanbHbId 3IEKTPOAHBIN KOHTPOIIbHA
st paboraNe4
MOTEHIINAIL. Oo6mme
CBOMCTBA METAJLJIOB.
5. Teopust KOMILTEKCHBIX 15 1 - - - 14 Komnoxsuym
COC/IMHEHUH. Nes
Paznen 2. Heopranuueckasi Xumust
1. Xumus HEMETalIoB: 13 - - 1 - 12 Komnnoxsuym
anemenTtoB VIIA, VIA, No§,
VA IVA  (yrmepon) KOHTPOJIbHA
rpymmsl [leproamueckoit s paboraNe4
CUCTEMBI u ux
COCIIMHEHMUSI.
2. Xumus MetayuioB: 1 u 15 1 - - - 14 Kommoxsuym
ITA, IIIA, IVA (onoBo u Ne6,
CBHUHEII) TPYIIIIBI KOHTpOJIbHA
[epuoanveckoii s padbotaNe5
CHCTEMBI u 170
COEJIMHEHUII.
3. Oo0mas 13 - - 1 - 12 Konoksuym
XapaKTepUCTHUKA u No7,
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TOKCHUKOJIOTUsI d- KOHTPOJIbHA

3JIEMEHTOB u nux st paboTaNe6

COCIMHEHUII.

4.buoreHHbIE 3JIEMEHTHI. 15 1 - 14 Kommoxsuym

Ne7

5.Heopranuueckue - - 12 Komnoxsuym

MHUHEpaJIbHbIE Ne8

yA0OpEeHHUs.

Paznen 3. AnanuTuueckasi XuMust

1. Buaer 1 MeTOIBI 15 1 - 14 Komnoksuym

XMUMHYECKOTO Ne9

aHAIN3A.

2.Pacuetsl B| 13 - - 12 KoJutokBuym

KOJIMYECTBCHHOM Nel0

aHAIN3e.

3.AHamu3  OOBEKTOB 15 1 - 14 KosutokBuym

OKPY’KaIOIEH Cpeibl. Nell,
KOHTPOJIbHA
st paboTaNe7

BCEI'O 180 4 - 159

IToaroToBKa K 2K3aMeHy 36 - - -
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5 COJEPXAHME JUCLUIIAHBI (MOIY.JIST)

Pasnen 1. O0wias xuvms

Tema 1. Lesm u 3anaun xumun. Ctpoenue aroma. Ilepuoamueckuii 3aKoH U nepuomyecKkast
cucrema /L. MenneneeBa B cBere TeOPpHMM CTPOEHHS aToMa. XHMHUYECKas CBSI3b M CTPOEHHE
MOJIEKY.I

Xnmus kak Hayka. [Ipegmer, 3amaum u meronsl xumuu. CtpoeHue aroma. OCHOBBI
KBaHTOBOM MexaHUKH. KBaHTOBBIE 4YHMClIa U CTPOEHUE JJIEKTPOHHBIX OOO0JIOUEK aToMa.
[TpuHIMTBI 3aTI0JHEHUS ATOMHBIX OpOUTaNIEH.

Ucropust cozmanus nepuoanyeckoro 3akoHa. CTpykTypa NEpUOAMYECKON CUCTEMBI.
BeprukanbpHasi, rOpU30HTaIbHASA U JUAaroHaJbHas IEPUOAUYHOCTh. BTOpHYHas nepuoauYHOCTD.
[TapameTpsl aTOMa 1 NEPUOANYHOCTD UX U3MEHEHUS B cucteMe anemeHToB .M. MeHeneesa.

[lonatue xuMmuyeckas CBA3b M MEXaHM3Mbl €€ 00pa3zoBaHMs. MeTOoAbl ONUCaHMS
XUMHUYECKOM CBS3M: METOJ BAJIEHTHBIX CBA3€M M MOJEKYJSpHbIX opOuTanei. OcCHOBHbIE
XapaKTePUCTUKU XUMHYECKOM CBsA3U. Pa3HOBUIHOCTM XMMHMYECKOM CBSA3U: KOBAJICHTHAs,
WOHHas, MeTaIn4YecKast. MeKMOJIEKYJISIPHOE B3aUMOICUCTBHE.

Tema 2. OCHOBbI XUMMY€CKO# TEPMOAMHAMUKH. XMMUYECKasi KHHETUKA U paBHOBecHe.

OcHOBHbIE TIOHATHS XUMHUYECKOW TepMoauHamuKu. llepBblii M BTOpOHl 3aKOH
TepmoanHaMuKku. 3akoH ['ecca m ero cmenctBus. CBoOomHas sHeprusi [ m60ca kak KpuTepuid
CaMOIPOU3BOJIBHOTO MPOTEKAHUSI XUMUUYECKUX PEAKIIUM.

[ToHaTHE CKOPOCTH XUMUYECKOUN peakuuu. DakTopsl, BIMUSIOMIKE HA CKOPOCTh PEAKIIUU:
MpUpoOJia pPEearupyrouMx BEIIECTB, KOHIEHTPALMS pPEAareéHTOB, TeMIepaTypa U JaBJICHHE.
[IoHsiTHE XMMHYECKOTO pPABHOBECUS W NPHUHLMI ero cmemeHus. Karamu3. ['oMoreHHsli u
TeTEPOreHHBIN KaTaaus.

Tema 3. Teopusi pacTBopoB M pacrBopuTeseil. Ko/umratuBHble cBoiicTBa pacTBOPOB.
PactBopbI 31ekTposnToB. Bogopoansiii nokasaress. I'maposms coseil. BydepHbie pacTBopbl

OOme moHATHS O pacTBopax M pacTBopUTEsiX. CocoOBl BHIPAKEHHUS KOHIIEHTPAIUH
pacTBOpoB. TepMomHamMKKa 00pa30BaHUsl paCTBOPOB.

KomnuratuBHble cBOMCTBA pacTBOPOB: OCMOC U OCMOTHUYECKOE JIaBJIEHUE, TEMIIepaTypa
KHIIEHUs U 3amep3anus. [lepBelii 1 BTopoi 3akoH Payis.

Teopuss snexTpoiuMTHUECKOW aumcconmanuu  AppeHuyca. CuibpHble U crnalble
anekTpoiuThl. KoHCTaHTa M cTeneHp Aucconuanuu. 3akoH paszbamienus OctBanpaa. Teopus
CHWJIBHBIX AJIEKTPOJINTOB, IOHATUE aKTUBHOCTD. [Ipon3Beienne pacTBOPUMOCTH.

['ereporenHoe paBHOBecue B pacTBopax. [IpousBeneHHe pacTBOPUMOCTHU. Y CIOBHS
oOpa3oBaHus ocankoB. Bogopoanslii mokazatens. ['unponus coneil. BydepHsie pacTBOpHI.

Tema 4. OKuHCANTEJBHO-BOCCTAHOBHTEJIbHbIe mpoueccbl. CTaHIAPTHBIA W
peabHbIN 3JIEKTPOJHBIN moTeHHua. O01ue cBOMiCTBA METAJVIOB.

OKHCIUTENEHO-BOCCTAHOBUTENBbHBIE — TIporiecchl. CtemeHb  okucieHus.  CrocoOsl
YpaBHUBAHHUS OKHCIUTEIbHO-BOCCTAHOBUTENbHBIX peakuuid. Kiaccudukanus OKHUCIMTENbHO-
BOCCTAHOBUTEJIbHBIX PEaKIUH.

CrangapTHBIM U peanbHBIN JIEKTPOIHBIM NMoTeHuuan. YpasHeHue HepHcra-Ilerepca u
HalpaBJieHUE  OKHUCIUTENIbHO-BOCCTAHOBUTENbHOTO  mpouecca.  CpaBHMTENbHas  cuja
OKUCJIUTEIEM M  BOCCTaHOBUTENEH. OKHCIUTEIBHO-BOCCTAHOBUTENIBHbBIE IPOLECCHl U
KU3HECSATEIbHOCTD.

DJEKTPOXUMHUYECKUN  PsIl  HalpsDKEHUs  METauloB.  OjekTponu3. OcoOeHHOCTH
MeTaJIM4eckor cBsizu. OOmue CBOWCTBa METAIOB: KOBKOCTb, TEIUIONPOBOJHOCTh U
JIEKTPOIPOBOIHOCT. Koppo3ust MeTaiia, BUAbI KOPPO3UH, CIIOCOOBI 3aIIUTHI OT KOPPO3HH.

Tema S. Teopusi KOMILUIEKCHBIX COeAUHEHUI.
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MUHHCTEPCTBO HAYKU U BBICIIEro oOpa3oBanusi PO

o . ®dopma
VY IIbSIHOBCKUH TOCYIapCTBEHHBIH YHHBEPCUTET

@ - Paboyast mporpamma JUCHUILIMHbL

OcHoBHbIE  TIOHSATHS Teopuu Bepuepa. Jluranmelt w  ux  Kiaccuuxanus.
BryTpuopOuTanbHble U BHEIIHEOPOUTANbHBIE KOMIUIEKCHl. Kiaccudukanus ¥ HOMEHKIATypa
KOMILUIEKCHBIX coenuHeduii. [loHsTie KoHCTaHTa HECTOUKOCTH.

Pa3nen 2. Heoprannueckasi Xumust

Tema 1. Xumus Hemera/uioB: d1eMeHToB VIIA, VIA, VA IVA (yriaepoa, kpeMHHii)
rpynnsl [lepuoanyeckoii cucTeMbl M UX COeUHEHUSI.

DNEeKTPOHHBIE CTPYKTYpbl aTOMOB TajoreHoB. l['amoreHsl B mpupoae. Dusndeckue
CBOWMCTBA M XHWMHYECKHE CBOMCTBA TrajoreHoB. [lonydeHWe W MNPUMEHEHHE TaJOre€HOB.
CoennHeHue ranoreHoB ¢ BogopoaoM. Kucnopoacoaepxaiine cOeTUHEHHsI TaTOTeHOB.

DNEeKTPOHHOE CTPOECHUE U MapaMeTpbl aTOMOB 3JEMEHTOB INIABHOM MOATPYMIbI MIECTOMN
rpynnsl.  [lepuoanyHocTs uX wu3MeHeHus. Kucnopon, pacmpocTpaHeHHE B MPUPOAE U
xuMHuueckue cpoiictBa. Cepa, pacpoCTpaHEHUE B IPUPOJE U XUMHUUECKHE cBoWcTBa. OCHOBHbBIE
COEIMHEHUS CephI: OKCUIBI U KUCIOTHL. VX XUMUYeCKHe CBONCTBA.

DNEKTPOHHBIE CTPYKTYPhl aTOMOB. A30T: a30T B MPHUPOJE, €0 MOIYUYEHHUS U CBOMCTBA.
AMMuak, conu aMMmoHus. Dukcaius atMochepHOro a3oTa, MOJydyeHHe aMMuaka. [ uapasuH,
TUAPOKCWIAMUH, a3unoBoaopoA. Oxcuabl a3ora. A30TuCTass W a30THas KucioTel. docdop:
tdocdop B mpupose, nonyuenue u cBoiictBa ¢ocdopa. Coeaunenus docdopa ¢ BOJOPOIOM U
rasoreHaMu. OKCHJIBI M KUCTOTHI (hocdopa.

DNEKTPOHHBIE CTPYKTYpbl aTOMOB YTJEpOA: YIJIepoa B MPUPOAE €ro MOIydeHHE U
cBoMcTBa. Ayutorponus yriaepoaa. Juokcun yriepona. YroneHas kucinora. Okcun yriepoaa (II).
CoenuHeHus yriepojaa ¢ cepoil U azoroM. KpemHuii: KpeMHUIl B MPUPOJE, €ro MOIy4YeHHE U
cBoiicTBa, CoelMHEHUs] KPEMHUS C BOJOPOIOM M rajoreHamu. Jlnokcun kpemuusi. KpemHeBbie
KHUCIIOTHI U UX conu. CTeKI0, IEMEeHT.

Tema 2. Xumusa meramaoB: IA, IIA, IIIA, IVA (on10BO M cBHHeN) TIpyINIbI
Ileproauyeckoii cucTeMbl M UX COeIMHEHM.

[[{enouHble MeTAUIBL: PACIPOCTPAHEHUE B MPUPOJIE, MTOTYUYEHUE, CBOMCTBA, IPUMEHEHUE.
Harpuii. Kanuii.

[[lenouHO3eMeNbHBIE METAJUIBI: PACOPOCTPAHEHUE B MPHUPOJE, MOJIyYEHUE, CBOMCTBA,
npuMeHeHue. Maraui, KajabIui, 6apui.

DONeKTpoHHbIE CTPYKTypbl atoMoB IIIA rpynmbl. ANOMHHHI: pacnpoCTpaHEHUE B
MPUPO/Ie, TIOJTyICHHE, CBOMCTBA, MPUMEHEHHE.

DNeKTpoHHbIE CTPYKTYphl aToMOB [VA rpynnsl. OJI0BO U CBUHEL: PAaCIPOCTPAHEHHUE B
MIPUPO/Ie, TIOJyYECHHE, CBOMCTBA, MPUMEHEHHE. TOKCUKOJIOTHSI CBUHIIA U €T0 COSTMHCHHUS.

Tema 3. O01masi XapaKTePUCTUKA M TOKCUKOJIOTHsI d-3/71eMEHTOB M UX COeUHEHU.
d-anementel. OOmast xapakTepucTuka. PacrmpocTpaHeHHOCTH B mpupoge. DPu3mko-
XHUMHAYECKHE CBOMCTBA d-21€eMeHTOB. TOKCHKOJIOTHS d-DJIEMEHTOB U UX COETUHEHHUIA.

Tema 4. BnoreHHbie 3J1eMeHTHI.

[TonsaTe OMOTEHHOCTH XUMHUYECKHUX D3JIEMEHTOB. buocdepa, KpyroBopor OHOTEHHBIX
aneMeHTOB. KoHLIeHTpupoBaHHe OMOT€HHBIX 3JIEMEHTOB >KUBBIMH cucTeMaMu. Kiaccuduxanms
OMOTeHHBIX 3JIEMEHTOB MO UX (DYHKLIHOHAIBLHOMN POJIM: OPraHOTE€HbI, JIEMEHTHI 3JIEKTPOIUTHOTO
¢ona, MHUKPOIJIEMEHTBHI. [IpumecHsie 2JIEMEHTBI (aKkKyMyTupyIOLIIecs T
HeakkyMmynupymomuecs). OCHOBHbIE HWCTOYHUKU IOCTYIJICHUS MPUMECHBIX D3JIEMEHTOB B
OpraHM3M 4YejoBeKa. XUMHUYECKUE aCIEKThl OXPaHbl OKPYKAIOIIEH CPEIbl.

Komriekcel KaTHOHOB S-MeTaIoB (MOHOQOPHI, KpayH-3(Upbl, KpUNTaHAbl. XJIOpO(UILIL.
buonoruueckas ponb HaTpus, Kaius, KaiblMs, Marius. XHUMHYECKOE CXOACTBO U
OHMOJIOrMYECKU aHTarOHU3M (HaTpUi-Kalnuii, MarHUN- KaiabLHii).

HaubGonee BakHble OMOTeHHBIE d1eMEHTHI d-OMoka: Xpom, Meab, MonuOaeH. CHcTeMbl
MeTaJlI-0e10K (METaJIONPOTEUHBI U OCJIKH, aKTUBHPYEMbIE METAJLIIAMH).
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Tema 5. Heoprannueckne MUHepajibHbIe y100peHHUs.

Ilpocmuie yoobpenus:

A3OTHBIE: HUTpATHBIE (HATPUEBAs U KAJbLUEBAsl CEIUTPHI); aMMOHHUIHBIE 1 aMMHUAYHbIE
yaoOpenust (cynbdar amMMOHHS, aMMOHUWHO-HUTpPATHBIE YyJAOOpECHHS, aMMUadHas CEIUTpPa);
MOUEBHHA.

®docdopuseie: cynepdocdar, nBoiiHOI cynepdocdar, mperunuTar.

Muxkpoyno6penusi. MukpossiemeHTsl. bopubie ynoOpenus. Meansie yno0peHus.

Komnnexcnuvie yooopenus:

Ammodocsl, HUTpodockl u  HUTPO(OCKH, HUTPOaMMO(OCHl M HHUTPOaMMO(}OCKH,
kap6oammodochl, mouduchaTbl aMMOHHS.

Pa3zgen 3. AHaauTH4YecKasi XUMHSA

Tema 1. Buabl 1 MeTObI XUMHY€ECKOT0 aHAJIU3A.

KadectBeHHbIif 1 KoMM4YeCcTBeHHBIN aHanu3. Knaccudukanus BumoB ananmza. OOBEKTHI
aHanu3a. OCHOBHBIE CTaauM TpoBeneHHUs aHanu3a. OCHOBHBIE CTaJAUM TOCTPOECHUS
AQHAIUTUYECKOM METOIMKU U OCHOBHBIE METOJbl aHan3a. MeToabl mMpoOooTOOpa, paszioKeHus
MpOOBI, pa3AeNeHUs ¥ KOHIIEHTPUPOBAHMSI, OOHAPYKEHUS U OIIPEICTICHHUS.

Tema 2. PacyeTsl B KOJIMYECTBEHHOM aHAJIU3e.

Enunauner xonmumdectBa BemiecTBa. CrocoObl BBIpKEHUS KOHIICHTPAIU: MOJSpHAS
KOHIIEHTpalusi, MOJSpHas KOHLEHTpallUs SKBUBAJIEHTA, MaccoBas KOHUEHTpauus (TUTP
pabodero pacTBOpa, TUTP IO OINPEACTSIEMOMY BEIIECTBY), OObEMHAas KOHIICHTpAIUs, IOJIS
KOMITOHEHTa (MaccoBasi, 00beMHast, MOJISIPHAS ).

3akoH KpaTHbIX oTHoweHWH JlampToHa. Bblumcienue ¢akropa 3KBUBAJIEHTHOCTH U
9KBHUBAJICHTA.

Pacuersl B TUTPUMETPUYECKOM aHaIM3€: CYIIHOCTb TUTPUMETPHUH; CTaHAAPTHBIE
pPacTBOPHI U CIIOCOOBI UX MPUTOTOBJICHHSI; BUBI TUTPOBAHUA: TMPAMOE, 00paTHOE (TI0 OCTaTKY),
TUTpOBaHuE 3amecTuTels. Kpusble TUTpoBaHus. I paBuMeTpruuecKuil (BECOBOI) aHAIIN3.

Tema 3. AHa/IN3 00BEKTOB OKPY KAKOLIEH Cpebl.

CrocoOsl B3ATHS U TMOATOTOBKHU MPOOBI (Pa3I0oKEeHHS, OTACICHUS MEIIAIOIINX KOMIIOHEHTOB U
KOHILIEHTPUPOBAHUSI MUKpPONpPHUMECEH) I aHaiu3a OOBEKTOB OKpY)KAlOUIEH Cpelbl: TMOYBbI
JIOHHBIX OTJIOKCHHMM, BOJBI, BO3MyXa. VICMONb30BaHWE XHUMHUYECKUX, (PU3NYECKUX U (PU3HUKO-
XUMHUYECKHX METOJIOB ISl aHaIN3a 00BEKTOB OKPYIKaIOIIEH CPebl.

6 TEMBI IPAKTUYECKHX 1 CEMUHAPCKHNX 3AHATUIA

Jlannblit Bua paboTel He ipeaycMoTper YII.

7 JABOPATOPHBIE PABOTbBI, IPAKTUKYMbI

Pa3znea 1. O0mas xumus.
TEMA 1. JHEPT'ETUKA XUMHNYECKUX ITPOLECCOB.
ONPEJEJIEHUE TEIIJIOBOI'O IPOIIECCA PEAKIIMY HEVTPAJIN3AIIUN.
ean paGoThi:
HayunTbcs BBINOIHATH KAJIOPUMETPUUECKHE U3MEPEHUS.
OcBONTh HaBBIKM TEPMOJMHAMHYECKUX PACUYETOB, CBSI3aHHBIX C YHEPIETUKOM XUMHUYECKHX
pEaKLHUd.
Conep:xxanue padoThbI:
1. DKcrepuMEeHTaIbHO ONPEIENIUTh TEIUIOBOM AP PEKT peakuy HeHTpaIn3aum.
2. [TpoBepuTh BbINOIHEHKE 3aK0Ha ['ecca.
3. OnpenenuTb OTHOCUTENIBHYIO U a0COMIOTHYIO MOTPEIIHOCTH U3MEPEHUS.

N —

IIpubopsl W peakTHBBI: KaJOPUMETP, MEPHbIE LWIMHIAPBI, BOPOHKA, TEPMOMETD,

®opma A Crpanura 8 u3 60




MUHHCTEPCTBO HAYKU U BBICIIEro oOpa3oBanusi PO

o . ®dopma
VY IIbSIHOBCKUH TOCYIapCTBEHHBIH YHHBEPCUTET

@ - Paboyast mporpamma JUCHUILIMHbL

CEKYHJIOMEP WJIM TIECOYHBIE Yachl, pACTBOPHI TUIpOKcUaa HaTpus ¢ KoHIeHTpamuert C(NaOH) =
2 momnb/n u ceproit kucnotel C(H,SO4) = 1 Monb/m.

KpaTkne Teopernyeckue cBeieHuUsI.

JIroOble XMMHUYECKHE peaKkIMM BCEerAa CONPOBOXKAAIOTCA TEMH WIM  HHBIMU
SHEpPreTH4ecKuMu 3¢ (heKTaMu: BhIICICHUEM WU MOTJIOMIEHUEM TEIUIOTHI, CBETA, COBEPIICHUEM
IEKTPUUECKOW WIIM MeXaHH4ecKo paloThl. M3yueHueMm sHepreTM4eckux M3MEHEHHUH Ipu
XMMHUYECKMX pEakUusAX 3aHUMAeTCsl HayKa, Ha3blBaeMash XHMHMUYECKOH TEpMOIAMHAMMKOM.
OCOOEHHOCTBIO XUMUYECKOH TEPMOJANHAMMKM KAaK HAyKH SIBISIETCA PACCMOTPEHUE XMMHUYECKUX
peaxIyii B COCTOSIHUM PaBHOBECHSI, KOT/Ia PEaKIus JTMO0 HE HaYalach, TM00 yKe 3aKOHUMIIACh, H
U3MEHEHHUs BO BHEIIHEH cpesie OTCYTCTBYIOT.

XuMHUecKasi TepMOJMHAMUKa 0a3upyeTcs Ha IBYX OCHOBHBIX 3aKoHaX. Ilepevlil 3aKon
mepMOoOuHAMUKY U3BECTEH KaK 3aKOH COXpaHEHUs 3Hepruu. Vi3MeHeHne BHyTpeHHEH
SHEPTUM 3aKPBITON CUCTEMBI OIPEIENISETCS KOJIMUECTBOM BBIJEJIIEHHOM TEIIOTHI U
coBepieHHOM pabotel. DU =Q - A

KosnuecTBO TEmIOTHI BBIAEIMBIICHCS WM IOIJIOMIEHHON B pE3yJlbTaTe XUMUYECKOU
pEaKIMU HA3bIBACTCS MENna06blm 3Ihhekmom. DK30TEpMUUECKAs peakUuus — TeIIoTa
BBIJICIISIETCSI, SHIOTEPMHUUECKasi — IMOTJIONIACTCS.

Yame Bcero B OWOJIOTMYECKUX CHUCTEMaX XUMUYECKHE IMPEBPALICHUS MPOTEKAIOT MpH
NOCTOSIHHOM J1aBJieHWU ( M300apHbIE MPOIECCHI) B 3TOM ClIydae TEIIOBOM 3(P(EKT peaxuuu
OyneT paBeH HM3MEHEHHUIO BHYTPEHHEH SHEpPruM CHUCTeMbl IUTIOC padoTa HaJ BHEIIHUM
nasnenuem pDV:  Q=DU + pDV

Cymma U + pV HasbiBaeTcs sHmanvnueil U siBiseTcs QyHKIMEH COCTOSHUS CHCTEMBbl WU
MEpOM €€ TEIIIOCOAEPIKAHMS.

JInst XUMUYECKOM peakuuu MPOTEKAIIEH NMPU IMOCTOSTHHOM JaBJICHUU HHTANbIIUS paBHA

TerioBoMy 3 deKTy.

3a cmanoapmuyto nmansvnuio 00pa30BaHUS NPUHUMAIOT SHTAIBIHIO TOH peakluH, B
KoTopoil | Momb BemiecTBa 00pa3yeTcs W3 MPOCTHIX BEMIECTB, KaXKIAOE M3 KOTOPHIX
HaXOJUTCSI B TEPMOJUHAMHYECKOM COCTOSTHHH.

3axon I'ecca u ciaeacTBus U3 HEro.

TennoBoir 3pdekT peakiuu 3aBUCUT TOJBKO OT HAYaJbHOTO W KOHEYHOTO COCTOSTHUS
CHUCTEMBbI HO HE 3aBUCHUT HU OT IyTH MPOTEKaHUS PeaKliu, HU OT €€ MEXaHU3Ma.
Cruencrsus 3akoHa ['ecca.

1) u3MeHeHue PHTAIBIHN XUMHUYECKOW PEaKIMM HE 3aBUCUT OT YHUCJIA MPOMEKYTOUHBIX
cTagui

2) SHTAJBIHUS PEAKIMU paBHA CyMME JHTAJIBIHK 0Opa30BaHUS MPOAYKTOB 332 BBIYETOM
CYMMBI DHTaJIbIINI 00pa30BaHUs UCXOIHBIX BEIIIECTB.

Tennoma neiimpanuzayuu - 5To TeruioBor dpdexTt peakuun odpazoBanus 1 moas H,O uz
nonos H" u OH"
H* (p-p) + OH" (p-p) = HQO, @Hzgg = -55,9 K)I)K/MOJ'IB

[Ipn He#Tpanu3alMy CHUIBHBIX KHCIOT CHJIBHBIMH OCHOBaHHUSMH TEIUIOBOW 3(PQeKT 3Toro
rporiecca MoYTH OJIMHAKOB B pacdeTe Ha 1 MOJIb SKBUBAJICHTA KUCIOTHI MJIH IIEIIOYH.

DKCnepruMeHTaIbHOE omnpeeicHre g&H HelTpaau3anui OCIOXKHEHO TEM, 4YTO IpH
CJIMBaHUH PACTBOPOB MMEET MECTO MPOIIecC pa30aBIeHUs:
[ ®pa36aBn) = @§H i + @§H 6. HeliTpanmsanus c1aboii KMCIOTHI MM CTa00T0 OCHOBAHUSA
COIIPOBOXKIACTCSA THUAPOJIU30M 00pasyrlieiics Ccolu, B pe3yiabTare Yero U3MEHSICeTCs
koHIeHTpanus woHoB H™ u OH™ B pactBope, ciieoBaTenbHO M TEILIOBOM 3(¢eKT mporecca
OyIeT UHBIM.
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Memoouueckue pekomenoayuu u onucanue 1a60pamopHoIl ycmanoeKu

C menpro MPOBEPKH CIPABEIIMBOCTH 3aKOHA ['ecca, B TaHHOW paboTe MPOBOIUM PEAKIIHIO
HelTpanmzauuu H,SO4 menousto NaOH B 1Be craauu.

PesynbpTatom peakuuu nepBoii ctaauu (mpu HegoctaTouHOM KosndectBe NaOH)
H2804 + NaOH = NaHSO4 + H20; @Hl

ABIIsieTCS pacTBOp ruapocynbdara Hatpust NaHSO4 B Boze.

PesynbpTaTom peakiuu 1o BTOPOW CTaauu
NaHSO4 + NaOH = NaZSO4 + HzO(;K); @Hz

sBIIseTCs 00pa3zoBaHue cynb(ara HATPUS.

B xaxnoit ctaauu Temmneparypa yBEJIUYHBAETCS 110 CPABHEHUIO C TEMIIEPATypOl HCXOIHOTO
BemectBa (pactBopa H,SO,). I[losTomMy mnpowcXomuT HW3MEHEHHE OHHTAIBIIMKM B Ipoliecce
peakiuu. Ero Mpl MOkeM ONpenenuTh sl KaKI0# cTaauu 1o hopmyre:

gGH = K™= @a4T/n (xJIx/M0Ib),

rae K= 0,96 k/[x/Monb - MOCTOsSIHHAS KaJIopuMeTpa (KOJUYECTBO TEIUIOTHI, HEOOXOIMMOE st
HarpeBaHus KaJIOpUMETPa ¢ TEPMOMETPOM, MeTnankoi, pactsopom H,SO4 Ha 1 K);
n=C*"V - KOJIMYECTBO BEIIECTBA;
C - MoJIsIpHast KOHIICHTPAIIKS BEIIECTBA;
V - 00beM pacTBopa.

OO011ee KOTMYeCTBO TEIUIOTHI, BBIJCIUBIICICS B pe3ysIbTaTe peakiiuu, OyJeT paBHO CyMMe
U3MEHEHHI SHTANBINN KaKI0U cTagnn: g&qH, = g&H; + g&H,.

Jis  ompeneneHus TOTPENIHOCTH H3MEPEHHS TeIIoBoro 3¢ @deKkra BOCHOIb3yeMCs
bopmynoii: @ = (@H wern - §Huer/ @Hucr.) = 100%.

3a g4H,; npuHEMaeM TabauuHOEe 3HaucHHE g@GH JUTs peakiuu, MpOoTEKaromeld B OJHY
CTaIMIO:

H,SO4 + 2NaOH = Na,SO4 + 2H,0) + 137,43 x/Ix/ Mo

HOpﬂI{OK BbIITOJTHCHU A paﬁoTbl.

1. Hanute B ogus munusap 100 mu ogaoMonsipaoro pactsopa H,SO4.

2. Hanwutse B 1Ba munuHapa no 50 ma ABymossipHoro pactsopa NaOH.

3. 3anuts B kanopumetrp 100 mu ogaomonsipaoro pactsopa H,SO4.

4. BKJIIOYUTH MEIIAJIKY.

5. B teuenue 5 MuHyT yepe3 Kaxzable 60 CeKyHJ CHUMATh [IOKA3aHUS TEPMOMETPA U 3aHOCUTh
3HAYEHUS TEMIIepaTyphl B IEPBYIO CTPOKY Tabmuisl Nel

6. Buuts B kanopumerp 50 M nBymousipHoro pactsopa NaOH u3 nepBoro uunusapa.

7. B TedeHue 5 MUHYT CHMMAaTh MOKa3aHUS TEPMOMETpa uepe3 Kaxabie 60 CeKyHJ U 3aHOCUTD

BO BTOPYIO CTPOKY Tabmuipl Nel.

8. Buuth B kanopumetp 50 ma asymonsipaoro pacrsopa NaOH. B Teyenue 5 MUHYT cCHHUMAaTh
NOKa3aHUsl TEPMOMETpa uepe3 Kakaple 60 CEKyHI U 3aHOCUTh UX B TPETHIO CTPOKY TAOJIMUIIBI
Nel.

9. Paccumrarh 3HaUYCHUS g&H TS KaXKI0M CTaIUK PEaKInK U 3aHeCTH B Tabauiry Ne2.

10. Beutnth oTpaboTaHHBIE PACTBOPHI, MOCYAY BBIMBITE. CaaTh pabodee MeCTo Ja0OpaHTy.

Cxema J1a00paTOpPHOI YCTAHOBKH
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Puc. 1. Cxema kanopumerpa:

1 - BKIIIOUATENIb MELIAJIKY; 2 - TEPMOU30JIMPYIOIINE CTAKaHBI,

3 - peakIIMOHHBIN CTakaH; 4 - TEPMOMETP; 5 - AIEKTPOABUraTeNb MEIIAIIKHY;
6 - mTaTUB; 7 - BOPOHKA; § - MeIIaiKa; 9 - OCHOBaHUE IITATHBA.

OCHOBHOI 9aCThI0 JIAOOPATOPHON YCTAaHOBKH SIBJISIETCSI KAJIOPUMETP, TIPEICTABIISIONIHHA
co0O¥ M30JUPOBAHHBIN OT OKpYIKaIOIICH cpelibl BHYTpeHHUi cocy (3). s uamepenus
TEMIIEpPaTypPhl pearupyromrX BEIIeCTB UCTIONB3YeTCs pTYTHBIN TepMomeTp (4). IlepememuBanme
pacTBopa OCYIIECTBIsETCs Memankoi (8) ¢ momorkto 3nexTpoasurarens (5). Bopounka (7)
CITy>KUT JUTSI 3aJTABKU PaCTBOPOB.

Tabauya 1
t, MUH 1 2 3 4 5
to C, H,SO4
ToC, 1 cragun
ToC, 2 ctagun
Tabnuya 2
1 cramus 2 cramgus
TOH&‘I = | tc'KOH = tOHZ!,‘I = | tOKOH =
Dte = Dto =
DH1 = DH2 =

Conep:xkanue oTyera:
Tema u 1116 paboOTHI.
XHMMHWUYECKUE YPABHEHUS PEAKLIU.
Tabmuist Nel u Ne2.
Pacuers! g§H u norpemHoctn @ %.
BriBosbI O mpozienianHoM pabdoTe.

Nk W=

KoHnTpoJibHBIE BONIPOCHI:
1. OcHOBHBIE MOHATUS TEPMOJUHAMUKHU (TEPMOAMHAMHUYECKAs CHCTEMa, MapaMeTpbl CUCTEMBI,
(haza, KOMIIOHEHTHI CUCTEMBI, TIporiecc). Kimaccudukaiys TepMOMHAMUYECKUX CHCTEM.
2. Buytpennss sHeprus BeuniectBa. (DyHKUMEH KakuX NapaMeTpoOB SIBISETCS BHYTPEHHsA
sHeprus BemlectBa? [lepBoe Hauano TtepmMoaMHaMuku. I[IpumMeHeHMe nepBoro Hauana
TEPMOJIMHAMMKH K OMOJIOrMYECKUM CUCTEMaM.
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3. Ownranpnug kak GyHKUusA coctosiHus. CTaHapTHBIE YCIOBUS B TepMoinHaMuke. Vi3meHenue
SHTAJIBIIMU B PA3JIUYHBIX XUMHUECKUX U PU3UKO-XMMUYECKHX MPOLIECccaXx.

4. TennoBoi 3ddexT xumuyeckoil peakuuu. OcoOEHHOCTH TEPMOXUMHYECKHX YpaBHEHUU U

pacueToB 1o HUM. 3aKoH ['ecca U ciencTBUs U3 HEro.

Bropoii 3akoH TepmoanHaMuku. [ToHsTHE SHTpONINN.

6. Coboanas sHeprus ' mb60ca kak Kpurepuil CaMONpPOU3BOIBLHOIO MPOTEKAHUS PEAKIUH.

TEMA 2. TEOPUSA PACTBOPOB.
Yacrs A. [IpurorosiieHue pacTBOPOB 3aJaHHON KOHICHTPAaLHH.
ean padoTbI:
Hayuntcss roTOBUTH pacTBOPHI 3aJaHHON KOHLIEHTPALUH.

e

—

2. IlpuobpereHre HaBBIKOB pacyeTa U mepepacyeTa KOHIEHTPAIMl paCTBOPOB.
Coaepxanue padoThbI:
1. IlpuroroBieHust pacCTBOPOB pa3IUYHON KOHIIEHTPAIMHU U3 CYXOH COJIH.
2. IlpuroroBieHust pacTBOPOB U3 O0Jiee KOHLEHTPUPOBAHHOTO PacTBOPA.
3. IlpuroroBieHus pacTBOPOB CMELIEHUEM JIBYX PACTBOPOB Pa3HbIX KOHIIEHTPALUH.
4. TlepepacueT MaccoBOM J0JIM pPacTBOPOB B MOJISPHYIO KOHLEHTPALMIO, MOJISPHYIO

KOHIICHTPAITUIO YKBUBAJICHTA, B MOJISUTEHOCTb.

IIpubopsl 1 peakTUBBI: MEpHbIC KOJIOBI (KOHHYeCKHE Ha 250 MI); MEPHBIC IIHMIIMHIPHI
Ha 50, 100 u 250 mu, CTEKJISIHHBIE TAJIOYKH, BEChl TEXHOXMMHMUYECKHE, Pa3HOBECHI, HaOOp
apeoMETPOB, XJIOPHUI HATPHS.

Mertoanyeckue peKoMeHAAallMH M ONMCaHue J1a00paTOpPHOii padoThI
a) [IpuroroBienune pacreopa NaCl 3a1aHHOIl KOHIIEHTPALIMH U3 HABECKH
CYXOro BelllecTBa
ITopsinok padoThI:
1. Tlonyuuts 3agaHMe OT IpPENOAABATENA: NMPUTOTOBUTH ompenesneHHoe kosumdectBo (100-500
MJI) pacTBOpa XJOpHUAa HATpus ¢ KOoHIeHTparueit 5-15%.

2. Paccuntarh HEOOXOIUMYIO JUISI TPUTOTOBICHUS 3aIaHHOTO 00beMa PacTBOpa HABECKY CYXOM
COJIN U 00BEM BOJIEL.

(O8]

. OTBecuTh HaBECKY XJIOpH/a HATPUs HA TEXHOXUMHUUECKUX Becax U MEPEeHECTH ee B Kooy .
4. OTmMepuTh HEOOXOUMOE KOJIMYECTBO BOABI MEPHBIM LIJIMHAPOM U BBUIUTH BOJY B COCYA C
CyXOH coJIb0. PazMeraTs cMech MaO4KoM 10 TIOJIHOTO PACTBOPEHHUS COMIH.

5. Jlns KOHTpOJS TPaBWIBHOCTH MPHUTOTOBICHHS pPAacTBOpa H3MEPUTh €ro IUIOTHOCTh
apeoMeTpoM: B WIHHIP eMKOCThi0 50/100 M HAMMBAIOT MOTY4YeHHBIH pacTBOp (2/3 oObema)
U OCTOPOKHO OITyCKAIOT TyAa apeoMmerp (B NPUCYTCTBUHM TpenonaBareis). CpaBHHUBAIOT
pEaNbHYIO IMJIOTHOCTh C HEOOXOAMMOU (Ta0NWIa) W JeNalT 3aKII0YCHHE O MPABHIBHOCTH
BBITIOJTHEHHSI paOOTHI.

6. ObopMHUTH MPOTOKOJ PAOOTHI M BBIPA3UTh COJEPIKAHUE XJIOpUJA HATPUS BO BCEX €IMHUIIAX
koHUeHTpauuu (%, MoysgpHas [0Jid, MaccoBas KOHIEHTpauusi, TUTP, MOJIIPHOCTb,
MOJISITBHOCTh, HOPMAJIBHOCTH ).

7. PacTBOp XJI0pHIa HATPHS OCTABUTH JUIS TATbHEHUIIICH paOOThI, UCTIOL30BAHHYIO TIOCY/TY BHIMBITH.
0) Ilpurorosaenne pacreopa NaCl pazdaBiienneM 0oJiee KOHIEHTPHUPOBAHHOIO PacTBOPA

ITopsinok padoThI:

1. [ToxyuuTs OT mpemnoAaBaTens 3aJaHue - MPUTOTOBUTH ompeneneHHoe koiuuectso (100-500
MJI) pacTBOpa  XJIOpHAA HaTpusi HU3KOM  KoHueHTpauuu (2-8%) w3  Oojee
KOHIICHTPUPOBAHHOTO PacTBOPA.

2. Paccuntarh 00BEM KOHIIEHTPHPOBAHHOTO PACTBOPA, HEOOXOJMMOTO JIJISi MPUTOTOBIICHUS
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3a/laHHOr0 00beMa U KOJIMYECTBO J0OABOUHOM BOJIBI.

3. OTMepuTh HEOOXOIMMOE KOJIMYECTBO KOHIIEHTPUPOBAHHOI'O PacTBOpa W JOOABOYHOM BOJIBI,
CJIUTh UX B KOJIOY U TIIATEJILHO MEepeMeIIaTh pacTBop.

4. [Ina KOHTpOJS TPaBUIBHOCTU NPUTOTOBJIEHHS pacTBOpa W3MEPUTH €ro IUIOTHOCTh
apeoMeTpOM B IPUCYTCTBUHU IIpeNogaBaTes.

5. OdopmMuTh POTOKOJ pabOTHI M BBIPA3UTH COJIEPKAHUE XJIOPUAA HATPUS BO BCEX €IMHUIIAX
KOHIICHTpaI1H.

6. PactBOp xJlopuaa HaTpusl OCTaBUThH JJs JayibHeHIed paboThl, WCHOJIb30BAHHYIO IMOCYIY
BBIMBITb.

B) [Ipurorosienue pacteopa NaCl cmenieHseM JByX pacTBOpPOB 3aJIaHHBIX KOHLICHTPAIU

IMopsinok padoThI:

. IlomyuuTs OT mpenofaBaTess 3aaHue.
Paccuutate TpeOyemble 00beMBbl 000OMX PAacTBOPOB, HEOOXOIMMBIX MJISi TMPUTOTOBJICHUS
3aJ1aHHOTO PacTBOpA.
. OT™MepHTh paccUMTaHHBIE KOJHMUYECTBA CMEIIMBAEMBIX PACTBOPOB M CMEIIATh UX B KoJj0e.
4. JInst KOHTPOJIS IPaBUIBHOCTH PAaCUETOB M MIPUTOTOBJICHUS paCTBOpPA H3MEPHUTH €T0 INIOTHOCTh
apeoMeTpOM B MPUCYTCTBUHU MPENOaBaTENs.
5. Odopmute IpOTOKOT PabOTHI U BBIPA3UTH COJAEPKAHUE XJIOPUAA HATPHUS BO BCEX EAMHUIIAX
KOHILICHTPAIUH.
6. BeumnTh pacTBOpPHI XJIOpUIA HATPUS, OCYY BBIMBITE. CaTh pabouee MecTo 1a0OpaHTy.

N —

W

Conep:xanue oT4yera:

Tema u 1enb paboTHI.
Pacuetsl o kaxxaoi yactu paboTHI.
3HaueHus MIOTHOCTEN: TeopeTudecKoe (M3 TaOIUIIbI) U IKCIIEPUMEHTAIbHOE.
Pacuer morpemuoct @ % NPUTOTOBJICHHS PACTBOPOB.
BriBoabI MO TIpoenanHoM padoTe.
KonTpoabHbIe BONIPOCHI:

Nk W=

Kakwne criocoObl BeIpakeHUs! KOHLIEHTPAIIMKA PACTBOPOB BaM U3BECTHHI?

Kak nepeiiTi OT 0JHOr0 BUa KOHIIEHTPAIMH K IpYyroMy (Ha KOHKPETHOM mpumepe)?
Kakwue cymiecTBytoT criocoObl IPUTOTOBICHUS PACTBOPOB?

Onummre X0 paboTHI 110 JIF000MY CIIOCOOY IPUTOTOBJICHHS PACTBOPOB.

el e

Yacts b. MoHHBbIE peaknMid B PacTBOPaXx, rereporeHHbie paBHOBECHsI B PACTBOpPax
JJIEKTPOJUTOB (IKCIIEPUMEHTAIILHOE OIPE/ICIICHIE HATIPABJICHUSI XUMUYECKUX PEAKIIHIA).
ean padoThI:
O3zHakoMJIeHHE ¢ OOUTMMH CBOWCTBAMHU MAJOPACTBOPUMBIX JIEKTPOIHUTOB.

[\

HpI/IO6peTCHI/Ie HAaBbIKOB pacycTa MPOU3BCACHUA PACTBOPUMOCTU U PACTBOPHUMOCTHU OCAAKOB
CUJIbHBIX 3JICKTPOJIUTOB.

Coaep:xanue padoThbI:
1. OmnpeneneHue peakuuu cpeabl MPH TUAPOIU3E COJEH.
2. H3yyeHue BIHMSHUS TEMIIEPATYPhl HAa TUAPOIIN3.

3. W3yuenue ycioBuil o0pa3oBaHHs OCaJKOB MaJOPACTBOPUMBIX CHIJIBHBIX 3JIEKTPOJIUTOB U HX
PacTBOPUMOCTH.

4. Pacuer pH coneli noiBepraromuxcs rTupoinsy.
IIpubopsbl U peakTUBBI:
1) mwrraTUBHI 17151 TPOOHPOK, MPoOHpKHU Ha 10 MII, TUIIETKH.

2) 2 H pacTBOPBI: XJIOpUJA KaNbIIU, XJIOpUIa HATPUS, XJIopHaa 6apusi, okcajaTa aMMOHUS,
COJISTHOHM KHCIIOTBI, HUTpaTa Oapusi, XpoMara Kajusi, yKCyCHOHM KHCIIOThI, HUTpaTa cepedpa,
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cyibhuaa HaTpusl.
DKcrnepuMeHTalIbHAs 4acTh:
MeTtoauyeckue peKOMeHAalMH M ONMCaHue J1a00paTopHOil padoThI
OmnbiT 1. O0pa3zoBaHue 0CaiKa M YCJI0BHE €r0 PACTBOPECHHUSA

B npoOupky Haneiite 4-5 kanenb pacTBOpa XJIOpUAa KaJblKsl U MPUOABbTE MO KaIIAM
pacTBOp OKcallaTa aMMOHUs 10 0Opa3oBaHus Oenoro ocaaka. Mzberaiite pacTBOPUMOCTH
ocajZika B 2 H pacTBOpPE COJIAHOW KUCIOThl. Hanmummnre MoiekyasipHble 1 HOHHBIE YpaBHEHUS
peakiuii. BeimummuTe U3 TabIUI KOHCTAHTHI AUCCOIUALIMHA H PACTBOPUMOCTH CIa0BIX
3JEKTPOIUTOB. BrluncanTe KOHCTAaHTY PaBHOBECHS PEAKIIMU PACTBOPEHUS OCaKa U
00BSACHUTE, TOYEMY ITO MPOUCXOUT.

OmnpiT 2. Onpenesnenne HaNpaBJIeHUs XHMUYECKHUX PeaKl Uil (pacTBOpeHHe 0CAIKOB)

Haneiite B npobupky 6-8 kamenb pacTBOpa XJIOpHAAa WM HUTpaTa Oapusi U mpubaBbTE MO
KaIUIsIM pacTBOp Xpomara Kaius A0 oOpa3oBaHUS KenToro ocanka. Ocagok pa3fenuTe Ha JIBe
yacti. K omHOM yacTu npubaBbTe 2 H PacTBOP COJSIHOM KHCIJIOTHI, @ K JPYrod — 2 H pacTBOP
YKCYCHOM KHCIOTHL. B ofHOW M3 MpOOMpOK HaONI0IaeTcsl pacTBOPEHUE OcCaaKa. 3aruIlInTe
HaOmroeHust, crenaiite BeiBOA. COCTaBbTE MOJICKYJISIPHBIE M WOHHBIC YPAaBHEHHS DPEaKIUil.
BbruncnuTe KOHCTaHTHI PAaBHOBECHS MPOIECCOB PACTBOPEHHs] Xpomara Oapusi B COJNSIHONM U
YKCYCHOHM KHCJIOTE U O0BSICHUTE HAOII0JaeMOe.

- OnbiT 3. HanpaBjieHHe XMMHMYECKOW peakluM B CTOPOHY 00pa30oBaHuUsi MeHee
PacTBOPMMOIO COeUHEHUS

Haneiite B npobupky 2-3 karum pacTBopa HUTpaTa cepedpa u npubaBbTe K HEMY 2-3 Karuiu
pacTBopa Xpomara Kaius. 3aluIIiTe IBET MOJYYEHHOTO OCajaKa, TOCIe 4Yero J00aBbTe B
npoOupKy 2-3 Karum pacTBopa xyiopujaa Hatpus. Kak nuamensiercs et ocaaka (AJs HaOI0AeHUS
L[BETa OCaJKa pacTBOP MOXKHO OCTOPOXKHO CIuTh)? A Temepb NpuOaBbTE K COAECPKUMOMY
npoOupku 2-3 KariM pacTBopa cyib(puaa HaTpuUs M ONAThH 3alUIIMTE LBET ocaaka. CocTaBbTe
MOJIEKYJISIPHBIE M HFOHHBIC YPaBHEHHS BCEX MPEBPAIIICHHUIH.
Hcrnonb3yss 3HaueHUS] KOHCTAHT PACTBOPUMOCTH, BBIUYHCIUTE PACTBOPHMOCTH IOTYUEHHBIX
COCTMHEHNT W KOHCTaHTHl paBHOBECHS Ui HaOIromaeMbIx TporieccoB. Cremaiite BBIBOA O
HAaIpaBJIeHUN XUMHYECKHUX PEaKIH.
ITopsinok padoTbI:

1. IMoxyuuTs OT npenojaBaTess 3alaHue.

2. BBIMONHUTE paboTy COTTIACHO METOANYECKHX PEKOMEHJAIIHA.

3. OpopMHUTH TPOTOKOJ PaOOTHI.

4. BpuUTH OTpabOTaHHBIE PACTBOPHI, MTOCYY BBIMBITE. CaaTh pabodyee MeCTo.
Conep:xkanue oTyera:

Tema u 11enb paboTHI.

Habmionenusi, ypaBHEHUS peakIuil Mo Ka>Ka0i 4acTu paboTHL..

BriBobI MO TIpOSIETIAaHHOM padoTe.

KoHTposibHBIE BONPOCHI

1. Hounble ypaBHEHUS peakuid. Y CIIOBHS IPOTEKAHUS PEAKIIMI B paCTBOpaXx.

2. TereporeHHoe paBHOBECHE: OCAJOK — HACBIIICHHBIA pacTBOp. KOHCTaHTa pacTBOPUMOCTH
(W MpOM3BEICHHE PACTBOPUMOCTH )

3. VYcnoBus 06pa3oBaHUs U paCTBOPEHUS OCAIKOB.

4. BnusH#e 0011eT0 HOHA Ha PACTBOPUMOCTH MaJIOpacTBOpUMOro BermectBa. CosieBoid 3 dexT.

TEMA 3. 3KCIIEPUMEHTAJIBHOE UCCJIEJOBAHUE BJIUSAHUSA PH CPEJIbI HA
NPOAYKTbI OKUCJIUTEJIBHO-BOCCTAHOBUTEJbHBIX PEAKIIUI
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eab padoThi:

1. W3yuuTh OKHCIUTEIBHO-BOCCTAHOBUTEIbHBIE CBOWCTBA METAJJIOB, HEMETAUIOB U MX
COCIUHEHUN.

2. OcBOUTH METOJIUKY COCTaBJICHUS YPaBHEHUH OKHUCIUTEIbHO-BOCCTAHOBUTEIbHBIX
MPOIIECCOB.

3. 3axkpenuTh 3HaHMS O BIMSHUU CPEbl HA OKUCIUTEIbHO-BOCCTAHOBUTEILHBIE MPOLIECCHI

Conep:xxanue padoThbI:

1. OxucnurenpHble U BOCCTAHOBUTENIBHBIE CBOMCTBA IEPOKCUIA BOJOPOIA.

2. OKucIHUTeNIbHbIE U BOCCTAHOBUTEIHHBIE CBOWCTBA HOHOB P- U d-2JIEMEHTOB.

3. OxkucnuTenbHbIE CBOMCTBA IEpMaHTaHaTa Kajaus B Pa3Iu4HbIX Cpeiax.

IIpudopsl U peakTUBBI:

1. TIpoOupku, mTaTUB A1 MPOOUPOK, AEpKATEIb IS MPOOUPOK, TUTIETKH, BOJIsTHAsI OaHs,

rope’ka.

2. 2 M pactBopsl HuTpara xpoma (III), rugpoxcuna HaTpus, voAuaa Kajius, IepMaHraHaTa
Kanus, cyibura Hatpus, cyiabdpara mapranua (II), xmopuma omoma (II), 3% pacTtBOp
nepekucu Boaopona, 2H pactBop cepHoil kuciotel, 2H pacTBOp a30THOW KHCIIOTHI,
YETBIPEXXJIOPUCTBIN YITIEPO, PaCTBOP M0/1a, IOPOILIOK TUOKCH/Ia CBUHIIA.

Kparkue Teopernueckue cBeeHHS.

Bce xumudeckne peakiuy MOKHO pas3/ieluTh Ha JIBE OOJIBIITNE TPYIIIBIL: MTpoTeKatomue 0e3
U3MCHCHUA CTCIICHU OKHCIICHUS U C HU3MCHCHUEM CTCIICHU OKHCIICHUS — OKHUCIUTCIIBHO-
BOCCTaHOBUTEIIbHBIC.

K oxuciuTenbHO - BOCCTAHOBUTEILHBIM OTHOCSTCSI BCE pCakurn 3aMCIICHUA U TC PCaKIUN
COCIMHEHMS U PA3JIOKEHUSI B KOTOPBIX y4acTBYET XOTS ObI OJHO MPOCTOE BelecTBO. Bee peakim
oOMeHa POTEKAOT 03 U3MEHEHHS CTETICHU OKHCIICHHSI.

[Tog creneHbH OKHMCJEHUSI TOHUMAIOT (AKTUYECKH 3aps aTroMa B MOJEKYyJe
oOpa3yromuiics B pe3yJibTaTe mepepacnpeaeeHus SIEKTPOHHOM MIIOTHOCTH.

OkucIeHneM Ha3bIBAIOT MPOIECC IMOTEPH DJICKTPOHOB, MPUBOAAIINN K TIOBBIIICHUIO
CTCIICHU OKHCIICHUS. BGH_IGCTBa, ATOMBbI WJIM HOHBI KOTOPBIX OTAAKOT 3JICKTPOHBI, HA3BIBAIOT
BOCCTAHOBUTEIAMH. BOCCTaHOBUTEIb, OTAABast HIIEKTPOHEI, OKUcsgercs. Zn® -2e — Zn'?

BoccranoBiieHne — mpoliecc NMPUCOEAMHEHUSI 3JIEKTPOHOB, MPUBOISAIINN K TMOHUKEHHUIO
CTENEHW OKHUCJeHUs. BelecTBa, aroMbl WJIM HWOHBI KOTOPBIX NPHCOCIUHSIOT SJIEKTPOHBI,
HA3bIBAKOTCA OKHUCIIUTCIIAMU. OKI/ICJII/ITGJIB, MMPUCOCOUHASA 3JICKTPOHBI, BOCCTAHABJIMBACTCH. Cu+2
+2e¢e — Cu°

OO01ee 4YUCIIO ANEKTPOHOB, OTAAHHBIX BOCCTAHOBHUTEIIEM, PABHO YHUCIY O3JEKTPOHOB,
MPUHSATHIX OKUCITUTEIIEM.

Jns nmporHo3a  HNpPOAYKTOB M HANpPABJICHWS  IPOTEKaHUS  OKHUCIUTEIbHO-
BOCTAHOBUTEJIBHBIX MTPOIIECCOB HAJIO 3HATH, YTO TUMHYHBIMHU OKMCJIUTEISAMM SBIISIOTCS:

1) mpocTble BemecTBa, aTOMbl KOTOPBIX UMEIOT OOJIBIIYIO 3JIEKTPOOTPHULIATENIEHOCTD (3J1€MEHTHI
VIA u VIIA rpynn). U3 vux nanOonee cuibhble okucautenu F, O, Cl.

2) BemectBa, cojaepxamiie dJEMEHTHI B MakcUMaidbHOW crerneHn okuciaeHus: (KMnOy,
chr207, HCIO4, HZSO4 " ap.

3) KaruoHbl METAJUIOB ¥ BOJOPO/Ia

K THIIMYHBIM BOCCTAHOBHTEISIM OTHOCSTCS:

1) mpocTele BellecTBa, aTOMbl KOTOPBIX HMMEIOT Majyl0 3JEKTPOOTpUUATENbHOCTh < 1,5
(anemenTsl IA u IIA rpynn u HeKOTOpBIE APYTHE METAILIbI).

2) BemiecTBa, conepkaliue dIeMeHThI B HU3muX creneHsx okucienus: (H,S, NH; u np)
BemiectBa, coiepxkaiiye aroMbl B IPOMEKYTOUHBIX CTENEHSIX OKUCIEHHs, CIIOCOOHBI Kak
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HOBBILIATh, TAK U TIOHWXKATh CTENIEHb OKUCJICHUS, T.€. MOTYT OBITh KaK BOCCTAHOBUTEISIMU (TIpU

neiicTBuM 0ojiee CHIIBHOTO, YeM OHH, OKHCIUTENS), TaK U OKUCIUTENSIMHU (TIpH AeicTBUU Oojee

aKTUBHOTO, Y€M OHM, BOCCTAHOBHUTENs). Takue BellecTBa MPOSIBISIIOT OKUCIUTEIbHO-

BOCCTAHOBUTENIBHYIO IBOMICTBEHHOCTD.

[Ipu cocTaBneHNN peakiinii OKUCIUTENIBLHO - BOCCTAHOBUTENBHBIX IPOIIECCOB UCTIONB3YIOT:
1) merox 37eKTpOHHOTO OanaHca
2) MeToJ MOoJdypeakuui WK HOHHO - AIEKTPOHHBIN CIIOCO0.

IIpaBniia  HaNMUMCAHMA  OKHCJIHMTEJbHO-BOCCTAHOBHMTEJIBHBIX  pPeakuMil  MeToa0M

MOJIypeaKImii:

1. BBIACHSIOT NPUHLMIHAIBHYIO BO3MOXXHOCTh mpoTekanus Ox/Red mporecca - HaxonmsT
NOTEHUUATbHBIA OKUCIIUTENb U BOCCTAHOBUTENb.

2. OmnpenensroT NPOLYKThl OKUCIEHUS U BOCCTAHOBIICHHUS.

3. TlumyT momypeakiuy OKUCIEHHUSI U BOCCTAHOBJIEHHSI, pacCMaTpuBas BCE MMEIOIIMECS NOHbI
u cpeny - H,O, H" wim OH, o uu B koem ciuydac we H' u OH - Bmecte oHH
COCYIIIECTBOBATh HE MOT'YT.

4. CponaT MaTepuanbHbIi OanaHc mosypeakiuii - 3akoH JIomoHOcOBa B IeiicTBUN.

CBoAAT 3JEKTPOHHBIN OanaHC, MOJCYNTAB, 3aps/Ibl ClI€Ba W CIpaBa W J00AaBUB WM BBIUTS

JJIEKTPOHBI.

6. Haxomsar oOmuii MHOXUTENb Ui 00EMX TONYypeaKUuid, ¢ Y4eTOM TOrO, YTO, CKOJIBKO
3JIEKTPOHOB OBLIIO OTHATO Y BOCCTAHOBUTEIIS, CTOJILKO MPUOABUIIOCH K OKUCIIUTEITIO.

PaccraBnstoT K03 (QUIHEHTH B yPaBHEHUHU M JOMTMCBHIBAIOT HEIOCTAIOIINE TIPOTYKTHI.
KMnO4 + Na,SO3 + H,SO4 = MnSO4 + Na,SO4 + Kb SO4 + H,O
Peakuust mnporekaeT B BOJHOM pPacTBOPE, COOTBETCTBEHHO KOMIIOHEHTBI pPEaKIMH

JUCCOLUUPYIOT:

K*+ MnOy4 + 2Na'+ SO5* + 2H" + SO4* = Mn** + SO4* + 2Na" + SO4* + 2K + SO4* + H,0
Jlis cocTaBieHUs MOTypeakluil BEIOUpaeM MOHBI, KOTOPbIE COJEpkKAT aTOMbl, H3MEHSIOIINE

CBOM CTEIIEHU OKHCIICHUSI.

2 | MnOy4 + 8H™+ 5¢ — Mn?" + H,O okwucauTens/ BOCCTAaHOBUTENb

5% SO3* + H,0 - 2e — SO,* + 2H" BOCCTAaHOBUTEIH/OKUCIUTENb

e

2MnOy + 16H™+ 5S0;% + 5H,0 = 2Mn?*" +5S04> + 10H" + 8H,0
Cokpaimiass KOMIOHEHTHI B MPAaBOMl W JIEBOM YacTH, MOJy4YaeM COKpAIIEHHOE HOHHOE
ypaBHEHHUE JAaHHOW OKUCIUTEIbHO-BOCTAHOBUTEIILHON PEAKIIUU:
2MnO, + 6H™+ 5S0;% = 2Mn*" +5S0,* + 3H,0
[ToxcraBUB K MOHAM HEOOXOAMMEBIE TIPOTHBOUOHBI, TIOTYYUM MOJIEKYJIIPHOE YPaBHEHHE C
TrOTOBBIMHU KO3 PHUITHEHTAMHU.
2KM1’104 + 5Na2803 + 3stO4 = 2M1’lSO4 + 5Nast4 + KzSO4 + 3H20
Cynbdar Kamms He y4acTByeT B OKHCIHTEILHO-BOCCTAHOBUTEIIFHOM IIPOIECCE, TIOITOMY TIPH
COCTABJICHUH TIOJTYPEAKIIMI HE YUUTHIBAJICS, OIHAKO YUUTHIBACTCS TIPH 3aITMCH MOJIEKYJISIPHOTO YPABHEHHS.
Bausinue cpeabl HA OKUCJIUTEIbHO — BOCCTAHOBUTEJIbHBIE MPOIECCHI.
pH cpenpl oka3bIBaeT BIMSHUE HA HAMPABJICHUE OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIIHIA
U XapakTep OO0pa3yIoUMXCs MPOAYKTOB. YeM MEHbIE KHCIOTHOCTh CPENbl, TeM, KaK IPaBHIIO,
MeHee Tiryooko uaeT mporecce. Hampumep, KMnO, mposBIIsieT OKUCTUTENEHBIE CBOMHCTBA 32 CUET
Mn*’ 1 BoccTaHaBIUBaETCSL:
B KUCJIOH cpesie — 10 Mn'?, B HeUTpabHOU — 10 MnO,
B LIEJIOYHOM Cpejie 10 MaHraHaT-uoHa - MnQO,%
XpomaT ¥ JUXpOMAT Kaliug BBICTYNAIOT B KAaueCTBE OKHUCIMTENICH B KHUCIOW cpene,
BOCCTAaHaBJINBAsICh 10 MoHa Cr'.
B mpupone nambonee pacnpocTpaHEHBI COCTUHEHHS MapraHiia CO CTENEHBIO OKHCIICHUS
+2. B opranusMe 4eioBeKka MapraHell TaKkKe HaXOIUTCSA B CTENIEHU OKHMCICHHS +2, HO, y4acTBYS B
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OMOXMMHYECKUX MPOLECCaX, OH HE MEHSIET CBOEH CTENEHU OKUCIICHHUS. JTO CBSI3aHO C TEM, YTO B
OpraHU3Me HET CUJIbHBIX OKUCITUTENEH.
N3menenune pH cpenpl MOKET pa3BepHYTh peakluuio. Tak IUCIpONOPHUOHUPOBAHUS XJI0pa
B menounoi cpeae Cl, + KOH = KCI + KCIO3; + H,O uzaer B oOpaTHOM HampaBlIeHUH HpU
noakucienuu pacrsopa. HCI + HCIO; = Cl, + H,O
UeMm MeHbIIE KUCIOTHOCTh CPEIbl, TEM, KaK MpPaBHIO, MEHee TIyOOKO HIET MpoIlecc:
MIEpMaHraHaT BOCCTAHABJIMBACTCS IO Mn?" B kuCIOH cpene, 10 MnO, - B HEUTpaIbHON U 10
MnO,* B menouHol cpese.
JKCIePpUMEHTAJIbHAS YACTh.
Onpit 1. Oxuciaenue nona Cr’* 10 BbICIIel CTeNeHH OKHCICHHUS
K 6-8 xamsam pactBopa Cr(NO3)3 npubaBbte mo karmisim pactBop NaOH no pacTBopenwms
obpa3yromerocst ocanka Cr(OH)3 u 3atem 3-4 xarum 3% pactBopa H,O,. Cmech nepemeraiite
U, TIpU HEOOXOAMMOCTH, HAarpeiTe Ha BOASHOW OaHE WIM TOpEJIKE B TEeUYeHHe 1-2 MUH.
OxpanMBaHUe pacTBOpa B JKENTHIM ILBET CBUIETENLCTBYET 06 oOpazoBanuu uoHa CrOg>".
PaccraBbre K03 GUIIMEHTHI B ypaBHEHUH PEaKLUU METOIOM IOJIyPEAKIUi U CAeTalTe BHIBOJ.
CI'(NO3)3 + NaOH + HzOz = N32CI'04 + NaN03+ HQO
OnpIT 2. OKHCIMTEIHHBIE U BOCCTAHOBUTE/ILHbIE CBOICTBA NIEPOKCH/IA BOJIOPOIA
a) K 3 xamnsam pacteopa Kl npubasste 2 kammm 2H pactBopa H,SO4 1 3aTeM mo Karism
3%-b1it pactBop H,O, no mosBnenus >xentoil okpacku. [ns oOnapyxenus I, B pactBope
npubaBbTe K HeMy Heckoinbko kKamenb CCl; u  BerpsxHutre npoOupky. PaccraBbre
KOA(p(GUIUEHTH B YPAaBHEHUU PEaKIIMU METOJIOM TMOTypeaKIuil U ciesiaiiTe BBIBO/I.
KI + HzOz + HzSO4 = 12 + KzSO4 + Hzo
6) K 5-6 xamsam pactBopa KMnO4 npubaBere 3-4 karmum 2H pactBopa H,SO4 u 3atem
HECKOJIbko Kamenb 3%-ro pactBopa H,0,. Habmiomaercs oOecuBeunBaHue pacTBOpa U
BbIJICJIEHHE Tra3a. lchblTailTe BBIACISIONMMICS Ta3 TICNIed JydyuHKOM. PacctaBbre
KOX(PPUITUEHTHI B yPABHEHUU PEAKIIMA METOJIOM TOTYPEAKIUil U CIeIaliTe BBIBO/.
KMHO4 + HzSO4 + H202 = MI’ISO4+ 02+ KZSO4 + H20
OnbIT 3. OKHC/IHMTEIBHBIE CBOMCTBA MIEPMAHTAHATA KAJIMS B Pa3INYHBIX cpefax
B Ttpu mpobupku Haneite mo 5-6 kamenb pactBopa KMnQO,. 3arem B mepByIO0 MpoOUpPKY
npubassTe 3-4 karmu 2 H pactBopa H,SOs, BO BTOpYIO - HHYEro, a B TPeThi0 - 3-4 Kammm 2H
pactBopa NaOH. Ilocne 3Toro B kKaxmyro mpoOUpKY MpuOaBbTE MO KarwisiM pactBop Na,SO; wumm
Ccyxylo conb. Habmronaiite W3MeHEHHME OKpacKH pacTBOpoB. PaccraBbre KO3((HUIMEHTH B
YpaBHEHUSIX PEAKIMA METOJIOM TOYPEaKIUi U CAeTaiTe BBIBOJBI 00 OKHUCIHMTEIBHBIX CBOMCTBAX
NepMaHTraHaTa Kajus
a) KMHO4 + HzSO4 + NaQSO3 = MHSO4 + KzSO4+ Na2804 =+ HZO
6) KMnO,4 + H,O + Na,SO3;= MnO, + Na,SO4+ KOH
B) KMHO4 + KOH + Na2803 = KQMHO4 =+ Nast4+ HzO
OnbiT 4. OKUC/IeHNe KATHOHA d-3J1eMeHTA 10 BbICIIEH CTeneHN OKUCIeHUs
Oxucnenne noHa Mn’>’ nuOKcHIOM cBUHIA. BHecuTe B NPOOMPKY HEMHOIO MOPOILIKA
PbO,, mpubassre 2 Ma 2H pactBopa HNO; u Harpeiite Ha BoJsHOW OaHe WJIM TOpeNKe 10
kuneHus. [locime sToro mpubaBpTe B mpoOUpKy 1-2 kammm pactBopa MnSO, mepememiaiite u
cHoBa Harpeiite. Ha0nronaeTcst mosiBjieHUs MaIMHOBOM OKpacku oOpaszoBasuierocs nona MnQOy'.
PaccraBbre KO3 GUIIMEHTHI B ypaBHEHUH pPEaKLUK METOIOM IOJIyPEaKIHi U cAealTe BHIBOJ.
PbO, + HNO; + MnSO,4 = H,MnO,4 + Pb(NO3), + H,O
OmnpbIT 5. BoccTaHoBHTEIbHBIE CBOMCTBA KATHOHA P-3JieMeHTa (Sn
Haneiite B npobupky 3-4 kammm pactBopa SnCl,, nmpubaBbTe MO KamisiM 2H PacTBOp
KMnO, Habmionaercsi ncdye3HOBEHHE MaJMHOBOM okpacku. PacctaBpTe KO3 UIHEHTH B
YPaBHEHHH peakUUH METOAOM Moiypeakiuii u caenaiire BoiBoa. SnCl, + KMnOy4 + H,SO4 =
SHC14 + MHSO4 + Hzo
OnbIT 6. BoccTaHoBHTEILHBIE CBOMCTBA AHHOHA p-dJeMenTa (SO37)

2+)
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[Tomectute B mpodupky 3-4 karm pactBopa Na,SOs, prdaBbTe 2-3 Karwm 2H
pactBopa H,SO4 u 1-2 xamm pactBopa I, Berpsixaure mpoOupky u HaOmopaiite oOeclBeYMBaHE
pactBopa. PacctaBbre KO3(h(HUIMEHTHI B yPaBHEHUN PEAKIMN METOIOM TIOTYPEAKIINA U CCIANTE BBIBO/I.
KaxoBa postb cepHOi KUCIIOTBI B JTAaHHOW PeaKIin?
Na2803 +Iz + HQO = Nast4 + HI
ITopsinok padoTbI:
[Tomy4uTs OT mpenogaBaTens 3aJaHue.
BbImonHUTE paboTy COrNIaCHO METOANYECKHM PEKOMEH IAIUSIM.
OdopmuTh TPOTOKOI pabOTHI.
BbutnTh 0TpaboTaHHbIE PaCTBOPHI, OCY Ty BEIMBITE. ClaTh pabouee MecTo.
Conep:kanue oTyera:
Tema u uenb paboThI.
2. HaGmonenus, ypaBHeHHUs peaklni 10 KX 101 4acTH paboTEhL..
3. BbIBOJBI 1O NpOJIETaHHOM padoTe.

b

—_—

KoHTpoJibHBbIE BOPOCHI.

1. Tumbl OKUCIHUTEIHHO-BOCCTAHOBUTENIBHBIX peakUUid. TUNUYHBIE OKUCIUTEIN U TUIUYHBIE
BOCCTAHOBUTCIIN. @aKTopr, BJIMAIOIIHUEC HA MPOTCKAHUC OKHUCIUTCIIbHO-BOCCTAHOBUTCIIbHBIX
peaKIuid.

2. Metoapl COCTaBIEHUSI OKUCIIUTEIbHO-BOCCTAHOBUTENIBHBIX pEAaKUMH (METOJA NOJypeakuuid
WM METOJT MIOHHO-3JICKTPOHHOTO OajaHca).

3. Krnaccudukanus oKHCIUTEIbHO-BOCCTAHOBUTEIBHBIX PEAKLINi

TEMA 4. KOMIIVIEKCHBIE COEJJMHEHUWSA

e paGoThi:
1. W3yuyuTh sIBIEHUS KOMIUIEKCOOOPA30BaHUS.
2. M3yuuTh CBOMCTBA Pa3INYHBIX KOMIIJIEKCOB.

3. OcBouTh HaBBIKHM pacuyeTa KOHCTAHT HECTOMKOCTH U KOHCTAHT YCTOMYMBOCTH KOMIIEKCHBIX
COCIUHEHUH.
Conep:xxanue padoThbI:
1. TlomyueHue KOMILUIEKCHBIE COSMHEHHS cepedpa, MeId U PTYTH, U3YYUTh MOBEICHUE TaHHBIX
KOMIUIEKCHBIX COEAMHEHUN NIpU JOOaBICHUH U30bITKA peareHTa.
2. Paccmotrpenue mpoieccoB, CBSI3aHHBIX C Pa3pylICHHEM KOMIUIEKCHBIX COSIUHEHUH.

3. PaccMoTpeHnue nporecca AUCCOUAMN KOMIUIEKCHBIX COCIMHEHUM.
IIpudops! U peakTHUBBI:
1. TIpoOupku, MUTIETKH, TAOOPATOPHBIN IITATHB.
2. 1M pacTtBOpsl HUTpaTa cepedpa, XJIOpHUIa HATPHUS, TUAPOKCHIA aMMOHUS, CyJb(ara MeIH,

autpata pryta (II), mommnma xamusa, cynbduma Hatpus, rekcanuano-lIII-deppara kamus,
xnopuna xxenesa (I1I), ponanuma ammonwust (wnu kanus), 25% pacTBOp THAPOKCUIA AMMOHUS,
a30THas KUCJIOTA (KOHIL.).

KpaTkue Teopernyeckue cBeeHH.

B Hacrosmee BpeMsi HE CyIIECTBYeT KaKOro JMOO OIHO3HAYHOTO OIPEICJICHUS ITHX
COEIMHEHMH, KOTOPBIE MOTJIO ITOJIHO OXapaKTePU30BaTh UX CTPYKTYPY U XUMHUYECKHE CBOMCTBA.

Hekoropsie u3 HuX:

Komnnexcnvimu  Ha3bIBalOTCA  ONPEIEICHHBIE  MOJIEKYJISADHBIE  COCIMHEHUS, IIPH
COYETaHUU KOMITOHEHTOB KOTOPBIX 00pa3yroTcs MOJOKUTEIBHO WM OTPULIATENIBHO 3apsKEHHBIE
HOHBI, CIIOCOOHBIE K CYIIECTBOBAHHUIO, KaK B KpUCTaJlIe, TAK U B paCTBOPE.

Komnnexchvimu Ha3bIBalOTCS MOJIEKYJISIPHBIE COEJUHEHMs, HE IIOKA3bIBAIOIINE B
pacTBOpE BCEX CBOWCTB XapaKTEPHBIBIX JJI HX COCTMHEHH IEPBOTO MOPSIKA.
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Komnnexcrvimu mHa3pBaroTcs COCIMHCHUA, B Y3j1aX KPUCTAJJIOB KOTOPBIX HAXOAATCA
KOMILICKCHBIC HOHBEI, CIOCOOHBIC CAMOCTOSITEIIEHO CyHIECTBOBATH B paCTBOpAX.

KomruiekcHble coeIuHEHHS — 3TO caMblii OOLIMPHBIN KJ1acC HEOPraHUYECKUX COEMHEHUH,
UMEIOIMX OTPOMHOE OMOJIOTHYECKOE 3HaYCHHE: XJIOPO(UILIBI B PACTCHUSAX, FEMOTTIO0NH Y
JKUBOTHBIX, Pa3JIU4YHbIC IUTOXPOMBI, BATAMHUHBI.

CornacHo koopAMHAIMOHHaK Teopun Anbdpena Bepuepa, npeanoxentoii B 1893 roay:

1. ATOMBI MOTyT TpOSIBIATH HE TOJBKO OOBIYHYIO «IJIABHYIO» BAJEHTHOCTb (YHCIIO
3JIEKTPOHOB, KOTOPbIE MPUHUMAIOT yyacThe B 00pa30BaHHE XMMHMUYECKOW CBS3U MO OOMEHHOMY
MEXaHU3MY), HO U «ITOOOYHYIO», CBA3aHHYIO C HAJMYUEM BaKaHTHBIX aTOMHBIX OpOHWTae Win
HE TOJIENICHHBIX 3JEKTPOHHBIX Map. [J1aBHas BaJeHTHOCTh y KaTMOHOB METAJIJIOB HACHILAETCS
TOJIbKO IPOTUBOMOHAMHU, TOOOYHAsI- TPOTUBOMOHAMHU WJIM HEUTPAJIbHBIMUA MOJIEKYJIaMH.

2. B KaxIOM KOMIUIEKCHOM MOHE HMeEeTcs LEHTpPaJbHBIi aToM, BOKPYI KOTOPOIO
pacrnojararTcs KOOpIAUHUPOBAHHBIE UM MOHBI UJIM HEUTPAIbHBIE MOJIEKYJIbI.

3. Yuciao MOHOB MM MOJIEKYJ, KOTOpPbIE KOOPAMHHUPOBAaHBl BOKPYI LIEHTPAJIBbHOIO aToMa
Ha3bIBACTCSI KOOPAMHAMOHHBIM unciaoM. K.Y. cBsi3aHO ¢ 3apsA0M LEHTPaIbHOTO aToMa.

3apsina +1 +2 +3 +4

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

4. KoopanHHpOBaHHBIE ATOMbI, MOHBI WJIH MOJEKYJbl HAXOMAALIUECS BOKPYT LEHTPaIbHOTO
aToMa, Ha3bIBAIOTCSA JHWraHgaMud win afaeHaamMu. COBOKYIHOCTh IIEHTPAJbHOTO aToMa |
JUTaHJOB Ha3bIBaeTCAd BHyTpeHHeW cdepoil. Ecnu BHyTpeHHss cdepa 3apspkeHa, TO MMeEeTcs
eme W BHEWHsA cdepa, KOTOpas TMpeICTaBlieHa NPOTHBOMOHOM. B 1emoM Monekyna
KOMIUIEKCHOT'O COEIMHEHUS DNIEKTPOHEUTpabHA.

KoMiuiekcbl MOTYT ObITh:

a) katuonnsie [Cu(NH;)4])*", [Co(H,0)s]*

0) anmonnsie [AI(OH)]*, [Fe(CN)s]* mim anumoKOMILIEKCEL.

B) HelTpanbHbIe [Fe(CO)s], [Cr(NH;3);Cls].

B 3aBMCHMOCTM OT TOro, 4Y€M NpPEIACTABIEH JIMTAHA  BBUIEIAIOT: aKBaKOMILIEKCHI,
alMIOKOMILIEKChI, aMMHAKAThI, AMMHHATBI, KAPOOHMIIBI, THIPOKCOKOMILIEKCHI U T.1I.

MeTo/1 BaJIeHTHBIX CBSi3eli B ONMCAHNN KOMILIEKCHBIX COeIMHEeHMI.

CormnacHo MCTOY BC Ka)KI[BIﬁ JIUTaHa ABJISICTCA JOHOPOM 3JICKTPOHOB, a
KOMHHCKCOO6paSOBaT€JII) — aKICTITOPOM JJICKTPOHOB. Jlurang pasMemacT CBOU 3JICKTPOHLI HA
BAaKaHTHBIX aTOMHBIX Op6I/ITaJ'IHX KOMHJ’ICKCOO6p330BaTCHH. HpOCTpaHCTBeHHOC
PACIOJIOKCHUEC JIMTAH0B 3aBUCUT OT THUIIA m6p1/11[1/13a111/m HECHTPAJIbHOI'O aToOMa.

sp>d® — okrasap; spd’? —kBaapar; sp> — TeTpa’ap
EctectBenHo, uto npu 3toM Meto BC paccMarpuBaeT 00pa30BaHHUE TOJILKO CHIMA —CBSA3EH.
HN3omepusi KOMIIEKCHBIX COeIMHEHU A

1) Uonuzarmmonnas [Co(NH;3)sBr]SOy4 - [Co(NH;3)sSO4]Br
2) Koopaunarmmonnas [Co(NH3)s] [Cr(C,04)3] - [Cr (NH3)6] [Co(C204)5]
3) CeszeBas [(NH3)sCo-NO,]Cl; - [(NH3)sCo-ONO]Cl,
4) T'maparnas [Cr(H,0)6]Cl; - [Cr(H,0)sCI]CI, XH,0
5) IlpocTpaHcTBEHHAs - LUC- TPAHC- U30MEPUS
B BoaHBIX pacTBOpax KOMIUIEKCHBIE COETUHEHUS MOABEPTalOTCs AUCCOLUAIINH

XejaTHbIe KOMILIEKCHI.

Ocoboe mecTo Cpeau KOMIIJICKCHBIX COCI[I/IHGHI/Iﬁ 3aHUMArOT TaK Ha3bIBaACMbIC
BHYTPUKOMIUICKCHBIC COCANUHCHUA. ITo TUITY 9TUX COC[[I/IHCHI/Iﬁ MOCTPOCHBI MHOT'OYUCIICHHBIC
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METaJUIIPOTEUABI: TEMOTIO0NH, XJIOPOPHILT U Jp.

XeJlaTHbIE WK KJICIITHEBUIHbIE KOMIIJIEKCHI IOCTPOEHBI 110 TUITY LIMKINYECKUX
COECIMHEHMH, B KOTOPBIX CYIIECTBYIOT JIBa THIIA CBSA3€: HOHHBIC U KOOpAWHAIMOHHEIE. T.e.
aura’z oopasyeT ¢ HOHOM-KOMILIEKCO0Opa3oBaTeieM Kak HOHHYIO, TaK M KOOPAMHAIMOHHYIO
CBS3b.

B anamutuyeckoi TIPAKTUKE IUPOKO IMPUMCHAIOTCA BCIICCTBA, CIOCOOHBIE O6pa3OBLIBaTB
Pa3IMYHbIC BHYTPUKOMIIICKCHBIC COCTUHCHU . Haubonee MIUPOKOEC MPUMCHCHUEC TTOTYINIIN
aMI/IHOHOJ'II/IKap6OHOBLIe KHCJIOThI, Ha3BaHHbBIC KOMIIJICKCOHaMM:

Kommiiekcon I — HuTpunorpuykcycHas KUCiIoTa

Kommnekcon II -3TunenanaMuHTETPOYKCYCHAsE KMCIIOTa
Kommiiekcon III — sTuneninaMuHTeTpOanieTaT HaTpyst
Kommnekcon IV —quaMUHIMKIOrE€KCAaHTETPOYKCYCHAs! KUCIIOTA.

B ananuTHueckol mpakTHKe 111 00bEMHBIX ONpPENeIeHUN pa3IMuHbIX KaTHOHOB Hanboliee
HIMPOKO MNPUMEHSIOT IUHATPUEBYIO COJIb ATHIICHIUAMUHTETPAYKCYCHOM KUCIOThI — KOMNJIEKCOH
11l

OTo coenuHeHue (MHOTJA Has3blBaeMoe mpuioHom b) 0003HAYalOT COKpaIIeHHOMN
¢dopmynort Na,H,Y wmmu DJTA. Kommutekcon III comepxut, Hapsimy ¢ KapOOKCHIbHBIMU
rpyIIaMy, eule U TpeTuYHble aMUHOTrpynIbl. [[o3ToMy OH cuMTaeTcs He TOJIBKO OPraHUYECKOU
KHUCJIOTOM, Jarouieil colM ¢ pa3iMuHbIMM KaTHOHAaMHU, HO TakKXe M KOMILJIEKCOOOpa3yoIuM
BEILECTBOM.

Kommekcon III mosmy4ymn mmpokoe MpUMEHEHNE B XMMUYECKOM aHAJIA3€E, IIOTOMY YTO OH
00pa3yeT BHYTPHKOMILIEKCHBIE COJIM ¢ KATHOHAMH IIEJIOYHO-3eMeIbHBIX MeTawioB (Ca?'. Mg?",
Ba®"), koTopble OYEHb TPYIHO IEPEBECTH B KOMIUIEKCHBIE COEIMHEHUS IPYTHMHU CHOCOOAMH.
TutpoBanne komiiekcoHoM III umcnonb3yercss uisi KOJIMYECTBEHHOTO ONPENENEHUs 3THUX
KaTHOHOB.

IKCNEepPUMEHTAIbHAS YACThb.

Omnpbit 1. ITosryyeHHe KOMIJIEKCHBIX COeIMHEHUSI

a) Haneiite B mpoOupky 2-3 Kkamiu pacTBopa HUTpara cepebpa, mnpubaBbTe
TaKO€ JK€ KOJIMYeCTBO pacTBopa xiopuaa Hatpus. [lpuneiite k oOpazoBaBieMycs
OCaJIKy pPacTBOp THUJIPOKCHMIA aMMOHHS JO TIOJHOTO pacTBOpeHusi ocaiaka. llouemy
pactBopmiics ocanok? CoxpaHUTe pacTBOP JJIsl OTbITA 2 a.

AgNO; + NaCl = AgCl| + NaNO;

AgCl + NH3 XHzO e [Ag(NH3)2]C1 + HzO

0) Haneiite B mnpobupky 3-4 kammm pacTBopa cyibdara memu, mnpubaBbre 2-3
Kalld pacTBopa THApPOKcHUIa aMMmoHus (25%) - BBIIAZAeT CBETJIO-TOJIyOOM OCaJoK
ocHoBHOM comu  wmeaa (CuOH),S04. IlpubaBpTe 10O KamisiM HW30BITOK  pacTBOpa
THJIPOKCHIA aMMOHUS. Yro HaOmronaere? Hammumure YpaBHEHUE  peaKiui B
MOJIEKYJISIpHOM 1 nOHHOHU opMax. CoXpaHUTE pacTBOP VIS CIEAYIOUIETO OMBITA.

CUSO4 + NH3 . Hzo — (CUOH)2804 + (NH4)QSO4

(CUOH)QSO4+ (NH4)QSO4+ NH3 HZO — [CU(NH3)4] SO4 + Hzo

B) K pactBopy Hg(NOs3), n106aBpTe 1o KamisiM pactBop noanaa kanus. OOpatute BHUMaHHE
Ha oOpasoBanue ocaaka uoauaa prytu (II), oTmeThTe ero 1BeT U A00aBbTE M3OBITOK HOAUIA
kamus. Uto Habmogaete? Hamuimure ypaBHEHUS PEakIuu B MOJICKYJIIPHOW U MOHHOM opmax.

Hg(NO3)2 +KI — Hglz + KN03

HgIZ +KI — Kz[HgI4]
OnpIT 2. PazpynieHue KOMILUIEKCHBIX COeIUHEeHUi
a) K pacrtBopy, OCTaBIIEMYCSl ~ OT OIIbITa 1 a, npudaBbTe MO  KAIIIsIM
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KOHLIEHTPUPOBAHHYIO a30THYIO KHUCJIOTY. O0mbscHUTE HaOIro1aeMoe SIBJICHUE.

Hanumure ypaBHeHUE peakuuu.
[Ag(NH;),]Cl1+ HNO3 — AgCl + NH4NO;3
6) K  pactBopy ocraBmiemycs OT OIlbITa 16, npubaBbTe 3-5 Karnesib
CEpOBOJIOPOJHONM  BOABI WM pacTBopa cyinbduaa Harpus. Hamnummre ypaBHeHue
peaxiuu u 00bICHUTE MPUIMHY 00pa3oBaHUE OCAIKa.
[CU(NH3)4]SO4 + NaZS > CuS + Nast4 + NHs3
OnpIT 3. DJIEKTPOTUTHYECKAS TUCCONMALNS KOMILUIEKCHBIX COeINHeHUI
B npobupky HaneliTe no 3-5 karmens pactBopa rexcarmano-11-gpeppara xamus K3[Fe(CN)g], a
BO BTOpYI mpoOupky HameiTe 1-2 kammu pactBopa FeCls, 3arem B KaxIyro HpoOHpKY
npubaBbTe 2-3 KAl pacTBOopa pojaHuia Kaimus wiu pomanuiga ammoHuss NH;SCN. Yto
HaOmonaete? OOBICHUTE OTCYTCTBHE OKpackd B TepBoM mpoOupke. Hamumurte uoHHBIE
YPaBHEHUS PEAKIIUM.
K3[Fe(CN)s] — 3K™ + (Fe(CN))™
FeCl; — Fe*™ + 3CI
K;3[Fe(CN)g] + KSCN #
FeCl; + KSCN ->K;[Fe(SCN)¢] +KCl1
IMopsinok padoThI:

[TomyuuTs OT mpenogaBaTesis 3aaHue.

BoImonHuTE paboTy COrNIaCHO METOANYECKHM PEKOMEH/IAIUSIM.

OdopmuTh TPOTOKOT pabOTHI.

BrutnTh 0TpaboTaHHbIE PaCTBOPHI, OCYLy BEIMBITE. CliaTh pabouee MecTo.
Conep:xkanue oTyera:

Tema u enb paboTHI.

Habmronenusi, ypaBHEHUS peakiuii Mo KaKI0i 4acTH paboThlI.

PacueTsi.

BriBosbI MO caenanHoi paboTe.

b s

b S

KonTtpoJjibHbie BOPOCHI.

1. Knaccudukanuss 1 HOMEHKJIaTypa KOMIUIEKCHBIX COEIMHEHUH. XenaThl M KOMILJICKCOHBI.
H30Meprst KOMIUIEKCHBIX COEIMHEHUN

2. OCHOBHBIE TIOJIO)KEHHMS TEOPUM KOMIUIEKCHBIX coeauHeHnii A. Bepnepa. Cocras

KOMILJIEKCHBIX COEJAMHEHUMN: IIEHTPAJbHBI aToM - KOMIUIEKCOOOpa3oBaTelb, JUTaHI,

BHYTPEHHSISI U BHEIIHAS c(hepbl KOMIUIEKCa.

3apsi1 kKoMIuiekcHOro noHa. KatroHHble, aHHOHHBIE U HEUTPaJIbHBIE KOMILIEKCHI.

4. KoopauHallMOHHOE YHCIO KoMIUlekcooOpa3oBaTens. CBs3b KOOPAMHAIIMOHHOTO YHCIA C
3apsiIoM [EHTPAIBHOTO aToMa.

5. Jluccoumanusi KOMIUIEKCHBIX coeAuHeHud. KoHCTaHTa HECTOMKOCTH KOMIUIEKCHBIX HOHOB.
3aBUCUMOCTh JIUCCOIMALIMA KOMIUJIEKCHOTO MOHA OT KOHIIEHTPALlUU CBOOOJHBIX MOJIEKYJI
(WM MOHOB) JIMTAH/IA.

6. JlentaTHOCTh JIMraHaa. Kinaccudukaius KOMIUIEKCHBIX COSTMHEHUH TI0 COCTABY JIMTaH/IOB.

7. llpupona XMMHUYECKON CBSI3M B KOMIUIEKCHBIX CO€AMHEHUAX. OCHOBHBIE MOJIOKEHUSI TEOPUU
BaJICHTHBIX CBsI3¢H. THII CBS3H MEXITy KOMIUIEKCOOOpa30BaTEIIeM U JINTaH/IaMHU.

8. MarHutHble  CBOWCTBA  KOMIUIEKCHBIX  COCIUHEHHIA. BuemneopOuTanbHble W
BHYTPUOPOUTAIIbHBIE KOMITIEKCHI. OKpacka KOMIUIEKCHBIX COSHMHECHUN.

9. Kakue KOMIUIEKCBI, COTJIaCHO TEOPUU BAJIICHTHBIX CBSA3€H, SBIISIIOTCS HEYCTOMYMBBIMH U

AKTUBHBIMH, 4 KaKHUC - yCTOﬁ‘lHBLIMH u HCaKTI/IBHLIMI/I?

(O8]

Paznen 2. Heopranuueckasi xummusi
TEMA 1. XUMHUSI HEMETAJIJIOB
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Yacrb A. I'aioreHbl M UX COeIMHEHUSI.
Heab padoTsi:

N3yunTh XUMHUYECKHE CBOMCTBA TAJIOTEHOB M UX COCAMHEHHUIA.

3HaKOMCTBO C JJaOOPaTOPHBIMU COCOOAMM TOJTyYEHHSI TAJIOTEHOB M UX COEAMHEHUH.
Conep:xanue padoThbI:

[TonydeHune xyopa U MCCIEA0BaHNE €70 XUMUYECKUX CBOMCTB.

[TonydyeHnue x10poBOIOPOAA U UCCIIETOBAHUE €0 XMMHUYECKHUX CBOUCTB.

HccnenoBanue BOCCTAaHOBUTENHHOW aKTUBHOCTH TaJIOTE€HHUI-HOHOB.

KauecTBeHHbIE peakiuy Ha raJIOr€HNUI-UOHBI.

IIpubGopsl U peakTUBBI:

1. IlpoOupku, cHUpPTOBKaA, AepKaTeab A NPOOUPOK, MHUIETKH, JIONATOYKa, KarelbHas
BOpPOHKAa, Ta300TBOJHAs TpyOKa, XWMHUYECKHH cTakaH, Koiba, Oymara (MOJIOCKH),
JaKMycoBas OyMakka, (MIbTpOBaIbHAsI OyMakKa, CTEKIISTHHAS MAI0YKa, JIY9UHKA, CIIHYKH.

2. Jluxpomat xanus (CyXoil), coysiHas KUCJIOTa (KOHIL.), cepHasi KUCI0Ta KOHIICHTPUPOBAaHHAS U
pazbaBieHHas (2H), HOAUA Kanus (pacTBOp), HOAUA Kanus (CyXxoi), XJopua HaTpus (Cyxoil),
XJIOpUJ HATpHUs (pacTBOp), MepMaHraHaT Kajus (pacTBOp), TAKMYC, METUJIOPAHK, KyCOYeK
Maraus (WiM LMHKa), HUTpaT cepelOpa (pacTtBop), OpoMup Kanus (Cyxoil), OpoMuja Kamus
(pactBop), xnopuna xenesa (I1I) (pactsop).

KpaTkue TeopeTnyeckue cBeieHuUsl.

lanmorenst: ¢rop, xmop, 6pom, o u actar. DNeKTpoHHAST KOHPUTYpAILHs HEBO30YKICHHBIX
aToMOB rajoreHoB — ns’np> CTeneHb OKHMCIEHHS DJIEMEHTOB B COEIMHEHMSX OT -1 10 +7,
TOJIbKO ()TOp UMEET OJIHY CTENEeHb OKuciIeHus (-1).

HanGonee cHIIbHOM OKHCIHTEIBHOMN CIIOCOGHOCTRIO 061aaoT (yrop, Xi1op 1 Gpom. Hox moxer
HPOSBIIATH KaK OKUCIHUTENBHBIE (HanpuMep, rmo otHomenuto k HpS u SO;), Tak 1 BoccTaHOBUTENBHBIE
cBoricTBa (ripu B3aumoaeicteuu ¢ HNOs u H,O,).

Bonee snexkTpooTpuiaTeNbHbIM rajgoreH BCerJa BBITECHSET AJIEKTPOIOIOKHUTENbHBIN U3 ero

N —

b S

COE€IUHEHHI C METaIIaMU. 2KBr + Cl, = 2KC1 + Br,
Bce ranorensi, kpome (ropa, MoABEPraroOTCs B BOJHBIX PACTBOPAX MPH OOBIYHBIX YCIOBUSIX
JHACTIPOTIOPLIHOHUPOBAHUIO: Br, + H,O < HBrO + HBr

Haxoxaenune B npupoje:
Hawubonee pacripocTpaHeHbl CleIyIONMe MUHEPATIBL:

CaF, — ¢mroopuT (IMJIaBUKOBBIH IITIAT); Naz[AlF¢] — xpuonur;
3Ca3(POy,), - Ca(F, Cl), — dTopanarur; NaCl — ramnur;
KCl - cunbpBuH; KC1 - NaCl — cu1bBHHUT;

KCl - MgCl, - 6H,0 — kapHauur.
IKCNEePUMEHTAJbHASA YACTh:

Omnwit 1. ITosryyenne xJjiopa

[To 3apanuio npenoaaBatesns B IpOOUPKY BHECHTE HECKOIBKO KPUCTAILTUKOB JUXpOoMaTa
Kayws (IMOKCH/Ia MapraHIla WU TUOKCHIA CBUHIIA) U 100aBbTe 2-3 Karlli KOHIIEHTPUPOBAHHON
COJISTHOM KUCIOTHI. Ecniu peakius mpoTekaeT HeA0CTATOUHO aKTUBHO, COACPKUMOE MTPOOUPKHU
OCTOPOXKHO HarpeiTe. OTMEThTe BET 00Pa3yIOIIETrocs Ta3a U UCIIBITATE ero IeiiCTBUE Ha
OyMa)kKy, CMOUYEHHYIO PacTBOPOM MOJuAa Kaius. Hanuimre ypaBHEeHHS COOTBETCTBYIOIINX
peakuui.

OnpIT 2. TlosryyeHue u cBOMCTBA XJOPOBOA0POAA

B konly, cHaOKCHHYIO KamnelIbHONH BOPOHKOH W Ta300TBOAHOW TPYOKOH, MOMECTUTE
HEOOIbIIIOe KOJMYECTBO CYyXOro Xxjopuaa. Uepe3 KamelbHYI0 BOPOHKY K COJIM HpUJIEHTE Mo
KalUIIM KOHIIGHTPUPOBAaHHYIO cepHylo Kuciotry. Coaepkumoe KOJObI cJerka Harpeiure.
Boigensromuiicss XJI0poBOAOPO MPOIYCTUTE Yepe3 BOAY, HAXOSIIYIOCS B CTaKaHE WM Koyioe
(TpyOKYy, 1O KOTOPOH UAET TOK XJIOPOBOJOPOIA IEPKUTE HAJl MOBEPXHOCTHIO BOABI). IIpoBephTe
NeiCTBHIE BBIJICISIFOIIETOCS Ta3a Ha BIAXKHYIO CUHIOIO JJAKMYCOBYIO Oymary, a TakKe Ha IMOJIOCKY
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¢uabTpoBaNbHON Oymaru, CMOYEHHOW PO30BBIM pPacTBOPOM IepMaHraHata kanus. byzaer nu
BBIJICJIATECS XJIOPOBOJIOPOJI MPH B3aUMOJECHCTBUU XJIOpHUIAa HATpus C pa30aBlIeHHOM CepHOM
KHUCIIOTOM?
B Tpu npobupku Hazeirte mo 5-6 kamenb MOJTy4eHHOTO pacTBOpa XJopoBoaoposaa. B onny
npoOupKy 100aBbTe 1-2 KaruiM J1akMyca WM METUIOpaHKa, BO BTOPYIO — KyCOUeK MarHus (Wiu
IIMHKA), B TPEThIO — pacCTBOP HUTpaTa cepedpa.
OO0pbsacHuTEe HaOII0JaeMble SIBJICHUSI U COCTaBbTE COOTBETCTBYIOIINE YPABHEHUSI pEaKLIUi.
OnbiT 3. BoccTaHOBHTE/ILHAS AKTUBHOCTD F'AJI0r¢HU/I-HOHOB
a) [lomecture B 0AHY MPOOUPKY HECKOJIBKO KPUCTAJJIOB OpomMHAa Kajius, a B JPYTIyI —
uoauna kanusa. B kaxayro mpoOupky mo6aBbTe MO 2-3 Kaluld KOHLIEHTPUPOBAHHOM CEpHOM
kuciaoTel. OOpaTuTe BHUMaHME Ha LIBET M 3amax MpOAyKTOB obenx peaknuil. Ha ocHoBanuu
9TOr0 M MPEAbIAYIIEro ONBITOB CPaBHUTE BOCCTAHOBUTENIbHYIO AKTMBHOCTH XJIOPOBOZOPOAA,
OpomoBoioposia U HonoBogopoaa. CocTaBbTe YpaBHEHHUS COOTBETCTBYIOIIHMX OKHCIIUTEIbHO-
BOCCTAHOBUTEJIbHBIX peaKIuil.
0) B Tpu npobupku BHECTH 10 2-4 KaIllIM JUXpOMaTta Kajus, MOJAKHCIEHHOTO 2 H. CEpHOU
kucnotsl (1-2 xammm). lo6aBuTth 1o 2-3 Karig B MEpBYIO MPOOUPKY pacTBOpa MOAMA KalHs, BO
BTOPYIO — CTOJIBKO € Kakoro-nmmbo OpoMuaa ¥ B TPEThIO — XJOpHIa HaTpusi. PacTBOpBI
nepemMelaTh YMCTOM CTEKJISHHOW Majo4ykoi. B kakoM ciyyae BOCCTAaHOBIEHME IUXpoMaTa He
npousonuio. HamucaTe ypaBHEHHs NMPOTEKAIOMIMX PEAKIMM, yYMTHIBas, 4TO AMXPOMAT Kajus,
BOCCTaHaBIIMBAsACh, nepexoqur B cyibdar xpoma (III). Kak u3menssach mpu 3ToM CTENeHb
OKHCJIEHUSI COOTBETCTBYIOIIUX rajgoreHoB? YTo npu 3ToM HabIH01aJ10Ch?
B) [Ipogenarb oOmbIT, aHaNOrWYHbI ONBITY O0), 3aMEHMB pACTBOpP JUXpoMaTa Kajus
pactBopom xyopuna okenesza (III). Yro wabGmomanu? B  kakoM ciiydae MpOM30ILUIO
BOCCTaHOBJICHHE XJIOpHMJA JKejle3a U COOTBETCTBEHHO OKHCIeHHe rajoreHa. Kak usmensercs
BOCCTAHOBUTEJIbHASI CIIOCOOHOCTh OTPULIATENbHBIX HOHOB I'aJIOT€HOB?
OnbIT 4. KayecTBeHHbIE PeAKIIMU HA TAJIOTeHUI-UOHbI
B tpu npoOupku momecture mo 3-5 Kameilb pacTBOPOB COJICH: B MEPBYIO NMPOOHPKY —
XJIOpU/1a HATPUsl, BO BTOPYIO — OpPOMUAA KaJusl, B TPEThIO — MOAMIA Kayus. B kaxyro npoOupky
nobaBbpTe 1-2 Kammm pacTBOpa HUTpaTa cepedpa 10 BBINAJEHUS XapaKTEPHBIX TBOPOKHCTHIX
0CaJIKOB TaJIOreHUJI0B cepedpa. OTMEThTE L[BET OCAKOB U COCTABbTE MOJIEKYJISIpHBbIC U MOHHBIE
YPAaBHEHUS PEaKIIUM.
IMopsinok padoThI:

[TomyuuTts OT npenogaBaTess 3alaHue.

BbInonHUTE paboTy COrNIaCHO METOANYECKUM PEKOMEHIAIUSIM.

OdopmuTh TPOTOKOT pabOTHI.

Bbutnth 0TpaboTaHHbIe PacTBOPHI, TOCY Ly BEIMBITE. ClaTh pabouee MecTo.
Conep:kanue oTyera:

Tema u enb paboThI.

2. HabmroneHus, ypaBHEHUS peakluil Mo KakJ0i 4acTH padoThI.

3. BrIBOJBI IO NpoJIeTaHHOM padoTe.

b S

—_

KoHTposbHbIE BONIPOCHI:
OOm1ast xapaKTepUCTHKA IEMEHTOB TlaBHON noArpynns! VII rpynms.
PacnipocTpanenue rajoreHoB B MPUPO/IE, CIOCOOBI MOTYYCHHUS.
du3nyeckue CBOMCTBA rajIoreHOB.
XWUMHUYECKUE CBOMCTBA TajJoreHoB. Hamucath ypaBHEHHS peakuuil B3auMOICHCTBUS
raJIOT€HOB C BOJOW U pacTBOpPAMHU LIEIOUYEH (XOJIOIHBIMU U TOPSTUUMHU).
[IpumeHeHue rajoreHoB.
6. CoenuHeHus rajoreHOB C BOJOPOJOM, UX XMMHYECKHEe cBoicTBa. HamucaTh ypaBHEHUs
pEeaKIMil MOJyUYEeHHs BCEX rajioreHoBO0po10B. KakoBbI 0COOCHHOCTH ATUX MPOIIECCOB?
7. Kucnopoaconepxaume COeqUHEHHS TAIIOTEHOB.

b=

9]
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Yacte b. DJuementsl VIA-rpynnbl nepumogu4eckoil cuUcTeMbl 3J1€MEHTOB H MX
COCJUHECHHUSI.

Hean pa6oTh:

N3yunth XuMU4ECKHE CBOMCTBA KUCIOPOJA U €0 COEINHEHUIN

N3yueHne XuMHYECKUX CBOMCTB CEPBI U €0 COCAUHEHUN.

3HaKOMCTBO C Ja00paTOPHBIMH CIIOCOOAMU MOJTyUEHUs KHCIOPOJa U COSAMHEHUI cepbl
Coaepixanue padoTsl:

[TonyuyeHue u CBOMCTBA KUCIOPOJA.

OKHCIUTENbHO-BOCCTAHOBUTEIbHBIE CBOMCTBA NTEPOKCHIa BOJAOPOA.

BoccranoButenbHbIe CBOICTBA CEPBI U CEPOBOIOPOAA.

BoccraHoBuTenbHbIE CBOICTBA pacTBOpa AMOKCHA CEPBI U CyJb(UTa HATPUS.

CpaBHuUTENbHAS OIICHKA paCTBOPUMOCTH Cylb(uTa U cynbharta 6apus B KUCIOTE.

O6napy>xeHue cynbdaT-uoHa.

IIpubGopsI U peakTUBBI:

1.JIaGopaTopHbIif MTATUB, TPOOMPKH, MHUIETKH, CHUPTOBKA, JepXkarenb IS IMPOOHPOK,
JIOTIaTOYKa, TYYMHKA, CIIMYKH.

2. Ilepmanranar xanus (TB.), pacTBOp nepmanranata kamus, 3% u 30% pactBop H,0,, nuokcun
MapraHia, IuXpomar Kaius (Hachlll. pacTBOP), HOIU Kalus, CEpHas KucioTa (pa3d. pacTBop),
KpaxMaJIbHBINA KJIecTep, HUTpAT cepedpa, pacTBOp aMMHaKa, a30THas KUCIIoTa (KOHII.), cepa,
xnopun 6apus, cynbpua HaTpus (pacTBop).

TeopeTnyeckue cBeIeHH .

B VIA rpynny nepuonuueckoi cucteMbl BXoAsT msaTh 3nemeHToB: O, S, Se, Te, Po.
DJIEKTPOHHAs KOH(HUIypalus HeBO30YXKIEHHBIX aTOMOB d1eMeHTOB VIA rpynmer: ns’np®.
Haubonee ctabunpHas cTeneHb OKUCICHHS JIEMEHTOB B UX COCTUHEHHX (-2) XapakTepHa AJs
kuciopona. Cepa MOXKET HaXOAUThCS B cTeneHu okucienus 0, +2, +4, +6, -2. ¥V rtemnypa,
MOJIOHUSI U CeJieHa, 00JIaIal0IIUX MEHBIICH 3IeKTPOOTPUIATEIbHOCThIO, CTAOUIBHON SBISETCS
cTenenb okucieHus (+4). Kucnopon, cepa u cesieH — THIMYHbBIE HEMETaJLIbI.

Kucaopon (0,) — ra3 6e3 1Bera, 3amaxa u BKyca. AJJIOTpOrHas MOAU(HUKAIUS KACIOPOaa
— O3 — o30H. Kucnopon manopactsopum B Boje. Ha Bozayxe moaaepuBaeT ropeHue MHOTHX
BeniecTB. CUIIBHBIM OKUCIHUTEIh — MPU BBICOKUX TEMIIEpaTypax pearupyeT ¢ OOJIbIIMHCTBOM
METAJIJIOB ¥ HEMETAJIJIIOB.

[Ipocreiimas kayecTBEHHAsI PEAKIIHs — SIPKOE 3aropaHue TICIONIeH TPeBECHON TyUYNHKU B
aTMocdepe Kucioposa.

[IpumeHnsieTcs Kak peareHT B XUMUYECKOW TEXHOJIOTUU (O0OKUT CyNb(PUAHBIX Py, CUHTE3
OKCHJIOB), METAJUTypruu (IIPOU3BOJICTBO UyTyHa, CTAJIN), CBAPKE U PE3KE METAIJIOB U T.J.

MHoayuyenne:

OcHoBHOM  (mpomblluieHHBIH). W3 BO3ayXa  METOAOM  HU3KOTEMIEPAaTypHOM
pextudukanmuu (KUIKUA BO3IyX pa3AemseTcsl Ha KUCIOPO/ U a3oT).

Cepa — XuUMHYECKM aKTMBHOE BEIIECTBO. VI3BECTHBI €€ COEAMHEHHS IOYTH CO BCEMH
3JIEMEHTaMH, KpoMe OJIaropoIHBIX Ta30B, a Takke Au, Pt, I, At.

I'oput Ha Bo3ayxe: S + O, = SO,

—

halll N4

bk W=

Hoayuyenme:

B naGoparopusix ycnosusix: FeS + 2HCI = H,S1 + FeCl,

bonee uncTeiii Ta3 oOpa3yeTcs IpHu pa3ioKeHUH CyIb(uIa Kaablus: CaS + 2HCI =
stT + C&Clz

IKCNepUMEHTAIbHAA YaCTh

Kucaopoa. Ilepoxkeuna Bogopoaa

Onpit 1. IlosryyeHue u ¢cBOMCTBA KHCJIOPOA

B cyxyro npoOupky momecTure MPUOTU3UTENBHO 2 T TEpMaHTaHaTa Kallks. YKpEmuTe
npoOHpKy B JIalKe IITaTHBAa U HarpeiTe ee. Buimenstomuiics ra3 HCHBITalTe C MOMOIIBIO
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Taetome TydyuHkn. CocTaBbTe YPABHEHHE PEAKIIUH.

OmnpiT 2. KaTanuTudeckoe pa3jioKeHne NepoKCUIa BOA0PoIa

a) Haneitite B npoOupky 8-10 xamenb 3%-Horo pactBopa H,O, u BHecuTe B mpoOupKy
HECKOJIbKO KPHUCTAJVIOB JMOKCHJAa MapraHila B KauecTBe Karajiu3zaTopa. Beimenstomumiicst ras
UCIIBITAlTE ¢ TIOMOIIBI0 Tietolel mydnHkd. CocTaBbTe ypaBHEHHE peakuuu. K kakomy THITY
OKHCIIUTENBHO-BOCCTAHOBUTEIBHBIX PEAKIIMI OHA OTHOCUTCS?

0) Haneiite B mpoOupky 6-7 Kameinb HACBIIIEHHOTO PacTBOpA IUXpOMaTa KaJus M ClieTKa
nonorpeiire. Jlob6aBpre 2 kammu 30%-HOro pacTBOpa mepokcuaa Bomopoaa. I[Ipowmcxomut
MOYEpHEHHUE pacTBopa 3a CyYeT O0pa3oBaHUsA NPOMEKYTOUHBIX COCIMHEHHM  THUIIA
Ky[Cr,07 ‘HyO;]. Yepe3 1-2 MUHYTBI NPOUCXOAUT OYypHOE pa3lOKEHHE NPOMEKYTOUHBIX
COCIMHEHUI C BBIJCIICHUEM KHCIOpoja. BHecuTe B MNPOOUPKY TICIOUIYIO JIYYHMHKY. UYTO
npoucxoautr? CocTtaBpTe ypaBHeHHE peakuuu. K  KakoMy THUIy  OKHCIHUTEIHHO-
BOCCTAHOBUTEJIBHBIX PEAKIIMA OHA OTHOCUTCS?

OmnbiT 3. OKHC/IUTEIBHBIE CBOICTBA MEPOKCHIA BOJOPOAA

B npobupky k 3 kamisM pacTBopa MOAMJA Kajus NMpuOaBbTe 2 Kauld pa30aBICHHOIO
pacTBopa CEepHOM KHUCJIOTHI M 3aTeM Mo KarisiM mnpubapnsite pactBop H,O, mo mosiBneHus
xentoil okpacku. OOpa3oBaHHE [HO/Ja CTaHOBUTbCA OOJ€€ 3aMETHBIM, €CIM K pacTBOpYy B
npoOupke H00aBUTh HECKOJIBKO Karelb OPraHMYeCKOTO PacTBOPUTENS MM HECKOJBKO Kareib
KpaxmaiabHOTro Kieictepa. CocTaBbTe YpaBHEHHE PEaAKITUH.

OnbIT 4. BoccTaHoBHTEIbHBIE CBOMCTBA MEPOKCHIA BOOPOAA

a) B mpoOupky BHecure 2-3 Karumm pacTBOpa MEpMaHraHata Kaius W 2-3  Karui
pa30aBICHHOTO PacTBOpA CEPHOM KUCIOTHI. 3aTeM K MOJYYEHHOMY B MPOOUpPKE pacTBOPY
n00aBbTE HECKOJIBKO Kalleslb pacTBOpa MEPOKCHIa BOJOPOAA O U3MEHEHUSI OKPAaCKU pacTBOpa.
Boigensromuiics ra3 ucCHbITalTe ¢ MOMOIIBIO Tierommeld JyduHkd. COCTaBbTE ypaBHEHHE
peaxkuuu.

6) K 4-5 kamnsam pacTBopa HUTpata cepedpa n00aBbTE MO KAIIsIM PacTBOpP aMMHUAKa J10
pacTBopeHus oOpa3oBasiieiics MyTu. K noimyueHHOMY pacTBOpy Npu0OaBbTe 110 KarwisiM 3%-Hblii
pacTBOp MEPOKCUAA BOAOPO/A. 3aNUIINTE HAOIIOIEHUS U COCTaBbTE YPaBHEHHS pEaKLIUM.

KouTtpoJibHbIe BOpoChI
1. DnekTpoHHOE CTpPOEHHE U TMapaMeTpbl aTOMOB 3JEMEHTOB TJIABHOW MOATPYIIBI IIECTOU
rpymibl. [lepruoguyHoCTh UX U3MEHEHHUS.

Kucnopon: kuciopon B mpupoie, Bo3ayx. [lomydenue kuciopona.

CBolicTBa U IPUMEHEHUE KUCIIOPOAA.

ITepokcua Bogopoaa. Onucathk cTpoeHue Mojekysbl HyO,. [ToueMy sTa Mosekyna nosisipHa?

Yka3aTh CIOCOOBI TIONYYECHHS TEPOKCHAA BOJIOPOJA, NPHUBECTH YPABHEHUS PEAKIIHIA.

Moxno mu nonyunts H,O, HemocpencTBEHHbIM B3aMMOACHWCTBHEM BOJOpOJAa M Kuciopoaa?

OtBer 000CHOBATB.

6. Hanmmcate ypaBHeHHE peaklUHUHU pas3lIoKeHUs IMepokcuaa Bogopoaa. K kakomy Tumy
OKHCITUTEIHHO-BOCCTAHOBUTEIBHBIX PEAKIIMI OHA OTHOCUTCS?

7. llpuBecTn mnpuUMepbl OKUCIUTEIBHOrO W BOcCcTaHOBUTENbHOro aercteusa H,O,. Ha uem
ocHoBaHo npumeHenue H,O, B Meauiune.

8. Hammcars ypaBHEeHUs peakiinii B3auMOICHCTBHS MIEPOKCHIA BOAOPOA C IEPMaHTaHATOM Kajlus B
KHCJIOM CPENE; MOAUJIOM KaJIUsl B KUCJIOM CPENIE; XPOMATOM Kallvs B ILETIOYHOM CpeJie.

9. O30H.

Nk we

Cepa u ee coelMHEHU

OmnsIT 1. BoccTaHOBHTEJIBHBIE CBOICTBA Cepbl

Tsara! B npobupky HaneiTe 1-2 MJI KOHIICHTPUPOBAHHOTO PACTBOPA a30THOM KHCIIOTBHI U
BHECHTE B IPOOMPKY HEOOJIbIION Kycouek ceprl. ComepkuMoe MpoOupKH HarpenTte. A3oTHas
KHCJIOTa MPHU 3TOM BOCcTaHaBiuBaeTcs 10 okcupaa azota (II), a cepa okucnsiercs no cynbdar-
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MOHA, KOTOPBIM MOJKHO JIETKO OOHApYXHUTh, JHO0AaBUB K TOJYYCHHOMY PacTBOPY HECKOJIBKO
Kamejab pactBopa xyopunaa Oapus. CocTaBbTe ypaBHEHUS pEAKIM OKHUCICHUS Cepbl U
oOHapyxeHus cyJb]aT-noHa.

OmnbiT 2. BoccTaHOBHTE/IbHBIE CBOMCTBA CEPOBO0PO/A.

B npoGupky BHecuTe mo 2-3 Karuid pacTBOpa: a) MepMaHraHara Kaiaus, ©0) Juxpomara
kanus. B mpoOupky nobGaBbTe mo 2-3 karuid pa30aBIeHHOM CEpPHON KHUCIOThI U HECKOIBKO
Karesb pacTBopa Cyiab(puaa HATpHUs J0 W3MEHEHHs OKpacku pacTBopa. CocTaBbTe ypaBHEHHE
peaxIuu.

OnbiT 3. BoccTaHOBUTEIbHBIE CBOWCTBA PACTBOPA JMOKCHU/IA CePbI U CYIb(UTa HATPUSI

a) B mpobupky HanmeiliTe mo 2-3 Kamiu pacTBOpa AUXpomaTa Kanus U pa30aBICHHON
cepHoii kucnoTel. K cMecn 100aBbTe HECKOJIBKO Kalellb PacTBOpa CEPHUCTOH KUCIOTHI WIIN
HECKOJIbKO KpHUCTalioB cynbdura Hatpus. OTMeTbTe H3MEHEHHE IBeTa pacTBopa. Kakue
CBOWCTBA TIPOSIBIISIET CEPHHUCTAsI KUCIIOTA WA €€ COJb B 3TON peakuuu? CocTaBbTE€ ypaBHEHHE
OKHCIIUTEIFHO-BOCCTAHOBUTENBHOM peakuuH. ([laHHoil peakiueil MOKHO OTKpbITh HOH SO3> B
OTCYTCTBHH JIPYTHIX BOCCTAHOBUTEIICH)

6) B npobupky c 3-5 karisiMu pacTBOpa CEpHUCTON KUCIOTHI 100aBbTE HECKOJIBKO Karelb
3 %-HOro pacTBopa nepokcuaa Boaopoaa. OTMeTbTe KaKue U3MEHEHHS TPU 3TOM MPOUCKO/IST.
Kakum 06pa3oM MOXHO JoKa3aTh nmpucyTcTBue uoHa SO4* B mpoxykrax peakuun? CocTaBbTe
ypaBHECHUE PEAKITHH.

OmnbiT 4. CpaBHMTEIbHAS OLIEHKA PACTBOPUMOCTH CyJb¢ura u cyabdara 0apus B

kuciaote. O6Hapy:keHue cyjbdar-uoHa

B onny npobupky BHecute 2-3 KaIik pacTBopa cyibdara HaTpus, B IPYryro — 2-3 Kariu
pacTtBopa cynbdura Harpusi. B o6e npobupku mobaBbre 1-2 karum pactBopa xjopuaa 6apus. B
obenx M mnpoOupkax BbmMagaeT ocanok? [[obaBpTe B 00€ mpoOupku 1o 2-3 Kamiu
pa30aBiieHHON a30THOM (CoJsiHOM) KHCIOThL. OObsicHuTe HaOmrogaemble siBiieHus. CocTaBbTe
ypaBHEHHUS peakUui MoiydeHus cyinbdara u cynbpura Oapus U pacTBOPEHHUS IOCIETHETO B
KHCJIOTE.

KonTposbHbIe BOPOCHI
Cepa: cepa B ipupo/ie, MOITYUEHHUE CEPBI.
CgolicTBa M1 TPUMEHEHUE CEPHI.
CepoBomopon, cynbhuael. Hamummre ypaBHEHHS pPEaKIUH B3aUMOJCUCTBUS CYIbPU
xenesa (IT) ¢ consHOo#M KUCI0TON U a30THOM KHUCIOTOM.
JIMOKCHA cepbl, CEpHUCTAsE KUCIIOTA.
Tpuokcuz cepsl, cepHas KHCIIOTa, €€ MOoTyYeHHe, CBOMCTBA U TPUMEHEHHE.
IlepokconBycepHas U THOCEpHAs! KHCIIOTHI.
CoenuHeHUE cephl C ralIOr€HaMU.
IMopsinok paéoThbI:

w =

N w ke

[Tosyuuts OT penoaBaTelis 3aJaHuE.

BbInonHuUTE paboTy COrNIaCHO METOANYECKUM PEKOMEHIALUSM.

OdopMHUTh TPOTOKOJI PAOOTHI.

Bbuinth 0TpaboTaHHbIE PAacTBOPBI, IOCYy BEIMBITh. CllaTh pabouee MecTo.
Conep:xanue oT4era:

Tema u uenb paboTHI.

2. Habmronenus, ypaBHEHHsI peaklui o KaKA0W 4acTu paboTHI.

BriBoabI MO TIpoienanHoM padoTe.

el e

—

(98]

Yactes B. JuaemenThl VA-rpynnbl nepHOAHYECKOH CHCTEMBbI JJ€MEHTOB M HX
coeMHEeHHUs.

Hean paboThI:
1. M3y4nTh XMMHUUYECKHE CBOMCTBA COCIMHEHUH a30Ta.
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2. WByuuth xumMuyeckue cBoicTBa Gpocdopa 1 ero CoeAMHEHUH.
Coaepxanue padoThI:

[Tonmy4yenue a3ota u cojiell aMMOHUS, UCCIIEAOBAHUE UX XUMHUYECKUX CBOMCTB.

[Monyuenue oxcuaa azota (II).

HccenenoBanue OKUCIUTENBHBIX CBOMCTB a30THOM KHUCIIOTBHI.

Xumuueckue cBoiicTa (hochopHOil KUCTOTHI, momyueHue GocdatoB u ruapodocdaros..

IIpudops! U peakTUBBI:

1. TlpoOupku, cnMpTOBKA, Jep:KaTenb JUIsl MPOOUPOK, MUMETKH, JIOMATOYKa, KarelbHas
BOpPOHKAa, Ta300TBOJHAs TpyOKa, XWMHUYECKUH CTakaH, Kojba, Oymara (IOJIOCKH),
JaKMycoBas Oymaxkka, GUIbTpOBasbHAsA OyMakka, CTEKJISIHHASI MMajoyka, JIy9MHKa, CIIUYKH,
yHHUBEpcajbHasi MHIMKAaTOpHas OymMara, TaTuB.

2. Jluxpomart kanus (Cyxoii), coisiHast KUCJIOTa (KOHII.), CEpHas KHUCIOTa KOHIEHTPUPOBAHHAS U
pazbasienHas (2H), noaua Kanus (pacTBop), HOAUA Kanus (CyXxoi), XJIopu HaTpus (Cyxoi),
XJIOpUJ HaTpus (pacTBOp), IEpMaHTaHaT Kajus (pacTBoOp), JaKMYC, METUIOPAHXK, KyCOYeK
MarHus (WM UHKA), HUTpaT cepedpa (pacTBop), Opomu Kanms (Cyxoit), OpoMua Kaaus
(pactBop), xnopuna xenesa (I1I) (pactsop).

Boxnbie pactBopsl docdara Hatpus, ruapodocdara Hatpus, auruapodocdara Hatpus, cynbdara
xeneza (III), pomanuaa kamus KSCN, xmopuna Oapwuisi, CONSHON KHUCIOTHI, a30THON KHUCIOTHI,
YKCYCHOM KUCJIOTBI, THIPOKCH1a aMMOHHS.

TeopeTnyeckue cCBeICHU.

B VA rpymnmy Bxomsar azor, ¢ochop, MBIIIBSIK, cypbMa U BHCMYT. A30T u docdop -
TUNUYHBIE HeMmeTaulbl. Bucmyr — weramr. OOmas 3neKTpoHHas  KoH(UTrypanus
HEBO30YKIEHHOTO aToMa — Ns°np>, ¢ TpeMs HECHAPEHHBIMH JIEKTPOHAMH Ha P-OpOUTamu. JTO
JOBOJILHO YCTOMUMBas 3JIEKTpOHHAs KOHpUrypauus. [Ipucoenuuenue win ynaieHue 3JIeKTpoHa
C p-OTOMHO# OpOUTAT YPHEPTETHUECKU HE BBITOAHO, IIOATOMY CTeTeHb OKucieHus (-1) mwm (+1)
BCTPEUAETCS PEIKO U MOJA0OHOT0 TUIA COSAMHEHUS HEYCTONYHBBI.

Crenenb okucienus (+3) peann3yercs B COEIMHEHHSIX ¢ 0o0Jiee 3IeKTPOOTPHUIATEIbHBIMU
anemMeHTaMu — Gpropom, kuciaopoaoM u xsopom (NF3;, HNO,, PCl;).

Crenenb okucieHus (-3) UMEIOT 3JeMEHTh B BoAopoaHbix coenuHeHusx (NH;, PHj),
Hutpuaax (LisN, Mgs;N,), dochunax (CaszP»).

Crenenp oxucnenust (+5) Berpeuaercs: B okeupax (N,Os, P,Os, AsyOs), kucnorax (HNO;, H;PO,,
H3AsOy).

A30T (N;) — npocroe BemecTBO. beclBeTHbI ra3, KOHJIEHCUPYETCS B OECLIBETHYIO
KHUIKOCTh. MoOJIeKyJia COIEPKUT KOBAIEHTHYIO S-, P-, P- ¢Bsi3b (N ° N).

A30T — I71aBHas COCTaBJISIOIIAs YacTh BO3ayXa. MayopacTBOpyM B BOZIE (M MEHBIIIE YeM KHUCIIOPO/T).
Bxomut B cocTaB HEOOIBILIOTO YKCIa MUHEPATIOB(CEUTPBI U . ), HEKOTOPBIX MPUPOAHBIX YIJIEH.

IHony4yenmne:

B mpoMblieHHOCTH a30T MOMYyYaroT (PPaKIHMOHHOW TUCTHIUISAIMEH >KUIKOTO BO3AyXa.
A3OT BBIKMIAET /10 KUCIOPOa.

B naboparopuu npuMeHSIOT peakiuu:

2NH3 + 3BI‘2 — NzT + 6HBr

NH4CI + NaNO; — N1 + NaCl + 2H,0

NH4NO; p) — NoT + 2H,0

IIpumensieTcsi A7 CUHTE3a aMMHaKa, a30THOW KHUCIOTHI M APYTHUX a30TCOAEPKAIINX
IPOAYKTOB, KaK MHEPTHAsl Cpela MPOBEACHUS XUMUYECKUX U METAJUIypru4ecKuX IMpOLECCOB U
XpaHEHUs! OTHEOIMACHBIX BEIIECTB.

P — ¢ochop. — Onement 3 —ro nepuoga u VA rpynnsl [leproguueckoil cuCTEMBI.
[Mopsakoseiii HOMep 15. DnexrtpoHHas ¢opmyna atoma ...3s?3p’, ycToliumBas cremeHsb
OKUCJIEHUs 15, pexe BCTpedaeTcsi CTENEeHb OKUCIEHMs -3 U +3.

B nmpuponme BeTpeuaercss TOJABKO B XMMHUYECKH CBS3aHHOM Bujae. BxoauTr B cocraB

bl
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MHOTOYMCIIEHHBIX MUHEPAJIOB, Py U TOPHBIX 1OpoJ (ocdarsl, anaTuTsl U Ap. ).

Beablii dpocdop (Pees) — MArKHiA Kak BOCK (pexercst HoxkoM). IInaBurcst m xunut 6e3
pasznoxenusi. OKHUCIAETCS Ha BO3AyXe (3€JICHOE CBEUEHHWE B TEMHOTE) MpU OOJIBIION Macce
BO3MOXHO CaMOBOCIUIaMEHEHHE. B 0COOBIX YyCIOBHSAX NEPEeBOIUTCS B KpacHBIM W YEepHBIN
dhocdop.

Xopo1o pacTBOpUM B OeH3ole, a¢upax, cepoyriepoje. He pearupyer ¢ Bogoi, XpaHUTCs
MOJ] CJI0EM BOABL. Upe3BbIUailHO XUMHUYECKH AKTUBEH.

IToayyenue Oenoro ¢ochopa mnpoBOAIAT BOccTaHOBIEHHEM ¢ocdara  KalbLus
pacKajeHHbIM KOKCOM (B IMTPOMBIIIJIEHHOCTH)

Ca3(PO4)2 + 38102 +5C — 2PT + SCOT + 3C8.SIO3

IIporecc coCTOUT U3 CAEAYIOUIUX CTaAUN:

2C33(PO4)2 — 6Ca0 + 2P205

P205 +10C — 4PT + 10CO

CaO + SiO, = CaSiO;

IIpumensiercsi: B nponsBoactse pocopHOit KUCIOTH U KpacHOTO dochopa, Kak peareHT
B OpraHMYecKUX CHHTE3aX, PACKUCIHUTENh CIUIAaBOB, 3a)KHraTelbHOE CpeaAcTBO. [ opsmuii
docdop cirenyer racuTh IeCKoM (HO He Bofoi!). Upe3BBIYAIHO SITOBUT.

Yepuplii (pocdop (Pyepw)) - UMEET CIOMCTYIO CTPYKTYpY, IO BHEIIHEMY BUIy IOXOK Ha
rpadur. Ilpy HarpeBaHWM MEPeXOAUT B KpacHBIA (ocdop. Xummudeckas aKTUBHOCTh 3HAYUTEIIHLHO
HIDKE, yeM y Oenoro docdopa. Ycroiuus Ha Bozayxe. He simoBurt. [lomyyarot npu HarpeBaHu# Oesoro
thocdopa.

IIpumensieTcs kak peareHt (Oosiee Oe30macHbIi, YeM Oenbiii (hocop) B HEOPraHUUECKOM CHHTE3,
HaroJTHUTENb JIaMIT HAKAIMBAHSL, KOMIIOHEHT HaMa3KK KOpOoOKa MY M3rOTOBJIEHHUH criyek. He siioBur.

IKCNEePUMEHTAIbHAS YACTh:

A30T H ero coeiMHeHHUH.

OmnpiT 1. TloyyeHne aMmmuaka

K 4-5 xammsim pactBopa xyopuaa WM Cyib(ara aMMOHHUS TPWICHTE PaBHBIH 00BEM
pa30aBIIEHHOTO pacTBOpa TuApokcuaa HaTpus. PactBop cierka moporpeite. K oTBepctuio
NPOOMPKH TIOJHECUTE BIAKHYIO JIAKMYCOBYIO (YHHUBEPCAIBHYIO) OYyMaKKy WU IOJOCKY
¢unpTpoBanbHON Oymaru, cModeHHyio ¢eHondTanenHoM. bymaroil He KacalTech CTEHOK
npooupku. Kak m3mensiercs nupetr Oymaru u nouemy? (KadecTBeHHas peakiivsi HA MOH aMMOHHUS ).

OmnbiT 2. BoccTaHOBHTE/IbHBIEC CBOHCTBA aMMHAKA

Baecure B npoOupky 2-3 Kamim pacTBopa epMaHraHaTa Kajius u 3-5 Kaneib
KOHIICHTPUPOBAHHOTO pacTBOpa amMuaka. [lomyuennyro cMmech cierka noaorpeite. Kak
U3MEHsETCs OKpacka pacTBopa? Hanumure ypaBHEHHE peakliny, YUYUTbIBasA, YTO aMMHAK
OKHCJISIETCS IO CBOOOAHOTO a30Ta, a IEPMaHraHaT KaJlis BOCCTAHABIMBAETCS A0 AUOKCHUIA
MapraHua.

OnpIT 3. OTHOLIEHHE COJIell AMMOHUS K HATPEBAHUIO.

A) Tlomectute B CyXyl0 NpOOMPKY HEMHOTO KPHCTALUIMYECKOTO XJIOpUAA aMMOHHUS
Harpeite mpoOupky. OOpatuTe BHHMMaHHE Ha OOpa3oBaHHME Oenoro Hajera Ha XOJOAHBIX
CTEHKaX BepxHel yacTu nmpooupku. CocTaBbTE ypaBHEHUE PEAKIINH.

b) Bo3bMmuTe Ha KOHYMKE INNATeNss HEMHOro Cyjib(aTra aMMOHMS, MPEABAPUTEIBHO
pacTepToro B CTYIKE, U BBICHIIIBTE COJb B CyXylo mpoOupky. IIpoOupky nHarpeiite. OOparute
BHUMaHUE Ha 3amax, NOsBUBLIMICA BO Bpems HarpeBaHus. [logHecuTe kK OTBEpCTHIO MPOOHPKU
BIKHYIO JIAKMyCOBYI0O Oymaxkky. Yto mpoumcxomut? OcrtaBiieecs BEIIECTBO B INPOOHPKE
pacTBOpUTE B BOJE U ONpEAEINTE XapakTep cpeabl B pacTBope. Hanmumnre ypaBHeHUs peakiuii
pas3ioxeHus: cyiabpara aMMOHHUSI U JMCCOLMAIMHM B PAacTBOPE BEIIECTBA, 0Opa30BaBLIETOCS B
pe3yJbTaTe pa3IokKEeHUs COJIH.

B) B cyxyio npoOupKy HachlllbTeé HEMHOTO JTUXpOMaTa aMMOHHUs. 3aKpenuTe MpoOUpKy B

®opma A Crpanuma 28 u3 60



MUHHCTEPCTBO HAYKU U BBICIIEro oOpa3oBanusi PO

o . ®dopma
VY IIbSIHOBCKUH TOCYIapCTBEHHBIH YHHBEPCUTET

@ - Paboyast mporpamma JUCHUILIMHbL

HITaTUBE BEPTUKAJIbHO, U HEMHOTo mnojorpeiTe. Kak TOJbKO HauHETCS pasjioKEHUE COJIH,
HarpeBaHue npekpature. Uro HabOironaercs? MIMeroT u 3amnax mpoayKThl peakiMy pa3iokKeHUs
conu? CocraBbTe ypaBHEHHME peakuuu. B ueM oTinmuue noBeAeHUs 3TOW COJNM OT coyield B
OTBbITaxX, MPOAETaHHBIX a0 3Toro. Kakue coiau aMMOHHUS pasfararorcsi MOAOOHO IUXpPOMATy
aMMOHHUS?

OneiT 4. T'mapoJsms coseli aMMOHUS

C nomoeio pH-uHIMKaTOpHON OyMaru onpenenuTe XxapakTep Cpeibl B pacTBOPE XJIOpHIa
win cyib(ara aMmmMoHus. HanumuTe ypaBHeHHe peakuuu ruaposnsa coiau. EcTe au pasHuna B
TUAPOJIN3E ITUX COJIEH.

OmnbiT 5. Tlonyuenue okcuaa azora (II)

B mpoOupky ¢ ra3ooTBOJHON TPyOKOW MOMECTHTE HEMHOTO MENKHX CTPYXKEK MEOu M
npubaBbTe HECKOJIBKO Kareidb pa30aBieHHOW a30THOW kucinotel (p = 1,2 r/mi). 3akpoiite
npoOupKy MpoOKOil U cierka ee Harpeiite. OOpaTUTe BHUMaHUE HA [BET BBIIEISIONIIETOCS Ta3a.
YacTtp raza cobepure B NpoOUPKY Haj BOAOH, a APYTIyIO YacTh MPOIYyCTUTE B MPOOUPKY C 5-6
KaIIsIMU pacTBopa cyibdara xenesa (11).

OneIT 6. CBolicTBa 230THOH KHCJIOTHI. B3anmoneiictBue ¢ MeTasiaMmu

[TomecTHTe B poOMpPKY HEMHOTO IMHKOBOW MBUTH WJIA CTPYKEK MarHusi U mpuOaBbTe
HECKOJIBKO KaIlellb O4eHb pa30aBIeHHOI a30THOW KUCIOThL. B3bonTaiite cmeck. [1o 3amaxy
OTIpeNieNnTe, Kakou ra3 Beiensercs. CoCTaBbTe ypaBHEHUE PEaKIUH.

OmneIT 7. B3anMoaelcTBHE a30THOH KHCJIOTHI ¢ HEMETAJLJIAMHA

B dapdoporyro gamky HaneiiTe HEMHOTO KOHIICHTPUPOBAHHOM a30THOM KHCIIOTHI.
[Tonoxwure B kucnoty HeOOIBIION Kycouek cepbl. [locTaBuB yaliky Ha acOECTOBYIO CETKY,
OCTOPOKHO ee HarpenTe. Uto Habmomaercs? OXnaauTe peakimoHHy0 cMech. Heckonbko
KareJgb CMECH IMOMECTUTE B IPOOUPKY U 100aBbTe 2-3 KaIlIk pacTBOpa XJopuaa 6apus.
CocraBbTe ypaBHEHUS PEAKIIHiA.

OmnbiT 8. OKHCIAUTENIbHBIE CBOMCTBA A30THOM KHCJIOTHI
K 3-4 karmuisim cBeXXempUTrOTOBIIEHHOTO pacTBopa cyibdata xeneza (II), moakucienHoro

Karuield pa30aBICHHOW CEpPHOM KHUCIIOTHI, MPUOaBbTE 5-6 Karejab KOHIICHTPUPOBAHHON a30THOM
kucioTel. CMech HarpeiTe n0 Havana kurneHus. Heckoyibko Kamenb IMOJYyYE€HHOTO pPacTBopa
pa30aBbTe BOJOM W J00aBbTE OJHY KaIUIIO pacTBOpa poAaHuga amMMmoHus (kamus). Yto
npoucxoaut? [IpenBapurtensHo yoeaurecs B TOM, YTO UCXOAHBIA pacTBop cynbdata xenesa (1I),
HE J1aeT WM MOYTH He JAaeT OKpAIIMBAHUI C POJAHUIOM aMMOHHUS.

KounTtpoJ/ibHbIe BONPOCHI:
OO6mas xapakTepucTika V MOATPYIIIbI ITaBHON TPYIIIHL.
PacnpocTpanenue azoTa B mpupoe, MoayueHue.
CBolicTBa 1 TPUMEHEHHUE a30Ta.
AMMUax.
OKcunsl a3ora.
A3OTHCTas KUCJIOTA U €€ COJIU.
A30THas KHCJI0Ta, CBOMCTBA, COJIH.

Dochop u ero coeqUHEHUs

Omnpit 1. I'uaposaus codieii gocopHoOii KUCTOTHI.

Conu hochopHOI KHCITOTHI, PACTBOPUMBIC B BOJIC, THAPOIU3YIOTCS. | HAPOIIN3 MpOTEeKaeT
HEOJIMHAKOBO Y CPEHUX U KUCIBIX coneid. [Ipu ruaponuse KUCIBIX COIel MIETOYHBIX METAIIOB
OJIHOBPEMEHHO C THJIPOJIU30M aHHOHOB MPOTEKAET UX JIUCCOIUAIIUS:

H,PO4 + H,O®H;PO,4 + OH; HPO42' + H,0® H,PO,+ OH"
H2P04_® HPO42_ + H+, HPO42_ ®PO43_ +H"
C NOMOLIBIO YHHMBEPCAJILHONM HMHIMKATOPHOM OyMard IPOBEPHTE XapakTep CPEAbl B

NNk W=
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pactBopax comneir NazPO4, Na,HPO,4, NaH,PO,. ITonyueHnnbie okpacku MHAMKATOPHOU Oymaru
CpaBHHTE C IIBETHOH mKanoi pH- nnaukaropHoit Oymaru. PesynsTaThl onbita 0hopMUTE B BHIIE
TaOJINIIBL.

PactBOp conm pH cpenbl BriBoa

N33PO4

Na,HPO4

NaH2PO4

Peakuus oOpazoBanus pacTBOPpUMBIX (oc(aToB HIMPOKO HCHOIB3YETCS B aHATUTHYECKON
XMMHU KaK Ka4eCTBEHHast peakuus Ha GocdaT-noH.

OmnpIT 2. O0pa3oBanne gocdara xeneza (III).

K 3-4 xamnsm pactBopa cynbdara xenesza (I11) Fe,(SOy4); npunelite 2-3 xamim poaaHuaa
kamusgs KSCN m HeckoJIbKO Kamesib pacTtBopa, coxaepxkaiiero docdar-uon Na,HPO,4. Kpacnas
OKpacKka pacTBOpa HMCU€3aeT B pe3yJibTaTe Nepexojia poJlaHuia jKejie3a B MajlopacTBOPUMBIN
(dhocdar, umerommmii c1ado->KeNThIN 1BET.

OmnbIT 3. O0pasoBanue rugpogocdara 6apus

K 2-3 kamsim Na,HPO4 npubaBbTe Heckoapko Kanenb xiuopuaa 6apus BaCl,. O6pa3yercs
Oembrii  ocamoxk BaHPO,, pactBopumerii B consHoit HCl wm asorHoii kucimore HNO; u
HEpacTBOpUMBIN B yKcycHOi. [IpoBepbTe pacTBopuMOCTh ocaika B Kucinorax. CocraBbTe
YPAaBHEHUS PEAKIIUM.

OmnbIT 4. O0pa3zoBanne gochara cepedpa.

K 3-4 kammsam pactBopa Na,HPO,4 no6aBete 1-2 karum pactBopa HUTpaTa cepedpa AgNOs.
O6pasyetcs xentbiii ocanok Ag;PO,, pacTBopuMbIil B pazbaBieHHO# a30THOM kucimote HNO; u
pactBope ammuaka NH,OH.

KoHTposbHBIE BONIPOCHI.

docdop. PacipocTpaHeHHOCTH B IPUPO/IE, TTOTYUYCHHUE.

Oduznyeckue cpoiictsa hocdopa, mpuMeHEHHE.

Coenunenus hocdopa ¢ BOJOPOIOM H FIOTCHAMHU.

Oxkcuabl pocdopa.

Kucnotsr dpochopa.

MumnepanbsHble ynoopenus, cofepxaiuue ¢hocdop 1 a3or.

Yacrs I'. Duementsl IV A-rpynnbl nepuoauyeckoil CHCTeMbl 3JIeMEHTOB W MX
coeUHEeHHUsI.
Hean paboThI:

N3yyeHne XxuMHUUeCKUX CBOMCTB yriepoja, KpeMHUs, 0JI0Ba, CBUHIA U UX COSTUHEHHM

O3nakomiieHHE ¢ J1TaOOPAaTOPHBIMU CHOCOOAMHM TOJTY4YEeHHsT KapOOHATOB W KPEMHHEBOM

KHUCJIOTHI.

Coaepixanue padoThbI:
[Tomyuenue u paznoxkeHue KapOOHATOB.
[TonyueHne KpeMHHUEBOU KUCIIOTHI.
IIpubopsbl U peakTUBBI:

1. TlpoOupku, NHMETKH, INTATUB, Ta300TBOJAHAS TpyOka, Koyi0a, CTEKJISHHAS MaJouKa,
CIIUPTOBKA, JAeprKaTelb A IPOOUPOK,

2. Bopansle pactBopbl xyopuaa Oapusi, cyinbharta numHka, xmopuma xenesa (III), kapbonara
HATpHs, CWJIMKaTa HaTpus, xjopuaa ojoBa (II), mepmaHranata Kamausi, CEPHOWU KHCIIOTHI,
COJISTHOHM KUCIOTHI (pa30.), a30THOM KUCIOTHI (pa30.), THAPOKCHIa HATpus, cylibduaa HaTpus,
MOJIUJa Kallus; U3BECTKOBas BOJAA, KapOOHAT aMMOHHS (TB), KOHLIEHTPUPOBAHHAS COJISIHAS
KHMCJIOTa, METAJUTMYeCKUM ITUHK, okcu cBuHIa (IT).

Teopernyeckue cBeieHUs.

B IVA rpynmy BXOAsT yriepoj, KpeMHMH, F€pMaHM, OJOBO M CBUHEL. OJIEKTPOHHAs

S

N —

N —
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KOHQHTYpalKsi aTOMOB B CTAallHOHAPHOM COCTOSIHMHM: Ns’np?, MpHYeM Ha P-aTOMHOM OpOUTaiu
HaXOMSATCS IBa HECTIAPEHHBIX AIIEKTPOHA.

B cBoux coenmHeHmsx sieMeHTHl [VA rpynmsl MMEOT Kak NPaBWIO, JBE CTEIECHHU
okuciaeHus: (+2+ wmm (+4). YCTOMYMBOCTH COCAMHEHHH CO CTEMEHbI OKucieHus (+2)
YBEJIMYUBAETCS OT YIJIepo/ia K CBUHILY.

IIpu nepexone OT COEAMHEHUH yIIepoaa K COEINHEHUSAM CBHHIIA BO3PAcTaeT MOJSIPHOCTh
cBsi3eld, M B kpucTamiax coneil Tuna Pb(NO3),, PbCl, u 1pyrux yxe IpUCyTCTBYIOT HOHBI Pb*2.
Opnaxo o4t Bce BeriecTra, conepsxkamue Sn (IV) u Pb (IV), SBAsS0TCS KOBATEHTHBIMH.

OcHOBHBIE 3aIackl yriepoja cocpeoToueHbl B kapooHarax: kanpuute (CaCOs), nonomure
(MgCO; -CaCOs), marnesute (MgCO3). Pa3HOBUIHOCTH KalbLIUTA: MEJI, MpaMOp, U3BECTHSIK.

KpemHuii BXOAMT B COCTaB MHOTOYHCICHHBIX TOPHBIX TIOPOJ  (CHIJIMKATHI,
ATIOMOCUJIMKATHI), B OOJBIINX KOJMYECTBAX HAXOMUTCS B 3eMHOI kope B Buae SiO; (TOopHBIN
XpycTallb, Olaj, arar, fliMa, XaJleJoH U JIp.).

3anacel 0J10Ba U CBHUHIIA B 36MHOM KOpE OrpaHUuYeHbl. BaskHelIel U MoYTH €IMHCTBEHHOMN
pynoil I MOdy4YeHHWs] OJoBa  SIBISIETCS  «OJIOBAHHBIM kameHb» SnO,. Haubonee
pacrnpocTpaHEHHBIM MUHEPAJIOM CBUHIIA siBJsieTcs raneHuT (PbS).

['epmannii — paccesHHBIA DJJIEMEHT, CBOMX MMHEpPAJOB OH HE o00pa3yeT, Bceraa
COTMPOBOXKAAET KPEMHUH B €r0 COSAMHEHUAX M KOHLIEHTPUPYETCS B KAMEHHBIX YTIISX.

B cBoOOIHOM BHIIE BCTpeyaeTcsi B MPUPOJIE TOIBKO yriiepoA (anmmassl, rpaduT, KapOuH) U
OJIOBO B BHUJE CEepeOPUCTO-KENTHIX KPUCTAIIIOB, BKIIOYAIOIIMX 30J0TO, IUJIATHHY, WUPUAUM,
OCMMUIA, Me/Ib. YTJIEPOJ SIBISETCSI COCTAaBHOM YaCThIO0 MCKOMAEMbIX yIJIeH (aHTpalUThl, KAMECHHbIE
u Oypsble yriu, Topd, HeQTh).

YcroitunBas alutoTpornHas popma CyImeCTBOBaHUS AJIEMEHTa yriiepo — rpadur.

I'padut — cepo-depHBId, C METAUIMYECKUM OJECKOM, >KUPHBIA Ha OIIyIb, MATKUH,
o0JaaeT 3JeKTPOIPOBOIUMOCTHIO.

Kpucrannuueckasi pemieTka COCTOMT M3 CIIOEB MPaBWIbHBIX IIECTUYTOJBHBIX KOJEIL,
KOHJICHCUPOBAHHBIX [0 BCEM CTOPOHAM (Sp?- THOpHAM3ALNS).

AnmMa3  comep)KMT B y3JaX KPUCTANIMYECKOW pEIIeTKH aToMbl  yriaepoja ¢
TETEPAdAPUUECKEM  OKpPY)KEHHEM (sp’- TuOpuausamus). bBraropofHblii KaMeHb, HMMEET
HauOONBIIYI0 TBEPAOCTh CPEOU MPHUPOJIHBIX BEIIECTB, UITUPYETCS TONBKO COOCTBEHHBIM
MOPOIIKOM. XHWMHYecKasi aKTMBHOCTb HWe 4yeM y rpadura. Beimme 1200° C mepexoaut B
rpadur.

B npomeimuienHoct u3 rpaguta npu 2000° C moa oueHb BBICOKUM JIaBJICHUEM MOTYYaroT
MEJIKUE KPHUCTaJUIbl MCKYCCTBEHHBIX anMa3oB. [IpUMEHSIIOTCS OHU AJI1 U3TOTOBJICHUS PEXKYIIHX
WHCTPYMEHTOB U TOYHBIX H3MEPUTEITHHBIX MPUOOPOB.

KapOuH cocTOMT M3 JHHEWHBIX MakpoMojieKyl co ctpoenneM -C°C- wmmu =C=C= (sp-
rudpuan3anys). XuMUIecKu MeHee akTuBeH, yeM rpadurt. [Ipu 2300° C mepexoaut B rpadur.
[Iupokoro mpyUMeHEeHUs HE UMEET, OUEHb PEIKO BCTPEUYaeTCsl B IPUPOJE.

IKCNEePUMEHTAIbHAS YaCTh:
Onpit 1. IosnyyeHue kapOOHATOB.

B mpo6upku HanmuBaioT pactBopsl coieit: a) BaCly; 6) Zn SO,; B) FeCl; n npunuBaroTt k
HuUM pactBop Na,CO;. HabGnromaroT ocakeHHe BEIIeCTB U OTMEYAIOT OKPACKY MOJyYEHHBIX
ocankoB kapoonata BaCOj; (a), runpokcokapbonara (ZnOH),CO; (6), runpokcuna Fe(OH); (B).
OnpIT 2. TepMuyeckoe pasioxeHue KapoOOHATOB.

B mTatuB 3akpenuTh HAKJIOHHO OTBEPCTHEM BHU3 CYXyI0 HPOOUPKY C Tra300TBOIHOM
TpyOKoii, momemarot B Hee (NHy4),CO3 u HarpeBaroT. ['a300TBOHY IO TPYOKY OITyCKAIOT B KOJIOY
¢ u3BecTkoBOi Bojoit Ca(OH),. HaGmromaroT moMmyTHEHHE pacTBOPA.

Omnpit 3. IosryyeHHe KpeMHHEBOH KUCJIOTHI.

(Pabora mox Taroii!) B mpoOupky nHammBaroT 3 mu koHIeHTpupoBanHo HCl m 3 mn

pacTBopa cuiukara HaTpus (pactBopumoro crekna) Na,SiO; M mepeMenmBaloT pPacTBOP
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CTEKJITHHOM Manmoukoil. Ilosydaercss KOJUIOMIHBIM pacTBOP — 30Jb KPEMHHEBOM KHCIIOTHI.
Conepxxumoe MpOOUPKU HArpeBaroT, MPU 3TOM IMPOUCXOJUT KOATYJISALMS Tesisl U BbLAEISIEeTCS
CTYJIEHHCTBIN OCAJIOK I'ejisi KPEMHUEBOW KUCIIOTHI.
ITopsinok padoTbI:
[TosrydnTs OT penogaBaTelis 3aJaHue.
BbIMoHUATE paboTy COrNIACHO METOANYECKHM PEKOMEHIAIHSIM.
OdopmuTh TPOTOKOT pabOTHI.
BbumnTh 0TpaboTaHHbBIE PacCTBOPHI, OCY Ty BEIMBITE. ClaTh pabouee MecTo.
Conep:xkanue oTyera:
Tema u uenb paboThI.
HabmioneHus1, ypaBHEHUs peakIfii Mo KaXK10i yacTu paboThlI.
BriBosbI O IIpoieiaHHoM pabdoTe.

b S

KoHnTpo/ibHbIE BOPOCHI:
OO01as xapakTepycTHKa riaBHON noArpynms! [V rpynmnsl.
VYrnepoa. PacnpocTpanenue B mpupoze.
[Tonyuenue yraepojia u €ro ajuIoTPOIHbIE MOAU(PUKAIIIH.
XUMHUYECKUE CBOWCTBA yIJIEPOA.
Juokcun yriepona. YroyibHas KUCIOTA.
Oxkcup yrnepona (II). Ero xumuyeckue cBoiicTsa.
CoenuHeHus yriaepoja ¢ cepoil U a30TOM.
Kpemnuii. Pacnpoctpanenue B mpupoje U NOJyUYEHHUE.
. CBolicTBa KpeMHHS.
10. CoenuHeHUst KpEMHHUS ¢ BOJOPOJIOM U TFajlOT€HAMHU.
11. Oxcup xkpemuus (IV), xumuueckue cBONCTBA.
12. KpemMHUEBBIE KUCIIOTHI M UX COJIU.

00NV R W~

TEMA 2. XUMUSA METAJIJIOB

MeTaJ'IJ'IbI — XUMHUYCCKUE JJIEMCHTbI, aTOMBI KOTOpI)IX OTOAr0T BHGKTpOHBI BHCIIIHECT O (a
WHOT/JIA W TPEABHEIIHEr0) 3JCKTPOHHOTO CJIOs, MPEBPAIlasCh B MOJOXKHUTECIBHO 3apsyKCHHBIC
WOHBI. MeTajlbl — BOCCTAHOBUTEH. DTO OOYCIOBJICHO HEOOJBIINM, KaK IMPAaBHIO, YUCIOM
3JICKTPOHOB Ha BHEIIHEM CJIO€, OOJIBITUMH 10 CPABHEHUIO ¢ HEMETAJUIAMH PaJinyCaMH aTOMOB,
BCJIC/ICTBHE YE€TO BAJICHTHBIC DJIEKTPOHBI CJIA00 yACPKUBAIOTCS SPOM.

[TpoYHOCTH CBSI3U BAJCHTHBIX 3JICKTPOHOB C SIPOM 3aBUCHUT OT JIBYX OCHOBHBIX (haKTOPOB:
BEJIMUMHBI 3aps/a sijipa v pajnyca aroma.

Pannyc aToma 3HaYMTENBHO YBEIMIMBACTCS C MOSBICHHEM Ka)kI0rO HOBOT'O 3JIEKTPOHHOTO
CJIOSL JIISL DJIEMEHTOB TEPBBIX TPeX MEPHOAOB, M UMEHHO 3TOT (pakTop B OOJbIIEH CTEIEeHU
BJIMSCT HA MPOYHOCTH CBS3M BAJICHTHBIX 3JCKTPOHOB C SAPOM IS DJIEMEHTOB TJIaBHBIX
HOJArpynn (CBEpXy BHU3 pajinyC aTOMOB YBEIMYMBAETCS, IPOYHOCTh CBSI3U AJIEKTPOHA C SIpPOM
ocllabeBaeT, BOCCTAHOBUTEIbHBIC CBOMCTBA YBEIIMYUBAIOTCS).

VY 37eMeHTOB MOOOYHBIX MOATPYNI — 3TO 3JEMEHTHl 4-7 TEepUOJOB — C YBEIWYCHHUEM
MOPSAIKOBOTO HOMEpa 3JIEMEHTa PaauyCc aTOMOB M3MEHSETCS Mayio, a BEJIMYMHA 3apsaa sjpa
YBCJH/I‘II/IBaeTCH 3HA4YUTCJIIBHO, HOBTOMy HpOLIHOCTB CBA3HU BAJICHTHBIX BJIGKTPOHOB C H[[pOM
YBEJIMYUBACTCS, BOCCTAHOBUTEIBLHBIC CBOMCTBA 0C1a0eBaIOT.

Memannuueckasn céa3b U Memaniuieckas KpUCMALIUYecKas peuemsa.

MeTaJlibl — MPOCTHIE BEIIECTBA. ATOMBI METAJNIOB 00Pa3yIOT METANINICCKYIO CBS3b.
OC00EeHHOCTH METAIINYECKON CBA3H:

CpaBHUTEIIBHO HEOOJIBIIOE KOJUYECTBO 3JIEKTPOHOB (3TO S-3JIEKTPOHBI) OJHOBPEMEHHO
CBSI3BIBAET MHOYKECTBO aTOMHBIX SIJIEP, CBSI3b JICTIOKAIM30BaHA.
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BanentHble  3JIEKTPOHBI

CBOOOJTHO TMEPEMEIIAIOTCS 110

BCEMY KYCKy MeTauia (Wiu

METAITTMYECKOMY M3IENINI0), KOTOPBIN B IIETIOM 3JIEKTPOHEHUTPAICH, TOATOMY 3TH JIEKTPOHBI
qaCcTO HA3BIBAIOT CBOOOIHBIMH.
Mertannudeckas cBsi3b He 00JIaJaeT HAMPABICHHOCTHIO U HACHIIIIAEMOCTBIO.

B coorBercTBUH

C TakKuM
d)I/I3I/ILIeCKI/IMI/I CBOMCTBAMH:

CTPOCHHUEM METaJUIbl

XapaKTepU3yOTCs

CJIEIYIOIIUMH

CBOICTBO, MOJIO)KEHHOE Knaccudukaunonnsie rpynmns! | [Ipumepsr

OCHOBY KJIACCU(DMKALIHH

DJIEKTPONPOBOIHOCTh C BBICOKOH | Ag
3JIEKTPOIIPOBOIHOCTHIO
C HU3KOH | Mn
3JIEKTPOIIPOBOIHOCTHIO

Temnepartypa miaBieHUs JIETKOIIJIABKIE Hg, Ga, Cs, In, Bi
TYTOILNIABKUE W, Mo, V, Cr

IImoTHOCTB Jlerkue Li, K, Na, Mg
Tsoxennie Os, Ir, Pb

TBepaocTs Msrkue In, Na, K, Rb (pexytcs

HOYKOM)

TBepapie Mo. Cr (1apanaioT CTEKJIO)

pyumnHbI, TPUBOASILIUE K Pa3IUULIO PU3MUECKUX CBOMCTB METAJIOB:

aTOMBI METAJNIOB 00pa3yloT pa3HbIe TUIIBI KPUCTAUTMUYECKUX PEIIETOK

aTOMbl METAJUIOB HMMEIOT DPA3HO€ YHCIO BAJIEHTHBIX S-3JIEKTpOHOB (+1 wnmm +2),
y4acTBYIOLIMX B 00pa30BaHUM METAJUINYECKOM CBSI3H.

aTOMBbI (MOHBI) METAJNIOB UMEIOT pa3HbIC PaIyChl

aTOMBl METAJJIOB MOOOYHBIX MOATPYHI MOMHUMO METAJUIMYECKOH MOTYT 0O0pa3OBBIBATH M
KOBAQJICHTHYIO CBSI3b C IIOMOUIbIO HECHIAPEHHBIX d-3JIEKTPOHOB BaJICHTHBIX opOuTaneil. iMeHHO
takue metaiuibl W, Mo, Cr, Os — 1 TyroIuiaBKue, U TSDKEJIbIE , U TBEpAbIE. (CaMblii TBEPABIA U3
METaJIOB — XpPOM; CaMbIil TYTOIUIAaBKUI — BOJIb(hpam.

B coBpeMeHHO# TeXHHKE OOBIYHO HCIIOJIB3YIOT HE YHCTBIE METAJUIbl, & CIUIABbI, KOTOPHIE
HO3BOJISIFOT COYETaTh B OJHOM MaTepuase MOJIe3HbIE CBOMCTBA Cpa3y HECKOJIBKMX METaJUIOB U
npyrux BemecTtB. Hampumep, aropamoMuHuid — cras, cogepxkamuii Al, Cu, Mg, Ni, Mn. On
codeTaeT B ceOe Majyro IJIOTHOCTh aIFOMHUHUS U MarHus, KOPPO3UOHHYIO CTOHMKOCTh Ni u Al,
TBEPAOCTH Mn.

JUis XyZlOKEeCTBEHHBIX LI€Je€ MCIOJIb3YIOT MENbXHOp — CIUIaB Meau ¢ HukeneM. Ilo
BHEIIIHEMY BUIY OH ITOXO0XX Ha cepeOpo, HO 3HAYUTEIIHHO JICIIEBIIE MTOCIEIHETO.

[IIupoko HCHONB3YIOTCA PA3JIMYHOTO COpTa CTAalM W 4YyTyHbl — CIUIaBbl Kele3a C
YTJIEPOAOM U JIp.

XHMHYECKHE CBOIICTBA METAJVIOB

AKTHBHOCTb METAJJIOB B BOJHBIX pacTBOpax ONpENENsIeTcs IOJIOKEHUEM MeTalla B
UIEKTPOXUMUYECKOM DSy HAINpPsDKEHUs MeTauioB. TeM akTHUBHee aroMbl Mmetaimia Me°, Ttem
HIDKe aKTUBHOCTH Me"™. Bce peakuumu ¢ yd4acTHEM METAIOB SBIISIOTCS OKHCIUTEIBHO-
BOCCTAHOBUTEJIBHBIMU, IIPUYEM METaJlIbl BCEr/la BBICTYNAIOT B KAYECTBE BOCCTAHOBUTEIIEH, TaK
KaK IPUHUMATh 3JIEKTPOHBI U IIPOSABIIATH OTPULIATEIBHYIO CTEIIEHb OKUCIIEHNUS OHU HE MOTYT.

OTHoOlIEHHE K BOJIE.

1) Illenoynble ¥ MIETOYHO3EMENbHBIE METAJIbl B3aHMMOJACUCTBYIOT C BOJOW IMPH OOBIYHBIX
ycnoBuax. O0pasyercs 11e104b U BbIIEIAETCS. BOAOPOI.

2K +2H,0 =2KOH + H,1 Ca+2H,0 = Ca(OH); |+ H,1
2) Maruuii u anfoMUHUY (OYHUIIEHHBIN OT OKCHIHOM IJICHKH) pearupyroT ¢ ropsyei BOAOK.

Mg + 2H,0 = Mg(OH),| + H,1 2Al+ 6H,0 =2AI1(OH);] + 3H,1
3) Metanibl cpeHel aKTUBHOCTH, pPacloIOKEHHbIE B psAy HamnpsbkeHuil mexxay Mg u Pb (Al
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Ti, Cr, Fe, Co, Ni, Zn, Sn, Cd, Pb), 06619HO HE BBITECHSIOT BOJOpO M3 BoAbl. Ha moBepxHocTH

9TUX METAJIOB 00pa3yloTCs OKCUAHbBIE TUIEHKH, 00JIa1at01I1e 3alIUTHBIM JIeHCTBHUEM.

[TosToMy OHHM pearupyroT ¢ BOJOW JIMIIb B YKECTKUX YCJIOBHSX (PaCKaJ€HHBIH METasll, Maphbl

BOJIBI, T.€. C IEPETPETHIM BOJISIHBIM MMApOM) ¢ 00pa30BaHUEM OKCHOB U BBIICTICHHEM BOJOPOIA:.
3Fe + 4H2 O = FC}O4 + 4H2T 2Cr + 3H20 = CI’203 + 3H2T Zn + Hzo =7n0 + HzT

4) ManoakTUBHBIE METAJIbl, CTOSIIHE B JJIEKTPOXMMUUYECKOM psAly HANpsHDKEHUH MOcIe

BOJIOPO/Ia, C BOJOM HE B3aUMOJCHCTBYIOT JaXke Mpu Bbicoko# Temneparype: Cu + H,O —

2. OTHOLIEHHE K KHCJIOTAM.

1) Kucnotsl, ob1agaromniie ciabbiMi OKUCIUTEIBHBIMU CBOMcTBaMH (3a cyerT H') pearupyror ¢
MeTaJlJIaMH, CTOSIIIIUMHU B AJIEKTPOXUMUYECKOM PAIY HaNpsLKeHUH A0 Bogopoda (OOJBIIMHCTBO
kucior). [Ipu 3ToM 00pa3yroTcst CoJib U BOJAOPO:

a) CuipHble KHMCIOTBI M KHUCIOTBI CpelHEeWd CHIIbl pearupyroT cO BCEMU MeTalllaMH,
CTOSIIIIMMH JIEBEE BOJIOPOJIA:

Fe + 2HBr = FeBr, + H,1; Zn + HCl =ZnCl, + H,1; 2A1+ 6HI =2All; + 3H,1

3Mg + 2H,PO4 = Mg3(PO4)2T + 3H2T

Kenezo XJI0pOBOJOPOIHON (COSIHOM) KUCIOTOM OKHCIISIETCS 10 JBYXBAJICHTHOTO COCTOSHHSL
[Tpu 5TOM Ha IOBEepXHOCTH 0Opa3yeTcs 3alIUTHAS IICHKA, TOPMO3SIast JaTbHEHIIIee OKHUCIICHHUE.

C constHOM KMCIIOTOM pearupyer u nmaccuBupyercs: cBuHel. [laccuBanysi CBUHIIA BO3HUKAET
M3-3a TOTO, 4TO 00pa3yromuiics B Havane peakuuu xjaopus ceunna (I1) TpyaHo pactBopum B BOJIE,
U, OCTaBasICh Ha OBEPXHOCTU METalIa 3alllMIIAET €ro OT AOCTYIa HOBBIX MOPUUI KHUCIOTHI:

Pb + 2HCI = PbCl, + H,. B pe3ynbrare peakiys OCTaHABINBACTCS.

0) Crabble KUCIAOTHI — TOJIBKO CO IIEIOYHBIMU U IIE€JI0YHO3EMENIbHBIMU METaJIaMu:

Ca+ H2C03 = CaCO3l + HzT

B) pa30apiieHHas cepHas KHCIOTa o0iajaeT cladbIMU OKHUCIUTEIbHBIMU CBOMCTBAMH,
MOATOMY ACHCTBYET TOJBKO Ha METAJLIblI, CTOSIIIME B 3JEKTPOXUMHUYECKOM Psy HANPSKEHUM
neBee Bojopoaa. [Ipu stom obpazyeTcs cosb U BOAOPOS.

Mg + HzSO4(pa36) =MgSO,4 + Ha1; Fe + HzSO4(pa36) =FeSO4 + Hy1

Cu + HSO4pass) —

2)  Kucnmotel, o0nagaroiye  CUIbHBIMU  OKHCIHUTEIBHBIMA  CBOMCTBAMH  a30THAas
(KOHILIEHTpHpPOBaHHas U pa3baBieHHas 3a cyeT N'), cepHas (KOHLEHTPUPOBaHHAs 3a cueT S*°),
B3aUMOJICUCTBYIOT KaK C METaJlJIaMHU, CTOSIIIUMHU B DJIEKTPOXUMHUYECKOM Py HANpPsLDKEHUH 10
BOJZIOPO/Ia, TaK M C METAJJIaMH, CTOSIIMMHU TOCIE BOJOPOJA, OJHAKO BOJOPOJ TMPH ITOM HE
BhIIeTsieTCs. He AecTBYIOT ATH KUCIIOTHI TOJBKO Ha Au, Pt, Ir, Rh, Ta.

B npoayxrax peakiuu — coyib, BOJIa M KaKOH MO0 MPOAYKT BOCCTAHOBJICHHS KUCTIOTHI, HO HE
BoZopoA. Bua mnpoaykra BOCCTaHOBIEHHS KHCIOTHI OIpPEAENeTCsl €€ KOHILIEHTpalUeH,
AKTUBHOCTBIO METaJJIa U TEMIIEPATYPOIl.

H2SO4c0nn) (OKHCTATENL — ST6)
1) lllenounsie 1 MIETOYHO3EMENBHBIC METAJUTHI BOCCTAHABIIMBAIOT KUCIOTY B OCHOBHOM 10 H,S.

4Ca + 5H2$O4(K0HH) = 4C8.SO4 +stT + 4H20
2) Mg u Zn B 3aBUCUMOCTH OT YCJIOBHUH MOTYT BoccTaHaBIUBAaTh HySOyomy HE TONBKO 10 SO,

HO M 10 S uinu H,S: Zn + 2H5SO4(komy) = ZnSO4 + SO, T+ 2H,0

47n + SHZSO4(K0HH): 4ZI’ISO4 + H2ST + 4H20, 37Zn + 4HZSO4(KOHLI): 3ZHSO4 + Sl,+ 4H20
3) Meraubl cpeHel aKTUBHOCTH.

AJIIOMHHHI ¥ JKejle30 TACCUBHUPYIOTCA HM3-3a 00pa3OBaHHS IUIOTHBIX IUIEHOK OKCHJIOB.
0J10B0 OKHCIISETCS 0 YETHIPEXBATICHTHOTO COCTOSIHUS ¢ 00pa3oBaHUEM CYIb(aTOB 0JIOBA!

Sn + 4HZSO4(KoHu) = SI’I(SO4)2 + 2SOzT + 2H20
CBuHel HEe pacTBOpSETCS B CEPHOM KHUCIOTE Npu €€ KoHueHTpauuu Huxke 80%, Tak Kak
oOpa3syromasicsi Mpy B3anMMOJICHCTBUH CBHHIIA C CEPHOU KucioTon coiib PbSO,4 HepacTBoprMa B
BOJIC M COXKJIae€T Ha MOBEPXHOCTH METajlia 3alIMTHYIO TIIEHKY. B Oolee KOHIIEHTpUPOBAaHHOMN
CEpHOM KHCIIOT€ CBHUHEI OKHUCIISETCS [0 JBYXBJICHTHOTO COCTOSIHHUS C OOpa3oBaHUEM
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PacTBOPUMOTO THAPOCYIIb(paTa CBUHIIA:
Pb + 8H2$O4(KOHH) =3Pb(HSO,), + S + 8H,0

[Ipu HarpeBaHWM KOHIICHTPUPOBAHHAS CepHAs KUCJIOTa B3aUMOJICHCTBYET ¢ 00pa30BaHUEM COJIH,
BOJIBI U okcu cepsl (IV):

AIOMUHHAEM: 2A1 + 6HQSO4(KOHH) = Alz(SO4)3 + 3SOzT + 6H20
PryThi0: Hg + 6H>SO4(xomy = HgSO4 +SO,1 + 2H,0
MCI[I)IOI Cu+ 2HZSO4(KOHH) = CUSO4 + SOQT + 2H20

B kurisimieii KOHIIEHTPUPOBAHHOW CEPHON KUCIIOTE PACTBOPSETCS Cepedpo:
2Ag + 2HQSO4(K0HH) = AngO4 + SOQT + 2H20
C_H;,SO4(xony HE pearupyrot Au, Ru, Os, Rh, Ir, Pt.

HNOj3comn) (OKHCTHTETDL N*5)
1) Co menoYHpIMH U IET0YHO3EMEbHBIMU METa/IaMH 00pa3yeT coib (HUTpar) , Boay u N,O:
4Ba + 10HNO;3komy = 4Ba(NO3), + N,O1 + 5H,0
2) C pmpyrumMu MeTajslaMu: CpeJHEel aKTHUBHOCTH U MaJIOAaKTUBHBIMH OOpa3ylOTCSi HUTPATHI,
Boza u NOj:
/n + 4HNO3(K0HH): Zl’l(NO3)2 + 2N02T+ 2H20
Cu+ 4HNO3(KOHH): Cu(NO3), + 2NO,1+ 2H,0
Ag + 2HNO3(K0HLL) = Ag(NO3)2 + NO2T + H2O
3) Ha xonoxy u npu o6sr4HO# Temneparype He aeiictByer Ha Fe, Co, Ni, Cr u Al, a Taxke
Ha Hep)KaBEIOIIMe CTalMu BcieAcTBHE naccuBauuu. Ho mpu HarpeBaHum oOpasyloTcs Te ke
HPOJYKTHI, UTO U C APYTUMHU METAIJIAMU:
Fe + 6HNO3(K0HH): FGO\IO3)3 + 3N02T+ 3H20
4) C HNOj3(xouy) HE pearupyior Au, Ru, Os, Rh, Ir, Pt.
5) KonnentpupoBaHHasi a30THash KUCIIOTa TPU CMEIIMBAHUM C KOHIICHTPUPOBAHHOW COJISTHOM
KHCIIOTOM B cOOTHOIIEHUH 1:3 o o0beMy, 00pa3yeT pacTBOp, Ha3bIBAEMBIH «LIAPCKOM BOJIKOW», B
KOTOPOM PacTBOPSIOTCS 30J10TO, IUIATHHA U Apyrue MeTaiuibl HepacTBopuMbie B HNO; 1 H,SOy.
HNO; + 4HCI1 + Au = H[AuCl4] + NOT + 2H,0
4HNO; + 18HCI + 3Pt = 3H,[PtClg] + 4NO1T + 8H,0
B «uapckoii Boske» He pactBopsitoTcst Ru, Os, Rh, Ir.

HNOj3pass) (OxkucauTENH N*°)
1) Co 1mienoyHbIMU U MIETOYHO3EMENBHBIMU MeTaJulaMU 00pa3yeT coib (HuTpar), Boay U NH; win
NH4NO;:

4Ca + 10HNO3 (pas6)— 4C8(NO3)2 + NH4N03 =+ 3H20
2) C wMerajulaMH CpedHEW AaKTUBHOCTH, PACIHOJOKEHHBIMH B 3JIEKTPOXUMHUECKOM POy
HANpsOKEHUH 710 BOJOpOAa, pa3z0aBieHHAs a30THAs KUCIOTa oOpasyeT coiib, BOAY U , B
ocHoBHOM, NO (MoryT oOpazoBatbcst u N,O, N, NH; (NH4OH). Uem Gousbmie pa3bdaBieHa
KHUCJIOTA, TeM HIKE CTENEeHb OKUCJICHMsI a30Ta B BBLACISIONIEMCS Ta3000pa3HOM MPOAYKTE.
JlocraTouHo pa3zbaBieHHAs KHCIOTa OOBIYHO BoccTaHaBiauBaeTcs 10 NH4NO;:

Fe + 4HNO3(pa36) = FG(NO3)3 + NOT+ 2H20

3Zn + 8HNOj3(pass) = 3Zn(NO3)3 + 2NOT+ 4H,0

47n + 10HNO3(pa36) = 4ZI’I(NO3)3 + N20T+ 5H2O

57Zn + 12HNO3(pa36) = SZH(NO3)3 + N2T+ 6H20

47n + 10HNO3(0._L pasé) — 4ZI’I(NO3)3 + NH4NO3T+ 3H20

OnoBo okucinsercs 1o Hutpara onosa (II). Tutan naccuBupyercs.
3) C ManoakTUBHBIMH METaJJIaMH, CTOSIIIMMH B AJIEKTPOXMMHUYECKOM PsiIy HAMpPSOKEHHUH mociie
BOJIOpOa, 00pa3yIoT coib (HUTpar), Boay u NO:

3Cu + 8HNO3(p336) = 3CU(N03)3 + 2NOT+ 4H20

3Ag+ 4HNO3(pa36) =3AgNO; + NOT+ 2H,0

3Hg + 8HNO3(pa36) = 3Hg(NO3)3 + 2NOT+ 4H20
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4) C HNOj3(pass) HE pearnpyroT Au, Ru, Os, Rh, Ir, Pt.

Meab. Haxonsce B psily HampspKEHHs IOCNE BOAOPOJA, MEIb HE BBITECHSET €ro M3 KHCIOT.
[ToaTomMy consiHast u pa30aBieHHAs cepHas KUCJIOThl Ha MeOb He JAelcTBYIOT. OnHako B
OPUCYTCTBUHM KHUCJIOpPOJAa BO3AyXa MEAb pacTBOPSAETCS B 3TUX KHUCIOTaX ¢ oOpa3oBaHHEM
cootBeTcTByrOImMUX coneit: 2Cu + 4HCI1 + O, = 2CuCl, + 2H,0

B oueHb KOHIIEHTPUPOBAHHOW COJISTHOM KHCIOT€ MEIb MOXET OBITh pacTBOpPEHa C
00pa3oBaHNEM KOMILJIEKCHOTO COSAMHCHUS:

2Cu + 4HCI = 2H[CuCl;] + H;, (muxmopokympar (I) Bogopona

3. OTHomeHHe K OCHOBAHHAM

Tonmpko MeTauibl, 00paszyromue aM(QOTepHbIC OKCHIBI U THAPOKCHUJIBI, B3AUMOACHCTBYIOT
co menovyamu. [Ipu stom BeimenstoTes H, u obpasyercs coib (B pacTBOpax — KOMIUIEKCHasl, B
paciiaBax — cpenssisi). Uckimrouenne coctaBisitoT Fe u Cr, KOTOpbIe B OTIIMYKE OT WX aM(OTEPHBIX
okcuzoB Fe,O3; u Cr,O3 u ruapokennoB Fe(OH); u Cr(OH);, co menoyamu He B3aMO/ICHCTBYIOT.

Fe + NaOH — Cr + NaOH —

B pactBoOpax:

Zn +2NaOH + 2H,0= Na,[Zn(OH)4]+ H; 2Al+ 2NaOH + 6H,0= 2Na[Al(OH)4]+ 3H,

Be + 2NaOH + 2H20 = Naz[Be(OH)4] + H2 Pb + 2NaOH + 2H20 = Naz[Pb(OH)4] + H2

B pacnnaBax:

/n + NaOH(TB) = NaZZnOZ + Hz Be + NaOH(TB) = NazBGOZ + Hz

Pb + KOH(TB) = KszOz + Hz 2A1 + 2NaOH(TB) + 2H20 = 2N8,A102 + 3H2

4. OTHOLIEHHE K OKCHUAAM.
1) Ilpu BICOKO¥ TemrepaType 0oJiee aKTUBHbBIE METAJUIbI BHITECHSAIOT (BOCCTAHABIMBAIOT) MEHEE
aKTUBHbIE M3 HUX OKCHAOB. Ha 3TOM OCHOBaH OJMH W3 CHOCOOOB IMOJY4YEHHUS METAJUIOB,
Ha3bIBa€MbIil MeTayuioTepMueld. B kauecTBe MeTasioOB-BOCCTAHOBUTENEH OOBIYHO HCHOIB3YIOT
QTIOMUHUKA (QTFOMOTEPMUSI), MarHuil (MarHUUTEPMUsI), PEIKO KAJIBIMMA, Kaluid, HATPUHA W JPyTHE
METaJUIBL.

Zn + CuO =ZnO + Cu 3Fe,04 + 8Al = 4A1,05 + 9Fe
WO; +2A1=W + ALO; 4Ba0O + 2Al =BaO + ALL,O; + 3Ba
4)  MarauiTepMHIO UCOIb3YIOT TaKKe JUIsl BOCCTAHOBJIEHUS! HEMETAJUIOB U3 UX OKCHUJIOB!
CO, +2Mg =2MgO + C Si0, + 2Mg = 2MgO + Si

5. OTHoOUIEHHE K COJISIM.

1) BonpImHMHCTBO aKTUBHBIX METAIIJIOB BHITECHSIOT MEHEE aKTHUBHBIE U3 PACTBOPOB UX COJICH:

Fe + CuSO4 = FeSO4 + Cu; Zn + FeSO4=ZnSO, + Fe

Cu + Hg(NO3), = Cu(NOs), + Hg Fe + AgNO; = Fe(NOs), + 2Ag
2) Mertamibl MOTYT BBITECHSTH JAPYT JIpyra W U3 PAcIUIaBOB cojei (peakuusi 6e3 ocTyma
BO3/[yXa — BaKyyMHO-TEpMUYECKHUI c10c00):

Na+ KClpacnn= NaCl + K; 3K+ AlCypacnn)=3KCl + Al; Mg + BeFypacnn= MgF> + Be
Opnako ciaenyeT MOMHUTb, YTO
a) MpH IJIABJICHUU MHOTHE COJIM Pa3jiaratoTcst
0) DOJEKTPOXMMHYECKUN P HANpPsHKEHUS METAJIOB, CHYKalluil O  ompejeNieHus
OTHOCUTENbHON aKTUBHOCTH METAJIOB, CIIPaBEUIMB TOJIKO JIJIsi BOJHBIX pacTBOpoB. Hampumep,
ATIOMUHUI MEHee aKTHBHBIA, YeM IIeJOYHO3EMENIbHbIE MEeTallIbl, a B pacluiaBax HaoOOpOT.
[TosTOMy amOMHHHI MOKET BBITECHSTh HIEJIOYHO3EMETbHbBIE METAJLTBI U3 PACIIIABOB UX COJICH:

2A1+ 3C3C12(pacnna3) = 2A1C13 +2Ca
3) U3 TBepabIX CyXHX, a TaK:Ke€ HEPACTBOPUMBIX COJIEH MPHU OOBIYHBIX YCIOBHUSIX METAJUIbI JIPYT
npyra He BeiTecHstoT: Fe + AgCl —
4. B pacTBOpax coiu, 001aNaloNe OKUCIUTEILHBIMUA CBOWCTBAMH, BCTYMAKOT C METAIAMU B
OKHUCJIUTEIbHO-BOCCTAHOBUTEIIbHBIE PEAKLIUU:
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2FGC13 + Fe = 3F€C12; Hg(NO3)2 + Hg = ng(NO3)2
HgCl, + Hg = Hg,Cl, 2CrCl; + Zn = 2CrCl, + ZnCl,

6. OTHOLIEHHE K HeMeTaJ1aM (CM. XMM. CBOMCTBA HEMETAILJIOB)

7. OTHOWIEHHE APYT K APYrY.

Mertamisl Ipyr ¢ IpyroM HE B3aUMOJICUCTBYIOT, HO B PacCIUIaBJICHHOM COCTOSIHUU CMEIIUBAIOTCS
Ipyr, oOpa3ysi pacTBOpBL, NpU OXJAKICHHUH KOTOPBHIX TOJY4YalOTCS TBEp/ble BEIIECTBa,
Ha3bIBAEMBbIE CILJIABAMH.

8. Ilpn HarpeBaHMM XMMHYECKasi aKTUBHOCTh METAJIJIOB MOBBILIAETCSI.

Koppo3ust meTanioB:

Koppo3usi — mposiBIeHHE BOCCTAaHOBUTENIBHBIX CBOMCTB METalIOB, OOYCJIOBIEHHOE
BIIMSIHUEM OKPYKalOLIEH CPEbl.

I rpynma nepuomnueckod cucrembl. lllemoyHsie MeTamwibl HMMEIOT HAUMEHBIIYIO
KOPPO3UOHHYIO CTOWKOCTB; OJIECTSIIAs MOBEPXHOCTh Cpe3a 3TUX METaJIOB Ha BO3JyXe OBICTPO
MOKPBIBAETCS TOJICTOM PBIXJION TJIEHKOW OKCHIOB, MEPOKCUIOB, a TAKKE UX COCAUHEHUM C
YIJIEKUCIIBIM Ta30M U BOJIOM. [103TOMY 11€5104HbIE METaJUIBl XPAHATCS 11OJ] CJIOEM KEPOCHHA.

B moGouHo#l moarpymnmne HaxomsATCs IOCTAaTOYHO CTOMKHE K KOPPO3MH METaUIbl: MEb,
cepedpo, 3010T0. C yBeNTUYSHHEM MOPSIKOBOTO HOMEpa KOPPO3UOHHASI CTOMKOCTH MOBBIIIASTCS.

Il rpynnma. Mertannbel riaBHOM MHOATPYNIBI BECbMa MajJOyCTOWYMBBI, U C YBEJIMYCHUEM
MOPSIAKOBOTO HOMEPA YCTOMUHUBOCTh K KOPPO3UU CHUXKAETCA.

bonee ycroitunBel Mertamuiel modounou moxarpymmsl: Zn, Cd, Hg. Ha ux moBepxHocTH B
MPUCYTCTBUU KHUCIOpoAa OOpa3yloTCs TOHKHE, JOBOJIBHO TMPOYHBIE IUICHKH OKCHJIIOB,
IPENOXPAHSIONIUE UX OT JAIBHEUILIEr0 pa3pyIIeHUs.

[II rpynma. ATIOMUHUHN JIETKO COEIUHSIETCS C KUCIOPOJOM, BCIEACTBHE 4Yero obOpasyercs
TOHKasi, oOJjajarolas BHICOKMMH 3allUTHBIMU CBOICTBaMHM OKcHAHas IieHKka. Ho oHa
paspyumiaercss B pacTBOpax KHCIOT M Iuejaoyed. AJIIOMUHUNA TakKe MAaCCUBHUPYETCS C
MOBEPXHOCTH KOHIICHTPUPOBAHHOW a30THOM M cepHOM kucioTamu. IlaccuBammsi oOycioBiieHa
o0pa3oBaHHEM Ha MTOBEPXHOCTH TPYAHO PACTBOPUMBIX COCIUHEHUH.

IV rpynna. OnoBo M CBUHE — CTOWKHE K KOPPO3MM MeTajllbl, Oyiarojapsi MpPOYHBIM
OKCHJIHBIM TUICHKaM.

V, VI, VII, VIII rpynmsl. Metamnsr nobounsix noarpynn V, Cr, Co, Mo, Ru, Pd, W, Os, Ir,
Pt oOmamaroT BBICOKOW CMOCOOHOCTHIO K TACCHBAIlMM, a CIEAOBaTeIbHO, OONBIION
KOpPpO3HOHHOH cTolKocThi0. Hanbomnee ycroitunsl k koppo3un Metamisl VIII rpynmsl, npudem,
yeMm OOJIbIIe MOPSIKOBBIM HOMEp, TeM OOJbllle UX ycToWumBocTh. 3Hauwt, Os, Ir, Pt —cambie
CTOMKHE K KOPPO3UU METaJUTHI.

XKeneso — wHamboiee U3BECTHBIH H PaCHpPOCTPAaHEHHBIM MeETal, MAaCCUBHPYETCS
KOHIEHTPUPOBAHHOM a30THOM M XOJIOJJHOM KOHIIEHTPUPOBAHHOW CEPHBIMHU KUCIOTAMH.

Crnioco0bI moJIy4eHUsI MeTAJLVIOB:

BoapImMHCTBO METayuIOB B MPUPOJIE BCTPEUACTCS B BUAC COCAMHEHHH, TaK KaK METaJUIbl
HaXOJsIIKUecs B OKUCICHHOU (opme Ooyiee ycTONYMBBIC BEIIECTBA, YEM METaUIbl — MPOCTHIS
BEIIECTBA. B caMOpPOIHOM COCTOSTHUM B TPHUPOJAEC HAXOIATCS TOJIBKO METaJUIbI, KOTOpHIC B
3JIEKTPOXMMHUUYECKOM Psy HANPSKEHUU CTOST B caMoM KoHue: Au, Pt, pexxe Ag, unoraa Cu u
Hg.

Baxueillie npupoaHbIE COEAMHEHHS METAIOB, CTOSIIMX B pANy HAOpsDKEHUS [0
QTIOMUHMS — 3TO coyid: TanoreHuabl, yamnie xmopuasl NaCl, MgCl,, KCl; kap6onatsr: CaCOs,
MgCOs; cynbdatsl Na,SO4, MgSOy; Hutpatsl NaNOs; hocdatsr Casz(POy),/

[IpuponHbie coequHEHUsT APYTHX METAUIOB — 3TO B OCHOBHOM OKCHUJBI U cyapdunsr: Al,Os,
CLIO, Sl’lOz, F6203, CI‘203, ZnS, PbS, MOSQ, CU.Sz.

MuHnepansl W TOpPHBIE TIOPOJABI, KOTOPBIE HCIOIB3YIOTCS JIS TIONYyYECHHs] METalIOB
Ha3bIBAIOTCS pyAaMu. MeTtamn U3 pyJabl MOJYy4YarOT BOCCTAHOBJIEHHMEM — 3TO 3ajaua
METaJUTypPTHH.

®opma A Crpanuma 37 u3 60



MUHHCTEPCTBO HAYKU U BBICIIEro oOpa3oBanusi PO

o . ®dopma
VY IIbSIHOBCKUH TOCYIapCTBEHHBIH YHHBEPCUTET

@ - Paboyast mporpamma JUCHUILIMHbL

Paznuyarot cnegyromnue cnocoObl MOTy4YeHHs] METAIIIOB:
[Mupomerammyprudeckuii (OT rped MMPOC — OTOHb)
I'mppomeramrypruueckuit
DIEeKTPOMETAILITYPru4ecKuil (37€KTPOIIN3)

CyIIHOCTh _NMPOMETAINIYPIrUYE€CKOr0  CIoco0a - BOCCTAHOBJIEHHE METAIJIOB U3  UX
COEIMHEHUI NP BBICOKHMX TeMIlepaTypax. B kauecTBe BOCCTaHOBUTENEHN MCIOIB3YIOT BOJOPOL,
akTuBHbIe MeTasuibl (Mg, Al), yrnepon, okeun yriuepona (1I).

Mertoa ucronb3yercs Ui MOJyuYeHHs] METAJIOB, CTOSIIMX B PSAY HANpsHKEHUS METAaJUIOB MOCie
AIFOMUHMUSL.

I'uapomeTtanyprus —MCHoiab3yeTcs Ul MOTy4YeHUs] MaJOaKTUBHBIX MeTayuioB. Hampumep,
METO/]I W3BJICYEHHS 30JI0Ta OT IyCTOW MOPOJbI (IIeCKa) MyTEM PacTBOPEHHUS 30J10Ta B I[MAHMJIE
HATpUsl WIN Kajdus B MPUCYTCTBUU KUCIOPOJA, C MOCIEIYIOIMM BOCCTAHOBJIEHHEM MeTallla
IyTEM BBITECHEHHs €ro OoJjiee aKTHBHBIM METAUIOM M3 COJH. TakuM CcrmocoboM MOXKHO
nonyuuts Cu, Cd, Au, Ag, Mo, V u np.

DIEKTPOMETAILTYPrHsl (3JIEKTPOIN3) — BOCCTAHOBJICHHE akTUBHBIX MeTauioB (Na, K, Ca, Al,
Li, Mg u 1p.) ¢ moMouUIbl0 3JEKTPUYECKOr0 TOKa M3 pacCIUIaBOB COJIEH, OKCHJIOB WM
TUIPOKCHU/IOB.

Yactb A. U3ydyeHue CBOMCTB HIEJOYHBIX U IIEJ0YHO3eMeJIbHbIX METAJJIOB H UX
coeTUHEHHI»
esab padoThi:

N3yunTh XMMHUYECKHE CBOMCTBA IIEIOYHBIX METAJIOB U UX COCIMHEHUM.

N3y4nTh XMMUYECKUE CBOMCTBA MIETOYHO3EMEIIBHBIX METAIIOB U UX CBOMCTBA.

3. O3HakomileHHE ¢ J1a00OpaTOPHBIMU CHOCOOAMH IMOJIyYEHHs] TUAPOKCUIIOB U COJIeH METalIoB
IA u IIA rpynmsi.

Coaep:xanue padoThbI:

1. HccnenoBanne XMMHUYECKUX CBOMCTB HATPHs M €0 COSAMHEHUN (B3aMMOJICHCTBHE C BOJIOH,
TOpPEHHE).

2. Tlomy4yeHue THIPOKCHIA MAarHUS M €T0 PACTBOPEHUE B KUCJIOTE U B COJISIX aMMOHHUS.

3. TlonmyueHue kapOOHATOB, CyTh(})ATOB M XPOMATOB MIETOYHO3EMENBHBIX METANIOB U U3yUYCHUE
HX XUMHYECKNX CBOMCTB.

IIpudops! U peakTUBBI:

1. 3ammTHBIE OYKH, KpPUCTAJIM3aTOp, NHUHIET, (UIbTpoBaibHas Oymara, MeTajimdyecKas
noxedka, paphopoBkIil TUTENb, CHUPTOBKA, MUIETKH, TPOOUPKH, TPOBOJIOKA C IETEIBKOM.

2. @enondranenHn, Bojxa, HaTpuii (MET.), COJb MarHus, Kpaxmal, 2 H pacTBOP COJISTHOU
KHCIIOTBl, 2 H PacTBOp XJIOpHUJIa aMMOHHSI, pPAacTBOPHl MOJMJA Kallhs, CEPHON KHCIIOTHI,
THAPOKCHIa HATpusi, KapOoHAaTa HATPHUA, XJOPHAA KaJbIus, XJopuaa Oapusi (BO3MOXKHBI
JT100BIe PACTBOPUMBIE COJIM KaJbIUs U Oapus), cynbdara HATPUs, XpoMaTa Kaiusl, YKCYCHOM
KHUCJIOTBI, HUTpATa KaJlvs; COJsTHAs KUCIIOTa (KOHIIL.).

N —

IKCNepUMEHTAIbHAA YaCTh

OnbiT 1. B3aumopeiictBue HaTpus ¢ Boaoil. (Pabotats mox TAroit B 3alIUTHBIX O4YKax!)
B kpucramimzarop ¢ BoJ1oi 100aBIISIOT HECKOIBKO Kamenb ¢peHondranensa. [lunnerom nocrars
KyCOYEK IIEJIOYHOTO METajla W BBICYIIUTh (UIBTPOBaIbHON Oymaroil. OTAEIUTH KyCcOuek
HaTpUs pa3MepoOM CO CIUYEYHYI0 TOJOBKY M MHHIETOM TEPEHECTH B KPUCTAIIU3ATOP.
HabmionaroT npoTekaHue peakuuy U OKpallMBaHue Bojbl. Hamucate ypaBHeHHE MpOTEKaroLIe
peaxkuuu.

OnbiT 2. I'openue Hatpus. (PaGotate mox Tsroit!) B meraminueckyro JIOXKEUKy HIIH
(dapdopoBbIii TUTENb TOMEIIAIOT HEOOJIBIION KYyCOUeK HATpHUs, MPEABAPUTEIHHO BBICYIIECHHBIN
¢ubTpoBanbHOM Oymaroil. JIokeuky WM THreslb HarpeBaioT CHHM3Y HEOOJBIIMM IIaMEHEM
CIUPTOBKM, 3aT€M IOJDKUTAlOT IUIAMEHEM pacIUlaBlIeHHBbIH MeTaul cBepxy. HaOmogaror
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ropeHre Hatpus. I[IpomyKTBl OKHCIEHHS OCTaBIAIOT I CleAyromero omsita. Hammcarts
YPaBHEHHE PEAKLIMN T'OPEHUS HATPUS.
OnbIT 3. B3anmoaeiicTBMe KHCJIOPOIHBIX cOeJUHEHUI HATPUA ¢ BoAoM. [lonyueHHble B
OpeIbIAYIIEM OIbITe MPOAYKTHl OKUCIEHUS HATPHUs PacTBOPAIOT B HEOOJIBIIOM KOJIWYECTBE
BoAbl. K mosydeHHOMY pacTBOpY IPWIMTH PAacTBOpP MOAMJAA KalMs INOJKUCIEHHOTO CEPHOMH
KHCJIOTOM M HECKOJIBKO KaIlleslb pacTBopa Kpaxmaia. HaGmo1aloT H3MEHEeHHe OKpacky pacTBoOpa.
Hamnmcars ypaBHEHHE IPOTEKAOIIEH PEAKIIUH.
OmnbiT 4. [losryyeHHe rHAPOKCHAA MATHHUSI M €r0 PacTBOPEHHE B KHCJI0TEe M B COJIAX
amMMoHMsA. BHecTu B 1Be mpoOupKH M0 3 Kamjiu pacTBOpa COJIM MarHus M B KaXAyI M3 HUX
n00aBUTH MO 4 KAy pacTBOpa €IKOro HaTpa. B ogHy u3 mpoOHpOK, MOMENINBas COASPKUMOE
CTEKJITHHOW MaJIOYKOHM, MPUOABUTH MO KaIIsiM 2 H. PacTBOP COJISIHOM KHCJIOTHI JIO TOJIHOTO
pacTBOpPEHHs] OcCajKa, IMOACUMTHIBAas KOJIMYECTBO Kamenb. B apyroil mpoOupke TakuM ke
CIocoO0M pacTBOPHUTH OCAZOK T'MAPOKCHIA MarHus B 2 H. pacTBOpE XJIopuia aMMoHMs. B kakom
cilly4ae IUIsl pacTBOpEHHUs ocaaka moTpelyercs Ooubliee KoludecTBo peaktuBa? Hamummre
YPaBHEHUS MPOTEKAIOIINUX PEAKIIUN.
OnbiT 5. Kap0oHaThl 11eJI04HO3eMeJIbHBIX MeTa/LIoB. [lonyynTs ocanku kapOOHATOB
KaJblusl U Oapusl B3aUMOJEHCTBUEM PAacTBOPOB COOTBETCTBYIOIIMX COJIEH C PACTBOPOM COJBI.
HcnpiTath OTHOIIICHHE MOMYYEHHBIX KapOOHATOB K COJITHOM KUCIIOTE, 100aBIsAs €€ OCTOPOKHO
[0 KarisM. 3anucaTh ypaBHEHUS MPOTEKAIOIINX PEAKIIHM.
OnbiT 6. Cyasdarsl 1IeJ0YHO3eMeIbHBIX MeTa/LUI0B. B 1Be mpobupku BHecTH 1o 2-3
KaIllJIi pacTBOPOB cojiell kanblus U Oapusd. B kaxnayro mpoOupky nodaButh no 3-4 kamiu
pactBopa cyibdata Hatpus. Uto Habmromaerca? OTMETUTh Pa3IUYHYI0 CKOPOCTH 00pa3oBaHUs
ocankoB. McmeiTaTh AEWCTBHE COJSHOM KHCIOTHI Ha IONydeHHBIE CyJIb(arbl. 3amucarb
YpaBHEHUS MPOTEKAIOIINUX PEAKLIUH.
OmnbiT 7. XpoMaTsl 1IeJI04YHO3eMeIbHBIX MeTa/LI0OB. B 11Be mpoOupku BHecTu 1mo 3-4
KaIllJIi PacTBOPOB colyiel Kanbls U Oapusi. B kaxayro mpoOupky no6aButh mo 4-5 kamenb
pactBopa xpomara Kaius. HabmogaroT BeIlaieHue 0CaaKoB, OTMEYAIOT MX I[BET M MCIIBITHIBAIOT
JICCTBUE HA HUX YKCYCHOW U COJISTHOM KUCJIOT. 3alMCcaTh YPAaBHEHUSI POTEKAIOIIMX PEAKLIUMN.
OnbiTr 8. OxpammBaHue IJIAMEHHM PacTBOpaMH  CoJieH  INEJOYHBIX H
HIeJI0YHO3eMeJIbHBIX MeTa/LuIoB. [IpoBojouKy ¢ Tmerenpkod Ha KOHIIE BHECTH B
KOHLIEHTPUPOBAHHYIO COJISIHYIO KHMCIJIOTY M 3aT€M NPOKAJINTh B IUIAMEHU CIHUPTOBKH. Hucras
MIPOBOJIOKA HE JIOJKHA OKpalMBaTh miaMsi. OUUIIEHHYIO POBOJIOKY OIYCTUTh B PACTBOP COJIU
HaTpUs U CHOBA BHECTHU B IJIaMsl COUPTOBKA. OTMETUTH IIBET IUIAMEHHU U 3alHCaTh B TETPa/lb.
OnpIT MOBTOPUTH C pacTBOpaMu cojieil kamus, Gapus U Kanmpius. llepen KaabIM OIBITOM
MIPOBOJIOYKY MPOMBITh KOHIEHTPUPOBAHHOM COJISTHOM KUCIIOTOM U 3aTEM MPOKAIUT.
IMopsinok padoThI:

[TomyuuTs OT npenoaaBaTens 3aJaHue.

BbInonHuTE paboTy COrNIaCHO METOANYECKUM PEKOMEH/IAIUSIM.

OdopmuTh TPOTOKOT PabOTHI.

Bbutnth oTpaboTaHHbIe PacTBOPHI, OCYLy BEIMBITE. ClaTh pabouee MecTo.
Conep:xkanue oTyera:

Tema u nenb paboOTHI.

2. HaOnronenwsi, ypaBHEHUS peaKIuil MO KaXXAOW 4acTu paboTHI.
BriBosbI O IIpOIeIaHHOM padoTe.

b

—_

KoHTposibHbIE BONIPOCHI.

OOm1ast xapaKTepUCTHKA TJIABHOM MOATPYIIBI | rpynmbl (1IeT0YHBIE METAILIBI).
PacripoctpaneHue B Ipupo/ie U MOITYYCHHE.

@usnyecKre U XUMHYECKUE CBOMCTBA 1IEJIOYHBIX METAJLIOB.

IIpumeHeHne, TOKCUKOJIOT U

OOm1ast xapaKTepUCTHKA TJIAaBHOM MOATrpyMIsl 11 rpymiiel menoyHo3eMenbHbIE METAILIbI).

M
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PacnipocTpanenue B mpupoe U MOITyUYEHHUE.
dusnyecKkre U XMMUYECKHE CBOMCTBA 1EJI0YHO3EMEIbHBIX METAIIIOB.
8.  IIpuMeHeHme, TOKCUKOJIOTHSI.
Yacrts b. Jnementsl 111 A-rpynnsl nepuogu4eckoil CHCTEeMbI M X COeIMHEHMUS.
Hean pa6oTbi:
1. M3yunTh XUMHYECKHE CBOMCTBA AJTFOMUHUS U €TI0 COETUHEHUN.
Coaepixanue padoTsl:
1. W3yuenue am¢pOTEpHBIX CBONCTB QJIIOMUHUS: B3aMMOJEHCTBHE C KHUCIOTAaMHM M BOJHBIMU
pacTBOpaMu LIETOYEH.
2. HccnenoBaHue BIUSHUS XJIOPUA-UOHOB HA KOPPO3UIO AJIFOMHUHMSL.

=

IIpudopsl U peakTUBBI:
[lItatus, mpoOHUpKH, IepKaTEeNb 711 TPOOUPOK, BOISTHAS OaHs,
Hutpata cepebpa, cynbdara menu, cynbdara adrOMHUHUSA, XJIOPUAA MEIU; CEpHasi KHCIOTa
(koH1.), Boma, (eHonmdramenH, 2 H. PacTBOPHI COJISTHOW, CEpHOH M a30THOW KHCIIOT,
TUAPOKCUIA HATpUsl; KOHLEHTPUPOBAHHBIE KHUCIOTBI: COJISIHAs, CEpHas M a30THasd;
aroMuHHEBas (OJIbTa,
IKCNEePUMEHTAJIbHAA YaCTh

OmnbiT Ne 1. B3aumoaeiicTBre aIlOMUHHUSA ¢ KHCI0TAMH.
A) B3aumooeiicmeue aniomunus ¢ pazoasieHHvlmMu Kuciomamu. B Tpu npoOUpKHU BHECTH
no 5-8 kamenb 2 H. pPacTBOPOB KHCIJIOT: COJISTHOM, CEpHOHM, a30THOW. B kaxmyio mpoOupky
OIyCTUTh MO MAaJCHbKOMY KYCOUKY alTIOMHHHEBOW (onbru. Bo Bcex nu ciaydasx mpoTeKkaer
peakmus Ha xosiony? Harpers mpoOupku Ha BoasHON Oane. Uto HaGmromaetcs? Hammcarthb
ypaBHeHHs peakuuid. Kakoi ra3 Bblensercs Npu B3aMMOACHCTBUM AIIOMUHUS ¢ Pa30aBICHHOM
azotHo# kuciaotor? C pa30aBICHHBIMUA CEPHOUN U COJISTHOM?

bB) Bzaumooeiicmeue antomunusn ¢ KOHYeHMPUPOBAHHLIMU KUCTOmMamu. B Tpu npoOupku
BHECTH M0 5-8 Kameilb KOHIEHTPUPOBAHHBIX KHUCJIOT: COJITHOM, CEpHOM, a30THOM. B kaxmyro
NpOOUPKY OMYCTUTH MO MAJEHBKOMY KYCOUKY alfOMUHUEBOW (onbru. Kak nporekaroT peakuuu
Ha xojonay? C kakoil kucinotoi amoMmuHuil He pearupyer? [louemy? Harpers mpoOupku Ha
BoasiHOM Oane. Kak Bimsier HarpeBanue? HammcaTh ypaBHEHHUS peaKIlHid, yYUTBIBas, YTO TPHU
HarpeBaHWU a30THAs KUCJIOTa BOCCTAHABIIMBAETCS B OCHOBHOM JI0 AMOKCHJA a30Ta, a cepHasi 10
CEepHUCTOTO ra3a Ha XOJOAYy M YacTUYHO CBOOOAHOI cepbl NMpH HarpeBaHUH. Biuser nu
W3MEHEHHE KOHIIEHTPAIlMU COJISTHONM KUCIIOTHI Ha XapaKTep €€ B3auMOJICHCTBUS C allFOMUHNEM ?

OnbiT Ne 2. PacTBOpeHHMe ajqlOMMHHSI B BOJHOM pacTBope Imejoyu. Buectu B
MPOOUPKY MOJOCKY aIFOMUHHEBON (Qoabru U 100aBUTh 3-4 karau Boabl. Harpers mpobupky Ha
BoJIsiHOM Oane. Habmomaercs nu Beaenenue Bojopoaa? J{o6aBute B mpobupky 5-8 kamenb 2H.
pacTBopa eakoro Harpa. OTMETHTh MHTEHCHUBHOE BbljelieHHne BoJopoja. OTCYyTCTBHE peaKIuH
IIOMUHUS C BOJOU OOBSICHSETCS HAJIMYMEM Ha €ro MOBEPXHOCTH IJIOTHOW OKCHIHOW IJICHKH,
KOTOpasi 3aTpyAHSET JOCTYIl BOJOPOJIHBIX HMOHOB K IOBEPXHOCTH MeTaiia. JloOaBieHHas
IeJ0Yb PACTBOPSIET OKCHUAHYIO IUIGHKY C OOpa3oBaHHMEM THAPOKCOATIOMHUHATA M CO3JaeT
BO3MOKHOCTbh HEMOCPEICTBEHHOI'O B3aMMOAECHCTBUS altOMUHUS ¢ BoAoW. Hanucats ypaBHEHUS
peaKLuni.

OnbiT Ne 3. Biausinme XJIOpMI-HOHA HA KOPPO3HI0 ajJOMuHHMA. B aBe mpoOupku
IOMECTHUTh MO0 KYyCOUKY aJIOMHUHMSA U J00aBUTh B OJHY M3 HUX 5-8 Kamenb cynbdaTa Menu, a B
JIPYTyI0 - CTOJIBKO K€ pacTBopa xyopujaa mend. OTMETUTh pa3inyHbId pe3yibTaT B 00OMX
cllydasix: B TO BpeMsl KaK B IEpBOH MPOOMpKE alFOMUHUM OcTaeTcss moyTH 0e3 M3MEHEHHs, BO
BTOPOI1 OH OBICTPO MOKpBIBaeTCA HajieToM Meau. Hanucars ypaBHeHHE peakIiy.

IHopsinok padoTbI:

1. TlomyuyuTh OT mpemnoaBatTes 3a1aHue.
2. BbIIOTHUTH pabOTy COTTIACHO METOIMYECKUM PEKOMEHAALIMSIM.
3. OdopmuTh IPOTOKOI pabOTHI.

N —
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4. BpuuTh 0TpaboTaHHBIC PACTBOPHI, TOCYY BBIMBITE. CliaTh pabouee MecTo.
Conep:xanue oT4era:

Tema u uenb paboTHI.

HaGmronenust, ypaBHEHUS peaKInii 10 KaKI0M 4aCTH pabOTHI.

3. BBIBOIBI 110 TIPOJICTaHHOM padoTe.

N —

KoHTpoJibHbBIE BONIPOCHI:
1. OO6mas xapakrepucTuka riaBHoW moxarpymnmsl [II rpymmer. PactpocTpanenue B mpupoe.
[TonyueHue.
2. Amomunuii. CBoiicTBa u coenuHenusd. [[pumenenue.

TEMA 3. OBLIHAA XAPAKTEPUCTUKA U TOKCUKOJIOI'USA D-9JIEMEHTOB
U UX COEJJUHEHUI
Yacte A. duemenTs! 1b u 11B rpynnsl nepuoanyeckoi cucTeMbl U UX COeIMHEHHUS.
Hean padoThI:
N3yuenue cBONCTB Meau U cepedpa U UX COeTMHEHUH.
N3ydeHne cBONCTB LIMHKA U €r0 COCAUHEHUM.
Coaep:xanue padoTbI:

1. HccnepoBaHue B3aMMOZIEHCTBHSI MEIU C KUCIOTaMU. B3anMonelicTBue COeIMHEHUN Menn C
KHCJIIOTAaMH WIEJI0YaMH, KOHUEHTPUPOBAHHBIMHA pPAacTBOPAMHM AaAMMHAaKa, KOMILIEKCHBIMU
COCIMHECHUSMU.

2. B3saumopeiicTBHe HUTpaTa cepedpa ¢ IeI09aMu, KUCIOTaMH, COJISIMHU TaJOT€HBOIOPOIHBIX

KUCJIOT, THOCYJI(ATOM HATPHUS.

N3ydenue cBoOiicTB Mein U cepedpa U UX cOeJUHEHHIA.

IIpudops! U peakTUBBI:

XUMUYECKUE CTaKaHbl, MPOOUPKHU, MUIETKH, IITATUB.

PactBOpsl cynbdara Menu, THAPOKCHIA HATpus, HOAMIA Kalus, OpomHIa Kaius,

TUHOCY/b(aTa HaTpHsl, KapOoHaTa HaTpus, rekcanranodeppara (1) kanus, consHON KUCIOTHI,

CepHOW KHCJIOTHI, aMMHUaKa, HUTpaTa cepedpa; 2 H pacTBop XJI0pOBOJOPOJHON KHCIOTHI,

KOHLIEHTPUPOBAHHBIM BOJHBIN pacTBOpP aMMHUAaKa.

N —

N —

IKCNepUMEHTAIbHAA YaCTh

OnbIT 1. U3ydyeHue cBOWCTB Me/IM U ee COeIMHEeHHU.

a) B xumuyeckoM cTakaHe CIMBAIOT MpPHU MEepeMEeNIMBaHUM NpUOIM3UTENbHO 1o 10 M
pactBopoB CuSO,4 u NaOH.

Ocanok nendar Ha 4 npooupku. [lepByto mpoOUPKy OCTOPOKHO HArPEeBAIOT.
Bo BTOpyto npuiinBaroT 2H. pacTBOP XJIOPOBOJAOPOIHON KUCIOTHI,
B TPETHIO — KOHIIEHTPUPOBAHHBIN BOJHBIN pacTBOp amMmmuaka. Uro Habmogaete?

6) B mpobupky nHammBaioT pactBop CuSO, u mobaBmsitoT pactBop monuna kamms KlI.
Hab6mronaror ocaxxnenue noguaa meau (I) Cul, okpacky KOTOpOro MacKHpPYET BBIICTUBIITHIACS
uon . Jlnsg ycraHOBIIEHMSI OKpackd oOcajka J00aBIISIIOT HECKOJBKO Kareidb pacTBOpa
trocynbdara Hatpusi Na,S,0;. K ocanky Cul moGaBmsitor B M30BITKE pacTBOp THOCYJb(dara
HaTpus Na,S,03;. HabmogaoT pacTBopeHre ocaka.

B) B mpoOupky nammBaroT pactBop CuSO, u m00aBIsOT pacTBOp KapOoHaTa HATPHS
Na,CO;. Habmrogaror o0pa3oBaHuWe o0cCajka, KOTOPBIH COCTOUT U3 OCHOBHBIX COJIEH
NEPEMEHHOT0 COCTaBa.

r) B nmpobupky npunusarot pactBop CuSOy4 1 10 KaruisiM J00aBIIsIOT KOHIIEHTPUPOBAHHBIN

BOJHBIN pacTBOp ammuaka NHj. Uro Habmomaere?

n) kadectBenHas peakuus Ha Cu?’. K pacrsopy CuSO,; n006aBisior He6GoOIbLIOE
KoauduecTBO pacTtBopa rekcarmanodeppara (II) kamms Ky[Fe(CN)g]. Bwimensiercs ocamok
rexcarmanodeppara (II) menu (II) Cu[Fe(CN)g] . Henar ocagok Ha 4 mpOOUPKH U UCIIBLITHIBAIOT
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nericteue Ha ocagok HCI, H,SO4, pactBopa NaOH u BogHoro pactBopa ammuaka NHj. Uto
HabmoaeTe?

OmnbiT 2. U3yueHue cBOMCTB cepedpa U ero coeIMHEeHUIl.
a) B mpobupky BHOCAT 2-3 karmu pactBopa AgNO; u npuOaBiIsSOT B U30BITKE PacTBOP
NaOH. Ha6mtonator obpazoBanue Ag,0.
0) B nBe nmpobupku HaymBaroT 1o 3-4 karum pactBopa AgNO; 1 100aBIISIOT IO HECKOJIBKO
karens HCl. HabGmrogaroT Beigenenue 6enoro ocaaka AgCl.
B oany npoOupky npwiIMBarOT BOJHBIM pacTBOp ammuaka NHjz, B Apyryr - pacTBop
tHocynbgaTa HaTpus Na,S,03. HabmronatoT pacTBopeHne ocaaka.
B) B aBe mpoOupku HammmBaroT pactBop AgNO;. B ogry mobassitor pactsop Kl, B apyryro
— KBr. Kaxnsiif ocaiok Aensar Ha 2 TpOOUPKH.
Jlob6aisiroT BoaHbIN pacTBop ammuaka NH; B 1 mpobupky ¢ Agl u B Impobupky ¢ AgBr. B
o0eux Ju mpoOupKax MPOUCXOAUT PACTBOPEHHE OCaIKa?
B ocraBmmecs mnpoOMpKH NpUIUTH pacTBOp THOcylbdarta Hatpusi Na,S,0;. Uto
HabmoaeTe?
KonTpoabHbIe BONPOCHI.
OOm1ast xapakTepUcTHKa MOO0YHOM MOArpyMIsl I rpynmsl (MoArpymnna Mean).
Pacrnipoctpanenue B mpupojie U NogyyeHHe.
DU3NYECKUE U XUMUYECKHE CBOMCTBA.
[Ipumenenue, HanboJiee BaKHBIE COCTMHEHHS ME/IH, cepedpa U 30J10Ta.
OxapakTepu3yiiTe OTHOLIEHWE Meau, cepedpa U 30jJ0Ta K pa30aBIeHHBIM U
KOHIIEHTPUPOBAHHBIM PacTBOpaM KHCJIOT, K pacTBopam Iienodeid u cosieid. Hamummre
YpPaBHEHUS COOTBETCTBYIOIIUX PEAKIUM, YKAKHUTE YCIOBUS UX OCYIICCTBIICHUSI.
6. Kakue peakuuum NpOTEKAOT MNPU PACTBOPEHUM 30J0Ta B «IAPCKOW BOAKE», B
KOHLEHTPUPOBAHHOM COJISTHOM KHMCIIOTE, HACBILIEHHOMN XJIOPOM, B CEJIEHOBOM KUCIIOTE?
7. Uem oObscHseTcs 0Opa3oBaHME 3€JICHOTO HajleTa Ha MENHBIX H3EIUAX U IOYepHEHUE
cepeOpsHBIX MPEIMETOB MPH JJIUTEIBHOM MPeObIBaHUN WX Ha Bo3Ayxe? Hamuiure ypaBHEHUS
COOTBETCTBYIOLIMX PEAKLIMH.

M S

IInHK ¥ ero coeTUHEHUS
IIpuGopsl U peakTUBBI:
1. I[rtatus, npoOUPKH, MUIETKH, MUKPOILIIIATENb, CIIUPTOBKA, AepXKaTeib Il MPOOUPOK.
[{nHKOBAs MBLIb, 2 H PACTBOPHI CEPHOM M COJITHOW KUCIIOTHI, 2 H PACTBOP TMAPOKCHUAA HATpHs, | H
pacTBOp COJISIHOM KHUCIJIOTBI, 2 H pacTBOp aMMMAaKa, KOHIEHTPUPOBAHHAs CEpHAsl KUCJIOTa, PAaCTBOP
COJIM LIMHKA (JIr00asi pacTBOpUMasi), HACBHILIEHHBIN PacTBOp CyJb(uia aMMOHUS, COJIb IIMHKA (KP.),
BOJIa, JIAKMYC.

JKCNepUMEHTANBLHAA YaCTh
OnpIT 1. PacTBOpeHre IUHKA B KUCJIOTAX M 1IEJI0YAaX.

Hamute B mpobupky 4-5 kamenb 2 H. pacTBOpa CEpHOM KHCIOTHI, 100aBUTH |
MUKPOIITIATeNb [IMHKOBOW MBUTH U CJIeTKa MOIOrpeTh. To ke mpojaenaTh ¢ KOHIEHTPUPOBAHHON
CEpHOH KHCIIOTON U IO 3amaxy ONpeAeSUTh BBIACICHUE CEPHHUCTOTO ra3a. TakuM ke oOpazom
MIPOBEPUTH PACTBOPUMOCTD LIMHKA B 2 H. PaCTBOPE COJITHOM KHUCIIOTHI U B 2 H. pacTBOpE €IKOMU
menouyn. Onucate HabOmromaemoe. [louemy paszbamineHHas W KoHueHTpupoBanHas H,SO,s mo-
pazHoMy pearupyioT ¢ nuHkoM? Kakoil aToM M B Kakod CTENEHH OKHUCIICHHUS SBISETCS
OKHCJIUTEJIEM B TOM U B JIPYTOM city4ae?

OnpIT 2. 'uaApOKCHI IMHKA U €ro CBOICTBA.

Hamute B nBe mpoOupku mo 3-4 Kamiu pacTBOpa CONHM IMHKA. B KakIyr mpoOHpKy
NOOaBIATH 2 H. PAcTBOpP €IKOM IWIeIoud [0 TMOSBICHHUS Oeoro CTYJIEHUCTOro Ocajka
TUAPOKCHIA IUHKA. VcnbpITaTh OTHOIIEHHE MOJYYEHHOTO THAPOKCHAA K KUCIOTaM M IIEJI0YaM.
Kaxkoii BbIBOJT MOKHO CJI€JIaTh O CBOMCTBaxX rMJApOKCH/Ia IMHKA? HamucaTh ypaBHEHUS peakiuii
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B MOJIEKYJISIPHOM U HOHHOM (opMax.
Omnpit 3. Cyabdua nnnka.

B npobupky mnomectutrh 3-4 Kamu pacTBOpa COJM LMHKA M J00aBUTh 2-3 Karuiu
HACBHIILIEHHOTO pacTBopa cyibdpuna amMMmoHus. OTMETHTh IBEeT 0Opa3oBaBLIerocs ocaika MU
nobaBuTh 1 karmig 1 H. pacTBOpa coyisiHOM KucnoThl. Yto mpoucxoaut? Hanucarh ypaBHeHuUs
pEeaKLui.

OnbIT 4. 'uaponus coJieil HUHKA.

[TomecTuTh B MPOOUPKY HECKOJIBKO KPUCTAJUIMKOB COJNM IIMHKA U PAaCTBOPUTH UX B 1-2
Karmiax BoAbl. Jlo0aBUTH B MpoOMpKY 2-3 Karuik pacTBOpa JIaKMyca M CJerka moaorperb. Bo
BTOPYIO MPOOUPKY HANIUThH 2-3 KalulM pacTBOpa JlakMyca M 1-2 Kamiau BOJbl U CPAaBHHUThH LIBET
COJIEPKUMOTO JTOM MPOOMPKH € OKpPACKOW MOJIydEHHOro pacTtBopa. Ha kakyr peakiuio
YKa3bIBaeT IBET JIaKMyca B pacTBope coiau IuHKa? Hanucarb B MOJEKYJIApHOW M HMOHHOMU
(hopMax ypaBHEHHs IPOLIECCOB, BBI3BIBAIOIINX U3MEHEHHE OKPACKHU JIAKMYCa.

OneIT 5. AMMHAYHBIA KOMILIEKC IHHKA.

B npoOupky nomectuts 1 Kamao pacTBopa cOIM LIMHKA U 100aBUThH 2 KaIlIk 2 H. pacTBOpa
ammuaka. Ocalok Kakoro BemiecTBa oOpaszoaics? K mosyueHHOMY pacTBOpy NpWIMBATh IO
KarIsiM KM30BITOK pacTBOpa aMMHaka 10 pacTBOpeHHUs ocaaka. HamucaTh ypaBHEHUs peakuui,
CuMTasg, 4YTO KOOPAMHALIMOHHOE YUCIO HMOHA IuHKa 4. Hanucate ypaBHEHUs IuccoLMalnU
KOMIUIEKCHOI'O COEIMHEHUS] U KOMIIJIEKCHOTO MOHA.

KonTpoabHbie onpochi:
1. Xwumus snemeHTOB o004HOM noArpymnmnsl Il rpynmnel nepuoaudeckoi cuctemsl (MOATpyMIa
[IUHKA).
PacnpocTpanennocts B mpupojie. OCHOBHbIE MUHEPAJIBI.
DU3NKO-XUMUYECKUE CBOMCTBA IIPOCTHIX BellecTB. [loiydeHne npocThIX BEILECTB.
XHMHS BOJHBIX PaCTBOPOB.
Oxcupl ¥ THIPOKCHUIBI.
Conu. KommuiekcHble COeTUHEHUS.
IMopsinok padoThI:
[TosrydnTs OT penogaBaTelis 3aJaHue.
BbInoHUTE paboTy COrNIaCHO METOANYECKUM PEKOMEHIAIUSIM.
OdopmuTh TPOTOKOT PabOTHI.
Boutnth oTpaboTaHHbIe PacTBOPHI, TOCY Ly BEIMBITE. ClaTh pabouee MecTo.
Conep:xkanue oTyera:
Tema u nenb paboThI.
2. Habmronenus, ypaBHEHUs peakLui 110 KaXKJJ0H 4acTH padoThI.
3. BrbIBOJBI 1O NpoJIeTaHHOM padoTe.

SNk

el S

—_

Yactb b. DiemenTbl 10004HOi noarpynnsl VI rpynnbsl nepuoanyeckoi cuCTeMbI.
«H3y4yeHune CBOMCTB XpOMa M €ro COeHHEHUID)
esan padoThi:

1. M3yunTh XUMHYECKHE CBOMCTBA XpOMa U €0 COEINHEHUN.

O3HakoMJIeHHE C J1a0OpaTOPHBIMHU CHOCOOAMHU TMOTYYEHHsI OKCHJIOB, THIPOKCHIOB U COJIEH

Xpoma.

Coaepixanue padoThbl:

1. Ilomyuyenue oxcuaa xpoma. Ilomyuenue u ucciaenoBaHuE XUMHUYECKUX CBOMCTB THAPOKCHIA

xpoma (III).
2. Tlomydenue ManopacTBOPUMBIX XpOMATOB Oapusi, CBUHLA U cepedpa.
3. HccnepoBaHue OKUCIMTENBHBIX CBOMCTB XpOMATOB M IMXPOMATOB.

IIpubopsbl U peakTUBBI:
1. IlltaTuB, mpoOUPKH, MUNIETKH, JepKATENb I IPOOUPOK, CIIUPTOBKA.
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2. buxpomar ammoHusi (Kp.), pacTBOpbl Xpomara W OMXpomara Kajius, Xjopuna Oapus, HUTpaTa
CBHUHIIa, HUTpaTa cepeOpa, MOJMIA Kajus, ; KpaxMmal, 2 H pacTBOp TMIPOKCHAA HATpus, 2 H
pacTBOp COJISTHOM KUCIIOTHI, 2 H pPaCTBOP CEPHOM KHCIIOTHI, COJISIHASA KUCIOTA (KOHIL. ).
IKCNEePUMEHTAJIbHAA YaCTh

OmnbIt 1. IToayyenne oxcuaa xpoma.

B mpobupky momecTuTh HEOOJIBINOE KOJIUYECTBO OMXpoMara aMMOHHUS M OCTOPOXKHO
Harpetb. HaOmronaetcst OypHoe pasnokeHue conu. Kakoil HBeT MMeeT MOJXYYEHHBIH OKCHI
xpoma (III)? Hammcats ypaBHEHWE peaKIMU Pa3JIOKEHUS, YUUTHIBAS, UYTO OJHOBPEMEHHO
00pa3yroTcs a30T U BOJA.

OnpIT 2. Ilonnyyenue u cBoiicTBa ruapokcuaa xpoma (I1I).

[Tomyuuts B AByX npobupkax ruapokcus xpoma (I1I) B3aumoneiictBreM pactTBopa Xjiopuaa
xpoma (III) (3-4 xamm) ¢ 2 H. pactBopoMm menoun (1-2 kammum). McmwiTaTh OTHOIIICHHE
TUIPOKCHUIA XpOMa K KUCIOTE M K U30BITKY IEJIOYH, Ui 4eTo J00aBISITh B OJHY MPOOUPKY TIO
KaruisiM 2 H. pacTBOp COJISIHOW WJIM CEPHOM KHUCIJIOTHI, B IPYTyl0 — 2 H. pacTBOp IIEJIOYHU IO
pacTBOopeHUsi ocanaka. HamucaTh ypaBHEHHS peaKIMii, yYWUTHIBas, YTO TMPHU B3aUMOICHCTBHH
TUIPOKCHIA XPOMA C KHCIIOTOH M €O LIEN0YbI0 IoayuyaeTcs KoMmiekcHbli anuon [Cr(OH),].
OmnbIiT 3. XpomaTsl 1 OMXPOMATHL

a) nepexoo xpomama kanua 6 ouxpomam. K pactBopy xpomara kamus (3-4 Karm)
npuOaBIsATh MO KarsiM 2 H. PacTBOp CEpHOM KHUCIOTHl. OTMETUTh OKpAcKy B3STOTO U
MOJy4YEHHOT'O PacTBOPOB U yKa3aTh, KAKUMU HOHAMH 3THU OKpacku oOyciaBiuBaioTcs. Hanucats
YpaBHEHUE PEAKIIUU.

0) nepexoo ouxpomama kanus ¢ xpomam. K pactBopy Ouxpomara kamus (3-4 xarwim)
npuOaBIsATh MO KAaljisM pacTBOp WIENIOYM JI0 W3MEHEHHUs OKpacku. HamucaTh ypaBHEHUE
peakuuu.

OmnbIT 4. ITosryuyeHne Ma10pacTBOPUMBIX XPOMATOB 0apusi, CBHHIIA U cepelpa.

B tpu mpobupku ¢ pactBopoM Xpomarta Kaiaus (2-3 karum) npuOaBuTh 1Mo 2-3 Karuiu
pacTBOpOB: B MEPBYIO — XJIopuaa Oapus, BO BTOPYIO — HUTpaTa CBUHIIA, B TPEThIO — HHUTpaTa
cepebpa. OTmeTHuTh 11BeTa ocaikoB. Hamucars ypaBHeHUs peakuil.

OmnbIT 5. OKHCIANTEIBHBIE CBOHICTBA XPOMATOB.
a) okucienue uoouoa kanusa. K nogkucieHHOMYy cepHOM Kucimotor (1 karuist) pacTBopy
omxpomara kamus (4-5 kamens) nobGaButh 3-4 Kammu pacTBopa womuaa kKamus. OTMETUTH
M3MEHEeHHe oKkpacku. Jloka3aTh C MOMOIIBIO pacTBOpa Kpaxmala BbleJIeHHe CBOOOJHOro Hoaa,
JUISL 4eTO B MPOOHPKY C 5-6 KamisMu Kpaxmalia BHECTH OJHY KaIlIl0 MOJYyYE€HHOTO B OIBITE
pactBopa. HanmcaTts ypaBHEHMsI peakiuil.
0) oxucnenue conanout kucaromel. K pactBopy O6uxpomara kanus (1-2 karim) npubaBuTh
10-12 xamesap KOHIIEHTPUPOBAHHOM COJITHOU KUCIOTHI. CMECh HarpeTh J0 MEpexoaa OpaHKEeBOH
OKpacku B 3eseHyro. OTMeTuTh BblaeneHue rasa. Kakoi ra3 Beigenserca. Hanucatrs ypaBHeHue
peakuuu.
ITopsinok padoTbI:

[Tonyuuts OT mpenoaBaTeis 3alaHue.

BoinonHuTh paboTy COrylacCHO METOAMYECKUM PEKOMEHJALUSM.

OdopmuTh IPOTOKOI PabOTHI.

BrumnTh oTpaboTaHHbIE PacTBOPHI, OCYy BEIMBITE. ClaTh pabouee MecTo.
Conep:xkanue oT4yera:

Tema u 11e16 paboOTHI.

2. HabGmonenus, ypaBHeHUs] peakLUi 10 KaKJ0H 9acTH paboThI.

3. BBIBOIBI 110 IPOJIETaHHOM padoTe.

b

—_—

KonTpoJsbHBIE BONPOCHI.
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1. Xwumus sneMeHToB MoO0UHOM noarpynns! VI rpynmsl nepuoandeckoil cucteMsl (MOArpymnna
Xpoma).

2. PacnpocTtpaneHHOCTb B npupoe. OCHOBHbIE MUHEPAJIBI.

3. ®usuko-xuMHUYeckHue cBoiicTBa MetamioB. [Tomyuenue xpoma, MonubaeHa U Bosib(hpama.

4. Xumus BOJIHBIX PaCTBOPOB.

5. OKcuabl ¥ THAPOKCUBI.

6. Conu. KommiekcHbIE COeMHEHHUS.

7. Tlouemy mpu B3auMOJEHCTBMM cojiel Oapus C pacTBOpaMH XpoMaTa W JUXpoMmaTta Kalus
BBITIAIAI0OT OCAJKH OJUHAKOBOTO cocTaBa? Paccmorpure okucnurensHbie cBoiicTBa KyCryOy
npu pa3nmuuHbIX pH pacTBOpOB.

Yacrtp B. [To0o4yHast moarpynmna ceibMoi rpynisbl Nepuogn4ecKoOi CHCTEMbI.
Mapranen u ero coeguHenus’’
Hean paboThI:

1. M3ydeHue XUMHUYECKUX CBOMCTB COEIMHEHUI Maprasiua.

2. OsHakomyieHHE C Ja0OpaTOPHBIMU CIOCOOAMH TONYyUYEHHUS MaJOpacTBOPUMBIX COJIEH
mapranua (II) u u3ydyenrne ux XMuMHUYECKUX CBOMCTB.

Conep:xanue padoThbI:

1. HccnenoBaHue OKMCIUTEIbHBIX CBOWCTB coielt Mapranua (II) ¢ amoMunuem.

2. HccnenoBaHue OKUCIMTEIBHBIX CBOMCTB coenuHenui Maprania (VII).

3. Tlonyuenue runpoxcuaa mapranua (Il) u uccnenoBanme ero XuMMIECKUX CBOUCTB.

4. Tlonmyuenue xpomaTa Mapratiia, kapOoHaTa Maprasiia, cyjib(puaa Mapradia 1 UcClieJOBaHHue

XMMHYECKHUX CBOMCTB 3TUX COCIUHECHHUI.
IIpubopsbl U peakTUBBI:

1. IlraruB, mpoOUpPKH, THUIMETKH, CTEKJISAHHAs  Majo4yka, MHKpPOIIINATEIb,  CIUPTOBKA,
npoOHPKOepKATEIND,

2. PactBop comu mapranna (II), amromuaueBas osbra, 2 H pacTBOp TUAPOKCHA HATPUS, 2 H PaCTBOP
CEpHOI KHUCIIOTBI, paCTBOPHI XpomaTa Kaius, kapOOoHaTa HaTpus, Cyldbpuaa aMMOHHUS, Cylb(dara
mapranna (II), pactBop mnepmanranara kanus, cyiabur Hatpus (kp.), 10%-HOro pactBop
NEepOKCHIa BOJIOPOIa, STUIIOBBIN CIIHUPT.

JKCNepUMEHTANBLHAA YaCTh
OnbiT 1. Boccranosienue cosim mapranua (II) anroMmunuem
Hamute B mpoOupky 5-8 xamnens pactBopa conu Mapranua (II) u omyctuts B Hero Kycouek
amroMuaneBot  ¢omeru  (5x30 wmm). UYepes HekoTropoe Bpems HAOMOIATh BBIICICHUE

METAJIJIMYECKOI0 MapraHia Ha MOBEPXHOCTH antoMuHus. HanrcaTe ypaBHEHUE peaklnu.

OnpiT 2. T'uapoxkena mapranna (II) u ero cBoiicTBa

B nBe npoOupku BHecTH 1o 3-4 karu pactBopa conu Mapranua (II) u mo 2-3 xarum 2 H.
pactBopa mienoun. KakoB 1BeT nomy4uBIierocs ocaaka ruapokcuaa mapranma (I11)? Pazmemars
0CaJZIOK CTEKJIIHHOW TaJlOYKOW M OTMETUTH €ro MoOypeHHE BCIEICTBHE OKHCICHHS MapraHia
(IT) mo Mn (IV). Bo BTOpyro mpoOUpKy ¢ 0CaKOM THAPOKCHIa MapraHiia 700aBUTh 2-3 Karum 2
H. pacTBOpa cepHOi KucioThl. Uto Habmogaere? Kakue cBoiiCcTBa XapaKTEepHbI IS THAPOKCHIA
Mn (I)? Hamucate ypaBHEHHS peakimii: a) momydeHus ruapokcuaa mapranna (II) m ero
OKHUCJICHUUS KUCJIOPOJOM BO3ayXa B mpucytctBud Bojabl B MnO(OH),; 0) B3aumoneicTBus
THAPOKCHUIa MapraHiia ¢ CEpHOU KUCIOTOM.

Omnbit 3. ITosryyeHne HEKOTOPBIX MAJIOPACTBOPUMBIX coJieil mapranua (II)

B Tpex mpobupkax moixyduTh: a) XpoMaT MapraHiia; 0) kapOoHaT MapraHua; B) cyiabhu
MapraHiia B3auMOJICHCTBHMEM XpoMara Kajiws, KapOoHaTa HATpUs W Cyib(uma aMMOHHUS C
cynbdarom mapranmna (I1). PacrBopsr 6pats no 3-4 karum. OTMETHTH 1IBeTa ocaakoB. PacTtBop ¢
0CaZIKOM Cyib(Haa Maprania pa3Meniath CTCKISSHHONW Nanoukoil. OTMETUTh U3MEHEHHUE IIBEeTa
ocanka. JIo0aBUTh K KaXIOMYy OcCaaky 2-4 Karm 2 H. pacTBopa Kuciotbl. Caenath BBIBOJ O
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PacTBOPUMOCTH ITOJIYYEHHBIX COJIEM MapraHia B KMCIION cpene. Hanmcars ypaBHEHMS peakimii:
a) MOJIyyeHHs Xpomara, kapOoHaTa U Cyib(puaa Mapraiua; 0) okuciaeHus Cyiabpuaa Maprasua
KHUCJIOPOJIOM BO3/lyXa B MPHUCYTCTBUHU BOJIbl, YUUTHIBAs, YTO IPU ITOM IOJy4aeTCss THUIPOKCU]
Mn (IV); B) pacTBopeHHst Xxpomara, kapooHata u cynbpuaa mapranua (II) B kuciore.
OnbiT 4. OxkucaUTEIBHBIE CBOIicTBa coennnenuii mapranua (VII).
a) Bauanue pH cpeovt na xapakmep 60CCMAaH061eHUA NEPMAHAHAMA.
B 3aBucumocTu OT cpeabl — KUCJIOW, HEWTpasbHON uiu menoyHoid — mapraner (VII)
BOCCTAHABJIMBAETCS [O pa3JIMYHbIX CTENEHEeHd oOkuciaeHus. B kucinoil cpene moH MnOy
IepexoquT B MOH Mn?' | B HeWTpanbHOM, crabomenodnoil u cnabokucioir — B MnO, , B
CUIIBHOLIENIOYHOM TIPU HEIOCTATKE BOCCTAHOBHUTEINS — B HOH MnO4>".
B 1pu mpobupku BHecTHM mo 3-4 Kamiu pacTBOopa IepMaHranara kaius. B omny
npoOupKy 100aBUTh 2 KalUIM 2 H. paCTBOPA CEPHOU KHUCIOTHI, B JPYTYIO — CTOJIBKO K€ BObI, B
TpeTbio — 3-4 kamim 2 H. pacTtBopa menodd. Bo Bce Tpu mnpoOupku npubaButh mo 1
MUKPOILIIATEN0 KPUCTAUIMYECKOTO Cyib(uTa HaTpus Wi Kanua. OTMETUTh paziIuyHOe
U3MEHEHUE TMEPBOHAYAJIbHOW OKPACKH pacTBOpa INEpMaHraHara B KaxaAoM ciydae. Yem 310
BbI3BaHO? HamucaTh ypaBHEHMs peakimi.
0) OKucieHue nepmanazanmom Kaaus nepoKcuoda 6000pooa.
B npobupky BHectn 3-5 Karenb pacTBOpa MepMaHraHata Kauus U 2-3 Kalwd 2 H. pacTBOpa
cepHoil kucinorel. JlobaBute 3-4 karmm 10%-Horo pactBopa mepokcuia Bopopoza. Kakoil ras
BhiziensieTcs? Kak n3ameHmnach creneHb okuciaeHus Maprania? Hamicars ypaBHeHHE peakiii.
6) OKucnenue nepmManazanmom Kanua CRUpma 6 KUCa10il u uie04Hoil cpeoe.
B nBe npoGupku BHecTH 10 2-3 KarulM pacTBOpa MepMaHraHara kanus. B ogHy npoOupky
N00aBUTh 2 Kaluld 2 H. pacTBOpa CEPHOM KHCIOTHI, B APYTYIO - CTOJBKO K€ 2 H. pacTBOpa
menoyu. B npoOupky ¢ MOAKUCIECHHBIM pacTBOPOM IE€pMaHraHara Kajius J00aBUTh 3 Kalulu
STWIOBOro cnupra. PacTBOp moaorpers MaleHbKUM IUIaMEHEM CHUpPTOBKU. OTMETUTH
u3MeHeHune okpacku. Kak n3MeHunace cteneHb okucieHus mapranua? B apyryro npobupky k
IIEJIOYHOMY pacTBOPY IE€pMaHraHaTa Takke J100aBUTh 3 Kaliu 3TuioBoro cnupta. Habmonate
IIOCTETNIEHHOE BOCCTAHOBJIGHUE INEpMaHraHaTa CHadaja J0 MaHraHaTa, a 3aTeM JI0 JMOKCHIa
MmapraHia. OTMETHTHh TIOCJENOBAaTEIbHOCTh HW3MEHEHHs OKpacku pactBopa. Hamucats
YPaBHEHMsI PEaKIMii: BOCCTAHOBJICHHUS IlepMaHraHaTta Kajaus CIMPTOM B KUCIIOM cpele cHadajia
JI0 MaHTaHaTa, a 3aTeM MaHraHaTta — JI0 JJMOKCUJAa MapraHiia, yuuTbIBas, YTO B KaXJ0M cllydae
CIMPT OKUCIIAETCS B abJIETU/I.
ITopsinok padoTbI:

[TosnyuuTs OT penogaBaTeis 3aJaHuE.

BbInonHUTE paboTy COrNIaCHO METOANYECKUM PEKOMEHIALUSM.

OdopMHUTh TPOTOKOJ PAOOTHI.

Bbuinth oTpaboTaHHbIE pacTBOPBI, IOCYy BEIMBITh. CllaTh pabouee MecTo.
Conep:xanue oT4era:

Tema u nenb paboTHI.

2. HabmroneHus, ypaBHEHHsI peakui 10 KaXKA0W 4acTu paboTHI.

BriBosbI MO TIpOIEIaHHOM paboTe.

il e

—

(98]

KouTtpoJibHbIe BOPOCHI.
1. Xumus »saeMeHTOB Mo004yHOM moarpymnmbl  VII rpynmbl  mepuoauyYecKod  CHCTEMBI
(moarpymnmna Maprasua).
Pacnpoctpanennocts B npupoae. OCHOBHbIE MUHEPAIBI.
DU3UKO-XMMHYECKHE CBOMCTBA METAIOB. 1lomyueHne meTamios.
XUMHS BOJHBIX pacTBOPOB.
OKcubl U TUIPOKCHU/IBI.
Comu. KommuiekcHble COeIMHEHMS.
Hanumure ypaBHeHuUs: peakiiuii, B KOTOPbIX COCIMHEHUS] MapraHIa IPOSBIISIIOT

NowvnhkwLbd
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8. a) okucnuTenbHBIC, ©O) BOCCTAHOBUTEIIbHBIE CBOWCTBA, B) OKHUCIUTEIBHBIE W
BOCCTAaHOBMTEJIbHbIE OJHOBpeMEHHO. Kakue coeauHeHMss MapraHua MOTYT IpOSBIISATh
OKHCIIUTEJIbHO-BOCCTAHOBUTENIbHYIO IBOMCTBEHHOCTh?

9. Paccmotpure OKHCIIUTEIIbHbBIE CBOMCTBA KMnO4 B Pa3IUYHBIX cpenax.
Uro npenctaBisitoT coboit nmpoaykTel BocctaHOBIeHUSI KMnOy4 B KUCIIBIX, HEUTpaJIbHBIX U
menouHbIX cpenax? Kak M3MeHseTcs OKpacka pacTBOPOB B IPOLIECCE BOCCTAHOBIICHUS
KMHO4?

10. Oxapakrepu3yiiTe B3aMMOJIEWCTBUE COJSHONW KHUCIOTBI C OKCHMJAMMU Mapradia MnO,
MnO,, Mn,O;. Kak 3 nuposntoszuta nomyuuts KMnO,?

Yacrs I'. duements! VIIIB rpynnsl nepuoan4eckoi CHCTEMbI 3J1€EMEHTOB M
ux coeanHenus. Kemne3o, k00aabT, HUKeJIb U UX COCANHEHUSI.

Ieanb padorsr:
N3ydeHne XMMHYECKUX CBOWCTB COEIMHEHUH Kese3a, koOaabTa U HUKEJIS.
O3HakoMJIEHHE C JIA0OPATOPHBIMU CIIOCOOAMHU TIONyUEHHUsI COSTUHEHHM Kele3a, KoOanbTa u
HUKEJIS.
Coaepxanue padoThbI:
ITpoBeieHHEe KaueCTBEHHBIX PEaKIMii 10 onpesenenuio noHoB Fe?" u Fe’'.
[Tonyuenue runpoxcuna xenesa (I1I) u uccaenoBanue ero XMuMUYECKUX CBOMCTB.
[Tomyuenue runpoxcuaa sxenesa (I1) u nccnegoBanme ero XUMHUYECKUX CBOMCTB.
HccnenoBanre OKMCIUTEILHBIX CBOMCTB coequHeHui xkenesa (I11).
[Tomyuenue komrekcHoro (ocedara xenesa (I1I).
[Monyuenue ruapoxcumoB kobambra (II) m nHukens (II), M3ydyeHne XMUMHUYECKHUX CBOWCTB
NAHHBIX COEOUHEHUN.
7. KomrmekcHble COeIMHeHUs KOOAIbTa U HUKEIIS, U3YYCHUE XUMUUYECKUX CBOWCTB.

N —

SR

IIpudopsl U peakTUBBHI.
[taTuB, mpoOUPKHU, MUIETKH, CTEKISTHHAS MaJl0ouKa, CIIUPTOBKA, JepiKaTellb A MPOOpPOK,
Conmp Mopa, pactBopel rekcanmuanodeppara (III) xkammsa, xmopuma xemeza (IID),
rexcarmanodeppara (Il) xanus, HuTpaTa cepedbpa, HoaUAa Kanus, CyabduTa HATpUs, coneit
kobanbTa U Hukens; 0,01H. pacTBop pomaHuga aMMOHuUs (WM Kaivs), BoJa, 2 H. pacTBOP
TUAPOKCHU/Ia HATPHUsI, 2 H. paCTBOP COJISTHOM KUCIIOTHI, KOHIICHTPUPOBAaHHAs a30THAs KUCIIOTa,
2 H. pacTBOpa CepHOM KHUCIOTHI, 3%-HOTO pacTBOpa MEPOKCHUIA BOJIOPOJa, 2 H. pacTBOpa
optodochopHoit KUCIOTHL, 25% pacTBOp aMMHaka, pacTBOp CyIbhuaa aMMOHUS,
JKCNEePUMEHTAIbHAN YaCTh

N —

Onpit 1. XapakrepHble peakuuu Ha Houbl Fe?' u Fe**

a) JleiicrBue Ha couu kene3a (II) rekcanuanogeppara (III) kaaus

Hanute B mpobupky 5-8 kamenb pactBopa coiu Mopa u a06aBuTh | Karuio pactBopa
rekcaunanodeppata (III) xamusa (kpacHoit kpoBsiHOUH conmu Kj[Fe(CN)g]). Ormeruth 1BeT
oOpasoBaBiierocss ocaaka (TypHOyJeBa CHHB), yKa3aTh XHMHUYECKOE Ha3BaHUE W (POPMYITY
TOJTy4EHHOTO0 BellecTBa. JlaHHas peakiMs sBISETCS XapakTepHoilt wa mon Fe?*. Hanmcars
MOJIEKYJISIPHOE ¥ MOHHOE YPaBHEHHUS PEaKIINH.

0) HeiicrBue Ha conu xkese3a (III) rekcannanodeppara (II) kanus

[Tomectuts B npoOupky 2-3 kamau pactBopa xiopunaa xenesza (II1) u nobasuts 1 kammio
pactBopa rekcanuanogeppara (II) xamus (kenroit kposstHOM comu  Ky[Fe(CN)g]). Yto
HaOmogaeTcst? OTmeTuTh LBET oOOpas3oBaBIIerocs ocanka (OepiauHCKas ja3ypb), yKa3aTh
XMMHUYECKOe Ha3BaHuEe U (OpMyiTy MOJy4YEHHOro BellecTBa. HamucaTh ypaBHEHHE peakiuH B
MOJIEKYJISIPHOM U HOHHOM (opMe.

B) JlelictBHe Ha coJim xeJsie3a (III) poranuaa aMmMoHus (MM KaIus)

[Tomectuts B npoOupky 5-6 kamnu pactBopa xiopuna xeneza (II1) u nobasuts 1 kammro
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0,01H. pacTBOpa pomaHujga amMmMoHus (WM Kanus). Takoil ke ombIT HpojenaTh C PacTBOPOM
comu Mopa. IlepeHecTd Karuiio MOJYYEHHOTO B TEpBOM NpoOMpKe pacTBOopa B JPYIyIO
npobupky u no6aButh 8-10 kamens Bojbl. Hammcarh ypaBHEHHE peakuUud C MOJyYEHUEM
Fe(SCN);, cooOmaroniero pactBopy SpKO-KpacHy OKpacky. OTMeTuTb, 4YTO OKpacka
xapaktepHa Toiibko nisi comm keneza (III). Uem oObsicHsieTcss ocmabneHue OKpacku TMpu
pa3baBieHun?

Omnbit 2. 'uapokcus xese3a (1)

B mpobupky ¢ 3-4 kamnsMu pactBopa coiau Mopa mpuiuBaTh 2 H. pacTBOp LIETOYH IO
BBITIAZICHUSI 3€JIeHOTo ocanka ruapokcuaa kenesza (II). IlepeMemaTe MOMy4YeHHBINH OCaIOK
CTEKJISTHHOW TManoykod W HaOmoAath udepe3 1-2 MHHYTHI MOOypeHHE oOcajka BCIEICTBUE
okucienus ruapokcuaa xenesa (II) B rugpokeun xenesza (II1) Fe(OH)s. IIpoBepuTh ONbITHBIM
myTeM, Kak B3aUMOJIEHCTBYET CBEXeOoCaXJeHHBbIM ruapokcun >kenesa (II) ¢ 2 H. pacTBOopom
consiHOM kucnoThl. Kakume cBolicTBa mHposiBIAsSET B 3TOM peakuuu ruapokcuna xenesa (I1)?
Hamucate ypaBHeHus peakuwmii: a) oOpazoBanust ruapokcup sxenesa (II); ©) oxucrnenus
MOJTy4YE€HHOT0 OCHOBaHMsI B ruapokcu xenesa (II1) nox aelictBueM kuciaopoa BO3ayxa U BOJBI.

OmnbiT 3. BoccTaHOBHTE/IbHBIE CBOHCTBA coequHeHni keiae3a (1)

a) Boccmanoenenue azomnoit kucinomot

B nBe nmpoOupku HanuTh 1o 1 M1 pactBopa conu Mopa. B oaHy u3 HUX 106aBUTH 1 Kario
KOHIICHTPUPOBAHHOM a30THOM KHUCIIOTHI, IOJOTPETh PACTBOP [0 MPEKpAIlleHUsI BbIIEICHUS ra3a
U J1aTh €My OCTBITh. 3aTeM B 00e mpobupku nodaButs mo 1 kamie 0,01 H. pacTBOpa pomanua
amMMoHus. B kakoil mpoOumpke HaOmIomaeTcs KpacHOE OKpallMBaHWE pacTBOpa U Iodemy?
Hamucate ypaBHeHue peakuuu, CYHTas, UTO Aa30THAas KHUCJIOTAa BOCCTaHABJIMBACTCA
npeumyIiecTseHHo 10 NO.

0) Boccmanoenenue nepokcuoa 6000pooa

B nBe npobupku HanuTh 1o 1 Mut pactBopa conu Mopa. B oy npoOupky m1o6aButh 2-3
KAl 2 H. pacTBOpa CEpHOM KUCIOTHI U 2-3 Karu 3%-HOro pacTBopa NepoKCUAa BOJIOPOJA.
3arem B 00e poOupku 1o6aBuTh mo 1 kame 0,01 H. pacTBopa poganuaa amMoHusi. B kakoi
npoOupKe HaOII01aeTCsl KpacHOE OKpalIuBaHue U noueMy? [IpoBepuTh ONBITHBIM MyTEeM, Kak
MPOTEKAET BOCCTAHOBJICHHE MEPOKCHIA BOJOpOoaa coiblo xkene3a (I1) B menouHoit cpene.
OtmeTuTh BhINIaIcHUE ocajika ruapokcuaa xenesa (I11). Hanucats ypaBHEHUS peakinid.

B) Boccmanoenenue numpama cepeopa

ITomecTuTs B 1BE Mpobupku mo 1 mutr pactBopa coinu Mopa. B oaHy 13 HEX 100aBUTH 6-7
Karesb pacTBOpa HUTpaTa cepedpa U clerka HarpeBaTh HeOOJIBIINM TIIAMEHEM TOPEJIKH, He
JOBOJIS )KUJIKOCTH 10 KunieHus. Ha kakoii mporecc yka3bpIBaeT MOsIBJICHHE HAa BHYTPEHHUX
CTEHKaX MPOOUPKU cepedpsHOTOo 3epkana? OXaauB mpoOoupKy, 100aBUTh B HEE U B
KOHTpPOJIbHYIO npoodupky 1o 1 karute 0,01 H. pacTBopa poganuga aMmmMoHus. B kakoit mpoOupke
HaOJIr0/1aeTCs OKpalIMBaHKue U moueMy? 3amucarh ypaBHEHHE PEaKIIMU BOCCTAHOBJICHUS! HUTPATa
cepebpa coubro xenesa (11).

OmnbiT 4. I'uapoxcun xesnesa (III)

B nBe mpoOupku BHecTH 10 5-6 Kamenb pactBopa xsopuaa xkenesa (I1I) u qo6aButs no 3-4
Kary 2 H. pactBopa menoud. Yto HaOmomaercsa? B oqHy nmpoOupky 100aBUTH pa30aBIeHHON
KHUCJIOTHI IO PAcTBOPEHMsI OcCajika, BO BTOPOW MpOOHMpKE MPOBEPHUTHh PACTBOPHUMOCTH OCaJKa B
niesioun. Hanucate ypaBHeHUs peakiuii: a) B3aumoaecteus xiopuaa xxenesa (I1I) ¢ pactsopom
niesioun ¢ oopasoBanueM ruapokcuaa sxenesa (III); 6) pactBopenus runpokcuaa xkenesa (I11) B
KHCJIOTE.

OnepIT 5. OxHuciauTeIbHbIE CBOMCTBA coeqnHeHui keae3za (I1I)

a) OKucnenue uoouoa Kanus

B npob6upky c 3-4 xamisamu pactBopa FeCl; no6aButh 1-2 karmam pacTBopa HOAUAA KaIusl.
B kakoii uBet u noyemy okpaiiuBaercs pactsop? HanucaTs ypaBHEHHE peaKIiuu.

0) OKucnenue cynbpuma nampus
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B npoOupky c¢ 3-4 kamnsmu pactBopa FeCl; 100aBUTh HECKOIBKO KPUCTANIMKOB CYyJib(uTa
Hatpus. [Ipu 3ToM BHavane nosiBiseTcsi Oypo-KpacHOE OKpallMBaHUE BCIEACTBUE 00pa30BaHUs
MajoycroitunBoro cyibpura xenesa (III), koropoe ucyeszaer npu HarpeBaHuu. Y OETUTHCSA B
BOCCTAHOBJICHMM Xeye3a 1o creneHu okucieHus +II. Kakoil peakTuB cienyer ans 3Toro
npuMeHnTh? HamucaTh ypaBHEHHUS peakIMM OKHUCIEHHS CyJab(puTa HATpUs XJIOPUIOM JKejes3a
(III), yuuTsiBast, 4TO B peaKkIMy MPUHUMAET y4acTHE BOJA.

OnbiT 6. KommiekcHble coenuHenusi sxeje3a (III). IloaydyeHue KOMIIEKCHOIO
(pocdara xeaesza (I1I).

B nipobupky ¢ 3-4 karumsimu pactBopa FeCl; no6asuts 1 kamtro 0,01 H. pacTBOpa poganuga
aMMOHHS M 3aTeM 2 Karmud 2 H. pacTBopa (ocdopHoil oprokucnotel. Uto Habmromaercs?
VuuTeIBasg, YTO yCTOWYMBBIM KoMmIulekcHbIH uoH [Fe(POy4):]* OecupeTeH, OOBACHUTH
Ha0I0JTaeMoe SIBIICHUE U HAMMCATh YpaBHEHHE COOTBETCTBYIOIIECH peakInu.

OmnbiT 7. I'uapokcuabl kodanasTa (II) m nukens (II).

a) ITonyuenue cuopokcuoa kooansma (I1) u e2o oxucnenue.

B nBe mpoOupku momecTuTh Mo 2-3 Kaluid pacTBOpa CONM KoOallbTa M JOOABIATH IO
KaIlJIsiM pacTBOP €IKOW IIENOYH; CHauaa MOsBISIETCS CHHUN 0CaJOK OCHOBHOM COJM, KOTOPBIN
3aTeM CTAaHOBUTCS PO30BBIM, UTO yKa3bIBaeT Ha oOpa3zoBaHue ruapokcuaa koodansta (II). Ocamok
B OJIHOM MpOOMpKE THIATENHFHO pa3MellaTh CTEKJISHHON MallouKoW, a B APYTyio MpubaBUTh 2-3
Karm 3%-Horo pacTBopa nepokcuaa Bojopojaa. B kakoii n3 npoOupok HaOII01aeTCsl OKUCIIEHNE
ruapokcuaa kodansta? Hamucate ypaBHeHus peakiuil. CpaBHUTH MOJY4YEHHBIE PE3yJbTaThl C
pesynbTaToM onbita 2. Kakoii HoH sBisieTcs Gonee SHeprudHbIM BocctanoButenem: Co>* u Fe?™?

0) lonyuenue zudpokcuoa nukens (Il) u e2o okucnenue.

B Tpu npoOupku moMecTUTh 1o 2-3 Karii pacTBOPa COJIM HUKENS U JOOABJIATH MO KarlIsiM
pacTBOp €IKOHM Menouu A0 BhIMageHus ocaaok rujapokcuna wukens (II). Ocagok B mepBoit
npoOMpKe TIATEIHHO Pa3MenIaTh CTEKISTHHON MajJ04YKol, BO BTOPYIO MpruOaBuTh 2-3 karuu 3%-
HOT'O pacTBOpa mepokcuaa Bogopoaa. Habmonaercs nu uamMenenue usera ocanaka? [Ipoucxoaut
o okucieHue ruapokcuaa Hukensa (II) kuciaoponom Bo3nyxa WM mepokcuoM Bojopona? B
TpeTbio TpoOHpKy mpubaButh 1 kammo OpomHON Boabl. Uro Habmomaercs? Hamwmcatb
YPAaBHEHUS PEaKIIUMA.

OnbIT 8. KoMmiekcHbIe coefMHEeHNS KO0AJILTA 1 HUKEJIS.

a) Ilonyuenue komniekcrnozo podanuoa Kodanbma.

[TomecTuTh B IpOOMPKY 2 KaIId HACBHIIIEHHOTO pacTBopa coym kobansTa (II) m mqobaBuTH
5-6 xamenb HACBHIIIEHHOTO PAcTBOpa pOJAHMJA aMMOHHS; Y4YECTb, YTO NPU ITOM 0OpazyeTcs
pacteop kommiekcHo# comu (NHy):[Co(SCN),]. Kommnekcusie nonsl [Co(SCN)4]* okpamieHs! B
cunmii nser, a rugparuposanuble HOHBI [Co(H,0)6]>" — B po3oBelii. OTMETHTH LBET
MOJTy4YE€HHOTO pacTBopa. Pa30aBuTh ero Boi0# 10 U3MEHEHUs! OKPACKH, T0OABUTh 2 KAIUIM CMECH
cnupTa ¢ 3pUpoM, pa3MelIaTh pacTBOP CTEKISIHHON MaJOYKON M BHOBbH HAOIIOJaTh U3MEHEHHE
OKpacku. 3aTeM B Ty e NpoOMpPKY NpUIUBATh AUCTUUIMPOBAHHYIO BOJY, HaOmomas
NIOCTETICHHOE M3MEHeHHe okpacku. OmucaTh HaOmonaemble siBieHus. HammcaTh ypaBHEHHs
JUCCOLMAIIMU KOMIUIEKCHOM COM KOoOanbTa U KOMIUIEKCHOTO HOHA.

6) HeGonpmoe konmuectBo conu Hukens (II) pactBoputs B 5 kamsx Bonbl. JJo6aBuTh 5
Karesb 25%-Horo pactBopa ammuaka. Kak namensiercs et pactsopa? Jlo6aBUTh K pacTBOpY 2-
3 kammm pactBopa cyinbduaa amMmMoHusa. UYrto BeImamaer B ocanok? Hammcate ypaBHEeHHs
peakuuii: a) 06pa3oBaHusl KOMIJIEKCHOTO aMMHUaKaTa HUKeNs (KOOPAUHAIIMOHHOE YHUCIO HUKEIS
paBHO 6); ©) AWCCOIUAIIMM KOMIUIEKCHOTO COEOJMHEHUS W KOMIUIGKCHOTO HWOHA; B)
B3aMMOJICHCTBHS MOTYYEHHOTO KOMIUIEKCHOT'O COEIMHEHUSI HUKEIS ¢ Cylb()UI0M aMMOHUS.

ITopsinok padoThI:

1. TlomyuuTs OT mpenoaaBaTess 3aJaHue.
2. BpIMoaHUTH pabOTy COTIACHO METOJMYECKUM PEKOMEH/IALIUSM.
3. OdopMuUTH MPOTOKOI PabOTHI.
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4. BpuuTh 0TpaboTaHHBIC PACTBOPHI, TOCYY BBIMBITE. CliaTh pabouee MecTo.
Conep:xxanue oT4era:

Tema u uenb paboTHI.

HaGmronenust, ypaBHEHUS peaKInii 10 KaKI0M 4aCTH pabOTHI.

3. BBIBOIBI 110 TIPOJICTaHHOM padoTe.

N —

KonTpoJsbHbBIE BONPOCHI.

1. Xumus snementoB mobouHoi moarpynmnsl VIII rpynmel mepuomuueckoi cucteMsl (TOArpyIa
Kenesa).

2. PacnpocTtpaneHHOCTH B Ipupojie. OCHOBHBIE MUHEPAJIBI.

3. Ou3uKo-xMMHYECKHE CBOMCTBa >eye3a, kobanpra W HuUkensd. [lomydenue metamnoB. Xumus
BOJIHBIX PacTBOPOB.

4. Oxcuasl ¥ TUAPOKCHUIIBI Keje3a, KOOaIbTa U HUKEIS.

Conu xene3a, kKoOanbTa U HUKea. KOMILIEKCHBIE COeTUHEHNS.

6. Kak B3anMOAeHCTBYIOT kene30, KOOaIbT M HUKEIh C a30THOM, CEpPHOM M CONAHOM KucioTamu?
Kak 5t MmeTasuibl B3aMMOIEMCTBYIOT C BOAOM, C BOAHBIMU PacTBOpaMHU COJIEH?

e

Pazgen 3. AHasmTHYecKast XUMUS
TEMA 1. AHAJIN3 OBBEKTOB OKPYKAIOIIEN CPEJIbI
OmnpeneseHne KapOOHATHOM KECTKOCTH BOJAbI METOI0M allUAMMETPHYECKOI0 THTPOBAHUI
Leas padoThI:
1. Hayuurtbcs onpenensitb KapOOHATHYIO )KECTKOCTh BOJIbI, TUTP pabodero pacTBopa.
2. 3aKpenuTh HaBBIKM TUTPOBAHUSA U pacueTa KOHLIEHTPALUU ONPEIEIIIEMOr0 BEIIECTBA

JlabopaTopHoe o0opynoBaHmWe, mMocyaa W peakTUBbl: WIMHAPEI Ha 50 u 100 mu,
TUATIETKH, OFOPETKH, KOJIOBI I THTPOBAHUSI.
BononpoBoaHasi Boja, METHIIOBBIN OpaHKEBbIN, KOHII. COJISIHASI KUCIIOTA.

Kparkue TeopeTuueckue cBeleHH.

MeTox KHCIOTHO-OCHOBHOTO THTPOBAaHUSI OCHOBAaH Ha B3aWMOJICHCTBHM KHCJIOT C
OCHOBaHUSAMHU. MeTo/1 MO3BOJISET ONPEAEATh B paCTBOPAX HE TOJIbKO KOHLIEHTPALUIO KUCIIOT U
OCHOBAHHMH, HO TaK)K€ KOHIIEHTPAIIHIO COJICH ITOABEPTAIOIIMXCS THAPOIH3Y.

Jlis ompeneneHuss B pacTBOpax KOHLEHTpPAlMM OCHOBAHUM WM COJEH AAOUMX NpU
THIPOJIA3E MICTOYHYIO pPEaKIWIo, WCIOJIB3YIOT THUTPOBAHHBIE pACTBOPBI KHUCIOT. OTH
ompezeNeHus] Ha3bIBAIOT ayudumempuei (0t nat. acidum — KUCIOTA).

TouKy OSKBHUBAJIEHTHOCTH TIPH HEUTpalM3allii OIPEIESNAI0T 10 W3MEHEHHIO OKPACKU
UHJIMKaTopa (METUIIOBOTO OPAaHKEBOI'0, METHIIOBOI'O KPAaCHOT0, (heHOI(PTaTIeHHa).

C moMompI0 CTaHIAPTHU3UPOBAHHOTO PACTBOPA XJIOPOBOAOPOAHON KHCIOTHI OMPEACISIOT
HE TOJBKO COZAEp)KaHue IIeJo4Yei, HO U HEeKOTOphIX cosiedl. boinbloe mpakTuyeckoe 3HaYCHHE
UMEET OIpe/ieNIeHue KapOOHATHOM KECTKOCTH BOJIBI.

KecTkocTh MPUPOAHBIX BOJA H3Yy4yaeTcs, YTOOBl BBISICHUTH WX MPUTOAHOCTH JUIS
CEIIbCKOTO X03sCTBA (B PACTEHUEBOCTBE, J)KUBOTHOBOJICTBE), & TAKXKE /I TEXHUUECKUX IENIEH.

W3BecTHO, YTO 3KECTKOCTh OOYCIIOBJI€HA MPHUCYTCTBUEM B BOJE PACTBOPUMBIX COJeH
KaJIBIUS ¥ MarHUsl.

KapOonaTHas »kMIKOCTh BOJIbI 00YCTIOBIIEHA HAIMYUEM B HEll THAPOKapOOHATOB KalbLIUs U
maraus Ca(HCOs), u Mg(HCOs3),). OHa NOJHOCTBIO yCTpaHSEeTCsl KUMAYEHUEM, IPU KOTOPOM
TUAPOKApOOHATHI pas3NararoTcs:

Cﬂ(HCOg)z =) CaCO3_ +C02 + HQO
M03TOMY KapOOHATHYIO KECTKOCTh Ha3bIBAIOT TAKXKE YCTPAHUMOMN WIIM BPEMEHHOM.

HexapOoHaTHast KECTKOCTh BBI3BIBACTCS NPUCYTCTBHEM B BOZAE CylIb(haToB (a Takke

XJIOPUJIOB) KaiblMisl WM MarHus. KumsueHuem oHa He YCTpaHseTcs M MO3TOMY Ha3bIBaeTCs
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noctossHHONU. CyMMa kapOOHATHOM M HEKapOOHATHOM KECTKOCTH J1a€T OOIIYIO )KECTKOCTD BO/IBI.

[lo MexayHapoJHBIM CTaHJApTaM >KECTKOCTb BOJIbl MPHUHATO BBIPAXKATh MOJISIPHOMN
KOHIIEHTpaluel S5KBUBajIeHTOB Kanblus U Maraud (f = 1/2 ) B mons/1 1 Boxel. [Ipaktuuecku npu
3TOM YKa3bIBalOT HOPMaJIbHYI0 KOHLIEHTPAIMIO pacTBOpa cojiee yMHOkeHHY1o Ha 1000.
KapOoHaTHy10 K€CTKOCTh ONPENENISIOT TUTPOBAHUEM OIPENEICHHOI0 00beMa BOJbI PACTBOPOM
XJIOPOBOJIOPOJHOM KHCIIOTBI C METHUJIOBBIM OpPAHXKEBBIM. XHMHU3M IIPOLIECCa BbIPAKAETCA
YpaBHEHUSMH:

Mg(HCO3)2 +2HCl = MgCIZ + 2C02 + 2H20
Cﬂ(HCO})Z +2HCl = C&Clz + 2C02 + 2H20

JKCNEePUMEHTAJIbHAS YACTh:

B xoHMYecKyr0 KOOy st TATPOBAHUS OTMEphTe mumeTkoi 100 Mir aHaTH3upyeMOi BOIBI.
[IpubaBbre 2-3 KamiM pacTBOpa METHIOBOTO OPAaHXKEBOTO U TUTPYHTE pabodyuM pacTBOPOM
XJIOPOBOJOPOJAHON KHUCJIOTHI 10 MEpexXo/a KEITOW OKpacKh HMHIMKATOpa B OJIETHO-PO30BYIO.
[ToBTOpUTE THTpOBaHME 2-3 paza U M3 CXOMASIIMXCS OTCYETOB BO3BMHTE cpeaHee. YIA00HO
BBITIOJIHATh TUTPOBAHUE CO «CBHUACTEIIEM.

Uro6bl BeMUCIUTH KapOoHaTHYIO kecTkocTh (mo 'OCTy) B mMmonbp Ha 1 JUTp BOIBI,
HaXOJST MOJISIPHYIO KOHIIEHTpAIIMIO SKBUBAJIEHTA pacTBopa cosieil u ymHoxkaroT ee Ha 1000:

K= ((Vaa X Csucr) /'Vuzo) X 1000, rae
K -xapOoHaTHAS KECTKOCTh BOJBI, MI-3KB/JI;

Coks Hel -MOJISIpHASE KOHIICHTPAIUS 9KBUBAJICHTA KUCIOThI, MOJIb-3KB/JI;
Vel -cpeanuit o00beM KUCIOTHI, IOMIEAIINN HA TATPOBAHKE, MJT;
Vo0 - 00beM BOABI, B3SITHIH Ha aHAIHU3.

(Obpasey ona pacuema: [Jonycmum na mumposanue 100 mn 600v1 noutnos cpeonem 12,25

mn 0,01016 u pacmeopa kucromet. Toeoa X = ((12,25 X 0,1016) /100) X 1000 = 12,45)

KoHTpo/ibHBIE BONIPOCHI:
AIUIMMETpUYECKOE TUTPOBAHUE, CYIIIHOCTh METOAA.
WNHukaTopel KUCIOTHO-OCHOBHOI'O TUTPOBAHUS.
Kpussle TuTpoBanus. Beibop nnnukaropa.
[Topsnok TuTpoBaHus

el .

8 TEMATUKA KYPCOBBIX, KOHTPOJIbBHBIX PABOT, PE®GEPATOB

JlanHb1it BU paboThl He TIpeaycMoTpeH Y11

9 IMEPEYEHDB BOIIPOCOB K 9K3AMEHY
OcHOBHBIE KJIACCHI HEOpPraHUYecKuX coeAuHeHuid. Okcuabl W ocHoBaHUs. [IpuHLMIBI
KJIaccu(uKanuu, XUMHYECKHE CBOWCTBA W CIOCOOBI TOJydeHHs. B3auMOCBS3b CTPYKTYpBI
OKCHJIOB OT BaJICHTHOCTH 3JIEMEHTOB U UX PACIIOJIOKEHHUE B MEPUOAUUECKON CHCTEME.
OCHOBHBIE 3aKOHBI U MMOHATUS XUMHH (3aKOH COXPAaHEHHUS MAcChl U SHEPTHH, 3aKOH IMOCTOSHCTBA
COCTaBa U KPaTHBIX OTHOILIECHUM, 3aKOH SKBHUBAJIEHTOB). MoJIb — KOJIMYECTBA BEUIECTBA. 3aKOH
ABOTa/IpO U €ro CJIEICTBUA.
Kucnoter u conu. [lpuHnmme! knaccupukanuu. XUMUYECKHE CBOMCTBA M CIIOCOOBI MONyYeHUs
CoJIei.
AToMHO-MoneKynsipHoe yueHue. Teopusi Pesepdopna, e€ nOoCTOMHCTBA W HETOCTATKH.
KBanroBas Teopust aroma H. bopa, OCHOBHBIE MIOJIOKEHMSI, JOCTOMHCTBA U HEIOCTATKH.
[TpuHIHITBI 3aTTOTHEHUST ATOMHBIX OpOHTATICH.
[lepuoauueckuii 3akOH U mepuoanydeckas cucrtema snemeHToB [[.M. MenneneeBa. Uctopus u
9Tambl CO3MaHUs.
[TapameTpbl aTOMa ¥ NEPUOAUYHOCTh UX U3MEHEHHUS B IIPEAEIaX CUCTEMBI DJIEMEHTOB.
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3akoH COXpaHCHUA MACCbl MW DBHEPruv, C€ro 3HAYCHUC B XHUMHWYCCKHUX pacyeTax. 3akoH
MOCTOSIHCTBA COCTABAa M KPaTHBIX OTHOLIEHUH.
3akoH ABOTaJIpO M €T0 CIIEACTBUS. 3aKOH SYKBUBAJICHTOB.

. XUMHYECKas CBA3b U CTPOCHUC MOJICKYII. MeToa BaJICHTHBIX CBHSCﬁ, €ro AOO0CTOMHCTBa H

HEJJOCTATKHU.
Metoa MonekysipHbIX opouTaneit. Ero 1ocToMHCTBa M HEAOCTATKH.

KoBanenTnast cBsi3b. MexaHu3Mbl 00pa30BaHUs XUMHUECKOH CBSI3H.

I'm6puauszanms aToMHbIX opoutaneid. Tunsl rubpuanzanuu. [IpocTpaHCTBEHHOE PACIIONOKEHHE
TMOPUAHBIX ATOMHBIX OpOUTAJIEH.

Honnas cBs3b.

Merannnueckas CBA3b.

MexmounexkynspHoe B3aumozernctsue. [Ipupona Ban-nep-BaanbcoBbix cui.

IlepBbiii  3akoH TepMoauHamuku Ilonstme oSHramenud. IlpuHnMDel  pacuera  3TOrO
TEPMOJIMHAMHYECKOT0 TapaMeTpa MPUMEHUTEIbHO K XUMUYECKUM CUCTEMAaM.

Bropoit 3akoH TepmoauHamuku. Ilonatme oSHTpomwms. IlpuHmmnel  pacdera  3TOrO
TEPMOJIMHAMHYECKOTO TapaMeTpa MPUMEHUTEIbHO K XUMUYECKUM CUCTEMAaM.

CBoOonnast sHeprusi ['mbO0ca, Kak KpUTEpUil OIIEHKM BO3MOXKHOCTH CaMOMPOU3BOJBLHOTO
MPOTEKAHUSI XUMUYECKUX IIPOLIECCOB.

3aKOH JEHCTBYIOIUX Macc. 3aBUCUMOCTh CKOPOCTH XMMHUYECKON peaKklMH OT KOHLIEHTPALUU U
IPUPOBI PEArUPYIOLIKUX BELIECTB.

Oueprust aktuBaiun. [loHsaTHEe akTHBUPOBAaHHBIN KOMIUIEKC. 3akoH Bant-I'odda. Karamms.
Xumnueckoe paBHoBecue. IIpunnun Jle-Illarenbe. KoHcTaHTa paBHOBECUsI KakK KpUTEpUi
OLICHKH OJHOCTOPOHHETO MPOTEKAHMS XUMHUYECKOTr0 IpoLecca.

OO6mas Teopusi pacTBOpoB U pactBoputeneid. CriocoObl BEIpaKEHUSI KOHIICHTPAIIUH PacTBOPOB.
[Tonsitue pactBopuMOCTh. PacTBOPUMOCTH Ta30B B JKMAKOCTAX, 3akoH ['eHpu. BzaumHuas
PacTBOPUMOCTD KUJKOCTEH, TOHATUE KOHCTAHThI PACIIPEACIICHHUS.

Huddyzus u ocmoc. 3axon Bant-T'odda.

TemnepaTypbl KUIIEHUSI M 3aMEp3aHusl PACTBOPOB M pacTBopuTtesieid. IlepBrlii 1 BTOpOH 3aKOH
Payns.

OcHOBHBIE TMPUHIUNBI  KIacCUPUKAIMK  pacTBOpUTENed  (MOMSIPHOCTh, HMOHU3UPYIOLIAs
CMOCOOHOCTh, KUCJIOTHOCTD U T.J1.).

Teopus 37IEKTPOIUTUYECKON JUCCOLMAIIIH.

Kucnotsl 1 0OCHOBaHUS C TOUKH 3pEHUSI TEOPUH IEKTPOJIIMTUUECKON AMCCOLUAIM AppeHunyca,
teopuu bpencrena u Jloypu, anekTpoHHOM Teopuu JIptounca.

CunpHBIC U ClTa0bIe JIEKTPOIIUTHL. JIMHAMUYECKOE PABHOBECHE B PACTBOPAX.

Kaxymasics u a3ppextuBHas koHIeHTpaus. [[oHATHE aKTUBHOCTH.

HonHble peakuuu B pacTBOpax.

[IpousBeneHrne pacTBOPUMOCTH.

HonHoe npousseneHue BOAbI, BOLOPOIHBIN IIOKA3aTEelb.

I'maponus coneid.

Bydepnoe neiicteue. BydepHsie pacTBOpPHI.

Komnnekcusie coequnenus. O0miast xapaktepucTika. [loHsaTue KoopAnMHalMOHHAS CBSI3b.
Teopust KOMIUIEKCHBIX coeAnHeHU A. BepHepa.

[IpocTpaHCTBEHHOE CTPOCHHUE U U30MEPHSI KOMIUIEKCHBIX COEIUHEHUH.

Meton BajleHTHBIX CBA3EH B ONUCAHUN KOMIUIEKCHBIX COCIUHCHUI.
OKHCIIUTENBbHO-BOCCTAHOBUTENbHBIE ITpoliecchl. (CTENEeHb OKHUCIEHHUS M CTPOCHHE aToMa
JJIEMEHTA.

Knaccudukanus OKUCIUTETbHO-BOCCTAHOBUTENIBHBIX PEAKIIHIA.

CrocoObl  pacCTaHOBKH KO3(PPUIIMECHTOB B OKHUCIUTEIHLHO-BOCCTAHOBHUTEIBHBIX PEAKIIHSIX.
MeTo/1bl 371eKTPOHHOTO OaiaHca ¥ HOHHO-3JIEKTPOHHBIM.
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ONeKTPOAHBINA NOTEHLMAN U PSIT HAIPSDKEHUST METaJIJIOB.

CrangapTHBIN 1 peabHBIA AIEKTPOAHBIN OTEHIMAI. Y paBHeHue HepHcera.

@DakTOpPHI BIUAIOIIME HA IPOTEKAHUE OKUCIUTEIbHO-BOCCTAHOBUTEIIBHBIX PEAKIU.
XVMHUYECKNE UCTOYHHUKH TOKA. | 'aJlbBaHNYECKHUE DJIEMEHTHI.

[Iponieccel, mpoucxoAsIMe NMPU 3apsAIKe U pa3psIKe CBUHIIOBOTO aKKyMYJIATOPA.

OneKTpoan3. 3aKOHbI DJIEKTPOJIN3A.

O6mue cBoiicTBa MeTamioB. Merannudeckas cBsizb. Koppo3us MetamioB u cnocoObl 00pbObI €
HEH.

Boapopoa. MecTto B meprHOAMYECKON CUCTEME XUMUYECKUX 3JIEMEHTOB. XUMUYECKHE CBOMCTBA.
[Tonyuenue.

CoenuHeHus BOAOpOJa: BOJA U MEPOKCHUL BOAOPOA.

I"anorensl. O6mas xapakrepucTuka. XuMudeckue cBoicTna. [lomyuenue.

CoenuHeHus rajloreHoB: TaJIor€HOBOIOPO/IbI; KMCIOPOAOCOIEPIKAIINE COETUHEHHS TaJIOT€HOB.
[Monrpynna xucnopoxa. OOmiast xapakrepuctuka. dusnueckue M XUMHUYECKHE CBOMCTBA.
[Tonyuenmne.

O30H. ®u3nueckue u xuMudeckue conctaa. Ilomyuenue.

Cepa. ®uznueckue cBoiicta. Amorponus. [lonyuenue.

Cepa. Haxoxnaenue B mpupoae. Xumudeckue cBorictsa. [I[pumenenue.

Ceposogaopoa. [lonyuenue. dusnyeckue u xumudeckue cporictra. CynbQuabl.

Oxcuppl cepsl. dusnueckue u xXumMudeckue cBoiictaa. ITomyuenue.

Cepnas xucnota. [lonydyenue u cBoiicTaa.

. Iloarpymnna azora. O6mas xapakrepuctuka. A3oT. Puznyeckrue 1 XUMUUYECKUE CBOMCTBA.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.

Ammuak. Conm aMMOHHUS.

Heconeobpasytorire okcuasl a3oTa.

A3OTUCTBIN U a30THBIN aHTUAPUABL. A30THCTask KUCIIOTA.

A3sotHas kucnora. [lonyuyenue. CpolictBa. Pa3noxeHue HUTPaTOB.

®dochop. Ammorponust. [Toyuenne. XumMudeckne CBONCTBA.

Coenunenus pochopa: dhochun, okcun dhocdopa (I1II), okcun dpocdopa (V).
dochopHbIE KUCITOTHI.

[Tonrpynmna yrinepoaa. O0miast XxapakTepucTHKA. AJIIOTPOIHSI.

XHUMHUUYECKUE CBOMCTBA yIiIepoaa. YTOIbHAs KHCIIOTa U €€ COJIU.

Oxkcuapl yraepoja.

Kpemuuii. Pacnpocrpanenue B npupoze. Amnorponus. [lonyuenne. CoiicTBa.

. CoennuHeHNs KPEMHHUS: CHJIaH, OKCUJT KDEMHUS, KDEMHUEBBIE KUCIIOTHI.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.

I'epmanmii, 0710BO, CBUHEL.

Amtomunuii. [Tonyuenne. CoiicTBa.

CoenvHeHNs alIOMUHUS: OKCHUJT, TUIPOKCU, TUAPUL.

[emounpie MeTamutbl. O0mas xapakrepuctuka. [Tomyuenue. CBolicTBa.
CoenyHeHNs MIETOYHbIX METAIIJIOB.

[[lemouno — 3eMenbHBIC MeTaLIBL. OO0IIas XapakTepuctuka. [lomydenne. CBoicTBa.
CoennHeHNs IIEI0YHO — 3€METIbHBIX METAJUIOB.

[Toarpynma menu. O61mias xapakrepuctuka. [lomydenne. CBoiicTBa.

CoenuHEHNs OIHO- U ABYXBaJEHTHON MEH.

Cepebpo u ero coequHeHMs. 30J10TO U €T0 COSAMHEHUS.

[oarpynna uunka. O6mas xapakrepuctuka. [{unk. Ilonydyenue, cBoiicTBa, COEUHEHMS LINHKA.
Kanmuii.

PryTs. CoequHenyst OqHO- U IByXBaJIEHTHOW PTYTH.

[Toarpynma xpoma. OOmias xapakrepuctrka. [loydeHue u cBoiicTBa Xpoma.
CoenuHeHUs JIBYX- U TPEXBAJIEHTHOI'O XPOMaA.

CoenuHeHns YeThIpex- U IECTUBAIIEHTHOTO XpOMa.
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89. lloarpynma wmapranma. OOmme cBoicTBa »neMeHTOB. [lomyuenune meTaioB. XWMHYECKHE
CBOMCTBA.

90. Coenunenus IByX- U TPEXBAJICHTHOT'O MapraHiia.

91. Coenunenust MapraHiia, TEXHEIUS U PEHUS C BaJICHTHOCTHIO V.

92. Coenunenus ceMuBaJieHTHOro Maprania. Conu MapraHia.

93. Bocbmast rpymma mnobouyHas mnoarpymnma. OOmas xapakrepuctuka. [loarpymma kenesa.
[TorydyeHre n XUMUYECKUE CBOWCTBA, AJTIOTPOITHS Kelie3a.

94. CoenuHeHns IBYXBAJIEHTHOIO JKEJe3a.

95. Coenunenus TPEXBAJICHTHOTO JKeJe3a.

96. IloHnsaTHe OMOTE€HHOCTH XUMUYECKUX JIeMEeHTOB. buocdepa, KpyroBopoT OMOr€HHBIX HJIEMEHTOB.
KoHnienTprpoBanne OMOTeHHBIX 3JICMEHTOB KHUBBIMUA CUCTEMaMH.

97. Knaccuduxaruss OMOT€HHBIX 3JIEMEHTOB MO MX (PYHKIIMOHATHHON POJIU: OPTraHOTEHBI, SJIEMEHTHI
ANEKTPOJIUTHOTO (POHA, MUKPOIIIEMEHTHI.

98. IlpuMecHBIE 2NIEMEHTHI (aAKKyMYJIUPYIOIIHECs T HeakKKyMynupyromuecs). OCHOBHbIE HCTOYHUKHU
MOCTYIUICHUSI TPHUMECHBIX JICMEHTOB B OPTaHU3M YEJIOBEKA.

99. Xumuueckue aceKThl OXpaHbl OKPYKAIOUIEH Cpebl.

100. Kommiekcel  KaTHOHOB — S-METaUIOB  (MOHO(OPBI,  KpayH-d(QUpPBI,  KPHUIITAHJBL.
Xmopodu.

101. buonoruueckas ponb HaTpUs, KaJIus, KJIbIHS, MarHUs.

102. XHWMHYECKOE CXOJICTBO M OHWOJIOTHYECKHH aHTaroHW3M (HaTpUi-Kaaud, MarHui-
KaJIBLIUH).

103. HawubGonee BakHbple OMOTEHHBIE 2JIEMEHTHI d-0J10Ka: XpoM, Meb, MoJnOaeH. CUcTeMbl
MeTaJuI-0eJI0K (MEeTauIONPOTENHBI H OEITKH, aKTUBUPYEMBIE METAIIAMH).

104. Heopranuueckue MuHepanbHble y100peHUsI.

105. A3OTHBIE YI0OpeHHs: HUTpAaTHBIC (HATPHEBAsl U KaJbIIMEBasl CEIUTPHI); AMMOHUIHBIE H

aMMHa4yHble ynoOpeHus (cynbdar aMMOHUS, aMMOHHIHO-HUTPATHBIC YJOOpEHUS, aMMHUAYHas
CEeJUTpa); MOUYCBHHA.

106. dochopusie ynoopenus: cynepdocdart, nBoitHoi cynepdocdat, mperunurar.

107. Mukpoyno6penusi. MukposnemeHThl. bopHsie ynoopenusi. Meanbie ynoOpeHusi.

108. KommekcHbie yaobpenus: aMmmodocsl, HUTPOGOCH B HUTPO(DOCKH, HUTPOAMMODOCHI
¥ HUTpoaMMO(pOckH, Kap0oaMModockl, TonudocaTsl aMMOHHS.

109. Bunnr u MeToIbl XUMHUYECKOTO aHAIN3A.

110. Pacuersl B XMMMYECKOM aHAJINA3E.

111. TutpuMeTprUYECKUE METO/Ibl AaHAIIU3A.

112. I'paBuMeTpHUYECKUI aHAIMS.

113. AHanmm3 00BEKTOB OKPYIKAIOIICH CPEIbI.
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10. CAMOCTOSATEJIBHASA PABOTA OBYUYAIOLIIUXCA

Copepxanue, TpeOOBaHMS, YCIOBUS U MOPSAIOK OPraHU3alMK CAaMOCTOSITENILHOU PaboThI
oOyygaronuxcsi ¢ yuetom ¢Gopmbl 00ydeHUs: omnpenensieTcss B cooTBeTcTBUU ¢ «llomoxenuem o6
OpTraHM3aIli CaMOCTOSITENLHON pabOThl O0yUYaIOIIUXCS, YTBEPKACHHBIM YUEHBIM COBETOM

Yal'V (mporokoin Ne 8/268 ot 26.03.19 r.).
dopma oOyueHus: OYHasl.

HasBanue pa3iesioB 1 TeM Bun camocTosiTeIbHON padoThI Oo0beMm B Dopma
yacax KOHTPOJISI
Paszgen 1. [IpopaboTka ydeOHOro Marepuana c 14 BKITIOUCHIE
1. HGHI/I U 3aJa4d XUMHHU. HCITIOJIB30BAHUECM pECYypCOB yqe6H0- BOIIPOCOB Ha
CTpOCHI/Ie aToMa METOAUYECCKOI'O u I/IH(I)OpMa]_[I/IOHHOFO KOJUIOKBUYME U
TTeproueckuii 3aKOH 1 o0ecneyeHus! UCIUIUINHBL. KOHTPOJIBHOU
[MogrotoBka K YCTHOMY OHpoCy H abore Ha
IepuoauyecKasl CUcTeMa A . y y pocy p ’
L. Menencesa B cBeTe KOHTPOJIbHOU padoTe. JK3aMeHe
o IToaroroBka Kk cgaue sK3amMeHa.
TEOPUU CTPOCHUS aToMma.
XumMuyeckass  CBA3b U
CTPOECHUE MOJIEKYJL.
2.0cHoBbl  xuMmuueckol | [Ipopabotrka ydeOHOTO Marepuana ¢ 12 BKIIIOUCHIE
UCTIONIb30BaHUEM eCypcoB 4eOHO-
TEPMOAUHAMUKHU. pecyp y BOIIPOCOB Ha
XUMHUECKass KHHETHKA 1 | METOAMYECKOro M MH(POPMALMOHHOIO
KOJUIOKBHYME M
paBHOBECHE. oOecrieueHns UCIHAIIINHEIL. )
[MoarotoBka K YCTHOMY ONpOCY H KOHTPOJIBHOU
KOHTPOJIbHOM padore. pabore, Ha
IToaroroBka k ciaye sK3aMeHa. SK3AMEHe
3.Teopuss pactBopoB u | IIpopaGotka y4eOHOro Mmarepuana c 14 BKITIOUECHIE
pacTBOPUTEIIEH. HCIONB30BAHMEM  PECYpCOB  y4eGHO- BOIIPOCOB ~ Ha
KoJumratuBHble cBOiicTBa | METOMMYECKOrO M MH(OPMALMOHHOTO KOJUIOKBUYME H
PacTBOpOB. PacTBOpBI 1‘2[6““6%}1“’1 AUCIMILTHHBL. KOHTPOJIBHO
OJrOTOBKa K YCTHOMY ONpOCY H
3IIEKTPOJIUTOB. A . y y pocy pabore, Ha
o KOHTPOJIBHOM padoTe.
Bopopoansiil mokasarens. IK3aMeHe
. | IlogroroBKa K cade dK3aMeHa.
I'mpponms COJIeN.
Bydepnbie pacTBOpbI
4. OKHCIUTEIBHO- IMpopabGoTka y4eOHOro Marepuaga ¢ 12 BKJIFOUEHHE
BOCCTaHOBHUTEIILHBIE HCIIOIB30BAHUEM  PECYpCOB  y4eOHo- BOIIPOCOB ~ Ha
npouteccsl.  CTaHZAPTHEIHA | METOMMYECKOTO M MH(OPMAIHOHHOTO KOJUIOKBUYME H
U pEabHBII JIEKTPOAHBINA 1‘2[6““6%}1“’1 AUCIMILTHHBL. KOHTPOJBHO#
OJrOTOBKa K YCTHOMY ONpOCY H
MTOTEHITHAT. OO0mmue A . y y pocy pabore, Ha
N KOHTPOJIBHOM padoTe.
CBOMCTBA METAJLJIOB. IK3aMeHe
[ToaroToBka K caye SK3aMeHa.
5.Teopuss koMIUIeKCHBIX | IIpopaboTka yueOHOro Marepmama c 14 BKJTFOUCHHE
COCHI/IHQHI/H\/’I' HCITIOJIb30BAHUEM peCypCcoB y‘Ie6HO- BOIIPOCOB Ha
METOJIMYECKOr0 Y MH()OPMALMOHHOTO KOJUIOKBHYME 1
1(2[6ecnequm JVCIUTUTAHBL. KOHTDOITBHOI
OJI'OTOBKA K YCTHOMY OIIPOCY.
A y y onpocy pabote, Ha
[MoaroToBka K ciave SK3aMeHa.
9K3aMEeHe
Paznen 2. [MpopaboTka y4ebHOro MaTepuanga C 12 BKJIIOUCHHE
1. Xumus HEMETAJLIOB: | HCTIONB30BaHHEM — PeCypcoB  y4eOHo- BOIIPOCOB ~ Ha

3JIEMEHTOB VIIA’ VIA’ METOAHUYCCKOI'O u I/IH(l)OpMa]_[I/IOHHOI‘O

VA IVA (yriepon) obecrniedeHus TUCITUTUIAHBL.

rpymmsr - [leprouEecKoii HOI[FOTOBKaU K YCTHOMY OIpOCy H
KOHTPOJIBHOM padoTe.

CUCTEMBI u Ux

HOHFOTOBK& K Ccaa4y€ 3K3aMCHaA.

KOJUTIOKBUYME H
KOHTPOJIBHOU
paborte, Ha
9K3aMEHE
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COCJIMHEHHS.
2. Xumuss MerauioB: 1 wu | IIpopaGotka yuebHOro Mmarepmasa ¢ 12 BKJTFOYEHHE
IIA, 1IIA, IVA (050BO W | HCIOIB30BAaHHEM  PECYpCoB  yd4eOHO- BOIIPOCOB  Ha
CBHHEL) IpyIbl | METOXHYECKOrO M WHPOPMAITHOHHOTO KOJUIOKBHYME U
Tleprosmueckoii cucrempr | OCCTICICHHS IHCIUILTHHEL. KOHTPOJIBHO#
N IMoaroroBka K YCTHOMY ONpOCY |
M UX COCHUHEHUU. A N y y pocy paoore, Ha
KOHTPOJILHOH padorTe.
dK3aMeHe
IToaroroBka K caade 3K3aMeHa.
3.00mas xapakrepuctuka | [Ipopaborka y4eOHOoro marepuana ¢ 14 BKJIFOYCHHUC
u TOKCHUKOJIOTHSI d- | MCIIONB30BAHMEM  PECYpCOB  y4eOHO- BOIIPOCOB  Ha
3IIEMEHTOB " X | METOoAMYeCKoro M MH(OPMAIMOHHOTO KOJIOKBHYME 1
COCTHHEHHIA. o0ecrieyeHus TUCIUTUTNHEL. KOHTPOTBHOIH
IMoaroTroBka K YCTHOMY ONPOCY |
o paborte, Ha
KOHTPOJILHOH padorTe.
DK3aMEHe
IToaroroBka K caade 3K3aMeHa.
4. BUOTEHHBIE JIEMEHTHI. IMpopabGoTka y4eOHOro Marepuaga ¢ 14 BKJTFOYEHHE
HCTIONB30BAaHUEM  PECYpPCOB  y4eOHO- BONIPOCOB  HA
METOAMYECKOTO ¥ UH(POPMAIIMOHHOTO KOJIOKBHYME U
1(3[6CCHC‘IGHI/IH JOUCLUAIIIMHEL. KOHTPOJIBHOI
OJITOTOBKA K YCTHOMY OMPOCY.
A y y orpocy paoore, Ha
IToaroroBka k caade sK3aMeHa.

DK3aMEHE
5.Heopranuyeckue [IpopaGoTka y4eOHOro Marepuaia ¢ 14 BKJIIOUCHHE
MUHEpPAIbHBIE HCIIONIb30BAHHEM ~ PECYpCoB  y4eOHO- BOIIDOCOB  HA
yI00pEHUSL. METOAMYECKOTO ¥ UH(POPMAIMOHHOTO KOJIOKBHYME 1

1(3[6CCHC‘IGHI/IH ITUCLUATIIMHEL. KOHTPOJIBHOI
OJITOTOBKA K YCTHOMY OTPOC
A y y orpocy paoore, Ha
IMoaroroBka Kk cravue SK3aMeHa.

JK3aMeHe
Pasmen 3. IIpopaGoTka y4eOHOro MaTepuaia ¢ 12 BKJIIOUCHHE
1.Bunaer u METO/IbI | MCIIOJIB30BAHUEM  PECYPCOB  yueOHO- BOIIPOCOB  Ha
XAMHUYECKOTr0 aHaJIN3a METOJIMYECKOTO M HH(OPMAIHOHHOTO KOJJIOKBUYME U

1(3[66CHC‘ICHI/I$I ITUCLUAIIIMHEL. KOHTPOJIBHOI
OJITOTOBKA K YCTHOMY OIPOCY.
A y y onpocy paborte, Ha
IMoaroToBka k cravue SK3aMeHa.

JK3aMCHE
2.Pacuersl B | [IpopaboTka y4yeOHOro Martepuana C 12 BKJTIOUCHHE
KOJIMYECTBEHHOM HCIOJIb30BAHUEM  PECYpCOB  y4eOHO- BOIIPOCOB  Ha
aHammse. METOAMYECKOTO U UH(POPMAIMOHHOTO KOJIOKBHYME 1

l(zl6ecnequI/Is{ JUCTIMTUTAHBIL. KOHTDOITBHOI
OJITOTOBKA K YCTHOMY OTIPOCY.
A y y onpocy paborte, Ha
IMoarotoBka k caavue SK3aMeHa.

9K3aMCHE
3.Ananu3 00bekTOB | [IpopaboTka ydeOHOro Mmartepuana ¢ 14 BKJIOUEHHE
OKpYKaroIleH Cpedbl. HCIIOJIb30BAHUEM  PECYpCOB  y4eOHO- BOIIPOCOB ~ Ha

METOAMYECKOTO U UH(POPMAIMOHHOTO KOJJIOKBHYME 1
1(3[6ecnequm JUCTIUTUTAHBIL. KOHTDOITBHOI
OJTOTOBKA K YCTHOMY ONpOCY W
A N Y y pocy paborte, Ha
KOHTPOJIBHOM padoTe.
9K3aMEHe
[MoaroToBka K cravue 9K3aMeHa.
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11 YYEBHO-METOANYECKOE U TH®OPMALIMOHHOE OBECIIEYEHHUE

JUCIIAIIINHBI
XUMMUSA
a) Cnincoxk pexkoMeHyeMoii JIHTEPATYPhI
OcHoBHas :
1 Tnunxka, H. JI. O6mast xumust B 2 1. Tom 1 : yueOnuk st By3os / H. JI. Tnunka ; nox penaxueit
B. A. TlonikoBa, A.B. BabkoBa. — 20-¢ u3m., mepepab. u mon. — Mocksa : Uznarenscrto HOpaiir,

2021. — 353 ¢. — (Beicmiee obpazosanue). — ISBN 978-5-9916-9353-0. — Tekcer : anexrponnsiii // 9BC
FOpaiir [caiit|. — URL: https://urait.ru/bcode/470483 .

2. Tnuuka, H. JI. O6mmas xumust B 2 1. Tom 2 : yueOnuk s By3os / H. JI. ['munka ; mox pemakiueit
B. A. Tlonkosa, A.B. Bbabkosa. — 20-¢ u3x., mepepab. u mon. — Mocksa : Uznarenscrto HOpaiir,
2021. — 379 ¢. — (Beicuiee obpazosanue). — ISBN 978-5-9916-9355-4. — Tekcer : anexrponnstii // 9BC
FOpaiir [caiit]. — URL: https://urait.ru/bcode/470484 .

3. Hukombckmiit, A.B. Xwuwmwus: yueOHuk u mnpaktukyM mis By3oB/ A.b. Hukombckwuii,
A. B. CyBopoB. — 2-¢ m3n., mepepad. u mom. — Mocksa : M3matensctBo FOpaiit, 2020. — 507 ¢. —
(Bsiciiee obpaszosanue). — ISBN 978-5-534-03930-6. — Texcr : anexrponnsiii / 9BC Hpaiir [caiit]. —
URL: https://urait.ru/bcode/450360.

JonmoHuTEILHAS
1. Obutast xumust. [Tpaktukym : yaeOHOE mocoOue A7t CpeAHEro mpoQecCHoHATBHOr0 00pa3oBaHust /
H.JI. I'nueka ; mox pemakuumeit B. A. Ilonkosa, A.B. Bbabkosa, O.B. Hecreposoit. — Mocksa :

WznarensctBo HOpaiit, 2019. — 248 c. — (IIpodeccuonanpaoe obOpazosanue). — ISBN 978-5-534-
09180-9. — Texcr : anextponnsiit / DBC FOpaiir [caiit]. — URL: https://urait.ru/bcode/427370

2. Cxmsap, C. . O6iuas;, HeopraHuieckasi 1 OMOHEOPraHUYECKasi XUMUS | YIeOHOe Mocodue st
By3oB/ C.W.Cxmsp, B.T. prox, B. ®. lllymerun. — 3-¢ wu3x., mepepad. u mom. — Mocksa :
WznarensctBo HOpaiir, 2021. — 263 c. — (Bsicmee ob6pazosanue). — ISBN 978-5-534-08661-4. —
Texcr : anextponnsii / DBC FOpaiit [caiir]. — URL: https://urait.ru/bcode/474424

4. Ily3axos, C. A. OOmas xumusi, COOPHHK 33734 U YHIPAXKHCHHI : yaeOHOe mocoOue st By30B /
C. A. Ily3akos, B. A. Ilonkos, A. A. ®ununnosa. — 5-e u3f., mepepad. u gon. — Mocksa : M3natenscTBo
Opaiir, 2021. — 25lc. (Beicmiee oOpa3oBanme). ISBN 978-5-534-09473-2. — Tekct
anextponHsiit // IBC FOpaiit [caiit]. — URL: https://urait.ru/bcode/468600

5. 3aitues, O. C. Xumwus. JlaGopaTopHblii mpakTHKyM U COOpPHMK 3aaad : ydeOHOe mocoOue st
By308 / O. C. 3aiiues. — Mocksa : U3narenscto FOpaiit, 2021. — 202 c. — (Bricuiee oOpa3oBanue). —
ISBN 978-5-9916-4106-7. — Texcr : osnektponnsiii // 3BC IOpaiir [caiir]. — URL:
https://urait.ru/bcode/469344.

YuebHo-meToau4ecKas

1. PykoBoncTBO k 1a00paTOPHOMY MPAKTUKYMY IO AUCUUILTHHE « XUMUSD» AJIsI CTYJCHTOB 1 Kypca
HampasJieHus ToAroToBkH OakamaBpos 35.03.01 «Jlecnoe memo» / CocraBurenu: Vsanosa JI.A., Illpons
0.10., Anppees A.O. - VY I1bsSIHOBCK: yary, 2019. - 46 c.
http://lib.ulsu.ru/MegaPro/Download/MObject/5590

2. MBanosa JI. A. XuMusl : METOOMYCCKHEC YKA3aHHS IJISI CAMOCTOSTEIBHON PabOThI CTYACHTOB
OakamaBpos HampasieHus moarotosku 35.03.01 Jlecnoe meno / JI. A. Wsanosa, H. A. Murpodanosa;
Yal'V, Okon. dak. - YasstaoBek : Yal'Y, 2019. - 3ara. ¢ sxpana; HeomyOnukoBaHHBIN pecype. - DIEKTPOH.
TEKCTOBBIC JIaH. (1 daiin : 502 KB). - Tekct : 3JIEKTPOHHBIN.
http://lib.ulsu.ru/MegaPro/Download/MObject/7639

CornacoBaHo:
Jupektop HaydHO# OubimoTeku Yul'yY ,? M.M.BbypxanoBa
15.04.2024

0) [IporpammMHoOe o0ecnieueHmne
1. OC MicrosoftWindows
2. MicrosoftOffice 2016

3. «MoiitOduc CraHmapTHBIH»
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B) IIpodeccuonanbubie 6a3bl JaHHBIX, HTHPOPMALMOHHO-CIIPABOYHbIE CHCTEMbI

1. Dy1eKTPOHHO-0UOTHOTEYHbIE CUCTEMBI:

1.1. Hudposoii obpazoBarensHblil pecype [PRsmart: snekrporHO-OnbMMoTeYHas cucreMa : caiit / OO0
Komnanus«Ai Il Ap Memua». - Caparos, [2024]. —URL:http://www.iprbookshop.ru. — Pexxum moctyna: mns
3apETUCTPUP. TONb30BaTeNeil. - TeKCT : AIMEeKTPOHHBIH.

1.2. O6pasosarenshas miarhpopma FOPAT :06pazoBaTenbHblii pecypc, MeKTpOHHas GHOMMOTEKA : cailT /
OO0OO 3nexrpoHHOE m3naTenbeTBoIOPA Y. — Mocksa, [2024]. - URL: https://urait.ru. — Pesxxum moctyna: mms
3apEerucTpup. Mojab30BaTeNiel. - TEeKCT : AIEeKTPOHHBIN.

1.3. baza gamHpix «DnekTpoHHas OuOmmoTeka TexHmueckoro BVY3a (BBC «Koncynbrant

CTYJCHTa»):3JICKTPOHHO-0MOanoTeuHast cuctema : caiitr / OOO «Ilomurexpecype». — Mocksa, [2024].
—URL:https://www.studentlibrary.ru/cgi-bin/mb4x. — Pexxum mocryna: 1yisi 3aperiucTpup. mnojb3oBateneid. —TeKkcT :
SJIEKTPOHHBIMN.

1.4. KoncynbraHt Bpaya. DJeKTpOHHAsE MEIUITMHCKas Onbimoreka :0a3a nanubix : caiit / OO0 «Bricmas
[IKOJIa OpraHU3alWy W YNpPaBJICHUS 3]paBOOXpaHeHHeM- KOMIUIEKCHBIH MEIMIMHCKUI KOHCAJITHHI». — MOCKBa,
[2024]. — URL: https://www.rosmedlib.ru. — Pexxum nocTyna: Juis 3aperucTpup. nonb3oBareseil. — Teker :
3JIEKTPOHHBIN.

1.5. Bonpmas MeauuHCKass ONOMTHOTEKA : IEKTPOHHO-OMOIHoTeyHast cucrema : caiit / OO0 «bykam». —
Tomck, [2024]. — URL: https://www.books-up.ru/ru/library/ . — Pexum noctyna: ajis 3aperucTpup. mojib3oBaTeseil.
— TeKcT : 2NEeKTPOHHBIMN.

1.6. ObC Jlanb: anekTpoHHO-OMOMMOTeYHass cuctema : caiit/ OO0 BBC «Jlanb». —Cankt-IleTepOypr,
[2024]. “URL:https://e.lanbook.com. — Peskxum moctyna: i 3aperucTpup. mojib3oBareineid. —TeKCT : 3JeKTPOHHBIH.

1.7. OBC Znanium.com: >JeKTpOHHO-OMONMOTeYHass cucrema : caiit / OOO «3HaHuym». - Mockaa,
[2024]. - URL: http://znanium.com . — Pexxum nocTyma: ajis 3aperucTpup. Mojab3oBareiei. - TeKCT : 3IeKTPOHHBIH.

2. Koncyastantlliarwe [DaekTpoHHBIA pecypc]: crnpaBovHas mpaBoBas cucrema. /OO0 «KoHCynbTaHT
[Tnroc» - OnexTpon. naH. - Mocksa : Koncynerantllntoc, [2024].

3.eLIBRARY.RU: nayunast siekrpoHHas Oubmmoreka : caiitr / OOO «Hayunas OnexkrpoHHas
bubmmoreka». — Mocksa, [2024]. — URL: http://elibrary.ru. — Pexwum moctyma : Ui aBTOpU3. MOIB30BATEICH. —
TeKCT : 3NEKTPOHHBII

4. ®enepaibHas rocyiapcrBeHHass UHGopmanuonHass cucrema «HanmoHanbHasi 3JIeKTPOHHAS
O0ubHMoTeKa»:AIeKTpoHHas oubmmoreka: caiit / ®I'BY PI'b. — Mocksa, [2024]. —URL:https:/H36.pd. — Pexwm
JOCTYTIA: IS TTONIb30BaTeNIed HayYHOH OMOIHOTeKH. —TeKCT : AIIeKTPOHHBII.

5. Poccuiickoe obpa3oBanme: denepanpupiii moptan / yupeautenb PIAY «DPUITO». — URL:
http://www.edu.ru. — TekcT : 371€KTPOHHBIH.

6. DnexTponnas oubdauoreunas cucrema Yal'V : monynp «Onekrponnas oubdiaunoreka» ABHUC Mera-
IMPO / OO0 «/arta Dxcnpece». — URL:http://lib.ulsu.ru/MegaPro/Web. — Pexxum nmoctyna st TOb30BaTeNeit
Hay4HOU OnOanoTeku. — TeKCT : ANMeKTPOHHBIMH.

CornacoBaHO:

Wmxenep Bexymuit 10.B. lllyperko
15.04.2024

12. MATEPHAJIBHO-TEXHUYECKOE OBECIIEYEHHME JUCHUIIJINHBI

VY4eOHble ayUTOPUHU ISl MIPOBEACHUS JIEKUUH, J1aOpaTOPHBIX 3aHATHH, TEKYILEro
KOHTPOJISI U TNPOMEXKYTOYHOM aTTecTallu, IPYIMIOBBIX U HMHIAUBHUIYaJbHBIX KOHCYJIbTALUM,
OCHAIIEHHBIE 000PYOBaHUEM U TEXHUUECKUMH CPEICTBAMH O0yUEHHUS.

Ilomemennuss  ans  caMOCTOSTENbHOM — paboThl  OOy4yaroIIMXCs,  OCHAIEHHBIE
KOMIIBIOTEPHOM TEXHUKON c mnoaxioueHueM k cetn «MHtepner» m  nocrynom B DMOC
YHHUBEpCHUTETA.

HanmMenoBaHue nomemeHuit 171 MpOBEaCHUS

Y4EeOHBIX 3aHSATUH, IPETYCMOTPEHHBIX [TepeyeHb OCHOBHOT'O 00OPYOBAHUS U
mporpaMMoii 0akanaBpuara v MOMEIEHUH s TEXHUUYECKUX CPEICTB O0yUYECHHS

CaMOCTOSITEJIbHON paboThl 00yUarOIIMXCS
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Aynuropus -3/211. Aynauropus JUTSL
IPOBEJAEHUS  JIEKIIMOHHBIX,  IPAKTHYECKHUX
3aHSITHIH, TEKYIIETo KOHTPOJIS u

HpOMC)KYTOqHOﬁ aTTeCTallu, TPYHIIOBBIX U
WHAWBUAYAJbHBIX KOHCy_]'IBT&IIPIfI.

Aynutopus YKOMILJIEKTOBaHAa yY€HHUYECKOU
Mebenbio u TIOCKOI. Kommekr
MYJIbTUMEIUITHOTO 000pyI0BaHUS:
KOMITBIOTEP, IPOEKTOP, FIKPAH.

Aynuropus - 216. Aynuropus [uis IpoOBEIEHUS
NPaKTUYECKUX U JITa0OpaTOpPHBIX  3aHATHM,
TEKyIIEro KOHTPOJISI W NPOMEKYTOYHOU
aTTeCTalluy, TPYIIOBBIX M WHAWBUAYAJIBHBIX
KOHCYJIbTALIUM.

Aynuropuss YKOMILJIEKTOBaHA YYE€HUYECKON
Mebenpto U nmockod.  JlabopaTopHoe
000py/IoBaHUE: BBHITSDKHBIC IIKAa(bI, CTOJBI
nabopaTopHble, TYMOOYKH JabopaTOpHBIE

IIOAKATHBIC, PaKOBUHBI. KommiekTsl
1ab0paToOpHOTO o0opyoBaHus
(XMMMYECKOW  TOCYJbl) U pPEaKTHBOB.
HaGopsl  apeoMeTpoB,  TOMOTEHH3AaTOp

naboparopuerii  I'JI[1-300, Oans BonsHas
[12-4310, akBaguctmuarop J9-10, Bechl
nopuuonnsie AND HT-120, BctpsixuBarens
V-3, KOJIOOHarpeBaTesb [12-4110,
noHomeps! M-160, noHOMepsl MyJIbTHTECT,
ne4yb MyQenbHas, ANEKTPOMEIIAIKa
npoOUpoOK, aHaTUTHYecKue Becbl, pH-
metp/nonomepsl UTAH, portomerp KOK-2-
MII, TtepmocTaTbl, CyMIWIbHbIE IIKa(BbI,
KaJIOpUMETPbI, HEeHTpU(dyru 1abopaToOpHBIE,
TepMoMeTpbl, pH-MeTpsl, criekTpodoTomMeTp

5400-BU. CraunoHapHbIi
CHEKTPO(POTOMETP ¢ BO3MOKHOCTBIO CHATHUS
CIIEKTPOB. [TopratuBHBIH ra3oBbIi
xpomarorpad, pedpakromerp HWPD-460,
TEPMOCTATBI TC-80-M, MarHUTHBIE
MEIIANIKYA,  DJIEKTporuTKU.  Kommekr
TabJIUIL.

Aymutopus - 230.
CaMOCTOSITENIbHOM pabOThI

Ayautopus A

Aynutopus YKOMITJIEKTOBaHAa yYE€HUYECKOU
Mebenpio. O6opyaoBanue: 16 KOMIBIOTEPOB
¢ pocrynom B Muteprer, DM1OC, 3BC.

Aynuropusa -237. UuTanbHbId 3a]1 HAy4YHOH
OMOIMOTEKH C 30HOM Ml CaMOCTOSITEIIBHOMN
paboTHI.

AyIuTOpusa YKOMIUIEKTOBaHA YYEHUYECKOM
mebenbo. Komnbrorep (21T) ¢ 10CTynoM B
Nurepuet, JUOC, ObC. TeneBuzop, 3KpaH,
npoektop. Croa st i ¢ OB3 (2 miT)

13 CHEIIMAJIBHBIE YCJIOBUA JJIAA OBYYAIOIIIUXCA C OT'PAHUYEHHBIMU
BO3MOKHOCTAMM 310POBbS

B cnydae HeoOxommmocTH,

06yqa}0H_[I/IMC$I U3 4Yucjia JHMao C OrpaHUYCHHBIMHA

BO3MOXHOCTSIMH 37I0pOBbsl (TI0 3asBJICHUIO OOYYaroIlerocsi) MOTYT NpeIaraThCsi OAHU U3

CIEIYIOINX BAPUAHTOB  BOCIIPHATHS
ncuxo(pu3nyecKnx 0coOEHHOCTEMH:

nHpopmanuu ¢

- UL UL C HApyUICHUSIMM 3pEHHS: B NeYaTHOW (opMme yBeIMYeHHBIM HIPHU(TOM; B
(opMe 3IIEKTPOHHOTO JOKYMEHTa; B (opme ayauodaiina (mepeBoa yuyeOHBIX MaTepuaioB B
ayanodopmar); B medatHoH (opme Ha s3bike bpaiins; MHIUBHIyanbHbIE KOHCYJIBTALUH C
NpUBJICUYCHHEM TH(IIOCYPIOTIEPEBOAUNKA; HHIAUBUIYaTbHbIC 33/1aHUS U KOHCYJIbTAIUH;
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- IS JIAIl C HapyHICHUSIMH CIlyXa: B Me4aTtHol Qopme; B ¢GopMe DIEKTPOHHOTO
JIOKYMEHTAa; BUAeOMaTepHalbl C CyOTUTPaMU; UHIMBUAYaJIbHbIE KOHCYJIBTALMH C IPUBJICUEHUEM
CYPJIOTIEPEBOIUMKA; MHANBUAYAIbHBIC 3aJJaHNS U KOHCYJIbTAIINH;

- 7S JMI ¢ HapyLICHUSIMH OINOPHO-IBUraTeNbHOIO almnapaTta: B Me4aTHoW Qopme; B
(dopmMe DIIEKTPOHHOTO JOKyMeHTa; B (opme aynumodaiina, WHAWBUAYAIbHBIC 33JaHUS U
KOHCYJIbTAIUH.

B ciy4ae HEO0OXOIUMOCTH WCTIOb30BaHUS B y4eOHOM rpoiiecce
YaCTUYHO/MCKIIIOUUTEIBHO JMCTAHIIMOHHBIX 00pa30oBaTeIbHbIX TEXHOJIOTUH, OpraHu3alus
pabotsr IIIIC ¢ oOyuatommmucs ¢ OB3 u wHBamMIaMu TpeayCMATPUBACTCS B DJICKTPOHHOM
nH(GOPMAIMOHHO-00Pa30BaTEIFHOM Cpelie ¢ YYETOM HMX HHIWBUIYATbHBIX MCUXO(PHU3NUECKHX
0COOEHHOCTEH

nouedt JILA. IBanosa

15.05.2024

Pazpabotunku:
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